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Abstract

The study objective is to identify physiological indicators for the systematization of basketball players’ special exercises
and limit values of physiological indicators with sufficient “distinctive power” in each of the allocated training load

ranges.

Materials and methods. The study used empirical methods of measuring heart rate during competitions, pulmonary
ventilation values, O, consumption during physical work, O,-debt, “excess” CO, emissions and individual pulse rates,

methods of mathematical statistics.

Results. Relationships between the level of physical activity and physiological shifts in the body of basketball players
have been established. It is revealed that indicators of pulmonary ventilation can be used to control the training effect
of aerobic exercise. Exercises of anaerobic glycolytic orientation have been shown to have the most pronounced effect
on the body of basketball players. There are certain mean and limit values for different physiological parameters,

characteristic of different ranges of training loads.

Conclusions. It is established that in assessing the urgent training effect of special exercises of basketball players,
different physiological indicators have different “distinguishing power”. Based on the results of the study, it is proposed
to systematize the special exercises of basketball players according to the ranges of training loads by the nature of their

training effect.

Keywords: basketball, special exercises, evaluation, load, training effect, power difference.

Introduction

Problem statement. The progress of the sport of excellence
is related to the justification of the elements of the system of
athletes and its orientation to the sports result (Nelsen, 2015).
The training of high-end basketball players is a complex, dy-
namic pedagogical process based on a deep understanding
of the causes of the factors that determine its effectiveness
under the direct influence of changes occurring in basketball
(Raiola, Altavilla, Tafuri, & Lipoma, 2016; Doroshenko, Su-
shko, Koryahin, Pityn, Tkalich, & Blavt, 2019). This requires
mastery of a complex of knowledge of the latest scientific
achievements in the training of high-skilled athletes (Back-
man, Danielson, 2011; Hoare, 2000).

One of the most important prerequisites for effective
management of the training process is the creation of a uni-
fied system of accounting training loads. Such accounting
can be implemented by systematizing physical exercises used
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as training aids, on the basis of any particular attribute (Gon-
zalo-Skok, Tous-Fajardo, Valero-Campo, Berzosa, Bataller,
Arjol-Serrano, & Mendez-Villanueva, 2017; Karpowicz &
Karpowicz, 2013). So far, the question of the applicability of
systematisation to the special means used in the preparation
of basketball players remains relevant.

Analysis of recent research and publications. To date, the
developed systematization of special exercises in basketball
was in most cases based on assessments of the nature of the
technical and tactical tasks and their degree of compliance
with the specifics of basketball players’ game activity (Asadi,
Saez de Villarreal, & Arazi, 2015; Ben Abdelkrim, Castagna,
El Fazaa, & El Ati, 2010). Another approach and systematiza-
tion of special exercises of basketball players is based on the
account of the physiological impact of loads on the body of
athletes (Beaver, Wasserman, & Whipp, 1986; Ciuti, Mar-
cello, Macis, Onnis, Solinas, & Lai, 2009).

The effectiveness of the system of long-term training of
basketball players is constantly in the center of attention of
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specialists (Aiken, Fairbrother, & Post, 2012; Montgomery,
Pyne, & Minahan, 2010). Achieving the ultimate goals - the
preparation of a highly qualified reserve depends crucially
on the special training tools used in the preparation of the
basketball players (Backman & Danielson, 2011; Tyshchenko,
Hnatchuk, Pasichnyk, Bubela, & Semeryak, 2018).

Based on the literature, two fundamental approaches can
be used to establish the training load gradations in basketball:

 systematization of exercises taking into account
the characteristics of physical activity (Gonzalo-
Skok, Sanchez-Sabaté, Izquierdo-Lupoén, & Sdez
de Villarreal, 2019; Erculj, Blas, & Braci¢, 2010;
Karpowicz & Karpowicz, 2013);

« gradation of loads on the basis of taking into account
the physiological changes that occur in the body under
the influence of physical activity (Ben Abdelkrim,
El Fazaa, & El Ati, 2007; Conlee, McGown, Fisher,
Dalsky, & Robinson, 2017).

It has been proven that in basketball, it is not always
possible to accurately determine exercise parameters (Ana-
stasiadis, 2006). There is an opinion that in the systemati-
zation and normalization of training loads, the account of
the response of the physiological reactions of the body is
considered more appropriate (Sallet, Perrier, Ferret, Vitelli, &
Baverel, 2005; Tomlin & Wenger, 2002).

