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MOFyT Ny6/MKoBaTbCA pPe3y/bTaTbl ANCCEPTALMOHHbIX
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KaHauAata Hayk no: ¢Gu3M4yeckomy BOCMUTAHUIO W
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16.07.2018 Ne 775 xypHan BK/IO4YeH B KaTeropuio b
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(13.00.02 (¢dun3MyecKas KynbTypa, OCHOBbI 340PO0BbA)
cneymanbHOCTM No HoBbiM Wndpamu: 017 dmnsnyeckas
KynbTypa u cnopt, 011, 014

Yupegurenso:
XapbKOBCKUi HALMOHaNbHbIN neaarorvyeckmi
yHuBepcuTeT UMEHU r.c. CkoBopoabl.

CBMAETEeNbCTBO O FOCYAAPCTBEHHOW perucTpauum:
KB Ne 22450-12350P o1 01.12.2016

CneunanuMsMpoBaHHOe  HayyHoe  M3AaHMe Mo
npobnemam  ¢GM3MYECKOrO  BOCMWUTAHWA,  CMOPTa,
bopmmpoBaHua 34,0pOBOTO obpasa YKU3HW,
peabunutaumnn, dGrUsnyeckor Tepanuu.

Foa ocHoBaHuA: 2015

O6nactb M npobnematuKka: cnopt, ¢uM3nyeckoe
BOCMUTaHWE, OBydYeHMe ABWKEHUAM, OpraHusauus v
TEXHONOTMM (GU3NYECKOrO BOCMUTaHUA, QU3MUecKas
Tepanus, peabuanTtaums, CnopTUBHAA MeanLmHa

B ’KypHane npeacTaBAeHbl CTaTbM MO aKTyasjbHbIM
npobnemam ¢GU3MYECKOTO BOCMMUTAHMA WM ChopTa, a

TaKxKe no npobnemam dbopmupoBaHus,
BOCCTaHOBNEHUA, YKPENJIEHUA N COXPaHEHWA 340POBbA
npeacTaBuTeNen  pasAuMYHbIX  TPYNMN  HaceneHwus,
dur3MYecKom peabunmTaumm n pekpeaumm, ne4ebHomn n
0340pOBUTENbHON  GU3NYECKOW KyabTypbl. B Hem
TaK)Ke OTpa*KeHbl MaTepuasbl MO TEOPUU U METOAMUKE
NOArOTOBKM CMOPTCMEHOB; cpeactsa  GU3NYECKOM
KYNbTypbl, ee Gopmbl U METOAbI, OCHOBHbIE NPUHLMMbI
300poBbecbeperaloLlmx TeXHONOMMI U NPOPUNAKTUKM
3aboneBaHui.
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Physical therapy of middle-aged women after the hip joint replacement
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Abstract

Bezyazychna 0.V., Manucharian S.V., Duhina L.V. Physical therapy of middle-aged women after the hip joint replacement

The purpose of the work: development and experimental substantiation of a physical therapy program for middle-aged women after
the hip joint replacement.

Material and methods. 22 middle-aged women after hip joint replacement (the non-cement form of fixation of the prosthesis
components) during the training period took part in the experiment; they were divided into two groups, experimental and control one,
11 people in each. Women in the experimental group underwent physical therapy measures according to the author's program, and
women of the control group underwent it according to the physical therapy program for individuals after the hip joint replacement.
Pedagogical and medico-biological studies were conducted for 3 months. Primary and repeated study involved clinical methods (history
collection, physical examination); assessment of the quality of life, as well as medical and pedagogical observations in the process of
remedial gymnastics and mathematical statistics methods.

Results. We present the program of physical therapy using remedial gymnastics based on step-down exercises with visual control and
exercises with an elastic band on a healthy leg for balance training; therapeutic massage; physiotherapy according to conventional
methods, namely: electromyostimulation; laser therapy.

Conclusion. In the course of the study conducted, we came to the conclusion that the program of physical therapy for middle-aged
women after hip joint replacement in the training period, developed and implemented in the Utility Non-Profit Enterprise of Kharkiv
Oblast Council "Oblast Clinical Hospital" has allowed to increase the efficacy of rehabilitation; it is available to all specialized
rehabilitation centers, and deserves a wide-scale implementation into practice.

Key words: physical therapy, endoprosthesis replacement, quality of life.

AHoTauinA

Bes’asnyHa O.B., MaHyuapsH C.B., fyriHa J1.B. ®isnyHa Tepania }iHOK cepeAHbOro BiKy MiC/iA eHA0NPOTE3YBAHHA KyAbLLIOBOrO cyrnoba.
MeTa poboTu: po3pobuTh i ekcnepMmeHTasbHO OB6FpyHTyBaTM MeToamKy Gi3nMuyHOi Tepanii AnA KIHOK cepeaHboro BiKy mnicas
eHA0NPOoTe3yBaHHA KybWOBOro cyrnoba.

Martepian i metoan. B ekcnepumeHTi Bpanm yyacTb 22 XKiHKM cepefHbOro BiKy Micaa eHA0npoTe3yBaHHA Ky/bWOBOro cyrnoba
(besuemeHTHMIN cnocib dikcalii KOMNOHEHTIB eHAonpoTesa) y TpeHyBasbHOMY nepiodi, AKi Oyan posnogineHi Ha aAgi rpynu —
E€KCMePUMEHTA/IbHY | KOHTPOJIbHY, B KOXKHIiM no 11 ocib. KiHKkam eKkcnepumeHTanbHOI rpynn 3axoamn GisnyHoi Tepanii nposoAMancA 3a
aBTOPCHKOI MPOrPamMolL0, XKiHKam KOHTPO/IbHOI rpynuM —3a NPorpamoto GisnyHoi Tepanii Ana ocib nicas eHaonpoTe3yBaHHA KyAbLLIOBOTO
cyrnoba. MeparoriyHi Ta MefMKo-6i0N0riYHI JOCNIAKEHHA NPOBOAMANCE NMPOTATOM TPbOX MIcCALIB. [pU NepBMHHOMY i NOBTOPHOMY
OOCNIAKEHHI 3aCTOCOBYBaNNCA KAiHIYHI meToam (36ip aHamHesy, 30BHILLHIA Ornaa), OlUiHKa SKOCTI, @ TaKoX NiKapCbKo-NeaarorivyHi
CMOCTePEXKEHHA B MPOLLECi 3aHATb NiKyBa/IbHOKO NIMHACTUKOIO | METOAM MaTeMATUYHOI CTaTUCTUKW.

PesynbTtati. MpesacTaBneHa nporpama GisnyHol Tepanii i3 3acTocyBaHHAM NiKyBanbHOT GiSUYHOT KyNbTypU Ha OCHOBI CTEN-AayH BMNpas 3
Bi3ya/IbHMM KOHTPO/NIEeM Ta BMpaB 3 €1aCTUYHOK CTPIYKOK Ha 370POBiM HO3i ANA TpeHyBaHHA OanaHcy; NiKyBasbHOTO Macay;
disioTepanii 3a CTaHAAPTHUMMN METOAMKAMM, @ CamMe: eNIeKTPOMIOCTUMYALLT; Na3epHoi Tepanii.

BuCHOBKM. B xoaj npoBefeHOro AOCNIAMKEHHA MW MPUAWAM A0 BWMCHOBKY, WO po3pobneHa i BnpoBagKeHa B KomyHanbHe
HekomepuiiHe NigNPUEMCTBO XapkiBcbKkoi ObnacHoi Pagn «ObnacHa KniHiYHa NikapHa» nporpama ¢i3nyHoi Tepanii 4ns »KiHOK
cepefiHbOro BiKy NicnA eHAONpPOTe3yBaHHA Ky/bWOBOro cyrnoba y TpeHyBasbHOMY nepioAi 403BOAMAA NiABUWMTA edeKTUBHICTb
BiZIHOBHOrO NiKyBaHHA, AOCTYMNHa AR BCiX CneuianizoBaHMX peabinitauiiHMX LEHTPiB Ta 3ac/yroBye LUMPOKOrO BMPOB3AMKEHHA B
NPaKTUKY.

Kniouosi cnosa: disnyHa Tepania, eHAONPOTe3yBaHHA, AKICTb KUTTA.

AHHOTaLMA

BesbasbiuHasa O.B., ManyvapaH C.B., OyrvHa J1.B. ®usnueckas Tepanua KeHWWH cpeaHero BO3pacTa Moc/ie 3HAONPOTe3UMPOBaHUA
Ta3o6epeHHOro cycTaBa.

Llenb paboTbl: pa3zpaboTaTth 1 sKCnepMmeHTanbHO 060CHOBaTL NPorpamy GU3nYecKom Tepanumn 4N KeHWmH cpeaHero Bo3pacTa nocse
3HA0NPOTE3NPOBAHMA TazobeApeHHOro cycTasa.

MaTtepuan n metogpl. B skcnepumeHTe MNPUHMMANU yvacTue 22 KeHLWMHbl CpeaHero Bo3pacTa MOCAe 3HA0NPOTe3MPOBaAHUA
TazobeapeHHOro cycTasa (becuemMeHTHbIM cnocob GpuKcaLm KOMNOHEHTOB SHA0NPOTE3a) B TPEHMPOBOYHOM Nepuoae, KoTopble Hbian
pasgeneHbl Ha ABe rpynmnbl —3KCNePUMEHTAbHYIO M KOHTPO/IbHYIO, B KaxKAoM No 11 yenosek. KeHLMHam SKCnepuMeHTabHOM rpynmbl
dU3nYecKan Tepanma NpPOBOAWIACL MO AaBTOPCKOM MPOrpPamMMe, KEeHLMHAM KOHTPOJ/IbHOM Tpynmbl — MO Mporpamme Gpusnyeckon
Tepanuu a8 a1, Nocae sHAOMNPOoTe3MpoBaHMA TazobeapeHHOro cyctasa. lNegarornyeckme n meamko-6Monormyeckne ncciesoBaHua
npoBoAMAUCL B TeyeHue 3 mecAueB. Mpu NepBMYHOM U MOBTOPHOM MCCAEA0BAHUM MPUMEHANUCH KAMHUYECKMe meToabl (cbop
aHamHe3a, BHeWHW OCMOTP), OLEHKa KayecTBa KM3HMW, a Takke BpavebHo-nedarornyeckne HabalogeHUA B npolecce 3aHATUN
ne4yebHOM TMMHACTUKON U METOAbI MAaTEMATUYECKOWM CTAaTUCTUKM.

PesynbTathl. MpeacrasneHHas nporpamma GM3nyecKkol Tepanmm ¢ npumeHeHnem nevyebHoin Gusnyeckor KyabTypbl Ha OCHOBe cTen-
OAYH YNPaXKHeHW C BM3yaNbHbIM KOHTPOMIEM W YNPaXKHEHWI C 91aCTUYHON NEHTOM Ha 340pOBOWM HOre ANA TPEHUPOBKK HBanaHca;
neyebHOro maccaxa; dpusmotepanum nNo CTaHAAPTHLIM METOAMKAM, @ UMEHHO: 31€KTPOMMUOCTUMYNALMMN; Na3epHON Tepanuu.
BblBOAbLI. B X04e npoBeaeHHOro McCAefoBaHWA Mbl MPULIAKW K BbiBOAY, YTO pa3paboTaHHas M BHeApeHHas B KommyHanbHoe
HekoMMep4yeckoe npeanpuaTre XapbkoBckoro obnactHoro Coseta «ObnacTHasA KAMHUYecKas HoMbHULA» Nporpamma dusmyeckon
Tepanuu ANA XKeHWWH cpedHero Bo3pacta Moc/ie 3HAONPOTe3NPOBaHUA Ta3obeApeHHOro cycTaBa B TPEHMPOBOYHOM nepuoge
No3BO/IMIA NOBLICUTL 3GPEKTUBHOCTL BOCCTAHOBUTENBHOIO IeYEHUA, AOCTYNHA A1A BCEX Cneumnanm3npoBaHHbiX peabuamntTaumoHHbIX
LLEHTPOB M 3aC/TYXKMBAET LUIMPOKOrO BHEAPEHMWE B MPAKTUKY.

Kniouesble cnoe a: dusmyeckasn Tepanua, sHAONPOTE3NPOBAHME, KAYECTBO KMU3HU.

© Bezyazychna 0.V., Manucharian S.V.,
Duhina L.V., 2019
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Introduction

The hip joint holds a special place in the
biomechanical connection of the lower extremity and
the spine. It has three degrees of freedom and three
axes of motion. With wide functionality, this joint
assumes considerable dynamic and static loads,
providing harmony of movement of the person. With
the development of pathology in the joint, severe
functional disorders occur throughout the lower
extremity, which subsequently leads to disorders
throughout the musculoskeletal system. Disability
and pain make patients with disabilities. In recent
years, one of the most effective and promising
methods of surgical treatment is joint replacement [1,
2, 3].

According to the WHO expert group in 2012,
1 million 500 thousand total hip replacement is
performed worldwide. The number of operations in
the last 5 years has increased in Europe by 80%,
which is 175 thousand a year in one Germany alone.
That is, world statistics show that on average
annually requires joint replacement of 500 - 1000
patients and injured per 1 million population, and
given the population of Ukraine, annually in our
country requires endoprosthesis 25-40 thousand
patients and injured. Unfortunately, 10 times less
than the estimated number of joint replacements is
performed annually in Ukraine. As is known,
osteoarthritis of the hip joint is almost inevitable
consequence of any diseases and injuries of the hip
joint. Therefore, any method of treatment other than
total endoprosthetics cannot prevent its development,
at best it can only slow the progression of
osteoarthritis [4, 5].

An important and not completely resolved
issue in endoprosthetics is the problem of recovery of
patients after joint replacement. At present, there are
few such centers in the country, and there are no
accurate data on the total number of such patients, the
results of their treatment, etc. At the same time, these
patients require routine physical therapy, which
should be performed in specially organized or
specially equipped rehabilitation centers. Successful
and biomechanically correct recovery of patients
requires adequate pre- and postoperative physical
therapy programs [6, 7, 8].

The purpose of the work: evaluate the
impact of the author's physical therapy program on
the quality of life of middle-aged women after hip
replacement in the training period.

Tasks of work:

1. Based on the study of specialized literature
to analyze the main approaches to physical therapy
after hip replacement.
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2. Improve and implement a program of
physical therapy for middle-aged women after hip
replacement in the training period.

3. To evaluate the effectiveness of the
implemented physical therapy program on the basis
of the quality of life assessment according to the
Johanson questionnaire and Harris scale [7].

Material and methods
Participants

The study is based on the results of a survey
of 22 women after hip replacement, who were
arbitrarily divided into two groups - experimental
(n=11) and control (n=11). The mean age in the
experimental group was 49.09 + 0.81 and in the
control group was 51.00 £ 0.72. All patients with hip
joint prosthetics were performed in the orthopedic-
traumatology department of the Municipal non-profit
enterprise of Kharkiv Regional Council "Regional
Clinical Hospital", a cementless method of fixation
of components of the endoprosthesis. In terms of the
number of patients, age, presence of concomitant
pathology, the groups were homogeneous (Tab. 1).

Experimental protocol

According to the analysis of medical
histories in the hospital, physical therapy activities
began from the first day after surgery: therapeutic
exercises (breathing exercises, isometric exercises
for the operated limb in the initial position lying on
the back), for 2-3 days after endoprosthesis, the
patient was verticalized and assigned to stroke. with
additional support (walkers 1-2 days, then crutches).
From the second week was prescribed
electromyostimulation and mechanotherapy. Patients
were in the hospital 7-10 days after surgical treatment
(before removal of sutures).

The initial study was performed within 1-2
days of the training period, and the second study 3
months after the application of physical therapy
measures at the Municipal Non-Profit Enterprise of
Kharkiv Regional Council "Regional Clinical
Hospital".

Part of them (11 patients) subsequently
underwent physical therapy according to our author's
program, and part (11 patients) were engaged in the
program Epifanov [9] (department of the clinic in
which they were treated).

Thus, the first (11 patients) was an
experimental group and the second (11 patients) was
the control group.

In the initial study, the quality of life
indicators of patients on the Harris scale [7] in the
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experimental and control groups were rated as
"unsatisfactory”. According to the Johanson
guestionnaire, the mean score in the experimental
group was 44.45 + 0.57, and in the control group
48.72 £+ 0.63, which is below the mean.

When comparing indicators in patients of
both groups, we found no statistically significant
differences (p> 0.05) (Table 1).

Table 1

Indicators of quality of life of patients after endoprosthesis
hip joint in the initial study ( X +m)

Experimental

Control group,

Questionnaire, scores group, n=11 n=11 t p
Harris Scale [7] 47,45+0,57 48,72+0,63 1,48 >0,05
Johanson System [7] 44,45+0,36 46,00+0,60 2,09 >0,05

The methodological bases of the developed
physical therapy program included:

 selection and determination of rational
orientation of physical rehabilitation means;

* justification of various means of physical
rehabilitation and their dosage;

« defining the criteria for their effectiveness.

The program envisaged the use of the
following measures:

« therapeutic physical education;

* therapeutic massage;

» physiotherapy by standard methods,
namely: electromyostimulation; laser therapy.

Tasks of therapeutic physical culture:

* promotion of the condition of the
musculoskeletal system;

» restoration of walking skills without
additional support;

+ adaptation to certain power and speed
voltages, to long static and dynamic loads in daily
life;

* restoration of statin dynamic balance,
coordination of movements.

Forms of therapeutic physical culture:

* therapeutic gymnastics;

» therapeutic walking;

* independent classes.

Therapeutic gymnastics by individual or
small group method (40-60 minutes, daily, Ne 30-40).

The basis of the medical gymnastics
complexes were step-down exercises with visual
control and exercises with an elastic band on a
healthy leg for balance training.

Step-down exercises begin with a low step
(10 cm high). The patient stands on the steppe and
takes a slow step with a healthy leg forward,
descending from the steppe. The body weight is kept
on the sore leg, which will also train the balance.

There should be a mirror in front of the
patient so that the patient can look at themselves from
the side while controlling the position of the feet and
thighs - it is very important to make sure that when
stepping down from the steppe there is no blockage
to the side of the patient's leg. They then return to the
starting position and repeat the exercise.

The number of repetitions 12-18 times.

If the exercise is performed correctly, the
height of the steppe is gradually increased (15 and 20
centimeters) (Fig. 1).

Fig. 1. Step-down exercise with visual control

Exercise with an elastic band on a healthy
leg for balance training: the loose ends of an elastic

band about 2 meters long are tied to a stationary
object about 20 centimeters above the floor (for
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example, the crossbar of a Swedish wall). Thus, a
loop about 1 meter in length is obtained. Standing on
a diseased leg, the patient puts this loop on a healthy
leg so that the loop is at the level of the bone. The
patient should stand about 60-70 centimeters from
the wall. The knees should be slightly bent, but the
torso should be kept straight. A healthy leg (on which

a loop of elastic band is worn) starts to move
sideways. This exercise trains the muscles of both
legs, but first of all, the coordinated work of the
muscles - the so-called balance training (Fig. 2). The
number of repetitions 12-18 times.

Fig. 2. Exercise with an elastic band on a healthy one legs for balance training

Massage of the lumbosacral spine and lower
extremity according to the method of Efimenko [10],
daily, Ne 10-12.

In the training period after hip arthroplasty,
it is recommended to massage the paravertebral
zones - spinal segments S5 - S1, L5 - L1, as well as
massage the operated limb.

Buttocks massage, techniques: stroking,
squeezing, kneading, rubbing, shock techniques,
shaking.

Thigh massage, techniques: stroking, surface
grinding, kneading, deep rubbing, shock techniques,
shaking.

Finish the massage with general broad stroke
strokes of the diseased limb, passive and active
movements. For contractures and stiffness in the
joint, apply redressing movements.

To restore joint mobility, Efimenko [10] first
recommends massaging his muscular antagonists,
which move him, and carefully rub his muscle sinews
and directly injured joint. First wide and superficial,
then local and deep receptions. After such
preparation, passive translational and elastic
movements restore its flexibility in the necessary
directions. periodically elastic movements alternate
with motions at full amplitude. In order to eliminate
the pain that occurs during these techniques, the joint
is repeated surface rubbing and stroking.

Electromyostimulation of the operated limb
muscles in order to increase their strength was
performed using the 8-channel Mioritm 040
electromyostimulation apparatus (Russia), changing
the frequency and procedure time individually
according to the stimulation response of the muscles.
Electromyostimulation was performed in the annular
mode of the thigh muscles (anterior and posterior
group) and the shin muscles of the operated limb in

12

the following sequence: anterior thigh muscle group
(4 seconds), posterior (4 seconds), tibia muscles:
group flexors (4 seconds) and extensors (4 seconds).
Pulse shape asymmetric bipolar without constant
component, pulse duration 0.3 ms. Stimulation mode
- 60 Hz, duration of the cycle "stimulation -
relaxation" 4 seconds with an increase to 8 seconds
with 5-6 procedures with positive dynamics and good
transfer of procedures, duration of the procedure 5-
10-30 minutes, daily, No. 12.

Laser therapy was performed once a day with
the help of the laser therapy company "EME" (Italy)
according to the standard method, the duration of the
procedure - 1 minute for each point, 4 points for the
procedure. The procedures were performed
according to the zonal - point method: 1 minute per
contact zone. On a course of 10 procedures daily
[11].

Patients of the control group were prescribed
physical therapy measures by Epifanov [9].

The program envisaged the use of the
following measures:

» therapeutic physical education;

« therapeutic massage;

» physiotherapy by standard methods,
namely: electromyostimulation; laser therapy.

Special tasks of therapeutic physical culture:

* recovery of hip function;

* normalization of trophic tissue of the joint;

« strengthening of muscles of a pelvic belt
and extensors of a back, and also strengthening of
muscular groups of a limb;

+ restoration of their endurance to
considerable static and dynamic loads in order to
unload and stabilize the operated joint.

Forms of therapeutic physical culture:

» therapeutic gymnastics;
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* therapeutic walking;

* independent classes.

In the gymnastics of physical exercises
against the background of developmental and
respiratory exercises used to restore and strengthen
the muscles, eliminate stiffness and contractures in
the injured lower extremity prescribe exercises with
objects and without, on stretching, with resistance or
counteracting, with exercise water, the simplest
elements of occupational therapy, varieties of
walking, exercise on simulators.

In the course of rehabilitation treatment
varieties of therapeutic walking were used: walking
sideways, walking types at a predetermined pace and
with a predetermined length of stride.

The course of massage was divided into
preparatory, main and final periods.

In the main period, a clearly differentiated
method of massage was applied, taking into account
the functional state of the patient. The intensity of the
techniques was constantly increased, using 8-16
procedures.

Massage of the hip joint and hip muscles was
performed according to the method of Epiphanes [9].

In each of the periods of rehabilitation, the
methods of hardware physiotherapy were applied
according to standard methods:
electromyostimulation, laser therapy [11].

Results

When re-examining quality of life indicators,
positive changes were identified. Significant
differences were noted when comparing the results
of the questionnaires in the dynamics. It was found
that in the course of physical therapy there was a
significant increase in quality of life indicators.

In the experimental group, the mean Harris
score [7] increased by 31.54 points (1.7 times), in the
control group - by 28.18 (1.5 times) (p <0.05).
However, it should be noted that in the experimental
group in 55% the results were rated as “satisfactory”,
in 45% as “good” and in the control group - 82% and
18% respectively.

According to the Johanson questionnaire [7],
in the experimental group the average score
increased by 28.00 points (1.6 times), in the control
group - by 20.27 (1.4 times) (p <0.05). The figures in
both groups are above average.

When comparing repeated measures in both
groups, we found a statistically significant
improvement in indicators in the experimental group
compared with the control group (p <0.05) (Table 2).

Table 2

Dynamics of quality of life indicators of patients of the main and control groups in the primary and re-
examination (X £m)

Questionnaire, scores I research II research t p
1 2 3 5
Experimental group (n=11)
Harris Scale [7] 47,55+0,57 79,09+0,62 44,49 <0,05
Johanson System [7] 44,45+0,36 72,45+0,59 48,94 <0,05
Control group (n=11)
Harris Scale [7] 48,72+0,63 76,09+0,83 24,20 <0,05
Johanson System [7] 46,00+0,60 66,27+0,87 32,73 <0,05

Comparing the quality of life of women in
both groups, we came to the conclusion that when
they were re-examined in the experimental group
after the application of physical therapy measures

under our advanced program, they were better, which
positively affects the quality of life of this contingent
of persons (p <0,05) (Table 3).

Table 3
Comparative characteristics of quality of life of patients after hip replacement at repeated examination ( X
+m)
Questionnaire, scores Experimental Control group, t P
aronn n=11 n=11
Harris Scale [7] 79,09+0,62 76,09+0,83 2,87 <0,05
Johanson System [7] 72,45+0,59 66,27+0,87 5,84 <0,05
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Discussion

Analyzing the programs of physical therapy
after hip replacement, we can say that they are all
based on the same statement, for the maximum
restoration of motor functions and return to previous
conditions of life, requires the early start of physical
therapy. Physical therapy of individuals after hip
replacement is important because it can reduce the
recovery period of muscle strength that performs
movements in the hip joint.

Therapeutic gymnastics is prescribed by the
methods of Glinyana [12], Populakh [13], Glynyana
[14], Mukhin [16], Babov [1, 4], Zamorsky [5],
Gerasimenko [13], Roy [17, 18].

Gliniana [12, 14] offers several periods of
physical rehabilitation: preoperative (14 days), early
postoperative (1-7 days after surgery), late
postoperative (5-7 to 17-21 days after surgery),
recovery (from 17- 21 days to 10-12 weeks after
surgery) and training (10-12 weeks to 24 weeks after
surgery) periods.

Gliniana [12] proposes a physical therapy
program for the elderly after cement arthroplasty and
outlines the following principles:

1. A rational combination of methods and
means of physical therapy at all periods, taking into
account the features of surgery.

2. Differential use of physical therapy
depending on concomitant diseases.

3. Consistent correction of functional
disorders in accordance with the tasks of each period
of physical rehabilitation. Also, for each of the
periods listed there are defined their terms and
physical activities that are characteristic of these
periods.

Pollyakh [13] offers his work with patients
who have had hip replacement. At admission to the
hospital, first of all, appoint adequate analgesic
therapy (ketalong, tramadol, dexalgin, dynastat,
stadol, promedol, omnopon, morphine), assess the
severity of concomitant diseases, and, if necessary,
appoint consultations with relevant specialists.
Conduct prevention of stagnation of the lungs and
kidneys - training with an instructor exercise,
breathing exercises and exercises for the upper and
healthy extremities.

Pollyakh [13] also identifies periods of
rehabilitation: preoperative and postoperative period,
which in turn is divided into a period of relative rest
(2-3 days), and a period of recovery of basic skills
and functions. However, in general rehabilitation can
be divided into two periods: preoperative and
postoperative. In the first period, calmness prevails -
the limb is placed in a derotation longette, passive
limb exercises and turns in the bed are performed -
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after restoring the sensitivity of the patients, they
return to the healthy side with a pillow between the
knee joints and back to the back every 40 minutes -
1.5 hours depending on the condition and the wishes
of the patient, perform breathing exercises. Exercise
therapy is used in the form of therapeutic and
morning hygienic gymnastics, independent classes.
Complexes consist of approximately 75% of
developmental and respiratory exercises in a 1: 1
ratio and up to 25% of special exercises. Perform
them mainly from the starting position lying down.
The intensity of the exercises was low and at the end
of the period moderate. Duration of therapeutic
gymnastics 5-12 minutes. The physiological load
curve, which is an image of the change in pulse rate
during a session, is a single peak in the middle of the
main part of the session. Classes include breathing
exercises (8-10 deep breaths at the end of each hour),
static and dynamic exercises for the toes, isometric
tension of the muscles of the forearm, hips and lower
leg. Isometric muscle tension is of great importance
for the restoration of limb strength. First, the
instructor teaches to strain the muscles on a healthy
limb, and then for two at a time. The exercise is
performed as follows: 1) muscle tension for 3-4
seconds; 2) muscle relaxation for 8-10 seconds. The
second period is dominated by exercises aimed at
developing all muscle groups.

Classes with the instructor of therapeutic
physical training after surgery 2-3 times a day for 15-
20 minutes to teach patients to perform exercises to
restore strength and function of muscles. Mobility in
the hip joint depends on: large gluteal muscle -
flexion, middle gluteal muscle - support function,
quadriceps femur and iliac-lumbar muscle - flexion.
For restoration of function of muscles of a limb
appoint movements of fingers from a foot and in an
ankle joint, circular movements of a foot and capture
by fingers of a foot, movements in knee joints,
bending and extensions, bringing and taking in hip
joints, isometric tension of a muscle of a hip. 4-6
seconds with increasing number of repetitions and
sessions [13].

Therapeutic massage is used in all periods of
rehabilitation treatment after hip replacement. Use
segmental reflex, drainage, healing and hardware
types of massage. Therapeutic massage is prescribed
by the methods of Eremushkin [15], Mukhin [16],
Efimenko [10], Glynnaya [14], Zamorsky [5].

Roy et al [11, 17] summarized and
systematized studies on the use of physiotherapy
methods after hip replacement in various
postoperative periods.

According to the Ukrainian authors [18], in
the early postoperative period (4-7 days after
endoprosthesis), patients are prescribed ultra-high
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frequency therapy (UHF), amplitude or laser therapy,
transverse or longitudinal electrophoresis, general
ultraviolet radiation. The efficiency of application of
the complex of magnetotherapy and ultra-
phonophoresis (UFF) of chondroxide on both pre-
and postoperative period at the action on the
contralateral joint is substantiated.

Belarusian scientists apply physiotherapy
treatment in the early rehabilitation period:
electrophoresis of calcium-phosphorus preparations
on the hip area, sinusoidal modulated currents
(CMC) on the lumbosacral spine, laser therapy on the
area of the operated joint5 and the paravertebral joint
1 area of the operated joint, acupuncture [19].

Russian authors recommend that in the early
postoperative period, apply ultraviolet irradiation
with small erythema doses to the area of
postoperative sutures and ultra-high frequency
therapy or magnetotherapy to the site of the operated
joint for 2-3 days, calcium electrophoresis 12-12
days. After 10-12 weeks after surgery in an
outpatient or sanatorium setting, heat therapy
(therapeutic muds, paraffin, ozokerite) should be
prescribed, with poor tolerability of the mud solution
by constant or impulse (sinusoidal modulated
currents and diadynamic therapy).

Electromyostimulation of the quadriceps and
gluteal muscles of the operated limb is recommended
for use by all authors both in the early (4 days) and
in the late postoperative periods [20, 21, 22].

Conclusions

1. The program of use of the following
measures was developed: medical physical education
(the basis of the complexes of medical gymnastics
were step-down exercises with visual control and
exercises with an elastic band on a healthy leg for
balance training); therapeutic massage by Yefimenko
method; physiotherapy by standard methods:
electromyostimulation; laser therapy.

2. In the experimental group, after the
implementation of physical therapy measures under
the advanced program, patients' quality of life scores
were significantly higher (p <0.05) compared to the
control group.

3. The results of the study proved the
effectiveness of the impact of physical therapy
measures on an improved program on quality of life
after hip replacement in the training period.

Prospects for further research are related to
the development of an algorithm for physical therapy
after hip replacement.
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Abstrakt

Objective: to identify the main approaches in the management and motivation of the staff of the center to improve the effectiveness
of physical therapy in orthopedic disorders, to form ways to take these features into account in managing the process of physical
therapy. Methods: theoretical analysis and generalization of literary sources, method of systematization of scientific information.
Results. It is advisable to use a fairly wide range of management techniques in the management of staff to provide physical therapy
services, since it is about the impact on a rather complex system - the team of physical therapists, which in turn have a controlling
influence on the not less complex systems - patients. The use of management methods can potentially contribute to a number of
positive changes in the activities of the staff of physical therapists. The additional impact of these methods will be directed at the
patient, in particular, in improving the quality of services. The work of a physical therapist is rather debilitating both from the physical
side and from the psychological one. Therefore, the motivation of the staff is important in the management of physical therapists, as
well as other employees of the Center for the provision of physical therapy services to patients with orthopedic profile. The study of
the problem of motivation has a significant theoretical and practical significance, since the most valuable resource in the current
conditions of the market of physical therapy services is personnel, not equipment. Therefore, the responsibility of the leader of a
successful center for the provision of physical therapy services is that the motivational goals of the employees are largely correlated
with the interests of the center and led to the final result to success, which can be characterized as achieving a useful result immediately
to all participants in the system " the head is a physical therapist - a patient. " In a team of physical therapy center, as in any enterprise,
there are different types of workers, and the choice of one concept of motivation is mainly determined by the majority of employees
of a certain type in the team. The paper outlines the features of the selection and use motivational concepts for the staff center physical
therapy. The theory of motivation is considered. Economic and non-economic motivational factors are allocated within the framework
of the center for providing physical therapy services, the model of motivation of the personnel is given. Conclusion. The quality and
performance of physical therapists in today's market conditions depends not only on professionalism and competence, but also on
management, motivation, satisfaction of their needs and loyalty.

Key words: management, physical therapy, specialist, personnel, consumer, needs, motivation, quality.

AHoTauin

BiTomcbKkuit B.B, Nasapesa O.b., Penoperko C.M., Bitomcbka M.B. MeToan MeHeaKMEHTY Ta MOTUBALLiT B YNPaBAiHHI NEPCOHANOM LeHTPpY
disnyHoi Tepanii Ta NiABMLLEHHI AKOCTI NOCAYT ANA XBOPWX OPTONEANHHOMO npodinio Ha aM6ynaTopHomy eTani.

Mema: BU3Ha4MTH OCHOBHI NIAXOAWM B YNPAB/IHHI Ta MOTMBALLi NEPCOHaNy LEHTPY ANA NiABULLEHHA Pe3yAbTaTMBHOCTI Gisn4HOT Tepanii
npy OPTONEAMYHUX MOPYLWEHHAX, CHOPMYBATH WINAXM BPaXyBaHHA LMX OCODNMBOCTEN Y KepyBaHHI npouecom disndHoi Tepanil.
MemoOu AOCNIAKEHHA: TEOPETUYHMIW aHaNi3 Ta y3arasbHEeHHA NiTepaTypHUX JyKepes, MeTo cucTemMaTm3alii HaykoBoi iHbopmalLlii.
Pesynsmamu. Y MeHedKMeHTI nepcoHany AN HadaHHs nocayr ¢isuyHoi Tepanil AOUiNIbHO 3aCTOCOBYBATU AOCUTb LUMPOKUA PAL,
MEeTOZjiB MeHEeAXMEHTY, OCKiNIbKM MOBa e Npo BM/AMB Ha AOCUTb CKAAAHY CUCTEMY — KONEKTUB Di3UYHMX TepanesTis, KOTPi y CBOO
Yepry 34JiMCHIOIOTb KEPYIOUMIA BMAMB Ha HE MEHLW CKA3AHI CUCTEMM — MAL{EHTIB. BUKOPUCTAHHA METOAIB MEHELXKMEHTY NOTEHLAHO
MOXE CMPUATY BUHUKHEHHIO PAZY NO3UTUBHMX 3MiH Y AIANBHOCTI KONEKTMBY di3nyHMX TepanesTis. OKPiM TOro A0AaTKOBMIA BNAMB LyX
metofis byfie CNpAMOBaHWiA | Ha NalieHTa, a came y BUMNAAL NiABMLLEHHA AKoCTi nocnyr. PoboTa disndHoro TepanesTa € AocnTb
BMCHAX/IMBOIO AK 3 GI3UYHOT CTOPOHU, TaK | 3 NCUXONOTIYHOI. TOMY BaXUBUM Y MEHEXXMEHTI Qi3UYHNX TEPANEBTIB, @ TaKOXK M IHLINX
NPaLiBHMKIB LEHTPY 3 HagaHHA nocnyr ¢isnyHoi Tepanii nayieHTam opToneanMyHoro nNpodinto, € MoTMBaLIA NepcoHasny. BusyeHHs
npobsemmn MOTUBALLIT MAae Barome TeEOPeTUYHE i MPaKTUYHE 3HAYEHHS, OCKINIbKM HalbiNbLL LiHHUM PECYPCOM Y CY4aCHMX YMOBAX PUHKY
nocnyr ¢i3anyHoI Tepanii € NnepcoHan, a He yCTaTKyBaHHA. TOMy 0O0B'A30K KepiBHMKA YCMiWHOrO LeHTY 3 HadaHHA nocayr 3 GisnyHol
Tepanii noaarae y Tomy, Wo6 MoT1BaLiiiHI Lifi NpauiBHMKIB Y 3HAYHIN Mipi cNiBBIAHOCUAUCA 3 IHTEPECaMM LLeHTPY | BN Y 3aKNHOUHOMY
pe3ynbTaTi 4O YCMiXy, KOTPUIA MOXKHaA OXapaKTepusyBaTu, AK AOCATHEHHA KOPWUCHOrO pesyabTaTy BiApasy Yy BCiX YYaCHWKIB cucTemm
«KepiBHUK — Gi3NUHMIA TepaneBT — NaLieHT». BUCHOBOK. AKICTb Ta NPOAYKTUBHICTb POBOTU Gi3NYHMX TepaneBTiB y Cy4aCHUX PUHKOBUX
YMOBaX 3a/1€KMUTb He TiNbKKM Bif NpodecioHaniamy Ta KOMNETEHTHOCTI, ase i Bif, MeTOAiB MeHeAXMEHTY, MOTMBALi, 3a40BONEHOCTI iX
noTpeb Ta NoANbHOCTI.

KntoyoBi cnoBa: ynpasaiHHA, di3ndHa Tepanis, daxiBelb, NepCoHa, CNoXnBaY, NoTpebu, MOTUBALLA, SKICTb.

AHHOTaUMA

Butomckuit B.B, /lasapeBa E.B., ®egopeHko C.H., Butomckaa M.B. MeToapl meHeAXMEHTa U MOTMBALMM B YMpPaBAEHMU NEPCOHAIOM
LeHTPa PU3NYECKoMN Tepannm U NOBbILEHWUWN KAYECTBA YCAYT AnA 60/bHbIX OpTONeanyYeckoro npoduns Ha ambyaTopHOM 3Tane

Llenb: onpeaenntb OCHOBHble NOAXOAbl B YNPaBAEHWWM M MOTMBALUMM MNepcoHana UeHTpa ANA MOBbIEHWA Pe3yNbTaTUBHOCTU
bU3NYECKONM Tepanmm Npu opToneanyeckmx HapyLleHmax, COoOpMMPOBaTb MyTU yYeTa 3TUX OCODEHHOCTEN B yNpaBAeHUM NPOLLECCOM
dunsmueckon Tepanuu. Memoosl ucCCnedo8aHUS: TEOPETUYECKUId aHanu3 u oboblieHMe AMTepaTypHbIX WMCTOYHMKOB, METOoZ,
cMcTeMaTM3auMmn HayyHon MHbopmaummn. Pesynbmamel. B MeHeasKMeHTe nepcoHana Ana OKasaHua ycnyr GUaMyeckor Tepanun
LenecoobpasHo NPUMEHATb AOCTaTOYHO WMPOKUIA PAL METOL0B MeHEeAXMEHTa, NMOCKO/bKY peyb MAET O BAUAHUM Ha [OCTaTOYHO
CNOXKHYIO CUCTEMY - KONJIEKTUB GU3NYECKMX TepaneBTOB, KOTOPbIE B CBOKD o4epeb OCYLLEeCTBAAIOT ynpasnsatoliee BO3AENCTBME Ha He
MEeHee C/IOXHble CUCTeMbl - MauueHToB. Mcnosnb3oBaHWe MeTOA0B MeHEeAXMEHTa MOTEeHLMAAbHO MOXKeT CrnocobCTBOBAThL
BO3HMKHOBEHWIO PAAA NO3UTUBHbIX U3MEHEHWI B AeATeNIbHOCTU KONNEKTMBA PU3MYECKMX TepaneBToB. Kpome TOro AoNoaHWUTEbHOE
BAVAHME 3TUX METOA0B OyAeT HanpaBAeHO M Ha MauMeHTa, a UMEHHO B BMAe MNOBbIWEeHWA KadecTsa ycayr. PaboTta dpusmuyeckoro
TepanesTa AOCTAaTOYHO M3HYPUTENbHAN KaK C GU3MYECKOW CTOPOHbI, TaK U C NMCUXONOrMYECKON. [109TOMY BasKHOW COCTaBnAlolWEN B
MeHepKMeHTe QU3NYECKMX TepaneBToB, a TaKXKe U ApYyrux paboOTHWKOB LLEeHTPa No NpefoCTaBNeHWto ycayr dnsmMyeckoin tepanum
nauveHTam opToneamMyeckoro npoduas, ABAAETCA MOTMBALUMA nepcoHana. M3yyeHwe npobnembl mMOTMBALMKM MmeeT 6onblioe
TEOpPeTMYeCcKoe W NPaKTMYecKoe 3HayeHWe, MOCKOAbKYy Hanbonee UEHHbIM PECypCcoOM B COBPEMEHHbLIX YCAOBUAX PbIHKA YyCayr
dusmyecko Tepanumu ABAAETCA NepcoHan, a He obopynoBaHuA. [03TomMy 00A33aHHOCTb PYKOBOAMTENA YCMELWHOro LeHTa Mo
npeaocTaBAeHMIo yenyr GU3NYECKON Tepanum 3aKkNto4aeTcs B TOM, YTOObI MOTMBALIMOHHbIE Lie I PabOTHUMKOB B 3HAYMUTE/IbHOM CTEeNeHN
COOTHOCU/IUCH C MHTEPecamm LEHTPa M BENU B 3aK/JOYMTENbHOM pesysbTaTe K ycrexy, KOTOPbI MOHO OXapaKTepm3oBaTb, Kak
LOCTUXKEHWe NONe3HOro pesynbTaTa cpasy y BCEX YHACTHMKOB CUCTEMbI «PYKOBOAMTENb - GU3NYECKMIA TepanesT - NauneHT». Beigod.
KauyectBo M npon3BOAUTENBHOCTb PaboTbl GU3MYECKMX TEPANEeBTOB B COBPEMEHHbIX PbIHOYHbIX YCNOBMAX 33aBUCUT HE TO/NbKO OT
npodeccMoHanmMama M KOMNETEHTHOCTM, HO M OT METOA0B MEeHeAKMeHTa, MOTMBALMK, YAOBAETBOPEHHOCTU WX NOTpebHOoCTen K
NOANBHOCTL.

