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THE PECULIARITIES AND DYNAMICS OF FUNCTIONAL STATE
OF QUALIFIED HANDBALL PLAYERS DURING THE ANNUAL
MACROCYCLE

Tyshchenko V., Tyshchenko D., Fiberg O.
69600, Zaporizhzhya national university, Zhukovsky str., 66, Zaporizhzhya, Ukraine
handball.survey@gmail.com

Longitudinal studies have focused on the characteristics and features of the functional state of the cardiovascular
system, autonomic regulation, physical capacity and energy supply muscular activity qualified handball players Super
League of Ukraine. As part of our research to determine the level of the functional state of the highly qualified handball
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players and its individual components new computer program express-diagnosis "Handball Functional” has been used,
which is designed to identify and assess the functional state of the leading physiological systems (cardiovascular
system, autonomic balance, physical capacity and energy supply muscular activity) of the body athletes, level of fitness,
sports qualification and specialization. The proposed program of authors’ "Handball functional” form of interpretation
of the functional state of the test data can significantly facilitate its analysis of the immediate aftermath of the control
testing, and the use of functions provided by the program "Archive", is possible to analyze the dynamics of the
individual. Indicators of cardiovascular system and its dynamics during the entire test period indicate maintaining a high
level of hemodynamics. At the end of the study there is a hyperkinetic syndrome, that is a sign of a lack of tools, which
can not maintain optimal control of cardio - vascular system, but can improve its performance. Maintaining a high level
of vegetative homeostasis indicates a certain level of productivity of the athletes, sufficient to maintain high potential
sympathetic-adrenal, and to overcome the fatigue processes. The findings suggest the need to find means and methods,
which will help to adjust and optimize the performance of athletes at the most efficient level at the right time of the
competition.

Key words: handball, functional fitness, cardiovascular system, autonomic balance.

OCOBJIMBOCTI I JMHAMIKA ®YHKIIOHAJIBHOT'O CTAHY KBAJII®PIKOBAHHUX
IF'AHABOJIICTIB ITPOTAT'OM PIYHOI'O MAKPOLIUKJI

Tumenko B.O., Tumenko J[.I'., ®i6epr O.0O.
69600, 3anopizvkuii hayionanebHull ynieepcumem, 8yi. /Kykosecvkozo, 66, , m. 3anopidxcicsa, Yxpaina

handball.survey@gmail.com

JloHriTyanHanbHE JOCHI/DKCHHS TIPUCBSYEHO BHBYEHHIO XapaKTEPUCTHK 1 o0coOiauBocTeil  (yHKLIOHANBHOT
MiATOTOBJICHOCTI KBaJTi(hiKOBAaHMX TaHIOOJICTIB CYNepird YKpaiHu. Y Mexax Halloro MOCHIKCHHS JJIsl BUSHAYCHHS
piBHS TIATOTOBIICHOCTI CHOPTCMEHIB 1 ii OKpeMHX KOMIIOHCHTIB Oylla BHKOPHCTaHA HOBAa KOMII'IOTEpHA Iporpama
ekcrpec-niarHoctuku «Handball functional», npu3HayeHa aj1s BU3HA4YCHHS Ta OLIHKM (DYHKLIOHAJIBLHOTO CTaHy
MPOBITHUX (i310JIOTIYHUX CUCTEM (BEreTaTUBHOI PIBHOBAru, CEpleBO-CYAMHHOI CHCTEMH, (i3MYHOT Mpane3aTHOCTI Ta
€HepPTeTUYHOrO 3a0e3IedYeHHsT M’S30BO1 [iSUTHOCTI) OpraHi3My, PIiBHA TPEHOBAaHOCTI, CIOPTHBHOI KBawigikarii i
cneuianizanii. [TokasHuKN cepreBO-CyIMHHOI CUCTEMH 1 ii AMHAMiKa MPOTATOM yChOTO IEPioy TECTyBaHHs BKa3ylOTh
Ha MIITPUMKY BUCOKOTO PIBHS TeMOJUHaMIKH. Y KIHII JOCIHIJDKCHHS BUHUKAE€ TUIEPKIHETHYHUH CHHIPOM, IIO €
O3HAKOI0 BIJCYTHOCTI IHCTPYMEHTIB, SIKi HE MOXYThb HiITPHUMYBAaTH ONTHMAJbHE DPETrYJIOBAaHHSA CEPLEBO-CYIAMHHOI
CHCTEMH, aJle MOXKYTh IIJIBUIIUTHU Mpare3aTHicTb. [liaTprmMKka BUCOKOTO piBHS BET€TaTHBHOTO FOMEOCTa3y BKa3ye Ha
NEeBHUH pPiBeHb MPOJYKTUBHOCTI CIIOPTCMEHIB, SIKUH € JOCTAaTHIM JUIS MiITPUMKH BHCOKOTO MOTEHI(aNy CHUCTEMH
CHUMITaTO-HATHUPHUKIB 1 i1 TIOJOTaHHS nporeciB Bromu. OTpUMaHi JaHi CBiT4aTh MPO HEOOXIAHICTH MOIIYKY 3aC00iB
1 METOIB, SIKi JOIOMOXYTh KOPHT'YBAaTH 1 ONTUMI3yBaTH poOOYi XapaKTepUCTHKH CIIOPTCMEHIB Ha HalieeKTHBHIIOMY
piBHI B moTpiOHMH mepion 3maraHb. OZHUMH 3 BaXJIMBMX YMOB JIsl YCHIIIHOT pOOOTH CHOPTCMEHa € MiJArOTOBKa
BIZINOBITHOT HABYAJIbHO-TPEHYBAJILHOT IIPOrPaMu, siKa 3MOKe JIOTIOMOI'TH HOKPAIUTH (yHKIIOHAIBHY NPOYKTHBHICTD
TaHI0O0ICTIB Ta € IHTETPOBAaHOI XAPAKTEPUCTHKOIO B KOHTEKCTI JIEBOCTI MPOBEACHUX 3aXOIiB, IO Oepe ydacTb y
BIIPOBAJPKEHHI CHCTEM BiJIIOBIHO J0 KPUTEPIiiB Ha{IIIHOCTI 1 BHYTPIIIHBOI IIiHH.

