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The article examines factors that may limit maximal oxygen consumption (MOC) and performance in adolescent
and adult men. The purpose of our study was to identify the physiological processes that limit MOC and related work
capacity in adolescents and men and to compare the step-by-step speed of oxygen movement in the body with the
speed of its consumption and to study the mechanisms that ensure this process. 10 untrained teenagers aged 15-16
and 18 untrained men aged 20-27 were examined using modern methods to determine oxygen consumption, oxygen
transport function of blood and its components. It was found that untrained teenagers do not achieve the same level
of development of maximum mechanical power as adults. Although their heart rate did not differ much (p>0.25), the
minute volume of blood in teenagers was smaller than in adults. It was established that in adolescents, due to the
incomplete development of the respiratory organs and blood circulation, the maximum rate of oxygen inflow into
the lungs and alveoli, its transportation by arterial blood is lower, and the rate of transportation by mixed venous
blood, on the contrary, is higher than in adults. The latter indicates that the possibility of using oxygen from arterial
blood in teenagers has not yet reached the values of adult men. It is shown that with age, there is an increase in
the maximum values of the oxygen effects of the respiratory and cardiac cycles, a decrease in the ventilation and
hemodynamic equivalents, the efficiency of the oxygen mass transfer regimes increases, and the efficiency of the
functioning of the cardiorespiratory system rises. The result of such harmonious functioning of the body's physiologi-
cal systems is an increase in the efficiency ratio, a decrease in the oxygen cost of the performed mechanical work,
and an improvement in physical performance.
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Connection of the publication with planned re-
search works.

The results of these studies were obtained by the au-
thors during the research work of the National Univer-
sity of Ukraine on Physical Education and Sport (depart-
ment of medical and biological disciplines) on the topic:
“Features of somatic, visceral and sensory systems in
qualified athletes at various stages of training” (state
registration number 0116U001614).

Introduction.

In the literature devoted to the study of maximal
oxygen consumption (MOC) during muscle activity [1, 2,
3], individual changes in the system of external respira-
tion, hemodynamics, and the respiratory function of the
blood are described in detail. However, the conditions
that ensure its movement in the body and timely de-
livery to working muscles in adolescents have not yet
been sufficiently studied [4, 5, 6]. During muscle activity,
the MOC depends not only on the body’s need for oxy-
gen but also on the ability of oxygen to reach the lungs,
alveoli and its transport by arterial and mixed venous
blood [7, 8, 9, 10, 11].

The aim of the study.

To characterize the factors and physiological mecha-
nisms that limit MOC in the body and the related work
capacity in adolescents and adult men.

Object and research methods.

The modes of oxygen mass transfer in the body
(MOMT) were studied in 10 untrained teenagers aged
15-16 and 18 untrained men aged 20-27. They per-
formed mechanical work on the cycle ergometer of
the company “Monark” (Sweden) according to two
schemes in the following sequence: the first scheme — 5
min x 82 W, pedalling speed (V)=30 km/h, load on the
wheel (A)=1kg; 5 min x 164 W, V=30 km/h, A=2 kg; 5 min

x 246 W, V=30 km/h, A=3 kg; 5 min x 327 W, V=40 km/h,
A=3 kg; the second scheme — 5 min x 109 W, V=40 km/h,
A=1kg; 5 min x 218 W, V=40 km/h, A=2 kg; 5 min x 327
W, V=40 km/h, A=3 kg; 5 min x 410 W, V=50 km/h, A=3
kg. Untrained teenagers performed work only accord-
ing to the first scheme, adults — according to both. All
measurements were performed at rest before exercise
(5 min in a sitting position on a bicycle ergometer) for 3
min of each step load and 1, 3, 10, and 15 min of the re-
covery period. A mobile ergospirometric system, “Meta
Max 3B” (Cortex, Germany), was used to determine oxy-
gen consumption (qtO2). Blood oxygen capacity (BOC)
was determined by haemoglobin concentration. Arte-
rial blood oxygen saturation (Sa02) was recorded. The
breathing rate was calculated, and the heart rate (HR)
was recorded using the “POLAR” device (Finland). The
minute blood volume (MBV) was calculated using Starr’s
method [12]. The composition of inhaled, exhaled and
alveolar air was also analyzed using the computer
complex “Ergospirometric system Oxycon Pro (VIASYS
Healthcare, USA-Germany, “Erich Jaeger”).

Calculation of oxygen parameters, construction and
analysis of cascades of the speed of oxygen movement
in the body, and pO, parameters, were carried out ac-
cording to the method of A.Z. Kolchynskaya [13]. In ad-
dition to the MOMT parameters, performance was de-
termined by the total and specific power [14], as well
as by the load execution time, by the MOC and other
indicators.

