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This paper presents analysis and discussion of the test images employed for the visual acuity (VA) assessment —
the optotypes — and their distributions in the test charts. After brief description of the optotype early history
and evolution, an attempt has been made to classify the existing optotypes and to analyze directions of their
development. The following kinds of the optotypes are considered: letters, uniform configurations, periodic
patterns, vanishing images, pictures, and embedded test stimuli. General theoretical and practical require-
ments to the optotypes are formulated. Specific advantages and disadvantages of certain popular optotypes
are discussed in detail. The last section is devoted to the evolution of the charts for the VA assessment and
their designs. A general conclusion is that there are no universal “golden standards” for the optotypes and the
VA charts: their optimal structure depends on the purpose of investigation, characteristics of the contingent
to be examined, and qualification of the examiners. In any case, the examiners have to understand advantages
and disadvantages of the chosen tests and take them into account both in planning the procedure and inter-
pretation of the results obtained.

Key words: variety of optotypes, optotype classification, improvement of optotypes, variety of visual acuity

charts, visual acuity chart design guidelines
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INTRODUCTION

In the first paper of this series (Rozhkova et al.,
2021), it was outlined that the complex structure of the
human visual system makes it unrealistic to think of
finding the best or universal test images for a general
visual acuity (VA) assessment. Visual sensory system
contains many parallel pathways with various autono-
mous modules designed for the analysis of specific vi-
sual stimuli — various combinations of input signals
from our rich visual environment. The optical flows
entering the eye in different conditions are very differ-
ent depending on the parameters of the perceived vi-
sual scenes. In most cases, these scenes contain both
stationary and moving objects of various sizes, shapes,
and spatial positions. Evolutionally, the main princi-
ples of developing the animal visual systems were de-
termined by the tasks of surviving: vision had to pro-
vide useful information necessary for navigation, feed-
ing, and avoiding dangerous objects. Many of these
tasks required fast analysis of the input signals to ob-
tain a proper solution within a limited time interval
that guaranteed successful behavioral response. It is
evident that sufficiently fast sequential analysis of ma-
ny heterogeneous data is impossible. Taking into ac-

count a great variability of the natural visual inputs, on
the one hand, and essential limitations on the time of
their processing, on the other hand, it seems justified
that evolution resulted in developing parallel function-
al modules for simultaneous analysis of different in-
puts inside a global neuronal visual network.

Regarding the VA assessment, responses to certain
visual test stimulus — called optotype — could only re-
flect the results of this stimulus analysis in the neuro-
nal pathways relevant to processing such types of the
stimuli and might be useless for predicting responses
to the stimuli of other types. This means that, for com-
prehensive assessment of the VA, it is necessary to
have a sufficient number of different optotypes and it
is not clear how many different optotypes are suffi-
cient. Both for theoretical investigation and for clinical
work, it is important to minimize this number, howev-
er, the history of optometric practice demonstrates
quite the opposite tendency. In this paper, we consider
the reasons of this discrepancy and some directions of
developing modern optotypes.

A proper choice of optotypes is one of the prereq-
uisites to success of any investigation based on the VA
measurements. The analysis of the literature available
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indicates that dozens of various optotypes are used by
ophthalmologists and visual scientists. Moreover, in
the cases of certain investigations there is a tendency to
use more than one set of optotypes and to compare the
results. Such investigations witness that the problem of
choosing or creating the optimal optotypes for various
scientific researches or clinical works has not yet been
solved. It is evident that this problem needs renovation
or revision in view of new findings and conceptions: at
present, more rigorous criteria should be formulated
for the assessment of the optotype quality and usability
taking into account our enhanced knowledge, on the
one hand, and the tendency to computerize measure-
ments, on the other hand.

EARLY HISTORY OF THE OPTOTYPE
INVENTION AND DEVELOPMENT

The necessity of having special test images that
could be convenient for a gradual assessment of vision
quality became evident since the middle of the 18™
century in connection with spreading printed books
and newspapers, and eye-glasses for optical correction
of vision. To improve the choice of optical correction,
it was natural to rely on quantitative assessment of the
patient’s ability to recognize small objects either by
means of increasing the viewing distance to the same
objects (first type of the procedure) or by presenting
the set of the objects of various sizes at the same dis-
tance (second type of the procedure). In particular,
the optician could ask the patient to read one and the
same fine printed text in conditions of varying dis-
tance or to view a set of printed letters (or other ob-
jects) of various sizes from the same distance in condi-
tions of changing glasses. According to publications
available now, the first procedure was used by an En-
glish optician James Auscough (1750) and a French
spectacle master Jean Chevallier (1810) (see the re-
views by Doria, 2020; 2021). The second procedure
was more convenient for practice since it did not re-
quire moving the patient from one position to another.
In 1835 Heinrich Kiichler additionally eased imple-
mentation of this procedure by creating the appropri-
ate chart that contained the images of big and small
objects and animals pasted onto a sheet of paper in a
regular order according to their size (see Wollman,
2020). Developing this idea further, in 1842 Kiichler
created 3 similar test charts with 12 lines of the Ger-
man words printed in gothic style and placed them in
an order of reducing their height from the top to the
bottom of the chart. Thus, these charts provided a pos-
sibility to characterize vision quality by the numbers of
the lines containing the letters seen clearly or just dis-
cernible. These test charts were published in 1843.
However, some difficulties with reading the gothic
style images of German words hindered spreading
these charts. Later, Eduard Jager used the same prin-
ciple and created the charts with a larger amount of
words in 3 languages — German, French and English —

thus making such charts more widespread (Jager,
1854).

To speak more precisely, reading of the printed text
with different glasses was used not for quantitative as-
sessment of VA per se (the notion of VA was not yet for-
mulated) but for choosing the most proper optical cor-
rection. Nevertheless, such practice appeared to be al-
so fruitful for developing the VA assessment methods.
It had led to realization of the potential benefits from
the quantitative characterization of visual abilities and
put the task to elaborate proper standardized means
and procedures for this purpose.

The key steps in this direction were made by Frans
Cornelis Donders and by his co-worker (later becom-
ing his successor) Herman Snellen in the 60-ies of the
19" century (Snellen, 1862; Colenbrander, 2008).
Donders (1864) introduced the notion of visual acuity
and the unit for its measurement. More practically ori-
ented Snellen (1862) published the first test chart for
the VA assessment containing standardized letters spe-
cially modified in view of graphic unification of the
test images (they were drawn on the 5x5 grid; all the
strokes were 1/5 of the letter height/width). Snellen
suggested a general term optotype for any visual image
designed for the VA assessment. At present, this term
is mostly used in a special theoretical literature where-
as, in descriptions of experimental and clinical investi-
gations, many authors prefer to use its synonyms — test
stimulus, object, symbol, target, sign, pattern, — prob-
ably, because these synonyms have more direct associ-
ations with the measuring procedures.

Noteworthy that, in some prototypes of his famous
test chart, Snellen considered a possibility to use not
only letters but also various simple abstract shapes:
circles, squares, 2-bar and 3-bar configurations, etc.
(see Figures from the University Museum in Utrecht
reproduced in the paper of Colenbrander (2008)).
Those shapes might be more appropriate for mathe-
matical description and theoretical analysis. However,
for practical reasons, Snellen eventually preferred let-

ters!. Indeed, some practical reasons were evident.
The Kiichler’s and Jager’s charts with printed words
were already familiar to opticians, and observers had
even less difficulties with response to the test letters
than to words. Therefore, the Snellen’s chart with let-
ters could be adopted as an understandable simplifica-
tion and improvement of the previous charts. In con-
trast, the charts with the abstract shapes could require
some additional time for familiarization and for ob-
taining consistent responses from the observers, there-
by prolonging examination and making it more diffi-
cult.

It was not surprising that Snellen’s preference for
letters exerted an impressive and fast positive influ-

! From a recent short essay on the history of optotypes (Wallman,
2020): “Snellen’s first charts consisted of dingbats (squares, cir-
cles, plus signs, etc.) but he eventually decided that letters would
be easier to identify and describe consistently.”

CEHCOPHBIE CUCTEMbI  T1OoM 36 Nel 2022
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ence on optometric practice but had long lasting neg-
ative influence on theoretical analysis of the optotype
perception and improvement.

Luckily, at that period of time, the whole vision sci-
ence reached significantly higher level of develop-
ment. Hermann von Helmholtz and Emile Javal in-
vented several very important ophthalmic instruments
providing essential progress in investigations of the eye
structure, understanding normal physiology of the
eye, and performing more fine diagnostics of the eye
pathology. Thanks to these instruments, the clinicians
had got a possibility to assess impairment of refraction
and accommodation of the eye as well as certain reti-
nal anomalies. The appearance of such fundamental
monographs as Donders’s On the Anomalies of Accom-
modation and Refraction of the Eye (published in 1864)
served as an impulse for vision scientists to carry out
more profound analysis of the eye functioning and to
develop new approaches for an accurate assessment of
basic visual functions and abilities.

In 1875 Ferdinand Monoyer (Monoyer, 1875) pro-
posed a new chart and a new notation for the VA as-
sessment. Though the chart did not become popular,
the measure proposed is used until now. A novel nota-
tion of the VA was based on the minimum angle of res-
olution and was named decimal notation.

The next important achievement on the way to the
standardized quantitative assessment of the VA was the
invention of a special non-letter optotype by Edmund
Landolt (1888). It has an annular shape with one small
gap in the contour (“broken ring”). Later, such image
was named Landolt C. In the modern test sets, there
are usually 4 or 8 Landolt Cs with 4 or 8 different po-
sitions of the gap, respectively. From theoretical point
of view, the remarkable property and the main attrac-
tive feature of such sets is a general uniformity of the
optotypes in the set: these optotypes can only be dis-
tinguished on the basis of a single parameter — the gap
position.

In 1889 there was published a chart with one more
set of the optotypes having such a property — the set of
short-stroke E-letters in four orientations. These op-
totypes are similar to the so called tumbling E opto-
types (Taylor, 1978) considered as of non-letter type.
Though configurations of all the optotypes in the set
correspond to the letter E, three of them have the ori-
entations not inherent to the Latin letters. Like in the
case of the Landolt Cs, in the case of the set with four
E-shaped optotypes of different orientations (with the
three parallel lines directed up, down, to the left, and
to the right), recognition of the presented test opto-
type is also based on one parameter — the orientation.
However, this property of tumbling E was not appreci-
ated at the time of its invention, it was only outlined
that such optotypes could be good for examination of
the illiterate individuals since the required response
implied indication of the image orientation but not
telling the letters.

CEHCOPHBIE CUCTEMBI Ne 1
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During the interval of about 50 years after the
Landolt C invention, there were no principal innova-
tions in creation of the optotypes but, later, several
branches of parallel development appeared to be
growing rather rapidly and led to a fast increase in the
amount of the optotypes and the methods of their pre-
sentation available in modern practice. As an illustra-
tion, some examples of such products are shown in
Figure 1. Because of their multiplicity and variability,
it is not rational to describe here when, why and by
whom each specific optotype was introduced. It seems
more useful to give a general description of develop-
mental branches and classification of the optotypes
used at present.

VARIETY OF OPTOTYPES AND THEIR
CLASSIFICATION

This section presents the results of our attempt to
determine the main directions of the optotype evolu-
tion (improvement) and to classify them on the basis
of their critical properties. The appearance of the new
test images over the time and the configurations of the
optotypes used nowadays are presented schematically
in Figure 2. It includes both the widespread traditional
optotypes and some more specific optotypes proposed
recently. Each configuration has also various other
modifications not shown in this figure.

Retrospectively, in evolution of the optotypes, it is
reasonable to separate six branches:

(1) Letter optotypes: Snellen letters (1862) — Green
letters (1868) — Sloan letters (1959) — Filtered letter
images — Vanishing letters on gray background;

(2) Uniform optotypes — the identical shapes in
variable orientation: Landolt C (1888) — Tumbling E —
3-bar targets;

(3) Periodical patterns: Black-white gratings with
sharp bars — (Teller preferential looking test charts) —
Checkerboard patterns — Sinusoidal gratings — Gabor
patches — Modified 3-bar targets;

(4) Vanishing optotypes: Cardiff test — Koskin Cs —
Auckland optotypes — Moorfields letters (2016);

(5) Pictorial images: Allen Preschool test (1957) —
Orlova’s chart — Rossano images (purely pictorial im-
ages, contour and silhouette images, images com-
posed of grating patches, etc.);

(6) Embedded images: the test stimuli included as
the insets into a larger figures (like Landolt C in “Bro-
ken wheels”) or drawn over a surrounding image serv-
ing as a background.

This categorization is based on the characteristic
features of the optotype shape, on the one side, and on
the observer’s responses implied by the instruction, on
the other side. It is not always easy to determine be-
longing of an optotype to certain category and some-
times the solution is ambiguous since certain opto-
types have such properties that they could be consid-
ered as the features of some two or even three
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Fig. 1. Examples of various optotypes for the VA assessment. Fragments of the tests emerged over the time.

categories. For instance, 3-bar targets included into
the category of the uniform optotypes can also be con-
sidered as periodic patterns; Cardiff test images can be
treated both as vanishing and pictorial optotypes; etc.
There are also some other varieties of the optotypes
that have no direct relation to any of the described cat-
egories. It is impossible to analyze the whole variety of

optotypes in detail and it is not the purpose of this pa-
per. After a brief comment on each branch of the op-
totypes, we’ll consider some general problems of their
usage and development.

— Letter optotypes. As a rule, these optotypes have
rather complex shapes. In general, each letter contains
CEHCOPHBIE CUCTEMBI

oM 36  Neo 1 2022
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(1) Letter optotypes
Snellen letters Green letters Sivtsev letters HOTV
(1862) (1868) (1928) (1930)
EDOFC ECDHCO BUWUbIK HOTV
PLTZ PLTFU HM
Sloan letters Shelepin et al. letters Moorfield chart
(1959) (1987) (2016)
CDHKN e = H S
ORSVZ
(2) Uniform optotypes Modified  Quartet of modified

Landolt C 3-bartargets Tumbling E  3-bar targets 3-bar targets
(1888) (USAF 1951) (1978) (2020) (2020)

0000 = I wmE = =Xz

(3) Periodical patterns

Sinusoidal gratings  Black-white gratings
with sharp bars

(4) Vanishing optotypes
Cardiff test images Koskin C
(1992) (2009)

(5) Pictorial images

Checkerdoard Gabor patches
patterns

voss D
0‘4* 0‘0 04;0 -3%‘0

Moorfield chart  Auckland optotypes
(2016) (2018)

R HS CEEIE

Rossano chart Orlova chart Amsterdam chart  Sjogren hand test
(1926) (1950) (1950)
o™ S ER AR Ver
Allen Preschool test Lea symbols Kay pictures Wright figures
(1957) (1980) (1983) (2003)
KLd¥ On00 & 7=
Handy chart Auckland optotypes
(2012) (2018)
o % 3 O & &

(6) Embedded optotypes

Broken wheel test

Pictorial images

with Landolt C's with modified 3-bar target

(1984)

folo®

(2014)

Fig. 2. Various branches of optotype development.

several components of different size and curvature.
The observer’s task is usually one and the same: to rec-
ognize the presented letter. As was mentioned above,
the first letter-like test images specially designed for
quantitative assessment of the VA were Snellen letters.
Though these images looked like ordinary letters used
by opticians earlier in the charts with printed words,

CEHCOPHBIE CUCTEMbBI  T1OoM 36 Ne 1l 2022

one could notice two principal achievements. (1) Con-
figurations of Snellen letters were standardized: all of
them were drawn on 5 X 5 grid and had one and the
same stroke width of 1 grid element. Since Snellen had
the idea that letters should contain maximum possible
number of details of one-element size, he preferred
capital letters with serifs of “Egyptian Paragon” text
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style. (2) The sizes of Snellen letters were scaled in re-
lation to the optotype with the one-minute angular
size of the stroke width. The original set of these letters
met the one-minute criterion at the distances 20, 30,
40, 50, 70, 100, and 200 feet.

Somewhat later, John Green proposed radical
changes in the style of the letter optotypes and the gra-
dations of size. Thinking of equal legibility of the test
letters, he wrote: “...in selection of letters for tests of
vision, it is important to choose those which are most
nearly uniform in size and character...” (Green, 1868,
p. 69). Proceeding from this idea, Green used the let-
ters of less complex, sans-serif style and discarded
12 letters of the alphabet, which could not be drawn on
5 X 5 grid, as well as certainly peculiar letters I, J
and Q.

The next important step in use of the letter opto-
types for the more accurate VA assessment was made
by W.S. Dennett who had found that the threshold
distances for recognizing different sans-serif letters of
equal height were essentially different: e.g., for the let-
ter height of 2.5 cm, these distances were varying be-
tween 10.3 and 17.7 meters (Dennett, 1886; Linksz,
1972). In his report, Arthur Linksz wrote:

“...Such discrepancies obviously proved that the
height of the letters in itself, even if expressed in terms
of visual angle, is a poor measure of visual acuity. Den-
nett found that among the letters investigated there
were eight — P, Z, K, R, N, G, C, and F — the legibility
of which averaged between 13.0 and 13.7 meters.

Applying these findings, Dennett constructed a
new chart in which the individual lines did not contain
letters of equal height. His five-meter line consists of
letters readable at five meters, not of letters having a
certain angular dimension at five meters.” (Linksz,
1972, p. 321).

The other letter set, the Sloan’s test letters are
widely used in clinical practice nowadays, for example, in
ETDRS chart, in Freiburg test, in Moorfields acuity
chart, etc. The set consists of 10 letters (Z, N, H, R, V,
K, D, C, O, S) designed similarly to Green’s letters
and chosen on the basis of nearly equal legibility (on
author’s opinion based on the VA measurements in
234 eyes) (Sloan, 1959).

In regard to a general appreciation of the letters as
the optotypes, it’s reasonable to cite more than a cen-
tury-old opinion of a famous ophthalmologist who
had performed a well-known classic investigation of
peripheral vision:

“...letter symbols, although indispensable in oph-
thalmic practice, are the least suitable for accurate ex-
periments. The different degrees of recognizability of
various letters, and the possibility of guessing the
whole from recognizing some of its parts, are known
disadvantages of such testing material.” (Wertheim,
1894, Translation of I. L. Dunsky: Wertheim, 1980,
p. 916).

Nevertheless, up to date, many ophthalmologists
believe that the test charts with letters can be used as “a
golden standard” for precise VA measurement. Proba-
bly, at least one more century is needed for rethinking
and changing this opinion.

— Uniform optotypes. The idea of using the opto-
types having identical shapes but different orientation
belongs to Landolt (1888). A famous Landolt’s test
images, now known as Landolt C optotypes, look like
broken rings identical in all respects except a small
break (gap) at different positions of the ring. The ob-
server’s task is to indicate the position of the gap in the
presented test image. In 1909, XI International Oph-
thalmological Congress adopted Landolt ring as the
standard test object. At present, Landolt C is still rec-
ommended as the standard optotype despite its disad-
vantages revealed during the last decades. These dis-
advantages are of the two different kinds: firstly, it is
not easy to interpret the results of the VA assessment
based on Landolt Cs in terms of the critical parameters
of the test image (Bondarko, Danilova, 1997); second-
ly, there are evident limitations in presenting small im-
ages of circular shape on displays having square pixels:
there appear distortions that reduce the accuracy of
the VA measurements with Landolt Cs by means of
computer technique.

Other uniform optotypes introduced later — tum-
bling E (or illiterate E) and 3-bar targets — share their
main advantages with Landolt C. Certain disadvan-
tages of such uniform optotypes were not clearly un-
derstood until the analysis of their two-dimensional
Fourier spectra was performed (Anderson, Thibos,
1999a, b; Rozhkova et al., 2012, 2017). In particular,
such analysis has revealed that these uniform opto-
types can be recognized on the basis of the spatial-fre-
quency components of their Fourier spectra that are
much lower than the characteristic frequency F.. cor-
responding to the smallest elements of the test image
and presumably determining the true VA. This does
not mean that it is impossible to create uniform optop-
types of better quality, for instance, by means of mod-
ifying configurations of certain “imperfect” uniform
optotypes in the test set to exclude the possibility of
their distinguishing on the basis of the rough image
features but not of their fine structure.

The investigations aimed at assessment of the con-
tribution of the low-frequency Fourier components to
the optotype recognition and the attempts to improve
the uniform optotypes are considered below in a sepa-
rate section.

— Periodical patterns. It is noteworthy that the pat-
terns of this type were proposed for a quantitative VA
measurement even earlier than Snellen letters (Jaeger,
1854). Test images, presented by E. Jaeger in his book,
were regular groups of black bars separated by white
interspaces of identical width. The task was to deter-
mine the maximum distance at which the white inter-
spaces in a given test group of bars could be seen and

CEHCOPHBIE CUCTEMBI Ne 1
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counted. This method is closely corresponds to con-
temporary methods based on resolution of spatial
gratings with sharp contours of bars.

Unfortunately, Jaeger’s invention remained practi-
cally unnoticed, evidently not only because of its im-
proper publishing as an appendix to the book devoted
primarily to cataract and its surgery, but also because
vision specialists were not ready to accept such test im-
ages at that time. At present, the advantages of gratings
for accurate VA measuring, are clear to all the scien-
tists carrying out theoretical investigations of visual
processing and to all ophthalmologists using objective
methods of the VA measurements (such as interfer-
ence method of measuring retinal VA bypassing eye
optics; method of visual evoked potentials, etc.).
However, it is not so easy to apply periodic patterns in
the framework of traditional VA measuring methods
implying presentation of charts. Luckily, there are re-
markable alternative solutions — such as Teller’s and
Vital-Durand’s charts for infants or computer-aided
methods based on finding the highest perceived spatial
frequency in the course of contrast sensitivity assess-
ment as a function of spatial frequency (Westheimer,
1972).

— Vanishing optotypes. The term vanishing optotype
was suggested for the VA test targets with a peculiar
property of equal detection and resolution thresholds
(Frisén, 1986). In the experiments of Frisen, test let-
ters of varying contrast generated on a television mon-
itor were studied with regard to detection and resolu-
tion thresholds, both for the native configurations and
after high-pass spatial frequency filtering. Such filter-
ing reduced the interval between detection and resolu-
tion thresholds and could result in disappearance
(vanishing) of the test target at the stimulus level when
it became unrecognizable.

In later works, instead of the true high-pass filter-
ing, some pseudo high-pass filtered images and cer-
tain test images with complex structure of the contours
were mostly employed to provide the desired property
of the image vanishing at recognition threshold. A
pseudo high-pass design is characteristic of the letter
VA charts. Such charts came into use soon after the
time of the vanishing optotype appearance and were
applied later in many investigations (Koskin et al.,
2007; Koskin, 2009; Shah et al., 1996; 2010, 2011,
2016; Anderson, 2017; Wen et al., 2021; Moiseenko et
al., 2020; etc.)

Comlpex contours are mainly used in the VA tests
for children and illiterate adults. One of the examples
is a widespread Cardiff Acuity Test for 1-3-years-old
children (Fariza et al., 1990). It includes the images of
6 objects on gray background with triple contours con-
sisting of the central white line and two twice thinner
black lines on both sides of it. The parameter varying
to find the threshold is the line width but not the test
object size. Examination procedure is based on the
preferential looking method (Teller, 1979): the child

CEHCOPHBIE CUCTEMBI Ne 1

TOM 36 2022

usually keeps her\his gaze at the half of the sheet where
he/she sees the test object (the other halfis a homoge-
neous gray field).

Vanishing optotypes appeared to be good not only
for testing children but also for detailed medical exam-
ination of the patients inclined to simulate incorrect
results (Koskin, 2009) and for improving differential
ophthalmic diagnostics in clinic (Anderson, 2017). In
scientific investigations, vanishing optotypes are
mainly presented by Gabor patches — the fragments of
sine-wave gratings with Gaussian envelope. When,
with decreasing size, the Gabor patch structure be-
came indiscernible, the patch could vanish (became
invisible) if its average lightness/brightness was equal-
ized with lightness/brightness of the grey background.
Unfortunately, the effect of vanishing is rather sensi-
tive to the parameters of test images and background;
this shortage restrains spreading of vanishing opto-
types. Nevertheless, the interest to the charts with van-
ishing optotypes is growing, especially in clinical in-
vestigations (Shah et al., 2016; Anderson et al., 2017;
Hamm et al., 2018a, b; Moiseenko et al., 2020).

As an alternative to the optotypes that are vanishing
completely, one could consider the optotypes with
vanishing structure: they became not invisible but un-
recognizable when their fine components became un-
distinguishable with decreasing size. In other words,
the sets of such optotypes consist of certain black-
white patterns on white background that can trans-
form into uniform grey spots or more complex vague
configurations having one and the same shape. The
examples of such optotypes are the modified 3-bar tar-
gets (perceiving at threshold as identical blurred
square spots) proposed in 2012 (Lebedev et al., 2012;
Rozhkova et al., 2012; Lebedev, 2015) and the special
variety of the Auckland optotypes perceiving at thresh-
old as indistinguishable blurred rings (Hamm et al.
2018 a, b; 2019).

— Pictorial images. Schematic drawings of simple
objects (either of silhouette or contour type) were in-
troduced into optometric practice for VA assessment
in children and illiterate adults in parallel with creating
the VA charts containing abstract configurations. As
was mentioned above, according to recent historical
evidence (Wollman, 2020), Heinrich Kiichler had
used pictorial images as early as in 1835 in his first
chart (not published) that served as a prototype for his
later charts with German words printed in gothic let-
ters, and for many other charts. At present, the most
common are Orlova’s silhouette objects (for the first
time, the chart was published in Russia in 1926); Allen
pictures (Allen, 1957; published in the USA in 1957 for
the first time); Kay pictures (Kay, 1983; published in
England in 1983); Lea symbols (Hyvarinen, 1980);
Broken wheel test of Richman (1984); BAST test.

The process of upgrading pictorial images was
aimed at making them closer to the standard images
and more convenient for an accurate assessment of
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VA. For instance, it was true of the test images elabo-
rated by Lea Huvarinen who tried to create a standard-
ized pictorial test set (Huvarinen, 1980) providing
good reproducibility of results. The four Lea symbols
named “ball”, “apple”, “square” and “house” are ac-
tually simple contour configurations. They are made
symmetrical to avoid left-right errors in responses, and
are drawn with the thinner lines (in comparison to
most standard optotypes) to make their threshold
blurred images more difficult to distinguish. Although
the proportion between the line width and the whole
optotype width is not 1:5 as in the recommended stan-
dard, Lea symbols proved to be well suited for quanti-
tative VA assessment in children. Because of the thin-
ner lines, Lea symbols were made larger than other
comparable standard optotypes for the same VA level.

— Embedded images. Since small abstract optotypes
are often not interesting for children, some researchers
embedded these test images inside significantly larger
and more attractive figures in order to direct attention
of the examined child to the needed optotype. The
most widely known example of such an approach is the
Broken wheel test in which the optotypes — the
Landolt Cs — are incorporated into the images of the
cars instead of their wheels. A series of charts with em-
bedded the 3-bar stimuli was created in 2014 (Rozhko-
va et al., 2014).

In conclusion of this section, it is useful to repeat
that the categorization presented here is far from being
perfect: many optotypes have “mixed” properties
characteristic of two-three cathegories. However, in
most cases, the main feature determining the choice of
category is salient. It is noteworthy that, in all branch-
es of the optotype evolution, one could notice a ten-
dency to modify the initial test images in a way allow-
ing use them as vanishing optotypes.

GENERAL PRINCIPLES OF THE OPTOTYPE
FUNCTIONAL QUALITY ASSESSMENT

There are many fine papers describing history of
developing new optotypes and introducing them in
practice of VA assessment (Linksz, 1972; Colenbrand-
er, 1988, 2008; Kniestedt, Stamper, 2003; Doria,
2020; 2021; and oth.). However, one could find not so
many studies devoted to a general analysis that could
provide a basis for comparative estimation of different
optotypes as concerned their functional essence, po-
tential possibilities, advantages, and disadvantages of
their use — the characteristics that could be united by
the term “functional quality”. A fundamental ad-
vancement in this direction of research became only
significant after application of the information theory,
spatial frequency conception and Fourier transforma-
tion to the analysis of processing retinal images in the
human visual system (Campbell, Green 1965; Camp-
bell, Robson 1968; Anderson et al., 1996; Anderson,
Thibos 1999 a, b; Watson, Ahumada, 2008; 2012; Roz-
hkova et al. 2012, 2017; Lebedev, 2015).

Most publications on the quality of optotypes pres-
ent the data of comparative experimental studies with
employment of two different optotypes. The results
are usually interpreted in terms of “underestimation” or
“overestimation” of some hypothetical frue VA value
(Held et al., 1979; Graf, Becker, 2008; Stiers et al.,
2003, 2004; etc.). However, it needs to be emphasized
that the VA values obtained by means of different op-
totypes correspond to different visual capabilities and,
therefore, to different true values. As has been outlined
in the previous sections, each kind of optotypes mea-
sures certain specific capability and, therefore, it is
senseless to speak of under- or overestimation without
reference to the capability that actually was investigat-
ed. In this respect, it seems necessary to perform the-
oretical analysis of different optotype processing in
visual pathways and to elaborate reasonable ap-
proach to the optotype choice in different cases.

In scientific literature on the VA measurements,
there are many discussions on the issue what visual ca-
pabilities are actually estimated by means of different
optotypes and vice versa — what optotypes should be
used for assessment of certain visual capabilities.
However, up to date, in theoretical investigations, but
only some partial aspects of the problems concerning
this approach have been analyzed successfully since a
thorough estimation of the optotype advantages and
disadvantages needs taking into account a large num-
ber of heterogeneous factors.

The rational way of optimizing the optotypes is to
start from clear formulation of the purposes and the
tasks of specific measurements, on one hand, and the
visual capabilities actually provided by the neuronal
modules and pathways involved in processing different
optotypes, on the other hand. This is not a new idea
though it is often expressed unclearly and somewhat
differently in different papers.

The main purposes of the VA assessment are: (1) vi-
sual screening; (2) monitoring of vision in view of age
dynamics, development of pathology, assessment of
treatment and training effects; (3) standard medical
examination; (4) medical examination for professions
requiring fine vision; (5) juridical medical examina-
tion.

— Visual screening, i.e. relatively fast and standard-
ized VA assessment aimed at examination of a large
number of people (usually carried out at schools) to
reveal the cases of evident visual impairment by com-
parison of individual VA values with certain popula-
tion normative values obtained as a result of regular
population surveys. On the basis of this comparison,
the conclusions are made about the necessity of the
more profound investigation, correction and treat-
ment for each examined individual. Screening does
not imply precise measurement of the individual’s VA
if its value exceeds the normative level.

— Visual monitoring, i.e. regular VA assessment with
high accuracy. Population VA monitoring is necessary
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for optimizing a general vision care system. Regional
monitoring data may provide information on the ef-
fect of various social, technological and ecological
factors. Individual VA monitoring is aimed at con-
trolling visual development, providing early diagnos-
tics, estimating the efficiency of treatment.

— Standard medical examination implies an accu-
rate assessment of VA by means of special methods in
view of differential diagnostics in the cases of rare dis-
eases or the necessity to exclude simulation in the cas-
es when “inhonest” participants try to demonstrate
reliable results corresponding to the lower or higher VA
in order to gain certain benefits.

— Medical examination for professions requiring fine
vision, i.e. assessment of VA by means of methods cor-
responding to certain professional activity in order to
decide if the participant examined fits certain profes-
sional criterion.

— Juridical medical examination is aimed, as a rule,
at assessment of low and very low vision levels up to
blindness in order to determine the type and amount
of social support needed to the patient. In the cases of
very low vision, use of common methods of VA mea-
suring is impossible and special methods of the patient
examination are required.

Among the visual tasks (and corresponding abili-
ties) directly indicated in connection with VA mea-
surements are such as defection, resolution, discrimina-
tion, identification, recognition (Shamshinova, Volkov,
1999; Heinrich, Bach, 2013). Each of these abilities
could be assessed using different experimental para-
digms (optotypes, methods of their presentation, algo-
rithm of their size varying and decision making proce-
dure), various illumination levels (photopic, mesopic,
scotopic) and different viewing conditions (monocu-
lar or binocular presentation, central or peripheral vi-
sual field, different stimulus duration, etc.) thus acti-
vating different neuronal pathways. As a result, the
number of visual capabilities that could actually be as-
sessed in the procedures named as “VA assessment” is
rather large and each estimate needs specifying at-
tributes, e.g., peripheral VA, mesopic VA, monocu-
lar VA.

It is evident that each purpose/task imposes certain
specific demands on the methods and conditions of
VA measurement, and in particular, on the optotype
structure. However, there are also common general re-
quirements that seem reasonable or, at least, desirable
of any set of optotypes irrespective of their specific ap-
plication and structure. The preliminary list of such
requirements was included into one of our previous
papers (Rozhkova et al., 2017). Here, we present
somewhat upgraded version of this list with brief argu-
mentation.
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GENERAL THEORETICAL REQUIREMENTS
TO THE OPTOTYPES

The list of the requirements to the set of optotypes
that seem to be obvious and/or have been mentioned
in the literature on the VA measurement consists of the
following points.

1. Similarity of average lightness/brightness. It’s im-
portant to exclude a possibility to use average light-
ness/brightness of each optotype for distinguishing
optotypes in the set since it has no relation to the VA
but could provide high probability of right responses in
the case of the optotypes occupying significantly dif-
fering parts of the test image field (like the letters B
and T (Y) in the ETDRS charts or the pictures of scis-
sors and horses in the test images of Rossano.

2. Structural uniformity. In all optotypes of a given
set, their components (elementary parts) should be
similar. All the stimuli in the set should excite similar
functional modules (neuronal detectors, filters) at the
periphery of the visual system. Otherwise, different
optotypes could activate principally different neuronal
pathways, and, therefore, the responses to different
optotypes would characterize different visual abilities.

3. Gnosiological equivalence. This requirement im-
plies involvement of the same higher visual centers (or
obviation the need of them at all) in discrimination of
all the symbols in the set. It is evident that one and the
same set of the optotypes should not include such dif-
ferent test images as gratings, letters and schematic
pictures of objects that could have different degrees of
familiarity and significance for different participants.

4. Equality of information content. 1deally, probabil -
ity of identification should be equal for all the opto-
types in a given test set. In particular, this implies that
the optotypes should contain equal amount of infor-
mation to exclude a priori inequality in the ease of each
optotype processing.

5. Identical values of F, in different optotypes de-
signed for the same VA level (e.g. for the same line in
the charts). The characteristic spatial frequency, F,, is
the frequency in the Fourier spectrum of the optotype
that supposed to determine its visibility or recogniz-
ability at threshold. It is evident that F, should be iden-
tical in all optotypes of the set corresponding to one
and the same VA level since all of them should have
equal visibility. This natural requirement could be
considered as an appendix to the requirement 2.

6. Strong linkage between the optotype legibility and F, .
Presence of well expressed spectral peaks correspond-
ing to F,is a necessary condition for dependence of the
optotype visibility on F,. Actually, this requirement
has to be addressed to the neuronal optotype images at
the input of the processing modules in the brain since
the physical (light) images of optotypes projected onto
the retina are filtered at the further stages of image
processing. However, it is reasonable to think, that the
peaks corresponding to F, should not appear in the neu-
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ronal image of the optotype if they are absent in the
physical image.

7. Similarity of low-frequency patterns of the two-di-
mensional Fourier spectra of all the optotypes in the test
set providing insignificant influence of the low-fre-
quency components on distinguishing the optotypes.
This requirement means that inter-optotype differ-
ences in the low-frequency part of the Fourier spectra
should be minimized in order to guarantee that recog-
nition of the optotype presented would be based on the
high-frequency part of its Fourier spectrum around F,.

8. Equal legibility of optotypes, i.e. equal probabili-
ties of correct responses to all optotypes of one and the
same size in the set. Actually, this requirement is an
addition to the requirements 2 (structural uniformity)
and 7 (identical values of F,). It outlines that probabil-
ity of the optotype identification should not be biased
by the features not relevant to the VA measurement. As
was reminded by A. Linksz (1972) in his historical re-
view of J. Green’s contribution to ophthalmology, the
importance of this criterion was claimed by W.S. Den-
nett as early as in 1885 at the meeting of AOS (Den-
nett, 1886): he found that different letters of 2.5 cm
high could be recognized at distances varying between
10.3 and 17.7 meters (!) and selected 8 letters of similar
legibility. Dennet constructed a new VA chart with the
lines containing letters of unequal height, e.g. his Sm-
line consisted of the letters equally readable at 5 m, not
of letters having certain angular size at 5 m. However,
A. Linksz outlined that Green had mentioned unequal
legibility of the Snellen type letters in the chart lines
even much earlier, in his first communications to
AOS.

Ideally, point 8 also means that the proportions of
correct and erroneous responses for the optotypes of
equal sizes should be equal to each other, and that the
probabilities of erroneous identification of a given op-
totype as certain other optotype from the same set
should also be equal for all the pairs.

9. Steep psychometric function. For an accurate as-
sessment of the threshold value of the optotype size,
the probability of correct responses should rise rather
rapidly with increase of the size. Otherwise, due to in-
evitable noise, the variability of responses would cor-
respond to a wide range of sizes and it would be diffi-
cult to determine the threshold size corresponding to
the criterion accepted with sufficiently high accuracy.

10. Easiness of computer generation and varying the
size of the optotypes. This requirement is included in
view of a tendency to computerize the VA assessment.
Computerization allows to make the procedures of the
VA assessment similar to games, to use adaptive algo-
rithms, to create a wide variety of complex optotypes.
However, one should take into account certain restric-
tions of discrete displays hindering reproduction of
curvilinear and diagonal contours and limiting repro-
duction of smooth gradients in the cases of the small-

est optotypes determining the upper level of the mea-
surable VA values.

It is easy to understand that to fit all these require-
ments is practically impossible. At the same time, in
some cases, the optotypes appear to be quite good for
certain purposes despite low level of fitting most of
these requirements. It seems likely that, in such cases,
a discrepancy could be explained by a strong influence
of some other factors not taken into account in the list
proposed. To illustrate this, let us consider the esti-
mates based on this list of requirements for the follow-
ing four sets of the widespread optoptypes: Landolt C,
tumbling E, Lea symbols, and HOTYV test for children
(Table 1).

These sets of optotypes were chosen for our analy-
sis because they contain equal number of elements —
four optotypes in each set. The Table 1 shows that,
Landolt C and tumbling E have the largest numbers of
pluses. These optotypes fit most theoretical and prac-
tical requirements better than many other optotypes. It
is evident that the set of Landolt C is ideal as con-
cerned structural and semantic uniformity and not
good for presentation on the monitor screens with dis-
crete structure because of distortion of the curvilinear
contours. Moreover, it has been shown that Fourier
spectrum of Landolt C contains well expressed low
frequency components that contributes to recognizing
image orientation and, on average, causes “overesti-
mation” of VA if it is anticipated to correspond to the
size of the smallest parameters (the gap width and the
width of the ring) (Bondarko, Danilova, 1997). Tum-
bling E shares all advantages and disadvantages of
Landolt C but, unlike Landolt C, tumbling E is ideal
for presentation on most displays. However, its use for
estimation of the VA as the resolving power is also
problematic because the presence of low frequency
components essentially influences legibility of the op-
totypes at threshold and, in addition, that influence is
not similar in different observers (Rozhkova et al.,
2012; 2017).

Lea symbols are not uniform and not equivalent se-
mantically and not well suited for computer presenta-
tion. However, their specific configurations and pro-
portions provide fitness to the most important re-
quirements — equal legibility and small contribution of
low-frequency spectral components to the optotype
recognition. Identity of F, values in all four symbols is
also evident since, in this set, F, is determined by line
width that is one and the same in different symbols of
each VA level. These pluses appeared to be more es-
sential than minuses in uniformity and semantics. The
explanation could be that the very schematic drawings
of Lea symbols evoke but faint associations with real
objects and might be treated simply as geometric con-
figurations.

HOTYV is a test commonly used for preschool chil-
dren. It is assumed that these four letters (that could be
considered not as letters but as different geometric
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Table 1. Characteristics of the four widespread sets of optotypes in view of the proposed list of requirements. The signs “+”
and “—” mean YES and NO in correspondence to fitting or not fitting of the requirements indicated. The line 9 is not filled
since it needed experimental data but we could not find sufficient information for all the test sets compared

Optotypes
Ne Requirement Landolt C Tumbling E Lea symbols
cooo 3 WME|nnOoQ|HeTY
1 | Similarity of average lightness + + — —
2 | Structural uniformity + + — —
3 | Gnosiological equivalence + + — +
4 | Equality of information content + + — +
5 | Equality of characteristic frequencies + + + +
6 | Direct relation of legibility to characteristic — — + —
frequency
7 | Similarity of low-frequency contents — — + —
8 | Equal legibility + + + +
9 | Steep psychometric function
10 | Easiness of computer generation — + — —
z 6 7 4 4

configurations) are of similar legibility and it seems
likely. However, they are not uniform in structure
(“V” is composed of oblique lines; “H” and “T” con-
tain different numbers of vertical lines; “O” is curvi-
linear, unlike all the three other elements) and low-
frequency spatial spectral components seem to play a
significant role in their recognition (their blurred im-
ages can be recognized at high degrees of blur when
high-frequency components are almost absent). Nev-
ertheless, the HOTV-set is very popular and, evident-
ly, useful test.

The HOTYV test was proposed for very young or
mentally retarded children in 1930 and was modified
later by the same authors (Pugmire, Sheridan, 1930;
1957). At present it is considered as appropriate for
children of developmental ages between three and sev-
en years. Its popularity could be explained by the fact
that, choosing these optotypes, the authors had taken
into account the age norms for perception and copying
geometric figures (see Lippmann, 1969; 1971). One of
the benefits of these optotypes is their symmetry in re-
lation to the vertical axis, so no confusion between
right and left side influences the assessment. It is ob-
vious that a good match of the test material to the age
norms is one of the important conditions providing
success in practical work.

Practical requirements to the optotypes

Most researchers having experience in employing
various tests for the VA assessment know that the ap-
plicability and popularity of a given test depends not
only on its theoretic perfection but also on many het-
erogeneous factors essential for its attractiveness to pa-
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tients and providing efficiency of work for scientists
and clinicians. Below we present a preliminary list of
practical requirements. It begins from the requirement
considered just above and contains some brief com-
ments.

— Correspondence of the test content to the observer’s
age. This means that the test content has to be in con-
cordance with the relevant ontogenetic data concern-
ing visual system. It is well known that even newborns
have certain inborn preferences in looking and that,
for infants and younger children even simple geomet-
ric figures differ in salience, legibility and attractive-
ness. For instance, newborn prefer to look at a sche-
matic face when it presented in pair with a random
configuration of the same pictorial elements (Fantz
et al.,1962); preschool children could copy the lines of
different orientation and simple geometrical figures
sufficiently well at various ages (Sheridan, 1960), etc.
Inborn preference to look at a structured visual field
when it is paired with a homogeneous one has been
used by Davida Teller to elaborate her remarkable
method of preferential looking (Teller, 1979) which
appeared to be proper for practical use in clinical and
scientific investigations of infant vision. In adults, the
paradigm of preferential looking is not employed be-
cause of natural changes with age in visual and other
abilities of the testees permitting to employ a large va-
riety of more effective paradigms for the VA assess-
ment. As concerns a routine VA assessment, young
adults could be tested with equal success using letters
and simple optotypes whereas old people with low vi-
sion (e.g. cataract patients) show essentially better VA
with simpler optotypes and lesser number of optotypes
for choice in the test set (Kazakova et al., 2020).
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— Simplicity of the visual task. During testing, most
people feel certain discomfort because they undertake
some efforts to adapt to the unfamiliar circumstances
and experience some anxiety about the results of ex-
amination. Therefore, at any age, the simpler the visu-
al task given to the testees, the better for them and for
the examiners regarding psychological comfort, easi-
ness of communication and duration of the VA assess-
ment procedure.

— Familiarity and attractiveness of the optotypes. Fa-
miliar optotypes or the ones with interesting features
stimulate friendly interaction between the testee and
the examiner, and motivate testees, especially chil-
dren. From this point of view, for an accurate VA as-
sessment in younger children, it seems beneficial to
use embedded optotypes since the dull uniformity of
the test images can be compensated by a vast variety of
interesting surroundings.

— Easiness of identification and consistency of nam-
ing (description) of the test stimuli. In certain cases, the
testee has difficulties with proper naming of the pre-
sented test image which is well seen but permits am-
biguous descriptions (e.g. abstract configuration or
unusual complex shape of a well known object). That
is why the optometrists like letters so much: there is no
need to explain how to respond to the presented opto-
types. In contrast, because of difficulties in verbaliza-
tion, even in the cases of very simple abstract figures,
testing is often impossible without employment of the
samples placed near the testee to select the presented
test figure from the whole set and to indicate it manu-
ally. Naturally, moving the gaze from the test chart to
the samples and back takes time and makes the exam-
ination more tiresome and long.

— Laconic, clear, and unambiguous instruction. It is
advantageous if the instruction can be formulated in
two-three sentences, easily understandable for the ex-
amined individuals, and unambiguous, i.e. does not
permit more than one interpretation. The characteris-
tic example of such case is the 3-bar optotypes. This
test is graphically simple and theoretically good.
Moreover, its structure copies traditional physical test
for assessment of the optical system quality (USAF-
1951). However, unexpectedly, it appeared that a sig-
nificant percentage of individuals perceive this test as
ambiguous and demonstrate incorrect responses. For
this reason the test can only be used with precautions
and additional explanations. The psycho-physiologi-
cal basis of this situation is considered in more detail
in the next section.

— Taking into account age-dependent psychological
peculiarities of the response behavior. Younger children
and old adults with impaired vision sometimes refuse
to respond to the test image presentation seemingly
without any reason. However, some reasons of such a
behavior can usually be discovered in the course of a
friendly interviewing the testees after or during exam-
ination. In some cases the reason reminds of the situ-

ation with the Buridan’s donkey (dyed of hanger being
unable to choose between two equally attractive sourc-
es of food). Evidently, it concerns extremely indecisive
persons unable to make a decision at near threshold
conditions (when certain test images appeared to look
as almost identical). In other cases the testee are inca-
pable to name very simplified silhouette images of the
test objects or suspect that his/her response will be
laughed at. Most refusals are of psychological origin.
However, there are also more rare reasons of silence.
For instance, some children keep silence when they do
not agree to pronounce the name of a certain schemat-
ic image since this image does not contain the details
which they consider to be absolutely necessary for a
real object.

The above consideration of various theoretical and
practical requirements to the optotypes shows that the
researchers are still at the first stages of a long way to
reliable and adequate appreciation of each optotype
functional quality and usability.

SPECIFIC ADVANTAGES
AND DISADVANTAGES OF CERTAIN
OPTOTYPES: EXAMPLES OF A MORE
DETAILED ANALYSIS

It is often difficult to comprehend some important
properties of the optotypes from the first glance, and,
in particular, to notice principal difference between
apparently very similar optotypes. In fact, only after a
thorough theoretical analysis and a special series of
comparative experiments one could appreciate ade-
quately all the aspects of using a given optotype. In lit-
erature, descriptions of such investigations are not nu-
merous for two reasons: the clinicians and practical
users rely on traditions and authorities unconditional-
ly (1); the researchers-theoreticians usually examine
not enough number of observers and describe their re-
sults in a form far from practical needs.

Here, we present the examples of investigations de-
voted to a more detailed analysis and/or experimental
assessment of the following optotypes: sinusoidal grat-
ings, 3-bar targets, tumbling E and letters. Our pur-
pose is to demonstrate some principal benefits and
difficulties encountered in experimental and clinical
work with such optotypes and to emphasize the neces-
sity of being more precautious in interpretation of the
results obtained with a given optotype and in perform-
ing comparative studies with different optotypes.

Sinusoidal and sguare-wave gratings

Gratings were chosen for thorough analysis in this
review as the optotypes appropriate for assessment of a
very important kind of the VA — the resolution VA, or
the resolving power of the visual system. In physics, si-
nusoidal and square-wave gratings traditionally serve
as the tests for measuring visual resolution of various
optical systems. The specialists in vision science wide-
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Fig. 3. The schemes illustrating dependence of grating images on the photoreceptor density (a), grating orientation (b: 60-70-90°),
and grating frequency (c: the ratios of frequencies are 1.00:1.04:1.1).

ly employ sinusoidal gratings since the second half of
the last century, thanks to the pioneering works of
Campbell and his coauthors introducing Fourier anal-
ysis in vision studies (Campbell, Green, 1965; Camp-
bell, Robson, 1968). In parallel, the advantages of si-
nusoidal gratings for optometry were also appreciated
and put into practice. Since 70-ies of the last century,
spatial gratings were successfully and systematically
employed for quantitative VA assessment in the new-
borns and infants by means of VEP (Marg, Freeman,
1976; Norcia, Tyler, 1985; Atkinson, 2000; etc.). Actu-
ally, however, the optometrists often use essentially
simpler square-wave gratings (with sharp black-white
bars) instead of corresponding sinusoidal ones. For in-
stance, such gratings are employed in the famous Tell-
er cards — the set of the tests for the forced-choice
preferential looking procedure that became widely ap-
plied soon after its invention (Teller, 1979; 1983; 1997;
Teller et al., 1982; Mayer, Dobson, 1980, 1982; Mayer
et al., 1995; etc.).
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It is easy to show that substitution of sinusoidal
gratings by corresponding square-wave ones has no in-
jurious effect on the assessment of the highest spatial
frequency perceived by the individual examined. The
matter is that, in the spectrum of the stimulus with
sharp black-white bars, the most prominent peak cor-
responds to the frequency of comparable sinusoidal
grating F, whereas other noticeable peaks, appearing
due to rectification of the sinewave, correspond to the
higher frequencies (multiples of F,) that can not be
perceived when the frequency of the test grating is
close to the critical value (resolution threshold). Thus,
sinusoidal gratings with gradual modulation of light-
ness/brightness could be substituted by two-grade
black-white gratings without essential loss in the accu-
racy of measurements. For this reason, further in this
section, we do not distinguish sinusoidal and square-
wave gratings.

Theoretically, in the case of many physical systems,
the accuracy of measuring resolution increases with
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increasing the size of gratings. However, in the case of
the human visual system, it is not rational to employ
too large stimuli.

The first reason is connected with the inhomoge-
neous structure of the human photoreceptor layer. In
the foveal region, cone density fall very rapidly with
increasing distance from the center of the fovea (Cur-
cio et al, 1990). Such feature makes it senseless to use
large stimuli since different parts of these stimuli will
be projected onto the retinal regions with essentially
different photoreceptor density — the main factor de-
termining visual resolution. Figure 3, a illustrates this
situation schematically showing a stripe of a test grat-
ing projected onto the three foveal regions at different
eccentricities.

The second reason for avoiding large periodic
patches is familiar to everybody from everyday experi-
ence. When a patch of relatively dense uniform period-
ic structure (e.g., a striped cloth or multiple parallel
lines on the sheet of paper) is large enough, it evokes
very unpleasant dynamic moiré images and afterimag-
es precluding long observation. (It is interesting that
even regular parallel lines of windows in large build-
ings often evoke unpleasant sensations (Filin, 2006)
despite not producing moiré.) The moiré images
emerge due to overlapping of the observed periodic
pattern onto different periodic patterns of photorecep-
tors in the retina that perform sampling of the input
images differently at different loci since the photore-
ceptor arrays (mosaics) are different at different ec-
centricities. Figure 3, b and ¢ shows that transforma-
tions of the resulting grating images could be radical (b)
and could be very “sensitive” to the spatial frequency
of gratings (c¢). These pictures help to understand why
in the case of gratings, detection acuity can be consis-
tently better than recognition acuity: a single test grat-
ing can be reliably distinguished from a comparison
uniform field irrespective of its perceptual distortions
whereas recognition of the test gratings requires more
perfect reproduction of their structure.

It is obvious that, for reliable VA measurements,
the size of the test gratings has to be reasonably limit-
ed. Luckily, this restriction seems to be acceptable. In
the experiments with presentation of gratings in win-
dows of varying size, Roger Anderson and his col-
leagues showed that probability of grating detection
becomes close to the final highest level when the num-
ber of grating periods in the test image exceeds six (An-
derson et al., 1996).

There are also investigations showing a positive ef-
fect of introducing certain irregularity into regular
photoreceptor arrays on orientation discrimination in
the case of gratings (e.g. Snyder, Miller, 1977; Miller,
Bernard, 1983; Evans et al., 2010). Probably, it might
be one of the reasons why strictly regular retinal struc-
tures are common among lower vertebrates but absent
in primates.

Thus, one could conclude that for correct use of
gratings for the VA assessment and for comparison of
the data obtained with the grating stimuli in different
studies it is necessary to take into account all the pecu-
liarities of the techniques and experimental paradigms
that could influence the results of measurements.

Standard and modified 3-bar targets

Theoretically, sinusoidal gratings are the simplest
stimuli requiring only one parameter for characteriza-
tion of their shape — spatial frequency. Nevertheless,
as is clear from the above consideration, in practice, an
accurate interpretation of the results obtained with
such simple stimuli for the VA assessment needs taking
into account some other conditions of the measuring
procedures. It seems natural to suppose that the stim-
uli of more complex shape could create more prob-
lems. Indeed, generally speaking, it is true. However,
it is often not easy to predict these problems and to
find the ways to solve them. In this respect, it is inter-
esting to consider relatively simple 3-bar optotypes
that are employed for visual acuity assessment, in par-
ticular, in the US army. There optotypes constitute the
basis of the USAF-1951 (United States Air Force 3-bar
test chart) and usually named 3-bar test targets.

The standard 3-bar test targets (S3B) consist of 3
identical black bars on a white background separated
by the intervals equal to the bar width (w). The test set
includes the targets with horizontal (H) and vertical
(V) bar orientation. The characteristic spatial frequen-
cy F, of each optotype corresponds to a period of grat-
ing consisting of one black bar and one white interval,
i.e. F,is equal to 60" /2w=30"/w.

It is worth noting that, before dwelling on letters as
the optotypes for his famous test chart, even Snellen
considered 3-bar configuration as promising for vision
assessment (along with other simple images: see Co-
lenbrander, 2008).

However, the initial version of the 3-bar targets that
was taken as a basis for the USAF-1951 and became
considered as a standard sample, appeared to be not
quite good for practice. Leaving aside the earlier at-
tempts to understand this situation, it is reasonable to
illustrate the shortages of the standard 3-bar targets
using psychometric functions and Fourier analysis.
The studies of the 3-bar targets carried out at the Insti-
tute for Information Transmission Problems, RAS,
during more than 10 years provided clear evidence of
the principal inter-individual variability of psycho-
metric functions, helped to understanding the reasons
of this variability, and to find the ways to “improve”
these optotypes making them more appropriate for
practice. This work included both experimental inves-
tigations of the optotype perception in different groups
of observers and theoretical analysis based on Fourier
transformation (Lebedeyv et al., 2012; Rozhkova et al.,
2012; 2017) and were crowned by computer simulation
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Fig. 4. Psychometric functions obtained using standard 3-bar targets.

of the optotype processing in the visual system (Lebe-
dev, 2015).

At the first stage of this work, it was unexpectedly
found that, in many participants, the psychometric
functions obtained with such optotypes demonstrate
characteristic anomalies (Figure 4).

The left column of this figure shows “normal” cas-
es, i.e. psychometric functions of the participants
whose data corresponded to the anticipated psycho-
metric functions gradually rising from 50% — theoret-
ical minimum value equal to the level of guessing at
random for the performed experiments with the two
stimuli in the test set and 2AFC paradigm. However,
such data were obtained in less than a half of the par-
ticipants examined. The right column shows that, in
some other participants, at threshold stimulus sizes,
probability of correct responses could fall to the level
of 10% and lower, i.e. probability of wrong responses
reached theoretically impossible levels of 90—100%
instead of 50%.

It is interesting that anomalous psychometric
curves were described long ago in papers presenting
the results of VA measurements in human infants by
means of preferential looking methods based on Teller
gratings (Held et al., 1979; Teller et al., 1982). One of
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the possible explanations presented in the second ref-
erence is that such psychometric functions “could be
caused in one way or another by brightness difference
between the grating targets and the homogeneous
fields” (Teller et al., 1982, p. 1021). One source of po-
tential brightness artifacts is that the gratings and the
homogeneous field might not be exactly matched in
luminance and infants may “tend to stare at the
brighter of the two fields when both appear homoge-
neous”.

It seems likely that in participants with anomalous
psychometric functions for 3-bar targets, decision
about stimulus orientation could be based on some
strong cue provoking the decision opposite to the cor-
rect one. Indeed, such cue could be revealed: using
S3B, one could notice that, at near-threshold stimulus
sizes, the orientation of the whole perceived stimulus
image (i.e. long axis of the blurred spot) was orthogo-
nal to the orientation of the just discernible separate
bars. Some participants could unconsciously consider
orientation of the whole image as an indication of the
bar orientation when fine structure of the test stimulus
became indiscernible. To counteract this misleading
cue, the participants may be instructed of directing at-
tention to the orientation of the bars only but not of
the whole image. However, we haven’t find publica-
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in near-threshold situation, F, is close to the highest perceivable frequency.

tions on the efficiency of such instruction or on any at-
tempts to improve test images.

Since it seemed problematic to guarantee that all
the examiners would give right instruction in all cases,
and to control that all the observers would follow the
instruction accurately, the researchers decided to cor-
rect the sizes of horizontal and vertical S3B trying to
make their blurred thresholdimages equal in length
and width, i.e. having no differences in sizes along
horizontal and vertical directions. Indeed, varying the
bar length, one could notice that the blurred images of
the 3-bar optotypes with horizontal and vertical bar
orientations could really be made practically indistin-
guishable if the bar length would be increased byl5—
20%.

This empirical finding was confirmed theoretically
by means of Fourier analysis. It was suggested that the
anomalies considered above could be explained by a
specific influence on stimulus recognition of certain
low-frequency components in the Fourier spectra of
the standard 3-bar images (Rozhkova et al., 2012).

Investigating two-dimensional Fourier spectra of
H- and V-S3B images (Figure 54, a, b), the authors
have found that their belongingness to H or V orienta-
tions could be ascertained not only on the basis of the

high-frequency components (the large blobs around
the characteristic frequency F,) but also on the basis of
low-frequency components (in particular, comparing
orientations of the largest central oval blobs: their long
axis are orthogonal to each other). The difference be-
tween the central blobs is more finely revealed in the
amplitude difference Fourier spectrum of the two im-
ages (Figure 54, c). This spectrum contains both pairs
of F,-blobs corresponding to the high-frequency
spectral components of H-S3B and V-S3B (natural-
ly, the second pair became negative due to subtrac-
tion) and also two pairs of the smaller and weaker
blobs oriented orthogonally to the F.-pairs as con-
cerned their signs (colors).

Moreover, the data of the Fourier analysis ap-
peared to be correlated finely with the results of the ex-
periments aimed at equalizing the blurred images of
the near-threshold 3-bar targets of vertical and hori-
zontal orientations. Creating properly modified 3-bar
targets, i.e. elongating the bars by 15—20%, one could
obtain the test set of modified images, H-M3B and
V-M3B, that could be recognized but only on the basis
of the highest spectral components around F,. It is
shown in the Figure 5B, parts a and b, containing the
spectra of modified 3-bar targets, analogous to those
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of Figure 5A for the standard test set, H-S3B and
V-S3B. It is clearly seen that moderate elongation of
the bars made the spectra of H-M3B and V-M3B very
similar in the low-frequency region and, accordingly,
led to elimination of misleading low-frequency blobs
in their difference spectrum (Figure 5B, part ¢). Tak-
ing into account this anticipated change, it was pre-
dicted that the modified 3-bar targets would not pro-
duce anomalous psychometric functions in the partic-
ipants previously showing the probability of wrong
responses of 90—100% instead of 50%. Indeed, it was
confirmed: the pairs of psychometric functions ob-
tained in these participants are shown in Figure 6, a.
Also it was expected that in the observers with “nor-
mal” psychometric function for the standard 3-bar
targets, stimulus modification would not change the
function shape and it was really the case (Figure 6, b).

It was natural to expect that, during examination
with the standard 3-bar targets, more attentive and
bright observers could notice that the two indicated
orientations were orthogonal to each other and could
use this fact properly in favor of increasing the proba-
bility of correct responses. In contrast to those naive
observers which systematically mess orientations of
the separate bars and the whole targets unconsciously,
some quick-witted participants could consciously rely
on the noticed relationship of the two orientations in
their responses when separate bars became indiscern-
ible in the stimuli of near-threshold sizes. In other
words, quick-witted (and also experienced or obser-
vant) participants could be able to use the described
imperfectness of the standard 3-bar stimuli turning it
to a prompt and guessing the bar orientation on the ba-
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sis of the whole blurred image orientation (having in
mind that these orientations are orthogonal to each
other).

This expectation was confirmed both by interview-
ing such quick-witted participants and by comparing
the results of their examination with the standard 3-bar
stimuli and the stimuli specially modified to exclude
such indirect cue of the bar orientation (Figure 6, c). It
is seen, that using modified 3-bar targets instead of the
standard ones led to a significant increase in the
threshold values of the stimuli.

Obviously, in most cases, it takes some time to gain
enough experience and notice the discussed mislead-
ing discrepancy in orientations of the bars and the
whole blurred images and to learn making proper cor-
rection systematically. The number of the trials neces-
sary for this insight varied from several tens to several
hundred depending on individual abilities of partici-
pants and conditions of the stimulus presentation. For
instance, it was noticed that the time of learning was
much longer when the single lines of equal-sized stim-
uli were presented in sequence instead of traditional
presentation of the whole chart with the stimuli of var-
ious sizes. It may be supposed that, in the second case,
a possibility to compare perception of adjacent lines in
certain intermediate range of sizes, where the bars vis-
ibility changes from quite good to problematic, helped
to notice and realize the orientation discrepancy be-
tween the bars and the whole image.

It is noteworthy, that approximately 1/3 of partici-
pants showed neither positive nor negative effects of
using low-frequency information in the case of H-S3B
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and V-S3B even if they were informed about a possi-
bility to use it (Fig. 6, b). In the case of H-M3B and
V-M3B, the psychometric functions of all participants
had anticipated uniform shape corresponding to clas-
sical monotonic psychometric curve ascending from
the chance level of 50% to the level of 100%-correct
responses.

The curves presented in Figure 6 illustrate the fol-
lowing three important conclusions that could be
made from the comparative studies of the standard
and modified 3-bar optotypes:

— Even small changes in the optotype shape could
radically affect its perception at threshold;

— If the optotype shape contains indirect cues that
could essentially affect the responses, inter-individual
variability of the psychometric functions could be very
significant indicating existence of principal differenc-
es in visual information processing;

— Proper modification of the optotype could make
individual psychometric functions more similar due to
elimination of the factors causing their variability.

One could argue that, in the cases of “inappropri-
ate” optotypes, high inter-individual variability were
determined by the higher levels of visual information
processing and could be eliminated by means of prop-
er instruction. This argumentation seems to be reason-
able but the situation is not so simple. Firstly, not ev-
ery participant is ready to follow the more complicated
instruction, and some participants will certainly use
the warnings for their own profit. But there is a sec-
ond, more principal complication: in some range near
the threshold, most participants could unconsciously
use indirect ambiguous cues and remain unaware of it.

It is reasonable to suggest that the optotypes with
more complex structure conceal more ambiguous cues
and, therefore, the complexity should be minimized.

Tumbling E optotypes

As was already noticed above, the standardized let-
ters are still widely used in the VA measurements de-
spite repeatable claims to turn attention to their serious
flaws as the optotypes. Obviously, a general conve-
nience of letters for practical applications outweighs
their flaws. Nevertheless, both for theoretical analysis
and for practice, it is important to understand signifi-
cance of certain unfavorable features of the letters.

It seems rational to begin from the tumbling E op-
totypes since they differ by only one additional bar
from the 3-bar optotypes analyzed above. Strictly
speaking, the set of the E-shaped stimuli in four orien-
tations can not be considered as a test with letter opto-
types (it was specially created for the illiterate people):
in fact, only one of these stimuli corresponds to certain
“normal” letter. However, from theoretical point of
view, this is not essential since geometrical features
and perceptional characteristics of the tumbling-E
stimuli are comparable to the typical stimuli catego-

rized as letters and to the standardized letter stimuli
used in optometry.

The difference spectra calculated for the tumbling-E
stimuli and the psychometric functions obtained with
these stimuli are presented in Figures 7 and 8 along
with corresponding data for the standard 3-bar opto-
types.

In Figure 7 (unlike Figure 6), shows the power dif-
ference spectra, not the amplitude ones. It was done to
provide a possibility of direct comparison between the
data of our lab studies studies and similar earlier data
published by Anderson and Thibos (1999a). Their pa-
per contains additional important data related to per-
ception of filtered optotypes with reduced spectra cre-
ated by cutting the lower or higher frequencies. The
psychometric functions obtained with such optotypes
help to identify those frequency components which
might be sufficient for discrimination of the stimuli in
the test set. However, these authors performed their
study with only two observers and, therefore, had little
possibility to reveal that the observer’s psychometric
functions could differ principally. This was found in
the experiments performed at our lab (Figure 8) sup-
porting our anticipation that different subjects could
differently use low-frequency information and
demonstrating different types of psychometric func-
tions for tumbing E even in the cases of similar psy-
chometric functions for the standard 3-bar stimuli
(Figure 8a).

Sloan letters

At present, the preferred letter stimuli in clinical
practice is Sloan letters (Sloan, 1959) comprising the
basis of the ETDRS charts (Ferris et a., 1982; 1993).
However, a majority of clinicians do not realize how
far the examination with such letters from the ideal
procedure of the VA assessment. To illustrate this, it is
enough to consider a sample of psychometric func-
tions published in the paper (Plainis et al., 2007). The
purpose of the authors was to evaluate a modified
ETDRS chart with a set of Sloan letters different from
the standard commercial ETDRS sets. Planning to
create a chart for European-wide use, the authors de-
cided to include there but only the Sloan letters read-
able by all European citizens. Comparison of the two
charts was performed by measuring VA in a large num-
ber of schoolchildren, on one hand, and by assessing
the psychometric functions of 5 subjects, obtained for
18 Sloan letters, on the other hand.

As an example, we selected three curves from all
the psychometric functions presented in the paper and
combined them on one graph (Figure 9).

These curves were obtained for the letters Z, S
and K (using seven letter sizes with a progression of
0.05 log units) in one and the same subject. It is clearly
seen that the curves are essentially different revealing
different legibility of these letters. The dashed lines
help to see that, at the level of —0.05 log units, proba-
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bility of correct response is equal to 100% for the letter
Z, about 65% — for S, and only 40% — for K. Since the
levels shown along the horizonet al axis (0.0; —0.1;
—0.2; and so on) correspond to the lines of the ETDRS
charts, it is evident that each line could contain the let-
ters of very different legibility thus reducing the accu-
racy of the VA measurements. It seems irresponsible to
declare high accuracy of the VA measurements with
the charts including such optotypes.

A significant decrease of accuracy due to different
legibility of letters is a general flaw of most existing let-
ter charts. The requirement of equal legibility of all the
test stimuli is the obligatory requirement of the precise
tests for the VA assessment. Regarding letters, the con-
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clusion from all the data available in the literature is
that one could find no more than 5—6 Sloan letters of
similar legibility (see Figure 5 from Plainis et al., 2007
as an example) that could be employed to construct a
chart of standard structure for precise VA measure-
ments.

It was already mentioned above that there were at-
tempts to complete the set of letters for each line not
on the basis of the letter sizes but on the basis of legi-
bility thus putting the letters of different heights in one
and the same line. Though such an approach seems to
be problematic in application to the charts, probably,
it can be easier introduced into practice of computer
measurements with sequential presentation of single
test stimuli.

