
 



 
 

№53, 2021 

Slovak international scientific journal 

VOL.1 

The journal has a certificate of registration at the International Centre in Paris – ISSN 5782-5319. 

The frequency of publication – 12 times per year. 

Reception of articles in the journal – on the daily basis. 

The output of journal is monthly scheduled. 

Languages: all articles are published in the language of writing by the author. 

The format of the journal is A4, coated paper, matte laminated cover. 

Articles published in the journal have the status of international publication. 

 

 

The Editorial Board of the journal: 

Editor in chief – Boleslav Motko, Comenius University in Bratislava, Faculty of Management 

The secretary of the journal – Milica Kovacova, The Pan-European University, Faculty of Informatics 

 

 Lucia Janicka – Slovak University of Technology in Bratislava 

 Stanislav Čerňák – The Plant Production Research Center Piešťany 

 Miroslav Výtisk – Slovak University of Agriculture Nitra 

 Dušan Igaz – Slovak University of Agriculture 

 Terézia Mészárosová – Matej Bel University 

 Peter Masaryk – University of Rzeszów 

 Filip Kocisov – Institute of Political Science 

 Andrej Bujalski – Technical University of Košice 

 Jaroslav Kovac – University of SS. Cyril and Methodius in Trnava 

 Paweł Miklo – Technical University Bratislava 

 Jozef Molnár – The Slovak University of Technology in Bratislava 

 Tomajko Milaslavski – Slovak University of Agriculture 

 Natália Jurková – Univerzita Komenského v Bratislave 

 Jan Adamczyk – Institute of state and law AS CR 

 Boris Belier – Univerzita Komenského v Bratislave 

 Stefan Fišan – Comenius University 

 Terézia Majercakova – Central European University 

 

1000 copies 

Slovak international scientific journal 

Partizanska, 1248/2 

Bratislava, Slovakia 811 03 

email: info@sis-journal.com 

site: http://sis-journal.com 

  

mailto:info@sis-journal.com
http://sis-journal.com/


CONTENT 

COMPUTER SCIENCE 
Zelinska O. 
MATHEMATICAL METHODS AND MANAGEMENT 
MODELS OF PRODUCTION ACTIVITIES OF THE 
ENTERPRISE ................................................................. 3 

Lebid O. 
IMPROVEMENT OF TECHNICAL SUPPORT OF 
CORPORATE INFORMATION SYSTEMS IN MODERN 
MANAGEMENT ............................................................ 9 

CONSTRUCTION AND ARCHITECTURE 
Strelnikova K., Sharovatova E. 
FEATURES OF APPLICATION OF A SINGLE-LAYER 
BITUMEN-POLYMER SELF-ADHESIVE MATERIAL WITH 
COARSE-GRAINED SHALE SPRINKLING IN THE REPAIR 
OF ROOFS .................................................................. 14 

Schevchuk M., Schevchuk S.,  
Verkalets S., Kyzymyshyn L. 
NATURAL LIGHTING IN THE TRENDS OF MODERN 
CONSTRUCTION ......................................................... 16 

ELECTRICAL ENGINEERING 
Chemborisova N., Belova E.,  
Lipilin M., Mekonnen E. 
ENGINEERING ELECTRIC POWER SYSTEMS WITH 
APPLYING SENSITIVITY OF THE NODES ..................... 18 

 

FOREST ECOLOGY 
Kravchuk H., Titarenko O., Dudnyk Ye. 
RESEARCH OF THE CONTENT OF HEAVY METALS IN 
LINDEN AND POPLAR LEAVES IN THE CONDITIONS OF 
ROAD PLANTATIONS IN VINNITSA ............................ 33 

 

MEASURING SYSTEMS 
Bezvesilna  O., Kyrychuk Y., Nazarenko N. 
MATERIAL SELECTION OF AUTOMATED DUAL-
CHANNEL PIEZOELECTRIC GRAVIMETER OF AGS ...... 39 

