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Aim. The aim of this research is to develop objective quantitative criteria to characterize and
assess the leading components of a low start in athletic sprint. Materials and Methods. The expe-
riment involved 14 athletes of different qualification, age, height and weight. We registered
42 starts at 30 m. maximum sprint.Using original computer-based testing methodology with
a three-dimensional force platform and specialized software, we distinguished 11 strength and
time partials, 8 integral strength impulses and 7 complex indicators, characterizing the third step.
Results. It was found that among the achievements of a 30 m. and 5 m. max sprint from a low
start there is r = 0.96. The Parameter “Effort Time to Maximum Power Value” has a value of
r = 0.83. The integral “Impulse of the force in front support” is equal r = —0.40 and the complex
“Time criteria - K6” equals 0.81. Conclusions. It is found that a significant criterion for the eva-
luation of sport technique is the “Time for the whole process of force impact during the third step
of the start” while the “average strength during the entire supporting phase of the third step after
the start” is notinformative for a micro modeling. For the level of sports performance, the shortest
moment of ejection is positive compared to a depreciation phase. Conclusions set out top-level
benchmarks criteria and models and outline an objective basis for optimizing performance in ath-
letic sprint.

Keywords: computer-aided research, athletic sprint, quantitative criteria.

Introduction

There are many analyzes of sport technique
in sprint running in available scientific and me-
thodical literature. In this sense, the works of
L. Stoner et al. (1979) [27], M. Gadev (1997;
1998) [17, 18], A. Slavtchev (2006) [25], M. Coh,
et al. (2007) [10], M. Bracic (2010) [8], J. Sla-
winski et al. (2012) [26], D. Dimitrov (1988,
2002, 2004, 2013) [11-14, 16], V. Bachev et al.
(2014) [5, 6], M. Gadev et al. (2014) [19], M. Ga-
dev (2015) [20], D. Dimitrov, Hr. Stoyanov (2017)
[15] should be mentioned. It is also necessary to
enlarge the list with recently published results and
conclusions of the authors of this paper. Mostly,
they all deal with the issue of quantitative deter-
mination of partial indicators and, to a lesser
extent, of integral ones. All of this determined
the direction and purpose of our research [9].

The purpose of this research is to reveal and
define objective parameters and quantitative cri-
teria to estimate the effectiveness of sport tech-
nique in the implementation of starting accelera-
tion in sprint running.

Materials and Methods

One of the main factors of sports achieve-
ments in a 100-meter running is starting accelera-
tion, which is to be tested through a sports and
pedagogical test and 30-meter running from
a crouch start position. In the studies of V. Ba-
chev et al. (2014) [5] and M. Gadev et al. (2014)
[19], a correlation coefficient (r = 0.96) was found
between the achievements in the tests of 30 m
and 5 m running from a crouch start. This allows
us to assert that the research of the third step (5 m
after the start) provides reliable information in
terms of the analysis of starting acceleration
technique in the sprint running. We performed
time recording with a photoelectric system. Mea-
surements of the reaction forces of the support
are carried out with the help of a complex in-
strumental system (Fig. 1): a three-dimensional
tensometric platform (overall dimensions -
1000/500/200 mm; weight — 90 kg; measuring
ranges: axis X — 4000 N; axis Y — 1000 N; axis Z —
4000 N), multi-channel amplifier, cable and tele-
metry connection kit, analog-digital converter,
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computer, monitor, external print device, and
specialized software — “Record 5” program [2, 3].

The changes of 11 force and time parameters
named as partial indicatorsare measured in three
coordinates — X, y and z. 7 different impulses of
force are defined as complex indicators and 8
specific indices and criteria are characterized as
integral indicators [4, 7]. Through them objective
quantitative evaluation criteria of sport technique
during the start and starting acceleration in sprint
running are defined [21, 24, 28, 30]. The indica-

tors included in first two groups are listed in
Table 1.

The selection of these indicators is based on
the authors’ research [1, 5, 19, 23, 29], in which
we established high values of correlation coeffi-
cients with sporting achievement — “time from
force application to maximum force value” (r =
=0.83), “amortization force impulse” (R =—0.40).