KnioyeBble CnoBa: ynpasaeHune, dusmnyeckas Tepanus, Crneumanmct, nepcoHas, notTpebuTens, NoTpebHOCTH, MOTUBALIMSA, KaYecTBo.
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Introduction

The purpose of management in the service
sector is to ensure the profitability of the enterprise
through the efficient use of human resources and
rational organization of service process aimed at
identifying and meeting the needs of the population
[1,2,3].

The tasks of management in the service
sector include the following [1, 2]:

- defining goals and identifying ways to
achieve them;

- rallying people around common goals;

- organization of processes of development
and provision of services;

- ensuring high quality of service;

- continuous training and development of
staff;

- ensuring the  effectiveness  of
communication between staff and the client;

- development and application of different
ways of evaluating the activity of employees and the
enterprise as a whole;

- the creation of their own traditions and the
use of experience [1, 2].

The standard sequence of implementation of
management functions is in the form of "goal
definition” - "planning" - "decision™ - "organization"
- "motivation™ - "control" [4, 5]. At the level of the
physical therapy center, the first four functions will
largely relate to the development of a business plan
and the design of the institution, the creation of a
management system. In the future, it is especially
important to apply management methods to the
function of "motivation” in order to adjust the work
of the center and improve the quality of services.

The management of the staff providing
physical therapy services plays an important role in
improving the level of services provided and,
accordingly, in improving the dynamics of the
patient's condition.

Most executives recognize the fact that the
productivity of staff depends not only on the
professionalism and competence of employees, but
also on how they relate to the work performed. The
high level of satisfaction and loyalty encourages the
employees to make more efforts for the qualitative
and timely execution of their work, thereby
increasing the productivity of the enterprise and
contributing to the achievement of its strategic goals.
Reducing the level of satisfaction and loyalty of staff
on the contrary, slows down the development of the
enterprise, reduces the productivity of employees and
increases the likelihood of leaving valuable
personnel from the organization [6]. Therefore,
recognition of the role of methods of management
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and motivation of the workforce, timeliness of
recognizing the first signs of negative changes,
implementation of measures to remedy the situation,
as well as introduction of a system of monitoring of
satisfaction and loyalty of personnel are important in
the work of the center for providing physical therapy
services. This is the key to continuous growth in the
quality of services and management system.

The purpose: to identify the main
approaches in the management and motivation of the
staff of the center to improve the effectiveness of
physical therapy in orthopedic disorders, to form
ways to take these features into account in managing
the process of physical therapy.

Material and methods

B po6orti Oyiio BUKOPHCTAaHO TEOPETHYHHIA
aHami3 Ta Yy3aradbHEHHS JITepaTypHHX JDKEped,
METOJI CHUCTeMaTH3alii HaykoBol  iHdopmarii.
Bceroro Oyro mpoananizoBaHo 26 HAYKOBUX JKEpeT,
Ha OCHOBI sAkmx Oyll0 BH3HAY€HO OCHOBHI
MOJIOKEHHSI ~ CyYaCHUX  TCHJCHIIH  BHBYCHHS
npoOIeMaTHKH 3 00paHOTO HAMPSIMKY TOCTIIKCHb.

Results

In management theory, the following
features are distinguished for classifying
management methods by the direction of influence
on a managed object; a way of taking into account
the interests of employees; the form of influence; the
nature of the influence [2, 7, 8]. In the management
of personnel for the provision of physical therapy
services, it is advisable to apply a wide range of
management methods, since it is an impact on a fairly
complex system - a team of physical therapists,
which in turn exert a controlling influence on equally
complex systems - patients.

Thus, in the direction of influence on a
managed object, there are methods of direct influence
that directly affect the managed system, and methods
of indirect influence that create the conditions for
influence on the managed management system [7, 9,
10]. Thus, in the center for the provision of physical
therapy services for patients with orthopedic profile,
methods of direct impact can be represented by
orders, orders, instructions, instructions and
protocols of management, regulations, tariffs, and
methods of indirect influence are implemented in
practice in the selection of the team with different
features and subsequent formation the general
psychological climate.

The next group of management methods,
which is very relevant in the field of physical therapy
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services, is formed in a way that takes into account
the interests of employees. According to this feature
distinguish [7, 8]:

- material impact methods - take into account
the property and financial interests of employees;

- methods of power influence - aimed at
adjusting and organizing the functions, duties and
rights of employees, instructing and normalizing
their activities;

- methods of moral influence - aimed at
increasing socio-economic activity.

In particular, the methods of material
influence are applied in the form of economic
incentives, financial responsibility. So in the center
for the provision of physical therapy services for
patients with orthopedic profile methods of power
influence can be represented by staffing, instructions,
protocols for the provision of individual services and
procedures, orders, orders, reprimands. Methods of
moral influence are also of great importance in the
work of the center for physical therapy. So they
include ethical standards, moral incentives to work
with patients.

The form of influence distinguishes
guantitative (costing, prices, material incentives,
etc.) and qualitative methods (instructions,
instructions, moral incentives, methods of selection
of the team by psychophysiological factors) [7, 11].

According to the nature of the influence
distinguish [4, 7, 12]:

- economic management methods. It is
conditioned by various economic factors, by means

'SR
(" A
Groups of management improving the quality of services
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Impact 4 . . )
—>
character or p N advanced training and mutual training of
organization economic — specialists -
v,
al form : : _ ) éI[
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>
Y | J e I
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administrative (client)
\ ) L
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~—
- J

of which the collective and individual satisfaction of
needs at all levels is achieved:;

- technological methods of management -
floated on employees through the documents that
determine the technology, in particular physical
therapy for  various pathologies of the
musculoskeletal system;

- socio-psychological methods  of
management - a set of specific ways of influencing
interpersonal relationships and relationships, social
processes that arise in labor collectives. For the
successful operation of the organization (the center
of physical therapy) in the conditions of market
relations, it is first of all necessary to activate the
social activity of all workers by increasing initiative,
creative purpose, self-discipline. This is achieved
through interest management and through interest.
Psychological and social management methods are
aimed at creating this overall satisfaction.

- administrative  (organizational and
managerial) methods of management are mostly
unambiguous, that is, they exclude variability of
tasks and ways of their solution. Organizational
influence is based on: organizational regulation,
organizational normalization and organizational
design.

The use of management methods promotes a
number of positive changes in the activity of the team
of physical therapists (Fig. 1). In addition, for the
physical therapy process, the additional impact of
these methods will also be directed to the patient,
namely improving the quality of services.

Fig. 1. The influence of management methods on the activity of physical therapist
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The work of a physical therapist is quite
exhausting, both physically and psychologically.
This is due to the need to show exercise to the patient
or to exercise at the same time as the patient, the need
to assist the patient in load-fixing and resistance
adjustment, as well as during, for example, massage
procedures, myofascial release. The psychological
burden is that working with patients in most cases
involves the receipt, perhaps more than necessary, of
complaints from the patient about his condition,
information about the inability to perform even an
easy motor task. Therefore, the motivation of the
staff is important in the management of physical
therapists, as well as other staff members of the
center for providing physical therapy services to
orthopedic patients.

On the other hand, the market for physical
therapy services is in a state of constant competition.
As a result, each specialist's value is increased in
achieving the goals of the physical therapy center. An
important task for the managerial part is to direct the
team towards achieving the goals of the physical
therapy center, since both the economic growth in
general and the good dynamics of the patient's
condition depend on the availability of highly skilled
workers and the ability to encourage them to high
productivity. In order to increase the efficiency of the
employees of the center for the provision of physical
therapy services, it is important to work on the
motivation of employees, its effective practical
application, as well as the improvement of methods.
This is the responsibility of the management function
of the same name “motivation”.

The study of the problem of motivation is of
considerable theoretical and practical importance,
since the most valuable resource in the current
conditions of the market of physical therapy services
is staff, not equipment. That is why the staff is one of
the most important factors in the progressive
development and maximization of income in this
field of activity.

The most common motivating factors
include wage size, a sense of accomplishment, job
advancement, creative and business growth,
recognition of work performance and approval of
work results, a high level of responsibility, good
relationships with colleagues and a supervisor,
opportunity or prospect solution of social and
household problems. Therefore, the responsibility of
a successful center for providing physical therapy
services is that employees' motivational goals are
closely aligned with the interests of the center and
ultimately lead to success, which can be described as
achieving beneficial results for all system members
at once. - Physical therapist patient.
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Motivation is one type of management
activity that provides a process of encouraging
oneself and other employees to pursue activities that
are aimed at achieving personal or organizational
goals [13, 14, 15].

The most effective implementation of the
motivation function requires an understanding of
what drives the employee to perform the work
qualitatively. There are a number of concepts to
consider: need, reward and motives.

Needs are what arise and are within a person
and manifest in an individual form. This is a special
state of the individual's psyche, an awareness of their
dissatisfaction, a sense of lack of something, a
reflection of the discrepancy between the internal
state and external conditions. This is something that
a person always wants to get rid of (satisfy their
needs, muffle or not respond to them). There is a need
for both the conscious and the unconscious, and most
of them are periodically renewed [4].

Reward is all that a person considers
valuable for himself. But the concept of value in
people is specific, and therefore a different
assessment of the reward and its relative value. A
manager deals with two main types of remuneration:
internal and external. The internal reward is given by
the work itself. For example, this is a sense of
achievement, meaningfulness and significance of the
work performed, self-respect. External remuneration
is given by the organization, for example: salary,
promotion, symbols of status and prestige, praise and
recognition, and additional payments [8].

The motive is the intrinsic desire of a person
to satisfy his needs, which depends on many internal
and external factors, as well as on the action of other
motives that arise in parallel with this. The motive
not only drives the person to act, but also determines
what and how to do it. Thus, motive causes actions
to eliminate problems, but in different people these
actions can be completely different, even if they are
caused by one problem. Motives are conscious: a
person can influence their motives, suppress their
influence, or even eliminate them [4].

The motivational potential of an employee is
a component of the labor potential that characterizes
the employee's willingness to maximize the work
return, development of competitiveness, realization
of the acquired knowledge, abilities, abilities and
skills in work [14]. The literature presents different
theories of motivation and interpretation of types of
motivation of staff. Therefore, the basic theories of
motivation need to be considered in order to develop
the mechanisms of motivation of the employees of
the center of physical therapy for patients with
orthopedic profile.
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The available substantive theories of
motivation are based on the study of human needs,
which is the main motive for his behavior and
activity. They seek to explain that in a person or his
or her environment, he or she shapes and supports a
particular behavior or course of action. They are an
attempt to identify and classify the needs of the
people who drive them to act [4].

According to the theory of the hierarchy of
needs of Abraham Maslow, the basis of behavior are
human needs, which can be divided into primary
(physiological, security needs) and secondary (needs
for belonging and love, recognition, expression).
According to Maslow's theory, all these needs can be
arranged in a strict hierarchical sequence in the form
of a pyramid, which is based on primary needs and
the apex is secondary [13].

The value of the hierarchy of construction
lies in the priority for the person of the needs of the
lower levels, this affects its motivation [13, 16].
However, in K. Alderfer's theory, the set of human
needs is regarded as a continuum - a set of equal, one-
tier needs [17].

Based on the orientation of motivation in the
subordinates in the theory of Mak-Gregor [4, 13, 14]
("X" and "Y"), two portraits of man, which are
opposite to each other, were distinguished. Theory X
forms the basis for the management and control of
traditional management (through control) when the
manager informs the subordinates of their
obligations and applies penalties or rewards in the
work process. The manager's actions are based on the
fact that the person has to work immediately and
avoids it whenever possible; most people should be
forced to work, control and control them,
emphasizing punishment; a person wants to avoid
responsibility, does not have strong ambitions,
prefers to be managed, and wants, first of all, safety
and peace.

Theory “X” thus corresponds to negative
motivation and considers only satisfaction of primary
(basic) needs, without touching high ones [4].

The opposite theory is “Y” - the basis of so-
called “complicity management” (management
through motivation). This theory is based on the
following assumptions [4, 13, 18, 19]:

- work is a natural process, and ordinary people do
not feel hostility to work as much as they do in the
process of playing or resting. A person may perceive
work as a source of pleasure or punishment
depending on working conditions;

- control and the threat of punishment - not the only
way to get people to work diligently: when people are
involved in organizational goals, they try to work
hard, using self-control and self-government. Social
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needs and the desire to work well outweigh the
human motives;

- a person's desire for a certain purpose depends on
the reward, and the most important reward is the
satisfaction of his self-love and the desire for self-
expression;

- in certain conditions, a person is not only ready to
take responsibility, but also strives for it. Most people
want to use their knowledge and experience, to take
responsibility;

- the ability to resourcefulness, imagination,
creativity in solving problems of the organization is
widespread among employees;

- in modern production, the potential of the average
worker is not fully utilized and should be maximally
disclosed.

Theory “Y” corresponds to positive
motivation, concerns unmet and higher needs. It
contributes to reducing the cost of staff control

because it is focused on self-control and
collaboration [4].
In practice, hired specialists who are

represented in the theory of D. McGregor form
opposite groups of people and require the use of
different motives for behavior and stimulation to
work [2, 13], as well as the recruitment of staff to
work in a center for the provision of physical therapy
services.

Clelland [4, 13, 14] argued that motivation
should be based on the needs of achievement,
participation, power. The need to achieve is the
desire to achieve the goal more effectively than in the
past. Employees with this need work a lot and
qualitatively, but they do not like to share their work,
they want to achieve goals and results personally.
The need for participation is manifested in a person
in the form of a sense of need for friendly relations
with the team and the environment. Employees with
this need strive to build and maintain good
relationships, have support and a good appreciation
for the work they have done on the part of the
environment, and they are concerned about them.
The desire of the authorities will manifest in the
person in the desire to have control over the
resources, processes and people in the organization.
Such people are divided into two groups: "power for
the sake of power" and "power for the sake of
achieving the goal of the organization™ [2, 9, 13].

This theory in the organization of the
management of workers of the center for the
provision of physical therapy raises the question of
the need to determine the distribution of
responsibilities and tasks (should there be one
performer or group?), The distribution of power (who
should increase the level of power? Also important is
the theory of expectation (hope), which is based on
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V. Vrum's writings and states that an active need is
not the only indispensable condition for motivating
an employee to fulfill the chosen goals. A person
should hope that his or her type of behavior will
actually lead to satisfying the need or getting what is
desired. An employee's expectation is similar to an
employee's assessment of the likelihood of an event
occurring [13, 14, 21]. In the current conditions of
market relations, the theory of justice has probably
only increased its importance. This theory provides
an alternative understanding of how people measure
and channel their strength and energy to accomplish
their goals and objectives. According to the theory of
fairness, employees subjectively calculate the ratio of
the remuneration they receive to the effort they
spend, and then compare it with the remuneration of
other employees who do similar work or spend the
same amount of effort.

In the case of imbalance in comparison and
injustice, there is a psychological strain. As a result,

a situation arises in which, in order to establish
fairness, it is necessary to eliminate the existing
difference, which is performed by reducing the
number of efforts or increasing the remuneration
received [13, 21, 22].

There are all types of workers in the staff of
the physical therapy services center, as in any
enterprise, and the choice of one concept of
motivation is the main one determined by the
majority of workers of a certain type in the team.
However, applying only one concept can lead to a
mismatch between management methods and
individual employees' motivation, in particular the
retention of professionals with work experience and
creativity in the physical therapy process. Therefore,
the process of selecting and using motivational
concepts for the staff of the center of physical therapy
is quite complicated and creative (Fig. 2).

A 4

Recruitment

Formation of labor collective

Definition of concepts of
motivation and control

identifying needs and
motives

\ 4

qualification, experience,
knowledge of techniques,
etc.

\ 4

Labor collective

A

common

a
AN

individual

A

[

Improving patient experience — improving patient dynamics — generating positive patient feedback —
increasing patient numbers — revenue

|

Fig. 2. The scheme of definition and use of motivational concepts in the center for the provision of physical
therapy services for patients orthopedic profile

Generally speaking, in the aspect of a physical
therapy center, motivation can be seen as a process
of encouraging employees to perform effectively in
order to achieve the goals of the center by meeting
the needs of the center's staff and patients. And the
choice of incentives for motivation will depend on
the characteristics of specialists and the team as a
whole. It should also be noted that motivation should
be based on the following requirements [15]:

- providing equal opportunities for employment
and job promotion;
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- reconciliation of the level of remuneration for its
results and recognition of personal contribution to the
overall success;

- protection of health of workers;

- possibility of creative realization of the
employee;

- maintaining an atmosphere of trust in the team.

In general, the motivational mechanism is a
complex of organizational-economic, logistical and
socio-psychological tools and methods of stimulating
effective work to ensure the achievement of the goal
of motivational policy [9, 15]. Considering the
theories of motivation considered, the following
motivational factors can be identified within the
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physical therapy center - economic (Fig. 3) and not
economic (Fig. 4). In particular, the following should
be included in the economic category: pay, hourly
wages, availability of bonuses for performing the
largest number of procedures or over-fulfillment of
the plan, payment for training, additional payments
for absence of absenteeism for work, purchase of a
course of rehabilitation services by the client, or

active participation in shaping the patient's wish to
switch to prevention and wellness use of physical
therapy classes after meeting the goals set previously,
preferential use of the center's equipment for workers
and possibly their families ents expansion in load
center. The need to develop and regulate these
incentives is further emphasized by the following
theories of motivation.

Economic motivational factors for the center's physical therapists

v v v

-

- piece rate;

- hourly wages;

procedures or over-fulfillment of the plan;
- tuition fees;

- additional payments for absenteeism;

services by a client;

families.

.

- the availability of bonuses for performing the largest number of

- additional payments for the purchase of a course of rehabilitation

- additional payments for active participation in shaping the patient's
desire to switch to the preventive and improving use of physical
therapy classes after the goals have been set;

- preferential use of the equipment of the center for workers / their

~

the theory of the hierarchy of
needs of Abraham Maslow

taking into account the direction of
motivation according to the theory
of D.Mak-Gregor

the need to achieve by D. Mac
Clelland

VA YA

hygienic factors of Frederick
Herzberg

theory of justice

AN

expectation theory

/

Fig. 3. Economic motivational factors for specialists of the center of physical therapy

We emphasize that an incentive (a
motivating factor) becomes a motive only when it is
realized by the person perceived by it. For example,
for an incentive to motivate the behavior and activity
of a particular employee, it is necessary that he or she
be aware of it as a fair remuneration for the work.
Then trying to earn a premium will help increase
labor efficiency. However, for some employees who
do not expect to receive a reward (low professional
training, indiscipline, etc.), this possible reward does
not translate into a motive, remaining at the level of
potential incentive [14].
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Non-economic  measures include job
enrichment, promotion, formulation of a convenient
or flexible work schedule, a sense of accomplishment
among employees (for example, on the basis of
recognition of the patient's work efficiency and
approval of work results), availability of self-
improvement opportunities, availability of a high-
level provision. responsibility for the patient's health,
participation in decision-making regarding the
content of the physical therapy program and
decisions at the center level.
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v v v

ﬂnrichment of labor;

- promotion;

- availability of opportunities for self-improvement;
- formation of convenient or flexible work schedule;
the results of work);

patient;

therapy program;

- Participation in decision making at the center level

.

- forming a sense of success in employees (for example, on the basis of
recognition of the effectiveness of work with the patient and approval of

- provision for a high degree of responsibility for the health of the

- participation in decision-making regarding the content of the physical

2/the theory of the hierarchy of
needs of Abraham Maslow

<

taking into account the direction of
motivation according to the theory
of D.Mak-Gregor

needs for participation, power
by D. Mac Clelland

<

motivators on the theory of F.
Herzberg

<

x expectation theory

theory of justice

Fig. 4. Non-economic motivational factors for specialists of the center of physical therapy

Discussion

Note that the theory of enrichment of labor
recommends to ensure that each worker has at least 6
factors, the courts together provide its attractiveness:

» responsibility for productivity;

« awareness of the importance and necessity
of the work being done;

* possibility of independent allocation of
resources in the process of work, control over
resources;

+ availability of feedback, possibility to
receive information on the results of work;

» the possibility of professional growth,
gaining new experience, advanced training (work
should not be monotonous);

* the possibility of an employee's influence
on working conditions [11, 12, 23].

Formulating a high level of responsibility for
a patient's health is first and foremost an equivalence
of the role of the physician and the physical therapist
at the institution level, their survey results, the role in
the development of the physical therapy program,
and sometimes with regard to rehabilitation issues in
general.
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Thus, these measures eliminate the state of
organization of work when the doctor examines and
provides a fairly standard, rather than individualized,
set of exercises for the patient, and the physical
therapist performs only mechanical work. In
addition, such activities also play a role in enriching
the work of physical therapists. The role of the doctor
diminishes in the aspect of selection of physical
exercises, remains necessary in matters of making a
team decision on contraindications, dosing of load.

Forming a sense of accomplishment and
meeting the needs of self-improvement in employees
is possible at the expense of:

- participation in conferences;

- continuous training;

- objective comparison of previous work with the
past;

- recognition of even small achievements in the
work of specialists (introduction of new physical
exercises in protocol complexes; high assessment of
patient's work results and his satisfaction);

- introduction along with material rewards and non-
material ones (for example, honors, certificates,
diploma, photo on the plaque of honor, the title of
"employee of the month"; measures should be
formed also taking into account the psychology of
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personality, the collective, since for some people
sincere gratitude from the manager may be more
important than money).

The implementation of a number of
economic and non-economic motivating factors is
possible during collective meetings. In particular, it
is correct to emphasize at the meeting the successful
resolution of the tasks of a physical therapy program
by a certain physical therapist, mastering a new
method or technique of intervention by a physical
therapist, availability of innovations from an
employee or group, identifying colleagues' views on
tactics for complex patient or administrative
decisions.

Also important are peer learning meetings,
which can be delivered in the form of lectures with
presentations, hands-on workshops, with further
discussion of key and unclear issues.

Thus, according to the results of the literature
analysis [24, 25, 26], the model of the personnel
motivation system can be represented as a sequence
of actions (Fig. 5).

It should be noted that the use of both
economic and non-economic motivational factors,
incentives contributes to an increase in the wealth of
motivation of the staff (diversity of motives as a
result of the diversity of needs relevant to the
employee, which induces him to work) [14].

This is the result of open interaction when an
environmental subject (such as a manager) gives rise
to motives that induce a person to act.

Approval of the organization's goals

'

Bringing goals to the staff

A

4

Establishing motivational needs

v

Assessment of satisfaction level of motivational needs

v

Calculation of motivational potential and major motivational needs

v

Implementation of motivation measures

A

Achieve the goals of the organization

Fig. 5. Model of staff motivation

Conclusions

The quality and productivity of physical
therapists in today's market conditions depends not
only on professionalism and competence, but also on
the level of satisfaction of their needs and loyalty. In
addition, the work of a physical therapist is quite
exhausting, both physically and psychologically.
Therefore, the motivation of the staff is important in
the management of physical therapists, as well as
other staff members of the center for providing
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physical therapy services to orthopedic patients. The
study of the problem of motivation is of considerable
theoretical and practical importance, since the most
valuable resource in the current conditions of the
market of physical therapy services is staff, not
equipment. The application of management methods
and concepts of motivation can contribute to a
number of positive changes in the activities of the
team of physical therapists, which will reflect on the
quality of services, the dynamics of the patient's
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Abstract

The aim of the work is to study the biomechanical properties of the myo-fascial kinematic chain "foot-shin" of children of 7-14 years
old with non-fixed and clinically expressed flat-footedness.

Material and methods. The study involved 14 children with flat-footedness of grades I-1l and 6 children with flat-foot deformity of
the foot and 20 children who only had functional disorders of the foot. An anthropometric study of the foot was carried out,
electrophysiological indicators of the muscles of the leg were determined, and plantograms were analyzed.

Results. The study found a correlation between the indicators of the anatomical and functional state of the foot and the imbalance of
the frequency-amplitude indices of the ipsi and contralateral muscles within one link of the myofacial kinematic chain, may be
important as one of the factors that contribute to the development of flatfoot. This is confirmed by other indicators and indicate a
decrease in the height of the longitudinal arch, a decrease in the metatarsal and heel angles of the arch of the foot. Such changes have
a pronounced relationship with age. The results of the work indicate that a possible cause of flattening of the vaulted apparatus of the
foot is not only the weakness of its joint-ligament-muscular system, but also above the located kinematic segment - the tibia. The
correlation analysis revealed the relationship between the indicators of the development of the anatomical and biomechanical
components of the foot and the characteristics of the electromyographic indicators of the muscles of the leg in children 7-14 years old.
As a result of a comprehensive study, it was found that during this period of ontogenesis in the formation of flatfoot such
electromyographic indicators as frequency-amplitude characteristics of action potentials of motor units of the long and posterior tibial
muscles, as well as their tone imbalance, take on major importance.

Conclutions. Experimental studies have established that the registered changes in the articular components of the foot of children 7-
14 years old lead to a change in the electromyographic parameters of the muscles of the leg, which are involved in the formation of the
initial sections of myo-fascial kinematic chains.

Key words: foot, electromyography, plantography, children of school age.

AHoTauis

Jannuyk A.T. Bnius Mio-acuiaibHuX KiHeMATHYHHX JAHUIOTIB TOMIJIKH Ha PO3BUTOK IJIOCKOCTONOCTI y AiTeii 7-14 pokis
MeTta po6oTH — BUBUNTH OiOMEXaHI4HI BIACTHBOCTI Mio-(acIialbHOTO KiHEeMaTHYHOTO JIaHIIora “‘crona-rominka’” mireit 7-14 pokis
3 HE(IKCOBAHOIO 1 KIIIHIYHO BHPAKEHOO IIOCKOCTOMICTIO.

Marepian i meroau. Y JOCTIKCHHSIX B3sSUIM y4acTh 14 miTell, 1m0 MaroTh Iuiockoctomicts [-II cTymeHs BaxkkocTi i 6 miTed 3
IUIOCKOBAJIBI'YCHOIO Aedopmaniero ctonu i 20 miTed, y SKUX BUSBICHI TUIBKM (DYHKLIOHANBHI MOpYIIEHHS cTomd. [IpoBemeHO
AQHTPOIIOMETPHYHE CTOITHM, BU3HAYAIN eIEKTPOQi3i0NOTriuHi TOKa3HUKK M’31B TOMIUIKY, aHaTi3yBaiM Iutantorpamu. Pesyastatn. Y
JIOCTIDKEHHI BUSIBICHUI KOPEISLIHHINA B3a€MO3B’ 130K MK TIOKa3HUKAMH aHATOMO-(DYHKIIOHAJIBHOTO CTaHy CTOMNH i AucOaIancoM
YaCTOTHO-aMILUII Ty JHUX ITOKA3HMKIB IICi- 1 KOHTpIIaTepaJbHUX M s3iB B MeXax oJHiel Mio-(ariiatbHOi KIHEeMaTHYHOT JJAHKH, 110 MOXKe
MaTH 3HAuY€HHS SK OAWH 3 (akTOpiB, SKUIl cHpuse PO3BUTKY ILIOCKOcTONOCT. Lle miaTBepmKyeThCs IHITUMH MOKAa3HUKAMH, IO
CBiT4aTh MPO 3HMKEHHSI BUCOTH IO3/I0BXXHBOTO CKJICTIIHHS, 3MEHIICHHSM IIJIECHOBOTO i I’SITKOBOTO KYTiB CKJICMiHHS CTONH. Taki
3MiHH MalOTh SCKPaBO BHPaKEHHH B3a€EMO3B’SI30K 3 BiKOM. Pe3ynmbTaTé poOOTH BKa3yIOTh, IO MOKJIMBOIO NMPHYHHOKO CIUIOIICHHS
CKJICTIIHYACTOTrO arapaTy CTOIM € He TUIBKHM CIa0KicTh i Cyriio00BO-3B’SI3KOBO-M’SI30BOTO amapary, ajie il BHIIEe pO3TalloBaHOTO
KiHEMaTHYHOT'O CETMEHTY — TOMUJIKH. [IpoBeeHnit KOpeNsIiifHII aHalli3 BUSBUB 3AJICKHICTh MiXK TIOKa3HHKaMHU PO3BUTKY aHATOMO-
OioMexaHIYHUX KOMITIOHEHTIB CTOIHU Ta 0COOIMBOCTSIMHU eJeKTpoMiorpadiuHiX MOKA3HUKIB M’sI31B TOMIUIKH y JiTel 7-14 pokiB.
BucHoBku. ExciepiMeHTanbHUMH JTOCTIHKEHHSIMA BCTAHOBIICHO, IO 3aPEECTPOBAHI 3MIHH CYrJIOOOBHX KOMITOHEHTIB CTOIHN JiTeH
7-14 pokiB HPH3BOIATH JO 3MIHM eNeKTpoMiorpadiuHUX MOKa3HMKIB M’s3iB TOMIJKH, SKi NPUHMAIOTh ydacTb y (opmyBaHHI
MMOYaTKOBUX JIUISTHOK Mio-(acuianbHIX KiIHEeMAaTHYHUX JAaHIJIOTIB.

KurouoBi cioBa: croma, enexrpomiorpadis, mianrorpadis, JiTH MIKITEHOTO BiKY.

AHHOTALUA

Jannmyk A.T. Bausinue Muo-pacuuaJibHbIX KHHEMATHYECKUX HeTeli ToJIeHN Ha pa3BHTHE IUIOCKOCTONNS Y aeTeit 7-14 jet
Lean padoTsl — M3y4InTh OMOMEXaHMYECKHE CBOHCTBAa MHO-(acluaTbHON KHHEMAaTHIeCKO! [enu "cToma-ToyeHp" gerei 7-14 ner ¢
HE(PUKCUPOBAHHOW M KIIMHUYECKHU BBIPAKEHHBIM TIOCKOCTOIIUEM.

Marepuan u MeToabl. B uccienoBaHusIX NpuHsuiM ydactue 14 neteid, umetoniux miockocronue I-11 crenenu tsoxectu u 6 aereit ¢
IUIOCKOBAJIBI'YCHOIO fedopmanueid crombl u 20 meTeld, y KOTOPBIX OOHApyKEHBI TOJBKO (YHKIHMOHAIBHBIE HAPYIICHHS CTOIIBL
[IpoBeneHO aHTPONOMETPUYECKOE HCCIIEAOBAHNE CTOIIBL, OMPENCNSUIA AIIEKTPOPH3HOIOTHUECKIE MMOKA3aTeN MBI TOJICHH,
aHAJIM3UPOBANIU IJIAHTOTPAMMBI.

PesyabTaTtel. B uccnegoBannn oOHapy:keHa KOPPEIALMUOHHAS B3aHMMOCBS3b MEXAY IMOKa3aTEeNsIMH aHaTOMO-()yHKIMOHAIEHOTO
COCTOSTHUS CTOTIBI M ICOATTAHCOM YaCTOTHO-aMILUTUTY/IHBIX IIOKa3aTelei UIICH- 1 KOHTPJIATePaIbHBIX MBIIIIL B ITpeZIeiax OJJHOTO 3BEHa
MHO-(panuaTbHONH KHHEMAaTHUSCKON IeMH, MOXET MMETh 3HAUCHHE KaK OJIUH W3 %aKTOpOB, KOTOPBI CHOCOOCTBYET pPa3BUTHIO
IUIOCKOCTONHA. DTO MOATBEPKAACTCS JAPYTUMH TOKa3aTeNsIMH U CBUJETEIBCTBYIOT O CHIDKEHHH BBICOTHI MPOJOJIBFHOTO CBOJIA,
YMEHBIICHHEM IUTIOCHEBOTO W TISITOYHOTO YIJIOB CBOJA CTOMBL. TakWe W3MEHEHWs HMEIOT SPKO BBIPAKCHHYIO B3aUMOCBS3b C
BO3pacTOM. PeSyﬂbTaTbl paGOTbI yKa3bIBalOT, qTo BO3M0)KHOI>’I le/ILlI/IHOP'I yl'lJ'lOLl.leHl/Ifl CBOZYATOro anmapara CTOIIbI ABJIACTCA HE TOJIBKO
C1aboCTh €€ CYCTaBHO-CBS30YHO-MBIIICYHOTO amiapara, HO W BBINIE PACIOJIIOKEHHOTO KHHEMAaTHYECKOTO CETMEHTa - TOJICHH.
[IpoBeneHHBI KOPPENSAIMOHHBIA aHAM3 BBISIBIJI 3aBHCHMOCTh MEXKIY IIOKa3aTesIMH Pa3BHTHS aHATOMO-OMOMEXaHUYECKHIX
KOMIIOHEHTOB CTOIIBI M OCOOCHHOCTSMH 3JIEKTPOMHUOTpadhUuecKuX IMoKa3aTeneil MBI FOJIeHH Y JeTeid 7-14 ner.

BbiBoabI. DKCIIEpUMEHTAIBHBIMU UCCICAOBAHUSAMHI YCTaHOBJIEHO, YTO 3apETHCTPUPOBAHHBIC H3MEHEHHUS! CYCTABHBIX KOMITOHEHTOB
CTOMBI IeTel 7-14 et mpUBOIST K N3MEHEHHIO AIIEKTPOMUOTPadUUECKUX TTOKa3aTeIei MBIIII] T'OJeHH, KOTOPbIE MPUHUMAIOT y4acTHe
B (hopMHpOBaHMN HaYaJbHBIX YYaCTKOB MHO-(DaCIIHaTbHBIX KHHEMAaTHYECKHX LIeTIeH.

KiwoueBsble cji0Ba: cTomna, dJIeKTpoMHOTpadus, TianTorpadus, AeTH MIKOJIEHOTO BO3pacTa.
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Introduction

The first place among the pathologies of
the lower extremities in children is occupied not by
the flat foot itself, but by various functional
disorders of the foot, the frequency of which,
according to a number of authors [1, 2], ranges
from 35.1 to 63.8%. Many researchers have found
that non-fixed foot disorders or mobile flat feet
over time can lead to serious changes throughout
the body and cause flat feet and flat feet, as a
separate nosological unit [3].

First of all, flat feet and flat-footed foot are
characterized by pronounced deformation of the
foot, which is manifested in a decrease in the height
of the longitudinal arch, combined with pronation
of the heel and supination contracture of the
anterior foot [4]. Violations of the support-
depreciation function of the foot in children 7-12,
it is very difficult to detect because these changes
are hidden and do not cause pain for some time. At
the same time, a slight aching or mild character
remains only a subjective feature, which is often
left unattended by parents [5].

One of the reasons for the flattening of the
longitudinal arch of the foot is the weakness of the
musculoskeletal system, not only the foot itself, but
also the muscles of the shin [6]. Together, they
form the first link in the so-called myo-fascial
kinematic chains (IFLC). The theory of their
existence and decisive role in the biomechanics of
the human body has recently become widespread
relevance and is the subject of much attention,
especially in the preparation of physical therapists

[7].

Experimental studies [8] found that in
violation of the vaulted apparatus of the foot in
parallel there is a decrease in the depreciation
properties of the lower extremity and impaired
spinal function of the spine. This is due to the
biomechanical features of the foot-spine kinematic
pair, as one of the three existing elastic segments
of the human body (the third element is myo-
fascial kinematic chains [7]). Each of them
provides mechanical shock absorption in at least
two mutually perpendicular planes [9]. The
importance of correct and consistent, in space and
time, the functioning of these three elements of the
musculoskeletal system is difficult to overestimate,
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since the violation of at least one of them on the
one hand causes a direct proportional exhaustion of
the reserve capacity of the other two, and on the
other - is the cause of pathology above and below
the kinematic links of the human body. Therefore,
it is very important to study the first components of
the myo-fascial kinematic chains (in our case, these
are the tibia muscles), the development of which
will largely depend on the condition of the vaulted
foot apparatus [8].

The above was the basis for an in-depth
study of the biomechanical properties of the
skeletal muscles of the tibia of children of all ages
who have I-Il degree of flat feet or flat-mouth
deformity of the foot compared with children who
have only found functional changes in the foot,
which are located in SA.

The aim of the study is to study the
biomechanical properties of myo-fascial kinematic
chain of the foot-tibia of children 7-14 years with
unfixed and clinically pronounced flat feet.

Material and methods

The analysis and theoretical generalization
of the specialized scientific literature, pedagogical
observation, anthropometry [10],
electromyography, video computer foot analysis,
statistical data processing (“Statistics 6”) have
been carried out.

Electromigraphy was performed using the
Neuro-EMG-Micro computer-based
electromyrographic complex manufactured by
Neurosoft (Russia). The muscles involved in the
lateral (long tibia) and dorsal (posterior tibia) of the
myo-fascial kinematic chains of the right and left
tibia were examined.

Video-computer analysis was performed
with the help of the system for determining the
functional state of the locomotor system “DIERS
FAMUS” (Germany), which allowed to perform
guantitative analysis of the planograms of the foot
in static position and dynamic load during walking
(Fig. 1). The study involved 14 children with flat
feet I-1l severity and 6 children with flat-foot
deformity of the foot (experimental group 1) and
20 children with functional disorders of the foot
(experimental group 2).
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Fig. 1. General view of the computer planogram analysis page in static (a) and dynamic (b) planograms using
DIERS FAMUS (Germany)

All children are engaged in the Taekwon-to-  due to the peculiarities of bone junction and the
Ivano-Frankivsk section for 2-7 years. In the images  ligamentous apparatus of the foot).
of the foot in different planes, using the ImageJ

program (USA), in addition to the linear dimensions, Results
the angular characteristics of the CAC were
measured: the mold angle o (characterizing the As a result of comparative examination, it

spring properties of the foot associated with the  was found that the children of the first experimental
retention of the active components of the muscles)  group had statistically significant differences (p
and the heel angle B ( characterizes the spring  <0.05) in height of the vaulted apparatus of the foot
properties associated with the passive components,  (Fig. 1).
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Fig. 1. The height of the longitudinal arch of the foot in children with fixed flat feet and flat feet of the I-11
degree at the age of 7-14 years:
EG-1 is experimental group 1
EG-2 is experimental group 2
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The analysis of the results showed that the
decrease in the musculoskeletal properties of the feet
of schoolchildren is accompanied by a decrease in the
performance of the motor units of the muscles under
study according to electromigraphy. Against this
background, the asymmetry of muscle tone, which
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belongs to one myo-fascial kinematic chain, is
revealed. This was reflected in the higher values of
the frequency-amplitude characteristics of the action
potentials of the motor units of the long tibial muscle
and the decrease in the electromigraphic indices of
the posterior tibial muscle (Fig. 2).
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Fig. 2. Qualitative (1) and quantitative (2, 3) electromyographic indexes of the long tibial muscle (A) and
posterior tibial muscle (B) in a 10-year-old child with flat-footed I-11 severity
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Significant differences were observed when
comparing the angular characteristics of the foot. In
all children, experimental group-1 mean mold angle

30 4

was 1.1-1.5 ° less than in experimental group 2 (Fig.
3).
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Fig. 3. The magnitude of the angle o (a) and the angle B (b) in children with unfixed flat feet (EG-2) and flat

feet I-11 severity (EG-1), depending on age:
EG-1 is experimental group 1
EG-2 is experimental group 2

Changing the height of the vaulting device of
the foot as the age of children in both groups, as a
rule, is accompanied by a significant increase in the
tone of the long tibial muscle by an average of 4.0%
and the anterior tibial muscle - by 6.8% per year,
which is manifested first of all, by increasing the
amplitude of the action potential of the motor unit
(Fig. 3). The dynamics of change in tone of the
studied muscles of the lower extremities is wavy. The
greatest increase in the tone of the muscles under
investigation is from 7 to 8 years and from 10 to 12
years.
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As a result of correlation analysis it is
established that the index of the height of the arch of
the foot has a certain relationship with the linear
dimensions of the foot itself and the geometry of its
articular formations: the length of the foot (r = 0,58,
p <0,05), the length of the supporting part of the arch
of the foot (r = 0.56, p <0.05), the height of the arch
of the foot (r = 0.75, p <0.05), the height of the rise
of the foot (r = 0.83, p <0.05), as well as the value of
the metatarsus (r = 0.80, p <0.05) and heel (r = 0.84,
p <0.05) angles.
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Discussion not so much by tendons and ligaments, but by the

Features of biomechanics of the foot, which
is the most important link in the general myo-fascial
kinematic chains, largely determine the
biomechanics of movements of the lower
extremities, spine and human body as a whole [11,
12, 13].

