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INTRODUCTION

It is often possible to determine the prospects 
for the introduction of certain systematic, geo-
graphical and ecological groups only experimen-
tally, testing many species of various biological 
groups over a number of years and comprehen-
sively analyzing the results. According to the 
method of phylogenetic complexes, it is proposed 
to concentrate in the place of introduction the 
maximum number of the most valuable species 
related genetically, to introduce generic com-
plexes and from the diversity of species to select 
the most promising and stable in the new forest 
conditions.

Based on the analysis and generalization of 
long-term experimental material on dendrological 
resources in arid conditions, taking into account 
comprehensive studies, it is possible to identify 

the biodiversity of plants, their biological poten-
tial, economic suitability for use in protective and 
landscaping plantations of degraded landscapes. 
The objectives of the research included: (i) study 
of the scale of dendrological resources of the arid 
region by geographical origin and age categories; 
(ii) analysis of bioresource collections on climat-
ic and phenological rhythms in connection with 
changes in climatic conditions; (iii) determina-
tion of the characteristics of growth processes; 
(iv) comprehensive assessment according to bio-
ecological, biocenotic, biochemical, biosocial 
criteria; (v) to classify biodiversity by invasive 
status (using the example of the collections of the 
Kulunda Arboretum).

Due to the aggravation of the ecological situ-
ation and the decrease in biodiversity, more and 
more attention is being paid to the rational use 
of its components, including plants of cultivated 
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species, as not only a key autotrophic component 
and an energetically active link in all ecosystem 
processes of the biosphere, but also a convenient 
object of Environmental Research. In solving the 
above problems, a number of ways and approach-
es to improving the state of the environment al-
ready exist and continue to be developed. A sig-
nificant share of the planet is occupied by anthro-
pogenic transformed ecosystems, the sustainable 
use of which often includes anthropocentric ap-
proaches. The current crisis state of the environ-
ment in recent decades has prompted increasing 
attention to biocentric approaches, in which the 
ecological imperative is not the subordination of 
nature to human interests, but the coordination, 
harmonious combination of human activity and 
the laws of nature.

It does not lose its relevance to manage the 
viability of plants of cultural forms within cer-
tain ecosystems, for which methods and concepts 
based on a complex of structural and functional 
features of adaptive changes as adaptive mecha-
nisms to environmental conditions require in-
creasing improvement. An important step in ex-
panding the functional capabilities and harmoniz-
ing vegetation with the conditions of existence 
is to consider the “responses” of plants to their 
adaptations to a certain amplitude of fluctuations 
in environmental factors at different levels of in-
tegration of living matter.

In the process of adaptation of living organ-
isms and populations to environmental condi-
tions, their vitality is determined by limiting 
abiotic and biotic factors that form the structural 
and functional organization, productivity of the 
biocenosis and ecosystem in particular. Thus, in 
arid conditions of the forest – steppe, steppe, the 
viability of natural and cultivated species is lim-
ited by moisture, in low – fertile-by the content 
of nutrients, organic matter; in saline soils-by the 
content of calcium sulfate, etc.

MATERIALS AND METHODS

Theoretical and experimental studies are based 
on the study of the bioecology of tree species in 
the genotype-environment system using forest-
reclamation zoning and equipment (S230Kit con-
ductometer, Dualex Scientific device; luxmeter 
LXP-10A). As well as reproductive features al-
located for the targeted use of their own biore-
sources, taking into account the possibility of a 

comprehensive study of potential invasive quali-
ties and assessment of biotic potential.

The effectiveness of the mobilization of 
woody plants was determined by an integrated 
quantitative method, which made it possible to 
establish the correspondence of the biorhythms 
of plant development over the duration of the 
growing season, taking into account their lag or 
advance relative to the general norm character-
istic of the region (Figure 1). An increase in pre-
cipitation deficit during the growing season (with 
an annual total of 262–417 mm) and indicators of 
average monthly air temperatures was found.

These conditions influenced the duration of 
phenological phases in taxa of trees and shrubs of 
various botanical families and geographical origin 
(North America, Europe, Caucasus, Crimea, Far 
East, Central Asia, Japan, China, Korea). A multi-
year time schedule of the onset of phenophases 
and their frequency response is constructed taking 
into account solar (12.5–16.5 hours) and thermal 
resources (5–24 °C) of the corresponding decades 
of April-October (Volgograd region). In 90% of 
woody species, the onset of the budding phase of 
leaf buds is provided with sunshine for more than 
13.5 hours and an average daily air temperature 
from 5 to 15 °C (Table 1).

