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COVID-19 has been associated with a wide range of cardiac sequelae after the acute phase. The
goal of the study is to evaluate the spectrum of arrhythmias in the aspects of age, comorbidity, and survival
rate using electrocardiography (ECG) patterns in patients after COVID-19 during two months of recovery.
ECG data of 758 patients were examined and analyzed, including 256 (33.6%) males and 503 (66.4%) females
ages 15 to 90 (52.99 + 11.68) years. A total of 848 ECGs were performed in acute period and recovery. ECG
changes were classified according to the Minnesota code (MC) classes. It was found that age, sex, severity
of COVID-19, presence of concomitant hypertension and diabetes mellitus have a significant impact on ECG
changes. Age correlated with the severity of COVID-19 (r = 0.485, P < 0.001), concomitant hypertension
(r = 0.471, P < 0.001), diabetes (r = 0.346, P < 0.001) and obesity (r = 0.179, P < 0.001). Correlations were
established between age and the presence of baseline previous pathological ECGs (r = 0.290, P < 0.0001).
We established that heart rhythm disorders related to the severity of the COVID-19 course are significantly
influenced by oxygen saturation (r = -0.211, P < 0.001) and, to a lesser extent, the percentage of lung damage
according to computed tomography data (r = 0.127, P = 0.060). The results of the arrhythmias screening in
patients with COVID-19 demonstrate the association mainly with the severity of the disease and comorbidity,
especially diabetes mellitus. So, we may consider arrhythmogenesis in COVID-19 through the prism of inflam-

mation, intoxication, hypoxia, metabolic disorders, and drug effects.

Keywords: post-COVID-19, arrhythmias, electrocardiography, Minnesota code (MC) classes.

the presentation of various new, returning,
or ongoing symptoms, especially for the car-
diovascular system and heart conductivity. Electro-
cardiography (ECG) is one of the available routine
methods for the primary detection of arrhythmias. It
is still a relevant research method to evaluate coro-
navirus disease 2019 (COVID-19) pandemic-induced
changes to the heart. According to the European So-
ciety of Cardiology (ESC) guidelines (2021) [1], any
infection, including the coronavirus, may exacerbate
chronic diseases, which obviously explains the fre-
quent cardiac complications in severe COVID-19
since cardiovascular diseases (CVD) is the most
common of diseases in modern civilization.
COVID-19 is a viral infection with the novel
severe acute respiratory syndrome coronavirus

P ost-coronavirus disease syndrome involves
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2 (SARS-CoV-2). To date, more than 670 million
people around the world have been affected by
COVID-19, and it has been attributed to approxi-
mately 7 million deaths. An interplay between
COVID-19 and CVD has been suggested by recent
evidence. COVID-19 may serve as an underapprecia-
ted risk modifier for CVD as well as diabetes melli-
tus and arterial hypertension. To date, scientific data
on arrhythmias in patients with COVID-19 infection
are quite limited and contradictory. As stated in the
latest ESC guidelines, the true prevalence and origin
of arrhythmias in patients with COVID-19 as well
as the presence of ECG changes remain unknown,
therefore careful observation of long-term manifes-
tations of COVID-19 is essential.

The aim of our research is arrhythmias scree-
ning based on the analysis of electrocardiograms
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recorded during the acute period of the disease and
within 1-60 days after the last negative polymerase
chain reaction test result for SARS-CoV-2.

Materials and Methods

A total of 758 patients with COVID-19 were
examined, including 255 (33.6%) males and 503
(66.4%) females ages 15 to 90 (52.99 + 11.68) years.
Healthcare workers represented 35.8% (271) of the
cohort. The control group consisted of 78 persons
who did not have any clinical or laboratory manifes-
tations of COVID-19 and were seronegative. Medical
records of an outpatient/hospitalized patient and the
results of a clinical examination with re-registration
of the ECG of seropositive persons in 1-60 days af-
ter a negative test for COVID-19 were used for the
analysis.

According to the severity of COVID-19, all
patients were divided into the following groups:
HOM - Home Quarantined with Mild disease
course, HMO — Hospitalized with Moderate course,
HSV - Hospitalized oxygen-dependent patients with
Severe symptoms and HCR — Hospitalized Critical
patients in ICU departments with artificial ventila-
tion.

