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According to recent studies in sports science, the functional condition of boxers accounts for approximately 25%
of their overall fitness level, which directly impacts their performance in competition. Weight control (due to weight
categories) is one of the key factors in combat sports. The existence of weight categories also determines the spe-
cifics of the training process, as athletes in different weight groups have distinct fighting styles. Forced weight loss
is often used in the pre-competition period to reach the required weight category. This, in turn, is accompanied by
a reduction in the percentage of adipose tissue to critically low levels. As a result, there is a decrease in VO,max,
disruption of functional systems, and a decrease in performance. Maintaining optimal body composition enables the
effective utilisation of the body's functional reserves.

The aim of this study was to investigate the relationship between the percentage of adipose tissue and the level
of functional abilities in combat sports athletes, as well as to determine the optimal range of fat mass that ensures
the highest performance.

The study involved 52 athletes (boxing — n=37; kickboxing — n=15) aged 18-29, representing different weight
categories and having different levels of qualification (Candidate Master of Sports, Master of Sports of Ukraine,
Master of Sports of Ukraine of international class, Honored Master of Sports). A total of 121 human examinations
were conducted as part of the study. Literature analysis, anthropometric and bioimpedance measurements of body
composition (InBody 770, Republic of Korea), ergospirometric tests with Oxycon Mobile, Vyntus CPX, Care Fusion
(Germany) gas analyzers, and mathematical statistics methods were used. The study was conducted in compliance
with bioethical standards. All study participants signed informed consent forms for data collection and processing.

The results confirmed the significant impact of fat mass percentage on VO,max. The optimal fat mass range is
10+3%, within which maximum functional capacity is observed. This emphasises the importance of maintaining an
optimal level of fat tissue in the context of athletic training.

Key words: maximal oxygen uptake, pulmonary ventilation, body composition, weight category.

Connection of the publication with planned re- Introduction.

search works.

The research was conducted within the framework
of the following scientific topics: “Improvement of the
system for assessing the functional capabilities of quali-
fied athletes” (state registration number 0120U102907)
and “Control and correction of metabolism in qualified
athletes under conditions of intense physical exertion”
(state registration number 0120U103004).

Contemporary research on combat sports empha-
sizes the significant role of physical qualities in training
highly skilled athletes, such as endurance, strength, and
speed. Thus, modern researchers [1] note that the most
important factors in the training of a skilled boxer are:
level of special physical training (74%), technical and
tactical training (65%), functional condition (25%), and
psychomotor properties of the athlete (24%) [1].
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It is worth noting that athletes in different weight
categories employ distinct fighting styles. That is, de-
pending on the weight category, the influence of each
of the physical qualities is different. For example, for
boxers in the light weight categories (48-63.5 kg), the
most important indicators are: explosive power, speed
of punches in series, speed-strength and strength en-
durance; for middleweight boxers (67-75 kg) — explosive
and maximum punching power, strength endurance; for
heavyweight boxers (80+92 kg) — strength endurance
and maximum punching power. Accordingly, the training
process for athletes in different weight categories will
also differ [2].

Given that highly skilled athletes possess a sufficient-
ly high level of technical and tactical preparedness, gain-
ing an advantage in competition primarily comes down
to enhancing functional fitness.

To assess aerobic power and capacity in the pro-
cess of endurance control, one of the main indicators of
functional capabilities is maximum oxygen consumption
(VO2__ ). This indicator characterizes the rate of maxi-
mum oxygen consumption (ml-min-kg?) and is used to
assess the power of the aerobic process. An important
component of the process is the time to reach VO2__,
as it reflects the ability to mobilize the capabilities of the
aerobic energy supply process.

Lung ventilation (V’E) is also one of the important
limiting factors. This indicator characterizes the volume
of air inhaled in one minute. Although this indicator is
quite individual and depends on anthropometric factors,
its development directly affects the amount of oxygen
entering the lungs and, in turn, will affect the Vo2 _ in-
dicator.

In combat sports, athletes are divided into weight
categories. That is why weight control and correction
are important factors in these sports. However, despite
the importance of this factor, excess weight or subop-
timal body composition is a fairly common problem
in combat sports. Often, athletes exhaust themselves
to reach the required weight category, which, in turn,
negatively affects the functional indicators of their body
and, subsequently, affects the effectiveness of compet-
itive activity. Therefore, it is important to achieve an
optimal ratio between lean and fat body mass, which,
on the one hand, ensures compliance with the required
weight category and, on the other hand, provides the
necessary conditions for achieving a high level of special
working capacity and demonstrating it during fights. It is
known that reducing the proportion of fat mass to 3-5%
for men, depending on individual body characteristics,
can lead to negative health consequences for athletes
and a decrease in physical performance [3]. Maintaining
an optimal body composition creates conditions for the
effective utilisation of the athlete’s functional reserves,
preventing injuries and potential disorders, prolonging
the stages of maximum individual capability, and pre-
serving achievements.

The question of the relationship between body com-
position and special working capacity and the manifes-
tation of an athlete’s functional abilities remains a press-
ing issue in the theory and practice of training athletes
who specialize in combat sports, particularly in striking
combat sports.

The aim of the study.

To determine the nature of the relationship between
the percentage of adipose tissue and the level of func-
tional capabilities of skilled athletes in striking martial
arts, as well as to outline the optimal range of fat mass
at which functional indicators reach their highest values.

Object and research methods.

The study was conducted with the participation of
52 athletes specializing in striking martial arts (boxing
(n=37), kickboxing (n=15), aged 18 to 29 (24.43%0.49)
years, of different weight categories (light, middle, and
heavy categories) and sports qualifications (Candidate
Master of Sports, Master of Sports of Ukraine, Master of
Sports of Ukraine of international class, Honored Master
of Sports). A total of 121 people were examined as part
of the study. The study was conducted in compliance
with bioethical standards. All study participants signed
informed consent forms for data collection and process-
ing.
The following methods were used to achieve the re-
search objectives:

— analysis of data from specialized literature on the
research topic;

— determination of body composition (InBody 770,
Republic of Korea). Body weight (BW, kg), fat-free body
mass (FFBW, kg), fat content (FC, kg, %), skeletal mineral
mass (SMM, kg), etc. were determined;

— ergospirometric testing, gas analysis (Oxycon Mo-
bile, Vyntus CPX, Care Fusion, Germany);

— methods of mathematical statistics.

Body composition tests were conducted in the morn-
ing, after an overnight fast.

Ergospirometric testing of athletes was conducted
on a treadmill (LE 500, HP Cosmos, Germany) in compli-
ance with safety regulations. The testing protocol con-
sisted of four stages: rest (two minutes), warm-up (five
minutes, starting at a speed of 4.5 km/h and gradually
accelerating to 8.5 km/h), the initial speed of the test
was 10 km/h, and every 2 minutes of the test, the speed
of the treadmill was increased by 1 km/h. The test was
performed until maximum oxygen consumption (VO,
.o mI'min-kg?) was reached; the criterion for reaching
VO, _ was the absence of an increase in oxygen con-
sumption of at least 150 ml-min* with an increase in
the power of the test load. After reaching VO, _ or if it
was impossible to maintain the set running speed, the
test was completed with a three-minute recovery period
(walking at a speed of 4.5 km h?).

The following morphofunctional indicators were an-
alyzed as the main ones: height, weight, fat tissue mass,
fat content in percent, fat-free body mass, maximum
oxygen consumption, maximum pulmonary ventilation,
and relative maximum pulmonary ventilation.

Compliance with normal distribution was checked
using the Kolmogorov-Smirnov and Shapiro-Wilk crite-
ria.

The Kolmogorov-Smirnov criterion is used to deter-
mine whether two empirical distributions follow the
same law or to assess whether an empirical distribution
conforms to a specific model.

The Shapiro-Wilk test is the most effective for test-
ing the hypothesis that a sample follows a normal dis-
tribution. The test works equally well for small and large
sample sizes.
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Research results and their discussion.

Based on the results of a study of the anthropomet-
ric characteristics and body composition of athletes spe-
cializing in striking martial arts, the following was estab-
lished: the average height of athletes was 178.51+0.90
cm, the average weight was 76.35+1.58 kg, the aver-
age fat mass was 8.85+0.49 kg, the average fat content
was 10.92+0.39, and the average fat-free mass was
67.51+1.17 kg (table 1).

According to studies of the body composition of ath-
letes [4], the reference values for fat content in inter-
national-level martial arts (wrestling, boxing) athletes
are within the range of 5-16%. Some studies [5] of the
anthropometric profile of international kickboxers noted
average fat content values of 10.5+2.9% fat.

Table 1 — Height and body composition of athletes
practicing striking martial arts (n=121)

Indicator X +m
Height, cm 178.51 0.90
Weight, kg 76.35 1.58
Fat mass, kg 8.85 0.49
Fat content, % 10.92 0.39
Fat-free body mass, kg 67.51 1.17

A comparison of the actual weight recorded at the
time of the study and the weight category revealed
significant variability. On average, the athletes’ weight
exceeded the weight category limit by 3.4+0.25 kg,
and their lean body mass was on average 4.1+0.46 kg
below the weight category. In some cases, the athlete’s
weight exceeded the weight category by 10.2 kg, which
required the athlete to lose 13% of his weight to comply
with the weight category, and the fat-free body mass val-
ues exceeded the weight category limits by 2.7 kg (4.2%
of the athlete’s total body mass), which, in turn, led to
excessive stress on the body during body weight adjust-
ments, significant fluid and muscle mass loss.

