
28

   PHYSICAL 
  EDUCATION 
OF STUDENTS

 1`

© Oleksandr Pryimakov, Marek Sawczuk, Georgy Korobeinikov, 
Nataliya Mazurok, 2026 
doi:10.15561/20755279.2026.0104

ORIGINAL ARTICLE

Intra- and intergroup relationships between parameters of functional 
fitness and special physical work capacity in highly skilled wrestlers
Oleksandr Pryimakov1ABCDE, Marek Sawczuk2CDE, Georgy Korobeinikov3ADE, Nataliya Mazurok1CDE

1 Faculty of Physical Culture and Health Promotion, Szczecin University, Poland
2 Department of Physical Education, Gdansk University of Physical Education and Sport, Poland
3 Department of Theory and Methodology of International Wrestling, Uzbek State University of Physical 
Education and Sports, Uzbekistan

Authors’ Contribution: A – Study design; B – Data collection; C – Statistical analysis; D – Manuscript Preparation; 
E – Funds Collection

Abstract
Background 
and Study Aim

Functional fitness and special physical work capacity are components of performance in highly 
skilled wrestlers. These characteristics reflect the physiological potential of athletes and determine 
the effectiveness of performing specific wrestling actions under conditions of high physical load. 
Despite the application of various approaches to assessing functional fitness and special physical 
work capacity, their interrelationships in highly skilled wrestlers remain a subject of practical 
interest. The aim of this study was to investigate the intra- and intergroup relationships between 
the key parameters of functional fitness (FF) structure and special physical work capacity (SPWC) 
in highly skilled wrestlers.

Material and 
Methods

The study was conducted on 31 combat athletes from two qualification groups: the group of 
international class masters of sports (ICMS) and honored masters of sports (HMS), and the group of 
masters of sports (MS). They were members of the Ukrainian national teams in Greco-Roman and 
freestyle wrestling, as well as judo, aged 18–31 years. The assessment of wrestlers’ FF was made 
according to parameters characterizing their functional potential. The assessment of their SPWC 
level was based on the results of performing 45 throws of a partner of equal weight at maximum 
speed. The research materials were processed using correlation, regression, and canonical analysis 
methods.

Results Analysis of the general variability of canonical variables revealed a strong interdependence between 
FF and SPWC parameters in both qualification groups of subjects. An increase in anaerobic and 
aerobic capacities, mobility, and the efficiency of physiological processes, as well as the overall level 
of functional potential, contributes to an enhancement in the SPWC of combat athletes. Conversely, 
an increase in the SPWC of combat athletes in both groups is accompanied by an increase in their 
functional capabilities. The most variable indicators of SPWC, when changing the integral indicators 
of FF in both groups of combat athletes, are the work capacity indicators in three series of throwing 
tests. The most variable indicators of FF, when changing the parameters of SPWC in the group of 
ICMS and HMS, are the indicators of anaerobic power, general aerobic potential realization, and 
the general level of FF. In the MS group, the most variable indicators are general aerobic potential 
realization, anaerobic power, and mobility of physiological processes. The group of elite wrestlers 
(HMS and ICMS) is characterized by a higher level of anaerobic power, mobility of physiological 
processes, general FF level, resting HR, standard work watt-pulse, and SPWC level compared to less 
skilled combat athletes (MS). ICMS and HMS demonstrate a more pronounced effect of economy 
at high levels of FF and SPWC. The MS group shows a pronounced mixed influence of aerobic, 
ventilatory, and anaerobic factors. However, the highest contribution to SPWC belongs to anaerobic 
power and mobility of physiological processes.

Conclusions The level of development and interrelationship of individual and integral parameters of FF and 
SPWC in combat athletes indicate higher functional reserves in elite wrestlers compared to less 
skilled athletes. The high level of physical work capacity of skilled wrestlers can be achieved through 
different sets of physiological variables. The multivariable functional provision of SPWC in highly 
skilled wrestlers is one of the main criteria of their functional reserves. It reflects the reliability of 
interchangeable mechanisms providing SPWC in combat athletes, which are formed during long-
term adaptation to physical loads.
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Introduction
The fitness structure (FS) of athletes is an integral, 

hierarchically organized formation, the components 
of which are parameters of physical development, 
physical fitness, technico-tactical fitness, 
psychological fitness, functional fitness, and physical 
work capacity. The success of competitive activity 
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depends on all components of athletes’ FS. However, 
the level of development, ratio, and interrelationship 
of FS components in achieving a level of special 
physical work capacity (SPWC) and ensuring athletic 
results can vary significantly depending on the sports 
event, fitness level, gender, qualification, weight 
category, and other factors [1, 2, 3]. Among the FS 
components determining the SPWC level and athletic 
results in various sports events, one of the major roles 
belongs to functional fitness (FF). Participation in 
competitive activities often causes extreme shifts in 
the activity of the body’s physiological systems [2, 3, 
4, 5]. Relatively few studies have been devoted to the 
formation of a multi-component and hierarchically 
organized FS of combat athletes ensuring a high level 
of SPWC and athletic results.

Functional fitness (FF) of wrestlers plays one of 
the major roles in the sports training system [6, 7, 
8]. It is the basis for the development of physical 
fitness in combat athletes and the manifestation of 
such important aspects as explosive power, special 
endurance (strength and speed-strength), and 
anaerobic power. The level of SPWC and athletic 
results depends on the development of these 
qualities [5, 9, 10, 11]. At the same time, a high 
level of FF in combat athletes is not the only factor 
determining the achievement of high sports results. 
FF serves as the foundation for ensuring athletes’ 
SPWC under competitive conditions and is fully 
manifested in close interconnection with the level of 
physical development, technical-tactical, physical, 
and psychological fitness. These characteristics 
constitute integral components of wrestlers’ FS [12, 
13, 14, 15]. As one of the components of combat 
athletes’ FS, FF combines physiological parameters 
such as anaerobic (AnP) and aerobic (AeP) power, 
aerobic capacity, mobility of physiological processes 
(MPP), and other parameters of vegetative systems 
[6, 16, 17].

A research group under the leadership of 
Professor Mishchenko developed a complex of 
methods for recording and assessing individual and 
integral parameters of FF structure that ensure a 
high level of SPWC in various sports events: cycling 
[3], rowing [4], wrestling [6, 16, 17], and judo [18]. 
However, published works do not fully highlight the 
mechanisms of integration and interaction among 
different components of combat athletes’ FS in the 
process of improving athletic form, ensuring SPWC, 
and achieving athletic results [6, 16, 17, 19, 20]. 