The areas of work on the enrichment of den-
droflora include the preservation of the gene pool 
of collections, the creation of a fund of adapted 
planting material, its introduction into the culture 
of artificial cenoses and the formation of multi-
functional forest plantations from them – land-
scaping, utility protection, ravine-girder, pasture 
protection, etc. (Fig. 2).

Deviation of living conditions from the Opti-
mum, which for a certain species for each of the 
factors has its own significance, determines the 
response of plants – environmental stress, as a set 
of protective physiological reactions that occur in 
the plant body in response to exposure to low or 
high temperatures, dehydration, lack of nutrients, 
exposure to pollutants, radiation, and the like.

The ecological characteristics of organisms 
are based on their reaction to the influence of 
environmental factors. Any species (organisms, 
their populations) reacts differently to this or that 
ecological factor, which generally determines its 
viability, distribution area, contributes to the for-
mation of its largest (or optimal or minimum) bio-
mass and the highest (lowest) population density, 
which confirms the law of optimum V.E. Shel-
ford, the essence of which is that the existence of 
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an organism is determined by the range of mini-
mum and maximum values of a certain factor-
tolerance limits.

Each species has its own characteristics and 
the body is able to survive only in the range of 
variability of this factor, which is also called the 
amplitude. Both very high (maximum) and very 
low (minimum) values of environmental factors 
can be harmful to the body. Their critical values, 
above or below which organisms cannot exist, are 
critical points between the values of which there 
is a zone of ecological tolerance.

Important in the realization of plant poten-
tial in specific conditions is the optimal value of 
environmental parameters, at which the highest 
vitality is observed-the viability of the culti-
vated species. And if natural species “settle “in 
more favorable places of growth for them, then 
for artificially created plant forms, a person 

himself” selects “such conditions, or” finds “ 
the right genotype for them. The viability and 
productivity of cultivated species as primary 
links of autotrophic consortia, biocenoses in 
addition to natural and climatic factors are de-
termined by anthropic (fertilizers, pesticides), 
which are leading in ensuring maximum bio-
logical productivity of cultivated plant forms 
(varieties, lines, hybrids) and determine the 
physiological and biochemical, morphological, 
consortium, etc. optimums of environmental 
factors. For any species, the autecological op-
timum (the conditions under which the species 
reaches maximum development in the absence 
of competition) and the synecological Opti-
mum of the species, or the biocenotic Optimum 
of the species (the conditions under which the 
species reaches maximum development in the 
presence of competition) are important.

Figure 1. Characteristics of growth processes of woody species in conditions of chestnut soils
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No less important are Population Studies in 
order to obtain data that can be used in the de-
velopment of scientifically based nature-saving 
methods for the exploitation of anthropogenic 

transformed ecosystems, protection, reproduc-
tion, reintroduction and introduction of popu-
lations and species. Close attention should be 
paid to population studies in order to establish 

Figure 2. Conceptual aspects of the technology of enrichment and 
sustainable use of biodiversity of trees and shrubs

Table 1. Distribution of species by the onset of phenophases

Month
(decade) * **

RLP NCW KCW OBL KRP PLD LST
Number of indications pcs. (%)

