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Abstract

The purpose of the work is to develop a model for predicting changes in the functional state of athletes engaged in hand-to-hand
combat, under the influence of a training load using psychophysiological indicators.

Material and methods. The study involved 24 male athletes who are professionally engaged in hand-to-hand combat with full contact
with the opponent (full contact), and 20 athletes. The average age of the athletes was 19-26 years. Research methods: analysis of
scientific and methodological sources, psychophysiological, mathematical statistics, fuzzy logic.

Results. The conducted studies proved the presence of significant differences in the values of psychophysiological indicators and the
reaction to the training load of athletes with different levels of fitness, which made it possible to use these indicators to build a model
for predicting the dynamics of a functional state. Changes in the functional state, determined by psychophysiological indicators,
confirmed by corresponding changes in indicators of heart rate variability. The developed forecast model allows using two
psychophysiological indicators (the time of a complex visual-motor reaction and the response index to a moving object), received to
the load, to predict a change in the functional state of athletes engaged in hand-to-hand combat, with an overall accuracy of 95.5%.
The forecast of changes in the functional state provides the trainer with the opportunity to timely adjust the volume of training loads
and training regimen.

Conclusions. Significant differences between groups of trained athletes and beginners in terms of the state of nervous processes (the
time of a complex visual-motor reaction and the response index to a moving object) to the load were revealed, which allowed
developing a model for predicting the functional reaction to the load in athletes with different levels of sportsmanship. Using the
obtained model allows predicting changes in the functional state of athletes that will take place under the influence of the test load,
according to psychophysiological indicators without using the load with an overall accuracy of 95.5%.
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AHoTauin

KounHa M.J1., YepHosy6 A.A., Anamosud P. T., KouiH O.B., ®ipcos O.I. Moaeb NporHo3y sMmiHW GYHKLIOHaNbHOTO CTaHy CMOPTCMEHIB, Lo
3aliMatloTbcA pyKonawHMM BOEM, Nig, BNAMBOM TPEHYBaNbHONO HaBAHTAMKEHHA

MeTa poboTh — po3pobka mogeni NPOrHo3y 3MiHW GYHKLIOHANbHOrO CTaHy CMOPTCMEHIB, L0 3aiMatoTbCA pyKonalHWm BoeEM, nig
BM/IMBOM TPEHYBA/IbHOTO HaBaHTAXXEHHA 3 BUKOPUCTAHHAM Ncrxodi3ioNoriyHmMx NOKa3HUKIB.

Matepian | meToau. B gocnigykeHi B3samM yyacTb 24 CNOPTCMEHM YOJI0BIYOI CTaTi, AKi NpodecinHO 3amatoTbCA pyKonawHUM 6oem 3
NMOBHMM KOHTAKTOM 3 CYNPOTUBHUKOM (byN-KOHTaKT), Ta 20 cnopTcMeHiB-novaTkiBLiB. CepeaHiit Bik CNopTCMeHiB cTaHoBMB 19-26 pokis.
Memodu 00cni0HeHHA: aHani3 HayKoOBO-METOANYHUNX AxKepes, NCUX0di3ioNorivyHi, MaTeMaTUYHOI CTaTUCTMKM, HEYiTKa SIoTiKa.
PesynbTati. MNpoBeaeHi AOCNiAKEHHA AOBEN HAsBHICTb AOCTOBIPHUX BiAMIHHOCTEN Y 3HAYEHHAX NCMXOdi3i0N0MYHNX NMOKA3HMKIB Ta
peaKLii Ha TpeHyBaNbHe HaBaHTAXKEHHA CNOPTCMEHIB 3 Pi3HMM PiBHEM TPEHOBAHOCTI, LLO A,03BOAMAA BUKOPUCTATHU Lii MOKA3HUKK ANA
nobynoBn MoZeni NPorHo3y AMHaMiIKM GYHKLIOHAbHOTO CTaHy. 3MiHU QYHKLIOHAZIbHOMO CTaHy, BU3HAYeHi 3@ NcmMxodisionoriyHumm
NMOKasHWKaMM, NiATBEPAKEHI BiANOBIAHMMM 3MiHAMM MOKa3HMKIB BapiabenbHOCTI cepueBoro putmy. PospobsieHa moeni nporHosy
£103B0/15€ 33 BOMa NCMXODI3i0NOTIYHMMM NOKa3HMKaMM (HaCoM CKNaAHOT 30POBO-MOTOPHOI peaKLii Ta iHAEeKCoM peaKuii Ha pyXoMuiA
06'€eKT), oflepPKaHUMM 40 HaBaHTaXeHHA, MPOrHO3yBaTH 3MiHY GYHKLOHANbHOrO CTaHy CMOPTCMEHIB, WO 3aiMaloTbCA pyKoNaWHUM
60€em, 3 3ara/lbHOO TOYHICTIO 95,5%. I'IporHoa 3MIHWM QYHKLiOHAaNbHOTO CTaHy HaZlae TPEHEepPY MOMK/MBICTb CBOEYACHO KOperyeatu
ob6cAarv TPEeHyBaZbHUX HAaBaHTaXKEHb Ta PEXXUMM TPEHYBaHb.