14 athletes — sprinters of high and medium
qualification (Table 2) are involved in the test.
42 executions of crouch start are registered.
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Fig. 1. Block diagram of the instrumental system applied in the research

Table 1
Tested indicators of the third-step after the start

Indicators

Partial

N: S)

(Units of measurement
are according to SI, —

Fiax1 — maximum force of front support; F.o — maximum force at the time of the ver-
tical; Fp.3 — maximum take-off force; T; — T to F, —time from the start of action to
the moment of reaching Fy.x1; To — T to Fpax, time from the start of action to the mo-
ment of reaching F .05 Tz — T to Fiayg —time from the start of action to the moment of
reaching F..3; T4 — time after the moment of reaching F .., to the end of the entire ac-
tion, i.e. the moment of complete take off of the foot from the tensometric platform;Ts —
time from the start of action to the time of its end; F,,..,; — mean force to front support;
Fieanz — mean force at the time of the vertical; Fyean3 — mean take-off force; Freans —
mean force after the moment of reaching F .., to the end of the entire action, i.e. the
moment of complete take off of the foot from the tensometric platform; F,e,ns — mean
force from the start of action to the moment of its end

Complex

(Units of measurement
are according to SI 1 =
F mean T- N/S)

IF, — amortization force impulse; [ = Fean. T1; IF, — force impulse at the time of the
vertical; I = Feam. To; IF; — take-off force impulse; I = Feans. T3; IF4 — force impulse
after the moment of reaching F,,,x, to the end of the entire action, i.e. the moment of
complete take off of the foot from the tensometric platform; IFs — force impulse from
the moment of the start of action to the end of the entire action, i.e. the moment of com-
plete take off of the foot from the tensometric platform

Table 2
Achievements characterizing speed capabilities of tested athletes at the start
Range | Minimum Maxi- Mean D Stdt Skewness Kurtosis
Test mum eviation V%
Statistic | Statistic | Statistic | Statistic Std. Statistic Statistic Std. Statistic Std.
Error Error Error
30 start 2,12 4,10 6,22 4,50 0,15 0,59 2,13 0,56 4,16 1,09 | 13,9
gt(;r?l flying 2,09 3,30 5,39 3,72 10,16 0,64 1,84 | 0,56 | 2,47 | 1,09 | 17,1
5 m start 0,21 1,12 1,33 1,23 0,02 0,08 -0,28 | 0,56 | 2,05 1,09 | 6,7
:t:rltﬂymg 0,29 0,63 092 | 069 |002] 008 1,71 | 0,56 | 2,68 | 1,09 | 11,6
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The data obtained are statistically processed
with the help of SPSS 19 and Microsoft Excel
2010 programs.

Results

The results of the variance analysis for par-
tial and integral indicators are summarized in

Tables 3, 4. Figs. 2, 3 and 4 present actual data
from tests of 2 high-qualified athletes identified
for ethical reasons with the initials “A” and “B”.
Relationships resulting in respective correlation
coefficients between partial and integral indica-
tors are integrated in Table 5 and Table 6.

Table 3
Values of partial indicators characterizing the speed capabilities of athletes at the start
Range | Minimum | Maximum Mean Sj[d'. Skewness Kurtosis
Deviation
Index . . . | std . .. | st R
Statistic | Statistic Statistic | Statistic ’ Statistic | Statistic " | Statistic ’
Error Error Error
F nax1 598.5 488,9 1087,4 699.9 40,2 160,9 1,1 0,6 1,2 1 22,9
Fao 493.8 298,2 792 582,5 28,9 115,6 —0,8 0,6 1,7 1 19,8
Fraa 4587 537,30 996 695.9 35,3 1413 1,2 0,6 0,9 1 20,3
tl 0,06 0,01 0,07 0,03 0,003 0,01 1,5 0,6 3,5 1 46,2
t2 0,06 0,03 0,09 0,04 0,003 0,02 1,7 0,6 4 1 35,7
t3 0,09 0,04 0,13 0,07 0,005 0,02 1,9 0,6 4.7 1 30,2
t4 0,06 0,04 0,1 0,07 0,004 0,02 -0,5 0,6 —0,2 1 21,9
t5 0,15 0,09 0,24 0,15 0,008 0,03 1,6 0,6 5,7 1 21,6
Fx1 445 281 726 490,9 32,8 131,5 -0,3 0,6 -0,5 1 26,8
Fx2 450,3 417,5 867 573 30,6 122.5 0,6 0,6 0,6 1 21,4
Fx3 395,2 438,8 834 6249 24,8 99,6 —-0,02 0,6 0,4 1 15,9
Fx4 2527 325,8 578.,6 4443 20,9 83,9 0,2 0,6 -1,1 1 18,9
Fx5 280,0 342 622 4579 242 96,9 0,6 0,6 -0,8 1 21,2
Table 4
Values of integral indicators characterizing the speed capabilities of athletes at the start
Range | Minimum | Maximum Mean S.td’. Skewness Kurtosis
Deviation
Index ——— — — [ su " — Tsd | .. Tsa|V?”
Statistic | Statistic Statistic | Statistic " | Statistic | Statistic " | Statistic ’
Error Error Error
IF1 36,5 5,3 41,8 15,1 2,3 9,2 1,6 0,6 3,9 1,091 | 61,1
1F2 50,3 10,4 60,7 25,8 3,1 12,5 1,3 0,6 3 1,091 | 48,5
1F3 62,1 30,1 92,1 438 3,9 15,6 2,3 0,6 5,9 1,091 | 35,5
1F4 34,2 18,7 52,9 33,1 2,8 11,2 0,7 0,6 -0,4 1,091 | 33,9
IF5 102,8 439 146,8 66,3 6 24 2,7 0,6 9,1 1,091 | 36,2
30 m. start-V 30 m.flving start-V 5 m. start-V 5 m.flying start-V
O A, s B.
Fig. 2. Achievements characterizing the speed capabilities of 2 high-qualified athletes
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OA. = B.

