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Abstract

Purpose: The aim of the study was to determine the differences between football players and basketball players
in the mean absolute values of maximum torque flexors and extensors, ratio of maximum hamstring torque to
maximum quadriceps torque dominant (DOM) non-dominant (ND) leg and differences in bilateral imbalance of
flexor muscles and knee extensors.

Material and methods: The research included a sample of 39 professional athletes. The first subsample included
19 professional basketball players while the second subsample included 20 professional soccer players.
Results: Based on the results of the torques of the extensors in the knee joint of the DOM and ND legs, it was
established that there is no statistically significant difference between basketball players and football players.
However, a statistically significant difference was found in the torque flexors of the knee joint DOM (p<0.01)
and ND (p<0.00) of the leg between basketball players and football players. On the other hand, the results of
the research indicate that the difference between basketball players and football players in the ratio of
Hamstrings peak torque to Quadriceps peak torque was recorded only in the ND leg (p<0.02), while the
difference in the DOM leg is not statistically significant. The results of our study indicate that basketball players
have a higher percentage of imbalances compared to football players, especially in m. hamstrings.

Conclusion: This study provides normative data on populations specific to soccer and basketball, but does not
provide evidence of the ability of the isokinetic assessment of lower extremity muscle strength to predict injuries
to football players and basketball players.

Key words: knee joint, isokinetic testing, torque, extensor muscles and flexors
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AHoOTAaLA

Onekcanap Kykpuu, Mapko Mokcumosuu, Bopko Metposuu, ®paHuecka fNatiHo, PaTko MaBnosuy, Pyxuua
KyBanba. CniBBiAHOWEHHA MAaKCMMaJIbHOrO KPYTHOrO MOMEHTY Ha MigKONIHHUX CYXOXUANAX Ta
MaKCMMaNbHOrO KPYTHOTO MOMEHTY Ha YOTUPUrosioBoMy m'asi y npodeciiHux rpasuis y 6acketbon Ta
dyr60n

MeTta: MeTolo AoCAiAKEeHHA Byno BU3HaUYUTK BigMiHHOCTI Mix dyTbonicTamun Ta 6ackeTbonictamm y cepegHix
abCONOTHUX 3HAYEHHAX MAKCMMANbHMX 3rMHA4YiB Ta PO3rMHAYiB KPYTHOrO MOMEHTY, AOMiHytouoi (DOM)
HeaoMiHaHTHOT (ND) Horuv Ta cniBBigHOLWEHHA MAaKCMMa/IbHOTO KPYTHOrO MOMEHTY Ha MiZKOAIHHUX CYXOXKUANAX
[0 MAKCMMaNbHOTO KPYTHOrO MOMEHTY Ha YOTMPUroNIOBOMY M'A3i Ta BiAMIHHOCTEM Yy [ABOCTOPOHHbOMY
ancbanaHci m’a3iB -3rMHaYiB Ta PO3rMHaYiB KosliHa.

Martepian i metogu: [ocnigxeHHs BKAo4ano BMbipKy 3 39 npodeciliHux cnoptcmeHis. MNepwa niasubipka
BK/toYana 19 npododeciiHux backetbonictis, ToAi AK gpyra nigsubipka sBkatodana 20 npodeciitHmx ¢pyTbonicTis.
Pe3synbtatin: Ha nigctasi pe3ynbratis 06epTasbHUX MOMEHTIB PO3rMHaYiB y KoniHHOMY cyrnobi Hir DOM 1a ND
6yNn0 BCTAHOBNEHO, L0 HEMAE CTAaTUCTUYHO 3HAYYLLOI Pi3HMLI MiK 6ackeTbonicTamum Ta pyTHonicTamn. OaHaK
byna BUABNEHA CTAaTUCTMYHO 3HaYYLLA Pi3HULSA Y 3TMHAYax KPYTHOrO MOMEHTY KoniHHoro cyrnoba DOM (p<0,01)
Ta ND (p<0,00) Horun mixk 6ackeTbonictamu Ta pyTbONICTamK. 3 iHWOro 6OKyY, pe3ynbTaTi A0CNiAKEHHA BKA3yOTb
Ha Te, WO pi3HMUA MiX BackeTbonicTamu Ta ¢pyTbonicTamu y cnissigHoweHHi H / Q 6yna 3adikcoBaHa nuiue Ha
etani ND (p<0,02), Toai siK pi3Hnua B Ho3i DOM He € CTaTUCTUYHO 3HAYHMIA. Pe3ynbTaTh Haloro A40CNiAXKEHHA
NOKasytoTb, Wo 6ackeTboicTM MatoTb binbwKi BiACOTOK AncbanaHcy nopiBHAHO 3 ¢pyTHONiICTamuK, ocobimBo B
M. MIQKONIHHI CyXOXnnna.

BUCHOBOK: Lle aocnigeHHs MiCTUTb HOpMaTUBHI AaHi NPo nonyaaAuii, xapaktepHi ana ¢pytoéony Ta backetbony,
afie He HAfJA€ AOKasiB 34aTHOCTI i30KIHETUYHOT OLHKM CUAM M’A3IB HUMMKHIX KiHLUiBOK nepeabayntn Tpasmu
¢dyTHONicTiB Ta BackeTboONICTIB.

KniouoBi cnoBa: KosliHHUI cyrnob, i30KiHeTUYHE TeCTyBaHHA, KPYTHUIA MOMEHT, M’A31 -pO3r1HaYi Ta 3rmHaui

AHHOTALIUA
Anekcanpap Kykpuu, Mapko Mokcumoeuu, BopKko MeTpoBuy, ®paHuecka JlatuHo, PaTko Maenosuy, Pykuua
KyBana. COOTHOWEHUE MAKCMMANbHOIO KPYTALWLEr0O MOMEHTAa HA MOAKONEHHbIX CYXOMUAUAX K
MaKCMMaNbHOTO KPYTALLEro MOMEHTa Ha YeTbipexriaBoi Mbiwue y npodeccMoHanbHbiX 6ackeT60aUCTOB U
dyr60nucTOB
Uenb: Lenbio nccnenoBaHus bbiio onpeaeneHne pasanumii mexgy ¢yrtbonnctamu n b6acketrbonmctamm B
cpeaHux abCoMIIOTHbIX 3HAYEeHMAX MaKCMMAJIbHOrO KpyTALWero MomeHTa crubateneir u pasrnbatenen,
OTHOLLEHWE MAKCMMANbHOMO KPYTALLEro MOMEHTA HA NOAKONEHHbIX CYXOXUAMAX U MAKCUMANbHOTO KPYTALLErO
MOMEHTa Ha YeTblpexrnasoi mblwue goMmuHupytowel (DOM) u HegomuHaHTHOW (ND) Horv M pasnuuuii B
ABycTOpoHHeM gucbanaHce. mbiwl, crubatenei u pasrubatenen KoneHa.
Matepuan u metoapl. B uccnepgosaHum ydactBoBann 39 npodeccroHanbHbIX CNoOpTCMEHOB. B nepsyto
noasblbopKy Bowan 19 npodeccroHanbHbiXx HackeT6bonuctoB, a Bo BTopytd - 20 nNpodeccMoHasbHbIX
¢dyTH60UCTOB.
Pe3ynbTtaTtbl. Ha 0OCHOBaHMM pe3ynbTaToOB KPYTALWMX MOMEHTOB pa3rubaTenelt B KOAeHHOM cycTtaBe Hor DOM u
ND ycTaHOB/MIEHO, YTO CTAaTUCTUYECKM 3HAUYMMOW pasHULbl mexay backeTbonnctamum u GytboaMcTamm HeT.
OAHaKO CTaTUCTUMYECKM 3HaYMMasn pasHuua bblia 0bHapyKeHa B crubaTtensx KpyTaLero MoOMeHTa KONeHHOro
cyctasa DOM (p<0,01) n ND (p<0,000) Horn mexay backetbonuctamm n edytéonnctamum. C Apyroit CTOPOHbI,
pe3ynbTaTbl MUCCNAEAO0BAHMA MNOKa3blBalOT, 4YTO pasHuMUa Mexay 6acketbonnctamm u  ¢dytbonnctamm B
cooTHoweHun H / Q Bbina 3apunKkcmposaHa TonbKo B Hore ND (p<.02), B To Bpema Kak pasHuua B setsu DOM He
ABNAETCA CTAaTUCTUYECKU LOCTOBEPHON. CYLLECTBEHHbIN. Pe3ynbTaThl HalLero uccies0BaHMUA NOKA3biBaoT, UTO Y
backetbonmnctoB 6osiee BbICOKMI MPOLLEHT AMCOANaHCOB MO cpaBHeHW ¢ ¢yTboancramm, ocobeHHo B m.
NOAKO/IEHHbIE CYXOXKUAUSA.
BbIBOAbI. OTO UCCNEeA0BaHME NPeSOCTABAAET HOPMATUBHbIE Z@HHbIE O NONYAAUMAX, cneunduyHbix gna ¢yTbona
n H6acketbona, HO He NpefoCTaBAAET AO0KA3aTeNbCTB CMNOCOBHOCTU M3OKUHETUYECKOW OLLEHKM CU/Ibl MbILLL
HUXHUX KOHEYHOCTEN NPOrHo3mMpoBaTh TpaBmbl GyT6OANCTOB M BackeTb6oaMCTOB.
KntoueBble CnoOBa: KONEHHbIN CyCTaB, M3OKMHETMYECKOE TeCcTMPOBaHME, KPYTAWMIA MOMEHT, MblLLbI-
pasrnbatenu u crubatenu.
KnioueBble cnoBa: KOJIEHHbIN CyCcTaB, W3OKWHETUYECKOEe TeCTUPOBAHWE, KPYTAWMIA MOMEHT, MbllLbl-
pasrnbatenu n crubatenu.
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Introduction

Muscular strength and power are important
in terms of basic physiological capacities in most
sports games (soccer, basketball, handball, et.al.).
Soccer (a planetary phenomenon) is the most played
sport in the world, and according to some estimates,
as of 2006, there are as many as 265 million active
football players [1]. The football game is
characterized by intermittent periods ranging from
high-intensity activities to low-intensity activities. In
terms of physiological requirements, the football
imperative implies that players be competitive in
several aspects of fitness, which requires a high level
of aerobic and anaerobic power, muscle strength,
flexibility, and agility [2]. Precisely defined aspects
of fitness differ depending on the position in the team
as well as the style of play [3]. Unlike soccer,
basketball is also increasingly popular in many
countries, the game is played by more than 450
million people. Numerous tests and training
programs are used at the professional level to monitor
the cardiovascular and athletic performance of
players and the results of these tests are used to adapt
training techniques in an attempt to prevent traumatic
and excessive injuries [4]. It is an intermittent sport
that involves rapid, explosive, and repeated changes
of direction [5] which during a field game (smaller
dimensions) changes the direction of movement on
average every 2 seconds. Energy mobilization during
a basketball game comes mainly from aerobic
sources, although this activity requires specific
performance associated with short accelerations and
jumps, which are more dependent on anaerobic
sources [6].

During soccer and basketball matches,
players perform various and numerous jumps,
punches, turns of various technical exercises, which
characterize the dynamics of the game by constantly
changing the place, ie the position on the field.
Functionally analyzed, such movements are
primarily based on maximum strength muscle
capacity. Therefore, the relationship between torque
and speed (and consequently muscle strength) of the
lower extremities of athletes is especially important
for football and basketball matches [7]. In team
sports, the quadriceps and hamstrings muscles are
integrated into motor skills such as running and
jumping [8] and muscle strength appears to be one of
the most important components of these sports, both
for high performance and for injury prevention [9].
Injuries to these muscle groups are one of the main
problems faced by today's athletes. Inherent in these
sports is a higher risk of anterior cruciate ligament
(ACL) injury compared to other sports which causes
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a significant loss of time due to competition. It is
assumed that one of the possible causes of injuries is
an unbalanced relationship between muscle agonists
and antagonists, which in practice is referred to as
muscle imbalance [10]. Muscle imbalance is a
condition in which one muscle is stronger or weaker
than the other and can also occur as a result of
reduced muscle length (shortened muscle).

A typical example of muscle imbalance is the
unbalanced action of extensor and flexor muscles in
the knee joint. In conditions when m. quadriceps
femoris during dynamic activities generates
significantly greater muscle force compared to m.
hamstrings, excessive translational displacement of
the upper leg may occur. In such conditions, the
anterior  cruciate  ligament  (ACL) suffers
significantly higher pressure forces than usual.
Therefore, if m. hamstrings too weak and cannot be
opposed with sufficient force to the action of m.
quadriceps femoris, ACL injury most commonly
occurs in the knee joint [11]. These allegations are
confirmed by Opar et al. [12], which indicate that if
m. quadriceps femoris extremely strong and its
activity in certain phases of movement too large,
excessive elongation of m can occur. hamstrings,
leading to its damage. The main reasons for such an
injury are weakness of the flexor in the knee joint,
bilateral imbalance m. hamstrings, an inadequate
relationship between the flexor and extensor in the
knee joint (H / Q ratio), which causes injuries to m.
hamstrings up to 2.5 times more frequent than injury
m. quadriceps femoris. Lower limb strength, strength
imbalance between Hamstring and Quadriceps
muscles and strength imbalance between dominant
and non-dominant limbs are considered very
important in increasing performance and also
preventing injury [13].

According to Alentorn-Geli et al. [1] lower
extremity plyometrics, dynamic balance and
strength, stretching, body awareness and decision-
making, and targeted core and trunk control appear
to be successful training components to reduce non-
contact ACL injury risk factors (decrease landing
forces, decrease varus/valgus moments, and increase
effective muscle activation) and prevent non-contact
ACL injuries in players. Various laboratory tests are
used to assess the strength parameters of elite soccer
players and basketball players. Most studies have
used isokinetic equipment at different speeds and
joint angles for direct comparison [7, 6]. Isokinetic
dynamometry tests have been widely used and are the
most common tools to assess Quadriceps and
Hamstring muscle strength both in professional
athletic. Isokinetic testing also provides the essential
information about the Hamstring to Quadriceps ratio
(H/Q) and limb asymmetry index (LSI) which can be
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used for evaluating lower limb muscle strength and
imbalance between the muscles of the lower limb
[14, 15, 16, 17].

Soccer and basketball are different sports
games with different technical abilities, different
training and playing positions. Therefore, muscle
groups m. hamstrings and m. The quadriceps femoris
include several important motor skills such as
running and jumping. The aim of the research is to
determine the differences between football players
and basketball players in the mean absolute values of
maximum torque of flexors and extensors, H/ Q ratio
dominant-non-dominant leg and differences in
bilateral imbalance of flexor and extensor muscles of
the knee joint.

Material and methods

Study participants

The research included a sample of 39
professional athletes. The first subsample included
19 professional basketball players with an average
(Mean + Std.Dev) body height 196.68 + 8.00 cm,
body weight 96.05 + 8.64 kg, BMI 24.82 + 1.69 kg /
m2, age 25.95 + 3.73. All basketball players are
members of the Adriatic Basketball Association
(ABA league), the highest competitive rank in the
Balkans. The second subsample included 20
professional soccer players with body height 182.90
+ 6.80 cm, body weight 73.82 £ 5.64 kg, BMI 22.06
+1.00 kg / m2, age 21.05 £4.53. All football players
are participants in the Premier League, the highest
competitive rank in Boshia and Herzegovina. The
study is of a transversal nature and testing was done
in the pre-competition period in the 2020/2021
season.

The criteria for inclusion were: that the
players are participants of first team for at last least
six months, that all the players went through the
preparation period with the team, without injuries in
the last six months, that they played one half-season
before testing. Exclusion criteria were: athletes in the
recovery phase from some form of acute or chronic
injury, athletes who did not complete the entire
preparation period. All respondents were first
informed about the study, the purpose and goal of the
research and possible consequences were explained
to them. Also, the procedure and the course of the
testing itself were explained to the respondents. Prior
to the survey, each respondent signed a consent form
to participate. For this research, the consent and

approval of the head coach and the president
of the club were obtained, and after that, testing was
started. The research was approved by the Ethics
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Commission of the Faculty of Sports and Physical
Education, University of Banja Luka in accordance
with the Declaration of Helsinki [18]. The players
were instructed not to consume performance
enhancing substances such as creatine, ribose etc.
(coffee was limited to 1 cup) prior to tests, not to
engage in high intensity physical activity 24 hours
prior to the tests [19].

Study organization

Testing was performed by the same
experienced examiner in the Laboratory for
isokinetic  testing at the Faculty of Physical
Education and Sport in Banja Luka, Bosnia and
Herzegovina. Laboratory was air-conditioned and
room temperature was held between 22T - 24TC.
Testing was performed between 09.00 am and 14.00
pm. Before testing on isokinetic apparatus,
morphological characteristics of examinees had been
tested. The day before the examination of the body
composition, the examinees had to follow a protocol,
which included the requirements not to consume
food or drink after 22 pm. Additionally, in the
morning, before the test, the respondents did not
consume food and drink. The body weight and
percentage of adipose tissue were measured by
bioelectrical impedance, using a specialized scale
Tanita BC418a (USA), with an accuracy of 0.1 kg,
while body height was measured using an altimeter
Seca 216 (Germany), whose accuracy is 0.5 cm.
Testing on an isokinetic dynamometer (Cybex) was
performed according to standard recommendations
[20]. Prior to testing, a ten-minute warm-up was
performed on a stationary bicycle (Monark),
followed by stretching of the lower extremities [21].

Preparation for testing was continued on an
isokinetic dynamometer, where 5 submaximal
repetitions were performed in a concentric mode of
flexor and extensor muscle work in the knee joint.
After a break of 1 min, with maximum effort and
commitment, the subjects performed 4 maximum
concentric contractions of the flexor and extensor
muscles in the knee joint. The test was performed in
a sitting position on an isokinetic dynamometer chair
(upper / lower body angle was approximately 85 °),
where subjects were fixed with straps over the chest,
hips, and distal end of the thigh. In the concentric
mode of muscle work, flexors and extensors in the
knee joint were tested at a speed of 60 °-s™ The lateral
femoral condyle was used as a reference point for the
axis of rotation, and the length of the lever was
determined individually for each individual [22]. The
amplitude of the movement was determined at 90 °
(maximum extension was recorded and set as
anatomical zero). Gravitational force correction was
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performed in order not to help the flexors, that is, to
make the activity of the extensor muscles more
difficult when performing movements in the knee
joint. Measure of the hamstrings to quadriceps ratio
(H / Q ratio), calculated as the peak torque of the
hamstrings divided by the peak torque of the
quadriceps within the same limb (1) [16]:

Dominant leg peak torque—nondominant leg peak torgue

Hamstrings peak torque ( )

H/Q ratio =

Quadriceps peak torque

Another ratio is calculated to compare peak
torque between limbs and is referred to as the limb
symmetry index (LSI). LSI is used to assess peak
torque in the non-dominant relative to the dominant
limb (2) [17]:

LSl =

Dominant leg peak torque

Statistical analysis

Data were processed using the Statistical
Package for Social Sciences SPSS (v20.0, SPSS Inc.,
Chicago, IL, USA). In the first step, the basic
descriptive parameters and distribution of variables
were determined. Central and dispersive parameters
were calculated for all tests: arithmetic mean (Mean),
standard deviation (Std. Dev.). To determine the
differences between the groups we used T-test. The
statistically significant differences were determined
at the level of p <0.05.

Results

Table 1 contains the mean values and
standard deviation of the maximum torques m.
guadriceps femoris and m. hamstrings of the
dominant (DOM) and non-dominant (ND) legs of

X 100% 2

basketball players and soccer players as well as the
differences in mean values between the defined
sample of athletes for each muscle group. In both
groups of subjects, the right leg was dominant, and
based on absolute values, it is evident that basketball
players achieved slightly higher torque values in both
tested muscle groups, for m.quadriceps femoris
(DOM =211.18 £43.28 N-m'}; ND = 200,37 + 51,31
N-m?), for m.hamstrings (DOM = 170,89 + 35,86
N-m?; ND = 169,32+ 33,10 N-m™) in relation to the
sample of football players where torque value for
m.quadriceps femoris (DOM = 196 + 33.79 N-m™;
ND = 192.58 + 42.84 N-m™), and for m. hamstrings
(DOM =147.75+18.92N-m™; ND = 141.69 + 26.45
N-m?). Applying the appropriate statistical
procedures, it was found that there is a statistically
significant difference in only the maximum torques
of m.hamstrings between basketball players and
football players in the dominant (p<0.01) and non-
dominant (p<0.001) leg.

Table 1
Comparison between dominant and non-dominant muscle peak torque at 60°-s*
Muscle S— MeanzStd.Dev. MeanzStd.Dev. p value
R DOM ND DOM ND

Quadriceps Basketball 211.18+43.28 200.37+51.31 0.22 0.60

(N-m™) Soccer 196.00+33.79 192.58+42.84 ’ '
Hamstring Basketball 170.89+35.86 169.32+33.10

1 0.01* 0.00**
(N-m™) Soccer 147.75+18.92 141.69+26.45

Notes: DOM: Dominant leg (right); ND: non-dominant leg (left); *p<0.05; **p<0.01

Table 2 contains the average values of the
limb asymmetry index (LSI) at maximum muscle
torques m. quadriceps femoris-a and m. hamstrings
DOM and ND legs (%) and H / Q ratio of DOM and
ND legs in basketball players and football players.
LSI is presented as a percentage difference in the
strength of the extensor muscle (Quadriceps), that is,
the flexor (Hamstring) in the knee joint DOM relative
to the ND leg. The results confirmed that there is no
statistically significant difference between basketball
players and football players in terms of bilateral
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differences between extensor muscles (p=0.35) and
flexors (p=0.30) in the knee joint. The H / Q ratio is
presented as a coefficient corresponding to the
quotient of the results of the maximum torques of the
flexor and extensor muscles in the knee joint. The
results obtained indicate that there is a statistically
significant difference between basketball players and
soccer players in the H/ Q ratio of ND legs (p=0.02),
while the difference was absent when it comes to
DOM legs.
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Table 2
Limb asymmetry index (LSI) and Hamstring to Quadriceps ratio (H/Q)
H/Q ratio LSI
Velocity Sports MeanzStd.Dev. | MeanzStd.Dev. MeanzStd.Dev.
DOM ND Quadriceps (%) | Hamstring (%)
Basketball 0.81+.11 0.86%.14 13.91+9.56 15.92+12.09
60°-s? Soccer 0.76+.12 0.75%.14 11.27+7.87 12.46+8.31
p 0.22 0.02 0.35 0.30

Notes: DOM: Dominant leg (right); ND: non-dominant leg (left); *p<0.05; H/Q ratio: Hamstring / Quadriceps ratio; LSI:

Lims asymmetry index

Discussion

The aim of the study was to determine the
differences between soccer players and basketball
players in the mean absolute values of maximum
torque of flexors and extensors, H / Q ratio dominant-
non-dominant leg and differences in bilateral
imbalance of flexor and extensor muscles of the knee
joint. Appropriate power m. quadriceps femoris-a
and m. hamstrings is essential for sports performance
because these two muscles are functional
antagonists; contraction m. quadriceps femoris
results in knee extension, while contraction m. the
hamstrings leads to flexion in the knee joint. These
muscle groups together control the acceleration and
deceleration of the lower leg relative to the thigh, and
sufficient strength in both muscle groups is required
for running, jumping, stopping, and other sports
activities [23].

Based on the results of the mean values of
the maximum torques of the extensors and flexors in
the knee joint, obtained in this study, it can be
concluded that the dominant leg in basketball players
and football players is the right leg. Based on the
results of the torques of the extensors in the knee joint
of the DOM and ND legs, it was established that
there is no statistically significant difference between
basketball players and soccer players. On the other
hand, a statistically significant difference was found
in the torques of the knee joint flexor DOM (p=<.01)
and ND (p<.00) of the leg between basketball players
and football players. Given the markedly different
body weights of basketball players and soccer
players, it was to be expected that basketball players
would achieve significantly higher values of extensor
torques in the knee joint compared to soccer players.
Given that the tested groups differed significantly in
body weight, and that body weight was associated
with the manifestation of muscle strength, such
results were expected. Larger body dimensions,
significantly larger physiological cross-section of
muscles, is one of the reasons why basketball players
achieved slightly higher absolute values of torque
[24].
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In a study by Bradi¢ et al. [25] in which elite
basketball players participated, as a result of different
body dimensions between players of different
positions, different torque values were obtained. At
an angular velocity of 60°-s, the lowest values of the
extensor torques in the knee joint were achieved by
playmakers 268.7 + 48.8 N-m™, and the highest
values were achieved by the centers 321.7 + 38.5
N-m™. When it comes to flexors in the knee joint,
playmakers scored 157.1 + 29.4 N-m™, while the
centers scored 183.4 £+ 24 N-m™. The mean value of
the torque of the extensor in the knee joint of all
subjects was 297.5 £+ 43.5 N-m?, and the flexor 172
+ 27.3 N'-m’. Compared to the results of our
research, higher values of the torque of the extensor
in the knee joint were achieved, while the values of
the flexors are almost identical.

Comparing the results of our study with the
results of other studies, subjects in both groups
achieved low values of torque extensors in the hip
joint, as well as approximately similar results of
torque flexors in the hip joint [25]. The results of our
study are not consistent with the results of the
Erdemir [26] study, in which the authors, comparing
top basketball players and soccer players, noted a
statistically significant difference in torque extensors
and flexors in the knee joint at the left and right leg.
In isokinetic testing at 90°-st, Magalhdes et al. [27]
noted a statistically significant difference in the
maximum torques of extensors and flexors in the hip
joint of the DOM and ND legs between volleyball
players and soccer players. In both studies, the
authors cited as one of the causes of statistically
significant differences in the strength of the flexors
and extensors of the knee joint markedly different
body dimensions of the examined groups. Identical
results with elite football players and basketball
players were obtained [8, 28, 29].

The relationship between the strength m.
hamstrings (flexor muscles) and m. the quadriceps
femoris (extensor muscle), also known in the
literature as the H/ Q ratio, is widely used in the areas
of sports training and rehabilitation to describe
muscle strength properties affecting the knee joint
and the detection of muscle imbalance. The
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conventional H / Q ratio is defined as the ratio
between the peak torque m. hamstrings and m.
quadriceps femoris and is usually measured during
concentric contraction, while the functional H / Q
ratio is defined as the ratio between the peak torque
m. hamstrings of the lower leg eccentric contraction
and peak torque m. quadriceps femoris during
concentric contraction (Hecc / Qcon) (representative
of knee extension). Low values of H / Q ratio,
strength (<0.6 for 60°:s™) may increase the risk of
lower extremity injuries, especially anterior cruciate
ligament (ACL) injuries and m deformities
hamstrings [30], so this H / Q ratio is a measure of
normal knee function and stability [31]. The results
of our study in the H / Q ratio are in line with the
results obtained [32, 33], they are also above the set
norms stated by Pelicer-Chenoll et al. [30]. On the
other hand, the results of the research indicate that
the difference between basketball players and soccer
players in H / Q ratio was recorded only in ND leg
(p<.02), while the difference in DOM leg is not
statistically significant, therefore, lower values of H
/ Q ratio were recorded. in football players, which has
been confirmed in studies [34, 35, 36] in which it is
stated that m. hamstrings is not as strong as m.
guadriceps femoris. It is this disproportionate H / Q
ratio that may be inversely related to the occurrence
of lower extremity injuries [37].

Our results of maximum strength of both
legs can be explained by analysis of the physiological
requirements of sports training. Garret et al. [38]
point out that the muscles of m. hamstrings have a
relatively high proportion of type Il fibers compared
to m. quadriceps femoris. Hunter et al. [39] and
Hamada et al. [40] analyzed the structural and
metabolic characteristics of muscles and concluded
that the characteristic that most affects fatigue is the
type of muscle fibers, where type Il muscle fibers are
more susceptible to fatigue than type | muscle fibers,
so the difference in muscle composition may be a
major factor in the divergence of strength loss
between muscle groups. Biopsy studies have shown
that a higher proportion of type Il muscle fibers is
higher in m. hamstings than in m. quadriceps femoris
[41]. According to Croiser, [22] this imbalance and
muscle weakness predispose to injuries m.
hamstring. According to Benjuia et al. [43], this
balance between muscle groups with antagonistic
action is an essential element in understanding the
epidemiology of many muscle injuries. Therefore, it
is important to assess the H / Q ratio as a relevant
factor in preventing muscle injury. Substantial lower
limb neuromuscular asymmetry with regard to
strength and power has been described as an
important risk factor for sport injuries and linked to
decrements in sports  performance [44].
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The relationship between strength and
power asymmetry and injury risk or poor
performance could be related to the inability of a
weaker lower limb to produce and / or absorb the
same amount of force that a stronger limb can.
Previous research suggests that lower limb
imbalances exist in cutting and pivoting sports
such as basketball [31], soccer [45]. Analyzing the
bilateral deficit of extensors and flexors in the knee
joint, several studies have confirmed that an
imbalance in muscle strength of 10% - 15% is
considered as an indicator of a disturbed relationship
of flexors and extensors of both legs [46, 47]. The
results of our study indicate that basketball players
have a higher percentage of imbalances compared to
soccer players, especially in m. hamstrings. These
differences in performance between the legs may be
associated with anatomical asymmetry [48], previous
injuries such as ACL rupture [49], specific sports
requirements [44], training experience, and toys.
positions [48]. The role of inter-limb strength
asymmetry in lower limb injury prevention is not
clear. Ina recent meta-analysis [50] the hamstrings
inter-limb asymmetry was shown to play a reduced
role in predicting hamstrings injury risk.
Nevertheless, it was reported previously that the
inter-limb hamstrings eccentric strength asymmetry
was predictive of the hamstrings strain-type injury
risk [51].

Additionally, a reduced quadriceps inter-
limb strength asymmetry is essential for a safe return
to the sport after injury [52]. Interestingly,
hamstrings and quadriceps inter-limb strength
asymmetry were recently shown to be negatively
correlated with changes of direction (COD) and
sprinting ability [53]. Those authors reported that
increasing the inter-limb asymmetry decreased the
COD and sprint performance, with no impact on
jumping ability. This could be due to the key role of
both hamstrings and quadriceps in stabilizing,
braking and accelerating the body during COD and
a sprint [54], while the stronger limb seems to
compensate for the work of the weaker limb in
jumping ability [55].

Conclusion

This study provides normative data on
populations specific to soccer and basketball, but
does not provide evidence of the ability of the
isokinetic assessment of lower extremity muscle
strength to predict injuries to football players and
basketball players. In addition, the isokinetic
dynamometer allows the assessment of only the joint
movement, limiting the conclusion about the
complex multi-joint activities that are performed in
both soccer and basketball.
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Abstract

Purpose: to reveal the styles of fighting veteran boxers on the basis of a multivariate analysis of
psychophysiological and biomechanical indicators.

Material and methods. The study involved 42 qualified veteran boxers (age 45-50 years). As research methods,
we used a biomechanical analysis of the indicators of the speed of movement of various points and the values
of the angles in the joints when performing a direct blow by boxers. The psychophysiological method was used
to determine the time of a simple and complex reaction under standard conditions and in various testing modes.
We used the method of cluster analysis to distribute athletes into groups using the SPSS - 17.0 program. Within
the groups, the athletes are as similar as possible to each other in terms of the analyzed indicators, and between
the groups they differ as much as possible. The analysis of the groups of athletes obtained with the help of
cluster analysis made it possible to identify athletes with the following styles of fighting: tempo, game, power.
Results. Cluster analysis of psychophysiological and biomehanical testing showed the presence of 3 groups of
athletes. The clusters were named as follows: Cluster 1 - "Speed and coordination endurance", corresponds to
the boxers of the pace of the fight; Cluster 2 - "Speed", corresponds to the boxers of the game style of fighting;
Cluster 3 - "Strength and speed", corresponds to the boxers of the pace of the fight. Biomechanical features of
boxers of different styles of fighting are reflected in the trajectories of the points of the fist, elbow, knee.
Conclusions. The results of this study should be used when planning the individual training of athletes in boxing
and to determine the optimal style of competitive competition for qualified veteran boxers. The proposed
methods of psychophysiological and biomechanical testing to determine the individual characteristics of boxers
are an effective, fairly accessible and convenient tool for revealing the predisposition of boxers to a certain style
of fighting.

Key words: technique, boxing, cluster, neurodynamics, speed, joint angle, physiology, psychology
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AHoOTAaLA

Kosin B.10., ®anboBa O.€., Kpety M., Airenno M. Bu3HaueHHA cTUAiB BeAeHHA NOEAUHKY KBanipiKoBaHUX
60KcepiB-BeTepaHiB Ha OCHOBI KNacTEPHOro aHanisy 6iomexaHiuHuX i ncMxodisioNnorivHMX NOKasHUKIB

MeTa: BMABMTM CTWAI BedeHHA MNOEAUMHKY OOKcepiB-BeTepaHiB Ha OCHOBI 6HaraToBMMIpHOro aHanisy
ncuxodisioNoriyHmx i biomexaHiuHMX NOKA3HMKIB.

Marepian i metogm. Y pocnigKeHHi B3aaun yyactb 42 keanidpikoBaHux 6oKcepa-BeTepaHa (Bik 45-50 pokis). B
AKOCTi MeTOAiB AOCNIAXKEHHSA iCNOb/b30BaNCA HioMmeXaHiYHM aHaNi3 NOKA3HUKIB LWBMAKOCTI pyXy PiSHUX TOYOK
i 3Hayvein KyTiB B cyrnob6ax Npu BUKOHaHHIO NpAMOro yaapy 6okcepamu. BukopuctosyBasca NcnxodisionorivHui
MeTOo/, BU3HAYEHHA Yacy NPOCTOi i CKNAaAHOI peakL|ii B CTAaHAAPTHUX YMOBAX i B Pi3HUX PEXMMax TeCcTyBaHHA. Mu
BUKOPMCTOBYBANM METOA KNAaCTEPHOro aHanNisy ANA pO3nNoAiny aTaeTiB Ha rpynu 3a 4onomoroto nporpamm SPSS
- 17.0. BcepeaunHi rpyn aT/ieT MakCMMaJIbHO CXOXKi MixK co60t0 M0 aHaNi30BaHUX MOKA3HMKaMM, a MiXK rpynamm
- MAKCMManbHO PO3PI3HAOTLCA MiX coboto. AHani3 OTPMMaAHMX 3a LOMOMOrOK KAACTEPHOrO aHanisy rpyn
aTtneTiB 403BO/IMB BUABUTU aTNIETIB 3 HACTYMHUMM CTUNAMM BELEHHA NOEAMHKY: TEMNOBOI, irPOBUIA, CUNOBUIA.
Pe3synbTtaTtbl. KnactepHuii aHani3 nokasHukis ncmxodisionoriyHoro ta 6iomexaHiyHOro TecTyBaHHA MOKas3as
HafABHICTb 3-x rpyn atneTiB. Knactepu 6ynm Ha3BaHi HacTymHMM 4YuHOM: Knactep 1 — «leudkicHa ma
KoopOuHayiliHa sumpueanicme», Bignosiaae bokcepam TEMMNOBOrO CTUIO BeAEHHA NOEAMHKY; Knactep 2 —
«LWBunakicTb», Bianosiaae 6okcepam irpoBoro CTUID BeAeHHA NOEAMHKY; Knactep 3 — «Cuna i WBMAKICTbY,
BignoBigae 6okcepam TEMMNOBOro CTU/IO BeAeHHA NOEAMHKY. BiomexaHiuHi ocobmMBoCTi 6OKcepiB PisHUX CTUAIB
BeAeHHsA AB0bio BigobpakaloTbCA B TPAEKTOPIAX PYXY TOUYOK KynaKa, NiKTA, Ko/iHa.

