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Annotation. Background: Models of competitive activity at the 1500 m distance on short-track skating are developed
on the basis of defining the relationship between sports results and major characteristics which describe speed of
running at different parts of the distance. Material: we analyzed reports of competitions at the European and World
Championships, World Cups 2007-2011. The dynamics of the speed finalists of the competition at the 1500 m - in hits
(n = 33), quarterfinals (n = 34), semi-finals (n = 32) and finals (n = 39). Results: it was determined that for a distance of
1500 m short track skating is the most appropriate model with factors of influence: the speed of the first to sixth part of
distance , the speed difference between the first and second half of the distance, time of the slowest circle, the difference
between the time of the slowest and fastest circles. Conclusions: time of overcoming of distance will diminish at the
rational change of model indexes. It will allow to increase possibility of output in the next circle of competitions and
accordingly improve a place in final protocol.
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Introduction

Recent short track has become very popular as a kind of skating, but very quickly transformed in independent
kind of sports. This fact requires seeking for new ways and methodic solutions of training process’s construction.
Effectiveness of controlling of training process is closely connected with simulation — the process of building, studying
and using of models for determination and specifying of characteristics and optimization of training process and
participation in competitions [4].

One of simulation’s directions is development of models of competition activity. For this purpose the most
substantial for this kind of sports characteristics are determined, which are to some extent independent. Model
characteristics of competition activity have been created for many kinds of sports, including: track and fields— [3];
swimming [6]; bicycle racing [5]; skating — [7, 8, 9].

In spite of rather high level of scientific researches on this problem, unfortunately for short track the problems
of simulation have not been sufficiently studied. There are models of straight skating 2], of organization of training
loads and dynamics of highly qualified short-trackers’ state in annual cycle of trainings as well as anthropometric model
characteristics [1] and models of lower limbs’ muscular strength [10]. At the same time there is practically no
information, connected with simulation of competition activity for different distances.

All, above said, predetermined direction of our researches.

The work has been fulfilled as per combined plan of scientific & research works in the field of physical culture
and sports for 2006-2010 of Ministry of Ukraine on family, youth and sports, by subject 2.1.1.15.8 “Perfection of
sportsmen competition activity’s structure in cyclic kinds of sports (on materials of bicycle, skating and ski racings)”
state registration number 106U010774, and in compliance with combined plan of scientific & research works in the
field of physical culture and sports for 2011-2015 of Ministry of Ukraine on education, science, youth and sports by
subject “Building of training and competition activity of sportsmen in Olympic cycles on the stages of many years
perfection”, number of state registration 0112U003205.

Purpose, tasks of the work, material and methods

The purpose of the research is to develop models of competition activity for 155 meters short track on the base
of determination of interconnection between sports results and main characteristics of racing speed on different
segments of distance.

The methods of the research: analysis and generalization of scientific-research literature, official short track
competitions’ reports; mathematical simulation; methods of mathematical statistics.

Material for research: analysis of competitions reports was fulfilled at world and European championships,
stages of World Cup 2007-2011. We researched dynamics of finalists’ speed at 1500 meter distance — in hits (n=33), od
quarter-finals (n=34), semifinals (n=32) and finals (n=39).

Results of the research

Building of regression models of competition activity at 1500 meters distance in short track was carried out in
compliance with algorithm, presented in fig. 1.
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Determination of competitionactivity's components on the
base of literature sources' analysis

-

Determination of competition activity's quantitative
characteristics

-

Determination of different variants of passing distance

-

Determination of informative indicators of competition
activity for every variant

P

Developoment of regression models of competition activity
for 1500 meters short track

Fig. 1. Algorithm of building of competition activity’s regressive models for 1500 meters short track

On the base of analysis of scientific and methodic literature, devoted to problems of competition activity in
other kinds of sports, for our research we determined the following components of short track competition activity:
speed of first segment — acceleration speed (half of circle — 55.56 m); speed at second segment (1 circle — 11.12 m),
speed on third- sixth segments of distance (every segment — 3 circles, 11.12 m each); time of passing the slowest and
the quickest circles (not considering the first circle); difference between speed at first and second parts of distance ()not
considering first circle); difference between the slowest and the quickest circles; quantity of circles on qualification
position; quantity of circles on leading positions; position of sportsman in group at first part of distance; position of
sportsman one circle before finish.

