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ABSTRACT

BACKGROUND: Hyperphosphatemia is defined as fasting phosphorus levels higher than 1.45 mmol/L. Although it is often
asymptomatic, it can cause adverse effects, including hypocalcemia, decreased calcitriol levels, secondary hyperparathyroid-
ism, ectopic calcification, hemodynamic disorders, and increased morbidity and mortality. Therefore, it is crucial to promptly
identify and treat the underlying causes of hyperphosphatemia. Hyperphosphatemia is typically associated with renal failure.
Less common causes include hypoparathyroidism; burn injury; metabolic and respiratory acidosis; rhabdomyolysis; tumor
lysis syndrome; acromegaly; and excessive intake of phosphorus from food or medication.

AIM: The study aimed to identify the possible causes of an asymptomatic increase in blood phosphorus levels in young
healthy adults.

METHODS: Laboratory tests were performed in young healthy men and women aged 18 to 35 years.

RESULTS: Despite preserved renal function, asymptomatic hyperphosphatemia was diagnosed in 12 (9.9%) participants. A sig-
nificant association was found between hyperphosphatemia and the use of electronic nicotine delivery systems and heated
tobacco products (p = 0.0002).

CONCLUSION: More research is needed on the effects of electronic nicotine delivery systems and heated tobacco products
on human health, especially calcium and phosphorus metabolism.
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BeccuMnToMHas runepgocharteMus y 340poBbIX
MOJIOABIX MY)XUMH U JKEHLUUH: CBSA3aHa NIU OHa

C UCNONIb30BaHUEM 3JIEKTPOHHbIX CUCTEM AOCTaBKM
HUKOTMHA M CUCTEM HarpeBaHus Tabaka?

A.M. OuapeHko, 0.b. Epwosa, K.10. benoBa

fipocnaBcKkui rocyaapCTBEHHbIN MeAMLIMHCKMIA yHuBepcuTeT, Apocnaenb, Poccus

AHHOTALUA

060cHoBaHue. MnepdochateMus (3HadeHns docdopa y B3pocnbix HaTowlak bonee 1,45 MMonb/n), YacTo npoTekas bec-
CMMMTOMHO, CMOCOOHa BbI3BaTb DOMbLLIOE KONMYECTBO HEONAroNpUATHLIX NOCNEACTBUN, TaKMX KaK MMMOKabLUMEMUS, CHUXeE-
HWe YPOBHS KanbLMTPMONa, BTOPUYHLIN MMNepnapaTpeos, BHECKENETHas KanbLMduKaums, reMofMHaMUYecKne paccTpoicTea
W Jaxe yBenuyeHue 3aboieBaeMoCcTV U CMEPTHOCTW. 370 BbI3blIBAaeT HEODXOAMMOCTb CBOEBPEMEHHOMO BbISIBNEHUS U YCTpa-
HeHus npuumnH runepdocdharemMun. Yale Bcero ee 3TMONOrUA CBA3aHa C MOYEYHOW HEAOCTATOYHOCTLIO. Pexe BcTpevatotca
TaKue MPUYMHBI, KaK rUMonapaTupens, 0XKoroBas TpaBMa, MeTabonM4eckuii U AbixaTeNbHbIi auuno3, pabnoMmonus, CMHAPOM
JM31ca OMyXosu, akpoMeranus, 13bbiTouHoe noctynerue dbocdopa ¢ NULLEH U IeKapCTBEHHBIMM NpenapaTtamu.

Lienb — onpeaenuts BO3MOXHbIE NPUYMHBI HECCUMMTOMHOMO MOBLILIEHMS YPOBHS ochopa B KPOBM Y MONOABIX 3A40POBbIX
noaen.

Matepuanbl n Metogpl. BeinonHeHo nabopatopHoe obcnefoBaHMe MonofblX 3[0POBbIX MYMUMH W KEHLWMH B BO3pacTe
ot 18 o 35 net.

Pesynbtatbl. Y 12 (99%) obcnenoBaHHbIX BbisBNeHa beccumnToMHas runepdocharemMus Ha QoHe COXpaHEHHOW (YHKLMK
noyek. ObHapyxeHa JocToBepHas cBA3b runepdochateMum U UCMOMb30BaAHUA INEKTPOHHBIX CUCTEM [OCTABKW HUKOTUHA U CU-
CTeM HarpeBaHusa Tabaka (p=0,0002).