In addition, 15.5% of the athletes studied were found
to have a fat content exceeding 15%.

For a more detailed assessment of the body com-
position of all athletes, they were conditionally divided
into three weight categories: light, middle, and heavy.
The lightweight category included athletes weighing 48-
63.5 kg; the middle weight category included athletes
weighing 67-75 kg; and the heavyweight category in-

Table 2 — Body composition by weight category
groups of athletes in striking martial arts (n=121)

. Weight category
Indicator - - - - -
Lightweight | Middleweight | Heavyweight
BW, kg 60.52+0.51 | 70.63+0.56 92.85+1.24
FFBB, kg 55.09+0.51 | 63.96+0.51 79.14+0.91
BFM, % 9.01+0.22 9.36+0.47 14.59+0.42
A BW-WC*, kg 4.28+0.20 3.19+0.30 2.06+0.27
A FFBW-WC**, kg -1.15+0.21 -3.48+0.43 -9.51+0.41

Notes: *A BW-WK — difference between the athlete’s body weight and
weight category; **A FFBW-WK — difference between the athlete’s fat-
free body weight and weight category.

the fat tissue content by 2-2.5% in representatives of
heavy weight categories, it is possible to ensure compli-
ance with the weight category and, therefore, preserve
lean body mass (the amount of intracellular fluid and
muscle mass).

Within the scope of this study, to assess the function-
al capabilities of athletes specializing in striking martial
arts, the maximum oxygen consumption (VO, , ml/
min/kg) was determined at 56.86+1.55 ml/min/kg and
the maximum pulmonary ventilation (V’E, I/min; L/min/
kg) at 146.95+5.55 L/min. According to other authors [6,
7,8],the VO, _ values of Portuguese elite athletes were
57.99+10.3 ml/min/kg, and those of Canadian athletes
were 61.5+7.5 ml/min/kg. Our data are comparable in
value to those of other authors and align with the world
level of elite athletes in striking martial arts [9, 10].

For example, we can cite the dynamics of oxygen
consumption and body composition of two athletes
(weight categories up to 69 and 71 kg) (fig. 1-4).

As can be seen from the data shown in figs. 1-2, the
athlete (weight category up to 71 kg) exceeded the ac-
tual weight limits of the weight category during 5 stud-
ies, while the values of lean body mass were close to
the weight category limits. An increase in the athlete’s
weight above 77 kg is accompanied by an increase in fat
content of more than 10% (12.7 and 15% fat) and a de-
crease in fat-free body mass (67.6 and 67.7 kg, respec-
tively).

Analysis of the dynamics of maximum oxygen con-
sumption values in this athlete showed the highest
VO, _ values when fat content reached 7 to 12.7%. A
decrease in fat content to the limit of 5.4% is accompa-
nied by a decrease in maximum oxygen consumption.

cluded athletes weighing 81-+91
kg (boxing) and 79-+94 kg (kick- 8 o
boxing) (table 2). 80 o6 25 774 .
As can be seen from the data 2 73,6 ’
presented in table 2, the per-
centage of fatin athletes in heavy 0
weight categories exceeds that | Body ;s
in athletes in light and middle | Wweight
weight categories. At the same L
time, a significant difference was 55 69,6 69.8 68,8 67.6 677
found between the weight cate- 55
gory and lean body mass in ath-
letes in heavy weight categories 4
—on average 9.51+0.41 kg, which 40
is a significant reserve for reduc- 34 78 93 12.7 15 % fat
ing active body mass loss when BW, kg " FFBW kg == WC 71 kg

reducing total weight before
competitions. Thus, by reducing

Figure 1 — Dynamics of body weight (BW, kg) and fat-free body weight (FFBW, kg)

(weight category up to 71 kg).
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45 54
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73,6 75,6

77,4

I Fat content vO

mass was recorded for this ath-
lete during the five studies.

16 To determine the relationship
between body composition and
indicators of functional capacity,
12 a correlation analysis of VO, _,
V’E, and fat content values was
performed (table 3). A signif-
8 icant inverse relationship (p <
0.05) was found between VO, _,
V’E, and fat content. Therefore,
4 based on the data obtained, it
can be concluded that an in-
crease in fat percentage will likely
be accompanied by a decrease in
maximum oxygen consumption

% fat

15

2
79,7  masskg

Figure 2 — Dynamics of maximum oxygen consumption (VO, ) and fat percentage

(weight category up to 71).
An increase in fat content to 15% is accompanied by a
significant decrease in VO, _ values.

As can be seen from the data shown in figures 3-4,
the athlete (weight category up to 69 kg) also exceeded
the actual weight limits of the weight category during 5
studies, while the fat-free body mass was close to the
weight category limits in only one case. The increase in
the athlete’s weight was accompanied by an increase in
fat content of more than 10% in only some cases, but it
did not exceed 12.7%. No significant decrease in fat-free

and maximum pulmonary ven-
tilation, and thus will negatively
affect the functional capabilities
of athletes specializing in striking martial arts.

To determine the optimal body composition using
cluster analysis (K-means method), the sample was di-
vided into five clusters. The groups were selected based
on fat percentage (table 4). The first cluster included
athletes with a fat content of up to 6.9%, the second
cluster - with a fat content ranging from 7.0 to 9.9%,
the third cluster with a fat content ranging from 10.0 to
12.9%, the fourth with a fat content ranging from 13.0 to
15.0%, and the fifth cluster with

80

75 73,1

71,4
70 -

70

742

a fat content of 15.1% or more.

745 The first and second clusters
were similar in terms of body
weight and lean body mass. The

Mass, 65
kg
60

5 6738

50
45

40
7,0 73 10,2

BW, kg

64,9 65

FFBW, kg === WC 69 kg

same similarity is observed be-
tween the third and fourth clus-
ters. The fifth cluster does not
show such similarity with the
others in terms of these indica-
tors. This indicates that athletes
in both light and middle weight
categories can fall into any of the
first four clusters. It also confirms
a wide discrepancy in fat and
lean body mass indicators, with
a slight tendency to increase in

127 % fat

(weight category up to 69 kg).

Figure 3 — Dynamics of body weight and fat-free body mass in an athlete

the middle categories and a sig-
nificant increase in the heavy

ml-min kg!

70 66,8 66,9

65,1
&5 633

60

55
50
45 I I
40
70 73 71 74

[ Fat content VO

categories.

Within the framework of this
16 study, an analysis of the values of
maximum oxygen consumption
(VO,,., ml/min/kg) and maxi-
mum pulmonary ventilation (V’E,
[-min?, I-min-kg!) was carried out
in athletes included in the above
clusters (table 5).

It was found that the highest
values of maximum oxygen con-
sumption (VO, ) were record-
ed in athletes belonging to the
second and third clusters (7.0-
13.0% fat tissue). At the same
time, athletes in the first cluster

662

12

10

8

6

4

2
75

mass, kg

Figure 4 — Dynamics of VO, _ relative to body composition indicators in athletes

(we’?ght category up to 69 kg).

(fat content <6.9%) were char-
acterized by significantly lower
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Vo, values, which indicates that an improvement in
aerobic performance does not accompany a reduction
in fat mass below 7%. The lowest VO, _ and maximum
lung ventilation (V'E, I-min~"-kg™") values were recorded
in representatives of the fifth cluster (> 15.1% fat), in-
dicating a probable decrease in these parameters when
fat mass increases above 15%. The data obtained are
consistent with the results of previous studies, where
the average body fat level in elite athletes
ranges from 8 to 12% [5, 6].

Dynamic analysis of VO, indicators

Table 3 — Maximal oxygen consumption (VO,__,
ml-min-kg*) and maximal pulmonary ventilation
(VE, I'-min’; I-min-kg?) in athletes of striking martial
arts (n=121)

Indicator X +m

Vo, __, ml'min-kg? 56.86 1.55
VE I-min 146.95 5.55
|-min-kg? 1.98 0.07

Table 4 — Body composition of athletes practicing striking martial
arts, classified into different clusters (Xtm, n=121)

in one athlete showed congiasxtently high

values in the fat content range from 7.0 Indicator = 5 CIa;ter 7 -

to 12.7%, with a slight decrease as lean -

mass approached the weight category lim- Weight, kg 67.1+1.6 | 68.4+1.6 | 79.8+3.0 | 84.0+1.9 | 109.4+2.9
its. In both athletes, a negative difference Fat content, % 6.5+0.2 9.1+0.1 | 11.9+0.2 | 14.5+0.2 |20.70+0.4
between body weight (BW) and weight Body fat mass, kg 4.3+0.2 | 6.2+¥0.2 | 9.5+0.4 | 12.2+0.3 | 22.7+0.9
category (WC) was recorded throughout Fat-free body mass, kg| 62.8+1.3 | 62.2+1.5 | 70.2+2.6 | 71.8+1.7 | 86.7+2.2

all observation series, which necessitated
periodic BW adjustments. In one of them,
at certain moments, a critical approach of
fat-free mass to the weight category was
recorded, which potentially affected the

Notes: 1 — < 6.9% fat; 2 — 7.0-9.9% fat; 3 — 10.0-12.9%; 4 — 13.0-15% fat; 5 — 215.1% fat.
Table 5 — Maximum oxygen consumption (VO, _, ml-min-kg?),
maximum pulmonary ventilation (VE, I'-min?, I‘-min-kg?) in
athletes of striking martial arts classified into different clusters

(Xtm, n=121)

adaptive capabilities of the body. o

Analysis of changes in VO, _ over time Indicators = > - 7 s
confirmed a decrease in this indicator when -
the percentage Of fat fe” belOW 7.6% in one V07m ’ mI-mln-kg'l 55.4+2.9 57.61+2.4 59.6+4.1 52.0+2.6 |36.3+3.9*
athlete and below 10.2% in the other. In ad- |VE. I'min® 147.6+12.5|137.449.2 | 159.4+12.0(150.4+14.6) 156.0+5.0
dition, a significant decrease in VO___ was LVE I'minkg® 2.1+0.2 | 2.0¢0.1 | 2.1#0.2 | 1.8#0.2 | 1.3+0.2*

2max

observed when the level of adipose tissue
reached 15%.

