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Effect of intermittent normobaric hypoxia on total
oxygen consumption and efficiency of cardio-respiratory
mechanisms of oxygen supply in patients with a high
risk of chronic obstructive pulmonary disease

Effect of intermittent normobaric hypoxic treatment (INHT) on total oxygen consumption (OC) and
efficiency of cardio-respiratory mechanisms of oxygen supply was studied in adult patients with a high
risk of chronic obstructive pulmonary disease (COPD). The I group (n=43) of patients received only
conventional treatment. The 2" group (n=103) received the same treatment in combination with INHT.
INHT comprised of a daily 90 minute sessions in chamber “Orotron” for 2 weeks. The oxygen partial
pressure was maintained in the automatic mode at 147-160 hPa. The heterogeneity of OC dynamics of
both the amplitude and direction was observed in patients after INHT. The pattern and degree of changes
were dependent on the initial level of OC and the functional status of the cardio-respiratory system. In this
regard, the study group of patients was divided into three subgroups: 2-A — 33,1% of patients had a normal
value of OC, 2-B — 52,4% of patients had a lower value of OC and 2-C — 15,5% of patients had a higher
value of OC. INHT did not change the total OC but improved the efficiency of hemodynamic mechanisms
of oxygen supply in patient subgroup 2-A. The total OC and efficiency of respiratory mechanisms of oxygen
supply moderately increased in patient subgroup 2-B. The value of OC decreased moderately in patient
subgroup 2-C, but respiratory and hemodynamic mechanisms of oxygen supply remained high enough. It was
concluded that INHT optimized the oxygen consumption and improved the efficiency of cardio-respiratory

mechanisms of oxygen supply in patients with a high risk of COPD .
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INTRODUCTION

Mountain climate has been used for treating
patients with chronic pulmonary diseases for
many years. Since the days of P.Bert (1878)
and A.Mosso (1898), it has been postulated
that high-altitude hypoxia is the most important
factor that determines the specific nature
and pattern of the physiological effects of
mountain climate [17, 18]. It was found that
even a relatively small decrease in oxygen
partial pressure (PO,) activated a number of
compensatory and adaptive mechanisms, such
as alveolar ventilation, systemic and regional
hemodynamic, microcirculation, oxygen binding
properties of hemoglobin, oxygen metabolism,
etc. [2,7,10-13,20]. Oxygen delivery to tissue
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and total oxygen consumption (OC) are changed
in patients with chronic pulmonary diseases
at high altitude. The nature of these changes
depends on the degree and duration of exposure
to hypoxia, as well as characteristics of the
disease. The individual genetic and phenotypic
features are another important factors that
determine the resistance of patients to hypoxia
and specific features of their adaptation to
mountain climate. Respiratory and hemodynamic
mechanisms of oxygen supply provide tissues
with oxygen in an amount that corresponds to
their metabolic needs. Functional efficiency
of these mechanisms determines the quality of
adaptation to mountain climate and severity of
hypoxic disorders in patients at high altitude.
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Intermittent normobaric hypoxia (INH)
is one of the effective non-pharmacological
methods for care and rehabilitation of patients
with different chronic pulmonary diseases, such
as bronchial asthma, chronic bronchitis, etc. [1-
6,9, 13, 19]. This method is being more widely
used in clinical practice now [8, 14, 15, 21-26].
But effect of INH on total oxygen consumption
in patients with a high risk of chronic obstructive
pulmonary disease (COPD) is not sufficiently
investigated. This question is very relevant for
prediction and evaluation of the therapeutic
effect of INH in individual patients. In this paper
we present the results of our studies regarding
the INH effects on total oxygen consumption
and efficiency of respiratory and hemodynamic
mechanisms of oxygen supply in patients with
a high risk of COPD.