Kniouosi crosa: eanobon, pynxyionansra nio2omoenenicms, cepyeso-cyOunHa cucmema, 6e2emamusia pieHoeaza.

OCOBEHHOCTHU U IMHAMUKA ®YHKIIMOHAJIBHOI'O COCTOSAHUSA
KBAJIMOUIIUPOBAHHbBIX I'AH/IBOJINCTOB HA ITPOTA’KEHUU I'OJOBOT'O
MAKPOIIUKJIA

Tumenko B.O., Tumenko J1.I'., Dubepr A.A.
69600, 3anopoorcckuu HayuoHanbhslid yHugepcumem, yi. Kykoseckoeo, 66, 2. 3anopooicve, Yxkpauna

handball.survey@gmail.com

JloHruTyIMHANBHOE HCCIICIOBAaHUE TOCBSIMIEHO W3YYCHUIO XapaKTEpPUCTHK M OCOOEHHOCTeH (YHKIIMOHAIBEHON
MOJITOTOBJIEHHOCTH KBAIM(HUIMPOBAHHBIX raHJ0O0JIMCTOB CYNEpJIUrd YKpauHbl. B pamkax Hamero mccieqoBaHMs IS
orpeJieTieHus] ypoBHS (DYHKIMOHAJIBHOTO COCTOSIHUSI TaHJOOJIMCTOB BBICOKOM KBaIM(pUKAMKM W €€ OTIEIbHBIX
KOMITOHEHTOB OblJIa MCIIOJIb30BaHAa HOBas KOMIBIOTEpHAs Nporpamma skcnpecc-auardHoctuku «Handball functionaly,
KoTOopas IMpEaHasHauCHa JJId ONPCACICHUA W OLCHKHU (l)yHKHI/IOHaHBHOFO COCTOAHUA BEAYIINUX q)I/I3I/IO.HOFI/I‘IeCKI/IX
cucTeM (CepAeYHO-COCYAMCTOW CHCTEMBI, BEr€TaTMBHOTO paBHOBecHs, (u3mueckol paboTOCIOCOOHOCTH U
9HEPTeTUYECKOr0 O0ECHeueHUs] MBIIICYHON [esSTeNFHOCTH) OpraHW3Ma CHOPTCMEHOB, YPOBHSA TPEHHPOBAHHOCTH,
CHOpTHBHOﬁ KBaJ'II/I(i)I/IKaHI/II/I U clIeuaJIn3aIiu. IToxazarenu Cep]le‘IHO-COCy}II/ICTOI\/’I CHUCTEMBI U €€ JTUHAMHKA B TCUCHHC
BCETO NMEPHO/a TECTUPOBAHMS YKa3bIBAIOT Ha ITOJIEP’KaHNE BHICOKOTO YPOBHS FeMOJMHAMUKH. B KOHIle nccieoBaHus
BO3HMKAET THUIEPKHUHETHYECKUH CHHAPOM, YTO SBISIETCS IMPU3HAKOM OTCYTCTBHS MHCTPYMEHTOB, KOTOpPBIE HE MOTYT
MOJJIEP)KUBATh  ONTUMAJIBHOE PETyJIHpPOBaHUE CEPIEYHO-COCYAMCTOM CHCTEMBI, HO MOTYT IIOBBICHTH €ro
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paboTtociocoOHOCTh. [logmepaHue BBICOKOTO YPOBHA BETETATHBHOIO TOMEOCTa3a YKa3blBACT Ha ONPEICICHHBIN
YPOBEHb MPOAYKTUBHOCTU CIIOPTCMEHOB, AOCTATOUHBIN ISl MOJAEPKaHUS BHICOKOTO ITOTEHIINAIA CUCTEMBbl CHMIIATO-
HAJINOYEYHUKOB M JUIA TIPEOAOJICHUS MPOLECCOB yTOMIEHHs. [lomydeHHbIE [aHHBIE CBHUAETECIBCTBYIOT O
HEOOXOANMOCTH TOHWCKAa CPEACTB M METOAOB, KOTOpPBIE IIOMOTYT KOPPEKTHPOBaTh M ONTHMH3HMPOBATh padbodne
XapaKTEPUCTUKH CIIOPTCMEHOB Ha caMOM 3((EeKTHBHOM ypoBHE B HYXHBIH MEpHOA cOpeBHOBaHWH. OmHUMH U3
Ba)KHBIX YCIOBHH [UIS YCIIEITHOW PabOThI CIOPTCMEHA SIBIISIOTCS IOATOTOBKA COOTBETCTBYIOMIEH yueOHOH IIpOrpamMMmel,
KOTOpasi MOXET IIOMOYb YJIYYIIUTh (YHKIHMOHAIBHYIO IIOATOTOBJICHHOCTh TaHIOOJMCTOB, SIBISIFOLICHCS
WHTETPUPOBAHHON XapaKTEPUCTUKOW B KOHTEKCTE JEHCTBEHHOCTH IPOBOJUMBIX MEPONPHUSTHI M ydacTBYIOLIEH BO
BHEJIPEHUH CHCTEM B COOTBETCTBUH C KPUTEPUSAMH HaJIS)KHOCTH M BHY TPEHHEH LICHBI.