Thus, the optimal fat content range for athletes prac-
ticing striking martial arts is 7.0-12.9%. Reducing fat tis-
sue below 7% does not increase VO and maximum
lung ventilation, while exceeding 13% is accompanied by
a significant decrease in these parameters. The vast ma-
jority of cases of exceeding 13% fat tissue were recorded
in athletes in heavy weight categories, which negatively
affected their functional capabilities.

Conclusions.

As a result of the study, the maximum oxygen con-
sumption in athletes practicing striking martial arts (VO-
»mae MI/Min/kg) was determined to be 56.86+1.55 ml/
min/kg, and the maximum pulmonary ventilation (V’E, I/
min; |/min/kg) at 146.95%5.55 I/min. The optimal range
of body fat percentage was also determined to be 7 to

DOI 10.29254/2077-4214-2025-3-178-515-525
YAK 796.01:612
12Cedykin 4. B.

Notes: 1 —<6.9% fat; 2 — 7.0-9.9% fat; 3 — 10.0-12.9%; 4 — 13.0-15% fat; 5 — 215.1% fat.

13%. It was within this range that the VO,__ indicators of
athletes reached their highest individual values.

Analyzing the effect of fat mass percentage on VO,
o @ decrease in VO, _ was found when deviating from
the 7-13% fat range in both the lower and upper direc-
tions. This proves that the range of 10£3% fat mass is the
optimal range for elite male athletes engaged in combat
sports.

Prospects for further research.

Further research will allow for a more detailed study
of the impact of variations in body fat percentage on
VO, indicators. The results of these studies can be in-
corporated into the training process for athletes and can
also serve as a basis for expanding knowledge in the field
of sports science.
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32i0HO cyyacHuUx 00CAiOMeHb y 2asy3i cnopmusHoi HayKu, (PyHKYioHaAbHUl cmaH 6oKcepie 3ymoesstoe b1Uu3bKo
25% pisHto ix nidzomosneHocmi, wo 6e3nocepedHbo 8MAUBAE HA PE3YybMAaMUBHICMb 3Ma2aabHOI difiabHOCMI.
KoHmponb macu mina (Yepe3 HasBHiICMb 8a208UX Kamezopili) ucmyrnae 00HUM i3 KA0YOBUX YUHHUKI8 y sudax
crnopmy 3 yoOapHoto mexHikor. HasasHicmb 8azo8ux Kamezopili makoxc 3ymMossntoe crieyugiky mpeHysasnbHO20
npouecy yepe3 me, Wo 015 CTOPMCMEHIB8 Pi3HUX 80208UX 2Py XApAKMepPHi 8i0MiHHI cmunieedeHHs 6or. PopcosaHe
3HUMCeHHA Macu mina 3 mMemoro nompanasgHHa 0o nompibHoi 8azoe0i Kamezopii Yacmo 3acmocosyemecs y
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npedsmazanbHuli nepiod. Lle 8 ceor vepay Cynpo8OOHYEMbCA 3MEeHWEeHHAM 8i0COMKY HUPOB8OIi MKAHUHU 00
KPUMUYHO HU3bKUX MOKA3HUKI8. B pesynbmami 8idbysaemoca 3HUMeHHA VO.max, nopyweHHa PyHKYIOHAAbHUX
cucmem ma 3HUXEHHA npayezdamHocmi. iOMmpuMaHHA ONMUMAAb6HO20 CKAAOY Mina CMeoproe ymosu 0
eghekmuBHO20 BUKOPUCMAHHA (hyHKUIOHAAbHUX pe3epaie op2aHi3my.

Memoto docnidxceHHA 6ya0 8USHAYUMU 83AEMO38’A30K MiX 8i0COMKOM XUPOBOI MKAHUHU ma pisHeM npoAsy
(PYHKUiOHAAbHUX Moxcausocmeli y cnopmcmeHis yoapHUx eOUHOBOPCMB, @ MAKOX 8CMAHOBUMU ONMUMAsbHUU
diana3oH #cuposoi macu, wo 3abesneyye HalisuWw,i MOKA3HUKU.

Y 0ocnioweHHi bpanu yyacme 52 cnopmcmeHu (6okc — n=37; kikbokcuHe — n=15) eikom 18-29 pokis, fKi
npedcmasndAnu pi3Hi eaeosi kameaopii ma manu pi3HuUli piseHob keanigikayii (KMC, MCY, MCMK, 3MC). Bcbozo
8 pamKax 00cnioxwceHHa 6ysno nposedeHo 121 nwduHO-obcmexceHHA. BukKopucmosyeanu aHani3 saimepamypu,
aHmporniomempu4Hi ma 6ioimnedaHcHi 8umiptosaHHA cKnady mina (InBody 770, Pecnybnika Kopes),
epaocnipomempuyHi mecmu 3 2azoaHanizamopamu Oxycon Mobile, Vyntus CPX, Care Fusion (Himeuy4uHa) ma
mMemoou mamemMamuy4yHoi cmamucmuku. [ocnioxeHHsA nposoousnoce 3 00MpPUMAHHAM biemuyHuUx Hopm. Bcima
YYACHUKamu 60cnionceHHs 6yao nidnucaHo iHghopmosaHi 3200u Ha 36ip i 06pobKy OaHUX.

Pe3ynbmamu niomeepouau cymmesuli 8raus 8i0comky #uposoi mkaHuHuU Ha VO max. OnmumaneHuli diana3oH
Huposoi macu cmaHosume 10£3%, y Mexax AK020 CrocmepiecaemMesca MAKCUMAsbHA peani3ayia yHKUiOHAAbHUX
moxcausocmell. Lie nidkpecstoe HeobxioHicmb NiOMpUMAHHA 0MMUMAIbHO20 PIBHSA ¥(UPOBOI MKAHUHU 8 CMpPyKmypi

CrnopmueHoi Nid2omosKu.

Knarouosi cnoea: makcumasnibHe CrIOMUBAHHA KUCHIO, /fleceHesa 8eHMUAAYIA, KOMI'IO3UHiﬁHUU cKnad mina,

8azosea Kameaopi,q.

3B8’A30K ny6niKauii 3 n1aHOBUMM HAayKOBO-A0CAIA-
HUMU poboTamu.

JocnifKeHHA BUKOHAHO B MEMAX HAYKOBUX TEM:
«YOOCKOHANEHHA CUCTEMWM OULHKM  PYHKLiOHAaNbHUX
MOAMBOCTEN KBanidpikoBaHMX CMOPTCMeHiB» (HoMep
AeprkaBHoT peectpauii 0120U102907) Ta «KoHTposb Ta
Kopekuia metaboniamy KBanidpikoBaHMX CMOPTCMEHIB
33 YMOB iHTEHCUBHUX Pi3MYHUX HABAHTaXKEHb» (HOmep
AeprkaBHOT peecTpauii 0120U103004).

Bcryn.

CyyacHi pJocnigyKeHHA yAapHUX BWAIB CNOPTUBHUX
€ANHOBOPCTB BiAMIYaOTb BENINKY POb Gi3UYHUX KO-
CTeW y nigrotosui cnopTCMeHa BMCOKOI KBanidikauii,
TaKWUX AK: BUTPUBANICTb, CU0BI Ta LWBUAKICHI AKOCTI. TaK,
cy4acHMMM gocnigHuKamu [1] 3a3HavyeHo, Wwo Halbinb-
Wy ponb B MiAroTOBAEHOCTI KBanidikoBaHOro 6okcepa
BiZirpatoTb Taki GaKTOpK, AK: piBeHb cneuianbHoi disny-
HOI nigrotosneHocTi (74%), TEXHIKO-TAaKTUYHA NiLrOTOB-
NeHicTb (65%), dyHKLioOHanbHUI cTaH (25%) Ta ncuxomo-
TOPHIi BIAaCTMBOCTI cnopTcmeHa (24%) [1].

