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Pesiome

BeeseHuve. Y nauyMeHTOB C TEPMUYECKOW TPaBMOW B pe3ynbTaTe M3MeHeHUA MUKPOLMPKYAALUM U ANCHYHKLMUM NeYeH NPOUCXOAMT HapylleHue
obe3BpexmnBaHMA aMMUaKa, NPOLLECCOB ero eTOKCMKaLLMKM U HaKoM/eHNA B OpraHu3Me. Pa3BnBaeTca runepaMMoHneMus, Kotopas ycyrybnsaeT as-
NeHua sHuepanonatum. Ha cerogHAWHUIA AeHb OCTaTCA BONPOCHI MO MPUMEHEHUIO TMMOaMMOHMEMUYECKO Tepannm y NaLMeHTOB C OXoramu n eé
B/IMAHUIO Ha MCXO/bl 3a60a1eBaHMA. Lienb: oLeHKa BbIpaXeHHOCTU NeYeHOYHO 3HLLedanonaTum, ypoBHA aMMMaKa KanuaNApHOW KPOBU U ero CHU-
eHusA Ha GOoHe Tepanumn y NaLMeHTOB C TepMUYECKOi TpaBMoii. MaTepuansl U MeToAbl. B nccnesoBaHme BIGOPOYHO BKAKOYeHa rpynna n3 29 na-
LIMEHTOB C TAXENOI OxoroBoii TpaBMoii (MHAekc dpaHka 6onee 145 e4.), HAXOAMBLLMXCA Ha Ie4eHUN B peaHMMaLMOHHOM OTAE/eHWUU, M rpynna
C Nerkom oxorosoii TpaeMon (MHaekc ®paHka He 6onee 90 ea.) U3 15 NaLMEHTOB, HAXOAMUBLUMXCA B YC/IOBUSAX KOEYHOTO OTAE/IEHMUA. BblpaXKeHHOCTb
ne4yeHOYHON 3HUepanonaTnm onpeaenanu no wkane West Haven. YposeHb aMMUuaKka B CbIBOPOTKE KPOBU UCCNe0Ba N METOA0M MUKPOANGPY3um
C NpyMeHeHneM NOpTaTUBHOIO 3Kcnpecc-aHannsaTopa PocketChemTM BA PA-4140. [ins KoppeKLun runepaMMOHMEMUM C MOMOLLbIO UHdY30MaTa
BHYTPMBEHHO BBOAMCA OPHUTVH B 03e 80 r/cyT B TeueHue 10 aHelt. Bce cTaTUCTMHeCKMe Pacy€Thl BLINO/IHEHBI C MCMO/b30BaHMEM NMPOrPaMMHON0
o6ecneueHus SPSS v27 (Statistical Package for the Social Sciences). PesynbTaTbl. [aLreHTbl C 0XOroBOI TPABMOIA, COrNAcHO MHAeKCY dpaHKa, 6biam
pasgeneHbl Ha 3 nogrpynnbi (1-3), ray6uHa nopakeHus cooTseTcTBoBana oT 31 e4. 40 91 ea. v 60/1ee. BbiCOKUIN ypoBeHb aMMUaKa B KpOBM 3aperu-
CTPMPOBaH BO BCeX TPex MoArpynmnax, a npu uHiaekce d®parka 91 ea. 1 Beilie 60/1ee YeM y NOJIOBUHbI NaLMeHTOB npeBbiwan 285 MkMosb/n. OTMeYeHa
npsAMas ceA3b MeXAy MHAeKcoM PpaHKa M YpOBHEM aMMMaKa Yy MaLMeHTOB C 0Xorosoit TpasMoii (p=0,01). YeM Bbilwe MHAeKc dpaHKa, TeM Bblille
YPOBEeHb aMMMaKa B Nna1asMe KpoBW. JlaHHasA TeHAEHLMA NPOCN@XKMNBALTCA KaK A0 Havyana neveHns (rs1=0,97‘l, r52:0,996), TaK 1 Nnoc/ie Hayvana nevyeHuns
(rs,=0,898, rs,=0,948) no obenM rpynnam naumeHToB. Ha 2-3-ii AeHb KOMEMHMPOBAHHOTO /IeYeHUA C BK/IIOYEHMEM OPHUTMHA OTMEYEHO yMeHblleH1e
amMMuaka B KpoBu Ha 20-30 % OT UCXOAHOrO YPOBHS BO BCEX UcCieayeMblx rpynnax (p <0,001). YpoBeHb aMMUaKa noc/ie Ae4eHUs CTaTUCTUYECKN
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3HauMMo cHU3MACA Y BCex 44 nauuenToB (p <0,001). BbiBogbl. MeyeHoYHan ANCOYHKLMS ABAKETCA OAHUM U3 MPOABAEHUI CUCTEMHOrO OTBETA Ha
TepMuyecKyto TpaBMy. [103TOMy HapylleH1e NPOoL,eCccoB yTUAM3aLMM aMMMaKa MOXET OKa3blBaTb He61aronpuaTHOe BO3/AeNCTBME Ha KANHNYECKYHO
KapTWHY B LienoM. Hannune gnchyHKLMM NeyeHn, BbICOKMIA ypOBEHb aMMMUaKa 1 Kak Ce/iCTBUe pa3BUTUe NeYEHOYHON 3HUedanonaTumn yTaxenaoTt
TeyeHne 0XOoroBol 60/1€3HY, YTO CylLLeCTBEHHO 3aTPY/AHACT OKa3aHVe NOMOLM JaHHON KaTeropum naLMeHTos.