Fig. 3. Values of partial indicators characterizing the speed capabilities of 2 high-qualified athletes

+ 1 r 9 2 + A r €

OA. =B,
Fig. 4. Time intervals of 2 high-qualified athletes

Table 5
Correlation analysis — partial indicators

Index Fnaxi Frnax2 Frnaxs T, T, T; T, Ts Fu Fu Fa Fu Fis
Finext 1 0,678 0,268 [-0,021]| 0,165 |—-0,215|-0,503 | 0,347 | 0,205 0,326 | 0,566
Finax2 0,678 1 0,600 | 0,277 | 0,250 |-0,225|-0,268 | —0,292 | 0,093 0,622
Finaxs 0,268 0,600 1 -0,203 | -0,295 | -0,180 | 0,137 |[-0,045 (-0,472 | 0,080 | 0,659 0,145
T, —-0,021 0,277 | -0,203 1 0,305 [-0,157| 0,097 | 0,254 | 0,179 | 0,045 |-0,069 | 0,110
T, 0,165 0,250 | -0,295 | 0,872 1 0,459 [-0,381| 0,109 | 0,395 | 0,380 | 0,115 |-0,095 | 0,246
T; -0,215 | -0,225 | —0,180 | 0,305 | 0,459 1 0,284 | 0,109 | 0,346 | 0,029 |-0,024| 0,089 | 0,260
Ty -0,503 | —0,268 0,137 |-0,157|-0,381| 0,284 1 -0,092 | -0,520 | 0,214 | 0,108 |-0,142
Ts -0,347 | 0,292 | 0,045 | 0,097 | 0,109 | 0,109 | 0,710 1 0,134 {-0,221|-0,101| 0,104 | 0,076
Fu 0,205 | —0,093 | —0,472 | 0,254 | 0,395 | 0,346 |—0,092 | 0,134 1 0,309 |[-0,055|-0,221| 0,388
Fo 0,870 0,705 0,080 | 0,179 | 0,380 | 0,029 |-0,520|-0,221 | 0,309 1 0,331

