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AN OVERVIEW OF THE VISUAL ACUITY ASSESSMENT.
1. PRIMARY MEASURES AND VARIOUS NOTATIONS
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The paper presents a brief overview and analysis of various approaches to assessment of visual acuity (VA).
It aims to explicate the reasons of disparity of opinions among experts on the methods of assessing VA by re-
flecting on advantages and shortcomings of individual methods and the corresponding VA notations. In the
course of time, the number of methods and procedures of VA assessing was increasing; they became more di-
verse and complex. In parallel, the number of professionals who assessed VA for different purposes was also
increasing. Such state of affairs has resulted in certain difference between the views on the interpretation of
outcomes of VA measurement and to introducing different VA notations. Currently, however, reaching a con-
sensus among experts is becoming crucial since numerous research projects require cooperation of profes-
sionals from different areas and, also, involve international collaboration. In search of the common ground
for the consensus and the unified terminology and notation, it is reasonable to appraise the crux of the VA
assessment problem and, as well, rationales for a great variety of current viewpoints on solving the problem in
practice. An overview of contemporary approaches to assessment of VA points out that there exists the sole
primary measure of VA that can be obtained by a direct measurement and expressed by the base unit of spatial
metrics — the minimum angle of resolution (MAR, «,,,) — defined as the minimum angle at which two points
are just perceived as separate. There exists one more measure, in place of MAR, — the critical spatial frequen-
cy (F,) — which can be gauged directly when one employs gratings of varying spatial frequency to estimate the
maximum (critical) spatial frequency above which periods of a grating can no longer be distinguished. It is
reasonable to consider all other VA measures as secondary, or derived, since these are calculated as functions
of a,,,. Introduction of various secondary measures, such as Snellen fraction, decimal units, logMAR, visual
efficiency (VE), visual acuity rating (VAR), and others, was stipulated by the demand of developing alterna-
tive notations of VA, which are more convenient and comprehensible, than o, for practitioners who assess
VA in applied areas for various purposes, such as screening, diagnostics, monitoring, rehabilitation, disability
determination, population statistical evaluations, designing of new VA tests, etc. We conclude that, in view of
substantial differences of the purposes, requirements and criteria among experts in various areas, the quest
for a unique measure of VA, which would be optimal in all contexts, is probably unresolvable, as is establishing
of the ultimate, “gold standard”, practical method of VA assessment.

Key words: human vision, visual acuity, scales of measurement, MAR, Snellen fraction, decimal units, log-
MAR, VAR
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INTRODUCTION: ISSUES IN ASSESSMENT
OF VISUAL ACUITY

In a broader sense, visual acuity (VA) is considered
as the ability to detect and recognize small objects, and
to discern their elements. A colloquial term implying a
good VA is clear vision. It is hardly possible to ascertain
when the necessity of VA assessment was realized and
became practicable for the first time. It is known
though that in ancient Persia more than a thousand
years ago, there existed ‘the Test’, or ‘the Riddle’, that
was used to gauge warriors’ eyesight based on viewing
the constellation of Ursa Major (the Great Bear) on a
clear night (Bohigian, 2008). ‘The Test’ was to dis-

cern, in the constellation handle, a double star: if one
was able to see with the naked eye Alcor, faint com-
panion of Mizar, one has passed the Test. Adopted by
nomadic Arabs, ‘the Arabic Test’ was used in antiqui-
ty: in the Roman army it was necessary to pass this test
to become an archer.

For centuries past, methods and procedures devel-
oped for gauging vision greatly increased in number
and complexity in response to considerable variega-
tion of human activities that required satisfactory VA,
whereby its assessment became obligatory. It was a
long way from testing the visual ability of an ancient
warrior to discern the double stars in the night sky to
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the modern routine VA assessment by means of special
test stimuli either presented as charts or generated on
displays of computerized setups. In the last six de-
cades, we observe a significant increase in the number
of researchers, experts and practitioners, who assess
VA for different purposes and are accustomed to dif-
ferent methods as well as to differing VA notations.
The diversity of aims and purposes — and, according-
ly, the methods used — resulted in considerable loss of
consensus among the researchers performing VA as-
sessment and analysis. Currently, however, such a
consensus became crucial since many projects involve
collaboration of professionals from various national
institutions and, as well, international cooperation.

The claims of precise VA measurement and stan-
dardization of VA assessment appear in literature reg-
ularly since 1950s (e.g., Ogle, 1953; Sloan, 1980;
Lovie-Kitchin, 1988; Elliott, Sheridan, 1988; Siderov,
Tiu, 1999; Lovie-Kitchin, Brown, 2000; Beck et al.,
2003; Rosser et al., 2003; Koskin, 2009; Rozhkova,
Malykh, 2017; Rozhkova, 2018). Unexpectedly, the
task of coordinating different approaches to VA assess-
ment appeared to be not a simple one and, perhaps,
not fully resolvable. To find the common ground for
the consensus and unification of the terminology, it
seems reasonable to begin with an analysis of the crux
of the VA assessment task and the rationale behind a
great variety of the existing views on its implementa-
tion in practice.

Regular procedures of VA assessment in an optom-
etrist’s office, by viewing charts with letters of different
size, are familiar to everyone. However, a universal
and generally accepted method for quantitative assess-
ment of VA has not been found so far. Moreover, prog-
ress in academic and clinical research makes it more
and more unlikely that such generic method can be ar-
rived at.

Despite considerable efforts, abundant theoretical
and practical problems remain unresolved with regard
to the best way of performing VA measurements.
Along with an obvious complexity of some optical,
physiological and psychological problems related to
the vision function, one of the most likely reasons of
this unfortunate situation is a significant variety of the
objectives of professionals working in different areas.
The issues of the VA assessment method and mea-
sures, which we consider below, can be categorized
based on the answers to the following key questions:

— Who requires “a good vision”?

— What for does VA need to be assessed?

— What is a proper representation, or notation, of
the VA assessment outcome?

— How will the VA data be used in practice?

WHO? In everyday life, a “clear vision” is crucial
for any human regulatory function, such as self-care,
orientation in space, successful communication, effi-
cient education, professional performance, competi-
tive sports, etc. It is apparent that proper information
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about one’s visual ability is required both for the per-
sons themselves and for people interacting with them
— parents, teachers, doctors, professionals, or design-
ers of visually perceived products (books, movies, TV-
broadcasts, social media), etc. Notably, from a func-
tional viewpoint, different types of visual behavior im-
ply different visual tasks, which vary in the required
accuracy and speed. The visual tasks include detection
and recognition of individuals and objects, determin-
ing their location and properties (size, shape, direction
of movement), forecasting incidents and accidents
(falls, collisions, fatal errors in recognizing dangerous
objects), reading and writing, etc. It is apparent that a
“good vision” could have different meaning in differ-
ent instances, and a quantitative presentation of VA
may require a variety of tests.

WHAT FOR? The answer to this question depends
on the “users” of the outcomes of VA assessment —
their purposes, the targeted populations and individu-
als. For infants and children, monitoring of VA is re-
quired to ensure appropriate conditions for normal
maturation of their visual system and appropriate vi-
sion care in kindergartens and schools, and later in
colleges and universities. Outcomes of population-
based surveys serve, among others, for providing opti-
mal lighting conditions at work and in studying places.
In individuals, monitoring of VA is required for detect-
ing a visual impairment, its appropriate diagnosis and
effective vision correction, for certification of vision
loss, or ascertaining the requirements of safe perfor-
mance in vision-demanding activities (e.g., driving).

WHAT IS A PROPER REPRESENTATION, OR
NOTATION, OF VA? We assume that professionals
have to comprehend clearly the VA notation preferred
by them and that the VA notation they use meets well
their professional objectives.

HOW WILL THE VA DATA BE USED IN PRAC-
TICE? The information on VA measures is used for
abundant purposes, to name just a few. Management
of any institution or company has to take VA measures
into account for designing optimal lighting workplace
conditions to prevent visual discomfort, visual strain,
or asthenopia. In production of textbooks, the letter
font type and size are supposed to be aligned with the
VA population data of potential readers of various ag-
es. At schools, teachers are expected to consider indi-
vidual students’ VA for their optimal placing in a class-
room. Specialist committees that certify visual impair-
ment determine the degree of claimant’s disability and
eligibility for the corresponding social benefits. Na-
tional offices of statistics analyze changes in popula-
tion VA caused by various ecological and/or socioeco-
nomic factors. In each case, the employed tool and
condition of its administration determine the VA no-
tation. However, to be optimal, the choice of the VA
notation is to be guided by the aims and objectives of
the professionals.
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The aim of the present overview is to reflect on the
principles and procedures underlying VA assessment
within a general framework of information processing
in the human visual system. Various factors are con-
sidered that affect outcomes of the VA measurement,
as well as certain preferences in the choice of the tools
for its measurement stipulated by everyday needs and
the tasks on the agenda of various professional com-
munities.

The impetus for this paper was a recent ardent de-
bate that raised critique of certain VA notations. The
dispute’s pinnacle was the Editorial “The good (log-
MAR), the bad (Snellen), and the ugly (BCVA, num-
ber of letters read) of visual acuity measurement” in
Ophthalmic and Physiological Optics by David B. El-
liott (2016), its Editor-in-Chief. Noteworthy, the Edi-
torial compared various currently available charts that
imply different ways of obtaining VA outcomes, i.e.,
focusing on the VA assessment tools, but leaving the
matter of VA notations aside. The debate also revealed
that some critics of certain VA notations committed
the fallacy of confusing the following concepts: units
of measurement; scales of measurement; specification
of the reference levels in the measuring tools; scaling
of the primary measurement outcomes, etc.

By approaching the matter of VA assessment from
these different conceptual vantages, we strive to pres-
ent arguments that for VA assessment, one can hardly
arrive at a “gold standard” of VA measurement or the
“best” VA notation. Moreover, the choice of the most
appropriate VA notation could vary dependent on the
theoretical approach, conditions, and objectives of the
VA assessment, namely:

— screening, monitoring, functional correction,
survey;

— target population (infants, teenagers, school and
university students; adults; healthy observers or indi-
viduals with visual impairment);

— specific setting (clinic, field study, or labora-
tory);

— resources available for academic and clinical
projects, field work, epidemiological studies, or rou-
tine practice (funds; experts, practitioners and sup-
porting workforce; equipment; time constraints);

— social significance of the obtained VA data (for
medical, educational or economic purposes).

An auxiliary aim of the present paper is to provide
a tutorial to those at the beginning of their research on
visual acuity. The definitions and conceptual clarifica-
tions are intended to help embedding the issues of VA
assessment in a broader theoretical context.
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PRACTICAL ISSUES OF VISUAL ACUITY
ASSESSMENT WITHIN A FRAMEWORK
OF INFORMATION PROCESSING
IN THE HUMAN VISUAL SYSTEM

Innumerable studies of vision, that employed vari-
ous neurophysiological, psychophysical and behavior-
al methods, accumulated evidence of the inherent ba-
sis of the functioning of the human visual system,
namely, that it has multiple specific mechanisms un-
derlying performance in different visual tasks. More-
over, in the functioning of the visual system, visual
processing is interrelated with the functioning of the
oculomotor and accommodation systems that opti-
mize viewing conditions.

Generally, comprehensive characteristics of visual
abilities of an individual would require a thorough and
extended investigation by employing many tests that
would result in dozens of critical parameters, indices,
and scores — the multidimensional quantitative foun-
dation of vision diagnostics.

In accordance with a general comprehension of VA
as an ability to detect and recognize small objects, vi-
sion scientists define VA as the measure of accuracy of
the spatial analysis. In practice, for VA assessment a
great variety of test stimuli are employed (also termed
targets, test images, symbols, signs, or optotypes) and
different visual tasks are used, which inevitably give
rise to the problem of converting between the obtained
measures.

The other issue is that different visual stimuli and
designs employed in the VA tests implicate processing
by different modules of the visual system. VA assess-
ment, an unfolding process, depends on many condi-
tions. Impairment of vision and a VA measurement
outcome could be stipulated by many factors affecting
any of the stages of visual processing. The implicated
stages are optical image formation in the eye; transfor-
mation of the optical image into a neural retinal image
on the eye fundus (more precisely, a set of neural im-
ages with selected information about different features
of the retinal optical image); its transmission to the
brain upstream the visual system; subsequent transfor-
mation and processing of the neural images within dif-
ferent brain visual areas; formation of a percept; anal-
ysis and recognition of the viewed object.

Main stages of the visual processing are illustrated
in Fig. 1. At the input end, a test stimulus passes
through the eye optics and activates the photoreceptor
layer of the retina, the two initial processing stages that
are common for any manner of assessing VA (except a
specific interference method). At the output end, the
observer’s responses to the test stimuli can be of two
main types — either subjective (a verbal judgment,
pointing, pressing a key etc.; e.g., Bach, 1996, 2007;
Radner, 2017), or objective (ERG (Tehrani et al.,
2015); recordings of eye movements (Wolin, Dillman,
1964; Hyon et al., 2010) or of brain activity (VEPs;
e.g., Zheng et al., 2020), accompanying visual pro-
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Fig. 1. An illustration of the information processing flow in the human visual system during VA assessment.

cessing with no necessarily explicit participant’s ac-
tion).

In relation to VA assessment, it is important to bear
in mind that, between the input and the output, in cas-
es of different test images quite different neural path-
ways are activated that underlie processing of different
image features. Various neurophysiological and psy-
chophysical studies, as well as clinical data of patients
with certain visual brain injuries provide evidence that
a localized impairment can have a very selective effect
on stimulus recognition. For example, a left occipito-
parietal ischemic infarction may cause literal alexia,
i.e., the condition that affects patient’s ability to rec-
ognize individual letters or numerals, while other visu-
al recognition abilities remain unaffected.

The above implies that an outcome of VA measure-
ment using a given set of test stimuli would only charac-
terize the functional state of the pathways activated by
these stimuli. In other words, the obtained results indi-
cating, say, “normal” VA could testify only to normal
functioning of a certain subnetwork of all visual path-
ways that subserves the certain type of test stimuli. In
a general case, the structures forming this specific sub-
network could either belong to one functional unit —
module — or include several modules. As indicated
above, the eye optics and the photoreceptors in the
retina are structures that are common for processing
all types of the visual stimuli. This implies that impair-
ment of the eye optics and/or a retinal pathology could
affect VA measures regardless of the type of the test
stimuli. One important exception is a specific case of
grating stimuli created on the retina by means of the
coherent interference technique bypassing the eye op-
tics and, thus, enabling assessment of the so-called

“retinal VA”. By comparing the outcomes of usual VA
assessment by means of naturally projected stimuli
with the values of retinal VA in patients, one can dis-
entangle impacts of the optical and neuronal (retinal
& post-retinal) impairments. To localize the structure
(or structures) upstream in the visual system that
cause VA loss is impossible without reaching for vari-
ous other diagnostic methods of examination.

PARADIGMS AND PROCEDURES
FOR THE VISUAL ACUITY ASSESSMENT

Accuracy required for VA assessment varies signifi-
cantly depending on both the visual task and the as-
sessment aim. The granularity of accuracy of VA as-
sessment can be captured in terms of the measurement
scales varying in power and precision: ordinal, interval
or ratio (Stevens, 1946).

For everyday purposes, it is often sufficient to qual-
ify VA using a coarse categorization in common terms:
low (poor, weak), normal (good, fine), and excellent
(supernormal, perfect). Such categorization is based
on the individual’s visual abilities compared to other
people from a representative population. The impli-
cated visual abilities comprise the individual’s speed of
visual search, dexterity (e.g., reaching and grasping,
shooting, driving), and navigation accuracy, as well as
presence/absence of asthenopia symptoms (visual dis-
comfort, visual stress, visual fatigue, etc.). This type of
VA notation, i.e., low—good—excellent, implies rank-
ing the vision quality on an ordinal scale. It is apparent
that such values are rather vague, fuzzy and subjective:
for gauging the quality of vision, an assessor is guided
by his/her (tacit) reference points and an (implicit)
“yardstick”.
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Table 1. Characteristics of the typical examination paradigms for VA assessment

Examples of the test Visual task Instruction for the observer Parameter to be measured
stimuli
Single-point targets Detection To detect and indicate or to grasp | Threshold diameter
Crumbs the smallest target on a uniform | Threshold line width (angular
Single thin lines background size)
Two-point targets Resolution To distinguish one-point and Threshold angular distance
Teller gratings two-point targets. To indicate between the points or critical
Gabor patches position of a periodic structure spatial frequency
Tumbling E Recognition To identify and name the pre- Angular size of the critical
Lea symbols sented optotype from a given set | parameter
Letters
Vernier stimuli Detection of a shift To detect the shift and to deter- | Threshold angular size of the
of the two well seen mine its direction (left-right) shift
stimulus halves
(Hyperacuity)

In clinical practice, however, precision of VA as-
sessment is crucial for functional correction and mon-
itoring of vision development, or for stimulation of the
visual function during recovery from an injury: the
higher the precision of the measurement, the earlier
the anticipated VA changes (positive or negative) can
be detected, which ensures sooner and more percepti-
ble effects of a timely, patient-tailored treatment
(therapeutic intervention). Clinical cases require ac-
curate measuring of VA by means of standardized test
procedures and presenting the results in a quantitative
Jorm (in conventional units cognized by professionals).

Quantitative clinical methods of VA assessment are
based on estimating either the smallest angular size of
the test stimuli detected/recognized by the testee, or
the smallest test image components that can be re-
solved, i.e., can be seen as distinct. Different examina-
tion paradigms imply solving different visual tasks (Ta-
ble 1). Some examples of the test stimuli are shown in
Fig. 2.

In this paper, we mainly consider clinical VA mea-
sures, conventionally termed resolution VA and recog-
nition VA; detection acuity and Vernier acuity have
lesser fields of application. We would also like to un-
derscore that most paradigms of the VA assessment
imply not just one visual task but a task composition
(cf. Heinrich, Bach, 2013, on distinguishing the reso-
lution and recognition in tests with modified Landolt
C optotypes).

The notion of resolution is broadly used in physics
and engineering. Originally, in physics, the term reso-
lution was coined to characterize the quality of an op-
tical device — its ability to produce clear image of the
finest structural elements of the test pattern. Quantita-
tive assessment of the quality of an optical device is ac-
complished by estimating its resolution threshold. The
standard method for this is to estimate the minimum
angular distance, o, between two light test points,
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which allows detecting (either visually or by a light-
sensitive instrument) the two luminance maxima and
a luminance minimum, corresponding to the test
points that are sufficiently well separated in the image
produced by the device in question.

Lord Rayleigh (1879) proposed the criterion for
calculating the resolution threshold based on the anal-
ysis of the light distribution in the two-point images
created by an optical device. It is well known that, due
to diffraction, the optical image of each light point
consists of the central light spot and a series of dark
and light annuli. The pattern of diffraction depends on
the aperture size and the wavelength of light (with
shorter wavelengths being diffracted at a greater angle
than longer ones). According to Rayleigh, the resolu-
tion threshold [ corresponds to the distance between
the two near test points that is equal to the radius of the

= n .

E lu ITI E Tumbling E
O O C O radic
0 D O (D Lea symbols

I Vernier stimuli

Fig. 2. Various types of the test stimuli for assessment of vi-
sual acuity and hyperacuity.
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a b
Two point stimuli

Grating stimulus

Fig. 3. Schematic illustration of the projection of two-
point test stimuli (a) and a test grating (b) onto a hexagonal
array of photosensors varying in sensitivity. Light distribu-
tion in the optical images is represented by red; differences
in light sensitivity of photosensors are represented in a
grayscale (where lighter hexagons indicate higher sensi-
tivity).

central spot. This radius B (in angular minutes) is given
by the equation § = 1.22A/D (where A is wavelength, D
is the aperture size). For such a distance, in case of two
light sources with incoherent radiation, it was found
that, in the midpoint between the two maxima, the
light level is equal to 3/4 of the maximum. The appli-
cation of the Rayleigh criterion to the human eye
seems problematic for several reasons: e.g., calculation
of the effective aperture from the pupil diameter; the
required correction for optical properties of the eye
media, etc. However, for realistic sizes of the pupil one
can assume certain coarse approximations of the reso-
lution threshold o, as quite likely.

Another way of assessing the quality of optical de-
vices is to estimate the highest frequency of the spatial
grating that can be reproduced by the device in ques-
tion, or the critical spatial frequency, F,. Apparently, in
real conditions it is much easier to measure F, than o,,,.
This is illustrated schematically in Fig. 3 inspired by
representation of a regular hexagonal lattice of photo-
receptors in the foveal region of the human retina by
Curcio et al. (1990). Fig. 3 shows images of two-point
tests (a) and a test grating (b) projected onto a regular
mosaic of photosensors. Variation of light sensitivity
of individual photosensors is represented by cell light-
ness (on grayscale). In any real case, sensitivity of each
photosensor varies due to internal noise, as well as a
result of exposure to preceding stimuli. In turn, the
variability of the photosensor sensitivity stipulates that
visibility of the light test significantly depends on the
position of its projection onto the photosensor array.
The effect of the photosensor variability is stronger for
single light points than for gratings since visibility (de-
tectability) of the latter gain an advantage from sum-
mation of responses from multiple photosensors.

It is worth noting that in physics, rather than the
resolution threshold, the broadly accepted measure of
the quality of an optical device is resolving power, the
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value reciprocal to resolution threshold, 1/a,,. The
term was introduced to reconcile the physics terms
with an intuitive idea of a better quality, whereby a bet-
ter (higher) optical quality implies a higher resolving
power, but a lower (smaller) resolution threshold. Un-
fortunately, the term resolution is often used without
this clarification, which leads to confusion. In many
publications, the term “high resolution” implies, in
fact, high resolving power. For instance, the term reso-
lution is used as the synonym of resolving power in
computer science. It reflects the potential of either
generating fine-grained images on a given display
screen that consist of discrete elements (pixels), or
printing fine pictures by a printer that produces images
from tiny dye dots. It seems reasonable that a display
resolution is characterized by the pixel density, the
number of pixels per inch (ppi) in a line. Similarly, a
printer resolution is expressed in dots per inch (dpi),
i.e., the number of dots that can be printed in a 1-inch
long line segment.

In ophthalmology and vision science, both nota-
tions, resolution threshold (o) and its reciprocal val-
ue 1/a,, are used. However, in these disciplines the
term resolving power has not been brought into broad
use, and the measure 1/q, is termed visual acuity
(VA). When using the term visual resolution, research-
ers quite often imply resolution threshold, unlike re-
solving power that is used in optics and computer sci-
ence.

PRIMARY MEASURE OF VISUAL ACUITY
AND HISTORICALLY FIRST VISUAL ACUITY
NOTATION

Over time, the following procedures proved to be
most feasible for the assessment of VA:

(1) determining the minimum size of the test stim-
uli that can be recognized at the chosen viewing dis-
tance;

(2) determining the maximum viewing distance at
which certain test stimuli can be recognized.

In both cases, the outcome implies the identical
spatial metrics and is expressed in the same measure —
as the minimum angular size of the smallest elements
comprising the test images that is sufficient for satis-
factory recognition of the elements. In vision science,
this angle is termed the minimum angle of resolution,
MAR.

It so happened that the term MAR became used by
ophthalmologists not only as the acronym but also as
a mathematical quantity in algebraic formulae. For
most algebraists, such denotation is a violation of the
conventional rule to use one letter for one quantity,
which sometimes causes misunderstanding and
lengthening of formulae. (However, it is rather point-
less to raise an objection against use of the MAR de-
notation, since currently software developers often use
even much longer acronyms in their software codes.)
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When periodic gratings are employed as the test
stimuli, another critical value — the highest discernible
spatial frequency (critical frequency, F,) — is deter-
mined instead of the MAR. It is apparent that, ideally,
F, can be calculated from o, at the threshold, one pe-
riod of the just resolvable grating has to span 2a,,, i.e.,
one dark and one light bar; hence, visual angle of 1°
(60") corresponds to 60'/2a.,, periods, or F. = 30/a., cpd
(cycles per degree).

In the history of development of VA metrics, pro-
fessionals initially pursued the physics approaches by
treating the human visual system as an optical device
(Colenbrander, 2008). Also vision scientists of the
18th and 19th centuries applied approaches, notions
and notations that had been developed in physics for
optics research.

Frans Cornelis Donders, Dutch physiologist, was
the first to introduce the notion of VA in 1861 and to
develop the standard procedure and the measurement
unit for VA assessment (Pfeiffer, 1936). Donders as-
sumed that calculation of an observer’s VA should be
accomplished in the same way as calculation of resolv-
ing power of an optical device, i.e., as the reciprocal of
resolution threshold. Adapting this approach to hu-
man vision, Donders introduced the notion of a
“standard eye” which, at threshold, can recognize let-
ters as small as 5' height (without errors or with suffi-
ciently high probability of a correct response). VA of
the standard eye was proposed to be taken as the mea-
surement baseline.

Donders’ protocol of VA assessment implied com-
parison of the testee’s threshold letter size with the
threshold letter size of 5" accepted for the standard eye.
Thus, in the course of the measurement, the examiner
determined linear magnification (M) of the test letters
(in relation to the 5' size) required for the observer to
provide the standard level of letter recognition. The
VA value, v, was calculated as the inverse of the mag-
nification value: v = 1/M.

Thus, Donders introduced the first correct quanti-
tative VA notation and the first unit for the VA mea-
surement that is compatible with the modern concepts
in metrology: “Unit of measurement — real scalar
quantity, defined and adopted by convention, with
which any other quantity of the same kind can be com-
pared to express the ratio of the two quantities as a
number.” (International Vocabulary of Metrology.
2008. Basic and General Concepts and Associated
terms, p. 6).

Donders based the proposed way of VA estimation
on the premise that, for normal human vision, the res-
olution threshold is equal to 1 arcmin, i.e., for the
standard eye o, = 1'. Considering that the Donders
test letters were drawn within a 5 X 5 matrix, and the
stroke width was 1/5 of the letter size, the threshold
size of the letters for the standard eye can be assumed
as 5' x 5" = 50, % 504. If an individual observer’s
threshold letters appeared to be, say, M - 5' high, it is
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apparent that the corresponding value of MAR, o,
was M times larger than o, i.e., o, = Mo,. Therefore,
the magnification M will be equal to o,/ and, for the
VA value, v, one can use the following expressions:

v=1/M=0,/0, =1"/a,.

The expression v = 1'/0; for VA was introduced by
Monoyer (1875) and coined decimal notation. In the
present paper we denote it as V,. If the examination
outcome is o; = o, = 1', the testee’s VA is character-
ized as V; = 1.0, i.e., equal to that of the standard eye.

What are potential ranges of the MAR and corre-
sponding VA values in humans? Apparently, these
ranges are limited by the minimum and maximum siz-
es of the test stimuli that can be projected onto the ret-
ina and perceived as discernible visual images. The
maximum test size is ultimately limited by the size of
the visual field, while the minimum size is limited by
the optics of the eye (diffraction, optical aberrations,
intraocular scattering, etc.; for reviews, see Westheimer,
1970; 2001; 2010; Artal, 2014), by properties of the ret-
ina (the size and packing density of the photorecep-
tors; structure of the retinal neural networks), and by
processing of retinal signals upstream the visual sys-
tem.

To estimate a theoretical lower limit of VA, consider
the central area of the binocular visual field, whereto
the largest test image can be presented (Fig. 4). Its ex-
tents in various directions is somewhat varying, and
spans about 100° in angular terms. However, a test im-
age should occupy no more than one third of this area,
i.e., about 33°, leaving a blank space around. A critical
size of 1/5 of that test extent would be about 400,
which corresponds to MAR =400"and V,=1'/400", or
about 0.0025.

To find out an upper limit of the VA, one needs to
consider the following factors (Westheimer, 2010):

— the transfer function of the eye’s optics (optical
transfer function, OTF:), which determines the quali-
ty of the image projected onto the retina and its highest
spatial frequency;

— discrete structure of the retina limiting the accu-
racy of image sampling by the size and density of the
retinal photoreceptors in the light sensory layer;

— neural processing of the retinal image upstream
the visual system, up to the perceptual level.

With regard to the OTF of the typical human eye,
the highest spatial frequency that can be reproduced
unambiguously, F,, is about 60 cpd, i.e., is 1 cycle per
1 arcmin (Campbell, Green, 1965). Thus, the mini-
mum resolution threshold should be no less than 0.5
(half a period of the spatial grating), and decimal V,
accordingly, not higher than 2.0, if it is solely the OTF
that stipulates the maximum VA. However, certain in-
built factors of the visual system exert their inherent
influences on the OTF-based VA, namely: the size of
the retinal photoreceptors and their packing density
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Fig. 4. Combined visual fields of the left and right eyes with
the projected optotype (tumbling E) of the maximum size
that can be presented binocularly for VA assessment.

can reduce upper limits of VA values, whereas neural
processing at higher levels of the visual system and eye
movements can improve the OTF-based VA (Duncan,
Boynton, 2003).

In popular ophthalmology literature, one can find
a rather simplified approach to visual resolution as-
sessment, or the so-called “receptor theory” that im-
plicates the limitation of the photoreceptor size in the
fovea of the human eye, “grains” or “pixels”. The “re-
ceptor theory” proposed by Helmholtz (1867; English
translation: 1924, v. 2, p. 33) and treated as quite plau-
sible up to the middle of the past century (e.g., Hecht,
Mintz, 1939; Polyak, 1941, p. 430) is based on a seem-
ingly reasonable assumption that if two test points
project on two adjacent cones, they cannot be distin-
guished from a larger single object projecting on those
adjacent cones. For discerning the two points, at least
one unstimulated or a less stimulated cone is required
in-between. This simplified model of resolution
threshold is often used as an illustration despite a vast
amount of knowledge on visual optics, morphology
and physiology providing evidence of the model flaws.

The real picture behind the visual processing is very
complicated. Firstly, under natural viewing conditions
it is impossible to stimulate two single photoreceptors
in the configuration comprising two activated photo-
sensors and one silent in-between: even in the case of
an infinitely small test point (a Dirac pulse), the opti-
cal point image (the point spread function) is smeared
over tens of photoreceptors due to diffraction and eye
optics aberrations. Moreover, the stimulation pattern
is permanently drifting over the retina because of the
eye micromovements. A reliable stimulation of single
photoreceptors became possible only in artificial con-
ditions with the development of adaptive optics that
compensates for the eye’s aberrations and counteracts
eye micromovements (Roorda, Williams, 1999; Roor-
da et al., 2002; Porter et al., 2006; Artal, 2014).
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Secondly, neural processing at the post-receptoral
stages of the visual pathway was shown to provide sig-
nificantly better resolution and higher VA exceeding
the value of 1' indicated for the standard eye by
Donders on the basis of using letters as the test stimuli
(Artal et al., 2004). In this case the so-called Vernier
acuity, or hyperacuity, is implicated, i.e., the well-
known fact that it is possible to detect the misalign-
ment of just few arcsec between two thin lines or fine
segments if they are sufficiently long (Westheimer,
2010). It is apparent that such considerable upsurge of
visual analysis of fine stimulus details is achieved due
to the aggregate higher-level processing of visual in-
puts from many photoreceptors activated by stimuli
extending beyond a single point (Westheimer, 1975;
2010).

With regard to the constraints posed by the discrete
structure of the retina, the highest spatial frequency
that can be successfully coded and reproduced in the
visual pathway is limited by Shannon’s sampling the-
orem (Jerri, 1977). In the human fovea, the photore-
ceptor mosaic can be considered as resembling a regu-
lar hexagonal lattice (Curcio et al., 1990; Putnam et al.,
2005). For such spatial geometrical organization, the
highest spatial frequency that can be resolved unam-
biguously is given by the Nyquist frequency based on
two-dimensional sampling theory (Snyder, Miller,
1977; Miller, Bernard, 1983):

Fy = nP/(180\3r),

where F) is the spatial frequency in cpd, P is the pos-
terior nodal distance (16.7 mm for a standard human
eye), and r is the photoreceptor spacing. Taking into
account the data of Polyak (1941) and Curcio et al.
(1990), for the minimum size of the foveal receptors
(about 1.5 p) the calculation results in Fy of about
100 cpd, that is larger than the theoretical OTF limit
(60 cpd).

In (Rozhkova, Matveev, 2007, p. 145), the data are
presented providing evidence that the VA values of 3.0
and somewhat higher (in decimal units), correspond-
ing to Fy = 90 cpd, were really encountered, although
seldom, especially in 11—14-year-old children. In this
investigation, the VA was assessed using tumbling E.

VISUAL ACUITY NOTATIONS SUGGESTED
FOR VARIOUS PURPOSES

By designing the first letter chart for VA assessment
(in 1862), Herman Snellen, Donders’ successor, pro-
posed the VA notation that, in essence, was equivalent
to the Donders notation but, in addition, included in-
formation on the viewing distance D, at which VA was
measured (Pfeiffer, 1936; Colenbrander, 2008; Cole,
2014). Based on the threshold letter height 4; that was
estimated for the individual testee and the viewing dis-
tance D,, Snellen suggested to express VA as the ratio
of the viewing distance, D,, to the conventional view-
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ing distance, D;, at which the testee can see the thresh-
old letters of height 4; as well as the standard letter of
height 4, is seen by the standard eye at the viewing dis-
tance D,: V, = D,/D,. (Fig. 5). One can easily see
that D, and D; are the distances, where the threshold
letters A, and 4; for the standard and the testee’s eye,
respectively, are of equal angular size. Based on deno-
tations in Fig. 5, where tano.,,, = h,/D,= h;/D; and ta-
no,,; = h,/D,, one obtains V, =h/h; =D, /D, = d,,,/Q,,;
(since o, and a,,; are small and tana =q).

Historically, the numerator and denominator of
the Snellen fraction are expressed either in feet or me-
ters for far vision, and occasionally, for near vision, ei-
ther in inches or centimeters. Thus, for normal vision
of the standard eye (MAR = 1'), the fractions 20/20
and 6/6 are different expressions corresponding to one
and the same viewing distance expressed either in feet
or meters (20 ft = 6 m); the fraction 14/14 corresponds
to normal near vision at the viewing distance expressed
in inches (14 inch = 35 cm).

When the Snellen fraction is converted to decimal
form, one obtains the value identical to the VA in the
Donders (decimal) notation, since both can be ex-
pressed as o/, (see Fig. 5). Thus, the Snellen VA
notation is quantitatively equivalent to the Donders
notation (and to the Monoyer decimal notation which
is equivalent to it), but is more informative, since it al-
so contains the indication of the viewing distance.

Knowing the viewing distance is essential, since, in
general, VA depends on it (and not only in cases of re-
fractive anomalies: cf. Heron et al., 1995; Rozhkova
et al., 2004, 2005). However, in practice, the examiner
regularly performes long series of measurements at a
fixed, standard viewing distance (e.g., in examination
of schoolchildren or in population surveys). It is there-
fore often reasonable to indicate the viewing distance
only once for the whole assessment series and, in a
dataset, to use corresponding decimal values of the
Snellen fractions (or their denominators) in further
statistical analysis.

For more than 150 years the Snellen notation of VA
was prevalent, especially in Anglo-Saxon countries,
and until recently remained broadly used for vision ex-
amination by clinicians who conducted routine mea-
surements at standard far and near distances. Howev-
er, instigated by significant progress in vision science
and medical technology, in the 20" century there
emerged the need to introduce other VA notations.

An extensive development, since 1960s, of the con-
cept of spatial frequency and Fourier analysis in visual
psychophysics, neurophysiology, as well as theoretical
analysis of experimental findings on pattern recogni-
tion resulted in an increased use of the critical spatial
frequency, F,, of test gratings as the measure of VA
(Campbell, Green, 1965; Campbell, Robson, 1968;
Teller, 1979, 1997; Anderson, Thibos, 1999; a.0.). Ac-
tually, gratings had already been used for VA measure-
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Qi Oy Di DO

Dy hy Dytana,, o, 1

D; h; Dijtano,,; O, O,
Snellen Decimal

. 4’ .
notation notation

Fig. 5. The Snellen notation of VA. The top graph rep-
resents a below-standard visual acuity and the bottom
graph an above-standard visual acuity. The distances D
and D; are the reference and the testee’s threshold distanc-
es, respectively, providing equal angular sizes of 1' for 4, at
Dyand h; at D;.

ments more than a century ago: for instance, at the
end of the 19™ century, Wertheim (1894) designed
small gratings (grids) from thin wire and estimated the
largest distance at which the grating structure could be
resolved. In effect, by this means Wertheim was mea-
suring F,.

The advancements of many recent investigations
made the use of F, as the VA measure more compelling

than other VA measures and notations. One can out-
line at least following advantages of employing F..

— It is appealing that the F, measure links the as-
sessment of VA and contrast sensitivity function
(CSF), since F, corresponds to the highest spatial fre-
quency discerned at the highest contrast level. Ideally,
F, can be estimated in the assessment of the full range
of CSF, however, many researchers are interested only
in the range of optimal spatial frequencies, thus limit-
ing their measurements of CSF by the spatial frequen-
cies which are essentially lower than F,.

— In cross-sectional studies, F, can be estimated in
observers over the entire lifespan, from the neonatal
age onwards (Teller, 1979; 1997; Vital-Durand et al.,
1996; Woodhouse et al., 2007; Sturm et al., 2011), thus
enabling investigation of age dynamics of VA in differ-
ent populations. As the uniform and most unambigu-
ous measure, F, also provides an opportunity to mon-
itor VA in individuals in longitudinal studies.

— The values of F,, ranging from low to high, cor-
respond to an intuitive interpretation of low and high
vision quality.

— Graphic representation of the F, scale for VA as
the frequency-modulated pattern gives the most ade-
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quate and direct representation of resolving power that
increases with the increasing VA.

— Using the F, scale for measuring VA provides an
opportunity of a direct comparison of the human eye
and optical devices with regard to their resolving
power.

Significant advances in knowledge of the visual
system functioning, on the one hand, and in technol-
ogy, on the other hand, instigated attempts to facilitate
association of VA scores with visual performance and
life quality. The new forms of VA measures were also
developed with the intention to make them more suit-
able for statistical analysis of VA data, and for compar-
ison of different methods and procedures of VA assess-
ment. For different purposes, various notations were
proposed, discussed and modified, such as logMAR,
Visual Efficiency (VE), Visual Acuity Score (VAS),
Visual Acuity Rating (VAR), letter-by-letter scores of
the Early Treatment of Diabetic Retinopathy Study
Group (ETDRS) and others (Snell, Sterling, 1925;
Ogle, 1953; Bailey, Lovie, 1976; Ferris et al., 1982;
Holladay, 1997; Carkeet, 2001; Bourne et al., 2003;
Kaido et al., 2007; Plainis et al., 2007; Gregory et al.,
2010).

Each of these notations was developed in response
to a certain need of VA assessment and was supposed
to meet the requirements of a certain group of profes-
sionals, to achieve ease and efficiency of using VA data
in the specific form. Each notation has its advantages,
shortcoming, and is tailored to a specific area of appli-
cation, being beneficial for some but not always for
other purposes. Due to various purposes of assessing
VA, one would anticipate that different VA notations
will be used in parallel, depending on specific aims
and objectives of individual investigations. Unexpect-
edly though, there arose an unwarranted competition
between different notations, which culminated in the
alleged “gold standard” among the tools for VA assess-
ment and the claim of the corresponding “best nota-
tion” (Elliott, 2016). To elucidate foundations of VA
assessment, it is reasonable to scrutinize different VA
notations from various viewpoints.

The VE notation, visual efficiency, was introduced
by Snell and Sterling in 1925. These researchers pro-
ceeded from the assumption that each increase of
MAR by 1' would reduce the efficiency of the visual
system functioning (in a broad sense) to 84% of the
initial level. In literature, there are two different for-
mulae approximating such relationship (Snell, Ster-
ling, 1925; Westheimer, 1979):

VE — 0‘2(MAR—1)/9
VE = 100exp(=0.179[MAR —1'])

where MAR is expressed in arcmin and VE in percent.

The logMAR notation was introduced by Bailey and
Lovie (1976), Australian optometrists. The notation
reflected the logMAR principles, implemented in the

Bailey-Lovie VA letter chart. Each chart line has five
equi-legible! letters; from line to line, there is a geo-
metric progression in letter size (constant ratio of size,
1.26 corresponding to 0.1 steps in logarithmic scale);
the intervals between the letters and lines are propor-
tional to the letter sizes, to hold constant contour in-
teraction and letter-by-letter scoring, thus, ensuring a
similar difficulty of the visual task. As Cole (2014, p. 1)
graphically put it, the chart of Bailey and Lovie “took
the ophthalmic world by storm. Their principles for
the design of a visual acuity chart covered all the bases
so that letter size is the only significant variable in
measuring visual acuity”. Thus, the core idea behind
the logMAR notation is to use the logarithmic func-
tion of MAR instead of the directly estimated MAR
value. Remarkably, already in 1868 Green (1868; also,
Green, 1905) developed a letter chart with a logarith-
mic scale; also the multiplier of the size progression
was the same, as in the Bailey-Lovie chart, 1.26, if one
advances from the smallest letters (Green indicated,
although, the value 0.79 = 1/1.26, since he proceeds
from the largest letters at the top of his chart.) Unfor-
tunately, at that time, the idea of logarithmic scaling
was not yet appreciated.

The logMAR notation has been keenly promoted
since its inception, to become widely used in the com-
ing decades and dominating in both academic re-
search and clinical practice. The main attractive fea-
ture of logMAR is that it transforms geometric pro-
gression of MAR values to arithmetic progression.
LogMAR chart became very popular for VA assess-
ment as it could provide equal accuracy in the whole
range of measures. (However, it is an advantage of the
chart design but not the logMAR notation.)

The ETDRS letter scores are based on the number
of letters read correctly in the charts with logMAR de-
sign. They were proposed as the result of the experi-
ence obtained in the process of working with such
charts to make the scores more easily collected, com-
pared and interpreted. By designing the chart, the
ETDRS Group adopted all of the principles of the
Bailey-Lovie chart, although with some modifications
(Ferris et al., 1982). The ETDRS chart has firmly en-
sconced the logMAR principles. By now, various VA
charts have been developed on the same principles,
i.e., with a proportional design and the multiplier of
1.26 for letter sizes at the reference levels, which led to
coining the term “logMAR design”.

The VAR notation, the visual acuity rating score,
was proposed as an alternative way of denoting VA in
logarithmic scale, while counteracting one of the main
inconveniences of the logMAR notation — its negative
values in a significant part of the VA range (Bailey,
Lovie-Kitchin, 2013). Specifically, the logMAR zero
value corresponds to MAR = 1.0' (standard vision); for

! Authors of the charts implementing the logMAR principle not
infrequently refer to the employed letters as “equi-legible”;
however, the criteria of equi-legibility vary between studies.
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Table 2. Approximate correspondence of VA values in various VA notations and ranges of VA values reflecting the vision
quality conventionally adopted in ophthalmology, optometry and vision science

Vision quality, MAR, Donders and Snellen fract'%on F, VE, ViR ETDRS,
normative levels | arcmin logMAR Monoyer (m/m) and its epd % VAS, number of
(decimal value) reduced value % letters read
Excellent-to-normal vision
0.4 —0.4 2.5 6/2.4=2.5 75
0.5 —0.3 2.0 6/3.0=2.0 60 109.4 115 100
0.63 —0.2 1.6 6/3.75=1.6 47.5 106.8 110 95
0.79 —0.1 1.25 6/4.8 =1.25 37.8 103.6 105 90
Standard eye 1.00 0.0 1.00 6/6.0 =1.00 30 100.0 100 85
1.26 +0.1 0.8 6/7.5=0.8 23.8 95.6 95 80
Near-normal vision
1.58 +0.2 0.63 6/9.5=10.63 18.9 89.8 90 75
Driver license 2.00 +0.3 0.50 6/12=0.5 15 83.6 85 70
2.51 +0.4 0.40 6/15=0.4 11.9 76.5 80 65
3.16 +0.5 0.32 6/18.7=0.32 9.5 67.5 75 60
Moderate-to-low vision
3.98 +0.6 0.25 6/24 =0.25 7.5 58.5 70 55
5.01 +0.7 0.20 6/30=0.2 6.0 48.9 65 50
6.31 +0.8 0.16 6/37.5=0.16 4.7 38.8 60 45
7.94 +0.9 0.125 6/48=0.125 | 3.8 28.6 55 40
Severe low vision
Legal blindness ‘ 10.00] ‘ +1.00] | 0.100] ‘ 6/60=0.1] ‘ 3.0) | 20.0] ‘ 50] ‘ 35]

better-than-standard visual acuities (MAR < 1.0"),
logMAR values become negative, which is counterin-
tuitive. As pointedly noted by Colenbrander (2008,
p. 65), logMAR is a measure of vision loss, rather than
a measure of visual acuity, so, an increase in MAR (or
logMAR) means a decrease in vision.

The formula for calculating VAR is a simple trans-
formation of the logMAR scale:

VAR =100 -50log MAR.

Basic information useful for comparison of the VA
notions and VA notations discussed herein is present-
ed in Table 2.

Table 2 presents the ranges of VA values, in differ-
ent VA notations, aligned with the categorized quality
of vision in accord with experts’ conventions, as re-
flected in some handbooks (e.g., Somov, 1989; Bond-
arko et al., 1999; Shamshinova, Volkov, 1999; Colen-
brander, 2001, 2008; Lennie, Van Hemel, 2002; Roz-
hkova, Matveev, 2007). Notably, the correspondence
between the values presented in Table 2 can be consid-
ered only tentative. One need to bear in mind that the
conversion of outcomes obtained by different tools,
methods and under varying testing protocols is prob-
lematic, since for each method of measurement and
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each VA notation, the outcome is stipulated by differ-
ent physical parameters of the (threshold) test stimuli.

For example, Wesemann (2003) undertook com-
parison of VA estimates (in decimal notation) ob-
tained by using three tests — the Landolt test, the
Freiburg Visual Acuity & Contrast Test (FrACT), and
the Bailey-Lovie chart. He found that VA values ob-
tained by administering the Landolt test were lower by
0.5 units compared to the FrACT values, but the dif-
ference was within the German DIN tolerance limits;
in comparison, VA values obtained using the Bailey-
Lovie chart were on average 0.9 units lower than the
Landolt test estimates. A consideration of VA scores
based on grating and non-grating optotypes could be
found in Thorn, Schwartz, 1990; Stiers, 2003; 2004;
Strasburger et al., 2018, and a general discussion of de-
pendence of VA on the employed measuring tools and
assessment protocol one could see in (Cole, 2014).

We mention these findings in passing since the is-
sue of comparability of the values (expressed in identi-
cal units) obtained by individual VA assessment tools
is beyond the scope of the present paper.

We consider it more insightful to determine rela-
tional functions between the currently used VA mea-
sures. Crucially, this opens a new avenue in the quest
to find the “grounding truth” measure of VA assess-
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Fig. 6. Comparative characteristics of different VA measures as functions of the critical spatial frequency F, (F, = 30/MAR) that
signpost the quality of functional vision: a — VA measures based on resolving power (positively correlate with intuitive under-
standing of VA); b — VA measures based on resolution thresholds (negatively correlate with intuitive understanding of VA).

ment. In our view, the VA measure is supposed to re-
flect an intuitive understanding that higher VA values
reflect better spatial vision, and that all VA values > 0,
since even the smallest degree of spatial vision is cer-
tainly positive in comparison to blindness. Predicated
by this understanding, the critical spatial frequency,
F,, was used as the benchmark for measuring VA. F, is
inversely proportional to MAR, F,=30/MAR; so, un-
like MAR values, F, values increase for better visual
acuities. In Fig. 6 we present the conventionally used
VA measures as functions of F,, signposting the quality
of observers’ functional vision. In addition, in the bot-
tom of Fig. 6, vertical bars of increasing density illus-
trate the increasing frequency of spatial gratings (cpd),
the measurement tool that reflects an increase in VA,
or the quality of functional vision.

The two parts of Fig. 6 presents functions for two
principally different types of the VA measures (and
corresponding notations) in their relationship to F..
Specifically, Fig. 6a shows ascending functions that
correspond to the three VA measures reflecting resolv-
ing power — decimal (1/MAR), VE, and VAR. Each
function shows an increase of the VA scores with the
increasing quality of vision, as indicated by increas-
ing F,. The decimal measure, V,= 1/MAR, that is di-
rectly proportional to F,, has a linear positive relation-
ship of VA scores with F,. In comparison, the VAR and

VE functions rather resemble a logarithm relationship;
although similar, they slightly differ in slopes at the
lower and upper ends of the F, range. The larger differ-
ences in the slopes of the VAR and VE functions, com-
pared to 1/MAR (a linear function of F,), are correlat-
ed with an overestimation or underestimation of cer-
tain VA changes by practitioners guided by VAR and
VE scores. In particular, with focus on visual impair-
ments, practitioners are inclined to pay a greater atten-
tion to VA improvement within a range of poor vision,
hence, might overestimate this improvement; con-
versely, they pay lesser attention to an improvement
within a range of good or excellent vision, and might
underestimate the improvement.

Fig. 6b, in contrast, presents two descending func-
tions that are based on resolution thresholds and cor-
respond to the MAR and logMAR measures. We reit-
erate that the thresholds are negatively related to the
vision quality: the higher the threshold, the poorer the
vision quality or the greater the vision loss. The MAR
and logMAR scores, apparently, are inverted in rela-
tion to the quality of spatial vision.

