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REVIEW ARTICLES

Features of the organization of teaching for future physical
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training: a review article
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Abstract

Purpose: to determine the main directions of training of teachers of physical culture in the People's Republic of
China according to the data of modern literature.

Material and methods. The analysis of literature sources was carried out by working with scientific works, which
are presented in the databases "Web of Science", "Scopus", "Pub Med" and others. The search for literary
sources was carried out by the keywords: "physical education teacher training", "physical education", "sports",
"coach training". A total of 10157 works were found based on key words, of which 33 works were selected for
literary review. The selection was carried out as follows: first, the topic of the article was analyzed, then, if the
topic corresponded to the direction of our study, the annotation was analyzed. If the annotation corresponded
to the direction of our research, the text of the article was analyzed. Also in the analysis of literature sources,
preference was given to sources presented in the quartiles "Web of Science" and "Scopus" 1-3 level. In addition,
articles on the training of physical education and sports professionals in China were analyzed separately. Of the
33 works presented in the literature review, 15 sources - research, 10 - review, 8 - randomized trials.

Results. In the People's Republic of China, the problem of individual approach is especially relevant in connection
with national characteristics, traditions, which provide for the predominance of collective action in all types of
work. In addition to basic sports, the training of future physical education teachers in the People's Republic of
China should include in-depth study of the sport in which it could improve and be a high-level specialist.
Conclusions. Training of physical education teachers in the People's Republic of China should be based on
modern concepts of individualization, which apply to all stages of training: from choosing a sport in which the
student would like to improve and receive a specialty of physical education teacher with professional knowledge
of a particular sport. physical education teachers in the study of the chosen sport.

Keywords: individual approach, teacher, physical culture, training
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AHOTANIA

BaH Caodeii, KopobeiiHik B.A., KosiHa }.J1. Ocob6aunBocTi opraHisauii HaB4aHHA MaitbyTHIX BUMTeniB ¢isnuHOI
KynbTypu B KutaiicbKii HapogHiii Pecny6niui Ta moXamsicTb peanisauii iHauBigyanbHoro niaxoay B ix
niAroToBLi: OrnAAo0Ba CTaTTA.

MeTa: BM3HAUYMTM OCHOBHI HaMNPAMKM NiArOTOBKM BuUMTeniB ¢isMYHOi KynbTypu B KuTancbkit HapoaHii
Pecnybniui 33 faHMMK cydacHoi niTepaTtypu..

Martepian i meToaun. AHani3 nitepaTypHUX ArKepen NPpoBOAMBCA WAAXOM poboTU 3 HayKoBUMMK poboTamu, AKi
npeactasneHi B 6asax «Web of Science», «Scopus», «Pub Med» Ti iHwi. Mowyk niTepaTypHUx askepen
NPOBOAMBCA 33 K/OYOBMMM CAOBAMM»: «MiAroToBKa BuUMTena GisMYHOI KynbTypu», «disuyHa KynbTypa»,
«CMOpPT», «NiAroToBKa TpeHepa». Bcboro 6yno 3HaWAeHo 3a KatoyoBuMmMK cioBamu 10157 pobiT, 3 akux 6yno
BigibpaHo ana nitepatypHoro ornsay 33 po6oTtu. Biabip NnpoBoAMBCA TaKMM YMHOM: CMOYATKY aHanisyBanacs
Tema CTaTTi, NOoTiM, AKLLO Tema BiANoBigana CNPAMOBAHOCTI HALIOrO AOCNIAMEHHA, aHaNi3yBasacA aHOTaLiA.
AKLWO aHOTauiA BiANOBIAANA CNPAMOBAHOCTI HAWWOro AOC/AIAMEHHSA, TO aHaNi3yBaBCA TEKCT CTaTTi. TaKOXK npwu
aHanisi niTepaTypHUX AxKepen nepesara BigAaBanaca AxXepenam, npeactaBneHnm y keapTinax « Web of Science»
Ta «Scopus» 1-3 piBHA. Kpim TOro, okpemo aHanizyBanmca CTaTTi, WO CTOCYBaAMCA NigrotoBku daxisuis 3
¢disnyHoro BMxoBaHHA i cnopTy B Kutai. 3 33 pobiT, npeacTtaBneHux B ornaagi nitepaTtypu, 15 axepen —
[OCNiAHMUbKOrO Xxapaktepy, 10 —ornagosoro, 8 — paHAOMI30BaHi 40CANIAKEHHA.

Pesynbtati. Y Kutalicbkin HapogHii Pecnybniui npobnema iHAMBIAyanbHOro nigxody Mae ocobausy
aKTyanbHiCTb Yy 3B'A3KY 3 HaLUiOHa/IbHUMU 0COBAMBOCTAMMW, TpaauUiaMmK, AKi nepepbayaloTb nepeBakaHHA
KONEKTUBHUX Ai Npu BCiX BUAAxX pobiT. ¥ miarotoBky ManbyTHix Bumtenis ¢isnyHoi KyabTypu B KutalicbKin
HapogHilt Pecny6bniui HeobxigHo, Kpim 6a30BMX BUAiIB CNOPTY BKAOUYUTU NOrANMBAEHE BUBYEHHA BUAY CNOPTY, B
AKOMY BiH Mir 61 BAOCKOHaNtoBaTHcA | 6yTu dpaxiBLem BUCOKOro piBHA.

BucHoBKM. lNigrotoska Buntenis ¢pisnuHoi KynbTypu B KutaiicoKilt HapoaHin Pecny6ili noBMHHa cnupaTtnca Ha
CyyacHi KoHuenuii iHaueigyanisauii, AKi cTOCylOTbCA BCiX eTaniB NigroToBKW: Bi4 BMBOPY BUAY CNOPTY, B AKOMY
CTYAEHT XOTiB 61 BAOCKOHANIOBATUCA | OTPMMYBATU CMeLiafbHICTb BUMTENA Pi3MUHOT KyNbTypH 3 NpodeciiHum
BO/IOAIHHAM MEeBHMM BWAOM CMOPTY, AO BpaxyBaHHA iHAMBIAyanbHUX ocobamBocTelt MalbyTHiX BuUUTENiB
bi3nYHOT KyNbTypY NpU BUBYEHHI 06paHoro Buay cnopTy.

Knwuosi cnoBa: iHaMBiAyanbHUI Nigxig, BunTenb, GisMyHa KynbTypa, NiAroToBKa

AHHOTALUA

BaH Caodeir, KopobeitHuk B.A., KosuHa ¥K.Jl.. OcobeHHOCTU opraHusaumm obyuyeHus byaywmx yuutenei
dusnueckoii Kynbtypbl B Kutaiickoit HapogHou pecnyb6amKe n BO3MOXHOCTb peanusauum UHAUBUAYa/IbHOTO
noaxoaa B UX NOAroToBKe: 0630pHan cTaTba

Llenb: onpefenntb OCHOBHble HamnpaBAeHUA MOATOTOBKM yuuTenen ousmyeckol KynbTypbl B KuTalickoi
HapogHoW pecnybanke No 4aHHbIM COBPEMEHHON NUTepaTypbl.

Martepuan u metogbl. AHaNN3 AUTePaTYPHbIX UCTOYHMKOB NPOBOAMACA NyTeM paboTbl C HAyYHbIMK paboTamu,
KoTopble npeacTaBneHbl B 6a3ax «Web of Science», «Scopus», «Pub Med» Te gpyrue. Mouck antepaTtypHbIxX
WCTOYHWKOB MPOBOAMACA MO KAOYEBbIM C/I0BaM»: «MOAFOTOBKA yunTENA GUIUYECKON KYNbTYpbI», «PU3nyeckas
KYNbTYpa», «CNopT», «MNOAroTOBKa TpeHepa». Bcero 6bino HaigeHo no Knwovesbimu cnosam 10157 pabort, n3
KOTOpbIX 6bln 0TOBpaHbl g4nsa AuTepatypHoro o63opa 33 paboTtbl. OT6Op NpoBoAMACA CaeaylolWmMMm 06pa3om:
CHayana aHaM3MpPOBaAaCb TeEMa CTaTbW, 3aTEM, EC/IM TEMA OTBEYAA HANPAB/AEHHOCTU HaLLEro UccneaoBaHus,
aHanM3upoBanacb aHHoTauuAa. Ecnu aHHOTauMA OTBeYasa HaMpaB/EHHOCTW HaWero uccaefoBaHWA, TO
aHaNM3MPOBANCA TEKCT CTaTbU. TaKXKe MpU aHaAM3e ANTePaTypPHbIX UCTOUYHWKOB NpeanoyTeHMe OTAaBanoChb
WUCTOYHMKAM, NpeacTaBaeHHbIM B KBapTUab « Web of Science» n «Scopus» 1-3 ypoBHs. Kpome Toro, otaesibHO
aHaNM3NPOBANUCH CTaTbM, KacaloLmeca NoAroToBKM CneumnanmncToB no G1U3nM4eckomy BOCTIUTAHUIO U CNOPTY B
Kutae. U3 33 paboT, npeactaBneHHbIX B 0630pe nTepaTypbl, 15 MCTOYHMKA — UCCNeA0BaTeIbCKOrO XapaKTepa,
10 — 0630pbl, 8 — paHAOMN3NPOBAHHbIE UCCeA0BaHUA.

Pe3ynbTatbl. B Kutaiickon HapogHoli Pecnybnuke npobnema WHAMBUAYAZbHOMO Noaxoga MMeeT ocobyto
aKTyanbHOCTb B CBA3M C HALUMOHA/NbHbIMW OCOBEHHOCTAMM, TPAZULMAMM, KOTOpble NpeaycMaTpuUBaloT
npeobsagaHve KONNEKTUBHbIX AEUCTBMIA NPU BCeX BMAax paboT. B nogrotosky byaywmnx yuutenen ¢pmusmyeckomn
KynbTypbl B KuTalickoih HapogHow Pecnybivke Heobxogumo, Kpome 6a30BbiXx BMAOB CrOpPTa BK/AYUTD
yrnybneHHoe u3ydyeHue BMZA CMOPTA, B KOTOPOM OH MOr 6bl COBEpPLUEHCTBOBATLCA M BbiTb CMeuuaancTom
BbICOKOTO YPOBHSA.

BbiBoabl. oarotoBKka yuuTenen d¢usmyeckon KyabTypbl B Kutailckoli HapogHoit Pecnybivke [o0/XKHa
ONMPaTbCA Ha COBPEMEHHbIE KOHLEMNLMU MHAMBUAYANN3AUMMN, KOTOPbIE KAacatoTCA BCEX 3TANOB NOATOTOBKM: OT
Bblbopa BUAA CNOPTa, B KOTOPOM CTYAEHT XOTen Obl COBEPLUEHCTBOBATLCA U MONYYaTb CNELMaNbHOCTb yYUTeNs
du3nyeckol KynbTypbl € NpodeccMoHaNbHbIM BAAEHMEM oONpeaeneHHbIM BUAOM CropTa, C Yy4eTom
MHANBUAYaANbHbIX 0CObeHHOCTeNn Byaywmx yuntenein GUsNYECcKon KyabTypbl NPU N3y4eHnn BblbpaHHOro BMAA
cnoprTa.

KnioueBble cnoBa: MHAMBUAYa/bHbIN NOAXOA, yunTeNb, GU3NYecKan KyibTypa, NOATOTOBKA

9
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Introduction

In the last decade, China has set out to create
a strong, competitive state in the world, which has led
to increased interest in Western cultures and
practices [1, 2]. This requires the creation of
conditions for the improvement of professionals
from all fields, able to prove themselves in
international ~ economic  and  technological
competition. Physical education is no exception,
because physical education itself creates the basis for
the formation of a physically healthy, intellectually
and spiritually developed person. First of all, it
concerns the training of specialists in physical
education, which is an integral part of education.

At the present stage in the world there is a
tendency to an individual approach to education [3,
4, 5]. This applies to all stages of the educational
process: from Kkindergarten to university and
postgraduate education. At the same time, with the
increase  of the educational level, the
individualization of the learning process also
increases. The field of physical culture and sports is
no exception. In countries such as the United States,
Europe and others, the trend towards a personal
approach to physical education is realized in physical
education at school by allowing students to choose
sports to improve motor skills, health and
psychological [6, 7, 8, 9] .

This places certain demands on the training
of specialists in physical education and sports to
work as physical education teachers at school. The
modern teacher of physical culture at school must
have not only basic sports at the primary-secondary
level, but also be a perfect specialist in a particular
sport [9, 10]. This is necessary to ensure a strategy of
individual approach to the process of physical
education of schoolchildren. In order for each student
to be able to choose a sport for physical education,
the school must have specialists in a large number of
sports and physical activity.

The implementation of the individual
approach consists in the following provisions:
definition of the chosen sport in the early stages of
learning [11, 12, 13, 14]; improvement in the chosen
sport based on the individual characteristics of
students - athletes.

In the People's Republic of China, the
difficulties characteristic of all countries in the field
of training specialists - future teachers of physical
education, are added to the country-specific [1].
Physical education in the People's Republic of China
has long been based on national traditions, and has
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focused on health promotion and training of
servicemen [1, 15]. For this purpose, traditional
Chinese systems were used: wu-shu, gigong and
others, but not the sports for which competitions are
held in the world, which is typical for Europe, USA,
CIS countries and others (Andriamampianina P.,
Moussa AS, 2005). . Physical education in the
People's Republic of China began to focus on the
various sports for which competitions are held in the
world, only the last 3-4 decades [1].

Therefore, on the one hand, physical
education in the People's Republic of China has less
experience in the implementation of sports that are
used in competitions around the world, compared to
Europe, the United States, the CIS and others. On the
other hand, the introduction of sports in physical
education is contrary to the cultural traditions of
China and meets with some resistance from the
population [1, 16].

Therefore, at the present stage, according to
the direction of China's chosen direction of
development, in the training of specialists in physical
education and sports - future physical education
teachers, there are several problems that need to be
addressed. The first problem is the need for a
harmonious combination of traditional Chinese
practices in physical education with the
implementation of a steamy approach focused on
sports for which competitions are held in the world.
The second problem is the need to combine the
implementation of an individual approach, which is
to improve in the chosen sport, with the study of
basic types. The third problem is the need to take into
account the individual characteristics of students
when improving in the chosen sport.

Thus, at this stage it is necessary to develop
an experimental training program for students -
future teachers of physical education, focused on an
individual approach, which takes into account: 1 - a
combination of Chinese traditions with current trends
in physical education in the world; 2 - a combination
of improvement in the chosen sport with the study of
basic sports; 3 - reliance on individual characteristics
of students with advanced nor in the chosen sport.

This determined the chosen direction of our
research.

Purpose: to determine the main directions of
individual approach to the training of physical
education teachers according to modern literature.
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Material and methods
Eligibility criteria

The review included articles on the
organization of the process of training physical
culture teachers in the World and, in particular, in the
People's Republic of China.

Avrticles were to be written in English and
published in a peer-reviewed journal with the full
version of the article available. All entries were
allowed. Studies that were neither randomized
studies nor reviews were excluded.

The review also included articles devoted to
an individual approach to physical education of
students and to the preparation of athletes.

Sources of information and search strategy

The analysis of literature sources was carried
out by working with scientific works, which are
presented in the databases "Webmof Science",
"Scopus”, "Pub Med" and others. The search for
literary sources was carried out by the keywords ":"
physical education teacher training ", physical
education "," sports "," coach training ".

Study selection

The selection was carried out as follows:
first, the topic of the article was analyzed, then, if the
topic corresponded to the direction of our study, the
annotation was analyzed. If the annotation
corresponded to the direction of our study, the text of
the article was analyzed. Also, in the analysis of
literature sources, preference was given to sources
presented in the quarters level 1-3 "Web of Science"
and "Scopus". The first author (WX) selected articles
to be included in the review. If any of the selection
criteria were not met, the article was excluded from
the systematic review. In case of doubt, the article
was discussed with one of the co-authors (ZK) until
a consensus was reached.

In addition, articles related to the training of
specialists in physical education and sports in China
were analyzed separately.

Results

A total of 10157 works were found by
keywords, of which 33 works were selected for
literary review.

Analysis of literature sources showed the
following.

The study [1] examined the role of physical
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education teachers and related curricula in the
emergence of specific concepts in physical education
in Europe and the People's Republic of China. One of
the key assumptions was that physical education
teachers who work with a particular program will
either support it or will doubt that physical education
programs affect physical fitness and teaching
methods.

Research [1] included a comparison of two
very different and influential social models and
academic systems. Comparisons were made between
European and Chinese universities in terms of
education, taking into account other comparative
studies of higher education in the People's Republic
of China, as well as research in higher education and
teacher training in Europe [17, 18]. The work [1] is
based on research conducted at European universities
and at the Beijing University of Physical Education
(People's Republic of China).

Because both Europe and the People's
Republic of China have centralized education
systems, both physical education universities can be
considered representative of national teaching
methods here and there. Teacher training is organized
in almost the same way in all universities in Europe
[1]. The same applies to the People's Republic of
China, although some universities are quite
autonomous [1, 19, 20, 21].

In Europe, various models of human
modelling, reflecting changes due to technological
progress, have influenced both the orientation and the
content of exercise in the last century [1]. As a result,
in Europe there are several approaches to the study
of the theory of physical education: training in
movement technique was based on a biomechanical
model; regulation of loads (physiological pedagogy)
was based on a bioenergetic model; The concept of
how the human body is arranged in the application to
the theory and practice of physical education, led to
a three-dimensional concept of the human body: one
dimension is a mechanical mode in which visible
movements are studied, the other is an energy mode
in which predominate physiological aspects, and
thirdly, the neural mode in which the exchange and
transmission of signals.

From a philosophical and psychological point
of view, physical education was also influenced by
Cartesian dualism, associationism, Gestalt theory,
phenomenology, psychoanalysis, structuralism and
systematism [22].

Analysis of the evolution of physical
education shows that in Europe the emphasis is on
sports [23]. Indeed, sports have long predominated in
physical education. Although teachers have a place
for creativity, different sports are a cultural landmark
taught in schools and universities. However, the
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increasing dominance of sports practices in physical
education has faced some opposition. Psychomotor
skills, traditional local games, spontaneous classes,
self-expression and free outdoor activities have been
advanced in an attempt to balance the dominance of
the sport. Currently, although sport continues to
dominate in European physical education, these
countercurrents have helped to increase diversity in
the discipline of "Physical Culture" [23].

In terms of teacher training, European
universities are relatively autonomous when it comes
to determining the content of the curriculum.
Pedagogical training covers three main subjects:
theoretical sciences, pedagogy, didactics of physical
activity and sports. Each subject affects the concept
of learning and includes the conflict between
"practitioners” and "theorists” (Andriamampianina
P., Moussa A. S., 2005); between university teachers
and high school teachers; between the scientific
statements of universities and the commitment of
teachers of physical education exclusively to
practical training. Physical education curricula
should be consistent with the research work and the
practical experience of the teacher's physical
education. European University Physical Education
Courses (STAPS) reflect a desire to strengthen
academic legitimacy at a time when universities are
increasingly adapting their curricula to the
requirements of practicing teachers [1].

In the People's Republic of China, physical
education is determined by socio-political
expectations and attitudes, not by abstract conflicts.
There is the greatest conflict within the discipline of
"Physical Culture” between the supporters of
traditional Chinese practices and the founders of
modern sports practices, which are usually more
accessible to the general public and focused on
integration with Europe [1].

Since the founding of the People's Republic of
China, competitive sports have become an integral
part of physical education. The government has taken
steps to encourage the development of sports, both to
improve health and to build national identity.
Therefore, physical education, along with sports, is
seen as a means of strengthening the relationship
between man and the state. Thus, there is a close
connection between the state and the school [1].

Chinese and traditional practices differ from
Western sports in four main principles [15, 16]: 1 -
their main purpose - to improve health; 2 - in
movements often there is an imitation of living
beings; 3 - they embody philosophical concepts; 4 -
their development reflects the development of
Chinese society as a whole. Moreover, they can be
divided into different categories [1].

On the one hand, there are traditional health
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and fighting practices, such as wushu, taijiquan,
gigong. On the other hand, there are entertaining,
festive and popular practices, such as dragon boat
races, dragon dances, kite launches, horse racing,
work games, farm games and traditional games for
minorities. To this list one could also add state-
sponsored practices, such as exercise programs
broadcast on the radio or held during breaks, which
are usually aimed at increasing production [1].

The development of physical education in the
People's Republic of China was closely linked to
military training and health activities until the end of
the XIX century. The growing influence of the West
has broken several age-old Chinese traditions. Since
then, Western sports practices have become more and
more popular and widespread. As a result, modern
physical culture in the People's Republic of China is
based on Western natural physical education under
the influence of European and American theorists
and teachers, such as Bazedov, Hutsmut, Gaulhofer,
Eber, and Rousseau. The adoption of Western
physical education is also an expression of the
reaction against religious asceticism in favor of a
"full" form of physical education, which allows
everyone to find a "natural” movement [1].

This type of physical education has replaced
military training, and its humanistic nature and
values have led to one of the most profound
transformations in Chinese physical education. The
adoption of sports undermined Confucian traditions
and marked a turning point in the development of
physical education practices, although this phase was
later followed by the rehabilitation of traditional
practices. Currently, physical education in the
People's Republic of China can be divided into three
separate forms: health practices, military practices
and Western sports practices. The emphasis is
currently on sports practices [1].

With regard to teacher training, there is little
evidence of internal contradictions, however, there is
some tension in the People's Republic of China
between "practical” and "academic" approaches. The
modern system of education was developed in the
late XIX century.

The system of educational colleges is very
similar to the European system in that trainee
teachers are hired after high school.

Both in Europe and in the People's Republic of
China, the largest number of hours is devoted to
practical subjects, albeit in different quantities (866
hours in Europe compared to 1596 hours in the
People's Republic of China). In three years of study,
Chinese students receive 2,640 hours of study,
compared with 1,910 hours for European students.
This difference in the total number of hours of study
is equivalent to one European academic year [1].
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Subjects for the study of foreign languages in
the People's Republic of China and in Europe [1]:

Here it is necessary to consider four basic
provisions:

1. The Chinese curriculum contains subjects
related to the philosophy and politics of the modern
People's Republic of China, which make up 8% of
the curriculum, which is not included in the
curriculum in Europe for the study of foreign
languages;

2. Foreign languages are important (10% of
the curriculum) at Peking University, and in
European universities they are almost absent (1%) in
the curriculum;

3. In both the People's Republic of China and
Europe, biology is more important than the social
sciences, although to varying degrees (19% of the
curriculum in Europe and 7% in the People's
Republic of China), while the social sciences play a
much smaller role among the curriculum
components. in the People's Republic of China (2%)
compared to Europe (15%);

4. Finally, school practice is a minimum of
three years of basic teacher qualification in Europe
(2%) and is completely absent in the People's
Republic of China [1].

With regard to the main sports activities
offered in the first two years, the three key subjects
in both cases are the same: athletics, gymnastics and
team sports [1].

However, there is a wide range of activities in
Europe. It would seem that due to the fact that
curriculum developers prefer to focus on traditional
sports, these basic classes are a mandatory
requirement for students, beginners [1]

Thus, physical activity is at the heart of both
curricula, reflecting the intention for future teachers
to have theoretical and practical knowledge in the
field of physical education. Of the three main
elements of teacher training (physical activity, basic
sciences and pedagogy) in the curriculum in Europe
is dominated by physical activity. Although it can
hardly be argued without a careful study of the
content of the course, and teacher training - to
promote the development of teaching skills [1].

Curricula are based on tools and methods
specific to the professional activities of physical
education teachers. At first glance, it seems that both
curricula are based on a pragmatic approach with an
emphasis on physical education and their educational
programs. In the Chinese curriculum, research seems
to be an additional rather than a major subject. But
both in the People's Republic of China and in Europe,
only a small part of the training is devoted to
professional practice. Curricula offer training for
professional purposes, but without practical teaching
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experience [1].
Rating of which items [1].
Europe:
1. Physical activity and sports
2. Biological sciences
3. Social sciences
4. Research methodology
5. Another
6. Practically at school
7. Written and oral self-expression
8. Computer science
9. Foreign languages
10. Legal / institutional framework

People's Republic of China:
1. Physical activity and sports

2. Foreign languages

3. Philosophy and politics

4. Biological sciences

5. Another

6. Informatics

7. Research methodology

8. Humanities

9. Written and oral language

10. Legal / institutional framework

Subjects that are not directly related to the
field of physical education: foreign language,
sightseeing and modern history of the People's
Republic of China. The relationship between politics
and education remains strong, both in form and
content, but it is currently designed to reflect an
"open door policy." Judging by the curriculum, a
Chinese physical education teacher must be an expert
in physical activity with extensive knowledge of
Chinese philosophy and political history; he also has
everything he needs to participate in international
information exchanges due to his linguistic and
computer skills [1].

The curriculum for physical education in
Europe is mainly characterized by the fact that the
emphasis is on scientific disciplines (which is more
than a third of the curriculum) [1, 24, 25, 26]. Many
authors [27, 28] point to the need to improve the
quality of training of future professionals in the field
of physical culture and sports, among which a special
place is occupied by future physical education
teachers.