BUCHOBKKU. Pe3ynbTaTv AaHOro AO0CNIAMEHHA AOLINbHO BMKOPWUCTOBYBATM NPWU NAaHYBaHHI iHAMBIAYaNbHOT
NiArOTOBKM aTneTiB y GOKCi Ta ANA BU3HAYEHHA ONTMMANbHOIO CTU BEAEHHA 3MarajbHOro MOEAMHKY ANA
KBasipikoBaHMX OOKcepiB-BeTepaHiB. 3anpomnoHoBaHi MmeToau ncuxodisionorivHoro i HiomexaHiyHoOro
TECTYBaHHA A/1A BU3HAYeHHA iHAMBIAyaNbHUX ocobnumBocTelt BoKcepiB € ePeKTUBHUM, AOCUTb AOCTYMHUM i
3PYYHUM Yy 33CTOCYBaHHi 32CO60M BUABNEHHA CXMIbHOCTI HOKCEPiB A0 NEBHOrO CTUIO BEAEHHA NMOEANHKY.
KniouoBi cnoBa: TexHika, 60OKc, Knactep, HelMpoauHaMmKa, WBKUAKICTb, KYT B cyrnobi, ¢pisionoria, ncuxonoria

AHHOTALIUSA
Kosun B.HO., daneBa O0.€., Kpery M., flrenrno M. OnpepeneHue cTuneld BepeHUA NOEAUHKA
KBanudpuuMpoBaHHbIX 6GOKCEpPOB-BETEPAHOB HA OCHOBE K/IACTepHOro aHanausa 6MomMexaHUYeCcKUX u
ncuxodur3nonorMyecKnx noKasartenen
Uenb: BbiABUMTb CTUAW BefeHMA noeauHKa OOKcepoB-BETEPAHOB HA OCHOBE MHOFOMEPHOro aHa/Au3a
NcnxoPpusanoNornyecknx U BUOMexaHNYeCcKMX NoKasaTenein.
Martepuan un metoapl. B uccnegosaHum NpuHAAM yyactue 42 KBanuduumMpoBaHHbIX BoKcepa-BeTepaHa (Bo3pacT
45-50 net). B KayecTBe METOAOB MCCAEeA0BaHUA MCMO/b/Ib30BaACA BUOMEXaHUYECKMIA aHaNU3 NokKasaTtenen
CKOPOCTU ABUMKEHUSA PA3INYHbIX TOYEK M 3HAYEUs YI/I0B B CyCTaBax Npu BbINOJIEHUM NPAMOro yaapa bokcepamu.
Ncnonb3oBanca ncuxodr3nMoNorMyeckuii metTos, onpeaeneHna BpemMeHW MPOCTOM WU C/NOMKHOW peakuuu B
CTAaHZAPTHbIX YCNOBMAX W B Pas/IMYHbIX PeXMMax TecTMpoBaHMA. Mbl MCMONb30BaAM MeETOA, KnacTepHoro
aHanu3a ana pacnpeneneHua ataeTos Ha rpynmnbl C NOMOLLbIO nporpammsl SPSS — 17.0. BHyTpu rpynn aTtaeTsbl
MaKCMMAJIbHO CXOXKM MeXAay Coboi Mo aHann3MpyembiM MOKasaTenam, a MeXagy rpynnamum — MakcMmasabHO
pa3nnyalTca mexay coboi. AHaIM3 NOYYEHHbIX C MOMOLLbIO KACTEPHOTO aHa/M3a rpynn aT/IeToB NO3BONA
BbISIBUTb aT/IETOB CO C/IeAYIOLMMU CTUIAMU BEAEHMA NOeAMHKA: TEMMOBOW, UTPOBOM, CUIOBON.
Pe3synbratbl. KnactepHblii aHann3 nokasatenen ncmxodpusnonornyeckoro 1 BUoOMexaHM4eckoro TeCTUPOBaHMA
nokasan Hanuuue 3-x rpynn atnetos. Knactepbl 6bln Ha3BaHbI cieayrolmMm obpasom: Knactep 1 - « CKopocTHas
M KOOPAMHALMOHHAA BbIHOCIMBOCTb», OTBEYaEeT HOKcepam TEMNOBOIO CTU/A BeAeHMA NOeaMHKa; Knactep 2 -
«CKOpOCTb», OTBEYAET HOKCEPAM UIrPOBOTrO CTUAA BEAEHMA NOEAUHKA; KnacTep 3 - «Cuia n CKOpoCTb», oTBeYaeT
HboKcepam TEMNOBOro CTUAA BefAeHWUA noefuHKa. buomexaHuyeckme ocobeHHOCTM BOKCepPOB pPasHbIX CTUNEN
BeAleHNA NoeMHKa OTPAXKAKTCA B TPAEKTOPUAX ABUKEHNA TOUEK Ky/1aKa, JIOKTA, KONeHa.
BbiBoAbl. Pe3ynbTaTbl [aHHOMO WcCnefoBaHUA LenecoobpasHo WCMNOMb30BaTb MNpPU  NJAAHUMPOBAHMUM
WHOMBUAYaNbHOW NOArOTOBKW aTneToB B OOKce W AnA onpefeneHuA ONTUMANbHOTO CTUNA BeAeHuA
COpEBHOBATE/ILHOIO MOeAMHKA AN KBAaAMPUUMPOBaHHbIX H60OKcepoB-BeTepaHoB. [peanoXeHHble MeTozbl
ncnuxodusmonormyeckoro u  BMomexaHMYecKoro TeCcTUPOBAHUMA ANA  ONpefeneHus WHOMBUAYANbHbIX
ocobeHHocTelr 6oKcepoB sBAAOTCA 3QPEKTUBHLIM, AOCTAaTOYHO AOCTYMHLIM M YAO0OHBIM B MNPUMEHEHUU
CPeLCTBOM BbIABAEHUA NPeApacroioReHHOCTU BOKCePOB K onpeaeneHHOMY CTU0 BEAEHUA NOeAMHKaA.
KnioueBble cnoBa: TexHWKa, OOKC, KnacTep, HeMpogMHAMWMKA, CKOPOCTb, Yron B cycTaBe, ¢usnonorus,
ncuxosiorua

20



Health, sport, rehabilitation
3p0poB’sa, cnopT, peabinitauin
-== 3A0poBbe, CNOPT, peabunurayus

\ gt

—_—

, ﬁ‘\\%\;\ — 2@2 ﬂ
S
7(4)

S

Introduction

At the present stage of boxing development,
the style of fighting is a characteristic feature of
every professional boxer [1, 2, 3]. Yes, there are
boxers who are very forceful in the fight. They are
distinguished by the great force of the blow, the
desire for power victory of the enemy. Such boxers
include Mike Tyson, Vitali Klitschko, George
Foreman, David Tua and other attacking "security
officers" [4, 5, 6]. Some boxers fight, constantly
varying their actions, using a lot of feints, strikes in
the most unexpected moments. These are boxers of
game style - Roy Jones, Mohammed Ali, Floyd
Mayweather [2, 3, 4]. There are boxers who
"exhaust" the opponent at a high pace for many
rounds, and win when the opponent is no longer able
to withstand the imposed pace. These are boxers of
tempo style - Manny Pacquiao, Joe Fraser and others
[7, 8]. The most successful option is the ability to
combine different styles, and in different battles to
show different ways of fighting. However, the most
characteristic features of the movements of athletes
remain unchanged, which gives reason to talk about
the predominant individual style of fighting.

The doctrine of activity styles and, in
particular, of fighting styles, has its roots in antiquity
[1, 2, 9]. To date, the nature of the origin of different
styles is not fully understood. There are hypotheses
that suggest that the styles occurred as a result of
separate training of certain groups of people [1, 9].
There are also historical facts that indicate the origin
of the styles of dueling as an imitation of the manners
of movement and survival strategies of different
animals [9]. Thus copying was carried out both
external movements, and internal states. Martial arts
from the "crane style" have come down to our time,
as well as different styles of fighting within one
martial art.

There are a number of styles of wushu,
united by the common name of xiang xinquan - "style
of image and form" or "style of imitation of form."
They are based on imitating the movements and
habits of animals. In Xinxingquan, the state of
naturalness, spontaneous looseness (jizhan) is
achieved through complete self-identification with
the selected object, not only external, but most
importantly, internal. Man, mastering the "form and
manner" of the tiger, snake, dragon, reached the
natural looseness and natural power of the animal in
its "original state" [10, 11].

Imitation of animal movements has been
known in China for a long time [1]. In early totem
dances, the ancestors of the Chinese imitated the
manner of fighting the animal. The doctrine of
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activity styles and, in particular, of fighting styles,
has its roots in antiquity. There are historical facts
that indicate the origin of the styles of dueling as an
imitation of the manners of movement and survival
strategies of different animals. Thus copying was
carried out both external movements, and internal
states. It is logical to assume that the physiological
basis of style formation is relatively constant
genetically  determined functions, such as
neurodynamic processes and psychophysiological
capabilities [12, 13], and registration of these
indicators in the training process will help determine
the propensity of a boxer to a certain style of fighting.

There are many different methods for
measuring psychophysiological functions [14, 15].
At present, methods of studying psychophysiological
functions are becoming more widespread, which
make it possible to determine not only the reaction
rate, the sense of time, but also the typological
properties of the nervous system: strength, mobility,
resistance to stimuli in time [15, 16 — 18].

Currently, the study of psychophysiological
functions [19-22] in connection with the individual
characteristics of the technique of movements,
according to biomechanical indicators [23 —25], is of
great importance. This makes it possible to
quantitatively determine how and how the
peculiarities of brain activity affect the formation of
an individual style of human activity. For this
purpose, qualified veteran boxers are one of the most
suitable contingents for such studies for several
reasons [26]: 1 — as a person's age increases, there
is an improvement in technical skill while continuing
to engage in a certain type of activity, including
sports; 2 — as the age increases, the manifestation of
individual psychological and psychophysiological
traits occurs; 3 — the study of the peculiarities of
technical skill of qualified middle-aged and elderly
athletes in conjunction with the individual
characteristics of psychophysiological functions is
important as a tool for cognition of motor and
psychophysiological manifestations of various styles
of activity. However, there is much less scientific
research on veteran athletes today than on younger
active athletes.

In our previous studies [26], an attempt was
made to determine the individual styles of fighting
qualified veteran boxers on the basis of individual
factor values of the analysis of psychophysiological
and biomechanical indicators. With the help of factor
analysis, carried out by the method of principal
components, in the structure of complex readiness of
qualified veteran boxers, 2 main factors were
identified: "Speed" and "Speed and coordination
endurance”. Further, the individual factor structure
of the athletes' readiness was found on the basis of
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determining the percentage values of the severity of
each factor in each boxer. All athletes have different
severity of various factors, which indicates the
presence of significant individual differences. This
should be manifested in different styles of fighting
and the need to use individual training programs for
qualified veteran boxers [26].

Our previous studies have also shown that
for an accurate distribution of veteran boxers
according to fighting styles, it is necessary to use
modern methods of mathematical statistics, in
particular, cluster analysis [26]. Thus, this work is a
continuation of our previous research to determine
the fighting styles of qualified veteran boxers. In the
presented work, it was assumed that a multivariate
analysis of psychophysiological and ergonomic
indicators would allow the athletes to be divided into
groups that would correspond to different styles of
fighting qualified veteran boxers.

Purpose: to reveal the styles of fighting
veteran boxers on the basis of a multivariate analysis
of  psychophysiological and  biomechanical
indicators.

Material and methods

Participants

The study involved 42 qualified veteran
boxers (age 45-50 years, body length — 178.67 +
8.26 cm, body weight — 70.96 + 9.38 kg). The total
experience of boxing for the participants was 20 — 25
years. Athletes were selected as follows: a
prerequisite for participation in the study was the
presence of a sports qualification in the past not
lower than a candidate for master of sports (the
winners of competitions not lower than the level of
the city and region) and the regularity of training for
the last 10 years 3 — 4 times a week. The study was
carried out on the basis of sports clubs "KhTZ",
"Vostok", "Metalist" in Kharkov, Ukraine.

All participants were aware of the objectives
of the study and agreed to participate. All participants
gave written consent to participate in the study. The
research was conducted in compliance with WMA
Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, 2013.

Procedure

The study was conducted from April 18 to
May 25, 2021. At the beginning, athletes were filmed
while performing a direct blow in boxing. Each
athlete performed a series of strikes alternately with
the right and left hands in the training session against

22

the background of a visible object for subsequent
calibration with known dimensions. Video filming
was carried out at training sessions from 18-00 after
a short warm-up in the boxing gym of the KhTZ
sports club. During one training session, 10 — 12
people were filmed. The next day after the video
filming, the athletes underwent psychophysiological
testing also from 18-00. When conducting
psychophysiological testing, athletes were initially
asked to pass the proposed tests in a training mode.
Psychophysiological testing was carried out in the
classroom for theoretical studies of the sports club
"KhTZ".

Biomechanical Analysis of Direct Punch
Technique in Boxing

We have chosen the direct punch as the main
element for the analysis of the athletic technique of
qualified veteran boxers. The choice of the direct hit
was due to the fact that it is the main technical
element in boxing [26, 27, 28]. This stroke is the
most standardized of all boxing elements and
provides the least variability in execution. This
element is perfectly mastered by all qualified boxers,
in particular — veteran boxers. Also, the individual
style of movements is most traced precisely in those
movements performed most automatically, that is,
with minimal control from the side of consciousness.
This blow is the most convenient for biomechanical
analysis using video filming, since it is performed
practically in the same plane.

Biomechanical analysis of the direct kick
technique in qualified veteran boxers was carried out
using the Kinovea software, version 0.8.15. (Fig. 1).
The Kinovea program allows performing video
analysis of movements [29, 30]. It is intended for
athletes, coaches, healthcare professionals, and
sports research. Also, the software can be useful for
specialists in the field of ergonomics or animation.
The main function of Kinovea is to view and analyze
sports videos. The main tools used by users are
"Line", "Chronometer", "Tracking", "Angles". The
Line and Chronometer functions allow you to
measure distance and time, while the Semi-automatic
tracking tool can track both the path and time. When
working with Kinovea, you can use video from
external sources: video cameras, smartphones, and so
on.

To analyze the biomechanical parameters of
the direct strike technique of qualified veteran
boxers, 6 frames were selected at a speed of 26
frames per second. Thus, the time of one frame was
0.03-0.04 s (Fig. 1 — 3). The duration of the direct
impact was 0.13-0.16 s, depending on how many
frames were analyzed (5 or 6, respectively). Distance
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calibration was carried out along the length of a
special device, against the background of which
video filming was carried out (138 cm). The
movement time was determined by the stopwatch
indicators in the program. The speed of movement of
the fist, shoulder joint, elbow joint, knee joint was
determined (V, m « s%) (Fig. 2). Determination of the
angles between the shoulder and the torso (the angle
at the shoulder joint), between the shoulder and the
forearm (the angle at the elbow joint), between the
thigh and the lower leg (angle at the knee joint)
(degrees) also worked (Fig. 1).

A total of 10 videos of direct kick were
analyzed for each athlete. Averaged data for each
athlete was analyzed from 10 videos. The total
number of video recordings was 420. The point of the
greatest extension of the striking arm in the shoulder
joint was chosen as the end of the impact. In each

video, 6 frames were selected for analysis (duration
of a direct impact). If the impact ended on the fifth
frame, then the sixth frame was excluded from the
analysis. Earlier in the fifth frame, more than one
athlete did not end the direct hit. Thus, the total
duration of a direct blow in boxing among qualified
veteran boxers was 0.13-0.16 s. The point of the
minimum angle between the shoulder and the torso
(shoulder joint), from which the movement of the
striking arm begins [26, 29, 30], was chosen as the
beginning of the impact.

To analyze the angles in the joints, the
"Angles" tool was selected on the toolbar of the
Kinovea 0.8.15 program. The point of the apex of the
angle was selected, then the angle for analysis was
determined. The angle chosen for analysis was
determined in each frame (Fig. 1).

Fig. 1. Determination of the speed' of movement of various poihts of the body and angles in the joints when
performing a direct blow in boxing using the Kinovea 08.15 program

We carried out the following trajectory
tracking for the subsequent analysis of the distance
and speed of movement of each point (Fig. 1): 1 —
we chose a point for analysis; 2 — select the "Track
Path" option; choose the "End Path Edition™
function; 3 — the analyzed point was corrected for
each frame; 4 — Select the "Configuration™ function
and set the "Distance" function. The display showed
the distance from the beginning of the movement to
the selected segment of the path. To measure the
speed of a point, we selected the “Configuration”
function, and then we selected the “Speed” function.
We chose meters per second as the unit of
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measurement. The measurement results were

exported to the EXCEL program.
Psychophysiological methods

The following parameters characteristic of
the psychophysiological state, typological features of
the nervous system, indicators of the nervous system
efficiency, and attention indicators [12, 14, 15] have
been set using the computer program
"Psychodiagnostics” (Kharkiv, Ukraine, KhNPU):

— A set of indices for the time of a simple
visual-motor reaction (mean of 30 attempts (ms),
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standard deviation (ms), number of errors); duration
of exposure (signal) — 900 ms.

— A set of indicators of a complex visual-
motor reaction of selecting 2 element from 3 (mean
value of 30 attempts (ms), standard deviation (ms),
number of errors); duration of exposure (signal) —
900 ms.

— A set of indicators of a complex visual-
motor reaction of selecting 2 elements out of 3 in the
feedback mode, i.e. as the response time changes, the
signal delivery time changes. The ‘short version’ is
carried out in the feedback mode, when the duration
of exposure changes automatically depending on the
response of the subject: after a correct answer, the
duration of the next signal is reduced by 20 ms, and
after a wrong one, it increases by the same amount.
The range of the signal exposure change during the
test subject’s operation is 20-900 ms, with a pause
between exposures of 200 ms. The correct answer is
to press the left (right) mouse button while displaying
a certain exposure (image), or during a pause after
the current exposure. In this test, the time to reach the
minimum exposure of the signal and the time of the
minimum exposure of the signal reflect the
functional mobility (speed) of the nervous processes;
the number of errors reflects the strength of the
nervous processes (the lower these parameters, the
higher the speed endurance of the nervous system).
The duration of the initial exposure is 900 ms; the
amount of change in the duration of the signals with
correct or erroneous responses is 20 ms; pause
between the presentation of signals — 200 ms; the
number of signals is 50. The indicators are fixed: the
average value of the latent period (ms); root mean
square deviation (ms); number of mistakes; time of
test execution (s); minimum exposure time (ms);
time of exposure to the minimum exposure (s).

Statistical analysis

We used the method of cluster analysis to
distribute athletes into groups using the SPSS - 17.0
program. Within the groups, the athletes are
maximally similar to each other in terms of the
analyzed indicators, and between the groups they
differ as much as possible [31-33]. The analysis of
the groups of athletes obtained with the help of
cluster analysis made it possible to identify athletes
with the following styles of fighting: tempo, playing,
strength styles.

When conducting cluster analysis, we used
the following options of the SPSS program: Analyze
— Classify — Hierarchical cluster analysis. We first
printed the Agglomeration Schedule table without
setting the estimated number of clusters. Based on
the wvalues of the coefficients in the table
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"Agglomeration Schedule" during the formation of
clusters, we have determined the optimal number of
clusters for our study. To do this, we subtracted the
step number from the total number of cases (42), after
which the increase in the coefficients occurs
nonlinearly (39). As a result, we got the optimal
number of clusters equal to 3. Next, we performed
the cluster analysis again, setting the Cluster
Membership — Single solution option. We set the
number of clusters to 3. Thus, we got the cluster
membership of each athlete. Further, we combined
the results of determining individual factor values in
absolute and relative terms with the results of the
distribution of athletes into clusters (groups). Based
on the prevalence of the severity of various factors in
each group of athletes, we gave a name to each
cluster.

Results

The test for normality of distribution of test
indicators showed that all test indicators correspond
to the normal distribution (Asymptomatic
significance according to the Chi-square test> 0.05;
Significance according to the Monte Carlo test>
0.05) [26]. The distribution of indicators of the
analyzed sample does not significantly differ from
the Gaussian normal distribution.

To determine the optimal options for
combining qualified veteran boxers into groups
based on the principle of different styles of fighting,
a cluster analysis of testing indicators was carried
out. The results of the cluster analysis were compared
with the individual factor values, and the profiles of
the athletes were drawn up. On the basis of the data
obtained, the individual characteristics of qualified
veteran boxers were determined by the prevalence of
factors in the individual structure of preparedness
and the corresponding styles of fighting.

In hierarchical cluster analysis, each
individual case first forms its own separate cluster.
At each step, two separate clusters that are closest to
each other in their structure are combined into one
cluster. First, the athletes who are closest in terms of
the analyzed indicators are united, then athletes who
are similar in the analyzed indicators join the formed
pairs. Thus, groups of athletes appear, which can be
considered as the groups most similar in their
structure to the preparedness of the subjects.

Clusters were determined according to the
degree of "similarity" of athletes according to the
indicators of complex testing (Tables 1, 2, Fig. 2). In
order to find out how many clusters are optimal, one
should subtract the step number from the number of
analyzed athletes, from which the cluster coefficients
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begin to grow nonlinearly. In our case, this is step 39
(Table 1). Based on this, 42 — 39 = 3. That is, the
optimal number of clusters is 3 clusters.

The first cluster included athletes No. 2; 5, 8;
eleven; fourteen; 17; twenty; 23; 26; 29; 41 (n = 11)
(Tables 1, 2, Fig. 2). The second cluster includes
athletes No. 1; 4,7, 10, 13; 16; 19; 22; 25; 28; 31; 32;
34; 37; 38; 40 (n = 16) (Tables 1, 2, Fig. 2). The third
cluster included athletes No. 3, No. 6; nine; 12; 15;
eighteen; 21; 24; 27; thirty; 33; 35; 36; 39; 42 (n =
15) (Tables 1, 2, Fig. 2). The stages of the
combination of athletes into clusters are presented in

Table 1. It can be seen from the table that at the first
stage athletes No. 39 and No. 42 are united, in the
next step athletes No. 38 and No. 41 are united. In the
third step, athletes No 37 and No 40 are united. At
the fourth step, athlete No 3 joins athletes 39 and 42.
At the fifth step, athlete No 2 joins athletes No 38 and
41. At the sixth step, athlete No 1 joins athletes No
37 and 40. Further, each group of athletes is
alternately replenished with the next veteran boxer.
In total, 41 steps were taken to unite veteran boxers
into clusters, 1 less than the number of athletes (42).

Table 1

Agglomeration Schedule in cluster analysis of biomechanical and psychophysiological indicators of
qualified veteran boxers

Stage Cluster Combined Stage Cluster Last Appears Next Stage
Cluster 1 Cluster 2 Coefficients Cluster 1 Cluster 2
1 39 42 0.153 1 1 4
2 38 41 1.342 1 1 5
3 37 40 2.412 1 1 6
4 3 39 3.141 1 1 10
5 2 38 4.2705 1 2 11
6 1 37 5.2739 1 3 12
7 33 36 6.2773 1 1 10
8 32 35 7.2807 1 1 11
9 31 34 8.2841 1 1 12
10 3 33 9.2875 4 7 16
11 2 32 10.2909 5 8 17
12 1 31 11.2943 6 9 18
13 27 30 12.2977 1 1 16
14 26 29 13.3011 1 1 17
15 25 28 14.3045 1 1 18
16 3 27 15.3079 10 13 22
17 2 26 16.3113 11 14 23
18 1 25 17.3147 12 15 24
19 21 24 18.3181 1 1 22
20 20 23 19.3215 1 1 23
21 19 22 20.3249 1 1 24
22 3 21 21.3283 16 19 28
23 2 20 22.3317 17 20 29
24 1 19 23.3351 18 21 30
25 15 18 24.3385 1 1 28
26 14 17 25.3419 1 1 29
27 13 16 26.3453 1 1 30
28 3 15 27.3487 22 25 34
29 2 14 28.3521 23 26 35
30 1 13 29.3555 24 27 36
31 9 12 30.3589 1 1 34
32 8 11 31.3623 1 1 35
33 7 10 32.3657 1 1 36
34 3 9 33.3691 28 31 37
35 2 8 34.3725 29 32 38
36 1 7 35.3759 30 33 39
37 3 6 36.3793 34 1 41
38 2 5 37.3827 35 1 40
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39 1 4 38.3861 36 1 40
40 1 2 267.014 39 38 41
41 1 3 612.816 40 37 0

w

40

The order of accumulation of cases
(athletes) in clusters

S0

7: Case 37

~1: Case 1

e

Occasions (athletes)

S

1

3 2

Fig. 2. Distribution of qualified veteran boxers into clusters:
1 — cluster 1; 2 — cluster 2; 3 — cluster 3

Thus, we received 3 clusters (groups) of
veteran boxers, differing in their
psychophysiological and biomechanical indicators.
The athletes of these groups have different severity
of factors in the individual structure of preparedness
(Table 2). Individual severity of factors in the
structure of preparedness of qualified veteran boxers
was determined by us in our previous studies [26].

In the presented study, we found that in the
athletes of the first cluster, the severity of the factor
"Speed and coordination endurance” (more than
80%) and a small level of severity of the factor
"Speed" (less than 30%) prevail. In athletes of the
second cluster, the severity of the "Speed" factor
(more than 80%) and the average severity of the
"Speed and coordination endurance" factor (about
50%) prevail. Athletes of the third cluster have an
average severity of the "Speed" factor (about 50%)
and a small severity of the "Speed and coordination
endurance" factor (less than 30%) (Table 2).

If we consider examples of factor models
[26], built on the basis of individual values of the
factor structure of veteran boxers (Table 2), it can be
noted that the athletes of the first cluster have the
most pronounced factor “Speed and coordination
endurance”. This means that these athletes are
distinguished by their ability to maintain high speed
and accuracy (coordination) of actions for a long
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time. That is why we named this cluster “Speed and
coordination endurance”. This cluster (group) of
athletes in terms of their performance can be
attributed to the style of fighting, requiring a high
level of endurance with the support of a relatively
high speed of movements. This is a style of fighting
— tempo. In the athletes of the second cluster, the
development of the first factor "Speed" and the
average severity of the factor "Speed and
coordination endurance" prevail. That is, these
athletes are capable of high — speed actions at the
beginning of movements and in average
expressiveness of speed and coordination endurance.
These qualities are most typical for boxers with a
style of fighting — playing. Athletes of the third
cluster have an average severity of the "Speed" factor
and a small severity of the "Speed and coordination
endurance” factor. We did not measure strength in
this study because biomechanical analysis does not
represent strength capability. We can draw
conclusions indirectly about the manifestation of
strength abilities. These athletes are characterized by
the manifestation of speed with low endurance.
Therefore, we named this cluster "Strength and
Speed". This most characterizes the style of fighting
— power.
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Table 2
Cluster Membership and individual severity of the factors of qualified veteran boxers based on the analysis
of biomechanical and psychophysiological indicators

o Individual values of factors, expressed as a
Absolute individual values of . .
Occasions Clusters factors percentage of the maximum values in a sample
of athletes
Factor 1 Factor 2 Factor 1 Factor 2
1 2 35.50 21.50 84.52 51.19
2 1 7.50 35.50 17.86 84.52
3 3 21.50 7.50 51.19 17.86
4 2 34.68 20.72 83.19 50.26
5 1 7.68 35.79 19.65 85.64
6 3 19.86 6.48 52.28 18.75
7 2 35.50 21.50 84.52 51.19
8 1 7,.50 35.50 17.86 84.52
9 3 21.50 7.50 51.19 17.86
10 2 34.68 20.72 83.19 50.26
11 1 7.68 35.79 19.65 85.64
12 3 19.86 6.48 52.28 18.75
13 2 35.50 2.,50 84.52 51.19
14 1 7.21 38.64 15.59 85.58
15 3 21.50 7.50 51.19 17.86
16 2 34.68 20.72 83.19 50.26
17 1 7.21 38.64 15.59 85.58
18 3 19.86 6.48 52.28 18.75
19 2 34.68 20.72 83.19 50.26
20 1 7.50 35.50 17.86 84.52
21 3 21.50 7.50 51.19 17.86
22 2 35.50 21.50 84.52 51.19
23 1 7.21 38.64 15.59 85.58
24 3 21.67 8.50 56.19 18.86
25 2 34.68 20.72 83.19 50.26
26 1 7.50 35.50 17.86 84.52
27 3 21.50 7.50 51.19 17.86
28 2 34.68 20.72 83.19 50.26
29 1 7.68 35.79 19.65 85.64
30 3 19.86 6.48 52.28 18.75
31 2 35.50 21.50 84.52 51.19
32 2 21.67 8.50 56.19 18.86
33 3 21.67 8.50 56.19 18.86
34 2 35.50 21.50 84.52 51.19
35 3 7.21 38.64 15.59 85.58
36 3 21.50 7.50 51.19 17.86
37 2 35.50 21.50 84.52 51.19
38 2 35.50 21.50 84.52 51.19
39 3 21.50 7.50 51.19 17.86
40 2 34.68 20.72 83.19 50.26
41 1 7.21 38.64 15.59 85.58
42 3 21.67 8.50 56.19 18.86

The revealed regularities of speed in the  coordination endurance” have the most pronounced
movement of points of the fist, elbow, knee and trajectory of the knee point movement (Fig. 2). Also,
angles in the joints are also reflected in the trajectory  the trajectory of movement of the knee point among
of movement of the points of the fist, elbow, knee athletes of cluster 1 "Speed and coordination
(Fig. 2 — 4). The athletes of cluster 1 “Speed and  endurance", which is typical for athletes of the tempo
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style, is the lowest of all analyzed groups of athletes
(Fig. 2).

The obtained facts can be explained by the
fact that tempo-style boxers compensate for the
lower level of speed of nervous processes by the

speed of movement, which requires more flexion of
the legs in the knee and hip joints. This causes a low
stance during the fight and is displayed in the lower
position of the knee point trajectory.

10T

cm

The vertical position of the
point from the initial value,

—0—Cluster 1

Cluster 2

The horizontal position of the point from the
initial value, cm

Cluster 3

Fig. 3. Values of the trajectory of movement of the knee joint among qualified veteran boxers from different
clusters:
Cluster 1 — «Speed and coordination endurancey;

Cluster 2 — «Speed»;
Cluster 3 — «Strength and speed»

The athletes of the “Speed” cluster, which
corresponds to the boxers of the playing style, have
the highest trajectory of the fist point movement (Fig.
3). This is due to the fact that the high speed of hand
movement and the general variability of the boxers'
actions in this cluster allows them to act in a high
stance and execute strikes along a high trajectory. In
addition, for the development of a high speed of
movement of the fist point, the most favorable
position is a high stance of a boxer, since a high
stance requires the least strength and the least
manifestations of speed endurance. The lowest

80,00 +

60,00 -

40,00 -

cm

20,00 +
I

The vertical position of the
pojnt from the initial value,

520,00 0,po
-20,00 -+

trajectory of the fist point movement among boxers
of the tempo style, the cluster "Speed and
coordination endurance” (Fig. 3). This is due to the
lowest stance of the boxers in the tempo style of
fighting. The trajectory of the fist movement in
power style boxers, the “Strength and Speed” cluster,
occupies an intermediate position. In playing style
athletes, the point of fist ends the movement earlier
than the other two fighting styles. This is due to the
higher speed of execution of the blow by the boxers
of the playing style, cluster "Speed".

20,00

40,00 60,00 80,00

The horizontal position of the point from the initial

—0—Cluster 1

valugtenD

Cluster 3

Fig. 4. Values of the trajectory of the fist movement among qualified veteran boxers from different clusters:
Cluster 1 — «Speed and coordination endurance;

Cluster 2 — «Speed»;
Cluster 3 — «Strength and speed»

The trajectory of movement of the elbow
joint is also the lowest in tempo style boxers, the
cluster "Speed and coordination endurance™ (Fig. 4).

28

This is also due to the lowest stance in the bout of
these athletes. Also, the trajectory of the elbow point
in tempo style athletes is characterized by an initial
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movement of the elbow back for a small swing, and
then forward. At the end of the strike, the elbow point
is practically at the same level for boxers of all
analyzed styles. In playing style athletes, the elbow
point finishes the movement earlier than boxers of

60
40

N
o

the other two fighting styles (Fig. 4). This is due to
the higher speed of execution of the blow by the
boxers of the playing style, cluster "Speed".

The vertical position of
the point from the initial
value, cm
o

Cluster 1

Cluster 2

30 40 50 60

The horizontal position of the point from the initial

value, cm

Cluster 3

Fig. 5. Values of the trajectory of movement of the elbow joint among qualified veteran boxers from
different clusters:
Cluster 1 — «Speed and coordination endurancey;

Cluster 2 — «Speed»;
Cluster 3 — «Strength and speed»

Discussion

As far as we know, this study is one of the
first to determine the fighting styles of qualified
veteran boxers. In our study, we used cluster analysis
to distribute boxers into groups based on
biomechanical and psychophysiological indicators.
This method was applied for the first time to
determine the styles of competitive activity of
veteran boxers.

In our study, the hypothesis was confirmed
regarding the effectiveness of using the methods of
multivariate analysis (in our case, cluster analysis) of
biomechanical and psychophysiological indicators to
determine the styles of fighting qualified veteran
boxers.

Issues related to the style of activity have
occupied the attention of psychologists for several
decades, both in work and, especially, in sports. The
problem of the style of activity is the problem of the
highest level of achievement in the activity of each
person, the problem of mastery and its formation, the
problem of optimal “docking”, balancing the subject
with objective requirements [1, 2]. Therefore, the
most acceptable way of an individual approach is not
to adjust the trainees' characteristics to a certain
unified model, but to promote the formation of those
techniques and methods of action that are most
optimal for students and correspond to pronounced
abilities. A person should look for individually
unique ways of mastering the required qualities and
skills, taking into account his natural inclinations; the
insufficiency of some of them will have to be
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compensated for, while others will turn out to be
favorable. Thus, the problem arises of the formation
of an individual style of activity [3, 4]. Currently, the
most effective in terms of ease of use and information
content are psychophysiological indicators to
determine the individual genetically determined
factors in the formation of the style of activity [12—
15].

Analysis of the research results in the aspect
of comparing them with the available literature data
showed that this work is one of the first in terms of
determining the influence of the athlete's
psychophysiological indicators in combination with
the biomechanical data of individual technigue on the
formation of the style of fighting in boxing. The
authors dealing with the issues of determining the
styles of athletes' activity [3, 5], do not consider the
process of training athletes from the point of view of
the system, analysis of a wide range of indicators of
readiness. The authors dealing with this problem [6]
focused on visual observation of the boxer's activity,
without offering specific indicators for determining
the style of fighting. In our study, the effectiveness
of the use of objective indicators has been shown,
which makes it possible to determine the propensity
of a boxer to a certain style of fighting, which is the
data obtained for the first time. At the same time, the
possibilities of using congenital psychophysiological
characteristics are not considered.

Psychophysiological features are decisive in
the formation of an individual style of activity, one
of the manifestations of which is the style of fighting
in boxing. Our research expands, confirms and
supplements the data presented in the works [7-9,
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12] regarding the informativeness of
psychophysiological indicators for the current and
operational control of the functional state of athletes
and the determination of their individual
characteristics. This is most important for predicting
the results of competitive activity.

It should be noted that the problem
considered in our work closely intersects with the
problem of individualization of the training process
considered in works [31-33] and is consistent with
the concept of individualization presented in the
works of Kozina [32-36]. The concept of
individualization of the training process [31, 32] was
developed using the deductive method. It lies in the
fact that for the adequate construction of individual
training programs it is necessary:

1 — to conduct comprehensive testing of

athletes, which includes anthropometric,
biomechanical, psychophysiological and other
indicators;

2 — to carry out a factor analysis of the
obtained indicators;

3 — to determine the individual factor
structure of the complex fitness of athletes;

4 — to highlight the leading and lagging
factors in the individual factor structure of athletes'
fitness;

5 — to form groups of athletes according to
the degree of similarity among themselves according
to the individual factor structure of fitness or using
cluster analysis of indicators of complex testing of
athletes;

6 — develop and implement training
programs for athletes of each group (cluster).

On the basis of the theoretical concept of
individualization of the training process in sports,
developed by Kozina [32], we determined the groups
of boxers according to the indicators of complex
testing. The concept assumes the use of an algorithm,
which consists of the following stages [32, 33]:
testing athletes, including a set of tests of at least 10;
determination of the general structure of athletes'
fitness by means of factor analysis. Determination of
the main factors and drawing up their characteristics;
conducting a hierarchical cluster analysis of testing
indicators; determination of individual factor values;
based on individual factor values and cluster analysis
of compiling individual characteristics. Factor
analysis with the determination of the individual
severity of factors was carried out in our previous
study [26]. In the study presented in the current work,
the concept of individualization by Kozina was fully
implemented [31-33]. The effectiveness of this
concept was confirmed [32, 33] for determining the
individual characteristics of athletes. In particular,
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we have applied this concept to define the fighting
styles of qualified veteran boxers.

It should be noted that the methods of
psychophysiological and biomechanical testing
proposed in our work to determine the individual
characteristics of boxers are an effective, informative
and sufficiently accessible and convenient tool for
identifying the predisposition of boxers to a certain
style of fighting.

Prospects for further research

Further research suggests:

— identification of differences between
boxers of different styles of fighting according to
biomechanical and psychophysiological indicators;

—  development and substantiation of
recommendations regarding the construction of the
training process of qualified veteran boxers of
different styles of fighting.

Limitations

The study was conducted on qualified
veteran boxers, therefore, the data obtained apply
only to the studied contingent. Additional research is
needed to disseminate the obtained data to boxers of
other age and social groups, as well as to
representatives of other sports.

Conclusions

1. Cluster analysis of psychophysiological
testing showed the presence of 3 groups of athletes.
3 clusters (groups) of veteran boxers have been
identified, which differ in their psychophysiological
and biomechanical indicators. Athletes of the first
cluster are dominated by the expression of qualities
that determine the speed and coordination endurance
(over 80%) and a small level of expression of speed
qualities (less than 30%). This corresponds to the
pace of the fight. The athletes of the second cluster
are dominated by the expression of speed qualities
(over 80%) and the average level of expression of
qualities that determine the speed and coordination
endurance (about 50%). This corresponds to the
game style of the fight. Athletes of the third cluster
have an average expression of speed qualities (about
50%) and a small expression of qualities that
determine speed and coordination endurance (less
than 30%). Approximation of the obtained results to
the expression of different qualities made it possible
to determine the greatest manifestation of the speed
and strength qualities of the boxers of the third
cluster. This corresponds to the power style of the
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fight. The clusters were named as follows: Cluster 1
— "Speed and coordination endurance", corresponds
to the boxers of the pace of the fight; Cluster 2 —
"Speed", corresponds to the boxers of the game style
of fighting; Cluster 3 "Strength and speed",
corresponds to the boxers of the pace of the fight.

2. Biomechanical features of boxers of
different styles of fighting are reflected in the
trajectories of the points of the fist, elbow, knee. The
athletes of the “Speed and coordination endurance”
cluster (tempo style boxers) have the most
pronounced trajectory of knee point movement. The
trajectory of movement of the knee point in tempo
style athletes is the lowest of all analyzed groups of
athletes. The athletes of the “Speed” cluster, which
corresponds to the boxers of the playing style, have
the highest trajectory of the fist point movement. The
lowest trajectory of the fist point movement among
boxers of the tempo style, the “Speed and
coordination endurance” cluster. The trajectory of
movement of the elbow joint is also the lowest in
tempo style boxers, cluster "Speed and coordination
endurance”.

3. It is advisable to use the results of this
research when planning the individual training of
athletes in boxing and to determine the optimal style
of conducting a competitive combat for qualified

veteran boxers. The proposed methods of
psychophysiological and biomechanical testing to
determine the individual characteristics of boxers are
an effective, informative and fairly accessible and
easy-to-use tool for revealing the predisposition of
boxers to a certain style of fighting.
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Abstract

Purpose: to determine the most significant kinematic indicators in the sports selection of beginner shot putters.
Material and Methods: This study was carried out on a sample of 9 students at the fourth stage of the
competition in Division 1, which took place in the 2017/2018 academic year at the Faculty of Physical Education
of Maysan University. The following kinematic (biomechanical) parameters were analyzed: the angle of release
of the nucleus, the velocity of release, the height of the point of ejection of the nucleus and the speed of swing.
The correlation coefficients were determined between the kinematic indicators and the result in the shot put,
as well as the regression equation for the dependence of the result in the shot put on the knematic indicators.
The data obtained in the study were presented in the form of the arithmetic mean, standard deviation, median,
skewness coefficient, Pearson's correlation coefficient, analysis of variance and linear regression, which included
the contribution coefficients of each analyzed indicator, standard error, reliability of the regression equation as
a whole, and reliability of the coefficients contribution to the shot put result of each kinematic exponent.
Results. It has been shown that the swing speed has the greatest influence on the result in the shot put among
beginner athletes. The swing speed, shot angle, shot speed and shot height have significant relationships with
the shot put result. The multiple regression equation for the dependence of the shot put result on the swing
speed, shot angle, shot height and shot point turned out to be reliable in general. However, only the swing speed
has a reliable coefficient of the regression equation. The shot angle tends to be the determining factor in the
shot put result. The release rate and the height of the release point have significant correlations with the shot
put result, although in the regression equation they have unreliable indicators of influence on the shot put result.
Conclusions. When teaching beginner shot putters, the greatest attention should be paid to the pushing swing
technique, namely the swing speed. The second most important indicator is the angle of the shot put, it is
recommended to use the basic prediction equation, which determines the expected results in the selection of
young athletes in shot put, with high reliability of the results obtained. These characteristics are recommended
to be used for evaluating young athletes, as well as in the process of training and preparing athletes for
competitions.

