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ABSTRACT

Purpose: The purpose of this study was to show that: being “in context” and “similarity” in fatiguing protocols to the
main aspects of sport does not alter wrestlers balance. Methods: Twenty professional male wrestlers (age 26.2t1
yr, VO,max 62.3+3.1 ml kg min) participated in this study (10 in experimental and 10 subjects in control group) and
completed a fatigue protocol. In this study, a regular wrestling match was used for the metabolic fatigue protocol.
Biodex® balance system and lactometer were used for evaluation of balance and blood lactate level (respectively).
For statistical analysis, the Pearson correlation coefficient, paired t-test, sample t and ANOVA tests were used.
Results: Based on these study results, the static balance alterations in the experimental group (eyes open and
eyes closed positions) were respectively 0.16% and 3.17%, and this was not statistically meaningful. Also,
dynamic balance alterations in the experimental group (eye opened and eye closed positions) were 0.12% and
0.41% (respectively) which was not statistically meaningful. There was not a significant relationship between
lactate acid accumulation and variations of the stability indices (r=-0/570, p<0.05). Conclusion: one of the best
explanations for the absence of alteration in wrestlers balance is that: the fatiguing protocol exerted in this study is
“in context” and “similar” to wrestling training and this can cause the wrestlers to utilize an anticipatory postural
adjustment system for further maintaining postural stability. The possible mechanisms responsible for limiting the
effect of fatigue on static and dynamic stability include: an alteration in afferent sensory inputs, a decrease in
postural adjustment, increase in COP displacement, increase in delay time and decease in muscular activity,
alteration in proprioception and the dysfunction of contractile units in anti gravity muscle following fatigue.
KEYWORDS: Metabolic Fatigue; Functional Stability

INTRODUCTION

Wrestling is a most physically and psychologically grueling sport. It is defined by effort, determined by mental and
emotional discipline and unflinching in its feedback. The combative nature of the sport and the unavoidable
exhaustion experienced during workouts and competitive matches combine to shine the brightest of spotlights on
personal character. Wrestling guarantees opportunity for personal victory, physical exertion, extreme fatigue and
humility, yet thousands of athletes stay with it through high school, college and beyond, because wrestlers find a
deep significance in how the experience of wrestling defines them.

Historically, the potential factors involved in the fatigue development are divided in two categories: the central
factors that should provoke the fatigue by a disorder in the neuromuscular transmission between the Central
Nervous System (CNS) and the muscular membrane, and peripheral factors that would cause an alteration inside
the muscle (13). Another characteristic of the fatigue is the fact that it depends on the task, that is, its causes vary
in a very wide way, and it behaves according to the way it is induced (14). The muscular fatigue is considered as
a predisposing factor to the appearance of injuries (1), such as the ankle sprain. Surenkok (18) showed that there
was no correlation between lactic acid accumulation and stability changes. It can be concluded that knee muscle
fatigue has an adverse effect on balance; however, this impairment was not correlated with the degree of lactic
acid accumulation (11).

Effects of fatigue on specific muscle groups and muscular performance, e.g. strength, has been investigated
extensively in both young and older people (see Kent-Braun 2009 for review) (9). Interestingly, despite typical
losses in muscular strength with increasing age, studies have demonstrated that older people are more resistant
to muscle fatigue than young people following isometric and dynamic lower extremity muscle work (7,13).
Possible mechanisms for this include lower maximal motor units discharge rates, slower contractile properties and
greater reliance on oxidative metabolism in older people. Excessive workloads can increase physical fatigue,
resulting in diminished physical endurance and performance and, ultimately, a reduction in productivity. In
addition, a combination of muscular fatigue and general subjective fatigue may also manifest itself by causing
temporary interference with the functioning of the central nervous system (CNS) as well as the peripheral nervous
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system. As postural stability is maintained by the CNS as well as the peripheral nervous system, modifications in
its performance may diminish one’s ability to sustain balance (6,13).

In recent years, a well publicized area in the literature is the relationship between postural control and fatigue.
Specifically, postural control can be defined as either static (maintaining equilibrium with minimal movement),
semi-dynamic (maintaining equilibrium while the base of support moves), or dynamic (maintaining a stable base
of support while completing prescribed movement). Of the three, static and semi-dynamic have been used the
most in past and present studies. For example, Gribble and Hertel looked at the effects of local muscle fatigue on
static postural control when measured by a thirty second unilateral stance test (6), and Camps et al. looked at the
effects of upper body fatigue in static postural control measured by the Romberg test (2,16). Letafatkar showed
that there aren’t any significant main effects for time in the mean lateral deflection of the biodex platform.
However, there was a significant main effect (p=0.091) in the mean anterior-posterior deflection. The mean
deflection was significantly reduced, i.e., toward the anterior direction, at the end of each half relative to all other
time points. Also there wasn’'t a significant relationship between lactate acid accumulation and variations of
stability indices (r=-0/661, p<0.05). The balance index was significantly lower for standing with eyes open
compared with eyes closed (13,14).

Several authors have been studying the effects of the muscular fatigue on the neuromuscular control (4,5,10),
which is related to the proprioceptive afferents that are taken by the peripheral receptors to the upper centers, and
to the efferent (motor) responses generated with the purpose to keep the dynamic muscu,ar stability. Studies
have shown that muscular fatigue causes an adverse change in the proprioception (13) a sensorial modality
comprising the sensations of the joint movement and positioning (9), as well as the postural control (12,13). The
purpose of this study was to show that: being “in context” and “similarity” in fatiguing protocols to the main aspects
of sport doesn’t alter wrestler’s balance.

METHODS

Twenty elite male wrestlers (age 26.2+1 yr, VO,max 62.3£3.1 ml kg min) participated in this study (10 in
experimental and 10 subjects in control group). VO, max was determined by breath-by-breath analysis of a
laboratory- based graded treadmill protocol to volitional failure. All participants provided written informed consent
prior to beginning the study. Subjects were tested between 18:00 and 20:00 h, according to the regular training or
competition times, and to account for the effects of circadian variation. Participants attended the laboratory in a 3-
h post-absorptive state, having performed no vigorous exercise in the 24 h prior to testing, and with diet
standardized for 48 h proceeding in each test. Subjects were required to consume 500 ml of water 2 h prior to
testing to ensure dehydration. Thereafter the subjects consumed no fluid so as to control for the possible
influence of hydration status on performance. Subjects participated in the wrestling regular competition after
having a standard breakfast and after having their blood lactate levels measured via the un-preferred hand mid-
fingertip blood samples by a certificated lactometer. The stabilometer trial comprised a (20's eyes closed and 20's
eyes opened respectively) double-legged balance task, where the subjects was instructed to keep the dynamic
and unstable platform level to the best of their ability (15).

Dynamic postural stability

Participants stood barefoot on a Biodex system (level 4). The Biodex system measured any postural sway
resulting from the focal movement by recording the displacement and velocity of the Center of Pressure (COP).
To assess balance and neuromuscular control, this study used a commercially available balance device, the BSS
(Biodex Medical Systems, Shirley, NY, USA), which consists of a movable balance platform that provides up to
20° of surface tilt in a 360° range of motion. The platform is interfaced with computer software (Biodex, Version
3.1, Biodex Medical Systems) that enables the device to serve as an objective assessment of balance. The
measure of postural stability includes the Overall (OA), the Anterior/Posterior (AP) and the Medial/Lateral (ML)
stability scores. A high score in the OA index indicates poor balance. The OA stability score is believed to be the
best indicator of the overall ability of the subjects to balance the platform. We assessed bilateral stance at level 3
(more unstable) with the BSS over a period of (20's eyes closed and 20's eyes opened respectively). Following
the recommendations of the previous studies, level 4 is used as the unstable levels. Subjects were asked to step
on the platform of the BSS and assume a comfortable position while maintaining slight flexion in the knees (15°),
to look straight ahead and to place arms across the chest. Foot position coordinates were constant throughout the
test session. Subjects were tested without footwear at all times (1,13,14,17).