BMCHOBKW. BusaBaeHi 4OCTOBIPHI BIAMIHHOCTI MiXK rpynamu TPeHOBaHMX CMOPTCMEHIB Ta MOYATKIBLiB 32 MOKa3HMKaMW CTaHy HEPBOBMX
npoueciB (4acom CKAagHOI 30pOBO-MOTOPHOI peakuii Ta iHAEeKCOM peakuii Ha pyxomuit 06’eKT) A0 HaBaHTaKeHHS A03BOAWUAM
po3p0obUTM MoAEeNb NPOTHO3Y QYHKLIOHANbHOI peaKLii Ha HaBaHTaXKEHHS Y CMOPTCMEHIB 3 Pi3HUM PIBHEM CMOPTMBHOT MaCTEPHOCTI.
BWKOpUCTaHHA OTPMMaHOI MoAeNi J03BONAE NPOrHO3yBaTW 3MiHWM GYHKLOHANIbHOTO CTaHy CNOPTCMEHIB, AKi BifAOYAyTbCA NiJ BNAMBOM
TECTOBOrO HaBaHTaXKEHHS, 32 NCMX0i3ioN0rYHMMM NOKa3HMKamMKM b6e3 BUKOPUCTaHHA HaBaHTaXKEHHA 3 3ara/ibHOO TOYHIcTiO 95,5%.
Kntouosi cnoBa: pykonatwHuii 6ii; ncnxodisionorivyHi NOKasHMKK; HeYiTKa N0riKa; MoAeb NPOrHo3y

AHHOTaUuA

KounHa M.J1., YepHosyb A.A., AgamoBud T. T., KounH A.B., ®upcoe O. Mogenb nporHo3a M3ameHeHUs GYHKUMOHANbHOMO COCTOAHUA
CMOPTCMEHOB, 3aHUMAIOLLMXCA PyKoMallHbIM 60em, Nog, BAMAHMEM TPEHUPOBOYHOMN Harpysku