Key words: kinematic indicators, young athletes, shot put
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Xikmat Anbmatkoopi, Patko Maenosuu, IpuHa CKpunueHko, boyuyape6 Padaxia, P. Pam MoxaH CiHrx.
MporHocTUYHA LiHHICTb KiHEMAaTUUHUX NMOKA3HUKIB ANA pe3ynbTaTy B LUTOBXaHHI Agpa i Bigbopy atneris-
nouyartKiBuiB

MeTa: BM3HAYMTM HalbiNblu 3HaUYyLW,i KiHEMaTMYHI NOKa3HWKK B CMOPTUBHOMY Bigbopi WTOBXayiB aapa, Lo
NOYMHAIOTb.

Marepian Ta meTogm: Le AOCNiAKeHHA By/10 BUKOHAHO Ha BUBIpL 3 9 CTyAEHTIB Ha YeTBEPTOMY eTarni 3maraHb
y AwusisioHi 1, aki siabyamca y 2017/2018 HasyanbHOMYy poui Ha ¢aKynbTeTi GisUYHOro BUXOBAHHA
MaricaHcbKoro yHiBepcuTeTy. byan npoaHanisoBaHi Taki KiHeMaTUYHi (6iomexaHiyYHi) NOKAa3HUKM: KyT BUNYCKY
Aapa, WBMAKICTb BUKMAY, BUCOTA TOUKM BUKMAY AAPA Ta WBUAKICTb 3amaxy. BusHavanmca KoediuieHTH Kopensauii
MiX KIHEMAaTUYHUMM NOKA3HUKaMM Ta Pe3y/IbTaTOM Yy LUTOBXaHHI A4pa, @ TAKOX PiBHAHHA perpecii 3aneXHOoCTi
pe3ynbTaTy y LUTOBXaHHI A4Pa BiZ KHEMATUYHUX NOKa3HMKIB. JaHi, OTpMMaHi B oCnigKeHHi, 6ynm npeacrtasneHi
Yy BUrNAgi cepeaHboro apuMETUYHOro, CTaHAAPTHOrO BigXWMAEHHA, MefiaHu, KoediuieHTa acumeTpii,
KoediuieHTa Kopensauii NipcoHa, AncnepciiHOro aHanisy Ta NiHiMHOI perpecii, Wo BKAoYano KoedilieHTn BKaaay
KOXKHOr0 aHasli30BaHOro MNOKa3HMKA, CTAHAAPTHY MOMMUJKY, AOCTOBIPHICTb PiBHAHHA perpecii. BKnagy y
pe3ynbTaT y LWUTOBXaHHI A4Pa KOXHOMO KiHEMaTUYHOIO NOKa3HUKa.

Pe3ynbTtaTtu. MoKasaHo, WO Ha pe3y/bTaT Y LWITOBXaHHI AApa y aT/eTiB-NnoYaTKiBLiB HanbinblWMiA BNAMB Hagae
WBMAKICTb 3amaxy. LLIBMAKICTb 3amaxy, KyT BUNYCKY A4pa, WBUAKICTb BUKMAY Ta BUCOTA TOYKU BUKUAY Aapa
MaloTb AOCTOBIpHi 3B'A3KM 3 pe3y/bTaTOM Yy LWITOBXaHHI aapa. PiBHAHHA MHOMMHHOI perpecii 3an1eXHocTi
pe3ynbTaTy B LWUTOBXaHHI A4pa Bif WBMAKOCTI 3amaxy, KyTa BUMYCKY A4pa, BUCOTU BUKWUAY Ta TOYKW BUKUAY
BMABWUIOCA AOCTOBIpHMM 3aranom. OgHaK AOCTOBIPHMI KoedilieHT piBHAHHA perpecii mae nvwe WBUAKICTb
3amaxy. KyT Bunycky aapa Ma€ TEHAEHLLiIO AK BU3HAYaNbHWUIN GaKTOp pe3y/bTaTy B WITOBXaHHI aapa. Lsnakictb
BMKMAY Ta BUCOTA TOYKM BUKMAY MalOTb AOCTOBIPHi B3aEMO3B'A3KM 3 pe3y/bTaTOM Yy LITOBXaHHI AA4pa, Xo4a y
PiBHAHHI perpecii MmaloTb HeL0CTOBIPHI MOKA3HWKM BMJIMBY Ha pe3yabTaT y WTOBXaHHI agpa.

BucHoBKK. Halibinbluy yBary npy HaBYaHHI WTOBXaYiB AApa CAig, NPUAINATU TeXHILi 3amaxy Npu WTOBXaHHI, a
came — LWBMAKOCTI 3amaxy. [JpyrMm 3a 3HAYMMICTIO NMOKA3HMKOM € KyT BWUMYCKY AApa PEKOMEHIYETbCA
BMKOPUCTAHHA 6a30BOro pPiBHAHHA NPOrHO3YyBaHHS, SIKE BM3HAYA€E OYiKyBaHi pe3y/sbTaTh npu Bigbopi OHUX
CNOPTCMEHIB Y LWTOBXaHHI A4pa, 3 BMCOKOK HAAIMHICTIO OTpUMaHMX pe3ynbTaTie. Lli xapakTepucTukm
pPEKOMEHYETLCA BUKOPUCTOBYBATM B OLLHKM FOHMX aT/ETiB, @ TAKOX Yy MpPOLEeCi TpeHyBaHHA Ta NigroToBKMU
CNOPTCMEHIB [0 3MaraHb.

KniouoBi cnoBa: KiHeMaTUUHI NOKA3HMKM, IOHI CNOPTCMEHM, LITOBXaHHA Aapa

AHHOTALUA

Xukmart Anbmatkoopu, Patko Masnosuu, UpuHa CKkpunuyeHko, boyuapeb Padaxua, P. Pam MoxaH CuHrx.
MporHocTUyeckas LEeHHOCTb KMHEMaTUUYECKUX NoKasaTenel ANs pesynbTata B TONKaHUM aapa v otbopa
HaYUHaOLWMX aTNeToB

Llenb: onpenennts Hanbonee 3HaUMMble KMHEMATUYECKME MOKasaTenn B CNOPTUBHOM OTOOpE HauyMHaloWwmx
TONKaTenen agpa.

Matepuan u meToapl: 3T0 Uccief0BaHME 6bIN0 BbINOAHEHO HA BbIGOPKE M3 9 CTYLEHTOB Ha YeTBEPTOM 3Tane
copeBHOBaHWI B JuBM3noHe 1, Kotopble coctosanck B 2017/2018 yuebHom roay Ha dakynbTeTe GU3MUECKOro
BOCNUTaHMA MalcaHCcKoro yHuBepcuTeTa. bbbl npoaHannsMpoBaHbl creaylolwmMe  KUHemaTuyeckue
(bMomexaHMuYecKmne) MoKasaTenu: yron BbiMycka AA4pa, CKOPOCTb Bblbpoca, BbICOTa TOYKM Bblbpoca fapa u
CKOpOCTb 3amaxa. Onpeaenanncb KosdpPULMEHTbI KOPPENALUN MEXKAY KMHEMATUYECKMMM MOKasaTensiMmu u
pe3ynbTaToM B TO/NIKAHUM AAPaA, a TaKXKe YypaBHEHWe perpeccum 3aBUCUMOCTU pe3ynbTaTta B TONKaHUM agpa oT
KHEMATUYECKMX NoKasaTenel. [laHHble, NONyYeHHbIe B UCCNeL0BaHUN, Bblin NpeacTaBieHbl B BUAE cpeaHero
apudMeTUYecKoro, CTaHAAPTHOTO OTK/AOHEHWA, MeAmaHbl, KosdoduumeHTa acummeTpun, KoadduumeHTa
Koppenauum NupcoHa, ANCNEePCUOHHOIO aHan3a U IMHENHOMN perpeccun, KOTopoe BKAYAN0o Ko3bdULMEHTI
BK/1aZa KaXKA0ro aHaIM3MPyeMoro NoKasaTtens, CTaHAaPTHYHO OWMBKY, LOCTOBEPHOCTb YPAaBHEHUA perpeccun B
LEeNoM U A0CTOBEPHOCTb KO3DDULIMEHTOB BKNALAA B PE3yNbTaT B TONIKAHUMN AAPA KaXKAOro KMHEMaTUYeCcKoro
nokasarens.

Pe3ynbTatbl. MOKa3aHoO, YTO Ha Pe3ynbTaT B TOJNKAHWUM AAPA Y HAaYMHAOLWMX aTNeToB Haubonbluee BAUAHKE
OKa3blBaeT CKOPOCTb 3amaxa. CKOpPOCTb 3amMaxa, Yron BbiMyCKa AApa, CKOPOCTb BbIGpOCa M BbICOTA TOYUKM
Bblbpoca Agpa MMElT [OCTOBEPHble B3aMMOCBA3M C pPe3ynbTaTOM B TOJIKAHWKW Agpa. YpasBHeHue
MHOeCTBEHHOWN perpecmm 3aBMCMMOCTM pe3yabTaTa B TONKAHUKW A4pa OT CKOPOCTM 3aMaxa, yr/1a BbiNycKa A4pa,
BbICOTbI BbIOPOCA M TOYKM BbIOPOCA OKA3aNoChb AOCTOBEPHbLIM B Lesiom. OgHAKO AOCTOBEPHbIN KO3bduLMeHT
ypaBHEHUA perpeccum MMeeT TONIbKO CKOPOCTb 3amaxa. Yron BbiNyCKa AApa MmeeT TEHAEHUMIO B KayecTse
onpeaensawoLero GdakTopa pesyabrata B ToONAKaHUKN agpa. CKopocTb BbIOpoca M BbICOTa TOYKM Bbibpoca umetoT
OOCTOBEpHble B3aMMOCBA3M C pPe3ynbTaTOM B TONAKaHUW Afpa, XOTA B YPaBHEHWW perpeccun umeroT
HeA0CTOBEpPHbIE NOKa3aTeNn BAMAHMA Ha pe3yabaTtaTt B TO/IKaHMK Agpa.

BbiBoAbl. Hanbosblee BHUMaHWE Npu 06y4EHUM HAUMHAIOLWMX TOAKATENeN aapa cnepyeT yaensiTb TEXHUKE
3amaxa npu TONKaHMU, @ UMEHHO — CKOPOCTM 3amaxa. BTopbim No 3HaYMMOCTU NOKasaTenem ABAAETCA Yron
BbINycKa AApa. PekomeHayeTca Mcnosb3oBaHne 6a30BOro ypaBHEHUA NPOrHO3MPOBAHUA, KOTOPOe onpeaenaeT
oXnaaemble pesynbTaTbl NpuM OTOOPE HOHLIX CMOPTCMEHOB B TOJIKAHWWM AAPA, C BbICOKOW HAZEKHOCTbIO
NONYYEHHbIX Pe3yNbTaToB. TN XapaKTEPUCTUKM PEeKOMEHAYeTCA UCMO0Ab30BaTb ANA OLUEHKM IOHbIX aTNeToB, a
TaKe B npouecce TPEHUPOBKU U NOATOTOBKM CMOPTCMEHOB K COPEBHOBAHUAM.

KniouesBble cnoBa: KNHEMAaTUYECKME NOKA3aTeNu, IoHble CMOPTCMEHbI, TOZIKaHWe aapa
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The shot put is a field event in athletics and
each of the events has a specific set of features
including the characteristics of the implement used
(size weight and aerodynamic qualities), space
limitations, and technique requirements which
influence the sequence of events and make them
unique [1, 2]. The goal in the throwing events is to
maximize the measured distance covered by the
implement and this distance is determined by several
parameters such as height, velocity, angle of release
[3, 4], aerodynamic qualities, and environmental
factors [5, 6], exploitation of the escape space when
the equipment is thrown out and temporary foot
position [7, 8]. The release height is a consequence
of the athlete’s length of the body, length of arm;
body mass and it is a prerequisite for a candidate’s
selection for shot-putting. [1, 9]. The release angle
depends on the release height and the release velocity
[3,10]. The angle of the release is smaller, the higher
the height and the speed of the throw [11]. It is
relatively constant for an individual athlete and
cannot be changed to improve the result. The release
velocity is by far the most important of all the release
parameters in determining the distance achieved
because the distance is proportional to the square of
the release velocity [6, 12].

The shot put competition is one of the
athletics activities that is included in the international
competitions like the Olympic Games, World Track
& Field competitions, and continental Sports meet.
Its skill performance is based on the same as other
competitions due to mechanical conditions in its
performance, despite the difference in the method or
style of performing the movement before the final
release of the shot. The analysis is the sorting and
tabulation of the many data with its main elements,
then logically treating them with a balance, with an
appropriate standard and axis to shift from their
precise quantitative formulas to others with
meaningful explanations to solve the problem
addressed by the researcher [13]. Biomechanical
Knowledge is a “Must” for Coaching, and all
movements of men and animals are determined by
the laws of mechanics. It is the first task of science is
to understand the movements of athletes; therefore it
is an indispensable base for coaching. In the throwing
events, the factors influencing the performance are
governed by the physical laws of the flight phases of
the implement and the biomechanical laws of the
movement of the system, putter, and implement’
before release [14]. Projectiles obey constant
acceleration, making them easier to describe and
understand (Galileo's equations). Three factors
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displacement, of a projectile speed of release, angle
of release, the height of release. Positive height of
release, the optimal angle should be slightly lower
than 45°. Theoretically, the optimal angle is about
40-41°, skilled shot-putters use angles of 35-37° [3].
Shot-putting requires great explosive strength,
together with the ability to perform precisely timed
release of the (add) shot as far as possible, but
competition regulations restrict the movements in a
confined space. The athlete’s objective is to project
the technique that may be used. The shot must be
thrown from the should using one hand and it must
be held near to the chin throughout any preliminary
movements (IAAF, 2000). In recent years many
researchers have studied the techniques of shot put
parameters and factors that are crucial for achieving
top results, as well as those necessary for optimal
performance.

Much research has been performed on the
shot put, and several of these studies have examined
the theory and practice of determining optimal
release conditions, such as release speed, release
angle, and release height [3, 10, 15]. Although these
parameters directly determine the projected distance
of the throw, they do not give any indication of the
events leading up to the release. Consequently, they
offer limited information to coaches seeking to
improve the aspects of technique that will result in
the best release parameters [16]. Some other studies
have been descriptive and these have ranged from
guantitative [17-20] to completely qualitative [21].
Although these studies do provide information about
the kinematics of the performance, they too offered
limited evidence as to which parameters were most
influential on the performance. Also, the relative
importance of each critical factor will vary for each
athlete depending on such things as gender,
anthropometry, strength parameters, throwing
technique used (glide or spin), and individual stylistic
elements [16].

In their research [22] defined some of the
most important kinematic parameters of the
rotational shot put technique. They used a 15-
segment model of the thrower with 23 defined
reference points The results showed that the top
result of the throw depends on release velocity, the
optimal angle of release, the relation between the
rotational motion and acceleration of the final shot,
and the angular velocity of the elbow and shoulder
joints of the throwing arm. The authors [23]
investigated the rotational model of the two
techniques of elite shot putters with different
anthropometric measures. Differences were found
for: release velocity, release height, the maximum
angular velocity in the elbow joint of the throwing
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hand, the trajectory of the thrower and the shot,
torsional rotation in the shoulder joint compared to
the axis of the hip joint, maximum force focused on
the ball, the kinetic energy independent of the sphere.
Critical factors measured in this study included the
speed of turning the right foot and the maximum
force developed, the angle and height of release, and
release velocity during the last phase. These factors
are examined in connection with each athlete's
throwing distance. A greater angle of a release causes
a higher shot flight from the ground, but lower speed.
During the flight phase, the shot acts as a projectile
in free flight and its path can be calculated by using
data on the conditions of release. Authors [3] aims to
assess the accuracy of the method of calculating the
angle of ejection for throwing shots. With this
method the optimal angle of release, which produces
the longest distance, is calculated by combining the
equation for the range of missiles during free flight
with a connection among the release velocity, release
length, and angle of release. A crucial finding of the
study of [24] is that the swing of the left hand must
be performed with an amplitude that allows the pre-
stretching of structures that are active in the pushing
phase or with an amplitude that does not allow an
increase in the shot movement radius. Release
parameters are very important for successful
performance and are mutually dependent. When the
throw is made above the horizontal plane, the length
of the throw depends on the height, angle, and
velocity of the release [25]

Simple models of throwing were developed
to explain the relationship between the release
velocity, height, and angle related to the
anthropometric measures and motor abilities of
athletes [3]. A study by Young, & Li [16] is the first
to examine critical parameters for success in elite
women shot putters and indicates specific parameters
that are important for achieving the highest standard
in the event. The results of this study suggest that,
among elite shot putters, bigger rear knee flexion at
rear foot touch-down and release, increased release
speed, a more neutral shoulder-hip angle at release
and a larger horizontal release distance were the best
predictors of the measured distance. Correlation
analysis of this study [16] indicated that measured
distance was positively correlated with release speed
(r = 0.97, p= 0.0003) and shoulder-hip separation (r
= 0.72, p= 0.06) and negatively correlated with
release angle (r=-0.74, p=0.056), rear knee angle at
rear foot touchdown (r = -0.93, p=0.003) and rear
knee angle at release (r = -0.76, p=0.047). Greater
knee flexion angle at both rear foot touch-down and
release along with a neutral shoulder-hip angle at
release was ldentified as the most critical parameters
for success among this sample of elite women shot
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putters. The research [10] between two throwers
Multivariate regression analyses determined that
achievable release speed decreases with increasing
release angle at about 1.7 (m-s*)/rad and decreases
with increasing release height at about 0.8 (m/s)/m,
with only small differences in sensitivities between
the throwers. Horizontal release distance also
decreases with increasing release angle at about 1.7
m/rad and increases with increasing release height at
about 1.3 m-m™, again with only small differences
between the two throwers. In recent years there have
been many researchers studying the techniques of
shot put parameters and factors that are crucial for
achieving top results, as well as those necessary for
optimal performance.

Research [26] was conducted on the finalists
of World Championship to determine the influence
of anthropometric and kinematic parameters of the
throw (release velocity, release height, release angle)
on result successfulness in the shot put. A total of 32
competitors were included in the research, out of
which 16 were male and 16 were female finalists.
Obtained results were processed by multiple
regression analysis which confirmed a statistically
significant influence of predictors on the result of
male shot put finalists (R=0,793**, R?>=0,629) and
female finalists (R=0,806**; R?>=0,650). The
obtained results of regression analysis confirmed that
the speed of the throw-out (Vo) was a leading
parameter in the successfulness of the finalists' result
(Beta(f)=0,691; Beta(m)=0,528] and an inverse
relationship with the angle of the throw-out, which
can be confirmed by previous research on this
subject. Interestingly, the angle of the throw-out in
female shot-putters was not defined as a factor of the
impact on regression function, while the height of the
throw-out recorded slight inversion in comparison to
the throw-out angle and the speed as a consequence
of the force of gravity. The aim of this study [27] was
to determine differences in the parameters of the
release of top Serbian athletes. The throwing
technique was taken at the Serbian Cup 2011 for the
competitors who achieved the best results. The
values of the variables were determined by using
software for 2D kinematic analysis, "Human",
version 6.0 HMA Technology Inc. 2005, United
States of America (Human). The first-place
contestant scored a higher release speed of 13 m-s?
(13.79 m-s), while the speed of the second and the
third was much lower (11.9 m-s?* and 11.68 m-s?),
The maximum height of release was determined for
the second-placed competitor (2.22m), then for the
first-placed (2.07m) and the third-placed competitor
(2.05m), The angle of release for the top-placed
competitor was 40.4°, 42.8° for second-placed and
41° for the third-placed. In the case of the top-ranked
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competitor and the third, there is the possibility of
increasing the horizontal length of the shot put.

The organization of Kkinematics and
movement within each stage is jointly accredited
within and across each stage, so coaches should
consider the athlete's biomechanics [28]. The low
local levels in (Iraq) in recent years compared to the
progress of international levels may be due to the
weak codification of the training programs applied,
especially those that depend on building their
exercises on the mechanical conditions
accompanying the kinetic technical performance of
the thrower, including the peripheral velocity of the
joint point of the driving arm of the group and the
basic kinematic variables related to the moment The
shot is released from the player's hand, through
which the forward horizontal distance (the archer's
Shot put result) is determined [29]. And through a
simple comparison of the levels recorded in Olympia,
continental and worldwide, which exceeded meters
in most international tournaments for the first-placed
holders in each championship, as well as the (Iraqi)
record recorded more than twenty years ago, of
(18.36 m) for the hero Khaled Muhammad Wajih,
with the numbers recorded in the last two decades
and not exceeding meters for the Iraqi champions in
local and international championships, the Iraqi
digital low level is undoubtedly evident, that the
great decline may be due to the weakness of training
programs, which may be limited only by relying on
the development of some physical abilities and old
methods of developing performance skills The
technical and also the qualitative analysis by the
coach, which is not commensurate with the size of
the great scientific progress that the modern training
process has reached, which depends on building its
exercises on the foundations and values of
biomechanical kinematic analysis programs, and also

that the proper and early selection of novice athletes
may predict the project of an upcoming champion,
and this is what It is produced by the results of
scientific research, especially those that depend on
the values of the special mechanical variables in the
final payment phase of the batch, in addition to the
physical capabilities and specifications that it has
Suitable [29, 30, 31]. Due to the importance of this
competition internationally and its place among other
games, especially track and field competitions, the
researchers decided to conduct this study, to avoid
some of the weaknesses of novice athletes in the
future and to enhance and develop the positive
points, and thus contribute to the development and
improvement of the Shot put result.

Purpose: to determine the most significant
kinematic indicators in the sports selection of
beginner shot putters.

Materials and methods
Participants

The researchers used the descriptive
approach due to its relevance to the nature of the
research and chose eight (9) students from the fourth
stage of Division (1) for the academic year
2017/2018 at the Faculty of Physical Education,
University of Maysan, Irag.

Procedure
The sample was chosen in the intended
method, and they are the best shot put result among
their peers, and Table (1) shows the Specification
sample.

Table 1

Shows the sample specifications and their homogeneity

. . Arithmetic Standard . Coefficient of
Basic variables L. Median .
mean deviation torsion
Age (years) 21.78 0.88 21 1.14
Body Height (cm) 169.56 0.87 170 0.96
Bodyweight (kg) 74.11 1.99 73 0.83
Shot put result (M) 11.947 0.172 11.8 1.6

It is evident from Table 1. that the torsion
coefficient for all members of the research sample is
homogeneous, because the value of the torsion
coefficient in all variables that may affect the results
of the research is within (+ 3), which indicates its
homogeneity.
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Statistical Analysis

The data obtained in the study were given as
arithmetic mean, standard deviation, median, skew
coefficient, Pearson correlation coefficient, analysis
of variance and linear regression, constant term,
standard error.
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Results

To obtain the correlation coefficients between the
research variables, the researcher used the simple
correlation (Pearson) as a statistical method to achieve this
purpose. Table (2) shows the simple correlation

coefficients and their contribution ratios between the
variables included in the regression of the dependent
variable (the numerical level) with the independent
variables (kinematics).

Table 2

Mean, standard deviations, correlation coefficient, contribution rate, and the level of significance between
the shot put result and some kinematic variables

The kinematics Variables MeanzStd.Dev. Simpl(? el e Significance
correlation rate ratio (p)
Angle of Release (degree) 35.444+1,130 0.876 0.767 0.000
Release velocity(m-s™) 11.947+0,172 0.913 0.834 0.000
The height of the release point (M) 1.936+0,628 0.923 0.852 0.000
Swing speed (m-s) 9.849+0,628 0.942 0.887 0.000

The correlation of the Shot put result with the
Angle of Release variable (0.876) and the contribution
percentage (0.767) and the level of significance (0.000).
The correlation of the Shot put result with the Release
velocity variable was (0.913) and the contribution
percentage (0.834) and the level of significance (0.000),
while the correlation of the Shot put result wi

variable reached. The height of the Release point was
(0.923) and the contribution percentage (0.852) and the
level of significance (0.000). The correlation of the Shot
put result with the variable peripheral velocity reached
(0.942), the contribution percentage (0.887), and the level
of significance (0.000).

Table 3

The correlation coefficient, the multiple contribution ratio, and the standard error of the estimation between
the shot put result and some kinematic variables

Through our observation of Table 3, it
becomes clear to us the value of the multiple
correlations, as it reached (0.963) and the
contribution rate (0.927), and with a standard error
rate of (0.065) with the values of the numerical level,
and to identify the regression coefficient of the

Model Multlple Contribution rate Std error of the estimate
correlations
1 0.963 0.927 0.065
contribution of some independent variables

(kinematic) to predict the measurement of (The
numerical level) as a dependent variable, the
researchers used the test (analysis of variance) as
shown in Table (4).

Table 4

Analysis of Variance of the multiple regression to check the quality of compatibility of the multiple linear
regression model of the Shot put result and some of the kinematic variables

Model Sim el DEYERe) || ARl F Significance ratio (p)
squares freedom squares
Regression 0.220 4 0.055
Shot put -
result Residual 0.017 8 0.004 13.75 0.02
Total 0.237 )

By observing Table 4. it becomes clear to us
that the independent variables are suitable for
predicting the measurement of the shot put result of
players (11.947) through the significance of the value
of (F), as it reached (13.75) with an error rate (0.02),
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and in order to arrive at the equation of the multiple
regression lines, the researcher used the test (T-test)
as shown in Table 5.
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Table 5
The values of the constant limit and the slope (effect) between the numerical plane and some kinematic
variables
Unstandardized D
. Significance
Coefficients .
Model t ratio
B Standard (n)
error P
1 Constant 6.287 2.908 2.162 0.097
Angle of Release (degree) 0.024 0.093 -0.261 0.807
Release velocity (m-s™?) 0.113 0.207 0.549 0.612
Shot put result The height of the release
8 . 2.236 2.148 1.041 0.357
point (M)
Peripheral velocity (m-s) 2.341 0.326 2.675 0.046

It can be seen from Table 5. that the variable
(height of the starting point) is the first contributing
variable, the variable (velocity of departure) the
independent variable, the second contributing
variable, the wvariable (peripheral velocity), the
independent variable, the third contributing variable,
and the variable (the angle of release) of the
independent variable, the fourth contributing
variable. The predictive regression equation for the
numeric plane in terms of the influencing estimates
(angle of departure, cruising speed, height of the
starting point, and peripheral velocity). Therefore,
the predictive equation can be derived using the
multiple regression equation as follows:

The predictive value of the numeric plane =
6.287 - (0.024 X the arithmetic mean of the path angle
variable) + (0.113 x the arithmetic mean of the path
velocity variable) + (2.236 x the arithmetic mean of
the starting point height variable) + (0.108 x the
arithmetic mean of the path velocity variable).
Predictive value of numeric level = 11.952.

This requires the player to be strong and
flexible limbs because it contributes significantly
with the rest of the physical and mechanical variables
to increase the shot speed from the putter’s hand to
the moment of the final push and through the
occurrence of a reverse reaction to the movement of
the hip at the moment of stopping due to the large
resistance arm represented by the limited front
movement [30]. The angle of release is an influential
factor in achieving the longest horizontal distance
forward that the shot puts, especially if the other
basic mechanical conditions in the throwing process
are met with it, which is the launch speed that has to
do with the horizontal velocity of the player, which
he acquires through the kinetic transfer of his center
of gravity within the throwing circle towards the
throwing sector, and with height The Release point
[29]. It is worth noting that some basic mechanical
aspects must be studied in motion analysis and,
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optimal release conditions producing a maximum
range for a particular athlete can be determined [10].

Discussion

The importance of sportspersons operation
status as a leading factor in high sports performance
is doubtless. The offered study includes assessment
and correction of the sportsperson's operation status
during the competitions, which was based on the
multi-factorial express- diagnosis of the functional
condition, variation pulsometry, and body impedance
analysis.

In the event like shot put, where even the
slightest change in the body position right from the
starting point to the release of the shot could make a
significant difference to performance which in turn
can impact a win or a loss. Further, shot put can be
said as an event of closed technique where the athlete
is clearly and fully aware of what he or she is going
to or expected to do. Hence, the athlete can train
accordingly and prepare well if he or she can
automatize the movement pattern that is best suitable
for their body. The athlete will be able to mechanize
the technique to such an extent every time the athlete
prepares to make a put, the body is completely aware
of its position and movement pattern. It must be
noted that once the shot is released, there is nothing
in the power of the athlete to control it. Hence, the
more accurate and perfect the technique and the
movement pattern is leading up to the point of
release, the more reliable and consistent the athlete’s
performance will become. This will certainly enable
the athlete to plan better, train better, perform better
and progress in the best manner possible. This is
ultimately the goal of any competitive shot putter,

According to the received data, the multiple
linear regression equation was calculated as well as
the most significant characteristics of the body
impedance analysis were detected. It is mentioned
that the analysis is sorting and categorizing the many
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data with its main elements, then processing them
logically with a balance with an appropriate standard
and pivot to switch from their precise gquantitative
formulas to others of useful meanings to solve the
problem addressed by the researcher [13].

As far as the authors know, this is the first
study, based on the factor, correlation, and regression
analysis aimed at completing the model of highly
skilled throwers shot put competition operation
status model. Authors [29] studied the body mass
indicators of athletes and determined their role in
assessing the preparedness of athletes. Authors [32]
conducted a systematic review and identified
prospects for the future in the use of bioimpedance
analysis in sport and exercise. Authors [33] in his
studies established a specific profile of an athlete
according to the characteristics of body composition:
Fat free mass, total body water and fat mass which
completely coincides with our studies

Conclusion

It has been shown that the swing speed has
the greatest influence on the result in the shot put
among beginner athletes. The swing speed, shot
angle, shot speed and shot height have significant
relationships with the shot put result. The multiple
regression equation for the dependence of the shot
put result on the swing speed, shot angle, shot height
and shot point turned out to be reliable in general.
However, only the swing speed has a reliable
coefficient of the regression equation. The shot angle
tends to be the determining factor in the shot put
result. The release rate and the height of the release
point have significant correlations with the shot put

result, although in the regression equation they have
unreliable indicators of influence on the shot put
result.

When teaching beginner shot putters, the
greatest attention should be paid to the pushing swing
technique, namely the swing speed. The second most
important indicator is the kernel release angle.

Recommendations

1 — It is important to adopt mechanical
foundations in building skill exercises when teaching
and training beginners to put the shot.

2 — Predictive equations based on
mechanical foundations at the moment of shot put
into place for members of the research sample can be
used in the process of selecting junior athletes in the
shot put competition.

3 — Conducting similar studies on other track
and field competitions
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Abstract

Purpose: to study the peculiarities of the relationship between resilience and socio-psychological adaptation to
activities in novice athletes; to develop a program of social and psychological training for the development of
resilience and optimization of the adaptation process in athletes.

Material and methods. The study involved 42 sportsmen of fire-applied sports at the age from 17 to 20 years.
Research methods: theoretical analysis and generalization of scientific literature, system analysis and data
interpretation; testing; methods of mathematical statistics.

Results. As a result of the research, a resilience training was developed for novice athletes in order to optimize
adaptation processes. The main goals of the training are: achieving a deeper understanding of stressful
circumstances, ways to overcome them; finding ways to actively solve problems; constant use of feedback,
thereby deepening the self-perception of involvement, control and risk taking. After the training, the level of
resilience increased, the maladjustment of the participants decreased.

Conclusions. The article presents a theoretical analysis and empirical study of the problem of the relationship
between resilience and socio-psychological adaptation to sports activity of young sportsmen of adolescence.
The results obtained in empirical research indicate that the level of resilience is associated with indicators of
adaptation. The socio-psychological training has been developed to optimize the process of adaptation to sports
activity by increasing the level of vitality. The effectiveness of the developed training program for athletes has
been proven.

Key words: beginner athlete, sports activity, vitality, social and psychological adaptation, social and
psychological training
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AHoOTALA

AdaHacbeBa H.€., InbiHa 10.10., CBitanuHa H.O. XuttecTilKictb Ta couianbHO-NCUXONOriYHA aganTauin
CNopTCMeHiB pi3HOiT KBanidiKauii Nno)xKeKHO-NPUKNAZHOro cCNopTy

MeTa: gocnigutM ocobanBOCTI B3aEMO3B'A3KY MMUTTECTIMKOCTI Ta coujasbHO-NCUXOOrYHOI aganTauii go
[OiANbHOCTI Yy CNOPTCMEHIB-NOYATKIBLIB; pO3p0obUTU Nporpamy COLiaNbHO-MCUXONOTYHOTO TPEHIHTY PO3BUTKY
UTTECTIMKOCTI Ta ONTMMI3aL,i Npouecy aganTau,ii y cnopTCMeHiB.

Martepian i metoaun. B gocnigkeHHi B3aan y4acTb 42 CMOPTCMEHWN MOXKEXHO-MPUKAAAHOr0 CNOPTY BiKOM Big 17
80 20 pokiB.

Memodu 0ocnidnceHHA: TEeOPETUYHMIA aHani3 Ta y3araJibHEHHA HAyKOBOI NiTepaTypu, CUCTEMHUI aHani3 i
iHTepnpeTaLia AaHWNX; TECTYBAHHA; METOAM MAaTEMATUYHOT CTaTUCTUKMU.

Pe3ynbTtaTtu. Y pesynbTaTi A0CAIAKEHHS PO3POBNEHNIN TPEHIHT XKUTTECTIMKOCTI A4N1A CNOPTCMEHIB-NOYaTKIBL,iB 3
MEeTOK ONTUMI3aLil aganTauiiHux npoueciB. OCHOBHUMM LiNSAMM TPEHIHTY €: AOCATHEHHA 6inbw raMboKoro
PO3YMiHHA CTPECOBUX OOCTaBMH, LWAAXIB NOAONAHHSA TX; 3HAXOAMKEHHSA LUAXIB aKTUBHOTO BMPIiLWEHHA Npobnem;
NocTinHe BWMKOPUCTaHHA 3BOPOTHOrO 3B'A3KY, 3aBAAKM YOMY MOMNOMIOETLCA CaMOCMPUNHATTA 3aay4YeHOCT,
KOHTPO/IO Ta MPUUHATTA PU3MKy. [licna TPeHiHry niaBULWMBCA pPiBEHb MUTTECTIMKOCTI, 3HWM3UBCA piBEHb
Ae3afjanTaLii yYacHUKIB.

BUCHOBKK. Y CTaTTi NpeAcTaB/eHO TEOPETUYHNI aHAi3 Ta eMMipuYHe JOCNIAKEHHA NPobieMn B3aEMO3B’A3KY
MiXK KUTTECTIMKICTIO Ta COLiaNbHO-NCMXOOMYHO aganTauielo 40 CNOPTUBHOI AiANbHOCTI CMOPTCMEHIB-
NOYaTKIBLIB OHAUbKOro BiKy. OTpMMaHi y emnipnyHOMy [LOCAIAXKEHHI pe3ynbTaTu CBigyaTb, WO piBeHb
XUTTECTIMKOCTI NOB’A3aHMIA 3 NOKasHWKamuM aganTauji. Po3pobneHo coujianbHO-NCUXONOFYHUIA TPEHIHT
onTMmisauii npouecy aganTauii 40 CNOPTUBHOI AiANbHOCTI 3aBAAKW MiABULLEHHIO PIiBHA YKUTTECTIMKOCTI.
JoBeneHo epeKTUBHICTb pO3p0HEHOT MPOrpamm TPEHIHTY A1A CNOPTCMEHIB-MOYaTKIBL,iB.

KnouoBi cnoBa: cnopTcmMeH-MoYaTKiBelb, CNOPTUBHA AiA/IbHICTb, MKUTTECTIMKICTb, COLia/IbHO-NCUXOIOFIYHA
ajanTauis, coLiasibHO-MCUXONOTIYHNI TPEHIHT

AHHOTALIUSA

AdaHacbeBa H.E., UnbuHa 10.H0., CeBeTnnyHaa H.A. XU3HECTOMKOCTb M COLMANbHO-NCUXONOrMYEcKan
afanTauuA CnOpTCMEHOB Pa3/IMYHON KBanudUKaLMK NOXKAPHO-NPUKAAAHOr0 cnopTa

LUenb: nccnegoBatb 0COOGEHHOCTM B3aMMOCBA3N *KU3HECTOMKOCTU U COLMAIbHO-MCUXOIOTMYECKOM afganTaumm K
0eATeNIbHOCTM Y HAYMHAOLWMX CNOPTCMEHOB; Pa3paboTaTb MPOrpamMmmy COLMaIbHO-NCUX0IOFMYECKOrO TPEHMHTA
Pa3BUTUA KU3HECTOMKOCTU M ONTUMM3ALLUN NPOLLECCa aJanTauumn y CMOPTCMEHOB.

