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DETERMINATION OF THE BASIC PARAMETERS OF SENSOR DEVICES FOR
THE IMPLEMENTATION OF PSYCHONEUROLOGICAL RESEARCH WITH THE
INTRODUCTION OF MULTITOUCH TECHNOLOGY

The subject of the article is the testing process on multi-touch devices for the implementation of psychoneurological studies. The goal
of the work is development specialized dynamic tests with the introduction of Multi-touch technology to detect carpal tunnel
syndrome and hand dysfunction in the early stages of the disease. An objective of the work is to conduct a theoretical analysis to
determine the optimal parameters of touchscreen devices for the implementation of psycho neurological testing; based on
experimental studies to determine the main physical indicators of the test results, indicating the presence of functional disorders of the
hand. The constant use of computers, smartphones, gadgets provide multiple identical load on the wrist; constant visual and neuro-
emotional stress; sitting position of the body; static tension of the musculoskeletal system caused by the need to maintain a working
posture; decreased overall motor activity. The methods of computer modeling and visualization of dynamic tests using the multi-
platform programming language Python were used. Results. The scientific novelty and practical significance of the obtained results is
the development of specialized software and algorithmic software for dynamic testing on sensory devices with the ability to video
record the movements of the upper extremities in the mode "Rapid". The advantage of this method is its non-invasiveness, ease of
implementation, as well as the absence of sensors that can restrict movement. Using the rapid method, one can easily distinguish the
pathological state of motor activity of the hand from the established norm. Conclusions. A specialized software tool was developed,
which was adapted for multi-touch screens that allow identifying functional disorders of the hand by registering the main physical
parameters during testing. Dynamic tests are adapted for any age category of participants (patients), have additional modes for

individual color perception and different levels of complexity.

Keywords: carpal tunnel syndrome; hand dysfunction; multi-touch devices; dynamic testing; psychoneurology.

Formulation of the problem

The widespread introduction of modern information
technologies in all areas of human activity, as well as the
global computerization of work processes, has led to a
significant increase in the number of cases of such a hand
disorder as "“carpal tunnel syndrome" or ‘“carpal
tunnel syndrome™ especially among the young and
middle-aged population [1]. Informally, it is called the
"computer mouse™ syndrome, sometimes the concept is
found as a ‘"gamer's hand® among teenagers
and the younger generation [1-3]. Often there are
concomitant consequences of this disorder in the
form of violations of perception by lateral vision, in
connection with the continuous processing of visual
information on different monitors and screens of
electronic devices [4-6]. Determination of professional or
functional disorders of human hands of various
etiology and pathogenesis, their prevention at the early
stages is an urgent scientific and technical problem,
especially in Psychoneurology, in order to develop new
automated rapid testing tools using interactive sensory
devices.

Analysis of recent research and publications

In scientific works [7—8], the touch screen is defined
as a coordinate device, which allows you to touch the area
of the monitor screen by touching the area of the monitor
screen to make the necessary data element, menu or to
enter data on different computer systems. It is known that
touch screens use only four basic principles of
construction: resistive, capacitive, acoustic and infrared;
however, various sources [7-9] distinguish six, and
sometimes even eight/ten, technologies for the production
of touch screens [9-10].

According to the data given in [7-11], two types of
displays — resistive and capacitive — have become most
widespread at this time. Development of interactive tests
for registration of such parameters as speed of
sensorimotor reaction, pressure of force, accuracy and
time of task fulfillment, determination of level of
development of graphic skills, fine motor skills,
dysfunction of a hand of a hand require implementation of
Multitouch (or multi-touch) technology as it enables to fix
several clicks at a time or only one during testing. In
addition, the Multitouch screens allow the device to work
with several individuals simultaneously, enabling testing
to be implemented as an interactive game for children and
adolescents [9]. It should be noted that touch screens have
a coordinate system independent of the main
display. Touch map mapping requires a conversion
algorithm from one coordinate system to another. The
accuracy of this conversion depends on the stability
of the touch point coordinate system and the video
coordinates [11].

The analysis of literature sources [1-11] found that:

-the most common types of touch screens
are resistive and  projection-capacitive, because
they have the highest accuracy in determining the touch
point;

- infrared sensors are most often used in narrow-
profile models of portable electronics;

- the innovation of building sensor devices in the
future will only concern the development of a flexible
matrix and new protective coatings;

- capacitive sensors are convenient and easy to use
for recognizing and entering information;

- for solving research problems in Psychoneurology,
the best are Multitouch (multisensory) screens, which also
use the click-through process.

