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Bioremediation of polluted soils with pesticides using
microorganisms — situation in Colombia
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Abstract. The analysis of the scientific literature on the subject of bioremediation in
Latin America countries shows that due to the excessive and uncontrolled use of pesticides in
agriculture, there are negative impacts on the environment, mainly on soil and water, as well as
on human health. However, through processes such as bioremediation, which utilize the
metabolic potential of microorganisms such as bacteria and fungi, it is possible to reduce the
impact of pesticides on the environment and human health, which are key factors for achieving
sustainable development. Colombia has a severe pesticide pollution problem, as the
uncontrolled use of pesticides has affected not only the environment but also human health.
Thus, bioremediation is a good alternative to the restoration of a polluted environment and the
reduction of its impact on human health.
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Buopemepnaumsa 3arpasHeHHbIX NOYB NecTuumnaamMm
C UCnonb3oBaHMEM MUKPOOPraHU3mMoB — cutyaums B Konymouu
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AnHoTaums. [TpoBeneHHbIM aHAIM3 HAYYHOMH JUTEPATYPHI 10 TEMATHKE OHOpEeMUIHa-
uuu B crpaHax JlaTMHCKONl AMepUKH CBHIETENBCTBYET, YTO H3-32 YPE3MEPHOIo U OECKOH-
TPOJILHOTO MCTIOb30BAaHUS MECTULHUJIOB B CEIBCKOM XO34WCTBE BO3HUKAIOT HETATHUBHBIC
BO3JICHCTBUSA Ha OKPY’KAIOILIYIO CPely, B OCHOBHOM Ha IMOYBY W BOAY, & TAK)XKE HA 3I0POBHE
yenmoBeka. Ho Gnarogaps TakuM mporieccaM, Kak OnopemMenuariyisi, B KOTOPhIX HCIIOJIb3YeTCs
MeTabO0JIMYeCKUH MOTEHLUMA]l MHUKPOOPraHU3MOB, TaKUX Kak OakTepud U TpuObl, MOXKHO
YMEHBIINTh BO3/IEUCTBHE MECTULIUOB Ha OKPY>KAIOLIYIO CPELY U 310POBbE UEIOBEKA, UTO SIB-
JISIETCS OJTHUM U3 OCHOBHBIX (haKTOPOB ISl IOCTHKECHUS YCTOWIMBOTO pa3Butus. B KomrymoOun
CYIIECTBYET Cepbe3Has Mpo0ieMa, CBsI3aHHAs C 3arpsS3HCHUEM MECTHIIMIAMH, TIOCKOJIbKY He-
KOHTPOJUPYEMOE HCIOIb30BAHUE TIECTUIIMIOB MOBIMSIIO HE TOJBKO HA OKPYXKAIOLIYIO Cpey,
HO ¥ Ha 370pOBbE 4enoBeka. Takum oOpa3oM, OMopeMeananus BIseTcs XOpollei anpTepHa-
THUBOM BOCCTaHOBJIEHHUIO 3arpsi3HEHHOM OKpY»Kalollel Cpelbl U YMEHBIIEHUIO €€ BO3AECHCTBUS
Ha 3]I0pPOBbE YEIIOBEKA.

KuaroueBsble ciioBa: GuopeMenuanys, 3arps3HeHHbIE TOYBBI, TIECTULUIbI, MUKPOOpra-
HU3MBL.

Bkiag aBTOpOB: Bce aBTOPHI C/IeTIajld SKBUBAJICHTHBIN BKJIA]] B ITOJITOTOBKY ITyOJIMKAIIHN.

Hcropus crateu: noctynuia B penakiuio 13.08.2022; nopabotaHa mocie pereH3upo-
BaHus 21.12.2022; npunsrta k nyonukauuu 16.01.2023.

Jas uurupoBanms: Zambrano-Gary C.C., Kirichuk A.A. Bioremediation of polluted
soils with pesticides using microorganisms — situation in Colombia // Bectauk Poccutickoro
yHHBepcuTeTa IpyxObl HapogoB. Cepust: DKonorus u 0E30MaCHOCTh JKH3HEASSTEIbHOCTH.
2023.T.31. Ne 1. C. 7-19. http://doi.org/10.22363/2313-2310-2023-31-1-7-19

Introduction

Pesticides are used in order to eliminate and reduce unwanted organisms.
However, excessive and no controlled use of these, could have negative impacts on
ecosystem, mainly in soil’s organisms, creating a domino’s effect, furthermore they
also have impacts to the other organisms, including humans [16—19].

Certain pesticides like DDT had been used by a long time in the fight anti
malaria, due to its characteristics like low cost and residual action. Moreover, due
to an excessive and uncontrolled use, had occurred negative situations in human
health, like intoxications, cancer, disturbances in immunological system and
hematologic disorders [1]. In the case of DDT, it has a high persistence, due to its
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strong adsorption by solid particles, like soil. Thus, despite in a lot of countries the
use of this substance is forbidden, can find contaminated environments, even don’t
use DDT anymore. According to some authors, the DDT could be degraded in two
years, moreover, some of them have reported that the degradation process could be
15-20 years or more. Furthermore, the continuous and indiscriminate use of
pesticides, but not only organochlorides, like DDT, may affect the environment,
including soils, water and air, and in some cases, could promote the pests’ resistance
[2-8; 12].

Nevertheless, there are methods that allow eliminate, or at least, reduce de
amount of pollutants, including pesticides, one of them is bioremediation, that is a
econ friendly and low cost process, that uses microorganisms’ metabolic potential,
in order to reduce the contamination transforming toxic substances, like pesticides,
to others less toxic. In these processes may use a high variety of microorganisms,
including bacterial genera, fungi and algae [9—11; 13—15; 18; 19].

In some countries, like Colombia, it’s highly used pesticides in cultures,
mainly corn, rice and potato cultures and also cotton, coffee, tobacco, and other
fruits and vegetables. In fact, in Latin America, Colombia is the country with the
highest use of pesticides for those cultures [5; 14].

In this work, we made a review about the processes of bioremediation, to
achieve this goal, we have searched some of the most recent publications about this
topic (papers, graduation works, books, etc.) published after 2013 year.

Sustainable development and environmental management related
with pesticides uses

Basically, the concept of sustainable development is based on concept of
socio-economic development in line with ecological constraints; the concept of
needs related with the redistribution of resources to ensure life quality for everyone;
and also de possibility of usage natural resources in order to warrant quality of life
for the future generations [20].

The concept is based on the three pillars of sustainability: environmental
sustainability, social sustainability and economic sustainability; moreover, the
concept of sustainable development is close related with ecological issues,
therefore, it’s most related to ecological sustainability. But in order to achieve the
required ecological conditions, also need to achieve some social conditions, like
tradition, culture and other social needs, like access to drinking water, employment,
education, food resources, etc. [20].

Related with the soils, the Food and Agriculture Organization of the United
Nations (FAQO) says that most of the soils in the world will be on acceptable, poor
or very poor conditions due to exposition to heavy metals and other pollutants.
Hence, the disposal of toxic residues and metal’s accumulation are big challenges
for recovering and use of soils. Nowadays, it knows that water, air and soil’s
contamination is a big threat for human health, mainly for people who are involved
with the environmental effects by contamination. Then, it’s evident how the
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environmental management, that attempt to prevent and reduce the environmental
issues, carries the achievement of sustainable development [21].

It is clear that natural resources are limited, therefore they must be used
judiciously in order to meets the current needs, but without compromising the future
generations. This is the reason because tools like remediation and bioremediation
help to issues like recycling materials, preservation of natural resources,
minimization of waste and energy, and also contribute with eco-friendly processes,
that help to save money, using the metabolic potential of living organisms, mainly
microorganisms, despite some drawbacks, like long time treatment time, and also,
in some cases could be not effective, if the pollutant is in higher concentrations that
are toxic even to microorganisms existence [22; 23].

The sustainable development includes other issues, besides the
environmental; in order to fulfil with the sustainability, must integrate economic
and social issues that could be achieved with a process; that requires integration of
environment, policies and developmental strategies in a global context. Hence the
environmental management must coincide with social requirements, be viable
economically and also contribute with environment’s care. Since environment,
society and economy are not statics, it’s necessary identify, learn and study the form
that socio economic aspects be included into the design criteria, in order to achieve
sustainable solutions [21]. In the case of processes of recovering polluted areas with
bioremediation’s processes, can see that is oriented to sustainable development,
since try to recover and reduce contamination with help of living organisms, that
use the pollutant like energetic resource, then this is an achieve for the
environmental issue, is a cheap process, therefore also is an achieve in economic
issue and with the reduction of contamination helps to improve the human health,
hence is also an achievement in the social issue.

In the next chapters of this review there is a description of the different
techniques and processes in bioremediation, and how this works.

Bioremediation procedures and techniques

Bioremediation is the process, that exploit living organisms in order to reduce
or eliminate wastes in environment. In bioremediation’s processes uses mainly
microorganisms, like bacteria, fungi and algae. Since microorganisms possess
enzymes that allow them to use environmental pollutants like food, they are a good
tool to recover damaged ecosystems; therefore, the aim of bioremediation is
encouraging microorganisms to work by suppling optimum level of nutrients and
other essential chemicals for their metabolism in order to degrade or detoxify
hazardous substances to the environment and other living beings [10; 24; 27].

There are many factors that influence the soil’s adsorption of pollutants like
pesticides, they are organic matter content, pH, clay content, availability of
nutrients, temperature, moisture content and other chemical factors like electrical
conductivity, hence, soil fumigation influence in their physicochemical
characteristics [24-26].
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Processes in bioremediation: Basically, the bioremediation processes utilize
living organisms, mainly microorganisms like bacteria and fungi. Now there is a
description of the different processes used in bioremediation.

Bacterial bioremediation: Since bacteria are easily cultivable in laboratory,
this group of microorganisms has an important role in the recovering of polluted
soils with pesticides. Once bacteria have adapted to the contaminated area, they
often utilize the pesticide’s compounds like energetic resource and promote the
removal of these substances of Earth crust. The processes degradation in bacteria is
achieved through enzymes, that may evolve in response to prolonged exposure to
high concentration of some substances, including pesticides, that could promote
new metabolic pathways in bacteria [28; 32].

But the pesticide biodegradation needs certain conditions. One of them is the
interaction between the pesticide degrader and the indigenous microbial community
in the polluted environment, along with the consequent competition for other
substrates [32]. Sometimes in biodegradation processes is needed mixed cultures,
because some bacterial genera have incomplete mechanisms, and with the
addition of a bacterial consortia, can complement each other, and thus achieve
degradation [29].

The bacterial degradation may be in aerobic or anaerobic conditions, both
processes are needed in order to obtain mineralization of pollutants. In each process,
work different enzymes, that promote degradation according to condition, be
aerobic or anaerobic [30].

Bacterial genera and species that degrade pollutants: The Actinobacteria
group, are present in high concentration in soils and play an important role in
recycling substances, because they are capable to remove xenobiotic compounds of
soils, specially pesticides, but also heavy metals and other substances, being a
bacterial group that have received great global interest due to its biotechnological
applications. The degradation of pollutant compounds is possible thanks to their
physiological and metabolic properties, like production of extracellular enzymes
and formation of other secondary metabolites [29].

But there are other bacterial genera and species that degrade compounds
like pesticides: Bacillus thuringiensis, Pseudomonas, Enterobacter, Alcaligenes
faecalis, Alcaligenes eutrophus, Lactobacillus plantarum, Brevundimonas,
Mycobacterium, Bacillus sp., Arthrobacter, Acetenobacter, Photobacterium,
Rhodococcus, Streptomyces aureus, Streptomyces sp., Janibacter, Frankia
alni, Frankia sp., Gordonia, Aerobacter, Moraxella, Flavobacteria,
Klebsiella sp. [1; 24; 26; 29; 30].

Also there are some bacterial strains that help to degrade pesticides, including
DDT, like Xanthomonas sp., Arthrobacter citreus, Ralstonia eutrophus A5,
Pseudomonas acidovorans, Eubacterium limosum, Pseudoxanthomonas sp.
And specially Chryseobacterium sp. PYR2 that degrade DDT in high contaminated
soils [31].

According to some authors like Betancur [1], bacterial species like
Alcaligenes eutrophus AS, Serratia marcescens DT-1P, Micrococcus varians,
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Lactobacillus plantarum and Pseudomonas sp. Can degrade DDT in aerobe
conditions. In anaerobe conditions, DDT degradation could be achieved with
Staphylococcus haemolyticus, Synecococcus sp. and Klebsiella pneumoniae.

Fungal bioremediation: Fungi are unique organisms due to their
morphological, physiological and genetic features; they play key roles in the
environmental equilibrium, since they able to colonize all matrices, like soils, water
and air. Furthermore, almost every natural organic compounds can be degraded by
fungi, because they have a diverse variety of enzymes like amylases, lipases and
proteases that allow them to use substrates as fats, starches, proteins, and also
pectines, cellulose, and hemicellulose like carbon resources, and furthermore,
degrade pollutants like polycyclic aromatic hydrocarbons, polychlorinated bifenyls,
pesticides and herbicides [35].

Filamentous fungi, yeasts and mushrooms may degrade pollutants in soil,
certain species like lignolytic fungi may achieve this purpose, thanks to cellular
enzymes like lactase, that work in dechlorination of chlorophenolic compounds.
Furthermore, mycelium of ectomycorrhizal fungi, that is surrounded by silts in
hyphae, can kidnap pollutants like DDT and allow reduction in toxicity of their
cells; therefore, fungal species have high resistance to those compounds, evidenced
by the adaptive processes that have fungal species in order to assimilate new carbon
resources [1], and in the degradative process, they release pollutants to soil into
non-toxic substances [33]. Also, fungi secrete exoenzymes to supply the energetic
necessities for growing hyphae, the xenobiotic-metabolizing enzymes grants the
metabolism of distinct compounds, hence they tolerate a wide range of natural of
anthropogenic substances, including aromatic amines and their derives [34]. They
induce structural changes to the pesticides, rendering it in non-toxic compounds
that are released to soils. Sometimes, those non-toxic compounds may be degraded
by bacteria [36].

Fungi have advantages over bacteria in bioremediation processes, since
bacteria needs pre-exposition to the specific pollutant that will be degraded, in order
to stimulate enzyme expression, because levels of pollutant limit the enzyme
expression. Furthermore, fungi present a great potential to degrade high molecular
weight hydrocarbons and other recalcitrant organic compounds, therefore, they are
a powerful biotechnological tool due to their potential biologic control [34].

The fungal genera and species often utilized in bioremediation processes are:
Flammulina velupites, Stereum hirsutum, Coriolus versicolor, Dichomitus
squalens, Hypholoma fasciculare, Auricularia auricula, Pleurotus ostreatus,
Agrocybe semiorbicularis, Aspergillus sp., Trichoderma sp., Agrocybe
semiorbicularis, Auricularia auricula, Coriolus versicolor, Dichomitus squalens,
Flammulina velupites, Hypholoma fasciculare, Pleurotus ostreatus, Stereum
hirsutum, Avatha discolor [33; 34; 36].