One of the main features of this fairly
sophisticated design is that the cushioning ability of
the foot, contrary to popular belief, is determined
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15 -

10 1

tone of the anterior tibial and long tibia cu

5

dynamic performance of a large group of foot and
leg muscles [3, 14, 15] . However, according to
many authors [5, 16, 17], the most effective
correction of flatfoot is possible only at the age of
12 years, since by this age the vaulted apparatus of
the foot is finally formed. Therefore, in our study,
we chose the age range of children under 14 to test
the effectiveness of physical therapy after 12 years
and to identify or deny their effectiveness at that

age.
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Fig. 4. Indices of anterior tibial and long tibial muscle tone of children 7-14 years: A - children with flat-foot

deformity of the foot; B - children with not fixed flat feet:
EG-1 is experimental group 1
EG-2 is experimental group 2

To date, the causes and mechanisms of
development (etiopathogenesis) of flat foot and flat
foot in children have not been sufficiently studied
[2]. There are many theories about the occurrence of
this pathology, each of which has the right to exist.
However, the only theoretical basis characterizing
these stato-dynamic disturbances has not yet been
formed [11, 18, 19].
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Therefore, we propose our own vision of this
problem, which is based on a theoretical and practical
basis on the unity of anatomic-biomechanical factors,
which is clearly presented in the theory of myo-
fascial kinematic chains. According to this theory [7,
20, 21], all groups of the leg muscles and their own
muscles of the foot are involved in the formation and
retention of the vaulted apparatus of the foot [2].
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Together they represent the first link of myo-fascial
kinematic chains. Prevents valgus (deviation of the
foot outward) deformation of the foot, mainly the
posterior group of the leg muscles. Conversely, the
lateral group of the tibiae muscle raises the lateral
edge of the foot (pronation), while participating in
the formation of flat-valvular (combination of valgus
and flatfoot) deformity of the foot [4]. Therefore, in
our work we investigated the EMG activity of the
muscles of these two groups. The revealed
asymmetry of the amplitude-frequency
characteristics of these muscles in DG-1 children
confirms the opinion of some authors [1, 3, 6], about
the significant role of the initial links of IFLC in the
formation of the correct SAS. On the other hand, he
argues that the lag in their development (primarily
power characteristics) against the background of the
tonic imbalance of these muscle groups plays the
function of a trigger factor for the development of flat
foot and flat-foot deformity of the foot. This
approach will allow you to review the views on the
treatment and prevention regimens of such foot
defects and to apply non-traditional physical
exercises for the development of power, while
restoring the symmetry of muscle tone in the ipsi and
contralateral structures of one myo-fascial kinematic
chain. Such exercises can be a training complex and
taekwon-do, which  has  movements that
simultaneously develop the flexibility, coordination
and strength of the muscles of the lower extremity.

The quantitative changes we found in the
anthropometric parameters of the vaulted apparatus
of the foot indicate a significant difference,
especially in relation to the height of the arch and its
angular characteristics, between children with severe
pathology and functional disorders of the foot.
Therefore, they should be used to monitor the
effectiveness of physical therapy, as they objectively
reflect the real condition of the osteoarticular
component of the vault of the foot.

In addition, we also found age dependence
between changes in various indicators, indicating a
greater sensitivity of the vaulting device of the foot
in 7-8 years, compared with older age. This is
probably due to the fact that, at a younger school age,
his reserve capacity is determined more by a ligament
than by a muscular element [2, 6]. Then, as the latter
naturally develops at an older age. It is this pattern

that explains the presence of a large group of
surveyed children with functional disorders of the
foot and substantiates the need for early development
of reserve capabilities to prevent the development of
flat feet.

Conclusions

1. The analysis of the scientific literature
shows that with age, the percentage of cases of
violation of the vaulting apparatus of the foot of
different types decreases: from 53.7 to 72.9% - in
boys 7-9 years, from 46.2 to 59.1% - in 10-12 years
and from 40,1 to 55,3% - 13-14 years. The possible
reason for flattening of the foot vault is not only the
weakness of its articular-ligamentous-muscular
apparatus, but also the tibia above the kinematic
segment.

2. The correlation analysis revealed a
correlation between the development of the
anatomic-biomechanical components of the foot and
the features of the electromyographic parameters of
the tibia muscles in children 7-14 years. As a result
of a comprehensive study it was found that during
this period of ontogeny in the formation of flatness
of the leading value such electromyographic
parameters as the frequency-amplitude
characteristics of the action potentials of the motor
units of the long tibial (r = 0.87, p <0.05) and
posterior tibial (r = 0.81, p <0.05), as well as
imbalance in their tone.

3. Experimental studies have found that
recorded changes in the joint components of the foot
of children 7-14 years lead to changes in the
electromyographic parameters of the tibia muscles,
which are involved in the formation of the initial
sections of the myo-fascial kinematic chains.

The prospects of further research should be
directed to the study of other problems of the
influence of myo-fascial kinematic chains on the
biomechanical properties of the foot and their role in
forming conditions for the development of flat feet
and other deformities of the foot.
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Identify patterns of individual dynamics of competitive performance of
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Abstract

The aim of the work wos to develop an algorithm and determine the patterns of the individual dynamics of the competitive performance
of qualified basketball players.

Material and methods. The study involved the players of the main composition of the men's basketball team of Ukraine. It was
analyzed 12 games of the national team of Ukraine in games with equal rivals - teams of other countries. The research was conducted
from June 2018 to September 2018. Technical logging of games, which was carried out using a modified formula of Yu.M. Portnov.
Mathematical modeling was used to describe the patterns of individual dynamics of competitive performance using sinusoidal
regression models.

Results. The process of changing competitive performance should be considered in terms of oscillatory processes. The most acceptable
function to describe this pattern is the sinusoidal function. The regression model of the individual dynamics of the effectiveness of
competitive activity of the players of the Ukrainian basketball national team obeys a sinusoidal relationship, which is described by the
sinusoidal regression equation.

Conclusions. The data obtained may be useful for predicting the individual game performance of athletes, determining the individual
characteristics of players and adjusting training programs.

Keywords: basketball; dynamics; game; effectiveness; function; sinewave; individualization

AHoTalis

Kozina %K.JI., I'ymun C.A., Cadpponos /I.B., Xpanos C.b., Bacuiabes FO.K. BusiBjiennsi 3akonomipHocreii inauBinyaabHoi
JUHAMIKH 3MarajibHOi pe3y/JbTATHBHOCTI CHOPTCMEHIB SIK OCHOBAa /ISl NPOTrHO3YBAHHSI pe3yJbTaTiB (Ha NpHKJIagi
KBastidikoBaHux 6ackeTdoJIicTiB)

Meta po6oTH - PO3pOOUTH aNrOPUTM 1 BU3HAYUTH 3aKOHOMIPHOCTI IHIVBITyaJbHOI AWHAMIKM 3MarajbHOi pe3yIbTaTHBHOCTI
KkBaJipiKoBaHHX OacKeTOOIICTIB.

Marepiana i MeToau. Y I0CHiKEHHI B3sUIM y4acTh IPaBLi OCHOBHOT'O CKJIAJy MOJIOJDKHOI 40JIoBidOi 30ipHOT KOMaHAN YKpaiHu 3
Oackerbomy. Byno mpoanamnizoano 12 irop 36ipHOi KOMaHIM YKpaiHH B irpax 3 piBHUMH CYIIEpHUKaMH - 30ipHIMH KOMaHIaMH 1HIITHUX
kpain. JlocimipkeHHs npoBoamiocs B nepiof 3 uepBHa 2018 poky mo Bepecens 2018 poky. TexHiuHe MPOTOKOIIOBAaHHS irop, ske
mpoBoJmiocs 3a MonaudikoBaHo Qopmyinoro KO.M. IloptHOBa. 3acTocoByBajocs MaTeMaTHYHE MOJECIIOBAHHS UL OIHCY
3aKOHOMIPHOCTEH 1HIMBIAyaIbHOI INHAMIKN 3MaraibHOI pe3yJbTaTHBHOCTI 3a JTOTIOMOTOI0 CHHYCOINAIbHUX PETrpeciiHuX MOJIEIeH.
PesyabTaTn. [Ipomec 3MiHN 3MaranbHOI pe3yabTaTHBHOCTI TOUIIBHO PO3TILIATH 3 TOYKH 30py KOJMHMBAJIBHUX TporeciB. Haioimpm
MPUHHATHOIO (YHKIIEIO JUTS OMKCY AaHOT 3aKOHOMIPHOCTI € cuHycoinaibHa (yHKIis. PerpeciitHa Moaenpb iHIUBIAyaabHOI AUHAMIKH
e(eKTHBHOCTI 3MarajbHOI MisJIBHOCTI TpaBOiB 30ipHOI KOMaHIM YKpaiHH 3 06ackeTOOMy MiAMOPSAIKOBYETHCS CHHYCOiTaTbHOT
3aJIeKHOCTI, SIKa OIUCYETHCS CIHYCOINAIBHAM PIBHSHHSM perpecii.

BucHoBku. OtpuMaHi aHi MOXYTbh OyTH KOPHCHI U MPOTHO3YBAaHHS 1HIWBINyaJdbHOI irpOBOI PE3yNBTATUBHOCTI CHOPTCMEHIB,
BU3HAYCHHS IHAMBITyaTbHUX 0COOIMBOCTEH IPaBIliB | KOPEKTYBaHHS TPEHYBAJIBHUX MPOTPaM.

Kwouosi cioBa: 6acker0om; muHaMIKA; Tpa; pe3yIbTaTHBHICTD; (YHKIIIS, CHHYCOia; IHANBITyaTi3arisa

AHHOTALUA

Ko3zuna %K.JIL., l'ymun C.A., Capponon J.B., Xpanos C.b., BacuaseB I0.K. BoisiBiieHne 3aKoHOMepHOCTel MHANBUAYATbHOI
AWHAMHKH COPEBHOBATeJILHOH pPe3yIbTATHBHOCTH CIIOPTCMEHOB KaK OCHOBAa /ISl NMPOTHO3HPOBAHHMA pPe3yabTATOB (Ha
npuMepe KBATH(GUIUPOBAHHBIX 0aCKETGOJIHCTOB)

Hens padorbl — pa3paboTaTe AITOPHUTM M ONPENCITHTh 3aKOHOMEPHOCTH WHAMBHAYATbHOH IWHAMHKH COPEBHOBATEIHHOM
Pe3yIbTaTHBHOCTH KBATU(HIIMPOBAHHBIX 0aCKETOOINCTOB.

Matepuan u MeToasl. B miccie[oBaHNN NIPUHSIINA Y9aCTHE HTPOKH OCHOBHOTO COCTaBa MOJIOJEKHON MYXKCKOH cOOpHOW KOMaHIBI
VYxpaunsl o Gacker6ony. beuto mpoananmmsupoBano 12 urp cO0opHOH KOMaHABl YKpawHBI B HIpax ¢ PaBHBIMH CONEPHUKAMH -
cOOpHBIMH KOMaHIaMHU APYTHX cTpaH. MccnenoBanus mpoBoAMIOCH B iepro ¢ uroHs 2018 rona mo cents1i6ps 2018 roga. Texamueckoe
IPOTOKOJMPOBAHHE UTP, KOTOPOE MPOBOIUIOCH 110 MoAuduipoBanHoi popmyne F0.M. [ToptHoBa. [IprMeHsIIOCH MaTeMaTHYECKOS
MOZENMPOBAaHNE ISl ONMCAHMS 3aKOHOMEPHOCTeH MHAUBHIYaJbHON NUHAMHUKH COPEBHOBATENHHOHN Pe3yIbTaTUBHOCTH C IOMOIIBIO
CHHYCOHUJIAJIbHBIX PErPECCUOHHBIX MOJIETIEH.

PesyasTathl. IIpomecc W3MeHEHHs COPEBHOBATENLHOW pE3yJIbTaTHBHOCTH I[€J€CO00pa3sHO pPacCMAaTpUBATh C TOYKH 3PEHHS
KoJiebaTebHBIX mporeccoB. Hanbosee npuemineMoit GyHKINEH 1UIsl OMHCAHUs TaHHON 3aKOHOMEPHOCTH SIBISICTCS] CHHYCOMAAIbHAsI
¢byHnkuus. PerpeccrnonHas Moienb HHANBUYAIbHOW THHAMUKH 3P ()EKTHBHOCTH COPEBHOBATENBHON NEATEIFHOCTH HIPOKOB COOPHOIT
KOMaH/1bI praHHbI no 6a01<eT60ny MOAYUHACTCA CHHyCOM}laJ’[LHOi’I 3aBUCHUMOCTH, KOTOpas OIIUCBHIBACTCA CHHYCOWJAAJIbHBIM
YPaBHEHHEM PeTpeccuu

BeiBoabl. [lonydeHHbIe daHHBIE MOTYT OBITH MOJIE3HBI JJIS NPOTHO3UPOBAHUS HHAWBHIYaJbHOW HIPOBOIl pe3ylbTaTHBHOCTH
CIIOPTCMEHOB, OTPE/IeIeHNs] HHANBHAYaTbHBIX 0COOCHHOCTEH NTPOKOB M KOPPEKTUPOBKU TPEHUPOBOUHBIX IIPOTPaMM.

KiioueBble ciioBa: 6ackeT0011; TUHAMHUKA; UTPa; Pe3yJIbTaTHBHOCTD; (DYHKIIMS; CHHYCOW/IA; NHIUBUIYaTH3aIHsI

© Kozina Zh.L., Gushchin S.A., Safronov D.V,,
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Introduction

“To foresee is to control” [1], - Pascal's
aphorism applies to all controlled systems, including
the process of sports training. Foresight involves
making forecasts and adjusting training programs
according to the results obtained, since the prediction
of the future is a chance to change it, it is “the choice
of those who want to win time” [1], i.e. rise to a
higher level in any kind of activity. It is not by chance
that, as long as humankind exists, so much does
people have a passionate desire to look into the
future. Existed and there are a huge number of
predictors and ways to predict the future [2, 3]. There
are also scientific methods of forecasting, the
algorithms of which are applicable to many types of
human activity, including the process of sports
training [4, 5].

Forecasting is an integral part of managing
any process, including the process of preparing
athletes, since the goal in sports is to overcome one’s
own limitations, raising one’s functional state to a
new level.

What is needed to make high-quality
forecasts? Turn to the classics to answer this
question. For example, Belinsky [1] wrote: “Without
knowing the past, it is impossible to understand the
present and it is impossible to foresee the future”,
thereby emphasizing the need for a detailed analysis
of current events in order to manage any process in
the present and in the future. This statement
coincides with the opinion of Gurdjieff [1]: “If a
person has thoroughly studied what happened
yesterday, the day before yesterday, a week, a year,
ten years ago, he will be able to accurately say what
will happen and what will not happen tomorrow.”

It should be noted that the methods of
scientific forecasting are closely intersected with the
statements of the classics of culture. For compiling
scientific forecasts in economics and sociology,
many authors [2, 3] recommend the following
algorithm: 1. Collect data on similar events in the
past. 2. Search for patterns in the events that have
occurred. 3. Extrapolation of the obtained laws to the
future and making forecasts. 4. Preparation of
recommendations to adjust the alleged events.

The basis of sports forecasts is also the
analysis of patterns of similar events of the past,
therefore, in order to predict an individual
competitive performance of an athlete, it is necessary
to find patterns of the dynamics of his competitive
performance in the past.

In this regard, the definition of patterns of
individual dynamics of competitive performance will
allow you to optimize the training process through
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the regulation of the level of load and recovery
activities according to the obtained laws.

The aim of the work is to develop an
algorithm and determine the patterns of the
individual dynamics of the competitive performance
of qualified basketball players.

Material and methods

Participants

The study involved the players of the main
composition of the men's basketball team of Ukraine.
It was analyzed 12 games of the national team of
Ukraine in games with equal rivals - teams of other
countries.

Research organization

The research was conducted from June 2018
to September 2018. Technical logging of games,
which was carried out using a modified formula of
Portnov [6]. Mathematical modeling was used to
describe the patterns of individual dynamics of
competitive performance using sinusoidal regression
models.

Statistical analysis

To describe the patterns of individual
dynamics of competitive performance was applied
sinusoidal regression analysis.

The use of a regression sinusoidal model is
effective in practical work, since it allows you, quite
quickly, using only data from technical reports, to
predict the time of "ups" and "recessions" of
individual game performance. This helps to adjust
training programs, for example, by reducing the level
of physical exertion before the expected “recession”
or paying more attention to the means of recovery.

The main indicator in the sinusoidal formula
for practical work is the period of oscillation.
Knowing the period of individual fluctuations of the
athlete's functional state, which determines the game
performance, the coach can foresee the “ups and
downs” of the competitive performance of each

player.

Results

Theoretical substantiation of the sinusoidal
model of individual dynamics of competitive
performance. From the classical theory of sports [7,
8, 9] it is known that the development of sports form
is carried out in waves, with certain limited periods
of linear development. For practical work and
prediction of results over short time intervals, linear
regression models are used [10, 11, 12]. However, it
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is already difficult to describe the longer periods of
development of sports by the linear regression
equation, for this it is necessary to apply other
functional patterns.

One of such functional patterns is oscillatory
processes [13, 14]. According to physical laws,
oscillations are motions or processes that have one or
another frequency in time. For living systems,
harmonic oscillations are most characteristic, in
which the oscillating quantity x varies with time
according to the law of sine or cosine (Fig. 1):
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x(t)= A Cos(wt + 0(,),
1)
or
x(t) = A-Sin{wt + o),
)

where:

A - the amplitude;

o - the circular frequency;
a - the initial phase;

(ot + o) - phase.

Fig. 1. Graph of harmonic oscillations in living systems [14]

Oscillatory processes occurring in nature,
determine the biological time. In nature, there are
countless various oscillatory processes. There are
oscillatory processes that occur at the cell level, the
time of which is measured from 0.5 minutes to an
hour.

There are oscillatory processes that occur at
the level of individual body systems. For example,
heartbeat, breathing, changing phases of sleep and
wakefulness, fluctuations in body temperature
(higher in the day), muscle function of the intestines,
metabolic rate, degree of activity and speed of
reactions, mood, etc. Even the size of the cells
themselves have different periods of oscillation.

Part of this kind of oscillatory processes has
a circadian (near-day) cycle. Another part of the
processes occurring at the level of individual systems
has cycles corresponding to the change of the phases
of the moon. These are either lunar-monthly cycles
equal to about 29.5 Earth days, or lunar-diurnal
cycles equal to lunar days (approximately 24.8 Earth
hours). There are also fluctuations with a frequency
equal to the cycles of sea tides (24.8 or 12.4 hours).
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There are oscillatory processes with an annual cycle
of functional activity of the organs [14].

Oscillatory processes occurring in nature are
the main condition for the preservation of life on
Earth, and the existence of biological time is a tough
necessity: outside of its own biological time, all life
could neither exist nor reproduce [14].

In this regard, the process of changing
competitive performance, which is one of the aspects
of biological processes, it is advisable to consider in
terms of oscillatory processes. Therefore, if we
consider the dynamics of competitive performance of
athletes, then the most acceptable function to
describe this pattern is a function that reflects
harmonious oscillatory processes, i.e. - sinusoidal.

Sinusoidal models of individual dynamics of
competitive performance. As shown by our
experimental studies [11, 12, 13, 15], the most
adequate model for describing the individual
characteristics of the dynamics of competitive
performance is the sinusoidal function, since the
changes in these indicators are harmonious, i.e. are
described by sinusoidal functions with a period of
25-30 days for women and 33-37 days for men and
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have a significant correlation (r =0.53-0.71, p <0.05)
with the values of the emotional biological rhythm
for women and intellectual biorhythm in men
[eleven]. The use of these patterns in the training
process had a positive impact on the performance of
individual competitive performance and functional
state of athletes [11].

The use of a regression sinusoidal model is
effective in practical work, since it allows you, quite
quickly, using only data from technical reports, to
predict the time of "ups" and "recessions” of
individual game performance. This helps to adjust
training programs, for example, by reducing the level
of physical exertion before the expected “recession”
or paying more attention to the means of recovery.

The main indicator in the sinusoidal formula
for practical work is the period of oscillation.
Knowing the period of individual fluctuations of the
athlete's functional state, which determines the game
performance, the coach can foresee the “ups and
downs” of the competitive performance of each
player.

In our previous works [11, 12, 13], we
performed identification of sinusoidal regression
coefficients using the MathCAD program, however,
for practical work of a trainer, work in the MathCAD
program is not always available, therefore we applied
the sinusoidal regression building algorithm in the
ECXEL program , Which is described in detail in
[12, 13, 15].

It should be noted that the identification of
patterns of individual competitive performance is
appropriate only for qualified athletes, since the
higher the level of qualification, the more ordered is
the pattern of changes in individual competitive
performance.

For example, we want to know whether any
individual patterns are subject to the individual
dynamics of the competitive performance of the
players of the Ukrainian national team. To do this,
you can use the data of the technical reports on games
with the main rivals of the Ukrainian team for a
certain period of time (the minimum period is 3-4
months). Modern technical reports in teams of the
highest league, super league and national teams of
the country are usually compiled using computer
programs, which facilitates data processing [16].

To determine the individual patterns of the
dynamics of competitive performance, we
recommend using such an indicator as “the sum of
positive points in the game”, which most accurately
reflects the level of the player’s “positive”
contribution to the result of the meeting. You can also
use any other indicator, the most significant for a
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particular player, for example, the indicator of the
total number of points brought by the player, or the
number of rebounds.

In our case, we analyzed the dynamics of the
index of individual game performance of individual
players of the Ukrainian team in 12 games during the
3 months of 2018 (June-August). As a result of the
analysis of the obtained sinusoidal model, it was
revealed that the regression model of the individual
dynamics of the effectiveness of competitive activity
of the players is subject to sinusoidal dependence.
For example, for player 1, this pattern is described by
the regression equation (Fig. 2):

S+=12+11sin((2r/28)(T-2T7)),
@)
where:
S+ - the number of "positive"” points;
T — time interval, that is, the day in a row
from the first game to be analyzed.

Coefficient 12 means the average
performance of the player, the coefficient 11 means
the amplitude of the game performance fluctuations
of the athlete, factor 28 - the period of the game
performance fluctuations of player 1, coefficient 27 -
the value of the period at the time of the first game
being analyzed.

For the practical work of the coach, the most
important is the indicator of the fluctuation period of
the game performance of each player. In this case, the
oscillation period of the game performance of a
basketball player is 28 days. This means that if this
athlete has a pronounced rise in game performance
for a certain period of time, a similar rise can be
expected after about 28 days, and after 14 days we
can expect a relative decline in the player's functional
state. By reducing the load before the expected
“recession” or using adequate means of restoring
performance, it is possible to significantly reduce the
“recession” and increase the “rise” [11, 15]. In our
case, player 1 should have had a “boost” of
competitive performance (or functional state) 28
days after the last “lift” according to a sinusoidal
function, i.e. 3.09.2018, 1.10.2018, which is
confirmed by the results of its competitive activity.
At more remote intervals, the forecast may not work
due to the large number of influencing factors. You
can check the results of the forecast by analyzing the
game performance (or functional state) of the athlete
at these intervals of the time [11, 15].
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Fig. 2. Dynamics of individual game performance of a basketball player of the Ukrainian team (player 1)

Consider the patterns of individual dynamics
of the competitive performance of another player of
the Ukrainian team, player 2. The regression model
of the individual dynamics of the competitive activity

10 7

S+c.u.. Player?2

of this athlete is also subject to a sinusoidal
relationship (Fig. 2), which is described by the
regression equation
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—+— sinusoidal function: S+ = 5+4sin((2n/32)(T-24))

Fig. 3. Dynamics of individual game performance of a basketball player of the Ukrainian team (player 2)

S+=5+4sin((2n/32)(T-24)),  (3)
where:
S+ - the number of "positive" points;
T —time interval, that is, the day in a row from
the first game to be analyzed.

Coefficient 5 means arithmetic average value
of the game performance of this player, coefficient 4
means the amplitude of the game performance
fluctuations of the athlete, coefficient 32 - the period
of fluctuations of the game performance of the athlete

2, coefficient 24 - the value of the period at the time
of the first analyzed game.

The period of fluctuations in the game
performance of a basketball player 2 is 32 days.
Extrapolating the data obtained, we find that player 1
had to have a “rise” of competitive performance (or
functional state) 32 days after the last “lift” according
to a sinusoidal function, i.e. 09/06/2018, 10/8/2018,
which is also confirmed by the results of his
competitive activities in this period.
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Based on the obtained results and literature
data[2, 3, 4], it is possible to determine the individual
characteristics of the analyzed players and,
accordingly, of similar types of players.

For example, for an athlete, 1 period of
fluctuations in game performance is 28 days. Based
on the literature data on the psycho-physiological
features of people with different biorhythm periods
[17, 18, 19], it can be concluded that this athlete’s
general condition, and, consequently, his competitive
performance, depends on the physical biorhythm [20,
21, 22]. As shown by our previous studies [15], for
many qualified basketball players, the dynamics of
game performance is determined by the
psychological state, but player 1 is distinguished by
the fact that its game performance determines
precisely the physical state. The decisions that a
player makes on the court and in life are also
determined by his physical condition. In this regard,
it is logical to conclude that for this player the best
means of recovery will be massage, including -
vibratory massage, sauna. As a means of recovery for
player 1 can also be used funds from other sports and
activities, such as fast dancing, such as Hispanic,
downhill skiing, which, however, requires caution.
Athlete 1 may have a tendency to hypertension,
therefore, due attention must also be paid to natural
relaxation means, such as medicinal plants, such as
peppermint (Méntha piperita), coltsfoot (Tussilago),
and oak (Quércus robur), yarrow (Achilléa
millefolium), blood-red hawthorn  (Crataégus
sanguinea), heart-leaved linden (7ilia corddta), etc.
[26, 27].

Player 2 has a period of fluctuations in game
performance of 32 days. Based on the literature data
on the psycho-physiological features of people with
different biorhythm periods [23, 24, 25], it can be
concluded that this athlete’s general condition, and,
consequently, his competitive performance, depends
on the psychological state, on his inner world. The
obtained data are in line with our previous studies
[15], which showed that in qualified basketball
players, the game performance correlates with the
values of the intellectual biological rhythm. In this
regard, this player first needs to understand the
meaning of the proposed exercises, “play” in the
mind various technical and tactical actions. For
player 2, independent installations for activating
recovery  processes and increasing mutual
understanding with partners and coaches are also
very effective. In addition, for player 2, being in a
nature zone is useful. This player is suitable as a
means of recovery for calm music, such as “relax” or
“trance” with video accompaniment. Of all other

think is suitable: other sports games, martial arts. As
a medicinal plant, it is possible to use toning and
strengthening the nervous system to increase and
restore working capacity: Ginseng (Pdnax),
Cornflower  (Centauréa  jacéa), — Chamomile
(Matricaria chamomilla), Origanum Orientanum
(Origanum vulgdre), British Devilsil (Pentanéma
britannicum), Inula hirta (fnula), Calamus (Acorus
calamus), and others [26, 27].

Conclusions

1. The process of changing competitive
performance should be considered from the point of
view of oscillatory processes. The most acceptable
function to describe this pattern is the sinusoidal
function.

2. The regression model of the individual
dynamics of the effectiveness of competitive activity
of the players of the Ukrainian basketball national
team obeys a sinusoidal dependence, which is
described by the regression equation S +=a+bsin((2r/
1) (T=C)),, where S + is the number of “positive” points,
T is the time interval, that is, the day in a row from
the first game being analyzed, the coefficient a means
the average value of the game performance of a given
player, the coefficient b means the amplitude of
fluctuations of the game performance of an athlete,
the coefficient t is the period k oscillations gaming
performance athlete coefficient ¢ - meaning a period
of time of the first analyzed games.

3. The use of a regression sinusoidal model
is effective in practical work, as it allows quite
quickly, using only the data from technical reports,
to predict the time of “rises” and “recessions” of
individual game performance, which helps to adjust
training programs and determine some psycho-
physiological individual characteristics of players.
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Comparative characteristics of anthropometric indicators, level of
physical and technical readiness of young players of 12 and 15 years of
different playing fields
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Abstract

Purpose: To develop model characteristics of physical and technical fitness of players of 12 and 15 years of different playing roles.
Material and methods. The study was attended by football players of 12 and 15 years of sport school "Areal" Kharkiv, in which the
developed technologies were applied in the educational process. In total, 23 forvards, 28 midfielders, 30 defenders and 15 goalkeepers
were invited for the survey. Indicators of the running time of segments of 15 m from the course, 30 m from the course and 60 m from
the course were determined; shuttle running time 5 to 20 m. Determined the length and weight of the body; Heart rate at rest and
heart rate after a shuttle run. From the technical readiness indicators were determined: the time of holding the soccer ball on the foot;
juggling, that is, the number of shots of the ball with the foot without losing the ball; time to run a soccer ball on a mission; goal kicks
for accuracy; strikes the ball at flight range.

Results. Young players of 12 and 15 years of different game specializations differ in terms of physical and technical fitness. The largest
number of significant differences were found in the technical readiness of football players for 15 years. Field players at speed
capabilities are significantly superior to goalkeepers. Goalkeepers, on the contrary, have lower running speeds. The level of speed
endurance is relatively high for defenders and midfielders, as opposed to goalkeepers. The obtained data allowed us to build models
of physical development, physical and technical readiness of players of 12 and 15 years of different playing fields, on the basis of which
training programs for representatives of different playing roles can be developed.

Conclusions. The data obtained indicate the need for a differentiated approach in the training process of young football players, taking
into account their playing role. The differentiated approach is more relevant at the age of 15 compared to the age of 12.

Keywords: football; game play; physical fitness; technical readiness; anthropometric indicators

AHoTaLja

Kosina ¥.J1., Jlimanc A., MapiHo 10., Kpys X., Fonenkos A.A., [lybuu B.B. TOpiBHANILHA XaPAKTEPUCTUAKA aHTPONOMETPUYHNX NOKA3HWKIB,
piBHA ¢I3M‘-IHOI Ta TeXHIYHOT NiAFOTOBAEHOCTI IOHWX ¢yT60n|CT|B 12 7a 15 pokie pi3HKX irpoBMX amnaya

Merta: po3pobuT MOAEe/bHI XapaKTEPUCTUKM Gi3MUHOI Ta TEXHIYHOI NiAroToBeHOCTi dyT60/ICTIB 12 Ta 15 POKIB Pi3HMX irpoBUX amya.
Martepian i MeToau. Y nocnigkeHHi yaaamn ydacts ¢oytoonictm 12 Tals pokis AKOCLU «Apean» m. XapKoBa, B HaBYaIbHO-TPEHYBaIbHOMY
NPOLLECi AKMX 3aCTOCOBYBANMCA PO3pobaeHi TexHoorii. Bcboro ana obctexkeHHa byno 3anpolweHo 23 Hanagatounx, 28 niB3axMCHMKIB,
30 3axucHukKiB i 15 BopoTapiB. BusHavanmnca nokasHWkm vacy npobiraHHa Bigpiskis 15 m 3 xoay, 30 m 3 xoay Ta 60 m 3 xo4y; 4ac
YoBHMKOBOrO biry 5 no 20 m. Bu3Havanu AoBxMHY Ta macy Tina; YCC cnokoto Ta YCC nicns YoBHWKOBOrO Biry. 3 NOKa3HMKIB TEXHIYHOT
NiZIrOTOB/IEHOCTI BU3HAYa W Yac TpMMaHHA GyTOONBHOrO M’4a Ha CTOMI; *KOHT/OBAHHA, TOHTO Ki/lbKicTb HabMBaHb M'Ava cTonoto H6e3
BTPaTV M'si4a; 4ac BUKOHaHHA BefeHHA GpyTOOIbHOTO M'AYa 3a 3aBAAHHAM; YAAPYM N0 BOPOTaM Ha TOYHICTb BYYEHHS; yaapy m'aya Ha
AANbHICTb NONBOTY.

Pesynbtatu. tOHI dyTbonictn 12 i 15 pokiB Pi3HWX irpoBMX Creuianisauii PO3PI3HAOTLCA MiK cob0t0 33 MOKaszHUKaMM i3UYHOI i
TexHIYHOI MmigroTosaeHocTi. Halibinblwa KinbKiCTb AOCTOBIPHWX BIAMIHHOCTENM BUABNEHA Y MOKa3HUKAaX TEXHIYHOI NiAroToBaEHOCT
dyTHoNicTiB 15 poKiB.

[lonboBi rpaBLi MO WBWAKICHUX MOX/AMBOCTAX ICTOTHO NepeBepllytoTb BOPOTapiB. BopoTapi, HaBnakuM, MatoTb HMMKYi MOKA3HMKM
wsnaKocTi Biry. PiBeHb LWUBWAKICHOT BUTPMBANOCTI BIAHOCHO BMCOKMIA Y 3aXMCHUMKIB i HaniBNiB3axMCHWKIB Ha BiAMIHY BiZ BOpOTapiB.
OTpuMaHi aaHi fo3BoNnAM NobyayBaTh moaeni GisnyHoro po3smTKy, $i3MUHOI Ta TeXHIYHOI nigroToBneHocTi dyTobonicTiB 12 Ta 15 pokis
Pi3HMX IrPOBMX aMN1ya, Ha OCHOBI AKMX MOXKYTb BYTW po3pobaeHi Nporpamu TpeHyBaHb 418 NPeACTaBHMKIB PI3HMX irpOBKUX amnya.
BucHoBKK. OTpymaHi AaHi cBig4aTth Npo HeobxiaHicTb AidepeHuilnoBaHOro nigxody B TPEHYBa/lbHOMY MPOUECi toHWUX dyTboNiCTIB 3
ypaxyBaHHAM ix irpoBoro amnaya. [ibepeHuiioBaHni niaxia Habysae Hinblly akTyanbHICTb y 15 poKiB y NOpiBHAHHI 3 Bikom 12 pokis.
Kntouosi cnosa: ¢yt60s; irposi amnya; ¢isMyHa NiaroToBAEHICTb; TEXHIYHA NiArOTOB/EHICTb; aHTPOMOMETPUYHI NMOKA3HUKM

AHHOTaupa

AHHOTaLMA

KosuHa X.J1., lmmanc A., MapwuHo 0., Kpys X., FToneHkos A.A., [lybuy B.B. CpaBHUTE/IbHaA XapaKTepUCTMKA aHTPONOMETPUYECKUX
noKasaTenem, ypoBHA GU3NIECKOR U TEXHUUECKOW NOATOTOBAEHHOCTH toHbIX dyTOOoAUCTOB 12 1 15 NeT pasHbIX UrPOBbIX ammya.

Llenb: pazpaboTtaTb mosenbHble XapaKTePUCTUKU GU3NYECKON U TEXHUYECKOW noarotosneHHocTy ¢ytbonmctos 12 n 15 neT pasHbix
MrpoBbIX amnya.

Matepuan M metodbl. B nccnenoBaHuM npuHAAM yyactme ¢ytoonmctbl 12 T1al5 ner OHOCLL «Apean» r.. XapbkoBa, B y4ebHO-
TPEHMPOBOYHOM MpPOLLECCe KOTOPbIX MPUMEHANUCH pa3paboTaHbl TexHonornw. Bcero ans obcnenoBaHua Obian npurnaleHsl 23
Hanagatowmx, 28 nonysawmnTHNKoB, 30 3aWnUTHUKOB M 15 BpaTapei. Onpeaensanncs Nokasatenn BpemeHun npoberaHna otpeskos 15 m
c xoay, 30 m ¢ xoay n 60 m ¢ xoaa; Bpems YyenHouyHoro 6era 5 no 20 m. Onpeaensnn anvHy u maccy Tena YCC nokosa n YCC nocne
YyenHouHoro bera. /13 nokasaTtenemn TexHU4ECKOM NOATOTOBNEHHOCTU ONPEAENAN: BPeMA COAepKaHMa GyTOONbHOro MAYa Ha CTone;
OHIIMPOBaHWeE, TO eCTb KOANYECTBO HAaOMBOK MAYa CTOMOW Be3 noTepu MAYa; BpemMs BbINOJHEHUA BeaeHUA GyTOOAbHOro MAYa no
3a/laHNt0; yAapbl MO BOPOTaM Ha TOYHOCTb NONAaAAHMA; yA4apbl MAYa Ha Aa/IbHOCTb NONeTa.

Pesynbtatbl. tOHble dyTOONUCTBI 12 M 15 NeT pasHbiX MrPoBbIX CMeuManus3auuin pasnnyaloTca mexay cobol no nokasatenam
du3nYecKon N TeXHUYECKON MOArOTOBNEHHOCTU. Hambonbluee KOAMYECTBO AOCTOBEPHbIX Pa3auuMii 0OHapyKeHO B MOKasaTenax
TeXHWYecKon noarotosaeHHocTH ¢pytbonmctos 15 ner.

Monesble UFPOKM MO CKOPOCTHbIM BO3MOXKHOCTAM CYLLEECTBEHHO NPEBOCXOAAT BpaTapei. Bpatapu, HaobopoT, umetoT bonee HU3KUe
nokasaTenin CKopocTu 6era. YpoBeHb CKOPOCTHOM BbIHOCAMBOCTN OTHOCUTE/IBHO BBICOKMIA Y 3aLUMTHUKOB M NMOY3aLUUTHUKOB B OTIMUME
OT BpaTapen.

BbiBogpl. MonyyeHHble AaHHble CBUAETENLCTBYIOT O HeobxoaMMocTu AnddepeHLMPOBaHHbIX YCTHbIX NMOAX0Aa B TPEHWPOBOYHOM
npouecce toHbIX GYyTOOAMCTOB C y4eTOM WX MUrpoBoro amnnya. AuddepeHumpoBaHHbIX YCTHbIX NoaxoAd npuobpetaeT 60/bLyiO
aKTyaNbHOCTb B 15 neT No cpaBHEeHMIO € BOo3pacTtom 12 ner.

Kniouesble cnosa: dyTH0A; nrposble amnya; ¢pusnmyeckas NOAroTOBNEHHOCTb; TEXHUHECKAA NOATOTOBAEHHOCTb; aHTPOMOMETPUYECKME
nokasaTenu
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Introduction

The problem of training young football
players is becoming more urgent nowadays [1, 2, 3].
Effective functioning of the system of sports reserve,
improving the quality of training and training process
for young athletes can be ensured only with rigorous
scientific substantiation of both the system as a whole
and its individual components [4, 5, 6]. Optimal
design of the training process technology, the
formation of training programs, the selection of
adequate training methods and methods of
purposeful recovery and purposeful recovery is
possible only on the basis of the laws of age-related
development of information on the functional
features of athletes [7, 8, 9].

In the literature, aspects of this problem are
fragmented [10, 11, 12] and mainly concern skilled
adult football players. At the same time, special
attention should be paid to managing the
development of adaptation, functional readiness,
optimization of the training process of young
footballers at the stage of advanced specialization.
This is due to the fact that this stage of long-term
sports training coincides with powerful ontogenetic
processes, the beginning of the manifestation of
individual features of the mechanisms of regulation
of functions and adaptation processes, on the basis of
which, in particular, the game specialization of
young football players is determined [13, 14, 15].

Improving the efficiency of the training
process is associated with the development and
implementation of various means and methods of
training athletes. One of the most effective
approaches to optimize the training process, taking
into account trends in the development of a particular
sport, is the use of readiness indicators that allow you
to individualize the training process [1].

But there is practically no information in the
literary data regarding the model characteristics of
the readiness of players of 12 and 15 years of
different playing fields. The future of sports,
including football, in the individualization of the
training process [4, 5]. Football is also a unique
feature of combining in one team as players with
different anthropometric and functional indicators.
Of course, the construction of the training process is
greatly complicated by the need to study and apply
an individual approach to each player of the team, but
it is a basic requirement of modern sports.

Individual approach is needed not only for
players of different roles, but also for players of the
same game functions. Modern scientific methods
allow to give an accurate description of the individual
characteristics of athletes and to build "ideal” models
of athletes. However, such methods are rarely used,

45

from which the effectiveness of the training process
is significantly reduced.

Individual approach to the players is
necessary at all stages of sports training, including -
at 12 and 15 years, since in these age groups there is
a qQualitative leap in the level of physical
development, which is reflected in the indicators of
physical and technical fitness [16, 17, 18]. In
basketball, during this period there is a more rigorous
distribution of athletes in terms of functions (which
are not always clearly defined in athletes at this stage
of preparation), their individual playing profile is
determined, and therefore this period plays an
important role in becoming a high-class athlete [19,
20, 21]. That is why the pressing issue is to determine
the features of physical development, physical and
technical preparedness of players of different game
roles in these age groups.

Based on the above, this study hypothesized
that at the age of 12 years there can already be
significant differences in the indicators of physical
development, physical and technical fitness, which
become more significant at the age of 15 years.

The purpose of the study is to develop
model characteristics of physical and technical
fitness of players of 12 and 15 years of different
playing fields.

Material and methods

Participants

The study was attended by football players
of 12 and 15 years of school "Areal” Kharkiv, in
which the developed technologies were applied in the
educational process. A total of 23 forwards (12
players 12 years and 11 players 15 years), 28
midfielders (14 players 12 years and 14 players 15
years), 30 (15 players 12 years and 15 players 15
years), defenders and 15 goalkeepers were invited for
the survey (8 players 12 years and 7 players 15
years).