Fss 0,760 0,903 0,659 | 0,045 | 0,115 |-0,024|-0,214|-0,101 | -0,055 | 0,787 1

Fx4 0,326 0,717 0,887 [-0,069|-0,095| 0,089 | 0,108 | 0,104 |-0,221| 0,331 | 0,815 1 0,517
Fys 0,566 0,622 0,145 | 0,110 | 0,246 | 0,260 |-0,142| 0,076 | 0,388 | 0,814 | 0,731 | 0,517 1
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Table 6
Correlation analysis — partial indicators to integrated indicators
Index Frnaxt Frax2 Finax3 T; Ty Ts Fy Fo Fy3 Fyq Fs
IF1 0,076 0,225 | —0,274 |FOCRER CPET 0,482 [ —0,198 | 0,186 | 0,547 | 0,300 | 0,083 |-0,044 | 0,289
1F2 0,432 0,422 | —0,187 | [0k 0,421 | 0,630 | 0,361 | 0,045 | 0,440
IF3 0,121 0,140 0,081 | 0,291 | 0,458 |FEAEG 0,208 [UR7gEE] 0,320 | 0,340 | 0,369 | 0,388 | 0,525
IF4 -0,174 | 0,196 0,661 |-0,178 |-0,341| 0,302 |Fks| 0,627 |-0,270 | 0,214 | 0,319 | 0,679 | 0,151
IF5 0,055 0,116 0,020 | 0,131 | 0,220 [0 0,447 |gliEd 0,357 | 0,307 | 0,329 | 0,363 | 0,664
Discussion ground reaction (T;) is shorter. This is a positive

The first group of analyzes relates to the
shown quantitative values of partial indicators
in Table 3.

Measured values of force reaction — maxi-
mum force in the amortization phase of ground
reaction (F.) — are within the range of 488 N
to 1087.4 N, which can be considered as a wide
range. There are individual differences in this
component essential for the technique of sprint
start component. Differences are also established
with respect to the quantitative values of two other
partial force parameters — maximum force at the
time of the vertical (minimum value F.o —
298,2 N, maximum value — 792 N) and maximum
take-off force (minimum value — Fp.x3 — 537,3N,
maximum value — 996 N).

Comparisons with the data published by
D. Dimitrov, Hr. Stoyanov [15], A. Mero et al.
[22] show that these are high values forming
a model for the comparative analysis in the ath-
letes of different qualification. Objectively, it can
be argued that force values within 700-900 N
range in the amortization and take-off phases are
arguments for a positive evaluation of sport tech-
nique at the start.

Time intervals for these efforts are also sig-
nificant for the evaluation of sport technique.
They vary in the range of 0.01 to 0.07 s with re-
spect to the time from the start of action to the
moment of reaching F.«;(T;) and from 0.09 to
0.24 s for the entire duration of the ground period
(Ts). Obviously, it can be argued that the speed-
force realization of explosive nature at smaller
values is more efficient and sport technique is
better. In other words, lower values lead to the
improvement of sport performance. The data ob-
tained allow us to assume that the explosive na-
ture of muscle effort at start and starting accelera-
tion may be perceived as an objective criterion for
technique evaluation at this part of the distance.

Sports and pedagogical analysis of the data
shows that the process from a take-off moment
(T4) compared to the amortization phase of the

evaluation of a sport technique level, which af-
fects directly the achievement of a better sport
performance. In our research, they range from
0.04-0.10 s at (T4) and from 0.01 to 0.07 s at
(Ty), which reveals a significant reserve to im-
prove the technique of the athletes tested.

The analyzes of the quantitative values of
IF1, 1IF2, IF3, IF4, IF5 summarized in Table 4
indicate that higher values, respectively speed-
force muscle capacities already realized at the
start, are also a positive indicator for a better sport
technique.

Specifically, IF3 (impulse of take-off force)
values are 62.1 N/S on average at a range of
30.1 N/S — 92.1 N/S, 1IF4 (impulse of force after
the moment of reaching F,.» until the end of
the entire action) values are 33.1 N/S on average
at a minimum of 18.7 N/S and a maximum of
52.9 N/S, and IF5 (impulse of force from the start
of action to the point of its end, i.e. the moment
of complete take off of the foot from the tenso-
metricplatform) values are 66.3 N/S on average
at a range of 43.9 N/S to 146.8 N/S.

For IF5, the above statement is true only
when the corresponding values of IF; — impulse
of amortization force — and IF; are high that cha-
racterizes the explosive nature of a muscle power
realization. In the absence of such a characteristic,
a high IFs value is the diametrical evaluation
of the sport technique.

On an individual basis, the data of two unin-
tentionally selected competitors from the group
studied are shown in Fig. 2, 3 and 4.

Comparative evaluations regarding the level
of their sport and technical performance at starts
can be respectively — excellent for the competitor
“A” and low for the competitor “B”. The first
achieves higher speed abilities with considerably
lower measured values of partial force indicators
at lower periods. It can be argued that his/her
sport technique is undoubtedly better as he/she
manages to realize his/her force potential at
a shorter time interval in adequately more effec-
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tive technique in terms of physical capacity that
characterizes the starting acceleration.