A review of the scientific and technical literature
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[1-13] demonstrated the lack of sufficient theoretical and
experimental work to determine the basic technical
parameters of sensory devices for testing and physical
indicators of hand dysfunction, since functional disorders
of the upper extremities have neurological, or only
psychological component of the pathogenesis of the
disease.

Purpose and objectives of the study.

The purpose of the research is to develop specialized
interactive tests on Multitouch screens to detect early-
stage dysfunction of the hand or tunnel syndrome of the
wrist.

To achieve this goal it is necessary to solve the
following tasks:

- to carry out theoretical analysis to determine the
optimal parameters of sensor devices for the
implementation of psychoneurological testing;

- to determine, on the basis of experimental
studies, the main physical indicators of the test results,
indicating the presence of functional disorders of
the hand.

Theoretical analysis to determine the optimal
parameters of touch screens for the implementation of
psychoneurological testing

Touching the touch screen causes local deformation
of the flexible surface layer, resulting in a change in the
electrical resistance or capacity of the corresponding cell,
depending on the type of sensor. Contact coordinates are
determined using two-dimensional matrix sensors. On the
basis of matrix tactile sensors, systems of recording the
coordinates of touch and fingerprint recognition for
biometric identification of the person were created. Most
often, resistive and capacitive touch panels are used in
electronics [7].

In practice, the capacitance is calculated between the
electrodes, in other words the square symmetric matrix of
the capacitance of the touch screen is calculated, which
determines the relationship between the voltage and the
charge on the electrodes of the system.

It is generally accepted [7-9] that the diagonal
components of this screen matrix C, are calculated as an

integral of the energy density .[We in the area Q and the
Q

vector of spatial coordinates V, :
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Non-diagonal members of the screen matrix C,; are
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with coordinates V, and V;:
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The principle of operation of the capacitive panel is
based on the determination of the point of pressure, while
changes in field strength and weak AC signal
at the corners of the plate are recorded. Touching any
conductive material on the plate will cause the
current to be fixed by the sensors at the same angles. The
main  disadvantage of capacitive technology is
the use of sophisticated mathematical processing to
determine  the  contact coordinates and  the
inability to register the force of pressure on
the touch screen, if it is made, for example, through a
glove [8].

With respect to resistive technology, the panel
consists of two plates that are opposite each other. A layer
of resistive material is applied vertically on one
of the plates and horizontally on the other, 2 electrodes are
drawn from each of them. Detecting the point of
contact in resistive panels is to determine the presence of
contact between two conductive plates. The measurement
of the coordinate of the point of click is performed
along the x and y axes, respectively. The resolution of the
resistive type touch panels is limited by the ADC
converter bit and the voltage difference applied to the
panel electrodes. Using a 10-bit ADC, you can
measure up to 1024 voltage levels (ie points on
the touch panel). This technology uses the simplest
mathematical processing to determine the coordinates of
the touch, which is an advantage over capacitive. The
disadvantage of the touch screen resistive type is
the wear of the panels and the need for gradual
calibration [7, 8].

Here is an algorithm for finding the coordinates of
the point of contact of a touch screen with a desktop with
a diagonal of 17 inches (0.34m x 0.27m) (fig. 1). The
registration of the electrical signal after pressing begins
from the moment of receiving the wave that has traveled
the shortest distance (0.34 m) on the surface of the touch
panel and ends at the moment when it has traveled the
longest distance (0.88 m). As can be seen in fig. 1 b the
amplitude of the response signal after pressing sharply
decreases, indicating that there is a touch at a certain point
of the touch screen (fig. 1 a).

The accuracy of determining the coordinates of the
touch point depends on the sampling rate of the received
signal.  Due to the higher sampling rate of the
received signal, it is possible to more accurately determine
the level of amplitude drop after the touch panel is
pressed.