Discussion

The problem of modern physical education
at all stages of the educational process is that there is
a gap in the needs of society in providing appropriate
means and forms of physical activity and real human
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resources. In the training of future teachers of
physical culture, insufficient attention is paid to
improvement in the chosen sport, as well as - the
development of modern forms and means of physical
education and physical activity. In modern society it
is necessary to implement an individual approach to
the teaching of physical culture, which would take
into account the benefits of choosing the type of
physical activity of each person, and especially -
schoolchildren and students.

A specialist in the field of physical education
must have both basic theoretical and motor training,
and have a perfect command of at least one type of
motor activity (sport). In this case, he will be able to
ensure the implementation of an individual approach
to at least one parameter - the choice of sport by
students. In addition, he must be able to think
creatively for the selection of means and methods of
physical education depending on the level of training
and individual characteristics of students. Therefore,
there is a problem: a graduate of a higher education
institution can not take an individual approach to
physical education due to lack of knowledge about a
particular sport, and the student can not take an
individual approach due to lack of basic theoretical
and practical knowledge [29, 30].

The root of the solution to the problem of
individual approach in physical culture and sports
lies in the training of specialists in the field of
physical education and sports. This is especially true
for the training of physical education teachers. But
how can a graduate of a higher educational institution
implement an individual approach in the physical
education of students, because the training of future
physical education teachers does not implement an
individual approach?

The lack of a solution to the problem of
individual approach in the training of future physical
education teachers leads to a decrease in students'
motivation to engage in physical education, which
leads to lower quality of physical education in
general and increased health problems. Therefore,
solving the problem of individual needs in physical
education is in the implementation of an individual
approach in the training of future teachers of physical
education.

In the People's Republic of China, the
problem of individual approach is especially relevant
in connection with national characteristics,
traditions, which provide for the predominance of
collective action in all types of work. In addition, in
the People's Republic of China there is resistance
from many organizations and professionals to
introduce in physical education sports for which
competitions are held instead of traditional Chinese
health and combat [31, 32, 33].
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In addition to basic sports, the training of
future physical education teachers in the People's
Republic of China should include in-depth study of
the sport in which he could improve and be a high-
level specialist. Training of physical education
teachers in the People's Republic of China should be
based on modern concepts of individualization,
which apply to all stages of training: from choosing
a sport in which the student would like to improve
and receive a specialty of physical education teacher
with professional knowledge of a particular sport.
physical education teachers at studying the chosen
sport.

In modern society it is necessary to
implement an individual approach to the teaching of
physical culture, which would take into account the
benefits of choosing the type of physical activity of
each person, and especially - schoolchildren and
students. A specialist in the field of physical
education must have both basic theoretical and motor
training, and have a perfect command of at least one
type of motor activity (sport).

Chinese traditional practices differ from
Western sports in four main principles [15]: 1 - their
main goal is to improve health; 2 - in movements
often there is an imitation of living beings; 3 - they
embody philosophical concepts; 4 - their
development reflects the development of Chinese
society as a whole. Moreover, they can be divided
into different categories [1].

On the one hand, there are traditional health
and fighting practices, such as wushu, taijiquan,
gigong. On the other hand, there are entertaining,
festive and popular practices, such as dragon boat
races, dragon dances, kite launches, horse racing,
work games, farm games and traditional games for
minorities. To this list one could also add state-
sponsored practices, such as exercise programs
broadcast on the radio or held during breaks, which
are usually aimed at increasing production [1].

The development of physical education in
the People's Republic of China was closely linked to
military training and health activities until the end of
the XI1X century. The growing influence of the West
has broken several age-old traditions of China [3, 4,
5]. Since then, Western sports practices have become
more and more popular and widespread. As a result,
modern physical culture in the People's Republic of
China is based on Western natural physical education
under the influence of European and American
theorists and teachers such as Bazedov, Hutsmut,
Gaulhofer, Eber, and Rousseau. The adoption of
Western physical education is also an expression of
the reaction against religious asceticism in favor of a
"full" form of physical education, which allows
everyone to find a "natural” movement [1].
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This type of physical education has replaced
military training, and its humanistic nature and
values have led to one of the most profound
transformations in Chinese physical education [15].
The adoption of sports undermined Confucian
traditions and marked a turning point in the
development of physical education practices,
although this phase was later followed by the
rehabilitation of traditional practices. Currently,
physical education in the People's Republic of China
can be divided into three separate forms: health
practices, military practices and Western sports
practices. The emphasis is currently on sports
practices [1].

With regard to teacher training, there is little
evidence of internal contradictions, however, there is
some tension in the People's Republic of China
between "practical” and "academic" approaches. The
modern system of education was developed in the
late X1X century.

The system of educational colleges is very
similar to the European system in that trainee
teachers are hired after high school.

Conclusions

1. Theoretical generalization of literary
sources has shown that in modern society requires the
implementation of an individual approach to teaching
physical education, which would take into account
the benefits of choosing the type of motor activity of
each person, and especially - schoolchildren and
students. A specialist in the field of physical
education must have both basic theoretical and motor
training, and have a perfect command of at least one
type of motor activity (sport).

In the People's Republic of China, the problem of
individual approach is especially relevant in
connection with national characteristics, traditions,
which provide for the predominance of collective
action in all types of work. In addition, in the People's
Republic of China,there is resistance from many
organizations and professionals to introduce sports in
physical education, for which competitions are held
instead of traditional Chinese health and combat
systems.

3. In addition to basic sports, the training of
future physical education teachers in the People's
Republic of China should include in-depth study of a
specific sport in which he could improve and be a
high-level specialist. Training of physical education
teachers in the People's Republic of China should be
based on modern concepts of individualization,
which apply to all stages of training: from choosing
a sport in which the student would like to improve
and receive a specialty of physical education teacher
with professional knowledge of a particular sport.
physical education teachers in the study of the chosen
sport.
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Abstract

Purpose: to investigate the effect of WB-EMS training and resistance training on body composition and maximal
strength in trained women.

Material and methods: 30 trained women (with a mean age of 25.70 + 2.27 years, height of 1.63 + 0.032 m, and
weight of 60.46 + 5.50 kg) were randomly divided into three groups of ten (WB-EMS training, strength training
(ST), and control group (CG)). The training program was performed for 6 weeks and two sessions per week (WB-
EMS: 20 minutes, 85 Hz, 350 us, 6 s pulse duration, 4 s rest; and ST: 1-RM 60-80%, 3 sets, 8-12 repeats, 50-90 s
rest between each set). In all three groups, BF%, LBM and Maximal Strength were measured before and after
the training period.

Results: Intragroup comparison in WB-EMS group showed a significant difference in BF% and LBM (P < 0.05);
while in the intergroup comparison, no significant difference was observed between the WB-EMS group and CG.
Also in ST group, BF% and LBM values did not show any significant changes. There was also a significant
difference in Maximal Strength in the intragroup comparison between both WB-EMS and ST groups and a
significant difference between the WB-EMS group and CG and between ST group and CG in the intragroup
comparison after the test (P < 0.05); while there was no significant difference between WB-EMS and ST groups.
Conclusions: According to the findings, it can be concluded that both types of exercise can improve maximal
strength, although each of these exercises has its own benefits.

Keywords: Electrical Stimulation, physical activity, fitness, weight control
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AHoTAaLIA

Caperinyp C., Mip3ait b., Kopo6eiiHukos I'.B., TponiH 0. Bnaue enekrpoctumynsuii BCboro Tina i TpeHyBaHb
3 06TAYKEeHHAMM Ha CKNAA, Tina i MaKCUMasbHY CUNY Y TPEHOBAHUX XKiHOK

MerTa: BMBYMTU BMNIUB TPEHYBAHHA 3 eNeKTPOCTMMYAALiEl0 BCboro Tina (WB-EMS) i cunoBux TpeHyBaHb Ha
KOMMO3MWLLitO TiNa i MaKCMManbHYy CUY Y TDEHOBAHWUX *KiHOK.

Martepian i metogu: 30 TpeHOBaHUX *KiHOK (cepeaHilt Bik 25,70 + 2,27 pokiB, 3pocTaHHA 1,63 + 0,032 m i Bara
60,46 + 5,50 Kr) 6ynu BUNaaKkoBMM YMHOM PO3Ai/EeHI Ha TPWU rPYyNM No AeCATb Y010BIK (TpeHyBaHHA WB-EMS ,
cunosi TpeHyBaHHs (CT), i KoHTponbHa rpyna (KI)). Mporpama TpeHyBaHb NPOBOAMAACSA NPOTATOM 6 TUMKHIB i
OBOX 3aHATb Ha TUXAeHb (WB-EMS: 20 xaunuH, 85 'y, 350 MKC, TPMBaNicTb imnynbey 6 ¢, BiANOYMHOK 4 c; i ST:
1-RM 60-80%, 3 nigxogm, 8 -12 noBTOpeHsb, BignounmHok 50-90 ¢ mix niaxoaamm). Y Bcix Tpbox rpynax BF%, LBM
i MaKCMMmasibHa Cula BUMIPIOBANMCA 40 i NiciA nepioay TPEHYBaHHA.

Pe3ynbTati. BHyTpiWwHbOrpynose nopiBHAHHA B rpyni WB-EMS nokasano 3HauHy pisHuuto B BF% i LBM (P <0,05);
B TOWM 4ac AK NPW MiXKrpynoBomy NOPiBHAHHI He CMOCTepPiranocs 3Ha4yHoi pisHUUi mix rpynoto WB-EMS i CG.
Takox B rpyni ST 3HayeHHA BF% i LBM He nokasanu 3Ha4YHUX 3MiH. TaKOXK cnocTepiranaca 3Ha4yHa pisHUUA B
MaKCUMa/bHI CUAi NpW BHYTPILLHbOrPYNOBOMY MOPIBHAHHI MixK rpynamu WB-EMS i ST i 3HauHa pisHUULA MiX
rpynoto WB-EMS i CG, a TakoK Mix rpynoto ST i CG y BHYTPiLWHbOrpynnoBomy nopiBHsAHHI nicna Tecty (P < 0,05);
B TOM Yac AK He 6yN0 3HaYHOI pi3HULi Mix rpynammu WB-EMS i ST.

BUCHOBKKU. 3rigHO 3 OTPMMAHUMWM AAHMMM, MOXKHA 3POOMTU BUCHOBOK, WO 06MABA TUMWM BMPaB MOXKYTb
NOANINWMWTU MaKCUMaJIbHY CUY, XO4a KOXKHE 3 LIMX BNpPaB Ma€ CBOi nepesaru.

KntouoBi cnoBa: enektpoctumynsuis, ¢isudHa akTUBHICTb, GiTHEC, KOHTPO/Ib Baru.

AHHOTALUA

Capgerunyp C., Mup3au b., KopobeiiHukos A.B., TponuH 0. BansHue 3n1eKTPOMUOCTUMYAALLUM BCEFO Tena u
TPEHUPOBOK C OTATOLEHUAMM HA COCTaB T€/1a U MAKCMMAJ/IbHYIO CUAY Y TPEHUPOBAHHbIX }KEHLUH

Uenb: n3yumTb BAUAHWE TPEHUPOBKM C aNEKTpoCTUMynsaumei scero tena (WB-EMS) 1 cunoBbIX TPEHUPOBOK Ha
KOMMO3MUMIO TeNla U MAaKCUMANbHYIO CUNY Y TPEHUPOBAHHbIX MEHLLWH.

Martepuan n metoapl: 30 TPEHNPOBAHHbIX XKEHLWWH (cpeaHuii BospacT 25,70 + 2,27 roaa, pocT 1,63 £ 0,032 m 1
Bec 60,46 * 5,50 Kr) 6biaM cnyyaiHbim 06pa3om pasgeneHbl Ha TpY rpynnbl N0 AECATb YeN0BEK (TPEHUPOBKU
WB-EMS, cunosbie TpeHUpoBKK (CT), n KoHTpoabHaa rpynna (Kr)). NMporpamma TpeHUPOBOK NpoBOAMAACH B
TeyeHue 6 Heaenb U ABYX 3aHATMI B Hegento (WB-EMS: 20 muHyT, 85 'y, 350 MKC, 4ANTENbHOCTb MMMYAbCa 6 C,
otabix 4 ¢; u ST: 1-RM 60-80%, 3 noaxoaa, 8-12 noBTopeHuid, oTapix 50-90 ¢ mexxay noaxogamu). Bo Bcex Tpex
rpynnax BF%, LBM n makcMmanbHaa cuna usmepanucb 4o U nocae nepuoaa TPeHUPOBKU.

PesynbTtatbl. BHyTpUrpynnosoe cpasHeHue B rpynne WB-EMS nokasano 3HauuTenbHyto pasHuuy 8 BF% 1 LBM
(P <0,05); B TO BpeMa Kak Npu MeXrpynnoBoM CpaBHEHUM He HAb04aN0Ch 3HAYUTENBHOM Pa3HULbI MeXay
rpynnoin WB-EMS u CG. Takke B rpynne ST 3HauyeHuAa BF% n LBM He noKasanu 3HauyMTeNbHbIX U3MEHEHWN.
TakKe Habto4anacb 3HaYNTEIbHAA PA3HULA B MAaKCMMAJIbHOM CUE NPU BHYTPUIPYNNOBOM CPAaBHEHUN MEXAY
rpynnamu WB-EMS u ST 1 3HaunTenbHan pasHuua mexay roynnoii WB-EMS u CG, a Takxke mexay rpynnoti ST u
CG BO BHYTpPMrpynnoBom cpaBHeHuM nocae Tecta (P < 0,05 ); B TO BpemMsa Kak He 6blN10 3HaYNTENbHOW pasHULbI
mexay rpynnamu WB-EMS u ST.

BbiBoAbl. COrnacHo NOYyY4eHHbIM AaHHbIM, MOXHO CAEeNaTh BbIBOA, YTO 06a TUNA yNpaXKHEHUI MOTYT YAy4LIUTb
MaKCUMA/IbHYIO CUJTY, XOTA Kaxa0e M3 3TUX YyNpaXKHEHUI MeeT CBOU NPeEUMYLLECTBA.

KntoueBble cnoBa: afekTpoctumynauma, dusmyeckas akTUBHOCTb, PUTHEC, KOHTPO/Ib Beca.
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Introduction

Today’s lifestyle in the digital age has
minimized the opportunity to move. Sedentary
lifestyle will have consequences such as reduced
efficiency, increased health costs, and therefore a
sick community. Having an active lifestyle by
engaging in physical activity and having high
physical fitness and proper weight control, helps to
reduce a variety of deaths, heart disease, high blood
pressure, hyperlipidemia, some types of cancers, type
2 diabetes, osteoporosis, hip fractures, menstrual
disorders, and mental health [1].

Researches on physical activity and exercise
programs have shown that resistance training can
improve physical function and health indicators in
women [2]. Most of these studies have reported
increased cross-sectional area, volume, strength, and
muscle function after resistance training [3].
Resistance training can also rebuild lost muscle
tissue, prevent muscle mass loss, and even reverse
the process [4]. Moreover, recent studies have shown
that electrical whole-body electromyostimulation
(WB-EMS) also plays an important role in increasing
muscle strength, reducing fat percentage and
increasing lean body mass. This exercise method
(WB-EMS) has been proposed as a new training and
therapeutic method to strengthen muscles in cases
where there is immobility or when there is a limit to
voluntary exercise such as time constraint or
disability and physical or motivational limitation to
exercise normally [5].

WB-EMS technology is a method that
stimulates muscles with an electric current and
causes muscle contraction. Electrical pulses from the
electrodes embedded in the WB-EMS special
clothing are sent directly from the skin surface to the
muscles and travel to the deepest layers of them. This
device is able to activate 14-18 areas or 8-12 muscle
groups simultaneously (upper legs, arms, buttocks,
abdomen, waist, back, latissimus dorsi, and four free
options; over 2800 cm? of stimulated area) [6].

As reported in the studies, using this
technique can clearly achieve improvements in body
composition, cardiovascular risk factors, and muscle
strength, rehabilitation, etc. [7-11]. In a study,
Kemmler et al (2010) examined the effects of WB-
EMS on body composition and maximal strength in
30 postmenopausal women and reported significant
improvements in body composition and strength [7].
Kemmler et al. [8] also compared the effects of WB-
EMS and HIT (high-intensity resistance training) on
body composition and strength in 46 healthy middle-
aged men. They reported improved body
composition and strength in both groups, but there
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was no significant difference between the groups [8].
In addition, Micke et al. (2018) evaluated the effects
of 8 weeks of WB-EMS on leg muscle strength and
power in 18 young trained men and reported that
strength and power improved significantly in the
WB-EMS group. But in general, WB-EMS did not
show more benefits than traditional resistance
training in healthy young adults [9]. D'Ottavio et al.
[10] studied the effects of two WB-EMS protocols
(frequency of 85 Hz and 50 Hz) on strength and
power in 22 physical education students with a
moderate to high fitness level. They reported that in
all three groups, i.e., two experimental groups (two
WB-EMS protocols) and a control group (circuit
training with overloads), the variables improved, but
no significant difference was observed between the
groups [10]. Dormann et al. (2019) studied the effects
of WB-EMS and short-term resistance training on
fitness factors in 22 young trained women and
reported comparable findings on fitness factors in
both groups. However, they concluded that WB-
EMS had no greater effect on physical fitness factors
in active women than traditional resistance training
[11].

In previous studies there were many
differences in WB-EMS exercise protocols such as
duration of the training period, Voluntary exercises
while using WB-EMS, exercises that were compared
with this method, programs, variable evaluation
method, etc. However, based on the results of a small
number of studies done on young people, most
studies did not report the superior effect of WB-EMS
training over other exercises in healthy young people.
Nevertheless, in the community, the majority of users
of this exercise method are young adults, and
especially because of the positive effects that WB-
EMS studies reported on body composition and
strength, we see the promotion of this method of
exercise among healthy young women. In addition,
time constraints are often reported as a major barrier
to continuing exercise, which, given that WB-EMS
is a time-saving exercise protocol, it has been
welcomed by more and more users. Therefore, more
research is needed to find more scientific and reliable
methods to evaluate the effects of WB-EMS training
compared to traditional exercises in the same training
duration and load in young adults. Therefore, the aim
of this study was to investigate the effects of WB-
EMS training and resistance training on body
composition and maximum strength in trained
women.
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Material and Methods

The present study was an applied study with
pre-test and post-test design. The statistical
population of this study consisted of active women
between 20 and 30 years old who had at least 2 years
of regular physical activity in one of the sports. After
reviewing their medical history and ensuring of their
health (no cardiovascular diseases, neurological
diseases, mental illnesses, cancer, blood and viral
diseases, skin diseases, thyroid, orthopedic problems,
hypertension and pregnancy), 30 active women with
a mean age of 25.70 + 2.27 years, height of 1.63 +
0.032 m, weight of 60.46 + 5.50 kg and BMI of 22.54
+ 1.59 kg/m? were randomly selected as samples and
were divided into three groups of ten: whole-body
electromyostimulation (WB-EMS), strength training
(ST), and control group (CG) (they did not have any
regular and planned physical activity and performed
their normal daily activities). It should be noted that
the participants, after being aware of the possible
benefits and risks of the tests and reading the test
guide and completing the consent form, undertook
not to have any training program outside the training
protocol, they also guaranteed to continue their daily
diet and not take any medication or supplements
during this period. This research project was
approved by the research ethics committee of the
Research Institute of Physical Education and Sports
Sciences with the ethics ID IR.SSRC.REC.1400.008.

Then, initial measurements including height,
weight, limb circumference, and subcutaneous fat
thickness and one-repetition maximum test in order
to measure the maximum strength (comprehensive
explanation in the measurement section) were done
for all 3 groups, one week before beginning the main
protocol. After completing the pre-test, the subjects
performed their training protocol for 6 weeks. At the
end of the training protocol, all subjects participated
in the post-test 48 hours after the last training session
(same as the pre-test) on different days of the week
and the same tests were taken again at the same time.

Training Procedure
Whole-Body Electromyostimulation

The subjects performed their exercises with
the WB-EMS device under the brand name of
MihaBodytec, manufactured in Germany. This
device is able to contract the body muscles, thus 14-
18 areas or 8-12 muscle groups (upper legs, arms,
buttocks, abdomen, chest, waist, back, latissimus
dorsi, and four free options; an area of more than
2.800 cm?) are simultaneously stimulated [6]. The
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exercise was performed individually with an expert
instructor. First, the subjects performed stretch and
flex exercises for 5-10 minutes in order to warm up
the body. Subjects performed their exercises for 6
weeks and 2 sessions per week for 20 minutes per
session. The electrical stimulation program in this
study was selected based on the recommended WB-
EMS protocol [12]. So that 12 training sessions with
frequency of 85 Hz, pulse amplitude of 350us, pulse
duration of 6 seconds, rest time of 4 seconds, and the
Borg Rating of Perceived Exertion (RPE) [13] of
"somewhat hard and hard" RPE 14-16 were
performed. Every 3-5 minutes, the instructor
increased the intensity of the current used in each
muscle area (leg, abdomen, etc.) separately and
slowly, until the perceived exertion was maintained
in the "somewhat hard and hard" range. The
perceived amount of exertion reported by the
subjects at the end of each session was recorded by
the instructor on individual cards for quick
adjustment in subsequent sessions.

It is noteworthy that the subjects wore
special clothes (cotton) in the WB-EMS sessions.
Also, before wearing the electrical stimulation vest,
first all the electrodes embedded in the surface of the
vest, belt, arm and leg cuffs were soaked in serum or
water. In addition, in order to prevent any injury
during the 20-minute WB-EMS exercise, simple
exercises were performed to create voluntary
contractions and angles in the main joints. The
various exercises without overload that were
performed during 20 minutes of WB-EMS under the
guidance of an instructor included: squat (6 s down)
and vertical chest press / squat (6 s up) and vertical
rowing; squat (6 s down) and lat pulldown / squat (6
s up) and military press; deadlift (6 s down) with arm
curls (ext.) / deadlift (6 s up) with arm-curls (flex.);
squat (6 s down), crunch with butterfly / squat (6 s
up) and reverse fly; squat (6 s down) and trunk
flexion (crunches) / return to upright position; these
exercises were suggested by Kemmler et al. (2016)
[8]. It should be noted that there is a relationship
between these movements and electrical stimulation,
so that during the pulse or stimulation, voluntary
contractions (such as squats, etc.) are performed and
when at rest, the body is in a state of rest with no
voluntary contraction. Continuous monitoring of
breathing is another important recommendation
during WB-EMS training. Meaning the inhalation
process is done at rest and the exhalation process is
done during the pulse and stimulation. Breathing
should also be short and fast, deep breathing in the
abdomen causes the person to be unable to hold the
muscles of their body properly, therefore deep
breathing causes the body to relax. The correct
breathing technique during WB-EMS exercises is
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reminded by the instructor and performed by the
subject.

Strength Training

All subjects in this study participated in a
demonstration training program for one week before
beginning the study in order to get acquainted with
the training equipment and to learn the correct
movement techniques. Subjects in this group
performed each movement for 3 sets with 80-60% of
one repetition maximum (1-RM) and eight to twelve
repetitions in 6 weeks and 2 sessions per week. The
rest interval between each turn was 60 to 90 seconds.

The training movements consisted of:

1. Leg press machine, 2. Chest fly machine,
3. Leg extensions machine, 4. Seated cable rows, 5.
Hamstring machine.

Measurements

A digital scale with a measurement accuracy
of 0.1 kg and a wall-mounted stadiometer were used
to measure weight and height. BMI was calculated as
weight divided by height squared. Subcutaneous fat
thickness measurement method was used to measure
body fat percentage. Subcutaneous fat thickness was
measured by Caliper Lafayette instrument
(manufactured in USA) and was calculated according
to Jackson-Pollock equation (equation bellow) [14].
Measurements were performed 2 or 3 times on the
right side of the body and in 7 areas in a way that the
subject was in a standing position. After calculating
the body fat percentage (BF %), lean body mass was
calculated by subtracting the body weight from the
fat mass weight.

Body density = 1.097 — 0.00046971 x (> 7) +
0.00000056 x (3. 7)>—0.00012828 x x?

Y 7=total subcutaneous fat thickness (mm), x* = age
(vear)

%BF = {(4.95/body density) — 4.5} x 100

LBM=TBW — BFM

The maximal strength of the subjects was
measured by leg press exercise using the formula of
one-repetition maximum (equation below) according
to Brzezinski method [15].

One-repetition maximum = weight (kg) / (1.0278 —
0.0278 x repetition)
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First the participants performed the general
warm-up exercises and then, with 40-60% of their
estimated maximum weight, performed 8-12
repetitions of the mentioned exercises for the specific
warm-up. After two minutes of rest, the weights were
increased so that the heaviest weight that the subject
was unable to perform for more than six repetitions
was recorded and the obtained load and repetition
were put into the equation and the calculation results
were recorded as the subjects’ maximal strength.

To assess Confounding Factors (such as:
health and disease status, medication, lifestyle, daily
activity level, etc.), a medical history questionnaire
and a physical activity readiness questionnaire
(PARQ) were used.

