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.bve?le.?t techcique is OIE of the factors ihicb determines spa* result. The achievemefit of go3d results in 
svixuLn;: depcds laqe!y on the correct wvemt  technique. The s#hwr vbo mts to achieve kit results nust 
rot only k very xli prepared in the physical sense but also must inaster tbe aavement technique. 

ii, contespzaq zwimi?g the intensity ar: tbe range of train@ load reaches (almsti the axinus of 
e:~'j. abilities. Ye:, '&re are stii! sow s:saries from which ve search for tha pcssibilities of mvezent 
pr:eci.ion. 

7he expzi~r,*:: vbicr, bv? tee." conduct,ed on svimiaminq tee!!?i~~2 for u y  years indicated tja? the?? 1s 
r, reed :'or a wrc precise erin~iihtion of the p p l i m  of ~lcvew?t which are mst significant for tk !x,smcion in 
I ! e  b c t e r  by ;isi;ig :w air?  st miem invest1qati.c~. xthds. 

'kndt; twre ii, a v;Je :??q~? nc erperi~?nts on winning tectmipe, the speial cbarzcteriaa:ion o i  
: ;;ii-ar1s mvrzsxi ii stil! rn fiwi prof.:&?. jvixer's mcvenents sim great sp t id l  coqlcxity iihich, U~ou,-h 
r k e x  ?:n ~1?y scicntifi': ~tblications dea:ifq yith it stil! requires invest~.gatisn. I t  ir: also tewusc cf 
.7,-b-.n L < - .  .,a! reasocs Oiat this cotplex w e m t  i; e x a r i n d  and analystd as plane ation. So far only a f e d  

s;:itntists (Bartheis and RC:ian, 1 3 5 ,  Cousihi! 1371, Issurin, Kostiuk 1984, iky, 1985) b v e  dealt .it? 
sp t i a l  axiyslr ,  c: the sdlmr 's  ration. 

i ~ a  t r e  bi;mecknicri point of vipd it is i r p r u n t  to determine t+e relationship tetveen mverrenx of t$e 
qp: srtreaity ard t ! ~  1ccox:i.r. ve:s::cy o l  a s.dizw:. The analyses. >f  the course of mvemt 3' the d p r  

srresity i t !  p!!i:r; - ,w)  mle against B bac.cqn3A ilc! ci;anqes ol ?el<xity taking place in the %vex:.: cycie 
3.v hdve a signifiwnt ~ a r . i y  for tk exeninitian and deC?rdnatio~ 0: the necgssity to atnine j~d:!i: 

ki?exiitlc w v e ~ n ?  prswrers 3f the svimer's iipp: ~ x t r e ~ i t y  ayains: a backgrstud of his locoimtive velccit!. 

ryx.SE 
&.. 

The d i z  of the pper i s  t:, detenine th? relationships betveen selected spatial aovenent paawters of We 
riimr's -per rrtrenity a d  his Imimtive velocity (velocity of his My). 

Spat~dl analysis cf the su imr ' s  muurentj allovs one t o  czlculate the s p t i a l  kinemtic mvesent 
~ : Z N ~ C : S  CI t'ie s v i n ~ r ' s  kcdy w i n g  i n  tiire and space, thus, acbievinq the new value in Siowchanicz! 
upriment.; ;in rhe siriwizling tectmique. 

MI.Tt!CDS k:SD %ROCFJURE 
+ The investiqotions concerning the swimirq technique conducted in watar require the adzptation of the 

tpparat.Js a,?d wthals usd on land. Photcqrametric msurinq metibis based on binocular observation vhich ~ r d e  
i: pssible to rgiscel the ph.incwna takirq plzw and to  cany out the spatial analysis were used. In order to 
mgi:ter the sv imcls  mtions in hater the pbatqrapiny of lights pulsating vith the constant frequency (LED 
- light edt t i rq d;d.les) was s e d .  

i 
The ;nvestiyti,>o consistNi of the stereophotogrametric cnaerd vhich was placed under the surface of 

ch.e uater, electcnic t c s h r  plztced ir: the photqrqhy field and U e  electronic recorder of movement fixed to the 
suimer s hack. The tester con:istz:: sf tvo indnptdent gates hu!y on the lines of tbe lane i n  vhich the sv imr  
Dan. 

VIII Symposium TSBS Prague 1990 



Pipre 1: Underdater stereophotmrametric photqraphy 
h,D - Light point (LED) 
B - Control point 
C - Stereophotoqraretric camera 

A competitor equip* with th recorder for mvement covered the distance of anyvhere from ten to tidentp 
wters with w i a m  velxi t f .  Stereocawra regisbred only one cycle of mvewnt,the one that got into the qates 
of the tester. 

The electronic recorder of the movewnt [fixed to t!!e svimer's kckj consisted of the rxta,ydlar 
container with .&ee vires ending in LEES. The diodes registered sovewnt ~f the upFr extraity and svinzlc?r's 
locomotive mvement. Tbe construction cf the recorder of the mvenent e ~ b l e s  one to ldentify the l igh t  s ip ! s  
registered on the photographic plate. me time of the light iquise amunted to 1 2 . 5 ~ ~  for the ~qpx extremity, 
25s for the leg and 50ms for the My. The diode fixed to the ~rm l i t  when the s v h r ' s  hand im~rezsed i n  the a 

uzter and it vent out when the arm left the vater. It contained isfomtion about the tine of the extredty's 
navement in vater. 

