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Introduction. Investigation of physical work capacity is the essential condition for objective diagnostic of training capacity of athletes [1, 2, 3]. But till nowadays in football practice for estimation of football players work capacity, as a rule, it was used running on middle and long distances [4, 5]. Till last time for preparation of championship of the world the Brazilians used one of the Kuppers tests; it is during 12 min. football players had to run possibility longer distance. If a player runs 2800 m and more, his capacity training was estimated as good. So, this test does not differ from those, which are used in our football [6, 7].
Efficiency of leadership for training process is closely connected with the modeling. It is used for estimation of different characteristics of sports training process and rationalization of methods for constructions of its parts [8, 9, 10].
For estimation of physical work capacity of footballs players it was observed the power of work capacity and reactions of biochemical and physiological systems.
Material and methods. The program of diagnostic-functional investigation included the complex of methods of investigation of basic and main system of organism ECG, PWC170, MCO, concentration of uric acid (Н+ La-) and urea – metabolites of carbohydrate and albuminous exchange. The testing of physical work capacity was carried out with veloergometer tests with stage increasing of exertion according to the work power until refusal. The work was calculated on 1 kg of body mass of athletes. It was given the mark of function during work and rest. 
Under our observation there were 28 football players of the highest qualification from master teams of Kharkov of basic and reserve cast aged 18-30 years. Observation has been carried for 7 years (2005-2012).
According to our opinion it is not quite right to estimate the work capacity of football players only using the smooth uniform running because such exertion reflects in generally aerobic possibilities of players. Taking into consideration volume, character of exertion, coordination and structure the smooth running does not reflect moving activity of football players during play.
[image: Sxematest]In connection with it we worked out the special test for estimation of specific work capacity of football players that is the physical exercise, containing basic specialties of moving activities of players. The suggesting exercise is fulfilled as the running with maximal intensity along the perimeter of the square having sides of 15 m. After starting a football player does a jerk along 15 m, then changes his direction on 90º and continues movement, running behind the four stances, standing in the distance of 3 m from each other, then he again changes the direction on 90º doing a jerk for 15 m and, at last, finishes this distance jumping over two 40 cm hurdles, standing in the distance of 5 m from each other (picture 1). Finish is in the same point as start. The time of all running is fixed on the stop watch (on the average it is 13 seconds). A player is given the 15 second active rest with walking in the area of start line. After it the new run is stared and so five times. Picture 1. The scheme of test for estimation of special work capacity of football players

Work capacity of football players has been estimated according to such parameters: summary time of running in five trials, heart beatings after the 5th trial and restoration time for heart beatings to 120 beat/min. The test was made in 28 football players of the highest categories taking into consideration the subjective fillings of athletes and observation data of coaches. 
For objectivity of this suggested test we fulfilled another investigation. All football players carried out four kinds of work. At first they were proposed sequentially to fulfil on veloergometer two exertions with power of 900 and 1260 kgm/min. This work lasted 5 minutes with 3 minute interval for rest. 
Table 1. 
Investigation results of general work capacity of football players (Karpmann’s method)
	Investigating data
	х±σ

	PWC170, kgm/min 
	1298±155

	MOC, l/min
	3,73±0,36

	О2, l·min/kg 
	0,52±0,06


At the end of each trial during 30 sec. heart beat rate had been registered using electrocardiograph. After it with use of Karpmann’s method PWC170, MOC and O2 consumption on 1 kg body mass were calculated (table № 1). After 10 minutes a football players fulfilled 65-second work of interval character, imitating the suggesting exertion test: after light signal a player worked 13 sec. in maximal tempo, doing the work with 15 second rest one after another. There are 5 trials. At the 5th trial there is HBR registration. 
Table 2. 
Investigation results of special work capacity of football players in laboratory condition
	Investigating data
	Interval work
	Special work

	
	х±σ
	х±σ

	General metric area on speedometer
	1450±80
	1300±70

	Restoring time of HBR to 120 beat/min, sec.
	2,7±0,9
	3,1±1,1

	 HBR after the 5th trial beat/min 
	195±10
	196±9


Metric area on speedometer, restoring time of HBR to 120 beat/min and HBR at the end of the 5th trial were taken as estimation criteria of work capacity (table 2). After 10 minute rest the 4th series work was fulfilled: the exertion was imitating the play activity of football players in some concentration form, where work and rest were change so: work, sec. – 5, 8, 6, 10, 5, 7, 10, 6, 8 on the whole 65 seconds; rest, sec. – 3, 10, 5, 5, 10, 9, 8, 5 on the whole 55 seconds.
Table 3. 
Investigation results of special work capacity of football players using physical exercise tests 
The estimation criteria of work capacity are the same as in the 3d series of work (table 2). Next day the football player fulfilled all 4 series of work on veloergometer was investigated with help of the suggesting physical exercise (table 3). 
	Investigating data
	х±σ