KnroueBbie cnoBa: mepmudeckas mpasma, neyeHouHas QUCHYHKUUS, 2UNEPaMMOHUEMUS, NEYEHOYHAS SHUEPANoNamus, NeHeHuUe 2UNepamMmMoHUEMUU
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Abstract

Introduction. In patients with thermal injury, changes in microcirculation and liver dysfunction lead to impaired detoxification of ammonia, resulting
in its accumulation in the body. This develops hyperammonemia, which exacerbates the phenomena of encephalopathy. To date, questions remain
regarding the application of hypoammonemic therapy in burn patients and its impact on disease outcomes. Aim: To assess the severity of hepatic
encephalopathy, the level of ammonia in capillary blood, and its reduction against the backdrop of therapy in patients with thermal injury. Materials
and methods. The study selectively included a group of 29 patients with severe burn injury (IF more than 145 units) who were treated in the
intensive care unit, and a group with mild burn injury (IF no more than 90 units) of 15 patients who were in the hospital ward. The severity of hepatic
encephalopathy was determined using the West Haven scale. The level of ammonia in the serum was investigated by microdiffusion method using
the portable express analyzer PocketChemTM BA PA-4140. For the correction of hyperammonemia, ornithine was intravenously administered via
an infusion pump at a dose of 80 g/day for 10 days. All statistical calculations were performed using the software SPSS v27 (Statistical Package for
the Social Sciences). Results. According to the Frank index, patients with burn injury were divided into 3 subgroups (1-3), the lesion depth ranged
from 31 units to 91 units or more. High levels of ammonia in the blood were recorded in all three subgroups, and with a Franck index of 91 units.
and higher than 285 mmol/l in more than half of the patients. There was a direct relationship between the Franck index and the level of ammonia in
patients with burn injury (p=0.01). The higher the Franc Index, the higher the level of ammonia in the blood plasma. This trend can be traced both
before the start of treatment (rs,=0.971, rs,=0.996) and after the start of treatment (rs,=0.898, rs,=0.948) in both groups of patients. On the 2-3 day
of combined treatment with the inclusion of ornithine, a decrease in ammonia in the blood by 20-30 % of the baseline level was noted in all study
groups (p <0.001). The level of ammonia after treatment decreased significantly in all 44 patients (p <0.001). Conclusions. Hepatic dysfunction is one
of the manifestations of the systemic response to thermal injury. Therefore, disruption of ammonia utilization processes can have an adverse effect
on the overall clinical picture. The presence of liver dysfunction, high levels of ammonia and, as a result, the development of hepatic encephalopathy
aggravate the course of burn disease, which significantly complicates the provision of care to this category of patients.

Key words: thermal injury, liver dysfunction, hyperammonemia, hepatic encephalopathy, treatment of hyperammonemia
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VLDL — very low density lipoproteins, HE — hepatic encephalopathy, TG — triglycerides, TBSA — total body surface area.
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Background

A thermal injury is one of the most common severe
trauma categories in the modern world. Pathophysiol-
ogy of a thermal damage is a complex mechanism, and
it depends on a number of factors: burn area (damaged
body surface area), depth of the damage and inflamma-
tion intensity, which is quantified by Frank’s index (FI), a
prognostic index of burn injury severity used to forecast
mortality among patients.