The recommendation for the competitor “B”
is to include a targeted training for a sport tech-
nique improvement in the training process.

The analyzes of correlation coefficients in
Table 5 and Table 6 also form indicators for the
sport technique evaluation. The following indica-
tors received a positive and correspondingly high
evaluation: integrated force increases the maxi-
mum force in the amortization phase and at the
time of the vertical (Fp.x) (r = 0,678); mean force
at the time of the vertical (r = 0,870); mean take-
off force (r = 0,760); mean force from the begin-
ning to the end of the third step0,566. In the same
direction are the significant values of the correla-
tion coefficients between F,..; and the time after
reaching the maximum vertical force (r =—0,503)
and the time to complete the entire third step
(r=-0,347).

The established facts are complemented by
the results of our above-cited studies, where the
partial conclusion is that the mean force during
the entire ground phase of third step after the start —
Fx5 — is an indicator that cannot be taken into
account in the micro modeling of sport technique
only with quantitative value. As already men-
tioned, not the high value of force impacts but
their explosive character at the start is of primary
importance.

The analyzes of correlation coefficients in
Table 6 confirm and complement the conclusions
made. In this sense, a high correlation value
(r = 0.925) between the IF1 — impulse of amorti-
zation force — and t2 shows that a decrease in
a duration of this part will also help to reduce
values of the impulse of force. In other words,
the loss of speed in the amortization phase will
also be reduced. Alternatively, we can claim that
this is an integral indicator allowing objectivity
in the evaluation of starting acceleration tech-
nique.

At the same time, it should be noted that re-
garding a differentiated correlation coefficient
(r=0,801) between IF5 and t3 — the time to reach
the maximum take-off force, it is reasonable to
assume that there is a high level of consistency
between the maximum effort and effective period
for its implementation when executing the starting
acceleration.

Conclusion

1. Our research confirms that the explosive
nature of muscle effort during the start is an ob-
jective criterion for sport technique evaluation in

athletic sprint. An increase in integrated power
of the maximum force in the amortization phase
and the maximum force at the time of the vertical
are a positive indicator of their status, as input
maximum power values for highly qualified male
sprinters need to be in a quantitative range 700 N —
900 N.

2. Partial time indicators that characterize
a take-off process duration compared to the
amortization phase are found to be shorter, and it
is a positive indicator of a sport technique level at
start-up, which affects directly the achievement
of a better sport performance.

3. According to the changes in the integrated
indicators examined we formed individual eva-
luation criteria for the assessment of a sport tech-
nique level. The evaluation of high impulse values
of the applied force during the entire duration of
the third step after the start signal is positive
only at respectively high values of the impulses
of amortization and take-off force. The evalua-
tion is diametrical in the absence of such charac-
teristics.

References

1. Arakelyan E., Primakov Yu., Umarov A.,
Tyupa V. Vertical Mechanical Working in the
Aspect of Running Technique Estimation.
Journal Theory and practice of physical culture,
1998, vol. 2, pp. 46-48.

2. Bachev V. Osnovi na Nauchnite Izsled-
vaniyata v Sporta. Fundamentals of Scientific
Research in Sport. Sofia, BPS Publ., 2017.
309 p.

3. Bachev V., Stoyanov H., Dimitrov D.,
Hristov O., Zlatev B. Changes in Biomechanics
of Sprint Jogging Depending on the Radius of the
Curve. Journal of Sport Sciences, 2017, vol. 1,
pp. 56-61.

4. Bachev V., Yordanov P., Groshev O. Cri-
teria for Determining the Correctness of Various
Methods for Research Through Motion Testing.
Metrology and Metrological Assurance. XX1II Na-
tional Scientific Symposium with International Par-
ticipation, Sozopol, Bulgaria, 2013, pp. 293-298.

5. Bachev V., Gadev M., Arakchisy Z., Tray-
kova BI., O. Groshev O., Yordanov P., Tatsov A.
On the Ambiguity of the Digitalized Recordings
of Dynamic Actions in Sport. Metrology and Me-
trological Assurance. XXIV National Scientific
Symposium with International Participation, So-
zopol, Bulgaria, 2014, pp. 329-333.

6. Bachev V., Gadev M., Groshev O., Yor-
danov P. Metrological Aspects of Research Asso-

100

Human. Sport. Medicine
2018, vol. 18, no. 1, pp- 95-102



Bayvee B., I' adee M., F'powees O.
HopdaHoe 1., 3namee b.