Martepuan u metogbl. B nccnegosaHMm NpuHAAM ydactme 42 cnopTcmeHa NOXapHO-NPUKAaAHOro cnopTta B
Bo3pacTe oT 17 oo 20 net. MeToapl UCCNef0BaHUA: TEOPETUYECKUI aHanu3 1 0606LeHne HayYHON AnTepaTypbl,
CUCTEMHbBIV aHANN3 U MHTEepNpeTaLma AaHHbIX; TECTUPOBaHMUE; MEeTOAbl MAaTeMAaTUYECKOM CTAaTUCTUKM.
PesynbTatbl. B pe3synbtaTte wuccnenoBaHMA pa3paboTaH TPEHUHT KM3HECTOMKOCTM A8 HauyMHaKoLWMX
CMOPTCMEHOB C LeNblo ONTMMM3aLMKN a4anTaLMOHHbIX npoueccoB. OCHOBHbIMW LeNAMU TPEHUHIa ABAAKOTCA:
JoctukeHne 6osnee rnyboKoro NOHMMAHUA CTPECCOBbIX 0BCTOATENLCTB, NYyTEeN NPEeOSONEHNS UX; HAXOXKAEHME
nyTen aKTMBHOrO peweHua npobsem; NOCTOAHHOE WCNOo/b30BaHWE o06paTHOM cBA3W, bnarogaps uyemy
yrnybnseTca camoBOCMPUATME BOBAEYEHHOCTU, KOHTPOAS U NPUHATUA pucka. Mocne TpeHMHra nosbicUACA
YPOBEHb }U3HECTOMKOCTWN, CHU3UNACh Ae3a4anTalnmn y4acTHUKOB.

BbiBoabl. B cTaTbe npeacTaBAeHbl TEOPETUYECKU aHaM3 U 3IMMNUPUYEcKoe uccnegoBaHue npobaemsl
B3aMMOCBA3M MeXAY KU3HECTOMKOCTbO W COLMaNbHO-MCUXONOrMYECKOM afanTaumen K CrnopTMBHOM
OEATEeNIbHOCTU  HAYMHAKOWMX CMOPTCMEHOB HOHOLWECKOro Bo3pacta. [losyyeHHble B 3MIMPUYECKOM
UccnefoBaHMM  pesysibTaTbl CBUAETENbCTBYHOT, UYTO YPOBEHb KM3HECTOMKOCTM CBA3aH C MOKasaTenamu
aganTtaumu. Pa3paboTaH CoLMaNbHO-MCUXONOTMYECKMIA TPEHWHT ONTMMM3aLMM npouecca agantaumm K
CNOPTMBHOMN [A€ATE/IbHOCTM 33 CYET MNOBbIWEHUS YPOBHA KU3HECTOMKOCTU. [loKasaHa 3¢¢deKTUBHOCTb
pa3paboTaHHOM NporpaMmsbl TPEHUHIA ANA CNOPTCMEHOB.

KnoueBble cnoOBa: HaYMHAKOWMIA CNOPTCMEH, CMOPTUBHAA LOEeATeNbHOCTb, YXM3HECTOMKOCTb, COLUManbHO-
NCUXON0rMYecKan aganTaumsa, CoUManbHO-NCUXONOTMYECKUA TPEHUHT
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Introduction

Sustainability is a key personality variable
that mediates the impact of stressors on physical and
psychological health, as well as on the success of the
individual. Kulikov [1] in the analysis of viability
considers three aspects of psychological stability:
resilience, stability; balance, moderation; resistance.
In his opinion, resilience is manifested in overcoming
difficulties as the ability to maintain faith in
themselves, to be confident in themselves, their
abilities, as the ability to effectively mental self-
regulation. Stability is manifested in the preservation
of the individual's ability to function, exercise self-
government, develop, adapt. Reduced resilience
leads to the fact that, being in a situation of risk, a
person overcomes it with negative consequences for
mental and physical health, personal development,
interpersonal relationships. According to Maddi [2],
resilience includes three relatively autonomous
components: involvement, control, risk-taking. The
expressiveness of these components and vitality in
general prevents the emergence of internal tension in
stressful situations. Solkova's study [3] showed that
resilience affects coping resources by increasing self-
efficacy. People who have high resilience rates have
a greater sense of competence, high cognitive
assessment, developed coping strategies and
experience less stress in everyday life. Florian [4] in
his study showed that the components of vitality
(involvement and control) were predictive of mental
health. Involvement has improved mental health,
reduced the assessment of threats and the use of
emotionally focused coping strategies, and increased
the role of secondary reassessment of events. The
level of control had a positive effect on mental health,
reduced the threat assessment of the event,
contributed to the reassessment of the event and
encouraged the use of coping strategies focused on
solving problems and seeking support.

Thus, research shows that resilience, on the
one hand, affects the assessment of the situation - due
to the willingness to act actively and confidence in
the ability to influence the situation, it is perceived as
less traumatic, on the other hand, resilience helps to
actively overcome difficulties by producing new
constructive behavior. transformation of viability
components. Sustainability helps to restore the
balance between risk factors and protective factors.

The study focused on the definition of
viability as an integrative phenomenon that is
associated with resource potential, personal qualities,
patterns of behavior and cognitive patterns that are
most often used by people in difficult life situations.

48

Theoretically, the problem of viability of
athletes of different qualifications and its relationship
with  adaptation processes is insufficiently
developed. There is still no consensus on what
vitality is. This phenomenon in the scientific
literature is often replaced by various terms, such as
viability, vitality, maturity, and others, so special
attention needs to be clarified.

Based on the relevance of the research
problem, its lack of development, theoretical and
practical significance, the research topic was
determined, the object, subject, purpose, hypothesis
and objectives of the study were formulated.

Object of research: socio-psychological
adaptation to sports activities.

Subject: vitality as a factor of socio-
psychological adaptation to the activities of athletes.

Purpose: to investigate the relationship
between vitality and socio-psychological adaptation
to the activities of novice athletes; to develop a
program of socio-psychological training for the
development of resilience and optimization of the
adaptation process in athletes.

Hypothesis: we proceeded from the
assumption that a high level of vitality has a positive
effect on the quality and speed of socio-
psychological adaptation to the activities of athletes.

Objectives of the study: to analyze modern
theoretical approaches to the study of the problem of
vitality of athletes at the stage of socio-psychological
adaptation to activity; determine the level of viability
of novice athletes; to analyze the features of socio-
psychological adaptation of athletes to the activity; to
study the features of the relationship between vitality
and socio-psychological adaptation to the activities
of novice athletes; to develop a program of socio-
psychological training aimed at developing vitality
and optimizing the process of adaptation in novice
athletes.

Material and methods
Researched

The study involved 42 athletes in fire and
applied sports aged 17 to 20 years (representatives of
the national teams of the National University of Civil
Defense of Ukraine (Kharkiv) and the Academy of
Fire Safety named after the Heroes of Chernobyl
(Cherkasy). applied sports is less than 1 year.

Research methods

The main ways of adaptation as an active
adaptation of man to the requirements of the activity
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experts consider training and education, addiction,
selection and formation of individual style of
activity.

The purpose of the empirical part of the work
is to study the relationship between vitality and
socio-psychological adaptation in novice athletes.

Theoretical methods: analysis of scientific
literature, generalization of the received information,
system analysis and interpretation of data; empirical
methods: "Test of viability" Maddi [2]; methods of
diagnosis of socio-psychological adaptation K.
Rogers, R. Damon; to study the success / failure of
adaptation: a questionnaire "Assessment of
professional maladaptation” [5]. Methods of
mathematical statistics: Student's t-test, Fisher's ¢-
test, Pearson's correlation coefficient.

Results

S. Maddi's "Sustainability Test" method was
used to study the level of viability of novice athletes.
The results obtained are presented in table 1.

The data indicate that the indicator
"Involvement” is within the standard norm, the
indicator "Control" is lower than the norm, the
indicator "Risk Acceptance™ is much higher than the
norm. Thus, it can be stated that the studied novice
athletes have an external type of control over life and

activities, ie believe that they can not fully influence
what happens in their lives, tend to address control to
external circumstances and other people.
Table 1
Indicators of viability of novice athletes

Scales Mto
Involvement (points) 35.7412.0
Control (points) 20.246.8
Risk acceptance (points) 19.5+6.6

But at the same time they are exposed to
unjustified risk, because they believe that any
situation (positive or negative) is a source of
experience. They prefer to develop through the active
acquisition of knowledge from their own experience
with their further use. The overall rate of "viability"
in the subjects is slightly lower than normal. But the
higher the level of resilience, the more it contributes
to the assessment of events as less traumatic and
successful overcoming of stress.

Socio-psychological adaptation of novice
athletes to sports activities was measured using the
"Methods of diagnosis of socio-psychological
adaptation™ and the questionnaire "Assessment of
professional maladaptation." The results obtained are
presented in tables 2, 3.

Table 2
Indicators of socio-psychological adaptation of novice athletes
Scales Indexes
Adaptation (%) 60.9
Acceptance of others (%) 59.1
InrepHanbHicTh (%) 55.8
Self-acceptance (%) 62.6
Self-acceptor (%) 57.8
The desire to dominate (%) 67.5

The most pronounced indicators of socio-
psychological adaptation in the subjects are: the
desire to dominate (68.7%), self-acceptance (63.3%)
and adaptation (61.1%); the least, although within the
norm, are internality (56.0%), emotional comfort
(58.3%) and acceptance of others (58.7%). All
indicators are in the middle range. In our opinion, the

relatively high level of self-acceptance and
adaptation in general allows us to make a positive
prognosis for the success of socio-psychological
adaptation of novice athletes to sports activities.
However, the desire to dominate can slow down or
even distort this process because it makes the
individual less flexible in professional interactions.

Table 3
Indicators of professional maladaptation of novice athletes
Ne Sign Y 6anis
1 Deterioration of health

Emotional shifts (points) 8.9
Features of individual mental processes (points) 41
Decreased overall activity (points) 49
Feeling tired (points) 6.3
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2 Somato-vegetative disorders (points) 28.8
3 Sleep-wake cycle disorders (points) 7.5
4 Features of social interaction (points) 11.3
5 Decreased motivation to work (points) 4.2
)2 76.0

The obtained indicators indicate a  process in novice athletes, namely: a direct

pronounced level of maladaptation of the subjects of
this group, which requires the mandatory
intervention of psychologists and the use of a special
program to optimize the process of adaptation to
sports activities. Thus, the study of the process of
adaptation to sports activities of novice athletes
allows us to state that this process continues, has
significant deformations, there is a fairly high level
of maladaptation.

At the next stage of the study, the
relationship  between the success of socio-
psychological adaptation to sports and the level of
vitality of the individual was analyzed. Issues of
survival - life, adaptation - self-realization are closely
related to individual, situational, moral aspects of the
manifestation of vitality, the actualization of certain
values and meanings. To study the features of the
relationship  between viability and various
parameters of the adaptation process, a correlation
analysis was performed, the results of which are
shown in table 4.

Table 4
Indicators of the relationship between viability and
the parameters of socio-psychological adaptation to
sports activities in novice athletes

Adaptive indicators Viability

Adaptation (rs) 0.54**
Acceptance of others (rs) 0.13
Internality (rs) 0.08
Self-acceptance (rs) 0.34*
Emotional comfort (rs) 0.10

The desire to dominate (rs) 0.43**
Deterioration of health (rs) 0.09
Emotional shifts (rs) -0.05
Features of individual mental 0.14

processes (rs)

Decreased overall activity (rs) -0.49**
Feeling tired (rs) -0.16
Somato-vegetative disorders (rs) 0.07
Sleep-wake cycle disorders (rs) -0.22
Features of social interaction (rs) 0.15

Decreased motivation to work (rs) -0.55**

Note:* p <0.05; ** p < 0.01

These studies allow us to state the presence
of both direct and inverse relationship between
viability and individual parameters of the adaptation

50

relationship at the level of significance established
between viability and adaptation (p < 0.01), self-
acceptance (p < 0.05), the desire to dominate (p <
0.01); the reverse - between vitality and a decrease in
overall activity (p < 0.01), a decrease in motivation
to work (p < 0.01). That is, the higher the level of
resilience, the easier the process of socio-
psychological adaptation to sports in this category of
subjects, they have higher self-esteem, strive for
leadership and dominance, less prone to ill health and
have a higher and sustainable motivation for sports .
The obtained data were used in the creation of a
training program for novice athletes, the purpose of
which is to optimize the process of socio-
psychological adaptation to sports activities through
the development of vitality of the individual.

In modern psychology, researchers [5]
understand training as a multifunctional method of
intentional changes in psychological characteristics,
characteristics of a person, group and organization in
order to harmonize professional and personal life.

Based on the results of psychodiagnostic
research, those parameters were identified that in our
opinion are subject to psychocorrection and
development. These include: all components of
viability (involvement, control, risk-taking); self-
acceptance, self-esteem, self-attitude in general;
leadership qualities, acceptance of responsibility,
social activity; sports motivation. Sustainability
training is based on the assumption that resilience is
not an innate quality, but is formed during life. Itis a
belief system that can be developed. On the other
hand, viability is a hypothetical construct, so there
can be no direct impact on it. The main goals of the
training are:

1. Awareness of sources of stress, stressful
circumstances, ways to overcome them; finding ways
to actively solve problems.

2. Use of feedback, which deepens
awareness of involvement, control and acceptance of
risk.

To achieve them, the most effective is the use
of three basic techniques:

1. Reconstruction of situations. When using
this technique, the emphasis is on imagination and
problem solving. Situations that are perceived as
stressful are identified; stressful circumstances are
considered in an expanded perspective. Through the
reconstruction of the situation, participants learn
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about their latent assumptions, which determine how
the circumstances are perceived as stressful, what
steps can optimize the situation. As part of the
reconstruction of situations, the idea of optimal and
suboptimal alternatives to the situation is used.

2. Focusing is applied in case of
impossibility of direct transformation of stressful
circumstances. Technique is the search for
unconscious emotional reactions that hinder
decision-making by appealing to the "inner content".
The purpose of its application is emotional insight,
which helps to transform stressful situations into
opportunities.

3. Compensatory self-improvement. If the
transformation of the situation cannot take place, the
emphasis is on another problem that is somehow
related to the existing one. Her decision encourages
people to pay attention to what can be changed. An
additional training technique in the initial stages of
its use is the method of paradoxical intention.

The main stages of training:

1) identification of stressful circumstances
that need to be addressed;

2) the use of techniques designed to stimulate
the imagination;

3) the wuse of perspective and its
understanding to develop an action plan aimed at
transforming stressful circumstances into favorable
ones; doing homework to apply the acquired skills
and discuss the results.

Sustainability  training also includes
exercises aimed at finding and receiving social
support in a stressful situation both in the family and
in a sports environment, as well as learning the skills
of self-regulation of one's condition and maintaining
a healthy lifestyle. Self-regulation skills include: the
ability to apply relaxation technigues, monitoring
physical condition, the ability to regulate breathing,
mastery of certain techniques of meditation and
visualization. Training to maintain a healthy lifestyle
includes the formation of skills of proper nutrition,
training of the cardiovascular system, physical
activity, including weight control. The method of
feedback is also used in self-observation, observation
by others and as a result of interaction with stressful
circumstances, recurrence prevention (control during
the year).

The main goal of training is to increase the
level of vitality, ie the ability to withstand stress,
actively transforming it or adapting to it. To achieve
this goal, the training analyzes and changes
ineffective behavioral strategies in intense sports or
personal situations.

Created on the basis of a certain concept, the
training model includes various interactive methods
of group work that allow participants to master the
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technologies they need. But since the training cannot
be conducted in full accordance with the planned
plan, new meaningful parts may appear in the
training.

The conceptual basis of sustainability
training is the approach to the problem from the
standpoint of health psychology. A person can keep
himself in stress only if a systematic analysis of the
most important areas of human life (physical health -
family - work - spiritual values), which will allow
everyone to develop their own stress management
system.

One of the provisions of the psychology of
health shows that everyone can be healthy with
certain, appropriate for him features and conditions
of life and work. Only man himself can understand
and comprehend these factors. Thus, taking into
account the individual psychological characteristics
of the individual - an important conceptual position
in the development of training programs.

Goals and objectives of sustainability
training. The following learning tasks were
implemented in the training scenario. The first task
of the trainer is to inform the participants about the
effects of stress on the human body and psyche. In
this regard, we introduce participants to the most
important concepts of stress theory, such as stressors,
adaptive syndrome, frustration, emotional burnout,
psychosomatic diseases and more. After the
psychologist provides this information, the content of
each of these concepts is discussed during exercises
or in the form of group thematic discussions. The
second task is to teach the participants of the training
group to monitor the signs of stress and its
consequences in themselves and other people.
Practice shows that many of our reactions to stressors
are not realized and supplanted. The influence of the
stressor, which triggers stressful behavior, often acts
as a trigger. It can be a word, a negative opinion, the
statements of important people, the peculiarities of
the situation or behavior of the interlocutor.
Therefore, the third task of the psychologist is to
teach participants to be aware of the impact of these
stressors, in order to further control their own
behavior in stressful situations. Another important
task of the training is to teach participants the
methods of self-help and self-regulation, which can
be used in situations where stress pressure is
maximum or prolonged. It is also important for
novice athletes to know the technique of helping
other people, to regulate their own emotional state.
The training includes information about emotional
intelligence, the development of which is an
important component of sports success. Also -
information about the effect of negative states on the
perception of life events. For example, we look in
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detail at the "anger curve™" and ways to correct this
condition. Training helps not only to gain
knowledge, but also to acquire skills of constructive
response to traumatic situations. The training is
designed for 40 hours, 5 days for 8 consecutive
hours.

After the socio-psychological training, the
diagnosis of viability and some parameters of socio-

psychological adaptation to sports activities in the
group that was trained (group 1) and the group that
did not participate in the training (group 2) was
conducted. The obtained results are shown in tables
5,6, 7.

Table 5
Indicators of viability of novice athletes who participated in the training
1 group 2 group
Scales (Participated in the (Did not participate in the t p- level
training) (n=20) training) (n=22)

Involvement (points) 37.61£12.7 28.319.6 2.8 0.067

Control (points) 26.218.9 20.416.9 2.3 0.055

Risk acceptance (points) 17.5+6.0 14.615.0 1.9 0.045
It should be noted that the athletes who  the development of research self-confidence,

participated in the training have much higher
indicators of vitality. But only two of them reached
the level of statistical significance: involvement (p <
0.01) and control (p < 0.05). That is, training affects

increase interest in life and work. In addition, the rate
of personality internality is higher, at least in some
situations and cases. We consider this to be a positive
effect of the conducted psycho-correctional work.

Table 6
Indicators of socio-psychological adaptation of athletes who participated in the training
1 group 2 group
Scales (Participated in the (Did not participate in the (0} p- level
training) (n=20) training) (n=22)
Adaptation (%) 63.5 53.8 0.74 0.023
Acceptance of others (%) 72.8 51.2 1.65 0.050
Internality (%) 59.6 43.4 1.24 0.038
Self-acceptance (%) 68.4 52.1 1.25 0.038
Emotional comfort (%) 67.3 44.9 1.71 0.052
The desire to dominate (%) 65.7 55.7 0.76 0.023

The data obtained indicate that athletes who
participated in the training have significantly higher
indicators such as "acceptance of others" (p < 0.05)
and "emotional comfort" (p < 0.05). This means that
after the training, novice athletes in this group
became more friendly to other people, less conflicted

and timid in contacts. They feel emotionally
comfortable in a variety of situations, almost those
that have previously caused them undue stress. We
believe that this will help them to adapt more quickly
to professional activities and communication.

Table 7
Indicators of professional maladaptation of athletes who participated in the training
1 group 2 group
Sign (Participated in the (Did not participate in t p- level
training) (n=20) the training) (n=22)
Emotional shifts (points) 6.3+2.2 8.1+2.8 1.26 0.030
Features of individual
mental processes 4.8+1.7 5.3%1.9 0.35 0.008
(points)
Decreased overall 4.451.6 6.842.4 1.68 0.040
activity (points)
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Feeling tired (points) 5.7+2.1 8.5+2.9 1.96 0.047
Somato-vegetative 22.147.5 33.6+11.3 2.11 0.050
disorders (points)
Sleep-wake cycle 7.242.5 10.3+3.6 2.17 0.052
disorders (points)
Features of social 9.443.3 12.6+4.3 2.24 0.053
interaction (points)
Decreased motivation to
. 4.1+1.5 6.3+2.2 1.54 0.037
work (points)
2 64.0£21.5 91.5£30.6 1.66 0.039

For novice athletes who participated in the
training, the overall level of maladaptation is
moderate, ie lower than for those athletes who did not
participate in the training. In addition, there were
significant differences in the following signs of
maladaptation: somato-vegetative disorders (p <
0.05), sleep-wake cycle disorders (p < 0.05), features
of social interaction (p < 0.05).

Discussion

In foreign psychological literature, resilience
is seen as an important personal quality that
determines a person's ability to self-preservation and
effective activity in overcoming life obstacles (stress,
crisis, adverse social circumstances) and maintaining
an active life position. Researchers [6, 7, 8, 9, 10, 11,
12, 13, 14] consider vitality as an integrative
phenomenon that correlates with personal anxiety,
psychological well-being, optimism, strategies for
overcoming stressful situations, locus of control and
more. At the same time, the identification of
additional factors that may affect the level of vitality
of the individual is still relevant. Thus, vitality can be
a determinant of socio-psychological adaptation to
sports activities of the individual.

Adaptation in a broad sense is interpreted as
a process of interaction of the individual with the
environment, which leads to the transformation of the
environment in accordance with the needs, values of
the individual or the dependence of the individual on
the environment [15, 16, 17]. The main stages of
adaptation to sports activities include: acquaintance,
ie personal information about the new situation in
general, the criteria for evaluating various actions,
standards, norms of behavior, etc .; adaptation, ie
reorientation of the individual, accompanied by the
recognition of a new system of values while
maintaining the old attitudes; assimilation -
adaptation to the environment, identification with a
new group; identification - identification of personal
goals with the goals of the community [18, 19, 20,
21]. The fundamental difference between the
functional system of socio-psychological adaptation
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of the individual from all other systems that are self-
regulating is the presence of mechanisms of
conscious self-regulation.

Human resilience means its ability to use its
own resources, including physical resources: the
level of physical fitness and mental health;
psychological resources: intellectual abilities,
emotional and volitional regulation; personal
resources: self-esteem and self-esteem, life
meanings, attitudes, system of motives, material
resources that affect access to information, legal,
medical and other forms of assistance, social
resources: support for family, friends, social status
[22, 23, 24].

According to researchers [25], the vitality of
the individual is:

- a certain resource, potential, which may
include various psychological properties and may be
in demand by the situation;

- an integral psychological property of the
individual, which develops on the basis of attitudes
of active interaction with life situations;

- integral ability to socio-psychological
adaptation based on the dynamics of semantic self-
regulation.

There is also the dynamism of this personal
education, its relationship with the natural properties
of man and his skills.

Larina [26] defines vitality as a system of
personal beliefs that promotes the readiness of the
subject to be interested in participating in situations
of increased complexity, control them, manage them,
be able to perceive even negative events as
experiences and successfully cope with them.
Therefore, according to Titarenko et al. [27], a
feature of a viable personality is a holistic system of
interaction with the world; a resilient person has
resilient beliefs (involvement, control, risk), leads a
resilient lifestyle (maintains his physical and mental
health), uses resilient coping to overcome stressful
and difficult life situations.

Socio-psychological adaptation to sports is
considered in psychology the central period of
human development, personality in general, the
manifestation of various interests, among which
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sports interests are more important [28, 29]. Beginner Conclusions

athletes experience their formation and development
through a combination of several crises: age;
individual life, which include crises of unrealization,
devastation, hopelessness; professional training;
external, global, existential, associated with the
instability of the present and the uncertainty of the
future. But this period remains the most favorable for
the formation of vitality and overcoming stress.
Sustainable coping with stress is an active, healthy
coping that increases a person's stress resistance,
which is based on involvement in the situation, the
desire to subdue it (control over the situation), the
ability to boldly solve life problems (risk taking),
actualizes search behavior and self-realization
potential [ 30, 31].

Thus, the vitality of the individual in sports

can help improve physical and mental health,
successful adaptation to stressful situations with the
level of transadaptation associated with self-
realization, self-affirmation.
Psychological studies of Ukrainian scientists [32, 33,
34, 35, 36, 37] found that athletes with a high level
of success of socio-psychological adaptation are
characterized by: positive mental states, the presence
of stable motives, lack of character accentuations or
their presence without signs of manifestation, low
level of personal anxiety and high efficiency of sports
activities. Athletes with an average level of socio-
psychological adaptation are characterized mainly by
positive mental states, the presence of relatively
stable motives, average level of personal anxiety, the
presence of character accentuations that positively
affect activities (hyperthymic, demonstrative), and
generally satisfactory level of sports performance.
The low level of success of socio-psychological
adaptation is due to various motives and mental
states, medium or high level of personal anxiety, the
presence of character accentuations (anxious,
excited, stuck, dysthymic) with signs of their
negative manifestation and insufficient success in
sports.

Also Krucevich et al. [38] found that the
dynamics of the process of socio-psychological
adaptation of young athletes to the activity is
characterized by changes in the levels of their
individual psychological characteristics, which
largely determine the success of adaptation. This
suggests that high and medium levels of success of
socio-psychological adaptation can be formed by
targeted influence or arise spontaneously, in the latter
case they need further improvement. The low level
of individual psychological characteristics excludes
the possibility of spontaneous levels of socio-
psychological adaptation, adequate to the
requirements of sports activities.

54

1. A study of the level of viability of novice
athletes and the process of their socio-psychological
adaptation to sports activities showed that: the
indicator "Involvement" is within the standard norm,
the indicator "Control" is below normal, the indicator
"Risk Acceptance” is much higher than normal . That
is, the studied athletes have an external type of
control over life and activities. Meanwhile, they are
at undue risk because they believe that any situation
(positive or negative) is a source of experience. They
want to develop through the active acquisition of
knowledge from their own experience with their
further use. The overall rate of "viability” in the
subjects is slightly lower than normal.

2. The most pronounced indicators of socio-
psychological adaptation in the subjects are: the
desire to dominate, self-acceptance and adaptation;
least of all, although within the norm - internality,
emotional comfort and acceptance of others. All
indicators are in the middle range.

3. Analysis of the relationship between
vitality and socio-psychological adaptation to sports
revealed the presence of both direct and inverse
relationship between viability and individual
parameters of the adaptation process in novice
athletes, namely: a direct relationship at the level of
significance established between vitality and
adaptation, self-acceptance, the desire to dominate;
the reverse is between vitality and a decrease in
overall activity, a decrease in motivation to work.

4. Developed training program for the
development of vitality of athletes at the stage of
socio-psychological adaptation to sports activities is
based on theoretical and methodological principles
proposed by Muddy. Its main goals are: to achieve a
deeper understanding of stressful situations, ways to
overcome them; finding ways to actively solve
problems; constant use of feedback, which deepens
the self-perception of involvement, control and risk-
taking. Beginner athletes who participated in the
training have much higher indicators of vitality. But
only two of them reached the level of statistical
significance: involvement and control. The data also
indicate that they have significantly higher indicators
such as "acceptance of others" and "emotional
comfort”. The overall level of maladaptation is
moderate. In addition, significant differences in the
indicators of such signs of maladaptation: somato-
vegetative disorders, sleep-wake cycle disorders,
features of social interaction. Thus, we believe that
the developed training is effective and we can
recommend it for use in the psychological support of
novice athletes at the stage of socio-psychological
adaptation to sports activities.
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Abstract

Purpose: to determine the relationship between the performance of basic elements and indicators of static and dynamic
balance in the training process of young acrobats 6-7 years.

Material and methods. The study involved 16 young acrobats at the stage of initial training (age 6-7 years). All parents
of the participants gave written consent for the participation of children in the study. The study involved testing the
technique of performing basic elements of sports acrobatics and assessing the static and dynamic balance of young
athletes. The relationship between (swallow, shoulder blade, forward squat, wheel (sideways overturning), bridges) and
static and dynamic equilibrium tests was determined. Spearman's rank correlation coefficient method was used as a
method of statistical analysis.

Results. It is established that the largest relationship between the performance of basic elements and static balance in
the basic exercises of young acrobats have: Romberg's test with the elements "Swallow", "Stand on the shoulders",
"Bridge"; Biryuk test with elements "Swallow", "Wheel", "Bridge"; balance "Swallow" with elements "Swallow",
"Wheel"; static equilibrium test with the elements "Swallow", "Rack on the shoulders", "Rolling forward with a squat",
"Wheel". Reliable values of the correlation coefficient were established between the tests of dynamic balance and the
basic elements of sports acrobatics in young athletes 6-7 years, namely: "Swallow", "Flip forward with a squat", "Wheel"
and "Bridge". The analysis of special tests of static and dynamic balance in mastering the basic elements of acrobatics
at the first stage of long-term training makes it possible to use them to determine the level of coordination capabilities
of young athletes and further improve the use of acrobatic exercises.

Conclusions. A reliable relationship between the performance of basic exercises and indicators of static and dynamic
balance in young acrobats at the initial stage of training. It is shown that the level of static and dynamic balance is of
great importance for the assimilation and improvement of basic elements of technology by young acrobats 6-7 years.
Static and dynamic balance tests can be used to individually build training programs and young acrobats. It is shown
that sports acrobatics is a significant means of developing the balance of children 6-7 years.

Key words: young acrobats, primary education, basic elements, tests
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AHoTAaLA

YepHux T., Mynuk B., Myauk K., CKanit O., OctpoBcbkuii A., CKaniit T. B3aemo3B'A30K MiXK e(peKTUBHICTIO BUKOHAHHA
TEeXHIYHUX e/leMeHTIB i NOKa3HUKaMM CTaTUUYHOI Ta AMHAMIYHOI PiBHOBAru y lOHUX akpobaris 6-7 pokis

MerTa: BU3HAaUMTU B3AEMO3B'A30K MiXK NOKA3HUKAMM TEXHIKWM BUKOHAHHA 6a30BMX eneMeHTiB Ta NMOKa3HMKaMM CTaTUYHOT i
AVHaMIYHOI piBHOBArn B TpeHyBasIbHOMY NPOLEC OHUX akpobaTisB 6-7 PokiB.

Martepian i metogu. Y gocnigreHHi 6pano yyactb 16 oHUX akpobaTiB Ha eTani NoYaTKOBOI NiAroToBKM (BiK 6-7 poOKiB).
Bci 6aTbKM y4acHMKIB Aanu NMCbMOBY 3roZly Ha y4acTb AiTel B OCNiAKeHHI. JocniarKeHHs nepenbayano npoBeneHHs
TECTYBaHHA 3 TEeXHIKM BUKOHAHHA 6a30BUX eNeMeHTiB CNOPTUBHOI aKpObaTUKM Ta OLHKM CTaTUYHOI Ta AUHAMIYHOI
piBHOBarun tOHWX cNopTcMeHiB. byso BU3HAYeHO B3aEMO3B A30K MiK (NacTiBKa, CTiMKa Ha lonaTkax, Nepekusa snepes 3
ynopy npwuciswu, Koneco (NnepeBopoT 6GOKOM), MiCT) Ta TeCTiB CTaTMYHOI 1 AMHAMIYHOT piBHOBarn. B AKocTi meToais
CTAaTUCTUYHOTO aHaNi3y 3aCTOCOBYBaBCA MeToA, KoedillieHTy paHroBoi Kopenauii CnipmeHa.

Pe3ynbratun. BctaHoBAEHO, WO HAWbINbLINI B3AEMO3B A30K MiXK NOKAa3HUKAaMM TEXHIKM BUKOHAHHA 6a30BUX efleMeHTiB
Ta NMOKa3HWKaMW CTaTUYHOI piBHOBarM y 6as3oBux BNpaBax HOHWX akpobaTiB matoTb: Npoba Pombepra 3 enemeHTamm
«JlacTiBka», «CTilika Ha nonatkax», «Mict»; npoba biptok 3 enemeHTamm «JlactiBka», «Koneco», «MicT»; piBHoBara
«JlacTiBka» 3 enemeHTamm «JlactiBka», «Koneco»; Tect cTaTMYHOI piBHOBaruM 3 enemeHtamm «JlactiBka», «CTilika Ha
nonatkax», «[llepekng Bnepesn 3 ynopy npuciBwn», «Koneco». [ocToBipHi 3Ha4yeHHA KoeodiuieHTy Kopensuii
BCTAHOB/NIEHO MiK TecTaMu AMHaMi4yHOI piBHOBarn i 6a30BMMW enemeHTaMu CMNOPTUBHOI akpPobBaTUKM Yy HOHUX
cnopTcMeHiB 6-7 pokiB, a came: «JlacTiBka», «lepekna Bnepes, 3 ynopy npuciswm», «Koneco» ta «Mict». MpoBeaeHuni
aHani3 cneujanbHMX TECTIB CTAaTMYHOI i AMHAMIYHOI PiBHOBArM NpW 3acBOEHHI 6a30BMX enemeHTiB aKpobaTMKM Ha
nepwomy eTtani 6araTopivyHOI NigrOTOBKM A3€ MOK/IMBICTb BUKOPUCTOBYBATH iX /18 BUSHAUYEHHA PiBHA KOOPAMHALIMHMX
MOM/IMBOCTEN FOHUX CMOPTCMEHIB Ta NOAA/IbLIONO YAOCKOHANIEHHA Y BUKOPUCTaHHI 3B’A30K aKpobaTUYHUX BMpas.
BUCHOBKK. BMW3HaAYyeHO [OCTOBIPHWI B3AaEMO3B’A30K MiX MOKA3HWMKaMM TEXHIKM BUKOHaHHA 6a3oBMX BNpaB Ta
NMOKa3HWKaMu CTaTUYHOI Ta AMHAMIYHOI piBHOBArM y loHMX akpobaTiB Ha MOYaTKOBOMY eTani NiAroToBKK. MoKasaHo, wo
piBEHb CTAaTUYHOI Ta AMHAMIYHOI PiBHOBArM Ma€ BE/IMKE 3HAYEHHA A1 3aCBOEHHA Ta YAOCKOHA/NEeHHA 6a3oBMX
€/1eMEHTIB TEXHIKM IOHMMM aKpobaTamm 6-7 poKiB. TecTU Ha CTaTUUYHY Ta AMHAMIYHY PiBHOBAry Mo»KyTb 6yTW 3aCTOCOBaHi
Ana iHameigyanbHoi NobyaoBM nporpam TPeHyBaHb Ta OHWMX akpobaTi. MOKa3aHO, WO CNOPTMBHA aKpobaTUKA €
3HaYyLWMM 3ac0bOM PO3BUTKY piBHOBAru Aitet 6-7 pokis.

Kntouosi cnoBa: toHi akpobaTu, NouaTkoBe HaBYaHHS, 6a30Bi e/1eMeHTH, TeCTU

AHHOTALIUSA

YepHbix T., Myauk B., Mynuk E., Ckanmii A., OctpoBckuit A., Ckanuii T. Bsaumocsasb mexKay 3¢ ¢PeKTMBHOCTbIO
BbINO/JIHEHUA TEXHUYECKUX 3/IEMEHTOB M MNOKas3aTeNAMMU CTaTUYECKOro M AUHAMUYECKOro paBHOBECUA Y IOHbIX
aKkpobartos 6-7 net

Lenb: onpeaenvTb B3aMMOCBA3b MEXAY MOKa3aTENAMM TEXHUKWU BbINONHEHWA 6a30BbIX 3/1EMEHTOB M MOKasaTenAMu
CTaTUYECKOMN N AMHAMMWYECKO PaBHOBECUA B TPEHMPOBOYHOM NPOLLECCe IOHbIX akpobaToB 6-7 feT.

Marepuan u merogpl. B ccnegosaHunm npMHUMMano yyactme 16 toHbIx akpobaToB Ha 3Tane HavaibHOW NOAroTOBKM (BO3pacT
6-7 net). Bce poaMTENn YYaCTHUKOB Aanu NUCbMEHHOE COrflacMe Ha yvyacTme aetell B MccneaoBaHuM. MccneposaHue
npesycmaTpuBano NpoBeAeHWE TECTUPOBAHMA MO TEXHUKE BbINONHEHWUA 6a30BbIX 3/1EMEHTOB CMOPTUBHOM akpobaTuke u
OLLEHKM CTaTUYECKOM U AMHAaMUYECKOM PaBHOBECUA OHbIX CMOPTCMEHOB. Bbino onpeaeneHo B3aMMOCBA3b MeXAy (acTouka,
CTOMKa Ha JlonaTtkax, KyBblpOK Bnepes 13 yrnopa npuces, Koseco (nepesopoT 60KOM), ropofoB) M TECTOB CTaTUYECKON U
AVHaMUYecKoM paBHOBecUA. B KauecTBe MeTOL0B CTaTUCTUHECKOTO aHaAM3a NPUMEHANCA MeTOA, KoadduumeHTa paHroBoi
Koppenaumm CnupmeHa.

Pe3ynbTatbl. YCTaHOBNAEHO, YTO HaMOO/bLIMI B3aMMOCBA3b MEXKAY MOKa3aTeNsMU TEXHUKM BbINOAHEHWUA 6a30BbIX
3/1EMEHTOB W1 NOKA3aTeNAMM CTAaTUYECKOrO paBHOBECUSA B 6330BbIX YNPaXKHEHUAX IOHbIX aKpobaToB MMetoT: Npoba Pombepra
¢ anemeHTamMu «Jlactouka», «CToMKa Ha sionaTkax», « MocTt»; npoba Buptok ¢ anemeHTamu «Jlactouka», «Koneco», «MocT»;
paBHoBecue «J1acTouKa» C aeMeHTaMu «J1acTouka», «Koneco»; TeCT CTaTMYECKOrO PaBHOBECUA C 31eMeHTaMM «J1acTouKa»,
«CToMKa Ha nonaTkax», «KyBblpoK Bnepes W3 ynopa npuces», «Koneco». [octoBepHble 3HauyeHUsA KoadduumeHTa
KOpPEeNsALLMM YCTAHOBNEHO MEXKAY TECTaMM AUHAMMUYECKOTO paBHOBECUS U 6a30BbIMM 3/1eMEHTaMM CMOPTUBHOW akpobaTuke
Y IOHbIX CMOPTCMEHOB 6-7 NeT, a MMeHHo: «JlacTouka», «KyBbIpOK Brepes M3 ynopa npuces», «Koneco» u «MocTy.
MpoBeaeHHbIN aHaNM3 creLlunanbHbIX TECTOB CTaTUHECKOM U AMHAMUYECKO paBHOBECUSA NPW YCBOEHWUM 6A30BbIX 31EMEHTOB
aKpobaTMKM Ha NepBOM 3Tare MHOFO/IETHEN MOATOTOBKM AAeT BO3MOMHOCTb UCMO/b30BaTb MX A/1A ONpeaesieHns YPOoBHA
KOOPAMHALLMOHHbBIX BO3MOMKHOCTEM IOHbIX CMOPTCMEHOB M Aa/ibHEMLWEro COBEPLUEHCTBOBAHMA B UCMNONb30BAaHUW CBA3b
aKpObHaTMUECKMX YNParKHEHWA.

