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The article presents conceptual ideas about the methodology of conducting complex physiological examinations
of athletes in laboratory conditions, which allows for obtaining parameters of external respiration, blood circulation,
oxygen consumption by the body, as well as characteristics of the volumetric rate of oxygen delivery to the lungs and
alveoli, in a state of rest and during physical exertion, its transport by arterial and mixed venous blood, to analyze
changes in the partial pressure of oxygen at different stages of its path in the body, to evaluate the efficiency of the
cardiopulmonary system (CPS), the efficiency of oxygen mass transfer regimes (OMTR), as well as the quality of their
regulation. The methodology of the integrated approach at the first stage includes the determination of a number of
initial indicators, which are further used according to a certain scheme in the calculations of OMTR parameters and
indicators of their efficiency, as well as the cost-effectiveness of CPS, etc. The structure of the functional support of
the special working capacity of athletes with different orientations of adaptation reactions is shown. An evaluation
of the structure of the CPS reaction is carried out according to the specificity of the OMTR features to predominantly
hypoxic, hypercapnic or acidemic shifts. The qualitative and quantitative characteristics of the kinetics of physiologi-
cal processes under conditions of high intensity of physical exertion are presented. A comprehensive approach allows
you to identify qualitative differences in OMTR, the comparison of which provides detailed information not only
about aerobic performance but also about what ensures it and what limits it, and therefore provides opportunities
for finding new reserves for mobilizing the functional potential of athletes. All these components are based on the
body's specialized reactive properties.

Key words: functional capabilities, cardiorespiratory system, oxygen mass transfer regimes, energy supply of
specific work capacity.

Specific features of the mobilisation of functional re-
serves (energy power) are highly dependent on the re-
action of the athletes’ organism to physical activity, the
formation of certain physiological states that arise in this
case [1]. As is known [2], the reactivity of the cardiopul-
monary system (CPS) and energy supply affect homeo-
static shifts caused by certain physiological states, name-
ly hypoxia, hypercapnia, and the level of concentration
of anaerobic metabolic products in the blood, which
results in changes in the efficiency of functional support
for special work capacity.

Significant volumes of information obtained as a re-

Connection of the publication with planned re-
search works.

This work is a fragment of the scientific research work
of the Department of Medical and Biological Sciences of
the National University of Ukraine on Physical Education
and Sport “Influence of exogenous and endogenous fac-
tors on the course of adaptive reactions of the body to
physical exertion of various intensities” (state registra-
tion number 012U108187).

Introduction.

In the modern conditions of high-performance

sports, great competition requires the search for new re-
serves of mobilisation of the functional potential of ath-
letes, so the problem of assessing the functional capabil-
ities of the athletes’ bodies is still relevant. Its successful
solution is possible only on a strictly scientific basis.

sult of laboratory studies to determine the functional
capabilities of athletes in various sports are diverse in
content (the main characteristics of the body’s integral
respiratory system, cardiohemodynamics, blood gas
transport capabilities, energy indicators, etc.), making it
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difficult to process and qualitatively analyse it compre-
hensively.

The aim of the study.

To date, several methodological approaches repre-
sent the need to calculate various physiological indica-
tors after laboratory tests, which form an idea of the
body’s functional state but are not aimed at determining
the characteristics necessary to understand the energy
potential of the athlete. The task of this study was to
form a conceptual understanding of the possibilities of
developing a methodology based on comprehensive
physiological examinations of athletes in the laboratory,
which allows obtaining complete information about the
state of the body both at rest, during physical activity of
varying intensity and in the recovery period after them.

Object and research methods.

The research object is the system of scientific and
methodological support of high-class athletes. The con-
sidered types of control, methods of evaluation, and in-
terpretation of indicators of functional diagnostics aim
to determine functional reserves in accordance with the
target instructions of athletes’ training and competitive
activities.

Conducting such studies requires the availability of
the necessary diagnostic devices to determine the state
of the cardiopulmonary system (CPS), for example, using
the Oxycon mobile metabolimeter (Jaeger), micro-ana-
lyzer equipment for the biochemical analysis of blood
parameters, for example, the laboratory complex “Bi-
osen S. line lab+”) for measuring lactate concentration,
devices for dosage of physical exertion, a special meth-
odological base for current calculations of step-by-step
movement of respiratory gases in the body, cost-effec-
tiveness of CPS, etc.

If a comprehensive analysis of mass transfer modes
in the body, including not only oxygen but also carbon
dioxide, their interrelationships, and the organic process
of exchange is required, a methodical approach similar
to the study of the oxygen mode has been developed.
This approach involves determining the conditions for
the formation of carbon dioxide and calculating the
guantitative characteristics of its mass transfer and re-
moval from the body [3]. However, this paper focuses
solely on the methodological approaches to the analysis
of oxygen mass transport regimes (OMTR) and the con-
ditions of their occurrence.

The methodology of an integrated approach includes
simultaneous determination of certain parameters of ex-
ternal respiration, blood circulation, rate and intensity of
oxygen supply to the lungs, alveoli, its transport by arte-
rial and mixed venous blood, body consumption, partial
pressure of oxygen at different stages of its movement in
the body, analysis of the effectiveness and efficiency of
OMTR, as well as their regulation at rest, during physical
activity and in the process of recovery. At the same time,
the structure of the CPS response is assessed according
to the specifics of energy supply, OMTR features on pre-
dominantly hypoxic, hypercapnic or acidemic shifts [4].

It is proposed to use the following as test loads: 1) to
determine the maximum aerobic performance — a load
with maximum oxygen consumption (MOC, \'/Ozmax);
2) to determine the maximum anaerobic capacity — a
short-term (30-90 s) load of submaximal intensity with
oxygen consumption of 65-80% of MOC; 3) to determine
the maximum efficiency and economy of OMTR — a load

with oxygen consumption of 45-55% of MOC. It is also,
depending on the research tasks, other loading schemes
which model conditions of competitive activity can be
used.

When analysing the information obtained in the
course of the study, special attention is paid to changes
in physiological processes in transient modes — from rest
to exercise, from lower-intensity exercise to higher-in-
tensity exercise, and from exercise to rest [5].

The main part.

The methodology of our integrated approach in-
volves the determination of specific initial indicators,
including:

e B — barometric pressure, mm Hg

e 8 — water vapour pressure, mm Hg

o t “— ambient air temperature, °C

o t,°—body temperature, °C

o A —age, years

o W - body weight, kg

e H—height, cm

oV, s~ Minute volume of inhaled air (ml/min) re-
corded at the temperature, barometric pressure and
water vapour tension of the ambient air

o f—number of respiratory cycles per 1 minute

e Q — minute blood volume, ml/min

¢ Q — systolic blood volume, m/ (If it is not possible to
determine the systolic blood volume experimentally, the
Starr formula is used [6].

e HR — heart rate per 1 minute

¢S —systolic blood pressure, mm Hg

D, - diastolic blood pressure, mm Hg

 FO,— oxygen content in the inhaled air, vol. %

« F,0, - oxygen content in exhaled air, vol.%

o F,0,— oxygen content in the alveolar air, vol.%

 C O, — oxygen content in arterial blood, vol.%

» C(vO,— oxygen content in mixed venous blood, vol.%

e FCO, — carbon dioxide content in the inhaled air,
vol. %

o F.CO,— carbon dioxide content in exhaled air, vol. %

e F,0, — carbon dioxide content in the alveolar air,
vol.%

» C CO, — carbon dioxide content in arterial blood,
vol.%

o (vCO, — carbon dioxide content in mixed venous
blood, vol.%.

«C_ 0O,—oxygen capacity of the blood, vol.%

e He — hemoglobin, g.%

« 5,0, - oxygen saturation of arterial blood, vol.%

» SVO, — oxygen saturation of mixed venous blood,
vol.%

e pH_— arterial blood pH

e pHv — pH of mixed venous blood

e La — lactate or lactic acid salts in capillary blood,
mmol-I*

o Wex — ergometric work power, W

The calculation of OTMR parameters, indicators
of their efficiency and cost-effectiveness is carried out
using the following formulas presented in table 1 [7].

If any of the experimentally determined parameters
are missing, they can be calculated using the formulas
given in table 2.

An integrated approach to OMTR analysis allows us
to identify the links that limit the body’s oxygen supply
and related performance.
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Table 1 — Formulas for calculating the parameters of the OMTR

Indicators

Formulas for calculation

Description of the indicator

External respiration

F—STPD (Standard temperature (0°C or
273 K), pressure (760 mmHg), dry (dry air)

F=273/760x(B—8) /273 +t°

Factor for bringing the obtained air volumes to
standard conditions

F,—BTPS (Body temperature, pressure,
saturated)

F,=273/760x (B-8) /273 +t,°

Factor for bringing the obtained air volumes to body
temperature conditions

oxygen, ml O,/min/mmHg

'V, oo — Minute volume of inhaled air, v Vo xF It is used to calculate the rate of oxygen supply to the
ml/min ISTPD= " | ATPS lungs and alveolar ventilation.
Ve srpp — Minute volume of exhaled air, v Vo xF It is used to assess lung function and calculate the
ml/min ESTPD= " 1ATPS rate of oxygen flow to the lungs.
V_—physiological dead breathing space, V_FO,-F0,/FO,- Sums the volume of air space that does not
[; p ¥ & &sp o-F0,~F,0,/F0, participate in the direct exchange of gases with
ml/min F.0,xV, capillary blood in the alveoli.
BYARY Describes the percentage of lung volume that is not
- v Vv _FO-FO,/(FO,—FO
vV, V., o/ V- F0, =0,/ (FO,~ F,0) involved in gas exchange to the minute volume of
a x 100 ; ;
inhaled air.
] o The volume remaining after subtracting dead space
V, —alveolar ventilation vV,.V,. v, from the lung ventilation. It is used to calculate the
rate of oxygen flow to the alveoli.
. The volume of air that is ventilated through the lungs
V., 4105 — Fespiratory volume Vi gmms- Vegros/ f with each breath.
P . Characterises the transfer of oxygen through the lung
AcL O, - lung diffusion capacity for fAcl 02=q,0,,P,0,_Pao, alveolar wall per unit time relative to the pressure

gradient on both sides of the alveolar membrane.

Calculation of oxygen mass transfer modes in the body

ql0, - oxygen flow rate to the lungs, ml/

This is the first stage of the oxygen cascade. At rest,
about 1 litre of oxygen is delivered to the lungs in

min 9,0, Viste0 X Fio 1 minute. At maximum power, this can be up to 40
times more.

?ui%s_r;ralﬁfn?rf oxygen removal from the q.0,._ VESTPDfooz This indicator is used to calculate q,0,

q,0,—oxygen flow rate to the alveoli, q,0,.90,, VA/ vi This quantitative characteristic of oxygen supply to

ml/min

o

qAOZ = VA STPDxFI — 2

the alveoli depends on the ratio of VA/ v,

q,0,—oxygen transport rate by arterial
blood, ml/min

q002= Q X CaOZ

The third stage of the cascade of oxygen movement
in the body, it characterises the oxygen transport
function of arterial blood and depends on the rate
of volumetric blood flow and the concentration of
oxygen in the blood.

q,0, — oxygen transport rate by mixed
venous blood, ml/min

gv0,_Q  CVO,
v0,.9,0, 4.0,

This is the last stage of the oxygen cascade in the
body — the remaining oxygen is transported to

the lungs. The quantitative characteristic of these
residues changes little, but their ratio to consumption|
at rest is about % (0.75), while at maximum loads it
decreases to 0.2 or less

q,0 (\702) — oxygen consumption rate,
ml/min

thZ = qlolquOZ
40, ,,C. VO

2=Q/ “(a-")"2

It is the main integral indicator of the intensity of
energy processes in the body. It can vary from 200-
300 ml/min at rest and up to 5-7 litres/min or more
during very intense physical activity.

KU,0, - oxygen utilisation rate from
inhaled air, %

KU,0,=(FO,-F.0,) /FO,

Characterises the ability to extract oxygen from the
air entering the lungs. At rest, the coefficient is ~
25%, while during exercise it can vary depending on
individual characteristics, the nature of metabolic
processes, the state of training, etc.

KU,0,— oxygen utilisation rate by tissues
from arterial blood, %

vO,,CO

-)"2/ a2

KU,0,_C,

This indicator can be used to assess the intensity of
oxidative processes in working tissues, especially
during physical activity.