Metabolic fatiguing task

All subjects in experimental group were completed the regular wrestling match for creation of fatigue based on
metabolic phases of lactate accumulation.
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Blood samples were collected from unpreferred hand mid-fingertips two times 1) immediately prior to the fatiguing
test (pre-lac), 2) five minutes after the fatiguing test (5lac)) for the purpose of estimating blood lactate using a
lactate analyzer (Analox P-LM55, UK) found in an Analox lactate kit supplied by Analox (UK). It should be noted
that, the analyzer had been calibrated with known lactate standards (5.0 and 15.0 mM). Since environmental
conditions can affect blood lactate levels and performance, air temperature and relative humidity values for the
track were recorded (22.6+4.3 and 22.7+2.4°C and 48.4+11.9 and 52.1+9.7%, for first and second sessions
respectively) using an Arco device (Model TC14P; Germany (3,13)).

One week before the data collection took place; the participants were instructed on how to perform the fatiguing
test and underwent a familiarization session. In addition, they were asked to wear comfortable, loose-fitting
clothing and get an adequate amount of sleep (6-8 h) the night before the test. The clothing, shoes, as well as all
equipment used, were consistent for each subject and were recorded to establish controlled experimental
conditions. The subjects arrived at the stadium at 8:00 am in a fasted state and a standardized breakfast
(approximately 380 kcal) was served and 30 min afterward they lactic and balance tests was taken. Then, the
subjects were taken to a synthetic track (where the fatiguing test was performed). Since the fatiguing test is an all-
out test, the subjects warmed up for at least 25 min. The warm-up was standardized for all of the participants.
During the fatiguing test, the time of each repetition and the rest intervals was measured by an automatic timing
photo-celz‘IlIZ()system. Before and 5 min after the fatiguing test, the balance tests were performed on Biodex
system.™

Statistical analysis

The pre and post-test data’s were analyzed with a paired t-test and other data’s analyzed by sample t-test,
ANOVA and Pearson correlation coefficient an alpha level of (0.05) was used in determining statistical
significance using the SPSS program for Windows, version 17.0.

RESULTS

Based on these study results, the static balance alterations in experimental group (eye opened and eye closed
positions) were respectively 0.16% and 3.17% that this wasn’t statistically meaningful. Also, Dynamic balance
alterations in experimental group (eye opened and eye closed positions) were 0.12% and 0.41% (respectively)
that this weren’t statistically meaningful. The repeated measure ANOVA test results revealed that there aren’t any
significant main effects for time in either score. There wasn’t significant relationship between lactate acid
accumulation and variations of stability indices (r=-0/570, p<0.05).

DISCUSSION

The Repeated measure ANOVA test results revealed that there aren’t any significant main effects for time, such
that single legged balance performance was maintained throughout the trial. Few studies have directly measured
the effects of sport induced specific fatigue on functional stability. Greig indicated that sport specific fatigue
couldn't affect stability index by times (18). Schieppati completed a study in fatigue mechanisms; they found that
fatigue can alter the stability indices (21). According to this study results there wasn’t significant relationship
between lactate acid accumulation and variations of stability indices. In this study we found that lactate acid
accumulation couldn't affect stability index. One reason for this result is that the elite wrestlers often training in the
lactate threshold (based on energy systems), that this case can improved they body resistance for lactate acid
accumulation and therefore the lactate acid accumulation couldn't affect stability index. Also, Surenkok showed
that there was no correlation between lactic acid accumulation and stability changes. It can be concluded that
knee muscle fatigue has an adverse effect on balance; however, this impairment was not correlated with the
degree of lactic acid accumulation (18).

In the context of the multisensory control of balance, when the availability or the reliability of input from a
particular body location decreases, it is conceivable the central nervous system to increase the weighting of input
from other locations that provide reliable information for maintaining stable posture (2,13,21). Consideration of the
directional stability indices reveals that stability was greater in the medio-lateral plane than in the anterior—
posterior plane, until the post-exercise measure. This might reflect the anatomical configuration of boney and soft
tissue structures (13,18). Instability in the medio-lateral plane is likely to pose a greater risk for joint injury, and the
finding of no fatigue effect with exercise duration suggests that joint stability was not compromised. However,
consideration of the mean deflection of the platform over the duration of the task indicates that a change of
strategy might have been employed. In each trial the mean deflection was lateral to the centre of the platform, as
expected. However, at the end of each half the mean deflection in the anterior-posterior direction was seen to
increase in the anterior direction. This toe down rotation of the platform is indicative of greater plantar flexion at
the ankle. In a more functional setting plantar-flexion of the ankle reduces the base of support and increases the
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risk of ankle sprain injury due to the additional rotational and transverse movements allowed towards the more
open packed position of the ankle joint (8,14). The anterior deflection might also be achieved by increased knee
or hip flexion to move the centre of mass forward. Injury risk might be increased when placing greater reliance on
knee or hip strategies to maintain balance, due to changes in muscular recruitment patterns. These
interpretations reported a post-fatigue change in postural control strategy, where the habitual strategy changed
from ankle to hip following localized muscle fatigue of the calf. The modifications made in the postural control
pattern produce compensatory corrections around the joints to maintain functional stability (14). However, while
balance performance is maintained, the fatigue-induced alterations in strategy might make the athlete more
susceptible to injury. The alteration in balance strategy during the latter stages of each half suggests that
functional joint stability is impaired during the latter stages of each half. This finding supports epidemiological
observations of temporal patterns in ankle sprain incidence during soccer match-play (13,19).

Finally, the possible mechanisms responsible for limiting the effect of fatigue on static and dynamic stability
include: an alteration in afferent sensory inputs, a decrease in postural adjustment, increase in COP
displacement, increase in delay time and decease in muscular activity, alteration in proprioception and the
dysfunction of contractile units in anti gravity muscle following fatigue. (6,7,13,14). Lesser alteration of dynamic
postural control after protocol probably could be related to increasing subject’s concentration on body sway,
alteration in lower limb neuromuscular function, appearances of visual system, high strength of plantar flexor
muscles in athletes, alteration in postural control pattern, Anticipatory Postural Adjustment (APA) mechanism and
increased activity in ligament- muscular reflex.

CONCLUSIONS

One of the best explanations for no alteration in wrestlers balance is that: the fatiguing protocol exerted in this
study is “in context” and “similar” to wrestling main training and this can apply Anticipatory Postural Adjustment
(APA) mechanism for further maintaining postural stability. Based on figure 1 and similar to the rehabilitations
paradigms: it seems that for learning or recovering/learning particular movement patterns the practice should be
both similar and within the context of the task. Practicing movements which is “similar” and with “in context” it is
more likely to transfer to related daily activities. Transfer is the ability to take a motor experience from one
situation and apply it to another. Similarly in the sport fields, when we want to increase the fatigue resistance in
athletes we should create sever and multiple fatigue phases in athletes that this finally can positively affect their
resistance to fatigue. Also with in context and similar training, athlete’s movements highly transferred to them
daily/functional sport situations (11). With increasing similarity and in context the transfer and resistance to out
coming situations can highly increase.

Highly transferable -

Least transferable ———-—"—’"_,'—//

Digsimmilar Similar out Dissimmilar Similar within
out of context of context within context context

Fig 1. Relationship between “similarity” and “in context” concepts and transfer rate.

PRACTICAL IMPLICATIONS: this study can be used for evaluation and comparing fatigue & fitness in wrestling
subjects via their coaches.

ADVICE FOR ATHLETES AND COACHES: The sensorimotor system normally uses inputs from three afferent
systems: vestibular, somatosensory, and visual. When one of those systems (somatosensory) is impaired, the
two intact systems compensate for the impaired one to some extent. Therefore, balance index in the eyes-closed
situation becomes higher (lower balance) compared with eyes open. Balance was maintained and this shows that
balance have a little decreases in one leg stance in professional wrestlers.
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Stability was maintained and this was seemingly achieved by a change in balance strategy during the latter
stages of each half. These stages of the game are therefore when the player is most susceptible to injury. It is
suggested that wrestling subjects perform proprioception drills both in the rested and exercised state.
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BbIABJIEHHbIE B3AUMOCBA3b U NOAOBUE MEXOY YTOMJIEHUEM U
PABHOBECMEM B EOPbEE HE BEAET K HAPYLUEHUIO YCTOUYMBOCTU

Amunp INetadpatkap (1), Bpay CagpeaavH WosagauH (2), Bpad PamuH AmumpcacaH (3), Mexpab Tarxasu
(4)
1- KaHgupaT Ha couckaHwe y4eHOW cTeneHn B 06ractv MeauUmHbl U TMrMeHbl - TerepaHckuin YHmBepcuTeT
E-Mail: kh_letafat@yahoo.com, TenedoH: +98- 9195394692: MpaH, TerepaH.
2- Crapwummn goueHT , npodeccop CNOPTUBHOM MeanUnHbI U rurneHsl YHuBepcuteTa Tarbiat Modarres.
3- Crapwwui goueHT, npodeccop duanonormm cnopta YHuBepcuteta Tabriz.
4- MarucTtp B obnactu hmanyeckoro BocnntaHna n cnopta TerepaHckoro YHmsepcuteTa.

