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Issues of improving the functional training (different orientation of the training process) of athletes due the development of
the respiratory system, including the respiratory system, as well as increasing the body’s resistance to hypoxic stress remain
extremely relevant at the present stage of sport development.

The aim of the study is to investigate the peculiarities of the reaction of the external respiratory system in athletes, depending
on the orientation of the training process.

Materials and methods. The study involved 104 athletes (84 men and 20 women) skill level from CMS to IMS: 63 —athletes, who
developed mainly endurance quality (triathletes, swimmers, long-distance runners, rowing), 31 — strength quality (weightlifters,
powerlifting, weightliting), 10 — speed quality (runners sprinters). The mean age of the athletes under study was 21.75 + 3.32
years. Among them there are international masters of sports (IMS) — 2 athletes, masters of sports (MS) — 25, candidates
for master of sports — 48, athletes of 1 degree — 29. Computer spirometric examination was performed for all athletes using
the spirographic complex “Spirocom” produced by LLC “KHAI-Medica” in Kharkiv in accordance with existing recommendations.

Research results. Analysis of computer spirometry showed, that athletes, who developed the quality of strength had 18.2 %
(P = 0.014) greater vital capacity of the lungs, due to the predominance of respiratory volume by 29.9 % (P = 0.017) and
by 42.1 % (P = 0.001) inspiratory reserve volume, but less by 22.4 % (P = 0.019) expiratory reserve volume, than ath-
letes, who improved the quality of endurance. Athletes, who developed the quality of endurance in contrast to athletes, who
improved the quality of speed had a higher forced vital capacity of the lungs by 14.9 % (P = 0.031), due to the predominance
of a inspiratory reserve volume by 9.8 % (P = 0.049) and expiratory reserve volume by 28.5 % (P = 0.044). Athletes, who
improved the quality of speed had lower vital capacity of the lungs by 26.1 % (P = 0.003), forced vital capacity of the lungs
by20.2 % (P = 0.016), due to a decrease of inspiratory reserve volume by 34.2 % (P = 0.008), than athletes, who improved
the quality of strength. Athletes, who developed the quality of speed, had greater resistance to air flow in the bronchi of small
caliber in the exhalation phase, as evidenced by a lower rate of forced expiratory volume, by 21.1 % (P = 0.015), the volume
of forced expiratory to reach the peak expiratory flow by 30.2 % (P = 0.016), MEF 75 by 22.9 % (P = 0.036), FEF 75-85
by 22.8 % (P = 0.035), than athletes, who developed the quality of strength.

Conclusions Athletes, who have developed a quality of strength have a greater vital capacity of the lungs, due to the pre-
dominance of respiratory volume and inspiratory reserve volume, but less expiratory reserve volume, than in athletes, who
improved the quality of endurance. Athletes, who developed endurance quality, in contrast to athletes, who improved the qua-
lity of speed, have a higher forced vital capacity of the lungs, due to the predominance of inspiratory and expiratory reserve
volumes. The function of external respiration of athletes, who improved the quality of speed is characterized by lower vital
capacity of the lungs, forced vital capacity of the lungs, due to reduced inspiratory reserve volume, and greater resistance to
airflow in the bronchi of small caliber in the expiratory phase, than in athletes, who developed the quality of strength.

3anexHicTb peakujin cMCTEMM 30BHILUHLOIO AUXaHHA Yy CNOPTCMEHIB
BiA CNpAMOBaHOCTI TPEHYBAAbHOTO NpoLecy

C. M. Kanwrina, M. C. NotaneHko, A. 0. Kypineub

MnTaHHs NigBMLLEHHST OYHKLOHAMNBHOI MiAroTOBKM (Pi3HOT CNPSIMOBAHOCTI TPEHYBarbHOIO NPOLECY) COPTCMEHIB LLUMSIXOM
PO3BUTKY PecripaTopHOi CUCTEMU, 30KPEMA CUCTEMM 30BHILLHBOMO AWXaHHS, @ TaKoX MiABMULLEHHS CTIKOCTi opraHiamy Ao
riNOKCMYHOTO HABaHTAXEHHS 3arNMLLAKTLCS HaA3BMYAHO aKTyanbHUMM Ha Cy4acHOMY eTari pO3BUTKY CMOPTY.

MeTta po6oTu — BMBUMTY OCOBNMBOCTI peakLii CUCTEMM 30BHILLHBOMO AVXaHHS Y CIOPTCMEHIB 3aN1eXHO Bifj CNPSIMOBAHOCTI
TPEHYBanbHOro NpoLeCy.

Marepianu Ta meTogn. Y gocnimkeHHs 3anyumnu 104 cnoptcmenis (84 vonosiku i 20 xiHOK): 63 atneTu, ski po3suBany ne-
peBaxHO sIKiCTb BUTpUBanocTi, 31 — skicTb cunm, 10 — sikicTb wenakocTi. CepepHin Bik obcTexeHnx ctaHous 21,75 + 3,32
poky. Cepen obcTexeHux — 2 maiicTpu cnopty MixHapoaHoro knacy (MCMK), 25 maiictpis cnopty (MC), 48 kaHauaartie y
mamncTpm cnopty, 29 cnopTcmeHiB 1 po3psiay. Komn'ioTepHe CripoMeTpuyHe AOCHIMKEHHS BUKOHANM BCIM CNOPTCMEHaM Ha
cniporpacivyHomy komnnekci «Cnipokom» (TOB «XAl-Megika», M. XapkiB) BignoBiaHO 40 pekoMeHaaLin.

Pesynirati. AHanis nokasHuKiB KoM 0TEPHOI CNPOMETPIi BCTAHOBWB, LLO Y CNIOPTCMEHIB, ki po3BMBani skicTb cuni, Ha 18,2 %
(p = 0,014)6inbLua xu1TTEBA EMHICTL NEreHb YHacninok nepesaxaHHa Ha 29,9 % (p = 0,017) anxansHoro o6'emy TaHa 42,1 %
(p = 0,001) pesepsHoro o6’'emy Bawxy, ane mMeHwwit Ha 22,4 % (p = 0,019) pesepBHWiA 06'€M BUAVXY, HIXK Yy COPTCMEHIB,
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K YIOCKOHaMoBanm sKicTb BUTPMBANocTi. CnopTCMeHw, siki po3BMBank SKiCTb BUTPUBANOCTI, Ha BiAMiHY Bif CIOPTCMEHIB, sKi
YAOCKOHaMNIoBanm SKicTb LWBIAKOCTI, Manu BinbLLy GopcoBaHy XUTTEBY EMHICTb nereHb Ha 14,9 % (p = 0,031) yepes nepesa-
XaHHs pesepeHoro ob'emy Banxy Ha 9,8 % (p = 0,049) Ta pesepsHoro 06’emy Buamnxy Ha 28,5 % (p = 0,044). CnopTcmenu,
K yAOCKOHaoBany SKiCTb LIBWAKOCTI, Mamy MEHLLY XWUTTEBY EMHICTb nereHb Ha 26,1 % (p = 0,003), hopcosaHy xuTTEBY
emHicTb nereHb Ha 20,2 % (p = 0,016) yHacnigok 3HwkeHHs Ha 34,2 % (p = 0,008) pesepsHoro ob’emy BOUXY, Hix aTneTw, sii
yLOCKOHastoBanm sikicTb cvnu. CnopTeMeH, siki po3BMBanm SIKICTb LUBUAKOCTI, Mank GinbLUMI Onip NOBITPSHOMY NOTOKY y 6poHxax
maroro kaniopy y dasy siauxy, npo o ceigyarb MeHLi Ha 21,1 % (p = 0,015) nokasHuk 06'emy opcosaHoro BUANXY,, Ha
30,2 % (p = 0,016) 06’emy chopcoBaHOro BUAMXY A0 [OCATHEHHS MikoBoi 06'eMHOI LWBMAKOCTI, Ha 22,9 % (p = 0,036) MOLLI
75,Ha 22,8 % (p = 0,035) COLL 75-85, Hix y cnopTCMeHiIB, ki PO3BMBaNM SKICTb CUMN.

