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Among the xenobiotics of diverse nature, heavy
metals are especially dangerous for the human repro-
ductive system in case of excessive intake. Cadmium,
which is one of the most common toxic substances for
the environment and production, can pose a potential
threat to human health. An increasing amount of cad-
mium in the environmental objects and in nutrition is
believed to be related to a poor semen quality.

The purpose of the study was to determine the
impact of cadmium on the reproductive potential of
men who live in ecologically contrasting conditions.

Material and methods. Clinical and hygienic as-
sessment of the reproductive health was carried out
among 2 experimental groups: the 1%t group consist-
ed of fertile men living in the city of Dnipro (62 re-
spondents), the 2" group included men with normal
fertility living in the control city (37 respondents). To
determine the cadmium concentration, venous blood
samples and ejaculate were selected according to the
standard methods. Biological samples were trans-
ferred to aliquots, frozen and stored at -20 ° C until
analysis. The research was carried out using inversion
voltammetry on the device AVA-2. Statistical process-
ing of the results was carried out using statistical soft-
ware packages of statistical analysis Statistica v.6.1
(Statsoftinc., CLUA, licence NAJAR909E415822FA),
Microsoft Excel.

Results and discussion. Cadmium content in the
blood and in the sperm of the fertile men of industrial
city 1.3-5.8 times higher than the results of research
in the control city and literature data. Differences be-
tween the cadmium content in the blood and semen of
fertile men was shown to be unlikely, suggesting that
the hematotesticular barrier is insufficient to protect
the male reproductive organs from the toxic effects
of the metal. The ejaculate in the fertile men of the
studied cities is characterized by normosospermia
and meets the standards. However in the residents
of the industrial city the ejaculate quality indices were
mostly at the lower level of the norm and were signifi-
cantly worse than in the residents of the control city.
Cadmium contained in male biosubstrates affect the
hormonal status and quality of semen.

Conclusion. Violations of spermatogenesis can
serve as a rapidly-responding and reliable criterion for
assessing the adaptation and maladaptation process-
es of men under the influence of xenobiotics of the
environment, in particular cadmium. In this case, the
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markers of influence are the total number of sperm
in the ejaculate, their concentration, mobility and the
number of pathological forms, semen viscosity.

Keywords: cadmium, exposure, biomonitoring,
fertility, ejaculate.

Research relation to the programs, plans, and
department themes. The study was carried in accor-
dance with the department research work: «Hygien-
ic diagnostics of forming of ecologically dependent
microelementosis among the population of industrial
region and their prophylaxis», the State registration
number is 0114U005582.

Introduction. The problem of preserving and
strengthening of the reproductive health of the popu-
lation is becoming one of the key medical and social
issues [1, 2]. At the same time infertility rate contin-
ues to trend higher in this century and about 15% of
couples in different populations are infertile and male
causes of infertility account for 40-50% [3]. The caus-
es of male infertility are complex and the etiology of
about 50% of male infertility remains unknown. Al-
though genetic factors can explain a few percentages
of male infertility, increasing environmental pollution
might also contribute to the persistent increase of
male infertility [4].

The male appears more susceptible than the fe-
male to the effects of occupational or environmental
exposures to reproductive toxicants, and it is not sur-
prising that environmental agents have been postu-
lated to be contributory to deteriorating semen quality
and a decline in male reproductive health [5]. Studies
of the effects of environmental agents on semen qual-
ity in man have largely focused on organic toxicants
with potential endocrine disrupting activity, but heavy
and transition metal endocrine disruptors, may be in-
fluential as well [6].

Among the xenobiotics of diverse nature, heavy
metals are especially dangerous for the human repro-
ductive system in case of excessive intake [7].

Cadmium, which is one of the most common tox-
ic substances for the environment and production,
can pose a potential threat to human health [8]. The
general population is exposed to cadmium mainly via
drinking water and food products. It accumulates and
is proved to cause severe damage to a variety of or-
gans [9]. Due to its high toxicity and cumulative effect,
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cadmium easily leads to multi-organ injury, especially
to the genital system [10, 11].

An increasing amount of cadmium in the environ-
mental objects and in nutrition is believed to be relat-
ed to a poor semen quality. The reproductive effects
of cadmium are complex and numerous studies in an-
imal models (mainly rodents) and growing evidence
from human epidemiological research point to the ad-
verse effects of cadmium on male fertility [3, 12].