The inverted scores might be as good as the direct
ones; it is essential, however, to take into account their
properties. The shortcomings of the logMAR notation
were discussed by Rozhkova (2017) in her paper in
Russian and are briefly summarized here. These are of
different kinds: some of them are related to metrolog-
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ical properties of logMAR as the scale of measure-
ment; the others concern an opaque relationship be-
tween logMAR values around its zero, characteristic
for the majority of the population, and the VA values
in other notations.

— The zero value of logMAR, which corresponds to
the conventional normal vision (the standard eye with
MAR = 1'), precludes using a ratio measurement
scale, required by the principles of metrology, for
comparison of the vision quality across various cases,
since division by zero is impossible.

— Neither can other logMAR scale values be ade-
quately compared via ratios, in particular, because it
would be problematic to interpret negative ratio of
outcomes in cases where pairs of negative and positive
logMAR values are to be related.

— It is also difficult to fathom a meaningful rela-
tionship between logMAR values and VA values ob-
tained using the other notations for observers with
normal and near-normal vision (cf. Table 2). Specifi-
cally, in the decimal notation, VE and VAR, small
changes in functional vision are reflected by common-
sensical small changes of VA values over the whole VA
range; whereas in the logMAR notation, around the
logMAR zero, some of such small changes in func-
tional vision may effect change of the sign of the VA
value, prompting a spurious impression that these
changes in the vision quality are more specific than
those in other range.

— During preschool and school ages, most of chil-
dren with normal and excellent vision quality have
negative VA values on logMAR scale (see the blue
parts of the histograms in the Fig. 7a—c). From psy-
chological view, negative VA estimates, being associat-
ed with impairments, might appear deceptively dis-
turbing for parents.

— Moreover, on the widespread logMAR charts
(with 0.1 logMAR steps between the lines), the num-
ber of reference levels in the negative scale range are
too few for timely revealing significant changes in a
child’s vision quality.

To illustrate the latter point, let us inspect Fig. 7.
The top graphs (Fig. 7a—c) present histograms of VA
values in decimal units, based on the data obtained
without optical correction for binocular far vision in
three age groups of primary schoolchildren using spe-
cially elaborated charts with tumbling E optotypes and
the reference level steps of 0.2 decimal units (Rozhko-
va et al., 2001; Rozhkova, Matveev, 2007). The bottom
graph, Fig. 7d, shows the logMAR function and, in
the inset, repeated data for the 7-year-old children in
a modified form (with the inverted order of bins to line
up the direction of the vision quality changes with the
logMAR scale). When the black bar, conventionally
normal vision (decimal VA = 1), is aligned with log-
MAR = 0 (corresponding to MAR = 1"), it is apparent
that, in the logMAR notation, more than 70% of the
tested 7-year-old children have negative VA values
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(blue bins). Note also that in this negative logMAR
range, there are only four reference levels (with
0.1 logMAR steps). By comparing the three decimal
VA histograms presented in Fig. 7abc, one could see
that the proportion of children with negative logMAR
values (corresponding to blue bins in the graphs) no-
ticeably increases with age. It is problematic to expose
this age dynamics properly using only four indicated
logMAR reference levels presented in most VA charts
based on logMAR notation.

Like many authors comparing various VA nota-
tions, we deliberately did not separate the VA nota-
tions per se from their embodiment in the measuring
tools developed for practical use, although this would
be required for a comprehensive analysis. However,
this task is not viable in a brief overview. It seemed for
us more important to provide researchers with a cau-
tionary advice to abstain from conclusions inferred
from a limited experience and/or uncritically rely on
an authority’s opinion.

Assessing the advantages of certain VA notation for
practical use, the researcher considers and analyzes
the experimental data obtained with the existing tools.
However, ideally, it is necessary to investigate certain
representative sample of tools including various opto-
types, designs and notations. Sensitivity and specifici-
ty of the testing method, and reliability of its outcomes
are dependent on many factors and conditions, in par-
ticular, on the parameters of the employed tool. Cur-
rently, the tools for VA assessment are predominantly
charts. Regarding comparison the VA notations, it is
important to bear in mind, that the design of the VA
chart and the VA notation used for designating numer-
ic outcomes are actually independent. This evident
fact was clear to the author of the first chart with log-
arithmic (proportional) design but with decimal nota-
tion for designation of reference levels (Green, 1868).
Unfortunately, in the XX century there appears and
become spreading a groundless belief that the chart
design implies the use of definite VA notation for out-
comes of measurements.

However, we can indicate at least one opposite ex-
ample — the chart elaborated by Kholina using pro-
portional design and decimal notation for the refer-
ence levels (Kholina, 1930). Her chart contained
32 lines for the VA values varied from 0.1 to 2.0 with
logarithmic steps of approximately 0.05 logMAR (the
multiplier of the geometric progression for the opto-
type size was close to 10/2* = 1.1), i.e. corresponding
levels were: 0.1; 0.11; 0.12; 0.13; 0.15; ...; 0.8; 0.9; 1.0;
1.1; 1.2; 1.35; 1.50; 1.65; 1.8 and 2.0.

Fig. 8 shows real sets of the reference levels used in
the described chart of Kholina with logMAR steps and
decimal notation. The decimal notation is used in
practically all Russian charts (Golovin, Sivtsev, 1926;
Roslyakov, 2001; Gracheva et al., 2019; Stulova et al.,
2019), on the one hand, and in the ETDRS charts with
logMAR notation, predominantly employed in the
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Fig. 7. An illustration of the relationship between the logMAR function and the decimal VA measures, presented as histograms
of the data obtained for schoolchildren of three age groups (adopted from Rozhkova, 2017, Fig. 3).

USA and Europe (Ferris et al., 1982; Plainis et al.,
2007), on the other hand. As is well known, in ETDRS
chart, the intervals between the neighboring reference
levels are equal to 0.1 logMAR that is equivalent to
multiplying the letter size by 1.26 (26%-steps).

Comparing the two presented distributions of the
reference levels, one can conclude that, because of its
greater density, the chart of Kholina could provide
better accuracy of measurement in the whole range
of the VA values.

It is important to emphasize that, in all cases, one
could vary the sets of the reference levels independent-
ly of the VA notation. It seems puzzling that by now
the set of reference levels used for a certain chart is
considered to be linked to the VA notation. A trivial
reason of linking the reference levels and certain nota-
tion is probably to simplify numerical values of out-
comes by using “round” values for practical purposes.
From such viewpoint, the easiest and widespread way
(often implicitly used in practice and noted in some
guidelines) is to indicate the reference line numbers

corresponding to testee’s thresholds: “He sees the
5th line”, or “She sees the 3rd line and 3 letters in the
4th line”. During an examination session, it is suffi-
cient to make such recordings which contain informa-
tion required for practical purposes, while leaving the
task of data interpretation and analysis for future or to
other researchers. Noteworthy, many optometrists of-
ten employ this scoring of VA by the line numbers
since it is simple and understandable to every partici-
pant of the measuring procedure.

By close of this overview, we cannot but remark
that, with time, the task of optimizing the sets of the
reference levels in printed charts becomes less actual,
since in the near(est) future these will surely be sup-
planted by computerized procedures for VA assess-
ment, implying the shift to the task of developing op-
timal algorithms for varying stimulus sizes. Such algo-
rithms were already emerging in the second half of the
20th century (Taylor, Creelman, 1967; Watson, Pelli,
1983) and continue to be improving at present. More
than that: global computerization will enable both
standardization and variegation of the VA procedure
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stipulating quite another issues and approaches to its
execution — novel paradigms, principles, optotypes,
and protocols.

Another factor that probably will positively change
the practice of VA assessment is the envisaged transi-
tion from sporadic VA screening to its frequent moni-
toring. In the latter case, short intervals between the
measurement sessions would make employment of
such tools as the VA charts problematic, since frequent
presentation of the same chart during the test session
may ensue memorizing of its elements/lines, which
would result in biased outcomes of the retest.

In computer-aided methods, the notion of the ref-
erence test level actually becomes unnecessary since
the test stimulus size can be voluntarily modified after
each stimulus presentation. In these cases, the crucial
feature is the display resolution as the limiting factor of
the possible increments/decrements of the optotype
sizes. This is illustrated in Fig. 9 that shows feasible
sizes of the stimuli calculated on the basis on the
screen resolution (pixel sizes) for three different dis-
play brands at the viewing distance of 5 m (Terekhin et
al., 2015; Rozhkova, Malykh, 2017). The points on the
graph inside the three gray bars correspond to varying
stimulus size by adding pixel by pixel. It is clearly seen
that such one-pixel steps do not limit essentially the
number of the stimulus size gradations in the range of
the lowest VA but could be critical for the range of the
high VA values.

To develop proper and convenient computer-aided
methods of the VA measurement, both scientific and
technical components of the elaborated setup become
equally important.
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CONCLUDING REMARKS

More than 40 years ago Westheimer (1979, p. 327)
wrote in his paper on the VA measurement and scaling
(italics added by the authors):

“We base the discussion on the premise that it is
possible to arrive at a single value for the visual acuity of
an eye under a given set of conditions. /7 is a threshold,
o, the minimum angle of resolution (MAR), and is to be
measured in minutes of arc. The method of determining
the threshold is immaterial for this discussion, and so is
the nature of the target. The arguments apply equally to
Snellen letter, checkerboard, and grating targets, and
to evoked potentials, optokinetic, or forced-choice
psychophysical responses. What concerns us here is the
scale in which to place a set of visual acuity measure-
ments expressed in minutes of arc.”

In the present paper we share this approach bar res-
ervation about Westheimer’s stance that the method
of determining the threshold is “immaterial for this
discussion”. In our opinion, the task of interrelating
results of different measuring procedures that deter-
mine the MAR is not yet resolved and, in principle,
cannot be solved in a uniform way. As was pointedly
worded by Pirenne (1962, p. 175) in his frequently cit-
ed quotation, “[tJhere are in fact as many different “vi-
sual acuities” as there are types of test objects”. This
problem was, however, not addressed here and will be
considered in more detail in the second part of our
overview.

The undertaken analysis of different VA measures
and notations shows that the advantages, shortcom-
ings and applicability of a given notation should be as-
sessed by considering multiple factors: the essence of
the VA notation in question; the methods implicating
its use in the direct form (i.e., without recalculations);
intuitive comprehension of the notation; easiness of its
understanding for both testees and the examiner; the
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notation’s applicability for assessing individuals of dif-
ferent age groups; insights from the population-based
surveys, etc.

We hope that this paper provides convincing argu-
ments in favor of a wider use of the maximal resolvable
spatial frequency — the critical frequency, F, — as a mea-
sure of VA. This metric is close to both the optical
standards and ones’ intuitive understanding of VA: the
better VA, the higher F,; in addition, the relationship
between F, and VA can be compellingly presented
graphically.

The Donders and Monoyer notations, as well as
the Snellen fraction in its decimal form are all propor-
tional to F,, and, thus, are equally suited for expressing
VA. Visual efficiency, VE, is similar to F,, and the
Donders and Monoyer notations in that it corre-
sponds to one’s intuitive concepts. The nonlinear de-
pendence of VE on F,, in the low-vision range, desig-

nates a greater impact of VA increase (or decrease),
compared with the case of good and excellent vision.

There are some cautious signs that the logMAR ap-
peal has passed its peak: recently, there appeared a
tendency to return to Snellen and decimal notations of
VA. As remarked by Tsou et al. (2017, p. 1): “...many
ophthalmologists do not understand non-Snellen for-
mats, such as logarithm of the Minimum Angle of
Resolution (logMAR) or Early Treatment Diabetic
Retinopathy Study (ETDRS) letter scores. As a result,
some journals, since at least 2013, have instructed au-
thors to provide approximate Snellen equivalents next
to non-Snellen visual acuity values.”

We conclude with a suggestion of an “inclusive
practice”: may each researcher and practitioner use
the method of VA assessment and the VA notation that
is most appropriate for addressing their research ques-
tion or purpose in a clinical setting, for collecting and
analyzing the data required for these — provided the
researcher and the practitioner profoundly understand
theoretical and methodological bases of the VA mea-
surement and take into account the metric properties
of the chosen notation.
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OLEHKA OCTPOTbI 3PEHUA.
1. IEPBUYHBIE USMEPEHUNA N PA3JINYHBIE MEPDBI
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B craTtbe npuBeneHbl KpaTKUii 0630p M aHAIM3 Pa3IMYHBIX TTOAXOIOB K OlLleHKe oCcTpOThl 3peHus (03),
WMEIOIINI 1IeJIbIO TTPOSICHUTD MPUYUHBI OTCYTCTBUS CPEAU CIIEIIMATMCTOB OMHO3HAYHOTO MHEHMUS MO MO-
BOJy CYIIIECTBYIOIIUX CITOCO0OB npenctapiieHus O3, X JOCTOMHCTB U HegocTaTkoB. C TeueHreM BpeMeH!
KOJIMYECTBO METOJOB U MPOLIEAYD, MPEITOXKEHHBIX IJ1s1 olleHKu O3, HapacTaio, OHM CTAaHOBUJIUCH Pa3HO-
oOpasHee, yBeJIMYMBAJIach UX CJIOKHOCTh. Takoe pa3HOCTOPOHHEE COBEPIIIEHCTBOBAHME 1ILJIO MapasuieIbHO
C YBEeJIMUEHUEM Yuciia MpotheCCUOHAIOB, KOTOphie olleHMBaiu O3 B pa3HBIX 1IESIX, YTO MPUBEJIO K OMpe-
JIeJICHHOMY PacXOXIEHWIO B3MISIIOB HA MHTEPIIPETALIMIO PE3YILTATOB U3MEPEHUI U K BBEICHUIO Pa3HBIX
cucTeM ux o6o3HaYeHMs1. OnHaKO ceifyac HATMYKMe KOHCEHCyca MEXIY CIIelIMaTicTaMy CTAaHOBUTCS KpU-
TUYHBIM, MTOCKOJILKY MHOTHE TTPOEKThI MPEAyCMaTPUBAIOT COBMECTHYIO paboTy npodheCCUoHAJIOB U3 pa3-
HBIX YIPEXIESHUI 1 TpeOyIOT MEeXIyHApOIHOTO COTPYAHNYECTBA. B morckax o6111ero ocHoBaHUS 17151 KOH-
ceHcyca M YyHU(UKAIIMU TEPMUHOJIOTUY JIOTUYHO HAa4aTh C PACCMOTPEeHMSsI CyTU olleHKM O3 1 TpUYMH 3Ha-
YUTETBLHOTO pa3HOOOpa3nsl COBPEMEHHBIX TOUEK 3pEHUS Ha pellleHHue dTOi 3amayn Ha mpakTtuke. O630p
CYIIECTBYIOIIMX IMOAXOH0B K olleHKe O3 MoKa3bIBaeT, UTO MMEETCS TOJILKO OHAa nepBUYHas mepa O3, Ko-
TOPYIO MOXKHO MOJYYUTh HEMOCPEACTBEHHBIM U3MEPEHUEM U BBIPA3UTh B OCHOBHBIX €IMHUIIAX MPOCTPAH-
CTBEHHBIX METPUK — MUHUMAaNIbHBII yron paspewmenus (MAR, o,,, — minimum angle of resolution), onpe-
NeisieMblii MUMHUMAJIbHBIM YTJIOBBIM PACCTOSTHUEM, HEOOXOAMMBIM, YTOOBI 1BE TOYKU BOCIIPUHUMAINCH
pasnenbHo. MmeeTcd ele onHa Mepa — KpUTUYecKas IPOCTPaHCTBEHHas yacToTa (F,), — KOTOpyIo MOXXHO
OLIEHUTh HemocpencTBeHHO, BMecTo MAR, eciu ucrnojib30BaTh HA0OP TECTOBBIX PEIIETOK Pa3HOM IIpo-
CTPAHCTBEHHOI YaCcTOTHI U OMPEAETUTh MAKCUMATBHYIO (KPUTUUECKYI0) BOCTIPUHUMAEMYIO YaCTOTY, MIPU
MPEBBIIIIEHUY KOTOPOIA TTOJIOCH pEeIIeTKH yKe He pasinyaloTcs. Bce octaibHbIe MEPBI OCTPOTHI 3pEHUSI pe-
30HHO CYMTaTb BTOPUYHBIMU, POU3BOIHBIMY, TOCKOJIBKY OHU BBIYUCIISIOTCS KaK (yHKUMU 0., BBene-
Hue npoou CHeseHa, necatTuyHbix enuHuil, logMAR, VE (visual efficiency), VAR (visual acuity rating) u
NIPYTUX Mep ObLJIO CBSI3aHO C MOTPEOHOCTHIO MMeTh Uist O3 anbTepHAaTUBHBIE TIpEACTaBIeHUs, Ooiee ya1o0-
HBIE U TTIOHSTHBIE, YeM O, IUTSI CTICIIMATMUCTOB, UMEIOLIMX eJIO ¢ OlleHKOoM O3 Ha MpaKTUKe U UCTIONb3YIO-
LIUX MOoJIy4aeMble TaHHbIE JJIs1 pa3HbIX 1ieJieit — CKpUHUHTa, MOHUTOPUHTA, TUarHOCTUKY, peadInTalum,
YCTaHOBJEHUS UHBATUIHOCTU, CTATUCTUIECKHUX OIIEHOK, Pa3paboTKU HOBBIX TECTOB U Ap. B cBsI3U C cy1e-
CTBEHHBIM pa3jiMyueM TPeOOBaHUI U KPUTEPHEB Y Pa3HbIX CIELMATIUCTOB, IMO-BUAUMOMY, HEBO3MOXHO
Haiitu 1t O3 npencTaBieHue, ONTUMaIbHOE CO BCeX TOUEK 3pEHMS, PABHO KaK U HAWIYYIIUNA eTUHbII
MpakTU4ecKuit Metox olleHK O3 — “30JI0ThIX” CTAHAAPTOB U METOMIOB HE CYIIIECTBYET.

Knroueenvie crosa: 3peHue 4esioBeKa, OCTpoTa 3peHus, mkanupoBaHue, MAR, npoos CHenneHa, n1ecsaTu4-

HEBle equHULEL, logMAR, VAR
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[IpencraBiieH aHAJIM3 pe3yIbTaTOB CUCTEMAaTUYECKOTO U3YYeHUsT pa3BUTHSI OMHOKYIsipHOTO 3peHus (B3) y
nereit Ha MPOTSIKEHUU LIKOJIBbHOTO 00yueHus1. B uccnenoBanu npuHsiim yyactve 750 MIKOJTbHUKOB B BO3-
pacTte ot 6 1o 18 neT. OueHuBaNach Bo3pacTHast AMHaAMUKa (DYHKIIMOHAJBHBIX MToKa3aTeneit B3: ocTpoThl
OMHOKYJISIPHOTO CTePEO3PEHUSI, KOHBEPTeHTHBIX U IUBEPTEHTHBIX (hy3MOHHBIX PE3€PBOB, CKOPOCTH OMHO-
KyJISDHOIl MHTerpauuu, O6ajgaHca OMHOKYJISIDHBIX U MOHOKYJISIDHBIX MEXaHU3MOB ITPOCTPAHCTBEHHOIO
BocnpusTus. KoMIuieKCHbI cpaBHUTENbHBIN aHAIU3 TToKa3aTeseit b3 B pa3HOM Bo3pacTe MO3BOJIMII YTOU-
HUTb CPOKHU Y TEMITBI TETEPOXPOHHOTIO CO3pEBaHMsl OTACIbHBIX MEXaHM3MOB, BO3PACT JOCTUXKEHUSI MaKCH-
MaJIBHOTO YPOBHS Mepe HaMevalolmmMcs ociadieHreM GyHKIMA. YCTaHOBIIEHO, YTO HanuboJiee ObICTPhIe
TEeMITbl yBEJIUUYECHMST BKJIaia OUHOKYJISIPHBIX MEXaHU3MOB B IIPOCTPAHCTBEHHOE BOCHPUSITUE U YITyUILICHUS
pa3IMIHBIX MToka3areneil b3 xapakrepHsl wisg nieproaa ot 6—7 go 9—10 net. [To cpenHuM TaHHBIM, Dy3H-
OHHBbIE PE3ePBbI JOCTUTAIOT MAKCUMAaJIbHBIX 3HaYeHUit B 12—13 JieT, ocTpoTa GMHOKYJISIPHOTO CTepeo3pe-
HUSI U CKOPOCTh OMHOKYJISIPHOM MHTerpaunu — B 14—15 neT. BorsiBieHa TeHASHIMS K CHIDKEHHIO (QYHKIIM -
OHaJIbHBIX NMoKa3aTesieil b3 B IOHOIIIECKOM BO3pAacTe, UTO MOXKET ObITh CBSI3aHO C €CTECTBEHHBIMU BO3PaCT-
HBIMM TIPOLIECCAMU TTOCTENEHHON TMOTEePU TJIACTUYHOCTH 3PUTENbHBIX MEXaHU3MOB ITIOCJIE€ MX TOJIHOTO
CO3peBaHUsl, a TAaKXKe C BIIMSTHUEM Pa3JIMYHbIX HeOJAaronpusITHBIX (hakTopoB. B xone TMCKpUMMHAHTHOTO
aHajM3a JaHHBIX OTIpeeSIeHbl oKa3aTelu, UMEeIolre HanboJIblliee TUarHOCTUYECKOe 3HAaUeHUe TSI Xa-
PAKTEPUCTUKM BO3PACTHBIX OCOOEHHOCTEM MPOCTPAHCTBEHHOTO 3PUTEILHOTO BOCIIPUSITUS Y IeTeii: KOH-
BEpreHTHbIE (DY3MOHHBIE PE3EPBbI, OCTPOTA CTEPEOCKOTTUUECKOTO 3PEHUS IJIsI TPOCTPAHCTBEHHOM YacTo-
1ol 0.7 LMKI/Tpam, OUHOKYJISIpHASI OCTPOTA 3pEHUSI [JIs1 OJIM3U, TToKa3aTe I YCIEITHOCTA OMHOKYISIPHOM
MHTErpanuu 11 BpeMeHU 3KCITO3UINH TeCTOBBIX 00beKTOB 100 1 400 Mc, COOTHOIIIEHE JaHHBIX CTEPEO-
KMHETUYECKOTO TeCTa B OMHOKYJISIPHBIX U MOHOKYJISIDHBIX YCJIOBUSIX HAOJIIOACHUSI.

Karoueevie crosa: 3peHue nereii, Bo3pacTHasi TMHAMUKA, OMHOKYJISIpHAST 3pUTeNIbHAsI CUCTeMa, TIPOCTPaH-
CTBEHHOE BOCIIPMSITHE, OCTPOTA CTEPEO3peHUs, (PYy3MOHHBIE pe3ePBbl, OMHOKYJISIPHASI UHTETPALIUS

DOI: 10.31857/50235009221030069

BBEAJEHUWE

Tpacta. I[lpy GMHOKYISIpHOM BOCITPUSITUH YMEHbIIIA-

B miporiecce 0GydeHMS M OCYIIECTBICHHS MHOTHX
BUJIOB JESTEIIPHOCTA ISl YeJIoOBeKa OYeHb BasKHBI
CMOCOOHOCTH MPaBUJIBHO OLIECHUBATh pa3Mephbl, (hop-
My 0OBEKTOB U MX B3aUMHOE PACITOJIOXKEHHE B OKPY-
JKaloIIeM TPEXMEPHOM TPOCTPAHCTBE, aHATU3UPO-
BaTh MH(OPMAIIUIO O TMOJOXEHUU, OpUEHTAIlUU U
IBUKECHUU COOCTBEHHOTO Tejla, 0OecIieumBasi OCy-
mecTBiIeHnE 3P PHEKTUBHOM NeITETEHOCTH. DTH CITO-
COOHOCTHM B 3HAYMTEJILHOI Mepe 0a3upyloTcsl Ha Or-
HOKYJISIDHBIX 3pUTEIbHBIX MEXaHU3MaX.

BuHoKkysspHOE 3peHue 110 CPaBHEHUIO C MOHOKY-
JIIpHBIM OOeCIIeYnMBaceT 0OoJiee COBEPIICHHOE BOC-
MpUsITUE TpexMepHOI (POpMbI 0OBEKTOB, O0JIee TOU-
HYIO0 OLIEHKY WX a0COJIIOTHOW U OTHOCUTEIbHOM
yIaJ€HHOCTH, JIydlllee BOCIIPUSATHE IPKOCTU U KOH-
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€TCsl YTOMJISIEMOCTh M pacTeT BEepPOSITHOCTb pacIio-
3HaBaHUS 00beKTa BocIpusaTtus. CocTostHue OMHO-
KYJISIDHOTO 3pEHHUSI M 3PeOCTb OMHOKYJISIPHBIX
MEXaHU3MOB SIBJISIIOTCSI OMpPEASISIIOIIUMU JJIST TOJI-
HOLICHHOTO BOCTIpusTUS (OTO-, KUHO-, BUIEOIIPO-
nykuun B 3D-dopmare. Ilpn a3TOM OMHOKYIISIpHAS
3puTeNabHas MOACUCTEMA TIPEACTaBsIeT COO0I OYeHb
TOHKWUU Y MOJABEPXKEHHBIA BHEIIIHUM BO3IECMCTBUSIM
MexaHu3M, (pyHKIMOHAIbHASI HEe3PEeJOCTh 1M pas3jiajl
KOTOPOTO B 3HAUYMUTEJILHOW Mepe OTpaxaloTcsl Ha
BCeM IIpoIecce 3pUTEIbHOTO BOCIIPUSITHS.
bazoBeiMu MexaHM3MaMM, O0OYCIOBIMBAIOIINMU
MpeuMyIIecTBa OMHOKYJISIPHOTO IMPOCTPAHCTBEHHO-
ro BOCIHPUSITUSI MO CPAaBHEHUIO C MOHOKYJISIPHBIM
3peHUEM, SIBJISIOTCS OWHOKY/SIPHBIM CTEpPEOIICUC,
OMHOKYJISIpHAS Py3UsI 1 OMHOKYJISIpHask MHTeTparus
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(KpormmaH, 1966; Kotnsipckuii, 1982; Poxkosa,
1992; Blake, Fox, 1973; Tyler, 1983; Howard, Rogers,
2012; Rogers, 2017 u ap.).

Ha ¢ one 6omb1110r0 Yniciia myoamMKanuii o 3peHun
IeTeil 00beM paboT, MOCBIIMICHHBIX N3yYEeHUIO BO3-
PACTHBIX aCTIEKTOB OMHOKYJISIPHOTO 3peHUSI CpaBHU-
TeJIbHO HeBEeIMK. AHaIM3 padOT, HAIlpaBJICHHBIX Ha
W3yYeHHe OHTOreHe3a 3pPUTEIbHOI CUCTEMBI U 3PH-
TEJIbHOTO BOCHPUSITUSI, TOKA3bIBAeT, UYTO MHOTHE
3puTeIbHbIC (DYHKIIMY, B TOM YKCJIe OMHOKYJISIPHBIC,
HEe 3aKaHYMBAIOT CBOEro (hOpMHUPOBAHUS K KOHILY
CEHCUTUBHOIO TiepuoAa U MOTYT COBEPIIEHCTBO-
BaThCs B epuro] IKOJIbHOro ooyueHus (ba3zapHsriii,
1991; BacunbeBa, 2002; ®apb6ep, berenepa, 2005;
Poxxkosa, Matsees, 2007; Mopo3sosa, 2016; bonnap-
Ko, 2018; XKykosa u np., 2018; HuxkomaeBa, JIxkanae-
Ba, 2020; Oduntan et al., 1998; Chen, Abidin, 2002;
Irving et al., 2006; Dyea, Bavelierb, 2010; Namaeh et
al., 2020 u np.). YciaoxHeHHE OSSITEIBHOCTH 3PHU-
TEJIbHOM CHCTEMBI, MOBHIIIEHE CKOPOCTA M TOYHO-
CTM 3pUTEILHOTO aHajln3a, COBEPIICHCTBOBAHUE
pa3sHOOOpa3HBIX 3PUTEIBHO-MOTOPHBIX aKTOB B
IIOCTHATAJIbHOM OHTOIeHe3¢ CBsS3aHbl ¢ MOpdo-
(GYHKIMOHAIBHBIM CO3pE€BaHUEM pa3HbIX MOAYJIeH
3PUTEJIbHOM CEHCOPHOM, aKKOMOOALIMOHHOM U TJ1a-
30[BUTATEILHOM CUCTEM.

OnHo M3 OCHOBHBIX 3aKOHOMEPHOCTE MOpdo-
(YHKIIMOHAJILHOTO CO3pEBaHUsI PaCTYLIEro opra-
HU3Ma SIBIIIETCI TeTEPOXPOHHOCThL pa3putus. Iete-
POXPOHHOCTD TIPOSIBJISIETCS B Pa3HOM CKOPOCTU CO-
3peBaHUsl pPaA3IMYHBIX CUCTEM W GYHKUUU U
JOCTVKEHUW UMU TTOJTHOM 3peJIOCTU Ha pa3HBIX 3Ta-
rax MHAVBUIYAIbHOTO pa3BUTUS. [eTepOXpOHHOCTH
pa3BUTUS — CcIeM(PUISCKUI IJIsT OHTOreHe3a Mexa-
HU3M afalTalliy XUBOM CUCTEMBI, Garogapst KOTO-
pPOMY B KaxKITOM Bo3pacTte Hanbosee 3(pPeKTUBHO HC-
MOJIB3YIOTCSI T€ CTPYKTYPbl M UX (DYHKIIMOHAJbHBIE
BO3MOXHOCTHU, KOTOPbIE K JAHHOMY BPEMEHU CO3pe-
JI1 HACTOJILKO, YTOOBI OTBEUYaTh 3arpocaM CJeaylo-
IIIETO 3Tara pa3BUTHUsI OpraHu3Ma. TakuM oOpaszoM,
KaXXIBIi1 BO3PACTHOM 3Tall UMEET XapaKTEePHYIO IS
HETOo HEITOBTOPHUMYIO MOP(hODYHKIIMOHAIIBHYIO CTPYK-
TYPY (OU3MOJIOTUYECKUX CHUCTEM, OIPEACISIOLIYIO
(GYHKIMOHAJIbHbIE BO3MOXHOCTHU JAHHOTO BO3pacTa.
IIpuyeM mOCTUMIKeHHWE amallTUBHOTO pe3ylibTaTa He
HCKJIIOUAET B MOCJIEAYIONIEM MTepeCTPOMKU (PYHKIIM -
OHAJIBHBIX CUCTEM B CBSI3U C U3MEHEHUEM Kpyra 3a-
Jlay ¥ co3peBaHueM Apyrux 6osee 23(HEKTUBHBIX WU
OoJiee CrielIMaIM3MPOBAHHBIX MEXaHU3MOB.

PesynbraTthl yHIaMEHTAJIbHBIX MCCICIOBaHUIA
YKa3bIBAIOT Ha HEOOXOAVMMOCTh ITPOBEICHUSI KOM-
IUIEKCHOTO UCCIeA0BaHUS OUHOKYJISIPHOM 3pUTEIb-
HOM CHUCTEMBI IeTeil 1 IOAPOCTKOB, YUMTHIBAIOILIETO
HaJu4ue B 3PUTEIBHONM cucTeMe OOJIBIIOro 4YKcia
napajuieTbHBIX KaHaJloB mNepepadboTkKu uHPOopMa-
LM, Pa3/IMYaIOINXCSI MEXIY COOO0M 10 IIpUHLIAIIAM
M MEXaHM3MaM aHajin3a MOCTyIaloueil nHpopMma-
uuu (Jleymmna, 1967; Cynun, 1974; 1981; LlleBenes,
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1984; Ilmockonoc, 1989; I'mezep m ap., 1992; Ilura-
peB, 1992; PoxkoBa, 1992; PoxkoBa, MatBees, 2007;
Anekceenko, 2018; Hubel, Wiesel, 1962; Wolfe, 1986;
Cogan, 1987; Hubel, Livingstone, 1987).

Hcronb3oBaHne KOMIUIEKCHOTO ITOAXOJa MMEET
MIPUHIINIIAAIBHO BaXKHOE 3HAYEHNE, TOCKOJIBKY I103-
BOJISICT YTOUHUTH JaHHbBIE O CPOKAX U TEMIIaX CO3pe-
BaHMsS Pa3JIMYHBIX MEXaHU3MOB, II€pUOAaX MHTECH-
CUBHOTO (hOopMHUpPOBaHUS (PYHKIIMI, YCIOBHUSIX ITO-
CTUXEHUSI MaKCHUMAaJbHOTO YPOBHSI M TNpPUYMHAX
HaMmeyvalouierocsl ocjiabieHust GyHKLIUE. DTH KITIO-
YeBbI€ BOIIPOCHI MMEIOT HE TOJIBKO T€OPETHUYECKUIA
MHTEpeC, TIO3BOJISISI PACKPBITh 3aKOHOMEPHOCTHU pas3-
BUTHUS 3PUTEIBHOI CHCTEMbI B IIEPUOIbI BBEICOKOM
amanTalOHHON Harpy3KM pacTyIIero OpraHu3Ma,
HO M TIpakKTUUYeCKOoe 3HaYeHUEe MPU CO3AaHUU YCIIO-
BUIi1 IJ1s1 CBOEBPEMEHHOM pean3aliid BpeMSICIICII-
dudecknx (GpyHKON, 00O0OCHOBAHUM TEXHOJIOTUUA M
METOAUK OO0yUeHUsI, pa3pabOTKU MOAXOI0B K OXpaHe
M YKPEIUIEHUIO 310POBbS AeTeil U ITOAPOCTKOB.

B HacTtosieit ctatbe KpaTKO CyMMUPOBaHBI pe-
3yJIbTAThl JTOJITOCPOYHOTO CHUCTEMATAYECKOTO KOM-
TUIEKCHOTO M3ydyeHUs (DYHKIMOHAJIbHBIX MoKa3aTe-
Jieli OMHOKYJISIDHOM 3pUTEIbHOU CUCTEMBI Y IIIKOIb-
HUKOB 6—18-JIeTHeTO BO3pacTa.

MATEPHAJIBI U METO/1bI

Hcnotmyembte. ViccienoBanusi ObUINA IIPOBEASHBI
B niepuon ¢ 2003 mo 2020 r. C y4eToM MMEIOIIUXCS
BO3MOXHOCTEI B pa3HbIX CEPUSIX 3KCIIEPUMEHTOB
Y4aCTBOBAJIO Pa3INYHOE KOJIMYECTBO MCIIBITYEMBbIX,
HO OHO Bceraa ObLJI0 AOCTATOYHBIM ISl TIOJIYYEHUS
JIOCTOBEPHBIX Pe3yJIbTaTOB. B 1ieJ10M B McclienoBa-
HAN TIpUHsIA ydactue 750 degoBeK B BO3pacTe OT
6 10 18 neT, oGyyarolecs B 00pa3oBaTebHBIX yupe-
XKIeHUSIX I. MockBbl 1 T. YeboKcaphl.

HMcnbiTyeMble y4acTBOBAJIU B UCCIEIOBAaHUU 100~
POBOJIBHO, OT COBEPIICHHOJECTHUX OBLIO ITOJIy4eHO
MHOPMHUPOBAHHOE COMIACHE Ha IPOBeIeHUEe MPO-
Leaypbl usMepeHuii. Ponurenu (3akoHHbIe MIpeACTa-
BUTEJIM) HECOBEPIICHHOJNETHUX ObUIU IIPOUHGOpP-
MUPOBAaHBI O TPOBOAVBIIEMCS UCCIISIOBAHUM U TaTU
MMCbMEHHOE coIjlacue Ha ydyacTue B HeM neTeit. OT-
6Op MCHBITYEMbBIX MPOBOAMJIM HAa OCHOBE aHAaln3a
AHAMHECTUYECKNX ITAHHBIX M MEOUIMHCKUX KapT.
Ilo pesynpbTataM CTaHAAPTHOTO MEIULIMHCKOTO
OCMOTpa ObUIM OTOOpaHBI IETU, Y KOTOPHIX aHOMAa-
JIMI OMHOKYJISIPHOTO 3PEHUSI HE BBISIBJIICHO. YCIOBHO
MOXHO CUUTaTh, UTO BTU UCIIBLITYeMble UMEIN HOP-
MaJIbHOe OMHOKYJISIPHOE 3pEHHUE, XOTSI HEe UCKITIoUe-
HO, YTO Y HE3HAUUTEIbHOM YaCTU UMEJIMCh CKPBITHIS
WJIN yCTpaHEeHHbIe paHee 1e(eKThl, KOTOPbIE HE BbI-
SIBJISTIOTCSL TIPU CTAHOAPTHOM MEIUIIMHCKOM HCCe-
JIOBAaHUUM 3peHUS. Y BcCeX YYACTHUKOB IMPOBOIWIU
OLICHKY MOHOKYJIIPHON U OMHOKYJSIPHOI OCTPOTHI
nanbHero (4 M) u omokHero (0.5 M) 3peHus U u3Me-
pSIN pedpaxiInio.
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OpraHu3anuys IpoOBEAEHUST UCCAEI0BaHUS COOT-
BETCTBOBajIa IPUHLIMIIAM OMOMEIULIMHCKON 3TUKH,
MIPEACTAaBIIECHHLIM B XEIbCUHKCKOM JeKJlapanuu
1964 1. 1 ee nocienyolInx OOHOBIEHUIX.

OcHogHble oueHugsaemvie OUHOKYAAPHbIE NOKA3aMme-
au. Ha ocHoBe aHanm3a u 0000IIeHUs TIpeacTaBie-
HU 0 PYHKIMOHAIBLHOI OpraHm3aliiy IIPOCTpaH-
CTBEHHOTO BOCIIPUSITUSI 4YeJIOBeKa, COBPEMEHHBIX
HelpoU3NOJIOTNYECKUX JaHHBIX O OMHOKYJISIPHBIX
M MOHOKYJISIDHBIX MEXaHM3MaX, a TaK:Ke MHOTOKa-
HaJILHOCTU TIepepaboTKU MH(OpPMAllMU B 3pUTEIIb-
HOIT cucTeMe, HaMU ObLIM BbIASIEHBI YeThIpe (PyHK-
OMOHAIBHBIX TTOKa3aTesl, KOTOphIe, Ha HaIll B3TJISI,
MMO3BOJISIIOT JOCTAaTOYHO Pa3HOCTOPOHHE OXapakKTe-
PHU30BaTh COCTOSTHME OMHOKYJISIDHOTO 3PEeHUS:

* ocmpoma OUHOKYAAPHO20 cmepeo3peHusi, OTpa-
>Karolasi KauecTBO CTepeolicuca, T.e. CIIOCOOHOCTD
OIIpeNeIATh MaJIble CIBUTY OOBEKTOB T10 ITyOMHE Ha
OCHOBE OMHOKYJISIpPHOI MHCITapaTHOCTH;

* @y3uoHHble pe3epebl, XapaKTEPU3YIOIINe COB-
MECTHYIO pabOTy OKYJIOMOTOPHOIO allapaTra U CeH-
COPHBIX MEXaHM3MOB (y3UM, OTpaxkalollue Ipod-
HOCTb, TIOMEXOYCTOMYMBOCTh U TMOKOCTh MEXaHU3-
MOB ¢y3uu, obecreunBaoIuX (GopMUpOBaHUE
eIMHOI0 TPEXMEPHOTO 00pa3a B pe3yJIbTaTe COBMECT-
HOM 00paboTKU N300pakeHU 00BbeKTa Ha ceTyaTKax
JIBYX IJ1a3;

* CKOPOCMb OUHOKYAAPHOU UHMe2payuu, OTpaxKaro-
11asi BPEMEHHbIE XapaKTePUCTUKU OMHOKYJISIDHOTO
BOCHPUSATHSI, a UMEHHO — CITOCOOHOCTh 3PUTENILHOM
CHUCTEMBI 32 KOPOTKOE BpeMsI c(hOPMUPOBATH LIETOCT-
HbII1 00pa3 00beKTa Ha OCHOBE JBYX HETTOJHBIX U300~
paXkeHUii B ITpaBOM U JIEBOM IJ1a3y;

* 0a1aHC OUHOKYAAPHBIX U MOHOKYASPHBIX MEXAHU3-
MO8 POCMPAHCMBEHHO20 BOCHPUAMUS, XapAKTEPU3YIO-
IIUiA 0COGEHHOCTU B3aMMOAECHCTBUS OMHOKYISIPHBIX
1 MOHOKYJISIPHBIX MEXaHU3MOB M BKJIal OUHOKYJISIP-
HBIX MEXaHU3MOB B IIPOCTPAHCTBEHHOE BOCIIPUSITHE.

Obocnoeanue evtoopa memodux. OCTpoTa OUHOKY-
JIIPHOTO CTepeo3peHus U (Qy3MOHHBIE Pe3ePBhI Olle-
HUBAIOTCS B HACTOSIIIEee BpeMs B O(TaIbMOJIOTHYE-
CKOil U MpodeCcCHOHANTbHO-9KCIEPTHON ITPaKTUKE
MPpU HEOOXOMUMOCTHU YTOUHEHMS ¥ [IOCTAHOBKU 1A~
THO3a WJIM BBISIBIICHUM HapyILIeHU OMHOKYJISIPHOTO
3peHust. B To Xe BpeMsI [IIsl pELICHMS OCTABIEHHBIX
B MCCJICIOBAaHUM 3a1a4d OIPaHUYUTHCS YXKE U3BECT-
HbBIMU WU aHpO6l/IpOBaHHbIMVI METOdaMU, IIHNPOKO
MIPUMEHSIEMBIMU B O(PTAIBMOJIOTMYECKOI ITPAaKTHUKE,
He IPEICTaBJIsIO BOBMOXHBIM B CHJTY psiia 00CTOSI-
TEJIbCTB.

Bo-niepBbIX, 11 OLIEHKHA OCTPOTHI GUHOKYJISIPHO-
TO CTEpPEO3pEHUs MOCTYITHBIE TecThl Titmus test m
Randot stereo test orpaHmdeHbl TOUHOCTHIO 20" 1 40"
COOTBETCTBEHHO. AHallu3 OIyOJIMKOBAHHBLIX B Ha-
cTosllee BpeMsl TaHHBIX O KOJIMYECTBEHHBIX XapaK-
TEPUCTUKAX CTEPEOIICHCa Y B3POC/IBIX ITO3BOJISIET 3a-
KJIIOYUTh, YTO CTEPEONOPOrH Yy IIKOJIbHUKOB MOTYT
OBITb 3HAYUTEIBLHO HIKe 20",
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Bo-BTOphiX, cuHONTOMOP, MPUMEHSIEMBII IS
OlLIeHKM (hy3MOHHBIX pEe3epPBOB, HE BCEria IT03BOJISIET
TOYHO U OOBEKTUBHO OLICHUTH 3TU II0KA3aTeIN, TaK
KaK JOCTOBEPHOCTh HAHHBLIX B 3HAUMTEILHON Mepe
3aBHCUT OT CYOBEKTUBHBIX OTBETOB OOCJIEAyEMOTO
pebeHKa, a 3Ha4YUT, OT IPaBUJIBHOTO NOHUMAaHUS UM
CBOUX 3PUTEIBHBIX OILIYIIEHUI U TeX TpeOOBaHMWIA,
KOTOPHIE K HeMY MTPEIbSIBIISIIOTCS B IIpoliecce oociie-
JOBaHWSI.

B-TpeThux, nBeTOTECT, HPUMEHSIEMBIIA JIJIST OLICH-
KM CIIOCOOHOCTU 3PUTEIBHON CHUCTEMBI (DOPMUPO-
BaThb €AUHBIII 00pa3 oObeKTa, KOMOMHUPYS (par-
MEHTBI €TI0 IIPOSKIIMi B IIPaBOM U JIEBOM IJia3y, HE
MO3BOJISIET KOJIMYECTBEHHO OXapaKTepU30BaTh CKO-
POCTb OMHOKYJISIPHOI MHTETpaluu.

B-ueTBepThiX, YTOOBI 00OECIEYUTH BO3MOXHOCTD
IIPOBEICHMUSI KUCCIIENOBAaHUS MO €OAUHON KOMILIEKC-
HOI METOmMKe B IIIMPOKOM BO3pPacTHOM MHTEpBaje,
BaXXHO ObLIO MOAOOpaTh TaKOM KOMILIEKC U3MEpPHU-
TEJILHBIX IIPOLICAYP, KOTOPHIM ObLI ObI MOHSITEH 1 10-
CTYIIEH MCITBITYeMBIM MJIAAIINX BO3PACTHBIX TPYII U
B TO €& BpeMsl He CHU3MJI UHTEPEC K UCCISIOBAHUIO
B CTapIINX BO3PACTHHIX IPYyIMIIaXx.

OT60p METOOOB OCYIICCTBJIAIN HAa OCHOBEC CJICAY-
IOIMX IIPUHIIUIIOB:

* MakKCMMAaJIbHOE NCKIIIOUCHUE BIUSHUS CYOBhEeK-
THBHBIX (h)aKTOPOB Ha Pe3yJIbTarT;

* BO3MOXHOCTh KOJUYECTBEHHOIO BbIPAXKECHUS
pe3ysibTaTa;

* BBICOKUIA YPOBEHB YCHEIIHOCTU TECTUPOBAHMSI:
BO3MOXHOCTb JIOBECTHU IPOLEAypYy A0 KOHIIA B IMO-
JaBJISIONIEM OOJIBIIIMHCTBE CyJaes;

* BO3MOXHOCTb peaiu3alluid MeToJa B UI'POBOii
dopme (BaxkHO I OeTeid MITAAIIMX BO3PaCTHBIX
TpyII);

* BO3MOXHOCTh aBTOMAaTHU3aI[U¥ U KOMITBIOTEPU-
3alliy TIPOLEaYPhI.

B utore KomIuiekcHOe HcCCaeqOBaHUE Pa3BUTHUS
MEXaHU3MOB OMHOKYJISIPHOI 3pUTEIBbHOM CUCTEMBbI
IIIKOJIbLHUKOB B JAaHHOW paboOTe BKIIOYATO OLIEHKY
OCTPOTBI CTEPEOCKONMYECKOTO 3pEHUST, KOHBEPTEHT-
HBIX U TMBEPTeHTHBIX (DY3MOHHBIX PE3EPBOB, CKOPO-
CTU OMHOKYJISIPHOW WHTErpanuu, dajaHca OWHOKY-
JIIPHBIX U1 MOHOKYJSIPHBIX MEXaHU3MOB IPOCTpaH-
CTBEHHOTO BOCIIPUSITHUSI.

Onucanue mecmogwix npouedyp

Ouenka ocmpomol OUHOKYASAPHO20 CMEPeO3pPeHUsl.
g KOTW4eCTBEHHOM OIIEHKN OCTPOTHI CTEPeo3pe-
HUSI U3MEPSUTH TIOPOTH CTEPEOBOCTIPUSATHS METOIOM
MPOCTPAHCTBEHHO-YAaCTOTHOI CTEPEOBU30OMETPUH TTPU
IIOMOIIIM KOMIILIOTEPHOI ITporpaMmil “Crepeoricuc”,
MMarHOCTUYECKUE BO3SMOXKHOCTH KOTOPOM OBUTH TTPO-
JNIEMOHCTPUPOBAHBI TIPU UCCIENOBAaHUN OPTaTIbMO-
JIOTUIECKHU 3MOPOBBIX B3POCIIBIX U JIUIL C Pa3TMYHBI-
MU 3a00JeBaHUSIMU 3puTeIbHON cucTtembl (benose-
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Puc. 1. Cxema U3BMepeHUsI CTEPEOTIOPOTOB.

poB, 2003). JIOCTOMHCTBOM IIPOTPAMMEI SIBJISIETCSI
BO3MOXHOCTD OIIEHKH MaJIbIX CTEPEOIIOPOTOB, BEIH-
yuHoit 1o 1". [Ipolenypa ee MpuMeHeHUs TTOAPOOHO
onucaHa B rmyoiukanuu (BacunbeBa u op., 2010a).

TecToBBIM CTUMYJIOM SIBJISIIach cTepeornapa, 3a-
HUMalomas BCI0 MOBEPXHOCTh 9KpaHa MOHUTOpA U
n3o0paxkarolas IBe paclioJIoOXKeHHbIE OMHA Hal ApY-
roii BepTUKaJbHbBIE PEIIETKU C CHUHYCOUIATbHBIM
npoduieM SpKOCTU ¥ BHICOKUM KOHTpacToM (puc. 1).
B xaxmoM cTumyse pelieTku UMeIrd OIWHAKOBYIO
MPOCTPAHCTBEHHYIO YaCTOTY, HO Pa3IMYHYIO TUCHa-
paTHOCTH (KOTOPYIO BapbHpOBaIN), IO3TOMY MpPHU
pasnesIeHUH IoJiei 3peHUST OHU Ka3aJIuCh OTCTOSIITN-
MU IPYT OT ApYyra o NIyOrHE, €C/IU BeJIMYMHA TUCTa-
PaTHOCTH IIPEBOCXOIMIIA TIOPOT.