Burns covering over 30 % of the total body surface area
(TBSA) cause significant fluid depletion in combination
with production and release of inflammatory mediators,
which results in a systemic effect, namely in a typical car-
diovascular dysfunction, known as burn shock. Patho-
physiologically, microcirculation is disturbed as a result
of a vascular spasm due to pain and stress response of
the body. A huge amount of catecholamines is released
in the bloodflow. Arteriolovenular and arteriovenous
shunts open, and cardiac shunt occurs, bypassing the
microcirculatory bloodstream. Effects of high tempera-
tures in a thermal injury lead to red blood cell hemolysis;
protein is lost through the wound bed, and moisture is
evaporated from the burned surface. Biologically active
substances (BAS), kinins, toxic tissue degradation prod-
ucts accumulate in the body and cause increased vascu-
lar permeability and cell membrane penetration. Protein
and plasma leave the vascular bed and accumulate in soft
tissues. Edema develops, and the blood flow to internal
organs decreases. Clots are not uncommon. Pain reac-
tion and loss of plasma are the key mechanisms in burn
shock development.

In 1932, David Cuthbertson proposed a theory
of metabolic response to a severe trauma comprising
two phases: “flux” and “reflux” [1]. The reflux phase is
associated with hypermetabolism, hematogenic shock
and reduced oxygen supply and consumption. The flux
phase is the key in body recovery after a thermal trauma.
Numerous clinical manifestations, including muscle
mass loss resulting from metabolic response during the
flux phase, are related to organ dysfunction in patients
with severe burns.

In 2011, Wenzhong Xiao et al. [2] published an article
describing a shift in human immune cells during the first
12 hours after the injury, which is the worst in burns.

In deep burns covering over 30%, severe stress
response of the body can be observed. Catecholamines
are released; they cause hypermetabolism, ischemia of
peripheral tissues, slow wound healing, and immunosup-
presion. The probability of sepsis, multisystem organ dys-
function and death increases. Hypermetabolic reaction
at the cellular and systemic levels is harmful. At the sys-
temic level, the structure and functions of the vital organs
(heart, liver, skeletal muscles, skin), immune system and
transmembrane transport system are jeopardise [1].

Hypermetabolic processes, inflammatory reaction asso-
ciated with protein breakdown, aminoacid degradation,
insulin resistance, hyperglycaemia, and lipolysis, contrib-
ute to the development of organ failure, first of all, of the
liver [3-6]. A severe burn triggers proinflammatory pro-
cesses, hypoperfusion, edema and facilitates hepatic cell
apoptosis.

Homeostasis of the most important nitrogen-contain-
ing intermediate products, ammonia and glutamine, is a
strictly regulated process, where teh central role is played
by theintestines/liver axis [7]. Following a thermal trauma,
the rate of blood flow to intestines drops by almost 60 %
vs. initial values and remains hypoxic for approximately
four hours. It can be assumed that the hepatic blood flow
rate also drops, causing programmed cell death [5]. All
this eventually leads to hepatic dysfunction.

A thermal injury causes homeostasis disturbances,
which results in an inflammatory response aimed to
restore the initial condition of the body. The liver is one
of the vital organs responding to a thermal injury.

Studies showed that, immediately after a burn, liver
damage can be associated with massive edema of hepatic
parenchyma, as evidenced by hypoalbuminemia. All
this is proven by a burn model in rats, where it has been
demonstrated that 2-7 days after a thermal trauma, the
liver weight increases significantly [8]. Numerous stud-
ies emphasise that hepatomegaly persists for three weeks
after a burn. As early as one day after a trauma, signs of
cholestatic and cytolytic syndromes can be observed [8].

Lower production of protein components of very
low density lipoproteins (VLDL), that carry triglycer-
ides (TG) and fatty acids, reduces their release by the
liver, which can lead to adipose infiltration of this organ.
It further increases the risk of sepsis. Besides, extra-
hepatic tissue uses less TG as an energy substrate [1, 4].

Adipose infiltration is a common event and is usually
reversible. Nevertheless, it has been demonstrated that
it is associated with increased bacterial translocation,
hepatic failure and endotoxemia, and the liver has the
critical role in response to a thermal injury [6, 9].

