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Abstract.

Purpose: was to clarify the role of individual-typological characteristics of the central nervous system for
achieving of high results in the Greco-Roman wrestling. Material: The 2 groups of Greco-Roman wrestling were
examined. The first group - 27 elite wrestlers (age 18-27), members of the National Team of Ukraine who
having sports experience from 5 years and more. The second group 37 young wrestlers age 13-15. The third
group (control) contains 13 couples of monozygotic (MH) and 18 - dizygotic (DZ) twins. They were not athletes.
Methods of genetics, research of typological characteristics of the central nervous system: functional mobility
(FMNS), strength (SNP), poise (PNP) of nervous processes and time of central processing of information, video
recording and analysis of technical methods of wrestlers and mathematical statistics was used. Results. The links
between genetically determined typological characteristics of the central nervous system and success of the
Greco-Roman wrestling was found. Hereditary dependence of functional mobility and the relative advantage of
the genotype - strength, poise of nervous processes and time of central processing of information is proved.
Sensomotor characteristics did not reveal any dependence on genetic factors. The expressed dependence of the
indexes of technological skills and the effectiveness of the competitive performance of wrestlers on their
individual features that resulting from genetically was established. This index was functional mobility. The
wrestlers, who had better indexes of the typological characteristics of the central nervous system, were
characterized by higher level assessments of technological skills and conduct of the fight. Conclusions.
Typological characteristics of the central nervous system - functional mobility, along with technical
preparedness, - are recommended as highly genetically determined criteria for assessing the prospects of
wrestlers.
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Introduction.

The Greco-Roman wrestling is in demand and it is a part of the Olympic program. Leading trainers and
scholars of United World of Wrestling (UWW) emphasize the volume and intensity of physical activity have
become critical, and their further growth is limited by the biological capabilities of the human organism at the
present stage of development of sport of higher achievements (Mirzaei et al., 2009; Curby et al., 2016; Iermakov
et al., 2016; Korobeynikov et al., 2019; Lysohub et al., 2019). Therefore, only a talented person who possesses a
complex of genetic properties for this kind of sport, can achieve high results in the wrestling. It is assumed that
the prognosis of sporting giftedness can be realized only on the basis of genetic markers (Drozdovska et al.,
2013; Kozina et al., 2018; Podrigalo et al., 2018, Lysohub et al., 2019). That is why, researchers are showing
considerable interest to the search of genetically determined markers, which are the most informative about of
forecasting the individual result of sports training (Sybil et al., 2018; Chernozub et al., 2018; 2019, Lysohub et
al., 2019). As known, the criterias for selection in the wrestling are: state of health, functional capabilities of the
organism systems, the level of development of motor qualities, the ability to master the technique and tactics,
transfer significant training and competitive load, motivation, performance, mobilization readiness, assessment
of the level of reserve capabilities (Barbas et al., 2011; Podrigalo et al., 2017; Korobeynikov et al., 2018). We
can assume that adaptive reactions of psychophysiological and cognitive functions for wrestlers will be due to
the individual-typological characteristics of the nervous system (Korobeynikov et al., 2019). We offered to these
criteria to add individual - typological characteristics of the central nervous system: functional mobility, strength,
poise of nervous processes (Makarenko et al., 2006; 2007). The part of individual-typological characteristics of
the central nervous system (Makarenko et al., 2006; 2007; Chernenko-Kuragina, 2016; Dudnyk et al., 2017,
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Lysohub et al., 2018; Lysohub et al., 2019). The role of individual-typological characteristics of the central
nervous system as a genetic markers of giftedness to high sports achievements in certain sports and, especially,
in the Greco-Roman wrestling, has not been clarified yet. It is not possible to generalize the role of highly
genetically determined individual-typological characteristics of the central nervous system in enhancing the
functional capabilities of elite wrestlers on the basis of scientific literature. It is even more difficult to
substantiate of relation between typological characteristics of nervous sysytem and high sport achieving in
wrestlers.

The purpose was to clarify the role of individual-typological characteristics of the central nervous
system for achieving of high results in the Greco-Roman wrestling.