IV(2) 13.5 5...10 4(8.5) 1(2.1)
IV(3) 14.5 10...15 23(49.0) 8(17.1) 4(8.5)
V(1) 19(40.4) 17(36.2) 11(23.4) 16(34.0)
V(2) 15.5 15...18 1(2.1) 11(23.4) 8(17.1) 25(53.2) 1(2.1)
V(3) 16 18...21 5(10.6) 14(29.8) 6(12.8) 3(6.4) 4(8.5)
Vl(1) 3(6.4) 3(6.4) 14(29.8)
Vl(1) 1(2.1) 4(8.5) 20(42.5)
VI(3) 16.5 21...24 1(2.1) 2(4.2) 8(17.1) 3(6.4)
VII(1) 1(2.1) 1(2.1) 1(2.1)
VII(2) 16 24...21 2(4.2)
VII(3) 1(2.1)
VIII(1) 2(4.2)
VIII(2) 3(6.4)
VIII(3) 14.5 21...18 8(17.1)
IX(1) 13.5 18...15 8(17.1)
IX(2) 12.5 15...10 4(8.5) 1(2.1)
IX(3) 6(12.8) 5(10.6)
X(1) 11.5 10...8 4(8.5) 10(21.3)
X(2) 11 8...5 1(2.1) 15(31.9)
X(3) 10 5...0 10(21.3)
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differential and integral parameters of popula-
tions that can be used in organizing monitoring 
of the state of ecosystems, individual species and 
environmental changes (biotic, abiotic). Both tra-
ditional and prospective studies of populations 
– systems of the superorganizational level – al-
low us to obtain data that deepen the theoretical 
foundations of systemology, reveal the essence of 
such fundamental phenomena of living systems as 
stability and stability, adaptation and adaptability, 
in addition, is the actual basis for mathematical 
modeling of the functioning of multicomponent 
systems in a changing environment and the devel-
opment of effective methods for the conservation, 
introduction, reintroduction and exploitation of 
biotic components of ecosystems.

Individuals of the same species form a coeno-
population within the coenosis. Similar popula-
tions of the same species adapted to certain living 
conditions make up ecotypes. The object and sub-
ject of Synecology is the grouping of organisms 
(biocenoses) belonging to different populations, 
between 24 which form connections (trophic, 
topical, phoric, factory, repellent, attractive, di-
phenhydramine, etc.), forms of symbiotic (mu-
tualistic, protocooperative, commensalytic) and 
antibiotic (amensalytic, allelopathic, competitive, 
predatory) connections. The theory of ecosystems 
of all degrees of complexity – from consort to 
Biosphere, their genesis, structural and functional 
features, evolution and anthropogenic Dynam-
ics is considered by ecosystemology. In an eco-
system, the totality of living organisms and their 
abiotic habitat form a functional unity, thanks to 
which the biotic cycle, Energy Exchange and en-
ergy accumulation occur. System ecology covers 
the structure and functioning of the ecological 
system and the importance of various populations 
(species) in it, in order to assess the possibility 
of predicting the development of an ecosystem 
and the dynamics of its constituent elements, as 
well as their management. These are quite com-
plex problems, and to solve them, you need to use 
mathematical methods, modeling methods, and 
computer technologies.

With the current global climate change and 
significant anthropic pressure, the ecosystem ap-
proach to building productivity-stable adaptive 
agroecosystems with favorable phytosanitary and 
ecological conditions is becoming increasingly 
important. This can be achieved by a comprehen-
sive study of the elements of the agroecosystem, 
which is why the management of populations of 

harmful species must necessarily be coordinated 
with the natural processes occurring in agroeco-
systems. To achieve this goal, there is insufficient 
knowledge about the interrelationships of the 
main components of agrocenoses and the joint 
impact of harmful consort species on the pro-
ductivity of cultivated species, as well as about 
the ecosystem principle of territory organiza-
tion. Holistic the picture of the composition and 
functioning of agrobiogeocenoses and higher-
ranking agroecosystems, field facies of the agro-
landscape is still not disclosed, since studies are 
conducted at the level of individual populations 
of species that cause biotic stresses to autotrophic 
species. Summing up the above, it should be not-
ed that modern research requires an increasingly 
qualitatively new level of long-term synchronous 
biocenological observations and accounting for 
complexes of species: insects, phytopathogens, 
microorganisms and weeds.

The most effective way to conduct bioceno-
logical and Ecosystem Studies of cultivated plant 
species is to organize agroecological hospitals. 
The main method of research in systems ecol-
ogy is System Analysis, which develops ways 
to study various complex systems or situations, 
provided that the goals (criteria) are not clearly 
set. The systematic approach uses the mathemati-
cal apparatus of the theory of operations research, 
methods of multidimensional statistics and infor-
mal analysis (the method of expertise, the method 
of hypotheses, heuristic methods and computer 
modeling). An essential part of the study of sys-
tems is the choice of how to describe the changes 
that occur in them, and the formalization of such 
a description. The complexity of formalization is 
determined by the overlap of different types of 
factors that characterize the system, for example, 
a combination of genetic, biological, environ-
mental and other factors.