A total of 848 ECGs were performed. ECG
changes were classified according to the Minne-
sota code (MC) classes. Statistical analysis was
performed with SPSS 21.0 software (SPSS Inc.,
Chicago, Illinois, USA) using univariate and multi-
variate tests (Chi-square, Fisher’s exact test, Mann-
Whitney U, one-way ANOVA and Kruskal-Wallis
ANOVA tests). Analysis of the survival of hospitali-
zed patients with COVID-19 was carried out using
the Kaplan-Meier method, and the difference in in-
dicators was evaluated using the logarithmic rank
test (%?). Independent predictors of cardiovascular
events were determined using univariate and multi-
variate regression analysis by creating Cox-intensive
proportionality models with stepwise backward ex-
traction of indicators. The threshold of P-value for
inclusion of the indicator in the model was 0.05, and
that for extraction from the model was 0.10. Results
are presented as hazard ratio (HR) (95% confidence
interval).

Results and Discussion

Most patients with COVID-19 had a mild
(HQM, 42.4%) or moderate (HMO, 38.4%) form
of the disease. The HSV group with 17.4% of pa-
tients required oxygen support during coronavirus

diseases, and the HCR group with 1.8% of those
whom we were able to examine after discharge, were
critically ill during the acute period of the disease
and required invasive oxygen therapy.

In 35.8% of the examined cohort, changes in
the ECG were not detected, which corresponds to the
previous data (33.1%) of only one epidemiological
25-year study of the Ukrainian adult population [2].
Age, sex, severity of COVID-19, presence of con-
comitant hypertension and diabetes mellitus have a
significant impact on ECG changes.

In general, age impacts most of the investigated
indicators. Thus, the age correlated with the severity
of COVID-19 (r = 0.485, P < 0.001), concomitant hy-
pertension (r = 0.471, P < 0.001), diabetes (r = 0.346,
P < 0.001) and obesity (r = 0.179, P < 0.001). Correla-
tions were established between age and the presence
of baseline previous pathological ECGs (r = 0.290,
P < 0.0001), negative ECG dynamics during fol-
low-up (r = 0.317, P = 0.003) and changes in seve-
ral MC classes: infarction changes (MC 1) r = 0.175,
P < 0.001; atrioventricular conduction disorders
(MC 6) r = 0.118, P < 0.001; supraventricular and
ventricular extrasystoles (MC 8-1-1,8-1-2) r = 0.196,
P < 0.001; atrial fibrillation (AF) (MC 8-3) r = 0.259,
P < 0.001; ST segment changes (MC 4) r = 0.120,
P =0.001 and T wave changes (MC 5) r = 0.180,
P < 0.001. In general, age had a significant effect
on “major” arrhythmic episodes (MC 6-2; 6-3; 6-4;
6-8; 7-1; 7-2; 7-4; 7-8; 8-3; 8-4-2; prolonged QT)
r = 0.485, P < 0.001. Therefore, we made standardi-
zation by age simultaneously with further assessing
the changes in individual parameters.

Hypertension was the most common comor-
bidity (316 people or 41.7% of the cohort). It was
diagnosed for the first time during COVID-19 in
1.3% of persons. Patients with diabetes mellitus
formed 9.4% of the cohort, and 5.1% of patients were
discharged from the hospital with a diagnosis of dia-
betes detected for the first time and 2.5% with glu-
cose intolerance. However, regarding hypertension
rate, the group of patients with COVID-19 did not
differ significantly from the control group at 30.8%
(P =0.078) and, in general, corresponds to the avera-
ge population level — in Ukraine, according to the
STEPS study, an increase in blood pressure (BP)
was detected in one-third of the population (34.8%)
[3]. Correlation analysis (pairwise correlations) re-
vealed the dependence of the severity of the course
of COVID-19 with the presence of hypertension and
the duration of history of hypertension (r = 0.248;
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P < 0.001), diabetes mellitus (r = 0.331; P < 0.001)
and obesity (r = 0.188, P < 0.001). However, when
determining the partial correlation excluding the ef-
fect of age, the relationship between the severity of
the course of COVID-19 and hypertension is lost, but
there is a relation with diabetes (r = 0.215, P < 0.001)
and the presence of obesity (r = 0.123, P < 0.001).