Experimental protocol

To achieve this goal, a comprehensive
testing of physical performance and basic indicators
of functional fitness in young players of 12 and 15
years of different playing roles was carried out. In the
course of the researches the indicators of speed
qualities were determined by the time of running of
segments of 15 m from the course, 30 m from the
course and 60 m from the course (the test participant
makes a run up to 10 meters, at the maximum speed
crosses the starting line and overcomes the distance
of 15 meters, 30 m, 60 m); high speed endurance
(shuttle running time 5 to 20 m).
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From indicators of physical development the
length and weight of the body were determined; from
indicators of functional readiness - resting heart rate
and heart rate after shuttle running.

From the indicators of technical readiness
determined the following:

- time to hold the soccer ball on the foot: the
test participant locks the ball on the foot and holds it
for as long as possible. It is impossible to stuff and
jump on a support leg;

- juggling, that is, the number of shots of the
ball with the foot without losing the ball;

- the time of running a soccer ball on a
mission. There is a ball on the line. From the line
there are three skittles, a distance of 3m, 6 m, 9.5 m.
According to the examiner's whistle, the test
participant runs the skittles "snake" on the right side;

- shots on goal for accuracy of hit. The gates
are divided into 6 equal squares. We set the ball at
11m. The task of the test participant is to get the ball
into these squares, at the bottom - at most one touch
of the ball to the ground, three balls per square.
Number of hits - 18. One hit - 1 point.

- Ball strikes on flight range. Set the ball on
the line. The test taker's job is to hit the ball as far as
possible. The result is recorded at the first touch of
the ball to the ground.

Statistical analysis

In the mathematical processing of primary
materials of this study, in addition to the calculation
of primary statistics, a comparative analysis of the
averages by t - Student's t test was conducted.
Indicators were processed using modern computer
programs - EXEL and SPSS.

Results

Comparing the indicators of physical
development (length and body weight) (Tables 1, 2),
it can be seen that according to these parameters the
players of different game roles practically do not
differ from each other (p>0.05). This provision
applies to both 12-year-olds and 15-year-olds. The
average length of goalkeepers 12 years is 157.67 cm,
of defenders 12 years is 152.0 cm, of midfielders 12
years is 155.6 cm, of forwards 12 years is 155.6 cm
The average values of the length of goalkeepers 15
years is 166.33 cm, of defenders 15 years is 172.75
cm, of midfielders 15 years is 168.2 cm, of forwards
15 years is 170.8 cm.

Table 1

Indicators of physical development, physical and technical readiness of football players of 12 years of
different playing fields (goalkeepers, n = 8,
defenders, n = 15, midfielders, n = 14, forwards, n = 12)

Indexes Playing fields S m t p

1 2 3 5 6 7 8 9
1 goalkeepers 157.67 0.58 0.33 1-2 174 0.14
2 defenders 157.67 0.58 0.33 1-3 0.66 0.54
3 midfielders 155.60 5.27 2.36 1-4 094 0.38

Body length (cm)
4 forwards 155.61 3.65 1.63 2-3  -1.00 0.35
- - - - 2-4  -1.19 0.27
- - - - 3-4  0.00 1.00
1 goalkeepers 43.67 1.15 0.67 1-2 1.20 0.29
2 defenders 42.00 2.16 1.08 1-3  -0.05 0.96
. 3 midfielders 43.80 4.32 1.93 1-4 -0.38 0.72
Body weight (kg)

4 forwards 44.60 4.04 1.81 2-3  -0.75 0.48
- - - - - 2-4  -1.15 0.29
- - - - - 3-4  -0.30 0.77
1 BOpoOTapi 76.00 3.46 2.00 1-2  -0.09 0.93
2 3aXUCHUKH 76.50 9.00 4.50 1-3  -0.05 0.96
Heart rate rest 3 HaniB3axMCHWKMU 79.60 7.27 3.25 1-4 -2.04 0.09
(beats:min) 4 HanagHWKK 82.80 5.02 2.24 2-3  -0.57 0.58
- - - - - 2-4  -1.34 0.22
- - - - - 3-4 -0.81 0.44
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Continuation of table 1

1 2 3 4 5 6 7 8 9
Heart rate after a shuttlerun 1 goalkeepers 178.00 3.46 2.00 1-2 0.21 0.85
(beats-min1) 2 defenders 177.00 7.75 3.87 1-3 -0.79 0.46
3 midfielders 178.80 5.02 2.24 1-4 0.87 0.42
4 forwards 174.00 7.35 3.29 2-3 -0.42 0.69
- - - - - 2-4 0.60 0.57
- - - - - 3-4 1.21 0.26
1 goalkeepers 27.67 0.44 0.25 1-2 0.85 0.43
2 defenders 27.35 0.51 0.26 1-3 -0.24 0.82
Shuttle Run (s) 3 midfielders 27.46 0.11 0.05 1-4 1.16 0.29
4 forwards 27.44 0.10 0.05 2-3 -0.46 0.66
- - - - - 2-4 -0.39 0.71
- - - - - 3-4 0.27 0.80
1 goalkeepers 6.80 0.10 0.05 1-2 1.88 0.12
2 defenders 6.49 0.26 0.13 1-3 1.06 0.33
Running 30 m (s) 3 midfielders 6.53 0.21 0.10 1-4 1.49 0.19
4 forwards 6.56 0.26 0.12 2-3 -0.25 0.81
- - - - - 2-4 -0.38 0.72
- - - - - 3-4 -0.17 0.87
1 goalkeepers 5.07 0.07 0.04 1-2 3.52 0.02
2 defenders 4.73 0.15 0.08 1-3 1.97 0.10
Running 15 m (s) 3 midfielders 4.78 0.38 0.17 1-4 2.46 0.05
4 forwards 4.67 0.26 0.12 2-3 -0.21 0.84
- - - - - 2-4 0.39 0.71
- - - - - 3-4 0.49 0.64
1 goalkeepers 5.86 1.41 0.82 1-2 1.03 0.35
2 defenders 5.00 0.82 0.41 1-3 1.27 0.25
Keeping the Ball on the Foot 3 midfielders 6.95 1.88 0.84 1-4 -0.35 0.74
(s) 4 forwards 6.14 0.82 0.37 2-3 -1.91 0.10
- - - - - 2-4 -2.06 0.08
- - - - - 3-4 0.88 0.40
1 goalkeepers 25.33 5.51 3.18 1-2 -0.66 0.54
2 defenders 31.00 13.76 6.88 1-3 1.32 0.23
Ball juggling (quantity) 3 midfielders 20.00 5.52 2.47 1-4 0.32 0.76
4 forwards 23.60 8.20 3.67 2-3 1.65 0.14
- - - - - 2-4 1.01 0.35
- - - - - 3-4 -0.81 0.44
1 goalkeepers 13.63 0.45 0.26 1-2 1.26 0.26
2 defenders 13.02 0.74 0.37 1-3 -0.49 0.64
. 3 midfielders 13.89 0.82 0.37 1-4 -0.52 0.62
Keeping the Ball (s)
4 forwards 13.78 0.36 0.16 2-3 -1.65 0.14
- - - - 2-4 -2.05 0.08
- - - - - 3-4 0.27 0.79
1 goalkeepers 9.85 0.29 0.17 1-2 0.89 0.42
2 defenders 9.67 0.27 0.13 1-3 1.37 0.22
Running 60 m (s) 3 midfielders 9.62 0.19 0.09 1-4 0.96 0.38
4 forwards 9.55 0.49 0.22 2-3 0.27 0.80
- - - - - 2-4 0.42 0.69
- - - - - 3-4 0.31 0.76
1 goalkeepers 6.60 3.61 2.08 1-2 0.26 0.80
2 defenders 6.50 1.29 0.65 1-3 0.17 0.87
Shots on goal (balls) 3 midfielders 6.60 3.13 1.40 1-4 0.20 0.85
4 forwards 7.00 2.07 0.93 2-3 -0.06 0.95
- - - - - 2-4 -0.08 0.94
- - - - 3-4 0.00 1.00
1 goalkeepers 27.00 1.73 1.00 1-2 1.46 0.20
2 defenders 25.50 1.00 0.50 1-3 2.30 0.06
Ball strikes for range (m) 3 midfielders 23.20 2.49 1.11 1-4 4.13 0.01
4 forwards 21.60 1.82 0.81 2-3 1.72 0.13
- - - - - 2-4 3.82 0.01
- - - - - 3-4 1.16 0.28
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The average body weight of goalkeepers 12
years is 43.67 kg, of defenders 12 years is 42 kg, of
midfielders 12 years is 43.8 kg, of forwards 12 years
is 44.6 kg. The average body weight of goalkeepers
15 years is 55.43 kg, of defenders 15 years is 52.25
kg, of midfielders 15 years is 54.4 kg, of forwards 15
years is 53.4 kg. The findings differ somewhat from
the results of studies by other authors [1], who found
that goalkeepers have the greatest weight and body
length. These differences with the results of other
authors can be explained by the low football
experience of the surveyed children and the need to
improve the system of distribution of players by
function.

Regarding the indicators of functional
readiness, it can be noted that in terms of heart rate,
the representatives of different game roles, both 12
and 15 years, do not have significant differences
(Tables 1, 2). But it should be noted that there is a
tendency to the lowest values of resting heart rate at
goalkeepers and increasing resting heart rate at

defenders, midfielders and the greatest values of
resting heart at attackers.

The obtained data can be explained by the
greater emotional endurance of the goalkeepers and
the least by the attackers, which affects the resting
heart rate. This trend is more pronounced in football
players 15 years old compared to football players 12
years old. The average resting heart rate at
goalkeepers 12 years is 76 beats-min’*, for defenders
12 years is 76.5 beats-min*, for midfielders 12 years
is 79.6 beats'min™, for forwards 12 years is 82.8
beats'min. The average resting heart rate at
goalkeepers 15 years is 68 beats-min, at defenders
15 years is 72 beats-min™, at midfielders 15 years is
70.8 beats'min*?, at forwards 15 years is 75.6
beats-min™.

The average heart rate after shuttle running
at goalkeepers 12 years is 178 beats'min?, at
defenders 12 years is 177 beats-min™, at midfielders
12 years is 178.8 beats-min’, at forwards 12 years is
174 beats-min™.

Table 2

Indicators of physical development, physical and technical readiness of football players of 15 years of different playing
fields (goalkeepers, n = 7, defenders, n = 15, midfielders, n = 14, forvards, n = 11)

Indexes Playing fields X S m t p
1 2 3 4 5 6 7 8 9

1 goalkeepers 166.33 8.08 4.67 1-2 -1.61 0.17
2 defenders 172.75 1.26 0.63 1-3 -0.38 0.72
3 midfielders 168.20 6.10 2.73 1-4 -0.77 0.47

Body length (cm)
4 forwards 170.80 7.89 3.53 2-3 1.45 0.19
- - - - - 2-4 0.48 0.64
- - - - - 3-4 -0.58 0.58
1 goalkeepers 55.00 6.25 3.61 1-2 0.82 0.45
2 defenders 52.25 2.50 1.25 1-3 0.11 0.92
Body weight (kg) 3 midfielders 54.40 7.99 3.57 1-4 0.49 0.64
4 forwards 53.40 3.21 1.44 2-3 -0.51 0.62
- - - - - 2-4 -0.59 0.58
- - - - - 3-4 0.26 0.80
1 goalkeepers 68.00 3.46 2.00 1-2 -0.60 0.58
2 defenders 72.00 10.95 5.48 1-3 -0.84 0.43
. 3 midfielders 70.80 5.02 2.24 1-4 -1.23 0.26

Heart rate rest (beats-min-1)
4 forwards 75.60 10.04 4.49 2-3 0.22 0.83
- - - - - 2-4 -0.51 0.62
- - - - - 3-4 -0.96 0.37
1 goalkeepers 132.00 6.00 3.46 1-2 -1.97 0.11
2 defenders 142.50 7.55 3.77 1-3 -2.00 0.09
Heart rate after a shuttle 3 midfielders 151.20 15.53 6.95 1-4 -2.88 0.03
run (beats-mint) 4 forwards 163.20 17.70 7.91 2-3 -1.02 0.34
- - - - - 2-4 -2.16 0.07
- - - - - 3-4 -1.14 0.29
1 goalkeepers 24.24 0.17 0.10 1-2 4.83 0.01
2 defenders 23.19 0.34 0.17 1-3 2.63 0.04
3 midfielders 23.29 0.27 0.12 1-4 4.17 0.01
Shuttle Run (s)

4 forwards 23.46 0.29 0.13 2-3 -1.02 0.34
- - - - - 2-4 -1.28 0.24
- - - - - 3-4 -0.93 0.38
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Continuation of table 2

1 2 3 4 5 6 7 8 9

1 goalkeepers 5.93 0.06 0.03 1-2 2.39 0.06

2 defenders 5.49 0.31 0.16 1-3 2.63 0.04

Running 30 m (s) 3 midfielders 5.41 0.33 0.15 1-4 2.63 0.04

4 forwards 5.78 0.09 0.04 2-3 0.35 0.73

- - - - 2-4 -2.07 0.08

- - - - - 3-4 -2.45 0.04

1 goalkeepers 3.97 0.81 0.47 1-2 1.28 0.26

2 defenders 3.41 0.34 0.17 1-3 1.23 0.27

. 3 midfielders 3.54 0.15 0.07 1-4 0.99 0.36
Running 15 m (s)

4 forwards 3.57 0.36 0.16 2-3 -0.76 0.47

- - - - - 2-4 -0.70 0.51

- - - - - 3-4 -0.21 0.84

1 goalkeepers 7.04 2.65 1.53 1-2 -2.68 0.04

2 defenders 12.10 2.35 1.17 1-3 -0.26 0.81

Keeping the Ball on the 3 midfielders 7.36 1.03 0.46 1-4 -0.57 0.59

Foot (s) 4 forwards 8.27 3.10 1.39 2-3 4.10 0.01

- - - - - 2-4 2.04 0.08

- - - - - 3-4 -0.62 0.55

1 goalkeepers 35.33 6.81 3.93 1-2 -0.43 0.69

2 defenders 38.75 12.28 6.14 1-3 -1.25 0.26

Ball juggling (quantity) 3 midfielders 43.40 9.71 434 1-4 -2.52 0.05

4 forwards 46.40 5.59 2.50 2-3 -0.64 0.55

- - - - - 2-4 -1.26 0.25

- - - - - 3-4 -0.60 0.57

1 goalkeepers 9.77 0.25 0.15 1-2 -0.08 0.94

2 defenders 9.81 0.76 0.38 1-3 -0.08 0.94

. 3 midfielders 9.81 0.88 0.39 1-4 -0.01 0.99

Keeping the Ball (s)

4 forwards 9.06 0.24 0.11 2-3 -0.01 0.99

- - - - - 2-4 2.08 0.08

- - - - - 3-4 1.83 0.11

1 goalkeepers 8.65 0.08 0.04 1-2 -0.56 0.60

2 defenders 8.28 0.46 0.23 1-3 -2.62 0.04

. 3 midfielders 8.12 0.33 0.15 1-4 3.91 0.01
Running 60 m (s)

4 forwards 8.16 0.15 0.07 2-3 -1.40 0.21

- - - - - 2-4 0.54 0.61

- - - - - 3-4 2.99 0.02

1 goalkeepers 6.60 0.58 0.33 1-2 -0.19 0.85

2 defenders 9.00 3.59 1.80 1-3 0.76 0.48

Shots on goal (balls) 3 midfielders 10.33 2.92 1.30 1-4 2.68 0.04

4 forwards 10.75 2.30 1.03 2-3 0.81 0.45

- - - - - 2-4 2.11 0.07

- - - - - 3-4 1.45 0.19

1 goalkeepers 48.33 4.51 2.60 1-2 2.39 0.06

2 defenders 41.00 3.65 1.83 1-3 4.80 0.00

. 3 midfielders 37.00 2.35 1.05 1-4 5.04 0.00

Ball strikes for range (m)

4 forwards 35.60 2.79 1.25 2-3 2.00 0.09

- - - - - 2-4 2.52 0.04

- - - - - 3-4 0.86 0.42

The average heart rate after shuttle running
at goalkeepers 15 years is 132 beats'min?, at
defenders 15 years is 1425 beats'min?, at
midfielders 15 years is 151.2 beats-min™, at forwards
15 years is 163,2 beats-mint. Differences between
goalkeepers and forwards 15 years are significant at
p<0.05 (Tab. 1, 2). The findings can be explained by
the fact that forwards are more emotionally reactive
compared to the midfielders, defenders and
goalkeepers, as well as the better shuttle performance
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in the attackers, midfielders and defenders compared
to the goalkeepers.

Thus, the average value of shuttle running
time for goalkeepers 12 years are 27.67 s, for
defenders 12 years is 27.35 s, for midfielders 12
years is 27.46 s, for forwards 12 years is 27.44 s. The
average time of shuttle running for goalkeepers 15
years is 24.24 s, for defenders 15 years is 23.19 s, for
midfielders 15 years is 23.29 s, for forwards 15 years
is 23.46 s. Differences between goalkeepers and



Health, sport, rehabilitation
3p0poB’sa, cnopT, peabinitauin
3p0poBbe, CNopT, peabuaurauua

A
N

‘\’f'?,\ \

X

2019
02

i

- ——

attackers 15 years old, goalkeepers and midfielders
15 years old, goalkeepers and defenders are
significant at p<0.05 (Tab. 1, 2).

A similar trend is observed in 15 meters
running. Forwards, defenders and midfielders are
better than goalkeepers. So, the average value of
running for 15 m at goalkeepers 12 years is 5.06 s,
for defenders 12 years is 4.73 s, for midfielders 12
years is 4.77 s, for forwards 12 years is 27.44 s. The
average running distance of 15 m for goalkeepers of
15 years is 4.67 seconds, for defenders of 15 years is
3.97 s, for midfielders 15 years is 3.4 s, for forwards
15 yearsis 3.57 s (Tab. 1, 2) .

A similar trend is observed in 30 meters
running. Forwards, defenders and midfielders, these
indicators are better than goalkeepers. Thus, the
average values of running for 30 m at goalkeepers 12
years is 6.79 s, for defenders 12 years is 6.49 s,
midfielders 12 years is 6.53 s, forwards 12 years is
6.55 s. The average running distance of 30 m for
goalkeepers 15 years is 5.93 s, for defenders 15 years
is 5.48 s, for midfielders 15 years is 5.4 s, for
forwards 15 years is 5.78 s. Differences between
goalkeepers and forwards 15 years, goalkeepers and
midfielders 15 years, goalkeepers and defenders 15
years are significant at p<0,05 (Tab. 1, 2).

The detected pattern is also observed in the
indicators of running at 60 m. Forwards, defenders
and midfielders, these indicators are better than for
goalkeepers. Thus, the average values of running at
60 m for goalkeepers 12 years is 9.85 s, for defenders
12 years is 9.66 s, for midfielders 12 years is 9.62 s,
for forwards 12 years is 9.55 s. The average running
distance of 60 m for goalkeepers 15 years is 8.64 s,
for defenders 15 years is 8.27 s, for midfielders 15
years is 8.12 s, for forwards 15 years is 8.16 s.
Differences between goalkeepers and forwards 15
years, goalkeepers and midfielders 15 vyears,
goalkeepers and defenders 15 years are significant at
p<0,05 (Tab. 1, 2).

The biggest differences between the
representatives of different game roles are found in
the technical readiness, especially concerning the
indicators of juggling, keeping the ball on the foot,
accuracy of the range of strikes. The average goal
time of a goalkeeper 12 years is 13.63 s, for defenders
12 years is 13.01 s, for midfielders 12 years is 13.88
s, for forwards 12 years is 13.78 s. Goalkeepers of 15
years have a median time at 9.77 s, defenders - at 9.8
s, midfielders - at 9.81 s, forwards - at 9.06 s.
Differences between goalkeepers and forwards 15
years are significant at p <0.05 (Tab. 1, 2).
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The average juggling value for goalkeepers
12 years is 25.3 times, for defenders 12 years is 31
times, for midfielders 12 years is 20 times, for
forwards 12 years is 23.6 times. The average value
of juggling for goalkeepers 15 years is 35.3 times, for
defenders 15 years is 38.75 times, for midfielders 15
years is 43.4 times, for forwards 15 years is 46.4
times. Differences between goalkeepers and
forwards 15 years are significant at p<0.05 (Tab. 1,
2).

Mean goalkeeping time for goalkeepers 12
years is 5.86 s, for defenders 12 years is 5.00 s, for
midfielders 12 years is 6.94 s, for forwards 12 years
iIs 6.13 s. Differences between midfielders and
forwards 12 years and quarterbacks and midfielders
12 years are significant at p<0.05 (Tab.1, 2). Mean
goalkeeping time for goalkeepers of 15 years is 7.03
s, for defenders 15 years is 12.09 s, for midfielders
15 years is 7.36 s, for forwards 15 years is 8.26 s.
Differences between all representatives of different
gaming specializations of 15 years were significant
at p<0.05 (Tab. 1, 2).

The average values of the accuracy of shots
of the ball on goal at goalkeepers 12 years make 6,6
points, at defenders 12 years make 5 points, at
midfielders 12 years make 6,6 points, at forwards 12
years make 7 points. The average values of the
accuracy of shots of the ball on goal at goalkeepers
15 years make 6,6 points, at defenders 15 years make
9 points, at midfielders 15 years make 10,3 points, at
forwards make 15 years 10,75 points. Differences
between goalkeepers and forwards 15 years are
significant at p<0.05 (Tab.1, 2).

The average value of the ball strikes at
goalkeepers 12 years is 27 m, at defenders 12 years
is 25.5 m, at midfielders 12 years is 23.2 m, at
forwards 12 years is 21.6 m, at goalkeepers 15 years
is 48.3 m, at defenders 15 years is 41.25 m, at
midfielders 15 years is 37 m, at forwards 15 years is
35.6 m. Forwards and midfielders for 15 years are
significant at p<0.05 (Tab.1, 2).

Thus, the field players at speed capabilities

are significantly superior to  goalkeepers.
Goalkeepers, by contrast, have lower running speeds
(Fig. 1).

The level of speed endurance is relatively
high for defenders and midfielders, as opposed to
goalkeepers. The obtained data allowed us to build
models of physical development, physical and
technical readiness of players of 12 and 15 years of
different game roles, on the basis of which training
programs for representatives of different game roles
can be developed (Fig. 1).



Health, sport, rehabilitation
3p0poB’sa, cnopT, peabinitauin
3p0poBbe, CNopT, peabuaurauua

- \ -

AN
7;:[”: :‘/E\E:\ W

—e— |5years—s— 12 years

Forwards

—e— |5Yyears—s— 12 years

Fig. 1. Basic models of physical development, physical and technical readiness of players of 12 and 15 years
of different playing roles:

1 - Body length (cm); 2 - Body weight (kg); 3 - resting heart rate (beats-min); 4 - heart rate after a shuttle run
(beats'min); 5 - Shack running (s); 6 - Running 30 m (s); 7 - Run 15 m (s); 8 - Keeping the ball on the foot
(s); 9 - Ball juggling (quantity); 10 - Ball management (s); 11 - Running 60 m (s);

12 - Shots on goal (balls); 13 - Ball strikes (m)

Discussion

The study confirmed the hypothesis of the
presence of significant differences in the indicators
of physical development, the level of physical and
technical readiness of young players of different
playing fields. These discrepancies are already
observed at the age of 12 years and are exacerbated
at the age of 15 years. The data obtained indicate the
need for a differentiated approach to the training of
young players of age groups.

As is well known, modern youth football
develops by increasing the requirements to all sides
of the training of young athletes [1, 6, 7]. In the
process of competitive activity on the body are
significant in magnitude and duration of loading,
requiring the maximum mobilization of the body of
young athletes and make high demands on their
readiness. Therefore, for the proper construction of
the training process, it is necessary to identify the
features of the physical and technical readiness of the
players of different game roles [9,17].

The results of our study complement the
results of the authors [1, 19] who believe that in the
preparation of football players of this age the coach
should take into account their morpho-functional
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capabilities [4,6]. Comparing the indicators of
physical development of football players, it can be
seen that in these parameters the players of different
playing roles are practically no different from each
other. The findings differ somewhat from the results
of studies by other authors [21], who found that
goalkeepers have the greatest weight and body
length. These differences with the results of other
authors can be explained by the low football
experience of the surveyed children and the need to
improve the system of distribution of players by
function.

In football, as in other sports games, each
game position poses certain requirements to the level
of manifestation of different qualities and properties
of athletes, which must be taken into account in their
evaluation [4, 5]. Therefore, in our study, we
compared players of different game roles with each
other. Goalkeepers have been found to have virtually
low technical and physical fitness scores in virtually
all testing results, as opposed to hitters, defenders,
and midfielders. We explain this by the fact that the
goalkeeper is a highly specialized player of defense
and trains on a separate program. As a result of
comparing most indicators of physical and technical
preparedness of the strikers, defenders and
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midfielders, no significant differences were found.
This is due to the fact that in the training process the
coach often changes the playing role of young
athletes, in order to train and find the optimal playing
role of each football player, depending on the
competitive period. After all, the main feature of
adolescence is associated with the process of puberty,
resulting in significant changes in the psyche, there
is high emotionality, mood imbalance, inflammation,
exaggeration of their capabilities. Very often the
manifestation of the so-called sense of adulthood is
reflected in the behavior of the players in the game.
At the same time, the body of adolescents is quickly
adjusted to work and easily readjusted to another type
of activity, due to the great mobility of nervous
processes [19]. Therefore, in the practical work of the
coach actively put players of 12 and 15 years in
different zones of the playing field, thereby teaching
them the specifics of different playing roles.

Thus, when choosing training loads for
goalkeepers, trainers need to take into account the
data obtained, which will allow to develop optimal
programs for the development of flexibility, speed,
strength, agility, as well as for improving technical
skill. When selecting funds in the training process of
representatives of other game roles, it is necessary to
pay special attention to the implementation of the
techniques of football players 12 and 15 years.

Conclusions
1. Young players of 12 and 15 years of

different game specializations differ in terms of
physical and technical fitness. The largest number of

significant differences were found in the technical
readiness of football players for 15 years.

2. Field players at speed capabilities are
significantly superior to goalkeepers. Goalkeepers,
on the contrary, have lower running speeds. The level
of speed endurance is relatively high for defenders
and midfielders, as opposed to goalkeepers. The
obtained data allowed us to build models of physical
development, physical and technical readiness of
players of 12 and 15 years of different playing fields,
on the basis of which training programs for
representatives of different playing roles can be
developed.

3. The data obtained indicate the need for a
differentiated approach in the training process of
young football players, taking into account their
playing role. The differentiated approach is more
relevant at the age of 15 compared to the age of 12.
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The model of prediction of changes in the functional state of athletes
engaged in hand-to-hand combat under the influence of the training
load
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Abstract

The purpose of the work is to develop a model for predicting changes in the functional state of athletes engaged in hand-to-hand
combat, under the influence of a training load using psychophysiological indicators.

Material and methods. The study involved 24 male athletes who are professionally engaged in hand-to-hand combat with full contact
with the opponent (full contact), and 20 athletes. The average age of the athletes was 19-26 years. Research methods: analysis of
scientific and methodological sources, psychophysiological, mathematical statistics, fuzzy logic.

Results. The conducted studies proved the presence of significant differences in the values of psychophysiological indicators and the
reaction to the training load of athletes with different levels of fitness, which made it possible to use these indicators to build a model
for predicting the dynamics of a functional state. Changes in the functional state, determined by psychophysiological indicators,
confirmed by corresponding changes in indicators of heart rate variability. The developed forecast model allows using two
psychophysiological indicators (the time of a complex visual-motor reaction and the response index to a moving object), received to
the load, to predict a change in the functional state of athletes engaged in hand-to-hand combat, with an overall accuracy of 95.5%.
The forecast of changes in the functional state provides the trainer with the opportunity to timely adjust the volume of training loads
and training regimen.

Conclusions. Significant differences between groups of trained athletes and beginners in terms of the state of nervous processes (the
time of a complex visual-motor reaction and the response index to a moving object) to the load were revealed, which allowed
developing a model for predicting the functional reaction to the load in athletes with different levels of sportsmanship. Using the
obtained model allows predicting changes in the functional state of athletes that will take place under the influence of the test load,
according to psychophysiological indicators without using the load with an overall accuracy of 95.5%.

Key words: hand-to-hand combat; psychophysiological indicators; fuzzy logic; forecast model

AHoTauin

KounHa M.J1., YepHosy6 A.A., Anamosud P. T., KouiH O.B., ®ipcos O.I'. Moaenb NporHo3y sMmiHW GYHKLIOHaNbHOTO CTaHy COPTCMEHIB, Lo
3aliMatloTbcA pyKonawHMM BOEM, Nig, BNAMBOM TPEHYBaNbHOIO HaBaHTAKEHHA

MeTa poboTh — po3pobka mogeni NPOrHo3y 3MiHW GYHKLIOHANbHOrO CTaHy CMOPTCMEHIB, O 3aiMatoTbCA pyKonalHUm BoeEM, nig
BMN/IMBOM TPEHYBA/IbHOTO HaBaHTAXXEHHA 3 BUKOPUCTAHHAM Ncmxodi3ioNnoriyHmMx NOKa3HUKIB.

Matepian | meToau. B gocnigykeHi B3samM yyacTb 24 CNOPTCMEHM YOJ0BIYOI CTaTi, AKi NpodecinHO 3amatoTbCA pyKonawHUM 6oem 3
NMOBHMM KOHTAKTOM 3 CYNPOTUBHUKOM (byN-KOHTaKT), Ta 20 cnopTcMeHiB-novaTkiBLiB. CepeaHiit Bik CNoOpTCMeHiB cTaHoBMB 19-26 pokis.
Memodu 00cni0HeHHA: aHani3 HayKoOBO-METOANYHUNX AxKepes, NCUX0di3ioNorivyHi, MaTeMaTUYHOI CTaTUCTMKM, HEYiTKa SIoTiKa.
PesynbTatu. MNpoBeaeHi AOCNiAKEHHA AOBEN HAsBHICTb AOCTOBIPHUX BiAMIHHOCTEN Y 3HAYEHHAX NCMXOdi3i0N0rYHNX NOKA3HMKIB Ta
peaKLii Ha TpeHyBaNbHe HaBaHTAXKEHHA CNOPTCMEHIB 3 Pi3HMM PiBHEM TPEHOBAHOCTI, LLO A,03BOAMAA BUKOPUCTATHU Lii MOKA3HUKK ANA
nobynoBn MoZeni NPorHo3y AMHaMiIKM GYHKLIOHAbHOTO CTaHy. 3MiHU QYHKLIOHAZIbHOMO CTaHy, BU3HAYeHi 3@ NcmMxodisionoriyHumm
NMOKasHWKaMM, NiATBEPAKEHI BiANOBIAHMMM 3MiHAMM MOKa3HMKIB BapiabenbHOCTI cepueBoro putmy. PospobsieHa modeni nporHosy
£103B0/15€ 33 BOMa NCMXODI3i0NOTIYHMMM NOKa3HMKaMM (HaCoM CKNaAHOT 30POBO-MOTOPHOI peaKLii Ta iHAEeKCoM peaKuii Ha pyXoMuiA
06'€eKT), oflepPKaHUMM 40 HaBaHTaXeHHA, MPOrHO3yBaTH 3MiHY GYHKLOHANbHOrO CTaHy CMOPTCMEHIB, WO 3aiMaloTbCA pyKoNaWHUM
60€em, 3 3ara/lbHOO TOYHICTIO 95,5%. I'IporHoa 3MIHWM QYHKLiOHAaNbHOTO CTaHy HaZlae TPEHEepPY MOMK/MBICTb CBOEYACHO KOperyeatu
ob6cAarv TPEeHyBaZbHUX HAaBaHTaXKEHb Ta PEXXUMM TPEHYBaHb.

BMCHOBKW. BusaBaeHi 4OCTOBIPHI BIAMIHHOCTI MiXK rpynamu TPeHOBaHMX CMOPTCMEHIB Ta MOYATKIBLiB 32 MOKa3HMKaMW CTaHy HEPBOBMX
npoueciB (4acom CKAagHOI 30pOBO-MOTOPHOI peakuii Ta iHAEeKCOM peakuii Ha pyxomuit 06’eKT) A0 HaBaHTaKeHHS A03BOAWUAM
po3p0obUTM MoAEeNb NPOTHO3Y QYHKLIOHANbHOI peaKLii Ha HaBaHTaXKEHHS Y CMOPTCMEHIB 3 Pi3HUM PIBHEM CMOPTMBHOT MaCTEPHOCTI.
BWKOpUCTaHHA OTPMMaHOI MoAeNi J03BONAE NPOrHO3yBaTW 3MiHWM GYHKLOHANIbHOTO CTaHy CNOPTCMEHIB, AKi BifAOYAyTbCA NiJ BNAMBOM
TECTOBOrO HaBaHTaXKEHHS, 32 NCMX0i3i0N0rYHUMM NOKa3HMKamMKM b6e3 BUKOPUCTaHHA HaBaHTaXKEHHA 3 3ara/ibHOO TOYHicTio 95,5%.
Kniouosi cnoBa: pykonawwHuii 6ii; ncnxodisionorivyHi NOKasHUKK; HeYiTKa N0riKa; MoAeb NPOrHo3y

AHHOTaUuA

KounHa M.J1., YepHosyb A.A., AgamoBud T. T., KounH A.B., ®upcoe O. Mogenb nporHo3a M3ameHeHUs GYHKLUMOHANbHOMO COCTOAHUA
CMOPTCMEHOB, 3aHUMAIOLLMXCA PyKoMallHbIM 60em, Nog, BAMAHUEM TPEHUPOBOYHOMN Harpysku

Llenb pabotbl - pa3paboTka Mosenn NporHosa n3meHeHUa GyHKLMOHANbHOMO COCTOAHMA CNIOPTCMEHOB, 3aHUMAIOLLMXCA PYKOMALLHbIM
60em, noa BAVAHMEM TPEHUPOBOYHOWM Harpyskm ¢ UCNOAb30BaHMEM NCUXODM3NONOTMUYECKUX NOKa3aTeneld. MaTepuan n metoasl. B
nccnefoBaHUM MPUHANN yHacTne 24 CNOPTCMEHA MYXKCKOro Nnosa, KoTopble NpodecCcMoHanbHO 3aHMMAlOTCA pyKonalwHbiM 6oem ¢
MOMHbIM KOHTAaKTOM C MPOTUBHMKOM (DynNn-KOHTAKT), 1 20 cnopTcmeHos. CpeiHWIM BO3PaCT CNOPTCMEHOB cocTasu 19-26 neT. MeTtoapbl
nccnesoBaHWA: aHanM3 HayYHO-MeTOAMYECKUX UCTOYHMKOB, NCUXOPU3INONOTUYECKME, MaTEMATUYECKOM CTaTUCTUKK, HEYeTKanA NI0TMKa.
PesynbTathl. MMpoBeAeHHble WCCAEA0BaHWA AOKa3ann Haaudme AOCTOBEPHBIX PA3ANYMIA B 3HAYEHMAX MCUXOPU3MONOTMHECKMX
noKasaTenen 1 peakumn Ha TPEHUPOBOYHYIO HArpy3Ky CMOPTCMEHOB C Pa3NYHbIM YPOBHEM TPEHWPOBAHHOCTM, KOTOPaA NO3BOUAA
MCMONb30BaTh 3TWM MOKasaTeNu ANA MOCTPOEHUA MOLENN MNPOrHO3a [AMHAMWMKU  QYHKLMOHANBHOTO COCTOAHMA. VI3meHeHus
GYHKUMOHANBbHOTO COCTOAHMA, onpeAeneHHble Mo NCUXOPU3MONOTUYECKUMM NOKa3aTeNAMM, MOATBEPHKAEHHbIE COOTBETCTBYIOLWMMM
M3MEHEHUAMW TOKasaTeseil BapuvabenbHOCTM CepeyHoro putma. PaspaboTaHHas MoAenM MporHosa no3BoAET Mo ABYM
NCUXOOU3MONOTMYECKMMM NOKA3ATENAMMU (BPEMA CNOXKHOW 3PUTENbHO-MOTOPHOW pPeakumMm U MHAEKCOM peakUMK Ha ABWXKYLLMIACA
0ObeKT), MOAYYEHHBIMU K Harpyske, MpOrHO3MpoBaTb M3meHeHWe YHKLMOHaNbHOrO COCTOAHUA CMOPTCMEHOB, 3aHUMAIOLLMXCA
pykonalwHbiM Hoem, ¢ obuieit TouHoCTbio 95,5%. MPOrHo3 MameHeHWA OGYHKLMOHANBHOTO COCTOAHWA MPEeLOCTaBNAET TpeHepy
BO3MOXHOCTb CBOEBPEMEHHO KOPPEKTUPOBATL 0OBEMbI TPEHUPOBOYHbBIX HArPY30K U PEXMMA TPEHUPOBOK.

BbiBoAbI. BbifABNAEHbI AOCTOBEPHbIE PA3NIMYMA MEXAY TPYNNamu TPEHMPOBAHHbLIX CMOPTCMEHOB W HAYMHAIOWMX NO MOKasaTenam
COCTOAHMA HEPBHbIX NMPOLLECCOB (BPEMA CNOKHON 3PUTENbHO-MOTOPHOWM PeakLMn U UHAEKCOM PeakLMn Ha ABUNKYLLMINCA 0OBEKT) K
Harpyske nossonuau paspabotaTb mofenb NPOrHo3a GYHKLUMOHANbHON PeaKLmMm Ha HarpysKy y CMOPTCMEHOB C Pas3IMyHbIM YPOBHEM
CNOPTMBHOrO MacTepcTBa. Mcnonb3oBaHWe MOAYYEHHOW MOAENM MO3BONAET MPOrHO3MPOBaTb WM3MeHEHUA QGYHKLMOHAAbHOMO
COCTOAHMA CMOPTCMEHOB, KOTOPble COCTOATCA MOJA BAMAHWEM TECTOBOM Harpysku, no NcMXopuU3MONorniyecknmu nokasatenamm bes
MCMONb30BaHMA HArpy3KuM ¢ obLLei TOYHOCTbIO 95,5%.

Kniouesble cnoea: pykonalHbii 60i; Ncxodusnonornyeckne nokasatenn; HeyeTkaa 0rvKa; MOAe b MPOrHo3a.

© Kochina M. L., Chernozub A. A., Adamovich R. G., o4
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Introduction

Today's high-achieving  sport  places
significant demands on the functional state of
athletes. In the process of improving sportsmanship
training and competitive load on the physiological
systems of the athlete is constantly increasing. This
can cause not only an increase in the level of
adaptation-compensatory reactions, but also negative
shifts in the functional systems of the body of
athletes, lead to overtraining, the emergence of
donological and pathological conditions. Assessment
of the functional state of athletes at rest and
predicting its changes in the dynamics of training
require the creation of methods and models that allow
to obtain and process information, to calculate
appropriate indicators that can serve as markers of
adverse changes in the body, to classify states and to
develop prevention and rehabilitation measures.

Assessment of changes in functional status in
the process of training and competitive loads can be
performed according to the indicators of the
electrocardiogram [1, 2, 3, 4], heart rate variability
[5, 6, 7, 8, 9], external respiration function [10],
various biochemical indicators [11, 12, 13, 14, 15],
and indicators of psychological status [16, 17].

Different indicators can be used to develop
models for predicting changes in athletes' functional
status in training dynamics. Among the most studied
are the indicators of the cardiovascular system and
indicators of heart rate variability [18, 19],
statodynamic stability [20], indicators of the central
nervous system [21], etc.

According to Shinkaruk [22], forecasting in
sports is the first stage in managing the process of
sports training. Predicting the possible consequences
of using training technologies, taking into account
the individual capabilities of athletes allow the coach
to achieve significant results [23, 24]. But this
prediction is purely subjective, based on the personal
experience and intuition of the coach and is inherent
in him. Kuan et. al. [25] consider that to make the
forecasting process objective, appropriate criteria are
needed and mathematical forecasting models
developed using them.

One of the most important systems of the
body of athletes is the central nervous system, the
fundamental properties of which are the peculiarities
of mental and physiological processes, temperament,
character, set of prevailing feelings and motives of
activity. Combining the properties of the central
nervous system is purely individual and in each case
can contribute to the professional success of athletes,
or vice versa, can be an obstacle to high
achievements.

55

Important characteristics of the central
nervous system include sensorimotor reactions
(simple visual-motor response and complex visual-
motor response, which combine sensory and motor
components of mental activity. Simple and complex
visual-motor reaction characterize the features of the
nervous processes in athletes, Martial Arts Quick and
Accurate Response to Incentives When Determining
Simple and Complex Visual Motor Response Time
Indicates Responsive Athlete Responses Against
Action during the hand-to-hand combat, which,
according to Kuan et al. [25], is the key to success.

According to the results of numerical studies
Makarenko et. al. [12] believed that the individual
typological qualities of athletes can be determined by
the strength, mobility and dynamism of the nervous
system [26]. Characteristics of sensory functions of
athletes of different specializations were studied by
Rovniy [27]. The strength of the nervous processes
characterizes the functional endurance of the central
nervous system, as well as the ability to concentrate
the excitation process. Smaller values of the index of
the strength of the nervous process indicate the better
for the combat ability of athletes [28].

Functional mobility of nervous processes
characterizes the ability to switch from performing
one motor action to another. The smaller the value of
this indicator, the faster is the change of the CNS
states, which provides better adaptation to the
difficult conditions of hand-to-hand combat.

The dynamics of nerve processes according
to Tropin [3], lermakov et.al [29] characterize the
ability to form reactions that are adequate to external
conditions. The smaller the dynamics of nervous
processes, the faster the corresponding reactions of
the central nervous system to changes in external
conditions are formed.