Research results and their discussion.

As a result of the research, it was found that the ab-
solute values of both the MOC and the capacity of the
performed mechanical work in teenagers were lower
than in adults (table 1). The fact that the relative values
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of MOC (per kg of body weight) had no significant differ-
ences is noteworthy.

Heart rate practically did not differ much in the
examined groups, although it was somewhat higher
in teenagers (p>0.25). MBV in adolescents was signifi-
cantly lower than in adults, which can be explained by
a more limited ability of the heart to increase systolic
blood volume (SBV). Although the MBV in adolescents
during the submaximal intensity of MOC was slightly

Table 1 — Characteristics of limit loads
performed by teenagers and men

LBV O;i(ygen Maximum power
Groups consumption of mechanical work
|/min ml/kg/min (watts)
Teenagers | 2260+258 | 39,9+2,45 164
Men 2700+146 | 37,2+1,82 250

Table 2 — Indicators of external respiration, hemodynamics and efficiency of the MOMT
in the body of untrained adolescents and men with MOC

Minute Oxygen
respiratory Alveolar AV/ | Breathing | Ventilation | effect of the HR Ot i
volume L . X MBY, of the heart
Groups ventilation, | MRV, rate equivalent | respiratory ! | SBV, ml |beats/| HE
(MRV) o . ml/min . cycle,
(AV) % min., (f) (VE) cycle, min
BTPS, ml/1 cycle
. ml/1 cycle
ml/min
Teenagers 51200 37850 74 33 27,8 64,2 18887 | 105,9 180 |9,52 11,2
Men + 4146 +2281 +2,1 +2,8 +1,93 6,3 +487 | 15,14 6,8 |%0,19 +0,59
higher than in men (p>0.25), during MOC, it no longer Ifnlin
increased, and in men, it reached 20-21 |/min (table 2). a3 s
When carrying out loads that are 90% of the MOC, 5 mm Hg

each litre of consumed oxygen was extracted in teen-
agers from 27.8+1.93 | of air ventilated through the
lungs (VE) and from 9.52 | of blood washing the tissues
(HE); in adults — from 27.9+1.59 | and 9.41+0.51 |, re-
spectively. Thus, in teenagers, 1.69+0.04 times more
oxygen was delivered to tissues with arterial blood than
was consumed; in adults — 1.56+0.08 times. The rate of
oxygen transport by mixed venous blood in teenagers
was 67+3.9% of oxygen consumption, and in adults —
5713.7%.

The coefficient of utilization of oxygen by working
tissues from arterial blood in adolescents did not reach
the values of adults (59.9+3.3% and 63.2+2.9%, respec-
tively). At the same time, the arterio-venous oxygen dif-
ference (AVD) was only 11.6 % in teenagers, while it was
almost 13 % in adults.

With MOC, the partial pressure of oxygen (fig.) in
the alveolar air (p,0,) was slightly higher in adolescents.
Higher pO, in them is obviously a consequence of lower
utilization of lung oxygen. Thus, in untrained teenagers,
18.5+1.21% of the lung was used for MOC, and in adults
—20.62+0.09%.

As evidenced by the presented data, the quality of
regulation of the oxygen transport function of the blood
and MOMT as a whole improves with age. In particular,
quantitative and structural changes in the alveolar-cap-
illary membrane, which increases their overall diffusion
surface for respiratory gases, are essential for increasing
the oxygen utilization rate in the lungs. Furthermore, for
its disposal from arterial blood, the rearrangements of
the vascular bed, quantitative changes in the muscles’
capillary bed, and the activity of oxidative enzymes, etc.,
are of great importance [15]. Then, as research by sever-
al authors [16, 17, 18, 19, 20] showed, myoglobin, which
increases with age, is essential for transferring oxygen
from arterial blood to working muscles.

As a result of the mentioned factors, in the process
of age development, there is an increase in the oxygen
effect of the respiratory and cardiac cycles, a decrease
in the ventilation and hemodynamic equivalents, and

Figure — Cascades of the speed (qO2) of oxygen entering the lungs
(i), alveoli (A), its transportation by arterial (a) and mixed venous
blood (v) and, accordingly, at these stages, the cascades of oxygen
partial pressures (p0O2) in adolescents (1) and adults (2).
the efficiency and economy of the MOMT increases,
which, along with other factors, leads to an increase in
the efficiency factor, a decrease in the oxygen value of
the performed mechanical work and an increase work-
ing capacity.