Having tested various types of touch screens for
dynamic testing, the optimal specifications listed in table 1
were determined.
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Fig. 1. Example of touch point calculation (a) and received feedback response form after pressing (b)

Table 1. Optimal specifications of sensor devices for dynamic testing

Options Specifications
The number of pixels in the matrix 20584 (124x166)
Pixel dimensions 81.6 x 81.6 um
The dimensions of the sensor matrix 10,1x13,5 mm
Image digitization time 2ms
Image identification time 100 ms

Experimental psychoneurological studies on
multitouch screens

The purpose of the experiment was to investigate the
physical parameters during testing on Multitouch screens,
which indicate the presence of wrist tunnel syndrome or
hand dysfunction. The cause of these disorders is nerve
entrapment in the carpal tunnel, accompanied by pain
during arm movements. Continuous static loading of the
same muscles in a large number of monotonous
movements during prolonged work with a computer
mouse, joystick, ballpoint manipulator or keyboard, due to
which the wrist is in constant tension.

The experimental studies were conducted on the
basis of the Laboratory of Biomedical 3D Technologies of
the Department of Biomedical Engineering of Kharkiv
National University of Radio Electronics. The MEDION
MD 20165 monitor was used as a graphical display, which
has the ability to touch control and connect Multitouch
mode. It was there that the participants of the experiment
were tested in the form of repeating the trajectories of
motion of dynamic figures. A layout of two HP HD-5210
digital webcams was also used to provide video recording
of upper extremity movements as an additional method for
detecting hand dysfunction [18].

One of the basic conditions for touch screen video
recording is to place bright color markers on each phalanx
and hand separately, which can be easily detected by
computer vision algorithms. As markers, adhesive
material of various colors of circular shape was used,
which can be easily attached to a person's hand. The
choice of this shape is justified by the properties of the

circle or sphere for projecting, since this type of figure has
the most optimal shading during color segmentation.
Color is used to separate the marker from the background,
as well as to identify a specific marker from others. For
background marker segmentation, it was decided to use
HSV segmentation, which has significant advantages over
segmentation in RGB color space. Dynamic test code on
a multisensor screen is shown in fig. 2, taking into account
the most common multitouch gestures:

- finger shift - the image becomes smaller;

- fingers spread - the image becomes larger;

- multi-finger movement at the same time - scroll;

- two-finger rotation - rotate the subject.

—
— markers

movement - Rotate
Left/Right

touchscreen

Fig. 2. Symbol for test execution on the Multitouch screen




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2020. No. 1 (11)

Dynamic test development is a projection of the
complex trajectory of the object's motion. Python high-
level programming language was used for this purpose.
The chaotic trajectory of the movement of the figure is
quite difficult during the testing of the participants,
because it requires the maximum concentration of
attention and flexibility of the fingers and wrist, the speed
of the sensorimotor response, which, as a result, allows to
determine different levels of dysfunction of the hand or
tunnel syndrome. The testing process itself is organized as
a single system of interactive interaction between the
participant and the specialist. Task templates have been
designed so that the trajectories of the movement of the
figure correspond to the entire workspace of the GUI at
different ends of the multi-touch screen.

The dynamic test was designed as a game form that
allows it to be used for different age groups of experiment
participants. The object for the test is a spherical, 800x800
pixel shaped ball that corresponds to the average diameter
of the fingertip. In our case, this is a pink ball that moves
along a given trajectory with certain conditions. That is,
when the ball touches any finger of the ball, it sharply
changes its direction of movement to the opposite along
the x or y axis. The "working area” of the developed GUI
was set, namely 400 pixels. The motion graphic is updated
every 0.09 seconds. The xd (85 pixels) and yd (45 pixels)
parameters are responsible for the direction in which the
figure will move from the starting point. If the object
touches the boundaries of the work area, it
changes its direction to the opposite according to the main
condition:

a

{xd =-xd

yd =—yd 3
Fig. 3 clearly illustrates an example of moving a

dynamic object according to the given conditions. In fig. 4

shows the trajectory of the ball and the graphical interface

of the software to perform testing on the Multitouch

screen to determine dysfunction of the hand or tunnel
syndrome of the wrist.

xd

@
vd

\.\‘
/7

i

Fig. 3. Symbol for the example of programmed object movement
during testing

v dynamic I
| "border" of program ) object GUI
| working window
|
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Fig. 4. The trajectory of the object (a) and the appearance of the graphical interface of the developed software for testing (b)

For the purpose of additional studies, about 100
variations of dynamic tests with "obstacles" were
developed to analyze the concentration of attention and
the degree of freedom of movement of the brush (fig. 5).
The movement vector of a figure in the Cartesian
coordinate system starts from the initial (0;0), with a step
h=5 pixels and a random velocity of motion v(X) and

v(B), for example, on a segment [-5; 5] is given by the
following expression:

{x=x+v(X)
y=y+v(Y)

The adaptation of the background and the color
scheme of the main and auxiliary objects can be adjusted

(4)
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individually for each participant, depending on his color

perception and psycho-emotional state.

