e-ISSN 1607-3274 PapioenexTpoHika, inpopmaTuka, ynpasminas. 2021. Ne 2
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2021. Ne 2

UDC 004.67: 37.042.2

CRITERIA FOR ESTIMATING THE SENSORIMOTOR REACTION
TIME BY THE SMALL UAV OPERATOR

Vakaliuk T. A. — Dr. Sc., Professor, Professor at the Department of software engineering, Zhytomyr Polytechnic
State University, Zhytomyr, Ukraine.

Pilkevych I. A. — Dr. Sc., Professor, Professor at the Department of computer information technologies, Zhytomyr
military institute named after S. P. Korolov, Zhytomyr, Ukraine.

Tokar A. M. — PhD, Head of the Division of science center, Zhytomyr military institute named after S. P. Korolov,
Zhytomyr, Ukraine.

Loboda R. I. — Research Officer of the Division of science center, Zhytomyr military institute named after
S. P. Korolov, Zhytomyr, Ukraine.

ABSTRACT

Context. The rapid development of science and technology predetermines a significant expansion of the fields of application of
UAVs different purposes. The key to the effective use UAVs is high-quality training of operators, an important element of which is
the PPS of candidates, in particular, the assessment of their sensorimotor reactions. This can be achieved by selecting and justifying
appropriate criteria.

Objective. The goal of the work is the justification criteria for estimating the time sensorimotor reactions of a small UAV
operator by analyzing the density distribution of statistical data.

Method. A method has been developed to determine criteria for evaluating the time of sensorimotor reactions a small UAV operator
based on the accumulation statistical material and its mathematical processing based on the results of a field experiment. The method allows
to estimate numerical characteristics the distribution of the average reaction time in three modes: training production, in the conditions
overload, in the conditions of overtraining and to obtain a generalized estimation. It was possible, by analyzing the occasional non-
interruptible values, which take values within a certain range of values, to establish standards against which the obtained values the
sensorimotor reaction time of the small UAV operator are compared and a decision is made on their suitability for training.

Results. We obtained statistical series for the modes of assessment: skill development, under obstacle conditions, under
conditions skill restructuring. For a visual representation of the series the corresponding histograms the distribution of the average
reaction time duration were constructed. In order to eliminate the representativeness error, statistical series alignment was carried out
by selecting a theoretical distribution curve for each series, which displays only essential features of the statistical material. For this
purpose, we approximated the histogram of distribution by the polynomialf fourth degree. The interval theoretical density of
distribution, in which the time sensomotor reaction of an arbitrary person is considered normal, with a given probability reliability
such event — 0.95 has been established. To verify the effectiveness of the proposed method, algorithms for estimating the
sensorimotor reaction time of a small UAV operator in three modes have been synthesized and the corresponding software that
implements the proposed algorithms has been developed.

Conclusions. The criteria for evaluating the sensorimotor reaction time for UAV operator to a visual stimulus using specialized
software were substantiated. This allowed the previous PPS training candidates to take into account the requirements to the motor
skills of the small UAV operator and the specificity his movements. The conducted experiments confirmed the validity of decisions
made. Prospects for further research may include expansion of testing modes with justification for appropriate evaluation criteria.

KEYWORDS: evaluation criteria, small UAV operator, sensorimotor reaction time, distribution density.

ABBREVIATIONS m; is a mathematical expectation
PC is a personal computer; sensorimotor reaction time estimates;

of mean

PPS is a professional psychological selection;
UAYV is an unmanned aerial vehicle;
USB is an Universal Serial Bus.

NOMENCLATURE

an 1S a value of the minimal sensorimotor reaction
time operators in M-th testing mode;

b, is a value of maximum allowable operator’s
sensorimotor reaction time in m-th testing mode;

f(t) is a distribution density of average reaction time
duration;

fu(t) is a distribution density of average reaction time
duration in m-th testing mode;

K is a coefficient on 9-th point scale;

m is a number of evaluation modes of sensorimotor
reaction, m=3;
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n is a number of people being tested;

t is a time interval;

tmn 1S @ sensorimotor reaction time of n-th operator in
m-th testing mode;

Ty is a normative operator’s sensorimotor reaction
time;

Tm is a measured operator’s sensorimotor reaction
time;

X (t) is a number of people whose reaction time falls
within the time interval t;

o is a standard deviation of mean sensorimotor
reaction time estimates;

N
o is an estimation of standard deviation of mean

sensorimotor reaction time estimates.
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INTRODUCTION

To date, the list of industries where UAVs are used is
rapidly expanding. The effectiveness of their application
depends both on the technical characteristics the UAV
and on the actions operators. Today, methods research
technical systems allow successfully establishing the laws
of occurrence device failures and methods of their
forecasting. This makes it possible to design and
manufacture optimal devices, of which the onboard
equipment for UAVs is completed.