Statistical analysis

Standard mean and standard deviation were
used to describe the individual characteristics of the
subjects and the research variables. Shapiro-Wilk test
was used to evaluate the data distribution type and
Leven test was used to examine the homogeneity of
variance. To compare the mean of the research
variables, mixed-design analysis of variance (2 X 3)
and Bonferroni post hoc tests were used. All
hypotheses were tested using SPSS software version
23 at a significance level equal to or less than 0.05.

Results

Subjects' individual information such as age,
height, weight and body mass index are presented
separately in Table 1. The results of Shapiro-Wilk
test showed that the research variables in three
groups were naturally distributed (p <0.05),
therefore, all calculations were performed using
parametric statistical methods.

The results of mixed analysis of variance
(2x3) test for the mean of BF% variable showed time
effect (F= 36.087, P-0.001, n?= 0.735), time
interaction effect x type of exercise (F= 37.524,
P_0.001, n?= 0.572) is statistically significant but the
intergroup effect of exercise type (F=0.312, P_0.734,
n%= 0.023) is not statistically significant. The results
of Bonferroni post hoc test for intragroup comparison
of mean of BF% variable show a significant
difference between the mean value of BF% variable
in pre-test and pot-test (P= 0.001) in the intragroup
comparison in WB-EMS group, but in ST and
Control groups, no significant difference was
observed between the mean value of BF% in pre-test
and post-test.
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Table 1
Mean and standard deviation of subjects' individual characteristics
WB-EMS ST CG
Variable
Standard Deviation +  Standard Deviation + Standard Deviation
Mean Mean + Mean
Age (year) 26.5+2.17 24.90 £+ 2.07 25.70+£2.49
Weight (kg) 58.60 +3.56 62.23+6.28 60.56 + 6.16
Height (m) 1.64+0.03 1.63+0.02 1.64 +0.03
BMI (kg/m?) 21.79+1.109 23.34+1.63 22.49+1.71

The results of mixed analysis of variance
(2x3) test for the mean of LBM variable showed that
the effect of time (F= 23.885, P_0.001, n?= 0.469),
the interactive effect of time x type of exercise (F=
15.945, P_0.001, n?= 0.542), and the intergroup
effect of type of exercise (F= 3.475, P_0.045, n°=
0.205) were statistically significant. The results of
Bonferroni post hoc test for intragroup comparison
of mean of LBM variable show a significant
difference between the mean value of LBM variable
in pre-test and pot-test (P= 0.001) in the intragroup
comparison in WB-EMS group, but in ST and

Control groups, there was no significant difference
between the mean value of LBM variable in pre-test
and post-test. The results of Bonferroni post hoc test
for intergroup comparison of mean of LBM variable
show that in intergroup comparison in post-test, a
significant difference was observed between the
mean value of LBM variable between WB-EMS and
ST groups (P = 0.028) but no significant difference
was observed between WB-EMS and ST groups with
CG, also in the pre-test there was no significant
difference between the mean value of LBM variable
between WB-EMS, ST and CG (Table 2).

Table 2

Changes of study outcomes in the three study groups

Variable WB-EMS ST CG Between-group
(n=10) (n=10) (n=10) comparison
Mean £ SD Mean £ SD Mean = SD P
Pre-test 25.88 +£1.53 24.38 £3.79 24.74 £3.32
Body fat (%) 0.734
Post-test 25.01 £1.46 24.40 £3.81 24.73 £3.33
Within-group p 0.001" 0.415 0.418 -
comparison
Pre-test 4429 £1.01 46.85 £2.49 45.42 +2.97
lean body mass 0.045°
Post-test 4396 £0.90 46.82 +£2.48 45.40 +£2.94
Within-group p 0.001° 0.388 0.699 -
comparison
Pre-test 63.66 £4.70 66.21 +6.81 65.40 =67
Maximal Strength 0.001°
Post-test 80.64 £3.86 83.35 +£5.77 65.32 +6 86
Within-group p 0.001" 0.001" 0.734 -
comparison

The results of mixed analysis of variance
(2x3) for the mean of the Maximal strength (leg
press) variable showed that the effect of time (F=
2043.382, P_0.001, n?= 0.987), interactive effect of
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time x type of exercise (F= 518.567, P_0.001, n’=
0.975), and the intergroup effect of exercise type (F=
6.894, P_0.001, n?= 0.338) are statistically
significant. The results of Bonferroni post hoc test for
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intragroup comparison of the mean of the maximal
strength variable show that in the intragroup
comparison in WB-EMS and ST groups, a significant
difference was observed between the mean value of
the maximal strength variable in the pre-test and
post-test (P= 0.001) but in the CG, no significant
difference was observed between the mean value of
the maximal strength variable in pre-test and post-
test. The results of Bonferroni post hoc test for
intergroup comparison of mean of maximal strength
variable show that in intergroup comparison in post-
test a significant difference was observed between
the mean value of maximal strength variable between
WB-EMS and CG (P = 0.001) and between ST and
CG (P = 0.001) But no significant difference was
observed between WB-EMS and ST groups, also in
the pre-test there was no significant difference
between the mean value of the maximal strength
variable between WB-EMS, ST and CG.

Changes in the variables in all 3 groups
before and after the study are shown in Table 2.

Discussion

The results of this study showed that 6 weeks
of WB-EMS training did not have a significant effect
on BF%, because although a significant decrease in
BF% was observed in the WB-EMS group, but this
decrease was not significant in the post-test
compared to the CG. Also, no significant effect was
observed on BF% in ST group. In addition, the
findings showed that WB-EMS training did not have
a significant effect on LBM, because although a
significant decrease in LBM was observed in the
WB-EMS group, but this decrease was not
significant in the post-test compared to the CG. Also,
no significant effect was observed in LBM in ST
group. However, both WB-EMS and ST exercises
showed a significant increase in maximal strength
(leg press) and no significant difference was
observed between WB-EMS and ST groups for
maximal strength.

The results of some studies on body fat
percentage changes are consistent with the findings
of the present study; For example, in a study,
Filipovic et al. (2019) reported no change in BF%
after 7 weeks of WB-EMS training, the results of
which are consistent with the results of the present
study [16]; It is also consistent with the results of
Kemmler et al. (2014) that showed a significant
reduction in BF% after WB-EMS training [17].
However, Kemmler et al. (2010 and 2016) reported a
significant reduction in BF% after WB-EMS
training, which is not consistent with the present
study [7, 8]. It is likely that a significant reduction in
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BF% in the study of Kemmler et al. (2010) and
(2016) was due to the duration of the training period.
In the present study, the subjects were intervened for
only 6 weeks; while the training period of the
mentioned studies was more than twice the present
study. Moreover, in the mentioned studies, the
experimental groups were not compared with the
non-training control group, while in the present
study; WB-EMS group was compared with control
group and it was observed that although there was a
significant intragroup change in the WB-EMS group,
there was no significant difference in these changes
in the intergroup comparison with the CG. Based on
this intergroup comparison, we concluded that WB-
EMS had no significant effect on BF%. Also, as in
the BF% changes in the present study, a significant
decrease in intragroup changes was observed in the
WB-EMS group on LBM, while non-significant
intergroup changes in LBM were observed in the
comparison between WB-EMS and CG which
indicates ineffectiveness of WB-EMS on LBM,;
These results contradict the study of Kemmler et al.
(2014) as well as Kemmler et al. (2016) who reported
a significant increase in LBM [17, 8]. Reasons for
this discrepancy may include fluctuations in body
weight and nutrition. In the present study, there was
a significant reduction in body weight in the WB-
EMS group. As a result of this weight loss, both BF%
and LBM showed a significant reduction in intra-
group changes in the WB-EMS group. Nutrition is
also one of the reasons that can affect LBM changes.
Studies have reported that energy constraints as well
as weight loss reduce LBM [18]. In addition, in the
present study, no significant effect was observed on
BF% and LBM in the ST group, which is consistent
with the study of Monikh et al. (2015) who did not
observe any significant changes on BF% and LBM
after 6 weeks of strength training [19]. However, it is
not consistent with the study of Gholami et al. (2018)
who observed a significant difference in BF% and
LBM after 8 weeks of resistance training [20].
Possible reasons for this discrepancy can be different
training protocol and training duration.

The findings of this study in the field of
maximal strength, which shows the positive effect of
WB-EMS and ST exercises on maximal strength of
the lower extremity muscles, are consistent with the
results of many studies. For example, it is consistent
with the results of D’Ottavio et al. (2019) who
reported a significant increase in lower extremity
muscle strength after 6 weeks of WB-EMS and
Dynamic Strength training, while no significant
differences were observed between the groups [10];
and with the results of Dormann et al. (2019) who
showed that WB-EMS and ST training had a
significant effect on maximal lower extremity muscle
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strength, while they did not observe any significant
differences between the groups [11]; Micke et al.
(2018) who, after 8 weeks of WB-EMS and ST
training, showed an improvement in maximal leg
muscle strength and did not observe significant
differences between the two groups of WB-EMS
training and traditional strength training [9];
Filipovic et al. (2019) who showed a significant
increase in maximal lower extremity strength after 7
weeks of WB-EMS training [16]; Wirtz et al. (2016)
who showed significant improvement after 6 weeks
of WB-EMS and ST training on maximal strength
and did not observe any significant differences
between the two groups of WB-EMS training and
traditional strength training [21]; Filipovic et al.
(2012) who, in a systematic review, showed that
after 3 to 6 weeks of electromyostimulation, a
significant increase occurs in maximal strength [22];
Kemmler et al. (2010), (2013) and (2014) who
reported a significant increase in maximal lower
extremity strength after WB-EMS training [7, 23 and
17]; Kemmler et al. (2016) who showed that both
WB-EMS and HIT exercises significantly increase
maximal strength, but did not report any significant
differences between the two groups [8]. The results
of the studies showed a clear consistency with the
results of the present study on maximal strength.
Also, no study was found to report the
ineffectiveness of this type of exercise on maximal
strength. According to the findings of the present
study, both WB-EMS and ST exercises have a
positive effect on maximal strength and since there
was no significant difference in maximal strength
between WB-EMS and ST groups, it can be
concluded that both exercises improve maximal
strength.

Conclusion

In summary, no significant effects were
observed on body composition after 6 weeks of WB-
EMS and ST training, while positive effects on
maximal strength were observed in both types of
training. Given that there is no difference between
these two types of exercise to increase maximal
strength, traditional exercise can be recommended to
healthy and young people who have enough time to
exercise traditionally and also because it is cost-
effective. However, according to the existing results,
WB-EMS training can be recommended as a time-
effective workout as well as an effective exercise
method for people who are not motivated enough to
do traditional exercises.
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Abstract

Purpose: to reveal the features of the indicators of the orthostatic test in students with different body lengths and
different sport’s specializations, studying in the specialty "Physical education and sports".

Material and methods. The study involved 42 students who play sports at the amateur level. The following research
methods were used in the work: method of analysis of literary sources; method of determining body length; orthostatic
test method; method of determining stroke volume and minute blood volume.

Results. The influence of both factors (body length and sport) on the orthostatic test was significant for the following
data: systolic blood pressure in the vertical position, diastolic blood pressure in the vertical position; change in diastolic
blood pressure when changing body position from horizontal to vertical; Heart rate in vertical and horizontal positions;
change in heart rate during the transition from horizontal to vertical position; stroke volume of blood in the vertical
position; change in the stroke volume of blood during the transition from horizontal to vertical position; all indicators
of minute volume of a blood-groove (p <0,005; p <0,01; p <0,001). The more significant influence of judo and football
classes in comparison with running short and medium distances on the indicators of vegetative-vascular regulation was
determined: the best indicators - in judo, the next place - in football, then - athletes. It was found that students with a
body length of more than 190 cm have difficulty with vegetative-vascular regulation.

Conclusions. To improve the adaptive capacity of vascular regulation to change the position of the body from horizontal
to vertical in tall athletes is effective to use any exercise, but the most effective exercises that activate aerobic and
anaerobic glycolytic energy systems. Also useful are exercises that require frequent transitions from lying down (sitting)
to standing position, as well as changes in the direction of movement.

Key words: orthostatic test, body length, athletes, students
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AHOTANIA

Kpery M., Bopucenko |.B., Ywumaposa B.B., lpuHboBa B.M., Maciu B.B. Ocob6a1BOCTi BeretocyguMHHOI perynsuii
CTypeHTiB — MaiibyTHix ¢axiBuiB 3 ¢pisMUHOro BUXOBaHHA i CNOPTY Pi3HUX CMOPTUBHMUX cheuianisauii 3 pisHolo
AOBXUHOIO Tina

MeTa: BMABUTU OCOB/AMBOCTI NOKA3HWKIB OpPTOCTaTUYHOI Npobu y CTYAEHTIB 3 Pi3HOK [OO0BXKMHOW TiNa i pisHMX
CMOPTMBHUX CneLjianisauin, AKi HaBYalTbCA 3a cneLiasbHicTIo «PisnyHe BUXOBAHHSA | CNOPT».

Marepian i metogu. B gocnigreHHi B3anu yyactb 42 cTygeHTa — ManbyTHix daxisuis 3 GpisMUHOro BUXOBAHHA i CnopTy.
B pob6oTi 3acTtocoByBannChb Taki MeTOAM [OCAIAKEHHA: METOZ aHanidy NiTepaTypHUX AXKepes; MeTos, BU3HAYEHHS
OOBXWHM TiNa; MeToA 0pTOCTaTUYHOI NPobu; meTos po3paxyHKY yaapHOro 06’emy KpoBi Ta XBUIMHHOTO 06’emy KpoBi.
Pe3synbtatn. Bnaues o6ox ¢daKTopis (O0BXKWMHA Tina i BMAO, CNOPTY) HA MOKA3HWKM OPTOCTAaTUYHOI NMPobu BUABMBCA
OOCTOBIPHUM ANA HACTYMHUX AAHUX: CUCTONIMHUIA apTepianbHUA TUCK Yy BEPTUKANbHOMY NONOXKEHHI, AiacTONIYHMNIA
apTepiasibHUI TUCK Y BEPTUKAZIbHOMY NOJIOMKEHHI; 3MiHa AiaCcTo/iYHOro apTepiasibHOro TUCKY NPU 3MiHi MONIOXKEHHS Tifa
3 TOPM3OHTANIbHOTO Ha BepTuKanbHe; YCC y BepTUKAsNbHOMY Ta FOPU3OHTA/IbHOMY MONOXKEHHAX; 3MiHA YCC npu
nepexosi 3 ropu3oHTaNIbHOrO Y BEPTUKA/IbHE MONOMKEHHA; YAAPHUIA 06CAr KPOBi Y BEPTUKANbHOMY NOMOXKEHHI; 3MiHa
yaapHoro obcAary KpoBi Npu nepexosi 3 ropu3oHTaIbHOTO Y BEPTUKAJ/IbHE MOJIOXKEHHS; BCE MOKA3HUKWU XBUJIMHHOIO
obcary KpoBoToky (p<0,005; p<0,01; p<0,001). BusHayeHo 6inbl CYTTEBMI BNAMB 3aHATb A3l040 Ta ¢yTbONOM Y
NOPIBHAHHI 3 3aHATTAMM 6IrOM Ha KOPOTKI i cepeaHi AMCTaHLIT Ha MOKa3HMKM BEreTOCYAMHHOI peryaauii: Hamninwi
NMOKa3HWKN — y NPeACTaBHUKIB 431040, HAacTynHe micue — y npeacTtaBHukiB ¢ytbony, notim — nerkoaTnetn. BussneHo,
O Y CTYAEHTIB 3 AOBXMHOO Tina noHag 190 cm cnocTepiraeTbca yTpyAHEHHA BEreTOCyANHHOI perynauii.

BucHOBKKU. [nA NoAiNWeHHA aganTauiHUX MOMK/MBOCTEN BEreTOCYAMHHOI perynsauii 40 3MiHWM NONOXKEeHHA Tina 3
rOPU3OHTANIbHOTO HA BEPTUKAJIbHE Y BUCOKUX CMOPTCMEHIB epeKTUBHMM € 3aCTOCYBaHHA Byab-AKMX Gi3UYHUX BNpaB,
ane Hanbinbw edeKTUBHI BNPaBu, AKi aKTUBI3YIOTb aepobHi Ta aHaepobHi FNiKONITUYHI cUCTeMU eHepro3abesneyeHHs.
TaKoX KOPUCHMMM € BNpPaBM, AKi BUMaraloTb YaCTUX NEPEXOAiB 3 NOMOXKEHb NeXKaun (CUAAYM) B NONOXKEHHSA CTOAYM, A
TaKOX 3MiHM HAaMPAMKY PyXiB.

KntouoBi cnoBa: opToCTaTUUHMIA TECT, AOBXKMHA TiNa, CNOPTCMEHM, CTYAEHTU

AHHOTALIUA

Kpety M., bopuceHko WU.B., Yuumaposa B.B., lpuHeBa B.H., Macuu B.B. Oco6eHHOCTU BEreTocoCyaucCToin perynauum
CTYAEHTOB — 6yaywux cneunanuctoB no ¢usnMyeckomy BOCMAUTAHUIO U CRNOPTY PaA3NUYHBLIX CMOPTUBHbBIX
cneumanusaumii c pasHou aMHOM Tena

LUenb: BbIABUTb OCOBEHHOCTM MOKa3aTesnell OpTOCTaTUYECKOM Npobbl y CTYAEHTOB C Pa3HOM AJIMHOWM Tena M pasHbIX
CMOPTMBHBIX CNeLManm3aLnin, obyyaowmxca no cneymanbHocTM «PMsnyeckoe BOCNUTAHNUE U CNOPTY.

Martepuan un metoabl. B uccnesoBaHum NpuHAAK yyactve 42 ctygeHta — byaywmnx cneumannctos no ¢pusmyeckomy
BOCMUTAHUIO U cnopTy. B paboTe Mcnonb3oBaHbl ciegyowme MeToAbl UCCNeA0BAHUA: METOZ aHaIn3a IMTepaTypHbIX
WCTOYHUKOB; METOZ OnpeaeneHusa o nHbl TeNa; MeToZ, OpTOCTaTUYECKOM Npobbl; MeToZ pacyéTa yaapHoro obbema m
MWHYTHOrO 06bema KpoBu.

Pe3ynbTatbl. BansHue obounx GpakTopos (AnMHa Tena n B1A, cnopTa) Ha NOKA3aTeNn opTocTaTMUeckon Npobbl okasanca
[OCTOBEPHBIM /1A CNeAyloWmUX AaHHbIX: CUCTO/IMYECKOe apTepuasibHOe AaB/ieHWE B BEPTMKAZIbHOM MOJIOXKEHUN,
[LMACTOIMYECKoe apTepuasibHoe [fJaBleHMe B BEPTUKA/JIbHOM  MOJIOMKEHUM; WU3MEHEeHWe AMaCTO/IMYEeCcKoro
apTEPUANbHOTO AABNEHUA NPU U3MEHEHMM MOJIOXKEHMA Tena U3 FOPU3OHTa/IbHOTO B BepTuKanbHoe YCC B
BEPTUKAZIbHOM M FTOPU30HTA/IbHOM NOJIOXKEHMAX; M3MmeHeHue YCC npu nepexose U3 ropu3oHTa/IbHOrO B BEPTUKa/IbHOE
NOJIOKEHUE; YAAPHbIV 06BbEM KPOBM B BEPTUKA/IbHOM NOMOXKEHWUU; UISMEHEHWE YAAPHOTO 06beMa KPOBM NPU Nepexose
W3 FOPU30HTANIbHOTO B BEPTUKA/IbHOE MON0XKEHME; BCE NOKa3aTe I MUHYTHOro obbema KpoBoToka (p <0,005; p <0,01;
p <0,001). OnpeneneHobl 6onee CyLLECTBEHHOE BAMUAHME 3aHATUI A31040 U GyTOONOM NO CPaBHEHMIO C 3aHATUAMM Berom
Ha KOPOTKME W CpeaHWe AUCTaHLMM Ha MOoKas3aTeNM BEeretTococyamucTor perynaumu: aydwne rokasaTenu - vy
npeacTaBuTenein A3[0, cneayrolee Mecto - y npeacrasuteneit ¢yrbony, notom - nerkoaTnetbl. BbiABneHo, 4To y
CTYAEHTOB C AANHOW Tena 6onee 190 cm HabaoAaeTcA 3aTpyAHEHWE BEreTOCOCY ANUCTON perynsaumm.

BbiBoAbl. [1nfA yayyweHUa aAanTalMOHHbIX BO3MOXKHOCTEN BEreTOCOCYANCTON Perynaumm K USMEHEHUIO MONOXKEHUA
Tena ¢ ropu3oHTaNbHOrO Ha BEPTUKA/bHOE B BbICOKMUX CNOPTCMEHOB 3GHEKTUBHO NpUMeHeHUe Nobbix GU3NYECKnX
yrnpa)KHeHW, HO Haumbonee 3ddEKTUBHbIE YMNPAKHEHWA, KOTOPble AKTUBM3UPYIOT a3pobHble M  aHaspobHble
rNIMKONUTUYECKME CUCTEMbBI SHeproobecneyeHma. TakkKe Nose3Hbl yNpaKHeHUs, KOTopble TPEBYIOT YacTbiX Nepexoaos
M3 NONIOXKEHUI Nexa (cnan) B NONONKEHUE CTOS, @ TaKKE N3MEHEHWUA HanpaBaeHUs ABUKEHUA.

KnioueBble cnoBa: optoctaTMyeckas npoba, o nHa Tena, CnopTCMeHbl, CTYAEeHTbI
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Introduction

Vegetovascular regulation is one of the main
mechanisms for ensuring the normal functioning of
the body [1-3]. One of the manifestations of
vegetative-vascular regulation is wvasoconstriction
and dilation in response to external influences [4, 5].
One of the simplest and most accessible methods for
determining the quality of vegetative-vascular
regulation is the orthostatic test [6, 7]. The orthostatic
test is based on determining the body's adaptation to
a change in body position from horizontal to vertical
[5-8].

In athletes, the orthostatic test is based on
training-induced changes in the functioning of the
autonomic nervous system [9-10]. The results of the
orthostatic test are influenced by a combination of
such external factors as psychological stress, sleep
guality, latent diseases, changes in environmental
parameters (temperature, altitude), and others [7—
10]. The results of the orthostatic test help to
optimize the training process and prevent fatigue in
athletes [2, 10, 11].

Orthostatic test is performed on the basis of
measurements of heart rate (HR) and blood pressure
[4, 5]. Changes in heart rate and blood pressure
reflect changes in the state of the autonomic nervous
system and cardiovascular system. During this test,
the indicators of heart rate and blood pressure are
measured in the supine position, heart rate in the
standing position. The indicators measured during
the orthostatic test are a reliable criterion for the load
on the autonomic nervous system.

Nazarenko [11] assessed the balance
function in athletes and people who do not go in for
sports before and after an active orthostatic test. The
athletes showed a higher level of balance function in
comparison with the control, which decreased to a
much lesser extent after an active orthostatic test,
which indicates a positive effect of sports on the
stability of the statokinetic system. At the same time,
statistically significant differences in the balance
function between wrestlers and football players
appear after an active orthostatic test. In studies [12]
it was revealed that athletes - basketball players of
taller stature adapt worse to orthostatic load in
comparison with athletes of average and below
average height.

It is also known [12-14] that in people of
high body length, the change in performance during
the transition from horizontal to vertical body
position is more pronounced, because a larger
volume of blood falls sharply to the lower
extremities. This leads to the need for more
pronounced adaptation mechanisms of heart rate and
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blood pressure. In our previous study [13], the
increase in heart rate in tall people did not differ
significantly from this figure in students of medium
and below average body length. But blood pressure,
both systolic and diastolic, is significantly higher in
tall students compared to others. This fact can be
regarded as a more pronounced adaptive response of
students with a body length above 190 cm from the
cardiovascular system and vascular regulation. These
adaptive responses are not sufficient, because the
magnitude of the shock volume of blood and minute
volume of blood flow in the vertical position in
students of high body length is significantly smaller
compared to students with a body length of 150-175
cm [13, 14].

lordanskaya, Buchina [10] revealed the
features of orthostatic stability in the vegetative
support of the organism's working capacity of highly
qualified athletes. The authors examined a group of
203 people, of whom 109 were men and 94 were
women in two sports, volleyball (104 athletes) and
rowing (99 athletes). The authors have developed a
program and criteria for assessing the operational
diagnosis of the functional state of the autonomic
nervous system, including an orthostatic test with an
assessment of heart rate, blood pressure,
electrocardiogram in terms of monitoring training
and pre-competition loads of the annual training
cycle. The interrelation of the level of orthostatic
stability in the vegetative support of the working
capacity of volleyball players was revealed, taking
into account the growth indicators and the playing
role. In tall volleyball players of diagonal and central
blockers, symptoms of dysadaptation of the
cardiovascular system in response to orthostasis are
more often diagnosed. In the group of rowing
athletes, the relationship between the level of
orthostatic stability with age and gender was
revealed: young men and juniors more often show
symptoms of dysadaptation in response to orthostasis
and extreme physical load on the CONCEPT rowing
ergometer. It was revealed that the speed-power
loads of male rowers are more often reflected in the
appearance of hypertension and hypertensive
reaction in the work "to failure” on the rowing
ergometer. Prompt diagnosis of orthostatic
autonomic stability reveals early symptoms of
cardiovascular overstrain in a timely manner and
serves as a signal for stress correction and recovery.