Fig. 5. The appearance of several variants of dynamic test with "obstacles” and conventions of trajectories of objects

The test is considered to have been performed if no
deviations from the specified conditions were detected
during its repetition of trajectories or touching of the
object. If one of the markers of the hand or fingers shows
an abnormal deviation from the standard, it may indicate
the presence of functional disorders of the hands. The
nature of the anomalous movements and the specific
marker make it possible to set the type of upper limb
movement disorder during video recording in rapid mode
and color segmentation. Fig. 6 shows an example of a
multisensor screen test performed by a participant in an

experiment in the laboratory of biomedical 3D
technologies with adhesive colored markers on the hand.
At the study, 32 participants (19 males and 13 females),
aged 20-26, voluntarily participated in the first stage of
preclinical trials, of which 28 were right-handed and 28
left-handed. In this case, 2 people had signs
of carpal tunnel syndrome, as participants reported
experiencing wrist pain during prolonged work on various
computer manipulators. The results of the survey of
participants before the tests were experimentally
confirmed.

Fig. 6. An example of the implementation of the test developed by a participant (co-author of a scientific article) on a multisensory
screen in the laboratory of biomedical 3D technologies of the of BME Department

In fig. 7-8 shows the automated analysis of the
results of testing the participants in a graphical form on
the example of performing one task in the norm and
revealed dysfunction of the hand. The first and second
graphs show the deviation of the x coordinates and the
given trajectory of motion of the dynamic object from the
experimental one, calculating the error as:

where E — integral (cumulative) error; the mean square

1
error (MSE) is calculated as MSE = t E;

A

y, 1 X — registered coordinates of the participant's

finger while repeating the shape's trajectory at a given
time t; y, i x, — given coordinates of the trajectory of

motion at a certain point in time t.

n
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Fig. 7. Automated analysis of test results in a graphical form of the test is normal
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While observing the tasks of one participant, there
were no health factors that could be prerequisites for wrist
tunnel syndrome. As can be seen in fig. 8, the test run time
is 54 ms, the force of the pressure is gradually changing,
the deviation of the coordinates of the given and

experimental trajectories looks like a positive and negative
curvilinear dependence. The obtained test data are within
the normal range, the inaccuracy of the task is explained
by the non-concentration of the participant.
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Fig. 8. Automated analysis of test results in graphical test form during functional brush disorder

Fig. 8 shows the nature of the deviation of the
coordinates of the trajectories has uncharacteristic "peaks"
on the graphs, which indicates the presence of functional
disorder during the task.

Using the analysis of the physical parameters of the
test participants, the conditional ranges for the norm and
functional  disorders of the upper extremities
corresponding to the data from scientific sources were

Table 2. The main physical parameters of the experimental studies

calculated [1-13]. Table. 2 lists the basic physical
parameters of psychoneurological research.

According to the obtained data, the average
experimental dependence of the force of pressure on the
touch screen during touching a dynamic object and
repeating its trajectory of motion from the time of tasks
was constructed (fig. 9)

500

Parameter Norm Functional disorders of the
hand

Task completion time, In seconds <50 > 100
The number of tasks completed correctly (20 is the >15 <7
maximum number of tasks)
Deviation of the experimental trajectory length from the <60 > 100
specified one, in pixels
Force of onslaught of the dominant hand on the touch > 370 < 800 <200 >1000
screen, in N/mm2

800

700

600 /

/
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300
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5 10 15 20

Pressure force on the touchscreen, N/mm?

task execution time, s

25 30 35 40 45 50

Fig. 9. The average experimental dependence of the pressure of the touch screen on the time of tasks

According to the graph, you can see a direct
correlation of the curve, i.e. the increase in the force of the
pressure leads to an increase in the time of the test,
indicating a gradual fatigue during the perception of the
task and decrease the speed of the sensorimotor response
or difficulties associated with functional disorders of the
hands.