Kyshenko V., Romashchuk O., Pankov D. 
DEVELOPMENT OF ALGORITHMS FOR PREDICTING 
THE EVOLUTION OF COMPLEX DYNAMIC SYSTEM .... 42 

  



Slovak international scientific journal # 53, (2021) 33 

FOREST ECOLOGY 
 

RESEARCH OF THE CONTENT OF HEAVY METALS IN LINDEN AND POPLAR LEAVES IN THE 

CONDITIONS OF ROAD PLANTATIONS IN VINNITSA 

 

Kravchuk H., 

Candidate of Agricultural Sciences, 

Associate Professor of the Department of 

Ecology and Environmental Protection, 

Vinnytsya National Agrarian University 

Vinnytsia 

Titarenko O., 

Senior Lecturer of the of the Department 

of Ecology and Environmental Protection, 

Vinnytsya National Agrarian University 

Vinnytsia 

Dudnyk Ye. 

post-graduate student of 

the Department of Ecology and Environmental Protection, 

Vinnytsia National Agrarian University 

Vinnytsya 

 

Abstract 
The content of heavy metals in Lime and Poplar in the conditions of planting stripes of Vinnitsa is investi-

gated. It has been found that in the states of plantings of a roadside band on the Hnivanske and Khmelnytskyi 

highway, the most considerable content of lead was characteristic of leaflets of poplars, while in the letter of Lime, 

it accumulated less. At the sampling point on the rising highway in wood plants, the Linde of lead was 7.5 mg/kg, 

and poplars - 9.5 mg/kg, and in the conditions of the Khmelnytskyi highway, this figure was slightly higher - 8.8 

mg/kg and 15.2 mg/kg. It has been established that in a sheet mass poplar on a ruling highway, the content of 

cadmium compared with MPC increases more than 3.26 times (0.98 mg/kg), while in linden - 1.6 times (0.49 

mg/kg.). The same trend is observed in the Khmelnytskyi highway - cadmium content compared to the MPC 

increases by more than 5.6 times (1.68 mg/kg), while in linden - 4.36 times (1.39 mg/kg) . There was an interesting 

trend: the amount of copper in leaves of linden was greater than in the poplar, both in the zone of Hnivanske and 

Khmelnytskyi highway and amounted to 25.6 mg/kg and 28.6 mg/kg of dry matter in poplar - 24.4 mg/kg and 

26.6. mg/kg, respectively, indicating a more intensive passage of biological processes in poplar than in the linden. 

The slight zinc content in the leaf and poplar in the risky highway is established: in dry biomass, lindes were 

recorded 24.9 mg/kg, poplar - 32.0 mg/kg with MPC 50 mg/kg. In the Khmelnytskyi highway, the linden accumu-

lation of zinc was 48.8 mg/kg, within the normal range, and poplars 52.3 mg/kg of dry matter. The accumulation 

of poplar lead accumulates them in 1.26-1.72 times than linden and cadmium in 1.21-2 times. However, copper 

and zinc (albeit within allowable concentrations) less in 1.05-1.08 and 1.07-1.28, respectively. The concentration 

of lead, cadmium, and zinc on the Khmelnytskyi highway in the biomass of the poplar exceeded the MPC in 3.04, 

5.06, 1.05 times, respectively, and less than copper – 1.08 times. 

Keywords: heavy metals, planting, accumulation, detoxification, gas-resistant, health improvement, environ-

ment. 

 

Different ecological systems were under the influ-

ence of heavy metals. 

Conducted research by Razanov S., Didur I., Per-

vachuk M. allowed to establish that in the cultivation of 

only winter rape, 444 mg/ha lead and 11.1 mg/ha cad-

mium with ammonia nitrate, 1305 mg/ha and 240 

mg/ha with superphosphate double, and 450 mg/ha and 

450 mg/ha with potassium chloride respectively [3]. Ti-

tarenko O. emphasizes that technogenesis is an inten-

sive accumulation of heavy metals in the biodiversity 

of natural forage lands [4]. Contaminated lands with 

heavy metals are often considered marginal, which re-

quires unique approaches to their use [1,2]. Experi-

mental studies of the accumulation of heavy metals by 

plants in urban areas were studied by A. Tsykalo, A. 