By these indicators we found quantitative characteristics of competition activity at distance 1500 meters (see

table 1).
Table 1
Indicators of competition activity of the world strongest sportsmen in 1500 meters short track
Indicators of competition activity on different circles of
competitions
Description of indicators hits, n=33 |/4final, n=34 1/12]:%11231, final, n=39
x S X S x S X S
Result, sec. 1471'3 3.844 1358‘9 4.328 1397'9 2.566 14;)'0 4.877
Mean speed, m.p. sec ' 10.62 | 0.288 | 10.81 | 0.369 | 10.87 | 0.202 | 10.72 | 0.372
Speed at first segment, m.p.sec ! 6.19 |0.349 | 6.33 | 0.350 | 6.34 | 0345 | 5.92 | 0.355
Speed at second segment, m.p.sec ! 9.05 [0.692 | 9.15 | 0476 | 9.30 | 0916 | 8.60 | 0.537
Speed at third segment, m.p.sec ' 10.47 | 0.672 | 10.57 | 0.481 | 10.26 | 0.483 | 10.10 | 0.900
Speed at forth segment, m.p.sec ™ 11.14 | 0.474 | 11.25 | 0.440 | 11.47 | 0.320 | 11.29 | 0.622
Speed at fifth segment, m.p.sec ' 11.70 | 0.277 | 11.80 | 0.291 | 11.94 | 0.240 | 12.02 | 0.342
Speed at sixth segment, m.p.sec " 11.90 | 0.300 | 11.99 | 0.237 | 12.12 | 0.235 | 12.42 | 0.262
Speed at 1** half of distance, m.p.sec ™ 10.22 | 0.251 | 10.33 | 0.186 | 10.48 | 0.179 | 10.22 | 0.303
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Speed at 2nd, half of distance, m.p.sec ' 11.75 | 0.567 | 11.85 | 0.370 | 11.97 | 0.360 | 12.11 | 0.752
Difference of speed, m.p.sec ™' 1.53 | 0.035| 1.52 | 0223 | 1.49 | 0217 | 1.89 | 0.460
Time of the quickest circle, sec. 9.10 | 0.190 | 899 | 0.163 | 8.87 | 0.152 | 8.68 | 0.150
Time of the slowest circle, sec. 12.38 | 0.300 | 11.39 | 0.191 | 12.18 | 0.186 | 13.09 | 0.394
giiig‘j‘;?fetween the slowest and quickest 328 | 0.650 | 2.40 | 0.415 | 332 | 0.403 | 4.40 | 0.854
Quantity of overtaking 34 0.13 32 0.10 3.8 0.55 32 0.17
Overtaking of other sportsmen 2.1 0.49 2.3 0.24 29 0.15 3.8 0.16
OQV“eftlggn‘g’“mpmved positions during one 22 | 009 | 23 | 007 | 26 | 018 | 3.1 | 0.14
Quantity of circles at leading position 4.0 0.36 33 0.23 34 0.34 2.2 0.23
Quantity of circles at qualification position 6.7 0.36 6.3 0.25 6.4 0.41 - -

At the same time we studied changes of racing speed at every segments of distance that permitted to determine
two main variants of 1500 meters distance skating, which were used in all circles of competitions (see fig.2).
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Fig.2. Using of variants of 1500 meters distance’s passing by the strongest short-trackers in different circles of
competitions %:

First variant is maximal speed at fifth segment, minimal at third — is registered in 20.5-38.5% of cases,
depending on circle of competitions. Second variant is maximal speed at sixth segment, minimal — at third and it is the

most frequent — in 52.9 — 79.5 cases.