Bioremediation techniques: there are different techniques that can be used in
order to do a process of bioremediation, they are mainly biostimulation and
bioaugmentation.
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Biostimulation: this technique modifies the environment in order to stimulate
microorganisms, mainly bacteria, capable of bioremediation. In order to achieve
this, biostimulation do it with addition of nutrients and chemical compounds that
work like electron acceptors, like phosphorus, nitrogen or carbon. Basically intent
to stimulate indigenous microflora, although not only needs addition of nutrients,
but also control other environmental requirements, like pH, temperature and oxygen
[24; 37, 38; 40].

The processes of biostimulation are often used in degradation of organic
pollutants, due to improve microbial activity, but sometimes is used too in
degradation of heavy metals [39]. Therefore, this is a proficient way to degrade
compounds like pesticides.

Bioaugmentation: this process consists in the addition of microorganisms
different to the indigenous microflora, that could be natural, exotic or engineered
microorganisms, in order to increase and enhance the biodegradative capacity of
indigenous microbial population on the contaminated area. This process is used
mainly when de indigenous microflora in the contaminated area is low [24; 37; 38].

In order to do a proficient process of bioremediation through
bioaugmentation, it’s necessary to select the appropriate strains, regarding these
characteristics: a high potential of contaminant degradation, fast growth, ease of
cultivation, the capacity to withstand high concentration pollutants and be able to
survive in a high variety of environmental conditions [41].

Pesticides higly used in Colombia

Colombia is one of the countries with highest use of pesticides, mainly for
their use in cultures of cotton, potato and rice. Mainly in Colombia are used
pesticides like organphosphates (OP) [8]. In fact, in the 2000 year, Colombia was
the country with the highest prevalence of intoxications by pesticides [44].

Due to the increase of demand of these cultures, in the 1970’s Colombia
began to produce DDT, toxaphen and aldin, but their use was suspended in order to
fulfil national and international rules and laws related with the use of those
substances, like Stockholm Convention for Persistent Organic Pollutants [1; 5]. But
despite nowadays the use of some pesticides like DDT or toxaphen are forbidden
not only in Colombia, but also worldwide, in Colombia have been stored stocks of
obsolete pesticides, including toxaphen and DDT, that have been stored
underground without protection, and do negative effects to soil where they were
stored [3; 14; 42].

The Figure 1 shows the existences of DDT in Latin America.

Despite the organochlored pesticides, like DDT inhibit growth of
microorganisms, and therefore is difficult their degradation, after long time
permanence of these substance in soil, microorganisms may develop adaptation to
them and use them like resource of primary carbon [3]. Sometimes the effects of
pesticides on microbiota not always are negative, since after the application
of an herbicide, for example, could increase the size of some group of
microorganisms [43].
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Figure 1. Stocks DDT stored in Latin America [5]

Impacts in health related with the use of pesticides in Colombia: in Colombia
were reported 3 cases of accidental massive intoxication with pesticides. The
reports were in the towns of Chiquinquira (500 persons), Pasto (300 persons) and
Puerto Lopez (190 persons), but according to information of National Health
Institute of Colombia, there is not a proficient system for the register of these
situations [45]. Furthermore, in 2014 was reported 9167 cases for intoxication with
pesticides [46], and during 19982011 were 4835 deaths related to intoxications
with pesticides, on average, 345 deaths each year. 58.9% of these deaths related
with pesticides were in men. In these cases, 553 (11.4%) was not determined
intoxication and 224 (4.6%) related to accidental intoxication [47]. These cases
could be related with exposition to pesticides during culture processes.

Certain pesticides used in floriculture industry had reported adverse effect in
health, mainly in reproductive health. According to Arias et al. [42], in some female
workers in greenhouses near to Bogota, had spontaneous abortions, prematurity and
congenital malformations in pregnancies that occur after to start to work in those
industries and the children born of these workers were medically examined and it
was found an increased risk of birthmarks and hemangiomas.

In some regions of Colombia exists the problem related to fight against the
drug traffic and one of the strategies of Colombian government is the fumigation of
illegal farming of cocaine and poppy plantations, hence at the south of Colombia
there are a high amount of denouncements related to fumigations with glyphosate,
since some people there, have problems like serious eyes’ and skin irritation,
abscesses, gastrointestinal diseases, acute respiratory infections and conjunctivitis
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[48], and also other diseases, like liver toxicity, nephrotoxicity and cardiovascular
affections [49].

Bioremediation processes in Colombia: in Colombia have developed some
studies related with bioremediation soils using microorganisms. Oviedo et al.,
(2017) [50] demonstrated that bacterial genera like Streptomyces sp.,
Pseudomonas sp., and Arthrobacter sp. had the bests growths in samples with
Atrazine, tolerating concentrations of this substance to 1000 ppm. Of these
microorganisms, Pseudomonas sp. had not only the highest tolerance to atrazine,
but can degrade it to concentrations lower to 0.1 mg/L after 6 days. The
investigation was developed in the department of Cordoba (north of Colombia).

But to degrade atrazine also is efficient the genera Streptomyces sp. That can
tolerate high temperatures (near 40 °C), and also may degrade atrazine as levels as
Pseudomonas sp. do. Streptomyces sp. [50]. Since in the north of Colombia is a
zone with high temperatures, then this is a genera with good potential for
bioremediation processes in this region, and others with warm climate.

Jaramillo-Colorado & Bermudez-Tobon (2016) [8] also report the efficiency
of Pseudomonas sp. To degrade substances like organophosphates. The
investigation was made near the city of Cartagena, also at the north of Colombia.
In a region at the north of Colombia, where are cotton’s cultures, Kopytko et al.
(2017) [3] shown in their research, that bacterial genera like Pseudomonas,
Burkholderia, Aeromonas and Bacillus are proficient in processes bioaugmentation
in order to obtain degradation of DDT.

Marin & Jaramillo (2015) [51] in their research shown the potential of species
Bacillus sp. and Pantoea aggloremans to degrade organophosphates in soil. The
authors say that these species can degrade this substance in soil in proportions of
73.5 and 68.67% respectively. Also say about the importance of the bioremediation
treatments to degrade pollution of pesticides and avoid contamination of other food
products, like milk, since in the studies’ area were cows and the milk they produce,
have some traces of organophosphates.

Conclusion

Bioremediation is an eco-friendly method that allow recover polluted
environments like soils, thanks to the metabolic action of organisms, but mainly
microorganisms like bacteria and fungi. Furthermore, is a resource that may be used
in order to fulfil some of the goals in sustainable development, because contribute
to recover polluted environments, that warrant not only environmental
sustainability, but also social sustainability, since also may contribute to human
health and access to food and drinking water.

According to the review, one of the most effective microorganisms to do
bioremediation processes is Pseudomonas sp., because proofs pollutants to high
concentrations, (to 1000 ppm) and may degrade pollutants. Furthermore, is a
proficient microorganism used in bioaugmentation’s processes, that may help to the
indigenous microflora soil to recover environment.
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In Colombia, there is a problem with the non-controlled use of pesticides,
since these substances have had adverse effects in the environment, mainly soils
and also in human health, since have been people with health problems like
abscesses, respiratory, diseases in skin, eyes and gastrointestinal problems, and also
some congenital malformation during pregnancy in some women. Hence is
necessary to found alternatives that allow protect the cultures, recover environments
and search other alternatives different to fumigations, for eliminate illegal farming
in order to fight against illegal drugs traffic.
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Abstract. The expansion of urban agglomerations and the accompanying increase in the
severity of environmental problems require special attention to ensure a comfortable urban
environment. One of the ways to solve this problem is to create an ecological framework in the
megacity, formed by quasi-natural biocenoses, created within the application of the concept of
rewilding. This article reviews the main current trends and approaches to the implementation
of rewilding; discusses positive and negative environmental effects of the transformation of
urban ecosystems within rewilding; presents an analytical review of available techniques and
options for rewilding in various megacities around the world.
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BesepeHue

OctpoTa COBpEMEHHBIX KOJOTHYECKUX MPOOIeM MPUBOIUT K BO3HUKHOBE-
HUIO HOBBIX KOHIICTIIINI pa3BUTHs conmyma. Cpean HIUX MOXKHO BBIICITHTH TaKOe
HarpaBJIeHUE, KaK 3KOLEHTPHU3M, MOJpa3yMeBaroOIuii COBMECTHOE TapMOHUYHOE
pa3BuTHE HU3NIECKOT0, ONOTIOrHIECKOTO M COIIMATBHOTO MUPOB B Ipe/esiax Mera-
noJuca. DKOLEHTPU3M MOXKET PeaTn30BbIBATHCS KaK IyTeM COBEPIIEHCTBOBAHUS
YK€ CYHIECTBYIOIIUX TOPOJICKAX MPOCTPAHCTB, TaK M 3a CUET CO3JAHHS HOBBIX,
B KOTOPBIX COBMELIAIOTCS ypOaHUCTHUECKUH KOoM(OPT U OJIM30CTh K HPUPOJE.
[TosTOMy COBpeMeHHBIE TpeH/bI YPOAHUCTHKN OPUEHTHPOBAHBI HA PACIINPEHUE
CTEKTpa HKOCHUCTEMHBIX YCIyT TOPOJCKOW cpelbl, B YaCTHOCTH, BCe OOJIblIe
BHUMAHWUSI yJIEJIAETCSA BOIIPOCAM COCTOSIHUS SKOJIOTHUECKOTO KapKaca ropoja.
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B cBsi3u ¢ BhIIeyKa3aHHBIM 0COO0TO BHUMAHWMS 3aCITy)KHBAET TAKOE OTHOCH-
TEJIbHO HOBOE HAIIPABJICHHE B TNMPAKTHUECKOW YpOOIKOJOTMM, KaK peBaMJIIUHT
(ot anrn. wild — aukuil, TPUPOAHBIN, €CTECTBEHHBIN; U «re» — MPUCTaBKa BO3BpAT-
HOTO JIeficTBUs). DTO HANpaBlIeHUE M0/Ipa3yMeBaeT LieJIeHaIIPaBIeHHOE BOCCO3/1a-
HUE KBAa3MECTECTBEHHBIX OMOJOTMYECKHX COOOIIECTB ¢ 00jee BHICOKUMHU YPOB-
HAIMH Ouopa3zHOOOpa3us, 4eM y TpPaJUIMOHHBIX TOPOACKHX «3€JEeHBIX» Ipo-
CTpaHCTB (TTAPKOB, CKBEPOB | T.IL.). [Ipr 3TOM OIHOW M3 BaKHBIX YKOCHCTEMHBIX
XapaKTePUCTHUK MOJOOHBIX COOOIIECTB SABISETCS UX O0JIee BHICOKAsS MOTIIOIAIONIAs
CTIIOCOOHOCTH B OTHOIIICHUH MAPHUKOBBIX T'a30B.

CocTosiHMEe 1 akTyanbHOCTb 00CYyXOaemMoro sonpoca

PeBaitnauar — 310 KoHIENIHS (OPMUPOBAHUS CPE/Ibl, OCHOBaHHAsI HA MEPO-
MPUSTHUSIX IO BOCCTAHOBIIEHUIO (DYHKIIMOHATLHOCTH MEPBOHAYAIBHBIX SKOCUCTEM,
IIPUPOJIHBIX MPOLIECCOB, a TAK)KE PEMHTPOLYKLMU psna BuaoB [1]. B Hacrosmee
BpeMs TaHHBIA TEPMHUH UCHOIB3YeTCs i1 0003HAUEHUS IIUPOKOTO CIIEKTpa MpH-
POJIOOXPAaHHBIX MEPOIPHUATHI: OT 00ecredeHHsl X0/la €CTECTBEHHONW CYKLECCUHU
PacCTUTENHFHOCTH Ha 3a0pOIIEHHBIX 3eMIISIX J0 HAMpaBICHHOTO MEPEeMEIEeHUs pe-
JIMKTOBBIX JKUBOTHBIX JJISI BOCCTAHOBIIEHUS TPO(UUECKUX CeTel B OMOIIEHO3aX.
Konnenmus peBaiiiiuHra MHOTOIpaHHAa M HEOAHO3HAYHA B CHIY TOTO, 4TO,
C OJHON CTOPOHBI, pabOTHI IO BOCCTAHOBJIEHUIO TUKON MPUPOJBI SBISAIOTCS Mpsi-
MO MOMBITKON 3aIUTUTH OTAENbHbIE KOMIIOHEHTHI CPEIbl OOUTaHUA psifa Ouoo-
ITMYECKHUX BUOB ITyTEM MaHUITYyJIMPOBaHUs Ipoleccamu cykueccuu. Ho, ¢ npyroit
CTOPOHBI, JaHHas KOHLEMIUS MOXET BBICTYNaTb B Buae (umocopckoro
KOHCTPYKTa, pacCMaTpUBAIOIIEr0 BapUaHThl PELICHUs MpoOJIeMbl I100aIbHOrO
BO3/ICHCTBUS YeJIOBEUECTBA Ha OKPYIKAIOIIYIO CPEAY B «aHTPOIIOIICHEY.

B kauecTBe NMpakTU4YECKOr0 HANPABJICHUs PEBAMJIIUHT B TIOCIEAHEE JECATH-
JIETHE BCE Yallle BXOJAUT B MAaCCOBBIN JUCKYpC, 0cOOEHHO B cTpaHax EBpomnsl. Tak,
B 2010 roxy rmaron «rewild» Obut BiepBbie BKitoueH B Okchopackuii clioBaphb
aHTJIMIICKOTO A3bIKA, M TOCTETIEHHO KaK 3TOT TEPMHUH, TaK U JieXkallas B €ro OCHOBE
9KOJIOTO-pHITocodCcKasi KOHIENIUS Hadalld MpHoOpeTaTs 0oJiee MIMpOKoe oOIe-
CTBEHHOE 3HAUYECHHUE U YPOBEHb OCMBbICTEHUs [1].

OpHako Ha CETOAHSIIHUMN IEHb TEPMUH «PEBAUIIAMHIY» BEChbMa HEYACTO MPH-
MEHSIETCS B CIIEHMAIBHOM JINTEpAType BBUY CBOEH TUCKYCCUOHHOCTH [2].

lNMpakTuyeckoe NPUMEHEHNE KOHLUENLUN peEBANNANHIa

PeBaI\/’IH}II/IHF MOKHO Ha3BaTb OJHHWM M3 IEPCICKTUBHBIX KOHHGHHI/Iﬁ IIOBBI-
[ICHHUs] YKOCUCTEMHON YCTOMYUBOCTH TOPOJCKUX COOOIIECTB, YTO BeChbMa aKTy-
anbpHO, MOCKOIBKY (1o mporHo3am OOH) k 2050 r. 6onee 70 % HaceneHus Hamen
TUTAaHETHI OyAeT MPOXKUBATh HA YPOAHU3UPOBAHHBIX TEPPUTOPHSIX, KOTOPBIE Oy Iy T
3aHUMAaTh OKOJIO 2 % OT BCEM 3eMHOM MOBEPXHOCTH [3].