Kniouesvie cnosa: eandbon, @QyHKYuoHanbHas noO20MOEIEHHOCHDb, CepOeuHO-COCYOUCAs CUceMd, GeemamusHoe
pasHogecue.

INTRODUCTION

Modern handball — a sport with a high intensity motor actions in the interaction of explosive speed
and power, with the quick change of game situations that require instant solutions, with a wide
variety of methods used, the ability to sprint, acceleration, a sharp change in the direction of motion
[10]. This requires a high level of development of physical qualities and skillful their
implementation during competitive activity [2, 8]. Handball has specific requirements that must be
the practical application of research results. Moreover, it requires control of the preparation and
analysis of the training process. Thus, knowing the physiological needs of handball, you can
improve specific skills that define anaerobic and aerobic systems [9, 10, 15].

In professional sports, including handball, the whole management organization is working to
achieve high quality of sportsmen. That requires correctly planed rational distribution of training
facilities as well as a right developed training of micro-, meso-, macrocycles preparation throughout
one training process [6, 12]. Additionally, it depends on the transition from organization to
realization of the training session, nutrition, recovery system and regular events aimed to assessing
the readiness of the various party athletes (operative, current, stage control) [14].

Scientific and methodological support of high-class athletes is an important factor to increase the
efficiency of the system of training in handball. Currently, one of the main directions of research in
handball is to improve the assessment of the physical condition, including the assessment of
physical fitness, functional state of the main systems of the body, and the psychological trained
athletes. Nevertheless, we cannot be limited to the assessment of the physical state at the present
stage of development of the theory and methods of preparation in handball. It is no longer enough to
manage the training process of athletes of high level that encourages the search for new solutions to
the problem of forecasting performance results. Experience has shown that it is necessary to assess
the physical condition of the handball players that must include necessary testing, such as group of
physical exercises, previously compiled, tested, informative, reliable, with which you can determine
not only the level of development of various motor skills and abilities, monitoring the functional
state of cardiovascular and autonomic nervous systems of the body but psychological state as well
[3, 11].

These methods can be widen if we analyze the level of function of myocardial, vascular,
respiratory, sensory-motor, autonomic nervous system and other important given the integral index
of the cardio-vascular system, describing the central hemo-dynamics. Typically, sports practice
parameters are calculated because the use of instrumental methods during ongoing researches
significantly complicates them. Therefore, the development of new approaches to the assessment of
central hemo-dynamics has unquestionable importance for the further improvement of medical
control. This is due to operational decision-making that need to improve sports selection, planning
training loads, determine the degree of fatigue and predicting possible failure of adaptation [1, 5].
Additionally, the study of regulatory mechanisms influence spontaneous and controlled breathing
on cardio-vascular activity can play a key role in determining the adaptive capacity of an athlete.

Monitoring HR of handball players is very important component as well. Heart Rate — sensitive
indicator of regulatory influences the central nervous reference system. Reflecting influences of the
environment in the afferent signals are refracted at cortical, subcortical and spinal levels efferent
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autonomic impulses and humoral-metabolic activity, respond subtle variability of HR, giving the
latter a high prognostic informative. HR can be changed in afferent signals depending on
environmental factor is refracted at cortical, subcortical and spinal levels efferent autonomic
impulses and humoral-metabolic activity. The study of neurohumoral regulation as an independent
component affecting the physical state of handball players and largely limiting performance [13].
That defines the fundamental purpose of the analysis. Further, HRV was analyzed in handball and
claimed that HRV can provide valuable data regarding a modulatory influence of the autonomic
nervous system (ANS) on the sinus node. Clinical medicine and sport are using HRV as the
prognostic value. Therefore, to evaluate the activity of the same node, HRV can be used. Non-
invasive information regarding ANS, evaluating the changes in the sympathetic and
parasympathetic systems at the sinus node level are provided by HRV.

Biomedical support of sports activity is very important today. Track and field and other endurance
sports, which include handball, differ from other kinds of sport due to quick movements and very
heavy motor activity. There is no doubt that the main functional systems that provide activity during
work-out sessions and competitions include central nervous system, peripheral nervous system and
locomotive system. Demand for study of psychophysiological, vegetative, physical qualities of
individual players and the team as a whole is rather strong, and different studies help to organize
and optimize these qualities at different stages. At the same time, the fragmentation of such studies
and researches, carried out using different methods, involving athletes of different types and using
different functional parameters at random stages of sporting activities do not give an opportunity to
make a proper evaluation of dynamics of changes of athletes fitness shape within a big timeframe,
and respectively, prevents from making adjustments of work-out sessions at different stages.

Cardiorespiratory system is a system that is responsible for energy requirements, especially during
short breaks not connected with game activity. This question requires deeper research, and that is
why the determination of the features of fitness shape of cardiorespiratory system of top players is
of particular relevance. Given the above, we have proposed to carry out the longitudinal study of the
dynamics of physiological parameters of qualified handball players during the annual macrocycle
[2].