On the base of multiple regression analysis between characteristics of competition activity and sport result, we
determined informative indicators of competition activity (speed at first — sixth segments), which became the basis
for development of prediction models in the form of regression equations.
Equation of multiple step-by-step regression, which characterizes peculiarities of dependence between sport result at
distance of 1500 m and speed at six segments with first variant of racing is as follows:

t=28590-1,71 x X; - 1,35 x X, — 3,35 x X3 —-3,01 x X4, —2,02 x X5—2,63 x X,

where: t — sport result, sec.
X, — racing speed at first segment m.p.sec

X, — racing speed at second segment m.p.sec ';

X5 — racing speed at third segment m.p.sec ';

X, — means racing speed at forth segment, m.p.sec ';
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X5 — means racing speed at fifth segment, m.p.sec ';

X, — means racing speed at sixth segment, m.p.sec ;

Standard error of estimation of model is 0,183 sec.;

Coefficient of multiple correlation R —0,998;

Coefficient of determination R>— 0,997;

Model is statistically significant at level p<0.001.

The conducted regression analysis between sport result and speed at every of six segments of distance resulted in
calculation of quantitative characteristics of racing models, which ensure achievement of the desired results at 1500
m distance with first variant of distance’s passing (see table 2).

Table 2
Quantitative characteristics of regression models of competition activity, which ensure achievement of desired
results at distance of 1500 m in short track with first variant of racing.

Distance segments
. . Second . . .

§ First segment segment Third segment | Forth segment Fifth segment | Sixth segment

o 2 & 2 = 2 2 2 = 2 & 2 &

= g 5 £ — 5 £ — 5 g = £ F £

N SI SH 5 N N

1 2 3 4 5 6 7 8 9 10 11 12 13
134.1 9.0 6.2 11.5 9.6 10.3 10.8 9.3 11.9 9.1 12.2 9.1 12.2
135.1 9.0 6.2 11.7 9.5 10.5 10.6 9.4 11.8 9.1 12.2 9.2 12.1
136.1 9.0 6.2 11.9 9.4 10.6 10.5 9.5 11.7 9.1 12.2 9.2 12.1
137.2 9.0 6.2 12.0 9.3 10.7 10.3 9.6 11.6 9.1 12.2 9.2 12.0
138.2 9.0 6.2 12.2 9.1 10.9 10.2 9.7 11.5 9.2 12.1 9.3 12.0
139.2 9.0 6.2 12.3 9.0 11.0 10.1 9.8 114 9.2 12.1 9.3 11.9
140.2 9.0 6.2 12.5 8.9 11.2 9.9 9.9 11.3 9.2 12.1 9.3 11.9
140.2 9.0 6.2 12.5 8.9 11.2 9.9 9.9 11.3 9.2 12.1 9.3 11.9
141.2 9.1 6.1 12.5 8.9 11.3 9.8 10.0 11.1 9.2 12.1 9.4 11.9
142.2 9.1 6.1 12.6 8.8 11.5 9.7 10.1 11.0 9.2 12.0 9.4 11.8
143.2 9.1 6.1 12.6 8.8 11.6 9.6 10.2 10.8 9.2 12.0 9.4 11.8
144.2 9.2 6.1 12.6 8.8 11.8 9.5 10.4 10.7 9.3 12.0 9.4 11.8
145.2 9.2 6.0 12.7 8.8 11.9 9.3 10.5 10.6 9.3 12.0 9.5 11.7
146.2 9.3 6.0 12.7 8.7 12.0 9.2 10.6 10.5 9.3 11.9 9.5 11.7
147.2 9.3 6.0 12.8 8.7 12.2 9.1 10.8 10.3 9.3 11.9 9.5 11.7
148.2 9.3 6.0 12.8 8.7 12.3 9.0 10.9 10.2 9.4 11.9 9.6 11.6
149.2 9.4 5.9 12.8 8.7 12.5 8.9 11.0 10.1 9.4 11.9 9.6 11.6

Equation of multiple step-by-step regression, which characterizes peculiarities of dependence between sport result at
distance of 1500 m and speed at six segments with second variant of racing is as follows: \
t=305,52 -2,01 x X; — 1,34 x X, — 3,19 x X5 - 3,01 x X4—2,49 x X5— 3,69 x Xg,

where: t — sport result, sec.