[enn peBaiinarHra MOKHO TIOJPA3ACIUTh HA CIEIYIOIINE: SdKOHOMUIECKHE,
colMalIbHbIe U dKoJIormueckue. OCHOBHOM IKOJOTUUYECKOU IENbI0 PeBANIIIMHTA
SBIIIETCS MIPeoOpa3oBaHKe TOPOJOB B YCTONYMBBIE COOOIIECTBA C MUHUMAIIBHON
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AMHUCCHEN TapHUKOBBIX T'a30B M BO3MOXKHOCTBIO MPEAOCTABICHHUS Psiia SKOCUCTEM-
HBIX yciyr. Tak, Ipyu cOOTBETCTBYIOILEM TPOEKTUPOBAHUH, TOPOACKUE IPUPOIHBIE
naHAmadTh MOKHO UCIIOJIB30BATh B KauecTBE 3(PPEKTUBHON MPUEMHON CUCTEMBI,
MO3BOJISIOIIEH CHU3UTh HArpy3Ky Ha JIMBHEBYIO KaHAJM3AIUIO B IEPUO/IbI OOMIIb-
HBIX OCAJIKOB 3a CYET MOIJIOIIEHUS U30bITKA BOJIbI TOUYBOM U PaCTUTEIILHBIMU CO-
oOmectBamu [4].

Pacmmpenue 3e1eHbIX 30H, BBIMOJHSIOMNUX (YHKIMIO CHU)KEHUS 3arpss3He-
HUSL aTMOC(EpPHOTo BO3JyXa pa3IMYHBIMH MOJUTIOTAHTAMH, CIIOCOOCTBYET YBEIIHU-
YeHHI0 OmopazHooOpa3usi, TaK KaK MHOTOBHJIOBBIE PACTUTENbHBIE COOOIIECTBA
(bopMHPYIOT KOPMOBYIO 0a3y U cpelly OOMTaHUs AJIS Pa3IMYHbIX JTUKUX )KUBOTHBIX.
Pa3BuTHe 3x010rnyecKkoro kapkaca Meramnosuca o0ecrneunBaeT Co3/1aHue SKOI0T -
YEeCKUX KOPHJIOPOB U pehyTnyMOB, BaXKHBIX JUII MUTPUPYIOIIUX BUAOB [5].

[Tomumo BbIIIECKa3aHHOTO, BaKHBIM 3((GEKTOM peBalIAMHTa MpPEICTaBIIsI-
I0TCS IPOUCXOZSIINE COLIMOIKOJIOTUYECKUE U3MEHEHMs TOpPOJCKON cpeabl. Tak,
Oylaromapsi pacIIUPEeHUI0 BO3MOXKHOCTH B3aUMOJICHCTBHSI TOPOACKUX >KHUTENEH
C 2JIEMEHTaMH >KMBOM MPUPOJbI IPOUCXOANT MOBBIIIEHUE YPOBHS SKOJIOTMYECKOIO
CaMOCO3HaHUS JIIO/IeH; KOHTAKT C )KUBBIMU OOBEKTaMH IMO3UTHBHO BIMSIET HA IICH-
XoJoruyeckoe u (usnyeckoe 3710poBbe denaoBeka. OOIIeHHe ¢ MpUPOIOH yiryd-
[1aeT HaCTPOECHHE JI0AEH, yMEHbIIAET BO3IEHCTBUE PA3IUYHBIX CTPECCOBBIX CUTY-
alui U CHUKAET YyBCTBO OJAMHOYECTBA [6].

VYBenuueHue MepuoJoB, MPOBEACHHBIX HAa CBEXEM BO3AyXe, YJIy4llaeT
paboTy MMMYHHOI CHUCTEMBI, y JIO/Iel CHMXKAETCs KPOBSHOE JABIICHHUE; HAIMUME
3€JIEHBIX TEPPUTOPUN B LIEJIOM CTUMYJIUPYET yBeIUUYeHHE (PU3MUECKON aKTUBHO-
ctu [7].

[Tockonbky t00ble TpUPOIHBIE 00BEKTHI TOpOa (TapKH, CKBEPHI U T.I1.) BCe-
r7a SBJSIOTCS CBO€OOPAa3HBIMU TOUKAMH MPUTSHKEHUS JJIsl HACeNIeHHsI, OHM MOTYT
CTUMYJIHPOBATh aKTUBHYIO IKOHOMUYECKYIO JEATEIIbHOCTD (B YACTHOCTHU pa3BUTHE
cdepsl ycryr). PeBailiiuHr ke TOMOraeT SKOHOMUTH CPEJICTBA TOPOJICKUX MapKo-
BBIX CIIy’K0 B JOJTOCPOYHON MEPCHEKTHBE, TAK KaK OCHOBHbIE MHBECTULIUHU B IO-
JOOHBIE MPOEKTHI MPUXOAATCS HAa €ro HayallbHBINA 3Tal, a MPH Pa3BUTUU MPOEKTa
TEPPUTOPUSI CTAHOBUTCS HE TOJIBKO 00JIee yCTONYMBOM, HO U CLIOCOOHOI K camope-
ryJauuu [4].

PeBailsiIMHT MOXKET TaKk e YaCTUYHO PeIIaTh TAKYI0 PACIPOCTPAHEHHYIO IS
rOpoA0OB MPobIEMy KaK «OCTPOB TEIJIa» — MOCKOJIbKY O0ECIIeUMBaeT OXIaKIACHNE
TOPOJCKUX MPOCTPAHCTB Oyiarojiapsi 3BallOTPAHCIUPALIMHY, TOT1a KaK YBEJINYEHHE
IUIOUIA/IN O3€JIEHEHHBIX TOPOJCKUX TEPPUTOPUI IPUBOIUT K POCTY IUIOLIAIN 3aTeE-
HEHHBIX YYaCTKOB M CHHUKAE€T HarpeB B KapKue JHu [8].

OCHOBHbIE METOADI peBaﬁﬂﬂMHra n noaoxonbl K ero peanandauumm

Ha nannbii MOMEHT BBIACINSIOT YEThIPEe OCHOBHBIX MOAXO0/a K PeBAMIIUHTY
TEPPUTOPHUI: UCTOPUKO-OMOMHBINA, TPOPUIECKUMA, IKOJOTHUCCKUN U TTAaCCUBHBIM.
[Toxxombl pa3MUYaAOTCs MEXKIY COOOW MO CTENEHW MHTEHCUBHOCTH BMEIIATENh-
CTBa Ye€JIOBEKa B MPOIIECCH BOCCTAHOBIIEHUS IKOCHCTEM [9].
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Haubosnee panukaibHBIM U CIOXKHBIM MOJIXOA0M Ui peajln3aluy sSBIseTCs
HCTOPUKO-OMOMHBIN PEBAUIIIMHT, CYThIO KOTOPOTO SIBJISIETCS BOCCTAHOBJICHUE HA
KOHKPETHON TePPUTOPHH criennpruyecKux JaHaAmapTHO-(QUTOLEHOTHIECKUX KOM-
IUIEKCOB IyTEM PEMHTPOAYKLMU BUAOB MeradayHbl, IPOKUBAaBLIMX Ha NaHHON
TEPPUTOPUU B MOXY IUICHCTOLEHA (U, €CJIM ATO BBIMEPIINE BUJbI, — 3aMEHBI UX
COBPEMEHHBIMHU BHJIaMH, HaH0OJIee CXOKUMHU C UCYE3HYBUIMMHU 110 CBOMM YKOCH-
cTeMHbIM (QyHKUUSAM). BoccTaHoBneHne MeradayHbsl B JaHHOM MOAXO/IE SBIISETCS
CPEICTBOM, IPU3BAaHHBIM BbI3BaTh HAIPABICHHbBIE CYIECTBEHHBIC M3MEHEHUS B
ouoreHose [10]. [Ipumepom peanuzanuu JaHHOTO TTOIX0/Ia SIBIISIETCS OCYIIECTRIISI-
eMblil B SIKytnn npoekT «llneicToneHoBbI napK», rAe Mocie PEeMHTPOLYKINN
psiia KIIOYeBBbIX BUJIOB (OBLEOBIKH, OW30HBI, JIOWIAAN, OJIEHH) MIPOM301Ia CMEHA
PacTUTENILHOCTH: MOXOBO-KYCTapHUYKOBBIE TYH/PbI HOCTENEHHO ObUTH TpaHchop-
MHUPOBAHbI B BBICOKOUTUPOTHBIE 31AKOBbIE (PUTOLEHO3HI (TIEHCTOLIEHOBYIO CTENh).

Tpoduueckuil peBaiaINHT 3aKI0YAETCS B PEUHTPOAYKLUH ONpPEIETCHHBIX
BUJIOB JUIsl BOCCTAHOBJICHHMS AHTPOIOTC€HHO-HAPYLICHHBIX TPO(MUYECKUX IEeTeH.
JJ1s 5TOTO METO/1a TUITUYHOM SBIISIETCS] PEMHTPOAYKIINS XUIIHUKOB, paHee NCTpeO-
JICHHBIX YEJIOBEKOM B JaHHOM paiioHe. B kauecTBe npumepa MOKHO yKa3aTh peUH-
TPOIYKIMIO BOJIKA B MeIoyCcTOHCKYI HALMOHATBHEIHA MAapK U aHAJOTHYHEIE PO-
exThl [11].

DKOJOTHYECKUI peBallIIuHT, SIBJISISICh HauOoJiee paclpoCTPAaHEHHBIM U IIIH-
POKO NIPUMEHSAEMBIM METOJOM DPEBAMIIUHIA, NOAPA3yMEBACT MPUMEHEHHUE dJle-
MEHTOB YIPaBJICHUS MTPOLECCAMHU €CTECTBEHHBIX CYKIIECCHOHHBIX TpaHC(POpMaLUit
OMOIIEHO30B; B TOM YHCIIE OH MOXET BKJIIYAaTh PEUHTPOAYKLHIO OTAEIbHBIX
BHJOB. Tak, B HAMOHAJILHOM Napke Mon3 B JlaHnM Ha 3eMJIM IUIOINAJbI0 OKOJIO
130 ra, xoTopble KiIacCUPUIUPYIOTCS KaK CEIbCKOXO3IUCTBEHHbIE YTO/bs, ObLTH
CHELMAJIbHO BBIMYIIEHBI 12 SKCMypCcKHUX U 13 rajmioBeiCcKUX MOHU IS HoAepkKa-
HUS (GUTOLIEHO30B TEPPUTOPUU B OMPEEICHHOM COCTOSIHUH [12].

ITaccuBHBINM peBalIAMHT — OJUH U3 IOAXOA0B, IPEAIIOIAralOIIUM MOJIHOE OT-
CYTCTBHE aHTPOIIOI'€HHOM JEeSTEIbHOCTU HA KOHKPETHON TEPPUTOPUH, CIIEICTBUEM
Yero CTAaHOBUTCS €CTeCTBEHHasl cykueccusa. Yacto 3pQeKxTsl JaHHOTO MeToAa
MOKHO HaOMI0JaTh Ha 3a0pOIIEHHBIX MAaJOIUIONOPOIHBIX 3eMIIX, 3alIeXkax
u T.a1. [13].

Bapuantamu NpuMEHEHHs DPEBAaWIMHIA B KOHTEKCTE TOPOJICKOW Cpelbl
SBJISIIOTCSL TaKUE MPOEKTHI, KaK: 03€JeHEHUE KphIll U (acaloB; UCIOIb30BaHUE
000YMH J0pOr i CO3JaHHs (PUTOCOOOLIECTB, SBISIOMMXCS IKOJOTHUYECKUMHU
«KOpUAOpaMI»; YBEIUUEHNUE IIJIOLAAN CaloB U LIBETHUKOB U T.II. Bee 310 3Ha4M-
TEJIbHO MOBBIIIAET YKOCUCTEMHYIO LIEHHOCTh TOPOACKOU TeppUTOpUH [5].

Yro KacaeTcss MEXaHU3MOB PEBAMIIIMHTA, TO B OCHOBHOM OH peaJM3yeTcs Ha
0a3e IBYX OCHOBHBIX ITOJXO0JI0B: BOCCTAHOBIICHHS U COXPAaHEHHUS.

MexaHnu3M BOCCTaHOBIIEHUSI MOKET BKJIIOUYATh CIEAYIOLIUE TUIIbL:

1) monHoe BoccTaHOBIIEHHE, KOTOPOE BKIIIOYAET B ce0s1 BOCCO3/1aHUE UCTO-
pUYECKOro OMOpa3HO00pa3Ms IKOCUCTEMBI U €€ SKOCUCTEMHBIX (PYHKIH [ 14];

2) 4acTUYHOE BOCCTAHOBJICHUE OTJCIBHBIX (PYHKINN U OMOTHUECKUX OJIOKOB
sKocHucTeMHI [15];
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3) 1ecoBOCCTaHOBJIEHHE, P KOTOPOM TJIABHOI LENbIO SBISETCS BOCCO3/1a-
HUE€ YCTOMYMBOIO JIECHOTO WJIM MHOT'O PACTUTENBHOTO MOKpoBa [16];

4) «Konmoruyeckas peabUINTALNS» TEPPUTOPUHU, TO €CTh BOCCTAHOBIIEHHE
AKOCHCTEMHBIX (PYHKIIUI MOJIHOCTBIO IeTpaaupoBaBIeii Tepputopu [14];

5) sKonoruyeckoe MpoeKTUpOBaHKUEe, KOTOPOE Moipa3yMeBaeT o co0oii co-
3/1aHH€ UCKYCCTBEHHO CKOHCTPYUPOBAHHOW SKOCHCTEMbI, BAXKHON KakK JIJIsl HATHB-
HOM OMOTBI, TaK U JJIS JOKAJIBHBIX YEIOBEYSCKUX coo0mecTB [14].

[Ipu 3TOM coxpaHeHHe OMOIOTHYECKUX BUJIOB B paMKax MPOrpaMM peBaii-
JIMHTa MOET MoJIpa3yMeBaTh Mo co00i nepemMenieHre BUI0B Ha IPYTYIO TeppH-
TOPHIO JIJI UX CTAaOMJIHHOTO CYIIECTBOBAaHUS U pa3BuTus [9]. Takue mepbl MOTyT
OBITh KJIACCH(UITUPOBAHBI CIEAYIOIIMM 00pa3oM.