Following a serious trauma, such as a severe burn,
hepatic protein synthesis shifts from hepatic house-
keeping proteins (albumin, prealbumin, transferrin and
retinol-binding protein) to acute phase proteins, which
act as inflammation mediators; they function as trans-
port proteins and participate in burn wound healing [3].
At the same time, interleukin-6 (IL-6), an essential
mediator of an acute inflammation phase response, is
synthesised in the liver by fibroblasts, Kupffer cells and
activated monocytes, macrophages, vascular endothelial
cells, microglial cells and astrocytes.

J. Albrecht, M.D. Norenberg (2006) [10] proposed
the Troic horse hypothesis, according to which gluta-
mine acts as an ammonia carrier in astrocyte mitochon-
dria after it has been metabolised back to glutamate and
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ammonia, thus resulting in oxidative stress and cellular
dysfunction.

Recent studies showed that hyperammoniemia
facilitates development of sarcopenia. Skeletal muscles
become the main organ to metabolise ammonia, sub-
strates of this metabolism get depleted, and muscle mass
decreases. Myostatin is a potent inhibitor of autocrine
increase in myocyte production, which inhibits growth
of skeletal muscles and reduces muscle mass in hyper-
ammoniemia. Hyperammoniemia induces autophagy,
and damaged proteins are cleaved or digested in order
to maintain cell function. It has been demonstrated that
hyperammoniemia reduces skeletal muscle strength and
increases muscle fatigue, resulting in marked muscle
dysfunction [11].

Clinical Profile of Patients
and Study Methods

This study was conducted in 2024-2025 at
A.V. Vishnevskiy National Medical Research Center of
Surgery of the Ministry of Defense.

The purpose of the study was to assess the intensity
of HE, capillary ammonia levels and their reduction in
patients with thermal injuries.

The study included two groups of patients. Group
1 included 29 male patients aged 18 to 54 years old
(36+18), admitted to ICU with severe burns. The total
burn area exceeded 40 % of the body surface; deep burns
comprised over 35%, Frank’s index was 145 units and
over. All patients were in burn shock: 21 patients had
severe shock and 8 patients has extremely severe shock.
Group 2 (patients with minor burns) included 15 patients
in a general ward aged 20 to 44 years old (32£12). The total
burn area was less than 40 % of the body surface; deep
burns comprised 5-10 %, Frank’s index was 31-90 units.

Blood ammonia levels were measured with the help
of a portable rapid-response analyzer PocketChemTM
BA PA-4140, which was registered in Russia in 2018. The
analyser measures ammonia levels within 180 seconds.
The advantage of this method is the use of dry chemi-
cals; the method is based of the microdiffusion method,
which ensures high precision of measurements. The
measurement range is 8 pmol/L to 285 pumol/L. Normal
blood ammonia levels are not more than 60 pmol/L.
In this study, capillary blood was sampled in accordance
with the study method.

All patients underwent therapy in accordance with
the clinical guidelines “Chemical and thermal burns.
Sunburns. Airway burns’, prepared by the Combus-
tion Association World Without Burns and approved
by the Ministry of Health of the Russian Federation in
2024 [12]. Also, ornithine 80 g daily was injected for
10 days using a pump system, in order to reduce blood
ammonia levels.

Statistical data processing was performed with the
help of SPSS v27 (Statistical Package for the Social Sci-
ences). Sampling characteristics were described using
descriptive statistics methods: calculation of mean (M),
standard deviation (SD), median value. The relationship
between Frank’s index and blood ammonia concentra-
tions was assessed using correlation analysis: Pearson’s
correlation coefficient and Spearman’s rank correlation
(rs1 — group 1, rs2 — group 2). Correlation was consid-
ered significant at 0.01 (bivariate correlation).

Wilcoxon rank sum test was used to analyse blood
ammonia levels before and after therapy in both groups
of patients. The study continued with comparison of
the intensity of each parameter: Frank’s index, ammo-
nia concentration before and after therapy using Mann-
Whitney U-test. Differences were statistically significant
at p <0,05.

Results and Discussion

One of the most important functions of the liver is
ammonia detoxication, which is impaired in patients
with thermal traumas. Ammonia is a toxic substance, the
majority of which is present in blood in its ionised form
(NH4+). In healthy individuals, fasting blood concentra-
tions are low (8-60 pumol/L) [13].