Intensity of oxygen transport in

the body

q/OZ/W—intensity of oxygen supply to the

It allows you to determine the specific values of
oxygen supply to the lungs. The same total g/O,

: o, w lues at different body weights can be different
lungs, ml/min _ k a9, va y g
€ /min kg when calculated per kg, which allows for additional
analysis of the function of the respiratory system.
Q 0., W —intensity of oxygen supply to Indic:ates the potential.capabilities of thfe external
the azfveoli ml/miny kg ve PR q,0,, W respiratory apparatus in terms of specific oxygen

supply to the alveoli.
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q OZ/ W—intensity of oxygen transport by

The capacity of the cardiovascular system is
determined in terms of the ability to provide a

by mixed venous blood, mi/min kg

arterial blood, mi/min kg q.0,, W volumetric rate of oxygen transport per kg of body
weight.
This indicator determines the functional potential, or
q,0,, W-intensity of oxygen 9.0, W the level of aerobic energy supply capacity (VO, max/
consumption, ml/min kg t72/ kg: generalised model range 50.0-55.0 ml/min x kg —
women; 60.0-65.0 ml/min x kg — men).
- : : The smallest quantitative characteristic of the
vO, , W —intensity of oxygen transport _
V&, Y & P qvo,, W transport of oxygen residues by mixed venous blood

per kg of body weight.

Cascades of gradual changes in oxygen tension in the body

P,0,—is the partial pressure of oxygen in
the inhaled air, mm Hg

P,0,=B—b ,100xFO,

Variations in this indicator depend on barometric
pressure, temperature, humidity, and the
composition of the gas mixture in the inhaled air.

P.O,— par_tial pressure of oxygen in the
alveolar air, mm Hg

P,0,=B—b 100X F,0,

Describes the ability of the lung apparatus to provide
the oxygen tension required to form the necessary
gradient for diffusion from the alveoli to the blood of
the pulmonary capillaries.

PaO, — partial pressure of oxygen in arte-
rial blood, mm Hg

P O, - partial, oxygen pressure in mixed

venous blood, mm Hg A
saturation.

They are determined either
polarographically or according
to the H,O, dissociation curve
(see fig. 1) [9], corrected for
body temperature, pH, and P_CO,
by percentage of blood oxygen

The P,0,— PaO, gradient is essential for the satura-
tion of arterial blood with oxygen.

The S 0, P-0, and C 0O, indicators determine the
degree of exercise hypoxia.

Cost-effectiveness of CPS in relation to oxygen consumption

VEO,- ventilation equivalent for oxygen VE 02:\'/

EBTPS/ qt

(0]

Allows you to estimate the amount of air that needs
to be ventilated through the lungs equivalent to the
consumption of 1 litre of oxygen.

2STPD

O,RC - oxygen effect of the respiratory
cycle, ml

O,RC=qtO,/f

Indicates how much oxygen is consumed by the body
during each respiratory cycle.

HE —hemodynamic equivalent

HE=Q,q,0,

It allows you to estimate how much blood circulating
through the vessels is needed to ensure the
consumption of 1 litre of oxygen.

0, CC - oxygen effect of the cardiac cycle,
ml

0,CC_q,0,/HR

Indicates how much oxygen is consumed by the body
for each heartbeat.

q,0, , Wex — oxygen cost of mechanical

wor q.0, / Wex

Allows you to assess the specific energy capabilities
of the body during physical work of varying power.

Efficiency of oxygen mass transfer modes

The ratio of the rate of oxygen supply

It quantifies how many times more oxygen enters the

consumption

to the Iungs to the rate of oxygen 9 Oz/thZ lungs than is consumed by the body.
consumption
The ratio of the rate of volumetric move- It characterises the efficiency of the process of
ment of oxygen into the alveoli of oxygen qAOZ/thZ oxygen supply to the alveoli relative to the rate of
supply to the rate of oxygen consumption. oxygen consumption.
Characterises the ability to provide such an amount
. of oxygen to the working tissues that can meet the
TZ‘:JS“;?Z:&T k:?ctgé)ig)t(zierg:;aonfsits 0 a0 oxygen demand at rest and during standard work,
E:)onsur\; Hon 9.%2,9, but if the work capacity is too high, this indicator
P indicates the degree of decrease in the efficiency of
oxygen supply.
The ratio of the rate of oxveen suopl At rest, the indicator can indicate how many times
by mixed venous blood toxcie ratg%fyits S0 a0 the blood oxygen reserves remain in the absence of
Y v, 9., its replenishment. During physical activity, the value

depends on the intensity.

For example, we compare the changes in OMTR of
athletes of the same qualification M. and D., whose
MOC was the same (fig. 2), although the functions of
respiration, blood circulation and mechanisms that pro-
vide it were different [8].

MOC (4100 ml/min) in sportsman D. was provided by
a lower rate of oxygen supply to the lungs, alveoli, and its
transport by arterial blood than in sportsman M. Com-
parison of cascades of intensity of oxygen promotion
and intensity of its consumption shows that in sports-
man D. the whole level was higher, which is explained by
his lower mass. Since both athletes performed the same

work, and D. weight was 15 kg less, his maximum specif-
ic power was higher.

Due to the high degree of KU, O, (fig. 2), the total ox-
ygen reserve in mixed venous blood in athlete D. was
lower, which indicated an increased efficiency of the ox-
ygen transport blood function (OTBF). The function of
external respiration in D. was also more efficient, as evi-
denced by a higher KU.0, and a lower VE (fig. 2). Higher
P,0, and low PO, in athlete D. indicated a more stren-
uous OMTR.

A better level of D. functional state was revealed
when comparing the effectiveness of OMTR (fig. 2). For
the consumption of each litre of oxygen in this athlete,
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the amount of oxygen that entered the lungs, alveoli,
and was transported by arterial blood was less, and a
smaller part of it was carried by blood to the lungs. More
favourable changes in OTBF in athlete D. were observed
not only during MOC, but also during the whole duration
of work (fig. 3). He had a lower g,0, at the first and sec-
ond stages of work, which indicated a reduced oxygen
cost of work and a higher efficiency.

The above example shows that a comprehensive ap-
proach allows us to identify qualitative differences in the
OTBF and OMTR, the comparison of which provides de-
tailed information not only about aerobic performance,
but also about what ensures it and what limits it.

The advantages of this approach are that it allows to
identify, in addition to the functional capabilities of the
body, weak links in the system of oxygen supply to the
body. For example, a higher Q in cyclist D. with almost
the same maximum HR was provided by a higher systolic
volume than in cyclist M. However, as shown by compar-
ing the parameters of blood respiratory function, C__ 0O,
was lower in D. than in M., which,
along with a lower degree of S O,
led to lower C O.. If the specified pa-

Decreased Py, (increased affinity)
_100—' 1 Temperature eemees=ecIES
% - '1' sz ".‘ - ’ - i
g7 e B
% 60— [ Increased Ps,
£ L (decreased affinity)
s B i
L ¥ &Y T Temperature
= []

‘g " :" I sz

& &
= 20— ':" 'd" pH

L
! ! ¥ T T
20 40 80 80 100

Oxygen parfial pressure (mm Hg)

Figure 1 — Oxyhemoglobin dissociation curve. The shift to the right
means that a higher Pa0O2 is required to achieve a similar level of
hemoglobin saturation compared to the baseline. The Hb molecule
has a lower affinity for oxygen and is more willing to release 02 at
the tissue level. A shift to the left means that at lower PO2, the Hb
saturation level will be higher than the baseline.

Table 2 — Formulas for calculating parameters that were not

determined experimentally

rameters of respiratory function of

. . No indicator Calculati X
blood were the same in D. as in M., | ayailable alculation options
then at the same KU O, from arterial c o C_0.= Hox 1,34 (Hifner's constant)
blood, the rate of g,0, could increase max 2 mox 72 d
in him additionally by 300-350 ml/ co, ¢,0,=¢, ,0,xS 0,100 (Sa O, set non-invasively using an oxyhemometer)
min. This fact can serve as a basis for cvo, Cv0,=q,0,/Q x 100
recommending physical procedures €..0, |€..0-40/0Q

(for example, training in hypoxic con- so
ditions) or taking medications and an v 72

5,0,=C,0,/C, 0,x100

max _ 2

appropriate diet for athlete D. Q Q=QxHR;Q=qt0,/C,_ .0,
Indicators of CPS and energy Q Q=101+(S,—~D,)/2-0,59 D,~0,61A (Starr’s formula)

supply occupy a special place in the Q=Q/HR

system of monitoring functional

support of sportsmen’s special per- | go.

formance, determining the level of ";‘5‘3‘“‘;} i _

physiological stress of load in condi- L q0: ;

tions of competitive activity [4]. -y l;g . o
Table 3 shows the characteristics | 00| 4 _L ?0”""" i

that reflect highly specific reactive 4 4 285

properties of CPS and energy supply 16000 20| |4

in the conditions of implementation B 25

of components of functional support | 40%

of special performance, namely, fast

kinetics (tests of 10 and 30 seconds, | 12000 = 20

performed with maximum ergomet-

ric power) [10], steady state (period 10000

of achievement and preservation of X 15

stable characteristics of CPS) [1], fa- | 8000

tigue compensation (loading of “crit-

ical” power) [11]. Modulation of test | 6000 E" a 100 a 3

tasks and selection of indicators are % 4 g

carried out according to the func- | 4000 s E E 5

tional fitness structure in a certain S| & ¥ mL

sport [12]. 2000 3 7 o
Attractive, in our opinion, is the -

indicator of the diffusion capacity of | i 3§ 0 i 5 i 5 i &

the lungs for oxygen, which is infor-

mative for assessing the possibilities
of quantitative movement of oxygen
through the alveolar-capillary mem-

Figure 2 — Cascades of velocity (qO_), oxygen supply to the lungs (i), alveoli (A), its transport
by arterial (a) and mixed venous (V)?blood, respectively, RO, values, and minute blood volume

(Q) in cyclists M. (1) and D. (2) during MOC.
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(p<0.05) were registered in the
specific characteristics of pulmonary
ventilation before CO, excretion and
oxygen consumption (EqVCO2 and
EqVCO,), which were registered in
the steady state. The most expressive

bX{ factor in the growth of functional

support for the «critical» power
load in the «stayer» is a significant
increase in the response of the
external respiratory system aimed at
compensating for metabolic acidosis
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of maintaining a steady state, which
gradually turns into a quasi-steady
state [13]. The nature of changes
in blood lactate concentration
indicates that the stability of «lactate
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VE and HE, and OMTR effectiveness parameters in cyclists M. (1)
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lactate acidosis, which is typical for
strenuous training and competitive
loads.

At the same time, the absence
of differences in the values of
anaerobic capacity (La CP) indicates
the presence of anaerobic potential
in both «sprinters» and «stayers»,
but in the course of the analysis, it
was found that the mechanisms of
its implementation are different.
Thus, the aerobic-anaerobic ratio
of «sprinters» is 58.3 / 41.7%, and
that of «stallions» — 31.6 / 68.4%.
The existing differences between
«sprinters» and  «stayers» are
especially manifested in the analysis
of individual characteristics of

Calm

Figure 4 — Lung diffusion capacity for O2 in non-athletes and athletes of different
specialisations at rest and during maximal aerobic work

brane. In athletes, in contrast to untrained individuals, it
is significantly higher (fig. 4).

As an example, let us consider the structure of func-
tional support of the special working capacity of skilled
rowers, “sprinters”, and “stayers” (table 4) [4]. Thus,
guantitative and qualitative characteristics that deter-
mine the level of fast kinetics dominate in “sprinters”
— significant differences (p<0.05) were registered by the
characteristics of the ratio of pulmonary ventilation to
EqP,SO, and blood lactate concentration in conditions of
maximisation of glycolytic power (La test 30). A distinct
tendency to differences was determined when compar-
ing the characteristics of the response of pulmonary
ventilation to an increase in CO, in exhaled air (Eq\'/CO2
test 30) during the compensation period for the effects
of exercise (10-15 s of the recovery period).

The quantitative and qualitative characteristics
that determine the resistance and compensation of
fatigue dominate in «stallions». Significant differences

Maximum work

maximum values of physiological
indicators  according to the
specialisation of sportsmen [13].

The effectiveness of functional
support of special work capacity is influenced by natural
inclinations of sportsmen and specificity of the choice of
modes of training loads which together form a certain
structure of reaction of CPS and energy supply, OMTR
on mainly hypoxic, hypercapnic or acidemic shifts,
depending on the structure of functional support of
special work capacity.

That is, specific properties of CPS and energy supply
are noted in representatives of various sports and ath-
letes who specialize in various types of competitive ac-
tivities within the same sport.

Conclusions.

Thus, the developed methodology, which takes a
comprehensive approach to determining the function-
al capabilities of the athletes’ bodies by analyzing the
modes of mass transfer of respiratory gases and ener-
gy characteristics, shows the possibility of establishing
qualitative and quantitative differences in the reaction
of the cardiorespiratory system and energy supply of
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Table 3 — Characteristics of energy indicators of monitoring of functional support
of special performance of sportsmen [2]

Indicator Indicator description Characteristic of the indicator
Specific characteristics of V. a0 P,CO. in Demonstrates t.he effgctlveness agalnst the
. E A2 background of increasing CO, partial pressure
EqP,CO,, IU alveolar air (final exhaled air fraction), V_x . A 2 .
AT € in the alveolar air. Allows to characterise the

P,CO,*

kinetics of CPS during exercise.