X, — acceleration speed, m.p.sec ’];
X, — racing sped at first circle, m.p.sec ';
X5 — mean racing speed at second segment, m.p.sec ';
X, — mean racing speed at third segment, m.p.sec ™';
X5 — mean racing speed at forth segment, m.p.sec ';
X — mean racing speed at fifth segment, m.p.sec ';
Standard error of estimation of model is 0,592 c;
Coefficient of multiple correlation R — 0,989;
Coefficient of determination R*— 0,978;
Model is statistically significant at level p<0.001.

96




The conducted regression analysis between sport result and speed at every of six segments of distance resulted in
calculation of quantitative characteristics of racing models, which ensure achievement of the desired results at 1500
m distance with second variant of distance’s passing (see table 3).
Table 3
Quantitative characteristics of regression models of competition activity, which ensure achievement of desired
results at 1500 meters distance in short track with second racing variant

Distance segments

o First segment Second Third segment | Forth segment | Fifth segment Sixth segment

2 segment

) - o o -

E 3 2 2 3 3 3

7 ) 2 ) H 5} i 5] A o A © 2

& : | = | = | = | 2 e | 2 s | =
5 S| S| N N N

133.6 8.8 6.3 12.2 9.1 9.8 11.4 9.5 11.7 94 11.8 8.9 12.5

134.6 8.8 6.3 12.2 9.1 10.0 11..1 9.6 11.6 94 11.8 8.9 12.5

135.6 8.9 6.3 12.2 9.1 10.2 10.9 9.6 11.5 9.4 11.8 9.0 12.4

136.6 8.9 6.2 12.3 9.1 10.4 10.7 9.7 11.5 9.4 11.8 9.0 12.4

137.6 9.0 6.2 12.3 9.0 10.6 10.5 9.8 11.4 9.4 11.8 9.0 12.3

138.7 9.0 6.2 12.4 9.0 10.8 10.3 9.8 11.3 9.4 11.8 9.1 12.3

139.7 9.0 6.2 12.4 9.0 11.0 10.1 9.9 11.2 9.5 11.8 9.1 12.2

139.7 9.0 6.2 12.4 9.0 11.0 10.1 9.9 11.2 9.5 11.8 9.1 12.2

140.6 9.1 6.1 12.4 9.0 11.1 10.0 10.1 11.1 9.4 11.8 9.1 12.2

141.6 9.1 6.1 12.4 9.0 11.3 9.8 10.2 10.9 9.4 11.8 9.1 12.2

142.6 9.2 6.1 12.4 9.0 11.5 9.6 10.4 10.7 9.4 11.9 9.1 12.3

143.5 9.2 6.0 12.4 9.0 11.7 9.5 10.5 10.6 9.4 11.9 9.1 12.3

144.5 9.3 6.0 12.4 9.0 11.9 93 10.7 10.4 9.3 11.9 9.0 12.3

145.5 9.3 6.0 12.4 9.0 12.1 9.2 10.8 10.3 9.3 11.9 9.0 12.3

146.4 9.4 5.9 12.4 9.0 12.3 9.0 11.0 10.1 9.3 12.0 9.0 12.3

147.4 9.4 5.9 12.4 9.0 12.5 8.9 11.1 10.0 9.2 12.0 9.0 12.3

148.4 9.5 5.9 12.4 9.0 12.7 8.8 11.3 9.9 9.2 12.0 9.0 12.3

The carried out regression analysis showed that according to presented models highly qualified short trackers
will improve sport results with increasing of speed at every segments of distance.

Speed at first segment of distance reflects start speed of sportsman, speed on the second — is speed of transition
from start to distance speed; speed on third — fifth segments is distance speed; speed on sixth segment —s finishing
speed. That is why with improving of results on these segments — sport result will also improve.

In the course of researches we also appraised dependence of result from other characteristics of competition
activity, videlicet: difference between mean speed at first and second halves of distance, time of the slowest and the
quickest circle, their difference. Calculations were carried out for every racing variant. Correlation analysis permitted to
determine the most significant for successful competition activity indicators. For the first racing variant we determined
positive interconnection with speed difference at first and second halves of distance (r = 0.590), with time of the slowest
circle (r=0.598) and difference between the slowest and the quickest circles (r =0.575). For second racing variant
these indicators accordingly equal to (r = 0.858; 0.567 and 0.517).

