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Effects of intermittent normobaric hypoxia
on the state of the CNS and cerebral circulation
in children with cerebral palsy

INTRODUCTION

We studied the effects of intermittent normobaric hypoxia (INH) on the processes of CNS functions and
cerebral circulation recovery in children with cerebral palsy (CP). Altogether, 87 patients (from 8.5 months
to 12 years) with CP were examined and received the course of treatment. Clinico-neurophysiological ex-
amination was performed before the treatment and immediately after termination of the therapeutic course.

Patients were divided into two groups, age and sex distributions and clinical manifestations of CP were
randomized. The comparison group was formed from 34 children who received the course of the generally ac-
cepted complex therapy (medicamental treatment, massage, Bobat-therapy, Vojta-therapy at al).. The main
group included 53 patients who, in addition to the same therapy, were exposed to INH using an individual
apparatus for artificial mountain air, Borey-M, made in the Scientific Medico-Engineering Center NORT
(Ukrainian National Academy of Sciences, Kyiv). Children of the main group were exposed to the dosed
normobaric sanogenetic level hypoxia intermittently once per day. For this purpose, we used a normobaric
gas hypoxic mixture (12% O, + 88% N,). Each cycle included a 15-min-long episode of breathing with

the gas mixture alternated by a 5-min-long episode of breathing an ambient atmospheric air. The number
of hypoxic cycles was gradually increased (from one to three). The entire course of treatment included, on

average, 10 sessions. After complex therapy the stable positive effects on the motor status were observed
in 94% of patients of the main group (exposed to INH) and in 74% of patients of the comparison group
(unexposed to INH). EEG examination showed that positive dynamics of spectral EEG components were in 70%
of patients of the main group and in 56% of children of the comparison group. Doppler examination showed
that brain hemodynamics was normalized in 85% of patients of the main group and in 59% of children of the
comparison group. In the course of ophthalmoscopic examination, we found that the dynamics of indices
of the state of the eye fundus were expressed more clearly in children of the main group than in patients of
the comparison group (in 32 and 12% of patients, respectively).
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permanently, beginning from the 3rd week of
impregnation to the end of pregnancy. In the

There are some outstanding questions in the
functioning of the CNS of animals and humans
that remain to be answered. The question of the
recovery of CNS functions impaired by con-
genital abnormalities remains open and deserves
special attention. In the course of embryogen-
esis, there are periods when the embryo is highly
sensitive to different factors that can disturb the
genetic program of development; there are also
critical periods for different organs. The brain
and skeleton are sensitive to injurious influences
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current state of nosology, syndromes resulting
from the abnormal development of the brain
or its damage within the pre-, intra-, and early
postnatal periods are grouped and defined as
CP. The incidence and prevalence rates from
CP in children vary from 1.5 to 2.6 per 1.000
population. Diseases of the CNS (in particular
CP) are main reasons for childhood disability
[18-19]. As the published data indicate, the ef-
fects of pathogenic factors on the formation of
the nervous system of a child within the pre-,
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intra-, and postnatal periods play a crucial role
in the development of CP. Specific pathologi-
cal changes in the motor sphere (disorders of
elementary movements via spasticity, rigidity,
dystonia, or hypotonia of separate muscles or
muscles functionally combined in muscular
synergism) are leading manifestations of CP [8].

The existing methods for the recovery
of physiological functions impaired by CP
are aimed at pharmacological and reflectory
stimulation of physiological regeneration of
the CNS cells capable of differentiating. It was
demonstrated that neurogenic stem units exist in
certain regions of the brain and spinal cord and
can migrate and develop; these fully differenti-
ated cells restore the quantitative composition
of the injured neuronal networks [5]. In modern
medicine, more and more attention is being paid
to the problem of physiological regeneration and
also to the search for pathways of stimulation
of this regeneration in the human organism. The
search for novel pathways of activation of the
processes of recovery of disturbed CNS func-
tions, which can intensify the effectiveness of
therapy via stimulation of natural mechanisms
underlying sanogenesis and, at the same time, can
be combined with other conventional techniques
(but cannot induce undesirable consequences),
is urgent. The method of intermittent normobaric
hypoxia (INH) based on the activation of defensive
mechanisms and physiological reserves of the hu-
man organism can be one of the above pathways
[1-3, 10, 17].