Ammonia is a waste product of inorganic nitro-
gen, which is metabolised and produced by all tissues.
In healthy individuals, ammonia is produced mainly
in intestines as a result of three key mechanisms: urea
hydrolysis by bacterial urease, bacterial protein deamina-
tion and glutamine metabolism in intestinal mucosa [8].
Stomach, small intestine and colon participate in ammo-
nia exchange; however, the central role in this process
belongs to the liver. It is the main sorce and place of its
inactivation.

Five urea cycle enzymes (carbamoyl phosphate syn-
thetase, ornithine-carbamoyl-transferase  (ornithine
transcarbamylase), argininosuccinate synthetase, argi-
nine succinate lyase, and arginase (arginine hydrolase))
participate in convertion of toxic ammonia into non-
toxic urea, which is excreted in urine. Unprocessed
ammonia is transported with blood to pericentral hepa-
tocytes for efficient ammonia detoxication in the liver
due to activity of glutamine synthetase, which converts
ammonia into glutamine, thus completing the intrahe-
patic cycle of glutamine [8]. When these processes are
disturbed, a serious manifestation of hepatic dysfunction
develops, which presents as higher ammonia levels.

Ammonia affects neurons and astrocytes, star cells,
immune cells, myocytes, hepatic cells, etc. Astrocytes
are the only cells in the brain, which contain glutamine
synthetase, an important enzyme of the glutamatergic
system. Therefore, then ammonia concentrations in teh
brain rise, these glial cell start removing it by converting
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glutamate into glutamine, catalysed byglutamine synthe-
tase. Ammonia has toxic effects on hepatic cells. In the
presence of ammonia, gluconeogenesis, lycogenoly-
sis, glycolysis, and ketogenesis are inhibited. The main
sources of energy balance are damaged, and brain neu-
rons are de-energised as a result of insufficient amount
of substrates. Oxidative stress develops, which causes
inflammation, intracellular edema and cell death.

Higher blood ammonia levels are an important factor
of hepatic encephalopathy (HE) [14]. HE means neuro-
psychic disorders developing in patients with damaged
liver, resulting from peripheral blood shunt and impaired
deintoxication function of the liver [15, 16]. In patients
with HE and burns, the rate of ammonia elimination
by the liver drops significantly. Higher blood ammonia
levels result in ammonia penetration through the hema-
toencephalic barrier, contributing to neurotoxic effects.

All patients with thermal burns were distributed as
follows:

FranKk’s index: 1) 31 to 60 units — 7 patients; 2) 61 to
90 units — 8 patients; 3) 91 units and over — 29 patients.
Quantitative parameters of ammonia in group 1 and
group 2 were considerably lower than in sub-group 3
(Fig. 1). An evaluation of the correlation between ammo-
nia concentration and Frank’s index showed significant
positive correlation (p=0.01) in both groups of patients.
There is direct relation between Frank’s index and ammo-
nia concentration. The higher Frank’s index is, the higher
plasma ammonia levels are. This trend is observed both
prior to therapy (rs1=0.971, rs2=0.996) and after therapy
(rs1=0.898, rs2=0.948) in both groups of patients.

Hepatic encephalopathy grades. HE stages can be
assessed using capillary ammonia levels: 1) increase of
up to 1.33 times of the upper limit of normal (corre-
sponded to West Haven HE stage 1); 2) increase of 1.33—
1.67 times of the upper limit of normal corresponded to
West Haven HE stage 2); 3) increase of 1.67-2 times of
the upper limit of normal (corresponded to West Haven
HE stage 3); 4) over 2 upper limits of normal (corre-
sponded to West Haven HE stage 4).

Out of 15 patients with minor burns, 5 had stage
1 hepatic encephalopathy: errors in calculation (addition),
ammonia level was 1.33 times higher than the upper level
of normal; number connection test run for 31-50 sec-
onds. 10 patients had stage 2 hepatic encephalopathy:
minimal temporal and spatial disorientation, abnormal
behaviour, errors in calculation (subtraction), ammonia
level was 1.33-1.67 times higher than the upper level of
normal; number connection test run for 51-80 seconds.

In patients with severe thermal injuries treated
in ambustial ICU, the only method to evaluate HE
(West Haven scale) is to measure ammonia concentra-
tion. On the basis of ammonia levels, 29 patients had
teh following distribution: 1 patient had stage 2 HE,
4 patients — stage 3 HE, and 24 patients — stage 4 HE.