1. PeunTtponykuus BuUJa B mpeleiax €ro UCTOPUYECKOro apeana (B TOM
qHCIIe U A7 er0 (PU3NIECKOTO COXPAHEHUS).

2. IloBblllIeHUE YHCICHHOCTH CYUIECTBYIONIEH MOMynsnuu (0COOEHHO Ma-
JBIX TIOMYJISIIMI), B TOM YHCIIE [Tl TIOBBIIICHHUS YPOBHSI TEHETUYECKOTO pa3HO00-
paszus u npeogoneHus d3pdHexTa «OyThIIOUHOTO TOPIBIIITKAY).

3. UnTpoaykuus 3a mpezesibl eCTECTBEHHOIO apeaia JJisi BOCCTaHOBIICHUS
AKOJIOTMYECKUX (PYHKIIHI TeppUTOPUH (IKOJIOTHUECKOE MOJICTUPOBAHHE).

4. Bo3sBpaieHue B UKy TIPUPOIY TeX 0co0el, KOTOPhIe OBLITH U3BATHI U3
JIUKOU TIPUPOIBI TIO PA3IMYHBIM MPUYUHAM (HApUMep, TOoIpaIiBaHue U Moce-
JYIOIIMIA BBIMYCK JIETEHBIICH B cliydae THOenyu MaTepu).

OnHako KOHUENUUS PEBAUIANHTA BOCIPUHUMAETCS B MUPE JAJIIEKO HE CTOJIb
OJIHO3HAYHO. Tak, Mo MHEHUIO psijfia CIEUUATMCTOB, PEBAMIIIUHT MPOTUBOPEUUT
MPEJICTABICHHUSIM O PAaBHOBECHOW JTWHAMUKE 3KOCHUCTEM U KYJIbTYPHBIX JaHaIad-
ToB [17]. Takxe 3PeKTUBHOCTH pEeBAINIIUHTA 3a4aCTyIO0 TPYAHO JOKazyema Jiis
JIUI, TPUHUMAIOIIUX PEHICHUS] Ha YPOBHE TOCYJapCTBEHHOTO arapara, Tak Kak
P peaTn3aIiii MOoJ00HBIX MTPOESKTOB OT MX Havyaia 10 JOCTIKEHUS KaKOro-TH00
BUJUMOTO pe3yJbTaTa MpoXoauT B cpeqHeM 10—15 et MUHHMYM, a 3a 3TO BpeMs
MOTYT HEOJIHOKPATHO CMEHUTHCSI HE TOJBKO OTJEIbHBIE YNHOBHUKH, HO U LIEJIbIC
KaOMHETHI MPABUTENIbCTB. BCeACTBIE 3TOTO rOCY 1apCTBEHHBIE CTPYKTYPHI KpaiiHe
HEOXOTHO BBIACIISIOT CPEACTBA 7Sl QUHAHCUPOBAHUS TAKUX MPOEKTOB U OTHOCSITCS
K HUM 3a4acTyl0 ¢ U3psAAHOMN aonel ckenrtuunsma [18].

Tem He MeHee B mpejiesiaX TOPOJACKUX TEPPUTOPUI KOHCTPYKTUBHOE B3aUMO-
JIEWCTBHE MEXKY TpakIaHaMH, TOPOJICKUMU CITY>KOaMHU ¥ OPTaHU3aTOPAMHU MTPOEK-
TOB IO PEBAIIMHTY BIOJIHE BO3MOKHO. Tak, Hanpumep, B [Tapuke Mmeponpustus
10 PEBAWJIIMHTY BKJIIOYEHBI B TOPOACKON «KIMMATUYECKUH IUIAH»: IJIAHUPYETCA
co37aTh YEThIpe KPYMHBIX ydacTKa TOPOJCKHUX JIECOB, a TaKkxke 28 0oJjiee METKHX
Y4aCTKOB, CONPSIKEHHBIX CO mKkoiamu [19].

OGocHoBaHHas KpUTnKa n noTeHumaiabHble ONAaCHOCTA peBaVIﬂﬂ,MHFa

HecmoTpst Ha Maccy MOJIOKUTENBHBIX SKOJIOTHYECKUX (P (HEKTOB, peBaiii-
JUHT MOXET ObITh NPUYMHOM psAa HEraTUBHBIX IOCIEACTBUN A 4YeEJIOBEKa.
Bo-mepBbIX, 3TO ayuiepreHsl pa3iIMyHBIX PacTeHHH, a Takxke ((eKT 3aTCeHEeHUs
30aHUH M CHMXKEHHE aTMOC(HEpHOro pacceuBaHus (YBEIMUYMBAIOLIEE MECTHbBIE
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KOHIEHTPAlUU MOJUTIOTAaHTOB). M3BecTHO, UTO ayjieprusi Ha MbUIbIYY (MTOJIITMHO3)
U 3GUpHBIE Maciia JIEPEeBLEB MOXKET BBIPAXKATHCS B TAKMX CUMITOMAaxX, KaK pUHMT,
KOHBIOHKTUBUT, CEHHasl JINXOpajKa, ajulepruyeckas acTtMa, JAepMaTHT U Jaxe
aHadmiakTHueckui mok [20].

JanHast npoGiemMa CTOUT AOCTATOYHO OCTPO, TaK KaK pacHpOCTPaHEHHOCTh
AJUIEPTUM B YEJIOBEYECKOW MOIYJISALMU BO3PACTAET; 110 JaHHBIM BcemupHoi opra-
HU3AIMH 37]paBOOXPAHEHHUs], B Pa3BUTHIX CTpaHax yxke Oojee 50 jeT mpoaoykaer
MOBBIIIATHCS PACTIPOCTPAHEHHOCTD AJlJIEprUYeCcKUX 3a00JI€BaHUM, a 101 aJlJIepIru-
KOB CpeJlu IMIKOJbHUKOB Ipubmmkaetcs k 50 % [21].

Taxxe, 0e3yclOBHO, CYIIECTBYET ONpeiesieHHasi OMacHOCTh HamaJeHud Ha
YeJI0BeKa TUKUX TUIOTOSIHBIX KHUBOTHBIX, 3aCEJEHHBIX JIUIsI BOCCTAHOBJICHUS JIU-
KHX DKOCHUCTEM, B 30HaX PEBAMIIMHTA, HAXOISIIUXCS OKOJIO TOPOIOB U JPYTHUX TIO-
ceneHui [22].

Jlyywine MmMpoBble NPakTUKN peBannguHra B pasHbix KIMMaTUYECKUX 30HaxX

[TpoeKThI IO TOPOJICKOMY PEBAMIIIUHTY pEaTU3yIOTCS MPAKTUIECKHA BO BCEX
KIIMMAaTHYECKUX 30HAaX, UCKITFOYCHUEM CITyKaT TOJIBKO apKTHUYECKUN B CyOapKTH-
YEeCKUU KIMMaTHYEeCKHUE I10sCca.

JI71st 5KBaTOpUANbHONM 30HBI YCHENTHBIM MPUMEPOM OCYILECTBICHUS TOPO/I-
CKOTO peBaiIMHra MOXeT sBiATbca CUHTamyp, rae paspaboraHa >3QdexTuBHas
CHUCTEMa MOHMTOPHUHTA JISl OTCIIC)KUBAHUS peaTU3aIH MPOSKTOB, OCHOBAHHBIX Ha
PaHXUPOBAHUHM TEPPUTOPHUA M PAOHOB IO MHJEKCY TOPOJCKOro OnopaszHooOpa-
3usi. B ropojie co3mana ceTh «IpUPOIHBIX TPOID MPOTSHKEHHOCTHIO Oomee 140 kM,
KOTOpasi MPEeJICTaBIsIeT COOOM CIelUaIbHbIE 3€JI€HbIe KOPUIOPbI, UMUTUPYIOIINE
(UTOLICHO3HI ¢ Pa3IMYHON BBICOTHOM SIPYCHOCTHIO U 00JIEryarole nepeMerieHme
’KUBOTHBIX W3 OJHOW 3€JIEHOM 30HBI TOpoJa B Apyryto. Takke B ropoje CO3/1aHbl
18 orpoMHBIX 50-METPOBBIX HCKYCCTBEHHBIX JIEPEBHEB, SBIISIOIIMXCS «IOMOMY
Jutst 6os1ee ueM 150 ThIcSY pa3uYHBIX PACTEHUH. DTHU UCKYCCTBEHHbIE KOHCTPYK-
[[UU UMUTHPYIOT QYHKIIUH OOBIYHBIX JIEPEBHEB: MOTIIONIAIOT TEIUIO, CO3JAI0T TCHb
¥ QUIBTPYIOT JI0KIEBYIO BOLY .

Jl1is cyOTpONMUYECKOTO KIUMaTa XOPOIIUM MIPUMEPOM SIBIISIOTCS. HEKOTOPBIS
aBCTPATMICKHE MPOEKTHI TaK HA3bIBAEMBIX «OMO(MIBHBIX» TOPOI0B. JlaHHY 10 KOH-
LETIIAI0 BHEIPSIOT TaKe B CAMBIX TYCTOHACEJICHHBIX TOpoiax, Harpumep, B Cuj-
Hee, TJIe CO3/IaHa CHCTeMa BepTUKAIbHBIX BUCAYUX canoB One Central, o0beauHs-
fomas 6osnee 35 Thicsdy pacTeHUi 383 pazIUYHBIX BUIOB. DTU CaAbl CHUXKAIOT
3aTpaThl HA CUCTEMY KOHJIMLMOHUPOBAHUS 3/1aHUM B TEIUJIbIM CE30H T'0J1a, a TAKXKE
JTAHHBIA KOMIUIEKC CTal LIEeJION KPYMHOW HKOCHUCTEMOM, B KOTOPOM MPOKUBAIOT
pasaMYHbIE BUIB HACEKOMBIX, TITHIL M JJaXKe JIETYUHX MBIIIeH>,

B ymepeHHOlH KIMMaTHYeCKOW 30HE MOKHO BBIJICIIMTh MHOXKECTBO YCITCIII-
HBIX TIPOEKTOB peBailiiaunra. Hanmpumep, HHTEpECEeH OMBIT CO3JaHUsI HAIMOHAIb-
HOTO TOPOJCKOr0 BOJHO-OOMOTHOTO yroaps [lronbam B XapOune. bmaromaps

'8 cities rewilding their urban spaces. URL: https://www.weforum.org/agenda/2021/06/8-cities-
rewilding-their-urban-spaces/ (accessed: 26.02.2022).
2 Ibid.

26 DKOJIOTUS



Fedorchenko L.Yu. et al. RUDN Journal of Ecology and Life Safety. 2023;31(1):20-29

HCIIOJIb30BaHUIO OCOOCHHOCTEH penbeda 3/1ech OblIa CO3/1aHa YKOCHCTEMA, BKITIO-
qaromiasi B ce0sl pe3epByap-HAKOMHUTEb NI T0KJIEBOM BOJBI C MHOTOBHJIOBBIM
KOMIUICKCOM BOJIHBIX PacTEHHUH, 00eCIeUHBAIONINX 3aJepKaHne W (QUIBTPAITHIO
cToka [4].

PesanngunHr B Poccunn — peanuun n nepcnekTuBbl pa3Bntud

B Poccun xoHIenmus peBailianHra, K COKaJICHHIO, TOKA HE MOJTYyYHIa K-
POKOTO pacrpoCTpaHEHHUs, ¥ TIPEICTABIICHA JIUIIb €IUHUYHBIMHU MTPOCKTAMU. KO-
JOTWYECKUe KapKachl KPYIMHEHITNX POCCUIICKUX TOPOJOB, KaK MPaBHUJIO, HE Tpe-
CTaBJIAIOT COOOH IENTbHOM CTPYKTYPBI, a 3HAUUTEINIbHAS 10 paOOT 110 03€JIEHEHUIO
TOPOJICKUX TeppuTOpuii B Poccuy 3akimodaercs UMb B YKIAJKe PYJIOHHBIX Ta30-
HOB 1 MOHOKYJIbTYPHBIX NIOCAAKaX KyYCTaApHHUKOB U AICPCBLCB.

OueHNTH NEepCHeKTUBEI peBaiiiuara B Poccun noctarouHo cinokHo. Bmecre
C TCM NPCACTABIIICTCA BEPOATHBIM, YTO B OmKaiiime oAbl peBaﬁHI{HHF MOXET
MOJYYUTh OINpPEAETICHHOE PAaCcIpOCTPaHEHNWE TOJBKO B CAMBIX KPYHHBIX TOpojax
(Mockga, CankT-IleTepOypr, Kazans u z1p.), Tak Kak Ha €ro peajin3anuo Heo0Xo-
JMIMO TIPUBJICYCHNE 3HAUYUTEIBHBIX HHBECTUIMH. OTHIM 13 HalpaBlIeHUH TpUMe-
HEHHMS pPEBAMJIMHTa B POCCHMCKHX METAaloIucax SBISETCS OCYIIECTBICHUE
IporpamMM Mo JIaHAMA()THOMY IUIAHHPOBAHUIO TPUOPEKHBIX TEPPUTOPHIA TOPOI-
CKHMX BOAOCMOB M BOJOTOKOB, C MNCJIbIO YBCIHWYCHUA HX IMPUBJICKATCIHbHOCTU
C TOYKH 3pEHHUS pEKpealyy.

3ako4yeHue

Coznanne yCTOMUMBBIX M DKOJOTUYECKH APY>KECTBEHHBIX ypOaHU3UPOBaH-
HBIX TEPPUTOPHUNA SBISETCS CErojHs OOIIEMHUPOBBIM TPEHAOM, U KOHIEIIUSI
peBallJIIMHTa MOJHOCTBIO BIUCHIBAETCS B HEro. biarogaps co3naHuio B ropojgax
CaMOPETYJIMPYIOLIUXCS 3€JEHBIX MPOCTPAHCTB KOM(POPTHOCTh FOPOJCKON KHU3HH
MOJKET CYIIECTBEHHO MOBBIIIATHCS KaK C MO3UIMM ICTETHKH, TaK U C MO3UIHH
3JI0pOBbSI TOPOKaH.

Peanuzanusi KOHLENUMU peBalIIMHIA IMOMOTAaeT PELUTh P MpodieM,
KOTOpBIE OJTHOBPEMEHHO SIBJISIFOTCSI U TPAAOCTPOUTENIBHBIMH, U 3KOJIOTUYECKUMHU.
B cBs13u ¢ 3TUM Bce Ooubliie KPyIHBIX TOPOAOB 00palatoTCs K pa3IndHbIM METO-
JlaM U MeXaHu3MaM peBaiiiguira. OqHaKo Ipy 3TOM CIIELYET YUUTHIBATh Psij MO-
TEHIMAIbHBIX OIIACHOCTEH, CBA3aHHBIX C IPAKTUKOMN peBailyiiuHra (pacupocTpaHe-
HUE AJUIEPIeHOT€HHBIX PACTEHUM, MHTPOAYKIHS NMOTEHIMAIBHO OMACHBIX BUIOB
KUBOTHBIX U JI.)