3akntouenune. HeobxoanMo fanbHeillee U3ydeHne BIMSHUA 3NEKTPOHHBIX CUCTEM JOCTABKM HUKOTUHA U CUCTEM HarpeBaHus
TabaKa Ha 300pOBbe YEsI0BEKa, B YacTHOCTU Ha (hochopHO-KanbLmMeBbl 06MeH, a TakXKe MOCNeACTBUI UX UCMONb30BaHuS.

KnioueBbie cnoBa: docdop; runepdocdaremMus; 3neKTpOHHbIE CUCTEMbI AOCTABKM HUKOTMHA; CUCTEMBI HarpeBaHus Tabaka.
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BACKGROUND

Phosphorus is a macronutrient found in the body, mainly
in bone tissue, as hydroxyapatite crystals [1]. Most phosphorus
bound to calcium in the body (approximately 85%) is found
in bone and dental tissue and the remaining phosphorus
(approximately 14%) is intracellular. Serum and extracellular
phosphorus accounts for only 1% of systemic phosphorus,
including inorganic phosphate (30%), which is a variable
and measurable component in clinical practice. Phosphorus
is also an essential anion in the extracellular fluid [2].

The main natural source of dietary (organic) phosphorus
is plant and animal proteins. Organic phosphorus is converted
into inorganic phosphorus by intestinal enzymes, resulting
in different bioavailability and differentiated absorption
of phosphorus from different foods [3].

Inorganic phosphorus is found in multiple food
additives, including orthophosphoric acid (E338), sodium
phosphate (E339), potassium phosphate (E340), calcium
phosphate (E341), dicalcium phosphate (E450), trisodium
phosphate (E451), and polyphosphates (E452) used for food
processing. 80%-100% of these supplements is absorbed
in the intestine [3]. Cheese, egg yolk, sea fish, dry-cured
sausages, muesli, brown rice, legumes, nuts, chocolate,
and carbonated drinks have the highest levels of phosphorus.

Normal serum phosphorus levels are maintained within
the range of 0.8 to 1.45 mmol/L in adults and vary through-
out the day depending on dietary phosphorus intake. Ap-
proximately 60%-65% dietary phosphorus is absorbed
in the small intestine. Phosphorus is absorbed in the intes-
tine via the transcellular active pathway and the paracel-
lular passive pathway. Phosphorus is primarily absorbed
in the proximal small intestine via Type b sodium-phosphate
cotransporter (NPT2b). NPT2b is encoded by the SLC34A2
gene and expressed in the luminal membrane of entero-
cytes, where phosphorus is mainly absorbed in humans [4].
It is activated by low dietary phosphorus, the active form
of vitamin D, and estrogen and inhibited by glucocorticoids
and epidermal growth factor. At least 80% phosphorus is re-
absorbed in the kidney proximal tubules; less than 10% is re-
absorbed in distal nephrons [4]. The main factors enhancing
renal transcellular phosphorus reabsorption are low dietary
phosphorus  levels, 1,25-dihydroxyvitamin D [1,25(0H),D],
and thyroid hormones; whereas parathyroid hormone and fi-
broblast growth factor 23 reduce the availability of phospho-
rus cotransporters (NPT2a and NPT2c) in the brush border
membrane of the tubules, stimulating their closure [4].
Plasma phosphorus levels are maintained by a complex in-
teraction of intestinal absorption, renal tubular reabsorption,
and transcellular phosphorus flux from intracellular fluid
to bone storage pools and vice versa [5].

Hyperphosphatemia is a syndrome detected by tests
when the blood phosphorus level increases to more than
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1.45 mmol/L [2]. It is often associated with renal disorders.
Less common causes include secondary hyperparathyroid-
ism, hypoparathyroidism, burn injury, metabolic and re-
spiratory acidosis, rhabdomyolysis, tumor lysis syndrome,
acromegaly, and excessive intake of phosphorus with food
and medications [4]. Abnormal serum phosphorus may be
associated with various diseases, especially in critically ill
patients [2]. Chronic hyperphosphatemia is often asymptom-
atic [4].