At the same time, it has been established that one of
the causes reduced effectiveness of small UAV
application is insufficient operator professional reliability
[1-5], which is understood as the reliability, accuracy and
timeliness their actions aimed at performing the task
during UAV control [6]. Operator’s professional
reliability directly depends on his psycho-physiological
qualities, high manifestations which is one factors of
operators’ reliable work [7, 8]. The main direction to
ensure the necessary level of reliability operators is the
formation of their professional suitability, which is
understood as the availability human psychophysiological
and psychological properties, which correspond to a
particular profession and provide sufficient efficiency of
professional activity [6, 7]. The process of professional
suitability formation involves creating a system for
professional selection and training for a certain profile of
operator activity (methods, tools, programs, criteria,
simulators and the like) [6, 9]. An important component
in this system is the professional psychological selection
(PPS) of candidates for training, which consists in
carrying out a set to ensure the quality selection the
candidates, by assessing the compliance of the level
development necessary psychophysiological qualities and
personality properties with the requirements of
professional activity [10, 11]. One of main stages PPS
small UAV operators is evaluation evaluation of their
sensorimotor  reactions, which involves the use
specialized complex (hardware, hardware-software,
software). The efficiency of this process largely depends
on the selected criteria for evaluating the obtained
reaction time on the small UAV operator.

The object of study is the process evaluation of
sensorimotor reaction time a small UAV operator.

The subject of study is the method of evaluating
criteria for the sensorimotor reaction time of a small UAV
operator.

The purpose of the work is to improve PPS quality
of small UAV operators by evaluating their sensorimotor
reaction time.

1 PROBLEM STATEMENT
To estimate the level of operator fatigue for different
activity profiles, their readiness for action and fitness for
professional activity, the results of sensomotor reaction
duration measurement (a single discrete movement an
operator to the appearance (cessation of action) a
stimulus) are used [12-19]. The use methods for
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measuring the duration is based on the fact that each
elementary motor response is the result of a complex
interaction different human brain systems. Reaction
duration is a manifestation of both individual peculiarities
a nervous system and a person’s state at a given moment.
Depending on the profile of professional activity, the
purpose and conditions of the study, the type of reaction
being monitored, different complexes (devices) for
evaluating the operator’s sensorimotor reactions are used.
At the same time appropriate methods of processing and
evaluating measurement results are used [14, 15].

The development for computing technology has led to
the use specialized software products for the evaluation of
sensorimotor reactions operators for different activity
profiles, in particular UAV operators [16, 19]. The use
such systems involves performing a certain action using
the keyboard, manipulator, external devices in response to
stimuli that are displayed on the monitor.

Taking into account current trends, we will evaluate
the sensorimotor reaction time of small UAV operators,
according to the scheme, which is shown in Fig. 1.

i PC :
Operator |{ Visual stimulus | Monitor i
Remote I Special i
controller E{> software i

Figure 1 — The scheme for evaluating the time of sensorimotor
reactions by small UAV operators

The result of measuring the time of sensorimotor
reactions is an amount of data:

[ti, ti, .., tinl,
[ta1, to, ..., Ton],
[tm17 tm23 ey tmn]'

In this case, the task of justification criteria for
estimating the sensorimotor reaction time the small UAV
operator is to find such values a, i by, for which the
condition is met

by
[ fm(thit =0.95. (1)

am

2 REVIEW OF THE LITERATURE
As yet, little is known about the specific demands on
operating UAV personnel. The different unmanned aerial
systems that are currently in use differ in operational
concepts and control systems [11].
Analysis of published shows that to assess the required
abilities and skills from cognitive, psychomotor, physical,
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sensory and interactive/social domains needs to take into
account the specifics of small UAV operator activity.