Therefore, we conducted an ongoing study to as-
sess two questions: whether cadmium levels in blood
and seminal plasma differ among men living in eco-
logically contrasting conditions; and whether cadmi-
um levels in blood and seminal plasma affect normal
sperm parameters and hormone levels.

The purpose of research was to determine the
impact of cadmium on the reproductive potential of
men who live in ecologically contrasting conditions.

Material and methods. Clinical and hygienic
assessment of reproductive health was carried out in
Dnipropetrovs’k region [5]. All patients gave informed
consent to the use of research results for a scientific
purpose without the indication of personal data. They
underwent a series of studies in accordance with the
standard protocol [13] to form 2 groups: the 15t group
included fertile men living in the city of Dnipro (62 re-
spondents), the 2" group consisted of men with nor-
mal fertility living in the control city (37 respondents).
The age of the subjects was within the range of 20-50
years. All researches are approved by the Commis-
sion on Biomedical Ethics of the SI DMA.

To determine the cadmium concentration, venous
blood samples and ejaculate were selected according
to the standard methods [13, 14]. Biological samples
were transferred to aliquots, frozen and stored at
-20 ° C until analysis. The research was carried out
using inversion voltammetry on the device AVA-2. In
addition, to study the peculiarities of metals transloca-
tion from the blood to the male reproductive organs,
the index of penetration through the hemato-testicular
barrier (IPB) - the ratio of metal concentration in the
ejaculate to its content in the whole blood, conven-
tional units (c.u.) was calculated.

As it is well-known [1, 6], the hormonal status,
quantitative and qualitative characteristics of the
sperm are the criteria for the full value of the male
fertility status. To assess gonadotoxic effects of the
environmental ecological factors and quality of sperm,
ejaculate of males with varying fertility was selected in
accordance with WHO requirements [13, 14, 15].

Statistical processing of the results was carried
out using statistical software packages of statistical
analysis Statistica v.6.1 (Statsoftinc., USA, licence
NAJAR909E415822FA), Microsoft Excel.

Results. As a result of the conducted research,
it was found that the concentrations of cadmium

YKkpaiHCbKUM XXypHan MeauuuHu, 6ionorii Ta cnopty — 2020 — Tom 5, Ne 6 (28)

lirieHa Ta ekonoris

(table 1) in the blood of residents of the region range
from 0.0011 to 0.0355 mg/l, which is an average of
0.0097+0.0008 mg/l with higher rates among the male
population of the industrial city although without a sig-
nificant difference.

The content of cadmium in the ejaculate of fer-
tile men at average values was 0.008+0.001 mg/I,
1.3 times higher among the male population of the
industrial city (p<0.05). Differences in the content of
cadmium in the blood and sperm of fertile men were
unreliable.

Therewith, calculated index — the index of pen-
etration of xenobiotic cadmium through the hema-
to-testicular barrier is quite high and is 0.82 c.u., that
is, the predominant amount of this metal from the
blood penetrates into the testicles (table 1).

Table 1 — The cadmium concentration in biosubstrates
of fertile men, mg/l

. Biosubstrates of fertile men
City of N
study venous blood ejaculate
industrial | 62 | 0.0107+0,0011 °° | 0.009+0.001"°"
control 37 | 0.0081+0.0013° | 0.0067+0,0004 °
total 99 | 0.0097+0.0008" | 0.008+0.001 *

Notes: * — p<0,05 in comparison with the control city;
° — p<0,05; °° - p<0,01; °°° — p<0,001 in comparison with
the literature data

Complex clinical and hygienic studies have es-
tablished that gonadotropic activity and the level of
testosterone in the blood plasma of fertile men are
characterized by minor variable rate changes in the
indexes of secretory activity and are within the lim-
its of physiological fluctuations — 4.9-23.0 nmol/l for
testosterone, 2.3-10.3 mU / ml — for follicle stimulat-
ing hormone, 5.4-8.6 mU/ml - for luteinizing hormone.
The content of testosterone in the blood plasma of
industrial city men was by 4.2% lower (p<0.01) com-
pared with similar results in the control city, while the
activity of follicle stimulating hormone and luteinizing
hormone secretion, by contrast, was increased by
8.9-15.5% (p<0.05).

