Teoria ta Metodika Fizicnogo Vihovanna

Teopina Ta meToguKa $pi3UHOro BUXOBaHHS
Physical Education Theory and Methodology

ISSN 1993-7989 (print)
ISSN 1993-7997 (online)
ISSN-L 1993-7989

ORIGINAL SCIENTIFIC ARTICLE

METHODOLOGY FOR DETERMINING THE SPEED-POWER
CAPABILITIES OF BASKETBALL PLAYERS

Viktor Koryahin'A*°’, Halyna Hrebinka'ABCPE,

Volodymyr Prystynskyi**®“’F and Tetyana Prystynska?*BcPE

'Lviv Polytechnic National University

*State Higher Educational Institution “Donbass State Pedagogical University”

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

Corresponding Author: Viktor Koryahin, E-mail: koryahinv@meta.ua

Accepted for Publication: January 31, 2022
Published: March 25, 2022

DOI: 10.17309/tmfv.2022.1.02

Abstract

The study objective is to develop a methodology for determining the jump height and jumping endurance
in basketball players of various gaming functions using modern nanotechnology and microprocessor

systems, in particular smartphones, personal computers, etc.

Materials and methods. The study used a method for determining jump height and jumping endurance using
capacitive sensor devices based on a combination of modern nanotechnology and microprocessor systems,

in particular smartphones, personal computers.

Results. The study showed that the use of modern nanotechnology to monitor the jump height and jumping endurance
allows you to study these indicators with high accuracy, which is very important in scientific research. The study
showed that the absolute height of the jump in center players is 328.1 + 7.88 cm, in attackers — 324.1 + 6.62 cm,

in defenders — 314.4 + 8.65 cm. The relative height of the jump in defenders is 57.7 + 6.86 cm, which is on average

8.2 cm more than in center players, and 5.3 cm more than in attackers (p < 0.001 and p < 0.02, respectively).
Conclusions. The use of modern nanotechnology and microprocessor systems to determine the parameters of jump
height and jumping endurance allows you to determine these parameters with high accuracy. The use of modern,
accurate nanotechnology measurement and calculation of jump height and jumping endurance indicators using
graphic data analysis provided a complete description and degree of development of various “jumping” qualities

of basketball players.

Studies have shown that the jump height and jumping endurance in basketball players of different roles (defenders,

attackers and center) differ with a high degree of reliability.

Keywords: basketball, jumping, jumping endurance, nanotechnology.

Introduction

The physical training of basketball players in modern
basketball is of particular importance due to the expansion
of the range of game actions, an increase in the load during
the game, which requires from basketball players maximum
muscle effort in rapidly changing situations (Koryahin,
2018; Kozina, Iermakov, Cretu, Kadutskaya, & Sobyanin,
2017; Demcenco, 2017).
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In order to effectively and constantly increase the physi-
cal capabilities of basketball players and, in particular, jump-
ing height and jumping endurance, you need to know fol-
lowing: what requirements for certain physical qualities are
imposed by the game itself, how big are these requirements,
what are the physical capabilities of athletes, what means and
methods are most effective (Kondrashin, & Koryahin,1978;
Fort-Vanmeerhaeghe, Montalvo, Latinjak, & Unnithan,
2016; Koryahin, 1994). It is necessary to have scientifically
based tests to determine the jumping height and jumping
endurance. Particular attention should be paid to ensure that
the tests are scientifically substantiated and meet the require-
ments of test theory (Godik, 1980; Koryahin,1998). In mod-
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ern basketball, players of different roles are subject to equally
high demands on their physical fitness and, in particular,
jumping ability (Anastasiadis, 2006; Asadi, Saez de Villar-
real, & Arazi, 2015). Basketball players do a lot of “jumping”
during the game in defense, and especially when fighting for
the ball bounces off the ring. Without a sufficient level of de-
velopment of jumping abilities and jumping endurance, it is
very difficult to fight on the “shield” (Ferreira, Volossovitch,
& Sampaio, 2014). Without a sufficient level of development
of this quality, fatigue quickly occurs, the basketball player
is not able to effectively throw to the basket, fight on the
shield for the bounce off ball, counteract the throws into
the basket by the opponent’s players, etc (Cormery, 2008;
Narazaki, Berg, Stergiou, & Chen, 2009; Montgomery, Pyne,
& Minahan, 2010).

