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Background. The weight of the best athletes at different distances and in different sports can be very differ-
ent. It is known that rowers, as a rule, are very massive. In order to give a chance to athletes with a small
mass, the rowing federation was introduced a special category with the weight restrictions. These facts are
connected with the peculiarities of the aerobic and un-aerobic activities, drag and propulsion characteristics.
Objective. In this paper, we don’t try to explain the body mass differences. We will only fix them for different
sports: running, swimming (free style), skiing, skating, cycling, and rowing and for different Olympic distances.
Methods. A significant amount of data on the velocity and body mass of the best athletes professionals (both
female and male) in Olympic sports (running, swimming, skiing, skating, cycling and rowing) was collected and
analyzed. Since the weights of the best athletes only are taken into consideration, the expected results can be
treated as the most suitable (optimal) body masses for different sports and distances. In order to check, how the
values of body mass and average speed on the distance fit the linear dependence, the equation of the linear re-
gression was used. The regression coefficient and two parameters of the straight line were calculated. In order
to check that the velocity of skating doesn’t depend on the athlete mass, the Fisher test was used.

Results. The optimal masses of athletes for different distances and sports were calculated. In general, for the
short distances, the large masses of athletes are optimal and they decrease for long distances. Exception is
the results for female swimming and running, where the largest masses of athletes correspond to the medium
distances. For longer distances, results show that the most performing athletes are characterized by a lower
body mass, except for skating. For a fixed distance, the optimal weights of female athletes are 79.5 + 3.1%
of the weight of male athletes, at the same time they develop 89.4 £ 1.8% of the speed of men.

Conclusions. The presented statistical analysis indicates that within one distance there is no significant de-
pendence of speed on the mass (the exception is only rowing). For each distance there are their optimal
masses of athletes, which are different for different sports. The revealed facts can be used in athlete selection
and training. They need also further investigations with the use of the metabolic and propulsion peculiarities.
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Introduction

The weight of the best athletes at different
distances and in different sports can be very differ-
ent. E.g., the body mass of 10 000 m runner cham-
pion — Kenenisa Bekele (55 kg), [1] — is only 58.5%
of mass of 100 m one — Usain Bolt (94 kg) [2]. It is
known that rowers, as a rule, are very massive. In
order to give a chance to athletes with a small
mass, the rowing federation was introduced a spe-
cial category with the weight restrictions (72.5 kg
for men) and (59 kg for women) [3, 4].

These facts are connected with the peculiari-
ties of the aerobic and un-aerobic activities. The
allometry and Kleiber's law [5] may be used to ex-
plain the drastic mass differences for sprinters and
stayers. For rowing and swimming (where the
movement is almost neutral buoyant), the substan-

tial part of the energy released in the body is used
to overcome the drag in water, while for human
running the air drag can be neglected, but signifi-
cant energy is used to support the weight [6].

In this paper, we don’t try to explain the body
mass differences. We will only fix them for differ-
ent sports: running, swimming (free style), skiing,
skating, cycling and rowing (individual category
without athlete weight limitations [3, 4]), and for
different Olympic distances. For this purpose, the
statistical information about the best male and fe-
male athletes were collected and analyzed with the
use of linear regression (for every distance) and the
Fisher test (for skating). Since only the weights of
the best athletes will be taken into consideration,
the expected results can be treated as the most ap-
propriate (optimal) body masses for different sports
and distances. For example, many men compete
on a distance of 100 m, but far not all run it for
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less than 10 seconds. One reason might be inap-
propriate weight. Therefore, we specifically use the
data of athletes, who showed the best time to de-
termine the most appropriate (optimal) body
weights. The optimum weight of the body for each
sport and distance is a result of natural selection.
We just fix it.

Materials and Methods

Information collection. The information was
collected on the official sites of sports (associa-
tions): International Association of Athletics Feder-
ations [7], International Swimming Federation [§],
International Ski Federation [9], International Skat-
ing Union [10], International Cycling Union [11],
International Rowing Federation [12], as well as
on other sports sites in 2015—2016. The best sports
achievements of athletes (male and female) over
the past 3—4 years have been analyzed, as well as
some of the best results achieved earlier. In total,
information was collected and analyzed for 6 kinds
of sports: running (8 male + 8 female distances,
692 results), swimming (free style) (5m + 5f dis-
tances, 609 results), skiing (6m + 6f distances,
553 results), skating (5m + 5f distances, 680 re-
sults), cycling (4m + 4f distances, 397 results), row-
ing (individual, no weight limit) (Im + 1f, 616 re-
sults (including intermediate ones)).

Linear regression. In order to check, how the
values of body mass m and average speed U on the
distance (collected for the fixed sport and the dis-
tance) fit the linear dependence, the equation of
the linear regression m on U (the optimal straight
line, minimizing the sum of squared distances be-
tween collected and theoretical points) was used [13].
The regression coefficient and two parameters of
the straight line were calculated with the use of
known formulas [13].