DESIGNS OF THE CHARTS FOR VISUAL
ACUITY ASSESSMENT

Though since the time of publishing the first chart
for the VA assessment by Kiichler in 1843, a lot of var-
ious devices were proposed as the testing tools, espe-
cially during the last fifty years, the charts continue to

hold a primary position among all the tools up to date.
They are widely spread over the world and have a lot of
versions. Being filled with different optotypes, they
appeared to be appropriate for many purposes, condi-
tions, and populations. Their total amount is not as-
sessed, probably it numbers several hundreds.

History of the visual chart development

The chronological sequence of various visual chart
emerged over the time is presented in Figure 10. Be-
cause of technical limitations, not all the worthy charts
are included, however, this Figure 10 helps to view the
main stages in of the visual chart development.

Ripening and integration of general main ideas
about reasonable visual chart structure took approxi-
mately 30 years. The three basic principal steps are
shown in Figure 11, a. The process was initiated by
Kiichler who invented regular placing of the test mate-
rial (the set of printed words) in parallel lines accord-
ing the letter size (Kiichler, 1843: the chart 1 in
Figure 11, a). The second inventor was Snellen who
introduced the notion of optotypes and appreciated
Nel 2022
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Fig. 11. Examples of various VA chart designs.

the necessity of standardization. He designed special
letter images (simplified Latin letters with serifs on
5% 5 matrix), calibrated them and employed in the first
standardized chart for visual acuity assessment (Snel-
len, 1862: the chart 2 in Figure 11, a). The chart in-
cluded 11 horizontal lines (rows) of calibrated letters
Ne 1 2022
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decreasing in size from the top edge. The arrangement
of the letters over the chart was nearly uniform but the
numbers of letters in the rows varied significantly —
from 1 (the first row with the largest letter) to 9 (the
row with the smallest letters). In the Snellen chart,
standardization was only partial, however, the chart
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layout, or format, elaborated by Snellen, determined
the basic variables for upgrading this tool later: pro-
portions of the test letters, progression of the letter siz-
es (reference levels), number of rows, numbers of let-
ters in each row, horizontal letter spacing, vertical
spaces between the rows.

The next principal idea of the reasonable chart de-
sign was proposed by Green (1868). This researcher
simplified the letter shape further (eliminated serifs)
and invented a chart design now known as proportion-
al or logarithmic (the chart 3 in the Figure 11, a). In
the Green chart, the sizes of the standardized letters
were decreasing from the top to the bottom in geomet-
rical progression; the spacing of letters in each row and
vertical distances between different rows were propor-
tional to the letter size; and the number of letters in all
the rows (barring the first one with the largest letters)
was one and the same. It is remarkable that such a de-
sign is very similar to the design of modern standard
ETDRS chart: the only difference is the number of let-
ters per row (in the ETDRS charts, it is equal to 5).
However, the invention of Green was not introduced
into practice when he was alive and even much later.
Perhaps, one of the reasons was too large number of
letters per line in the proposed charts that could make
examination too long. The ideas of Green firstly
emerged in practice in 1976 when Bailey and Lovie
proposed similar chart design with only five letters in
each row (Bailey, Lovie, 1976; Bailey, Lovie-Kitchin,
2013).

In 1888, Landolt published a new chart with the
optotypes principally different in shape from the let-
ters — the rings inscribed into 5x5 matrix with a gap of
1 element (later named “Landolt Cs”). However, the
design of the Landolt C charts based on these opto-
types was similar to the Snellen charts but not to the
Green chart. The influence of both Landolt’s and
Green’sideas could be revealed in the work of Kholina
(1930) who created a set of charts with nearly propor-
tional design and the steps in size of 0.05 log units —
twice smaller than 0.1 log units proposed by Green and
(after more than 100 years ) used in the Bailey-Lovie
chart.

Later evolution of the charts for the VA assessment
could be characterized mainly by including new con-
tent and/or varying its layout to make the chart more
appropriate for particular purposes or population con-
tingents. In the second half of the XX century, a lot of
charts emerged for examination of children; naturally,
most ot them contained various pictures as the opto-

types.

Figure 11, b shows the examples of the charts with
various arrangement of content proposed by the re-
searchers for various purposes: vision screening in
Russia (2), investigation of crowding effect (3), assess-
ment of peripheral vision (10), comparison of the ex-
amination with the two different optotypes (9); etc.

In optometry, a serious effort was made to provide
total standardization of the VA charts while accuracy
and efficiency of the VA measurements attracted lesser
attention. There were many publications repeating the
guidelines for the chart design that are actually were
not proved to be necessary in all conditions by means
of proper experimental investigations. This remark
concerns such recommendations as:

— to use logarithmic design exclusively;

— the horizontal spacing between the optotypes
should be equal to the width of the optotypes on a line;

— the vertical spacing between the lines should be
the height of the optotypes in the next line down;

— the size of the optotypes should progress geomet-
rically up or down the chart by approximately 0.1 log
units; etc.

Though it was reasonable to follow universal strict
recommendations during the earlier studies, at pres-
ent, is seems more important to stimulate a search for
other possibilities: the attained better knowledge of vi-
sual processing, vision mechanisms, and their impair-
ment shows that, in view of optimizing vision exam-
ination and visual diagnostics, the recommendation
should depend on many factors and conditions.

Let us consider one of the chart parameters — the
number (N) of the optotypes per row. Figure 12 clearly
demonstrates that the reasonable values of N strongly
depend on the set of the optotypes. The following
three cases are analyzed: 2; 4 and 10 optotypes of equal
legibility in the sets (corresponding to the chance lev-
els 0.5; 0.25; and 0.1 for correct recognizing single op-
totypes). The evaluation of the procedures is based on
calculation of the probability (p) to give correct re-
sponses at random to all N optotypes in the row. As is
shown in the Figure 12, a, such a probability is rapidly
decreases with increasing N, and probability of erro-
neous measurements decreases correspondingly. If we
use the criterion p<0.05, the proper numbers N will be
inside the green area, namely: 2; 3; and 5 for the sets of
10; 4; and 2 optotypes, correspondingly. The values of
N for other probabilities of the erroneous measure-
ments are shown in Figure 12, . One could conclude
that for the sets of four Landolt Cs or tumbling E
(chance level 0.25), the values of p equal to 0.001;
0.0039; and 0,0155 will be obtained in the cases of
N=5; N=4; and N=3, respectively. It is the task of the
researcher to find a reasonable compromise between
the accuracy and the duration of measurements.

It is impossible to scope all the aspects of the ap-
propriate VA measurements for various purposes and
in various conditions. However, it seems obligatory to
dwell briefly on examination of patients with mental
retardation and special needs. Since such patients are
often characterized by significant limitations both in
perceptual skills and intellectual functioning, it is very
important to optimize the examination procedures
and tools in order to avoid failure and waste of time.
That is why the information about usability of each
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Fig. 12. Probability of erroneous VA measurement due to successful guessing at random.

a — Probability of correct responses to all the optotypes in the rows containing different numbers (1—6) of optotypes from the sets
with 2; 4; and 10 optotypes of equal legibility (chance levels for single optotypes are 0.5; 0.25; and 0.1, respectively) in the case of

guessing at random.

b — The numbers of the optotypes in the rows needed for reducing successful guessing at random (erroneous VA measurement)
t0 0.1%; 0.39%; 1.55%; and 6.25% of the population examined in the cases of the chance levels 0.1; 0.25; and 0.5 for single opto-

types.

test is being collected and analyzed systematically to
help the clinicians. An example of such an analysis
taken from (Caywood, Nett, 2005) is presented in the
Table 2. This Table contains a fragment of the larger
Table from the indicated publication with ratings of
various vision tests. We have only selected information
related to several well known VA tests and concerning
general integral ratings. Each test was subjectively
ranked as to its appropriateness for a variety of handi-
caps including speech, sensory, and cognitive devel-

opmental impairments. The ranking criteria for the
tests were: (1) not useful; (2) adequate, but may be dif-
ficult to perform or provide gross measurements;
(3) may be appropriate, but other tests may provide
more standardized results; (4) useful, provides stan-
dardized results and can be performed with relative
ease. The data presented in the Table 2 evidence that
the scores could significantly depend on the type of
impairment and could be both increasing and decreas-

Table 2. Procedure ratings™ for several VA tests by the specialists working with a variety of handicaps

Subjects
. Hea.lring . M9t0r Mute patient . Hea.lring . Mgtor Mute patient
Tests impairment impairment Developmental impairment 1mpairment Developmental
Developmental | Developmental Developmental | Developmental

age of 2 yrs age of 2 yrs age of 2 yrs age of 6 yrs age of 6 yrs age of 6 yrs
Snellen 1 1 1 4 4 4
HOTV 1 1 1 4 4 4
Lea symbols 4 4 4 3 3 3
Broken wheel 1 1 1 4 4 4
Teller acuity 4 4 4 2 2 2
cards
Cardiff cards 4 4 4 2 2 2

*Ranking criteria for the tests:

1. Not useful.

2. The test is adequate, but may be difficult to perform or provide gross measurements.
3. The test may be appropriate, but other tests may provide more standardized results.
4. The test is useful, provides standardized results and can be performed with relative ease.
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ing with age. Such information seems to be indispens-
able for regular examination of patients.

Concluding remarks

A general conclusion from this review is that estab-
lishing universal “golden standards” for the test imag-
es and for design of the VA charts is unrealistic and un-
necessary. On the contrary, at present, it seems prom-
ising to spend more efforts on elaboration of specific
optotypes and charts for various purposes.

Of course, it is very important to have some stan-
dard tools for regular population studies. However,
with time, the standards become obsolete; and now
existing international standards on visual testing pro-
cedures, optotypes, instruments, trueness and preci-
sion of measurements (ISO 8596; 8597; 5725-2) seem
to be validated not so good in view of our contempo-
rary knowledge of visual processing in the human vi-
sual system.

Moreover, standard methods of investigations can
not reveal the early stages of visual impairments. In or-
der to improve the whole system of vision care it is
necessary to have a large variety of the VA measuring
tools intended for vision monitoring and treatment.

In each case of the VA assessment, the optimal
solution depends on the purpose of investigation, the
characteristics of the individuals to be examined, and
the conditions of measurements. The examiners have
to understand the advantages and disadvantages of the
chosen tests and take them into account both in plan-
ning the procedure and in interpretation of the results
obtained.
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K ONTOTHIIAM M JIM3aiiHy Ta0JHMII
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CraTbsl MOCBSsIlLIeHA aHAIM3Y U OOCYKIEHUIO CYIIECTBYIOIIMX TECTOBBIX U300pakKeHU 1711 OUEHKU OCTPO-
THI 3pEHUSI — ONTOTUIIOB — 1 MX pa3MelieHus B Tabaunax. [Tociie n3I0KeHUsT UICTOPUHM TTOSIBIEHUS U 3BO-
JIIOLIMM OTNITOTUIIOB CeIaHa MOMbITKA UX KJIacCU(MUKALIMY U aHaJIM3a HAIlpaBJIeHWI X COBEPIIIeHCTBOBA-
Hus. PaccMoTpeHsI cienyonie pa3HOBUIHOCTH ONITOTUIIOB: OYKBBI, OMHOPOIHBIE KOH(MDUTYpaLINHU, TIepH-
oAvvYecKue MaTTepHbI, UCYE3alolINe ONTOTUITLI, PUCYHKU MPOCTHIX MPEAMETOB U TECTOBbIE CTUMYJIbI,
BKJIIOYCHHBIE B OoJiee KpyIHbIe n3obopaxkeHus. ChopMyIMpoBaHbl O0IIe TEOPETUIECKNE U IIpaKTUde-
ckue TpeboBaHus K ontoturaM. bojiee neTanbHO MpoaHaIU3UPOBaHbI U OOCYXKIEHBI CrieudruIecKue 10-
CTOMHCTBA 1 HEAOCTATKU PsIa TOIYJISIPHBIX ONTOTUTIOB. B MocnenHeM pasaene paccMOTpeHa UCTOPUST CO-
3MaHMs TaOJIULL U151 OLIEHKW OCTPOTHI 3pPEHUS Y COBEPIIIEHCTBOBaHUS UX Au3aitHa. CriesaHo 3aKJIloueHue,
YTO €IVHBIX YHUBEPCAIBHBIX “30JI0THIX CTAHAAPTOB” HM IJIs ONTOTUIIOB, HY IUISI AM3aiiHa TaOIUIl HE Cy-
ILIECTBYET: UX ONTHUMAaJbHasl CTPYKTypa 3aBHUCUT OT LIEJIM UCCIEHOBAHMSI, XapaKTEPUCTUK UCCIETyeMOTO
KOHTUHTEHTA Y KBAIM(MDUKAILIMU UCClenoBaresieii. B mobom cirydae nccienoBaresin JOJKHBI MMETh TIpe-
CTaBJIeHHEe O JOCTOMHCTBAX U HEJIOCTAaTKaxX BbIOPAHHBIX TECTOB U IMPUHUMATh UX BO BHUMaHUE, KaK MpU
pa3paboTKe MPOTOKOJIA TIPOLIETyPHI, TaK U IIPU MHTEPIIPETAllMH TTOJIydaeMbIX pe3yIbTaTOB.

Karoueesnie caosa: Pa3ZHOBUIHOCTHU OIITOTUIIOB, TaOJULIBI JIS1 OLIEHKU OCTpPOThI 3p€HUA, KI[aCCI/I(l)I/IKa]_[I/ISI

OIITOTHUIIOB, COBEPIICHCTBOBAHUEC OIITOTUIIOB
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Ouenka nepudepudeckoit octpotsl 3peHus (O3) cBsi3aHa ¢ HEOOXOAUMOCTBIO pa3aBauBaTh BHUMaHUE
MexXny (poBeasTbHbIM (DUKCAIIMOHHBIM CTUMYJIOM W MepUDEPUISCKUM TECTOBBIM CTUMYJIOM. OOHUM M3
MOIXOA0B K UCKJTIOUEHMIO 3a/1a4U LIEHTPAIbHOM (PUKCALIMU SIBJISIETCSI CO3MaH1E UCKYCCTBEHHOM LIEHTPaJIb-
HOM CKOTOMBI TIPY TTOMOIIIM KOHTAKTHOM JIMH3bI ¢ UMILTAHTUPOBAHHBIM OKKITIONEPOM (IMaMEeTPOM 4—5 MM).
[MpuMeHsist 3TOT MonXod, Mbl U3MepuIu Neprudeprdeckyo O3 y TpexX UCIIBITYEMBIX B TUAIIa30HE 9KCLIEH-
TPUCUTETOB 0 60° Ha CITeIMaTbHO CKOHCTPYMPOBAHHOUW KOMITHIOTEPU3UPOBAHHOMN ITEPUMETPUIECKOM
YCTAHOBKE, MCIIOJIb3Ysl Pa3JIMYHbIE ONTOTUNBI — “KyBbIpKatoluecsi-E” u MmonuduirmpoBaHHbIe TPEXIO-
JIOCHBIE CTUMYJTBI. OKa3aIoCh, YTO B YCIOBUSX HAIIMX SKCIIEPUMEHTOB OKKITIO3UST (DUKCAIIMOHHOTO CTH-
MyJjia caMma Io cebe He mpurBesia K oxxugaeMomy yBenndeHuo O3, BeposiITHO MOTOMY, UTO 3G (hEKT UHCTPYK-
UM “CMOTPETh IPSIMO Mepen coboit” aHanorndeH 3PdeKTy MHCTPYKINH “(pUKCHUPOBATh BUIUMEIN (DOBe-
aJibHBINM cTUMyJ”. BoJsiee TOro, MOXXHO MpearojaraTb, YTO KOHTaAKTHAs JIMH3a C OKKJIIOIEPOM OKa3bIBaeT
HeTaTUBHOE BIIVSTHUE M3-3a 3aTeHeHUS TIepru(heprIeCcKOro TeCTOBOTO CTUMYJIA B CITydasiX HEKOHTPOJIUPYeE-
MOTO HEIPOU3BOJIbHOIO YMEHBIIIEHUS ITUaMeTpa 3payka, IMPpUBOISIIEro K 3HAYUTEIbHOMY YBEIUUYECHUIO
CJIETION 30HBI. Y BCeX UCIBITYeMbIX 3HaUeHUs niepudeprudeckoit O3 okazanch HECKOIbKO BHIIIE IS MO-
IU(GUIMPOBAHHBIX TPEXITOJOCHBIX ONITOTUIIOB, U3MEPSIIONIUX “OCTPOTY pas3pellieHus1”, yeM ISl “KyBbIp-
Kalomuxcs- E”, naMepsiomux “octpoTy pacro3HaBaHus”’. MeXnHIUBUAYaIbHAS N3MEHUYNBOCTD TaHHBIX
oKasaJiach OOJIbIIIEe TTPY MEHBIIUX 3HAUCHUSIX SKCLIEHTPUCUTETA.

Kuioueswie crosa: nepudeprdeckoe 3peHue, ONTOTUIIBI, OCTPOTA 3PEHUSI, OCTPOTA pa3pelleH s], OCTPOTa

paciio3HaBaHUsA, KOHTaKTHas JIMH3a C OKKIIOACPOM, M XKMHANBUAYAJIbHBIC PA3/INYMUA

DOI: 10.31857/S0235009222010024

BBEIAEHME

Ouenke octpoThl 3peHus (O3) yeoBeka MOCBsI-
IIEHO OrPOMHOE YMCJIO TTyOJIMKAalMii, HO B TTOAABJISI-
IOIIEM OOJIBIIMHCTBE IKCIEPUMEHTAbHBIX U K-
HUYEeCKUX paboT HCCAeqO0BaHUS KacaluCh TOJIbKO
LIEHTPaAJIbHOTO 3pEeHUsI, TOUHee — (POBeaJIbHOTIO, T.C.
OHU OTHOCUJIMCH K 00JIaCTY MOJIsI 3peHUSI AUaMETPOM
TopsinKa 5°, COCTaBIISIIONICH TUIITh HE3HAYUTEITBHYIO
ero yacTtb. B To xxe BpeMs niepudepruyeckoe 3peHue
UTPAET B XKM3HU YeJIOBEKa He MEHBIIIYIO POJb, U He-
00XOJMMOCTb OLIEHKH €ro BO3MOXHOCTEH B MocCe-
HUeE TOAbl CTAHOBUTCS BCE aKTyajbHee. DTO CBSI3aHO
C TEM, UTO BO BCEX IMBUJIM30BaHHBIX CTpPaHaX pacTeT
YH1CJIO JIIOAEH MOXUJIOro BO3pacTa, Y KOTOPbIX OJHOM
U3 CaMbIX paclpoOCTpaHEHHBIX IJIa3HBIX Ooyie3Heit
SIBJISIETCS BO3pacTHasi MakyJisipHasi JereHepanus
(BMJI/AMD: age-related macular degeneration), 4yuc-
Jio cirydaeB KoTopoit K 2020 T. MporHo3upoBajioch Ha
yposHe 200 miH yenoBek (Wong et al., 2014). DTo 3a-
0oJieBaHUE BEJET K 3aTPYAHEHUIO TPUBBIYHON €Xe-
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JTHEBHOM 3pUTEILHOM aKTUBHOCTHU — UTEHMSI, pabo-
ThI C KOMITBIOTEPOM, IPOCMOTpa Tejaenepenad, K He-
BO3MOXHOCTH BOXICHMS aBTOMOOWJIS U OOIIEMY
CHIXKeHMIO KadecTBa xku3HM (Williams et al., 1998;
Hassell et al., 2006), BM/I Tak:Xe BBI3bIBaeT AcIpec-
curo (Augustin et al., 2007). OueBuaHO, YTO TaKas
TpEBOXHAas CUTYyalMsl C LIEHTpaJbHBIM 3peHUEM 3a-
CTaBJISIET OOpPATUTD OOJIbIIIce BHUMAHME Ha UCCIIEI0-
BaHME BO3MOXHOCTEI nepudeprnIecKoro 3peHus B
IUIaHE YacTUYHO KOMIIEHCALIUM YTpaYlBacMBbIX
GYHKIIMIT MaKyJISIPHOI CEeTYATKMU.

HccnepoBanus nepudepudecKoro 3peHus U, B
YaCTHOCTH, €r0 pa3pelialeil ClTIocOOHOCTH, OIpe-
JIEeJISTIONIEe TOYHOCTh BO3MOXKHOIO aHajiM3a ceTda-
TOYHBIX M300paxkeHuit, HeMHoro4yucjeHHbl (Wert-
heim, 1894; 1980; Low, 1943; 1946a; 1946b; 1951; An-
derson et al., 1996; Anderson, Thibos, 1999a; 1999b),
XOTSI BHIMMasl 4YeJIOBEKOM KapTUHAa OKPYKECHUS
OOBIYHO 3aHMMAET BCE I10JIE 3pEHUSI, UMeIoIee IIPO-
TSKEHHOCTD 0oJiee 180° 1o ropu30HTaIbHOMY MEPU -
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nuany 1 okoJio 100° o BeptukanbHoMy. Takas cuty-
aIrusi MOXKeT ITOKa3aThCsl CTPaAHHOM, OMHAKO CTielra-
JIMCTBI  XOPOIIO 3HAIOT, 4YTO OHa CBsI3aHa C
MHOTOYVCIICHHBIMA ~ TICUXO(HU3HOJIOTUIECKUMHA 1
TEXHUYECKUMHM CIIOKHOCTSIMU TIPOBEICHUS DKCITe-
PUMEHTOB 1O UCCJIEIOBAHUIO BOCIIPUSITUSI 3PUTEIIb-
HBIX CTUMYJIOB Ha Tiepudepuu Mmojsi 3peHusi. DTu
crienIn@UIECKUe CIOXHOCTUA 3aTPYIHSIOT TIOJTyde-
HYE HaJeXXHBIX TAHHBIX U TPOBEICHNE MaCCOBBIX U3-
MepeHuit. OCHOBHbIE TPYTHOCTU OOBSICHSIIOTCS TEM,
YTO UIST MCCIeHOBaHUS TepupepUISCKOTO 3pCHUS
TMPUXOAUTCS MEHSITb TPUBBIYHBIN PEXUM pabOTHI
3PUTEITHLHOM CUCTEMBI, TP KOTOPOM B €CTECTBEHHBIX
YCIOBUSIX 3PUTEBHOTO BOCIIPUSITUSI LIEHTpaJbHbBIC
(poBeanpHbIC) U IepUdhepUIECKIE MEXaHU3MbBI 3pe-
HUS BBITIOJTHSIOT HECKOJIBKO pa3Hble (DYHKITUYT 1 T -
HaMUYECKU B3aUMOJICHCTBYIOT, TOTIONHSS APYT APY-
ra ;i pelieHus oomux 3anay (Stewart, 2020).

Cpenu nepBbIX CUCTEMAaTUYECKUX UCCeI0BaHU
nepudepudeckoii O3 HauboJiee aBTOPUTETHOM U
dyHIaMeHTaIbHOIT cuuTaeTcss padora Beprxaiima
(Wertheim, 1894; 1980). KpaTtkoe pe3iome cTraTbu
Beprxaiima ipuBeneHo B 063ope (Poxkosa u nip., 2019).
ITocie mmonHepckoii padoTel BepTxaitMa, BKiIOUaio-
1Iei U3MEepEeHMsI TOJBKO /151 JIEBOTO IIa3a aBTopa, HO
B IIMPOKOM JMarna3zoHe 3KCIEHTpUCUTeToB (OT 55°
MO0 TOPU3OHTAILHOMY MepUAMaHy B Ha3ajbHOM IO-
JIOBUHE TIOJIST 3peHusI 1o 70° B TEMITOpaTbHOM TTOJIO-
BUHE; TI0 BepTUKAJIbHOMY MepuanaHy — 10 40° BBepx
Y BHU3), JIUIIb B 1943 1. ObLJIO MPEANIPUHSITO OTHOCH-
TeJIbHO MaccoBO€ MccliefoBaHue Mepudepruueckoit
03, o0OycioBlieHHOE HYXXIAaMHM BOEHHOM aBHAlIVM.
®DpoHk JIoy ObUI TIepBbIM YY4E€HBIM, KTO TTPOBEJ U3ME-
peHus nepudepudeckoit O3 y OOJIBIIOTO YMCIa UC-
nbeITyeMbIX (cTo yenoBeK — 200 1m1a3), Kak B (hOTOIM-
yecKuX yciaoBusx HaomoneHus (Low, 1943), Tak u B
ckoTormueckux yciaoBusx (Low, 1946a). MHTepec-
HO, 4YTO NaHHble BepTxaiiMa okazaiauch OJU3KU K
CpEeIHUM 3HayeHUsIM, BbluMcieHHbIM Jloy. Kak u
Beprtxaiim, Jloy ormMeTnn BIuUsSiIHME TPEHUPOBKU Ha
nsMepeHus nepudepudeckoit O3: yxe Ipu BTOPOM
U3MEpPEHUM 3HaueHUsl OKa3aluCh BbIIIE, YEM MpU
nepBoM. M3ydyenuro atoro sadpdekra Jloy mocBITHI
creLyaibHyIO cepuio skcnepuMeHTOB (Low, 1946b).
B 00630pe uccnegoBanmii nepudepudeckoit O3, BbI-
nonHeHHbIX 10 1950 r., JlIoy mOmBITOXMUI CBOM pe-
3yJbTaThl U Jajl TTyOOKMIA aHaIU3 paboT NPYyrux aB-
topoB (Low, 1951).

ITocne padot JIoy 1940-x ronoB, B KOTOPBIX UCITO/b-
30Bajlach OYeHb IIPOCTas ammaparypa, MacIITaOHBIX
nccaenoBanuii nepudepndeckoit O3, MO-BUIMMOMY,
He MpearnpuHUMANIOCh. B OTIENBbHBIX MPOBOAUMBIX
WCCIIEMOBAaHUSAX aBTOPHI CUJIBHO YCIOXHSIITA SKCITe-
pUMeEHTaIbHBIC YCTAHOBKU, YTO HE TTO3BOJISLIO TIPO-
BECTH M3MEPEHUS Ha OOJIBIIIOM KOJIMIECTBE UCTIBITY-
emblx. Hampumep, B pabore (Johnson, Leibowitz,
1979) ouenka nepucdepudeckoit O3 Obla mpoBeaeHa
TOJBKO Y YETHIPEX MCITBITYEMBIX.
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Bospocuive TexHuueckre BO3MOXHOCTU IMO3BO-
JILJIA U3y4aTh nepudepudeckoe 3peHue Ipu ABUXKe-
HUU CTUMYJIOB, U BBECTU MOHSTUS CTaTUYECKO
(SVA — Static Visual Acuity) m auHaMHWYeCKOI
(DVA — Dynamic Visual Acuity) O3. IlonpoOHBbIit
aHanus otanuyuii DVA ot SVA Ha 3puTtefbHOM Tepu-
¢epuu nan B nuccepraunu (Holland, 2000).

B npyrux ocHoBaTeNbHBIX paboTaX AHIEPCOH U
coaB. (Anderson et al., 1996; Anderson, Thibos,
1999a, b) onenuBasm nepudepudeckyro O3 ¢ uc-
MTOJIb30BAaHUEM TECTOBBIX CTUMYJIOB pa3HOit (hopMBbI
— CHHYCOUIAJIbHBIX PEILIETOK, TPEXIOJOCHBIX CTHU-
MYJIOB U “KyBhIpKalomuyxcs E”. CpaBHUBaIM 3Ha4Ye-
Hus nepudepudeckoit O3, moaydaeMble IIPU OLICHKE
OOHapyXeHMUsI, pa3pelleHus] U paclio3HaBaHUS CTU-
MYJIOB, HO BCE U3MEPEHUS OB MPOBEICHBI TOJBEKO
IUIST ABYX UCTIBITYEeMBIX.

Hzydenne neprdeprnIecKoit ONTUKM IJ1a3a IToKa-
3bIBAET, UTO OHA O0ECevYnBaeT XOpolliee KauyeCTBO
(doKycupoBKM Ha TIepudeprun, TO3TOMY TTeprdepu-
yeckasg O3 He orpaHWYMBAeTCS ONTHUKOM Iviaza, a
OTpeesIIeTCs TIIOTHOCTHIO (hOTOPEIIETITOPOB U HEeli-
POHHBIMM MexaHu3dMaMu (cM. 0030p Strasburger,
2011).

XopollIo U3BECTHO, YTO OOBIYHO 3pUTEIbHAS CeH-
CopHas cucTtemMa (hyHKIIMOHUPYET B TECHOM B3anMO-
JIeCTBUM C I1a30JBUTATEIbHOW CUCTEMOIi, KOTopasi
obecrieuuBaeTr ¢doBeallMio — HaBeleHUEe B3opa Ha
00BEKTHI, MPEACTABISIONINE TTOTEHIIMAIbHBIN UHTE-
pec, U TocjenoBare/ibHblii aHaJu3 BCETO IMOJIsl 3pe-
HUS 3a CUET TNepeBojia B3opa C OJHOK 00J1acTu pac-
CMaTpUBAaeMOM CLEHBbl Ha Ipyryno. O4eBUIHO, YTO
MPU 3TOM KaXbli1 MOBOPOT IJ1a3a JOJKEH COOTBET-
CTBOBAaTb UCXOMHOMY DKCLIEHTPUCUTETY OYEPETHOTO
00beKTa BHUMAHUS U JTOJKEH MTPUBOIUTD K TTOMaa-
HUIO N300paxeHust o0beKTa B (hoBea, T.e. K OOHYyJIe-
HUIO 3KCLIeHTpUcuTeTa. B TO Xe BpeMs ISl OLIEHKU
nepudepudeckoit O3 HeoOXOAMMO 0OECHEeUUTh CO-
XpaHeHre IKCILIEHTpUCUTeTa nepudepuyeckoro te-
CTOBOTO CTUMYJIa B T€UEHUE BCETO BPEMEHMU €ro aHa-
Jin3a, 4To TpeOYeT OT UCIIBLITYEMOTO OIpeAeTIeHHbBIX
ycunuid. [ coxpaHeHUsT SKCUEHTPUCUTETA TIPeIb-
SBJISIEMOro Tepudepuyeckoro TeCTOBOTO CTUMYJIa
HCITBITYEMOTO OOBIYHO 3aCTaBJISIIOT BOCHPUHUMATH
9TOT CTUMYJ B YCJIOBUSIX BBIHYXKIEHHON (huKcaimu
B30pa Ha BCIIOMOTaTe/bHOM (pOBEaIbHOM CTUMYJIE.
Takum obpa3oM, npu oueHKe nepudepudeckoit O3
WUCTILITYeMbIii JOKEH OJHOBPEMEHHO pellaTh JBe
3pUTeJIbHbIE 3aJ]aUl: YIEPXKUBATh B30p Ha LIEHTpaJlb-
HOI (pUKcallMOHHOI METKEe U aHATM3UPOBaTh Mepur-
depuueckuii TecToBbli CcTUMYA. OUYeBUAHO, YTO
BHUMAaHUWE HCIIBITYEMOTO B 3TUX YCJIOBUSX JOJIKHO
pa3aBauMBaThCsl, YTO MOXKET OKa3bIBaTh HETaTUBHOE
BJIMSIHME Ha y3HaBaHUE TECTOBOTO CTUMYJa, KaK ca-
MO TI0 cebe (M3-3a JIeJIEeHUs] PECYpPCOB MO3TOBbIX Me-
XaHW3MOB NepepadoTKu MH(oOpMaluK), TaK U U3-3a
HEeoOXOIUMOCTH TTPOTUBOAECHCTBOBATh ECTECTBEHHOMY
JKEJIAHUIO TIOBEPHYTh IJ1a3 Ha aHAJIM3UPYEMbIid Te-
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CTOBBI CTUMYJT. BONBITMHCTBO UMEIOIINXCS JAHHBIX
1o olieHKe nepudeprudeckoit O3 mojiydyeHO UMEHHO
B TaKMX YCJIOBUSX (TpaguLIMOHHAs METOINKA).

IIpumMmeyaTenbHO, YTO OOJHUM M3 IIEPBBIX MU3yde-
HUE BO3MOXHOCTEl mnepu¢epnIecKoro 3peHUsI
npennpuHsa I. [eabMrosbll, KOTOPHIi IToKa3all, 4To
B YCJIOBUSIX (DMKCAllMX B30pa Ha LIEHTPaJIbHOM CTH-
MyJIe 4eJIOBEK MOXKET BOCIIPMHUMATh TEKCT, KpaTKO-
BpPEMEHHO OCBEIlIaeMbIif BCIIBIIIIKOM, Ha TIepudepun
nosist 3penus (Helmholtz, 1896). I1pu 3ToM 65110 OT-
MEYEHO, UYTO TEKCT YAAeTCsI IIPOYUTATh TOJIBKO B TEX
cliydasix, Koraa 4YeJIOBeK YMCTBEHHBIM YCUJIUEM KOH-
LICHTPUPYET CBOE BHMMaHME HMEHHO Ha MECTe
MpeabsBIeHUS TepudeprudecKoro Tekcra. M3 atux
ONbITOB I €JIbMTIOJIBII CAEIaT BBIBOMI, YTO CYILIECTBYET
MEXaHU3M IIPOCTPAHCTBEHHOTO IIepeMeIleHUs] BHU-
MaHWsI He3aBUCHUMO OT ABIVDKEHUS IJIa3.

C 1960-x TomoB B psizie UcCIea0BaHUM mepudepn-
YeCKOTO 3pEHMs OelaeTcs aKIeHT Ha pa3mBOeHUE
BHUMAaHMS B OOBIYHBIX YCJIIOBUSIX TecTUpoBaHusi. Co-
OTBETCTBEHHO, TTOSIBUJIACH I1eJIast BETBb IICUXOJIOTUH,
HCITOIB3YIOMAas CielndUKy ITepudepunaecKoro 3pe-
HUSI U U3YyYeHUs] MEXaHU3MOB BHUMaHus. Harpu-
Mep, B pabote (Jenerou, 2018) Ha OCHOBE OLICHKHU T1e-
pudepngeckoit O3 ObITa crejaHa ITOMBITKA MCCle-
JIOBaTh BJIMUSTHUE COTPSICEHUSI MO3Ta Ha MEXaHU3MBI
pasnBoeHUs BHUMaHUs. bbuto o6cienoBano 22 XOK-
KelCTa, CBSI3M OOHApy:KeHO He OBLIO.

B cepenvnHe mpouuioro Beka Obula TpenjioxkeHa
MPUHLUMIMAIBLHO MHAas napaaurMma jisi uccienoBa-
HUS TepudepruuecKoro 3peHus, He Moapa3yMeBalo-
1asi pasfejeHus] BHMMaHWUS: OHa 3aKijiioyaaach B
OJIOKUPOBAaHUM WHGOPMALIMKU, ITOCTyIalOLIe U3
LIEHTpa MoJsl 3peHusi, MpPU TOMOIIM OKKJIoAepa
(Riggs, Schick, 1968; fp6yc, Poxkosa, 1977), T.e.
KakK OBl B CO3JaHUU MCKYCCTBEHHOI IIEHTpaJbHOMN
ckotoMhl. B pabote (Riggs, Schick, 1968) aBTophI uc-
MOJIb30BAJIM B KauyecTBE OKKJIIoAepa MMILIAHTUPO-
BaHHOE BHYTPb CKJIEPAIbHOI JIMH3bl MaJIEHbKOE
IUIOCKOE 3epKajiblie, KOTOPOE TaKxXKe CIYKWJIO ISl
3anucu aBvkeHuii ma3. B padore (Apoyc, Poxxkosa,
1977) Ha a3 UCOBITYEMOIO YCTaHABIMBAIUCH TIPU-
COCKU CJTIOXXHOM KOHCTPYKIIUM C OKKJTIOAUPYIOIIMMU
ycTpoiictBamu. M3-3a TEXHUUECKUX TPYyIHOCTe pea-
JIM3alMU M/ BO3HUKAIOIIIETO Y UCTIBITYEMBIX TUC-
KoMdopTa yKazaHHble METOAMKN HE HAIIIU IIUPO-
KOT'O pacnpoOCTpaHEeHUsI U He ObUIM MCMOJIb30BaHbI B
OmbBITax IO olleHKe nepudepudeckoit O3, Tpedyro-
IIUX JOCTaTOYHO OOJIBIIIOTO BPEMEHMU IIJIsl TIpOBeIe-
HUS U3SMEPEHMIA.

ITo3zxe ObUIM MpemIOXEHbl APYrue peaau3aluu
ulieu UMUTAlUU LEHTPAIbHOU CKOTOMbI, OCHOBaH-
Hble Ha MCITOJb30BAHUM KOHTAKTHBIX JIMH3 pa3HOit
koHcTpyKuun (Walonker, Diddie, 1981; Foley-Fisher,
Murphy, 1987; Butt et al., 2015; Almutleb et al., 2018).
B yacTtHOCTH, pa3pabaThIBaJICSI U COBEPILIEHCTBOBAJI-
Csl METON HaHECEHUSI Ha KOHTAKTHYIO JIMH3Y Helpo-
3paqyHoii kpacku (Sivak et al., 1985; Czoski-Murray et al.,

2009; Nau, 2012; Butt et al., 2015; Iomdina et al.,
2020). B xone aTux paboT OBLIO YCTAaHOBJICHO, YTO
co31aTh aOCOJIIOTHYIO LIEHTPAJbHYIO CKOTOMY He-
OOJIBIIIOTO CTAOMJILHOIO pa3Mepa (W1 UMUTAUU
MaKyJIsIpHOI AereHepalun), UCII0JIb3ys 3aKpalluBa-
HUE LeHTpa JUH3bI, TPYAHO, TaK KaK YIJIOBOM pa3mep
OKKJTIOZIepa NOJKEH OBITh OOJIbIIIE YIIIOBOIO pa3Mepa
BXOIHOTO 3payka, HO HE CJIMIIIKOM OOJIbIIUM (UYTOOBI
MepeKpbIBAIaCh TOJIBKO MaKyJsipHas obnacth). [To-
MHMO 3TOTO, BBISICHWIOCH, UTO IIOCTOSIHHBIC (DIIyK-
TyallMy pa3Mepa 3padka BeIyT K ITyJIbCUPYIOIIUM 13-
MCHEHMSIM pa3Mepa CKOTOMEL. B ygauyHBIX MONBITKAX
CTaOMJIBHOTO 3aTeMHEHMS JOCTATOUYHO OOJIBIIIOM JKe-
JlJaeMOi 001acTH MCIOJIb30BaIU MO0 OoJbine (8—
12 mm) okkmtonepsl (Nau, 2012; lomdina et al., 2020),
b0 MemmKaMeHTO3Hoe cyxeHue 3pauka (Czoski-
Murray et al., 2009).

I[IpyHUMIIMANIBHO [PYroil MOAXON — CO34aHue
BUPTYaJIbHOM LICHTPaJIbHON CKOTOMBI OECKOHTaKT-
HbIMU MeTtomamu. OH moapa3yMeBaeT MCITOJIb30Ba-
HUE KOMITBIOTEPHBIX CUCTEM, OTCJICXKMBAIOLINX JBU-
JKEHUS 1713 U TO3BOJISIOIINX UCKII0YATh U3 3PUTEIb-
HOTO aHa/In3a LeHTPaIbHYIO 30HY BOKPYT TOYKHU, Ha
KOTOPYIO B JAHHBI MOMEHT HaIlpaBJIcH B30 UCIIbI-
TyeMOro, reHepupysl TaM ogHoponHoe 1oie (Rayner,
Bertera, 1979; Lingnau, 2005; Bernard et al., 2007;
Marmor, Marmor, 2010; Jordan et al., 2012). IIpu
JIBVDKEHMSIX IJIa3 3Ta IIycTas 30HA OCTaeTCsl HEIo-
JIBVKHOM B LIEHTPE CETYATKU, U TEM CaMbIM MOCPE -
CTBOM IIPOTPaMMHOIO HUCKIIOYEeHUST WHGOpMALIUU
UMUTHUpYETCs “3peHue 6e3 ¢oBea”. OgHAKO U 3Ta
METONMKA He Oblla MCIOJIb30BaHa WISl olleHKH O3,
TaK Kak Ioapa3yMeBaeT IpoBeleHUe M3MEpeHUil B
YCJIOBUSIX KOOpAWHAILMU CUCTEMbl OECKOHTAKTHOI
pEeTUCTpall OBVKEHUI T71a3 U CUCTEMbI TIPEIbIB-
JeHus nepudepuyeckux ctumyson. K coxaneHuio,
BO3MOXHOCTHU MCITOJIb30BaHUS 3TOTO TOAX0Aa Orpa-
HUYEHBI, BO-NIEPBbIX, HEOOXOMMMOCTBIO PabOThI C
BBICOKOTOYHBIM OOOpPYAOBAHUEM JJISI PETUCTPALMU
JIBVKEHUI T71a3, KOTOpOoe TpeOyeT COOTBETCTBYIOIICH
KBaJIM(UKALIMU COTPYIHUKOB U IIOCTOSTHHOM KaInG-
POBKM, a BO-BTOPBIX, OTHOCUTEIBHO HEOOIbLIMMU
pasMepaMu paboueil YacTu MoJsl 3peHUs], TPaHULIbI
KOTOPOI ONpeaesiioTcsl pa3MepaMy MOHUTOPA.

B Hacrogieii cratbe IpUBEACHBLI PE3YJIbTATHI
onleHKH Tiepudeprudeckoir O3, MOTydeHHBIE OBYMS
METOJaMU: TPAIULIMOHHBIM METOAOM C (pukcaluei
B30pa Ha (OBeaJTbHOM CTHUMYJE, U METOJIOM, OCHO-
BaHHBIM Ha WCIIOJIb30BAHUM KOHTAKTHOM JIMH3HI C
LHeHTpaJIbHbIM oKKJItogepoM (KJI+QO). MbI uccieno-
BaJId 3aBUCUMOCTb PE3YJIbTaTOB OT UCITOJb30BAHHO-
ro MeTola, OT TUIIA TECTOBOIO CTUMYJIA, OT DKCIIEH-
TPUCUTETA B ITOJIe 3pEHUS, a TAKXKe OLIEHUBaJIA MH-
JUBUAYAJIBHYIO BApUaOEeIbHOCTD JAHHbIX.

METOJbI

Hcnvimyemovie. B 3KcIiepMeHTax y4acTBOBAJIN
TPO€ UCIBITYeMbIX — ABe XeHIIUHBI (30 u 48 ner) u

CEHCOPHBIE CUCTEMbI  T1OoM 36 Nel 2022



OLIEHKA MEPU®EPUYECKOM OCTPOTHI 3PEHU 33

a

TeHb

OkxJronep

3payok

3payok TeHb

Oxxitonep

Puc. 1. M306paxkeHus1 ia3a UCIBITYEMOIO C HaIeTOM KOHTAKTHOM JTMH30 (InaMeTp UMILIAHTUPOBAHHOTO OKKJIIOAEPa 5 MM).
a — ¢ororpadus ucnbiTyeMoro aHgac ¢ KOHTaKTHOM JJMH30l Ha IpaBOM a3y,
6 — Kajap BUIe03anrcH (BUI COOKY C BUCOUHOI CTOPOHBI), MOSICHSIIONINIT 00pa30oBaHKe TEHU OT OKKJTIOJepa Ha paayXKe.

onuH myxuuHa (19 ner). M3-3a 3HaUMTENBHOU MPO-
JOJDKUTEIBHOCTA 3KCIEPUMEHTOB U HEOOXOIUMO-
CTU M3TOTOBJICHUS CIIEUAIbHBIX WHINBUIYTbHBIX
KOHTAKTHBIX JIMH3 ¢ UMILUIAHTUPOBAHHBIMU OKKJIIO-
JIepaMu Pa3HOTO AMaMeTpa NpUBJIcYeHUE OOJIBIICTO
YHCIa UCTHBITYEMbIX B paMKaX HAHHON pabOTHI He
MPENCTaBIISIIOCh BO3MOXHBIM. MccenoBaHue mpo-
BOJMJIN C COOJTIOAeHEM TpeOboBaHMI XeTbCUHKCKOMN
nexnapaiu 1975 r. IIpotokonbl mpoBeaeHUs dKCIIe-
PUMEHTOB OBIJIM OHOOPEHBI ITUUYECKMM KOMUTETOM
UIIIIN PAH.

Konmaxkmmuute aunzol. UHIMBUIYaIbHBIE KOHTAKT-
HbIE€ JIMH3bI C UMITJIAHTUPOBAHHBIMU OKKJIIOASPAMU
auaMeTpoMm 3, 4 u 5 MM ObLUIM U3TOTOBJICHHI IO CIIe-
MajJbHOMY 3aKasdy B OTmesleHM KOHTaKTHOI Kop-
pexkuuu 3peHus PI'bY “HanuoHanbHbINA MeTUIIMH-
CKMI UCCIea0BaTeIbCKUM LIEHTP IJIa3HBIX Oosie3Heit
nMeHu Ienbmrosbua” MuUHHUCTEpCTBaA 3ApaBoOOXpa-
HeHust Poccuiickoit Penepauuu. B mpembimyiux
akcriepumeHTax (lomdina et al., 2020) MbI CTOJIKHY-
Jiuch ¢ ahdekToM IeteHTpaluuun (Croji3aHus) JUH3,
MO3TOMY U3TOTOBJIEHWUIO HOBBIX JIMH3 ObLIO YAEJIEHO
ocoboe BHMMaHMe. [eomeTpuyeckue xapaKTepu-
CTUKHU JIMH3 BbIOpaHbl HA OCHOBE U3MEPEHUI IJ1a3
HUCTIBITYEMBIX. MsITKMe KOpHeocKjiepalbHbIe JTMH-
3bl C IBYMSI paiuycaMy KpUBU3HbBI ObLIIA U3TOTOBJIE-
Hbl METOAOM TOUYeHMUSsI. JIMH3BI HE KOPPEKTUPOBAIU
pedpakmuio. OKKIoaep ObUI M3TOTOBJICH METOOOM
HaHEeCEeHMs Ha LIEHTPaJbHYIO 30HY JIMH3bl HECKOJb-
KUX c10eB (pOTOUYBCTBUTEJIBHOTO KpacUTesl Ha OC-
HOBe cepebpa, B Ipollecce M3rOTOBJIEHUS JMUH3a
3acBeYMBasIach CIIeLIMAIbHOM JIaMIION, Jjajiee TPOBO-
VIV MIPOSIBJIEHUE U 3aKpeTieHue Kpacurens. [1po-
BEpPKY TOTO, UTO OKKJIIOAEP HE TMPOMYyCKaeT CBET,
MPOBOAMJIU B 3aTEMHEHHOI KOMHAaTe, Mpeiaras uc-
MBITYEMOMY CMOTPETh Ha SIPKWMIl KOMMAKTHBIM HC-
TOYHUK CBeTa.

®dotorpadust 17123 UCOBITYEMOrO ¢ KOHTAaKTHOI
JIMH301 Ha TTpaBOM Ila3y NpuBeleHa Ha puc. 1, a.
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Cyns mmo ¢ororpadun, OKKIIOASP IOJDKEH OBLT
TOJIHOCTBIO TIEPEKPHIBATh HEBUAWMBIN IMTpaBbIil 3pa-
YOK, pa3Mep KOTOPOIro AOJIKeH COOTBETCTBOBATH
pa3Mepy BUOMMOIO 3padyka JIEBOTO IVIa3a, KOTOPBIM
SIBHO MEHbIlle OKKJtoAepa. OOHAKO BhI3bIBaja CO-
MHEHHe TeMHasl 30Ha Ha pamyKKe, KOTOPYI0 MOXHO
OBLIO IPHUHSTH 32 U300paKeHNEe pacIIMPEeHHOTO IIpa-
Boro 3pauyka. [1oCKOJIbKY 3TO MPOTUBOPEYMIIO JaH-
HBIM (PU3UOTOTUYECKON ONTUKU, Mbl PELIVIN YTOU-
HHUTh CUTYalIMIO IPU ITOMOIIM BUIEOCHEMKH, OCBE-
11asi mia3 UCIbITYEMOTO C pa3HbIX CTOpoH. CheMKa
nokasajia, YTo pa3Mephbl MIPaBOrO U JIEBOTO 3payKoB
OOWHAKOBHI, a ITOJO3PUTENIbHAS TeMHasl 30Ha — 3TO
TeHb OT OKKJIIOAEpa Ha pamyxKe (Kaap BUACO3aMUCH
Ha 6). Bugeosanuch MOXXHO cKayaTh MO CChLIKE:

https://github.com/abelokopytov/Peripheral Acuity
/raw/main/OccluderShadow.mp4

OKKJIIoep €o3MaBajl IOJHOCTHIO TMEPEKPHITYIO
LIEHTPAJIBHYIO 30HY, pa3Mephbl KOTOPOil 3aBHCENIN OT
ero muaMmeTpa U mapaMeTpoB [V1a3a: KPUBU3HBI POro-
BMIIbI, [JIyOMHBI IEpEIHEN KaMephbl U IraMeTpa 3pad-
ka (Iomdina et al., 2020).

CxemaTnyeckue M300pakeHMs IJa3a C HaueToi
KOHTAKTHOM JMH30M U Xof Jiyyeil OT TecT-0o0beKTa
IPU pa3HbIX 3HAYCHUSIX SKCLIEHTPUCUTETA MOKA3aHbI
Ha puc. 2 [UIs1 pa3HbIX pa3MepPOB OKKIIOAepa 1 3pad-
Ka. [TapanieabHBIMU TUHUSIMY TOKA3aHbI ITyYKU JIy-
yeii, monagaiolux oT IepudepruieckKoro ooObeKTa Ha
pOTOBHUILY HPU COOTBETCTBYIOIIMX 3HAYECHUSIX SKC-
LIEHTPUCUTETA.

Kak BUIHO 13 cXeM JIeBOI KOJTOHKM, TP OTHOCH -
TEJILHO OOJIBIIOM AUaMETpe OKKIoaepa (5 MM) U TU-
NUYHOM BeIWYMHE 3padka (3 MM) magaioiue oT Iie-
pudepruIecKoro CTUMyJia Ha pOTOBUITY TIa3a JIy4H,
KOTOpPbIE B OTCYTCTBUE OKKJTIOIepa MPOIILIU ObI Yepes
3pavyokK, A0 3KcueHTpucuTtera 30° IMpaKTUYEeCKH 1ie-
JINKOM TIepEeKPBIBAIOTCS, a 3aTeM IIepEeKPBIBAIOTCS
yacTU4YHO (cxeMbl Ijist akcueHTpucutetoB 40, 50 u
60°). CxeMBI LIEHTPaIbHOIM KOJOHKU PUC. 2 MOKA3bI-
BalOT, YTO YMEHBIIIEHUE TMaMeTPpa OKKITIoepa C IISITH
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Oxkionep: 5 MM
3pavok: 3 MM

Oxxkmonep: 4 MM Oxxkmonep: 4 MM
3pavok: 3 MM 3pavok: 4 MM

)

%ﬁ//
&

40°

OKCUEHTPUCUTET

50°

L

60°

Puc. 2. Cxematnueckast WLTIOCTpalusa BIMSTHUI PasMEpPOB OKKITIOACpA 1 3padyKa Ha CBETOBLIC IIOTOKH OT Hepn(bepm{ecm CTUMYJIOB.

JIO YEThIpeX MUJJIMMETPOB MPUBOAUT K CYIIECTBEH-
HOMY YMEHBIIEHUIO TEPEKPLITUS: TeNephb IIPU DKC-
HeHTpucutTere crumyiia 30° IMOJHOTO NEePEKPBITUS
yKe HET, IIpU dKclieHTpucutete 40° yacTuyHoe nepe-

KpBITUE 3HAYUTEIBHO MEHbBIIIe, YeM TIpU TpekHEeM
OKKITIOZEPE, a TPU 3HAYCHMSIX SKCIIeHTprUcuTeTa 50 1
60° TepekpbITHE COBCEM OTCYTCTBYyeT. CXeMBI Ipa-
BOIT KOJIOHKW JIEMOHCTPUPYIOT BIMSTHUE pacIIApe-
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a

CaeTsiuiicst 5KkpaH

Puc. 3. DkcneprMeHTalIbHAsl YCTAHOBKA.

a — ob1asi cxema; 6 — oTorpadusi ¢ MAaHEKEHOM Ha MECTE UCIIBITYEMOTO.

HUs 3payka. OHO IPUBOAUT K YBEJIMYCHUIO CBETOBO-
ro MoToKa, MOCTYIAIOIIEro OT CTUMYJIa Ha CETYaTKY,
IpU BCEX 3HAYCHMSIX SKCLICHTPUCUTETA.

Xom iyyeii ObUT pacCUyMTaH B paMKax IIpOCTEMIIei
MOJEIU, YIUTHIBAIOIIEH TIPETOMIEHUE CBETOBBIX JTy-
Yei TOJIbKO Ha TMIOBEPXHOCTU POTOBUIIBI M HE YYUTHI-
Balolel NpeoMIsiollee IEMCTBUE XpyCTaauKa, KO-
TOPOE JUJISI KOCBIX JIy4Eei CYILIECTBEHHO MEHBIIIE, YEM
IUTST mapakcuanbHbIX. [IprMedaTesibHO, YTO 3Ta MO-
JIeJTb JaeT pe3yJIbTaThl, CXOXUE C pe3yJbTaTaMU pac-
YEeTOB I10 00JIee CIOXKHOM MOAEIN ITNPOKOYTOJIbHOMN
onTtuku riaasa (Simpson, 2017; 2021). Pazpadoran-
HbII HAMU IPOTrPaMMHBbBIN KO JOCTYIIE€H MO CChLIKE:

3 W
mEe

Q
|

Puc. 4. HaGopbI TECTOBBIX CTUMYJIOB, ITPEIBSIBISIEMbIX HA
cMmapTdoHe.

a — MOIU(MULIMPOBAHHBIET PEXITOJIOCHBIE ONITOTHUIIHI;
6 — “xyBbIpKatoniuecs E”.
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https://github.com/abelokopytov/Peripheral Acuity
/blob/main/eyeRays.py.

Drcnepumenmanvras ycmarnogka. st ipenbsiiie-
HUSI BU3YalIbHBIX CTUMYJIOB C Pa3IMYHBIM 3KCILIEH-
tpucureroM (30—40—50—60°) ncrosb30BaIl OPUTH-
HaJILHYIO TIEPUMETPUYECKYIO YCTaHOBKY. Cxema 3Kc-
MepUMEHTAJIbHOM YCTaHOBKHU MOKAa3aHa Ha puc. 3.

HN3mMepeHUsT TPOBOIUIIN B HOJOXEHUN UCITBITYE-
MOTO JIeKa Ha CHUHE, YTOObl YMEHBIIUTh BEPOSIT-
HOCTB CITOJI3aHUS JIMH3BI BHU3 MO/, IeACTBUEM CUJIbI
TSKECTU.

CTUMYyITBI TIPEOBSIBISIINCE Ha cCMapThOHE, YKPETT-
JICHHOM Ha CHEUUalbHON BBIHOCHOUW TTOIBUXHOU
pame. Pama Morja MeHSITh TMOJIOXKEeHUE, IepeMelas
cMapT@OH II0 Iyre OKPY>KHOCTH Ha paccTossHuU 50 cM
OT ITPABOTO I1a3a UCTTBITYEMOTO M MEHSIST SKCIIEHTPH-
cuteT oT 0 o 90° (puc. 3, a). Ha puc. (3, 6) nis Ha-
DISITHOCTH TIpeAcTaBiieHa oTorpadust yCTaHOBKH C
MaHEKeHOM, UMUTHUPYIOIINM HCIBITYEMOTO: BUIHO
TECTOBBII CTUMYJI Ha cMapT(OHe, MOBSI3KY Ha JIEBOM
T1a3y UCHBITYEMOTO.

Tecmogvie cmumynsl u npoepamma 04s uUx npedsse-
JAeHusi. B aKcriepuMeHTaIbHBIX CeCCUSIX MCTIOTh30Ba-
JIUCh TIOCTIEA0BATEIbHO JBa HA0Opa ONTOTUIIOB (MO-
IU(GUIMPOBAHHBIE TPEXMOJIOCHbIE M “KYBBbIpKalO-
mecs E”) (puc. 4).
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CtuMynBl OoTOOpakaych Ha cMapTdoHe C HC-
MOJIb30BaHUEM OPUTHHAJILHOTO MPOrpaMMHOTO 00ec-
nieyenust TUTI-TOTI (ceprudukar Ne 2014619697).
HcnbiTyeMblit paboTa B mnapagurmMe BhIHYKIEHHOTO
BbIOOpa (0€3 BapraHTa OTBeTa “He BUXY”), 1aBasi OT-
YeT YCTHO, U €r0 OTBEThI PErMCTPUPOBAIIUCH DKCITE-
PUMEHTATOPOM IIpU MOMOIIU KiIaBUATyphl. Takast
Mpolieypa no3BoJisijia MUHUMU3UPOBATh IBUXKEHUS
HUCITBITYEMOTIO U HeXKelaTeIbHbIe U3MEHEHMSI eTo MO0-
3ULAN.

B xonme TecTupoBaHUS MOJIOXEHNE KaXKIOro Cle-
IYIOIIETO CTUMYJIa Ha cMapT@OHE CMEIlaln BBEPX-
BHM3 OTHOCHUTEJIBHO TMpeabIaylnero (IpuMepHO Ha
pa3Mep OmHOTO cTuMmya). Takoe cMelleHHUe IT03BO-
JISIJIO YCTPAaHUTh BIMSHUE MNPEAbIAYIIero CTUMYJIA.
I1pu nccnemoBanusx nmepudepruIECKOro 3peHMUs 3TO
CMelleHNe OOIOJIHUTEILHO II03BOJISIET OOJiee CTa-
OUIILHO yIepXWBaTh BHUMaHUE Ha Iepudepuye-
CKOM CTUMYJIE.

Pasmep akpaHa cMapThoHa OTpaHUTYUBAT MAaKCH-
MaJIBHBIN YTJIOBO#T pa3Mep TECTOBBIX CTUMYJIOB U TEM
caMBbIM TIpeIeTbHOE 3HaUeHUE SKCIICHTPUCUTETA.

PE3VIJIBTATHI

IIpedsapumenvubie s3xcnepumenmsi. B xone npen-
BapUTEJIbHBIX SKCIIEPUMEHTOB IPOBOIUIN TECTUPO-
BaHUE MCMBITYEMOTO B MOJOXEHUU cuasi. B atumx
YCIOBUSIX MMEETCI TOMOJHUTEIbHAS BO3MOXKHOCTh
pPETUCTPUPOBATh IBVKEHMS IJ1a3 U KOHTPOJUPOBATh
CTaOMJIBbHOCTD (PUMKCALIMHY B3JIsiAA UCTIBITYEMOTO MpU
3agave (puKcauu LeHTPATbHOTIO CTUMYJIA.

s 3amucu ABMXKEHUM a3 MCMHOJb30Bajlach
ycraHoBka ¢upmbl SMI momenr Hi-Speed 1250. B
3TOI YCTAaHOBKE TOJIOBA UCHBITYEMOTO HaXOAUTCS B
MpoeMe KOJIOHHBI C BUIEOKaMEPOil U MOA00POIHM-
KOM, UTO OTpaHMYMBAET TEMIIOPAJIbHOE T10JI€ 3pEHUs
HUCHBITYEMOTO BJIOJb TOPU30HTAIBLHOTO MEpPUIMAHA
yriioMm 45°. Ilng usmepenus rnepudepudeckoin O3
nporpamma TUII-TOII 3anyckaiack Ha HOyTOyKe, a
ONITOTUITEI OTOOpaXXaJIMch Ha cMapTdoHe Samsung
Galaxy S8, koropblit OblT moBepHYT Ha 90° mo
OTHOIIIEHUIO K TO3ULIMU Ha cxeMme puc. 3, 6 U ycTa-
HOBJIEH Ha paccTtogHUU 50 CM OT mpaBoTo IJ1a3a nc-
MnmeITyeMoro ¢ 3kcueHtpucuterom 40°. ITloBopor
cMmapTdoHa HEOOXOIUM JJI TOTO, UTOObI MO3UILIMS
ONTOTUNA Ha 3KpaHe cMapTdoHa HU3MEHsIach IO
BEpTUKAIN, COXpaHsIsl HEU3MEHHBIM 3HaueHHe DKC-
LIEHTpUCUTETa IO TOPU3OHTAJIBLHOMY MEpUIUAHY.
IMporpamma TUTT-TOII 66112 MOgUpUIIMpOBaHa Ta-
KUM 00pa3oM, YTO MPpU CMEHe CTUMYJia OHa TeHepu-
poBaiia coobuieHue “Up” wiu “Down” u nepenasa-
JIa €T0 B YIPaBJISIOIIYIO ITporpaMMy ycTaHOBKM SMI.

DKCITepUMEHTHI ¢ 3aITUCHIO NBVKEHUIM T71a3 TTOKa-
3aJI1, YTO B YCJIOBUSX TaKO# 3amadyr 3HAYUTEITbHBIX
cakkKall U CMELIEHUIl B30pa UCIBITYEMOTO HE ObLIO.
DTO WITIOCTPUPYET pUC. S5, THe IokKa3aH ¢parMeHT
3allMCH TBUKEHUI IJ1a3 OMHOTO M3 MCHBITYEMBIX C

HazmeToit Ha mpaBeiit a3 KJI+O nmameTrpoMm 5 MM.
He6onbive nmonbeMbl B Y-KOOpAUHATE MOJOXKEHUS
B30pa HMCHOBITYEMOIO U BCIUIECKM B X-KOOpOMWHATE
COOTBETCTBOBAJIY €r0 YCTHHIM OTYeTaM 00 OpHeHTa-
ILIMM ONTOTUIA, IPU KOTOPHIX HEMHOIO MEHSJIOCH
MOJIOKEHUE TJ1a3 Mo BepTUKanu. B ycioBusix pa3nBo-
€HMsI BHMMaHUS OBLUIO MPM3HAHO HELeJaecoo0pas-
HBIM 3aCTaBJISITb MCIIBITYEMOTO TpaTUTh PECYPChI
BHMMAaHMs Ha pellicHUE elle OOQHOM 3agadu — 000-
3Ha4YaThb OPMEHTALIMIO ONITOTHUIIA HAaXKaTHEM Ha COOT-
BETCTBYIOILYIO KHOIIKY Ha KJaBUaType.

B xone npoBeneHUs TTpeaABapUTENLHBIX SKCIIEPU-
MEHTOB BBISICHUJIOCH, UTO IPU CUIASYEM ITOJIOKEHUN
HCIIBITYEMOTO 3MU30AUYECKHN HAOII0IaeTCs Croi3a-
HUE JUH3BI 110 BEPTUKAIIU, MPEANOI0KUTEILHO O
JeiicTBUEM CUJIbI TsKecTU. [1o3ToMy GBLIO pelIeHo
IIPOBOAUTHL DKCIIEPUMEHTHI B ITOJIOKEHUU UCIBITYE-
MOTO JIeXKa Ha CITMHE. DTO MO3BOJIMIO MUHUMU3UPO-
BaTh CHOJI3aHWE KOHTAKTHOM JWH3BI U CMEIIeHHE
cienoii 30Hbl. OgHAKO, K COXaJICHUIO, B TAKOM IO~
JIOXKEHUHU OBLJIO HEBO3MOXKHO MPOBOAUThL PErMCTpa-
LIVIO IBVDKEHU I1a3 B HAIIIMX YCJIOBUSIX.

IIpouedypa nposedenus sxcnepumernmos. Ilepude-
puyeckasi O3 Bcex Tpex HCIbITYEMbIX U3Mepsiach
IUIST TEMITIOPATLHOTO TIOJISI 3PEHUS TIPaBOTo Ila3a B
JIBYX CEpUSIX SKCIIEPUMEHTOB.

Cepust I — TpanuiimoHHas Metonuka. McrbiTye-
MBI TIpaBBIM TJIA30M CMOTpeNT Ha (DUKCAITMOHHBIN
cTUMYyJ (hoBeaIbHO, IPY 3TOM 3a1aueii UCITBITYeMO-
ro OBUTO pacIlo3HaBaTh IMepU(GEepUIECKUl CTUMYIT,;
JIEBBIH TJ1a3 UCITBITYEMOTO OBLT 3aKPHIT ITOBSI3KOIA.

Cepus 11 — ucnons3zoBanue KJI+O. Ha npaBblit
a3 ucneityemMoro Hagesanu KJI+O, ocrasiss Bo3-
MOXHOCTL HaOmonatrh nepudeprudeckre OOBEKTHI,
HO 3aKpbIBasi IEHTPAIbHYIO 30HY; JICBBII I71a3 UCTIbI-
TYEMOTO ObUT OTKPBIT; UCIIBITYEMOTO ITPOCUIIN CMOT-
peThb MpsIMO Tepea coboii; BO3MOXHOCTh HaOIOAATh
nepudepruyeckuii CTUMYJ JIEBbIM INIa30M (0€3 KOH-
TaKTHOI INH3bI) ObLJ1a 3a0JIOKMPOBaHA IIPU MOMOIIU
HEOOJIbIIION 3aCIOHKU, TOMELIEHHON MEXTY IJIa3aMM.

Ouenka pasmepos caenoil 30nbl. PazaMephl cienoi
30HbI, CO3IaBAEMOI KOHTAKTHOM JIMH30M C UMILJIaH-
TUPOBAHHBIM OKKJIIOAEPOM, CHJIbHO 3aBHUCEJIM OT
pa3mepa 3pauka. IToaTomy s cTabuiaU3auuu pas3-
MEpOB 3payka B BKCIECPUMEHTaX MCIIOJIb30BaJICSI
paBHOMEPHO 3aCBEYECHHBIN MTOJIyNpO3padyHblii pacce-
UBaKOIIUKA 3KpaH (puc. 3, a), co3narluii BRICOKU
ypoBeHb ocBemieHHocTu (500 moxc). IIpum Ttakom
YPOBHE OCBEIIIEHUS 3aBUCUMOCTD pa3Mepa 3padka oT
OCBEILIEHHOCTU BbhIXOAUT Ha riato (Watson, 2012).

Jlas1 OLleHKU CJeToi 30HbI, CO3JaBaeMOii KOH-
TaKTHOM JIMH30I C OKKJIIOAEPOM, MCIIOJb30BAIUCH
CIieaJIbHbIC JUHEUKU co mKajiamMu, rnmomMeuiacMbIe
Ha IMOBEPXHOCTh 3aCBEYEHHOI0 SKpaHa B HadyaJjle 3KC-
epruMeHTa.

K coxajieHu1o, TOUHO KapTUPOBATh CJICIIYIO 30HY
MIpakKTUYECKN HEBO3MOXHO. McnbITyeMBle cooOIIa-
JIX O HEYETKOM rpaHUILIE CIETION 30HbI: YACTO OKKIIIO-

CEHCOPHBIE CUCTEMBI Ne 1
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Puc. 5. @parMeHT 3aMucy IBHKEHUs IM1a3 M IIyKTyalluy pa3Mepa 3padkoB UCITBITYEMOTO C KOHTAKTHOM TMH30# (IraMeTp OK-
KJIIoepa 5 MM) Ha IpaBoM iasy. TpeyroJlbHUKaM1 pa3HOil OpUEeHTAMY ITOKa3aHbl MOMEHTBI CMEHBI CTUMYJIa B IIPOrpaMMe

THUII-TOII.

JIep co3IaBall He TOJIbKO 30HY TTOJTHOM CIIEHOThI, HO U
CBOEOOpa3HYIO “TIOJYIPO3payHyIO” 30HY.

ITockoJbKY OKKITIOEp OBLT (PUKCUPOBAH OTHOCH -
TETBHO IIa3a, €ro TPaHUIIbl ObUTA CTAOMIIN3MPOBAHEI
Ha ceTyaTke, T.e. MOTJIM CTAHOBUTHCSI TaK Ha3blBac-
MBIMH “3HTOINTUYECKUMHU O00BbeKTaMMu”’. DTO IIPUBO-
IIAJIO K TOMY, UTO Y HEKOTOPBIX UCITBITYEMBIX ITPOSIB-
JISITUCh (DEHOMEHBI TUIIA 3aOJTHEHUSI OKPY>XKeHUEM
(filling-in) mpocTpaHCcTBa BHYTPHU CJIEIIOM 30HBI.