Cnig, 3ayBaxKUTH, WO ONA CNOPTCMEHIB Pi3HUX Baro-
BMX KaTeropiv NpuTaMaHHi pisHi cTuni BeAeHHA NOEANH-
Ky. To6TO, 3a/1€KHO Bifg, BaroBoi KaTeropii BN/inB KOXHOI
3 i3MUYHNX AKOCTEN € pisHMM. Hanpuknaa, ana 6okce-
piB NIerkMx BaroBMx KaTteropiit (48-63,5 Kr) HalBax1uBi-
LWMMM € TaKi MOKa3HMKM, AK: BUOYXOBa cuAa, LWBUAKICTb
yZapis y cepifax, WBUAKICHO-CMI0Ba Ta CUN0BA BUTPUBA-
NicTb; Ans boKcepiB cepeaHix BaroBux Karteropin (67-75
Kr) — BMbyxoBa Ta MaKCMMasbHa CWAa yaapis, cuiosa
BUTPMBANICTb; ONa BOKCepiB BaXKKMX BaroBWX KaTero-
pirt (80+92Kr) — cMnoBa BMTPMBANICTb Ta MaKCMMasbHa
cuna ypapis. BignosigHo oo uboro npougec NigrotoBKM
CNOPTCMEHIB Pi3HNX BAaroBMX KaTeropil Takox byae Bia-
pi3HATUCD [2].

BpaxoBytounm Te, WO Yy BWCOKOKBaNidiKoBaHUX
CMOPTCMEHIB PiBEHb TEXHIKO-TAKTUYHOI NiArOTOBAEHOCTI
€ JOCTATHbO BUCOKUM, 3406yTTA nepesaru y A8060i Big-
6yBa€ETbCA 32 PaXyHOK NiABULLEHHA PiBHA OYHKLiOHaNb-
HOTO CTaHy.

[na ouiHKM aepobHOI NOTYKHOCTI Ta EMHOCTI Y Npo-
LecCi KOHTPOI0 BUTPMBAIOCTI OAHMUM 3 OCHOBHMX MOKa3-
HUKIB OYHKLIOHANIbHUX MOXK/MBOCTEN € MAKCMMasbHe
CnomBaHHA KucHio (VO2 ). Lleit nokasHUK xapakTe-

PU3YE LWBUAKICTb MaKCMMAJIbHOTO CMOMKMBAHHA KUCHIO
(mn-xB-Krt) i BUKOPUCTOBYETHCA ANA OLLIHKM MOTYXKHOCTI
aepobHoro npouecy. BaxnuMBow cKnafoBOK npouecy
€ Yac pgocarHeHHa VO2 , TaK Ak BiH Bigobparkae 3aart-
HicTb Mobinisauii moxausocTelt npouecy aepobHoOro
eHepro3abesneyeHHs.

NereHeBa BeHTUAALiA (V'E) TaKOXK € OAHUM 3 BaXKK-
BMX 0OMeEKYBabHUX YNHHUKIB. Liei NOKa3HUK xapakTe-
pusye ob6’em NoBITPA, LLO BAMXANOCH 33 OAHY XBUAWHY.
Xoya uer NoKasHWK € A0BOAI iHAMBIAYyanbHUM i 3ane-
UTb Bif, aHTPONOMETPUYHUX YUHHUKIB, MOTO PO3BUTOK
NPAMO BMJIMBAE HA KiNbKICTb KMUCHIO, WO HaAXo4uTb B
nereHi, i, CBOE Yeproto, byae BNAMBATU HA MOKa3HUK
voz2 .

Y CnopTMBHMX €AMHOBOPCTBAX PO3MOAIN CnopTC-
MeHiB BifbyBa€eTbCA 3a CMCTEMOK BArOBMX KaTeropin.
Came TOMY KOHTPO/Ib | KOPEKLLiA MacK Tina € BaXKIMBUM
UMHHMKOM Yy LMX BMAAx crnopTy. Mpo Te, He3BaXKakuu
Ha BaX/IMBICTb LbOro ¢akTopy, HagMLWKOBA Bara abo
HeonTMMasbHa KOMMNO3WLIA CKAaZy Tina CNOpPTCMEHIB
€ [L0BOJIi NOLWMPEHOI NPOBJEMOIO Y CMOPTUBHUX EAM-
HobopcTBax. YacTo cnopTcMeHu, 33419 NOTPANAAHHA Y
HeobXifHY Barosy KaTeropito, O0BOAATb cebe A0 BUCHA-
YKEHHS, LLLO, CBOED Yeproto, HEeraTMBHO BifAObOpaKaeTbCA
Ha PYHKLIOHAaNbHMX NOKAa3HUKaX MOro opraHiamy i, B no-
OaNblIOMY, BMN/IMBAE HA Pe3y/IbTAaTUBHICTb 3MarasbHOI
LiANbHOCTI. TOMy Ba*K/IMBMM € ONTMMaJibHe CMiBBiAHO-
LWEHHA MiXK BE3XKMPOBOIO Ta KMPOBOK MACOI0 TiNa, LLO,
3 opgHoro 60Ky, 3abe3neyye AOTPMMAHHA HeobXiAHOI
BaroBoi KaTeropii, a 3 iHWoro — 3abesneyeHHs HeobXia-
HUX YMOB AN1A AOCATHEHHA BUCOKOrO PiBHA cneLianbHOl
npauesaaTHOCTI Ta il AeMOoHCTpaLii nig Yyac cyTu4yok. Bi-
AO0MO, L0 3HUKEHHA YaCTKKU XXMpoBoi mack o 3-5% ana
YO/I0BIKIB 3a/1eXKHO Big iHAMBIAyaNnbHUX ocobnaunBocTel
OpraHiamy MoXe Npu3BecTU A0 HeraTMBHWUX HACNiAKiB
0N 3l0POB’A CNOPTCMEHIB Ta 3HMMKEHHA Gi3nYHOT Npa-
uesgaTtHocTi [3]. JoTpMMaHHA ONTUMAJ/IbHOTO KOMMNO3K-
LiHOro CKNaAdy TiNa CTBOPIOE YMOBU Ans eeKTUBHOIO
BMKOPUCTAaHHA QYHKLIOHA/NIbHUX pe3epBiB opraHiamy
CNOPTCMEHA, NPOdINAKTUKM TPABM Ta MOXK/INBUX PO3na-
AiB, NOAO0BXEHHA TPUBANOCTI eTaniB MaKCMMabHOI pe-
anisauii iHAMBIAYaNbHUX MOXIUBOCTEN Ta 36epexeHHs
[OCATHEHD.
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MUTaHHA 3B’A3KY KOMMNO3WLiMHOIO cKaagy Tina 3i
crneuianbHO Mpaue3aaTHICTIo Ta NpoaBoOM YHKLiO-
HAJIBHUX MOMK/IMBOCTEN CMOPTCMEHA 3a/IMLLIAOTHLCA aK-
TyanbHOO npobnemoto Teopii Ta MNPAKTUKM NiATOTOBKM
CNOPTCMEHIB, WO Chewiani3yloTbCA B CMOPTUBHUX €AMU-
HO6OpPCTBaX, 30KpPEMA B YyAAPHWUX BUAAX CMOPTUBHMUX
€ANHOOOPCTB.

Merta gocnigKeHHs.

BU3HAUMTM XxapaKTep B3aEMO3B'A3KY MiXK BiZCOTKOM
KMPOBOI TKAHWMHM Ta piBHEM NpPoABY GYHKLiOHaNbHUX
MOINBOCTEN KBaNipiKOBAaHUX CMOPTCMEHIB YyAAPHMUX
BMAIB CMOPTUBHUX EAMHOBOPCTB, @ TAKOXK OKPECAUTU
ONTUMANbHUI Aiana3oH XMPOBOI MacK, 3a AKOTo QYHK-
LiOHaNbHi MOKa3HUKM AOCATatoTb HAMBULMX 3HAYEHD.

O6’eKT i meTOaU AoCNiAXKeHHA.

LocniaskeHHs byno 3ailicHeHo 3a y4yacTio 52 cnoprtc-
MEHIB, WO Ccreuiani3yoTbCa B YyAapHUX BMAAX CNop-
TUBHUX eamMHobopcTB (60oKc (N=37), Kik6oKcHHr (n=15),
Bikom Bia 18 o 29 (24,43+0,49) pokiB, pi3HUX BaroBmx
KaTeropin (Nerkux, cepeHix, Ta BaMKWUX KaTeropii) Ta
cnopTtueHoi KBanidikauii (KMC, MCY, MCMK, 3MC).
Bcboro B pamkax gocnigskeHHa 6yno nposegeHo 121
NOAMHO-06CTEXEHHA. [JOCNigKeHHA NpoBoAWIOCH 3
OOTPUMAHHAM BieTUYHUX HOpM. Bcima yyacHMKamu ao-
cnigxeHHa byno nianucaHo iHpopmoBaHi 3rogm Ha 36ip
i 06pOB6KY AaHUX.

[Onsa [OCATHEHHA MeTU AOCNiAMKEHHA BMKOPWUCTAHO
TaKi meToam:

— aHani3 gaHux cneujianbHoi niTepatypu 3 npobaemun
DOCNIAXKEHHS;

— BM3HAYEHHA KOMMO3ULiiHOro cknaay Tina (InBody
770, Pecnybnika Kopes). BusHauyanu macy Tina (MT, Kr),
6e3KMpoBy macy Tina (BMT, Kr), BmicT xupy (MXT, Kr,
%), MiHepanbHy Macy ckeneta (MMC, Kr) Tow,o;

— eprocnipomeTpuyHe TeCTyBaHHA, ra3oaHani3
(Oxycon Mobile, Vyntus CPX, Care Fusion, HimeuunHa);

— MEeTOAM MAaTeMaTUYHOT CTaTUCTUKMU.

[ocnigreHHA CKnaay Tina NpoBOAM/M 3 PAHKY, HaT-
wecepue.

