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The purpose of the study was to assess the activity of basketball players (participants in international
tournaments) during competitions and in the training process by establishing changes in physiological
functions. According to the assessment of the physiological features of basketball players activities during
the competitions, changes in the players’ physiological functions during training and competitions have
been found out. It has been established that physiological changes in basketball players’bodies depend on
the nature of the play activity and the protection system. The level of oxygen consumption during the game
varies from 72.3 to 96.6% of the maximum oxygen consumption with an average of 85.8%. According to
the results of the experiment it became clear that the functions of various organs and systems of basketball
players develop during the competitions. Therefore, it is necessary to pay great attention to development
of both aerobic and anaerobic qualities of athletes in the course of training, in particular of anaerobic
glycolytic the speed endurance depends on. The change of protection systems during the game significantly
influences aerobic and anaerobic metabolism indicators. The presented empirical results of the research
carried out allow us to conclude that the energy supply of sports competitions in basketball is aerobic-
anaerobic in nature with high proportion of glycolysis. In general, physiological changes in basketball

players’ bodies depend on the nature of the play activity and the protection system.
Keywords: basketball; competitive activities; training; physiological changes.

INTRODUCTION

Basketball is an athletic game that sets high re-
quirements for sportsmen’s mobile and function-
al abilities. Participation in the game requires
the athlete to maximize the mobilization of his
physical and functional abilities. Functional
preparedness of athletes is a complex and dy-
namic process based on the deep understanding
of factors that determine its effectiveness. It is
related to the fact that physiological processes
cause manifestation of all motor qualities, ensure
execution of the technical techniques as well as
tactical thinking of an athlete [1].

The functional training of basketball players
in modern basketball is of particular importance
in connection with the expansion of the range of
their game activities, the increase in the intensity
of the game, which requires sportsmen to exert
maximum muscular efforts in a situation that is
rapidly changing on the site.
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In order to effectively increase the physi-
cal capacity of sportsmen, in particular bas-
ketball players, it is necessary to know: what
requirements the game itself sets for individual
functions of the body and physical qualities of
basketball players, how big these requirements
are, what physical possibilities of the basketball
players are, to which physical and functional
qualities it is necessary first of all to pay atten-
tion in the process of training, which means and
methods of training are most effective for the de-
velopment of these or other qualities and, finally,
how to build rationally the training process, that
is, how to distribute effectively training means
and methods at various stages of training the
basketball players for competitions [2].

It is proved that effectiveness of the bas-
ketball players’ training system will increase
significantly if it is conducted by taking into ac-
count the scientifically grounded strategy of the
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physiological function development as well as
those processes that occur in organs and systems
of their bodies under the influence of the training
and competitive activities. However, the point of
functional state indicators and preparedness of
athletes is constantly under scientific research
[3-5], the issue of setting criteria for individual
functions and physical qualities of basketball
players and physical loading during the game
still needs research.

The purpose of the study was to assess the
activity of basketball players (participants in
international tournaments) during competi-
tions and in the training process by establishing
changes in physiological functions.

METHODS

We strived to assess the physiological features
of basketball players’ activities during the
competitions and find out changes in the play-
ers’ physiological functions during training and
competitions. We examined highly qualified
athletes — international tournaments partici-
pants. The players’ activity among men’s teams
was evaluated using timing. The duration of
the active and passive phases of the game was
recorded. The active phase — from the moment
the player touches the ball on the site and until
the ball has gone out of bounds, and the passive
phase — since stopping the stopwatch which
counted the period of the active phase until the
ball is returned into the game. At the same time,
the content of these phases and reasons for stop-
ping the game have been analyzed. The games
were timed during the experiment.

The volume of shifts in the bodies of bas-
ketball players was being detected in various
ways. The study of the heart rate during compe-
titions was conducted by means of the method
of continuous automatic registration using the
multichannel system [6]. 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 de-

42

termined by way of collecting expired air into
Douglas bags with the subsequent measurement
of the volume of the air contained in the bag
using a laboratory gas meter. 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.

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.

In competitive games, the level of the pul-
monary ventilation was determined during the
replacement of the players, as well as during
the game breaks. 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 analyzing the samples using the gas ana-
lyzers 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 deter-
minations of the gas composition of the same
sample. The total error in the measurements of
O, consumption and CO, release during com-
petitive 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 cal-
culated according to the method described in the
works [3,7]. The results of the game timing during
the national championship and in international
basketball tournaments are shown in Table 1.

RESULTS AND DISCUSSIONS

Consequently, basketball players are in very
tense condition during the game for quite a long
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time. According to our observations, the game
lasts for 69 min 27.7 s on average, not taking
the breaks between the two halves into account.
Other authors recorded values close to our re-
sults (65 min 53.6 sec) [8-11]. Average duration
of the first half is 34 min 20.6 s, of the second
half — 35 min 7.1 s.