Fisher test for skating. In order to check that
the velocity of skating doesn’t depend on the ath-
lete mass, two groups with smaller and larger mass
were selected for every Olympic skating distance
and for males and females separately. These two
groups have an equal number of persons. For each
group, the average velocities and body masses will
be calculated. Then the Between group variability
and Within group variability will be calculated ac-
cording to the formulas:

(1
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de-
notes the sample mean in the i-th group, n; is the

where B,, is Between group variability, Y;

number of observations in the i-th group, ¥ de-
notes the overall mean of the data, m =2 denotes
the number of groups;

N

Wo =330 2)

i=1j=1 h—m

where W,, is the Within group variability, ¥ is

the j-th observation in the i-th out of m groups,
n is the overall sample size [14].

We will use the F-test to check the null hy-
pothesis that says that the average speeds do not
differ for light and heavy athletes. The experi-
mental value of the Fisher function can be calcu-
lated with the use of the formula:

B,,
F=te 3)

gv
The corresponding values will be compared
with the critical value F.(k,k,), k =m-1=1,

k, =n—m of the Fisher function at a desired sig-
nificance or confidence level a.

Results

Velocity versus weight dependences for fixed
distances. The collected values of body mass and
velocity for every athlete are shown by small
rhombuses in Figs. 1—6 for running, swimming,
skiing, skating, cycling, and rowing respectively.
The boundaries of rhombuses are blue for males
and red for females. The corresponding average
values of the body mass and velocity are shown by
greater rhombuses for every distance. The corre-
sponding linear regression lines and regression
coefficients are also shown in Figs 1—6. In the case
of rowing, there is only one Olympic distance —
2000 meters. For this case, the intermediate
results for 500 m and 1000 m are also represented
in Fig. 6.

Figs. 1—5 demonstrate that within one dis-
tance there is no significant dependence of speed
on the athlete weight. Corresponding correlation
coefficients may be negative and positive but are
close to zero. In the case of rowing, the speed in-
creases with the increase of the body mass; espe-
cially for female athletes (the corresponding values
of the correlation coefficient exceed 0.7).
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Figure 1: Running. The values of body mass and velocity. Small rhombuses are values for every athlete. Greater rhombuses are aver-
age values for every distance. The boundaries of rhombuses, corresponding linear regression lines and regression coefficients are blue
for males and red for females
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Figure 2: Swimming. The values of body mass and velocity. Small rhombuses are values for every athlete. Greater rhombuses are av-
erage values for every distance. The boundaries of rhombuses, corresponding linear regression lines and regression coefficients are
blue for males and red for females
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Figure 3: Skiing. The values of body mass and velocity. Small rhombuses are values for every athlete. Greater rhombuses are average
values for every distance. The boundaries of rhombuses, corresponding linear regression lines and regression coefficients are blue for
males and red for females

U, m/s .
— Velocity vs mass
Skating ‘_'_:)-.._-_ oy Sy teloge go .
male female Y 7 o S ok L1kmr=0.185
2 e %% s >
¢ o o ¢ & $
L 0.5kmr =- 0.045 T ¥ ’
14 11.5kmr=0186°_¢ ¢t Otg—"T©
@ 0 DR e *o *
* > § * $ o & & .
* * * PO
$ 8 ® o A PR | 2 + $ el s
L 1km r = 0.282 2l oo s + 8, N .
& ®
5 L RS B2 ENEERE 5 gL«—g HER Y L3kmr=-D.172
L0.5kmr=0.154__% % ) . 3 3 e * . ., I RsE? T e
L1.3kmr =0.164 000’17‘?—%0 3 “{ﬁ’ —ptt ¢+ .
* . . 1:*;.2 TOR I $ LS5kmr=-0.086
+* *
G’Lgkmr=cililo“’0‘i‘; try e * . e
12 2 o t 3 ‘s AL < . o .
b + = LAE T .
. — L3 s £ * * N $ A * . * >
t et . = ¢ L5kmr=-0.112 5 .
* 7y L 3 % >~ * . * *
»
*
*
ot
10
50 60 70 80 90 m, kg