M3mepeHus TpoBoAWIN Ha TIPOCTPAHCTBEHHBIX Ya-
crorax: 0.4; 0.5; 0.7; 1.0; 1.4; 2.0; 2.8; 4.0 nuki/rpan B
YCIOBUSIX AUXOTITUYECKOTO MPEIbSIBICHUS CTUMYJIOB
Ha paccTtosiHUM 2.27 M OT 3KpaHa (paccTossHue OT
mia3 HaOMIoJaTelsl 10 PKpaHa aBTOMaTUYEeCKU 3a1a-
BaJIOCh NPOrpaMMOMA, YYUTHIBAIOIIEN pa3Mepbl MO-
HUTOpAa, YTOObI 00ECHEYNUTh TTOCTOSTHCTBO YIJIOBOTO
pasMepa sKpaHa 1o ropusoHTanu — 8.3°). Pasnmene-
HUE TMoJIeii 3pEHUST OCYIIESCTBIISUIM METOIOM aHATJIM -
¢uyeckoii rarmIoCKonuu, TECTUpOBaHUE TTPOXOAUIIO
B KPaCHO-3€JIEHbIX OUKaX.

3amaya HUCIBITYEMOTO COCTOSUIa B OIpeIeIcHUN
B3aIMHOTO PACIOJIOKEHUsI BOCIIPMHUMAEMBIX pe-
IIETOK, 3aHUMAIOIIMX BEPXHIOIO U HIXHIOI 4YacTb
BKpaHa 10 OTHOIIEHUIO IPYT K APYTY, T.€. UCTIBITye-
MBI TOJDKeH OBLT CKa3aTh, KaKasl peleTka HaXoIuT -
csl OJIMKe K HeMY, BEPXHSISI MJIM HUXKHSIS.

3a mopor cTepeo3peHusl MIpUHUMaI MUHUMAaJIb-
HYIO OTHOCUTENbHYIO AWCIApaTHOCTh BEpXHEH M
HIDKHEN pelreToK, IpU KOTOPOM MCOBITYEMBIM Ha-
JIEXKHO OTIPEAeJIsiI UX B3aMMHOE PacIloJIOXKEHUE.

Ouenka ¢yzuonnsix pezepeos. Oy3MOHHBIE pe3ep-
Bbl M3MEPSUIM MPU TOMOIIM MHTEPAKTUBHON KOM-
ObIOTEpPHOI IIporpaMMbl “@ypop”, pa3paboTaHHOIM
B UIITIN PAH. JdanHas mporpamMma MCITONb30Ba-

JleBwiii cTUMyT @

[1paBeiii cTuMyn
’fk:’.:l 0 %
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Puc. 2. INosicHeHUST K METOAUKE: @ — CTepeorpaMma, Ko-
nupytoiiast ocHoBHOU TO — BepTUKaIBHYIO MTOJIOCKY; 6 —
BUJI 9KpaHa MocJie U3BMEePeHUsl C OCTAHOBJIEHHON cTepeo-
rpammoii, kogupytoieit TO B Bume OykBol T; 6 — HaObop
TeCT-O0BEKTOB.

JIaCch HAMY BO MHOTHUX MCCIIEIOBAHUSIX U MOIPOOHO
onmucaHa B nyonukanusx (BacuibeBa, Pokkosa,
2009; Poxkosa, BacunbeBa, 2010).

TecToBbIM CTUMYJIOM SIBJISIACh CydYaiiHO-TOYEY-
Hag ctepeorpamma (CTC). CTC Ha nmone 140 X 140 MM
KonupoBaa TecT-00beKT (TO) B BUie BEpTUKAJIBLHOM
ITOJIOCKU pazMepoM 114 X 26 MM, K KOTOPOIi 10 XOIy
MpoLeaypbl U3MEPEHUsT B CIy4yailHOM TOpSIIKe J10-
OaBysIIMCh MapKephl, MeHsomue Bua TO (puc. 2).

[1pu n3MepeHnr KOHBEPIreHTHHIX (Dy3MOHHEBIX pe-
3€pPBOB IPaBblii CTUMYJI IBUTAJICS BJIEBO, a JIEBBI —
BIIPaBO, YTO MPUBOAMJIO K IIOCTEIICHHOMY yBeJIMYe-
HHIO yIjla KOHBepreHnuu. [lpu n3mepeHnu nusep-
TeHTHBIX (DY3MOHHBIX pe3ePBOB MPaBbIii CTUMYJI ABU -
rajcsi BpaBo, a JIEBbIi1 — BJI€BO, UTO MPUBOAUIIO K
IVBEPTeHIINN 3pUTEIIBHBIX Oceil (puc. 3).

CKOpOCTb OBIKEHUSI CTUMYJIOB IO 3KpaHY CO-
craisuia 50 Mmm/muH. [Ipumenenue CTC 1mo3BoJisiio
KOHTPOJMPOBATh COXpaHEHHUE Y UCITBITYeMBbIX CIO-
COOHOCTH K (POPMUPOBAHMIO TTOTHOIIEHHBIX CTEPEO-
00pa3oB Ha OCHOBE OMHOKYJISIPHOI IUCIIapaTHOCTH
Ha BCeM TPOTSKEHUU U3MEPEHUsI 10 MOMEHTa pac-
nama cdy3upoBaHHOTO o0paza TPU ITOCTIKCHHU
KPUTUYECKUX YIJIOB KOHBEPTEHITUY/ TMBEPTEHITU.

N3mepenus mpoBommiv Ha paccTostHuM 50 ¢cM OT
9KpaHa B YCIOBUSIX TUXONTUYECKOIO MPEAbIBICHUS
ctuMynoB. PazneneHue moieil 3peHUsT OCYILECTBIISI-
JIM METOJIOM aHaITTM(PUUIECKOI raIIOCKOIINU, TECTH -
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Puc. 3. Cxemn pacniosioxxenust jgesoro (JI) u mpasoro (IT)
CTUMYJIOB B MCXOIHBI MOMEHT (@) W TIpU U3MEPEHUU

KOHBEPIeHTHBIX (6) M TMBEPITeHTHBIX (6) (y3MOHHBIX pe-
3epBOB.

pOBaHUE MIPOXOAUIIO B KPACHO-3€JIEHBIX OUKaX. B oT-
JIMYKMe OT NPpU3M U cuHonTOodOpa, UCHOIb3YEMbIX B
KIIMHUYECKON MpakTUuKe IJis OLIEHKU (PY3MOHHBIX
pe3epBOB, MTaHHAs IIporpaMMa MO3BOoJjisia YCTaHO-
BUTb MOMEHT MpOIIaJlaHusI OMHOKYJISIPHOTO oOpa3a
OYEeHb TOYHO: KaK TOJIbKO UCITBITYEMBIN ITpeKpalia
dy3uposate CTC, oH nepecraBaj BUIETh 3aKOINPO-
BaHHBbIN TO.

INepen vcTBITYeMbIM CTaBWJIACH 3a/1a4a KaK MOXK-
HO JOJIbIIIE YACPXKUBATh COCTOSTHUE (Dy3UHU, Cles 3a
CMEHOM TeCT-OO0hEKTOB M KOHCTATUPYS MOMEHT
noTepy Qy3un 1 NCIE3HOBEHUST OMHOKYJISIPHOTO 00-
paza.

O11eHKOIT (hy3MOHHBIX PE3€PBOB CITYKMJIH TE TIpPe-
JIeJIbHBIE YIJIbl KOHBEPIreHIIMM U JUBEPreHIINM, TIpe-
BBILIIEHNE KOTOPBIX BBI3BIBAJIO CPBIB (DY3UU, UCUE3-
HOBEHME [UKJIOMNYECKOro 00beKTa U TUILIOIHIO.

Ouenka ckopocmu OUHOKYAAPHOU uHmezpayuu. JIist
OIIEHKH CKOPOCTH OMHOKYJISIPHOM MHTETpally ObIIa
HWCMOJIb30BaHA MHTEPAKTUBHASI KOMITBIOTEPHAsI MPO-
rpamma, pazpadorantas B UTIIIN PAH. IIpouenypa
ee IIpUMEHEHUS TTOAPOOHO OIMcaHa B ITyOJIMKaIluK
(PoxxkoBa u ap., 2002).

B kaudecTBe TECTOBBIX OOBEKTOB UCIIOJb30BAIU
cxeMaTtuyeckue n3o0paxkeHusi OyKB, COCTaBIEHHBIX
U3 (pparMeHTOB, KOTOPbIE ClTydyaiitHbIM 00pa3oM pas-
JIeJISITIMCh Ha B YACTHU U TIPEIbIBIISIIIUCH IPABOMY U
JIeBOMY TJ1a3y Ha omnpeaeeHHoe BpeMs (puc. 4, a, 0).
JIuHeliHble pa3Mephbl MPSIMOYTOJIbHOI 00J1acTH, B KO-
TOPYIO BIUCHIBAJIMCH TECTOBbIE CUMBOJIbI, HA 9KpaHe
coctaBisiiv 24 X 37.5 MM; ToAIIMHA JIMHUN paBHSI-
Jlacb 5 MM. BpeMs 3KCrno3uumu BapbupoBajo B Jua-
na3zoHe ot 50 mo 800 mc. U3mepeHuns IpoBOIMIIM Ha
pacctosiHuM 50 cM OT 3KpaHa B YCIOBUSX OTUXOMNTU-
YECKOTO MpeAbsIBJIEHUSI CTUMYJIOB C UCITOJIb30BaHU-
€M 1BETOAEJUTENbHbIX OYKOB. s ogHOro miasa
¢dparMeHTbI OYKBbI ObUTY KPAaCHBIMU, JISI BTOPOTO —
CUHVMU.

B xaxmoMm ucrnbITaHUU ST OIIO3HAHUS ITOCJIEN0-
BaTeJIbHO NpeAbsaBiasyii 10 TeCTOBBIX CHUMBOJIOB
(oykB). Ilocne KaXxmgoro IPenbsIBJICHUS TECTOBOM
OYKBbI Ha 3KpaH BBIBOAMIACh MACKUPYIOIIAS PEIIeT-
Ka, TIEpeKpPHIBAIOIIAsl BCEe TECTOBOE MOJIe Y COAepKa-
11asi TOPU30HTAJIbHBIE U BEPTUKAJIbHBIC 3JIEMEHTHI,
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Puc. 4. IIpuMepbl TeCTOBBIX OOBEKTOB 1 CXeMa MPOLIeIY -
PBI 9KCIIEPUMEHTA: a — 0O0pa3Lbl OyKB; 6 — ABa BapuaHTa
KoMOuHaiuu 6ykBel b 13 jeBoro u npaBoro parmeH-
TOB; 6 — MOCJIEIOBATEIbHOCTb MPEIbSIBIICHUST N300pae-
HUIA B XOJIe TECTUPOBAHUSI.

W3 KOTOPBIX OBITM COCTaBJICHBI CUMBOJIBL. 3aTeM Ha
SKpaHe BO3HUKAJI 06pa3ell o BCeMH TECTOBBIMU 3HA-
KaMU, U3 KOTOPbIX HAaa0 ObLIO BHIOPATh TOJBKO YTO
YBUIIEHHYIO OYKBY (pucC. 4, 8).

B kaxmoit cepum (HUKCUPOBAIU BEPOSTHOCTD
MPaBWJIHHOTO OTBETa (OTHOIIIEHNE KOJMYecTBa Ipa-
BUJIbHO Ha3BaHHbBIX OYKB K OOIIIEMY YHUCITY MPEIbsiB-
JICHHBIX TECTOBBIX CHMMBOJIOB). OO0 MHTErpaTUBHBIX
CIMTOCOOHOCTSIX CYIWIM 10 MUHUMAJTBHOMY BpEMEHH
MpeIbsaBIcHUs (GparMeHTOB OYKB, 00ecIIeunBaloIIe-
My 75% TnpaBUJIbHBIX OTBETOB.

st obecrieyeHUsT eAMHOOOpa3usl B TECTUPOBa-
HUM UCTIBITYEMBIX M3 Pa3IUYHbIX 00pa30BaTEIbHBIX
YUpEXAEHNI M3MEPEHHUS TTPOBOAMWIM TTPU MOMOIIU
ONHOIT M TOI1 XXe TepeHOCHOM anmnapaTypbl. MHTep-
aKTUBHbIE KOMITBIOTEPHbBIE MTPOTPpaMMbl ObLIN yCTa-
HoOBJIeHbl Ha HoyTOyke ASUS, pa3mep 3KpaHa co-
craisit 210 X 330 mmM.

Ouenka 6ananca OUHOKYASAPHLIX U MOHOKYASAPHBIX
Mmexaru3zmos. J1J1s1 olleHKM GanaHca OMHOKYJISIPHBIX U
MOHOKYJIIPHBIX MEXaHU3MOB TPOCTPAHCTBEHHOIO
BOCTIIpUSITUS ObIJT MCMOJb30BaH CTEPEOKUHETHUYE-
ckuit tect. JlanHslit Tect mpumensics JI.H. Morume-
BBIM P UCCEI0BAaHNUU B3POCBIX UCITBITYEMBIX U B
HaIlIMX Mpeaplayinux padortax (Morunes, 1982; Pox-
KoBa, BacubseBa, 2001; BacunbseBa, PoxkkoBa, 20100;
BacunbeBa, 2011). MBI ycoBepIIeHCTBOBAJIM METO-
IUKY MPUMEHEHWS JTAaHHOTO TecTa, clejaB BO3MOX-
HBIM KOJIMUECTBEHHYIO OLIEHKY OajlaHca OMHOKYJISIP-
HBIX 1 MOHOKYJISIDHBIX MEXaHU3MOB, HA OCHOBE BBE-
JIEHHOTO HaMU KoadduinmeHTa B, n aganTupoBain
JUUTSL IeTeit, TOTIOJIHUB PSIIOM 3TAJIOHOB.
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TecToBBIM CTUMYJIOM CTYKIJI INIOCKM AUCK A1a-
MeTpPOM 12 cM ¢ 3KCUEHTPUUYECKUM KOJIbLIEBBIM Yep-
HO-0eJIbIM maTTepHOM. [IMCK Bpalajiacs co CKOpo-
cthio 60 06/MuH. PaccTostHue OT I1a3 UCITBITYEMOTO
10 TeCcT-00BbeKTa ObT10 paBHO 3 M. Korma ctumyin ObLI
HETOJBUXEH, OH BOCIIPUHUMAJICS KaK MIOCKUIA WU
MOYTHU IUIOCKUI 00bekT. [lpu BpallleHMM CTHUMYJa
BO3HMKAaja CUJbHAas WUIIO3USI OOBEMHOCTH: HOUCK
BOCIIpMHUMAJICS KaK KOHUYECKUIT 00BEKT, BEpIIMHA
KOTOpPOTIo OblIa HampaBlieHa JU0O0 K MCIBITYEeMOMY,
0o oT Hero. B maHHOM TecTe pa3Hble MEXaHU3MbI
MPOTHUBONOCTABJIEHBI APYT APYTy: MOHOKYJISIDHBIE
MEXaHM3MBI IIOPOKIAIOT CUJIBHYIO CTEpEOKMHETHYEe-
CKYIO WJIIIO3MI0 OOBEMHOCTH TIJIOCKOTO OOBEKTa, a
OUHOKYJISIPHBIE MEXaHU3Mbl JOJXKHBI MTPOTUBOIET -
CTBOBATh ATOI WJLIIO3UM.

3amaya MCOBITYEMOTO 3aKIoyaiach B OLIEHKE WUJI-
JIIO30PHOI IIYOWHBI (BBICOTHI BUPTYaJIbHOTO KOHY-
ca) B MOHOKYJISIDHBIX U OMHOKYJSIPHBIX YCJIOBMSIX
HaOII0ICHUSI.

Jlasg xapaKTepuCTUKH OajaHca OMHOKYISIPHBIX U
MOHOKYJISIDHBIX BJIMSIHUM Ha IIPOCTPAaHCTBEHHOE
BOCHPUSITHE BEIYUCIISIN BBEIEHHBIM HaMU KO3 hPu-
OUEHT BKJIaga OWHOKYJSIPHBIX MEXaHM3MOB B 110

dopmye:
B = (hm - hb)/hm,

rae A, — CpedHsis I ABYX I[JIa3 MOHOKYJISIpHast
OlIeHKa TTyOUHBI, /1, — OMHOKYJISIpHAS OlIeHKA.

B pa6ore (PoxxkoBa, BacunbeBa, 2001) nipencras-
JIEHbI pacyeThl Pe3yJbTUpPYIOIIEro KoadduimeHTta
BKJIazia OMHOKYJISIPHBIX MEXaHU3MOB C yU4eTOM TIpe/l-
CTaBJICHUIA O CJIOXHOM CTPYKType OMHOKYJISIPHOM
3pUTEJIbHOU CUCTEMBI U BO3MOXHBIE €T0 BApUAHTHI B
3aBUCUMOCTU OT (PYHKIIMOHHUPOBAHUS y 4YeJoBeKa
MOHOKYJISIPHBIX U OMHOKYJISIPHBIX TOJCUCTEM 3pe-
Hus. IMojoxurenbHble 3HaYeHUsT KoadduuueHra B
COOTBETCTBYIOT CJIydasiM YMEHbIIEHUST WITI030PHOI
ITyOUHBI PU TIepexoie OT MOHOKYJISIPHBIX YCJIOBU
HaOMIOAeHUSI K OWHOKYJISIPHBIM U JOJDKHBI pEru-
CTPUPOBATHCS Y UCTIBITYEMBIX C HOpMaJIbHBIM OMHO-
KyJIIpHbIM 3peHueM. B uneane koaddunmeHT, otpa-
KAl BKJIaJ OMHOKYJISIPHBIX MEXaHU3MOB, 10J-
KeH ObiTb paBeH +0.3. Ilpu “nonHoii mobene”
OMHOKYJISIpHBIX MeXaHU3MOB /1, =0 u B= 1. HyneBbie
3HA4YCHUS B CBUIETEIILCTBYIOT 00 OTCYTCTBUU BJIWSI -
HUSI OMHOKYJISIPHBIX MEXaHU3MOB BCJIENCTBUE HEI0-
CTaTOYHOTO UX Pa3BUTHS JIMOO HapyIIeHUsT (PYHKIIU-
OHMPOBaHUS, a OTpUlIATEJIbHbIE 3HaYeHuss B — o
MPUHLUNAAILHON TepECTPONKE B3AUMOOTHOILIIEHUI
MEXIy MOHOKYJSIDHBIMU MexaHu3MaMM Ha (oHe
0e3nmeicTBUS OMHOKYISIpHBIX. TaknuM 00pa3oM, BO3-
pacTHasi 1 UHOAUBUAYaJbHAs BapuabeIbHOCTh 3TOTO
koadduiMeHTa y UCObITYeMbIX, I10-BUIUMOMY,
ornpenesieTcss BapruanusIMU BeCOBBIX KO3 PUIIMEH-
TOB, OTpaXalIIUMU CTEeNeHb Pa3BUTHUSI U OajaHC
pa3HBIX TMOJACUCTEM B Mpoliecce WHIAUBUAYATbHOIO
>KM3HEHHOTO OTIbITA.

BACUJIBEBA

Cmamucmuueckuill aHaau3 MOJIy9eHHOTO mudpo-
BOIO MaTepuajia IPpOBOIMIN METOJaMM OIMcaTelb-
HOI1 1 BApMALIMOHHOM CTaTUCTUKU C UCIIOJIb30BaHU -
€M IIPOTPaMMHOTO ITaKeTa CTaTUCTUISCKOTO aHaIn3a
“StatSoft Statistica 6.0”. Becp 1udpoBoii MaTepual
JIO OLIEHKM 3HAYMMOCTU Pa3JIMYMii IIPOBEPECH HA TUII
pacrpeneaeHus mpu ImoMoIny kpurepues Koamoro-
poBa—CwmupHoBa u JImnnuedopca ¢ IMoCTpoeHUEM
ructorpaMM. JJoCTOBEpPHOCTh OTINYUIT OIIpeacIsId
no t-kputeputo CreioneHTa. B ciydasix, korma pac-
npeaejieHue AaHHBIX HE COOTBETCTBOBAJIO HOP-
MaJbHOMY, Mbl MCIIOJIb30BaJIX HellapaMeTPUIeCKUI
U-xputepuii Manna—Yntan. [nsa omnpeneieHUst
BJIMSIHUSI pa3HbIX (PAaKTOPOB Ha M3ydyaeMble IToKa3a-
TEJI IPOBOIVIIN AUCIIEPCUOHHEBIN aHam3. C 1LeJIbIo
YTOYHEHMSI KilacCHU(pHUKAIMKU TPYIIl U BBISIBICHUS
Haunbojee 3HAYMMBIX (DYHKIIMOHAJIILHBIX ITOKAa3aTe-
JIe ST XapaKTepUCTUKKU (POPMUPOBAHUST MEXaHU3-
MOB OMHOKYJISIDHOTO 3peHMs ObLI IIPUMEHEH IUC-
KPUMMHAHTHBII aHAINU3.

PE3YJIBTATbI

Bo3pacmele nokaszameau MexaHu3mos 5LlHOKy/lﬂpH020
cmepeoncuca

BenuunHa moporos cTepeo3peHusi BO BCEX BO3-
paCTHBIX TpYIITaxX 3aBHCeNIa OT IMPOCTPAHCTBEHHO
YaCTOThI CTUMYJIA: TIPU YBEIUUYESHUU IPOCTPAHCTBEH-
Hoit yacToThl OT 0.4 mo 0.7 HUKJI/Tpaj CTepeoIOpOTH
noHxanuch (p < 0.05); B ntmammazoHe yactot ot 1.0 mo
2.0 nuKi/Tpam CTepeoIoporu ObUIM MUHMMAIbHbBI-
MM, a C MOBBIIIEHUEM MPOCTPAHCTBEHHOI YaCTOTHI
ot 2.8 mo 4.0 uuki/rpan ObUIO 3a(PUKCUPOBAHO MX
noBeiireHue (p < 0.05). Bo Bcex BO3pacTHBIX IpyMIIax
HaVMeHbIIIMEe TTOPOTU ObLIM 3aperucTpUpOBaHbI Ha
yacrorax 1.0—2.0 nmki/rpan. [Ipu 3ToMm 4ymciio uc-
OBITYEMBIX, IMEIOIINX nmopor Hitke 10", HEYKIIOHHO
moBbIIIanock 10 15 et (p < 0.05): 12% B Bo3pacTHOI
rpynme 7—8 net; 28% — B 9—10 neT; 51% — B 11—
12 tet; 89% — B 14—15 net; 82% — B 16—17 JeT.

OcCo0eHHOCTH BO3PACTHOM TUMHAMHUKM CTEPEOIT0-
pOroB, U3MEPEHHBIX Ha MPOCTPAHCTBEHHBIX YaCTO-
tax 1.0—2.0 mukn/rpan, mokasaHbl Ha puc. 5. Xopn
KPUBBIX CBUAETEILCTBYET O MOHOTOHHOM CHMXKEHUN
TIOPOTOB C BO3PACTOM.

XapakTep BO3pacTHbIX U3BMEHEHUI CTepeonopo-
roB 3aKJIFOYaJICSl B CTATUCTUYECKU TOCTOBEPHOM UX
CHIDKEHMH Ha BO3pPAacTHOM MHTepBaJie OT 7 mo 14—
15 J1eT 1 yBeTMYEHUN OCTPOTHI CTEPEOCKOMUYECKOTO
3peHUsI Ha pa3HbIX yacTtoTtax B 3—4 pa3za (p < 0.05).
OTO MO3BOJSIET FOBOPUTH O COBEPIIIEHCTBOBAHUU M€~
XaHU3MOB CTEPEO3PEHUS Ha TAaHHOM BO3PaCTHOM OT-
pe3ke. B BospactHoii rpymre 16—18 jeT BBISBIEHO
HEOOJIBILLIOE, HO TOCTOBEPHOE YXYAIIEHUE IT0Ka3aTe-
Jieli cTepeoCcKONMMUecKoro 3peHusl Ha yactotax 1.4—
4.0 HUKJI/Tpam 110 CpaBHEHUIO C BO3PACTHOI IpyNIoi
14—15 ner.

CEHCOPHBIE CUCTEMbBI  TtoM 35 Ne3 2021
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Puc. 5. Bo3pacTHast fMHaMuUKa CTEPEOOCTPOTHI.

Ocobennocmu 803pacmH012 OUHAMUKU MEXAHUZMO8
alcicomodauuonﬁo—oxyﬂomomopﬁoeo obecneuenus

dy3uu

IIpoBenenHas oneHKa (py3MOHHBIX PE3EPBOB MO~
Kaszajia, 4YTo Haubosiee OBICTPBIA TEMIT yBEJIUYCHUSI
KOHBEPIeHTHBIX M TUBEPTEHTHBIX (DY3MOHHBIX pe-
3epBOB Ha MCCJIEIOBAaHHOM BO3PAaCTHOM HMHTEpBaje
XapakTepeH IJis AeTeil MJIa[lliero IMKOJbHOTO BO3-
pacta (puc. 6). B Bo3pactHoii mepuon ot 7 go 11 jer
KOHBEPIeHTHBIE Pe3epBhl HEIMHEMHO HApacTaloT OT
14.0+3.1°10 18.2 £ 3.8° (p < 0.001), a ntuBepreHTHbIE
oT —6.2 + 1.5° mo —8.1 £ 1.9° (p < 0.01). [Tocie HeKo-
TOPOTO TIOJIOTOTO0 MaKCHMMyMa, XapaKTEepHOTO IS
Bo3pacTHoro mepuona ot 11 go 13 ner (18.2 £ 3.6° B
12 net; 18.6 = 3.9° B 13 n1eT, p > 0.05), oTMeyaeTcs no-
CTETIEHHOE CHIDKeHE KOHBEPTEHTHBIX PE3EPBOB IT0-
cie 14 net (ot 17.6 = 4.1° B 14 net mo 15.1 £ 4.2° B
18 net, p < 0.05). I1o cpemHUM TaHHBIM OTUBEPIEeHT-
HbIE pe3epBHI, TOCTUTHYB MAKCUMAJIBHBIX 3HAYCHUI
B 13 et (—8.6 = 1.8°), ¢ BO3pacTOM M3MEHSIIOTCS He-
3HauuTesbHO (p > 0.05).

Pesynbrathl olieHKY (hy3MOHHBIX PE3EPBOB Y ydua-
muxcs 1, 4 n 10 Kk1accoB IpH IMTOMOIIM CMHOTITOdOpa
¢ ucnoab3oBanueM ciaiimoB ¢ CTC, mpencraBieH-
HbIe B padote (Bamenko, 2001), CBUOETENbCTBYIOT O
TOM, UTO HauBBICIIIME 3HAYCHUST KOHBEPTeHTHBIX (Y-
3MOHHBIX PE3ePBOB OTMEYEHBI Y OOYUYAIOIINXCS YET-
BEpTOro KJiacca.

Onupasich Ha OJyYeHHbIC B HAIlleM MCCIIeI0Ba-
HUUM JAaHHBIC 1 OPUEHTUPOBOYHBIE CpEAHME 3HA4e-
HUSI, TIOJTy4eHHBIE pa3HbIMU aBTOPaMM Ha B3POCIBIX
npu u3MepeHusx Ha cuHonrtodope (Comon, 1989;
PoxxoB, OBcssiHHuKOBa, 2003), Mbl BBEJIU CJEOYIO-
1€ KPUTEPUU TSI BRICOKMX U HU3KUX MOKa3aTeei
¢y3noHHBIX pe3epBoB. IlomokuTenbHBIE pE3€PBHI,
He npesblmaoiye 10°, Mbl CYUTAIN HU3KUMU, TIpe-
Bocxoasmmie 20° — BBICOKMMM, HaXoOIIeCsd B TUa-
nasoHe ot 10 no 20° — cpemHUMU; OTpULIATEIbHbBIE
pe3epBHl 10 |—3°| — Hu3KUMHU, cBhie |—10°| — BeICO-
KVMM, HaXOIAIIKNECs] B IUAma3oHe ot |—3°| mo |—10°| —
CPEOIHUMH.
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Puc. 6. Bo3pacTHast iMHaMUKa KOHBEPIeHTHBIX (a) U 1U1-
BEPIreHTHBIX (6) y3MOHHBIX PE3EPBOB.

Knaccudunupys nonydyeHHble JaHHbBIE 110 BbIAE-
JIEHHBIM KPUTEPUSIM, MOXKHO BUIETh, UYTO C yBeJIMYe-
HUEM BO3pacTa IMOCTEIIeHHO YMEHBIIIAeTCS OIS JIe-
Tel ¢ HUBKMMU MOoKa3aTeIIMU KOHBEPTEeHTHBIX U T -
BEPIreHTHHIX (hy3MOHHBIX pe3epBOB (pHC. 7).

B Bo3pacTHOM MHTepBase ot 6 10 16 jIeT yucio ae-
Teil ¢ BBICOKUMU KOHBEPIreHTHBIMU (PY3MOHHBIMU
pe3epBamu (Oosiee 20°) mo Mepe B3POCICHUS He-
ykJioHHO Hapacraio (0% — B 6 ner; 28% — B 9—
10 net; 40% — B 13—14 net; 45% — B 15—16 ner, p <
<0.05), pu 3TOM KOJIMYECTBO IETE C HUIKUMMU
KOHBEPIreHTHBIMU pe3epBaMu (MeHee 10°) yMeHbIIa-
soch 10 13—14 et (34% — B 6 net; 9% — B 9—10 JeT;
2% — B 13—14 ner, p < 0.05). B Bo3pacTHOI! rpyIime
17—18 neT HabGIOHAIOCH YMEHBIIIEHUE YlCJia 00yJato-
IIUXCSI C BHICOKMMM KOHBEPIreHTHBIMU pe3epBaMu
(mo 22%, p < 0.05) m yBenmueHWe ¢ HUBKUMU (IO
30%, p < 0.05). MHas 3aKOHOMEPHOCTD BBISIBJICHA B
JIUHAMUKE BBICOKMX U HU3KUX 3HAYCHUI TUBEPIeHT -
HBIX (py3MOHHBIX PE3EPBOB. YCTAHOBJIIEHO, YTO YMCJIO
JIeTei ¢ HU3KMMHU TUBEPIeHTHBIMU pe3epBaMU B BO3-
pacTHOM MHTepBaje oT 6 10 16 JIeT CyIeCTBEHHO He
MeHsUToCh (1—3%), B TO XKe BpeMsI C BBICOKUMH C BO3-
pacToM HEYKJIOHHO YBEJIMYMBAJIOCH g0 15—16 jer
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Puc. 7. IIpolieHTHBIE COOTHOLIEHMS NeTeil ¢ pa3HbIMU
TOKa3aTeISIMU KOHBEPTEHTHBIX (d) U TUBEPTEHTHHIX (0)
(by3MOHHBIX pe3epBOB.

(2% — B 6 net; 11% — B 9—10 net; 21% — B 13—14 ner;
35% — B 15—16 mer, p < 0.05).

Bospacmuvie uzmenenus: ckopocmu OUHOKYAAPHOU
UHmMe2pauuu

B nepuon ot 7 oo 15 €T MpOUCXOOUT HEYKJIOHHOE
MOBBIIIIEHE CKOPOCTH OMHOKYJISIPHOM MHTETPalluu
Mpu Iepexoe K 6oJiee crapiieMy Bo3pacTy (puc. 8, a).
KpuBble 3aBUCMMOCTU CpemHUX 3HAYCHUIA BEPOSIT-
HOCTH MPaBMJIBHOTO OTBETAa OT BPEMEHU DKCITO3UIINU
st 9—10 m 11—12 et mpakTU4eCcKu coBragaroT. I1o-
cie 16 mer obHapyXeHa TEHACHLMS K CHUXCHUIO
CITOCOOHOCTHU K YCIIEIITHOMY KOMOMHUPOBAHWIO UH-
dopMalu, comepKalleiics B JeBOM U IIPAaBOM CET-
yaTogHbIX n3o00paxkeHmsx (0.05 < p < 0.1).

Onupasich Ha cpenHue TaHHBIe, MOXKHO KOHCTa-
TUPOBaTh, YTO YCKOPEHUE MHTETPATUBHBIX MPOILIEC-
COB IIPOMCXOIUT ABAXKIBI: B MJIAIIIEM IITKOJIHLHOM 0
9—10 yeT M MOAPOCTKOBOM Bo3pacte ¢ 12 mo 14—
15 ner. Ilpm aHanmuM3e MUHUMAJIbHOTO BpPEMEHU
MpeIbIBIeHNS (PParMEHTOB TeCT-00BEKTOB, 0OeCITe-
YUBaOIEro 75% MpaBUIIBHBIX OTBETOB, YCTAHOBIIE-
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Puc. 8. Bo3pacrHag nuHaMuKa CKOPOCTU OMHOKYJISIPHOM
VHTETrpalun: a — KPYUBbIE 3aBUCUMOCTH CPEIHUX 3HAUe-
HUI BEpOSITHOCTU MPABUIILHOTIO OTBETA OT BPEMEHU IKC-
MO3ULIMU; 6 — KPUTUYECKUE WMHTEPBAJbl BPEMEHU IS
OCYIIECTBIEHUS] OMHOKYJISIDHOM WHTerpauudu y aetei
pa3HbIX BO3PACTHBIX IPYIIIL.

HBI BO3paCTHBIE KPUTUYECKKE MHTEPBAJIbI BpEMEHU
IJIsI  OCYIECTBIIEHUSI OWHOKYJISIPHON WHTETpalnu
(puc. 8, 6): B 7—8 net — 400 mc; B 9—10 et u 11—
12 met — 150 Mmc; B 14—15 et — 60 Mc; B 16—18 jeT —
80 mc.

Bospacmnas dunamuka 6aranca OUHOKYAAPHBIX
U MOHOKYASAPHBIX MEXAHU3MO8 NPOCMPAHCMEEHHO20
80CHpUSMUS

B mponecce aHanmn3a maHHBIX YCTaHOBJIIEHO, YTO
BO BCEX BO3PACTHBIX IpyNIiax MHINBUIYAJIbHBIN pa3-
Opoc 1mokasaTeast B OblI JOCTaTOYHO OOJBIIUM: OT
—1.3 mo +1.0. B xaxmoii rpynrie B OMHOKYISIPHBIX
YCJIOBUSIX HAOJIIOASHMSI BCTPEYaINCh CIIydau IIOJIHO-
ro OTCYTCTBUSI WJUIIO3MM, T.€. BpalllalOIIMICS TUCK
MOT BOCIIPMHMMATHCS KaK IJIOCKMI 00BbeKT. Yucio
TaKuX CJIy4aeB ObLIO HAMOOJBIINM B BO3pPAaCTHOI
rpyte 9—10 et (18% ot o611eit YNCAEHHOCTH TPYII-
mbl). B 1pyrrx Bo3pacTHBIX rpynIiax Ha J0JIO UCITbI-
TYEMBIX C MHOJIHBIM OTCYTCTBHEM CTepPEOKMHETHUYE-
CKOWl WJUTIO3UMU MpPU OWHOKYJISIPHOM HaOII0AeHUU
npuxoauiaochk ot 1 go 8%.

AHaU3UPYs BO3PACTHYIO JUHAMUKY CPEITHUX MO~
Kazareneil koaddunueHta B (puc. 9), MoXHO 3a-

CEHCOPHBIE CUCTEMbBI  TtoM 35 Ne3 2021
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Koadpdument B
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Bospacrt, ronsl

Puc. 9. Bo3pacTHas nuHamuka 6ajaHca OMHOKYJISIPHBIX
U1 MOHOKYJISIDHBIX MEXaHU3MOB.

KJIIOYUTh, UTO B BO3PACTHOM MHTEpBaje oT 7 10 9 jeT
MMeEET MECTO ObICTPOE Pa3BUTUE OMHOKYJISIPHBIX M-
XaHU3MOB MPOCTPAHCTBEHHOTO 3PUTEJIbHOTO BOC-
npusitusi. CpenHue 3HaYeHUs1 KoadduiumreHta B B
STOT BO3PACTHOI IIepro yBeamdnBatTcs oT 0.22 =
* 0.27 10 0.50 £ 0.28 (p < 0.05).

B Bo3pacte ot 10 mo 12 et xoaddunumeHT B B
cpemHeM ocTaeTcsl Ha BbIcokoM ypoBHe (0.51 £0.25 B
10 eT; 0.48 = 0.20 — B 11 neT; 0.43 + 0.21 — B 12 JeT;
p > 0.05). B Bo3pactHoM mHTepBaie ot 13 go 17 et
3HaueHus B npuodamxkatorcs K 0.3.

CooTHoIIeHNe HU3KMX U BBICOKMX 3HAYEHMI KO-
a¢duleHTa B B pa3Hble BO3pACTHBIE TTIEPUOIbI ME-
HSIETCS: K IIOIPOCTKOBOMY BO3PacTy 3aMETHO YMEHb-
I1a€TCsI KOJMYECTBO MCHBITYEMBIX C OTPpULIATEIbHBI-
MU U HYJIEBBIMU 3HAUYEHUSIMU W YBEJIMYUBACTCS
yuciio gereii ¢ B> 0.3 (puc. 10).

Obwuit ananu3 maccuea NOAY4eHHbIX OAHHbIX

AHanm3upys BeCh MAacCUB ITOJIyYEHHBIX JTaHHBIX,
MOXHO OTMETHUTb, UTO B MCCIIEIOBAHHBIX BO3PaCT-
HBIX TpyNIlaX UHAUBUIYaIbHBINA pa3dopoc rmokasare-
Jieit BecbMma BelMK. HarmsimHoe mpeacTaBieHre o Ba-
puaGeTbHOCTU WHIAWBHUAYAJIbHBIX ITOKa3aTesleil Ie-
MOHCTpHUPYIOT puc. 11 1 12, Ha KOTOPBIX MPUBEICH
pa3dbpoCc MHAMBUAYAJIbBHBIX 3HAYEHUII CTEpPEONOpO-
rOB, U3MEPEHHBIX HA PA3HBIX IPOCTPAHCTBEHHBIX Ya-
CTOTaX, ¥ (by3UOHHBIX PE3E€PBOB COOTBETCTBEHHO.

CrenyeT OTMETUTh, YTO HEOTHOPOOHOCTh TPYIIIT
IIKOJJBHUKOB HamboJjiee BbIpakeHa Ha HadyallbHOM
aTane oOy4eHUs U B CTapIIMX KJiaccax mKoabl. Hau-
MEHBIINI pa3dpoC WHAWBUAYAIbHBIX MOKa3aTelei
oTMedJaJics B Bo3pacTHOM MHTepBaJie oT 10 mo 14 ner.

AHanm3 MTHIWBUAYaJbHBIX ITOKa3aTeneit chopMu-
POBAaHHOCTH Pa3HbIX MEXAaHW3MOB Yy KOHKPETHOTO
pebeHKa ToKasaj, YTO OHM MOTYT pasjiuyaTbCs U
OBbITh HE3aBUCUMBIMU OT MOKa3aTesieil OCTPOTHI 3pe-
Hus1. B kadyecTBe mpuMepa Ha puc. 13 mpuBeaeHbI MH-
IUBUAyaJbHbIe MpohuI cOOPMUPOBAHHOCTU MeEXa-
HU3MOB OMHOKYJISIPHOTO 3p€HUSI B COOTBETCTBUU C
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Puc. 10. [TponieHTHBIE COOTHOIIEHUS IETEeH C BBICOKUMU
¥ HU3KMMU 3HAYEHUSIMU B B pa3HBIX BO3PACTHBIX IPYIT-
max.

BBIIEJIEHHBIMI TTOKA3aTesIMA Y JIBYX LIKOJIBHUKOB
9u 13 ner.

Y 000MX UCITBITYeMbIX MOHOKYJISIPHBIE TIOKA3aTe-
JIM OCTPOTHI 3pEHUSI JIEBOTO U MPABOTO IJ1a3a HaXoIu-
JIUCH B Mpeiesiax HOpMaTUBHbBIX 3HAUYEHU I 17151 CBOE
BO3pacTHOI TIpymIibl. JloImyckass Haaudue pa3HBIX
VHIWBUAYAIbLHBIX BAPUMAHTOB Ipoduieii chopMupo-
BAaHHOCTU OWHOKYJISIDHBIX 3PUTEJIbHBIX (DYHKIIUIA,

Crepeonoporu, yri. ¢
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Puc. 11. Pazopoc nHaAUBUAYaJbHBIX 3HAYEHUM CTEPEOIO-
poTOoB 1711 TIpocTpaHCTBEHHBIX YacToT 0.5 (a) u 1.4 (6)
LIMKJI/TpajL.
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Puc. 12. Pa36bpoc nHIMBUIYaIbHBIX 3HAYEHUI KOHBEPIeHTHBIX (¢) M AUBEPreHTHHIX (0) (y3MOHHBIX PE3EPBOB.

OTMETHUM, 4TO MpUBEACHHBIC Ha puc. 13 rpaduku B
HEKOTOPOW CTEIIEHU OTPaKaloT OOIIYI0 TEHACHIINIO:
Y MHOTHMX AeTell B Mepuoj pocTa U Pa3BUTUSI Opra-
HU3Ma CTPYKTYPHBIE TPEOOPA30BAHUS B 3pUTEIILHON
CUCTEME BBIPAXKAIOTCS B TOM, YTO Pa3TNIHbIE UHIV-
BUAyaJibHble OWHOKYJISIDHbIE I10KAa3aTeJu MOTYT
OBITh KaK BBIIIIE, TaK M HUXKE CPEIHECTATUCTUUECKUX
3HAYEHU 110 CBOEI BO3PACTHOM IpyIIIIE.

Tab6muna 1. MadopMaTuBHOCTS IIPU3HAKOB, BOLICAIINX B
ITUCKPUMMHAHTHYIO MOJEb

IMokaszarenu | Kpurepuii F | 3nauenue p | TonepaHTHOCTH
K®P 7.07 0.001 0.89
bO 8.51 0.0002 0.81
0C3 11.22 0.00002 0.73
B, 5.22 0.006 0.65
BO34 3.92 0.021 0.90
bW, 3.98 0.020 0.45

Jns onpeneneHus nmaTrepHa Hanbdosiee MHPOP-
MaTUBHBIX (PYHKIIMOHAJIILHBIX TOKa3aresaeit mpu-
MEHUTEJILHO K OIIEHKE Pa3BUTUS OMHOKYJISIPHOM
3PUTENbHOM CUCTEMBI y IE€TEM U MMOCTPOCHUS OUC-
KPUMMHAHTHOM MOJIeJN ObLT TPUMEHEH TUCKPUMMU-
HAHTHBIN aHam3. [pynmmmpyommM ITpru3HaKoOM OBI-
Jia BBIOpaHa MPUHAIESKHOCTD UCITBITYEMBIX K OMHOM
u3 ucciaenyeMbix rpymi: 1 — 7—10 ner; 2 — 11—14 ner;
3 — 15—18 net. YcTaHOBJIEHO, YTO CaMBbIMU MH(MOpP-
MATUBHBIMM TTOKA3aTeJISIMU, OTIPEIEIISTIONINMU TP -
HaJJIeXXHOCTb K OTHOU 13 UCCEayeMbIX IPYIIl, OKa-
3aJIMCh IIeCTh TIEPEMEHHBIX, UMEIOIINX HaOOJIbIIHE
OTHOLIEHMUSI MEXIPYIIOBOM W BHYTPUIPYIIIIOBOM
aucnepcuii (tad. 1):

K®P — koHBepreHTHBIC (hy3MOHHBIE PE3EPBHI;

BO — 6uHOKyIsIpHasT OlleHKa BBICOTHI BUPTYalb-
HOTO KOHYCa;

OC3,; — ocTpoTa CTEpEOCKOINUYECKOTO 3PEHUS
IIJIsSI TIPOCTPpaHCTBeHHOI yacToThl 0.7 LMK/ Tpan;

bO34 — OuHOKYyJIsIpHAas OCTPOTA 3peHUsI 1151 OIU3U;

CEHCOPHBIE CUCTEMbBI  TtoM 35 Ne3 2021
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a
B.C., 9 ner
—e— HopMupoBaHHOE 3HaUCHUE
B BO3PACTHOI IrpyIie
—— MHunuBuayaabHbIC TOKAa3aTeIN

0C3_1.0

BM_100 bU_50

o
B. A, 13 ner

—e— HopMupoBaHHOE 3HaYEHUE
B BO3pacTHOI TpyIIre
—o— VMlHauBUIyalbHbIE TOKa3aTeIn

BM_100

BU_50

Puc. 13. KpyroBble nuarpaMMbl, IeMOHCTPUPYIOIINE COOTHOILIEHUE TPYIITOBbIX U UHAWBUAYAIbHBIX (OYHKIIMOHATBHBIX ITOKA -
3areJieil OMHOKYJISIPHOM 3pUTENIbHOI CUCTEMBI (B OTHOCUTENIBHBIX enuHUIIax): a — ucll. B.C., 9 iet; 6 — ucn. B.A., 13 ner
OC3 — ocTpoTa CTEPEOCKONMMYECKOr0 3peHHs 111 TPOCTPpaHCTBEHHbIX YacToT 1.0, 1.4, 2.0 uuki/rpan; KOP — KOHBEepreHTHbIe
(dysuonHnbie pe3epsbl; PP — nuBepreHTHBIE Py3noHHBIE pe3epBbl; BY — mmokasarenn cKopocTy GUHOKYJISIPHOM MHTErpaliu
it BpeMeHu akcnozuuu 50, 100, 200, 400 1 800 mc; B — GanaHc OMHOKYJISIPHBIX M MOHOKYJISIDHBIX MEXaHU3MOB.

bWy, bW,y — mokasarenu cKOpocTU OUHOKY-

JISPHOM MHTETpalny LI BpeMeHU 3Kcro3uuuu 100
1 400 Mc.

B xome IMCKpUMUHAHTHOTO aHaJIN3a ObLTH MOJTY-
YeHBI CJEAYIOIINe MMCKPUMUHAHTHBIE YPABHEHMS
(xaHOHMYeCKME KOpHU R, = 0.952372, x> = 555.6767,
p < 0.000000; R, = 0.423159, x> = 42.6188, p <
<0.002295):

By rpynna_ (710 e 0.269K®P + 0.468BO +
+0.0940C3,,; + 182.015bU,,, + 7.044 BO35 —
—29.093bM

Fy romma (1-14 sen = 0.196K®P + 0.56850 +
+0.1410C3,, + 170.501 B, + 5.459 BO3 —
— 34.628BU

F3 rpymnmna (15—18 J'ICT) _0165K®P + 093350 +
+0.1610C3,, + 147.603BU,,, + 1.804B03, —
— 34.191BW,,

Kak ciaemyer n3 mojlydeHHBIX ypaBHEHUI, C U3Me-
HEHMEM BO3pacTa 3aKOHOMEPHO HamboJjiee CBS3aHbI
MoKa3aTe/an, BOLIEAIIe B JUCKPUMUHAHTHYIO (DYHK-
LUIO.

OBCYXIEHUNE

Ucnonp3oBanne B paboTe KOMIUIEKCA METOIOB
MO3BOJIMJIO TOJIYYUTh 3HAYUTEIBbHBIII MacCUB JaH-
HBIX, WUTIOCTPUPYIOIINX 3aKOHOMEPHOCTU (POPMU-
POBAHUS MEXaHMU3MOB IIPOCTPAHCTBEHHOTO 3pUTEb-
HOT'O BOCIIPUSITHS y AeTeil B BO3paCTHOM MHTEpBaJje
oT 6 10 18 JteT, cpOKU U TEMIBI TETEPOXPOHHOTO CO-
3peBaHUS OTACIbHBIX MEXaHM3MOB, BO3PACT ITOCTH-
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XKEHUSI MaKCHMMaJbHOTO YPOBHSI Ilepel HaMedaro-
IMMcs ocnadaeHneM (hyHKIIUIA.

JlaHHBIE TPOBEIEHHOTO MCCJIENOBAHUS MOKA3hI-
BAIOT, UTO pa3BUTHUE 1 COBEPILIEHCTBOBaHUE OMMTHOKY-
JISIPHBIX 3PUTEIBLHBIX MEXaHU3MOB IIPOIOJLKACTCS B
Te4eHUe IIMTeIbHOro Iepruoaa. Hamnbonee ObICTphIe
TeMITbl YBEJIUYEHUSI BKJIajga OMHOKYJISIDHBIX Mexa-
HHM3MOB B IPOCTPAHCTBEHHOE BOCIIPUSTUEC U YIIy4-
IIeHWST Pa3IMYHBIX (PYHKIIMOHAJIBHBIX ITOKa3aTenei
OUHOKYJISIDHOTO 3pEHMsI Ha MCCASIOBAaHHOM BO3-
pacTHOM MHTEpBaJjie OTMEYAIOTCs B IEpUOL OT 6—7 o
9—10 ner. Ilo cpemHuM mokaszaTesiM, (py3MOHHEBIE
pe3€PBHI IOCTUTAIOT MAKCUMAaIbHBIX 3HAUYCHU B 12—
13 seT, ocTpoTa OMHOKYJISIDHOTO CTEPEO3PECHUS U
CKOPOCTh OMHOKY/ISIpHOU MHTETpay — B 14—15 nerT.