Intensification of the processes of regenera-
tion of the cells under conditions of training to
moderate hypoxia seems to be the most promis-
ing technique for treatment and rehabilitation of
children with CP. The recovery of the neuronal
pool can become the basis for sanogenic effect
of a dosed decrease in the partial pressure of
oxygen on the pathogenesis of CP.

METHODS

To estimate the effectiveness of rehabilitation of
children with CP (who received the complex ther-
apy combined with sessions of INH), we studied
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the dynamics of clinico-neurophysiological
picture using clinico-neurological, neurophysi-
ological (EEG), transcranial Doppler (TCD),
ophthalmoscopic, and statistical techniques.

Altogether, 87 patients (from 8.5 months to
12 years) with CP were examined and received
the course of treatment. Clinico-neurophysio-
logical examination was performed before the
treatment and immediately after termination of
the therapeutic course.

Patients were divided into two groups; age
and sex distributions and clinical manifestations
of CP were randomized. The comparison group
was formed from 34 children who received
the course of the generally accepted complex
therapy (medicamental treatment, massage,
Bobat-therapy, Vojta-therapy at al). The main
group included 53 patients who, in addition
to the same therapy, were exposed to INH.
All studies were ratified and done with the
orservance of international ethic norms [11].

In the Ukrainian Medical Center for rehabi-
litation of children with organic lesion of the
nervous system (Ministry of Public Health of
Ukraine, Kyiv), where we carried out a clinical
examination, reasonably healthy children of the
corresponding ages are not examined using the
techniques applied in our work. To estimate the
level of deviation of the studied indices from the
physiological norm, we referred to the respective
data published by other researchers [6-7, 13-14].

To diagnose CP, we used the clinical clas-
sification of CP proposed by Semenova [9]. The
level of development of gross motor functions was
evaluated in each child according to the Gross Mo-
tor Function Classification System (GMFCS) for
cerebral palsy [20].

The initial motor status of children with CP
was evaluated by seven articles of the five-point
scale. The following indices of the motor status
were taken into account: paresis, hypertonus,
limitation of the range of active movements,
pathological purposes, pathological reflexes,
hyperkineses, and discoordinated disorders.
Each index was estimated in points (from one
to five) depending on the degree of pathologi-
cal manifestations; one point corresponded to
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the norm, while five points corresponded to the
maximal motor dysfunction [12].

Taking into account a trend toward forma-
tion of EEG variants in children, we analyzed
EEG using the respective classification proposed
by Zhirmunskaya [4]. To examine the spectral
power densities (SPDs) of EEG frequency
ranges, we used the data of spectrum-amplitude
mathematical transformation of the analog EEI’
(results of Fourier analysis of initial EEG data).

To reveal objective signs of pathology of
cerebral hemodynamics in children with CP, the
analysis of results of transcranial Doppler (TCD)
examination was performed using isolated spe-
cific Doppler patterns. For evaluating the level
of disturbance of cerebral hemodynamics and
the state of cerebral blood flow through the
main arteries and veins, we used the asymmetry
coefficient (AC) of blood flow velocities in the
middle and anterior cerebral arteries (MCA and
ACA, respectively). In the course of examina-
tion of patients with CP, we also used a velocity
TDC parameter (mean flow velocity, MFV) for
evaluating the cerebral arteries (basilar artery,
BA, as well as the MCA and ACA) [15].

Ophthalmologic examination of patients
with CP was performed using the conventional
technique [16].

Children of the main group were exposed to
the dosed normobaric sanogenetic level hypoxia
intermittently once per day. For this purpose, we
used a normobaric gas hypoxic mixture (12%
O, + 88% N,). Each cycle included a 15-min-
long episode of breathing with the gas mixture
(12% O, + 88% N,) alternated by a 5-min-long
episode of breathing an ambient atmospheric
air. The number of hypoxic cycles was gradually
increased (from one to three). The entire course
of treatment included, on average, 10 sessions.

The course of INH was performed using
an individual device for artificial mountain
air, Borei-M, made in the Scientific Medico-
Engineering Center NORT (National Academy
of Sciences of Ukraine, Kyiv, Ukraine).

To estimate individual sensitivity, each
patient was asked to perform a test session of
breathing a 14% O,-containing gas mixture be-
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fore the treatment using a helmet. The duration
of the test session was 10 min long. Control
measurements were performed prior to and af-
ter each session. Results of test sessions were
evaluated according to the step scale. Based on
the obtained data, individual regime of INH was
prescribed to hypoxic loading.