Emte onHuM 3¢pdeKToM, CyIIECTBEHHO YCIOXKHSI-
FOIIM OLIEHKY I'PaHMII CJICIIOM 30HbI, ObUIM MyJIbCa-
ouu 3padka. [TocKonbKy pasMep 3padyka MOCTOSTHHO

Ta6muua 1. @oseanbHas O3 wis 6;1u3m (50 cM), U3BMepeH-
Hasi B MOHOKYJISIPHBIX YCJIOBUSIX HAGMIONEHUSI TIPU TTOMO-
I pa3HBIX ONTOTUITOB. JJaHHBIE IUTSI TPEX UCTIBITYEMBIX

O3 B AeCITUYHBIX eAMHUIIAX
Memsrmy- Momudu II-/IIOOBaHHLIM 110 orToTHIIAM
EMBIM FIOUIHD “KyBBIpKAIOLIUECS
TPEXMOJIOCHBIM E”
OITOTUIIAM
nl 1.68 1.58
n2 0.84 0.72
n3 1.28 1.45
CEHCOPHBIE CUCTEMbBI  Ttom 36 Ne 1 2022

daykTyupyert, iuaMeTp ClIeTnoi 30HbI TaKke Oecrpe-
PBIBHO MEHSIJIC.

OcHogHble sKcnepumenmut. J1J1s1 KaxKI0TO VCTIBITY-
€MOro OBLIU IIOJIydeHBI OLIEHKM MOHOKYJIsIpHOII O3
st 6msu (50 em) o1 nepudeprudeckoro 3peHus (B
IHara3oHe 3HaYeHWi skcueHTpucuteTa 30—60°) u
doeanbHOTO 3peHust (0°). Bce uamepenus mposeae-
HBI Ha YCTAaHOBKE, OTIMCAHHOM B pasueine “MeToam-
Ka”, TIpY TTOJIOKEHNU U HUCIIBITYEMOTO JiexKa Ha CIIUHE,
YTO JIeJIaeT COITOCTaBIeHNE (POBEATBHBIX 1 Tieprde-
pudeckux 3HadeHU O3 KOppEKTHBIM.

3HaveHus poBeanbHO O3 y UCIIBITYEMBIX CYIIIE-
CTBEHHO pazjnyajuch (Tabiu. 1). B cBs3u ¢ aTum mist
nepudepmueckoit O3 manee TpeacTaBiIeHBl KakK a0-
COJIIOTHBIE 3HAYEHUS (PUC. 6, a), TAK Y OTHOCUTEJIEHBIE

(puc. 6, 0).

PucyHoOK BKITIOUaeT JaHHBIE, TTOJTyYeHHBIE B IBYX
pPa3HBIX CEpPUSIX OKCIIEPUMEHTA, OTJIMYAIOIINXCS
YCJIOBUSIMU HAOIIOJEHUST TECTOBBIX CTUMYJIOB. B ce-
puu 1 HaGmoOeHNEe GBLIO CTPOTO MOHOKYJISIPHBIM,
BTOPOI T71a3 OBLI MPUKPHIT MOBsI3KoM. B cepunm 11 nc-
noab3oBanack KJI + O, 3akpbIBaloliasi HEeHTpaJIbHYIO
30HY 3pEHUS UCCIEAYEMOTO IIa3a, a B3NS BTOPOIO
mas3a ObL1 HampaslieH Bnepen. [nsg obeux cepmit
MpencTaBleHbl JaHHbIE OLIEHKU IepudepruyecKkoit
O3 1npu oMoy MOAU(PUIIMPOBAHHBIX TPEXIIOIOC-
HBIX ONITOTUIIOB M OTITOTUIIOB “KyBBIpKaromuecs E”.
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Cepusti I —o— MonudununpoBaHHbIe TPEXITOIOCHBIE OMTOTHITHI

—A— KysbipKaromuecs: E onrorurst

Cepusg II —®- MonudpuumposanHsie TpexronocHsle ontorumsl + KJI + O - A~ Kyssipkatouiuecs: E orrrorunst + KJI + O

I Hannbie JIoy uist rpynrsl U3 30 MCIIBITYEMbIX

—&— JlaHHble BepTxaiima 1j1s1 TeMIIOpaJIbHOTO TTOJIST 3pSHUST

Puc. 6. Pesynbrarsl usMepeHuii mepudepudeckoii O3 y TpeX UCIBITYEMbBIX B Pa3IMYHbIX 9KCIIEPUMEHTAIbHBIX yCIOBUsIX. OT-
HOCUTEJIbHOE 3HaueHue nepudepmdeckoit O3 o3HAYaeT OTHOIIeHUE 3HadyeHUs Iepudepudeckoir O3 K ¢oseanbHOr O3.
JoGaBneHsl naHHble Beprxaiima u3 padotsl (Wertheim, 1894; 1980) u nanubie Jloy (Low, 1943) nns cpenHeit BeIMYUHBI U
CTaHIaPTHBIX OTKJIOHEHU I 3HaueHU nepudepudeckoit O3 y 30 UCIBITyeMBIX, UMEIOLIMX XOPOIIIMe 3pUTeIbHbIE TTOKa3aTe .

B neBoii KoJIOHKe pUCyHKa MpeAcTaBiIeHbl abco-
JIIOTHBIE 3Ha4YeHUs nepudeprudeckoir O3 ucCIbITye-
MbIX B ennHunax 1/MAR, rme MAR — minimum an-
gle of resolution B mpaBoii KOJIOHKE — OTHOCUTEIb-
HBbIe 3Ha4YeHUs (110 OTHOILIEHUIO K poBeanbHoit O3).
st cpaBHeHUSsI, Ha rpaduKax MpeacTaBIeHbI TaKXKe
JaHHble, TIoaydeHHbIe Beptxaiimom (Wertheim,
1894; 1980) nyist 3HaYeHUI sKcLeHTpucuTeTa 30—70°,
a Ha rpacukax JeBoii KomoHKu naHHbie Jloy (Low, 1943)
JUIST TTIoArpynnbl 13 30 UCIIBITYEMBIX, UMEBIIMX XOPO-
1II1Me 3puTeIbHbIe MoKa3aTeau (B KaueCTBe TECTOBbBIX
ctumyJioB JIoy ucnonb3oBai KoJiblia JIaHAoIbTa).

M3 rmony4eHHBIX JaHHBIX BUAHO, YTO B OOJILIIMH-
CTBe ciydaeB 3HaueHUsT nepudepudeckoir O3 mnpu
HWCHOJb30BAaHUN MOIU(MUIIMPOBAHHBIX TPEXITOIOC-

HBIX OITOTUIIOB OBIIM HECKOJIbKO BHIIIIE, YeM IIPU
HCIIOJIb30BaHUY ONTOTUIIOB “KyBBEIpKaromnecs E”.

Hannbie cepuu II (Ha rpacdmkax mpeacTraBiIeHbI
MMYHKTUPHBIMU JIMHUSIMM), TIOJYYEHHBIE TIPU MC-
nonb3oBaHuu KJI+O, ormmyanuck ot JaHHBIX cepun 1,
HO TI0-Pa3HOMY Y Pa3HbIX UCTIBITYEMBbIX.

Y ucneityemoro M1 He ynanoch MOJTydYUTh 3HAYE-
Hus nepudepudeckoit O3 B cepun Il mist skcueH-
TpucureTa 30°, Tak Kak cjemnas 30Ha, co3gaBaeMas
KIJI + O, Mmeurana HaOIIOASHUIO CTUMYJIOB B 3TOI ya-
CTH II0JISI 3peHusl. 3HAYEHUSI, TOJTyIeHHBIE II0 MO~
(GpULPOBAHHBIM TPEXMOJOCHBIM ONTOTHUIIAM, OBLIN
MPaKTUYECKU ONMHAKOBBI B 00EUX CEPUSIX IKCIIEPU-
MeHTOB. IIpu MCIIOIb30BaHUKM ONTOTUIIOB “KYBBIP-
Karomuecss E” B cepuu 11 Obu1n 110TydeHBI 3HAYCHUS
Nel 2022

CEHCOPHBIE CUCTEMbI  Tom 36



OLIEHKA MEPU®EPUYECKOM OCTPOTHI 3PEHU 39

HECKOJIbKO MeHblIue, yeM B cepuu I. OTHocuTeb-
Hble 3HaYeHUs1 nepudepudeckoit O3 y UCTIBITYEMOTO
M1 6pun 61m3ku K naHHBIM BepTxaiimMa, HO He-
CKOJIBKO HUKE.

Y ucneityemoro M2 naHHble mnepudepruyecKoi
O3 B cepun 1l 0buI HUXE, YeM B cepuu I, Kak st
a0COJIIOTHBIX, TaK U IS OTHOCUTENbHBIX 3HAYEHUI
oboux ontotunoB. I[IpuuyemM Bce KpUBBIE B OTHOCH-
TeJIbHBIX €IWHMIIAX PACIIOJOXWJIUCH 3HAYUTEJIHbHO
BBIIIIE KprBoM Beprxaiima.

Y ucnweityemoro M3 6ombliiee BIUsSTHUE Ha PE3YITb-
TaTBl OKa3aJll WCHOJIb30BAaHHBIC OITOTUIIBI, YeM
yclIoBUsI HabmoaeHus1. BUagHoO, 4To KpUBbIE ST Of-
HOTO M TOTO K¢ ONTOTHUIIA OTIINYAIVCh IO CEPHSIM
HeCyIleCTBeHHO. [JaHHbIe IIST pa3HBIX OTITOTUIIOB B
00enx cepusix 0Ka3ajicCh IO pa3Hble CTOPOHBI OTHO-
CHUTEJIbHO KpUBOIi BepTxaiimMa: KpuBbIe TSI MOTUMII-
IIMPOBAHHBIX TPEXITOJOCHBIX ONTOTUIIOB WAYT He-
CKOJIbKO BBIIIIE, a JJIsI ONITOTUIIOB “KYBBIPKAIOIINECS
E” — Heckonbko HIKe KpuBoii BeprxaiimMa.

Takum o6pa3zoM, MOXHO KOHCTaTMPOBATh, UTO
KJI + O (MeTomuka/mapagurma cepuu I11) He oka3bI-
Bajla OMHO3HAYHOIO BIIMSHMS Ha IIOJyYeHHEIE pe-
3yJbpTaThl. B omHuxX ciyyasx ucnoians3oBanue KJI + O
IIPUBOIMIIO K MOBBILICHUIO 3HAYCHUI TTIepudepude-
ckoit O3, B Apyrux — K IMOHIMKEHUIO, a B TPEThUX —
He CKa3bIBaJIOCh Ha pe3yJbTaTax.

OBCYXIEHHNE

B 1uenoM mosrydeHHBIE 3HAUYeHUs Iepudepude-
ckoit O3 MaJio OTJIMYaIMCh OT JAHHBIX IPYTUX aBTO-
pOB, TIPOBOAUBIINX U3MEPEHUS MPU OOJBIIUX DKC-
neHTtpucurerax (Wertheim 1894;1980; Low, 1943;
Johnson, Leibowitz, 1979).

Dppexm KJI + O. llenp naHHOI pabOTHI — IIPHU-
OIM3UTHCS K YCIOBUSIM (DYHKIITMOHUPOBAHUSI YMCTO
nepudepuveckoro 3peHusi, UCKIIYWUB BIUSHUE
LIEHTPaJIbHOTO 3pEHMsI, KOTOPOE, MO0 Hallleil TUIoTe-
3€, MOIJIO 3aTPYOHSTh padoTy nmepudepudecKux Me-
XaHU3MOB, KOHKYpUpPYsS 3a pecypchbl BHUMAaHUS.
DTO0i1 1IeJIn Mbl HaMePEBAJIMCh JOOUTHCS, UCIOIb3YS
crnelnyalbHO pa3padoTaHHbIe KOHTAKTHBIE JIMH3bI C
UMIIJIAHTUPOBAHHBIM OKKJIIOJIEPOM.

MBI npeanojiarajii, YTo B YCJIOBUSIX OKKIIIO3UHU
LEeHTpaJbHOM 30HbI Tpu oMoy KJI + O mepude-
pudeckass O3 OymeT BhIIIE, TaK KaK B IICHTPAJIHHOMN
30HE I10JISI 3peHUs He OyJIeT BUIMMBIX CTUMYJIOB, U,
COOTBETCTBEHHO, He OyIeT pa3aBOCHUSI BHUMAHMUSI.

Oxka3zaJjioch, YTO OKKITI03USI (PUKCAIITMOHHOIO CTH-
MyJIa caMa 1o cebe He IpuBejia K OXXMIaeMOMY yBe-
JINYESHUIO U3MEPEHHBIX 3HAYEHU nepudeprudecKoi
O3, T.e. IpoBeleHHBIE KCIIEPUMEHTHI HE BBISIBIINA
oxxuaaemMoro nodutuBHoro BiaustHus KJI + O Ha u3-
MepsieMyto rrepudepudeckyio O3.

Ilepexon oT TpaAWIIMOHHOM CTaHIAPTHOW Tapa-
JUTMBI CTPOTOM (puKcaluy B3opa Ha (oBeaTbHOM
CTUMYJIE C pa3lejecHNeM BHUMAHMS MEXIY LEHTPaIb-
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HBIM (PUKCAITMOHHBIM CTUMYJIOM U TieprdepruIeCKIM
TECTOBBIM K 0oJiee MSTKOI MapagurMe yaep>KMBaHMSI
HamnpasJICHUS B30pa 110 MHCTPYKIHUHU “CMOTPH IIPSIMO
nepen codoii” He nair oxxumaemMoro addexra.

MoxXHO caeimaTh BBIBOH, YTO, 3adada “‘mep>KaThb
HampaBJeHHE B3JIsIAa MpsIMO Tiepen co0oii” mpous-
Bommia 3(¢eKT, aHaJIOIMYHBII 3amadye puKcaluu
BUIMMOTO (hboBeaabHOTO cTUMYyJa. bojee Toro, KoH-
TaKTHas JUH3a ¢ OKKJIIoJepoM (auaMeTpoMm 4 wiu 5
MM) MOXKET OKa3bIBaTh OIIPEACICHHOE HEraTUBHOE
BIMSIHUE, TIPEAIOJOXUTEILHO M3-3a 3aTCHEHUS TIe-
pudepuIecKoro TeCTOBOTO CTUMYJIa B CIydasX He-
KOHTPOJIMPYEMOIO HENPOU3BOJIBHOIO YMEHBIIICHUS
IuaMeTpa 3padka, IMPUBOIAIIETO K 3HAUYUTEIIHHOMY
YBEJIMYEHUIO CJIeTION 30HBL. Y BCeX YYACTHUKOB BKC-
nepuMeHTa 3HadyeHus nepudepudeckoit O3 okaza-
JIMCh HECKOJILKO BBIIIE IJII MOIU(UINPOBAHHBIX
TPEXIIOJIOCHBIX ONTOTUIIOB, U3MEPSIOIINX “OCTPOTY
paspemeHus”, 4eM I “KyBbIpKawomuxcsa E”, u3-
MEPSIIOIINX “OCTpOTy pacno3HaBaHus” (Anderson et
al., 1999a). Paznuuusi MexXny WHIWBUIYATbHBIMU
3HavyeHusIMU O3 ObUIM BEIpaXKeHBI CUJIbHEE Ha OJIK-
Heit mepudepnn. g manbHel miepmdepun y Beex
HCIIBITYEMBIX OBLIM MPUMEPHO ONMHAKOBBIC 3HAYE-
Hus niepudepudeckoit O3.

Cpasnenue noayueHHblX 3HAYeHUN nepugpepuuecKkoil
03 ¢ aumepamypuoimu danusimu. ITlomydeHHBIE pe-
3yJbTaThl YAaCTUYHO COMIACYIOTCS C OIMyOJMKOBaH-
HBIMUA paHee MaHHBIMK BepTxaiiMa B OTHOIICHUM
OBICTPOTHI crtagaHust O3 ¢ yBeIMUeHNEM DKCIIEHTPH -
CUTETa, HO CBUIETEBCTBYIOT O 3HAUUTEIbHBIX MHIM -
BUIYaJIbHBIX OCOOEHHOCTSIX.

Haubonee nmonHoe mpencraBieHUE O MEXWHIM-
BUAYaTbHBIX PA3JIMUMSIX 3HAYCHU M IeprudeprndecKoin
O3 paer pa6ora (Low, 1943), mpoBeneHHas ¢ UC-
MoJjib30BaHueM KoJiell JIJaHmo1bTa B Ka4ecTBe TeCTOBbIX
cTUMYJI0B. ETo rpymra UCIbITyeMBbIX B KOJIMYECTBE CTa
yesIoBeK Oblia chopMUpoBaHa IyTeM CydaiftHOro Ha-
Oopa: UCITBITyeMble Pa3IMYaIMCh 110 IOy, BO3PacTy,
doBeanpHOi O3, IBETOBOMY 3pEHMIO, aHOMAJIUSIM
pedpakiuu. M3 stoii rpynmsl Jloy BeiAeawa moma-
TPYMILY JINLI, YIOBJICTBOPSIONINX TPEOOBAHUSIM IIPH-
eMa B JISTHO€ YYMJIMILE MO 3PUTEJIbHBIM IOKa3aTe-
asM (30 myxxuuH 18—27 ner). IIpumMedyaTenbHO, YTO
pa3HUIIa B IIOKA3aTeJISIX MEXAY OCHOBHOM IpyNIoi 1
9TOM MOATPYIIOi oKa3ajach He3HAUYMUTEIbHOM. He-
SICHO, B KaKOil Mepe Ha MPUBEASHHBIX TToKa3aTessIxX
CKa3aJINCh TPEHUPOBOYHBIE 3(P(EKThI, YIIOMSIHYTEHIC
Jloy. DTOMY BOIIpOCY OH ITOCBSTHII CITEIIMATIBHYIO pa-
6oty (Low, 1946b). OH opraHu3oBajl TPEHUPOBKY
43 ycnpITyeMbIX W Hallesl, 4yTo mmepudepudeckas O3
B cpenHeM yiaydunwiachk B 3 pasza. OOmas oiainTeib-
HOCTb TPEHUPOBOK COCTaBJIsIJIa MpuMepHo 25 4. [1pu
STOM Y JIYYIIETO 110 pe3yJIbTaTaM TPEHUPOBKU MCIIbI-
TyeMoro niepudepudeckas O3 Bo3pocna B 12 pas3, ay
xyauiero B 2 pa3a. Haubosee mpuMmeyarenbHOU 0cO-
OEHHOCTBIO Pe3yJIbTaTOB TPEHUPOBKM ObLIM U3MEHE-
HUSI, KOTOPbIE OTMEYaId UCIILITYEMbIE B CBOEM IIe-
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pudepr4YeCcKOM 3peHUHU B IIOBCEAHEBHOM XKU3HU. 3a-
ITOJIHAIA CHGHMaﬂbeIﬁ OITPOCHMUK, HUCIIBITYEMBbIC
yKa3zajy pa3IndHble CUTYallud, B KOTOPHIX 3aMETUIN
3TU U3MEHEHMS, M aHaIU3 IT0Ka3aJI, YTO B ITONABJISIIO-
1meM OONBIIMHCTBE CIydaeB 3TH M3MEHEHUS OB
MOJIC3HEI IS UCTIBITYEMBbIX.

IMo3xe JIxxoHcoH m JleitboBuu (Johnson, Lei-
bowitz, 1979) taxke uzydaiu 3p¢heKT TPeHUPOBKHU,
TOSIBJISTFOLLIUICS B TIPOLIECCE MHOTOKPATHOTO U3Mepe-
Hus nepudepudeckoir O3. OHU UCITOIB30BAIN TO-
PU3OHTAILHO OPUEHTUPOBAHHBIE CUHYCOUIAJIbHBIC
pelIeTKN U MPeabsBIsIM ux B TeueHue 250 mc. U3-
MEpPEHUSI MPOBOAMIVMCH Ha YEeThIPeX UCHBITYeMBbIX,
MMEBIINX OOJBIION OITHIT yYacTUS B MCUXOPU3NUeE-
ckux skcrepuMeHTax. C UCIBITYEMbIMU MPOBEIU
11 ceccuit uamepenuit nepudepndeckoit O3 mpu
skcueHTpucurerax 0, 20, 40 u 60 rpax, Kaxngas npo-
JIOJDKUTENbHOCTRIO 1.5 4. PesynbraThl ObLIM Mpen-
CTaBJICHBI TS KaXOoi ceccnu. B cpemHeM oTHOCH-
TeJibHOe yMeHblleHue MAR cocraBuino 4.1% nisa
dosea, 41.2% nna 20°, 38.3% nna 40° u 45.7% nias
60°. IIpu >TOM GOIBIIME pa3IUUYUSI MEXAY Hayalb-
HBIMM M KOHEUHBIMM 3HaueHusMu MAR HabGmona-
JIUCh Yy TPeX HCHBITYEMbIX MPU IKCLEHTPUCUTETE
60 rpan (BHauaje okoiyio 20, B KOHIIE oKoJio 12), ay
YEeTBEPTOro MCHBITYEMOIO pa3jInuus OBIJIM HEOOIb-
muMu (BHavaje 12, B koHue 8). JI>xkoHcoH u JIeitbo-
BUY ITOAYEPKHYIN, YTO MIPU MIPOBEISHUN U3MEPEHMIA
nepudepnueckoit O3 HYXHO YYUTBIBATHL 3(PEPEKT
TPEHUPOBKHU.

Lonoanumenvhote oeparnuuenus. OTIETHI UCTIBITYE-
MBIX 00 OCOOEHHOCTSIX BOCHPHUATHS Nepudepmde-
CKMX TE€CTOBBIX CTUMYJIOB B YCJIOBUSIX IPOBOJIUMBIX
SKCITEPUMEHTOB TTO3BOJIVIIN BBISIBUTH HOBbIE (haKTO-
pBI, OCHOXHSIONINE OLEHKY Tepudepmndeckoini O3,
KOTOpbIe paHee He IIPUHUMAaJINCh BO BHUMaHUE IIPU
pa3paboTKe IMIPOTOKOJIa UCCIIEAOBAHMS.

IMonyyeHne MOBTOPHBIX JAHHBIX B YCIIOBUSIX Ce-
puu I MOrJI0 3aTpyAHSATHCS MCUXOJOTUUYECKUM JUC-
KOMGOPTOM, CBSI3aHHBIM C IIPOIOKUTEIIBHON (UK~
cauueii ¢poBearbHOTO CTUMYJA. B ¢BsI3M ¢ 3TUM TIpU-
XOIWJIOCh JeiaTh I1ay3bl MEXIy W3MEPCHUSIMU,
MIPOJOJKUTEIIBHOCTh KOTOPBIX OIIPEACIsisl CaM MC-
OBITYEMBII, 3aKPBIBABIINIA I71a3a ITOC]Ie HEKOTOPOIA
CepUU OTBETOB M JAaBaBIIMM CUTHal “TOTOB” s
MpenbsIBICHUS CIEeAYIOIIE CepUU TECTOBBIX CTH-
MYJIOB.

I1pu BocTIpusATN CTUMYIOB B ycnoBusiX cepum 11
HepeaKo HaOIIoAaIUCh MyIbCAlluU CJIETION 30HbI U ee
OKaiiMJIEHUSsI, TTO-BUAVMOMY, CBSI3aHHBIE C HEIIPOU3-
BOJILHBIMM U3MEHEHMSIMM AUaMeTpa 3padka. PanHee
CUJIbHAas 3aBUCMMOCTD pa3zMepa CJIeroit 30HbI OT T1a-
MeTpa 3padka Obljia BhISIBJICHA IIPY MOMOIIYA MOAESTN-
poBanus (Iomdina et al., 2020). IToaTomy OT nIpeab-
SIBJICHUSI CTUMYJIOB y Kpasl CJIeNOM 30HbI MPUIILIOCHh
OTKAa3aThCd M3-3a HECTAaOWJILHOCTU 3TOTO Kpas |
OrpPaHUYUTh U3MEPEHUS 3HAUCHUSIMU SKCLICHTPUCH -

T€TA, HAACKHO OTCTOAIINMU OT 30HBI HeCTaOUIbHOM
OKKIJTIO31H.

3akaouumenvHole 3ame4anusi. AHATU3UPYST PE3YIIb-
TaThI HACTOSIIIETO MCCIICIOBAHMS U TaHHBIE, TIOJTyIeH-
HbIC APYTMMU aBTOPaMU B Pa3IMYHbBIX YCJIOBUSIX DKCITEe-
PUMEHTA, MOXKHO 3aKJTIOUUTh, YTO A0 HACTOSIILIETO Bpe-
MEHM HE YIaJloCh HAWTH METON, TTO3BOJISIOIINI
3 dEKTUBHO BBISIBJISITH TOTEHIIMATBHBIE BO3MOXHO-
CTU MEXaHU3MOB MeprudeprUIecKoro 3peHusl B yclo-
BUsX Oe3 pa3mBoeHMWsT BHMMaHUs. Hatmm oxxumanus
MMOJTyYUTh CYIIECTBEHHO JyYIIIre IToKa3aTesIn OCTPO-
ThbI 3pEHUSI, peaausys Mapagurmy “3peHue 6e3 opea”
IIPY TTOMOIITM KOHTAKTHBIX JIUH3 C UMITJIAaHTUPOBaH-
HBIMU LIEHTPATBLHBIMU OKKJIIOIEpaMU, HE TOATBEp-
IWIMch. B To e BpeMsl uMelolecs B JIMTEpaType
TaHHBIE O BO3MOXKHOCTHU MOBBIIICHUS TIepreprde-
ckoii O3 B HECKOJIBKO pa3 3a CYeT He OUYEHb AJIUTEIIb-
HBIX TPEHUPOBOK YKa3BIBAIOT Ha IMEPCIIEKTUBHOCTH
TMATbHEHIIIMX ITOUCKOB B 9TOM HaIrlpaBJICHUM.
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Assessment of peripheral visual acuity in various conditions of testing
A. V. Belokopytov*#*, G. I. Rozhkova“, and M. A. Gracheva“

¢ Institute for Information Transmission Problems (Kharkevich Institute) Russian Academy of Sciences,
127051 Bolshoy Karetny per. 19, build. 1, Moscow, Russia

#E-mail: abelokopytov@gmail.com

In studies of peripheral visual acuity (VA), the main difficulties are caused by the necessity to divide attention
between the foveal fixation stimulus and the peripheral test target. One of the approaches to exclude the task
of central fixation is to create an artificial central scotoma by means of contact lens with implanted occluder.
Applying this approach, we have measured the peripheral VA in 3 participants in the range of eccentricities
up to 60° by means of two different optotypes — tumbling-E and modified 3-bar target — on a specially con-
structed computerized perimetric setup. It appeared that occlusion of the fixation stimulus per se did not lead
to the anticipated increase in the VA, probably because the effect of the instruction “to keep gaze direction
straight ahead” is similar to that of the instruction to fixate a visible foveal stimulus. More than that: contact
lens with occluder (4-5 mm in diameter) could exert negative effect, supposedly due to veiling the peripheral
test target in the cases of uncontrolled involuntary decrease of the pupil diameter leading to significant in-
crease of the blind zone. In all participants, the peripheral VA values appeared to be somewhat better for the
modified 3-bar optotypes measuring “resolution acuity” than for the tumbling-E measuring “recognition
acuity”. The reliability of the data obtained for the peripheral VA was similar to that of the foveal data. Inter-
individual variability of data was larger at lower eccentricities.

Key words: peripheral vision, optotypes, visual acuity, resolution acuity, recognition acuity, contact lens with

occluder, inter-individual differences
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BkycoBast, 060HSITENIbHAS U 3pUTEIbHASI CEHCOPHBIE CUCTEMbBI 00€CIIEUMBAIOT PELIECILIMIO U PACIIO3HABAHUE
GU3NYECKUX U XMMUUYECKUX CTUMYJIOB, BO3HUKAIOILIUX B OKpYXalollei cpene. DKCIPECCUsT CUTHAIbHBIX
GeJIKOB, BOBJICYECHHBIX BO BKYCOBYIO, OOOHSTEIbHYIO U (POTOTPAHCAYKIIUIO, OOHApYKeHa B OeTa-KIeTKax
OCTpOBKOB JlaHrepraHca MoOIKeIyIOYHOM Keae3bl MJICKOMUTAIOIINX, MPOIYLIUPYIOIIUX U CEKPETUPYIO-
LIUX MHCYIUH. Byayun BriepBble MAEHTU(MUIMPOBAHHBIMU B OOOHSTEIBHBIX HEIpOHAaX, BKYCOBBIX KJIET-
Kax, najoJykax ¥ KoJI0O4YKax ceT4YaTK, KOMITOHEHThI KACKAI0B CEHCOPHOI TPaHCAYKLIMU BBITIOJIHSIOT CITe-
nuduyeckre GyYHKLINU B COOTBETCTBYIOLIMX CEHCOPHBIX KJeTKaxX. Pojib 3TUX MOJIEKY/I B ¢U3noI0ruu oe-
Ta-KJETOK 10 CHX IIOp OCTaeTCsl MMCKYCCHMOHHOM, a MX B3KCIIPECCHUsI B OTIMYME OT 3KCIPECCUU B
CHEeLMAIM3UPOBAHHBIX CEHCOPHBIX KJIETKAX HOCUT He CIIeU(MUUECKUIA, a SKTOIMMYECKUi xapakTep. B Ha-
CTos1Iee BpeMs MOSIBUIMCh JaHHbIC, MTOKA3bIBAIOIINUE, UTO CUTHAJIbHBIC OEJIKM, BOBJICUEHHBIE B CEHCOP-
HYIO TPAHCAYKILIMIO, B 6eTa-KJIeTKaX MOTYT y4aCTBOBATh B PETYJISILIUU [JIIOKO303aBUCUMOM CEKPELINU UHCY -
nuHa. O630p NOCBsIIEH 00001IeHUI0 MTHPOPMAILIU 00 SKCITPEeCcCU U PYHKIIMOHAIBHOM aKTUBHOCTH 3JIe-
MEHTOB CEHCOPHOI TpaHCAYKIUM B OeTa-KJIeTKaX MJIEKOMUTAIOIIMX, a TAKKE B MOACIbHBIX KIETOUHBIX
JIMHUSIX UHCYJIMHOM MBbIIIIEi, KPBIC Y XOMSIKOB, KOTOPbIE COXPAHUJIU CITOCOOHOCTh K CUHTE3Y U CEKpeLuun
WHCYJIMHA.

Karouesnie crosa: 66Ta—K.HCTKI/I, OCTPOBKHN J'[aHreprcha, CECKpEIMA MHCYJINHA, SKTOIINYECKAasd SKCITPECCHUAI,
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BBEAEHWE

BxycoBasi, 000HsITeIbHAS 1 3pUTEIbHAsI CUCTEMBI
o0ecrneunBaT pelelllnio U paclio3HaBaHUe (pU3M-
YEeCKMX U XMMHYECKUX CTUMYJIOB, BOZHMKAIOIIUX B
oKpyXarolieil cpene. B HacTosiiee BpeMst 3KCIIpec-
CHsI HEKOTOPBHIX KOMIIOHEHTOB CHTHAaJIbHBIX KacKa-
JIOB BKYCOBOM, OOOHSTEIIFHON N (POTOTPAHCAYKIINHT
oOHapy:KeHa B TKaHSIX M OpraHax, He OTHOCSIIIIMXCS K
CEHCOPHEBIM CHCTEeMaM, B TOM YMCJIe B OeTa-KJIeTKax
OCTpPOBKOB JlaHrepraHca ITOIXKEIYIOYHOM KeJe3bl
MJICKONIUTAIOIINX, CUHTE3UPYIOIINX U CEKPETUPYIO-
VX MHCYIWH. B oTimyne ot a3Kcrpeccuu B crielira-
JIM3UPOBAHHBIX PELENTOPHBIX KJIETKaX CEHCOPHBIX
CUCTEM JKCIpPECCUs] KOMITOHEHTOB BKYCOBOI, 000-
HATEIbHOI 1 (OTOTpaHCAYKIIMHY B OeTa-KJIETKAaX HO-
CUT He crieunpUuIeCcKUii, a 9KTOIMNIYECKUIN XapaKTep.
XOTS BC€ KJIETKM MHOTOKJIETOYHOTO OpraHu3Ma co-
JIep>XaT OOMHAKOBEII HAa0Op TeHOB, UX OTJIMYUE APYT
OT Apyra, ompeaesoliee PyHKIIMOHATBHYIO CITeII-
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aJM3aIio KaXIoi KIIETKH, 3aBUCUT OT TOTO, KaKue
WMEHHO TeHbl OHM IKCITPECCUPYIOT. DKCIIpeccus Te-
HOB B MHOTOKJIETOYHOM OPraHU3Me€ HaXOJUTCS IO/
CTPOTUM KOHTPOJIEM, KOTOPBIIf 0OecIieunBaeT COOT-
BETCTBUE NMPOGUIS TPAHCKPUIITOB I€HOB B KaXKIOM
KJIeTKe ee (pyHKIIMOHAILHOMY cTaTycy. TepMuH “3K-
TOITMYECKasi” OIIpeaenseT IKCIIPEeCCHIo reHa B TeX
KJIeTKaX, IJe KONUPYEeMblii UM OeIOK He MOXKET Bbl-
TOJTHATh W3BECTHYIO IUII HETo CHEeINUIECKYIO
dynkuuio (Rodriguez-Trelles et al., 2005). DeMeHTHI
TPaHCAYKIIMY CUTHAJIOB BKYCOBOM, OOOHSTEILHON 1
3PUTETBLHOUN CUCTEM MOTYT BBITIOTHSTH crienubude-
CKUe CUTHaJIbHbIC (DYHKIIMU TOJILKO OyIyUM JIOKAIM -
30BaHHBIMU BO BKYCOBBIX KJIETKaX, OOOHSITEIbHBIX
HelipoHax, MajoJykax M KoJO0oukax ceTyaTku. Poib
5THX MOJIEKYT B (pU3MOIOTUH OeTa-KJIETOK IO CHX
IOp OCTaeTCsl He 0 KOHIIA MCCIeNOBAaHHOM, OMHAKO
OHa JOJDKHA OBITh OTJWYHA OT TOM, KOTOPYIO OHU UT-
paroT B CIIeIM(UISCKUX CUTHAIBHBIX KacKamax CeH-
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COpPHBIX KIJIETOK. B Hacrosiee BpeMsI TMOSBUJIUCH
JaHHBbIe, MOATBepXKIarolle (PYHKIMOHAJIbHYIO aK-
TUBHOCTD BBISIBJICHHBIX 3JICMEHTOB CUTHAILHBIX KaC-
KaJOB CEHCOPHBIX CICTEM B GeTa-KJIETKAaX OCTPOBKOB
JlaHrepraHca, a UMEHHO UX y4acTHUE B PETYISLUHNU
IJIIOKO303aBUCUMOIT ceKpelny MHCYJIMHA. B 0630pe
JaeTcsl KpaTKoe OIMCAHWE CITeIU(MUUIECKUX CUT-
HaJbHBIX KacKaloB, GYHKIIMOHUPYIOIIUX B CIIeINa-
JIM3MPOBAHHBIX CEHCOPHBIX KJIETKAX BKYCOBOI1, 000-
HSITEJIbHOI U 3pUTENLHOI CUCTEM. 3aTeM IIpeacTaB-
JieHa uMHPopMalusa 00 IKCIIPECCUU U BO3MOXKHOI
(GYHKIMOHAIBLHOM pOJIM 3TUX KOMIIOHEHTOB B OcTa-
KJIeTKaX OCTPOBKOB JlaHTepraHca ITOIKETyIOYHOMN
KeJie3bl MJICKOIUTAIONINX, a TakKKe B MOJIEJbHBIX
KJIETOYHBIX JIMHUSIX MTHCYJIMHOM MBIIIEH, KPBIC 1 XO-
MSIKOB, KOTOPBIE COXPAHSIIOT CITOCOOHOCTD K CUHTE3Y
U IIIFOKO303aBUCUMOM CeKPEeLIMU MHCYJIMHA.

OYHKLIMNOHAJIIbHASA POJIb BETA-KJIETOK
IMOIKEJIYIOYHOUN KEJIE3bI

CaxapHblii 1nadbeT — MeTaboJIm4eckoe 3aboJieBa-
HHUE, XapaKTepU3yIollleecss XpOHUIECKOI TUIIePIIM-
KEeMUEW, pa3BUBAaIOLIECIiCs BCAEACTBUE HEXBATKM MH-
cynuHa (caxapHblii guadet I-ro TuIia) Win IOSIBJIE-
HUSI PE3UCTCHTHOCTH KJICTOK-PELUIIMEHTOB K
TOPMOHY, KOTOPBII BEIpabaThIBaeTCsl OeTa-KJIeTKaMU
OCTpPOBKOB JlaHTrepraHca ITOIXKEIYOOYHOM XKeje3bl
(caxapnusbiii guadet II-ro Tuma). [To manaeiM Bcee-
MUPHOI opraHmu3ainuu 3apaBooxpaHeHus 3a 2020 .
422 MJTH YeJIOBeK BO BceM Mupe (okoso 7% Hacele-
HUSI) CTPamaloT OT caxapHOro nmabera, B OCHOBHOM
BToporo Tura. C koHua 90-x rogoB MpoILJIOro Beka
HavyaJoCh MHTEHCUBHOE M3ydYeHNE MEXaHU3MOB pe-
TYJISIOUA CEKPELMKY MHCYJIMHA M CUTHAIBHBIX KacKa-
JIOB, 3aIlyCKaeMBbIX IIPY B3aMMOAEHUCTBUN MHCYIMHA
co cnemudpuueckum penentopom. Ocoboe BHUMA-
HUE YOEISIeTCS UCCICAOBAaHUSIM MOJICKY/ISIPHBIX Me-
XaHU3MOB IJTIOKO303aBUCHUMOI CeKpelruy UHCYJIMHA
OeTa-KJIeTKaMU OCTPOBKOB JlaHTepranca MHOMIXKEIy-
JIOYHOM XeJe3bl.

IMomxenynouHasi xeje3a — 3TO OpraH OTHOBpE-
MEHHO SHIOKPUHHOM U 9K30KPUHHOII cucteM. B co-
CTaB 3KeJie3bl BXOMIST allMHYChl — 00pa30BaHMsI, KOTO-
pble CUHTE3UPYIOT U CEKPETUPYIOT B TIPOTOKU (hep-
MEHTBI MeTaboJIn3Ma OEJIKOB, JKUPOB U YIJIEBOAOB, U
ocTpoBKHM JlaHTepraHca, obGecIieumBaloIIe cekpe-
U0 B KPOBb Pa3IMYHBIX MENTUIHBIX TOPMOHOB.
OCTpPOBKM COCTOSIT U3 MSITU TUIIOB KIIETOK: OeTa-
KIeTKu (65—90%) cekpeTupyloT WHCYJIWH; allbda-
kneTku (15—20%) — miokaroH; aeiabra-kKieTku (3—
10%) — comarocrarun; ITT-knetkn (1%) — mankpe-
aTMYECKUI TIOJNUIIENITUA; SIICUJIOH KieTku (1%)
cunte3upyloT rpeiyiuH (Elayat et al., 1995; Da Silva
Xavier, 2018). OctpoBku JlaHrepraHca 4ejaoBeKa U
MBbILLIEI pa3inyaroTcs MO CBOEM MPOCTPAaHCTBEHHOM
OpraHu3aluu, pacrnoJ0XEeHUIO U COOTHOIIEHUIO THU-
noB kieTok (Dolensek et al., 2015). MukpoapxuTtek-
Typa OCTPOBKOB MBIIIIY MOJY4YMUJIa YCIOBHOE Ha3Ba-
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HHE “MOIEIb IIPO-MaHTHS : B IIEHTPE OCTPOBKA Ha-
XOISITCS OeTa-KJIeTKM, a OCTaJbHbIe TUIBI KJIETOK
JIOKaJIM30BaHbl B MAaHTUIHOM cCJloe Ha mepudepun
OCTpOBKa. Y 4eoBeKa HanboJIee 4acTO BCTPEYarOTC s
clienylole MOJEJIM NPOCTPAaHCTBEHHOM OpraHu3a-
LIMM OCTPOBKOB: 0OeTa-KJIeTKM 00pa3yloT KjacTep B
BUIIE JICHTHI; OeTa-KIIeTKU OSCIOpSIIOYHO PACHOJIO-
JKEHBI IO OCTPOBKY; MOAEIb “COHIBUY”, KOTOpas CO-
CTOUT U3 IABYX TSLKel aibda-KIeToK U OIHOro OeTa-
KJIETOK, “COHABMNY” CBEPHYT B BUE ITOJKOBHI MJIH 3a-
MKHYT B Kpyr. I1oCTOSIHHBII ypOBEHb IJIIOKO3bI B
IU1a3Me MOIAePKUBAETCs 3a cUeT 0a30BOM CeKpeluun
nHcyarHa. [Ipn yBeanyeHUM KOHIIEHTPaIUU TJII0KO-
3bl B IJIa3Me, HallpuMep, IIOCJIE €Ibl, IIPOUCXOIUT
[JIIOKO303aBUCUMasl ceKpeliusi MHcyaruHa. [Irokosa
roragaeT B 0eTa-KJIETKH Yepe3 TPAHCIIOPTEP IIFOKO-
3bl Ha MJIa3MaTU4YeCcKOil MeMOpaHe. B KieTke IioKo-
KMHa3za (pochopuinmpyer NIOKo3y U OHa MOoJBEpraeT-
Csl TJIMKOJIN3Y, B pe3ysbTaTe 4yero B LIMTOILIa3Me U3
OIHOI MOJIEKYJIBI INIIOKO3bI 00pa3yIOTCs IBE MOJIEKY -
Jibl mupyBaTa. BzauMopeiicTBue mupyBaTa ¢ MUPY-
BaTACTUAPOreHA30i MIPUBOAUT K 00pazoBaHuio ATD
B JbIXaTeJIbHOM 1IeNU. YBEIWYEHHUE OTHOIICHUS
ATO/ANP nHunuupyet nuHruouposanve ATd-3a-
BucuMbix K+-kaHano (KAT®-kaHanb!), GyHKINO-
HUPYIOILIMX B OeTa-KJeTKax, YTO MPUBOIUT K AEMO-
JIIpU3allMM UX TUIa3MaTudeckoil MeMOpaHsbl. Jlerno-
JISIpU3als MeMOpaHbl IIPUBOIUT K OTKPBHITHIO
noreHumMan-3apucuMbix Ca? * xaHanos L-tuna, obec-
MEYMBAIOLIUX BXOAAIINIM ToK noHOB Ca?*. PocT ypoBH#
Ca’* B LIMTO30JI€ YBEMYMBAET CKOPOCTb 3K30LUTO3a
nHcyIrHa 0eta-kiuetkamu (Komatsu et al., 2013). Ta-
KMM 00pa3oM, aKTUBalMs TTIOKO303aBUCUMOM CEK-
peuMy MHCYyJIMHaA OeTa-KJieTKaMu 3allycKaeTcsl 3a-
KpbITeM AT®-uyBcTBUTENBbHBEIX KAT®-KaHanoB B
OTBET Ha YBEJIMYEHUE COOTHOIICHUS BHYTPUKIICTOU-
Horo ypoBHsI AT®/A1®, nHAYLIUPOBAHHOTO METa-
00JIM3MOM IJIIOKO3bI, B PE3yJIbTaTe IIOBBIIICHUS KOH-
LIEHTpallMM TIJIIOKO3bl B IUIa3Me KpoBu. IloaTtomy
cuutaetcs, YTo KATP -3aBucUMBI ITyTh BHYTPUKIIE-
TOYHOII CUTHAJM3allMU SIBJISICTCS OCHOBHBIM MeXa-
HHU3MOM 3aIycKa NII0K0303aBUCUMOI CEKpELIMU UH-
cyinHa. KpoMe Toro, eCTb runoTe3bl 0 BO3MOXKHOCTHU
cymiectBoBaHusa KATP -He3aBucHMMOTo IIyTH ceKpe-
LIMM MHCYJIMHA B OTBET Ha ITOBBIIIIEHUE YPOBHS INIIO-
ko3blI B 11a3me (Komatsu et al., 2013).

MexaHu3M ceKpellMu MHCYJIMHA B OTBET Ha MOBbI-
IIEHUE YPOBHSI IJIIOKO3bl B KPOBU — OOBEKT MpPU-
CTJILHOTO M3Y4YeHUsI YYEeHbIX U (apMakoIoroB BO
BceM mupe. OgHako BblAEJIEHUE U MOIJAEpKaHUE
KyJBTYPbl MIEPBUUYHBIX O€Ta-KJIETOK B JTIOCTATOYHOM
KOJIMUYECTBE [IJIsl TIPOBENeHUsT HEOOXOMUMBIX UCCe-
NloBaHUI — HerpocTas 3anaya. [ToaToMy B akcniepu-
MEHTaX 4acTO UCIOJIb3YIOT KYJbTYpaJibHbIE KJIETOU-
Hble JIMHUM WHCYJIMHOM Mbitreir (MING6, BTC-1,
BTC-3), kpeic (INS-1, RINm5F) u xomsikos (HIT-
T15), koTopble COXpAaHWJIM CIOCOOHOCTh K CUHTE3Y U
cekpeuny nHcynuHa (Miyazaki et al., 1990, Ishihara
et al., 1993).
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CUT'HAJIbHDBIE BEJIKW, BOBJIEHEHHBIE
BO BKYCOBYIO PELEITIINIO

BxycoBass xemMoceHcOpHasI cUCTeMa OTBEYaeT 3a
pEeLEeIINIO U paciio3HaBaHUE MOJIEKYJI, OIIPEIEIISTIO-
mux BKyc. OHa mipencrtaBlieHa mNepudepruIecKUM
(BKYyCOBBIE TTIOUKH), TIPOBOASIIMNM (BOJIOKHA HEHPO-
HOB) U LIEHTPaJbHBIM (TOJIOBHOII MO3r) OTIETaMM.
DKCIepUMEHTaIbHO Y MJIEKOITMTAIOIIMX BbIIEJICHO
IIITh OCHOBHBIX BKYCOBBIX OINYIIEHUIA: TOPLKUIA,
CJHAIKWI, KUCJIbIM, COJEHBIA U BKYC aMUHOKUCIOT
(ymamm). Penieniiyiio BKYCOBBIX CTUMYJIOB OCYIIECTB-
JIs110T BKycoBbIe KieTKu Tpex TunoB (1, I u I11). Kon-
miomepar n3 50—100 BKyCOBBIX KJIETOK OOpa3yeT
BKYCOBYIO ITOYKY. BKyCOBBI€ TTOYKH BXOOST B COCTaB
CIIeUMaJIN3UPOBAaHHBIX 00pa30BaHUil — TPUOOBUII-
HBIX, JJUCTOBUIHBIX M KeJT0OOBATHIX BKYCOBBIX CO-
COUKOB s13bIKa. BKycoBbie kineTku I-ro Tuma cocraB-
JISIIOT IPUMEPHO ITOJIOBMHY BCEX BKYCOBBIX KJIETOK
nmouku (Roper, Chaudhari, 2017). B Hux oOHapyXeHa
SKCIpPECCUsl BIIUTEIMAIbLHBIX HATPUEBBIX KaHaJIOB
ENaC, u mo3ToMy CYUTAETCS, YTO OHU BOBJICYCHBI B
peLeniuio COJIEHbIX BelllecTB. BKycoBble KJIETKHU
II-ro Tuma OCYILIECTBISIOT ASTEKILUIO CIagKUX U
TOPbKUX COEAWHEHUIl, a Takxke aMUHOKUCIOT. Co-
JIepxkaHue KjieTok I1-ro Tumna Bo BKyCoBOI OYKe Ba-
peupyeT B mpenenax 30—40% (Roper, Chaudhari,
2017). Kaxmas BkycoBas kieTka II-ro tTmma oTBeT-
CTBEHHA 3a JEeTEKIINIO CTUMYJIOB TOJBKO OTHOM MO-
JIaJIbHOCTU: TOPHbKOTO, CIaAKOro min ymamu (Zhang
et al., 2003). Knerku I11-ro Tuna cocrasistior 2—20%
(Roper, Chaudhari, 2017) oT monyJsiiMKd BKYCOBBIX
KJIETOK B ITOYKE, OHU YYACTBYIOT B pELIEITLIMM KUCJIBIX
U COJICHBIX COCIMHEHUI. DTO eAUMHCTBEHHBIE BKYCO-
BbI€ KJIETK1, 00pa3ylolre KJIaCCUYeCKUEe CUHATICHI C
appepeHTHEIMY OKOHYaHUSIMU BKYCOBOTO HEpBa.

TpaHcayKuMst cUTHaJIa — 3TO MPOLIECC, B XO/e KO-
TOPOTO MPOUCXOAUT pacrio3HaBaHWE BHEIIIHETO CTH-
MyJIa M €ro epPeKOANPOBAHNE BO BHYTPUKIICTOUHBI
CUTHAaJI, IPUBOISIIUI K CIIEHU(PUIECKOMY KIIETOU-
HOMY OTBeTy. BKycoBasi TpaHCOYKIIUSI — 3TO COBO-
KYITHOCTh COOBITUII OT MOJEKYISIPHOIO y3HaBaHUS
BKYCOBOTO BellIeCTBa Ha allMKaJbHOII MeMOpaHe BKY-
COBOM KJIETKH 10 BEIOpoca adpdpepeHTHOTO HEMpoMe-
IMaTopa, KOAUPYIOIIEro CEHCOPHYI0 MHMOpMAaIIHIO.
Bo BKyCOBBIX KJIeTKax BTOPOTO TUIIA AETEKIIMS BKY-
COBBIX CTUMYJIOB 00ECeUMBAETCI BKYCOBBIMU pe-
LIeNTopaMu, KOTOpble 00pa3yloT 1Ba ceMmeiicTBa. Pe-
1iernTopbl ceMmeiicTBa T 1R geTeKTUPYIOT ClIaAKUe CTU-
MYJIbl U aMUHOKHUCJIOTBI, a PELENTOpbl CeMeincTBa
T2R BoBjieUeHBI B paClO3HaBaHUE TOPbKUX BEILIECTB.
CewmeiictBo penentopoB T1R cocrout u3 Tpex npem-
crasuteneir — T1R1, TIR2 u TIR3. Otn 6enku Bo
BKYCOBBIX KJieTKax II-ro Tuma o6Gpa3yioT ¢pyHKINO-
HanmbpHBIe rerepoauMepbl: T1R2/T1R3 — penentop
cmankux BemiectB, TIR1/T1R3 — peuenTop BKyca
aMHHOKHUCIOT. CeMeCcTBO perenTopHbIX 6enkoB T2R
Oosiee oOmMpHO 1 BKIoYaeT 10 30 IIpeacTaBuTeNe y

pa3HBIX BUIOB XKUBOTHBIX. BITepBhie OHM OBUTH OTTH-
cannbl B 2000 1. (Adler et al., 2000).

Peuenrtopusie 6enku T1R u T2R oTHOCSTCS K ce-
MEMCTBY pelenTOpOB, COIPSDKEHHBIX ¢ G-0elKaMu
(GPCR). TI'ereporpuMepHbiii G-0€JI0K COCTOUT U3
o-, B- u y-cyopenuuuil. CrieunhuIHOCTb B3aMMO-
neiictBust G-6enka ¢ aktuBupoBaHHBIM GPCR-pe-
LIEITOPOM OIIpenesisieTcs O.-cyobenuauiieii. I1pu ak-
tuBanun GPCR-pemientopa mpomcxomuT pacmapn
reTepoTprMepa Ha 0i-CyObeIMHUILY U BY-KOMILIEKC.
Bo BkycoBwIx kieTkax II-ro tuma o-cyobpenmHHMIIA
G-6eska mpencraBiieHa O-TaCTAYLIMHOM, a [Jy-KoM-
IUIEKC COCTOMT M3 CIEHU(PUUECKUX JIsI BKYCOBOM
TKaHu cyovenuuuil G,; 1 Gy, (Rossler et al., 1998).
I'eH, KomupyroIIMit TacTOyLIMH, BXOOUT B OTHO ceMeii-
CTBO C FTeHaMU TpaHCAYLIMHA KOJIOOYEeK U TPaHCAYLIV-
Ha naJioyek ceTyaTku. Bo BKYyCOBOI TKaHU TacTAy-
LIVH SIBJIIETCS cneU(pUISCKIM MapKepOM BKYCOBBIX
kieTok II-ro tuma. Ilpu moMoluy UMMYHOTUCTOXM-
MUH TacCTOYLIMH ObUT 0OHapyXeH B KiieTkax I1-ro tuma
BO BKYCOBBIX ITOYKAaX XeJI000BaTOTr0 ¥ TpUOOBUIHOTO
cocoukoB s3bika (Kim et al., 2003). YcraHoBiieHO,
YTO TaCTAYLIWH YYaCTBYeT B TPAHCAYKIINM TOPbKUX U
cnagkux ctumyiioB (Wong et al., 1996). MaTepecHoO,
YTO TaCTOYLMH 3KCIIPECCUPYETCS TOJIBKO B OTIEIIb-
HOI cyOnmonyIsIiiim, a He Bo Bcex KireTkax I1-ro Turma
(Caicedo, 2003).

ITocne nuccoumnauuu rereporpumMmepHoro G-o6em-
Ka KoMIuieke cyovennuuil G,;Gg; akTuBupyeT doc-
domumnaszy C 2 (PLCB2) (Rossler et al., 1998), kara-
Jusupytolyto ruaponaus PIP2 (phosphatidylinositol
(4,5)-bisphosphate) Ha nBa Mmenuartopa: IP3 (inositol
1,4,5-triphosphate) u DAG (diacylglycerol). Bropuu-
HbIil mocpenHuk I1P3 B3auMoaeicTByeT ¢ pelenTto-
poMm IP3R3, KOTOpEIiT IBNsICTCS IMTaHI-aKTUBUPYE-
MbiM Ca?* -KaHaJI0M Ha 3HI0IUIa3MaTUYECKOM PETHU-
KyJiyMe. YBeJuW4YeHUe YPOBHSI BHYTPUKIETOYHOTO
KalbliMsl aKTUBHUPYET MOHHBIE KaHaabl TRPMJ, ot-
KPBITUE KOTOPBIX 00ECTIEUMBAET BXOISIIINIA TOK MIOHOB
HaTpusl, YTO MPUBOIUT K TFE€HEpaIlUU IrpaayaibHOTO
pELeNnTOPHOTro TOoTeHIUaNa, JAETOJISIPU3YIOINIETO
kieTky (Liman, 2007). Jemonsgpu3aiysi IUTOILIA3-
MaTHU4YeCKO MeMOpaHbl aKTUBUPYET NOTEHIIMAJ-3a~
BrucuMble Na'-KaHalabl U TeHEPUPYET MOTEHIINAI
NeNCTBUS, TIPUBOMASIIMN K OTKPBITUIO MOTEHLMAT-
3aBUCHUMBIX AT®-TIpOHUIIaeMBIX KaHAJIOB M CEeKpe-
uun AT® BkycoBbiMU KiieTKamu I1-ro Tumna (Roma-
nov et al., 2008).

B nocinegHue rombl NOSIBUJIMCH JaHHBIE, YKa3bIBa -
IoIIMe Ha CYIIIECTBOBaHUE €Ilie OMHOro 06a30BOT0O BKyca
MJIEKOIMTAIOIINX. DTO BKYC HEHACHIIIIEHHBIX SKUPHBIX
KHUCJIOT. 32 pelelluIo 3TOr0 BKyca OTBe4aeT HeOOIb-
IIast [IOMYJISALIVSI BKYCOBBIX KJIeToK I1-To TMMHa, B KOTO-
PBIX BBISIBJIEHA SKCIIPECCUSI TPAHCIOKATOPA XXUPHBIX
kucior CD36 u GPCR-peuentopoB GPR40 u
GPR120. OHn paccMaTpuBaioTcsI KaK CEHCOpPHBIC
BJIEMEHTHI, ONpeNesIoNe CoIepXXaHue HEHaChI-
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IIEHHBIX XUPHBIX KUCA0T B nuine (Ichimura et al.,
2014). O6HapyXeHO, YTO Yy XKMBOTHBIX C MHAKTUBa-
LIMEe BSKCIpeccuu TeHoB, koaupywomux CD36,
GPR120 1 GPR40, TepsieTcst mpenroyTeHre K MUlle,
oboraiteHHo xkupHbIMU KuciaoTamu (Ozdener et al.,
2014).

BKCITPECCHUA U ®PYHKLIMOHAJIBHAA POJIb
BKYCOBBIX PELLEITTOPOB
B MHCVYJIMH-CEKPETUPYIOIINX KIIETKAX

B HacTos1iee BpeMsi yCTaHOBJIEHO, YTO HEKOTO-
pble KOMITOHEHTbl CUTHAJIbHBIX KacKagoB BKYCOBOi1
pELEMIIMM 3KCIPECCUPYIOTCS B OeTa-KIeTKax OCT-
poBKOB JlaHTepraHca MoaXeayTI0YHOM XKele3bl MJle-
KOIUTAIOLINX U B KYJIbTYPIbHBIX KJIETKAX UHCYJIU-
HOM, COXPaHMBIIUX CIIOCOOHOCTbh CEKpPETUPOBATh
uHcyiuH. Haubosbliee Kojan4yecTBO padboOT IMOCBSI-
ILIEHO UCCIIEAOBAHNIO IKCIIPECCHUU BKYCOBBIX pElIeTI-
TopoB ceMmeiicTBa T1R, mockoabKy IioKo3a, ooa-
Jlaroniasi CaakyuM BKYCOM, CTUMYJIMPYET CEKPELIUIO UH-
cyJmHa Oera-kinetkamu. Briepsele HakaraBa m coasrT.
ob6Hapyxunu MPHK T1R2 u T1R3 B kJieTKax MbIII-
HOIT MHCYIMHOMBI MING6 1 B OCTpOBKax ITOIKETy-
JOYHOM KeJie3bl MbIlIei, IPUYEM B OCTPOBKAX YpPO-
BEHBb IKCIIPECCUM ObLI CYIIECTBEHHO HIKe. Ha ypoB-
He Oenka B kiieTkax MING6 skchnpeccust GbLia
MOATBEPKAEHA MPY MTOMOIIU UMMYHOLIMTOXUMUYE-
CKMX METOHOB, MPU 3TOM MHTEHCUBHOCTb CUTHAaja
st T1R3 6pUIa cylecTBeHHO BhIIIe, yeM a1 T1R2.
OmHako TIp¥ WMMYHOMDIYOpECIIECHTHOM aHaJin3e
CP€30B MOIXKEYIOYHOM’ >KEIe3bl MbILLIEU B UHCYJIMH-
colepxXalux 0eTa-KiaeTKax ObLI OOHAPYXEH TOJbKO
TIR3, a TIR2 ne nerexkrupoBaH (Nakagawa et al.,
2009; Medina et al., 2014). KonnyecTBeHHas OLicCHKA
npu oMoy OT-TTLP B pealbHOM BpeMeHHU ITOKa-
3aJj1a, 9TO YPOBEHb dKcTpeccun reHa 7/R2 B ocTpoB-
KaxX TMOMXETyTOYHOM Kele3bl MBI COCTaBIIsSIET
MeHee 1% ot ypoBHs akcripeccun 77R3 (Medina et al.,
2014). Kupuasuc m coaBT. gerektupoBaiu MPHK
o6oux BKycoBbix perientTopoB T1R2 u TIR3 B oct-
POBKaX IMOIKETYIOYHOM KeJie3bl MbILIEH U B OCTPOB-
Kax TIOMXKeJTyIOUYHOM Xeyie3bl uesioBeKa, a Takxke B
kiaetkax MING6 (Kyriazis et al., 2012). HegaBHo Yna-
raBa 1 coasnT. BeisiBId MPHK TpaHCKpuUITh penemn-
TopoB T1R3 B ocTpoBKax MBIIIEi 1 KPHIC U B KJIETOY-
HbeIX JuHUAX MIN6 u INS-1, tpanckpuntsl T1R1
Be3e KpoMe OCTPOBKOB, a aKcrpeccust T1R2 He ObI-
Jla oOHapyxXeHa HM B omHOM u3 oopas3uoB (Udagawa
et al., 2020). TakuM oOGpa3oM, JaHHBIE 00 3KCIIpec-
CHM BKYCOBBIX peuiennTopoB cemeiictBa T1R B mHCy-
JIMH-TIPOAYLUPYIONINX KJIETKaX OCTalTCS MPOTUBO-
pPEUYMBBIMU.

DyHKIMOHATBHBIE MCCISI0OBaHUS TOKAa3aIu, YTO
HUCKYCCTBEHHBIE ITOACIACTUTENN, SIBIISIOIINECS aro-
HUCTaMU PELeNTOPOB CIAaIKOro BKyca BO BKYCOBBIX
KJIeTKaX, CaMU T10 ce06e BBI3bIBAIOT CEKPELIMIO UHCY-
JINHA, a TAaKXXe YCUJIMBAIOT TITI0OKO303aBUCUMYIO CEK-
peuuio MHCyInHa B Kiaetkax MIN6 M B ocTpoBKax
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(Nakagawa et al., 2009; 2014). B knetkax MING6 cy-
Kpajo3a CTUMYJUPOBajia CEKPEIMI0 MHCYJIMHA TTPU
HU3KOM KOHIIEHTpAallMM DIIOKO3bl 3 MM, HO He B
MPUCYTCTBUU 25 MM m1t0K03bl. OMHAKO UCKYCCTBEH-
HBbIC TTONCIACTUTEIN CaXapWuH 1 arecyinbdaM Kaaus
YCUJIMBAJIY CEKPEIUI0 MHCYJIMHA, MHIYITUPOBAHHYIO
25 MM r1moko3bl, B Kietkax MIN6. Cykpajios3a Tak-
K€ CTUMYJIMpOBaJla CEKpelMI0 MHCYJIMHA MPU HU3-
KO KOHIIEHTPAIIUM TITIOKO3BI B MBIIITUHEBIX OCTPOB-
kax (Nakagawa et al., 2009). Ctumynupyoliee neii-
cTBUE DPYKTO3BI Ha TITIOKO303aBUCUMYIO CEKPEIINIO
WHCYJIMHA OBbLIO 0OHAPYXEHO B OCTPOBKAX IMOIKETY-
TMOYHOM XeJIe3bI MBIIIIeil ¥ B OCTPOBKAX IMOIKEITYI0Y-
Hoit kese3nl yenoBeka (Kyriazis et al., 2012). Otu
JIaHHbBIE TTO3BOJIMJIN CEJIaTh BHIBOI O (GDYHKIIMOHATb-
HOIf aKTUBHOCTH pelienTopa cJIaiKoro BKyca B OeTa-
KJIeTKaX U 00 ero yyacTUu B PeTyJISILUM MII0KO0303a-
BUCHMOI ceKpeny wHcyamHa. OcTaeTcs BOIIPOC,
KaKWe BeIIeCTBa SIBJISIIOTCS JIUTaHIaMU BKYCOBBIX pe-
LIENITOPOB B WHCYJIMH-CEKPETUPYIOIINX KJIETKax?
OueBUIHBIM KaHAUAATOM B JIUTAHAbI 3TUX PELENTO-
pPOB B 6eTa-KJeTKaxX sIBJIIeTCs IIIoKo3a. OTHAaKo TITo-
KO303aBMCHMas CeKpelMsi MHCYJIMHa OoOycloBJeHa
MeTaboaM3MOM DIIOKO3bl. HakaraBa u coaBT. Tipefi-
MOJIOXKUJIU, UYTO, B3aUMOIEMCTBYSI C PELENTOPOM
T1R3, rmoko3a criocobHa aKTUBUPOBAaTh CBOit cO0-
cTBeHHbBIM MeTabomm3M (Nakagawa et al., 2014). Yau-
ThIBasi, YTO PELIETITOPHI CIAJKOTO BKyca aKTUBUDPY-
I0TCSI COEIMHEHUSIMU, UMESIOIIIMMU PAa3HYIO XUMUYe-
CKYIO CTPYKTYpY, TakKe Obljla BbIIBMHYTA TMIOTE3a,
YTO, TIOMUMO TJIFOKO3Bl y HUX €CTh KaKMe-TO SHIIO0-
TeHHBIE JIMTAHABI M YTO 3TH JIUTAHIBI CLIOCOOHBI MO-
IyIUPOBaTh (PyHKIIMOHAJILHOE COCTOSTHUE OeTa-Kile-
TOK, B3aMMOJICHCTBYsSI C BKYCOBBIMU pellenTopamMu
(Nakagawa et al., 2009).

I1Ipu n3yyeHUM AEHCTBUSI YeThIpEX MOACIACTUTE-
JIell — CyKpasio3hl, caxapuHa, alecyiabdama Kajaus 1
DIMIUPPU3NHA OOHAPYXKEHO, YTO OHU MHAYIIMPOBA-
JIN B KJIETKaX UWHCYJIMHOMBI MbIeii MIN6 pasznuy-
HBIe BHyTpuKJjeTouHble oTBeThbl (Nakagawa et al.,
2013). AuecynbpamM Kaausi M CyKpano3a BBI3BIBAIN
MTOBBILIEHUE BHYTPUKIIETOUHOTO YPOBHS MOHOB Ca’t
nu HAM®. [MUuuppu3nH BBI3BIBAJ IIOBBILIEHUE
BHYTPUKJIETOUHOTO YpOBHsA MoHOB Ca’", HO He BIu-
ST Ha ypoBeHb TAM®, a caxapyH UHAYLIMPOBAI IO~
BhIIIeHUE YpoBHSI HTAM®, HO He yBeIMYUBall YpO-
BeHb MOHOB Ca?'. DddekThl auecynbdamMa KAAI U
CYKPaJIO3bl OTJIMYAIMCh, HECMOTpPSI Ha TO, YTO OHU
OIMHAKOBO BJIUSUIM Ha YypOBEHb BHYTPUKIIETOYHOTO
Ca?* u UAM®. AHTAaroHUCT peLenTopa CIanKoro
BKyca TypMapuH, OJOKUPYIOIINil racTAyLIMH3aBUCH -
MBI CUTHAJILHEIN ITYTh BO BKYCOBBIX KJIETKAX, Y TH-
ruourop G, YM254890 mnonaeiasii TMOBBILIEHUE
ypoBHs noHOB Ca?t, BbI3BAHHOE CyKpaJIO30ii, HO HE
s Ha Ca?t-0TBeT, MHAYLMPOBAHHBINA aLleCyllb-
¢damMoM Kanusi. DTU NaHHbIe MO3BOJWIN MPEATNOo-
XKUTb, YTO YETHIPE MCKYCCTBEHHBIX MONCIACTUTEIS
aKTUBHUPYIOT pa3jIMIHble CUTHAIbHBIC KACKaIbl B TH-
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cynmuH-ponyuupytomux Kierkax (Nakagawa et al.,
2013).