Phosphorus and calcium metabolisms are closely
connected. Hyperphosphatemia promotes parathyroid
hormone (PTH) synthesis by the parathyroid glands
and fibroblast growth factor 23 synthesis by osteocytes
and osteoblasts. This helps to reduce the phosphorus transport
activity required for its reabsorption, promotes the excretion
of phosphorus in the urine, and reduces the renal synthesis
of the active vitamin D, reducing the active phosphorus
transport from the intestine and its overall absorption. This
system does not regulate its passive transport. In contrast,
higher levels of active vitamin D also promote the synthesis
of fibroblast growth factor 23 while releasing PTH in response
to low vitamin D levels. PTH has the opposite effect on the renal
synthesis of active vitamin D compared to fibroblast growth
factor 23. PTH promotes hydroxylation, leading to increased
intestinal absorption of both phosphorus and calcium. Thus,
fibroblast growth factor 23, vitamin D, and PTH are key
drivers of phosphorus metabolism. In addition, calcitonin
contributes to hypophosphatemia by decreasing reabsorption
and increasing excretion. Active vitamin D enhances
the intestinal absorption of phosphorus, increases its blood
level, and promotes the fixation of phosphorus and calcium
salts in bone tissue [6].

Increased level of circulating blood phosphorus promotes
PTH secretion and reduces calcium levels, leading to fur-
ther promotion of PTH secretion. In response, PTH promotes
calcium resorption from bone tissue, calcium reabsorption
in renal tubules, renal hydroxylation of vitamin D to its active
form, and renal excretion of phosphorus [7]. Chronic hyper-
phosphatemia can cause soft tissue calcification, vascular
calcification, and left ventricular hypertrophy [4]. It is well
known that in hyperphosphatemia, high PTH and fibroblast
growth factor 23 in combination with low vitamin D levels
cause calcium release from bones, vascular calcification,
and reduce bone strength. Moreover, high serum phosphorus
is associated with adverse cardiovascular events [8].

The study aimed to identify possible causes of asymp-
tomatic increase in blood phosphorus levels in young healthy
volunteers aged 18 to 35.

METHODS

Eligibility criteria: Men and women aged 18-35, who
signed informed consent to participate in the study. Withdrawal
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criteria: Acute and/or chronic diseases in the acute phase
(decompensation) and/or requiring constant medication, his-
tory or suspicion of cancer of any location (except for benign
neoplasms), pregnancy and breastfeeding, inadequate as-
sessment of one’s condition, and mental disorders.

We examined the medical history of all participants;
all participants had a medical examination. We performed
a blood chemistry panel to determine the total protein,
creatinine, glucose, calcidiol [25(0H)D], C-reactive protein,
total calcium, phosphorus, alkaline phosphatase, thyroid-
stimulating hormone, testosterone, lipid profile, C-terminal
telopeptide of type 1 collagen in serum, as well as dual-
energy X-ray absorptiometry (DXA), echocardiography,
and electrocardiography. The examination was conducted
from March 09, 2023, to May 08, 2024.

Statistical analysis was performed using Statistica 12.5
software.

RESULTS

The study involved 121 young healthy volunteers aged 18
to 35, including 62 (51.24%) men and 59 (48.76%) women.

121 subjects included 12 subjects (9.92%) with an isolated
increase in phosphorus levels to > 1.45 mmol/L and preserved
renal function (EGFR (CKD-EPI)' > 90 mL/min/m?). Eight
participants with hyperphosphatemia had additional
examination to identify the causes of asymptomatic increase
in blood phosphorus (see Table 1).

The tests show that all 8 subjects with hyper-
phosphatemia had preserved renal function with EGFR
(CKD-EPI) > 90 mL/min/mZ It is noteworthy that the calcium
level detected in 7 of 8 cases was normal, despite the fact
that phosphorus and calcium changes are usually converse.

Table 1. Laboratory serum tests in participants with hyperphosphatemia
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It should be noted that 7 of 8 cases had vitamin D
deficiency or insufficiency.

PTH level abnormalities were identified in 3
of 8 cases; hyperparathyroidism was diagnosed in 2 cases
and 1 case of hypoparathyroidism was identified. In both
hyperparathyroidism cases, the males had vitamin D deficiency
and normal calcium levels. Increased PTH levels associated
with vitamin D deficiency supports the diagnosis of secondary
hyperparathyroidism.