Analysis of the test results showed that in 23 persons
(71.88%) of the total number of participants of the

experiment, the values of calculated and registered
parameters correspond to the established range of norm,
and in 9 (21.13%) the values of indicators have deviations
from the norms, of which 2 people (6.25%) had significant
abnormalities, which indicated the presence of functional
disorders of the hand.

Thus, the main advantages of the developed
specialized software for testing on multi-touch screens
are:
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- non-invasiveness of the research method,;

- ease of setup and ease of implementation;

-no need for contact sensors that can be
uncomfortable and limit movement, creating additional
noise or interference;

- the possibility of flexible adaptation of tests for any
age group, taking into account the individual
characteristics of fine motor skills and psychomotor skills;

- the ability to integrate the "game form" of tests;

-great space for enhancing and expanding
functionality, as well as introducing new authoring ideas
to meet new research challenges.

Conclusions and prospects for further development

1. As a result of the first stage of theoretical and
experimental psychoneurological studies, it was found that
the optimal technical parameters of multisensory screens
are: resolution in the mode of displaying tests not less than
1280x800; minimum number of finger pressure sensitivity
levels is 1024; the minimum sizes of the working window

performance; the pixel brightness of the dynamic test
display according to [0... 255] - not less than 28 intensity
levels; contrast — not less than 227 levels of intensity;
minimum color gamut of tasks - two-color.

2. The data obtained during dynamic testing indicate
that in participants with manifestation of fatigue of the
muscles of the arm or the presence of painful sensations in
the wrist, the speed of the sensorimotor response
significantly exceeds the parameters of the established
range of norm, and reaches from 120 to 200 ms, which
may indicate about the possibility of using this parameter
as a diagnostic perspective.

3. A specialized software tool, which has been
adapted for multisensor screens, enables the detection of
functional disorders of the hand by registering basic
physical parameters during testing. Comparison of values
of indicators of a conditional norm with values
corresponding to different degrees of deviation allows to
estimate a psychoneurological condition of the person in
dynamics.

The prospect of further research is the conduct of

clinical trials on the basis of medical institutions and the
introduction of scientific results to improve the diagnostic
process in psychoneurology.

of the software - 1024x768; the best resolution of a digital
webcam for recording hand movements - 1280x720,
which combines the trade-off between price, accuracy and
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BU3HAYEHHS1 OCHOBHUX ITAPAMETPIB CEHCOPHUX IMPUCTPOIB 1JI1
PEAJIIBAIIIL ICUXOHEBPOJIOITYHUX JOCJLIKEHD 3 BITPOBAJI)KEHHSIM
MULTITOUCH-TEXHOJIOI'TI