BucHoBku. CrnopTcMeHam, siki po3BrBanu sIKiCTb CUnK, NpUTaMaHHa GinbLua XUTTEBA EMHICTb NEreHb Yepes nepeBaaHHs
avxanbHoro ob’'eMy Ta pe3epBHOrO 06’eMy BOMXY, ane MEHLUWMA pe3epBHWA 06’eM BUAVXY NMOPIBHSHO 3i CNOPTCMEHaMK, siki
YLOCKOHanNBanm sKicTb BUTPUBANOCTi. Y CMOPTCMEHIB, ki pO3BMBany SKiCTb BUTPUBANOCTI, HA BiAMIHY Bifj COPTCMEHIB, SKi
YOOCKOHanoBanm SKicTb LIBAKOCTI, BU3Ha4eHa GinbLua (hopcoBaHa XMTTEBA EMHICTb NEreHb YHACMiAoK NepeBaaHHs pe3epBHUX
00’emiB BAMXY Ta BUAMXY. OYHKLiS 30BHILLHBOTO ANXaHHS CMIOPTCMEHIB, 5Ki YAOCKOHANBaN SKiCTb LIBWAKOCTI, XapakTepuayeTb-
€51 MEHLLIO XMTTEBOK EMHICTIO JlereHb, (hOPCOBAHO XUTTEBOK EMHICTIO NETeHb Yepe3 3HKEHHS! PE3ePBHOTO 06'eMy BAVIXY,
6inbLLMM ONOPOM NOBITPSIHOMY MOTOKY y GpPOHXax Marnoro kanibpy y dasy BuamXy, Hix B aTreTis, ski pO3BUBANYN AKICTb CUITN.

3aBUCUMOCTb peaKu.Mﬁ CUCTEMbl BHELLUHEro AbiIXaHuf y CnNoOpTCMEeHOoB
OT HanpaBA€HHOCTU TPEHUPOBOYHOIO npouecca

C. H. Kanbiruna, M. C. MNotaneHko, A. 0. Kypuneu,

Bonpock! NoBbILLEHNS (hyHKLMOHABHOM NOATOTOBKY (Pa3niyHON HanpaBNEeHHOCTY TPEHUPOBOYHOTO MPOLIECCa) CIOPTCMEHOB
3a CYeT PasBUTUS PECTIMPATOPHOM CUCTEMBI, B TOM YICIE CUCTEMbI BHELLIHETO [bIXaHWsl, 8 TaKKE NOBbILLEHUS YCTONYMBOCTM
opraHMama K rMroKCUYECKIM Harpy3skam OCTaloTCs Ype3BblyainHo akTyarnbHbIMU Ha COBPEMEHHOM JTane pasBuUTUS CropTa.

Lenb pa6OTbl — U3y4nTb 0COBEHHOCTM peakuun CMCTeMbl BHELLHEro AblXxaHnA y CNOPTCMEHOB B 3aBUCUMOCTU OT Hanpas-
JIEHHOCTW TPEHMPOBOYHOTO NnpoLiecca.

Marepuans! n metogpl. Obcnenosany 104 cnoptemea (84 MyxumHb! 1 20 XeHLWWH): 63 aTneTa, KOTopble pa3BrBanu NpenmMyLLe-
CTBEHHO Ka4€eCTBO BbIHOCIIMBOCTU, 31 —KadecTBo cinbl, 10 —kauecTBo ckopocTh. CpeaHuii Bo3pacT 06cnenoBaHHbix 21,75 + 3,32
roga. Cpeay HUX — 2 MacTepa cropta MexayHapoaHoro knacca (MCMK), 25 mactepos cnopta (MC), 48 kaHavuaatoB B MacTepa
cnoprta, 29 cnoptcmeHoB 1 paspsiga. KomnboTepHOe CriMpoMETpUHECKOE UCCIIE[0BaHME NPOBEAEHO BCEM CMOPTCMEHAM Ha Crnu-
porpaduyeckom komnnekce «Crivipokom» (000 «XAW-Meauka, r. XapbkoB) B COOTBETCTBUM C PEKOMEHAALMUAMM.

Pesynkrathl. AHanms nokasatenei KoMMbTEPHON CIMPOMETPUM YCTaHOBWI, YTO Y COPTCMEHOB, Pa3BUBALOLLIMX KAYECTBO CUIbl,
Ha 18,2 % (p = 0,014)Gonblue XnN3HEHHas eMKOCTb Jerkvix 3a c4eT npeobnaganus Ha29,9 % (p = 0,017) gbixatensHoro 06b-
emanHad2,1 % (p = 0,001)pesepBHoro ob6bema Baoxa, Ho MeHbLLe Ha 22,4 % (p = 0,019) pe3epBHblii 06bEM BbiA0Xa, YEM
Y CMOPTCMEHOB, KOTOPbIE COBEPLLEHCTBOBAIN KA4ECTBO BLIHOCTIMBOCTW. CMOPTCMEHBI, Pa3BMBAIOLLME KaYECTBO BLIHOCTIMBOCTH,
B OT/INYME OT CMIOPTCMEHOB, COBEPLLIEHCTBYHOLLIMX KAYECTBO CKOPOCTU, UMenM Bombluyto hopCUPOBaHHYHO XKI3HEHHYIO EMKOCTb
nerkuxHa 14,9 % (p = 0,031) 3a c4eT npeobnagaHus kak pesepeHoro obbema BooxaHa 9,8 % (p = 0,049), Tak u pe3epBHOrO
obbema Bbigoxa Ha 28,5 % (p = 0,044). CnopTCMeHbl, KOTOPbIE COBEPLLEHCTBOBANM Ka4ECTBO CKOPOCTH, UMENW MEHBLLYIO
XW3HEHHYI0 emMKoCTb nerkux Ha 26,1 % (p = 0,003), hopcrpoBaHHY0 XM3HEHHYt0 eMkocTb nerkux Ha 20,2 % (p = 0,016) 3a
cyeT cHkeHus Ha 34,2 % (p = 0,008) pesepBHOro 0bbema BAoXa, YeM aTreThl, KOTOPbIE COBEPLLEHCTBOBANM KAYECTBO CUTb.
CropTcMeHbI, pa3Bu1BaloLLye Ka4eCTBO CKOPOCTU, UMENK GorbLUee COMPOTUBIIEHNE BO3OYLLHOMY NOTOKY B GpoHXax Maroro
kanvbpa B a3y BbiAoXa, O YeM CBMAETENLCTBYIOT MeHblune Ha 21,1 % (p = 0,015) nokasarens obbema hopcMpoBaHHOMO
Bbifoxa,, Ha 30,2 % (p = 0,016) o6bema hopCHpOBaHHOO BbIOXa A0 AOCTVKEHNS NMKOBON 0GBEMHON CKOPOCTU, Ha 22,9 %
(p = 0,036) MOC 75, Ha 22,8 % (p = 0,035) COC 75-85, 4em y CNOPTCMEHOB, Pa3BMBAIOLLMX KAYECTBO CUMbI.