MATERIALS AND METHODS

The total volume of oxygen consumption and the
main characteristics of the functional efficiency
of the respiratory and hemodynamic mechanisms
of oxygen supply were studied in 146 adult
patients. Patients ranged in age from 27 to 59
years (women — 52,1%, men — 47,9%). All of
them had a cough, sputum production and under
certain conditions — dyspnoea. The most of them
were smokers, but they had no persistent viola-
tion of lung function. According to the Global
Initiative for Chronic Obstructive Lung Dis-
ease, they were attributed to patients with high
risk of COPD. All patients were divided into
control (1%) and study (2"Y) groups randomly.
The 1% group (n=43) of patients received only
conventional treatment. The 2" group (n=103)
received the same treatment in combination
with INH. The intermittent normobaric hypoxic
treatment (INHT) was performed in “Orotron”
chamber within 2 weeks for 1,5 hours daily. Un-
der conditions of normal atmospheric pressure,
this device creates and maintains in automatic
mode the following parameters: PO, - 147-
160 kPa, relative humidity - 60-70%, ambient
temperature - 16-18° C, and content of light
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negative ions - up to 6000 per cm?. The total
time of hypoxic exposure in intermittent regime
was 21 hours. The total volume of oxygen con-
sumption was measured using closed-system
respirometer. Oxygen consumption per minute
(VO,), oxygen consumption index (VO,]), coef-
ficient of oxygen extraction from air (VO,/V ),
ventilation equivalent (VE), oxygen consump-
tion per one cycle of respiration (O,rc), oxygen
consumption per one cardiac cycle (O,cc), he-
modynamic equivalent (HE) were calculated by
standard formulae. Corrections were made for
barometric and vapor pressure and temperature
to reduce all figures to standard conditions -
STPD and BTPS. The methods of spirography,
pneumotachography, electrocardiography and
rheovasography were used for investigation
lung ventilation and hemodynamic’ function.
All parameters were recorded before and after
the course of conventional treatment and the
same treatment in combination with INHT. Mean
values of difference between control and study
groups of patients before and after treatment
were calculated and compared. Students “t” test
was applied for evaluating the significance of
differences.

RESULTS

The studies found no significant differences
in the total oxygen consumption, as well
as in characteristics of the efficiency of the
respiratory and hemodynamic mechanisms of
oxygen supply between the control and study
groups of patients before treatment (Table
1).This fact indicated that the compared groups
of patients were fairly uniform in the nature of
the disease manifestations.

The value of oxygen consumption was not
significantly changed in the 1 group of high risk
COPD patients after 2 weeks of conventional
treatment. They had only a moderate increase in
O,cc and decrease a negative base excess (BE).
It was found a moderate increase in VO,, VO, |,
O, cc, pH, BE and decrease in VE, HR and HE
in the 2" group of patients after conventional
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treatment in combination with INH. Thus the
number of parameters and the degree of their
changes after treatment were more pronounced
in the 2" group of patients. The functional
efficiency of the respiratory and hemodynamic
mechanisms of oxygen supply was evidently
higher in these patients.

The heterogeneity of the OC dynamic of both
the amplitude and direction was observed in the
2" group of patients after INHT. We analyzed
this fact. It was determined that the pattern
and degree of changes were dependent on the
initial level of OC. For this reason, we divided
all patients from study group into 3 subgroups
according to initial level of OC: 2-A — 32,0%
of patients had a normal value of OC, 2-B —
52,4% of patients had a lower value of OC and
2-C — 15,6% of patients had a higher value of
OC before INHT.

Significant differences in VO, could be relat-
ed to various height and weight in subgroups of

patients. In this regard, we calculated the oxygen
consumption index in all subgroups of patients
according to their actual height and weight.
The type and nature of inter-group differences
in VO, and VO,I remained unchanged. These
results showed that established differences had
a more complex mechanism of origin. We sug-
gested that these differences were related to the
individual characteristics of respiratory, hemo-
dynamic and metabolic mechanisms of oxygen
supply in individual patients. We refined this
assumption.