In addition, we identified a case of hypoparathyroidism
with hyperphosphatemia and preserved renal function, normal
calcium levels, and reduced vitamin D levels. In general,
vitamin D deficiency causes secondary hyperparathyroidism.
However, in this case, observed PTH level was as low as
13 pg/mL. Additional examination and the densitometry were
within the expected range for age.

Alkaline phosphatase level was within the reference
range in all but one female subject (29 U/L). A young
female, 26 years of age, had no complaints and denied
any chronic diseases. Her medical history showed
vertebral fractures (at the age of 5 and 10), wrist
fractures (at the age of 4, 5, 10, and 11), and fractures
associated with falls from a horizontal bar and other
sports activities. DXA tests were within the expected range
for age. However, she had had molecular genetic testing
at the Medical Genetics Center of the National Medical
Research Center for Children’s Health and no mutations
were found.

DXA tests of 7 of 8 subjects showed bone mineral density
consistent with age. Echocardiography and electrocardiogra-
phy showed no significant abnormalities in the subjects. It is
worth noting that all subjects denied excessive phosphorus
intake with food or taking medications.

Ta6nuua 1. JlabopatopHble NoKa3aTenu CbIBOPOTKY KPOBM MaLMeHToB ¢ runepdocdatemmeit

Llirgr?:rltcjs Creatinine Creatinine Total calcium Parathyroid Calcidiol Alkaline
p(refeprence (reference clearance (reference hormone [25(0H)D] phosphatase
Subject, age, sex value: value: 44-80) (reference value: (reference (reference (reference
0.81-1 4'5) mhol/L " | value: 71-151), 2.2-2.55), value: 15-65), | value: 30-100), | value: 40-129),
.mmo.l/L ' mL/min mmol/L pg/mL ng/mL UL
A, 26 years old, female 1631 74 121 239 35.37 299 54
B, 26 years old, female 2227 61 121 2.23 61.4 17971 290
C, 22 years old, female 1631 56 120 2141 40.7 20.054 51
D, 27 years old, male 1527 92 127 2.39 85.11 13.984 54
E, 24 years old, male 1507 95 96 2.38 2756 21754 87
F. 28 years old, male 1.487 73 120 2.23 89.02 1 6.724 83
G, 23 years old, male 1821 92 101 2.42 36.96 11.674 56
H, 23 years old, male 1577 89 105 231 13778 22424 55

Note. The arrows indicate an increase or decrease in the value.

! Glomerular filtration rate calculated using the Chronic Kidney Disease Epidemiology Collaboration formula.
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Upon closer examination, it was found that all 8 volunteers
with hyperphosphatemia regularly use electronic nicotine
delivery systems and tobacco heating systems also known
as e-cigarettes.

49 (40.50%) of 121 subjects use electronic nicotine
delivery systems and tobacco heating systems. Moreover,
in 38 (77.55%) of 49 users of such systems, the phosphorus
level was within the reference range, but nearly every fourth
subject (11 subjects or 22.45%) had hyperphosphatemia.
It is worth noting that hyperphosphatemia was recorded
in only 1 (1.39%) of 72 (59.50%) participants who do not use
electronic nicotine delivery systems and tobacco heating
systems (see Fig. 1). However, his medical history indicates
long-term passive use of e-cigarettes.

The hypoparathyroidism case was a 23-year-old male
subject G with no complaints and normal physical examination
who denied any chronic conditions. He denied excessive intake
of phosphorus from food and the use of medications. His
medical history shows that the subject has been regularly (for
about 3 years) using nicotine e-cigarettes. When using them,
he takes up to 500 puffs per day. However, the examination,
namely the calcium level within the reference range, allows
to assume that it was hyperphosphatemia that caused
the abnormal PTH level. Moreover, after vitamin D level was
restored in 3 months [25(0H)D level of 34 ng/mLl, the PTH level
reached normal values (25.05 pg/mL), while the phosphorus
level increased to 1.61 mmol/L. The phosphorus level
may have increased due to continued use of e-cigarettes
in the same amount.

Statistical processing and the y? test showed the significant
relationship between hyperphosphatemia and the use
of electronic nicotine delivery systems and tobacco heating
systems (p = 0.0002).

DISCUSSION

Although e-cigarettes appear to be relatively safer than
regular cigarettes, they expose users to known harmful com-
ponents. However, their long-term health effects have been
understudied [9]. It should be noted that data on various side
effects associated with the use of e-cigarettes has already
been published [10]. Nevertheless, the authors did not find
any references to the relationship between hyperphospha-
temia and the use of electronic nicotine delivery systems
and tobacco heating systems in the available literature.