AnnapamHble uccrie@oeaHusi U aHasu3
6buomexaHu4YecKux nokaszamened...

ciated with Partial Evaluation Criteria of Sports
Equipment in Sports with Speed-Power Manifes-
tation. Journal Activities in Physical Education
and Sport, 2014, vol. 2, pp. 191-193.

7. Beletsky V. Dvunogaya hodyba: modely-
naye zadach i dinamiki i upravleniya [Two-
Legged Walking: Model Tasks of Dynamics and
Control]. Moscow, Nauca Publ., 1984. 288 p.

8. Bracic M., Supej M., Peharec S., Bacic P.,
Coh M. (2010) An Investigation of the Influence
of Bilateral Deficit on the Counter-Movement
Jump Performance in Elite Sprinters. Journal
Kinesiology, 2010,vol. 1, pp. 73-81.

9. Churchill S., Salo A., Trewartha G.
The Effect of the Bend on the Technique and Per-
formance During Maximal Speed Sprinting. Jour-
nal of Sport Sciences, 2011, vol. 2, pp. 471-474.

10. Coh M., Peharec S., Ba¢i¢ P., Polyclinic P.
The Sprint Start Biomechanical Kinematic, Dy-
namic and Eletromyographic Parameters. Journal
New studies in athletics, 2007, vol. 22, pp. 29-38.

11. Dimitrov D. Biomechanical Performance
of Running at Maximum Speed. Journal Sport
and Science, 2004, vol. 1, pp. 131-140.

12. Dimitrov D. Biomechanical Starts Acce-
leration Indicators. Journal Athletics and Science,
2004, vol. 1, pp. 3—-10.

13. Dimitrov D. [Opportunities for Improve-
ment of the Age Structure and Content of the
Training Process in Running with Maximum and
Submaximal Intensity]. National Sports Academy
[DSc. Thesis]. Sofia, 2002. 280 p.

14. Dimitrov D. Biomehanichni pokazateli
na starta i startovoto uskorenie v sprint ovite
byaganiya [Biomechanical Startand Sprinter Ac-
celeration Indicatorsin Sprint Run]. Sofia, Krisan-s
Publ., 2013. 130 p.

15. Dimitrov D., Stoyanov H. Biomehani-
chen analiz na sprintovo tobyagane [Biomecha-
nical Sprint Running Analysis]. Sofia, Tip-Top
Publ., 2017. 151 p.

16. Dimitrov D., Zhukov I. Cinematic, Dy-
namic and Energy Performance Criteria for
Sprint Running. Journal Coaching Thought, 1988,
vol. 5, pp. 46-52.

17. Gadev M. Kinematic Characteristic of
the Maximal Speed Factor in Low-Qualified
Sprinters. Journal Sport and Science, 1997, vol. 4,
pp. 38-42.

18. Gadev M. Kinematic Characteristic of
the Maximum Speed Factor in Highly Qualified
Sprinters. Journal Sport and Science, 1998, vol. 3,
pp. 24-29.

19. Gadev M., NaumovskyA., Milanova S.,
Ivanova G., Niagin P., Groshev O., Yordanov P.
A Quantitative Approach for Studying the Sport
Technique in Sprint Running.Metrology and Me-
trological Assurance. XXIV National Scientific
Symposium with International Participation, So-
zopol, Bulgaria. 2014, pp. 334-341.

20. Gadev M., Tehnika na Gladkoto Sprin-
tovo Byagane [Technique of Smooth Sprint Run-
ning]. Sofia, Bolid Ins Publ., 2015. 176 p.

21. Harland M., Steela J. Biomechanics of
the Sprint Start. Journal Sports Medicine, 1997,
vol. 23, pp. 11-20.

22. Mero A., Komi P., Gregor J. Biomecha-
nics of Sprint Running. Journal Sport Medicine,
1992, vol. 13, pp. 376-381.

23. Saculin N. Analysis of Sports Techniques.
Journal Theory and Practice of Physical Culture,
1996, vol. 12, pp. 78-86.

24. Schot P., Knutzen K. A Biomechanical
Analysis of Four Sprint Start Positions. Journal
Research quarterly for exercise and sport, 1992,
vol. 63, pp. 137-147.