Llenb pabotbl - pa3paboTka Mosenn NporHosa n3meHeHUa GyHKLMOHANbHOMO COCTOAHMA CNIOPTCMEHOB, 3aHUMAIOLLMXCA PYKOMALLHbIM
60em, noa BAVAHMEM TPEHUPOBOYHOW Harpyskm ¢ UCNOAb30BaHMEM NCUXODU3NONOTMUYECKUX NOKa3aTeneld. MaTepuan n metoasl. B
nccnefoBaHUM MPUHANN yHacTne 24 CNOPTCMEHA MYXKCKOro Nnosa, KoTopble NpodecCcMoHanbHO 3aHMMAlOTCA pyKonalwHbiM 6oem ¢
MOMHbIM KOHTAaKTOM C MPOTUBHMKOM (DynNn-KOHTAKT), 1 20 cnopTcmeHos. CpeiHWIM BO3PaCT CNOPTCMEHOB cocTasu 19-26 neT. MeTtoapbl
nccnesoBaHWA: aHanM3 HayYHO-MeTOAMYECKUX UCTOYHMKOB, NCUXOPU3INONOTUYECKME, MaTEMATUYECKOM CTaTUCTUKK, HEYeTKanA NI0TMKa.
PesynbTathl. lMpoBeAeHHble WCCNEA0BaHWA AOKa3ann Haaudme AOCTOBEPHBIX PA3ANYMIA B 3HAYEHMAX MCUXOPU3MONOTMHECKMX
noKasaTenen 1 peakumn Ha TPEHUPOBOYHYIO HArpy3Ky CMOPTCMEHOB C Pa3NYHbIM YPOBHEM TPEHWPOBAHHOCTH, KOTOPaA NO3BOUAA
MCMONb30BaTh 3TWM MOKasaTeNu ANA MOCTPOEHUA MOLENN MNPOrHO3a [AMHAMWMKU  QYHKLMOHANBHOTO COCTOAHMA. VI3meHeHus
GYHKUMOHANBbHOTO COCTOAHMA, onpeAeneHHble Mo NCUXOPU3MONOTUYECKUMM NOKa3aTeNAMM, MOATBEPHKAEHHbIE COOTBETCTBYIOLWMMM
M3MEHEHUAMW TOKasaTeseil BapuvabenbHOCTM CepeyHoro putma. PaspaboTaHHas MoAenM MporHosa no3BoAET Mo ABYM
NCUXOOU3MONOTMYECKMMM NOKA3ATENAMMU (BPEMA CNOXKHOW 3PUTENbHO-MOTOPHOW pPeakumMm U MHAEKCOM peakUMK Ha ABWXKYLLMIACA
0ObeKT), MOAYYEHHBIMU K Harpyske, MpOrHO3MpoBaTb M3meHeHWe YHKLMOHaNbHOrO COCTOAHUA CMOPTCMEHOB, 3aHUMAIOLLMXCA
pykonalwHbiM Hoem, ¢ obuieit TouHoCTbio 95,5%. MPOrHo3 MameHeHWA OGYHKLMOHANBHOTO COCTOAHWA MPEeLOCTaBNAET TpeHepy
BO3MOXHOCTb CBOEBPEMEHHO KOPPEKTUPOBATL 0OBEMbI TPEHUPOBOYHbBIX HArPY30K U PEXMMA TPEHUPOBOK.

BbiBoAbI. BbifABNAEHbI AOCTOBEPHbIE PA3NMYMA MEXAY TPYNNamu TPEHMPOBAHHbLIX CMOPTCMEHOB W HAYMHAIOWMX NO MOKasaTenam
COCTOAHMA HEPBHbIX NMPOLLECCOB (BPEMA CNOKHON 3PUTENbHO-MOTOPHOWM PeakLMn U UHAEKCOM PeakLMn Ha ABUNKYLLMINCA 0OBEKT) K
Harpyske nossonuau paspabotaTb mofenb NPOrHo3a GYHKLUMOHANbHON PeaKLmMm Ha HarpysKy y CMOPTCMEHOB C Pas3IMyHbIM YPOBHEM
CNOPTMBHOrO MacTepcTBa. Mcnonb3oBaHWe MOAYYEHHOW MOAENM MO3BONAET MPOrHO3MPOBaTb WM3MeHEHUA QGYHKLMOHAAbHOMO
COCTOAHMA CMOPTCMEHOB, KOTOPble COCTOATCA MOJA BAMAHWEM TECTOBOM Harpysku, no NcMXopuU3MONorniyecknmu nokasatenamm bes
MCMONb30BaHMA HArpy3KuM ¢ obLLei TOYHOCTbIO 95,5%.

Kniouesble cnioea: pykonalHbli 60i; Ncxodusnonornyeckne nokasatenn; HeyeTkaa 0rvKa; MOAe/ b MPOrHo3a.
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Introduction

Today's high-achieving  sport  places
significant demands on the functional state of
athletes. In the process of improving sportsmanship
training and competitive load on the physiological
systems of the athlete is constantly increasing. This
can cause not only an increase in the level of
adaptation-compensatory reactions, but also negative
shifts in the functional systems of the body of
athletes, lead to overtraining, the emergence of
donological and pathological conditions. Assessment
of the functional state of athletes at rest and
predicting its changes in the dynamics of training
require the creation of methods and models that allow
to obtain and process information, to calculate
appropriate indicators that can serve as markers of
adverse changes in the body, to classify states and to
develop prevention and rehabilitation measures.