At the same time, a correlation was established
between the severity of COVID-19 and changes
in the ECG (r = 0.106, P = 0.015), in particular,
MC class 6 — changes in atrioventricular conduc-
tion (r = -0.666, P = 0.001), class 8 — arrhythmias
(r =0.113, P = 0.010), as well as changes in the QRS
complex (r = -0.148, P = 0.005) and MC class 5 —
changes in the T wave (r =-0.103, P = 0.049).

A detailed analysis of the ECG in the patients
of the groups under study revealed a predominance
of pathological changes in hospitalized patients com-
pared to persons who were treated on an outpatient
basis, respectively, 74.1% versus 57.8% (P < 0.001).
An increase in the proportion of patients with patho-
logical changes on the ECG was observed among pa-
tients with severe COVID-19 (HSV, 83.9%) and criti-
cal patients (HCR, 89.3%) compared to patients with
moderate symptoms (66.6 %, respectively, P < 0.001
and P = 0.013).

The analysis of ECG changes by separate
classes of MC is shown in Table 1.

A significant predominance among hospitali-
zed patients of a deviation of the axis to the left (an-
gle a = -30°), i.e., the presence of blockade of the
anterior branch of the left bundle branch (MC 2-1)

and voltage criteria of left ventricular hypertrophy
(MC 3), is associated with the presence of hyper-
tension in most of these patients (55.5% vs. 29.7%
in HQM, P < 0.001). Repolarization processes dis-
turbance (MC 4 and MC 5) is difficult to interpret
without the context of a specific clinical situation,
but still, in severely ill patients, changes in the T
wave (MC 5) were more often detected, which was
associated with infectious-toxic inflammatory ef-
fects (correlation with changes in cardiotocography —
r = 0.116, P = 0.05), electrolyte and metabolic disor-
ders, hypoxia (correlation with SpO, — r = -0.247,
P < 0.0001).

As can be seen from Table 1, atrioventricu-
lar conduction (MC 6) and disturbance of impulse
conduction along the bundle of His (MC 7) did not
differ significantly in the groups. However, in a de-
tailed analysis of changes within a separate class of
MC, the situation in terms of the significance of the
detected disturbances is quite unequal. Whereas in
the outpatients (HQM), symptoms of PQ shortening
prevailed (Clerc-Levy-Cristesco, Wolff-Parkinson-
White, MC 6-5; 6-4), and there were cases of presen-
ce of pacemaker (MC 6-8), in the hospitalized pa-
tients, atrioventricular blocks of the first and second
degree were mainly observed (MC 6-3, 6-2). At the
same time, in the latter, the dependence of the fre-
quency of atrioventricular blocks on the severity of
COVID-19 was established, with HMO, HSV and
HCR - 1.0, 31 and 7.1% (pHMO-HCR = 0.011), re-
spectively. Changes in MC 7 in hospitalized patients
were associated with complete blockade of the left or

Table 1. Changes in ECG according to separate classes of the Minnesota code among outpatients and

hospitalized patients (%)

. Hospitalized patients
MC class O”tnp"i“;g;ségg M) (HI\?IO+HSVEHCR) P value
n =565 ECG

MC2-1 (L a=-30°, blockade of the 6.9 13.2 0.014
anterior branch of the left bundle branch)
MC3 3.2 11.9 <0.001 (0.0002)
MC4 14.2 17.6 NS*
MC5 19.7 310 0.002
MC6 3.2 4,8 NS
MC7 7.8 12.5 (0.0637)
MC8 15.6 26.1 0.002

Note. *NS — not significant; MC — Minnesota code; HQM — Home Quarantined with Mild disease course; HMO — Hos-
pitalized with Moderate course; HSV — Hospitalized oxygen-dependent patients with Severe symptoms; ECG — Elec-

trocardiography
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right bundle branch (2.4%, P = 0.009), while in out-
patients, non-specific disturbances of intraventricu-
lar conduction prevailed (MC 7-4) as well as incom-
plete blockade of the right bundle branch (MC 7-3).

Arrhythmias (MC 8) occurred quite often both
in the HQM group and especially in hospitalized
patients, 15.6 and 26.1% (P = 0.002), respectively.
According to the observations of individual resear-
chers, the frequency of arrhythmias in hospitali-
zed patients was about 17% and increased to 44%
in intensive care unit patients [4]. However, in the
final ESC guidelines updated in November 2021 [1],
it is reported that the incidence of arrhythmias in
stable patients with COVID-19 is low. Conversely,
the frequency of arrhythmias increases significantly
in patients in critical condition. However, data from
various reports are quite contradictory.