Tesucsl

Uenb: Llenbio gaHHOro uccrnegoBaHus sIBAAnacb AEMOHCTPAUMSA TOro, YTO HanMune B3aMMOCBSA3M U nogobus
Mexay YTOMJIEHMEM U PaBHOBECUEM B PECIINHIE HE BEAET K HAPYLLIEHNIO YCTOMYNBOCTH.

MeTtoabl: [Ina yyacTus B AaHHOM WCCNeAoBaHWM W COCTaBNEHMS MPOTOKONa M3ydeHus yTOMAeHus Obino
BbIOpaHO ABafuaTb NpodeccroHanbHbIX 6opLoB MyKCkoro nona (B Bo3pacte 26,2+1 net, nokasaTtens VO2 max
coctaBnan 62,3+3,1 mn/kr/muH) (10 atneToB yyacTBOBasrio B 3KcnepumeHTanbHon rpynne n 10 B KOHTPOSbHON
rpynne). [lpoTokon wuccnenoBaHnss MeTabonMyeckoro YTOMIIEHMS Obifl COCTaBfieH Ha OCHOBE [JaHHbIX,
Mony4YeHHbIX BO BPeEMS NpodbeccrMoHanbHoro noeanHka 6opuoB. [nsi OLEHKM paBHOBECUSI M YPOBHS aktaTa B
KpoBu Obinyv ucnomnb3doBaHbl HanaHc-cuctema Biodex n naktomeTp coOOTBETCTBEHHO. [Ins CTaTUCTMYECKOro
aHanusa 6bInM Mcnonb3oBaHbl kK03 duumneHT koppensumm MNupcoHa, napHbin t-TecT, kputepuit t 1 Tectel ANOVA.
Pe3ynbTtatbl: B npoBeaeHHOM unccnegoBaHWM U3MEHEHWUst CTaTMYECKOr0 PaBHOBECUS B 3KCMEpPUMMEHTanbHOW
rpynne (B NOMOXEHUN C OTKPbITbIMU M 3aKpbITbiMU rnadamu) coctaBmim 0,16% v 3,17%, COOTBETCTBEHHO, YTO He
ABMAMOCb  CTATUCTMYECKM  3HAYMMbIM  pe3ynbTatoM.  M3mMeHeHuMsa  AMHaMmMyecKkoro  paBHOBECUMS B
3KCnepvMeHTanbHOW rpynne (B NOMIOXEHUN C OTKPbITBIMU M 3akpbiTbiMy rnaszamu) coctasmunm 0,12% un 0,41%,
COOTBETCTBEHHO, YTO HE SBMSAMNOCH CTAaTUCTUYECKU 3HAYMMbIM pe3yrnbTaTOM. TeCHOW B3aUMOCBA3N MeXay
HaKoMNMeHneM MOJSIOYHOW KUCIOTbl U M3MEeHeHUaAMU rnokasatenen pasHosecus (r=-0/570, p<0,05) oTMeyeHoO He
6bino.

3akntoyeHmne: OOHO U3 HaWMyYLWMX NMOATBEPKAEHUA OTCYTCTBUS U3MEHEHMS YCTOMYMBOCTU BOpLIOB COCTOUT B
crnepgywoLlem: NPOTOKOMbl M3Y4YEHUS YTOMIIEHMS, COCTaBMEHHbIE B X04€e OAHHOIO0 MUCCMNEeLOBaHUA, HAXoAsTCA BO
«B3aUMOCBA3NU» U «MNOAOGUU» C OCHOBHBIMW TPEHUPOBKaMM OOPLIOB, YTO MO3BOMSET MPUMEHHATbL CUCTEMY
npegsapuTensHoro ocTypanbHOrO KOHTPONSA ANS COXPaHeHWs NOCTyparbHOro paBHOBECUMS B AarbHewnLlem
(nocTtyponorus - yyeHve o BepTuKanbHOM NOMOXEHUW Tena Yenoseka u cnocobax ero ygepxaHus).

BO3MOXHbIMM MexaHu3mMamu, BbI3bIBAOWMMM YTOMIIEHWE MbIWL, LWEeUn W BIAUAIOWWMKW Ha cTaTudeckoe w
AVHaMu4eckoe paBHOBECue, SBMSITCA M3MEHEeHUs addepeHTHbIX YyBCTBUTENbHbIX BXOAOB, CHWDKEHWE
MOCTYpanbHOro KOHTPOMS, 3HAaYNTENbHbIN COBUI LIeHTpa AaBNeHusl, yBenmyeHne BpeMeHn 3aepXKKnN U CHDKEHNe
MbILLEYHOW aKTMBHOCTW, W3MEHEHMSI MPONPUOLIENTUBHOW YYBCTBUTENBHOCTU U OUCKYHKUWUS COKPaTUTENbHBLIX
€[VHNL, aHTUrPaBUTALMOHHOW MbILLILLbI.

KnioueBble cnoBa: 0Oopubl; MeTabonuyeckoe yTOMMeHue; yHKLMOHANbLHOE paBHoOBecue; nopobue,
B3aUMOCBSI3b.

BBeneHune

Bbopbba sBNsAeTcs cambiM U3HYPUTENbHBIM BUOOM CrnopTa Kak (u3M4eckn, Tak W MNCUXOSOrMYecku. ITO
00yCroBnNeHO MNPUCYTCTBYKOLMMM B HEM HanpsbkeHWeM, HeobXxoouMOoCTbio cobntogatb YMCTBEHHYH U
3MOUMOHANbHYIO OUCUMMIMHY U Henokonedbumown otpadven. BomHcTBeHHasa npupoga 6opbObl M HensbexHoe
N3HEMOXEHME MOCre TPEHMPOBOK U COPEBHOBATENbHLIX CXBATOK SBMATCSA SPKMM OTPaXEeHWEM XapakTepa
crnopTcMeHoB. bopbba rapaHTMpyeT BO3MOXHOCTb NMYHON nobeabl U, BMECTe ¢ TeM, PM3NYEeCcKoe HanpsbkeHue,
KpamHIOK yCTanocTb U NPefaHHOCTb CnopTy. TeM He MeHee, TbiCA4YM BOPLIOB OCTalOTCA B 3TOM CMOPTE BO BPEMS
y4ebbl B LLKOME, MHCTUTYTE 1 B ganbHenwem. OHK cumTatoT, 4To OonbLlioe 3HaYeHne 6opbObl COCTOMT B TOM, YTO
OH onpeaensieT Ux Kak IMYHOCTb.