To evaluate the objective effectiveness of the
above-described therapy for each group under
examination, we used the technique for estima-
tion of significant differences of means of in-
dependent samplings with the help of Student’s
t-test. Significance of differences was estimated
using the t-test at P < 0.05.

RESULTS AND DISCUSSION

According to our clinico-neurophysiological
examination of children with CP, which was
performed after the course of generally used
complex therapy combined with the course of
INH, the stable positive effects on the motor sta-
tus were observed in 94% of patients of the main
group (exposed to INH) and in 74% of patients
of the comparison group (unexposed to INH).

In children of the main group, we observed a
significant increase in the range of active move-
ments, decreases of clinical manifestations of
paresis and pathological purposes, reduction of
hypertonus, and decreases of manifestations of
hyperkineses and discoordinated disorders. In
patients of the comparison group, differences
between some indices of the motor status before
and after treatment were significant (expression
of hypertonus decreased, range of active move-
ments increased, and discoordinated disorders
decreased).

The comparison of clinical findings showed
that the therapeutic effects were significantly
higher in children of the main group. In this
group, some indices of the motor status dem-
onstrated significant differences (we found
decreases in the degree of manifestation of
paresis, pathological purposes, hyperkineses,
and discoordinated disorders). In patients of the
comparison group, changes in the motor status
were insignificant (Tab. 1).
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Therefore, the used combined complex ther-
apy promotes the positive clearly pronounced
dynamics of the motor status of children with CP.
Positive changes were manifested in an increase
in the range of active movements (in 66 and 50%
of patients of the main and comparison groups,
respectively), overcoming of pathological syn-
ergies (32 vs 9%), and reduction of the muscle
tone of spastic muscles (76 vs 52%).

As EEG examination showed, the used course
of INH resulted in decreases in the pathologically
disorganized and hypersynchronized EEG
patterns by 12 and 4%, respectively. The
comparison group demonstrated no such trend
(Fig. 1).

In children exposed to INH, the SPD of the
alpha rhythm significantly increased by 23%,
while the comparison group demonstrated a
significant rise in the SPD of this rhythm only
by 13%. In both the examined groups, we also
observed a significant increase in the SPD of the
beta range (by 26% in patients of the main group
and only by 19% in children of the comparison
group). In children of the main group, SPDs of
delta and theta rhythms significantly decreased
by 35%, while the comparison group, according
to the data of Fourier analysis, demonstrated no
significant changes in these EEG ranges (Tab. 2).

The comparison of the obtained data sho-
wed that positive dynamics of spectral EEG

17 1.2 13.8

components were expressed more clearly in
children of the main group than in patients
of the comparison group. The main group
demonstrated a significant rise in the SPD of the
alpha rhythm and a significant decrease in the
SPD of delta waves, while changes in the EEG
characteristics observed in the comparison group
were insignificant.

Doppler examination showed that brain
hemodynamics was normalized in 85% of patients
of the main group and in 59% of children of the
comparison group. The AC of blood flow velocity
in the MCA decreased 3.4 times in children of the
main group, while in patients of the comparison
group this index decreased only 1.3 times (Tab. 3).
In the ACA, the above coefficient decreased
2.7 and 1.1 times in children of the main and
comparison groups, respectively.

In patients of the main group, high flow
velocities in the BA, MCA, and ACA demon-
strated significant decreases (20, 14, and 6%,
respectively). In the comparison group, we also
observed positive dynamics of these indices, but
changes were insignificant.

In children exposed to INH, low flow veloci-
ties in the BA, MCA, and ACA demonstrated
significant increases (27, 19, and 9%, respec-
tively), while in patients of the comparison
group, only the MCA velocity increased sig-
nificantly (10%).

10.3 1.2 15
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@ Desynchronized .