Conclusions.

e MOMT of teenagers during the performance of
muscular work, accompanied by MOC, are character-
ized by a lower speed of step-by-step delivery of oxygen
than in adults, their low efficiency and lower efficiency
of the cardio-respiratory system.

e With age, when working with MOC, the arterio-
venous difference in oxygen, the coefficient of oxygen
utilization in the lungs and the coefficient of its utiliza-
tion by tissues from the blood increases, which leads to
a decrease in the content of oxygen and pO2 in mixed
venous blood.

e Less efficiency and cost-effectiveness of MOMT, es-
pecially during the recovery period, indicate the worse
quality of MOMT regulation in adolescents.

Prospects for further research.

A more detailed study of the oxygen transport func-
tion of blood may be the subject of further research.
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PEXXUMMWU MACONEPEHECEHHA KUCHIO B OPTAHI3MI HETPEHOBAHUX NIANITKIB
| YO/I0BIKIB MPU M'A30BIN AIANbHOCTI AUHAMIYHOIO XAPAKTEPY

HauioHanbHKUi yHiBepcuTeT ¢isUHOro BUXoBaHHSA i cnopTy YKpaiHu (m. Kuis, YKpaiHa)
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B cmammi po32as0aromscs hakmopu, SKi MoOXyms 0bMeXye8amu MAKCUMAasibHe CIoXUBAHHA KucHio (MCK) ma
npaue3damHicme y nidnimkie ma 0opocsux 4osa08ikie. Memoro Hawoz2o 00cnidxceHHA byno sussumu ghizionoaiuHi
npouecu, ujo obmexcyromoe MCK i 38'3aHy 3 HUM npaue3damHicme y nidaimkie i yosno8ikie ma nopieHAmMuU noemanHy
WeuoKicmb rnepecysaHHs KUCHIO 8 Op2aHi3mi 3i weuoKicmio (io2o CroMueaHHA ma eusyumu MexXaHi3mu, Wo
3a6e3neuyroms yeli npoyec. 0b6cmexceHo 10 HempeHosaHuUXx nidnimkie 15-16 pokie ma 18 HempeHOoB8AHUX Y0108iKie
20-27 pokKie 3a 00MOMO20K Cy4acHUX Memooie 014 BU3HAYEHHA CIIOXCUBAHHA KUCHIO, KUCHE80-mpaHCrnopmHoi
GyHKUiT Kposi ma i KomnoHeHmis. byno usesneHo, W0 HempeHo8aHi MioaAimKu He 00CA2AI0Mb MAKO20 fK
00pocsi po38UMKY MAKCUMAsIbHOI MOMy*HOCMi MexXaHiYHoi pobomu. Xo4a yacmoma cepyesux CKOPO4EHb Yy HUX
maso eidpizHanaca (p>0,25), xeunuHHuli 06'em Kposi y nidnimkie 6ye meHwul, Hix y 0opocaux. BcmaHoeneHo,
wo y nionimkis, y 36’43Ky 3 HENOBHUM PO3BUMKOM OP2aHi8 OUXAHHA Ma Kposoobizy, MAKCUMAsbHA WBUOKicmb
HAOX00XEeHHA KUCHIO 8 /1e2EHI, A/168€0/1U, MPAHCTOPMYBAHHA [i020 apmepianbHOK KPos'to MeHWa, a WeuoKicms
MpaHcnopmy8aHHSA 3MilUAHOK 8€HO3HOK KPo8’to, Hasnaku binbwa, Hixc y dopocaux. OCMaHHE c8id4ume npo me,
W0 MOM(IUBOCMI BUKOPUCMAHHSA KUCHIO i3 apmepiasnbHOi Kposi y nionimkie uje He 00ca2aroms 3HaYeHb 00pOCauUx
40108iKig. [TOKA3aHO, W0 3 8iIKOM 8i06Y8AEMbCA 3POCMAHHA MAKCUMGAIbHUX 3HAYEHb KUCHEBUX eheKmis OUuxasnbHO20
i cepuesozo YUKnie, 3HUXEHHA 8eHMUAAYIIHO020 | 2eMOOUHAMIYHO20 eKeieaseHmies, NocuM0EMbCA edheKmuU8Hicmeo
PEeXUMIi8 mMacornepeHeceHHs KUCHIO ma nifsuulyemoscs eKoOHOMIYHICMb hyHKUIOHYB8AHHA KapodiopecnipamopHoi
cucmemu. Pe3ynbmamom maKoz20 3/10200#eH020 (hyHKYiOHYB8AHHSA (hi3ionoziyHux cucmem op2aHizmy € nio8UU,eHHS
KoegiuieHma KopucHoiI 0ii, 3HUMEHHA KUCHeg8oi eapmocmi 8UKOHYBAHOI MexaHiYHOI pobomu ma MoKPauw,eHHs

hizuyHoi npayezoamHocmi.

Karouoei cnoea: macoriepeHeceHHA KUCHIO ma lioeo CMOHUBAHHA, m'szoea diﬁanicmb, KUCHeso-mpaHcriopmHya

hyHKUiA Kposi, hizuyHa npauyezdamHicme.