The results of the study of the fertility potential of
men in the Dnipropetrovsk region indicate (table 2)
that the semen volume varied within 2-6 ml. The vis-
cosity of semen varied within 0-0.5 cm and, on aver-
age was 0.3410.02 and 0.23+0.02 cm in the industrial
and control cities respectively. The time of the ejacu-
late liquefaction in fertile men was within 20-40 min-
utes, the pH reaction was weakly alkaline and within
7,4-7,8 c.u.

The total amount and concentration of sperm in
the ejaculate of the fertile men was 90.14+5.58 on
average and 96.09+6.83, 25.61+1.01 and 28.53+1.11
million/ml in industrial and control cities respectively.
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Table 2 — Indicators of fertility potential of men in the industrial region

City of study Norm,
Index industrial control WHO
Mtm min-max Mtm min-max [6]
semen volume, ml 3.38+0.12 2.0-6.0 3.42+0.13 2.0-5.0 215
pH 7.79+0.006™ 7.6-7.8 7.71£0.017 | 7.4-7.8 7.2
semen viscosity, cm 0.34+0.02% 0-0.5 0.23+0.02 0-0.5 <0.5
time of the ejaculate liquefaction, min 34.11+0.58™ 20-40 33.13+0.85™ | 20-40 <60
total amount of sperm, min 90.14+5.58° 32-300 96.09+6.83" | 40-200 > 39
sperm concentration, min/mi 25.61+£1.01™ 15-50 28.53+1.10™ 15-41 =215
generally-moving spermatozoa (A+B), % 63.39+0.61" 51-72 62.63+0.68™ | 53-69 =32
progressively-moving spermatozoa (A+B+C), % 82.13:0.44™ 75-90 | 811920647 1 25 g7 =40
number of live forms of sperm, % 72.15+1.19"% 59-92 75.28+1.03 64-88 =58
number of forms with normal morphology, % 57.96+1.40 32-80 59.19+1.11 48-74 24
number of pathologi-cally modified forms, % 42.04+1.40 20-68 40.8+1.11 26-52 -

Notes: * — p<0.05; ** — p<0.01; *** — p<0.001 in comparison with the recommended norm; ° — p<0.05; °®° — p<0.01;
000 — p<0.001 in comparison with the control city; » — p<0.05; == — p<0.01; === — p<0.001 in comparison with the infertile

group

The progressive sperm motility was 63.39+0.61 and
62.63+0.68% in industrial and control cities respec-
tively. A similar situation was observed with respect
to the generally-moving spermatozoa. The number of
live forms of sperm in the fertile men of both cities
under observation ranged from 51-92% and averaged
72.15-75.28%.

The number of forms with normal morphology in
all experimental groups ranged from 14-80%. Patho-
logically modified forms of spermatozoa occur with the
frequency from 40.8+1.1% in fertile men in the control
city, to 42.04+1.40% in the industrial city (table 2).

Using correlation and regression analysis were
found an increase in the content of cadmium in the
blood and in the ejaculate causes a probable de-
crease in testosterone levels (r = -0.96; p <0.05)
with simultaneous activation of gonadotropin se-
cretion (r=0.94-0.97; p <0.01). Cadmium, contained

Table 3 — Parameters of regression models of the influence of cadmi-
um concentration in the blood on the reproductive potential of men in

the industrial region

in male biosubstrates affects the quality of semen
— it leads to the increase of the sperm viscosity and
the number of pathological forms of spermatozoa
(r=0.93-0.98; p<0.01), the decrease in the total num-
ber of spermatozoa, their concentration and mobility
(r=-0.90 —-0.98; p<0.01).

Reliable single-factor regression models of the
effect of the influence of cadmium concentration in the
blood on the reproductive potential of men in the in-
dustrial region (p<0.05-p <0.001, R? = 0.87-0.98) are
presented in table 3.

Discussion. The results showed that the cadmi-
um content in the blood and in the sperm of the fertile
men even at average values 1.3-5.8 times higher than
the results of research in the control city and litera-
ture data (p<0.05-p<0.01) on the content of this abiot-
ic metal in the blood and ejaculate of almost healthy
men who do not have occupational hazards and do
not smoke [6, 7, 16, 17]. Differences be-
tween the cadmium content in the blood
and semen were shown to be unlikely,
suggesting that the hematotesticular bar-

ind Parameters of regression models | rier is insufficient to protect the male re-
ndex a m, b m, x* productive organs from the toxic effects
of the metal.