Thus, in the study the factors that affect the stable work
and fatigue of the operator several UAV used the task of
observing signals and counting symbols for 2-th hours. The
subjective states were assessed with the Dundee Stress
State Questionnaire [17]. This approach requires a lot of
time to conduct the study, process and evaluate the
results.

The psychomotor reaction time operator MQ-1
Predator was evaluated using the MicroCog test. The
analyses in this study were generated using SAS software,
version 9.3 (SAS Institute, Cary, NC), taking into account
daily assessments and dividing into two groups based on
threshold. To determine which aptitudes were predictive
of high performers, stepwise binary logistic regressions
were used to retain predictor effects titrating from
p <0.05 to p <0.30, by incremental units of 0.05 [16].

When evaluating psychomotor reactions for operators
of military UAVs, the specifics of activities (UAV
operators and sensor/payload operators), concepts of
operation and control system of UAVs, in particular
Heron 1 in the German Air Force and LUNA, KZO and
Aladin in the German Army [11].

Consequently, it is possible to take into account the
specifics a small UAV functioning when evaluating the
operator’s sensorimotor reaction time, by selecting and
justifying the appropriate criteria. It is important that the
criterion can be applied to estimate reactions, which are
measured on the same complex, which was used to obtain
output data for its justification. This will allow for static
errors that may differ between complexes (stimulus
output time, inertia of hardware levers, duration of
response arrival, and the like).

3 MATERIALS AND METHODS
The most common approach to substantiating the
criteria and standards for evaluating sensorimotor
reactions is the accumulation for statistical material and
its mathematical mathematical processing [16, 11, 18—
20]. To get the necessary data, we developed a program

complex in LabVIEW, which allows estimating
sensorimotor reaction time in the modes: skill
development, under obstacle conditions, and under

conditions of skill rearrangement. The program provides
formation of visual stimuli and displaying them on the PC
monitor depending on the testing mode, reading and
processing of hardware data, processing of measurement
results and archiving of obtained data. The appearance of
the program working window is shown on Fig. 2.

In order to substantiate the criterion for evaluating the
sensorimotor reaction time by a small UAV operator, a
control group of 67 students was selected. It should be
noted that the students had no skills of UAV piloting. As
a result of testing the selected persons with the help of the
developed complex, statistical data was obtained
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concerning the average time of sensorimotor reactions of
each person in conditions a skill, obstacles, rearrangement
skill. The sensorimotor reaction time is a random
continuous value that can take a value from a certain
interval. In order to establish a norm against which to
compare the values obtained and decide on the suitability
of candidates for study, let us estimate the numerical
characteristics of the data obtained in each of the three
modes.
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Hanawrysarms J -+ TMosam
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proiicTika “7 rectysarinm J
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Figure 2 — The external appearance a working window

To this end, let us construct statistical series for the
three evaluation modes (Table 1). To do this, divide the
entire range of obtained values into intervals and count
the number X;, alues that fell into each i-th interval [21].

On the basis these statistical series, histograms for the
distribution of the duration of the average reaction time

(Fig. 3).

Table 1 — Statistical series of obtained values

cci(n(cti)itlirclntl}sleof X() in the X(t) in the
ts the skill cpndmons of context of Asklll
, development disadvantages, | restructuring,
the person ’ the person the person
0.8-0.9 2 1 3
0.9-1.0 1 1 5
L.0-1.1 1 1 >
11-12 17 9 Z
1.2-1.3 10 13 s
1.3-1.4 6 11 10
1.4-1.5 9 g 2
1.5-1.6 3 7 :
1.6-1.7 4 7 )
1.7-1.8 1 7 ;
1.8-1.9 1 1 >
1.9-2.0 0 1 T
2.0-2.1 0 0 :
2.1-2.2 1 0 I
22-23 1 0 i
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Figure 3 — Histograms showing the distribution of average reaction times:
a —in conditions of skill development; b — in conditions of obstacles; ¢ — in conditions of skill reconstruction
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In the given statistical distributions there is an error of
representativeness. That is why during processing this
statistical material there was a decoupled task on
statistical series alignment, which consisted in selection of
theoretical distribution curve for each series, which will
display only essential features of statistical material and
not randomness, connected with insufficient volume of
experimental data [21]. For this purpose, the histogram of
the distribution was approximated by a fourth-degree
polynomial in Microsoft Office Excel. As a result, we
obtained theoretical densities of the distribution of the
average reaction time — f(t) (see Fig. 3).