BaxHoit TeopeTmueckoii 06a30ii, obecIieynBaro-
IIeil TIOHMMaHUe 3aKOHOMEPHOCTEM pa3BUTUSI 3PU-
TeJIbHBIX MEXaHU3MOB B OHTOTEHE3E, SIBIISIETCS TE€O-
pusa cucreMmoreHeza (AHoxuH, 1975). HeomnoBpe-
MEHHOE M U30MpaTebHOE CO3peBaHUE OTIACIbHBIX
3JIEMEHTOB U ITOCTEITIeHHAS KOHCOMUAALNS (PYHKIIU-
OHAJIbHOI CUCTEMBI TTO3BOJISIIOT TOCTUTATD TTOJIE3HO-
ro TIPUCHOCOOUTENILHOTO pe3yJibTaTa 3aJ0JIro A0 TO-
ro, KakK BCce €€ KOMIOHEHThI IMOJIy4aT OKOHYATEIbHOE
CcTpyKTypHOE odopmiieHne. OCHOBY Te€TEPOXPOHHO-
CTH pa3BUTHUS OMHOKYJISIPHBIX 3pUTEIbHBIX (DYHKITUIA
COCTaBIIIOT pa3Hasg CKOPOCTh M HANpaBICHHOCTH
IdGepeHINPOBOYHBIX TPOIIECCOB B  KIIETOUHBIX
nmonyasiiusix. I3BeCTHO, YTO y4acTBYIOIIME B aHAIU -
3¢ TpeXMepHOI (GOpMbI Ha OCHOBE OMHOKYJISIPHOI
IUCTIApaTHOCTU 3aThLUIOYHBIE, TEMEHHBIC, BUCOY-
HBIe, JO0OHBIE oOjlacTu Kopbl Mo3ra (Gulyds et al.,
1994; Nishida et al., 2001; Naganuma et al., 2005; Fis-
chmeister, Bauer, 2006) uMeI0T IIMTEIbHBIC TTIEPUO-
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Iel MopdodyHKIIMOHAIBEHOTO co3peBaHus. Mccie-
JIOBaHVE KOPKOBBLIX (bopmanmii OOJBIIOrO MO3ra,
YYaCTBYIOIIMX B peajin3alluy 3pUTEIbHBIX QYHKIIUIA,
I10Ka3aj0, YTO B TEYCHNE BCETO BOCXOISIIETO OHTO-
reHesa ot poxiaeHus 10 20 JeT npu BHICOKOM MHIU-
BUAYyaJIbHO BapuabOeJlbHOCTU B KOpe OOJIbIINX
MOJIyIIapuii HapacTaeT 00beM BHYTPUKOPKOBBIX BO-
JIOKOH, YTO CBUIIETEIBCTBYET O IIOCTENIEHHOM YBEJIM -
YeHNU MeTabO0JINIECKOTO pecypca IJIsI HapalluBaHUs
HOBBIX MEXHEHPOHHBIX KOHTAKTOB M TOBBIIICHUS
adpekTuBHOCTH 00padoTKu uHhopMmauuu (Ilexmu-
CTPEHKO U 1p., 2017). B nuHaMuKe MOCTHATAILHOTO
pa3BUTHUSI MUKPOCTPYKTYPHI 30H HEOKOPTEKCa 00JIb-
IIIOrO0 MO3ra, CBSI3aHHBIX CO 3PUTEIbHO-IIPOCTPAH-
CTBEHHBIM BOCIIPUSITHEM, HAa MCCICAOBAHHOM HaMU
BO3pPaCTHOM MHTEPBaJIe 3HAYMMBIE KOJIMYECTBEHHBIE
W3MEHEHUS KJIAaCTEPHOI OpraHM3allMu KOPbI IPOKC-
XOIAT B epuof ot 5—6 1o 8—9 net (LlexMucTpeHKO 1
ap., 2019). B 11—12 et HabGaromaeTcs OoJiee 3peblii
TUII BOBJIEUEHUS AOPCoJIaTepalibHOMN IpepOHTab-
HOM KOPHBI, IPUBOISAIINI K ITOBBIIIEHUIO 3P (heKTUB-
HOCTHU 3PUTEIHLHOIO OMNO3HAHMS IO CPaBHEHMIO C
IeThbMU MJaiiero Bo3pacra (Papbep u mp., 2015).

Bricokast adeKTUBHOCTh BKJama OMHOKYJSIP-
HBIX MEXaHM3MOB B IIPOCTPAHCTBEHHOE BOCIIPUSITHC
K KOHIIy MJIQIIIEero IIKOJBHOTO BO3pacTa M ITOCTEe-
TIEHHOE OcCjabJieHue B XOAe WHIAMBUAYAJIbHOIO pa3-
BUTHUS SBIISIETCS OTpakeHUEM MNpPUHIIMIA OMOJIOrY-
YeCKOM HAaIeXXHOCTH OPraHM3Ma, B COOTBETCTBUM C
KOTOpPBIM OHoIorndeckast HaJieXKHOCTh 0OecIieuynBa-
€TCSI HE TOJIbKO BEICOKUM ITPUCITOCOOUTEILHBIM 3¢ -
($EKTOM TeTepOXpOHHOTO GOPMHUPOBAHMS PYHKITO-
HaJIbHBIX CUCTEM, HO U TAKUMU CBOMCTBAMU XKUBOM
CUCTEMBI, KaK M30BITOYHOCTD JIEMEHTOB, MX Ay0I1-
poBaHUE, B3aIMO3aMEIIaeMOCThb, OBICTPOTA BO3Bpa-
Ta K OTHOCUTEJILHOMY ITOCTOSIHCTBY M IMHAMWYHOCTD
OTIEJIbHBIX 3B€HbEB CUCTEMHBI.

IMonyuyeHHBIe HAMU PE3yIbTaThl, CBUACTEILCTBY-
oime o0 YIyYIIeHWM OWHOKYISIPHBIX (PYHKIIVO-
HaJILHBIX TTOKa3aTesieil ¢ BO3pacToOM, COIIacyloTCs C
UMEIOLIMMUCS B TUTEPAType JaHHBIMU O COBEPILIEH-
CTBOBaHUM JIPYTUX MEXAHU3MOB 3pUTEIbHOI CUCTE-
Mbl Ha 3TOM BO3paCTHOM 3Talle M IOJIOXUTEIbHO
JIUHAMUKE LeJIOT0 Psiia 3pUTEIbHBIX MoKa3aTeneil —
OCTPOTHI 3pEHUSI, TOUHOCTU 3PUTEILHOTO BOCHPUSI-
TUS CJIOXXKHBIX OOBEKTOB, pa3MEpOB MOJs 3peHUS,
OKYJIOMOTOPHOII aKTMBHOCTU, CIIOCOOHOCTH K pas-
JmyeHuo nBetoB (Prei6Ganko, 1969; PoxkoBa u np.,
2001; Mensenes, Ilomwuna, 2004; XKykopa, Ilup-
kuH, 2008; Bespykux u ap., 2019; Knoublauch et al.,
2001). Ilpu a3TOM B psime MCClIeNOBaHUI OBLIIO yCTa-
HOBJICHO, UTO, KaK MPaBUJIO, TOKA3aTeJIM OOHAPY KU -
BaIOT OBICTPBINI POCT B Havajie MIKOJbHOTO MepUoaa U
JTOCTUTAIOT MAKCUMAJIbHBIX 3HAYEHU K MOIPOCTKO-
BOMY BO3paCTYy, TTOCJI€ YETO COXPAHSIIOTCSI HA TOCTUT-
HYTOM YPOBHE, IN0O MEIUIEHHO CHUXXAIOTCSI.

Hcnonp30BaHHBINM B Hallleif paboTe KOMILIEKC-
HBII TTOIXOM TTO3BOJIMJI BBISIBUTH CTEIIEHb OTHOCH-

TEJILHOM 3PEJIOCTH 3JIEMEHTOB OMHOKYISIPHOM 3pH-
TEJIbHOM CUCTEMBI, a TAKXKE XapaKTep UX B3auMonei-
CTBHMS B IpPOIECCE BO3PACTHOIO WMHIMBUIYAJTIHHOIO
pa3Butus. CoracHO JaHHBIM OUCKPUMUHAHTHOTO
aHaJM3a, HaMU ObLJIO YCTAaHOBJIEHO, YTO HanOOJIbIIIee
JIMAaTHOCTUYECKOE 3HAYCHME IS XapaKTepPUCTUKU
BO3PACTHBIX OCOOEHHOCTEM IIPOCTPAHCTBEHHOIO
3PUTEJIBHOTO BOCIIPUSITUSL Y IETEl MMEIOT KOHBEP-
TCHTHBIC (DY3MOHHBIC PE3€PBHI, JaHHBIC CTEPEOKU-
HETUYECKOI'O TeCTa B OMHOKYJISIPHBIX 1 MOHOKYJISIP-
HBIX YCJIOBMSIX HAOMIONEHMS, OCTPOTa CTEPEOCKOITH-
YeCKOro 3pEeHHUS JISI IIPOCTPAHCTBEHHOI YaCTOTHI
0.7 nuki/rpam, OMHOKYJISIpHASI OCTPOTA 3PSHUS IS
OM3M, TIOKa3aTeJW YCHEIIHOCTH OWHOKYJISIPHOMN
MHTETpalluy JJIs BPEMEHU BSKCIIO3ULMU TECTOBBIX
00bekToB B 100 1 400 Mc.

ITpoBeneHHOE HccaeaoBaHME MOKA3al0, YTO pa3-
BUTUE OMHOKYJISIPHON 3pUTEIbHOI CUCTEMBbI — 3TO
JUTUTENTBHBIA TPOIECC, C OOMHOW CTOPOHBI, TMOMUU-
HEHHBIU OTIPEAETICHHBIM OOLINM 3aKOHOMEPHOCTIM
1 HaITpaBJIeHHBI Ha pacliupeHre GyHKIMOHATbHO-
ro auaria3oHa, U JOCTUKEHUE BbICOKOUN 3(HEKTUB-
HocTU (byHKIIMOHUPOBAHUS, a C IPYrol — B 3HAUM-
TEJIbHOW CTeINeHU OOYCJIOBJICHHBIN BIUSITHUEM Ha-
CIIEICTBEHHOCTU W COLIMAJIbHO-2KOHOMWYECKUMU
¢dakTopamu, B X0Je KOTOPOTO CKJIAAbIBAETCSd UHAU-
BUIyaJbHOE CBOE€OOpa3ue.

OO0y4deHMe B ILLIKOJIE SIBJISICTCSI OOHUM U3 CJIOXKHBIX
IIEPHUOIOB B KM3HU peOeHKa KaK B (PU3MOJIOTMISCKOM,
TaK U COLIMO-TICUXOJIOTUYECKOM IIIaHe. AnanTamnus K
KOMILJIEKCY (DAKTOpOB, CBSI3aHHBIX C cCUCTeMaTHUye-
CKMM 00y4YeHNEM U BO3paCTaIOIIMU YMCTBEHHBIMHU 1
3pUTEIbHBIMU Harpy3kamMu, COIPOBOXKIAETCS 3Ha-
YUTEIbHBIM HaIIpSKEHMEM BO BCEX CUCTeMaX opra-
HU3Ma, B TOM YUCJIe U 3pUTEIbHOKM. OU4eBUIHO, YTO
PE3YJIBTUPYIOIIYIO BO3PACTHYIO IMHAMUKY UCCIEI0-
BaHHBIX 3pUTEIbHBIX (PYHKIIMI ONPENeIsIiOT 1 OHTO-
TCHEeTUYECKNE U3MEHEeHMSI, U YCIIOBUSI (DYHKIIMOHM-
pOBaHUS 3pUTEJIBHOI CUCTeMBI. B ¢BSI3M ¢ 3TUM Ha
BOCXOJISIIIEN (ha3ze OHTOreHe3a eCTeCTBEHHO HabJI1o-
JaTh WHOWBUIYaJbHBIA XapakTep KauyeCTBEHHBIX
npeoOpa3oBaHUM co3peBarOIINX PYHKIWI 1 TIPOSIB-
JIEHUSI CEHCUTUBHBIX ITEPHOJIOB U, COOTBETCTBEHHO,
3HAYUTEJIPHYI0 BapHaOeIbHOCTh WHAWBHUAYAIbLHBIX
MoKa3aTeJieli OMHOKYISIpHOI 3pUTEIBHOM CUCTEMEI.

AHanm3 MHOINBUIYAIBHBIX BApUAHTOB (DYHKIIVO-
HUPOBaHUsI OMHOKYJISIDHOI 3pUTEIBbHOII CUCTEMBI Y
pa3HBIX IIKOJIBLHUKOB IMOATBEPAWJ, UTO ONTUMAJIb-
HbIEC PEXUMBI AEATEILHOCTA (DYHKIIMOHAIBHBIX CU-
CTEM OpraHu3Ma He YHMBEpCaJbHbl (HE €IWHBI IS
BCEX CBEPCTHUKOB), OHU OMPEACISIOTCS HETIPEPHIB-
HBIMU JUHAMUYECKUMU IIPOLIeCCaMU, TPOTEKAIOII-
MU BO BpEMEHMU B CJIOXKHOI CEeTH KOaJallTUpOBAaHHBIX
PETYJISITOPHBIX MEXaHU3MOB. DTO TpebOyeT KOM-
IUIEKCHOTO TMOAX0Ja K aHAJIM3Y pealbHbIX (DYHKIINO-
HaJIbHBIX BO3MOXHOCTE CHCTEMbI IIPOCTPAHCTBEH-
HOT'O 3pUTEILHOTO BOCHPUSITUSI KOHKPETHOTO pebeH-
Ka HE TOJBKO Ha OCHOBE KOJIMYECTBEHHON OLICHKU
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OTHENbHBIX OMHOKYJISIPHBIX MTOKa3aTeieil, oTpaxkalo-
IIMX 3PEJOCTh OTHENIbHBIX MEXaHM3MOB, HO M Kade-
CTBCHHOM XapaKTepPUCTUKI OCOOEHHOCTEI X B3aMO-
IecTBUs U pyHKUIMoHMpoBaHust. Eciau KauecTBeHHAst
crienduka GyHKIMOHUPOBAHUS (PU3NOTOTUISCKUX
CHCTEM Ha OTIEJIbHBIX 3TaIlaX Pa3BUTHUS OCTAETCS He-
YUYTEHHOI, TO IOHSITHE BO3PACTHOI HOPMBI ITepecTa-
eT OTpaxaTbh pealbHble (PYHKIIMOHAJIBHBIC BO3MOX-
HOCTHU OpTraHM3Ma B OIIpeAceHHbIE BO3PACTHEIC I1e-
puonel (Bespykux, ®apbep, 2014). CoueraHue
BO3PaCTHOIO Y MHIWBUAYAIBHOTO MOIXOIOB K M3yYe-
HUIO OCOOEHHOCTEN (DYHKLUMOHUPOBAHUS pebeHKa
MOXET 00eCIeYnUTh Pa3paboTKy afieKBaTHBIX KOPPEK-
LIMOHHBIX U MeAAarOTUYECKUX MEP, CIIOCOOCTBYIOIINX
IMOJTHOLIEHHOMY 3I0POBBI0O M1 HOPMAaJbHOMY pa3BU-
THIO OpraHu3mMa pebGeHKa.

YcraHOBIEHHAsT HAMW TEHACHIUSI K CHIKEHUIO
GYHKIIMOHANBHBIX ITOKa3aTejaeil OMHOKYJISIPHOTO
3pEeHUS B IOHOILIECKOM BO3pPacTe MOXET OBITh CBsI3a-
HAa C €eCTeCTBEHHBIMU BO3PaCTHBIMU ITPOLeCCaMU MO~
CTEeTIEHHOI MOTepU IJIACTUYHOCTHU 3PUTEJBHBIX M-
XaHU3MOB ITOCJI€ UX MOJHOTO CO3PEeBaHMUS, a TAKXKE C
BIIMSTHUEM Pa3IMYHBIX HEOIarONPUSITHBIX (haKTOPOB.

BbIBOJbI

— OOwuii xapakTep BO3pacTHBIX U3MEHEHMI Mo-
pOTOB CTEpPEOBOCIIPUSITUS B mepuon ot 7 mo 14—
15 neT cBUOETENILCTBYET O COBEPIICHCTBOBAHUU ME-
XaHU3MOB OMHOKYJISIPHOTO CTepeoricuca Ha JaHHOM
BO3paCTHOM MHTepBasie. Ha mpoTssKeHun 3Toro me-
pHoIa OCTPOTA CTEPEOCKOITMUYECKOTO 3PEHMST Ha pa3-
HBIX IIPOCTPAHCTBEHHEBIX YACTOTaX YBEJIUYMBACTCS B
3—4 paza.

— Ha unaTepBaite ot 6 mo 16 JeT ¢ yBeImueHUEM
BO3pacTa TOCTEIIEHHO TOBBIIIAETCS HOJISI IeTei C
BBICOKMMU KOHBEPIeHTHBIMU (DY3UOHHBIMU pe3ep-
BaMH. OTHOCUTETEHO OBICTPOE pa3BUTHE MEXaHU3-
MOB aKKOMOJAITMOHHO-OKYJIOMOTOPHOTO obecIieue-
HUs ¢Gy3um ocyuiecTBisieTcs ao 11 yier.

— BospacTtHble U3MeHeHMs TToKa3aTesieil CKOpo-
CTU OMHOKYJISIDHOII MHTErpalluy B mepuomd OT 7 10
18 J1eT CBUOETENBCTBYIOT O TOM, UYTO YCKOPEHUE UH-
TeTPaTUBHBIX IIpOlecCOB (OPMUPOBAHUS EIUHOIO
OMHOKYJISIPHOTO oO0Opa3a IIPOMCXOIUT IBaXKObl: B
MJIaAIIEM IIKOJIBHOM Bo3pacte ¢ 7 o 9—10 jieT u B
MOAPOCTKOBOM Bo3pacTte ¢ 12 no 14—15 ner.

— Ilo pesynbTaTaM CTEpEOKMHETUYECKOTO TecTa
BBISIBJIEHO TTOCTETIEHHOE HapacTaHWE C BO3PacToOM
BKJIaa OWHOKYJISIDHBIX MEXaHU3MOB B IPOCTpaH-
CTBEHHOE 3pUTEJIbHOE BOCHPUSTUE U JTOCTHUXKEHUE
BBICOKOI 3(b(DEeKTUBHOCTU UX PYHKIITMOHUPOBAHUS K
KOHIly MJaJllero IIKOJIbHOro Bo3pacta. B xome
JNaJIbHEH11Iero pa3BuTUs HabI0gaeTcsl TEHASHIMS K
OCJIA0JIEHUIO BIUSHUSI OMHOKYJISIPHBIX MEXaHU3MOB,
BBIPaK€HHOCTh KOTOPOM Y pPa3HbIX ILIKOJbHUKOB
3HAYUTEJbHO BapbUpYyeT.
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— BbIOpaHHBIM KOMILIEKC METOAOB IJISl OLIEHKU
(GYHKIMOHAIBHBIX TOKa3aTeyeil OMHOKYJISIPHOTO
3peHMsI MOXXHO MCTIOJIb30BaTh B LieJISIX IUddepeHn-
aJIbHOM JTMAarHOCTUKU HapylIeHUN OMHOKYJISIPHOTO
3pEHUSI HA OCHOBE TMOJYYEHHBIX BO3PACTHBIX TAaH-
HBIX, KOHTPOJS 3a MUHAMWKOU WHIWBUIYAJTHBHOTO
pa3BUTHUS U pa3pabOTKU MPOTrpaMM ONTUMU3ALUU U
KOppeKIuu (pyHKIIMOHAILHOIO COCTOSIHUSI OMHOKY -
JISPHOU 3pUTEILHOM CUCTEMBI.

ABTOp BbIpaxaeT 0J1arogapHOCTh INIAaBHOMY Hay4d-
Homy cotpynHuky WUIIIIN PAH TI'.A. PoxkoBoii 3a
o0cyXIieHUe pabOThl M KOHCYJIbTAllMU TIPU Hamuca-
HUM cTaTbM, mpodeccopy Kadeapbl MeTUIIMHCKOMN
OUOJIOTUU C KYPCOM MUKPOOUOJOTMU U BUPYCOJIO-
i YT'Y nm. U.H. VimegroBa B.A. Ko3noBy 3a Tex-
HUYECKYIO TMOMOIb MPU MNPOBEACHUU TUCKPUMU-
HAHTHOTO aHa13a JaHHBIX.

KOH®JIUKT UHTEPECOB

ABTOp JAHHOI CTaThby MOOTBEPAUJ OTCYTCTBHE KOH-
(GJIMKTA UHTEPECOB, O KOTOPOM HEOOXOAUMO COOOIIUTb.
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Analysis of the functions of binocular visual systems in schoolchildren
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Presented herein is the analysis of the results of a systematic study of the development of binocular vision (BV)
in schoolchildren. The study involved 750 schoolchildren aged 6 to 18 years. The age-related dynamics of
functional parameters of the BV were assessed: the acuity of binocular stereovision, convergent and divergent
fusional reserves, the speed of binocular integration, the balance of binocular and monocular mechanisms of
spatial perception. Comprehensive comparative analysis of BV indicators at different ages made it possible to
clarify the timing and rates of heterochronous maturation of individual mechanisms and the age of reaching
the maximum level before the outlined weakening of functions. It has been established that the fastest rates
of increase in the contribution of binocular mechanisms to spatial perception and improvements towards var-
ious indicators of biological health are characteristic for the period from 6—7 to 9—10 years. According to av-
erage data, fusional reserves reach maximum values at 12—13 years old, binocular stereovision acuity and bin-
ocular integration rate at 14—15 years old. A tendency towards decrease in the functional parameters of BV in
adolescence was revealed, which may be associated with the natural age-related processes of the gradual loss
of plasticity of visual mechanisms after their full maturation, as well as with the influence of various unfavor-
able factors. In the course of discriminant analysis of the data, the indicators that have the greatest diagnostic
value for characterizing the age-related characteristics of spatial visual perception in children were deter-
mined: convergent fusional reserves, stereoscopic visual acuity for a spatial frequency of 0.7 cpd, binocular
near-sighted visual acuity, indicators of success in binocular integration within exposure time of test objects
between 100 and 400 ms, and the ratio of the stereokinetic test data in binocular and monocular observation

conditions.
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OKyJIOMOTOpHAsi aKTUBHOCTD SIBJISIETCSI (PU3UOJIOTMYECKUM MapKepOM 3pUTENIbHON KOTHUTHMBHOM Aesi-
TenbHOCTU. [TapamMeTpbl 3pUTEIbHO-MOTOPHBIX peaKIUii OTPaKalT MO3TOBbIE MTPOLIECCHI BOCIIPUSITUS, 00-
pabOTKM, OCMBICIIEHUS IMOJIyYeHHOM MH(popMaliuu. B coBpeMeHHOM OOIleCTBE YeJOBEKY IPUXOIUTCS
XKUTh B YCJIOBUSIX OBICTPBIX COLMATLHO-9KOHOMMUYECKUX U TEXHOJIOTUUECKUX TTepeMeH, BBICOKUX UHGOP-
MAaIlMOHHBIX Harpy30K, YCKOPEHHOTO PUTMa XXU3HU 1 BCe Yallle BO3HMKAIOIIEro 1ieiiTHOTa. JlesTeTbHOCTh
B YCJIOBUSIX OCTPOI HEXBATKU BpeMEHU MJIK paboTa, BBIMIOJIHsIEMas B paMKax CTPOTO OTpaHUYEHHOTO Bpe-
MEHU, XapaKTepu3yeTcsl UCITOJIb30BAHUEM JOMOJHUTENbHBIX (DU3NOJIOTUYECKUX PE3EPBOB, HAPYIIIEHUEM
TICUXOJIOTUYECKOTO M TICUXO(DU3MOJIOTUYECKOTO OajlaHCa, U3MEHEHUSIMU B aKTUBHOCTU MO3TOBOM Hesi-
TEJIBLHOCTH, YTO MOKET IMTPUBECTU K PA3BUTHIO CTpeCC-peaKkiuu. Y NpencTaBuTesieil ¢ pa3HbIM TUTIOM BeTe-
TaTUBHOM peTysiiuu QYHKIUH peaKiiy Ha CTPecC UMEIOT crieliududecKue posiBJICHUST, KOTOpbIe OymyT
MPOCeXNBAThCA B GYHKIIMOHUPOBAHUU HanboJIee peaKTUBHBIX CUCTEM OpraHU3Ma, BIUSTh HA MO3TOBYIO
aKTUBHOCTb U, COOTBETCTBEHHO, MPU peaan3allii 3pUTEIbHO KOTHUTUBHOM NEesITeTbHOCTA OTPaXKaThCs
Ha mapaMeTpax OKYyJOMOTOpHOI akTuBHOCTU. O6cnenoBaHbl 70 cTtyneHTOB CeBepHOro (ApKTHUYECKOIo)
denepanbHoro yHuBepcutera uM. M.B. JloMoHocoBa. M3yyanun oKyJIOMOTOpPHBIE peaKlMU CTYIEHTOB C
DPa3HBIM BEreTaTUBHBIM CTATyCOM IPU PEIIeHNW KOTHUTUBHBIX 32124 B IPOU3BOJIbBHOM TEMIIE U B YCITIOBUSIX
OrpaHMYEHHOTO BpeMeHMU. BhisiBeHbl HanboJjiee YyBCTBUTEbHBIC TTapaMeTPbl OKYJIOMOTOPHBIX peaKIInii
MPY YTEHUU B YCJIIOBUSIX TUMUTA BPEMEHU: YacToTa DUKCAIUii, CPEeIHSIST MPOIOJIKUTEILHOCTh (DUKCAINiA,
nucrnepcust Gukcauuii, aMIIMTyaa U CKOPOCTb cakkal. [1pu aToM mokazaHo, 4To y MpencTaBUTesei ¢ pa3-
JIMYHBIMUA MHIMBUIYATbHO-TUIIOJOTUIECKUMU OCOOEHHOCTSMHU BETETaTUBHOI'O CTaTyCca 3T MapKephbl MO-
TYT BapbUpOBaTh. Y MpelcTaBUTENEl C pa3HBIM CTaTYCOM BereTaTUBHOUM HEPBHOI CUCTEMBI B ITpO1Iecce KO-
THUTUMBHOI paOOThI B pa3HbIX BpEMEHHBIX YCIOBUSIX 3a(huKCHUpoBaHa pa3Hasl 3(p¢eKTUBHOCTD BBIIOJIHE-
Hud 3anaHuit. Hau6onee adektrnBHAs U cKopocTHast 06paboTKa 3puTesibHON MHGhOPMALIMU B YCIOBUSIX
BPEMEHHOTO JIMMUTA, COMPOBOXIAaeMasl YBeJIMYEHUEM MapaMeTpOB YacTOThl (PUKCAIMI M CHUKEHUEM
IJTUTETBbHOCTY (bUKCALIN, XapaKTepHa TS MPeacTaBuTesIeil ¢ HOPMOTOHUYECKUM BET€TATUBHBIM CTaTyCOM.

Karoueeswie cro6a: OKyTOMOTOpHAsI AKTUBHOCTh, CaKKabl, (DUKCALIMU, KOTHUTUBHAS 1€ TeJIbHOCTh, BErera-
TUBHBII cTaTyC, (DU3MOJOrnyecKast aganTarus

DOI: 10.31857/50235009221030045

BBEIAEHME

CoOBpeMEHHBIN MUp XapaKTepu3yeTcst TUHAMUY-
HBIM pa3BUTHEM, aKTMBHBLIM HOIOJHEHUEM HMEIO-
1Ieiicda v TOSIBJIeHMEeM HOBOM MHMOPMAILMU U3 pas-
HBIX o0jacTeif 3HAHWI, a 3HAYUT, U1 HEOOXOIMMO-
CThIO OCBOCHUS 00JBIIOro o0beMa MHPOpMaLIUU 3a
OrpaHUYEHHBI MNPOMEXKYTOK BpeMeHU. Jledarenb-
HOCTB B YCJIOBUSIX LIEMTHOTA MOKET ITOBJIUSITh Ha Ka-
YEeCTBO BBIMIOJIHEHHON pPa0OOThI, COIIPOBOXIATHCS
pa3BUTUEM CTpecC-peakiuii, HapylIeHUEeM IICUXO-
(GU3MOIOTUIECKOTO W TICUMXOAMOIIMOHAJILHOTO 0Oa-
nmaHca 4denoBeka (Kaneman, 2006). Tak, mokasaHo,
YTO HEXBAaTKa BPEMEHM HETAaTMBHO BIIMSIET Ha aleK-
BaTHOCTH BEIOOpA TOBApPOB B OHJIAITH Mara3mHax, 00-

Jiee TOro, BpeMeHHO# JIMMUT UCKaXaeT BOCIIPUSITUE
KadecTBa U LIeHHOCTH IToKynku (Mou, Shin, 2018).

CyllIecTBYIOT MHOXECTBO  (PU3UOJOTUYECKUX
MapKepOB peakIMy OpraHU3Ma Ha CTPeCcC-areHThl, B
TOM 4YHCJIE Ha JIMMUTUPYIOLINE BpeMEHHbIE (PAaKTO-
pbl. I3BECTHO, UTO CTpecc-peakliiusi CONPOBOXKIACT-
cs yCuJIeHUEeM paboThl LIEHTPaIbHOI 1 BeTeTaTUBHO
HEPBHBIX CHUCTEM, YBEJIUUYEHMEM KPOBOCHAOXKCHUS
MO3ra ¥ U3MEHEHUSIMHA MO3T0BO#1 akTMBHOCTU. [1pu
peanu3aly 3pUTEIbHOM KOTHUTUBHOM NeSITeIbHO-
CTU OTPaXEHWEM MO3TOBOM aKTUBHOCTU SIBISIIOTCS
[J1a30JIBUraTebHbIC peaKIiU, KOTOPbIC BHIMTOIHSIIOT
pasnIuuHble (YHKIUU — TOUCK MHGOpMALUU, €€
CKaHUPOBaHUE, MOCTPOCHUE U OIO3HABAHUE 3pPU-
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TeJIbHOro 06pa3a. JBrXKeHusI I71a3 BO BpeMsl 3pUTEITb-
HOT'O BOCIIpUSTHUS MHGOPMALMM HOCIT LIMKJINYe-
CKUiI XapakTep M COCTOST M3 ITOCJIEAOBATEIbHBIX
cakkan 1 pukcanuii (SIp6yc, 1965).

HecoMHeHHO, B yCITIOBUSIX BpEMEHHOIO OIpaHU-
YeHUSI mapaMeTpbl MO3TOBOM aKTUBHOCTU OYIyT Me-
HSITBCSI, UTO TIOBJIEYET U M3MEHEHUS MapamMeTpoB
nBrkeHmii a3 (Candelieri et al., 2011). MccienoBa-
HUSI TOATBEPKIAIOT, YTO B CTPECCOBOM CUTYallUU
MPOUCXOASAT U3MEHEHUSI MapaMeTPOB OKYJIOMOTOP-
Hoi akTtmBHOCTH (MepkynoBa, Kamununa, 2017).
Ilpy BRIMOJHEHUU 3PUTEILHON KOTHUTUBHOM Ha-
IPY3KU B YCIOBUSIX CTpecca HaOJIogaloTcs yaIuHe-
HUE TIPOIOJIKUTEILHOCTU (DUKCALIMIT M Pe3KOe CHU-
KEHHME YMCJIa CaKKall, KOTOPhIe YBEIUUMBAIOTCS T10
ammuiutyae (OunuH, 2002). DTu JaHHbBIE COITIACYIOT-
¢ ¢ pe3ybTaTaMU UCCIeA0OBaHUS U3MEHEHUI B IBU -
KEHMSX IJ1a3 IIPU HANPSDKEHHOM paboTe Ha CUMYJIs-
Tope BoxmeHus DriveSafety (Reyes, Lee, 2008). B
HUCCIeAOBAHUIX JOKA3aHO, YTO BBIIIOJIHEHNE KOTHU-
TUBHOM 3aJa4M B YCJIOBUSIX OTpaHUYCHUS BPEMEHU
MPUBOAUT K UBMEHEHMIO TMaMeTpa 3padka 1 yBeJu-
YEeHUIO0 YyMCTBeHHOro HampskeHust (Hertzum, Hol-
megaard, 2013). B pa6ore (Stern,1980) 66110 0OHapY-
KEHO YIJIMHEHWE WHTEPBaJOB MEXIY MOpPraHUsIMU
P BBICOKOIT KOTHUTUBHOI COCPETOTOUEHHOCTH.

OOI11IeU3BECTHO, YTO MESTEIbHOCTb B YCIOBUSIX
cTpecca COIMPOBOXIAETCSI U3MEHEHUSIMU aKTUBHO-
CTH U IPYTUX CUCTEM OpraHu3Ma, Mpexae BCero cep-
JIEYHO-COCYINCTOM — KaK HanboJjee peaKTUBHOM I10
OTHOIIIEHWIO K cTpecc-pakTopaM. Tak, ObIO 0OHAa-
pYXeHO, 4TO TloKa3aTeJlu BapuabeIbHOCTH cepled-
Horo putMma (BCP) 3HaunMO0 MEHSIIOTCS C U3MEHEHU -
€M HamnpsDKeHHOCTU KOTHUTUBHOM NEeSITEIbHOCTH, U
9T n3MeHeHust BCP oka3zanucek CUJIBHO CKOppEJIU-
pOBaHHBIMU C ITapaMeTpaMu ABvxkeHUs Ta3 (Ryu,
Myung, 2005).

M3yyag usMeHeHUsI OeITeIbHOCTH OpraHu3Ma u
€ro CUCTEM I1OJ BIMSTHUEM CTPeCC-areHTOB, HE00X0-
JIVMMO YYUTBIBAaTh WHIWBUAYAJIbHbIC (PYHKIIMOHAIb-
Hble 0COOEHHOCTH. MHOTrO4MCIIEHHBIE MCCIEea0Ba-
HUSI CBUACTEIBCTBYIOT O TOM, UYTO B YCIIOBUSIX IICHXO-
SMOLMOHAJILHOIO HAaMpPsDKEHUsT OOHAapY>KUBAIOTCS
OTYETIUBBIC UHAVBUIYATbHBIC PA3INUUS B YCTONYM -
BOCTU jioAeit K crtpeccy (AnekcaHapon, Cymakos,
2005).

OrpaHu4eHUe BpeMEHU MPY BBIMOJTHEHUHU 1100011
paboThI MOXET ONTUMU3UPOBATh BCE TIPOILIECCHI B OP-
TaHu3Me M IIPUBECTU K MOBBIIICHUIO 3(PPEKTUBHO-
CTH, a MOXET UMETh U aOCOJIIOTHO MPOTUBOIOJIOX-
Hb1i1 53¢ ekt (babdaesa u np., 2012; bazapos, Tyma-
HaH, 2012). B wucciaenoBanusx (Kompmona, 2003)
YIIOMUHAETCsI, YTO OrpaHWYEeHUE BpEMEHM, Kak
cTpecc-(akTop, AEUCTBYET HAa OpraHMU3M o0ceaye-
MBIX TTO-Pa3HOMY, B 3aBUCHMOCTH OT WX UHIUBUIY-
aJIbHBIX (PU3UOJIOTUYECKUX U MCUXO(hU3NOTIOornYe-
CKUX ocobeHHocTei. MMeloTcs JaHHbBIe O BIUSHUU
JIMYHOCTHBIX OCOOEHHOCTEM Ha PeryJisiuio cepacy-

HOTO pUTMa MPU BBINIOJTHEHUM KOTHUTUBHBIX Harpy-
30K B yCJIOBUsIX cTpecca. ComnocTaBieHue UHIUBUTY -
aJlbHBIX CABUTOB IoKazaTtejieil (hbyHKIMOHAIBLHOTO
COCTOSIHUSI B CUTyallud MOOWJIM3ALIMOHHON TOTOB-
HOCTHU Y MPHU BBINOJIHEHUN KOTHUTUBHBIX 3a1aHU C
KOMMOPTHOI U MaKCUMaJIbHOM CKOPOCTBIO B YCIIO-
BUSIX Ae(ULIMTAa BpEMEHU ITO3BOJIMJIO BBISIBUTH JIBa
OCHOBHBIX TUIIa BEreTaTUBHOTO pearupoBaHUs Ha
Harpysky y aeteit 12—13 ner. IlepBblit TUIT — pearu-
pOBaHME TIPEUMYIIECTBEHHO [0 CUMIIATUYECKOMY
TUILYy, BTOPOA — pearupoBaHue MO NapacumIiaThye-
ckoMy tuny (Kpusonamuyk u ap., 2015). Takke noka-
3aHO, YTO MTapaMeTpbl (PUKCALIMiA U CAKKal 3aBUCSIT HE
TOJIBKO OT BUJIa U YCJIOBUI BBITIOJTHEHUS 3pUTEIbHOM
KOTHUTUBHON JESITeIbHOCTU, HO U OT UHAWBUIYab-
HO-THUTIOJIOTMIECKNX OCOOeHHOCTel opranm3ma (Po-
KuH, 2014).

TakuMm o6pas3oM, B psijie paboOT CHIKEHUE pe3epBa
BpPE€MEHM OLIEHMBAETCS KaK cTpecc-(haKTop, Iojiydye-
HBI JaHHbBIC O pEaKIIMsIX OTACIbHBIX CUCTEM OpraHU3-
Ma Ha AEeATEILHOCTh B YCIIOBUSIX OTPAHUYEHHUS IO
BpeMeHU. OnHAaKO MMEIOLINECS JaHHbIE HOCIT pas3-
PO3HEHHBIII M YCpEeOIHEHHBIII XapakTep, 0e3 ydeTra
WHIWBUAYAJBHBIX (DU3UOJIOTHYECKHNX 0COOEHHOCTE
o06ce10BaHHBIX.

Llesrp HalIlero McciaenoBaHUs — BBISIBUTH OCOOCH-
HOCTH OKYJIOMOTOPHOM aKTUBHOCTH B ITpoIIecce 3pr-
TeJIbHOI KOTHUTUBHOM AeSITEIbHOCTH 6€3/C oTpaHu-
YeHUs 10 BPEMEHM Y CTYIEHTOB C pa3HBIM BereTa-
TUBHBIM CTaTyCOM.

MATEPHAJIBI U METOINKA

B uccinegoBanuu npuHsuid ydyactue 70 4deaoBek
(ctrynentel CeBepHOro (ApKTHMYecKoro) deaepaib-
Horo yHuBepcurteTa uMm. M.B. JlomoHocoBa, 35 1oHO-
meit u 35 neByliek). CpenHuil Bo3pacT oOcieI0BaH-
HBIX cocTaBwi 19 + 1.5 rona.

YyacTHUKM MccCliefoBaHUsI ObUTM COMaTUYECKU
3[0POBbI, HE UMEJIU OCTPbIX UJIU XPOHUYECKUX 3200-
JIeBaHUIi cCepaeyHO-COCYIMCTON CUCTEMBI, HE UMEJIU
MaToJIOTUIA 3puTeNbHOI cucteMbl. McciaenoBaHue
MPOBOJIWJIY C JOOPOBOJILHOTO COTJIaCUsl yYaCTHUKOB,
BHE IE€pHOJia CECCUU B NEPBOM MOJOBUHE JHS C CO-
OnroneHreM HOpM OuomenuimHckoi atuku (Decla-
ration of Helsinki and European Community direc-
tives, 8/609 EC), B M301MpOBAaHHOM ITOMEIICHUH,
I1e OeiiCTBUE pa3IMYHbIX OTBJIEKAIOINUX (haKTOPOB
ObLIO CBEIEHO K MUHUMYMY.

JJ1s1 BBISIBJIEHUSI BET€TaTUBHOTO cTaTyca 00caeno-
BAHHbLIX CTYIEHTOB U IeJICHUSI UX Ha TPYIITbI UCIIOIb-
30BajIv 3aIlUCh KapAUOWHTepBasorpaduu Ipu MoMo-
1A anmnapaTHo-IporpaMmMHoro komiuiekca “BHC-
cuextp” (“Heitpocodt”, BaHOBO), B IIepBOM CTaH-
JIIapTHOM OTBedeHMHU (JIeBasl pykKa U mpaBasl pyKa) C
MPUMEHEHUEeM MPUXKUMHBIX 3JIEKTPOAOB (TpUILeTI-
KM). 3ammuch IoKasaTelleil 3JIeKTpOKaparorpaMMBbl
MMPOBOJIWIN B COCTOSIHUM CIOKOMHOIrO 00IpCTBOBA-
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OKVYJIIOMOTOPHAA AKTHMBHOCTD

a

NJs1 XJM I AB K VYB Y PT
H4Yb 3 EId T BT TJO C EI
MPO BJIA KAH CET TIIJA
PKA COK [JJO U Jb O BT
BVC BAY CJO COP M3l
rMb CEl BPA Y OK PHA
VAP K HO P3A I ET C.VI
VPO JOP KCA MHA COI

Puc. 1. — [Mpumep KOTHUTUBHOM TTPOOBI TSI UTEHUSI.
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YV AC H TA H_6HA B HO 4 JI0
IT'A3 TLIOC 3YK W EI M CT
K IIA T MIT P MA [ IIA M IIb
3 MA B AT J 1I0 C bl K AU
yol HBUI CJb T V3 B AK
B PO THb B HK B PT C.VK
X EB K04 10 OP T PA C_EX
TVl TJE HIA X PA HTA

a — 6e3 OrpaHUYeHMsI TI0 BPEMEHHU, 6 — B YCJIIOBUSIX OTPAHUYCHUSI BDEMEHU.

HUA (TTOJIOXKeHUEe CHUIAsS, TIPU POBHOM ABIXaHUM) U
IOCJIe OpPTOCTATUUYECKON TIPOOBI II0 METOIUKE
A.M. Beiina (Befin, 1998). IlpoaomxuTenbHOCTh
KaXX IO 3aIUCH IJIST 06CIIEIyeMOTO COCTABIISIIA 2 MUH.
PerucrpupoBanu BpeMeHHbIC XapaKTEPUCTUKU Cep-
JIEYHOr0 PUTMAa U HEKOTOpPHIE ITOKa3aTeIl BapUaly-
oHHOM mynbcoMmeTpuu 1mo P.M. baesckomy (baes-
ckuii, 2004).

BereratuBHEBII OataHC ONpeASIISIA 110 3HAYSHUTO
nHaekca HanpsckeHus (MH) B coctostHUM crioKoii-
HOro 0OIpPCTBOBAaHMSI, OAHAKO U3MEHEHUSI TaHHOTO
nokKasartesisi 3HaUuTeIbHO BapbUPYIOT B OPTOCTaTU-
YyecKoit mpobe Jaxe y U1l ¢ BATOTOHUYECKUM TUTIOM.
B cBsI31 ¢ 3TUM BereTaTUBHBIN CTATYC ONPEAEISIIN He
o ucxomHoMy 3HaueHuio MH, a mo ero nmaamumke
(peakTUBHOCTHU) B OPTOCTAaTUYECKOI IMpobe: eciau
HMH B opTronpo6Ge yBennuuBaica 6onee yeM Ha 10%
OTHOCUTENBLHO (DOHOBOTO 3HAYEHMUSI, PECTIOHAEHTOB
OTHOCWJIM K TPYIIIE C CUMITIATOTOHUYECKUM BapuaH-
TOM peakTWBHOCTHU (Tpynma 1 — 48% obGcnemoBaH-
HBIX), ecau MH ymeHbIancs, To TaK1X JIML OTHOCH -
JIV K TPYIINe ¢ BATOTOHMYECKMM BapUaHTOM PeaKTUB-
HocTH (Tpyrma 2 — 32% o6cnenmoBaHHBIX). B ciaydae
eciu kosiebanus MMH ocrtaBanucsh B nipeaenax £10%,
PECIIOHIEHTOB OTHOCUJIU K TPYIIie C HOPMOTOHUYE-
CKMM BapuaHTOM (Tpyrma 3 — 20% obceqoBaHHBIX).

DKcHepuMeHTalIbHAsI YacTh UCCAEA0BaHUs Oblia
OCHOBaHA Ha OGUHOKYJISIDHOM pErucTpaliii OKYJIO-
MOTOPHOI aKTUBHOCTH B ITPOLIECCE PEIICHUS] KOTHU-
TUBHBIX 3a7a4. 3allUCh OCYIIECTBIISIIIA TIPU MOMOIIA
CTallMOHAPHOI CUCTEMbI OMHOKYJIIPHOTO TPEKUHTA
a3 iView X™ RED, 500 I'.

CTUMyYNTBHBIA MaTepHall TIPEACTaBIISIII CO00i nBa
Ha6opa 110 40 c10B 13 YeThIpeX OYKB ¢ TIPOMNYIIEHHO
BTOpOI1 OykBoIi. B Kaxngom cTuMyJjie ObLJIO BOCEMb
CTPOK T10 TIITh ¢JIoB (puc. 1). CnoBa ObUIM B3SITHI U3
cioBapsi O.H. JIsmeBckast, C.A. Ilapos “Yactort-
HBII CJIOBapb COBPEMEHHOTO PYCcCKOTro si3bika”. U3
20 TBICSTY cJIOB OBIIIO BBIOpaHO 2731 CymiecTBUTEIh-
Ne3 2021
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HOe, M3 HUX OBLIM OTOOpAHBI CJTOBA M3 YeTHIpeX OYKB
(296 cnoB). PanmoMHo u3 296 CIIOB ObUIM BBIOPAHBI
80 cJIoB M gajee ciy4aiiHbIM BEIOOPOM OB pasfe-
JIeHbl Ha aBe rpymmbl. CioBa ObUIM Hame4yaTaHbI
24 xernem 1mpudrom Times New Roman, yepHBIM
L[BETOM, C PACCTOSTHUEM MEXIY COCEAHUMU CIOBAMU
M CTpoKaMU 1 cM U TIpeIbIBIISIIUCH HA 9KpaHe MOHU-
Topa. Bce cioBa SBISIIIUCH CYIIECTBUTEIBLHBIMHU B
UMEHUTEIBHOM Majexke B eIUHCTBEHHOM uwucie. B
KadyecTBE BEPHBLIX OTBETOB CUUTAIMCh BapUaHThI
CJIOB, COOTBETCTBYIOIIME YCIOBUIO SKCICPUMEHTA,
Hampumep, cajio-ceio, yrap-yaap. MMeHa co6cTBeH-
HBIE HE CUMTAIMCh NPABUIILHBIM OTBETOM.

HMccnenoBaHne npoBOAWIM WHIUBUAYAJIbHO C
KaXXObIM cTydeHToM. JJ1s 3ammcu mapaMeTpoB OKY-
JIOMOTOPHOM aKTUBHOCTU OOCIIEMyeMBIil pacIioyia-
rajicsl B peryJIMpyeMoOM I10 BbICOTe KpecJie Iepen Mo-
HUTOPOM 227 Ha paccTossHUM 65—70 cM OT CUCTEMBI
yaaJeHHON perucTpaluu nBrkeHus ra3. [lepem Ha-
YajioM MCCJIeIOBaHUSI 0OCIeayeMOMYy COOOIIAIOCh,
YTO Ha BKpaHe MOHUTOpa OyIyT IIpeACTaBIIEHBI CJIOBA
C OTHOM P OITYIIIEHHOI OYKBOI, 1 €T0 3a1avya 3aKIi0-
YaeTcs B TOM, YTOOBI IIPOYUTATh UX MO ITOPSIAKY ClIie-
Ba HaIIpaBO, BCJIyX, BCTABJISIS IIPOITYILIEHHbIE OYKBBI.
Yrenue Habopa ciioB (KOTHUTUBHAS Harpy3Ka) ocy-
IIECTB/ISUIM B IBYX BPEMEHHBIX peXuMax: B IPOU3-
BOJILHOM TeMIIe 0e3 OrpaHMYCHMUI MO BPEMEHU; C
OrpaHMYE€HMEM BPEMEHM Ha BBHIIIOJIHEHUE 3a0aHUsI 1
COITYTCTBYIOIIEHA MHCTPYKILIMEH O HEOOXOOAUMOCTU
MPOYUTATh KaK MOKHO OOJIbIIIE CJIOB 3a YCTAaHOBJICH-
HBI TIpOMeXyTOK BpeMeHu (60 ¢), Tpu 3TOM B Ipa-
BOM BEpXHEM YINIy MOHUTOpa Ha CEeKyHIOMepe me-
MOHCTPHPOBAJICSI OTCUYET OCTABIIETOCS BPEMEHU.

Ilepen HayajaoM WCCIEmOBaHMUS OCYIIECTBIISIIN
KaaruOpOBKY (3aluch MPOBOJUIIACH C TOTPEIIIHOCTHIO
He Ooznee 0.1°). Ilocie ycrenmHo KaauOpPOBKU B
IEHTpe 9KpaHa MOHUTOPA BEICBEUMBAIACh (PUKCAITH -
OHHasl TOuKa, M0 Mepe TOTOBHOCTU yYacCTHUKA K pe-
IICHWIO 3aJaHUIi Ha €€ MECTe MPEIbSIBIISIIN ITOCIESI0-
BaTeJIbHO CTUMYJTLHBIN MaTepuat sl pabOThI B ABYX
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BpeMEHHBIX pexumax. IloaydeHHbIE HaHHBIE Tpe-
KWHTa a3 aHAJIM3UPOBaIM C MPUMEHEHUEM IMpo-
rpamMHoro maketa SMI BeGaze. [Inst mpoBeaeHust
CTaTUCTUYECKOIO aHair3a ObUIM BHIOPAHBI OCHOB-
HbIE MapaMeTpbl TPEKMHTA I71a3; YyacToTa cakKa, 4ya-
CTOTa MOpPraHuii, CpeaHsIsI IIUTCAbHOCTh CaKKalbl,
JacToTa (PUKCalMii, CpeIHsIs IIMTEILHOCTD (buKca-
LU, CPEOIHUM pa3dpoc duKcanmii, CpemHsIsT aMILIN -
TyHa cakkaj.