Kosmachev, V. Smirnov [5]. 

The subject of our research was the peculiarities 

of the accumulation of heavy metals and trace ele-

ments: lead, cadmium, copper, and zinc in the leaf mass 

of trees in the roadside strips of Vinnytsia. 

Modern urbanized medium by many indicators, 

mainly according to the species composition of plants, 

is significantly different from natural biogeocoenoses. 

In industrial centers, technogenic pollution is one of the 

main factors that affect vegetation. Therefore, tree 

plants used to plant the territories of industrial enter-

prises and highways must have high resistance to aero-

genic contamination, tall decorative, and the ability to 

absorb pollutants from the atmosphere and soil. 

There is growth in holes in the asphalt and envi-

ronmental pollution to adversely affect the growth and 

development of street planting trees, especially emis-

sions from motor transport. However, this unfavorable 
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factor on plants and the cumulative capabilities of a 

roadside green bar has been investigated. 

Our research has become peculiarities of accumu-

lation of heavy metals and traces elements: lead, cad-

mium, copper, and zinc in sheet mass of trees of road-

side strips of Vinnytsia. 

Heavy metals create a powerful impact on the bi-

osphere. Complete vegetation is often observed in soil 

contamination, water, and atmosphere of salts of heavy 

metals: copper, zinc, chromium, cobalt, mercury, tita-

nium, and the like. 

The need to study the toxicity of heavy metals is 

determined by the specificity of several metals on the 

photoproduction capacity of wood species used in land-

scaped and the need to predict their suitability for cul-

tivation in pollution conditions, especially in the system 

of roadside greenery. 

To limit the excessive flow of microelements, 

plants have genetically due to protection mechanisms - 

selective absorption, physiological barriers, biochemi-

cal reactions of detoxification of heavy metals of non-

specific nature. The tolerance of plants to accumulate 

certain chemical elements is due to their genetic and 

physiological features. The accumulation of an element 

in a certain body of a plant is determined by its partici-

pation in biochemical processes and depends on the 

path of its migration on the leading tissue of the plant. 

However, in the conditions of enhanced techno-

genesis, the protective mechanisms of detoxification of 

heavy metals cannot wholly block the migration of ex-

cess ions of toxic elements to xylem, as evidenced by 

their accumulation in the above-ground vegetative re-

productive bodies of plants growing in zones of tech-

nogenic load. 

The peculiarity of plants to maintain their viability 

at high concentrations of gases, usually not inherent in 

the atmosphere's average composition, characterizes 

their gas content. Green plants are healing the urban en-

vironment. 

It should be noted that a rather often dominant fac-

tor of high content of heavy metals in above-ground 

parts of plants is atmospheric air, which is polluted by 

emissions of motor transport and industrial enterprises, 

which increases the proportion of toxic concentrations 

of metals through stomata and cuticle sheet surface. 

Thus, pollution of CD plants, Pb, in areas of intense 

technogenic influence occurs mainly due to the deposi-

tion of these elements from the atmosphere. 

Thus, the laws of absorption, migration, and accu-

mulation of chemical elements in plant organisms are 

determined by the whole complex of interconnected 

natural and anthropogenic factors. Interaction of bio-

logical factors, among which dominant landscape, geo-

morphological, climatic, hydrological conditions, and 

soil differentiation, determines the background content 

of elements in specific components of the environment 

and their territorial distribution by forming geochemi-

cal barriers in the environment path of geochemical 

flows. However, the influence of natural factors is 

largely offset by the pressing of anthropogenic factors. 