A cyclic cbaracter of movenents i s  typical for svidny,  vhich n e m  that a cop t i to r  covering a disWce 
constantly repeats a definite cycle of wvement. That i s  why one selected wve~ent has been analysed (the 
phase of mvement thich h k  place urrler the surface of tbe vater). 

\ 

Upper extremities are the nain driving mechanism in sport swidnq, thus, the sk tmr ' s  locomotive veiocity 
depends largely on tbe proper direction and the wvement velacity of the upper ertrenities. 

Svirm~ers representing r high level of sport mastery have been examined. The basic anthropretric 
measurements vhich wre condeed excluded the influence of the body build on the results of the investigation. 
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lieSDLTS ANII DISC'JSSION 
S t e r e q m  including tw recxding of the bace of the extreaitiesf navement ard the trace of t3e m v u n t  

of the s w k r ' s  body (tw path along which he mved) vere the result of the investigation. Pbotcqrmtric 
analysis of the fib material resulted in numerical values of XYZ coordinates of the succeeding points of the 
discxte recoriiq of the swimr s mvement. 

Selected -tic pa ra te r s  of the swi='s mvements were criculated on the basis of results of the 
photqrametric elaboration and the infomation refer& to the tinr of the particular light implses. In order 

c to crlcula:~ the velociti~s of the mvewnt the following formulz was used: 

&re : i ,  j - succaeding n d r  of a , i n t ,  
Y , Y  ,Z - artesian cwrdh tes ,  
t - tine of iqulse 

The :c:iovin?. kinem?ic pdraaeters :or the uppr extremity and the s i i m r ' s  body have teen obtained: 
- velocities bewen the socceediny pints  of the discrete recording 
- mximu, minimu and nean veiwities for  the upper extremity 
- mxinun, &i.?i~un an2 man v c l ~ i t i e s  for the body mtion 
- t ha  l e w  of  the dishwe tor the upper extremity 
- tile length o t  tk dismcnce covered by the sv imr ' s  My 

me calculation of val~vs of tbe XYZ coordinates alloved one to  drav the path of tbe upper extremity's 
mvewnt in three planes: XY - iroa one side, ZY - i n  front, ZX - from below. 

Fiqure 2: SviPminq sti:ke pattern: side - K Y ,  frcnt - ZY ond k l ~ ~  - XZ view. 
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Points a and e are the beginning and tbe erd of the roverent resptively, pints b,c,d, are the places 
vhere the shift of m v m t  toak place. These pints w e  rartd on the basis of stereocopies obsmtim of the 
@tosraphs fo* the -. 

The analysis of parameters presented in tbe table sbws Ulat then is  positive relationship ktveen Lhr 
. 

min velocity of wiring. 

Summing up, i t  can be stated tbat tbe obtained results include nrb mre information about the k i w t i c  
characteristics of mvenent than vere found in the previous investigations because the course of mvemt gives 
us infomtion about the patb along vbich tbe upper extrdty roves, vbereas mvement velocity of the upper 
extremity infom us indirectly about tbe force vitb vbich this extrenity vorks. 

SUBJECT 

1.W.P.  

2 . B . H .  

I .  X.M. 

4 . X . R .  

5 . S . J .  

1. T i l e  spatial cbaraderistics allowed to differentiate s v h r s  and proved that the character of the mvement , 
(its direction) influexes swimiq velocity. 
2. I t  bas f o d  tbat W e  is a positive relatiaship betveen tAe nwmnt velocity of tbe upper e r t rd ty  and 
the lvlgth of the distance, and between tbe mn velocity of the upper extrenity's mvemt and the mean 
aiming vel~city. 
3. Stereopbotograrctry analysis of the sviaairq technique gives the possibility for one to batch the effects of 
the technical train& process i n  a mre objective ranner than in tw dimensiondl andlysis. 
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BAM) 

speed 
100 a 
crwl 

51.71 

52.38 

51.12 

53.25 

53.39 

BODY 

time 

( t )  

0.95 

0.85 

0.85 

0.72 

0.60 

distance 

(0) 

1.90 

1.83 

V lledn 

(815) 

1.82 

1.30 

V nax 

(11s) 

2.10 

2.07 

distance 

1 

2.50 

2.30 

2.24 

2.18 

2.13 

1.77 

1.70 

1.65 

V ain 

( 9 / s )  

1.64 

1.42 

V mean 

( ~ 1 s )  

2.57 

2.38 

2.10 

2.28 

2.15 

1.12 

1.17 

1 .05  

1.74 I 1.99 
I 

V tax 

(01s) 

5.70 

5.41 

5.35 

5.28 

5.20 

V nin 

(@IS) 

1.62 

1 .60  

1.54 

1.02 

0.77 

1.68 

1.60 

time 

(t1 

0.85 

0.95 

0.70 

0.70 

0.64 

1.92 

1.87 
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