Figure 4: Skating. The values of body mass and velocity. Small rhombuses are values for every athlete. Greater rhombuses are aver-
age values for every distance. The boundaries of rhombuses, corresponding linear regression lines and regression coefficients are blue
for males and red for females
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Figure 5: Cycling. The values of body mass and velocity. Small rhombuses are values for every athlete. Greater rhombuses are aver-
age values for every distance. The boundaries of rhombuses, corresponding linear regression lines and regression coefficients are blue
for males and red for females
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Figure 6: Rowing. The values of body mass and velocity. Small rhombuses are values for every athlete. Greater rhombuses are aver-
age values for every distance. The boundaries of rhombuses, corresponding linear regression lines and regression coefficients are blue
for males and red for females
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Average velocity versus average weight for dif-
ferent distances and sports. In spite of the weak
dependence of speed on the mass at individual dis-
tances, in the case of running, swimming, cycling,
and skiing, we can see an obvious reduction the
average weight of the stayers in comparison with
the sprinters in Figs. 1—3, 5 and in Table 1. E.g.,
for running the body mass of sprinters (100 m dis-
tance) is much larger than for stayers (10 km dis-
tance); the corresponding ratios are 1.25 and 1.39
for females and males respectively. For cycling the
corresponding ratios are 1.08 (females) and 1.2
(males); 1.05(f) and 1.1(m) for swimming; 1.03(f)

Innov Biosyst Bioeng, 2018, vol. 2, no. 3

and 1.07(m) for skiing. For female athletes, the
difference in body mass of sprinters and stayers is
smaller in comparison with males.

For skating the difference in body mass of
sprinters and stayers is practically invisible (see
Figs. 4 and 7). Because the skaters are all-round
(one athlete can develop high speed at different
distances), this result is not surprising. To deter-
mine the dependence of velocity versus mass, a
dispersion analysis for groups of light and heavy
athletes for each of the Olympic skating distances
will be presented in Section "Mass independence
for skating”.

Table 1: Average weights and speeds of athletes for different distances and sports

% female/male at % female/male at
Sports Distance, m Mass, kg Speed, m/s fixed distance Duration, s fixed duration
male female male female mass speed mass speed
Ry 88.39 68.64 4.85 4.43
2000 +£12.07 +9.04 +0.13 +0.12 71.7 91.5
86.05 63.43 20.40 18.30
200 +6.11 +5.84 +0.36 +0.32 73.7 89.7 10.93 73.8 90.1
63.05 14.65
500 +6.36 +0.25 34.13 73.2 79.1
86.31 16.44
1000 +7.51 +0.37
Cyelin 63.38 14.11
ycling 3000 +5.41 +0.23 212.66|  80.1 91.1
76.66 15.17
4000 +4.98 +0.22
58.79 11.69
29900 +5.65 +0.44 2557.50 76.1 82.0
77.65 13.71
53500 +5.60 +0.24
Cycling average 75.8 85.6
84.64 65.02 2.30 2.01
50 +8.39 +5.46 +0.06 +0.06 76.8 87.3 24.90 76.9 88.3
83.63 65.43 2.09 1.85
100 +8.67 +5.43 +0.06 +0.05 78.2 88.6 54.05 78.3 89.5
82.94 65.95 1.90 1.71
200 +8.89 +5.39 +0.04 +0.04 79.5 90.0 116.72 79.6 90.5
Swimming 81.73 64.19 1.79 1.63
400 +7.80 +6.32 +0.04 +0.03 78.5 90.7 245.97 78.7 90.9
62.00 1.58
800 +6.78 +0.03 506.53 82.4 90.5
77.18 1.68
1500 +7.56 +0.03
Swimming average 78.3 89.2 79.2 89.9
79.17 63.56 14.30 13.11
500 +5.66 +5.36 +0.29 +0.31 80.3 91.7 38.13 80.3 91.5
79.17 63.55 14.63 13.45
1000 +5.66 +5.55 +0.21 +0.17 80.3 91.9 74.34 80.3 92.5
78.92 63.53 14.07 12.88
Skating 1500 +6.02 +5.23 +0.51 +0.39 80.5 91.5 116.46 80.5 91.9
79.36 63.54 13.41 12.22
3000 +5.66 +5.41 +0.31 +0.38 80.1 91.1 245.47 80.1 91.6
79.44 63.77 12.82 11.74
5000 +5.79 +5.29 +0.70 +0.44 80.3 91.5 389.89 80.2 92.3
Skating average 80.3 91.6 80.3 92.0
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Table continuation