BbiBoAbl. OnpeseneHbl AOCTOBEPHas B3aMMOCBA3b MEXKAY NOKa3aTeNsAMM TEXHUKM BbINOAHEeHUA 6a30BbIX YNparKHEHWUIA U
NOKa3aTesIAMM CTAaTUYECKOM U AMHAMWYECKOW PaBHOBECUA Y FOHbIX aKPOHATOB HA Ha4YaIbHOM 3Tarne NoAroToBKM. MoKasaHo,
YTO YPOBEHb CTAaTUYECKON U AMHAMMUYECKOW paBHOBECUA MMeeT 60/blIoe 3HaYeHMe A/1A YCBOEHWUA U COBEPLUEHCTBOBAHUA
6a30BbIX 3/1EMEHTOB TEXHUKM OHbIMM aKpobaTamu 6-7 neT. TecTbl Ha CTaTUYECKYHO U AMHAMUYECKYHO paBHOBECKE MOTYT ObITb
MCNONb30BaHbIl A/18 UHANBUAYANBHOMO NOCTPOEHMS MPOrPAMM TPEHUPOBOK U HOHbIX akpobaToB. MoKasaHo, YTo CNopPTUBHAA
aKkpobaTuKa ABAAETCA 3HAYMMbIM CPeACTBOM Pa3BUTUA PpaBHOBECUA AeTel 6-7 neT.

KnioueBble cnoBa: loHble akpobaTbl, Ha4abHOe 0byyeHne, 6a3oBble 31eMEHTbI TECTbI
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Introduction

Currently, there are several approaches to the
methodology of teaching complex coordination
exercises, the main of which is the use of holistic and
separate methods that depend on the complexity of
the exercises [1, 2]. Along with this, there is a
statement [3, 4] that the mastery of the technique of
individual elements depends on the level of
development of motor skills that ensure their
implementation. Therefore, you should pay attention
to the motor skills that are inherent in performing
each basic acrobatic exercise.

At the beginning of mastering an element of
technique, you need to show "dexterity", ie the
implementation of each element that is learned,
because in the process of execution there are
difficulties of various kinds associated with the
violation of the structure of movements and efforts to
be overcome. Over time, when forming a skill, when
in general the structure of movements is mastered, it
is already a question of coordination of movements,
which provides: regulation of dynamic and spatio-
temporal parameters of movements; static and
dynamic  equilibrium;  rhythmic  movements;
orientation in space and time; intramuscular and
intermuscular coordination; changes in the direction
of movement and motor program of action [5]. The
structure of coordination actions presented by
Platonov [6] and other scientists [7, 8] is fully
inherent in sports acrobatics, but also needs to be
supplemented with regard to the basic performance
of the exercise in the interaction of the athlete and the
support area (treadmill and mother) and unsupported
performance. exercises.

Insufficient level of individual motor quality
during exercise can be a factor limiting the
effectiveness of motor actions. Thus, dexterity, as
well as coordination of movements, significantly
depends on motor (motor, muscular) memory, which
is due to the properties of the central nervous system
to memorize movements and perform them [9, 10].

The results of research [11-13] have been
confirmed that sports acrobatics is a complex
coordination sport. Competitive activity in sports
acrobatics is associated with maintaining balance and
rotation of the body with and without support. Sports
acrobatics contains various technical elements:
supports, racks, flights, throws, landings. The current
level of achievements in sports acrobatics makes
higher demands on the training of young athletes. As
there is a significant rejuvenation of national teams
in acrobatics, children begin to engage in acrobatics
at an early age (6-7 years) and after 3-4 years
participate in competitions of various levels. The

60

process of rapid change and rejuvenation of groups
of initial training in sports acrobatics and the constant
increase in the complexity of acrobatic exercises
requires the latest approaches to the process of
training athletes in the initial stages [11-13].

At the initial stage first of all mastering of
structure of movements (both in static poses, and in
dynamics of performance), and structure of efforts at
the kept poses is required. Only after mastering the
individual components of special poses is it possible
to move to a dynamic effort during the performance,
first of individual exercises, and then in combination.
Therefore, there is a need to determine motor actions
and motor qualities (due to individual muscle
groups), as well as the level of their manifestation
when performing a particular exercise.

Purpose: to determine the relationship
between the performance of the basic elements and
the indicators of static and dynamic balance in the
training process of young acrobats 6-7 years.

Material and methods

Participants

The study involved 16 young acrobats at the
stage of initial training, engaged in a comprehensive
children's sports school Ne6 Slobidsky district of
Kharkiv. The age of athletes was 6.5 £0.13 years. All
parents of the participants gave written consent for
the participation of children in the study.

The study was conducted in accordance with
the  WMA Declaration of Helsinki - Ethical
Principles for Medical Research with Human
Participation, 2013. The study protocol was
approved by the Ethics Committee of the Kharkiv
State Academy of Physical Culture. (The research
was conducted in compliance with WMA
Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, 2013.
The study protocol was approved by the Ethical
Committee of Kharkov State Academy of Physical
Culture).

Procedure

The study involved testing a set of basic
exercises of sports acrobatics and assessing the static
and dynamic balance of young athletes. The study
also identified the relationship between the use of
basic exercises and static and dynamic balance tests.

The test battery consisted of 5 basic exercises
of sports acrobatics, the technique of which was
determined by expert evaluation on a 10-point scale,
which is given in table. 1.
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Table 1
Criteria for evaluating the technique of performing basic elements of sports acrobatics
Points Evaluation criteria

10 the exercise is performed without errors, with emphasis on each element of movement

9 the exercise is performed without errors, but one of the elements is indistinctly marked

8 the exercise is performed without errors, but several elements are indistinctly marked

7 the exercise is performed correctly, but there is an error that does not affect the structure of the
movement

6 the exercise is done mostly correctly, but there are a few minor mistakes that somewhat distort the
structure of the movement

5 the exercise is generally done correctly, but there is a gross error that distorts the structure of the
movement

4 the exercise is mostly performed, but with a failure to perform in the cycle, stopping the movement
and subsequent continuation

3 the exercise is performed with stops, comprehension of errors and subsequent reproduction

5 the structure of the exercise is completely broken, only some elements of the technique are performed
in one of the cycles

1 the child cannot perform the exercise

Swallow. Starting position on one leg, the
other set back 90 °, torso tilted forward, arms to the
sides.

Rack on the shoulders. From the starting
position lying on your back, hands down, palms on
the floor, lift your legs and pelvis up. With the legs
stretched up, focus your hands under your back. The
rack on the shoulder blades can be performed from
the stop by squatting backwards, from the saddle
with straight legs by rolling backwards.

Rolling forward with a squat. Squatting from
the stop, push off with your feet, bend your arms, tilt
your head to your chest, leaning on your shoulders,
grab your shins, group up and roll over.

Wheel (turn sideways). From the main rack
lift the right leg to the side, arms to the sides. Put the
right foot and, pushing off, make a swing with the left
foot. Consistently first put the right, then left hand
and go through the rack on his hands, legs apart. Get
up first on the left, then the right leg. In order not to
get out of the plane, put your hands on the line of the
legs.

Bridge. Performed by leaning back from a
standing position with legs apart and constantly
stretching his arms to the support. It is possible to
perform this element from a supine position.
Simultaneously bending the legs and arms and
placing them on the support, and then straightening
them, perform the position of the cities.

The test battery for static and dynamic
equilibrium assessment consisted of 5 samples.

Romberg's test is complicated: vertical
posture of the body of the hand forward, feet on one
line "heel-toe" - 10 s with open and 10 s with closed
eyes. Allows you to assess the quality of coordination
of the vertical position of the body, the level of
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neuromuscular activity. Stability time (s) was
estimated.

Biryuk test: vertical body posture with closed
feet standing on tiptoes, arms up, eyes closed. Allows
you to assess the level of formation of the skill of
maintaining body balance in difficult conditions. The
time (c) of maintaining the position of the body was
recorded.

Equilibrium "swallow": standing on one leg,
the other set back 90 °, torso tilted forward, arms to
the sides, eyes closed. The time (c) of preservation of
a pose was fixed.

Static equilibrium: standing on one leg, the
other bent, and her heel touching the knee joint, the
whole foot pressed to the shin of the supporting leg.
Small fluctuations in the torso were not taken into
account. The time (c) of preservation of a pose was
fixed.

Dynamic equilibrium: stepping on the spot,
young athletes performed 10 turns on the spot (3601 1)
with simultaneous tilts of the head (30-35 °). Then
you need to walk a 5-meter distance. The deviation
from a straight line in centimeters (cm) was
estimated.

Statistical analysis

Experimental data were processed using
conventional methods of mathematical statistics
[10]. When evaluating the technique of basic
exercises of sports acrobatics and assessing the static
and dynamic balance of young athletes, we used
statistical indicators such as: arithmetic mean (X),
standard deviation (S) and coefficient of variation
(V), the normality of the distribution of differences
was determined by using the Chi-Square test.
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Correlation analysis was used to determine
the presence or absence of a relationship between the
studied indicators. Because the analysis of
correlation fields showed a monotonic nonlinear
relationship between the indicators, we used the
Spearman rank correlation coefficient (r), which
allowed us to determine the degree of relationship
between the data that do not comply with the law of
normal distribution.

Mathematical  data  processing  was
performed using research programs Microsoft
Excell's Data Analysis and SPSS-17.

Results

For successful mastering by athletes of basic
exercises of sports acrobatics at a stage of initial
preparation along with working off of technical
actions it is necessary to pay attention and
performance of special exercises for improvement of
systems of an organism which are responsible for
balance of a body of athletes. Increasing the ability
of athletes to maintain body balance will
significantly improve the efficiency of the training
process of athletes.

Initially, the test scores were checked for
compliance with the normal distribution of the Chi-
Square test. It was determined that all indicators of
testing of the analyzed sample of athletes correspond
to the normal distribution (p> 0.05) in terms of
asymptomatic significance and significance in the
Monte Carlo test (table 2).

The basis of all types of acrobatics at the
initial stage of training is the individual mastery of
the basic elements of technology: swallow, stand on
the shoulders, rolling forward with a squat, wheel
(sideways turn), bridges. Our research identified
preparatory exercises for learning individual
elements, and established their correlation with
psychophysiological indicators, the results of which
are shown in table 3. Along with this, it was very
important to establish the relationship (ie
effectiveness) of each exercise for learning basic
elements of technology. It was taken into account
that for the effective use of the basic elements,
special preparatory exercises must correspond to
them in the structure of movements, the structure of
efforts and the formation of a unified functional
system to ensure its implementation.

Table 2

The results of the test "Chi-Square™ for compliance with the normal distribution of testing indicators
of young acrobats 6-7 years

Indexes Chi-Square df Asymp. Sig. Monte Carlo Sig.
Swallow, points 4.077 15 0.538 0.601a
Rack on the shoulders, 3.024 15 0.576 0.614a
points
Rolling forward with a 3.566 15 0.438 0.501a
squat, points
Wheel (turn sideways), 3.671 15 0.685 0.734a
points
Bridge, points 4.012 15 0.512 0.618a
The Romberg test is 8.236 15 0.314 0.457a
complicated, s
Sample "Biryuk", s 4.047 15 0.219 0.325a
Eq”"'b”“ms Swallow”, 16.582 15 0.453 0.541a
Static equilibrium, s 7.363 15 0.671 0.712a
Dynamic equilibrium,
om 7.482 15 0.218 0.315a

Note: a. Based on 10000 sampled tables with starting seed 299883525
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Table 3

Indicators of technique of performing basic elements of sports acrobatics and the level of static and dynamic
balance of young acrobats (n = 16)

Tests X S Vv
Swallow, points 6.2 0.91 15%
Rack on the shoulders, points 5.1 0.89 17%
Rolling forward with a squat, points 5.2 1.11 21%
Wheel (turn sideways), points 5.0 0.97 19%
Bridge, points 5.4 0.96 18%
The Romberg test is complicated, s 144 1.09 8%
Sample "Biryuk", s 53 0.81 15%
Equilibrium "Swallow", s 244 2.45 10%
Static equilibrium, s 11.4 1.86 16%
Dynamic equilibrium, cm 12.2 3.66 30%

The correlation analysis of the relationship
between special exercises and tests that reflect the
assessment of static and dynamic balance of young

acrobats in the initial training stage is presented in
Table 4.

Table 4

Relationship between indicators of technique of performing basic elements and indicators of static and
dynamic balance of young acrobats at the stage of initial training (n = 16)

Equilibrium tests
e Basic elements The Romberg Sample | Equilibrium S.t.at|.c Dyr?an.ﬂc
testis " v n R equilibrium, equilibrium,
. Biryuk", s | "Swallow", s

complicated, s S cm
1 Swallow, points 0.64 0.68 0.88 0.65 0.65
2 Rack on the shoulders, points 0.48 0.46 0.42 0.51 0.49
3 | Rollingforward witha squat, 0.31 0.40 0.36 0.77 0.75

points

4 Wheel (turn sideways), points 0.42 0.58 0.57 0.61 0.64
5 Bridge, points 0.48 0.51 0.42 0.51 0.56

Analyzing the results of the correlation, to
determine the level of manifestation of qualities
during the exercise, the swallow should be used as
tests of static equilibrium, the coefficients of which
were: Romberg test (r = 0.64), Biryuk test (r = 0.68),
equilibrium "swallow" (r = 0.88), tests of static (r =
0.65) and dynamic (r = 0.65) equilibrium.

The stand on the shoulders with support
under the waist involves getting out of the supine
position due to motor actions with the feet in the
position of the stand on the shoulders (ie the exercise
consists of both dynamic movement and static
holding of the stand) has the highest correlation with
the static balance test (r = 0.51 ), which is divided
into the time of readiness to perform the test and the
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time of fixation of equilibrium and stabilization of
stability.

Performing the exercise roll forward from
the stop squatting has 2 components: the first - from
a standing position, arms up - through the stop
standing bent forward forward from a supine
position, arms up; the second - from the stop
squatting - roll forward in grouping in the position of
the stop squatting. This exercise has a dynamic
nature of execution, which does not involve static
fixation of the position. Therefore, the quality of
performance significantly correlates with tests of
static (r = 0.77) and dynamic (r = 0.75) equilibrium.

Wheel exercise has a dynamic nature of
performance, which requires additional (advanced)
use of preparatory exercises related to reaching the
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vertical position of the body and fixing the standing
position (with the support of a trainer, leaning against
a wall, etc.), and the provisions that apply when
performing predominantly dynamic equilibrium (r =
0.64). Along with this, the average level of
correlation of the exercise of the wheel, associated
with static equilibrium performance Biryuk (r =
0.58), balance "swallow" (r = 0.57) and static balance
test (r = 0.61).

The urban exercise also involves two stages
of assimilation. Simplified involves from a supine
position, arms up - bridge (legs straighten), return to
the position of the legs apart, arms out to the side.

A more complex (basic) option is performed
from a standing position, arms up, slowly tilt back
(with the support of the coach) and accept the
position of the cities. The assessment of static
equilibrium is determined by using the Biryuk test
and the static equilibrium test (r = 0.51), while the
indicators of dynamic equilibrium during the
execution of the bridge have more significant
correlation indicators (r = 0.56).

Discussion

As far as we know, our study is one of the
first in terms of determining the impact of static and
dynamic equilibrium on the quality of performance
of technical elements by young acrobats 6-7 years.
We found a reliable relationship between the
performance of basic exercises and the indicators of
statistical and dynamic balance in young acrobats at
the initial stage of training. Thus, the goal set in this
study was achieved. In addition, the analysis of
special tests of static and dynamic balance in
mastering the basic elements of acrobatics in the first
stage of long-term training makes it possible to use
them to determine the level of coordination
capabilities of young athletes and further improve the
use of acrobatic exercises.

Recent scientific studies suggest that regular
physical activity of the child, even at the recreational
level, can be a significant contribution to the
development of physical qualities and, above all,
balance [14 — 16]. Also, many authors study the
development of balance in children through the
introduction of special coordination exercises [17,
18]. One of the areas of research is to study the
influence of basic elements of technology on static
and dynamic equilibrium in acrobatics [19]. At the
same time, there are studies that report differences in
body position when performing basic exercises in
young athletes of different ages [20, 21]. We found
the influence of the level of static and dynamic
equilibrium on the quality of basic elements of
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technique in young acrobats 6-7 years. These are
relatively new facts, as far as we know. In addition,
data were confirmed [21, 22] on the high impact of
acrobatics on the development of balance in children
6-7 years.

At the initial stage of training, sports
selection is aimed at highlighting the qualities and
indicators that determine success in this sport. An
important place is occupied by the selection of tests
and samples that allow you to assess these qualities.
Thus, a set of psychophysiological tests is used to
predict success in various types of martial arts. In
different types of struggle they include coordination
of movements, and in shock martial arts - the speed
of reaction to different types of stimuli [22].

Physical development is a leading factor in
assessing the condition of athletes, forecasting the
growth of sportsmanship and analysis of the
effectiveness of training. Different indices can be
used for this. The use of a battery of specific and
nonspecific indices for the analysis of features of
physical development of martial arts athletes is
substantiated. indices allow us to assess the specific
impact of training on the body of athletes. Simplicity,
informativeness, validity and availability of indices
allow to recommend their use in monitoring the
functional state of athletes [23].

The problem of assessing the technique of
performing any competitive exercise is a priority in
any type of sports and professional activities [24, 25].
Its essence is that it is necessary not just to determine
the movement of the body or its individual
biokinematic components, but to carry out these
actions with minimal energy costs.

We have considered this problem and its
solution on the example of determining the level of
mastering the basic elements of acrobatics at the
initial stage of the training process using static and
dynamic equilibrium tests. It is known that the basis
of all types of acrobatics is the individual
assimilation of the basic elements of such exercises
as: "swallow", standing on the shoulders, rolling
forward with a squat, bridges. One of the tasks of our
study was to establish a correlation between the use
of each exercise to master the technique of basic
elements. Therefore, in the training process, it is
advisable to use special training exercises, which
should correspond to the structure of movement, the
structure of efforts and mechanisms of formation of
a unified functional system that ensures their
implementation.

The solution of the tasks facing the athlete is
carried out by performing certain movements related
to the practical implementation of free motor actions,
which are performed in accordance with the tasks of
sports and the rules of competition. The main task of
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the process of learning the technique of movements
involves the development of effective methods that
meet training plans and take into account the
objectives of the lesson, information about the
morphological structure of the organism, the laws of
its functioning in development.

In this regard, our research has made it
possible to determine the most effective for the use
of various exercises through static and dynamic
balance tests, which are most consistent with the
basic exercises of novice athletes in sports acrobatics.

Conclusions

1. It is established that the largest
relationship between the performance of basic
elements and indicators of static balance in the basic
exercises of young acrobats have: Romberg's test
with the elements "Swallow", "Stand on the
shoulders"”, "Bridge"; Biryuk test with elements
"Swallow", "Wheel", "Bridge"; balance "Swallow"
with  elements  "Swallow", "Wheel"; static
equilibrium test with the elements "Swallow", "Rack
on the shoulders”, "Rolling forward with a squat",
"Wheel". Reliable values of the correlation
coefficient were established between the tests of
dynamic balance and the basic elements of sports
acrobatics in young athletes 6-7 years, namely:
"Swallow", "Flip forward with a squat"”, "Wheel" and
"Bridge". The analysis of special tests of static and

dynamic balance in mastering the basic elements of
acrobatics at the first stage of long-term training
makes it possible to use them to determine the level
of coordination capabilities of young athletes and
further improve the use of acrobatic exercises.

2. The reliable interrelation between
indicators of technique of performance of basic
exercises and indicators of static and dynamic
balance at young acrobats at an initial stage of
preparation is defined. It is shown that the level of
static and dynamic balance is of great importance for
the assimilation and improvement of basic elements
of technology by young acrobats 6-7 years. Static and
dynamic balance tests can be used to individually
build training programs and young acrobats. It is
shown that sports acrobatics is a significant means of
developing the balance of children 6-7 years.
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Abstract

Purpose: to study the indicators of the competitive activity of the strongest weightlifters in the world at the
Games of the XXXII Olympiad 2020 and to identify trends for further increasing their sports results, taking into
account weight categories and gender differences.

Material and methods. By studying scientific literature, Internet resources, competition protocols, pedagogical
observations, video recordings of competitions, we analyzed the achievements of 140 weightlifters who took
part in the Games of the XXXIl Olympiad 2020 in Tokyo and the number of countries they represented. All
indicators of competitive activity and age characteristics were grouped according to the following principle:
among the top 10 weightlifters in each weight category, as well as separately among the prize-winners of
competitions among men and women.

Results. The sports results of the top 10 weightlifters of each weight category among men and women who took
part in competitions, age characteristics, the rate of achievements in a sports career, the level of approaches
implementation and international competition were analyzed.

Conclusions. Based on the analysis of the number of countries and licenses received by the athletes of these
countries, world and Olympic records, the effectiveness of the performances of the world's leading weightlifters
at the Olympic Games is shown. The optimal age for achieving the highest results, the age of the beginning of
the sport for the prize-winners of the competition, the rate of achieving maximum results in a sports career,
sports results, the level of implementation of competitive approaches, the rate of increase in achievements in
competitive exercises, the value of starting results, the level of international competition in each weight category
in men and women, the characteristics of the dynamics of the results of the most titled athletes during their
sports career, who took part in the Olympic Games, are given.

Key words: dynamics of results, realization of achievements, age and sex differences, weightlifters, indicators of
competitive activity
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Onewko B.l., flaHr TaHrkcyH, TopoxTiii O.M., Myuyos C.0. 3maranbHa AianbHicTb BaXkkoatnetie Ha XXXII
OnimnicbKux Irpax 2020 y ToKio: NigCyMKuM i nepcnekTuemn

MeTa. BUBYMTU NOKA3HMKM 3MarasibHOi AifNbHOCTI HAWCU/IbHILIMX BaXKKOaTAETiB cBiTy Ha Irpax XXXII Onimniagm
2020 Ta BM3HA4YMTK TeHAEHLiT NOAANbLIONO NiABULLEHHA IXHIX CMOPTUBHMX PE3yNbTaTiB i3 ypaxyBaHHA BaroBmx
KaTeropil i ctaTeBmX BiAMiHHOCTEN.

Martepian Ta meroau. LLnaxom BMBYEHHA HAYKOBOI NiTepaTypu, IHTEpHET pecypciB, MPOTOKO/IB 3MaraHb,
neaaroriyHMX cnocTepexeHb, Bigeo3anmcis 3maraHb HaMu aHani3yBanCb AocArHeHHA 140 BaXKKoaTneTiB, AKi
6panu yyactb y Irpax XXXl Onimniagun 2020 B TOKiO Ta KiNbKiCTb KpaiH, KOTPi BOHM NpeAcTaBAANN. YCi NOKAa3HUKMK
3MaranbHOI AiANbHOCTI Ta BiKOBI XapaKTePUCTUKM FPYyNyBaMCA 3a TaKUM NpuHUMnom: y 10 Kpalymx BarKKoaTneTis
Y KOXKHill BaroBili KaTeropii, a TaKOX OKPEMO Yy NpM3epiB 3mMmaraHb cepes, Ho10BiKiB Ta XKiHOK.

Pesynbratu. [MpoaHanisoBaHo 3maranbHi pesyabTatv y 10 Kpalimx BaKKOATAETIB KOXHOI Barosoi Kateropii y
YO/I0BIKIB Ta KIHOK, WO 6panu y4yacTb y 3MaraHHsX, BiKOBi XapaKTEPUCTUKU, TEMNU LOCATHEHb 3@ CMOPTUBHY
Kap’epy, piBeHb peanisaLii cnpob Ta MixKHAPOAHOT KOHKYpPEHLii.

BucHoBKK. Ha 3acagax aHanidy KinbKOCTi KpaiH Ta MiLeHsil, OTPUMaHUX CNOPTCMEHAMM LIUX KPaAiH, CBITOBUX Ta
ONIMNINCbKMX PEKopAiB NoKasaHa edeKTUBHICTb BMCTYMiB NPOBIAHMX BA*KKOAT/eTiB CBiTy Ha OnimMniicbKMX
irpax.. BcTaHOBNEHO ONTUMasibHUM BiK SOCATHEHHA HAWBULLMX pPe3y/bTaTiB, BiK MOYATKy 3aHATb BUAOM CMOPTY Y
npusepiB 3maraHb, TEMMW JAOCATHEHHA MAKCMMaNnbHUX pPe3y/ibTaTiB 3a CMOPTUBHY Kap’epy, CNOPTUBHI
pe3ynbTaT, piBeHb peanisauii 3maraibHUX CNpob, TeMnM 3POCTaHHA AOCATHEHb Y 3MarajbHWX BNpaBax,
BE/IMYMHU CTAPTOBUX PE3yNbTaTiB, PiBEHb MiXKHAPOAHOI KOHKYPEHLLT Y KOXKHi Barosii KaTeropii y 4on0BiKiB Ta
JKIHOK, HaBEeAEHO XapPaKTEPUCTUKY AMHAMIKM Pe3ynbTaTiB y HaMbinblw TUTY/NIOBaHMX CMOPTCMEHIB MPOTArOM
CNOPTUBHOI Kap’epw, AKki Bpann yyactb B ONiMAiNCbKUX irpax.

Knouosi cnoBa: gMHamika pes3ynbTaTiB, peanisalifa AOCATHEHb, BiKOBi Ta CTaTeBi BiAMIHHOCTI, Ba*KKOaTaeTH,
NOKa3HMKW 3MaraibHOi AifANbHOCTI

AHHOTALUA

OnewkKo B.T., flanr T., Topoxtuii A.MN., Nyyos C.A. CopeBHOBaTe/IbHaA AeATE/IbHOCTb TAXKenoaTtneTos Ha XXXII
Onumnuitcknx Urpax 2020 B TOKMO: UTOTU U NEPCNEKTUBDI

Uenb. M3yunTb NokasaTeNn cOpeBHOBATENbHOW AEATENbHOCTU CUIbHENMLLMX TAXKEN0aTNeToB Mupa Ha Mrpax
XXXII Onumnunagpl 2020 u BbIABUTb TEHAEHUMWU AaNbHENLWEro NOBbIWEHMA UX CNOPTUBHbLIX Pe3yabTaToB C
YY4ETOM BECOBbIX KAaTEFOPUIA M MOOBbLIX OT/IMYNNA.

Martepuan un metoabl. [lyTem UsyyeHns Hay4yHoW MTepaTypbl, MHTEPHET pecypcoB, MPOTOKO/I0B COPEBHOBAHMN,
negarormyeckux HabnaeHun, Buaeo3anmcell COPEBHOBAHMIA HAaMM aHA/IM3MPOBAAUCL AocTuXKeHus 140
TAXKEN0aTNeToB, NpMHABLWKX yyacTne B Urpax XXXII Onnmnuagpl 2020 8 TOKMO M KONNYECTBO CTPaH, KOTOpble
OHWU npeAacTaBnAnn. Bce noKasaTenn copeBHOBATE/NbHOW AeATE/NIbHOCTU M BO3PACTHblE XaPaKTePUCTUKU
rpynnMpoBanuncb No caeayrowemy npuHumny: y 10 nydwmnx TAXKenoaTneToB B KaXKA0M BECOBOW KaTeropuu, a
TaKe OTAe/IbHO Yy NPU3epPoB COPEBHOBAHNIN Cpean MYKUNH U KEHLLMH.

Pe3ynbTatbl. poaHanM3npoBaHbl CMOPTUBHbIE pe3y/bTaTbl y 10 AyyWMX TAXKEN0AT/eTOB KaxK4ol BecoBOW
KaTeropmn y My>KUMH U XKEHLLMH, KOTOPble MPUHMMAIN Y4acTUEe B COPEBHOBAHUAX, BO3PACTHbIE XapPaKTEPUCTUKN,
TeMMbl AOCTUMKEHMI 33 CMOPTUBHYIO Kapbepy, YpPOBEHb peannsauuyM MoAX040B W MEeXAYHAapOoAHOM
KOHKYpPeHLNK.

BbiBoAbl. Ha 0CHOBe aHaNM3a KoAMYecTBa CTPaH U INLEH3UI, NOAYYEHHbIX CMOPTCMEHaMM 3TUX CTPAH, MUPOBLIX
M ONUMMNUACKUX PEKOpPAO0B MOKasaHa 3PPEeKTUBHOCTb BbICTYNAEHUN BeAyLWMX TAXKeNoaTnetoB mupa Ha OWU.
YCTaHOBAEH ONTUMaA/IbHbIN BO3PACT AOCTMMKEHUA HAMBbLICUMX Pe3ynbTaToB, BO3PACT Hayana 3aHATUA BUAOM
crnopTa y Npu3epoB COPeBHOBAHUI, TEMMbl ZOCTUKEHUSA MaKCUMa/IbHbIX Pe3y/IbTaTOB 32 CMOPTUBHOIO Kapbepy,
CNOPTUBHbIE pe3y/abTaTbl, YPOBEHb peasM3alMM COPEeBHOBATE/NbHbIX MNOAXOA0B, TEMMbl MOBbILEHME
OOCTUXKEHUN B  COPEBHOBATE/IbHLIX  YMPA’KHEHMAX, BEJIMYMHbI  CTAPTOBbLIX pPE3y/abTaToOB, YPOBEHb
MEKAYHAapPOAHON KOHKYPEHLMWN B Ka*KAOW BECOBOM KaTEropuu y MYXKUMH U JKEHLUWMH, AaHa XapaKTepuCcTuKa
OVHAMUKN pe3ynbTaToB Yy Haubosiee TUTY/IOBAaHHbIX CMOPTCMEHOB Ha MPOTAKEHWUW CMOPTUBHOWM Kapbepbl,
npuHABLWMX yyacTne B OU.

KnoueBble cnoBa: AMHAMMKA pe3y/abTaToB, peannsauma AOCTUXKEHMW, BO3PACTHblE M MNONAOBbIE OTAMYUSA,
TAXeI0aT/NeTbl, NOKA3aTe/IM COPeBHOBATEIbHOWN AEATENbHOCTU
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Introduction

Weightlifting, as an Olympic sport, has always
attracted the attention of specialists and scientists all
over the world with the high sporting achievements
of weightlifters of men and women. This also applied
to the indicators of competitive activity among
athletes of different sexes and groups of weight
categories, especially at the largest world forum of
the four years - the Olympic Games [1, 2, 3, 4]. Such
competitive activity of the world's strongest
weightlifters has always been accompanied by a
large number of world and Olympic records set at
these competitions [5, 6, 7, 8]. In addition, over the
past 20 years, weightlifters of China, who are
constantly among the leaders and win the largest
number of Olympic medals, amaze with their
successes at the Olympic Games [9, 10, 11, 12].

Many specialists from various sports have
been involved in the study of the competitive activity
of highly qualified athletes at the main competitions
for four years [13, 14, 15, 16]. However, the
influence of external factors (the COVID-2019
epidemic and the intensive work of the I10C to
identify  unscrupulous  athletes who  used
pharmacological drugs prohibited by WADA made
adjustments to the results of the competitive struggle
at the Olympic Games. Many countries and athletes
were unable to obtain licenses for these Games and
were missing Therefore, the weightlifting
competition at the Games of the XXXII Olympiad
2020 in Tokyo (Japan) contained many unforeseen
situations and brought interesting, and in many ways,
unexpected results. weight and height differences,
which will help many coaches and specialists to find
hidden reserves for increasing athletes' athletic
achievements in future competitions.

Weightlifting competitions at the Games of the
XXXII Olympiad 2020 in Tokyo were held in a
difficult period for the world sports community due
to some external influences that influenced their
results and the training of many athletes. Here are
some of them [17, 18, 19, 20]:

1. They passed a year later than they should
have been in 2020 due to the COVID-2019 epidemic
in the world.

2. The selection system for weightlifters for
the Games of the XXXII Olympiad 2020 in Tokyo
was violated due to the postponement of many
international competitions, therefore the number of
licenses issued for athletes and individual countries
was constantly adjusted until the start of the Games.

3. Athletes who were previously disqualified
due to positive doping tests were not admitted to the
Games of the Olympics.
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3. The number of official delegations from
countries was greatly reduced, so not all athletes'
coaches were able to help them during these
competitions.

Purpose: to study the indicators of the
competitive activity of the strongest weightlifters in
the world at the Games of the XXXI1 Olympiad 2020
and to identify the prospects for further increasing
their sports achievements.

Material and methods

Methods
Analysis of scientific literature, Internet
resources, competition protocols, pedagogical

observations, video recordings of competitions,
analysis and synthesis of age indicators, sports
results; methods of mathematical statistics.

We have analyzed the following indicators of
weightlifters' competitive activity [3, 5, 10, 11].

1. The number of countries that took part in the
Games of the Olympics and the number of licenses
received by athletes from these countries.

2. The number of medals won by individual
countries and athletes.

3. Sports results shown at the Olympic Games
and their dynamics.

4. The number of world and Olympic records
set by weightlifters at the Olympic Games.

5. Age of achievement of the highest results
and the beginning of the sport among the prize-
winners of the competitions among men and women.

6. The rate of increase in achievements in
individual exercises, starting results and the level of
implementation of competitive approaches among
the winners of the Olympic Games of different sex
and groups of weight categories.

7. The level of international competition
among athletes in weight categories, depending on
gender differences.

8. Characteristics of the dynamics of results
among the most titled athletes who took part in the
Olympic Games.

To participate in the 2021 Olympics. The
Tokyo 10C provided the IWF with a quota of 196
weightlifters (98 men and 98 women) to compete in
7 weight classes for men and women. The maximum
number of athletes in a discipline is 14, provided that
the NOCs will single out only one athlete in each
weight category.

Athletes who applied for participation in the
Olympic Games had to take part in at least 6
international starts according to the IWF calendar.



Health, sport, rehabilitation
3p0poB’sa, cnopT, peabinitauin
-== 3p0poBbe, CNOPT, peabunurauusa

\ gt

—_—

raa—. 2021
)
7(4)

The IWF qualifiers were divided into three levels:
gold, silver and bronze. For participation in
qualifying competitions at each level, athletes
received certain points, which then allowed them to
enter the 14 best athletes of their "own" weight
category: for men they were up to 61, 67, 73, 81, 96,
109, +109 kg; in women up to 49, 55, 59, 64, 76, 87,
+87 kg [9]:

We analyzed the indicators of competitive
activity and age characteristics of the 10 best
weightlifters of each weight category, the total
number of athletes was 140 people.

Statistical analysis

Since the sample sizes of the winners of the
XXXII Olympic Games in Tokyo among men and
women in each weight category I, 11 and I11 were very
small (n =9 and n = 6), the study used nonparametric
statistics. The following statistical indicators were
determined: arithmetic mean, standard deviation S,
median, lower and upper quartiles of Me (25%;

75%). The statistical significance of the difference p
between the results of men and women in weight
categories | and Il, 11 and 111, as well as between men
and women in each weight category I, Il and 111 was
determined using the Mann-Whitney U-test, as the
most powerful among the nonparametric for two
independent samples. The applied statistical program
Statistica 10.0 (StatSoft, USA) was used.

Results

The results of competitive activity at the
Games of the XXXII Olympiad 2020 among men and
women are presented below. First, we analyzed the
number of licenses obtained by the leading
weightlifting countries in preparation for the Games
of the XXXII Olympiad in 2020, since they reflect
the level of preparatory work of the coaches of the
national teams of these countries, as well as the
effectiveness of this work (Table 1).

Table 1

Number of licenses obtained by leading countries in weightlifting and their implementation

Total Number of medals The level of their
Country Men Women . . .
licenses won implementation,%

China 4 4 8 8 100

USA 4 4 8 2 25

The Republic of Korea 3 4 7 - 0
Taiwan 3 4 7 2 28
United Kingdom - 4 4 1 25
Canada - 4 4 1 25
Ecuador - 4 4 2 50
Georgia 4 - 4 2 50
Japan 4 3 7 1 14

Italy 3 - 3 2 67
Indonesia 3 - 3 2 67
Spain 3 - 3 - 0
Tunisia 3 - 3 - 0
Turkmenistan 3 - 3 1 33
France - 3 3 - 0
Dominican Republic - 3 3 2 67
Cuba - 3 3 - 0
Australia - 3 3 - 0

Data analysis table 1 shows that in terms of
the number of licenses received and the level of their
implementation at the Games of the XXXII
Olympiad 2020 in Tokyo, the national teams of the
following countries performed most successfully
among men: China (100% of medals from the
number of licenses), Italy, Indonesia, the Dominican
Republic (67.0 %), Ecuador and Georgia (50.0%
each). The most unsuccessful athletes at the 2020
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Olympics were athletes from such countries: the
Republic of Korea, Spain, France, Cuba, although the
athletes of these countries have always been winners
of world weightlifting forums.

Further, the number of medals won by male
and female weightlifters at the Games of the XXXIlI
Olympiad 2020 is analyzed (Tables 2 and 3).
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Prize-winners of the XXXII Olympic Games 2020 in Tokyo among men

Medals

Country Gold

Silver

Total:
Bronze

China 4

1
S

Georgia

Qatar

[ = =

Uzbekistan

Venezuela -

Indonesia -

Colombia -

Dominica -

Armenia -

Iran -

Italy -

Kazakhstan -

Latvia -

Syria -

1
RR[(RINR(R[R|RININ|R RN

Rk (N

Weight category up to 61 kg

Men. The Olympic champion was 28-year-
old athlete Li Fabin (China) with a combined
combined result of 313.0 kg. Eleven kg in total was
lost to him by a 32-year-old athlete from Indonesia -
Eko Yuli Iravan - 302.0 kg. He was a medalist at four
Olympic Games: at the age of 19, he won a bronze
medal at the Olympic Games in Beijing (2008), then
again a bronze medal at the Olympic Games in
London (2012), then silver in Rio de Janeiro (2016)
and now in Tokyo - silver medal. Igor Son from
Kazakhstan won a bronze medal in this weight
category - 294.0 kg, respectively.