A priori, most researchers assume that the distribution
of sensorimotor reaction times is close to normal.
However, the obtained plot for the density distribution of
the mean reaction time has an asymmetry, which agrees
with numerous experimental works, in which it is shown
that the distribution of reaction times has a significant
positive asymmetry in most cases [18, 20, 22]. This
phenomenon has a convincing explanation: reaction times
are characterized by the presence a rigid lower limit,
determined by the physiological capabilities of the person
and the complex on which the study is conducted, while
the upper limit varies over a wide range and is usually
associated with the features tested [18].

Determination of the distribution law with the density
values that are presented in Fig. 3 and the calculation its
parameters requires additional research.Therefore, taking
into account the need to determine the standard for the
upper limit of measured values only, in our further
calculations we restrict ourselves to the data that describe
the right branch of the distribution density relative to its
mode, to the data describing the right branch of
distribution density relative to its mode. With increasing
of observations, this branch will approach corresponding
branch of normal law distribution density [21] with
mathematical expectation m, which is equal to the
modality of the distribution. In this case formula (1) it
will look like

TN
[ fm(thit =0.48.
m;

Probability of a random variable distributed according
to the normal law in the interval m+Ty will have a value
of 0,48 if

Th=mi+20. 2)

To obtain an estimate of the standard deviation we use
the expression [21]

3
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Using the level statistical data, which are described by
the theoretical graph of the density distribution of the
average reaction time, we performed calculations for
expressions (2), (3) and obtained standards for the upper
limit of measured values of the duration of sensorimotor
reactions by small UAV operators in conditions: skill
development, obstacles, skill restructuring (Table 2).

Table 2 — Results of the calculations

Values of the indicators
indicator in the in the face of | in the context
development | obstacles, s of skill
of a skill, s restructuring, s
mg 1.22 1.33 1.30
N 0.33 0.29 0.4
(e}
Tn 1.88 1.91 2.10
4 EXPERIMENTS

Based on the results obtained, the sensorimotor
reaction time for candidates to study the appropriate
training program and to master the specialty UAV
operator in the PPS was evaluated. It should be noted that
candidates were pre-selected for the level of general
training, motivation to study, experience in UAV piloting.
The total number of persons in the training groups was
208 persons.

During the evaluation, the developed software
package was used (see Fig. 1). As the hardware that
provides specific movements in response to stimuli was
used a UAV control panel, which is connected to the PC
through the USB interface. The task of the candidates was
to respond as quickly as possible with movements using
the control levers to the flashes of light signals that are
located in the program window. The light signals light up
until the right movement was made.

In the right square there are 8-th red light signals that
need movements of the right arm control panel. In the left
square there are eight green light signals, which need to
perform movements with the left manipulator of the
control panel.

When evaluating the sensorimotor reactions by small
UAYV operators under conditions a skill is developed, the
light signals that are located in the squares light up. The
light signals can be extinguished by making a movement,
with the appropriate remote control arm, in the direction
the light signals that lit up.

When evaluating the sensorimotor reactions by small
UAV operators under obstacle conditions, together with
the light signals that are located in the squares, the light
signals located on the outer perimeter, which are designed
to create obstacles (distracting visual signals), are lit. It is
possible to extinguish the light signals by making a
movement, with the appropriate remote control arm, in
the direction of the light bulb, which is lit in the squares.
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The peculiarity in evaluating sensorimotor reactions of
small UAV operators in conditions of skill rearrangement
is the need to make mirror movements by manipulators of
the remote control in response to the ignition light signals.
That is, when red light signals, which are located in the
right square, ignite, it is necessary to respond with
movements of the left manipulator, when green light
signals, which are located in the left square, ignite, it is
necessary to respond with movements of the right
manipulator.

In each test mode 50-th flashes are performed.
Hardware calibration is performed before testing begins.
Evaluation results are recorded in a text file that can be
reviewed in a Microsoft Office Excel or Word
environment.

5 RESULTS
According to the results of the experiment, the
distribution of candidates by time of testing is plotted,
which is shown in Fig. 4.