Material and methods.

The 2 groups of Greco-Roman wrestling were examined. The first group - 27 elite wrestlers (age 18-
27), members of the National Team of Ukraine who having sports experience from 5 years and more. The
second group 37 young wrestlers age 13-15. The third group (control) include 13 pairs of monozygotic (MH)
and 18 - dizygotic (DZ) twins — youths, who were not involved in sports.

Using the computer device "Diagnostic-1M" determined the typological characteristics: functional
mobility (FMNS), strength (SNP), poise (PNP) of nervous processes, latent periods of simple, complex reaction
of choice 1 from 3 indicators (RC1-3), the reaction of choice 2 from 3 indicators (RC 2-3), time of central
processing of information (CPI) and simple sensory - motor reaction (SSMR) (Makarenko et al., 2007). The
level of the FMNS was determined by the results of the processing of complex visual information in the mode of
"imposed rhythm" that stood at the disparities of positive and inhibitory stimuli (geometric figures). The
indicator of the FMNS was the maximum speed of signal processing when surveyed did not make more then 5.0-
5.5% of the mistakes. The higher the speed of processing information, The higher the pace of processing
information, the higher the FMNS. Indicator of the efficiency of the cerebral cortex pointed to the SNP. This
indicator was estimated by the number of mistakes (%), that the researcher made when performing the entire
task. The definition of the PNP involved the registration of the accuracy of the reactions to the moving object.
The total amount of reactions, that were ahead or delayed, indicated the level of PNP. The smaller the amount of
deviation of motor reactions (in ms), the higher the PNP. The part of hereditary and environmental factors in the
formation of neurodynamic signs was determined by calculating the Holzinger's heredity factor (H), which
expresses the force of heredity. The coefficients of intraclass correlation (r) for monozygotic (MZ) (r,,) and
dizygotic (DZ) twins (ry,) were calculated for each indicator of the studied functions. The value of H was
calculated by the formula: H = (r, - rg,) / (1 - rg,). It is believed when H is equal to 0, the development of the
sign is determined solely by the factor of the environment, and when H=1 - completely depends on the
hereditary factors. The Holzinger (H) coefficient, which is greater than 0.5, indicates a relative advantage, and
more than 0.7 is a criterion for the absolute superiority of genetic factors.

Video recording and analysis of competitive activities of wrestlers-participants in the Cup and the
Ukrainian Championship was carried out. The main competitive indicators of the Greco-Roman style wrestlers
were calculated such as: the total number of technique used by wrestlers, separately recorded the number of
technical and tactical actions and their individual components for a fight, conducted an expert evaluation of
competitive activities. The results are processed by methods of mathematical statistics on the program Microsoft
Excell. Methods of parametric and nonparametric statistics, correlation analysis, the significance of statistical
differences of mean values was used.

Results.

The determination of the share of hereditary and environmental factors in the formation of
neurodynamic characteristics was carried out on monozygotic (MZ) and dizygotic (DZ) twins - youths, who
were not involved in sports (Table 1).

Table 1 Coefficients of pair correlation (R) and heredity (H) of sensory-motor and major characteristics of the
basic nervous processes and central processing of information for MZ and DZ twins

Research Coefficients of pair correlation (R)
indicators MZ | DZ | Coefficients of heredity (H)

Simple sensory - motor reaction, ms 0.38 | 0.15 0.26

Complex reaction of choice 1 from 3 indicators, ms | 0.54 | 0.43 0.20

Complex reaction of choice 2 from 3 indicators, ms | 0.57 | 0.23 0.29

Time of central processing of information, ms 0.79 | 0.57 0.52

Functional mobility of nerve processes, secret unit | 0.88 | 0.65 0.65

Strength of nerve processes, secret unit 0.73 ] 0.51 0.53

Poise of nervous processes, secret unit 0.81 | 0.56 0.56
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Correlation coefficients for SSMR values did not reach the statistical probability (p> 0.05). Only for the
complex reactions of choice (RC;_; and RC,;) coefficient r for MZ, respectively, was 0.54 and 0.57 (p <0.05),
while for the CPI value, the coefficient r for MZ was 0.79 (p <0.05). The coefficient of heredity (H) showed
significant values only for CPIL. It was 0.52 (p <0.05).

