
119

(p<0,05), чем расчетная (табл. 1), что может быть обусловлено высокой физиче-
ской активностью и высокой долей тощей массы тела.

Средняя величина суточных энерготрат футболистов составила 4050±256 ккал/
сут. со средним показателем КФА 2,16±0,15. Традиционная оценка суточных энер-
готрат методом хронометража относит данную физическую активность к  5‑й 
группе энерготрат с КФА = 2,4 и более [4]. Однако, с помощью метода суточной 
пульсометрии с параллельным хронометражом и последующим расчетом в соот-
ветствии с индивидуальной калибровочной кривой, нами были получены более 
точные значения энерготрат футболистов в течение суток. По результатам иссле-
дованная, спортивная деятельность обследованных футболистов соответствует 
4‑й группе физической активности для мужчин — КФА=2,16.

Измерение суточных энерготрат показало недостоверные незначительные раз-
личия уровня энерготрат футболистов в зависимости от игрового амплуа.
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Annotation. The aim of this work was to determine qualitative and quantitative 
parameters of physical loads of female handball players, based on biomechanical 
parameters of muscular activity. Parameters used technical-tactical training exercises 
must be based on the nature of their perception by the athlete’s body. Excessive physical 
activity may lead to overstrain of the functional systems of the body. This can affect not 
only the effectiveness of conducting training sessions, but also the result of competitive 
activities.
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Introduction. In team sports games, effective competitive activity, corresponding 
to a high sports result, makes certain demands, primarily to the collective interactions 
underlying the creation of favorable game situations for the victory over an opponent. 
Therefore, the criteria for assessing the effectiveness of real collective activities should 
be the parameters of the team’s competitive activities, contributing to the achievement 
of victory in both a separate match and in a series of games.

At the same time, the effectiveness of collective interactions is largely due to the level 
of individual preparedness of individual athletes, which is the basis of not only the creation 
but also the realization of beneficial situations [2]. Obviously, this fact determines the 
existence of certain requirements for the status and competitive activity of  individual 
players  in accordance with their role [3]. Consequently, these requirements, aimed at 
achieving a high sports result, can also serve as criteria, but already an assessment of 
the real  indicators of the  individual preparedness of the players [1]. The evaluation of 
training influences obeys to the processes of adaptation to intense muscular activity. In this 
regard, the rationing of training loads should be based on a comprehensive analysis [5].

The structure of training loads of female handball players is determined by qualitative 
and quantitative parameters. These parameters are based on the criteria for the immediate 
and long-term adaptation of skeletal muscles  in the performance of special training 
methods [4]. It seems that the requirements specified  in the analysis of  information 
for improving the effectiveness of collective and individual competitive activities, as well 
as the level of the players state allow to begin the  immediate planning of the training 
process at the next stage of management.

Purpose. The aim of the research: increasing the effectiveness of training and 
competitive activities on the basis of objective biomechanical assessments of the adaptive 
capabilities of athletes.

Research Methodology. The main method of research during the scientific work, at 
the first stage was the myometrium during the physical exercises.

At the second stage, a pedagogical experiment was conducted to assess the impact of 
the experimental program on the athletic result.

The study involved 18 female handball players belonging to the handball club «Gomel».
The research was carried out at the laboratory of physical culture and sports of Francisk 

Skоrina Gomel State University. The еxploration have been conducted in the framework of 
the State Program of Scientific Research of the Republic of Belarus «Convergence‑2020».

Research results and discussion. The functional state of skeletal muscles, when 
performing special exercises  in handball, was performed  in  Vivo, based on the data 
obtained  in previous studies. Myometric studies were conducted on m. biceps brahii, 
m. triceps brahii, m. extensor Capri radialis longus, m.biceps femoris, m. rectus femoris, 
m. gastrocnemius (caput laterale and caput mediale). From the functionality of skeletal 
muscles, evaluated by the indicators of muscle tone (by the difference in frequency of 
oscillations in the muscle (frequency) in a relaxed and stressed state), the adequate ability 
of the muscle to resist the changes in its shape as a result of the action of external forces, 
determined by the stiffness  index of muscle tissue  in the relaxed and stressed state of 
decrement and the strength potential of the skeletal muscle, determined by the stiffness 
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parameters in the relaxed and stressed state, is substantially dependent on the individual 
response of health to the performance of the subsequent load.

As an example of the behavioral response of the skeletal muscle and the change in its 
functional state over time, we give the loading data m. triceps brahii  in the repeated 
serial work of making throws at the target. The exercise was carried out from a two-
point starting position. Operating mode — 30 seconds of active work after 1 min of rest. 
Functional state of skeletal muscles was performed at the end of each series of exercises, 
and, also, every subsequent 24 hours after the exercise.