$X(t)

NavE
08 10 12 14 1,6 18

Figure 4 — Distribution of candidates by time of testing: 1 — in
conditions of skill development; 2 — in conditions of obstacles;
3 — in conditions of skill restructuring

In order to obtain an integral assessment for
candidates’ suitability for study, the results obtained from
all tests, including sensorimotor reaction time, were
reduced to a single 9-th point scale. For this purpose, the
coefficient was calculated by the expression

K =10/

m

The transition to the 9-th grade scale was carried out
according to Table 3.

Table 3 — Grading standards with a 9-point scale
score | L (2 ]34 56 7 [8 ]9

K 717181911011 [ 12]13]2>13
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The final score was derived as the arithmetic mean
value of the scores obtained in the three test modes. If a
fractional number was obtained, it was rounded to a
whole number. Candidates who scored less than 5-th
points in total were considered unfit for further study,
there were 4 such out of 208 examinees. According to the
results of other tests (spatial operation of geometrical
grudges; memory for visual grudges; long-term
concentration of attention under difficult conditions,
responsibility and neatness) these persons turned out to be
fit for study. According to the results from the study, they
successfully passed the examinations. According to the
instructors’ evaluations, the marked persons had a slightly
harder time mastering practical skills from piloting.

6 DISCUSSION

The results show that those who were pre-selected for
the level a general training, motivation to study got better
indicators of sensorimotor reaction time, in comparison
with the control group. At the same time, we can conclude
that the sensorimotor reaction time cannot be regarded as
the only indicator of candidates’ suitability for the
training program for small UAV operators. It is
reasonable to use reaction time estimation as an additional
factor during PPS. The obtained distribution densities of
the average reaction time duration need additional study.

It is necessary to investigate the causes of the nature
of failures at certain hour intervals in the conditions of
obstacles and skill restructuring. Based on the results of
the accumulation of statistical material, it is advisable to
refine the criteria for evaluating the sensorimotor reaction
time of a small UAV operator.

In further research, it is advisable to increase the
number of criteria for evaluating the operator’s
sensorimotor reaction time. This will make it possible to
introduce additional levels of candidate suitability:
suitable, suitable with restriction, conditionally suitable,
unsuitable, and so on.

CONCLUSIONS

The methods of justification criteria for evaluating the
sensorimotor reaction time of a small UAV operator have
been further developed in this work. This allowed
improving the quality of PPS of UAV operators.

For the first time, specialized software has been
developed, the implementation of which allowed to
increase the efficiency and simplify the procedure for
evaluating study candidates. The proposed approach
ensured that the peculiarities involved in the functioning
the small UAV and the specifics of the operator’s nimble
movements were taken into account.

Improved the process of integral assessment the
candidates’ suitability for training according to the results
obtained by passing many tests, by reducing the obtained
estimates the sensorimotor reaction time of the small
UAYV operator to a single scale.
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AHOTAIIA

AKTyanabHicTh. CTpIMKHI PO3BUTOK HAyKH Ta TEXHIKH 3YMOBIIOE 3HA4HE PO3IIUPEHHs cdep 3actocyBanHs brJIA pisHOro
MpU3HAYCHHs. 3amopyKol e(eKTHBHOrO BHKOpHcTaHHS BmJIA € sKicHa MiATOTOBKA ONEpaTopiB, BAXKIMBHM EIIEMEHTOM SIKOi €
npodeciiinnit ncuxonoridnuii Binbip (IIIIB) kanampaTiB, 30Kpema, OLIHIOBaHH] iX CEHCOMOTOpHHX peakuii. Lle MoxHa
3a0€3MeYnTH UIIXOM BUOOPY Ta OOTpyHTYBaHHS BiIIIOBIIHIX KPUTEPIiB.

Meta. MeTtoro po6oTH € 00TpyHTYBaHHS KPHTEPIiiB OLIHIOBAaHHS Yacy CEHCOMOTOPHHUX peakiliii omeparopa manux brJIA musxom
aHaJTi3y NIUTBHOCTI PO3MOALTY CTATHCTHYHHX JTAHUX.