The values of VO,, VO,I and the main re-
spiratory and hemodynamic parameters of the
oxygen supply efficiency were within the physi-
ological range in the 2-A subgroup of patients
before INHT. Disturbances of acid-base balance
were absent (pH=7,36+0,03; BE=-1,22+0,05
mmol-I-1) (Table 2).

The largest number of patients was in sub-
group 2-B. The total volume of oxygen consump-

Table 1. Oxygen consumption and cardio-respiratory indices of oxygen supply in patients with a high risk of COPD before (I)
and after (II) conventional therapy (1) and INHT in combination with conventional therapy (2)

Group of patients

Characteristics 1 (n=43)

2 (n=103)

! |

II

I | 11

VO,, ml-min’! 289,02+12,51
VO,Lml'min-m2  155,14+15,73

293,70+17,42
162,42+12,80

273,20+10,52
149,33+12,12

305,60+9,48%*
164,51+11,78%

0, rc, ml 18,67+1,33 19,48+1,17 17,43+0,93 19,15+1,16
0, cc, ml 3,73+0,20 4,29+0,24% 3,45+0,13 3,08+0,14*
VO,/V,, ml-1! 25,05+1,86 26,10+1,98 24,60+1,25 28,78+1,10%
Vr, ml 749,8451,1 704,1438,3 726,7433.8 717,9+40,1
f, min! 16,10+1,13 16,01<1,17 16,86+0,72 16,81+0,60
V,, I'min"! 11,54+1,42 11,21£0,73 11,74+0,49 11,52+0,43
VE 39,81+2,90 38,82+2,85 45,53+2,39 40,35+1,65%
HR, min"! 78,01%1,97 76,4042,31 79,46%1,61 75,06+1,50%
HE 13,12+0,92 12,10+1,20 14,06+0,74 12,67+0,59*
Q, ml 46,11+1,56 45,87+1,81 44,79+1,60 45,40+1,70
Q, ml-min"! 3782,51+148,45 3692,89+167,78 3652,70£156,61 3637,50+164,89
pH 7.3440,03 7.38+0,05 7,35+0,04 7.42+0,01%
BE mmol-1"! -2,83+0,26 -0,5140,04* 2.33+0.19 +1,24+0,36%*

Here and below: *p<0.05, **p<0.01- values are significantly different from the initial state.
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tion did not exceed 216,92+5,62 ml-min™' in these
patients. The low respiratory indices of oxygen
supply efficiency were typical: VO,/V_ didn’t
exceed 21,26+1,69 ml-1!, O,rc=13,88+1,04 ml,
VE=52,58 +£3,65. But hemodynamic parameters
remained fairly stable: O,cc=5,19+0,11 ml,
HE=16,80+1,11 ml/l, HR=75,69+2,24 beats

per minute. The low efficiency of gas exchange
led to the development of metabolic acidosis:
pH=7,32+0,02, BE=-5,54+0,04 mmol-1-'.

The total volume of OC was above 400
ml-min-! in the 2-C subgroup of patients be-
fore INHT. The high intensity of OC com-
bined with a substantial increase in expired

Table 2. Oxygen consumption and cardio-respiratory indices of oxygen supply in subgroup of patients with a high risk
of COPD before (I) and after (II) INHT in combination with conventional therapy