Bo Bpemst perucrtpaliiu OKyJIOMOTOPHOI aKTUB-
HOCTH B IIPOLIECCE PEIICHNST KOTHUTUBHEBIX 3a1a4 Ol -
HOBPEMEHHO (pUKCUPOBAIU BEPHbIE OTBETHI U BpEMSI
BBITTIOJTHEHUS 3adaHusI IS pacdeTa 3OEeKTUBHOCTU
KOTHUTUBHOM IESATEIbHOCT U BpeMeHU 00paboTKU
OfHOTO cJioBa. DPHEKTUBHOCTh BBITIOJHEHUS 3a1a-
HUS ONpenesyii Kak TPOLEeHT BEpHO Ha3BaHHBIX
CJIOB OT OOIIIETo KOJIMYECTBA CJIOB B CTUMYJIe. Bpems,
3aTpaynBaeMoe Ha oOpabOTKy OZHOro CjIoBa, pac-
cuuTau, Aesst odliee BpeMsi 00padboTKu cTuMyJa (B
CeKyHIAaX) Ha KOJIMYECTBO 0OOpabOTAHHBIX CIIOB
(ommbKku u BepHbIe cioBa). CpeaHsisi MPOIOJIKU-
TEJILHOCTb UCCJICAOBAaHMSI OOHOIO CTYASHTa COCTABU -
nma 10—15 muH.

CraTucTUYeCcKMii aHAIM3 U3yYaeMbIX IapaMeTpOB
MPOBOJIWJIY C IPUMEHEHNEM HAaO0pa KOMITbIOTEPHBIX
nporpamm Statistical Package for the Social Sciences
(SPSS) for Windows v.23.0. B xkauecTBe omnmcareiab-
HOTO aHaJIM3a ObLI BEIOpAaH MeToHd HellapaMeTpude-
CKOM 00pabOTKU JaHHBIX, OCHOBAaHHBII Ha ompee-
nenun meauaH (Me) u kBaptwieit (Q1—Q3). Jlns muc-
cJielOBaHWsl CTPYKTYPbl B3aMMOCBSI3€il M3y4aeMbIX
MepeMEHHbBIX TIPUMEHSIJIU KOPPEISILIUOHHBIN aHaIN3
C BBIYUCJIEHHEM paHroBoro kKo3dduiumenta Crmp-
MeHa. OLIEeHKY JOCTOBEPHOCTU pa3jIMuvii ycTaHaB-
JINBAJIY TIpYU MOMOIIY HerapaMeTpUIECKOTo KpUTEpHst
3HAKOBbIX PaHToOB YWJkoKcoHa. Hemapamerpuueckue
KPUTEPUHN UCTIONIB30BAIU, TTIOCKOJIBKY pacrpeae/ieHUue
BBIOOPKU HE SIBJISIETCSI HOPMaJIbHBIM. Pazianuus na-
paMeTpoB OKYJOMOTOPHOII aKTUBHOCTU MEXIY
rpyrnnamMu omnpeaessii Ha ocHoBaHuu U-kpurtepust
MaHH—YuUTHU.

PE3VJIBTATDBI

Han6Gosee 4yBCTBUTEIbHBIMY MapaMeTPpaMU OKY-
JIOMOTOPHOM NESITEIbHOCTU TIPU PEIIeHUU KOTHU-
TUBHBIX 3a/1a4 B PA3HBIX BPEMEHHBIX YCIOBUSX y 00-
CJIeIOBAaHHbBIX CTYIEHTOB SIBJSIIOTCSI YacTOTa U -
TEeJIbBHOCTh (DUKCALU, aMIUIUTyda U CKOPOCTh
cakkajz. IMeHHO 110 3TUM napaMeTpaM ObLIN BBISIB-
JICHBI CTaTUCTUYECKU 3HAYUMBbIe pa3iuuus (Tao. 1).
VY mpezacraBuTteneil BceX TpexX TPYII MNPU pellleHUn
KOTHUTHUBHBIX 3a7a4 B YCJIOBUSIX OrpaHUYECHUST Bpe-
MEHH 3HAaYMMO YBEJINUMBAETCs YacToTa (huKcaluii B
cexyHny (p < 0.05). Y cTyoeHTOB ¢ CUMIIATOTOHUYE-
CKMMU W HOpMOTOHMYecKMMM crtarycamu BHC
CpeIHsIs MPOAOJLKUTEIbHOCTh (DUKCALIMI CHUXKAET-
cs (p £0.05), y mapacMMIaTOTOHUKOB — CHIKACTCSI
Ha ypoBHe TeHIeHIu. Kpome Toro, y ripemcraBuTe-

TAJIEEBA, 3BATWHA

JIei ¢ CMMITaTOTOHUYECKM BETeTaTUBHBIM CTaTyCOM
0oOHapy:KeHO 3HAUYMMOE CHMXXEHME pazdpoca (Iuc-
nepcun) pukcauuii (nmpu p = 0.041). AHanu3 napa-
METPOB caKKal y 00C/IeTOBaHHBIX B pa3HBIX BpeMEH-
HBIX YCJIOBUSX paObOTHI BBISIBWII U3MEHEHUS 110 BEJTH-
YUHE aMIUIMTYIbl U CKOPOCTU cakKad. 3HAuYMMBbIi
XapaKTep U3MEHEHUI STUX MapaMeTpOB 3a(UKCHUPO-
BaH TOJIPKO B TPYIIIIE C MapacuMIaTUYeCKUM BereTa-
TUBHBIM CTaTyCOM: MPU OTPAaHUYEHUU BPEMEHHOIO
pecypca HaOIIOTAIOCh HOCTOBEPHOE YBEITWUCHUE
yKa3aHHBIX TapaMeTpoOB. Y HOPMOTOHUKOB U CUMIIa-
TOTOHUKOB ITOAOOHBIC U3MEHEHUST 3apEeTNCTPUPOBaA-
HBI Ha ypOBHE TeHIeHInH (Tadr. 1).

AHan3upyss 0COOEHHOCTU OKYJIOMOTOPHOI aK-
TUBHOCTU IIPU 3PUTEIbHOII KOTHUTUBHOM OeSITelIb-
HOCTHU y TIpeACTaBUTENIEll C pa3HbIM BereTaTUBHBIM
CTaTyCOM B OOMHAKOBBLIX BPEMEHHBIX YCIIOBHSIX, MbI
BBISIBIJIM HanboJiee peakKTUBHbBIC ITapaMeTPhl: YaCTO-
Ta (puKcanuii B CEKyHIy, 4aCTOTa CaKKaJ B CEKYHIY 1
3aJlepxKKa cakkanpl. [1py yTeHMM B CBOOOJHOM Bpe-
MEHHOM PEXMME Y CTYASHTOB C CUMIATUYECKUM Be-
reTaTUBHBIM CTaTyCOM YacToTa (PUKCcalnii Oblyia 3Ha-
YMMO HIZKE, YeM Y IIpeICTaBUTEIIeid ¢ HOPMOTOHUYE -
cKUM BereTtaTuBHBIM cTtarycoM (p < 0.05). Ilpu
JIeSITEIbHOCTA B YCJIOBUSIX OrpaHMYEHUsST BPEMEHU
yacToTa (pUKcaluii y CUMIIaTOTOHUKOB BO3pacTaa,
HO ObLIa 3HAYMMO HIXE, YEM Y HOPMO- 1 ITapacuM-
naToToHUKOB (p < 0.05). TakKe y CTYIEHTOB C CUM-
MMaTOTOHMYECKUM BETeTATUBHBLIM CTaTyCOM B CpaB-
HEHMU C HOPMOTOHUKAMU BBISIBIIEHBI CTaTUCTUYE-
CKM 3HA4YMMbI€ pa3jMuus MO MapaMeTrpaM 4dacToTa
CakKaJ B CEKYHIy U 3aJepxKKa cakKaj Mpu AesITeb-
HOCTHU B YCJIOBUSIX OTpaHUYCHMSI BpeMeHU. Y IIpel-
CTaBUTEJIC 3TOM TPyNIbl OTMEYAIUCh JOCTOBEPHO
MOBBIIIIEHHbIE MapaMeTpbl 3aAepPKKU CaKKal U J0-
CTOBEPHO CHIDKEHHbBIE 3HAYEHUS YAaCTOTHI CaKKa/l
(p £0.05) (Tabm. 1).

CormnacHO pe3yIbTaTaM CTaTUCTUIECKOTO aHaJM-
3a, y TIpeacTaBUTeN e ¢ OMMHAKOBBIM BETeTaTUBHBIM
CTaTyCOM TIpU CpPaBHEHUU MapamMeTpoB 3(HEPEKTUB-
HOCTH pellleHUs] KOTHUTUBHBIX 3a/1a4 M BpeMEeHU 00-
pabOTKM OMHOTO CJIOBA B Pa3HBIX BPEMEHHBIX YCIIO-
BUSIX OBUIM YCTAHOBJIEHBI AOCTOBEPHBIC OTIMYMS
(Tabim. 2). OrpaHn4eHUe BpEMEHU JOCTOBEPHO CHU-
KaeT 3¢hGEeKTUBHOCTD BBHITTOTHEHUS KOTHUTUBHOM
3aaur y cuMnaTtotroHukoB (p = 0.005) u mapacummna-
ToTOHUKOB (p = 0.018). ¥V mipencraBuresieii ¢ HOpMO-
TOHUYECKUM BEreTaTUBHBIM CTAaTyCcOM 3(@deKTUB-
HOCTb BBIMIOJTHEHUS] KOTHUTUBHOM 3aauyd yBEJIUYU-
BaeTcd Ha ypoBHe TeHmeHuu (p = 0.395). VY
00cJIeTOBAaHHBIX BCEX TPEX TPYIIIT BpeMs Ha 06padoT-
Ky OJTHOTO cJIoBa 3HaunMMo cHuxaetcs (p < 0.05).

I BBISABJIEHUSI CTATUCTUYECKONM B3aMMOCBSI3U
MEXy ITapaMeTpaMU OKYJIOMOTOPHOM aKTUBHOCTHU U
noxkasarelisMu  3(GGEKTUBHOCTU  AEATEILHOCTUA Y
MpeIcTaBUTENIeil ¢ pa3HbIM BEreTaTUBHBIM CTaTyCOM
C YYETOM BPEMEHHBIX YCJIOBUIA BBIITOJTHEHUSI KOTHU -
TUBHBIX 3amad OB IIPOBEIEH KOPPEISILMOHHBINA
aHanus (puc. 2).

CEHCOPHBIE CUCTEMBI Ne 3

TOM 35 2021



OKVYJIIOMOTOPHAA AKTHMBHOCTD

221

Ta6muna 1. ITokasaTtenu OKyJ'IOMOTOpHOfI AKTUBHOCTHU Y HpeﬂCTaBHTeJ’[CfI C pa3HbIM BEI€TaTUBHBLIM CTAaTyCOM IIpU UYTC-
HHWHU CJIOB B pa3JIMYHbIX BPDEMCHHBIX YCIIOBUAX

IToxazarenn Tun |Yrenue 6e3 tumuta Me (Q1;Q3) | Urenue ¢ iumurtoMm Me (Q1;Q3) p
Yacrora dukcaiuii /c H 2.7 (2.1; 3.3) 3.0 (2.3; 3.6) 0.041*
C 2.2(1.9;2.5) # 24(2.1;2.8) # ~ 0.003*
I1 2.4(2;2.7) 2.9 (2.3; 3) 0.006*
JnurenbHOCTb pukcanmii, mc| H 237.2 (206.7; 340.2) 222.9 (164.5; 301.1) 0.028*
C 296.3 (226.7; 361.5) 264.3 (203.7; 321.7) 0.004*
I 257 (229.1; 321.9) 253.2 (211.4; 291.6) 0.249
CraHgapTHOE OTKJIOHEHHUE H 72.4 (66.5; 81.9) 76.5 (57.2; 126.5) 0.398
(amcnepens puxcaumit), Mmc | C 78.4 (59.7; 91.4) 67.8 (57.8; 92.3) 0.041*
IT 75.2 (64.1; 88.5) 71.7 (57.5; 86.3) 0.294
Yacrora cakkan /c H 2.8 (2.3;4.5) 3.9 (2.8;4.8) 0.176
C 2,.2(2;3.8) 2.7(2.2;2.9) # 0.334
I 3.2(1.9; 4.4) 3.1(2.2;4.3) 0.875
JIIMTeNbHOCTh CAKKAaIbl, MC H 36.8 (34.5; 46.8) 46.5 (37.2;49.7) 0.128
C 40.7(36.4; 42.4) 39.2 (37;43.8) 0.895
I 39.2 (35.6;44.1) 39.5(36.1; 45.8) 0.638
AMIUIUTYIA caKKaabl, Tpa H 3.3(3;7.2) 4.1(3.3;7) 0.236
C 4(3;5) 3.9 (3.6;5.3) 0.859
I1 3.9(2.9;4.7) 4.7 (4.1;5.2) 0.033*
CKOpOCTh CaKKafbl, Tpaj,/c H 76.2 (68; 113.9) 82.7 (59.7; 167.7) 1.0
C 85 (66.3; 109.6) 84.5(73.7;99.7) 0.923
I 75.8 (65.9; 98.1) 89.5 (85.2; 106.9) 0.033*
3anepxxka caKKaibl, MC H 304.6 (184.4; 401.3) 215.8 (145.9; 301.6) 0.128
C 409.6 (222.1; 471.3) 333.4 (308.3; 410.9) # 0.337
I1 260.1 (190.7; 465.3) 287 (187.9; 400.3) 0.422
Yacrora Mopranuii /c H 0.5(0.1; 1) 0.5(0.1; 0.8) 0.236
C 0.5(0.3;0.8) 0.4 (0.2;0.7) 0.174
I 0.4 (0.2; 0.5) 0.3 (0.1; 0.6) 0.314

ITpumeyaHue: oTIMYMS IMOKa3aTesIeil OKyJIOMOTOPHOI aKTUBHOCTHU 3HAYMMBI Ipu p < 0.05: * ¢ ydeTOM BpeMEHHBIX YCIOBUIA eI TeIb-
HOCTHU; # IIpU CPaBHEHUM MPEACTABUTEIICH C CUMIIATOTOHUYECKUM U HOPMOTOHMYECKUM BETeTATUBHBIM CTATYCOM; ~ IIPU CPaBHEHUU
TIpeNCTaBUTENIC C CUMITATOTOHUYECKMM U TTapacUMITaTOTOHUYECKUM cTaTycoM; Me — MmennaHa; (Q1—Q3) — kBapTunu; H — Hopmo-
ToHUKM; C — cuMIatoToHUKH; [1 — rmapacuMITaTOTOHUKH.

Ta6mmma 2. [Toxazarenu yCIenHOCTH BBITIOJIHEHUST KOTHUTUBHOM 3a1auy B pa3IMYHBIX BPEMEHHBIX YCIOBUSIX y MPe -
CTaBUTEJICH C pa3HbIM BETeTaTUBHBIM CTaTyCOM

IToxazarenn Tun |Yrenue 6e3 mumurta Me (Q1;Q3)| Yrenne ¢ aumurom Me (Q1;Q3) p
D dexkTuBHOCTD BeIMOAHeHUsT | H 0.82 (0.70; 0.92) 0.85(0.77; 0.90) 0.395
C 0.90 (0.80; 0.92) 0.82(0.75; 0.92) 0.005*
I 0.95 (0.88; 0.95) 0.85(0.78; 0.92) 0.018*
Bpemst 06paboTku ogHOTO H 2.07 (1.42; 2.55) 1.10 (1.03; 1.25) 0.019*
crioBa (B CeKyHax) C 2.22 (1.62;2.82) 135 (1.20; 1.53) 0.001*
I1 2.33 (1.34; 2.60) 1.35 (1.04; 1,50) 0.005*

IMpumeyanue: * 3HaYEHWS, OTJIMYMS KOTOPBIX 3HAYNMBI Ha ypoBHe p < 0.05; Me — meauana; (Q1—Q3) — kBaptunu; H — HopmoTOHU-
ku; C — cummatotroHuku; [1 — mapacuMItaTOTOHUKH.
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Puc. 2 — Cratucruueckoe B3auMoielicTBue nmapaMeTpoB OKyJ'IOMOTOpHOf/'I AKTUBHOCTU U yCIICINHOCTU BBIITOJIHEHUSA 3PpUTEIIb-
HbIX KOTHUTUBHBIX 3a/1a4 Y UCIIBITYEMbIX C pa3HbIM BET€TATUBHBIM CTaTyCOM.

a — HOPMOTOHMKM; 0— CUMIIATOTOHUKMU; 6 — MMapaCUMIIaTOTOHUKU.

JleBblIii cTONOE KOPPETSIIIMOHHBIX MATPUIL — YTEHUE B CBOOOIHOM BPEMEHHOM pEXUMe.
TTpaBblii cTONGE1 KOPPEJISIIMOHHBIX MAaTPUIL — YTEHHUE B YCIOBUSX BPEMEHHOTO JIMMUTA.

MPsSIMbIE KOPPEISIIMT, CTATUCTUYECKN 3HaYMMBble Ha ypoBHe 0.05,

= = = 0OpaTHBIEC KOPPEJSIINU, CTATUCTUIECKN 3HaUnMble Ha ypoBHe .05,

OpsIMbI€ KOPPEJSIINU, CTATUCTUYECKU 3HaYMMBbIe Ha ypoBHe 0.01,

— = o6paTHble KOppesiUU, CTAaTUCTUYECKHU 3HaUMMBble Ha ypoBHe 0.01.
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V npencraBuTteneii ¢ HOPMOTOHUYECKMM BEreTa-
THUBHBIM CTAaTyCOM IIpU OCATCIABbHOCTU B CBO6OILHOM
BPEMEHHOM pPEXUME BBISBISIOTCS IIPSIMbIE CTaTH-
CTUYECKME CBSI3M MEXIy ITapaMeTpamMu (puKcauu 1
3¢ HEKTUBHOCTBIO AeSITEILHOCTA, CKOPOCTBIO U aM-
IUTATYOOM cakkKand. I1pyu 3TOM BBISIBIISIIOTCSI CUJILHEIC
oOpaTHBIE CBSI3M MEXIY YaCTOTOI CaKKas 1 JIATEHT-
HBIM BpeMEHEM caKKaJl, M C 4acTOTOH (puKcauuit u
BpeMeHeM 00pabOTKM OJHOTO CJIOBa B CEKYHIY, a
Takke MeXay ItapamerpamMu 3(h@(EKTUBHOCTH esI-
TETbHOCTU M BpeMeHeM 00pabOTKM OTHOIO CJIOBA B
cexyHny (puc. 2, a). Ilpu BBITOJJHEHUN KOTHUTUB-
HOM 3a1a4y B YCJIOBUSIX JIMMUTA BpEMEHH Y IIpeICcTa-
BUTEJIEN 3TOI Ipynnbl HaOMOgaeTCsl yCUJICHUE TIpsi-
MOTO B3aMMOAEHCTBUS MexXIy 3((OEKTUBHOCTHIO JIe-
SATEIbHOCTH M 4YacToToii ukcaumu. BpemeHHOI
napamMeTp 3(PpGEKTUBHOCTH HAIPSIMYIO 3aBUCHUT OT
3aIepXKM CaKKaabl M CHIDKACTCS IMPU YBEJIMYSHUU
YacTOThI (DUKCAIINH.

st mpeacraBuTeneil ¢ CUMIIATOTOHUYECKUM Be-
TeTaTUBHBIM CTaTyCOM TIPU YTeHUH 03 BPEMEHHOTO
OrpaHUYCHUST B KOPPESLIMOHHOM TUIesie TpeacTaB-
JIeHbI pa3HOOOpa3HbIe TOCTOBEPHbIE TIPSIMbIE U 00-
paTHBIE CBSI3M, KOJMYECTBO M CHJIa KOTOPBIX CHIKA-
I0TCSI TIPU BBEJICHUU JIMMUTHUPYIOIIETO BPEMEHHOTO
dakTopa (puc. 2, 6). OueBUIHO, TaKe M3MEHEHUS
CTAaTHUCTUYECKOTO B3aMMOACUCTBUS TIpU BIUSTHUM
JIUMUTA BPEMEHHU SIBJISIIOTCS MapKepaMu CHIDKEHMUS
3(HeKTUBHOCTY KOTHUTUBHOM AEATEILHOCTH.

VY mnpencraButeneil ¢ mapacUMIIaTOTOHUYECKUM
BEreTaTUBHBIM CTAaTyCOM IIpU KOTHUTHUBHOI JIes-
TEJILHOCT B IIPOM3BOJILHOM BPEMEHHOM pEXUME
HaOJII01aeTCsI MUHUMAaJIbHOE CTaTUCTUYECKOEe B3au-
MOJCMUCTBHE M3yd4aeMBIX mapameTpoB. Omnpemensio-
IIMMH TTOKa3aTeJISIMU TSI JAHHOM JeSITEIbHOCTH SIB-
JISTIOTCSI CKOPOCTh M aMIUIUTyla caKKaj, JIJAaTEHTHOE
BpeMsl Ccakkal, a TakKe HapaMeTpbl (UuKcauii
(puc. 2, 6). Ilpn 3ToM 3¢pHEKTUBHOCTD OCATEIHLHO-
CTHU 3aBUCHUT OT aucrnepcuu pukcamuit. MIameHeHust
CTaTUCTUYECKOIO B3aMMOICUCTBUSI M3y4aeMbIX I1apa-
METPOB y MpeIcTaBUTENIE ATOM Irpyniibl 00CIeq0BaH-
HBIX IIPU BIMSHUW JIMMUTHUPYIOLIETO BPEMEHHOIO
¢dakTOpa MCKIIOYAIOT KOPPEISILUM C MapaMeTpaMu
3¢ HEeKTUBHOCTH.

OBCYXIEHUNE

Y o06cnenoBaHHBIX C pa3HbIM BET€TaTUBHBIM CTa-
TYCOM peanu3alysi 3pUTEILHOTO BOCIIPUITUS U KO-
THUTUBHBIX MTPOLIECCOB B PAa3HBIX BPEMEHHBIX YCIIOBU-
SIX COIMPOBOXKAAETCS Criel(pUISCKUMI U3MEHEHUSIMU
MapamMeTpoB ABIDKEHUI INa3, 4YTO MOATBEPXKIACTCS
JIaHHBIMM 3apyOexXHbIx ucciaenoBaresieili (Rendon-
Velez et al., 2016).

IIpu cpaBHEHWY U3ydaeMBbIX ITApaAMETPOB B TPYII-
Mmax ¢ OAWHAKOBBIM BEreTaTUBHBIM CTaTyCOM M C
YYIETOM pa3HBIX BpEeMEHHBIX YCIOBUM paGOTH OBLIN
BBISIBJICHBI HAM0OJIee PeaKTUBHBIC TTapaMeTPhI JBU -
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JKEHUM I71a3: yactoTa uKcaluii, cpeaHssi mpoaoi-
KUTEJILHOCTh (DUKCalMid, Oucriepcusi GuKcaiuii.
Ilpu peicTBUM TUMUTUPYIOLIETO BpeMEeHHOTo (hak-
TOpa BO BCEX TPEX IpyIilax yactoTa pukcaluii yBe-
JIMYMBAJIACh, a JUIMTEJbHOCTh — CHUXKaJIach. HekoTo-
pble UcclenoBaTe/ii OTMEYAIOT, YTO YBEJIUUECHUE Ya-
CTOThl (UKcallMii W YMEHbIIEHUE TUTETbHOCTU
duKcaluii Ipu 3pUTEILHON KOTHUTUBHOM NESITEIIb-
HOCTU MOTYT OBITb CBSI3aHBI C OoJiee CIOXHBIMU
YCJIOBUSIMU pabOTHhI, C BIUSIHMEM cTpecc-dakTopa, B
JIAHHOM CJIy4Yae TAaKOBBIM SIBJISIETCSI CHUXKEHUE pe3ep-
Ba BpemeHu (bapabaninukoB, XKerano, 2014). Ilpu
paboTe B YCIOBUSIX BPEMEHHOTO OrpaHUYEHUS CTY-
JIEHTHI yCIIeBalOT 00pabdoTaTh 00JbIlIee KOJIUYESCTBO
CJIOB, coBepllasi TpU 3TOM OoJjblliee KOJIUYECTBO
dukcanuit MeHbIIEH MTPOIOTIKUTEILHOCTH, T.€. 3pU-
TeJIbHOE BOCIIPUSTHUE B TAHHBIX YCIOBUSIX XapakTe-
pu3yeTcsl yBeJIMUYeHeM aHAIMTUYECKON KOMIIOHEH-
Thl IPU MEHBIIUX BPEMEHHBIX 3aTparax. [Ipu aTom
nucnepcust ukcaluii CHUXKAeTcsl, YTO CBUNIETENb-
CTBYET O TOM, UTO JBMXKEHMUS IJ1a3 CTAaHOBSITCS OoJiee
CTePEOTUITHBIMMU.

BbLu ycTaHOBJIEHBI JOCTOBEPHBIE OTJIUYMS ITapa-
METPOB CaKKaJ y IIpeACTaBUTENICH C OMMHAKOBBIM Be-
reTaTUBHBIM CTaTyCOM, HO B Pa3HBIX BPEMEHHBIX
ycioBusIX paboThl. Ilo pesyapTaTaM uccienoBaHU
(bapa6aniukos, 2Kerayio, 2014) usBecTHO, YTO yBe-
JIMYEeHNE aMIUTATYIBI 1 CKOPOCTH CaKKall CBUIETEIb-
CTBYET 00 YBEJIMYEHUHU CJIOXKHOCTU pellIaeMoii 3aaa-
YU U SIBJISIETCS CJICNCTBUEM aKTUBALIM KOTHUTUBHOM
nesaTenbHoCTU. CemyeT OTMETUTD, YTO B €CTECTBEH-
HBIX YCJIOBMSIX IJIUTEILHOCTb CakKKaja MPOIOpPIMO-
HaJIbHAa UX aMIUIATYIE U CKOPOCTHU (IIpH YBEINYCHUN
IUIMTEIBHOCTH CaKKalabl aMIUIATyJda W CKOPOCTh
Takxe Bo3pacTaloT). BepossTHO, Takoe COOTHOIlIe-
HUe ITapaMeTpOB caKKaj sIBJIsieTCsl HauboJjiee OnTr-
MaJIbHBIM. B yclloBusIX pabGoOThl ¢ OrpaHUYECHHEM
BPEMEHHOTIO pecypca y MpeacTaBuTes e ¢ mapacum-
MaTUYECKUM BEreTaTUBHBIM CTaTyCOM 3HAYMMO YBEJIM -
YUBAIOTCS aMILUIMTYAA ¥ CKOPOCTh CAaKKAa bl IIpY HEU3-
MEHHOU BPEMEHHON UIUTEJIbHOCTU CaKKadbl.

Kaxk nokaszayiu Haillv vcciaeaoBaHus, peanu3alis
3pUTEJIbHOMN JeSTETbHOCTU B OOBIYHBIX BPEMEHHBIX
YCJIOBUSIX U B YCJIOBUSIX CHMDKEHUS pe3epBa BpEMEHU
y MpencTtaBuTelieil ¢ pa3HbIM BereTaTMBHBIM CTaTy-
COM OCYIIIECTBJISIETCSI MO CcBoeil crenudruieckoi
nporpamme. MapkepaMu Crielii(UIHOCTU SIBJISIIOT-
csl yactoTta (hpuKcaluii, yactora cakkaa U 3aJepxkKa
CakKas.

Hekortopass cneunduUIHOCTh ObLa BBISIBJICHA U
IpU oLieHKe 3P (PEeKTUBHOCTU BHITIOJTHEHUS 3aJaHUS.
V npencraBuTesieii ¢ HOPMOTOHUYECKUM BEreTETUB-
HBIM CTaTyCOM IIPH BBIITOJJHEHUM KOTHUTUBHBIX 3a-
J1ad B YCIOBUSIX OTpaHUYEHUSI BpeMEeHM HaOII0mal0T-
cs yBeandeHue 3(p¢heKTUBHOCTH U CHIDKEHHE BpeMe-
HM Ha 00pabOTKy OmHOTO cJioBa. Takasg mMHaMHWKa
CBUIETEIBCTBYET O CTUMYJIMPYIOIIEM BIUSTHUM Bpe-
MEHHOTO OTpaHWYEHUS Ha YCIICITHOCTh BBIITOJTHE-



224

HUSI KOTHUTUBHOM 3a1a4u. Y peacTaBUTeNei ¢ CUM-
MaTOTOHWYECKUM U IMapacUMITAaTOTOHUYSCKUM Bere-
TaTUBHBIM cTaTycaMu 3a(UKCUPOBAHO CHIXXKEHUE
3¢ HEKTUBHOCTA BBIMOJHEHUSI 3PUTEIBHON KOTHU-
TUBHOM 3a/1a4M B YCJIIOBUSIX IMMUTA BpEMEHM.

CpaBHUBast 0COOEHHOCTH CTATUCTUYECKOTO B3au-
MOJIEeCTBUSI U3ydyaeMbIX IMapaMeTpOB y MPEACTaBU-
Telleil ¢ pasHbIM BETreTaTUBHBLIM CTATYCOM, MOXHO
BBIICIUTh T€ M3MEHEHUSI KOPPEISLMii, KOTOpPHIE
00eCIIeYnBaIOT IMOJOKUTENBHYIO TMHAMUKY 3ddeK-
TUBHOCTU ACATEILHOCTA B YCIIOBUSIX OTpaHUYCHUS
BpeMeHHU (puc. 2).

B rpymnmne HOpMOTOHMKOB, rie HaOII0HaICS POCT
3(pPHEKTUBHOCTH ASSITEIBHOCTH, (DOPMUPYIOTCS CTa-
TUCTUYECKME CBSI3U MEXIY MUHUMAIbLHBIM KOJIMYE-
CTBOM M3y4YaeMbIX ITapaMeTpoB. J1j1s1 HOpMOTOHUKOB
pu padoTe B IIPOMU3BOJIBHOM PUTME OIIPEASIIS IO~
MU MapaMeTpaMMu BOCIIPUSTUS 3pUTEIbHON MHMOpP-
Malliy SIBJISIIOTCS aMIUIMTYyAa U CKOPOCTb CaKKaj,
JUTUTEIBHOCTh M YacToTa (PUKcalUii, Mpu 3TOM 3¢-
(EeKTUBHOCTD JeSITeIbHOCTU HAIIPSIMYIO 3aBUCUT OT
4acTOThl (PUKcaLUii, a BpeMsI Ha 00pabOTKy OOHOTIO
cJioBa OyIeT CHUXKAThCS MPU YBEJIMYEHUM YaCTOTHI
dukcanuii 1 CHKCHUM UIMTEIILHOCTU (PUKCALIUIA.
I1pu BeITOTHEHM KOTHUTUBHOM 33241 B YCJIOBUSIX
JIMMUTA BPEMEHU Yy IIPEACTaBUTEINICM 3TOM I'PYIIIIbI
HaOJII0JaeTCs yCUJIEHNE CTAaTUCTUYECKOTO IIPSIMOTIO
B3aMMOJCUCTBUSI, BBISIBICHHOTO IIPU IESATEIbHOCTU
0e3 BpeMeHHbIX orpaHmdeHuii. Ilockonbky 1o pe-
3yJbTaTaM OLEHKHU 3¢ (HEKTUBHOCTU AESITEIBHOCTH Y
HOPMOTOHMKOB HaOJI0NAeTCsl MOJOXUTEJbHAas -
HaMUKa 10 CPAaBHEHUIO C APYTMMM IpynmamMu oociie-
JIyeMbIX, TO, BEPOSITHO, UMEHHO TaKue U3MEHCHMSI
CTaTUCTUYECKOTO B3aMMOACHCTBUS SIBJISIIOTCS Hau-
oosiece 3(pPEeKTUBHBIMMU.

Hus mpeacTaBUTENE ¢ CUMIIATOTOHMYECKUM Be-
reTaTUBHBIM CTAaTyCOM KOppeNSIHUOHHAs Tiesna,
oTpaxaloliasi B3auMOAECTBIE MapaMETPOB OKYJI0-
MOTOPHOM aKTUBHOCTH U 3(P(PEKTUBHOCTU JIECSITEIIb-
HOCTHU IIPU YTEHUU CJIOB O€3 BPEMEHHOI0 OrpaHM-
YeHMUsl, XapaKTepU3yeTcsl pa3HOOOpPa3HBIMU 1OCTO-
BEPHBIMU TIPSIMBIMM U OOpaTHBIMU  CBSI3SIMU,
KOJIMYECTBO M CHJIa KOTOPBHIX HE3HAYUTEIIbHO CHU-
2KaloTCS P BBEACHUU JIMMUTHUPYIOIIETO BDEMEHHO -
ro dakropa. OgHAKO 3TU U3MEHEHUS CTaTUCTUYE-
CKOTO B3aMMOJIENCTBUSI IPUBOIIT K CHUKECHUIO 3(-
($EeKTUBHOCTA KOTHUTUBHOM NeSITeTbHOCTH.

VYV mpencraBuTesiel ¢ MapacUMITATOTOHUYECKUM
BereTaTUBHBIM CTaTyCOM IIpU KOTHUTWUBHOI [esi-
TEJIbHOCTU B TIPOU3BOJBHOM BPEMEHHOM DpEXUMe
KOppeJIsSILIMOHHAs Tuiesina oObeIUHSIEeT CKOPOCTb U
aMIUIUTYIy CaKKaI, JJaTCHTHOE BpeMsI caKKal, a TaK-
Xe mapamerphbl uxkcaumii. I[Ipu sTom 3ddeKTUB-
HOCTbB IeSITeTbHOCTH 3aBHCUT OT IUCIIepCUn hUKca-
mii. [Ipu neficTBUM TUMUTHPYIOIIETO BPEMEHHOTO
daxkTopa craTUCTUYECKHE TIEPECTPONKI, CBI3aHHBIE
C TIOTepel B3aMMOCBsI3eil MeXIy nmapameTpaMu 3d-
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(GEKTUBHOCTH ACATSIBPHOCTA W TTOKA3aTeIISIMU OKY-
JIOMOTOPHOM aKTUBHOCTH, NMPUBOIAT K 3HAYNMOMY
CHIDKECHMIO YCITEIITHOCTH BBITIOJTHEHUSI KOTHUTHUB-
HOM 3aga4u.

3AKJIFOUEHHME

Kak rokasayii Hallv UCCJIeIOBaHMS, peau3aliysl
3PUTEIBHOTO BOCIIPUSITHUS Y IPEACTaBUTENCH C pa3-
HBIM BEreTaTUBHBIM CTaTyCOM U B pa3HbIX BpeMEH-
HBIX YCJIOBUSIX UMeeT celuduiyeckrie 0COOCHHOCTH.
M3BecTHO, UTO BEereTaTUBHBIN CTATyC OpraHu3Ma, a
3HAYUT, ¥ TUIT PeakKUMU Ha CTPEecC, OMPEHeIsTIOTCI
MnpeobjajaHueM aKTUBAlUMU CUMITATUYECKOTO WU
napacuMIiaTudeckoro orneios BHC, B cBa3m ¢ yem
JIeJIeHHE BCeX YYAaCTHUKOB HAIllEero MCCaeJ0BaHu Ha
rpyIisl Mo TuIty peakumu BHC o6ocHoBaHoO.

OcCTpblii HENOCTATOK BPEMEHU SIBISIETCS MOILI-
HbIM JIUMUTHUPYIOLIUM (haKTOPOM, KOTOPbIii MOXKET
3amnmycTuTh crielupuueckue peakuun BHC, nosnu-
SITh Ha (P PEKTUBHOCTD Y KAUECTBO padOTHI, SHEpre-
TU4YecKue 1 puszrosiornyeckue 3atpatbl. HecomHeH-
HO, JUMHUT BpPEMEHU CJIeNyeT paccMaTpuBaTh KakK
BaXHBIA (hakTop, BAUSIOIIMA Ha peayn3aluio Ko-
THUTUBHBIX (DYHKIIWA.

ITocKoJIBKY B MHIMBUAYaJILHOM CTpAaTeTUM aaari-
TallMY YeJIOBeKa K JMMUTUPYIOLIUM (haKTopam, COo-
3MAIOIIUM CTPECCOBBIC yciIoBUs, MexaHu3Mbl LTHC,
BHC u BucuepanbHblX (QYHKLUI B3aMMOCBSI3aHbl,
TO ITapaMeTPhl OKYJIOMOTOPHBIX peaKIIMii B IIpoIiecce
BBITIOJTHEHUSI KOTHUTUBHOM 3a1a4M B YCJIOBUSIX Bpe-
MEHHOTO OTpaHMYEHMST MOTYT CIIYXXUTh MapKepaMu
(YHKIIMOHANBHBIX W3MEHEHWIl B OpraHu3Me |
YCIIEITHOCTU JAesATeIbHOCTU. B pesynabrare Halmx
MCCJIEIOBAaHUM BBISIBIeHbI HanboJiee YYBCTBUTEb-
HbIe TTapaMeTpbl OKYJIOMOTOPHOM aKTUBHOCTHU TIpU
KOTHUTUBHON NESATeIbHOCTU B YCJIOBUSIX JIUMMTA
BpeMEHU — JacToTa (UKCcaInii, CpEIHSIST TPOIOIKI-
TEJILHOCTh (PUKCALMii, TUCIepcust (pUKcalmii, aM-
TUTMTYA U CKOPOCTh cakkan. [1pu aToM Heo6XomumMo
VUUTBIBATh, YTO y MpPENCTaBUTENICH C pas3TunIHBIMU
WHINBUIYaTEHO-TATIOJIOTUIECKIMHM  OCOOCHHOCTSIMU
BEreTaTUBHOTIO CTaTyca 3TW MapKepbl MOTYT Bapby-
pOBaTh: y HOPMOTOHUKOB Hanb0JIee IyBCTBUTETLHBI-
MM K JUMUTHUPYIOIIEMY BpeMeHHOMY (haKTOpy SIBIISI-
I0TCSI YacToTa (PUKCALIMM, CPeTHSsIsl MPOAOJIKUTETb-
HOCTb (pUKcaluii; y CMMIMATOTOHUKOB — 4YacToTa
dukcanuii, cpeaHsst MPOIOIKUTEILHOCTh (UKca-
LW, aucriepcust puKcauuii; y napacuMIIaTOTOHU-
KOB — 4yacToTa (pMKcalMii, aMIJIUTyda U CKOPOCTb
cakkam. Y TIpeACTaBUTeNleil BBIICIIEHHBIX HaMM
TPYMII B Tpollecce KOTHUTUBHOM pabOThI B pa3HBIX
BpPEMEHHBIX YCIIOBUAX 3a()MKCHPOBAHBI pa3Has 3¢h-
(heKTUBHOCTH BBHITIOTHEHUS 3aIaHUI 1 CKOPOCTh 00-
pabOTKM OTHOTO CJIOBA. B yCIIOBMSX orpaHWYeHUS
BpEMEHHN Y CUMITATOTOHUKOB M ITapacUMITAaTOTOHM-
KOB CHMKaeTcs 3PeKTUBHOCTD, 8 CKOPOCTb BBITION -
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HEeHMs 3aJa9d YBEJIMYMBACTCSI, OMHAKO, BBIPAXKCH-
HOCTh 3THUX M3MeHeHui pa3Hasg. Haubomee adpdek-
TUBHAsT M CKOPOCTHAsI o00paboTKa 3pUTEITHHOMN
vHpopMallMKM B YCJIOBUSIX BPEMEHHOIO JIUMMTA,
obecrieuynBaloIasicsl yBeJIMYeHNEM YacTOThI (pUKca-
LI ¥ CHUKEHUEM IJIUTEJIbHOCTU (pUKCcALIUi, XapaK-
TepHa IS IIPeACTaBUTEIIel C HOPMOTOHUYECKUM Be-
reTaTUBHBIM CTaTyCOM.

NCTOYHUK OMHAHCUPOBAHUA

UccnenoBaHue BBIIIOJHEHO IIpU (DUHAHCOBOI ITOI-
nepxke POD®U B pamkax HayuHoro npoekra Ne 19-313-
90062.
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(b1MKTa MHTEPECOB, O KOTOPOM HEOOXOIUMO COOOIIUTD.
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Oculomotor activity in solving visual cognitive tasks under different time conditions

A. 1. Taleeva“* and N. V. Zvyagina“
¢ Northern (Arctic) Federal University 163002 Arkhangelsk, Severnaya Dvina Emb. 17, Russia
#E-mail: a.taleeva@narfu.ru

Oculomotor activity is a physiological marker of cognitive activity. The parameters of visual-motor reactions
reflect the brain processes of perception, processing, and comprehension of received information. In con-
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temporary society, a person lives in conditions of rapid socio-economic and technological changes, high in-
formation loads, accelerated pace of life and ever-increasing time pressure. Activity in time pressure condi-
tions or work performed within strictly limited time are characterized by the use of additional physiological
reserves, psychological and psychophysiological disbalance, changes in the brain activity, which can lead to
the development of a stress reaction. In representatives with different types of autonomic regulation of func-
tions, stress reactions have specific manifestations that will be traced in the functioning of the most reactive
systems of the body, affect brain activity and, accordingly, during the implementation of visual cognitive ac-
tivity, affect the parameters of oculomotor activity. Seventy students of the Northern (Arctic) Federal Uni-
versity named after M.V. Lomonosov have participated in the research. We studied oculomotor reactions of
students with different vegetative status when solving cognitive tasks at an arbitrary pace and under time pres-
sure. The most sensitive parameters of oculomotor reactions when reading under time limit conditions were
identified: fixations frequency, average duration of fixations, dispersion of fixations, amplitude and speed of
saccades. At the same time, it was shown that in representatives with different individual-typological features
of the vegetative status, these markers can vary. In representatives with different status of the autonomic ner-
vous system in the process of cognitive work in different time conditions, different performance of tasks was
recorded. The most effective and high-speed processing of visual information in the conditions of the time
limit, accompanied by an increase in the parameters of the frequency of fixations and a decrease in the dura-
tion of fixations, is characteristic of representatives with a normotonic vegetative status.

Key words: Oculomotor activity, saccades, fixations, cognitive task, vegetative status, physiological adaptation
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da3bl rpedHeit), MO0 CIEKTpP C HEPa3IMUYMMOM rpebeHYaToi CTPYKTYPOIi. JIOMOTHUTEIbHBIN CUTHAIT UMEJT
TY XK€ CITEKTPAJIbHYIO TTOJIOCY M TOT Xe YPOBEHb, YTO TECTOBBIN 1 peepeHTHBIN CUTHAIBI, 1 UMEJ CIIEKTP
JIM0O TIOCKUIA, JIMOO TpedbeHYaThIil C IJIOTHOCTBIO rpebHelt oT 2 10 7 1ukKi/oKT. I1pu rpedbeHuaTom pede-
PEHTHOM CHTHaJIe pa3pelieHNe ITIOTHOCTU I'PeOHE coCTaBIIIO 8.7 LIMKJI/OKT B KOHTpOJIe (6€3 HAIOXKEHUS
TOTIOJTHUTEILHOTO CUTHaJIa), 8.5 IIMKII/OKT IMPU IUIOCKOM IOITOJIHUTEIBHOM CUTHajie W oT 8.6 1o
9.2 UMKJI/OKT TIpU AOTIOJTHUTEILHOM CUTHAJIE C TNIOTHOCTBIO IpeOHel OT 2 10 7 LUKJI/OKT; OTJIMYHUS ITUX
3HAYEHMIT OT KOHTPOJISI He ObLIA CTAaTUCTUYECKU TOCTOBepHBI. [1pu pecdepeHTHOM CUTHajIe ¢ Hepa3InIMMO
CIIEKTPATBHOM CTPYKTYPOi1 pa3pellieHre TUIOTHOCTH TpeOHel B TeCT-CUTHaJIe cocTaBrIo 51.0 1IUKII/OKT B KOH-
TpoJe, 16.7 LUKJI/OKT MPHU TJIOCKOM IOMOJTHUTEIbHOM curHaje 1 oT 11.0 1o 11.1 LuKiI/OKT npy TOTMOJTHU -
TEJTLHOM CHUTHAJIE C TDIOTHOCTBIO IpeOHel OT 2 M0 7 LIUKJI/OKT; OTJIMUMS BCEX 3THX 3HAYCHUM OT KOHTPOJIS
ObLIM CTAaTUCTUYECKU JOCTOBEPHBI. VI3 TaHHBIX CIEAYET, YTO HAJIOKEHWE TOMOJHUTEIbHOIO CUTHAJIA BbI-
3pIBaeT 3 eKThI, CBSI3aHHBIE CO CIMIEKTPAIBHBIM PUCYHKOM AOTIOJIHUTEILHOTO CUTHAJIA, TIPUYEM 3TH 3 -
GbeKThl pa3IMYHbI IJIsI CIIEKTPAJIbHOIO U BPEMEHHOIO MEXaHM3MOB YaCTOTHOTO aHaIM3a, YJ4acTBYIOIIUX B

PasiIN4€HUU CUTrHaJI0B.
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BBEIAEHME

3BYKOBBIE CUTHAJIBI C TPeOECHYATEIMM YaCTOTHBI-
MU CIIeKTpaMU1 aKTUBHO MPUMEHSIIOTCS I TECTUPO-
BaHMs YacTOTHOM paspelialolleii CIIOCOOHOCTU
(YPC) cinyxa. B rpebeHUaThIX CIEKTpax YepeayloTcs
MaKCUMyMbl 1 MUHUMYMBbI CIIEKTPaJILHOM IJIOTHO-
ctu (rpebHU), co3maBasi TaKUM 00pa30M CIIEKTpajib-
HyI0 “penreTky”’. MakcuMaibHasI IJIOTHOCTb Tped-
Heli, Mpu KOTOPOIl ciyXxoBas CUCTeMa CIOCOOHa
OTJIMYUTH TECT-CUTHAJI OT CUTHAaja C JIPYTUM MOJIO-
XKEHHUEM CIIEKTPaJbHBIX MaKCUMYyMOB-MUHHMYMOB
Ha YaCTOTHOM IIKaJie WX OT CUTHAaJIa, CIIEKTP KOTO-
pOro He UMeeT IpebeHYaTOM CTPYKTYpPHI (“ITOCKMIiA”
cniekTp) — wuH$popMaTuBHBI wuHAUKaTop YPC.
I1noTHOCTH IpeOHelt MOXeT OBITh ITpeacTaBlieHa KakK
KOJIMYECTBO IpeOHell 1100 Ha JIMHEWHYIO SIUHUILY
yacTtoThl (Iukia/kIir), mubo Ha JorapudMUIEecKyIo
eAUHUIY YacCTOThI (LIMKJI/OKT). IJIsl ClIeKTPOB C paB-
HOMEPHBIM paclipeaejieHueM I'peOHeil Ha 4acTOTHOM
IIKajle  ageKBaTHOM  SIBISETCS  Pa3MEpPHOCTh
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LUKJ/KI1I, 1151 CTIEKTPOB C JJOrapu(MUIYECKUM pac-
TpeneieHeM — IIMKJI/OKT.