The active phase lasts on average for 27.7 s.
The periods of active activity are repeated after
every 20.4 s of the passive phase. In the course
of the game with ball running out, with techni-
cal errors, playing out a jump ball, personal
remarks, for which foul shot are not assigned,
the passive phase lasts, as a rule, 2—10 s.
Provided minute breaks, performance of foul
shots and replacements its duration increases
to 0.5-2.5 min.

As for the indices of the average number of
active and passive phases of the game, certain
differences have been identified (P<0.01). The
same applies to average duration of the active
and passive phases of the game between the
first and second parts. Longer duration of the
passive phase in the second half, apparently, is
partly due to the fact that as a result of athletes’
increased fatigue 35.7% of the fouls received
by the team are hit here, and only 25.7% in the
first half of the game.

The time structure of the game somehow
indicates the nature of the energy supply of
basketball players during the work. During the

gaming activity period lasting for about 30 s,
the aerobic process fails to reach its maximum
power, while the anaerobic one is meanwhile
being exhausted in the working muscles [12,13].
The most important role in the energy supply of
the exercise at such time intervals is played by
anaerobic glycolytic process [14,5]. However,
since active pauses with significant reference
to glycolysis are multiply repeated (89 times
per game) through relatively short (20 s) rest
intervals, then during the game the conditions
for aerobic process reference are also created.
It may be assumed that the energy supply of
basketball players during the game will have
a mixed aerobic-anaerobic character with high
specific gravity of glycolytic reactions.

The direct answer to the question of which
functions are most often used in the course of
game can only be obtained by direct recording of
the volume and nature of physiological changes
in the bodies of basketball players during the
matches (Table 2).

It has been found out that basketball players
spend a lot of energy during the game. The level
of oxygen consumption during the game varies
from 72.3 to 96.6% of the maximum oxygen
consumption with an average value of 85.8%.

Significant activation of aerobic changes
in the exercised muscles is evidenced by high
level (2.51 I/min/kg) of alactic O,-consumption.
Indicators of lactic O2 consumption are also

Table 1. Results of the games timing in international basketball tournaments (n=50)

| Indices | First half | Second half | Total for the game |
Total number of active 45.5'+1.252, 43.5+ 1.34; 89.0+1.34;
phases during the game 6.53 7.0 7.0
Total number of passive 44.5+1.25, 42.5+ 1.34; 89.0+1.34;
phases during the game 6.5 7.0 7.0
Average duration of the active 26.9+0.77; 28.4+ 0.84; 27.7+0.84;
phase of the game, sec 4.02 4.37 4.37
Average duration of the passive 19.3+0.55; 21,5+0,7; 20,4+0,7;
phase of the game, sec 2.87 3.65 3.65
Game total duration 34 min 35 min 69 min
20.6 s 7.1s 27.7 s
Fraction of «net» playing time in the
total duration 58.3 57.0 57.5

Note: the numbers given in the table mean: ! average, ? standard error of average, > standard deviation

ISSN 0201-8489 ®ision. scypn., 2018, T. 64, Ne 5

43



The physiological evaluation of sports activities of basketball players

Table 2. Results of study of the training and competitive games influence on the bodies of basketball players (n =50)

| Indices Game time' | Range of variability |
Total time of participation in the game, 18.59 3.5-38.16
min. 27.98 4.9-68.10
Maximum heart rate during the game, bpm 198.9 180-230
Average heart rate during the game, bpm 114,0 90,5-147.6
Maximum pulse sum, bpm 2346,7 637-4450
Maximum recovery sum, bpm 3396.9 1991-4059
O,-consumption level, I/min/kg 85.8 72.3-96.6
O,-consumption, % from the maximal index 3.25 28.7-3.78
Total O, — debt, 1 5.87 4.49-7.9
CO,-emission level, I/min 2.9 2.53-3.4
Pulmonary ventilation level, 1/min 79.5 59.5-105,1
Oxygen pulse, ml per beat 17.0 15.0-19.9

I«Net» time of participation in the game in the numerator and total time of the game in the denominator.

moderately high (0.42 /min/kg), which shows
the degree of myocardium metabolic activity.
Significant activation of cardiac activity is con-
firmed by the maximum heart rate — 198.9 bpm
on average within the range from 180 to 230 bpm.

Participation in a tense game along with
significant activation of aerobic functions leads
to considerable use of anaerobic energy sources
[3]. This, in particular, is confirmed by the value
of O,-debt, which reaches 4.5-7.9 liters at the
end of the game. The corresponding value of
heart rate insufficiency in these conditions var-
ies from 1991 to 4058 bpm. «Excess» of carbon
dioxide reaches 1.32 I/min.

