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Take-off creates potantfa1 conditions for tbc m l i a t i m  of a vault. h IDCIPk(e of a degree of difficulty 
of gymastic vaults has been achieved, amq 0-1, due to the @wmt of tbe take-off corditions by 
regular introduction of flexible elerents to the base aad apparatus. Flexible ele~ents of the gymnastic 
apparatus function as d a q ~ i q  drvicea for ranla mtor ryttol and oa the otber band they are the external drives 
vhich In xse ckcu~~tanccs assist uscle fonrr. Ccimideriq, tbat part of ran's rotor systen that is skeletal 
uscles also show flexible properties it can ba a s s d  that the result of a talc-off depends on three Linds of 
forces: 1. s l e  torques developed in joints, 2. form originating Era flexible eluents of skeletal nuscles 
actuating body egmnts, 3. forces originatirq fmr passive flexible elements of the base and apparatus. It 
h u l d  ba pointed out tbat out of the tvo fiuible rlemts representad by internal forces / uscle forces / and 
external forces / passive flexible rlenents / only the f i n t  have teen exahed. The technique of take-off 
iron a flexible base may include the cooperation of passive and active flexible e l m t s  in tvo ways: s d n q  - utren resomce effect results fro. intaraction k h  the ?m tinds of forces of the flexible elements, and 
differentiation - vhen tbt ddlping of the interactioa of both for= generators tale, place. 

The investigation of this problu starts with ananrirq the questim as to vbethr during a take-off from 
a flexible bksc there an phases of rrrntric wrk of utcla engaged in it, tbat is, vbctber the a m l a t i o n  
and reutilintion of elastic energy of skeletal m ~ ~ ~ l e s  can take- place / 1,3 /. lbus, tbe air of the 
investigation was to examine tbe cooperation of skeletal ~ c l e s  actuating hip joints, knee joints and ankle 
joiats, and use the obtained results to determine phases of eccentric and concentric wrk of leqs' muscles 
engaged in a take-of f . 

The eexperiment consisted in performing two vaults: A - handspring forvard vault, B - b a c W  somersault 
after flic-flac. Both trials have been registered with a 16~1 canera vith the frequercy of 100 fmss  per second 
in axis perpendicular to the course of m w u ~ t ,  bwrver, the attention vas fonued on the mlysis of the 
take-off. Vault A was performed by a gymst vith th first sports class according to PIC classification anJ 
vault B by a gym~st with the second class. 

In order to detenine tbe p h a w  of eccentric and concentric work of the muscles, first, w l e  torques 
bave been calculated / I( . far kip joints, Rl - for bee joints, R, - for ankle joints / on the basis of the 
dependence between time aerivative of the legs1 angular mvntu about a transverse axis of each of tbe three 
joints, and the total t o w  about tbe same axes. Sienenski et a1 /4/ Next, contraction velocities of three 
pairs of antagonist *ucles / 11-a.iliacus, C1-l.glutem M X ~ ,  Brcb-r biceps fenoris caput breve, 
V1-n.vastus lateralis, Tb-r.tibialis anterior, S1-a.soleus/ bave been calculated. These velocities vere defined 
as tiaa derivatives of the distance between their insertions and th mtonical data wre taken fmr Ripo and 
Pedotti 121. The contraction velocities depend on the angles q,  &2 ,v and angular velocities g ,  & , 

(Pig.1). The indication of eccentric and concentric w l e  vork corresponds to the relation taking place 
bekeen the developed w l e  torqw in a joint and tbe contraction velocities of uscles contributiq to that 
mment. Tbe effect of extension in a joint my k tha result of concentric wrk of extensors if the uxles  
actuating that joint are shortened the extending mmt in a joint my be the result of tension of tbc stretched 
ertensors, that is  the result of tbeir eccentric wrk. 
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Figure 1. Position of qyrra~t in tbe resting referem f r a r  M for A vault $ TS ~ c t o r s  of hip joint and tbe 
mtre of .ass positions. 91, 8,.)1 variablu of psition in the b v q  refennu Crane, ll - w c l e  
toques in wrists J.I.L., a, - angler of takeoff, Bp, $ - centre of EMS positlon i n  relation to 
L wrist in vertical axis. 

. .  . 
Parwters a, 1 , lIk determined as in Pig.1 and rarirrm values of a q u k r  velocity q, @, (Y together 

with conespding a l a r  positions in joints are present& in Table 1. Variables !? ( t ) ,  @ [ t ) ,  y(t) ard 
ifl(t), N2(t), N J ( t )  show angular displacuents in the function of t b e  i n  hip joints, bee pints  and ankle 
pints and the tm wurses of arrcle t o q w  obtainad for tbesc displacements. /Pig.Z/. 
Senses of uscle t o p s  for vault A are as fo l lm:  
I. t o p  N1 is neqatiw if  it is tbc extending  lent in hip joints. 
2. toque U2 i s  positive if it i s  the extending m m t  in knee joints. 
I. Torque U, i s  negative if it i s  the eytendiq Pent i n  ankle joints. 