Testosterone, nmol/l 22.07 | 0.16 (-301.66| 11.69 | 0.001 The revealed differences in the toxi-
Luteinizing hormone, mO/ml | 6.59 | 0.17 | 38.01 | 14.19| 0.004 cant levels in the biosubstrates of the fer-
Follicle stimulating hormone, | . | o oo | 535 15 | 4035 | 0.001 | tile men coincide with the results of other
mO/ml studies [3, 4, 9] and testify to an active
Number of pathologicall i i i iacu-
" p gically 3627 | 031 |598.38|2268!0.001 accumu.latlon of cadmium in the.eJaF;u
modified forms, % late, which probably leads to the violation
Generally-moving e y ey y of the fertile properties of the sperm and,
spermatozoa (A+B), % 64.76 | 1.15 -226.44(96.67 | 0.005 along with other factors, may be a risk

Notes: a and b — model parameters; ma and mb — model parameter

errors; x * — critical levels of influence of the factor
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factor for infertility development. The lat-
ter assumption is confirmed by the high
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value of IPB, which indicates that the overwhelming
majority of cadmium penetrates from the blood to the
testicles which are particularly susceptible to cadmi-
um [10]. The reason for this may be that, according
to the data [2, 9, 18] cadmium reproductive toxicity
is mediated by multiple mechanisms, including direct
damage to testis vasculature and blood-testis barrier,
inflammation, cytotoxicity on Sertoli and Leydig cells,
oxidative stress mainly by means of mimicry and in-
terference with essential ions, apoptosis, interference
with selected signaling pathways and epigenetic reg-
ulation of genes involved in the regulation of repro-
ductive function, and disturbance of the hypothala-
mus-pituitary-gonadal axis, raising the level of entropy
in the morphofunctional system of the testicles due to
the combined action of intravascular (slow blood flow,
change in blood rheology), intrmural (damage to the
epithelium and serous cells, damage to the integrity of
the basement membrane) and extravascular factors
(perivascular fibrosis).

Comparison of the ejaculate quality results in the
men of the control and industrial city reveiled, that in
the control city the semen volume complied with the
norm in all cases, while in the industrial city this finding
was lower than the regulatory level - 39 min in 7.7%
of the patients surveyed. It should be noted that in the
residents of the industrial city the ejaculate quality in-
dices were mostly at the lower level of the norm and
were significantly worse than in the residents of the
control town, especially concerning viscosity, sperm
concentration and number of the live forms — 6.0-32.4%
(p <0.01), which coincides with similar studies [1, 8].

Having grouped all the detected changes in sper-
mograms, we found that the ejaculate in the fertile
men of the studied cities is characterized by normo-
sospermia and meets the standards [18]. It should be
noted that today there are ongoing discussions among
scholars [15] regarding the adequacy of the existing
reference values of spermograms in accordance with
the latest WHO recommendations, since they are sig-
nificantly understated and do not fully characterize the
fertilizing properties of the ejaculate.

Data of the complex clinical and hygienic re-
search of the reproductive health of men of Dniprope-
trovsk region are largely supplemented by the results
of correlation and regression analysis. It was found
that cadmium contained in male biosubstrates affect
the hormonal status which is consistent with the data
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of other authors, according to which [2] cadmium
mimics the function of steroid hormones; therefore,
this “metallohormone” has been proposed as endo-
crine disruptor interfering with endogenous endocrine
system. It has been shown that cadmium can directly
bind to estrogen receptor and androgen receptor and
exerts strong estrogenic-like and androgenic-like ac-
tions, both in vivo and in vitro.

Cadmium, contained in male biosubstrates af-
fects the quality of semen — it leads to the increase
of the sperm viscosity and the number of pathological
forms of spermatozoa, the decrease in the total num-
ber of spermatozoa, their concentration and mobility.
This ties up with the data of other authors regarding
the negative influence on spermatogenesis with dete-
rioration of ejaculate quality in men with concentration
of cadmium [17, 20].

Conclusion

1. Cadmium content in the blood and in the sperm
of the fertile men 1.3-5.8 times higher than the
results of research in the control city and literature
data (p<0.05-p<0.01). Differences between the
cadmium content in the blood and semen of fertile
men have been shown to be unlikely, suggesting
that the hematotesticular barrier is insufficient to
protect the male reproductive organs from the
toxic effects of the metal.