Useful information about the
psychophysiological state of hand-to-hand athletes
can be obtained by determining the response rates of
a moving object [30]. These indicators include the
ratio of the reaction time that occurred before the test
stimulus (anticipation) and the delay time when the
reaction occurred after the test stimulus, as well as
the ratio of the number of anticipation reactions to the
number of delay reactions, which characterizes the
ratio of excitation and inhibition reactions in the
central nervous system. The indicator can evaluate
the equilibrium of processes in the cortex of the
athlete's brain [31, 32]. The success of athletes in
hand-to-hand combat depends more on arousal
processes that provide a quick response to external
stimuli.

The hypothesis of the study is the assumption
that changes in psychophysiological indicators in the
dynamics of training and competitive load can be
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used to assess the functional status of athletes, as well
as to develop forecast models.

The purpose of the work is to develop a
model for predicting changes in the functional state
of hand-to-hand athletes under the influence of
training load using psychophysiological indicators.

Material and methods

Participants

Under our observation, there were 24 male
athletes professionally engaged in hand-to-hand
combat with full contact with the enemy (full contact
- Group 1), and 20 beginner athletes (beginners -
Group I). The average age of athletes was 19-26
years. The first group consisted of 3 international-
class masters of sports, 8 masters of sports, 10
candidates for sports masters, and 3 first-graders. The
second group consisted of athletes engaged in hand-
to-hand combat at the amateur level. All athletes
agreed to participate in the study.

Procedure

Registration of the studied parameters was
carried out before and immediately after the training
load. Training in both groups took place over 1.5
hours. The structure of the training and the level of
exercise were developed in accordance with the level
of physical fitness of the athletes.

The study of psychophysiological indicators
was performed wusing the device "PFI-1"
chronoreflexometer (LLC "ASTER-ITI", Kharkov).
A PFI rhythmograph-1 device (ASTER-ITI LLC,
Kharkov) with EasyHRYV software package was used
for cardiac signal registration.

The following psychophysiological
indicators were determined in all athletes: functional
mobility of nervous processes, strength of nervous
processes, dynamic of nervous processes, simple
visual-motor reaction and complex visual-motor
reaction, as well as time of advance, time of delay,
number of reactions of anticipation, number of
reactions of delay test for the speed of reaction to a
moving object. The moving response rate for a
moving object was calculated by the moving object
response index, which was equal to the module in
relation to the lead time to the delay time.

To verify changes in the functional state of
athletes before and after loading in them were
determined indicators of heart rate variability, which
according to Adamovich RG. with co-authors reflect
the current FS of athletes and its changes [33].

Functional status information was obtained
using two measurement circuits. The main circuit
consisted of a computerized chronoreflexometer,
which allows a comprehensive study of the
functional response of athletes to various stimuli by
standard psychophysiological techniques [26, 28].
The obtained indicators of the state of nervous
processes were stored in the study database and used
for further analysis. An additional circuit formed by
a  computerized  cardiothymograph  allows
synchronization with the main circuit to record a
cardiogram. Indicators of heart rate variability, stored
in the study database, allowed to conduct a cross-
analysis of the functional status of the subjects.

Statistical analysis

Fuzzy Zadeh logic was used to develop a
model for predicting changes in functional state
under the influence of training load [34]. Statistical
analysis of the results of the study was performed
using descriptive statistics (with determination of
mean values and mean square error). In the presence
of a significant variation of indicators, medians (Me)
and quartiles (25%; 75%) were determined. The
significance of the differences between the indicators
was assessed using the non-parametric Mann-
Whitney criteria  (independent samples) and
Wilcoxon  (dependent samples) [35]. The
significance of the obtained results was determined
at 95%.

Results

The test load used to develop a model for
predicting changes in the functional state of trained
athletes is given in Table. 1. The proposed first group
test load in structure and content corresponds to the
standard training of athletes engaged in melee
combat. The load offered to beginners differed in
content and time of exercise and corresponded to
their level of fitness.

Table 1
Training structure of athletes engaged in hand-to-hand combat that was used as a test load
Compon Structural Time Intensity
ents of Content of load distributi  load, % of
. components
training on, % max.
Introduct  General training General developmental exercises 5 30-40
ory part Special training 15 75-80
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(20% of
the time)
Technical training Special exercises 10 75-80
Tactical training Improvement of the technique of complex elements 15 75-80
Correction of correlation of structural components
of tactical schemes taking into account technical
. . 10 75-80
. . . skill, anthropometric data and development of
Main Callisthenics .
art explosive force
(p7o<y of Basic: Increase of the level of explosive force in the
0 conditions of anaerobic regime of energy-saving 10 75-80
the time) .
cookie.
. Specialized: Increasing intramuscular and 25 75-80
Integral preparation . o
intramuscular coordination 10 -
Implementation of technical skill in combination
with the individual level of power development in 10 -

the process of corrective sparring

In the table. 2 shows the average values of certain psychophysiological indicators of athletes of both

groups before and after exercise.

Table 2
The average values of psychophysiological indicators of the subjects studied before and after loading
Terms of Indexes Groups
registration | (n=24) Il (n=20)
Befqre Slmpl'e mc')tor-wsual 261,1+13.8 261,7+19.8
loading reaction time (ms)
. . _ + 2
Time of com'plex visual 361,5¢21 4 396,9+55,6
motor reaction (ms) U=83; Z2=2,57; p=0,01
Functional mobility of 246,7457,9 282,1445,5
nerve processes (ms)
Strength of nervous
406,1+74,7 442,9+80,2

processes (ms)

Number of anticipation
reactions / Number of
delay reactions (yo)

0,18 (0,11;0,96)

0,74 (0,18; 1,22)?
U=43; Z=2,29; p=0,021

Moving Object Reaction
Index

2,4+0,7

0,8610,42
U=92; 7=2,29; p=0,021

After loading Simple motor-visual
reaction time (ms)

242,7+21,11
Z=3,771; p=0,0002

254,3+38,9

Time of complex visual-
motor reaction (ms)

337,0+32,5?
Z=3,343; p=0,001

381,9+49,72
U=65; 7=2,95; p=0,003

Functional mobility of
nerve processes (ms)

212,6+44,7"
Z=2,57; p=0,001

203,3%60,2

Strength of nervous
processes (ms)

343,6173,4*
Z=3,03; p=0,002

357,1154,41
Z=3,03; p=0,002

Number of anticipation
reactions / Number of
delay reactions (yo)

0,67 (0,38; 1,22)

0,82 (0,43; 1,22)

Moving Object Reaction
Index

0,9+0,51
7=2,37; p=0,018

0,87+0,03

Notes: 1 - differences in the mean values obtained before and after training are valid according to the Wilcoxon criterion;
2 - differences in mean values of group Il and group Il indicators are significant by the Mann-Whitney test (p <0.05); for
the indicator Number of anticipation reactions / Number of delay reactions (yo) medians and quartiles were calculated

(25%; 75%); n is the number of athletes in the group

Further analysis and modeling of the change
of functional state under the influence of the test load
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were performed according to the procedures shown
in Fig. 1.
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Fig. 1. Procedure for analysis of functional state indicators and simulation of reaction to test load

From the database of the results of the study
were taken indicators of the variability of cardiac
rhythm and state of nervous processes and calculated
the change in their absolute values by subtracting the
initial values from the final ones. These changes were
then analyzed and hypotheses were made regarding
the relationship between these changes in functional
status and exercise load.

Analysis of changes in heart rate variability
using fuzzy clustering according to the fuzzy c-mean
algorithm revealed that all athletes who are new to
the dynamics of change in heart rate variability under
the influence of load belong to the cluster of its
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perception, indicated by the index t, and , which is
indicated by index 1. That is, the response to the load
of athletes of the studied groups was different.
Significant differences in the load between groups of
athletes were found only in the proportion of
investigated indicators of heart rate variability [33],
but after the load almost all indicators differ
significantly. On the other hand, significant
differences were found between the studied groups
of athletes by the indicators of the state of nervous
processes before loading, namely the time of
complex visual-motor reaction (ms) and the index of
reaction to a moving object (cu) (Table 2).
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According to these two indicators, a model
for predicting the functional response to loading in
athletes with different levels of athletic skill was
synthesized.

The procedure of synthesis of the model of
forecasting the reaction to load in graphical form is
shown in Fig. 2. To obtain fuzzy rules, a matrix was
formed from previously selected indicators of the
state of nervous processes, namely: the time of
complex visual-motor reaction (ms) and the index of
reaction to a moving object (cu). These data were
supplemented by a column indicating which load
sensing group (1 or 2) the athlete was assigned to.
Complex visual motor response time (ms) and
response index for a moving object (cu) were
subjected to subtractive clustering (a mountain
clustering algorithm) developed by Yager et. al.
[36].The parameters of the clustering algorithm were
set in accordance with the recommendations of the
Scilab package. Each received cluster was matched
by one fuzzy rule, and the coordinates of the cluster
centers were the coordinates of the maximum of the
membership functions, which used the Gaussian
function [37]. According to the received logical rules
and membership functions, a set of linear functions
is formed, which links the logical rules and data of

the corresponding load perception group (1 or 2).
Formal recording of a system of fuzzy equations, a
set of coordinates of centers and parameters of
compression-stretching and linear equations of forms
is a model of forecast. In the process of model
synthesis, the procedure of adjusting it was
performed, which consisted of cyclic modification of
the parameters of compression - stretching of the
membership function and coefficients of linear
functions to minimize the error of the forecast using
the model.

The scheme of using the model of prediction
of change of functional state under the influence of
the test load is shown in Fig. 3. Using the obtained
model will allow to predict changes in the functional
state of athletes that will arise under the influence of
test load according to certain psychophysiological
indicators. It is enough to define only two indicators:
time of complex visual-motor reaction (ms) and
index of reaction to the moving object (cu).
Validation of the prediction model using indicators
of 20 non-training athletes showed an overall
accuracy of 95.5%.

Input matrix
Ne | TCVR [IRMO || Group
N Y,
2 x; xi Y,
nl o el

To cycle adjustment of

To cluster indices
by mountain
algorithm

compression-stretching
parameters and linear
coefficients

s

Researcher

To establish a
fuzzy rule for each

To set the vertices
of the membership
function according

To establish a
linear relationship
between rules and

cluster

to the cluster

centers /
- /
R L ¥
S ] e | s
Parameters functions |
Load response model

Fig. 2. Procedure of synthesis of model of predicting change in the functional state of an athlete under the
influence of load
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Discussion

According to the Table. 2, it can be noted that
the Simple Motor-Response Time (ms) and the
Complex Visual-Motor Response Time (ms) are
significantly reduced after loading in the first group
and practically do not change in the second. In
addition, there are significant differences in the time
of complex visual motor response (ms) between the
first and second groups before and after loading.
Initial values Functional mobility of nerve processes
(ms) and Strength of nerve processes (ms) in athletes
of the studied groups did not differ significantly, after
loading these indicators decreased significantly in the
first groups. When examining the results of a test for
the response rate of a nra, a moving object to the load
found that significantly more balanced processes in
the nervous system are observed in trained athletes,
as evidenced by the number of anticipation reactions
/ the number of delay reactions (cu). After loading,
this indicator is close in value in both groups. Also,
prior to loading, the groups differed significantly in
the Moving Object Reaction Index (cu).

Our previous studies of the dynamics of heart
rate variability indicators [2] showed that before the

test load, there were significant differences between
the studied groups only in the vegetative rhythm
index, the adequacy of the regulation processes, as
well as the spectral characteristics. After loading,
virtually all indicators of heart rate variability in the
athletes of the studied groups differed significantly.
This confirmed the presence of reliable response of
the body of athletes to the test load and sensitivity to
changes in the functional state of certain
psychophysiological indicators.

Thus, the data obtained confirm the different
response of the athletes of the studied groups to the
training load. On the other hand, the presence of
significant  differences in psychophysiological
indicators between the studied groups made it
possible to use these indicators to build a model for
predicting the dynamics of the functional state.

Physical activity causes each athlete
appropriate changes in functional status, which can
be classified as a norm of reaction or indicate a pre-
existing or pathological condition. The proposed
scheme (Fig. 3) identifies two ways of changing the
functional state.

Chronoreflexometer

-

Indicators of the state
of nervous processes
before load

Predicted changes in
the functional state
of an athlete

_+ Model }..

TCVR

IRMO

Changes in training regimens,

NO YES

Changes in the
functional state
within the reaction
rate 7

y
1 i

adjusting the load, changes in
the content of the load, rest, if
necessary, therapeutic

The athlete needs
physical therapy

Training loads
correspond to the
capabilities of the

athlete's body

measures

Fig. 3. Scheme of using models of predicting changes in the functional state of athletes under the influence
of test load

If the predicted functional state changes
relate to the normal reaction, ie the athlete enters
cluster 1 in response to the load, training can be
carried out according to the scheme corresponding to
the current stage of training. If, as a result of using
the prediction model, the athlete falls into cluster 2,
then normalization of his functional state is required,
which includes not only correction of the training
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process, but also more in-depth medical examination
and appropriate rehabilitation measures in order to
prevent overtraining, occurrence of pathological or
pathological changes.

Predictive approaches in sports can be
divided into two groups. The first group includes the
prediction of success in training or competitive
activities, the second - changes in the functional state
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of athletes under the influence of training
(competitive) loads.
Predicting the success of athletes'

competitive activity is described in a large number of
papers in which the authors study different changes
in functional status indicators, morphofunctional
indicators, model characteristics of athletes of a
particular sport, previous success, and indicate that
they can predict changes in functional status,
efficiency . But there is no prediction mechanism or
real model of forecast itself. For example,
comparisons with model characteristics and the
statement that for athletic success in adult sports
athletes must be runners-up in youth are suggested by
Latishev [26]. The approach proposed by the author
to predict sports performance is not supported by the
results of the use of any statistical criteria or methods
and is verbal [38].

Volodchenko [39] proposes to use a table in
which to score the scores of 31 varied athletes, whose
determination requires the use of a large number of
instrumental techniques to obtain a prediction of
competitive performance in kickboxing. Prediction
of the proposed approach requires the preliminary
determination of all indicators and the calculation of
the forecast threshold according to the proposed
table, that is, there is a time-consuming process of
estimating a large number of indicators in manual
mode, which reduces the effectiveness of the
proposed methodology.

Currently, there are a number of works in
which predictions in sports are constructed using
modern methods of data mining - neural networks,
fuzzy logic, discriminant, correlation-regression and
factor analysis [40, 41, 42].

For example, Yavorska [16] proposed a
program for predicting the performance of athletes
based on their specific sports parameters using a
complex mathematical approach, which includes
vector and matrix analysis, variance and factor, as
well as the theory of multidimensional linear
regression in Euclidean space. Glotov et. al. [43]
proposed, by a large number of indicators
characterizing the functional status of athletes and
their genotypes, to create regression models that
allow one to determine the most informative ones and
predict success in certain sports. Baranaev [44],
using correlation structures of indicators of young
athletes, revealed the criteria for the selection and
prediction of athletes' success at the stage of sports
specialization.

Thus, the use of modern methods of data
analysis allows to obtain reliable new results, to build
models of forecasting changes in the functional state
of athletes under the influence of load, the success of

athletes in certain sports, to determine the criteria for
sports selection.

The developed model allows to predict, by
two psychophysiological indicators (Time of
complex visual-motor reaction (ms) and Index of
reaction to the moving object (uo)), the functional
state of hand-to-hand athletes, with probability 95 ,
5%. The prognosis of the change of the functional
state gives the trainer the opportunity to adjust the
amounts of training loads and training regimes in a
timely manner.

Conclusions

1. Significant differences between groups of
trained athletes and beginners by the indicators of the
state of nervous processes of time of complex visual-
motor reaction and the index of speed of reaction to
a moving object to the load were revealed, which
allowed to develop a model of forecasting of
functional reaction to loading in athletes with
different level of sportsmanship.

2. It is shown that physical activity causes in
each athlete corresponding changes in the functional
state, which can be classified as a norm of reaction or
indicate a donological (pathological) state. If the
predicted functional state changes relate to a normal
reaction, the training may be performed according to
a pattern consistent with the current preparation
stage. Otherwise, the normalization of the functional
state, which includes not only the correction of the
training process, but also more in-depth medical
examination and appropriate rehabilitation measures
to prevent adverse conditions, is required.

3. Using the obtained model will allow
predicting changes in the functional state of athletes
under the influence of test load on
psychophysiological indicators without using a load
with an overall accuracy of 95.5%, which allows the
trainer to timely adjust the amount of training loads
and training regimes.
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Abstract

Purpose: to develop the technique for assessment of quantitative indicators of execution efficiency of serves in competitions of beach
volleyball league in Kharkiv among men's amateur teams.

Material and methods: the analysis of statistical data, which are obtained as a result the pedagogical observations of power jump serves
and aimed serves in 25 games of these competitions, is carried out (with total number of serves 2055). The following methods were
used: analysis of scientific-methodical literature; pedagogical observation, methods of mathematical statistics.

Results: calculated: distributions of power jump serves and aimed serves according to a certain four-point rating scale; quantitative
indicators of execution efficiency of serves which are generalized by results of the analysis of the relevant statistical data. The results
of the corresponding calculations showed that players tried not to execute serves in the 4t, 5t and 6t conditional zones because the
rival's players are there who after serve receiving in most cases precisely addressed a ball to the partner for the organization of attack
in reply. Power jump serves weren’t also given to 1, 2 and 3 zones, and their greatest number was sent to the 8 and 9 zones. The
direction of aimed serve generally concentrated in the 8t and also the 2" zones of the playground. The assessment of indicators of
serve efficiency, which were directed to different conditional zones of the court, is carried-out.

Conclusions: the technique for carrying out the analysis of statistical data concerning execution of different ways of serves in beach
volleyball competitions and assessment of the corresponding quantitative indicators of their execution efficiency is generalized. The
results can be used in solving the problem of increase in execution efficiency of serves in the course of training and competitive
activities of beach volleyball teams.

Keywords: zone, distribution, indicator, effectiveness, assessment.

AHoTaujA
Meabnuk A.JO., CrpeabHikoBa €.51. [locainkeHnHs edexTHBHOCTI BHKOHAHHS Pi3HUX cHOCO0iB Moxa4 y 3MarajbHii

DiSIIbHOCTI YOI0BiYMX KOMAH[ 3 IJISIZKHOTO BOJIeiif01y

MeTa: y3aranbHUTU METOAMKY ANA OLHKM KiZIbKICHUX NOKA3HMKIB epeKTUBHOCTI BUKOHAHHA NOAAYi B 3MaraHHAX NASXHOT BoNe6 0nbHOT
Nirn m. XapKoBa cepef, 40N0BIYNX aMaTOPCbKMX KOMaHA,

Martepian Ta MeTOAMN: NPOBEAEHO aHaNi3 CTAaTUCTUYHUX AAHWX, AKI OAepKaHi B pe3ynbTaTi NefaroriyHMX CNoCTePeKeHb 3a BUKOHAHHAM
CMNOBMX Noday y CTPMOKY Ta HalineHux nogad B 25 irpax (3 3arasbHo0 KinbkicTio nogay 2055) gaHux 3maraHb. BMKOpMCTOBYBannCh
HACTYMNHiI MeToAM: aHani3 HayKOBOI-MeTOAMYHOI NiTepaTypu; NefaroriyHe CNoCTepeXeHHA, MeToaM MaTeMaTUYHOI CTaTUCTUKK.
PesynbTaTh: po3paxoBaHi: po3Mnoainm CUI0BUX NOAAY y CTPUOKY Ta HauiNeHWX NoAay BiANOBIAHO BM3HAYEHOI YOTMPUDHANbHOI WKaam
OLHOK; KiNbKiCHi MOKa3HUKKM eEKTUBHOCTI BUKOHAHHA LUMX NoAaY, AKi y3arasbHeHi No pe3ynbTaTam aHanisy BiAnoBiAHMX CTaTUCTUYHMX
AaHuX. Pe3ynbTaTn BIANOBIAHWX PO3PaXyHKIB MOKa3anu, WO rpaBLi Hamaraamca He noaasaTtu, B 4, 5 Ta 6 YMOBHI 30HM, OCKIZIbKM Tam
3HAXOAATbCA rPaBLi CynepHMKa, AKi nicna npuitomy nogadi y HinbWoCTi BUNAAKIB TOYHO aapecyBanu M'ay napTHepy ANA opraHisauii
aTaku y Bianosiab. Cnnosy nofadvy y CTpMOKy TakoX He nogasann y 1, 2 Ta 3 30HK, a HanbinbLLy iX KinbKicTb HanpaBaann B 8 Ta 9 30HM.
Hanpamok HauineHux nogay B OCHOBHOMY 30Cepe/sKyBaBcA B 8, @ TaKOX 2 30HY irpoBOro marnfaHuynka. [poBeseHa TakoX OLiHKa
NMOKa3HWMKIB ePEeKTUBHOCTI MoAay, AKi Oyamn CNpAMOBaHi B Pi3Hi 30HM irpOBOro ManaaHuymMKa.

BWCHOBKM: y3aranbHeHa MeToAMKa 418 NPoBeAeHHA aHani3y CTaTUCTUUYHMX AAHMX CTOCOBHO BWMKOHaHHA Pi3HMX cnocobis nogadyi B
3MaraHHAX 3 NAAXHOro BoAenboNy Ta OLHKM BiLMNOBIAHUX KiNbKICHWX MOKA3HMKIB ePeKTUBHOCTI IX BUKOHAHHA. Pe3yabTaTh MOXYTb
B6yTM BMKOPWUCTaHI y BUpiWEeHHi Npobaemun niasuLLeHHA edEeKTUBHOCTI BUKOHAHHA nodadvi B NpoLeci TpeHyBanbHOI Ta 3MaraabHoi
OiANbHOCTI BOIEMBONIbHMX KOMaHA 3 NAAXKHOIo Bosenbony.

Knio4oBi €1oBa: 30Ha, pO3n0AiN, NOKa3HUK, Pe3yNbTaTUBHICTb, OLLIHKA.

AHHOTauuA

MenbHuk AlO., CtpenbHukosa E.A. UccnepoBaHne adpdEKTUBHOCTM BbINOAHEHWUA Pa3/iMyHbIX CNOCOBOB Nofay B COpeBHOBATE/NbHOM
[OEATENbHOCTM MYKCKMX KOMAHZ, NO NASXKHOMY Bosienbony.

Lenb: 0606WmTL METOAMKY O/19 OLEHKM KOJMYECTBEHHbIX MOKasaTenei 3PpGeKTMBHOCTU BbIMONHEHUA MOAAYM B COPEBHOBAHUSAX
NAAXKHON BONENOONBHOM UK T. XapbKOBa Cpeam MyKCKUX NI0OUTENBCKUX KOMAHA.

Matepuan M MmeTodbl: NpPoOBeAEH aHa/IM3 CTAaTUCTUYECKUX AAHHbIX, MOJYYEHHbIX B pPe3y/bTaTe Neaarormyeckux HabnoaeHWn 3a
BbINO/NHEHWMEM CU/IOBbIX MOJAY B MPbIXKKE W HaUeneHHbIX nogady B 25 wrpax (c obwmm KonmyectBom nogad 2055) AaHHbIX
COopeBHOBaHWN. icnonb3oBannch caeaytolme MeTOAbl: aHaIM3 HayYHOM METOAMYECKON NTepPaTypbl; Negarornyeckoe HabaoaeHme,
MeTO/lbl MaTEMATUYECKOM CTaTUCTUKM.

PesynbTaTthl: paccumTaHbl: pacnpeneneHna CUA0BbIX NOAaY B MPbIXKKE M HalleNeHHbIX NoAay B COOTBETCTBUMM C OnpeneneHHoM
YyeTblpexbannbHOM LKANOM OLLEHOK; KONMYECTBEHHbIe NoKa3aTenn adPeKTUBHOCTH BbINONHEHMA 3TUX NOAAY, KOTOpPble 0606 EeHbI MO
pe3ynbTaTaM aHaan3a COOTBETCTBYIOLIMX CTAaTUCTUYECKMX AaHHbIX. Pe3ynbTaTbl COOTBETCTBYIOLMX PACYETOB MOKa3anu, 4TO UIPOKM
CTapanncb He NoaasaTth, B 4, 5 1 6 YCIOBHbIE 30HbI, MOCKO/IbKY TaM Haxo4ATCA UTPOKM COMepHMKA, KoTopble B BONbWIMHCTBE CyYaes
nocae npuema nogaqu TOYHO aApecoBasv MAY MapTHepy ANA OpraHM3auuun aTaku B oTBeT. CMI0BYIO MOAayy B MPbIXKKE TaKKe He
nofasanu B 1, 2 1 3 30Hbl, @ HanboblLEe X KOAMYECTBO HanpasBasaaAM B 8 U 9 30Hbl. HanpasneHue HaueseHHbIX NoAady B OCHOBHOM
cocpefloTOYEH B 8, a TaKXKe 2 30HY UrpOBOWM NOLLALKM. TaKKe NpoBeAeHa OLeHKa NokasaTtenei addekTMBHOCTU NofaY, KoTopble Hblin
HanpagaeHbl B Pa3/INYHbIE 30HbI UTPOBOM MAOLLAAKM.

BbiBoAbl: 0600LLeHa MeToAMKaA AN NPOBEAEHWA aHaNN3a CTAaTUCTUYECKMX AaHHbIX MO BbIMOMHEHUIO PA3/IMYHbIX CNOCOHOB NoAayM B
COpPEBHOBaHMAX MO MNASKHOMY BONENOONY M OUEHKM COOTBETCTBYIOWIMX KOAMYECTBEHHbIX MoKasaTenelt 3ddeKTMBHOCTM KX
BbINO/AHEHUA. Pe3ynbTaTbl MOTyT OblTb MCNOMb30BaHbI B pelleHnn Npobaembl NoBbilWeHWA 3GGEKTUBHOCTM BbINONHEHMA NOAAYMN B
npouecce TPEHUPOBOYHOM 1 COPEBHOBATEIbHOM EATENLHOCTHN BONEMDOONbHbBIX KOMaH/ NO NAANKHOMY BOAenboAy.

Knlouesble cioBa: 30Ha, pacnpegeneHne, NoKkasaTte b, pe3yNbTaTUBHOCTb, OLEHKa.
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Introduction

The development of beach volleyball in
Ukraine, as well as in the international arena, the
successful debut at the Atlanta Olympic Games and
participation in further Olympic forums, the
expansion of the network of international and
national competitions attracts the attention of
organizers, coaches, athletes and spectators [1, 2].

Success in the competitive activities of beach
volleyball teams is determined by various factors that
require close attention. The decisive factor for
winning games in both men's and women's teams is
submission. [3] This is one of the main techniques by
which the ball is introduced into the game without
affecting its teammates and opponents in order to win
a point immediately after its execution or to
complicate its reception in order to disrupt the
organization of the appropriate attack [2 , 4-6].

In this case, volleyball players, as a rule,
have to overcome difficulties that prevent them from
completing the pitch qualitatively. They are related
to external weather conditions, especially strong
wind, rain, bright sun, high air temperature, hot sand
[2,3,7].

Important in beach volleyball, as in classical
volleyball, is the ability of players to perform 2-3
types of innings powerfully and accurately and
effectively apply them depending on the playing
situation. Considering that the size of the playground
(16x8 m) in beach volleyball is almost the same as in
the classic (18x9 m), and there are only two players,
it is obvious that each player in the first case is much
more responsible for the success of the submission .
On the complexity of the submission depends largely
on the quality of receiving the ball by the opponent,
which, in turn, affects the efficiency of his transfer to
the attacker and, ultimately, creates the prerequisites
for winning a point. Given that in classical volleyball,
up to 5 players can take part in receiving the ball, it
is much more difficult for a team of two players (one
blocking and one defender) to organize a high quality
reception in the beach volleyball. This also applies to
game actions after successful receiving of the ball
from the pitch, which are related to the subsequent
transfer of his partner for the execution of the striker
in response, the result of which depends largely on
the role of the player receiving the transfer [3, 8, 9] .

Beach volleyball is most commonly used in
the form of serves such as: jumping (it can be power
or top straight), planning and candlelight. Currently,
two-thirds of innings are done in the jump. The
serves in the jump alternate with the goals (mostly in
the last meter of the playground). Increasingly,
scheduling serves are used in the jump [2, 3].

65

It should be noted that in the current
scientific and methodological literature, the studies
that are related to the problem of increasing the
efficiency of performing different ways of giving in
beach volleyball, is not enough. When analyzing
statistics on the performance of the submission in the
competitive activity of teams widely used method of
scoring the level of its performance, based on a four-
point scale, which includes from 2 to 5 points [2, 10-
12]. This system, in our opinion, allows only very
superficial description of the quality of the filing. It
is clear that in the framework of this methodology it
is not possible to obtain detailed information on the
quantitative characteristics of the efficiency of filing
by individual players and teams, depending on
various factors. Therefore, from a practical point of
view, further study and improvement of different
methods of evaluating the quantitative indicators of
the effectiveness of different ways of submission in
competitive activities is important for the coaches of
the team and the professionals of beach volleyball.

The purpose of the work: to summarize the
methodology  for evaluating quantitative
performance indicators of submission in Kharkiv
beach volleyball competitions among men's amateur
teams.

Material and methods

The paper analyzes the statistics obtained
during pedagogical observations on the performance
of submissions in 25 games of Kharkiv beach
volleyball league among men's amateur teams [3].
The following methods were used: analysis of
scientific and methodological literature; pedagogical
observations, methods of mathematical statistics.

Results

Techno-tactical improvement of
performance by volleyball players of different types
of innings, improvement of their efficiency and
quality is one of the main reserves for improving the
effectiveness of competitive activity in volleyball. At
the present stage of its development, there is an
urgent need for a more detailed analysis of the
efficiency of filing, which will allow coaches to use
the results obtained and promptly make adjustments
both in the training process and in the competitive
activities of teams [4].

The analysis of literary sources devoted to
various aspects of classical volleyball showed that
many authors [13-18] repeatedly made attempts to
create methods for evaluating the technical and
tactical actions of volleyball players in competitive
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activities. As for beach volleyball, like in the case of
classical volleyball, the ball scoring technique is
often used to assess the level of performance. This
technique allows to evaluate to a considerable extent
only the qualitative component of the performance of
the filing: excellent is rated at 5 points, good - 4,
satisfactory - 3, unsatisfactory - 2 [2, 12]. Such a
simplified system of assessments allows for a
significant risk of subjectivity in determining the
appropriate assessment, does not contain quantitative
characteristics of performance indicators such as the
proportion of successfully completed or lost innings,
the probability of winning a point depending on
various factors, etc. Therefore, it is clear that, from a
practical point of view, team coaches are very
interested in receiving objective information about
guantitative performance metrics that fully take into
account the ultimate consequences of performing it.

The study of the problem of determining the
efficiency of performing different ways of
submission in competitive activities is carried out in
this work on the basis of the method [4, 18-20],
which was successfully used to solve a similar
problem in classical volleyball. It is based on the
mathematical processing of relevant statistics related
to the submission. We suggest, by analogy with
classical volleyball, to keep a record of the code
record of their performance in pedagogical
observations during competitions. The technique [4]
was modified by us, taking into account the specifics
of beach volleyball action. In particular, a four-point
rating scale (1 to 4) is used to analyze relevant
statistics and evaluate feed performance. According
to the results obtained in [3, 4], a quantitative Ki
indicator is introduced for each estimate. These
metrics determine, in essence, the probability of
winning a point after the subsequent game activities
that accompany the submission. We have selected the
following numerical values for Ki using the results of
[3,4]: K1 =0, Ky =0.25, K, = 0.6, Ks = 1.0. For a
detailed definition of these indicators, see work [3,
4].

In this study, in accordance with the results
of [2] the quantitative indicator of the efficiency of
performing a particular method of serves (S), we will
determine the following formula:

S=> nK/N

where:
ni - the number of serves that match the index score
and the selected scale,

66

Ki - the above values of indexes (index and takes
integer values from 0 to 4),
N :Z_ni — the total number of completed

submissions of this type.

That is, the average efficiency S determines
the combined probability of winning points after
completing the innings, which are accompanied by a
certain end result of scoring [4].

Because modern beach volleyball usually
uses jumping power (more often men), planning and
top straight (running from the spot or from the jump),
so in our studies, we conditionally split them into two
groups: jump and targeted serves, which included the
scheduling and top feed [3, 4].

We conducted code records of the results of
passing the innings during pedagogical observations,
which were conducted in the 25 games of
competitive activity of the teams mentioned above.
The total number of innings in these games was 2055,
of which 39.9% were power innings in the jump and
60.1% were targeted innings [3]. That is, all the
innings that were made by all the players of the teams
during the meetings between themselves, which were
stipulated in the standings, were taken into account.
In the future, when evaluating performance
indicators, we will study only the relevant indicators,
which are summarized by the results of the analysis
of relevant statistics.

A detailed analysis of the statistics regarding
the performance of jumping power and targeted
serves has been performed. In Fig. In Fig. 1 shows
the results of calculations of distributions of fixed
filings, which are determined by the ratio of the
values of the number of completed filings of this type
ni to their total number N, in accordance with the
scale of estimates that we used in the performance of
this work [3].

Regarding the estimation of the quantitative
measure of the efficiency of the submission S, the
corresponding  calculations  using  calculated
distributions of the number of completed
submissions of a certain type with respect to the scale
of estimates show that they reach quite high values
and are equal to 38.2% and 40.1% for power serves
in the jJump and targeted serves, respectively.

In our view, from the practical point of view
of great interest for coaches and team players is the
calculated distribution of innings on the conditional
areas of the playground and the associated values of
the efficiency of the filing in these areas [3].
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Fig. 1. The distribution of power serves in the jump and targeted serves according to a defined four-point
rating scale:
Bl -  servesinthe jump;
Il - targeted serves;
1 - filing out, grid, intersection of the front line;
2 - after receiving the ball, the ball is accurately addressed to the partner (organization of the corresponding
attack of the opponent);
3 - after receiving the opponent's submission failed to organize the attack;
4 - loss of a point to a competitor directly after a poor reception of a pass or hit of a ball in his court ("Ace")

In Fig. 2 shows the results of calculating the  the direction in which, the corresponding innings,
performance of a jump in power and targeted innings,  these figures reached the highest values.
depending on the number of the playground area, in

S.%

]
30 A
20 -
10 4
0 -
2 8 9

Zone number

Fig. 2. Performance Indicator of Jumping Power and Targeting Depending on the Playground Area Number:
Bl - servesin the jump;
Il - targeted serves;

S - quantitative indicator of the efficiency of performing a particular method of serves

Discussion only 10.5% of power passes in the jump and 5.5% of
targets were won immediately after their execution
The results of the study, which are related to  due to the unsuccessful reception of the opponent's

the calculations of the power distribution in the jump  submission or hit of the ball in his court ("aces").
and the targeted innings according to the determined A detailed analysis of the statistics obtained
four-point scale of assessment, show (see Fig. 1) that ~ regarding the distribution of completed innings,
25.8% of the force innings in the jump and 14.1% of  depending on the number of the playground area to
the targeted innings were lost (out or out) relative to  which the players mainly directed them. As the result
the total total innings. The high number of innings  of this analysis, players tried not to file in the fourth,
lost indicates that many players in the games  fifth and sixth zones, because there are opponents,
demonstrated an inability to choose the right way of ~ who in most cases accurately addressed the partner's
submission and did not take due account of external  ball to organize the attack. The power supply in the
environmental conditions [3]. It should be noted that ~ jump was not submitted in zones 1, 2 and 3, and the
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largest number was sent to zones 8 and 9 [3].
Moreover, the calculated values of the efficiency of
filing in these zones are 45% and 39.8%, respectively
(Fig. 2).

Regarding targeted innings, their focus was
mainly concentrated in zone 8 - 23.5% of innings, as
well as in zone 2 of the playground - 21.3% [3]. As
can be seen from Fig. 2, the performance index S
reached 41% and 46.3% for these zones,
respectively.

It should be noted that from the tactical point
of view 8 the zone is between two players near the
front line, which makes it possible to ensure a high
probability of winning a point due to the
inconsistency of the actions of the opponent's
players.

From a practical point of view, it is important
for team coaches to have an objective assessment of
the quantitative performance indicators of the various
modes of submission. In order to further determine
the capabilities of the proposed methodology and to
verify the validity of the analysis results, it is
necessary to carry out the processing of relevant
statistical material of a larger volume in order to
calculate the performance indicators in the
performance of different filing methods as individual
players and teams as a whole, depending on the party
number and conditional playground areas. Further
work is required to perform the appropriate
calculations.

Conclusions

1. A generalized methodology for analyzing
statistics on the performance of various methods of
submission in beach volleyball competitions and the
assessment of appropriate quantitative indicators of
their performance. It is based on the results of
pedagogical observations of the game, which are
combined by a single system of code-recording of the
submission of the application using the appropriate
four-point rating scale and mathematical processing
of the information obtained. When calculating these
characteristics, the jump statistics and targeted
innings were used to obtain the relevant statistics we
obtained from the analysis of 25 Kharkiv beach
league games among men's amateur teams.

2. The results of the calculations of the
performance of the filing performance show, in
particular, that: they reach quite high values and are
38.2% and 40.1% for power jump and targeted
serves, respectively; the highest values of these
indicators were observed in the direction of power
serves in the jump zone 8 - 45% and targeted serves
in zone 2 - 45,3%.
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Abstract

The aim of the work is to investigate the morpho-functional state of peripheral blood erythrocytes and the content of Ca?* in the blood
plasma during physical exercise in marathoners of different qualifications.

Material and methods. The studies were conducted in three groups of marathoners aged 20-25 years old with conditionally high,
medium and low performance. Exercise was performed for 90 minutes on a bicycle ergometer with a given power. The study of
peripheral blood erythrocytes was performed before and after exercise. The osmotic resistance of erythrocytes, the content of Ca?* and
free fatty acids in the blood were determined. Morphological study of erythrocytes was performed using a scanning electron microscope
and stained by standard techniques. The red blood cell form index was determined by a special formula. Changing the content of Ca?*
enhances lipid melting, increases membrane fluidity and increases surface tension, with the result that the discocytes are stretched and
thinned, the central pits deepen and the surface roughness increases, the volume and number of conical pores, and peripheral blood
erythrocytes density.

Results. Marathon runners of different groups after physical exercise differed in terms of the frequency of cardiac sweeps, the content
of free fatty acids and the osmotic resistance of red blood cells. This is closely correlated with changes in the electrolyte and metric
composition of erythrocytes and the presence of their reversible and irreversible forms in the general circulation after exercise.
Conclutions. Physical activity causes structural and functional reorganization of erythrocytes, which is based on a change in their
microelement composition, a decrease in osmotic resistance, mainly in poorly trained marathoners, and the appearance of various forms
of erythrocytes against the background of the destruction of degenerative forms and an increase in the active release of young forms,
which is a sign of high adaptive capacity in highly skilled athletes.

Key words: physical loading, red blood cells, osmotic resistance, calcium, marathon runners.

AHoTanist

Oundepenko LA., Iloneas C.JI. Ctan epuTpouMTiB i 3MicT Kajablilo B mja3Mi KpoBi npu ¢(isH4HOMY HABAHTAKEHHI Y
mapadoHuiB p13ﬂ01 kBaidikauii
Mera poGorn — nocnizuti MOpdO-pyHKIIOHANLHMN CTaH SPUTPOLMTIB MEPH(EPHIHO] KPOBi i BMICT Ca?* B mnasmi KpoBi TpH
¢bisnuHOMYy HaBaHTa)keHHI y MapadoHIiB pi3HOI kBamidikamii. Marepian i meroau. JlocmimKeHHs MPOBOAWINCA B TPHOX Ipymax
mapadoHuiB y Bini 20-25 PoKiB 3 yMOBHO BHCOKOIO, CEPEAHBOIO | HU3BKOIO NPALE3aTHICTIO. Di3nuHe HaBaHTaXKEHHS BUKOHYBAIACS
npotsiroM 90 XB Ha BEIOCPrOMETPI i3 3/aHOK0 MOTYXKHICTIO. JIOCIIIKEHHS. ePUTPOLIUTIB nepmbepnqﬂm KpOBI IIPOBOJIMIN A0 1 Mmicis
(pizMuHOrO HaBaHT@XeHH:. BU3HAaYanM OCMOTHYHY PE3UCTEHTHICTh EPUTPOLMTIB, BMICT Ca?* i BiNBHUX KUPHUX KHCJIOT B KPOBI.
Pe3yabTaTn. MapadoHIi pi3HEX TPy micis Gpi3HIHOT0 HABAaHTaXKEHHS PO3PI3HSINCA 3a TOKa3HHUKAMH YaCTOTH CEPIIEBUX CKOPOUYCHB,
BMIiCTOM BUIHAX JKMDHHX KMCJIOT Ta OCMOTHYHOI PE3MCTEHTHOCTi €pUTPOLMTIB. Lle TICHO KOpENIoe 3i 3MiHOIO €JEKTPOJITHOIO i
METPUYHOTO CKJIALy epHTpoumlB Ta HasBHOCTI iX 0OOPOTHHX i HEOOOPOTHHX (HOPM B 3arambHOMY KPOBOTOLI TCIs (i3HIHOIO
HaBaHTakeHHs. 3MiHa BMicTy Ca?* MificiIioe MIaBNEHHS JIiMi/iB, 361IbIIYe MIMHHICT MEMOPaH i MiJBUILYe MOBEPXHEBHH HATAT, B
Pe3yIIbTaTi 9OTO TUCKOIMTH BUTATYIOTHCS 1 BUTOHIIYIOTHCS, IIEHTPAJIbHI SIMKH MOTITHOTIOIOTEHCS 1 301TBITY€ETHCS IOPCTKICT MTOBEPXHI,
00CAT i KUTBKICTh KOHYCOMOAIOHMX TTOP, @ TAKOXX LIUTBHICTh €PUTPOLMTIB NepreprUIHOT KPOBI.
BucnoBku. ®i3nuHe HaBaHTKEHHS BHKIHKAE CTPYKTYPHO-(PYHKIIIOHATBHY NepeOyIOBY epUTPOLIUTIB, B OCHOBI KO JISKUTH 3MiHA
X MIKPOEJIEMEHTHOTO CKJIaJy, 3HW)KEHHS OCMOTHMYHOI PE3HCTEHTHOCTi, B OCHOBHOMY Yy MajO TPEHOBaHMX MapadoHILIB i MOsBI
PI3HOMaHITHUX (OPM EPUTPOLUTIB Ha TJIi TECTPYKII] JeTeHepaTUBHUX (POPM 1 MOCHUIIEHHSM aKTUBHOTO BHKHY MOJIOTUX (OPM, IO €
03HAKOI0 BHCOKHMX aaNTallliHUX MOXKJIMBOCTEH y BUCOKOKBaJIi(piKOBAHHX CIIOPTCMEHIB.
Kiouosi cioBa: ¢izndyHe HaBaHTaKEHHS, EPUTPOLIUTH, OCMOTHYHA PE3UCTEHTHICTD, KaNbIIii, MapadoHIIi.