Assessment of changes in functional status in
the process of training and competitive loads can be
performed according to the indicators of the
electrocardiogram [1, 2, 3, 4], heart rate variability
[5, 6, 7, 8, 9], external respiration function [10],
various biochemical indicators [11, 12, 13, 14, 15],
and indicators of psychological status [16, 17].

Different indicators can be used to develop
models for predicting changes in athletes' functional
status in training dynamics. Among the most studied
are the indicators of the cardiovascular system and
indicators of heart rate variability [18, 19],
statodynamic stability [20], indicators of the central
nervous system [21], etc.

According to Shinkaruk [22], forecasting in
sports is the first stage in managing the process of
sports training. Predicting the possible consequences
of using training technologies, taking into account
the individual capabilities of athletes allow the coach
to achieve significant results [23, 24]. But this
prediction is purely subjective, based on the personal
experience and intuition of the coach and is inherent
in him. Kuan et. al. [25] consider that to make the
forecasting process objective, appropriate criteria are
needed and mathematical forecasting models
developed using them.

One of the most important systems of the
body of athletes is the central nervous system, the
fundamental properties of which are the peculiarities
of mental and physiological processes, temperament,
character, set of prevailing feelings and motives of
activity. Combining the properties of the central
nervous system is purely individual and in each case
can contribute to the professional success of athletes,
or vice versa, can be an obstacle to high
achievements.
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Important characteristics of the central
nervous system include sensorimotor reactions
(simple visual-motor response and complex visual-
motor response, which combine sensory and motor
components of mental activity. Simple and complex
visual-motor reaction characterize the features of the
nervous processes in athletes, Martial Arts Quick and
Accurate Response to Incentives When Determining
Simple and Complex Visual Motor Response Time
Indicates Responsive Athlete Responses Against
Action during the hand-to-hand combat, which,
according to Kuan et al. [25], is the key to success.

According to the results of numerical studies
Makarenko et. al. [12] believed that the individual
typological qualities of athletes can be determined by
the strength, mobility and dynamism of the nervous
system [26]. Characteristics of sensory functions of
athletes of different specializations were studied by
Rovniy [27]. The strength of the nervous processes
characterizes the functional endurance of the central
nervous system, as well as the ability to concentrate
the excitation process. Smaller values of the index of
the strength of the nervous process indicate the better
for the combat ability of athletes [28].

Functional mobility of nervous processes
characterizes the ability to switch from performing
one motor action to another. The smaller the value of
this indicator, the faster is the change of the CNS
states, which provides better adaptation to the
difficult conditions of hand-to-hand combat.

The dynamics of nerve processes according
to Tropin [3], lermakov et.al [29] characterize the
ability to form reactions that are adequate to external
conditions. The smaller the dynamics of nervous
processes, the faster the corresponding reactions of
the central nervous system to changes in external
conditions are formed.

Useful information about the
psychophysiological state of hand-to-hand athletes
can be obtained by determining the response rates of
a moving object [30]. These indicators include the
ratio of the reaction time that occurred before the test
stimulus (anticipation) and the delay time when the
reaction occurred after the test stimulus, as well as
the ratio of the number of anticipation reactions to the
number of delay reactions, which characterizes the
ratio of excitation and inhibition reactions in the
central nervous system. The indicator can evaluate
the equilibrium of processes in the cortex of the
athlete's brain [31, 32]. The success of athletes in
hand-to-hand combat depends more on arousal
processes that provide a quick response to external
stimuli.

The hypothesis of the study is the assumption
that changes in psychophysiological indicators in the
dynamics of training and competitive load can be
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used to assess the functional status of athletes, as well
as to develop forecast models.