Bo3moOXxHble pakTopbl, urpawlwme ponb B pPasBUTUM YTOMIEHUS, MPUHATO JENUWTb Ha [OBE KaTeropumu:
LeHTpanbHble akTopbl MPOBOLMPYIOT YCTanocTb 3a CYET HapyLleHWs HEPBHO-MbILLIEYHOW Mepefayn mexay
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LueHTpanbHon HepBHon cuctemon (LUHC) wn  membpaHamn MumoumToB  (MbllLeYHOW MembpaHon), a
nepucepryeckme akTopbl Bbi3bIBAIOT M3MEHEHWSI BHYTPU MbILLIEUYHbIX BOJIOKOH. © XapaKkTep yTOMIEHWs Takke
33BUCUT OT MHOXECTBA MPWYMH, BbI3BABLUMX ero.’’ MbllEUHYI0 YCTanoCTb CHYMTAIOT (haKTOPOM pUcKa
BO3HMKHOBEHWSI TpaBM', Takux KaK, HanpuMmep, PacTSKEHUE CBSI30K KOMEHHOro cyctaBa. B 2006 rogy
nccnepoBaHusa Surenkok n gp. He BbISIBUNKM Kakon-nnbo B3auMOCBSA3W MeXAY HaKonneHnemM MOMOYHOW KUCMOThI
N N3MEHEHNSAMMN paBHOBECUS. TakuMm obpa3om, MOXHO NPUATU K 3aKNIOYEHNIO, YTO UMEHHO YTOMITEHUE KONEHHbIX
MbILLILL OKa3blBaeT HebnaronpuaTHbIN 3¢hPeKkT Ha paBHOBECKE; OOQHAKO 3TO BNUAHME He ObINo B3aMMOCBA3aHO CO
CTENeHbI HAKOMNEHMS MOFNIOYHOW KNCMOThI.

BnusiHne ytomneHusa Ha paboTtocnocobHOCTb U Cuny onpedeneHHbIX rpynn Mbiwl Obinu TWwaTenbHO U3yYeHbl Y
nogen monogoro u crapwero Bospacta (cM. otyeT Kent-Braun, 2009 ro,u,).9 B wuccnepoBaHusx Obin
NPOAEMOHCTPUPOBAH WHTEPECHBbIN (PaKT: HECMOTPS Ha TUMUYHYIO MOTEPI0 MbIWEYHOW CUMbl C YBEnUYEeHNeM
BO3pacTa, Niogn crtapluero Bo3pacTta 6onee ycToOMYMBbl K MbILLEYHOMY YTOMIIEHUIO MO CPABHEHUIO C MOSMOALIMU
noabmu. [aHHbi BbIBOA Obin caenaH Ha OCHOBaHWM UCCNefoBaHUSA M30METPUYECKO U AMHaMUYeCKon paboThl
MBbILLIL, HUXHE koHeuHocTU.” > OTo MOXeT 6biTb 06YCMOBIEHO MEHBLLIMMI MAKCUMAMBHBIMU (OYHKLIMOHATBHBIMM
cnocobHoCcTAMU ABUraTenbHbIX eaMHuL, bonee MeaneHHom CokpaTUTENbHON CMOCOBHOCTBLIO U BbICOKUM YPOBHEM
NpOLECCOB OKUCNEHWS Y NioAen cTapLuero Bo3pacTa.

UpesmepHble HarpyskM MOryT Bbl3blBaTb HapacTaHue (U3NYeCKOro YTOMIEHUs, YTO B pesynbTaTe NpuBOaMUT K
CHWXEHUIO (PM3NYECKOM BbIHOCIMBOCTM M paboTOCNOCOBGHOCTM U, B uTore, K 6onee HM3KOW NPOAYKTUBHOCTM.
CoyeTaHne MbILLEYHOro YyTOMEHUs 1 obLen ycTanocTu Takke MoXeT NposiBuTb cebs B 06paTMMomM HapyLLueHUn
dyHKUMN UeHTpanbHoW HepsHow cuctembl (LUHC) wn nepudepnyeckon HepsHon cuctembl. [logaepxaHue
NOCTypanbHOro pPaBHOBECUS BLINOMHAET LeHTpanbHas u nepudepuyeckas HepBHasd cucTema, Mo3ToMy ee
LVCYHKLIMS| MOXeET 0CNabuThb CMOCOBHOCTb YeroBeKa K COXpaHeHuio ycTonumsocTy. °*°

B nocnegHve HecKonbKO NET B3auUMOCBA3b MeXAy MNoCcTyparnbHbiM paBHOBECUMEM U YTOMMEHMEM nony4duna
LUMPOKOE OCBELLEHWE B ONyOGNMKOBaHHOW nuTepaType. [ocTypanbHbI KOHTPONb MOXET ObiTh onpedeneH Kak
CTaTUYECKMI (COXpaHEHUE PaBHOBECUS MPW MUHMMAanbHbIX TEMOABWXEHUAX), MONYAMHAMUYECKNIA (COXpaHeHWe
paBHOBECUS MpU MOAAEPXKUBAIOWMNX TEMOABWKEHUAX) WU OUHAMUYECKMI (COXpaHEHWE paBHOBECUS MNpU
3aBEpPLUEHNN BbILLEONUCAHHBbIX TenoaswxkeHun). W3 Tpex BWMAOB, CTaTUYECKUA W NONYOUHAMUYECKUN
noCTypanbHbI KOHTPOSb 6bin Hanbonee TwaTenbHO U3y4yeH paHee M B HacToswee Bpems. Hanpumep, B 2004
rogy uccrniegosatenu Gribble n Hertel nsyvyann adpdekTbl IOKanbHOro MbILLIEYHOTO YTOMIEHUS] HA CTaTUYECKUN
MOCTyparnbHbI KOHTPOMb NyTEM MPOBEAEHUS TeCTa B MOMOXEHUW CTOS B TeyeHwe Tpuguatu cekyHa, a B 2008
rogy uccnegosatenu Camps v ap. usydanu 3pdekTbl YyTOMMAEHUS BEepxXHEeM 4acTu Tena Ha CTaTuyeckui
MOCTyparibHbIN KOHTPOIb C MOMOLLLIO Npobbl PombBepra. 216

B 2009 roay nccneposatenu Letafatkar u gp. He oBHapyXunu Kakux-nmbo 3HaA4YMMbIX M3MEHEHUN B CPeaHEM
nartepanbHOM OTKMNOHeHWUM nnatdopMbl Biodex. BnpoyeM, 3HaunTensHoe nameHenune (p=0,091) 6bino oTMedeHo
B CpedHeM nepefHe3afHeM OTKINOHeHUW. [MokasaTenb cpedHero OTKIMNOHEHWs] Obin 3HAYUTENBbHO CHUKEH B
nepegHeM HanpaeneHun, B KOHLE KaXXAOW NONOBWMHBLI NO OTHOLLEHWMI0 KO BCEM OCTarbHbIM BPEMEHHbLIM TOYKaM.
Takke He ObINO BbIABMEHO KAKOM-NMMOO 3HAYMMOW B3aMMOCBSA3M MeXOy HaKOMMNEHWEM MOJSIOYHOW KUCMOTbI U
N3MeHEeHNsIMM NnokasaTtenen paBHoBecus (r=-0/661, p<0,05). Moka3aTens paBHOBecUsi Obin 3HAYUTENBHO HMKE B
MONMOXEHUU C OTKPbITbIMU Ffia3amMu MO CPaBHEHWUIO C aHamnorMyHbIM Mokas3aTernem B MOMOXEHUN C 3aKpbITbIMU
rmasamu.*®

Pan aBTopoB m3yvaeT adpdeKkTbl MbILLEYHOrO YTOMIEHUS HA HEPBHO-MbILLEYHbIN KOHTpOJ‘Ib.4’5'10 Bbina uayyeHa
nepegada nponpuoLenTMBHbIX adpdepeHTHbIX MMNYbCOB nepudepuyeckumMmn peLentopamu B Bblllenexalime
LeHTpbl, a TaKke TreHepuvpoBaHHbIN C LENbl COXpaHeHUs [AWHaMW4YecKoro pasBHOBecUs 3PdPEPEHTHbLIN
(oBuraTtenbHbI) oTBeT. Bbino AOKA3aHO, YTO MBILUEYHOE YTOMMEHNE Bbi3bIBAET HebnaronpuaTHbIE U3MEHEHMS
nponpuouenTUBHON YyBCTBUTEIbHOCTU ™, CEHCOPHOM MopansHocTy, oTBeuvallLlen 3a Cy6'beKTVIBHbI91201L:I;I,yLL|,eHVIﬂ
OBWXEHU B cycTaBax M MoAfdepxaHue MOMoXeHus Tera ~, a Takke MoCTypanbHOro KoHTponda. ™ Lenbto
OaHHOrO MccnefoBaHnst sIBNSNacb AEMOHCTpauMs TOro, YTO Hanuyne B3aMMOCBA3N W nogobus mexagy
YyTOMITEHNEM U paBHOBeCKMEM B O0pbOe He MPUBOAUT K HAPYLLEHWIO YCTONYMBOCTM.