BbiBogbl. CnopTcmMeHam, KOTOpble pa3BuBanu KavyecTBO Curbl, MpUCyLLa Gonbluast XW3HEHHAsh EMKOCTb JIETKUX 3a CYET
npeobnagaHus ablxatensHoro obbema v pe3epBHOr0 obbema BAOXa, HO MEHbLLNIA pe3epBHbI 06beM Bbigoxa Nno cpaBHe-
HWIO CO CMOPTCMEHaMW, COBEPLUEHCTBYIOLMMW KaYECTBO BbIHOCIIMBOCTW. Y CMOPTCMEHOB, KOTOpble pa3BuBani kayecTBO
BbIHOCMMBOCTM, B OT/INYME OT CMOPTCMEHOB, COBEPLLEHCTBOBABLLIMX KAYECTBO CKOPOCTM, OTMeYeHa borbLuas hopcrpoBaHHast
KM3HEHHAsi EMKOCTb NETKMX 3a CYET NpeobnafaHust pesepBHbIX 06bEMOB BAOXA U Bbiaoxa. PYHKUMS BHELLHETO AblXaHust
CMOPTCMEHOB, KOTOPble COBEPLUEHCTBOBAM KAYECTBO CKOPOCTU, XapaKTEPU3YETCs MEHbLUEN XW3HEHHOW EMKOCTbBIO NErkux,
hopCcUpOBaHHOM M3HEHHOM EMKOCTBIO METKMX 3@ CHET CHUXEHMUS pe3epBHOrO obbema Boxa, 60MbLIMM CONPOTUBIEHNEM
BO3AYLUHOMY NOTOKY B GpoHXax Manoro kanubpa B a3y BblfoXa, YeM Yy aTreToB, KOTOPbIE Pa3BMBariv Ka4eCTBO CUTbI.

Achieving high sports results is based on improvement
and maximum implementation of the functional abilities
of the athlete in the process of competitive activity [8].
In the process of adaptation, associated with long-term
sports training, optimization of the physiological reactivity
of the cardio-respiratory system is achieved, the nature of
which is directly related to the individual characteristics of
athletes, periods and orientation of the training process
[11]. In the dynamics of various physical or combined
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loads, the reserves of the functional system of external
respiration can be significantly reduced until they are
completely exhausted. A set of indicators of external respi-
ration can be a marker of the adaptive potential of a person
of different ages [5]. One of the most important indicators
of sports performance is the functional state of the external
respiratory system. In this regard, the interest of scientists
in improving the functional training of athletes through
the development of the respiratory system, including
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Table 1. Anthropometric data of athletes who developed the qualities of endurance, strength or speed, M + SD

Value it of measure | Endurance ______[stength ________Ispeed ______Jp, P, P

Age, years 21.22 + 3.16 2242 + 3.56 23.00 £ 3.13 0.099 0.114
Height, m 1.78 £ 0.08 1.78 £ 0.10 1.71 £ 0.10 0.777 0.028
Weight, kg 66.79 + 9.42 82.13 + 19.03 63.50 + 15.99 0.001 0.478
BMI, kg/m? 20.93 + 1.69 25.78 + 4.26 21.34 + 3.24 0.001 0.669

0.627
0.059
0.001
0.001

the external respiratory system, as well as increasing
the body’s resistance to hypoxic stress has always been
great in the past and continues to grow now [4].

Aim
The purpose of the study is to investigate the peculiarities

of the reaction of the external respiratory system in ath-
letes depending on the orientation of the training process.

Materials and methods

After signing a written informed consent, in the competi-
tive period, study involved 104 athletes (84 men and 20
women) skill level from CMS to IMS: 63 - athletes, who
developed mainly endurance quality (triathletes, swim-
mers, long-distance runners, rowing), 31 —strength qua-
lity (weightlifters, powerlifting, weightlifting), 10 — speed
quality (runners sprinters). The mean age of the athletes
under study was 21.75 + 3.32 years. Among them
are international masters of sports (IMS) — 2 athletes,
masters of sports (MS) — 25, candidates for master of
sports — 48, athletes of 1 degree —29.

Computer spirometric examination was performed for
all athletes using the spirographic complex “Spirocom”
produced by LLC “KHAI-Medica” in Kharkiv in accordance
with existing recommendations [9]. In the conditions
of maximum physical loadings in an annual cycle vital
capacity of lungs (VC, 1), the forced vital capacity of
lungs (FVC, 1), volume of the forced expiratory volume
in 1 second (FEV1, 1), inspiratory reserve volume (IRV),
expiratory reserve volume (ERV), respiratory volume (RV,
), respiration rate (RR), low voluntary ventilation (LVV),
the ratio of inspiratory duration/expiratory duration (D‘ns /
D,,,), maximal voluntary ventilation (MVV), mean forced
expiratory flow between 25 and 75 % FVC (FEF 25-75,
I/s), mean forced expiratory flow between 75 and 85 %
of FVC (FEF 75-85, I/s), speed of expiratory air stream —
peak expiratory flow (PEF), time for peak expiratory flow
(Tpef, s), maximal expiratory flow at 25 % of volume of
the forced exhalation (MEF 25, I/s), maximal expiratory
flowat50 % of the forced expiratory volume (MEF 50, I/s),
maximal expiratory flow at 75 % of the forced expiratory
volume (MEF 75, I/s), maximal expiratory flow at 85 % of
the volume of forced exhalation (MEF 85, I/s), Tiffeneau
index (TI) were measured.

The results were processed by methods of variation
statistics, using the software package Statistica for Win-
dows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).
The hypothesis of the distribution of quantitative indica-
tors, which corresponds to the normal law, was tested
using the Shapiro-Wilk test.

Quantitative indicators are presented in the form of
arithmetic mean and standard deviation in the case of
normal growth and in the view of the median and inter-
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quartile range in the view of the rise in the normal range,
qualitative indicators — in the form of absolute and relative
frequencies. Comparison of quantitative indicators in
independent groups was determined by the method of
parametric statistics using a two-sample Student’s t-test
with a two-sided test index for the value of statistical
significance. In the case of deviation of the distribution
from normal, the Mann-Whitney test was used. The
difference in qualitative characteristics in independent
groups was assessed using Pearson’s chi-square test
with Yates correction and Fisher’s exact criterion. The
differences were considered significant at the level of
statistical significance P < 0.05.

Results

Anthropometric data of athletes are shown in Table 1.

Athletes were comparable in age (Table 1). Athletes,
who developed speed quality had significantly lower sta-
ture, than strength athletes and athletes, who improved
endurance quality. Weightlifters also had significantly
more body weight and body mass index, than athletes,
who developed endurance or speed qualities.

Comparison of indicators of the function of external
respiration in athletes, who developed the qualities of
endurance or strength indicates the predominance of
athletes, who improved the quality of endurance indicators
(Table 2): D /Dex (0.94 + 0.37 vs. 0.78 £ 0.27 1) by
170 % (P = 0021) ERV(1.65 + 0.94vs.1.28 + 0.55)
by22.4 % (P = 0.019), the ratio of the forced inspiratory
volume in 2 second to the forced vital capacity of the lungs
(FIV2/FVC)(99.55 £+ 1.11vs.98.98 + 2.161)by 1.0 %
(P = 0.025).