- Stages Subgroup of patients
Characteristics
of research 2-A (n=33) 2-B (n=54) | 2-C (n=16)
. I 298,75+5,31 216,92+5,62 412,50413,59
VO,, ml'min’!
I 309,98+19,86 266,15+8,93%* 362,50+18,68*
. I 163,19+12,80 119,62+10,60 222.91+10,12
VO,I, ml'min!-m?
11 169,40+13,59 147,01£11,70% 195,71£13,82*
I 20,12+1,25 13,88+1,04 23,91+£2,35
O,rc, ml
11 20,60+1,82 18,05+1,36* 24,94+5,04
I 3,56+0,15 5,19+0,11 4,9+0,16
O,cc, ml
11 4,01+0,19 6,19+1,07** 5,11+0,40
I 27,54+1,53 21,26+1,69 28,89+3,38
VO,/V,, ml-1"!
¢ 11 27,14+1,65 25,98+1,59%* 29,02+3,41
v i I 729,87+46,38 691,54+55,70 860,01+57,69
T,Mm
1T 757,44+75,89 653,85+51,45 835,00+89,90
¢ min! 1 15,12+0,91 17,62+0,19 18,00£1,24
, min
11 15,66=0,90 17,46+0,85 17,00+1,84
. I 10,77+0,57 10,97+0,67 15,37£1,49
V_, I'min’!
N 11 11,35+0,60 11,05+0,64 13,30+1,12
VE I 36,19+1,96 52,58+3,65 37,77+4,03
11 37,74+2,14 42,28+2,62% 37,82+4,25
. I 82,94+2,58 75,69+2,24 84,75+3,48
HR, min"!
11 78,31+£3,09* 73,85+1,90 72,50+3,42%*
HE I 12,41£1,10 16,80+1,11 9,80+1,12
11 12,20+1,11 13,55+0,80%* 10,61+1,62
0. ml I 45,20+3,40 43,90+2,01 46,8+3,90
, m
11 48,95+4,3 42,41+1,80 49,70+3,70
Q. ml-min” I 3705,11+£308,50 3525,01+216,49 3920,10+332,81
, ml-min
11 3864,81+412,91 3479,00+169,90 3973,54+493,90
0 I 7,36+0,03 7,32+0,02 7,40+0,02
P 11 7,41+0,02 7,37+£0,01* 7,44+0,03
I -1,22+0,05 -5,54+0,04 +1,03+0,06
BE, mmol-1!
11 +0,50+0,03* -0,81+0,03* +2,01+0,03*
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volume (V,=15,37+1,49 1'min’"), tidal vol-
ume (V1=860,01+57,69 ml) and heart rate
(HR=84,75+3,48 beats per minute). A high
level of oxygen consumption could be due to
increasing of respiration and circulation work
but their functional efficiency for oxygen supply
still remained high enough. It was indicated by
such characteristics as VO,/V, O,rc, VE, O,cc
and HE.

Analysis of the research data showed
the specific patterns in changing of the total
oxygen consumption and the efficiency indices
of respiratory and hemodynamic function.
These patterns were subjected to correlation
analysis and calculation of the bivariate
correlation coefficients (r). A positive correlation
coefficients were found between VO, and V,
(r=0,405, p<0,05), HR (r=0,376, p<0,05), V
(r=0,341, p<0,05), Q (r=0,342, p<0,05) in
patient subgroup 2-A. Less strong positive
correlation coefficients were found between VO,
and BE (r=0,356, p<0,05), pH (r=0,305, p<0,05),
Q (r=0,302, p<0,05) in patient subgroup
2-B. Different magnitudes of the correlation
coefficients were found between VO, and V.,
(r=0,506, p<0,05), HR (r=0,438, p<0,05), VE
(r=0,383, p<0,05), pH (r=0,372, p<0,05) and Q
(r=-340, p<0,05) in patient subgroup 2-C.

The volume and intensity of OC and ef-
ficiency indices of respiratory function did not
significantly change in the 2-A subgroup of
patients after INHT. However, the functional
efficiency of hemodynamic improved mainly
due to decreasing in HR from 82,94+2,58 to
78,31+£3,09 beats per minute. The total vol-
ume of OC increased by 49,23+8,20 ml-min-!
(p<0,05) in the 2-B subgroup of patients. The
metabolic acidosis severity decreased due to
more effective function of respiratory and he-
modynamic mechanisms of oxygen supply. The
VO,/V, index reached up to 25,98+1,59 ml-1"!
(p<0,001) and VE decreased up to 42,28+2,62
(p<0,001). Oxygen cost of respiratory cycle in-
creased by 4,17+1,03 ml (p<0,001), and cardiac
cycle - by 1,00+£0,27 ml (p<0,05). Amount of
oxygen, which is extracted from 1 liter of blood
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reached up to 13,55+ 0,80 ml (p<0,05). The total
oxygen consumption decreased by 50,00+20,71
ml-min! (p<0,05) in the 2-C subgroup of pa-
tients after INHT. This effect may be associated
with decreasing of respiratory and hemodynamic
work: V, reduced by 2,07+0,79 1 (p<0,05) and
HR - by 12,25+3,80 (p<0,05) beats per minute.
The relative decreasing in OC remained within
the physiological limits and did not reduce the
efficiency of respiratory and hemodynamic
mechanisms of oxygen supply.