The purpose of the work is to develop a
model for predicting changes in the functional state
of hand-to-hand athletes under the influence of
training load using psychophysiological indicators.

Material and methods

Participants

Under our observation, there were 24 male
athletes professionally engaged in hand-to-hand
combat with full contact with the enemy (full contact
- Group 1), and 20 beginner athletes (beginners -
Group I). The average age of athletes was 19-26
years. The first group consisted of 3 international-
class masters of sports, 8 masters of sports, 10
candidates for sports masters, and 3 first-graders. The
second group consisted of athletes engaged in hand-
to-hand combat at the amateur level. All athletes
agreed to participate in the study.

Procedure

Registration of the studied parameters was
carried out before and immediately after the training
load. Training in both groups took place over 1.5
hours. The structure of the training and the level of
exercise were developed in accordance with the level
of physical fitness of the athletes.

The study of psychophysiological indicators
was performed wusing the device "PFI-1"
chronoreflexometer (LLC "ASTER-ITI", Kharkov).
A PFI rhythmograph-1 device (ASTER-ITI LLC,
Kharkov) with EasyHRYV software package was used
for cardiac signal registration.

The following psychophysiological
indicators were determined in all athletes: functional
mobility of nervous processes, strength of nervous
processes, dynamic of nervous processes, simple
visual-motor reaction and complex visual-motor
reaction, as well as time of advance, time of delay,
number of reactions of anticipation, number of
reactions of delay test for the speed of reaction to a
moving object. The moving response rate for a
moving object was calculated by the moving object
response index, which was equal to the module in
relation to the lead time to the delay time.

To verify changes in the functional state of
athletes before and after loading in them were
determined indicators of heart rate variability, which
according to Adamovich RG. with co-authors reflect
the current FS of athletes and its changes [33].

Functional status information was obtained
using two measurement circuits. The main circuit
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consisted of a computerized chronoreflexometer,
which allows a comprehensive study of the
functional response of athletes to various stimuli by
standard psychophysiological techniques [26, 28].
The obtained indicators of the state of nervous
processes were stored in the study database and used
for further analysis. An additional circuit formed by
a  computerized  cardiothymograph  allows
synchronization with the main circuit to record a
cardiogram. Indicators of heart rate variability, stored
in the study database, allowed to conduct a cross-
analysis of the functional status of the subjects.

Statistical analysis

Fuzzy Zadeh logic was used to develop a
model for predicting changes in functional state
under the influence of training load [34]. Statistical
analysis of the results of the study was performed
using descriptive statistics (with determination of
mean values and mean square error). In the presence
of a significant variation of indicators, medians (Me)
and quartiles (25%; 75%) were determined. The
significance of the differences between the indicators
was assessed using the non-parametric Mann-
Whitney criteria  (independent samples) and
Wilcoxon  (dependent samples) [35]. The
significance of the obtained results was determined
at 95%.

Results

The test load used to develop a model for
predicting changes in the functional state of trained
athletes is given in Table. 1. The proposed first group
test load in structure and content corresponds to the
standard training of athletes engaged in melee
combat. The load offered to beginners differed in
content and time of exercise and corresponded to
their level of fitness.

In the table. 2 shows the average values of
certain psychophysiological indicators of athletes of
both groups before and after exercise.

Further analysis and modeling of the change
of functional state under the influence of the test load
were performed according to the procedures shown
in Fig. 1.