Analysis of the results for the MZ group of twins showed that the correlations of the indices of
individual-typological characteristics of the main nervous processes were within the range of 0.88 - 0.73, for DZ
- from 0.65 to 0.51 (p <0.05). In studying intra-pair similarity in twin groups, it was found that all of the
investigated indexes of typological characteristics are characterized by a higher level of correlation in MZ than
in DZ pairs, which indicates a pronounced genetic effect on these parameters (p <0.05).

The differentiated effect of genotypic and environmental factors on the indices of different individual
characteristics of the nervous system is shown by the Holzinger's (H) heredity. It indicates a relative advantage if
it is greater than 0.5, and it is a criterion for the absolute superiority of genetic factors if H more than 0.7 (Bray et
al., 2009; Drozdovska et al., 2013).

In our experiments the coefficient H was high (0.65) for only one of the studied indices: FMNS. This
indicator turned out to be slightly lower (0.56 - 0.52) for the PNP, the SNP and the CPI. The value of H for
SSMR and for RC;; and RC,; were even lower (0.29 — 0.20). It is indicates the overwhelming dependence of
these indicators on the external environment.

Thus, the results of studies, conducted on the same group of twins, showed the participation of genetic
and environmental factors in the formation of individual features sensomotorics and typological characteristics
of the central nervous system are manifested in different ratios. High genetic conditionality for FMNS (70%),
and the relative advantage of genotypic factors (50%) - for the PNP, SNP and CPI was detected. The advantage
of phenotypic factors is established for the indicators - SSMR and RC;_;, RC,;. Holzinger's coefficient did not
exceed 30% for them.

The high dependence of the functional mobility of the nervous processes on the genotype, discovered
by us, allowed us to proceed to the study of the special preparedness of the wrestlers. Analysis of the
representation of wrestlers with different levels of functional mobility of nervous processes revealed their clear
dependence on the level of athletic skill (Fig. 1).

%
17% B2%

Elite wrestlers wrestlers with Non-sportsmen
low qualifications

Fig. 1. Representation of persons with:
high -I:I middle - and low -. level of FMNP among wrestlers with different qualifications and not
athletes

Thus, 26% of studied with high level of functional mobility of nervous processes were found in a group
of elite wrestlers, while in the group "not athletes" - only 16%. At the same time, a small number of those
surveyed with a low level (only 3%) entered the elite group, and they were 17% in the group of low-skilled
wrestlers.They was much more among non-athletes - 25%. Thus, most people with high functional mobility of
the nervous process were found among elite wrestlers. The results shown in Fig. 2. confirm this fact too.

Elite athletes had statistically significant high results of the investigated typological property - 128.4
[116.4; 136.3] signals/min. (p<0.05) as shown in Fig.2. Low-skilled wrestlers occupied an intermediate position
for this indicator-104.1 [97.6; 113.8] signals/min. Not athletes had the lowest level of functional mobility of
nerve processes - 91.0 [86.3; 96.4] signals/min.

We made a video of the matches (%4, % of the final stage of the Championship of Ukraine) and counted
the total number of technical techniques performed and analyzed the results of the fight by elite wrestlers. An
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expert evaluation of competitive activity also was conducted depending on the level of functional mobility of the
Nervous processes.

p<0.05
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Fig. 2. Indicators of functional mobility of of nervous processes (Me (Qs - Q75)) signals/min. for elite
wrestlers -1, wrestlers with low qualifications -2 and not athletes -3.

For this, the group of elite wrestlers was divided into 3 groups depending on the level of functional
mobility of the nervous processes by the method of sigma deviations: with high - 120-130, average - 100-118
and low level - 70-99 signals per minute. Different components of technical techniques were analyzed in these
groups of the wrestlers (Table 2).