Technogenic introduction of heavy metals into the en-

vironment makes an ecological factor for forming a 

chemical composition of plants dominant over the ge-

netic features of the plants themselves and natural pat-

terns of distribution of chemical elements. 

Lead by a degree of danger is an element of the 

first class. Even low lead concentrations can slow down 

some life processes in plants. The data presented in Fig. 

1 indicate that in the conditions of plantings of a road-

side band on Hnivanske and Khmelnytskyi highway, 

the most significant lead content was characteristic of 

leaflets of poplar the letter of linden it accumulated less. 

Fig. 1. Ability to accumulate lead sheet mass of linden and poplar 

 

Lead belongs to the most dangerous, has a high 

cumulative effect, not subject to biodegradation, and is 

practically not excreted from the plant organism. The 

analysis of lead content showed a reasonably high 

background level of this metal in linden and poplar. 

At the sampling point on the Hnivanske highway 

in wood plants, the linden of lead was 7.5 mg/kg, and 

poplars - 9.5 mg/kg, and in the conditions of the Khmel-

nytskyi highway, this figure was slightly higher - 8.8 

mg/kg and 15.2 mg/kg. 



Slovak international scientific journal # 53, (2021) 35 

There is an increased content of the permissible 

lead concentration on two objects immediately. How-

ever, one may notice the highest level in the foxes of 

poplar and exceeds the allowable value on the Highway 

in 1.9 and 3.04 times on the Khmelnytskyi highway. 

The physiological role of cadmium in plants is not 

entirely clarified today. Although its background con-

tent in plants, as a rule, is many times smaller than mi-

croelements, its movement is much larger than other 

heavy metals. Together with the above, one should con-

sider the feature of cadmium that it is very slowly ex-

creted from the body; that is, the probability of cumu-

lative effect for it is very high. Our studies of sheet 

mass of lindens and poplars showed a significant, ex-

ceeding level of permissible concentrations of cad-

mium (Fig. 2). 

 
Fig. 2. Ability to accumulate cadmium sheet mass of linden and poplar 

 

Studied poplars are much more accumulated by 

cadmium in road conditions. Thus, in the leaves on the 

Hnivanske highway, its content compared to MPC in-

creases more than 3.26 times (0.98 mg/kg), while in lin-

den - 1.6 times (0.49 mg/kg). 

The same tendency is observed in Khmelnytsky 

everywhere - the content of cadmium compared with 

MPC increases by more than 5.6 times (1.68 mg / kg), 

while in linden - 4.36 times (1.39 mg/kg) . 

An analysis of the data testifies that cadmium in 

the elements of the sheet mass Poplar can accumulate 

more than in the linden in 1.21 - 2 times. That is, poplar 

alleys near roads have a larger accumulating ability 

than lime. 

Cadmium is one of the most toxic metals for living 

organisms, the concentration of which in the amount of 

5 mg/kg of dry matter is dangerous to plants. The con-

tent of this metal in the leaves of the stick is small and 

even in a heavily contaminated zone of the Khmelnit-

sky highway does not exceed 1.39 mg/kg of dry matter 

(in Tilia Cordata leaves). 

In addition, from Fig. 2 The dynamics of increas-

ing cadmium content with an increase in the car load on 

the street is well traced Khmelnitsky highway. So at the 

time of the peak, the number of cars on the Hnivanske 

highway is 980-1470 cars per hour, then in Khmelny-

tsky this figure is 1860-2630. 

Research results showed a tendency to accumulate 

copper in a dry leaf of wood plants (Fig. 3.). This ele-

ment is biometal and in certain quantities required by 

plant organisms, because it plays an important role in 

physiological processes. However, their concentrations 

have a toxic effect. 