We [13, 14] found that students with a body
length of more than 190 cm have difficulty with
vegetative-vascular regulation. The effect of body
length on the orthostatic test was also significant for
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the following data: systolic blood pressure in the
vertical position, diastolic blood pressure in the
vertical position; change in diastolic blood pressure
when changing body position from horizontal to
vertical; heart rate in vertical and horizontal
positions; change in heart rate during the transition
from horizontal to vertical position; stroke volume of
blood in the vertical position; change in stroke
volume of blood during the transition from horizontal
to vertical position; all indicators of minute blood
volume. However, the question of the joint influence
of body length and sports specialization on the
indicators of the orthostatic test has not been
investigated. There was a significant positive
relationship between body length and heart rate ¢ in
horizontal, vertical positions and changes in heart
rate when changing body position from horizontal to
vertical (r = 0.50-0.71). There was also a positive
significant relationship between body length and the
value of systolic pressure in the vertical position (r =
0.72); negative significant relationship between body
length and the value of the stroke volume of blood in
the vertical position (r = -0.65).

However, despite the presence of studies
showing the effect of body length on the indicators
of the orthostatic test in athletes from different sports,
this issue remains open and requires additional
research. Among athletes, a special place is occupied
by students involved in various sports and studying
in the specialty "Physical Education and Sports".
This category of students is especially significant,
since they not only improve their sports skills, but
also must bring knowledge to their students in the
future.

Purpose: to reveal the features of the
indicators of the orthostatic test in students with
different body lengths and different sport’s
specializations, studying in the specialty "Physical
education and sports".

Material and methods
Participants

The study involved 42 students who play
sports at the amateur level. The number of students
with a body length of more than 190 cm was 12
people. The number of students whose body length
was 150-175 cm was 30 people. There were no
students with a body length of 176-189 cm in the
study. This was the basis for the division of students
into such groups according to body length, because it
is known that large values of body length (over 190
cm) negatively affect the adaptation of the
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cardiovascular system in the transition from
horizontal to vertical position.

The study was conducted on the basis of H.S.
Skovoroda  Kharkiv ~ National  Pedagogical

University.
Procedure

The following research methods were used
in the work: method of analysis of literature sources;
method of determining body length; orthostatic test
method; method of determining stroke volume and
minute blood volume; methods of statistical data
processing (comparison of averages by the Student's
method, multivariate analysis of variance and
correlation analysis).

An orthostatic test measures heart rate and
blood pressure. These values are measured in a
horizontal position, then repeat these measurements
in the subject after actively getting up in a vertical
position at the 10th minute [15-18].

A natural reaction to the orthostatic test is an
increase in heart rate. As a result, the minute volume
of blood is slightly reduced. In well-trained athletes,
heart rate is relatively small and ranges from 5 to 15
beats per minute. In young athletes, the reaction may
be more pronounced. Systolic blood pressure either
remains unchanged or even decreases slightly (by 2-
6 mm.Hg); diastolic blood pressure naturally
increases by 10-15% relative to its value in the
horizontal position. If during a 10-minute study the
systolic pressure approaches the initial values, the
diastolic pressure remains elevated. Signs of
orthostatic instability are a sharp drop in blood
pressure and a very large increase in heart rate [9,
12].

Measurements of body length are performed
in a standing position using a vertical height meter.
The person stands on a wooden plane with his back
to the vertical bar, touching her heels, buttocks,
interscapular area with the shoulders set back (head
not resting). The arms should be lowered along the
torso, the abdomen - tightened, the heels - together,
the socks - separately. The position of the head
should be such that the upper edge of the earlobe and
the lower edge of the orbit are in the same horizontal
plane. The movable bar is attached to the head
without pressure, but tightly.

The magnitude of the stroke volume depends
on the force of the heart contraction and the amount
of blood flowing to it during diastole through the
veins. Stroke volume (SV) can be calculated by
Starr's formula [12-14].

The minute blood volume (MBV) is
determined by the stroke volume and heart rate,
depending on the position of the human body, its sex,



Health, sport, rehabilitation
3p0poB’a, cnopT, peabinitauin
3p0poBbe, CNOpT, peabunutauus

\ gt

— —

age, fitness, environmental conditions and many
other factors.

Calculate the minute blood volume (MBV)
according to the formula [12]:

MBYV = SV x heart rate.

Statistical analysis

For each indicator, the arithmetic mean,
standard deviation S (standard deviation), error of the
mean (m) and estimation of the probability of
discrepancies in the Student's t-test with the
appropriate level of probability (p) were determined
for groups of students involved in football, track and
field, judo and for groups of students with body
length above average (more than 190 cm) and
average (below average) (150-175 cm). Differences
and relationships were considered reliable at the
significance level p <0.05 [13, 14].

Multivariate analysis of variance was also
used using a general linear model. The dependent
values were heart rate, systolic and diastolic blood
pressure, stroke volume and minute blood flow in
horizontal and vertical positions, as well as the
difference between these indicators in different body

positions. Independent values were body length and
sport. Body length of 150-175 cm was denoted by the
number 1, body length greater than 190 cm was
denoted by the number 2. There were no students
with body length values of 175-190 cm in the study.

We also marked the conditional numbers of
the sports that students were involved in: athletics -
1; football - 2; judo wrestling - 3) [13, 14].

For statistical processing of the obtained data
were used computer programs Microsoft Excel "Data
Analysis" - 2013, SPSS - 17.

Results

Comparison of orthostatic tests of students —
representatives of different sports showed that the
lowest values of heart rate in the horizontal position
and in the vertical position of the body in judo. The
same applies to blood pressure in the horizontal and
vertical position (p <0.001) (Table 1-3). The highest
heart rate and blood pressure in students - athletes.
According to these indicators, footballers occupy an
intermediate place.

Table 1

Comparative characteristics of orthostatic test indicators of students involved in track and field and football

Statistical Indicators

Indicators Kind of sport N = S M ; 0
. track and
Systolic pressure (mm.Hg) . 18 115.67 3.40 0.80
in the horizontal position field >-15 0.000
P football 12 110.00 2.09 0.60
. track and
?xiatlllseizssjlurzgi?z].Hg) field 18 130.67 0.97 0.23 513 0.043
P football 12 129.00 3.13 0.90
. track and
SD\i/:ft;)rI;an;essure (mmHg) field 18 15.00 4.20 0.99 399 0.003
football 12 19.00 1.04 0.30
Diastolic pressure track and
. 18 77.33 5.90 1.39
(mm.Hg.) in the horizontal field 1.48 0.150
position football 12 74.00 6.27 1.81
Diastolic pressure track and
. 18 88.33 3.40 0.80
(mm.Hg.) in the vertical field 9.19 0.000
position football 12 79.00 1.04 0.30
k
Diastolic pressure tra? and 18 11.00 8.27 1.95
Difference (mm.Hg) field 2.23 0.034
8 football 12 5.00 5.22 151
track and
ey
'Ic-lheea\r/te:itczl(bii:;gr:n )in field 18 69.33 2.11 0.50 3.79 0.001
P football 12 58.00 12.53 3.62
track and
-mint)i 1 1. . 1.32
ottt Thea 10 T 59 12 g g
P football 12 69.50 9.92 2.86
.min-!
Heart rate (beats min") track and 18 5.33 0.49 011  -9.85  0.000
difference field
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football 12 11.50 2.61 0.75
. track and
igzl;sn\;zllun;t:iiin;r? ina field 18 60.27 8.79 2.07 046 0.649
P football 12 61.60 5.85 1.69
. track and
\S/’;rrc;ilizlvo(l)us?;zliml) in the field 18 56.17 4.19 0.99 773 0.000
P football 12 65.60 0.42 0.12
track and
(Sj’?;fc;kreer\]/:;ume (ml) field 18 11.77 3.37 0.79 418 0.000
football 12 6.00 4,18 1.21
Minute blood volume track and
(1-min’) in a horizontal field 18 417 0.55 0.13 1.74 0.093
position football 12 3.64 1.11 0.32
Minute blood volume track and
(1-min!) in the vertical field 18 3.98 0.03 0.01 -3.92 0.001
position football 12 4.56 0.62 0.18
Minute blood volume track and 18 0.51 0.18 0.04
Difference (1-min) field -3.23 0.003
football 12 0.92 0.49 0.14
track and
1 178. 12.24 2.
Body Length field 8 8.33 89 -0.15 0.882
football 12 179.00 11.49 3.32

That is, the adaptive capabilities of the
cardiovascular system and vegetative-vascular
regulation when changing the position of the body
from horizontal to vertical in our study were found in
students who are engaged in judo. This somewhat
contradicts the literature on the best adaptive

capabilities of long- and medium-distance running.
In our study, athletes were representatives of short
and medium distance running. It was found that their
adaptive capacity when changing body position is
significantly lower compared to football and judo.

Table 2

Comparative characteristics of orthostatic test indicators of students engaged in track and field and judo

Indicators Kind of Statistical Indicators
sport N X S M t p
Systolic pressure track and
) 18 115.67 3.40 0.80
(mm.Hg) in the field 6.80 0.000
horizontal position judo 12 105.00 5.22 1.51
Systolic pressure track and
. 18 130.67 0.97 0.23
(mm.Hg) in the vertical field 73.36 0.000
position judo 12 110.00 0.00 0.00
Systolic pressure track and
) 18 15.00 4.20 0.99
(mmHg) field 5.80 0.000
difference judo 12 5.00 5.22 1.51
Diastolic pressure track and
) 18 77.33 5.90 1.39
(mm.Hg.) in the field 3.34 0.002
horizontal position Judo 12 66.00 12.53 3.62
Diastolic pressure track and
. 18 88.33 3.40 0.80
(mm.Hg.) in the field 22.97 0.000
vertical position Judo 12 65.00 1.04 0.30
track and
i i . 18 11.00 8.27 1.95
B:?fjg:czr‘?:;rz | field 0.83 0.415
8 Judo 12 13.00 1.04 0.30
track and
‘min?t ) 18 69.33 2.11 0.50
P Judo 12 4850 157 0.45
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track and
.min-1
iHnetahr(': :,Zt:zig?afs?;?n ) field 18 71.33 5.59 1.32 796 0.000
P Judo 12 5950 0.52 0.15
track and
.mint 1 . 4 A1
;Iii?;:er:;cg (beats:mint) field 8 5.33 0.49 0 2012 0.000
Judo 12 11.00 1.04 0.30
. track and
E’;r:;l;sn\gllurzosei:ir;\:]) ina field 18 60.27 8.79 2.07 166 0.108
P Judo 12 67.90 16.40 4.73
. track and
tS;;ob:rl/ic;::mss(i?:(l))nln field 18 56.17 4.19 0.99 1231 0.000
P Judo 12 7150 1.15 0.33
track and
Z:;;I:r\l/iume (ml) field 18 11.77 3.37 0.79 383 0.001
Judo 12 16.80 3.76 1.09
Minute blood volume track and
1 4.17 . 1
(1-minY) in a horizontal field 8 0-55 0.13 3.22 0.003
position Judo 12 3.32 0.90 0.26
Minute blood volume track and
1 . . .01
(1-min’Y) in the vertical field 8 3.98 0.03 0.0 -22.13 0.000
position Judo 12 4.25 0.03 0.01
Minute blood volume trackand g 0.51 0.18 0.04
Difference (1-min) field 191 0.067
Judo 12 0.94 0.93 0.27
track and
. 18 178.33 12.24 2.89
Body Length field 5.43 0.000
Judo 12 159.00 1.04 0.30

We can explain the results by the fact that
both football and judo are a load of mixed aerobic-
anaerobic orientation, while running short and

medium distances is mainly a job that requires
creatine-phosphate and glycolytic mechanisms of

energy supply.

Table 3

Comparative characteristics of orthostatic test indicators of students involved in football and judo

. Kind of Statistical Indikators
Indikators —
sport N X S m t p
Systolic pressure Football 12 110.00 2.09 0.60
(mm.Hg) in the Judo 12 105.00 5.22 1.51 3.08 0.005
horizontal position
Systolic pressure football 12 129.00 3.13 0.90
(mm.He) in the Judo 12 110.00 0.00 0.00 21.01 0.000
vertical position
i fi Il 12 19. 1.04 .

Systolic pr.essure ootba 9.00 0 0.30 9.11 0.000
(mmHg) difference Judo 12 5.00 5.22 1.51
Diastolic pressure football 12 74.00 6.27 1.81

.Hg.) in th 1.98 0.061
(mm.Hg.) in the Judo 12 66.00 12.53 3.62
horizontal position
Diastolic pressure football 12 79.00 1.04 0.30

.Hg.) in th 32.83 0.000
(mm.Hg.) in the Judo 12 65.00 1.04 0.30
vertical position

i i 12 . .22 1.51

D!astollc pressure football 5.00 5 5 5.0 0.000
Difference (mm.Hg) Judo 12 13.00 1.04 0.30
Heart rate football 12 58.00 12.53 3.62
beats-min?) in th 2.61 0.016
(beats:min) in the judo 12 48.50 1.57 0.45

vertical position
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Heart rate football 12 69.50 9.92 2.86
ts'mint) in th 4 .002
(beats:min”) in the judo 12 59.50 0.52 0.15 349 0.00
vertical position
Heart rate football 12 11.50 2.61 0.75
.min-t
(beats:min”) judo 12 11.00 1.04 0.30 0.62 0.544
difference
Stroke volume (ml) in football 12 61.60 5.85 1.69 195 0.223
a horizontal position judo 12 67.90 16.40 4.73 ' '
Stroke volume (ml) in football 12 65.60 0.42 0.12
the vertical position judo 12 71.50 1.15 0.33 -16.72 0.000
Stroke volume (ml) football 12 6.00 4.18 1.21
difference judo 12 16.80 3.76 1.09 6.66 0.000
Minute blood volume football 12 3.64 1.11 0.32
Lmind) i 7 442
(min“)ina judo 12 3.32 0.90 0.26 0.78 0
horizontal position
Minute blood volume football 12 4.56 0.62 0.18
1-min’)inth 1.68 0.107
(1:min“) in the judo 12 4.25 0.03 0.01
vertical position
i football 12 0.92 0.49 0.14
Mlnute blood V(.)|L-Jlme o'o a 007 0.944
Difference (1-min™) judo 12 0.94 0.93 0.27
football 12 179.00 11.49 3.32
Body Length 6.01 0.000
ofy Reng judo 12 159.00 1.04 030

Significant influence of both body length and
sport on most indicators of orthostatic test was found
(Table 4). The results of analysis of variance
confirmed the results of comparing the averages of
the Student's t-test. The influence of sport on heart
rate, systolic and diastolic pressure, as well as the
calculated values of stroke volume and minute blood
flow in the supine and standing positions was
significant for almost all indicators (p <0.05; p
<0.001) (Table 4). The only exception is the rate of
stroke blood volume in the horizontal position (p>
0.05) (Table 4). Thus, the analysis of variance
confirmed the results of comparing the means of the
Student's t-test for the best effect on vascular
regulation and the state of the cardiovascular system
in judo. Short and medium distance running by
students at the level of mass discharges has a less
pronounced effect on orthostatic test performance.
Football classes occupy an intermediate place
between judo and athletics in terms of impact on
vascular regulation.

Body length also significantly affects the
indicators of vascular regulation (Table 4). There is a
significant effect of body length on systolic blood
pressure in the standing position, diastolic blood
pressure in the supine and standing positions, heart
rate in the supine and standing positions, stroke blood
volume in the standing position, minute blood flow
in the supine and standing positions (p <0.001 )
(Table 4).
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The influence of both factors (body length
and sport) on the orthostatic test was also significant
for the following data: systolic blood pressure in the
vertical position, diastolic blood pressure in the
vertical position; change in diastolic blood pressure
when changing body position from horizontal to
vertical; Heart rate in vertical and horizontal
positions; change in heart rate during the transition
from horizontal to vertical position; stroke volume of
blood in the vertical position; change in the stroke
volume of blood during the transition from horizontal
to vertical position; all indicators of minute volume
of a blood-groove (p <0.005; p <0.01; p <0.001).

The influence of both factors (body length
and sport) on the orthostatic test was also significant
for the following data: systolic blood pressure in the
vertical position, diastolic blood pressure in the
vertical position; change in diastolic blood pressure
when changing body position from horizontal to
vertical; Heart rate in vertical and horizontal
positions; change in heart rate during the transition
from horizontal to vertical position; stroke volume of
blood in the vertical position; change in the stroke
volume of blood during the transition from horizontal
to vertical position; all indicators of minute volume
of a blood-groove (p <0.005; p <0.01; p <0.001).
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Table 4

Indicators of multivariate analysis of variance of the influence of sport and body length on the orthography
of students (Tests of Between-Subjects Effects)

Tests of Between-Subjects Effects

Type lll

Source Dependent Variable
P Sum of Df Mean F Sig.
Square
Squares
Syst-olllc pressure (mm.Hg) in the horizontal 888.000a 4 999 16.695 0.000
position
Systolic pressure (mm.He) in the 3560.571b 4 890.143 2744.607  0.000
vertical position
Systolic pressure (mmeg) 1280.571c 4 320143 19.742  0.000
difference
Diastolic pressure (mm.Hg.) in the 1373.143d 4 343286 5484  0.001
horizontal position
Diastolic pressure (mm.Hg.) in the 4053.000e 4 1013.25 430922  0.000
vertical position
Diastolic pressure Difference (mm.Hg) 806.143f 4 201.536 6.81 0.000
Heart rate (beats:min™) in the vertical
Corrected position 4994.143g 4 1248.536 1184.508 0.000
Model .min-1) i i
Hea'r'.c rate (beats:min™) in the vertical 2452 286h 4 613.071 92.21 0.000
position
.min-1
Heart rate (beats:min”) 437.571i 4 109.393  269.836  0.000
difference
Stroke volume (ml) in a horizontal position  824.096j 206.024 1.786 0.152
Stroke volume (ml) in the vertical position 1959.673k 489.918 128.314 0.000
Stroke volume (ml) difference 1027.783I 256.946 44.508 0.000
- —
Minute blood volume (1-min”) in 3 19.290m 4 4823 12729  0.000
horizontal position
- —
Minute blood volume (1-min”) in the 6.619n 4 1655 2065344  0.000
vertical position
Minute blood volume Difference (1-min?) 4.7840 4 1.196 4.536 0.004
Systolic pressure (mm.Heg) in the horizontal 305, 5 1 438703.7 32991.95  0.000
position
Systolic pressure (mm.He) in the 556475 1 556475 1715798  0.000
vertical position
Systolic pressure (mmeg) 6993.204 1 6993.204 431.248  0.000
difference
Diastolic pressure (mm.Hg.) in the 194326.9 1 1943269 3104531  0.000
horizontal position
Diastolic pressure (mm.Hg.) in the 225666.2 1 225666.2 95972.97  0.000
vertical position
Intercept Diastolic pressure Difference (mm.Hg) 3104.92 1 3104.92 104.915 0.000
— -
Heart rate (beats-min™) in the vertical 124863.2 1 124863.2 118460  0.000
position
— -
Hea.rF rate (beats:min) in the vertical 163461 1 163461 24585.6 0.000
position
.min-!
Heart rate (beats'min”) 3048.124 1 3048.124 7518.705  0.000
difference
Stroke volume (ml) in a horizontal position 137842.2 1 137842.2 1194.89 0.000
Stroke volume (ml) in the vertical position 141439 1 141439 37044.27 0.000
Stroke volume (ml) difference 4050.128 1 4050.128 701.567 0.000
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Minute blood volume (1-min”) in a 483.904 1 483.904 1277.286  0.000
horizontal position
. —
Minute blood volume (1-min”) in the 634.008 1 634.008 791360.4  0.000
vertical position
Minute blood volume Difference (1-min?) 21.647 1 21.647 82.09 0.000
Syst_olllc pressure (mm.Hg) in the horizontal 631.75 5 315.875 53,755 0.000
position
Systolic pressure (mm.Hg) in the 2467 2 12335 3803.292  0.000
vertical position
Systolic pressure (mmHg) 945.75 2 472.875  29.161  0.000
difference
Dla§t0|lc press'u.re (mm.Hg.) in the 427 5 213.5 3.411 0.044
horizontal position
Diastolic pressure (mm.Hg.) in the 3172 5 1586 674.506 0.000

vertical position
Diastolic pressure Difference (mm.Hg) 349 2 174.5 5.896 0.006
Heart rate (beats:min™) in the vertical

Kind of position 4441.75 2 2220.875 2106.984 0.000
sport .min-1) i i
p Hea'r'.c rate (beats:min™) in the vertical 1588 5 794 119.423 0.000
position
.min-1
Heart rate (beats:min”) 418.75 2 209.375 516.458  0.000
difference
Stroke volume (ml) in a horizontal position  140.507 2 70.254 0.609 0.549
Stroke volume (ml) in the vertical position  1642.17 2 821.085 215.05 0.000
Stroke volume (ml) difference 636.077 2 318.039 55.091 0.000
- -
Minute blood volume (1-min”) in a 11.741 2 5871 15496  0.000
horizontal position
- .
Minute blood volume (1-min”) in the 2.603 2 1302  1624.679  0.000
vertical position
Minute blood volume Difference (1-min?) 2.996 2 1.498 5.681 0.007
Syst.o.llc pressure (mm.Hg) in the horizontal 15.429 1 15.429 116 0.288
position
Systolic pressure (mm.Hg) in the 42.857 1 42.857 132143 0.000
vertical position
Systolic pressure (mmHg)
. 6.857 1 6.857 0.423 0.520
difference
Diastolic pressure (mm.Hg.) in the 289.714 1 289.714 4628  0.038
horizontal position
Diastolic pressure (mm.Hg.) in the 96.429 1 96.429 41.01 0.000

vertical position

Diastolic pressure Difference (mm.Hg) 51.857 1 51.857 1.752 0.194

Heart rate (beats-min) in the vertical

Body lengthposition 685.714 1 685.714  650.549  0.000
- -
Hea'r‘.c rate (beats:min™) in the vertical 189 1 189 28.427 0.000
position
.min-!
Heartrate (beats:min) 34.714 1 34714 85629  0.000
difference
Stroke volume (ml) in a horizontal position  248.919 1 248.919 2.158 0.150
Stroke volume (ml) in the vertical position 56.679 1 56.679 14.845 0.000
Stroke volume (ml) difference 8.297 1 8.297 1.437 0.238
- —
Minute blood volume (1-min”} in a 6.432 1 6432 16977  0.000
horizontal position
- —
Minute blood volume (1-:min™) in the 5403 1 5 403 999,62 0.000

vertical position
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Minute blood volume Difference (1-min) 0.693 1 0.693 2.63 0.113
Syst'o.llc pressure (mm.Hg) in the horizontal 42857 1 42.857 3223 0.081
position
Systfnllc pre'ss'ure (mm.Hg) in the 84 1 84 259 0.000
vertical position
Systolic pressure (mmtig) 6.857 1 6857 0423  0.520
Difference
Diastolic pressure (mm.Hg.) in the 207.429 1 207.429 3314 0077
horizontal position
Diastolic pressure (mm.Hg.) in the
. o 21 1 21 8.931 0.005
vertical position
Diastolic pressure Difference (mm.Hg) 360.429 1 360.429 12.179 0.001
Kind of Heart rate (beats-min’) in the vertical 1344 1 1344 1275.077 0.000
sport- Body position — .
length Heart rate (beats-min) in the vertical 1296.429 1 1296.429 194.991 0.000
position ) ' ' '
.min-t
Heart rate (beats:min) 51.857 1 51.857  127.914  0.000
Difference
Stroke volume (ml) in a horizontal position  183.639 1 183.639 1.592 0.215
Stroke volume (ml) in the vertical position 92.61 1 92.61 24.255 0.000
Stroke volume (ml) difference 326.469 1 326.469 56.551 0.000
- -
Minute blood volume (1-min”) in a 9.219 1 9219 24334  0.000
horizontal position
Mi I I 1-minY)in th
inute blood volume (1-min”) in the 2.46 1 246 3070976  0.000
vertical position
Minute blood volume Difference (1-min) 2.627 1 2.627 9.964 0.003
Syst'o.llc pressure (mm.Hg) in the horizontal 492 37 13.297 i i
position
SystF)Ilc pre'ss.ure (mm.Hg) in the 12 37 0.324 i i
vertical position
SYstollc pressure (mmHg) 600 37 16.216 i i
Difference
D|a§tollc pressyre (mm.Hg.) in the 2316 37 62.595 i i
horizontal position
Dlas.tollc pressure (mm.Hg.) in the g7 37 5351 i i
vertical position
Diastolic pressure Difference (mm.Hg) 1095 37 29.595 - -
- -
Hea.r'.( rate (beats:-min) in the vertical 39 37 1.054 i i
Error position
- -
Hea.r'.( rate (beats:min™) in the vertical 246 37 6.649 i i
position
.mint
erart rate (beats-min?) 15 37 0.405 i i
Difference
Stroke volume (ml) in a horizontal position 4268.31 37 115.36 - -
Stroke volume (ml) in the vertical position 141.27 37 3.818 - -
Stroke volume (ml) difference 213.6 37 5.773 - -
- 0
Mm'ute blood Y(?Iume (I'mint)ina 14.018 37 0.379 i i
horizontal position
- —
Minute blood volume (1-:min™) in the 0.03 37 0.001 i i

vertical position

Minute blood volume Difference (1-mint) 9.757 37 0.264 - -

Systolic pressure (mm.Hg) in the horizontal

18862 2 ; ) )
Total  position 51886 4

Systolic pressure (mm.Hg) in the 652344 42 - - -
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vertical position