Weight category up to 67 kg

The 28-year-old athlete Chen Lijun (China)
became the champion of the Olympic Games with the
result in the combined combined event - 332.0 kg.
Only 1 kg was lost to him by an athlete from
Colombia - Luis Mosquera Lozano - 331.0 kg, he
was already the bronze medalist of the Games of the
XXXI Olympiad in Rio de Janeiro (2016) with the
result in the combined event - 338 kg. The bronze
medal was won by Mirko Zanni from ltaly - 322.0
kg, respectively.

Weight category up to 73 kg

The 27-year-old athlete Shi Jiyun (China)
became the champion of the Olympic Games with the
maximum result in the combined event in his sports
career - 364.0 kg and a new world record. For 18 kg
less was lifted by the silver medalist of the Games
from Venezuela - Julio Ruben Mayora Pernia - 346.0
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kg and the bronze medal was received by Rahmat
Erwin Abdulla from Indonesia - 342.0 kg, who lost
22 kg to the champion in the combined event.
Weight category up to 81 kg. One of the
oldest athletes of the Games, 37 years old Liu
Xiaojong (China), became the champion of the
Olympic Games with the result in the combined
event - 374.0 kg. He is a participant in two more
Olympic Games: in London (2012) he had a gold
medal (379 kg), in Rio de Janeiro (2016) a silver
medal (379 kg), and he had his first international start
back in 2009. The silver medal was won by an athlete
from the Dominican Republic - Zacarias Bonnat
Michel - 367.0 kg, a bronze medal from Antonio
Pizzolato from Italy - 365.0 kg, respectively.

Weight category up to 96 kg

The 23-year-old athlete Fares Ibrahim
Elbach (Qatar) became the champion of the Olympic
Games with the result in the combined event - 402.0
kg. By 15 kg less than the champion showed a 21-
year-old athlete from WVenezuela - Keidomar
Vallenilla Sanchez - 387.0 kg. And a bronze medal
with the same result was won by Anton Plesnov from
Georgia - 387.0 kg.

Weight category up to 109 kg

The Olympic champion was 21-year-old
athlete Akbar Dzhuraev (Uzbekistan) with the result
in the combined combined event - 430.0 kg. The
second silver medal in his sports career was won by
an athlete from Armenia - Simon Martirosyan - 423.0
kg, he received the first at the Olympic Games in Rio
de Janeiro (2016). He is also the 2014 Youth
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Olympic Games champion. Bronze medal for Arturs The 30-year-old athlete Hidilin Diaz

Plesnieks from Latvia - 410.0 kg, he is also a
participant in two more Olympics: in London - he
took 5th place, in Rio de Janeiro - 8th place,
respectively.

Weight category over 109 kg

The Olympic champion became a 27-year-
old athlete, 197 cm tall Lasha Talakhadze (Georgia)
with the result in the combined event - 488.0 kg,
simultaneously setting three world and Olympic
records in the snatch - 223.0 kg, clean and jerk -
265.0 kg and the sum of the double event. A 22-year-
old athlete from Iran, Ali Davudi, showed 47 kg less,
he had a silver medal - 441.0 kg and a bronze medal
from a 27-year-old athlete Man Asaad from Syria -
424.0 kg, respectively.

Table 3
Winners of the XXXII Olympic Games 2020 in
Tokyo among women

Country Medals Total:
Gold | Silver | Bronze
China 3 1 - 4
Ecuador 1 1 - 2
Taiwan 1 - 1 2
Philippines 1 - - 1
Canada 1 - - 1
USA - 1 1 2
India - 1 - 1
Turkmenistan - 1 - 1
Italy - 1 - 1
United
Kingdom i ! i 1
Indonesia - - 1 1
Kazakhstan - - 1 1
Japan - - 1 1
Mexico - - 1 1
Dominican
Republic i i 1 !

Weight category up to 49 kg. Hu lJihai
(China) became the champion of the Olympic Games
with the result in the combined event - 210.0 kg, at
the same time setting three OPs in the snatch - 94.0
kg, clean and jerk - 116 kg and the combined event.
The silver medal was won by an athlete from India -
Chanu Saykom Mirabai - 202.0 kg and a bronze
medal from Windy Kantika Aisah from Indonesia -
194.0 kg, respectively.

Weight category up to 55 kg
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(Philippines) became the champion of the Olympic
Games with the result in the combined event - 224.0
kg, simultaneously setting two OP in the clean and
jerk - 127.0 kg and in the combined event. The athlete
was a participant in three more Olympic Games: in
Beijing (2008) she took 10th place, in London (2012)
she received a zero mark, in Rio de Janeiro (2016) -
she won a silver medal. The silver medal in Tokyo
was won by the Chinese woman Liao Cuyun - 213.0
kg, and the bronze medal from Zulfiya Chinshanlo
from Kazakhstan - 213.0 kg. In this weight category,
an athlete from Ukraine Kamila Konotop competed,
who took the honorable fifth place with a result in the
combined combined event - 206.0 kg.

Weight category up to 59 kg

27-year-old Go Xing-Chun (Taiwan)
became the champion of the Olympic Games with the
result in the combined event - 236.0 kg,
simultaneously setting three Olympic records in the
snatch - 103.0 kg, clean and jerk - 133.0 kg and the
total of biathlon. This athlete already had a bronze
medal at the Olympic Games in Rio de Janeiro
(2016). An athlete from Turkmenistan, Polina
Guryeva, lost nineteen kg in total in the combined
event - 217.0 kg, and the bronze medal from Mikiko
Ando from Japan - 214.0 kg, respectively.

Weight category up to 64 kg

The Olympic champion was 28-year-old
athlete Made Sharron (Canada) with a combined
combined result of 236.0 kg. The silver medal was
won by a 34-year-old athlete from Italy - Georgia
Bordignon - 232.0 kg, for her it was already the
second Olympics: in Rio de Janeiro (2016) she took
6th place. Chen Wen-Hu from Taiwan lost only 2 kg
to the second place - 230.0 kg, respectively.

Weight category up to 76 kg

The Olympic champion was Nacy Dahomes
Barrera (Ecuador) with a combined combined result
of 263.0 kg. This was her second Olympics: at the
Games in Rio de Janeiro, she took 7th place. The
silver medal was won by the athlete from the United
States - Catherine-Elizabeth Nye - 249.0 kg, and the
bronze medal from Aremi Fuentes Zavala from
Mexico - 245.0 kg, respectively.

Weight category up to 87 kg. 27-year-old athlete
Wang Joyu from China became the champion of the
Olympic Games with the result in the combined
event - 270.0 kg. The silver medal was won by a 24-
year-old athlete from Ecuador - Tamara Salazar
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Arche - 263.0 kg, and the bronze medal from
Crismeri Santana Peguero from the Dominican
Republic - 256.0 kg, respectively.

Weight category over 87 kg

The Olympic champion was a 21-year-old
athlete from China Li Wenwen with the result in the
combined event - 320.0 kg, simultaneously setting
three Olympic records in the snatch - 140.0 kg, clean

and jerk - 180.0 kg and in the combined event. Silver
medalist from Great Britain - Emily Campbell -
283.0 kg lost 37 kg in total. One kg less and the third
place was taken by Sara Robles from the USA - 282.0
kg.

Below are the indicators of the competitive
activity of the winners of the Games of the XXXIlI
Olympiad in Tokyo among men and women (Tables
4 and 5).

Table 4
Indicators of the competitive activity of the winners of the XXXII Olympic Games in Tokyo among men
Weight . Start of sports, The rate of achievement of the
category, Position Age, years .
. years maximum result, years
1 28 10 16
up to 61 kg 2 32 12 11
3 22 10 13
X 27 11 13
1 28 10 16
up to 67 kg 2 26 7 19
3 23 14 10
X 26 10 15
1 27 12 14
up to 73 kg 2 25 10 15
3 31 11 20
X 28 11 16
1 37 14 14
up to 81 kg 2 25 16 9
3 24 16 9
X 29 15 11
1 23 9 12
up to 96 kg 2 21 11 11
3 25 11 12
X 23 10 12
up to 109 1 21 10 12
2 24 12 9
kg
3 29 9 20
X 25 10 14
1 27 11 17
°Vekrg109 2 22 11 11
3 27 10 17
X 25 11 15

Table 5

Indicators of the competitive activity of the winners of the XXXII Olympic Games in Tokyo among
women
Weight Start of The rate of achievement of the
category, Position Age, years sports, years maximum result, years
kg
1 24 12 12
up to 49kg 2 26 14 12
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| 3 19 9 10
X 23 12 11
1 30 11 19
up to 55 kg 2 26 11 13
3 28 9 12
X 28 10 15
1 27 10 18
up to 59 kg 2 21 12 10
3 28 16 11
X 25 13 13
1 28 19 8
up to 64 kg 2 34 15 19
3 24 8 16
X 29 14 14
1 23 11 12
up to 76 kg 2 22 16 6
3 28 14 11
X 24 14 10
1 27 11 14
up to 87 kg 2 24 16 8
3 29 14 9
X 27 14 10
1 21 12 8
over 87 kg 27 20 7
3 33 20 10
X 27 17 8
Analysis of the rate of increase in  the 2020 Olympics in three groups of weight

achievements in individual exercises among the
winners of the Olympic Games of different sexes and
groups of weight categories allows coaches to
determine which of the exercises lags behind in the
preparation of an athlete or has an advantage. We
calculated the ratio of competitive results (snatch to
clean and jerk taken as 100%) among the winners of

categories: for men, group 1 - weight categories up
to 61, 67 and 73 kg; 2nd group - up to 81 and 96 kg;
3rd group - up to 109 and over 109 kg; for women -
1st group - up to 49, 55 and 59 kg; 2nd group - 64
and 76 kg; 3rd group - 87 and over 87 kg (Table 6).

Table 6
The ratio of competitive results among prize-winners Olympic Games 2020 in Tokyo (1-3 position), %
Weight Results in snatch, clean and jerk,%
category Men, n=21 Women, n =21
group n X S Me (25%; 75%) n X S Me (25%; 75%)
nF'_rslté 9 81.5 | 2.1 | 81.9(80.3;83.0) 9 77.2 2.2 76.9 (76.4; 78.3)
Sicf’g‘;’ 6 | 81| 23 |829(80.6;8.0)| 6 80.5 1.0 80.8 (80.2; 81.2)
Third,
=12 6 82.7 | 2.6 | 83.5(81.6;84.1) 6 79.2 3.4 78.9 (76.3; 82.2)
X 21 | 82.0 | 2.2 | 82.5(80.3;83.9) 21 78.7 2.7 78.8 (76.4; 81.0)
74.5
Statistical significance of the difference between men and women 0.001

Data analysis table 6 indicates that the ratio of
achievements in snatch to clean and jerk among men
of different groups of weight categories is 82.0 +
2.2% in the middle. Whereas in women this ratio
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decreases by 3.3% towards the push and is 78.7 +
2.7% (p <0.001). Thus, in men, the increase in the
results in competitive exercises is carried out mainly
due to the increase in achievements in the snatch and
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clean and jerk, and in women, on the contrary, to a
greater extent due to the results in the clean and jerk.
Earlier V.G. Oleshko [10] developed model ratios of
achievements in competitive exercises for highly
qualified weightlifters, which amounted to 82 84%,
and for women 78-81%, which corresponds to the
achievements of the winners of the Games of the
XXXII Olympiad.

We analyzed the starting results of the winners
of the Games of the XXXII Olympiad in Tokyo,
which were calculated as the difference between the
athlete's initial approach and his maximum
achievement in the exercise at these competitions
(Table 7).

Table 7
Starting result of weightlifters-prize-winners Games of the XXXII Olympiad 2020 in Tokyo, %
Starting result of athletes in groups of weight categories,%
e e Significance of the difference between:
The Gender | Group Statistical indicator T T q
exercise 7] n men and women
n X S Me (25%; 75%) U p U U p
| 9 | 953 | 2.5 | 96.1(94.0;97.2)
11. .
Men I 6 | 97.4| 0.5 | 97.4(97.0;97.7) 0 | 0.066 so0 |o.041
snatch 1} 6 | 953 | 1.7 | 95.6 (94.3; 95.8) ' '
| 9 | 95.6 | 1.7 | 95.7(94.7;97.1) 140 | 0.145 35.50 | 0.666
Women I 6 | 96.2 | 1.8 | 96.1(95.1;97.8) ' ' 180 |1.000 0.002
M 6 | 95.1 | 1.6 | 95.7 (94.6; 95.8) ' ' 14.5 | 0.589
| 9 | 955 | 1.4 | 95.8(94.8;96.7)
Men I 6 | 943 | 0.6 | 94.2(94.1;94.4) 200 | 0.456 135 | 0485
lean and M 6 | 947 | 1.6 | 94.7(93.4;95.8) ' '
jerk | 9 | 943 | 2.7 | 93.9(93.6;95.8) 155 | 0181 30.0 | 0.387
Women I 6 | 95.8 | 1.7 | 95.7 (94.6; 97.4) ' ' 110 los1o 13.0 | 0.485
M 6 | 943 | 2.7 | 94.5(93.2;96.3) ' ' 15.0 | 0.699
Data analysis table. 7 shows that in men of Table 8

three groups of weight categories, the value of
starting results is less than the achieved achievement
in the snatch - by 4.7-7.6%, and in the clean and jerk,
respectively - by 3.4-4.9%. For women, the
difference between the results in the snatch is slightly
less than for men - 4.5-5.7%, but this difference is
slightly larger in the clean and jerk - 4.2-5.8%.

The values of the starting results in men
significantly differ in the snatch between the athletes
of the Il and Il groups of weight categories - 2.1%
(p <0.05), respectively. In clean and jerk, both
between male athletes, as well as between athletes of
groups Il and 1lI, statistically significant differences
were not noted (p> 0.05). There are also differences
between men and women: but only among the
athletes of the 11 group in the snatch - 1.2% (p <0.05).

One of the important components of the
stability of technical and tactical actions of
weightlifters in the structure of competitive activity
is the level of implementation of the planned results
at the main starts of the annual macrocycle. Below
are the indicators of the level of implementation of
competitive results among the winners of the Games
of the XXXII Olympiad 2020 in Tokyo in each
weight category (Table 8).
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Realization of competitive results among
weightlifters-prize-winners of the Games of the
XXXII Olympiad 2020 in Tokyo, %

Weight Implementation of approaches
category, kg snatch | clean and jerk
men

up to 61 55.0 55.0
up to 67 44.0 55.0
upto73 77.7 66.0
up to 81 55.0 66.3
up to 96 77.3 55.0
up to 109 66.0 66.3
over 109 88.7 77.3

X 66.2 62.9

women

up to 49 66.3 88.7
up to 55 66.3 77.7
up to 59 66.0 77.3
up to 64 88.7 66.3
up to 76 77.3 77.3
up to 87 77.3 66.3
over 87 77.3 77.3

X 74.2 75.8
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Further, the indicators of the level of in Tokyo are analyzed (Table 9).
international competition among weightlifters who
took part in the Games of the XXXII Olympiad 2020
Table 9
Indicators of international competition among weightlifters at Games of the XXXII Olympiad 2020 in Tokyo
. Performance in the top 10 athletes in the weight category
Weight density of results | in the combined event
category, kg Y - P ac.es .e co their number, %
absolute, kg ‘ relative, % with a difference of 1 kg
men

up to 61 48,0 15,3 6,7; 20

up to 67 34,0 10,3 1,2;3,4,5;8,9 70

up to 73 41,0 11,3 3,4;4,5 40

up to 81 57,0 15,3 5,6; 20

up to 96 52,0 11,5 2,3,4,7,8,9 60

up to 109 59,0 13,7 4,5;7,8 40

over 109 107,0 22,0 4,5;,7,8 40

women

up to 49 43,0 20,5 4,5;6,7,8 50

up to 55 38,0 17,0 1,2;3,4;5,6; 8,9 80

up to 59 38,0 16,1 3,4;6,7;8,9,10 70

up to 64 19,0 8,1 4,5,6;7,8,9 60

up to 76 60,0 22,8 4,5;8,9 40

up to 87 45,0 16,7 5,6 20

over 87 100,0 31,3 2,3;6,7 40

Analysis of the tributes table. 9 shows that
male weightlifters had the highest density of
competitive results at the Olympics in the weight
categories up to 67, 73 and 96 kg, with a difference

between the results from 1st to 10th place -
10.3; 11.3 and 11.5%, and in the first category there
were 70% of the results in the combined event with a
difference of 1 kg. Among female weightlifters, the
highest density of competitive results is observed in
weight categories up to 64, 59 and 55 kg,
respectively, with a difference in results from 1 to 10
places - 8.1; 16.1 and 17.0%. In the weight category
up to 55 kg, 80.0% of the results were found, with a
difference of 1 kg between them.

Discussion

Data analysis table 4 shows that the average
age of the winners of the XXXII Olympic Games in
Tokyo among men ranges from 23 to 29 years.
Moreover, in this group of weightlifters, the youngest
medalists of the Games were Akbar Juraev from
Uzbekistan and an athlete from WVenezuela -
Keidomar Valenilla Sanchez - 21 years old, and the
37-year-old athlete Liu Xiaojong from China became
the oldest medalist of the Games.

As for the age of starting to practice the sport,
the fluctuations here are from 10 to 15 years.
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Moreover, most of the athletes who began to practice
at the age of 15-16 came to the sport substantially
prepared, i.e. from other sports. So, for example, the
silver medalist of the Tokyo Games -

Zacarias Bonnat Michel from the Dominican
Republic played baseball, taekwondo and wrestling
before weightlifting. The data obtained are consistent
with the research results obtained by the authors
earlier [5, 10, 17, 21].

The pace of achieving maximum results in the
shortest possible time characterizes the prospects of
this or that weightlifter. For winners of the Tokyo
Games, they range from 11 to 16 years. The most
promising weightlifters among the winners of the
Olympic Games in Tokyo are representatives of the
weight categories up to 81 and 109 kg: this is an
athlete from the Dominican Republic - Zacarias
Bonnat Michel and Antonio Pizzolato from lItaly, as
well as an athlete from Iran Ali Davudi, respectively.
They spent 9 years on achieving their maximum
results, respectively. According to the data of other
authors [5, 10, 17, 22], the terms of achieving
maximum results for a sports career among the most
talented weightlifters range on average from 8 to 12
years. In other cases, some athletes exceed these
deadlines significantly. So, for example, Rahmat
Abdulla from Indonesia and Arturs Plesnieks from
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Latvia spent 20 years to achieve their maximum
results, respectively.

Data analysis table. 5 shows that the average
age of the winners of the XXXII Olympic Games in
Tokyo among women ranges from 23 to 29 years.
Moreover, the youngest medalist of the Games was
Windy Eisah from Indonesia - 19 years old, and the
oldest athlete Georgia Bordignon from Italy - 34
years old. As for the age of starting weightlifting, in
women, on average, it becomes from 10 to 14 years.
At the age of 8, she began weightlifting Chen Wen-
Hu from Taiwan, and among those who later began
to practice the sport, one can note the champion of
the Games in the category up to 64 kg Made Sharron
from Canada, she began classes at the age of 19,
although before that for three years she was engaged
in a circus, and then cross-fit. Catherine-Elisabeth
Nye from the USA also became involved in
weightlifting at the age of 16, after doing gymnastics
and cross-fit.

The rate of achievement of maximum results
in women ranges from 8 to 15 years, they are
somewhat lower than in men. The most promising
weightlifters among the winners of the Tokyo
Olympics are representatives of weight categories up
to 76 and over 87 kg: these are athletes from the
United States - Catherine-Elizabeth Nye (6 years to
achieve maximum result) and Emily Campbell from
Great Britain (7 years, respectively). Whereas the
champion of the Games in the category up to 55 kg
Hidilin Diaz from the Philippines spent 19 years on
this path, and the champion of the Games Gu Xing-
Chun from Taiwan, respectively, 18 years. These
data are consistent with the results obtained by other
authors earlier [5, 10, 17].

Data analysis table. 7 shows that the values of
starting results for athletes of different groups of
weight categories have a greater number of
differences than between athletes of different sex.
Moreover, athletes, both men and women, order a
lower starting weight for the first approach in the
clean and jerk of the bar than in the snatch. These
data are consistent with the results of studies carried
out by other authors [5, 12, 22].

Data analysis table. 8 shows that men
performed more consistently in the snatch than in the
clean and jerk (66.2 versus 62.9%), while women, on
the contrary, performed better in the clean and jerk
than in the snatch (75.8 versus 74.2%). The highest
level of realization of competitive approaches is
observed among men in the snatch in the weight
categories up to 73, 96 and over 109 kg, and at the
point - up to 81, 109 and over 109 kg, i.e.
predominantly in medium and heavy weight
categories. Among women, the most stable
performance in the snatch was shown by the athletes

79

in the weight categories up to 64, 76, 87 and over 87
kg (i.e. in the medium and heavy categories), and in
the clean and jerk - up to 49, 55, 59, 76 and over 87
kg (in light, medium and heavy categories). It should
also be noted that women's level of implementation
in the snatch and clean and jerk is on average much
higher than that of men. This is due to the
significantly higher weight that men Ilift at
competitions by 1 kg of body weight. Our data
confirm the trend obtained by other researchers [4, 7,
18, 22].

Data analysis table. 9 shows that the highest
level of international competition at the Games of the
XXXII Olympiad 2020 in Tokyo was among men
and women in the light and middle weight categories.
The most interesting thing is that the lowest level of
international competition at these Games was for
men and women in the heavy weight categories -
over 109 and 87 kg, respectively, they had the
greatest difference in results between 1 and 10 places
- 107 and 100 kg, respectively. Practical experience
shows that the level of international competition
varies significantly, depending on the rank of the
competition. At the Games of the Olympics, it is
significantly higher than at other international
competitions [2, 4, 8, 12].

During the Games, 55 Olympic records were
set by weightlifters: 30 Olympic records were set by
men, including 4 world records (3 world records
were set by Lasha Talakhadze from Georgia — in
snatch, clean and jerk and total combined), women
set 25 Olympic records, but not one world.

The study of the indicators of the competitive
activity of the world's strongest weightlifters at the
Games of the XXXII Olympiad 2020 made it
possible to reveal the hidden reserves of elite athletes
and showed the prospects for further increasing their
sports achievements.

Conclusions

1. The number of licenses received and the
level of their implementation shows the level of
preparedness of weightlifters from the leading
national teams of the world for the Games of the
XXXII' Olympiad 2020 in Tokyo. The most
successful teams were from China (out of 8 licenses,
100% sold), Italy, Indonesia, and the Dominican
Republic (out of 3 licenses, 2 were sold at 67.0%,
respectively). The most unsuccessful athletes at these
Olympic Games were: the Republic of Korea (7
licenses, 0 implementation), Spain, France, Cuba (3
licenses each, 0 implementation).

2. Among the countries of medalists in men,
weightlifters from China were the most successful -
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4 gold medals, Georgia, Venezuela, Indonesia, Italy
- 2 medals, respectively. Among women, the most
successful teams were from China - 4 medals (3 gold
and 1 silver), Ecuador, Taiwan, USA (2 medals
each).

3. The average age of the winners of the
XXXI1I Olympic Games in Tokyo among men ranges
from 25 to 29 years. The youngest winners of the
Games were Akbar Juraev from Uzbekistan and
Keidomar Valenilla Sanchez from Venezuela at the
age of 21, and the 37-year-old athlete from China Liu
Xiaojong became the oldest medalist of the Games.
The average age of Olympic winners in Tokyo
among women ranges from 23 to 29 years. Among
the winners of the Games, the youngest was Windy
Eisah from Indonesia - 19 years old, and the oldest
athlete Georgia Bordignon from Italy - 34 years old.
If we compare the average age of all winners of the
Games among men and women, then it is the same
and amounts to 26.1 years.

4. The age at which men begin weightlifting
ranges on average from 10 to 15 years. Moreover,
most of the weightlifters who began to engage in the
sport at the age of 15-16 came substantially prepared,
thanks to classes in other sports. For example, the
silver medalist of the Tokyo Games - Zacarias
Bonnat Michel from the Dominican Republic before
weightlifting was involved in baseball, taekwondo
and wrestling. The age at which women start
weightlifting is on average 10 to 14 years. Earlier
than everyone else, Chen Wen-Hu from Taiwan
began weightlifting (at the age of 8), and later of all -
the champion of the Games in the category up to 64
kg Made Sharron from Canada (at the age of 19),
although before that she was engaged in a circus for
three years, and then cross-fit.

5. The rate of achievement of maximum
results indicates the prospects of this or that
weightlifter. For the winners of the Tokyo Games
among men, they range from 11 to 16 years old. The
highest rates of achieving maximum results were
among weightlifters in weight categories up to 81 and
109 kg: these are athletes from the Dominican
Republic - Zacarias Bonnat Michel and Antonio
Pizzolato from Italy, as well as an athlete from Iran
Ali Davudi for 9 years, respectively. Whereas,
Rahmat Abdulla from Indonesia in the weight
category up to 73 kg and Arturs Plesnieks from
Latvia in the weight category up to 109 kg spent 20
years to achieve their maximum results, respectively.

6. Increase of achievements in shatch and
clean and jerk among highly qualified weightlifters
should take place proportionally on the basis of the
following model ratios: for men - 82 84%, and for
women - 78 81% (VG Oleshko [4]). The ratio of
achievements in the snatch to clean and jerk among
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men of different groups of weight categories among
the Olympic winners in Tokyo in the middle is 82.0
+ 2.2%, for women it is less by 3.3% and is 78.7 +
2.7% (p <0.001). Thus, in men, the increase in results
in competitive exercises occurs proportionally both
in the snatch and in the clean and jerk, and in women,
on the contrary, to a greater extent due to the increase
in the results in the clean and jerk.

7. The values of the starting results for the
Olympic winners in Tokyo among men and women
have some differences. In men, they are in three
groups of weight categories less by 4.7-7.6%, from
the achieved achievement in the snatch, and by 3.4—
4.9%, respectively, from the realized achievement in
the clean and jerk. For women, the starting results are
slightly lower in the snatch than for men - 4.5-5.7%,
but more in the clean and jerk - 4.2-5.8%. In men,
they significantly differ in the snatch between
athletes of the 1l and 111 groups - 2.1% (p <0.05), in
the clean and jerk both between men and women of
the I, 1l and Il groups, statistically significant
differences were not noted (p> 0, 05). Differences in
starting results were established between men and
women: among athletes of the 1l group in the snatch
- 1.2% (p <0.05). Thus, it can be noted that male
athletes are more careful in determining the starting
results in the snatch than in the clean and jerk, while
women reduce the starting results in the snatch and
clean and jerk by the same amount.

8. Olympic winners in Tokyo in men showed
more accomplished approaches in the snatch than in
the clean and jerk (66.2 versus 62.9%), and women,
on the contrary, achieved more accomplishments in
the clean and jerk than in the snatch (75.8 versus 74,
2%). The highest level of realization among men in
the snatch was obtained in the weight categories up
to 73, 96 and over 109 kg, and at the point - up to 81,
109 and over 109 kg, i.e. in medium and heavy
weight categories, respectively. Among women, the
most stable performance in the snatch was shown by
athletes in the weight categories up to 64, 76, 87 and
over 87 kg (i.e. in the middle and heavy categories),
and in the clean and jerk - up to 49, 55, 59, 76 and
over 87 kg (in light, medium and heavy categories).
In women, the level of realization in the snatch and
clean and jerk is, on average, significantly higher
than that of men, this is due to the significantly higher
weight that men lift at competitions by 1 kg of body
weight.

9. For male weightlifters, the highest density
of competitive results at the Olympic Games in
Tokyo was in the weight categories up to 67, 73 and
96 kg, with the smallest difference between the
results from 1st to 10th places - 10.3; 11.3 and 11.5%,
respectively. Moreover, in the first weight category,
70% of the results were with a difference of 1 kg.
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Abstract

Purpose: of the study was to examine the validity of the Army Combat Fitness Test tests on a sample of air defense
personnel in the Ukrainian Ground Forces.

Material and methods. The respondents to this study were 271 air defense servicemen of the ground forces aged 18 to
40 years (73 cadets of the Ivan Kozhedub Kharkiv National Air Force University and 198 military personnel). The
structural validity was evaluated using a confirmatory factor analysis.

Results. Compliance was achieved with the two-factor model obtained in the course of exploratory factor analysis, as
evidenced by the following indixes: x2 (8, Critical N = 465.29) = 10.43; x2 / df = 1.303; Non-Normed Fit Index = 0.98;
Normed Fit Index = 0.97; Root Mean Square Error of Approximation = 0.035 (90 Percent Confidence Interval for Root
Mean Square Error of Approximation = (0.0; 0.088), Comparative Fit Index = 0.99. In addition, all factor loadings were
statistically significant at the p < 0.01 level, that indicates that these two factors were well designed at every stage.
Correlation between factors was weak, which confirms the discriminant validity of the test. The significant correlation
found between the items and the overall test score confirmed the validity of the test.

Conclusions. It was found that Army Combat Fitness Test is a suitable tool for evaluating the physical fitness condition
of air defense personnel into the Ground Forces. The dilemmas about the possible use of Army Combat Fitness Test for
all age groups of military personnel regardless of gender require further study.

Key words: validity, physical fitness, confirmatory factor analysis, military personnel
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AHOTANIA

Nanesuu C., Kupnexko B., Nigay6Huii A., boxkKo C., Llumbaniok XK., Maiikn EHToHi MapTiHec Benec, Pegepiko AHiban
MapriHec Benec, Xopxe ApmaHgo Mopeta BiHyeca, ®eapepiko AHTOHIO MaprtiHec JleoH. CTpyKTypHa BanigHicTb
6arapei TectiB gnAa nepesipku ¢pisnyHOI NnigroToBneHoCTI

MeTa: nepeBipuTM O0B6IFPYHTOBAHICTb TecTiB Ha 6o0MoBYy npauesgaTtHicTb apmii Ha BMbGipUi ocoboBoro ckaagy
NPoOTMNOBITPAHOT 060pOHM CyXonyTHUX BiliCbK YKpaiHu.

Marepian i meTogu. PecnoHZeHTOM Y LbOMY A0CAIAXKEHHi byB 271 BilicbkoBocnyKb60BeLb NPOTUMNOBITPAHOI 060POHM
CyXONyTHUX BilicbK BiKoM Big, 18 a0 40 pokiB (73 KypcaHTM XapKiBCbKOro HaLLiOHa/IbHOMO YHIBEPCUTETY NOBITPAHUX CUA
imeHi 1BaHa Koxepyba Ta 198 BilicbkoBOC/NYXK6O0BLiB). CTPYKTYypHY BanigHICTb OUiHIOBaM 3a [0MOMOro
niaTBEpAXKYBaIbHOrO PaKTOPHOro aHanisy.

Pe3ynbTaTtu. BignosigHictb AocArHyTo ABOGaKTOPHOI MoAeni, OTPMMAHOI B XOA4i AOCNIAHULBKOrO GAaKTOPHOrO aHanisy,
npo Wo cBigYath Taki iHAeKkcu: X2 (8, Kputnunmnin N = 465,29) = 10,43; x2 / df = 1,303; HeHopmoBaHMi1 iHAEKC
npuaatHocti = 0,98; HopmoBaHuit iHaeKc niaroHku = 0,97; CepeaHbOKBaApaTUUHa Noxmnbka anpokcumauii = 0,035 (90-
BiACOTKOBMI [O0BipUMiA iHTEpBan ANnA cepefHboi KBagpaTWUYHOI NOxMbKM anpokcumauii = (0,0; 0,088), iHAeKc
nopiBHANbHOI BignosigHocTi = 0,99. Kpim Toro, yci ¢akTopHi HaBaHTaXKeHHs 6yn CTaTUCTUYHO 3HAYYLLMMM Ha PiBHI p <
0,01). BKasye, wWo Ui ABa dakTopu 6ynm Aobpe po3pobneHi Ha KoxHoMy eTani. Kopensuia mixx daktopamu 6yna
cnabKkoto, WO NiaTBEPAKYE AUCKPUMIHAHTHY BanigHICTb TecTy. 3HAYHA KOpPenAuisa, BUAB/MEHA MiX MyHKTamMM Ta
3arasibHUM pe3ynbTaToOM TecTy, NiaTBEepAMAA BaNigHICTb TECTy.

BUCHOBKKU. BusABieHo, Wo TecT Ha 60lMoBY NpauesaaTHICTb apMii € NiAX0AALLMM IHCTPYMEHTOM A/1A OUiHKK di3nyHOT
niArotToB/NeHoCTi 0coboBOro cKiagy npoTMnoBiTPAHOT obopoHM CyxOonyTHUX BIMCbK. [Mnemu LWOAO0 MOKIUBOrO
BMKOPUCTAHHA apMiliCbKOro TecTy Ha 6oiMoBy NpMAaTHICTb 418 BCiX BIKOBUX Py BiiCbKOBOC/NY*KO0BLiB HE3a/1EXKHO Bij,
CTaTi NOTPebYIOTb NOAANBLIOIO BUBYEHHS.

KntouoBi cnoBa: BanigHictb, pisnyHa NigrotoBAeHiCTb, NiATBEPAKYBANbHUI GAKTOPHWUIA aHaNi3, BINCbKOBOCTYKOOBL

AHHaTOLUSA

Nanesuu C., KupneHko B., Mogay6Hbiii A., BoxKo C., Libim6anioK K., Maiikn AHTOHM MapTuHec Benec, Pegepuko
AHnb6an MaptuHec Benec, Xopxe ApmaHgo MopeTta BuHyasza, Pegepuko AHTOHMO MapTtuHec JfleoH. CTpyKTypHas
Ba/IMAHOCTb 6aTapeun TecToB ANA NPoBePKU GU3NYECKON NOATOTOBNEHHOCTU

Uenb: npoBepKa [AOCTOBEPHOCTM TECTOB apmencKkon 60eBOM NPUrogHOCTM Ha BblBOpPKE JIMYHOrO cocTaBa
NpPOTMBOBO3AYLHON 060pPOHbI B CyXOMYTHbIX BOMCKAxX YKPauHbI.

Martepuan n metogbl. B uccnepgoBaHnmn npuHAnM ydactue 271 soeHHocayKawmin NMBO cyxonyTHbIX BOMCK B BO3pacTe OT
18 po 40 net (73 KypcaHTa XapbKOBCKOro HauMoOHanbHOro yHusepcuteta BBC umeHn MeaHa Koxeayba n 198
BOEHHOCNYKaLWMX). CTPYKTYpHasA BaNMAHOCTb OLLEHMBANACh C MOMOLLBIO NOATBEPKAAOWEro ¢akTOpHOro aHanuM3a.
Pe3synbTaTtbl. COOTBETCTBME AOCTUTHYTO C MOMOLLBIO ABYXPAKTOPHOM MOAENU, MONYYEHHOW B XO4Ee UCCe0BaTeNbCKOro
baKTOpHOro aHann3a, 0 YeM CBUAETENbCTBYIOT C/iedytowwme nHaeKkcol: x2 (8, Critical N = 465,29) = 10,43; x2 / df = 1,303;
HeHOpMUWpOBaHHbLIN  MHAEKC cooTBeTcTBMA = 0,98; HopmupoBaHHbIA UWHAEKC cooTBeTcTtBMA = 0,97;
CpegHekBagpaTMyHasa owubKa annpokcumauumn = 0,035 (90-npoueHTHbIN [AOBEepUTENbHbIM  UHTEpBan AnA
cpefHeKkBaapaTMYHoOl ownbku annpokcumaumm = (0,0; 0,088), cpaBHUTENbHbI MHAEKC cooTBeTcTBUA = 0,99. Kpome
TOro, Bce paKTOpHble Harpy3Ku BbIaN CTAaTUCTUYECKU 3HAYMMbIMKM Ha ypoBHe p <0,01, 4To yKasbiBaeT Ha To, YTO 3TU ABa
¢dakTopa 6bliM Xopowo paspaboTaHbl Ha Kaxpom 3atane. Koppensauua mexay daktopamu 6bina cnaboid, yto
NoOATBEPKAAET AUCKPUMUHAHTHYIO BanMAHOCTb TecTa. CyllecTBeHHas Koppenauusa, oOHapy)KeHHas Mexay
anemeHTaMu 1 obLLel OUEHKOM TecTa, NoATBEPANIA BAIMAHOCTb TeCTa.

BbiBOAbI. Bbl/I0 06HAPYKEHO, YTO apMeNCKMn TecT 6OeBON NPUTOAHOCTU ABAAETCA NOAXOAAWMM UHCTPYMEHTOM A/
OLEHKM M3MYECKOro COCTOsIHMA JIMYHOro coctaBa MBO B CyxonyTHbIX BOMCKax. [JuieMmbl O BO3MOXHOCTU
MCMNONb30BaHMA apPMENCKOro Tecta 60eBOM NPUrOAHOCTU A/1A BCEX BO3PACTHbIX FPYMNn BOEHHOC/YXKALLMUX, HE3aBUCUMO
OT Mo/, TPeObYIOT AaNbHENLLEro U3ydYeHus.

KnioueBble cnoBa: BanMAHOCTb, @U3NYECKaa NOAFOTOBNEHHOCTb, MNOATBEPXKAAOWMA  GaKTOPHbIA  aHanus,
BOEHHOC/YKallue.
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Introduction

The lack of a process for evaluating the
achievement of the necessary level of physical
readines of the Armed Forces of Ukraine personnel
may lead to a discrepancy between the level of
physical readiness of the military personnel and the
requirements for physical condition, training and
coherence of units its necessary for the
implementation of combat capabilities [1, 2].

Thereby, monitoring and evaluating motor
skills development is an important goal for unit
commanders. Controlling the process ensures the
timely receipt of objective information about the
state of physical fitness of military personnel. This
task is solved by the system of verification and
evaluation of physical fitness [3]. The model focuses
on assessment technology, tests and regulatory
requirements that determine the level (quality) of
qualification [4, 5].