Bo BKycoBBIX KiIeTKax (QYHKIIMOHAJIBHBIN perer-
TOp CJIAJKOTO BKyca MPEACTaBIsIeT CO00M reTepoan-
mep T1R2/T1R3. ITo moBo#y cyllieCTBOBaHUS TAKOTO
reTepoauMepa B 6eTa-KJaeTKax CyIIeCTBYIOT pa3iny-
HBIe TOYKM 3peHus. Kupuasuc u coaBT. mpeamnosara-
IOT, 4TO B OeTa-KiieTKaX (QYHKIIMOHAJBHBINA pellell-
TOp TpencrasieH rerepogumepoMm T1R2/T1R3, kak
¥ BO BKYCOBBIX KJIETKaX. ABTOPEI OOHAPYXIJIN B Oe-
Ta-KJeTKax akcnpeccnio MPHK ob6oux renoB 7/R2n
TIR3. 3ateM mipu TIoMOIIN (PU3HOJIOTHTIECKIX DKC-
MEPUMEHTOB UM yIAJIOCh IIOJIYYUTh OJOKa3aTeJIbCTBA
yyactust oooux peuentopoB TIR2 u T1R3 B nerek-
LU TIPUPOIHOTO MOHOcaxapuaa (ppykKTo3sl B OeTa-
KJIETKax OCTPOBKOB JlaHrepraHca ITOMXKeTydOYHOM
KeJie3bl MbIllei. Ecii B ocTpoBKax MbllIeil TUKOTO
TUIIa PYKTO3a BbI3bIBAJA TMOBBILICHUE BHYTPUKIIC-
TOYHOTO ypoBHs MoHOB Ca?" 1 ycuileHre MHIYIUpO-
BAaHHOW IJIIOKO30M CEKpEeLMU MHCYJIWHA, TO B OCT-
POBKax MbILLEl ¢ HokayToM reHa TIR2 (TIR2~/~) ra-
KX 3@dekToB Tpu OeHCTBUU (QPYKTO3BI HE
Ha0JII01aJI0Ch. B M301MpOBaHHBIX OCTPOBKAX ITOIKE -
JIYIOYHOI KeJie3bl YejloBeKa (hpyKTo3a TOXKE BBHI3bI-
Bajla YCUJIEHME CEKpEeLMM WHCYJIMHA, CTUMYIUPO-
BaHHOM oKo3oii. [Ipy nHrmOupoBaHuu perenropa
T1R3 nakTu3ojioM peakiusi Ha PPyKTO3y B OCTPOB-
Kax TMOIKeTyI0YHOM KeJie3bl YeJIOBeKa OTCYTCTBOBA-
Jla. Ha ocHOBaHMU MPOBEACHHBIX IKCIIEPUMEHTOB
OBLIIO IIPEAIIOJIOXEHO YUacTHE reTepoaruMepa peliell-
topoB T1R2/T1R3 B merekuuu (pyKTo3nsl B Oera-
KJIETKaX OCTPOBKOB MOIKeTyI0UHOI1 Xee3bl (Kyria-
zis et al., 2012).

Cy1iecTByeT TakxKe TUIIOTe3a, YTO B OeTa-KJIeTKaxX
MOXeT (PYHKIIMOHUPOBATh TOMOIMMEP pelenTopa
T1R3. 11 oLieHKY y4acTHsI KaXI0ro U3 PeleIITOPOB
TI1R2 u T1R3 B mepemade CUTHAJIOB ITOICIACTUTENICH
B ki1eTkax MIN6 npu momomy MuPHK nogapnsiiiacek
skcrpeccus oo T'1R2, itmoo TIR3. Ilpu ymeHbIIIe-
Hum 3Kkcnpeccun T1R2 Bce 3¢ eKThI, BEI3BIBAEMBIC
noaciaacTuTensIMu B kietkax MING6, coxpaHsuch, B
TO BpeMsI Kak HoK1ayH 7'1R3 3tu 3 eKThl OJ10KHUPO-
Bas (Nakagawa et al., 2014). DTu naHHbBIE JaIOT OCHO-
BaHUE MPEANnoaoXuThb, yto romonumMmep T1R3/T1R3
MOXeT (DyHKIMOHMPOBATh B OeTa-KJIeTKaxX B Kaye-
CTBE pELEITOpa, ACTEKTUPYIOIIETO CIIAAKKUE COCIU-
HEHUSI.

Henb3s uckIounTh, OQHAKO, reTepoauMepHu3a-
uuio T1R3 ¢ kakum-to GPCR-peuentopom, He OT-
HocsuMmcs K ceMeiictBy T1R. Takoii rereponumep
MoryT ¢opMupoBaTh, Harpumep, T1R3 u penenrtop
skcTpakierouHoro kKambiusi CaSR (Kojima et al.,
2017). Bo-nepsBbIx, n3BecTHO, YTo CaSR skcmnpeccu-
pyeTcs B OeTa-KJeTKax MOMXKeJIyIO0uYHON XeJye3bl
(Bruce et al., 1999; Tang et al., 2016). Bo-BTophbIX, 06-
Hapy>KeHO, YTO MpPHU IreTePOJOrnuecKoil aKkcnpeccuu
B kietkax HEK-293 CaSR akTuBupoBaJICS TJIIOKO-

30 B (pU3MOJIOTMYECKUX KOHIIEHTPALMIX, a TaKXKe
HaTypaJIbHBIMU U UICKYCCTBEHHBIMU ITO/ICIACTUTEIISI-
Mu (Medina et al., 2016). IIpu reTepoormdeckoit
aKcripeccun pekomMObuHaHTHBIX T1R3 m CaSR B
knerkax HEK-293 nmioko3za mHAayuMpoBajia MOBbI-
IIEHWE BHYTPUKJIETOUHOTO YPOBHSI KaJbLIMSI. DTOT
2 deKT He 3aBHCeN OT MeTab0IM3Ma TJTIOKO3BI 1 BOC-
IIPOM3BOAMIICS TIPU 3aMEHE INIIOKO3bl €€ HemMeTabo-
Jm3upyeMbiM aHanorom 3-O-metwi-D-rmoxko3sl. B
Oerta-kierkax n kierkax MING6 neiictBue 3-O-me-
TUJI- D-DII0KO3bI 0JIOKMPOBAJIOCh KaK UHTUOUTOPOM
penentopa T1R3 makTu3onom, Tak 1 UHTUOUTOPOM
peuentopa CaSR NPS-2143, yto cBMAETENBCTBYET
00 yJacTu¥ 000MX PEeIeITOPOB B AeTeKIIMN 3-O-Me-
Twi-D-rmoko3bl. TakuM 00pa3oM, ObLIO NPEAIoao-
KeHo, uto retepoaumep T1R3/CaSR moxeT Bbimos-
HSITh B OeTa-KJIeTKax pojb (PYHKIMOHAIBHOIO pe-
LIeNTopa, JAETEKTUPYIOIIEro ClIaAKue COCOAUHEHMUS
(Kojima et al., 2017).

HccnenpoBaHne OCTPOBKOB IIOMKEIIYAOYHOI XKe-
JIE3bl MBIILIEH B COCTOSIHMM HATOILIAK WM OCTPOBKOB
MOIKEIYTOYHOM XeJ1e3bl MBIIICH ITOC/e IIpueMa -
1111, a TAKXKE OCTPOBKOB MBIIIIEN M OCTPOBKOB KPBIC C
MOJICJIbHBIM CaXapHbIM IUAa0€TOM M OXKMPEHUEM M0~
Kazaiu, 9YTO YPOBeHb dKcnpeccuu peuentopa T1R3
3aBUCUT OT YCJIOBHUiII MUTAaHUS U METa0OJIMYECKOTO
cocTossHUS XUBOTHBIX (Medina et al., 2014). I1pu mo-
MOIIM MMMYHOOJIOTTUHTA W MMMYHOTI'MCTOXUMUU
oOHapyXeHO, YTO MOocJie preMa MUIIU B OCTPOBKaxX
MbIliei yposeHb T1R3 3HaunuTeIbHO CHUXEH (TIpU-
MepHO Ha 80%) 1o cpaBHEHMIO C OCTPOBKAMU TOJIO -
HBIX Mblmei. Takoe CHIDKeHHME HaOIIomaaoch yxkKe
yepe3 4 4 rmociie Havajia KopMiieHust. OaHaKo IIpu KO-
JIMYECTBEHHOM OLIEHKE B 3THUX K€ IpPYyMIIax MBIIICH
ypoBHu 3Kcrnpeccut MPHK T1R3 B ocTpoBkax pa3s-
JIMYaJIuCh He cyllecTBeHHO. TakuM obOpa3om, usme-
HeHue conepxxaHusi T1R3 B ocTpoBKax MblIllIeii B 3a-
BUCHUMOCTHU OT ITpUeMa ITUIIY IIPOUCXOIUT JOCTATOU-
HO OBICTPO M PEryJIMpyeTcsl, BO3MOXHO, 3a CYET
yckopeHust aerpamauun Oenka TI1R3. YuurtwiBas
JTaHHBIE, TTOKa3bIBaloONINe, YTO B OeTa-KireTkax T1R3
BOBJIEYEH B MOMYJSIIMIO METabOJIM3Ma CaMOil TIIo-
ko3bl (Nakagawa et al., 2014), ObLIO IPEAIIOTIO0XKEHO,
YTO CKOPOCTb MeTa0oJu3Ma ITIOKO3bl B 3aBUCHUMO-
CTH OT IIMTAHUSI MOKET PETYJIMPOBATHCS ITyTEM U3ME-
Henus comepxaHust T1R3. CoorBeTcTBEeHHO, y TO-
JIOMHBIX MBIIIEH MMOTPeOHOCTh B UCTOYHUKE SHEPTUU
BBIIIE, YEM Y CBITBIX MBIIIEii, TIO3TOMY Y TOJOIHBIX
MBlIIei HaOoaaeTcs 6oiee Bhicokuii ypoBeHb T1R3
JUTS1 ycKOopeHuUst MeTabosin3Ma rimoko3bl (Medina et al.,
2014). Kpome TOro, YpoBEeHb CEKpelMU HMHCYIMHA,
WHIYIWPOBAHHON! IIIOKO3011, B OCTPOBKAaX I'OJIOAHBIX
MBIIIEH BEIIIE, YeM B OCTPOBKAX CHITHIX MBIIIIEii. AH-
taroHuct peuenrtopa T1R3 rypMapuH BeI3EIBal CHU-
>KeHWE BBI3BAHHOI MIIOKO30M CEKPEIIMM UHCYJIMHA B
OCTPOBKaX U T'OJIONHBIX, U CHITHIX MbIlIeii. B ocTpoB-
KaX TOJIOMHBIX MBIIIE C BBICOKMM YPOBHEM 3KC-
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npeccun T1R3 cexkpenmst mHCynMHa CHI:Kaaach 00-
JIee CyIIEeCTBEHHO, YTO MOXHO OOBSICHUTH MOMYJIV-
pytomnM neiictBueM T1R3 Ha cekpelnio MHCYJIMHA.
IMoyyeHHEBIE pe3yabTaThl CBUACTEIBCTBYIOT O TOM,
YTO INIIOKO303aBUCUMasl CEKpeLns MHCYIMHA B OeTa-
KJIETKAaX 3aBUCHUT OT YCJIOBHIA ITUTAaHUS U B €€ PETyJIsi-
muto BoBiedueH TI1R3. CooTBeTcTBEHHO, YpOBEHb
akcrnpeccun T1R3 kosebaercss B TeueHUe OHS, I10-
BBIIIASICh B COCTOSTHUY HATOIAK U [TOHUKASICh ITOCIE
npuema nuinu. [ToHUXKeHHBI ypOBEHb IKCIIPECCUN
T1R3 Takke ObLI OOHAPYXXEH B OCTPOBKAX MBIIICH 1
KPBIC C MOAECIbHBIM CaXapHbIM IMA0ETOM U OXHMpPe-
areM. HeoOXoamMoO OTMETHUTBH, YTO Y XKMBOTHBIX C
MOMEIbHBIM CaxapHbIM AUA0ETOM M3MEHEHMNE 3KC-
npeccuu T1R3 mpoucxoguT Ha ypoBHE TPaHCKPUII-
UM, TOCKOJIbKY OBIIIO YCTaHOBJIEHO CHIZKCHNE
ypoBHeit 1 MPHK u 6enka. CHIKeHMe 3KCIIpeccuu
T1R3 cBsI3aHO, O4EBUIOHO, C TUIIEPIIIMKEMUE, pa3-
BUBAIONIEHiCsS y 0OJIBbHBIX (KMBOTHBIX, [IOCKOJIBKY BBE-
JIeHUe MHCYJIMHA B TeYeHUE CEMU IHEI KpbIcaM C MO-
JeJIbHBIM caXxapHbIM AUa0ETOM MPUBOAMIIO K yCTpa-
HEHUIO TUTIEPIJIMKEMUH U BOCCTAHOBJICHUIO YPOBHS
akcnipeccuu T1R3 (Medina et al., 2014). Ot naHHbBIC
coracyioress ¢ ucciaegoBanusmu (Kyriazis et al.,
2014), B KOTOPBIX YCTAaHOBJIEH MOHMXXEHHBIN ypO-
BeHb d3Kcripeccun reHoB T/R2 m TIR3 B ocTpoBKax
MOMXKETYIOUYHON KeJie3bl MBIIICH, HaXOMSIIINXCSI B
YCJIOBUSIX 3KCIIEPUMEHTAJIbHOI T'UIepIINKEeMU, U B
OCTPOBKAaX IIOMKEIYIOYHOM KeJIe3bl MBIIIel ¢ MO-
JIEJIbHBIM CaXapHbIM OMA0ETOM WM OXUpPEHHEM, Y
KOTOPBIX Pa3BUBAETCSI COCTOSHUE TUIIePTIMKEMUU
(Kyriazis et al., 2014).

KpomMe pelienTopoB ciagkux COenMHEHUM, B UH-
CYJIMH-CUHTE3UpYIonxX kiertkax MIN6 oGHapyxkeH
(YHKIMOHAIBHBIN pelenTop BKyca aMUHOKMCIIOT,
KOTOPBI IIPEACTABJIEH BO BKYCOBBIX KJIETKaX I€TEPO-
numepoM TIR1/T1R3 (Oya et al., 2011). ITpu momo-
i OT-TILP ananusza B MIN6 Gbl1M 0OHapy>KeHbBI
MPHK tpanckpunrtsl penentopoB T1R1 u TIR3, n
skcrnpeccusd T1R1 Ha ypoBHe Oenka moaTBepXaeHa
METOJIOM UMMYHOOI0TTUHTa. UMMyHOLIUTOXMMUIYE-
cKkmii aHainm3 nmokasai, 9yto 6exxku T1R1 n T1R3 1o-
KaJIM30BaHBI HAa LIMTOINIa3MaTUYECKOIl MeMOpaHe U,
clienoBaTeIbHO, MOTYT (PYHKIIMOHUPOBATh KaK MO-
BEPXHOCTHBIEC pELENTOPbl aMUHOKMUCIOT B KJIETKax
MING6. B 3710101 CcBsI3M clieAyeT OTMETUTD, YTO AMUHO-
KucaoThl L-myramar, L-apruduH u L-JeiiH BBI3bI-
BaloT B KiieTkax MIN6 MoBeIIIEHNE BHYTPUKIIETOYHOTO
conepxanus 1P3 nmonos Ca’>" 10303aBUCUMBIM 00Opa-
30M, a TAK:K€ MHAYLIUPYIOT ITI0KO303aBUCUMYIO CCK-
peumto uHcyiauHa (Oya et al., 2011). MHO3MHMOHO-
docdar ycunuBan 3¢p¢eKThl, BEI3bIBa€Mble aMUHO-
KMCJIOTaMU, yKa3biBasl Ha yuyactue T1R1 B metexkuuu
AMUHOKMCIIOT B KjieTKax MING6. AHTaroHucCT pelern-
topa T1R3 nakTn3oi mogasisii Bce 3PGEKTHI, BBI3BI-
BaeMble aMUHOKHUCIOTaMu B KieTkax MIN6. Dtu
JIaHHbIE TaI0T OCHOBAHUS IIPEAIIONIOXUTh, UTO TeTe-
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pomumep T1R1/T1R3 BuimomHsIeT poiab pelLenTopa
AMMHOKMCJIOT B UHCYJIMH-IPOIYLMPYIOIINX KJIETKAaX
¥ MOXKET YYaCTBOBATh B PETY/ISIIINMN IJIIOKO303aBUCH -
Mot cekpeuuun uHcyauHa (Oya et al., 2011). UuTe-
PECHBIMM TPEICTABIISIIOTCS PE3YabTaThl HEIaBHUX
ucciaegoBaHuil ¢yHKIMoHanbHOM posin T1R3, BbI-
IMOJTHEHHBIX C MCITOJIb30BAHNEM HOKAyTHBIX MBIIIEH
(Murovets et al., 2019), y koTopbix Habm0aaI0Ch
YMEHBIIIEHHe pa3Mepa U IUIOTHOCTH OCTPOBKOB B
MOMIKeJIyIouHOM Kene3de. KpoMe Toro, ObLJIO BBISIB-
JIEHO CHIDKE€HME YPOBHSI 9KCIIpeccum Kaciasnl-3. Ta-
KMM 00pa3oM, HOKayT reHa, kogupymwliiero T1R3,
MIPUBOIMII K IUCTPO(GUHN TKAHU OCTPOBKOB, COIPO-
BOXIAeMOil ITaTOJIOTMYECKMMU U3MEHEHUSIMU, KO-
TOPBIE aCCOLIMMPYIOTCS C IMabeTOM BTOPOIO TUIIA U
OXHPEHUEM Y JIIoAeH, YTO MO3BOJIMUIIO aBTOpaM CUU-
TaTh T1R3 mepcneKTMBHON TepamneBTUUYECKON MU-
ILIEHBIO MPU CO3IaHUU TTperapaToB s ICUCHUST Ma-
ToJioruit Mmerabosmama (Murovets et al., 2019).

HKCIPECCUS KOMIIOHEHTOB BKYCOBOM
TPAHCAYKIHNU B BETA-KJIETKAX

KpomMe BKyCOBBIX pelieNITOPOB B OeTa-KjIeTKax uc-
cliemoBanach aKcnpeccus crenupuieckoro G-6enka
BKYCOBOT'O CUTHAJILHOTO Kackaja ractayiuHa. ITo-
JIydeHHBIe JaHHBIE OKa3aJIMCh IIPOTHUBOPECUYMBHIMU.
Hanpumep, skcrpeccus racToyliiHa Obl1a BbISIBIIE-
Ha B KJIeTKax nHcyanHoMbl MING6 (Nakagawa et al.,
2009; Oya et al., 2011) 1 B ocTpOBKax IOIXETyI0Y-
Holi >keJie3nl Mblieii (Nakagawa et al., 2009) mpu mo-
mouu OT-TTLP ananu3a. HakaraBa u coaBT. IIpel-
MOJIOXWIN, YTO perenTopkl ceMmeiictBa T1R B Oera-
KJIETKAX COIIPSKEHBI C TACTIYLIMHOM, ITOCKOJIBKY aH-
TarOHUCT pelenTopa CJIaaKoro rypMapuH, OJIOKUPY-
IOIIMI TacTIyLHUH3aBUCUMBIA CUTHAJIbHBIN MyTh BO
BKYCOBBIX KJIeTKax (Shigemura et al., 2008), momaBs-
a1 Ca?t-orBer Ha cykpano3sy B kietkax MING6 (Na-
kagawa et al., 2009). JlanbHeili1lve ucciaenoBaHUs Mo-
kazanu, uro Ca’*-0TBeT Ha UCKYyCCTBEHHBIE ITOACIIA-
CTUTENM alecyibdaM Kalusd W IJIULEPU3UH B
kieTkax MING6 He 6iokupyetcst rypmapuHoM (Nak-
agawa et al., 2013). Ilpu KoJM4YEeCTBEHHON OILIEHKE
SKCIIpeccuu pa3nnmuHbix G-6eKoB B KieTkax MIN6
OOHapy:KeH KpailHe HHU3KWUI YPOBEHb JKCIIPECCUU
racTayluHa ro cpapHenuio ¢ Gy, G;, G, u G/);. Ha-
npuMep, oH cocTasisi MeHee 0.01% oTHOCHUTEIBHO
ypoBHs skcnpeccun G, HoknmayH ractaynuna, mo-
JIyY€HHBII C MCIIOJIb30BAHUEM MaJIbIX MUHTePhEpUpy-
romnx PHK, He okasbiBas BiusiHUs Ha Ca2t-0TBeThbl
kiaeToKk MING6 Ha cykpainosy, arecyiabdaM Kaaus 1
mmnepusnH. [1o3ToMy B KOHEYHOM HTOI€ aBTOPHI
MIPUIIJIN K 3aKII0YECHUIO, UTO TACTAYLIMH HE Y9aCTBY-
€T B CUTHAJIbHBIX KacKagax, MHIYLIMPYEMbIX MOACIa-
CTUTEJIIMU B KJIETKaX WHCYJMHOMBI MBITeit MIN6
(Nakagawa et al., 2013).
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Henmasno Ymarasa u coaBt. (Udagawa et al., 2020)
oboHapyxuiu MPHK ractayiivmHa B octpoBKax Mof-
JKEJIyIOUHOM XeJie3bl KPbIC U MBIIIEN, U B KIIETOUHBIX
ymHugx INS-1 u MING6. Dxcrnpeccus ractaylLyHa
OblJIa TTIOATBEPKICHA Ha YPOBHE OeIKa ITpU IMOMOIIH
nMMyHoOoT-aHanu3a. B kietkax INS-1 ¢ Hoknay-
HOM TracTAylIMHa, BEI3BAHHBIM MPUMEHEHUEM MaTbIX
nHTepdepupywoimx PHK, Habmonanock mnosbiie-
Hue yposHeil HTAM® u Ca?" o cpaBHEHUIO C KOH-
TPOJIBHBIMU KJIETKaMu Aukoro tumna. Kpome Ttoro,
HOKJIayH racTayluHa MPUBOIWI K MOBBIIICHUIO Oa-
30BOIi CeKpellny MHCYJMHA MPU HU3KOI KOHILIEHTpa-
1 D1okKo3bl (3 MM). OnHako Mpu BBICOKUX KOH-
LeHTpalusax nokossl (10 MM u 25 MM) ypoBeHb
CeKpelLMU MHCYJIMHA He U3MEHSLICS B KJIETKaxX C HOK-
JIayHOM TacTAyIIMHA, IO CPAaBHEHUIO C TUMKUM TUTIOM.
HoknayH ractoyuuHa He BJIMSUT M Ha IJIIOKO303aBU-
CUMYIO CEKpEUMIO WHCYJUHA, WHAYLIMPOBAHHYIO
aroHMCTOM peleNITOpa CIaJKOro BKyca CyKpajlo30i.
B utore YnmaraBa m coaBT. NpuIIIN K BBIBOIY, YTO B
OeTra-KJieTKax TaCTAYyLMH HE COMPSIKEH C BKYCOBBIMU
pelenTopamMu, a BOBJIEUEH B MOAYJISILIMIO Oa3a1bHOM
CeKpelMM WHCYJIWHA TOCPEACTBOM YBEJIUYCHMUS
ypoBHel HAM® U BHYTPUKIECTOYHOIO KaJbIIUs
(Udagawa et al., 2020).

B ocTpoBKax momKeymouHO KeJle3bl MBILICH C
MOJCIBbHBIM I1MAa0ETOM U MBIIIEH, ITATAIOLINXCS KOP-
MOM C BBICOKHUM COAEPXKaHUEM KUPOB, OTMEUEHO
CHIXXEHME YPOBHS 9KCIIPECCUU TaCTOyLIMHA IO CpaB-
HEHUIO C OCTPOBKAMM ITOIXKEITYIOUHOM 3KeJIe3bl KOH-
TPOJIBHBIX TPYII XUBOTHBIX. Ha OCHOBaHMU 3THX
JaHHBIX ObUIO CASJIAHO MPEAIIONOXKEHUE, YTO FacTay-
LIMH MOXET OBITh BOBJIEYEH B IATOreHEe3 CaXapHOTo
nuabera (Udagawa et al., 2020).

Bo BKycoBBIX KJIeTKax BTOPOro THUIIa BKYCOBBIE
peLEenTOpPhl COMNPSIKEHBI ¢ KjlaccuueckKuM ¢ocdou-
HO3BUTUIHBIM KacKaaoM, KIo4YeBbIM 3ddekTopom
KoToporo siBiisietcs hocdoaunasza PLCPR2. IMpencra-
BUTENM moarpymisl B cemeiictBa docdonumas PLC
aktuupytorcss G-6enkamu. PLCB2 oGHapyxkeHa
IIpA MHOMOIIM HMMMYHOOJIOT-aHaJIn3a B OCTPOBKaX
MOKETYIOYHOM XKeJIe3bl KPBIC U B KJICTOUHBIX JIMHUSIX
uncymuHoM INS-1 u BG40/110 (Gasa et al., 1999).
Dkcnpeccust TpaHckpuntoB MPHK PLCB2 netexru-
pOBaHA B KJIE€TOYHOM JIMHWW WHCYJIUMHOMBI MBbIIIE
MING6 1 B oCcTpOBKaxX MOIKEIYIOYHOM XKeIe3bI MbI-
meit ¢ mpuMeHeneM metoga OT-TTLP B peanprHOM
BpeMeHH (Kyriazis et al., 2012). OqHako HEOOXO0IMMO
OTMETUTh, YTO NaHHBIC OTHOCUTEIBHO 3KCIpEecCUu
PLCB2 npoTuBOpeYMBBI, MMOCKOJIBKY B psiae paboT
akcnpeccusi PLCP2 He Gbu1a oGHApyKeHa B KJIETKax
MING6, B oCTpOBKax ITOMXKEITYIOYHOMN Kejle3bl MBbI-
meii u kpoic (Kim et al., 2001a; 2001b; Fiume et al.,
2012; Hwang et al., 2019). Tem He MeHee naHHbIE
(YHKIIMOHAIBHBIX UCCIEAOBAHUN CBUICTEIBLCTBYIOT
0 TOM, YTO Kakasi-To pocdonmmnasza u3 rpynnsl PLC
BOBJICUYEHA B CUTHaJIbHbIE KacKaJbl B OeTa-KJIeTKax

MOXKeTyaT0ouHOoM Kene3bl. Harpumep, 6bu10 0OHaApY-
XeHo, yTo antaronuct IP3-penerrropos 2-APB 6710-
kupyer Ca’"-orBer u cHrxaer HAM®M-oTBeT Ha Cy-
Kpano3y B kietkax MIN6 (Nakagawa et al., 2009).
OT10 cBUOeTeNbCcTBYeT 00 akTuBaunu PLC, mockomib-
Ky MUIIIEHBIO BTOpUYHOTO nocpemumka IP3, mpomy-
nupyemoro PLC, asimsiores IP3-penentopsr. MHTH-
ourop PLC U73122 3naunrtensHo cHuxan Ca’>™-or-
BETHI Ha oxciaacturenu B kietkax MING6 u B Gera-
KJIETKaX OCTPOBKOB ITOIKEIIYHIOYHOM XKeae3bl MBbI-
e, B TO BpeMs KaK ero HEeaKTHUBHBIA aHaJIor
U73343 He oka3bIBaJI BIUSIHMS Ha 3TU OTBeThI (Kyri-
aziset al., 2012; Nakagawa et al., 2013). Uuru6bupona-
are PLC Ttakke mpUBOIMIIO K CHIZKEHUIO TITIOKO30-
3aBUCHMOM CEKpeLr UHCYJIWHA, UHIYLIMPOBAHHOM
GpyKTO30ii, B KJIeTKaX OCTPOBKOB JlaHrepraHca MbI-
mreit (Kyriazis et al., 2012). DT naHHBIE JalOT OCHO-
BaHUsI MoJiaraTh, 4To (pocdonunassl PLC BoBaeueHbI
B CUTHAJILHBIE KacKajlbl B OeTa-KJIeTKax.

Dkcnpeccus peaenropa IP3R3, koTopslii siBisieT-
CsI KOMIIOHEHTOM BKYCOBOTO CUTHAJIbHOTO KacKama,
obHapy:xeHa Ha ypoBHe MPHK u 6eika B ocTpoBKax
MOJXEJYTOYHOI Keae3bl KPbIC U MBILIE, a TAaKXKe B
KyJIBTypaxX MHCYJIMHOM KpBbIC, MbBIIIEHA U XOMSIKOB
(RINmS5, INS-1, BHC9, HIT-T15) (Blondel et al.,
1993; 1994; Swatton et al., 1999; Rosker et al., 2009;
Li, Zhang, 2009; Lee et al., 1998; Lee, Laychock,
2001). Tpanckpuntsl IP3R3 ObLIM BBISIBIACHBI HPU
aHanu3e naHHbIXx RNA-seq 0eTa-KJIeTOK IOmXKey-
nouyHoii keye3dbl uesioBeka (Nordenskjold et al.,
2020). KynsTuBupoBaHUE KJIETOK MHCYJIMHOM KPBIC
RINmMSF u mbiteit BHCY B ycnoBUsIX BBICOKO# KOH-
LICHTPAlLIMK TTIOKO3HI (25 MM) BBI3BIBAJIO B HUX I10O-
BoilieHue ypoBHs 3kcapeccun IP3R3 (Blondel et al.,
1994; Lee et al., 1998). Takke moBBILIEHUE YPOBHSI
IP3R3 Habaromanock y KpbIC IIPU Pa3BUTUM TUTIEP-
[JIMKEMUU. YUUTBIBAsI, YTO IJIIOKO3a SIBJISIETCSI OC-
HOBHBIM WUHIYKTOPOM CEKpelLMU UHCYJIMHA, aBTOPHI
BBICKa3aJu npenarnoaoxeHue, uto IP3R3 yyacTtByeT B
PETYJISILUY CeKpellMu MHCYJIMHA, obecreuynBast MO-
ouM3anMio BHyTpUKJIeTouHOoro Kanbiius (Blondel
et al., 1994).

KoMmnoHeHT BKycOBOTO CUTHAJILHOTO KacKajia Ka-
THOHHBIN KaHan TRPMS5 oGHapy:keH TTpy TOMOIIHN
OT-ITLP ananu3a B ocTpOBKaX MOMKEITYIOUYHOM Ke-
JIe3bl MBIIIIEH U YeJIOBEKa, B KYJIbTypaTbHBIX KJIETKAaX
nHCynHOM Mbiieit MIN6 u kpeic INS-1 (Prawitt
et al., 2003; Colsoul et al., 2010; Kyriazis et al., 2012).
B onnoit u3 pa6otr skcrnpeccuro MPHK TRPMS B
MING6 He ymanocs oGHapyxuTh (Nakagawa et al.,
2009). Ha ypoBHe 6enka koynokanuzauuss TRPMS u
MHCYJIMHA ObLIa BBISIBJIEHA Ha Cpe3axX OCTPOBKOB
MOIXKETYTOYHOM 3KeJIE3bl MBIIICH C UCIIOIb30BaHEM
¢ayopecuenTHoit nMMmyHoructoxumun (Colsoul et al.,
2010). PesynbpTarhl CpaBHUTEIBHOIO aHaIW3a MOH-
HBIX TOKOB B OMMHOYHBIX KJIE€TKAaX, BBIACIIEHHBIX U3
OCTPOBKOB MBIIIEH TUKOIO TWUMA M C HOKAyTOM TIeHa

CEHCOPHBIE CUCTEMBI Ne 1

TOM 36 2022



OKCITPECCHUA U ®YHKIIMOHAJIIBHAA POJIb 51

TRPMS5, nmokas3anm, utro TRPMS5 sgBnsercsd BaxKHBIM
KOMITOHEHTOM KaJlblIUii-aKTUBUPOBAHHBIX KaTUOH-
HBIX TOKOB B OeTa-kieTtkax. T RPMS5 omnpenenser ga-
CTOTY KaJbLIMEBBIX OCUWISILUNA, UHAYLUPOBAHHBIX
IIIOKO301 B OeTa-KjaeTkKax. ¥ MBbIlIeil ¢ HOKayTOM
TRPM 5 6bU1n 0OHapyKeHbl U3MEHEHUS B TOJIEPAHT -
HOCTHU K TJII0OKO3€ U CHUXXEHUU YPOBHSI INIIOKO303a-
BUCUMOI CeKpeluuu WHCYJIMHA OeTa-KieTKaMu
(Colsoul et al., 2010). DTu naHHbBIE MO3BOJUIN BbI-
IBUHYTh TUnore3y o6 yuactuu TRPMS B perymsumnn
cexkpeunu nHcynuHa (Brixel et al., 2010; Colsoul et al.,
2010). HarypanpHble IIOOCIACTUTENIM CTEBHOJIOBEIE
JIMKO3UAbl 00J1afaloT CIOCOOHOCTHIO MOTEHLMPO-
BaTh aKTMBHOCTh KaHana TRPMS5. brimo mokasano,
YTO OHM TaKXX€ YBEJIMUMBAIOT CEKPELIMIO MHCYJINHA,
UHAYLMPOBAHHYIO IJIIOKO301, B OCTPOBKAX MBbIIIEH
JIMKOTO TUIIA, HO HE B OCTPOBKaX XKMBOTHBIX C HOKa-
yTUPOBaHHBIM reHoM TRPMS5. ExenHeBHOe nobaB-
JIeHWe B MUIIY MBI CTEBUOJIOBBIX INIMKO3UIOB
MPEMSATCTBOBAJIO Pa3BUTUIO Y HUX AUabEeTUYECKOit
TUMNEPIIUKEMUM, BbI3BAHHOW BBICOKOKAJTOPUMHON
nuetoii. OmHAaKo y Mbllei ¢ HokayroM TRPMS5 atoT
s ekt He HaOmomanca. IloaydeHHbIE pe3yIbTaThl
MO3BOIWIM aBTopaM paccMaTpuBaTh TRPMS kak
MEePCNeKTUBHYIO0 (PapMaKoIOrMYeCcKyl0 MUILIEHb 151
MpenoTBpalleHus U JieueHus auabeTa BTOPOro Tvma
(Philippaert et al., 2017).

B ocTpoBKax momkesymodHOI JKele3bl MBIIICH C
MOIEIbHBIM AuadeToM (ramiotunsl db/db n ob/ob)
HaOJII01aJIOCh CHMDKEHUE YPOBHS 3KCIIPECCUU TpaH-
ckpuntoB TRPMS5 no cpaBHEeHMIO ¢ KOHTPOJbHBIMU
JKUBOTHBIMU. MBI ¢ MOJAEIbHBIM IMAa0ETOM Xa-
pakTepusylorcs: AeuuuToM JientuHa (ob/ob) wiun
neduumTtoM penenrtopa JientuHa (db/db), Bcien-
CTBHE YEro y HUX pPa3BUBaIOTCS OXXUPEHUE, TUTIEPUH-
cynuHeMus U runeprmmkemus. [Ipy n3ydyeHun sg-
(EeKTOB KaxXI0ro U3 3TUX (PAKTOPOB ObLIO YCTAaHOB-
JIEHO, 4YTO CHWXeHue 3kKcrnpeccun TRPMS B
OCTPOBKAaX ITOIXKEIYOIOYHOM XKeae3bl TAKUX MbIIIEH
CBSI3aHO C MOBBIIIEHHBIM ypOBHEM HMHCyIMHaA. Ta-
KUM 00pa3oM, WHCYJIMHO3aBUCUMOE ITOJaBJICHNE
akcripeccun TRPMS saBnsiercss KoMIteHcaTOPHBIM
MEXaHU3MOM JUISI TIPENOTBpAICHUS 4Ype3MEpHO
CEeKpEeLMY UHCYJIMHA TIPYU Pa3BUTUU CaXapHOTO IHa-
oeta (Colsoul et al., 2014).

3a peuenuuio BKyca HEHACBIIIEHHBIX >XWUPHBIX
KHCJIOT BO BKYCOBBIX KJIETKaX BTOPOTO TUIA OTBeYa-
10T TpaHciaokaTtop CD36 u peuentopel GPR40 wu
GPR120. CBoGonHble XWUpPHbIE KHUCIOTHI UIpaloT
BakHYIO pOJib B (DU3MOJIOTUM OeTa-KIETOK TOMXKETy-
TOYHOM 3Kene3bl. [1pn HOpMaJIbHBIX (DU3MOIOTHYE-
CKHX YCJTOBUSX OHU MOIIAEPXXUBAIOT Oa3aIbHBIN YPO-
BeHb CEKPELIMA WHCYJIMHA TIPU TOJOTAHUM U PEe3KO
MMOTEHIIMPYIOT CEKPELNIO B MIPUCYTCTBUM TITIOKO3EI.
OmHako MOBHITIIEHNE KOHIICHTPALIMN XUPHBIX KHUC-
JIOT B TeYEHUE IJIUTETHHOTO BPEMEHM MMeeT Hera-
TUBHOE BIUSTHME Ha OeTa-KJIeTKU. DTOT (PeHOMEH
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Ha3BaH JIMIIOTOKCUYHOCTbHIO. [loBblllIEeHUE YPOBHS
CBOOOIHBIX KUPHBIX KUCIOT B KPOBOTOKE KPBIC C
OXHpEeHUEeM MPUBOAWIIO K (PYHKIIMOHAIBHBIM Hapy-
IIeHUsM B OeTa-KJIeTKax, UX arornTo3y U pa3BUTHIO
nuabera. DKCIpeccust TpaHCI0KaTopa XKUPHBIX KUC-
ot CD36 obHapykeHa B OCTPOBKaX IMOIKEIIYI0Y-
HOI1 3KeJIe3bl YeJIoBeKa M B KJIIETOYHBIX JIMHUsIX MIN6
u INS-1 npu nomomu OT-TILIP ananuza, ummy-
HOOJOT-aHaM3a U UMMyHorucroxuMuu (Noush-
mehretal., 2005; Wallin et al., 2010). O6paboTka KJie-
Tok MING6 cneundunyeckum mnHruburopom CD36
MPUBOAWJIA K TOJABJIEHUIO B HUX TPaHCIOKaIlUU
JKUPHBIX KUCJIOT. B HacTosilliee BpeMsi CUMTaeTcs,
yro CD36 urpaer BaxkHyIO pojib B MOAYJSALUUU (pU-
3MOJIOTUYECKOTO COCTOSIHMSI OCTPOBKOB, PETYJIUDPYS
YTUJIU3ALIMIO XKMPHBIX KUCJIOT 6eTa-KJIeTKaMU U CeK-
peuuio nHcyanHa (Noushmehr et al., 2005).

Dkcnpeccust peuenropa GPR40 BeIsIBiIeHaA IIpu
nomoin OT-TILP ananuza, PHK-rubpunuzamyu
in situ, AIMMYHOTUCTOXMMHUU U UMMYHOOJIOT-aHaJIu3a
B KJIETOYHBIX JINHUSIX MHCYJIMHOMBI Mbiiieit MING6 u
BTC-3, uncynurombl Kppic RINmSF u uHcyauHo-
MBI xoMmska HIT-T15, a Takxke B OCTpOBKax KphIC,
Mmblei u yenoBeka (Itoh et al., 2003; Kotarsky et al.,
2003; Salehi et al., 2005; Steneberg et al., 2005; Tomi-
ta et al., 2006; Schnell et al., 2007; Del Guerra et al.,
2010). Bkcnpeccusa GPR120 Takke ObL1a 0OHapyKe-
Ha B OCTPOBKAaX KPbIC Y MBI U B KJIETOYHBIX JIV-
Hugx INS-1E u MING6, ucrionb3ys OT-TILP ananus,
MUMMYHOTUCTOXUMUIO 1 uMMyHOOJoTTUHT (Kebede
et al., 2009; Moran et al., 2014; Zhang et al., 2017).
B ocTpoBKax MNOmXeTymoO4YHON >Kejle3bl 4YesloBeKa
tpaHcKpunThl GPR120 66Ut 06HApY>KEeHBI TIPU 3KC-
IIpecCMOHHOM aHaym3e Ha ocHoBe KJIHK-Mukpoun-
noB (Taneera et al., 2012). CBoOoAHbBIE XKUPHBIE KUC-
JIOTBI BBI3BIBAIOT IIOBBLIIIEHNWE BHYTPUKIECTOYHOTO
conepxanus noHoB Ca’" U yCUIMBAIOT [IIOKO303a-
BUCUMYIO CEKpEIMIO MHCYJIMHA B OeTa-KJIeTKaxX Ipbl-
3yHOB, a HoKayT GPR40 u GPR120 unu nomxaBieHue
UX BKCOpecCUu OJIOKUPYIOT 3TH 3(PdeKThl. Takum
o0pa3oM, BIUSIHUE >KUPHBIX KUCJIOT Ha YPOBEHb
BHYTPUKJIETOYHOTO KaJiblIMs U Ha CEKPELIMIO MHCY-
JuHa omnocpenoBaHo yepe3 penentopbl GPR40 u
GPR120 (Itoh et al., 2003; Fujiwara et al., 2005; Sale-
hi et al., 2005; Shapiro et al., 2005; Steneberg et al.,
2005; Schnell et al., 2007; Zhang et al., 2017). His
nonrBepxkaeHns poiau GPR40 u GPR120 B peryisi-
UM CEeKpelUM WHCYJIWHA IIPUMEHSJINCh HU3KOMO-
JIEKYJISIPHBIE aTOHUCTHI M1 aHTarOHUCTHI PELIEIITOPOB
JKUPHBIX KUCJIOT, YTO TO3BOJWJIO HUCKIIOUUTH 3D-
(eKThI, CBSI3aHHbBIC C METAOOJIU3MOM KUPHBIX KMCIIOT.
YeunieHue TIIOKO303aBUCUMOIM CEKpelluM B KJIeTKax
MING6, wunayuupoBaHHoe aroHuctoM GPR40-pe-
nentopa GW9508, moJiHOCThI0O MUHTUOMPOBAJIOCH Ce-
JIeKTUBHBIM aHTaroHuctom GWI1100 (Briscoe et al.,
2006). CenmextuBHbiit aronuct GPR120-peuenTtopa
GSK137647 BBI3bIBAJ YCUIEHUE TTIIOKO303aBUCHUMOM
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CeKpelry WHCYJINHA B OCTPOBKaX ITOIKEyIOUHOM
2Kene3bl KPbIC ¥ MBIIIEH U B KyJIbTYpPaJIbHBIX KJIETKaX
INS-1E. DToT mHCYTMHOTPONHBIN 3 PeKT OI0KM-
poBaJicsa cejleKTUBHBIM aHTaroHucToM GPR120-pe-
nernrropa AH7614 (Zhang et al., 2017). I1puBeneHHBIE
JaHHbIe THTMOUTOPHOTO aHan3a YKa3bIBalOT Ha TO,
yto peuentopbl GPR40 u GPR120 BoBieueHHI B pe-
TYJISILUIO TJIFOKO303aBUCUMOI CEKpeLIMU MHCYJIMHA B
OeTa-KjIeTKax.

SKCITPECCHA KOMITOHEHTOB
OBOHATEJIIBHOU TPAHCAYKLI NN
B BETA-KJIETKAX MOJKEJTYJI0OYHOM
KEJIE3bI

OOoHsTebHAS CUCTeMa MJIEKOIMUTAIOIIUX OCY-
LLIECTBJISIET JEeTeKIMIO 3alaxoB U (hDepOMOHOB C UC-
KJTIOYMTEIbHOII YyBCTBUTEJILHOCTBIO U CIIELI(PUYU-
HOCTBIO, 1 OIIpeaeIsieT IMUPOKUNA CIIeKTp (PU3UO0JI0-
rmJyeckux (QyHKOMiA, BKIOYas pa3MHOXEHUE,
COLIMAJIbHOE MOBEICHME, IOMCK W BBIOOD IWINU, a
TaKK€ PEryJIslui0 HEeHMPO3IHAOKPUHHBIX (DYHKITUI.
TpaHcayK1st 0O0OHSTEIBHOIO CUTHAJIA TIPOUCXOINT
B OOOHSITEJILHBIX IUJIUSIX CEHCOPHBIX HEPOHOB 000-
HSTeJIbHOTO 3nuTenuns. B mpoiecce o0OHSATEIBHOM
TPAHCOYKIIMU MTPOUCXOAUT MpeoOpa3zoBaHNe BHEIII-
HEro XMMUYECKOTO CTHMYJIa BO BHYTPUKJIETOUYHbII
BJIEKTPOXUMMYECKMI curHai. PacnoszHaBaHue 3ana-
XOB oOecrieunBaeTcsl OOOHSTEILHBIMU pelenTopa-
MU, npuHagiexamumu K cemeiictsy GPCR-pener-
TOpPOB. [ €HbI 00OHSITEIILHBIX PELIETITOPOB, COCTABIIS-
IoIlI1e caMoe OOJIbIIIOe MYJIBTUTEHHOE CeMeiiCTBO B
TeHOMax MJICKONUTAIOIINX, BIIEPBbIC ObLIA UIEHTU-
¢unupoBaHsl B 1991 I. B 000HATEIBPHOM SIUTEINN
KPBICHL IIPU ITOMOIIM MOJEKYISIPHOIO0 KJIOHUPOBA-
Hus (Buck, Axel, 1991). CBsa3piBaHME MOJIEKYJI I1a-
XYyUMX BEUIECTB C OOOHSATEJIbHBIM PELIENTOPOM 3a-
MycKaeT Kjaaccuueckuii TAMP-ormmocpeaoBaHHbBIM
CUTHAaJIbHBIN MyTh. AKTUBUPOBAHHBIN pelenTOp Mne-
penaeT cUrHajg Ha creluduieckruii 0OOHSITEeIbHBI
G-6en0k G, YTO IPUBOIUT K UHAYKIIMU aJCHUIAT -
uukiassl 11 (ACIII), kKoTopasi KaTaausupyer mpe-
BpaieHue AT® B TAM® (Wong et al., 2000). [ToBbI-
IIeHUe KOHLEHTPAlUUU BTOPUYHOTO IIOCPEIHMKA
HAM® yHunmupyet otkpoitue Ca’ -nipoHMIIaeMbIX
CNG-kaHaJjioB 1 AenoJjisipu3aluio MeMOpaHbl 000-
HSITeJIbHOTO HelpoHa. [Ipoucxosiiee mpu 3TOM Mo-
BBILIIEHNE BHYTPHUKJICTOUHOTO COJIEPXKAaHUS HMOHOB
KaJIbLIYS BEI3BIBAET aKTUBALIMIO KaJIbLIMI-yIIpaBIsie-
MBIX XJIOPDHBIX KaHaJIOB M BBIXOI HMOHOB XJIOpa U3
KJIETKHU, YTO OOYCJIaBJIMBaET JOIIOJIHUTEILHYIO JeII0-
JISIPU3AlIMIO KJIETOYHOI MeMOpaHBl 1 BO3HUKHOBE-
HUE IIOTeHIIMAaNa IeCTBUSI.

B Hacrogl1ee BpeMs HAaKOIUICHBI JaHHbIE, CBUIE-
TEJIbCTBYIOLLIME O TOM, YTO KJTIOUEBbIE DJIEMEHTHI T1e-
penadyn 0OOHSITEIBHBIX CUTHAJIOB UMEIOT SKTOIMUYE-
CKYIO OKCIIPECCUI0 B WHCYJIMHIIPOIAYLMPYIOIINX

kierkax. B 1998 r. binam u coaBT. KIIOHMpOBaIU
MPHK Hem3BecTHOro Ha MOMEHT HCCJIEIOBaHUSI
oboHgTenbHOTO perentopa OL2 B KJIeTKax MHCYIIN -
HowmbI Mblieit MING (Blache et al., 1998). MyHakarta
M COaBT. UACHTUPULIUPOBATIN OKOJIO 47 OOOHSITEIIb-
HBIX PELIENTOPOB B OCTPOBKAX MOMIXKEIYIOYHOMN Ke-
JIe3bI MBIIIEeH 1 B KieTkax MING6 1mmpu sKkcIripeccuoH-
HoOM aHanu3e Ipu mnomoiwu KIHK-Muxpouuros.
Bkcnpeccuto Tpex u3 Hux (Olfrls, Olfr821 u Olfr1222)
onu niontBepamim MerogoMm OT-IILP B kierkax
MIN6. UMMYyHOTHCTOXMMUYECKUI aHAIU3 BBISBUI
nokammzannio OLFR15 nu OLFRS821 B 0eTa-kireTkax
MOKEIyIOYHOM XKene3bl Mbireir (Munakata et al.,
2018). JIuM 1 coaBT. mpHU SKCIPECCHMOHHOM aHaIMN3e
Ha ocHoBe KJIHK-MukpounmnoB naeHTUdUIIIpOBa-
1 29 0OOHSTENbHBIX PELENTOPOB B KJIETKAX MHCY-
JMHOMBI MbIzeit MING6. KpoMe Toro, oHu moarBep-
nunu akcrpeccuto OIfrl5S B 6eTa-KjeTKax MomKery-
JOYHOM 3keje3bl Mbleii u B kietkax MING6
merogamu OT-ITLP, nMMyHOOGIOT-aHAIM3a U UM-
myHoructoxumuu (Leem et al., 2018). AroHuct pe-
nenrtopa OLFR15 — okTaHoOBast KUCIOTa BbI3bIBajla
yCUJIEHHE DIII0KO303aBUCUMOM CeKpelny MHCYIUHA
B OCTPOBKAaX ITOIKEIYOOYHOM >XXeae3bl MBIIIE U B
kiietkax MING. I[Togasiaenue sxcnpeccuu Olfrl5 no-
cpenctBoM MUPHK orMeHs1710 3 heKTH OKTaHOBOM
KMCJIOTBI Ha TIIOKO303aBUCUMYIO CEKPELIMI0 MHCY-
JiMHa B kiieTkax MING, moarBepxaas GyHKLIMOHATIb-
HbIli xapakTep akcrnpeccun OLFR15 (Leem et al.,
2018; Munakata et al., 2018). B ocTpoBKax momxeiy-
JIOYHOM >KeJIe3bl MBbIILIE C MOJEIbHBIM CaxapHbIM
nuaberoMm cHukeHa akcrnpeccuss OLFR15 u moko-
303aBUCHUMAasl CeKpelMsl WHCYJIMHA, WHAyLIupyeMas
OKTaHOBOM KMCJIOTOIi, IO CPAaBHEHMIO C KOHTPOJIb-
HBIMU XKMBOTHBIMU, UTO MOXET CBUAETEILCTBOBATH O
BO3MOXHOI POJIM OOOHSTEIbHBIX PELICIITOPOB B Ma-
ToreHese caxapHoro auabera (Leem et al., 2018).

AKcnpeccusd  crieMdrIeckorn  0OOHATETBHOM
cyopenuHuubl G-6enka G, OOHapyxXeHa Ipu Io-
Moty OT-TTHP anammza, PHK-rubprnmmzanmm in situ,
MMMYHOOJIOT-aHa/I3a 1 UMMYHOTUCTOXUMUU B Oe-
Ta-KJIETKaX OCTPOBKOB TIOMXEIYJIOUHOM KeJie3bl
IPBI3YHOB U YeJIOBeKa, a TAKKe B KIETOUHBIX TIMHUSIX
BTC-1, BTC-3, HIT-T15 u RINm5F (Zigman et al.,
1993; Marie et al., 1996; Emami et al.,1998; Frayon
etal., 1999; Astesano et al., 1999; Skoglund et al.,
1999; Phan et al., 2000; Portela-Gomes, Abdel-Halim,
2002). G, OOHAPYXEH TaKXKe B MHCYJMHOBBIX CEK-
PETOPHBIX TpaHylax OeTa-KJISTOK ITOIXKEIydOYHOMN
KeJIe3bl KPBIC C TIPUMEHEHNEM UMMYHOLIUTOXVMUM,
YTO MOXET CBUAETEILCTBOBATh O €r0 BOBJICYECHUU B
Imponecc »K3ouluTo3a MHcyamHa (Astesano et al.,
1999). Cepxakcnpeccust Gy, B KIETKAX HHCYJTMHO-
MbI TC-3 BbI3bIBajIa CHUXKEHUE IIOKO303aBUCUMOI
CeKpelny MHCYJIMNHA, 9TO TaKKe ITO3BOJISIET CIENaTh
BbIBOI 00 y4acTUH G,)r B PETYIISLUMI CEKPELIMU MHCY -
ymHa (Régnauld et al., 2002). ®an u coasrt. (Phan et al.,
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2000) mokaszanu, 4To B OeTa-KJIETKAX MOMXKEITyI0U-
HOIi XeJe3bl KPbIC M B KJIETKaX MHCYJIMHOMBI XO-
msikoB HIT-T15 G, TOKanM30BaHHbIA B CyOKIIe-
TOYHBIX (pakumsax M1 (comepkalmx KIIETOYHBIC
MeMOpaHbl, [UTOIUIa3MaTUYECKE OpraHesIbl, WMH-
CYJMHOBBIE TpaHyabl) 1 M2 (comepKalux MUTOXOH -
npun), noasepraercss AJP®-pubo3UINPOBAHUIO MO
BO3/IECICTBUEM XOJIEpHOTO TOKCMHA. Ha ocHoBaHUU
9TUX JAHHBIX aBTOPBI CAealu TPEANOJIOXKEeHUE O
(yHKUMOHATBLHOM XapakTepe 9Kcrpeccuu G, B Oe-
Ta-KJIeTKaxX 1 €ro IMOTeHIIMAILHOM CIIOCOOHOCTH aK-
TUBUPOBATh aAcHWIATIINKIIA3y B MHCYJINH-COACPKAa-
II1X KJIeTKax. [1py miMTeTbHOM KyJIbTUBUPOBAaHUY B
TeyeHue nByX Heneab Kiaetok HIT-T15 B ycnoBusix
BBICOKOI1 KOHIIEHTpAllMX IIIIOKO3bI (25 MM) B cyO-
KJIeTOYHOH (ppakiuy M1 HaOMOIanMCh ITOBBIIIICHIE
akcnpeccun G, 1 CHIXeHne yposHsa AIlM-pubo-
3UTUPOBAHUSA Gy, YTO MOXKET CBUIETENLCTBOBATD O
CHIZKEHHMHU eT0 (PyHKIIMOHAJIILHOM aKTUBHOCTU. Ta-
KMe Xe M3MEHEHUST HaOIoaalnuch B OCTPOBKAX MO -
XKEeJIYyJIOYHOM 2KeJie3bl ChIThIX MBILIEH 10 CPaBHEHUIO
C OCTPOBKaMM IIOJKEJIYAOYHOM >KeJIe3bl TOJOTHBIX
MBbIlIei. ABTOpPHI NPUIUIM K 3aK/JIIOYEHUIO, YTO T'M-
MEePrINKEMUSI MOAYJIUPYET SKCITPECCUIO U (PYHKIIMO-
HaJIbHYI0 aKTUBHOCTb G, ;s M MOXET OKa3blBaTh He-
raTMBHOe BiIMssHUE Ha HTAM-3aBUCUMEI1 TIpOLIECC
CeKpelry MHCYJIMHA IIPU Pa3BUTUM CaXapHOIO Jva-
6era (Phan et al., 2000). DTo mpeaIoioXXeH1e Corjia-
CyeTCsSI C TeM, 4TO B OeTa-KJIeTKaX ITOIKEIyIOYHOM
XKene3bl KphIC ¢ MOACIBHBIM CaXapHbIM IMAa0ETOM
MOBBILIEHA OKCIPECCUST Gy, TIO CPABHEHUIO C KOH-
TpoiabHBIMU XUBOTHBIMU (Frayon et al., 1999; Portela-
Gomes, Abdel-Halim, 2002). KpomMe Toro, mmerorcs
JaHHble, IMOKasbIBaloIue, 4T0 Gy, MOXET UIPaTh
poOJIb B perysiuuv MopgoreHe3a ITOIKeyIOIHOMI
XKeJie3bl M IIpolleccoB pocTta, tnddepeHIIMPOBKA 1
ammonto3a Oera-kinetok (Ferrand et al., 1996;
Régnauld et al., 2002).

DKCIIpeccusl KIIIOYEeBOTO KOMIIOHEHTAa OOOHSI-
tenbHOM TpaHcaykiuu ACIII o6HapyxeHa B Oera-
KJIeTKaX MOMXKETyIOYHOM XKeJIe3bl KPhIC C IIpUMeHe-
HHEM MEeTOIOB MMMyHoTucTtoxumMmuu 1 PHK-ru6pmn-
mu3auuu in situ (Abdel-Halim et al., 1998; Guenifi
etal., 2000; Portela-Gomes, Abdel-Halim, 2002).
BoisiBiienHas koskcenpeccust G, 1 ACIIL B Gera-
KJIETKaX OCTPOBKOB KPbIC MTO3BOJISIET PEANOJI0XUTh,
YTO OHU MOTYT SIBJISITbCSI KOMITIOHEHTaMU KaKOTO-TO
HEU3BECTHOTO curHajpbHoro kackaga (Emami et
al.,1998; Portela-Gomes, Abdel-Halim, 2002). ITo-
BoiieHue aKcrpeccun ACIII B GeTa-kieTKax moake-
JIYIOYHOM XeJIe3bl KPBIC C MOJIEIbHBIM CaxapHBIM
11abeTOM MOXKET ObITh CBSI3aHO C MyTallsIMU, OOHAa-
PYXEHHBEIMUA B IIpOMOTOpHOI oOmactu reHa ACIII
(Abdel-Halim et al., 1998). Ha ocHoBaHUU JaHHBIX O
noBbeIIIeHHOM ypoBHe 3Kcnpeccuss ACIII B octpos-
KaX IOIKEeTyIOYHO XeJ1e3bl KPBIC C MOIECIbHBIM Ca-
XapHBIM TUAa0ETOM OBLIO BBIABUHYTO ITPEIIIOIOXKE-
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HHE O BO3BMOXXHOM yJ4aCTUM 3TOTO CUTHAJIBHOTO OeJI-
Ka B (GOpPMHPOBAHMM IMabeTHIecKoro (eHOTHUIIa
(Abdel-Halim et al., 1998; Guenifi et al., 2000; Porte-
la-Gomes, Abdel-Halim, 2002; Seed Ahmed et al.,
2012).

BKCITPECCHUA KOMITOHEHTOB KACKAJOB
OOTOTPAHCAYKIHNHW B BETA-KJIETKAX
IMOJIKEJIYAOYHOU KEJIE3bI

IIponecc ¢poToTpaHCAYKIIMU TTPOUCXOIUT B (PO-
TOPELEeNTOPHBIX KJIETKAaX CeTUYaTKU I1a3a — Majodykax
u kojboukax. Ilajouyku AETEKTUPYIOT 3pUTEIbHBIE
CTUMYJIbI IPU HU3KOI MHTEHCUBHOCTHU CBETa 1 00ec-
IICYMBAIOT HOYHOE 3peHME, a KOJIOOYKHU OCYIIECTBIISI-
IOT OETEKILUIO 3PUTEIbHBIX CTUMYJIOB BBICOKOM MH-
TEHCUBHOCTU, OOECIICYMBAIOT OHEBHOE 3peHUE U
MMO3BOJISIIOT pa3iaudaTh HBeTa. B orimume oT 60Jb-
IIIMHCTBA CEHCOPHBIX PELICNITOPHBIX KJIETOK MAJIOYKI
¥ KOJOOYKM THUIIEPHOISIPUIYIOTCSI NpH (OTOCTUMY-
JIILIAY U ASTIOJIIPU30BaHbI B TeMHOTE. B 311X hoTOo-
YyBCTBUTEJILHBIX KJIETKAX MOJICKYJISIPHBIM CEHCOPOM
(OTOHOB SIBISIETCSI POJOINICUH, KOTOPBIM IpUHaJIe-
SKUT K CyTiepceMeiicTBY CeMUIOMEHHBIX PELIeTITOPOB,
corpsikeHHbIX ¢ G-0enkaMu. PolorcuH, OTKpBITHIM
bomnem (Boll, 1977), cocTouT u3 OEIKOBOI 4acTu
orncuHa u xpomodopa petuHanbaeruaa. [1pu morimo-
IIEHUM KBaHTa cBeTa XxpoModopHas rpymnmna 11-1mc-
peTUHAJIb U30MEpU3YyeTCsI B TpaHC(HOPMY, BBI3bIBAS
KOH(pOPMaLIMOHHOE U3MEHEHNE OCIKOBOIM YaCTH pe-
LIENTOpa, KOTOPOe MHUIMMPYET CUTHAIbHBIE IIPO-
ecchl, HaszbiBaeMmble (ororpanHcaoykmuein (Kwok-
Keung Fung, Stryer, 1980; Godchaux, Zimmerman,
1979). TereporpumepHbie G-0elKud B MajJodykKax U
KOJIOOYKaX MMEIOT pa3IMUHBIN cocTtaB. B mamoukax
JIOKaJIM30BaHbl CyObeAUHUIIBI O] (TpaHCOyLIMH Ta-
nouek), Bl u yl, a B kon6oukax 02 (TpaHCAYLIMH KOJI-
60uek), B3 u y8. DdbdheKkTOpHBIM GEJIKOM B KacKaje
doToTpaHcaykKuuu sBisieTca ¢ocdoauacrepaza 6
(PDEG6), xoTopast HeakTMBHA B TEMHOTE 3a CUET B3a-
UMOACUCTBUSI KaTaIUTUYECKUX W WMHTUOUTOPHBIX
cyObequHNIL. AKTUBUPOBAHHBIIA TPAHCOYLIMH CTU-
mynupyeT PDE6, KoTopast KOHBEpTUPYET LIMKIIUYE-
ckuii TM® (uI'M®) B TM®. CHukeHUEe KOHIIEH-
Tpaluuu BHYTpuKiIeTouHoro uI' M® npuBoauT K 3a-
KpbiThio I M®D-akTUBUPYEMBIX MOHHBIX KaHaJIOB
(CNG-kaHaJjbl) 1 rureprosipusanuu ¢hoTopener-
topHoit kinetku (Fesenko et al., 1986; Yau, Hardie,
2009). B najmoykax 1 KoJidoukax mporiecc (oToTpaHc-
IYKUMW TIPOUCXOAUT WIASHTUYHO, BOBJEKash Mpu
3TOM pa3Hbie M30(OPMBI KIIOUYEBBIX OEJIKOB 3pU-
TEJILHOTO CUTHAJIbHOTO KacKaja, BKJIlo4asl TPaHCIy-
muH, pochomuacrepasy u CNG-kanans! (Yau, Har-
die, 2009). Kpome nanouek u Kojbouek, B ceTyaTke
IJ1a3a €CTh TPeTUil TUIT (P OTOYYBCTBUTEILHBIX KIIETOK —
TaHIJIMOHAPHBIC KJIETKU, CBSI3aHHBIE C IIMPKaIHBIMU
pUTMaMH. DTHU KIIETKHU DKCIIPECCUPYIOT (POTOPELICII-
TOPHBIII OEJIOK MEeJIaHOIICUH, COIPSKSHHBIA HE C
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TpaHcayuuHoM, a ¢ G-6eakoMm Gq. DoroakTUBaLUsg
MEJIaHOTICMHA 3aIycKaeT HeKaHOHMYECKUI KacKajl
¢GOoTOTpaHCAYKIIMU, KOMITOHEHTAMU KOTOPOTO SIBJISI-
1otcst ocdonumaza PLCB4 u kananet TRPC6 u
TRPC7 (Xue et al., 2011). CymiecTByIOT TaHHBIE O JIO-
KaJIM3alliu OIICMHOB B OpraHaX, He OTHOCSIILIMXCS K
3pUTEJIbHON cucTeMe, HallpuMep, B TOJIOBHOM MO3Te,
KOX€, KPOBEHOCHBIX COCydaX, MMMYHHBIX KJIETKaXx,
MIEYEHH, JIETKNX, CEMCHHMKAX W a0pTe, HO (DyHKIIS
X B 3TUX OpraHax Ioka He uszBecTHa (Leung, Mon-
tell, 2017). Madopmaniim o6 3KCOpecCUuu OIICMHOB B
OeTa-KJIeTKax Ha CETOMHSIIHUIL IeHb HET, TEM He Me-
Hee, HEKOTOphle KOMITOHEHTHI KacKana (poToTpaHc-
JIYKIIMU B HUX OOHapyKeHbI. Tak, IIpu moMoIIu piy-
OPECLIEHTHOM MMMYHOTUCTOXMMUU B GeTa-KJieTKax
MOMXKEIYIOYHOM 3KeJIe3bl KPBICHL BBISIBJICHA 3KC-
mnmpeccus TpaHcoylimHa Kombodek (Skoglund et al.,
1999). B ocTpoBKax MOMXKETYI0UYHOM 3KeJIe3bl MbIIIEH
9KCIpeccus TpaHCAylLMHa KoJIbo4yeK Oblia oOHapy-
xeHa metomamu OT-ITLIP, Ho3epu-6mora 1 PHK-
rubpuans3anuu in situ (Zigman et al., 1994). Hapsiny ¢
MOMKETYTOUHOM 3KeJe30if TpaHCOYLIMH KOJIOOUeK
Tak>ke ObLJT OOHAPYXKEeH B HaAMOYEeYHUKAX U TUTTO(DU-
3e, U 3TO ITO3BOJIMJIO aBTOpaM IPEAIIOI0XKUTh, YTO
TpaHCOYLIMH MOXKET BBICTYIIATh MOIYIITOPOM CEKpe-
LIM1 TOPMOHOB (Zigman et al., 1994). ITo noBomy 3Kc-
MpecCcuM TpaHCAYIMHA Majlouek B OeTa-KeTKax NH-
dopMalliy Ha CErOOHSIIIHUN OeHb HeT. M3 mpyrux
aneMeHTOB poroTpanHcaykunu Kaccap u coanrt. (Cas-
sar et al., 2004) npu nmomoiu OT-IIIIP BeISIBUIN
akcnpeccuio CNGA3, KoTopas sBisieTcsl cyoben-
anneit CNG-KaHaaoB KOJIOOYEK MJIEKOITUTAIOIINX,
B 23 TKaHsIX 4YejloBeKa, BKIIIOYAsl IMOMXKEIYyIOYHYIO
xenedy. MneHtudukamuss Tpex aJbTepHATUBHBIX
craiic-BapuantoB MPHK CNGA3, mist KOTOphIX
XapakTepHa TKaHecIlenudpuieckass >SKCIpeccus,
MO3BOJIMJIM MPEAMNOI0XKUTh, YTO (DYHKIIMOHATbHAs
ponb cruiaiic-BapuaHToB CNGA3 pasnnuHa B pas-
HbIX TKaHsx (Cassar et al., 2004). B kiieTouHOM TUHUMN
nHCYynTuHOMEI Kpbic INS-1 mpu mmomomm OT-ITLP
BBIsIBIIeHA 3Kcripeccust cyorenHnl CNGA1, CNGA2,
CNGB1 u CNGB3, uto yKka3pIBaeT Ha BO3MOXHOCTh
CyIIeCTBOBaHUS B OeTa-KjieTKax (hyHKIMOHATbLHBIX
rerepoMepHBIX CNG-KaHaI0B, KOTOPhIE IPEINOJI0-
XKUTEIbHO BOBJIEYEHBI B KaJbIIMEBYIO CHUTHAIM3a-
LU0, PETYJIUPYIONIYIO ceKpelnio nHeyanHa (Stumpf
et al., 2008). B 6eTa-kieTKax NOMXKETYyIOYHOMN XKeJle-
36l TaKXKe MPUCYTCTBYIOT HEKOTOpPbIE KOMIIOHEHTBI
HEKaAaHOHMWYECKOro Kackanaa (pOTOTPaHCAYKIIMU, CO-
MPSKEHHOTO C MeJlaHOTNCUHOM. Tak, mpuMeHeHue
METOI0B UMMYHOTHMCTOXUMUY, UMMYHOOJI0T-aHAIU-
3a u OT-IILIP B peanbHOM BpeMeHU ITO3BOJIMIO 00-
HapyxuTh akcnpeccuio PLCPB4 B ocTtpoBkax momxke-
JIYIOYHOM XeJie3bl MBIIIEH U KPbIC U B KJIETOUYHOM
JIMHUY WHCYIUHOMBI Mblmeit MIN6 (Kim et al.,
2001a; 2001b; Hwang et al., 2019). C npuMmeHeHueM
OT-ITLP skcrpeccus tpanckpuntoB TRPC7 BeIsIB-

JIeHa B OCTPOBKAaX MOIXKETYIOYHOI KeJle3bl UeJIOBeKa
(Qian et al., 2002), a sxcrpeccuss TRPC6 B ocTpos-
Kax TomKeaymodHoi xeje3bl Kpbic (Hayes et al.,
2013).