2. The ejaculate in the fertle men of the studied
cities is characterized by normosospermia and
meets the standards. However, in the residents
of the industrial city the ejaculate quality indices
were mostly at the lower level of the norm and
were significantly worse than in the residents of
the control city.

3. Cadmium contained in male biosubstrates affect
the hormonal status and quality of semen. We
propose single-factor regression models of the
effect of the influence of cadmium concentration
in the blood on the reproductive potential of
men in the industrial region, that can be used for
diagnosing and predicting fertility potential of men
according to the data of cadmium biomonitoring.

Prospective for the further research. We pro-
pose single-factor regression models of the effect of
the influence of cadmium concentration in the blood
on the reproductive potential of men in the industrial
region that can be used for diagnosing and predicting
fertility potential of men according to the data of cad-
mium biomonitoring.
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HACNIAKK BNJIUBY KAOAMIKO HA PEPTUJIbBHICTb Y0OIOBIKIB

OHyn H. M., Bineubka €. M., lNonoekoea T. A.

Pe3tome. Cepep KCeHOBGIOTUKIB Pi3HOMAHITHOI NMPUPOAM BaxkKi MeTanu ocobnvmBo Hebeaneuyhi ans
penpoayKTUBHOI CUCTEMU MIOAMHU Y pasi HaAMIPHOIo CnoXmBaHHSA. Kagmin, SKMi € O4HUM i3 HAUMOLUMPEHILLIMX
TOKCMYHUX PEYOBMH 41151 HABKOMULLIHBOIO cCepeaoBumLLa Ta BUPOOHMLITBA MOXE CTAaHOBUTU MOTEHLLINHY 3arposy
penpoayKTMBHOMY 3[0POB’t0 YOMOBIKIB.

Mema — BU3Ha4nTV BNnvB KagMito Ha penpoayKTMBHUI NOTEHLLian YonoBikiB, AKi MPOXMBAKTb B €KONOriYHO
KOHTPaCTHMUX YMOBaXx.

KniHiko-ririeHiuHa oujiHKa penpoayKTMBHOMO 340pOB’st Oyna npoBedeHa cepen hepTUIbHNX YOSMOBIKIB, SKi
NpoxmeatoTb Y MicTi [IHiNpo (62 pecnoHAeHTW) Ta y KOHTPONbHOMY MiICTi (37 peCcnoHAEHTIB).

BmicT kagMito B KpoBi Ta cnepMi dhepTUnbHUX YOMOBIKIB, SKi MELLKalTb y NPOMUCIIOBOMY MicTi y 1,3-
5,8 pasun nepeBuvLLye pe3ynbTaTi AOCHIOXEHb Y KOHTPOSIbHOMY MICTi Ta AaHi nitepatypu. BigMiHHOCTI Mix
BMICTOM KagMito B KpOBi Ta cnepmi pepTUNbHUX YOrOBIiKIB € HEQOCTOBIPHMMM, LLO CBiAYMTb MpPO Te, WO
remMaToTecTuKynspHun 6ap’ep He B 4OCTaTHI Mipi 3axuLLae Yonosidi penpoayKTUBHI OpraHu Big TOKCUYHOIO
BNNUBY mMeTany. Eakynart y doepTunbHMX YOMOoBIKIB AOCMIOKYBaAHNX MICT XapakTepuayeTbCs HOPMOCOCMEPMIEID
i Bignosigae icHytodoMy HopmaTtuBy. OfHaK y XUTeriB NPOMUCIIOBOrO MiCTa NMOKAa3HMKN SIKOCTi eAKynsTy Oynu
NepeBaXKHO Ha HWKHIA MeXi HOPMMU i MipLWMMK, HIX Y XUTENiB KOHTPOMbHOro Micta. Kagmin, Wwo MicTutbeH B
yoroBiumx BiocybcTpartax, BNMBae Ha ropMoHarbHUIA CTaTyC Ta SKIiCTb CNepMu.
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MopyLleHHa cnepMaToreHe3y MOXYTb CNYXXUTU LWIBMAKO pearytymMm Ta HaginHUM KpuTepieM ans OuiHKK
npoLecis aganTadii Ta Ae3aganTalii YornoBikiB Nig BNAMBOM KCEHODIOTHMKIB AOBKINSA, 30KpeMa Kagmito. Y LiboMy
BMNaAKy Mapkepamu BNAUBY € 3aranbHa KinbKiCTb CriepMaTo30ifiB B €8KynsTi, IX KOHUEHTpaUis, pyXnmBiCTb i
KiNbKICTb MaTonoriyHMx oopM, B’si3KiCTb Cnepmu.