From the database of the results of the study
were taken indicators of the variability of cardiac
rhythm and state of nervous processes and calculated
the change in their absolute values by subtracting the
initial values from the final ones. These changes were
then analyzed and hypotheses were made regarding
the relationship between these changes in functional
status and exercise load.
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Table 1
Training structure of athletes engaged in hand-to-hand combat that was used as a test load
Compon Time Intensity
truct |
ents of Structura Content of load distributi  load, % of
. components
training on, % max.
Introduct  General training General developmental exercises 5 30-40
ory part
(20% of . .
the time) Special training 15 75-80
Technical training Special exercises 10 75-80
Tactical training Improvement of the technique of complex elements 15 75-80
Correction of correlation of structural components
of tactical schemes taking into account technical
. . 10 75-80
. . . skill, anthropometric data and development of
Main Callisthenics .
art explosive force
(p70(y of Basic: Increase of the level of explosive force in the
(o]
. conditions of anaerobic regime of energy-saving 10 75-80
the time) .
cookie.
. Specialized: Increasing intramuscular and 25 75-80
Integral preparation ) o
intramuscular coordination 10 -
Implementation of technical skill in combination
with the individual level of power development in 10 -
the process of corrective sparring
Table 2
The average values of psychophysiological indicators of the subjects studied before and after loading
Terms of Indexes Groups
registration I (n=24) Il (n=20)
Befqre Slmpl.e m(_)tor—wsual 261,1£13.8 26174198
loading reaction time (ms)
- P + 2
Time of com'plex visual 361,5¢21,4 396,9155,6
motor reaction (ms) U=83; Z=2,57; p=0,01
Functional mobility of 246,7457.9 282,1+45,5
nerve processes (ms)
Strength of nervous
406,1+74,7 442,9180,2

processes (ms)

Number of anticipation
reactions / Number of
delay reactions (yo)

0,18 (0,11;0,96)

0,74 (0,18; 1,22)?
U=43; Z=2,29; p=0,021

Moving Object Reaction
Index

2,4+0,7

0,8610,42
U=92; 7=2,29; p=0,021

After loading

Simple motor-visual
reaction time (ms)

242,7+21,11
Z=3,771; p=0,0002

254,3+38,9

Time of complex visual-
motor reaction (ms)

337,0432,51
Z=3,343; p=0,001

381,9+49,7?
U=65; 7=2,95; p=0,003

Functional mobility of
nerve processes (ms)

212,6144,7"
7=2,57; p=0,001

203,3+60,2

Strength of nervous
processes (ms)

343,6+73,41
Z=3,03; p=0,002

357,1+54,41
Z =3,03; p=0,002

Number of anticipation
reactions / Number of
delay reactions (yo)

0,67 (0,38; 1,22)

0,82 (0,43; 1,22)

Moving Object Reaction
Index

0,9+0,5'
Z=2,37; p=0,018

0,87+0,03

Notes: 1 - differences in the mean values obtained before and after training are valid according to the Wilcoxon criterion; 2 - differences
in mean values of group Il and group Il indicators are significant by the Mann-Whitney test (p <0.05); for the indicator Number of
anticipation reactions / Number of delay reactions (yo) medians and quartiles were calculated (25%; 75%); n is the number of athletes

in the group
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Indicators of the state of
nervous processes

Time of complex visual-
motor response
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of the prognosis model

DE— Selection of information™) «gs e « . J
features

Fig. 1. Procedure for analysis of functional state indicators and simulation of reaction to test load

Analysis of changes in heart rate variability
using fuzzy clustering according to the fuzzy c-mean
algorithm revealed that all athletes who are new to
the dynamics of change in heart rate variability under
the influence of load belong to the cluster of its
perception, indicated by the index t, and , which is
indicated by index 1. That is, the response to the load
of athletes of the studied groups was different.
Significant differences in the load between groups of
athletes were found only in the proportion of
investigated indicators of heart rate variability [33],
but after the load almost all indicators differ
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significantly. On the other hand, significant
differences were found between the studied groups
of athletes by the indicators of the state of nervous
processes before loading, namely the time of
complex visual-motor reaction (ms) and the index of
reaction to a moving object (cu) (Table 2).

According to these two indicators, a model
for predicting the functional response to loading in
athletes with different levels of athletic skill was
synthesized.