Mertoa. 3anponoHOBaHO METOJ, IO JO03BOJIMB BH3HAYUTH KPHUTEPIii OLIHIOBAHHS 4Yacy CCHCOMOTOPHHX PEaKIiil oreparopa Majux
BrJTA Ha OCHOBI HAaKOIMYEHHS CTATHCTHYHOTO Marepiany Ta foro MareMaTHHOro 0OpoOJIeHHs 3a pe3yabTaTaMu MMPOBE/ICHHS HATYPHOTO
eKCIeprMEeHTy. MeToJ1 J03BOJISIE OLIHUTH YHCIIOBI XapaKTEPUCTHKK PO3MOALTY TPHBAIOCTI CEPEHBOIO Yacy peakiil y TPhOX pPekKHMax:
BHUPOOJICHHS HABHYKH, B YMOBAX IEPEIIKO/], B YMOBax HepeOy/10BH HaBUUKH Ta OTPUMATH y3arajbHEHY OLIHKY. Baaiocs, 1uIsxoM aHasisy
BHIIQIKOBUX HEHEPEPBHUX BEJIMYMH, LI0 NPUHMAIOTh 3HAYEHHSA 3 AEAKOrO INMPOMDKKY 3HAYCHb, BCTAHOBUTH HOPMATHBH, 3 SKHMHU
MOPIBHIOIOTHCS] OTPHMAaHI 3HAYCHHST Yacy CEHCOMOTOPHOI peakiil oreparopa Maiaux BriJIA Ta npuiiMaeTsest pitlieHHs 00 X MPHAATHOCTI
JI0 HABYAHHS.

PesyabTaT. Y poOoTi OTpUMAaHO CTaTUCTUYHI PAIU UL PSKUMIB OLIHIOBAHHS: BUPOOJICHHS HAaBUYKH, B YMOBAaX MEPEIIKO, B
yMoBax nepeOynoBM HaBHYKH. JJIT HAOWHOTO NPEACTABIEHHS PSAIB MOOYIOBAHO BIMIOBIMHI TiCTOrpaMH PO3MOIUTYy TPHUBAIOCTI
CEepeHbOr0 Yacy peakiii. 3 METOI YCYHEHHS NOMMJIKH PEHpEe3CHTATHBHOCTI 3[iHCHCHO BHUpPIBHIOBaHHS CTaTHCTHYHHX DSIIB
LIJIIXOM Hi00pY VISl KOXKHOTO PSIy TEOPETHYHOI KPUBOT PO3IOALTY, 10 BiIoOpa)ae JHIIE CyTTEBI PHCH CTaTHCTUYHOTO MaTepiay.
Jlnist boro 31ilCHEHHa alpOKCUMAIlisl FiCTOrpaMy PO3IO/LTY ITOJIHOMOM YETBEPTOro CTyHeHs. BCcTaHOBIIEHO iHTEpBa TEOPETHYHOT
LIJTBHOCTI  PO3MOALNTY, IMOMAaJaHHS B SIKMH 4Yacy CEHCOMOTOPHOI peakiii JOBiNBHOI 0cOoOM BBaXae€ThCs HOPMOIO, MPH 3ajaHi
iMoBipHOCTI mocToBipHOCTI Takoi momili — 0,95. Jlns mepeBipku Ii€BOCTI 3ampONOHOBAHOIO METOAY CHHTE30BaHO AaJIrOPUTMHU
OILIIHIOBAaHHS Yacy CEHCOMOTOpPHOI peakmii omepatopa Mamux BmJIA y Tppox pexxumax Ta po3poOieHO BiAMOBigHE MpOrpamHe
3a0e3MedeHHs], 10 peasi3ye 3anponoHOBaHi alTOPUTMH.

BucHoBku. OGIpyHTOBaHO KpHUTEpii OLIHIOBaHHS 4Yacy CEHCOMOTOPHOI peakuii omeparopa BrnJIA Ha 30poBHil MOJpasHHK 3
BUKOPHCTAHHSIM CIeliali3oBaHOro mporpamHoro 3abesmneueHHs. Ile mo3Bonuino mpoBoaut nomepensiii IMTIB kanguaaTiB Ha
HABYAHHS 3 ypaxyBaHHSIM BHMOI O MOTOPHKH orepatopa Maimux bnJIA i crneuudiku ioro pyxie. IIpoBeneHi ekcrepuMeHTH
MATBEPAMIN OOIPYHTOBAHICTh NPHUHHATHUX pilleHb. [IepCHEeKTHBH MOJANBIIMX JOCHI/UKEHh MOXYTh BKJIIOUYATH DPO3LIMPEHHS
PEKHUMIB TECTYBaHHs 3 OOTPYHTYBaHHSIM BiIOBITHUX KPUTEPIiB OL[IHIOBAHHSL.