EprocnipomeTpuyHe  OOCHIAXKEHHA  CNOPTCMEHIB
nposoanau Ha birosiin gopixuyi (LE 500, HP Cosmos,
HimeuunHa) 3 LOTPMMAHHAM NPaBUA TEXHIKM Besneku,
NPOTOKO/N TecTyBaHHA MaB 4YOTUPWM cTafji: cnokin (asi
XBW/IMHU), PO3MMHKA (N’'ATb XBUIMH, NMOYATOK PyXy Ha
wemnakocti 4,5 km-rog? i noctynose NpuULBMALLIEHHS
40 8,5 Km/roa), WBNAKICTb NMOYaTKOBOI CXOAUHKM TeCTy
— 10 KM-roA4Y, KOXHi 2 XBUAMHM TecTy LWBWUAKICTb A0-
piXKKM 36inbluyBanack Ha 1 Km/rog. TecT BMKOHyBanu
0O [OCATHEHHA MaKCMMaNnbHOFO CMNOXWBAHHA KUCHIO
(VO2,,,,, Mn-xB-Kr'); Kputepiem gocarHeHHa VO,  cay-
ryBafo BiACYTHICTb 36iNbIEHHA CMNOMMBAHHA KUCHIO
LoHaMmeHLe Ha 150 ma-x8™! Npu 3pocTaHHi NOTYXHOCTI
TECTOBOrO HaBaHTaXeHHsl. licns focarHeHHa VO, abo
Y pasi HEMOXMBOCTI MiATPUMYBATU 33JaHYy WBUAKICTb
6iry TecT 3aBepLlyBanM TPUXBUANHHUM BiJHOBHMM Me-
piogom (xoapba 3i weunakicTio 4,5 km-rog?).

AIK OCHOBHI aHanisyBanu Taki mopdodyHKLiOHaNbHI
NMOKa3HMKK: 3PiCT, Bara, maca XWpPOoBOi TKaHWHW, BMICT
KMPY Y BiACOTKax, 6e3KMpoBa maca Tifla, MaKcuManbHe
CNOXMBAHHA KMUCHIO, MaKCMMabHa NlereHeBa BEHTUANA-
LifA, @ TAKOX BiAHOCHA MaKCMManbHa JiereHeBa BEHTU-
nauia.

BignoBigHicTb HOpManbHOMY pPO3MoAiny nepesipanm
3a kputepiammn Konmoroposa-CmipHosa Ta LWanipo-Yin-
KO.

Kputepin Konmoroposa-CmipHOBa — BUKOPUCTOBY-
10Tb A/1A TOro, W06 BM3HAYUTM, UM MiANOPALKOBYHOTLCA
ABa eMNipUYHUX PO3MNOAIAN OAHOMY 3aKOHY, abo BM-
3HAYUTH, UM NiANOPALKOBYETLCA EMMIPUYHUIA PO3NOAIN
nesHi moaeni.

Kputepin LWanipo-Yinko € Haibinblwl edpeKkTUBHUM
ONA MepeBipKM rinoTesn HanexHocTi BUBIpKM 40 Hop-
MaJIbHOTO 3aKOHYy po3nogineHHs. Kputepin npautoe
04HAKOBO epEKTUBHO MPWU MANMX Ta BENMKUX 06’emax
BUBIpKN.

Pe3ynbratu gocnigKeHb Ta ix 06roBopeHHs.

3a pe3ynbTaTaMu AOCAIAKEHHA aHTPOMOMETPUUYHUX
XapaKTEPUCTMK Ta KOMMNO3ULIMHOIO CKNaay Tina cnopTc-
MEHIB, WO CnewianisytoTbCA B YAAaPHUX BUAAX CMOPTUB-
HUX EAMHOBOPCTB, BCTAHOBNEHO: CEPEAHIl 3picT cnopTc-
meHis 178,51+0,90 cm, cepeaHAa Bara — 76,35+1,58 kr,
cepegHA Maca XUpoBOI TKaHUHWM cTaHoBuna 8,8510,49
Kr, cepegHiin BmicT Xxupy craHosmB 10,9210,39, a ce-
peaHs 6e3xumpoBa maca - 67,51+1,17 kr (tabn. 1).

3a paHMMUK [OCNigXKeHb CKAagy Tina CnopTCMeHiB
[4] pedepeHTHi 3HaUeHHA BMICTY XUpY Yy NpeacTaBHUKIB
CnopTMBHUX eanHobopcTB (6opoTbba, 6oKC) MixkHapoa-
HOro piBHA NepebyBatoTb B MexKax y 5-16%. [eski gocni-
OxKeHHA [5] aHTponomeTpuyHoro npodinto Kikbokcepis
MiXXHapOAHOro piBHA BiA3HAYUAM cepefHi 3HAYeHHA
BmicTy *upy 10,5£2,9% xupy.

Tabnuua 1 — 3picT Ta KOMNO3ULiIAHKUIA CKNag Tina
Y CNOPTCMEHIB YAAPHUX BUAIB CNOPTUBHUX
eanHobopcTts (n=121)

[MoKa3HMK X +m
3picT, cm 178,51 0,90
Bara, Kr 76,35 1,58
Maca »XMpOoBOi TKAHWUHW, KI 8,85 0,49
BmicT kupy, % 10,92 0,39
be3xnposa maca Tina, Kr 67,51 1,17

MopiBHIOBaHHA GaKTMYHOI Barun, 3apeecTpoBaHoi Ha
MOMEHT [OCNiAMEeHHA, Ta BaroBOi KaTeropii BMABWUAO
3HayHy BapiaTUBHICTb. TaK, B cepeHbOMY Bara CnopTc-
MEHIB MepeBuLLyBaia rPaHNUYHY MeXy Barosoi KaTeropii
Ha 3,4+0,25 Kr, a 6e3xuMpoBa Maca Tifla B cepeaHboMy
6yna HuK4Ye Barosoi KaTteropii Ha 4,1+0,46 Kr. B oKkpe-
MUX BMMAZKax Bara CNOPTCMEHa nepesuLLyBasia Barosy
KaTeropito Ha 10,2 Kr, Wo BMMarano Big cnopTcmeHa ana
BiZMOBIAHOCTI Barosil Kateropii BTpaT 13% ioro Baru, a
3HayeHHA 6e3XMPoBOI MacK TiNa — NepeBuLLYBann rpa-
HWUYHi MexKi BaroBoi KaTeropii Ha 2,7 Kr (4,2% 3aranbHoi
Macwu Tiflia CNOPTCMEHa), LLLO, CBOED Yeproto, NpU3BOAU-
N0 00 HAAJ/IMLLKOBOrO CTpPecy OpraHiamy nif, 4yac Kopu-
ryBaHb Macu Tina, 3Ha4yHWUX BTpaT PiaAMHKU Ta M’A30BOI
macwm.

Kpim 3a3HaueHoro, y 15,5% pnocnigxkeHnx cnoptcme-
HiB BUABAEHO NEPEBULLEHHA BMICTY XXupy binblie 15%.

Ona 6inbWw AeTanbHOT OLIHKM KOMNO3ULIMHOTO CKNa-
Ay Tina BCix cnopTcmeHiB 6yno ymoBHO nogineHo Ha 3
rpynu BaroBmx KaTeropii: nNerki, cepeaHi Ta BaXKi KaTe-
ropii. [Jo nerkoi BaroBoi KaTeropii Hanexann cnoptcme-
Hu 3 Baroto 48-63,5 Kr; cepeaHboi — 67-75 Kr; BarKKoi —
81-+91 Kr (6oKc) Ta 79-+94 Kr — KiK6OKCiHT (Tabn. 2).

AIK BUAHO 3 AaHWX, HaBeAeHMX Yy Tabauui 2, BigcoToK
MPY Yy CMOPTCMEHIB BaXKKMX BaroBMX KaTeropin nepe-
BULLYE 3HAYEHHA Y CMOPTCMEHIB IEFKUX Ta CepeHix Ba-
roBux Kateropii. Mpu LboOMy BUABAEHO 3HAYHY Pi3HULO
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Tabnuusa 2 — Komno3uuinHuii cknag Tina 3a rpyna-
MM BaroBuUx KaTeropiii CnopTcMeHiB yaapHUX BUAIB
CNOPTUBHUX eguHOGOpCTB (N=121)

BaroBa KaTeropis

MoKasHuK - - -

Nerki CepegHi Baxkki
MT, Kkr 60.52+0.51 | 70.63+0.56 92.85+1.24
BMT, kr 55.09+0.51 | 63.96+0.51 79.14+0.91
KMT, % 9.01+0.22 9.36+0.47 14.59+0.42
A MT-BK*, kr 4.28+0.20 3.19+0.30 2.06+0.27
A BMT-BK**, kr -1.1540.21 | -3.48+0.43 -9.51+0.41

Npumitku: *A MT-BK — pi3HMLA macK Tina cnopTcMeHa Ta BaroBoi Ka-
Teropii; ¥**A BMT-BK - pi3Huua 6e3:xMpoBoi macy Tina cnoptcMeHa Ta
Barosol KaTeropil.