These and other studies insufficiently address 
the mechanisms underlying the formation of 
morphofunctional, metabolic, psychological, and 
technical-tactical profiles of combat athletes 
during the process of FS improvement and sports 
preparation [13, 21, 22]. In most publications 
analyzing the role of different components of 
combat athletes’ FF structure in ensuring high 
physical work capacity, attention is mainly given to 

isolated parameters of physical condition without 
analyzing their interrelationships [23, 24, 25]. A few 
studies present a set of heterogeneous indicators 
demonstrating the multifactorial nature of physical 
work capacity provision [5, 6, 26] and characterizing 
the profile of highly skilled athletes [12, 15]. 

Some publications have analyzed the interrelations 
of morphological and functional indicators in the 
process of forming the morphofunctional profile 
and ensuring special work capacity in Greco-
Roman wrestlers [7, 15, 21, 22], as well as in athletes 
specializing in taekwondo [13, 23, 24] and judo [13, 
18]. In certain works, a complex of heterogeneous 
indicators forming the profile of highly skilled 
athletes is presented [22, 27, 28, 29]. However, the 
mechanisms of integration and interaction among 
such diverse indicators of physical condition in the 
process of ensuring combat athletes’ SPWC level 
have not been addressed in these studies. Only a 
limited number of studies have investigated the 
interrelations of numerous individual and integral 
parameters of FF structure conditioning a high 
level of SPWC in combat athletes. These parameters 
include aerobic and anaerobic power, efficiency, 
stability, and mobility of functional manifestations 
of the respiratory and circulatory systems [6, 16, 26].

Based on the analysis of the state of research in 
the literature, it can be stated that one of the poorly 
studied aspects of forming combat athletes’ FS is the 
dependence of physical work capacity and athletic 
form not only on the level of development and ratio 
of individual and integral functional parameters but 
also on their interactions [11, 17]. Published works 
do not reflect intergroup interactions of correlated 
indicators belonging to different sets of physical 
condition structure in highly skilled combat athletes 
of different sexes and weight categories. These sets 
include indicators of physical development, physical 
fitness, FF, SPWC, technical-tactical fitness, and 
psychological fitness. Only in some works [11] 
has material been presented reflecting intergroup 
interactions of physical development and physical 
fitness parameters in highly skilled combat athletes, 
as well as regression models of the dependence of 
wrestlers’ SPWC level on a set of main parameters 
from the studied groups of physical condition.

Among the intergroup interactions of 
combat athletes’ FS parameters, the intergroup 
interrelations and mutual influence of indicators 
from different sets of physical condition, including 
physical development, physical fitness, functional 
fitness, special physical work capacity, and other 
parameters, remain insufficiently studied. The main 
determinants of SPWC and competitive activity 
efficiency in athletes from various sports events 
are the integral FF components: aerobic (AeP) and 
anaerobic (AnP) power, economy (EC), stability, 
and mobility of functional manifestations of the 
respiratory and circulatory systems [2, 3, 10, 11].
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Among the intergroup interactions of indicators 
from different sets of combat athletes’ FS, the 
interrelations of integral FF and SPWC parameters 
in combat athletes of different skill levels, fitness 
levels, weight categories, and sexes remain 
insufficiently studied. The incomplete coverage of 
this issue from a systemic perspective served as the 
basis for selecting the aim of the present study. The 
aim of the present study was to investigate intra- 
and intergroup interrelations of major parameters 
of the structure of functional fitness and special 
physical work capacity in highly skilled wrestlers.

Material and Methods
Participants
The study was conducted on members of the 

Ukrainian national teams in Greco-Roman and 
freestyle wrestling and judo. Thirty-one combat 
athletes aged 18–31 years were examined. They 
were divided into two qualification groups: the 
first group consisted of 14 masters of sport (MS), 
while the second group included 17 international 
class masters of sport (ICMS) and honored masters 
of sport (HMS). Most of them were students at 
Ukrainian universities.

The study protocol was approved by the Ethics 
Committee of the University. The research was 
conducted in compliance with the WMA Declaration 
of Helsinki: Ethical Principles for Medical Research 
Involving Human Subjects [30].

Research Design
he assessment of wrestlers’ physical condition 

was carried out according to individual and 
integral functional parameters characterizing their 
functional potential, as well as according to the 
level of physical work capacity.

Physiological indicators characterizing the 
functional potential of wrestlers were determined 
during standard loads on a cycle ergometer: 1) 
an aerobic 20-minute standard load of moderate 
intensity; 2) an anaerobic (alactate) 30-second 
load of maximal intensity; 3) a 1-minute anaerobic 
(glycolytic) load of maximal intensity.

The evaluation of the general level of functional 
fitness (FF) in wrestlers was based on the responses 
of respiratory and cardiovascular functions to 
the applied test loads and on the achieved work 
capacity indicators. It included the determination of 
the degree of development of such leading factors 
in the FF structure as anaerobic (AnP) and aerobic 
power (AeP), mobility of physiological processes 
(MPP), and EC, according to the method developed 
by V.S. Mishchenko and co-authors [3, 31]. Based 
on a formalized point-based assessment of the 
indicators, the overall level of FF (OLFF) and the 
degree of development of the studied structural 
properties were determined.

Performing a series of test loads on a cycle 

ergometer allowed the determination of the 
involvement and ratio of different energy systems 
in ensuring the physical work capacity of highly 
skilled wrestlers.

To assess wrestlers’ FF, the following initial 
and calculated indicators were used: minute 
ventilation (MVmax, L·min⁻¹), heart rate (HR, 
beats·min⁻¹), oxygen consumption (VO₂, ml·min⁻¹ 
and ml·min⁻¹·kg⁻¹); ventilatory equivalent for 
oxygen (VE, rel. units); oxygen pulse (OP, ml·beat⁻¹); 
respiratory quotient (RQ, rel. units); training load 
(W); oxygen debt (O₂ debt, ml·kg⁻¹); rate of O₂ 
consumption increase (O₂C, times); recovery time 
of HR to 120 beats·min⁻¹ (s); watt-pulse of standard 
work (W·beat⁻¹); mechanical efficiency of work (%), 
etc.

Based on each obtained indicator, the degree of 
development of each leading structural factor and 
the overall FF level of the athletes were quantified 
using the formalized point-based assessment 
system.

AeP and AnP, stability of functional 
manifestations, MPP, EC, and the degree of aerobic 
functional potential realization, as well as the 
overall FF level, were determined as the percentage 
ratio of the actually achieved level during testing to 
the maximum possible level of their development 
recorded in the most highly trained athletes.

Since the study involved highly skilled wrestlers, 
the obtained data served as normative values 
for evaluating their FF level and the degree of 
development of its leading structural properties.