% female/male at % female/male at
Sports Distance, m bibesy L3 Speed, m/s fixed distance Duration, s fixed duration
male female male female mass speed mass speed
77.97 59.00 10.14 9.29
100 +6.09 +4.90 +0.09 +0.06 75.7 91.6 10.76 75.7 91.7
77.1 59.49 10.07 9.15
200 +7.90 +4.44 +0.10 +0.07 77.1 90.9 21.85 77.2 91.6
75.26 60.94 9.10 8.15
400 +7.06 +3.85 +0.06 +0.08 81.0 89.5 49.08 81.9 90.7
65.75 58.09 7.82 6.93
800 +6.27 +4.70 +0.04 +0.04 88.4 88.6 115.50 89.0 89.5
Running 62.06 51.39 7.17 6.33
1500 +6.64 +5.07 +0.04 +0.07 82.8 88.2 237.12 83.3 88.9
58.61 48.31 6.69 5.93
3000 +4.54 +4.86 +0.04 +0.06 82.4 88.6 505.98 82.6 89.0
57.77 46.44 6.49 5.74
5000 +4.58 +4.88 +0.04 +0.05 80.4 88.4 871.45 80.7 88.8
56.10 47.12 6.24 5.49
10000 +3.77 +4.64 +0.04 +0.05 84.0 88.0 1603.74 83.7 88.9
Running average 81.5 89.2 81.8 89.9
76.98 59.54 8.36 7.21
1000 +7.27 +4.06 +0.15 +0.12 77.3 86.2 138.67 76.7 82.8
78.43 58.84| 9.16 7.85
1500 +5.88 +4.67| +0.23 +0.24 75.0 85.7 191.15 75.4 86.5
73.37 7.91
4500 +5.07 +0.12
58.56 6.77
Skiing 5000 +4.89 +0.20 739.03 80.1 87.1
72.06 58.23 7.23 6.35
10000 +3.50 +4.93 +0.15 +0.26 80.8 87.9 1573.92 80.4 88.8
73.53 56.41 6.92 6.12
15000 +5.10 +4.44 +0.11 +0.21 76.7 88.5 2450.73 76.9 89.1
71.75 57.53 6.52 5.72
30000 +4.81 +4.58 +0.21 +0.18 80.2 87.7 4601.59 79.8 89.1
Skiing average 78.0 87.2 78.2 87.2
Average 79.5 89.4 79.4 89.1
+3.13 +1.85 +3.31 +3.16

The average values of speed for different dis-
tances and sports are shown in Fig. 7 versus the
average body mass of athletes. It can be seen that
the optimal body mass is different for different
sports. The heaviest athletes are successful in row-
ing. In sprint cycling, sprint swimming and skating,
the mass of best athletes is rather smaller. The
weight of skiers is usually even smaller. The some-
what chaotic nature of the dependences of the ski-
er average speed versus average mass (see corre-
sponding plots for male and female athletes in
Fig. 7) can be explained by different profiles of
distances and different weather conditions. The
smallest are long distances runners. Their average
weights are only 69% (f) and 63% (m) of the rower
ones.

We analyzed also the ratio of the average
masses of female and male athletes and ratio of av-

erage speeds for identical distances (female/male at
fixed distance), see Table 1. The ratio of the aver-
age weight of female athletes to the average weight
of male athletes (averaged as well for all sports and
distances) is 79.5 * 3.1%, at the same time the
female athletes develop 89.4 + 1.8% of the speed
of male ones.

Average velocity versus average duration of
sports activity. Fig. 8 and Table 1 illustrate the in-
fluence of the duration of a sports activity (the
time spent on a distance) on the average velocity
for different sports. Due to the fatigue, the speeds
usually monotonously decrease with the duration
increasing. Some exceptions occur only for 1 km
and 1.5 km distances in skating and skiing respec-
tively. Smaller speeds at shorter distances can be
explained by the fact that athletes do not have
enough time to reach the maximum speed.
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Table 1 also represents the ratio of the aver-
age speeds of female athletes to male ones at the
fixed time of activity (female/male at fixed dura-
tion). If a value of speed at a fixed value of dura-
tion is unknown, we used linear interpolation of
the results for nearest distances. It can be seen that
female athletes on average develop 89.1 £ 3.2% of
the speed of male ones.

Average body mass versus average time of
activity. Fig. 9 and Table 1 show the average body
mass versus the duration of a sports activity (the
time spent on a distance) for different sports and
distances. For rowers, the average mass is un-
changed, since the Fig. 9 shows the intermediate
results at only one distance of 2 km. As noted ear-
lier, for skaters, the average mass varies very little.
For skiers, the somewhat chaotic nature of the de-
pendencies can be explained by different distance
profiles and different weather conditions that affect
the average duration of the activity. Nevertheless,
for male skiers, it can be seen the tendency of
weight decreasing for longer distances, in compari-
son with the female athletes.

Table 1 also represents the ratio of the aver-
age weight of female athletes to male ones at the
fixed time of activity (female/male at fixed dura-
tion). The ratio of the average weight of female

athletes to the average weight of male athletes
(averaged as well for all sports and distances) is
79.4 £ 3.3%. The ratio of the average weight of
women to men one among adult persons is about
83% [15, 16]), and is rather different for different
countries (e.g., 73—77% for Croatia, Bangladesh,
and Vietnam; 79—83% for Ethiopia, North Korea,
Kuwait, England, Australia, South Korea, Germa-
ny, and Japan; 85—88% for Canada, USA, Brazil,
Chile, and Ukraine; 94.5% for Russia).