However, the question of the applicability of physiologi-
cal criteria-based systematization to the special means used
in the preparation of basketball players is still unresolved.

Purpose of the research is to identify physiological indi-
cators for the systematization of basketball players’ special
exercises and limit values of physiological indicators with
sufficient “distinctive power” in each of the allocated training
load ranges.

Materials and methods

Study Participants

The study involved 18 professional basketball players
who took part in the championship of Ukraine.

Study organization

The study of the heart rate during competitions was con-
ducted by means of the method of continuous automatic reg-
istration using the multichannel system (Koryagin & Blavt,
2019). This allowed determine the maximum mean pulse
rate during the game, as well as the maximum pulse rate total
during the game and during the recovery.

The level of pulmonary ventilation was determined by
way of collecting expired air into Douglas bags with the sub-
sequent measurement of the volume of the air contained in
the bag using a laboratory gas meter (Beaver, Wasserman,
& Whipp, 1986). The accuracy of the gas meter readings
was checked by passing a precisely measured volume of air
through it. When passing 100 litres of control volume of air,
the deviation in the gas meter readings in 35 measurements
amounted to an average of 0.84 + 0.13 (MacDougall, Wenger,
& Green, 2017).

The air collection was carried out using a breathing mask
and a low-resistance valve (6 mm Hg) at the air flow velocity of
300 1/min. The diameter of the air-conducting paths was 4.5 cm.
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All parameters of ventilation of lungs were brought to the
conditions of the body temperature, atmospheric pressure
and saturation with water vapour.

The percent composition was determined by way of ana-
lyzing the samples using the gas analyzers Spirolit and ME-
TAMAX that are capable of recording the concentration of O,
and CO, in expired air.

The accuracy of the performed analyzes was controlled
using duplicate determinations of the gas composition of the
same sample. The total error in the measurements of O, con-
sumption and CO, release during competitive activity made
up 0.9%.

In the recovery period, air samples were taken for 32
minutes. At the same time, the sportsmen’s heart rate was also
recorded during the recovery period.

All the indicators of the heart rate, as well as the level of
O, consumption, total O,, the level of CO, release and oxygen
pulse rate were calculated according to the method described
in the works (Volkov, 1986; Zankovets, 2016).

Statistical Analysis

Mathematical methods (Vincent, 2005) of information
delivery for statistical analysis of experimental data were ap-
plied in two stages. The first stage is the stage of aggrega-
tion and grouping of the received statistical material. At this
stage, they have summarized and systematized the empirical
data of the experimental study, moving from their qualita-
tive characteristics to quantitative expression. This was im-
plemented by descriptive statistics methods and represented
using graphical methods. The second stage is the stage of
responding to the task of the research objective by evaluating
the final results. For this purpose, a regression analysis of the
search for models of the relationship between two quantities,
expressed in the regression function, was applied. Analytical
statistics methods have been used to process statistics and
formulate conclusions.

Results

First of all, it should be noted that according to empirical
data, physiological indicators by which it is possible to evalu-
ate the urgent training effect of special exercises of basket-
ball players, have different “distinctive power” (Anastasiadis,
2006; Beaver, Wasserman, & Whipp, 1986). With the change
of physical activity parameters, each indicator changes spe-
cifically until it reaches the limit values. Above these values,
physiological indicators become insensitive to the increasing
impact of physical activity (Conlee, McGown, Fisher, Dalsky,
& Robinson, 2017; Yeager & Karsten, 2016).

The simplest way to establish the “distinctive power” of
individual physiological indicators is to analyze the regres-
sion dependencies that relate these parameters to the param-
eters of the leading physiological functions (Doroshenko,
Sushko, Koryahin, Pityn, Tkalich, & Blavt, 2019). Examples
of such dependencies are shown graphically (Fig. 1-3).

In Fig. 1 presents the dependence of the two most im-
portant indicators of aerobic and anaerobic metabolism - the
level of O, consumption and the rate of release of “excess”
CO,. The regression of these indices can be approximated by
an exponential dependence. Only when performing moder-
ate exercises, the energy request of which does not exceed the
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level of O, consumption of 2.3 [/min, is there a linear propor-
tion between aerobic metabolism and excess CO, evolution
in anaerobic lactic acid production.