Ultimate work and competition loads of modern sport lead to dyscrasia and significant adaptive
changes. Taking into account this fact it is important to provide constant control of athlete’s fitness
shape. Fitness shape evaluation is a rather complicated process that requires thorough medical
examination of body organs and systems. Great attention was paid to cardiac rhythm investigation
during the last decades, especially during adaptation periods to work and competition stresses.
Increase of sympathetic regulation during physical and emotional overworks leads to the decrease
of adaptive abilities and affects the cardiac rhythm characteristics in state of reference [4]. Rhythm
and heart force are very sensitive to any stress. They contain data about the state of regulatory and
adaptive abilities of organism, and force increase depend on the increase of parasympathetic
regulation link during work-out session.

Investigating the indicators of HRV within the dynamics of annual cycle and the effectiveness of
competitions activity of highly qualified handball players, it was determined that at final stage of
competitions the objects of control showed the worsening of vegetative regulation of heart rate. It
indicates that the players have accumulated a significant uncorrected fatigue that becomes stronger
by the end of specific period and is accompanied by a decrease in efficiency during the games. It
concerns both individual athletes and a team as a whole [7].

PURPOSE, MATERIAL, METHODS

The purpose of the study was to examine the peculiarities and dynamics of functional state of highly
qualified handball players during the annual macrocycle. In accordance with the purpose of the
following tasks:

1. To study the characteristics and dynamics of physical capacity and energy of highly qualified
handball players during the annual macrocycle.
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2. To study the characteristics and dynamics of the indicators of the cardiovascular system and
functional state of highly qualified handball players during the annual macrocycle.

3. To study the characteristics and dynamics of autonomic regulation of qualified handball players
during the annual macrocycle.

The studies were carried out during an annual training and competition macrocycle at the start and
at the end of pre-season, and at the start and at the end of contest season as well. Subjects: qualified
handball players of Superliga Ukraine in the age of 18-32 were involved in study.

The study was approved by the local research ethics committee, performed in accordance with the
ethical standards of the journal 1JSM and conformed to the recommendations of the Declarations of
Helsinki. Handball players gave voluntary written informed consent to participate in the
experiment.

At all specified stages of experiment the following indicators characterizing the level of overall
physical efficiency and body energy security (aPWCi70, kgm/min; rPWCi70, kgm/min/kg), absolute
(aMOC, 1/min) and relative maximal oxygen consumption (rMOC, 1/min/kg), lactate (N lac, vt/kg)
and alactate (N alac, vt/kg) power were registered by the athletes with help of cycle ergometer test
PWCi7o.

The study of central hemodynamics was performed using tetrapolar impedance plethysmography
method. The researchers determined volumetric datum of central circulation: stroke and minute
blood volume (SBV, ml; MBV, I/min). The tests were conducted in laboratory conditions in a state
of relative rest and seated. Heart rate (HR, bpm) was calculated on the basis of ECG record; systolic
(SAP) and diastolic arterial pressure (DAP) was determined using Korotkov auscultatory method;
mean arterial pressure (APmean) was determined by formula: APmean= DAP + 0,42 x APpulse.

Method of evaluation of functional status of cardiovascular system, designed to asset the degree of
stress of regulatory mechanisms of blood circulatory system, allows you to evaluate the stress of
regulatory mechanisms of cardiovascular system, which is fairly considered by the scientists as the
main indicator of the body’s response to exposure to various stresses. Heart rate variability was
assessed to determine the state of vegetative homeostasis. The following indicators were calculated:
mode (Mo, s), mode amplitude (AMo, %), variation range (dRR, ms), standard deviation of full
massive of RR intervals standard deviation of normal-to-normal intervals (SDNN, ms), index of
tension of regulatory systems (IT, c.u.). The tests were conducted in laboratory conditions at rest in
prone position during 5 minutes procedure.

As part of our research to determine the level of the functional state of the highly qualified handball
players and its individual components new computer program express-diagnosis "Handball
Functional™ has been used, which is designed to identify and assess the functional state of the
leading physiological systems (cardiovascular system, autonomic balance, physical capacity and
energy supply muscular activity) of the body athletes, level of fitness, sports qualification and
specialization. The proposed program of authors’ "Handball functional™ form of interpretation of
the functional state of the test data can significantly facilitate its analysis of the immediate aftermath
of the control testing, and the use of functions provided by the program "Archive", is possible to
analyze the dynamics of the individual.

To reveal the factor structure of the functional state of the qualified handball players, we use factor

analysis of indicators using the computer program SPSS 16. Initial data for carrying out of factor
analysis were indicators of qualified handball players registered for the annual macrocycle.

RESULTS

Diagnostic results at the start of pre-season show average and below average levels of indicators of
overall physical efficiency, and stamina of athletes for this kind of sport. At the end of the
preparatory period, there was a significant increase in the level PWCi7o, (25%), both absolute
(aPWC170) (P<0,01), and relative (rPWC170) (P<0,001) compared with the initial values (table 1).
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Table 1 — Indicators of functional readiness from highly qualified handball players in the research
stages (X +m)