MeToabl

B gaHHOM mccnepoBaHuy NPUHANKM ydacTue ABaguatb nNpodeccnoHanbHbiXx 60pLOB MYXKCKOro nona B Bo3pacTe
26,241 net ¢ nokasatenem VO2 max 62,3+3,1 mn/kr/mnH (10 06BbEKTOB MCCNegoBaHUSA B SKCMEPUMEHTarNbHON
rpynne n 10 06bEKTOB UccrnegoBaHUs B KOHTponbHoW rpynne). MNokasatens VO2 max Obin nogcyvrtaH nytem
npoBedeHus npobbl B KMACMOPOOHOW Macke Ha ©OeroBon [opoxke B nabopaTopHbIX YCMOBUSAX C  LEMbio
onpegeneHns cteneHu Bbigepxkn. [doroBop [0OpPOBOMBLHOIO MHEAOPMUPOBAHHOIO COMfacuMs Ha yyactve B
nccrnegoBaHum ObiN NOANUCAH BCEMU Y4aCTHUKaMM.

TecTtupoBaHue nposoaunocb B nepuos spemeHn mexay 18:00 un 20:00 yacamy B COOTBETCTBMM CO BPEMEHEM
perynsipHbiX TPEHUPOBOK UIM COPEBHOBATESNbHbLIX MaTyen C Luernbio onpeaeneHms UMpKaaHbiX USMEHEHUN.
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YyacTHUKM NccrneaoBaHus nocelanu nabopatopuio cnycta 3 yaca nocrie OKOH4YaHus npolecca nepeeBapBaHus
ML, HE BBIMOJHAS KaKMX-NTMOO SHEPTUYHBLIX YMPaXXHEHUA B TeveHue 24 YacoB [0 MPOBEAEHUs TecTa, U nocne
cobntogeHnst cTaHaapTU3MpPOBaHHOW AMEThl B TedeHne 48 4YacoB A0 MccnegoBaHus. YdacTHUKaM TpeboBanoch
BbINMTbL 500MN BoAbl 3a 2 Yaca Ao npoBeaeHust NpoObl C Lenblo NpeaoTBpalleHna germgpartaunn. Bnocnegcrtemm
y4acTHMKaM Hernb3g 6bino ynotpebnate kakon-nnbo 4ONONHUTENBHOW XUAKOCTU C LIeNbl KOHTPONSA BO3MOXHOIO
BNUSHMSA TMApaTauMOHHOrO cTaTyca Ha pesynbTatbl uccrnefosaHusi. [locne cTaHOapTHOro 3aBTpaka W
onpefeneHuss ypoBHS MOMOYHOM KUCNOTbl C MomMoubio 3abopa obpasua KpoBM M3 cpefHero nanbla He
OOMUHAHTHOW pykKM U CepTUULMPOBAHHOIO nakToMeTpa OObekTbl WCCneaoBaHUs yyacTBoBanuM B
copeBHOBaTerNbHbIX NoeanHkax 6opuos. CTabunomeTpuyeckoe nccrnegoBaHne Bknoyano npoby Ha paBHoBecue
B MOSIOXKEHMM CTOSA Ha OBYX Horax (20 ¢ 3akpbiTbiMK rnasamu M 20 ¢ OTKPbITbIMUK rMasamu). YyacTtHukam 6bino
NPeAnoXeHo COXpaHsTb AMHAMKKY B HEYCTOMYMBOM MOJIOXKEHUN MNaTdOpMbl TaK AOMr0, HACKOMbKO 3TO 6bifo
BO3MOXHO.

OnHamuyeckoe nocTtypanbHoe paBHOBecue

YyacTHMkaM ObINio npeanoxeHo BcTaTb 60cukoM Ha GanaHc-cuctemy Biodex (ypoBeHb 4). banaHc-cuctema
Biodex yunTbiBana nobble konebaHns, NoABNALLMECS B pe3ynbTaTe NoKanbHbIX ABWKXEHUN, NyTeM perncrpauum
cMmelleHns ueHTpa pJaeneHuss (COP). [Ona oueHkM paBHOBECUA M HEPBHO-MbLILIEYHOrO KOHTpons 6Obina
ncnonb3oBaHa 6anaHc-cuctema BSS (komnaHus-nponssoamtens Biodex Medical Systems, Lupnu, Hito-Mopk,
CLIA), cocTosilast 3 noABWKHON Nnatdopmbl, obecneynBaroLen yron HaknoHa nosepxHoctn oo 20° n obbvem
aswkeHun 360°. MNnatdopma conpspkeHa ¢ KOMMNbIOTEPHbLIM NporpaMMHbIM obecneveHnem (Biodex, Bepcusa 3.1,
koMmnaHusa-npoussogntene Biodex Medical Systems), no3sBonsoowmm yCTPONCTBY OCYLLECTBNSATb OOBEKTUBHYIO
OLEeHKy paBHoBecusi. OnpegeneHune NocTypanbHOro paBHoBecus BkntovaeT obwyto(OA), nepegHesagHioo (AP) n
cpeauHHo-6okoByto (ML) oueHKy paBHoBecusi. Bbicokasi oueHka B nonoxeHun OA 03HayaeT HU3KYK CTeneHb
paBHoBecusi. OueHky paBHoBecust OA cuuTaloT nNyywmm rnokasarternem obulelr cnocobHOCTM opraHusma
COXpaHsiTb paBHOBecue Ha nnaTtcgopme. Mbl oueHVBanM yCTOMYMBOCTb B MOJIOXKEHMU Ha ABYX HOrax Ha MeHee
ycTon4mBoM ypoBHe 3 Ha BSS B TeueHune onpegeneHHoro Bpemerun (20 ¢ 3akpbITbiMK rnaszamu u 20 ¢ OTKPbITbIMM
rnasamu). B cooTBeTCTBMM C pe3ynbTaTaMmy MNPOLUMbIX MCCNeaoBaHUMMA YpPOBEHb 4 CUMTAETCH HEYCTOMYMBBLIM.
Ob6bektam uccrnegoBaHusa 6bIno NpegnoXxeHo BcTaTb Ha nnatdopmy BSS, 3aHATL KOMGOPTHOE MOMOXEHWe,
crnerka corHys koneHu (15°), cMOTpeTb NpsMO nepen cobon M CKpecTUTb pyku Ha rpyau. B TeyeHme Bcero
BPEMEH 1CCeAoBaHNs y4acTHVKaM CNeAoBano COXPaHsATL OAMHAKOBOE MOMOXKEHNe HOT U He HaAeBsaTb 00yBb.
UccnepoBaHne meTabonnyeckoro yTomreHus

Bce Gopubl M3 3KCMEPUMEHTANbHOM rPyNMnbl NPUHANN y4acTve B OObIMHOM CMOPTUMBHOM MOeAuHKe AN TOro,
4YTOObI BbI3BaTb YTOMJIEHME B pe3yNnbTaTe 0OMEHHbIX NPOLIECCOB HAKOMMEHUSA MOMOYHON KUCMOTI.