EqVCO,™* (test 30%), IU

Specific characteristics of \'/E to anincrease in
CO, in exhaled air (10-15 s recovery period after
30 s of work),

Vv, xVCo,*

Characterises the kinetics of the respiratory
system during a maximum 30-second test.

EQVCO,SS5t** IU

Specific characteristics of pulmonary ventilation
to the CO, concentration in exhaled air (for 30 s
of steady state),

V. PaCo,*

Characterises the endurance of the respiratory
system in conditions of increasing metabolic
acidosis during the period of stable state

EqVO,SSt, IU

Specific characteristics of V, before O,
consumption for 30 s of steady state
Vv, xV0,*

Characterises respiratory compensation of
metabolic acidosis

EqVCO," SSt /EqQVCO, " CP***, %

EqV0,SSt / EGVO, CP, %

The degree of increase in functional stress in
the conditions of fatigue development in the
«Critical power» test

V,x V CO," S5t/ V, x VCO,CP

V,x VO,"VO,max SSt/ V x VO, CP

Characterises the increase in the efficiency
of functional support for the operation of
«critical» capacity

VO, max CP / O, max SSt - 100, %

The degree of change in oxygen consumption
during the load of «critical» power and steady
state

An increase in oxygen consumption with
increasing exercise is an indicator of aerobic
capacity

La (test 30), mmol-| *

Blood lactate concentration under conditions of|
maximising glycolytic capacity

Characterises anaerobic glycolytic capacity

La VO

2ma.

» mmol-I*

The blood lactate concentration at which the
athlete has reached VO, max

Lactate «tolerance» is defined by the ability
to achieve a high level of blood lactate
concentration when working at \'/Ozmax.
Endurance indicator

La CP mmol-|*

Blood lactate concentration under conditions of|
maximising glycolytic capacity

Characterises anaerobic glycolytic capacity

La (test 30) /
La CP, %

Ratio of lactate energy supply capacity to total
anaerobic reserve

The ratio of anaerobic power and anaerobic
capacity: the tendency to «sprint» or «stayer»
work

Notes: * test 30 — 30-second maximum test; ** SSt — steady state; ***CP — critical power.

Table 4 - Indicators of functional support of special performance of qualified racers (n=36)

(-
[ (8] ~ o
o ~ o
25| & | § | ¢ 3 a £ g g 58 x a | 2%
L o~ ~ ~
28| o | | 8 g g g e e xx8 s | 38
© T ] o 5 = = > 0 n ] g - - ~r
&£ g g_ - w w o mu mN E P..)
S w o o o ©
g g > =
w
Rowers specializing in the 200 m distance (n=18)
X 2,4 35,5 10,5 39,3 39,1 12,2 3,8 5,0 1,4 18,0 41,7
S 0,2 1,3 0,5 1,3 1,2 0,5 0,2 0,3 0,1 0,6 0,5
min 1,9 29,0 8,1 35,1 35,0 11,0 3,3 4,4 1,0 14,2 43
max 3,1 41,1 12,3 42,8 42,2 13,7 4,2 5,4 1,7 19,8 346
25% 2,1 33,5 79 37,3 35,7 10,2 4,0 4,6 1,1 15,6 494
75% 2,9 39,9 9,6 42,9 39,9 12,8 4,3 5,6 1,6 18,3 48 1
Rowers specializing in the 1000 m distance (n=18)
X 2,2% 33,1 7,1* 41,9* 41,9* 15,0* 4,5% 6,2* 4,4% 19,0 68,4*
S 0,2 1,3 0,4 1,2 1,1 0,5 0,2 0,1 0,15 0,7 1,0
min 1,8 27,0 6,0 37,9 38,1 12,9 4,1 5,7 4,0 16,0 63,1
max 2,9 38,1 8,2 44,0 43,9 17,4 51 6,5 4,9 21,6 70,9
25% 1,9 31,0 5,5 38,9 39,0 13,9 4,2 5,9 4,1 17,8 67,0
75% 2,7 36,7 7,7 42,0 42,8 16,5 4,7 6,4 4,7 19,2 69,3

Note: * differences between “sprinters” and “old men” are statistically significant at p<0.05.
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work under the conditions of modulation of the physio-
logical competitive load.

Prospects for further research.

Our findings pave the way for the enhancement of
the system of collection, analysis, and interpretation of
functional diagnostic data, and the further expansion
of the methodology of a comprehensive approach to
determining the capabilities of athletes’ bodies. This
includes a comprehensive analysis of respiratory func-

DOI 10.29254/2077-4214-2024-2-173-323-338
VAK 519.876

tion, cardio-hemodynamics, gas transport capabilities
of blood, and energy indicators of work. Moreover, the
potential for research on the above indicators under dif-
ferent conditions of training and competitive activity is
vast. An in-depth study of the body’s reactions to hypox-
ic, hypercapnic, and acidemic shifts holds the promise
of unearthing new reserves of mobilization of the func-
tional potential of athletes, a crucial aspect for achieving
high sports results.

@ininnoe M. M., flaueHkKo A. I0., aueHko O. A., Camciii P. M., Komonadpe 4. O., InviH B. M.

METOAONOrA KOMNNEKCHOIo niaxoay Ao BUSHAYEHHA ®YHKLUIOHAJIbHUX
MOX/IMBOCTEX OPTAHI3MY CNOPTCMEHIB LL/IAXOM AHANI3Y PEXXUMIB
MACOMNEPEHOCY PECMIPATOPHUX F'A3IB TA EHEPTETUMHUX XAPAKTEPUCTUK

HauioHanbHuii yHiBepcuTeT $pisnyHOro BUXoBaHHA i cnopTy YKpaiHu (m. Kuis,YKkpaiHa)
dnkolga@gmail.com

B cmammi npedcmasneHi KoHuenmyaseHi yAsneHHA CMOCOBHO Memo0osoeii nposedeHHA KOMMAeKCHUX
izionoeiuHux obcmexceHb cropmcmeHie 8 aAab6OPAMOPHUX YyMOBaX, AKi 00380/8H0Mb OMPUMAMU 8 CMAHI
CMOKOK ma npu i3u4HUX HOBAHMAMXCEHHSAX, KPiM napamempie 308HiWHb020 OUXAHHA, Kpo800bi2y, COMUBAHHA
KUCHIO Op2aHi3MOM, MAKOX Xapakmepucmuku 06’eMHOI weudKocmi HaOX00HEeHHSA KUCHIO 00 sie2eHb, a/168€071,
mpaHcrnopmy (i020 apmepianbHO Ma 3MiWAHO 8eHO3HOO KPOo8'to, Mposecmu aHAsi3 3MiH MApuiansHO20 MUCKY
KUCHIO Ha pi3HUX emanax (io2o waxy 8 op2aHiami, OuiH8amu npu yboMy eKOHOMIYHICmb KapdiopecnipamopHoi
cucmemu (KPC), epekmusHicme pexcumie maconepeHocy KucHio (PMK), a makox skocmi ix peayno8aHHS.
Memodosozia KomMnaeKcHo20 Nioxody Ha NepuwoMy emani 8KAOYAE 8U3HAYEHHA Yino2o pAdy 8UXIOHUX MOKA3HUKIE,
AKI 0011 30 Me8HOK0 CXeMOI0 BUKOPUCMOBYIOMbCA 8 pO3PAXYHKAX napamempie PMK ma nokasHukie ix egpekmugHocmi,
a makox ekoHomiyHocmi KPC mowo. [oKa3zaHo cmpykmypy yHKUiOHAsbHO20 3a6e3neyeHHs creyiaabHoi
npaye3f0amHocmi CriopmcMeHis, Wo Marome pizHy cnpamosaHicme adanmayiliHux peakyit. [Tposodumecs ouiHKa
cmpykmypu peakuii KPC 32i0Ho crieyugpiku ocobausocmeli PMK Ha nepeeaxHO 2iMoKCUYHi, 2inepKanHiyHi 4u
ayudemiyHi 3cysu. [TpedcmasneHi AKICHI Ma KinbKiCHi XxapakmepucmuKu KiHemuku ¢hizionoziyHux npoyecie 8 ymosax
BUCOKOI iIHMeHcusHocMi hisuvyHux HasaHmMaxceHb. KomnsaekcHuli nioxio 003807a5€ sugsuMu AKiCHi 8i0MiHHOCMI 8
PMEK, nopisHaHHA AKUx 0arome 0emasibHy iHGhOpMay,ito He MinbKu npo aepobHy npodyKmueHicme, ase i npo me yum
80Ha 3abe3neyyemoca ma wo it obmexcye, a omxce Ha0aE MOXAUBOCMI 017 MOWYKY HOBUX pe3epesie Mobinizayii
(PYHKUiOHAbHO20 NomeHyiasy cnopmcmeHis. Bci ui KoMnoHeHmMu rpyHmMyomsCa Ha CreyianizosaHux peakmusHUX

es1acmueocmax opeaHi3my.

Knrovoei cnoea: hyHKYiOHAAbHI MOMXCIUBOCMI, KapOiopecnipamopHa cucmema, pexcumu MAaconepeHocy KUCHIO,

eHepzo3abesneyeHHA creyianbHoi npaye3oamH{ocmi.

3B8’A30K ny6niKauii 3 n1aHOBMMM HAayKOBO-A0CAIA-
HUMU poboTamu.

[aHa npaua € ¢parmeHTOM HayKoBO-A0CNIAHOI po-
60Tn Kadeapu meamko-bionoriuHMx gucumniid Hauio-
HaNbHOTO yHiBepcuteTy GisMYHOro BUXOBAHHA i CNOPTY
YKpaiHn «Bnauve eK3oreHHUX Ta eHgoreHHUx ¢aKktopis
Ha nepebir aganTauiiHUX peakuii opraHiamy go ¢isny-
HUX HaBaAHTa)KeHb Pi3HOI iIHTEHCMBHOCTI» (Aep*KaBHUM
peecTpaLiliHmii Homep 012U108187).

Bcryn.

Y cy4acHMX yMOBax CMOPTY BUCOKUX AOCATHEHb Be-
JIMKA 3MarasibHa KOHKYpPEHLLA BMMArae nolwyKy HOBMX
pe3epBiB Mo0bini3auii QPyHKUiOHaNbHOrO noTeHuiany
CnopTcMeHiB, TOMy npobnema ouiHKM PYHKLiOHaNbHMX
MOXIMBOCTEM OpraHiamy CnopTCMEHiB A0Ci 3a1MLAETb-
CA aKTyaNbHO. YcniwHe il BUPILLEHHA MOXAMBE AuLle
Ha CyBOPO HAyKOBIiN OCHOBI.

CneumnodiuHi ocobamnsocTi mobinisauii GpyHKLUioHaNb-
HUX pe3epBiB (EHepPreTMYHOT NOTYKHOCTI) MaloTb BeNU-
KY 3a/Ie)KHICTb Bif, peaKLii opraHiamy CnopTCMeHiB Ha
®i3nYHi HaBaHTaXKeHHA, GopMyBaHHS NeBHUX disiono-
riYHUX CTaHIB, AKi NpX LbOMy BUHMKAOTL [1]. AK Bigomo

[2], peakTuBHicTb KapaiopecnipaTopHoi cuctemu (KPC)
i eHepro3abesneyeHHA BMN/IMBaOTb HA FOMEOCTaTUYHI
3CYBM, BUKAMKAHI NeBHUMM Pi3ionorivHMmm ctaHamu, a
came TiNOKCi€elo, rinepKanHieto, piBHeEM KOHLEHTpaLii B
KpOBi NpoAyKTiB aHaepobHOro meTtaboniamy, B pesysb-
TaTi YOro 3MiHIETbCA ePEeKTUBHICTb PYyHKLiIOHANbHOrO
3abe3neyeHHn crnewianbHOI NpaLe3aaTHOCTI.

3HauHi 06’emmn OTpMMaHOI iHpopmaLlii, ka oTpu-
MaHa B pe3ynbTaTi S1abopaTopHMX AOCNIAMKEHDb LWOAO
BU3HAUYeHHA YHKLIOHANbHUX MOMXKANBOCTEN CNOPTCMeE-
HiB Pi3HUX BUAIB CMOPTY € PI3HOMAHITHOK 33 3MiCTOM
(OCHOBHI XapaKTePUCTUKKU LiNiCHOT AUXanbHOI CUCTEMM
OopraHiamy, KapaioremoguHamiku, ra3oTPaHCMOPTHUX
MOX/IMBOCTEN KPOBi, EHepreTMYHMX NOKa3HMKIB TOLLO),
pob6aATb CKNagHo ii BcebiuHy 06pO6KY i AKiCHMI aHa-
ni3.

Merta gocnigKeHHs.