Table 2. Indicators of the external respiration function in athletes, who developed

the quality of endurance or strength, M + SD, Me (Q,; Q,)

Value, Quality
Ll Gl TR Endurance (n = 54) | Strength (n = 31)

RV, | 0.69 (0.53; 0.91) 0.92 (0.63; 1.34)
RV, % 93 (73; 126) 103 (82; 156)
LWV, | 13.29 + 4.93 15.15 + 4.83
LWV, % 10252 + 36.93 111.16 + 40.31
RR, I/min 17.72 + 4.92 16.70 + 5.28
D, s 1.72 + 0.59 1.66 + 0.52
D, s 1.92 + 0.69 231 % 0.97
D,.,/D. 094 + 037 0.78 + 0.27
RVm, | 119 + 0.56 1.23 + 058
RRm, limin 113.34 + 41.77 109.19 + 35.10
MVV, I/min 17.97 + 36.59 120.36 + 39.98
MWV, % 91.37 + 2552 86.65 + 21.56
Ve, | 461 £ 129 545 + 1.31
VC, % 89.70 + 23.35 99.14 + 20.94
IRV, | 214 £ 0.86 3.04 £ 1.15
ERV, | 1.65 + 0.94 1.28 + 0.55

0.017
0.123
0.056
0.347
0.371
0.837
0.085
0.021
0.875
0.878
0.912
0.358
0.014
0.061
0.001
0.019

m

29.9 %

17.0 %

18.2 %

42.1%
22.4 %
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Cont. of Table 2. At the same time, athletes who developed the qua-
lities of endurance or strength, probably differed in
the volume of respiratory volume (RV) (0.77 + 0.34 vs.
100 + 0441)by29.9 % (P = 0.017),VCL(4.61 + 1.9
FVC,1 483 £ 112 515 + 117 0.201 vs. 545 + 1.311) by 18.2 % (P = 0.014), the reserve
FVC, % 92.34 £ 15.93 908469 0.408 volume of inspiration (RVI) (2.14 + 0.86vs.3.04 1.151)at
FEV1, | 4.50 £ 1.00 492 £ 1.23 0196 421 % (P = 0.001),IRV(2.66 + 1.12vs.3.43 £ 1.301)
FEV1, % 94.52 + 21.86 99.26 + 18.84 0.401 at (P = 0.015) ) by 28.9 %, FEF 25-75 (4.81 + 1.15
FEVpef | 247 £ 097 2.85 £ 1.17 0.157 vs. 4.94 + 1.14 ls) by 2.7 % (P = 0.012) in favor of
FEVpef, % 102.98 + 37.57 118.32 + 47.64 0.196 athletes, who developed strength.
IT, %, value 97.60 (86.15;111.50)  94.50 (83.30;101.10)  0.401 Athletes, who developed strength quality also had
IT, % 108.50 (55.50;124.50) 105.00 (93.00;112.00) 0.408 slightly better rates of LV (P = 0.056),D,_(P = 0.085),
FEV1/FVC, %, value 95.36 * 8.05 95.46 + 7.49 0.815 VC.% (P = 0.061), compared to athletes,v?/ho developed
FEV1/FVC, % 103.81 + 8.85 103.90 + 8.32 0.792 the quality of endurance, but hardly probable.
EEE '{; ;9330 J‘:r 12';314 726239 J‘; 22';‘:52 g';g Thus, athletes, who developed strength quality had
MEF’ 2; s 4 '91 ;18'4 5 ‘59 ;20'7 0'211 18.2 % (P = 0.014)greater vital capacity, due to the pre-
VIEF 25’ % 67‘ 48'+ 2’4 79 72’ 29‘+ 2'1 i 0'371 dominance of 29.9 % (P = 0.017) respiratory volume
' N Y ’ and 42.1 % (P = 0.001) inspiratory reserve volume,
MEF 50, l/s 562 + 1.62 -6.22 + 1.98 0.181 . ;
MEF S0, % e DALt I T than athletgs, who |mpr0\{ed the quality of endurance. At
MEF 75, Us 533 4 178 593 + 20 0.29 the same time, the Igtter, in contrast to strength athleteos,
MEF 75, % T 00 & P T had_a greater expiratory reserve volume by 22.4 %
FEF 25-75, IIs 541 £ 1.60 -6.06 + 2.03 0.186 (P = 0'019)' ) L
FEF 75-85, Iis 503 + 157 553 + 164 0391 . Analysis of the comparison of indicators of the func-
Toef s 0.44 £ 019 046 £ 020 0.798 tion of external respiration in athletes, who developed the
Ve, | 484 + 107 5.20 + 1.02 0.155 q.uallltllesofspeed qrendurance(Table 3)found§pr9b§bly
VC, % 9448 + 14.60 95.23411.17 0.724 S|gn|.f|cant predominance of the values of following indica-
IRV, | 266 + 112 343 + 130 0.015 28.9% torsin the latter: ERV (1.65 + 0.94vs. 1.18 £ 0.41l)on
ERV,| 135 + 108 0.79 + 0.82 0.074 285 % (P = 0.044),FVC(4.83 + 1.12vs.4.11 £ 1.19])
FVC, | 471 £ 0.99 4.95 + 0.98 0.295 by 14.9 % (P = 0.031), IRV (2.66 + 1.12 vs.
FVC, % 91,62 + 12.30 91.81 + 9.95 0.795 240 £ 0.961)by9.8 % (P = 0.049), FVC (4.71 + 0.99
FEV05. | 200 + 063 207 + 0.66 0.646 vs. 420 + 1.21) by 10.8 % (P = 0.037), forced in-
FEVA, | 426 + 085 437 + 083 0714 halation1 to forced vital capacity of the lungs (FIV1/
FEV1, % 98.51 + 17.60 99.45 + 11.89 0.853 FVC) (91.03 + 7.91 vs. 88.94 + 10.62) by 2.3 %
FEV2, | 4.80 (3.94;5.36) 4.88 (4.29; 5.60) 0.429 (P = 0.010).
FEV2, % 96.33 + 24.91 94.62 + 9.04 0.073 Rather better indicators of VC (P = 0.094), FEV1
FEV3, | 5.72 (4.71:6.29) 5.34 (4.51: 6.14) 0.405 (P = 0.069), FEVpef (P = 0.025), MEF 75 (P = 0.080),
FEV3, % 88.69 + 42.91 91.34 + 7.18 0.101 FEF 75-85 (P = 0.060) in athletes, who developed en-
FEVpef, | 112 + 042 114 + 0.49 0.924 durance compared to speed, but the difference did not
FEVpef, % 109.78 + 42.15 108.92 + 50.48 0.652 reach the limit of statistical significance.
IT 91.86 (81.30;107.00)  81.70 (73.30;93.50)  0.375 Thus, athletes who developed the quality of endu-
IT, %, value 89.79 + 12.61 84.41 + 13.29 0.172 rance in contrast to athletes, who improved the quality of
IT, % 107.24 + 12.83 105.53 + 15.80 0.694 speed, had a higher forced vital capacity of the lungs by
FIVI/FVC, %, value  91.03 + 7.91 88.80 + 9.76 0.299 14.9 % (P = 0.031), due to the predominance of both
FIVI/FVC, % 110.15 + 9.81 109.62 + 11.73 0.970 the inspiratory reserve volume by 9.8 % (P = 0.049)
FIV2IFVC, %, value  99.55 + 1.11 98.98 + 2.16 0.025 0.6 % and expiratory reserve volume by 28.5 % (P = 0.044).
FIV2/ FVC, % 105.29 + 1.36 104.72 + 2.64 0.520 Comparison of indicators of the external respiration
FIV3/FVC, %, value  100.00 + 0.20 99.89 + 0.29 0.236 function in athletes, who developed the qualities of
FIV3/FVC, % 103.00 + 0.20 102.91 + 0.30 0.685 strength or speed (Table 4) proves, that strength ath-
PEF/FEVpef, IIs 6.15 (4.48; 8.83) 6.87 (4.05;10.20) 0.425 letes have probably higher indicators of VC by 26.1 %
FEVpef, lis 6.75 £ 1.71 7.09 £ 2.22 0.425 (5.45 + 1.31vs.4.03 = 0.921,P=0.003),IRVby34.2 %
FEVpef, % 75.64 + 17.67 75.32 + 18.82 0.276 (3.04 + 1.15vs. 2.00 £ 0.80 I, P = 0.008), FVC by
MEF 25, l/s 6.33 + 1.61 6.49 + 2.09 0.884 202 % (5.15 + 117 vs. 411 + 1191, P = 0.016),
MEF 25, % 78.08 + 18.71 7571 £ 20.38 0.393 FEV1 by 21.1 % (4.92 + 1.23 vs. 3.88 + 1.06 |,
MEF 50, l/s 520 + 1.27 536 + 1.25 0.276 P = 0.015), FEVpef by 30.2 % (2.85 + 1.17 vs.
MEF 50, % 98.36 + 20.89 97.88 + 19.69 0.745 1.99 + 0.92 1, P = 0.016), MEF 75 by 22.9 %
MEF 75, lis 3.37 £ 1.02 332 093 0.745 (-5.93 + 2.02 vs. -4.57 + 1.66 I/s, P = 0.036), FEF
MEF 75, % 125.55 + 33.34 128.39 + 33.22 0.928 75-85 by 22.8 % (-5.53 + 1.94 vs. -4.27 = 1.71 Iis,
FEF 0.2-1.2, /s 435 + 2.09 460 + 2.63 0.537 P = 0_035),\/be17_5 %(5_20 + 1.02vs.4.29 + 1.17],
FEF 25-75, IIs 481 + 1.15 494 + 114 0.012 2.7 % P = 0019)‘ IRV by 30.0 % (343 + 1.30 vs.
FEF 25-75, % 101.27 + 25.85 102.29 + 20.22 0.574 240 + 096, P = 0027)’ FVC by 15.2 %(495 + 0.98
FEF 75-85, IIs 294 + 0.95 2.83 + 0.86 0.884 vs. 4.20 + 1.21 |‘ P = 0045)‘ FEV1 by 14.9 %
FEF 75-85, % 138.66 + 40.13 141.97 + 38.03 0.745 (437 + 0.83vs.3.72 + 1.25|,P = 0.040), FEF 75-85
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at 19.3 % (141.97 £ 38.03 vs. 114.60 = 29.36 %,
P = 0.027).

