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miliratioa or biatcbanieal atr tm wnnr rarma~tr to comet tin WIIQUR or tbr *i-jumpis 
Ption offar cormiderabla Lprorslsnt of tbr pdvpgical p r q m a  in traning. In bDtb tb b o q  tbr practice 
of ski-jugu's tra- (1, 2, 7, U) thr takeoff pbur ir rclprbd u tbr kq ~ w n t  of tbe ubole juq. ¶!he 
quality of tb, b b o f f  la extrmly d i t f h l t  b d b p m ,  rim tbL pbarr Wrr m longer tian 0.2 - 0.4 
xc., ritb tba witor mlag at tbe sped of 20 - 35 Jmc. Exact ~ o n a t i m  about the quality of the 
take-off obtainad through h t i c  u u i n a t h  ku a considerable tim lag and thus it is not directly 
applicable during the training. On tba other band d y d c  mlysis of tbs j q e r i s  take-off caried out through 
thc OI-LMII r y t h  provide M i a t e  b io rchnh l  Worntion t b ~ t  an be utiliud hediattly to w r m t  tbe 
take-off tcchniqw. In our paper we bave duaibcd the cormtnrtian of a biomxhadal takeoff lodcl based on 
the data of dynaPe?.trical mmuMtr of the tala-otf pbasr of tbr &-jtnp, vhich is applicable in practise. 

The conception of au mdel is based a the bi-a1 tbcory of the take-off pbarc of aki-imp as 
descrikd in 112). Tbe ski-juqar's take-off is defined u a ultifactorial event i n  aicb 5 specific at:r 
tasb are solved by the s k i - j q r  sirvltancously (take-off vigour, accuracy, aercdymics, rotation and am 
activity). 

The startinq point of our rodel is based on quantification of tbe tvo key factors of take-off, naneiy 
vigour and accuracy. Osinq results of dyMR$aetrical stuly of the ski-jluper's take-of:, as presented i n  our 
mnography (12), we t oda t ed  the follwing hrpctharis : 
Bypotisis: Ye suppse that top p r f o ~ n c a  in ski-jluping is deterained by optimm combination of the factors 

of take-off vigour and accuracy. 
lhe goai of our study: - to fird a mtbolatical wdel of the relation batween tbc group of the tw variables (vigour and accuracy) and 

the lenght of the jump achieved, 
- through transformtian of the rodel into a version applicable i n  practise to obtain a high quality 

biomechanical apparatus controlling tbe training process a tbe ski jump. 

In 1977 - 1989 a dynamometric examination method vas king gradually developed and improved enabling to 
carry out, in natural conditions, leasurements of the tvo inprtant factors of take-off, w l y  viqour and 
accuracy. A 6a long and 0.9 m wide tensomtric platform is built in the Renstat p. R. ski-jump (P-72)  with 
plastic surface (since 1989 with a ceradc track). This ski-junp is also quip@ with an automatic system 

8 
reasurinq the nin-on velocity and the lenght of jump ( i n  operation s h e  1982). The tensometric platforn scans 
the resulting reaction force Pm pe'pendicular td tbe take-off plattorn (Piq. 1). Through ~tbematical computer 
assisted calculation the tw  key characteristics of the take-off phase are calculated fro1 the F ( t ) .  Vigcur 
is expresed by velocity increment of the centre of gravity of the tcdy i n  the direction w%ical to the * take-off board, which is gained by Ule take-off at the final 6 meters from the edge of the board. kcuracy is 
expresed by the distance froa the edge of the board vhere take-off vas completed. Detailed clarification of tbe 
 thodo do logy of function Pw (t) evaluation can be founl in our llomgraphy (12) tcqether with a number of 
concrete research data. In our search for mtberatical nodel of the relation betwen the vigour and accuracy of 
the take-off on the ooe hand and the lenqht of jump on the other band our previous analysis of 406 ski-* 
carried out in 1987 and 1988 was used. Statistical analysis of the data vas carried out by stardard prccedures 
using conputer PC-AT. 
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Wt of lw fob=, m a c y )  
A p r e l h h a q  visual iegs of the Bbap of furcth in space could be urn fmr the h i s t o g r ~  in Pig.2. QI the 
buio of tbir dmtatial mthmtical  arulysir of Cutfualt mrwa of qwim e q m d l q  ncel-lirnu 
regressive &pe&ace amq throe rariable uar carried cat. m0 Prt aiqmte approxbatioa to reality ua3 * 
expmed by tbr follovfDJ lmPl.jnnar reqresive eqmtion : 