STAGES
Indicators | BPP EPP | Tapp-reny BCP ECP Tocp-kce, P | Toer-nce, P | Teee-ner, | T eve-rce,
P P |P

aPWCim, | 132412+ 1638,72+ 340 179928 + | 1652,52¢ 1,30 5,23 143 0,06
kemmin | 64,36 74,524 P<(,01 b4,16%** | 7418 P>(,05 P<(,001 P>0,05 | P0,05
PWCm | 14116047 | 17682 3,91 1918+ | 17612031 1,25 3,88 117 0,4
kem/min/ 0,35#+ P<(,001 1,224+ P>(,05 P<0,01 P>0,05 | P»0,05
aMOC, 424021 | 466+0,75 0,54 482028 | 478+ 1896 0,00 1,66 02 0,01
I/min P=0,05 P=0,05 P=0,050 | P=0,05
MOC, 45,20 £2.26 | 49,68+ 1,86 1,33 5139+ | 5096+126| 02P=0,053 232 0,713 057
Iminkg P=0,05 142* P<(,05 P={,05 P=0,05
Namg, | 238021 | 3,11£046 | 44 380 | 362 1,18 0,14 245 097 040
whe P=0,05 0,54* P=0,05 P<(,05 P={,05 P=0,05
N omak | 284£0,15 | 325052 0,76 367+ | 352076 0,19 3,12 0,74 0,29
vikg P>(,05 0,22+ P>(,05 P<(,01 P>0,05 | P=0,05

Note: BPP - the beginning of the preparation period; EPP- the end of the preparation period; BCP- the beginning of the
competition period; ECP - the end of the competition period; * - P<0,05; ** - P<0,01; *** - P<0,001

Thus, the absolute value of PWCi7o preparation period to the beginning and the end of the
competition period is increased. Changes in overall physical health be correct not only from the
beginning to the end of the preparation period, but from the beginning of the preparation period to
the beginning of the competition period P<0,001 (t=5,23) values for aPWCi70 and P<0,01 (t=3,88)
values for rPWC170.MOC level tended to increase (Ha 10%) that was not statistically reliable
statistically significant indicator of character for aMOC and for rMCS celebrated its significant
increase (P<0,05) to the top of the competitive period. Anaerobic energy supply defined in tests as
alactic (N alac) and lactic (N lac) power has been growing considerably during the whole pre-
season and by the end of pre-season the growth of these indicators was 31% and 14%
correspondingly. At the same time, a reliable character to improve these indicators was observed at
the beginning of the competitive period compared to the beginning of the preparation period for
creatine-phosphate power (P<0,05; t=2,45) and for N lac (P<0,01; t=3,12). A statistically significant
improvement of absolute values of almost all functional parameters that characterize the level of
physical efficiency, aerobic endurance and energy supply for muscle activity was observed by the
start of contest season. At the same time the most significant changes have been noticed in respect
to parameters characterizing anaerobic, specifically for handball, and endurance of team players.
Significant increase has been seen as for indicators of anaerobic alactic (on 60%, (P<0,05)) and
lactic (on 29%, (P<0,01)) power.

The analysis of central hemodynamic parameters at start of pre-season indicated the matching of
system arterial level with standard indicators. Normocardia and volume indices of central
hemodynamics (SBV, ml; MBV, I/min) are within the upper limits of age and physiological norms.
Acrterial pressure behavior throughout the study does not seem to be statistically reliable, but it
shows a clear tendency to decrease of all indicators from the start of pre-season to the start of
contest season as well as stabilization of these figures (SAP, DAP, APmean) until the end of the
contest season, which corresponds to available reference datum. It was confirmed that there was a
faster growth of anaerobic endurance combined with significant positive changes of their overall
physical performance and aerobic endurance (tabl.2).
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Table 2 — Indicators of the central circulatory highly qualified handball players in the research
stages (X +m)

STAGES
Indicators BPP EPP T gep-£pp, BCP ECP T e-kcey | T nee-nery | T ee-sep, | T pe-
P P P p ece, P
SAP, Dassgsg | 12071206 026 118,429,62 118,2410.28 0,01 047 0,15 0,16
mm hgart 0 P>0,05 P>0,05 | P>005 | P0,05 | P>0,05
DAP, 85 10s6ag | BB 0,69 16,5246,56 75,9427 64 0,06 093 0,15 0.20
mmbgart | T P>0,05 P>0,05 | P>005 | P0,05 | P>0,05
APmean, oLseszy | 98612 055 94,11:7,24 93,69+6.4 0,04 0,68 020 0.26
mmbgart | P>0,05 P>0,05 | P>005 | P0,05 | P>0,05
HR, bpm 62,5+2,04* 229 | 568+184%%+ 58.4+1,62 0,65 4,75 2,07 1,57
63,5¢1,64 P<0,05 P>005 | P<000l | P<005 | P>008
MBYV, $ 884117 539123 0,29 468112 5.13£1,08 0,29 0,74 0,43 0,16
Umin 90 P>0,05 P>0,05 | P>005 | P0,05 | P>0,05
SBV, ml 8sasip g | S628¢1652 002 | 8234:1427 87,88+18.46 024 0,19 0,18 0,06
T P>(0,05 P>0,05 | P>005 | P0,05 | P>0,05

Note: BPP - the beginning of the preparation period; EPP- the end of the preparation period; BCP- the beginning of the
competition period; ECP - the end of the competition period; * - P<0,05; *** - P<0,001

Chronotropic heart function was significantly reducing by the end of pre-season (on 9%, P<0,05),
and by the start of contest season it shifted to the mode of functional sports bradycardia — decrease
in heart rate compared to the start of pre-season by 17% (P<0,01), followed by stabilization till the
end of the contest season. It was registered that 50% of handball players have high level of myocard
capacity. As for the myocard metabolic reserve had no low indicators. The relative myocard
metabolic reserve indicator was at normal lever by 97% of handball players.