YcranosneHo, yto YPC ciyxa yenoBeka 3aBUCUT
oT psima pakTopoB. B yacTHOCTHU, CyIlIeCTBEHHO pa3-
Hble ouleHKn YPC ObIIM 1mMonMydeHBI B 3aBUCUMOCTH
OT TOTO, KaKve CUTHaJbl MCIOJb30BAIMChH B 3ajaye
paznuueHus. Ecnu pedepeHTHBII CUTHAI UMEET I'pe-
OEHYATBIN CIIEKTP C TOM Xe IJIOTHOCTBIO TpeOHeid,
YTO M TECT-CUTHAJI, HO C APYITMM PAaCIIOJIOXEHUEM
rpeOHell Ha YaCTOTHOI IKaje (pa3iaudue 1o ¢ase
rpebHeif), TO 3T IBa CUTHaJIa MOTYT pa3IMdyaThCs
MPU MJIOTHOCTHU TpedHeit okoso 10 uki/okT (Supin
et al., 1994, 1997, 1998,1999; Anderson et al., 2011;
Nechaev, Supin, 2013). IIpu 3ToM BO3MOXHBI Bapu-
aHTBI: €CJIM TeCT-CUTHAJ COIAEPKUT HECKOJIbKO Cer-
MEHTOB C IIPOTUBOIIOJIOXHOI (ha3oii rpedHeil, a pe-
(GEepeHTHBIN CUTHAJI XapaKTepU3yeTcsl ITOCTOSTHHOM
¢daz3oii rpedHeli, To MOPOr pa3jIMuYeHUsI COCTaBJIsSIeT
9—10 uuki/okt. Ecnu ke u TtecT-curHai, u pede-
PEHTHBIA CUTHaJl XapaKTepU3yIOTCS MNOCTOSHHOM
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daz3o0ii rpebHell, HO (ha3a pasnImyHa UIST 3THX IBYX
CUTHAJIOB, TO MOPOT pa3JIWYeHUs] HUXKE: OKOJIO
8 muki/okt (Anderson et al., 2012; Milekhina et al.,
2018) nnm naxe 5 muki/okT (Henry et al., 2005). Pa3-
JInune OOBSICHSUIOCh TEM, YTO B MEPBOM ciiydyae Ijs
pelIeHMS 3a1a4y pa3InueHUs KpaTKOBpEeMeHHas I1a-
MSITh HE Y4acTBYeT (B TECT-CUTHaJIe 3BYyKU C IPOTHU-
BOIIOJIOXKHBIMM (pa3zaMu rpeOHeli crieKTpa HeIrmocpes -
CTBEHHO CMEHSIOT APYT Ipyra), a BO BTOPOM CJIydae
HeoOXoauMO ydJacThe KpaTKOBPEMEHHOI MHaMsTH,
MOCKOJIBKY TECTOBBIMF U pedepeHTHBIN CUTHAIBLI
MIPEAbSIBIISIOTCS TTOCIEAOBATEIbHO, U OOUH U3 CHUT-
HaJIOB CPaBHMBACTCS C COXPAHEHHBIM B ITaMsITA 00-
pa3oM Ipyroro.

[IpyHUIMIIMANBHO NpPYTME PE3yJbTaThl MOJLYYEHBI
B DKCIIEPUMEHTaX, B KOTOPHIX TPEOOBAJIIOCH pa3yiu-
YUTh TECTOBBI CUTHAJI C TPeOCHYATHIM CIIEKTPOM U
pedepeHTHBIN CUTHAJ C TUIOCKUM CIIEKTpOoM. B aTom
cllyyae pasjinyeHue OKa3bIBAJIOCh BO3MOXHBIM TIPU
IJIOTHOCTHU rpeGHeil B TECTOBOM cUTHaJIe 10 60 1IKIT/OKT
(Anderson et al., 2011, 2012) nwiu no kpaiiHeil mepe
6onee 20 uuki/okt (Nechaev et al., 2019). Paznuuue
B oueHkax YPC, 3aBucsiiiee oT xapakrepa pedepeHT-
HOTO CHUTHAaJIa, OOBSICHSUIM T€M, YTO B pa3HbBIX 3a1a-
yax pasJIMueHUs CJIyXOBasl CUCTeMa UCIOIb3YeT pas-
HBIE MEXaHU3Mbl YaCTOTHOTO aHa/IM3a: B OQHOM CIIy-
yae — aHaJau3 YacTOTHOIO CIIEKTpa Ha YypPOBHE
CJIYXOBOM YJIUTKM (YCJIOBHO 00O3HavaeMbIii KaK 4a-
CTOTHBIN aHaIW3), B IPYTOM — aHaJM3 BPEMEHHOM
CTPYKTYPBI CUTHajla B CIYXOBBIX HEPBHBIX HEHTpaX
(ycoBHO 0003HaYaeMbIi KaK BpEMEHHOI aHau3).
TepMuHBI “4acTOTHBIA” U “BpeMEHHOI” B JaHHOM
KOHTEKCTE Hy>XKHO paccMaTpMBaTh KaK YCIOBHEBIE, ITO-
CKOJIbKY JII00OM CHUTHAJI U ero MpeoOpa3oBaHUsI MO-
T'yT OBITh OMMHAKOBO IIOJIHO OIIMCAHBI KaK B YaCTOT-
HOM, TaK 1 BO BD€EMEHHOM MpPeACTaBICHUN, HO TIPU-
MEHMUTEIbHO K aHajJM3y CUTHAJIOB B CJIyXOBOW
CHCTEME 3T TEPMUHBI 0003HAYAIOT pa3Hble (PU310-
JIOTUYECKNE MEXaHU3MEL.

Yyactre BpeMeHHOTO MeXaHM3Ma B aHaJIN3e Tpe-
OEHYATBHIX CHUTHAJIIOB BO3MOXHO TOTOMY, UTO OHH
WMEIOT CKPBITYIO MEPUOIUYHOCTD: PUCYHOK 3BYKO-
BBIX KOJIcOaHMIT TOBTOPSIETCS Yepe3 BpeMeHHbBIC MH-
TepBaJIbl, 0OpaTHBIE YACTOTHBIM MHTEPBaJIaM MEXIY
rpeOHsIMU CIeKTpa. BTa MepUuoOaAUIHOCTD IPOSIBJISI -
eTcsl B aBTOKOppenssunoHHon ¢pyHkuun (AKD) cur-
Hajla KaK HaJu4due MTOITOJIHUTEJIBHOTO CETMEHTa C
3aIepXKKOi T = 1/8f, rue T — 3amepKKa 1 Of — 4acToT-
HBII MHTEPBaJI MEXIY TpeOHAMU. J1JIsI TP OKOIIOIOC-
HBIX CUTHAJIOB C TIOCTOSTHHBIMM YaCTOTHBIMM MHTEP-
BaJlaMU MEXKIy TPeOHSIMU 3TOT CETMEHT PeayLIUpyeT-
¢ 10 Y3KOTO TTHKa. YJacTre BpeMeHHOTO MeXaHn3Ma
B aHaJIM3¢ IpeOEHYATHIX CIEKTPOB TTePBOHAYATBHO
npeanosarajaock B padorax (Yost et al., 1996; Patter-
son et al., 1976). DTOT ke MEXaHU3M MOXET OBITh OT-
BETCTBEHHBIM 3a pa3nnuyHble olieHKM YPC B aKkcIre-
pMMEHTaX ¢ rpebeHYaThIM U ¢ TUIOCKUM pedepeHT-
HBIM CUTHaJIOM. Ecim m TecTOBHIN, U pedepeHTHBIN
CHUTHAJIBI UMEIOT IPpeOeHYATYIO CTPYKTYPY CITEKTPOB C
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OOMHAKOBBIMY MHTEpBaJaMHU MEXOy T'PEOHSIMU, TO
TTOJIOXKEHUE 3aiep>KaHHOTO cerMeHTa B X AK® onu-
HAaKOBO, U pa3IndeHue 3TUX CUTHAJIOB IPU MOMOIIU
BPEMEHHOIO MEXaHM3Ma HEBO3MOXHO; B pa3Imye-
HUUM y4aCTBYET TOJIBKO YaCTOTHBIM MexaHu3M. Eciu
Xe peepeHTHBIN CUTHAI UMEET IJIOCKUIA CIEKTp, TO
3aJepKaHHbIN cerMeHT B ero AK®D oTCcyTCTBYyeT, T.€.
CUTHaJl HE MMEET CKPBITON IePUOAUYHOCTU, U TIO
3TOMY IIPU3HAKY TECTOBbIA U pedepeHTHBI CUTHA-
JIBI MOTYT Pa3jIMyaTrhbCs IIPU ITOMOINM BPEMEHHOIO
MexaHu3Ma.

Bce npuBeneHHbIE BbIlIE JaHHbIE O 3HAYEHMSIX
YPC mis1 06enx 3agay pazindeHus (C IpuMeHeHUEM
rpebeHYaTbIX U TJIOCKUX pe(epeHTHBIX CUTHAJIOB)
MOJIyYEHBI B YCJIOBUSIX, KOTa TECTOBBIN U peepeHT-
HBIIA CHUTHAJIBl TPENbSBISINCh MCIBITYEeMOMY Ha
“gucToM” (OHE, He colIepxKalleM IPYTruX 3BYKOBBIX
curHayioB. Takas uaeaqvM3upoBaHHas CUTyallusl He
COOTBETCTBYET OOJBIIMHCTBY peaJIbHbIX aKyCTU4e-
CKUX CLIEH, B KOTOPbBIX “lIejieBOi” (T.€. IMomIeKaluii
OOHapYyXEeHMIO U aHAJIM3Y) CUTHAJ BO3HUKAET Hapsi-
Iy ¢ MHOKECTBOM JIPYTUX 3BYKOBBIX CUTHAJIOB, KOTO-
pbI€ TI0 OTHOIIIEHUIO K 1IeJIEBOMY MOTYT paccMaTpU-
BaTbcsl Kak (poHOBbBIH 1yM. [ToaTOMY BaxkHO 3HATB,
KakruM obpa3om 3BykoBoii (poH BiusieT Ha YPC ciy-
Xa, U KaK 3TO BJIMSTHUE 3aBUCUT OT XapakTepa (hoHO-
BBIX 3BYKOB.

MoOXHO OXUAaTh, YTO JOOABOYHBII CUTHAJT YXY/I-
AT pa3IMuyeHue IpeOeHYaTON CTPYKTYPHI CIIEKTpa
TECTOBOTO CUTHAaJIa BBUIY XOPOIIO M3BECTHOIO 3(-
dekTa sHepreTUYECKOoil MacKMpoBKHU. IlpmMeHU-
TEJIbHO K Pa3jIMYeHUIO TpeOeHYATHIX CIIEKTPOB 3TOT
3¢ deKT OyIeT MPOSIBISATECS B TOM, YTO 1O0OABOUHBIM
CUTHAJl YMEHBIIUT ITyOMHY MOmyasuuu (Iepenan
MEXAY CHEKTPaJIbHBIMMU MaKCUMyMaMW M MUHUMY-
MaMU) TECTOBOTO CUTHaJja, a YMEHbIIIEHUE TIIyOUHBI
MOOYJISIIUN IpUBoIuT K cHikeHuio YPC. OgHako
HETPUBUAIbHBIIA BOIIPOC COCTOUT B TOM, CBOIMTCS
a1 3(PdeKT TOIMOJTHUTEIBHOIO CHUTHAaJIa TOJBKO K
SHEPreTUYCCKOM MaCKUPOBKE, VMJIA OH 3aBUCUT elle
1 OT XapaKTePUCTUK IOIIOJIHUTEIBHOTO CUTHAaja, B
YaCTHOCTH, OT TOTO, HACKOJIBKO CTPYKTYPUPOBAH €T0
YaCTOTHBII CIIEKTP.

B HacTosiieM nuccienoBaHUM ISl pELIeHUs 3TOTO
BOIIpOcCa IIPMMEHeHa ClIeAyIolasl KCIIEpUMEHTaIb-
Has momenb. U3mepsim YPC B ycnoBmsx, Korma Te-
CTOBBII U pedepPEeHTHBINA CUTHAJIBI CYMMUPYIOTCS C
JIOTIOJITHUTEIBHBIM CUTHAJIOM, KOTOPEI MEET JIM00
rpebeHYaThIi, MO0 TUIOCKUN crieKTp. Bmustnue mo-
MoJIHUTEeNIbHOTO curHajga Ha YPC uccnenoBanu mpu
JIBYX 3aJavyax pasjMyeHMs: MeXIy AByMs rpeOeHYa-
TBIMU CUTHAJIaMH (T€CTOBBIM U pe(EPEHTHBIM ) Y MEXK~
Iy TpeOeHYaThIM TECTOBBIM M pe()epPEHTHBIM CUTHAJIOM
C HEPA3JINYMMOM CIIEKTPAJILHOM CTPYKTYPOM.

METOOAUNKA

chblmyeMble. B nccnenosannu IIpUHUMAaJIN y4da-
CTHUEC OCBATH UCIIBITYCMbIX (HSE[TI: MY2XKYMH M YETBIPEC
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KEHIIWHBI) B Bo3pacte oT 25 1o 54 net. Ilepen akcme-
pUMEHTaMM I BCEX MCIIBITYEMbIX OblLiIa IIPOBeAcHA
CTaHAApTHas ayaMOMETpUsi, KOTopas IToKa3ajia Io-
poru caermmMocTd He Beime 10 nb Ha gacTote 2 k111,
Ha KOTOPOM ObLIN LIECHTPUPOBAHKI Bce CUTHAIEL. Bee
HUCIIBITYeMbIE TOANKUCANIY IMMMCbMEHHOE CoIJIache Ha
y4JacTHe B DKCIIEpUMEHTAX, IIPEaroiaralonmx mpo-
CJIyIIIMBaHWE 3BYKOBBIX CUTHAJIOB ¢ ypoBHeM 70 nb
VY3]1.

Bo BpeMs1 n3aMepeHUsT UCIIBLITYEMBIM HaXOIUJICS B
3ByKonzoiaupoBaHHoi KabmHe MINI 350, IAC (I'ep-
MaHMs), OOeCIIeUMBAIOIIEel 3amTylleHue BHEITHUX
3BYKOB He MeHee yeM Ha 40 nb.

ITporpamma skcriepuMeHTOB O6bLTa omoopeHa Ko-
Muccueid 1o 6MoaTuke MHcTuTyTa NpoodaeM 3KoJio-
ruu u 3Bomounu PAH.

Cmumynas. ITlporpamMmma u3MepeHUIi BKIIOYaja
MpeabsBICHUE IBYX BUIOB CTUMYJIOB. TECTOBBLIC U
pedepeHTHRIE.

TecToBrlii cTuMyn (puc. 1, @) UMen cneKTpalib-
HYI0 MOJIOCY, OrpaHMYEHHYI0 KOCHUHYCOUOAJbHON
orudaroleiil ¢ mepuonoM 2 okT. Ilojoca GbLIa LIEH-
TpupoBaHa Ha 4yactote 2 KI11, T.e. Bcsl mojoca BKIO-
yayia yacToThl oT 1 1o 4 kI11. B mpeaenax orndaroeit
CIIEKTpP MMEJI TpebeHYaTyIO CTPYKTYPY, T.€. Uepeaylo-
muyecss MaKCUMyMbl M MWHHMMYMBI CIIEKTPaJIbHOM
amrunTyabl. @opMa rpedHel onuchiBaaach KOCUHY-
coupaibHOM (DYHKIIMEH OT Jorapudma 4acToThl, T.C.
rpeOHM CIIEKTpa OBUIM YaCTOTHO-IPOIIOPLMOHAIIb-
HbIMU. [110THOCTB TpeOHeil 3amaBanach B LIMKJI/OKT
¥ MOTJIa IPMHUMATh CIIeAYIONINe 3HaueHus: 2, 3, 5,7,
10, 15, 20, 30, 50, 70, 100 tukJ/oKT (KBasujorapudg-
MUYecKasl IIKaja ¢ IIeCTbIo CTyreHsIMU Ha 10-Kpar-
HEBI1 MHTEepBaj). Bo BpeMs meiicTBUS TeCTOBOIO CTH-
mysa kaxnabeie 400 Mc asa cneKTpajbHBIX TpeOHEN
WHBEPTUpOBaJa (IOJIOXEHHUS CIIEKTPaIbHbBIX MaKCH-
MYMOB M1 MUHMMYMOB Ha YaCTOTHOI IIKaje MEHS-
JIMCh Ha IPOTUBOIOIOXHEIE). CTUMYJI comepxKaa
IIECTh CETMEHTOB C IPOTUBOMNOJOXHBIMU (pazaMu
rpeOHeli CrieKTpa, TaK 4To 00LIast JIUTEIbHOCTb CTH -
myita cocrabisuia 2400 mc.

PedepeHTHBIN CTUMYII MMEN MO0 Pa3IMIYNMYIO
rpebeHyaTyo, JUOO HEPaIUIUMYIO0 CTPYKTYPY
cuekrtpa. Ob0a BapuaHTa pedepeHTHOro CTHUMYJa
MMENIM TaKylo e OTMOAIONIYI0 CIIEKTPA U TaKYIO XKe
mTeabHOCTh (2400 MC), KaK TeCTOBBII CUTHAI.

PedepeHTHEBIN cTUMYN ¢ pa3IMYMMOIi rpebeHYa-
TOit cTpykTypoil (puc. 1, 6) UMell TaKkylo Xe IIJIOT-
HOCTb CITEKTPaIbHBIX TpeOHE, KaK U TECTOBBII CTH-
Myia. OTauuve OT TECTOBOTO CTUMYJa COCTOSIIO B
TOM, 4TO (pa3a rpeOHell ocTaBajlach MOCTOSHHOI B
TeUeHMe BCETO BpeMEHMU IefiCTBUSI CTUMYIIA.

PedepeHTHBIN CTUMYI ¢ HEPa3IMUYUMOMN CTPYKTY-
poii criekTpa (puc. 1, ) UMeJl CIIeKTp, B KOTOPOM
MaKCUMyMbl U MUHMMYMbl aMILUIMTYIbl YepeaoBa-
JIUCh ¢ IMKJIMIHOCTBIO 2° = 512 umki/kI1, 4To cooT-
BETCTBOBAJIO 362 IIUKJI/OKT Ha HIKHEM Kpae 4aCcTOT-
Hoit nosocsl (1 kI'1) 1 90 uMKII/OKT Ha BEpXHEM Kpae
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Puc. 1. YacToTHBIE XapaKTepUCTUKU (PUIBTPOB, UCHOIb-
3yeMBIX JIJISI CHHTEe3a CUTHAJIOB (OHU e — CIIEKTPbI IUTU -
TEJbHBIX OTPE3KOB CUHTE3UPOBAHHbBIX CUTHAJIOB 0€3 Ha-
JIOXKEeHUS TOTIOJIHUTEJIbBHOTO CUTHAJIA).

a — TeCT-CUTHAJI C TJIOTHOCThIO rpebOHell 7 TMKII/OKT; I 1
2 — CIIeKTpbl, CMEHSIIOIIME APYT Ipyra B TeUeHUE Neii-
CTBUSI CTUMYJa; 6 — pedepeHTHBIN CUTHaJI ¢ TpebeHYa-
TBIM CITEKTPOM; ¢ — peepEeHTHBIN CUTHAJ C HEpa3Iuiu-
MOI CTPYKTYpPOI CIIEKTpa; rpeOHM BBICOKOI IIOTHOCTU
HE MOTYT OBITh BOCIIPOM3BENEHBI Ha PUCYHKE, TTO3TOMY
MoKa3aHbl TOJBKO BepxHsst (/) M HUXKHSIS (2) TpaHUIIbI
CIEeKTPaIbHbIX aMITIUTYI.

(4 xI1r). DT 3HAaYEHUsT HAMHOTO IIPEBOCXOASAT U3-
BECTHEBIC TAaHHBIC O pa3pellleHUH INIOTHOCTU IpeOHe
npu moboit ¢opme skcnepumeHTa. [1osTOMYy MBI
MMPUHUMAJIA, YTO CTPYKTYypa CIIEKTPa B TAKUX CTUMY-
Jlax 3aBeIOMO Hepa3jinduMa, T.e. OHM MOTYT pac-
CMaTpUBaThCd KaK MMUTALUS CTUMYJIA C TUIOCKUM
crnekTpoM. B oTiinume oT CTUMYJIOB ¢ peajbHO TII0C-
KMM CIEKTPOM, OHM UMEJIY TaKOM Xe Ieperan MexX-
Iy MUHUMYMOM ¥ MaKCHUMYMOM CITIEKTPaJbHBIX aM-
IUTUTY[I, KaK Y TECTOBBIX CTUMYJIOB, YTO OBLIO MIPUH-
LAITMAJILHO BaXXHBIM IIpU CpaBHEHUM CTUMYJIOB, Ha
KOTOpBIE€ HAaKJIaIbIBAJICS JOMOJTHUTEILHBIN CUTHAT.

Bce ctuMyiibl, Kak TECTOBBIE, TaK M pedepPEHTHbBIE
MMeJIM OJMHAKOBBLIEe BpeMeHa HapacTaHUsI-CIiana
10 Mmc m Y3]1 70 nb.

TecToBHI 1 pepepeHTHBII CTUMYJIBI IPEIbIBIISI-
JIMCH IMOO B YMCTOM BUE, 0€3 HAJIOXKEHUS TOTIOJIHU -
TeJIbHBIX CUTHaJIOB (puc. 1), 1n60 Ha HUX HaKJIaIbl-
BaJICSI IOTIOJIHUTEIbHBINA CUTHAI. JlOMOJIHUTEILHBIN
CUTHaJI MMeEJI JUOO TIJIOCKMI, JTMOO TpeOeHYaTHIN

CEHCOPHBIE CUCTEMbBI  TtoM 35 Ne3 2021
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HopMmanusoBaHHas crieKTpajibHag aMIUIUTY1a
201

L.5r

1.0
0.5

0
2.0

L.5

1.0

0.5

0
2.0

1.5
1.0
0.5

0

0.5 1 2 3 4 5
Yacrora, KI11

Puc. 2. CriekTpbl TECTOBOIO U pehepeHTHOTO CUTHAJIOB C
HaJIOKEHHUEM JOTOJTHUTEILHOTO CUTHAJIA C TPeOeHYAThIM
CIEKTPOM 3 IIMKJI/OKT.

a — TECT-CUTHAJI C TIJIOTHOCTBIO TpeOHel 7 MKI/OKT; [ 1
2 — CHEKTpPBI, CMEHSIOIINE APYT Apyra B TeYeHUE Acii-
CTBUSI CTUMYJIa. 6 — pedepeHTHBIN CUrHaa ¢ rpedbeHva-
TBIM CIIEKTPOM; 8 — peepeHTHbBINM CUTHAJ C Hepa3Iniu-
MOIi CTPYKTYPOIi CIIEKTpa; TTOKa3aHbI TOJIbKO BEPXHSIST 1
HVKHSISI TPAHULIBI CIIEKTPAIbHBIX AMIUIMTY/I.

CIIEKTp € TaKOM Xe MOJIOCOM, KaK Y TECTOBOIO U pe-
depeHTHOro curHaioB. COOTHOIIEHHUE CIIEKTpalb-
HBIX aMIUIATYI TECTOBOTO WX peepEeHTHOTO CUTHA-
Jla ¥ JOTIOJIHUTEJIBLHOTO CUTHasa cocTaBisio 1 : 1.

B ciryuae rpeGeHYaTOrO TOMOJTHUTEIILHOTO CUTHA-
Jla CcyMMapHbIe CUTHAJIbI (TECTOBBIN + JOMOJIHUTEIb-
HBI U pedepeHTHBI + MTOMOMHUTEIbHBIN) UMEIU
CJIOXKHBIE CIIEKTPBI, ONMKUCHIBAEMbIE CYMMOI1 IBYX KO-
cunycoun (puc. 2). IT1oTHOCTh TpeOHE B TOMOJIHU--
TEJIbHOM CHUTHaJIe BapbHpPOBaJM CTYIEHYATO, OHAa
MorJia IIPMHUMATh 3Ha4YeHus 2, 3, 5 uinu 7 LUK/ OKT.
MakcumanbHasi TJIOTHOCTh 7 IIUKJI/OKT ObLIa BbI-
OpaHa MOTOMY, YTO OHA He IIpeBHIIIajla 3HAYCHUM
YPC, oxumaeMbIX, UCXOOs M3 JUTEPATypPHBIX HaH-
HbIx (BBeneHue). Takum oOpa3om, oOecrieynBagoch
MOCTOSTHHOE yCJIOBUE, COCTOSIIEE B TOM, YTO MHTEP-
BaJI TIOBTOPEHMSI PUCYHKA B JOITOJHUTEILHOM CUT-
HaJle He MPEeBbILIAJ COOTBETCTBYIOIIUI MHTEpPBa B
TECTOBOM U pedepeHTHOM CTUMYJIaX HAa IOPOTe pa3-
JINYECHUS.

B cnydae miockoro AOIOJHUTEILHOTO CUTHAJa
ero HaJIOXXeHHE TIPUBOIUIO K YMEHBIICHUIO TIyOu-
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Puc. 3. To ke, 4yTo puc. 2, Ijis TOMOJIHUTEIBHOIO CUTHAJIa
C TUIOCKMM CIIEKTPOM.

Hbl MOJIYJISILIUM CIIEKTPA TECTOBOTO U pedEPEeHTHOIO
CUTHAJIOB BABOE MO CPABHEHUIO C “YUCTHIM” CUTHA-
oM (puc. 3).

lenepayusi cmumynos. Bece cTUMYIIbI CUHTE3UPO-
BaJI HU(PPOBBIM CITOCOOOM C UCITOJIL30BAHUEM OPH -
TMHAaJIbHOI IporpaMMBbl, COCTaBJIeHHOM B cpene Lab-
VIEW (National Instruments, CIIIA). Yacrora cTpo-
OMpPOBaHU IIPU CUHTE3E€ CUTHAJIOB COCTaBJIsLIA 25 =
= 32 xI11, ¥ YncI0 TOYeK CTpOOMPOBAHUST COCTABIISI-
g0 2% = 16384, 4yTo maBayio IpoOGHOCTH NUMPOBOTO
onucaHus criekrpa 2° = 512 touek/kI . [Iporpamma
CHHTE3a BKJII0YaJja CAeAYIOIINe IIaru.

* Co3zgaBanoch LIM(PPOBOE OIMMCAHUE CIIEKTPOB
TECTOBOTO, pe(epEHTHOrO U JOMOJHUTEILHOIO CUT-
HanoB. J1JIsT TeCTOBOTO CUTHAJIa CO3MaBaii HN(PPOBOE
OITMCaHUuE€ ABYX CIICKTPOB C O[LVIHaKOBOﬁ ITIJIOTHO-
CTbIO TPeOHE, HO ¢ MPOTUBOMOJOXHBIMU (ha3zaMu
rpedHel (IpOTUBOIIOJIOXKHBIM ITOJIOXKEHUEM MaKCH-
MYMOB 1 MUHUMYMOB CHGKTpaHbHOﬁ aMIUIUTYAbI Ha
IIIKAJIe 9acToT).

* Ecm InpeamnosaraaoCb NpMMEHCHUEC JOITOJIHHN -
TCJIbHOTO CHUI'Hala, TO aMIUIMTYJHO-4YaCTOTHLIC
CIIEKTPBI TECTOBOTO 1 pe(bepeHTHoro CHUTHAJIOB CyM-
MUPOBaJIM C aMINIMTYIHO-9YaCTOTHBLIM CIICKTPOM HO-
TIOJTHUTECJIBHOI'O CUTHaJia.

» O06patHbIM TIpeobpaszoBaHueM Pypbe monyya-
JIN BpeMEHHEBIE TepenaToOYHble (DYHKIIUM TECTOBOTO
curHana (C HaJIOKEHHBIM JTOTTOJTHUTEIIFHBIM CUTHA-
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JIOM 1Ji1 6€3 Hero, B 3aBUCUMOCTH OT 3a7a4u IKCIie-
pUMeEHTa) U pedepeHTHOro CurHaja (Takxke ¢ HaJlo-
SKEHHBIM JOIOTHUTEILHBIM CUTHAJIOM WJTA O€3 HETO).

* CozpaBanu nudpoBoe onrcaHue 0eJIoTo IIIyMa
KaK rayCcCOBOI MOCIeA0BaTEIbHOCTU YU CE.

* BreimonHsum ¢uabTpamuio 6eJIoro IryMa CooT-
BETCTBYIOLIUM HUPPOBBIM pruibTpoM. @uiabTpalinio
MIPOBOIIIN ITYTEM CBEPTKHU OEJIOro 1IymMa ¢ BpeMeH-
HOM mepenaTodyHoi pyHKIuel ¢puiabrpa. JIias moay-
YyeHUs TecToBoro curHaja Kaxaple 400 Mc OeJblit
IIYM TIEpeHarpaBIsIdi CO BXOJAa OJHOIO M3 IBYX
(GUIBTPOB C MOPOTUBOMNOJOXHBIMU (pa3zaMU CHEK-
TPAJILHBIX TPeOHEI Ha BXOI IPYTroro u o0paTHO; BEI-
xoabl (GUIBTPOB cymmupoBanu. Illects uyepemyro-
IIIXCS CETMEHTOB C IIPOTHUBOIIOJIOXKHBIMU (pazaMu
CITIEKTPAIILHBIX TPeOHE COCTaBISIN HU(PPOBOE O -
caHue TECTOBOIro CUTHajia UInTeJbHOCThIO 2400 Mc.
st mosryaeHus1 pepepeHTHOTO CUTHAJIa MCIIOJIb30-
BaJI ogfH (GMITBTP M OTPE30K OEJIOTO IITyMa JINTEITh-
HocTblo 2400 Mc.

+ K monydeHHOMY CHTHANy IMTEIbHOCTBIO
2400 Mc TpUMEHSIITN aMIUTATYTHYIO MOLYJISIIINIO, KO-
TOpasi co3naBaja JIMHEeMHOe HapacTaHUe aMILIUTYIbI
B TeueHue 10 MC M TUHENHBIN clia B TEUEHHE TAaKOTO
K€ BpEMEHMU.

* AMIUIMTYAY CUTHaJ/Ia YCTaHABJIMBaJIA Ha TaKOM
YPOBHE, YTOOBI C YU4ETOM XapaKTEPUCTUK TOJTOBHBIX
TeJIe(DOHOB YPOBEHb BBIXOIHOIO CUTHAJIa COCTABUII
70 nb Y3]I.

IMonyuyeHnHble HUMPOBLIE OIMMCAHUSI CUTHAJIOB
peoOpa30oBEIBAIA B aHAIIOTOBYIO (PopMy L poaHa-
JIOTOBBIM IIpeoOpa3oBaTesieM KapThl cOOpa JaHHBIX
NI DAQ-6512 u BOCIpPOU3BOIWIA ITUOTUYECKU
(MIEHTUYHO Ha 00a yxa) 4yepe3 TOJIOBHBIE Teae(OHBI
Sennheiser HD580 (I'epmanust).

Ilpouedypa uzmepenus. YPC nzmepsuim ncuxodu-
3UYECKUM METOJOM C MCITOJIb30BaHUEM TPEXaJIbTep-
HATUBHOW MpoLEeAypbl ¢ MPUHYIAUTEIBHBIM BBHIOO-
poM. B Kaxmoit mpobe UCITBITYeMOMY TTPEIbSIBIISUITN
ITOCJIEIOBATEIBHOCTD M3 TPEX CTUMYJIOB (KaXKIbIit
anutenbHocThio 2400 Mc) ¢ may3damu 400 Mc MeXIy
HUMMU: OIWH TECTOBHIN 1 1Ba pedepeHTHBIX CTUMYJIA.
ITocnenoBaTebHOCTh CTUMYJIOB (TECTOBBIA CTUMYJI
MEPBbIA, BTOPOW WJIM TPETUM B IOCIENOBATEIBHO-
CTH) MEHSLIM OT IIPOOHI K ITPOOE B CITyJIaitHOM TTOPSII-
Ke. 3ajgadya MCHBITYEMOTO COCTOSIA B TOM, YTOOBI
yKasaThb, Kakoil u3 TpEX CTHUMYJIOB OTJIMYACTCA IIO
3BYYaHUIO OT IBYX IPYTUX, T.C. IBJISICTCS TECTOBBIM.

OT 11poOHI K MTPOOE MIIOTHOCTh TPeOHEI B TECTO-
BOM CTMMYJIE MEHSIJIM IO aJallTUBHOM IIpolieaype,
T.€. B 3aBUCUMOCTH OT IIPEABbIAYIIETO OTBETA UCITLITY-
eMoro. B ciyyae mpaBUJIBHBIX OTBETOB B ABYX MOCJIE-
JOBaTeAbHBIX IIPO0AaxX INIOTHOCTh CIIEKTpaIbHbBIX
rpebHell B clieaylolieil mpobe IMOBHIIIAIN Ha OIVH
mar. B ciydae ommOKM TJIOTHOCTH CIIEKTPaJIbHBIX
rpebHell B cieaylolleil mpode MOHMXAJIM Ha OOUH
mrar. Takast mpoleaypa NpuBOAUIIA IJIOTHOCTh Ipes-
Hell K 3HaueHMI0, KoTopoe obecrieunBaio 71% mpa-

TOMO3OBA u np.

BIJILHBIX OOHapyXeHHni1 TecToBoro ctumyia (Levitt,
1971), yro GUU3KO K cpemHeMmy 3HadyeHUIo (67%)
Mexay 100% mpu 6e30IMO0YHOM ONpeacICHUN Te-
cToBoro ctumyna u 33% Tipu cliydaifHOM yraabiBa-
HUM OJHOIO CTUMYJa U3 Tpex. [1oaToMy 3HaueHMe
IUIOTHOCTH TpeOHE, K KOTOPOMY MPUBOIMIIA amali-
TUBHAasl MpOLENypa, NPUHUMAIM 3a pa3pellieHue
IJIOTHOCTHU TpeOHEeM CTPYKTyphl criekTpa, T.e. YPC.
Ecnu ucnonb3oBanm pedepeHTHBIA CUTHAI C Ipe-
GEHYATBIM CIEKTPOM, TO IIOTHOCTh €T0 CIIEKTPaJib-
HBIX TPeOHEN MEHSITU OT IPOOKI K MPOoOe TaK ke, Kak
B TECTOBOM curHaje. ITJIIoTHOCTh TpeOGHEe B JOITOJI-
HUTEJIbHOM CUTHAJIe IIPU 3TOM He MEHSIJIN.

INpenbsiBIeHUS CTUMYJIOB C IUIOTHOCTBIO CIIEK-
TpaJIbHBIX TpeOHeil, BapbUpyIOIeil OT MpOOHI K IPO-
Oe, TIpoaoKanM g0 noaydeHus 10 Touek peBepcun,
T.¢. IIepexo/ia OT NOBHIIIECHUS INIOTHOCTH CIICKTPaJIb-
HBIX TpeOHell K IOHMXeHUI0 U obpaTtHo. CpenHee
reoMeTpUUYeCKOe 3HaueHUE IUIOTHOCTU CIIeKTpalib-
HBIX TpeOHeit B 3Tnx 10 TouyKax NprMHUMAJIM 32 3HaUYe-
Hue YPC B maHHOI M3MEPUTEILHOM CeCCHUU, T.€. IS
KOMOMHALIUU TTapaMeTpoB pedEpPEHTHOTO U TOMOJ-
HUTEJIbHOIO CUTHAJIOB, MCHOJIb30BAHHOII B 3TOM
CeCCHUM.

OT ceccuu K cecCUU apaMeTphl peepeHTHOTO U
JOMOJTHUTEILHOTO CUTHAIOB MeHSIU. IS Kaxkaoit
KOMOMHALIMM TIapaMeTPOB M3MEpPEHUsI ITIOBTOPSUIU
TPVKABI HA KaXIOM ucnbiTyeMoM. CpeaHue 3Hade-
HUS 0 BCEM U3MEPEHUSIM MPUHUMAIIM 32 OKOHYA-
TenbHyo olieHKY YPC 1mpu naHHO KOMOMHALIUY T1a-
paMeTpoB.

PE3VIJIbTATHI

Ipebenuameiii pechepenmmuutii cuenas. B xoHTpoe
(B OTCYTCTBHME OOMOJIHUTEIBHOIO CUTHaja) MaKCHU-
MaJibHasl TUIOTHOCTb IpeOHel, Mpu KOTOPOi TeCTO-
BBl CUTHAJI OTJIMYaJIcsl OT peepeHTHOro, COCTaBU-
JlJa B CpeIHEM MO BCeM M3MepeHUsIM 8.7 ILIMKJI/OKT
MPU CTAaHAAPTHOM OTKJIOHeHUU (.75 IIUKI1/OKT (puc. 4).

I1pu HanOXKeHMM TI0CKOTrO (0e3 rpeOeHYaTol CTPYK-
TYpbI) JOMOJTHUTEIBHOTO CUTHAJA pa3pellieHUe TJIOTHO-
CTU TpebHell cocTaBUIo B cpenHeM 8.5 £ 0.6 1UKI1/OKT.
OT11rune OT KOHTPOJBHOTO 3HaYeHU B (0.2 LIKJI/OKT
He OBbLJIO CTaTUCTUUYECKHU NoCcTOBepHbIM (p = 0.34 mo
JIBYXBBIOOPDOYHOMY #-TECTY).

IIpu HanoXeHUM AOIOJHUTEIBHOIO CUTHAJa C
rpeGeHYaToOM CTPYKTYpOl paspellleHue IUIOTHOCTHU
rpeOHEl B TeCT-CUTHAJIE TAKXKE MaJio OTJIUYAIOCH OT
KOHTPOJILHOTO: OT 8.6 = 0.4 LIMKJI/OKT NpHU IIOTHO-
CTU TpeOHEN B TOMOTHUTEILHOM CUTHAJIE 2 IIUKJIT/OKT
110 9.2 * 1.3 IUKJI/OKT NpH MJIOTHOCTU rpeOHe B 10-
MOJIHUTEILHOM CUTHaje 7 LUKJI/OKT. Hu omHO u3
STUX 3HAYEHU HE OTIUYAIOCh CTATUCTUYECKU HO-
CTOBEPHO OT KOHTPOJIbHOIO 3HaueHwus: ot p = (.52
MPU IVIOTHOCTHU IPeOHEl B TOTIOJHUTEIbHOM CUTHA-
Jie 2 uuKJI/oKT 10 p = 0.14 mpu JI0THOCTU rpeOHEll B
JIOTIOJTHUTEIbHOM CUTHAaJIe 7 IIMKJI/OKT.
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Puc. 4. 3aBucumMoctsb otieHku YPC ot rutotHOCTH Tpeb-
Heil B CreKTpe MOIMOJHUTEIBHOTO CUTHAJa B 9KCHEPU-
MEeHTaX ¢ rpeGeHYaThIM pethepEeHTHBIM CUTHATIOM.

HyneBasi niaoTHOCTB rpeOHeit — rtockuii (6e3 rpedbeHya-
TOI CTPYKTYPBI) CIIEKTP MOIMOJIHUTEIBHOTO curHana. ['o-
pUM3OHTaJIbHAsI ITYHKTUPHAs IMHUSI — KOHTpoJIbHOE (0e3
IONOJHUTeNIbHOTO curHaia) 3HadeHue YPC. IlnanHku
MOTPEIIHOCTe N — CTaHAaPTHBIE OTKJIIOHEHUSI TTO BCEM 13-
MEPEHUSIM.

Pecbepenmmuuiii cuenan ¢ Hepazauuumoi cmpyKmy-
poii cnekmpa. B KxoHTposie (B OTCYTCTBUE IOIIOJIHM-
TEJILHOTO CUTHaJIa) MaKCUMaJIbHas MJIOTHOCTh rped-
HEMW, P KOTOPOM TECTOBBIA CUTHAJI OTJIMYAJICI OT
pedepeHTHOTro, CocTaBUja B CPETHEM 10 BCEM U3Me-
peHussM 51.0 LIUKJI/OKT MIpU CTaHIAPTHOM OTKJIOHE-
Huu 30.3 nuki/okr (puc. 5).

I[Ipyn HamoxeHuu IUIOCKOro (0e3 rpedbeHdYaTomn
CTPYKTYPBI) TOTTOJTHUTEIHFHOTO CUTHAJIA pa3pelieHre
TUIOTHOCTU TpeOHeill 3HAYUTEIbHO CHUXKAJIOCh IIO0
CpaBHEHUIO C KOHTPojeM (puc. 4): OHO COCTAaBUJIO B
cpemHeM 16.7 + 5.9 umki/okr. OTan4yue OT KOH-
TPOJIbHOTO 3HaYeHus1 B 34.3 LIMKJI/OKT ObLIO CTaTU-
ctudecku mocrtoBepHo (P < 0.001).

I[Ipyu HanoXXeHWU DOMOIHUTEIBHOIO CHUTHAJIA ¢
epebenuamoii. cmpyKmypol chneKkmpa paspelieHue
IJIOTHOCTU TpeOHEl B TECT-CUTHAJIE TaKXKe CyIIe-
CTBEHHO CHIKAJIOCh IO CPAaBHEHHUIO C KOHTPOJIEM,
MpuyeM ObLIO ellle HUXE, YeM MPU JOMOJHUTEILHOM
CHUTHAJIE C Hepa3IMIMMOI CTPYKTYpOI CIleKTpa (puc. 5):
ot 11.0 £ 3.5 uuKJI/OKT IIpU JOTIOJTHUTEIHbHOM CUTHA-
Jie 2 uukJi/okT g0 11.1 + 2.0 HuKII/OKT IpU JOTOJIHU-
TeJIbHOM curHajie 7 uukJl/oKT. [Ipu Bcex 3HaUeHUSIX
IJIOTHOCTU TpeOHEeil B CIIEKTpE HOMOJIHUTEIHLHOIO
CUTHaJIa OTJIMYME MoKa3aTreJieil OT TaKOBBIX IJIsI 10-
MOJHUTEIBHOIO CUTHAIA C HEPa3IMINMOI CTPYKTY-
poii criekTpa OBLJIO CTaTUCTUYECKHM TOCTOBEPHO (p =
= (.02 o151 Bcex 3HaUEHUI TNIOTHOCTU TpeOHE B 10-
nojaHuTeabHoM curHae). C eme 0oiee BLICOKOM J10-
CTOBEPHOCTBIO 3TU 3HAYECHUS OTJIMYAIMCH OT KOH-
TPOJBHBIX (0€3 MOTOJHUTEIBHOTO CUTHAJa) 3Haye-
Huii (p < 0.001 oo Bcex 3HAYEHUIT ILIOTHOCTU
rpeOHel B JOIIOJIHUTEIBLHOM CUTHAJIE).
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Puc. 5. To ke, uTo puc. 4, mj1s1 DKCIIEPUMEHTOB ¢ pede-
PEHTHBIM CUTHAJIOM C HEPA3JIMYMMOI1 INIOTHOCTHIO Iped-
Heil. [toTHOCTB “0” MOMOJHUTEILHOTO CUTHAJIA — TTOC-
KU CIeKTp.

OBCYXJIEHHME

[IpucyTcTBUE TOITOTHUTEIHFHOTO CUTHAA YMEHbB-
IraeT DIyOMHY MOIYJISIIIAM CTIEKTPa TECTOBOTO U pe-
(hepeHTHOro CUTHAJIOB, UTO AeIaeT UX MeHee pas3iu-
yuMbIMU. OJTHAKO MPUBEICHHBIE BhIIIEC JaHHbIE T10-
Ka3bIBalOT, UTO A€M CTBUE TOMOJIHUTEIBLHOTO CUTHAJIA
HEe MOXeT OBITh CBEIEHO K 3TOMY TPUBUATBEHOMY 3(h-
dekry. [leiicTBre TOMOIHUTEILHOTO CUTHAJIA OKa3a-
JIOCh MPUHIIMITHAIBGHO PA3JIMIHBIM TIPU Pa3HBIX 3a-
Jayax pasIMIeHUsT: MEXIy IrpeOeHYaThIM TeCT-CUT-
HaJoM U TpebeHUYaThiM pedepeHTHBIM CUTHAIOM
(puc. 4) wiu Mexay rpebeHYaTbIM TECT-CUTHAJIOM U
HeTrpebeHYaThIM pedepeHTHBIM CUTHAIOM (puc. 5).

Pazauuenue cuenanog c epebeHHamvimu CHeKmpamu.
Ha ocHoBaHMu paHee TTOJTydeHHBIX JaHHBIX (BBeme-
HUE) MOXHO NPUHSITH, YTO Pa3IndeHHUe ABYX CUTHA-
JIOB ¢ TpeOeHYATBIMU CITEKTPaMU ITPEUMYIIECTBEHHO
MIPOUCXOJIUT C YYaCTUEM CITIEKTPaJIbHOIO MeXaHMU3Ma
YacTOTHOTO aHaIn3a.

B manHOM mMcciaenqoBaHUM MapagoKCaJabHBIM BhI-
DISSOAT TOT (DAKT, YTO MPU J0OABACHUU OOITOJTHU-
TeJIbHOTO CUTHAJIa pa3pellleHre TJIOTHOCTH TpeOHeil
TEeCT-CUTHAaJIa 3aMeTHO He CHIXKAIOCh ITO CPaBHEHUIO
¢ KoHTpoJieM. PaHee OBII0 TTOKa3aHO, YTO C YBEJIYE-
HUEM IIJIOTHOCTU FpC6HCVI IMMOBBLIIIACTCA ITOPOT CIICK-
TPaJILHOTO KOHTpACTa: MPY HU3KO MIOTHOCTHU Iped-
Hel OH COCTaBIIsIeT Beero 8.5%, HO TIPU TTOBBIIIICHU T
IMJIOTHOCTU TpebHell cBepX 7 LUKII/OKT ITOPOT CITeK-
TPaJILHOTO KOHTpPAaCTa MIPUOIIMKAETCS K MaKCUMAJTb-
HO Bo3MoxHoM BermurHe 100%, 9yTo 06ycaoBIMBaeT
MOpPOT TUIOTHOCTU rpebHeii 8.9 umkit/okT (Supin et al.,
2019). Otcroma ciemyeT U obOpaTHasi 3aBUCUMOCTb:
yeM MEHBbIIIE CIIEKTPaJIbHBIII KOHTPACT, TEM HILKE
JOJKHA OBITh paspelnaeMas IUIOTHOCTb TpeGHEN.
OnHaKO B 9KCHEPUMEHTAX, OMMCAHHBIX BBIIIE, TTPU
HaJIOXEHNHU KaK rpe0eHYATOro, TaK M HeTrpeOeHYaTO-
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ro IOIOJIHUTEILHOTO CHUTHAJAa ITOPOT ILUIOTHOCTHU
rpeOHell He CHUIKAJICS TI0 CPaBHEHMIO C KOHTPOJIEM.

Ha camom nene, HET NPOTUBOPEYUST MEXIY daH-
HBIMU HACTOSIIIIETO MCCIENOBAHUS U PaHee TOoJydeH-
HbIMA OaHHBIMU. [lpu HazoxkeHHMHM 100aBOYHOTO
CUTHaJIa, KOTOPbIIA UMEET MJIOCKUIA CIIEKTP U YPOBEHb
KOTOPOTO PaBeH YPOBHIO TECTOBOTO U pehepeHTHOTO
CUTHAJIOB, CHEKTPAJIbHBIM KOHTPACT CHIKACTCS
BaBoe. Ecim criekTpabHBII KOHTPACT “YUCTBHIX” Te-
CTOBOTO 1 pepepeHTHOTO CUTHAIIOB cocTaBisut 100%,
TO C HaJIOKE€HHWEM TOIOJTHUTEIBHOTO CUTHAJIA OH I10-
HikaeTcs 10 50%. [Toporu cneKTpaJibHOTO KOHTpa-
cta 50 u 100% MOryT COOTBETCTBOBATH JIUIIL HEGOIb-
IIIOI pa3HUIIE B INIOTHOCTH CIIEKTPAIILHBIX TPEOHEI,
TaK YTO MOHMXEHME CIIEKTPaJIbHOIO KOHTpacTa CoO
100 mo 50% B pesyapTaTe HAJOXEHUS “TIOCKOro”
JIOTIOJITHUTEJIFHOTO CUT'HaIa MOXET BBHI3BIBATh JIMIIIb
HEOOJIbIIIOE CHIDKEHHE pa3pelleHus] ILIOTHOCTU
rpebHeit, KoTopoe He BhISIBIsIETCS Ha (POHE pa3dopoca
JTaHHBIX.

YTo Kacaercsl JOMOJHUTEIbHBIX CUTHAJIOB C Ipe-
OEHYATBIM CIIEKTPOM, MX 3(PPEKT MOKET OBITH €IIIe
MeHee 3aMeTeH, 4yeM 3QP@dEeKT IUIOCKOIo IOIIOJTHU-
TeJIbHOTO curHajia. HalloxxeHue CrieKTpabHbIX MaK-
CUMYMOB I MUHUMYMOB JIBYX CUTHAJIOB — TECTOBOTO
WM pedEepPeHTHOTO M JOMOJIHUTEIBHOTO — CO3IaeT
CHEKTPabHLINA PUCYHOK, B KOTOPOM IIPUCYTCTBYIOT
KaK IMMKA MaKCMMAaJIbHO BO3MOXKHOM BEJIMYNHBI, TaK
M TIPOBaJIbl TIOYTU IO HYJISI, YTO XOPOIIO BUIHO Ha
puc. 2, a u 6. CrieKTpbl ¢ TAKUM KOHTPACTOM MOTYT
obecIieunBaTh MPaKTUUECKU TaKoe XK€ pas3pelleHue
IJIOTHOCTU TIpeOHeil, Kak u crekTphl ¢ 100%-Hoii
DIyOMHOM MOAY/ISIIUU B OTCYTCTBUE JOITOJTHUTEb-
HOTO CUTHaa.

Pazauuenue mexncdy mecmosvim cueHanom ¢ epedeH-
YamoiM CHeKMPOM U peghepenmHbiM CUSHAAOM C Hepas-
auyaemoi cmpykmypoii cnekmpa. B aToM ciyyae pas-
JIMYeHHUE TeCTOBOTO W pe(ePEHTHOTO CUTHAJIOB IIPO-
WCXOIUT TIPEUMYIIECTBEHHO 3a CYET BPEMEHHOTO
MeXaHM3Ma 4acToTHoro aHanu3sa (Anderson et al.,
2011; Nechaeyv et al., 2019). B orcyTcTBUE NOTOIHU-
TEJILHOTO CUTHAJIA pa3pelieHne TUIOTHOCTY TpeOHei
B HECKOJIBKO pa3 BBIIIIE, YeM IIpU IIPUMEHEHUHU Tpe-
oenuatoro pedepeHTHoro curHana: 51.0 TmpoTus
8.7 LMK /OKT.