The study objective is to develop a methodology for
determining the jump height and jumping endurance in
basketball players of various gaming functions using modern
nanotechnology and microprocessor systems, in particular
smartphones, personal computers, etc.

Materials and methods

Study participants and study organization

89 highly skilled basketball players took part in the
research.

Capacitive sensor devices based on the combination
of modern nanotechnology and microprocessor systems
such as smartphones, tablet computers and others were
used to create a means of controlling jumping height pa-
rameters. The basis of these devices are electronic measur-
ing systems of the athlete’s spatial position based on capaci-
tive sensors (Golyaka, Melnyk, & Helzhynsky, 2004; Gotra,
Golyaka, & Helzhynsky 2008). Among the main advantages
of modern sensor devices, we can mention versatility, high
conversion accuracy, thermal stabilization, ease of use, mini-
mal power consumption with the possibility of functioning
with low-voltage power supplies (Gotra, Golyaka, & Hel-
zhynsky 2008).

To control the height of the jump, a one-dimensional
matrix of active band electrodes that are glued to the display
wall were formed. Active electrodes will be connected to the
signal converter by a signal line (electric cables harness).

In addition to the electrodes, the developed device in-
cludes following: a signal line, a signal converter, an inter-
face, a communication line and a mobile communication
system, in particular a smartphone or personal computer. In
the system of measurement of jumping parameters, the ma-
trix of electrodes forms a set of signals, by which it is possible
to determine the highest and lowest point of the body of the
object of control, his grouping and dynamics of movement
with a time resolution of 0.01 s. Electrodes in the form of
flexible conductive tapes are glued to the display wall up to
3 m high. The width of the tapes and the distance between
them is 5 mm, which determines the resolution of measur-
ing the spatial position of the object of control, in particular
over the floor level.

Quantitative assessment of the basketball player’s jump-
ing endurance can be obtained by ergometric analysis, which
allows obtaining a number of indicators that characterize the
manifestation of jumping endurance:

1. Maximum jump height.

2. Number of jumps made with maximum height.

Calculation of these indicators is based on the method
of graphic analysis. Fig. 1 illustrates the technique and se-
quence of calculation operations:

1. In logarithms, the jump height indicators of all serial
jumps opposite their ordinal value are postponed.

2. At the points of the highest jumps, an average line
(AB), which is parallel to the abscissa axis, is made. At the
point of intersection of this line with the vertical axis, the
jump height (point A) is determined.

3. At points where a decrease in jump height is clearly
visible, the middleline (BC) is drawn. The rate of decrease in
jump height as a result of fatigue is defined as tg < a.

Determining these three indicators (the maximum
jump height, the number of jumps with the maximum jump
height and the rate of decrease in jump height because of
fatigue) is very important. They characterize the level of
development of various qualities of basketball players. The
maximum jump height, for example, is determined mainly
by the power of the alactate anaerobic process, and the jump
endurance (the number of jumps with the maximum jump
height) is determined by the capacity of the alactate anaero-
bic process. It is possible having a good “jumping’, but being
bad in maintaining the jump height in serial jumps and vice
versa. The interdependence between these indicators is neu-
tral (r = 0.573). This shows that the level of development of
one of these qualities does not depend on the other.
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Fig. 1. Diagram for calculating jump height and jumping
endurance in basketball players

Statistical analysis

To maintain a laboratory journal, to perform operations
for storing the obtained research results and sorting them,
and for calculating statistical data, the MS Excel program
was used. The choice of methods of mathematical statistics
was adequate to the purpose and objectives of our study and
included the use of the following methods: the arithmetic
mean according to the initial data, the error of the average
value and the reliability of the difference between the data
obtained.
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Table 1. The results of the study of the jump height in highly qualified basketball players