Ha cborogHilWHilM AeHb iCHYE pag MeTOAMYHUX Nig-
X0A4iB, WO NpeacTaBaA0Tb HeobXigHiCTb npoBedeHHsA
PO3paxyHKiB Pi3HOMaHITHMX i3i0N0TYHUX MOKA3HMKIB
nicna nabopaTtopHUX AOCAIAKEHb, fKi GOpMyOTb yAB-
NIeHHA Npo OYHKLiOHAaNbHWUIA CTaH OpraHiamy, ane He
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CNPAMOBaHi Ha BU3HAYEHHA TUX XaPaKTEPUCTUK, AKi
HeobXiAHI ANA PO3YMIHHA eHepreTMYHOro noTeHLiany
CropTcMeHa. 3aBAaHHAM [aHOro AOCAIAMKEHHA 6yno
chopmyBaTU KOHLLENTYabHi YABMEHHA NPO MOX/IMUBOCTI
PO3pO6KM MeTOL0/10Tii, AKA BA3YETHCA HA KOMMNEKCHUX
disionoriyHnx obCTeXKEHHAX CMOPTCMEHIB B labopaTop-
HUX YMOBaX, i ,O3BO/IAE OTPUMYBATU NOBHOLHHY iIHpOpP-
MaLilo NPOo CTaH OpraHi3amy fiK B CMOKOi, Npu QisnyHUX
HaBaHTaXKeHHAX Pi3HOT iIHTEHCMBHOCTI TaK i y BigHOBAO-
BaHWI nepiog, nicas HUX.

O6’eKT i meTOAU AOCNIAKEHHA.

O6’eKTOM [0CNioKEHHA € CMCTEMA HAyKOBO-MeETO-
ANYHOro 3abesneyeHHsA CMOPTCMEHIB BMCOKOrO Knacy.
Po3rnaHyTi BUAM KOHTPOAI, CNOCOBU OLiHKM i iHTep-
npeTauii MOKasHMKIB YHKLIOHAaNAbHOI AiarHOCTUKY,
CNPAMOBaHI Ha BM3HaYeHHA QYHKLIOHaNbHUX pe3epBiB
BiANOBIAHO LiNbOBMM HaCTaHOBAM TPEHYBA/bHOI i 3Ma-
ra/IbHOI AiANbHOCTI CNOPTCMEHIB.

MpoBeaeHHA TakKNX JOCAiAKEeHb NOTPebye HAABHOCTI
HeobXiAHWX AiarHOCTUYHUX NPUNALIB ANA BU3HAYEHHA
CTaHy KapgiopecnipaTopHoi cuctemu (KPC), Hanpuknag,
3a gonomoroto meTabonimetpa Oxycon mobile (Jaeger),
MiKpO-aHanisaTopHoi anapatypy pgas  bioximiyHoro
aHani3y MOKa3HMKIB KpoBi, HanpuKnag nabopaTopHuit
KomneKc «Biosen S. line lab+») ana Bumipy KoHueHTpa-
Lii nakTaTy, NpUCTPOIB A5 A03yBaHHA (i3UYHUX HaBaH-
TaKeHb, cneuia/sibHOI MeToA0N0riYHOI 6a3n Ana NoTou-
HUX PO3pPaxyHKiB MOETANHOro NepemilLeHHA B OpraHi3mi
pecnipaTopHUX rasie, ekoHomiyHocTi KPC Towo.

Mpw HeobxigHOCTI 6iNbl PeTeNbHOro aHani3y pexu-
MiB MaconepeHOCy B OpraHi3ami He TiIbKW KUCHIO, ane i
BYI/IEKMCIOrO rasy, iX B3aEMOBIAHOCUH Ta OpPraHiyHoro
npougecy B3aEMO06MiHY, po3p0obaeHNt aHaNoTiYHWN I BU-
BUYEHHIO KMCHEBOTO PEXMMY METOAMYHWUI MigXia, AKWMA
BK/IIOYAE BU3HAYEHHA YMOB YTBOPEHHA BYI/IEKMUCAOTO
rasy Ta po3paxyHKiB KiNbKICHUX XapaKTepUCTUK MOro ma-
conepeHoOCy Ta BUBEAEHHA 3 OPraHiamy AK B CTaHi Cro-
KO, TaK i NpU Qi3UYHUX HaBaHTAXKEHHAX Pi3HOI iHTeH-
cuBHocTi [3]. B aaHilt poboTi npeactaBaeHi MeToANYHI
niaxo4n Anile CTOCOBHO aHani3y peXnmiB maconepeHo-
cy KucHto (PMK) i ymoB ix npoTikaHHsA.

MeTogonoria KOMMNNEKCHOro MiAxo4y BK/KOYAE Of-
HOYaCHe BM3HAYEHHA B CTaHi CMoOKot, npu $isnyHMX
HaBaHTAXKEHHAX Ta B NpoLeci BigHOBNEHHA NEBHMX Na-
pamMeTpiB 30BHILIHbOrO AUXaHHA, KPOBOOBIry, LWBMUAKO-
CTi Ta IHTEHCMBHOCTI HAaAXOAMKEHHA KUCHIO [0 /IereHb,
a/bBeOJ1, TPAHCNOPTY MOro apTepiaibHOM Ta 3MiLLAHO
BEHO3HO KPOB't0, CMOXKMBAHHA OPraHi3Mom, napLiaib-
HOTO TUCKY KMCHIO Ha Pi3HMX eTanax Moro npocyBaHHA B
opraHi3mi, aHani3 epeKTUBHOCTI i ekKoHomiuHocCTi PMK, a
TaKOX ix peryntoBaHHA. Mpu LboOMy NPOBOANTLCA OLiHKA
CTPYKTYpu peakuii KPC 3rigHo cneumdikm eHeprosabes-
neyeHHs, ocobaunsoctelt PMK Ha nepeBakHO rinokcuy-
Hi, rinepKanHiyHi Y aungemiuHi scysm [4].

B AKOCTi TecToBMX HaBaHTaXeHb MPOMOHYETbCA BW-
KOPMCTOBYBATMU TaKi: 1) ANA BUABNEHHA MaKCMManbHOI
aepobHOi NPOAYKTUBHOCTI — HABaAHTAXKEHHA 3 MaKCK-
ManbHUM CMOXMBaHHAM KucHio (MCK, VO, max); 2) ans
BUAB/IEHHS MaKCMMalbHOI aHaepobHOT 34aTHOCTI — Ko-
poTkoyacHe (30-90 c¢) HaBaHTaXKeHHA cybmakcMmanbHoi
iHTEHCMBHOCTI 3i CNOMKUBAHHAM KUCHIO 65-80% MCK; 3)
ONA BUABNEHHA MAKCMMasibHOI epeKTUBHOCTI i eKOHO-
MiyHoCTi PMK — HaBaHTaxeHHA 3i CMOKMBAHHAM KUCHIO
45-55% MCK. TaKo, B 3a1€XHOCTi Bif, 3aBAaHb A0CAI-

OYKEHHA, MOXKYTb OYTU BUKOPUCTAHI iHLWI CXeMW HaBaH-
TaXKeHb, AKI MOAENO0Tb YMOBM 3MaraabHOI AiANbHOCTI.

Mpw aHani3i oTpMMaHOi B Npoueci JOCNIAKEHHA iH-
dopmauii ocobnunsa yBara NpuainAeTbca 3miHi ¢isiono-
riYHMX MPOLLECIB B NepexigHuUX pexumax — Bif, CMOKO
[0 HaBaHTAXKeHHA, BiJ, HaBaHTaXK€HHA MEHLUOi iHTeH-
CMBHOCTI 10 HaBaHTaXeHHA BinblIoT IHTEHCUBHOCTI, Bif,
HaBaAHTAXKEHHs A0 croKoto [5].

OcHOBHa YacTuHa.

MeTogonoria KOMMNIEKCHOTO MiAXOA4Yy BK/OYAE BU-
3HAYEHHSA HACTYMHUX BUXIAHUX MOKA3HMKIB:

e B— 6apomeTpuyHUiA TUCK, MM pm. cm.

e 8 — TUCK BOAAHUX Napis, MM pm. cm.

o t Y — TemnepaTtypa oTouyrOHOro NoBiTps, °C

o t, ?—Temnepatypa Tina, °C

o A —BiK, pOKM

o W — maca Tina, Ke

o H—3picT, cm
'/ s — XBUIMHHMWIA 06’€mM BAMXYBAHOTO MOBITPA
(mn/xB), 3apeectpoBaHuMii Npu Temnepatypi, 6apome-
TPUYHOMY TUCKY Ta Hanpy3i BOAAHUX NapiB OTOYYHOYOro
noeiTpsa

o f — KiNIbKICTb AMXaNbHUX UUKANIB 32 1 X8UAUHY

o Q — XBUAVHHWI 06’eM KpOBI, Ms1/X8

e Q — cuctoniuHnin o6’em Kposi, M (FKWO eKkcne-
PUMEHTANIbHO BU3HAYUTU CUCTONIYHUI 0B’€M KpoBi He-
MOKNBO, BUKOPUCTOBYETbCA hopmyna Ctappa [6].)

e HR —yacToTa cepLeBux CKOpOYeHb 3a 1 X8UaUHY

.Sp — CUCTONIYHWUI apTepianbHUIA TUCK, MM pm. cm.

. Dp — [iaCToNiYHUI apTepianbHU TUCK, MM pm. cm.

e FO, — BMICT KMCHIO Yy BAMXYBaHOMY NOBITPi, 06.%

o F,O, — BMICT KMUCHIO Y BUAMXYBAHOMY MOBITP, 06.%

o F,0,— BMICT KUCHIO B aNbBEOAAPHOMY NOBITPI, 00.%

o C 0, — BMICT KMCHIO B apTepia/bHiii Kposi, 06.%

o (VO,~ BMICT KMCHIO B 3MilLaHiiA BEHO3HIW KpoBi
KpoBi, 06.%

e FCO, — BMICT BYIJIEKUC/IOMO rasy y BAMXYBaHOMY
nositpi, 06.%

e F.CO, — BMICT BYrEKMUCNOTO rasy y BUAMXYBaHOMY
nositpi, 06.%

e F,0, — BMICT BYINEKMCOTO rasy B asibBEONAPHOMY
nosiTpi, 06.%

e C CO, — BMICT BYIJIEKUCNOTO rasy B apTepia/bHiii
KpoBi, 06.%

o C(VCO, — BMICT BYINEKMCIOrO rasy B 3millaHiii Be-
HO3Hil1 KpoBi KpoBi, 06.%

e C_O,—KNCHEBA EMHICTb KPOBI, 06.%

e He — remornobiH, ep.%

e 5.0, — HacM4eHiCTb apTepiasibHOI KPOBi KUCHEM,
06.%

e SVO, — HaCMYeHICTb 3MiLLaHOT BEHO3HOI KPOBi KM1C-
Hem, 06.%

e pH_— pH apTepianbHoi KpoBi

e pHv— pH 3miWwaHOi BEHO3HOI KPOBI

e La — naktat abo coni MONIOYHOT KUCNOTHU B Kaninap-
Hilt KpoBi, Mmob-nt

o Wex — epromeTpuyHa NoTyxKHicTb poboTtu, BT

Po3paxyHok napameTpis PMK, nokasHukiB ix epek-
TUBHOCTI Ta €KOHOMIYHOCTi 34iMCHIOETLCA 3@ HACTYMHU-
mu dopmynamu, npeactaBneHnmm B Tabn. 1. [7].

AKLLO AKICb 3 BUSHAYEHUX eKCNePMMEHTaIbHO Napa-
MeTPIB BiACYTHI, IX MOXKHA pO3paxyBaTh, BUKOPUCTOBYHO-
un dopmynu, HaseaeHi B Taba. 2.
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Tabnuusa 1 — dopmynu gna po3paxyHKy napametpis PMK

MoKa3HUKMK

| dopmynu AnA po3paxyHKy

Onuc nokasHUKa

3068HiWHE OUXAHHA

F—STPD (Standard temperature (0°C abo
273 K), pressure (760 mm pT.cT.), dry (cyxe
NnoBiTp4)

F=273/760x (B—8)/273+1t°

dakTop AN NpUBEeAEHHA OTPMMaAHUX 06’emiB NoBi-
TpA A0 CTaHAAPTHUX YMOB

F,—BTPS (Body temperature, pressure,
saturated)

F,=273/760x (B-8) / 273 +1,°

dakTop AN NpUBeAEHHA OTPMMaHUX 06’emiB NoBi-
TpA A0 YMOB TeMNepaTypu Tina

BMKOPUCTOBYETHCA ANA PO3PAXYHKIB LBUAKOCTI

nositpa, ms/xe

vV — XBU/IMHHWUI 06’EM BAMXYBaAHOrO ; .
1STPD V..V xF HaAXO4KEHHA KUCHIO A0 IereHb Ta a/lbBEONAPHOI
nositpa, ms/xe ISTPD= " IATPS
BEHTUNALT
; . BUKOPUCTOBYETHCA AN OLIHKN GYHKLIOHANbHMX
% — XBUIMHHWI 06’EM BUANXYBAHOTO , . p Ve A H by tH .
£ STPD % % xF MOXX/IMBOCTEN NEreHb Ta PO3PaxyHKiB WBUAKOCTI

ESTPD = | ATPS

HaaXoAXeHHA KUCHIO A0 f1ereHb.

reHb AN KucHo, ma O,/xe/mMmm pm.cm.