It is known that respiratory and hemody-
namic mechanisms of human adaptation to
mountain climate are closely interrelated and
interdependent. However, it does not exclude
the dominant role of one of them, especially in
patients with pre-existing defects in one of the
oxygen supply systems. The total oxygen con-
sumption in patients with chronic pulmonary
diseases has been studied for a long time. It is
found that the nature and extent of changes in
gas exchange is determined by many factors.
The most important of these factors are the
state of the lung’s ventilation and hemodynamic
[11, 16]. Changes of total oxygen consumption
are absent in patients with the initial stages of
COPD, although the functional efficiency of
oxygen supply mechanisms may be decreased.
These disorders become evident when the initial
symptoms of airway obstruction and respiratory
failure appeared. The total oxygen consumption
is significantly decreased in patients with severe
degree of respiratory failure. It is accompanied
by the development of tissue hypoxia and meta-
bolic acidosis.

The results of our research showed that
pattern and degree of changes in OC were
caused by INHT depended on the initial level
of VO, and functional state of respiration
and hemodynamics in patients with a high
risk of COPD. The total volume of oxygen
consumption and oxygen consumption index
were at an adequate level in the 2-A subgroup
of patient before INHT. The course of INHT
mobilized reserves and improved the functional
efficiency of hemodynamic mechanisms of
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oxygen supply in these patients. Oxygen
consumption was at lower level and symptoms
of metabolic acidosis were present in the 2-B
subgroup of patients. But the current level of the
hemodynamic mechanisms efficiency prevented
the development of more serious violations.
INHT improved the functional efficiency of
respiratory mechanisms of oxygen supply
in these patients but the basic hemodynamic
parameters remained stable. INHT reduced the
functional overloading of cardio-respiratory
system in the 2-C subgroup of patients. The breath
frequency and tidal volume were decreased up
to the level of physiological norm. Optimization
of the total oxygen consumption was achieved
by decreasing of the energy cost for work of
respiration and hemodynamics.

Thus INHT normalized the total oxygen
consumption in patients with a high risk
of COPD. This effect was connected with
moderate activation of OC and improvement
of the functional efficiency of respiratory and
hemodynamic mechanisms of oxygen supply.
The pattern and degree of changes in total oxygen
consumption were caused by INHT depended on
the initial level of OC and the functional status
of the patients’ cardio-respiratory system. The
results of this study may be used for prediction
and evaluation of the therapeutic effect of INH
in patients with a high risk of COPD.

JleBamoB M.I., bepe3oBchkuii B.S1., Yaka O.I.,
SInko P.B.

BIIJIUB NIEPEPUBYACTOI HOPMOBAPUU-
HOI I'IOKCIi HA CIIO’)KUBAHHS KUCHIO
TA EOEKTUBHICTb PECIIIPATOPHUX TA
TEMOJUHAMIYHUX MEXAHI3MIB 3ABE3-
MEYEHHSI OPTAHI3MY KUCHEM Y XBOPUX
3 BUCOKUM PU3UKOM PO3BUTKY XPOHIU-
HOi OBCTPYKTIBHOI XBOPOBM JIETEHb