38’A30K ny6nikauii 3
pocnigHumu pobotamu.

Pe3ynbTaT faHmx foCnigeHb OTPMMaHi aBTopamm
NMpW BUKOHAHHI HayKoBO-goCAiAHOI poboTn HYDBCY
(kadegpa mMeaMKo-6i0ONOFYHMX AMCUMMNIH) Ha Temy:
«0OcobANBOCTI COMATUYHMX, BiCLEPasbHUX i CeHcop-
HUX CUCTEM Yy KBaslipiKOBAHUX CMOPTCMEHIB Ha Pi3HUX
eTanax nigrotoBkM» (Homep AOeprkaBHOI peecTpalii
0116U001614).

Bcryn.

B niTepaTypi, NpUCBAYEHIN AOCAIAMKEHHIO MaKcu-
MaNbHOTO CMOXMBAHHA KUCHIO (MCK) npu m’a3osii
AaianbHocti [1, 2, 3] AeTanbHO OMMCaHi OKPeMi 3MiHM
B CUCTEMi 3O0BHIWHbLOrO AUXaHHA, reMOANHAMIKM,
AnxanbHoi ¢yHKUii Kposi. MpoTe ymosu, wo 3abes-
MeyyrTb NPU LUbOMY MOr0 MepecyBaHHs B OpPraHismi i
CBOEYACHY A0CTaBKy [0 NpaLoroumx M’'a3is y nignitkis
BMBYEHi We HepocTaTHbo [4, 5, 6]. Mpu m'A308in
aianbHocti MCK 3anexuTb He TinbKu Big notpebu
opraHiamy B KWUCHi, ane I Big MOXAMBOCTEM HaaxoA-
YKEHHS KWUCHIO A0 JiereHb, a/ibBeO0s, TPAHCNOPTy MOro
apTepiaNbHOK Ta 3MillaHOK BEHO3HOM Kpos'wo (7, 8, 9,
10, 11].

MeTta pocnipyeHHs.

OxapakTtepusyBaTtn dakTopHn i disionoriyHi
MexaHi3mu, o obmexytoTb MCK B opraHiami i 38’a3aHy
3 UMM Npaue3gaTHICTb y MiANITKIB | LOPOCANX YONOBIKIB.

06’eKT i meToaM AOCNIOKEHHA.

BMBYaNM pexuMmMM MaconepeHeceHHA KWUCHIO B
opraHiami (PMK) y 10 HeTpeHoBaHux nigniTkis 15-16
pokKiB Ta 18 HeTpeHOBaHMX Y0N0BIKiB 20-27 poKiB. BoHM
BMKOHYBA/IM MeXaHi4yHy poboTy Ha Besoeprometpi
dipmn «MoHapk» (LUBeuis) 3a ABOMa cxemamu y Takil

nAaHOBMMU  HAYKOBO-

NoC/iAOBHOCTI: nepwa cxema — 5 xB x 82 BT WBMAKICTb
negantoBaHHA (V) = 30 KM/rog, HaBaHTaXKEHHA Ha KO-
neco (A)=1kr; 5xBx 164 8T, V=30 km/roa, A=2 kr; 5
xB X 246 BT, V=30 km/rog, A=3 kr; 5 x8 x 327 8T, V=40
km/roa, A=3 Kr; apyra cxema — 5 x8 x 109 BT, V=40 km/
roa, A=1 kr; 5 xB x 218 BT, V=40 km/roa, A=2 Kr; 5 xB X
327 BT, V=40 km/roa, A=3 kr; 5 xB x 410 BT, V=50 Km/
ros, A=3 Kr. HeTpeHoBaHi MianiTkn BMKOHyBanu pobo-
Ty TiNbKW 32 MepLIol0 CXeMot, A0pocai — 3a ABOMa.
Bci BMMiptOBaHHA NPOBOAMINCL Yy CMOKOi A0 HaBaHTa-
eHHA (5 XB B MONOXKEHHI CMAAYM Ha BENOEpromeTpi),
Ha 3 XB HAaBaAHTAXXEHHA KOXHOI CXOAMHKM i Ha 1, 3, 10
i 15 xB BigHOBHOro nepiogy. [na BU3HAYeHHA cno-
KMBAHHA KucHio (qtO,) 3actocosyBasu MobinbHY
eprocnipomeTpuuHy cuctemy «Meta Max 3B» (Cortex,
HimeuunHa). KucHeBy emkictb KpoBi (KEK) BusHauanm
33 KOHLeHTpaUjieto remornobiHy. PeecTpyBasn HacU4eH-
HA apTepianbHOi KPOBI K1cHem (Sa0,). Migpaxosysanu
YacToTy AMXaHHA Ta @ikcyBanM 4acToTy cepLesux
ckopoyeHb (YCC) 3a pmonomoroto npunaga «POLAR»
DiHnaHaia). XBUaAnHHMN 06’em Kposi (XOK) pospaxo-
ByBanu 3a metogom Crappa [12]. Cknaa BaMxyBaHOro,
BMAMXYBAHOIO Ta a/IbBEONAPHOro NOBITPA aHanNi3yBanm
TAKOX 3 [JOMNOMOrOK KOMMbIOTEPHOTO KOMMAEKCY
«EprocnipometpuyHa cuctema Oxycon Pro (VIASYS
Healthcare, CLUA-HimeuuunHa, «Erich Jaeger»).