. Height with outstretched arm Jump height, cm
L standing on tiptoes i

Comice Bnafons g P Absolute Relative

M+ SD M +SD M+ SD
Center (n =27) 279.6 £ 6.1 328.1 +7.88 49.5 +5.59
Attackers (n = 15) 271.0 £6.33 324.1 £ 6.62 52.4+3.74
Defenders (n = 27) 256.9 + 5.85 314.4 + 8.65 57.7 + 6.86
Reliability of difference
C-A p < 0.001 p <0.05 p <0.05
C-D p < 0.001 p < 0.001 p < 0.001
A-D p < 0.001 p < 0.001 p>0.02
Results

The results of the studies of the jump height in highly
qualified basketball players (masters of sports) are present-
ed in table.1. The table shows that the height with an out-
stretched hand up, standing on tiptoes, in high-class bas-
ketball players is: in the center players — 279.6 + 6.1 cm, in
attackers — 271 + 6.33 cm, in defenders - 256.9 + 5.85 cm.

The absolute height of the jump is: in the cen-
ter — 328.1 + 7.88 cm, in attackers — 324.1 + 6.62 cm, in de-
fenders — 314.4 + 8.65 cm. The difference in these indicators
is natural because players of different roles have different
height. As for the relative height of the jump, the center
players recorded not very high rates, as well as the attack-
ers, which indicates a significant reserve to increase in their
jump as can be seen from the table, defenders have a jump
height of 57.7 + 6.86 cm, which is on average 8.2 cm more
than in center players, and 5.3 cm more than in attackers
(p < 0.001 and p < 0.02, respectively).

When determining jumping endurance, it is best to
perform jumps to a height of 90% of the maximum, until
complete fatigue and refusal to continue working. When per-
forming a series of jumps, the interval between it should be
3c. This time is enough for the basketball player to take a com-
fortable position and effectively perform the next jump - the
interval of 3c is best set with the help of a metronome signal.

Our correlation analysis between height indicators and
indicators in the jump height in highly qualified basketball
players showed that there is a dependence between these
indicators, but negative (r = -0.555). Differences that are
restrained in our studies can be explained by the different
ages of basketball players and their qualifications, as well as
what we determined between jump height and height with
an elongated arm upwards, standing on the toes, and not just
growth. The differences that are obtained in our research can
be explained by the different ages of basketball players and by
differences in their qualifications, as well as the fact that we
determined relation between the jump height and height with
an outstretched up arm, standing on tiptoes, not just height.
The relation between these indicators is presented in Fig. 2.

Discussion

The question of the importance of determining the jump
height and jumping endurance was considered by many sci-
entists and basketball coaches (Gomelsky, 1972; Poplavsky,
2004; Sushko & Mustafa, 2015) and others.
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Fig.2. Dependence between relative jump height and height
indicators with an outstretched upwards arm in highly qualified
basketball players. On the ordinate axis - height, standing on
tiptoes with outstretched upwards arm, cm. On the axis of the
abscissa - the relative jump height, cm. Marks + - center, *-
attackers, o-defenders

The results of our research are consistent with a number
of scientific developments (Boichuk, Iermakov, & Nosko,
2017; Gonzalo-Skok, Sanchez-Sabaté, Izquierdo-Lupén, &
Séez de Villarreal, 2019; Iedynak, Galamandjuk, Kyselytsia,
Nakonechnyi, Hakman, & Chopik, 2017) on the feasibility
of improving the system of control over the state of physical,
technical, tactical and psychological training of athletes.

These results of studies have shown that the use of modern
nanotechnology for monitoring the jump height and jumping
endurance allows you to determine these indicators with high
accuracy, which is very important not only in scientific re-
search, but also in the practical work of trainers. This makes it
possible to develop training programs for basketball players,
taking into account objective indicators of the state of their
jump height and jumping endurance, which coincides with
the results of the conclusions of a number of other research-
ers (Khudolii, 2019; Raiola, Altavilla, Tafuri, & Lipoma, 2016;
Tyshchenko, Hnatchuk, Pasichnyk, Bubela, Semeryak, 2018).