According to the results of the conducted experiment, it was revealed:
— tonic tension of the skeletal muscle is in the state of normal (by the difference in 

the index in the relaxed and stressed state) during the first three series.
— beginning from the 4th series, there is a decrease in the index in the state of tension, 

which is a consequence of the coming fatigue;
— refusal of work is noted after the 10th series. 24 hours after the exercise, there is a 

high level of muscle tone in the relaxed state, which indicates a low level of recovery of 
skeletal muscle and its unavailability to exercise;

— recovery of muscle tone to normal occurs after 48 hours.
— after the second repetition, the elasticity  index of the skeletal muscle decreases, 

the worst state of which  is observed after the eighth repetition. In the future, there  is 
an improvement in this indicator, which, in our opinion, is a consequence of the activity 
of recovery mechanisms. Restoration of the elasticity index to the normal level is observed 
after 48 hours.

The adequate ability of the muscle to resist the changes in its shape as a result of the 
action of external forces, determined by the stiffness of muscle tissue in a relaxed and 
stressed state, has a negative index after the fourth repetition, which indicates the onset 
of fatigue and the  inability of the skeletal muscle to recover mechanical energy. Over 
the next six repetitions, this indicator continues to decline. The worst indicators of this 
parameter, determining the power capabilities of the skeletal muscle at a given time, are 
noted 24 hours after the end of the load. Restoration of the stiffness properties of the 
muscle to the normal level occurs after 48 hours. However, this time is not enough to 
restore to the initial level, marked before the start of the load.

Based on the results obtained  in the preliminary experiment on the quantitative 
parameters of training loads, an experimental program of training sessions for the sports 
season was developed and approbated.

In the course of the study pedagogical testing was conducted to study the indicators of 
technical-tactical preparedness of handball players. To assess the technical preparedness, 
the most informative tests were used: running a ball with a stroke of obstacles, 20 assists in 
a pair and 5 throws at the gate from a line of free throws.

In the analysis of the results, significant differences were found  in all the control 
tests: running а ball with a stroke of obstacles (before the experiment: 58.3 ± 0.7, after 
the experiment: 53.6 ± 0.5 (P<0,05)), 20 assists in pair (before the experiment: 1.14,8 ± 
0.036, after the experiment: 1.02,1 ± 0.048 (P<0,05)), 5 throws at the gate from а line of 
free throws (before the experiment: 44.0 ± 0.8, after the experiment: 41.0 ± 0.2 (P<0,05)).

Taking into account the obtained data, it can be concluded that the level of physical 
and technical preparedness has significantly  increased during the period of the 
experiment.
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In connection with the foregoing, it can be stated that the application of the experimental 
program has a positive dynamics on the level of technical-tactical preparedness of 
handball players.

Also, in addition to pedagogical research, the dynamics of the level of technical 
preparedness can be judged by the percentage of  victories and defeats  in the playing 
season (the gain of victorious games was 13 %).

Conclusions. 1. As the leading special physical qualities of female handball players of 
high qualification, the leading physical qualities were singled out: coordination, speed of 
execution of single movement and special endurance;

2. The main principles of programming the training process include: the use of different 
options for building training sessions, which depends on the period in the annual cycle of 
the training process (selective (contributing to the predominant development of certain 
properties and abilities that determine the level of special preparedness of handball 
players — speed or strength, anaerobic or aerobic performance, special endurance, etc.) 
and complex orientation (suggest the use of training exercises that help solve several 
problems).

3. The implementation of the experimental training program was accompanied by a 
reliable increase in the rates of speed, strength, endurance, and indicators of the level of 
technical preparedness of female handball players.
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Анотація. Дослідження спрямоване на виявлення частоти відхилень на елек-
трокардіограмі при проведенні поглибленого медичного обстеження у  спор-
тсменів високої кваліфікації, членів збірних команд України та їх резерву. Прове-
дено аналіз отриманих даних та визначені шляхи подальших досліджень.

Ключові слова: електрокардіограма, фізичне навантаження, спортивне серце, 
спортсмени.

Вступ. Тривалі високої інтенсивності динамічні навантаження викликають 
певні зміни в  серцево‑судинній системі спортсмена. Такі зміни в  спортивній 
медицині прийнято називати «спортивним серцем». «Спортивне серце» харак-
теризується певними електрокардіографічними змінами, які пов’язані з активі-
зацією фізіологічних механізмів адаптації та структурними змінами в  міокарді. 
Економізація роботи серця відбувається за рахунок брадикардії, скорочення фази 
швидкого вигнання крові, подовження тривалості діастоли, збільшення розмірів і 
об’ємів порожнин серця, гіпертрофії стінок лівого шлуночка. Частота виявлення 
відхилень на електрокардіограмі (ЕКГ) у спортсменів становить від 40 % до 60 %.

Серцево‑судинні захворювання є головною причиною раптової смерті в спорті. 
Порушення ритму і провідності в серцевому м’язі потребують кропіткого аналі-
зу для вирішення складної задачі по  диференціації фізіологічної адаптації та 