25. Slavchev A., Niskiyat Start [The Low
Start]. Sofia, NSA Publ., 2006. 76 p.

26. Slawinski J., Dumas R., Cheze L., Onta-
non G., Miller C., Mazure-Bunnefoy A. 3D Kine-
matik of Bunched, Medium and Elongated Sprint
Start. Journal Sports Medicine, 2012, vol. 33,
pp. 555-560.

27. Stoner L., Ben-Sira D. Sprinting on the
Curve. Journal Terauds& G.G. Dale (Eds.),
Science in Athletics, 1979, pp. 167-173.

28. Tyupa V. On the Mechanism of Interac-
tion of Sprinters with a Support. Journal Theory
and Practice of Physical Culture, 1978, vol. 6,
pp- 32-39.

29. Zhukov 1., Priluckit B., Rapcin L. Crite-
ria for Effective Techniques Sprinter's Run. Jour-
nal Theory and Practice of Physical Culture,
1983, vol. 9, pp. 15-23.

30. Zhukov 1., Shabanov B. The Effective-
ness of Using Facilitating Leadership in the Pre-
paration of Sprinters. Journal Theory and Prac-
tice of Physical Culture, 1983, vol. 7, pp. 9-15.

Received 15 January 2018

Yenosek. Cnopt. MeguuuHa
2018.T. 18, Ne 1. C. 95-102

101



CnopTuBHasa TpeHUpOBKa

YOK 159.9:796.01, 316.62 DOI: 10.14529/hsm180108

ANMAPATHBIE UCCJIEQOOBAHUA U AHAJIN3
BUOMEXAHUYECKUX NMOKASATEJIEU CTAPTOBOI'O YCKOPEHUA
B CTIPUHTEPCKOM BETE

B. Bayes, M. ades, O. Mpowes, 1. HopdaHos, 5. 3names
HauuoHanbHas cnopmueHasi akademus, e. Cogpusi, borneapus

Heap nanHOTO MCCIEIOBaHMS — Pa3padOTaTh OOBEKTUBHBIE KOJIMYECTBEHHbIE KPUTEPUH Xa-
PaKTEpPUCTHKU M OLIEHKH 3()P(HEKTUBHOCTH BEAYIIMX KOMIOHEHTOB HHM3KOTO CTapTa B aTieTHye-
ckoM crnpuHTe. MaTepuanbsl U MeToAbl. B skcnepuMente npuHanu ydactue 14 cnopTcMeHOB
pa3IMYHON KBaMn(UKaIWK, OTIMYAIONINECs M0 BO3PacTy, Becy U pocTy. belno 3apeructpupona-
HO 42 crapra B 6ere Ha 30 M. barogapst UCIIOIE30BaHUIO OPUTHHAIBHON anmapaTHOW METOAUKH
C TPEeXMEpHOI TEeH30METPHUYECKON IIATPOPMON U CHEIHAI3HPOBAHHOTO MPOTPaMMHOTO obec-
Ie4eHus ObUTH YCTAaHOBJIEHH! 11 CHIIOBBIX M BPEMEHHBIX IOKa3aTeNel, 8 MHTerpalbHBIX HMITYJTb-
COB CWJIBbl U 7 KOMIUIEKCHBIX II0Ka3aTeNel, XapaKTepU3YIOLue TPETU ar rnocie crapra. PesyJb-
TaThl. Y CTAHOBJIEHO, YTO KOPPEIALMS MEXIY TOCTKEHUSIMU Ha 30 1 5 M MaKCUMAJIBHOTO CIPHH-
Ta u3 HU3Koro crapta r = 0,96. [TapameTp «BpeMs yCHIIUS O JOCTHKEHHUSI MAKCUMAIBHON CHIIBD)
paseH r = 0,83. MHTerpanbpHbIi NoKa3aTelb «UMITYJIbC CUJIBI B IIEpEAHEH OMOpe» COOTBETCTBYET
3HaueHuto r = —0,40, a mapaMeTp KOMIUIEKCHbIE «BpeMeHHbIe kputepuu — K6y paBnsercs r = 0,81.
BriBoabl. HamMu ObLIO yCTaHOBIIEHO, YTO BaXKHBIM KPUTEPUEM JUISl OLIEHKH CIIOPTUBHOM TEXHUKH
BBICTYTIAET «IEPUOJ BO3AECUCTBHSI CUIIBI BO BPEMsI TPETHETO 1Iara nocjie CTapTa», B TO BpeMs Kak
KpPUTEPHUIl «CpeiHssi MOLUIHOCTb B TEUEHHE BCEro 3Tama, CONPOBOMKAAIOLIET0 TPETUH LIAr MOocie
CTapTa» U «CPEeOHSsA CHia Ha IMPOTSHKEHWH BCEro 3Talla, CONPOBOXKAAIOIIErO TPETHH IIar 1mocie
CTapTa» He ABJSIIOTCS MHGOPMATHBHBIMH IS MOJCIUPOBAHUS HA MUKPOYpOBHE. [lomoxurerns-
HOE BIIMSHHUE Ha YPOBEHb CIIOPTHBHOW TEXHUKH OKa3bIBAET 00Jiee KOPOTKNIT MOMEHT OTTAJIKHBa-
HUSI 110 CPaBHEHHUIO c (ha3oi amopTH3auuu. B craThe ObUTH M3JI0KEHBI KPUTEPUU M MOJEIH,
a TaKoKe IpecTaBlIeHa OOBEKTUBHAS OCHOBA JUIA YITyUIIECHH TIOKa3aTeneil B CIPUHTEPCKOM Oere.