Table 2 Components of technical techniques for elite wrestlers with different levels of functional
mobility of nerve processes (Me (Qs — Q7s))

Level of Total Total . Turn- . . .
. o TTA Techniques Techniques in Turning
functional mobility of nerve for fight - over
rocesses for one 1n stance parterre
P wrestling
1 * *
o e U ow || e | o
sionals/min [226.3; 243.4] 4.6] [0.6; 1.1] 0.7] [0.8; 1.3] 1.3]
00115 [186231~82*26 1] [32012 [0 i 0] F(f;; [0 P 1] ?6'963;
signals/min T 3.6] T 0.6] T 1.2]
03 oiisen | 05 | by | 0 | 4| e
signals/min v ) 34] T 0.5] o 1.0]

Note: * - significant differences (p<0,05) between the studied parameters for groups with high, average
and low functional mobility of nervous processes.

Wrestlers with a high level of functional mobility of the nervous processes were more active and
possessed a greater arsenal of tactical techniques than athletes with its low level, which can be stated by the total
number of technical techniques for one fight (p<0.05). Receptions in parterre significantly prevailed over other
technical and tactical methods, which is noticeable from the analysis of the fight. The quantity of technical
receptions on average for one fight in parterre was the largest for elite wrestlers, confirming the specificity of the
modern Greco-Roman wrestling. Above all, athletes with a high level of functional mobility were able to gain
more points and defend themselves during in parterre fight than athletes with a low level of investigated
individual-typological characteristics of the central nervous system. In general, elite wrestlers with a high level
of functional mobility of the nervous processes demonstrated higher technical and tactical skills during
competitions, both in parterre and in stance, than athletes with low level of investigated typological qualities.

Competitive potential of elite wrestlers was conducted and analyzed by independent experts. They
evaluated the competitive activity of elite wrestlers for groups with different levels of functional mobility. The
experts evaluated the arsenal of «crown» techniques in the rack and in parterre, the athlete's ability to
demonstrate activity throughout the fight, an arsenal of «crowny attacks, possession of reliable protection (using
the 10 point system) during the competition (Table 3).
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Table 3 An expert assessment of the competitive activities of wrestlers with different level of functional
mobility of nervous processes (Me (Qzs — Qs))

Levels of FMNP | Assessment (points)

High 8.1[6.7; 9.4]*
Average 7.5[6.1; 8.7]
Low 4.1[3.3;6.4]

Note: * - significant differences (p<0,05) between expert assessments for groups with high and low
functional mobility of nervous processes.

Wrestlers with a high level of mobility of the nervous processes were characterized by the best average
score of competitive activity as seen from the results in Table. 3. Their index was - 8.1 [6.7; 9.4] points. The
wrestlers with a medium and low levels got lower marks, respectively - 7.5 [6.1; 8.7] and 4.1 [3.3; 6.4] points
(p<0.05). The wrestlers with high functional mobility possessed a wider arsenal of TP, ability to fight in any
conditions, attracted the increased interest of fans. They perceived, analyzed the duel more precisely and
qualitatively and correctly acted in conditions of high psycho-emotional and physical stress.

Thus, athletes with a high level of functional mobility of the nervous processes demonstrated a higher
competitive potential, an arsenal of attacking and defensive actions and activity throughout the duel, which was
proved by the results of expert evaluations.

Discussion.

The purpose was to clarify the role of individual-typological characteristics of the central nervous
system for achieving of high results in the Greco-Roman wrestling.