3abop o06pasuoB KpOBM U3 cpegHero nanbla He AOMWHAHTHOW pykn Obin ocywecTeBrieH Asaxdbl: 1)
HenocpeacTBEHHO nepea NpoBeAeHNeM TecTa Ha yTomneHue (pre-lac), 2) cnycts nATb MUHYT NOCMe NpoBeaeHus
TecTta Ha yTomneHue (5lac) ¢ uLenbl OUEHKM coaepkaHusi MOSIOYHOW KUCMOTbl B KPOBM C MCMONb30BaHUEM
crneumanbHoro aHanusatopa Analox P-LM55, npegoctaBneHHoro komnaHven Analox (CTpaHa-npovsBoauTens -
BenukobputaHus). Cnegyet OoTMETUTb, YTO aHanusatop Obin OoTkannbpoBaH B COOTBETCTBMU C M3BECTHbLIMU
cTaHfapTamu cogepXaHua MomnoyHown kucroTtel 5,0 n 15,0 Mmonb. YcnoBusa okpyxawouwen cpegbl MOryT
oKasbiBaTb BMMSHWE Ha cogepXkaHue MOSOYHOM KUCroTbl M paboTocnocobHOCTb, MO3ITOMY TemnepaTypa U
OTHOCWUTENbHAsA BIAXHOCTb BO34yXa B 3KCMEPUMEHTaNbHOM TMOMELLEeHUM Obiin  OTPErynuMpoBaHbl  C
ncnonb3oBaHvem yctponctea Arco (mogeno TC14P; Mepmanus). JaHHble noka3atenu coctaBunm 22,614.3°C u
22,742.4°C n 48,41+11,9% 1 52.1+£9.7% [ns nepBoro u BTOPOro arana UccrneaoBaHnsa COOTBETCTBEHHO. 313

3a ogHy Hegeno 0o Havana cbopa AaHHbIX YYaCTHWKM Obinv NMPOMHCTPYKTUPOBAHbLI O XO4e MCCredoBaHus U
NPOWM O3HAKOMUTENbHOE 0OOydeHue. VM ObINo NpeanoXeHo HadeTb KOMJOPTHYHO, HE CKOBbLIBAMOLLYHO
OBWKEHUA OLEXAY U XOPOLLO BbICMATbCA HOYbIO HAKaHyHe uccrenoBaHus B TedeHne 6-8 yacoB. Ogexaa, obyBb
n obopynoBaHne 6binn nogobpaHbl UHAMBUAOYANbHO Afst KaXOOTO0 U3 YYacTHUMKOB C LENbl  Co3faHust
KOHTPOITMPYEMbIX 3KCMEPUMEHTANbHbIX YCIOBUIA.

Y4yacTHUKM Npubbiny Ha ctaguoH HaTowak B 8:00, nocne Yero ObiN NOgaH CTaHOAPTHbLIM 3aBTpak (CoaepKaLLmi

npumepHo 380 kkan). Cnyctss 30 MMHYT ObINO NPOBEAEHO M3MEPEHME YPOBHS MOMOYHOW KUCNOThLI U npoba Ha
paBHOBecue. 3aTeM y4aCTHUKM BbILLN Ha OEroByto JOPOXKY M3 UCKYCCTBEHHOrO MaTepuana, rge gorpkHa Obina
nporTK npoba Ha yTomrieHue. [JaHHOEe uccnenoBaHus ABNAETCS KpanlHe U3HYPUTENbHbLIM, MO3TOMY B TeyeHne 25
MUHYT Oblnla NpoBefeHa pa3MuHKa CMOpPTCMeEHOB. lNMporpaMma pasMuHku Obina CTaHOapTM3MpOBaHa AnNst BCEX
y4acTHMKOB. BO Bpemsi NpoBeOeHus MCCrefoBaHUs ANUTENbHOCTb KaXXAOro noaxoda M NnepepbiBOB Ha OTAbIX
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Oblla u3MepeHa C MOMOLLBbI aBTOMATU3MPOBAHHOW CUCTEMbI (POTOSMNEMEHTOB. TeCTbl Ha paBHOBEcME Ha
GanaHc-cucTeme Biodex Gbinu npoBeAeHb! A0 NPOBbI HA yTOMAEHNe 1 5 MUHYT cnycTst. +°

CratucTtuyeckum aHanus

lMonyyeHHble 40 1 nocne NpoBedeHns UccrnefoBaHus AaHHble 6binv NpoaHanM3npoBaHbl C MOMOLLBI NapHOro t-
TecTa, ocTanbHble [OaHHble - C MOMOLWbi0 OAaHOBbIOOpoYHOro t-tecta, tectoB ANOVA n kosdbdpuumneHta
koppensauuu upcoHa. AprymeHT «anbda», pasHbld 0,05, GbIn MCNoNb3oBaH Ans NOACHETA CTAaTUCTUYECKON
3HauMmocTu ¢ nomotubto Bepcun 17.0.nporpammbl SPSS ans Windows.

Pe3synbTathbl

B npoBegeHHOM uMcCCNegoBaHMM WM3MEHEHMS CTaTMYECKOrO pPaBHOBECUMS B 3JKCMEpUMMEHTanbHOW rpynne (B
NOMOXEHNN C OTKPbITbIMU U 3aKpbITbiMK rnaszamu) coctasunu 0,16% n 3,17% COOTBETCTBEHHO, YTO HE SIBMSNOCH
CTaTUCTMYECKN 3HAYUMbIM pe3ynbTaToM. VI3MeHeHns AnHaMmnyeckoro paBHOBECUS B 9KCNEPUMEHTANbHOM rpynne
(B NonoxeHmn € OTKPbITbIMM U 3akpbiTbiMu rnadamu) coctasunu 0,12% un 0,41%, COOTBETCTBEHHO, YTO He
SABNSANOCb CTAaTUCTUYECKN 3HAYMMbIM PEe3yrbTaToM.

B cootBeTCcTBUM C pe3ynbTaTamu NOBTOPHO NpoBefeHHbIx TectoB ANOVA kakoro-nnbo 3Ha4yMMoro MameHeHus
nokasaTenew B Nto6OM NONOXEHUUN BbISIBIIEHO He ObIro.

3Ha4yMMON B3aUMOCBA3N MeXAY HaKOMMEHMEM MOMOYHOM KUCMOTbl M M3MEHEHWAMMW MokasaTenen paBHOBECUS
(r=-0/570, p<0,05) oTMe4eHo He GbIno.

O6cyxaeHune

B cootBeTCcTBUM C pesynbTaTamu MOBTOPHO NpoBeaeHHbix TectoB ANOVA kakoro-nnbo 3Ha4yMMoro MameHeHus
nokasaTtenen BbisiBNeHO He 6bino. NMogaepxaHwe paBHOBECUMSI B MOMOXEHWMM Ha OOHOW HOre COXpPaHsAnocb B
TeyeHne Bcero uvccrnefosaHus. Psag nccnepgoBaTenen usydan BAWSIHAE YTOMIEHWS, BbI3BAHHOMO 3aHATUMSMM
crnopTom, Ha (yHKLMOHanbHoe paBHoBecue. Hanpumep, B 2007 rogy Greig n Ap. NpooeMOHCTpUpoBanu, YTo
YTOMIIEHWE, BbI3BAHHOE 3aHATMSMW CMOPTOM, HE MOXET oOKa3aTb Kakoro-nmbo BrMSHMA Ha MokasaTenu
paBHoBecus.'®

B 2003 rogy nccneposatenb Schieppati 3aBeplumn n3ydeHne MexaHM3MOB YTOMIIEHMS U NPULLEN K BbIBOAY, YTO
yTOMMEHME MOXET BIUSITb Ha paBHOBece.” B COOTBETCTBUM C pe3ynbTaTamMu [aHHOMO WCCrefoBaHus,
3Ha4YMMOWN B3aMMOCBSA3U MeXy HakoMfneHWeM MOJIOYHOW KUCMOTbl U U3MEHEHUAMU NokasaTernen paBHOBECUS
OTMEYEHO He 6bINno. ATO CBA3AHO C TEM, YTO NpochecCuoHanbHble PECTePbl YacTO TPEHUPYHOTCS B COCTOSIHUM
NaKTaTHOro nopora 3HepreTU4EeCKMX CUCTEM, YTO AenaeT UX MeHee YyBCTBUTENbHbIMU K HAKOMMEHMIO MOSTOYHOM
KMcnoTbl. Takum obpasom, HakonmneHue fnakrata He okasblBaeT BMMSHWS Ha nokasatenu pasHoBecus. B 2006
rogy vccnegosaTenb Surenkok v ap. MOATBEPAUNN OTCYTCTBME B3aMMOCBSI3M MEXAY CTENEeHbI HaKOMMeHus
MOJSIOYHOW KUCNOTbl M HapPYLEHUSIMU YCTOMYMBOCTW. Takum 0OpasoM, MOXHO MPUATM K 3aKMOYEHMUIO, YTO
YTOMSIEHNE KOMEHHbIX MbILWL, OKa3biBaeT HebnaronpusaTHbIN 3ql>§peKT Ha paBHOBECKE; OJHAKO, 3TO BNUSAHUE He
B3aMMOCBS3aHO CO CTeNneHbo HAKOMNEeHUA MOSTIOYHON KMCMOThI.