36 Slovak international scientific journal # 53, (2021) 

 
Fig. 3. The ability to accumulate copper sheet mass of linden and poplars 

 

In our studies exceeding the concentration of per-

missible norms in copper was not observed. However, 

an interesting tendency was revealed: the amount of 

copper in the leaves of the linden was greater than in 

the poplar, both in the zone of Hnivanske and Khmel-

nytsky highway, and amounted to 25.6 mg/kg and 28.6 

mg/kg of dry matter in poplar - 24.4 mg/kg and 26.6. 

mg/kg respectively. Although the difference in accu-

mulated copper and not large, only 2-2.2 mg/kg of dry 

matter indicates a more intensive passing of biological 

processes in poplar than in the linden. Thus, increasing 

the amount of copper in the linden leaf does not exceed 

the upper critical level. 

The accumulation of zinc content in all studied lin-

den and poplar leaves was within the limits of allowa-

ble concentrations, except for samples selected by the 

Khmelnytskyi highway on biomass poplar, where the 

excess was not significant amounted to 2.3% (Fig. 4). 

 
Fig. 4. The ability to accumulate zinc leaf mass of linden and poplar 

 

Insignificant zinc content was observed in linden 

and poplar leaves on Hnivanske highway: 24.9 mg/kg 

was recorded in dry linden biomass, 32.0 mg/kg in pop-

lar at 50 mg/kg MPC. 

 On Khmelnytskyi highway: the accumulation of 

zinc in lindens was 48.8 mg/kg, within normal limits, 

and in poplar 52.3 mg/kg of dry matter. The detected 

content of this metal in the leaves does not exceed the 

physiological norm. 

Greenery is considered reliable and recognized 

protection against air pollution. They are called the 

"lungs of the city" by right. Of course, foliage adorns 

the city, but above all, they play an essential role in im-

proving the environment. 

Directed, intended use of polyfunctionality of 

green plantations is the essential modern direction in 

the landscaping of cities, stabilization of an ecological 

condition, reduction of technogenic pressure on the 

health of the population. 

Trees of the genus Tilia L. (Linden) and Populus 

L. (Poplar) occupy a significant share in the landscap-

ing of urban landscapes, making a significant contribu-

tion to cleaning the atmosphere of the industrial city. 

Plants accumulate metal-bearing aerosols and accumu-

late heavy metals, so we analyzed the efficiency of ac-

cumulation of heavy metals in the leaf mass of linden 

and poplar (Table 1). 
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Table 1 

Comparative characteristics of the efficiency of accumulation of heavy metals and microelements by linden and 

poplar leaf mass 

№ Object of measurement, mg/kg 
Hnivanske highway + -, times Khmelnytsky highway + -, times 

Poplar Linden  Poplar Linden  

1.  Lead 9,5 7,5 +1,26 15,2 8,8 +1,72 

2.  Cadmium 0,98 0,49 +2,0 1,68 1,39 +1,21 

3.  Copper 24,4 25,6 -1,05 26,6 28,6 - 1,08 

4.  Zinc 32,0 24,9 -1,28 52,3 48,8 -1,07 

 

The table shows that poplar accumulates more tox-

icants in the leaves than linden. Although, perhaps, 

there is a factor of the biological intensity of metabolic 

processes inherent in each species. However, signifi-

cant absorptive properties of poplar have been revealed, 

and this is indirect evidence of the significant cumula-

tive and bioindication value of poplar in the conditions 

of urban-technological ecosystems. The high intensity 

of microelement accumulation in the leaf fraction of 

linden phytomass was also experimentally established, 

which indicates its high cumulative capacity. Accord-

ing to the relative absorption coefficient, we give a con-

sistent intensity of heavy metals accumulation in the 

dry mass of poplar and linden leaves. In terms of lead 

accumulation, poplar accumulates 1.26-1.72 times 

more than linden and cadmium 1.21-2 times. However, 

copper and zinc (although within acceptable concentra-

tions) are less than 1.05-1.08 and 1.07-1.28, respec-

tively. 

It is known that along highways with high traffic 

intensity (more than 10 thousand cars per day), the 

roadside strip is polluted at a distance of up to 200 m. 