There is a tendency to the predominance of VC, %
(P = 0.052), FEVpef, % (P = 0.054), PEF (P = 0.064),
MEF 50, I/s (P = 0.052), MEF 75,% (P = 0.078), FEF
25-75, I/s (P = 0.084), FEV2, | (P = 0.067), FEVpef, |
P = 0.089), FEF 25-75, /s (P = 0.073)in athletes, who
developed the quality of strength, above similar indicators
in athletes, who improved the quality of speed.

Thus, athletes who improved the quality of strength
had a greater vital capacity of the lungs by 26.1 %
(P = 0.003), forced vital capacity of the lungs by 20.2 %
(P = 0.016), due to the inspiratory reserve volume
by 34.2 % (P = 0.008) than athletes, who improved
the quality of speed. Also, strength athletes have higher
indicators of the of forced expiratory volume1 by 21.1 %
(P = 0.015), the forced expiratory volume to reach
the peak expiratory flow by 30.2 % (P = 0.016), MEF
75 by 22.9 % (P = 0.036), FEF 75-85 by 22.8 %
(P = 0.035) than in athletes, who developed the quality
of speed, which indicates less resistance to air flow in
the bronchi of small caliber in the expiratory phase.

Athletes, who improved endurance and speed, did
not differ in terms of vital capacity, inspiratory reserve
volume, respiratory volume, forced expiratory volume1,
and were significantly less important, than athletes, who
improved strength.

Since the athletes had probable statistical differences
in terms of height and weight, we additionally performed
calculations of volumetric indicators, namely RV, VC,
IRV, ERV, taking into account the body mass index of
athletes (Table 5).

It was found that the groups of athletes did not differ
significantly in the indexed indicators of VC, RV and IRV,
but strength athletes had slightly higher values of the index
of IRV (113 = 41 ml vs. 102 £ 40 ml in athletes, who
improved endurance and 94 = 35 ml in athletes, who
developed the quality of speed).

The analysis of index ERV, calculated from the body
mass index of athletes, confirmed the pattern, that we
obtained in the analysis of the absolute values of ERV.
The lowest values of index ERV were found in strength
athletes, compared with similar indicators in athletes, who
improved the quality of endurance or speed.

Discussion

There are increased requirements to the respiratory sys-
tem of athletes engaged in sports with the predominant
manifestation of endurance. While training, the need for
increased ventilation increases, but the maximum airflow,
lung volume and contractility of the respiratory muscles
show little changes, and in some cases there is even some
restriction of airflow. Anumber of studies have suggested,
that the functional capabilities of the respiratory system of
highly skilled athletes lag behind the adapted to intense
muscular activity capabilities of the cardiovascular system
and neuromuscular system [13].

Increased susceptibility to bronchospasm in endu-
rance athletes is described by many authors, referring to it
as “exercise asthma”. The results of the study [1] showed,
that in three biathletes the rate of FVCL, % was below
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Table 3. Indicators of the external respiration function in athletes, who developed
the quality of endurance or speed, M £ SD, Me (Q,;; Q,;)

Value,
units of measure

Al

RV, %
Lw, |
LW, %
RR, I/min
D _,s

insp’

D _,s

exp’

D;er/Desp
RVm, |

RRm, I/min
MWV, I/min
MWV, %
VG, |

VC, %

IRV, |

ERV, |

FVC, |

FVC, %
FEV1, |

FEV1, %
FEVpef, |
FEVpef, %
IT, %, value
IT, %
FEV1/FVC, %, value
FEV1/FVC, %
PEF, Is

PEF, %

MEF 25, /s
MEF 25, %
MEF 50, I/s
MEF 50, %
MEF 75, I/s
MEF 75, %
FEF 25-75, I/s
FEF 75-85, I/s
Tpef, s

VC, |

VC, %

IRV, |

ERV, |

FVC, |

FVC, %
FEVO,5, |
FEV1, |

FEV1, %
FEV2, |

FEV2, %
FEV3, |

FEV3, %
FEVpef, |
FEVpef, %
IT

IT, %, value
IT, %
FIV1/FVC, %, value
FIV1/FVC, %
FIV2/FVC, %, value
FIV2/ FVC, %

0.69 (0.53; 0.91)
93 (73; 126)

13.29 + 4.93

10252 + 36.93
17.72 + 4.92

1.72 + 059

1.92 + 0.69

0.94 + 0.37

119 + 056

113.34 + 41.77
117.97 + 36.59
91.37 + 2552

461 £ 129

89.70 + 2335

214 £ 0.86

1.65 + 0.94

483 £ 1.12

92.34 + 1593

450 £ 1.00

9452 + 21.86

247 £ 0.97

102.98 + 37.57
97.60 (86.15;111.50)
108.50 (55.50;124.50)
9536 + 8.05

103.81 + 8.85

5.93 + 1.73

7430 + 20.14
491t 1.84

67.48 + 24.79
562 + 1.62
70.72 + 18.73
533 + 1.78
80.06 + 22.89
541 + 1.60
5.03 + 1.57
0.44 + 0.19
4.84 £ 1.07
94.48 + 14.60
266 + 1.12
1.35 + 1.08
471 £ 0.99