It has been established that all 29 patients with severe
burns had higher urea levels (over 8.1 mmol/L). It is
most likely a consequence of patients’ state of shock and
decreased filtration capacity of kidneys, which is supported
by high blood creatinine concentrations (150 pmol/L and
higher). In patients with minor burns, 8 patients had
normal urea levels, while 7 patients had over 8.1 mmol/L.

The purpose was to evaluate the efficacy of the modern
drug therapy for correction of hyperammoniemia, used
in hepatology, when used in patients with burns. Con-
temporary therapeutic methods aim to reduce ammo-
niogenesis, absorb ammonia in the digestive tract, acti-
vate ammonia excretion by urogenesis activation after
primary disease correction or addition of intermediate
products of urea cycle and glutamine synthesis [17].
For the therapy, a hepatotrophic product, possessing
hypoammoniemia properties, was used, where the active
substance was ornithine.

Ornithine has detoxication properties; it reduces high
ammonia levels in the body or liver dysfunction. The
mechanism of its action is associated with participation
in the Krebs urea cycle (activates the cycle function and
restores hepatic cell enzyme activity: ornithine carbamo-
yltransferase and carbamoyl phosphate synthetase).

All examined patients (44 individuals) with thermal
traumas received hypoammoniemia agents. The drug
resulted in reduction in ammonia levels by 20-30%
vs. baseline on day 2-3 of therapy (p < 0.001). Follow-
ing therapy, ammonia levels were significantly lower in
all 44 patients (p < 0.001). Patients with minor burns:
1) before therapy: M = 74.8 (95% CI 71.15-78.45),
SD =6.59, median =75 (95 % CI 71-81); 2) after therapy:
M =56.67 (95% CI 53.42-59.91), SD = 5.86, median = 57
(95% CI 52-62); 3) FI: M = 55.93 (95 % CI 48.63-63.24),
SD = 13.19, median = 62 (95 % CI 51-69). Patients with
severe burns: 1) before therapy: M = 227.66 (95% CI
198.72-256.59), SD = 76.08, median = 268 (95% CI
241-281); 2) after therapy: M = 169.55 (95 % CI 138.94—
200.16), SD = 80.47, median = 175 (95% CI 110-204);
3) FI: M = 176.41 (95% CI 163.64-189.19), SD = 33.58,
median = 167 (95% CI 155-191). Significant differences
were observed for all variables (p < 0.001).
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Figure 1. Relationship between ammonia level (umol/L)
and Frank index (standard unit) in patients with thermal
injury
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Evaluation of effects of therapy was possible in
15 controls. 10 days after therapy initiation, all patients
had West Haven HE stage 0 to 1; ammonia levels in all
patients were below 73 umol/L.

Conclusion

Hepatic dysfunction is a systemic response to a ther-
mal trauma. Impaired ammonia utilisation results in
hyperammoniemia. No doubt that the liver is essential
for the organisation and regulation of metabolic pro-
cesses in patients with burns, therefore hepatic dysfunc-
tion can have an unfavourable impact on the clinical pre-
sentation in general.

Systemic inflammatory response is a pathogenetic
foundation for multiorgan failure in patients with ther-
mal injuries. Progressing dysfunction and resulting
organ and system insufficiency are main clinical pre-
sentations of burn disease and the key cause of mortal-
ity. The main reasons are severe systemic inflammation,
including burn shock, progressive disseminated intra-
vascular coagulation syndrome (DIC syndrome), and
purulent-septic complications [18, 19].

This study demonstrates that, together with existing
multiorgan failure, hepatic dysfunction develops, which
leads to high blood ammonia levels in patients with
thermal injuries. West Haven scale used in patients with
hepatic pathologies can help in assessing the intensity of
hepatic encephalopathy in this group of patients.

The study of the ammonia effects on the clinical
presentation and mortality, as well as development of
the ways to correct hyperammoniemia in patients with
severe burn trauma require additional research in this
area.

Bknap aBTOpOB:

Bce aBTOPbI BHEC/IN CYLECTBEHHBIV BK/1a/, B MOArOTOBKY paboThl, Npoy/in
1 oA06punn GprHanbHYHO BEpCUIO CTaTbk Nepes NybanKauvei
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