With increasing exercise power, the level of anaerobic
metabolism, estimated by the rate of release of “excess” CO,,
increases much faster than the intensity of aerobic processes
increases. The sections of the graph, indicated by different
hatching, correspond to the values of the measured indica-
tors relating to the ranges of training loads of different ori-
entation. Based on the established relationships between the
indicators of physical activity and physiological shifts in the
body, we attributed all the studied exercises to 4 ranges of
training loads:

o loads of mainly aerobic orientation;

o loads of mixed aerobic-anaerobic effects;

« loads of anaerobic glycolytic orientation;

 loads of anaerobic alactate action (Anastasiadis, 2006;

Ingebrigtsen, Jeffreys, Rodahl, 2013; Volkov, 1986).

As can be seen in the regression graph (Fig. 1), the val-
ues of the O,-consumption and Ex-CO, indicators related
to the different exercises are clearly grouped on the selected
sections of the regression field. Based on this grouping of in-
dicators characterizing the urgent training effect of exercises
of different orientation, it is possible to determine the bound-
ary values of physiological indicators inherent in the distant
ranges of training loads.

the level of O, consumption - in the range from 3.2 I/min to
values of maximum O,.

In Figure 2 presents regression graphs of the O,-
consumption level indicator and the indicators evaluating the
intensity of anaerobic tissue changes. At the top of the change
in the level of O, consumption are compared with the in-
crease in the rate of release of “excess” CO,, characterizing the
relative power of the glycolytic process. It can be clearly seen
here that changes in the O, consumption are observed only
in the range of glycolysis rate values, which do not exceed 50-
70% of the maximum capacity of this anaerobic process. At
higher values of the rate of anaerobic transformations in the
body, the values of O, consumption do not change. This sug-
gests that for high-intensity exercise, where anaerobic pro-
cesses are the main focus of exercise energy, the level of O,
consumption no longer has sufficient “distinctive power” and
cannot be used in the exercise gradation.

This is confirmed by the data of the analysis of the de-
pendence of the level of O, consumption on the rate of forma-
tion of alactate O, debt (Fig. 2.B). Here, the points related to
exercise of alactate anaerobic orientation, strongly fall out of
the total dependence established on the results of measure-
ments of these indicators in other ranges of training loads.
Changes in pulmonary ventilation indices, which estimate
the size of O, flow through the lungs, depending on the de-
tected shifts of the basic parameters of aerobic and anaerobic
metabolism, are presented in Fig. 3.

I L
1 2 3 4

Fig. 1. Regression between indicators of “non-metabolic excess”
of CO, and O,-consumption at performance of special exercises of
basketball players. In the ordinate - the level of release of “excess”

CO,, I/min. Symbols: 1 - exercises of aerobic orientation, 2 -
aerobic-anaerobic; 3 — anaerobic alactate; 4 — anaerobic glycolytic
orientation

Setting these values in the future can be used to control
the training process. For example, from the analysis of the
given regression dependence it follows that when perform-
ing exercises mainly aerobic orientation values of the rate of
excess CO, emission should not exceed 0.5 1/min, and the
level of O, consumption should not be higher than 2.3 I/min.
When performing aerobic-anaerobic exercise, the change in
the rate of CO, evolution is limited by the range of values
from 0.5 to 1.2 I/min, and the measurement of the level of
O, consumption - from 2.3 1/min to the maximum values
of O,. Exercise of alactate anaerobic orientation is character-
ized by the following limits of variation for the rate of excess
CO, evolution - from 0.35 to 0.8 1/min, for the level of O,
consumption - from 2.3 to 3.1 I/min. Exercise of anaerobic
glycolytic orientation exercises is accompanied by the release
of excess CO, in sizes from 1.2 I/min to maximum values, and
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Fig. 2. Change of the O, consumption indicator depending on
the intensity of metabolic processes in the performance of special
exercises of basketball players. A — Regressions of O, consumption
figures by level of anaerobic metabolism (Ex CO,, % max); B - the
rate of use of macroergies (~P/t, M/min); C - the rate of formation
of alactate O,-debt (Alact. O,-debt/t ml/min). At the ordinate, O,-

consumption, I/min.
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It can be seen that there is a linear relationship between
pulmonary ventilation rate and aerobic process speed that
covers all ranges of training loads. This suggests that the ef-
fects on systems responsible for oxygen transport are pro-
gressively increased by the stimulation of aerobic processes in
tissues. Consequently, pulmonary ventilation indicators may
well be used to control the training effects of aerobic exercise.