The level of special physical work capacity 
(SPWC) and endurance of wrestlers was assessed 
during a specialized test in which wrestlers 
performed throws of a partner of equal weight at 
maximum pace. Greco-Roman wrestlers and judokas 
performed forward one-arm bending throws, while 
freestyle wrestlers performed throws with a grip on 
the shoulder and thigh. The tests were performed 
at maximal pace: each athlete executed 3 series of 
throws, 15 throws in each series, with a 1-minute 
rest interval between series [32]. The structure and 
intensity of throws in the test corresponded to the 
structure and intensity of movements in a wrestling 
bout.

SPWC and endurance were assessed by the total 
time to perform 45 throws in three series (TTPT1–
3), by the total time to perform 15 throws in the first 
(TPT1), second (TPT2), and third (TPT3) series of 
testing, and by the average time to perform a single 
throw. The work capacity coefficient (WCC) was also 
calculated as the ratio of the total time to perform 
45 throws in the test to the best (“reference”) time 
shown in one of the series, multiplied by 3 [32].

The maximal intensity and the time required 
to perform 15 throws in each series (ranging from 
24.94±0.69 s in the first series to 24.48±0.78 s in 
the third series), as well as the total time required 
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to perform 45 throws (changing from 60 to 110 s 
during the experiment), indicate the dominant role 
of the anaerobic alactate and anaerobic glycolytic 
systems in the energy supply of throws. This is 
explained by the fact that during a bout, wrestlers 
usually show 12 to 16 phases of “explosive” work 
lasting 5–6 seconds. This reflects the leading role of 
the alactic creatine-phosphate energy mechanism 
in performing 15 throws at maximum pace in each 
series. In addition, on average, 1–2 attacking spurts 
of 10–20 s duration per minute are observed during 
a bout. The energy supply of such work involves 
activation of the lactate (glycolytic) mechanism of 
energy production [16].

For the quantitative determination of the degree 
of development of the anaerobic alactate and 
anaerobic lactate systems and their interrelations 
with the aerobic system in combat athletes, a block 
of test loads on a cycle ergometer was performed. 
The development level of each energy system and 
their interrelations during the block of test loads 
were determined. Their interrelations with SPWC 
parameters of combat athletes during the throwing 
test were also determined.

Statistical Analysis
The experimental material was processed using 

the statistical software package STATISTICA 13.5 
[33]. To determine the level of development, ratio, 
and interrelations of the leading indicators of the 
physical condition structure of combat athletes, 
correlation, regression, and canonical analysis 
methods were applied. Stepwise regression analysis 
was used to determine the degree of influence of the 
leading indicators of wrestlers’ FF structure on the 
level of SPWC. Canonical analysis was applied to 
study intergroup relationships between multiple FF 
and SPWC variables in combat athletes. This method 
is effective for detecting hidden dependencies 
between two sets of variables [34, 35]. The canonical 

correlation method made it possible to determine 
the relationship between linear combinations of 
variables (canonical variables) from one set and 
those from another set. The method was used to 
identify hidden dependencies between two groups of 
variables, maximum correlation links, and the total 
mutual influence of indicators belonging to different 
groups of random variables. The canonical analysis 
method allowed the revelation of the leading factors 
and indicators that determine the overall variability 
of indicators in each of the interacting groups, FF 
and SPWC.

Results
The canonical analysis parameters presented in 

Table 1 reflect the different mutual variability of the 
integral indicators of FF and the indicators of SPWC 
in two qualification groups of combat athletes:
1.	 elite (ICMS and HMS) combat athletes;
2.	 masters of sport (MS).

The analysis of the eigenvalues of the integral 
indicators of FF and the indicators of SPWC resulted 
in the identification of five canonical roots explaining 
100% of the extracted variance in each group of 
the studied indicators. Among them, statistically 
significant interrelations between the two sets of 
physical condition indicators were observed in 
each group of subjects only for two canonical roots. 
Therefore, the subsequent canonical analysis of the 
relationships between FF and SPWC indicators in 
combat athletes was carried out mainly for the two 
statistically significant roots.

The values of canonical correlations and the 
chi-square criterion indicate a strong positive 
interdependence between the weighted sums of the 
first pair of canonical variables (root 1) both in the 
MS group and in the HMS and ICMS group.

The values of total variability (redundancy) show 
(Table 1) that in the MS group, 57.9% of the variance 

Table 1. Results of canonical correlation analysis of the mutual influence of special physical work capacity 
parameters and integral functional parameters of the physical condition of highly skilled combat athletes.

Groups Parameters 

Integral functional indicators
 (realization of general aerobic potential, 
anaerobic power, mobility, economy, 
general level of functional fitness)

Special physical work capacity 
indicators (result in 1-3 series of 
specialized throws, work capacity 
coefficient) 

MS

Canonical 
correlation (R), χ2  0.983, χ2 (25) =49.15, p=0.002

Extracted variance 100.0% 100.0%

Total variability 
(redundancy) 57.91% 64.8%

HMS, 
ICMS

Canonical 
correlation (R), χ2  0.947, χ2 (25) =55.5, p=0.0004

Extracted variance 100.0% 100.0%

Total variability 
(redundancy) 71.07% 66.52%
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of FF indicators is explained by the impact of the 
group of correlated SPWC indicators, while 64.8% 
of the variability of SPWC indicators is due to the 
influence of the canonical integral FF variables 
of combat athletes. In the HMS and ICMS group, 
71.07% of the variance of the integral FF indicators is 
explained by the influence of the group of correlated 
SPWC indicators, whereas 66.5% of the variability 
of the SPWC indicators is due to the impact of the 
canonical FF variables of combat athletes.

The cumulative contribution of the indicators 
of the two statistically significant roots to the 
overall variability of FF indicators in the MS group 
constituted 53.57%, and in the ICMS and HMS 
group 62.42%. The cumulative contribution of the 
indicators of the two statistically significant roots 
to the overall variability of SPWC parameters was 
62.01% in the MS group and 50.96% in the ICMS and 
HMS group.

These results indicate a strong mutual influence 
of the integral variables of FF and SPWC in both 
groups of highly qualified combat athletes: an 
increase in the integral FF variables contributes to 
an increase in SPWC, and vice versa, an increase in 
SPWC indicators contributes to the growth of FF 
integral variables.

It is characteristic that in the elite group of 
combat athletes (ICMS and HMS), a stronger 
influence of SPWC indicators on FF variables is 
manifested, whereas in the group of less skilled 
athletes (MS), a stronger influence of FF variables 
on SPWC indicators is noted. However, the 
predominance of the impact of one set of indicators 
over the other remains relatively low in both groups 
of combat athletes.

Further analysis allowed the determination of 
the partial weight of individual indicators in the 
total variability of the parameters of each set.

It was revealed that for the two statistically 
significant canonical roots in the ICMS and HMS 
group, the highest partial weight in the total 
variability of FF indicators belongs to the parameters 
of anaerobic power (AnP), the overall level of 
functional fitness (OLFF), and the realization of the 
general aerobic potential (RGAeP). Their combined 
contribution to the total variability of the functional 
parameters of the two statistically significant 
roots constitutes 47.5%. The contribution of these 
three indicators amounts to 76.0% of the total 
contribution of all studied functional variables to 
the total variability of the integral indicators of the 
FF group.