Knto4yoBi cnoBa: kagmin, BNnvB, 6iOMOHITOPUHT, (0epTUIbHICTb, eSKyNST.
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NMNOCNEACTBUA BINIUAHNA KAOMUA HA PEPTUIIBHOCTb MYXX4YUH

Onyn H. M., Beneukasi 3. H., lonoeskoea T. A.

Pe3tome. Cpean KCEHOOMOTUKOB pasfnMyHOW MpMPOAbl TsKenble MeTanfbl OCOOEeHHO OonacHbl Ans
pPenpoayKTMBHOWN CUCTEMBI B Crly4ae Ype3MepHoro notpednexus. Kagmuim, koTopblii ABNSAETCA OGHUM U3 CaMbIX
pacnpoCTpaHeHHbIX TOKCUYHbIX BeLleCTB O5iA 0|<py>Karou.|,e|7| cpenbl N Npon3BoACTBa MOXET npencrtaBnAaATb
NOTEHUMAanbHYI0 Yrpo3y penpogykTMBHOMY 300POBbH MYXUMH.

Llenb — onpepenvTb BMMSIHAE KagMUsi Ha PENPOAYKTMBHBLIA MOTEHUMAI MYXXYMH, MPOXMBAOWNX B
9KONOrn4ecCkn KOHTpPacCTHbIX yCIOBUAX.

KnuHnko-rurmeHnyeckas oueHKka penpoaykTUBHOIO 300pOBbs Obina npoBedeHa cpean hepTumnbHbIX
MY>XYMH, NPOXMBaOLLMX B ropoae [dHenp (62 pecnoHaeHTa) u B KOHTPONbHOM ropoge (37 pecrnoHOeHTOoB).

CopeprxaHve kagMus B KPOBU U criepMe (PepTUrbHbIX MYXYWH, MPOXUBAOLWMX B MPOMbILLIIEHHOM ropoge
B 1,3-5,8 pasa npeBbllaeT pesynbratbl UCCNeAoBaHWA B KOHTPONbHOM ropoge M AdaHHble nutepaTtypsbl.
Paanuuusa mexay cogepxaHnem KagMus B KPOBM U CniepMe PePTUSBHBIX MYXXYUH ABMAKOTCS HEAOCTOBEPHbLIMM,
YTO CBMAETENLCTBYET O TOM, YTO reMaTOTEeCTUMKYMNApPHbI Gapbep He B LOCTAaTOMHOW Mepe 3aliuiiaeT
MY>XCKMEe penpoayKTUBHbIE OpraHbl OT TOKCUYECKOTO BO3AENCTBUSA MeTanna. OsKkynaTt Y (epTUIbHbIX MY>XYMH
nccriegyemblX ropofoB XapaKTepmuayeTcss HOPMOCMNEPMUEN U COOTBETCTBYET HopMaTtuay. OgHaKo y XuTenen
NPOMBbILUNIEHHOINO ropoada nokasaTenn KadecTBa 3AKynATa Obinu npenmMmyLieCctBeHHO Ha HUWXHEeNn rpaHuue
HOPMbI, 1 XYXXe, YEM Y XUTENEN KOHTPONbHOro ropoda. Kagmun, cogepxalumicsa B buocybeTpaTax My UmH,
BMMSIET HA TOPMOHAIbHbIA CTATyC U Ka4eCTBO CMEPMBI.

HapyweHune cnepmartoreHesa MOXeT CNyXuTb ObICTPO pearvpylowmm U HadeXHbIM Kputepuem Ans
OLEHKW NPOLIECCOB adanTaummn 1 gesagantauumn My>XYuH Nod BAMSHNEM KCEHOOMOTMKOB OKpy>KaloLLen cpeapl,
B YaCTHOCTM kKagmusl. B aToM cnyyae Mapkepamu BO3OeNCTBUS ABNSETCA 0bLLee KonM4ecTBO CNepMaTo30maoB
B 34KynATe, UX KOHUEeHTpauuna, NnoABUXHOCTb U KONMNYEeCTBO NAaTOSIONMYEeCKNX ¢)0pM, BA3KOCTb CnepMbil.
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