3AKJIFTOYUEHHME

B O6eTa-kneTkax octpoBKoB JlaHTepraHca momke-
JIYIOYHOM XKeJie3bl MJIEKOMUTAIOIIUX OOHapyXeHa
9KCIIPECCUsI KOMITOHEHTOB CUTHaJbHBIX KacKaoB,
BOBJIEUEHHBIX BO BKYCOBYIO, OOOHSITEJIbHYIO U (pOTO-
TpaHcayK1nio. OTHOCUTENIbHO DKCIPECCUN HEKOTO-
PbIX KOMIIOHEHTOB JJaHHbIE B OMYyOJMKOBAaHHBIX CTa-
ThSIX TIPOTUBOPEYMBBI. BO3MOXHO, 3TO CBSI3aHO C
TE€M, UTO YPOBEHb SKTOITMYECKOMN SKCITPECCUU UCCIIe-
JIyeMbIX MOJIEKYJI HEBBICOK 10 CPaBHEHUIO C YPOBHEM
UX crieur@uueckoil 3KCIpeccun B CrielUain3upo-
BaHHBIX KJIETKAaX BKYCOBOI, OOOHSITEJIBHON U 3pH-
TeJibHOM cucTteM. KpoMe Toro, Hy>kHO OTMETHUTD, UYTO
He BCE KOMITOHEHTHI CHelM(pUUYESCKUX CUTHATBHBIX
KacKaJ0B CEHCOPHBIX KJIETOK TpeacTaB/ieHbl B OeTa-
KJeTkax. B 6eta-kieTkax U KyJabTypalbHbIX KJIETKaX
Pa3IUYHbIX IMHUU UWHCYJWHOM BbISIBJIEHA 9KCIIPEC-
CHusl TEHOB BKYCOBBIX pelienTtopoB cemeiictBa TIR,
ractayluHa, pocdonunassl PLC, peuentopa IP3R3,
KaTruoHHOro KaHajna TRPMS. OOHapyxkeHa 3Kc-
MPEeCcCcUsi CUTHAJIbHBIX 3JEMEHTOB OOOHSTEIbHOM
CEHCOPHOI CUCTEMBbI: TEHOB OOOHSTEIbHBIX pELeT-
TOPOB, crielPUIecKoil OOOHSITENbHON O/-CyObeau-
HULBI G-0e1KoB G 1 OOOHATENBHON M30(hOPMBI
amenmnatuukiasel ACIIL. IMTokazaHa skcnpeccus B
KJIeTKaX OCTPOBKOB TOIXKETYTOUHOI Xee3bl KOM-
MMOHEHTOB KaHOHWYECKOTO Y HEKaHOHWYECKOIO
CUTHAJIbHBIX KacKaloB (pOTOTpaHCAYKIIMU: TPAHC-
IyLIMHA KOJOOUYEK CeTYaTKU Ij1a3a, KAaTUOHHBIX Ka-
HaJIOB, aKTUBUPYEMBIX LUKIUYECKUMU HYKJIECOTH-
namu, docdonumnassr PLCP4, kananoB TRPC6 u
TRPC7. B xonme GU3MONOTMYSCKUX WMCCICIOBAHUMN
MoATBepKAeHa (HDYHKIIMOHAIbHAS aKTUBHOCTD BbISIB-
JICHHBIX CUTHAJIbHBIX OEIKOB B OeTa-KJIeTKaX OCTPOB-
KoB JlaHrepraHca, a UMEHHO MX yJacTUe B peryisiiiuu
0a30BOIi 1 INTIOKO303aBUCHUMOI CEKpeLIMU MHCYJIMHA.
ITpu uccaenoBaHUM XKMBOTHBIX C MOJEIbHBIM caxap-
HbIM J1Ma0eTOM OTMEYEHO, YTO WX 3KCIpeccus u
¢yHKIMS B OeTa-KjIeTKaxX MOMXKETYIOYHOU XKee3bl
U3MEHSIOTCS TTPU pa3BUTUU 3a00JeBaHus. Pesynbra-
Thl (PYyHKIIMOHAJIBHBIX UCCJIEIOBAHUII KOMITOHEHTOB
CUTHAJIBHBIX KaCKaJO0B CEHCOPHON TpaHCAYKIHUU B
OeTa-KJIeTKax YKa3blBalOT Ha X BO3MOXHYIO POJib B
ImaToreHe3e caxapHoro nuadeTa. B HacTosiee BpeMst
HEKOTOpbIE U3 OMUCAHHBLIX B JAHHOM 0030pe CUT-
HaJIbHbIX MOJIEKYJ pacCMaTpUBAIOTCSl KaK Mepcrek-
TUBHbIE (hapMaKOJOTMYECKE MUILIEHU LTI pa3paboT-
KW HOBBIX TTOJIXO/IOB K TEpAIMK 3TOro 3ab0ojeBaHus.
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The expression and function of components of signaling cascades of taste, olfactory,
and phototransduction in mammalian pancreas beta-cells
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The taste, olfactory, and visual systems are responsible for the detection and recognition of diverse physical
and chemical stimuli of environment. Proteins involved in sensory transduction pathways are expressed in
highly specific manner in taste cells, olfactory neurons, retinal cones and rods. However, the ectopic expres-
sion of the components of the transduction cascades mediating sensory reception were also found in beta-
cells of mammalian pancreatic islets that synthesize, store, and release the hormone insulin. The functional
role of the proteins involved in sensory transduction in the physiology of beta-cells remains unclear. A grow-
ing body of evidence indicates that in beta-cells, they may participate in the regulation of glucose stimulated
insulin release and insulin production. Here, we provide a review of what is known about ectopic expression
of the components of the transduction cascades of sensory reception in pancreas beta-cells as well as in the
insulinoma cell lines, which retain glucose stimulated insulin secretion as isolated islets.

Key words: beta-cells, islets of Langerhans, insulin secretion, ectopic expression, signaling cascade, olfactory

transduction, taste transduction, phototransduction
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PACITO3ZHABAHMUE ITPOEKTUBHO ITPEOBPA3OBAHHBbIX
IVIOCKUX ®UTI'YP. XVI. OKTET IIPOEKTUBHO CTABWJIbHBIX BEPIIINH
OBAJIA 1 HOBBIE METO/Ibl STAJIOHHOTO ETO OIIMCAHWNA,
NUCITOJIB3YIOLIUE OKTET
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IMpenioxeHa ¥ WILUTIOCTPUPOBaHA MOIEITHLHBIMM 3KCIIEpUMEHTaMU UCS CYIIECTBOBAHMS y oBaJjia (0) okme-
ma MPOEKTUBHO MHBAPUAHTHBIX BEPILMH, ITOJIy4aeMbIX MIPH YCJIOBUM YMCIEHHOM JIOKAIM3ALU BHELTHEM
npssMoit HL (“auHum ropu3oHTa”), KoTopast GUKCHUPYETCS Ha 3Talle ONTUICCKOM perucTpanuu GUrypsl o
JIMOO BBIYUCISIETCS IPU HAJIUUYMU CBOMCTB LICHTPAJIBLHON CUMMETPUU KPUBOM OBICTPBIMU aJITOPUTMAMM
TOMCKa IIeHTpa, NeTepPMUHUPYIOIIETo rojoxeHne HL. CorimacHO TeopeMe O #pou360abHoi BHEIITHEH TIpsI-
MoOii L B KOMIO3ULIMK C 0 — HA L Bcerma CylIeCTBYeT He MEHee IBYX #ap CTaOUIbHBIX TOYEK (MMEHYEMBIX
dyanvnoimu — JI1), a kaxxnast J1I1 3amaeT Ha 0 ”HBapMaHTHBIN KBapTeT BEPIINH, B UTOTe YCIIEITHOM IT03K -
LIMOHHOI OLIEHKU KOTOPBIX KOHTYPY OKa3bIBA€TCSI MHIUIEHTEH CET U3 BOCbMU YIIOPSIOYCHHBIX BEPIINH,
U 3TOT CET IieJIecO0Opa3HO MPUBJIEYb WISl IPOSKTUBHO MHBAPUAHTHOTO OITMCaHMsI 0. BhIcKa3aHbI 1 Uccie-
JIOBaHbI B CUMYJISILUSIX JBE TUITOTE3bl WISt HL: 0 TPOEKTUBHOM cés3u mo3unvii nByx nap JAIT 1 o Bo3Mox-
HOCTH IIJISI aKCUAAbHO CUMMEMPU4HO020 0 OLICHUTDH MOJIOXKeHHWe Tpucyiieit emy HL Ha OCHOBAaHWU HEKUX
MPOEKTUBHBIX MPU3HAKOB, BbIsiBIsieMbIX st JII1. OnucaHbl ABa HOBBIX METOIA MOMCKA LIEHTpa y 0 CO
CKPBITOM paduanvroti cumMmeTpureil. [IpennoxkeHbl U UCTIBITAaHbl B YUCJIIEHHBIX 9KCIIEPUMEHTAX IBa HOBBIX
MeTo/1a IpUBJIeYEeHUSI HAIEHHOTO Y 0 (C CHMMETPUSIMU U 0€3 HMX) OKTeTa CTAOMJIbHBIX TOUEK KOHTYpa JIsI
MMPOEKTUBHO MHBAPUAHTHOTO OTIMCAHMUSI 0.

Karoueswie crosa: oBall, IGCHTP U OCbh CUMMETPMH, TUTIOKKEPOBHI TTOJIIOC U MOJIApa, AyajlbHbIe TTapbl, TApMO-

HUYeCKUit Bypd, Bypd-OYHKIMS, TeCKPUIITOP, IIa0JI0H TeCKpUIITopa, KpuBas Jlame
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BBEAJEHUWE

B cTathe onuceIBalOTCS U ¢ MpUBJIeYEHUEM KOM-
MBIOTEPHBIX CUMYJISIIMIA OOCYXXIalOTCSd HOBbIE ac-
MEeKThI (CLIeHAapUU 3a1a4, METOIbl U YMCIIEHHbBIE CXe-
Mbl UX pEUIEHUSsI) Pa3BUTUSI TEMbI, OTPaK€HHON B
1IMKJIE aBTOPCKMUX pabOT MO paclio3HaBaHUIO OBaJIb-
HOI1 (OUTYpHI 0 MO TIOCKO# 1IEHTpaJIbHOI ee MPOoeK-
IIMM WHBAapUAHTHO K TpyMIie APOOHO JMHEHHBIX
(uHaYe — npoexkmusHvix) IPeoOpPa30BaHUI TJIOCKOTO
KOHTYpa 0 B MIPOCTpaHCTBE ClieHbl. OOBEKT 3TOTO UC-
cJiel0BaHUS — KPUBbBIE CEMENCTBA 0 — MJIOCKUE a1~
KO3aMKHYTbhIe (bUTYpHI (He Tpenmnojararoinme gop-
MY/l aHAJIUTUYECKOrO OTMCAaHUsI, €AUHBIX IJIs Cce-
MEHCTBAa 0 W HE HMEIOIIME OMOPHBIX 3JEMEHTOB
KOHTYypa 0, TPaAUIIMOHHO UCHOJb3YEMbIX B pacro-
3HaBaHWU PUTYP ITO OCOOECHHOCTSIM UX TEOMETPUH, —
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Harmomoome To4YeK M3JIoMa, Tepernda, CIpsMICHUS,
JIIBOMTHOTO KaCaHUS U IIPOYETo).

OTU coobpakeHus AealoT MOHSITHBIMU TPYAHO-
CTU B MOIBITKAX MOJIYYUTh YCTOMUMBOE OTIMCAHUE O,
He 3aBHUCsIIee OT paKypca ONITUYECKOM pEerucTpaim
0 TEXHUYECKOI CHCTEeMOI pacro3HaBaHUs: UCKIIIO-
YUTENbHO Juggheperyuarbubie METOIbl aHaIW3a o,
o0ecrieunBaloIIe €€ MHBApUAHTHOE ONUCaHUE (3TU
MPUEeMBbl JaBHO MPEIIOXEHBI B TEOPUH TIJIOCKUX KPU-
BbIX (KaptaH, 1933)), He MpUTrOOHBI AJIsI AUCKPETHO-
TO BXOIHOTO 33IJaH1SI 0 — B CHUTY TOYHOCTHBIX TpeOO-
BaHUi1 K OLIEHKE JIOKAIbHBIX TMTPOU3BOIHBIX BHICOKO-
ro IopsaKa y “IOTOYEYHO” OIMChIBA€MOI KPHUBOI,
KaKOBBIe a0COJIIOTHO HEpean3yeMbl npaKkmuuecKu
(rpy JTIOOBIX TEXHUYECKU BO3MOXHBIX XapaKTepu-
cThKax Kamep). [1o ymoMsTHYyTBIM TpUYWHAM JJTS] MTH-
BapuaHTHOI (1 He 3aTpaTHOM, KaK 3TO, B IIPUHIIUIIE,
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peanmn3yeMo MOJIHOIIEpeOOPHBIMU METOmaMM OIS
IMCKPETHO 3aJaHHOIO 0) PeIlpe3eHTallMi 0 HE00X0-
VMO TIOJIyYUTh KaKMe-TO JOIOIHUTEIbHEBIC JaHHbIE
0 eTo CTPYKType. PecypcHO 5KOHOMHBIE METO/IbI aHA-
JIn3a ¥ MPOEKTUBHO MHBAPUAHTHOIO OITO3HAHUS O
BO3MOXHBI B ClTydae 3alaHUsI 0 COBMECTHO C AUHEel-
HbIM AnemMeHmoM (TOUKOM TMOO MPsSMOI TPOU3BOJIb-
HOIt opreHTaLlM1 OTHOCUTeabHO 0 (Hukomaes, 2011;
2019)) B mtockoctu 0. Eciin ke mpo o anmpuopu u3-
BECTHO, YTO €My MPUCYIIU CBOWCTBA cummempuu, TO
TaKUM JOIOJHUTEJIbHBIM aTpubyTaM ero OnucaHusl
MOKET ITOCTYKUTh JIMHUS Topu3oHTa HL, omHO3HaY-
HO CBSI3aHHAasl MO3UIIMOHHO IJIsI JIIOOBIX 0 HESIBHOM
UEeHMPAaabHOU CUMMETPUN Pa3HBIX TUMOB (paguajib-
HOI1, TOBOPOTHOM JINOO COBMEIAoIIeii aKCHaTbHBIC
¥ LICHTPAJIbHBIE €€ aCIIEKThI, KaK 3TO MPUCYIIe KPU-
BbIM Jlame). CxeMbl 1 OBICTPHIC aJITOPUTMEI ITOMCKA
2JIEMEHTOB CUMMETpHUU (IIOJIHOTO Habopa ee BapruaH-
TOB) pa3paboTaHbl, YUCICHHO IIPOMOICINPOBAHBI U
ormcadbl (Hukomnaes, 2014; 2016). ComracHo Teope-
Me 1 00 MHBApUHTHBIX CBOMCTBaX IIpsIMOIl extl,
BHellIHell oTHocuTenbHO 0 (banuukuit u ap., 2017)
Ha extL uMmeeTcs HE MeHee ABYX Map ToueK (MMeHye-
MBIX 371ech “myaibHbIMU Mapamu” IT), roe Kaxkmast
AIT B TepmuHax IlitokkepoBa “Homi0C-MOJISIPHOTO
COOTBETCTBUSI” AyaJlbHO CUMMETPUYHA ITO MOJIIOCaM,
nHUuaeHTHBIM ext L. Kaxxmasa IIT nerepmuHupyeT Ha
KOHTYpE 0 CBOM KBapTeT IIPOCKTMBHO MHBAapHUaHT-
HBIX BepiInH, 4yto i aByx I omHo3HaYHO 3amaeT
CeT U3 BOCHbMU YHOPSAOYEHHBIX TOUEeK KOHTYpa (0K-
mem 0). Eciu xe ot npoussoavroii extL iepeiitn K HL
ST 0 (BBIYUCIISIEMOM IS HEHTPaIbHO CUMMETPUY-
HBIX 0 JIN0O PETUCTPUPYEMBIX OIITUYECKHN KaMepOii C
dukcanuent sunuu eopuzonma Kaxk (yHKIINU paKypca
CBhEMKH ), TO B 3TOM MOCTAHOBKE IIPEACTABIISICTCS 1Ie-
JiecooOpa3HbIM HaeHHBI Mo HL OKTeT BEepIIWH
HCIIOJIb30BaTh B 3ajau€ MHBAPUAHTHOTO ONIMCAHUS O,
He TpeOyIolIero pacliupeHUus “aTpuOyTOB CLIEHBI”
J10 KoMmo3uuuit “o + extL” nudo “o + intP” (Bapu-
aHT C TECTOBBIM MOJIOCOM), TPOU3BOS PEpe3eHTa-
LIMIO 0 B KATETOPUSIX, UMMAHEHTHBIX UCKIIOUUTEb-
HO OCOOEHHOCTSIM €ro 2eomempuu. DTa UAEsST UMEET
JIOTTIOTHUTEIILHBII OOHYC B 9YaCTH “3TaTOHWUPOBAHUS
¢opMBI 0”: Manopa3MepPHBIM AECKPUIITOPOM (1IMK-
JIMYECKUM 8-BEepIIMHHBIM TrpadoM Ha IUIOCKOCTU
Byp¢0OB) MO0 IIEperpoePOBAaHUEM O Ha HEKUMA
MIPaBWIbHBII N-BEPIIMHHUK, IS Y€TO MBI IIpeajiara-
€M HO6blll 6ud perIpe3eHTaln — “Ha poMO 1 KBal-
pat” (8-BepIIMHHEBII CTAaHIAPT), O BaXXHBIX IIPEUMY-
IIECTBaX KAaKOBOIO B CPAaBHEHUM C MPEIIOKEHHBIM
HaMU paHee BapUaHTOM MPOEKIUU Ha 4-BEPIIMHHUK
OyneT coob1eHo ganee. B cOOTBETCTBYIOIIUX pa3ae-
Jlax oOCyauM METOAbl W MOIEIbHbIE peaau3alluu,
dopmupytomme cetbl JI1, oKTeThl 11 0 U “KOH-
CTPYKThl €0 MHBAapUaHTHOI perpe3eHTaluu” (1ne-
CKPUIITOPHI U “IBOMHBIE 3TAJIOHHBIE MPOECKLIUU”)
JUIST CLIEHUYECKMX BapUMaHTOB: aKCUAJIbHO CUMMET-
PUYHBIK 0, IEHTPaJbHO (1 “TIOBOPOTHO”) CUMMET-
PUYHBINA 0, KpuBbEIe Jlame (TTomceMeiicTBO CyIiepas-

JIMTICOB, TIpMHAIJIeXAalllee CEMECTBY 0) 1, HAKOHEII,
0 00111eTO BUAA, CUMMETPUSIMU He 00JIagaroInii.

Hemamnpiii 00beM TEKCTa ITOCBSIIEH TaKXKe pac-
CMOTPEHUIO IBYX TMIIOTE3, BbI3BAHHBIX “JIOTMYECKU
BHSITHBIM CTpeMJIeHHEeM’: IPOU3BECTU YHUBEPCAIU-
3allMI0 UIEeU O HAJIMYMU Y 1F00bIX O OKmema TIPOeK-
TUBHO MHBapUaHTHBIX BepIIVH (€CJIM JIOKaJIU3aLUs
HL obecneyeHa) v moKa3aTb BO3MOXHOCTHU OIITUMM -
3anmun noucka JI1 ma HL B mipeanoioXeHWH, 4To
no3unuu JIT cBg3aHbl HEKUM JONOJIHUTEIBLHBIM
YCIIOBHEM B cliydasix 0 ¢ cumMmeTpusiMu. IlepBas
TUIIOTe3a BBINISIENA alpuOpU IIPOBAJIbHOM, IO-
CKOJIbKY MMEHHO [UISl aKcuUaabHO CUMMETPUYHBIX O
OTHOCHUTENILHO “MX MOTEeHIIMala” B PEKOHCTPYKIIUU
pacrionoxeHuss HL “teopust HeABYCMBICIIEHHO -
KJIapupyeT”’ BO3MOXHOCTb BBIYMCIICHUS AUlUb 0OHOU
Touku, HL mpuHamiexameil: eii COOTBETCTBYET I10-
moc P IUTIOKKepOBOM MOJSPHI, SBASIOMIEHCT “TIO
COBMECTUTENILCTBY” HESIBHOU 0cbio 0 (a MOJOXKEHUE
OCH Bceraa MOXHO OLIEHUTh B YHUBEpCaJIbHOII Iepe-
OOpHOI1 cXeme, C aCUMIOTOTUKOM CJIIOXKHOCTHU # log 1),
T.. BMECTO TO4YHOI Jiokanuu HIL TapaHTUpPOBaH
IIAHC MOJy4eHUS IIPOSKTUBHOIO ITy4Ka “TUIOTE3 O
HL” cuuentpoM B P. Eciim OBI IToTydmiTa ITonTBepKae-
HUE BTOpasi TUIIoTe3a “o cBsI3U mo3uuuii Apyx 117,
TO “IOJIOXUTEJIbHBIE BHIYKUCIUTEIbHBIE IIPUMEPHI”
MOIJIM OBl CTAaTh MMOOYIUTEIBbHBIM MOTUBOM JIJIST pac-
HIUPEHUS AeKIapLril yITOMSIHYTOM TeopeMbl 1 OTHO-
CUTEIbHO KOHKPETHBIX CBOMCTB HL. B cuny 3TUX MH-
TYUTUBHBIX OXWIAHWN MOOEIbHBINA 3KCIIEPUMEHT B
HaIpaBJIeHUHM “BbIOOp UCTUHHOU H L U3 IyyKa r'umno-
T€3 B aHaJIW3€ ITO3UIMOHHBLIX oneHoK JII1” mpen-
CTaBJISUICS BITIOJIHE OCMBICJIEHHBIM (OH IIPOBEACH Ha
MaTepualie YeThIpeX CTeHepUPOBAaHHBIX BApUAHTOB 0O
C aKCHAIbHOM cUMMeTpHeil (puc. 1), UTOTW 4ero pac-
CMOTPEHHI B pa3m. 1).

Crenyetr KOCHYThCS UCTOPUU BOIpoca (OKTET Ha
KOHTYp€ 0) B cBs13u ¢ 10-ii (X) cTarbeit TaHHOTO LMK~
Jia UCCJIEIOBAaHUM, IJIe TEPMUH “OKTeT” (pUTYypUpyeT
B noazaroyioBke (Huxkomaes, 2017). PaccMoTpeHue
8-TOoYeUHBIX KOH(PUTYPIIWI, BOSHUKAIONINX HA OBaJIh-
HOIl KpUBOIi, He OBUIO TaM CBSI3aHO CO CBOICTBaAMU
HL, anpuBiekano BHUMaH1e K BO3MOXHOMY €TUHO-
00pa3ulo IS CXeM JeCKPUINITOPOB B IMpUMepax ClieH
C 0 pasHOro TreHe3uca: MPU 3SKCHEPUMEHTAIbHOM
aHaiu3e uaen oo 00HOCEA3HOU TPOSKTUBHOMN TPUPO-
e mpaeKkmopuil ISl TpUaa “3JIMITAYECKUX TOUeK”
(comepxkaHue TeopeMbl 2 0 TOYKaX ITepecedeHUsI BBe-
neHHbIX paHee H- u T-momsp (CaBunk, Hukomnaes,
2016)), e OKTeT COOTHECEH C MO3ULUSIMUA BOCHMU
9KCTpeMabHbIX KPMBU3H TpUAAbl TPACKTOPUIi; HA O
o0lllero BUaa, B BapuaHTax, (DPUKCUPOBAHHBIX IS
HUX KoHmypHoii M nubo enymperHeill intP IO3UIINIA,
TSI KOTOPBIX B COOTBETCTBUY C TEOPEMOii 2 BLIUMCJISI-
eTcsl TpYalaa SIUIMIITUYECKUX TOYEK, MO3BOJISIIOIIast
[0 HUM amMnpOKCUMUPOBATh HEKYIO TPSIMYIO, YTO B
CBOIO OYepeb JaeT IIaHC OLIEHUTh KOOPAUHATHI IBYX
ATT, neTepMUHUPYIOIIUX CET BOCBbMU BEPIIUH KOH-
Typa o. Ilepexon oT HalileHHOM AUCITO3UIIMKY OKTEeTa
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Y,

2

4 akcHaIbHO CUMMETPUYHBIX OBajia
| | | |

OCb CUMMETPpUU
| | |

2

2 oBasia paajibHOI CUMMETPUN
1 1 1 1

2 4

8 6 -4 -2 0

I oprdopmer C1, C2

Puc. 1. Bun oprodopM, UCIOJIB30BaHHBIX B MOEAbHBIX IEMOHCTPpALUX, ocecummempuutvtx 0 P1—D4 u o C1, C2 paduansroii

cummetpuu (pasa. 1 u 3). OcraiibHbIE TIOSICHEHUS B TEKCTE.

K CXeMe€ JeCKpUITOpa 0O0CHOBBIBAJICS 3asIBJICHUSIMU
Teopembl 3 (lerryraTtoB, 1926) o cyliecTBOBAaHUM Ha-
Oopa M3 IBYX HE3aBUCHUMBIX Byp}hOB (Ha3BaHHOTO
“IUIOCKOCTHBIM BypdOoM” — KaK aHTUTe3a “JIMHE-
Homy” (I'maroses, 1963), BEIYMCIIIEMOMY Ha APAMOIL)
IJIs1 110001 ynopsimoYeHHOM TSTepKU TOYeK, MpU-
HaJJIeXaluX IaAKoM BBITyKJIoi nyre (dea Bypda —
9TO Mapa KOOPAMHAT Mo4KY Ha YUCIOBOM MJIOCKOCTU
BypdoB). [IpousBoas njist aHcaMOJIsl U3 TISITU COCEI -
CTBYIOIIIMX BEPIIMH LIMKJIWYECKUI 00X01 OKTeTa, MOo-
JlydaeM 3aMKHYTBHIA 8-BepIIMHHUK IEeCKPUIITOpPA.
CxeMbl BBIYMCICHUS I1apbl BypdoB (11a0JI0HEBI) IJIst
OIMUCBHIBAEMOI BEPIIMHBI OKTETA MOXHO TMpeasio-
>KUTb BO MHOTMX BapuaHTax. B mocienymooimmx pasmue-
Jlax (Ha MpuMepax 0 pa3HOro Tulia) OyayT paccMoT-
PEHBbI U WJTIOCTPATUBHO MPEAbSBIEHBI TECKPUIITO-
pbl ¢ MUHUMaIbHBIM (5-11a0JIOH) 1 MaKCUMaJIbHO
BO3MOXHBIM (8-111a0JI0H) TIPUBJIEUEHUEM BEPILVH O
JUJTSI 3a1aHUsI OTIMChIBaeMOli BEPIIMHBI Tpada.

HanpHeiinee TOBECTBOBAHNE UCKITIOUAET 00CYXK-
JIEHUE acMeKTOB, o0ecrneynBapIImx (MeTogaMu 00-
Hapy>KeHUsI, MOAYEPKUBAHUS U CIIIAXKUBAHUS “peru-
CTPUPYEMEIX TpaHull (GuUryp”, — B MX KadyeucTBE
CTaHAAPTHBIX (a3 00pabOTKM M300pakeHUIT) MOy~
YyeHue “IpoayKTa aHajau3a” IJIs1 Halllero uccieaoBa-
HUSI — B BUJIe “KOHTypa 0” (TeM GoJjiee, Mpu U3JI0XKe-
HUM Pa3BUBAEMBIX TEOPETHMYECKUX TE3UCOB, KOH-
KPETHO COOTHOCUMBIX C pasfejiaMyd MPOCKTUBHOI
TeOMETPUM TUIOCKUX KpUBBIX). ITak, epanuya o u ee
UHBApUAHMHble TEOMETPUIECKHE XapaKTePUCTUKH
¢GUrypupyIoT B KauecTBe “IaHHBIX aBTOMaTUUYECKOTO
aHaju3a 0 B MPaKTUYECKOU 3ajaye Mo ero oro3Ha-
Huo/Knaccuukanun”. Hac OymyT mHTEpecoBaTh
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YUCJIEHHO pean3yeMble ITIOAX0 bl (C YCTOMYMBO BOC-
MIPOU3BOJIMMMMU OCOOCHHOCTSIMM), Ilie KOOPAUHATHI,
3a/1aloll1e TPAHUILY O CETOM 8epuiut “OLrppPOBKU”,
WTOTOM TUCKPETHOM 00paboTKN 0 GOPMUPYIOT UHBA -
puUaHmHoe eTro oIMcaHue, co3IaBasi MEXaHU3M KJlac-
cuduKauuy pa3HOOOpa3HBIX IIAAKUX (UTYP METO-
IaMU NPOeKMUBHO 3KB8UBANEHMHbIX BBIOOPOK, OO
TIPOU3BOIAT “3manoHHOe onucanue” 0 — IJIs1 TIocyie-
IYIOIINX TEXHUYECKUX HYXI (IIpaKTUYeCKMX 3amad
aBTOHOMHOTO OITO3HAaHMS OOBEKTOB).

Kak 1 B mpealecTBYIOIINX CTAaThsIX LIMKJIIA, IIOI,
HeseHOU (HOPMOM TIPENCTAaBUTEIBCTBA 3JIEMEHTOB
cumMmetpun (OC) monpasyMeBaroTCcsl 0COOCHHOCTU
UX IIPOSIBIICHUSI B npoekmueHoli ¢hopMe, He COBIIama-
forneit ¢ mpu3Hakamu DC B reomerpuu dekapra (rme
0cesyry CUMMETPHUIO OIMUCBHIBAET TPABUJIO “XOPIbI,
NEepICeHINKYISIPHBIC oci, ASSITCS €10 IoIojaM”, a
paduanvHas — 3aJaeTCsl CBOMCTBOM: “XOpAbl, BKIIIO-
yawllue yeHmp, pasiesioTcss UM Ha paBHbIE 4a-
ctu”’). B mpoekTuBHOIT reoMeTpumn HeompeaeIuMbl
“IIepNeHIVKYJISIPHOCTE” W OoIlepalus IeJIeHUS OT-
pe3ka nonojam. Metoasl norcka DC, onuparolime-
Csl Ha MPOEeKMUBHO UHBAPUAHMHble TIPU3HAKU, (-
(GEeKTUBHBI B IIMPOKOM AUAra30HEe CMEHBI “paKyp-
COB perucrpauuu” 0, B MaTeMaTU4YecKoil Momaeau
clienysl 3aKOHaM JIy4eBOM ONTUKU IJjIsd KaMephl-00-
ckypbl. IlpocTeiilinylo pa3HOBMIHOCTb HaJIUYUSI
CBOICTB CUMMETPUMU Y 0 (IeKapTOBBI MPU3HAKU) OYy-
JIeM Ha3bIBaTh €ro opmogopmoii. B TepMuHax pakypca
BBOJA €€ MPOAYyLIUPYEeT KaMepa OPTOroOHaJIbHOI OpU-
€HTallMU K IMJIOCKOCTH 0. [Ipexae yeM rnmepeiT K 00-
CYXIEHUIO 3a1a4/ BEIOOpA HAWITYYIIIEH TUIIOTE3EI 00
HL (13 ynciia BO3BMOXHBIX B ITy4YKe JJIs1 mojtoca P) B
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cllygae ocecuMMmempuyHo2o 0, TPaIUIIMOHHO YBEIO-
MMM YUTATEJISI, YTO JAaHHBIN TEKCT apecyeTcsl MHTe-
pecylommMcsi BOIPOCAaMM aBTOHOMHOTO aHajn3a
¢dopMbI, He TIpenrioiaras HaBbIKOB PO eCCUOHAIb-
HOI TIOATOTOBKM B 3TOM cepe. ns1 yICHEHUS CyTH
00Cy:XKTaeMbIX MPOOJIEM Y ITOHUMaHUSI MOJEIbHBIX
HUTOTOB pabOTHI JOCTATOYHO OPUEHTUPOBATHCS B 00-
IIMX BOMpPOCAxX €CTeCTBEHHOHAy4YHOTO IU1aHa. MbIc-
JIM aBTOpa JOHECEHEI 3/IeCh B 00pa3HOIl TeOMeTpUIe-
ckoit popme. TouHOE MOHMMAHME IeTajieii B BBOIM-
MBIX Jajiee HOTAILIUSIX, CXeMax 1 mpuemMax oopaboTKu
He 00s13aTeIbHO IS 3HAKOMCTBA C MUPOM 00pa30B U
JIOTMKOM 00CyXmaeMbIX uaeil. TekcT HachIleH Mo-
JIPOOHBIMM WJITIOCTpanusIMu (“rpadHUd4ecKUMU KO-
OUSIMU TPOIYKTOB KOMITBIOTEPHOTO MOIESIMpPOBa-
HMA”, TIOJIyYSHHBIX IUISI pa3HBIX CIEHApHeB C 0),
CHAOXEHHBIX KOMMEHTapusIMU, YTO, BO3MOXHO,
YOOBJETBOPUT U HecHeuuaaucToB. TemMa “Kak mo-
JIIOC-TIOJISIPHBIN OTyajin3M KOHUK M TeopeMa B3anM-
HOCTH ITOMOTAIOT MOHSITh WU Y METOIbI IPOEKTUB-
HOIo aHaju3a 0”, JOXOOYMBO PacCMOTPEHA B CTaThe
(AxkuMmoBa u ap., 2014).

1. AHAJIN3 CBOPIC]:B AI1 B 3AJAYE ITOMCKA
HL 110 HEABHOM OCH1 CUMMETPHUHU O

Kpatko o renesuce “xkonctpykra” JIIl. OcobeH-
HOCTb “IyajibHasi”, B HallleM CJIydae IpUCYIIas nape
mouex TIPSIMO, — MMeeT MUCTOKOM TEOPHIO TOJIIOC-
MOJIIPHOTO COOTBETCTBUS JJISI KBaApPaTUYHBIX KpU-
BBIX (KOHMK) ¥ 0a30BYIO “TeOpeMy B3aUMHOCTU~ IS
Hux (I'narones, 1963; MoaeHoB, 1969). Te3uck Teo-
peMBbl TTOACKAa3aJIu MPOAYKTUBHOCTDH BBEICHUS B all-
mapar aHajau3a O JBYX MHCTPYMEHTOB: H-TIOJSIPHI,
clieayolleil IpaBUIaM 2apMOHUYEeCKUX OMHOWEeHUL,
“Ha sI3bIKe KacamenvHbix GopMUpyeMoin” T-moJisiphl.
JeTanusnpyeM B3aMMOCBSI3b MoAOCa VI NOAAPbL “U3
MHUpa KOHUK”: TUTIOKKEPOBA MPAMOAUHEHHAS NOAAPA
COOTBETCTBYET MPSIMOii, TIpOXOIsileil yepe3 TOUKU
KacaHWsI K 3JUIAICY U3 BHEIIHETO noatoca (IIOTOMY
CBSI3b X MO3UIINU B3aMMHO OJHO3HayHAa). Touka (Ha
KpUBOI1) T-IOJSIpBI U 3a7atol11asi ee Xopaa Ha 0, oopa-
3yI0T KOMIUIEKC “TOouKa+oTpe30K”, COOTBETCTBYIO-
muii mape “nosoc+monspa”. B pabore (AKuMoBa n
Iop., 2014) ckazaHO, YTO B JIMCIIO3ULIUM “BHELIHUIA
MOJIIOC, BHYTPEHHSIS TTOJISIpa” OMHO3HAYHAS UX CBI3b
JUIST 0 OOIIIeTo BUJa HEM3MEHHA TPH JIFOOBIX MPOCK-
TUBHBIX TpaHC(HOPMALIUSIX 0, UTO TEPSIET CBOIO MPHU-
JIOXXUMOCTB UISI 0 B CUTyallMW “BHEIIHSISI MOJsIpa,
BHYTpeHHUM 1momtoc”. TeM He MeHee 13 uIeHr Teope-
Mbl B3aMMHOCTU YOAE€TCsS BBIWICHUTb “yCJIOBHOE
MpaBUJIO NyaJIbHOCTU OTHOIIIeHni1”. “BapuaTuBHas”
(omHa cTeneHb NO3ULIMOHHOM CBOOOIbI) CBS3b ITO3M-
LIMI IBYX MOJIIOCOB U ABYX ILJIIOKKEPOBBIX TOJISIP, Ta-
paHTUPOBaHHAas IS KOHUK, PeIyLlUpYyeTCd B Cydae
C 0 K CBSI3U YXE€ YHUKAAbHOU: NJIsI HEKOTOPOMU MO3U-
LMK nojtoca Pl mMpu 0 MOXHO HMCKaTh TaKylo MO3U-
muio P2, uyto nonsipa pl mpoiinet yepes P2, a TooC
P1 6ynet npuHanjexaTh IIOJIsIpe p2. DTU IBa IOJII0CcCa

He(UKCUPOBAHHOTO GHeuUlHe20 PACTIONOXEHHSI CTaIN
HCXOIHBIM HOCUTEJIEM TyaJIbHBIX CBOICTB B Teopeme 1,
3asBJSIOLICH, YTO Ha MPSIMOM extl npou3eo1bHO20
OPMEHTUPOBAHUS 110 OTHOIIEHUIO KO BCIKOMY O BCe-
I7a CyIIEeCTBYET HE MEeHee IBYX IIPOCKTUBHO MHBAPHU-
aHTHbIX JI1.

VYrounus npupony HII, nepeiineM K onucaHUIO
KOMITbIOTEPHBIX 3KCIIEPUMEHTOB, LEJbI0 KOTOPBIX
ObLT MOMCK YCTOWYMBBIX MPU3HAKOB, MO3BOJISIIONINX
IJISL ocecumMmempu4Hoeo 0 — K TOUKe Tojiroca P cum-
METpHU, 3aBeloMO JokanuzyeMoit Ha HL (mo yxe
BBIUMCIIEHHOM TTO3ULIMU OCU, SBISIIONIENCS TUTIOKKEe-
pOBOIi mossIpoit Wist P, 4To obGecrieynBaloT YHUBEP-
caJibHbIe ObICTPbIE aIrOPUTMBI ee roucka (Hukona-
eB, 20150)), nob6aBUTh KOOpAWHATHI 1000 BTOPOIA
TOUKM, MpuHamiexameit HL (Hanpumep, F— B iepe-
ceueHuun HL c ocvio E-D, cM. puc. 2). DTa WiuocTpa-
1M1 BOCIIPOM3BOAUT YMUCJIEHHO CMOAEIMPOBAHHYIO
cueny mist 0 @1, BuI opmogopmst KOTOPOTo MOKa3aH
Ha Bpe3Ke cjeBa BBEpXY, TOIIa KaK OCHOBHbBIE MO-
CTPOEHUSI OTOOpAXKAIOT Ty “IIJIACTUYHOCTBL” IIPOCK-
THUBHBIX CBOICTB Jiyueil u3 P K o (B aJIbTepHAaTHUBE Ba-
PUMaHTOB BbIOOpA MCKOMOI BEPIIUHbBI A, CUMMETPUY-
Has xopma=mnoJisipa A-B KoTopoii mMmeira 65l TToatoc F
Ha HL), 4TO U B 202CcHOI TIO3ULIMU U30paHHOI Bep-
IIMHBI @ IEMOHCTPUpPYET “TapMOHU3M”~ MPOEKTUB-
HBIX THBApUAHTOB (Byp(OB), IIPUCYIINI ICTUHHOMY
TOJIOXKEHUIO A: Hallpumep, IS “BepHoOro jydya” K A
cupaBemmmBa oueHka W(P, M, F, N) = 1 (Bpe3ka
crpaBa BBEpXY), HO U LISl BEPCUM C JIOKHOM a (Bpe3-
Ka cjeBa IoJ opToopMOii) TTOKa3aH aHAJOTUYHBIN
utor: W(n, P, m, f) = 1 (tne n, m, f 3agaHbl Ha Bpe3Kax
LIETIOUKOM onpeaenaeHuit: n = 1'=2' X P—f, f= t(a) %
X t(b),I'=> f~bx P-D,2' = f—~a X P-E, 3 = f—b x
X P—E, m = 0-3' X P—f, neMOHCTpUpPYS MPOEKTUB-
HYIO aHAJIOTUIO TPOUKU 1, M, f, COOTHOCHUMYIO C TPU-
anoi N, M, F,tne N= 1-2 X P—F, M = O-3 X P—F,
F=>t(A) xt(B), 0> 1-2 %X E-D, 1 = t(B) X P-D,
2=>1t(A) X P—E, 3= F—B X P—E. 3nech u BCclomy ga-
Jee 3HaUKu “=7, “t(X)” m “X” ciaenyerT moHUMaThb
COOTBETCTBEHHO KaK oOIepalur “BBEIYMCIISICTCS”,
“kacarenpHag B Todke X~ M “Ha TlepecedeHUM”’, a
uudpser “17, “27, ..., “7” — 210 “UMEeHa” BCIIOMOra-
TeabHbIX ToueK. [To3unum Kontypa I, R, J, L onpene-
JIEHBbI Ha Bpe3Kax puc. 2, KaK 1 pelenTbl pacyeTa ciy-
JKEOHBIX TOUeK “4”, “57”, “6”, “7”, a Tak:Ke TOYKU S,
“cps3ytomeit J1I17.

11 BHATHOCTU OINMCHIBAEMBIX Jajiee MpOoLeIyp-
HBIX pelleHUil, Ha HEKOTOPOIl CTaAuy BBIYMCICHUS
WCITOB3YIOIINX MOHATHE “TapMOHM3Ma”, IpUBEIEM
“dopMyiy eapmoHuueckoeo omuouieHus”, B Ka4eCTBE
BaXXHEMIIIEro BhIpaXeHUST it (GyHIAMEHTAIbHOIO
NPOEKTUBHOIO WHBapUaHTa, 3JeCh WMEHYEeMOro
8ypg (B COBpEeMEHHBIX MaTeMaTUUECKHX paboTax ero
yalle Ha3bIBaIOT “CA0MCHbIM OTHOILIEHUEM YeTBEPKU
TOYEeK Ha MOpsMoii”). HJIsT IIPOCTOTHI ONpencaeHUs
orpaHMYMMCS 3agaHrueM Bypda dyepe3 JJIUHBI OTPE3-
KOB, Ha KOTOpBIE MPSIMYIO pa30MBaeT KBapTET €€ TO-
yek (T.e. ompeneaum modyib Bypda, Toe 3HakK MIpu

CEHCOPHBIE CUCTEMBI Ne 1
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Y
Cuena: ocecummMerpuyHslit oan @1 40 CBs3b nyanbHBIX P..F, M..N ¢ OKTeTOM MPOEKTUBHO MHBApUAHTHBIX BepiuuH D1
ILi1tokKepoB ToJoc P cuMMeTpun WP, A, C, B)= W(P, 2, E,3) = W(P, S, D, 1) = |
CumMeTpuYHbBIC TTapsl A, Bu a, b L | WF. D, C,Ey=W(F,S,4,2) = W(F, 1,B,3)#1
m
.
;"_,';/ Px=cl12/c32, Py = c22/c32 W(P, M, F,N)=1
,/@*\ - \Fx =cll/c31, Fy =c21/c31 WP, a,c, b)=1
A s S [=> t(a) x H(b)
' i ~e, 1'=>f-bx P-D
Tumoresa 06 HL™~.._ Y=>fax P-E
0=>1-2"x D-E .
3 iif7b3-x P;E _________________ = 1,J=>1-2x x®1
m=>0-3'x .—f ----- Pt L, R=>5-3 x k®1
m' => Ki) x 1(j) = H=>L-Jx I-R
n=>1-2x Pf T s
Win, P,m,f) = 1 N> 1 2xPF
| |
0 60 X
Ed F=>(A) x {(B)
1 =>#B)x P-D
2=>1A)x P-E

§=>F-Ax O-M x P-D
1=>F-Bx2-Nx P-D
7=>I-Mx R—-N x P-A

(D) x () => M
HL) x (R)=> N

IMapwr P..F, M..N 3anaiotr uHBapuaHTHBbI ceT {4, R, D, J, B, L, E, I}

S=>F-Ax P-D
0=>1-2x E-D
M=> 0-3x P-F|
3=>F-Bx P-E
4=>N-Rx F-B
5=>H(A) x 1(J)
6=> K1) x (D)
7=> (1) x {(R)

N

Puc. 2. JleMOHCTpalys aJbTepHATUBHOCTH pelieHunii (Ha mpumepe 0 D1 ocesoii cumMeTpun) B 3aa4e JTOKAIU3aL U TUHUU TO-
pusoHTta HL. Ha Bpe3ke cieBa moka3aH Bug opTodopMbl D1, a Ha OCTaIbHBIX Bpe3Kax MPUBEAEHbI CTPYKTYpPHbIE (POPMYIIbI ITO-
3ULIMOHHOI OLIEHKM JUISI CIY>KEOHBIX TOUEK 1 NpsiMbIX. ITocTpoeHue m1s 10ocHoii TUnoTe3bl 006 HL BHINOTHEHO IITPUXITYHK-
TUPHBIMU TIPSIMBIMU: OHO HAYMHAETCS ¢ BEPILIMHBI-KOHKYpeHTa a. [Toka3aHa cxema nmerepmuHanuu okreta {4, R, D, J, B, L, E, I}
nyanbHbIMY TTapamu P..F, M..N va HL. OctainbHble TTOSICHEHUS B TEKCTE.

YUCJIIECHHOM WHBapuaHTe, (DOPMUPYEMOM U3 OpUeH-
MUPOBAHHbIX OTPE3KOB, HaMU IIPOUTHOPHUPOBAH).
O0603HauMB Yepe3 a, b ¥ ¢ IIMHBI OTPE3KOB B MApKU-
POBKE UX CJIEIOBAHUS Ha HECylleil MpsIMOi, IOoJy-
4yuM 3HaueHue Bypda w B Buae wla, b, cl=a * c¢/((a +
+ b+ c) * b), uTo 1 gaeT Bcerna “Oe3pasmepHoe” uuc-
A0 TIpU JII000# pa3sMepHOCTU IJUH. lapmoHuuecKkum
(B oTOI1 (hopMe 3aaHUsI) Ha3bIBaeTCs Bypd, Caeayto-
i ycaoBuio wla, b, c] = 1, 9To peanmsyeTcs, K Ipu-
Mepy, paauKajlbHO OTIMYAIOIIUMUCSI KOMITO3UIIMSI-
mu w[3, 1, 2] 1 w|x, x, o] ¢ 6IU3KUMU U OECKOHEUHO
JaJeKoM mo3unMeil OoMHOM U3 ToUeK KBapTeTa (ee Ha-
3BIBAIOT HecobcmeenHoil). B HammeM ciydae “IpbLKKI
13 0ECKOHEYHOCTH” B OKPECTHOCTH O SIBJISIIOTCS Xa-
paKTepHOi OCOOCHHOCTBIO CIIEH IIPU IIEpEeXoae OT
SIBHOTO 3a/laHUsI CBOMICTB CUMMETPUH (T.€. opTOodOop-
MOIi) K HESIBHOMY MX MPEICTAaBUTEIbCTBY (pean3y-
IOllIEMYy TpeOOBaHME HE3aBUCUMOCTH pPe3yJIbTaTOB
aHajiM3a 0 OT OIITMYECKOro paKypca €ro perucrpa-
LIMU, KaK — OPTOTOHAJIbHOUN — 1711 OPTO(POPMBI, TaK
U JIJTS 110001 HEOpTOroHabHOI). BepHeMcs K Tpak-

CEHCOPHBIE CUCTEMBI Ne 1

TOM 36 2022

TOBKE MOIEIBHBIX (YMCIEHHBIX) TTPOIIeIyp, TeOMET-
pHsI 0 B KOTOPBIX 3a7aBajlach HAIIPSIMYIO LIETbIO Bep-
IIWH aIllpOKCUMAIINH (C YIIPaBIISIeMO TIJIOTHOCTBIO
TIPEICTaBUTETHLCTBA HA KOHTYPE).

ITponomxum paccMOTpeHUE OCECUMMETPUYHOTO
@1 B HEOPTOTOHAIBLHOM TIPOCKIIVH, UISI KOTOPOTO
BBIUMCJIEHBI KOOpAWHATHI £, D 0CY ¥ MO3ULIUSI TTOJTIO-
ca P, a oObeKkTaMu Mccaea0BaHuUs SIBSIIOTCS T1OJI0-
xenwus apyx AIT Ha mpsimoii, 1ieeBast ycTaHOBKA JIJTST
KOTOpPOI1 — “ObITh TMHUEM ropusoHTa” HL. B pamkax
TOM Ke 3aJ1auM MpoceuM, He TIOMOXKET JIM BbIOpaTh
“VICTMHHBINA a3uMyT IJIs A” TUIIOTE3a O TTO3UIIMOH-
Hoii cBs13u aByx AIT (“myanbHoCTh” Hekux map P, Fu
M, N oynem tenepb (¢pukcupoBaTh B Bume P.F u
M..N), 3apaBaeMoii yepe3 “CBS3yIOIINE KOOPIUHATHI”
S (S = t(A4) X t(D) axBUBaJIEHTHO S = A—F X D—P)),
YTO BbIpaxaeT peain3alus yCJIOBUs: “ecliu HaliieHa
napa P..F (1.e. onpeneneHo nepeceuenue ocu ¢ HL),
TOo M mapel M..N npuHaajiexur nepeceueHuto HL c
S-3 (HamtomHuM: 3 = F—B X P—F), a N — niepeceye-
HUIO C IpSIMOI “1—-27.
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Y

Cuena: oan @1 oceBoit CHMMETPUU € TIOJTIOCOM P 40
Ouenxu I’ mo3unmu A st unuuaentoctn HL nap P..Fu|M..N
JyanbHble apsl npuHamiexar HL, ecnn F nexut Ha HL
Bepumnst 1, J, L, R B nepeceunsix koutypa ¢ 1-2 u 3—5
Tunoressr I'2 1 I'6 HeMMHENHHO 3aBUCUMBbI

P=> (D) x {(E)
F=> (A) x {(B)
S=> HA) x (D)
Q=>A-Dx P-F
V=>A-Px (R)
G=>5-6x4-P
M=>3-Sx P-F
N=>1-2x P-F
Z=> E-D x (I)
C=>E-Dx P-A

2 MPOEKTUBHO MHBAPUAHTHBIX CBOMCTBA Y
3 Bypd-MHBapUAHTHBIX COOTHOLLIEHUSI:
W(P, 6,2, E)* W(P,5,S,D)=1

VI(7): P-Ax 5-6 = P-Ax Q-S

Y2(S): #(A) x (D) = 0-3 x O-7

T1(M): 0-S x P—F> < (I) x (J)
I2(6): A-D x P—E > < 5-6 x P-E
[3(2): E-Dx ((I) > < E-D x (L)
T4(8): P-K x 5-6 > < P-K x #(R)
I5(G): P-4 x 56 > < P-4 x 3-S
T6(V): P-A x S—6 > < P—A x (R)

0=> «E)x (L)
1=> #B) x «D)
2=> H(A) x (E)
3=> (B) x (E)
4=> (B)x {(R)
5=>A-Ex P-D
6=>A-Dx P-E

W(P, M, F, N)=1
W(P,7,4,C)= 1

O0=>FE-Dx1-2
K=>A-Ex1-2
L, R=>8-3 xx®

7=>A-Px 5-6
8=>P-Kx5-6
9=>¢B)x (L)
| |

Tounas ouenka g @1, P2 u O3

60 X

[7(H): E-Dx I-R> < E-D x J-L

Puc. 3. lemoHcTpanus y310Bbix no3uuuuii (Ha npuMepe ¢ 1) mis cemu runotes I'l=I'7 (ripu nepeGope 110 # MO3ULUIL Bep-
IIWHBI a(1) OLIEHUBAETCSI UX OJIU30CTh K A IIJIsT aJIbTepHATUBHBIX TOCTPOSHUI, MPOU3BOAMMBIX B CEMHM Y3J1aX) U ITOKa3 YCIIOBUI
VY1, Y2 u Bypd-COOTHOIIEHUI1, HE JAIOLIUX OTOPAKOBATH JIOXKHbIE BAPUAHTHI MO3ULIMK H L B CUITy UX YHUBEPCAIBHOTO XapaK-

599

Tepa. LlITpuxoBoit mpsIMoii BbIAEIEH “OCOOBII

orpe3ok G-6, tae nposepstiores 2, I'4, T'5, Y1 (¢ HUM DPOEKTUBHO CBSI3aH

MyHKTUPHBIX S-6 ¢ oneHuBaeMoii I'6). OcTambHbIe TTOSICHEHUS B TEKCTE.

Bypd-oiieHKH, CBI3BIBAIOLIVE 2apMOHUUECKU KO-
OPIVHATHI CUMMEMPUHHbIX BEPILIMH, HE MOTYT IIOMOYb
BepHoii dukcauvu HL: W(P, A, C, By= W(P,a,c,b)=1.
PaBHO GecIUIONHBI M TOMBITKY IPUBJIEYDb IIPOCKTUB-
HO CBSI3aHHBbIE C HUMM OLIEHKU (BEPXHSS Bpe3Ka
cmpaBa Ha puc. 2): W(P,2, E,3)=W(P,S,D,1)=1.
DTO Ke OTHOCUTCS U K “OCeBbIM” HETapMOHUYECKUM
Bypdam: WAF, D, C, E)=W(F, S,A,2)= W(F, 1, B, 3) #
# 1. OT™MeTUB, 4TO afeKBaTHOE 3aJade ITOJIOXKCHUE
nosipbl A- B (03HAvallee MIPUHAIIEXKHOCTh €€ 0~
moca F “uctmHHoit” HL) neiCTBUTETBHO NTETEPMUHI -
pyeT uckoMblii okTeT {4, R, D, J, B, L, E, I}, cocpeno-
TOYMM BHMMAaHUE Ha Y3JIOBBIX (pparMeHTax IIOCTPO-
€HHOM CeTU KacaTelIbHBbIX U XOPI, TAe IOJIOXKEeHUE
“TmmepecedeHN” MOXKET W3MEHSITh KOOPIMHATHYIO
MPUBSI3KY B 3aBUCHMOCTU OT aJIbTePHATUBBI BbIUMC-
JIEHUSI TIO3ULIMU TOTO WIM MHOTO y3J1a (Harpumep, M
MOXHO JIOKAJIN30BaTh HE TOJILKO 1o “cxeme” O-3 X
X P—F, HO u nipou3Boas onepauuio t(f) X t(J); cm.
HMXKHIOIO JIEBYIO Bpe3Ky puc. 1). LlearecoobpasHo Te-

nepb 00paTUTHCS K pUC. 3, M300paxamwlleMy y3JI0-
BbIe MecTa “KapTel P00~ (M CXeMBl OLEHOK IJIS
HUX), IJIsI KOTOPOW METOod ToucKa KejaaTeabHbIX
CBsI3ell MeXIy dJIeMEHTaMU TTOCTPOEHUSI UMeJT OT-
MpaBHOI TOYKOM alpuOpHEIN crimcok runotes I' (¢
axKleHTalel y3J10B, MPeAIoJOXUTEIbHO YCTOMY-
BO JIOKAJIU3YIOIIUX UCKOMYIO MO3UIIUIO A B XOJ€ Tie-
pebopa BeplIMH Ha Ayre KOHTypa “6e3 majioro” ot F
no D), u CrIMCOK 3TUX TMMNOTe3, MHTYUTUBHO HaMU
BBIOpAHHBIX JJISI CEPUM TECTOBBIX IKCIIEPUMEHTOB,
“ucuepnaincsa” Hadbopom {I'l=+I'7} (a camas apdek-
TuBHas U3 Hux — I'7 — ObLIa TIpenjioxeHa B puHajIe
“IPOrHOCTUYECKOTO IITYypMa™).

KpaTko nmpokoMMeHTHUpYyeM (puc. 3 MCMIOJHEH B
CTUJIC aApe€Ccallul aKTUBHOMY YMUTATEIIO U COOCPKUT
CYILIECTBEHHO 00JIbllle MHPOPMaIIUU, YeM OyneT 00-
CYXIIEHO B TEKCTE) CyTh TUMOTE3 B JOIMYILICHUU, YTO
CcBI3b 1711 S mpoBepsiercsa B M eqguHcTBeHHO 110 I'l
(0O-S8 x P—F) {t(I) X t(J), cM. TIpaByl0 BEPXHIOIO
BpE3KYy, IIe 3HAaY0K “) (¥ UMeeT TPAKTOBKY: “OleHU-
Nel 2022

CEHCOPHBIE CUCTEMbI  Tom 36
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BaeTcs CTereHb IMO3ULIMOHHOTO COMMXEHMS JIEBOTO U
MPaBOro MpPoayKTa orepaluii”), Torma Kak cepusi ri-
note3 I'2, T'4, I'S “TpoekpaTHO TeCTUpYyeT” MPSIMYIO
“5—6” (By3nax “6”, “8” u G), IpeacTaBISIONIYIO CO-
0ot “MHIMKATOP TUIOTETUYECKU YHUKAAbHO20 CETa
CBOICTB ITPOEKTUBHO CTAOMJILHOM TOYKA Ha ocu E—D,
JIeTEpMUHUPYEMOTO (pUKCcupoBaHHOM Tpuanoii { P, F,
D}” (Hukomnaes, 2017). I'6 (c y3noMm V, He nmpuHamie-
KalliM IITPUXOBOMY OTpe3Ky “5—6”) Takke KOC-
BEHHO CBsI3aHa C TPOBEPKaMM CyIIeCTBOBaHUS “cTa-
OMJIbHOM TOYKU”, SIBJISSICH HEJIMHEWHO 3aBUCUMOM
oT I'2 (4TO MOATBEXKIAIOT SIIOPHI, IEMOHCTPUPYEMbIE
B KOHIIE pa3iesia).

B kauecTBe IOMOJMHUTEIBHOIO CBMUIETEILCTBA
TpyOHOCTEl BBIOOpa MEXIy “lLieiplo” M “Irymom”
(rme A cpenu KOHKYPEHTHBIX a?) puc. 3 BKIIIOUaeT 1
JIBa YHUBEPCAJIbHbBIX YCJIOBHUS Y TOXIECTBEHHOTO IO~
3ULIMOHHOTO 3amaHus y3JI0B “7” n .S “Bpone Obl” He-
3aBUCUMBIMU MeTomaMu: “P—A X 5—6=P—A x 0—S”
u “t(A) X t(D) = 0-3 X Q-7” (mpaBasi BepXHsIsI Bpe3Ka
puc. 3). B aT0T nnepedyeHb JJOTMYHO BKIIIOUUTh U “HE
BIIOJIHE oueBUAHOE” cBoiicTBO: W(P, 6,2, E)y*W(P, 5,
S, D) = 1. He OyzneM BOCIpOU3BOOUTH B TEKCTE CXEMBI
omnepaiuii Bcex I', BbIHECEHHbIE B BEPXHIOIO TTPAaBYIO
BpE3KY; OrpaHMYMMCS 3anuchio 11 “auaepa” I'7 (ee
y3en H): E—D X I—R){F—D X J—L (HVIXXHSISI Bpe3Ka).
VYTouyHuM: Ha KaXXOoM I11are nepedopa mmo3unuii A(n)
10 HOMEpaM # BeplUIUMH 0 K KBaptery {E, D, A(n),
B(n)} 1o koopauHaTaM “TeKyIero” 4-BepIIMHHHUKA
{1, 2, 3, S} — BIepeceyeHUSIX KOHTypa 0 C €ro I1aro-
HaJsIMU — onpenensieTcs u ksapret {I(n), J(n), L(n),
R(n)}, uTo 3aBeplIaeT KOMIUIEKTALIUIO TEKYIIETO OK-
Teta. MIMes TOJIHYI0 ero KapTy, MOXHO BBIUMCISITD
BKCTPEMYMBI COJIMKEHUI B Mape TECTUPYEMBIX OTle-
paumii ajs1 ceMu y3ioB 1o cnucky {I'l+I'7} (o mony-
YEHHBIX pe3yJibTaTaX — YyTh HUXKE, 10 3TOTO MOJIE3HO
YIIOMSTHYTb O cuTyaluu c 0 ®4).

AHaJIOTMYHBIE YMCJICHHBIE 3KCIIEPUMEHThI ObLIN
MPOBEIECHBbI Ha CTEHEPUPOBAHHBIX “IO CIydyalfHBIM
(He BEIOpaHHBIM C LEJIbIO “YTBEPAUTH IIPABOTY” IIPO-
BEpSIEMOTO Te3uca) IpaBWIaM OCECUMMETPUYHBIX
D2, O3, O4. Pesynbrarsl 11t @2 u D3 He TIpUBHEC-
JIM HUYETro HOBOTO, JIMIIb ITOATBEPANB IIPUEMIIEMYIO
TTOTPEITHOCTH OITMOKM JIJIST TIPEATIONIOXKEHMS O “CBSI-
syrouiei poan” S (nis 3aganus JIT M..N o nucno-
sunuu P..T, 4To B gJajbHelIIeM ObLIO OLIEHEHO MpU-
MEpPHO C TOM Ke MO3UIINOHHOI OIIMOKOM I 0 BCeX
OCTaJIbHBIX TUIIOB CUMMETPUU U O OOIIEro Buaa), u
MOTOMY HE MNPUBOMASITCI B Ka4eCTBE WJLIIOCTPALUIA.
“ITeyaybHyI0 HEOXUIAHHOCTD nogapwi” o @4, pas-
BesIB HanexXxabl Ha I'7, ObIBIIYIO aOCOJIOTHBIM JIMIE-
poM Ha Matepuane Ipod ¢ d1-+d3. I'padpuueckas
MHGOPMATUBHOCTH pUC. 4 OCHOBHBIM 00pPa30M CKOH-
LIECHTPUPOBaHAa Ha YeThIpEX Bpe3KaxX, MOKa3bIBaIOIINX
cxeMy 5-11a0iioHa OECKpUIITOpa M Pe3yJIbTaT €ro
NpUBJICUYEHUS IJII HAaMIEHHOTO I10 “UcTUHHON HL
okreta {4, R, D, J, B, L, E, I} (Bpe3ku BHU3Y, CJiecBa U
cIipaBa), a Tak:Ke pacIpelelieHrue OKTeTa Ha OpTO-
¢opMe, moMoraloiee MOHITh OPTaHU3ALMIO0 U BU/I

CEHCOPHBIE CUCTEMBI Ne 1
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IS HOBOTO (“IBOMHOTO”’) 9Man0HH020 ONUCAHUSL O TIO
cXeMe MpoelpoBaHus “Ha poMO 1 KBaapaT”, B CIIy-
yae 6ezouiubouroli nokanuszauumn HL (BepxHue Bpe3-
KM, COOTBETCTBEHHO cJieBa 1 cipaBa). Ha ocHoBHOM
noJjie puc. 4 n3o0paxeHa ceThb MMOCTPOEHUIA, B KOTO-
poit MPOMU3OIIIO HAPYIIEHUE IMAUPUYECKO20 TIPABU-
JlJa — O JOBOJIHO TOYHOM COBHAIECHUM XOpIabl R-L c
IuaroHayiblo S-F (4To TIPOU30IIIIO B CUTyalluU, KO-
rna 7 npuHagiexur HL, a S ycrneurHo arnnpoKcuMu-
pyeT pe3yabTaT t(A) X t(D); 310 oTOOpaxKaeTcs Ha Jie-
BOI BepxHel Bpe3Ke IJ1sT OpToHOpMBI 1 HA OCHOBHOM
nosie puc. 4). Ecnu B npumepax ¢ @1, P2 u @3 “Bro-
puuHBIL” KBapTeT {R, J, L, I} nokanu3oBaics Ha I1e-
pecedyeHUsIX KOHTYpa O ¢ JUaroHaIsIMU OITMCaHHOIO
4-pepmIMHHMUKA (00pa30BaHHOIO Ha KacaTelIbHBIX K
“mepBuuHOMY”’ KBaptetry {4, D, B, E} u Ha puc. 3
MMEBIIEro MapKMpoOBKY BepmiuH He {S, G, F, K}, a
{S, 1, 3, 2}), To niss @4 “npaBuiibHasA” TMAaroHaIb OK-
teTa L-R (cuHsISI TOHKAs MpsiMasi) y>Ke He cOBITagajia
¢ nuaroHajbpio S—F nepeceyeHunit KacaTeJIbHBIX B A,
Du B, E. O10T “c060i1” 1 ITOBJIEK PSJI CyIIeCTBEHHBIX
CIBHUTOB B oKpecTHOCTSX L, I, M, N. Ilo Toit e ipn-
yuHe “He omnpasaana ceds” I'7: mpsambie I-R u J—L
He Tepecekamch dosiee Ha ocu £E—D (4To Jierko 3a-
METHUTH Ha JIEBOIl BEpXHell Bpe3Ke puc. 4 — B BUIIE OT-
YETJIMBOU HenapanieabHocmu 3TOU TpUAIbl MPSIMBbIX
1J1st oprohopmnl). Ipexae yeM OyneT KpaTko o0Cyxk-
JIeHa “IMHaMMKa OLIEHOK COJIV>KeHMHUS B y3j1ax” II0
Bcem {I'l1=-T'7} Ha MaTepuaje TeCTOB [UIsI ceTa
@D 1-+-d4, kocHEeMCSI BOIIpOca O IIPOSKTUBHO MHBAPHU-
AHTHBIX 9MAN0HAX IJISI HUX.

[MosicHUM BBIMMCIUTENBHYIO CXEMY IECKPUIITOpa
nmo 5-mra6noHy. Ecaim Ha okTere 3amaHbI ISITH CO-
cencTBylolmMx BepivH {1, 2, 3, 4, 5}, To nmo3uuuio “3”
MOXHO IIPOEKTHUBHO CTAOWJIBHO MPEACTaBUTh TOY-
KO Ha MJIOCKOCTU BypP( OB, NCIOIB3YS YIIOPSIIOUECH-
Hble KBapTeThl {1, 6, 7, 4} u {5, 6, 8, 2} B KauecTBe
Byp(-ouieHOoK wl 1 w2 misi HUX (Ha JieBOoit HUXKHei
Bpe3Ke pUC. 3 MOKa3aHO, KaK BBEICHNE BHYTPEHHUX
TOYeK 6, 7, 8 1o mmpaBmiiaM 6 = 1—4 X 25,7 = 3—-5 X
X 1—4,8 = 2—5 X 1—3 co3maeT yCI0BUSI BBIYMCIICHUS
TpedyeMbix kBapTeToB). IIpockanmpoBaB ceTomM M3
MSITU TOYEK BCE BEPIIMHBI ONMMCHIBAEMOTIO OKTETa,
MOIYYNM TUKINYECKUiT Tpad AeCKPUIITOpa, “OT4eT-
JIMBO” KJIacCU(UITMPYIOIINIA POIU BEPIITUH B OKTETE:
napa { £, D}, pernpe3eHTUPYIOLIAsI 0Cb, ISXKUT Ha 1A~
roHaju rpaduka, a IpOeKTUBHO CUMMETPUYHBIE Ma-
pui {4, B}, {1, L} u {J, R} pacrioyoXuimch Ha INIOCKO-
ctu W ByphOB TOUHO CUMMETPUYHO OTHOCHUTEIBHO
JIMaTOHAJIN €¢ TIOJIOXKUTEIBHOTO KBajgpaHTa (110 IIpu-
YMHE Ieperpy>kKeHHOCTH pUC. 4 cxeMa 8-11adioHa 0y-
JIeT MoKa3aHa U olucaHa B pas3i. 3 Ha MpuUMepe LeH-
TpajabHO cuMmMeTpuyHoro o Cl, ogHako B paMKax
9TOr0 pasfeia 1eJecoo0pa3sHO MHPOIAEMOHCTPHUPO-
BaTbh (pOpPMY IeCKpUNTOPOB 1Jisl 0 Tuna D).