As part of a plant Group, species with differ-
ent limits of individual tolerance coexist. Accord-
ing to the principle of emergence, in synecologi-
cal studies, it is advisable to evaluate the response 
of biocenoses as an integral structure to changes 
in environmental parameters. To reveal the or-
ganizational structure of groups, their functional 
activity allow the study of the relationships of 
various hierarchical levels, as a result of which 
ecomorphic matrices are formed that reflect the 
general emergent properties of ecological groups 
(for example, trophic, topical their structure), 
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since the organizational structure of groups is en-
vironmentally determined.

The study of plants of cultivated species at 
various ecological levels allows us to obtain infor-
mation about plant viability strategies that are im-
portant in managing and expanding the function-
ality of species and varietal diversity and harmo-
nizing vegetation with environmental conditions. 
A systematic approach to plant research makes it 
possible to fully realize the genetic potential of 
productivity, set the limits of environmental toler-
ance, sustainability, genetic flexibility, and so on.

The existence of a species is determined by 
many environmental factors, the leading place 
among which belongs to the parameters of the vi-
ability of a plant population (indicators of habit, 
mass, development of the reproductive sphere 
and their implementation in specific conditions). 
Viability is realized through individual parame-
ters of adaptive traits and properties, connections 
that ensure the inherent ability of a population of 
organisms to maintain the level of systemic or-
ganization necessary to preserve its basic func-
tions: restoration, settlement and evolution. The 
analysis of recent works shows the importance of 
improvements in the study of the problem of vi-
ability of plant species populations and requires 
further development of analytical approaches, in 
particular, to compare the viability of populations 
of different species, unify the assessment of vi-
ability, identify priority features of viability of 
populations of different life forms and strategies, 
not only rare, relict and endemic plants, but also 
cultivated species.

CONCLUSIONS

The concept of vitality as an indicator of the 
state of an individual and population, character-
ized by qualitative parameters of development 
and quantitative parameters of growth, includes 
metric features of the vegetative and reproductive 
sphere (height, development capacity), phyto-
mass, seed productivity, etc., according to which 
individuals are taken into account and compared. 
The level of vitality of populations is estimated 
by the structure, number, density, stock of phy-
tomass, etc. With the development of Population 
Research, due to the versatility of approaches to 
the study of populations of organisms of various 
systematic groups, the term vitality (vitality) of a 
population is widely used in population biology 

– this is an integral characteristic that reflects 
the current state of the population based on the 
most important individual and group parameters 
of structure, growth, development and reproduc-
tion. Vitality represents the actual position of a 
population in its realized ecological niche and 
corresponds to the part of the reaction rate that 
manifests itself under current habitat conditions 
at a particular time.

One of the ways to preserve and increase bio-
diversity is to introduce sustainable and adaptive 
plant forms and species, especially those that are 
able to withstand negative environmental fac-
tors to a greater extent. The stability and adaptive 
characteristics of plants are based on the mecha-
nisms of adaptability, the study of which, de-
spite significant improvements in developments, 
is very relevant today. More and more attention 
has recently been paid to the study and creation 
of cultivars and varieties of plant species that 
form stable vegetative and generative productiv-
ity under unfavorable and extremely unfavorable 
conditions due to their greater value, compared 
to those that have high seed productivity only in 
favorable weather conditions. In this regard, the 
success of introducing new species, including 
cultivated ones, it is possible only taking into ac-
count the mechanisms of viability – priority cri-
teria of adaptability, which will contribute to the 
enrichment and preservation of Biological Diver-
sity, rational use of Natural Resources.