Taxoke mpo6eMoit KOHIIETILINY PEBAUIIINHTA ABISETCS CIOKHOCTh (PUHAHCHU-
pOBaHMsI BBULy TOTO, 4TO Hanbosee 3¢ (eKTUBHbBIE MPOEKTHI YaCTO TPeOyIOT 3Ha-
YUTEJIbHBIX MAaTEpUAIbHBIX M OPraHU3allMOHHBIX BIIO)KEHUMH, T'OCYIapCTBEHHOIO
COJICHCTBUS U MPUBJICYECHUS JIEBEJIONEPOB, ISl KOTOPHIX MPHUOPUTET OMO(PHUIBHBIX
TEXHOJIOTHI B CTPOUTENILCTBE HE OUEBHUJIEH HU3-3a POCTA U3LAECPKEK U MOTCHIINAIIb-
HOT'O CHWKEHUS MPUOBLIH.
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Taxum 006pa3om, BHEAPEHNUE KOHIICTIIIMH PEBAWIINHTA B MIPAKTHKY TIpeodpa-

30BaHMsl ypOAHU3UPOBAHHBIX TEPPUTOPHI SABIISETCS CIOKHOM 3a1a4eid, 11esecoo0-
Pa3HOCTh peanu3aliii KOTOPOH ClIelyeT pacCMaTpUBATh MPEX]IE BCETO C MO3UIUU
HE00XOIMMOCTH JTOCTHKEHUS TI00anbHbIX Llenelt ycTourBOro pa3ButTusl.
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AnHoTamms. IlpenctaBieH 0030p Hay4HBIX ITyONMKamMid O IOTOKax yriepoja B
Ha3eMHBIX JKOCHCTeMax SIMOHWH, IPOWHAECKCHPOBAHHBIX B 0a3e MAaHHBIX SCOpUS 32 HEPHOX
2017-2021 rr. BHyTpu 0003Ha4e€HHOI TEMbI BBIIENEHBI MOATEMBI, IO KOTOPHIM OTMEYEHO
HauOOoJIbIIIee YMCIIO CTATel: MOTOKU YIJIepoia B II0YBaxX, B Ha3eMHoOM (huToMacce (mpeumyiie-
CTBEHHO 3TO HCCJIEIOBAaHHSA JKOCHCTEM OCTpOBa XOKKaio); 0COOEHHOCTH IOTJIOIICHHUS
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(AnoHus), HALIMOHANIBHAS CEJBCKOXO3SIMCTBEHHAS U TPOIOBOJILCTBEHHAS! Hay4Hasi OpraHu3a-
s (Smonus) u YauBepcuteT Xokkainao (Smonws).
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Abstract. The article presents an overview of scientific publications on the subject of
the study «carbon balance in terrestrial ecosystems», made for the territory of Japan and
indexed in the Scopus database for the period 2017-2021. Within this theme, the areas with
the highest number of articles are highlighted: carbon fluxes in soils, carbon stocks in above
ground phytomass (mainly studies of the ecosystems of Hokkaido), features of carbon dioxide
sequestration by various plant species typical for Japan, as well as the carbon balance
dynamics associated with deforestation, reforestation and natural phenomena such as
typhoons. The most active in publishing activity scientific and academic institutions were
identified (Forestry and Forest Products Research Institute; National Agriculture and Food
Research Organization; Hokkaido University).
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BsepeHue

KpyroBopot yriepona B 6uocdepe 1 BOZMOKHOCTH aJlalITAIMU SKOCUCTEM
K M3MCHEHUSIM KJIMMATa sIBIISIOTCS KpaiHe 3HAYMMBIMH M aKTyaJlbHBIMH BOIIPO-
CaMHM B T€0IKOJIOTUU KaK C TEOPETUYECKOM, TaK U C MPAKTHUECKOW TOUKH 3PEHUSI.
MupoBoe coo0IIecTBO, a 0COOEHHO CTpaHbl — yUacTHHUIIBI [aprskckoro cormarie-
HUSI, CTPEMUTCS K JIeKapOOHU3AIIMH CBOMX SKOHOMHK, CTaBs LIEJIH IO a) CHIKe-
HUIO BBIOPOCOB MApHHUKOBBIX ra3oB (mpexknae Bcero CO2) m 0) ycToHuyuBOMY
yrhpaBjieHuio skocuctemamu, nornomatonmmMu CO2. U ecnu anis JOCTHXKEHHS
NIEPBOi 1IeNT BHIPAOOTAaH U YK€ MPUMEHSETCS PsiJl MHCTPYMEHTOB (UCIIOJIb30Ba-
HUE HAWIYYIIUX JOCTYITHBIX TEXHOJOTUH, Pa3BUTHE BO30OHOBISIEMBIX UCTOYHH-
KOB DHEPTUH, MOBBIIICHHE YHEProd(PPEKTHBHOCTH U T.I.), TO U JOCTHIKECHUS
BTOpOl HeoOXoamMa paboTa dTama HAayYHBIX HCCIICOBAHMA, CIIOCOOHBIX HaTh
KOPPEKTHBIE OIICHKH 0ajlaHca yriiepoja 3KOCUCTEMaMH B KaXJIOM U3 TOCYIapCTB
(moneBble HAONIONEHHS, B YAaCTHOCTH MOHHUTOPHUHT, a TakXe pPacyeThl
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U MOJETUPOBAHUE) ISl BBIPAOOTKH MabHEUINUX TMPAKTHUYECKUX PEIICHHI.
Snonus obnagaer OONBIINM HAYYHO-MCCIIENOBATENLCKUM IMOTEHIIMATIOM, B TOM
YHUCJIE U B €CTECTBEHHBIX HAayKaX, MOITOMY M3y4deHHE U 0000IeHne paboT KO-
JIEKTUBOB SIMOHCKUX YUYEHBIX MO 0003HAYEHHOW TeMe IMPEACTaBISETCS aKTyallb-
HBIM ¥ 4Ype3BbIYAfHO BaXHBIM. llens mcciaepoBaHus — nath 0030p M MPOBECTH
MIEPBUYHBIN aHAIN3 HAyYHBIX MyOIWKALUN, BEITIOJTHEHHBIX 1715 SMOHUH, 110 TeMa-
THKE yTIepOoAHOro OajiaHca.

MeTtoauka

bubnmomMerpuuecknii aHamM3 MPOBEICH HAa OCHOBE pedepaTUBHON 0a3bl
JaHHBIX Scopus'. Ba3oBblii 3aIpoc Ha MOMCK CTaTeil BKJIIOYAN CJIEAYHOIIHE
kmoueBble Gpasbl: TITLE-ABS-KEY (“carbon balance” OR “carbon stock” OR
“carbon sink” OR ‘“‘carbon storage”) AND TITLE-ABS-KEY (Japan). Tlouck
OCYILECTBIISICA TI0 TPEeM aTpuOyTaMm: Ha3BaHUIO CTAThH, KPATKOMY OIMCAHHIO H
KIIFOYEBBIM cjoBaM. K TONMyueHHBIM pe3ylibTaTaM NPUMEHEHbl (UIBTPBI: Bpe-
menHoi wHTepBanm 2017-2021 rr., orpacinu 3HaHwii «Hayku 00 OKpyXaromiei
cpene», «ArpoHomus u 6uonorusy, «Hayku o mnanere 3emMisi».

Pesynbtathbl

CornacHO NEpBUYHOMY AHAIU3Y PE3YJIBTATOB ITOMCKA, PE3YJIBTAThl KOTOPO-
ro Scopus MpeaoCTaBiIsIeT aBTOMATHYECKH, MOKHO 3a()MKCHUPOBATh CIICAYIOLICE.
Exeromno nnnekcupyercs nmopsiaka 15-20 crareid, a 3a 0003HaAUYCHHBIN TSATUIICT-
Huii neprox — 902, TpeHa B KOJIUYECTBE MyOIMKALMI B 11EJ0M II0JI0KHTEIbHbIH
(c 1970-x rr.), oqHako 3a nociennue 10 net orMevyaercs HeOOIBbIION cral.

AbcomoTHOE OOJBIIMHCTBO MyONMMKAIMA — Hay4yHbIE CTaThu, research
article (Tonpko 4 U3 HUX — 0030pHI, review article). Apdunmamnus aBTOpoB — mpe-
UMYIIECTBEHHO simoHcKue opranuzanuu (70 u3 90 crareil), nuaepamu sIBISIOTCS
HAy4YHBIM MHCTUTYT JIECHOTO XO03sicTBa (SIMoHMS), HallMOHAJIbHASL CENTbCKOXO035Tii-
CTBEHHAs U MPOJIOBOJIbCTBEHHAS Hay4Hasi opranuzanus (SInoHus) u YHUBEPCUTET
Xokkaigo (AAnonus). [IpumeuarenbHO, 4TO Cpend OpraHU3alUil MPUCYTCTBYET U
KHMTalCKasl akaJeMusl HayK, y4eHble KOTOPOM MPOBOJAT UCCIENOBAHUSA B COTPYI-
HUYECTBE C SAMOHIIAMH.

JlanbpHelilee 3HaAKOMCTBO ¢ aHHOTALMSMHU CTaTe MO3BOJMIO OT(PUILTPO-
BaTh 0K0JI0 70 % Hambosee peleBaHTHBIX U CIPYIIUPOBATH UX 110 TEMATHUYECKUM
HampaBJICHUsM, KOTOpbIE OyIyT pacCCMOTPEHBI HUXKE.

' Scopus [Internet]. Abstract and citation database [cited 27 May 2022]. Available from:
https://www.scopus.com/home.uri (accessed: 23.07.2022)

2 Jlns cpaBHEHMs HaMM ObLI Take OCYIIECTBJIEH MOUCK IO AMOHCKUM 0asaM JaHHbIX J-Stage u
CiNii. Tak, mo sanpocy (H—7R2/N5 2R OR RZFREFE OR Hh—HRUXFL—D)
AND HZ 6bu10 nosyueno oxono 50 crateif, IpeMMyIIECTBEHHO Ha STIOHCKOM si3bIKe (BPEMEH-
HoM unTepBan 2017-2021 rr.).

32 DKOJIOTUS



Bancheva A.I. RUDN Journal of Ecology and Life Safety. 2023;31(1):30-39

[lepBrIii BapuaHT TPYNIUPOBKHU CTaT€ld Mbl OCYIIECTBHIM B COOTBETCTBUU
¢ moaxogqom MI'DUK wu pacmpenenwnu cTaThbd MO MATH TpynmaMm — MO IMyliam
yraepoaa (Haa3eMHas M moa3eMHas ¢puToMacca, CyXocToi (M BajeKHUK), MOJI-
CTHJIKa U To4Ba). EcTecTBeHHO, MaHHAas KiaccH(UKAIUS MOAOIIA HE A BCEX
crareil. Tem He MeHee, pacnpeaeanB OOJBIIYIO YacTh cTaTel M0 0003HAYEHHBIM
rpynmnam, 0TMEYEHO, YTO JIMIUPYET IPYMIa ¢ UCCIEJOBAaHUSIMU ITOTOKOB yTepoaa
6 nousax [1-16]. MHorue u3 0003HAYEHHHBIX CTaTEil MOCBAILIEHBI XapaKTEPHBIM
JUTst SIMOHMY TTOYBaM — aHJJOCOJISIM.

Boubi10e KOIMYECTBO CTATEN OTHECEHO KO BTOPOW IPYIIIIE: TOTOKU YTIIEPO-
na B HadzemHuou ghumomacce [17-25], 4acTh U3 KOTOPHIX MOCBAILIEHO OalaHCy yr-
Jepoa SKOCUCTEM YMEPEHHBIX JIECOB, MPEUMYILIECTBEHHO Ha MpUMEpPE 0. XOK-
Kaiino [23; 26], yactb — MaHrpoBbIM Jiecam [5; 7; 27-29], a Takxke JyroBbIM
coobmmecTBam, grasslands [9; 30].

Bcero oniHa cTtaThs U3 HalIEHHBIX MOCBALIEHA U3YYEHHIO MOTOKOB yTIepo-
Iia B nodzemuot gpumomacce [31] u ABe — UCCIENOBAHUAM ITyJla YTIAEPOaa B CYXO-
cmoe u sanedxcruke [32; 33].

BTopoil BapuaHT IpyNnmMpoOBKH CTAT€W IO TEMATUYECKUM TIpyIIIaM CTaj
BO3MOJKEH Ioclie 6ojiee JeTalIbHOTO 3HAKOMCTBA C AHHOTAIMSIMU CTaTeH.

Hampumep, MblI Bbienuin OJIOK UCCIIEI0BAaHUM, MOCBSIIEHHBIX 0COOEHHO-
CTSIM NO2IOWjeHUsl YeNIeKUCI020 2a3d pa3iudnbiMu pacmenusmu. Takux crarelt
JIOCTaTOYHO MHOTO, OOBEKTOM M3y4Y€HHUS B HUX SIBISIOTCA TaKuUE€ PACTEHMsI, Kak
KUITAPUCOBHUK TYMOJIUCTHBIN, My0 NHIbYaTBIA, ITUCTOKOJIOCHUK 0OamMOyKOBBIH,
KpUIITOMEPUS SITIOHCKAsI, COCHA T'yCTOLIBETKOBAsI, MUXTA CUJIbHAsl, MUCKAHTYC KH-
TalCKUii, TpeMa BOCTOYHAsA, BUJIbI OaMOyKa U JIHMaHbl — TUIIMYHBIE TPEACTABUTEIN
pacTuTenbHBIX coobiecTB B SAnonuu [17-20; 31; 34-36].

Jlpyroii mpumMep — 3T0 MyOIUKALKUU TIPO OYEeHKU NOMOKO8 Y2aepood 6 KO-
cucmemax 8 KOoHmeKcme Kakux-1ubo npupoOHbIX UlU AHMPONO2EHHbIX USMEHEeHU.
YacTto B cTaThsax obcyxaaeTcs GakTop uzmernenus kiumama (T.e. paxkTop pazind-
HBIX TEMIEPATYPHBIX U BIAKHOCTHBIX XaPAaKTEPUCTHK KIMMATa WU UX H3MEHE-
Hus) [17; 20; 28; 35-37; 28] u daktop cmenvt pedxcuma 3emienonb308aHUs.
Hanpumep, aBTOpbI 00CY)Aat0OT BIUSHUE PA3TUYHBIX MOJIX0J0B B MaxoTe (B TOM
yuciae M 0e3MaxOoTHOM mpakTHKU c.-X.) [2; 30] M NpUMeHeHWs NpaKTHUKU
ceB00OOpOTa (PUCOBBIC YEKHU U TIOJIS Ha BO3BBINICHHBIX paBHUHAX) [38], mpakTuku
3anecenust [6], BbIOOpOUHBIX pyOoK [25] u pyOok yxoma [39]. OcobenHo uHTE-
pPEeCHBbI CcTaThl M 00 HM3MEHEHHSX B CTOKE yrjepoja B MOYBaX IOCIE CMEHBI
3eMEeJIbHOTO TIOKPOBA U3 Jieca B CEJIbCKOXO3sICTBEHHbIE yTrobs [10] u nmpu 3apac-
TaHUU 3a0pOILIEHHBIX PHUCOBBIX MoJie WHBa3MBHBIMU Buaamu [40]. B oboux
CJIy4asiX aBTOPBI OTMEUAIOT CHI)KEHUE TOTJIOUICHHSI YTIIepo/ia B MOYBax.