The most studied adverse health effects of e-cigarettes
are the respiratory effects, including damage to the pulmonary
epithelium and chronic inflammation of the bronchial mucosa.
Sputum of e-cigarette users has higher observable levels
of myeloperoxidase, neutrophil elastase, and proteinase 3
indicating activation of neutrophils [11].

We know about pulmonary dysfunction and E-Cigarette/
Vaping-Associated Lung Injury (EVALI syndrome) [10].

Val. 29 (2) 2025
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Fig. 1. The association between asymptomatic hyperphosphatemia and
the use of electronic nicotine delivery systems and heated tobacco products.
Puc. 1. beccumntoMHasi runepdocdateMusi Npu UCMONb30BaHUM 3MeK-
TPOHHbIX CUCTEM JAOCTaBKW HUKOTUHA M CUCTEM HarpeBaHus Tabaka
(3COH/3CANMH).

Cardiovascular adverse effects have also been described;
daily use of e-cigarettes has been shown to be an independent
myocardial infarction risk factor. In addition, adverse
neurological and gastrointestinal effects are known [11].

These studies indicate that e-cigarette aerosol
contains measurable amounts of ethanol, volatile organic
compounds, polycyclic aromatic hydrocarbons, silicon, lead,
nickel, formaldehyde, acetaldehyde, isoprene, acetic acid,
2-butanedione, acetone, and propanol [11].

Flavoring agents in e-cigarette aerosols are deemed safe
and often used in the food industry, but this does not mean
they are safe to inhale [11].

Electronic nicotine delivery systems and tobacco heating
systems mainly release water vapor, carbon dioxide,
propylene glycol, glycerol, and acrolein [12]. It is likely
that in constant use of innovative nicotine delivery systems
and tobacco heating systems, an excess amount of carbon
dioxide enters the human body, causing chronic respiratory
acidosis as a possible cause of increased phosphorus levels
in human blood [13] (see Fig. 2).

Moderate compensated acidosis occurs without
pronounced clinical signs [14].

It should be noted that regardless of the etiology, hyper-
phosphatemia may have long-term effects. Higher serum
phosphorus level reduces calcium levels; thereby indirectly
promoting PTH secretion. Phosphorus has no direct effects
on the PTH-secreting cells; however, if the renal excretion
of phosphorus is impaired, secondary stimulation of the para-
thyroid glands occurs, leading to their hypertrophy. Higher
phosphorus levels promote the binding of ionized calcium
to phosphorus, leading to lower plasma calcium levels. Hy-
pocalcemia further promotes PTH secretion [15]. PTH pro-
motes a negative balance of bone tissue, i.e. osteolysis, ob-
served, for example, in hyperparathyroidism [15]. In response
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Inhaled air or gas mixtures with a high carbon dioxide content

¢

Reduced blood pH due to higher carbon dioxide stress

&

Respiratory acidosis

&

Acidic environment promotes the phosphate flux from cells to
extracellular fluid

Fig. 2. Progression of gas acidosis and hyperphosphatemia with the use
of electronic nicotine delivery systems and tobacco heating products.
Puc. 2. Cxema pa3suTMa rasoBoro auugosa W runepdocdatemmmn
MpW UCMONb30BaHWM 3NEKTPOHHBIX CUCTEM [OCTaBKU HUKOTMHA M CUCTEM
HarpeBaHus Tabaka.

to hypocalcemia, hyperphosphatemia, and low calcitriol lev-
els, secondary hyperparathyroidism develops [16], enhancing
bone resorption. This is followed by musculoskeletal changes
(osteoporosis, bone deformities, fractures), kidney condi-
tions, and cardiovascular disorders.

Clinical studies have shown that higher serum
phosphorus levels are a risk factor of vascular calcification
and cardiovascular disease in the population with chronic
kidney disease, especially in patients with dialysis dependent
end-stage renal failure [17]. Phosphorus levels at the upper
limit of the normal range have been found to be correlated
with a higher risk of cardiovascular death in the general
population, indicating potential phosphorus toxicity [17].

There is growing evidence that e-cigarettes may no
longer be considered harmless devices [11].