Kniouegvie cnosa: annapamusie ucciedo8anus, 1e2KOAMACMUYECKUL CHPUHM, KOIUYeCcm-
6EeHHble KpUMepuu.

BaueB Buxpen, npodeccop, TOKTOp HayK, TpeHepckuii (hakynpTeT, Kadeapa Teopun crnopta, Ha-
IMMOHAJIbHAS CIIOPTUBHAA akanemus. Y. Akamemuka Credana Mmanmenosa, 21, 1700, r. Codus, bornra-
pust. E-mail: batchevv@yahoo.com, ORCID: 0000-0003-0481-2412.

I'ameB MapuH, TOKTOp HayK, TpeHepckuid (akynbTeT, Kadempa Jerkoi armeTuku, HarmoHambHas
cropTuBHas akanemus. Yi. Akagemuka Credana MnaneHosa, 21, 1700, r. Codus, bonrapus. E-mail:
margadev@hotmail.com, ORCID: 0000-0003-1490-5946.

I'pomeB OpauH, TOLEHT, JOKTOp HAyK, TpeHepckuil (hakynbTeT, Kadeapa Teopun cropra, Harwo-
HaJbHAs CIIOpPTHBHAS akagemus. Y. Akamemuka Credana Mianenosa, 21, 1700, r. Codwus, bonrapus.
E-mail: orlin_groshev@mail.bg, ORCID:0000-0001-7406-2640.

ﬁopnaHOB IlaBen, rIaBHBIA aCCHUCTEHT, JOKTOP HAYK, TPEHEPCKHH (HaKyIbTeT, Kadeapa TCOpUu
cnopta, HanmonanbHas crmopTuBHas akajgemus. Y. Akagemuka Credana Mnaaenosa, 21, 1700,
r. Codus, bonrapus. E-mail: yordanov77@gmail.com, ORCID:0000-0003-0714-7219.

3aaTteB BosiH, MokTOp Hayk, TpeHepckuil (akynbTer, Kadenpa Teopum crnopta, HamuoHanbHas
CIIOpTHBHAS akagemus. Y. Axamemuka Crtedana Mimamenora, 21, 1700, r. Codus, bonarapusa. E-mail:
boyanzlatev@abv.bg, ORCID: 0000-0003-3869-5496.

Hocmynuna ¢ pedaxyuio 15 aneaps 2018 2.

OBPA3EILl IUTUPOBAHUSA FOR CITATION
Computer-Aided Research and Analysis of Biome- Bachev V., Gadev M., Groshev O., Yordanov P.,
chanical Indicators in Starting Acceleration of Sprint Zlatev B. Computer-Aided Research and Analysis of Bio-
Running / V. Bachev, M. Gadev, O. Groshev et al. // mechanical Indicators in Starting Acceleration of Sprint
Yenosek. Cropt. Meaunuua. — 2018. — T. 18, Ne 1. — Running. Human. Sport. Medicine, 2018, vol. 18, no. 1,
C. 95-102. DOI: 10.14529/hsm180108 pp- 95-102. DOI: 10.14529/hsm180108
102 Human. Sport. Medicine

2018, vol. 18, no. 1, pp- 95-102




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