Bmine nmepepuBuactoi HOpMOOGApUUHOT TimOKCUTEpamii
(ITHI'T) na 3aranphe crniokuBanHs kucHio (CK) Ta edek-
THUBHICTh PECIipaTOPHUX Ta TeMOIUHAMIYHUX MEXaHi3MiB
3a0e3MeueHH s OpraHi3My KHCHEM BHBYAIIN Y XBOPHX 3 BUCO-
KHM PHU3UKOM PO3BUTKY XPOHIYHOI 0OCTPYKTIBHOT XBOpOOH
nerenb (XO3J1). 1-a rpyna (n=43) naiieHTiB OTprUMaa TUTbKH
CTaHAapTHY Tepamifo. 2-a rpyma (n=103) oTpumana Takex
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nikyBanus y noeananni 3 [THI'T. JIsotmwxuesnit kype ITHI'T
CKJIa/IaBCs 3 MOACHHUX 90-XBUIMHHHX CEaHCIB JIKyBaHHS Yy
xamepi “Opotpon”. IIpoTsirom ycworo ceancy PO, y cepenuni
KaMmepu migrpumyBaiics Ha piBHi 147-160 rlla. 3minu CK y
nauienTis micns kypey [THI'T Oynu HeogHOpinHI sIK IO amri-
JTy/, TaxK i 3a CIpsIMOBaHiCTIO. BeTanoBieHO, 1110 XapakTep i
CTYIIiHB 3MiH y OKPEMHX MAL[i€HTIB 3aJI€KaJTH BiJl IOYaTKOBOTO
piBust CK i ¢pyHkuiitHOrO cTaHy CTaHy Kapaio-peciipaTopHol
cucteMu. Y 3B’S13Ky 3 LIUM, OCHOBHY T'DYIly Halli€HTiB Oyi10
posainieHo Ha 3 miarpynu: 2-A - 33% mamieHTiB Malu HOP-
MaJibHi 3HaueHHs CK, 2-B - 53% nawieHTiB Majid 3HMKEHE
CK i 2-C - 14% nauienris manu Bucoke CK. I[THI'T cyTreBo
He 3minroBana CK, ane migBuiyBaia eheKTHBHICTh TEMOIN-
HaMIYHHX MEXaHi3MiB 3a0e3NeUeHHs OPraHu3My KHCHEM Yy
namientis 2-A niarpynu. CK ta eexTuBHICTb pecipaTopHux
MEXaHi3MiB JIOCTaBKH KHCHIO MOMIPHO ITi{BUIIYBaJHCh Y
nauienTis 2-B nmiarpynu. Bennunna CK nabnwxkysanacs 10
piBHs dizionoriunoi HopMu y nauientis 2-C miarpynu, ane
e(eKTUBHICTb PECTiPATOPHUX | TEMOAMHAMIUHHX MEXaHI3MiB
JIOCTAaBKH KHCHIO 3aJIMIIANacs BiIHOCHO BHCOKOIO. Takum
ypHoM, [THI'T ontumizye Crio)kMBaHHS KUCHIO y MAIli€HTIB
3 XPOHIYHUMHU JIETEHEBUMH 3aXBOPIOBAHHSIMH, ITiJ[BUILYE
e(eKTHBHICTb PECMipaTOPHUX Ta FeMOAIHAMIYHUX MEXaHI3MiB
3a0€3MeYEHHS OpPraHi3My KHCHEM.

KirouoBi ciioBa: nmepepuByacta HOpMOOAapUYHA TiMOKCIs,
XPOHIYHE OOCTPYKTHBHE 3aXBOPIOBAHHSI JICTCHb.

JlepamoB M.H., bepe3oBckuii B.A., Yaka E.I.,
Suko P.B.