We established that heart rhythm disorders
(HRD) related to the severity of the COVID-19
course are significantly influenced by oxygen satura-

tion (r =-0.211, P < 0.001) and, to a lesser extent, the
percentage of lung damage according to computed
tomography data (r = 0.127, P = 0.060). However, the
nature of arrhythmias is quite heterogeneous both
in terms of electrophysiological characteristics and
their clinical significance and depends on some fac-
tors, such as age, gender and severity of the course of
COVID-19; therefore, it requires separate considera-
tion (Table 2).

Supraventricular and ventricular extrasystoles
are the most frequent types of arrhythmias in both
outpatients and hospitalized patients (5.5 and 10.2%,
P = 0.040), moreover, in severe forms of supraven-
tricular extrasystole (8-1-1), the detection increased
by 3-5 times, a tendency to increase ventricular (8-
1-2) ectopy was also observed.

Given that supraventricular extrasystole is a
precursor to AF, the occurrence of this arrhythmia
in patients with COVID-19 and its progression in se-
vere forms of the disease is expected. According to

Table 2.Heartrhythm disorders by separate classes of the Minnesota code among outpatients and hospitali-

zed patients (%)

MC class () HQM | HMO+HSV+HCR |  (2) HMO (3) HSV (4) HCR
283 ECGs 565 ECGs 329ECGs | 202ECGs | 34ECGs
Supraventricular 2.3 5.6 3.3 9.9 14.7
extrasystole (8-1-1) P =0.051 P,,=0.002; P,,>0.05 P, =0.002
Ventricular 37 | 5.4 50 | 52 | 107
extrasystole (8-1-2) P >0.05 P,,.> 005
Atrial fibrillation (8-3) 09 | 75 36 | 120 | w71
P <0.001 P, <0.001; P, 4 >0.05; P, = 0.004
- a permanent form 0.5 ‘ 4.2 17 ‘ 6.3 ‘ 11.8
of atrial fibrillation P =0.008 P,,<0.00L; P, >0.05; P, , < 0.001
“Major” arrhythmias 0.9 ‘ 134 8.3 ‘ 20.3 ‘ 17.8
P < 0.001 P,,<0.001; P, >0.05; P, < 0.001
“Minor” arrhythmias 225 | 259 225 | 211 | 536
P> 0.05 P,,>0.05; P, =0004; P, <0.001
Sinus tachycardia (8-7) 50 | 8.2 46 | 104 | 321
P >0.05 P,,=0.013; P, , = 0.00L; P, , < 0.001
Sinus bradycardia (8-8) 2.8 \ 25 2.3 21 \ 10.7
P >0.05 P,-3>0.05; P, , = 0.016; P, , = 0.013

Notes. MC — Minnesota code; HQM — Home Quarantined with Mild disease course; HMO — Hospitalized with Moderate
course; HSV — Hospitalized oxygen-dependent patients with Severe symptoms; HCR — Hospitalized Critical patients in
ICU departments with artificial ventilation; ECG — Electrocardiography
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our observations, AF was registered more often in
hospitalized patients (Table 2). Similar ratios were
preserved both in the paroxysmal form (0.5 and
3.4%, P = 0.022) and in patients with chronic AF
(0.5 and 4.2%, P = 0.008). Among all patients with
COVID-19 and AF, the chronic form occurred in al-
most half of the examined patients (47.4%), and the
frequency of detection of the latter increased with
the severity of the course. The relationship between
the occurrence or presence of AF and the severity
of COVID-19 is confirmed by the correlation with
SpO, (r = -0.189, P < 0.0001), which was also ob-
served when the AF paroxysm occurred (r = -0.102,
P < 0.016). According to previous studies [4, 5], arte-
rial hypoxemia itself increases the likelihood of de-
veloping AF, especially in elderly patients.

Indeed, the age factor is a long-proven factor of
AF [6, 7]. However, according to our analysis, when
patients were standardized by age, the relationship
between AF (MC 8-3) and blood oxygen saturation
was preserved (r = -0.110, P < 0.009), the effect of
age was more significant only in cases of paroxysmal
AF in the acute period of the disease. In addition,
it was confirmed that the incidence of AF was pre-
dominantly influenced by the presence of comorbid
hypertension. Among patients with concomitant hy-
pertension, the proportion of AF was 6.9%, against
1.0% in normotensive patients (P = 0.0004).