. 7, H Y
V_— disionoriyHnii MepTBuii AMXanbHM V,_F.0,- FAOZ/F,OZ - CVMYe 06’em NOBITPAHOIO NPOCTOPY, AKNHA he
I'IDOCTi mn/xe - npuinmae yyactb B 6e3nocepegHboMy 06MiHi rasis 3
P P, F,0,xV, KaniNspHo KpoB'lo B a/1bBEOJIAX.
V.V FO-FO,/(FO —F 0) XapaKTepusye BiACOTOK 06’eMy NereHb, Lo He 3a4i-
Vo, Vo o/ " i=CE72 TATT T2 A AHWUIA Y Npoueci ra3006MiHY, 4,0 XBUNMHHOTO 06’eMy
x 100 BAMXYBAHOIO NOBITPA.
06’em, LLO NULLIAETHLCA, AKLLO BiAHATM Big NereHesoi
; . P BEHTUNALIT MEPTBUIN ANXaNbHUI NPOCTip. Buko-
V, —anbBeonApHa BeHTUANALIA V. V.V K -
A P u A="1-"D PUCTOBYETLCA ANA PO3PaAXYHKIB LUBUAKOCTI HAAXO-
[OXKEHHA KUCHIO [0 aNbBeO.
. O6’em NOBITPA, AKNI BEHTUNIOETLCA Yepe3 fiereHi
V. — ANXanbHUI 06'em V. v ’ .
Totps ~ b rores-Vearss/ f NPW KOXXHOMY ANXaZIbHOMY aKTi.
JIcL 02 — anbysiiiHa cHPOMONKHICTb Ne- XapakTepusye nepeHeceHHs KUCHIO Yepes CTiHKY
Ocl 02= thZ/ P.0O,_Pao, aNbBEOJIN NereHb 32 OAMHULLIO Yacy BiAHOCHO rpagi-

EHTY MOro TUcKy 3 060x 6oKiB membpaHu anbBeOoIN.

Po3paxyeaHHA pexcumie maconepeHocy KUCHIO 8 Op2aHi3mi

ql0, — WBUAKICTb HAAXOAKEHHS KUCHIO

Lle nepwuli eman KucHe8o2o Kackady. B cTaHi
CMOKOO A0 fIereHb 3a 1x8 HagxoauTb 6A13bKO 1 /1

[10 nereHb, Ms/x8 40, Visre0XFio KucHto. MNpy poboTi MakcMMaibHOT MOTYXKHOCTI Lie
moke 6yTun 0 40 pasis binble.

QEO, — WBUAKICTb BUAANEHHA KNCHIO 3 o0 Vv E Llet NoKa3HMK BUKOPUCTOBYETLCA ANA PO3PAXYHKiB

JlereHb Mﬂ/XS qE 2= ESTPDx  EO2

nfo q

q,0, — WBMAKICTb HAAXOAKEHHS KUCHIO
[10 aNbBEON, Ms/x8

q,0,.90,,V,,VI
qAOZ: V OZ

ASTPD x FI

LLs KinbKiCHa XapaKTEPUCTUKA HAAXOAMKEHHSA KUCHIO
A0 anbBEON 3aNeXKNTH Bif BigHOWeHHA V, V.

q,0, — WBMAKICTb TPAHCMOPTY KUCHIO
apTepianbHOO KPOB'o, Ms/X8

qu02= Q X CaOZ

Tphemili eman Kackady nepemiujeHHA KUCHIO 8
Op2QHI3Mi, BiH XapaKTepU3ye KUCHEBOTPAHCMOPTHY
DYHKLi0 apTepiaNibHOT KPOBI | 3aN1€XKUTb Bif, LWBNAKOA
CTi 06’EMHOrO KPOBOTOKY, Ta KOHLLEHTpaL,ii KUCHIO B
KPOBI.

q,0, — WBWAKICTb TPAHCMOPTY KUCHIO
3MiLLaHOK BEHO3HOI KPOB'Io, Ms1/X8

qvo,.Q  CvO,
9v0,.9,0, 4.0

2

Lle ocmaHHili eman KUCHe8020 KACKAdy B OpraHi3-
Mi — 3a/IMLIKM KUCHIO TPAHCNOPTYIOTLCA A0 /IereHb.
KinbKicHa xapaKTepucTuKa Lmx 3an1LWKIB Mano
3MIHIOETbCA, ane iX BiAHOLWEHHA A0 CNOXNBAHHA B
CTaHi cnokoto cknagae 6ausbko % (0,75), Toai AK npu
MaKCUMaNbHUX HaBaHTAXKEHHAX 3HUKYETbCA A0 0,2
imeHue

q,0, (VO,)— WwemnaKicTb CnonBaHHaA
KUCHIO, Ms1/X8

qroz -9,0,.9.0,

qtoz =q/ C(UV)OZ

Lle ocHosHuli iHmezpanbHUli TOKA3HUK IHMEHCUBHOC-
mi NPOMIKAHHA eHep2emuYHUX Mpoyecie B OpraHis-
Mi. Moske 3miHtoBaTuCh Big 200-300 mMs1/X8 B CTaHi
CMoKot i A0 5-7 s1/x8 i Ginblue Npu gy»Ke iIHTEHCUBHMUX|
bi3NYHUX HaBaHTaXKEHHAX.

KU,0, — KoediLieHT BUKOPUCTAHHA KUCHIO
3 BAMXYBAHOro nositpa, %

Ku,0,=(FO,-F,0,)/FO,

XapaKTepun3ye MOXKINBOCTI BUYYEHHA KUCHIO 3
noBiTps, AKe HaAXO0AUTb A0 NereHb. B cnokoi Koedi-
LiEHT CKNagae ~ 25%, Npu HaBaHTaXKEHHAX BiH MOXKe
3MIiHIOBATMCA B 3a/1€XKHOCTI Bif, iHAMBIAYyaNbHUX O0CO-
61vBOCTEN, XapaKTepy 0BMiIHHUX NPOLLECiB, CTaHY
TPEeHOBAHOCTI TOWLO

KU,0,— koediuieHT yTunisauii KucHo
TKaHMHaMM 3 apTepianbHOI KPoBi, %

KU,0,.C, V0, C

2/ aOZ

3a LMM NOKA3HMKOM MOXKHA OLLIHUTU iIHTEHCUBHICTb
OKMCIOBA/IbHMX NPOLLECiB B NPALLIOIOYMX TKAHWMHAX,
0c06/11BO NPU GI3UYHUX HABAHTAXKEHHAX.

IHmMeHcueHicmo nepemiujeHHA KUCHIO 8 Op2aHi3mi

q/OZ/W— iHTEHCMBHICTb HaAXOAKEHHA

[103BONIAE BUZHAUUTM NUTOMI 3HAYEHHA HAAXOAKEH-
HA KUCHIO A0 NereHb. O4HAKOBI 3arasibHi BEIMUYUHMU

o, w O_ nNpw pi3Hii maci Tina MoKyTb 6YTU Pi3HUMM MpuU
KWUCHIO [10 IereHb, Ms/X8 K2 952, 9,2, P p yTb OyTH P P
x pO3paxyHKax Ha Kr, a Lie Aa€ 3MOry A04aTKOBOIo
aHani3y GyHKLii anapaTy 30BHILWHbOrO ANXaHHA.
. . CBifUNTb NPO NOTEHLiHI MOXNMBOCTi anapaTy 30-
Q,0,, W — iHTEHCUBHICTb HaAXOAKEHHA A P u pary
A2/ q,0, W BHILUHbOrO AMXaHHA LWOAO0 NMUTOMOIO HaAXOAKEHHA
KWUCHIO [0 aNbBEON, /vm/xexke AT2/

KMUCHIO 0 a/ibBEOA.
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qaoz/ W — iHTEHCMBHICTb TPAHCNOPTYBaH-
HA KUCHIO apTepiasbHOW KPoB'to, anU w
Mmr/xe Ke

BM3HAYaEeTbCA EMHICTb CepLLeBO-CYANHHOI cucTe-
MU LWOA0 MOXKANBOCTElN 3abe3neyyBat 06’emMHy
WBMAKICTb TPAHCMOPTY KUCHIO 3 PO3PAXYHKY Ha Kr
macw Tina.

q[OZ/ W— iHTEHCUBHICTb CMOXNBAHHA

3a UMM NOKA3HWKOM BM3HaYatoTb GYHKLiOHANbHUIA
noTeHuian, abo piBeHb NOTYKHOCTi aepobHOro

Mr/X8_Ke

q0 W eHeprosabesneyeHHs (VO, max/ Kr: y3araibHeHui
KUCHIO, Ms1/X8_ K2 72/ o 2 A
x MmogaenbHui gianasor 50,0-55,0 MA/XB X KF — XKiHKK;
60,0-65,0 M/1/XB X KI — 40/10BiKMK).
qVOZ/ W — iHTEHCMBHICTb TPAHCNOPTYBaH-| HalimeHwWa KifbKicHa XapaKTepMUCTUKA TPaHCNOPTY-
HA KUCHIO 3MiLLaHOM BEHO3HO KpoB'io, qvo,, W BaHHSA 3a/IMLLKIB KUCHIO 3MiLLAaHOI BEHO3HOM KPOB'lo

3 PO3pPaxyHKY Ha KIr macu Tina.

Kackadu noemanHoi 3miHu Hanpyau KUcHto 8 op2aHiami

P O, — napuianbHwnii TACK KUCHIO Yy BAMXY-
BaHOMY MOBITPi, MM pm. cm.

P,0,=B~b 100 x FO,

Bapiauii 3HaYeHHA LbOoro NoKasHMKa 3anexaTb Big
6apoOMETPUYHOrO TUCKY, TeMNepaTypw, BOOTOCTI, a
TaKOX CKNagy razoBoi Cymilli B NOBITPI, WO BAUXY-
€TbCA.

P,0,— napujanbHUit TUCK KUCHIO B a/ibBe-
0NIAPHOMY NOBITPi, MM pm. cm.

P,0,=B—b 100X F,0,

XapaKTepusye MOXKAMBOCTi anapaTy siereHb 3abes-
nevyBaTu TaKy HaMNpyry KUCHI0, AKa HeobxigHa ana
dbopmyBaHHA HeobxigHOro rpagieHTy ana audysii 3
anbBeOJ A0 KPOBi nereHeBUX Kaninsapis.

PaO, - napujianbHUi TUCK KUCHIO B apTe-
pianbHil KpoBi, MM pm.cm.

P, O, — napuianbHuii, TUCK KNCHIO B 3Mi-
LUIAHI BEHO3Hil KPOBi, MM pm.cm

BusHauatoTbcA abo nonspo-
rpagiyHo, abo 3rigHO KpMBOI
aucoujauii HeO, (aus. puc. 1) [9],
3 monpaBKaMu Ha TemnepaTypy
Tina, pH ta P_CO, 3a BifcOTKOM
HaCUMYEHHA KPOBI KNCHEM.

[na HacMyeHHA apTepiasbHOI KPOBI KUCHEM CYTTEBO
3HauuTb rpagient PO, Pa0,

3a nokasHukamu S_0,, P~ O,7a C O, BU3Ha4alOTb
CTYNiHb FiNOKCii HaBaHTaXKEHHA.

EkoHomiyHicmb KPC no 8ioHoweHHo 00 3a6e3neyeHHA COXUBAHHA KUCHIO

VEO,— BEHTUNAUIVHWI eKBiBaNeHT 33

VEO,_V,
KUCHEM 2=

E BTPS/thZ STPD

[103BONISIE OLIHUTU HEOBXiAHY KiNbKICTb NOBITPA, AKe
Tpeba NPOBEHTUOBATH Yepes SIereHi eKBiBaleHTHO
CMNOMMBAHHIO 1 1 KUCHIO.

O,RC — kucHeBUM edeKT AnXanbHOro
LUKAY, MA

ORRC=qt0,/f

CBiAYMTb NPO Te, CKiIbKM KUCHIO CMOXKUBAETLCA Opra-
Hi3MOM 33 KOXXHWUIN AUXaNbHUIA LUK,

HE — remogMHaMiYHUI eKBiBaNeHT

HE=Q,q,0,

J103BONIAI€ OLLIHUTM KA KiNbKICTb LLMPKYAIOOYOI NO
CyAMHaMm KpoBi HeobxifHa AnA 3abe3neyeHHs crno-
YKMBAHHA 1 1 KUCHIO.

0, CC — kucHesui edeKT cepuesoro

0,cC_q,0,/HR

CBig4MTb NPO Te, CKINbKM OPraHi3aMoMm CMOXKMBAETLCA

LUMKANY, M KMCHIO 33 KOXKHE CEPLEBE CKOPOYEHHS.
q,0,, Wex — kncHesa BapTiCTb MexaHi4yHOi 0. Wex [03BONIAE OLIHUTM NUTOMI eHEpPreTUYHi MOXAUBOCTI
poboTn 952, opraHiamy npu $i3nyHin poboTi Pi3HOT NOTYKHOCTI.