The change in protection systems in the
course of game is significantly reflected in the
indicators of aerobic and anaerobic metabolism.
Most often this is observed at the application

of «pressing» protection system. Changes in
physiological parameters of basketball players
of different roles after 19 minutes of game are
shown in Figure. The oxygen and heart rate debt
of the player, who played the role of the attacker,
changes the most. The level of O,-consumption
did not change significantly during the game.

Interpretation of the received data about
the changes in the players’ physiological func-
tions in the process of training and competition
makes it possible to better understand them.
The result obtained during the control of the
physiological features of basketball players was
consistent with the information [9, 11, 15, 16],
that basketball players spend a lot of energy
during the game.

The experiment analysis showed that the
functions of various organs and systems of
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The values: of the heart rate debt / bpm (A), oxygen debt, I/min/kg/ (B), the level of O,-consumption, I/min (C) in 1* class
basketball players: 1— data of central player; 2 — defender; 3 — attacker
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basketball players develop during the competi-
tions. Therewith, we state it is necessary to pay
great attention to development of both aerobic
and anaerobic qualities of athletes in the course
of training, in particular of anaerobic glycolytic
the speed endurance depends on. It is as well
necessary to develop aerobic capacity because
the efficiency of the gaming activities imple-
mentation in oxygen supply of the body is gy
processes’ disturbed balance, and this property
is determined by the level of development of
players’ aerobic capabilities. This confirms
the information available in the literature [3,
5,17-19].

We reconcile our results [1, 10, 20] that
defenders and attackers move more during the
game than the center players. However, the cen-
ter players are actively involved in the fight for
the ball under the shield. Therefore, the load on
the body of basketball players of various game
functions is approximately the same players with
different roles have the same requirements for
functional training [3, 2, 16].

The results of the study supplement the in-
formation on the pedagogical control of compet-
itive and training activities of basketball players
regulating the expediency of pedagogical influ-
ences to ensure the efficiency of the basketball
players’ competitive activities [2, 6, 15].

CONCLUSIONS

Thus, the energy supply of basketball sporting
events is of aerobic-anaerobic nature with high
specific gravity of glycolysis. Physiological
changes in basketball players’ bodies depend on
the nature of the play activity and the protection
system. The «pressing» system is accompanied
by considerably greater strain than personal and
zone protection systems.

The authors of this study confirm that the
research and publication of the results were
not associated with any conflicts regarding
commercial or financial relations, relations with
organizations and/or individuals who may have
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®I3I0JIOTTYHA OIIHKA CIIOPTUBHOI
JAIAJTBHOCTI BACKETBOJIICTIB

Mera gociiKeHHs ojsraia B OLIHIN JisIbHOCTI OacKeT-
GouicTiB (Y9aCHUKIB MDKHApPOAHHX TYPHIPIB) IMiJ] 4ac 3MaraHb
Ta y Ipoleci TPEeHYBAHHS YCTAaHOBJICHHSM 3MiH (Di310JIOTTIHIX
GyHKIi. 3a pe3yapraraMu earoriqHol OmiHKY (izionoriv-
HUX XapaKTepPHUCTHK JiSUIBHOCTI 6ackeTOOMICTIB 3'scCOBaHO
3MiHH }i3i0T0TYHNX (YHKIIIH TPABIIIB y MpOIeci TPEHYBaHHS
Ta 3MaraHb. YCTaHOBIICHO, IO ()i310JI0TIUHI 3MIHN B OpraHizMi
6ackeTOOICTIB 3aIexkaTh BiJf XapaKkTepy irpoBol AisUIBHOCTI
1 cucTeMu 3aXuCTy. PiBeHb CIIOKMBAaHHS KHCHIO MiJ{ 9ac Tpu
Bapitoe Bix 72,3 1o 96,6% Big MakcHMyMy i3 cepeiHiM 3Ha-
yeHHsM 85,8%. 3rifHO 3 micyMKaMH eKCIIEpHIMEHTY IIiJT Jac
3MaraHb pO3BHBAIOTHCS (YHKINI pI3HUX OpTaHiB i cHCTEM
Gacker6omicTiB. ToMy B mponieci TpeHyBaHHS Tpeba NP TH
BEJIMKY yBary pO3BHTKOBI SIK aepOOHMX, TaK i aHaepOOHMX
SIKOCTEH CIIOPTCMEHIB, 30KpeMa aHaepOOHHX TIIKOJIITHIHHX
BiJI SIKAX 3QJIC)KUTB IIBUJIKICHA BUTPHUBAIIICTH. 3MiHA B TIpOIIeCi
TPH CHCTEM 3aXHCTy ICTOTHO ITO3HAYA€THCSl HA ITOKA3HHKAX
aepoOHoro i anaepoOHoro ooMiHy. [Ipencrasneni eMmipudHi
PEe3yIBTaTH MPOBEEHOTO AOCIIKEHHS TAl0Th 3MOTY 3pOOHTH
BHCHOBOK ITPO T€, III0 €HepreTHIHE 3a0e3eueHHs CIIOPTHBHIX
3Marassb 3 6ackeT00ITy HOCHTH aepoOHO-aHaepPOOHUH XapaKTep
3 BEJIMKOIO IIUTOMOIO Baroro MIKOMi3y. 3araixoM, (i3ionoridni
3MIHH B OpraHi3Mi 0acKeTOONICTIB 3aJIeKaTh BiJ XapakTepy
IrpOBOT JisTBHOCTI 1 CHCTEMH 3aXHUCTY.