ITpu BLICOKOM CITEKTpaJIbHOM KOHTpPACTe CUTHAJIA
BPEMEHHOM MeXaHU3M MOXET 00eCIeuuTh pa3pelle-
HHUe 60Jiee BLICOKOI IUIOTHOCTH IPEOHEN, YeM CITeK-
TpaIbHBII MexaHn3M. OIHAKO IMOPOT CIIEKTPaJIbHOIO
KOHTpacTa IIjid BpeMEeHHOIro MexaHu3Ma Bbiine 50%
Jlaxke IIpY HU3KOM TIOTHOCTU rpebHeii. [ToaToMy Ha-
JIOXKEHHWE JOIMOJHUTSILHOTO CUTHAJA, CHIDKAIoIIee
CHEeKTpalbHBI KoHTpacT g0 50%, nenaetr BpeMeH-
HOI MexaHU3M Hea(ddekTuBHBEIM. B pesynbTaTe
paspelleHne MIOTHOCTU I'PeOHE JOJKHO I1a1aTh 10
BEJIMUMHBI, XapaKTepHON IIJIsl CIIEeKTPaJIbHOIO MeXa-
HU3MA, YTO ¥ HAOJIIOIAI0Ch B JAHHOM MCCIIEIOBAHUM:
paspelieHre CHIKAI0Ch C 51 LIMKII/OKT B KOHTPOJIE

TOMO3OBA u np.

1m0 10—11 ouKi/OKT Ipyu HAIOXEHUN OOIOIHUTEIb-
HOTO CUTHaJIa ¢ JItIOOOH MJIOTHOCTbhIO IPeOHEN, B TOM
YyucJie HeTpeOeHYaTOro JOIOJIHUTEIBHOIO CUTHAIA.

OTHnenbHOIO PACCMOTPEHUSI 3aCiay>KMBaeT TOT
¢axT, YTO MpY HATOXKEHUU HErpeOeHYaATOro AOIOJ-
HUTEJILHOTO CUTHAaJa pa3pelleHre MIOTHOCTU Iped-
Heli 0Ka3bIBAIOCH XOTSI U HUXKE, YeM B KOHTPOJIE, HO
BBIIIIE, YEM TTPU HATIOXKEHWU IpedeHYaToOro CUrHajia c
JI1000Ii MJIOTHOCTHIO TPeOHEN, T.€. HETaTUBHBIN 3~
¢deKT TOMOTHUTEIBHOTO CUTHAJIa 0e3 rpedbeHYaToi
CTPYKTYpPBI CIEKTpa ObLI cabee, YeM CUTHaJIa C rpe-
OeHYaTol CTPYKTYpOil. DTOT (PaKT HE MOXKET OBITh
OOBSICHEH BJUSIHUEM CHUXKEHHOTO CHEKTPaJIbHOTO
KOHTpacTta. MOXHO JOIMYCTUTh, UTO rpedeHYaThlit
JIOTIOJITHUTEIbHBINA CUTHAJI BhI3bIBAae€T cpabaTbiBaHUE
HEWPOHHBIX CTPYKTYpP, KOTOpbIe BKJIOYAIOT JUHUU
3aJepKKU, COOTBETCTBYIOIIIME€ YACTOTHOMY MHTEPBa-
JIy MEXJly TpEOHSIMU CIIEKTPa JOTOJTHUTEIBHOIO CUT-
Haja. Bo3MOXHO, akTMBaLUsl TaKUX CTPYKTYp IO-
JIaBiseT (Mo TUIY JiaTepajJbHOTO TOPMOXKEHUSI) aK-
TUBHOCTh aHAJIOTUYHBIX CTPYKTYp, “HACTPOCHHBIX”
Ha 4acTOTHbIe MHTEPBaJbl MEXIY I'PeOHSIMU TECTO-
BOTO 1 peepeHTHOTO CUTHAaJIa, YTO 3aTPYyAHSIET pa3-
JIMYEHVE MOCTENHUX.

Takum 06pa3oM, MOMHUMO MAaCKHUPOBKHM HaJIOXKe-
HUE TOTIOJIHUTETBHOTO CUTHAJIa Ha CUTHAJIBI, TTOJIJIe-
Kallve pasfiuvyeHuio, BbI3bIBaeT crnenuduyeckue
a(deKThl, 3aBUCIINE OT CIEKTPaJIbHOTO PUCYHKaA
JIOTIOJTHUTEIbHOTO CUTHaIa. DTU 3P eKThl pa3iny-
HBbI JJ1 CIIEKTPaIbHOTO U BPEMEHHOTO MEXaHU3MOB
YaCTOTHOTO aHa/in3a, YYaCcTBYIOLIMX B pa3inyeHUU
CUTHAJIOB.

Pa6ora nonnepxxana POD®U (rpant Ne 20-015-
00054).
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Discrimination of rippled sound signals with overlapping additional signals

M. S. Tomozova“, D. 1. Nechaev®, O. N. Milekhina“, and A. Ya. Supin*#
¢ Institute of Ecology and Evolution RAS 119071 Moscow, Leninsky Prospect, 33, Russia
*E-mail: alex_supin@mail.ru

Discrimination between test and reference rippled sound signals with overlapping additional signals was mea-
sured. In the test signal, ripple phase inversed every 400 ms. The reference signal had either a rippled spec-
trum with the same ripple density as the test or a spectrum with unresolvable ripple pattern. The additional
signal had the same spectrum band as the test and reference signals, either flat or rippled 2 to 7 ripples/oct.
With a rippled reference signal, the ripple-density resolution was 8.7 ripples/oct in control (no additional sig-
nal), 8.5 ripples/oct with a flat additional signal, and 8.6 to 9.2 ripples/oct with a rippled additional signal)
of 2 to 7 ripples/oct (all insignificantly differing from control). With a noinrippled reference signal, the ripple
density resolution was 51.0 ripple/oct in control, 16.7 ripples/oct with a flat additional signal, and 11.0 to
11.1 ripples/oct with a rippled additional signal 2 to 7 ripples/oct (all significantly differing from control). The
conclusion: overlapping additional signals result in specific effects depending on the spectrum pattern of the
additional signal, with these effects differing for spectral and temporal mechanisms of frequency analysis.

Key words: hearing, rippled spectra, frequency analysis
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The analysis of an image captured under arbitrary conditions requires preliminary normalization: a conver-
sion to such a form as if the image was captured under normal, i.e. convenient for the further analysis, con-
ditions. This paper presents a review of modern methods, accuracy criteria, and applications of various nor-
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most important special cases of normalization, conventionally considered independently in the literature, are
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regard to its color and geometric interpretation for practical problems. This implies the advantage of the sug-
gested unified approach.
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IMAGE NORMALIZATION

Images of the same object of some visual scene dif-
fer significantly under different capturing conditions.
It is obvious, for example, that images can differ radi-
cally when using image-forming optical systems (here-
inafter referred to as cameras) of different spectral
ranges (see Fig. 1).

Note that even if the spectral ranges of cameras are
perfectly matching, the captured images can differ due
to the divergence in their sensitivity spectra (see Fig. 2).

Images can also vary greatly when using the same
camera with different camera settings (focus, aperture,
color-correction). When using the same camera with
fixed settings, the lighting of the scene (see Fig. 3 and
4), the angle of shooting the object (see Fig. 5) and the
optical properties of the environment (see Fig. 6) have
a fundamental influence on the resulting image.

The dependence of images on the capturing condi-
tions significantly complicates the analysis of the for-
mer. Therefore, when capturing conditions can be
controlled, they, as a rule, are chosen to be convenient
for the subsequent analysis of the resulting images (for
example, a scanner is usually used for documents im-
age-forming) - such conditions are usually called nor-
mal. For a flat object, an important aspect of normal
imaging conditions is usually the orthogonality of the

camera optical axis to the plane of the object (Rodri-
guez-Pineiro et al., 2011; Kholopov, 2017). However,
the imaging conditions control may be technically dif-
ficult (see examples in (Nikolaev et al., 2016; Gladkov
et al., 2017)), or impossible. In such cases, it is neces-
sary to solve the normalization problem, i.e., to trans-
form the image in such a way as if it was obtained un-
der normal imaging conditions (see examples in Fig. 5
and 6). The initial (inpuf) image transformed in this
way is called a normalized image (see formulas (2) and
(3)) (Murygin, 2010), and the imaginary camera
which could have captured this normalized image is
called a virtual camera (Kholopov, 2017).

In the literature, usually one of two special cases of
image normalization is considered. In order to de-
scribe them, we will consider the image /, as a func-
tion:

I:D -V, (1)

where D c R? is the domain of image, V is codomain
of image. Then, in the first case, the normalization is
performed by transformation in the independent vari-
ables domain of images (see Fig. 5):

Inorm(Hg(r)) = Iinput(r)a re [Dinputa (2)
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Fig. 1. Images of the same area of the Earth surface taken in the radio (left) and optical (right) spectral bands. The images are

reproduced from (Abulkhanov et al., 2018).
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Fig. 2. Images of the same document captured by different cameras.

and in the second case, in images values domain (see
Fig. 6):

Inorm(r) = Hc(Iinput(r)), norm* (3)

We will call these types of normalizations geometric
(Chen et al., 2002; Chekhlov and Ablameiko, 2004;
Singh et al., 2008; Zeynalov et al., 2009), and color
normalizations (Finlayson et al., 1995; Iyatomi et al.,
2010; Gong et al., 2019; Kordecki, 2019) respectively.
Note that formulas (2) and (3), in general, may not be

sufficient to specify /. at each point D For ex-

norm norm-*

ample, in Fig. 5(d), the undefined region of the image
1, by formula (2) is shown by squares.

reD

Active research on the topic of geometric normal-
ization of images began with the work (Huttenlocher

CEHCOPHBIE CUCTEMbBI  TtoMm 35 Ne 3 2021

et al., 1993) by D. Huttenlocher published in 1993.
The term normalization in the described sense was
used by E. Blake for the first time in 1994 (Sinclair and
Blake, 1994), but it is not widely used in English-lan-
guage literature. In Russian works on image analysis,
the term normalization was introduced by V.A. Gorok-
hovatsky in 1997 (Triputen’ and Gorokhovatskii,
1997) and it is now generally accepted (Putyatin et al.,
1998; Lyubchenko and Putyatin, 2002; Chekhlov and
Ablameiko, 2004; Vanichev, 2007; Kozlov et al., 2009;
Bolotova et al., 2017). The term color image normaliza-
tion was introduced by G. Finlayson (Finlayson et al.,
1998). However, research on this topic began much
earlier, for example, in the fundamental work of
G. Healey (Healey, 1989) published in 1989.



238

KONOVALENKO, NIKOLAEV

Fig. 3. Images of the same color table taken with the Canon 5D Mark I1I camera with fixed settings, but under different illumi-
nation conditions. This visually demonstrates the color metameric phenomenon: the colors in different areas of the color table
match or differ depending on the lighting. The images are reproduced from the MLSDCR (Multiple Light Source Dataset for

Colour Research) (Smagina et al., 2020).

Fig. 4. Images of the same banknote under visible (left) and ultraviolet (right) illumination, where a bright fluorescent area

stands out.

If the normal imaging conditions are exclusive,
then normalization is an idempotent operation: apply-
ing normalization twice to an image has the same re-
sult as applying it once (Finlayson et al., 1998; Niko-
laidis, 2011). If, however, there are multiple sets of im-
aging conditions that can be considered normal
(Murygin, 2010; Nikolayev, 2016), it is reasonable to
require idempotence additionally. Then normaliza-
tion will not change the image originally captured un-
der normal conditions. The idempotence combines
the operation of normalization of images with the op-
eration of normalization of vectors (reducing them to
a single unit length).

Images obtained under arbitrary imaging condi-
tions are often considered as a result of the distortion
of “imaginary” (hypothetical) images obtained under
normal imaging conditions. Normalization in such a
case is understood as removal (correction, compensa-
tion) of these distortions (Kholopov, 2017; Baltzopou-
los, 1995; Calore et al., 2012; Tsviatkou, 2014).

Normalization of images is usually based on some
model of the target object of the scene. For example,
such a model can be a so-called reference image
(Murygin, 2010; Nikolaev, 2010; Vanichev, 2007) — an
image of a similar object obtained under normal con-
ditions. In the described case, the geometric normal-
ization of the image can be considered as an operation
of its alignment (image registration (Goshtasby, 2005))
with the reference image.

Algorithms for the geometric normalization of im-
ages are usually based on the assumption that the tar-
get object of the scene is sufficiently rich in detail, well
known a priori, and depicted informatively. Other-
wise, most approaches do not yield satisfactory results.
To eliminate this problem, a theory has been pro-
posed. This theory provides methods for projective
geometric normalization for the extremely complex
cases where the information characterizing the object
is minimal in the number of its normalizing (projec-
tively invariant) features. An example of such an ap-
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Fig. 5. Images of the same document. Images (a), (b), and (c) are captured from different angles. Image (d) is the result of geo-
metric normalization of image (b) assuming that the capturing angle of image (c) is chosen as the normal imaging condition.

C

@.

Fig. 6. Images of the same object. Image (a) was obtained in the air environment, (b) — in the water environment, (c) — the result
of color normalization of image (b) assuming that the air environment is chosen as the normal imaging condition. Reproduced

from (Shepelev et al., 2020).

proach to geometrical normalization is known for flat
smooth shapes given by the family of ovals (o). Nor-
malization is carried out by the procedure of its rede-
scription, invariant with respect to the 2D homogra-
phy transformation, i.e. the projective transformation
of the plane o in Cartesian 3D space. The algorithms
of such processing are particularly simple in the case of
symmetry of three kinds (radial, axial or rotational),
Ne 3 2021

CEHCOPHBIE CUCTEMbI  Ttom 35

while the detection of symmetry elements (axes
and/or centers) performed via fast universal proce-
dures (Nikolaev, 2016). It is sufficient enough to ob-
tain an invariant description of o as a projection onto a
“reference” 4-vertex shape or by calculating a closed
curve of 2D wurf-mapping (Nikolaev, 2010). Let us
add that the family o (their subfamily are the Lamé
curves, also called “superellipses” having at least two
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axes plus the center of symmetry) rightfully belongs to
the objects which do not include the “standard” vari-
eties of projectively invariant points: inflection, frac-
ture, second-order contact and etc. In the model,
when the optical registration of o is adequately de-
scribed by a flat central projection given by a notional
pinhole camera, such an invariant representation of o
(if technically necessary, for some problem of o recog-
nition) can be transformed (up to a scale accuracy) to
anormalized version of representation as if the camera
was capturing o orthogonally. In the context of this ap-
proach, the cases when the target object is modeled,
for example, by the composition of two ovals (Niko-
laev et al, 2018), a composite oval (Nikolaev, 2010), an
oval with hidden symmetries (Nikolaev, 2014; Niko-
laev, 2017), an oval with an inner point (Savchik and
Nikolaev, 2016), an outer straight line (Balitskiy et al.,
2017), with two marked points (Savchik and Nikolaev,
2018) were studied.

THE NORMALIZATION PROBLEM
AND ITS PRACTICAL APPLICATIONS

The optical systems of practical interest have geo-
metric aberrations — deviations from the pinhole cam-
era model. One of such aberrations is radial distortion,
which disturbs the collinear correspondence between
the image and the subject and is typical in inexpensive
optical systems equipped with wide-angle lenses and
designed for wide-scale use. Geometric aberrations
are related to imaging conditions, so their elimination
is a special case of normalization. In (Kunina et al.,
2016), a single-image blind radial distortion compen-
sation algorithm was proposed.

The same cameras have different radial distortions
when capturing images in air and underwater condi-
tions. The paper (Sheshkus et al., 2020) provides an
analytical description of visual geometric distortions
occurring when capturing underwater objects. A nor-
malization transformation was introduced to compen-
sate for underwater distortion without an underwater
calibration procedure. In (Titov et al., 2019), a method
for the normalization of underwater color images is
proposed.

It is reasonable to consider the algorithms of “au-
tomatic white balance” as the color normalization of
images. Conventionally, white balance is performed
before converting the color coordinates of the camera
to the coordinate system of a standard observer for
subsequent image finalization and rendering (Kara-
imer, Brown, 2016), which allows for significantly im-
proved picture quality using simple linear models
(Karaimer, Brown, 2018). At the moment, there are
many different white balance algorithms. There are
two reviews on the subject (Gijsenij et al., 2011; Das
et al., 2018), new datasets are being created (Ershov
et al., 2020), and the original, more complex formula-
tions were proposed (Savchik et al., 2019).

KONOVALENKO, NIKOLAEV

Another example of color normalization is the re-
construction of multispectral images. The visual non-
optimality of the latter is due to various deviations of
imaging conditions from normal (Kober, Karnauk-
hov, 2016a; Kober, Karnaukhov, 2016b; Kober, Kar-
naukhov, 2015; Chochia, 2016).

Normalization is used for preprocessing of images
in many image analysis tasks, some examples of both
types of normalization will be discussed further.

Document Image Analysis

It is common to apply geometric (Rodriguez-
Pifeiro et al., 2011), (Skoryukina et al., 2020), and
color (Polevoy et al., 2021) normalization to images of
documents for the subsequent optical recognition of
the latter. At the same time, inaccuracies in the nor-
malization can lead to recognition errors. In (Bulatov
et al., 2020), a dataset of video recordings of docu-
ments obtained from a variety of camera angles, and in
(Smagina et al., 2020), a dataset of images obtained
under different light conditions are presented.

In the field of automatic document analysis, the
standard task is to remove the slope of letters and sig-
nificant characters to be recognized, i.e. to perform
geometric normalization of the image. There are many
papers demonstrating the influence of tilt compensa-
tion on all subsequent stages of document processing.
The main problem, in this case, is to determine this tilt
angle. One of the standard approaches is the Hough
image analysis of the document image. The paper
(Bezmaternykh, Nikolaev, 2020) investigates the qual-
ity of tilt angle detection using the Hough image ob-
tained using the fast Hough transform algorithm.

As part of the task of understanding a document,
often the intermediate step is the recognition of certain
attributes of the document. For this purpose, the lo-
calized attributes are sent as the input of the OCR
module in the form of images of text fragments. Most
of these modules are designed for the task of recogni-
tion of the standard font fragments, but italic and
handwritten texts are quite common and also should
be recognized. Often, this leads to complications of
the standard fragment processing scheme, in particu-
lar, algorithms for segmentation of the string image in-
to rasters of individual characters (Chernov et al.,
2016). Correction of slanted text fragmentation is one
of the classical stages of image normalization in OCR
modules. Nowadays, there are many methods for de-
termining the angle of slope of text fragments. Many of
them are based on the application of fast Hough trans-
form (Limonova et al., 2017; Bezmaternykh et al.,
2018). However, the slant of the characters can occur
not only because of the slanted font but also because of
the inaccurate normalization of the imaging angle. In
(Konovalenko et al., 2020b), an analytical expression
for the maximum target direction normalization error
for the document was proposed.

CEHCOPHBIE CUCTEMBI Ne 3
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A classic step in automatic document processing is
image segmentation. Its special case is the binarization
task: all pixels of the source image are divided into two
classes, which are usually referred to as object and
background. Application of such segmentation is
widely used in systems of document recognition, ar-
chival storage. This technique is also employed to im-
prove the visual quality of document images, which is
a special case of the problem of image normalization.
The task of document binarization attracts the close
attention of developers of automatic recognition pro-
cedures. There is even a special DIBCO competition
to monitor the situation in this area, which is regularly
held within ICDAR. Recently, the highest accuracy of
binarization is demonstrated by the solutions which
employ artificial neural networks. The most popular
architecture is U-Net, based on of which new solu-
tions are constantly being proposed. One such solu-
tion, for example, won a competition in 2017 (Bezma-
ternykh et al., 2019). The U-Net architecture has been
the subject of in-depth research by scientists, both in
finding optimal neuronal activation functions for
training (Gayer et al., 2021) and in reducing the num-
ber of trainable coefficients in the model (Limonova et
al., 2021). However, in some cases, the use of neural
network solutions is not feasible, for example, due to
limited resources on the device. One of the standard
tools in such a case may be the Otsu method or its var-
ious generalization (Ershov et al., 2021).

Another relevant task is the recognition of matrix
barcodes scanned or captured under conditions un-
known a priori. Usually, the process of code recogni-
tion is divided into several stages. First, the code is lo-
calized in the image, then its corners are precisely de-
termined and the normalization of the image is carried
out. Then the code is divided into separate modules
(matrix code cells), and the original message is ex-
tracted. However, sometimes it is possible to apply a
generative approach to recognition, instead of individ-
ual modules extraction (Bezmaternykh et al., 2010).

In (Kunina et al., 2020), a method for color nor-
malization of document illumination in a full-page
scanner without moving parts was proposed, and in
(Karnaukhov and Kober, 2017), an adaptive method
for eliminating shadows in the document image was
proposed.

Normalization is also used for the automatic classi-
fication of document types (Awal et al., 2017).

Algorithms for geometric normalization of docu-
ment images are often based on vanishing points
(Shemiakina et al., 2020; Abramov et al., 2020). In
(Konovalenko et al., 2020c), a method of vanishing
point detection based on the principle of maximum
likelihood was introduced, and in (Sheshkus et al.,
2020), a method based on neural network involvement
was demonstrated.

CEHCOPHBIE CUCTEMBI Ne 3

TOM 35 2021

241

Traffic situation recognition

In the recognition of the traffic situation by auto-
mated devices, the features that are localized in the
plane of the road are of greatest interest: the markings
of the roadway, its boundaries. Recognition of such
features is greatly simplified if the image is received
from above the plane of the roadway (the so-called
birds-eye view) since in this case the parallel lines on
the road are projected as the parallel lines on the im-
age. In practice, cameras are mounted behind the
windshield of cars. In order to switch from the camera
images to the “birds-eye view on the road” view, a pro-
jective transformation can be applied that performs a
virtual rotation of the camera. Such normalization is
the first step of many well-known algorithms for the
recognition of road boundaries and road markings
(Panfilova et al., 2021; Shipitko et al., 2019; Shipitko
et al., 2021; Prun et al., 2017), which is also used for
navigation of unmanned vehicles (Abramov et al.,
2019; Shipitko, Grigoryev, 2018). Image normaliza-
tion is also applied to license plate recognition (Mury-
gin, 2010; Povolotskiy et al., 2019; Povolotskiy et al.,
2018).

Computed tomography scan

In classical computed tomography, the probing ra-
diation is considered to be monochromatic and the to-
mographic reconstruction is reduced to the problem
of reversal of the Radon transform. However, modern
tomographs use X-ray tube with polychromatic radia-
tion as a radiation source. Applying this technique to
the projections registered in the polychromatic model
obtained by classical reconstruction algorithms leads
to distortions in the reconstructed image. To obtain a
correct reconstructed image, it is necessary to bring
the registered projections to monochromatic, i.e. to
solve the normalization problem. It is impossible to
solve the normalization problem exactly by any known
mathematical transformation. There are many ap-
proaches to find an approximate solution. The works
(Chukalina et al., 2017; Ingacheva, Chukalina, 2019)
suggest numerically simulating monochromatic pro-
jections — by applying a one-parameter correction
function with automatically found correction parame-
ter-based on the measured in polychromatic mode.

Other image normalization applications

In addition to the above, normalization is used to
search for similar images in databases (Orrite and Her-
rero, 2004), to identify television broadcasts froma TV
screen image (Skoryukina et al., 2017), to compare
space images of Earth with electronic maps (Kozlov
et al., 2009), and to analyze medical images (Baltzo-
poulos, 1995). Brightness normalization is used to im-
prove the accuracy of neural network methods for face
verification (Ilyuhin et al., 2019a; Ilyukhin et al.,
2019b). In (Nikolaev et al., 2015), normalization was
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applied to the detection of diamonds in the ore stream.
In addition, G. Legge showed that normalization of
images can be applied to facilitate the visual percep-
tion by humans (Legge et al., 1985).

IMAGE NORMALIZATION ACCURACY
CRITERIA

Let us consider formally described in the literature
interfaces of geometric image normalization algo-
rithms. The image to be normalized is input 7, .. In
addition to it, some form of a priori information about
the target object and information about what imaging
conditions are considered normal may be fed to the in-
put. Some normalization algorithms use independent
data about the imaging conditions, such as illumina-
tion and perspective (Kholopov, 2017; Calore et al.,
2012; Arvind et al., 2018; Karpenko et al., 2015). The
normalization algorithm returns an algorithmically

normalizing transformation H (or its parameters), a
transformation of pixel coordinates, application of

which to the input image 7. . yields an algorithmically

input
normalized image I, . In this case, the image transfor-
mation itself is either not performed at all (when it is
enough to know the transformation parameters) or,
due to its non-triviality, is given for implementation to
algorithms specially designed for this purpose. In ad-
dition, the estimation of certain imaging conditions
can be returned.

Normalization algorithms are usually not required
to perform precisely. In order to formalize an estimate
of the accuracy of an algorithmically normalizing

transformation ﬁ, an ideal normalizing transformation
H (ground truth) is usually expertly specified. The

transform H may then be regarded as an estimate of
the ideal transform H. Let us call the image obtained
by applying H to the input image /,,,,, an ideally nor-
malized image I, (see example in Fig. 7). Naturally,
the more accurate the normalization is, the closer the

transformation H is to the transformation H or the

closer the image /,, is to the image /4., However,
there are many reasonable non-equivalent ways to for-
malize this closeness — the accuracy of geometric nor-
malization inherently has many criteria. A large num-
ber of normalization accuracy criteria have been pro-
posed in the literature. Before considering them, let us

introduce the necessary notations.

def
Let us denote by r = [x y]T the Cartesian coordi-

nates of pixels on the image plane /,4.,, and by q the
Cartesian coordinates of pixels in the image plane 7,
and let us determine the residual distortion as

V= HH, 4)
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for each visible point of the target object, the coordi-
nates r which translate its image in the image /,,.,, into
the coordinates q of its image in the image /,,:

q = V(r). Q)

If the normalization algorithm works accurately,
the residual distortion V is an identity transformation.

Let us also introduce the residual distortion coordinate
discrepancy (Kunina et al., 2016) (see example in Fig. 8)

d@®) < e = V), 6)

for each visible point of the target object. This expres-
sion shows the distance by which the image of the

point in the image /,;, is shifted compared to the im-
age of the same point in the image /,,.,;-

In some cases, the normal imaging conditions
themselves determine which area of the image /4., is
of interest (for example, contains an image of the tar-

get object). Then we call it the region of interest and de-
note by

RcC |]:Dideal’ (7)

where D)., is the domain of the image 7,4, (see (1)).
Otherwise, we take R = [, 4,;- The region of interest R
shows exactly where in the image /,,., plane the nor-

malization H is required to be accurate. We will not
consider the case of an empty region of interest. Since
the image domain D), is always bounded, the region
of interest R is also bounded. The sets R and D, will
be considered closed, since in this case there is no
practical reason not to, and it is mathematically con-
venient. We will not require the convexity and connec-
tivity of the region of interest R, since these restrictions
are insufficient for practical needs. The image Q of the
region of interest R in the image 7,, plane is set by
0 VIRIE (V(r): re R. Ideally, Q = R.

Hereafter, for brevity, we will use the notation as
follows:

def
max f = max f(x),
Xe (8)

ef ef
sup f - sup f(x) - sup {f(x): x € X},
X xe X

and we will call sup f the supremum of the function f
X

on the set X.

Now let us proceed to the review of the criteria pro-
posed in the literature for the accuracy of the geomet-
ric normalization. The works (Clark et al., 2008; Singh
et al., 2008; Zeynalov et al., 2009) suggest evaluating
the accuracy of normalization visually. Formal criteria
can be divided into three groups: intrasystem, color,
and geometric. Further, we will consider these three
groups separately.
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ideal

Fig. 7. Example of image normalization and its subsequent analysis. H — ideal normalization transformation, H- algorithmic
normalization transformation, V — residual distortion, [, — image to be normalized, [jg., — algorithmically normalized
image, I, — algorithmically normalized image, bottom left — result (protocol) of image /,, analysis, R — region of interest,

O — image of the region of interest R in the image /,, plane.
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Fig. 8. Example of coordinate discrepancy d. Left: algorithmically normalized image I, , the area of interest R is marked by a
black frame. Right: vector field of residual distortion displacements V(r) —r, color shows coordinate discrepancy values

d(r) = [[V(r) = r|p.

Intrasystem criteria

We have already shown that the normalization is
applied as a stage of preprocessing of images for vari-
ous image analysis problems Thus, there is an ap-
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proach where the accuracy of the normalization is de-
fined as the quality of the solution of the problem in
which it is applied. For example, in (Merino-Gracia
et al., 2013; Lu et al., 2005; Zhang et al., 2008; Tong,
Zhang, 2010; Takezawa et al., 2016) the criterion for
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the accuracy of document image normalization is
chosen as the quality of text recognition on an algo-
rithmically normalized image 7, ; in (Awal et al, 2017,

Finlayson et al., 1998) — the quality of scene object
recognition; and in (Skoryukina et al., 2017) — the
proportion of correctly identified TV broadcasts.
Since such accuracy criteria are defined exclusively
within the framework of some image analysis system
and its testing system, we will call them intrasystem cri-
teria. They depend only on a single image or a set of

images /,,.

Intrasystem criteria of accuracy are undoubtedly
useful, as improvement of normalization algorithm in
the sense of intrasystem criterion by its definition
means the improvement of quality of solution of the
final image analysis problem, and exactly in the sense
in which this quality is specified. However, the criteria
proposed in the literature are not limited to intrasys-
tem criteria. The reason for this lies in the violation of
the principle of software modularity, which requires
that the development (and hence testing) of modules
should be carried out independently. This violation re-
sults in the following problems. The system of image
analysis and/or system of its testing by the time of the
introduction of the normalization algorithm may not
be fully developed. If both of these systems already ex-
ist, they are usually in the process of constant change,
so the intrasystem criteria for normalization accuracy
are also changing. In addition, they are not mathemat-
ically formalized, difficult to analyze, make the soft-
ware debugging process difficult, and do not imply the
universality of normalization algorithms. Zeynalov et
al. (2009) describe intrasystem criteria as incorrect for
these reasons. There is an opposite approach, in which
it is believed that the image analysis system must be
such that the quality of its performance on normalized
images correlated well with some simple fixed criteri-
on for the accuracy of normalization of these images.

Color criteria

By color criteria for the accuracy of geometric nor-
malization, we will denote the criteria that necessarily
depend on both images /,,, and /,4,, and may depend
on the region of interest R and its image Q. For exam-
ple, the articles ( Szeliski, 1996; Sawhney and Kumar,
1999; Calderon and Romero, 2007; Goshin et al.,
2014) use the root mean square pointwise difference of
these images throughout the region of interest as the
normalization accuracy of single-channel images (see
Fig. 9):

AT Jamﬂ@r) Lgoa(®)): di. (9)

where S(R) is the area of the region of interest R; in
(Tsviatkou, 2014; Gong et al., 2019), peak signal-to-
noise ratio (PSNR):

KONOVALENKO, NIKOLAEV

PSNR( alg> 1dea]’R) (10)

def
= 20 1OgIO [Imax/lz(lalgv Iideal; R)] H

where /., is the maximum possible image value (usu-
ally 1.,,, = 255); and in (Gonget al., 2019), the struc-
tural similarity index:
SSIM(Lyg, Lo R) =
__ Qu + )20, + ) an
(g +1 +€)(0s +0; +¢)
where
. P 1a r)dr,
5 def 1
6, = —— a r a T,
(12)
; 1 r)dr,
“’1 S(R)J. 1dea1( )
5 def 1 2
= —— | (Jigea (*) — ;)" dTr,
S(R)R( dear (1) = 1;)
def 1
G, = Iar_a[iear_idr> 13
ﬂmggu M) (Tgea(™) =) dr,— (13)
= (kllmax)za G = (k21max)2> (14)
k =0.01, k,=0.03.
The Wasserstein metric (Haker et al., 2004;

Schmitzer and Schnorr, 2015; Su et al., 2015), infor-
mally called the “earth mover’s distance”, is also used
for single-channel images:

W( alg» dealaQaR) -

1/p (15)
= inf j lg —rll; dv(q.r)|
W) | g
where
[ Ls(@da
wX) =¥ —— Xco
J Jast@da’
(16)
[ Jgca ()
v(X) = XcCR
J Iideal(r)dr
R
are the distributions of values of images /,;, and /4,

and I'(u,v) is the set of all measures on Q X R with
marginal measures L and v. The interpretation of W,
in this case can be detailed as follows. If the mea-
sures W and v are understood as “piles of dirt”, then
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Fig. 9. Single-channel images /igea;, 15 and their difference module |/,

etal., 2014).

the Wasserstein metric W, defines the minimal “cost”
of turning one pile into the other, the cost is assumed
to be proportional to the amount of dirt and the dis-
tance (raised to the power p) by which it has to be
moved.

Radial distortion compensation is an important
special case of geometric normalization. To describe
its accuracy, criteria detecting the presence of straight

lines in the image /,, are used (Kunina et al., 2016).

The main property of color criteria for geometric
normalization accuracy is as follows: even for fixed

transformations ﬁ, H and the region of interest R, i.e.
when in the geometric sense normalization is made
equally accurately, the value of any color criterion

changes depending on images /,;, and I,

ideal*

Geometric criteria

By geometric criteria of the normalization accuracy,
we mean the criteria that depend only on transforma-

Fig. 10. Illustration of Jaccard’s coefficient definition: in-
tersection and union of sets Q and R.
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— Iigeat|- The images are reproduced from (Goshin

tions H and ﬁ, or on their parameters, and on the re-
gion of interest R, and on the derived objects: Q, V, d.

They do not depend on the images ([, 1, and
1i4.1)- GeOmetric accuracy criteria are natural for geo-
metric normalization and are more frequently met in
the literature. Let us list them below.

1. The closeness of the parameters specifying the

transformations H and H. For example, in (Triputen’
and Gorokhovatskii, 1997), the accuracy of normal-
ization by an affine transformation given by the matrix

A= (a;) € R>?, was calculated as follows:

2 3

Eafﬁn (1&, A) = z

la, —
i=1j=1 |aij|

a;

; A7)

and in (Calderon and Romero, 2007), where normal-
ization was performed by projective transformation,
the accuracy was introduced by the homography ma-

trix A = (h;) € R™:
E,(H,H)=||H - H|, (18)

for the following homogeneity normalization:

hyy = Iy =1, where ||| - is the Frobenius norm.

2. Jaccard’s coefficient (Jaccard, 1901), equal to
the area of intersection of sets Q and R, divided by the
area of their union (see Fig. 10):

af S(Q N R)
SQUR)

It was used, for example, at the “Smartphone doc-
ument capture competition” of the ICDAR confer-
ence (Zhukovskiy et al., 2018). The paper (Rezatofighi
et al., 2019) suggests its more suitable modification for
optimization.

3. Hausdorff metric, the greatest distance from the
points of one set to their corresponding nearest points
of the second set (see Fig. 11):

KJaccard(Q’ R ( 19)
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A (0.R) = o0

= inf [lq — rf,, supinf r —q
= max sillelglrlgR q -1, SI-SIIQ)LQQ r—q-

The Hausdorff metric has been used for arbitrary
object detection (Sim et al., 1999), for alignment of
partially occluded contours (Orrite and Herrero,
2004), for robust face detection (Jesorsky et al., 2001),
and for calculation of closeness between two images
(Huttenlocher et al., 1993). In the works (Dubuisson
and Jain, 1994; Efimov and Novikov, 2016), its modi-
fications were proposed.

4. In the case when instead of sets Q and R, two

continuous curves are considered: Q, R:[0,1] — [Riz,
the Frechette distance, related to the Hausdorff met-
ric, is used:

FO.R Z inf max [0@@®), REON,, (1)

ab t€[0,1]
where a,b: [0,1] — [0,1] are continuous non-decreas-
ing surjections (reparametrization). This criterion was
used to specify morphing accuracy (Har-Peled, 2002)
and closeness of two contours after projective align-
ment (Pritula et al., 2015).

5. Mean square coordinate discrepancy d:

L Idz(r)dr for 0 < S(R) < oo
LviRy Y JS Rz

LS for 0 <|R <o
|R| reR

has been used as a criterion of normalization accuracy
in radial distortion elimination (Stein, 1997), panora-
ma creation (Sawhney and Kumar, 1999; Hsu and
Sawhney, 1998; Chen et al., 2002), space image
matching (Kozlov et al., 2009; Katamanov, 2007),
medical image analysis (Baltzopoulos, 1995), text rec-
ognition (Dance, 2001).

6. The mean coordinate discrepancy d was also em-
ployed (Kunina et al., 2016; Shemiakina et al., 2017):

,(22)

1 Id(r)dr for 0 < S(R) < es,
LV:R) S(R) % (23)

LS4y for 0 <|RI <.

|R| reR

7. Finally, the maximum coordinate discrepancy d
(minimax criterion) was also proposed as an accuracy
criterion. In the general case, it is defined as the fol-
lowing supremum:

Lo(V;R) = supd(r).

reR
The maximum coordinate discrepancy was used as
a criterion for the normalization accuracy in the tasks
of space image georeferencing (Katamanov, 2007),
face detection (Jesorsky et al., 2001), and text recogni-

(24)
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Fig. 11. The Hausdorff metric d (Q, R) between the sets Q
and R.

tion (Shemiakina et al., 2017; Skoryukina et al., 2018).
In the case of projective normalization, some works
(Shemiakina et al., 2017; Skoryukina et al., 2018) ap-
plied this criterion in a non-standard way. Instead of
the entire region of interest R, it used only the extreme
points of the region’s convex hull E(Conv(R)):

~ def
L. (V;R) = sup d. (25)
E(Conv(R))
The authors assumed that equality

LAw(V; R) = L_(V;R) is true. However, this assump-
tion is not always correct. Let us consider a counterex-
ample to the declared equality (see Fig. 12). Let

V(r) = é[ 2 }

2x+10|—x+2y+4
d(r) = [[r = V(r)|,,

and the region of interest isa rectangle R = [0,4]%[0,1],

0(|4](4]|]0
then: E(Conv(R)) = {[0},[0},{1},[1}}, therefore:

o J 2
L.(V;R)=sup d=0.4<£:dq }e RJS
E(Conv(R)) 3 1 (27)

<supd=L.(V;R) = L.(V;R) < L.(V;R).
R

(26)

It is interesting to note that all of the listed geomet-
ric accuracy criteria depend on Hand H only through

the residual distortion V = HH™' (4) and the coordi-
nate discrepancy d derived from it (6). Therefore, the

accuracy of the transformation H estimate H can be
understood as the closeness of the residual distortion V
to the identity transformation.

Let us nowexamine the listed geometric criteria.
The criteria based on proximity of parameters that de-

fine transformations H and Hare not suitable to de-
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Fig. 12. A counterexample to the statement that the supre-
mum of coordinate discrepancy of the projective transfor-
mation on a rectangle is achieved on its vertices. The pro-
jective transformation of a rectangle into a trapezoid is
shown. The lengths of the dashed lines correspond to the
coordinate discrepancies. The property is visually demon-
strated: the coordinate discrepancy at vertices of the rect-
angle is smaller than at the point on its edge.

scribe the normalization accuracy, since they do not
depend on the region of interest R, which shows where

exactly in the image [, plane the normalization
should be accurate. The Jaccard coefficient, the
Hausdorff metric, and the Frechet distance do not
have this drawback, but, being utilized as criteria for
normalization accuracy, they have another general
drawback. They specify only the similarity of sets Q
and R, while arbitrary distortions within a set are not
accounted for. For example, in Fig. 13 we can see two
examples of document image normalization, correct
and incorrect, which have an ideal accuracy in terms
of each of the three above-mentioned criteria.

Mean, root mean square and maximum coordinate
discrepancies have no obvious disadvantages com-
pared to the previous criteria.

o

"
ﬁ
=
:
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PROJECTIVE IMAGE NORMALIZATION
AND ACCURACY CRITERIA

Theoretical justification of projective image
normalization

The following classes of transformations are used to
implement geometric normalization of images: iso-
metric (Murygin, 2010; Huttenlocher et al., 1993; Bo-
lotova et al., 2017), affine (Triputen’ and Gorokho-
vatskii, 1997; Putyatin et al., 1998; Nikolaidis, 2011),
polynomial (Kozlov et al., 2009), fractional-polyno-
mial (Singh et al, 2008), radial-polynomial (to com-
pensate for radial distortion) (Kunina et al., 2016),
central-projective (Rodriguez-Pifieiro et al, 2011;
Zhang and He, 2007; Kholopov, 2017), projective (Sa-
fari et al., 1997; Iwamura et al., 2007; Merino-Gracia
et al., 2013; Shemiakina et al., 2017; Xie et al., 2018),
and arbitrary (Jesorsky et al., 2001; Zeynalov et al.,
2009).

The shape of scene objects is very often modeled by
a polyhedron (approximation of their 3D shape is
called polyhedral), formally approximating the optical
system of its registration by a pinhole camera (the laws
of geometric optics are approximated in this case by
the flat central projection) (Forsyth, Ponce, 2002). Un-
der such assumptions, the images of the same object
face captured from arbitrary angles are connected by a
two-dimensional projective transformation (Shemiaki-
na, 2017; Hartley, Zisserman, 2003) (see Fig. 14 and
15). Thus, the ideal normalizing transformation H of
this face image is projective, and the algorithmically

normalizing transformation H is chosen to be projec-
tive. Since the transformations H and H are projective,

the residual distortion V = HH™' is also projective.
Such geometric normalization will be referred to as
projective normalization. The projective transformation
preserves straight lines. In Fig. 14 and 15, this funda-

Fig. 13. Two examples of document image normalization (left — correct, right — incorrect), which are perfectly accurate in terms

of Jaccard coefficient, Hausdorff metric, and Frechette distance.
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Fig. 14. Formation of images /; and 7, of a flat rectangular
object in a pinhole camera with optical centers Oy and O,.
The object and its images are pairwise connected by pro-
jective transformations.

mental property is expressed by the fact that the imag-
es of straight lines of the scene also remain straight.

The projective transformation is used not only for
geometric normalization of images, but also for color
normalization. In 1931, the International Commission
on Illumination (CIE) introduced the standard CIE
XYZ color space and formalized the concept of chro-
maticity (color without luminance) as an ordered pair
of chromatic coordinates (x, y) of the CIE xy color
space (Smith et al., 1931), with the relationship be-
tween color and chromaticity specified as a projective
mapping. Projective CIE xy chromaticity transforma-
tions have been considered since MacAdam’s work
(1937) published in 1937. However, due to their pro-
jective definition, we can assume that the projective
chromaticity transformations have been considered
since their introguction in 1931. Nevertheless, a formal
theoretical justification for projective color normal-
ization was published only in 2016 by G. Finlayson
(Finlayson et al., 2016). It is worth noting several
works where all three color coordinates are projective-
ly transformed. The first appears to be a paper (Wal-
lace et al., 2003) by a Princeton University Computer
Science Department team, published in 2003. A
three-dimensional projective transformation was used
to compare the color bodies of different projection
frameworks. Later, the same approach was applied to
photorealistic color palette transfer between images
(Gong et al., 2019) (see Fig. 16 for examples). In both
cases, it is a mutual calibration of the two images,

KONOVALENKO, NIKOLAEV

Fig. 15. The real image obtained by the camera, which can
be accurately simulated by a pinhole camera model. The
flat faces of the scene are related to their images by projec-
tive transformations.

rather than a transition to a color space with the re-
quired properties. In the article (Smagina et al., 2019),
the projective transformation was suggested to be used
precisely for the transition to space with a simple, but
meaningful, metric. In this work, it was shown that a
fixed three-dimensional projective transformation of
color coordinates can improve the results of color seg-
mentation algorithms. In 2020, another paper (Kim
et al., 2020) demonstrated the use of a three-dimen-
sional projective transformation for color normaliza-
tion (calibration) of micro-LED displays.

Accuracy criteria for projective image normalization

All the criteria described above are universal, and
therefore applicable to the description of the projec-
tive normalization accuracy. However, for the case of
projective normalization, special criteria have been
proposed in the literature. They all assume that the re-
gion of interest R is a rectangle. Then its image Q is a
quadrilateral. For example, in (Calore et al., 2012), the
angle between the left and right sides of the quadrilat-
eral Q was proposed as an accuracy criterion: oi(Q) (see
Fig. 17), and in (Kholopov, 2017), the ratio between
the minimum and maximum angles of the quadrilater-
al Q (see Fig. 18):

o...:
E(Q) = Zn(Q (28)
amax (Q)
in (Takezawa et al., 2016), the total relative proximity
of the lengths of the opposite sides of Q was chosen:
_la=d_ |b-d

b= a+c b+d’

The articles (Rodriguez-Pineiro et al., 2011; Zhang
and He, 2007) define normalization accuracy as the
accuracy of the normalization algorithm’s estimate of
the aspect ratio of a rectangle R. All the criteria listed
here are invariant to the similarity transformation.

(29)
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Fig. 16. Projective color normalization. The left images were obtained under the illumination chosen as normal, the center images
were obtained under some other types of illumination. On the right, the results of projective color normalization of the central

images are shown.

THEORETICAL JUSTIFICATION OF THE
NORMALIZATION ACCURACY CRITERIA

It was shown above that a large number of normal-
ization accuracy criteria have been already proposed,
including those introduced specifically for projective
normalization. Thus, the question of the proposed cri-
teria applicability to various image analysis problems is
relevant. The introduction of problem-oriented crite-
ria allows for a theoretically justified approach to the

Fig. 17. The angle between the left and right sides of a
quadrilateral Q.
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choice of optimal algorithm among existing algo-
rithms of geometric normalization, and to the devel-
opment of new algorithms.

In (Konovalenko et al., 2020d), for the case of a
document with a fixed structure (Povolotskiy and Tro-
pin, 2019), a normal probabilistic recognition model
was introduced, according to which the probability of
correct recognition of a symbol jumps to zero as the
coordinate discrepancy of this symbol increases. For
this model, it was proved that the accuracy criterion of
image normalization, expressed as the maximum (by
text fields of the document) coordinate discrepancy, is
monotonically related to the probability of correct rec-
ognition of the entire document.

In (Konovalenko et al., 2020a), another model of
recognition was introduced, according to which the
probability of correct recognition of a symbol decays
according to Gaussian with the growth of the coordi-
nate discrepancy of this symbol. For this model, it was
proved that the accuracy criterion of image normaliza-
tion, equal to the mean square of the coordinate mis-

Jamax

\(xmin

Fig. 18. Minimum and maximum angles of a quadrilat-
eral Q.
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Fig. 19. An example of projective normalization in which
the Jacobian of residual distortion V equals to either posi-
tive or negative values in the region of interest R. Above —
ideally normalized image [;ge,- Bottom — algorithmically
normalized image Ly, obtained as a result of splitting the
image [igeq by res1dual projective distortion into two parts:
for the right side the Jacobian of residual distortion is pos-
itive, and for the left side it is negative, which corresponds
to “reflecting” the image.

alignment in the text fields of the document, is mono-
tonically related to the probability of true recognition
of the entire document.

In (Konovalenko and Shemiakina, 2018; Konova-
lenko et al., 2020a), the maximum and root mean
square coordinate discrepancies were expressed ana-
lytically for the case of projective normalization.

LIMITS OF APPLICABILITY
OF NORMALIZATION ACCURACY CRITERIA

The case of arbitrary normalization

All the above mentioned criteria of images normal-
ization accuracy, except intrasystem, are not intended
for the case when some part of the region of interest
image is not mapped on the image 7,;,. In this regard,
it is necessary that the algorithmically normalized im-
age completely contains the image of the region of in-
terest:

Q = V[R] c dom Ialg’ (30)

and that the input image completely contains the pre-
image of the region of interest:

H'[R] < dom [, (31)

In addition, a residual distortion that is too “bad”
at the region of interest also makes all of the above non-
intrasystem accuracy criteria meaningless. Therefore,
let us require that at each point the transformation has a
Jacobian matrix and a positive Jacobian

input-

Vi122V33 — V11¥23V32 ~ V1aV21V33 + ViaVasVa1 + VisVaiVay — V13V22V31
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reR = det(J(r) >0, (32)

because a zero Jacobian usually leads to loss of infor-
mation, and a negative one means “reflection” of the
image and corresponds to imitation of the view of the
object surface “from the back” (see Fig. 19).

The case of projective normalization

Let us consider in detail what these constraints
mean for the case of projective normalization, when
the camera is modeled by a pinhole camera and the
object surfaces are modeled by planes. Let us intro-
duce the projective transformation P, the inverse of H:

P=H"' (33)

— it translates the points of the image /4., into the
points of the image /;,,,,. The projective transforma-
tion Vis parameterlzed by a homogeneous matrix (4o-

mography matrix) V = (v )€ R™ in the following
standard way:
[an vyt V13:|
def | Vo1 X + VooV + V.
V(r) lef [ V21 22 T Va3 .
V31X +V3y + Vi3

(34)

Similarly, the projective transformations H, H and

P are parameterized by the matrices H , H and p re-
spectively. Let

V=HH', P=H' = V=HP. (35
Let us introduce the function
def
Z(r) = vy X + V3p + vis. (36)

From the constraints (30), (31), and (32) it follows
that the function Z has a constant sign on the set R:

reR = Z)<O0,
reR = Z)>0.