Systolic pressure (mmHg)

Difference 9294 42 i i i
Dla§t0|lc press'u.re (mm.Hg.) in the 228384 42 i i i
horizontal position
DIaS.t0|IC prc_es.sure (mm.Hg.) in the 266262 42 i i i
vertical position
Diastolic pressure Difference (mm.Hg) 5982 42 - - -
- -
Hea'r'.c rate (beats:min™) in the vertical 156954 42 i i i
position
- -
Hea'r'.c rate (beats:min) in the vertical 193656 42 i i i
position
.min-!
H_eart rate (beats:mint) 3642 42 i i i
difference
Stroke volume (ml) in a horizontal position 170884.4 42 - - -
Stroke volume (ml) in the vertical position 170086.6 42 - - -
Stroke volume (ml) difference 6851.22 42 - - -
- .
Mln.ute blood Y(?Iume ('mint)ina 631.834 42 i i i
horizontal position
- -
Mln}Jte bIoc')c.I volume (1:min™) in the 756.172 42 i i i
vertical position
Minute blood volume Difference (1-min) 38.022 42 - - -
Syst-olllc pressure (mm.Hg) in the horizontal 1380 a1 i i i
position

Systolic pressure (mm.Hg) in the
vertical position

Systolic pressure (mmHg)
difference

Diastolic pressure (mm.Hg.) in the
horizontal position

Diastolic pressure (mm.Hg.) in the
vertical position

3572.571 41 - - -

1880.571 41 - - -

3689.143 41 - - -

4140 41 - - -

Diastolic pressure Difference (mm.Hg) 1901.143 41 - - -

Heart rate (beats'min) in the vertical

Corrected position 5033.143 41 - - -

Total .min1) i i
Heart rate (beats-min™) in the vertical 2698.286 a1 i i i

position
.min-t

H.eart rate (beats-min?) 452571 a1 i i i
difference
Stroke volume (ml) in a horizontal position 5092.406 41 - - -
Stroke volume (ml) in the vertical position 2100.943 41 - - -
Stroke volume (ml) difference 1241.383 41 - - -

- —
Mln.ute blood Y(?Iume (1'mint)ina 33.308 a1 i i i
horizontal position

- —
Minute blood volume (1:min) in the 6.648 a1 i i i

vertical position
Minute blood volume Difference (1-mint) 14.541 41 - - -

a. R Squared =0.643 (Adjusted R Squared = 0.605); b. R Squared =0.997 (Adjusted R Squared =0.996); c. R Squared
=0.681 (Adjusted R Squared =0.646); d. R Squared =0.372 (Adjusted R Squared =0.304); e. R Squared =0.979 (Adjusted
R Squared =0.977); f. R Squared =0.424 (Adjusted R Squared =0.362); g. R Squared =0.992 (Adjusted R Squared =0.991);
h. R Squared =0.909 (Adjusted R Squared =0.899); i. R Squared =0.967 (Adjusted R Squared =0.963); j. R Squared =0.162
(Adjusted R Squared =0.071); k. R Squared =0.933 (Adjusted R Squared =0.925); |. R Squared =0.828 (Adjusted R
Squared =0.809); m. R Squared =0.579 (Adjusted R Squared =0.534); n. R Squared =0.996 (Adjusted R Squared =0.995);
0. R Squared =0.329 (Adjusted R Squared =0.256)
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Discussion

The purpose of the work set in this study was
fully confirmed. It has been shown that students who
engage in different sports have different adaptive
capabilities in terms of vascular regulation. It was
also shown that students with a body length greater
than 190 cm have less adaptive capacity for vascular
regulation compared to students of medium and
below average body length.

Our data confirmed the results of other
authors [4, 9, 10], that in athletes orthostatic
instability associated with decreased venous tone
develops relatively rarely. However, when
conducting orthostatic tests, it can sometimes be
detected [12]. Therefore, the use of orthostatic tests
to assess the functional state of the body of athletes
is considered appropriate.

A natural reaction to the orthostatic test is an
increase in heart rate [1, 4, 6]. Due to this, the minute
volume of blood flow is reduced slightly. In well-
trained athletes, heart rate is relatively small and
ranges from 5 to 15 beats * min-1. In young athletes,
the reaction may be more pronounced [9]. Systolic
blood pressure either remains unchanged or even
decreases slightly (by 2-6 mm Hg); diastolic blood
pressure naturally increases by 10-15% relative to its
value in the horizontal position. If during 10 - minute
research systolic pressure approaches initial values,
arterial pressure remains raised.

Signs of orthostatic instability are a sharp
drop in blood pressure and a very large increase in
heart rate [4]. But at the present stage, a simple
assessment of the orthostatic sample according to
heart rate continues to be refined. The fact is that such
a seemingly reliable indicator, which is the increase
in heart rate in the vertical position relative to the
heart rate in the horizontal position, sometimes gives
inaccurate data. This is especially true for athletes
with bradycardia in a horizontal position: their heart
rate can increase by 30-25 beats * minl without any
signs of orthostatic instability. In this regard, it is
recommended to evaluate the orthostatic test on the
basis of the actual heart rate in the vertical position
of the body. If the heart rate does not exceed 89 beats
per minute for 10 minutes, the reaction is considered
normal. A heart rate of 90-95 beats * min-1 indicates
a decrease in orthostatic stability, and a heart rate
exceeding 95 beats ¢ min-1 indicates low resistance
to changes in body position in space, at which
orthostatic collapse is possible. This approach to the
assessment of orthostatic reactions is based on the so-
called principle of invariance, the essence of which
is that under the influence of a perturbing effect, the
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performance of the body's autonomic systems do not
depend (or depend to a small extent) on baseline and
are determined exclusively current needs of the
organism [4, 12].

The response to the orthostatic test improves
under the influence of sports training [10, 11]. And
this applies to all athletes, not just those sports in
which a change of body position is a mandatory
element.

According to the literature [2, 4, 8],
orthostatic hypotension and orthostatic collapse are
abnormal, pathological phenomena. Osadchy [4]
writes that a decrease in systemic blood pressure is
often accompanied by dizziness, blurred vision,
sweating and even loss of conscioushess with a
sudden transition from horizontal (or sitting) to a
vertical position. Physiological effects of this change
in body position are the result of increased
hydrostatic pressure in veins and the arteries of the
lower and lowering - in the vessels of the upper half
of the body and the corresponding redistribution of
blood mass.

Cerebral circulation is protected from
fluctuations in hydrostatic pressure in the vascular
system due to the same pressure of this factor on both
intravascular and extravascular (in the spinal canal)
pressure. Under these conditions, the cerebral tie is
under the control of systemic blood pressure and
therefore a decrease in the latter immediately leads to
a decrease in the arteriovenous gradient

Therefore, despite the presence of nervous
and humoral mechanisms that reduce the resistance
of cerebral vessels and prevent the effects of
oscillations of systemic arterial suppression [4], an
essential factor in maintaining cerebral blood flow is
adequate blood pressure [4].

Thus, in those individuals in whom the
orthostatic is written off above the compensatory
mechanisms can not prevent a significant decrease in
blood pressure, decreased cerebral blood flow, which
causes "fainting" or "unconsciousness" (depending
on the intensity of the above symptoms of cerebral
circulatory disorders). In the scientific literature,
"fainting" (or "syncope", "collapse™) entered as the
most important element of the syndrome, referred to
as "orthostatic hypotension™. This term refers to such
conditions in which the violation of circulatory
homeostasis during a change in body position is the
main pathogenetic mechanism of the disease, and the
main manifestation - low average blood pressure
[4].Thus, we obtained results that confirm the results
of the literature on the difficult vascular regulation of
tall people [12-14]. In addition, these results are
clarified by the fact that a significant increase not
only in diastolic blood pressure, but also systolic, in



Health, sport, rehabilitation
3p0poB’a, cnopT, peabinitauin
=== 3/0pOBbe, CNOpPT, peabunutauus

\ Yol

— —

the transition from horizontal to vertical position. But
these changes are insufficient for the adaptation to
changes in body position in tall students was similar
to students whose body length does not exceed the
average.

Based on the results, the following
recommendations can be made: to improve the
adaptive capacity of vascular regulation to change
body position from horizontal to vertical, it is
effective to use any exercise, but the most effective
exercises that activate aerobic and anaerobic
glycolytic energy systems. In addition, exercises that
require frequent transitions from lying down (sitting)
to standing position, as well as changes in the
direction of movement are useful [19, 20].

Conclusions

1. The influence of both factors (body length
and sport) on the orthostatic test was significant for
the following data: systolic blood pressure in the
vertical position, diastolic blood pressure in the
vertical position; change in diastolic blood pressure
when changing body position from horizontal to
vertical; Heart rate in vertical and horizontal
positions; change in heart rate during the transition
from horizontal to vertical position; stroke volume of
blood in the vertical position; change in the stroke
volume of blood during the transition from horizontal
to vertical position; all indicators of minute volume
of a blood-groove (p<0.005; p<0.01; p<0.001).

2. The more significant influence of judo and
football classes in comparison with running short and

medium distances on the indicators of vegetative-
vascular regulation was determined: the best
indicators - in judo, the next place - in football, then
- athletes. It was found that students with a body
length of more than 190 cm have difficulty with
vegetative-vascular regulation. To improve the
adaptive capacity of vascular regulation to change
the position of the body from horizontal to vertical in
tall athletes is effective to use any exercise, but the
most effective exercises that activate aerobic and
anaerobic glycolytic energy systems. Also useful are
exercises that require frequent transitions from lying
down (sitting) to standing position, as well as
changes in the direction of movement.
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Abstract

Purpose: to determine the factor structure of the complex readiness of young football players 12-13 years old based on
the level of development of physical qualities, mastery of technical elements and indicators of psychophysiological
functions.

Material and methods. Participants: 48 football players 12-13 years old participated in the study of the sports club
“Kolos”, Kharkiv, Ukraine. All children started to play football in the age of 10-11, that is, the duration of football classes
was 1-2 years. Research methods. The following data were determined: indicators of the level of physical preparedness,
indicators of the level of technical preparedness, indicators of the psychophysiological functional state. The structure of
complex preparedness was determined using factor analysis (SPSS-17, Dimension Redaction - Factor; Extraction
Method: Principal Component Analysis; Varimax with Kaiser Normalization).

Results. In the structure of complex training of young football players aged 12-13, 4 main factors were identified: 1 -
"Speed-power and technical training" (30.36% of the total dispersion); 2 - "Attention switching" (20.7% of the total
variance); 3 - "Sensitivity of the nervous system" (15.4% of the total dispersion); 4 - "Mobility of the nervous system"
(13.9% of the total dispersion).

Conclusions. Speed and strength, technical training in combination with switching of attention and mobility of the
nervous system are dominated in the structure of complex training of young football players aged 12-13. The obtained
data create conditions for recommendations in the training process of young football players aged 12-13 increase the
number of exercises that require the development of speed and strength, technical training in combination with
exercises to switch attention.

Keywords: football, training structure, factors, speed and power qualities, technique, attention switching
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AHOTANIA

Uecamybka M., MywkeTta P., Beiitka M., puHb |. ®aKTOpHa CTPYKTypa KOMNAEKCHOI NiAroTOBAEHOCTI HOHUX
dyr60nicTie 12-13 pokis

MeTa: BM3HAUMTM GaKTOPHY CTPYKTYpPY KOMMAEKCHOI NigrotoBneHocTi toHMx ¢yTbonictie 12-13 pokiB Ha OCHOBI
NOKa3HMKiB $i3MYHOI, TEXHIYHOI NiZArOTOBAEHOCTI Ta MOKA3HUKIB NCMX0di3ioNoriyHnx GyHKLin.

Marepian i metogu. YuacHuku: 48 GyTOONICTIB B3AAN y4aCTb Y AOCAIAXKEHHI cnopT-kayby “Konoc”, m. Xapkis, YKpaiHa,
Bikom 12-13 pokiB. Yci gitv noyanu rpatm y ¢ytbon y Biui 10-11 pokiB, To6TO TpMBanicTb 3aHATb PyTHOIOM CTaHOBUANA
1-2 poku. MeTtogn pocnigrKeHHA. bynn BM3HAYeHi HaCTynHi AaHi: MOKasHUKM piBHA ¢i3WYHOI nigrotoBaeHoOCTi;
MOKA3HMKKU PIiBHA TEXHIYHOI NiArOTOBNAEHOCTI; MOKa3HUKM ncuxodisionoridHoro craHy. CTpyKTypa KOMMAEKCHOT
niZroToBNEHOCTi BU3HaYanaca 3a gonomoroto GpakTopHoro aHanisy (SPSS-17, Dimension Redaction — Factor; Extraction
Method: Principal Component Analysis; Varimax with Kaiser Normalization).

Pe3ynbTaTu. B CTPYKTypi KOMMNIEKCHOT NiAroToBAeHOCTI loHUX ¢yTbonicTiB 12-13 pokKiB 6yno BUAiNeHO 4 OCHOBHUX
¢dakTopu: 1 - «llBMAKiICHO-cMNOBa Ta TexHiYHa nigrotoeneHictby (30,36% Big 3aranbHOi cymapHOl aucnepcii); 2 -
«MepemukaHHa yBarn» (20,7 % Bif 3aranbHOi cymapHoi aucnepcii); 3 - «YyTausicTe HepBoBoi cuctemn» (15,4 % Big
3arasibHOT cymapHoi aucnepcii); 4 - «PyxnusicTb HepBoBoi cuctemu» (13,9 % Big 3aranbHOT cymapHoi aucnepcii).
BUCHOBKM. B CTPYKTYpi KOMMNAEKCHOI MiAroToBAEHOCTI toHUX dyTHoNiCTiB 12-13 pOoKiB NepeBakae WBUAKICHO-CUIO0BA,
TeXHiYHa NiAroTOBKAa Yy MNOEAHAHHI 3 MEPEMMKAHHAM yBarM Ta PYXJIMBIiCTIO HepBOBOi cuctemu. OTpuMMaHi AaHi
CTBOPIOKOTb YMOBMW A/18 PEKOMEHAALLIM B TPEeHYBabHUI npoLec toHMX ¢dyToonicTie 12-13 pokis 36inblyBaTH KiNbKICTb
BMpas, W0 BMMaratoTb PO3BUTKY LUBMAKICHO-CUNOBUX AKOCTEMN, TEXHIYHOI NiArOTOBAEHOCTI Y NOEAHAHHI 3 BNpaBamM Ha
nepemmKaHHA yBaru.

Kniouosi cnoBa: ¢yt605, CTpyKTypa NiAroToBAEHOCTI, GaKTOpH, LWBUAKICHO-CMNOBI AKOCTI, TEXHIKA, NEpeMUKaHHSA
yBaru

AHHOTALUA

Uecnmukaa M., MyuwkeTta P., BeitTka M., puHb WU. daKkTOpHas CTPYKTypa KOMMIEKCHOW NOArOTOB/NEHHOCTU IOHbIX
¢yr6onuctos 12-13 ner

Lienb: onpeaenntb GakTOPHYHO CTPYKTYPY KOMNAEKCHOM NOATrOTOBAEHHOCTM IoHbIX dyTH0MCTOB 12-13 N1eT Ha OCHOBE YPOBHA
pasBUTUA GUINYECKMX KAYeCTB, BIALEHNA TEXHUYECKMMM 3IEMEHTAMM U NOKasaTenein NcMxopmnsmonormiecknx GyHKUMNI.
Martepuan u metoabl. Y4acTHUKK: B nccnegosaHnm npuHanm yyactme 48 pytbonncros 12-13 net cnopt-knyba «Konocy, r.
XapbKoB, YKpaunHa. Bce geTtu Hayanm 3aHMmaTbea ¢oyTooaom B Bospacte 10-11 neT, To eCTb NPOAOMKUTENBHOCTb 3aHATUIA NO
¢yt6ony cocrasnana 1-2 roga. Metoabl uccnegoBaHusa. Onpepensnvcb cneaylolime AaHHble: MOKa3aTeNM YpPOBHA
dusnyeckom NoAroTOBAEHHOCTH, noKasartenmu YPOBHA TEXHUYECKOWN NoAroTOB/IEHHOCTMH, noKasartenu
NcUXopM3nON0rMYECcKoro cocToAHNA. CTPYKTypa KOMMIEKCHOM FOTOBHOCTU ONpeaenaaack C NTOMOLLbIO GaKTOPHOro aHan3a
(SPSS-17, Dimension Redaction - Factor; Extraction Method: Main Component Analysis; Varimax with Kaiser Normalization).
Pe3ynbratbl. B CTPYKType KOMM/IEKCHON MOArOTOBAEHHOCTU tOHbIX ¢yT60aMcTOB 12-13 neT 6bi10 BblaeNeHO 4 OCHOBHbIX
¢dakTopa: 1 - «CKOPOCTHO-CUIOBAA U TEXHWUYECKAsA NOAroToBAeHHOCTbY (30,36% oT obLieit aucnepcum); 2 - «MepeknoyeHne
BHUMaHUA» (20,7% oT obluen amcnepcun); 3 - «HyBCTBUTENBHOCTb HEPBHOW cncTembl» (15,4% oT obien amucnepcun); 4 -
«MoaBUKHOCTb HEPBHOM cncTembl» (13,9% ot obLuei aucnepcun).

BbiBOAbl. B CTPyKType KOMMIEKCHOW NOArOTOBKM toHbIX ¢yT6onnctos 12-13 neT npeobnapatoT CKOPOCTHO-CUIOBaS,
TEXHUYECKas NOATOTOBKA B COYETAHWUW C MEPEKNOYEHMEM BHUMAHUA U NOABUMKHOCTBIO HEPBHOW cucTeMbl. [oyyYeHHble
JaHHble CO34at0T YCNOBUA A/1A PEKOMeHAAUMA B TPEHMPOBOYHOM MpoLiecce toHbIx ¢ytbonnctos 12-13 net yBeanuuTb
KOJIMYECTBO YNPaXKHEHNI, TPEDYIOLWMX PA3BUTUA CKOPOCTU U CUJbI, TEXHUYECKOM NOAFOTOBKM B COYETAaHUM C YNPAXKHEHUAMMN
Ha NepeKkayYeHe BHUMAHWUA.

KnioueBble cnoBa: GyTobon, CTPYKTYpa NOArOTOBAEHHOCTU, GAaKTOPbI, CKOPOCTHO-CU/IOBbIE KAUECTBA, TEXHMKA, MePEKItoYeHMe
BHUMAHUA.
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Introduction

Football attracts and captures millions of
fans [1, 2]. It is recognized as one of the most
common sports games [3]. Games on the green field
attract both kids and people of a fairly solid age. The
diverse impact of football on all functional systems
of man and the requirements of football for the
development of functional systems [4] indicate the
integral impact of football on the body. Modern
football is an Olympic sport that requires lightning
filigree technique, virtuoso variety of tactics,
advanced comprehensive training [5]. That is why at
the present stage the training of young football
players is of great importance.

Football belongs to sports in which the
success of competitive activities depends not only on
the development of motor skills, but also on the
nervous system, which is reflected in increasing the
speed of response to various stimuli, the speed of
switching attention [6-8]. In the process of training
young football players, the amount of special tools
that affect the development of psychophysiological
functions is constantly increasing [9]. For rational
management of the training process of young athletes
it is necessary to have information about the
peculiarities of the dynamics of development of
physical development, psychological characteristics,
physical and technical fitness of players [10-12].
These issues are widely covered in modern scientific
research.

Da Silva et al. [13] showed that there are
differences in the somatotipological construction in
football players of different ages and different
regions. Neogi et al. [14] showed the influence of
different training systems on the somatic,
physiological aspects and indicators of physical and
technical fitness of young players.

Duncan et. al. [5] found that the best
technical skills (passing, dribbling, hitting) in youth
football are due to age and a more positive attitude
towards the development of individual skills.
Therefore, Duncan et. al [5] recommend that coaches
avoid one-sided training, paying attention not only to
football-type exercises, but also to a number of sports
with children aged 8-12. Duncan et. al [5] also
recommend creating and strengthening a broad
framework for the development of fundamental
motor skills and strategies that positively influence a
child's perception of competence.

Jagim et. al. [15] showed that subjective
perception of exercise intensity can help predict
neuromuscular fatigue rates the next day. The authors
[15] recommend the use of subjective perception of
load intensity for small sports programs, which may
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not have the resources to purchase modern wearable
technoogical systems. Internal and external
derivatives of training load affect both
neuromuscular and subjective indicators of recovery,
which should be taken into account when observing
athletes. The authors [15] also found that positional
differences in mechanical load can occur during the
pre-season  training period. Therefore, the
combination of indicators can provide the most
reliable profile of training loads and general recovery
indicators.

Thus, for the rational construction of the
training process it is necessary to monitor not only
the indicators of physical and technical fitness, but
also the psychological state, the subjective
perception of the load. Currently,
psychophysiological indicators have been widely
used to monitor the functional state of athletes [16—
19]. Computer programs for registration of
psychophysiological functions are being developed
[20, 21].

However, the question of how to combine the
development of psychophysiological functions with
the development of technical and physical fitness of
young athletes remains unclear. The application of
methods of multidimensional analysis of testing
indicators of athletes - factor and cluster analysis -
has shown high efficiency. Factor analysis allows us
to identify hidden relationships between indicators
that reflect different aspects of fitness: functional
status, psychophysiological functions, technical and
physical fitness [22]. Indicators, combining into
factors in the degree of interrelationships, allow us to
determine what is most important for the studied
group of athletes in terms of quantity and quality of
relationships with other indicators [22]. Therefore, to
determine what is most important for football players
aged 12-13, it is necessary to identify the factor
structure of the training of young athletes on the basis
of extensive testing.

Purpose: to determine the factor structure of
complex preparedness of young football players 12-
13 years old on the basis of indicators of physical,
technical fitness and indicators of
psychophysiological functions.

Material and Methods

Participants

48 football players participated in the study
12-13 years old of the spot club “Kolos”, Kharkiv,
Ukraine. All children started to play football in the
age of 10-11, that is, the duration of football classes
was 1-2 years.
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Experimental protocol

Initially, the level of psycho-physiological
functions, physical and technical preparedness of
young football players of 12-13 and 15-16 years at
the beginning of the preparatory period of the annual
cycle of the training process was determined. Young
footballers have been tested for 2 training sessions.
On the first day, testing was conducted on the level
of technical preparedness. The second day was tested
on the level of physical fitness. Psychophysiological
testing was conducted on the third day from 17-00 to
19-00.

Determination of the level of physical preparedness

1. Running for 60 m (s)

This test was conducted on treadmills, running
from a high start, the assistant coach gives the team "For
start! Warning! Rush! ", And at the finish, the coach
with the stopwatch determines the time for which the
footballers ran, the races were held by two men.

2. Running for 1000 m (min)

This running test was carried out at speed and
measured by time, the players started on the starting
ling, on the team "Rush!", The players began to move,
at the finish the final results were fixed assistant coach.

3. Shuttle run 4x30 meters (s)

Conducting this test was on the football field,
it was performed 30x4, that is, you need to run 4 times
in 30 meters, the start was arbitrary on the whistle, this
test was measured in seconds, you need to run as soon
as possible distance.

4. Pull-up (number)

The test for physical strength, performed very
simply, the young athlete approaches the crossbar, he
needs to climb on the crossbar. The test is measured in
the quantities of correctly executed repetitions.

5. Jump from place (m)

This test is carried out from place, the player is
in front of the line, he has 3 attempts, the best goes off,
it is measured in centimeters.

Determination of the level of technical
preparedness

1. Juggling ball. The main task of this test, the
player needs to fill the ball so that it does not fall to the
ground, it is done by the feet, the athlete must fill the
ball as many times as possible.

2. Shock on range. Being out of the line of the
field, the player must strike the ball from the run as far
as the distance, this distance is measured in meters.
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Psychophysiological methods

The following parameters characteristic of
the psychophysiological state, typological features of
the nervous system, indicators of the nervous system
efficiency, and attention indicators [21] have been set
using the computer program "Psychodiagnostics"
(Kharkiv, Ukraine, KhNPU):

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

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

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

The indicators of mental working capacity
were also determined in accordance with the Schulte
test. In this test, the subject needs 5 x 5 tables of 25
digits (from 1 to 25) arranged in a random order, 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
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efficiency of work as the arithmetic average of the
time of operation on 5 tables (min), the performance
of the nervous system as a private time of work on
the 4" and 1% tables, and the workability of the
nervous system as a private work time for the 2" and
1% tables.

The response time of the selection for the
signals appearing at various points of the screen in a
button selection program (‘Ermakov test”) was also
determined [21].