ObuncneHHA KUCHeBMX NapameTpis, nobyaysaH-
HA | aHanNi3 KacKagis LWBMAKOCTI nepecyBaHHA KUCHIO
B OpraHi3m, a Takox napameTtpis pO, 34iicHIOBaN 32
meTogom A.3. KonumHcebkoi [13]. Kpim napameTpis PMK
BM3HAYa/M NpaLe3faTHICTb 33 3arasibHOK i MUTOMOIO
NOTYXKHicTio [14], TaKOXK 32 YaCOM BUKOHAHHSA HaBaHTa-
*eHHsA, 38 MCK Ta iHWKMKM NOKa3HMKaMMu.

88 ISSN 2077-4214. Bicuuk npo6nem Gionorii i meguuunn — 2023 — Bun. 1(168) / Bulletin of problems in biology and medicine — 2023 - Issue 1(168)



Bl010r1A / BIOLOGY

Pe3ynbTatu AocCnigXKeHHA Ta ix 06roBopeHHs.

B pe3synbTaTti npoBeAeHOro AocniaKeHHsA 6yno BUAB-
JleHo, Wo abcontoTHi 3HauYeHHA Ak MCK, Tak i noTy»KHoCTi
BUKOHYBaHOI mexaHi4YHOl poboTu y NianiTkie 6ynm meH-
WKMMM, HiXK y gopocnux (tabn. 1). 3sepTae Ha cebe Tol
baKT, Wo BiAHOCHI 3HayeHHA MCK (Ha Kr macw Tina) He
MaJsin JOCTOBIPHUX BigMIHHOCTEN.

YCC npaKTMYHO Mano BigpisHAnoca y obCTexy-
BaHMX TPyM, Xo4ya Yy NigniTKiB BOHA He[OCTOBIPHO
byna pewo 6inbwoto (p>0,25). XOK y nignitkis 6yB

Tabnuua 1 — XapakTepucTMKu rpaHUUuHUX
HaBaHTa*KeHb, BUKOHYBaHUX NigniTKamum
Ta Yo/NoBiKamu

AL MakcumanbHa no-
lpynu CMOMNBAHHA KMCHIO TYXHiCTb MeXaHi4HOi
n/xs MA/Kr/XB po6otu (saTw)
MigniTkm | 2260+258 | 39,9+2,45 164
Yonosikn | 27001146 | 37,2+1,82 250

Tabauua 2 — NMNoKa3HUKK 30BHILLHbOrO AUXaHHA, reMoAUHaMIK1, eKOHoOMiYHOCcTi PMK
B OpraHiami HeTpeHOBaHMX NigAiTKiB i yonosikis npu MICK

XBUAUHHUI
06’em
ANXaHHSA
(xon4)
BTPS, mn/x8

AnbBeo-
NApHa
BEHTUNALA,
(AB)

AB/ | Yacrtota
XOA4, | AwnxaHb
% xB., (f)

Mpynun

BeHTunA-
LinHWI
eKBiBaNeHT
(VE)

KucHesui
edekT cepu,.
uukay, ma/l

LMK

KucHesui
eddeKT gux.

LKAy,
MA/1 umKn

COK, Yycc
MA/XB mn yAa/xe

NigniTkn 51200

37850 74 33 27,8

105,9 180 |9,52 11,2

Yonosiku + 4146 +2281 +2,1 +2,8

+1,93

+5,14 6,8 |[+0,19

[OCTOBIPHO MEHLUWM, HiXK Y OPOCANX, LLLO MOXKHA NOAC-
HUTK Binblu 0bMeKeHOoto 34aTHICTIO cepus 36inbLIyBaTH
cucToniyHunii 06’em Kposi (COK). Hessaxkatoum Ha Te, Lo
XOK y nianiTkis npu HaBaHTaXKeHHiI cybmaKcumanbHoi
iHTeHcnBHOCTi MCK 6yB Aelo BuLE, HiXK Y YOMOBIKiB
(p>0,25), npu MCK BiH BXe He 36inbwyBaBcs, a Y
yonosikis gocaras 20-21 n/xs (Tabn. 2).