Contrary to vault A ta rgue~ Ul and H, for vault 0 are positive if they are the evtendinq torques in hip and 
ankle joints, and I2 is negative if it i s  the ertendin) toque in knee joints, which results froa the choice of 
the reference frame for both vaults. 

Positive constrcctian velocity corresponds to sborteniq of a muscle. Analysis of geometry of the take-of: 
in vault B sbovs that it i s  executed under a smller awle i n  relation to the base than in vault A and it ends 
before reaching vertical psition defined by the angle, whereas, vault A i s  characterized by higher values of 
angular velocities in joints and higher values of linear velocity of the centre of lass. The take-off in vault 
A is short and quick. Characteristics q ( t ) ,  @ ( t )  Y ( t ) ,  Ul(t), U2(t), U l ( t )  presented in Pig.2 and 
respective velocities of rvscles 11, G1, Bfcb, Yi, Tb, S1 served to define the phases of eccentric /ECCj and 
concentric /COB/ wrk for the tvo vaults. Tha course of w c l e  activity corresponding to cbqes  of angle in  
joints for vault A i s  as follws: G l  w l e  gematin) the artendirq lwent passes fron eccentric wrk at  the 
beginning of the takeoff to the concentric one. $1 w c l e ,  vbicb passes frm eccentric wrk at  the beginning of 
the take-off to the concentric one in the final @se of push@ up the foot fro1 the base, wrks synchronically 
with C1 muscle. In the phase of wimm flexion of the he pint  there comes to the eccentric wrk of Vi muscle 
and the transitioa ta conwtric vork during the extension of the three joints of a leg simultaneously. In that 
position of . a r h  flexim of knee joints and ankle joints the effect of simultaneous eccentric vork of the 
three extensors of a leg GI, Yi and S1 can be noticed. 
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Piqure 2: Characteristics of leg ancle cooperation in take-oft , A - forvard vault, 
9 - variables of position in joints, K(t) - courses of m l e  torques, 
contractions of leg extensors, 11, Bfcl, Tb - velocities of contraction of 

B - backward vault. q, 0, 
GI, Vi, S1 - velocities of 
leg flexors. 
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T A W 1  
I - backward vault take-off. a, 6 i n  degrees Pi r/s , 
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such an effect MS also found while analysiq w l e  cooperatian i n  the take-at2 in vault B although this case 
differed noticeably from the previovs me. The backward vault i s  accoapnied by the evident eccentric work of 
the C1 w c l e ,  and at the miming and a t  the end of the take-off phase there comes to concentric activity of 
the I1 mcle .  I t  is in accordance with kme joints and ankle joints /first pbase of a take-off/ there cows to 
the sipultanwus eccentric work of GI, V i  and Sl muscled ani the% arscles pass to c o m t r i c  wrk. Concentric 
activity of Bfcb w l e  in the second phase of the take-off is not desired and its apararce my be 
interprated as the lack of precision in the come of mveawt. 

The characteristic of leg muscle cooperation allows one to formulate tbe -is of interaction betwen the 
elements accumulating elastic potential energy in m ' s  mtor system and the elemnts accumulatiy potential 
energy in the flexible Sase. This statement is supported by simultmous appearance of the phases of legs' 
extenscrs' eccentric wrk i n  three different joints at the mrent diredly preceding the achievement of r a r h  
torques driving the body in the critical phase of tbe take-off. AccepMle variants of the cooperation of the 
flexible e l a n t s  in aan's mtor system and passive flexible eleaents of thc flexible base are as follovs: a l l  
elements acnmwlate elastic potential energy, then i ts  release takes place in the proper phase of the take-off 
and only some elements accumulate the elastic ptential erergy which results in its dispersion. In practise, 
such an effect of energy dispersion is h v n  and is identified with the incorrect take-off technique. 

The external mifestation of the incorrect take-off technique is tbe delormation of tbe flexible eleiuents 
of the elastic base and the lack of a push up of the legs in the final phase of the take-off. Bowever, it seems 
tbat this pmblem i s  coqlicated and the utilization of the elastic potential forces refers to the rn - base 
system in which both man and base include elements accumulating and releasing elastic potential energy. 

The time courses of coordination of nuscles actuating a leg during the take-off i s  realized minly by the 
eccentric-concentric wrk of the ertensors. The ertensors are subjected to eccentric wrk in the phase when tbe 
torqws developed by them in joints generate the mvwnt of erterding legs, vhich causes the deformation of tbe 
elastic base. In the proper phase of the take-off the extensors pass to the concentric wrk. 
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