EchekmusHicmb pexcumie maconepeHocy KUCHIO

BigHOWEHHA WBUAKOCTI HAAXOAKEH-

KinbKicHO xapaKTepu3ye B CKiJIbKK1 pasiB A0 sereHb

LWBWUAKOCTI OT0 CNOXKMBAHHA

HA KMCHIO B JIET€HI A0 WBUAKOCTI Moro q, Oz/thZ 6inblie HaAXOANTb KMCHIO, HiXK MOro CNOMKUBAETHCA
CMOXXUBAHHA opraHismom.
BigHOWweHHSA WwBmnaKocTi 06’emHOro .
- XapakTepusye ebeKTUBHICTb NpoLLeCy HAaAXO4KEH-
nepemileHHA KUCHIO B a/1bBEO/IN Haf- ) A
S q,0.,90 HA KMCHIO B @/1bBEO/IN BifJHOCHO LWIBUAKOCTI MOro
XOAKEHHA KUCHIO 0 WBUAKOCTI Moro AT2/ 1672
CNOXKMBAHHA.
CMOMMBAHHA.
XapaKTepu3ye MOXKIUBOCTI 3abe3nevyBaT Taky
KiZIbKiCTb HaAXOAXKEHHA KMCHIO 4,0 NPaLLIooYnX
BigHOWeEHHA WBMAKOCTI TPAHCNOPTY KNUC- TKaHWH, AKA MOXKe 3a[,0BO/IbHUTU KUCHEBUI 3annUTy
HI0 apTepiaNbHO KPOB'l0 A0 WBUAKOCTI anZ/ q.0, CTaHi CMOKO Ta NPU BUKOHAHHI CTaHAapTHOI pobo-
MOro CroXKMBaHHA TH, a/ie AKLLO0 NOTYXKHiCTb pO6OTU HAATO BUCOKa, Liei
NOKa3HWUK CBIAYNTb NPO CTYMiHb 3HUKEHHA ePEeKTUB-
HOCTi NOCTaYaHHA KMCHIO.
B cTaHi CNOKOK NOKA3HUK MOXKe CBiAYMTHM Npo Te,
BigHOWEHHA WBNAKOCTI HAAXOAKEHHA HACKiNIbKM KPaTHMMM 3a/IMLWIAOTLCA 3aNacu Kuc-
KMCHIO 3MillaHO BEHO3HO KPOB'to A0 quz/thZ HIO KPOBI NPM BiACYTHOCTi MOro NONOBHEHHSA. Mpwu

bi3UYHUX HaBaHTaXKEHHAX 3HAYEHHA 3aNEXKUTb Bif
iHTEHCMBHOCTI.

KomnnekcHui nigxig oo aHanisy PMK go3sonse Bu-
ABUTM NaHKM, LLO OBMEXyloTb MOCTavyaHHA OpraHismy
KMCHEM Ta NOB’A3aHY 3 HUM NpaLe3aaTHICTb.

B AKOCTI NnpMKnaay HaBoAMMO NOPiIBHAHHA 3miH PMK
CNOPTCMEHIB ogHaKoBoi KBanidikayii M. Ta [., y AKux
MCK 6yno ogHakoBum (puc. 2), xoua GyHKLIT ANXaHHSA,
KpoBoobiry Ta mexaHiamu, Wo oro 3abesnevytoTb, byam
pi3Humu [8].

MCK (4100 mn/xB) y cnoptcmeHa [. 3abesneuysa-
JIOCb MEHLLUOIO, HiX y cnopTcmeHa M., WBMAKICTIO Hag-

XOZKEHHA KUCHIO A0 NereHb, asibBe0s, TPAHCMOPTYBaH-
HA Moro apTepianbHO KpoB'to. MOpPiBHAHHA KacKaais
iHTEHCMBHOCTI MPOCYBAaHHA KWUCHIO Ta IHTEHCUBHOCTI
MOro CnoXmMBaHHA NOKA3yoTb, WO Y cnopTcmeHa [. Becb
piBeHb 6yB 6ifbll BUCOKUM, LLLO MOACHIOETHCA MEHLLOK
noro macoto. Tak fK obuAasa CNOPTCMEHW BUKOHYBAM
opHakoBy poboTy, a maca 6yna Ha 15 Kr meHwoto y [., To
MaKCMMaibHa MUTOMA MOTYKHICTb 6yNa y HbOTO BULLOLO.

3aBaskM BMCOKOMYy cTyneHio KU.O, (puc. 2), 3a-
raNbHUN pe3epB KUCHIO B 3MilLAHiA BEHO3HIN KpOBi y
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Decreased Py, (increased affinity)
_100"' 1 Temperature eemees=ecIES
? - '1' sz ".‘ . ’ - i
Il
% 60— S [ ¢ Increased Ps,
£ L (decreased affinity)
p—— —
L ¥ &Y T Temperature
= []

‘g : “' I Pw?

& &
= 20— ’:" 'd" pH

L
I I ] L] L)
20 40 80 80 100

Oxygen partial pressure {(mm Hg)

PucyHok 1 — Kpusa gucouiauii okcuremornobiny. 3cys npaso-
Py4 03HAYaE, WO ANA AOCATHEHHA NOAIGHOro PiBHA HAaCUYEHHA
remorno6iHy notpi6ex suwuii P O, nopisHAHO 3 6a30Bum piBHem.
Monekyna Hb mae meHwwy cnopigHeHicTb A0 KUCHIO | 6inbLlu roToBa
BigAaBaTh O, Ha PiBHi TKAHWUH. 3CyB BNiBO O3HAYAE, WO NPU MEHLIO-
my PO,, piseHb HacuueHHa Hb 6yae Buwe 6a3oBoro piHA.

Tabnauusa 2 — dopmynu po3paxyHKy napamerpis,
L0 He 6ynu BM3HaYeHi eKcnepuMeHTaibHO

cnoptcmeHa [. BuaABMBCA 6iNbll HU3bKUM, WO CBiAYNIO
npo nigsulieHy e(peKTUBHICTb KUCHEBOTPAHCMOPTHOI
byHKUiT KpoBi (KTPK). DyHKLUiA 30BHIWHBOrO AMXaHHA
y [. Takoxk byna 6inbw edeKTUBHO, NPO WO CBIiAYMAN
6inbw Bucokmnit KU 0, Ta HU3bkuit VE (puc. 2). binbl su-
cokuit P, O, Ta HU3bkuit P O, y cnopTcmeHa [. caigumnm
npo 6inbw Hanpy»xeHnn PMK.

Kpawmwmit piBeHb ¢yHKLiOHanbHOro ctaHy /. 6ys Bu-
ABNEHUIN NpM NOPIBHAHHI edekTuBHOCTi PMK (puc. 2).
[ns cnoXKMBaHHA KOXKHOIO NITPY KMCHIO Y LLbOTO CNOPTC-
MeHa MeHLOo byna KinbKicTb KMCHIO, WO noTpanasana
[0 NnereHb, a/fibBe0/l, TPAHCMOPTYBANOCA apTepiasibHO
KPOB’t0, MEeHLLA MOro YacTMHa yHOCUAACh KpoB'to o ne-
reHb. binbw cnpmatansi 3miHm B KTOK y cnoptecmena [.
cnocTepiranuce He Tinbkun npmn MCK, ane i npotAarom BCiel
Tpusanocti pobotu (puc. 3). MeHwe g,0, 6yno y Hboro
Ha nepuwil Ta APYrii cTyneHsax poboTw, Lo BKa3yBaso Ha
3HMXKEHY KUCHEBY BapTiCTb poboTM Ta Binbll BUCOKWUIA
KoediLiEHT KopuMCHOT aji.

HaBeseHuii NpuKNag MNOKasye, WO KOMMJIEKCHUM
nigxig 003BONAE BUABUTU AKICHI BiamiHHOCTI B KTOK Ta
PMK, nopiBHAHHA AKMX AalOTb AeTaslb-
HY iHpOpMaLLito He TiNbKK NPo aepobHy

NPOAYKTUBHICTb, afie i NPO Te YMM BOHA
3abe3neyvyeTbca Ta WO T 0OMeKye.
MNepeBarn Takoro nigxogy nonara-

0Tb B TOMY, LLO BiH [03BO/ISIE BUABUTH

OKpiM PYHKLIOHAaNbHUX MOXANBOCTEMN
opraHiamy, cnabki flaHKM B CUCTEM
NnocTayaHHA OpraHiamy KucHem. Tak,

Hanpuknag 6inblw Bucokuin Q y seno-

cuneamncta [. npyu maike OAHAKOBIMN

MaKcumasnbHin  HR, 3abesnedyyBaBcs
6inblumm, HixK y Benocuneaucta M., cu-

cToNiyHUM 06’emom. OgHaK, K Nokasa-

N NOPIBHAHHA NapameTpiB AUXANbHOI

Biocymnii Bapianmu po3paxyHkie
MOKA3HUK p pospaxy
Cmaxoz Cmaxoz = HB X 1’ 34 (Koncmarma logHepa)
CaOZ CaOZ = Cmaxoz X 5002/100 (Sa 02 BCTaHOBAIIOTL HEiHBA3UBHWM WAXOM 33 LONOMOTIOK OKCiremomeTpa) |
vo, | cv0,=q.0,/Qx 100
C(u—v)oz C{u—v)ozz qtoz/ Q
5,0, |s,0=c0,/c, 0,x100
Q Q=QxHR;Q=qt0,/C,__0,
a Q=101+(5,~D,) /20,59 D, ~ 0,61 A s crupme
Q=Q/HR
qO2
MIUXB | |
20000 -
! q02 i
MIXBKKD
18000 | |4 300 |
A A
16000
250 | A4
14000
12000 200
10000
150
8000
6000 aa a 100 a a
2 8
Bl g 5| &
o 2
4000 2 e al &
= = b 5
2000 v
v
0 1 2 ¢ 1 2 1 2 12

¢yHKuii kposi, C__ O, Buasuiace y [.
HUXKYOH0, HiXK Y M., Lo nopAg, 3 MEHLIMM
crynedem S O,, 3yMOB/IIOBaNO MeHLUe
C0,. fAkwo y cnopTtcmeHa [l. BKasaHi
napameTpu AuxanbHoi ¢yHKUii KpoBi
6ynn Takumm K, AK y M., TO npu He-
3miHHomy KU O, i3 apTepianbHOi Kposi,
weunakictb q,0, morna 6 36inblumnTUCA
y HbOro aoaatkoso Ha 300-350 mn/xs.
BiamiveHuii GakT moxe cayryBaTtv nig-
CTaBO A/1A TOrO, W06 pekoMeHayBaTH
cnoptcmeny [. disnyHi npoueaypu (Ha-
NPUKNAA: TPEHYBAHHA B TiMOKCUYHUX
ymoBax) abo npuiiom NiKapcbKux npe-
naparie Ta BiANOBIAHOI AiETH.

Ocobnuee micue B cMCTEMI MOHITO-
PUHTY PYHKLIOHANbHOrO 3abe3neyeHHs
cnewjianbHOi MNpaues3gaTHoOCTi cnopTc-
MeHIB 3aiiMatoTb nokasHuMKM KPC i
eHepro3abesneyeHHs, AKi BM3HaAYalOTb
piBeHb i3ionorivHOro  Hanpy»KeHHsA
HaBaHTaXXEHHA B YMOBax 3marajabHoi
aianbHocTi [4].

B 1abnuui 3 HaBeaeHi xapakTtepwu-
CTUKM, AKi BigobpaxKatoTb BMCOKOCHE-

PucyHok 2 — Kackagu wempakocti (40, ), HaaxoaXeHHa KUCHIO Ao nereHb (i), anbeeon (A),
TPaHCNOPTYBaHHA ioro apTepianbHoto (a) Ta smiwaHoto BeHo3Holo (V) KpoB'io, BignoBiA-
HO 3HaueHHs PO, , a TaKOX XBUAMHHWIE 06’em Kposi (Q) y Benocuneaucris M. (1) ta 4. (2)

npu MCK.

uMdiyHi peaktnsHi BnactueocTti KPC i
eHeprosabesneyeHHs B ymoBax peani-
3aUii KOMMOHEHTIB QYHKLIOHANbHOTO
3abe3neyeHHs cneuianbHOI npaues-

334

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuunn — 2024 — Bun. 2 (173) / Bulletin of problems in biology and medicine — 2024 - Issue 2 (173)



METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

[ATHOCTI, a came — LBUAKOI KiHETU-
Ku (Tectn 10 i 30 ceKkyHA, BMKOHaHI %
3 MaKCMMa/NbHOK EepromeTpUYHOI0
noTyHictio) [10], cTilikoro craHy
(nepioa, pocArHeHHAa i 36epexeH- | x.vo, 20
HA cTanux xapaktepuctnk KPC) [1], | %
KOMMeHcaLji BTOMWU (HaBaHTaXKeHHs
KKPUTUYHOT» noTy»kHocTi) [11]. Mo-
AynAuia TectoBMx 3aBAaHb i BUBIp
NOKa3HMKIB 34iMCHIOOTbCA BigNOBIA-
HO CTPYKTYpi GyHKLiOHanbHOI nigro-
TOB/NIEHOCTI B MEBHOMY BUAi CNOPTY
[12].