Mass independence for skating. Table 2
shows the results of the F-test calculation. We
ranked the results of the skating on the weight
(n is the total number of results for each distance)
and divided them into two groups equal in
number (one group with heavier athletes and the
second group with lighter athletes). Then we
calculated the Between group variability ( B,, , see

formula (1)), and Within group variability (ng

see eq. (2)) and the value of Fisher function
(according to (3)). The critical values of Fisher
function (Fc) are also shown in Table 2 for
significance levels o = 0.05 and o = 0.01. The
results indicate that the calculated values of the
Fisher function are smaller than the critical ones
(it is only one exception for male 1500 m distance

Average mass vs average time
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Figure 9: The average body mass versus the duration of a sports activity (the time spent on a distance) for different sports and distances:
triangles — running, rhombuses — swimming, snowflakes — skiing, tilted crosses — skating, circles — cycling, straight crosses — rowing.

Signs are blue for males and red for females
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at the significance level a = 0.05). Thus, we can
conclude that the skaters' speed does not depend
on their weight.

Discussion

Fig. 8 and Table 1 show the speed differences
for different sports. The fasters athletes are cyclists.
Skaters and skiers are slower. These speed differ-
ences can be explained by different friction coeffi-
cients. The runners are the slowest athletes among
moving in air. Their movement is a series of jumps
which is connected with rather high energy loss
[6, 17]. Water sports are the lowest, since the drag
in water is very high [18]. Due to the special
shaped elongated shape of the boat [19], the row-
ers are more than twice faster.

The human running champions are approxi-
mately 3 times slower than cheetah — the fastest
terrestrial animal. To estimate the efficiency of
motion, a special characteristic — capacity-efficiency,
C. — was proposed in [6, 20], which indicates how
much metabolic capacity (energy released in the
body per unit of weight and per unit of time) is

Table 2: The results of F-test for male and female skating
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used to move the center of mass. The estimations
of C. presented in [21] yield the values 0.286 m/s
(Male record, 100 m, Usain Bolt), 0.268 m/s (Fe-
male record, 100m, Florence Griffith-Joyner) and
0.319 m/s (Male record 10 km, Kenenisa Bekele).
In comparison for cheetah C. = 0.277 m/s [21].
Thus, the running effectiveness of our champions
is comparable with one of the fastest terrestrial an-
imal. Nevertheless, the running effectiveness of the
fastest horses (C. = 0.467 m/s) and kangaroos (Ce.
= 0.567 m/s) is higher [21]).

It must be noted that real maximum metab-
olic rate of human athletes is approximately
2.9 m/s (28 W/kg), [22]. It means that only 1/10
part of the capacity released in body is used to
move the center of running body. In the case
of swimming this part is much smaller. E.g.,
C. = 0.0097 m/s [20] for fastest underwater human
swimming style (dolphin kick, speed 2.7 m/s). The
best fish swimmers are more than 10 times faster.
E.g. the Atlantic sailfish, Istiophorus albicans is able
to achieve the speed 30.6 m/s [20]. The highest
value of C. = 8.4 m/s was calculated for the juve-
nile Blue shark, Prionace glauca in [20]. Thus

. Mass, kg Velocity, Average
Gender DlStance, . m/s (av— mass speed F BgV ng n _F(C)' 05 _Fg()l
m min | max |average | eraoe) kg’ m /s’ a=u. a=u.
Male | soo | 0 | 80 | 7497 1 1435 | a0l 1430 | 158 | 012 | 008 | 74 | 40 7.1
80 | 90 | 83.62 | 1427
Male | 1000 | 05 [ 80 | 7444 1461 o 0l 1463 (307 | 003 ] 004 | 72 | 40 7.1
80 | 90 | 8342 | 14.69
Male | 1500 | 60 | 80 | 74201 1396 | 2o 05 | 1407 | 409 | 1.09 | 026 | 92 | 4.0 7.1
80 | 97 | 8337 | 1418
Male | 3000 | 60 [ 80 | 7325 | 1344 o a0 1 1341 (027 | 002009 | 56| 41 73
80 | 97 | 8332 | 1340
Male | soo0 | 60 | 80 | 738 1 1298 ) oo 04| 1080 | 186 | 0.82 | 044 | 68 | 4.0 7.1
80 | 97 | 8356 | 1276
Female | s00 | S0 | 63 | 59191 1309 st sy | 093] 0.08 ] 0.09 | 64 | 4.0 7.1
63 | 73 | 6766 | 13.16
Female | 1000 | S0 | 63 | 39041 1341 aso | 1345 | 264 | 0.08 ] 003 ] 52| 41 73
63 | 73 | 67.81 | 13.49
Female | 1500 | S0 | 63 | 5929 1 1286 | ot hes | 001 | 0.02] 005 ] 76 | 4.0 7.1
63 | 74 | 6761 | 12.89
Female | 3000 | S0 | 63 | 5913 1 1207\ su o0 | 171 | 024 | 014 | 60 | 4.0 7.1
63 | 74 | 6773 | 12.30
Female | 5000 | 52 | 03 | 942 | W82 1ol 1174 | 108|009 ] 017 ] 52| 41 73
63 | 74 | 6805 | 11.70
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compared with the fast aquatic animals, both the
speed and effectiveness of human swimming is
much lower. The low drag elongated shape of the
rowing boat (and may be higher propulsion coeffi-
cient) allows more than 5 times increase the effi-
ciency of movement in water. E.g., C, ~ 0.051 m/s

for rowing Lightweight Men Single, best time [6].