According to a RIA Novosti report on May 31, 2024,
a fractional bill on a total ban of vapes in Russia was
introduced to the State Duma. The World Health Organization
recommends against using e-cigarettes as their use has
not been sufficiently studied as a safe and effective tobacco
use disorder treatment. To date, there has not been enough
research to determine with certainty whether the use of clean
and properly regulated electronic nicotine delivery systems
and heated tobacco systems causes cardiovascular diseases,
lung diseases, or cancer. The World Health Organization has
developed and, on December 04, 2023, published a call
to action® to take urgent and decisive measures to prevent
the use of electronic cigarettes, which are harmful to health,

Tom 29 Ne 2, 2025
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to protect children and non-smokers, and to minimize harm
to public health.

CONCLUSION

Regardless of the etiology, hyperphosphatemia has
serious long-term effects. The influence of long-term use
of electronic nicotine delivery systems and tobacco heating
systems on human health (namely, phosphorus and calcium
metabolism) and the individual effects of such innovative
systems appear to be unsafe.
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AOMO/HUTE/IbHAA UHOOPMALIUA

Bknap aBtopoB. A.M. O4apeHKo — npoBefeHne UCCNenoBaHWs, aHamm3
AaHHbIX, HaMVICaHWe YepHOBMKA, NepecMaTp W peaKTMPOBaHUE PYKOMMCH;
0.5. EpwoBa — onpeaeneHvie KOHLENUWM, PyKOBOACTBO WCCNEAOBAHVEM,
HanucaHWe YepHOBMKa, NepecMoTp v peaaktvposaHue pykonucw; K10, be-
7loBa — HanucaHWe YepHOBMKa, MEPECMOTP U PeaaKTMpOBaHWe pyKonu-
cu. Bee aBTopbl 0006pMnmn pyKonuch (Bepcuio Ans nybnvkaumm), a Takke
COrMACUINCh HECTU OTBETCTBEHHOCTb 33 BCE acreKTbl paboTbl, rapaHTUpys
Ha[exalliee pacCMOTPEHME W peLLIeH e BOMPOCOB, CBSA3aHHBIX C TOYHOCTbIO
1 [0BPOCOBECTHOCTLIO Mi0BON ee YacTu.

3Tuyeckuii komuTet. [lpoBesieHne UCCNe0BaHUA 040OPEHO NoKanb-
HbIM 3TUYECKUM KOMUTETOM $IpOCNaBCKOr0 roCyAapCTBEHHOO MeaLMH-
ckoro yHueepcuTeta (N° 64 ot 13.10.2023). Bce y4acTHUKM MccnenoBaHms
A06poBONbHO Mognucani GopMy MHOOPMUPOBAHHOTO COMTIacUs Ha yua-
CTe B UCCNeaoBaHuu. MccnefoBaHue v ero NpoTOKON He perncTpupo-
Banu.

WcTounukmn dmHaHcupoBahus. OTcyTCTBYIOT.

! Vape: What Is 1t? Are E-Cigarettes Dangerous? // Beiin: uTo 3710 TaKoe, KaKoW Bpef, HECET KypeHue 3MIeKTPOHHBIX curaper. https://ria.ru/20240531/veyp-

1949605434.html. Accessed on November 14, 2024.

2 Electronic cigarettes: call to action. WHO. https://www.who.int/publications/m/item/electronic-cigarettes---call-to-action. Accessed on Novem-

ber 14, 2024.
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PackpbiTue MHTepecoB. ABTOpbI 3asBAAKOT 00 OTCYTCTBMM OTHOLLEHWA,
[LeATeNbHOCTU M MHTEPECOB 3a NOCNeHUE TPY fofa, CBA3aHHBIX C TPETbUMMU
JMLAMM (KOMMEPYECKUMM 1 HEKOMMEPYECKMMM), MHTEPECH! KOTOPbIX MOryT
ObITb 3aTPOHYTLI COAEPIKAHMEM CTaTbM.

OpuruHanbHocTb. [1py co3aHMM HacTosLLEN paboTbl aBTOPbI HE MCMOMb-
30Bau paHee 0MybnMKoBaHHbIE CBEAEHMUS (TEKCT, UINICTPALMM, [aHHBIE).
JocTyn K paHHbIM. Bce faHHble, NonyYeHHbIe B HACTOALLEM UCCNe0BaHUM,
[OCTYMHbI B CTaTbe.
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