MpuBabaneBMm, Ha Haw nornsag,
€ MNOKa3HWK AUdYy3iiHOI CNPOMOK-
HOCTI NnereHb ANA KUCHIO, AKUN € iH- | o 6
GOPMATUBHUM ANA OLIHKM MOMK/IU-
BOCTEM KiZIbKICHOTO nepemileHHA
KMCHIO Yepes a/ibBeoIAPHO-Kaninsap- L !
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Hy membpaHy. Y crnopTcMeHiB, Ha
BiZIMiHY Bif, HETPEeHOBaHMUX OcCib, BiH
3HayHO BULLMIA (puc. 4).

B AKOCTi npuknagy po3rnsaHEMO CTPYKTYpY OYHKLi-
OHanbHOro 3abesneyeHHA cnewiasbHOI NpaLe3faTHo-
CTi KBanidpikoBaHWUX BEC/NYBa/IbHUKIB «CMPUHTEPIBY Ta
«cTaepis» (Tabn. 4) [4]. TaK, y «CNPUHTEPIB» AOMIHYIOTb
KiNIbKICHI Ta AKICHI XapaKTepPUCTUKMN, L0 BU3HAYAIOTb pPi-
BEHb LWBMAKOI KIHETUKM — 3HauyLWi BigMmiHHOCTI (p<0,05)
33pEECTPOBaHi 32 XapaKTepUCTUKaMU BigHOLIEHHA ne-
reHesol BeHTMAAUIT go EQP,CO, i KoHueHTpauii akTaTty
KPOBi B YMOBaX MaKCMMi3aL,ii riKONITUYHOI NOTYXHOCTI
(La test 30). BupasHy TeHAeHLi0 40 BiAMiHHOCTEN BU-
3HaYeHO Npu NOPIBHAHHI XapaKTePUCTUK peaKLuii nere-
HeBOT BEHTUAALIT A0 36inbleHHA CO, y suaunxysaHomy
nosiTpi (Eq\'/CO2 test 30) B nepiog, KomneHcauii BBy
HaBaHTaxeHHs (10-15 ¢ BigHOBAOBAIbHOTO Nepioay).

Y «CTaepiB» AOMIHYOTb KiNbKICHI Ta AKICHI XxapaKTte-

PucyHok 3 — KU 0O, Ta KU

o

\0,, VE 1a HE, a Takox napameTtpu edpektusHocti PMK y senocune-

Aucris M. (1) Ta 4. (2) npu MCK.

HOFO NAKTaT-auUAOo3Yy, XapaKTEPHOro AA HaMpy»KeHUx
TPEHYBa/NIbHUX | 3MarasibHUX HaBaHTaXeHb.

Pasom 3 TUM, BiACYTHICTb BiAMIHHOCTEN BeANYMH
aHaepobHoi emHocTi (La CP) cBigunTb Npo HasBHICTb
aHaepobHOro MoTeHUjiany AK y «CNpUHTEpPiB», TaK iy
«CTaepiB», ane B npoueci aHanisy 6yno BMABNEHO, WO
MEXaHi3mMM Moro peanisauii pisHi. Tak, aepobHo-aHae-
pobHe cniBBiAHOLWEHHA Y KCNPUHTEPIB» 3HAXOAUTLCA Ha
pisHi 58,3 /41,7%, a y «cTtaepiB» — 31,6 / 68,4%. HasBHi
BiIMIHHOCTI «CnpuHTEpiB» i «cTaepiB» ocobamso npo-
ABNAIOTLCA MPU aHanNi3i iHANBIAYANbHUX XapPaAKTEPUCTUK
MAKCUMMaNbHMX 3HaYeHb }i3i0N0riYHMX NOKa3HMKIB Big-
nosigHO cneujianisauii cnoptcmeHis [13].

Ha edeKTuBHicTb ¢dyHKLiOHanbHOro 3abesneyeHHs
cneuiaNbHOI NpaLe3aaTHOCTi BN/ANBAOTb NPUPOLHI 3a-
OATKU CNOPTCMEHIB i cneundivHicTb BUBOPY perkmumis

PUCTUKMN, AKI BU3HAYalOTb PiBEHb CTil-
KOCTi i KomneHcauii BTOMU. 3HauyLui
BiamiHHOCTI (p<0,05) 3apeecTpoBaHi

w0
(=]
i |

(=]
o
L

33 NMUTOMUMW XapPaKTEPUCTUKaMU fe-
reHeBol BEHTUNALii 0O BMBEAEHHA 3

opraHiamy CO, i CNOXMBAHHA KUCHIO
(EqQVCO, i EqVCO,), aki 6ynm 3apee-
CTPOBaHi B yMOBax CTIMKOro CTaHy.
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Hanbinbw  BMpPAsHMM  YMHHUKOM
3pocTaHHA dyHKLUiOHanbHoro 3abes-

W
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neyeHHA HABAHTAXKEHHA «KPUTUYHOI»
NOTYXHOCTi y «CTA€EpiB» € CyTTEBE
3POCTAaHHA peakKLuii cMcTeMn 30BHILL-
HbOrO AMXAHHA, CNPAMOBAHOI Ha KOM-
neHcayito metaboniyHoro aunaosy
i SSt / Eq CP i VO, max CP / VO, max
SSt) BiANOBIAHO ANMHAMIKM YTPUMAHHSA
CTilAKOro CTaHy, SIKM NOCTYMNOBO Nepe-
XOAMTb B KBasicTiikuit [13]. XapakTtep
3MiH KOHLLeHTpaL,ii 1aKTaTy KPoBi CBig-
YMTb, WO CTaNiCTb «MNEepPeHOCUMOCTI
naktaty» (La \'/O2 max) i € ogHuUM i3

w
<
N

o
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Koesonapcovxuii cnopm

Inasanna
ITnhagannsn

Hupysitina cnpomoxcricmy rezenv, ma O, /x6/Mm pm.cm.
L
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N

Hanbinbw iHGOPMATUBHUX XapaKTe-
pUCTUK BUTpMBanocTi. Bci 3a3HauyeHi
ocobnunsocti popmytoTb nepeaymosu
yTpUMaHHA VO, max B ymoOBax 3Hau-

MakcumanbHa
poBoTa

Cniokin

PucyHok 4 — [indysiiiHa cnpomoxkHicTb nereHb wopo O,y ocib, wo He 3aiimaloTbea cnop-
TOM Ta CMOPTCMEHIB Pi3HOi KBanidiKaLii B CTaHi CNOKOIO Ta NpYU BUKOHAHHi MaKCUManbHOI

aepobHoi poboTu.
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Tabnuua 3 — XapaKTepucTUKa eHepreTMYHUX NOKa3HUKIB MOHITOPUHIY GYHKLiOHaNbHOro 3abe3neyeHHs
cneuianbHOI Npaue3aaTHOCTI cnopTcmenis [2]

MoKasHuK

Onuc NnoKasHUKa

XapaKTepuCcTUKa NOKasHUKa

EqP,CO,, y. 0.

MUTOMI XapaKTepUCTUKN \'/E £oP,CO,B anbBeo-
NApHOMY MoBIiTPi (KiHUeBa dpaKLia nosiTps, Wwo
BUAMXAETLCA),

vV xP,CO,*

[JeMoHcTpye epeKTUBHICTb HA GOHI 3pOCTaHHA
napuiasbHoro Tucky CO, B anbseonspHomy
noBiTpi. [l03BONIAE OXapaKTepn3yBaTH KiHETUKY
KPC nig yac HaBaHTaXKeHHA.

EqVCO,™* (test 30%), y. o.

MUTOMI XapaKTepUCTUKNn \'/E 40 36inbwerHs CO,
y NoBiTpi, wo Bugmxaetbca (10-15 ¢ BigHOBAIO-
Ba/ibHOro nepioay nicas po6otn 30 ¢),

V, xVCO,*

XapaKTepusye KiHeTUKY CUCTEMU AUXAHHA Nig,
Yac MakcMmanbHoro 30-ceKyHAHOro TecTy.

EqVCO, SSt*f y. o.

MUTOMI XapaKTepPUCTUKKN NereHeBoi BeHTUAALT
£,0 KoHLeHTpauii CO,y NoBiTpi, WO BUANXAETb-
cA (3a 30 c cTifiKoro cTaHy),

\'/ExPaCOZ'1

XapaKkTepu3ye BUTPMBANICTb CUCTEMM AUXAHHA
B YMOBAX HapOCTaHHA meTaboniyHOro aunaosy
B nepioZ cTabiNbHOro cTaHy

EqVO,SSt, y. o.

MnTomi XxapaKTepmucTUKM \'/E £,0 cnoXusaHHa O,
3a 30 c cTillKoro cTaHy,
vV xVvo,*

XapaKTepusye agnxanbHy KomneHcauito metabo-
NiYHOTO auMao3y

EqQVCO," SSt /EqVCO," CP***, %

EqV0,SSt / EQVO, CP, %

CTyniHb 36inbleHHA GYHKLiOHAaNbHOMO Ha-
NpPY>KEeHHA B yMOBaX PO3BUTKY BTOMM B TeCTi
«KpUTUYHA NOTYKHICTbY

V,x V €O, SSt/V, x VCO,*CP
V_xVQ, VO, maxSSt/V x VO CP

XapakTepusye 3pocTaHHA ebeKTUBHOCTI QYHK-
LiioHanbHOro 3abesneyeHHs poboTHU «KPUTKY-
HOI» MOTY}HOCTI

VO, max CP / O, max SSt - 100, %

CTyniHb 3MiHWN BXXMBAHHA KMCHIO NPOTArOM
HaBaHTaXEHHA KKPUTUYHOI» NOTYXKHOCTI Ta
CTiKOTO CTaHy

36inblUeHHA CNOXMBAHHA KUCHIO B yMOBaX
3POCTaHHA HaBaHTAXKEHHA € MOKAa3HMKOM ae-
POBHOI MOTYKHOCTI

La (test 30), mmonb-n?

[MoKa3HWUK KOHLLeHTpaLii 1akTaTy KPOBi B ymO-
BaX MaKCMMI3aLii riKONITUYHOT NOTYXHOCTI

XapakTepusye aHaepobHy riKoMITUYHY NOTYX-
HICTb

. -
La VO, ., MMmONbA

MOKa3HWK KOHLeHTpaLii nakTaTy KpoBi, npun
AKOMY cnopTcmeH gocar VO, max

«TepnuMMicTb» 4,0 NaKTaTy, BUSHAYa€ETbCA
CMPOMOXKHICTIO A,OCATATU BUCOKOTO PiBHA KOH-
LeHTpaLii 1akTaTy KpoBi Npu poboTi Ha piBHI
V O,max. NoKasHUK BUTPMUBANOCTI

La CP, mmonb-nt

MOKa3HWK KOHLEeHTpaL,ii 1akTaTy KpoBi B ymo-
BaX MAaKCMMIi3aLii riKONITUYHOT EMHOCTI

XapaKkTepu3ye aHaepobHY MiKoNITUYHY EMHICTb

La (test 30) /
La CP, %

BigHOWEHHA EMHOCTI 1aKTAaTHOTO eHeprosabes-|
neyeHHsA Bif 3aranbHOro aHaepobHOro pesepsy

CniBBigHOLWeEHHA aHaepPObHOT NOTYXHOCTI i
aHaepobHOI EMHOCTI: CXMABHICTb 40 «CNPUH-
TepcbKoi» abo «CTaepcbKoi» poboTu

Mpumitku: * test 30 — 30TV CEKYHAHUI MaKcMManbHUi TecT; ** SSt — steady state (cTabinbHWUit cTaH);
***CP — critical power (KpUTUYHA NOTYHKHICTb)

Ta6bnuua 4 — NokasHUKK GYHKLiOHaNbHOro 3abe3sneyeHHa cneyianbHOI NpaLe3aaTHOCTI
KBanidpikoBaHUX BecnyBaibHUKIB (n=36)
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BecnyBanbHUKM, AKi cneuianisyloTbca Ha guctaHuia 200 m (n=18)
X 2,4 35,5 10,5 39,3 39,1 12,2 3,8 5,0 1,4 18,0 41,7
S 0,2 1,3 0,5 1,3 1,2 0,5 0,2 0,3 0,1 0,6 0,5
min 1,9 29,0 8,1 35,1 35,0 11,0 3,3 4,4 1,0 14,2 43
max 3,1 41,1 12,3 42,8 42,2 13,7 4,2 54 1,7 19,8 346
25% 2,1 33,5 7,9 37,3 35,7 10,2 4,0 4,6 1,1 15,6 49 4
75% 2,9 39,9 9,6 42,9 39,9 12,8 4,3 5,6 1,6 18,3 481
BecnyBanbHUKM, AKi cnewianiayoTbca Ha guctaHuia 1000 m (n=18)
X 2,2%* 33,1 7,1* 41,9* 41,9* 15,0* 4,5* 6,2* 4,4%* 19,0 68,4*
S 0,2 1,3 0,4 1,2 1,1 0,5 0,2 0,1 0,15 0,7 1,0
min 1,8 27,0 6,0 37,9 38,1 12,9 4,1 5,7 4,0 16,0 63,1
max 2,9 38,1 8,2 44,0 43,9 17,4 51 6,5 4,9 21,6 70,9
25% 1,9 31,0 5,5 38,9 39,0 13,9 4,2 5,9 4,1 17,8 67,0
75% 2,7 36,7 7,7 42,0 42,8 16,5 4,7 6,4 4,7 19,2 69,3

Mpumitka: * BigMIHHOCTI «CNMPUHTEPIB» | «CTAEPIB» CTATUCTUUYHO 3HaYyLi npu p<0,05.
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TpeHyBaZlbHMX HaBaHTaXeHb, fAKi pasom GopmyoTb
neBHy CTPYKTypy peakuii KPC i eHeprosabesneyeHHs,
PMK Ha nepeBaKHO rinoKCKYHi, rinepkanHiyHi abo auu-
OEeMiYHi 3cyBW, B 3aN1EKHOCTI Bif, CTPYKTYpu PyHKLUiO-
Ha/IbHOro 3abe3neyeHHn cneujiasbHOT Npaue3aaTHOCTI.