The greatest partial weight in the total 
variability of SPWC variables in the ICMS and 
HMS group belongs to the indicators of the time of 
performing throws in three series of the specialized 
work capacity test: TPT1, TPT2, and TPT3. Their 
combined contribution to the total variability of 
SPWC parameters for the two statistically significant 

roots constitutes 33.87%. This represents 66.5% of 
the total contribution of all SPWC variables to the 
overall variability of the parameters of this group.

In the MS group, the greatest partial weight in the 
total variability of the integral FF indicators belongs 
to the parameters of anaerobic power (AnP), RGAeP, 
and MPP. Their combined contribution to the total 
variability of the integral FF indicators for the two 
statistically significant roots constitutes 37.4%. This 
accounts for 69.9% of the total contribution of all 
functional indicators to the total variability of the 
integral FF indicators.

The greatest partial weight in the total variability 
of the group of SPWC variables in the MS group 
belongs to the three indicators of physical work 
capacity: TPT1, TPT2, and TPT3. Their combined 
contribution to the total variability of SPWC 
parameters for the two statistically significant 
roots is 43.53%. This accounts for 70.2% of the total 
contribution of all SPWC indicators to the overall 
variability of the parameters of this group.

The obtained results can be interpreted as 
follows: the most variable SPWC indicators under 
the influence of the integral FF indicators in both 
groups of combat athletes are the indicators of the 
time of performing throws in each of the three series 
(TPT1, TPT2, TPT3). The most variable functional 
indicators under changes in SPWC parameters in 
the ICMS and HMS group are RGAeP, AnP, and OLFF, 
while in the MS group RGAeP, AnP, and MPP.

The analysis of the factor structure allowed the 
determination of the value and direction of intra- 
and intergroup pairwise correlations of the integral 
FF indicators and SPWC indicators.

The average value of intragroup correlations of 
indicators in the ICMS and HMS group is 0.557±0.08 
(p<0.001), and intergroup correlations are 
0.475±0.04 (p<0.01). The average value of intragroup 
correlations of the studied sets of indicators in the 
MS group is 0.457±0.08 (p<0.01), and intergroup 
correlations are 0.452±0.04 (p<0.01).

In the ICMS and HMS group, a closer integration 
of intragroup indicators is observed compared to 
intergroup ones, while in the MS group an equal 
average level of pairwise intra- and intergroup 
relationships is found.

The analysis of the average values of the 
correlation coefficients shows that in the ICMS and 
HMS group, the highest intergroup relationships 
were identified between the level of SPWC in the 
three throw series (TTPT1–3) and the values of AnP 
(r=0.746, p<0.05), mobility (r=0.589, p<0.05), and 
OLFF (r=0.610, p<0.05). In the MS group, the highest 
intergroup relationships were noted between the 
level of SPWC in the three throw series (TTPT1–3) 
and the values of AnP (r=0.596, p<0.05) and economy 
(r=0.598, p<0.05).

The calculations of pairwise intergroup 
correlations made it possible to determine the 
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degree of relationships only for individual pairs 
of indicators of functional condition and SPWC 
in combat athletes, as well as their average group 
values.

To identify the dependence of individual SPWC 
indicators on the combined influence of the leading 
physiological indicators in the two qualification 
groups of combat athletes, stepwise multiple 
regression analysis was carried out.

Before analyzing the interrelationships of the 
studied indicators, their average group values were 
calculated for each qualification group (Table 2).

The data presented in Table 2 indicate that 
statistically significant intergroup differences were 
manifested in HR in the supine position, AnP, MPP, 
OLFF, and in the integral indicator of special work 
capacity, TTPT1.

For the remaining indicators (VO₂, MV, LaM, EC, 
RGAeP, etc.), no significant differences between the 
two groups were found.

It was assumed that the level of SPWC in athletes 
of each group is determined not only by the values 
of the indicators in which statistically significant 
intergroup differences were observed (anaerobic 
power, mobility of physiological processes, general 
level of functional fitness), but also by the ratio and 
interrelations of physiological variables for which 
intergroup differences were insignificant.

The calculations of the coefficients of stepwise 
multiple regression, multiple correlation, and 
determination presented in Table 3 reflect strong 
linear dependencies of certain SPWC indicators 
in wrestlers on the influence of several individual 
and integral functional indicators in each group of 
subjects.

Table 3 presents regression models reflecting 
various options (combinations) of physiological 
parameters exerting the greatest influence on the 
dependent result in two groups of subjects:
1.	 ICMS and HMS;
2.	 MS.

All models are characterized by high values of 
correlation and determination coefficients, which 
indicate their adequacy and informativeness. These 
equations show high predictive accuracy of the 
dependent result (the level of special work capacity 
and mechanical efficiency of standard work) based 
on the functional parameters of the model. The 
models Y1 and Y2 have the highest predictive 
accuracy. They explain 97–98% of the variance of the 
total time to perform 45 throws (15 throws in each 
of the 1st–3rd series). The model for wrestlers in the 
MS group (Y2) has a greater number of predictors, 
which may indicate a broader physiological basis of 
work capacity in this group of athletes.

The coefficients of the three functional indicators 

Table 2. Average group values of physiological indicators during standard moderate-power work and results 
of the specialized test in two qualification groups of wrestlers: 1) ICMS and HMS; 2) MS.

Indicators
ICMS and HMS MS

t 
Student p

Means Std.
Dev. N Means Std.

Dev. N

VO₂, l·min⁻¹·kg⁻¹ 42.79 6.95 17 43.18 4.96 14 -0.18 >0.05

MV, l·min⁻¹ 114.9 15.13 17 114.2 16.76 14 0.12 >0.05

Resting HR, beats·min⁻¹ 46.05 5.64 17 55.3 8.4 14 3.6 <0.001

Average HR of standard work, beats·min⁻¹ 115.9 8.26 17 123.2 13.7 14 0.67 >0.05

Watt-pulse of standard work, W·beat⁻¹ 1.29 0.35 17 1.14 0.23 14 1.61 >0.05

Lactate power, W 614.2 110.05 17 572.6 110.23 14 1.05 >0.05

Lactate power, W·kg⁻¹ 7.66 1.37 17 7.37 0.87 14 0.72 >0.05

O₂ debt, ml·kg⁻¹ 67.58 13.50 17 67.37 11.52 14 0.05 >0.05

Ventilatory equivalent (rel. units) 25.05 1.68 17 25.33 5.56 14 -0.18 >0.05

Anaerobic power, % 76.33 23.87 17 42.96 10.59 14 5.18 <0.0001

Mobility of physiological processes, % 91.24 14.61 17 67.17 16.89 14 4.19 <0.0003