B psine crateit paccmarpuBaeTcst Takor (DaKToOp, Kak Cruxutinbie npupooHvle
s671eHUs, 31€Ch OTMEUAIOTCS XapaKTepHbIE /IS SIMOHCKUX Y4eHbIX TeMbl. Hanpumep,
CTaThU O BIMSHUY Tal(h)yHOB M BETPOBAJIOB Ha yriiepoaHbIi O6ananc [33; 39; 41].

3HaunMoe MecTOo 0003HAYCHHBIX TEMATHUYECKHUX TPYIII B O0IIeM MyJie myo-
JTUKalUi TOATBEPKIAET U «00JaK0 CIIOBY, CO3JaHHOE HAa OCHOBE TEKCTOB aHHO-
TalUii HalJIeHHBIX cTatei (puc. 1).
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Puc. 1. O6nako cnoB Ha OCHOBE TEKCTOB aHHOTaL Wit
(cocTaBneHo aBTOpOM ¢ nomouublo https://wordart.com/) /
Figure 1. The word cloud based on abstracts (compiled by the author at https://wordart.com/)

K crnoBy 00 M3MEHEHHMH KIIMMaTa W JIECOXO3SMCTBEHHOW IESTEIbHOCTH,
MOKHO OTMETHUTb, YTO HECKOJIBKO CTaT€l IOCBALIEHBI OYEHKE IKOCUCEMHBIX
@yHKyuil TECOB B IIETIOM, B TOM UYHUCII€ BOIIPOCAM JIeCOKTUMAMUYECKUX NPOEKMO8
[42-45].

Tak, Hojo ¢ coaBTOpamMu paccMaTpwBaeT KOHIIEIIUIO OIEHKH CTOMMOCTHU
NPUPOIHOro Kamutajga M ombIT ropona CumokaBa (mpedekrypa Xokkaiino).
B uccrnenoBannu ObU1a MpOBEAEHA IKOIOT0-3KOHOMUYECKAsk OLIEHKA BCEX HKOCHU-
CTEMHBIX YCIYT TOpPOAAa U OTMEUEHa CYLIECTBEHHAsl POJIb yCTOMYHMBOIO yIpaBJe-
Hus ecamu. [IpencraBieH BEIBOJ O TOM, YTO IPUPOCT JEPEBHEB MPEBBIMIACT 00b-
€MBbI JIECO3arOTOBKH, a ACCUMWIALIMOHHBIE (PYHKLUU JecoB 1o noriomeHuo CO2
3HAYUTENIBHO MPEBBILIAIOT BHIOPOCHI OT MPOU3BOJCTBEHHBIX 0OBEKTOB M JKUIIOTO
cektopa [43].

Taxke OIeHKa HKOCHCTEMHBIX YCIyTr M OajaHca yriepoja MPUBOAMTCS
u B paborax Passarelli 1 Nakano, BEIIOJIHEHHBIX B 00JIACTH TPAIUIIMOHHO CHIIb-
HOTO HampasieHUs Uid SNOHMM — yTWIM3allMM OTXOJOB: aBTOpP HCCIENYET
BOIIPOC nepepaboTKH AepEBSIHHBIX NTaHeNel U ee sKkonoruueckui agdekr [45; 47].

B otnenbHyio rpynmy BBIACTSIOTCS CTaThbH Memoouueckoz2o xapakmepd,
B KOTOpBIX aBTOpPbI pacCMaTPUBAIOT HOBBIE MOJENU M METOJAbI OLIEHOK CTOKa
yriepojia, anpoOUpOBaHHbIE HA JIECHBIX TEPPUTOPUAX 0. XOKKaiao [48; 49] nnu
B KpynHeumux aromepanusx [50].

3ako4yeHue

B crarbe mpencraBinen OubinomeTpuueckuii 0030p cTarteil mo BoIpocaM
OanaHca yriepoaa B HKOCHCTeMax SINOHUM, WHAEKCUPOBAHHBIX B 0a3e JaHHBIX
Scopus B 2017-2021 rr. Onpenenensl Hanbosee aKTUBHBIC IO ITyOIUKAIUSIM
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opraHuzanuu (IpeuMyIIeCTBEHHO SIMOHCKON aduinanun), a TakKe Harpasie-
HUsI, HanOoJiee aKTUBHO OCBELICHHbIE B MyOJMKAIMsAX. JTO MOTOK yriepoja B
MOYBaX, MOTOK yIJepoja B MaHIPOBBIX Jiecax, B JIecax YMEPEHHOIo mosca, B JIy-
TOBBIX DKOCHCTEMAax, JUHAMMKA IIOTOKA YIJIEPOJA, CBS3aHHAs C BO3JCHCTBHEM
Tail(pyHOB U ¢ BbIpyOKaMu, a Takxke Jieconocaakamu. OTAenbHbIN MMy cTaTel mo-
CBSIIIEH OMOJIOTMUECKUM MCCIIEOBAHUSAM OCOOCHHOCTEH MOTJIOLIEHHS YTiepoa
KOHKPETHBIMU OOTaHWYECKUMU BUJAMU J€PEBbEB U TPaB, XapaKTepHBIX st SAmo-
HuU. Psan crateil HOCAT METONMYECKUI XapakTep, UYTO MOATBEPKAAECT HAIUYHE
y SNOHUM CHUIBHON HAay4YHOW IIKOJIBI MCCIEAOBAHMM, CBA3AHHBIX C YTJIEPOIHBIM
OanmaHcoM.

OneIT moucka ctateil B pedepaTUBHBIX 0a3axX JaHHBIX MOKa3anl HEOOXOaU-
MOCTh OCYIIECTBJICHUSI HECKOJIBKUX MOAXOJOB K IMOHMCKY (CO CXOXHMH, HO He
UJCHTUYHBIMU KIIFOUEBBIMH CJIOBAMHM B 3alpoce), a Takke HEOOXOAUMOCTh Kade-
CTBEHHOMW OLIEHKH PEe3yJIbTATOB IOMCKA (B TOM UYHMCIIE TI0 Ha3BAaHUSAM U aHHOTAIU-
sAM) U 0TOOpa peeBaHTHBIX CTaTell mepen naibHeimel padoroil. Takxe Gomnee
JIETAJIbHBIN MTOMCK M YYET CTAaTell Ha AMNOHCKOM SI3bIKE MOXET CYIIECTBEHHO pac-
IIUPUTH KPYT MyOJMKAIMA U CTaTh IPEeaIMETOM Il OMOIMOMETPUYECKOT0 HCce-
JOBaHUS B OyIyliem.
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MpMMEHEeHMe WTY4HOro 3BYKOMNOrnoTUTENS
0N CHUXKEHUSA BO34ENCTBUS LWWyma
Ha paboTHMKOB MoslokonepepabartbiBaloLLein oTpacnu
Ha NpMMepe NPOMbILLNIEHHbIX NPeanpuaTnin
Pecnybnukn Mopaosumn

A.H. CkBopuos'= <

Hayuonanvuwiii uccredosamenvckuit Mopoosckuti 20cyoapcmeenHblil yHugepcumem
um. H.II. Ocapésay, 2. Capanck, Poccutickas ®@edepayus
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AHHoTanmsA. BrInolHeH aHaIM3 yCIOBHH Tpyaa paOOTHHKOB MOJIOKOTIEpepadaThIBaro-
uieii orpaciu Pecnyonuku Mopaosuu (PM), KOTOpBIil oKa3al, 4To NpeBaIUPYIOLIUM Bpell-
HBIM TIPOM3BOJICTBEHHBIM (DAKTOPOM SIBIISICTCS MOBBIIICHHBIN YPOBEHb IIyma. JlokazaHo, 4To
LIyM OKa3bIBaeT HETaTMBHOE BO3JECHCTBUE HE TOJBKO HA OPIaHbl ClIyXa, HO M Ha BECh OPraHHU3M
B 1IEJIOM KakK 00I1e0MOI0rHYeCcKUi pa3ipaskuTelb, I03TOMY CHHIKEHUE LTYMOBOW SKCIIaHCHH
3a CUET MHKEHEPHO-TEXHUYECKUX PEIICHUN ABIAETCA aKTyaJbHOW 3ajauell COBPEMEHHOCTH.
[IpounsBeneHa orieHKa IITyMOBOTO BO3ICHCTBYSI Ha OTIEpaTOPOB MOJIOKOIIEpepadaThIBAOIIEH OT-
paciiu B pamMKax CleIUalbHONW OLIEHKH YCIOBUU Tpyna. AHanu3 Moka3ai, YTO MPEBbILICHUE
YpOBHS LITyMa Ha0ItojaeTcs Ha BceX pabouynx mectax. J{s 3ammTel paOOTHUKOB OT MOBBIIICH-
HOTO YPOBHS IIIyMa MPEAJIOKeHa KOHCTPYKIUS 3BYKOMOJABIISIONIETO MTYYHOTO 3BYKOIOTJIO-
TUTEJISA, OTJINYAIOIIEroCsl BHICOKUMHU CaHUTAPHO-TUI'MEHUYECKUMHU CBOMCTBaMHU. [Ipumenenue
3BYKOMOJABJISIONINX MITYYHBIX 3BYKOIOTJIOTUTENEH MO3BOJUT YJIYUYLIUTh YCJIOBHUS TpyAa C
BpPEIHOrO KJlacca A0 AOMYCTHMOTrO.

KoueBrble ciioBa: ycioBus Tpyza, IIyM, OXpaHa TpyZAa, MOJIOKOIepepabdaTbBaronias
OTpacib, 3ByKOIOIJIOUIA0IIasi KOHCTPYKIUS, CIIENMAIbHAs OLICHKA YCIOBHH Tpyia
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Hcropus cratbu: noctynuia B penakuuio 22.07.2022; nopaboraHa mnocie pereH3npo-
BaHus 13.11.2022; npunsra x myonukarmum 29.01.2023.

Jsa uutupoBanus: Ckeopyos A.H. IlpuMmeHeHNe ITYYHOTO 3BYKOMOITIOTUTENS A
CHIDKCHHUS BO3ACHCTBHUS IITyMa Ha paOOTHUKOB MOJIOKOIEpepabaThIBAIONICH OTpacau Ha MpH-
Mepe MPOMBIIUICHHBIX npeanpustuii Pecryonuku Mopnosun // Bectauk Poccuiickoro yHu-
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The use of a piece sound absorber to reduce
the impact of noise on workers in the dairy industry
on the example of industrial enterprises
of the Republic of Mordovia

Alexander N. Skvortsov'®'D<

National Research Mordovian State University named after N. P. Ogareva,
Saransk, Russian Federation
DLsquortsow.sasha@yandex.ru

Abstract. The paper analyzes the working conditions of workers in the dairy industry,
which showed that the prevailing harmful production factor is the increased noise level. It has
been proven that noise has a negative impact not only on the hearing organs, but also on the
whole organism as a whole as a general biological irritant, therefore, reducing noise expansion
due to engineering solutions is an urgent task of our time. The article assesses the noise impact
on operators of the dairy industry as part of a special assessment of working conditions. The
analysis showed that the excess noise level is observed at all workplaces. To protect workers
from an increased noise level, a design of a sound-suppressing piece sound absorber is
proposed, which is distinguished by high sanitary and hygienic properties. The use of sound-
suppressing piece sound absorbers will improve working conditions from a harmful class to an
acceptable one.

Keywords: working conditions, noise, labor protection, milk processing industry,
sound-absorbing structure, special assessment of working conditions
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BsepeHune

CrpeMutensHOE pa3BUTHE TEXHUKH U MOSBIICHUE COBPEMEHHBIX TEXHOJIOTUMA
MPUBEJIO K 00pa30BaHUIO aKyCTHUUYECKUX TMoJiel Ha mpeanpustusx. [1oBbImeHHbIH
yYpPOBEHB [ITyMa CTAHOBUTCS Bce O0Jiee ONpeIeSONIIM CPEIr SKOIOTHUeCKHX (ak-
TOPOB Pa3IMYHBIX CTPaH, 00 3TOM CBUACTEIHCTBYIOT MHOTOYHCIICHHBIE HCCIIEIO0-
BaHus [1].

B coBpeMeHHO# MPOMBINIIICHHOCTH MPUCYTCTBYIOT pabodre MecTa ¢ MOBBI-
IEHHBIM YPOBHEM IMPOU3BOJICTBEHHOIO IIyMa, KOTOPHIM OKa3bIBa€T HETaTHMBHOE
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BIIUSTHUE Ha YeJIOBEKa, a TAK)Ke Ha ero MPOU3BOAUTENLHOCTh Tpyaa. CornacHo cTa-
TUCTUYECKUM JAaHHBIM HEONarompusTHOE BO3JEHCTBHE IIyMa HaOJIOMaeTcs B
aBUACTPOCHUH, MAIIMHOCTPOEHUHU, YEPHOU METaJulypruu, AepeBooOpadaThIBato-
el OTpaciu, MUIIEBOM MPOMBIIIIEHHOCTH [2—7] U T. A.

B pamkax uccrnenoBaHusi HAC MHTEpPECYET 3aluTa OT IIyMa paOOTHHKOB TTH-
IIEBOI MPOMBIIIUIEHHOCTH, @ MIMEHHO MOJIOKOIIepepadaThIBAIOIIECH OTPaCIIH.

MonoxkonepepaOaThiBaroiiasi OTpacib SBISETCS OJJHOM U3 KIHOYEBBIX OTpac-
7eil PKOHOMUKH cTpaHbl, oobeaunstonias 6onee 2000 npennpusituii. OCHOBHYIO
paboTy Ha MPEANPUATHSIX JAHHOTO THUIIA BBIMOJHSIOT XKEHIIUHBI, YHCIIO KOTOPBIX
coctasisieT 10 80 % oT obmiero yucia padoraronux [5].