91.62 + 12.30

2.90 + 0.63

426 + 0.85

98.51 + 17.60

4.80 (3.94;5.36)
96.33 + 24.91

553 + 0.89

88.69 + 42.91

112 + 042

109.78 + 42.15
91.86 (81.30;107.00)
89.79 + 12.61
107.24 + 12.83
91.03 + 7.91
110.15 + 9.81
99.55 + 1.11
105.29 + 1.36
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Quality
Endurance (n = 54) | Speed (n = 10)

0.91(0.61; 1.21)
97 (83; 194)
14.33 + 6.54
123.90 + 56.81
1712 + 3.81
1.60 + 0.55
2.07 £ 061
0.81 + 0.28
0.97 + 0.40
111.38 + 42.75
107.19 + 2559

92.50 + 21.79
4.03 + 0.92
81.00 + 28.51
2.00 + 0.80
118 £ 0.41
411 £ 119
90.51 + 9.90
3.88 + 1.06
91.70 + 11.36
1.99 + 0.92

89.40 + 34.55
100.55 (78.70;108.00)
111.50 (87.00;121.00)
9359 + 8.57

102.01 + 9.31

514 + 1.59

69.60 + 16.74

461 £ 142

69.60 + 17.50

482 &

6540 + 15.36
457 + 1.66

7220 + 2329
476 £ 147

427 £ 1.71

055 + 0.13

429 + 117

92.60 + 10.01

240 + 0.96

1.04 + 0.44

420 + 1.21

91.00 ¢ 7.76

2.60 + 0.91

372 £ 1.25

96.41 + 15.85

4.00 (3.37;4.56)
96.25 + 8.81

429 £ 1.32

93.00 + 8.54

094 + 043

106.25 + 34.77
95.65 (83.10;103.00)
86.96 + 11.14
104.10 + 14.53
88.94 + 10.62
106.30 + 13.81
99.23 + 1.47
105.25 + 1.16

0.385
0.255
0.746
0.350
0.890
0.494
0.448
0.271
0.306
0.441
0.370
0.823
0.094
0.566
0.394
0.044
0.031
0.846
0.069
0.725
0.025
0.180
0.586
0.818
0.389
0.571
0.212
0.677
0.677
0.637
0.142
0,644
0.174
0.421
0.284
0.129
0.774
0.171
0.723
0.049
0.727
0.037
0.262
0.875
0.875
0.745
0.969
0.909
0.688
0.977
0.262
0.223
0.966
0.916
0.579
0.010
0.875
0.134
0.858

w

28.5%
14.9 %

19.4 %

9.8 %

10.8 %

2.3%
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Cont. of Table 3.

Value,
units of measure

80 %. Five biathletes showed a decrease in FEV1, %,
which characterizes the total capacity of the bronchial
tree. Six biathletes had a reduced Tiffeneau index, which
is also a sensitive index of airway obstruction. The authors

Endurance (n = 54) | Speed ( 10)

PRI ey 0D 2 040 99.90 £ 0.22 0.688 received a decrease in the velocity characteristics of pul-
FIV3IFVC, % 103.00 + 0.20 103.00 £ 0.20 0.999 monary ventilation in female athletes. Five biathletes had
PEF/FEVpef, Iis 6.15 (4.48; 8.83) 6.90 (5.18; 8.11) 0.800 a reduced peak expiratory flow (PEF, %) —the maximum
FEVpef, s 675 £ 1.7 6.19 £ 2.27 0.397 value of the flow, achieved during respiration. Decreased
FEVpef, % 75.64 £ 17.67 7640 £ 2047 0.799 MEF indicates the presence of obstructive changes in
mii 5: I{;; 3533;: ‘168171 :'10;; 2‘11:5 g‘igj Igngg while a decrease in MEF 75, % indicates ob§truc-
VIEF 50’ s 52'041;.27‘ 455 1_ 1_61 0:208 tion in the small' bronchi, MEF 50, % - obstructlon' at
= 50’ % T 9400 + 2296 0821 the level of the mlddlg bronchi, MEF 25, % —obstruction
MEF 75’ s 397 & 1.02 285 + 104 0.080 of the large bror?chl. Obstructlop at the level of small
MEF 75: % TZEEEITIaaah 1950 % 29108 P and large bronchi was observed in four of the examined
FEF 0.2-1.2, lis 435 + 209 402 + 159 0.693 biathletes, in eight — at the level of the middle bronchi [1].
FEF 25-75, Iis 481 + 115 431 + 148 0194 This decrease in bronchial patency in biathletes allowed
FEF 25-75. % 10127 + 2585 97.00 + 2298 0.742 authors to conclude, that the area of the functioning
FEF 75-85, I/s 204 + 095 240 + 091 0.060 surface of the alveolar-capillary membranes is reduced,
FEF 75-85, % 138.66 + 40.13 114.60 + 29.36 0,092 the volume of blood flow in the capillary bed of the lungs is

reduced and the use of oxygen in ventilated air is reduced.
Researchers have suggested, that an inadequate ratio of
alveolar ventilation and perfusion may, in turn, lead to a
significant reduction in arterial blood oxygen saturation
and the development of arterial hypoxemia, which will
significantly limit the aerobic performance of athletes [1].

Govorukhina O. A. and co-authors [4] found, that

Table 4. Indicators of the external respiration function in athletes, who developed
the quality of strength or speed, M £ SD, Me (Q,,; Q,;)

Value, Quality P-level | A%
units of measure gy \cth(n = 31) | Speed(n = 10)

RV 0.92(0.63; 1.34) 0.91(0.61; 1.21) 0.421 the volume of pulmonary ventilation of athletes, engaged
RV, % 103 (82; 156) 97 (83; 194) 0.832 in cross-country skiing and swimming, significantly
LW 15.15 + 4.83 14.33 + 6.54 0.504 superior to athletes, engaged in biathlon. According to
LW, % 11116 + 40.31 123.90 + 56.81 0.585 the authors, such results reflect the specificity of training
RR, l/min 16.70 £ 5.28 17.12 £ 3.81 0.761 loads in certain sports of cyclic structure. Girls and boys,
Do § ezt 1Y 23 U9 DiLe competing in cross-country skiing also had the highest
Do S 231 £ 0.97 207 £ 061 0606 rates of pulmonary ventilation, which indicates the su-
EsiDrxv ?;i i gg; gz; z g:ig g:gg periority of the strength of the expirator}{ muscles and
RRm‘, i 10919 + 35.40 1138 5 42.75 0,485 the patency qf the bronchial tree in relation to athletes
MVV, Uin 120.36 + 39.98 10719 + 2559 0.347 of other spemal'tle.s. The lowest vglugs of the speed of
MVY. % 68 & 2 T & 2|7 e pulmonary ventlllatlon.wer.e found in glrls and boys, who
VeI 545 + 131 403 £ 092 0003 261 % were engaged in §W|mm|ng..AnaIy3|s of the speed of
Ve, % 9914 + 20.94 81.00 £ 2851 0.052 pulmonary ventilation of cyclic sports athletes allowed
RV, | 304 + 145 200 + 0.80 0008 342 % the authors to conclude, that the expiratory muscles of
ERV,| 198 + 055 118 + 041 0.346 the athletes under study are well developed, and there
FVC, | 515 + 117 411+ 119 0016 202 % are no violations of the patency of the bronchial tree. At
FVC, % 05.84 + 17.69 90.51 + 9.90 0.301 the same time the most powerful exhalations were able
FEV1, | 4.92 + 1.23 3.88 +1.06 0015  211% to perform athletes, engaged in cross-country skiing.
FEV1, % 99.26 + 18.84 91.70 + 11.36 0.202 The lowest airflow velocities and, accordingly, the Iarg-
FEVpef, | 285 + 117 199 + 0.92 0016  302% est duration of exhalation were found in the group of
FEVpef, % 118.32 + 47.64 89.40 + 34.55 0.054 swimmers. Such results may be due to the specifics of
IT, %, value 93.10 + 14.13 96.48 + 14.60 0.431 the environment, in which swimmers perform the bulk of
IT, % 105.00 (93.00;112.00)  111.50 (87.00;121.00)  0.326 training work. During swimming, the human body is in
FEVA/FVC, %, value 95.46 + 7.49 93.59 + 8.57 0478 the water, which puts constant pressure on the chest and,
FEV1/FVC, % 103.90 + 8.32 102.01 + 9.31 0.671 accordingly, facilitates the work of the muscles responsible
PEF, I/s -6.63 £ 2.14 -5.14 £ 1.59 0.064 for the act of exhalation [4].