Economy, % 34.18 13.07 17 32.99 8.67 14 0.30 >0.05

Overall level of functional fitness, % 70.42 16.85 17 46.32 13.42 14 4.43 <0.0001

MV, l·min⁻¹·kg⁻¹ 1.44 0.28 17 1.50 0.30 14 -0.57 >0.05

Realization of general aerobic potential, % 63.05 9.06 17 58.48 7.27 14 1.56 >0.05

Mechanical efficiency of standard work, % 28.77 3.59 17 30.32 5.92 14 0.224 >0.05

Total time of throws, s 68.65 10.46 17 82.07 8.19 14 -4.01 <0.0004

Predicted result based on models Y1 and Y2 
(Table 2) 68.57 82.51
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in the regression model Y1 indicate that with 
increasing physiological reactivity (mobility) and 
aerobic reserves (VO₂, l·min⁻¹·kg⁻¹ (x4); MV, l·min⁻¹ 
(x5)) in wrestlers of the ICMS and HMS group, the 
time of performing the throwing test decreases (i.e., 
work capacity increases). Conversely, a decrease in 
these parameters leads to an increase in the time of 
performing the specialized test (i.e., a reduction in 
the level of SPWC). At the same time, the impact of 
VE and EC indicators on the final testing result in 
the ICMS and HMS group is relatively low. Positive 
coefficients, as well as the degree of change of 
the predicted result under their influence, reflect 
the auxiliary (compensatory) role of VE and EC 
indicators in ensuring the special work capacity of 
elite wrestlers.

In the MS group, the regression model Y₂, 
according to stepwise analysis, included with 
negative coefficients AnP (x₈), MV (l·min⁻¹·kg⁻¹ – 
x₉), and mobility (x₃), and with positive coefficients 
LaM (W/kg – x₆), VE (x₁), RGAeP (x₇), and EC (x₂). 
These indicate that with a decrease in anaerobic 
(glycolytic) power, MV/kg, and mobility (reactivity) 
of physiological systems, while increasing LaM, VE, 
and economy, the time of performing the specialized 
test increases (i.e., the level of SPWC decreases). 
Conversely, with an increase in AnP (glycolytic), 
MV/kg, and mobility (reactivity) of physiological 
systems, and a reduction in LaM, VE, and EC, the 
time of performing the specialized test decreases 
(i.e., the level of SPWC increases). The dominant 
role in reducing the throwing time in the MS group 
belongs to anaerobic capacities and high mobility 
of physiological processes, as in more qualified 
athletes.

The presented models reflect the contribution of 
each physiological parameter to the final throwing 

time: in athletes of the ICMS and HMS group, the 
greatest contribution to reducing the test time is 
made by VO₂, MV, and MPP, while in the MS group 
the influence of AnP, VE, and EC is more pronounced. 
Despite the similar group mean values of VO₂ and 
MV (Table 2), their quality of utilization (including 
regulatory aspects) is higher in highly qualified 
athletes (Table 3).

It should also be noted that the parameter of 
economy is an integral one, expressed in %. It was 
calculated using a special algorithm [1, 3] based 
on the Watt-pulse of standard work (W·beat⁻¹), the 
degree of VO₂ increase depending on the degree of 
increase in HR (ml·beat⁻¹·kg⁻¹), lactate threshold 
power (W·kg⁻¹), the ratio of O₂ consumption at 
the lactate threshold to VO₂max (%), mechanical 
efficiency of standard work (%), and the mean values 
of VE and VO₂ during standard work (rel. units). 
The positive sign of the economy coefficient in 
models Y1–Y4 and Y6 indicates additional activation 
of systems and energy expenditure for effective 
execution of the throwing test. The increase in 
these parameters requires additional energy costs 
for performing throws, which reflects a reduction in 
economy.

The structure of the regression models Y1 and 
Y2 and the high correlation and determination 
coefficients indicate that the final result may be 
determined by different compositions, magnitudes, 
and ratios of physiological components.

The use of the Backward Stepwise algorithm in 
regression analysis made it possible to determine 
the parameters that exert the greatest partial and 
combined influence on the level of SPWC in the first 
series of throws (TPT₁), where the key role in energy 
supply belongs to the anaerobic alactate system 
(Table 3, models Y₃ and Y₄).

Table 3. Model characteristics of the dependence of indicators of special physical work capacity, mechanical 
efficiency of standard work (6-min load, 2 W·kg⁻¹ of body weight), and general functional potential on 
individual and integral parameters of combat athletes’ physical condition (Y1–Y6).

Regression equations*
Coefficients**

r d F p

Y₁ = 82.49 + 2.2x₁ + 0.553x₂ − 0.261x₃ − 0.638x₄ − 0.321x₅ ± 2.17 0.985 0.971 72.4 <0.00000

Y₂ = 6.88 + 7.72x₆ + 1.36x₁ + 0.576x₇ + 0.479x₂ − 0.835x₈ − 10.02x₉ − 0.218x₃ ± 1.46 0.993 0.985 57.4 <0.00000

Y₃ = 32.94 + 0.473x₁ − 0.168x₄ − 0.063x₃ − 1.137x₆ ± 0.9 0.969 0.940 46.8 <0.00001

Y₄ = 18.31 + 0.171x₂ + 3.012x₆ − 5.88x₉ − 0.234x₈ ± 1.44 0.913 0.834 11.3 <0.001

Y₅ = 66.2 + 0.106x₅ + 0.048x₁₁ − 2.04x₁ − 0.232x₈ − 0.283x₂ ± 1.45 0.942 0.887 17.3 <0.00007

Y₆ = 14.94 + 0.44x₈ + 0.61x₂ − 0.04x₁₁ ± 3.3 0.872 0.761 10.6 <0.002
Note. Y1 – total time of performing the specialized test in the ICMS and HMS group, s; Y2 – total time of 
performing the specialized test in the MS group, s; Y3 – time of performing the first series of the specialized 
test in the ICMS and HMS group, s; Y4 – time of performing the first series of the specialized test in the MS 
group, s; Y5 – mechanical efficiency of the standard work in the ICMS and HMS group, %; Y6 – mechanical 
efficiency of the standard work in the MS group, %; x1 – ventilatory equivalent (rel. units); x2 – economy, 
%; x3 – mobility, %; x4 – VO₂, l·min⁻¹·kg⁻¹; x5 – MV, l·min⁻¹; x6 – lactate power, W·kg⁻¹; x7 – realization of 
general aerobic potential, %; x8 – anaerobic (alactate) power, %; x9 – MV, l·kg⁻¹; x10 – O₂ debt, ml·kg⁻¹; x11 
– lactate power, W; r – correlation coefficient; d – determination coefficient; F – Fisher coefficient.
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Thus, the regression model Y₃ included with 
negative coefficients mobility (% – x₃), VO₂ (ml·kg⁻¹ 
– x₄), and LaM (W/kg – x₆), and with a positive 
coefficient VE (x₁). The determination coefficient of 
the Y₃ model (r² = 0.940) reflects its high predictive 
accuracy: 94.0% of the variance of the result when 
performing the first series of throws in the ICMS 
and HMS group is due to the influence of these 
three indicators. The higher the anaerobic (lactate) 
power, VO₂ (ml·kg⁻¹), and functional mobility (%), 
the shorter the total throwing time and the higher 
the SPWC level. On the other hand, the higher the 
VE, the longer the total throwing time and the lower 
the SPWC level.