YcnoBusa Tpyna Ha 00BEKTaX MOJOKOIEpepadaThIBAIOLIEH OTpaciu sBis-
I0TCS HEONArONMPUATHBIMU, TAHHOMY BOTIPOCY MOCBSIIIEHO MHOXECTBO HUCCIIEIOBA-
Huii [3; 5; 6]. OCHOBHYIO Harpy3Ky OKa3bIBalOT BPEIHBIEC MPOU3BOICTBEHHBIE (haK-
TOPBI, K YUCIy KOTOPBIX OTHOCSTCS IIyM, MUKPOKJIMMAT, 3arpsi3HeHHEe paboueit
30HBI MIBUIBIO, 3HAYUTENbHBIE (PU3UUECKUE HArpy3KH U T.1A. [IpuBeneHHBIC PaKTOPHI
BBI3BIBAIOT NMPO(HECCHOHAIBHYIO 3200JI€Ba€MOCTh Y PAOOTHUKOB, a TAK)KE CHIDKAIOT
paboTOCIIOCOOHOCTD.

YcnoBus TpyZa OCHOBHBIX MPOQECCHOHANBHBIX TPYII paOOTHUKOB MOJIOKO-
nepepabateiBatomie orpaciau PO npencrasnens: B Tab. 1.

Tabmya 1. Ycnosusi Tpyaa OCHOBHbIX NPOMEeCCUOHanbHbIX rpynn paboTHUKOB
MosiokonepepabarTbiBaoweit otpacan PO

Knacchl ycnosui Tpyaa B 3aBUCUMOCTU OT MHTEHCUBHOCTU
OcHOBHblE NpodeccroHasnbHble BpeAHOro NponM3BoAcTBEHHOro akropa
rpynnbl paboTHUKOB Mo akBuBaneHTHOMYy | Mo cpeagHecMeHHOM | 0 OTHOCUTENBbHOM
YPOBHIO LWyMa KOHLEHTPALMU NbiSn | BIAXHOCTM BO34yXa
Annapatynk nactepusauum n oxna- 3,1(89 nb) 2 (0,4 mr/m°) 2-3,1(48-78%)
XOEHUS MOJIoKa
Annapartynk NponM3BOACTBA CYXOro 3,2 (102 ob) 3,1 (2,8 mr/m°) 2 (23-48%)
MOJ0Ka
OnepaTtopbl IMHUK pasnMBa MoJioka 3,1(84 nb) 2 (0,4 mr/m%) 2 (23-48%)
B OYTbIIKN
PacoBLMK CYyXOro Mosioka 3,1(84 ob) 3,3 (26,7 mr/m°%) 2 (2-48%)

Table 1. Working conditions of the main professional groups of workers in the dairy industry
of the Russian Federation

Classes of working conditions depending on the intensity
The main professional groups of of the harmful production factor
According to the According .
workers . . . By relative
equivalent noise to the average shift humidity
level concentration of dust
Milk pasteurization and cooling operator 3.1(89dB) 2 (0.4 mg/m°) 2-3.1(48-78%)
Powdered milk production operator 3.2(102dB) 3.1(2.8 mg/m°) 2 (23-48%)
Milk bottling line operators 3.1(84dB) 2 (0.4 mg/m°) 2 (23-48%)
Powdered milk packer 3.1(84 dB) 3.3(26.7 mg/m°) 2 (2-48%)

HecMoTps Ha BBICOKYIO aBTOMAaTHU3alUI0 OTPACIH, Ha IIPOU3BOACTBE OCTa-
TOYHO IIHMPOKO HUCIIOIB3YETCS PyYHOU TPy, KOTOPBINA CONPOBOXKIAETCS TUIOTHBIM
KOHTaKTOM oOIlepaTopa C TEXHOJOTHYECKUM 00opyroBaHHeM. BrplinoaHeHue
TPYAOBBIX 0053aHHOCTEH Ha MPOM3BOJICTBEHHBIX yUacTKaX CBS3aHO MPEKAE BCEro
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C HaCTPOMKOM TEXHOJOTUYECKOr0 000pYI0BAHNUS, & TAKXKE BBIITOJHEHUEM 3PUTEIIb-
HBIX OIlEpaLUH.

Taxum 00pa3oM, 3amuTa OT HIyMa Ha IPEANPHUITHAX MOJIOKoTIepepadaThiBa-
IOIIEH OTpaciu SBISETCS aKTyalbHOM 3a/Jaueil COBPEMEHHOCTH, KOTopasi TpeOyeT
BMEIIATEIbCTBA CO CTOPOHBI HAYKH.

Bospgevictene wyma Ha opraHn3m 4yes10BeKka

JleiicTBHE IIIyMa Ha OPraHU3M YeJIOBEKa MPOSBISAETCS T0-Pa3HOMY M 3aBHCHUT
OT BO3pacTa, COCTOSIHUA 3[I0POBbs, XapakTepa TpyJa, (PU3UYECcKOoro, a Takxke Iy-
LIEBHOT'O COCTOSHUA. Bo3ielicTBrE IyMa yCUITMBAETCs, €CJIM Ha YEJIOBEKA OKa3bl-
BAeT JONOJIHUTEIBHOE BIMSHUE HEONAaronmpHUsTHBIA KJIMMAaT, BUOpaLus, XUMUYe-
CKHE BeIeCTBa U OMOJIOTHYECKHE.

B Hacrosiee BpeMsi HaKOIUIEHbl MHOTOUHCIIEHHBIE IaHHBIE, [TO3BOJISIOIINE
CYZIUTh O BO3JICHCTBUU IlIyMa Ha opraHsl ciyxa [2—4; 7].

[Iym oka3bIBaeT HEraTUBHOE BO3/IEMCTBUE HE TOJIBKO HA OpraHbl CiIyXa, HO U
Ha BECh OPTaHU3M B IIEJIOM, KakK oOmedunonornyeckuii paapaxurens. Ha puc. 1
MIOKa3aHbl 30HbI HAUOOJIBLIETO AEHCTBUS IIyMa Ha OpraHbl YeJI0BeKa.

AHanu3upys BBIIIECKAa3aHHOE, MOXKHO OTMETUTb, YTO HEOOXOAMMO OCYy-
IIECTBIISATH 3aLIUTy HE TOJBKO OPraHOB CIyXa, HO U BHYTPEHHUX OPraHOB 4YeJo-
Beka. Ellle oqHMM HeMajoBa)KHBIM aCIIEKTOM JEMCTBHS IIyMa Ha 4YeJIOBEKa SIBJIS-
eTcs CHIKEHHE TpyA0BoH GyHKuuu [7].

_[o/obrou 1oz

S S
(P @

_[lo3borHo9Hux

bppwHas u
\naxobag

Puc. 1. 3oHbl HanbonbLIEero BO3AENCTBMA WyMa Ha YenoBeka
UcToYHMK: COCTaBNIEHO aBTOPOM MO:
URL: https://www.metrotownphysio.com/wp-content/uploads/2015/03/patient-education.jpg
(naTa obpaweHns: 15.02.2022)
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Figure 1. Areas of greatest human exposure to noise
Source: compiled by the author:
Available from: https://www.metrotownphysio.com/wp-content/uploads/2015/03/patient-education.jpg
(accessed: 15.02.2022)

MeToabl 1 pe3ynbTaTtbl UCCenoBaHus

N3mepenust ypoBHs 1ryMa BBIOTHSUTHCH B PecmyOnmke Mopaosun (PM)
Ha MOJIOKOTepepabaThIBAIONIEeM MPEANPUIATAN C HCIOJIB30BAHUEM ITyMOMepa
«Accuctent. [logpobHoe 060cHOBaHME BEIOOpA TAHHOTO IITyMOMEpa OIMHUCAHO B [7].

[Tpon3BoICTBO TOTOBOM MPOIYKIIMU U3 MOJIOKA Ha MOJIOKOTIepepadaThIBat0-
[IeM TPEANPHUITAN OCYIIECTBIISIETCS B OTMIENBHBIX II€XaX ¢ HE3aBHCUMBIM TEXHO-
JIOTUYECKUM 000pyJIoBaHMEeM U paboynmu MecTamu. Bce 1mexa, Ha KOTOPBIX
MPOBOJIMIINCH W3MEPEHHUsI, UMEIOT HEOONBIIYIO0 TUIOmAnb W 00bEM, C BBICOKOMH
TUIOTHOCTBIO TEXHOJOTHYECKOro O0OpyAOBaHHWs, YTO CHUJIBHO CKa3bIBaeTCs Ha
yMEHbIIIEHHH K03 (UIIMEeHTa CBOOOTHOTO MPOCTPAHCTBA. BhImomHEeHHBIE HCCTe-
JIOBaHMsI YCJIOBHI Tpy/a HAa MOJIOKOIIepepadaThIBAIOIIEM MIPEIPHUITHH ITOKa3aly,
YTO B psijie IEXOB Ha pabodeM MecTe HaOJIr01aeTCsl MPEBBIIICHNE SKBUBAIIEHTHOTO
YPOBHS IITyMa.

Ieanb paGoThl — OLIEHKA EWCTBHS TOBBIIEHHOTO YPOBHS IITymMa Ha paboT-
HUKOB MOJIOKOTIepepabdaThIBAIOIICH OTPACIH C MOCIEAYIOMEeH pa3padoTKON HHKe-
HEPHO-TEXHUYECKOTO PEIICHHS IO 00ECTICUSHHIO 3aIIUTHI OT IIyMa.

Pacyer >KkBUBajeHTHOTO YpOBHS 3ByKa 3a BOCHBMHYACOBOW pabouwii eHb
ocymectisiercs cormacio FOCT I1SO 9612-2016".

'TOCT ISO 9612-2016. Akycruka. 3MepeHus 1yMa Jyis OLEHKH €r0 BO3/ICHCTBHS Ha YesloBeKa.
Meton m3mepenus Ha paboumx mectax. URL: https://docs.cntd.ru/document/1200140579 (nata
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Ananu3 paboueil 00CTaHOBKH MMOKa3all Cleayolee:

— PaGOTHUKM MHOABEPraloTCs MPHOIU3UTENLHO OJMHAKOBOMY JeHCTBHIO
IITyMa IO LIEXaM.

— 3a BpeMs pabodero JHs B COOTBETCTBUM C TEXHONOTMYECKMMH OMepally-
MM BBISBIAIOTCA BCE CYIIECTBYIOIIME MCTOYHUKH IITyMa, 4 YCIOBHS HX 00pa3oBa-
HUS ABJISIOTCS TOCTOSHHBIMH.

— YpoBeHb IIyMa ¢ KpaTKOBPEMEHHBIMH JEHCTBHAMHE IO BCEMy pabodemy
JIHIO OTCYTCTBYET.

Hcxofist M3 BHILECKA3aHHOTO CIEAyeT, 4To Hauboee MoaXoAsimeil cTpare-
rueit U3MepeHus Ul JaHHOTO TEXHOJOrMYeCKOro Mmpolecca sBJISETCs CTpaTerus
Ha OCHOBeE TpynoBoH (pyHKIMH. OCHOBHBIM ()aKTOPOM BBHIOPAHHOM CTpaTeTUH U3-
MepEeHHS BBICTyMANa ITyMOBas 0OCTAHOBKA, KOTOPAsl TIPAKTHIECKH He H3MEHSANACh
BO BpeMsI BCEro paboyero JHs.

N3MepeHus Ha MoOJOKOMepepabaThIBAIOIIEM MPEANPUATUN TIPOBOMIHCE
ciexyromuM obpasom: mepsoe usMepenue ¢ 8% mo 8%; Bropoe u3mepeHue
c 9% no 10%; Tperve wm3mepenue c¢ 11%° mo 11%; uerBeproe u3MepeHue
¢ 12°% 1o 13'3%; naroe usmepenue ¢ 14%° no 15%; mecroe usmepenue ¢ 16'° o 16%;
cenpMoe uzmepenue ¢ 17* 1o 18%°; Bocsmoe uzmepenue ¢ 19'° 1o 20%. PesynbraTs
pacueTa SKBHBAJIEHTHOTO YPOBHS 3ByKa M DKBHBAJIEHTHOTO YPOBHS IIyMa
32 BOCHMUYACOBOH paboumii IeHk, a Takke KJIacc YCIOBH Tpyia IIpeCTaBleHb! B
puc. 2-7.

Macnogen (MacnogenbHbIn Lex)
OKBUBANIEHTHbIN YPOBEHb 3BYyKa
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OKBUBAJIEHTHbIN YPOBEHD LLIYyMa
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Puc. 2. OkBMBaneHTHbI ypOBEHb 3BYKA N 3KBUBAJIEHTHLIN YPOBEHDb LUyMa
3a BOCbMUW4aCcoBOIi pabGounii oeHb, a Takke KJlacc yC/0BUiA Tpyaa macnoaena
(MacnogenbHbIN Lex)

obpamenus: 15.02.2022). O6 yrBepxacHny MeTOANKH MPOBEACHHUS CICIUATBHOM OIICHKH YCIIOBHIMA
Tpyaa, Kinaccudukaropa BpeAHbIX U (MITH) OIACHBIX MPOM3BOACTBEHHBIX (h)aKTOPOB, (GOPMBI OTHETA
0 MPOBEJICHNH CIECIUATBLHOM OLIEHKH YCIIOBUH TPYAa M HHCTPYKIIMH T10 €€ 3aIl0JHEeHHIO (C u3MeHe-
HusiMu Ha 27 anpenst 2020 rona): npuka3z Munrtpyna Poccun ot 24 staB. 2014 1. Ne 33 u. URL:
https://docs.cntd.ru/document/499072756 (nara obpamenus: 15.02.2022).
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Maslodel (Butter Factory)
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Figure 2. Equivalent sound level and equivalent noise level for an eight-hour working day,
and the class of working conditions for a butter worker
(Butter Factory)
Cblpogen (Lex No Npon3BoACTBY Cblipa XUPHOro)
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Puc. 3. OkBMBaneHTHbI ypOBEHb 3BYKA N 3KBUBAJIEHTHLIN YPOBEHDb LUyMa
3a BOCbMMW4aCOBOI1 pabounii AeHb, a TaKXKe KJlacC yYCJI0BUiA Tpyaa ceipoaena
(uex no NPon3BOACTBY Cbipa XUPHOI0)
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Figure 3. Equivalent sound level and equivalent noise level for an eight-hour working day,
as well as the class of working conditions for the cheese maker
(fat cheese shop)
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OeHb

Knacc ycnosuii Tpyaa

PopMOoBLLMK Cbipbl (LLEeX MO NPOM3BOACTBY Chipa XXMPHOro)
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Puc. 4. SkBMBaNEeHTHbIN YpOBEHb 3BYKa U 3KBUBAJIEHTHbI YPOBEHD LLyMa 32 BOCbMUYACOBOM
pabounii AeHb, a Takxke Kjiacc ycnosuii Tpyaa GopMoBLLMKa Cbipa
(Liex No NPoOM3BOACTBY Chipa XXUPHOrO)

Cheese shaper (fat cheese shop)
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Figure 4. Equivalent sound level and equivalent noise level for an eight-hour working day,
as well as the class of working conditions of the molder of cheese
(shop for the production of fat cheese)
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Puc. 5. DkBUBaneHTHbI YPOBEHb 3BYyKa N 9KBUBAJIEHTHbIN YPOBEHD LLyMa
3a BOCbMU4aCOoBOIi pabounii oeHb, a Takke KJ1acc YC/oBuii Tpyaa onepartopa
No PO3JIUBY MOJIOYHBLIX NPOAYKTOB B MJIEHKY
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Operator for bottling dairy products in foil
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Figure 5. Equivalent sound level and equivalent noise level for an eight-hour working day,
as well as the class of working conditions of the operator on filling dairy products into the film
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Puc. 6. DkBUBaneHTHbI YPOBEHb 3BYKa N 9KBUBAJIEHTHbIN YPOBEHD LLyMa
3a BOCbMMYacoBOI pabounii oeHb, a Takke Knacc ycaoBuii Tpyaa onepartopa
no ¢pacoske Macna n Tsopora
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Figure 6. Equivalent sound level and equivalent noise level for an eight-hour working day,
as well as the class of working conditions for a butter and cottage cheese filling operator
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Onepatop LeHTpansHoi moiiku (CUM MONKA)
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Puc. 7. OkBMBaneHTHbI ypOBEHb 3BYKA N 3KBUBAJIEHTHLIV YPOBEHDb LUyMa 32 BOCbMWUYaCOBOM
pabounii aeHb, a Takxke Kiiacc yCroBuii Tpyaa onepatopa ueHTpanbHoi moiku (CUM MOUKA)
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Figure 7. Equivalent sound level and equivalent noise level for an eight-hour workday,
as well as the class of working conditions for the central washing machine operator (CIP washer)

AHanu3 TabJIUYHBIX JAHHBIX [MOKAa3aJl, YTO MPEBBIIICHUE YPOBHS 3BYKOBOI'O
JTaBJICHUS U SKBUBAJICHTHOT'O YPOBHS 3ByKa Ha0JII0AaeTCs Ha BCeX pabOYMX MecTax
B nuamna3one yactoT oT 500 mo 8000 I'm.