Mi*K BaroBOlo KaTeropieto Ta 6e3)KMpoBO Macoto Tia y
CMOPTCMEHIB BaXKKMX BAaroBMX KaTeropii — B cepeaHbomy
9,5110,41 Kr, WO € 3HAYHMM pe3epBOM A7 3MEHLIEeHHA
BTPAT aKTMBHOI MAcK TiNa Nif Yac 3MeHLWeHHA 3araabHOi
Barv nepep, 3amaraHHAMU. Tak, 3MEHLUMBLUN BMICT }KUPO-
BOI TKAaHWMHU Ha 2-2,5% y NnpeACTaBHUKIB BaXKKMX BaroBmx
KaTeropii, nepesakHO MOKHa 3abe3ne4ynTn BiANOBIA-
HiCTb Baru BaroBil KaTeropii, a, oTxe, 36epertn 6e3xu-
poBYy Macy Tifa (KiNbKiCTb BHYTPILWWHbOKAITUHHOI pignHM
Ta M’A30B0OI macu).

B meKax UbOro AOCNIAMKEHHA ANA OUIHKM PYHKL-
OHA/NbHUX MOMIMBOCTEN CMNOPTCMEHIB, WO cneujiani-
3ylOTbCA B YAAPHMX BUAAX €AMHOOOPCTB, BM3HAYEHO
MaKcMasbHe CroxuBaHHa KucHio (VO, , MA/xB/Kr)
Ha piBHi 56,86+1,55 M//XB/Kr Ta MaKcMMabHa NereHe-

Ba BeHTUAAUia (V'E, n/xB; n/xB/Kr) Ha piBHi 146,95%5,55
N/xs. 3a AaHUMM iHWUKX aBTopiB [6, 7, 8] BeAMUUHU
VO, NOPTYyrasbCbKUX eiTHUX CMOPTCMEHIB CTaHOBMIIN
57,99+10,3 mn/xB/Kr, a KaHaacbKux 61,5+7,5 mn/xB/Kr.
OTpumaHi Hamu gaHi 61M3bKi 338 CBOIMM BENMYMHAMM L0
OAHUX iHWKX aBTOPIB Ta BiANOBIAAOTb CBITOBOMY PiBHIO
eNiTHUX CMOPTCMEHIB 3 yAapPHUX BUAIB CNOPTUBHUX €4M-
HobopcTs [9, 10].

[Ona npuknagy, MOXKHa HaBeCTU AUHAMIKY CMNOXWU-
BaHHA KMUCHIO Ta KOMMO3WLiMHOIO CKAaZy Tifa ABOX
cnopTcmeHiB (Barosi Kateropii fo 69 Ta 71 kr) (puc. 1-4).

AK BUOHO 3 AaHWX, HaBeAeHUX Ha puc. 1-2, y cnopTc-
MeHa (BaroBa KaTteropia o 71 Kr) BNpogoBK 5-Tn go-
CNif)KeHb BUABNEHO MNepeBULLEHHA (aKTUYHOI Baru
0bMmerKyBaNbHUX 3HaYeHb BaroBoi KaTeropii, Npu LbomMmy
3HaYeHHA 6e3KMpoBOi Macu Tina HabaukeHi 4o rpa-
HUYHUX 0OMeXKeHb BaroBoi KaTeropii. 36i/blUeHHs Barm
CropTcMeHa binblie 77 Kr cynpoBOAMKYETbCA 3POCTaH-
HAM BMICTY »Kupy 6inbwe 10% (12,7 Ta 15% »upy) Ta
3MeHLLeHHA 6e3XKMpoBoi macu Tina (67,6 Ta 67,7 Kr Bia-
nosigHo).

AHani3 gMHaMIKM 3HaYeHb MAKCMMAZIbHOIO CMOXMU-
BaHHA KMUCHIO Y LbOro CNOPTCMEHA MOKAa3aB HalBuULi
3HadyeHHsa VO, ~ npw AOCATHEHHI BMICTY Xupy Bif 7 A0
12,7%. 3HUMKEHHA BMICTY XUPY A0 TPAHUYHUX MEX —
5,4% CynpoBOOMKYETbCA 3HUMKEHHAM MAKCMMaIbHOTO
CMOXKMBAHHA KUCHIO. 36inblueHHA BMICTY Kupy Ao 15%
CYMPOBOAKYETHCA 3HAUHUM 3MEHLLEHHA 3HaUeHb VO,

AK BUAHO 3 faHMX, HaBe4eHUX Ha puc. 3-4, y cnopTc-

MeHa (BaroBa KaTeropia go 69
Kr) BNPOAOBXK 5-TW AochigxKeHb
TAKOX BUABNEHO MEPEBULLEHHSA
daKTUYHOT Barn 06meKyBanbHUX
3HayeHb BaAroBOi KaTeropii, npu

79.7

5.4 7.6 93

MT, xr BMT xr === BK 71 xr

12.7

LUbOMY 3HauyeHHA 6e3XnpoBoil
macu Tina 6yno HabnukeHo no
rPaHMYHUX ObMEXKeHb Barosoil
KaTeropii Avwe B oAHOMY BMU-
nazky. 36inbleHHA BarM cnopTc-
MeHa nuvle B AeAKUX BUMaAKax
CYNpOBO/KYBaANOCh 3POCTAHHAM
BMIiCTY Xupy b6inbwe 10%, npoTe,
AKe He nepesuwysBano 12,7%. Y
LbOro CrnopTCMeHa BMNPOJOBXK
5-TM pocnigKeHb  CyTTEBOrO

15 % swupy

(BaroBa Kareropis go 71 Kkr).

PucyHoK 1 — luHamika macm Tina (MT, Kr) Ta 6e3:kupoBoi macu Tina (BMT, Kr)

3MeHLWeHHA 6e3XMpoBoi macu
He 6yno 3adikcosaHo.

MJT-XB-Kr"!

69.7

65
60
55
12.7
50 93
76

45 54
40

75.8 774

73.6 756

[ BMicT XHPY Vo

Ona BW3HAYeHHA B3aemoO-
3B’A3KY MK KOMMO3ULAHUM
16 CKNIagoM Tina i MOKa3HMKamu

“ YHKUIOHAaNbHUX MOXKANBOCTEN
12
10
i
8
6
4
2
7.7

OopraHiamy npoBefeHO Kopens-
Maca,KT

%% xupy

WiNHWIA aHanis 3HaveHb VO,
V’E Ta BMicTy Xupy (tabn. 3).
BussneHo obepHeHult paocTo-
BipHUIA (p < 0,05) B3aemo3B’s-
30K MiX mMokasHukamu VO, ,
V’E i BmicTy »xupy. OTXKe, I'pyH-
TYHOUMCb HA OTPUMAHMUX [AAHMX,
MOHA AT BWUCHOBKY, LLO
36iNbLLIEHHSA BiACOTRY XKMpy byae
BipoOrigHO  CynpoBOAXKyBaTUCA
3MEHLUEHHAM  MaKCMMasbHOrO

PUCYHOK 2 — [lUHaMiKa MaKCMMa/IbHOTO CNOXUBaHHA KUCHIO (VO

(sarosa Kateropis o 71).

CNOXWBAHHA KUCHKO Ta MaKCKh-

Ta BiACOTKY KuUpyY © "
MalbHOI siereHeBOl BEeHTUANALLI,

2max)
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a, OTXKe, HeraTMBHO BN/MBaTUME 80
Ha QYHKUiOHAaNbHI MOXAMBOCTI
CMOpPTCMEHa, WO crewianisyeTb-
€A B yAAPHMX BUAAX CMOPTUBHUX 70

€ANHOBOPCTB.

[Ona BM3HAUYEHHA ONTUMAasb-
HOTO KOMMO3MLIMHOTO CcKAaaay 0
Tifna MeToaoM KMacTepHOro aHa-
nisy (metopn K cepegHix) Bubipky 55
6yn0 yMOBHO MoOAiNeHO Ha N'ATb
Knactepis. BugineHHa rpyn 6yno
34iAiCHEHO 3a 3Ha4YeHHAM BiACO- 45
TKy upy (tabn. 4). Jo nepuwo-
ro Knactepy YBIiWWAW CnopTc- —
MEHM 3 BMICTOM Xupy a0 6,9%
BK/IIOYHO, A0 APYroro Kaacrepy

73 102 125 127 % xupy

MT, xr BMT,xr === BK 69 xr

- 3 BMiCTOM XMpY B Aiana3oHi Bif,
7,0 10 9,9%, [0 TPEeTbOro KnacTe-

PucyHoK 3 — inHamika macu Tina Ta 6e3:xupoBoi macu Tina y cnoptcmeHa

(BaroBa Kareropia o 69 Kr).

py - 3 BMicTom *Xupy Big 10,0 go
12,9%, po yetsepToro - Big 13,0
00 15,0% *Kupy, n’ATuiA Knactep -
3 BMiCTOM Xupy Big 15,1%.
Mepwwuin i gpyrnin Knactepwm
Bynmn 6ansbki mix coboro 3a no- |4,
KasHWMKaMW Macu Tina Ta 6esxu-
poBoi macu Tina. Taka cama TO- |ss
TOXHICTb CNOCTEpPIraeTbca i Mix
TpeTim Ta 4eTBepTMM KJjacTe- |50
pamu. Y n’AToro Knacrepy Takoi
TOTOXKHOCTI 3 iIHWMMM 33 JaHUMU
NOKa3HMKaMM He chocTepira-
eTbea. Lle cBiguntb npo Te, wo |*°
CMOPTCMEHM | NEerkux i cepegHix
BaroBMX KaTeropiin MoXyTb no-

+~
v

63.3 14

12
10
I |
I I 2
70 73 7 7 75

(=)

o~

Mmaca, Kr

I eMicT XHDY vo

TPanIATM 40 KOXKHOTIO 3 nepLumx
YOTUPbLOX KaacTepis. TakoX ue
KOHCTATy€E LWMPOKY pPO3B6iXkKHICTb
33 NMOKa3HMKaMM BMICTY KUpy i 6e3K1MpoBOoi macu Tina,
3 HEBEJ/IMKOK TEHAEHLE A0 ii 36iNblUeHHA y cepeaHix
KaTeropisx Ta ii CyTTEBUMM 36i/bLUEHHAM Yy BaXKKUX KaTe-
ropisx.