KJIFOUYOBI CJIOBA: kputepii orintoBanHs, oneparop Maiux briJIA, yac ceHCOMOTOPHOI peakiil, IUIbHICTh PO3MOIITY.

YK 004.67: 37.042.2
KPUTEPHUA OIIEHKH BPEMEHHA CEHCOMOTOPHOM PEAKIIMA ONTEPATOPA MAJIBIX BILTTA

Bakamiok T. A. — 1OKTOp Henaroruyeckux Hayk, npodeccop, npodeccop kapeapsl HHKESHEPUH HPOrPaMMHOI0 OOecTieueHus,
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IinbkeBnu 1. A. — 1OKTOp TeXHMYECKHMX Hayk, mpodeccop, npodeccop Kadeapbl KOMIBIOTEPHBIX HHPOPMALMOHHBIX
TexHoJoru#, Xuromupckuit BoeHnbiid nHCTHTYT UMeHH C. I1. Koponesa, XKutomup, Ykpauna.

Toxap A. H. — xaHaugaT TEXHUUYECKUX HAyK, HAYaJbHUK HAy4YHO-HCCIEI0BATENbCKOro oTAena, JKUTOMMpPCKUI BOEHHBIN
uncturyT umenu C. I1. Koponesa, )Kuromup, Ykpauna.

Jlodoga P. WM. — HayuHBIl COTpYJHHMK HAy4HO-UCCIEIOBATEIbCKOrO OTAeNa, KUTOMHpPCKMH BOEHHBI HMHCTUTYT HMEHHU
C. II. Koponesa, XXuromup, Ykpausa.

AHOTAIIS

AKTyanbHOCTh. CTpEMHTENBHOE PAa3BUTHE HAYKM M TEXHHUKH IPUBOAUT K 3HAYHUTEIBHOMY PACIIMPEHUIO cep MpHUMEHEHHs
BbnJIA paznuuHoro HasHaueHus. 3anoroM 3¢ QexTuBHOro Ucnoyb3oBaHus brJIA sBiseTcs KauecTBEHHAs NMOArOTOBKA ONEPATOPOB,
BaXHBIM DJIEMEHTOM KOTOPOH sABJsIeTCS MpodheccroHanbHbIN neuxonornueckuid otoop (I110) xkaHaMIaTOB, B YaCTHOCTH, OIIEHKA MX
CCHCOMOTOPHBIX PEaKIHid. DTO MOKHO 00E€CIEUNTh IIyTeM BBIOOpa 1 000CHOBAHHS COOTBETCTBYIOLINX KPUTEPHEB.

Lean. Lenpro paboTs! sABIETCS 000CHOBAaHNE KPUTEPUEB OLIEHKH BPEMEHH CEHCOMOTOPHBIX Peakuui omepaTopa Manbix brJlA
IIyTEeM aHaJIM3a IIOTHOCTH paclpeieNIeH s CTATUCTUYECKUX JaHHBIX.

Merton. [IpemnoxeH MeTos, KOTOPBIiT O3BOJIMI ONPEAEIIUTH KPUTEPHUH OLIEHKH BPEMEHN CEHCOMOTOPHBIX PEaKIHii oneparopa MaibIx
BrJIA Ha OCHOBE HaKOIUICHHS CTAaTHCTHYECKOr0 Marepuaya M ero MaTeMaTH4ecKod oOpaboTKHU IO pe3yJbTaTaM IPOBEACHHS] HATypPHOIO
JKCIepuMeHTa. MeToJ1 MO3BOJISET OLEHUTh YUCIIOBbIE XapaKTEPUCTUKU PACTIpeIeIeH s TPOJOIKUTEIBHOCTH CPETHETO BPEMEHH PEaKLIN
B TPeX PE&KHMax: BEIPAOOTKH HABBIKA, B YCIOBHSX ITOMEX, B YCIIOBHSAX MEPECTPOHKH HABbIKA U TIOTYIUTh 0OOOIIEHHYIO OIIEHKY. Y 1aoch,
MyTeM aHalM3a CIyYalHBIX HENPEPHIBHBIX BEIMYHH, MPHHAMAIOIINX 3HAYECHMS] W3 HEKOTOPOrO MPOMEXKYTKA 3HAUCHWI, yCTaHOBUTH
HOPMATHBBI, C KOTOPHIMH CPaBHHMBAIOTCS IOJMyUCHHBIC 3HAYCHMS BPEMEHH CEHCOMOTOPHOH peakmuy omeparopa Maiblix brmJIA n
TIPHHAMAETCS PEIICHHe 00 MX MPUTOTHOCTH K 00yICHHIO.