Mpy¥ BMKOHaHHI HaBaHTa*KeHb, WO CTaHOBAATL 90%
MCK, KOXKeH NiTp CNOXMUTOro KUCHIO BUNYYaBCA y NigAiT-
KiB 327,8+1,93 n BEHTUNLOBAHOIO Yepes ereHi NoBiTpa
(BE) Ta 3 9,52 n Kposi, Wo omunsae TkaHuHu (FE); y ao-
pocnmx —327,9+1,59 ni39,41+0,51 n BignosigHo. Tak,
y MigNiTKiB A0 TKAaHWH 3 apTepia/ibHO KPOB'tO NPUHO-
cunocs B 1,69+0,04 pasu Ginblie KMCHIO, HixK 10Oro crno-
umBanocs; y gopocamnx — B 1,56+0,08 pasu. LUsngkictb
TPAHCMOPTY KUCHIO 3MIlIaHOK BEHO3HOK KpPOB't0 Y
nigniTKie ctaHoBmAa 67+3,9% Big LWBMAKOCTI CNOXKMBAH-
HA KUCHIO, Yy popocnnx —57+3,7%.

KoediuieHT yTnnisauii KMCHIO NpayolYMMn TKaHU-
Hamu 3 apTepianbHOI KPOBI y NigNITKIB He AocAraB 3Ha-
yeHb gopocamx (59,9+3,3% i 63,2+2,9% BignosigHo).
ApTepio-BeHO3Ha pi3HULA 33 KnucHem (ABP) npu ubomy
y NigniTkiB cknana nvwe 11,6 06 %, Toai AK y 4OPOCANX
— Maitke 13 06 %.

Mpn MCK napuianbHuiA TUCK KUCHIO (puc.) B anb-
seonapHomy nositpi (p,0,) y nianitkis BuABMBCA
Aewo suwmm. binbw sucoke pO, B HKUX, OYEBUAHO, €
HACNiAKOM MEHLOT YyTUAI3aLii KUCHIO 3 nereHb. Tak, y
HETPEeHOBaHMX NiJNITKIB 3 IereHb BUKOPUCTOBYBAIOCA
npu MCK 18,5+1,21 %, y gopocaumx — 20,62+0,09%.

AK cBiAYaTb NpeAcTaBAeHiI AaHi, AKICTb peryitoBaHHA
KMCHEBO-TPAaHCMOPTHOI yHKLiT Kposi i PMK B uinomy
3 BIKOM YA0CKOHANOETbCA. 30Kpema, 1A 36inblueHHA
KoedilieHTa BUKOPUCTAHHA KUCHIO B IEFEHAX MatoTb 3Ha-
YeHHA KiNbKiCHI | CTPYKTYpHi nepebyaoBu afibBeoAPHO-
KaninapHoi membpaHu, WO niaBuULLYE TX 3aranbHy
AndysiiHy NOBEPXHIO ANA pecnipaTopHMX rasis, a Ans
Moro ytunisauii 3 apTepianbHOi KPOBi BE/NMKE 3HAYeH-
HA MalTb nepebynoBM CYAMHHOTO Pycaa, KifbKicHI
3MiHW KaninApHOro foXa B M’A3ax, a TaKOX aKTUBHOCTI
OKUCHUX depmeHTiB, Towo [15]. MoTim, AK Nokasanu
OocCnigxeHHs paay aBtopis [16, 17, 18, 19, 20], Benuke
3HAYeHHA A4NA nepexoay KWUCHIO 3 apTepiasibHOI KpoBi

90,
nixe

22 PO,

MM pTCT

160

140

120

100

80

PucyHok — Kackagu weunakocti (O2) HagXxo4KeHHA KUCHIO B
nereHi (i), anbBeonu (A), TpaHCNOPTYBaHHA i1Oro apTepiaibHOO
(a) i 3miwaHolo BeHO3HOO KpoB’io (V) Ta BiANOBIAHO Ha LUX
eranax Kackagu napuianbHUX TUCKiB KUCHIO (pO2) y nignitkie (1) i
Aopocnux (2).