The regression model Y₄ included four indicators: 
AnP (alactate) (x₈), MV (l·kg⁻¹ – x₉), EC (x₂), and 
LaM (W·kg⁻¹ – x₆). The determination coefficient of 
the Y₄ model (r² = 0.834, p<0.0001) indicates high 
prediction accuracy: 83.4% of the variance of the 
result when performing the first series of throws in 
the MS group is explained by the influence of these 
four parameters. The higher the anaerobic (alactate) 
power and MV per kg of body mass, the greater the 
reduction of total throwing time; the higher LaM 
(W·kg⁻¹) and EC (%), the longer the total time in the 
first series of throws (TPT₁).

The structure of regression models Y₅ and Y₆ 
(Table 3) reflects the dependence of the mechanical 
efficiency of standard work (6 min of moderate-
power load on a cycle ergometer, 2 W per kg of body 
weight) in the HMS and ICMS group on five functional 
indicators (Y₅), and in the MS group on three (Y₆). In 
the HMS and ICMS group, the mechanical efficiency of 
work shows a positive dependence on the Watt-pulse 
of standard work and MV (l/min), and a negative one 
on VE, EC, and O₂ debt. In the MS group, a positive 
influence on mechanical efficiency is exerted by VE 
and EC, while a negative influence is exerted by the 
Watt-pulse of standard work.

The model equations demonstrate that physical 
work capacity in athletes can be provided by different 
combinations of FF variables, especially if the set 
of indicators has a similar influence. In stepwise 
analysis, the indicators selected into the regression 
model are those whose combination provides the 
best prediction and achievement of the result.

The values of the canonical weights of 
normalized variables in the ICMS and HMS group 
showed that among the integral FF parameters, 
the greatest contribution to the value of the first 
canonical variable is made by AnP (-0.808), to the 
second canonical variable by RGAeP (0.914), and to 
the third by the EC parameter (-1.45). The values 
of canonical factor loadings and canonical weights 
indicate that in the group of elite wrestlers, the 
variable AnP, having the strongest relationship 
with the canonical variable (r = -0.919), makes 
the greatest contribution to the formation of the 
canonical variable of the first root (-0.808).

Among the SPWC parameters of the elite 
wrestlers’ group, the greatest contribution to the 
value of the first canonical variable is made by the 
variable of the total number of throws (TTPT₁–₃) 
(-3.756), to the second canonical variable by the 
variable TPT₂ (-5.262), and to the third by TPT₁ 
(5.139). The values of canonical factor loadings 
and canonical weights in the ICMS and HMS group 
indicate that the variable TPT₁ has the strongest 
relationship with the canonical variable (r = -0.805). 
However, the greatest contribution to the formation 
of the canonical variable of the first root is made by 
the integral parameter of physical work capacity, 
reflecting the work capacity expressed in three 
series of throws, TTPT₁–₃ (-3.756).

The values of canonical factor loadings in the 
MS group indicate that among the integral FF 
parameters, the strongest relationship with the 
canonical variable of the first root is shown by RGAeP 
(0.614), of the second root by AnP (0.692), and of 
the third by OLFF (0.763). The values of canonical 
weights indicate that in the MS group, the greatest 
contribution to the formation of the canonical 
variable of the first root is made by RGAeP (0.875), 
of the second canonical variable by MPP (0.594), and 
of the third by OLFF (1.358).

Among the SPWC parameters of the MS group, 
the greatest contribution to the value of the first 
canonical variable is made by the total throws 
variable (TTPT₁–₃) (-3.122), to the second canonical 
variable by TPT₃ (-1.038), and to the third by TPT₁ 
(3.192). The values of canonical factor loadings 
indicate that the strongest relationship with the 
canonical variable of the first root is shown by the 
work capacity coefficient (WCC) (0.496), and of the 
second root by TPT₃ (-0.927).

Canonical weights were used to construct multiple 
regression equations that reflect the contribution of 
each SPWC and FF indicator to the formation of the 
values of canonical variables.

Thus, regression equations are presented below, 
reflecting the contribution of individual SPWC and 
FF variables to the formation of the value of the 
canonical variable of the 1st root in wrestlers of the 
ICMS and HMS (Eq. 1-2) and MS (Eq. 3-4) groups.
1.	 Root 1SPWC=2.14TPT1+0.205TPT2 +2.173TPT3-

3,756TTPT1-3-0,2540WCC                                 (1)
2.	 Root 1FF = 0.493RGAeP-0.808АnP+0,041MPP-

0,152EC-0.143ОLFF                                           (2)
3.	 Root 1SPWC=2.966TPT1+0.043 TPT2 +0.1083TPT3-

3,122 TTPT1-3+0.279WCC                                 (3)
4.	 Root 1FF = 0.875RGAeP-0.265АnP+0.441MPP-

0.708EC+0.148ОLFF                                          (4)
 Graphical and generalized regression models, as 

well as correlation and determination coefficients 
characterizing the relationships of canonical 
variables of root 1 in the ICMS and HMS and MS 
groups, are presented in Figure 1.

The plot reflects the linear relationship between 
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two canonical sets of variables, SPWC and FF. 
Each point represents the integral parameter of 
the weighted sums of the original FF variables (5 
variables) and SPWC variables (5 variables) for each 
subject: the X-axis represents the scale of weighted 
FF sums, and the Y-axis represents the scale of 
weighted SPWC sums. The location of individual 
points on the plot reflects the relationship between 

the weighted sums of SPWC and FF indicators for 
the first canonical root (Fig. 1).

The scatterplots of canonical variables for both 
roots display a pattern characteristic of a linear 
dependence.

A strong positive linear relationship between 
FF and SPWC canonical variables for root 1 in MS 
(r=0.984, p<0.0000) and in ICMS and HMS (r=0.947, 

Figure 1. Graphical and regression models of the relationships between weighted SPWC variables and the 
integral FF indicators of the first and second canonical roots.
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p<0.0000) indicates that with an increase in the FF 
of combat athletes, their SPWC level also increases, 
and vice versa. The high values of correlation 
and determination coefficients indicate that 
the variables of one group of indicators are well 
predicted through the variables of the other group.