Pe3yabTatel. B pabore momydeHBl CTaTHCTHYECKHE PSIBI JUIS PEXKUMOB OLCHKU: BBIPAOOTKM HABBHIKA, B YCIOBHSX IIOMEX, B
YCIOBHSIX II€PECTPOWKM HaBblka. I HamISAHOTO MPEJCTaBICHUS PSAIOB IIOCTPOCHBI COOTBETCTBYIOIIME THMCTOIPAMMEI
pacnpeneneHuss MpOJOJDKUTENBHOCTH CpefHero BpeMeHH peakuud. C  Lenbl0  yCTpaHEHHS! OIIMOKM pPenpe3eHTaTHBHOCTH
OCYIIECTBICHO BBIPABHHBAHHE CTATHCTHYECKHX PAIOB MyTeM MoAbopa Ul KaXIOro psaa TeOpeTHUecKoil KpUBOH pacrpeneneHus,
KOTOpas OTPakaeT TOJIBKO CYIIECTBEHHbIE YepThl CTATHCTUYECKOTO Marepuana. J[jis 3TOro ocyllecTBICHA amMmpOKCHMAIuUs
THCTOTPaMMBI pacIipe/ie/IeHUs TOJTMHOMOM YETBEPTOM CTENEHHU. Y CTAHOBJIEHO MHTEPBANl TEOPETUIECKOI! IIIIOTHOCTH PACNpeieeH s,
MONaJlaHue B KOTOPBIM BPEMEHH CEHCOMOTOPHOW peaklUy MPOU3BOJILHOTO JIMIA CYUTAETCS HOPMOM, NMPH 3aJaHHON BEPOSTHOCTU
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JAOCTOBCPHOCTHU TaKOI'O cOOBITUS — 0,95 Z[J'ISI IIPOBEPKU JIECTBEHHOCTH NPECAJIOKCHHOI'O METOAa CHUHTE3UPOBAHBI aJITOPUTMBbI
OILICHKHU BpPEMCHU CeHCOMOTOpHOfI pCaKknuu oreparopa MalibIx brJIA B TpEX peKUMax H pa3pa60TaH0 COOTBETCTBYIOLICC

POrpaMMHOE 00eCIeUeHIE, PEeaTH3yIOIIee MPEUI0KCHHbIC alrOPUTMBI.

BriBoasl. OGOCHOBaHbBI KPUTEPUH OLIEHKH BPEMEHH CEHCOMOTOPHOMW peakimu oneparopa BriJIA Ha 3puTenbHBIN pa3apakuTesb
C HCMONB30BAaHUEM CIIEIMANU3UPOBAHHOTO MPOrPAaMMHOrO obOecredeHus. OTO MO3BONWIO MPOBOAUTH mpeaBaputensHbiid IO
KaHIUIaTOB Ha 00yUYeHHE ¢ yuyeToM TpeOOBaHMUi K MOTOpHKe oreparopa Manbix brJIA u cnermduke ero amkenuii. [IpoBeeHHbIe
9KCTIEPUMEHTHI TOATBEPJAWIN OOOCHOBAHHOCTH NPHHHMAEMBIX pEIICHHH. I[lepCreKkTHBBl AANBHEHIINX HCCIEAOBAHUH MOTYT
BKJIIOYATh PACIINPEHNE PEKUMOB TECTHPOBAHHS C 00OCHOBAHHEM COOTBETCTBYIOIINX KPHTEPHEB OIICHKH.

K/IIOYEBBIE CJIOBA:

pacnpeaciiCHus.
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