PEF, % 79.29 £ 20.62 69.60 + 16.74 0.230 In our study, we found no evidence of airway obstruc-
MEF 25, I/s -5.59 £ 2.07 -4.61 £ 142 0.255 tion in athletes, who improved endurance or strength
MEF 25, % 7229 + 2148 69.60 + 17.50 0.898 or speed. Athletes, who developed mostly endurance
MEF 50, Ifs -6.22 + 1.98 -4,82 £ 1,50 0.052 quality as opposed to strength athletes and athletes,
MEF 50,% 74.94 £ 18.68 65.40 £ 15.36 0.224 who improved speed quality, were likely to have a greater
MEF 75, lis -5.93 £ 2.02 -4.57 + 166 0036 229 % reserve expiratory volume. Athletes, who improved mainly
MERIS Ul 3 7S (22032002 QI078 strength quality had greater lung capacity, respiratory
FEF 25-75, lis -6.06 £ 2.03 476 £ 147 0.084 volume, inspiratory reserve volume, and expiratory ve-
FEF 75-85, IIs -5.53 + 1.94 -4.27 + 1.71 0035 228 % locity (FEV1, MEF 75, FEF 75-85), than athletes, who
Tpef, s 046 £ 0.20 055 £ 0.13 0715 developed mostly endurance or speed qualities.

VC, | 520 + 1.02 429 + 117 0019 175 %
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At the same time E. A. Baranova and L. V. Kapile-
vich [2] received in the group of athletes after exercise
a decrease in bronchial patency at the level of the large
bronchi, as evidenced by a decrease in PEF and MEF
25, as well as the Tiffeneau index. The mechanisms of
this phenomenon are not fully clear. Possibly, physical
exercise in athletes no longer plays the role of a power-
ful stressor, the release of adrenaline during exercise
is not so significant, which leads to increased tone of
the smooth muscles of the bronchi. From the point of
view of respiratory mechanics, the decrease in bronchial
patency, according to the authors, may be associated
with the effect of ejection, i.e. with a decrease in pressure
on the bronchial wall with increasing air flow rate due to
increased respiratory muscle activity. At the same time,
more efficient work of respiratory muscles in athletes is
reflected in the increase of MEF 75 and MEF 85. These
indicators reflect the condition of the small bronchi, which
largely depend on muscular effort. Probably, this mecha-
nism in athletes compensates for the factor of narrowing
of the large bronchi.

Thus, training in cyclic sports forms a number of fac-
tors, some of which adversely affect pulmonary ventilation
and limit the capabilities of the cardio-respiratory system.
At the same time, there is a formation of mechanisms, that
compensate for these negative effects and allow to meet
the body’s need for oxygen at the peak of exercise. Thus,
after exercise in athletes there is a decrease in air flow rate
at the level of the large bronchi, which is compensated by
an increase in bronchial patency at the level of medium
and small bronchi. The latter is provided primarily by
the efforts of the respiratory muscles [2].

Of course, one of the limiting components of the effec-
tiveness of the external respiratory system are the respi-
ratory muscles, which in the process of inspiration carry
out work to overcome the elastic and inelastic resistance
[10]. In work of respiratory muscles of athletes there is a
pattern, the stronger the respiratory muscles are, the more
efficient the ventilation is, which in its turn determines
the level of overall physical endurance and efficiency of
athletes [3]. Anumber of studies have shown, that trained
people have certain features of pulmonary ventilation
parameters. For example, young rowers had higher lung
capacity, forced lung capacity, and respiratory volume,
than non-athletic peers [1]. Baranova E. A. and Kapile-
vich L.V. stated, that in the study of 1-2 degree athletes,
engaged in cyclic sports, and students, who did not go
in for sports, lung ventilation of highly trained students
was characterized by a decrease in inelastic resistance
of the respiratory muscles [2].

The question of possibility to achieve a higher level
of physical endurance by training the muscles of breath,
requires further study. Shamsutdinova M. E. and co-
authors found, that the presence of initial features of
lung ventilation parameters in men is not a prerequisite
for the formation of a high level of endurance and perfor-
mance, which are observed in professional athletes, and
are formed during sports training [11].

Presented by S. O. Kryukov and co-authors analysis
[7] of ventilatory reactions of young wrestlers aged 12-13
years during exercise, showed, that the limiting factor
in the aerobic capacity of adolescents is a change in
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Cont. of Table 4.

Strength (n = 31) Speed (n = 10)

Value, uality
units of measure
, %

9523 + 11.17 92.60 + 10.01
IRV,I 343 £ 1.30 2.40 + 0.96
ERV, | 0.79 + 0.82 1.04 + 044
FVC, | 495 + 0.98 420 + 121
FVC, % 91.81 + 9.95 91.00 + 7.76
FEVO.5, | 2.97 + 0.66 2.60 + 0.91
FEV1, | 437 + 0.83 372 £ 1.25
FEV1, % 99.45 + 11.89 96.41 + 15.85
FEV2, | 497 + 0.93 428 + 1.21
FEV2, % 94,62 + 9.04 96.25 + 8.81
FEV3, | 5.34 (4.51;6.14) 4.14(3.18:4.71)
FEV3, % 91.34 + 7.18 93.00 + 8.54
FEVpef, | 114 + 049 0.94 £ 0.43
FEVpef, % 108.92 + 50.48 106.25 + 34.77
IT 84.05 + 18.07 92.31 + 16.19
IT, %, value 84.41 + 13.29 86.96 + 11.14
IT, % 105.53 + 15.80 104.10 + 1453
FIVI/FVC, %, value  88.80 + 9.76 88.94 + 10.62
FIVI/FVC, % 109.62 + 11.73 106.30 + 13.81
FIV2/FVC, %, value  98.98 + 2.16 99.23 + 1.17
FIV2/ FVC, % 104.72 + 2.64 10525 + 1.16
FIV3/FVC, %, value  99.89 +0.29 99.90 + 0.22
FIV3/FVC, % 102.91 + 0.30 103.00 + 0.20
PEF/FEVpef, lis 6.87(4.05; 10.20) 6.90(5.18;8.11)
FEVpef, lis 7.09 £ 2.22 6.19 + 2.27
FEVpef, % 7532 + 18.82 76.40 + 20.17
MEF 25, lis 6.49 + 2.09 6.01 £ 2.14
MEF 25, % 75.71 + 20.38 81.00 + 21.45
MEF 50, lis 536 + 1.25 465 + 161
MEF 50, % 97.88 + 19.69 94.00 + 22.96
MEF 75, lis 332 £ 0.93 2.85 + 1.04
MEF 75, % 128.39 + 33.22 112,50 + 29.08
FEF 0.2-1.2, Ifs 460 + 2.63 4.02 + 159
FEF 25-75, I/s 494 + 1.14 431 + 148
FEF 25-75, % 102.29 + 20.22 97.00 + 22.98
FEF 75-85, lis 2.83 + 0.86 2.40 + 0.91
FEF 75-85, % 141.97 + 38.03 114.60 + 29.36