Reduction of minute blood volume (MBV) can be treated as optimization of volume central
hemodynamics, intense economization of myocard performance under the influence of correct
training program. It is known that too high MBV gives so-called “volume load”, that loads the heart
above the norm, reduces blood flow velocity and normal hemodynamic functioning of the body.
The tendency to its increase by the end of contest season along with performance decrement is
interrelated. By the start of contest season there was steady although no significant decrease of
stroke volume. Increase of stroke volume by the end of contest season to the level of pre-season had
no significant nature either. Minute blood volume behavior was of the same nature as stroke volume
behavior, which indicated the economization in vascular blood circulation. Increased SBV by the
end of the competition period to the level of the preparation period was not significant. Dynamics of
changes in indicators MBV had similar changes in SBV, the character that pointed to
economization link in the vascular circulation. Electrocardiographic parameters of cardiac output
were rated as 4, based on five-grade scale at the moment of examination. This indicated the absence
of maximum values. Single arrhythmias due to dysfunction of automatism were defined. These
arrhythmias were often observed during the pre-season, and during the contest season they were
connected with dysfunction of transition. The analysis of heart rate variability at start of pre-season
indicates the balanced regulatory vegetative mechanisms and reflects a high degree of centralization
of heart rate regulation.

Currently the heart rate variability test becomes very popular during cardiological tests. This test is
based on determination of sequence of RR intervals on electrocardiogram. This method allows you
to get information about the impact of vegetative nervous system and a number of humoral and
reflex factors on heart performance. The heart rate variability test allows you to assess the fitness
shape of an athlete and to follow the dynamics and detect the pathological conditions. Besides, this
test provides the possibility to foresee the malfunctions of cardiovascular system and to get
information about adaptation reserves of the body. Reduction of parameters indicates a violation of
interaction of vegetative nervous and cardiovascular systems as well as results in pathologies
associated with heart performance. The athletes have the highest parameters of heart rate variability
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and high parasympathetic tonus. Analysis of heart rate variability in the early preparatory period
indicates balanced autonomic regulatory mechanisms and reflects a high degree of centralization of
control heart rhythm (tabl.3).

Table 3 — Indicators of autonomic regulation from highly qualified handball players in the research
stages (X+m)

STAGES
Indicators BPP EPP T gep-£pp, P BCP ECP Tace-rer, | Teee-nr, | Teee-ner, | Trre-kch
P P PP
y o867 | 105234 034 114085« | 108079 | 024 0,70 0,35 0,12
TR ey | e | PO | s | s | PUS | POSS | PSS | PO
‘ 0,08:245 | LT | oga2e028 | 32440326 | L0 1,55 0,53 0,55
Mo | 3445:3,16 P>0,05 005 | P00S | P05 | P05
_ 80+4,63 028 512 | 80567 | g 053 029 0.00
SONN,m3 | 82¢5,55 Ps0,05 pgs | pogs | mogs | O
162241122 | 009 | 324641064 | 33247:1285 | 005 0,17 0,07 0,02
dRR, g | 48,36:36,14 4 P>0,05 4 4 P005 | Px005 | P05 | P05
0,05 0,08 0,17 0,09 0,04
m 58.34252.92 : 649724672 | 60862846 | O = ; :
G| 551223436 P>0,05 005 | Px005 | P05 | P05

Note: BPP - the beginning of the preparation period; EPP- the end of the preparation period; BCP- the beginning of the
competition period; ECP - the end of the competition period

The most probable lever of functioning of cardiovascular system Mo in terms of minute volume
from physiologic point of view (RR interval value which is most common and indicates the
dominant level of sinus node functioning) let us to evaluate the actual condition of regulatory
systems. The mode performances of handball players varied within the macrocycle and the
minimum value of the index is observed at the start of the preparatory period, and the maximum —
in the end thereof. Mode amplitude (AMo), reflecting the stabilizing effect of centralization of heart
rate control, which depends on activation degree of sympathetic section of vegetative nervous
system, and reflecting the degree of rhythm rigidity, was changing in sinuous manner at the
beginning of the preparatory period, reduced to the top of the competitive (28,42+2,28 %) and rises
again at the end of the competition period (32,44+3,26 %). A single increase of mode amplitude
was an indicator of predominance of sympathetic influences on sinus mode and significant rhythm
rigidity.

SDNN (standard deviation normal to normal) is an integral indicator of heart rate variability and
depends on the influence of sympathetic and parasympathetic sections of vegetative nervous
systems on sinus node. The findings showed that there was a stress of systems responsible for
compensation and adaptive abilities in relation to heavy physical activity during the sub-season. The
researchers observed a few cases of higher performance limits that indicate an increased
parasympathetic activity of vegetative nervous system. Differently directed changes of SDNN
indicate a shift of vegetative balance towards the predominance of various sections of vegetative
systems. 15% of handball players had a significant growth of SDNN that indicates the increased
activity of vegetative regulation loop. Combined effect of SDNN vegetative blood circulation
regulation (reflects all periodic components of variability of heart rate variability consolidated
figures) decreased.