Y Mexax UbOro AOCNiAKEHHA NPOBeAEeHO aHani3
3HaYeHb MaKCMMaNbHOTO CMOMWBaHHA KucHio (VO,
MJ1/XB/KF) Ta MaKcMManbHOI nereHesol BeHTuaauji (V'E,
N-x8?, N-xB-Kr!) y cnopTcmeHis, WO yBiMLWAKN 40 3a3Have-
HUX BULE KnacTepis (Taba. 5).

BcTaHOBNEHO, L0 HAMBULLi 3HAYEHHA MAaKCMMabHO-
ro CNOXMBAHHA KUCHIO (VOZmax) 3adikcoBaHO y cnopTc-
MEHIB, BilHECEHUX A0 APYroro Ta TPETbOro Kjaactepis
(7,0-13,0% upoBoi TKaHWHK). BogHoyac cnopTCMEHM
nepworo Knacrepy (BMicT Xupy <6,9%) xapakTtepusy-
BaNUCA LOCTOBIPHO HUXKYMMM NOKasHUKamu VO, o
CBiAYMTb: 3HMMKEHHA XMPOBOI MacU HUXKYe
7% He CynpoOBOAXKYETbCA MOKPALLEHHAM
aepobHoi NpoAyKTUBHOCTI. HaliHuKui no-
KasHukn VO i MaKCMManbHOI BeHTUNA-

2max

PucyHoK 4 — [lnHamika nokasHuKy VO,  BifiHOCHO NOKAa3HUKIB CKNaAy Tina y cnopTcmeHa

(BaroBa Kateropis Ao 69).

AuHamiyHuiA aHanis nokasHukis VO, Y ofHoro
CNopTCMEHa NPOAEMOHCTPYBaB CTabiNbHO BMCOKI 3Ha-
YeHHA Yy AaianasoHi BmicTy xupy Big 7,0 po 12,7%, i3
HE3HAYHUM 3HUMNKEHHAM NpPU HabaMKeHHi H6e3xKnpoBoi
Macu 0 Mex BaroBoi KaTteropii. B 060x crnopTcmeHis
NPOTArOM YCix cepili cnocTeperkeHb pikcyBanaca Big' em-
Ha pi3HMLA MiXK macoto Tina (MT) Ta BaroBoto KaTeropi-

Tabnuua 3 — MakcumanbHe CNOXXUBAHHA KUCHIO
(VO, ., MA-xB-Kr?) Ta MakcMMmanbHa iereHeBa BeH-
mmnauis (VE, n-xs; n-x8'Kr'') y cnoptcmeHis yaap-
HUX BUAiIB CNOPTUBHUX EgUHOGOpPCTB (n=121)

MoKkasHuK X +m

VO, ., MAXB-KI 56,86 1,55
VE n-xgt 146,95 5,55
N-XB-Kr! 1,98 0,07

Ta6nuua 4 — KomnosuuiiHuii cknag Tina y cnoptcmeHis
YOApPHUX BUAIB CNOPTUBHUX EAUHOGOPCTB, BigHeCceHUX

B0 pi3HuX Knactepis (Xtm, n=121)

uii nereb (V'E, n-x8™"kr™") 3adikcoBaHo y

npeacTaBHUKIB n'AToro Knactepy (= 15,1% MoKazHMK - Knactep

MpY), WO BKA3ye Ha BiporigHe 3HUXKEHHA 1 2 3 4 5
LMX NapameTpiB Npu 36inblueHHi Kuposoi | Bard: KT 67.121.6| 68.4£1.6 | 79.843.0 | 84.0+1.9 | 109.4+2.9
Macu noHag, 15%. OTpuMaHi JaHi y3romxy- BmicT xupy, % 6.5£0.2 | 9.1£0.1 | 11.9+0.2 | 14.5+0.2 | 20.70£0.4
I0TbCA 3 pes3ynbTaTamu nonepeaHix fochni- Knposa maca Tina, Kr 4.3+0.2 | 6.2+0.2 | 9.5+0.4 | 12.2+0.3 | 22.7+0.9
O)KeHb, e cepeaHii piBeHb KUpy B opra- besxunposa maca Tina, kr{62.841.3|62.2+1.5| 70.2+2.6 | 71.8+1.7 | 86.7£2.2

Hi3Mi eNiTHUX CMOPTCMEHIB KOMIMBAETLCA Y gpMMiTKM: 1 -<6,9% xupy; 2 — 7,0-9,9% xupy; 3 — 10,0-12,9%; 4 — 13,0-15% *unpy;

mekax 8-12% [5, 6].

—215,1% xupy.
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Tabnauuya 5 — MakcumanbHe cnoXKuBaHHA KucHio (VO
MA-XB*Kr!), mMakcumanbHa nereHesa BeHTuasauia (VE, n-xs?,

BAroBWX KaTeropii, Wo HeraTuBHO Bigobpa-
Kanoca Ha ix PyHKUiOHANbHMUX MOXKAMBOC-

2max’

N-XB*Kr?) y CNIOPTCMEHIB YAAPHUX BUAIB CNOPTUBHUX EAUHO-  TAX.
60pcTB, BiaHeCeHUX A0 pisHMX Kaactepis (Xtm, n=121) BucHoBKwM.
Knactep B pe3ynbraTi NpoBeAEHOro A0CAIAKEH-
MokasHuknM 1% 5 3 2 5 Hs, 6yno BM3HAYEHO MaKCMMasbHe Ccno-
VO, Ma-xBKrt 55.442.9 | 57.6t2.4 | 59.6+4.1 | 52.042.6 |36.3+3.9* | 'KNBAHHA KNCHIO y CMOPTCMEHIB 3 YAAPHWX
VE, n-xg’! 147.6+12.5 | 137.4£9.2 | 159.4£12.0(150.4¢14.6 156.0:5.0| BUAIB CNOpTMBHUX €amHobopers  (VO,
VE, nxg-Kkr* 21402 | 2.0:01 | 21502 | 18+02 | 13202+ | MW/XB/K) Ha piBHi 56,86+1,55 mn/xe/kr Ta

Mpumitku: 1 = < 6,9% xumpy; 2 — 7,0-9,9% xupy; 3 = 10,0-12,9%; 4 — 13,0-15% xupy;

5—215,1% *upy.
€to (BK), wo 3ymosntoBano HeobxigHicTb nepiognyHo-
ro KopurysaHHA MT. Y o4HOro 3 HUX Yy NeBHi MOMEHTH
PEECTPYBANOCA KPUTUYHE HABAMMKEHHA 6e3KnpoBoi
Macwu 40 BaroBoi KaTeropii, Wo NOTeHLiMHO BNAMBA/O Ha
aganTauiiHi MOXXAMBOCTI opraHiamy.

AHanis 3min VO, 'y AvHamiui NiATBEPAMB 3HUMKEH-
HA LbOro MOKa3HMKa NpW 3MEHLUEHHi BifCOTKY Kupy
HUX4e 7,6% y ogHOro cnoptcmeHa T1a Huxue 10,2% —y
iHworo. Kpim Toro, cyTTeBe 3HMeHHA VO, cnocrtepira-
N0CA NPU AOCATHEHHI PiBHA }XMPOBOI TKaHUHU 15%.

TaKnMM YMHOM, ONTUMAJIbHUI Aiana3oH BMICTY XKuUpy
AR CNOPTCMEHIB yAAPHUX BUAIB €4MHOBOPCTB CTAHO-
BUTb 7,0-12,9%. 3MeHLEeHHA PiBHA XMPOBOI TKAHUHU
HUXKYe 7% He 3abesnedvye nigsulieHHs VO,max i mak-
CMMaNbHOI BeHTUANAUII NnereHb, a nepesuweHHA 13%
CYNPOBOAMKYETbCA AOCTOBIPHMM iX 3HMMKEHHAM. [lepe-
BaXKHA 6iNbLWICTb BMNAAKIB NepeBuLLeHHA 13% Kuposoi
TKAaHMHM Oyna 3apeecTpoBaHa Yy CMNOPTCMEHIB BaXKKUX

MaKcumanbHa nereHeBa BeHTunAuia (V'E,
n/xs; n/xs/kr) Ha pisHi 146,95+5,55 n/xs.
Tako 6yn0 BM3HauyeHO HaWbinbw onTm-
MaNbHWI fiana3oH BiACOTKY *Kupy Big 7 Ao 13%. Came
33 TaKOro AjanasoHy MokasHuku VO, 'y CnopTcmeHis
AocAranm HanbinbWwnx iHAMBIAYaNbHUX 3HAYEHb.