Diagnosis of the psychophysiological state
of a person according to the program of measuring
the reaction of choosing a point in space: "Select a
button" (‘'Ermakov test’) (1 series, 15 s).

In this test, the time of the reaction of the
choice of a point in space is measured, which
includes conducting one series or several series of
tests, which according to the algorithm consists of a
sequence of actions:

« on the touch screen of the electronic device,
displays the image of the object for response, and the
object is displayed each time in a new location, the
time interval between the appearance of the object is
not constant;

* response to the appearance of the object on
the screen is carried out by touching the image of the
object,

* Sum up the number of items in each series,
the number of correct touches and the number of
series

Parameters to be recorded: Total test run
time; The total number of correct answers; Number
of errors.

Ethical approval

The research related to human use has been
complied with all the relevant national regulations
and institutional policies, has followed the tenets of
the Declaration of Helsinki, and has been approved
by the authors’ institutional review board.

Informed consent

Informed consent has been obtained from the
participant included in this study.

Statistical analysis

The digital material obtained during the
study was processed using traditional methods of
mathematical statistics. For each indicator, the
arithmetic mean X, the standard deviation S
(standard deviation), the value Minimum, Maximum,
Variance were determined using the program SPSS-
17 (Descriptive Statistics - Descriptives).

The structure of complex preparedness was
determined using factor analysis (SPSS-17,
Dimension Redaction - Factor; Extraction Method:
Principal Component Analysis; Varimax with Kaiser
Normalization). When conducting factor analysis by
the method of principal components, indicators that
are obviously correlated with each other were
excluded. The following indicators were selected for
factor analysis: Time of simple visual-motor reaction
(ms); Time of reaction of choice of 2 elements from
3 (ms); Mistakes in the test of reaction of choice of 2
elements from 3 in the mode of feedback (number),
Time of minimum signal exposure in the test of
reaction of choice of 2 elements from 3 in the mode
of feedback (ms); Time of exposure to the minimum
exposure in the test of reaction of choice of 2
elements from 3 in the mode of feedback (s);
Working time on the table 2 in the Schult test (s);
Reaction of choosing a point in space: "Select a
button" ('Ermakov test') (the number of correct
touches); Running 60 meters (s); Running for 1000
meters (min); Shuttle run 4x30 meters (s); Pull-up
(number); Jump in length from the place (m);
Juggling ball (number); Shock on range (m).

Results
The results of testing the level of
psychophysiological  condition, physical and

technical fitness of young football players aged 12-
13 years showed that most indicators correspond to
the level of training of young athletes aged 12-13
years [4] (Table 1).

Table 1
Indicators of physical, technical preparedness and psychophysiological state of young footballers 12-13 years old
(n=48)
Descriptive Statistics
Indicators . . Std. .
Minimum Maximum Mean L Variance
Deviation

Time of simple visual-motor 389,00 552,00 453,08 44,10 1944,59
reaction (ms)
Time of reaction of choice of 2 483,00 534,00 510,58 1514 229 36

elements from 3 (ms)
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Mistakes in the test of reaction of
choice of 2 elements from 3 in the 19,00 28,00 24,42 2,39 5,70
mode of feedback (number)
Time of minimum signal exposure
in the test of reaction of choice of 2 340,00 420,00 376,67 2838 805,67
elements from 3 in the mode of
feedback (ms)
Time of exposure to the minimum
exposure in the test of reactlo_n of 22,00 87,00 53,08 24,07 570 48
choice of 2 elements from 3 in the
mode of feedback (s)
Working time on the table 2 in the 74,00 101,00 88,67 7.66 58,61
Schult test (s)
Reaction of choosing a point in
spa(‘:e: Select a button™ ('Ermakov 32,00 40,00 3583 2.10 4,40
test’) (the number of correct
touches)
Running 60 meters (s) 8,20 10,30 9,80 0,55 0,30
Running for 1000 meters (min) 4,22 4,44 4,31 0,07 0,01
Shuttle run 4x30 meters (s) 35,00 55,03 42,52 5,21 27,12
Pull-up (number) 3,00 11,00 6,17 2,50 6,27
Jump in length from the place (m) 1,45 2,43 1,67 0,26 0,07
Juggling ball (number) 20,00 144,00 39,17 32,63 1064,48
Shock on range (m) 11,00 44,00 16,83 8,48 71,97
Table 2

Total Variance Explained of test indicators for physical, technical preparedness and psychophysiological

state of young football players 12-13 years old (n=48)

Initial Eigenvalues

Extraction Sums of Squared

Rotation Sums of

Comp Total _ Loading§ Squared Loadings_
onent % of Cumulative Total % of  Cumulative Total % of  Cumulative
Variance % Variance % Variance %
1 5,421 38,724 38,724 5,421 38,724 38,724 4,251 30,363 30,363
2 2,696 19,259 57,983 2,696 19,259 57,983 2,898 20,7 51,063
3 1,774 12,675 70,658 1,774 12,675 70,658 2,15 15,357 66,421
4 1,348 9,629 80,287 1,348 9,629 80,287 1,941 13,867 80,287
5 0,948 6,773 87,06 - - - - - -
6 0,784 5,601 92,662 - - - - - -
7 0,581 4,147 96,809 - - - - - -
8 0,269 1,923 98,732 - - - - - -
9 0,105 0,753 99,485 - - - - - -
10 0,06 0,43 99,915 - - - - - -
11 0,012 0,085 100 - - - - - -
12 -3,60E-17 -2,57E-16 100 - - - - - -
13 -2,54E-16 -1,81E-15 100 - - - - - -

14  -3,78E-16  -2,70E-15 100

Notes: Extraction Method: Principal Component Analysis
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Fig. 1. Eigenvalues of factors: Scree Plot, "Rocky Rash" Kettel
The first factor (30.36% of the total (Table 3). This reflects the physiological

dispersion) (Table 3) included the following
indicators: Running 60 m (s) (r =-0.97), Juggling ball
(number) (r = 0.93), Shock on range (m) (r = 0.91),
Jump in length from the place (m) (r = 0.87), Running
for 1000 meters (min) (r = -0.52). It should be noted
that the first factor includes indicators that reflect the
level of speed and strength training (Running 60
meters (), Jump in length from the place (m))
technical readiness (Juggling ball (number), Shock
on range (m) ) and overall endurance (Running for
1000 meters (min)). Running 60 meters (s) and
Running for 1000 meters (min) were included in the
factor with negative correlation coefficients, all other
indicators were included in the factor with positive
correlation coefficients. The shorter the running time
of different distances, the better the level of
preparedness. The higher the scores in the tests
Juggling ball (number), Shock on range (m) and
Jump in length from the place (m), the higher the
level of technical training and endurance. Thus, all
indicators included in the first factor reflect the level
of physical and technical fitness. It should be noted
that running at 1000 m reflects the level of overall
endurance, and other indicators of this factor in
physical fitness reflect the level of speed and strength
training. Indicators of endurance and speed-strength
training were included in this factor with the
coefficients of interrelation of different strength
(Table 2). Running time per 1000 m was included in
this factor with a correlation coefficient of -0.52
(average relationship), and Running 60 meters (s)
and Jump in length from the place (m) were included
in this factor according to the correlation coefficients
-0 , 97 and 0.87 (high correlation with the factor)
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mechanisms of energy supply of muscular activity,
as endurance and speed-strength training require
different mechanisms of energy supply and inclusion
of different muscle fibers. But football requires a
comprehensive development of endurance and speed
and strength. That is why the endurance index was
included in this factor not with a small correlation
coefficient, but with an average one. In addition, this
factor included indicators of technical readiness
(Shock on range (m) and Juggling ball (number))
with high correlation coefficients (Table 3). Thisisa
reflection of the fact that in football, speed training
and technical skills are closely linked. Based on the
data obtained, the first factor was called "Speed and
power and technical training."

The second factor (20.7% of the total
variance) includes such indicators as Time of simple
visual-motor reaction (ms) (r = -0.92), Shuttle run
4x30 meters (s) (r = -0, 86), Working time on the
table 2 in the Schult test (s) (r = -0,66), Reaction of
chosing a point in space: "Select a button" ('Ermakov
test) (the number of correct touches ) (r = 0.61)
(Table 3). It is easy to note that the indicators
included in the second factor mainly reflect the level
of reaction rate (Time of simple visual-motor
reaction (ms)), switching of attention (Working time
on the table 2 in the Schult test (s), Reaction of
choosing a point in space: "Select a button"
('Ermakov test') (the number of correct touches)) and
dexterity (Shuttle run 4x30 meters (s)). It should be
noted that the Time of simple visual-motor reaction
also partially determines the level of attention
switching. In addition, the Shuttle run time of 4x30
meters (s) is also determined by the speed of the
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simple reaction and the level of attention switching,
because in this test you need to react quickly to the
signal to move and quickly switch from one running
direction to another. Based on the data obtained, the
second factor was called "Attention Switching".

The third factor (15.36% of the total
variance) included such indicators as Mistakes in the
test of reaction of choice of 2 elements from 3 in the
mode of feedback (number) (r = 0.93) and Time of
reaction of choice of 2 elements from 3 (ms) (r =
0.78) (Table 3). Mistakes in the test of reaction of
choice of 2 elements from 3 in the mode of feedback
(number) is a reflection of the strength and sensitivity
of the nervous system: the fewer errors, the higher
the strength of the nervous system; the greater the
number of errors, the higher the sensitivity of the
nervous system. The reaction time of the choice of 2
elements from 3 (ms) is also an indirect reflection of
the sensitivity of the nervous system. Since all these
indicators were included in the third factor with
positive correlation coefficients, we regarded the
third factor as a reflection of the sensitivity of the

nervous system, i.e. quality, the opposite of the
strength of the nervous system. Therefore, the third
factor was called "Sensitivity of the nervous system."

The fourth factor (13.87% of the total
variance) includes the following indicators: Time of
minimum signal exposure in the test of reaction of
choice of 2 elements from 3 in the mode of feedback
(ms) (r =-0.93) , Pull-up (number) (r = 0.78) (Table
3). Time of minimum signal exposure in the test of
reaction of choice of 2 elements from 3 in the mode
of feedback (ms) reflects the mobility of the nervous
system. Pull-up (number) indicates the force. We
took as a basis for the name of this factor indicator
Time of minimum signal exposure in the test of
reaction of choice of 2 elements from 3 in the mode
of feedback (ms), since the correlation coefficient
with the factor Time of minimum signal exposure in
the test of reaction of choice of 2 elements from 3 in
the mode of feedback (ms) is higher than the
indicator Pull-up (number),. And so the fourth factor
was called "Mobility of the nervous system."

Table 3

Rotated Component Matrix of test indicators for physical, technical preparedness and psychophysiological
state of young football players 12-13 years old (n=48)

Rotated Component Matrix(a)

Indicators Component
1 2 g 4
Running 60 meters (s) -0,965
Juggling ball (number) 0,925
Shock on range (m) 0,908
Jump in length from the place (m) 0,873
Running for 1000 meters (min) -0,518
Time of simple visual-motor reaction (ms) -0,916
Shuttle run 4x30 meters (s) -0,864
Working time on the table 2 in the Schult test (s) -0,655
Reaction of choosing a point in space: "Select a button" 0.607 0.574
(‘'Ermakov test") (the number of correct touches) ’ ’
Mistakes in the test of reaction of choice of 2 elements 0.894
from 3 in the mode of feedback (humber) ’
0,874

Time of reaction of choice of 2 elements from 3 (ms)

Time of minimum signal exposure in the test of
reaction of choice of 2 elements from 3 in the mode of
feedback (ms)

-0,931

Pull-up (number)

0,782

Notes: Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 6 iterations.
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Discussion

The purpose of this study to determine the
structure of training of young football players aged
12-13, taking into account the indicators of the level
of technical skills of physical qualities and
psychophysiological condition was achieved. We
determined the factor structure of complex training
of young football players aged 12-13, in which the
main factors in terms of quantity and quality of
correlations formed indicators of speed and strength,
attention switching, sensitivity and mobility of the
nervous system.

We believe that such a structure of training
of young football players aged 12-13 is provided by
their age characteristics. This is consistent with
current research. It is during this period that the
intensity of physical development, reaction speed,
and cognitive functions of children aged 12-13
increases.

Adolescence is the first transition period
from childhood to adulthood. Qualitative changes
taking place in the intellectual and emotional spheres
of the adolescent's personality (intensive, uneven
development and growth of the organism, personal
characteristics, etc.) create a new level of self-
awareness, the need for self-affirmation, equal and
trusting communication with peers and adults.

This age is a sensitive period for the
development of speed, agility. This is reflected not
only in the development of physical qualities, but
also psychophysiological functions. The results
obtained by us on the peculiarities of the factor
structure of training of young football players aged
12-13 confirm the position of the relationship of
psychophysiological functions with the level of
development of physical qualities and technical
skills. The findings also confirm the results of studies
that revealed the effects of various training programs
on the level of physical and technical fitness of young
football players [4, 23-25], as well as anthropometric
indicators [4, 13].

In our study, young football players trained
using standard programs for football players of the
corresponding age. In both age groups, there was a
positive dynamics of the relationship of psycho-
physiological indicators with indicators of physical
and technical readiness. However, in the age group
of 15-16 years, a change in the quantity and quality
of the interrelations studied during 3 months of
training is more pronounced than in the age group of
12-13 vyears. This may be due to the age
characteristics of young football players, since in 15-
16 years there is some mismatch in the interaction of
various functions due to puberty, the change in
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psycho-physiological functions occurs faster than in
older ones [20, 21].

In studies Mikheev et. al. [26] it was shown
that the development of speed abilities is associated
with an increase in myelinization of nerve fibers and
an increase in the amount of white matter in the brain,
which contributes to an increase in the rate of
impulse transmission along the nerve pathways. An
increase in the reaction rate in various test modes is
also due to an increase in the rate of impulse
transmission through the nerve fibers. In this regard,
we can conclude that by the age of 15-16 a specific
neurodynamic type of football player is formed,
which is characterized by a high level of
neurodynamic processes in combination with a high
level of development of speed and speed-power
capabilities.

Due to the interrelationships between
psycho-physiological indicators and indicators of
physical and technical preparedness, in the training
process of young football players should pay
attention to the development of reaction speed, speed
of switching attention, speed of thinking in
combination with the development of speed and
speed-power qualities in physical training. This leads
to an intensification of the processes of conducting
the impulse along nerve fibers, and increasing the
speed of response to various signals [27-29].

Relatively new knowledge obtained in our
study is the identification of hidden relationships
between indicators of psychophysiological functions
and indicators of physical and technical readiness.

Recommendations

Based on the obtained data, it is possible to
give recommendations in the training process of
young players to focus on the development of
qualities  that require the activation of
psychophysiological functions, especially - the
reaction rate, the speed of switching attention, mental
performance, etc. Psychophysiological functions are
largely hereditary, and their development is difficult,
therefore, emphasis should be placed on their
development, since in adults the level of
psychophysiological functions is more difficult to
develop that can play a decisive role in improving the
athlete in football.

Conclusions

1. In the structure of complex training of
young football players aged 12-13, 4 main factors
were identified: 1 - "Speed-power and technical
preparedness” (30.36% of the total variance); 2 -
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"Attention switching™ (20.7% of the total variance);
3 - "Sensitivity of the nervous system™ (15.4% of the
total variance); 4 - "Mobility of the nervous system"
(13.9% of the total variance).

2. The first factor includes indicators:
Running 60 m (s) (r =-0.97), Juggling ball (number)
(r = 0.93), Shock on range (m) (r = 0.91), Jump in
length from the place (m) (r = 0.87), Running for
1000 meters (min) (r = -0.52). The second factor
included indicators: Time of simple visual-motor
reaction (ms) (r= -0.92), Shuttle run 4x30 meters
(s) (r = -0.86), Working time on the table 2 in the
Schult test (s) (r = -0.66), Reaction of choosing a
point in space: "Select a button™ ('Ermakov test') (the
number of correct touches) (r = 0.61). The third
factor included indicators: Mistakes in the test of
reaction of choice of 2 elements from 3 in the mode
of feedback (number) (r = 0.93) and Time of reaction
of choice of 2 elements from 3 (ms) (r = 0.78). The
fourth factor includes indicators: Time of minimum
signal exposure in the test of reaction of choice of 2
elements from 3 in the mode of feedback (ms) (r = -
0.93), Pull-up (number) (r =0,78).

3. The structure of complex training of young
football players aged 12-13 is dominated by speed
and strength, technical training in combination with

switching of attention and mobility of the nervous
system. The obtained data create conditions for
recommendations in the training process of young
football players aged 12-13 to increase the number of
exercises that require the development of speed and
strength, technical training in combination with
exercises to switch attention.
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Abstract

Purpose: At the highest level of the competition, the players tend to have a comprehensive motor, technical-tactical and
mental preparation. It is assumed that in the training process of young players, speed is an important factor determining
sports success. Therefore, the aim of the study was to try to compare the speed abilities indicator of young footballers
during the summer and winter preparatory period.

Material and methods: The research was conducted in July 2019 and January 2020 in Poznan. The research subject
consisted of 23 young players of the Warta Poznan club in the age category of the junior football players (U14).

Results: The results were statistically processed, basic descriptive characteristics were made, the normality of the
distribution of differences was checked using the Shapiro-Wilk test, and the collected results from two tests dates were
compared using the Student's t-test for dependent samples. Based on the the conducted research, no significant change
in the starting speed level was observed at the distance of 5 meters and 15 meters, while an improvement in the level
of speed abilities in terms of locomotion at the distance of 30 meters was noted.

Conclusions. The level of running speed at a distance of 30 meters in the tested competitors changed in the six-month
preparation cycle. There was no change in the starting speed level over the distance of 5 and 15 meters in the
competition season between the preparatory period and the end of the autumn round in the competitors of the Poznan
Warta club. On the basis of the conducted research, it is worth conducting experimental research based on individualized
speed training on a group of 13 - 14 year old players.

Key words: training load, individualization, speed, football
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AHOTANIA

KanuHoBecbKuii M., EpwmHcbKuii ., HoBakoBcbka M. PiBeHb WIBUAKICHMX 3Aai6HOCTEN toHUX ¢yT6onicTiB y pisHi
nepioau TpeHyBaHb

Merta: Ha HalBMLLOMY piBHi 3MaraHb rpasLji, AK NPaBMIO, MAtOTb KOMIMIEKCHY PYXOBY, TEXHIKO-TAaKTUYHY Ta PO3yMOBY
niarotosKy. MNepeabayvaeTbea, WO y TpEHYBa/IbHOMY NPOLLECI MONOAMX PABL,B WBUAKICTb € BaXXAMBUM GAKTOPOM, WO
BM3HaAYa€e CNOPTUBHMI ycnix. Tomy MeToto AociaxKeHHsA Byno cnpobyBaTn NOPIBHATY NOKA3HMK WBUAKICHWUX 34i6HOCTEN
mosioamx ¢yT6oAICTiB NPOTArOM NiTHLOrO Ta 3MMOBOTO MiZArOTOBYOro Nepioay.

Marepian i metoau: [locnigKeHHAa 6yno nposegeHo B aunHi 2019 poky Ta ciyHi 2020 poky B [lo3HaHi. Temoto
pocnigKeHHsa 6ynn 23 monogi rpasui kKnyby BapTta Mo3HaHb y BiKOBIl KaTeropii monoawmx epyréonictis (U14).
Pe3synbratn: Pe3ynbtatv 6ynm ctatuctmyHo obpobneHi, 3pobneHi OCHOBHI ONWCOBI XapaKTEPUCTUMKK, NepesipeHo
HOpPManbHiCTb po3noginy BigMmiHHOCTel 3a gonomoroto Kputepito Lanipo-BinbKa, a 3ibpaHi pe3ynbtatv 3a ABi AaTu
TeCTiB MOPIBHIOBA/IMCb 33 Aonomorowo t-kputepito CTblogeHTa ANA 3aneXHMX 3pasKiB. Ha niacrtasi nposeseHoro
[OCNIAXKEHHS He 6y10 NOMIYEHO CYTTEBOT 3MiHWM PiBHA CTApTOBOI WBWUAKOCTI Ha BiAcTaHi 5 meTpie Ta 15 meTpiB, Toai AK
He 6y/0 BiA3HAYeHO MNOKPALLEHHA PiBHA WBUAKICHMX 34i6HOCTEN B NnaHi pyxy Ha BigcTaHi 30 meTpiB.

BucHoBKKU. PiBeHb weuMAKocTi b6iry Ha BiactaHi 30 meTpiB y BUNpPobOYBaHWX Y4YaCHWKIB 3MiHIOBABCA MNPOTATOM
LWECTUMICAYHOrO LMKAY NiArOTOBKW. Y 3MaraJibHOMy Ce30Hi MiX MigroToBYMM Mepiogom Ta 3aKiHYEHHAM OCiHHbOTO
payHAy Yy CTapTOBOMY PiBHi LWBWAKOCTI Ha AMCTaHLi 5 Ta 15 meTpiB y 3maravis knyby BapTa MNo3HaHb He Bigbynoca 3miH.
Ha ocHoBi npoBeaeHOro AoCNiAXEHHA, BapTO NPOBECTM eKCNePMMEHTaJIbHE A0CNiIAXKEHHA HAa OCHOBI iHAWBIAYabHOTO
TPeHyBaHHA WBMAKOCTI Ha rpyni 13 - 14-pivyHuUX rpasu,is.

KniouoBi cnoBa: TpeHyBa/ibHe HaBaHTaXKeHHs, iHAMBIAyani3auin, WeKAKicTb, dyTéon

AHHOTALIUA

KanuHoscku M., EpwunHckn ., HoBakoBcka M. YpoBeHb CKOPOCTHbIX CNOCO6HOCTEN OHBbIX PyT6ONNCTOB B pasHblie
nepuoabl NOAroToBKU.

Lenb: Ha BbiCLLEM YPOBHE COPEBHOBAHWUIN UTPOKM MMEIOT TEHAEHLLUIO K BCECTOPOHHEN MOTOPHOM, TEXHUKO-TAaKTUYECKOW
M NCMXONOTMYECKON noarotoBKe. Mpeanonaraetca, YTO B TPEHUPOBOYHOM MpoLecce toHbIX ¢GyT60ANCTOB CKOPOCTb
ABNAETCA BaXKHbIM GaKTOPOM, OnNpeaensaoWwmnm CnopTUBHbIE ycnexu. Mo3aTomy Lenblo uccnefoBaHua bbl1o NonbITaTbCA
CPaBHUTb NOKa3aTe/lb CKOPOCTHbIX CNOCOBHOCTEN IoHbIX GYyTOOANCTOB B IETHUIA M 3UMHUIA NOATOTOBUTE/IbHbIV NEPUOAbI.
Martepuan u metogpbl: MiccnegosaHne nposoaunock B uone 2019 r. u aHeape 2020 r. B Mo3HaHU. O6beKTOM
nccnefioBaHMA BbICTYNMAKM 23 tOHbIX UTPOKa Kayba «BapTa MNo3HaHb» B BO3PACTHOM KaTeropuu toHbix Gytbonuncros (oo
14 ner).

Pe3ynbraTbl: pe3ynbTaTbl OblIM CTAaTUCTUYECKM 06paboTaHbl, COCTaBEHbl OCHOBHbIE ONUCaTe/IbHbIE XapPaKTEPUCTUKM,
HOPMaNbHOCTb pacnpefeneHua pasnunii NpoBepeHa C Momolpblo KpuTepua LWanupo-Yunka, a nony4veHHble
pe3ynbTaTbl MO ABYM AaTaM TECTUPOBAHMA CPAaBHMBAIOTCA C UCMONb30BaHUeM t-kpuTepua CTblogeHTa AN 3aBUCUMbIX
Bbl6OpOK. Mo pe3ynbTaTam NPoBeAeHHOro NCCef0BaHUA, CYLLECTBEHHOMO U3MEHEHUA YPOBHA CTAapTOBOM CKOPOCTU Ha
auctaHummn 5 n 15 metpos He Habaaanock, a Ha guctaHumMm 30 MeTPOB OTMEYEHO YNYYLIEHUE YPOBHA CKOPOCTHbIX
CNocobHOCTEN B YacTu NepesBUKEHUA.

BbiBoAbl. YpoBeHb CKOpOCTM bera Ha aucTaHumm 30 MeTpoB Yy TeCcTUPYeMbIX CMOPTCMEHOB W3MEHWACA B
LWEeCTUMECAYHOM LMKNE MNOArOTOBKWU. YPOBEHb CTAapTOBOWM CKOPOCTM HA AMcTaHumm 5 u 15 meTpoB B ce3oHe
COPEBHOBAHMI MeXay NOAroTOBUTENbHbIM NEPUOLOM U KOHLLOM OCEHHEFO Typa Y Y4acTHUKOB Kayba «BapTa Mo3HaHb»
He M3MeHuncA. Ha OCHOBaHMM MNPOBEAEHHOro WCCNefOoBaHUA LenecoobpasHO NPOBECTUM IKCMEepUMEHTasbHOe
uccnefioBaHWe Ha OCHOBE MHAMBWUAYAAN3UPOBAHHOW CKOPOCTHOM TPEHUPOBKM B rpynne urpokos 13-14 ner.
KnioueBble cnoBa: TpeHMPOBOYHAA Harpy3ka, MHAMBUAYyaNU3aLma, ckopocTb, dbytbon.
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Introduction

The popularity of football in the world
today is unquestionable [1-2]. The constant
development of the discipline leads to looking
for new solutions and increases the importance
of comprehensive preparation of players [3].
Nowadays, there is no place for focusing on
selected elements of the material structure. It
should be noted that only comprehensive motor,
technical-tactical and psychological preparation
is a predictor for achieving high sports results
[2]. Increasing requirements, changing
conditions or other factors occurring during the
game, direct the attention of sports practitioners
and theorists to monitoring the players' work
using modern technologies [4]. In addition to
technical activities in specific systems, modern
methods allow to determine energy expenditure,
distances covered or determine the intensity of
the players' efforts [5].