IIpeamerom noCHiIKEHHS CTATTi € MPOLEC TECTYBaHHS HAa MYJIBTHCEHCOPHUX HPHUCTPOSX U pearizamii MCHXOHEBPOJIOTTYHHX
JociikeHb. MeTow poOoTH € po3poOka Creliali3oBaHuX JHHAMIYHUX TECTiB 3 BIPOBaKeHHSIM Multitouch-texHomorii ms
BUSIBJICHHS TYHEJIBHOTO CHHAPOMY 3aIl’sicTs Ta AUCQYHKLIT KHUCTI Ha paHHIX CTaaisfiX 3aXBOPIOBaHHI. 3aBJaHHAMH poOOTH €
IIPOBECTH TEOPETHYHUH aHAII3 i3 BU3HAYECHHS ONTUMAIBHHUX ITapaMeTpiB CEHCOPHUX MPUCTPOIB IS peai3alil ICHXOHEBPOJIOTiHHOTO
TECTYBaHHS; Ha MIJCTaBl €KCIIEPUMEHTAIBHNX JOCITIIPKEHb BU3HAYUTH OCHOBHI (Di3MUYHI MOKa3HUKH PE3yJbTaTiB TECTYBAHHS, IO
CBiIYaTh PO HASBHICTH (PYHKIIOHATBHUX PO3JIaaiB KHCTI pykH. [locTiifHE KOPHCTYBaHHS KOMIT I0TEpaMH, CMapTPOHAMH, TaJKeTaMU
nependadae OTHOMAHITHI OaraTopa3oBi HaBaHTAXXCHHS Ha 3all’ACTs; MOCTiliHE 30pOBE Ta HEPBOBO-EMOIIMHE HAIPYKEHHS; CHISIIE
MIOJIOXKEHHS TiNla; CTAaTHYHE HANPYXKEHHS OMOPHO-PYXOBOi CHUCTEMH, II0 BHUKIMKAETHCS HEOOXITHICTIO MIATPUMKH poOoUoi 1mo3w;
3HIKEHHS 3arajlbHOi pyXJIMBOI1 aKkTHBHOCTI. Byl BUKOpHCTaHI MeTOAM KOMII IOTEPHOTO MOJICITIOBaHHS Ta Bi3yami3alii AWHAMIYHAX
TECTIB i3 3aCTOCYBaHHSAM MYJBTUIUIATGOPMEHHOI MOBHM mporpamyBanHs Python. PesyiabraTn. HaykoBa HOBM3HA Ta HpakTHYHE
3HAUCHHS OTPUMAaHMX pe3yJIbTaTiB IOJsrae y po3poOli CremianizoBaHoro IPOrpaMHO-AITOPUTMIYHOTO 3a0e3nedyeHHs Uil
MIPOBE/ICHHS TUHAMIYHOTO TECTYBaHHS Ha CEHCOPHUX NMPUCTPOSIX 3 MOXKIMBICTIO BifieopeecTpanii pyXiB BEpXHiX KIHI[IBOK B PEXUMI
"pamin". IlepeBaroro 1bOro METOy € HOro HeiHBa3WBHICTb, IIPOCTOTA peaizallii, a TAKOXK BiJCYTHICTb 3aCTOCYBAHHS JATYHKIB, KOTPI
MOXYTh OOMEXYyBaTH PyXH. 3a JIOMOMOTIOI0 PamiI-MeTOly MOJYKHA JIETKO BiIPi3HUTH NMATOJIOTIYHUIA CTAH PyXOBOi aKTUBHOCTI KHCTI
PYKH Bia ycTaHOBIEHOI HOpMH BucHoBKH. Po3poOneHuii cnemiamizoBaHHi TporpamMHH 3aci0d, KOTpuid OyB aganTOBaHHU IS
MYJIBTHCEHCOPHHUX €KpPaHiB, 1€ 3MOTY BUSBUTH (DYHKIIOHAIBHI PO3JTaIy KUCTI PYKH 3a IOTIOMOTOIO PeeCTparlii OCHOBHUX (i3HUHHX
mapamMeTpiB MiJ 4ac TecTyBaHHS. J[MHaMi4HI TE€CTH MPUCTOCOBaHI A OyIb-sKOi BIKOBOi KaTeropii yJyacHHWKiB (MALli€HTIB), MalOTh
JTOJATKOBI PEXKUMH IS 1HIHBITyaIbHOTO KOJBOPOBOTO CIIPUHHATTS Ta Pi3HI PiBHI CKIATHOCTI.

KunrouoBi ciioBa: TyHeIbHUI CHHAPOM 3arl’ICTS; QUCQYHKIISA KUCTI PyKH; MyJIBTHCEHCOPHI MPHUCTPOT; ANHAMIYHE TECTYBaHHS;
TICUXOHEBPOJIOT L.

OINNPEJAEJIEHUE OCHOBHBIX TAPAMETPOB CEHCOPHBIX YCTPOPI?TB AJIA
PEAJIM3ALIUU ICUXOHEBPOJIOI'MYECKUX UCCJIEJOBAHUU C
BHEAPEHUEM MULTITOUCH-TEXHOJIOT'A