AHanisyroumn BNAUB BiACOTKY KMPOBOI Macu Ha No-
KasHuK VO, , 6y/10 BUABNEHO 3MEHLIEHHA NMOKa3HUKY
VO, . Npv BiAXWNeHHI BiA AianasoHy 7-13% Kupy K 8
MEHLUWUI, TaK i B Binblwni 6ik. Lle g;oBoauTb, WO Aiana-
30H 10%3% *KMpOBOi MacK € ONTUMANbHUM Aiana3oHOM
ONA eniTHUX CNOPTCMEHIB YOJOBIKIB, WO 3alMatoTbCA
YAAPHUMM BUAAMW CNOPTUBHUX EAMHOBOPCTB.

MepcneKkTMBM NOAANbLUUX [OCNIAMKEHD.

Mopanblwi AOCNiAMKEHHA A03BONATb binbll AOKNaA-
HO BMBYMUTW BMJIMB KOMBAHHA BiCOTKY }XMPOBOI Macwu
Tina Ha nokasHukn VO, — Pe3ynbTatu uux AoChigxeHb
MOXYTb OyTW 3anpoBajKeHi B NiAroTOBYM npoLec
CNOPTCMEHIB, @ TAKOX MOXYTb CTaTM 633010 PO3LINpPEH-
HA 3HaHb Y rany3i CNOPTUBHOI HAYKMN.
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BMNIUB 3MIHU YXUPOBOT MACHU TIIA CMOPTCMEHIB YAAPHUX BUAIB CNOPTUBHUX ELUHOBOPCTB HA MNO-
KA3HUK MAKCUMAJIbHOIO CNOXXMUBAHHA KUCHIO

Ceaykin A. B.

Pestome. Ha cyqacHomy eTani po3BUTKY CMOPTUBHOI HayKW BCTAHOB/EHO, L0 6113bKO 25% piBHA NiArOTOBNEHO-
cTi kBanidpikoBaHWx 6OKcepiB 3yMOBAEHO iXHIM GYHKLiOHaNbHUM CTaHOM, Lo 6e3nocepeHbO BMNIMBAE Ha pe3y/ib-
TATUBHICTb 3MaranbHOI AifNIbHOCTI. Y BMAaxX €AMHOB0PCTB 3 yAapHOI TEXHIKOK OAHMM i3 BU3HAYA/IbHUX YNHHUKIB
BMCTYMNa€E KOHTPO/Ib MacK TiNa y 38'A3Ky 3 HAABHICTIO BaroBMx Kateropin. [1n1a cCnopTCMeHiB pi3HMX KaTeropiin xapak-
TEPHi BiAMIHHI CTUNi BeAeHHA MOEAUHKY, WO 0bymoBAtoe cneundiky TpeHyBaabHOro npouecy. Y nepeasmarasib-
HWI Nepiog, 4acTo 3acTOCOBYETHCA GOPCOBAHE 3HMMKEHHA MacK TiNa 3 MeTOK NOTPANAAHHA A0 BiANOBIAHOI Barosoi
KaTeropii, WO CynpoOBOAMKYETbCA 3MEHLLEHHAM BiACOTKY XMPOBOi TKAHMHU 40 KPUTUYHO HU3bKMUX NOKa3HUKIB. TaKi
3MiHM CNPUAIOTL 3HUMKEHHIO NOKasHUKY VO2 . 3HUXEHHS PiBHA KMPOBOI Macy A0 3-5% y YO0/O0BIKIB, 3a/1€XKHO Bij,
iHAMBIAYa/IbHUX 0COBAMBOCTEN OPraHiaMy, MOXe CNPUYMHATA NOPYLUEHHA GYHKLiOHANbHUX CUCTEM | 3HUMKEHHSA
npauesgaTtHocTi. MigTpMMaHHA ONTUMANbHOrO CKAAAY TiNa CTBOPIOE NepeaymoBu ANA PaLLiOHaIbHOTO BUKOPUCTaH-
HA QYHKLiOHaNbHMX pe3epBiB opraHiamy. MeToto fochigKeHHs 6yN10 BUSHAUMUTU XapaKTep B3aEMO3B’A3KY MiXK Bif-
COTKOM XMPOBOI TKAHUHM Ta PiBHEM NPOABY PYHKLiIOHANbHUX MOMXKINBOCTEN KBANiDiKOBAHUX CMOPTCMEHIB YaAapHUX
BUAIB CMOPTUBHUX EAMHOOOPCTB, @ TAaKOXK OKPECUTU ONTUMANbHUI Aiana3oH XMPOBOi MacK, 3a AKOro dyHKLio-
Ha/IbHi NOKa3HMKWN O0CATaloTb HAMBULLMX 3HAUYEHb. Y AocnigxeHHi 6panm yyactb 52 cnoptcmeHun (6oke — n=37; Kik-
60KcUHT — n=15) Bikom Big, 18 no 29 pokis (24,43+0,49), AKi NpeacTaBAAAM Pi3Hi Barosi KaTeropii (nerky, cepegHio Ta
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BaXKKYy) Ta Manu pi3HM piBeHb cnopTuBHOI KBanidikauii (KMC, MCY, MCMK, 3MC). Bcboro B pamKax A0C/iAKEHHS
byno nposeaeHo 121 ntoanHo-obcTexkeHHA. [na peanisalii meTy Byno 3aCcTOCOBAHO: aHai3 crnewianbHOi HayKOBOT
NiTepaTypu; aHTpoNnoMeTpUYHI Ta BioimneagaHCHI BUMipIOBaHHSA CKaagy Tifa 3a gonomoroto InBody 770 (Pecny6nika
Kopes) — BM3HaueHHs macu Tina (MT, Kr), 6e3xkunpoBoi macu (BEMT, Kr), uposoi macu (MXKT, Kkr, %), miHepanb-
Hoi Macu ckeneta (MMC, Kr) TOLLO; eprocnipomeTpuyHe TecTyBaHHA 3 BUKOPUCTAHHAM raszoaHasnizatopis Oxycon
Mobile, Vyntus CPX, Care Fusion (HimeuyuuHa); meTogmM maTeMaTU4HOI CTaTUCTUKK. OTpMMaHi B pe3yabTaTi 40Ci-
APKEHHA AaHi NiATBEPAVMAN iICTOTHUI BMN/IUB BIACOTKY XMPOBOI TKAHMHM HA NOKa3HWK VO2  CrOpTCMEHIB, Lo cre-
Liani3ytoTbCs B yAapPHUX BUAAX EAMHOBOPCTB. BCTAHOBAEHO, LLO ONTUMAIbHUIA Aiana3oH }KMUPOBOi Macu CTaHOBUTb
1013 %, y Me¥Kax AKOro CrnocTepiraeTbca MakCMMasbHa peanisaLis GyHKLIOHAaNbHMX MOXKAMBOCTEN. Lie nigkpecntoe
HeobXiAHICTb NiATPMMAHHA ONTUMANIbHOTO PIBHA KMPOBOI TKAHWMHU Y CTPYKTYPi CNOPTUBHOT NiAFOTOBKM.

KntovoBi cnoBa: MakcMmanbHe CNOXKMBAHHA KUCHIO, NereHeBa BEHTUAALLIA, KOMNO3WLIMHWIA CKNag Tina, Barosa
KaTeropis.

THE INFLUENCE OF CHANGES IN BODY FAT MASS OF STRIKING COMBAT SPORT ATHLETES ON MAXIMAL
OXYGEN UPTAKE

Sedukin D. V.

Abstract. At the current stage of sports science development, it has been established that approximately 25% of
the preparedness level of qualified boxers is determined by their functional state, which directly influences compet-
itive performance. In striking combat sports, body mass control is a decisive factor due to the existence of weight
categories. Athletes across different weight divisions exhibit distinct fighting styles, which, in turn, shape the speci-
ficity of the training process. In the pre-competition period, athletes often resort to rapid weight reduction to fit into
a desired weight category, a process commonly accompanied by a decrease in body fat percentage to critically low
levels. Such alterations are associated with a decline in VO,max. Reducing body fat to 3-5% in men, depending on
individual characteristics, may lead to dysfunction of physiological systems and reduced working capacity. Maintain-
ing optimal body composition, therefore, creates the foundation for the effective utilization of the body’s functional
reserves. The aim of the present study was to examine the relationship between body fat percentage and functional
performance in qualified athletes specializing in striking combat sports, as well as to determine the optimal fat mass
range associated with maximal functional capacity. The study sample comprised 52 athletes (boxing — n=37; kick-
boxing — n=15) aged 18-29 years (24.43+0.49), representing various weight categories (lightweight, middleweight,
and heavyweight) and levels of athletic qualification (Candidate for Master of Sport, Master of Sport of Ukraine,
International Master of Sport, Honored Master of Sport). In total, 121 individual examinations were conducted
within the framework of the study. To achieve the study objectives, the following methods were employed: analysis
of specialized scientific literature; anthropometric and bioimpedance assessment of body composition using InBody
770 (Republic of Korea), including measurements of body mass (BM, kg), fat-free mass (FFM, kg), fat mass (FM,
kg, %), skeletal mineral mass (SMM, kg), among others; ergospirometric testing with gas analyzers Oxycon Mobile,
Vyntus CPX, Care Fusion (Germany); and statistical analysis. The findings demonstrated a significant impact of body
fat percentage on VO,max among athletes engaged in striking combat sports. It was determined that the optimal
fat mass range is 10+3%, within which functional capacities are maximized. These results highlight the necessity of
maintaining an optimal level of body fat as a critical component of sports training.

Key words: maximal oxygen uptake, pulmonary ventilation, body composition, weight category.
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