The procedure of synthesis of the model of
forecasting the reaction to load in graphical form is
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shown in Fig. 2. To obtain fuzzy rules, a matrix was
formed from previously selected indicators of the
state of nervous processes, namely: the time of
complex visual-motor reaction (ms) and the index of
reaction to a moving object (cu). These data were
supplemented by a column indicating which load
sensing group (1 or 2) the athlete was assigned to.
Complex visual motor response time (ms) and
response index for a moving object (cu) were
subjected to subtractive clustering (a mountain
clustering algorithm) developed by Yager et. al.
[36].The parameters of the clustering algorithm were
set in accordance with the recommendations of the
Scilab package. Each received cluster was matched
by one fuzzy rule, and the coordinates of the cluster
centers were the coordinates of the maximum of the
membership functions, which used the Gaussian
function [37]. According to the received logical rules
and membership functions, a set of linear functions
is formed, which links the logical rules and data of
the corresponding load perception group (1 or 2).
Formal recording of a system of fuzzy equations, a

set of coordinates of centers and parameters of
compression-stretching and linear equations of forms
is a model of forecast. In the process of model
synthesis, the procedure of adjusting it was
performed, which consisted of cyclic modification of
the parameters of compression - stretching of the
membership function and coefficients of linear
functions to minimize the error of the forecast using
the model.

The scheme of using the model of prediction
of change of functional state under the influence of
the test load is shown in Fig. 3. Using the obtained
model will allow to predict changes in the functional
state of athletes that will arise under the influence of
test load according to certain psychophysiological
indicators. It is enough to define only two indicators:
time of complex visual-motor reaction (ms) and
index of reaction to the moving object (cu).
Validation of the prediction model using indicators
of 20 non-training athletes showed an overall
accuracy of 95.5%.

Input matrix
N2 | TCVR | IRMO || Group
<2,
2l xll oy
A I | A

To cycle adjustment of
compression-stretching

Algorithm

- parameters

To cluster indices
by mountain
algorithm

parameters and linear
coefficients

/

Researcher

_’_

To establish a
fuzzy rule for each
cluster

To set the vertices

of the membership

function according
to the cluster

To establish a
linear relationship
between rules and

output /

centers
=~
R V.. ¥
e e |
Parameters functions |
Load response model

Fig. 2. Procedure of synthesis of model of predicting change in the functional state of an athlete under the
influence of load
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Discussion

According to the Table. 2, it can be noted that
the Simple Motor-Response Time (ms) and the
Complex Visual-Motor Response Time (ms) are
significantly reduced after loading in the first group
and practically do not change in the second. In
addition, there are significant differences in the time
of complex visual motor response (ms) between the
first and second groups before and after loading.
Initial values Functional mobility of nerve processes
(ms) and Strength of nerve processes (ms) in athletes
of the studied groups did not differ significantly, after
loading these indicators decreased significantly in the
first groups. When examining the results of a test for
the response rate of a nra, a moving object to the load
found that significantly more balanced processes in
the nervous system are observed in trained athletes,
as evidenced by the number of anticipation reactions
/ the number of delay reactions (cu). After loading,
this indicator is close in value in both groups. Also,
prior to loading, the groups differed significantly in
the Moving Object Reaction Index (cu).

Our previous studies of the dynamics of heart
rate variability indicators [2] showed that before the

test load, there were significant differences between
the studied groups only in the vegetative rhythm
index, the adequacy of the regulation processes, as
well as the spectral characteristics. After loading,
virtually all indicators of heart rate variability in the
athletes of the studied groups differed significantly.
This confirmed the presence of reliable response of
the body of athletes to the test load and sensitivity to
changes in the functional state of certain
psychophysiological indicators.

Thus, the data obtained confirm the different
response of the athletes of the studied groups to the
training load. On the other hand, the presence of
significant  differences in psychophysiological
indicators between the studied groups made it
possible to use these indicators to build a model for
predicting the dynamics of the functional state.

Physical activity causes each athlete
appropriate changes in functional status, which can
be classified as a norm of reaction or indicate a pre-
existing or pathological condition. The proposed
scheme (Fig. 3) identifies two ways of changing the
functional state.

Chronoreflexometer

-

Indicators of the state
of nervous processes
before load

Predicted changes in
the functional state
of an athlete

_+ Model }..