00 NpaLoYMX M'A3iB rpae KinbKicTb miornobiHy, saka 3
BiKOM 36i/bLUYETHCS.

B pe3synbrati 3ragaHux GpakTopis, y npoueci BIkoBoro
pO3BUTKY  BiAOYyBaeTbcA  36iMblUEHHA  KUCHEBOTO
edeKTy AMXanbHOro i CepLeBOro LMKAIB, 3HWUMKEHHA
BEHTUAALIMHOTO | remMogMHAMIYHOrO eKBiBaseHTIB,
NOCUNIOETLCS ePEKTUBHICTb | eKoHOoMIYHicTb PMK, wo
nopAg 3 iHWUMKM daKkTopamm, 3ymMOBAIOE 36iNblUeHHSA
KoediLieHTa KOPUCHOT Aji, 3HUKEHHA KMCHEBOI BapTOCTi
BMKOHYBaHOI MexaHiyHoi poboTM Ta NiABULLEHHS
npawe3gaTHocTi.

BucHoBKM.

PMK nigniTkiB npu BUKOHaHHiI M’A30B0i pob0TH, AKa
cynposoaxyetbca MCK, xapaKkTepusytoTbCA MEHLLOK
LWBMAKICTIO NOETANHOI AOCTAaBKM KUCHIO, HIXK Y J0POCAi-
MX, HEBUCOKOIO X eDeKTUBHICTIO | Hinbll HU3bKOKO eKo-
HOMIYHICTIO KapAio-pecnipaTopHOi cuctemm .

3 Bikom npu poboTi 3 MCK 36inbliyeTbea apTepio-
BEHO3Ha Pi3HMLA 33 KUCHEM, KoediLLiEHT BUKOPUCTAHHSA
KWUCHIO B SIereHAX Ta KoedilieHT oro yTunisauii TKaHu-
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HaMW 3 KPOBi, LLO NPU3BOAUTL A0 3MEHLUEHHA BMICTY MepcneKkTMBM NOAANBLUNX [OC/NIAMKEHD.
KMCHto i pO2 B 3MilLaHii BEHO3HIl KpOBi.

MeHLwwa epeKTUBHICTb i eKoHOMiYHicTb PMK, i, oco-
611B0, Nepebir BiAHOBHOTO nepioay BKasytoTb Ha ripwy  QYHKLUii KpoBi moxe 6yTu npeameTom MoAanbLinx
AKiCTb peryntoBaHHA PMK y nigniTkis. L0CAigKeHb.

binbw petanbHe BMBYEHHA KMCHEBO-TPAHCMOPTHOI
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PEXUMU MACONEPEHECEHHA KWCHIO B OPTAHI3MI HETPEHOBAHUX NIANITKIB | YONOBIKIB MPU
M’A30BIN [IANBHOCTI AUHAMIYHOIO XAPAKTEPY

Komonade 4. O., ®ininnos M. M.

Pe3stome. Ha OCHOBi KOMMN/IEKCHOTO aHa”ni3y peXKMMiB macornepeHeceHHs KucHio (PMK) B opraHismi HeTpeHo-
BaHUX MiANITKIB i 4OPOCANX YONOBIKIB po3ragaoTbea disionoriyHi npoueck i paktTopu, AKi MOXKYTb 0BMmeXKyBaTK
MaKCMMasibHe CMOXKMBaHHA KucHio (MCK) Ta ¢isnMuHy npauesgaTHicTb. MeTol AocniaskeHHs byno oxapaktepu-
3yBaTu i3ionoriyHi mexaHiamu, wo obmexytote MCK i 38’A3aHy 3 HUM Npaue3aaTHICTb y NiANITKIB | YoNoBiKiB Ta
NOpiBHATU XapaKTepucTukM PMK B opraHiami 3i LWWBUAKICTIO MOro CNOXUBAHHA Ta BUBYMTM MEXaHI3MM, WO 3abe3ne-
yytoTb Lel npouec. ObctexkeHo 10 HeTpeHoBaHUX NigNiTKiB 15-16 pokis Ta 18 HeTpeHoBaHMX Y0n0BiKiB 20-27 poKiB
33 JOMNOMOTOK CyHaCHUX METOAIB A/1A BU3HAUYEHHA CMOXMBAHHA KUCHIO, KUCHEBO-TPAHCMOPTHOI GYHKLIT KpoBi Ta
il KomnoHeHTiB. MoKa3aHo, Wwo PMK y HeTpeHOBaHMX NiANITKIB HE [OCAralOTb TAaKMX AK Y JOPOC/IMX YONOBIKIB MaK-
CMMaNbHUX 3Ha4YeHb. Lle, y cBOO Yepry, 0BMeKYE MOXKINBOCTI AOCATHEHHSA MAKCMMAa/IbHOI MOTYXKHOCTI MeXaHi4HOl
poboTH, AKy crnocTepirann y AOPOCANX. HEMOMKAMBICTb 36iNbLUEHHS XBUANMHHOTO 06’emy KpoBi (XOK) y nigniTkis
[0 TAaKWUX 3HAYeHb, AK Y AOPOCANX, YTPYAHIOE MOCTAYaHHA KUCHIO A0 MPALIOYNX TKaHMH. [Ipuyomy, makcumarsb-
Huli XOK He pocarae y NigniTkiB 3Ha4YeHb AOPOC/IMX 33 PaXyHOK HEMOMK/IMBOCTI 36iNblUEHHS cUCToMliYHOro 06’ emy
KPOBi, XO4a 4acToTa CEPLIEBUX CKOPOUYEHb Y HMX Mano BigpisHanacsa (p>0,25). BctaHoBAEHO, WO Y NpoLeci BiIKOBOro
PO3BUTKY BifOYBA€ETbCA 36iNbUIEHHA KUCHEBUX e(dEKTIB AMXaZIbHOIO i CEPLLEBOr0 LMKAIB, 3HUKYHOTHCA 3HAYEHHSA
BEHTUALIMHOIO i reMoAMHAMIYHOIO eKBiBa/IeHTIB, NOCUIIOETbCA edeKTUBHICTb PMK Ta 3pOoCTae eKOHOMIYHICTb
dYHKUiOHYBaHHA KapaiopecnipaTopHoi cucTtemn. 3 BiKom npu poboTti 3 MCK nigsuulytoTbca apTepio-BeHO3Ha
Pi3HMLA 33 KUCHEM Ta KOedilLiEHTN MOro BUKOPUCTAHHA B /IEreHAX Ta YTUANI3aL,ii TKAHWHAMM 3 KPOBI, LLLO NPU3BOAMUTL
[0 3MEHLEHHs BMICTY KMCHIO i pO, B 3MiluaHiil BeHO3HiN KPoBi. MeHwa edeKTUBHICTb | ekoHOMIYHICTL PMK, i, oco-
61u1BO, Nepebir BiAHOBHOIO NepioAy BKa3yTb Ha riplly AKiCTb peryntoBaHHa PMK y nigniTkis.