Analysis and generalization of characteristics of competition activity at short track 1500 m distance were taken
as the base for foundation and development of competition activity’s models for this distance for different racing
variants. Construction of models is closely connected with start speed, distance speed and finishing speed, because the
main aim of sport training in cyclic kinds of sports is mastering the required speed and maintaining of it at competition
distance.

Thus, at 1500 m distance sportsmen appear four-five times. Sport result improves from preliminary racings to
semifinals. Results in finals are lower. Mean-group characteristics of competition activity of highly-qualified
sportsmen, specializing in 1500 m short track, oriented on different racing variants are given in table 4.
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Table 4

Models of competition activity at 1500 m distance, oriented on different racing variants.

First variant

Second variant

Mean speed at first segment is by 27.9 — 33.0 % lower
than average-distance one. Speed is increasing up to the
forth segment of distance. At second segment speed is
lower by 1.6—-10.5% than average-distance. At third
segment speed is higher than mean-distance one by 3.8 —
5.8 %. At forth segment there happen sharp increasing of
speed, especially in finals; gap with mean distance speed
is 10.2-19.7 %. At this segment speed insignificantly
reduces and exceeds mean-distance one by 8.1 — 18.0 %.
Time of one slow circle is 11.5 —13.5 sec.. Time of the
quickest circle — is— 8.6 — 9.1 sec. Mean speed at first half
of distance is — 10.25m.p.sec ", at the second —
11.95 m.p.sec "' that corresponds to circle time 9.3 and
10.8 sec. correspondingly. Difference between speed at
first and second halves of distance does not exceed
1,7 m.p.sec . Overtaking number — 3 —4, improved by
overtaking positions— 2 -3, quantity of circles at
qualification position— 6 — 8, at leading position— 3 —4.
Result depends on speed at all segments of distance, on
difference between mean speed at first and second halves
of distance, on time of the slowest circle, on difference
between the slowest and quickest circles.

Mean speed at first segment is by 27.0 —32.1 %
lower than average-distance one. Speed is
increasing gradually up to the end of distance. At
second segment speed is lower by 1.8 — 5.9 %, than
average-distance. At third segment speed is higher
than mean-distance one by 3.2 — 5.4 % at the forth
segment — by 7.7—-10.2 %. At fifth segment the
highest speed - by 11.6 — 15.4 %. Time of one slow
circle is 11.5 — 13.0 sec. Time of the quickest circle
— is — 8.9-9.2 sec. Mean speed at first half of
distance is— 10.32m.p.sec’, at the second—
11.94 m.p.sec ', that corresponds to circle time 9.3
and 10.8 sec. correspondingly. Difference between
speed at first and second halves of distance shall
not exceed 1,6 m.p.sec”’. Overtaking number — 3 —
4, improved by overtaking positions— 2 -3,
quantity of circles at qualification position— 5 — 6,
at leading position— 2 — 3. Result depends on speed
at all segments of distance, on difference between
mean speed at first and second halves of distance,
on time of the slowest circle, on difference between
the slowest and quickest circles.

Conclusions:
1. The problem of construction of competition activity’s models is an urgent scientific direction and requires detail
study, considering specificity of short track competition activity.
2. Regression models of competition activity, reflecting dependence of sport result at 1500 m distance on speed at first-
sixth segments of distance have been developed. (With first racing variant R = 0.998, with second variant— R = 0.989;
p<0.001); also models, oriented on different racing variants have been developed.
3. It has been established that for 1500 m short track distance the most optimal model, in which speed at first-sixth
segments of distance, speed difference between first and second halves of distance and difference between the slowest
and the quickest circles are the factors of influence. With rational changing of its indicators, time of distance passing
will reduce, that, in its turn, will facilitate possibility to participate in the next circle of competitions and, accordingly, to
make place in finale report higher.
4. The prospects of further researches imply development of main principles of application of competition activity’s
models for 1500 meters distance in practice of highly qualified sportsmen, who specialize in short track.
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