Let us prove this for the general case when the set R
is not necessarily connected. Indeed, if for a point
r € R is satisfied Z(r) = 0, then the corresponding
point V(r) in the image /,,, plane is infinitely distant
(see (34)) and therefore cannot belong to this image,
which violates the condition (30). Moreover, it follows
from (34) and (36) that:

(37)

det(J(r)) =

I.e. the sign Z(r) either everywhere coincides with
the sign of the Jacobian of the projective transforma-
tion V, or differs from it everywhere, which means that
to satisfy condition (32) it has to be either uniformly
on R negative or positive, what was required to prove.

(38)

Z(r)

If condition (37) is ignored, the coordinate discrepan-
cy (6) is predetermined naturally:

[r = V), for Z(r)=+0,
d(r) = 39
(r ) { for Z(r) = 0. (39)
CEHCOPHBIE CUCTEMBI TOM 35 Ne 3 2021
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Puc. 20. Projective (left) and affine (right) geometric normalizations of the document image /¢ (top) and the result of its rec-

ognition (bottom). H — projective transformation, A — affine transformation, V = AH_1 — residual projective distortion. The
black boxes show the ideal localization of a document and its text fields. Even though the camera’s optical from normal, the text

fields of the document were accurately normalized via affine normalization.

AFFINE APPROXIMATION OF PROJECTIVE
IMAGE NORMALIZATION

Due to the growing technical capabilities of mobile
devices in recent years, autonomous image analysis on
mobile devices without the involvement of the server
has become relevant. A significant contribution to the
development of this approach was made by V.V. Arlaza-
rov. The computational power of modern mobile de-
vices is such that the time required for projective image
transformation turns out to be a critical factor (Trusov,
Limonova, 2020). A competitive approach that in-
creases the speed of image processing could be the af-
fine transformation (Putyatin et al., 1998; Wolberg,

CEHCOPHBIE CUCTEMBI 2021

TOM 35 Ne 3

1990). Note that a typical variant of the orientation of
the camera optical axis with respect to the plane of the
target object can be represented by an orthogonal view
model. In this approximation, the camera-object sys-
tem is naturally described by an affine projection model
(Forsyth and Ponce, 2002), and the generally required
projective normalization is replaced by frequently used
affine normalization without significant loss of accura-
cy Triputen’ and Gorokhovatskii, 1997; Putyatin et al.,
1998; Nikolaidis, 2011) (see Fig. 20). Such a transition
to a less computationally expensive model can provide
the required acceleration of the normalization step.
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The notion that in practice the projective transfor-
mation can be replaced by the affine transformation
was suggested earlier in (Gruen, 1985). This property
was used in (Ohta et al., 1981) to simplify further
mathematical constructions. The affine approxima-
tion is widely used in image augmentation (Pavi¢ et al.,
2006) and in rendering (Wolberg, 1990; Heckbert,
1989; Lorenz and Dollner, 2009). In (Huang et al.,
2015), the projective transformation is replaced by a
simpler affine transformation in order to eliminate
overtraining. A similar idea is used in the weak per-
spective camera model (Alter, 1992; Kutulakos and
Vallino, 1996; Aradhye and Myers, 2010), where with-
in each scene object the equidistance of its parts from
the camera is assumed. Developing affine invariant
methods instead of the much more complex projective
invariant ones is common in the popular technology of
special points (Mikolajczyk and Schmid, 2002; Miko-
lajczyk and Schmid, 2004; Morel and Yu, 2009), and
in the related problem of significant regions detection
(Kadir et al., 2004), although both approaches are
practically invariant to the capturing perspective. The
division into affine and projective methods also exists
in the field of stereoreconstruction (Faugeras, 1995).
Replacing a projective transformation with an affine
one for rendering and image normalization purposes
leads to the loss of accuracy (Putyatin et al., 1998;
Zwicker et al., 2004).

In (Konovalenko et al., 2019), the maximum and
root mean square coordinate discrepancies were pro-
posed as accuracy criteria for affine approximation of
projective normalization. Based on these criteria, the
problems of the search for optimal affine approxima-
tions are formulated. The convexity of the obtained
optimization problems is proved. A method for the
employment of optimal affine approximations to save
computational resources during image transformation
is proposed. In (Konovalenko et al., 2021), the prob-
lem of finding an affine approximation optimal ac-
cording to the criterion of coordinate mean square dis-
crepancy was solved analytically.

CONCLUSION

In the analytical part of this review paper, the au-
thors demonstrated the following original results:

1. Among the known criteria for the accuracy of
image normalization, several were chosen based on
the following attributes. Ones that do not violate the
software modularity principle, do not depend on the
values of images, do take into account the area of in-
terest, and do not require an ideal accuracy in the case
of loose normalization. Such criteria include mean,
root mean square, and maximum coordinate discrep-
ancies (see section Theoretical justification of the nor-
malization accuracy criteria).

2. For the case of projective normalization, an an-
alytical expression for the maximum coordinate dis-

KONOVALENKO, NIKOLAEV

crepancy was previously described in the literature.
This expression, however, was refuted by the authors:
it is shown that the supremum of the coordinate dis-
crepancy of 2D projective transformation on a closed
bounded set is not necessarily reached at the extreme
points of its convex hull (see item 7 in Geometrical
Criteria section).

3. Limits of applicability of normalization accuracy
criteria were introduced.

4. We proposed mean square and maximum coor-
dinate discrepancies as accuracy criteria of affine approx-
imation of projective normalization. It significantly re-
duces computational complexity when choosing optimal
affine approximations, and the problem of affine approx-
imation search has been studied analytically (Konova-
lenko et al., 2021).
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LMK — MpeoOpa3oBaHUS K TAKOMY BUAY, KaK €CJI1 Obl OHO ObLIO MOJIYYEHO ¢ yIOOHOTIO IJIs aHAJIU3a PaKyp-
ca. JlanHast paboTa npencranisieT co00i 0030p COBPEMEHHBIX METOJIOB, KPUTEPUEB TOYHOCTU U TIPUIIOKE-
HUI HOpMaJIM3allM¥ Pa3HOOOPa3HBIX TUIIOB, a TAKXKE OIMMCHIBAET OCHOBHbBIE 3TAllbl CTAHOBJICHUS 3TOM
npobjieMaTuKu. BriepBele eIMHOOOpa3HO pacCMaTPUBAIOTCS ABa BaXKHEMINNMX YaCTHBIX CJIy4dasi HOpMaJiu-
3allM, B IUTepaType TPaAULIMOHHO pacCMaTpUBaeMble HE3aBUCUMO: IIEPBBIM BKJIIOUYAET BOIIPOCHI TOJIBKO
TEOMETPUYECKOTO XapaKTepa, BTOPOil paccMaTpUBaeT UCKIIOUMTEIHHO LIBETOBLIE acieKThl. [1monoTBop-
HOCTB 3TOT0 O0BEIMHSIOIIETO MOAX0a BhIPAXKaeTCs elle U B TOM, YTO IIPOoLEAypa HOPMAaIU3ALMU OKa3bl-
BaeTcsl PyHIaMEHTAIbHLIM 00pa3oM IIpUBJIEKAIOIIEH IByMEpHbIE M TPEXMEPHbBIE IIPOSKTUBHEIE ITpeodpa-
30BaHUs C OOIIMM aHAJIMTUYECKUM alllapaToM, 6€30THOCUTEILHO K LIBETOBOMY U T'€OMETPUYECKOMY €€
KWCTOJIKOBAHUIO IS TIPAKTUYECKUX 3a1ay.

Kaiouesvie crosa: reomeTpudeckast U LIBETOBasi HOpMaJIM3allKsl, TPOSKTUBHOE Mpeodpa3oBaHKe, MaTpHlia
romorpaduu, cpeagHeKBaapaTUIHasE 1 MaKCUMaJIbHasl HEBSI3KM KOOPIMHAT, KPUTEPUN TOYHOCTH HOpMa-
JIU3alnu, 06JIacTh MHTEpeca
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DOI: 10.31857/5023500922101011X

Bce pykonucu nonatorcst B Penakiivio xypHaia
yepes peIakKIMoHHO-U3maTesibeKylo cuctemy (PUC).
st ogauyu pyKoIucu aBTOP-KOPPECIOHAEHT (TOT,
KTO IMOJaeT PYKOIUCh) NOJIKEH 3apeTUCTPUPOBATHCS
B PUC. JanHbBIC, KOTOpBIE TPEOYETCS yKa3aTh aBTOPY
MpU perucTpaluu, HeoOXOMUMMBbI IjIsI aBTOMaTHYe-
CKOTO 3aroJIHEHUsI JOTOBOPOB ¢ usnareysiMu. Peru-
CcTpauus ToJib30BaTeseid B CUCTEME TPOU3BOAUTCS
Ha caiite https://publish.sciencejournals.ru/login.
Ilocne perucrTpaiiu BO3MOXHA Moaadya PYKOIIMCU
yepe3 JUIHBIM KaOMHET: 3arpy3Ka BCeX HeoOXOoIm-
MBbIX (paitJioB (TEKCT, pUCYHKM, IIPU HEOOXOTUMO-
CTM — CONpPOBOAUTESIbHbIE MaTepuasibl), BKIOYas
JIOTOBOP O Tepeaaye aBTOPCKOro npasa. B nanbHeit-
11IeM BCe BTallbl IPOXOXKICHUST PYKOITUCH, B TOM YUC-
Jie pelieH3uM U pellieHrue Penkosierum, MoTyT ObITh
OTCJIeXKEHBI Yepe3 TMYHBIN KaduHeT aBTopa. I1pu 1mo-
Jllaye MaTepuayioB 00s13aTe/IbHO TyOJIMPOBATh CTaThbU
o 1oure editor@sensorysystems.ru.

Kypnai “CeHcOpHBIE CUCTEMBI” ITyOJIMKYET OPH -
TMHaJIbHBIE CTaTbU, 0030pHI, KpaTKHUE COOOIIECHMS.
HasnaueHue XXypHaja — ocCBellaTh (HU3NYECKUe,
dusmonorndeckmue, Mmopdonorndecknue 1 mHGopMma-
LIMOHHbBIE ACIIEKThI CTPYKTYPhI M (DYHKIIUY OUOI0T 1~
YECKUX U TEXHUUYECKUX CEHCOPHBIX CUCTEM, ITPUH-
LUITEI IPEICTAaBICHUS U TIepepaboTKn MHGOpMaIInu
U3 OKPYXAIOIIEro MUpa M PEeKOHCTPYKIIMU €r0 CO-
JIep>KaHUsl, aJITOPUTMbI pabOThI CUCTEM aBTOMATUYE-
CKOTO aHaJIN3a CEHCOPHOI MH(OpMaLIUK 115 yIIpaB-
JICHUs afrapaTtamMu, 3aMeHSIIOIIMMU YeJIOBeKa B pas-
HBIX cepax ngesaTeabHOCTH. JKypHan IpHMHUMAET
TOJIBKO T€ CTaTbU, KOTOPbIE COOTBETCTBYIOT TEeMAaTH-
Ke XypHaJa.

KypHan npumep>kuBaeTcs MpaBUI MEXITyHAPOI-
Horo Komurera mo stuke myoaukanuii (Committee
on Publication Ethics — COPE, mogpo6Hee MOXHO
O3HAKOMUTBCSI Ha  caiite:  https://sensorysys-
tems.ru/ru/ethics.html).

K HY6J'[I/IK8,I_II/II/I IIpUHNMAaIOTCA 3aBCPIICHHBLIC
SKCIICPUMECHTAJIbHBIC U TCOPETUYCCKUEC pa60TbI, pa-
HEC HUTAC HE HY6JII/IKOBaB]_HI/IeCH 1 HE NIpEACTaBJICH-
HBIC IJI I'IY6J'II/IKaLII/II/I B IPYIrOM M3JaHUU. HOCTyrIa—
IOIIKE PYKOITUCH TIPOBEPAIOTCA Ha HaJIWM4YMUEC ILjIa-
ruara.

[MIa6moH pykonucu B ¢opMaTe doc MOXHO CKa-
yaTh IIO0 CChUIKe: http://sensorysystems.ru/ru/arti-
cle_submission.html.

K pykomncu 0053aTeqbHO TOJZKHbI OBITh NMPHJIO-
JKEeHbI:

—  MOOMMCAHHBIA  JIMIIEH3WOHHBIM  JOTOBOP
(61aHK JOroBopa MOXHO CKayaTh IO aapecy:
http://sensorysystems.ru/ru/article_submission.html/);

— HoMep TeliepOHa U afpec SIIEKTPOHHON! MOUThI
KOHTAKTHOTO Jinla (Ha OTIeJbHOM JIMCTE WU B TeK-
CTe M1chMa).

IIpoxoxkneHue pykonucei

Bce pykommcu, mOCTyIMBIINE B pedaklivio, pe-
NEH3UPYIOTCI HE MeHee 4YeM IBYMsl peleH3eHTaMUu
“cnenbIM” pelieH3upoBaHueM. B poJin pelieH3eHTOB
MOTYT BBICTYIIaTh BHEIITHME 3KCIIEPTHI U YICHBI PeJI-
KoJuiernu. PellleHue o IyOJMKALMU IPUHUMAETCS
Penxonnerueii xXypHajia Ha OCHOBE ITOJIyYEHHBIX pe-
LICH3Uii. ABTOpP MOXKET PEKOMEHIOBATh IBYX-TPEX
pEeleH3eHTOB JJIST CBOEei paboThl, HO IIpPaBoO BEIOOpaA
peleH3eHTOB ocTaeTcs 3a Pegkosierueii. Penkonie-
TUSI MOXKET IIOCTaBUTh YCIOBUEM ITyOJIMKAILIMK TOpa-
OOTKY PYKOITMICH B COOTBETCTBUU C PEKOMEHIAIINS -
MU pelleH3eHTOB. Penkoiuierusi octaBiisieT 3a coOoi
IIPaBO OTKJIOHUTH PYKOIHNCh, €CJIM OHA HE COOTBET-
CTByeT TIpoIIIIO KypHaia, HeyIOBJIETBOPUTEIbHA
110 HAYyYHOMY COAEPKAHUIO WJIM IO TEXHUYECKOMY
WCHOJMHEeHMIO. PelieH3Mu HaIlpaBisloTCs aBTOpaM
BMECTE€ C MOTMBMPOBAHHBIM 3aKiodyeHueM (“IIpu-
HATH”, “mopaboTarh”, “OTKIOHUTH”). B ciaydae 3a-
KJII0UeHMs “aopaboraTh”, aBTOPHI JOKHEI IIPEICTa-
BUTH TOPAaOOTAHHBIN BapMaHT PYKOIMCHU B TCUEHUE
Tpex MecsueB. IIpu mpemocTaBieHUM WU3MEHEHHOMN
pYKOITMCH B 0oJiee TTO3AHUI CPOK, OHA paccMaTpuBa-
eTcd Kak HoBad. PelieH3uu u 3axinodeHus Penkon-
JISTUU XpaHSTCS B pegakiuuu 1 M3naTtenbCcTBe B TeUe-
HUe 5 JIeT.

ABTOpCKHE K3eMILTAPbI

Astopam BreickI1aeTcss PDF-aiin ommy6ankoBaH-
HOW CTaTbU.

TexHnyeckue TpeOOBAHUS K PYKONUCH

Pykomnucu npeactaBiasiioTcsl B 2JICKTPOHHOM BUE
Ha PYCCKOM WJIM aHIJIMMCKOM SI3bIKaX. DJIEKTPOH-
HBII (aiin moimkeH ObITh B popmate DOC. OnmH
9JIEKTPOHHBIN (paiisl OJKEH coaepKaTh IOJHBIN Ha-
6op mH(poOpMaLIMK, T.€. OCHOBHOII TEKCT, ITOIPUCY-
HOYHBIE MOAIIMCH, TAOIUILILI U PUCYHKMU.
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Pykormmice nmomkHa OBITP HaOpaHa mIpUMTOM
Times New Roman 12 pt, ordpopmaTupoBaHa yepe3
1.5 unTepBana, Ha Juctax A4 ¢ mojasaMu 3-5 cM c Je-
BOIi CTOPOHEI, 1 CM C IIpaBoOii CTOPOHEI, HE MEHee 3 cM
cBepxy u cHu3y. Kaxknprii ab3all HaumHaeTcsI ¢ Kpac-
HOM CTPOKHU, MexKaO3aIHbBI OTCTYH JOJIKEH OBITh pa-
BE€H MEXCTPOYHOMY MHTepBaily. Bce crpaHUlLBl py-
KOMNUCHU HYMEPYIOTCS MO TTOPSIIKY.

Ipu repBoM BBemeHMU abOpeBHATYp MAeTCsS WX
rmoiHasl pacumdponka. pyrue cokpalleHus CIOB,
KpOMe€ €IMHUIL] U3MEPEHUS U COKpallleHUs “T.e.”, He
TOITYCKaIOTCSI.

Ipu HaGope TPABWIBHO WUCITOIL3YHTE TIPOITHC-
HBbIE M CTPOYHBIC OYKBBI, OYKBBI PyCCKOTO M JIATHH-
CKOro ayihaBUTOB U IPYyrMe CHMBOJIBI CXONHBIX Ha-
yepTaHuii. [loMHUTE, YTO B KOMITBIOTEPHBIX TEKCTaX
BCE 9T CUMBOJIBI UMEIOT pa3HbIe KOIHI.

Pucynku pacrojiararorcs B KOHIIE PYKOIIVCH, a HE
B TekcTe. KaxXmplii puCyHOK BBINIOJHSIETCSI Ha OT-
JIeJIbHOM CTpaHUIIe ¢ yKa3aHMEeM HOMepa pUCYHKa.
Pa3penreHne pHMCYHKOB OOJDKHO OBITH HE MeHee
300 dpi. PekomeHnmyercst, 4ToOBI IIMPHUHA PUCYHKA
Ha CTpaHUlIe cocTapisia 8-8.5 cM (Ha OgHY KOJIOH-
Ky) wm 17—17.5 cm (Ha nBe Komonku). Ilpu atom ¢
PYKONHUCHIO 003aTeJIbHO NOMKHBI OBITh CIaHBI MC-
XOIHbIC (DAMIIBI MJLTIOCTPAIIWIA.

BexTopHbIe MILTIOCTpAIIMK JOJKHBI OBITH TTPEHO-
CTaBJIeHbl B CTaHAapTHOM (opMaTte (daiiioB rpadu-
YeCKOTO peIakTopa, B KOTOPOM OHU OBbLIN MTOATOTOB-
JIeHBI, Takke npuHuMaeTtcsa ¢opmar EPS. Ocranb-
HBIE WUIIOCTpAllMM IIPUHUMAIOTCS B  JIIOOBIX
CTaHIAPTHBIX rpadriecKuX (popmaTax, IpearnodTH-
tesbHO — TIFF.

Ecimu prcyHOK comepXUT HECKOIBKO (pPparMeHTOB,
OHM 0003HAYAIOTCS MO MOPSIIKY KYPCUBHBIMU CTPOY-
HBIMU OyKBaMHU PYCCKOTO ajihaBuTa: a, 0, 6 U T.1.

IIBeTHBIE PUCYHKU JOMYCKAIOTCS TOJBKO MO
MPEaBAPUTEIIFHOMY COIJTACOBAHUIO C PENAKIIUEHA.

Eciu aBTOpBI MICIONB3YIOT B CBOEI PYKOITUCH WUJI-
JIFOCTPAIINU WJIN TaOJUIIEI U3 IPYTUX ITyOJIMKaIIii (B
TOM YHCJI€ CBOMX COOCTBEHHBIX), TO UM HEOOXOIMMO
3anpocuthb y M3naTesneil aTux myoankKaiyii paspele-
HHUE Ha TepenevyaTKy WIM MCITOIb30BaHNe MaTepua-
JIOB. ITonpoGHee: https://www.pleiades.on-
line/ru/authors/permission/

IToamucu K pucyHKaM Jal0TCsl B KOHIIE TEKCTa CTa-
TbU Ha OTAEJIbHOM CTpaHULIE (BCE HA OJHOI) U TOIK-
HBI OBITh JJAKOHUYHBIMA M He TyO0JIMpOBaTh OCHOB-
HOM TEKCT PYKOMNKCH, OTHAKO BCE YCIOBHBIE 0003Ha-
YeHUSI U CUMBOJIbI TOJKHBI OBITh paclliridpoBaHbl,
3HAYCHMSI KOOPOUHATHEIX OCEM YKa3aHBHL.

Ta0mubl HaGUPAIOTCS MPU MOMOIIM peaakTopa
tabmuu. Kaxngas Tabnuia BhIMOIHSIETCS Ha OTIEb-
HOIi CTpaHMUIIE TTOCJIe TEKCTa PYKOITUCH.

Jlonoanumeavnvie mamepuaant

g 6onee MOTHOTO ONMMCAHUS MCCIEeNOBaHUs, K
CTaTbe MOTYT IIpUJIaraThCs JOMOJHUTEIbHBIC MaTe-

CEHCOPHBIE CUCTEMBI Ne 3

TOM 35 2021

puanbl (ayoguo- U Buaeodaiisibl, Mpe3eHTaluu, J10-
TOJITHUTEJIbHbIE TaOJUIBI M PUCYHKM U TIp.) IIpHU
YCJIOBUM, €CJIM aBTOp SIBJISIETCS IIpaBoOOIagaTeieM
MpUjlaraeéMbIX MaTepUaloB, M aBTOPOM paHee He ObI-
JIV TIepedaHbl aBTOPCKUE TTpaBa Ha UX MCIIOJIb30Ba-
HUE WMHBIM (KpoMe M3maTesis) JauliaM, JIMOO aBTOp
UMeeT MUCbMEHHOE pa3pellleHue MpaBooOagaTelist
Ha MX UCMHOJb30BaHUE B LICJSX OITyOJIMKOBAaHUS U
pacmpocTpaHeHUsI B XypHaje. JlomoJHUTeIbHBIE
MaTepHaabl ITyOIUKYIOTCS TOJIBKO B 3JIEKTPOHHOI
BepcHUU Ha caiite https://elibrary.ru.

CrpyKkTypa u ohopMiIeHHE PYKOIIUCH
Ha niepBoii cTpaHuiie pyKONUCH IIPUBOASITCS:

— VK (uHmexc YHuBepcaqibHON NEeCATUYHON
K1accuuKalm).

— 3amiaBue. 3aroJIOBOK CTaTbU JOJKE€H ObITh
MaKCHUMaJIbHO KOHKPETHBIM, XXeJIaTeJIbHO He Ooce
1.5-2 cTpokK (JIydile B IIpeaesiax OMHO CTPOKM).

— MHunumansl u damunus (paMmuiun) aBropa (aB-
TOPOB).

— IlonHoe Ha3BaHUE M aIpec OpraHU3alliu, TIe
BBINIOJIHEHA paboTa. Eciu aBTOphI MyOJIMKaluKM — U3
pa3HBIX yuypexXaeHuii, To adduamanus Kaxmgoro
OTMEUaeTCsl HaACTpOYHOM 1mbpoi (Hampumep,
U.N. UsaHoB'). B aHmmiickoM pesome adduina-
LIUU oTMeyvaroTcs JaTuHckumu oyksamu (I.1. Iva-
nov?). KoHTakTHBII anpec e-mail oOmHOTO M3 aBTO-
poB. KOHTaKTHBII aBTOp B TEKCTE€ OTMeuYaeTcCs
3Be3nouKkoi (Hanpumep, M.U. HUBanos'*). B an-
IJIMIICKOM pe3loMe€ KOHTAKTHBIM aBTOp OTMEYaeTcCst
HanacTpodHbiM 3HakoM # (L.I. Ivanov®).

— Crosa “Iloctynmna B pemakumio...”, ITocie mo-
pabotku...”, IIpuHsaTa K nmyoaukauuu...” (1aTel Oy-
YT BIMCAHBI peaakimeii).

— AHHOTanmMsg Ha PYCCKOM SI3bIKE OOBEMOM IO
3/4 ctpaHulbl. AHHOTalLlMSl OOJKHA OaBaTh IIpel-
CTaBJICHHE O IIpeaMeTe HCCIIeIOBAHUSI, MCIIOIb30-
BaHHBIX METOaX U OCHOBHBIX pe3y/bTaTax.

— KitroueBnlie cioBa.

— DOI: (DOI oyanet BricaH pegakiueit).
Ilpumep odopmiaeHUsT HIaIKU PYCCKOSI3BIYHOM 4YacTu
CTaTbu:

HA3BAHUME CTATbA

© 2018 r. 1. . UBanos" *, I1. T1. Metpos', C. C. Cuno-
pos?
' Mecto pa6otsl epsoro aBropa, 127000 Mocksa, OquH
Ilepeynoxk, n. 19, Poccusi
2 MecTo pa6oThl BToporo aBTopa, 127000 Mocksa, JIpy-
roii Ilepeynok, 1. 19, Poccus
*E-mail: author1@mail.ru
IMocTyrmia B pegakiuio ...
ITocne nopaboOTKH ...

I1punsaTa K myOJIMKaLuM ...
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IMocnenyroiiue pasaeabl HAYMHAIOTCS CO BTOPOit
ctpanulibl. CTaHAapTHAs CTPYKTYpa PyKOIIMCH, OTTH-
ChIBAIOINAsl JKCIEPUMEHTAIILHOE WCCIeTOBaHNE,
BKJTIOYAET CIICAYIOIINE PA3HEbl.

— BBenenue 10KHO coliepKaTh U3JTOKEHUE TTPO-
67eMbl, YPOBEHb €€ M3YyYEHHOCTHM Ha JAHHBIA MO-
MEHT U BBITEKAIOIINE OTCIONA 3a0a41 UCCICAOBAHMSI.

— OnucaHue METOIUMKH JOJ/DKHO IOKa3aTh COOT-
BETCTBUE TEXHOJIOTUU 1 METOAOB 3aa4aM paboThI U
Py HEOOXOAWMMOCTU OOECIIeYUTh BOCIIPOU3BOIM-
MOCTb Pe3yJIbTaTOB APYTMMHU HcciaenoBaTeassmu. He-
00XOIMMO yKa3aTh BU U YMCIIO HAOIIOACHUWI, TO3bI
BEILIECTB, IMapaMeTpbl CTUMYJSLMU, OCOOCHHOCTHU
Hapko3a U 1p. [1pu BBITTOJTHEHUU 3KCIIEPUMEHTOB Ha
JIIOASIX WM KUBOTHBIX, 00sI3aTEIbHO OIMMCAHUE TEX
OCOOEHHOCTE METOOWKM, KOTOpBIE OOECIICYMBAIOT
coOmMoaeHe HOPM 0O€3BpPEeIHOCTH 3KCIIEPHUMEHTOB
JIJIsI TFOAEH 1 TYMaHHOTO OOpalleHUsI ¢ JKUBOTHBIMMU.

— Pe3ynbTaThl MCCIEI0BAHUS TODKHBI COIepXKaTh
ONUCAaHUE BCEX OPUTMHAIBHBIX JAHHBIX, IPEACTaB-
JISIOIINX HAYYHYIO LIEHHOCTh U WCIOJNb3YEMbIX B
JallbHEeHIIeM 11T 00CYXKIeHUS.

— OO0cyKaeHne T0JKHO KacaTbCsl paCCMOTPEHUS
M OLIEHKM BaxKHEWINMX pe3ysbTatoB. Ilpusiiekaiite
JUIST OOCYKIIEHUSI TOJILKO CBOM OPUTMHAaJIbHbIE JaH-
Hble, U3JI0XEHHBIE B pa3aene “Pe3ynbrarhl”, U JaH-
HBIe LIUTUPYEMBIX JIUTEPaTypHBIX MCTOYHUKOB. He
BKJIIOYaiTe B pa3nen MH(opMaluio, eCId He MOXETe
TOYHO yKa3aTh €€ MCTOYHMK. [Ipym HeoOXoguMoCTHh
MOXKET IIPUBJIEKAThCS I100ast OIyOJIMKOBAaHHAS MH-
¢dopmMmalis, HO XKenaTeJIbHO N30eraTh CChIIIOK Ha He-
pelieH3UpyeMble M3aHUsI, HE TapaHTUPYIOLIUE J10-
CTOBEPHOCTH CBeAeHUI (HarpuMep, KpaTKKe TE3UCHI
KOH(EpeHIINI, HAyYHO-TIOMYJISIPHBIC ITyOJIMKAIINN ).

— 3akinoyenue Wi BuIBOIbI.

— @uuancupopanue. CreayeT yKasaTb, KaKUM
¢GOHIOM U IPaHTOM MOMICPKAHO JAHHOE UCCIIeIOBA-
HUE U KaXxaasi 4yacTb pabGOThl B OTAEJbLHOCTH, €CJIU
WCTOYHUKN (DMHAHCUPOBAHUS pa3HbIC.

— baaronapnoctu. Pasnen He sBisiercss o0si3a-
TEJIbHBIM, 3ATOHSIETCS MO XEeJaHUI0 aBTOPOB.

— KondumkT uarepecos. Paznen sBisieTcss 06s3a-
TeJIbHbIM. B cityyae oTcyTCTBUSI KOH(MDIMKTAa MHTEpE-
COB, aBTOPbI TaKXe YKa3blBalOT “ABTOpbI AaHHOI
CTaTbU MOATBEPAWIN OTCYTCTBUE KOH(MIMKTA UHTE-
pecoB, 0 KOTOPOM HEOOXOAUMO COOOIIUTh .

— CobOmoaenne aTudeckux HopMm. Paznen siBisiercst
obOs13arenbHBIM. Ecmi mccnenoBaHUsT IPOBOAMINCH
Ha XXMBOTHBIX, TO B JaHHOM pasJelie yYKa3bIBaeTCs:
“Bce mpoueayphl, BBIITOJTHEHHbBIE B UCCIIETOBAHUSIX C
y4acTUEM XKUBOTHBIX, COOTBETCTBOBAIN 3TUYECKUM
CTaHAapTaM YYpeXIeHUsI, B KOTOPOM IPOBOIMINUCH
KUCCIEAO0BAHMS, U YTBEPKIACHHBIM IIPAaBOBBIM aKTaM
P® u MexnyHapoaHbIX opraHnu3auuii”. Eciam uccie-
JIOBaHUS IPOBOIMINCH C Y4aCTHUEM JIIOALH, TO B pa3-
nene “Co0oaeHne 3TUYeCKUX HOpM™ yKa3bIBaeTCs:
“Bce miporienypbl, BEIIIOJTHEHHBIC B ICCIESTOBAHUSIX C

y4acTHEM JIIOAEH, COOTBETCTBYIOT 3TUYSCKUM CTaH-
JapTaM HalMOHAJILHOIO KOMMTETa IO MCCJIeNOBa-
TEJIbCKOI 3THKE U XeIbCUHKCKOM Aeknapauuu 1964
rojia  ee MoCIeaAyIOIIMM N3MEeHEHUSIM WJIU COTTOCTAa -
BUMBIM HOpMaM 3TUKH. OT KaxkI0T0 13 BKIIIOYEHHBIX
B MCCJIEJOBAaHNE YYACTHUKOB OBLIO IIOJIYYEHO WH-
dopmmupoBaHHOE TOOpOBOIIbLHOE cornacue”. Ecim B
CTaTbsIX HE COOCPKUTCS OMMCAHUSI UCCIIeTOBAHUI ¢
Y4acTHUEM JIIOACH WIN UCIIOJIb30BaHUEM KMBOTHBIX U
BBITIOJIHEHHBIX KeM-JTMOO M3 aBTOPOB, B pasieie
“CoOmogeHre >TUYSCKMX HOPM”~  yKa3bIBaeTCs:
“Hacros1as cTaThsl HE COJIEPXKUT ONUCAHUS BBIITOJI-
HEHHbBIX aBTOPAMU UCCIIEIOBAHUIA C y9aCTHUEM JTI0Ieit
WJIN VICIIOJIb30BAHUEM KMBOTHBIX B KAUECTBE OOBEK-
TOB”.

— Yuactue aBTOpoB. B pasmene ykasbIBaeTcs
BKJTaZ B pabOTy KaxKIOTo M3 aBTOPOB.

— CHucoK JUTepaTyphl.

— Pe3rome Ha aHTIIMIICKOM SI3BIKE.

— REFERENCES.

Pe3ioMe Ha aHTIINIICKOM SI3BIKE BKITIOYACT:

— 3amaBne.

— Nunmmans! u pamimmmm aBropoB. Eciu B crathbe
OoJiee OMHOIO aBTOpa, nepen paMuIueit MocJaeTHEro
mumercs “and” (I.I. Ivanov, P.P. Petrov, and
S.S. Sidorov).

— HasBanme u agpec ydpexneHns. Anpec yape-
XKICHUST 00s13aTeJIbHO COJIEPKUT Ha3BaHME CTPaHBI.
Ecnu aBTOpHI M3 pa3HBIX YUYPEKIAESHUIA, TO B aHIJIMII-
CKOM pe3ioMe apdmiimana OTMEYaroTCsT IAaTUHCKH -
mu oykBamu (I.I. Ivanov?).

— KoHTakTHBII angpec e-mail omHOTO 13 aBTOPOB.
B aHmmiickoM pe3ioMe KOHTaKTHBII aBTOp OTMeda-
eTcs HameTpodHbiM 3HakoM # (LI, Ivanov®).

— Anvortanmio (abstract). ComepxkaHne aHHOTA-
LAY Ha aHIJIMIACKOM SI3bIKE HOJIKHO OBITh MIICHTUY-
HBIM PYCCKOSI3bIYHOM aHHOTAIIU.

— KimoueBnie cioBa (key words).

IIpumep odopmiaeHus IIANKKY AHIJIMIACKOTO pe3rMe:
Paper title
L. I. Ivanov® #, P. P. Petrov?, and S. S. Sidorov®
¢ First Institution, 127000 Moscow, One lane, 19, Russia

b Second Institution, 127000 Moscow, Another lane, 19,
Russia

#E-mail: authorl @mail.ru

JonyckaeTcd OTKJIOHEHUE OT CTAaHIApTHON cXe-
Mbl PYKOITMCH, Hampumep, oObeIUHEHUE pa3ae/ioB
“Pes3ynbraThl UccaeaoBaHus” 1 “Oo0cyxneHue” . s
0030pHBIX CcTaTel 6oJjiee afeKBaTHA pyOpuKalus (ec-
JI1 HeoOXxoauMa), COOTBETCTBYIONIASI TeMAaTUIECKUM
pazaenam.

JIuTepaTypHbie CCBUIKH B TEKCTe HAIOTCS B KpYT-
JIBIX CKOOKax mo damminu (paMUIMsIM) aBTOPOB U,
yepes 3amsaTyio, rogy myoiumkanuu. Eciam aBTOpOB

CEHCOPHBIE CUCTEMBI Ne 3

TOM 35 2021



IMTPABUJIA AJIAA ABTOPOB XYPHAJIA “CEHCOPHbBIE CUCTEMbI” 263

IBOE, MX (paMUINM YIIOMMHAIOTCS 4Yepe3 3aIsaTylo,
0e3 coro3a. Hampumep: “IlpeninecTBylOlIUMUA HC-
cinenoBaHusiMu nokazaHo (MBanHos, Iletpos, 2000),
qyT10...”. B cirydae Tpex m 60J1ee aBTOPOB YKa3bIBaeTCs
TONBKO TiepBasi aMuiaus ¢ modaBieHueM “m nap.”
(1151 pyCCKOSI3BIYHBIX MTyOaMKaLuii) uim “et al.” (njs
aHDIOSI3BIYHBIX ITyOymKaumii). [lpum murtupoBaHUM
HECKOJIbKMX MCTOYHMKOB, OHM YKa3bIBalOTCS 4epe3
TOuKYy ¢ 3ansitoii: (PoxkoBa, 2015; Hukomnaes, 2001).
151 cchLIKM Ha pa3Hble pabOTHI KOJUIEKTUBOB C OV -
HaKOBBIM II€PBBIM aBTOPOM M OJHOTO Tofa OmyOoau-
KOBaHUs O00aBislOTCs OyKBHI a, 0, B. (Poxkosa,
2015a; 20150). B crucke nuTepaTyphl OYKBHI a, O, B
yKa3bIBaIOTCSI cpa3y Iocje roga, 6e3 mpobena. B
cnucke “REFERENCES” yka3biBaThb OYKBbl He
HYXHO.

Cmncok smrepatypsl 1 cnucok “REFERENCES”
BKJIIOYAIOT BCE T€ U TOJILKO Te MyOJIMKaluu, Ha KOTO-
pBle UMEIOTCS CCHITKU B TeKCcTe. CCBhITKM Ha HEOITy0-
JIMKOBaHHbIE paboThl (C yKaszaHueM “B meyaru”,
“IM4YHOE cooOIIeHWe” 1 T.I1.) HE TOITyCKAIOTCs.

Ooparute BHMMaHue, 4to ¢ 2018 r. cnucok JauTepa-
TYpbl B CTATHAX NPUBOAUTCA ABAXKIbI: OOWH pa3 — B
tdopmare, ynooHoM jia yMTaTesieii, BTOpoii — B ¢op-
Mare, yI00HOM JIJis MOMCKOBBIX cucTeM. 1oz 3aronoB-
KoM “CITMCOK TUTEpaTyphbl” pYCCKOSI3BIYHEIC ITyOJIH -
KallMM YKa3bIBAlOTCSI B KUPUJUINIIE, aHTJIOSI3bIYHbIC
(1 moOble Apyrue B JATUHCKOM TPAHCKPUIILINU) — B
natuaunne. [1ox 3aromoBkoM “REFERENCES” pyc-
CKOSI3bIYHBIE UICTOUHUKHU YKA3bIBAIOTCS B JIATUHUIIE
(mpaBwia odopMiIeHUS nanee), aHIIOSI3bIYHbIEe (U1
JMo0bIe IPYTrHe B IATUHCKOM TPAHCKPUIILINN ) UCTOY-
HUKMU IMOJTHOCTBIO nyonupyrorcs. [Topssaok myoianka-
LIV B 3TUX CITMCKAX OMUHAKOB: PYCCKOSI3bIYHbBIE UC-
TOYHUKMW UIOYT Iepel UCTOYHUKAMU B JATMHUIEC U
BBICTpaMBAIOTCS B MMOPSIIKE pyccKkoro ajadanuTa (1a-
Ke IPU TPaHCIUTEPallu).

TpancnuTepanusi pycCKOsI3bIYHbIX Ha3BaHUM 1151
dopmupoBanusg crcka “REFERENCES” nomkHa
BBITIOJIHSITHCSI B COOTBETCTBUM ¢ (hopmaTom BSI (pe-
KOMEH/IyeTCsI HUCIIOJIb30BaTh OeCIUIaTHbIM CepBUC
http://ru.translit.net/?account=bsi/). Eciu B pyc-
CKOSI3bIYHO# MyOJMKALIMM MMEJIOCh aHMIOSI3bIYHOE
pe3toMe, WU aHTJIOSI3bIYHAsI BepCUsl Ha3BaHUs U (a-
MUJIUI aBTOPOB, PaMUJIMK aBTOPOB CJIEIYET AaBaTh B
TOM e HallMCaHWU, KaK B OpUTMHAJIbHOM yOJInKa-
uuu. Eciayu B pyccKosi3blYHOUM MyOJMKallMu OTCYT-
CTBOBAJIO aHIJIOSI3bIYHOE PE3IOME UJIU aHIJIOSI3bIUHAS
BepCUsI Ha3BaHUS U (haMUJIUii aBTOPOB, TO JIJIsl HATIU -
caHus (paMUINii aBTOPOB PEKOMEHIYETCsI UCTIOIb30-
BaTh TpPaHCIUTEPAIMIO, KOTOPYIO HCIIOJb3YyEeT cam
aBTOp (HampuMep, B €ro aHIVIOSI3bIYHbBIX ITyOIUKaLI1 -
s1x). Eciin aBTOpcKoe HalucaHue HeM3BECTHO, TOTIa
HUCTIoNb3yeTcsT popMaT TpaHcauTepanuu BSI.

IMoxanyiicTa, akKypaTHO yKa3bIBaliTe Ha3BaHUs
XKypHanoB. Ha3BaHusg XypHaJIOB HOJKHBI ITPUBO-
JIUTHCS TUOO TOJIHOCTBIO, INOO0 C COKpAaIllCHUSIMH,
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comtacHo “list of serial titles word abbreviations”.
IIpennoyTuTebHO UCIIOJIb30BaTh COKPAIICHUS.

IMTpu Hanuuuu y nyonukanuu DOI, ero ykazaHue
00s13aTEIBHO.

Eciu crathst HammMcaHa Ha PYCCKOM SI3BIKE, W B
CIUCKE UTUPYEMOM JINTEPATYPhl OTCYTCTBYIOT PyC-
CKOSI3bIYHbIE UCTOYHUKM, CITUCOK JAeTCSl OMHOKpAaT-
HO, TIPY 3TOM IIpenBapsieTcs 3arooBKaMu “CHHUCOK
JquTepatypbl”’ U 3areM, ¢ HoBoi ctpoku, “REFE-
RENCES”. CnoBo “REFERENCES” sBusercs
KJTIOUEBBIM 15T IIOMCKOBBIX CUCTEM MEKIYHAPOTHBIX
0a3 maHHBIX. 3arojioBoK “CIIMCOK JUTepaTyphl”’ He-
00XOIUM JIJIST BCEX PYCCKOSI3bIYHBIX CTaTEiA.

Odopmienue pasaena “Coucok JurepaTypbr”

CHnucok HauyuMHAeTCcsl Ha OTHECIbHOI CTpaHWUle,
COCTaBJIsIETCS B aI(PaBUTHOM ITIOpsIAKe (paMmiInii aB-
TOpoB (CHavaJja MmyoJIMKaluyd Ha PYCCKOM SI3bIKe, 3a-
TeM — Ha MHOCTPaHHLIX SI3bIKAX), 0€3 HyMepaLyu.

OOparure BHMMaHHE, YTO Tenepb (paMWIMU U
WHUIATBI TIUITYTCS TIPSIMBIM IIpUGTOM, Ha3BaHUE
KHUTHU/XKypHajda — KypCUBOM, 3HaK “//” B cHHcCKe
JINTepaTyphl He VCTIOb3yeTCS.

CIMCOK cOCTaBIISIeTCS TI0 CIIEAyIolIeMy 0Opasiry.
Knueu
®damunusa N.0. 3aconosok knueu. Topon (MockBa

u Cankrt-IleTepOypr - cokpaieHHo: M., CII6.).
Hs3n-Bo, 1995. 351 c.

Cmambu u enaevl 6 KHU2AX, HeNepUOOUHeCKUX U30a-
HUsX, cOOpHUKAX MpPydos

@amvmmusa M.O. 3aroioBok crtatbu. Hazeanue
xuueu. Tlom pen. @amunmusa U.O. Topon. Uzn-Bo,
1995. 4. 1. C. 22-35.

Cmamuwu 6 HcypHanrax

@ammnua M.O. 3aroimoBok cratbu. Hazeanue
acyprana. 1995. T. 1. Ne 1. C. 22-27. DOI: xxxxxxXx.

LHuccepmayuu u aemopeghepamut duccepmaruii

MuI pekoMeHIyeM BMECTO CChLIOK Ha JuccepTa-
LI 1 aBTOpedeparThl 1aBaTh CCHIJIKM Ha CTAThU WIX
MOHOTpaduu 1o TeMe JUCCEPTALNU: TAKUE ITyOJIMKa-
UM Jierye HAaTy, eCJIM YUTATENb XOUET O3HAKOMUTh-
CsI C MaTepuajioM, U TaK1ue IUTUPOBAHMS JIYUIIe YU~
TBHIBAIOTCS ITOMCKOBBIMU CUCTEMAMU.

@®avunus U.0O. Hazeanue duccepmayuu. Jucc.
KaHn. (mokT.) 6uoi. Hayk. ['opoxn. 2000. 351 c.

Hnmepnem-pecypcol

®damunmusas  U.0.  Hazeanue cmamou. URL:
http://example_url.html (mata oOpallleHUsI:
23.06.2013).

TOCTu

I'OCT 8.586.5-2005. Hazeanue 'OCTa. M. LleHTp
crangaptusauuu, 2007. 10 c.

Tlamenmuoi

Damvmma N.0. Hazeanue namenma. I1atent PO.
Ne 2486597. 2013.
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Odopmiaenue pasaena “REFERENCES”

Eciu B nuTupyeMoil pyccKosi3blYHOI MmyOaunKa-
LIMM MMEJUCh aHIJIOSI3bIYHbIE BEPCUM 3arojioBKa u
¢damuiuit aBTopoB, To B pazneiie “References” oHu
JIOJKHBI OBITh JaHbI B TOUHOM COOTBETCTBUM C TEM,
KakK TpencTaBiaeHbl B Imyonukanuu. Eciau B pyccko-
SI3BIYHON MyOIMKallMKU 3TU JaHHbIE OTCYTCTBOBAJIH,
Ha3BaHWEe, (paMMIIMM aBTOpPOB M OmMOIMoTrpadmde-
CKMe IaHHbI€ JOJXKHbBI ObITh TPAHCIUTEPUPOBAHBI B
cootBeTcTBUM ¢ popmatom BSI. ITocie TpaHcauTe-
paluy B KBaIpaTHBIX CKOOKax JIOJKEH ObITh YKa3aH
nepeBof (6e3 BbleaeH!sI KypcuBoMm). B caMoM KoH-
e OubIMorpauUIEecKoro OMUCAHUS B KPYIJIBIX
CcKoOKax IMoMenalT yKa3aHue Ha MCXOOHbBIN SI3bIK
nyoaukanuu, Harpumep, “(in Russian)”. M3naTenab-
CTBO MPUBOAUTCS TPaHCIUTEPALIME, €CJIU HE UMEET
COOCTBEHHOIO Ha3BaHMS Ha aHIJIMMCKOM SI3BIKE.

Knueu

Polyak S.L. The Retina. Chicago, The Univercity
of Chicago Press. 1941. 607 p.

Byzov A.L. Elektrofiziologicheskie issledovaniya set-
chatki [Electrophysiological studies of the retinal.
Moscow. Nauka Publ, 1966. 196 p. (in Russian).

Cmambu u enaevl 6 KHU2AX, HeNepUOOUHeCKUx u3oa-
HUsAX, cOOpHUKAX mpyodos

Rozhkova G.I. Binokulyarnoe zrenie [Binocular
vision]. Rukovodstvo po fiziologii. Fiziologiya zreniya
[Handbook on physiology. Vision physiology] Mos-
cow. Nauka, 1992. P. 586—664 (in Russian).

Cmamou 6 acypuanrax

Gladkov A.P., Kuznetsova E.G., Gladilin S.A.,
Gracheva M.A. Adaptivnaya stabilizatsiya yarkosti
izobrazheniya v tekhnicheskoi sisteme raspoznavaniya
krupnykh dvizhushchikhsya ob"ektov [Adaptive image
brightness stabilization for the industrial system of
large moving object recognition]. Sensornye sistemy
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[Sensory systems]. 2017. V. 31 (3). P. 247—260. DOI:
xxxxxxx (in Russian).

Huccepmayuu u agmopegpepamut duccepmayuii

Grigor’ev Iu.A. Razrabotka nauchnykh osnov
proektirovaniia arkhitektury raspredelennykh sistem
obrabotki dannykh. Diss. dokt. tekhn. nauk [Develop-
ment of scientific bases of architectural design of dis-
tributed data processing systems. Dr. eng. sci. diss.].
Moscow. 1996. 243 p. (in Russian).

Hnmepuem-pecypcot

Kondrat’ev V.B. Global’naya farmatsevticheskaya
promyshlennost' [ The global pharmaceutical industry].
URL: http://perspektivy.info/rus/ekob/globalnaja_-
farmacevticheskaja promyshlennost 2011-07-18.ht-
ml (accessed 23.06.2013) (in Russian).

TOCTw

GOST 8.586.5—2005. Izmerenie raskhoda i koli-
chestva zhidkostei i gazov s pomoshch’iu standartnykh
suzhaiushchikh ustroistv |State Standard 8.586.5 —
2005. Measurement of flow rate and volume of liquids
and gases by means of orifice devices]. Moscow, Stan-
dartinform Publ., 2007. 10 p.

Tlamenmui

Nikolaev D.P., Postnikov V.V., Khanipov T.M.,
Usilin S.A., Grigoryev A.S. Sposob avtomaticheskoi
klassifikatsii transportnykh sredstv [Method of auto-
matic classification of vehicles]. Patent RF
No. 2280590. 2006.

Pyxonucu ciaeayet HanmpaBisTh MO 3JI€KTPOHHOMN
rnmoure Ha aapec editor@sensorysystems.ru u m1yoau-
poBaTh Ha anpec sensys-li@mail.ru.

C nipaBuIaMu TS aBTOPOB MOKHO TaKXKe O3HAKO-
MUTbCS TI0 afpecy: http://sensorysystems.ru/ru/arti-
cle_submission.html
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