KoHTponb paBHOBecUs SABNAETCH MYNbTUCEHCOPHbLIM, MO3TOMY B Cryvyae HapylleHWst YCTOMYMBOCTU OOHOW U3
yacTenm Tena uUeHTpanbHas HepBHas CUCTEMa MOBbLIWAET YCTOMYMBOCTb APYrnX 4acTel, 4YTo B wuTore
obecneunBaeT HaJexXHoe noaaepkaHue paBHoBecust. >

OnpepneneHne nokasatenen HanpasfeHHOro paBHOBecUs [0 (OUM3UMYECKOW Harpysku Mokasano, 4YTo nerye
noggepXuBatb YCTOMYMBOCTb B CPEeAMHHO-OOKOBOM, 4YeM B nepeaHe3agHEM MOSIOXKEHUU. OTO MOXET ObITb
CBSI3aHO C aHAaTOMUYECKUM CTPOEHWMEM KOCTU M CTPYKTYPOWN MSIrkux TkaHeid. 3%

HeycTonumMBocTb B CPEeaUHHO-OOKOBOM MOMOXEHUW, BEPOATHO, Bbi3biBAeT GONbLUMA PUCK ANS TpaBMbl CyCTaBa,
YeM yTOMIeHMe, KOTOpoe He okasblBaeT kakoro-nnbo acddekta Ha ANUMTENBHOCTb PU3MYECKON Harpysku. Kak n
OXMAanoch, B KaXAOM UCCNeaoBaHMM cpedHee OTKIMOHEHUE paBHOBECUS ABMANOCH OOKOBbIM MO OTHOLUEHUIO K
LeHTpy nnatdopmbl. Bnpoyem, B KOHLUE KaXXAOW NOMOBMHbI CpeaHee OTKINOHEHME B NepeaHe3agHEM NOSIOXKEHUN
yBENUYMBANOChb B HanpaBfeHun Breped. ATa poTauust nnaTtopmbl BHU3 yka3biBaeT Ha NOAOLIBEHHOE crubaHue
B FONIEHOCTOMHbIX CycTaBax. Takoe crmbaHve cnocoOCTBYET YMEHBLUEHWIO YCTOMYMBOCTU U YBENUYMBAET PUCK
pPacTsKEHUS CBSA30K rONIEHOCTOMNHBIX CYCTaBOB BCrieAcTBME [0OABOYHbIX POTALMOHHbBIX Y MONEPEYHbIX OBVDKEHWN,
06bIYHO He BbI3bIBAKOLLMNX KAKUX-NTMOO TpaBM Mpu hMKCUPOBAHHOM MONOXEHUM CTOM. '

OTKMNoOHeHVEe Bnepes Takke MOXET OblTb JOCTUrHYTO MyTEM CrMOaHUsl KONMEHHbIX unn 6efpeHHbIX CycTaBoB W,
COOTBETCTBEHHO, CMeELLeHUeM LeHTpa TsXecTW. PuUck nonyyeHus TpaBMbl MOXET BO3pacTu Mpu CRAULLKOM
CWUIbHOW OMOpe Ha KONeHHble unu GenpeHHble CycTaBbl B MOMbITKE COXPaHUTb paBHOBECUE, TaK Kak B 3TOM
cny4ae NpouCXOAWT U3MEHEHWE pacrnpedeneHns MacChbl Tera Ha pasHble rpynmnbl Mblwl,. TO eCTb Bbl3BaHHOE
YTOMJIEHNEM M3MEHEHNE MOCTYParibHOrO KOHTPONSA NMPUBENO K YCTANOCTU KOJIEHHbIX, @ 3aTeM OeApPEHHbIX MbILL,
W, BMOCNEACTBUWN, K MECTHOW YCTanoCTVM MbiWL, ronieHn. MI3MeHeHnst nocTypanbHOro KOHTPONS BbI3biBAKOT
KOMMEeHCaTOPHbIE N3MEHEHMS B paboTe CyCTaBOB C LieNnbio nogaepXaHnst yHKLUNOHANbHOro paBHOBECUS.
BrnpoyeM, paxe npu ycnewHoOM nogaepXaHun paBHOBECUS U3MEHEHUs paboTbl pasfU4HbIX FPyNn MbILL,
BbI3BaHHbIE YTOMJIEHMEM, [ENaktT cropTcMeHa Gonee MoaBepXeHHbIM TpaBMaM. VI3aMeHeHusi paBHOBECUS B
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KOHL|e Ka)KOOi MONMOBMHbI BKMKOYAET Takke W HapyLIeHUs] B (DyHKLMOHANbHOM PaBHOBECMM CyCTaBOB. OTO
NOATBEPXKAEHO SNUAEMUONOTMYECKUMA HABMIOOEHUSIMA, OCHOBAHHBbIMU Ha CRy4asix PacTsHKEHUs CBSI30K
KOMEHHOro CycTaBa BO BpeMsi Urpbl B dyToon. >*°

Takum 06paSOM, BO3MOXHbIMW MeXaHn3mMmamu, Bbli3blBaWHMMW YyTOMIIEHME MbIlIY Wen U BINAKLWMMAU Ha
cTatn4eckoe M AMHaMuU4eckoe paBHOBecue, ABIAKTCA USMEHEHUA ad)d)epeHTHbIX YyBCTBUTEJIbHbIX BXOAOB,
CHMWXeHne NnocTypalnibHOro KOHTPOIA, 3HaYUTENbHbIN cABUr LLeHTpa OgaBneHusa, yBermimdieHne BpeMeHn 3aepXxkm u
CHWXEeHNe MbIlleYyHOoN aKTUBHOCTN, WN3MEHeHUd |'|p0|'|7pVIOLI,eI'ITVIBHOI7I YyBCTBUTEIIbHOCTN U ,D,VlC(byHKLWlH
COKpaTUTENbHbIX €OUHNLL aHTl/IrpaBI/ITaLLVIOHHOPI MbILLLbI. 6.7.13.14

HesHauuTenbHoe namMeHeHue ONHaMNYeCKOoro noctyparibHOro KOHTpOJA MOXeT ObITb CBA3aHO C MOBbILLEHHbIM
BHUMaHMEM YYacTHMKA WMCCMEAOBaHUS K KOMeGaHWsIM Tena, HEPBHO-MbILLEYHLIMU HAPYLLEHUSIMU  HUXKHUX
KOHEYHOCTE, BU3yanbHbIMU 06Gpa3amm, HamMuMeM CUMbHBIX MOOLUBEHHBIX MbILUL-CrubaTeneii y crnopTCMeHOB,
N3MEHEHUSIMI (PYHKLIMOHUPOBAHUSI 1 MEXaHU3MOB NpPeBapUTENbHOrO NOCTYParbHOTO KOHTPOIS! U BO3POCLLEN
aKTUBHOCTbIO PepreKCoB CBS304HO-MbILLIEYHOrO annapara.

3aknioyeHue

OaHO 13 nyywmnx noATBEPXKAEHWMN OTCYTCTBMS U3MEHEHUs YCTOMYMBOCTU 6GOpLOB COCTOUT B CreayloLlem:
MPOTOKOMbl  M3YYEHUS YTOMIIEHWSi, COCTaBfieHHble B XO04e [AaHHOr0 WCCrnefoBaHus, HaxodsTcs BO
«B3aUMOCBA3NU» U «MNOAOOGUU» C OCHOBHBbIMW TPEHUPOBKaMM OOPLIOB, YTO MO3BOMSET MPUMEHHATb CUCTEMY
npeaBapuTENbHOro NOCTYPanbHOro KOHTPOMS AS1A COXPaHeHWs NOCTyparbHOro paBHOBECUS B AarbHeENLWeM.