Nowadays, the armies of the leading nations
of the world are considering a wide and varied range
of research areas for the concept of «readiness». The
existing tests have been criticized for lack of
evidence to support their link to military fitness for
every soldier. The fitness tests, Established in 1980,
fitness tests proposed in 2002 and 2010 were not
implemented because they were not validated [6, 7,
8] and have been revalued [8, 9, 10]. Since October
2020, the U.S. Army Physical Fitness School and the
U.S. Army Center for Initial Military Training have
been validating the Army Combat Fitness Test tests
[11, 12].

The Army Combat Fitness Test test
evaluates five components of physical fitness such as
muscle and aerobic endurance, muscle strength,
speed / agility and explosive strength [2, 13] The
strongest argument for the new test is that it has a
high correlation between Army Combat Fitness Test
exercises and ground combat requirements [10]. It
does not imply gender and age differences [11, 12,
14].

An objective evaluation of the readiness of
military personnel, determines the need to validate
the Army Combat Fitness Test tests for the Armed
Forces of Ukraine. Ensuring the implementation of
the acquired combat capabilities to perform into
combat missions, achieving compatibility with the
armed forces of NATO member states.

Matherials and methods
Participants

The participants in this study were 271 air
defense military personnel of the ground forces
between 18 to 40 years (73 cadets of the lvan
Kozhedub Kharkiv National Air Force University
and 198 military personnel). The data, showing the
sample subdivided into age groups, are presented in
Table 1. All of the military personnel had been
individually evaluated for the physical fitness
verification procedure in accordance with the
requirements of the Army Combat Fitness Test [11].
The evaluation was conducted during the period of
the year 2020.

Table 1
Demographic characteristics of participants (n = 243)
Sex Up to 25 years old | Up to 30 years old | Up to 35 years old | Up to 40 years old Total
(number)
Female
17 - - 17
(number)
Total 148 96 22 5 271
(number)

For various reasons, 28 soldiers did not pass
the test. Only those subjects who completed all tests
were included in the analysis of validity (n = 243).

Data collection measuring instrument

The participants completed the Army
Combat Fitness Test training and testing program
during the 4™ and 5" courses at the lvan Kozhedub
Kharkiv National Air Force University and during
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the baseline period in the army. The participants
performed the exercises in the following order:

1. 3 Repetition maximum deadlift;

2. Standing power throw;

3. Hand release push-up — arm extension;

4. Sprint-drag-carry;

5. Leg tuck;

6. Two-mile run.

Detailed instructions about the Army
Combat Fitness Test test is available at Army
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Combat Fitness Test 3.0: Exploring a more inclusive
scoring assessment, planks stay [11]. Each
participant voluntarily provided a written informed
consent prior to participation.

Statistical analysis

Statistical analysis of the results was carried
out wusing STATISTICA 10.0. The normal
distribution was evaluated using the Shapiro-Wilk
criterion (W). For the entire sample, the parameters
of the descriptive statistics were calculated.
Parametric indicators are presented as ¥ + S, where X
(Mean) is the average, S is the standard deviation.

To compare the mean values of the results of
the test items by representatives of different age
groups and gender, the procedure of one-way
analysis of variance (Anova) in SPSS Statistics 17.0
was carried out according to Fisher's exact test. The
compared variances of distributions of values
statistically do not differ significantly if the p-level
of Levene's test is > 0.05. If Fons. < Fe all
measurement results belong to one general
population. The Fsx will be close to 1 at a
significance level of p> 0.05. If Fos > Fer an
alternative hypothesis is accepted. Fstae Will be much
more than 1. Scheffe’s method was performed when
a significant difference was found by analysis of
variance.

Correlation analysis was used to establish a
guantitative measure of strength and direction of the
probabilistic relationship between test items and the
overall standard score [15]. When evaluating the
strength of the relationship between correlation and
coefficients, a scale was used that differentiates both
positive and negative correlations into three levels.
From 0.01 to 0.29 — weak positive correlation, from
0.30 to 0.69 — moderate positive correlation, from
0.70 to 1.00 — strong positive correlation. From -0.01
to -0.29 — weak negative correlation, from -0.30 to -
0.69 — moderate negative correlation, from -0.70 to -
1.00 trong negative correlation [16].

To evaluate the validity of the test, the
primary data matrix containing the cadets' scores was
subjected to exploratory principal component
analysis followed by varimax rotation of the selected
factors and Kaiser-Meyer-Olkin’s test standards in
SPSS Statistics 17.0 to evaluate the constructive
validity of the test. To evaluate the quality of the
model, the following indixes were used: the Kaiser-
Meyer-Olkin’s sample adequacy method and
Bartlett's sphericity method. The Kaiser-Meyer-
Olkin’s sample adequacy method is a value that
characterizes the degree of applicability of factor
analysis to a given sample (> 0.9 — unconditional
adequacy; (0.8; 0.9) — high; (0.7; 0.8) — acceptable;
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(0.6; 0.7) — satisfactory; (0.5; 0.6) — low; < 0.5 —
factor analysis is not applicable to the sample).
Bartlett's sphericity method is a multidimensional
normality test for the distribution of variables.
Significance level p < 0.05 indicates that the data are
quite acceptable for factor analysis [2, 15].

Confirmatory factor analysis was performed
in LISREL 8.8 to test the internal structure of the
two-factor model [17]. The following indixes were
used to evaluate the degree of conformity of the
model: 2 (chi-square), quotient x2 and df does not
exceed 2 (y2 / df < 2), not normalized fit index (Non-
Normed Fit Index > 0.90), normalized fit index (Non
Fit Index > 0, 90) and root mean square error of
approximation (Root Mean Square Error of
Approximation < 0.05). Since the value of y2
depends on the sample size and, with large sample
sizes, can be reliable even for insufficiently suitable
models, an additional reliability indicator called the
comparative fit index (0 < Comparative Fit Index
<1) was calculated. The model is considered to be
consistent with the data obtained if the Comparative
Fit Index exceeds 0.95 (for the many authors, values
of at least 0.85 are also acceptable).

Statistical significance was evaluated with
95% confi-dence intervals. Analyses were performed
using SPSS version 17, and statistical significance
was set at an alpha level of 0,05.

All parameters of validity were calculated
using standard scores.

Results

The analysis of the hypothesis about the
normality of the distribution of the results of the
Army Combat Fitness Test test tasks is presented in
Table 2. The statistics of the W test are insignificant.
The hypothesis about the normal distribution of the
values of the variable is accepted.

Baseline scores for individual Army Combat
Fitness Test assignments are shown in Table 3. The
results were directly compared between each age
group to test for the perceived lack of gender and age
differences for the test takers.

Once we analyzed the results. It should be
noted that the lowest results for female military
personnel are shown in the 3 Repetition maximum
deadlift exercise. with 76 % not meeting the
threshold level. 41 % performed below the threshold
level in Standing power throw and Two-mile run
exercises. The best result at the level of 81-82 points
is shown in the Sprint-drag-carry. Hand release push-
up — arm extension and Leg tuck tasks. Overall.
more than one female soldier did not fully complete
the Army Combat Fitness Test test as required.
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Table 2

Normality analysis of the distribution of the results of the Army Combat Fitness Test tasks

Army Combat
Fitness Test
tasks

Mean Median

Skewness

Std.Err.

Kurtosis
Skewness

Std.Err.
Kurtosis

Shapiro-
Wslk W

3Repetition
maximum
deadlift
(conventional
units)

76.28 76

10.385

0.148 0.148

-0.395

0.990 0.070

Standing
power throw
(conventional

units)

77.26 77

7.838

0.109 0.148

0.536

0.989 0.055

Hand release
push-up —
arm
extension
(conventional
units)

67.60 67

11.637

0.427 0.148

-0.211

0.991 0.120

Sprint-drag-
carry
(conventional
units)

74.66 74

9.700

0.212 0.148

-0.109

0.990 0.070

Leg tuck
(conventional
units)

82.59 83

10.320

-0.353 0.148

-0.213

0.992 0.120

Two-mile run
(conventional
units)

70.88 71

10.333

0.112 0.148

0.385

0.995 0.159

Evaluation of the results of the Army Combat Fitness Test tasks

Table 3

Army
Combat
Fitness Test
Task

x (S)

Male

Female

Up to 25 years
old (n = 148)

Up to 30 years old
(n=79)

Up to 35 years old
(n=22)

Up to 40 years
old (n =5)

Up to 30 years
old (n =17)

3 Repetition
maximum
deadlift
(conventional
units)

67.81(10.99)

70(12.83)

66.14 (11.14)

69 (7.71)

56.11 (4.58)

Standing
power throw
(conventional

units)

77.44 (10.30)

76.81(9.77)

76.27 (9.63)

76.8 (8.35)

63.59 (7.6)

Hand release
push-up—arm
extension
(conventional
units)

83.22(9.79)

83.82 (9.58)

83.55(10.68)

88 (8.03)

68.64 (8.68)

Sprint-drag-
carry
(conventional
units)

77.89 (7.61)

77.84 (7.80)

78.18 (7.28)

73.6 (3.71)

68.94 (7.18)
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Leg tuck
(conventional 75.04 (8.99) 75.73 (10.88) 73.68(7.66) 78.4 (13.30) 66.41 (7.75)
units)
Two-mile run
(conventional 70.99 (10.21) 71.13 (11.03) 74.18(7.45) 78 (6.36) 62.47 (7.89)
units)
Total Army
Combat 452.12 (31.42) 455 (33.61) 452 (28.6) 463.8 (31.22) 386.18 (15.40)
Fitness Test

In men under 40. none of the participants
reached the maximum result of (100 points) in any
task. Most of the maximum results were shown by
men under 30 years old in Hand release push-up —
arm extension (6.3 %), Leg tuck (2.5 %), Two-mile
run (2.5 %), 3 Repetition maximum deadlift (1.2 %)
tasks. The Hand release push-up — arm extension
task was completed most successfully in all groups
(4.7 %; x = 83.53. S = 9.74). 2251 % of the

personnel did not fulfill the threshold level in one or
more assignments.

The results of the Anova analysis (Table 4)
confirm significant statistically differences in the
average group results of the Army Combat Fitness
Test test tasks performed by women and
representatives of different age groups of men ((Sig.
= 0.000) — the variances for the groups of men and
women do not statistically significantly differ
(< 0.05). Analysis of variance is correct)).

Table 4

ANOVA Analysis Results Analysis of variance of the results of the Army Combat Fitness Test test tasks
performed by female and representatives of different age groups of male

. ANOVA
Army Combat Fitness Test tasks F Significance (Sig)
3 Repetition maximum deadlift 5.429 0.000
Standing power throw 7.527 0.000
Hand release push-up — arm extension 9.667 0.000
Sprint-drag-carry 5.879 0.000
Leg tuck 3.767 0.005
Two-mile run 4.172 0.003
Total Army Combat Fitness Test 18.721 0.000

Multiple comparisons of
performance of female and male military personnel

the average

during the test and Total Army Combat Fitness Test
are presented in Table 5.
Table 5

Multiple comparisons of the average results of the test items and Total Army Combat Fitness Test of female
and male of different age groups (according to Scheffe's method)

Army Combat A e Standard significance (Sig.) 95% confidence interval
Fitness Test tasks error Bottom line Upper bound

Up to 25 years old -13.85" 2.54 0.000 -21.73 -5.97

Standing power Up to 30 years old -13.22" 2.65 0.000 -21.45 -4.99

throw Up to 35 years old -12.68" 3.20 0.004 -22.62 -2.75

Up to 40 years old -13.21 5.05 0.147 -28.86 2.44

Up to 25 years old -8.95" 1.94 0.000 -14.96 -2.94

Sprint-drag-carry Up to 30 years old —8.89: 2.02 0.001 -15.17 -2.62

Up to 35 years old -9.24 2.44 0.007 -16.82 -1.66

Up to 40 years old -4.66 3.85 0.833 -16.60 7.29

Up to 25 years old -11.69" 2.89 0.003 -20.65 -2.74

3 Repetition Up to 30 years old -13.88" 3.01 0.000 -23.23 -4.53

maximum deadliftf  Up to 35 years old -10.02 3.64 0.112 -21.31 1.27

Up to 40 years old -12.88 5.74 0.286 -30.67 491

Up to 25 years old -8.64" 2.43 0.015 -16.19 -1.09

Leg tuck Up to 30 years old -9.32" 2.54 0.010 -17.20 -1.44

Up to 35 years old -7.27 3.07 0.234 -16.79 2.25

Up to 40 years old -11.99 4.84 0.192 -26.99 3.01

Up to 25 years old -14.57" 2.49 0.000 -22.29 -6.85

piigif'_ezi; Up to 30 years old 15.18° 2.60 0.000 23.23 7.12

extension Up to 35 years old -14.90" 3.14 0.000 -24.63 -5.17

Up to 40 years old -19.35" 4.94 0.005 -34.68 -4.02

Two-mile run Up to 25 years old -8.52" 2.59 0.031 -16.54 -0.49
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Up to 30 years old -8.66" 2.70 0.038 17.03 0.28

Up to 35 years old -11.71° 3.26 0.013 21.83 1.59

Up to 40 years old -15.53 5.14 0.061 31.47 0.41
Up to 25 years old -65.95" 7.97 0.000 -90.69 -41.19
Cot;’;i'tfim‘éss Up to 30 years old 68.81° 8.33 0.000 ~94.65 42.98
Test Up to 35 years old -65.82* 10.06 0.000 97.03 -34.62
Up to 40 years old -77.62* 15.85 0.000 126.78 28.46

Note: * The average difference is significant at the level 0.05

The data in Table 4 do not reveal significant
differences between the average difference in the
results shown by male and female military personnel
under 40 years old in performing Standing power
throw, Sprint-drag-carry, 3 Repetition maximum
deadlift. Leg tuck and Two-mile run test items. since
the significance for all pairs of groups is greater than
0.05. There was no statistically significant difference
with men under 35 years old in the 3 Repetition
maximum deadlift and Leg tuck tasks. All other
results in women differ significantly from those for
men.

Anova's analysis. which is presented in Table
6. does not confirm statistically significant
differences in the results of performing test items by
representatives of different age groups in men.
Levene's method for testing the hypothesis of
equality of variances shows that the sample means
are obtained from populations with the same general
means. The calculated value of F does not exceed the
critical value of F with a significance value of p >
0.05.

Table 6

ANOVA Analysis Results for men Analysis of variance of results of perfoming test items by representatives
of different age groups of male

Army Combat Fitness Dispersion uniformity criterion ANOVA
Test tasks Levene's Statistics Significance (Sig.) F Significance (Sig.)
3 Repetition maximum 1.184 0.317 0.916 0.434
deadlift
Standing power throw 0.316 0.814 0.129 0.943
Hand release push-up - 0.174 0.914 0.423 0.737
arm extension
Sprint-drag-carry 0.680 0.565 0.536 0.658
Leg tuck 1.894 0.131 0.461 0.710
Two-mile run 1.857 0.137 1.335 0.263
Total Army Combat 0.191 0.902 0.333 0.801
Fitness Test

The exploratory factor analysis procedure
showed:

1)  asaresult of using the Kaiser-Meyer-
Olkin’s sample adequacy method. an acceptable
adequacy of the factor analysis applicability to the
values of this sample was established (criterion value
=0.763);

2) as a result of using the Bartlett’s
sphericity method. it was found that the data are
acceptable for carrying out the factor analysis
procedure with them (x2-square = 179.91. p value <
0.001);

3)  after using the Kaiser’s method. we
found that the first two factors are greater than one (1
- 3.099; 2 - 1.338). This means that it is optimal to
single out two factors;

4) using R. Cattell's method for
screening. we found that on the graph of normalized
simple stress. the inflection point is at the value 3.
This confirms the conclusion formulated as a result
of using the Kaiser’s method that two factors were
distinguished in the structure;

5)  the correlation matrix of 6 variables
was subjected to a principal component analysis
procedure. 2 factors were extracted with own value
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greater than one. These factors were rotated
according to the varimax method.

The first factor can be interpreted as
«Endurance (cardio-respiratory endurance. muscular
endurance (upper body. lower body. whole body /
trunk)», since the variables associated with this
phenomenon have the highest loads on it: «Two- mile
run = 0.892, Leg tuck = 0.889, Hand release push-up
- arm extension = 0.873).

The second factor can be interpreted as
«Strength (upper body, lower body, whole body /
trunk) and mobility», since the variables associated
with this phenomenon have the highest loads on it:
«Sprint-drag-carry» = 0.841; «Standing power
throwy = 0.768; «3 Repetition maximum deadlift» =
0.764.

The factors obtained as a result of the
varimax rotation explain 73.95 % of the total
variance:

a) the factor «Endurancy
41.077 % of the total variance;

b) the «Strength and Mobility» factor
explains 32.873 % of the total variance.

explains
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As a result. two unimodal factors were
obtained. These factors describe 73.95 % of the total
total variance.

To check the internal structure of the two-
factor model. we wused the procedure of the
confidential ~ (confirmatory)  factor  analysis.
implemented in the LISREL 8.8 program. The set of
relationships in the model is shown in the path
diagram (Figure 1). To assess the agreement of the
two-factor model. the maximum likelihood method
was used. The evaluation of the original model
showed that the model was consistent with the data,
as evidenced by the following indixes: 2 (8. Critical
N = 465.29) = 10.43; 2 / df = 1.303; Non-Normed
Fit Index = 0.98; Normed Fit Index = 0.97; Root
Mean Square Error of Approximation = 0.035 (90
Percent Confidence Interval for Root Mean Square
Error of Approximation = (0.0; 0.088)).
Comparative Fit Index = 0.99. In addition. all factor
loadings were statistically significant at the p < 0.01

13 .45 SFT

€5 58 = HEF

80 .50 - Z2ME

Chi-Square=10.43, df=E,

5.85
-
7.23
3.87 \
0.2

=+ 5.17

level. This suggests that these two factors were well
designed.

As a result of the correlation analysis (Table
7). a strong positive relationship was established
between the factors Sprint-drag-carry and Standing
power throw (r = 0.842) and a weak positive
relationship between Standing power throw and 3
Repetition maximum deadlift (r = 0.257), Standing
power throw and Two-mile run (r = 0.267), Sprint-
drag-carry and 3 Repetition maximum deadlift (r =
0.267), Sprint-drag-carry and Two-mile run (r =
0.245, 3 Repetition maximum deadlift and Two-mile
run (r=0.153, Hand release push-up —arm extension
and Two-mile run (r = 0.296). While Standing power
throw, Sprint-drag-carry, 3 Repetition maximum
deadlift factors did not correlate with Leg tuck, Hand
release push-up — arm extension. All test items were
significantly correlated with the total standard score
in the range from r =0.425tor = 0.674 at p < 0.01.

4

W

£.11

'/4.99

P-value=0.23612, RMSER=0.035

Fig. 1. Path diagram of Army Combat Fitness Test. Two-factor confirmatory factor analysis model.
Satisfactory match statistics supporting a two-factor model

Table 7
Correlation between tasks and total test score
Army Combat Fitness Standing Sprint- 3 Repetition Leg Hand release push-up — Two-
Test tasks power throw drag-carry maximum deadlift tuck arm extension mile run
Sprint-drag-carry 0.842%**
3 Repetition r_na)umum 0.257%* 0.267%
deadlift
Leg tuck 0.031 -0.006 -0.027
Hand release pu.sh-up - 0.09 0.072 -0.027 0.21
arm extension 1%*
. 0.27
Two-mile run 0.267** 0.245** 0.153* J 0.296**
Total Army Combat 0.674%* 0.643** 0.536** 0.42 0.460** 0.568**
Fitness Test 5

Notes: ** Correlation is significant at the 0.01 level (two-sided); * Correlation is significant at the 0.05 level (two-sided)
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Discussion

The purpose of this study was to determine
the structural validity of the Army Combat Fitness
Test test battery for evaluating the physical condition
on a sample of air defense personnel of the Air Force
grounded forces of the Army of Ukraine. To date. a
wealth of scientific experience has been accumulated
in the development of tests for evaluating the
individual level of physical fitness condition of
military personnel of various categories [18, 19, 20]
and age [21, 22]. However the problem is that the
nature and conditions of combat activities of
personnel change with the development of military
affairs [1, 23].

At the same time, the workloads experienced
by military personnel in modern combat are
changing. The present study showed a significant
difference in the average group performance of the
Army Combat Fitness Test test items by women and
representatives of different age groups in men.
Excluding the results of male military personnel from
35 to 40 years old on Standing power throw , Sprint-
drag-carry , 3 Repetition maximum deadlift, Leg tuck
and Two-mile run . There was no statistically
significant difference in the results of men under 35
and in the 3 Repetition maximum deadlift and Leg
tuck tasks. 76 % of them did not meet the threshold
level in the 3 Repetition maximum deadlift exercise.
In Standing power throw and Two-mile run
exercises. 41 % of them showed results below the
threshold level. Overall. no female military personnel
completed the Army Combat Fitness Test test as
required. These results are in contrast to the U.S.
Army's data. which shows that 54 percent of female
soldiers failed the new Army's combat fitness test. up
from 7 percent of men in the second quarter of 2020
[24].

The data raises concerns that the crossfit test
is difficult for women. The performance imbalance is
rooted primarily in one of the test’s six events. the leg
tuck. which requires troops to hang from a pullup bar
with their arms extended before lifting themselves up
using abdominal and arm muscles. Therefore, it must
have an alternative to Leg tuck new task plank [14].
The plank is an alternate assessment that may be
used. The plank helps build core strength that
promotes back health and helps reduce injuries.

Failed to fulfill the threshold level in one or
more tasks 22.51 % of the military personnel out of
all tested. This situation can be explained by poor
physical activity in their free time. Among the
reasons that prevent military personnel from
exercising in their free time are: family
responsibilities. working hours, lack of equipment,
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unsafe environment, lack of company, housework
and lack of financial resources. It is assumed that
Army Combat Fitness Test is a way to standardize
the military’s physical conditioning. in which the
technical aspects of physical conditioning that people
have undergone can be noted [25, 26].

Anova's analysis does not confirm
statistically significant differences in the results of
the test items performed by representatives of
different age groups of men. This confirms that the
Army Combat Fitness Test was designed to more
accurately predict the combat readiness of male
military personnel regardless of the age. The
performance requirements for each test item can be
adjusted for military specialties and other factors.
Some of these factors may or may not be used as
variables for the final version of the new Army
Fitness Standard, which will be known as the Army
Combat Fitness Test for Army of Ukraine.

Matos et al [27] point out that fitness is
essential to the readiness of the military provides the
best conditions for their daily life. Improving
physical fitness contributes to a significant increase
in the combat readiness of military personnel.
Physically healthy people are more resistant to
disease and recover from injury faster than people
who are not physically fit [1, 5, 28]. It is important to
note that physically healthy people have high levels
of self-confidence and motivation. In other words.
well-trained military personnel are better able to
withstand extreme combat situations [27, 28]. The
results of this study show the problems in the
organization of physical training classes with
military personnel. The most difficult tasks for the
military were the 3 Repetition maximum deadlift and
Two-mile run tasks. So 18.45 % did not meet the
threshold level in the 3 Repetition maximum deadlift
task and 9.23 % in the Two-mile run.

Training of the Ukrainian Armed Forces in
peacetime is organized according to training
standards and is evaluated through pedagogical tests.
Pedagogical tests are tests of achievement. They are
designed to determine the extent to which military
personnel have completed training objectives. The
test should measure what has been taught and
learned, nothing more. nothing less. According to
military scientists for the test to be valid. the teacher
must clearly understand the learning objectives. Our
research has confirmed the opinion of military
scientists [12, 24] that when testing activities of a
certain level, the test tasks must correspond to just
such a level of complexity so that they cannot be
performed by means of activities of a lower level [29,
30].

: The results are consistent with the findings
of other researchers that the military is required not
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only for general enduranc, strength and speed. They
require cardio-respiratory endurance, muscular
endurance (upper body, lower body, whole body /
trunk), muscular strength (upper body, lower body,
whole body / trunk) and mobility [16, 31].

A factor-analytical study is carried out to
classify fitness tests according to the ability to
measure physical qualities. Factor analysis identified
3 [32] to 14 [33] physical ability or physical skill
factors that can be measured using fitness tests. In our
case, it is necessary to find out the structural
components of the physical fitness of the air defense
personnel of the Air force grounded forces of the
Army of Ukraine.

To develop a theoretical model of physical
fitness, a pilot study was carried out. The sample of
which consisted of 73 cadets of the lvan Kozhedub
Kharkiv National Air Force University. The results
of the study were subjected to quantitative and
qualitative analysis. Model building began with
determining the ability of individual test items to
evaluate physical qualities. Each task was assigned to
a specific category based on its usual interpretation
in the literature (FM-21-20). In this case, the Two-
mile run test was classified as an indicator of
«aerobic capacity» or endurance. Leg tuck and Hand
release push-up - arm extension were classified as
indicators of muscular endurance (upper body, lower
bod, whole body / trunk). 3 Repetition maximum
deadlift and Standing power throw are muscular
strength (upper body, lower body, whole body /
trunk). Sprint-drag-carry is an indicator of muscular
endurance and strength as well as mobility.

Factor analysis revealed two factors. One of
these is determined mainly by variables related to
cardio-respiratory and  muscular  endurance.
Variables have the highest loads on it («Two-mile
run» = 0.892; «Leg tuck» = 0.889; «Hand release
push-up — arm extension» = 0.873). Another factor is
determined by variables related to strength and
mobility («Sprint-drag-carry» = 0.841; «Standing
power throw» = 0.768; «3 Repetition maximum
deadlift » = 0.764).

The next step in the analysis is confirmatory
factor analysis. This analysis is necessary to confirm
the structure of factors. which was revealed at the
first stage in the course of the explanatory factor
analysis. Standard classifications were used as the
basis for confirmatory factor analysis models. The
test items were acceptable indicators of cardio-
respiratory and muscular endurance. strength and
mobility. The estimation of the corresponding factor
structure was carried out by the maximum likelihood
method using the LISREL 8.8 program. A model
with two factors that are weakly correlated with each
other was obtained as a result of the analysis. In our
case (see Fig. 1) the indicator y*> = 10.43 (p = 0.236)
is not statistically significant. This indicates good
consistency of the model with the data. Indicators
Goodness-of-fit statistic = 0.99 (> 0.95) and Root

Mean Square Error of Approximation = 0.035 (<
0.07), Non Fit Index = 0.97 (> 0.95). Thereb, the
proposed factor model provides good consistency
with experimental data. All 6 test tasks were
acceptable indicators of the indicated structure of the
physical fitness of military personnel of the Air force
grounded forces of the Army of Ukraine.

Causal models relate to physical ability and
performance of physical tasks. Earlier work has
shown that there may be bias in these models [34,
35].

The accuracy of the test battery can be
improved by enabling multiple indicators for cardio-
respiratory and muscular endurance. Strength, and
mobility if possible. This model confirms these
findings from Report No. 11-52 by the Office of
Naval Research. Arlington.

Test items use the same factor because they
are correlated. The sum of the standardized scores on
two or more tests will allow a more accurate
evaluation of true ability [27].

The correlation between the factors in the
present study was weak. which confirmed the
discriminant validity of the test. On the other hand. a
significant correlation was found between the items
and the overall test score. This correlation further
confirmed the validity of the test.

The relationship between test items can be
used to develop training programs. It can be used to
prepare soldiers for tasks that require physical fitness
endurance.

The limitation of the present study was not to
use data from all military personnel. This is because
22.51 % of the military did not meet the threshold
level on one or more missions or due to health
restrictions.

Conclusion

We have found that Army Combat Fitness
Test is a suitable tool for evaluating the physical
fitness condition of the Air Force personnel in the
ground forces. Army Combat Fitness Test missions
are intuitive and easy to complete by all male military
personnel. The dilemmas about the possible use of
Army Combat Fitness Test for all age groups of
military personnel regardless of gender. raised here.
as well as in other studies. require further study.
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Abstract

Purpose: studying the dynamics of psychophysiological indices of creative occupation female students.

Material: the study involved 120 female students. Reactive qualities, level of static and dynamic equilibrium,
orientational qualities, speed of operative thinking, volume of rote memorization, attention distribution, level of
accuracy, attention speed and switching, accuracy of task performance were assessed.

Results: a decrease in the indices of the accuracy of reproducing motion amplitude and a given value of effort, those of
response to vertically falling object and those of static and dynamic equilibrium was revealed. An improvement in the
dynamics of nervous processes and the ability to constructive praxis was noted. The decrease in the level of
development of motor qualities, professional skills, physical fitness, and health is observed already in the 1st year of
study. The authors believe that the pedagogical influences should be started from the 1st course and continued until
the end of the study. In the process of physical education classes, the physical exercises aimed at improving the
professionally significant psychophysiological properties of students should be used. It is they that restrain the negative
effect of increasing the intensity of educational classes simultaneously contributing to an increase in the development
level of almost all motor qualities and health.

Conclusions: uneven decrease of most psychophysiological indices negatively affects both the level of female student
motor preparation and professional abilities of the future designers. The findings give ground for the development of
the methods for improving motor qualities and psychophysiological properties professionally significant for students-
designers. Taking into account the future profession specifics and the health indices will allow more precise planning of
the content of physical education classes.

Keywords: designers, psychophysiological indices, female students, professional abilities
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AHoOTALA

KopobeitHikoBa J/.I., Axaminb M.C.A., UuHapcki B.O:K., Ynisko B.M. 3miHa ncuxodisionoriuHnx nokasHUKiB y
CTYAEHTOK TBOpuMX npodecii

Merta - focnignti auHamiky ncmxodisionorivHMX NOKa3HMKIB CTYAEHTOK TBOPUYMX Npodecii.

Marepian i metogu: y nocnigeHHi 8B3ano ydyactb 120 cTyaeHTOK y Biui 0118 go 22 pokis. OuiHloBannca pearyBasbHi
AKOCTI, piBEHb CTAaTUYHOI i AMHAaMiIYHOI PiBHOBArM, OPIEHTALLiMHI AKOCTI, WBWAKICTb ONEPaTUBHOrO MUC/AEHHA, obcar
MeXaHiYHOro 3anam’ATOBYBaHHA, PO3MNOAIN yBaru, piBeHb TOYHOCTI, LWBWUAKICTb Ta NEPEMMUKAHHA yBaru, TOYHICTb
BMKOHaHHA 3aBAAHHA.

Pe3ynbraTh: BCTaHOB/IEHO 3HUXKEHHA NOKA3HMKIB TOYHOCTI BIATBOPEHHA aMNAITYAN PyXY i 334aHOi BE/IMYUHUN 3YCUANA,
NOKAa3HMKa peakLii Ha npegmeT, WO BepTUKaNbHO NAaJA€E, MOKA3HMKIB CTaTUYHOI i AMHAMIYHOI piBHOBaru. BigmiveHo
NOANINWEeHHA MOKa3HWKIB AMHAMIYHOCTI HEpPBOBMX MPOLECIB i 30aTHOCTI A0 KOHCTPYKTMBHOrO npakcucy. JuHamika
pe3y/bTaTiB KOMMNEKCHOTO TECTy, AKUI OLiHIOBAB OpiEHTAL,iMHI, pearyBasbHi Ta gudbepeHTaLiiHi AKOCTI y CTYAEHTOK,
BKa3Ye€ Ha Te, L0 HaWKpaLli 3HaYeHHA MaloTb MicLe Ha | Kypci, HanripLi - Ha IV Rypci. HepiBHOMipHe 3HMXeHHA BinbwocTi
ncmMxodi3ioNoriyHMxX NOKa3HUKIB HeraTMBHO Bif06pPaXKaAETLCA HE INLLE Ha PiBHI PyXOBOI NiArOTOBKM CTYAEHTOK, ane i Ha
npodeciinHux 3ai6HOCTAX, 30KpeMa, MalbyTHIX An3aliHepiB.

BUCHOBKM: BCTaHOB/NEHO 3HUMMKEHHS 6inblWOCTI MOKa3HUKIB, AKi XapaKTepusyloTb KiHECTEeTUYHI, OpieHTauiliHi Ta
pearyBasibHi AKOCTI CTYAEHTOK yHiBepcMTeTy B NpoLeci HaBYaHHA. LinecnpamoBaHe BAOCKOHANEHHA KiHECTETUYHMX,
pearyBasbHUX AKOCTEW Ha 3aHATTAX 3 $Gi3MYHOro BUXOBAHHA 3a LONOMOTOH0 CreLiani3oBaHOl METOAMKM AAE MOKAUBICTb
He e NPU3YNUHUTU HeraTUBHY AMHAMIKY Ncnxodi3ioNoriYHMX NOKa3HMKIB MOIOA0MO OPraHiamMy, asie i NOKPaLWmTH ix.
3peLToro Le NO3UTMBHO BiA0OPaXKAETLCA HA NPOdECIiiHINM MalcTepHOCTI MalibyTHbOro daxisua TBOpYOi Nnpodecii.
KntouoBi cnoBa: ansaiiHepu, ncmxodisionoriyHi NOKasHUKK, CTYAEHTKN, NpodeciliHi 34i6HOCTI

AHHOTALIUSA

KopobeitHukosa /1.I., OAxamunb M.C.A., UbiHapcku B.0K., Yausko B.M. UsmeHeHue ncuxodusnonornyeckux
nokasartesieil y CTyeHTOK TBOpYECKUX npodeccui

Lienb - nccnenoBaTtb AUHAMUKY NCMXOPU3MONOTMYECKMX NOKa3aTeNnen CTyAeHTOK TBOPYECKUX npodeccui.

MaTtepuan u metogbl: B UCCeJ0BaHUM NPUHAAO ydacTue 120 cTyaeHTOK B Bo3pacTe o118 go 22 net. OueHnBanucb
pearvpyoLLMe KayecTsa, YPOBEHb CTaTUYECKOrO U AIMHAMUYECKOr0 PaBHOBECUA, OPUETaHLMOHHbIe KavecTBa, bbicTpoTa
ONEePATUBHOIO MblIWIEHNA, OB BEM MEXAHWYECKOrOo 3aNOMUHaHUA, pacnpeieneHne BHUMAHWA, YPOBEHb TOYHOCTH,
6bICTPOTA M NepeKNoUYEHNE BHUMAHWUSA, TOYHOCTb BbINOJIHEHWUA 334aHUA.

Pe3ynbTaTbl: YCTAHOBAEHO CHUMKEHME MOKa3aTesieil TOYHOCTU BOCNPOU3BEAEHUA aMMIUTYAbl ABUKEHUA U 3aJaHHOMU
BE/IMYMHBI YCUAUNA, NOKa3aTeNns peakuun Ha BepTUKANbHO MNaJalolWuint npeameT, MOKasaTenen CTaTUYecKoro Wu
AVHamuMyeckoro paBHoBecua. OTMEYEHO yay4LlleHne NnokasaTenel AMHAMUYHOCTU HEPBHbIX NPOLLECCOB U CNOCOBHOCTH
K KOHCTPYKTMBHOMY Mpakcucy. AuMHammMKa pesybTaToB KOMIMIEKCHOIO TecTa, KOTOPbI OLLEHMBaN OPUEHTALLMOHHbIE,
pearupytowme n anbdepeHTaLMOHHbIE KayecTBa Y CTYAEHTOK, YKa3blBaeT Ha TO, YTO Hawjyyluve 3HAYEeHUA UMEeoT
MecTo Ha | Kypce, Hamxyglwme — Ha IV Kypce. HepaBHOMeHOe CHUMKeHMe BONbLIMHCTBA MCUXOPU3MOIOTMYECKUX
nokasaTefiell HeraTMBHO OTPAXKaeTcA He TO/MIbKO Ha YPOBHE [ABWUraTe/lIbHOW MNOAFOTOBKM CTYAEHTOK, HO M Ha
npodeccMoHanbHbIX CMOCOBHOCTAX, B YaCTHOCTH, BYAYLUMX AM3aliHEPOB.

BbiBOAbl: YCTAaHOBNEHO CHMXeHMe OONblMHCTBA MOKasaTenel, KOTopble XapaKTepPU3YIOT KUHEeCTeTUYecKue,
OpPEHTALMOHHbIE U pearnpytowme Kayectsa CTyAEHTOK YHMBepcuTeTa B npouecce obyyeHus. LleneHanpaBneHHoe
COBEPLUEHCTBOBAHNE KUHECTETUYECKUX, OPUETALMOHHBIX U PEearvpylowmx KayectTB Ha 3aHATUAX Mo (u3MYecKomy
BOCMUTAHWIO C MOMOLLBIO CREUMaIN3MPOBAHHOM METOAMKU MO3BONAET HE TO/MbKO MPUOCTAHOBUTb HEraTUBHYHO
ONHAMUKY NMCUXOPU3MONOTUYECKMX MOKa3aTeNeld MOIoA0r0 OPraHU3mMa, HO U YAydlKX MX. B KOHeYHOM uTOre 3To
NONIOXMUTENBHO OTPaXKaeTcA Ha NpodeccMoHaNbHOM MacTepcTBe ByayLuero crneumanmcTa TBOpUYeCcKon npodeccuu.
KntoueBble cnoBa: an3aHepbl, NCMX0PM3MON0OrMYecKme NoKkasaTenm, CTyAeHTKU, NpodeccnoHanbHble cnocobHOCTU
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Introduction

Professional activity is the most important
area of human life. The success of professional
preparation depends on a number of factors
including adequate physical education of future
professionals. The successfulness of any
professional activity is directly related to the
development of these or those motor and
psychomotor qualities [1]. The profession of
designer requires a number of skills to accurately
differentiate, reproduce and measure spatial,
strength and temporal parameters of motion,
muscular efforts, balance, distribution and intensity
of attention as well as sufficient spatial orientation.
Market relations have made the competition for a
working place among graduates more acute [2].
Priority at the job market is given to those
specialists possessing good professional qualities
along with a high level of psychophysiological
conditions, efficiency, endurance, health, ability to
quickly and adequately solve complex professional
tasks [3, 4].

Design is a project practice that requires an
organic combination of figurative and systemic
beginnings from the professional thinking [5]. The
dominant types of designers’ activities are: the
creation of new projects of man of today subject
environment; development of artistic design
projects of household and industrial products and
the like. The main activity types also include the
development of new clothing models; development
of details of exterior interior design; selection of
material for product manufacture; control for the
design realization at the stages of projecting,
manufacturing, testing; development of technical
documentation for the designed products (sketches,
drawing designs, drawings, diagrams, models);
development of landscaping projects and design of
building facades [6].