Discussion
In the course of long-term adaptation to physical 

loads, athletes in different sports events develop a 
structurally and functionally multilevel system of 
physical condition with a certain level of physical 
development, special work capacity, technical-
tactical, functional, and psychological fitness, as 
well as competitive activity efficiency [3, 25, 36, 37].

The peculiarities of wrestlers’ sports training, the 
high pace of a bout, and the opponent’s resistance 
determine the formation of a specific FS of athletes. 
In the functional component of this system, an 
important place is occupied by speed-strength 
endurance, explosive muscle activity, reaction 
speed, reserves of vegetative systems, anaerobic 
and aerobic energy supply systems, and other 
components. Their level of development, proportion, 
and interrelationships determine the level of special 
work capacity and competitive activity efficiency, as 
well as the ability to resist fatigue and recover faster 
after loads [6, 9, 16, 21, 38].

Among the variety of physiological indicators, 
MPP, EC, AnP, AeP, and OLFF are integral functional 
parameters that determine the level of SPWC 
and competitive activity efficiency of athletes in 
different sports events: cyclists [2, 3], middle- and 
long-distance runners [4], rowers [4], and combat 
athletes [6, 16, 17, 23].

Individual publications noted that the level of 
SPWC and competitive activity efficiency of elite 
athletes is determined not only by the level of 
development of separate and integral functional 
components of FS but also by their ratios and 
interrelationships [3, 17].

However, relatively few studies have been 
devoted to the formation of the multicomponent, 
hierarchically organized FF structure of combat 
athletes that determines their SPWC level and 
competitive activity efficiency [6, 16, 19]. In addition, 
these studies did not sufficiently highlight the 
mechanisms of intergroup interactions of integral 
FF parameters, both among themselves and with 
sports results [11].

A number of publications analyzed the 
development level and proportions of a complex of 
separate and integral indicators of FF structure in 
providing sports results in cyclic sports events [2, 3, 
4] and combat sports [6, 11].

However, in comprehensive studies, the 
main principle of the systems approach was not 
followed. The ratios and interrelations of functional 
components within the overall structure of 

athletes’ fitness were not considered in connection 
with ensuring a high SPWC level [2, 4, 13, 20] or 
competitive activity efficiency [9].

In addition, published studies have insufficiently 
covered the mechanisms of integration and mutual 
influence of the most interrelated FS indicators of 
combat athletes: physical development, physical 
and functional fitness, and special work capacity.

While the influence of individual FS components 
of combat athletes on the SPWC level and sports 
results is reflected in numerous publications, the 
mechanisms of intergroup interactions in ensuring 
high SPWC levels in combat athletes remain among 
the least studied aspects of FS in the process of 
improving athletic mastery.

In this regard, one of the main objectives of this 
study was to investigate the level of development 
and interrelationships of separate and integral 
indicators of FF structure in the process of ensuring 
the SPWC of highly skilled combat athletes.

The application of correlation, dispersion, 
regression, and canonical analyses in processing 
and analyzing the data of this study made it possible 
to obtain new insights reflecting the specificity of 
the interrelationships and mutual influence of 
separate and integral functional parameters and 
SPWC parameters of highly skilled combat athletes 
in two groups: (1) Masters of Sport (MS); and (2) 
International Class Masters of Sport (ICMS) and 
Honored Masters of Sport (HMS).

The obtained results revealed the advantage 
of the ICMS and HMS group over the MS group in 
several paired and multiple intra- and intergroup 
relationships between functional parameters and 
SPWC parameters. Elite wrestlers surpassed less 
qualified athletes in several integral functional 
parameters: AnP, MPP, OLFF, and the SPWC level.

In the ICMS and HMS group, the strongest paired 
intergroup relationships were found between the 
SPWC level in three series of the specialized throw 
test and the values of AnP, MPP, and OLFF.

In the MS group, the strongest paired intergroup 
relationships were observed between the SPWC 
level during three throw series (TTPT₁–₃) and the 
values of AnP and economy.

Stepwise regression analysis made it possible to 
identify the dependence of certain indicators of one 
set on the combined and partial influence of the 
most informative indicators of the other set in each 
qualification group of combat athletes. This method 
allowed the calculation of regression models with 
different combinations of functional parameters 
ensuring a high SPWC level, mechanical efficiency of 
standard work, and the general FF level of wrestlers. 
The determination coefficients indicate the high 
accuracy of predicting the dependent result from 
functional parameters. This confirms the adequacy 
and informativeness of the regression models 
calculated in each experimental group.
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The stepwise regression analysis method made 
it possible to identify: (1) the key physiological 
parameters determining the level of SPWC of 
wrestlers from two qualification groups during three 
series of throws performed at maximum intensity; 
(2) the key physiological parameters exerting the 
greatest impact on the SPWC level of wrestlers 
during the first series of throws at maximum 
intensity; (3) the key physiological parameters 
determining the mechanical efficiency of standard 
nonspecific work of moderate intensity on a cycle 
ergometer; (4) the key physiological parameters 
determining the overall level of functional fitness.

The components of the multiple regression models 
indicate that the SPWC of highly qualified wrestlers 
can be ensured by different sets of physiological 
variables, both individual and integral. The values 
of aerobic and anaerobic potential, mobility and 
economy of physiological processes, as well as the 
overall level of functional potential, contribute 
differently to the increase of SPWC in highly qualified 
wrestlers of the two groups. This is consistent with 
the principle of equifinality, which reflects the 
multivariance of physiological mechanisms for 
providing the level of special work capacity [3].

The conducted studies produced new results 
showing that in elite wrestlers (ICMS and HMS), 
the level of SPWC is mainly determined by high 
anaerobic power (AnP), aerobic indicators, and the 
ability for rapid reorganization of physiological 
systems. In wrestlers of the MS group, work capacity 
depends on a wider set of factors, including AnP, 
RGAeP, EC, and ventilatory characteristics, but their 
contribution is heterogeneous. High mobility of 
physiological processes is a key element both for the 
elite group (ICMS and HMS) and for the MS group.

The results show that the participation of the 
three energy systems in providing SPWC in the elite 
group of athletes is more balanced compared to the 
wrestlers of the MS group. In both groups, with the 
reduced role of anaerobic alactate and anaerobic 
glycolytic energy systems in maintaining the 
SPWC level, the compensatory role of the aerobic 
mechanism increases. It is characteristic that the 
role of the anaerobic energy system (alactate and 
glycolytic) in maintaining the SPWC level is the 
leading one in both groups.

Canonical correlation analysis made it possible 
for the first time to determine the features of the 
mutual influence of the most interrelated indicators 
of the two sets, SPWC and FF.