Ha puc. 5 u 6 npuBeneHbl rpaduKu 1eCKPUIITOPOB
@1 u D2 cooTBEeTCTBEHHO (110 cXeMaM 5- 1 8-111a0J10-
HOB). 8-1I1a0JIOHHEBIE rpadFbl, KaK IIPaBUIO, UMEIOT Ha
TIJIOCKOCTH BYp(dOB MacmTad CyIIeCTBEHHO MEHBb-
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Cuena: oBan ©4

JIBOIHOI 3TaJIOH MPOEKIMIA Ha KBapPTEThI
0

OCb CUMMETPpUUN

@dparMeHT
3TajioHa

1
‘ 60 X
'» JIvnys ropuszonra HLN, Hyanbusie napst: P..T, M..N

5

wl=W(1,6,7,4)
w2 =Wm5,6,8,2) /—AO0H
5-11ab10H

I'pacd mpoeKTMBHO CTAOUILHOTO
okreta {4, R, D,J, B, L, E, I}
Bypd-koopaunatsr: wl, w2
CuMMeTpUYHBIE TTaphl:
A/B, I/L, R/J

D

Puc. 4. Bun: deoiinoti smanonrnoil npoexyuu o (IokazaHa Ha BepxHeil Bpe3Ke cripaBa Ha mpuMmepe D4, naBiieM orpoBepKeHUe
Bcex I'), rpada deckpunmopa ®4 (B Bepcum S-11a6j10Ha; Bpe3Ka B cepeiMHe BHU3Y), cXeMbl BBIYMCICHUs S-111abji0Ha (Bpe3Ka
psimoM, BHU3Y) U opTodopmbl P4, Tie MoKa3aH r’MIOTETUYECKHU I UICTOUHUK OIIUOOK JJoKanu3auuu HL 1o ¢pakTy pacxoxmaeHust
noJisipbl L— R v nuaroHanu S—F (BEpXHsisl Bpe3Ka cjieBa), B 1Ba 11BeTa (PUKCUPYEeMblii HA OCHOBHOM I10JI€ PUC. BApUaHTaMMU I10-

3unmii 11t M n N. OcTtajibHbIe TTOSICHEHUS B TEKCTE.

LW, TI0 3TOM MPpUYMHE OHU NU300pakeHbl HA PUCYH-
KaxX B nponopyuoHanbHo yBeandeHHoM pasmepe. Ilo-
aTOMY Tpad st 8-1m1ab10Ha HEM3MEHHO CUMMETPH -
YyeH OTHOCUTEJILHO TMAaroHaju IJI0CKOCTU Byp(dOB B
koopauHarax (kwl, kw2), roe k koadduimeHT romo-
TeTUH, T.€. MaciuTabupoBanusd. diag @1 k = 11.4, on
HaMepeHHO OBIIT BBIOpaH TaKUM IJIS “3CTeTUYHOM”’
KOMIIOHOBKH PHC. 5, TaK 4TO yciioBue d = E He sIBns-
€TCd 3aKOHOM “3aBUCUMOCTH 11abJIoHOB”. Y M2 k =
= 12.5, 1 3TOT BBIOOP OOYCIOBJIECH ONTUMM3AIINEH
KOMITOHOBKU puc. 6. Tak ke Kak U I10 cxeMe 5-111a6-
JIoHa, 8-11a0JOHHBIEC Tpadbl CTPOr0 CUMMETPUIHBI
OTHOCUTEJILHO OJUAroHaju, IIpu 3TOM €il caMoOii Bce-
Ila UHIIUAEHTHBI 00pa3bl ocesuix BepiivH E, D. He
MIpUBEACHBI aHaJOrn4Hbie rpadpuku g M3 — oHuU
Majo oTiimyarTcs oT rpadoB aist ®2. PucyHok 7
n300paxaeT ASCKPUIITOP Mo 8-11a0J0HY A1 “aHap-
xucta” @4. Ero nybnep mo cxeme S5-11abioHa yxe
noka3aH Ha Bpe3ke puc. 4. OcTajioch 3aMeTUTh, YTO
ocecummempuyrocms nouceMeiicrsa M xapakTepHbIM
00pa3oM BBIICISIET UX ITO AECKPHUIITOPY B 8-111a0IOH-
HOIT popMe: Bce OIMPOOOBAHHBIE B KOMITBIOTEPHBIX

Tectax npencraButesn @ umerot wis rpacdoB 3TOTO
111abJIoHa CTPOTO K8adpamHuiii HParMeHT, a ero Bep-
IIIMHBI, OPTOTOHAJIbHBIE TIABHOM NMAroHajiu ILJIOC-
KOCTU Byp(dOB, SABJISIIOT COO0i 00pa3bl BeplIMH A U B,
JIeXallux Ha Jiyde U3 mojtca CuMMeTpuu P.

OcTtanock 00CyIUTh HOBOBBEIECHNE B YaCTU HETIPE-
PBIBHOTO TNPOEKTMBHO MHBApMAHTHOIO OITMCAHUS O,
CTaBIlIee “eCTeCTBEHHBIM  CIEICTBUEM pa3BUBAeMOI
37eCh KOHIICMIMMU “OKTeTa BEPIIMH 0, UMMaHEHT-
HBIX IIPOCKTUBHBIM OCOOEHHOCTSIM €TI0 TeOMETpUHr .
TpebOyeT pa3bsICHEHUST YTBEPKICHUE O CYIISCTBEH-
HOM YJIYYIIEeHUU CXEMBI 3TaJJIOHHOIO IPEaCTaBICHUS
0 TIpOoeKIIMei Ha “TIpaBMJIBHYIO” KOMITO3UIIMIO POM-
0a u kBazapata (C OOIIUM U1 HUX HEHTPOM U PaBHbI-
MU IUIOMAASIMM, TaK 9YTO BOCEMb MX BEPIINH MPH-
HaJjexaT OKPY>XKHOCTH, a pOMO — 3TO ITOBEPHYTHII
Ha 45° KBaJIpaT) B CpaBHEHUU C IIPEXKHEH CXEMOIA,
Korma “BIIOJIHE YCHEIIHOM” OlieHMBajach MHBapHU-
aHTHas perpe3eHTalsI 00H020 CTAOMIIBHOTO KBapTe-
Ta BEpIIMH O Ha KBampaT 3TajioHa. Crapas cxema
nMeJia U3BECTHBIM HEIOCTAaTOK — “HU3KOM YYBCTBU-

CEHCOPHBIE CUCTEMBI Ne 1

TOM 36 2022
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Luxnunyeckuii rpad R
w2 B neckpunTopa oajia @1 IR
a r
0.50F /
/ b
4 i
FE cxema 8-11abioHa
0.45F
cxeMa 5-1mabaoHa
D
1
0.40F
A
0.35F
J
1 I L I 1
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Puc. 5. Bun Ha W-mutockoctu 8-BepIIMHHOTO IIUKIIAYC-
ckoro rpaga meckpunrtopa ®1 B dopmax 5-mabioHa
(uepHBIil Tpauk ciaeBa) u 8-1abnoHa (CMHUIA CIipaBa
BBepXy). [TosicHEHUST B TEKCTE.

TEJILHOCTM K TPOEKTHUBHBIM HIoaHcaM (opMbl”
c(OpMUPOBAHHOTO 3TAaJJOHHOTO OMWCAaHUs BOJU3U
KaXKIIOH yIrJIOBOI TOUKHY KBaapaTa (OXOAsIIIeit 1o Hy-
/ne60ll — B UyeTBepKe BepllnH). [Ipennaraemass HaMu
METOIMKA 3TOr0 YEThIPEXObl IIPOUCXOISIIEIO “00-
HYJICHUsI BapuaTUBHOCTU pENpe3eHTaluy”’ Halleao
JivleHa: Oynydu ydeoeHHoil, MpoeKIrs Ha J1000it 13
BEpIIMH KaXJI0ro TIPpaBUJIbHOTO 4-BepIIMHHMUKA
nMeeT “ayodJiepa” Ha BTOPOIf BEeTBH CO CBOOOIOM BhI-
paxeHus “HioaHca ¢opMbl” [JIs TOTO XKe (10 MOJsIp-
HOMY YIJly) ydacTKa MpencTaBisieMoil opTohOpMBI.
M yrouHeHue “Toro e ydyacTKa” He SIBJSIeTCs TUIep-
0071011, TaK KaK OKTET MO3UIIMOHHO AETEPMUHUPO-
BaH AByMs JII1, KoTopbie B COOTBETCTBUH C 3aKOHAMU
MX TeHe3uca He MOTYT He TOJbKO COBIIACTh, HO U
comm3nuThesl Ha HL, a cTano ObITh, U BEPIIUHBI JIBYX
kBaptetoB ({4, D, B, EYu {R, J, L, I}), peryiasipHo 4e-
penysicb, MapKUpPYIOT KOHTYp O 0¢3 3HAUYMTEIbHBIX
COJIMKEHU I, HUBEIUPYIOMIUX “UH(MOPMATUBHOCTD”
penpe3eHTalnm, KaK 3TO ¢ “Hen30eKHOCThIO CBOI-
CTBEHHO” MpeXHell MaHepe 3TaJloHupoBaHus. Bo3-
Bpallasich K puc. 4, OTMETUM, UYTO Ha KpaiiHeil HUX-
Hell Bpe3Ke ciieBa IoKa3aH MOBEPHYTHIN U yBEJTUYEH-
HbIH (X2.5) parMeHT ABOMHOTO 3TanioHa ajisd P4 ot
obpaza BeplInHHKI J 10 oOpa3a D, Ha KOTOPOM BUIHO
pacxoxIeHne “KBaapaTHON 1 “poMOMIecKoii” BET-
Beil B okpecTHOCTU D (BETBb € y3710M D BbIJeIeHa Ja-
3ypHBIM 1IBETOM, YTOOBI PacCXOXIEeHUE BEeTBEil ObLIO
OTUET/IBEE).

BepHeMcs K JeMOHCTpaluM pe3yJbTaTOB TECTU-
pOBaHUSI CTeHEpUPOBAHHOIT YeTBepKU 0 Tuna P Ha
3¢ HeKTUBHOCTH (B UTOre — Ha IEJIECOO0Pa3HOCTh

CEHCOPHBIE CUCTEMBI Ne 1
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Luxnunyeckuii rpad
/%) neckpunrtopa opaia M2

0.55

0.50

0.45

0.40

0.35

0.30

| | | | | |
0.30 035 040 045 050 055 W1

Puc. 6. Bun Ha W-mutockocTu 8-BepIIMHHOTO IIUKIIYE-
ckoro rpada meckpunrtopa P2 B dopmax 5-mrabioHa
(uepHBIil Tpauk ciaeBa) U 8-mabioHa (CMHWI CIpaBa
BBepxy). [losicHeHUsT B TEKCTe.

npuBiedeHus1) Haoopa {I'l+T'7}. Ha puc. 8 npusene-
HbI TpauK1 MeHsIo1Ieics (Tpy MmocienoBaTeIbHOM
CMEHE HOMEPOB BEPIIUH O [IJIsi TEKYIIEN TOUKU KOH-

Hukmmaeckuii rpad
w2 neckpuntopa oBasia P4 1o cxeme 8-ma6aoHa D
] _____________________________

KBagpar
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Puc. 7. Bun Ha W-mutockoctu 8-BepIIMHHOTO IIUKIIAYE-
ckoro rpada aeckpuntopa M2 B popme 8-111a610Ha. Bbi-
neneHbl nuaroHanu A—B u I—L keadpamusix parmeH-
TOB. [TosIcCHEHUS B TEKCTeE.
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Cuena: oBan ®1. [ToBeneHue 7 olleHOUHBIX (hyHKLMIA, AMTPOKCUMHUPYIOLINX MUHUMYMOM MO3MLIMIO KCKOMOM BepILINHBI A

1.6

14 =
Tounast /f
oleHKa A

mo I['7

1.2

10} -

S\

[Tnoxue OICHKH rur4 ‘!&.A:'.A

| Xopouas ouenka I'S

r7 IS

Ouenku I'2 1 T'6 HETMHENWHO 3aBUCHUMBI

12

JloxHbleloLeHKM
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1.8
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Cuena: oBan @2. [ToseneHue 7 OLEHOYHBIX (DYHKIIMIA, aMMPOKCUMUPYIOLIMX MUHIMYMOM MO3MLIMIO HCKOMO#1 BEPIIMHBI A

| I Y

1.6

1.2

1.0p

0.8

0.6

0.4

0.2F

Xopotuue otenku 'l u I'3
Tounbie ouenku I'S u l"|7

400

800

Puc. 8. IMoseneHue ¢pyHKImMii-oleHOK 110 cemu rurnotesam I, pukcupyrommx aggpgexmusnocms I' (4epe3 Mo3MLMOHHYIO OJTU -
30CTh K 1IeJIeBOM A) MUHUMYMOM T10 d. BepxHuii 6710k amiop — Tecthl it D1, Hrokauii — mist @2, OcTtajabHble TOSICHEHUS B

TEKCTEC.

Typa a(n)) OLIEHKM paCCTOSTHUS MEXAY “TIO3ULUSIMMU,
BBIYMCIISIEMBIMY MO 3aJaHHO aJlbTepHATUBHOI cxe-
Me 11 Kaxknoil n3 cemu I' Ha posib Hamnydiiero (B
apeajie CBOETO y3/ia) MHAMKATOpa COOTBETCTBUSI UC-
KoMoM mo3nuuu A niag no3uumu HL, 3amaBaeMoit
anpuopyu TOYHBIM ee pacrnojoxkeHueM” . 1T Kaxkmoit
u3 I' bopmupyeTcst cBOSI KpUBasi, MUHUMYM OPINHAT
paccTossHUS d KOTOpOii ueM OJIMKe K 3apaHee U3BeCT-
HOMY HOMepy “UCTMHHON” A, TeM 3(ddeKTUBHEE
npoBepsieMmas I' mist manHoro @ (Ha puc. 8 BepxHMIA
rpacgpuk otodpazkaeT TecThl a1t D1, HIKHUIA — I
®2). PucyHok 9 neMoHCTpUpyeT TMHAMUKY OLIEHOK d
IIJISL TOTO XK€ HabGopa rurore3 mpu oopadotke @3 u
®d4. Cponka moctuxkenwmii: I'l u I'3 mamu xopouue
oueHku mist M2 u @3, I'2, I'4 u I'6 okazanuch HEID-
dextuBHbIMU, I'S nana xopowue ouenku miusg @1 u
mounvie — 1 @2, I'7 nana Hauydiue rmokasaTean

st @1, @2 u D3 (T1pu MaccuBe BEPIIMH Ha MOIYIIe-
pumetpe B 1200 AUCKpET, MOrPEIIHOCTH OLEHOK KO-
Jiebavch OT OMHOM A0 YeThIpeX TUCKpPET, T.e. He 10-
CTUTAJIU YPOBHS B IoJIIIpolieHTa). Ha TectTupoBaHuu
®4 Hu omHA M3 TMITOTE3 He JaJa Jaxke YIOBICTBOPH-
TeJIbHOTO pe3yabTara. JlomoJHUTENbHbIE 3KCIEpU-
MEHTBI MOKa3aJiu, YTO JAECKPUIITOPHI ISl pa3HOOO-
pa3Hbix @, BerunciieHHbie no AIT Ha “ommbGoYHbBIX”
HL (x0T n IpyrHamIeKaux Ny4yky ¢ IeHTpoM P),
00JIamaloT Ha IUIOCKOCTHU BypdoB (w1, w2) TouHO TOI
K€ CUMMeTpHreil OTHOCUTEILHO TMaroHaIu ee Mojo-
>KUTEIbHOTO KBaJpaHTa, TaK 4YTO U 110 CBOMCTBY OcCe-
BOI CUMMETpUU epagha “oTOpakoBaTh JIOXHBIE” HL
He noayuyuTcsi. BHe moaxona, TOJbKO U BO3MOXKHOIO
IUIST 0 0buyeco 6uda (CYNTHIBATH MojloXeHue HL npu
OINTUYECKO pPErMcTpalMid 0 B YCJIOBUSIX TeXHUYEC-
CKOM 3KcIUTyaTallud CUCTEMbl aBTOMAaTHUYECKOTO

CEHCOPHBIE CUCTEMBI Ne 1
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1.8 Cuena: oBan ®3. [ToBeneHue 7 oLeHOUHBIX GYHKIIMIA, alIIPOKCUMUPYIOLIMX MUHUMYMOM TTO3UIIMIO MCKOMO#1 BEpIIMHbI A

Xopomme ouenku I'l n I3

P
| Jloxubie OLI,CHSM
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200 40 600 800 1000 n
1d8 B Cuena: oBas ®4. [ToeeneHue 7 OLleHOYHBIX (DYHKIIHIA, alIIIPOKCUMHUPYIOLIMX MUHUMYMOM TO3UIINIO KCKOMOI BEPIIMHBI A
1.6
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1.2 6
1 0 [ ]"2
0.8
0.6 “’!"" |

| 7 |
04 )’7 OPOLLKMX OLIEHOK HE ﬁ,
= A

0.2+ Z— ‘ \ //

L \ l 7, \

200 400
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Puc. 9. INoseaeHue byHKIMII-OLIEHOK 110 cemu rumnote3am I', pukcupytommx agpgexmusnocms I' (4epe3 MO3ULMOHHYIO O -
30CTb K 11eJIeBOit A) MUHUMYMOM 110 d. BepxHwuii 610K ammop — tecthbl mist @3, HukHuit — wist 4. OcTaibHble MOSICHEHYS B

TEKCTE.

pacIio3HaBaHUS), OCTAeTCs IIaHC HaOpaTh CTATUCTU -
Ky CiIy4yaeB HapylIeHHUs SMIIMPUYECKOrOo IpaBuUjia
“kBaprteT {R, J, L, I} "HIIuAEHTeH TUaroHaIsIM 4-Bep-
mHHUKA {S, G, F, K}’ (puc. 4), 15 “HapylmBILIUX” —
MONBITOK MHBAapMAaHTHOM 0OpabOTKM HE IIPOMU3BO-
INTh, Ipouunx o (mo tuny @) — moaBepraTh TECTY
mo I'7.

2. HOBBIE METOJbI IIONCKA LIEHTPA O
Y O CKPbITOU PAANAJIBHOM CUMMETPHUHA

IIpencraBniaock HeIecooopa3HBIM — JI0 O0CYXKIe-
HUSI METOZA C IIpUBJIeueHrneM nmo3unmn HL B 3agaue
MOMCKa OKTeTa CTAOWJIBHBIX BEPIIUH Y paduanbHO
CUMMETPUYHBIX 0 — COOOIIUTHh O MPOU3BEAECHHON B
5TOM CBSI3U CYLIECTBEHHOW onmumuszayuu B CXEMeE
OLIEHKM MO3ULIMU LIeHTpa cuMMeTpun O, TIOCKOJIBKY
KoopauHaTtel O OMHO3HAYHO 3aJal0T PaCIIOIOXKEHUE
HL, v yckopeHue (TUTIoC yIIpOIeHUE, TPU YBEJINYe-
HHMU TOYHOCTH) 3Tana aetekuuu O nenaet 6oJiee MO-
OmMIIBbHOM Ipolieaypy noyrydeHust okrera mo JAIT. Yro-

CEHCOPHBIE CUCTEMBI Ne 1
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OBl YSICHUTb CYTh ONTHMMHU3aIuM mnoucka O (HaMu
MpeJIOXEHbBI IBA HOBLIX METOAA PEIICHUS 3TOM BaX-
HOI 3371241 ), IOTUYHO OXapaKTEePHU30BaTh MPEXKHIOI
cxeMy nouncka (Hukomaes, 2014), koTopasi HbIHE MO-
JIepHU3upoBaHa. 3aMeTuM, 4To B padbore (Hukomaes,
2021) Takke ObLT MPENJIOKEH W MCIbITAH YHUBEP-
CaJIbHBIN aJropuT™M TMorcka O, npusnekawimii 11,
HO OTJIMYME €r0 B TOM, YTO IIpUPOJIa MOCICIHETO He
umepayuorHas (Kak B 00CyxXKIaeMbIX IIpoLeaypax C
OOIIIMM T€HE3MCOM), a nepebopHas, N 10 TeX Imop, Mo~
Ka He OymeT pa3paboraHa (1 IIpoBepeHa B KOMITbIO-
TEPHBIX TECTaX) €r0 UMepaAuUOHHAS BEPCUsS, OH He
KOHKYPEHTEH 00CYy:XKIaeMOMYy TYT ITOAXOAY K OOIIeiH
3ajgayve.

MaeitHas mogoruieka cCTaporo ¥ HOBOTO TMOAXOI0B
B LIeJIOM O0OlIasi U pas3jinyaeTcsi Mepoil cepBUCHOI
MOAAEPKKU (B OLIEHKE, HACKOJILKO T'POMO3IOK pe-
cypc, TpebyeMblil 11 MPOBEICHUSI UTEPaLlMOHHO
MIPOTIEAYPHl TTOMCKA), a UX OOITHOCTH MOXET OBITh
BBIpaxkeHa ABYMsI T€3HCAMH, CBSI3aHHBIMU C TIPUPO-
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IO MHCTPYMEHTA aHa/In3a 0, Ha3BAHHOTO 2ApMOHU-
yeckum konmypom HC (oH ObLT ITpeaIoXeH HaMU pa-
Hee, SIBJISISICh JJI1 0 KIIOHOM H-TIoNsIpbl 8HympenHell
nokamm3anyu (Hukonaes, 2011), n ucnonb3oBaics
JUJISI IOJTyYeHUST UBapUaHTHBIX BYph-0TOOpaKeHUt 0):

1. HC, BeryMcCIeHHBIN IS LIeHTpa cumMmeTpuu O,
MpencTaBisieT cCO00i 06a1bHYH0 KPUBYIO, C €T0 BMe-
IaIuM o (00IIeTro Buaa) CBSI3aHHYIO IIpeo0pa3o-
BaHUeM ( eomoepaguu (TO XKe, YTO U “TIPOCKTUBHOE
npeobpa3zoBaHUE TUIOCKOCTU B 1eKapToBoM 3D mpo-
CTPaHCTBE”; BOCEMb €ro He3aBUCUMBIX KO3(dhUII-
€HTOB Yepe3 pelleHUe JIMHEMHOM CUCTEMbI BOCbMU
ypaBHEHMIi CBSI3bIBAIOT IPOM3BOJILHBIN KBApTET BEP-
IIWH 0 ¢ UIEHTUIHBIM KBapTeToM Ha oBasie HC). B1o
eduncmeenHblil (YHUKAIbHBIN) CITydail coOBIamalonei
¢ O mo3ulmu aerepMuHupyloiero dopmy HC tecto-
BOTO Toiroca s, Korma H- u T-moisipa CTaHOBSITCS
npamvimu, COBMeIieHHbIMU ¢ HL.

2. Ecam Xe TecToBBIM ToJoc s, 3amatomuii HC,
capuraetcst u3 O, IipoekTuBHas cBsi3b HC 1 KOHTypa
0 TepsieTCs, a IO Mepe MPUOJIEKEHUS S K KOHTYPY O
dopma HC tmipeteprieBaeT HEKYIO PETYISPHYIO Jie-
dopmalmio (3aKOHBI KOTOPOM MOXKHO NBITATHCS UC-
MOJIB30BaTh IJIsI OpraHU3aluy UTePallMOHHOM IpO-
eaypsl “obpaTHOM TMHAMWKM . CABUTA S B HAIIPaB-
aeHuu 0).

MHTYUTUBHBIN OTKIMK Ha cPopMyIMpOBaAHHBIC
TE€3UChl MOXXHO BbIPa3UTh TaK: IJIsl TOTO, YTOOBI Opra-
HM30BAaTh “ynpaeasiemviii CABUT S B cTOpoHY O”, clie-
IyeT 03a00TUTBCS CO3MaHUEM MeXaHU3Ma ynpaene-
HUs TIOLIArOBBIM CABUTOM S, UCIIOJIb3YIOLIUM “HeBe-
IoMbIe 3akKOHOMepHocTu gedopmanuu’ HC.
MMmeHHO 3TMMM O10KaAaMU “KOHTPOJISI U YIIPaBJICHUS
caBUra” cpaBHUBaeMble METOIbl M OTIWYaroTcs. B
cTapoii cxeme “yIpaBlieHHE W IIpOBepKa” BoO3jara-
JIMCh Ha CIydaliHBIM 00Opa3oM M30paHHBINA oKmem
BEPIIMH 0. /[Ba HOBBIX MeTOAA MPUBJIEKAIOT IS TOM
Xe nenu mpu (“TpexTodeuHblii” MeTon 1) 1160 YeThl-
pe BeplIMHBI O (“YeThIpEeXTOUYEUYHBIN” MeTom 2).
OueHb ObICTpast paboTa CTAPOro U ABYX HOBBIX aJITO-
PUTMOB MMeEET MPUYNHON OTCYyTCTBUE TPeOOBAHUS
Ha KaXJIOM Ilare UTepaTUBHOIO Ipolecca BbIUMC-
JISITh TEKYIIYI0 Bepcuto oBajia HC: 1oCTaTOYHO Tpo-
U3BOJUTH BYph-OLIEHKH JJIs1 MaJIOTO (OT TPEeX-YeThl-
pex — Tenepb, 10 BOCBMU — JJIsI IPEKHEN METObI)
YyucJia KBapTETOB Ha MIPSIMbIX, CBSI3BIBAIOIIMX BePIIIN-
Hel HC ¢ “TouykaMu yIpaBleHUSI Ha KOHTYpE O.
®opMynbl 111 BypdOB MPOCThI, YPaBHEHUSI — JIU-
HEMHbBI, CYET — CTPEMUTEJICH.

Huist 6osblieit BHATHOCTU JaJIbHEHIIINX KOMMEH-
TapueB odopatuMcs K puc. 10. O0muit MOMEHT nMe-
€TCS U y IBYX HOBBIX CXEM: Ha KOHTYpPE O CIYyYMHbBIM
o0pa3oM BbIOMpaeTcs apa BepiiuH A 1 B, a BO BHYT-
peHHeM 1oJie purypsl o (Ha puc. 10 oBaj o nosyyaer
o0o3HaYeHUe S) paHIOMHO BBIOMpAETCsl CTapTOBas
nmo3utius s. Tak, Ha KOHType S MOsIBISIETCSI TPEThsI
Touka C (ee MoJIOKeHUE BBIYMCIISIETCS] Ha Tiepeceue-
HMU JIy4a -7 ¢ KOHTYpoM S, 1ie 7 = t(4) X t(B) (cMm.

9Ty ¥ IIpOYMre CTPYKTypHBIe (DOPMYJIBI Ha Bpe3Kax, B
y>Ke 3HaKOMOM HoTaluM). ajnee myTu peiieHus pac-
XOIATCS (a KOHKPETUKA MpexmoueyHol CXeMBI IIPO-
CTa, XOTS U 00beMHA B JIETAJISIX), IIOTOMY COCPEI0TO-
yuMcs1 Ha metofe 1 (ero ¢pyHKIIMOHAIBHBIN y3€eJI Mo-
Ka3zaH B BepxHeil Bpe3ke cieBa). KoHTypHast Tpuaga
{4, C, B}, 6aarogapst HaIu4IuIo s, o0eceunBaeT ae-
TEKIIMIO HOBOM Tpuansl {F, D, F} B mepeceueHUSIX JIy-
yeit A—s, B—s, C—s ¢ KOHTypOM S, a T¢, B CBOIO O4e-
pelb, Jal0T BO3MOXHOCTh OLEHUTH IMO3UIINK BHEIII-
Hux Pu T (roe P= t(F) X t(B),a T=t(4) X t(E)), uyTo
B UTOTE MO3BOJISIET JIOKAJIM30BaTh 110 UX KOOPIAMHA-
TaM IIpsIMyIo (Ha3BaHHYIO “runote3a o HL”), Ha 11e-
peceyeHMssIX ¢ KoTopoii myueit A-s, B-s u C-s onpene-
nsietcs Tpoiika {H, R, M}. Ha tpex npsimbix H—E,
R—F, M—D ¢dwukcupoBaHBI Teriepb TPU KOJJIMHEap-
HBbIe TpOUKM ToueK: {H, A, E}, {R, B, F} n {M, C, D}.
Jist Kaxkmoil MpeaInicaHo BBEIYMCIICHUE Yemeepmoil
TOUKM, C YCJIOBHEM IIOJIyYEeHHSI TapMOHWYECKOIO
KBapTeTa (T.e. TpeOyeTcs HaliTU MO3UlIUH e, f, 0, pe-
masi JuHelHble ypaBHeHus1 W(H, A, e, E) = 1,
W(R, B,f, F) = 1u W(M, C, o, D) = 1; 5Tu BbIpaxke-
HMS BEIHECEHHI B IMPaBYIO HUKHIOIO Bpe3Ky puc. 10).
Teneps co3maHbl BCe YCIOBUS JIs1 3aBEpIIeHMS TIep-
BOT'O MTEPAlMOHHOTO IIlara, MOCKOJbKY cpopMHUpO-
BaH TPEYTOJILHUK “f—0—e”, BO BHYTPEHHEM I10JIe KO-
TOPOI0 MOXKHO OOBSIBJISITh HOBYIO IIO3UIIAIO TECTOBO-
ro momoca s’ (cOBUraeMoil TOYKM, Ha JIEBOU
MaJjIeHbKOI Bpe3Ke cjeBa ATOT Iar rnoka3aH Kak
COBUT U3 no3uliuu s(n) B Touky s(n + 1)). IIpaBuio
IS JIOKAJIM3allMKY HOBOTO MOJIIoca ObLIO BEIOPAaHO B
BUJIe olepalliy ONpelesieHusl IIeHTpa Macc f—o—e.
XOTS 3TOT IIpUEM U He SIBJISIETCS IIPOSKTUBHO MHBa-
PUAHTHBIM niepexoaoMm ot s(n) K s(n + 1), “cBoboma”
B OpraHuU3alliy TPAeKTOPUU IT0 HEXKECTKOMY IIpaBU-
JIly “cMelatrbcs B CTOpoHY O” oKasajach JOIMYCTH-
MOI B MOAEIbHBIX UCHBITAHUSIX UTEPALIMOHHOM CXe-
MbI, BBIBOISI TPAeKTOpPUM K 1iejeBoii O 13 pa3HbIX
crapToBbIX no3utmii. Ha puc. 11 mpoameMoHcTpupo-
BaHa Kapma TpaeKTopuii moucka O U3 IISITU pa3ind-
HBIX CTapTOBbIX MO3ULIMI S (OHU MOMEUYEHbl B BUIE
HavaJbHBIX TOYeK 51, 52, 53, 54, 5 IJIsI TISITH TPAeKTO-
puii, a TakkKe MapKUpPYIOT Ha Bpe3Ke C M300pakKeHU -
eM S ¢puKcupoBaHHBIE BepIIUHEI A, B u 1ieHTp O B
eIMHOM MaclITabe COBMECTHO CO CTAPTOBBIM CETOM
{s1-+s5}), mony4yeHHas1 HaM1 B MOIEJIbHOM 3KCIIepPH-
MmeHTe. Hikauit rpacdmuk puc. 11 mokaspiBaeT, Kak
JUIST KaXKAOM M3 IISITU TPaeKTOPUil MEHSUIUCH MOIa-
roBo paccrossHus 1o O. I1ooxeHure o JOIyCTUMOCTH
HENpPOEKTUBHOI onepaliiu (C BBIYUCICHUEM LIEHTpa
Macc) WISl “TeKylIuX f—o—e” yOemuTeIbHO WJLIIO-
CTPUPYIOT TPaeKTOPUU M3 CTApTOBBIX s1 U s2, rae
“myTh K O” BRINISIAUT Ha HAdYaJIbHBIX CTaIMsIX TIPO-
mecca “BecbMa OKOJbHBIM”.

JomoaHNM WMIOeOJIOTUYECKYI0 4YacTh OITMCAHUS
MeTona 1 oObsIcCHEeHNEM, MoUyeMy IIpsiMast 94epe3 ToU-
K1 Pu THa3zBaHa “rurnore3oii o HL”. JI71s1 3TOro Hago
“MBICJICHHO NEpEHEeCTUCh” B (DUHAILHYIO CTaIuIo
npoienypsl moncka O. IIpu ycnoBun, 94To TpaeKkTo-
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O ABYX UTEpPaAlIMOHHBIX METOAX MOMCKa LIeHTpa cummeTpun O

A

10

TapMOHUYECKUI KOHTY)
paH}lOMHbIﬁ CTapT s MouckKa

Tpexroueunsrtit (A—B—C) meron 1 nerexumu O
OueHkH {f, 0, e} 3a1a10T 1Iar UTEPALIU § F,

73
| 5() MHHS TOPU3OHTa HL T=>1(A) x H(E)
P=>1B) x {F)
2=> KA) x (B)
H=>A-sx T-P
R=>B-sx T-P
30 X

mar u3 s(n)Bs(n+ 1)

-10

u{a, g, u, by na HC

Meron 2 noucka O no kBapreram {4, G, U, B}

oBaJl S paauaibHO CUMMETPUU

KOHTYp ¢S

D -30

Csoiictea HC:

E=>A-sxcS W(A, a,s, E) =1
F=>B-sxcS W(B, b,s, F)=1
C=>z-=sxcS W(C,c,s,D)=1
D=>z-sxcS W(D,d,s, C)=1
U=>T-sxcS WU, u,s, Q)=1
Q=>T-sxcS W(G, g, s, K)=1
G=>P-sxcS OleHKH e, f, 0 u3:
— K=>P-sxcS W(H, A, e, E)=1
M=>z—sx P-T W(R, B,f, F) =1
W(M, C,0,D)=1

Lenesoe ycinosue Metona 2: HC v KoHTYp S 1ipu s = O CBsI3aHbl IPOEKTUBHO;
Torna Matpuia, nepesonsimas {4, G, U, B} B {a, g, u, b}, peanuzyer s => O

Puc. 10. O 1ByX HOBBIX umepayuoHHbIX METOMIaX MOMCKa HesiBHOTO 1ieHTpa Oy 0 paduanvroit cuMMmeTpun. CiieBa — cxeMa op-
TaHU3alMY 11ara UTepaiyu, CIBUTAIOIIETO CTAPTOBYIO MO3UIIMIO § “B cTOpOoHY O” cornacHo “TpextrouedyHomy Metony 1”. Ha
OCHOBHOM IT0JI€ PUC. TOKa3aHO, KaK [0 PaHIOMHO 3aaHHbIM A, B 1 s BBICTparBaeTCsI BCSI KOMITO3ULIMS 3JIEMEHTOB, TpeOyeMast
IUISI ciBUTA S, B TOM unciie u no HC, npusiekaeMomy B MeToae 2. KoMMeHTapuu B TEKCTe.

pus nipuBena s B O, 0Ka3bIBAlOTCSI BBIMOJTHEHHBIMU
YCJI0BUSI, CBSI3bIBAIOIIME MO3ULIMIO lIeHTpa O ¢ Moo~
XeHueM HL: TunokkepoBbl OJNSIpbl A—s—FEu B—s—F,
craB B (puHasie xopaamu A—O—FE u B—O—F, umetor
Tenepb noarwcamu oKoHYaTeabHble To3uuu P u T,
NeNCTBUTENILHO (MO TAaHTE€HIIMAIbHBIM 3aKOHAM CBSI-
31 TOJTI0CA ¥ MoJIsiphbl) TipuHamiexaiue HL. ITo 3a-
KOHaM eapmoHuueckum (M3 TeOpeMbl B3aMMHOCTHU
clieqyiolum) pakT cBoei mpuHamieXkHocTh HL ny6-
JIUPYIOT U TPpU KOJIJIMHeapHbIX KBapteTa {H, A, O, E},
{M, C, O, D} u{R, B, O, F}, Bypdbl w IJIsST KOTOPBIX
“00s13aHBI MPHUOOpPECT” OLIEHKY W = 1 (KaK u Tpeody-
eTcsl IS TIPSIMBIX TTydka u3 O, riepecexkatorux HL).

Ilenecoobpa3eH ele oqfMH KOMMEHTapUid TIpUH-
UMHATBHOTO XapaKTepa, IIPOSICHSIONINI He0OX0MM -
MOCTb cAejiaTh Ipoliecc noucka O deyxcmaduilHvim
(4TO CBOMCTBEHHO BCEM 37€Ch OOCYXIIaeMbIM METO-
IaM — CTapoMy M HOBBIM). [Iporienypa BeIUUCICHHUS
CIBUTA § UMEET TaKyl0 OCOOEHHOCTD: 10 Mepe MpH-
OIVKEeHUS K 11eJIU (KOTJa KOPPEeKTUPYIOLINM CUTHAT
CTaHOBHTCS Bce OoJiee HEYCTONIMBBIM, TTafasi o aM-
TUTUTYZE) 1IeTTb TO3UITMOHHBIX CMEH TePSIET OMHAXKIIBI

CEHCOPHBIE CUCTEMbBI  T1OoM 36 Ne 1l 2022

YepThl “TpacKTOpUU”, SIBJISS “XaoTU4YecKoe OyKaa-
HMe B cTaTU4uHOI 30He”. [TomoOHBIN apean “notepu
addexkTuBHOCTU MeToda” Ha puc. 11 BeigeleH
OKpPY>KHOCTBIO, T B CpeIHEM ITocie 35-To 11ara ute-
paumii mpoaoKeHUE ONMUCAHHOM MPOLEAYPbI JIUIIE-
HO (yHKIIMOHAIBLHOrO cMbicia. C 3TOro MOMEHTa
Hamo “MEHSTh IMapagurMy’”’, Iepexonsi K M3BEeCTHOM
TeXHUKE “YIUIOTHSIEMbBIX CETOK’, KOTHa, HallpuMep,
JUIST IEBSITU TOYEK KBaApaTHOM pemeTku “3 X 3” mo
YeThIpeM HaIpaBJIeHUsIM (BepTUKaJIb, TOPU30OHTAJIb
1 JBE JMaroHajy) Iy TpexX Todek (3TO s U mapa Bep-
IIIMH MePeCceYeHrsI C KOHTYPOM S) — I10 KaXKIOMy U3
HMX BBIYUCIISIETCS MO3ULIMS Yemeepmoll — C LEJIbIO
MOJIyYEHUS 2apmMoHu4ecko2o Bypda (BCIIOMHUM ypaB-
HeHue 111 oueHku e: W(H, A, e, E) = 1), mocne 4ero
dopMupyeTcs “KBapTeT U3 OHBIX YemaepmuiX TOUEK”,
JIJISI KOTOPOTO OLIEHUBAETCS “CTENeHb KOJUIMHEapHO-
ctu” (B 1eJieBoii Touke O oHa aOCOJIIOTHAS, TTO3UIIM-
OHHO NpuHamiexa HL), y3en maxcumanvHoil KO-
HEapHOCTU OOBSBIISIETCS LIEHTPOM B TpU pasa boliee
TJIOTHOM pelIeTKU M BBIOOp “JIyYIlIero mu3 IeBsATH”
TTOBTOPSIETCS TOM 3Ke cxeMmoii. Ecim anropntm mmepBo-



74 HHWUKOJIAEB
Y Tpexu ntepartmoHHOTO TToMcKa 1eHTpa O u3 no3uumii sl, s2, s3, s4, s5 mo merony!l
3
3.0
OBaJl pauaibHOM
CUMMETPpUU
2.5
AW B paHIOMHO 3a1aHbI
20 Ha KOHTYpe oBaJia
1.5
Ludpsl HymepytoT aru
MHTEpALMU TPEKOB
1.0
15
0.5 1 1 1 1 1
1 2 3 4 5 X
d 2 [MowaroBoe coOmXxeHue nostoca s ¢ ueHToM O U3 no3uuuii sl, s2,... , s5 no merony 1
4°%0
alel
L]

3 -E

2+

1+

miar 1 urtepaunu | - -
0 10 20 30 40
n

Puc. 11. leMoHCcTpAalus MOIIArOBBIX CABUTOB (OT CTAPTOBBIX TOUEK §1—s5) B UTEpaTUBHOM LIMKJIe moucka O 1o metoay 1 B Mo-
TIETTbHOM TECTE C 0 paduanbHoi CAMMETPUY — C TIOKa30M (Bpe3Ka BBepxy cieBa) Ha dhurype C mo3unmii: ieHTpa O, paHIOMHO
3alaHHbIX A, By rsttepku s1—s5. HikHuii rpaduk nsobpaxaet nowaropoe commwkeHue s; ¢ 0. BombLoit OKpyKHOCTBIO (ciie-
Ba BHU3Y) ouepuyeHa 30Ha BOKpYr O, rae 3HeKTUBHOCTh METOAOB NagaeT. KoMMeHTapuM B TEKCTE.

ro 3Tara Mbl Ha3Baju ObicmpbiM, TO (GUHANBHBINA —
cllenyeT HaMMEHOBaTh ‘‘MOJIHUEHOCHBIM” (OH HeE
TpeOyeT He TOJIBKO (popMupoBaHus KpuBbeiX HC, HO 1
CYIIECTBEHHO MEHEee IPOMO3IKOTO “BBIUMCICHUS I10
TIOJTIOCY — €ro TOJSIphl”’, THOe HYXHA OLIEHKa Kaca-
menvHbix, U 0€3 4ero He OOOMTUCH IPU AETECKUUU
JIT). BapuaHThl peanmm3aliuii IIOHOOHBIX MHUPaAMM-
JaJbHO-TIepeOOPHBIX 2D moaxogoB (KaK U “CXeMBbI
cIycka” — I IEpBOro 3Tama) JaBHO M3YYeHBI U
CTaJIM “KJIaCCUKOI uTepalimoHHou naen”. Kazanock
BaXXHBIM COOOIIUThL AETald OpraHM3aluy BEKTOpa
CIBWTA, 9YTO U nentaet merox 1 Hosayueii. Bce Tpu Me-

TOJA YYBCTBUTEIBHBI K BBIOOPY OITIOPHBIX BEPIIUH
KOHTypa: HeynayHas UX KOMIO3WUIIMS TI0 OTHOIIIe-
HUIO K paHIOMHO 3a()UKCUPOBAHHOMY CTAPTOBOMY §
MPUBOAUT “UHOTAA” K CIIMPaIbHOMN TpaeKTOpuH (J1-
00 ee uHUITY Ha KOHTYpe 0). CMEHUTDH NO3ULIUIO §
npu GUKCUpoBaHHBIX A W B (1mMbo pas3nBu-
HYTb/CIBUHYTh BTy Tapy) Jierye, yeM BapbUpOBaThb
KOMITO3UIIUIO “OKTET Ha KOHType + s”, KaK 3TO Ipu-
XOJIMJIOCH JieJIaTh B CTapoil Mpolieaype, U 1eJi0 TYT He
B KOMOMHATOPHOM HaBaJie IIpo0, a B pa3bl OoJjiee 1o~
HSITHOM npuuure HEyIauUu. YKe CO BTOPOTO-TPETHETO
nepe3anycka TpacKTopus “BuIBOIUT” K O (17151 MeTO-
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aa 1 momoOHbIe CUTYyalluy OBLIN €TMHUYHBIMA B CTa-
THUCTUKE TIpO0 B AecsATKU cTapToB). OcTajoch aTTe-
CTOBaTh MeTon 2 (4TO OyHmeT cieaaHO MaKCHUMaJbHO
JJAKOHWYHO — II0 TIPUYMHE SICHOCTH €0 HOBAIIMOH-
HOI COCTaBISIOLIEH — B CPABHEHUU C TEXHUYECKUMU
HI0OAaHCaMU pabOThI IPOTPAMMBI).

BepHemcs Kk ob6paszam u “mantpam” puc. 10. Ha
KOHTYpe S GUTYpUpPYIOT IecsaTh BepminH. M3 3TOro
Habopa 115 eyia TIOHaA00UTCS KOMITaKTHasT YeTBEP-
Ka {4, G, U, B} (u cnyxebHasa napa K, ), u3 unucia
KOTOPBIX MO3UILIMOHHBIE OCOOEHHOCTU €11le HE 00b-
aBieHbl Wi {G, U, K, Q}. Ix nonoxeHune IeTepMU-
HHpPYIOT Ha S onMcaHHbIe BbIIIe momockl Pu T, 3a-
JIaBIIME TIO3UIIMOHHO YTOYHSIEMYIO “THIIOTE3y O
HL”. Jlyan P—s u T—s Ha TiepeceyeHusIx ¢ S 3a4ai0T
napel G, K U, Q. Janee mis ysaCHEHHs 1IeJICBOM
YCTAHOBKM MeTOoIa 2 IMTOHAI00SITCS TIPUHIIMIT BEIYMC-
JeHuss HC 1 oCHOBHasl MbICJIb, OOBbEIUHSIONIAS pa-
Hee copMynrpoBaHHBIEe Te3uchl 1 1 2. 3aKkoHOMEp-
HocTH opmupoBaHust HC ITOMOXKET MOHITH MPO-
YTeHUE CTPYKTYPHBIX (popMys U3 crimcka “CBoiicTBa
HC” (nampaBoii Bpe3ke puc. 10), CyTb KOTOPBIX B pe-
IIIEHUU YK€ He OIMH pa3 YIIOMMWHABIIEHCS BHIYMCIIM-
TeJIbHOM 3a7a4yu: TI0 KOOpJAUHATaM TpeX KOoJUIMHeap-
HBIX TOYEK (3TO S ¥ ITapa BEepIIMH S B IEPECEUCHUSIX C
MpsIMOIi, uepe3 § IPOXOISINeii) HAUTU Yemeepmyrio
MPU yCJIOBUM TIOJYUYEHUS 2apMOHUHeCK020 KBapTeTa.
Te3uchl OpUEHTUPYIOT MBICIL OIBYMSI KOHCTPYKTHUB-
HBIMU acnekTamMu. B 1ieneBoit mo3umuuy moucka (B
eHtpe O) 1J1s TIPOU3BOJILHON YeTBEPKU BEPILIUH S —
B UTOTE pelleHMs JUHEIHOI CCTEMBI BOCBMU YpaB-
HEHMUIi, CBSI3BIBAIOIIMX BOCEMb €€ KoOpauHaT (4 Tou-
KM, KaXaasi C Mapoil KOOPAMHAT X, Y) C aHATOTUYHBIM
HabopoM uucen 11 kBapTera Ha HC, OynyT moiryde-
HBI 8 KO3(PUIIMEHTOB Npeodpa3oBaHUsI TOMOTrpa-
¢duu Q, KOTOpbIe CBSIXYT JIOOYIO TOUKY MJIOCKOCTU S
¢ Toukamu miockoct HC (Kak eciaud OBl 3TO ObUIA
pa3Hele THIOCKOCTN). Moomauzyem te3ucsl 1, 2. [T s,
coBMellleHHOTO ¢ O, peobpa3zoBaHue {2 TOUKY S HU-
KyZIa He CMEeCTUT (CiTydail TOKIeCTBEHHOIO IIpeoopa-
30BaHU), TOIIA KaK IS JITIOOOTO MHOTO TTOJIOKEHUS §
(Korga MpoeKTUBHAs CBSI3b BHEIITHETO S U BHYTPEH-
Hero HC oBaJIOB 3aB€JOMO OTCYTCTBYET) KO3 U1~
eHTHI {2, HalileHHbIC IO JAHHBIM MPOSKTUBHO He3d-
sucumbix XBapteToB Ha S 1 HC, “HeripeMeHHO CIBU-
HYT” § B HAIIpaBJIECHUM, 00YCIOBIICHHOM “HEeBEIOMOI
nedopmanueii” HC. B merome 2 wmTepallmoHHBIC
CABUTHU § AETEPMUHUPOBaHbI Ko3(dduumreHTamu £,
nojlydaeMBIMU M3 ypaBHEHUIl CBA3U (OTCYTCTBYIO-
mieit, XoTa U “IIpUMEpHO 3aKOHOMEPHOM” B YacTH
nedopmanmii TeM OOJIBIINX, YEM OJIVKE K KOHTYpPY S
dopmy HC 3amaronasi MO3ULIMS §) MEXAY KBapTeTa-
mu BepiiuH {A, G, U, B} na S u Habopowm {a, g, u, b}
st HC. Npes moaxoma cpopmysimpoBaHa “KBasu-
MaTeMaTU4YeCKUM SI3BIKOM™ B HIDKHEN yacTtu puc. 10
cupaBa. O0OcyxXaeHre MOICIbHON peasuzayuu me-
ToJa 2, 0 MHEHUIO aBTOpa, MajJlo COOTBETCTBYET Te-
MaTUYEeCKOMY ITPOGUIII0 IIyOJIMKYIOIIEro M3OaHUs,
HO Ha HOTe “YKJIOHEHUS OT M3JI0XKEHUSI HEIb3s 3a-
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KaHYMBaTh TeMy HoBaluii. [1ycTh 3aKIIOUUTENBLHOMN
TMMO3UTUBHOMU MBICJIBIO CTAHET AeKJapalus: HOBBIA
meton 1, x arany pa6otsl ¢ JI1 Ha HL nocrasisiio-
1IMI HalileHHOe TIoJIoXKeHue 1ieHTpa O, GUHATbHBIM
“ITOOOYHBIM” MPOAYKTOM HUMEET MMOUYHYH NUCIIO3U-
LIMI0 BOCTPEOOBAaHHOM “JIMHUU TOPU3OHTA”.

3. O BBIYMCJIEHWHW OKTETA BEPIIMH O
PAAVUAJIBHON CUMMETPUN
N EIr'o NIPUMEHEHUNHU

CorylacHO MPUHLIMIY AYaJbHOCTU TLJTIOKKEPOBBIX
IO/II0CA U TIOJISIPhI U YHUKAJIbHOM POJIM LICHTpa CU-
MeTpun O (IBHOTO y OpTO(GOPMBI U CKPHITOTO — B 00-
1meM ciaydae) H-nonspa mist O yTpauuBaeT Kpugoau-
HeliHocmb, TpaHCHOPMUPYSICh HEMOCPEACTBEHHO B
nHTepecyommnii Hac Hocutenb 11 — B mpsmyto HL.
st opToopMbI 0 Pa3HOBUIHOCTU paduaibHO CUM-
METPUYHEBIX (IIpeACTaBUTENICH ceMelicTBa KOTOPBIX
OymeM B 3TOM pa3s. Kiiaccuduimponath mutepoii C),
HL w3 nmoHsiITHOrO HeMaTeMaTuKaM obpasza “JIMHUs
ropusoHTa” (4To “Tpucylile” obujemy cay4aro) CTaHO-
BUTCSI 0ECKOHEYHO yIaJeHHBIM 00BEKTOM — MaTeMa-
TUYECKOI abcTpakiuueit moa nMeHeM “HecoOCTBEH-
Hag IIpsiMasi IPpOeKTUBHOI IUIOCKOCcT . B crity atux
o0cTOosATENTHLCTB BUI, opTodhopM 11t puryp cembu C
HAIPSIMYIO WJUTIOCTPUPYET MPOSKTUBHBIE OCOOEHHO-
CTH CBOEI T€OMETPUU, JaBasti BO3MOXKXHOCTb UCIIOJIb-
30BaHMUS CBOICTBa “IIapajiieIbHOCTh” M oOJerdas
“UHTYUTHUBHOE” TIOHUMaHUE OECKOHEeYHO YOanNeHHO020
obbekTa HL — mocpencTBOM NpUMEHEHUS TApMOHU -
YeCKOI0 ONMCAHUS CBOMCTB €ro XOpI, pa3mesaeMbIX
HeHTpom O T1orojiaM, — Ha sI3bIKe GOpMYJIEI “Bypd B
oTpe3kax” (BCoMHUM BBeneHue): wix, x, | =1, roe
¢parMeHT x, X 1 O3HA4YaeT pa3dceHrEe MPONU3BOJIb-
HOM XOpabl Y OpTOOPMEI 0 Ha JB€ paBHbIE TOJIOBHU-
HBI JIMHBI X. M, IOCKOJIbKY 3TOT TUI CUMMETPUU
(4TO SICHO reoMeTpy arpuopu) oOeCIeunBaeT IS O
OIHO3HAYHO MPOCTYIO CBSI3b ¢ HL, To HEe moTpedyeT-
csl “MyIIpeHbIX Toao3peHuii criucka I'”, 4ToObl Mpo-
CJIeIUTh MyTb W WOEIO IOJIYyYCHMsI OKTeTa CTaOWIb-
HBIX BepllIH KpuBoii C mocpeacTBOM JIoKaau3aluu
aByx II1 Ha HL.

B mpaBoii yacti puc. 1 nmpuBeneH KOHKPETHBIMN
BUJ IBYX opToopM pazHoBUAHOCTU C (MM Ha3Haye-
Hel uMeHa: C1 u C2), Ha MaTepuae YNCICHHBIX KC-
MEePUMEHTOB C KOTOPHIMU OyIyT WJLTIOCTPUPOBAHBI
OCOOEHHOCTM M MTOTM 3alauv MPOEKTBHO MHBapU-
aHTHOTO pacrio3HaBaHus ¢uryp C 1o xomay IIOMcKa
anemeHTOoB (o1 JAI1 — yepe3 oxmem — K CTaOMIBHBIM
3TaJloOHaM), 3Ty 3a7ady peanusyromux. Oocyaum Ma-
Tepuaa, CKOMIIAaHOBaHHLIM Ha puc. 12. B mpaBoii
BEpXHEH Bpe3Ke B TEpMUHAX IJIIOKKEPOBOM Ayaslb-
HOIT maphl “noJiroc, TmoJjspa” packiaaccuduupoBa-
Hbl g AI1 D.. T wn H..M reomeTprudyecKue UX CBSI3U,
Jenarolnue oTHoleHus noiaocoB {D, T, H, M} u ux
nossip (xopn Ha C1 yepe3 TOuKU KacaHUsl, IeTePMU-
HHUpYyeMBbIE TTOII0CaMu) dyasbHuimu. B yxke ctangapr-
HOM HOTALlMU B BEPXHEM JIEBOI Bpe3Ke JaHbl CTPYK-
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1=>tAx1tL S
2=>tlIxtQ H
3=>14Ax1R
4=>t/x1Q
5=>tBx IR
6=>1t/x1tG
7=>tBxtL
8=>1Ix1G
9=>A-LxJ-Q
0=>B-LxI-Q
CBOICTBA 2JIEMEHTOB OPTO(hOPMBbI: N
6-8 | [/ || 2-4; 2-8 || G-Q | 4-6; N
1-3|| L-R|| 5-7; 1-7 || A-B || 3-5; N
I-G|| J-Q}f A-B; I-Q || J-G}{ L-R N

ueHTp O paauaNbHON CUMMETPUM

HUKOJIAEB

Y]

Tunoresa o NPOeKTUBHOI CBsA3M yaibHbIX ap D..T, H..M JMHUM rOpU30HTA y OBaJla pailMaJbHON CUMMETPUHN:
Jtokanu3aiyst napsl D.. T O3BOJISIET ¢ MaJIOi TIOTPELIHOCTBIO 3a1aTh napy H..M uepe3 nmozuumu 2 u 8
Tounas nokanuzauusi H..M moxert 3anath napy D..7T o nozuumsim 1, 3

CaoiicTBa 21eMeHTOB oBana Cl:
{H, D, M, T} Ha TMHUY TOPU3OHTA|
T nexuT Ha nossipe nosoca D;
D nexwurt Ha nosisipe nosoca 75
H nexwur Ha nosisipe nostoca M;
M nexurt Ha nosisipe nosoca H

W(H, D, M, T) = 1.002
nyansHble apel D..Tw H..M
MO =>D-0Qxtl, HO=> D-Gx t]

QPU30HTa

M
IIOIrp€IIHOCTb OLEHKN

5 oprodopma Cl1

P

e N
B Y 0oBan Cl panuaibHoii

P OKTET MPOEKTUBHO MHBAPUAHTHbBIX
BepivH {4, O, R, J, B, G, L, I},

3anaBaembIX mapamu D..Tw H..M

CUMMETPUU

Puc. 12. Cxema ouenku no3uumii I Ha HatineHHout HL mist o C1 paguanbHO CUMMETPUY — € TIOKa30M: BHIa €0 OpTohop-
MBI (Bpe3Ka cljieBa BHU3Y) C IBYLIBETHON Pa3METKOM YepeayIolIUXCcsl KBApTETOB BEPIIMH KOHTYpa, CTPYKTYPHBIX (hOPMYJT BbI-
YMCJICHUS] BCIOMOTATEIbHBIX 3JIEMEHTOB cXeMbl 1 IipaBwJ 11 JI1 (Ha mpounx Bpe3Kax), poJiv mo3uluii “1” u “3” B runotese
cBsi3u KBapretra H..M, D..T (ocHOBHOE T10JIe, C IBYLIBETHBIM ITOKa30M 3JIEMEHTOB, 3amaBaeMbIix Kaxmoit 111, koMmoHytommx
uckoMblii okTeT {4, O, R, J, B, G, L, I}). OcTanbHble MMOSICHEHUS B TEKCTE.

TYpHbIE ONpeaeeHUs NecsaTKa BHEIIHUX BCIIOMOTa-
TEJIbHBIX TOYEK, 2 HUXXKE — C [IPUBJICYCHEM CBOMCTBA
napaineabHocmu pyopuLIMPOBaHbI OTHOIIEHUS dJie-
MEHTOB OpPTO(OPMEI, OOBECINHSIONINE TPUAILl BHIA
“xopna u nBe KacaTelbHBIX K C1” B IpyIITsI, SIBIISTIO-
muyecs Wit S o01Iero Buaa IIpOeKTUBHBIMY ITyIKaMU
C LIeHTpoM Ha HL. JlonoaHUTeIbHbIE CBOMCTBA, 00-
HapyXeHHBIe Ha IpuMepe C1, BeIpaxaloTcs B 100aB-
JICHWH K ITydKam c ieHtpamul H, D, M, T'ttap xopn, He
npoxoasiux yepe3 O (a Ha opTodopMe 00pasyroIIuX
pom6 /—Q—J—G), noOCHAIIAIOIIMX KaXKIBII My4OK B
BHUJIE CeTa U3 IISATU 3JIeMEHTOB (Harpumep, B D cxo-
nsares nyaa B—L, I-J, A—B u KacarenbsHbIe tG, t0).
Ha optodopme ¢ 00b110# TOUYHOCTHIO KOMIIO3UIINHA
1-3-5-7, 2—4—6—8, A—R—B—L n I-Q—J—G obpa-
30BaJii poMOBI (apajuieIorpaMMEl), a YeTBepka “0,
1,2,9” (toe “0 = B—L X 1-2”,a“9=>J—-0 X 1-27)
MIpOosIBUIA CBOMCTBO KOJUIMHeapHOCTU. bbbt 3aMeueH
dbakr W(i, I, Q,q)=1/3 (i=> I-0 X t(G),qg=> -0 %
X t(J)), nast opToOPMEI 0, CBUAETEILCTBYSI O paBEH-
CTBE TpeX OTPE3KOB, Ime cpeaHuii /—Q, a KpaliHue
OTCEKaIOTCS MPSIMBbIMU “6—4” 1 “6—8”. Cinemyer oT-
METUTH BaxkHOe cBoiicTBO 3yieMeHTOB T 11 o ¢
cummetpueil oceBoit (@) u pamuanbHoit (C). Ecim

yaaom JII1 Ha3pIBaTh TOUYKY TE€pEeCcEUCHUs €€ TOoJIsIp,
10 @ 1 C pasnuyaroTcs ero “roseaeHueM”: y @ y3IIbl
nByx JIIT He coBmagaoT (IpuHaIIeXXaT OCU CUMMET-
puu; Ha puc. 3 oHu o603HadeHbl Kak O u C), Toraa
Kak y C y3en O o6uuit. CBOIMICTBO COBITAAeHUS Y3710B
HIT coxpansieTcs 1 y KpuBbix Jlame (OymeT paccMoOT-
pEHO B pa3n. 4), “HeCcMOTPS Ha TO”, UTO Y HUX MMeE-
FOTCSI ocu CUMMETpUH (YMCIoM Oojiee OMHOIL; oIpe-
TETSTIOMNM (haKTOPOM SIBIISIETCST BCE K€ UEHMPAAbHO
CUMMETPUYHBII XapaKTep o).

Pucynoxk 12 monoaHUTENbHBEIM 00pa3oM MHMOpP-
mupyeT Ha npuMmepe ¢purypel Cl o cuTyanmm Ipo-
JoJKaIIuXcs (Havaio mojoxkeHo o Tuna @) npose-
POK TMIOTE3bI O MO3ULIMOHHOM cBs3u aByX HI1. Kak
U paHee, MPennoaoXkeHue 0 KOOpAMHATHOM 3aBUCH-
MOCTU Map (GOopMyIupyeTcsi B BUIE aJbTepPHATUBHI:
€CJIM TOYHO BbIuMciieHa napa H..M, to Haiitu D..T
MOXHO IO MOJ0XEHUIO Touku “1” (1 = t(A4) X t(L)),
IOCKOJIbKY OoXupaercs, uto D = H—M X O—1, cie-
JloBaTesibHO, JIoOKaJiudyembl [ u J, Tocjie 4yero oxka-
KeTcsl Bo3MoxkHol onieHka T (T = t(I) x t(J)), Torna
KakK Mpu U3BeCTHOM pacrionioxeHuu D..T napy H..M
MOXET “CHMMMETPUYHBEIM 00pa3oM” JIOKaIU30BaTh
Touka “2” (2 = t(l) X t(Q)), 3anaBas M. [1o koopnu-
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Jlokanuzanus nuauu ropuzonTta HL obecrnieunBaet
BbIUMCIIEHUE NBYX AyanbHbix Iap D..Tu M..H

H=>tAx1tBx HL
W(D, M, T, H)~ 1
W(L, O, R, H)=1

HesBHast hopMa paamaibHO CUMMETPUN

[TpoBepKa TMIOTe3bl O MO3ULIMOHHO CBS3U
map D..T, M..H uepe3 koopanHatel '2' 1160 '3’

Cxema 8-111ab10Ha IeCKpUNTOpa
wl =WI(2,0,c,5),w2=W(,09,x,5)

Puc. 13. JonosHuTenbHas neMoOHCTpanus (Ha MoaeabHoM 0 C2) MpUYMH MOTPENTHOCTH Tl TUTtoTe3bl cBa3eii AI1 mo mo3u-
musiM “2” 6o “3” ¢ IMoKa3oM: paciipeie]ieHUsI BEPIIMH OKTeTa Ha opTodopme 0 (Bpe3Ka ClieBa BBEPXY), CXeMbI BBIYUCIICHUS
rpada JecKpuITopa 0 CoiacHo 8-111a6JI0HY MO0 BOChbMU BEpILIMHAM B LIMKJIE (Bpe3Ka cripaBa BHU3Y). KOMMeHTapuu B TEKCTe.

HataM M onipenensarcs L u R (moatoc M 3amact 1oJisi-
py L—R), a Bciien 3a tem — H (H = L—R X D-1)).
DTOT Xe aJIbTepHATUBHBIN Te3UC Ha CpeaHell Bpe3ke
crpaBa OObENMHEH C KOHCTaTalueil 3ahMKCUpOBaHHOM
norpettHocty Bypda Ha HL nnsa A11: W(H, D, M, T) =
= 1.002. Cam xe Te3uc cHOpMyIUpPOBaH “KOCBEH-
HbIM” obpazom: MO = D—Q X t(I), HO = D—G %X t(I)
(rme MO u HO 3anucaHbl KaK MIIOKKEPOBHI TOJISIPHI,
JIydu [Jist KOTOpbix U3 O GUKCUPYIOTCS KacaTeabHOM
B / Ha nepecedyeHusix ¢ D—Q u D—G). Omubka B
onieHKe Bypda Ha HL — u3-3a ciBura no3unuii H n
M. OHa — B Tipenesiax KOOPAMHATHOTO IlIymMa, IO-
pPOXIaeMOTr0 HETOYHBIM 3aIaHUEM KacamenvHuix B L
u Rnnsa M, ataxke y Au B — mist H (KOTopble BHIYMC-
JISLTUCH TIPOTPpaMMOii, creHepupoBaBlieit puc. 12, o
paBuJiaM JIJIsl KOHUK — C WCIIOJIb30BAHUEM MSITH CO-
CeIHUX BEPILH, Ille CPEAHsIsl — B POJIM TOUKM Kaca-
Hust). [1pu atom nsg M (Ha puc. 12 psimoM ¢ ee MeT-
KOl HaAIIMCh “IIOTPEIIHOCTh OLICHKM’) B MacITade
pUMCYHKa MO3ULIMOHHAasI OllIMOKa — B TOJILIUHY TOH-
Koit tuHuu (BapuanTt nevyatu). Mtak, csass 11 (ciy-

CEHCOPHBIE CUCTEMBI Ne 1
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yaii — H..M 1o D..T) pukcupoBaHa B TpaHH1IIaX, 10-
MYyCTUMBIX 1J1s1 BeIBoaa “mo3uuuu JI1 cBsg3aHbr”.

HetoyHocT CBSI3aHHOTO TO3ULIMOHUPOBAHUS
HIT nyist o C2 (puc. 13) ObUIM CTOJb XK€ HE3HAYUTEIb-
HBI (OHM HAMEPEHHO HaMM YCUJIEHBI, YTOOBI MTOKa-
3aTh MCTOYHUK PACXOXIECHWSI B HaIpaBJICeHUM Ha
“manexuii” omtoc H (oH 3a ripeaeaaMu IoJjsl pUc.) B
COOTHECEHMU C TTo3Uulineit L—R, o KOTOpoii BbIYKC-
nsiack M. DakT HETOUHOM rapMOHMYHOCTH KBapTe-
ta JIIT (Ha BepxHeil Bpe3ke crpaBa) 3apUKCUpPOBaH
“dopmynoit” W(D, M, T, H) ~ 1. Ilepexons K onuca-
HUIO UTOTOB MHBAPUAHTHOI'O STAJIOHUPOBAHUS O TH-
nma C, uMeeM Terepb BO3MOXHOCTb MPOAEMOHCTPH-
poBaTh CXeMy 3adaHMs 8-11abJIoHa IECKPUIITOpa O
(Bpe3ka Ha puc. 13 BHu3y cripaBa). Ero ocobeHHOCTh —
B TTOJIHOTE TaHHBIX, IPUBJIEKAEMBIX JIJISI OLIEHKU KO-
OpIMHAT KaxKI0il BepIIUHEI ITOJIy4SHHOIO OKTETa O
(BeCh OKTET MpUBJIEKaeTCsd 8 pa3 B HUKINYECKOI
CMeHe poJieit), U B TOIOJOTUYEeCKO CUMMETPUYHO-
CTU KOMITO3UIINY, pealn3yIolleil OLIEHKY Mapbl
Byp®d-koopauHat. Yyt mogpobOHee (0 IpaBUIax BbI-
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w2
0.46
Hukamaeckuii rpad neckpunropa oBasio Cl, C2 0
o cxeMe S-11abaoHa

0.44 -
0.42

JeckpunTop oBana C2

R
0.40 -
0.38

| L RI | | | | |
0.36 0.38 0.40 0.42 0.44 0.46 0.48 w1

Puc. 14. Bua rpada neckpuntopos C1, C2 mo cxeme 5-1mab1oHa, ¢ ABOIHOM perpe3eHTaiueit BEpIInH OKTeTa B KBapTeTe Bep-

HIWMH rpacba. OcrajbHble MTOSICHEHUSI B TEKCTE.

yuciienus wl = W(2, 0, c, 5) m w2 = W(8, 9, x, 5))
KOCHEMCSI YJ4aCTHUs YeThIpeX BHYTPEHHUX ToueK {0,
9, x, ¢}. OHU HEOOXOAMMBI U151 (POPMUPOBAHUS KOM-

w2
0.43F Heckpuntop osanos C1, C2 no 8-mabiony
Jpl
0421
R G
L T 0
041
L
R
0.40 1,
1 o— BA
osan C2 oBai Cl1
0.381
| | | Q G | |
0.38 0.39 0.40 0.41 042 Wi

Puc. 15. Bua rpacga neckpuntopon Cl, C2 no cxeme 8-
1rabJioHa, ¢ IBOIHOI peTrpe3eHTalel BEPIITMH OKTETa B
yeThlpex BepluvHax rpada. OcrajbHble TMOSICHEHUSI B
TEeKCTe.