O Moderately disorganized
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Fig. 1. Dynamics of distribution of EEG patterns in patients
with child cerebral palsy of the main examined group prior to
and after generally used treatment combined with intermittent
exposure to normobaric hypoxia (1 and 2, respectively; %)
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TABLE 2. Results of Fourier analysis of EEG recorded from children with cerebral palsy

Examined children Spectral power densities of EEG frequency ranges (tV%/Hz)

alpha beta delta | theta

Main group (n = 53)

before treatment 55.0+3.34 14.5+0.95 196+7.4 202+12.4

after treatment 71.0+2.86* 19.6+0.95* 128+8.0% 132+5.7%
A% +22.5 +26 -34.7 -34.7
Comparison group (n = 34)

before treatment 45.0+2.5 16.3+1 194.5+11.4 169+9.98

after treatment 51.842.5* 20.0+1* 173+£10.3 145+8.98
A% +13 +18.5 —11 —14.2

Footnote. Asterisks show cases of significant (P < 0.05) differences prior to and after treatment

The comparison of the data obtained in the
course of TCD examination showed that positive
dynamics of Doppler patterns suggestive of
mean flow velocities in the studied cerebral
arteries were expressed more clearly in patients
exposed to INH than in patients of the compari-
son group. In patients of the main group, both
increases and decreases in the MFV in the BA,
MCA, and ACAweresignificant. At the same time,
the comparison group demonstrated a significant
rise in the MFV only in the BA and MCA (Fig. 2).

In the course of ophthalmoscopic examina-
tion, we found that the dynamics of indices of
the state of the eye fundus were expressed more
clearly in children exposed to INH (main group)
than in patients of the comparison group (in
32 and 12% of patients, respectively). Positive
changes were manifested in (i) a decrease in the
number of cases of stenosis of retinal vessels (5
times in children of the main group and only 1.4
times in patients of the comparison group), (ii) a

2-fold decrease of manifestations of angiospasm
of the retina observed in the main group (while
the comparison group demonstrated no changes
in this index), and (iii) an increase in the number
of vessels at the periphery of the retina (4.5 and
1.6 times in the respective groups) (Fig. 3).

CONCLUSION

After complex therapy the stable positive ef-
fects on the motor status were observed in 94%
of patients of the main group (exposed to INH)
and in 74% of patients of the comparison group
(unexposed to INH). EEG examination showed that
positive dynamics of spectral EEG components were
in 70% of patients of the main group and in 56%
of children of the comparison group. Doppler
examination showed that cerebral hemodynamics was
normalized in 85% of patients of the main group
and in 59% of children of the comparison group.
In the course of ophthalmoscopic examination,

TABLE 3. Results of transcranial Doppler examination of children with cerebral palsy

Examined children

Asymmetry coefficient of blood flow velocities

in the middle cerebral artery (%) | in the anterior cerebral artery (%)y

Comparison group (n = 34)

before treatment

16.2 11.7

after treatment 12.5 11.0

A% 3.7 0.7
Main group (n = 53)

before treatment 18.5 15.3

after treatment 5.4 55

A% 13.1 9.8

82 ISSN 0201-8489 @ision. scypu., 2012, T. 58, Ne 3



K. V. Yatsenko, V. A. Berezovskii, J.V. Deyeva

%
30 , -

20 1

10
07 o T3 | - —
10 H . LFV

Fig. 2. Changes in cebral hemodynamics observed in two
groups of children with cerebral palsy after the corresponding
treatments. Vertical scale mean flow velocity in cerebral
arteries, %. HFV and LFV are, respectively, high and low flow
velocities basilar artery (BA), middle and anterior cerebral
arteries (MCA, ACA) respectively. Asterisks show cases of
significant (P < 0,05) differences from the corresponding
values of flow velocities before treatment

O Comparison
group
B Main group

we found that the dynamics of indices of the state
of the eye fundus were expressed more clearly
in children of the main group than in patients of
the comparison group (in 32 and 12% of patients,
respectively).

Neurophysiological, EEG, TCD, ophthalmo-
scopic, CNS state indices and cerebral circula-
tion indicate that intermittent exposure to the
dosed normobaric sanogenetic level hypoxia
combined with the generally accepted therapy
(used for rehabilitation of children with CP)
results in a significant intensification of the
processes the brain deficiency reparation and
also in the improvement of the CNS-controlled
motor and mental functions in these patients.