The sprinter running speed does not substan-
tially depend on the body mass, but increases with
the increasing of the stride length [21]. The statis-
tical analysis of fit male and female sprint run-
ners [23] demonstrate the linear increasing of the
speed versus stride length. Since the taller and
heavier athletes have larger stride length, we can
expect that they have the highest speed. The opti-
mal weight of 100m male runners (approx. 78 kg,
see Table 1) is larger than the average weight of
adult men (74 kg). Nevertheless, the optimal
weight of 100m female runners (approx. 59 kg, see
Table 1) is smaller than the average weight of adult
women (61 kg).

For male cycling, running and swimming the
optimal body mass decreases with the increasing
the duration of activity (the only exception is the
cycling distance of 1km). In comparison, for fe-
male cycling, running and swimming dependence
of the optimal body mass versus the duration of
activity is not monotonous. This peculiarity of fe-
male sports needs further investigations.

Conclusions

A significant amount of data on the velocity
and body mass of both female and male athletes
professionals in Olympic sports (running, swim-
ming, skiing, skating, cycling, and rowing) was
collected.
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The average values for different distances were
calculated and the linear regression analysis was
applied to find the relationships between the body
mass and the velocity for every distance.

Within one distance there is no significant
dependence of speed on the mass (except for row-
ing). For each distance, there are their optimal
masses of athletes, which are different for different
sports. This result needs further investigations and
analysis.

The large masses of athletes are optimal for
the short distances. For longer distances they usu-
ally decrease, but not for the female swimming and
running (where the largest masses of athletes corre-
spond to the medium distances) and not for the
male and female skating (where speed is practically
independent from the body mass). These facts need
to be studied and explained.

For a fixed distance, the optimal masses of fe-
male athletes are 79.5 £ 3.1% of the weight of male
athletes, at the same time they develop 89.4 + 1.8%
of the speed of men.

The obtained results can be also useful for se-
lection of athletes for different sports and distanc-
es. The differences in optimal weights for different
sport and distances need further investigations.
They can be very complicated, since the metabolic
and propulsion peculiarities, drag in water or/and
air, energy waste to support the body on the
ground, wheels friction drag etc. must be taken in-
to account.
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I.6. Kyamnbun, I.I. Hectepyk, C.B. MNepeBepses, A. Pegaenni, b.[. WeneTiok, O.P. YepTos
ONTUMAIBbHI MACU TIIIA 0N PI3BHUX ONIMMNIACLKUX BUAIB CMOPTY

Mpobnemartuka. Bara kpawmx cnopTCMeHiB Ha Pi3HUX BIACTaHSAX i B Pi3HWMX BMAax Cnopty Moxe OyTu Ayxe pisHow. Bigomo, wo
Becnspi, K NpaBuno, Ayxe mMacusHi. [insg Toro wob Aatu WaHC atnetaMm 3 MeHLUOK Macolo Tina, degepauis 3 BecrnyBaHHSA BBena
cnevjanbHy kaTeropito 3 BaroBUMMun obmMexeHHsMU. Lli dhakTi nos’sizaHi 3 ocobnmMBocTsiMM aepoBHOT Ta HeaepoBHOI akTUBHOCTI, Xapak-
TEepUCTMKamu OMopy Ta pyxy.

MerTa. Y Ui cTaTTi MM He HaMaraemocsi MOSICHUTYM Pi3HMLI0 MK Macamu Tina cnopTcMeHiB. My nuwe 3adikcyeMo ix Ans pisHuX BUAIB
cnopty (6ir, nNaBaHHs, NWXKHI NeperoHn, KOB3aHSAPCbKUI CNOPT, BENOCNOPT, BECNYBAHHSA) i ANs Pi3HUX ONiMAINCHKUX ANCTaHUIN.
MeTopuka peanisauii. My 3ibpanu Ta npoaHanisyBanu 3HayHy KiflbKiCTb AaHMX NPO LUBWMAKICTb Ta Macy Tina Kpawiux CropTCMEHIB-
npodpecioHaniB (XiHOK Ta YOmoBikiB) y oniMnincbkMx BuAax cnopty (Bir, nnaBaHHSA, NMWXKHI NEPeroHn, KOB3aHAPCLKWUIA CNOPT, BENOCMOopPT,
BecnyBaHHs). Ockinbku Mn 6epemo o yBarM macy Tina TiNbkv HaKpalimMx CNOPTCMEHIB, TO OTpUMaHi pe3ynbTaTu MOXYTb po3rnsaa-
TUCb SK HaWbINbLL CNpUATNMBI (ONTMMAanbHI) Macu Tina ANs pisHUX BUAIB COPTY i BiacTaHel. [ina Toro wob nepesipuTu, HACKiNbKN 3Ha-
YEHHS Macu Tina i cepeaHbOi LBUAKOCTI B Mexax oAHiel AnCTaHUiil BianoBiaaoTb NiHiNHIA 3aneXHOCTi, MU BUKOPUCTanM PiBHAHHSA MiHil-
Hoi perpecii. Po3paxoBaHo koedilieHT kopensuii Ta napameTpu npsmoi perpecii. Ans Toro Wwob nepesipuTy NPUMYLLEHHS, WO LWBUA-
KiCTb KOB3aHSPIB HE 3aneXWTb Bif Macu CropTCMeHa, My BukopucTanu Tect diwepa.