While earlier scientific reports informed
about the volume of effort through the covered
distance, which ranged from 10-13 km [6-7],
nowadays it can be assumed that this information
is insufficient. The specificity of the players'
movement on the pitch is intertwined with low
and high intensity running, taking into account a
large number of jerks, starts, accelerations,
brakes, jumps, turns, running on various
sections, sudden changes of direction and
performing motor tasks with the ball at the leg.
Therefore, the intensity of movement seems to
be important. Some authors consider high-
intensity running values above 4 m-s' [8-9],
while other authors take values above 5 m - s-1
[10-11]. In studies it is estimated that the ratio of
low-intensity tasks to high-intensity tasks is 7: 1
or 5: 2 [5, 12]. Another important criterion for
training footballers is the number of sprints,
which, according to Di Salvo et al. [13], ranges
from 3 to 40. Another criterion highlights the
importance of speed requirements in modern
football. Obviously, without proper aerobic
preparation [14] and training of organisms, the
maximum possibilities of anaerobic efforts are
not possible. It is worth noting that speed plays a
very important role in modern football [15].

According to this, it is worth considering
when speed abilities can be shaped. When are
there sensitive periods in human ontogenesis,
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during which there is an increase in the dynamics
of the natural development of speed abilities?
Osinski [16] indicates the second phase of
acquiring new movements at the age of 12-13 by
boys. During this period, the author indicates the
ability to concentrate on a given activity and the
willingness to undertake additional work on
oneself. It should be emphasized here that motor
skills do not develop simultaneously, they are
characterized by high variability depending on
age or experience [17]. In practice, there are
various methods used to increase the speed level.
Numerous authors point to the legitimacy of
using resistance or isolated training [15, 18].
The influence of functional loads on the
ability to speed was demonstrated in of e.g.
Haycraft et al. [19] in the strudy on players of the
Australian league in the U14 and U16 category
and Koklia et al. [20] in the study on players
training in Turkey in a selected U16 team. In the
study on Tunisian athletes conducted by Chaalali
et al. [21], a positive effect of functional training
on the improvement of speed abilities results
based on the 5-0-5 test [22] was presented in a 6-
week program aimed at changing direction and
acceleration. All of these methods demonstrate
the need for speed training. In response to
numerous publications, it was decided to
perform a diagnostic evaluation over the course
of a 6-month macrocycle in the group of
competitors without the use of additional classes
aimed at additional speed training. Hence, the
aim of the work is to try to compare the running
and starting speed indicator at the beginning of
the preparatory period of the 2019/2020 season
and after the end of the autumn round of league
games, at the beginning of the winter preparatory
period of young players of the Poznan club.

Materials and Methods

The research was conducted in July 2019
and in January 2020 in Poznan. The research
group consisted of 23 players of Warta Poznan
U14 in the junior footballers category, playing at
the highest league level. The team took first
place in the 2019/2020 season. Warta Poznan
club is a two-time Polish Champion. In the
annual preparation cycle, the team was in the
starting period with 5 training units in a
microcycle and a championship match. Parents
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and trainers consent was obtained for the
research. The players were subjected to tests
aimed at assessing the level of motion speed on
the distance of 5 m, 15 m and 30 m from a high
start with a slope of 0.5 m [23]. Measurements
were made using Microgate Witty photocells.
The tested player covered the distance twice, and
the better result was used for analysis. The
obtained results were statistically processed in
the Statistica 13.3 program, the mean (X),
minimum (min) and maximum (max) values,
standard deviations (SD), normality of the
distribution of differences were determined
using the Shapiro-Wilk test, and the collected
results from two tests were compared using t -

Student test for dependent samples.

Results

While measuring the starting speed at a
distance of 5 meters, the average result was 1.04
seconds in the 1st test period, while after 6
months in the 2nd test period, the average result
was 1.02 seconds. On the basis of the conducted
research, no statistically significant differences
were observed in the level of starting speed at a
distance of 5 meters in the tests carried out in the
six months training cycle (Table 1).

Table 1

Starting speed indicator at a distance of 5 meters in the preparatory summer period (stude I) and at
the end of the autumn round of the 2019/2020 season (study II)

Variable t — Student test for dependent samples; Warta Poznan club; 5 meters p < 0,05
Mean Stand. Dev. N  Difference St. dev. t df p Confidence Confidence
Difference -95,000% +95,000%
Test | 1,04 0,06 23 - - - - - - -
Test Il 1,02 0,06 23 -0,01 0,06 -1,11 22 0,28 -0,04 0,01

Based on the speed test at a distance of
15 meters, the average result in the 1-st test was
2.61 seconds, while after 6 months in the 2-nd
test, the average result was 2.58 seconds. On the
basis of the conducted research, no statistically

significant differences were observed in the level
of speed at a distance of 15 meters in the tests
carried out in the six-month training cycle (Table
2)

Table 2

Speed indicators at a distance of 15 meters in the preparatory summer period (study I) and at the
end of the autumn round of the 2019/2020 season (study II)

Variable t — Student test for dependent samples; Warta Poznan club, 15 meters, p < 0,05
Mean Stand. Dev. N Difference St. dew. t df p Confidence Confidence
Difference -95,000% +95,000%
Test | 2,61 0,11 23 - - - - - - -
Test Il 2,58 0,12 23 -0,03 0,09 -1,84 22 0,08 -0,07 0,004

Based on the speed test at a distance of
30 meters, the average result was 4.85 seconds
in the Ist test, while after 6 months in the 2nd

60

test, the average result was 4.72 seconds. On the
basis of the conducted research, an improvement
in the level of speed was noted at a distance of
30 meters in the tests carried out over a six
months training cycle (Table 3).
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Table 3

Speed indicators at a distance of 30 meters in the preparatory summer period (study I) and at the
end of the autumn round of the 2019/2020 season (study II)

Variable t — Student test for dependent samples; Warta Poznan club, 30 meters p < 0,05
Mean Stand.Dev. N Difference St.dev. t df p Confience  Confience
Difference -95,000%  +95,000%
Test | 4,85 0,23 23 - - - - - - -
Test Il 4,72 0,24 23 -0,13 0,13 -4,87 22 0,000 -0,19 -0,07
Discussion month training period of young Warta Poznan

The latest scientific reports support the
claims about the significant influence of speed
on the actions taken on the pitch by players [12].
It is worth emphasizing the importance of the
number of sprints performed during the entire
meeting. These dependencies highlight the
function of motor skills in football. Ekblom [24]
noticed that it is the covered distance but the
maximum speed of the covered distance that
differentiates the players in certain levels. It can
be assumed that speed will determine the final
success [25]. Nevertheless, it is worth noting that
it will depend on the level of the game. As the
research of Kalinowski et al. [26] shows on a
group of 83 players from Berlin clubs, at the
regional level, they observed that speed was not
related to efficiency. In this study, the players of
a club aspiring to the highest league were tested.

Hence, it can be assumed that with a
similar, very high level of skills, speed will be
important for high sports results. There are many
experimental studies informing about the
advantages of using additional speed training
[17]. In numerous studies, the authors indicate
the advantages of using individualization. In
own research on young players of Warta Poznan
club, attempts were made to determine changes
resulting from natural development during
sensitive periods. The speed level only improved
for the distance of 30 meters. It can be assumed
that at this age it is the only distance that can be
improved in training. Similar observations were
demonstrated by Chmura et al. [27], who noted
an improvement in speed thaks to training 30 and
40 meter distances. In his research, the author
shows that the ball training used is more
beneficial and increases the level of motor
coordination skills in cooperation with a partner.

Hence, it can be assumed that the 6-
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players had a positive effect on the improvement
of the speed level at the distance of 30 meters. In
the future, It would be worth checking the
changes using the experimental method by
introducing elements of speed training. The
research by Andrzejewski et al. [17] emphasized
the great importance of individualization of
training for speed training. In his work, the
author divided the players according to the
endurance and speed type. This is another
confirmation of the individualized view on speed
training, which confirms the wvalidity of
extending the research in the future.
Andrzejewski et al. [17] noted an increase in the
speed level in the same period of 6-month tests,
both in speed and endurance athletes.

In own research on young players of the
Poznan team, it was shown that in different
starting periods in the 6-month cycle, the starting
speed level at 5 meters and 15 meters did not
differ from each other, while the speed level at a
distance of 30 meters was improved. The
competitors, in line with the assumptions of the
training program, obtained better results after the
autumn round, compared to the measurements
from the preparatory summer period in one trial.
Nevertheless, it is worth verifying whether in the
same training period, after the introduction of the
element of speed training, there would be a
favorable change in the level at a distance of 5
and 15 meters? Based on the collected data, it
can be concluded that the results obtained by the
players in the S5-meter starting speed test
compared to the research of 124 players aged 13
years participating in the Polisch Soccer Skills
program, whose average level was 1.17 seconds,
are high and they can predispose the players of
Warta Poznan to play at the highest level in the
senior categories. The comparison of the results
is similar compared to the amateur team of KS
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Vulcan Wolka Mladzka [28].

A similar tendency was also found when
comparing the results at 15 and 30 meters.
Analyzing the results of the starting speed at 5
mmore precisely, we observe the average time of
1.02 seconds, which is a high level result, which
only confirms that the competitors have high
speed abilities. The results of own research and
that of numerous authors confirm the validity of
the use of systematic diagnostic tests in various
training periods. Thanks to the results, it is
possible to plan work in the annual training cycle
more precisely, taking into account the sensitive
periods which is so important for children.
Nowadays, an average distance that players run
during the match is about twice as long as it was
in the 1950s, where a player ran about 5 km
during the match [29] with increasing intensity.
In the research of Kalinowski and Andryszak
[30] on the players of Borusia Dortmund, the
number of runs with high intensity was at the
level of 47.68 per match [30]. The results of own
research and the results of professional players
are identical to the research of the outstanding
physiologist Chmura [25], who claimed that a
footballer "is a few centimeters closer to the ball,
a few milliseconds faster than the opponent on
the ball, he can score the decisive goal or stop
the opponent from scoring one".

Based on the collected material, it can be
assumed that effective diagnostics with the use
of modern sports equipment in youth football is
conducive to the optimization of sports training.
This shows how dynamic changes football are.
Motor skills play an important role not only
during the recruitment of young footballers, but

first of all in senior football at the highest level,
which shows the need for proper diagnostics at
all stages of training.

Conclusions

1. The level of running speed at a
distance of 30 meters in the tested competitors
changed in the six-month preparation cycle.

2. There was no change in the starting
speed level over the distance of 5 and 15 meters
in the competition season between the
preparatory period and the end of the autumn
round in the competitors of the Poznan Warta
club.

3. On the basis of the conducted research,
it is worth conducting experimental research
based on individualized speed training on a
group of 13 - 14 year old players.
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Abstract

Purpose: to develop and experimentally test the biomechanical technology of injury prevention of future specialists in
physical education and sports in the process of professional training (rock climbing for example).

Material and Methods. The participants of this study were 84 male students engaged in amateur climbing aged 18-19
years. All athletes were also students of physical education faculties of Ukrainian universities; 40 athletes were in the
experimental group and 44 athletes were in the control group. The biomechanical technology for injury prevention in
the training of specialists in physical education and sports has been developed on rock climbing for example. Developed
biomechanical technology for injury prevention contains 3 areas: 1 - theoretical; 2 - analytical; 3 - practical. Injury risk
(incidence) was defined as the number of injuries to the total number of athletes in the analyzed group. Relative risk
(incidence rate ratio) was determined by the ratio of risk in the control group to the risk in the experimental group. The
chance of injury was defined as the ratio of the number of injuries to the number of uninjured athletes in the analyzed
group. The relative chance (Odds Ratio) was defined as the chances of injury in the control group to the chances of
injury in the experimental group. These indicators were determined separately for low, medium and severe finger
injuries.

Results. The applied technology of injury prevention significantly influences the reduction of the number of injuries of
athletes — future specialists on the physical education and sports (on rock climbing for example). It is established that
the application of the developed technology of injury prevention reduces the risk of finger injuries: low complexity —in
2.364 times (95% Cl =0.925-6.041, P> 0,05) times; medium complexity —in 3.333 times (95% Cl = 1.001-11.096, P (Fisher)
=0.030); high complexity —in 8.182 times (95% Cl = 1.084-61.749, P (Fisher) = 0.011).

Conclusions. The application of the developed biomechanical technology of injury prevention in the process of training
specialists in physical education and sports significantly reduces the risk of injury to students.

Key words: injury, prevention, students, rock climbing, education
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AHOTANIA

KosiH C.B. BiomexaHiuHa TexHonoria nNpo¢iNakTUKM TpaBMaTU3IMy NpM NigroTtosui cneuianictis 3 ¢ismuHoro
BUXOBaHHA i cnopTy

Merta: po3pobUTH i eKcnepMmeHTasbHO OBI'PYHTYBATM HioMexaHiUHYy TeXHO/oriI0 NPOdINAKTUKM TpaBMATU3MY
MalbyTHix daxiBLiB 3 Gi3MUYHOT KybTypK | cnopTy B Npoueci npodeciiHoi NiAroToBKKM (Ha NPUKNaAi cKenenasiHHs).
Marepian i meTogu. YyacHMKaMu A0CAigxKeHHs 6ynun 84 cTyaeHTa YO10BiYOi CTaTi, WO 3alMatoTbCs CKeNenasiHHAM Ha
amaTopcbKoMy piBHi, y Bilj 18-19 pokiB. Bci cnopTcmeHn Takox 6yau ctyaeHTamn GakynbTeTiB GpisMUHOro BUXOBaAHHA
YKpaiHCbKMX By3iB. B ekcnepumeHTanbHy rpyny Beikwan 40 cnopTCMeHiB, @ B KOHTPO/IbHY - 44 cnopTtcmeHa. byna
po3pobneHa biomexaHiuHa TexHoNOriA NPodiNakTUKM TpaBM Npu nigrotosLi GaxiBLiB 3 Pi3UUHOro BUXOBAHHA i CNOPTY
Ha NpUKnagi ckenenasiHHA. Po3pobneHa HiomexaHiuHa TexHosOria NPOodiNAKTUKM TpaBM MICTUTb 3 Hanpamku: 1 -
TEOPETUYHE; 2 - aHaNiTUYHE; 3 - NpPaKTMYHe. PU3KK (IHUMAEHTHICTb) OTPMMAHHA TPaBMW BM3HAYaBCA AK BiZHOLWEHHA
KiZIbKOCTi TpaBM BiA 3arasbHOI Ki/fIbKOCTi CNOPTCMEHIB B aHanisoBaHoi rpyni. BigHOCHMIA pusMK (KoediuieHT
iHLMAEHTHOCTI) BM3HAYaBCA CTaBAEHHAM PU3UKY B KOHTPOJIbHIA rpyni A0 PU3MKY B €KCMepuMeHTanbHiW rpyni.
IMOBIpHICTb OTPMMaHHA TpaBMM BM3HAYANACA AK BiAHOLWEHHA KiNbKOCTI TpaBM 4O KiNbKOCTI HETpaBMOBaHMX
CNOPTCMEHIB B aHaNi30BaHoOI rpyni. BiAHOLWEHHA WaHCciB BU3HAYanocaA AK WaHCK TPaBMM B KOHTPOIbHIW rpyni A0 WaHciB
TPaBMU B eKCNEepPUMEHTaNbHIN rpyni. Lli NOKasHMKM BM3HAYanucA OKpemo Aaa TpaBM NasbLiB Nerkoi, cepeaHboi Ta
BaXKKOrO CTyMNeHs.

Pesynbtatn. 3actocoByBaHa TEXHONOrA NPOQINAKTUKM TpaBM CYTTEBO BM/IMBAE HA 3HUMKEHHA TPaBMaTU3My
CNOPTCMEHIB - MalbyTHiX ¢axiBuiB 3 ¢isMYHOro BUXOBAHHA i cnopTy (Ha NpuKAagi ckenenasiHHa). BctaHoBNEHO, WO
3aCTOCYBaHHA po3pobsieHoT TeXHOMOTiT NPOQINAKTUKN TPABM 3HUKYE PU3MK TPABM NanbL,iB PYK: HU3bKOT CKNaAHOCTI - B
2,364 pasu (95% Cl = 0,925-6,041); cepeaHboi cknagHocTi - B 3,333 pasu (95% Cl = 1,001-11,096, P (Fisher) = 0,030);
BMCOKOI CKagHocCTi - B 8,182 pasu (95% Cl = 1,084-61,749, P (diwep) = 0,011).

BUCHOBKM. 3acTOoCyBaHHA po3pobsieHOi HiomexaHiuHOT TexHoMOriT NpodinakTUKM TpaBMaTU3IMy B NPOLLECi MigroTOBKM
¢daxiBuiB 3 Gi3MYHOro BUXOBAHHSA i CNOPTY 3HAYHO 3HUKYE PU3MK TPABMATU3MY CTYAEHTIB.

KntouoBi cnoBa: TpaBmu, NpodinakTmKa, CTyAEHTH, CKenenasiHHA, ocBiTa.

AHHOTALIUA

KosuH C.B. BuomexaHuuecKas TexHoNorua npoduNakTUKM TpaBmMaTU3Ma NpuU MNOAFOTOBKE CMELUanncToB no
dusnyeckomy BocnuTaHUIO U CNOPTY

Llenb: paspaboTaTb M 3KCNepUMeHTaNbHO 060CHOBaTb BUOMEXAHNYECKYIO TEXHONIOTUIO NPOGUNAKTUKM TPaBMaTU3Ma
6yayLMX CNeunanuncToB no GpUsNYECcKon KybType 1 cnopTy B npouecce NpodeccMoHanbHOM NOAroTOBKK (Ha npumepe
CKanonasaHwusa).

Matepuan u metogapl. YdacTHUKaMKM UCCAeAoBaHUA 6bian 84 cTyAaeHTa MYMCKOro Mona, 3aHMMaloLmxca
CKasonasaHvem Ha NbuTeNbCKOM ypoBHe, B Bo3pacTe 18-19 neT. Bce cnopTcmeHbl TakKe 6bliM CTygeHTamu
baKyAbTETOB PMU3NYECKOrO BOCNUTAHNA YKPAUHCKMX BY30B. B aKCnepmMmeHTanbHyto rpynny sowsm 40 cnopTCMeHOB, a B
KOHTPO/IbHYIO - 44 cnopTcmeHa. bbina paspabotaHa 6uMomexaHMueckas TexHOMOrMA MNPOUAAKTUKM TpasBm npwu
NOAroTOBKE CNELManncToB No ¢GpuM3MYecKomMy BOCMMUTAHWMIO M CMNOPTY Ha NpuMmepe cKanonasaHusA. PaspaboTaHHan
bMOMexaHMYecKaa TexXHONOrnA NPOPUAAKTUKM TPaBM COAEPKUT 3 HanpasneHua: 1 - TeopeTudyeckoe; 2 -
aHanuMTUYeckoe; 3 - MpakTUYeckoe. PUCK (MHUMAEHTHOCTb) MOAYYEHWA TPaBMbl OMPEAENsANcA Kak OTHOLEeHue
KONMYecTBa TpaBM OT o06LLero KonauyecTBa CMNOPTCMEHOB B aHanusupyemoi rpynne. OTHOCUTENbHbIN PUCK
(kO3pOULUMEHT MHUMAEHTHOCTM) ONPeaensancA OTHOWEHWEM pPWCKa B KOHTPO/IbHOW rpynne K PUCKY B
3KCMepMMeHTanbHOM rpynne. BepoAaTHOCTb NOAyYeHMA TpaBMbl OnNpeaensnacb Kak OTHOLEHME KOAMYeCTBa TPaBM K
KO/IMYECTBY HETPAaBMMPOBAHHbIX CMOPTCMEHOB B aHanu3upyemoit rpynne. OTHOWEHWE LWaHCOB ONpPeaensanocb Kak
BEPOATHOCTb TPaBMbl B KOHTPO/IbHOW rpynne K waHCam TPaBMbl B 3KCMEPUMMEHTabHOM rpynne. 3TM MoKasaTenu
onpeaenanncb oTAeNbHO ANA TPaBM NaNbLEB ErKOW, CpeaHen U TAXeNOoMn cTeneHu.

Pe3ynbTatbl. MpuMeHsemMan TEXHOOTUA NPOOUAAKTUKM TPaBM CYLLECTBEHHO B/IMAET HA CHUWXKeHWe TpaBMaTM3ma
CMOPTCMEHOB - ByayLiMX CNeuManuctoB no ¢Gpu3MYecKoOMy BOCMMTAHUIO M CMOPTY (Ha NpuMmepe CKasnonasaHus).
YCTaHOB/IEHO, YTO NPUMEHEHME Pa3paboTaHHON TEXHONOMMN NPODUNAKTUKM TPABM CHUMKAET PUCK TPABM NajbLEB PYK:
HU3KOM CNIOXKHOCTU - B 2,364 pasa (95% Cl = 0,925-6,041); cpeaHeit cnoxHoctu - B 3,333 pasa (95% Cl = 1,001-11,096, P
(Fisher) = 0,030); BbicoKOI cnoXKHOCTU - B 8,182 pasa (95% Cl = 1,084-61,749, P (duwep) = 0,011).

BbiBogbl. MprvmeHeHne pa3paboTaHHON BUMOMEXaHMYECKON TeXHONOrMM NPOdMAAKTUKM TpaBmaTM3ma B npouecce
NOArOTOBKM CMEuManucTos No ¢Gu3MYecKOMY BOCMWUTAHWIO W CMOPTY 3HAYUTENIbHO CHUMKAET PUCK TpaBmaTM3ma
CTYOEHTOB.

KnioueBble cnoBa: TpaBmbl, NPOOUNAKTUKA, CTYAEHTbI, CKaNoNasaHue, obpasoBaHue.
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Introduction

The process of training specialists in
physical education and sports is built in such a way
that students have a large number of practical
disciplines in various sports along with the chosen
[1]. In practical classes, students learn technical
skills, develop physical qualities, and learn to
conduct classes not only in the chosen sport, but
also in others. Therefore, the schedule of students -
future specialists in physical education and sports
is built in such a way that in one day there can be
2-3 pairs of practical classes in different sports, and
in the evening - training in the chosen sport. This
puts a heavy burden on the cardiovascular system,
which overtraining creates the conditions for
injury.

In addition, each sport has its own
characteristics [2, 3]. When mastering the basics of
a particular sport from childhood, the process of
learning motor skills is easier compared to
adulthood, when the sensitive periods of natural
learning are over. And so the nervous system and
musculoskeletal system of students with mastery of
skills in various sports receive a heavy load. It
should be noted that different movements in their
biomechanical structure require the formation of
different connections in the nervous system, and
this is quite a difficult task. And the constant
switching from one movement to another, which
occurs when changing the type of activity, chaotic
activity of the nervous system, and, accordingly,
the musculoskeletal system. This creates the
conditions for increased injuries. That is why the
guestion of developing such learning technologies
that will provide reliable prevention of injuries to
students - future professionals in physical
education and sports.

Currently, the role of physical culture and
sports as the most powerful means of physical
development, prevention of various diseases,
recovery from illness. Sports contribute to the
increase of motor intelligence, the development of
psychological qualities that are necessary for building
a career, the manifestation of individuality, success in
all spheres of activity. Of particular importance is the
importance of sports for students. However, sports
are also accompanied by injuries of varying severity.
This often leads to a large amount of time spent
recovering from injuries, skipping classes,
psychological problems [4-7].

In this regard, the problem of injuries to
students in sports is widely covered in modern
literature. The authors mainly pay attention to the
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registration of injuries of varying severity in different
sports under different circumstances [8-11].

To analyze the number of students' injuries
in the world, studies are carried out in various sports.
For example, Asperti, et al. [12] found that Brazilian
students engaged in amateur sports. traumatic impact
was defined as the participation of one amateur
student in one workout or game, and was expressed
as the impact on the athlete (A-E). Injury rates are
significantly higher in games (13.13 injuries per
1,000 student-athletes who participated in training or
games (AE), 95% confidence interval = 10.3-15) than
in training (4.47 injuries per 1,000 , 95% confidence
interval = 3.9-5.1). The mechanisms that accounted
for the most injuries in games and training were
contact (52.9%) and non-contact (54.5%). Ankle
sprains were the most common injury (18.2% of all
reported injuries). There was also a relatively high
incidence of anterior cruciate ligament injuries (0.16
injuries per 1,000 student-athletes who participated in
training or games (A-E)). Asperti, et al. [12]
concluded that Brazilian amateur students are at high
risk for non-contact injuries such as ankle sprains and
anterior cruciate ligament injuries. Also indicate the
highest prevalence of injuries of the distal parts of the
lower extremities (ankle joint and knee) during sports
[13]. Burchard, et.al. [13] found that most school-
related injuries occur in school sports, especially ball
sports. The distal extremities were mainly injured.