Cumulative analysis of the so-called “major”
arrhythmias (6-1,6-2,6-4,6-8; 7-1,7-2,7-4,7-8; 8-3,
8-4-2, Q-T prolongation) confirmed the correla-
tion with the severity of the course of COVID-19 —
r = 236, P < 0.0001 and was accompanied by an
increase in the proportion of HRD with increasing
severity of the disease.

Similar regularities were observed with “mi-
nor” arrhythmias (6-3,6-5; 7-3; 8-7,8-8,8-1-1,8-1-2,8-
1-3); however, this was more relevant for HCR group
patients, in whom the indicated HRD were detected
in almost every second patient (P < 0.001).

Among the rhythm disorders, such seemingly
commonplace disorders as sinus tachycardia
(MC 8-7) and sinus bradycardia (MC 8-8) attract at-
tention. In general, the occurrence of those disorders
did not statistically differ between outpatients and
hospitalized patients, 8.7 and 10.9%, respectively.
However, among hospitalized patients, the percenta-
ge of heart rate acceleration above 100 bpm was
growing. The basis for abnormal sinus tachycardia
is probably the autonomous regulation changes of
the sinus node with an imbalance of sympathetic and
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parasympathetic functions against the background
of viral load, inflammation, toxic effects and drug
interaction, and in the distant period reflected post-
infectious asthenia. The five-times higher frequency
of severe bradycardia in patients in critical condi-
tion (HCR) compared to other groups of inpatients
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(HMO, HSV) was probably provoked by invasive
lung ventilation.

To assess the prognostic value of arrhythmias
in hospitalized patients, in-patient mortality and sur-
vival of patients over 30 days and their relationship
with various HRD were monitored. The Kaplan-
Meier method was used to estimate the survival
rate. Fig. 1 and Fig. 2 show the survival curves of
hospitalized patients depending on the development
of “major” arrhythmias or separately — atrial fibril-
lation.

Analysis of the survival rate of patients with
COVID-19 according to the Kaplan-Meier method
revealed an effect of HRD on in-hospital mortality
(“major” arrhythmias, y* = 10.037, P = 0.002), in par-
ticular, AF (%= 21.815, P < 0.0001). The relationship
between mortality and AF was maintained both for
the paroxysmal (%? = 8.999, P = 0.003) and for the
permanent form (y? = 12.175, P < 0.0001).

For other rhythm and conduction disorders,
similar survival curves were obtained only for su-
praventricular extrasystoles (MC 8-1-1, ¥? = 6.269,
P = 0.012) and sinus tachycardia (MC 8-7,
¥? = 64.055, P < 0.0001). Our data on the impact of
AF and supraventricular ectopic activity on mortali-
ty correlate with the results of another study [8], ac-
cording to which the presence of atrial arrhythmias
was associated with higher levels of inflammatory
markers and higher 30-day mortality.

Ventricular ectopy, as a known leading factor
in sudden cardiac death, had no significant prognos-
tic value in the patients we examined, and in-hospital
cardiac arrest and COVID-19 was, as a rule, secon-
dary. According to pathomorphological studies, the
main causes of death of patients with COVID-19
were acute respiratory failure, acute respiratory
distress syndrome (59.09%), multiple organ failure
(28.79%) and cardiopulmonary failure (12.12%).

To establish possible predictors of a fatal out-
come in hospitalized patients with COVID-19, the
Cox proportional hazards model was used. The
model included such parameters as age, history of
concomitant high blood pressure, diabetes, obe-
sity and HRD - supraventricular extrasystoles, AF
groups of “major” and “minor” arrhythmias. In the
process of univariate and multivariate analysis, the
following were found to be independent predictors
of in-hospital mortality: age (HR 1.077, 1.049-1.106,
95% cardiac index (CI)), diabetes (HR 0.484, 0.286-

0.820, 95% CI), AF from the group of “major” ar-
rhythmias (HR 0.287, 0.136—0.604, 95% CI) and
“minor” arrhythmias (BP 0.221, 0.124-0.394, 95%
Cl). The reliability of the model of fatal events was
y? =89.241, P < 0.0001.