The degree of variability of dRR cardio intervals values in studied statistical series showed the
decrease during the contest season. There was an increase of activity of sympathetic section of
vegetative nervous system and of stress index central regulation loop condition. Stress index,
provides the most comprehensive assessment of stress of central regulation mechanisms in the
process of adaptation to changing effects and reflects the centralization degree of heart rage control,
and was increased. Index of tension (IT), which gives the most comprehensive assessment of the
voltage of the central mechanisms of regulation in the process of adaptation to changing influences
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and reflects the degree of centralization of heart rhythm. Stable regulation of vegetative processes is
maintained throughout the whole testing period from the start of pre-season and until the end of
contest season.

In the first stage of our task was to identify the most important values of the three groups functional
indicators: 1) functional preparedness; 2) central hemodynamics; 3) autonomic adjusting. For this
we calculated the correlation coefficients between the indicators in each group.

First three by their rank functional preparedness indicators N lak, rMOC, rPWCi7o, explain 56%
general dispersion of the sample, were established by determination of correlation dependences
between sportsmen’s indicators of overall physical capacity for work and economy of work of the
systems of providing energy (aPWCi7, kgm /min; rPWC170, kgm/min/kg), absolute (aMOC,
I/min) and relative maximal oxygen consumption (rMOC, I/min /kg), lactate (N lac, vt/kg) and
alactate (N alac, vt/kg) powers (tabl. 4).

Table 4 — Correlation dependences indicators of functional preparedness from highly qualified
handball players

aPWCy, PWCi7, |aMOC, | tMOC, | Nalac, | N lac,
e | INDICATORS | '\orinin |kgm/minkg | Vmin | Uminkg | vikg | vikg
aPWCy, 0,965 0,654 (0,880 [0410 |0,956
1 | kgm/min
tPWCiyp, 0,965 0,732 {0,988 0,320 |0,897
2 | kgm/min/kg
aMOC, 0,654 0,732 0,889 10,328 0,899
3 | U/min
™MOC, 0,880 0,988 0,889 0,299 {0911
4 | /min/kg
N alac, 0,410 0,320 0,328 {0,299 0,888
5| vtkg
6 | N lac, vt’kg 0,956 0897 0,899 0911 0,888
yr 3,865 3902 | 3,502 3967 2245| 4,551 22,032
% 17,54 17,71 1590 18,01 | 10,19 20,66 100
Grade 4 3 5 2 6 1

First three by their rank central hemodynamics indicators MBV, SBV, HR, explain 56% general
dispersion of the sample, were established by determination of correlation dependences between
sportsmens’ indicators systolic arterial pressure (SAP, mm hg.art.), diastolic arterial pressure (DAP,
mm hg.art.), mean arterial pressure (APmean, mm hg.art.), heart rate (HR, bpm), minute and stroke
blood volume (MBV, I/min; SBV, ml) qualified handball players (tabl. 5).

Table 5 — Correlation dependences indicators of central hemodynamics from highly qualified
handball players

Ne [INDICATORS

SAP, DAP, HR,

bpm

MBV,
I/min

APmean, SBV,

mm hg.art.

mm hg.art. | mm hg.art.

SAP,

1 | mm hg.art.
DAP,

mm hg.art.
APmean, mm
hg.art.

HR, bpm

MBYV, I/min
SBV, ml
¥t 3,560 3,306 3,680 3,711 | 3,845 3,750

% 16,29 15,13 16,84 16,98 | 17,60 17,16
Grade 5 6 4 3 1 2

N

N | | |W

21,852
100
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First three by their rank autonomic regulation RS, AMo, dRR, explain 67% general dispersion of
the sample, were established by determination of correlation dependences between sportsmen’s
indicators mode (Mo, ms), mode amplitude (AMo,%), standard deviation normal to normal (SDNN,
ms), degree of variability of dRR cardio intervals values (dRR, ms), index of tension (IT, c.u.)
qualified handball players (tabl. 6).

Table 6 — Correlation dependences indicators of autonomic regulation from highly qualified
handball players

INDICATORS AMo,% | SDNN, ms | dRR, ms | IT, c.u.
Mo, ms 0,333 0,374 0,365 0,915
AMo,% 0,333 0,451 0,656 0,943

SDNN, ms 0,374 | 0,451 0,321 0,911
dRR, ms 0,365 | 0,656 0,321
IT, c.u. 0,915 0,943 0,911 0,963

>r 1,987 2,383 2,057 2,305 3,732 | 12,464
% 15,94 19,12 16,50 18,49 29,94 100
Grade 5 2 4 3 1

In the second stage identify the factor structure of the functional state of the qualified handball
players was performed rotation matrix of factor loadings through the varimax-criterion. Results of
factor analysis are given in table 8. Analysis of the matrix of factors loadings testifies that the
contents of the first, the most important factor, with the highest coefficients, include indicators N
lak, MBV, IN. This factor causes 40,63% of general variance and interpreted as energy production,
which represents an integral characteristic of functional state (tabl. 7). The second factor, with high
values of factor loadings and the contribution to the overall general dispersion 30,22% underlined
figures rPWCz170, HR, AMo. This factor was determined by as central circulation of blood (tabl. 7).
The third factor with the contribution of shares in the general dispersion 29, 16% the highest values
of factor loadings are indicators, such as rMOC, SBV, dRR. The factor due to these characteristics,
we determined as variation pulse rate.