Based on the analysis of the relationship between the
indicators of pulmonary ventilation and the rate of “excess”
CO, evolution, it is established that an increase in the rate of
O, intake through the lungs is detected only until the value of
“excess” CO, emission reaches 50 % of the maximum. Chang-
es in pulmonary ventilation depending on the rate of splitting
of macroergs show a tendency to increase exponentially at
high exercise powers. This can be regarded as an indication
that the degree of metabolic activity of working muscles is the
main factor in the regulation of external respiration during
intense muscular work.

Discussion

Studying the different characteristics of physiological
indicators to systematize the specific exercises of basketball
players remains an important element in obtaining informa-
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Fig. 3. Changing the indicator of pulmonary ventilation depending
on the intensity of metabolic processes during the performance of
special exercises of basketball players. Regressions of pulmonary
ventilation are presented: A - by the level of aerobic metabolism
(VO,, % max); B - level of anaerobic metabolism (Ex CO,, % max);
C - speed of use of macroerges (~P/t, M/min). At the ordinate —
the level of pulmonary ventilation, 1/min.
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tion about the current status and capabilities of each athlete
in the team (Montgomery, Pyne, & Minahan, 2010; Sallet,
Perrier, Ferret, Vitelli, & Baverel, 2005).

Interpretation of the received data about the changes in
the players’ physiological functions in the process of train-
ing and competition makes it possible to better understand
them (Ben Abdelkrim, El Fazaa, & El Ati, 2007), Some data
on such characteristics have been obtained previously (Ciuti,
Marcello, Macis, Onnis, Solinas, & Lai, 2009; Kozina, Ier-
makov, Cretu, Kadutskaya, & Sobyanin, 2017). Considering
the above will to some extent help to resolve the question of
the possibility of applying the systematization of the physi-
ological criteria of special training means of training bas-
ketball players, which was confirmed by other data of our
study (Gonzalo-Skok, Tous-Fajardo, Valero-Campo, Berzosa,
Bataller, Arjol-Serrano, & Mendez-Villanueva, 2017; Ramos,
Rubio, Martinez, Esteban, & Jiménez, 2010).

Contributes to the solution of the question of selection of
special training aids for the preparation of basketball players
for the first time the data obtained on the results of the study
of the “distinctive power” of individual physiological indica-
tors. To some extent, these findings confirm the results of the
study (Anastasiadis, 2006; Koryagin, Blavt, & Grebinca, 2016).

According to the results of the analysis of empirical data
of the study, the limits of physiological indicators of the distant
ranges of training loads of basketball players were established.
Identifying such values can be used to control the training
process, which is consistent with the ideas outlined in the
literature (Crisafulli, Melis, & Tocco, 2005; Zankovets, 2016).

The result obtained during the control of the physiologi-
cal features of basketball players was consistent with the in-
formation (Thoden, Wilson, & MacDougall, 1991; Tomlin &
Wenger, 2002) which the consumption of O, cannot be used
when graduation exercises.

The result obtained during the pedagogical control of the
physiological features of basketball players, corresponded to
information (Kozina, Iermakov, Cretu, Kadutskaya, & Sobya-
nin, 2017; Narazaki, Berg, Stergiou, & Chen, 2009; Sallet, P,
Perrier, D., Ferret, ].M., Vitelli, V., & Baverel, 2005), regarding
changes in the parameters of the physiological functions of
basketball players during the game.

The results of the study supplement the information on
the physiological control of competitive and training activi-
ties of basketball players regulating the expediency of train-
ing influences to ensure the efficiency of the basketball play-
ers actions (Ciuti, Marcello, Macis, Onnis, Solinas, & Lai,
2009; Scanlan, Fox, Borges, Tucker, & Dalbo, 2018; Scanlan,
Fox, Borges, Tucker, & Dalbo, 2018).

Conclusions

1. In assessing the urgent training effect of special exer-
cises of basketball players, different physiological indicators
have different information capacity. Indicators of the rate of
cleavage of macroergs in working muscles, the rate of forma-
tion of alacticity of O, debt and the “excess” of CO, are the
most “sensitive” to change of load. Indicators that estimate
the intensity of aerobic metabolism (O, consumption level)
have more limited “differential power”.