Grafic represmtatb of thia fPnrfioa caa ba #cn ia Pig.]. ibr graph i r p h  tba d&xease in tate-off v~goln 
influences ski-jwp prtomm me rapidly tbaa detorioratim i n  take-off accuracy. Tba statemnt of o p t h  
conbinationa of the facton mdu hwt iga t ioo  is not a ptnly lathemtical pmbla. I t  is to s M  
from th ul t i f ac ton l  tbroy of ski-jqerlt t abof f  (12) ud caruida the i r d i v k l  featmer of individual 
take-oft. llatbuatical mlutiana of the vigour ad amracy facLon can bc seen i n  Fig. 4. Tbe areas with 
irregular boMdaricr represent theoretical corbinatioui of tb tw factore necessary for the achievewt of 
corresponding jlllP leaqhtr. Practical utilization of this Pdcl m l d  bc artrcacly coaplicated. 

In our atroqt  a t  aeatiq a d l  applicable in th practir w rtKtd frm the thoretical &el that 
has just been described and fron th results of om study (14). & o q h  statistical contratation of the 
paramters t o l l 4  in different selected sets bar& we famd for tba values of vigwr and accuracy vith top 
ski-jumpen vho take part in conpetitions GP R w t a t  p. 1. Very good correspondence vith the mtberatical miel 
uas achieved. The bands of o p t h  vigour and amracy levels wc expressed wvrically and a graphic mthod of 
their representatim vas wrked out. The graphic out# of tb resulting wdel i s  represented by Fig. 5. Tbe 
coqnhx tDpn msirtad of valuar of vigan, ~nnacy aad leaght of tb ski-jmp. A different amber of jumps 
can be analysed in gra@. Tho graph yields tvo typu of lnfomtion : - individual evalmtion of each sli-jnp, 
- statistical evaluation of a larger numter of jmps (in both graphic 3rd nurerial t o n ) .  
Statistical analysis of a larger nuber of juap provides valuable infonation about the stability of bke-off 
prforaance. N1 of the data mkrgo graphic aarlrontatiw with tbr o p t h  mdel provide a rich combination 
variety of tbe factors folloved. Ron tba didactic p in t  of viev these deviations can be defined vith 
considerable accuracy. Ymen trmformd into concrete instructions t h y  express the strong or veak p i n t s  of tbe 
take-off perforPanr. Tbe clarity of ~~~~~t and practical usefulnu characteristic of the graphic variant 
of the take-off Ddrl an features vhich r e c o d  the procedure describe above as a high ttandart and fully 
applicable tool of biowcbanical approach to controlled training. Milintion of this rtbod i s  conditioned by 
h i l t  in leasuring apparatus i n  the ski-jump. 

Tbe folloviq tvo maples were chosen to demonstrate the practical usefulness of this approach to 
biosecbanical investigation of take-off. Pig. 6. shon statistical ebaracteristics of the tw paraaeters 
folloved in competitors of different level of p r f o ~ n c e  and of different age. Both competitors, Ploc and 
SMgerb, are fourd to k in optimum bard, they are characterized by higb vigour stability as vell as t&-off 
accuracy, and their conception of take-off is ratber uniquc. Both corpetitors ranked in the competition up to 
tbe third place. In ski-jwpr low level of vigour and l w  accuracy of take-off can be observed. The example of 
tvo junior ski-jmprs exhibits considerable differences i n  the conception of take-off. Ilo. 1 has a highly 
accurate and stable take-off, even though his vigour bas not yet reached the desirable optima value. This 
mapetitor bar alnadp scared m a 1  p in t s  in this year's Hold Cup coqatitions. 01 the other hand junior k. 
2 i s  characterizd by a nmber of &-off u s t a b s  (systemtic pnratum take-off as w l l  as very lov vigour). % 

Pig. 7 represents statistical characteristics of variw selective sets. Confrontation of three selective 
sets of Yugoslavian ski-jlllpen vith a set of best coqetiton CMbles estimation of tbe quality of take-off 
within th vbole group of sprtsaen. 

COI(CUIS1oIIS 

Tbe p r o p 4  mdel of tJm We-off phasa of ski-jup has undergon long-ten practical verification durinq 
tbe training of ClcehorloraL fppn as ell as during corpetitionr a t  C.P. Renstat p. R. Tba pdel  has prwed 
useful not only for traininp m a ,  but also for investigation. Qrnwcting dynamrtric ~asuremts of the 
take-off phase n t h  o t h r  maswring systems built in  s k i - w  at Renstat p. R. (measuring run-on velocity and 
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Figure 2: 
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