BJIMSIHUE MTPEPBIBUCTOM HOPMOBAPH-
YECKOM T'MIOKCHUU HA IOTPEBJIEHUE
KHUCJIOPOIA U DOPDPEKTUBHOCTD PECIIN-
PATOPHBIX U TEMOJINHAMMWYECKUX ME-
XAHU3MOB OBECITEYEHUSI OPTAHU3MA
KHUCJIOPOAOM Y BOJBHBIX C BBICOKUM
PUCKOM PA3BUTHUSI XPOHUYECKOM OB-
CTPYKTUBHOM BOJIE3HM JIETKHUX

BirusiHre npepbIBUCTOH HOPMOOAPUUECKOM THITOKCHTEPAITHN
(ITHI'T) na obimee nmorpebnenue kucmopona (IIK) u adpdek-
TUBHOCTb PECIIUPATOPHBIX U TEMOAMHAMUYCCKUX MEXaHU3MOB
obecriedeHrst OpraHu3Ma KUCIOPOAOM H3ydain y OOJIbHBIX B
BBICOKHM PHCKOM DPa3BUTHsI XPOHHYECKOW OOCTPYKTHBHOMN
6onesun nerkux (XOBJI). 1-g rpynna (n=43) nanueHTos mo-
JIy4uJia TOJIbKO CTaHJApTHYIO Tepamnuio. 2-g rpynmna (n=103)
nory4unna takoe ke gedeHne B coderanuu ¢ [THI'T. J[ByxHe-
nenbHbIi Kype [THI'T coctostn u3 exenHeBHBIX 90-MUHYTHBIX
ceaHCoB JieueHus B kamepe “Oporpon”. Ha npotsbkeHnu Bcero
ceanca PO, BHYTpH KaMepbI [IOUIEPKUBATIOCH Ha YpOBHE 147-
160 rlla. M3menenus 11K y naunenros nocne kypca ITHI'T
OBUTH HEOJHOPO/HBI KaK 110 aMIUIUTY/E, TAK 1 [0 HaIllpaBJICH-
HOCTH. YCTaHOBIICHO, YTO XapaKTep U CTCIEHb U3MEHEHUH y
OTZEJbHBIX MAllUEHTOB 3aBUCEIH OT UcxoxHoro yposHs I1K
U (YHKIHNOHAJIBHOTO COCTOSIHUSI KapJUO-PecrnupaTopHOi
cucteMbl. B ¢BsA3U € 3THM, OCHOBHAs rpyIia NalMeHTOB OblIa
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pasaenena Ha 3 noxarpynmsl: 2-A - 33% nanueHToB UMeIu
HopMmanbhble 3HaueHus [1K, 2-B - 53% nanuenroB umenu
cHmwkeHHoe 1K u 2-C - 14% nauueHToB uMmesn BBICOKOE
[IK. [THI'T cymecrBenno He usmensuia [1K, Ho noBbliana
3 }eKTHBHOCTh TeMOJMHAMHYECKUX MEXaHU3MOB obecIe-
YEHUS! OpraHu3Ma KUCJIOPOAOM Yy HAalUEHTOB 2-A MOArpyI-
nbl. [IK 1 3¢ dexTHBHOCTh pecnupaTopHbIX MEXaHH3MOB
JIOCTaBKU KHCJIOPOJa YMEPEHHO MOBBIIIAINCH Yy IAllUCHTOB
2-B noarpynmsl. Benmnunna [IK npubnmxanach K ypoBHIO
¢usnongornyeckoil HopMbl y manueHToB 2-C HOATPYIIIBL,
HO 3((HEeKTUBHOCTH PECIHUPATOPHBIX M I'eMOJMHAMHYECKUX
MEXaHU3MOB JI0CTaBKHU KHCIOPO/a 0CTaBaIaCh OTHOCUTEIILHO
BbIcOKoil. Takum o6pazom, [THI'T ontumusupyer norpebie-
HHUE KUCJIOPOAA y MAlUEHTOB ¢ XPOHUUYECKUMHU JICTOYHBIMU
3a00JIeBaHNSIMU, TOBBIIACT P PEKTHBHOCTD PECITUPATOPHBIX
Y FeMOJJMHAMUYECKUX MEXaHN3MOB 00eCIeUeHH s OpraHn3ma
KHUCJIOPOAOM.

KittoueBsle ciioBa: mpephIBUCTas HOPMOOApHIecKast THITOKCHS,
XpOHHYECKast 00CTPYKTHBHAsI 00JI€3Hb JIETKHX.
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