2. On the basis of the study of the means and methods
of training of basketball players, it is proposed to systematize
special exercises by the nature of their training effect: exercise
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of predominantly aerobic effects; exercises of mixed aerobic-
anaerobic orientation; exercise anaerobic lactate exposure;
exercise anaerobic glycolytic orientation.
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BU3HAYEHHA TPEHYBAJIbHOIO EQEKTY
CNEUIANIbHUX BNMPAB BACKETBOJIICTIB

Biktop Kopsarin'4*“P, Oxcana braBt'45P,

Bonogumup [puctuncpknit>*°;, Bomogumup CragHuk'45P

'Harionanbunii yHiBepcuteT «JIpBiBCbKnMil momiTexHika»
*[lep>xaBHMII BUILVIT HaBYA/IbHUIT 3aK/Iaf «[JoHOAChKMIT ep)KaBHUII IIejarOriYHIIT YHIBepCUTET»

ABTOpCHKNMIT BKIAM: A — FU3aiH JOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarts: 8 c., 3 puc., 33 mxepena.

Mera gocnifKeHHA — BUABIEHHA ¢isionorivnux mno-
Ka3HMKIB /I crcTeMarm3allii CrieliaTbHUX BIpaB O6ackeT-
6onicTiB i rpaHNYHi 3HaYeHHA (Pi3i0TOriYHNX TOKA3HUKIB 3
TNOCTaTHbOIO «PO3Pi3HANBHOIO MOTYXKHICTIO», B KOXKHOMY 3
BU/JIi/IEHNX Jialla30HiB TPEHYBaIbHMX HaBaHTaXKEHb.

Marepianu ta MeTopu. Y HOCTiIKeHHi 6y70 BUKOpPU-
CTAHO eMIPMYHiI METOAM BMMIiPIOBAHHSA YaCTOTH CEpLEBUX
CKOPOYeHb IIifl Yac 3MaraHb, BE/IMYMHH JIereHeBOl BeHTUIA-
nii, O,-cnoxxuBaHHA mif gac ¢isuunoi podoru, O,-60pry,
«HagmuKy» supineHHsa CO, i OKpeMMX Iy/IbCOBUX MOKa3-
HUKIiB, METOJAM MaTeMaTUYHOI CTATUCTUKIA.

PesynpraTu. BcraHOB/IEH] CIIiBBIHOLIEHHA MK PiBHEM
¢isnuHOro HaBaHTaXXeHHA 1 ¢isiomorivHNMM 3pyLIEHHAMA
B opraHismi 6acketOomicTiB. BusBieHo, 1[0 MOKa3HUKN JTe-
reHeBOi BeHTWIALIl MOXXYTb OyTH BUKOPMCTaHI JIA KOHT-

POJIIO TPEHYBATbHOTO BIUTUBY BIIPaB aepOOHOTO XapaKTepy.
[TokasaHo, 110 Hal6iMbII BUpa’keHNIT BIUIMB Ha OpraHisM
6ackeTOOIICTIB MalOTh BIIpaBM aHaepOOHOI IIIKOMITHYHOI
cupaMoBaHOCTi. IleBHi cepenHi i rpaHNYHI 3HAYE€HHA I
pisHux isionorivHNX MOKAa3HMKIB, XapaKTePHIX /sl PISHNX
Jialla3oHiB TPEHYBa/JIbHMX HaBaHTa)XKEeHb.

BucHoBKH. BcTaHOB/IEHO, 1110 NPH OIiHIII TEPMiHOBOTO
TPEHYBaJIbHOTO e(eKTy CIIellia/IbHMX BIIpaB 6ackeTOOMCTIB
pisHi isionoriyHi MOKa3HMKM BOJIOAIIOTH Pi3HOI «pO3pi3-
HAJIBHOIO NOTY>KHICTIO». Ha 0CHOBI pe3ynbraTiB JOCTiKeH-
Hs1, 3aIIPOIIOHOBAHA CHCTEMAaTM3allisI Crielia/IbHUX BIpaBs 6ac-
KeTOOICTIB 3riffHO [jialla30HiB TPeHyBalIbHNUX HaBaHTA)XXEHb
3a XapaKTepOM BUK/IMKAaHOTO HUMU TPEHYBAIbHOTO eeKTY.

Knro4oBi cnoBa: crenianbHi Bupasu, 6ackeT6ormicr,
OLiHKa, TPEeHYBa/IbHNII e(eKT, pO3pi3HANbHA IOTY>KHICTD.
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