This method revealed strong positive 
interdependencies between the weighted sums of 
canonical variables of FF and SPWC in both groups of 
wrestlers: an increase in the integral FF parameters 
of wrestlers in both groups contributes to an increase 
in their SPWC, and vice versa, an increase in the 
SPWC level of wrestlers is associated with an increase 
in their FF level. In the most highly qualified group 

of wrestlers (ICMS and HMS), a stronger influence 
of SPWC indicators on FF was revealed, while in 
the less qualified group (MS), a stronger influence 
of FF indicators on SPWC indicators was revealed. 
However, in both groups of wrestlers, the difference 
in the degree of mutual influence of one group of 
indicators on the other is relatively small.

The methods of canonical analysis made it 
possible to determine both intergroup interactions 
and the partial contribution of individual indicators 
to the total variability of the parameters of each 
interacting group, SPWC and FF. Thus, the greatest 
partial contribution to the total variability of FF 
indicators in the ICMS and HMS group is made 
by the parameters of general aerobic potential 
realization (RGAeP), anaerobic power (AnP), and the 
overall level of functional fitness (OLFF). In the total 
variability of SPWC variables in this qualification 
group, the greatest partial weight belongs to the 
parameters of physical work capacity in the three 
series of throws, TPT₁, TPT₂, TPT₃.

In the MS qualification group, the greatest partial 
contribution to the total variability of the integral 
FF indicators is made by the parameters RGAeP, AnP, 
and MPP. The greatest partial weight in the total 
variability of SPWC variables in the MS group, as in 
the elite group, belongs to the parameters of work 
capacity in the three series of throws performed, 
TPT₁, TPT₂, TPT₃.

The obtained results can be interpreted as 
follows: the most variable and informative indicators 
of SPWC, which change to a greater extent under the 
influence of integral functional parameters, in both 
groups of wrestlers are the work capacity indicators in 
the first–third testing series, TPT₁, TPT₂, TPT₃. The 
most informative functional parameters changing 
under the impact of SPWC indicators are as follows: 
in the ICMS and HMS group, the indicators of RGAeP, 
AnP, and OLFF; in the MS group, the indicators of 
RGAeP, AnP, and MPP.

The findings reflect both similarities and 
differences in the interaction of the integral 
parameters of FF and SPWC in the two qualification 
groups, as well as indicate the multivariance of 
the functional support of wrestlers’ SPWC and its 
influence on the FF of athletes of different skill 
levels [17, 27].

The results of regression and canonical analyses 
show that a high level of wrestlers’ SPWC can be 
ensured by various combinations of leading FF 
parameters. The role of each factor in ensuring 
the SPWC of wrestlers is determined both by the 
degree of its development and by its ratios and 
interrelations with other factors. An insufficient level 
of development of some factors may be compensated 
by a high level of development of others. However, to 
achieve the highest level of physical work capacity, 
the development level of the leading factors in the FF 
structure should be as high as possible.
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The development level and interrelations of 
individual and integral FF parameters, their ratios, 
and their partial role in determining SPWC in the 
presented multiple regression models complement 
our previous research [11] and the studies of several 
authors devoted to the formation of combat athletes’ 
functional profiles [9, 12, 21, 27].

Conclusions
1.	 Regression and canonical analyses revealed the 

multivariance of functional provision of physical 
work capacity in highly qualified wrestlers. A 
high level of special physical work capacity 
(SPWC) and mechanical efficiency of standard 
work in the group of highly qualified wrestlers 
can be ensured by different sets of functional 
variables. The multivariance of SPWC functional 
provision in highly qualified wrestlers reflects 
the reliability of interchangeable mechanisms 
for providing SPWC and is one of the major 
criteria of combat athletes’ functional reserves 
formed in the process of long-term adaptation 
to physical loads.

2.	 The influence of each functional fitness 
parameter on the level of physical work capacity 
is determined by its development level, its 
ratios, and interrelations with other functional 
parameters. An insufficient level of development 
of some parameters may be compensated by a 
high level of development of others. However, 
to achieve the highest level of physical work 
capacity, the development of the leading integral 
parameters of wrestlers’ functional fitness (FF) 
structure should be maximized.

3.	 Indicators of the total variability of canonical 
FF and SPWC variables demonstrate a strong 
interdependence of the parameters of the two 
sets in each qualification group of subjects. An 
increase in anaerobic and aerobic capacities, 
mobility and economy of physiological 
processes, as well as the overall level of 
functional potential, is associated with an 
increase in wrestlers’ SPWC, and vice versa, an 
increase in wrestlers’ SPWC contributes to an 
increase in athletes’ functional capacities in 
both groups.

4.	 Elite wrestlers of the highest qualification (ICMS 
and HMS) differ from medium-qualification 
wrestlers (MS) by a higher level of anaerobic 
power, mobility of physiological processes, 
overall level of functional fitness, resting HR, 
watt-pulse of standard work, and the integral 

indicator of special work capacity. At a high 
level of development of these parameters, ICMS 
and HMS demonstrate a more pronounced 
effect of economy. In the less qualified group of 
wrestlers (MS), a pronounced mixed influence 
of aerobic, ventilatory, and anaerobic factors 
is observed, but the greatest contribution to 
physical work capacity belongs to anaerobic 
power and mobility of physiological processes. 
High mobility of physiological processes is a 
key element both for medium- and elite-level 
wrestlers.

5.	 The most variable and informative indicators of 
SPWC, changing to a greater extent under the 
influence of integral functional parameters in 
both groups of combat athletes, are the work 
capacity indicators in the first–third series of 
throw testing. The most variable FF indicators 
during the change of SPWC parameters are 
as follows: in the ICMS and HMS group, 
the indicators of anaerobic power, general 
aerobic potential realization, and the overall 
level of functional fitness; in the MS group, 
the indicators of general aerobic potential 
realization, anaerobic power, and mobility of 
physiological processes.

6.	 The SPWC level of highly qualified wrestlers 
can be ensured by different sets of individual 
and integral physiological variables. Multiple 
correlation and determination coefficients, as 
well as multiple regression models, demonstrate 
that with various combinations of variables from 
one group of indicators, the variables of the other 
group can be predicted with high accuracy. This 
indicates the adequacy and informativeness 
of the developed models in each experimental 
group. This is consistent with the principle of 
equifinality, reflecting the multivariance of 
physiological mechanisms ensuring athletes’ 
special physical work capacity.

7.	 The mechanical efficiency of standard work 
in the HMS and ICMS group demonstrates the 
greatest dependence on the indicators of watt-
pulse of standard work, MV (l/min), ventilatory 
equivalent, economy, and oxygen debt; in the 
MS group, on the indicators of watt-pulse of 
standard work, ventilatory equivalent, and 
economy.
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