PesynbTaTtn. Po3paxoBaHo onTMManbHi Macu CnopTCMeHIB Ans Pi3HUX BiACTaHeN y pisHUX BuAax cropTy. 3aranoM Ha KOpPOTKMX Bifc-
TaHsAX BEMUKi Macu CNOpTCMEHIB € ONTUMAanbHUMK, | BOHW 3MEHLLYIOTLCA ANS BENUKMX BiAcTaHen. BuHaTkom € pesynbTat Ans nna-
BaHHs Ta biry cepep xiHOK, e HambinbLli Macyu CNOpTCMEHIB BiANOBigaloTb cepeHiM AncTaHuiaM. [na Ginblw JOBrvx BigctaHen pe-
3ynbTaT NOKa3yloThb, WO HaNBINbLL YCRiLLHi CNOPTCMEHN XapaKTepr3yoTbCA MEHLLOK MAacolo Tina, 3a BUHATKOM KOB3aHAPCLKOro crnop-
Ty. [Ins chikcoBaHWx BigcTaHen onTUMarnbHi Macu Tina aTneTiB-XiHOK cTaHoBNATb 79,5 £ 3,1 % Big Macu Tina aTneTiB-4OMOBIKIB, y TOW
)K€ Yac XiHKM-CMOPTCMEHN PO3BUBAIOTL LUBUAKICTb, sika cTaHOBUTL 89,4 + 1,8 % Bif, LWBMAKOCTI YONOBIKIB-CMIOPTCMEHIB.

BucHoBku. MpoBeaeHuin CTaTUCTUYHWUIA aHani3 CBIAYUTDb, L0 B MeXax OAHIel AUCTaHUil HeMae 3HaYHOI 3aneXHOCTi MK LWBMAKICTIO Ta
Macolo Tifla CnopTCMeHa (3a BUHATKOM BecryBaHHs). [Insi KOXHOI BiACTaHi iCHYOTb ONTUMarbHi Macu Tina CNOPTCMEHIB, SKi € Pi3HUMMU
Ons pi3HNX BUAIB crnopTy. BcTaHoBneHi hakt MoxyTb ByTn BUKOpUCTaHi y Niabopi CnopTCMeEHIB Ta ix Mmigrotosui. BoHn notpebytots Ta-
KOX nodanbLumx AoChimKeHb 3 ypaxyBaHHAM ocobnunsocTert meTaboniamy Ta pyxy.

KnroyoBi crnioBa: onimMnificbkuin CnopT; MiHiHa perpecis; Tect ®iwepa; niabip cnopTcmeHis.
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W.B. KyablbuH, W.T'. Hectepyk, C.B. Mepesep3es, A. Pegaennu, B.[. LeneTiok, O.P. YepTtoB
ONTUMAIBbHbIE MACChI TENA ANSA PA3HbIX ONTMMMUAUCKUX BUOOB CMOPTA

MNpo6nemartnka. Bec nyymx cnopTCMEHOB Ha pasHbIX AUCTAHLUMSX U B pasHbIX BUAAX crnopTa MOXET CUMbHO oTnuyatcs. M3BecTHo,
41O rpebubl, Hanpumep, AOBOMbHO MaccuBHbIe. [ns Toro 4Tobbl AaTh LWAHC atneTam ¢ MeHbLUei Maccol Tena, deaepaumns rpebuos
BBEMNa crneunarnbHyo KaTeropuio ¢ BECOBbIMU OrpaHnyeHMaMn. 3Tn akTbl CBSA3aHbl 3 0COBEHHOCTAMM adpOo6HON 1 HeaspoBHON akTuB-
HOCTW, XapaKTepUCTUKaMn CONPOTUBIEHUS U ABWDKEHUS.