Tob6T10, nesHi BnactnsocTi KPC i eHeprosabesneyeHHs
BiZ13HAYAOTbCA HE TiZIbKN Y NPeACTaBHUKIB Pi3HUX BUAIB
CNopTy, afe i y CNOPTCMEHIB fIKi cneuianisyoTbea B pis-
HUX BUAAX 3MaranbHOI 4iANbHOCTI B MeXXax O4HOro Buay
cnopry.

BucHoBKM.

TaknMm 4YMHOM, po3pobneHa MeToL0/10riA KOMNIEK-
CHOro MigxoA4y A0 BU3HAYEHHA OYHKLIOHANbHUX MOXK-
JIMBOCTEN OpraHiaMy CrMopTCMEHIB LWAAXOM aHanisy
peKMMiB MaconepeHocy pecnipaTopHMX rasis Ta eHep-
reTUYHUX XapPaKTEPUCTUK CBIAYUTb MNPO MOXKIMBOCTI
BCTAHOB/IOBATM AKICHI i KiNbKiCHI BiAMIHHOCTI peakuii
KapaiopecnipaTopHoi cuctemu i eHeprosabesneyeHHs

po60TM B ymoBax moaynsLii ¢pisionorivHoro amarasbHo-
ro HaBaHTAXKEHHA.

MepcnekTMBM NOAANbLUNX AOCNIAMXKEHD.

MepenbayatloTb BAOCKOHANEHHA cucTemu 360py,
aHani3y Ta iHTepnpeTaujii gaHux ¢GyHKUiOHaNbHOI Aia-
rHOCTMKW, Noganblue PO3LMPEHHA MEeTOZ0NOorii Komn-
JNIEKCHOTO  MiAXo4y [0 BW3HAYEHHA MOXKIMBOCTEMN
OpraHiamy cCnopTCMeHiB, a came BcebiyHoro aHanisy gu-
XaNbHOT QYHKLIT, KapgioreMmoanHamiKK, ra3oTpaHcnopT-
HUX MOXX/IMBOCTEN KPOBi Ta €HEepreTMYHMX NOKA3HWKIB
po60oTn. TaKOXK € BaXKAMBUM PO3LIMPUTU LOCNIAKEHHS
OO0 BULLLE HaBeAEHWX MOKA3HMKIB MPU Pi3HUX YMOBAX
TPEeHyBaNbHOI Ta 3MmaranbHoi AianbHocTi. Mornubne-
He BMBYEHHS peakLiin opraHiaMy Ha FiNnOKCWYHI, rinep-
KanHiYHi Ta auMaemiyHi 3cyBU CpUATUME BUABNEHHIO
HOBUX pe3epBiB Mobini3auii ¢yHKLioOHaNbHOrO NOTeH-
Liany CNOPTCMEHIB, WO € KPUTUYHUM ONA AOCATHEHHA
BMCOKMUX CNOPTUBHUX pPe3y/bTaTiB.
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METOZ0NOrA KOMMAEKCHOTO NIAXoAy A0 BU3HAYEHHA ®YHKUIOHA/IBHUX MOX/IUBOCTEN OPTA-
HI3MY CMOPTCMEHIB LUIAXOM AHAI3Y PEXXUMIB MACOMEPEHOCY PECMIPATOPHUX IFA3IB TA EHEPTETUY-
HUX XAPAKTEPUCTUK

®ininnos M. M., fiaueHkKo A. 0., filaueHko O. A., Camcii P. M., Komonade A. O., InbiH B. M.

Pestome. Y cyyaCcHMX ymoBax CMNOPTY BMCOKMX AOCATHEHb BeJIMKA 3MarajsbHa KOHKYPEHLif BMMArae MoLyky
HOBUX pe3epsiB Mobinisauii GpyHKLioOHaNbHOro NoTeHLjiany CNOPTCMEHIB, a 3Ha4YHi 06’emu iHPpopmali, Wo oTpu-
MaHa 3a pesy/ibTaTaMu GYHKLIOHaIbHOI AiarHOCTMKM aTneTiB 6araTbox BMAIB CMOPTY € Pi3HOMAHITHOM 33 3MiCTOM
(OCHOBHI XapaKTEPUCTUKM AMXaNbHOI CUCTEMM OpPraHi3my, KapZioreMoaMHamiKK, ra3oTPaHCNOPTHUX MOXKINBOCTEN
KPOBi, EHEPreTUYHNX NOKa3HMKIB TOLLO), pobnATb CKNagHoto il BcebiuHy 06pobKy i AKicHMI aHani3. Came Tomy no-
Tpebye BAOCKOHANEHHA cucTema 360py, aHanisy, iHTepnpeTauii 4aHUX N1abopaTopHUX AOCNIAMKEHD.

Y cTaTTi po3rnaAaoTbCs KOHUENTYanbHi NigxoaM A0 MEeTOAO0NOri NPoBeAeHHA KOMMEKCHUX ¢i3ionoriyHnx ob-
CTeXeHb CMOPTCMEHIB Yy 1abopaTopHUX ymoBax. [OCNiIAMKEHHA OXOMJOE He AnLe NapamMeTpy 30BHILWHbOFO Au-
XaHHA, KPOBOOBIry Ta CNOXMBAHHA KMCHIO OPraHi3MOM Y CTaHi CMOKO Ta Nig Yac Gi3MYHMX HaBaHTaXKeHb, a 1 Xa-
pPaKTepPUCTUKM 06’€EMHOI LIBUAKOCTI HAAXOAKEHHA KUCHIO 0 SiereHb, a/ibBEOJ, TPAHCMOPTY MOro apTepiasibHO Ta
3MilLaHO BEHO3HO KpoB'to. MpoaHanizoBaHO 3MiHWM NapLiabHOTO TUCKY KMCHIO Ha Pi3HMX eTamnax Moro LWAAxy B
OpraHi3mi, oLiHEHO eKOHOMIUHICTb KapaiopecnipaTtopHoi cuctemn (KPC) Ta epeKTUBHICTb peXMMiB MaconepeHo-
cy KucHio (PMK), a Takox ix peryntoBaHHA. MeToanKa KOMMJIEKCHOTO MiAX0A4y BK/OYAE BU3HAYEHHA pAay BUXig-
HWX MOKA3HWKIB, AKi BUKOPUCTOBYIOTbCA A/1A pO3paxyHKiB napameTpis PMK Ta nokasHuKiB edeKTUBHOCTI, @ TaKOX
ekoHomiyHocTi KPC. Y cTaTTi po3KpuTO CTPYKTYpYy dyHKLiOHanbHOro 3abe3neyeHHA cnewianbHOI nNpaue3aaTHoCTI
CMOPTCMEHIB 3 Pi3HOK CNPAMOBAHICTIO aganTauiiHUX peakLuii. MpoBeaeHo ouiHKy peakKuii KPC Ha rinoKcuyHi, ri-
nepKanHiyHi YM aumaemivHi 3cyBu 3 ypaxyBaHHAM ocobamsocTert PMK. B cTaTTi TakoXK NoAaHO AKiCHI Ta KifbKicHi
XapPaKTEPUCTUKM KiIHETUKM Di3i0N0riYHNX NPOLECIB 3@ BUCOKOT iIHTEHCUBHOCTI Qi3UYHMX HaBaHTaXKeHb. KomnaeKkcHUi
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niaxia, 4,03BONSE BUABUTYU AKICHI BigMiHHOCTI B PMK, NOpiBHAHHSA AKMX Aa€ AeTasbHY iHbopmaLito npo aepobHy npo-
OYKTUBHICTb Ta il 0OMeXKEeHHS, BiAKPMBaOUM MOXKANBOCTI A1 MOLWYKY HOBMX pe3epBiB Mobinisau,ii pyHKLiOHaNbHO-
ro noTeHLjasy CNOPTCMEHIB. YCi acneKkTu A0CNiAXKeHHA 6a3yoTbcA Ha crneLiani3oBaHUX PeakTUBHUX BNACTUBOCTAX
opraHismy.

OTprMmaHa MeToAMKa KOMMNIEKCHOTO NiAX0AY A0 BU3HAYEHHA GYHKLIOHANbHUX MOXKAUBOCTEN OPraHi3aMy CnopTc-
MEeHIB, 30cepeasKeHa Ha aHanisi pexxumiB MmaconepeHoCy pecnipaToOpHUX rasiB Ta eHEePreTUUHUX XapaKTepPUCTUK,
[,03BOJISIE BCTAHOB/1IOBATM AKICHI i KibKiCHI BiAMIHHOCTI B peakLu,ii KapgiopecnipaTopHoi cucTeMn Ta eHeprosabesne-
YeHHi nig Yac moaynauii ¢pisionorivHoro HaBaHTaXKeHHs.

Kntouosi cnoBa: yHKLIOHaNbHI MOXKAMBOCTI, KapAiopecnipaTopHa CUCTEMA, PEXMMU MACOMEPEHOCY KUCHIO,
eHepro3abesneyeHHn cnewianbHOT NpaLe3aaTHOCTI.

METHODOLOGY OF A COMPLEX APPROACH TO DETERMINING THE FUNCTIONAL CAPABILITIES OF THE
ATHLETES’ BODY BY ANALYZING THE MODES OF GAS TRANSFER REGIMES AND ENERGY CHARACTERISTICS

Filippov M. M., Diachenko A. Yu., Diachenko O. A., Samsiy R. M., Komolafe D. O., llyin V. M.

Abstract. In the current landscape of high-performance sports, intense competition demands the exploration
of new reserves to mobilize athletes’ functional potential. The substantial volume of data obtained from functional
diagnostics of athletes across various sports disciplines is diverse in content, including key characteristics of the
body’s respiratory system, cardiocirculatory dynamics, blood gas transport capabilities, energy parameters, and
more. This diversity makes comprehensive data processing and qualitative analysis challenging. Therefore, there is a
need to refine the system of data collection, analysis, and interpretation in laboratory research.

The article discusses conceptual approaches to the methodology of conducting comprehensive physiological ex-
aminations of athletes in laboratory settings. The research encompasses not only parameters of external respiration,
blood circulation, and oxygen consumption by the body at rest and during physical exertion, but also characteristics
of the volume rate of oxygen delivery to the lungs, alveoli, and its transport by arterial and mixed venous blood. The
changes in partial pressure of oxygen at various stages of its pathway in the body are analyzed, and the efficiency of
the cardiopulmonary system (CPS) and oxygen mass transport regimes (OMTR) are evaluated, along with their reg-
ulation. The methodology of the comprehensive approach involves determining a series of initial indicators, which
are then used to calculate OMTR parameters, efficiency indicators, and CPS economy. The article reveals the struc-
ture of the functional support of athletes’ special working capacity, considering the diverse nature of their adaptive
reactions. An assessment of CPS reactions to predominantly hypoxic, hypercapnic, or acidemic shifts is conducted,
taking into account the specifics of OMTR. Additionally, qualitative and quantitative characteristics of the kinetics of
physiological processes under conditions of high-intensity physical loads are presented in the article.

The comprehensive approach allows for the identification of qualitative differences in OMTR, comparisons of
which provide detailed information not only about aerobic productivity but also about what sustains it and what
limits it. This opens up possibilities for exploring new reserves to mobilize athletes’ functional potential. All aspects
of the research are based on the specialized reactive properties of the organism.

Key words: functional capabilities, cardiorespiratory system, oxygen mass transfer regimes, energy supply of
specific work capacity.
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