Ha ocHOBaHMM npuBEeOEeHHOW HWXKe AuarpamMmbl U B COOTBETCTBMM C MpMMEpamMu BOCCTAHOBIIEHUS MOXHO
coenaTtb BbIBOA, YTO AN1S1 BOCCTAHOBIMEHUS HABbIKOB W/MMNN U3y4eHUsT OnpedeneHHbIX ABWKEHWUN TPEHUPOBKM
OOIMKHbI HAaxXoOWTbCA OOHOBPEMEHHO BO B3aUMOCBS3M M nogobuy C nocTaBfeHHoW 3ajadven. BbinonHeHwe
«B3aMMOCBSA3aHHbIX» U «MNOAOOHbIX» OBWXEHWA BO BpPeEMS TPEHWPOBOK Gonee achdeKkTUBHO, YeM MOBTOpPEHUE
NPVBbIYHBLIX AencTBMin. B gaHHOM cnydae 3gdeKTUBHOCTbL BblpaXaeTcsi B CNOCOOHOCTM nofy4yaTb HaBbIK
BbINOMHEHNS OBWXEHWA B MOOON cuTyauum m NpUMEHsITb ero B ApYyrux ycnosusix. B crnopTe ucnonb3ayetcs
CXOXMI MPUHUMM: C LEenblo BblpaboTKM y CMOPTCMEHOB YCTOMYMBOCTU K yCTanocTu crnegyet noMelatb ux B
0BCTaHOBKY MHOXECTBEHHbIX 3N130A40B OCTPOro yTOMIeHus. BbinonHeHne cnopTcMeHaMy «B3avMOCBSA3aHHbIX»
N «nogobHbIX» ABWXKEHWN BO BPEMS TPEHMPOBOK TakKKe BbICOKOI(MMEKTUBHO B OTHOLIEHWM WX MPUBbLIYHBIX
PYHKUMOHambHbIX YCNOBUIA B cnopTe.

srable o

Bricokas
3¢ PEeKTHBHOCTD

Huskas

3 HeKTHUBHOCTH _______.__r""/
bile ——

Manas Bricokast Manas Bricokas
B3aUMOCBSI3b, B3aUMOCBSI3b, B3aUMOCBSI3b, B3aUMOCBSI3b,
Maioe Majsoe BBICOKOE BBLICOKOE
ro1obue ro1obue noaooue noaooue

Puc.1 CooTHOLIEHME MeXay «B3anMOCBA3bI0» U «nogobmem» n ypoBHeM 3EKTUBHOCTU.

C yBelnn4eHnem B3aMMOCBA3N WU nogobus Sd)(beKTVIBHOCTb TPEHNPOBOK U yCTOVI‘-WIBOCTb K Harpyskam
3Ha4YnTes1IbHO BO3pacTaerT.

MPAKTUYECKOE NPUMEHEHMUE: pnaHHoe uccrnenoBaHMe MOXET ObiTb WCMONb30oBaHO C LENb OLIEHKU
cnocobHOCTM nofen K 3aHATM Bopbbol M nokasatenem ux YCTOMYMBOCTM K YTOMIEHWUIO MpPU  y4acTuu
npodeccroHarnbHbIX TPEHEPOB.

PEKOMEHOALIMA CMTOPTCMEHAM U TPEHEPAM: B HOpMe CEHCOMOTOPHAsA CUCTEMA MCMONb3yeT AaHHbIe,
nonyyYeHHble OT Tpex addEPEHTHbIX CUCTEM: BECTUOYNMAPHOW, COMATOCEHCOPHOM W 3putenbHon. Ecnn
(PYHKLMOHNPOBaHME OOHOM U3 3TUX CUCTEM (COMATOCEHCOPHOW) HapyLlaeTcs, TO ABE HEMOBPEXAEHHbIE CUCTEMBI
B HEKOTOPOW Mepe KOMMEHCUPYIOT 3TO HapyweHune. Takum obpas3om, nokasaTenb PaBHOBECUSI B MOMOXEHUMU C
3aKpbITbIMU [fla3aMu Bbile (4TO O3HA4YaeT CHWKEHWE YCTOMYMBOCTW) NMOZOOHOro nokasaTensi B MOMOXEHUN C
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OTKPbITbIMU TMasamu. OgHako, HECMOTPSI HY Ha YTO, paBHOBECME COXPaHSANOCh, YTO AEMOHCTPUPYET HEKOTOpOe
YMEHbLUEHNE YCTONYMBOCTM NPOJECCUOHANBHBIX CMOPTCMEHOB B MOMOXEHUN Ha OOHOWN Hore.

HecmoOTps HM Ha 4TO, paBHOBECME COXPaHSANoCb, 4TO, BEPOATHO, OblNO cBA3aHO C paboTo MEexaHW3MOB
nogaepXxaHnst YCTOMYMBOCTU B KOHLE Kaxaow nonosuHbl. CnepoBaTenbHO, UMEHHO B 9TO BPEMSsI CMOPTCMEHbI
Hanbonee noaBepxeHbl TpaBmam. MOXHO NpeanonoXuTb, Y4TO GOpLbl TPEHMPYIOT HaBbIKU NPONPUOLLENTUBHOWN
YYBCTBUTENBHOCTU Kak BO BPEMSI TPEHUPOBOK, TaK U B CBOBOAHOE OT HUX BPEMS.

BbIPAXXEHUE BNNATOOAPHOCTU

Bblpaxaem 6narogapHOCTb BCEM Y4yaCTHUKaM [aHHOTO WUCCMNedoBaHus, a Takke BCEM acCUCTeHTam,
3aHUMaBLUMMCS COOpPOM AaHHbIX. PUHAHCUPOBaAHWE OAHHOMO MUccrefoBaHWs ObiNo OCyLLECTBEHO TerepaHcKum
YuuBepcutetom (TerepaH, WpaH). WccrnegoBaTenn He3aBUCMMO — HakannuMeanu, aHanuMaupoBann U
WHTEpNpeTUpoBany MoslydeHHble AaHHble U He Oblnn (hrMHaAHCOBO 3avMHTepecoBaHbl B peaynbraTtax. [pynna
uccriegoBaTenen U Ux Komnmner He ogobpsOT pasrnalleHne pe3ynbTaToB AaHHOMO UCCIeaoBaHus.
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RESUME

But: Le but de cette étude était de montrer que: étre «en contexte» et la «similitude» dans les protocoles de
fatiguer les principaux aspects du sport ne modifie pas I'équilibre des lutteurs. Méthodes: Vingt professionnels
lutteurs masculins (dge 26,2 + 1 an, 62,3 + VO2max 3.1 kg ml min) ont participé a cette étude (10 chez les sujets
expérimentaux et 10 dans le groupe de contrdle) et a complété un protocole de fatigue. Dans cette étude, un
match de catch réguliére a été utilisé pour le protocole de fatigue métabolique. Systeme Biodex balance ® et
lactometre ont été utilisés pour I'évaluation de I'équilibre et le niveau de lactate (respectivement). Pour I'analyse
statistique, le coefficient de corrélation de Pearson, test t apparié, I'échantillon t et tests ANOVA ont été utilisés.
Résultats: Sur la base de ces résultats de I'étude, les modifications d'équilibre statique dans le groupe
expérimental (les yeux ouverts et yeux fermés postes) ont été respectivement de 0,16% et 3,17%, et ce n'était
pas statistiquement significative. En outre, les altérations équilibre dynamique dans le groupe expérimental (les
yeux ouverts et yeux fermés postes) était de 0,12% et 0,41% (respectivement) qui n'était pas statistiquement
significative. Il n'y avait pas une relation significative entre I'accumulation de I'acide lactique et les variations des
indices de stabilité (r = -0/570, p <0,05). Conclusion: I'une des meilleures explications pour I'absence d'altération
de I'équilibre des lutteurs, c'est que: le protocole fatigante exercée dans cette étude est «en contexte» et
«similaire» a la formation la lutte et cela peut provoquer des lutteurs d'utiliser un systeme de réglage
d'anticipation posturale Pour de plus amples maintien de la stabilité posturale. Les mécanismes possibles
responsables pour limiter I'effet de la fatigue sur la stabilité statique et dynamique comprennent: un changement
dans les entrées sensorielles afférentes, soit une diminution de l'ajustement postural, l'augmentation de
déplacement du CDP, augmentation du temps de retard et le décés de l'activité musculaire, l'altération de la
proprioception et la dysfonctionnement des unités contractiles dans la fatigue de gravité suivante lutte contre
musculaire.

MOTS-CLES: métabolique fatigue; fonctionnelle de stabilité
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