The results of the study complement information on the
control of such important qualities for basketball players as
jump height and jumping endurance, and make it possible
to do this with high accuracy (Demcenco, 2017; Poplavsky,
2004; Tyshchenko, Hnatchuk, Pasichnyk, Bubela, Semeryak,



Koryahin, V., Hrebink, H., Prystynskyi, V., & Prystynska, T. (2022). Methodology for Determining the Speed-Power Capabilities
of Basketball Players

2018). In further studies, this technique has a great perspec-
tive in the examination of basketball players of different age
groups, athletes of different qualifications. The proposed
method of determining the jump height and jumping en-
durance will have great importance for scientific research.

Conclusions

1. The use of modern nanotechnology and microproces-
sor systems to determine the parameters of jump height and
jumping endurance allow to determine these parameters
with high accuracy.

2. Studies have shown that the indicators of jump height
and jumping endurance in defenders, attackers and cen-
ter differ with a high degree of difference, which indicates
the need for an individual approach to basketball players
of different game ampoule in the preparation of training
programs.

2. The use of modern, accurate nanotechnology and
calculation of jump height and jumping endurance indica-
tors using graphic analysis give a complete characteristic,
the degree of development of various “jumping” qualities of
basketball players.
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METOAUKA BUSHAYEHHA WBUAKICHO-CUJTOBUX

MOJIMBOCTEN BACKETBONICTIB

Bixtop Kopsrin'A®°PE, Tannna Ipe6inka'ABCPE,

Bonopumup Ipuctuncpkmit**B°PE, Tersana IIpucruHcpkaABePE

'HanionanpHuii yHiBepcuteT «/IbBiBCbKa IOJTiTeXHiKa»
*[lep>xaBHUI BUIINIT HAaBYATbHMII 3aK/Iaft «[JoHOAChKUII IepyKaBHMIA ITefjarOTiYHMII YHIBEpCUTET»

ABTOpCcbKNMIl BKIAJ;: A — Iu3aiis gocmipkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomcy; E - 36ip komris

Pedepar. Crarts: 5 c., 1 Tab1., 2 puc., 25 pKeperL.

Meta JOCTiI)KEHHA — PO3POOUTU METOMMKY BU3HAUEH-
HS BUCOTU CTpMOKa Ta CTPMOKOBOI BUTPUBAIOCTI ¥ GacKeT-
OomicTiB pisHMX IrpoBMX (YHKIIi/I 3 BUKOPUCTAHHAM Cydac-
HJX HAHOTEXHOJIOTIll Ta MiKPOIIPOIIECOPHMX CUCTEM, 30KpeMa
cMapT¢OHIB, IEPCOHAIBHNUX KOMIT'I0TepiB To1j0. Po3poburn
PpeKoMeHpallii, Kl CpsAMOBaHi Ha HifBUIIIEHHA e(eKTMBHOCTI
TPeHyBaHb BUCOTY CTPUOKA i CTPMOKOBOI BUTPMBAIOCTI.

Marepiamu Ta MeTogu. Y JOCTiIKeHHi 6yB BUKOPUCTa-
HIIT MEeTOJ] BUSHAYEHHs BUCOTH CTpUOKa i CTpuOKOBOI BUTpU-
BAJIOCTi 3 BUKOPUCTAHHAM €MHICHUX CEHCOPHMX IPUCTPOIB,
AKiI ITPYHTYIOTbCA Ha IOEJHAHHI CyYaCHMX HAaHOTEXHOJIOTIN
Ta MIKpOIIPOLIECOPHMX CHCTEM, 30KpeMa cMapTQOHiB, epco-
Ha/IbHUX KOMIT I0TepiB. OCHOBOIO LIMX IPUCTPOIB € eIeKTPOHHI
BMMIipIOBa/IbHi CUCTEMI IIPOCTOPOBOTO IIOJIOXKEHHS CIIOPTCMeE-
Ha Ha 6a3i eMHICHUX CEHCOPIB.