The task was to substantiate the hereditary conditionality of the individual-typological characteristics of
the nervous system and how they relate to TP and to the effectiveness of competitive activities. We hypothesized
the individual-typological characteristics of the higher divisions of the central nervous system, namely - FMNS,
SNP, and PNP, as well as the characteristics of simple and complex sensorimotor reactions - SSMR, RC, 3, RC;;
and time CPI can be the basis of an individual strategy of conducting wrestle. To test such an assumption, first of
all, we conducted a study using the method of MZ and DZ twins. We found that simple and complex sensory-
motor reactions did not reveal any dependence on genetic factors. While all the individual-typological
characteristics of the central nervous system revealed a high hereditary dependence on the genotype. The
functional mobility of the of nervous processes had the highest coefficient of heredity (H). Why was the
functional mobility of the nervous processes associated with the technical readiness of the wrestlers? It is known
that functional mobility characterizes the ability of the higher parts of the central nervous system to provide the
maximum possible for a given individual level of performance of the mental load on the error-free differentiation
of positive and inhibitory conditional signals. These signals follow one after the other and require both
emergency switching actions and frequent changes in the time of the excitatory process on the inhibitory and
vice versa (Makarenko et al., 2007; Lysohub et al., 2018, Romanenko et al., 2018). Proceeding from this,
functional mobility of the nervous processes should be the most fully characterize the complex reaction of the
nervous system the wrestlers, because it includes not only the speed of occurrence and stopping of excitation, the
speed of transition of the state of excitation inhibition and, conversely, fast switching attention and irradiation
and concentration. In addition, the functional mobility of the nervous processes of elite wrestlers reflects the
speed of differentiation of afferent stimuli that enter the athlete's brain during fights (Lopez-Gonzalez et al.,
2013; Korobeynikova et al., 2016). Also, the FMNS reflects the speed of formation of new and destruction of old
temporary bonds, the speed of the movement of nervous processes, the speed of recovery and the functional
readiness of the reflex apparatus to new reactions. Considering that functional mobility is a function of the
neocortex (Lyzohub et al., 2017). Also, take into account that the formation of arbitrary movements is the
process of constructing a multicomponent hierarchically organized system (Starosta et al., 2016), which includes
all levels of the nervous system, among them the higher (the leading level of ensuring the formation of
movements is the frontal lobe of the cerebral cortex (Edwards et al., 2013). It becomes clear why the dependence
of technical preparedness and effectiveness of competitive activities of elite fighters on the highly genetically
determined functional mobility of the nerve processes was established in our experiment. Probably, precisely this
mechanism is the basis for understanding the interconnection of technical preparedness of wrestlers with the
individual-typological characteristics of the central nervous system. Wrestling, with hereditary better
performance of functional mobility, characterized by higher expert assessments of the effectiveness of wrestling
and technical actions of the fight and other psychomotor functions than those surveyed with low typological
performances of the nervous system. It is presumably other mechanisms are the basis of the interaction of the
training process with the genetically determined individual-typological properties of the central nervous system
too. The most successful explanation may be that the brain processes of wrestlers are improved through the
activation of regulatory and structural genes. As a result, new functional intracellular and intercellular
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relationships appear, new connections between neurons are established (Drozdovska et al., 2013; Korobeynikov
et al., 2018).

Important results we obtained about the relationship of genetically determined individual-typological
characteristics of the central nervous system with the technical training and the effectiveness of competitive
activities for elite wrestlers. Thus, individual highly genetically determined characteristics of the central nervous
system can be the selection criteria together with physical, mental, motivational, age-specific features (Kozina et
al., 2017; Chernozub et al., 2018), which is proved by the results of our work. These criteria are the most
informative regarding the prediction of the success of sports activities in the Greco-Roman wrestling.

In our opinion, one of the ways to achieve high results in the wrestling of the World level is, first of all,
the selection of the most talented youth in terms of functional mobility of nervous processes. Secondly, to
construct a training process taking into account the individual typological features of the central nervous system,
which can increase the athletic skill of the wrestlers by attracting genetic and reserve capabilities of the
organism.

Conclusions

Link between individual-typological characteristics of the central nervous system and achieving of high
results in the Greco-Roman wrestling was revealed. One of the most genetically determined caracteristic of
nervous sysytem in wrestlers is functional mobility of nerve processes.

Athlets who have hereditary better performances of individual-typological characteristics of the central
nervous system, characterized by higher assessments of the effectiveness of wrestling and technical actions of
the compatiton activity.

It is necessary for achieving high results in the wrestling needed:
to select the most talented youth according to the indicators of functional mobility of nerve processes and to
build a training process taking into account the ndividually typological features of the central nervous system.
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