E.B. fluenkxo, B.A. Bepe3oBckuii, F0.B./leeBa

JIEMCTBUE NNPEPBIBUCTOMN
HOPMOBAPHYECKOM T'MIIOKCUTEPATINA
HA COCTOSIHUE ITHC 1 MO3IOBOI'O
KPOBOOBPAIIIEHUS Y JIETEN

C IEPEBPAJIBHBIM ITAPAJTHYOM

UccnenoBanu 3¢ (HEeKTHBHOCTh IEHCTBHS MPEPHIBUCTO
HopMobapuueckoii runokcun (ITHIY) Ha coctostaue ITHC u
MO3TrOBOTO KPOBOOOpAIIEHHS Y JeTel ¢ 11epedpaibHbIM Ma-
pamugom (JIIIT). [TpoBeaeHO KOMITJIEKCHOE 00CTICIOBAaHNE U
neuenue 87 nerewt ¢ JILIT B Bo3pacte ot 8,5 mec n0 12 ner.
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O Comparison group
B Main group

1 2 3

Fig. 3. Dynamics of indices of the state of the eye fundus
in children with cerebral palsy of the examined main and
comparison groups. Vertical scale: changes in the number
of cases where positive dynamics were observed, %. 1-3:
decreases of manifestations of stenosis of retinal vessels (1)
and angiospasm of the retina (2), and increase in the number of
vessels at the periphery of the retina (3). Asterisks show cases
of significant (P < 0.05) differences from the corresponding
indices before treatment

Knunanko-Heipodusnoaornyeckoe 00caeI0BaHUE TPOBOIH-
JIOCB JI0 JICYSHUS U Cpa3y JKe 110 OKOHYaHUH TePAreBTHIECKOTO
Kypca. [lanuenTs ObUTH pa3aeneHs! Ha 1Be TPYIIIBI paHIOMH-
3MPOBAaHHBIC COITIACHO BO3PACTY, MOy, KIMHUUECKON (opme
JILIL. IlepBast rpynma (cpaBHEHHs1) cocTosia U3 34 nereid,
KOTOPBIM MPOBOJMIHN TPATUIHOHHYIO KOMIUIEKCHYIO Tepa-
o (MeJMKaMEHTO3HOe JiedeHHe, Maccax, bobdar-tepamnus,
Boiira-tepanust u np.). OcHoBHas rpymmna (53 nanueHra) Ha
(hoHe 0OImIEnPUHATON KOMIUIEKCHOH TEpaIyy JOMOIHUTEIIb-
Ho npoxoauna kypc ITHI' ¢ momousio MHAMBUAYATBHOTO
ammapara ropHoro Bozayxa tuna «bopeit-M» (mpousBoncTaa
Hay4Ho-1ccne0BaTeIbCKoro MeANKO-NHKEHEPHOTO 1IEHTPa
HOPT HAH Vxpaunsl, 1. Kues). s I[THI' ncrionp3oBanu
HOpPMOOApHYECKYIO Ta30Byl0 TUnokcudeckyro cmech (I'TC-
12), xotopas cocrostma n3 12 % xucnopona u 88 % azora.
CeaHCBI IPOBOJHMIIUCE OJIMH Pa3 B IEHb B HHTEPMUTTHPYIOIIEM
pexume: 15 mun — apixanne [T'C-12, 5 mun — armocdepHbIM
BO3yXOM (0iH 1MKJI). KoindecTBO LMKIIOB yBEIUYMBAIOCh
ot oxnoro 1o tpex. Kypc IIHI" B cpennem coctosut u3 10
ceaHcoB. [Tocie MPoBeEHHOTO KOMILIEKCHOTO JICUSHUSI T10-
JIOKHUTETbHAS TUHAMUKA B IBUTATEIIBHOM CTaTyCce OTMEUaIach
y 94 % nereit ocuoBHO# (¢ mpumenenueM [IHI') rpynmsr
y 74 % rpynmsl cpaBHeHHUs. DnekrpodHiedanorpaduyueckoe
00CIeI0BAHUE MAIIUEHTOB 00OCHX MPYIII BBISBUIIO TO3UTHBHBIC
n3menenus y 70 % netelt ocHOBHOU rpynmnsl u'y 56 % rpymnisl
cpaBHEHUs. TpaHCKpaHHWaNbHAs JOINILIeporpadus COCynoB
TOJIOBHOTO MO3Ta yCTaHOBHUJIA HAJIYHE TTOJIOKUTEILHON [T~
HaMUKH y 85 % meTeit OCHOBHOM rpymmisl Uy 59 % rpymmst
cpaBHeHus. IIpu npoBeneHnn oQTaabMOCKONNYECKOTO HC-
CJIC/IOBaHUS TO3UTHBHBIE M3MEHEHHUS B COCTOSIHUM TT1a3HOTO
JIHA OTMEYaauch y 32 % NanueHTOB OCHOBHOM IPYIIIbI Uy
12 % rpynmsl cpaBHEHHSI.