	Summary time of 5 trials, сек. 
	66,8±2,31

	Restoring time of HBR to 120 beat/min, sec.
	3,7±1,2

	HBR after the 5th trial, beat/min 
	195±9


 After finishing of this experiment football players were parted according to their work capacity, showed in different kinds of investigations and the coefficient of range correlation was calculated. 
We investigated functional particularities of cardiovascular system in dynamics during different periods of sport season: at the beginning and at the end of preparatory period, in the middle and at the end of basic period. All the athletes were undergone with electrocardiography investigation before and after football match. Arterial blood pressure at the beginning of investigation was 120/70 mm Hg (on the average), and before basic period of competition it was 110/60 mm Hg. Further during the basic period BP didn’t changed. The recording of ECG was made in state of rest and after dosed muscle exertion (3 minute running with tempo of 180 steps per minute). At the beginning of training period in 10 persons it was established the right sinus rhythm with the contraction rate of 60-68 beat/min, in 14 persons it was established the moderate sinus arrhythmia, in 3 persons – bradycardia (50-56 beat/min) and 1 person had bradyarrhythmia. Duration of PQ and QPR intervals responded to standard. Summary voltage of R waves in standard leads changed in limens of 16-34 mm. 14 persons had the normal electrical axis, 9 persons had tendency to its deflection to the right. The dextracardiogram was determined in 3 persons and 2 persons had tendency to deflection of electrical axis to the left. During investigations after standard muscle exertion in the same period it was established 3 types of ECG reactions: physiological, satisfactory and unfavorable. Physiological (14 persons) and satisfactory (12 persons) reactions are characterized by absence pathological changes. In 2 persons it was discovered unfavorable reaction after standard exertion: there were extrasystoles, more expressive deflection of electrical axis of heart to the right, decreased voltage of R-wave and deeped S3 wave. Before basic period the ECG data greatly changed. 5 persons had sinus right rhythm (62-68 beat/min), with sinus arrhythmia – 7, bradycardia – 12 (48-52 beat/min) and bradyarrhythmia – 3, there was one with tendency to deflection to the left. After standard exertion there were two reactions: physiological – in 20 persons and satisfactory – in 8 persons. These electrocardiography results in state of rest during different periods of observation are showed in table 4. The best results of ECG were registered before the beginning of sport season and then in the middle of competition period these results began to decrease. 
Table 4
Electrocardiography indicators in rest during different periods of investigation 
	Some ECG results
	Investigation period

	
	the beginning of the training perod
	Basic period

	
	
	beginning
	middle
	end

	
	quantity of investigation persons

	Rhythm
	sinus, right
sinus arrhythmia
bradycardia
bradyarrhythmia
summary voltage of R1-2-3 (mm)
	10
14
3
1
16-34
	8
6
7
7
18-39
	18
7
2
1
11-30
	15
8
1
4
11-26

	Position of electrical axis
	normal
tendency to the right
dextrogramma
tendency left
sinistrogramma
	14
7
3
2
2
	16
7
4
1
—
	16
—
2
7
3
	24
4
—
—
—

	Systolic indicator
	normal
short
long
	28
—
—
	20
8
—
	22
6
—
	21
—
7


The observation showed that there were more persons with physiological cardiovascular reactions on the dosed exertion at the beginning of basic period. 
As the result of our investigation it was worked out the modeling characteristics for team on the whole and for every athlete (according to his amplua) according to functional indicators.
It is considered that urea concentration is integral indicator of force qualities development. Н+ La- concentration is the indicator of exertion intensity, development degree of speed qualities. The MOC is the integral indicator and bioenergical indicator of power.
We give some examples of dynamics of physical work capacity in football players of different amplua during testing on veloergometer in 2008 year (the 6th place in championship of Ukraine), 2010 year (the 10th place) and 2012 year (3rd place).
The volume of fulfilled work (kg/m) and MCO meaning (ml/kg/min) according to years, accordingly, are represented in table 5. 
Table 5
	Team staff
	The volume of fulfilled work (kg/m)
	MOC (ml/kg/min)