AHoTanus

Omndepenko U.A., Iloneas C.JI. CocTosiHMe 3PUTPOLUTOB U COAep:KaHHE KAJAbIMsA B IJIa3Me KPOBM Npu ¢uznyeckoi
Harpyske y Mapa(b()ﬂueB pa3Hoii kBaaTuuKaAUMn

Ilenb padoThl — Kcche 0BaHNE MOP(O-PYHKIMOHANTEHOE COCTOSHUE SPUTPOIIUTOR MepUdepuuecKoil KpoBH U cosiepxanue Ca?t
IUTa3Me KpOBH NpH (PprU3HIecKoil Harpy3ke y MapadoHIEB pa3Hoil KBaH(UKAINH.

Marepuan 1 MeToAbl. MccrnenoBanus MpoBOIWINCE B TpEX rpymiax MapadoHiies B Bozpacte 20-25 J1eT ¢ yCIOBHO BBICOKOM,
cpenHel u HU3KoH paboTocrnocoOHOCThI0. Du3nveckast Harpy3Kka BBIIOJHSAIACH B TedueHre 90 MUH Ha BEIOAPrOMETpe C 3aJaHHOU
MOIIHOCTEIO. MccnenoBanne SpUTpoIuTOB Neprdeprudeckoi KpoBH MPOBOAWIIH 10 U mocie (pusnueckoid Harpy3ku. Onpenesnsiiu
OCMOTHYECKYIO PE3UCTEHTHOCTH SPUTPOIUTOB, cofiepkanue Ca* u CBOGOTHBIX JKUPHBIX KUCIOT B KPOBH.

PesyabTaThl. MapadoHIbI pa3InvHBIX TPYII oCe GU3MUESCKON 3arpy3KH pa3IMvaInch MO MOKa3aTeNsIM YacTOThI CePACYHUX
MIOKPAIIEHHNH, COIePKaHNIO CBOOOIHBIX KHUPHUX KHCJIOT H OCMOTHYECKOH PE3NCTEHTHOCTH SPUTPOIMTOB. JTO TECHO KOPEIUPYET C
M3MEHEHHUEM BJIEKTPOJIUTHOIO M METPUUYECKOTO COCTAaBa DPUTPOLIUTOB HE)I/I HAJINYUH UX 00paTHMBIX 1 HeoOpaTUMBIX (GOPM B 00IIEM
KpOBOTOKe nociie husndeckoit Harpys3ku. 3menenue cofepxanus Ca®t ycuianBaeT miaBlieHHUE JIUIUIOB, YBEIHUYNBACT
TEKYYECThb MeM6paH U MTOBBIIIACT MOBEPXHOCTHOC HATAXKCHHUE, B PE3YJIbTATEC YETO JUCKOLUUTHBI BBITATUBAIOTCA U
HNCTOHYAIOTCS, IIEHTPAIbHBIE IMKH YTITyOISIOTCS M YBEIHIUBASTCS IIEPOXOBATOCTH MTOBEPXHOCTH, 00BEM U KOJIMIECTBO
KOHYCOBH/IHBIX TIOP, @ TAK)Ke INIOTHOCTh 3PUTPOLUTOB neprudepruieckoii KpoBu.

BriBoasl. usnueckast Harpy3ka BBI3BIBAET CTPYKTYPHO-(DYHKIIMOHATBHYIO EPECTPOHKY IPUTPOIUTOB, B OCHOBE KOTOPOI
JISKUAT U3MEHEHHE UX MUKPOIJIEMEHTHOI'O COCTaBa, MOHKEHNE OCMOTHYECKOI PE3UCTEHTHOCTH, B OCHOBHOM y MaJio
TPEHUPOBAHHBIX MapadoHIEB, U MOSBICHUN Pa3HOOOPa3HEIX ()OPM IPUTPOIUTOB HA (HOHE NECTPYKINH JeTeHepa THBHBIX
q)OpM 1 YCUJICHUEM aKTUBHOT'O Bb]6poca MOJIOABIX (bOpM, YTO ABJIACTCA MPU3HAKOM BBICOKHUX aJallTallMOHHBIX BO3MOJKHOCTEH
Y BBICOKOKBATH(QHUIUPOBAHHEIX CHOPTCMEHOB.

KiioueBble ciioBa: Gpusnyexas 3arpys3ka, SpUTPOLMTHI, OCMOTHYECKas! PE3UCTEHTHOCTh, KANIbIINiA, MapagOHIIBL.
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Introduction

Currently, one of the main tasks in the
practice of sports is the timely correction of the
educational process in order to optimize it [1]. In this
regard, the question arises of choosing the most
informative indicators that reflect different levels of
adaptation of the athlete's body to physical activity,
especially for the development of general endurance
in sports that present special requirements for this
physical ability [2].

According to modern scientific data, such
studies must be carried out at different levels of the
organization of the human body. In the vast majority
of cases, the leading role in endurance studies
belongs to the identification of factors contributing to
the activation of energy metabolism, especially
oxygen in the transport system [3]. At the same time,
studies of cellular reactions in the process of training
associated with an increase in the overall endurance
of the athlete's body are ignored. The peripheral
blood red blood cells in this case are a convenient
model for this kind of research, since they take part
in the processes associated with maintaining
homeostasis at the level of the whole organism [4, 5,
6]. In addition to their inherent specific gas transport
function, these cells take part in the regulation of the
acid-base state, water-electrolyte balance, micro-
rheological status of the blood, in immune responses,
the binding and transfer of amino acids and lipids,
which is of direct interest in the development of the
general endurance of the body [7].

One of such indicators can be the presence of
circulating and non-circulating forms of peripheral
blood red blood cells, the erythrocyte deformability
index, their macro-microelement composition,
osmotic resistance of red blood cells, which,
according to modern concepts, are integrative
indicators of the state of cell membranes in the whole
body and are very sensitive to action physical activity
[6, 8, 9]. An important role in the stabilization of the
membrane can be played by calcium ions [10], which
also have a wide spectrum of action on various
physiological processes: regulation of cell sensitivity
to various stimuli, control of the functional activity
of the cell and the cellular metabolism system.

The purpose of the work is to study the
morphological and functional state of peripheral
blood red blood cells and the concentration of Ca?* in
blood plasma during physical activity in marathon
runners of various qualifications.

Material and methods
Studies were conducted in three groups of

marathon runners aged 20-25 years. The first group,
with a conditionally high working capacity, is highly

71

qualified athletes involved in marathon running
(masters of sports of international class, masters of
sports). The second group, with average working
capacity, is represented by marathon runners with a
qualification level at the level of the CCM and grade
I. The third group with conditionally low working
capacity is students of the Faculty of Physical
Education and Sports of the Carpathian National
University named after V. Stefanik who are involved
in a marathon and do not have a sports category.

Physical exercise was performed for 90
minutes on a bicycle ergometer with a given power
of 17 kgm / min per 1 kg of weight, which
corresponds to 50-60% of the MPC. At rest, during
exercise and at the 2nd minute of recovery, ECG was
used to determine the heart rate (HR). The studies
were conducted on heparinized blood taken from the
pulp of the fourth finger of the left hand before and
after exercise. The osmotic resistance of red blood
cells was determined by the method of ND
Vasilevskaya [7]. The Ca?* content in the blood was
measured by a direct potentiometric method using
membrane ion-selective electrodes in combination
with an EV-74 ionomer and a B7-22 digital
millivoltmeter [10].

The content of free fatty acids in the blood
was studied by the enzymatic method on a
Humalyser 2000 biochemical analyzer (Germany)
using a set of reagents from Human [14, 19].

A morphological study of peripheral blood
erythrocytes was performed using a JEOL-25M-
T220A scanning electron microscope (Japan)
according to generally accepted methods [6, 13, 18].
Electron microscopic images were analyzed in the
ImagerJ editor.

The shape index was determined as the ratio
of the maximum and minimum diameters of
peripheral blood red blood cells according to the
formula:

IF = Dimax/Dmin, [16]

where:

IF - form index;

Dmax - maximum diameter

Dmin - the minimum diameter.

Samples of the values obtained for all
types of measurements had a normal distribution.
This allowed the use of Student's t-test when
comparing intergroup differences. The differences
were considered significant at p <0.05.

Results

The differences between the three groups
in the duration of the work and the reaction of the
cardiovascular system in response to the FN give
reason to say that the studied groups differ in
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performance. The change in heart rate under the ~ 0.44 mmol-I%, and in group Il - 0.89 mmol-1".
influence of physical activity in athletes of group  The study of the content of free fatty acids in the
I was 92.0% (67.1£2.93 beats-min* at rest, 142.0  blood of athletes of groups I and Il in response to
+ 3.35 beats-min! after physical load), in athletes  physical activity increased on average by 112.8 +
of group Il - 102, 0% (respectively 72.5 + 3.67 1.42% and 76.3 + 1.11%, respectively (p<0.05),
beats'min? and 154.0 + 7.28 beats'min), in  whereas In group III, it amounted to only 3.1 +
group I1I the highest heart rate rise was 137.0%  0.33% (p> 0.05) (Tab. 1).

(respectively 76.3 £ 4.45 beats'min™* and 171.1 + Calculation of the average values of osmotic
5.33 beats-min!). Not all the subjects coped with ~ hemolysis showed that peripheral blood erythrocytes
physical activity, designed for 90 min: in group I in group Il are most stable. The breakdown of

of 8 people all managed (average work time 90  peripheral blood erythrocytes in two other groups
min), in group Il of 8 persons 3 (average work time  was significantly higher, while its value was almost
84 min), in group I11 out of 8 persons, only 4 coped  the same in both the I and III groups (Table 1, Fig.
(average work time - 74 min). 1).
Before exercise, the content of free fatty
acids was 0.28 mmol-1 in group I, in group II -
Table 1
Indicators of osmotic hemolysis of peripheral blood erythrocytes in marathon runners of various
qualifications before and after physical activity (%)

I group, n=6 Il group, n=6 Il group, n=6
Saline
concentration, % Befgre After physical Befo.re After physical Before physical  After physical
’ physical physical
load load load load
load load
04 76,9 78,9 80,1 69,1 78,5 82,8
! 12,92 42,53 12,25 +2,49 13,01 13,52
042 52,6 54,9 31,6 35,7 53,2 56,2
! 12,34 13,11 +1,02 +1,81 12,44 12,64
044 36,1 38,1 22,4 15,2 38,5 31,2
! 12,45 12,27 11,66 +1,14 +2,37 12,68
Hypotension
50% 0,421+ 0,423 0,412 0,409 0,423 0,422
red blood cell 0,001 +0,003 +0,003 +0,004 40,005 +0,005

destructuring

F|g 1. Specific Iyt|c forms of red blood ceIIs (shdwn by arrows) in a blood smear of athletes of group I (a)
and 111 (b). Method: a - scanning electron microscopy, b - Romanovsky staining. Uv .: a - x 1500, b - x 1350

The results of the study showed that in  athletes of group Il it was lower and in group Il it
different groups there are significant differences in  was the smallest (Fig. 2). Changes in the
the content of Ca2 + in the blood, and its level was  concentration of Ca2 + in the blood under the
highest among athletes of group I, while among influence of physical activity are multidirectional,
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nevertheless, according to average data, one can
speak of a tendency to its decrease in the first group
of athletes and an increase in the third group, while
in the second group the level of Ca2 + practically did
not change.

1,1

o |\

At the same time, a significant (p <0.05)
increase in the ability of peripheral blood
erythrocytes to deformity was revealed in
comparison with the initial values to FN in athletes
of groups I and 1I.

before physical load

Il
@ after physical load

l Groups

Fig. 2. The content of Ca?"in blood plasma before and after prolonged physical activity:
* - p <0.05 between groups | and 111

The linear dimensions of peripheral blood
red blood cells during physical exertion are
characterized by small, but systemic shifts. In
particular, the maximum sizes of red blood cells of

peripheral blood differ only in the form of tendencies
to increase diameters. Ho, shorter axes show more
significant and statistically significant differences
(Tab. 2).

Table 2
Morphometric indicators of red blood cells of peripheral blood of marathon runners after exercise, X + S
Parameter Group
| I I
Diameter of disks, mcm 7,0£0,02 7,0£0,03 6,6+0,02

Disc height, mcm 0,79+0,004 0,61+0,003 0,37+0,001*

Form index, rel. units 1,01+0,001 1,060,002 1,12+0,008*

Pore Diameter, nm 100,9+3,03 120,743,51 181,5+11,23*

Note: * — p<0,05

These tables indicate rather small increase in the number of varying classes of the

deviations of each of the parameters (within 5-
7%), but they accumulate and take on a systemic
character. This makes these shifts functionally
significant in post-exercise.

In contrast to group |, where the
erythrocytogram has the appearance of a normal
distribution (Fig. 3), in group 111, the histogram of
the distribution of peripheral blood red blood cells
by size is asymmetric and multipolar due to an
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small-sized (left) wing of cellular elements (Fig.
4) . A comparative analysis shows that for
marathon runners of groups | and 11, the size class
size in the left wing is only 7.0%, while in group
I11 it is about 70.0%. An increase in the amount of
EPA of the left wing of the histogram is
accompanied by a significant (p <0.05) decrease
in the median and mode values.
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Fig. 3. Distribution of erythrocytes of peripheral blood of marathon runners I and Il groups by size
classes. Parameters: median 7.0 = 0.3 mcm, mode 6.8 = 0.3 mcm, dispersion 0.5, kurtosis 2.2, interval

1.0 mcm
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Fig. 4. Distribution of red blood cells of peripheral blood of marathon runners of group Il according to
size classes. Parameters: median 6.2+ 0.2 mcm, mode 5.8 + 0.2 mem, dispersion 0.5, excess k 2.2,
interval 0.5 mcm

Discussion

Our studies have shown that the body of
athletes of different qualifications reacts differently to
physical activity. It is known that an untrained
organism responds to physical activity with a
pronounced stress reaction, accompanied by a large
release of catecholamines into the blood [19].

In the process of formation of long-term
adaptation to physical activity, the apparatus of
hormonal regulation is being restructured [17, 18].

An increase in the level of catecholamines in
the blood in response to physical activity is much less.
One of the mechanisms that allow the body to function
sparingly in conditions of prolonged physical activity
may be a change in the sensitivity of tissues to
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hormones [12]. It has been established that Ca?* can
regulate the sensitivity of adrenergic receptors to
catecholamines [19]. With the participation of Ca?* in
this process, differences in the content of these ions in
people with different levels of physical performance
may be associated. In addition, an increase in the
concentration of Ca? * promotes the activation of -
adrenergic receptors of cell membranes and
deactivates p-adrenergic receptors. Conversely, a
decrease in the extracellular concentration of Ca? *
activates [-adrenergic receptors and decreases the
sensitivity of a-adrenergic receptors [8]. The change in
the sensitivity of various structures to hormones is
probably due to the concept of Labori [5], with the
predominance of one of the metabolic pathways in
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metabolic processes with the predominant use of fats
or glucose as an energy substrate.

An increase in the concentration of Ca?* that
occurs in untrained people under the influence of
physical activity can cause deactivation of -receptors
of fat cells, which can lead to inhibition of lipolysis,
insufficient mobilization of fats, which are the main
source of energy during prolonged work [14]. The
decrease in Ca?* concentration observed in most cases
in highly qualified athletes can contribute to the
intensive course of lipolysis, effective mobilization of
energy resources [15]. This is confirmed by our
analysis of the lipid composition of the blood: the
content of free fatty acids in the blood of athletes in
response to physical activity increased mainly in
athletes of groups | and Il, while in group Il it was
statistically unreliable. As part of lipoproteins, which
are thus the transport form of fatty acids, they are
delivered to target organs, in which fatty acids serve
either as energy sources (cardiac and striated muscles),
or as precursors for the synthesis of tissue triglycerides,
followed by deposition in organ cells ( in the form of a
lipid depot) [19]. At rest, free fatty acids are oxidized
mainly in the liver and heart muscle. Under load,
oxidation increases in skeletal muscle. It is believed
that free fatty acids are not only high-energy “fuel”, but
they are signaling molecules. A change in their
concentration is a factor affecting the intensity of
glucose utilization in muscles, especially during
prolonged physical activity [9].

Physical activity can cause both an increase in
the osmotic resistance of red blood cells, and its
decrease [8]. Calculation of average values revealed a
tendency to increase this indicator in group I1, while in
the other two groups the changes were insignificant.

Similar results were obtained by Kremmyda et
al., [7] in the study of osmotic resistance of red blood
cells in groups with different levels of physical
performance. It has been established that the content of
total cholesterol in blood plasma in individuals with
high and low physical performance is approximately
the same and that in people with moderate physical
performance it is higher [5, 9].

Other authors [11], when studying
hemorheological criteria, such as viscosity and blood
adhesion in laboratory animals, showed that their
change in response to extreme physical activity was
characterized in animals in the phase of “achieving full
adaptation” in the absence of significant differences
from control (untrained animals) and differed sharply
in animals at the training stage [8]. In another
laboratory, the same relationship was found between
the rate of erythropoiesis and physical performance.
The rate of erythropoiesis was almost equal in the
control group and among highly qualified athletes,
while in individuals with average working capacity it
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was significantly higher. However, the indicated
regularity of the dependence of the values of the
studied indicators on the degree of fitness has not found
a satisfactory explanation for today within the
framework of existing theories of the adaptation
process.

People with varying degrees of fitness are at
different levels of adaptation. The long-term
adaptation that develops during training is
characterized by shifts in functional indicators
towards more economical work and is a consequence
of the restructuring that occurs at the cellular and
subcellular levels of the body. This process,
designated as the formation of a structural trace [21,
22], includes activation of the synthesis of nucleic
acids and proteins and subsequent selective growth
of cell structures, due to which the capacity of the
system responsible for adaptation to physical activity
is increased. The response to physical work in this
case will be expressed in the mobilization of
physiological functions to the maximum attainable
level occurring under stress. In the process of
training, the body enters the stage of restructuring the
structural basis of the functional system. It is at this
stage that the mechanisms that affect the deep level
of functioning of the body are connected, associated
with changes in permeability, modification of
membranes and cellular metabolism [2, 4].
Therefore, we note an increased erythrocyte
resistance compared to the first group in individuals
with an average degree of fitness who are at the stage
of ftransition to long-term adaptation. But the
structural trace is still imperfect to a certain extent; it
is generalized, redundant. Many processes are
involved in perestroika, one way or another
connected with ensuring functional activity in
extreme conditions [3]. Such a mechanism cannot
underlie the economical and efficient functioning of
the body, which is characteristic of highly trained
athletes. An alternative model is to selectively
strengthen or inhibit the work of strictly defined
elements of a functional system. Nonspecific stress
response is minimized. Selective strengthening of the
dominant links in the system allows many indicators
to return to normal. Due to this, the osmotic
resistance of red blood cells in highly qualified
athletes and untrained people are similar. Apparently,
the osmotic resistance of erythrocytes is an indicator
by which we can judge the dynamics of the formation
of a structural trace - the basis of long-term
adaptation [8].

The indicated features of the histogram of the
distribution of peripheral blood erythrocytes by size
classes mean that small erythrocytes primarily
respond to physical activity in response to exposure,
which is typical for short-term, rapidly developing
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reactions that obviously occur as a result of the
release of the “first echelon of stress response” cells
from the reserve pool of total blood flow [1].

At the same time, the central fossa of the
discs deepen, but at the same time, the thickness of
the discs decreases by 50-75 nm, which is due to a
decrease in the thickness of the protein-globular layer
of the membrane of peripheral blood erythrocytes
[2]. This is adaptive, as it expands the plastic
capabilities of red blood cells when passing through
the capillary segment of the hemomicrocirculatory
bed.

The distribution of red blood cells among
athletes of the second and especially third groups
becomes more extreme: the number of intervals
increases, the volumes of individual classes vary due
to jumps, and the achievement of the values of the
central parameters occurs in waves (in the control
according to a monotonously upward trend). The
wavy shape of the histogram, apparently, reflects the
unstable-vibrational state of peripheral blood
erythrocytes in the period of active training of the
body [3, 5].

In conclusion, it must be emphasized that the
determination of Ca?*and morphological changes in
peripheral blood erythrocytes can serve as an
informative test to assess not only the functional state
of the body, but also its fitness and development of
the general endurance of athletes of different
specializations and qualifications.

Conclusions

1. In the acute phase of physical activity,
peripheral blood erythrocytes undergo structural and
functional transformations, the pathogenetic basis of
which is a flicker-resonant increase in the amplitude
and frequency of oscillating vibrations of the fluid,
membranes and cells as a whole.

2. A change in the content of Ca?* enhances
the melting of lipids, increases the fluidity of the
membranes and increases the surface tension, as a
result of which the discocytes stretch and thin, the
central fossa deepen and the surface roughness,
volume and number of cone-shaped pores, as well as
the density of red blood cells increase.

3. Due to the multidirectional action of the
deforming forces, a violation of the regular disk-
shaped form of red blood cells is observed, and
changes in the structure and physico-mechanical
properties initiate apoptosis and enhance their
aggregation interactions.

After the training camp is over, systemic
transformations of the peripheral blood
erythrocyte pool occur due to the degradation of
degenerative forms and increased regenerative
capabilities due to the active release of young
forms of red blood cells with increased fluidity of
membranes, which is a positive adaptive
adaptation for the body as a whole.
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Abstract

Purpose: to justify the use of psychophysiological indicators to determine the style of conducting a fight in boxing.

Material and methods. The study involved 27 qualified boxers of the middle weight category of 22-25 years. Athletes were tested on
psychophysiological indicators. Initially, the determination of the psychophysiological capabilities of athletes was carried out. Then,
using a cluster analysis of psychophysiological indicators, the athletes were divided into groups and the features of the styles of
conducting a duel between the athletes of each group were analyzed using an expert assessment of their technical and tactical actions.
Ne>|<t, a distinction was made between the psychophysiological indicators of the athletes of the formed groups, i.e. different fighting
styles.

Results. Cluster analysis of indicators of psychophysiological testing showed the presence of 3 groups of athletes. An expert evaluation
of the boxing match styles included in each group showed that the first group included boxers of the counterattack style, “Sluggers”,
the second group included athletes of the attacking style, “Swarmers (in-fighter, crowder)”, the third group included athletes of the
counterattack and defensive styles, “The out-boxers (out-fighter, boxers)". Boxers - “Sluggers” have higher mobility of nervous
processes in comparison with representatives of other styles. Boxers - “pace” are distinguished by significantly higher neurodynamic
endurance. “Attackers” - “Swarmer (in-fighter, crowder) ” are distinguished by a higher strength of the nervous system, determined
by the number of errors in the test for the speed of a complex reaction in the feedback mode.

Conclusions. Psychophysiological and neurodynamic indicators are informative for determining the inclinations of boxers to a particular
style of conducting a duel. This provision can be applied at all stages of training athletes to quickly and effectively determine
propensities for a particular style of conducting a duel based on innate neurodynamic and psychophysiological characteristics.

Key words: boxing; a cluster; style; duel; neurodynamics; psychophysiological indicators.

AHoTauin

CadpoHo [.B., KosiH B.lO., KosiHa X./., BaceHko A.B., Pabenkos 1.0., Xpanoe C.B. Bu3HayeHHA CTUNIO BeAEHHA NOEAMHKY
KBaslipikoBaHWMX BOKCEPIB HAa OCHOBI HEMPOAMHAMIYHMX MOKA3HMKIB 32 4ONOMOTOI MeTOAiB 6araToBUMIpPHOro aHanisy.

MeTa pob0T1 - 06rpyHTYBaHHA 3aCTOCYBAHHA NCUXOBI3I0NONIYHUX MOKA3HUKIB 417 BUSHAYEHHA CTUIO BEAeHHA MOEANHKY B BOKCI.
Marepian i meTogn. Y [OCHiMKEHHI 83K y4acTb 27 kBasnipikoBaHux GoKcepis cepeAHbOi Barosoi kateropii 22-25 pokis. byno
NPOBELEHO TECTYBaHHA CNOPTCMEHIB MO NCUXOI3I0NOrHHMX NOKa3HMKIB. CnoYaTKy 6y/10 NPOBEAEHO BUSHAYEHHA NCUXODI3I0NOriYHUX
MOX/IMBOCTEN cnopTcmeHis. [lani 3a AOMOMOrO0 KacTepHOro aHanisy ncuxodisioNorivHMx NoKasHuKie Byno 34iiicHeHo po3noain
CNOPTCMEHIB MO rpynam i NpoBeAeHO aHani3 0cobAMBOCTEN CTWUNIB BeAEHHA MOEANHKY CMOPTCMEHIB KOXHOI rpynu 3a 4OMNOMOroto
€KCNepTHOI OLiIHKM iX TEXHIKO-TaKTUYHMX A4iK. [Jani 6yno npoBeAeHO BM3HAYEHHA BiAMIHHOCTER M ncuxodisionoriyHnmm
NOKa3HMKamMu CMOPTCMEHIB YTBOPUAUCA TPy, TOBTO PiSHWUX CTUAIB BEAEHHA NOEAMHKY.

PesynbTaTi. KnactepHuin aHani3 nmoKasHWKIB NCMxodi3ioIoriyHOro TeCTyBaHHSA MOKa3aB HaABHICTb 3-X rpymn CNOpTCMeHiB. EkcnepTHa
OLUiHKa CTUNIB BeAEHHA MNOEAMHKY OOKcepis, AKi YBIMLAM B KOXHY rpyny, Mokasana, WO B neplwy rpyny ysinwau 6okcepu
KOHTPaTaKyt4oro CTUAIO, «irpoBUKNY, A0 APYroi rpynu yBIALWAN CNOPTCMEHW aTaKylo4Oro CTUO, KCUNOBUKNY, B TPETIO rpyny yBiNWAN
CNOPTCMEHW KOHTPATAKYKOYOro i 3aXMCHOro CTUAIB, «KTEMMOBUKM». Y BOKCepIB - «irpOBMKIBY» BULLE PYX/IMBICTb HEPBOBMX NPOLECIB Y
NOPIBHAHHI 3 NpeAcCTaBHWMKAMU iHWKX CTWNiB. BoKcepu - «TEeMMNOBWMKW» BIAPI3HAOTBCA JOCTOBIPHO BULLOK HEMpOoAMHAMIYHOI
BUTPUBANICTIO. «ATaKyO4i» - «CMNOBUKMU» BiAPI3HAOTHCA HiNbll BUCOKOI CUIOKD HEPBOBOI CUCTEMM, AKA BM3HAYAETLCA 3a Ki/bKICTIO
NMOMWJIOK B TECTi Ha WBUAKICTb CKAAAHOT peakLji B peXKMMi 3BOPOTHOTO 3B's3KY.

BucHOBKM. McnxodisionorivHi i HeMpoAMHaMIYHI NOKA3HMKK € IHOOPMATUBHUMM AN1A BU3HAYEHHA CXUAbHOCTEW BOKcepiB L0 NEBHOrO
CTUAO BeAEeHHA MOEAMHKY. [laHe NOMOMEeHHA MO)Ke 3aCTOCOBYBATUCA Ha BCIX eTanax NiArOTOBKM CMOPTCMEHIB ANA LWBWMAKOIO i
edEeKTUBHOrO BM3HAYEHHA CXMAbHOCTEW A0 MNEBHOrO CTUAD BeAeHHA MOEAMHKY HA OCHOBI BPOAMKEHMX HEMpOAMHAMIYHMX Ta
ncrxoi3ioNoriyHMX XapaKTEPUCTUK.

Kniouosi cnoBa: B6oKc; KnacTep; CTUANb; NOEANHOK; HeMPOAMHaMUKa; NCnxodi3ioNoriuHi MOKa3HUKK.

AHHOTaUMA

CadpoHor A.B., KosuH B.HO., KosuHa X.J1., BaceHko A.B., Pabenkos W.0O., Xpanos C.B. OnpeneneHve ctuna BeaeHUA NoeAMHKa
KBanMULMpOBaHHbIX BOKCEPOB Ha OCHOBE HEMPOAMHAMMUYECKMX NOKasaTeslel C NOMOLLbIO METOAOB MHOTOMEPHOTO aHasu3a.

Llenb paboTsl — 060cHOBaTh NpMMeHeHWe NCUXOPU3NONOTMHECKMX NOKa3aTeNnel Ana onpeaeneHna CTaa BeAeHUA noeamnHKa B HoKce.
Matepwan n metoapl. B nccnenoBaHum NpUHAAK yqacTue 27 KBanndULMpoBaHHbIX HOKCepoB cpeaHelt BeCOBOM KaTeropum 22-25 ner.
Bbino nposeseHo TeCTMPOBaHKME CNOPTCMEHOB MO NCUXOGU3MONOTMYECKUM MOKa3aTenam. BHadvane 6bi10 NposeseHO onpeaeneHue
NCUXOGU3MNONOMMYECKUX BO3MOXKHOCTEN CMOPTCMEHOB. [lanee C MOMOWbIO  KJACTEPHOTO  aHanau3a NcMxOdU3MONOrUHEcKMX
nokasaresei 6b110 OCYLLECTBNEHO pacnpese/sieHne CNOPTCMEHOB MO rpynnam v NpoBeAeH aHanus 0COBeHHOCTeN CTuei BeAeHuA
noeAyWHKa CMoPTCMEHOB KaX 40 rPYNMbl C MOMOLLbIO IKCNEPTHOM OLEHKM UX TEXHUKO-TaKTUYECKWX AercTeniA. [lanee 6bin10 nposeaeHo
onpezeneHne pasnnynit Mexay NcuxodrsnonormyeckMmm nokasaTenamm CnopTCMeHoB 06Pa3oBaBLLMXCA FPYNM, T.e. PasHbIX CTUAEN
Be/leHWA NoeamHKa.

PesynbTaTbl. KnactepHblil aHann3 nokasatenei NCMXoPu3noN0rM4eckoro TeCTMPOBaHMA MOKa3aa Haauume 3-x rpynn CnopTCMEeHOB.
JKCnepTHaA OLEHKa CTuelt BefeHUA noeamHKa HOKCepoB, BOWeEAWMX B KaX Ayt rpynny, Nokasasna, YTo B Mepsyto rpynmny BOLWAN
BOKCePbl KOHTPATAKYIOLLErO CTUAA, KUTPOBUKM», BO BTOPYIO TPYNMy BOLAM CMOPTCMEHbI aTakylOWEero CTUAsA, <CUN0BUKINY, B TPETHIO
rpynny BOLWAW CMOPTCMEHbI KOHTPATaKYIOLWEro M 3aLlMTHOIO CTUAEN, «TEMMOBUKNY. Y HOKCEPOB — «UTPOBMKOBY BbILLE NMOABUMKHOCTb
HEePBHbIX NPOLECCOB N0 CPABHEHUIO C NPEACTaBUTENAMM APYTUX CTUNeR. BOKCepbl - «TeMMNOBUKM» OTIMHAIOTCA AOCTOBEPHO Gonee
BbICOKON HEMPOAMHAMMNYECKOM BbIHOCMBOCTbLIO.

«ATaKyloLWmMe» - «CUNOBUKN» OTAMYatOTCA Boslee BbICOKOM CUI0N HEPBHOWM CUCTEMBI, ONPELENAEMON NO KONMYeCTBY OWMOOK B TecTe
Ha CKOPOCTb C/IOKHOM peakLUnm B pexxnme obpaTHOM CBA3N.

Bbisogbl. Mcuxodunsnonormyeckme n HempoamHaMmMyeckme nokasatesiv ABAATCA MUHOOPMATUBHBIMU A1 ONpefeeHUA CKAOHHOCTeN
6OKCepoB K onpeAeneHHOMY CTUKO BeAEeHWIO NoeanHKa. [aHHOe MOOXKEHME MOXKET MPUMEHATbCA Ha BCeX 3Tanax MoAroTOBKM
CNOPTCMEHOB A/18 BbICTPOro U 3dPEKTUBHOrO onpeseseHna CKAOHHOCTeR K onpeaeseHHOMY CTUAI0 BeLleHUA NOefMHKa Ha OCHOBe
BPOXKAEHHbIX HEMPOANHAMMUYECKMUX U NCUXODU3NONOTUYECKUX XaPAKTEPUCTUK.

Kniouesble cnoea: HOKC; KnacTep; CTU/b; NOeANHOK; HEMPOAMHAMMKA; NCUXOPU3N0A0TUHECKME NOKa3aTeNN.
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Introduction

At the present stage of boxing development,
the style of conducting a duel is a characteristic
feature of every professional boxer [1, 2, 3]. So, there
are boxers who are distinguished by great power
assertiveness in a duel. They are distinguished by a
large impact force, the desire for forceful suppression
of the enemy. Such boxers include Mike Tyson,
Vitali Klitschko, George Foreman, David Tua and
other attacking ‘“‘swarmers” [4, 5, 6]. Some boxers
fight, constantly varying their actions, using a lot of
feints, strike at the most unexpected moments, for
example, counterattacking ‘“sluggers” Roy Jones,
Mohammed Ali, Floyd Mayweather [2, 7, 8]. 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
counterattack “out-boxers” Manny Pacquiao, Joe
Fraser and others [9, 10, 11]. The most successful
option is the ability to combine different styles, and
in different battles to show different manners of
conducting a duel. However, nevertheless, the most
characteristic features of the movements of athletes
remain unchanged, which gives reason to talk about
the prevailing style.

Determining the inclination of a boxer to a
certain style of conducting a duel is an urgent task,
since the merging of activities, as a rule, manifests
itself at the stage of maximizing the athlete's
capabilities, however, to increase the efficiency of
training boxers, determining the inclination of
athletes to a certain style of conducting a duel is of
great importance at all stages of preparation. For this,
it is necessary to use informative indicators that are
sufficiently accessible in definition, do not require a

long time period for their development and are
relatively unchanged in ontogenesis [12, 13, 14]. For
this purpose, psychophysiological indicators can be
used, but their application requires in-depth
theoretical and experimental justification [15, 16,
17].

The doctrine of the styles of activity and, in
particular, of the styles of struggle, has its roots in
antiquity [1, 2, 18]. To date, the nature of the origin
of various styles is not fully understood. There are
hypotheses that indicate that the styles occurred as a
result of separate training of individual groups of
people [19, 20, 21]. There are also historical facts that
testify to the origin of fighting styles as an imitation
of the movements and survival strategies of various
animals [22, 23]. In this case, copying was carried out
both external movements and internal states. Martial
arts descended from the “crane style”, as well as
various fighting styles within the same martial art,
have survived to our time (Fig. 1).

A number of Wushu styles are known, united
by the general name Xiang Xinquan - “styles of
image and form” or “styles of imitation of form”.
They are based on imitation of the movements and
habits of animals. In Xiangqgiuan, the state of
naturalness, spontaneous emancipation (zijan) is
achieved through complete self-identification with
the chosen object, not only external, but most
importantly, internal. Man, mastering the "form and
image" of the tiger, snake, dragon, achieved the
natural emancipation and natural power of the animal
in its “pristine state” [24]. Imitation of animal
movements has been known in China for a long time.
In early totem dances, the ancestors of the Chinese
imitated the manner of fighting the animal.

Survival strategies in nature
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styles of animals and natural phenomena in ancient martial arts
(styles of crane, bear, monkey, dragon, snake, etc.)

>
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d
<«

Styles that formed the basis of
individual martial arts:
Crane style - Wing Chun, Akenawa

[
>

Styles within one type of
martial art: shaolin chuan
contains styles of 5 animals;
Xingyi Quan - 12 animals

I

—

copying:
- external movements;
- internal state

Fig. 1. Survival strategies in nature as a psychophysiological basis for the formation of a fighting style

79



Health, sport, rehabilitation
3p0poB’sa, cnopT, peabinitauin
3p0poBbe, CNopT, peabuaurauua

14“ o \ —
T O\
} ’AJ" \*m

(AN
LA

2019
02

i

- ——

For example, in the first centuries of our era,
at the imperial court, monkey and crane dances were
arranged. At the beginning of the 2nd century AD the
Huainan Tzu treatise described the exercises
“clambering bear”, “bird stretched out in flight”,
“washing wild duck”, “jumping monkey”, “staring
owl”, “looking tiger”, united under the name “game
of six animals” (lucy ) [24, 25]. A little later, the
famous healer, Taoist Hua Tuo (141-208) created the
“Game of Five Animals” (Wuxi) complex [26],
based on the movements of a bear, tiger, deer,
monkey and bird, arguing that this “can cure
everyone.” However, all these exercises related more
to the systems of psychophysical regulation and did
not represent martial art in the full sense of the word.
But it was they who laid down the basic principles of
xiangxiuan styles.

In the modern European tradition, there are
several classifications of boxing combat styles, none
of which, in our opinion, is universal due to the
mixing of different categories of concepts. For
example, the classic international classification of
styles in boxing mixes categories such as the distance
between rivals and the nature of the punches. This
classification distinguishes between outsiders,
punchers, infighters, sluggers [1, 2]. In the domestic
classification, mixing of different categories, such as
attack and defense, the predominance of various
physical qualities, and the breadth of the technical
arsenal also often occurs [1, 2]. In this regard, we
have systematized the categories of different
classifications of boxing combat styles, the scheme
of which is presented on this slide. According to the
predominance of attack or defense actions, styles are
divided into attacking, counterattack, defensive. By
the predominance of physical qualities, boxers are
divided into “Swarmers (in-fighters, crowders)” and
“The out-boxesr (out-fighters, boxers)”, and
“Sluggers” are distinguished, which, on the one hand,
are distinguished by the development of coordination
abilities or dexterity, and, on the other hand,
possession of a wide technical arsenal. Very often
there is a combination of the manifestation of any
physical qualities and the predominance of attacking
or counterattacking actions. For example, “Swarmers
(in-fighters, crowders)” are most often attackers at
the same time, and “Sluggers” are counterattacks, “
The out-boxers (out-fighter, boxers)” are also most
often counterattacks or defenders. It is logical to
assume that the physiological basis for the formation
of styles is relatively unchanged genetically
determined functions, for example, neodynamic
processes and psychophysiological capabilities, and
the registration of these indicators in the training
process will help determine at the stage of basic
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training the boxer’s inclination towards the future

style of the fight.

The purpose of the work was to justify the
use of psychophysiological indicators to determine
the style of conducting a duel in boxing.

Material and methods

Participants

The study involved 27 qualified boxers of the
middle weight category of 22-25 years. Athletes were
tested on psychophysiological indicators. Testing
was conducted from 10-00 to 11-00. Athletes were
tested in the same conditions for all.

Experimental protocol

The following parameters characteristic of
the psychophysiological status, typological features
of the nervous system, indicators of the nervous
system efficiency, and attention indicators [27, 28]
were set by using the Psychodiagnostics computer
software:

— A set of indices for the time of a simple
visual-motor reaction (mean 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 1 element from 3 and
selecting 2 elements 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
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 during the
display of 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 of the nervous processes; the
number of errors reflects the strength of the nervous
processes (the lower these parameters, the higher the
mobility and strength 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



Health, sport, rehabilitation
3p0poB’sa, cnopT, peabinitauin
3p0poBbe, CNopT, peabuaurauua

(A \

VAT o e <l
A e

[FJN
LA

2019
02

i

- ——

or erroneous responses is 20 ms; pause between the
presentation of signals lasts 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).

In determining the typological
characteristics of the nervous system, we were
guided by the provision that the higher the rate of exit
to the minimum signal exposure, the shorter the time
of the minimum signal exposure in the feedback
mode, the higher the mobility of the nervous
processes. The fewer errors when performing the test
in the feedback mode, the higher the strength of the
nervous system [13, 14, 15].