Llenb. B atoln cTaTbe Mbl He MbiTaeMcsi OO6BbACHUTL pasHULYy Mexay maccamu Tena cnopTcMeHoB. Mbl Tonbko onpegenum ux Ans
pasHbix BMAOB cnopTa (ber, nnaBaHune, fMbKHbIE TOHKU, KOHbKOGEXHbIN CMOPT, BEMOCMNOPT, rpebns) n Ans pasHbiX ONUMMIMNCKUX AM-
CTaHuun.

MeToauka peanusauun. Mbl cobpanu 1 npoaHanuavpoBanu G0OMbLLOe KOMUMYECTBO AaHHbIX O CKOPOCTW M Macce Temna fyylmx npo-
eccrmoHanbHbIX CMOPTCMEHOB (KEHLUMH U MYXXYMH) B ONMUMMUACKMX Bupax cnopta (ber, nnaBaHue, MbKHblE FOHKU, KOHbKODOEXHbIN
cnopT, BenocnopT, rpe6ns). Tak kak Mbl NPUHUMaeM BO BHYMaHWe Macchl Terna TOMNbKO NyYLLUX CMOPTCMEHOB, TO MOSyYEHHbIE pe3yrb-
TaTbl MOTYT paccMaTpuBaTbCs Kak Hanbonee nogxoasiume (onTumarbHble) Macchl Tena Ans pasHbiX BUAOB crnopTa U AucTaHumi. Ons
TOro 4YTOObl MPOBEPUTL, HACKOMNBKO 3HAYEHUsI Macchl Tena n cpegHen CKOpoCTU B pamMKax OAHON ANCTaHLMM COOTBETCTBYIOT MMHENHOW
3aBUCKMMOCTU, Mbl UCMONb30BanNu ypaBHEHVS NMMHENHOW perpeccun. PaccumTaHbl KoadhdULMEHT KOppensaumm u ABa napaMeTpa npsiMon
perpeccun. [inst Toro 4Tobbl NPOBEPUTL NPEANONIOXEHNE, YTO CKOPOCTb KOHBbKOOEXLIEB HE 3aBUCUT OT Macchl Tena CrnopTCMeHa, Mbl UC-
nonb3oBanu Tect ®uwepa.

PesynbTaTtbl. PaccuntaHbl onTuMarnbHble Macchbl CMIOPTCMEHOB AJ1S1 pasHbIX ANCTaHLUMIA B pasHblX BUAax cnopra. B obliem, Ha kopoT-
KMX AMCTaHLUMSIX ONTUManbHbIMK SIBNSIOTCS BorbLlUMe Macchl Tena CnopTCMEHOB, M OHW YMeHbLUaloTCs Ans 6onee ANMHHBIX ANCTaHLMIA.
MckntoveHne coctaBnsatoT pesynbTaTbl ANS NnaeaHusa n 6era cpean XeHLWuH, rae camble 6onblune Macchbl COPTCMEHOB COOTBETCTBY-
10T cpeaHuUM aucTaHumam. [na 6onee ANMWHHBIX AUCTaHLMIA pe3ynbTaThl NOKa3biBaloT, YTO Hanboree ycnellHble cnopTcMeHbl obnaaa-
10T MeHbLUEN Maccol Tena, 3a UCKI0YEHMEM KOHbKOGEXHOro cnopTa. [nsi oukcupoBaHHbIX AUCTaHUMIA ONTUMaribHble Macchl Tena aT-
neToB-XeHLWwuH coctaBnsaioT 79,5 £ 3,1 % OT macchl Tena aTneToB-MyX4/H, B TO Xe BPEMS XEHLUMHbI-CMOPTCMEHbI Pa3BMBAIOT CKO-
pocTb, koTopasi coctaBnseT 89,4 + 1,8 % OT CKOPOCTU MY)XYNH-CMOPTCMEHOB.

BbiBoabl. [poBeAeHHbIN CTaTUCTUYECKUI aHann3 nokasan, YTo B pamkax OAHOW AMCTaHUMW HET 3HAYUTENbHOM 3aBUCUMOCTU MEXAy
CKOPOCTbIO M Maccoi Tena CrnopTcMeHa (3a vcknoveHnem rpebnu). [ina kaxagow ANMCTaHUMM CYLLECTBYIOT ONTUMarnbHble Macchl Tena
CMOPTCMEHOB, KOTOPbIe OKa3anucb pa3HbIMK AN pa3HbiX BUAOB cropTa. lNonyyeHHble pesynbTaTbl MOryT ObiTb MCMONb30BaHbl B NOA-
6ope cnopTcMeHOB 1 nx noarotoske. OHU HYXAAIOTCA TaKKe B AOMOMHUTENbHBIX NCCNEA0BaHUSX C y4eToM ocobeHHocTeln meTabonums-
Ma 1 ABWXEHUS.

KnioueBble crnoBa: ofMMNUIACKUI CMOpT; NHEHasn perpeccus; Tect duliepa; nogbop CropTCMeEHOB.