KiroueBble croBa: AeTCKUi epeOpanbHbIi Tapaind, Ipepbl-
BHCTasi HOPMOOApUUeCKast THIIOKCHHUS, aanTamusl.
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K.B. fluenko, B.f1. Bepe3oBcbkuii, FO.B./leeBa

JIISI TIEPEPUBYACTOI HOPMOBAPUYHOI
T'IIMOKCIi HA CTAH ITHC I MO3KOBOT' O
KPOBOOBITY Y JITEH 3 HEPEBPAJIbHUM
IHAPAJITYEM

JocnimkyBanu epeKTHBHICTb i MepepruBIacToi HopMoOapHy-
Hoi rinokcii (ITHI') na cran IJHC Ta MO3K0BOTO KpoBOOOIry y
niteit xBoprx Ha iepeOpansauii napamiv (JILI1). Obctexeno ta
KOMIUIEKCHO TponikoBaHo 87 xBopux Ha J{L{I1 Bikom Bifg 8,5
mic 1o 12 pokis. Kniniko-neiipodizionoriune oOcTeReHHs
MIPOBOAMIIN O JIIKyBaHHS Ta MO 3aKiHYEHHI KypcCy Teparii.
[MamienTn Oynu po3nozisieHi Ha JBi TPyHH, paHIOMI30BaHi
3a BIKOM, CTarTIO, KJIiHIuHOI0 (opmoro JILIII. ITepury (mopis-
HSUIBHY) TPYILy cKtanami 34 ocoOH, SSKAM MPOBOIMIN TPAIUIIAHY
KOMIUTEKCHY Tepartiro (MeIMKAMEHTO3He JiKyBaHHs, Macax, bobar-Te-
partisi, Boiira-tepanis Tomo). OcHoBHa rpymna (53 mamieHTa) Ha
T 3arayIbHONPUIHSTO! KOMILTEKCHOI Tepartii IOAaTKOBO OTPUMYBAIA
kypc ITHI" 3a momomororo iHAMBIyaIbHOTO anapara ripChKoro
noBiTpst Tuny «bopeii-M» (BUpOOHHIITBA HAYKOBOTO MEANY-
Ho-imxeHepHoro nentpy HOPT HAH Vkpainu, m. Kuis).
Jnst mposenenns ITHIT BukopucToByBanu HopMoOapuuHy
raszoBy rinokcnuny cymim (I'TC-12), sika cknaganacs 3 12 %
kucHio Ta 88 % azory. CeaHCH IPOBOAMIN OAMH Pa3 HA 100y
B iHTepMiTyr04oMy pexuMi: 15 xB — nuxannsa [TC-12, 5 xB
— aTMoc(epHUM MOBITPsIM (OAMH IUKI). KiTbKicTh IUKIIB
30inpmmnacs Big ogHoro 10 Tpbox. Kype ITHI y cepennpo-
My ckianaB 10 ceanci. Ilicas mpoBeaeHOro KOMIUIEKCHOTO
JIiKyBaHHA Bi3HA4YaIH IO3UTUBHY JUHAMIKY CTaHy PyXOBOTO
crarycy y 94 % xBopux ocHOBHOi (3 BukopuctanusaM [THI)
rpynu ta'y 74 % rpynu nopiBHsHHs. Enexrpoennedanorpa-
(hiuHe TOCIIPKEHHS MALiEHTIB 000X TPy BUSBUIO TIO3UTHBHI
3mian y 70 % manieHTiB OCHOBHOI rpynu Ta 'y 56 % rpynu
nopiBHAHHS. TpaHcKpaniaigbHa fommieporpadist CyIuH TOOB-
HOTO MO3KY BCTaHOBMJIA HASIBHICTb TTO3UTHBHOI JUHAMIKH y 85
% niteit ocHOBHOI rpynu Ta 'y 59 % rpynu nopiBHsHH. [Ipn
MIPOBEACHHI 0()TaIBMOCKOIIIYHOTO JOCIIIKCHHS TTO3UTHBHI
3MiHHM y CTaHi OYHOTO JHA Big3Hayamu y 32 % malieHTiB
OCHOBHOI rpynu Ta 'y 12 % rpymnu nopiBHSHHS.

KirouoBi crnoBa: auTsiumii nepedpanbHuil mapaiid, mepeprB-
yacTa HOpMOOapHUYHa TiMOKCis, aaanTaris.
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