Kirouosi croa: ©ackeT0oIr; 3MaranbHa JisUIGHICTD; TPEHY-
BaHHS (Di3i0IOTIUHI 3MIHN.

Hayionanonuii ynieepcumem «JIvgiscoka nonimexmixkay,
e-mail: oksanablavt(@ ukr.net
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OU3NOJIOTI'NUYECKAS OHEHKA CIIOPTUB-
HOWM JEATEJbHOCTU BACKETBOJIUCTOB

Llens nccienoBaHus 3aKJIIOYaNach B OIEHKE AEATEIEHOCTH
6ackeTOOIMCTOB (YYaCTHUKOB MEX/[yHapOIHBIX TYPHHPOB)
BO BpeMsI COPEBHOBAHHMH M B NPOLIECCE TPEHUPOBKHU ITyTEM
YCTaHOBJICHHUSI U3MCHEHUH (U3UOIOTHIECKUX (QyHKITHIL.
[To pesynbraram OIEHKH (U3HOIOTHUECKUX XapaKTEPHCTHK
JeATeNbHOCTH 0acKeTOOINCTOB BEISICHEHB M3MEHEHHS
¢u3nonornueckux QyHKIMHA HTPOKOB B ITPOLIECCE TPEHUPOBKI
U COPEBHOBAHMH. YCTAHOBIJIEHO, YTO (PH3MOJIOTHUECKHE
HN3MEHEHHSI B OpraHu3Me 0acKeTOOJHMCTOB 3aBHCST OT
XapakTepa UTPOBOU JESATEIBHOCTH U CHCTEMBI 3aIIUTHI.
YpoBeHb NOTPeOIeHNsT KUCIOPO/Ia BO BPEMsI HTPBI BAPEUPYET
ot 72,3 no 96,6% ot MakcuMyma CO CpEeJHUM 3HAYEHHEM
85,8%. ComiacHO UTOrOB KCIEPUMEHTA YCTAaHOBIICHO, YTO
BO BpeMsI COPEBHOBAHMIT Pa3BUBAIOTCS (DYHKIIMHU PA3IHIHBIX
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opraHoB u cuctem Oackerbonucros. [TosTomy B mporecce
TPEHUPOBKU HYKHO YACIATH 00JIbIIIOE BHUMAHHE PasBUTHUIO
KaK a’poOHBIX, TAK U aHA3POOHBIX Ka4eCTB CIIOPTCMEHOB,
B 4YaCTHOCTH aHa3pO6HbIX TIUKOJIMTUYECKUX OT KOTOPBIX
3aBUCHT CKOPOCTHAs BRIHOCIMBOCTb. VI3MeHeHHe B mporec-
C€ MIPbl CHCTEM 3aIUThl CYIHIECTBEHHO OTPa)KaeTcsl Ha
nokasaressix a’poOHOW u aHa’poOHOI oOmena. Ilpen-
CTaBJICHHBIC SMIIUPUYCCKHUE PE3YJbTAThl IPOBEACHHOI'O
HCCJIC0BaHUs MO3BOJSIIOT CIejaTh BBIBOJ O TOM, YTO
JHepreTHyeckoe obecreueHre CIOPTUBHBIX COPEBHOBAHUN
B Oackerboisie MMeeT a’poOHO-aHAIPOOHBIH XapakTep ¢
OOJIBIINM yAETBHBIM BECOM IIIMKOJH3a. YCTaHOBICHO, YTO
(hu3HOIOrNYeCcKre N3MEHEHUsI B OpraHn3Me 6ackeTO0MCTOB
3aBUCAT OT XapakTepa UTrPOBOM JCSATEIBHOCTU U CUCTEMBI
3aIUATHI.

KrroueBbie cioBa: 0ackeT00I; COpEBHOBATEIbHAS ICATCIb-
HOCTb; TDEHUPOBKU (bl/I3HOJ'IOFl/I'~l€C](I/Ie HN3MCHCHMUS.
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