Acknowledgements

The research was carried out within the 
framework of state task No. 0508–2021–0001 
“Scientific foundations and technologies for en-
riching the dendroflora of forest reclamation 
complexes with economically valuable woody 
and shrubby plants in order to prevent degrada-
tion and desertification of territories” (Registra-
tion number: 121041200197–8) funded by the 
Ministry of Science and Higher Education of the 
Russian Federation

REFERENCES

1. Bączek K., Pioro-Jabrucka E., Kosakowska O. 
2019. Intraspecific variability of wild thyme (Thy-
mus serpyllum L.) occuring in Poland Journal of 
Applied Research on Medicinal and Aromatic 
Plants, 12, pp. 30–35



93

Ecological Engineering & Environmental Technology 2022, 23(3), 87–94

2. Belitskaya M. 2018. Ecologically adaptive recep-
tions control the number of pests in the ecosystems 
of transformed at the forest reclamation. World 
Ecology Journal, 8(2), 1–10. https://doi.org/https://
doi.org/10.25726/NM.2018.2.2.001

3. Daru B.H., van der Bank M. and Davies T.J. 2017. 
Unravelling the evolutionary origins of biogeo-
graphic assemblages. Diversity and Distributions. 
2017;66:1014–1016. doi: 10.1111/ddi.12679.

4. Dolgikh А. 2018. Monitoring of introduction re-
sources of the Kulunda arboretum and allocation 
of valuable gene pool for protective afforestation. 
World Ecology Journal, 8(1), 29–42. https://doi.org/
https://doi.org/10.25726/NM.2018.1.1.003

5. Fadyushin S.G., Vereshchagina E.A., Kayak A.B. 
2019. Diagnosis of Internet-dependent Human 
Behavior in the Information Aspect. In Proceed-
ings of the International Science and Technology 
Conference “FarEastСon” (ISCFEC 2019) (pp. 
168–170). Atlantis Press. https://doi.org/https://doi.
org/10.2991/iscfec-19.2019.45

6. Fadyushin S., Vereshchagina E., Rudnichenko A. 
2019. Entropy As an Assessment Factor of the Cur-
rent State of Vessel When Approaching an Object 
of Maneuver. IOP Conference Series: Earth and 
Environmental Science, 272, 22120. https://doi.
org/10.1088/1755–1315/272/2/022120

7. Fialkovsk, I., Lutskiy D., Alekseev A., Blinov A. 
2021. Modelling the effect of temperature on the 
stability of bromide and carbonate complexes of 
europium, gadolinium, terbium and determina-
tion of their thermodynamic functions. In: Mate-
rials Science Forum, Vol. 1031 MSF. https://doi.
org/10.4028/www.scientific.net/MSF.1031.103

8. Fomina T.I. 2017. Comprehensive approach to 
study seasonal development of introduced plants on 
the example of rare species of genus Campanula. 
Rastitel’nyj Mir Aziatskoj Rossii, 4(28), 59–65

9. Germanovich A.A. 2020. Algorithm and analysis 
of the construction of the geometry of the move-
ment of vehicles. International Journal of Advanced 
Trends in Computer Science and Engineering, 9(2), 
1473–1478. doi:10.30534/ijatcse/2020/86922020

10. Golikov V.A., Vyacheslavovna M.E., Amosov A.G., 
Rozdestvenskis O. 2020. Unifying the exterior of 
complex technical systems in modern design. 
Journal of Advanced Research in Dynamical and 
Control Systems. 12(7 Special Issue), 988- 991. 
doi:10.5373/JARDCS/V12SP7/20202193

11. Hereford J., Schmitt J., Ackerly D.D. 2017. The 
seasonal climate niche predicts phenology and dis-
tribution of an ephemeral annual plant, Mollugo 
verticillata. Journal of Ecology, 105, 1323–1334. 
doi: 10.1111/1365–2745.12739.

12. Kizatova M.Y., Medvedkov Y.B., Shevtsov A.A., 
Drannikov A.V. and Tlevlessova D.A. 2017 

Experimental-Statistical Analysis and Multifacto-
rial Process Optimization of the Crust from Melon 
Pulp Separation Process. Journal of Engineering and 
Applied Sciences, 12(7), 1762–1771.

13. Korshunov G.I., Eremeeva A.M., Drebenstedt C. 
2021. Justification of the use of a vegetal additive 
to diesel fuel as a method of protecting underground 
personnel of coal mines from the impact of harm-
ful emissions of diesel-hydraulic locomotives. Jour-
nal of Mining Institute, 247(1), 39–47. https://doi.
org/10.31897/PMI.2021.1.5

14. Kupchishin A., Voronova N., Shmygaleva T., Kup-
chishin A. 2018. Computer simulation of vacancy 
clusters distribution by depth in molybdenum irra-
diated by alpha particles. Key Engineering Materi-
als, 781 KEM, 3–7. https://doi.org/10.4028/www.
scientific.net/KEM.781.3

15. Mendoza I., Peres C.A., Morellato L.P.C. 2016. 
Continental-scale patterns and climatic drivers of 
fruiting phenology: a quantitative neotropical re-
view. Global and Planetary Change. 2016;148:227–
241. doi: 10.1016/j.gloplacha.2016.12.001.