The indicators of mental working capacity
were also determined in accordance with the Schulte
test. In this test, the subject is provided with 5 % 5
tables of 25 digits (from 1 to 25) arranged in a
random order. The task is to mark the numbers from
1 to 25. After passing the first table, the second with
a different order of digits immediately appears, and
so on. In total, the subject passes 5 tables. The
reported outcomes were: the time of work on each of
the 5 tables (min), the efficiency of work as the
arithmetic average of the time of operation on 5
tables (min), the performance of the nervous system
as an individual time of work on the 4" and 1% tables,
and the workability of the nervous system as an
individual work time for the 2" and 1% tables.

The ability to concentrate was studied with
the proofreading (correction) method (Bourdon test)
[13, 14, 15]. Switching attention was also determined
by the Gorbov test “Red-black table” [18].

Statistical analysis

In connection with the tasks to justify the
informativeness of psychophysiological indicators as
the basis for the formation of the style of conducting
a duel in boxing, we limited ourselves to conducting
a hierarchical cluster analysis of indicators of
psychophysiological testing.

At the first stage of this series of studies, the
psychophysiological capabilities of athletes were
determined [18, 27, 28]. Then, using a cluster
analysis of psychophysiological indicators, the
athletes were divided into groups and the features of
the styles of conducting a duel between the athletes
of each group were analyzed using an expert
assessment of their technical and tactical actions. As
a result, each group of boxers was given a name
according to the styles of the match. After that, a
determination was made of the differences between
the psychophysiological indicators of the athletes of
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the formed groups, i.e. different styles of conducting
a duel, and a characteristic of boxers of each style of
conducting a  duel according to the
psychophysiological  capabilities and  special
performance has been compiled.

Results

A hierarchical cluster analysis of indicators
of psychophysiological testing was used to clarify the
styles of conducting a boxing match [18, 27, 28]. In
hierarchical cluster analysis, each particular case first
forms its own separate cluster. At each step, two
separate clusters that are closest in structure to each
other are combined into one cluster. The stages of
clustering are presented in table 1. From this table, as
well as from the dendrogram (Fig. 2), it can be seen
that at the first step, boxers No. 22 and 23 were
combined into one cluster.

From this it follows that these boxers are
close in their structure of psychophysiological
capabilities, which must be taken into account when
conducting training.

At the next stage of cluster analysis, they are
joined by athletes No. 21, 26, 1, 20, etc.

In order to find out which number of clusters
is optimal, subtract the number of the step at which
the cluster coefficients begin to increase nonlinearly
from the number of athletes analyzed. In our case,
this is step No. 24 (Table 1). Therefore, the optimal
number of clusters is 27-24 = 3.

So, we got 3 clusters, i.e. 3 groups of boxing
athletes. In boxing, this meets the three main styles
of conducting a duel. Figure 2 shows the affiliation
of each player to a specific cluster.

Thus, a cluster analysis of indicators of
psychophysiological testing showed the presence of
3 groups of athletes. An expert evaluation of the
boxing match styles included in each group showed
that the first group included boxers of the
counterattack style, “ Sluggers”, the second group
included athletes of the attacking style, “ Swarmers
(in-fighters, crowders)”, the third group included
athletes of the counterattack and defensive styles,
“The out-boxers (out-fighter, boxers)" Since only
psychophysiological indicators participated in the
cluster analysis, and the athletes were divided into
three groups, which turned out to be actually groups
of boxers of different styles of conducting a duel, we
can conclude that the hypothesis about the
predominant influence of psychophysiological
capabilities on the formation of a style of conducting
a duel in boxing is confirmed.
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Table 1

Agglomeration order in the cluster analysis of indicators of psychophysiological testing of boxers (n =27)

Cluster of boxers (according to conventional numbers)

Step, Ne Coefficients
Cluster 1 Cluster 2
1 22 23 0.65
2 21 26 0.68
3 1 20 0.82
4 5 6 0.85
5 18 25 0.90
6 19 21 0.97
7 18 22 1.07
8 7 16 1.21
9 4 11 1.30
10 9 18 1.46
11 4 17 1.52
12 8 9 1.55
13 8 19 1.76
14 1 7 1.86
15 1 27 2.02
16 14 15 2.86
17 1 8 2.92
18 24 28 3.15
19 4 5 3.61
20 10 13 4.16
21 1 24 4.88
22 12 5.20
23 1 2 5.29
24 10 14 10.84
25 4 11.06
26 10 65.31
27 3 92.67

For a more thorough verification of this
hypothesis, a comparison was made of the formed
groups of boxers by their psychophysiological
capabilities. It was revealed that “counterattacking” -
“Sluggers” significantly differ from other groups of
boxers in a higher speed of simple and complex
reaction, and the speed of a complex reaction for
boxers - “Sluggers” is significantly higher both in the
optimal mode of operation and in the feedback mode
(Tabl. 2). They also have a higher output rate for
minimum signal exposure, less time for minimum
signal exposure (Tabl. 2). Thus, boxers - “Sluggers”
have higher mobility of nervous processes in
comparison with representatives of other styles.
Boxers - “Sluggers” also differ from boxers of other
styles with a significantly higher switchability of
attention, concentration of attention. Boxers - < The
out-boxers (out-fighter boxers)” are distinguished by
a significantly higher neurodynamic endurance
(mental stability), determined by the Schulte test, and
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by high workability (Tables 2, 3). It can be assumed
that the higher mental performance of athletes does
not allow them to realize an attacking power style,
and they apply other qualities that are more
developed for them, forming a counterattack or
defensive style, and become “the out-boxers (fighter
boxers)”.

This is confirmed by the identification of
significant differences between groups of boxers in
terms of speed, strength and mobility of nervous
processes. “Counterattacks” “Sluggers” are
distinguished by a higher reaction rate, speed of
work, and attentiveness when completing tasks
(Tables 2, 3).

“Attackers” - “Swarmers (in-fighters,
crowders)” are distinguished by a higher strength of
the nervous system, determined by the number of
errors in the test for the speed of a complex reaction
in the feedback mode (Tables 2, 3).
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Label

Case Z2Z
Case 23
Case 18
Caze 25
1 - counterattack style, «Sluggers» Case
Case &
Case Z1
Case Z6 Za —
Case 19 19 —

Case 1 1 —
Case 7
Case 16
Caze 27
Case 24
2 — attack style, «Swarmers (in-fighters, Caze 28

Case 20 20 —
’? —]
6 —]
crowders)» Casze 2
Case 5
Case 6§ [
Case 4
Case 11 11 —
3 — protective, counterattack style, «Out- 3= 17 NI7
Casze 12

boxers (out-fighter boxers)»

Caze 14

Case 15 15

Case 10 i0
»

Case 13 13

Case 3 3

Fig. 2. The distribution of boxers into groups using cluster analysis of psychophysiological indicators
(dendogram) (n=27)

Table 2
Neurodynamic indicators of boxers with different fighting styles (n=27)
Indicators Groups n X S m t p
. . . 1 sluggers 15 208,38 14,75 3,81 t12 -7,61 <0,001
Time of simple visual-motor
. 2 out-boxers 6 254,19 11,43 4,67 t13 -4,66 <0,01
reaction (ms)
3 swarmers 6 266,23 28,92 11,81 t2-3 -0,95 >0,05
. . . 1 sluggers 15 263,75 24,77 6,40 t12 -2,98 <0,05
Time of simple reaction on
. 2 out-boxers 6 301,32 26,6 10,86 t13 -9,63 <0,001
sound stimulus (ms)
3 swarmers 6 394,41 29,33 11,97 23 -5,76 <0,001
Time of reaction of choice of 2 1 sluggers 15 333,38 16,64 4,30 112 -16,85 <0,001
2 out-boxers 6 459,05 14,93 6,10 t13 -18,56 <0,001
elements from 3 (ms)
3 swarmers 6 478,56 16,01 6,54 t2-3 -2,18 <0,05
. . 1 sluggers 15 470,89 18,99 4,90 t12 -2,22 <0,05
Time of response selection in
2 out-boxers 6 487,68 14,08 5,75 t13 -1,85 >0,05
the feedback mode (ms)
3 swarmers 6 492,00 25,19 10,28 123 -0,37 >0,05
1 sluggers 15 22,94 2,38 0,61 t12 2,88 <0,05
Error in feedback test (quantity) 2 out-boxers 6 19,59 2,42 0,99 t13 3,49 <0,01
3 swarmers 6 19,06 2,27 0,93 123 0,39 >0,05
Time to reach of Minimum 1 sluggers 15 59,2 5,56 1,44 t12 -1,72 >0,05
. 2 out-boxers 6 62,3 2,66 1,09 t13 -10,46 <0,001
Exposure in feedback test, s
3 swarmers 6 77,8 2,57 1,05 t23 -10,26 <0,01
Time of minimum signal 1 sluggers 15 320,4 29,74 7,68 t12 -1,57 >0,05
exposure in the feedback mode 2 out-boxers 6 340,6 25,21 10,29 t13 -4,30 <0,001
(ms) 3 swarmers 6 380,2 28,36 11,58 123 -2,56 <0,05
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Table 3
Psychophysiological indicators of boxers with different fighting styles (n=27)
Indicators Groups n X S m t p
Work ; in the Schulte test 1 sluggers 15 66,29 5,46 2,23 t23 3,35 <0,01
orkper °rmanifu')n & e s T out-boxers 6 32,87 291 075 ti. -17,33 <0,001
3 swarmers 6 77,40 6,02 2,46 t13 -14,21 <0,001
1 sluggers 15 0,96 0,02 0,01 t12 -2,29 <0,05
The degree of involvement in the work
on the Schulte test (cu) 2 out-boxers 6 1,11 0,16 0,07 tis 2,07 >0,05
3 swarmers 6 0,90 0,07 0,02 t23 2,95 <0,05
Mental resist ding to th 1 sluggers 15 0,88 0,08 0,03 ti3 16,71 <0,001
entairesistance accoraing tothe =5 itboxers 6 1,33 0,1 0,03 t» 10,81  <0,001
Schulte test (cu)
3 swarmers 6 0,78 0,05 0,02 t23 2,60 <0,05
h b ‘ in the Bourd 1 sluggers 15 15,93 0,19 0,05 t12 3,54 <0,05
enum erot:t“zz ;n eBourdon T Sut-boxers 6 11,82 2,84 1,16 tis 459  <0,01
3 swarmers 6 12,36 1,90 0,78 t23 -0,39 >0,05
c trati f attenti th 1 sluggers 15 635,23 25,89 6,68 t12 25,26 <0,001
oncentration ot attemtion ONtNe =5 t-boxers 6 241,83 3445 14,06 tis 30,38  <0,001
Bourdon test (cu)
3  swarmers 6 291,64 22,35 9,12 t23 -2,97 <0,05
o . 1 sluggers 15 37,74 2,04 0,83 t13 -6,23 <0,001
Switching attention to the Bourdon test
(cu) 2 out-boxers 6 23,73 3,42 1,40 t23 8,62 <0,001
3  swarmers 6 14,14 2,50 0,65 ti2 -22,40 <0,001
1 sluggers 15 106,67 9,00 2,32 t12 -5,61 <0,001
Attention switching indicatoronthe 3 out-boxers 6 140,00 13,40 547 ti3  -2,05  >0,05
Gorbov test "Red-black table (cu)
3 swarmers 6 119,45 14,21 5,80 t23 2,58 <0,05

Discussion

In this study, the hypothesis of the
informativeness of  psychophysiological and
neurodynamic indicators was confirmed to determine
the propensity for a certain style of conducting a duel
in boxing. The confirmation of this hypothesis is due
to the coincidence of the groups of athletes formed
using the cluster analysis tested on neurodynamic
and psychophysiological indicators, with the opinion
of experts regarding the similarity of boxers within
each group in terms of the style of the fight. The
informational content of neurodynamic and
psychophysiological indicators is also confirmed by
the presence of significant differences between
boxers with different styles of conducting a duel
according to neurodynamic and psychophysiological
indicators. From this point of view, our results
complement the results of studies presented in [1, 2,
18]. It should be noted that differences in the
psychophysiological capabilities of boxers with
different styles of combat are the physiological basis
for the formation and manifestation of an individual
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style of activity. Thus, higher reaction rate indicators
among boxers - “counterattacks, sluggers” determine
the formation of a style of conducting a duel that
requires a quick response to a changing environment,
quick decision making. In addition, the style of
boxers “sluggers” involves performing precise
actions in a rapidly changing environment. The
physiological prerequisites for the formation and
manifestation of this style of action are such
psychophysiological indicators as the speed of work,
i.e. the number of correctly completed tasks per unit
of time with an unpredictable nature and time of the
appearance of the signal, and work efficiency (Tab.
2, 3).

It should be noted that boxers - “swarmers”
compensate for the insufficient reaction speed, speed
and accuracy of work with higher stability of work
with fewer errors (Tab. 2, 3), i.e. they can do better
than others with respect to identical actions. It
follows that for such athletes, the best option for
realizing their physiological inclinations is to achieve
mastery in actions that do not require high variability
of actions and consist in the manifestation of a high
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level of strength in relatively similar actions, which
is realized in the style of boxers - “attacking
swarmers”. Thus, physiological inclinations are
realized in specific abilities, manifested in the
formation of a certain style of activity, in our case,
the style of conducting a duel in boxing. Similar
provisions explain the higher mental performance of
boxers - “out-boxers” (Tab. 2, 3). From this point of
view, the results obtained are new.

It is known that each person has different
“sets” of abilities. An individual-unique combination
of abilities is formed throughout life and determines
the uniqueness of a person. The success of the
activity is also ensured by the presence of one or
another combination of abilities that works for the
result. In an activity, some abilities can be replaced
by others - similar in manifestations, but differing in
origin. The success of one and the same activity can
be provided by different abilities, therefore the
absence of one ability can be compensated by the
presence of another or even a whole complex.

Therefore, the individual uniqueness of the complex
of individual abilities that ensure the successful
implementation of activities is commonly called the
"individual style of activity". In modern psychology,
more often they began to talk about competencies, as
integrative qualities (abilities), which are aimed at
achieving a result. We can say that competencies are
abilities through the eyes of employers. In fact, the
employer does not care what the internal composition
of the abilities that ensure the fulfillment of the task,
the fact of its implementation is important for them.
Therefore, competencies are even called by the task:
"the ability to perform such and such a task". And
due to what internal resources it will be implemented
- this is the problem of the one who performs this
work.

Psychophysiological differences of boxers
with different styles of conducting a duel are the
basis for differences in the indicators of the special
performance of boxers (Tab. 1-3, Fig. 3).

CLASSIFICATION OF DRIVING STYLES

—

I

\

On the principle of predominance of
defense or attack

According to the principle of
manifestation of physical qualities

According to the principle of
variability of actions

A N

N

N\

% — K
attacking counterattack «swarmersy - || «out-boxers» - “Ségg?eerﬁ; - «not sluggers»
strength speed endurance
protective ! /
h -
matching matching

Fig. 3. Systematization of classifications of boxing combat styles according to various category criteria

Very often there is a combination of the
manifestation of any physical qualities and the
predominance of attacking or counterattacking
actions. For example, “swarmers” are most often
attackers at the same time, and “sluggers” are
counterattacks, “out-boxers” are also most often
counterattacks or defenders. It is logical to assume
that the physiological basis for the formation of styles
is relatively unchanged genetically determined
functions, for example, neodynamic processes and
psychophysiological capabilities, and the registration
of these indicators in the training process will help
determine at the stage of basic training the boxer’s
inclination towards the future style of the fight.
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Conclusions

1. Cluster analysis of indicators of
psychophysiological testing showed the presence of
3 groups of athletes. An expert evaluation of the
boxing match styles included in each group showed
that the first group included boxers of the
counterattack style, “sluggers”, the second group
included athletes of the attacking style, “swarmers”,
the third group included athletes of the counterattack
and defensive styles, “out-boxers".

2. Boxers - “sluggers” have higher mobility
of nervous processes in comparison with
representatives of other styles. Boxers - “sluggers”
also differ from boxers of other styles with a
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significantly higher switchability of attention,
concentration of attention.

3. Boxers - “out-boxers” are distinguished by
significantly  higher neurodynamic endurance
(mental stability), as determined by the Schulte test,
and are highly developed. "Counterattacking” -
"sluggers" are distinguished by a higher reaction rate,
speed of work, and attentiveness when completing
tasks.

4.  “Attackers” -  “swarmers”  are
distinguished by a higher strength of the nervous
system, determined by the number of errors in the test
for the speed of a complex reaction in the feedback
mode.

5. Psychophysiological and neurodynamic
indicators are informative for determining the
inclinations of boxers to a certain style of conducting
a duel. This provision can be applied at all stages of
training athletes to quickly and effectively determine
propensities for a particular style of conducting a

duel based on innate neurodynamic and

psychophysiological characteristics.
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Method for the development of physical qualities of tennis players 12-13
years old using react balls and stretching
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Abstract

The purpose — to develop and experimentally substantiate the method of developing the physical qualities of tennis players aged 12—
13 years old, using React Balls and stretching.

Material and methods. The experiment was attended by 28 tennis players 12-13 years old sport school Ne 3, Severodonetsk, who were
divided into control and experimental group of 14 people. The study was conducted within 8 months from August 2018 to March 2019.
Before and after the experiment, tennis players' physical fitness was tested (shuttle run 6x8 m, push-ups 30 s, jumps with skipping-
rope, running 6 m, running 30 m, long jump from the spot, throwing ball 1 kg, torso inclination forward from a sitting position, circular
rotations in the shoulder joint with a gymnastic stick).

Results. Complexes of exercises with React Balls and stretch exercises for all muscle groups were developed and introduced into the
training process of young tennis players. A significant (p<0.05) increase in the flexibility indicators of athletes from the experimental
group, as a result of the use of stretch exercises, was determined. It was revealed that doing exercises with React Balls and tennis balls
significantly (p <0.05) increased the level of speed and coordination capabilities in the control and experimental groups. According to
the test results «running 30 m», «circular rotations in the shoulder joint with a gymnastic stick», «torso inclination forward from a
sitting position» in the experimental group, these figures are significantly higher compared with the athletes of the control group.
Conclusions. It was shown that the use of stretching exercises contributes to the development of greater amplitude of movements,
and also forms motor freedom, which affects the development of coordination and speed of movement of a tennis player. It is
recommended to use the method of development of physical qualities using React Balls and stretching balls in the training process of
young tennis players 12-13 years old.

Keywords: tennis; physical qualities; stretching; react balls; physical fitness; stretching exercises

AHoTaLja

Cobko U.M., Konecos O.B., YnaeBa J1.0. MeTtoauka po3BUTKY QisUHHUX AROCTEN TeHicucTiB 12-13 pOKiB 3 BUKOPUCTAHHAM pearyroumx
M’AYIB Ta CTPETUUHTY

MeTa pob0oTH - po3pobUTU Ta eKCnepuMeHTasbHO OBFPYHTYBATM METOAMKY PO3BUTKY GisnyHMX AKOCTeW TeHicucTie 12-13 pokis, 3
BMKOPUCTAHHAM PEAKTUBHUX M'AYIB | CTPETUMHTY.

Martepian i meTogn. B ekcnepmmeHTi B3aAM y4acTb 28 TeHicucTie 12-13 pokis KAKOCLL Ne3 m CeBepooHeUbK, Ak Oyan posaineHi Ha
KOHTPO/IbHY Ta eKCepmMmeHTanbHY rpyny no 14 yonosik. JlocnigxeHHs NnpoBoAMa0CcA NpoTarom 8 micauis 3 cepnHs 2018 no bepeseHb
2019 poky. o i nicna ekcnepumeHTy Oyno nposBedeHO TecTyBaHHA Gi3MYHOI NiArOTOBAEHOCTI TEHICUCTIB (YOBHUKOBUIA Bir 6x8m,
3rMHAHHSA PO3rMHaHHA PYK B ynopi nexkadi 3a 30 ¢, CTpMOKM 3i ckakankoto 3a 1 xB, 6ir 30 m, 6ir 6 m, CTPMOOK y AOBKMHY 3 MiCUA, METaHHA
HabueHOro m'ava, Haxmn Tynyba Bnepes 3 NONOKEHHA CUAAYM, BUKPYTUB 3 NIMHACTUYHOIO NanuLLED).

PesynbTaTn. PO3p0o61eHO i BNpOBaAKEHO B TPEHYBA/IbHUI NMPOLLEC FOHUX TEHICUCTIB KOMTMJIEKCK BMPAB 3 PEAKTUBHUX M'AYIB | CTPETUMHTY
ANA BCix rpyn m'asis. BusHayeHo goctosipHe (p<0,05) 36inblUIEHHA NOKAa3HUKIB FHYYKOCTI CMOPTCMEHIB €KCNepUMEHTaNbHOI rpynu, B
pe3ynbTaTi 3aCTOCYBaHHA CTPETY-BMpas. BMKOHAHHA BMpaB 3 pPeaKkTUBHMX M'AYiB i 3 TeHicHMMM m'ayamm goctosipHo (p<0,05)
NiABULWMAO piBEHb WBUAKICHMX | KOOPAMHALIMHUX MOMIMBOCTEN B KOHTPO/IbHIM Ta €KCNepMMEHTa/bHIM rpynax. 3a pesyabTatamu
TecTiB «b6ir 30 M», KBUKPYTUTUCA 3 FIMHACTUYHOI MANNLE», KHaxXUA Tyayba Bnepes, 3 NOOKEHHS CUAAYMY» B EKCEPUMEHTANIbHIN
rpyni AaHi NOKa3HWKW AOCTOBIPHO BULLLE B NMOPIBHAHHI 31 CNHOPTCMEHKAMK KOHTPOIbHOI Fpynu.

BUCHOBKM. MOKa3aHo, L0 3aCTOCYBaHHA BNPaB Ha PO3TAryBaHHA CNPUAE PO3BUTKY DiNbWOT amnAiTyam pyxiB, a TaKOXK GOpPMYE pyxoBy
cBoboay, WO BiAOVBAETLCA HA BUXOBAHHI KOOPAMHALLT | LWBMAKOCTI NepecyBaHb TeHiCUCTA. PEKOMEHA0BAHO BUKOPUCTAHHA METOANKM
PO3BUTKY Pi3UYHUX AKOCTEN i3 3aCTOCYBAHHAM M'AYIB PEAKTUBHUX M'AYiB | CTPETUMHTY B TPEHYBA/IbHOMY MPOLLECi FOHMX TeHicucTiB 12-
13 pokis.

KntoyoBi cnoBa: TeHic; GisnyHi AKOCTI; CTPETUMHT; PEAKTUBHI M’ Adi; Gi3MYHa NigroTOBAEHICTb; CTPETY-BMNPaBK

AHHOTauUuA

Cobko W.H.1, Konecos O.B., Ynaesa /1.0. MeToanka pa3suTUA GpU3NYECKUX KauyecTB TeHHUCUCTOB 12-13 neT ¢ MCNoNb3oBaHUEM
peaKTMBHbIX MAYEW U CTPETUMHTa

Llenb paboTbl — pa3paboTaTb M IKCNEpPUMEHTaIbHO 0OOCHOBATb METOAMKY Pa3BUTUA GU3MYECKMX KayecTB TeHHucucTos 12-13 neT, ¢
MNCMO/b30BaHMEM PEAKTUBHbLIX MAYEN U CTPETUMHTA.

Matepuan un metogpl. B skcnepumeHTe npuHaam yyactme 28 TeHHuUcmcToB 12-13 net KAKCLU No3 r. CeBepofoHeLK, KoTopble Hbian
pasfeneHbl Ha KOHTPO/IbHYIO M 3KCNepUMeEHTaNbHYtO rpynny no 14 yenosek. MccnenosaHve NpoBOAMAOCH B TEHEHUMN 8 MECALEB C
asrycta 2018 no mapt 2019 roga. Jo v nocne 3KcnepMmeHTa OblO NPOBeAEeHO TeCcTMpoBaHWe GU3MYECKOM MOATOTOBEHHOCTM
TEHHUCKUCTOB (YeNHOYHbIN Ber 6x8Mm, 3arnbaHune pasrubaHmne pyk B ynope nexa 3a 30 ¢, NPbIXKKKM CO CKakankoi 3a 1 muH, 6er 30 m, ber
6 M, th),m(ox B AJIMHY C MeCTa, MeTaHWe HabWBHOIo MAYa, HAK/OH TyN0BULLA BNepes, U3 NOSOKEHUA CUAA, BbIKPYT C TMMHACTUYECKOW
nankomn).

PesynbTatbl. Pa3paboTaHbl M BHeAPEHbl B TPEHMPOBOYHbLINA NPOLECC OHbIX TEHHUCUCTOB KOMMIEKCH! YNPAXHEHUM C PpeaKTUBHbIMMU
MAYAMKU U CTPETY-yNpaskHEHMI ONA BCex rpynn Mmbllwl, BbisBneHo poctoBepHoe (p<0,05) yBenunyeHwe nokasateneit rmbKocTu
CNOPTCMEHOB 3KCMEPUMMEHTANbHOM Tpynnbl, B pe3ynbTaTe MNPUMEHEHUA CTPeTY-ynpaKHeHW. BbiABAEHO, YTO BbINOAHEHWE
YNPAXXHEHUIM C PEaKTUBHBIMW MAYAMU M C TEHHUCHBIMKM MAYamMM JocToBepHo (p<0,05) MOBBLICMAO YPOBEHb CKOPOCTHbIX W
KOOPAMHAUMOHHbIX BO3MOXKHOCTEN B KOHTPO/IbHOW M 3KCNepUMeHTasibHOM rpynnax. Mo pesynbTatam TectoB «b6er 30 m», «BbIKPYT 3
TMMHACTUYECKOM NasKoM», «HAKAOH TyN0BWLLA BNepes U3 MNOMOKEHUA CAA» B IKCMEPUMEHTANbHOW rpynne AaHHble NokasaTtenu
[0CTOBEPHO BbIlWe MO CPAaBHEHWMIO CO CMOPTCMEHKAMM KOHTPOIbHOW rpynmbl.

BblBOAbI. [1OKa3aHo, YTO NPUMEHeHWe ynpaxKHeHW Ha pacTArMBaHMe CnocobCTBYeT Pas3BUTUIO OO/bLIEN aMNAUTYAbl ABUMKEHWN, A
TaKke GopmMmupyeT ABuraTenbHy0 cBOOOAY, UTO OTPAXKAETCA Ha BOCMUTAHUM KOOPAMHALMKU U CKOPOCTU NepesBUKeHUI TEHHUCUCTA.
PekomeHZ0BaHO WCMNOAb30BaHME METOAMKM Pa3BUTMA GU3MYECKMX KayecTB C MPUMEHEHMEM PEaKTUBHSX MAYEl U CTPeTYMHra B
TPEHMPOBOYHOM MpoLLecce KOHbIX TEeHHUCUCTOB 12-13 nert.

Kniouesble cnoea: TeHHUC; PU3NYECKME KaueCTBa; CTPETUNHT; PeakTUBHble MAYKM; dU3MYecKasn NOArOTOBNEHHOCTb; CTPETUMHT
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Introduction

High performance in sports depends on the
health status of an athlete, the characteristics of his
physique, level of physical and motor fitness,
coordination  abilities  associated  with  the
development of physical qualities. Of particular
importance for an athlete is the success of learning
applied motor skills and skills, and the formation of
technique. Tennis belongs to the type of sports games
that combine  versatile athletic  abilities,
psychological content and emotional struggle,
aesthetics of movements and a high level of
entertainment effect [1]. Tennis requires a sportsman
to develop high coordination abilities (especially the
differentiation of spatial-temporal parameters of
movements and accuracy of movements), strength
abilities (especially speed strength), speed abilities
(to a greater degree of starting speed and speed in
complex motor reactions), aerobic abilities (matches
can occurs from 1 to 4 hours), flexibility in the joints
(especially in the hip and shoulder joints),
functionality (especially the function of the visual
analyzer), intelligence abilities [2]. From this it
follows that the process of training qualified athletes
is an urgent task of the entire coaching corps.

The whole perennial process of sports
training in tennis has a complex dynamic structure,
which includes a wide range of different pedagogical
influences, diagnostics of athletic abilities, and
adequate use of the means, methods and forms of the
teaching and educational process. The relevance of
education, development and improvement of various

aspects of athletes’ preparedness cannot be
overestimated. It is due to the need to have
information on maintaining a high level of

performance in extreme competitive conditions, the
effectiveness of technical and tactical actions,
predicting a player’s noise immunity in a competitive
fight, and developing methods for the effectiveness
and sustainability of their activities [1].

Modern scientific researchers discuss
various aspects of the sports activities of tennis
players of various qualifications [3-5]. Many works
are devoted to the issues of psychological preparation
of tennis players [6-7]. The authors emphasize that
psychological training should become an integral
part of the whole training process when working with
young athletes, provided that they have an adequate
choice of means and methods, taking into account the
age and individual characteristics of children. The
scientist  Makuts [7] develops individual
psychological profiles for tennis players, which
determine the content and choice of means of
psychological preparation. The authors also analyze
the problems of injuries and diseases of the
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musculoskeletal system of tennis players, suggest
means and methods for preventing injuries in sports
[3]. Scientists emphasize the importance of planning
the preparation of high-class tennis players for the
main competitions of the season [9]. Some authors
define the features of the construction of the training
process of young tennis players 5-6 years old, in
particular, the specifics of the use of pedagogical
control to assess the level of development of
children's coordination abilities [10]. Researches of
many specialists [12-14] prove the need to create
optimal programs of the training process for the
development and improvement of the athletic fitness
of young athletes. When using such a system, it is
necessary to remember that the creation of programs
must be closely interconnected with all the
components of a whole, that is, the development of
physical fitness is determined by the interrelation of
all qualities. Many scientists [1, 2, 5] identified the
main approaches to the technical and tactical training
of tennis players of different ages 5-6 years, 10-12
years, 14-15 years. However, the number of studies
aimed at the development and improvement of the
physical qualities of young tennis players is limited.

The purpose of our research was to develop
and experimentally substantiate the method for
developing the physical qualities of tennis players
aged 12-13 years using React Balls and stretching.

Material and methods

Participants

The experiment was attended by 28 tennis
players 12-13 years old sport school Ne 3
Severodonetsk, who were divided into control and
experimental group of 14 people. Athletes of both
groups did not significantly differ in most indicators
of technical and physical readiness.

Organization of research

The research was conducted within 8
months from August 2018 to March 2019. In the
control group, standard exercises were used to
develop flexibility. Such as: springy bends forward
and to the side (standing, sitting); standing at the
gymnastic wall; swing legs forward, backward;
exercise with a partner (sitting, leaning forward with
a partner's hands on the shoulder blades); exercises
with the burdening of your own body (from hanging
on the rear bar - sagging); exercises using your own
strength (sitting, leaning forward with pulling the
body to the legs with the hands on the feet). For the
development of coordination and speed qualities in
the control group, a set of exercises developed for the
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experimental group was used, tennis balls were used
instead of React Balls.

For athletes of the experimental group, a
method of developing physical qualities was
developed and implemented using exercises with
React Balls and stretching. Stretch exercises were
used in the preparatory and main parts of each
training session of tennis players. Exercises with
React Balls were used in the main part of each
training session.

Stretch exercises were performed from a
position of standing and sitting in static and dynamic
modes. Mobility exercises in the elbow joints,
stretching of the radial flexor of the wrist, and triceps
muscles were performed as 2 sets of 10 s each.
Stretching exercises for the muscles of the legs and
ankles, including the muscles of the lower leg, ankle
joints, peroneal muscle, and plantar fascia, were
performed in 2-3 sets of 10 s each. The complex of
exercises for the back muscles included lower lumbar
rotation, stretching the muscles of the lower back,
stretching with rotation, stretching with lateral tilts of
2-3 sets of 10-15 s each). Rest between approaches
10-30 s, the nature of the rest - complete relaxation.
The number of exercises in one complex is from 4 to
10. The total duration of the entire load is from 10 to
15 minutes.

Also used were exercise React Balls, which
consist of 100% rubber, diameter: 6.6 cm. It works
on any solid surfaces, including wood shavings,
rubber coatings, walls and soil. The six sides of this
ball rebound in an unpredictable direction. Sample
exercises:

1. Dribbling, as in basketball, changing the
receiving hand.

2. Throws the ball into the wall at different
angles and at different points. Catching the ball with
one hand, then the other hand.

3. In pairs: standing facing each other, the
partner throws the ball to the right or left. It is
necessary to catch the ball after one rebound from the
court (the distance must vary from 3 to 6 m).

4. In pairs: standing with your back to the
partner, the partner throws the ball to the right or left.
It is necessary to turn on the signal and catch the ball
after one rebound from the court (the distance must
vary from 3 to 6 m).

5. In pairs: standing facing the wall, back to
the partner, the partner throws the ball into the wall.
It is necessary to catch the ball after a rebound from
the wall (the distance must be varied from 3 to 6 m).
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6. In pairs: a partner throwing balls at
different speeds to a player at the net or back line (the
distance must be varied from 3 to 6 m).

Before and after the experiment, the physical
fitness of tennis players from the control and
experimental groups was tested.

Methods. To determine the level of
development of speed, the following tests were used:

Running 6 m (s); running 30 m (s).

To determine the level of development of
coordination, the following tests were used:

Shuttle run 6 x 8 m was performed with a
stop and touching the line. The execution time was
fixed ().

Jumps with skipping-rope, (number of
times). Recorded the number of jumps in 1 minute.

To determine the level of development of
strength and speed-power qualities, the following
tests were used:

Throwing ball 1 kg, (sm), throwing was
carried out in a movement similar to the feed. The
best result was recorded after three attempts.

Push-ups 30 s (number of times).

Long jump from the spot (sm).

To determine the level of development of
flexibility, the following tests were used:

Torso inclination forward from a sitting
position (sm). Testing was carried out sitting on the
floor, the test result was a mark on the perpendicular
marking in centimeters, in which athletes reached out
with the tips of their fingers in the best of three
attempts.

Circular rotations in the shoulder joint with a
gymnastic stick (number of times), the athlete takes
the ends of the gymnastic stick, performs straight arm
twists back. The number of revolutions recorded.

Statistical analysis

Digital material was processed using
traditional methods of mathematical statistics using
Microsoft Excel, SPSS. For each indicator, the
arithmetic mean value, the standard deviation o
(standard deviation), the assessment of the
significance of differences between the parameters of
the initial and final results by the Student's t-test with
the corresponding significance level (p)

Results

As a result of the experiment in the control
group, the indicators of 3 tests significantly
improved: «running 6 m, s», «shuttle run 6x8 m, sy,
«throwing ball 1 kg, sm», (p<0,05; p<0,01) (rable 1)
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Table 1
Indicators of physical fitness testing of tennis players of the control group before and
after the experiment (n = 14)
. Statistical Indicators
Name of metrics Group =
X S m t p

. K1 1,58 0,14 0,04

Running 6 m, s K 148 0,12 0,03 2,03 <0,05
. K1 4,98 0,09 0,03

Running 30 m, s K 4,93 0,07 0,02 1,58 >0,05
. K1 18,57 2,38 0,63

Push-ups 30 s, number of times a 19,14 214 0,57 0,66 >0,05

Jymps with skipping-rope, number of K1 118,14 4,13 1,37 175 50,05
times K2 120,43 2,59 0,69
K1 13,97 0,11 0,03

Shuttle run 6x8 m, s K 13,75 0,16 0,04 4,21 <0,01
K1 945,50 8,86 2,37

Th i 11k . . . 77 1

rowing ball 1 ke, sm Kz 956,86 6,96 1,36 3 <00

Circular rotations in the shoulder joint K1 3,51 0,89 0,24

VYIth a gymnastic stick, number of K 4,86 123 0,33 1,53 >0,05

times

Tor§(? inclination forward from a sitting K1 10,36 2,27 0,61 1,84 50,05
position, sm K2 11,59 1,03 0,28
. K1 194,93 2,40 0,64

Long jump from the spot, sm K 196,64 332 0,89 -1,32 >0,05

Note: * K1 — control group before the experiment; K2— control group after the experiment

In the experimental group, the indices of 6 tests significantly improved: «running 6 m, s», «running 30
m, s», «jumps with skipping-rope, number of times», «shuttle run 6x8 m, s», «throwing ball 1 kg, sm»,
«circular rotations in the shoulder joint with a gymnastic stick, number of times», «torso inclination forward
from a sitting position, smy» (p <0,05; p <0,01) (table 2).

Table 2
Indicators of physical fitness testing of tennis players of the experimental group
before and after the experiment (n = 14)
. Statistical Indicators
Name of metrics Group -
X S m t p
. E1 1,56 0,13 0,03
Running 6 m, s E 142 0,05 0,01 3,99 <0,05
. E1 4,96 0,11 0,03
Running 30 m, s E 4,85 0,12 0,03 2,45 <0,05
. E1 19,35 1,90 0,50
Push-ups 30 s, number of times E, 19,57 145 0,38 -0,33 >0,05
Jymps with skipping-rope, number of Ex 117,43 2,47 0,66 2,20 <0,05
times E2 120,57 2,41 0,64
E1 13,88 0,24 0,07
<
Shuttle run 6x8 m, s e 13,51 0,31 0,08 3,47 0,01
E1 945,71 6,80 1,82
Throwing ball 1 k . . . 0,54 0,05
rowing bafl L kg, sm E, 947,07 6,38 1,70 : 7
Circular rotations in the shoulder joint E1 3,36 0,63 0,17
. N <001
VYIth a gymnastic stick, number of E, 621 0,70 0,19 3,34 0,0
times
Torsc? inclination forward from a sitting E1 10,64 1,69 0,45 3,20 <0,05
position, sm E2 12,86 1,96 0,52
E1 193,71 2,73 0,73
L j 1
ong jump from the spot, sm E 194,93 1.94 0,52 ,36 >0,05

Note: * E1 — experimental group before experiment; E2— experimental group after the experiment
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After the experiment, significant differences
between the control and experimental groups were
identified. According to the test results «running 30
m, s», «circular rotations in the shoulder joint with a
gymnastic stick, number of timesy, «torso inclination

experimental group, these figures are significantly
higher compared with athletes in the control group;
based on test results «throwing ball 1 kg, sm» control
group is significantly higher than experimental
(p<0,05, p<0,01) (Table 3).

forward from a sitting position, sm» in the
Table 3
Indicators of physical fitness testing of tennis control (n = 14) and experimental (n = 14) group after the
experiment
. Statistical Indicators
Name of metrics Group e
X S m t p
. K* 1,48 0,12 0,03
Running 6 m, s £ 142 0,05 0,01 1,90 >0,05
. K 4,93 0,07 0,02
<
Running 30 m, s £ 4,85 0,12 0,03 2,15 0,05
. K 19,14 2,14 0,57
Push-ups 30 s, number of times £ 19,57 145 0,39 0,61 >0,05
J}Jmps with skipping-rope, number of K 120,43 2,59 0,63 0,14 50,05
times E 120,57 2,41 0,64
K 13,75 0,16 0,04
Shuttle run 6x8 m, s £ 13,51 0,31 0,08 -1,04 >0,05
K 956,86 6,96 1,86
Throwi 11k ’ ’ ’ 7
rowing ba g, sm £ 947,07 6,38 1.70 3,8 <0,05
Circular rotations in the shoulder joint K 4,86 1,23 0,33
WIth a gymnastic stick, number of £ 6,21 0,70 0,19 2,18 <0,05
times
inclinati itti K 11,2 2,2
Tor§(? inclination forward from a sitting ,29 ,20 0,59 2,03 <0,05
position, sm E 12,86 1,96 0,52
. K 196,64 3,32 0,89
Long jump from the spot, sm £ 194,93 1.94 0,52 1,66 >0,05

Note: K — control group; E — experimental group
Discussion

In the research, it was hypothesized that the
use of stretching and exercising with React Balls in
the training process of tennis players 12-13 years old,
will increase their level of physical qualities. This
hypothesis was fully confirmed. The results of the
study are consistent with the opinion of many authors
that the level of physical fitness of tennis players is
one of the leading factors that ensures the steady
progress of sportsmanship [12, 14, 15]. In the age
period from 7 to 17 years, a solid foundation is laid
for important motor skills and habits, the
development of motor skills and the maturation of the
main functions of the athlete's body are under
development [1]. Therefore, at each stage of growing
up, the trainer is obliged to pay special attention to
the development of each physical quality. At the
same time, it is necessary to develop individual
gualities in mutual connection with other qualities,
but in no case isolated from each other. Modern
coaches are constantly looking for new ways
associated with the preparation of young athletes. In
the course of the training process, the role of the
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coach is in the proper selection and use of all means
and methods for developing the physical qualities of
an athlete [12-14].

In this research, for young tennis players,
stretch exercises and exercises with React Balls for
the development of the reaction were selected. The
combination of exercises for the development of
flexibility, coordination and speed of reaction
contributes to the formation of an optimal technique
for performing motor actions of tennis players. The
flexibility of a tennis player is manifested in the
performance of basic techniques, especially such as
serving, a blow above head. A tennis player with
greater mobility in the joints has a better chance of
hitting the ball, which is at a considerable distance
from it (all other things being equal) [16].
Coordination qualities in tennis are especially
pronounced when mastering the technique of strikes
with different strength, direction, ball rotation, in
other words - in the process of mastering the whole
variety of technical actions of tennis players in a
difficult game situation. It is very important to be
able to quickly rebuild the motor activity also
because it is often necessary to play on courts with
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different surfaces. Different coatings are big
differences in the speed of the ball and in the degree
of its rotation. How quickly an athlete adapts to the
rebound will largely depend on his success in the
match. In addition, tennis players play tournaments
either indoors or in the open air. Meteorological
conditions, especially wind, place great demands on
the coordination abilities of tennis players. Windy
weather affects the game of both rivals, but the one
who can, having understood his actions, can rebuild
even a stronger opponent, can rebuild them according
to the changed situation. The speed of a tennis player
manifests itself during the movements he makes at
maximum speed, if necessary, to get, for example, a
shortened ball or a ball sent to the side. And how
quickly the player starts moving in the direction of
the ball, how quickly he picks up the desired speed,
the success of the point draw depends in many
respects.