Although it was not possible to establish a
reliable specific effect of COVID-19 and the most
common arrhythmias (i.e., AF), on the arrhythmo-
genesis, however, out of all patients with supraven-
tricular myocardial activity disorders, 47% of
patients required non-invasive oxygen support com-
pared to 24% of HQM patients and 29 % of HMO
patients. In addition, the SARS-CoV-2 infection is
often a trigger for the development of arrhythmias.
This is especially clearly manifested in the case of
a severe course of COVID-19, as indicated by the
prevalence of arrhythmias in patients who are in re-
suscitation and intensive care units — 44.4% versus
6.9% of other hospitalized patients [9].

Conclusion. The results of the preliminary
analysis of arrhythmias in patients with COVID-19
in aspects of the severity of the course of the disease,
the presence of comorbidity, especially with diabe-
tes, provide grounds for considering arrhythmogene-
sis with underlying SARS-CoV-2 infection through
the prism of the pathogenetic influence of inflam-
mation, intoxication syndrome, hypoxia, metabolic
disorders and drugs effects.
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COVID-19 acoritoeTbess 3 MHUPOKUM  CIIEK-
TPOM HEraTUBHUX HACTIAKIB JJIsI CEPLEBO-CYINHHOT
cucteMu. Merta [IOCHII)KEHHS: OLIHUTH CIIEKTP
apUTMiH 3aJIeXKHO BiJ] BiKy, KOMOPOiJHOI mMaToorii
Ta BWKMBaHOCTI 3a manumu EKI' y marmieHTis,
ski nepenecnin COVID-19, mpotsirom 2 wicamiB
micis oxykanHs. OOCTeXKEHO Ta MPOaHaTi30BaHO
mani EKI" 758 mamienTiB y roctpomy mepiozi Ta
repiosli peKoHBaJIeIeHITi1, cepen akux 256 (33,6%)
40J10BiKiB Ta 503 (66,4%) xiHku y Bimi Bix 15 10 90
(52,99 + 11,68) pokiB. Bcroro Oyno BukoHaHO 848
EKT. 3miam Ha EKI' kmacmbikyBaim BiImmoBigHO
no kiaciB MinaecoTchkoro komekcy (MK). Bera-
HOBJICHO, 10 BiK, CTaTh, TSKKICTb NEPEHECEHOIO
COVID-19, HagBHICTP CYHyTHBOI apTepialbHOL
rinepTensii Ta IyKPOBOro J1iadeTy MaroTh 3HAYHUI
BB Ha 3Mian EKI. Bik kopemtoe 3 TsSKKIiCTIO
COVID-19 (r = 0,485, P < 0,001), cynmyTHBOO
aprepianpHOO Timeprensieto (r = 0,471, P < 0,001),
nykposuMm pmiadetrom (r = 0,346, P < 0,001) Ta
oxupinasm (r = 0,179, P < 0,001). BcranoBieno
KOPEJAIiI0 MK BIKOM Ta HasBHICTIO TOMEPETHIX
maronorigaux EKI (r=0,290, P <0,0001). Bctanos-
JICHO, L0 TOPYILIEHHS CEPLEBOr0 PUTMY, MOB’3aHi
3 TsokKicTio nepediry COVID-19, 3raunO BhmmBa-
I0Th Ha piBeHb carypamii (r = -0,211, P < 0,001),
a B MEHIIi# Mipi — Ha BiJICOTOK ypa)XeHHS JIETCHb
3a JJaHUMH KOMIT 'oTepHoi Tomorpadii (r = 0,127,
P = 0,060). Pesynbrat CKpHHIHTY apUTMii Y XBO-
pux Ha COVID-19 neMOHCTpYIOTh 3B’$I30K Iepe-
BaXXHO 3 TSDKKICTIO Tepediry 3aXBOpIOBaHHS Ta
KOMOpOITHOIO TIaTOJIOTi€l0, OCOOIMBO ITyKPOBUM
niaderoM. OTXe, MU MOXEMO PO3IJISAATH aPUTMO-
rene3 npu COVID-19 uyepe3 mpusmy 3amalieHHs,
IHTOKCHKaIlii, TiMmOKcii, MeTabOIYHUX TOPYIICHb
Ta MEAMKAMEHTO3HHUX BIUIMBIB.
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Knwoyosi ciaoBa: [IOCTKOBIJHUHI
nepiog, apuTMmii, enekTpokapuiorpadis, Kiacu
MIiHHECOTCHKOT'O KOIY.
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