The designer should have creative, artistic
abilities, and be able to convey the intention by
means of graphic image; she should have a
developed spatial-figurative thinking, steady
attention, ability to switch and distribute attention,
visual memory, good eyesight and a good eye. The
demands placed on the profession force out to pay
attention to them during specialist preparation at
the university [7].

The profession of a designer is characterized
by mental tension, monotony of working posture
(most often sitting), extreme restriction of
movements, a great load on mental and psychical
processes that serve them (perception, memory,
attention, etc.). However, at the present stage the
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most peculiar feature of the designer's activity is
the expansion of the scope of activity (from the
idea embodied in paper (drawing) to the study of
the properties of finishing materials and the
manufacture of individual elements of the design
project).

A large percentage of the designer's working
time is taken by mental and psychomotor processes
related to the solution of the main professional
tasks [8]. These are: the ability to use visual
memory, the ability to orientate in space and
distribute attention, the ability to reproduce the
given object parameters schematically, the ability
to assess and differentiate strength and spatial
motion parameters performed with small
amplitude, the accuracy of the actions performed
[9]. These psychomotor actions take at the average
37% of working time. During performing these
actions, the main coordination and psychomotor
manifestations are actions that actively use
kinesthetic qualities (reproduction, evaluation,
measurement of spatial parameters), orientational
qualities, accuracy of the task performance, the
ability to constructive praxis, the ability to
distribute attention [10].

Today’s  students studying creative
specialties have to spend a lot of time at the
computer.  Fixed static posture, minimal
monotonous movements of the upper extremities
as well as constant eyestrain negatively influence
human well-being [11]. High level of study load in
the face of low motor activity and long-term
maintenance of uniform static posture is one of the
factors of physical development delay and
psychophysiological state of the body [12, 13].
Motor activity restriction has a negative impact on
human health [14].

In many papers [15, 16, 17, 18] attention is
paid to possible health deviations, decrease of
general physical and mental work capacity, initial
disorders in the activity of a number of the body
functional systems. In particular, K.A. Sydorova et
al. [19] investigated the temperament, speed of
response of rural and urban female students. In
studies of different authors [20, 21] the data of
simple and complex visuomotor responses and
operative memory were analyzed,
whereas. Kostiunin [22] also investigated the
functional mobility of nervous processes, the
tapping-test, the responses to a moving object.
Researchers tend to rather extensively analyze
different set of psychophysiological indices of
students in the dynamics. Study of Barybina [1]
concludes that there exists the relationship between
psychophysiological indices and individualization
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of physical education at the university. Moreover,
none of the researchers was able to analyze the
influence of psychophysiological indices dynamics
on professional qualities of the future profession
and, as a consequence, the expediency of
specialized physical education in order to improve
these indices.

We assume that the use of a complex of
modern methods for studying the functional
indices of external respiration, the level of physical
health, and the general state of the autonomic
nervous system of university students will permit
to implement a new approach to solving the issue
of programming physical education classes with
account for the specialty specifics. Taking into
consideration the future profession specifics and
the health indices will allow more precise planning
of the content of physical education classes.

The purpose of the work is to study the
dynamics of psychophysiological indices of female
I-1V year students-designers.

Materials and Methods

Participants

120 female students aged 18-22 years were
tested. In the research analyzer of motor-
coordination reactions ADKR-2 was used.

Organization of study

The level of female students’ accuracy was
assessed by the following tests: 1) accuracy of
reproduction of pre-set value of force was
determined with the help of electronic hand
dynamometer “EH101”; 2) accuracy of
reproduction of pre-set amplitude of arms’
movements was measured by kinematometer of
Zhukovskiy.

Responsive qualities were assessed by the
following tests:

1) test for quickness (“Catching of rule”);

2) determination of reaction to moving
object. For this test computer program “Neurosoft
NS-PsychoTest” [20] was used;

3) test for quickness of vision motor
response (simple and complex) (“Neurosoft NS-
PsychoTest” [15]);

4) test for quickness of reaction (“Catching
of stick™);

5) complex test: determining the accuracy
of multidirectional speed-strength motions per a
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certain time (computer program “Neurosoft NS-
PsychoTest” [20]).

The following tests were used to estimate
orientational qualities 1) “Labyrinth” test; 2)
“Dribbling” test; 3) “Target hitting” test.

For evaluation of psychophysiological
qualities of female students-designers the
following tests were utilized:1) distribution of
attention (“Finding of numbers”); 2) volume of rote
memorization (“Quantity of men figures”); 3)
distribution of attention and quickness of
operational thinking (“Assembly of puzzles during
certain period of time”); 4) quickness of
operational thinking (“Koss’s cubes”); 5) on
special device we determined: quickness, re-
switching and concentration of attention; accuracy
of fulfillment of pre-set task.

Romberg’s test (posture of “Stork) was
used to test static balance; 2) dynamic balance was
assessed by “Turns on gymnastic bench” test.

Statistical analysis

While processing the experimental data,
we determined the average values of the indices
and their errors (X+m), the degree of difference in
the means and the significance of differences (t, p),
the dispersion value around the mean (s, CV), and
the degree of interrelation between the studied
indices (r).

While conducting complex pedagogical,
biomechanical and biological examinations with
participation of athletes, we adhered to the
legislation of Ukraine on health protection, the
Helsinki Declaration of 2000, the Directive No.
86/609 of the European Society on the participation
of people in biomedical researches.

Results

In the course of testing the ability to
accurately reproduce a given spatial amplitude of
hand motion, the dynamics of this index changes
on dominant hand has been examined in female I-
IV year students without visual control (Table 1).
The best values of the accuracy of reproducing
hand movement amplitude were observed in the I-
Il year students, whereas the worst - in the 1V year
students. The magnitude of error during test
performance trended upward to the IV year of
study. The measure of decrease of values of the
studied index from the I to the IV course constitutes
20%. This indicates the deterioration of this quality
in female students-designers by the end of their
studies at the university.
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Testing the index of accuracy of
reproducing a given value of effort demonstrated
its increase from the | to the IV course. The
magnitude of the error increase and deterioration of
this index to the IV year constituted 40%. The
worst result according to the studied index takes
place at the IV course, since the deviation from the

set value of strength effort constituted almost 3 kg.
The best index was noted in the first year students.
Thereafter, a negative dynamics in the level of
development of the ability to accurately reproduce
the given value of effort was observed.

Table 1
Psychophysiological indices of female students-designers during studies at the university
Index Unit of Years of study
measurement 1 2 3 4
Accu.racy of movemgnt error, degrees 3.50 3.70 3.80 4.20
amplitude reproduction
Accuracy of reproducing the
. kg 2.00 2.40 2.60 2.80
given value of effort
Speed of response time, ms 240 260 261 266
(“Stick catching” test)
Speed of response cm 15.70 14.60 16.60 17.10
(“Ruler catching” test)
Accurate responsesto moving | her of times 2.00 2.80 2.90 2.40
object
Antedating responses to number of times 9.60 10.40 9.40 8.40
moving object
Deferred responses tomoving |\ o of times 8.10 10.60 9.60 8.80
object
Speed of simple visuomotor time, ms 218 249 255 296
response
Speed of complex visuomotor time, ms 474 451 443 424
response
Total time of complex time, ms 467 451 444 423
visuomotor response
Static balance time, s 20.20 17.70 14.80 12.00
Dynamic balance time, s 12.36 10.16 9.24 8.39

The index of speed of response
development in female students was the best in the
first year and the worst - in the fourth year. This
index dynamics shows a steady tendency to
decrease from the I to the IV year. This is indicative
of a deterioration in the responsive qualities of
students by the end of their studies at the university.

Testing the index of the reaction to
vertically falling object (“Ruler catching”), in
students-designers indicates that the best results are
presented in the 11 year, whereas the worst - in the
IV year. The dynamics of this index has a stable
tendency to decrease from the Il to the IV year by
17.1%. This indicates deterioration in the
responsive qualities of female students by the end
of their studies at the university.

Analysis of changes in the index of
accurate responses to moving object of female
students showed that its best values occur in the 11
and the 11l year, whereas the worst — in the | and
the IV year. The definitions of “best” and “worst”
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are quite arbitrary, given the ratio of accurate
responses shown by students in comparison with
the total number of responses suggested to them
during testing. Of suggested 20 responses, students
managed to show only 2-3 accurate ones on the
average. This is extremely negative index to
characterize one of the most important qualities of
a designer. In the dynamics there is a slight
improvement of this index from the Il to the IlI
year. However, before the 4th year there is a 14.3%
decline of the index as compared to the lind year.
The change of this index indicates a decrease in the
students' responsive qualities by the end of their
studies at the university.

The study revealed that the highest value
of the index of antedating responses in female
students-designers is observed in the | year. Of 20
suggested responses the subjects demonstrated 9
antedating ones on the average. The lowest values
of this index were revealed in 4 year students, who
demonstrated 8 antedating responses of 20
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suggested ones. The index decrease from the 1 year
to the 4 year constituted 12.5%.

On the whole, the number of deferred
responses shown by female students, compared to
the total number suggested during testing, is quite
high in all years of study. This is extremely
negative index to characterize one of the most

significant qualities of future designers — ability to
see an object in space, in motion. Absolute speed
of response is not the main index in response to a
moving object. It is its timeliness closely related to
the attention concentration that is significant.

Table 2
Psychophysiological indices of female students-designers during studies at the university
. Years of study
Index Unit of measurement 1 3 3 2
Ability to orientate in small space time, s 44.00 46.30 48.20 52.10
Accuracy of spatial orientation mm 1.30 1.80 1.60 1.40
Oru_entatlortnal,_ responsn_/g and points 13 19 16 18
differentiational qualities
Orlt?’nte.ltlor\al’fquahnes number of times 58 62 55 52
(“Dribbling” test)
Orientational qualities .
(“Shots at target” test) number of times 8.9 8.70 7.10 6.30
Speed of operative thinking points 43.70 47.70 51.10 53.20
Attention distribution c.u. 6.00 6.60 5.60 4.30
Volume of operative memory number 6.70 5.60 4.30 3.00
Attention distribution and speed of minutes 11.18 13.83 17.12 19.08
operative thinking
Speed of attention switching and number of errors 0.74 0.82 0.78 0.72
focusing
Attention speed number 11.18 13.83 17.12 19.08
Attention accuracy number of errors 0.91 1.20 0.83 0.63
Complex test c.u. 10.10 11.30 11.50 11.70

Changes in the index of the time of simple
vision motor response (SVMR) of female students
have a negative dynamics as well.

The best value of the index of time of
simple vision motor response in female students
was revealed in the first year, whereas the worst -
in the fourth year. The dynamics of decrease of
studied index constituted 35.8%. This indicates
deterioration in the responsive qualities of students
by the end of their studies at the university.

In contrast to the previous indices
reflecting sensory motor reaction, the results of
complex vision motor response (CVMR)
evaluation indicate a process of improving the
indices of this quality from the | to the IV year. The
best value of studied index was observed in the four
year students, whereas the worst - in the first year
ones. The overall improvement of this index
constituted 10.5%.

Detected changes in the time of CVMR
among students were reflected on the total time of
CVMR. The best value of the index of the total
time of CVMR was noted in the fourth year
students, whereas the worst - in the first year ones.
The total time of CVMR decreased from the | to
the 1V year by 9.4% by the end of the study.
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Analysis demonstrated stable negative
dynamics of Romberg’s test (“Stork” posture)
index from the | to the Il year of study. This
indicates the decrease in the level of development
of ability to maintain balance in female students.
The index decrease from the | to the IV year of
study constituted 40.6%. This is a negative factor.

Studies have demonstrated a stable
negative dynamics of the indices of dynamic
balance in female students from the | to the IV year
of study. This indicates a decrease in the level of
development of their ability to maintain dynamic
balance. The decrease constituted 32%. This is a
negative factor.

Data of the “Labyrinth” test for
determining orientation qualities with account for
the time and accuracy of task performance indicate
that the best time of passing the labyrinth was
demonstrated by the first year students, whereas
the worst - by the fourth year ones. The time of the
labyrinth passing increases by 18.4% (Table 2).

Analysis of the dynamics of accurate
spatial orientation indices indicates (Table 2) the
lack of significant changes in the ability to
accurately perform motor tasks during college
years. The best values of spatial orientation
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accuracy index were found in the first year
students, whereas the worst - in the second year
Oones.

Spatial orientation abilities, kinesthetic
qualities, work of the visual analyzer, sensory
experience (“Shots at target” test) are gradually
decreased from course to course. The decrease of
indices from the I to the IV year constitutes 29.2%.

The dynamics of the complex test results,
which evaluated the orientational, responsive, and
differentiational qualities of female students,
indicates that the best values are peculiar for the
first year students, whereas the worst - for the
fourth year ones. In general, the index decrease
from the | to the IV year constituted 15.8%. The
deterioration of the complex test index occurred at
the expense of increase in the time of task
performance. The complex test results characterize
general negative change in studied
psychophysiological indices of Kinesthetic,
responsive and orientational qualities of female
students in the process of their studies at the
university.

After carrying out the correlation analysis, a
correlation matrix was built. In this matrix, the
information received was analyzed taking into
account the nature, number and degree of closeness
of the relationships obtained. Only statistically
significant indicators were evaluated. It was
revealed that all the indicators of professional
qualities of future designers studied by us are
interrelated with indicators of certain types of
motor qualities. The analysis made it possible to
reveal the ambiguous nature of the relationships for
various types of professional qualities of future
designers.

Correlation  analysis  revealed  the
dependence of the indicator reflecting the level of
attention distribution (“search for numbers" test)
among design students with the indicator of the
"Labyrinth" test, which characterizes orientational
qualities, to perform motor tasks accurately and
quickly. In this case, the correlation coefficient is
0.51 and reflects a moderate level of connection
between the studied indicators. It should be noted
that when performing the "Labyrinth" test, the time
and accuracy of the task is evaluated, just like when
performing the “search for numbers" test.
Activities of a similar nature take place in the
professional work of designers (for example, when
performing small and precise movements with a
brush, when preparing markings and drawings).

Table 4 presents the analysis of the
correlation matrix of the parameters of the level of
attention development, working memory, the speed
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of memorization and the accuracy of reproduction
of the information received with the indicators of
the "Labyrinth" tests, complex visual-motor
reaction, the "Catching the ruler” test, which
characterize the response, kinesthetic and
orientation qualities. The analysis of the
relationship between professional qualities and
indicators of the level of development of response
and kinesthetic qualities among female designers
indicates the possibility of influencing the
development of professional skills. The level of
connection between the parameters is average, the
correlation coefficients vary in the range from
0.51-0.62.

The revealed nature of the interrelationships
testifies to the importance of professional qualities
among female designers-students for a quick and
effective solution of problems associated with the
need for accurate perception in the shortest
possible time and keeping a large volume of spatial
and other information in memory.

One of the most important subjects in
training at all departments of the Faculty of Design
is the discipline "Painting". Painting is the art of
depicting objects with paints. They study this
subject from I to IV courses. When giving marks in
this discipline, the following are taken into
account: the execution of the drawing is naturalistic
or proportionally, the figure is shown in the figure,
and the correctness of the composition. The
analysis of the relationship between the indicator
of success among design students in the discipline
"Painting" with the indicator of the kinesthetic test
revealed an average degree of closeness of
parameters (correlation coefficient 0.53).

Drawing is the art of depicting objects with
graphic material. During the training, the ability to
build objects, simulate volume, quality of shading,
and the ability to correctly place a drawing on
paper are assessed. The work is done with a pencil
and other soft materials such as charcoal. Since this
is a very fragile material, you need to feel the
pressure on it from the hand. The analysis of
interconnection of the indicator of student-
designers’ success in the discipline of their
professional training "Drawing” revealed a
relationship with the indicators of the level of
kinesthetic qualities of the accuracy of hand
movements and the ability to assess orientation in
space. The tightness of correlations of the studied
parameters is average - from 0.52 to 0.54. This
testifies to the importance of improving the
kinesthetic and orientation qualities of female
students for their future professional activities.
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Table 3

Relationships between indicators of attention, speed and accuracy of information reproduction with
indicators of kinesthetic qualities of female students

Index r
Orientation quality ("Labyrinth" test) 0.51
Differential-orientation quality (“Catching of rule” test) 0.55
Responsive quality (CVMR test, right hand) 0.62
Responsive quality (CVMR test) 0.53
Responsive quality (“Catching of stick” test) 0.54
Comprehensive test 0.61
Distribution of attention (“Finding of numbers” test) 0.59
0.63

Differential quality (Accuracy of reproduction of the set

Table 4

Relationships between indicators of quickness, switching and concentration of attention with
indicators of kinesthetic qualities of female students

Index r
Responsive quality (complex CVMR test) 0,64
Responsive quality (“Catching of stick” test) 0,74
Responsive quality (simple VMR test) 0,68
Responsive quality (Tect “ Reaction is a 0,71
Distribution of attention (“Finding of 0,62
Memory volume ("Number of men" test) 0,57
Distribution of attention and speed of 0,66

anerational thinking

Speed of operational thinking 0,58
Differential quality (Accuracy of 0,64
Differential quality (Accuracy of 0,63
Differential-orientation quality ("Hitting the 0,57

Discussion

The correlation analysis of the links
between the indicators of development of
professionally significant qualities of future
designers and the level of development of
psychophysiological indicators showed that they
are in close interaction. Thus, the hypothesis of our
study was confirmed. The goal set in the work was
achieved.

A connection was revealed between the
indicators of fine motor skills of the working hand
with the indicator of the speed of operational
thinking. the average correlation is 0.65. The test
for the speed of operational thinking is a complex
one, which reflects not only the level of
development of motor skills, but also shows the
component of mental processes. This skill is very
important for future designers. Thus, it is necessary
to improve the students' ability to speed of
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operational thinking in the learning process, the
ability to quickly and accurately respond to the task
received and perform it in strict accordance with
the set goal.

The general level of professionalism of
female design students was assessed using the
assessment score, the ratio of the accuracy of
reproduction of a standard drawing to the time of
its execution. Correlation analysis revealed the
relationship of this indicator with indicators of the
development of kinesthetic and qualities. Analysis
of the result obtained indicates the presence of a
correlation - 0.63. The connection between the
indicators of the professionalism of female
students and the level of sensory response is high,
the correlation coefficient is 0.71.

Table 4 presents the analysis of the
correlation matrix of the relationship between the
indicator of the development of speed, switching
and concentration of attention with the indicators
of other tests. The analysis of the connection
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between attention, memory and accuracy of
reproduction of the information received with the
indicators of tests of the level of development of
kinesthetic qualities among female students was
carried out. The analysis shows that by developing
coordination qualities one can influence the
development of professional skills. The level of
correlations is average, the correlation coefficients
are from 0.57-0.74.

Human creative activity is accompanied by
a change in the functional state of the body
different organs and systems. The degree of
conditioned responses is reduced, the response to
different intensity stimuli is smoothed out, the time
of response is increased, and the attention span is
reduced. Low intensity work increases excitability
of the visual analyzer. The systems of direct
memorization and concentration of attention are
subjected to the greatest load. Creative labor
proceeds with low level of motor activity. This
leads to conditions for increased fatigue, decreased
work capacity and feeling unwell.

Our study expands the data on
investigation of the psychophysiological indices of
university students. In contrast to the previous
studies of a number of authors, we have analyzed
rather wide range of psychophysiological indices
in the dynamics from the | to the 1V year of study,
and in the context of the relationship with the future
profession [23 — 25].

Analysis of the results of studying
psychophysiological indices of university female
students-designers showed an ambiguous character
from the | to the IV course. A decrease in the
accuracy of reproducing motion amplitude, a given
amount of effort, response to vertically falling
object, and indices of static and dynamic
equilibrium was revealed. This compares to data
reported by other researchers [26, 27, 28].

An improvement in the dynamics of
nervous processes and the ability to constructive
praxis should be noted. Similar changes were
reported by different authors [29 — 34].

The study confirms the conclusions of
specialists [35 — 37] that uneven decrease of most
psychophysiological indices negatively affects not
only the level of students' motor training, but also
professional abilities of future designers, in
particular [38].

The impact of physical education at
universities on the processes of motor quality
development and improvement of professionally
important psychophysiological characteristics is
becoming extremely topical today.

Our studies have shown for the first time
that the design students have low a level of health
indices. This indicates that during graduation from
the university, these indices will decrease by 2-3
times. Thus, young specialists of Ukraine who are
starting to pursue their profession are already sick
and feeble. Their immune system is low. They are
more susceptible to various diseases (including
COVID-19) than other segments of the population.

The results obtained should be taken into
account by all university teachers who conduct
physical education classes with students.

Conclusions

1. A decrease of most indices characterizing
Kinesthetic, orientational and responsive qualities
of university female students in the learning
process has been established. Task-oriented
improvement of Kkinesthetic, orientational and
responsive qualities in physical education classes
by means of specialized methods allows not only
to suspend the negative dynamics of
psychophysiological indices of young body, but
also to improve them. Ultimately, this has a
positive impact on the professional skills of future
creative profession specialist. The obtained
experimental results give ground for the
development of the methods for improving motor
gualities and psychophysiological properties
professionally significant for students-designers.

2. The decrease in the level of development
of motor qualities, professional skills, physical
fitness, and health is observed already in the 1st
year of study. Pedagogical influences should be
started from the 1st course and continued until the
end of the study.

3. In the process of physical education
classes, the physical exercises aimed at improving
the professionally significant psychophysiological
properties of students should be used. It is they that
restrain the negative effect of increasing the
intensity of educational classes simultaneously
contributing to an increase in the development
level of almost all motor qualities and health. For
the successful professional growth of design
students, it is necessary to develop Kinesthetic,
speed, differential and orientation qualities.
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Abstract

Purpose: to analyze the results of monitoring the physical development and physical preparedness of students of the
Lyceum

Materials and methods: The analysis of materials on this issue was carried out based on the results of the
implementation of the national educational initiative "Our New School" in accordance with the plan for the
modernization of general education [3], according to which in 2019-2020 in secondary schools of Ivano-Frankivsk, the
physical development of schoolchildren and schoolgirls was monitored 100 lyceum students 11-17 years old were
examined, who were divided into 2 groups according to their academic performance: 1 gr. consisted of 50 lyceum
students (35 girls and 15 boys) with high academic performance (average score 4.75), in the composition of 2 gr. it
included 50 lyceum students - "lagging behind" (average score 3.5) (25 girls and 25 boys).

Results: monitoring showed that, regardless of the group, lyceum students have an average level of physical
development (girls - 62.1%, boys - 57.8%). Only 13.8% of girls and 14.4% of boys have a high level of physical
development. Almost a quarter of high school students (23.9% of girls and 27.5% of boys) have a low level of physical
development, and there are almost 2 times more such students than lyceum students with a high level of physical
development.

Conclusion: Summarizing the above, it should be noted that when implementing the results of monitoring physical
development, there are two main directions: 1. Correction of deviations identified during monitoring in the state of
development of physical condition. 2. Using student monitoring as a basis for creating a sports selection system. Based
on this, we can conclude that an important component and subject of monitoring is the physical health of lyceum
students, mainly in educational institutions, which contributes to monitoring and management decisions on making
adjustments to the educational process.

Key words: physical development, lyceum students, physical training
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AHoOTALA

Cepriit /1. Nonenb, PomaH |. ®aituak, lpuHa . Lan, Mwemucnas bexra, tOpiii A. JlnceHKo, 36irHeB CniBiHCbKUA.
MoHiTopuHr $pi3n4yHOro po3BUTKY i GPi3MYHOI NiAroTOBAEHOCTI NiLEICTiB Pi3HOrO BiKy

Merta: npoaHaniayBaTh pe3ynbTaT¥ MOHITOPUHTY $i3UYHOro po3BUTKY Ta $i3MUHOI NiArOTOBAEHOCTI CTYAEHTIB NiLeto
Marepian i metrogu: AHani3 matepianis 3 gaHoi npobaemn NPoOBOAMBCA 33 pe3ynbTaTamMu peanisauii HalioHaNbHOI
OCBIiTHbOI iHiLiaTMBM «Hawa HoBa WwKona» BigNOBIAHO [0 NAAHY MoZAepHi3aLii 3aranbHoi ocBiTK [3], 3riaHO 3 AKMM B
2019-2020 pp. y 3arafibHOOCBITHiX WKONax |IBaHO-PpaHKiBCbKa NPOBOANBCA MOHITOPUHT Pi3UYHOIO PO3BUTKY LLKONAPIB
i WwKkonapok. O6c¢texkeHo 100 niueicTi 11-17 pokis, AKi No ycniwHocTi 6ynun po3aineri Ha 2 rpynu: 1 rp. cknaganaca 3 50
niyeicTie (35 aiByaToK i 15 xN0N4MKiB) 3 BUCOKO yCniwHicTio (cepeaHini 6an 4,75), B cknagi 2 rp. B Hboro yBsinwnun 50
niyeicTiB-«BigcTatounx» (cepegHin 6an 3,5) (25 aiByaTok i 25 x/s0MN4YMKiB). Pe3ynbTaTM: MOHITOPWUHI MOKasaBs, Lo
He3a/IeXXHo Bif rpynu y niueicTiB cepegHin piseHb ¢isMUHOro po3BUTKY (aiByaTka — 62,1%, xnonunku — 57,8%). Ninwe
13,8% pisuatok i 14,4% XNONYUKIB MaloTb BUCOKUI piBeHb ¢i3MYHOTrO po3BUTKY. MaliKe UBepTb CTapLUOKIACHUKIB
(23,9% pisyatok i 27,5% XNONYMKIB) MalOTb HU3bKWIA piBEHb GiI3UYHOrO PO3BUTKY, a TaKMX AiLEICTiB Malixe B 2 pasu
6inbLe, HiX NiLeicTiB 3 BUCOKMM piBHEM Bi3UYHOrO PO3BUTKY.

BUCHOBOK: Pestomytoun BULLLEBMKNALEHE, CNij, 3a3HAYUTK, WO NPW peanisauii pe3ynbTaTiB MOHITOpUHrY ¢isnyHoro
PO3BUTKY BUAINAIOTb ABa OCHOBHUX HanpaMmKuW: 1. Kopekuia BiaxnaeHb, BUABNEHUX B XO4i MOHITOPUHTY, B CTaHi PO3BUTKY
¢bi3nyHoro craHy. 2. BUKOPUCTAHHA MOHITOPUHIY CTYAEHTIB AK OCHOBM ANS CTBOPEHHA CUCTEMU CNOPTUBHOTO Bigbopy.
BuxoaAaum 3 ULbOro, MOXKHA 3pOOUTM BMCHOBOK, LLO BaK/MBOK CKNAZLOBOK i NPEAMETOM MOHITOPUHTY € disnyHe
340p0B'sA NiUeicTiB, B OCHOBHOMY B OCBITHIX YCTaHOBAX, LLLO CNPUAE MOHITOPUHIY Ta YNPaBAiHCbKMM PilLEHHAM LWOAO0
BHECEHHA KOPUryBaHb B HaBYa/ibHUI NpoLec.

KntouoBsi cnoBa: ¢pisnyHuUIA PO3BUTOK, NiLEiCTH, di3nyHa NiAroToBKa

AHHOTALIUSA

Cepreii J1. Monenb, PomaH U. Paituak, UpuHa . Llan, Mwemucnas bexxra, FOpuit A. JiuceHko, 36urHes CAMBUHCKUIA.
MOHUTOPUHT PU3NUYECKOro pa3BuTUA U GU3UYECKON NOATOTOBIEHHOCTHU INLLEUCTOB Pa3HOro Bo3pacTta

Uenb: npoaHanuanmpoBaTb pe3y/abTaTbl MOHUTOPWUHra GM3MYECKOro pa3BUTMA UM GU3MYECKOW NOArOTOBAEHHOCTU
CTYAEHTOB nLen

Matepuan n metoabl: AHanvM3 MmaTepuanosB MO AaHHOM npobsieme nNpoBOAMACA NO pe3ynbTaTam peanunsauuu
HauMoHanbHoM obpasoBaTenbHOW MHMLUMATUBbLI «Hawa HoBaa wWKona» B COOTBETCTBMM C NJAHOM MOAEPHU3ALUM
obuiero obpasoBaHuA, cornacHo Kotopomy B 2019-2020 rr. B 0buieobpasoBaTesnbHbiX WKoAax MeaHo-PpaHKoBCKa
NPOBOANACA MOHUTOPUHT GU3NYECKOTO Pa3BUTUA LUKOJbHUKOB U WKoAbHUL. O6cnepgosaHo 100 nuuencros 11-17 ner,
KOTOpble MO ycneBaemocTu 6binn pasgeneHbl Ha 2 rpynnbl: 1 rp. coctoana u3 50 nuueuctos (35 gesoyek m 15
Ma/IbMMKOB) C BbICOKOW ycrneBaemocTbto (cpegHuit 6ann 4,75), B coctaBe 2 rp. B Hero Bowau 50 nuuencros-
«oTcTatowmx» (cpeaHnin 6ann 3,5) (25 geBoYeK 1 25 ManbuymKoB).

Pe3ynbTaTbl: MOHUTOPMHI NOKa3a, YTO HE3aBUCMMO OT FPYNNbl Y INLLENCTOB CPEAHNIN YPOBEHb GU3NYECKOTO Pa3BUTUA
(aeBoukn - 62,1%, manbumku - 57,8%). Jinwb 13,8% pesoyek M 14,4% ManbyMKOB MMEHOT BbICOKMI YpPOBEHb
¢du3nyeckoro passutna. Moyt YeTBepTb CTaplUEKNACCHMKOB (23,9% AeBoyek M 27,5% MaNbuMKOB) UMEIT HU3KUI
YypOBeHb GU3NYECKOTO Pa3BUTUA, @ TaKUX NMLEUCTOB NOYTU B 2 pa3a bosblue, YemM JINLLEUCTOB C BbICOKUM YPOBHEM
¢dur3myeckoro pa3BuTUA.

BbiBoa: Pestomupys BbILEU3/IOKEHHOE, CneayeT OTMETUTb, YTO MpU peanusaumm pesynbTaTOB MOHUTOPUHIA
du13MYecKoro pasBUTMA BbIAENAIOT [BAa OCHOBHbIX HanpasneHusa: 1. KoppeKuusa OTKAOHEHWW, BbIABAEHHbLIX B XoAe
MOHWTOPUHTA, B COCTOAHUN Pa3BUTUA GU3NYECKOro COCTOAHMUA. 2. MIcnoNb30BaHME MOHUTOPUHIA CTYAEHTOB KaK OCHOBbI
ON1A CO34aHUA CUCTEMbl CMOPTMBHOIO oTHopa. Mcxoas M3 3TOro, MOXHO CAENAThb BbIBOJA, YTO BAXKHOM COCTaBAAIOLLEN U
npeaMeTom MOHUTOPUHTa ABAAETCA GM3NYECKOoe 340P0BbE NLENCTOB, B OCHOBHOM B 06pa30BaTeNbHbIX YUPEKAEHUSAX,
YTO CNOCOBCTBYET MOHUTOPUHTY UM YNPaBAEHYECKUM PeLLEHUAM N0 BHECEHUIO KOPPEKTUPOBOK B y4ebHbIN npouecc.
KnioueBble cnoBa: pusnyeckoe pas3Butme, NMLLENCTbI, PU3NYECcKaa NoLroTOBKA
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Introduction Results

In recent years, the situation with the
health of the population in Ukraine has worsened.
According to statistics, 50% of children have poor
health, 75% of children under the age of 14 have
chronic diseases, only 10% of school graduates can
be called healthy. The overall incidence of children
under 14 years of age increased by 16%, at the age
of 15-17 years - by 18%. Against this background,
the level of physical development of children
decreases [1]. The current provision has updated
the work on the implementation of monitoring
research in various fields of activity and at various
levels, including in the field of physical culture and
sports in order to increase the efficiency of the
process of physical education of schoolchildren.
Adolescent physical development monitoring is a
complex information-analytical and prognostically
important system that includes monitoring of
health and physical development and its
assessment along with analysis at the level of an
individual or social group, in order to predict future
health both for the individual and for the whole
group of persons united on a territorial basis or
nature of activity. Such monitoring allows to
prevent negative tendencies of physical
development of children and adolescents [2].

Purpose: to analyze the results of
monitoring of physical development of lyceum
students of technical and mathematical lyceum Ne
2 in Ivano-Frankivsk, Ukraine.

Materials and methods

The analysis of materials on this issue was
conducted based on the results of the
implementation of the national educational
initiative "Our New School" in accordance with the
plan of modernization of general education [3]
according to which in 2019-2020. lvano-Frankivsk
secondary schools monitored physical
development and schoolchildren. 100 lyceum
students aged 11-17 years were examined, who
were divided into 2 groups according to the level
of success: 1 gr. consisted of 50 lyceum students
(35 girls and 15 boys) with a high level of success
(average grade point average 4.75), consisting of 2
gr. included 50 "failing™ lyceum students (average
grade point average 3.5) (25 girls and 25 boys).
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Results of the monitoring showed that regardless of
the group, lyceum students have an average level
of physical development (girls - 62.1%, boys -
57.8%). Only 13.8% of girls and 14.4% of boys
have a high level of physical development. Almost
a quarter of high school students (23.9% of girls
and 27.5% of boys) have low levels of physical
development and such lyceum students are almost
2 times more than lyceum students with a high
level of physical development.

The monitoring revealed intergroup
differences in the indicators of physical
development lyceum students, which belong to
different success groups. Thus, the high level of
physical development girls 1 group is higher than
2 group. The boys have 2 group this figure is lower
than the boys 1 group.

Number of lyceum students 2 group with
an average level of physical development, more
than their peers 1 group. It should be noted that
high school students 2 group with a low level of
physical development is observed in more than 1
group. Analysis of the dynamics of the level of
physical development by individual educational
indicators shows a sharp decline in the number of
lyceum students with an average level of physical
development and on increasing the number of
lyceum students with low levels of physical
development in the transition from one age group
to another

In the senior school age the indicator of
low level of physical development is more often
found at girls. It was found that almost 26% more
girls with an average level of physical
development. Boys of senior school age with a low
level of physical development are 2.5 times more
than boys of primary school age.

Physical development is an important
indicator of human health, the close relationship
between them, scientists have long observed [4].
The purpose of monitoring physical development
is to obtain the information necessary to improve
the management of the process of physical
education, and thus improve its quality. Among the
main conditional physical qualities, which were
monitored, include speed, endurance, and strength.
The analysis of indicators of physical development
of lyceum students allowed to state low indicators
of level of development of separate physical
qualities (fig. 5), especially endurance. In general,
in the lyceum in all age groups, lyceum students
meet the age standards for strength and speed-
power qualities. At the same time at girls indicators
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of endurance and force qualities (3.3 +0.12 and 4.1
+ 0.14 points accordingly) are higher, than at boys
(2.9+0.11 and 3.5 £ 0.13 points in accordance).

Discussion

Physical training of lyceum students at all
stages of education should be aimed at
strengthening health, developing motor skills and
abilities, fostering moral and volitional qualities,
developing the ability to use and introduce the
knowledge gained into the practice of further
professional activity. The found ratios of physical
training of lyceum students established by us
confirm the data of other authors [5-9] on the age
characteristics of the development of individual
physical qualities necessary for the harmonious
development of the body of adolescents of 6-17
years old. Thus, the results of monitoring allow to
state the insufficient level of physical fitness of
lyceum students (first of all those qualities that
determine the state of physical health). We can
agree with the opinion of [ 4] that the reason for
this situation is not so much the material and
technical base of the educational institution, as the
professional qualities of a physical education
teacher, evidence of this is the fact that within one
school, the performance of students who are
engaged in different teachers, differ significantly.
Thus, the study allows us to make the following
generalizations. The pedagogical heritage of R.
Steiner [16] contains many important healthy
theoretical provisions, the implementation of
which will contribute to the effectiveness of health
care in the modern educational process. First of all,
it concerns the need to focus school activities on
human nature and identify special care for the
preservation and development of personal potential
and abilities of the child, so that the school process
as a necessary and mandatory component is filled
with "therapeutic”, ie aimed at spiritual and mental
-body health aspect [10 — 15]. We see prospects for
further research in the analysis of the
implementation of healthy ideas of [16] in the
practice of modern lyceums. As [16] emphasizes,
an important aspect of the educational process is
the personality-oriented formation of the child's
personality, which involves taking into account the
age and individual characteristics of the child, his
current condition. In order to implement these
requirements, R. Steiner developed specific forms
and methods of teaching, namely: rhythmic

construction of school classes, teaching basic
subjects in cycles of "immersion" (the method of
"epochs"), differentiation of educational material
according to students' temperaments, learning
without standard textbooks, specific methods of
work of schoolchildren with workbooks, special
work on the technique of memorization, systematic
control over learning outcomes without the use of
a grading system. As [16] emphasizes, an
important aspect of the educational process is the
personality-oriented formation of the child's
personality, which involves taking into account the
age and individual characteristics of the child, his
current condition. In order to implement these
requirements, [16] developed specific forms and
methods of teaching, namely: rhythmic
construction of school classes, teaching basic
subjects in cycles of "immersion" (the method of
"epochs"), differentiation of educational material
according to students' temperaments, learning
without standard textbooks, specific methods of
work of schoolchildren with workbooks, special
work on the technique of memorization, systematic
control over learning outcomes without the use of
a grading system. Therefore, in order to maintain
the proper physical and functional condition of
female lyceum students, and at the same time fulfill
the requirements of the departmental order in this
regard, we propose to include in the training
elements of the program of special physical
training based on the modular education system
[17-20].
Conclusion

Summarizing the above, it should be noted
that in the implementation of the results of
monitoring of physical development there are two
main areas: 1. Correction of abnormalities
identified during the monitoring in the state of
development of physical condition. 2. The use of
monitoring of students as a basis for creating a
system of sports selection. Based on this, we can
conclude that an important component and subject
of monitoring is the physical health of lyceum
students, mostly in educational institutions, which
facilitates monitoring and management decisions
to make adjustments to the educational process.
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