MO3UIIUN U3 IBYX KOJUIMHEApHBIX KBapTEeTOB (s
BBIYMCJIEHUST Bypda HyXHa 3adrKCUpoBaHHAsI YeT-
BepKa Touek mpssmoii): {2, 0, ¢, 5} u {8, 9, x, 5}. Ilo-
3TOMY MporpaMmma JoJkHa 8 pa3 rnepecumTarb No3u-
LU JOMOJHUTENBHBIX TOYeK: 0 = 1-3 X 25, 9 =
= 1-7%x5-8,c=>4-6 X 2-5, x> 4—6 x 5-8. Te-
nepb oopatumMcs K puc. 14 u 15, toe nokazansl 1j1st Cl
n C2 (4epHBIMU U CUHUMM NPSIMBIMHU) Tpadbl ne-
CKPHMINITOPOB 00enXx Bepcuii 1madiioHoB. CBOWMCTBO
panuagbHOM CUMMETPUHU (Iaxe B HeseHOU DopMe ee
MPOSIBJIEHUSI, MOCKOJIbKY Byp(dbl MHBapUAHTHBI OT-
HOCUTEJILHO CMeHBbl KO3(dduiimeHToB MaTpullbl L)
OTPa3WIOCh B OCOOCHHOCTSIX OpTaHU3ALIMU IECKPUTI-
TOPOB: BCE OHU — 0B0UHO20 NOKPbIMUSL, T.€. BBIYUCIISI-
eMblii rpad, cpopMUpoBaB YETHIPE BEPILIMHBI, Jajiee
“unet 1o ceouM ciemam” . [Toaromy BepIImHBI Tpada
(1151 06enx cxeM 11abI0Ha) UIEHTUIHO COOTHOCSITCS
C napamu BEpILINH OKTeTa 0, pauaJIbHO CUMMETPUY-
HBIX Y C1 1 C2: 4-BepIIMHHUK OOBbETUHSIET B BEPIIIU -
He mapsl: A/B, 1/J, L/R n G/Q. OrmeTum 4epTy, 00-
IIy10 y IabJ0HOB 06oux TUNOB: Iepexon oT C1 xk C2
COTTPOBOX/IAETCSI MTOBOPOTOM “BBIITYKJION 000JI0U-
ku” rpada. nsg cxemsl S-1mabdioHa (Ipu MOBOPOTE)
MOXHO YCMOTPETh U CIIBUT, TOTIA KaK 4-BEPIIMHHUK
8-11a6710HHOI Bepcum IIpu cMeHe o0bekTa C mHBAa-
PUAHTHOTO OITMCAHMsI COBEpIIaeT “YUCTHI~ IIOBO-
pOT BOKpYT oO0lIero neHTpa Ha W-rmiockoctu (Ha
puc. 15 3T0 CBOMCTBO MOKa3aHO HAISITHO MPU ITOMO-
11U TIap TOHKUX MIPSIMBIX YEPHOTO 1 CUHETO 1IBETOB C
€IUHBIM LIEHTPOM HX IIepeceueHus ), IIpuieM rpad y

CEHCOPHBIE CUCTEMBI Ne 1
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LleHTpaabHO CUMMETPUYHBII OBaJ Cll 5
JluHust ropuszonTa HL 3anaHa

JIBoiiHast aTasioHHas npoekunst oana Cl
1 1

OKTeT CTabMIbHBIX BepIIMH 3a1aH  LleHTpanbHO cuMMeTpuiHblif oBan C2 | §
nyaabHbIMU Mapamu Ha HL  Jluuaust ropuzonTa HL 3amaHa

OKTeT cTaOMJIBHBIX BEPIIMH 3a1aH
IyaJbHBIMU NTapaMu Ha HL

JIBoiiHast aTalloHHas [1poekuns oBana C2

—114 .0 -0.5 0 0.5

{1, 0, J, G} 3anan napoii D..T {A, R, B, L} 3anan napoit H..M

~1.5FB

| |
.0 -0.5 0 0.5

{1, 0, J, G} 3anan napoii D..T A, R, B, L} 3anan napoit H.M

-1.5~ B

Puc. 16. Bun dsoiinoii smanonnoit npoexyuu puryp C1 u C2. OctanbHble TOSICHEHUS B TEKCTE.

C2 sTo KBagpart, a y neckpuntopa C1 ¢popma Herpa-
BUJIbHAsI, — 3TO 4-BEPIIMHHUK OOIIEero BUaa.

OcTanoch MPOAEMOHCTPUPOBATh MOJIyYeHHbIE (B
TeX Xe, YTO U paHee, KOMIIbIOTEPHBIX CUMYJISILIMSIX)
00pa31Ibl 080lHbIX ITATOHHBIX ITPOEKIIN JIJIST OBAJIOB
C1 u C2 (puc. 16, cneBa — obpas Cl, cripaBa — C2).
st nyameit “Busyanmuzanuu’ cBouctsB 11 pasHbiM
IIBETOM MOKa3aHbl poM0 aTanoHa {4, B, L, R}, 1io-
poxnaeMblii ayaabHON mapoit M..H, n xBagpat
{1, J, G, Q}, uyro perepmuHupoBaH mapoir D..T.
“PomOuueckass” m “KBampaTHass” BETBU NPOCKIIWIA
HUTIE He colpuKacamTes (Kak 31o ob110 Yy ®4 nipu
oOpa3ze BepinH J 1 R, cM. puc. 4) 1 He IepeCceKarTCs
(kak 3T0 “OymeT” IMOKa3aHO B pasid. 5 Wi 0 00IIero
Buga). “KomOuHaTOpHYyIO 3amady” BbIOOpa oceil u
BEPIIMH [JISI ASCKPUIITOPOB M ABOMHBIX IIPOEKIIMIA
obcynM B 3aKIIIOUeHUH, TIepexoas majee K 00CyX-
JIEHUIO CBOMCTB (B pamKax KoHuenuuu “poab HIT B
JIETEeKIINN OKTeTa BEPIIMH 0 U (DOPMEI €T0 yJ4acTusl B
MHBAapUMaHTHOI penpe3eHTaluu 0”) “crenudpuye-
CKOTO” 00BbEKTa U3 TOTO Xe CeMECTBa 0, COBMeIla-
IOIIETO OCOOEHHOCTU OCEBOM M paguajbHOl CHM-
METPUMU.

4. CYITEPOJUIMIICBI U KOHLEITLIUA
CTABMJIbHbBIX OKTETOB

PaccMoTpuM Tenepb, KaK COITIaCHO BBIIBUHYTOI
KoHuenuuu o poau pacnpeneneHus HI1 na HL (B

CEHCOPHBIE CUCTEMbBI  T1OoM 36 Ne 1l 2022

WUTOTe — OKTETa BEPIIMH), AeTePMUHUPYEMOTO CaMOM
reoMeTpuen KpuBOM, IPOEKTUBHO MHBAPUAHTHLIE €€
CBOICTBa TIPOSIBJISIIOTCS Ha TTpUMepe ITOMyJISIpHOTO
IIpEACTaBUTENSI CEMEICTBA 0, IJISI KOTOPOTO U3BECT-
HO (B OTJIMYHE OT YK€ PaCCMOTPEHHBIX CIIy4aeB O C
CUMMETPHUSIMU) aHarumuyeckoe 3ananue. B cepenu-
He XX Beka Imoa MMeHeM “CyIepauIuric” Oblia Iie-
pPEOTKphITa KpUBasi (CITyCTS BEK MOCJe TOTO, KaK OHA
yxe Oputa onmcaHa [abpuenem Jlame), umeromias B
JIEKapTOBbIX KOOpAuHarax Bui (x/a)™ + (y/b)" = 1,
rIe rmokasaTeib — m JIIo0oe palluoOHaJIbHOE YUCTIO, @
U b — moJIoXUTeNIbHbBIE KO3(M(UIIMEHTHI; IIpUYeM K
CEeMEICTBY 0 MMEIOT OTHOIICHMWE JHUIIb OOpa3libl,
YIOBJIETBOPSIIONINE YCAOBUIO m = 2 (1ipu m < 2 KOH-
Typ GUTYpPHI TePSICT CBOMCTBA BHINMYKIIOCTU U MIAIKO-
CTH, clieloBaTe/IbHO, — U MPUHAIJIESKHOCTh K 0 (Ca-
BesoB, 1960; Gardner, 1977)). Bynem o6a 3T Ha3Ba-
HUSI (UTYPHI UCTIOJIB30BaTh KAK CUHOHUMBI, OTBOIS
kpueoil Jlame ponb opmoghopmet. [Tockonbky “dopmy-
JIy CynepaJuInIica pacimpsin’” (BKIIOYUB, K TpUMe-
Py, BUO “TpeyrojbHOE KOjeco”), B HallleM pacCMOT-
pEHUM MBI HE BbIIEM 3a Mpenenbl (opmaimusMma,
noapasyMeBalolero misi Kpuoit Jlame “o0001ieH-
HYIO TPAKTOBKY 3JUIMIITUYECKNX CBOMCTB” B paMKax
ornpeaeaeHus: Gurypa ¢ 4eTblpbMsl JIMOO C ABYyMsI
OCSIMU CUMMETPUU, BIIMCBIBacMasi B MPSIMOYTOJib-
HuK. [Ipu m = 2 310 3/mc (Inbo OKPYKHOCTh IpU
a = b), B OCTaJIbHBIX CIIydasix — ajireOpandyecKasi Kpr-
Basi, HE UMEIOIIast MTHAEKCA AHAAUMUYEeCK020 NOpsioKda.
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ITpoBepka cBsi3u y

nyanbHbIX Iap P..Tu M..N na HLy oBana 20 -

noaceMeuncTaa
Jlame
K N

WAN, P, M, T)= 1
W(N, 1,0,J)=1
WAT, D, 0, E)= 1
W(M, R, 0, L) =1
W(P, A, O, B) =1

N=>tLxtRx I-Jx HL
M=>tIxtJx L-Rx HL

JInHust ropu3oHTa

P=>tExtD
T=>tAx1B
§=>1tAxtD
P=>I-L xJ-R
T=>I-RxJ-L
N=>A-Dx B-E
M=>A-E x B-D

IRxtJx T-0
tR x tl x P-O

A—B, E-D — ocy cMMMETPUH CYIIepaJIIUIICA

Oxret {4, R, D, J, B, L, E, I} 3anaeTcs nucro3uiimeit
nyanbHbIX ap P..Twu M..N Ha nuHuu ropu3onTa HL.
IMo3uuusa HL 3anana koaddunmenramu romorpacduu,
rpeobpasyrouMu opToopmMy K oBasty 00IIIero Buaa:
Px=C12/C32, Py = C22/C32,

Tx = Cl11/C31, Ty = C21/C31

Puc. 17. Cxema BbIMMCICHUSI OKTeTa CTAOWIbHBIX BepiiuH {4, R, D, J, B, L, E, I} cynepamiumnca, 3agaBaeMbIX COIJIACHO IMC-
nosutu 11 P.Tu M..N, c mokazom: Buaa opToopMbl KpuBoii JIame ¢ ee 4eThIpbMSI TTOJIIpaMu B pOJIv “oceii” (IByIIBETHAS
Bpe3Ka BBEPXY CJIEBA), CTPYKTYPHBIX (GOPMYJT TSI 3JIEMEHTOB CXEMbI M YCTAHOBOYHBIX MIpaBUJiax Iuisl Hee (Ha MpoYMuX Bpe3Kax)
¥ POJIU TOYKM S B KauecTBe cBs3yromeii mist mo3unuii JIIT Ha HL. OcTtajabHble MMOSICHEHUS B TEKCTE.

Ha puc. 17 moka3aHo (cTaBiiee yke CTaHIapTHBIM
B yacTu npasuia cesseid mexnay HI1, roe Ha puc. na-
paM npucBoeHbl o6o3HaueHusd P..Tu M..N) pacnpe-
JieJieHUue Ha KOHType (purypnl (IaHHBIM MOAETbHBIN
oOpa3zelr MapKUpOBaH JuTepoit “D”) okrera {4, R, D,
J, B, L, E, I}. CiieBa BBepxy Ha Bpe3Ke IIpeabsiBJIeHa
oprodopma D ¢ ee IIIOKKEePOBLIMU nojisipaMul A—B,
E—-D, L—Rwu I-J (L—R n I-J 3T0 n1ceBI0O-0CU CUM-
Mmetpun). Ha ocHoBHOM mojie puc. 17 B Tex ke 000-
3HaueHUsX (c mobasineHueM yyactka HL ot Pno T —
B KauecTBe HermojHoro Haoopa JIT) neMmoHcTpupyer-
cd BUJI Ipoekuuu D. MaTpuia npeoodpasoBaHus €2
BbIOpaHa oOecrieunBalonieii pacrnojoxenue HL
BOIM3M OT D (X0Tsa N, Kak yeTBepTas B Haoope 111, 3a

npenegaMu mojs puc.). He usmenunach U Hotauus
3aaHUSI ONpPEIEISTIOIINX TOYEK ITOCTPOSHHOM CEeTU
(Bce BaxKHbIE CTPYKTYpHBIE (hOPMYJIBI BBIHECEHBI BO
BPE3KHU C IpaBO¥ CTOPOHKI puc. 17, B TOM YUCJIe BHU-
3y MoKa3aHa CBsI3b KAHOHMYECKOTO o0pa3a 0 mpu
3ajaHUN OPTOGOPMOIL CO CTaHAAPTHHIMU KOd(D-
duLmeHTaMU MaTpULbl 2, MEHSIOLIUMU €€ K 00-
LIeMY BUILY).

Hanuuue aByx oceii cuMMeTpuu (SIBHBIX Y OPTO-
¢dopMEBI), a TakKKe — ABYX OUATOHAJBHBIX TICEBIO-
ocelt, B IeCTBUTEIBHOCTU SBISIOLINXCS “XOpAaMu
pa3pe3a” B rpaHULIAX “IIOBOPOTHOM CUMMETpUU” O
(T.e. OHM NOJDKHBI OBITh KjIacCHU(pUIMPOBAHBI KaK
npuHajjexaiiue suay R,, o0 3TOM ceMeicTBe no-
Nel 2022
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Puc. 18. Bun 3TajIoHHBIX ONMCAHUI 711 MOJIEIBHOTO cyriepasuiniica 3 — B hopMe deckpunmopa, 1o cXxeMaM 11a0JIOHOB st
AT (4epHBII rpacuK) ¥ BOCbMU (CUHUIT) BEPIIVH U B BUIIE 080UHOU NpoeKyuu, C STaJIOHaMU poM6 (Y4epHBbIit) 1 KBaapar (Cu-
HUIT), YepeayIolMMU Ha IByX BETBSIX (YEPHOI U CMHE ) TO3ULIMM HalIEeHHOTo OKTeTa (Bpe3Ka BBEpXY CJIeBa), a TAKXKe AEMOH-
CTpalnus pacrpenesieHus] OKTeTa Ha KOHType D (Bpe3ka BHU3Y clipaBa). OcTaJbHbIC OSICHEHUS B TEKCTE.

IpoOHee OyIeT paccKazaHo B pasll. 6; a peaJbHbBIC Ye-
muipe ocu KpuBasi Jlame nMeeT B ciiyyae paBeHCTBA
napamMeTpoB a = b), 1 00yCIIOBUJIO TOMOJHUTEIILHOE
MPOSIBJIEHWE HOBBIX “TIONMMApHO CUMMETPUYHBIX OT-
HOILLIEHUI Y BEPILIMH OKTETa: KOHIIEBbIe TOYKU OCEM-
XOPJ, CTAJIU TIOJIHOCTBIO OMpenessonm (hakTopoM
0TI aucno3nyn okrera. Jdammm ripumep. Xopma L—R
CUMMETpHU3YET Ha opTodopMe MO3ULIUMU TPEX Map:
I—J, A—D u B—F, yt0o Ha cxeMe puc. 17, KaKk mpoeK-
MK o0IIeTo BUAa ISk CyTnepaJuiuica 3, peaaiu3oBa-
JIOCh B BBITIOJIHEHW M MTPaBUJI, 3a1a101IMX TTO3ULIUI0 N
(oOpa3zyromryo coBMecTHO ¢ M omny u3 JII1) B Buae
nydyka Ttpex npsameix I—J, A—D, B—FE n nByX Kaca-
TeJbHBIX t(L) m t(R) (IIECTBIM BJIEMEHTOM ITy4yKa
MOXHO cuuTaTh camy HL). B monb3y mpoBepseMoii
runoTe3bl 0 nmo3uuoHHoi cBs3u JI1 (u3 reomeTpu-
YECKHX COOOpaxXeHUii ee st KpUBBIX Jlame MoXHO
CUNTATh JOKAa3aHHOW) TOBOPUT M (PaKT TPOMHBIX TIE-
pecedeHuit, TecTaMu TOATBEepXKAaeMbIX (B BUJE HC-
TUHHOCTHU HE TOJIbKO CUMMETPUUN NO3ULUll Y BEPITUH
OKTeTa, HO U CUMMETPU30BAHHBIX HANPAGACHUll Ka-
camenbHbiX B HUX) JJISI MOJAEJEN CyIlepaJuIMIICOB: Ha
MaJICHBKOM Bpe3Ke cIipaBa IMmogo0OHOe CBOICTBO 3a-

CEHCOPHBIE CUCTEMBI Ne 1
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dUKcHpoBaHO 1151 OOIIEl CXeMBI B BUJIE TTaphl O3~
LIMOHHBIX YcaoBU “t(R) X t(J) X T—0” u “t(R) X t([) X
X P—(0”, a caMu 3TU IBE TOYKM ITOKa3aHbI Ha JIydax
T—0 un P—O meTtkaMu “Majiblit Kpy>XoK” (0e3 auTep
pY HUX).

VkazaHHBIE BBIIIIE OOCTOSTEIBCTBA ““YCHMJICHUS
CBOUCTB cuMMeTpun” Ijsd KpuBbIX JlamMe BbIpa3u-
TEeJILHEUIIIMM 00pa3oM IIPOSIBUJIM Ce0sl Yepe3 CBOM-
cTBa rpada JeCKpUITOpa B BapuaHTe §-11a0JIOHHOMN
cxeMbl (puc. 18). O6pa3 rpada oObeIMHIII OCOOECH-
HOCTH “IBOMHOrO MOKpPHITUS” U (popMy pomOa 4-Bep-
IIIMHHUKA, BBISIBICHHBIC Y UEHMPAAbHO CUMMEMpUY -
Hbix TIpenctaButesieii o (puc. 15), co cBoiicTBOM
UMETh “KBaapaTHbBIA (pparMeHT”, IIPUCYIIUM Tpady
ocecummempuunoi pasHoBugHocT @ (puc. 7), “mMo-
HOIIOJIBHO” TIPEACTAaBIIsISI CO00M Keadpam 080lIHO20
NOKpbIMuUs, C CAMMETPUUHBIM €T0 PACIIOIOKEHUEM
OTHOCHUTEIbHO AWArOHaJIU IIOJIOXUTEIbHOTO KBaJ-
paHTta W-nnockoctu. CoObITHS HA Hell (TTpu 8-Kpart-
HOM yBeIMYeHMM MaciuTada mjis rpada-KBaapaTa)
OTOOpaKeHbI C yKa3aHUEM IIap OKTeTa, COBMEIae-
MBIX (IJISI 00eMX CXeM IabJIoHA) B YeThIPEX BEPIIIU-



82

0.48

0.461

J1BoiiHast MpoeKuust oBaia 3
O

0.44

0.42

HUKOJIAEB

npOeKTVIBHO MHBApUAHTHBIC ONTMCAHUS CYyTIEpIJITTUTICa 3 YEPE3 OKTET €ro BEPIINH

0.40

0.38

0.361

8-11a6s10H

0.34

1

i !

.._'Ij

®parmeHT npoekunn 3

AuaroHajJbHbIC

OCH HE coBITaaaloT

0 D

ocHu

E

obime

| |
0.34 0.36 0.38 0.40

| | | |
0.42 0.44 0.46 048 Wi

Puc. 19. Bun rpada deckpunmopa 3 (AIBOMHOTO MOKPHITHUS ) JUTSI 11A0JIOHOB C IISITHIO (YepHBIii rpacK) U BOCEMbIO (CUHUIA) Bep-
IIMHAMM B LUKJIE U BUI VIS 3 060iHOI hpoeKyuu, C STAJIOHaMU poMO M KBaapaT (YepHBII U CUHUIA), YepeayIOIMMHU Ha BETBSIX
TO3UIINY HaliZIEHHOTO OKTeTa (Bpe3Ka BBepxy ciieBa). Ha Bpeske cipaBa BHU3Y — Bun optodopm D u 3. [1osicHeHUs B TEKCTe.

Hax rpada, ImpudeM Ijisd yooOCcTBa BU3yaJbHOTO OT-
clIeXXBaHUS BepIIMH O, oToOpaxkaeMbIX Ha rpade,
Ha Bpe3Ke clipaBa BHMU3Y IOKa3aHa MapKUpPOBKa Bep-
IIH D IS TPOEeKIINK, ob1eii ¢ puc. 17. Ha BepxHeit
Bpe3Ke cieBa (puc. 18) myst O (¢ Toit XXe pa3MeTKoit)
BOCIIPOM3BEICHA €T0 “IBOiiHasl 3TaJOHHasl IPOCK-
nusa” (IBET BETBU COOTBETCTBYET poMOy JInOO KBamd-
paty 3TajioHa). JlJaHHBIN BUO penpe3eHTalluu 0 CO-
XpaHWJI IPOECKTUBHbBIE CBOMCTBA CUMMETPUU CyHep-
anaunca; TBOMHYIO OCEBYIO U paaralbHYIO (CUTyaIus
C JUaroHaJbHBIMU OCSIMU OOCYXKIAeTCsI HIKE).

BTophiM 0 mist WyLTIoCTpaly YUCISHHBIX SKCIIE-
PUMEHTOB ¢ KpuBBIMU JlamMe BBIOpaHa IMCKpeTHAas
MoJlieJib 3 ¢ MEHBIIUM CTEeNeHHBIM IMOKas3aTejieM m
(T.e. oprodbopma y 3 GrKe K OKPYKHOCTU, YeM y D,
a caMu opTo(POPMBI — C OOIINM LIEHTPOM — MOKa3a-
Hbl Ha HIDKHEN npaBoit Bpeske puc. 19). ITockobky
HUKaKNX HeoXugaHHocTel ¢ mouckoM I1 u metep-
MUHALKEH MO HUM OKTETa He IPOU3O0ILIO (Ia U He
Mpeanojarajaoch), paBHO KaK U IOTPELIHOCTb TMpU
MpOBEpPKe TMITOTE3blI O MO3UIMOHHON cBs3u 1 He
BO3pocia (a B cpeaHeM II0 CEpUU TECTOB CyIepaJi-
JIUTICHI POSIBWIY ce0s1 KaK HanboJjiee TOYHO CIeaylo-
II[1e YCIIOBUSIM CBSI3U — B CPABHEHUH C OCTAJIbHBIMU
TUTIAMH “0 ¢ CUMMETPpUSIMK ), 111 3 HE IPUBOIUTCS

KapTa moMcKa, aHaJOrMYHas TaKOBOM s puc. 17.
Tak Kak Bce MOAeIbHbIE TECTHI IS D U 3 IPOBOIU-
JIMCH “TI0 MACHTUYHOM porpaMme, HO C IOIBITKOMI
MoKa3aTh pa3auyus IBYX U30paHHBLIX 00pas3loB”, TO
IS 3agaHusl 3 MapaMeTphl 0 ObLIM BEIOpaHbI TAKUM
0o0pa3oM, YTOOBI ITOMUYEPKHYTh HETOXIECTBEHHOCTh
MIPOSIBJICHUSI OCEBOM U paguaibHOIl cuMMeTpuur. Ha
0BOUIHbIX IMANOHHBIX NPOEKUUSIX ITO OTJIMYUE BhIpa3r-
JIOCh B TOM, YTO JIMAarOHaJIbHEIC IICEBI0O-0CEBbIC Ha-
npaBiaeHusl L—R v [—J He TOABKO He coBOamaiu, HO
U C CYILIECTBEHHOM BU3YyaJbHO PAa3HOM TOYHOCTHIO
TOOUINCH Ha pOJIb OCE, ITPU 3TOM 00a 00pas31a nMe-
JIM UASHTUYHO PACIOJIOXKEHHBIC OPMO2OHAAbHbIE OCU
cumMeTpun — 1o A—B n E—D. bonee SIBCTBEHHBIM
5TO OTJIMYME 3aMETHO IIPU COBMEIIEHUU OpTOhOopM
(Bpe3ka BHU3Y cIlpaBa Ha puc. 19; cioBo “och” Tam
MMEET CMBICTT ncesdo-ocs). B 3aBepiiieHne TeMBI “OK-
TeThl KpUBBIX JlamMe” ocTajgoch yTOYHUTH, YTO MacC-
ITAOHBIA KO3(PdUIMEHT M 8-II1aGJI0HHOIO Je-
ckpuntopa 3 paBeH 8.4, a Ha IpaBoOil BepXHEii Bpe3Ke
puc. 19 mokazaH “IouTy B TpM pas3a” yBEeJIMUECHHBIA
¢parMeHT IBOMHOI TAJIOHHOM ITpoeKInY 3 (Ha MH-
TepBaje otT 1 10 A) — i1 IEMOHCTPALIMM OTCYTCTBUS
CJIMSIHUSI BETBEM B OKPECTHOCTH BEpIIMHBI A (4TO
TPYIHO Pa3JMYUTh Ha IMOJHOI mpoekiuu). ITo yxe
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JIOJIOKEHHOMY MaTepuaiy (3a BEIYeTOM (hDUHATBLHOI
das3bl UcciaeaoBaHUsI; pa3aeia 5 pabdoThl MOCBSILEH
PacCMOTPEHMUIO IIPOEKTUBHO MHBAPMAHTHBIX CBOMCTB O
obuje2o 6uda) MOXHO cIenaTh IpeaBapUTEIIbHbII BBI-
BO[I: IUISI O CO CBOMCTBAMU cUMMempuy — Viaesl TIOUC-
Ka (MeTomaMHu IOMCKpEeTHOIl o0paboTKM) oxmema
CTaOUIILHBIX BEPIINH €T0 KOHTYpa 00ecIeynBaeT Mo-
JIydeHUe IBYX Ho6bix (hOpM pernpe3eHTaluU IIPOoeK-
TUBHO MHBAapUaHTHBIX CBOMCTB 0, Kaxmasi 13 KOTO-
PBIX HeceT MHGOPMALINIO, JAIOIIYIO 00HO3HAUHO TIPO-
M3BECTU KJaccu¢uKalui TUIIOB CUMMETPUU O.
IlepexomuM K pacCMOTPEHHUIO O, HE HMEIOIIETO
CBOMCTB CHMMETPUM, a ITOTOMY COINIACHO TEOPUU
[JIAJKUX BBIMYKJIBIX KPUBBIX 0 MOXXET OBITh IPUBEICH
npeobpa3zoBaHueM (2 K TI000MYy NTHOMY O'.

5. OBAJIbHAA ®UT'YPA OBIIET'O BUJA
N ABA METOIJA EE NHBAPUAHTHOM
PEIMPESEHTALIMUN

Benyimuecs 6oJjiee 4eTBEpTU BeKa IMOIIBITKY ITpe/-
JIOXXUTH METOABI U CXeMBI TUCKPETHOI 00paboTKU O
obuieeo euda, mpueMieMble (0 YCTOMUYMBOCTH, TOU-
HOCTU U BBIYMCJIMTEJILHBIM 3aTpaTaM) B paMKax IIpo-
€KTMBHO MHBApMAHTHOIO UX IIPEACTAaBJICHUS B 3a1a-
YyaxX aBTOHOMHOTO pacIlO3HAaBaHUS, HE YBEHYAJINCh,
110 MHEHMIO MCCJiefoBaTelieil, BHYIIAIOIIUM HaaexkK-
nel ycnexoMm (Olver, 2001; Hann, Hickman, 2002;
Musso, Nicolodi, 2009; Hoff, Olver, 2013). [pomo3n-
KOCTB ITOJTHOIIEPEOOPHEBIX cXeM (C MX HEYyTSIIUTEIh-
HOM aCHMIITOTUKOM CJIOXKHOCTA aJITOPUTMOB), a
IJIABHOE, KOOPAMHATHBIN IIIyM OIITUYECKOM perv-
CTpalliu 0, JUIIAIOT MPOo0JeMy IIepPCHeKTUB pa3pe-
meHusa. CuTyauio ycyryOJisieT M3BECTHBII 3aIipeT
Ha MCITOJIb30BaHNEe YHUBEPCAIbHBIX MO dughgheper -
uuanvHoli 00padOTKM, TaBHO IIPEIJIOXKESHHBIX MaTe-
matukamu (Kaptan, 1933; Faugeras, 1993), HO Tex-
HUYECKN HePeaIn3yeMbIX B IIPUHIIUIIC — IO IIPUIM-
HaM HEeTOCTUKMMOCTU TPeOyeMOid TOUHOCTHU OLIEHOK
IIPOM3BOIHBIX BEICOKOTO ITOpSIIKA OjIsi KPUBOI B €€
3aJaHUM Ha TUCKPETHOM ceTke. OMMMCaHHBINA Uaeit-
HBII TYNMUK “PYyIIMT MCKYCCTBEHHBIN MpueM” pac-
IIMPEHUS CLIEHAapUs 3aJadil — oO0pa30oBaHUEM KOM-
no3uuuu “o + L” mm6o “o + P’ (bukcupoBaHHOTO
MIpH 0 3aJaHUs TIPSIMOM L MJIN 3ke TOUKU P — 1J1s J110-
OBIX BApMAHTOB 1X PACIOJIOXKEHUSI OTHOCUTEIBHO 0),
paccMmoTpeHHoit B pabore (Huxkomaes, 2019). Bapu-
aHT “o + extL”, comiacHO AeKJjapalusM Teopemsl 1
(cMm. BBeneHue), ycTpaHSIET IIPEHSITCTBUS B IIOIILITKE
OBICTPO M TOYHO OPraHM30BaTh MHBAPMAHTHYIO pe-
npe3eHTanuio o pusiedeHrneM cera A1, mokanuzy-
€MOro Ha BHEIIIHe L.

ITo mpuwymHaM OTCYTCTBUSI BO3MOXKHOCTH “U3-
BJIeYb JaHHbIe” 0 nucno3uuu HL u3 camoii reomer-
puM 0, KaK 3TO MNpejiarajioch AeIaTh IJIsSL cUMMem -
puunblx Guryp (0COOEHHOCTH Pa3HbIX TUIOB CUM-
METPUU UCIIOIL30BAJIMCh, OJIaromapsi TEOPETUYECKU
HaliieHHOMY CITOCO0Y “OITOphI Ha MHBAPUAHTHBIE UX
CBoiicTBa”), MPUXOAUTCS CMEHMUTH IIOAXOM K 3a1a4e,
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cIeJIaB ee IIOCTAHOBKY C YYETOM pealbHbIX TEXHUYEC-
CKHMX acCIIeKTOB BBOJA M300paxkeHUsI PErUCTPUPYIO-
meil ero kamepoii. [ aspodoTOCheMOK 36MHOTO
penabeda (MeTompl KapTorpadum) M3BECTHA 3amadya
omno3HaHUs KOHTYpoB o3ep (CaBuuk, CadnauHa, 2018;
Savchik et al., 2018), nmpu peanusanuy KOTOPO s
Cepur CHMMKOB YIOJI OTKJIOHEHMSI ONTUYECKOI OCH
OT BepTUKaJIU 0e3 Tpyaa TpaHC(hOpMUPYETCS B O3U-
LIUIO JTUHUM TOpu30HTa (IIPU 3aJaHHOM HaIlpaBJie-
HUM OCH Ha “cepeanHy”’ OIIO3HABaeMOTIO 03epa).
KoHTyp oBajibHOrO 03epa Ipu 3TOM “KOMIIIEKTYET-
ca” mucmosunuein HL. anee OymeM cuuTaTh, YTO
npsmast HL n KOHTyp 0 00pa3yioT BXOIHYIO KapTy, 1
nepeigeM K cxeme puc. 20.

Ha none puc. BHU3Y clipaBa U300paxkeH KOHTYp
OBAJILHOTO 00BEeKTa, KaKUM OBl OH ObLI Ha CHHUMKE
MIpU OPTOTrOHAJILHOM perucrpanuu (Ha3oBeM 3TOT
pakypc “optodopmoit”). CHATBIA He mof IPsSIMbIM
yrioM (K “Iuiockocty 3emin”), OH IpUOOpen BUII,
KOTOPBIIA yXe€ MOXET TeIllepb paccMaTpUBaThCSI B
KoMIioHOBKe ¢ HL (ocHoBHoe Tmione puc.). Ilocie
ycnenrHoi oueHku ceTa JII1, cranmapTHast IIpoleny-
pa ¢ukcupyeT Ha KOHType 0 okTeT {4, R, E, I, B, L,
D, J}, no3uiiu KOTOpOro 3agatoT rpad AeCKpuUITopa
(o1 oByX 11a0JIOHOB; Bpe3Ka CJIeBa BHU3Y) U MOTYT
OBITH NPUBJICYEHEI (Yepe3 OLICHKY MaTpull 2 11T 3Ta-
JIOHOB poM©0a 1 KBajpaTa) 1jis1 GOpMUPOBaAHUS 0601~
Holl npoexyuu O (OByLIBETHasi KapTa BETBEl — Ha
BepxHeli Bpe3ke cripaBa). IHBapruaHTHBIE perpe3eH-
TallMd UMEIOT OCOOEHHOCTH, OTJMYAIOIINUE UX OT T10-
JIyYeHHBIX Ha 0 C cUMMempusmu:. TeCKpUITOPbI yTe-
pSIIM  OCECUMMETPUYHYIO (OopMy (OTHOCHTEIBHO
JIvaroHajin W-IUIOCKOCTH), a BETBU Ha 080UHOL DTa-
JIOHHOI TMPOEKLMM aCUMMETPUYHO IIepeCceKaloTCs.
Ocranock 3aMeTUTh, UTO TTpoBepKa Ha cBs13b AI1 (Ha
puc. 20 oHu oboszHaueHbl Kak P.T u M..N) Takxe
mproOpea HOBBIM aCIeKT, HUBEJIUPYIOIIWI OLIEHKY
ee JocToBepHOCTU: y3ibl Kaxnoun n3 Il B “mocra-
HOBKe ob11iero Buaa” (nmos3uuuu C U ¢) cTajlu Ternepb
PA3HeCeHHbIMU, TIOOTOMY OLIEHKU ITOJIOXKEHUS S yxXKe
HEJIOCTAaTOUHO JJIS 3aJaHUs TToJISIpel D—.S, TpedyeTcs
OlieHKa MO3ULUU ¢ (YUCTO cirydaiiHo aydu S—Cu S—
¢ OKa3aJich OJIM3KM, a caMa S yIOoBJIETBOpPSIJIA YCIIO-
Buio cBa3M S = t(f) X t(R)). He cobupasce ycnox-
HSITh TUNoTe3y o cBs3u HII, oTBepraem ee amexkBarT-
HOCTb IIJISI 0bujeeo ciydasi. Paz3dbopom aToro BapuaHTa
reoMeTpuH 0 (B paMKax IPUMEHUMOCTH MPEITOXKEeH-
HOI “KOHLIENLIUU O CTAOMJILHOM OKTETE”’) Mbl COOM-
pauCh 3aBEPIIUTh M3JIOXECHHE MOACIBHBIX DKCIIE-
puMeHTOB. KenaHne TOCTUYb “OONbIIei perpe3eH-
TaTUBHOCTM TECTOB Ha YMUCICHHBIX MOIesIx”
noOoyaniao O4o0aBUTh KOPOTKMUIL pa3lell, B KOTOPOM
paccMOTpPEH 0, UMEIOIINI “0co0yIo (6pawamenshyro)
CUMMETPHUIO 1 He TPEOYIOIIUN A TIPUBHECEHU S TaHHBIX
00 HL”, omHaKo, Mo MpUYMHE OTCYTCTBUSI Y HETO Ha
9TAJIOHHBIX OTOOpaxeHUsIX (M Ha oprodopMme)
CBOWCTB cumMmempuu yXe OMUCAaHHOTO HaMHu BHUIA
(oceBoii 10O paanalibHbII BapuaHT), OH OJIU30K K 0,
oOcyXXnaBmnieMycs BBITIIE.
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0.4

0.2

0.2 0.4 0.6 0.8 1.0 Wl

Puc. 20. CxeMa OCTPOEHMI, 3aAaI0IIMX MO3ULIMY CTAOMILHOIO OKTETa BEPILUMH Y 0 00uieeo euda, CBSI3bIBAIOIINX Yepe3 AUC-
rnmo3uiuio HL, moay4eHHYIO C ONTUYECKOro BXoJa peructparopa, koopauHatel JIT Ha Hell ¢ nerepmuHupyemMbiM o JITT okre-
ToM. Ha Bpe3kax roka3aHbl: BUJI IBOMHOI IMTPOEKIINU C TTepeceKalOIMMUCS BETBSIMU (CIIpaBa BBEpXy) U rpad IeCKPUITOPa O
B IBYX hopmax 11abyioHa (clieBa BHU3Y), OlLIeHKY Byp(doB Ha 1oJjisipax (M Ha H L), no3Bosisiiole n36exKaTh Bapyaliii IIpoeL-
pOBaHUsI 0 HA STAJIOHHBIN 8-BepIIMHHUK. Pa3bsicHeHUs B TEKCTe.

6. AHAJIM3 CLUEHBI C OBAJIOM HEABHOUN
[NTOBOPOTHOU CUMMETPUUN R,

®Durypsl, opTohOPMBbI KOTOPBIX 00JIaTaI0T 1080~
pomuoil (pOTalIMOHHOI) CUMMETpMEN C HEYETHBIM
WHJIEKCOM (KOTaa MHAEKC Y 0 YeTHbIN, OH (hopMasib-
HO HEOTJIWYUM OT O paduaabHoli CUMMETPUH, a caM
WHIEKC 1 (QUKCUPYET KOJIUYECTBO WAEHTUUYHBIX
¢parMeHTOB nyr, KOTOpbl€ IJIaJKO COIpSraloTcs,
UMUTHUPYSI 00pa3oBaHUe 3aMKHYTOI (DUTYPHI “CKIIe-
MBaHUEM TTOBOPOTOM” # pa3 BOKpYT LieHTpa O), pac-
cMmoTpeHbl B paborax (Hukonaes, 2015a; 2017), raoe
ObLT OTNMCAH Psii YHUBEPCAIbHBIX Mpoleayp (TecTbl
Mo UHAeKcaM # “3” 1 “5”) mourcka HesIBHOTO LIEHTpa
O durypsl R, a 17151 0 R; ObU1 IPEIJIOXKEH U UCTIBITAH
MeToHd peKOHCTPYKINU H L 110 JTaHHBIM 0 11031 O.
DTU aNTOpPUTMBI OIMCAaTh JAaKOHWYHO (0e3 morepu
BHSITHOCTU U3JIOKEHUST) BPsiA JIM BO3BMOXHO, MTO3TO-
My Ccpa3sy e MPUCTYIUM K M3JIOXKEHUIO neTajieil u
BBIBOJIOB 110 JAHHBIM CEPUU MOIECIBHBIX 3KCIIepU-
MEHTOB C R; WUIIOCTpUpPYs MaTepual Ha MmpuMepe
OIHOTO U3 TECTOBBIX 00pa31oB (00BEKTHI R5 HE pac-

CMaTPUBAIOTCS TYT O TMIPUINHE OTPAaHUICHUN 00h-
eMa TeKCTa).

Ha moie puc. 21 BHM3y clipaBa IT0Ka3aHa TeCTOBast
optodopma R; (mogoOHbIe OOBEKTHI TUIIA CeAANCeH-
Hblll mpeyeoabHUK CTaJau HbIHE B KOMITBIOTEPHOM rpa-
duke nomyasipHOU pUrypoit — u3 KiioHa 06006ujeHHO-
20 ceMelCcTBa CylepaJIJIUIICOB, U 3TO yXKe He “UCXOM-
Has KpuBas Jlame”). Ha ocHOBHOM mnoJjie u3o0pakeH
0, roMorpadriecKu TpaHCHOPMUPOBAHHBIN K BUIY
¢ 6au3Ko OT Hero pacnojioxeHHoi HL (ieHTp O npu
9TOM MPUOOPEN CTOJIb CUJIBHBIN CIBUT, YTO BU3yaslb-
HO OCOOEHHOCTH CMMMETpHHU BpalieHus y O yxXe He
BOCIIPMHUMAIOTCS TaXe “IpHOIN3UTEILHO ), Ha KO-
TOPOM CTaHmapTHas mpolleaypa Imoucka GUKCUPYeT
kBapreT nmo3unuii aByx AI1 (3to M..Nu T.. P, npudaeM
P nokanu3syeTcs 3a IpeaeaMu Iosst puc.). HalineH-
Hbie ATl nerepMuHuUpyIoT Ajist R; OKTET BepIUUH {4,
R, E I B, L,D,J}, 103ULIUUA KOTOPBIX UCITOJIb3YIOTCS
TSI duckpemHoeo (IeCKPUNTOP B ABYX (popmaTax rpa-
¢a; BepxHsisg Bpe3Ka CripaBa) U 21a0Ko HenpepvleHO20
(cieBa Ha OOJIbIION Bpe3Ke — ABYILIBETHAsl 06olUHAA
npoekyus) WHBApPUAHTHOTO MpencTtabieHus R; W3
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20

JIBoitHas nmpoekiust R3

10

W(M, R, cl, L) = 1.0
WAN, I, cl,J) =2.3 A
WM, T, N, P)= 1.8

I'pad neckpumnropa

JInHUsI\ropu30HTa

HyanbHble mapbl

-10

OBaJl TOBOPOTHOM cuMMeTpun R3

Oxrer {4, R, E, I, B, L, D, J}

K P

Puc. 21. CxeMa nojyyeHusi MO3UILIMOHHBIX OLIEHOK cTabuiabHOro okreta {4, R, E, I, B, L, D, J} BeplIvH 0 pomayuouHoli CUM-
MeTpuM TUIa R 3, ¢ TOKa3oM Buna: opToopMsl R 3 11 HEKOTOPOii ee TpaHcopMaLuy 1ox aeiicTBreM 2 (OCHOBHOE II0JIE PUC. ),
deolinoll npoekyuu (cieBa BBEPXY) U rpada neckpunropa R; (s aByx dopm 1mabiioHa; cnpasa BBepxy). KommenTapuu B

TEKCTE.

Yyucjaa OCOOEHHOCTEH, SMIUPUYECKN YHUKATbHBIX
(Teopem Ha Temy “Bypdsl I st HL” aBTOp He 3Ha-
€T, TT09TOMY MOCIEIHbI BBIBOJ O 8ceobujem st R;
cBoiictee W(M, T, N, P) # 1 “pyxHeT omHaXObl y
KOHTpIIpuMepa”), MOXHO yKa3aTh Ha HapyllaeMoe
MpPEACTaBUTENSIMUA R; NPaBWIO: “UMETh OLIEHKY Byp-
¢da msa xkBapreta Touek AI1 Ha HL, 61U3KyI0 K eapmo-
Huueckoli”. XOTd 'y R; cCMUMMETpUSs yeHmpaabHoi Ipy-
pPOJIbl, OHA CTOJIb HEMPsIMasl, YTO IECKPUTITOPHI “SIB-
JISIIOT Xaoc”, a deoiinoil oOpa3 IIPOEKIIN CTUpaeT
cJiel IpaBuJl, PEryJIsipU3yIONIMX KOMITO3UIIUIO BET-
Beli. Yxe Ha opTopopme R; cBs3b ee y3noB cl, c2 ¢ O

“He TIpocTa”. DTUMM peMapKaMM 3aBEPIINM pa3Jel.
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3AKIIIOYEHHME

OnHoit 13 ameKBaTHBIX (POpM CTaOMIILHOI perpe-
3€HTAllMM 0 paHee 3asBJIeHAa ONepalys IIPoeIupoBa-
HMSI 0 HAa CTaHOAPTHEIN 4-BepIIMHHUK (DUrypy duk-
CUPOBAHHOI'O PACHOJIOXEHUS M (DOPMBI), YTO OTHO-
3HAYHO peaIM3yeTCs pelIeHUEeM JIMHEMHOMN CUCTEMBbI
BocbMU ypaBHeHU (Hukoiaes, 2011), Tak Kak mo3u-
1Y TIPOEKTUBHO MHBAPUAHTHON YeTBEPKU BEPIIMH
KOHTYpa 0 MOXHO CBSI3aTh C IIA0JIOHOM 4-BepIINH-
HOTO 3TaJIOHA, IIPOU3BEIs IIPOSKTUBHOE IIPeodpa3o-
BaHMe € TNIOCKOCTU UCXOTHOTO 0 (€ro 3a1aloT 80cemb
HEU3BECTHBIX HE3aBUCUMBIX KO3(GUIIUEHTOB) IIPO-
elMpoBaHuEeM Ha 4-BepIIMHHUK 3TajlOHA, C YCIOBHU-
€M COBMEIICHUS HalIIeHHOW CTaOMIILHOI YeTBEepKU
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BEPIINH 0 C BepIIMHaMM 3TajioHa. O c1adbIX MecTax
9TOrO IIOAX0/Ia CKa3aHo B pasn. 1 (a B pa3m. 2 TOT ke
IIpHUeM MepeIrpoeupoBaHUsI Ha 4-BepIIMHHUK 00-
CYyXIaeTcsI B CBSI3U CO CXEMOM “4-TOYEYHOIo METOAa
2” B UTepallMOHHOM IMpoliecce Moucka meHTtpa 0).
IMomuepkHeM 3BOJIIOLIMIO “KayecTBa 3TAJOHUPOBa-
HUsSI”: cxeMa 080liHOll npoeKyuu NUIIeHa MPONUCXO-
JIUBILETO (IO MpeXHE MEeTOAMKE — B KaXKI0M Bep-
IITHE 3TAJIOHA,) “O0HYJISHUS CBOOOIBI peIIpe3eHTa-
mun”’. Bymyau yodeoennoii, mpoexiuus B 000K U3
BEPIINH KaxKI0T0 3TaJJOHHOTO 4-BepIIMHHNKA UMEET
“pe3epB onucaHUs HI0OAHCOB (hOPMBI 0 IJIs1 TOTO Ke
JIOKycCa MpeacTaBiIsseMoil opToOpMEbI Ha TTAPHOM €l
BeTBU. HakoHel, KpaTKo 0 BEIOOpE IJIST WICHOB OKTE-
Ta UX MO3ULMI Ha “KBagpare” U “pombe”. CraHmap-
TU3ALUU TOPSIIKA BEPLIUH Y 0 00111eTO BUAa U R, MO-
I'YyT IOMOYb Pa3uuMsl OLIEHOK BypdOB Ha ToJisipax
HIT ¢ necosnadarowumu yznamu (cMm. puc. 20 u 21).
151 akcanbHO CUMMETPUYHBIX 0 TUATY BEPIIUH OCU
cJielyeT IPOeLMPOBaTh HA TOPU3OHTAJIb pomoba (puc. 4).

Bo Bgenenuu Obuta chopMyiaumpoBaHa 3amaya
MPOEKTUBHO WHBApUAHTHOTO OMUCAHUS TJIAAKUX
BBIITYKJIBIX (pUryp (0), uMeromux Hekue DC u peru-
CTPUPYEMBIX MAaCCHMBOM BEpIIUMH B IIPOU3BOJILHOM
pakypce. Takas mmoctraHOBKa Moapa3ymMeBaeT OBICT-
poe BBIYMCIEHUE TUCKPETHOTO onrcaHus (yCTOMIM-
BOTO K TPaHCGHOPMUPYIOIIUM BIMSIHUSIM IPOEKTUB-
HOTO TIpeo6pazoBaHust ToMorpadun 2 TNIOCKOCTH 0) —
B Bue moiaydeHus rpada deckpunmopa (Hukoiaes,
2016; 2019), dopmupoBaHUE KOTOPOIO pEau3yeT
unest naockocmuoeo gypga (dermyraTos, 1926). UnTe-
pec K eypghy, Kak K KIIIOYEBOMY DJIEMEHTY NpouU3600-
Hoil Illeapya, onvicaHHOI OoJlee BeKa Hazal, 10 CUX
Mmop He yrac y maremMatukoB (OBcueHko, TabauHu-
KoB, 2008). DieMeHT 3BOJIIOLIMU B Pa3BUBacMbIX Ha-
MU IIOAXOAAaX He TOJIBKO B TOM, YTO ILJIIOKKEPOBHI ITO-
nspel y A1 va HL nj1st 0 pagnaibHO CHMMETPUN Ta-
PaHTUPYIOT HaJIW4yMe TpU3HAKA 2apMOHUYHOCTU
8ypgha njisl HUX, a HOBBIE 3TAJIOHHBIE CXEMbl MEIOT
IJIABHBIM Y3JIOM IIPOLIEAYP 8bliucAeHUe 8ypgha, HO O~
HUM U3 aKTYaJIbHBIX CJIEACTBUI ONMChIBAEMOM KOH-
LIS MOXHO CUMTaTh 00eCIeYeHUEe OMHO3HAYHOM
TUTIU3ALAN 0COOeHHOCmell cUMMempuy 0 1o TeOMeT-
PUYECKU MPOSIBIISIEMBIM CBOIICTBAM €T0 deckpunmopa
(B 00eux Bepcusix). Ilepen “pacummdpoBkoii muna o —
o TIpaBujiaM AJisl Tpada” yTOYHMM: HCClIeJOBaHUE
MPOEKTUBHO CTAOMJIIBHOM Tpe3eHTanuu (Guryp ce-
MEMCTBA 0 BKIIIOUMJIO HEMAJIO padoT, IIe aHAJIM3UPO-
BaJINCh 3aKOHBI IIPOSIBICHUSI HEA8HOU CUMMempuu
pasmmunbix tunoB (Hwukomaes, 2014; 2016; 2017,
2019), ipu 5TOM B HUX HE OBUI IPEAI0KEH eIHbIA
HocUTeJIb=KJIacCu(uKaTop CUMMETpuii. JecKpuii-
TOp 0 UHAULUPYET (Ha MIockocTu W) TUIT cCUMMET-
PMU: aKcUaabHOU — 110 8 BepIIIMHAM, Iae 6 “pa3ouThl”
JIUAroHayblo d Ha Taphbl, y 0 CUMMETPUYHBIE, a apa
ocesbix JIEXUT Ha d; paduanvHoli — 110 YETBEPKE Bep-
IOUH 060iiH020 TIOKPBITUS, “CIUBIINX’ CUMMETPUY-

Hble naphl 0; y R, 1 0 ob11iero Buaa — 1o 6ecnopsaoxy
Ha W.

Boctpe6oBaHHOCTB 3324 aBTOMAaTUY€CKOI'O OO~
3HaHMS OOBEKTOB TUIA O IIO0YKIAeT MUCKATh IIPHEM-
JIEMbIE OAXOIBI C IPEIIOXEHUSIMHU PA3JIMYHBIX “T10-
ayunBapuaHtoB” (Olver, 2001; Hann, Hickman,
2002; Musso, Nicolodi, 2009; Hoff, Olver, 2013). Ha-
npumMep, Kapicon (Carlsson, 1996) Tipemioxwn Me-
TOJI, COITOCTABJIEHUSI O T10 MSITU TOYKaM KacaHUS BIIU-
CAHHOTO B 0 3JIMIICA JIMOO I10 YeThIPeM TOUKaM Kaca-
HUS K 0, 00pa3ylolIMM rapMOHNYECKOE OTHOIIICHHE,
KOTOPOE€ MOXHO IOOIPEASINTh IS YSThIPEX TOYEK
Ha ayurice. CaeayeT OTMETUTh, UTO B 3THX paboTax
CXeMbl M METOIBI OETEKIINN IIPOCKTUBHO yCTOMYM-
BBIX CBOMCTB cUuMMempuy BIITYKJION IITafKON KpUBOM
He paccMaTpuBarpTcs. CBOiCTBA CUMMETPUHM TIJIOC-
KMX TIagKux (QUTYp €CIM WM MCCIEAYIOTCS, TO, KaK
MIpPaBUJIO, 3TO OTHOCUTCS K KPUBBIM 3A0AHH020 aHA-
aumuueckozo nopsoka. IlpumMepoM MOXHO MPUBECTU
HCCJIeIOBAaHUE aCMeKTOB CUMMETPUHU Y ajiredpaunye-
CKUX 00BEeKTOB uiecmoeo mnopsinka (Itenberg, Iten-
berg, 2004), nob6asus padoty (Brugalle, 2007), rme
00CYXXIeHBI CBOMCTBA 1 OCOOCHHOCTH KPUBBIX cedb-
Moeo mopsinka. THTepecHBI 1 COBpeMEHHBIE PaOOTHI
Mo TMapaMeTpu3alui U HOpMaIu3alu KPUBBIX po-
mayuonnoii cumMmeTpum (Lebmeir, Jurgen, 2008), a
TaKKe — I10 pa3paboTKe TEOPETUUECCKUX MOAXOI0B U
peanmu3anuy 3aaa4 IMonapHoOTro cpaBHeHU appUHHO
U TMPOEKTUBHO OSKBUBAICHTHBIX CUMMETPUUYHBIX
kpuBbIX (Hauer, Jiittler, 2018). Bce mpouuTrupoBaHbIie
paboThl HE UMEIN OOBEKTOM MCCICHOBAaHUS IIped-
CTaBUTEJIEN CEMEMCTBA 0.

CdopmMynupyeM BbIBOIIBI IO PACCMOTPEHHOM Te-
me Ilpueneuenue I na HL oasn ouenxu okmema npo-
eKMUBHO CMAaOUNbHBIX 8EPULUH 0, 00ecneuUsarueco pe-
uleHue 3a0auu IMan0HHO020 ONUCAHUS 0 8 ghopme, YO0 -
HOUl 0aa Kaaccugukayuu munos cummempuu o (TUTIOC
cerapauuu oopasioB, JUIIEHHBIX 3TOTO CBOWCTBA).
PazpaboTaHbl U MCTIBITAHBI B CEPUSIX MOIEIbHBIX Te-
CTOB UHMCJIEHHbIE METO/Ibl pEIIEHUs 3a1a4l UHBapHU-
AHTHOTO OMHWCAHUS 0, HE TPeOYyIoIUe paclIupeHUs
BXOTHOTO CILIEHapusl 3aJlaHMeM KOMMO3ULMK “0 +
intP” 6o “o + extL”, TaKk Kak Aekiapaliy TeopemMsl 1
(o OIT Ha extl) IpemioXeHO UCIIOJIb30BaTh AJIsI HO-
cutens HL B kauecTBe 00beKTa, TUCIO3UIIUIO0 KOTO-
poro (B IJIOCKOCTU 0) MOXHO OLIEHUTb, UCXONSI U3
CBOWCTB CUMMETPUU O (HESIBHOM, YeHmparbHol TIPU-
ponpbl). IIpennoxeHHbIe TpUEeMbl 00pPadOTKU KPUBbBIX
ceMeicTBa 0 C TIOJydeHMEM JJISI HUX 3TaJlOHHbBIX
ONMUCAHUM OpUTHMHANIbHBI. [IpsiMble M KOCBEHHbIE
aHajoru cxem Tipusineyenus: HII1 B dopmupoBanue
WHBapUAHTHBIX 3TAJIOHOB O ABYX BUIOB (IUCKPETHO-
o M HETpepbIBHOIO) HE OOHapyXeHbl HaMu B J0-
CTYITHBIX 0a3aX IMTUPOBAHMSI.

PaGora BbimonHeHa mnpu Tmogaepkke PODOU
(rpant Ne 19-29-09075).
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Recognition of projectively transformed planar figures.
XVI The octet of projectively stable vertices of the oval and new methods
for its reference description using the octet
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I propose the idea of the existence of an octet of projectively invariant vertices of an oval (o), which are ob-
tained under the condition of the numerical localization of an external straight line, HL (“horizon line”),
which is fixed at the stage of optical registration of the figure o or is calculated in the presence of central sym-
metry properties of the curve by fast algorithms searching for the center that determines the position of HL.
The proposed idea is then illustrated by model experiments. According to the theorem on an arbitrary external
line, L, composed with o, the line L always contains at least two pairs of stable points (called dual points — DP),
and each DP defines an invariant quartet of vertices on o0, as a result of successful positional estimation of
which the contour appears to have a set of eight ordered vertices, and it is expedient to use this set for a pro-
jectively-invariant description of 0. Two hypotheses for HL are expressed and investigated in simulations:
about the projective relationship between the positions of two DP pairs and about the possibility, for an axially
symmetric 0, to estimate the position of its inherent HL on the basis of some projective features revealed for
DP. Two novel methods for finding the center of o with hidden radial symmetry are also described. Finally,
I have proposed and tested in numerical experiments a pair of new methods for using the octet of stable con-
tour points, found for o (either symmetric or not), for a projectively-invariant description of o.

Key words: oval, center and axis of symmetry, Plucker pole and polar curve, dual pairs, harmonic wurf, wurf
function, descriptor, descriptor template. Lamé curve
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MeTon KOMIbIOTEPHOIT TOMOTpaduH, SIBJISIICh HEPA3PYIIAIOIIMM METOIOM UCKYCCTBEHHOTO MHTEJIEKTa,
MO3BOJISIET BOCCTAaHABIMBATH BHYTPEHHIOI MOP(MOJIIOrMYECKYIO CTPYKTYPY OOBEKTOB MO HabOpy 3aperu-
CTPUPOBAHHBIX IO pa3HBIMU YIJIaMU MPOeKInii. OOBEKT 30HAUPYETCS PEHTTeHOBCKUM U3JIyYeHUEM, KO-
TOpOE MPU MPOXOXKACHUM Yepe3 Hero ocnabiseTcs. OcaabiieHHOe U3TydeHUe PETUCTPUPYETCS TTO3ULIMOH -
HO YyBCTBUTEJIbHBIM JIETEKTOPOM. Bpems 3KCIo3uiuuu siBjisieTcsl BAXKHBIM TTapaMeTPOM M3MepPUTETbHOM
CHUCTEMBI 1 HapsiAy € MOTTONIAIOIIMMU CBOMCTBAMU CaMOTO 00pa3iia OnpeaesisieT BEpOSITHOCTHBIE XapaKTe-
PUCTUKU PETUCTPUPYEMBbIX BeJMYnH. CtatucTrudeckasi Mojieib (hOpMUPOBAHUSI CUTHAJIA B STYCHKE IeTeK-
Topa 6asupyeTcs Ha pacrnipeneneHuu [lyaccoHa, ToaTOMy, YeM MEHbIIIe 3HaAYeHUE PETMCTPUPYEMOTO CUT-
HaJia, TeM OOJIbIIIe ero IUCTIEPCHSI, T.€. 3HAUCHUSI TeTepOCKEAACTUYHBI. [ eTepoCcKe aCTUYHOCTD MOPOXKIAET
Ha BOCCTAHOBJIEHHBIX N300paxkeHUSIX NCKAKEHMsI, KOTOPbIe MEIIaOT MPaBWJIbHON MHTEPIPETALMK MOy -
YaeMbIX pe3yIbTaToB. B maHHOi1 paGoTe mpemaraeTcss MeTOI PEKOHCTPYKIIMY, 6a3UPYIOIINICS Ha anre6-
panvecKoM I0IX0Ie, OCHOBHAsI MIesl KOTOPOTO COCTOUT B 10OABJIEHMU MaTPUIIbl “AOBEpUs” B peliaeMylo
cucTeMy JUHENHbIX anredbpanyeckux ypaBHeHUit (CJIAY). MaTpuiia paccCuuThIBaeTCsl HA OCHOBE Pe3yJib-
TaTOB aHaIM3a TUCIIEPCUM 3aPETMCTPUPOBAHHBIX CUTHAJIOB. BhINMcaH 1mar rpageHTHOTO METOIa OMNTH -
MM3allnu, UCIToab3yemoro mis pernernst CJIAY. Pe3ynbTaThl 3KCIIEpUMEHTOB Ha CHHTETUYECKMX TaHHBIX
MMOKAa3bIBAIOT YBEINUYEHNE TOYHOCTU PEKOHCTPYKIIMY TIPU YUeTe reTepOCKeIaCTUUHOCTH.

Karoueeswie cnro6a: peHTTeHOBCKast ToMorpadusi, METOI UICKYCCTBEHHOTO MHTEJLJIEKTa, METOIbl PEKOHCTPYK-

LY, TETEPOCKENACTUIHOCTD
DOI: 10.31857/50235009222010036

BBEAEHHUWE
PentreHoBckast Tomorpadusi — 3TO METOHA BOC-
CTAaHOBJIEHWS  BHYTpeHHell  Mopddosorunueckoi

CTPYKTYPBI OOBEKTa IT0 HAOOPY €ro peHTIeHOBCKMX
nzobpaxkeHuit (mpoekumii) (Withers et al., 2021;
Arlazarov et al., 2021). CoBpeMeHHBIE TOMOTpadude-
CKH€ KOMILJIEKCHI BOCTPeOOBaHBI BO MHOTIMX 00Jja-
CTSIX YEJIOBEUECKOI XXKM3HU, HAYMHAsI ¢ MEIULIUHBI,
I1e B OTOEJICHUSIX KapaINOJOTUY U3yJaloTcs IIpoodie-
MBI CAaMO BaXKHOI 151 YeJIOBEKA MTMHAMUYECKOM CH-
cteMbl (Sartini et al., 2017), u 3akaHYMBas1 UCCIIEIO-
BaHMSIMM IVWHAMUKY IOBEASHMS HaHOMAaTEepPUAaJOB,
MPUMEHSIEMBIX IS CO3MAHMs HOBEMIIINX BO30OHOB-

90

JISIEMbIX ICTOYHUKOB 3Hepruu (Pietsch, Wood, 2017).
i1 peKOHCTPYKIINY U300paKeHU U3 COOpaHHBIX
ToMorpadamMu TIPOEKIM TPUMEHSIOTCS pa3HbIe
IPYIIbl METOJOB, pa3nyallnecs: Mo ObICTpoaeii-
crBuio (Agulleiro, Fernandez, 2011; Saha et al., 2012),
TpeOOBaHUSIM K MCIOJb3YEMbIM BBIYMCIUTEIBHBIM
pecypcam (Inoue, 2016), yCTOMYNBOCTBIO K HATUYUIO
myMa B npoekiusax (Balasubramani, 2021). ITo cy-
IIECTBY, 3TU KOMIUICKCHI TIpeBpalllaloTcs, a TAe-TO
YK€ M MPeBPaTUJINCh B pealibHble CUCTEMBI C UCKYC-
CTBEHHBIM MHTEJJIEKTOM, B KOTOPBIX BBIOOp MeTOaa
PEKOHCTPYKIIMUA OCYILIECTBISIETCI aBTOMAaTUYECKM.
HecMmoTpst Ha 60JIbIIIOE KOTMYECTBO CYIISCTBYIOIINX
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IIOAXOA0B K PEKOHCTPYKIIMH, Pa0OTHI II0 CO3MaHUIO
HOBBIX HE ITpeKpalialTcs. DTO CBSI3aHO C HECKOJIb-
KUMU npudnHaMu. 2ZKecTkue TpeOoBaHUS K I030BO
Harpy3ke IUKTYIOT MOSIBJIEHHE cxeM cOopa IIPoeK-
Ui ¢ KPpUTUMYECKU MajbIM YKCJIOM PaKypCOB WJIU
MaJioil 3KCIIO3UIUCH. YBeIUYeHUE ITPOCTPAaHCTBEH-
HOTO pa3pelleHMs] ITOHMKAET YPOBEHb CUTHAJIA, pe-
TUCTPUPYEMOTO  STUEMKOM MO3ULIMOHHO-YYBCTBU-
TEJILHOTO JETEKTOpa, YTO, COOTBETCTBEHHO, BEIET K
CUJIBHOMY YXyIOIIEHUIO OTHOIIEHMSI CUTHAJI-IIIYM Ha
npoekuusx (Grigoriev et al., 2021). CoznaHue aBTO-
MaTUYECKUX cUCTeM Kiaccudpukauuu (ImamuivH u
ap., 2014) pe3ynbTaTtoB PEKOHCTPYKIIMU 3aJaeT BbI-
COKMe TpeOOBaHMS K Ka4eCTBY peKOHCTpyKIuu. He
BCE METOIIbI CIIOCOOHBI paboTaTh B TaKMX 3KECTKMX
YCJIOBUSIX.

B manHOI1 paGoTe IpemiaraeTcss HOBBII MOOXON K
PEKOHCTPYKIMK. Pervcrpalivisi peHTreHOBCKUX KBaH-
TOB, ITONANAIOIIMX B SYEHKY NO3ULIMOHHO-YYyBCTBH-
TEILHOTO JIETEKTOPA 32 BpEMS SKCITO3UILINHU, SIBIISIET-
Ccs CTOXaCTUYECKUM IIPOLIECCOM U OMNUCHIBAETCS
pacnpeneneHueM Ilyaccona (Lasio et al., 2007). duc-
MEePCUsI CUTHAJIA B KaXKIOM ITUKCeJle IeTEKTOpa 3aBU-
CUT OT MaTeMaTU4YECKOr0o OXKMUIAHUSI CUTHAIA B 3TOM
MMUKceJie, T.e. 3HaYeHUs TeTepOCKeIaCTUIHbI. Moau-
duKkanms ajredpandeckoro Ioaxoaa K ToMorpadu-
YeCKOM PEeKOHCTPYKIIMM, B KOTOPBIN TOOABIIEH yUeT
reTepPOCKENACTUYHOCTA B BHAEC JOIIOJHUTEIIHLHOTO
MHOXUTEJIS — “ITOBEPUTEIHLHOM MaTpUIIbL”, OITMCaHAa
B IaHHOM CcTaThe.

METOAUWKA UCCITEAOBAHUN

Buviuucaenue ducnepcuu aureapuz08aHHbIX
3ape2ucmpupo8anHblX 3HAUeHU

B xommbroTepHOiT TOMOrpadun IIpu 30HIMPOBa-
HUM MOHOXPOMATUYECKMM HU3JTy4eHUEM PEeTUCTPU-
pyeMoe nuKcesaeM AeTeKkTopa 3HaueHue I, popmupy-
€TCSI IIOTOKOM PEHTTCHOBCKUX KBAHTOB, IIPOIISAIITNX
yepe3 UCClIeAyeMbIii 00BEKT B HAIIpaBJIEHUM “UCTOY-
HUK-JIeTeKTop” [ 3a onpenesieHHOEe BpeMsl 3KCIIO3M-
UM, W ONMCHIBACTCS CJCAYIOIINM BbIpaXKeHUEM
(Kak, Slaney, 1988):

I = 1, [ = udl. (1)

3neck [, — 4MCI0 KBAHTOB 30HAA, |l — JMHEWHBIA
KO3 GULMEHT ocaabJeHUsT PEHTIEHOBCKOIO M3JIy-
YEeHUST MCMOJIb3yeMOM IJIMHBLI BOJHBI MaTepHaIoOM
oowekTa. Ilocie perucTpanmm TeKyIIel MPOEKIINHA
00BEKT MOBOPAYMBAETCS Ha HEKOTOPHIM YroJ, Ha3bl-
BaeMBbIii TPOEKIIMOHHBIM YIJTIOM, I CHUMAETCS CCHY-
romas npoekuud. Iponeaypa c6opa mpoekunii Mo-
KeT OBITh OpraHM30BaHa C UCITOJIb30BAaHUEM Bpallia-
IOIIECS BOKPYT OOBEKTa CUCTEMBI “HCTOYHUK-
JIETeKTOp”, UTO HEe MEHSIET MaTeMaTUIECKON MOICITN
dopMupoBaHUs curHajia. Pe3yibTaToM peleHus 3a-
Jadyu TOMorpadpUuecKoil PeKOHCTPYKIUU SBIISIETCS
paccuyMTaHHOE 110 HaOOpy 3aperucTpUpPOBAHHBIX
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MIPOEKIINIT TIPOCTPAHCTBEHHOE paclipelesieHrue -
HelHOro K03 duIIMeHTa OCIa0eHHS.