With diesel products, lubricants, and waste tires, cad-

mium and zinc enter the environment. The distribution 

of heavy metals along the roads depends on the inten-

sity and speed of vehicles, wind direction, etc. We 

made a comprehensive analysis of the content of heavy 

metals in the dry leaves of linden and poplar on the 

studied highways Hnivanske and Khmelnytsky high-

ways (Fig. 5-6). 

 
Fig.5. The content of heavy metals in the dry leaves of linden and poplar on the Hnivanske highway 

 

Characterizing the level of heavy metal pollution 

of linden and poplar biomass on the territory of 

Hnivanske highway, it should be noted that the maxi-

mum permissible levels in linden leaves for lead and 

cadmium are 1.5, 1.6, times and more miniature zinc 

than the maximum concentration limit two times and 

copper – 1.08 times. In poplar biomass, the concentra-

tion of lead and cadmium was also 1.9 and 3.26 times 

higher than the maximum allowable levels, respec-

tively, and 1.5 times lower than that of zinc and 1.05 

times lower than that of copper. At the same time, it 

should be noted that the concentration of lead, cad-

mium, and zinc on Khmelnytskyi highway (Fig. 6) in 

poplar biomass also exceeded the MPC by 3.04, 5.06, 

1.05 times, respectively, and less than copper - 1.08 

times. 

The accumulation in the dry mass of linden lead 

and cadmium, respectively, exceeded the MPC by 1.76, 

4.6 times. However, copper was 1.02 and zinc 1.12 

times less. 
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Fig.6. The content of heavy metals in the dry leaves of linden and poplar on Khmelnytsky highway 

 

Thus, the obtained data of the critical level of 

heavy metals in the leaf surface of the crown of road-

side lanes indicate an increase in the manufactured en-

vironmental pollution on roadside lands and the cumu-

lative role of woody vegetation in urban manufactured 

ecosystems. 

Complex, complex, interrelated factors determine 

the uptake and distribution of chemical elements in the 

plant body, so it is difficult to accurately determine the 

specific contribution of root and leaf input to the in-

crease in heavy metals in plant tissues. However, based 

on the research results, it can be argued that we should 

pay attention to the use of green linden and poplar trees 

in landscaping in the case of the possibility of manufac-

tured air pollution. 

Considering the phytomeliorative efficiency of 

roadside plantations along transport routes, we can con-

clude about their different storage capacity depending 

on the species. 

The nature of heavy metal contamination of road-

side green areas and their ability to accumulate danger-

ous toxicants and grow and develop without any visible 

pathological abnormalities was revealed experimen-

tally. And this indicates the phytomeliorative efficiency 

of existing greenery and indicative opportunities for 

woody vegetation. 

In the urban environment, wood species and 

shrubs, and grasses act as universal biological filters to 

purify the atmosphere, soil, and water from manufac-

tured pollutants. 

The peculiarity of the accumulation of heavy met-

als by vegetation is a necessary condition and one of 

the most critical environmental factors in creating and 

forming pollution-resistant tree plantations in which 

they perform a cumulative function. This approach is of 

fundamental ecological importance in the urban eco-

system and can become a priority innovation project. 

Conclusions. Even though the total volume of gas 

emissions in Vinnytsia decreased by 25.1 thousand tons 

in 2020, 124.5 thousand tons of pollutants enter the en-

vironment, including a significant share of heavy met-

als. 

Placement and use of greenery in roadside lanes 

and species selection of plants should be carried out 

considering their sensitivity to heavy metals, the possi-

bility of gas resistance of plantations, and their protec-

tion and health properties. 

We propose to use the results of our research in the 

development of innovative projects as the peculiarities 

of vegetation accumulation of heavy metals. It is a nec-

essary condition and one of the most critical environ-

mental factors in creating and forming pollution-re-

sistant tree plantations in which they perform both pro-

tective and health functions. 
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