0.553
0.027
0.439
0.045
0.855
0.125
0.040
0.671
0.067
0.660
0.463
0.916
0.089
0.884
0.165
0.522
0.815
0.820
0.465
0.912
0.977
0.874
0.500
0.903
0.347
0.704
0.495
0.378
0.114
0.988
0.104
0.111

0.553
0.073
0.606
0.141
0.027

30.0 %

15.2 %

14.9 %

19.3 %

Table 5. Indexed indicators of RV, VC, IRV and ERV in athletes, who improved

the quality of endurance, strength or speed, M + SD

Value, units Speed
of measure

Index RV,

| x m?/kg
Index IRV,
| x m?/kg
Index ERV,
| x m?kg
Index VC,
| x m?kg

0.036 + 0.017 0.040 + 0.020 0.040

0.102 £+ 0.040 0.113+0.041
0.084 + 0.037 0.052 +

0.225 + 0.054 0.205 %

0.016 0.379

0.094 + 0.035 0.234

0.062 0.189 + 0.037 0.132

0.531

0.556

0.023  0.055 £ 0.019 0.00003 0.009

0.067

0.962

0.193

0.809

0.426

the structure of vital capacity of the lungs in the direction
of a significant reduction in expiratory reserve.

In our study, we also noted, that athletes who deve-
loped strength quality had a greater vital lungs capacity,
due to the predominance of respiratory volume and re-
serve inspiratory volume, but less expiratory reserve, than
athletes, who improved quality of endurance.
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OpuriHaAbHI AOCAIAXKEHHS

In the study of S. O. Kryukov and co-authors [7] in
wrestlers a discrepancy between the increasing volume
of pulmonary ventilation and bronchial patency was found.
The increase in ventilation was mainly due to an increase in
respiratory rateto40.9 + 3.07 cycles/min (P < 0.01)and,
to alesser extent, due to an increase in respiratory volume,
which increased by an average of 600.0 ml (P < 0.01).
Manifestation of such an ineffective ventilatory response
was facilitated by a decrease in vital capacity of the lungs
from 2.45 + 0.12 1 atrestto 1.80 + 0.12 | at the end of
physical activity (P < 0.001). Analysis of the fractional
components of VC showed, that the decrease in vital
capacity of the lungs during exercise was influenced by
both the inspiratory reserve volume and expiratory reserve
volume. The ERV decreased more significantly, which
decreasedt070.00 £ 2.96ml(P < 0.001). The formation
of the respiration pattern in these conditions was due to
the increase of the frequency parameter in the growth of
LVV, which is a factor in the manifestation of hyperventila-
tion syndrome, which reduces the gas exchange capacity
of the lungs. The reason for this phenomenon, the authors
believe, is an insufficiency of the respiratory muscles,
especially the expiratory muscles, the weakness of which
helped to restrain the increase in alveolar ventilation [7].

One of the leading components of the ventilatory
function of the lungs is the functionality of the tracheo-
bronchial tree. As the volume of air flowing through
the lungs increases, bronchial patency should also
increase. However, S. O. Kryukov and co-authors [7]
revealed some stabilization of the volumetric expiratory
rate in the large, medium and small bronchi at the last
stage of stress testing, relative to the previous load.
The average expiratory rate also did not change (FEF
25-75). That is, the strengthening of ventilatory function
was not accompanied by an adequate increase in airway
patency. Among the reasons, that reduce the functio-
nality of airways, the authors attributed the decrease in
radially directed pressure, which restrains the collapse
of the bronchi. Increasing in respiratory movements fre-
quency contributes to its reduction, which may result in
a decrease in bronchial patency during forced breathing.
In addition, adolescents are characterized by regional
differences in the mechanical properties of the lungs
and regional differences in intra-pleural pressure, which
creates the conditions for a nonlinear distribution of lung
ventilation. These features of the formation of the ven-
tilatory response to exercise can reduce performance,
restrain the metabolic demand of the body [7].

The functional state of the external respiratory system
is closely related to the nature of metabolic reactions.
Increased or decreased metabolism is reflected in the pro-
duction of carbon dioxide, causing certain changes in gas
exchange. The dynamics of CO, release with gradually
increasing loads in aerobic mode changes as follows —
with increasing power, there is a progressive increase in
CO,. In turn, the release of CO, through lungs is directly
dependent on the intensity of the load and vice versa —on
the physical fitness of the athlete [12].

Oxygen utilization rate and oxygen effect indicator
of the respiratory cycle, which objectively characterize
the reserves of the respiratory system, which reflects
the energy value of pulmonary ventilation, depend on
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the level of tissue metabolism, pulmonary ventilation and
lung diffusion capacity.

Reserve capacity of the external respiration system
largely depends not only on the orientation, but also on
the period of the training process. The obtained data on
the seasonal dynamics of the ratio of the response of external
respiration and hemodynamics during exercise, allowed
V. L. Karpman and co-authors [6] to identify a significant
decrease in the values of the ratio ALVV/AMBYV and the in-
tegrated efficiency of the system in athletes during summer
period, which indicates higher reserve capabilities of the car-
diorespiratory system at the beginning of the competitive
period. Thisis indicated, first of all, by the signs of increasing
the role of volumetric characteristics of external respiration
and hemodynamics in the reactions of the cardio-respira-
tory system during exercise, changes in the connection of
external respiratory and circulatory reactions mainly due to
reduced minute pulmonary ventilation [6].

Thus, the ability to deliver sufficient oxygen and
release the body from excess carbon dioxide during inten-
sive work is determined by airway patency, lung function
and the level of development of the chest muscles, that
provide ventilation. The high requirements for the external
respiratory system of athletes are the key to the effective
work of the entire cardio-respiratory system.

Conclusions

1. Athletes, who have developed a quality of strength
have a greater vital capacity of the lungs, due to the pre-
dominance of respiratory volume and inspiratory reserve
volume, but less expiratory reserve volume, than in ath-
letes, who improved the quality of endurance.

2. Athletes, who developed endurance quality, in con-
trast to athletes, who improved the quality of speed, have
a higher forced vital capacity of the lungs, due to the pre-
dominance of inspiratory and expiratory reserve volumes.

3. The function of external respiration of athletes,
who improved the quality of speed is characterized by
lower vital capacity of the lungs, forced vital capacity of
the lungs, due to reduced inspiratory reserve volume, and
greater resistance to airflow in the bronchi of small caliber
in the expiratory phase, than in athletes, who developed
the quality of strength.

Prospects for further research are to elucidate
the features of the functional state of the external respi-
ratory system of athletes, taking into account the poly-
morphism of the genes NOS, VEGFA, ACE.
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