Pesynbraru. IIpoBenene focmimpkeHHA 1TOKa3ao, o BU-
KOPMCTAHHSA Cy4aCHUX HAHOTEXHOJIOTI 711 MOHITOPMHTY BH-
cotu cTpubKa i cTprbKOBOi BUTPUBAIOCT] JO3BOJISIOTD 3 BICO-
KOIO TOYHICTIO IOCTiANTY 11i HOKa3HMKI, IO € Y>Ke BaXK/TMBUM
IIpY IPOBEIEHHI HAYKOBUX JOCTi/KEHb.

HocmimkeHHs MOKa3amo, 1[0 abCOMITHA BICOTa CTPUO-
Ka y LEHTPOBMX CTaHOBUTH 329,1 * 2,31 cM, y HamafHUKIB —
324,1 £ 3,65 cM, y saxucHukis — 314,4 + 3,42 cMm. BigHocHa
BIUCOTa CTPUOKa Y 3aXVMICHMKIB CTAHOBUTD 57,7 + 2,71 cM, 10 B

cepenHbOMY Ha 8,2 cM 6i/blile, HDK Y EHTPOBMX, Ta Ha 5.3 cM
6inblite, HDX y HanagHMKIB (p = 0,999 Ta p = 0,98 BifIOBIKHO).
Lleit ¢axT, 6e3yMOBHO, HEOOXITHO BpaxoByBaTH IIpY IUIAHY-
BaHHi TPEHYBa/IbHOTO MPOLIeCy TPaBIliB Pi3HOTO aMIITya.

BucnoBku. BUKOPUCTaHHA Cy4aCHMX HAaHOTEXHOJIOTIN Ta
MiKpOTIPOIIECOPHUX CHCTeM /7 BU3HAYEHH:A MapaMeTpiB BUCO-
T CTpUOKA i CTPMOKOBOI BUTPUBA/IOCTI JO3BOIAIOTD 3 BUCOKOIO
TOYHICTIO BUSHAYUTH Iii MapaMeTpy. BUKOpUCTaHHA CyYacHUX,
TOYHVX HAHOTEXHOJIOTiJ BUMiPIOBAHHA i pO3PaXyHOK IIOKa3HM-
KiB BUCOTU CTpUOKa Ta CTPUOKOBOI BUTPUBAIOCTI 32 OIIOMOTOI0
rpadivHOro aHaisy JaHMX HaJlae OBHY XapaKTePUCTHUKY i CTy-
HiHb PO3BUTKY Pi3HMX «CTPUOKOBUX» AKOCTel 6ackeTOOMCTiB.

IlpencraBneHa B po6OTi MeTOAMKA BM3HAYEHHS TaKUX
BAOX/IMBUX IIOKa3HMKIB, AKi XapaKTepU3yIOTh CTYIiHb PO3BU-
TKY Pi3HMX sIKOCTell 6acKeTOOMICTIB, TAKMX AK MaKCHMaIbHA
BUCOTA CTPMOKA, KiNbKicTb CTPMOKIB 3 MaKCHMAa/IbHOIO BYCO-
TOIO, @ TAKOXX MOXK/TMBICTh BU3HAYEHHA MIBUIKOCT] 3HVDKEHHS
BUCOTM CTPUOKa B pe3y/IbTaTi BTOMIL.

JocmiykeHHs MoKasay, 0 ITIOKa3HUKM BUCOTH CTPUOKa
i cTpr6KOBOI BUTPUBATIOCTI B 6aCKeTOOMICTIB Pi3HOTO aMIITya
(3axMCHUKIB, HAMTA[JAI0UMX 1 [EHTPOBUX) PI3HATHCS 3 BUCOKUM
CTyIIEHEM JJOCTOBipHOCTI.

Kirouosi cmoBa: 6acker6011, cTpubydicTh, CTpMOKOBa BU-
TPUBAJIiCTh, HAHOTEXHOJIOTII.
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