TCVR

IRMO

Changes in training regimens,

NO YES

Changes in the
functional state
within the reaction
rate 7

y
1 i

adjusting the load, changes in
the content of the load, rest, if
necessary, therapeutic

The athlete needs
physical therapy

Training loads
correspond to the
capabilities of the

athlete's body

measures

Fig. 3. Scheme of using models of predicting changes in the functional state of athletes under the influence
of test load

If the predicted functional state changes
relate to the normal reaction, ie the athlete enters
cluster 1 in response to the load, training can be
carried out according to the scheme corresponding to
the current stage of training. If, as a result of using
the prediction model, the athlete falls into cluster 2,
then normalization of his functional state is required,
which includes not only correction of the training
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process, but also more in-depth medical examination
and appropriate rehabilitation measures in order to
prevent overtraining, occurrence of pathological or
pathological changes.

Predictive approaches in sports can be
divided into two groups. The first group includes the
prediction of success in training or competitive
activities, the second - changes in the functional state
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of athletes under the influence of training
(competitive) loads.
Predicting the success of athletes'

competitive activity is described in a large number of
papers in which the authors study different changes
in functional status indicators, morphofunctional
indicators, model characteristics of athletes of a
particular sport, previous success, and indicate that
they can predict changes in functional status,
efficiency . But there is no prediction mechanism or
real model of forecast itself. For example,
comparisons with model characteristics and the
statement that for athletic success in adult sports
athletes must be runners-up in youth are suggested by
Latishev [26]. The approach proposed by the author
to predict sports performance is not supported by the
results of the use of any statistical criteria or methods
and is verbal [38].

Volodchenko [39] proposes to use a table in
which to score the scores of 31 varied athletes, whose
determination requires the use of a large number of
instrumental techniques to obtain a prediction of
competitive performance in kickboxing. Prediction
of the proposed approach requires the preliminary
determination of all indicators and the calculation of
the forecast threshold according to the proposed
table, that is, there is a time-consuming process of
estimating a large number of indicators in manual
mode, which reduces the effectiveness of the
proposed methodology.

Currently, there are a number of works in
which predictions in sports are constructed using
modern methods of data mining - neural networks,
fuzzy logic, discriminant, correlation-regression and
factor analysis [40, 41, 42].

For example, Yavorska [16] proposed a
program for predicting the performance of athletes
based on their specific sports parameters using a
complex mathematical approach, which includes
vector and matrix analysis, variance and factor, as
well as the theory of multidimensional linear
regression in Euclidean space. Glotov et. al. [43]
proposed, by a large number of indicators
characterizing the functional status of athletes and
their genotypes, to create regression models that
allow one to determine the most informative ones and
predict success in certain sports. Baranaev [44],
using correlation structures of indicators of young
athletes, revealed the criteria for the selection and
prediction of athletes' success at the stage of sports
specialization.

Thus, the use of modern methods of data
analysis allows to obtain reliable new results, to build
models of forecasting changes in the functional state
of athletes under the influence of load, the success of

athletes in certain sports, to determine the criteria for
sports selection.

The developed model allows to predict, by
two psychophysiological indicators (Time of
complex visual-motor reaction (ms) and Index of
reaction to the moving object (uo)), the functional
state of hand-to-hand athletes, with probability 95 ,
5%. The prognosis of the change of the functional
state gives the trainer the opportunity to adjust the
amounts of training loads and training regimes in a
timely manner.

Conclusions

1. Significant differences between groups of
trained athletes and beginners by the indicators of the
state of nervous processes of time of complex visual-
motor reaction and the index of speed of reaction to
a moving object to the load were revealed, which
allowed to develop a model of forecasting of
functional reaction to loading in athletes with
different level of sportsmanship.

2. It is shown that physical activity causes in
each athlete corresponding changes in the functional
state, which can be classified as a norm of reaction or
indicate a donological (pathological) state. If the
predicted functional state changes relate to a normal
reaction, the training may be performed according to
a pattern consistent with the current preparation
stage. Otherwise, the normalization of the functional
state, which includes not only the correction of the
training process, but also more in-depth medical
examination and appropriate rehabilitation measures
to prevent adverse conditions, is required.

3. Using the obtained model will allow
predicting changes in the functional state of athletes
under the influence of test load on
psychophysiological indicators without using a load
with an overall accuracy of 95.5%, which allows the
trainer to timely adjust the amount of training loads
and training regimes.
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