Table 7 — Factor structure of the functional state from highly qualified handball players

5
£1 oS 3
s =
o = =i a3
INDICATORS - _-- g 2
S = = = S B g
SE g8g= g 3
s, =2 < o
L )
1. | N 1ac, vikg 0,952 0.512 0.545
2- | fMOC, Vmin/kg 0,745 0.531 0,752
3- PWC,7. kgm/min/kg 0,851 0,842 0,595
4. | MBV, Vmin 0,931 0.513 0.510
S- | sBV, ml 0.847 0.526 0,872
6- | HR, bpm 0.855 0,831 0.574
7- | 1T, cm. 0,957 0,613 0,418
8. | AMo.% 0,837 0,828 0,533
2- | dRR, ms 0,843 0,619 0,812
7.818 5.815 5.611
TOTAL >
20.63 30,22 29.16
%
Grade 1 2 3
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When making a comprehensive assessment of functional status of athletes’ bodies, taking into
account the behavior of physical performance, cardiovascular system condition and nature of
vegetative reactions, it is important to pay attention to nature of interference of above mentioned
regulatory loops, where the direction of changes, although expressed with varying reliability
degrees, indicates these or those features of training programs. Thus, definitely achieved increase of
overall physical efficiency by the start of contest season is provided mostly by means of higher
capacities of anaerobic energy supply systems with less significant gains of aerobic mechanisms.

Decrease of overall physical efficiency in the end of pre-season shows a certain fatigue processes
development, and is a result of statistically not significant but undirected decrease of intensity of all
three tested energy systems. Along with this, at early stages of pre-season there was an optimization
of cardiovascular system performance, that is reflected in hypotonic orientation of arterial blood
pressure dynamics, switching to less energy-consuming functional sports bradycardia and in
hypokinetic orientation of central circulation dynamics, and that is as assumed reduces the so-called
“volume load” on heart.

At the later stage, during the contest season, and apparently under the influence of permanent
physical and psycho-emotional stress, there are the changes in dynamics of cardiovascular system
performance. Along with some weakening of the energy mechanisms and synergistically with them,
they contribute to the development of fatigue processes of an athlete’s body. At the end of contest
season, there is a shift to hyperkinetic type of regulation, that with some increase of activity of heart
chronotropic function, apparently, due to compensatory, overcoming the fatigue processes,
stimulates the sympathetic-adrenal system. It seems that in this sense the maintaining a stable
balance of vegetative regulation mechanisms is a response to parasympathetic influence increasing
along with fatigue. These effects confirm rather high fitness level of tested athletes. The other
important conditions for the successful performance of an athlete are to make an appropriate
training program, which can help to improve functional efficiency of an athlete. Functional
efficiency is an integrated characteristic in the context of effectiveness of carried out activities and
involved in the implementation of systems according to criteria of reliability and inner price.

CONCLUSIONS

This study made it possible to conduct a longitudinal study of fitness shape and functional status of
highly qualified athletes such as, handball players.

1.  Dynamics of physical performances and energy systems condition shows positive influence
on the work-out processes during and before the contest seasons as well as shows relative lack of
tools for maintaining the high level of physical efficiency and as well as preventing the signs of
fatigue in energy supply systems during the contest season.

2.  Cardiovascular system performance and its dynamics during the whole testing period indicate
the maintaining a high level of hemodynamic servicing the athletes’ bodies. However, at the end of
contest period there is a hyperkinetic syndrome, which is a sign of lack of tools that can’t maintain
the optimal regulation of cardiovascular system but it can increase its performance capabilities.

3. Maintaining a high level of vegetative homeostasis indicates the certain fitness level of
athletes, sufficient to maintain the high potential of sympathetic-adrenal system and to overcome
fatigue processes during activity.

4. The findings suggest the necessity to search for the methods and tools that can adjust and
optimize the athletes’ performance capabilities at the most effective level just at the right period of
competitions.
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B pabote paccMOTpeHbI OCOOCHHOCTH COMATOTHIIA W TPOMOPLMI Tela CIPUHTEPOB Pa3IMYHON KBaTH(UKALMH MYXKCKOTO IOJa B
Bo3pacte 18-20 net. [Ipoananu3upoBaHa HayyHO-METOAMYECKas JIUTepaTypa U NMPaKTUUYECKUIl ONBIT pabOTHl TPEHEPOB 10 BOIPOCaM
CIIOPTUBHOTO 0TOOpa M OLEHKE MOP(OJIIOTHUECKHX OCOOCHHOCTEH JIErKoaTiIeTOB CNENUANTU3UPYIOIUXCS B CIIPUHTE. Y CTAHOBIICHBI
XapakTepHble YepThl CTPOCHHS Tejla JIeTKOATIETOB, KOTOPBbIE MOTYT CIHOCOOCTBOBATH IOCTHIKCHHIO BBICOKHX CIIOPTHUBHBIX
pe3ysbTaToB. PaccMOTpeHa MOJENb OLICHKH IOKa3aTeleldl WHAMBHAYaIbHBIX OCOOCHHOCTEl OpraHu3Ma CIIOPTCMEHOB, Cpeau
KOTOPBIX OCOOBIH HHTEpeC MPECTABISIOT aHTPONOMOP(OIOrHYecKre Npu3Haky. JlaHa OIEHKa CyIIECTBYIOIIUM IMPUHIHIAM
CIIOPTHBHOTO OTOOpa B JIETKOW aTJNETHKE W OCHOBHBIM JTalaM 3TOro mporecca. VCMojabp30BaHHE KOMIUIEKCHOM OIIEHKH
AQHTPOIIOMETPUYECKHX U (YHKIMOHAIBHBIX Ka4eCTB CYIIECTBEHHO MOBBIIIACT 3 ()EKTUBHOCTB MPU 0TOOpE 11 3aHATHIl criopToM. B
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