In a study by Clifton, et al. [14] describes
the epidemiology of injuries received in basketball
by high school girls in the period from 2005-2006
to 2013-2014 school years and student women's
basketball in the period from 2004-2005 to 2013-
2014 school years. Injuries were recorded through
an online sports surveillance program. The online
high school reporting system documented 2,930
injuries with loss of working time over 24 hours
during 1,609,733 workouts and games; The
National University Sports Association's Injury
Monitoring Program recorded 3,887 injuries with a
loss of time of more than 24 hours during 783,600
workouts and games. Injury rates were higher in
college than in high school (4.96 vs. 1.82 / 1000
training and games; injuries (IRR) = 2.73; 95%
confidence interval (Cl) = 2.60, 2.86) . The level of
injuries was higher in competitions than in training,
both for high school students (injury index (IRR) =
3.03; 95% confidence interval (CI) = 2.82, 3.26)
and for students (injury index) IRR) = 1.99; 95%
confidence interval (Cl) = 1.86, 2.12). The most
common injuries at both levels were sprains,
concussions, and sprains of muscles and tendons.
Most of the injuries affected the knees, head and
face. These injuries were often caused by contact



Health, sport, rehabilitation

~ ...
=\ 3p0poB’a, cnopT, peabinitauin
=== 3p0poBbe, CNOPT, peabunurauus

~c. 2021
7(2)

oo\
B
Sk
"

with another player or a non-contact mechanism.
Clifton, D. R., et al. (2018) concluded that the level
of injuries was higher in students than in high
school students, higher in competitions than in
training.

In a study by Fraser, et al. [15] described
injuries from contact with the ball in 11 sports
(men's soccer, women's field hockey, women's
volleyball, men's baseball, women's softball, men's
and women's basketball, men's and women's
lacrosse, men's and women's football) National
Student Sports Association (NCAA) for the period
2009-2010 to 2014-2015 academic years. As a
result of the study, 1123 injuries from contact with
the ball were registered. The highest scores were
women's softball, women's field hockey (7.71 /
10,000 student-athletes who participated in
training or games (AE)) and men's baseball (7.20 /
10,000 student-athletes who participated in
training or games (AE)). The majority of ball-
related injuries occurred on the hand / wrist
(32.7%) and head / face (27.0%) and were
diagnosed as strokes (30.5%), sprains (23.1 %) and
concussion (16.1%). Among sexually comparable
sports (eg, baseball / softball, basketball, and
soccer), women had a higher rate of concussion
diagnosed as concussion than men (ratio of injuries
= 2.33; 95%). confidence interval (Cl) = 1.63,
3.33). More than half (51.0%) of injuries from
contact with the ball were associated with loss of
time (ie time of restriction of participation, 24
hours), and 6.6% were severe (ie time of restriction
of participation> = 21 days). The most frequent
severe injuries in contact with the ball were
concussions (n = 18) and fractures of the fingers (n
=10). Thus, the percentage of injuries from contact
with the ball was highest in women's softball,
women's field hockey and men's baseball.
Although more than half were injuries without loss
of time, serious injuries such as concussions and
fractures were reported.

To prevent injuries, it is necessary to form
rational movements in the most optimal way [16 —
18]. That is why the technology of preserving the
health of students - future specialists in physical
education and sports should contain universal
approaches to the process of learning technical
skills, which will ensure the prevention of injuries
and, consequently, the preservation of health. First,
it is necessary to form in students the concept of
biomechanically rational movements in general [19
—21]. Secondly, it is necessary to create conditions
for students to master modern means of self-
analysis of movement techniques [19, 21]. Third, it
is necessary to introduce into the learning process
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of students practical tools, exercises that will
promote the formation of biomechanically rational
movements in any sport, and thus prevent injuries
[8, 9].

These provisions determine the great
importance of research on the prevention of
injuries of students - future professionals in
physical education and sports, and based on these
provisions, we can conclude that this work is
timely and relevant.

Thus, in the analyzed works on traumatism
of students, team sports were mainly investigated
as the most susceptible to injuries. However, it is
now also important to analyze injuries in other
sports, which are increasing in popularity every
year. Rock climbing can be chosen as such a sport
for the following reasons: 1 — rock climbing is
included in the program of the Olympic Games, it
is becoming more and more popular among young
people [22]; 2 — a large number of injuries are
observed in rock climbing; 3 - there are currently
no specific injury prevention programs in rock
climbing [23-25].

The purpose: to develop and
experimentally test the biomechanical technology
of injury prevention of future specialists in physical
education and sports in the process of professional
training (rock climbing for example).

Material and Methods

Participants and randomization

The participants of this study were 84 male
students engaged in amateur climbing in the cities
of Ukraine (Kharkiv, Dnipropetrovsk, Lyuvov,
Vinnytsia, Kamyanets-Podilsk, Kyiv) aged 18-19
years. All athletes were also students of physical
education faculties of Ukrainian universities. All
athletes gave written consent to participate in the
experiment. The health of the athletes was checked
during the first 2 weeks of the study with the help
of regular medical examinations conducted by a
doctor. Athletes were also observed for 6 months
to assess baseline injury rates and baseline
techniques of one-arm hang on one arm.

An independent statistician performed a
parallel randomization of athletes into a control
group and an intervention group using a random
distribution method using an online random
number generator program. As a result of
randomization, 40 athletes were in the
experimental group and 44 - in the control.
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The groups were compared with indicators
of body length, body weight, experience of rock
climbing and the number of injuries during the
observed period of 6 months before the
experiment. For all these indicators, the groups did
not differ significantly from each other.

The body length of athletes in the control
group was 172.5 £ 8.5 cm, body weight - 65.2 + 6.5
kg; the body length of the athletes of the
experimental group was 173.4 £ 8.7 cm, body
weight - 66.1 £ 6.6 kg (p> 0.05).. No significant
differences in the injury index in the control and
experimental groups were found (p = 0.385-0.729).

Both control and experimental groups
consisted of novice athletes (amateurs), aged 18-19
years, males; body length of athletes of the control
group was 172.5 + 8.5 cm, body weight - 65.2 + 6.5
kg; the body length of the athletes of the
experimental group was 173.4 + 8.7 cm, body
weight - 66.1 £ 6.6 kg (p> 0.05). The groups trained
according to the generally accepted plan 3-4 times
a week, the number of training hours was the same
in both groups. At the beginning and at the end of
the pedagogical experiment, an analysis of the
technique of performing the height on one arm was
performed by experts in both groups. The number
of injuries of the upper extremities in both groups
was also recorded.

At the fourth stage of the study (August
2020 - December 2020) the analysis of the
obtained data was carried out, the work was
formalized.

Injury registration method

Cases of injuries and diseases of the upper
extremities were registered during the year in the
control and experimental groups. The following
injuries were registered: injuries and diseases of the
fingers, injuries and diseases of the elbow joint,
injuries and diseases of the shoulder joint. Injuries
were also registered by severity: minor, moderate,
severe. Low complexity injuries include those that
heal in less than 1 month, Medium complexity
injuries that heal in 2-3 months, and High
complexity injuries include those that heal within
6-12 months and can last a lifetime. Cases of
injuries of the upper extremities were registered
during the year in the control and experimental
groups. Injuries of fingers were registered.

Method of determining the risk of injury

To determine the impact of the developed
technology on the risk of injury, the following
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indicators were determined: risk (incidence) of
injury, chance of injury, relative risk and odds
ratio. Injury risk (incidence) was defined as the
ratio of the number of injuries to the total number
of athletes in the analyzed group. The relative risk
(incidence rate ratio) was determined by the ratio
of risk in the control group to the risk in the
experimental group. The chance of injury was
defined as the ratio of the number of injuries to the
number of uninjured athletes in the analyzed group.
The odds ratio was defined as the ratio of the
chances of injury in the control group to the
chances of injury in the experimental group.

Intervention program

As a result of analytical and creative work,
a biomechanical technology for injury prevention
in the training of specialists in physical education
and sports was developed. The technology is
developed, which contains 3 directions: 1 -
theoretical and methodical (creation of bases for
understanding by students of mechanisms of
formation of movements without risk of injury,
formation at students of concept of
biomechanically rational movements in general); 2
- analytical (providing students with knowledge
about modern means of self-analysis of the level of
technical skills); 3 - practical (students' mastery of
practical means of injury prevention, ie, exercises
that will promote the formation of biomechanically
rational movements in any sport, and thus prevent
injuries).

Theoretical and methodological direction
involved mastering the basic knowledge of
dynamic anatomy, which is the basis of
biomechanics, the basic laws of motion control,
understanding the causes and means of injury
prevention in physical culture and sports.

In order to form a theoretical foundation
for students in the process of formation and
improvement of technical skills, an author's video
manual on the basics of biomechanics of the
musculoskeletal system was developed. The
author's video manual is an illustration with an
explanation of the biomechanical patterns of
proper motor skills and injury prevention.

The author's video manual is entitled:
"Biomechanics of the musculoskeletal system"
(A.C. NeNe 100612-100616 from 17.11.2020) and
consists of 5 parts:

Part 1. Biomechanics  of  the
musculoskeletal system. Basic concepts in
biomechanics (A.C. Ne 100612 from 17.11.2020)

(Fig. 1).
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Part 2. Biomechanics of the Part 4. Biomechanics of  the

musculoskeletal system. Upper limb (A.C. Ne
100613 dated 17.11.2020) (Fig. 2).

Part 3.  Biomechanics of  the
musculoskeletal system. Lower limb (A.C. Ne
100614 from 17.11.2020).

musculoskeletal system. Torso and pelvis (A.C. Ne
100615 from 17.11.2020).
Part 5.  Biomechanics of  the

musculoskeletal system. Head and neck (A.C. Ne
100616 from 17.11.2020).

Fig. 1. Example of a slide of the first part of the author's textbook with an illustration of the pattern as part of
the motor stereotype (source: the figure by the author)

Fig. 2. Example of a slide of the second part of the author's textbook with an illustration of manual therapy
techniques for injury prevention and recovery from injuries of the upper extremity belt (source: the figure by
the author)

Theoretical classes on sports and
pedagogical improvement explained to students the
main tasks of studying the biomechanical
foundations of the process of mastering technical
skills.

As a result, students were given the
opportunity to get a lot of interesting, relevant
information and applied techniques for work and
independent training.

The first part of "Biomechanics of the
musculoskeletal system. Basic concepts in
biomechanics "contains information about the
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authors, the tasks of the manual, which are as
follows:

* Study of basic and clinically significant
concepts of biomechanics [26, 27].

* Study of functional anatomy in motion
models.

* Mastering and practicing methods of
manual and functional therapy

Next, students are invited to determine
their goals in classes on sports and pedagogical
improvement. This is a necessary condition and the
first step to create a conscious attitude of students
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to their functional state and injury prevention in
both the chosen sport and other physical activities.

The next stage provides a definition of
biomechanics as a science of the laws of
mechanical motion in living systems, which studies
the features of movements in the process of motor
activity and exercise. The general task of
biomechanics is to find perfect ways of motor
actions and to teach / learn to perform them more
effectively. The following are partial problems of
biomechanics:

* Study and explanation of the human
movements in a particular area of his motor
activity.

» Study of the results of the motor task.

* Study of the conditions in which they are
carried out.

* Based on all this - the development of
effective movements, through learning and
training.

In the analytical direction the algorithm of
revealing of the basic kinematic parameters of
various models of technics characteristic of
students with various level of possession of
technics of sports movements is developed.

The analytical direction of biomechanical
technology of injury prevention provided for the
introduction of modern means of analysis of the
effectiveness of mastering motor skills in the initial
process of physical education and sports. In
particular, students were asked to learn a modern
tool for video analysis of movement techniques -
the Kinovea program [28, 29]. The Kinovea sports
video analysis program is now an effective,
informative, easy-to-learn tool for improving the
efficiency of students' acquisition of motor skills
and injury prevention.

In the analytical classes, students were
explained that for the prevention of injuries it is
necessary to have modern tools not only qualitative
but also quantitative analysis of movement
technique. There are many different computer
programs and video tools for this. One of the most
common features is the Kinovea program.

In the future, students were invited to
master working with this program.

In the practical direction the principles of
application of means for prevention of traumatism
are defined:

1 — strengthening of the muscles
participating in performance of the movement;

2 — the formation of functional movement,
coordinated work of the muscles of the torso, upper
and lower extremities.

In this directions, developed and
systematized tools to prevent injuries to students -
future professionals in physical education and
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sports [30 —-32].

All means are conditionally divided into
two groups: means from a sport and means specific
to physical therapy. Physical therapy is used in an
unconventional way: to improve movement
technique and to prevent injuries. We have applied
following means of practical exercises for injury
prevention in the process of training specialists in
physical education and sports on the example of
climbing.

The  exercises were based on
neuromuscular training [10, 19] with movements in
a closed kinematic chain and exercises in an
eccentric mode [33, 34].

Exercises specific to physical therapy were
aimed at the formation of functional movements.
The basis of physical therapy exercises was made
up of movements aimed at coordinated interaction
of the patterns of the shoulder, scapula, pelvis and
trunk.

Statistical analysis

The values of the measured angles at the
point of stable fixation of the height were
compared on the basis of 20 measurements for each
model of technology using the Student's method for
odd samples.

To determine the impact of the developed
technology on the risk of injury, the following
indicators were determined: risk (incidence) of
injury, chance of injury, relative risk and odds ratio
using the computer program SPSS-17, Crosstabs
option.

For the entire sample, we used the exact
Fisher test and the Pearson y-square test to compare
the injury rate between the intervention groups and
the control group. We calculated the number
needed for training to prevent 1 injury as the
inverse of the difference between the percentages
of injured players in the control and experimental
groups. We considered bilateral P <0.05
statistically significant.

We presented the Injury rate indicates as
the number of injuries per 1000 NPPs, and we
defined the AE as the number of athletes multiplied
by the number of all training sessions and
competitions in which they participated (AE =
athlete*exposure (training sessions,
competitions)). In our case, the number of trainings
and competitions was the same in the control and
experimental groups and was 75 before the
experiment and 150 during the experiment. The
number of students - climbers in our case was 40
for the experimental group and 44 - for the control).
The value of the Injury rate was defined as - the
number of injuries 1000 AEs.
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Significance of differences in the number
and risk of injuries between the control and
experimental groups was determined by the Fisher
exact test and using the Pearson y-square test.

Injury risk (incidence) was defined as the
ratio of the number of injuries to the total number
of athletes in the analyzed group. Relative risk
(incidence rate ratio) was determined by the ratio
of risk in the control group to the risk in the
experimental group. The chance of injury was
defined as the ratio of the number of injuries to the
number of uninjured athletes in the analyzed group
[35]. The relative chance (Odds Ratio) was defined
as the ratio of the chances of injury in the control
group to the chances of injury in the experimental
group [35]. These indicators were determined
separately for all analyzed types of finger injuries
(low, medium and severe).

Results

The total number of all registered finger
injuries during 1 year of the experiment was 33 in
the control group and 9 in the experimental group.
The number of AEs during 1 year of the experiment
was 6600 in the control and 6000 in the
experimental groups. Injury rate per 1000 AEs of
all registered finger injuries in the control group
during the 1 year of the experiment was 5.5 (95%
Ci, 1.061; 9.267), in the experimental group - 1.364
(95% Ci, 0.032; 2.375), P <0.001.

The injury rate of mild finger injuries per
1000 AEs during 1 year of the experiment in the
control group was 1.97 (95% Ci, 1.061; 2.303), in
the experimental group - 0.83 (95% Ci, 0.068;
0.978). The incidence rate ratio for cohort (injuries
= no) for mild shoulder injuries was 0.805 (0.643;
1.00). We also found that the Injury rate of
moderate finger injuries per 1000 AEs during 1
year of the experiment in the control group was
1.67 (95% Ci, 0.247; 1.783), in the experimental
group - 0.50 (95% Ci, 0.088; 1.182). The incidence
rate ratio for cohort (injuries = no) for moderate
finger injuries was 0.811 (0.669; 0.982; P = 0.030).
Our study also showed that the Injury rate of severe
finger injuries per thousand AEs during 1 year of
the experiment in the control group was 1.36 (95%
Cl, 0.134; 1.685), in the experimental group - 0.17
(95% Cl, 0.065; 1.225). The incidence rate ratio for
cohort (injuries = no) for severe finger injuries was
0.816 (0.697; 0.955; P = 0.011) (Table 1).

The incidence (risk) of finger injuries of
low complexity in the control group is 0.23, in the
experimental - 0.10; the chances of getting a finger
injury of low complexity in the control group is
0.419, in the experimental - 0.143. The relative risk
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(control group / experimental group) to get a injury
of fingers of low complexity in the control group is
higher in 2.364 (95% CI = 0.925-6.041, P> 0,05)
times in comparison with experimental (tab. 1, ).
Relative risk - the probability of injury
(experimental group / control group) is equal to
0.805 (95% CI = 0.643-1.008, P> 0.05). The
relative chance of getting a finger injury of low
complexity in the control group is 2.935 times
higher (95% CI = 0.940-9.170, P> 0.05) compared
with the experimental (Table 1).

The incidence (risk) of finger injuries of
medium complexity in the control group is 0.250,
in the experimental - 0.075; the chance of getting a
finger injury of medium complexity in the control
group is 0.333, in the experimental - 0.081. The
relative risk (control group / experimental group)
to get a finger injury of medium complexity in the
control group is higher by 3.333 times (95% CI =
1.001-11.096, P (Fisher) = 0.030) compared to the
experimental. Relative risk - the probability of
injury (experimental group / control group) is equal
to 0.811 (95% CI = 0.669-0.982, P (Fisher) =
0.030). The relative chance of getting a finger
injury of medium complexity in the control group
is 4,111 times higher (95% CI = 1.055-16.020, P
(x2) = 0.041) compared with the experimental
(Table 1).

The incidence (risk) of finger injuries of
high complexity in the control group is 0.205, in
the experimental - 0.025; the chances of getting a
finger injury of high complexity in the control
group is equal to 0.257, in the experimental - 0.026.
The relative risk (control group / experimental
group) to get a finger injury of high complexity in
the control group is 8,182 times higher (95% CI =
1.084-61.749, P (Fisher) = 0.011) compared to the
experimental. Relative risk - the probability of
injury (experimental group / control group) is
0.816 (95% CI = 0.697-0.955, P (Fisher) = 0.011).
The relative chance of getting a finger injury of
high complexity in the control group is 10,029
times higher (95% CI = 1.209-83.201, P (y2) =
0.016) compared with the experimental (Table 1).

Discussion

As the analysis of the literature has shown,
our study is one of the first to develop programs for
the prevention of injuries for students - future
specialists in the field of physical education and
sports. In addition, our study is one of the first on
injury prevention for climbers. Our technology for
the prevention of injuries of students studying in
the specialty "Physical Education and Sports"
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involves 3 directions:  theoretical  and
methodological, analytical and practical. As the
study showed, the application of the developed
technology is effective for the prevention of
injuries of students — rock climbers, future
specialists in physical education and sports. Thus,
the goal of the work was achieved: the technology
of prevention of injuries of students - future

specialists in physical education and sports - was
developed and experimentally substantiated. In our
study, we presented the results of the application of
the developed technology for the prevention of
finger injuries of rock climbers — students of the
faculties of physical education and sports.

Table 1
Indicators of finger injuries in the control (n = 44) and experimental (nh = 40) groups
Group Low complexity Medium complexity High complexity
Incidence Incidence Incidence
Yes* No* (risk) of Ch'ar'1ce 2l Yes (risk) of Ch.ar\ce Y Yes No (risk) of Ch'ar\ce
o injury S injury S of injury
injuries injuries injuries
C 13 31 0.23 0.419 11 0.250 0.333 9 35 0.205 0.257
E 5 35 0.10 0.143 3 0.075 0.081 1 39 0.025 0.026
IRR(CI) . 3.333 (1.001; 11.096) 8.182 (1,084; 61.749)
p2 2.364(0.925; 6.041) P(Fisher)=0.030 P (Fisher)=0.011
OR(Cl) , 4.111 (1.055; 16.020) 10.029 (1.209; 83.201)
s 2.935 (0.940; 9.170) P()0.041 o (¢)=0.016

Notes: C-control group; E - experimental group; * - Yes - the number of people injured; No - the number of people who
were not injured; IRR (incidence rate ratio) - the ratio of the value of the risk of injury in the control group to the value
of risk in the experimental group; OR (Odds Ratio) - the ratio of the chances of injury in the control group to the value
in the experimental group; Cl - confidence interval (lower limit. Upper limit); and - only reliable values of P are presented;
P (Fisher) - was determined by the exact Fisher test; P (x2) was determined by the Pearson x-square test

It should be noted that we have confirmed
our previous studies on injury prevention for
amateur climbers [32]. The work [32] showed that
the use of neuromuscular training is effective for
the prevention of finger injuries in climbers. The
study presented in this work has shown a higher
efficiency of the use of complex technology for the
prevention of finger injuries of rock climbers -
students. We believe that the great efficiency of the
developed technology is due to its complex nature:
it contains not only neuromuscular training, but
also theoretical, methodological and analytical
components. The educational component is very
important for the students - climbers' conscious use
of the proposed practical exercises [19]. In
addition, the analytical component is important for
the quantitative analysis of the technical features of
the main elements of the sport. It is the integrated
approach that determined the high efficiency of the
use of biomechanical technology for preventing
injuries of students - rock climbers, future
specialists in physical education and sports. In
addition, the study also confirmed our data
presented in previous works on the effectiveness of
the use of exercises in a closed kinematic chain and
eccentric exercises for the prevention of shoulder
injuries [30, 31]. In the study presented in this
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paper, technologies of a complex nature are shown.
The theoretical, methodological and analytical
aspects complement the practical, making up a
coherent whole of understanding, application and
ability to analyze. This, in our opinion, is especially
important for students - future specialists in
physical education and sports.

Our research has also confirmed the
findings of other scientists dealing with the
problem of student injuries. So, in many works it is
shown that injuries received as a result of students'
sports activities are a real problem. So, Jin [36]
found a high number of injuries in college football
students. Similar results were obtained by
Kahlenberg, et al. [37]. It was found that every
student is an athlete. on average engaged in 1.6
different sports. The average number of hours of
sports per year was 504.3 and 371.6 hours,
respectively. The average total number of sports
injuries received by athletes was 1.7 per
participant. 80.8% of respondents reported having
suffered at least one sports injury. Thus, the
number of injuries in students engaged in sports is
high.

Kerr, et al. [38] data on injuries and
impacts collected on 27 sports using the National
Network for Sports Treatment, Injuries and
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Outcomes (NATION). The results provided by
certified sports coaches (AT) for the collection of
data on injuries of athletes (AE) in training and
competitions in 27 sports in the period from
2011/2012 to 2013/2014 were analyzed. It was
found that most of the 47,014 injuries were injuries
of the ankle and knee joints (82.8%). Among boys
in sports, the injury rate was highest in football
(3.27 / 1000 AE) and wrestling (2.43 / 1000 AE);
The number of ankle and knee injuries was also
highest in football (15.29 / 1000 AE) and wrestling
(11.62 / 1000 AE). Among women's sports, the
injury rate was highest in football (1.97 / 1000AE)
and basketball (1.76 / 1000AE); The number of
ankle and knee injuries was highest in field and
lacrosse field hockey (both 11.32 /1000 AE).

Our research has shown that rock climbing
is also a dangerous sport in terms of upper limb
injuries. Given its growing popularity among
young people, the development and substantiation
of a technology for the prevention of climbers'
injuries is timely. This is especially true for
students - future specialists in physical education
and sports, since their task is not only to learn how
to train without injuries, but also then to carry the
knowledge gained to their future students.

Conclusions

1. The biomechanical technology for
injury prevention in the training of specialists in
physical education and sports has been developed
on rock climbing for example. Developed
biomechanical technology for injury prevention
contains 3 areas: 1 - theoretical and methodological
(creating a basis for students to understand the
mechanisms of movement without risk of injury;
concept of biomechanically rational movements in
general); 2 - analytical (providing students with
knowledge about modern means of self-analysis of
the level of technical skills); 3 - practical (students'

mastery of practical means of injury prevention,
exercises that will promote the formation of
biomechanically rational movements in any sport,
and thus prevent injury).

2. The applied technology of injury
prevention significantly influences both the
reduction of the number of injuries of athletes —
future specialists on the physical education and
sports (on rock climbing for example). It is
established that the application of the developed
technology of injury prevention reduces the risk of
finger injuries: low complexity — in 2.364 times
(95% CI = 0.925-6.041, P> 0,05) times; medium
complexity — in 3.333 times (95% CI = 1.001-
11.096, P (Fisher) = 0.030); high complexity — in
8.182 times (95% CI = 1.084-61.749, P (Fisher) =
0.011).
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