16. Munson S.M., Long A.L. 2017. Climate drives shifts 
in grass reproductive phenology across the western 
USA. New Phytologist. 2017;213:1945–1955. doi: 
10.1111/nph.14327.

17. Panchen Z.A., Primack R.B., Aniśko T., Lyons 
R.E. 2012. Herbarium specimens, photographs, 
and field observations show Philadelphia area 
plants are responding to climate change. American 
Journal of Botany. 2012;99:751–756. doi: 10.3732/
ajb.1100198.

18. Park I.W., Schwartz M.D. 2015. Long-term her-
barium records reveal temperature-dependent 
changes in flowering phenology in the Southeast-
ern USA. International Journal of Biometeorology. 
2015;59:347–355.

19. Pearse W.D., Davis C.C., Inouye D.W., Primack R.B., 
Davies T.J. 2017. A statistical estimator for deter-
mining the limits of contemporary and historic phe-
nology. Nature Ecology & Evolution. 2017;1:1876–
1882. doi: 10.1038/s41559–017–0350–0.

20. Rodnyansky D.V., Abramov R.A., Repin M.L., 
Nekrasova E.A. 2019. Estimation of innovative 
clusters efficiency based on information manage-
ment and basic models of data envelopment analy-
sis. International Journal of Supply Chain Manage-
ment, 8(5), 929–9360.

21. Semenyutina A. and Klimov A. 2018. Analysis of 
bioresources of the gene pool of Robinia, Gledit-
sia for forest meliorative complexes on the basis of 
studying adaptation to stress factors. World Ecol-
ogy Journal, 8(2), 33–45. https://doi.org/https://doi.
org/10.25726/NM.2018.2.2.004

22. Semenyutina A., Svintsov I., Huzhahmetova A. 
and Semenyutina V. 2018. Regulation of increase 



94

Ecological Engineering & Environmental Technology 2022, 23(3), 87–94

of biodiversity of woody plants in protective for-
est plantings of the Volga region. World Ecology 
Journal, 8(2), 46–59. https://doi.org/https://doi.
org/10.25726/NM.2018.2.2.005

23. Sergeevich F.I., Evgenievna L.T., Sergeevich L.D., 
Alexandrovich, A.A. 2022. Determination of the 
parameters of thermodynamic stability constants 
of bromide complexes of rare earth metals for 
modeling the optimal regimes of hydrometallurgi-
cal extraction. Arab Journal of Basic and Applied 
Sciences, 29(1). https://doi.org/10.1080/25765299
.2021.2015897

24. Shmygaleva T.A., Kupchishin A.I., Kupchishin 
A.A., Shafii C.A. 2019. Computer simulation of the 
energy spectra of {PKA} in materials irradiated by 
protons in the framework of the Cascade-Probabi-
listic method. {IOP} Conference Series: Materials 
Science and Engineering, 510, 12024. https://doi.

org/10.1088/1757–899x/510/1/012024
25. Tereshkin A. 2018. Specificity of optimization of 

recreational potential Forest park (on the exam-
ple of the green zone of Saratov). World Ecology 
Journal, 8(2), 60–70. https://doi.org/https://doi.
org/10.25726/NM.2018.2.2.006

26. Van Proosdij A.S.J., Sosef M.S.M., Wieringa J.J., 
Raes N. 2016. Minimum required number of speci-
men records to develop accurate species distribu-
tion models. Ecography. 2016;39:542–552. doi: 
10.1111/ecog.01509.

27. Voronova N.A., Kupchishin A.I., Kupchishin A.A., 
Kuatbayeva A.A., Shmygaleva T.A. 2018. Com-
puter Modeling of Depth Distribution of Vacancy 
Nanoclusters in Ion-Irradiated Materials. Key 
Engineering Materials, 769, 358–363. https://doi.
org/10.4028/www.scientific.net/kem.769.358