3aBAAKM 3naroaxKeHoMy GYHKLIOHYBaHHIO }i3i0oN0FYHUX CUCTEM OpPraHi3My y A0POCAMX BiNbLIMM BUABNAETHCA
KoediLLiEHT KOPUCHOI Aji, 3HNKYETbCA KMCHEBA BapTICTb BUKOHYBAHOI MexaHi4HOT poboTu Ta NiasuLyeTbea ¢pisnyHa
npawe3aaTHiCTb.

Knto4oBi cnoBa: KWceHb, MaKCMMasibHe CMOXKMBAHHA KMCHIO, KUCHEBO-TPAHCMOPTHA GYHKLIA KPOBI.
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MODES OF MASS TRANSFER OF OXYGEN IN THE BODY OF UNTRAINED TEENAGERS AND MEN DURING
DYNAMIC MUSCLE ACTIVITY

Komolafe D. O., Filippov M. M.

Abstract. Physiological processes and factors that can limit the maximum oxygen consumption (MOC) and physi-
cal performance are considered on the basis of a complex analysis of the modes of oxygen mass transfer (OMT)
in the body of untrained teenagers and adult men. The purpose of the study was to characterize the physiological
mechanisms that limit MOC and related work capacity in teenagers and adult men, to compare the characteristics
of OMT in the body with the rate of its consumption, and to study the mechanisms that ensure this process. 10
untrained teenagers aged 15-16 and 18 untrained adult men aged 20-27 were examined using modern methods
to determine oxygen consumption, oxygen transport function of blood and its components. It is shown that the
OMT in untrained teenagers do not reach the same maximum values as in adult men. This, in turn, limits the ability
to achieve the maximum power of mechanical work observed in adults. The impossibility of increasing the minute
volume of blood (MBV) in teenagers to such values as in adults makes it difficult to supply oxygen to working tissues.
Moreover, the maximum IOC does not reach the values of adults in adolescents due to the impossibility of increas-
ing the systolic blood volume, although their heart rate did not differ much (p>0.25). It has been established that in
the process of age development there is an increase in the oxygen effects of the respiratory and cardiac cycles, the
values of ventilation and hemodynamic equivalents decrease, the efficiency of the OMT increases and the efficiency
of the functioning of the cardiorespiratory system increases. At age 3, when working with MOCs, the arterio-venous
difference in oxygen and the coefficients of its use in the lungs and utilization by tissues from the blood increase,
which leads to a decrease in the content of oxygen and pO2 in mixed venous blood. Less efficiency and cost-effec-
tiveness of OMT, and, especially, the course of the recovery period indicate a worse quality of OMT regulation in
adolescents. Thanks to the coordinated functioning of the body’s physiological systems, the efficiency ratio is higher
in adults, the oxygen cost of the performed mechanical work is reduced, and physical capacity is increased.

Key words: oxygen, maximum oxygen consumption, oxygen transport function of blood.
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