IIpouecc perucTpauuu, SBIAICH CTOXACTAYE-
CKMM IIPOLIECCOM, MOXET OBITh OIMCAH paclpeaelie-
HUEM HyaCCOHa C INIOTHOCTBIO BEPOATHOCTU:

k -\

oy =ky =2, )

k!
o€ MaTeéMaTHU4Y€CKOEC OKMJaHUE, paBHOC JUCIICPCUMN,
OIUCKHIBAETCS HapaMeTpoM A. UTOGHI peInTh 3a1a9y
PEKOHCTPYKILIMM, T.€. BOCCTAHOBUTH PacrpeieeHue L,
IIEPBLIM OTAaIllOM HCO6XOI[I/IMO JIMHEApHU30BaTh 3a-
naay (1):

y =In(ly) — In(/)). (3)
3nech y — cayJaifHas BeJTMYMHA.

bes orpaHnyeHMs1 ONIMCAaHHOTO ajiee MeTo1a pac-
cMmotpuM 2D ciydait 3amauynd peKOHCTPYKIIVH, T.€.
OyJeM roBOPUTb O PEKOHCTPYKIIMU OJHOTO CEYEHUS
00beKTa, MpyuUeM B MapasjiebHON U BeepHOii reo-
METpHU ObUTM cOOpaHBI TOMOTrpadudecKne IMpoeK-
I TPUHLIMITMAIBLHOTO 3HAYeHUsI He uMeeT. B aii-
reOpamyecKoM IOOXoAe K PEKOHCTPYKIINK JTUCKpe-
TH3aIM 3aJadd MPOBOIWTCS Ha TEPBOM 3Tare ee
pelieHusI, UHTErpaJl 3aMeHSIeTCSl CyMMUPOBAHUEM,
dopmupys CJIAY Buga

Ax = y. 4)

3pech A — Tak HasblBaeMasi IPOSKIIMOHHAS MAT-
pu1a, pa3mMep Kotopoii paBeH N X M, tne N=n X n —
KOJIMYECTBO IMUKCeJIeid BOCCTAHABIMBAEMOTO 00b-
eMa x, M — 9uCiI0 NPOEKIIMOHHBIX yIrIoB. O6paTum
BHUMAaHME, 4TO X — OlLIEHKA JIMHEITHOro Ko3duim-
eHTa ocjabyieHust. KoMImoHeHThI BeKTopa y — 3Haue-
HUS, 3apEeTMCTPUPOBAHHBIC BCEMU STUCKaMU JeTEK-
TOpa JJis1 BCeX MPOSKIIMOHHBIX YIJIOB.

Csenem perrenue CJIAY K pellleHrIO ONITUMK3a-
LIMOHHOM 3a1a4M CJIETYIOIIEro BUIA:

|lAx — y|, —*—>min. ®)

ITockonbKy 3HaUeHUE Y €CTh PE3yJIbTaT MOHOTOH-
Horo npeobpaszoBaHus /; (3), To hyHKIUS BEPOSITHO-
CTH TMCKPETHBIX CIIYIaifHBIX BEJIMIMH HE MEHSIETCS
OTHOCUTENIbHO MCITOJIb3YeMOit IS pETUCTPUPYEMBIX
3HayeHuil. Torga MaTeMaTUyecKoe OXHIaHUE pac-
CUNTHIBAETCSI COTTIACHO BBIPAXKEHUIO:

M=y (©)
i=l

[JIe MHAEKC i YKa3bIBaeT HA peaJn3aluio CIydaluHOM!
BeJn4YnHBL. [loncrasisiss B SBHOM BUE BbIpaxKeHUE
JIJISI IJIOTHOCTY BEPOSITHOCTH,, BBIITUIIIEM BhIpaKeHUE
JIJISI MAaTeMaTUYECKOTO OXKUIaHUS

M =Y (In(Iy) - In(k,)) ()
i=1

&
Ae
k!
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3HaveHue AUCIIePCUN, Y. €.

0.035F
|i Cumynsaius MmetonoM MonTe-Kapiio
0.030 - \‘ —- TeopeTnuecku pacCyuTaHHOE 3HAaUEeHUE
0.025F
\
0.020 - “
\
0.015F ‘-\
\
0.010 \\
0.005 - e
100 200 300 400 500
A, V. €.
Puc. 1. CpaBHEHUE TEOPETUUYECKOTO pe3yibTara C pe-
3yJIbTATOM MOJIEJIMPOBAHUSI.
M BBIPpA’XKCHUE OJIA JUCIIEPCUH
c 2 Mie™
D = ;(ln(lo) —In(k;) - M) R (®)

1

Haititu cymmy psma Kak st MaTeMaTUYeCKOTO
OXMAAHWS, TaK U IJI0 JUCIIEPCUM aHAIMTUYECKU HE
yIaeTcsl, TI0O3TOMY MpeaiaraeTcs ISl TIoOMcKa 3Hade-
HUIT MATEeMaTUYECKOTO OXKUAAHUS U JUCIIEPCUU YUC-
JIEHHO pacCUYUTHIBATh CYMMBbI PSITIOB 10 /N-TO 4ieHa,
rme N J0CTaTOYHO BEJIUKO.

Ha puc. 1 nmpuBeneHsl pe3yabTaThl pacdyera. Pe-
3yJIbTAT pacyeTa, IIPOBeAeHHOro cortacHo (8), mpen-
CTaBJIeH IITPUXOBOI NuHUEH. Pesynabrar pacuera ¢
KCIIOJIb30BaHUEM TeHepaTopa CIydailHBIX BEJIMYUH
(CB) — cepas kpuBas. B kauectBe reHeparopa CB
WCIONBL30BaJICST TeHepaTop IS  pacHpeleiieHUs
ITyaccona numpy.random.poisson (lam=i, size=5000).
MopenbHble pacyeThl IIPOBOAMIIMCH JJIsI 3HAYCHUI B
uHTepBaie oT 30 mo 500 ¢ marom 0.5. /Ins1 Kaxxooro
3Ha4YeHMs ObLIO creHepupoBaHo 5000 3HaYSHMIA.

BusyanbHOe cpaBHEHUE KPUBBIX TTO3BOJISIET CHE-
JIaTb BbIBOJ O KOPPEKTHOCTU BBIOPAHHOIO MpUOJIM-
KeHust. YToObl y4yecTh CBOMCTBO TeTepOCKeIacTUd-
HOCTU HAOJIONEHWII MpU pElIeHUN 3aJadyul PEKOH-
CTPYKILIMW, MPUMNUIIEM BeEC, paBHBbIA OOpaTHOMY
CpemHEeKBaApaTUYECKOMY OTKJIOHEHUIO (KOpPEHb U3
JUCTIEPCUN) KaXKIIOMY HaOI101aeMOMY 3HaUEHUIO:

w_ o L
y y@- )

3nech % — BEKTOp 00OpaTHOTO CpeaHEeKBaapaTu-

YeCKOIo OTKJIOHEHMUSI, © — OIepaTop MO3JIEMEHTHOTO
ymHoxeHus1. Torma CJIAY (4) mepenuiiercs B Cie-
IyIOIEeM BUIE

1

Ax = y* 10
\/Exy, (10)

0 10 20 30 40
—

0 0.02 0.04 0.06

Puc. 2. U3o6paxeHue haHTOMA, UCTIOJIb30BAHHOE B 9KC-
MepUMEHTAX.

U ONTUMHU3ALMOHHAs 3amadya OyneT repedopMyan-
poBaHa KakK

1 .
F =—=°4x — y*¥| —*—min.
D y

(1)

2
st ee pelieHrsT BOCIOAb3yeMCsI METOAOM HaM-

ckopeiilero crycka. ITocse BeIITMCBIBaHUS B IBHOM

BUJIE TpageHTa MUHUMHU3UPYEMOIo (DYHKIIMOHAJIA

VF =24" (—O[LOAx - *})

D VD Y
CTaJIo BO3MOXHBIM 3arucarh mar xk + /-ii urepaliuu
MeToJa

(12)

Xp = X — Vi VF(xy), (13)

rae Y, — 9TO 1Iar CIrycka. OnrumajibHOe 3HAaYEeHUE
omrara pacCyMTbIBaA€TCA OAHHUM M3 METOAOB PCIICHUA
OINITUMU3ALIMOHHON 3a1a4u

Yi = argmin(x, —YVF(x)), (14)

Hanpumep, (KoaHsiHKo, 2018).

PE3YJIbTATHI PEKOHCTPYKLIMU
Ilpumepol pabomot Ha MOOeAbHBIX OAHHBIX

YT00bI MPOMJUIIOCTPUPOBATH PpA0OTY IIPEIJIOXKEH-
HOTO METO/Ia, MMPOBEAEHBI PACUETHI C UCTIOIb30BaHU-
eM u3obpaxeHus (pantoma pazmepom 50 X 50 mukce-
JI0B (puc. 2), IpOMOIEIMPOBAaB HECKOIbKO CHUTya-
LM, BOBHMKAIOLUX B XO1€ NU3MEPEHUIA.

I1epBEIit MpOBEACHHBIN SKCIIEPUMEHT MOICIUPY-
€T CUTYalllIo, B KOTOPOI BpeMsI SKCITO3UIIMHU (BpeMsT
pEerucTpauyy OOHOI IIPOSKIIMK) Pa3nyajoch s
MEPBOI U BTOPOI MOJOBUHBI MPOEKLIMOHHBIX JAH-
HbiXx. Ha puc. 3, a npeacrasieHa cuHorpamMma, pac-
CUMTaHHas C Y4YeTOM pa3Indalollerocsi BpeMEHU
akcno3uuuu. Mmoctpaliys TpaHULIbl pa3aesia Bpe-
MEH 3KCITO3UIIMU TIpEeACTaBJIeHa KapToil pacrpene-
JIEHUSI 3HaYCHUI BEeIMYMHBI 00paTHOTO CTAHIAPTHO-
ro oTkJIoHeHwus (6). 3HadyeHus Ha Kapte paBHbI 10.0 B
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Puc. 3. @ — cuHorpamMma c nepeMeHHbIM BpeMEHEeM 3KCITO3UIIMK; 6 — WUTIOCTPALIMS TPaHUIIbI pa3fiesia BpeMeH dKCIO3ULINY;

6 — B3BCIICHHDBLIC 3BHAYCHUA CUHOTPDAMMBI.

0 10 20 30 40

0 0.02 0.04 0.06

Puc. 4. a — pesynbpraT pekoHCTpyKLIMK MeTonoM SIRT u 6 — npenioxeHHbIM METOIOM.

nepBoii MoJ0BMHE cMHOrpaMMbl 1 1.0 — Bo BTOpOIi
TTOJIOBUHE COOTBETCTBEHHO. B3BemieHHbIE 3HAUESHUS
CUHOTpaMMBbI, ucriojb3yemble B 3amucu CJIAY,
IpeacTaBieHE Ha (8).

Tomorpacdurueckasi pPEeKOHCTPYKUMST BBITTOJIHSI-
Jlach JByMSI ajire0panyecKuMy METOAaMU: METOAOM
SIRT (Gilbert, 1972) (puc. 4, a) 1 penoXXeHHBIM
METOAOM C YYETOM rerepockeqacTudyHocTu (0). Ute-
pAalMOHHEBII Ipolecc ObUT ocTaHoBIeH ITocie 100 ute-
paumii.

CpenHeKkBaapaTHIecKoe OTKIIOHEHHE pe3yIbTaTa
PEKOHCTPYKIIMM OT MCIOJIb30BAHHOTO ISl pacuera
MPOEKIINIA (haHTOMAa TIPH PEKOHCTPYKIIUM METOIOM
SIRT cocraBuio 6.8E-1, npu peKOHCTPYKLIUU OITH-
caHHBIM MeTonoM — 4.4E-6. 3HaueHUsI pa3inyaroTcs
Ha TpU MOpsiiKa U BU3YyaJbHO 3TO XOPOIIO BUIHO
(puc. 4).

BTtopoii mpuMep MITIOCTPUPYET CUTYALINIO, B KO-
TOpOIi cOOM OTKIIMKA JIeTeKTOopa CIYIMIICS IIPU OI-
HOM W13 NpOEKIMOHHBIX yrioB. Ha puc. 5, a nipen-
CcTaBJIcHa MOJIe/IbHAsl CMHOrpamMma, Ha (6) — pacrpe-
JIeJIeHWe CTaHOApTHOTO OTKJIOHEHMS M Ha (8) —

CEHCOPHBIE CUCTEMBI Ne 1

TOM 36 2022

B3BEIICHHbIE 3HAYEHUS CUHOTPAMMBI, HCIIOJIb3ye-
MBbIE TIPU PEKOHCTPYKILIMU MpeaiaracMbIiM METOIOM.

st peKOHCTpyKIUM ObUIM MCITonb3oBaHbl SIRT
(puc. 6, a) u tipemIaraemsblit HOBbIM MeTon (6). Ute-
PalLMOHHBII Ipoliecc ObLT ocTaHOBJEH nocie 100 ure-
pauui.

CpenHekBaapaTUYECKOE OTKJIOHEHUE OT (paHTO-
Ma 1pu peKoHCTpyKuuu metomoM SIRT cocrtaBuio
2.4E-4, ipn peKOHCTPYKIIUM OITMCAHHBIM METOIOM —
1.6E-6. Tlo-mipexxHeMy BU3yaJbHOE pa3jiMdKe pe-
3yJIbTaTOB BEJIMKO.

PaccMoTpuM ToBemeHME mpemaraeMoro K pe-
KOHCTPYKIIMY MOAX0Ja B CUTYallMM, KOTJa K 3Haue-
HUSIM UI€ATIbHOW CUHOTPaMMBbI J00aBJI€H HOPMaJlb-
HO pachpeaeieHHbI afauTUBHBIN 1IyM (puc. 7, a).
Kapta nucnepcuu pasznudaercst IJisi BEpXHeit U HUXK-
Heit moaoBuH n3obpaxkeHus (6). Ha (¢) mpencrasie-
Hbl OTKOPPEKTHPOBAHHBIC 3HAYEHUSI CUHOTPAMMBbI,
ucnoibdyembie B CJIAY.

Pesynbratel pekoHcTpykiuu MetoaoM SIRT
(puc. 8, a) v npenyiaraeMbIM METOIOM (6) TIPUBEAEHBI
Huxe. MTepallMoOHHBIN MpoliecC OCTAaHOBJIEH TOCIE
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Puc. 5. a — MmoneabHast cMHOrpaMMma; 6 — WLIIOCTpALs poliecca cOosl B AeTEKTUPOBAaHUU; 8 — UcIToib3oBaHHast B CJIAY cu-
HOTrpaMma.
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Puc. 6. Pe3ynbrarel pekoHCcTpyKIMK: a — MetogoM SIRT, 6 — mpemiaraeMbIM METOIOM.
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Puc. 7. a — monenpHas CUHOIrpaMma; 06— KapTa pacnpeacjacHusA JMCIIEPCUN alAUTUBHOIO 1IIyMa, 6 — B3BCILICHHAasA CUHOIrpaMmma.

100 urepaumii. IlomyyeHHBIE pe3yabTaThl JEMOH-  BBIOOpPE METOJa PEKOHCTPYKIMU, €CIM ToMoTpadu-
CTPUPYIOT BBICOKYIO UYYBCTBUTEIbHOCTh HOBOIO pOBaHUE MPOBEACHO B HECTAOMJIBHBIX YCIOBUSIX.
MMOAX0Ja K HAJIMYUIO aJIUTUBHOTO HOPMAJIbHO pac- M CTOYHUK HeCTaOMJIBHOCTM HE HMEeT 3HAYeHWUS.
TIpeaeIeHHOTO IIyMa. DTO CIEAyeT YYUTHIBATh MPU  DTO MOTYT OBITh HEOOJIBINE CIIyJaiiHbIC TBUKCHUS
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Puc. 8. Pe3ynbpraThl peKOHCTPYKIIUM aJireOpandyecKuMu
metonamu: a — MetonoM SIRT, 6 — npemwiaraeMbIM MeTO-
JIOM.

caMoro oobeKkTa WM OUMeHUs aepzkaTelisi oOpasia.
Ha pucyHke mipeacTaBiieH pe3yabTaT BBIIOTHEHUS
50 nTeparmii.

IMocnenHuii MoneNbHBIA TIpUMEp SIBISIETCS WJI-
JIIOCTpalluen ciayJasi, Koraa BpeMsl perMcTpaluuy ofl-
HOI mpoekuu (BpeMs dKCHo3ulinM) mMano. Pacuer
MOAEIbHBIX 3HAUCHUI CUHOTpaMMBI (puc. 9, a) rpo-
BoauJicd ¢ yyetoM pacnpeneieHust [lyaccona. Pac-
npeaejieHe 3HauYeHUN CTaHIapTHOTO OTKJIOHEHUS
npeacTaBiieHo Ha (6). B3BellieHHbIe Ha 0OpPaTHYIO Be-
JIMYMHY CTAaHJAPTHOTO OTKJIOHEHUS 3HAUY€HUSI CUHO-
TpaMMBI, McHojb3oBaHHbIe npu peimeHnn CJIIAY,
JIaHbI Ha (8).

Tomorpaduueckass peKOHCTPYKLMsSI ObLIa METO-
nom SIRT (puc. 10, a) u npenaoKeHHBIM METOIOM C
y4eTOM reTepockeaacTUuIYHoOCTH (6). iTepaliluoOHHBIH
npoiiecc ObL1 ocTaHOBIIeH 1ocne 100 nrepaimii.

Ha uzo0paxkeHn, BOCCTAHOBJICHHOM C YYETOM
retepockenactTuuHoctu (puc. 10, 6), Bu3yajibHO Ha-
OrogaeTcst 0OJIbIIAasi OOHOPOAHOCTDH (DOHA, YeM IIpU

95

uctonb3oBanuu Merona SIRT gnst pekoHCTpyK-
U (a). DTo CBOMCTBO OKAa3bIBAETCSI Ba>KHBIM IIPU
NpUMEHEHUN aBTOMAaTUYECKUX METOIOB OLIEHKM Ka-
YeCcTBa PEKOHCTPYKIINHU, B KOTOPBIX IIPUBJIEUEHbI NH-
TerpaJibHble METPUKU CPABHEHMUSI C OMIOPHBIM (MjIe-
anbHbIM) u3o6paxkeHuem (Bulatov et al., 2020).
CpengHekBaApaTUYECKOE OTKIIOHEHUE pPe3yIbTaTOB
PEKOHCTPYKIIMU OT (paHTOMA, UCITOJIb30BAHHOTO IJIsT
pacuera CMHOTPaMMBbI, IIPU PEKOHCTPYKLIMU METO-
moMm SIRT cocraBuino 1.8E-4, mpu peKOHCTPYKIIMH
onucaHHbIM MeTogoM — 1.2E-4.

SAKJIIOUEHHUE

B naHHoi1 paboTe npencTaBiieH HOBBIM MOAXOM K
pelIeHu1o 3agayu ToMorpaduueckoili peKOHCTPYK-
1IMM, B KOTOPOM YYUTBHIBAETCSI TIeTePOCKEeNACTHUY-
HOCTh IIIyMa, TPUCYTCTBYIOILIETO Ha pPErucTpupye-
MbIX TO3UILIMOHHO-YYBCTBUTEIbHBIM JETEKTOPOM
MMPOEeKIUSIX. AOCOTIOTHBIC 3HAYEHUSI MOTYT pa3jiu-
yaTbCsl Ha HECKOJIbKO TopsiaikoB. Ilpupoma Takoro
pa3bpoca 3HaYEHUI MMeeT HEeCKOJbKO MPUHILIMMU-
aJIbHO pa3HbIX NMPpUYMH. OHa MOXET ObITh O0YCIOB-
JIeHa CYILeCTBEHHOU pas3HUllell BeIWYMH Ko3hhu-
LIMEHTOB JIMHEMHOTO OcJjiabjieHus1 BKJIIOYEHUM, CcO-
nepxamumxcsi B 00bekTe, M KO3(h(OUIMEHTOB TaK
HasbiBaemoro matpukca (Zschech et al., 2018). ITpu-
YMHa MOXET CKPbIBAaThCsl B cO0€ pabOThl pETUCTPU-
pyouiero o60py1oBaHusl Uiy TpPeOOBAHUEM CUJIBHO-
ro orpaHUYeHMs A030BOil Harpy3ku. IlojsydeHHBIE
pe3yJIbTaThl IEMOHCTPUPYIOT, UTO YUYET reTepocKena-
CTUYHOCTH TMO3BOJISIET MOBBICUTh KAY€CTBO PEKOH-
CTpyKuMU. BennunHa cpenHekBaIpaTUYHOTO OTKJIIO-
HEHUs pe3yJibTaTa peKOHCTPYKLIMU OT (haHTOMA, HC-
MOJIb30BAHHOTO JJI1 pacyeTa MOJAEJIbHBIX TPOEKIIUIA,
B HEKOTOPBIX CJIydyasix AOCTUTaJIa HECKOJbKUX I10-
DSIIKOB.

CrenyeTt OTMETUTD, UTO YUET CBOMCTBA TeTEPOCKE-
JACTUYHOCTH 1ITyMa MpPU CO3JaHMU pa3InIHbIX MaTe-
MaTUYECKUX MHCTPYMEHTOB MPEIVIOXKEH He BIEPBLIE,

0 20 40
L —]
0.01  0.03 0.5 0246 8101214

Puc. 9. a — MozenbHasi cMHHOrpaMma; 6 — pacripeesieHue AUCIIePCHH B IoJie BUaa; ¢ — ucnoib3oBaHHasi B CJIAY cuHorpamma.

CEHCOPHBIE CUCTEMbBI  T1OoM 36 Ne 1l 2022



96 YYKAJIMHA u ap.

0 10 20 30 40 0

10 20 30 40
L e—]
0 0.04 0.08 0 0.04 0.08

Puc. 10. Pe3ynbraThl peKOHCTPYKLIMU aJIreOpandyecKuMMu
metonamu: a — metonom SIRT, 6 — mpemaraeMbIM METO-
JIOM.

MOCKOJIBKY ITO3BOJISIET MOBBICUTH KAa4eCTBO PabOThI
MaTeMaTU4YeCKUX MHCTPYMEHTOB. Tak, HEZaBHO BBe-
JIICHHOE aBTOpaMM HOBOE ITPOCTPAHCTBO ILIBETOBBIX
koopauHat proLab (Konovalenko et al., 2021) xapax-
TePU3YETCS TEM, YTO B 3TOM IIPOCTPAHCTBE IF'E€TEPO-
CKEIaCTUYHOCTh JPOOOBOTO IIIyMa MEHbIIIe, YeM B
npoctpanctBe CAM16-UCS u cTaHZapTHBIX LIBETO-
BBIX MIPOCTPAHCTBaX. DTO CBOMCTBO neiaeT prolab
yIOOHOI KOOPAWHATHOM CHUCTEMOM OJisl JIMHEMHOTrO
LBETOBOTO aHanu3a. Eire omHUM IpuMepoM paboThI
CO CBOMCTBOM IreTepOCKEeIaCTUIHOCTH IIIyMa SIBJISIET -
Csl yYeT TaHHOTO CBOMCTBA B MOJIEJIU, UCITOJIb3YeMOi1
JUIST UMUATAUY LIBETHBIX MOABOIHBIX M300pakeHMIA
Ha ocHOBe HatypanbHBIX (Shepelev et al., 2021). Yuer
reTepoCKeIaCTUYHOCTH MO3BOJIMII HE 3aHKATh TUC-
MepCcuIo ITyMa Ha MMUTALUSIX ITOABOIHBIX CHUMKOB.
Takag umuTanmsg HeoOxoouma Ui co3TaHusd Habo-
pOB MaHHBIX, TIPUMEHSIEMBIX IJI1 aBTOMaTUYECKOIO
aHayIM3a KauyeCcTBa BHOBb CO3IaBaeMBbIX WJIU TECTUPY-
€MBIX aJITOPUTMOB OLICHKM MOABOIHBIX M300paxke-
Huii. [TocaenHee BOocTpeOOBaHO ITPU HCCICOOBAaHUU
NOABONHBIX apredakToB, pa3pabOTKe CHUCTEM
IpeaoTBpallleHUsI 3aTOIUICHUM, KapTUPOBAHUU THA
BOJIOEMOB U TIpoyee.

B nanbHeiieM miiaHupyeTcst OLIEHUTh BKJIA yue-
Ta reTepOCKeAACTUYHOCTU MPU PEIlICHUU 3a0aul pe-
KOHCTPYKIIMY Ha peajibHBIX JAHHBIX, COOPAHHBIX C
HECKOJbKUX TOMOTpadoB, pa3anyaloniuxcs yCaoBuU-
SIMUA ChEMKMU.

NCTOYHUK OMHAHCUPOBAHUA

Pa6ora BwiTonHeHa mpu momaepxkke MMHHUCTEpCTBa
HayK{d W BBICIIEr0 00pa3oBaHUsl B paMKaxX BBITTOJTHEHUS
pa6ot no IocymapctBenHomy 3amanuio @HUII “Kpucran-
norpadus u ¢oronnka” PAH B yactu ToMorpadudeckoit
pekoHcTpyKuuu, Poccuiickoro ¢poHna dpyHmaMmeHTaIbHBIX
nccnenoBanmii (rpant Ne 18-29-26036 Mk, 18-29-26028 MK)
B YaCTH aHAJIM3a MOJIydeHHBIX PE3yJbTAaTOB.
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Computed tomography is a non-destructive method of artificial intelligence, makes it possible to reconstruct
the internal morphological structure of the objects from a set of projections collected at different angles. The
object is probed by X-rays, which are attenuated as they pass through the object. Attenuated radiation is col-
lected by a position-sensitive detector. This is a stochastic process. The signal formation model has based on
the Poisson distribution. The exposure time is an important parameter of the measuring system and, along
with the absorbing properties of the sample itself, determines the probabilistic characteristics of the collected
data. As shorter the exposure time as greater the variance of the collected data, i.e. the values are heterosce-
dastic. Heteroscedasticity generates distortions in the reconstructed images that interfere with the correct in-
terpretation of the results. In this paper, we propose a reconstruction method based on the algebraic ap-
proach. The main idea of the method is to add a “confidence” matrix to the system of linear algebraic equa-
tions to be solved. The matrix is calculated based on the results of the analysis of the variance of the collected
signals. The step of the gradient optimization method used to solve the equations system is written out. The
results of experiments on synthetic data show an increase in the accuracy of reconstruction when taking into
account heteroscedasticity.

Key words: X-ray tomography, artificial intelligence method, tomographic reconstruction, heteroscedasticity
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Viien u3 XU3HU Halll IPYT ¥ KOJIJIeTa, JOKTOP XM-
mudeckux Hayk Dmyapn IlerpoBuu 3uHkeBud. Jle-
JIOM ero OoJiee YeM ITOJIyBEKOBOI HaydYHOU Kaphephl
ObLIIO M3yYeHHE MEXaHU3MOB OOOHSIHUSI U XUMUYe-
CKOTO CTPOEHMS IIPUPOIHBIX COSTUHEHMIA.

Dnyapn [MerpoBuy poauicsa 9 mas 1936 r. Ha [loH-
0acce B TopinoBke. OkoHuuJ JIBBOBCKMII rocymap-
CTBEHHBIN yHUBepcUTeT UM. . DpaHKo, MO OKOHYA-
HUM KOTOPOTO padoTasl B MCCIEeNOBaTEILCKOM Jabopa-
TopuM (peHoIBbHOTO 3aBona B JloHEIKO obacTu. Yxe
3[IeCh OH IIPOSIBIJI ce0sI KaK TAIAHTIMBBIA pallMOHAIM -
3aTop. MHorue ero npemIoKeHus, IIoa4ac BeCbMa Opy-
TMHaJIbHBIE, ObUIM pealn30BaHbl B TPOM3BOICTBE.

B 1961 r. Bayapn [1eTpoBUY MOCTYITHII B aCITMPaH-
Typy MOCKOBCKOTO MHCTUTYTA TOHKON XUMUYECKOMN
TexHosoruu uMm. M.B. JloMoHOocoBa Ha Kadenpy xu-
MUM 1 TEXHOJIOTMM TOHKHUX OPTaHUYECKUX COSIUHE-
HU ox, pykoBoacTBoM npodeccopa H.A. IIpeobpa-
JKEHCKOTO M B 1965 TI. ycrelrHO 3allUTHI KaHIUIAT-
CKYyI0 Imccepranuio. PykoBomuTtenb IIpemIOXKIII
MOJIOIOMY KaHIMIATy OCTAaThCsI Ha Kadenape, HO Day-
apa IleTpoBud xoTes peaqin3oBaTh ce0s1 B IPYroM Ha-
npasieHun. Eire Oyaydm CcTyoeHTOM, OH 3aropescs
npo0JIeMOii KOMMPOBAaHUS 3a1aX0B U TBEPIAO PEIII
MOCBSITUTD Ce0s1 U3YyYEHUIO XUMUYECKUX OCHOB 000-
HSIHUSI, HO peaii30BaTh 3ayMaHHOE eMY yIaJI0Ch He
cpa3sy. [1lepBbIMU er0 0OBEKTAMM CTaIN pacTeHusI. Bo
Bcecoroznom HUMW nekapcTBEHHBIX U apoMaThye-
CKUX PAaCTeHMI OH 3aHMMAJICS XMMHEN ITPUPOTHBIX
COEIMHEHUI, B YaCTHOCTHU, INIMKO3MI0B, BXOASIIINX B
COCTaB MHOTMX BHUIOB pacTeHMIi, YTO HAIILIO CBOE
MIpakTU4ecKoe IIpuMeHeHue B dapmaxkoyioruu. U
TOJILKO B 1971 I. OH CMOT peajinu30BaTh CBOIO MEUTY —
paboTaTh ¢ KMBOTHBIMU, UCCJIENOBATh CTPOSHUE UX
Maxy4nx 3KCKPEeTOB, PacKphIBaTh MEeXaHU3MbI 000-
HaHUg. Bnagnmup EsrenseBud CoKoJ10B, TMPEKTOP
MHcTtuTyTa 3BOJIOLMOHHON MOPGOJIOTUU U IKOJIO-
run kuBoTHBIX M. A.H. CeBepuioBa AH CCCP, 3a-
MHTEPECOBAHHBII B M3YYEHUU KOMMYHUKAIIUM K-
BOTHBIX, PEIIWJI YCUJIUTD 3TO HalpaBJIeHUE XUMUYe-
CcKoil KoMmyHuKauumeil. HyXHBI OBUIM XUMUKH,
KOTOpPbIE OBLIM OBl TOTOBBI IPUJIOXKHWTH CBOU 3HAHUS
K Ouosiorun, u Oayapn IleTpoBud ObUT IJISI 3TOTO
naeaabHOl KaHmumaTypoii. Bmamumup EBrenbeBud
JaJl €eMy BO3MOXHOCTb C(OPMHPOBATH TPYIIILY II0
U3YYEHUIO XUMUUECKO KOMMYHUKAIIUU KUBOTHBIX,
B KOTOPYIO IIOCTEIIEHHO BOILIM XUMUKW-OPTaHUKU
(o1 cuHTe3a), XMMUKU-aHAJIUTUKNA, HEMpopu3no-
JIoTM 1, KOHe4yHo, Ouojoru. Ilom pykKoBOACTBOM
3uHKeBMYa OBbUIO MPOBENCHO MCCICOOBAHUE XUMU-
YECKHUX COCTABOB CEKPETOB CHEM(GUIYECKUX KOKHBIX

99

XeJe3 6oJjiee 30 BUAOB BBICILIMX TO3BOHOYHEBIX, BBISIB-
JIEHBI CBSI3U COCTaBa CEKPETOB C BUAOM, ITOJIOM, BO3-
pPacToOM XXUBOTHOTO.

BaxHoe HampaBlieHune, KoTopomy Dayapn [leTpo-
BUY TaK:Ke YAEIsUI OOJIbIIOe BHUMAHUE, — BO3MOX-
HOCTb PEryJSIlIUNA YKUCICHHOCTU BPEOHBIX BUIOB.
Bonbioii Bknag BHec D.I1. 3UHKEeBUY U B paciupe-
HUE HMCCIEOOBAHUI XWMMUYECKON KOMMYHUKAIIMU
>KUBOTHBIX. B 1979 1. BMecTe ¢ B.E. CokoJIOBBIM OH
paspabotan “Bcecoro3Hylo mporpamMmy McCClenoBa-
HU (HEepOMOHOB M XMMUYECKOW KOMMYHUKAIIMH
>KMBOTHBIX”, OOBENMHMBIIYIO pabOTy COTEH Hayd-
HBIX COTPYIHUKOB U3 JECITKOB UWHCTUTYTOB Hallei
CTpaHbI ¥ pa3IMYHBIX BeIOMCTB. [10 ero mHULIMaTUBe
peryJsipHo IipoBoauinuch Bececoro3Hrie, a 3atem Poc-
cuiickue KoH(hepeHLIMN, OITyOIMKOBaHbI COTHU CTa-
Teii, BBIMYIIIEHO HECKOJIbKO PYKOBOICTB M COOpPHMU-
KOB, TaKMX KaK “@epoMoHbI U ToBeneHue” M., 1982;
“XuMuueckyie cUrHaiabl XKMBOTHBIX” M., 1982; “Cur-
HaIM3aLMs ¥ 9KOJOTHS MIIEKOIIMTAIOIINX 1 IITulr” M.,
1984; “Xumunuyeckass KOMMYHUKALIUS XUBOTHBIX” M.,
1986; “Xummdeckast KOMMYHUKAITUS XUBOTHBIX. DyH-
JaMeHTaIbHbIe pooieMbl” M., 2006 1 MHOTME ApYTHE,
BCECTOPOHHE OTpaXkaBIlIe WCCIASIOBAHUS XUMMYE-
CKOIT KOMMYHUKALIKU U (PEPOMOHOB GECITO3BOHOYHBIX
Y TIO3BOHOYHBIX JKMBOTHBIX, 4 TAKIKE YEIOBEKA.

B 2003 r. B.I1. 3uHKeBUY 3aIIUTUI JOKTOPCKYIO
auccepranuio “MDepoMOHBI 1 MEXaHU3MBI XUMIYECKOM
KOMMYHHMKALIM MJIEKOIIMTAIOLIMX’, KOTOpas TIpel-
CTaBJIsiIa 000 0000I11IEHNE €0 MHOXECTBEHHBIX ITy0-
JIMKALIMA B 00J1aCTU XUMHUYECKOM KOMMYHUKAITAN.

Henb3ss He OTMETUTb U MHOTOYMCJIEHHBIC BbI-
cryruieHus: D.11. 3uHKeBUYa B CpeacTBax MaccoBOit
nHdopMaliK, ero yyacTue B Tejle- U paauorepena-
yax. Oto “MosroBoil mrypm” ¢ A. YpMaHIEBOIA,
“Nuanoru: Ilpupona 3anaxa” y A.T'opaona, “Penen-
Topbl”’: UcTopuu n3 6ynyiero ¢ M. KoBaiapuykoMm.

Onyapn [MerpoBudy ObLT YJIEHOM PEAAKIIMOHHOTO
COBETa M ITOCTOSTHHBIM aBTOPOM KypHaia “CeHcop-
Hble cucTteMbl”. CTaTbM, M3Jaralolliue pe3yabTaTbl
ero OJIeCTSIIMX UCCeIOBaHW, MPUIABAIU XKypPHATY
aBTOPUTET U 3HAYUMOCTb.

IMamsate 06 Dnyapae INerpoBuue 3MHKEBUYE Ha-
BCerJa COXpaHUTCS Y €ro YYeHMKOB U COPaTHUKOB, a
€ro BKJIaJ B pPa3BUTUE XMMUUYECKOW KOMMYHUKAIIUU
OyIeT BHECEH B UICTOPUIO HAYKMU.

Penaknmonnas xKoyuternsg m Pepgakius sXKypHaia
“CeHCOpHbIE CUCTEMbI”’ TPUCOECIUHSIIOTCS K CJIOBAaM
CBETJION MaMSTH O BBIIAIOIIEMCS WCCIeIoBaTele U
JIOOpOM TOBapHIIIE.
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14 wions 2021 1. Ha 81-M roay Ku3HM TParudecKu
noru6 Ban Hukonaepud IIurapés — 1okTop 6uoaoru-
YeCKHMX HAayK, [IABHbIA HAay4YHblil coTpyAHuK MHcTHUTy-
Ta nmpooJeM nepeaayn undopmanuu PAH.

MNuctutyTt nnpobiiem nepenaun nHpopmanuu PAH
notepsin B quue MMBaHa Hukonaesuuya Ilurapesa
OOHOTO M3 CBOMX CAMbIX SIPKMX U TBOPYECKUX CO-
TPYIHUKOB, pa3pabaTbiBaBIIero (pyHaamMeHTaIbHbIE
npo0JjieMbl Heiipo(U3NOJIOTUY B TeUeHHUE OoJiee I10-
nmyBeka. OH TIpullle]l B MHCTUTYT B 1961 1. cTapiue-
KYPCHUKOM Kadeaphl BEICIIEH HEPBHOM AETEIBHO-
cTu 6uonoruyeckoro daxkyiapbreta MI'Y mj1s BbITION-
HEHMsI OUILUIOMHOM padoOThl II0 MOIEIMPOBAHUIO
MMAaCCUBHBIX DJIEKTPUYECKUX CBOMCTB ceTyaTku. Ilo-
ciie 3amuTel guruiomMa M.H. ITurapes 6bu1 IpUHSAT B
JabopaTopuio 6MopU3NKM 3peHusI (ceityac 3To J1ado-
paTopus nepeaadyd MH(OpMalMKU B CEHCOPHBIX CU-
cTeMax), B KOTOpOii mpopadoTaj BCIO XU3Hb.

Pannwmii mepuon COOCTBEHHBIX MCCICIOBaHUIA
MBana HukomaeBuya mpuiiesics Ha IIopy CTaHOBJIE-
HHUSI HEMPOITOJOTUM KaK HAyKM, YKa3bIBalOLIEl Ha
KOHKpETHBIE TUITbl HEMPOHOB, OTBETCTBEHHEIC 32 TE
WIW WHBIE BPOXIECHHBIE CTEPEOTHUIILI ITOBEICHUSI:
HEHpOHBI KaK (PU3NOJIOTUYECKHE aleKBaThl KIIIOUE-
BBIM CTUMYJIaM KJlaccuuecKoii aTosoruu JlopeHua u
nap. OO0Lenpu3HaHHBIM HayaJioM 3TOTO HallpaBie-
HUS CIMTAIOT pabOTY YETBEPHIX 3apyOCKHBIX YICHBIX —

Hxepoma JlertBuHa, Yontepa I[luttca, Yoppena Mak-
Kammoka u YM6epro Matypano “Yro roBopur ri1a3
Jarymku Mo3ry aarymku” (1959). Bmecre ¢ I'M. 3eH-
KuHbIM MIBaH HukonaeBWY IpoBe mepBbie B HAIIICH
CTpaHEe OIBITHI IT0 MUKPO3JIEKTPOTHOM PETUCTPaln
MMIYJbCHON aKTUBHOCTU T'aHIJIMO3HBIX KJIETOK JISI-
TYIIKU — IYTEM OTBEACHMS OT KPBIIIU €€ CPEOHETO
Mo3ra, BIIepBbIe OCBOMB Y Hac (a I10 CyTH, BBelIsI B 00-
IIYIO MPAaKTUKY) M3rOTOBJICHHUE IJIaTUHUPOBAHHBIX
MUKPO3JIEKTponoB “mo JIxkecTteaeHnay”, obJamaro-
IIX MaJbIM BXOOHBIM CONpOoTUBIeHUeM. OTHON n3
TEPBBIX X COBMECTHBIX PabOT ObLI OIBIT IPUMEHE-
HUSI TAKMX MUKPOBJIEKTPOIOB IJIsI peTUCTpalliy Heil-
POHHOI aKTMBHOCTH 3PUTEIbHBIX HEMPOHOB B CBO-
0OIHOM NOBEACHUU JIATYIIIKM, YTO OBLJIO BBIITOJIHEHO
IpH ITOMOIIA MUHUATIOPHBIX IPUCIOCOOJICHUI I
Kpemnexa caMOoAeIbHOTO MHKPOMAaHUITYJIITOpa Ha
yeperne XKMBOTHOIO — MEPBOro B CEPUM MHOTUX I10-
JOOHBIX MHXCHEPHBIX PEIICHUA, ITPUMEHSIBIINXCS
BrnocneacTsum M. .H. [TurapeBsiM B padboTax Ha KOIII-
Kax 1 obe3bgHax. Crnyctst MHOTO JieT, Korma MBaH
HuxkonaeBuu pa6otan B CIIIA, oH He MOr He Toce-
T™iTh Ixepoma JlertBuHa. IloHavany JleTTBMH OBIT
HE CJIMIIIKOM JIto0e3eH, Ho y3HaB, uto V. H. IIurapes
YCHEIIHO MOBTOPMJI MX METOIMKY U, Oojiee TOro,
MPOBOINJI OIIBIT HA CBOOOIHO MPHITAIOIICH JIATYIIKE,
MIPOHUKCS CUMITATUEN U PACCTaIUCh OHU IPY3bSIMU.

B Toit xxe cepuu coBMecTHBIX ¢ I.M. 3eHKMHBIM
paboT HEWPOATOJOTUYECKOTO TUIAHA BBIACISIETCS
pa3BUTHE MPENCTABIEHUI 00 OpraHu3alumu TeKTalb-
HOI MPOEKIIUY YK — PbIOBbI, KOTOPOI CBOMCTBEH-
HO JIepXaThCsl HEMOABUXXHO B TIOTOKE BOJBI: B €€ 3pU-
TEJIbHOU MPOEKIIUU TOMUHUPYIOT “IEeTEKTOPHI IBU-
JKEHUS OT XBOCTa K rojioBe” Win, IPYTUMU CJIOBaMM,
JIETEKTOPHI CIBUTA BHU3 110 TEUYEHUIO OTHOCUTEIILHO
3PUTETBHO BOCIIPUHUMAEMOTO OKPYXEHUS, MaJIeli-
IIIETO CUTHajJa OT KOTOPBIX JOCTATOYHO IJISI BHECE-
HUSI HY>KHOI TTOTTPaBKU B OMOJIOTMYECKU OCMbBICIIEH-
HYIO CUCTEMY KOHTPOJISI TOJTOKEHUSI.

Cnenyromme ucciaenopanust M. .H. ITurapesa ObI-
JIV BBITIOJIHEHBI Ha KOIIIKaX M 00e3bsiHax. Kackam uH-
KEHEPHBIX PEIIEHU MUKPO3JIEKTPOIHBIX OTBEAE-
HUI TIpU TIOMOIIM OPUTHMHAJIBHBIX IPUCITOCOOIIE-
HUi1, TIO3BOJISIIOIIMX BUIECTh PabOTy HEWPOHOB
3pUTENLHOI KOPHI OOOPCTBYIONIEH KowKu (T.e. 6e3
NpUMEHEHMST KaKOro-JIM00 HapKo3a) B OTBET HA 3pU-
TeJIbHbIC CTUMYJIbI, C OMHOBPEMEHHOI perucTpanueii
JIBVDKEHUH T71a3 KOIIKU — MOCPEACTBOM OISITh-TaKU
OPUTMHAIBLHON (CaMOIEIbHOM) CUCTEMBI TaTIYNKOB-
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KOJIell, 3aKpeIUIEHHBIX Ha IJIa3e KOIIKM, M “Ky0a
IenbMronbua” mist caMmOil perucTpanyu JIBUKEHUIM.
DTOT 3TAll II0JIOH METOAUYECKIX HOBALIUIT 1 KOPPEK-
muit marepecoB camoro MBana Hukonaesuya. Ho-
Bble WHXXEHEPHBIE pEIIeHUs POXIAINUCh KaKIbIi
IeHb u npeTrBopsuiich MBanom Hukonaesumdyem B
XK13Hb HEMEIJIEHHO B MacTepPCKOIi, KOTopas ObLIa B
TO BpeMs B Jabopatopun. Heucrommumas dpanrasus
MBana HukoiaeBrya mo3Bosisia HAXOOUTh HEOXM-
IaHHBbIE CTUMYJbI IJISI HEMPOHOB pPa3HBIX 00JacTeil
KOpBI, YTO MO3BOJIMJIO OIMCAaTh MHOXECTBO HOBBIX
CBOIiCTB HelipoHOB. [IpoHMKHOBEHE B HOBBIC U HO-
BbI€ KOPTUKAJIbHBIE 3pUTEIbHBIEC IIPOSKIINU IIPUBEJIO
ero K yOeXIEHHOMY HEIIPUHSITUIO YCTOSIBIIETOCS
MpencTaBlIeHus] “U3 pyK HOOEJIEeBCKUX JlaypeaToB” —
O IIPUHIMUIIE ITOCIEI0BATEIbHON 3aBUCMOCTHU IIPO-
exuuii (VI — V2 — V3..)) Bux cucreme, 1 K CTOJIb K€
yOeXIeHHOMY IIPEACTaBICHUIO O CUCTEME CAMOCTOSI -
TENBbHBIX, II0 CYTHA, “TIEPBUYHBLIX’, HE3aBUCUMBIX
3PUTEIbHBIX KOPTUKAJIbHBIX MPOEKIIMIA KOIIKM.
BriosiHe j0orMuHBIM OB 3I€Ch IIepexon MHTepeca,
TOUYHEE — KOPPEKIMS HaIIPaBJICHUS ONBITOB, OT
KOIIKM K 00e3bstHe. OOIIMM UTOTOM 3TOTO TITyOOKO-
ro mepecMoTpa SIBUJIACh €ro JOKTOpPCKasl TucCepTa-
ms, 1 oombmas miaBa, HarmucanHag M.H. Iurape-
BBIM B “PykoBoacTBO 110 pU3MOJIOTUN” .

Tpetwe HanpaBieHue nHTEepecoB MBana Hukoa-
eBr4a — (PU3MOJIOTUS CHA, BOSHUKIIO HA OCHOBE IO~
MYyTHBIX HAOIIOIEHUI IPH IIUTEIbHOMN perucTpalnu
MMITYJIbCHOM aKTUBHOCTHU KOPKOBBIX HEPOHOB B XO-
JIe ONBITOB C HEHAPKOTU3UPOBAHHOI KOIIIKOI1, 3aChI-
MHaei N IpeMIIIolIeit B cTaHKe. Tak MiIm nHave,
OOHaAPYKUJIOCh, YTO HEHPOHBI, B 0OOIPCTBYIOIIEM CO-
CTOSTHMM KMBOTHOTO OTBEYAIOIIME Ha 3PUTEIbLHEIC
CTUMYIJIBI, B (pa3e CHa OTBEYAIOT Ha YTO-TO MHOE, HU-
KaKOIo OTHOIIIEHUSI K 3peHMI0 He nMmeloliee. OTciona
OepeT cBOe HadvaJjlo J0orajaka, 4To BO CHE 3pUTEIbHAs
Kopa IIepeKIIouacTcsl Ha oO0pabOTKYy COBEPIIEHHO

CEHCOPHBIE CUCTEMbBI  T1OoM 36 Ne 1l 2022

WHOTO ITOTOKa MH(OopMalK, HE UMEIOIIETO JOCTyIIa
K Kope B a3y 00ApOCTH IO NPUYMHE OCTYTCTBUS B
KOpe COOCTBEHHOI MPOEKTUBHOM obyiacTu. DTa 10-
ragka npuBena MBana HwukoiaeBuya K co3maHUIO
BUCILIEpAILHOIT TEOpUM cHa, paboOTy Hald KOTOPOM
MpepBaja Tparuueckasi aBapusl.

MBan HukonaeBu4 OBIT TPYyIOTOJMKOM, padoTa
ObLIa IVIAaBHBIM YIOBOJILCTBHEM B €r0 XW3HHU, U HU-
Kakue OOCTOSTEIbCTBA HE MOIVIM MOMeEIIaTh €My B
ero uccnegoBanusx. OmHako caM MBan HukoraeBuu
Harmcai o cebe Tak: “HecMmoTrpst Ha To, YTO HaydHas
paboTta Bcerda Oblia IJIsI MEHSI OYeHBb BaXKHOM KN3-
HEHHOM COCTaBJISIIOLIE, CaMbIM TJIAaBHBIM B CBOEI
XK13HU 51, 0€3 COMHEHHUSI, CYMTAIO HaIIly CEMbIO M Ha-
IIMX 3aMedaTe/IbHbIX IeTeil, 1 BHYKOB. ClenaHHbIe
Hay4YHbIe OTKPBITUSI paHO WJIM IMO3IHO ObLIN OBI Ce-
JIaHBI ¥ OPYTUMU JIIOAbMHU, HO TaK1e €T MOIJIY IO~
SIBUTHCS TOJIBKO B Hallleil ceMbe ™.

MBan HwukonaeBuuy ObLI OECCMEHHBIM 3aMeda-
TeJIbHBIM KMHOJICTOITMCIIEM J1ab0opaTopuu, B €ro ap-
XUBaX COXPAaHWJIMCh COTHM Bumeosamnwmceit. OH co-
OpaJjl CBOMMM pyKaM1 aBTOMOOUJIb. SIXTy, TOCTPOEH-
Hyto HWMBanom HwukonaeBuuem c JOpy3pdMu U
KOJIJIeTaMHM, TIOMHST cTapiare xkxurein HukoanHoi
ropel. OH 00Jlagajl yIUBUTEIbHBIM Ka4eCTBOM IIpU-
TATUBATh K cebe moaeit. K HemMy jierko obGpalaiuch
U ¢ IIpodecCuOHAILHBIMU BOIIPOCAMM, U C KUTEI-
ckuMu Tipobnemamu. Ero 3apyOexxHBIe KOJIJIETH C
TEIUIOTOM BCIIOMMHAIOT OOIIEHUE C HUM U €r0o 3KC-
Kypcuu mo Mockse.

ITubens M.H. IlurapeBa — TsKenass moteps OIS
BCEX, KTO C HUM paboTajl 1 OJIM3KO OOIIaJICs, IJIsT CO-
TPYIHUKOB WHCTUTYTA M 3apyOeXXHBIX KOJUIET, IJIs
penakuy Halero xypHaia. HecMoTps Ha cBou ro-
ne1, U.H. IlurapeB ocraBajicsi MOJIOIBIM, ITOJHBIM
SHEPIrUM, BIOXHOBEHUS U TBOPYECKMX IUIAHOB, 3apa-
2KAIOIIMM KOJUIET CBOMM DHTY3MAa3MOM.
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Bce pykonucu nopaiorcst B Pegakiuio XXypHaia
yepe3 pelaKIMOHHO-1U31aTenbeKyto cuctemy (PUC).
st ogauyu pyKoIucu aBTOP-KOPPECIOHAEHT (TOT,
KTO MOJAaeT PYKOITUCh) TOJIKEH 3apeTMCTPUPOBATHCS
B PUC. JanHBIC, KOTOPBIE TPEOYETCS yKa3aTh aBTOPY
MpU perucTpaluu, HeoOXOMMMBbI IjIsI aBTOMaTHYe-
CKOTO 3aMoJIHEHUsI JOTOBOPOB ¢ u3nareirsaMmu. Peru-
CTpalus TI0JIb30BaTeNleil B CUCTEME IIPOM3BOIUTCS
Ha caiite https://publish.sciencejournals.ru/login.
Ilocne perucTpalu BO3MOXHA IMomada PYKOITHCH
yepe3 JUIHBIM KaOWHET: 3arpy3Ka BCeX HeoOXOIm-
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Jlauye MaTepruaioB 00s13aTeJIbHO TyOJIMpOBaTh CTaThbU
o moure editor@sensorysystems.ru.

Kypnai “CeHCcOpHBIE CUCTEMBI” ITyOJIMKYET OPH -
TMHaJbHBIE CTaTbU, 0030pHI, KPaTKUE COOOIICHUS.
HasnaueHue XypHajga — oOCBeIlaTh (pU3NIecKue,
dusmonorndeckmne, Mopdonorndeckne 1 mHGopMa-
LIMOHHBIE ACTIEKThI CTPYKTYPbI U (PYHKIIUU OMOJIOTH -
YeCKMX M TEXHUYECKUX CEHCOPHBIX CHCTeM, TPUH-
IIUITBI TIPEICTABICHUS U TIepepaboTKN MHMOpMaIm
13 OKPYKAaIOIIEr0 MUpPa U PEKOHCTPYKIIMM €Tr0 CO-
TeP>KaHMS, aTOPUTMBI pabOTHl CUCTEM aBTOMAaTHYe-
CKOTO aHaJT3a CEHCOPHOM MH(bOPMAITN TS YITpaBJIe-
HMSI alllapaTaMu, 3aMEeHSIIOIIMMU Y4eJIOBeKa B Pa3HbIX
cepax mesTembHOCTH. 2KypHail TIPUHUMAET TOJIBKO Te
CTaThM, KOTOPBIE COOTBETCTBYIOT TEMATHUKE SKypHaIa.

KypHan npuaepXuBaeTcs paBUil MEKIYHAPOI -
Horo Komurera 1o atuke nyonukaimii (Committee on
Publication Ethics — COPE, rmonpoGHee MOXXHO O3HAKO-
MUTECS Ha caifte: https://sensorysystems.ru/ru/ethics.html).

K nyb6nukanuym npUHUMAIOTCS 3aBepllieHHbIe
SKCIIEPUMEHTAIBHBIC Y TEOPETUIECKIE PAOOTHI, paHee
HUIIE He ITyOJIMKOBABIIMECS W HE TPENCTaBICHHbBIE
IUIs1 TIyOMKaluMy B ApyromM uagaHuu. Iloctynmatonue
PYKOITHICH TIPOBEPSTIOTCS Ha HAJIMUWE TUTarraTa.

Crartbn, ony0IMKOBaHHBIE B 2KypHaJie "CeHcopHbIe
cUCTeMbl", BBIOOPOYHO NMYOJMKYIOTCA B NEpeBOjAe HA
aHIIMIACKMIA 513K B KypHase "Neuroscience and Be-
havioral Physiology". OT060p craTeii Aj151 nepeBoa npo-
M3BOJIMTCS PeIAKIMOHHBIMU KOJUIETHSIMA M TJIABHBIMH
peaaKkTopaMu 000MX KYPHAJIOB MO COJIACOBAHMIO C aB-
TOpaMH.

[IIa6moH pykorucu B ¢popMaTe doc MOXHO CKa-
yaTh IIO0 CChUIKe: http://sensorysystems.ru/ru/arti-
cle_submission.html.

K pykomncu 00s3aTeqbHO TOJZKHbI OBITh NMPHJIO-
JKEeHbI:

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

— HoMep TeliepOHa U aipec SJIEKTPOHHON! MOUThI
KOHTAKTHOTO JINla (Ha OTIEJbHOM JIMCTE WU B TeK-
CTe MUChMa).

IIpoxoxknenue pykonucei

Bce pykommcu, mocTynmBIINE B pedaklivio, pe-
MEH3UPYIOTC HE MEHee 4YeM IBYMsl peleH3eHTaMUu
“cnenbIM” pelieH3upoBaHueM. B poJin pelieH3eHTOB
MOTYT BBICTYIIaTh BHEIIIHME 3KCIIEPTHI M YWICHBI PeI-
KoJuiernu. PellleHue o IyOJMKaLUU IPUHUMAETCS
Penxonnerueii XXypHajia Ha OCHOBE ITOJIyYEHHBIX pe-
LICH3Uil. ABTOpP MOXKET PEKOMEHIOBATh IBYX-TPEX
pEleH3eHTOB JJIST CBOEi paboThl, HO IIpPaBoO BEIOOpaA
pelieH3eHTOB ocTaeTcs 3a Pegkosierueii. Penkoie-
TYSI MOXET IIOCTaBUTh YCIOBUEM ITyOJIMKALIMU 10pPa-
OOTKY PYKOITMICH B COOTBETCTBUU C PEKOMEHIAIINS -
MU pelleH3eHTOB. Penkoiuierust ocraBisieT 3a coOoi
IIPaBO OTKJIOHUTbH PYKONMNCh, €CJIM OHA HE COOTBET-
CTByeT TIpoIIIIO KypHaia, HEeyIOBJIETBOPUTEIbHA
110 HAYYHOMY COAEPKAHUIO WJIM IO TEXHUYECKOMY
WCHOJHEHMIO. PelieH3Mu HaIlpaBisSloTCs aBTOpaM
BMECTE€ C MOTMBMPOBAHHBLIM 3aKimoueHueM (“IIpu-
HATH”, “mopaboTarh”, “OTKIOHUTH”). B ciaydae 3a-
KJII0UeHMs “aopaboTaTh”, aBTOPHI JOKHEI IIPEICTa-
BUTH TOPAaOOTAHHBIN BapMaHT PYKOIMCHU B TCUEHUE
Tpex MecsueB. Ilpu npenocTtaBlieHMUM M3MEHEHHOM
pYKOITMCH B 0oJiee TTO3AHUI CPOK, OHA paccMaTpuBa-
eTcs Kak HoBad. PelieH3uu u 3axkinodeHus Penkon-
JIETUM XpaHSTCS B pegakuuu u M3natenbCcTBe B TEUe-
HUe 5 JIeT.

ABTOpCKHE K3eMILTAPbI

Astopam BreicbL1aeTcss PDF-aiin ommy6ankoBaH-
HOW CTaTbU.

TexHnyeckue TpeOOBAHUS K PYKONHCH

Pykomnuicu npencraBisiioTcs B 3JIEKTPOHHOM BUIE
Ha PYCCKOM WJIM AHIIIMMCKOM SI3BIKaX. DJIEKTPOH-
HBII (aiin moimkeH ObITh B popmate DOC. OnmH

102



IMTPABUJIA AJIAA ABTOPOB XYPHAJIA “CEHCOPHbBIE CUCTEMbI” 103

SIEKTPOHHBIN (Paiiyl OKEeH coaepKaTh ITOTHBIN Ha-
0op MHpoOpMalMU, T.6. OCHOBHOM TEKCT, MOAPUCY-
HOYHEIE OAITNCH, TAOIULILI 1 PUCYHKMU.

Pykonuce nomkHa OBITH HabpaHa IIpuUdTOM
Times New Roman 12 pt, ordhbopmMaTupoBaHa yepes
1.5 maTepBana, Ha mictax A4 ¢ moistMu 3-5 cM c Jte-
BOI CTOPOHBI, 1 CM ¢ TIpaBOit CTOPOHKI, HE MEeHee 3 CM
cBepxy 1 cHu3y. Kaxkaplii ab3alr HaunMHaeTcsI ¢ Kpac-
HOI CTPOKM, Me3Ka03aIlHBIN OTCTYII TOKESH OBITh pa-
BEH MEXCTPOYHOMY MHTepBaidy. Bce cTpaHUlbl py-
KOITMCHU HYMEPYIOTCS 110 MOPSIAKY.

ITpu mepBoM BBeneHUM abOpeBUATYp HAaeTCs UX
nonHas pacimdpoBKa. Jpyrue cokpaliieHusl CJIOB,
KpOMe eIMHUIL N3MEPEHMS U COKpaIlleHus “T.e.”, He
JIOMYyCKalOTCSI.

I[Ipn HaGope IpaBWILHO MCIOJIB3YHATE IPOINC-
HbI€ U CTPOYHBIE OYKBBI, OYKBBI PYCCKOTO U JIaTUH-
cKoro ajn¢aBUTOB U APYTU€ CUMBOJIbI CXOMHBIX Ha-
yeptanuii. [loMmHNTE, 9TO B KOMITBIOTEPHBIX TEKCTaX
BCE 3TU CUMBOJIbI UMEIOT Pa3HbIe KOJIbI.

Pucynku pacnosiaratotrcsi B KOH1I€ pyKOTUCH, a He
B TekcTe. Kaxablii pUCYHOK BBITIOJNHSIETCSI HA OT-
JIeJIbHOM CTpaHUlle ¢ yKa3aHMeM HOMepa PUCYHKa.
Pa3zpeliieHre pUCYHKOB JOJKHO OBITh HE MEHeEe
300 dpi. PekomeHayeTcs, YTOOBbI IIMPUHA PUCYHKa
Ha cTpaHUIIe cocTaBisia 8-8.5 ¢cM (Ha OmHY KOJIOH-
Ky) wm 17—17.5 cm (Ha nBe Komouku). I1pm atom ¢
PYKOMHUCHIO 00s13aTe/IbHO JOJKHBI ObITh CIaHbI MC-
XOIHBIE (PaiiJIbl MJUTIOCTPALITIA.

BexTopHble WJLTIOCTPALIMU JOJKHBI OBITh ITPEao-
CTaBJICHEI B CTaHIapTHOM (popmare ¢aiiioB rpadu-
YECKOTO pelakTopa, B KOTOPOM OHM ObLIM MOATOTOB-
JIeHBI, TakKe NpuHuMaetcsa ¢opmar EPS. Ocranb-
Hble WUIIOCTpAllMM TPUHUMAIOTCS B JIIOOBIX
CTaHJApPTHBIX rpacduveckux popmarax, MpearnouT-
tesbHO — TIFF.

Ecim pricyHOK comep>KUT HECKOIBKO (hparMeHTOB,
OHM 0003HAYAIOTCS MO MOPSIIKY KYPCUBHBIMU CTPOY-
HBIMM OyKBaMU PyCCKOTo ajidaBuTa: a, 6, 6 U T.1I.

[IBeTHBIE PUCYHKU JOMYCKAIOTCS TOJBKO MO
MPEaBAPUTEIIFHOMY COIJTACOBAHUIO C PENAKIIUEHA.

Ecnu aBTOpHI MCITONIB3YIOT B CBOEM PYKOIUCH WJT-
JIFOCTPAINU WIM TaOIUIIEI U3 IPYTUX ITyOIMKaIIii (B
TOM YHCJI€ CBOMX COOCTBEHHBIX), TO UM HEOOXOIMMO
3arnpocuTth y M3nateneit aTux myoaukaiuii pazperie-
HHUE Ha TepernevaTKy WM MCITOIb30BaHMEe MaTepua-
JIOB. ITonpoGHee: https://www.pleiades.on-
line/ru/authors/permission/

IToamucu K pucyHKaM JarOTCS B KOHIIE TEKCTa CTa-
TbU Ha OTAEJIbHOM CTpaHULIe (BCE HA OJHOI) U JOIK-
HEI OBITh JJAKOHUYHBIMU M He OyO0JIMpOBaTh OCHOB-
HOM TEKCT PYKOINCH, OMHAKO BCE YCIOBHBIE 0003HAa-
YEeHMsI U CUMBOJIbI JOJKHBI ObITh paciinudpoBaHbI,
3HAYEHUSI KOOPAMHATHBIX OCeil yKa3aHBbl.

Ta0auupl HaOMpalOTCs NMPU MOMOIIM pegakTopa
Taonuil. Kaxxnag Tadbauiia BBIMTOTHIETCS Ha OTOETb-
HOI CTpaHUIIE TTOCIIe TEKCTa PYKOITMCH.
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Jonoanumeavnsie mamepuaot

[is1 ©6oJiee TTOJTHOTO OMUCAHUS UCCIIeNOBaHUS, K
CcTaThe MOTYT IpWIaraThbCs OONOJIHUTEIbHBIE MaTe-
puanbl (ayouo- u Bumeodaiibl, Tpe3eHTalut, 10-
MOJIHUTEIbHBIE TaOJUIIBI U PUCYHKU U Mp.) TIpU
YCJIOBUM, €CJIM aBTOp SIBJISIETCS IIpaBOOOIagaTeieM
MpuIaraéMbIX MaTepuajaoB, U aBTOPOM paHee He ObI-
JIV TIepedaHbl aBTOPCKUE TTpaBa Ha UX UCIOJIb30Ba-
HUEe MHBIM (KpoMe M3maTesis) JauliaM, JIM0O aBTOp
MMeeT IMCbMEHHOEe pa3pelleHue IIpaBoobIagaTesis
Ha MX UCMOJb30BaHUE B LIEJSIX OIyOJMKOBaHUS U
pacrpocTpaHeHUsI B XypHaje. JlomoaHUTeIbHBIE
MaTepraabl MyOJMKYIOTCS TOJBKO B 2JIEKTPOHHOI
BepcuU Ha caiite https://elibrary.ru.

CrpykTypa H ohopMiieHHE PYKOTIHCH

Ha nepBoii crpaHuiie pyKOIUCH IIPUBOOSITCS:

— VK (mHOoekc YHUBepcaJbHOW IeCITUIHON
KJIacCU(UKALIUN).

— 3ammaBue. 3aroJIOBOK CTaTbU OOJKEH OBITh
MaKCUMaJIbHO KOHKPETHBIM, XeJlaTeJIbHO He Ooliee
1.5-2 cTpok (J1ydie B mpeaeaax OMHON CTPOKH).

— Muunmans 1 bamunus (paMuaun) aBropa (aB-
TOPOB).

— IlonHoe Ha3BaHUE M aIpec OpraHU3alliM, TIe
BBINIOJIHEHA paboTa. Eciu aBTOphI ITyOJIMKalMKM — U3
pa3HBIX yuypexXaeHuil, To adduamanus KaxXmgoro
OTMEUaeTCsl HaACTpOYyHOM 1mbpoi (Hampumep,
U.N. UsaHoB'). B aHmmiickoM pesiome adduina-
LU oTMeyvaroTcs JaTuHckumu oyksamu (I.1. Iva-
nov?). KoHTakTHBII anpec e-mail omHOTO M3 aBTO-
poB. KoHTakTHBI/i aBTOp B TEKCTEe OTMedaeTcs
3Be3noukoi (Hanpumep, M.U. HUBanos'*). B an-
IJIMIICKOM pe3loMe€ KOHTAKTHBIM aBTOp OTMEYaeTcCst
HanacTpodHbiM 3HakoM # (L.I. Ivanov®).

— Crnosa “Iloctynuna B penakuuio...”, ITocie no-
pabotku...”, IlpuHsaTa K myonaukauuu...” (aaTel Oy-
YT BIMCAHBI peaaKimeii).

— AHHOTAalIMSI Ha PYCCKOM SI3bIKE OOBEMOM IO
3/4 crpaHulibl. AHHOTALMs OOJDKHA HaBaTh IIpEl-
CTaBJICHHE O IIpeaMeTe HCCIIEeIOBAHUS, MCIIOIb30-
BaHHBIX METOAAX U OCHOBHBIX pe3y/ibTaTax.

— KirroueBnie cioBa.

— DOI: (DOI 6yaet BniucaH pegakiueit).
IIpumep odopmiaeHUsT IIANIKM PYCCKOSI3BIYHOM YacTH
CcTaTbu:

HA3BAHUME CTATbA

© 2018 r. 1. . UBanos" *, I1. T1. TMerpos', C. C. Cuno-
pos?
' Mecto pa6otsl epsoro aBropa, 127000 Mocksa, OquH
Ilepeynoxk, n. 19, Poccusi
2 MecTo pa6oThl BToporo aBTopa, 127000 Mocksa, JIpy-
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*E-mail: author1@mail.ru
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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
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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 Cankr-Ilerepoypr — cokpaimienHo: 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: xxxxxxx.

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.



106

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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