IIpeamerom wHccienoBaHUS B CTaThe ABISAETCS IPOLECC TECTHUPOBAHMA HAa MYJIBTUCEHCOPHBIX YCTPOMCTBaxX I peanu3aluu
NICHXOHEeBpoJorudeckux ucciuenosannii. Lleabio paboTel sBIseTcss pa3paboTKa CHEHANN3UPOBAHHBIX AWHAMHYECKHX TECTOB C
BHeZpeHrneM Multitouch-TexHoIOruK /TS BBISIBICHUS] TYHHEJIBHOTO CHHIPOMA 3aIsICThs U AUCHYHKIMU KHCTH Ha PaHHUX CTaIUsIX
3aboneBaHus. 3agadyamMm paboTHl SIBIAETCS TPOBECTH TEOPETHYECKMH aHalU3 MO OINpPEACNICHHUIO ONTHMAJbHBIX IapaMeTpoB
CEHCOPHBIX YCTPOMCTB Ul pean3allii ICUXOHEBPOJIOIHYECKOr0 TECTUPOBAHUS; HA OCHOBAaHUHU HKCIIEPUMEHTAIbHBIX MCCIIEI0BAHUM
OIPEACTUTh OCHOBHBIE (PU3MUECKUE MOKA3aTeNIM Pe3yJbTaTOB TECTHPOBAHUS, CBUACTENBCTBYIOIINE O HATMYMU (DYHKIMOHAIBHBIX
pacctpoiictB kuctu pyku. [1ocTOSIHHOE HCIIOIBb30BaHHE KOMIIBIOTEPOB, CMApT(OHOB, Ta/KETOB INPEAyCMaTPUBACT OJHHAKOBEHIC
MHOTOKPATHBIC HArpy3KH Ha 3aIICThE; MOCTOSHHOE 3PUTEIBHOE U HEPBHO-3MOLMOHAIBHOE HANPSKEHUE; CUAdYee IO0JI0KEHHUE Tela
CTaTHYECKOE HAIPSIKEHUE OTIOPHO-ABUTATEIFHON CHCTEMBI, BEI3BIBAEMOE HEOOXOANMOCTBIO MOJIepKaHus paboyeil Mo3bl; CHIKEHHE
o01eil IBATaTeNbHOI aKTHBHOCTH. BBUTH HCIIOMB30BaHEl METOABI KOMIBIOTEPHOTO MOACIUPOBAHNUS W BU3YAIN3ALIH THHAMIYECKIX
TECTOB C MPHUMEHEHHEM MYJIbTHIUIATGOPMEHHOTO s3blka mporpammupoBanus Python. Pe3yabrarsl. Haydnas HoBH3HA
NPAKTUUECKOE 3HAYCHHE IIOJNyYCHHBIX pPE3yJbTaTOB 3aKiioyaeTcss B pa3paboTke CIEHHUaNU3MPOBAHHOTO  MPOrPaMMHO-
AITOPUTMHUYECKOT0 00ecneueHUs Ul IPOBEICHNUSI TECTUPOBAHUS HA CEHCOPHBIX YCTPOMCTBAX C BO3MOMKHOCTBIO BHJICO PETHCTPALIMU
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JBWKEHUI BEPXHUX KOHEYHOCTeH B pexkume "pamup’. IlpenmylecTBoM 3TOro MeToja SBISETCS €ro HEMHBA3UBHOCTH, MPOCTOTA
peanu3anuy, a TakkKe OTCYICTBHE NPUMEHECHUS JaTYMKOB, KOTOPbIE MOTYT OrpaHUYMBATh ABMKEHUs. C IOMOIIBIO pamua-MeTona
MOJKHO JIETKO OTJIMYMThH IATOJIOTMYECKOE COCTOSIHUE JBUTaTEIbHON aKTUBHOCTH KHCTH PYKH OT YCTAHOBJIEHHOH HOpMBI BBIBOABI.
Brito  paspaboraHo crenuanu3MpOBAaHHOE IIPOTPaMMHOE CPEICTBO, KOTOPOE aJalTHPOBAHO IS MYJIBTHCEHCOPHBIX JKPaHOB,
MI03BOJISIET BBISIBUTH (DYHKIMOHAJBHBIE PAcCTPOICTBA KHCTH PYKH C TIOMOIIBIO PETHCTPAIMH OCHOBHBIX (DM3HYECKHX ITapaMeTpOB BO
BpeMsl TECTUPOBaHHA. [IMHAMUUECKHE TECThl MPHCIOCOONEHBI A T000i BO3PACTHON KAaTErOpPUH Y4aCTHHKOB (TAIllMEHTOB), HMEIOT
JOTIOJTHUTEIbHBIE PEXKUMBI IJIsI UHAUBULYalIbHOTO I[BETOBOTO BOCHPHSTHS U PA3HBIE YPOBHU CIOKHOCTH.

KiroueBble ¢10Ba: TyHHEIbHBII CHHAPOM 3aISICThs; AUCQYHKIHUS KUCTH PYKH; MYJIbTHCEHCOPHBIE yCTPONCTBA; TMHAMUUECKOE
TECTHPOBAHUE; TICUXOHEBPOJIOTHS.
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