Currently, among sports professionals it is
extremely popular to use stretching as a form of
preparing the muscular-ligamentous apparatus for
training and competitive loads as a form of active rest
for recovery [17-18]. The results of this study
supplemented the data on the use of stretching in the
training process of tennis players. So, scientists
Aftimichuk et. al. [19] use stretching to prevent
injuries, to prepare the body for stress and to correct
the state of fatigue of tennis players. The authors
emphasize that the physiological essence of
stretching is that by stretching the muscles and
holding a certain posture in them, the processes of
blood circulation and metabolism are activated. They
use the stretch exercises in the preparatory and final
parts of the training session to warm up the muscles
and hitch after physical exertion. In this study, stretch
exercises were used in the main part of the training
as the main means for developing flexibility.
Stretching contributes to the development of the
flexibility of the cervical, dorsal, lumbar,
gastrocnemius and other muscle groups, joints,
ligaments and tendons - almost without leaving any
of them involved. In turn, in tennis, each movement
has its own amplitude, and the larger this amplitude
is, the more free movement, the stronger and more
accurate the impact. Therefore, the use of stretching
allows the tennis player's movements to be as wide
and free as possible, contributes to the economy of
movements, is an important condition for the
development of other physical qualities [20-21].

Also, coaches in various sports often use
exercise complexes with tennis balls. Such exercises
develop coordination, speed and speed of reaction,
help to respond quickly to an irritant at short
distances. In this study, React Balls were used, which
require extreme concentration of vision and speed of

reaction. The six-sided design of the ball allows you
to suddenly change its direction of flight and
rebound, the hexagon design causes the ball to jump
and randomly bounce. When performing an exercise,
the athlete is forced to move at different speeds in an
unpredictable direction.

As the analysis of the results showed, at the
end of the experiment, the indicators of flexibility,
speed, and coordination improved significantly in the
experimental group. This can be explained by the fact
that stretching exercises contribute to the
development of greater amplitude of movements, as
well as form motor freedom, which affects the
development of coordination. Only with sufficient
flexibility can one achieve the necessary level of
development of the physical qualities required by a
tennis player. Improving speed, associated with
repeated exercises with React Balls. The tennis
player must see the ball, evaluate the direction of
flight and the strength of the ball bounce, and then
perform high-speed movements. In the control
group, exercise complexes with tennis balls were
used, which increased the level of speed and
coordination abilities of athletes.

Thus, the positive results obtained in the
course of work allow us to recommend the developed
methodology for the development of physical
qualities in the process of training tennis players in
accordance with the tasks set.

Conclusions

A method of developing the physical
qualities of young tennis players, using React Balls
and stretching, was developed and introduced into
the training process. The use of this technique can
significantly improve the performance of flexibility,
speed, coordination of tennis players 12-13 years.
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Abstract

The purpose of the work: to determine the factor structure of the complex preparedness of shooters of 14-15 years who specialize in
the Classic bow, for rational construction of the training process of athletes of this age category.

Material and methods. The experiment was attended by 16 bow-shooters (girls) aged 14-15 years old, specializing in Classic bow, sport
school "Avangard" in Kyiv. The experiment was conducted in the preparatory period, September 2018. The archers were tested for
physical fitness (shuttle running 4x9m, push-ups 30 s, jumping with skipping-rope, running 30 m, Romberg test, hanging on bent hands
at an angle of 90°, jump in length from place, raising the torso to a sitting position, dynamometry of the right and left hands), technical
preparedness (holding the bow in the "stretch", archery 18 m, archery 60 m, stretching the bow on the right and left hand for 30 s).
The obtained data were processed mathematically using factor analysis methods.

Results. The factor structure of physical and technical preparedness of shooters, which are at the stage of specialized basic training, is
established. Five factors were identified: static power endurance, dynamic power endurance, coordination capabilities, speed
capabilities, strength capabilities.

Conclusions. It is revealed that the most important indicators of the complex training of archers 14-15 years old are the indicators of
shooting in the open air and indicators of the static strength of the archer, as well as indicators of shooting in the room and indicators
of the dynamic endurance of the archer, indicating the dependence of physical and technical training. The use of rational means and
methods of physical and technical training in the training process of athletes is recommended.

Key words: archery; shooters; factor analysis; technical preparedness; physical preparedness.

AHoTauinA

Cobko U.M., KoetyH A1, YnaeBa /1.0. daKkTOpHa CTPYKTYpa KOMN/IEKCHOT NigroToBAEHOCTi CTpinbuie 14-15 pokis, WO cneuianisyotsca B
cTpinb6i 3 KNAacUUYHOTO NyKY

MeTa poboTU: BU3Ha4YeHHA GAKTOPHOI CTPYKTYPM KOMNAEKCHOT NigroToBaeHOCTI CTpinbLiB 14-15 poKiB, WO cnewiani3ytoTbea B CTPiNbOI
3 ONIIMNINCBKOTO NyKa, A8 palioHaNbHOT NobyA0BM TPEHYBa/IbHOrO NPOLLECY CMOPTCMEHIB L€l BIKOBOT KaTeropii.

Martepian i metogy. B ekcnepumeHTi B3AnM ydacTb 16 cTpinbuis (4isyaT) y Biui 14-15 pokis, WO cneuianisytoTbcs B CTPinbbI 3
oniMmnincbKoro nyka, Aki 3aimatotees 8 AHOCLL «AsaHrapa» B M. Knesi. EKCnepuMeHT NpoBOAMBCA B MiAroTOBYOMY Mepiodi, BepeceHb
2018 poKy. JIY4HWKM NPOMLAN TecTyBaHHA $i3MYHOI NiAroTOBAEHOCTI (YOBHMKOBUIA 6ir 4x9 M, 3rMHaHHA, PO3rMHaHHA PyK B ynopi
nexkaum 3a 30 ¢, cTpmbKM 3i ckakankoto, bir 30 m, npoba Pombepra, BUC Ha 3irHYTUX pyKax nig Kytom 90°, cTpnbOoK B AOBXKMHY 3 MiclA,
nigHATTA Tyay6a B cig, AMHAMOMETPIA NPaBoi i NiBOI PyK), TEXHIYHA NiArOTOBAEHICTb (YTPUMAHHA IyKa B «pO3TAry», CTpinbba 3 nyka 18
M, CTpinbba 3 yKka 60 M, pO3TArHEHHS yKa NpaBoto i NiBoto pyKoto npoTtarom 30 c¢). OTpumaHi aaHi 6yamn obpobneHi matemaTuyHo 3
BMKOPUCTAHHAM MeTOAiB GaKTOPHOro aHanisy.

PesynbTaTu. BcTaHoB/reHa ¢aKTOpHa CTPYKTypa ¢i3MYHOI Ta TEXHIYHOI MiArOTOBMEHOCTI JIyY4HWKIB, fAKIi nNepebyBatoTb Ha eTani
crneujanizosaHoi 6a30B0i NiAroToBKM. BynnM BM3HAueHi N'ATb GaKTOPIB: CTaTMYHA BWUTPMBANICTb, AMHAMIYHA BWUTPMBANICTb,
KoopAMHaU,iMHi 34i6HOCTI, WBKMAKICHI 34i6HOCTI, cnaoBi 34i6HOCTI.

BWUCHOBKM. BUABNEHO, LLLO HaMBiNbLL BaKAMBUMM NOKA3HUKaMM KOMNAEKCHOT NiATOTOBKM Ny4HUKIB 14-15 pOKiB, € NOKa3HUKM CTPiNbOU
Ha BiAKPWUTOMY NOBITPI i NOKA3HWKM NPOABY CTAaTUYHOT CUAN IYHHMKA, @ TAKOXK NMOKA3HUKK CTPINbOKU B MPUMILLLEHHI | NOKa3HMKK NpoABY
OMHAMIYHOI BUTPMBANOCTI NIYYHWMKA, O BKA3YIOTb HA 3aN1€XHICTb Gi3UYHOI Ta TEXHIYHOT NiArOTOBKM. PeKOMEHA0BAHO BUKOPUCTAHHA
paljioHaNbHKX 3acobiB i MeToAiB Gi3MYHOI | TEXHIYHOT NiATOTOBKM B TPEHYBA/IbHOMY MPOLLECI CMOPTCMEHIB.

Kniowosi cnosa: cTpinbba 3 nyka; Ny4HUKK; GaKTOPHWUIA aHani3; TexHiYHa NiaroToska; di3nyHa NiLAroToBKa.

AHHOTaUMA

Cobko W.H.,, KoeTyH A.Jl., Ynaesa JI.A. ®daKkTopHaa CTpyKTypa KOMMNAEKCHOM MOArOTOBAEHHOCTU cTpenkos 14-15 nerT,
CNeLMaIMsMpYIoWMXCA B CTPE/IbbE U3 KNAaCcCUYEeCcKOoro yKa

Llenb paboTbl: onpeneneHme GakTOPHOM CTPYKTYPbI KOMMEKCHOW MOATOTOBAEHHOCTM CTPENKOB 14-15 feT, cneunanmsmpyowmxcs B
cTpensbe M3 0ONMMMMICKOrO NyKa, ANA PaLMOHANbHOTO MOCTPOEHMA TPEHMPOBOYHOTO NPOLECca CNOPTCMEHOB 3TOM BO3PACTHOM
KaTeropuu.

Matepuan 1 metodbl. B akcnepumeHTe NpuHAAKM ydactre 16 cTpenkoB (AeBoyek) B BospacTe 14-15 neT, cneumanvsnpyoLLmxca 8
cTpenbbe M3 ONIMMMMIACKOTO JNlyKa, KoTopble 3aHumatotca B AHOCLW «ABaHrapa» B M. KueBe. IKCMepuMMEHT MNpoBOAM/CA B
NOAroTOBUTENLHOM Nepuoae, ceHTabpb 2018 roaa. JIy4HWKM NPOLWAN TECTUPOBaHNE GU3MYECKON NOArOTOBAEHHOCTM (YeHOYHbIN Her
4x9 m, 3rnbaHue, pasrmbaHune pyk B ynope nexa 3a 30 ¢, NpbIKKK Co cKakankol, ber 30 m, npoba Pombepra, BUC Ha COrHYTbIX PyKax
nod yrnom 90°, MpbIKOK B AAMHY C MecTa, NOAHATME TYy/0BMLIA B cel, AMHAMOMETPWA MNPaBOW M NeBOM PyK), TexHUYecKas
MOArOTOBNEHHOCTb (YAEPKaHME IYKa B «pacTaxKKe», cTpenbba u3 yka 18 m, ctpensbba n3 yka 60 m, pacTsKeHwe NyKa NpaBoi 1 1esow
pyKkoit B TedeHue 30 c). MonyyeHHble AaHHble bl 06paboTaHbl MaTEMATUYECKM C UCNO/b30BaHMEM METOA0B GaKTOPHOro aHanusa.

PesynbTathl. OnpeneneHa GakTopHan CTPYKTypa GU3MHECKON M TEXHUYECKOM NOArOTOBNEHHOCTU YYHUKOB, HAXOAAWMXCA Ha dTane
crneumanmsnpoBaHHoW 6a3oBOM MNOATrOTOBKW. Bbinn onpedeneHbl NATb GaKTOPOB: CTaTMYECKas BbIHOCAMBOCTb, AMHAMMUYECKan
BbIHOC/IMBOCTb, KOOPAMHALMOHHbIE CNOCOBHOCTU, CKOPOCTHbIE CNOCODBHOCTM, CUNOBbIE CMOCOBHOCTY.

BbIBOAbI. BbiABAEHO, YTO Hanbosiee BayKHbIMM NMOKA3aTeNAMMN KOMMNAEKCHOM NOArOTOBKM SyYHMKOB 14-15 neT, ABNAIOTCA noKasaTenu
cTpenbbbl Ha OTKPLITOM BO3yXe M MOKa3aTenn NPOABAEHUA CTaTUYECKON CUbI IYYHMKA, A TaKXKe NoKasaTenn cTpenbbbl B NomMeLLeHnI
M NoKasaTenn NpoABAeHMA AMHAMMYECKOW BbIHOCAMBOCTM NYYHUKA, YKa3biBAOWME HA 33aBUCMMOCTb GU3MYECKON M TEXHUYECKOM
NOArOTOBKW. PeKkomeHA0BaHO MCMONb30BaHME PALMOHANbHBIX CPEACTB U METOL0B GU3MYECKON WM TeXHUYECKOW MOArOTOBKM B
TPEHWPOBOYHOM NpOLLecce CNOPTCMEHOB.

Kniouesble ciiosa: cTpen bba 13 NIyKa; YyHHUKN; d)aKTOprIlZ aHaNun3; TeXxHn4ecKaa NoAroToBKa,; d)MSVNGCKaH noArotoBka
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Introduction

The problem of training athletes in Olympic
sports is highly relevant [1, 2]. Qualitative
improvement of sports and technical skills is the
main task in the preparation of archers. Modern
archery is a complex technical sport that places great
demands on the physical, technical, tactical and
psychological training of athletes of various
qualifications. However, for beginners, archers is an
interesting and accessible sport due to its emotional
appeal and low energy costs. The practice of sports
work and the results of scientific research show that
systematic training for 8-10 years is necessary to
achieve international class results in shooting sports
[3]. In this regard, at each stage of multi-year
preparation, it is necessary to search for the most
effective ratios of loads of various directions and new
forms of organization of the training process.

A theoretical analysis of scientific and
methodical studies in archery indicates existing
scientific data on improving the effectiveness of
training with the help of control exercises with
complicated performance conditions (shooting
sitting on a chair, standing on the platform, eyes
closed) [3], using a balance board with additional
optical gun and special target exercises [4], as well as
by improving the technical means of teaching motor
actions [2].

Modern scientific research is devoted to the
content of sports training of archers are focused
mainly on the training of qualified athletes [5, 6].
Scientists have found that the sporting success of
highly skilled shooters is most determined by the
coordination abilities of the athlete. The stability of
the shooter-weapon system largely depends on the
ability to control this system when exposed to
external and internal factors: the speed at which the
shot is executed, the content front sight during
aiming, and the processing of the shot [2, 7]. Some
scientists note the importance of the problem of
psycho-emotional stability of the shooter, which is
essentially expressed in the duration of the retention
of the sight at the center of the target until it stops
completely [8]. Tarasova et.al. [7] determined the
factor structure of the functional state and special
physical performance of skilled archery shooters,
which allowed to identify the most significant
factors. Studies to determine the biomechanical and
physiological parameters of archery are conducted by
many researchers [9-11]. Some experts compared the
muscular activity of the shoulder girdle and upper
extremity of athletes with different levels of
experience in archery and determined that training
lower trapezius muscles actively influences the
improvement of archery skills [12].
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In methodical and partially in scientific
studies it has been shown that effective work with
young athletes is possible only on the basis of taking
into account physiological changes that occur in the
body of adolescents [13, 14]. Moreover, since the age
of 10-15 is most favorable for the development of
special physical qualities and the formation of
specific coordination abilities. At the initial basic
specialization  stage,  special  attention s
recommended to be paid to the development and
improvement of the special quality of the archer -
differentiation of the speed at which the boom
reaches down. At the stage of special basic training,
the training process is aimed at the development and
improvement of special physical and technical
training of athletes in accordance with the
requirements of the specifics of archery. During this
period, athletes begin to actively participate in
competitions in the categories of Olympic and block
bow. Therefore, when selecting training bows,
coaches need to take into account the differences
between Olympic and block bows. The main
difference lies in the presence of a block system
located on his shoulders, therefore the speed of the
arrow and the strength of the shot of such a bow
exceeds any Olympic variant by half or even three
times. In contrast to the classic, a shot in a block bow
occurs not only due to the strength of the shoulders,
but also through the use of a system of block
mechanisms.

In connection with the characteristics of the

competitive  activity of archers, and their
specialization, the importance of physical and
technical readiness in the formation and

improvement of sportsmanship of athletes increases.

Thus, the purpose of our study was to
determine the factor structure of the complex
preparedness of shooters 14-15 years old,
specializing in Classic bow, for the rational
construction of the training process of athletes of this
age category.

Material and methods

Participants

The experiment was attended by 16 bow-
shooters (girls) aged 14-15 years old, specializing in
Classic bow, Athletes have three years of experience
in archery and are part of a group of basic training,
sport school "Avangard" in Kyiv. The experiment
was conducted in the preparatory period, September
2018.

Methods
. To determine the level of development of
physical fitness, the following tests were used:
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* Shuttle run 4 x 9 m was performed with a stop
and touching the line. The execution time was fixed
(s).

* Push-ups 30 s (number of times).

« Jumps with skipping-rope, (number of times).

* Running 30 m (s).

* Romberg's test (s).

* Hang on bent arms at an angle of 90° (s).

* Long jump from the spot (cm).

* Raising the torso to a sitting position (number
of times).

» Dynamometer of the right and left hand (kg).

To determine the level of technical
development of basketball players, the following
tests were used:

* Bow content in “stretching”. Testing was
performed standing, the execution time (S) was
recorded.

« Stretching a bow with right and left hand for
30 s. Testing was performed standing, recorded a
number of times.

* Archery 18 m (number of points). Shooting is
performed indoors at a distance of 18 meters at the
target (120 s per series). There are a total of 20 series
of 3 arrows each. Fixed number of points.

* Archery 60 m (number of points). Shooting is
done in the air at a distance of 60 meters at the target
(240 seconds per series). There are a total of 12 series
of 6 arrows each. Fixed number of points.

Statistical analysis

Digital material was processed using
traditional methods of mathematical statistics using
Microsoft Excel, SPSS. The factor analysis was used
by the method of main components to determine the
hidden relationships between the indicators of special
physical and technical readiness of athletes. The
analysis served as a means of reducing variables and
identifying the main components that determine the
structure of the complex preparedness of athletes.

Results
Conducting a factor analysis, with the help of
which a large number of variables (in our case, 15),

was reduced to a smaller number of independent
values, allowed us to identify five factors (Table 1).

Table 1

Matrix of components in factor analysis of indicators of complex testing of bow arrows (n = 16)

The name of the factor Indication

Factors
1 2 3

Archery 60 m, number of points

0,697

Push-ups 30 s, number of times

0,674

Static power endurance

Bow content in “stretching”, s

0,621

Romberg's test, s

0,592

Hang on bent arms at an angle of 90°, s

0,565

Long jump from the spot, cm

0,563

Archery 18 m, number of points

-0,810

Stretching a bow with left hand for 30 s,
number of times

Dynamic power

0,682

endurance

Stretching a bow with right hand for 30 s,

number of times

0,564

Raising the torso to a sitting position, number

of times

-0,587

Jumps with skipping-rope, number of times

0,569

Coordination capabilities

Shuttlerun4x9m, s

0,715

Dynamometer of the left hand, kg

0,647

Speed capabilities

Running 30 m,

S

0,706

Power capabilities

Dynamometer of the right hand, kg

0,486

The first factor was called "Static power
endurance”. It includes test indicators: hanging on
bent arms at an angle of 90° (r = 0.56), Romberg's
test (r=0.59), bow content in “stretching” (r = 0.62).
These indicators characterize the endurance to long-
term work of moderate power, the steady content of
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the stretched bow in the process of aiming and
processing the release of the boom, including the
functioning of the majority of the muscular system.
This factor also includes indicators of testing flexion,
push-ups 30 s, (r = 0.67) and a long jump from the
spot (r = 0.56). These indicators characterize the
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power capabilities of archers related to keeping the  variation of movements in accordance with the
bow in a static position, the ability to maintain  specific situations of training and competitive
optimal power stresses for a long time. All indicators ~ activities. In archery, coordination abilities are
form the highest correlation coefficients with the first  largely due to the speediness of the athlete, which is
indicator of archery testing 60 m (r = 0.69). After all,  necessary for processing information received from
the manifestation of the static power endurance of an  visual, kinesthetic, tactile, auditory analyzers. This
archer is the ability to maintain an optimal level of  suggests that the improvement of technical skill is
performance during the entire shooting exercise fora  carried out through the improvement of the
few hours both during the competition and during  properties of analyzers, provide rich information
training. about the nature and degree of accuracy of the actions
The second factor included the indicators  performed in specific conditions and improve
that form the highest correlation coefficients with the  consistency in their work.
first indicator of this factor archery 18 m (r = 0.81). The fourth factor and the fifth factor included
These are indicators of stretching the bow with right  the test running 30 m (r = 0.821) and dynamometry
and left hands for 30 s (r = 0.68-0.54) and raising the ~ of the right hand (r = 0.48), they were called “Speed
torso to a sitting position (r = —0.516). These  capabilities” and “Power capabilities”, respectively.
indicators characterize the archers' ability to work for ~ These indicators stood out in separate factors, as the
a long time and efficiently, aimed at multiple bow  speed capabilities of the shooters provide a quick rise
tension, therefore the second factor was named  of the bow and its stretching when firing in adverse
“Dynamic power endurance”. meteorological conditions and with a shortage of
The third most important factor was named  time left to execute the shot. And power capabilities
“Coordination capabilities”. It included such  are manifested in opposition to the growing fatigue
indicators as jumping skipping-rope for 1 min (r =  caused by the power component of the load, that is,
0.56), shuttle running 4x9 m (r = 0.71), dynamometer ~ the onion content in a relatively stable position (a
of the left hand (r = 0,64). This factor is not less  certain time) and its tension.
significant, because a high level of coordination Thus, in the general structure of
abilities allows you to quickly acquire new motor  preparedness of archers, five factors were singled
skills; rationally carry out the existing stock of skills,  out, the percentage of which from the total variance
abilities and motor skills; show the necessary s presented in Fig. 1.

> 1
8,65
24,03
4
12,12
3

13,59 1 2

14,86

Fig. 1. The percentage of the total variance of the main factors of testing Archers

Analyzing the percentage contribution of  executed shots. Coordination capabilities depend on
various factors to the total variance, we note that the  the archer’s motor fitness, as well as on the
first factor “Static power endurance” prevails in the  effectiveness of mental processes that determine the
structure of preparedness of shooters from the bow.  reliability of motion control and ensure that the
Then follow the second and third factors, their  athlete performs technical actions at the same time.
percentage contribution is almost the same, which Coordination abilities are needed to execute the shot,
indicates the equal importance of these factors. This  ensure the sustainability of the “gunner-weapon”
can be explained by the fact that the activity of the  system and adequately respond to changes in the
shooter, who specializes in the Classic bow, is the conditions of sports activity (lighting, wind, rain,
alternation of long-term static and dynamic relatively  etc.).
uniform work performed in a few hours. But the

amount of static work is much higher, since with Discussion
static voltage fatigue occurs faster than with
dynamic. This is due to the large load on the nervous Modern scientists [15-17] actively apply

system, which should regulate the high accuracy and ~ multivariate analysis methods to study the structure
uniformity of muscular effort with a large number of  of the integrated fitness of young and skilled athletes
99
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in various sports. Leading Ukrainian specialists [18]
consider factor analysis to be the most appropriate
mathematical tool. It allows you to reduce a wide
range of indicators of preparedness and to identify
the main components that determine the exact
characteristics of the individual characteristics of
athletes. The use of modern methods of analysis
helps to create optimal training methods that best
meet the requirements of the training process in a
specific period of time. In sports games, using factor
analysis, scientists [19] develop individual factor
models of physical fitness of athletes of various game
roles. In this regard, the studies conducted in this
work confirm and supplement the data of the listed
authors about the need to use a wide range of physical
and technical readiness indicators to determine the
factor structure of preparedness of archery shooters
aged 14-15 years.

Sport experts emphasize that sporting
achievements in archery are determined by the level
of technical readiness of an athlete, because the
strength of the shooter is characterized by the degree
of quality of the motor actions on the basis of which
the archery technique is performed [20-21]. One of
the main indicators of technical excellence are
efficiency and cost-effectiveness of actions. No less
important are the indicators of accuracy and
reliability that ensure the sustainability of the
sporting result. In turn, the improvement of sports
equipment will be fruitful and effective only if it
provides for the formation of a biomechanically
rational structure of movements, in accordance with
the actual level of physical fitness of an athlete. After
all, archery in competitive conditions requires the
athlete to repeatedly use muscular efforts in static,
overcoming and progressive modes and provide
stretching of the bow (15-25 kg), holding the pose at
the time of aiming (up to 10 s). In this study, the
indicators of physical and technical readiness of
young archers in the process of learning motor
actions are analyzed. The data obtained emphasize
the importance of the level of development of static
and dynamic strength endurance, coordination of
movements in the process of improving the sports
and technical skills of athletes at the stage of special
basic training. At this stage, to a greater extent than
at previous ones, technical improvement is based on
various rifle exercises. For example, shooting with
different time intervals reached the arrows and the
shot as a whole, without visual control, etc. As a
result of the work on this and subsequent stages of
many years of training, the archer must master the
technique of many special preparatory exercises
quite well. This approach forms his ability to quickly
master the technique of shooting an Classic bow,
which corresponds to his morphofunctional
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capabilities, and further provides the shooter with the
ability to vary the basic parameters of technical skill
depending on the conditions of specific competitions
[2-22]. Thus, during this period, the focus should be
on the development of static strength endurance,
which provides for a long and repeated repetition of
the posture on the alert and maintain it for a certain
time, these actions are aimed at adapting the archer's
body to specific loads. The optimal distribution of the
efforts of all muscle groups involved in the
implementation of an aimed shot is largely dependent
on the level of development of dynamic strength
endurance. Therefore, the development of this
quality should be aimed at ensuring coordinated
actions of numerous muscle groups of the back, arm,
which directly performs the tension of the bow and
arm, which provides the content of the bow and
counteracts its pressure. The development of
coordination abilities lays the foundation for the
further development of accurate perception and
reproduction of muscular efforts, as well as the
ability to differentiate temporal, velocity, and power
characteristics in combination of movements provide
a shot. Therefore, it is necessary to develop the
ability to effectively manage muscle tension and
relaxation [22]. The manifestation of power abilities
is closely related to the efficiency of the energy
supply of the respective work, the level of
development of speed abilities and flexibility, they
are necessary for keeping the bow and resistance to
its pressure, as well as for stretching the bow, so
special strength is developed regarding the archer's
technical actions.

The results of the study determine the main
directions of physical training of archers from the
bow of 14-15 years old, specializing in the Classic
bow. To optimize the training process of athletes of
this age category, optimal tools, forms and methods
of training athletes were selected. For the
development and improvement of static power
endurance, the use of the method of strictly regulated
exercises with the use of special schemes, providing
for a long bow holding and tight rest intervals, has
been proposed. For the development of dynamic
strength endurance, it is recommended to perform
multiple imitations of bow tension with a resistance
of 25-50% of the maximum force at an average pace
until complete fatigue (work on a simulator with the
exception of a hand holding a bow, or with a rubber
band) 60-70 % of maximum effort at an average
pace. Special dexterity should be developed with the
help of exercises characteristic of the activity of the
archery bow. When training coordination abilities, it
should be taken into account that the archer
simultaneously performs several technical actions
that require coherence in the work of various muscle
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groups (bow holding, resistance to bow pressure,
bow tension and orientation in the shooting plane,
maintaining the necessary posture, correct brush
position, which ensures release of a bowstring), and
corrects various characteristics of his movements,
agreeing with changes in the situation. In this regard,
modeling the complicated conditions of activity in
the process of shooting (reducing the time allotted for
shooting, changing light, shooting in adverse
meteorological conditions, etc.), which cause the
archer to change the pace and rhythm of shooting,
take into account the influence of artificially
introduced obstacles and look for new ways to
overcome the difficulties. For the development and
improvement of speed capabilities, it is
recommended to perform multiple repetitions of
speed actions with maximum or maximum intensity
on stimulus signals with a gradual reduction in
response time without disrupting the execution
technique. Exercises related to the imitation of
individual elements of a shot with an arrow can be
used, or directly shooting at various distances with
specific tasks. For the development of strength,
exercises with weights, exercises using various
training devices and exercises that are performed at a
slow pace with significant muscle tension are
proposed.

Thus, regular monitoring and accounting of
the dynamics of physical and technical readiness,
proper selection of means and methods of sports
training will optimize the training process of the
archers at different stages of many years of training
and adjust it when changing any training conditions
(changes in the competition calendar, injuries,
diseases and etc.).

Conclusions

It is shown that the indicators of complex
testing of archers from 14 to 15 vyears old,
specializing in Classic bow, are divided into five
factors: static power endurance, dynamic power
endurance, coordination  capabilities,  speed
capabilities, strength capabilities. It was revealed that
the first, the most important factor, included shooting
indicators in the open air and indicators of the static
power endurance of the archer, the second included
shooting indicators in the room and indicators of the
dynamic power endurance of the archer, which
indicates the dependence of physical and technical
training in archery. The use of rational means and
methods of physical and technical training of archers
on the stage of special basic training for the optimal
construction of the training process of athletes is
recommended.

Acknowledgements
The study was conducted according to:

research work, which is funded by the state budget of
the Ministry of Education and Science of Ukraine for

2017-2018. “Theoretical and methodological
foundations of the application of integrated
technologies for self-improvement, harmonious

physical, intellectual and spiritual development and
the formation of a healthy lifestyle for people of
different age and social groups, including athletes
and people with special needs” (State Registration
No: 0119U100616).

Conflict of interest
The authors declare that there is no conflict of
interest.

References

Vinogradsky BA. Sports archery: fundamentals and
improvements of special preparedness. Monograph:
LDUFK;2012.

Symanovich PG. Means and methods of integrated
control young archers. Pedagogics, psychology,
medical-biological problems of physical training and
sports. 2005;4:82-88.

Antonov SV, Pityn MP. Effectiveness of qualified
riflemen archery in control exercises with difficult
conditions performance. Pedagogics, psychology,
medical-biological problems of physical training and
sports. 2011;9:8-10.

Artiuh, V, Kozina Z, Koval V, Safronov D, Fomin S,
Novikov Y. Influence of application of special means
of development of equilibrium and precision-target
movements on the level and structure of
psychophysiological indicators, physical and technical

101

readiness of archers. Health, Sport, Rehabilitation.
2019;4(4):7-16.
doi:http://dx.doi.org/10.5281/zenodo.2536441.
Lankford DE, Higginson B. The effect of fatigue and
elevated heart rate on archery shot performance.
Medicine and Science in Sports and Exercise.
2016;48(5):858-858.
d0i:10.1249/01.mss.0000487571.81523.18

Lantz K, Webste J, Krueger J. The effects of
monocular versus binocular aiming on archery
performance. Investigative ophthalmology & visual
science. 2018;59(9):2962-2967.

Tarasova LV, Mankhanov ZS. Special performance of
highly qualified arrow arrows. Theory and methods of
high performance sport. 2014;9:44-46.
Korobeinikova EY, Leonov SV, Polikanova IS.
Psychological features of attention in archery.
National Psychological Journal. 2017;2:35-45. doi:
10.11621/npj.2017.0205.



Health, sport, rehabilitation
3p0poB’sa, cnopT, peabinitauin
3p0poBbe, CNopT, peabuaurauua

i%! v"\‘\\ 2
T OV
} mﬂ::‘/;‘%\ e

2019
02

i

- ——

9. Ariffin MS, Rambely AS, Ariff NM. Wrist muscle
activity of khatrah approach in mameluke technique
using  traditional bow  archery.  University-
Kebangsaan-Malaysia, Faculty-of-Science-and-
Technology (UKM FST) Postgraduate Colloquium.
Univ Kebangsaan Malaysia, Fac Sci & Technol,
Selangor. 2018;1940:12-13.

10. Simsek D, Cerrah AO, Ertan HA. Comparison of the
ground reaction forces of archers with different levels
of expertise during the arrow shooting. Science &
sports. 2019;34(2):137-145.

11.Taha Z, Musa RM, Majeed PP. The identification of
high potential archers based on fitness and motor
ability variables: A Support Vector Machine approach.
Human movement science. 2018;57:184-193.

12. Shinohara H, Urabe Y. Analysis of muscular activity
in archery: a comparison of skill level. Journal of
sports medicine and physical fitness.
2018;58(12):1752-1758.

13. Muazu MR, Majeed AP, Abdul T, Zahari T, Siow WC.
A machine learning approach of predicting high
potential archers by means of physical fitness
indicators. S. PLoS ONE. 2019;14(1):e0209638.
doi.org/10.1371/journal.pone.0209638

14. Nabavinik M, Abaszadeh A, Mehranmanesh M.
Especial skills in experienced archers. Journal of
motor behavior. 2018;50(3):249-253.

15.Sobko IN, Ulaeva LA, Yakovenko YA. Factorial
structure of physical rehabilitation group students’
complex fitness. Physical education of students.
2016;20(2):32-37.

16. Shepelenko T, Kozina Z, Cieslicka M, Prusik K,
Muszkieta R, Sobko I, Ryepko O, Bazilyuk T,
Polishchuk S, Osiptsov A, Kostiukevych V. Factor

structure of aerobics athletes preparation. Pedagogics,
psychology, medical-biological problems of physical
training and sports. 2017;21(6):345-352.
Kozina ZhL, Cieslicka M, Prusik K, Muszkieta R,
Sobko IN, Ryepko OA, Bazilyuk TA, Polishchuk SB,
Osiptsov AV, Korol SA. Algorithm of athletes’ fitness
structure individual features’ determination with the
help of multidimensional analysis (on example of
basketball). Physical education of students.
2017;21(5):225-238.
Kozina Z, Bazilyuk T, Boyko A. Analysis of the
structure of the integrated preparedness of qualified
handball players using the methods of multivariate
analysis. Health, sport, rehabilitation. 2017;3(2):15-
24. doi: http: //dx.doi.org/10.34142/zenod0.1109904.
Kozina Z, Khrapov S, Yevstratov S, Kolomiets N,
Hryshchenko S, Minenok A, Nosko I. Individual factor
structure of qualified volleyball players' preparedness.
Health, sport, rehabilitation. 2019;5(1):56-65.
doi:http://dx.doi.org/10.34142/HSR.2019.05.01.06
Baydychenko TV, Arkhipova EA, Shakirov RV.
Improving the technical performance of the athletes,
classic bow shooters. Scholarly notes. 2014;3(109):19-
25. DOI: 10.5930/issn.1994-4683.2014.03.109.p19-25
21.Gonzalez CC, Causer J, Grey MJ. Exploring the quiet
eye in archery using field- and laboratory-based tasks.
Experimental brain research. 2017;235(9):2843-2855
22.Simsek D, Cerrah AO, Ertan H. Muscular coordination
of movements associated with arrow release in
archery. South african journal for research in sport
physical education and recreation. 2018;40(1):141-
155.

17.

18.

19.

20.

Information about the authors

Sobko I.N.

http://orcid.org/0000-0001-5588-4825
sobko.irynal8@gmail.com

H. S. Skovoroda Kharkiv National Pedagogical University
Alchevskikh st. 29, Kharkiv, 61002, Ukraine

Kovtun A.L.

http://orcid.org/0000-0001-5588-4691
sobko.irynal8@gmail.com

H. S. Skovoroda Kharkiv National Pedagogical University
Alchevskikh st. 29, Kharkiv, 61002, Ukraine

Ulaeva L.O.

http://orcid.org/0000-0003-0468-756X
lorik2340@gmail.com

National University of Pharmacy;

61002, Kharkiv, st. Pushkinskaya, 53, Kharkov, Ukraine

Received: 16.06.2019

102

Indopmanisa npo aBTopis

Cobxo I.M.

http://orcid.org/0000-0001-5588-4825
sobko.irynal8@gmail.com

XapKiBChKUI HAI[IOHANBGHUH TEJarori9YHAN YHIBEPCHUTET
imeHi I'. C. CxoBopoau

BYII. ATTYeBCHKUX, 29, Xapki, 61002, Ykpaina

KosTyHn A.JL

http://orcid.org/0000-0001-5588-4569
sobko.irynal8@gmail.com

XapKiBChbKUI HAI[IOHAIBHUIN MEJaroriYHui YHIBEPCUTET
imeni I'. C. CxoBopou

ByJI. AnueBChKuX, 29, Xapkis, 61002, Ykpaina

VYaaesa JL.O.
http://orcid.org/0000-0003-0468-756 X
lorik2340@gmail.com

HanionanbHuii apManieBTHYHUH yHIBEPCHUTET;
61002, m. Xapkis, Byx. ITymkinceka, 53, Xapkis,
YkpaiHa

Tpunama 6 pedaxyuro 16.06.2019


http://orcid.org/0000-0001-5588-4825
mailto:sobko.iryna18@gmail.com
http://orcid.org/0000-0001-5588-4695
mailto:sobko.iryna18@gmail.com
http://orcid.org/0000-0003-0468-756X
mailto:lorik2340@gmail.com

£ Health, sport, rehabilitation
7‘;}5}“@\.@ 3p0poB’sa, cnopT, peabinitauin o=,
‘ 3p0poBbe, CNopT, peabuaurauua

2019
02

SCIENTIFIC PUBLICATION

Health, sport, rehabilitation, 2019, (5)2, 105

The original layout was prepared by Kozina Zh. L;
Drawings in the original layout: Kozina Zh.L., Kozin V.Yu.
Site Manager: Kozina Zh.L.

Cover: Kozina Zh.L.

Cover photo: Kozin O.V.

Signed in the press on 25.06.2019.
Format 60x84 / 16, Offset paper, Headset Times.
The printing is digital. Conditional printed sheets 10,06.
Circulation 300 copies. Order No. 292453

Publisher: H.S. Skovoroda Kharkiv National Pedagogical
University
61168, Kharkiv, st. Valentinovskaya, 2, office 106-g.
Tel .: +38 0664813666
Certificate of state registration:
KB No. 22450-12350R dated 01.12.2016

Printed in «DOMINO»

61000, Kharkov, area Constitution, 2/2
Tel: +380 (57) 731-25-09
Certificate of the subject of publishing:
Series DK, No. 2393 dated 06/25/2016

103



Health, sport, rehabilitation

\

b N e
7‘;;%;;\::% 3p0poB’sa, cnopT, peabinitauin \C_

340poBbe, CnopT, peabunntaumns

2019
02

HAYKOBE BUAAHHA

3a0poB'a, cnopT, peabinitayis, 2019. T.5. Ne2. 105 c.

OpwuriHan-makeT nigrotosnenuni: KosiHa K.J1 .;
MantoHKM B opuriHan-makeTi: KosiHa X.J1., KosiH B.1O.
MeHegKep canTis: KosiHa HK.J1.
O6knaauHka: Kosina X.J1.
doTorpadia Ha obknaguHui: Kosin O.B.

MignucaHo go gpyKy 25.06.2019 p.
dopmat 60x84 / 16, Manip opceTHni, MapHiTypa Times.
ApyK umdposnin. Ym.apyk.apk. 10,06.
Tupax 300 npum. 3amosneHHA Ne 292453

Buaaseub: XapKiBCbKWUI HaLiOHaNbHWUI NeaaroriyHmim
yHiBepcuTeT imeHi .C. CKoBopoau
61168, r. Xapkis, By/. BaneHTUHIBCbKa, 2, Kab. 106-T.
Ten .: +380664813666
CBigouTBO NPO AEpPKaBHY PeEeCTpaLito:
KB Ne 22450-12350P Big 01.12.2016

HagpykosaHo B TOB «AOMIHO»
61000, m. Xapkis, na. KoHcTtuTywii, 2/2
Ten: +380 (57) 731-25-09
CeigouTtso cyb'eKkTa BUAABHUYOI CNpaBu:
Cepia OK, Ne 2393 Big 25.06.2016

104



; Health, sport, rehabilitation
G&et  3A0pOB’A, cnopr, peabinitayin
3p00poBbe, CNopT, peabunurauusn

2019
02

HAYYHOE U3OAHUE

3p0poBbe, cnopT, peabunumTtaums, 2019. T. 5. Ne2. 105 c.

OpurnHan-maket noarotosneH: KosuHa K.J1,;
PucyHKK B opurmHan-makete: KosmHa XK.J1., KosumH B.1O.
MeHegKep canTos: KosnHa HK.J1.

O6norKa: KosnHa K.J1.
doTorpadus Ha ob610xKKe: KosnH A.B.

MoanwucaHo B neyatb 25.06.2019 r.
dopmat 60x84/16, bymara opcetHan, FapHuUTypa Times.
MeyaTb umMdposasn. Ycn.ney.nmcros 10,06
Tupax 300 k3. 3aka3 Ne 292453

M3paTenb: XapbKOBCKM HALUMOHA/IbHbIM Neaarornyeckui
yHuBepcutet umenun .C. CKoBopoabl
61168, r. XapbKoB, yn. BaneHTnHoBcKas, 2, Kab. 106-T.
Ten.: +380664813666
CBMAETE/IbCTBO O rOCY/IapPCTBEHHOM PerncTpaLmnm:
KB Ne 22450-12350P o1 01.12.2016

OtnevataHo B OO0 «JOMWHO»
61000, r. XapbKos, na. KoHcTutyumu, 2/2
Ten: +380 (57)731-25-09
CeuaeTenbCcTBO CybbeKTa U3aaTeIbCKoro aena:
Cepusa K, Ne 2393 o1 25.06.2016

105