	
	2008
	2010
	2012
	2008
	2010
	2012

	For backs
	11907
	12720
	13360
	56,9
	48,8
	65,1

	For half-backs
	9108
	12085
	13860
	55,6
	51,9
	67,8

	For forwards
	7490
	13725
	13725
	56,6
	56,6
	64,0


We proposed the standard averaged minimum model of functional preparation of backs, half-backs, forwards and the whole team in preparative period of football players according to results of veloergometer testing. We give the meanings, accordingly, the 3rd power (kgm/min), HBR (beat/min), Н+ La- concentration (mmole/l), urea (mg %), MCO (ml/kg/min) of standard model in table № 6.
Table 6
	Team staff
	Veloergometer testing (kgm/min)
	HBR (beat/min)
	Н+ La- concentration (mmole/l)
	Urea concentration (mg %)
	MCO (ml/kg/min)

	For backs
	1370
	160
	4,9
	34,8
	65

	For half-backs
	1315
	157
	4,8
	40,8
	68

	For forwards
	1440
	159
	4,8
	35,2
	64

	For the whole team
	1342
	158
	5,1
	37,0
	65


Conclusions
1. Thus, it can be said, that proposed physical exercise can be the objective test for estimation of operative work capacity of football players and taking into consideration dynamics of changing of every registered indicators, estimating work capacity one will be able judge about improvement or deterioration of state of training capacity of football players.
2. Investigations in preparatory period the indicators of system of blood-circulation testify about good functional condition of athletes. At the early stages it is observed loss of sportive form and deterioration of investigative parameters because of saturation of basic period with calendar and comrades plays. It did not allow in full volume to perfect the play technique and interplaying period to improve physical preparation.
3. Aerobic energoproduction and general endurance have very great importance for backs and for half-backs – mixed endurance, for forwards it is speed endurance.
4. Proposed model helps to estimate efficiency of carrying out preparatory period of training process of football players, degree of development of physical qualities, to individualize exertion and make real correction of study-training process. 
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Моделювання функціональної підготовленості футболістів високої кваліфікації
Латогуз С.І., Стратій Н.В.
Нами була вивчено фізична працездатність футболістів, а також функціональні особливості серцево-судинної системи в динаміці в різні періоди спортивного сезону. У результаті досліджень нами були розроблені модельні характеристики для команди в цілому та для кожного спортсмена (по амплуа) за функціональними показниками, які дозволяють визначити ефективність проведеного підготовчого періоду тренування футболістів, ступінь розвитку фізичних якостей, індивідуалізувати навантаження та коректувати учбово-тренувальний процес. Дослідження в підготовчому періоді показників системи кровообігу свідчили про хороший функціональний стан спортсменів, тоді як на ранніх етапах основного періоду відзначається втрата спортивної форми і погіршення параметрів, що вивчалися, із-за насиченості основного періоду календарними і товариськими іграми.
Ключові слова: фізична працездатність, модельна характеристика, аеробна енергопродукція, витривалість.
Моделирование функциональной подготовленности футболистов высокой квалификации 
Латогуз С.И., Стратий Н.В.
Нами было изучено физическая работоспособность футболистов, а также функциональные особенности сердечно-сосудистой системы в динамике в разные периоды спортивного сезона. В результате исследований нами были разработаны модельные характеристики для команды в целом и для каждого спортсмена (по амплуа) по функциональным показателям, которые позволяют опредедить эффективность проведенного подготовительного периода тренировки футболистов, степень развития физических качеств, индивидуализировать нагрузку и корректировать учебно-тренировочный процесс. Исследования в подготовительном периоде показателей системы кровообращения свидетельствовали о хорошем функциональном состоянии спортсменов, в то время как на ранних этапах  основного периода отмечается утрата спортивной формы и ухудшение изучавшихся параметров из-за насыщенности основного периода календарными и товарищескими играми.
Ключевые слова: физическая работоспособность, модельная характеристика, аэробная энергопродукция, выносливость.
Modeling of functional preparing of the high qualification football players 
Latoguz S.I., Stratiy N.V.
It was investigated physical work capacity of football players, and also functional particularities of cardiovascular system in dynamics during different periods of sport season. At the result of our investigation it was. worked out modeling characteristics for team on the whole and for every athletes (according to his amplua) according to functional indicators which helps to estimate efficiency of carried out preparatory period of training process of football players, degree of development of physical qualities, to individualize exertion and make real correction of study-training process. Research in setup time of indexes of the system of circulation of blood testified to the good functional state of sportsmen, while on the early stages of basic period the loss of sporting form and worsening of the studied parameters is marked from the saturation of basic period calendar and comradely games.
Key words: physical work capacity, the modelling characteristic, aerobic energoproduction, endurance. 
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