CornacHo BBINOJHEHHBIM HCCIIEAOBAHMSM, IIYM B MOJIOKOIIEpepadaThIBatoO-
IIUX MPEeANpUATUSIX co3/JaeTcs pabounm oOopyaoBaHueM. Bbicokue caHuUTapHO-
TMTHeHUYecKre TpeOoBaHUs, PeIbsBIsIEMbIE K IleXaM JaHHOW OTpaciu, Mpero-
JJararoT MCHOJIB30BaTh B KAayeCTBE OTAEJIOYHOIO Marepuana TBEpJble, IUIaJIKHE
MOBEPXHOCTU. B 1exax MonokonepepabaThIBAIONIETO MPEINPUATHS CYIIECTBYET
MpsIMOM 3BYK, MAYIIMHA OT UCTOYHUKA ITyMOOOpa30BaHUsI M OTPa’KEHHBIH OT Orpax-
JAIOIIMX TMOBEepXHOcTel mnomemeHnid. TakuM o0pa3zoM, IIyM, HCXOISAIIMHA OT
000py/10BaHusl, UMEET CIOXKHBINA XapakKTep.

Bce BBILIEU3II0KEHHOE €11 pa3 [0Ka3bIBACT, YTO CHI)KCHHUE YPOBHS ILIyma
MO3BOJIUT YMEHBIIUTh MPOU3BOJCTBEHHBIH TpaBMaTU3M M MNPOPECCHOHATBHYIO
3200J1€Ba€MOCTb M MOBBICUTH pabOTOCIOCOOHOCTH ONEpaTOPOB MOJIOKONEpepada-
THIBAIOILIEH OTPaACIIH.

B monokonepepabateiBaromieii oTpaciu, Npy BEIOJIHEHUH CBOEH Tpy10BOH
00513aHHOCTH, PAa0OTHUK HAaXOIUTCS B IUIOTHOM KOHTAaKT€ C TEXHOJIOIMYECKUM
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000opyAOBaHHEM, MOITOMY NPUMEHEHHE CPEACTB 3alUThl OT IIyMa Ha MYyTH
pacipoCTpaHEHUsI HEBO3MOKHO.

Taxum 06pazom, HarboIee MOIXOIANIAM CITIOCOOOM OOPHOBI C IITYMOM SIBJISI-
eTcs NMPUMEHEHHUE IITYYHOro 3BYKOMOTrJoTHTeNs. Jlias MoiokomnepepadaThiBaio-
Iero NpeanpusThs pa3padoTaH 3BYKONOAABIAIOMIMN IITYYHBIH 3BYKOIOIJIOTH-
Tenb (puc. 8) ¢ TpeOyeMbIMH CAaHUTAPHO-TUTMEHUYECKMMU CBOMCTBaMHU, Ha KOTO-
PBIN MTOJTyYeH NaTeHT Ha MOJIe3HYI0 MoJeb [ 8].

CymHOCTB 3BYKOITOIaBIISIOIIETO IITYYHOTO 3BYKOIOTJIOTUTENS [TOKa3aHa Ha
puc. 8-9, rae Ha puc. 8 qaH 00K BUIT TOTJIOTUTENSI C pa3pe3oM; Ha puc. 9 u300-
pa’keHa eIMHUYHAs 4acTh SYEHCTON MaHeNt, U3 KOTOPOH COCTOMUT 3BYKOITOIABJIsI-
FOIMMA MITYYHBIN 3BYKOIOIVIOTUTEND C SIMEUCTON CETKOM.

3BYKONOJABIIAIONINM IITY4YHBIH 3BYKOMOIJIOTUTEND (pHC. 8) MpeacTaBiser
c000i1 KOHCTPYKIIHIO, COCTOSIIIYIO U3 SIMEUCTON MaHeIH 5, CBEpXy K KOTOpPOil Kpe-
IUTCS Ha KJIEeBOH OCHOBE BepXHss NephOopUpOBaHHAs IUIACTHHA 2, a CHHU3Y —
CIUIOIIHAA macThHa 3. JlnuameTpsl OTBEpCTUi 4 TUIaCTUHBI 2 MOTYT OBITh pa3ind-
HbIMU. Ha BHEIIHIOIO CTOPOHY BEepXHEH IIaCTHUHBI 2 KPEMUTCs Ha KJIEeBO OCHOBE
SYEUCTasi CeTKa 3, U3rOTOBJIEHHAs U3 3JacTUYHOro Matepuaina. CeTka 3 MOKpbITa
IUIEHKOM [ Ui obecrieueHus] HeOOXOIMMBIX CAHUTApHO-TMTMEHUYECKHX TpeOoBa-
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Puc. 8. 3Bykononasnsiowmii WTYYHbIA 3BYKONOrNOTUTENb:
O6wwuii BUA: 7 - nneHka; 2- nepdopnpoBaHHas NiacTuHa;
3 - ceTka; 4 - 0TBEPCTUS B NNACTUHE; 5 — AYElKN; 6 — 3NIEMEHT Kpennenus /
Figure 8. Sound-canceling piece sound attenuator:
General view: 7 - film; 2- perforated plate; 3— mesh; 4- holes in the plate; 5- cells; 6 - fixing element
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Puc. 9. EAuHMYHan yacTtb A4encToin NnaHenu:
7 - nepdopupoBaHHas nnactTnHa; 2 — cetka; 3— 0TBEPCTUS B NIACTUHE; 4 — CMJIOLIHANA NNacTuHa;
5- 0TBEPCTMS B rpaHsaX MyCTOTENbIX SUeekK; 6 — NneHka; 7 — a4enku /
Figure 9. The unit part of the mesh panel:
7 - perforated plate; 2 — mesh; 3- holes in the plate; 4 - solid plate;
5 - holes in the faces of hollow cells; 6 - film; 7- cells

3BYKONOJABIIAIONINI IITYYHBIH 3BYKONOIJIOTUTENb PabOTaeT ClEAYIOIINM
00pa3oM. 3ByKOBbIE BOJIHBI, pAaCIIPOCTPAHSSICh OT HCTOUHUKA U3TyUYEHHS 3ByKa, Ma-
JIAI0T Ha IJIEHKY 6, OHU YAaCTUYHO OTPAKAIOTCS, MOMVIOIIAIOTCS U IPOXOAST CKBO3b
Hee. Bo Bpems 3ByKOBBIX KoJIeOaHMI, TUIEHKA 6, PaclookKeHHasi Ha TOBEPXHOCTH,
HE KacaeTcsl KpaeB OTBEPCTHi 3, pacloI0KEeHHBIX Ha BepXHel nephopupoBaHHON
riacTuHe /. 3a cueT pe30HaHCHBIX CBOMCTB U IMCCUNIATUBHBIX MOTEPH B slUEHKAX U
BO3yLIHBIX IIPOCIIOMKAX IIPOUCXOAUT YACTUYHOE MOIJIOLIEHUE 3BYKOBBIX BOJIH. Ha
OOKOBBIX IPAHAX SIYEEK 7/ PACIOararoTcs OTBEPCTHs J, KOTOPbIE CIOCOOCTBYIOT
PAaBHOMEPHOMY PaCIIPENEICHUIO CUII UHEPLIMH, YIPYTOCTH U TPEHUS BO3LYILIHBIX
Macc BO BHYTPEHHEM MPOCTPAHCTBE siuencToi nanenu. Heobxonumo taxxke otme-
TUTh, YTO SIYEHKHU 7 BBIIOJHEHBI TAKUM OOpPa3oM, YTO 3BYK, NOMABIIMKA HA HUX,
YaCTUYHO OTPAKAETCs, YACTUYHO MOTJIOMAETCSA U IPOXOANUT CKBO3b I'PAaHb YEHKH.
[Tpu 3TOM rpaHb siYEHKHU 7 BBIIIOJHEHA TAKUM 00pa3oM, UTO OTpaskeHHast 3BYKOBast
sHeprus obecrneynBaeT POpMUPOBAHNE BCTPEUHBIX 3BYKOBBIX IOTOKOB C TPOTUBO-
¢a3oii, moxyyas TeM caMbIM YPPEKT M0IaBICHUS 3ByKOBOM SHEPTHUH.
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B 3aBrcHMOCTH OT HaCTPOMKM CHUCTEMBI B BO3AYIIHBIX IIPOCIONKAX MpPOUC-
XOAMT BBICOKOUACTOTHOE 3aTyXaHHeE, a B CHCTeMaX Pe30HATOPOB (s4eeK) — HU3KOo-
4aCTOTHOE 3aTyXaHUe, MI03TOMY C y4ETOM 3BYKOIIOTJIOIIEHUSI KapKacOM BCEH Ia-
HEJIU JOCTUTACTCsl MAaKCUMAJIBHO LIMPOKAs 110J10ca MyMonoriomesus. Yacts Boi-
HOBOH 3HEPrUU NOTJIOIMAETCS TAKXKE U IPU IPOXO0KICHUH 3ByKa Yepe3 IUICHKY 6.

IIpuMeHeHHEe 3ByKOMOAABIISIOMUX IITYYHBIX 3BYKOIOIVIOTUTEIEH B IIPOU3-
BOJICTBEHHBIX IOMEIICHHUAX MOJIOKOIEepepadaThIBAIOIIErO MPEANPUATUS MO3BO-
JIWJIO CHU3UTh YPOBEHB LIyMa 10 HOPMATUBHBIX 3HAYCHUH.

Pe3ynbTarhl CHMKEHUS AEWCTBUS LIyMa B I€Xax MOJIOKoIepepadaTbiBato-
IIer0 KOMILIEKCa Mpe/ICTaBlIeHb! B Ta0I. 2.

Tabmya 2. Pe3ynbraTbl CHAXKEHUS LUyMa Ha paboyeM MecTe onepaTopoB MosiokonepepabaTbiBaioLLEi
oTpacnu NyTeM NpMMEHEHUs 3BYKONOAaBASIOWMX WUTYYHbIX 3ByKOMNOr10TUTENE

YpoBeHb wyma Knacc ycnosuii Tpyoa
Yposens wyma Ao nocne ncnosb3o-| No npumeHe- | Mocne npume-
HaumeHoBaHue uexa ncrosnb3oBaHusa BaHUA LWWyMO3a- HUNA |_|pJ MO3a- |HeHus W pMosa-
LYyMO3aLUnTHEIX LWMUTHBIX MEPO- y - y -
MeponpUSTHii °| WMUTHBLIX MEPO- | LUUTHBLIX MEPO
npusaTun npuaTUmn npusaTUmn
Macnogen (MacnogenbHbli Lex) 86,4 79,2 3.2 2
Cblpozen (Lex no npon3soacTBy 86,5 79,6 3.2 2
Cblpa XWPHOro)
DopMOoBLLMK Chbipa (Liex Nno npo- 86,0 79,1 3.2 2
M3BOACTBY Cblpa XWPHOro)
Onepartopa no pasnmey 84,8 78,3 3.1 2
MOJIOYHbIX NPOAYKTOB B MJIEHKY
Onepatop no ¢pacoske macna 86,8 79,7 3.2 2
1 TBOpOra
Oneparopa LLeHTPanM30BaHHOM 81,4 74,3 3.1 2
moiiku (CUM MOMKA)

Table 2. Results of noise reduction in the workplace of dairy operators through the use
of sound-absorbing piece-type sound attenuators

Class of working conditions
Noise levels Noise level after Before the After the
Shop name before the use of | the use of noise application application
noise protection protection of noise of noise
measures measures protection protection
measures measures
Dairyman (dairy plant) 86.4 79.2 3.2 2
Cheese maker (fat cheese shop) 86.5 79.6 3.2 2
Cheese molder (fat cheese 86.0 79.1 3.2 2
shop)
Operator in the bottling of dairy 84.8 78.3 3.1 2
products in the film
Butter and cottage cheese filling 86.8 79.7 3.2 2
operator
Centralized washing operator 81.4 74.3 3.1 2
(CIP washer)

s JaHHBIX Ta0JI. 2 MOKHO 3aMCTUTDb, YTO IPUMCHCHHC 3BYKOIIOABJIATOIIUX
IOTYYHBIX 3ByKOHOFJIOTI/ITeJI€I71 MO3BOJUT CHU3UTH BO3JICHCTBUE myMa Ha
OpraHbl 4Y€JIOBCKA, 4YTO YIYYIOWUT YCJIOBUA TpyJda IO IIyMYy C BpCAHOI'0 Kjacca
A0 OJO0IyCTUMOTO.
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3ako4yeHue

1. VccnenoBanue ycioBuil TpyJa Ha MOJIOKOIIEpepadaThIBAIOIINX IPEIIpU-
atuax PM nokaszaio, 4To mpeBalipyIOMIUM BpeIHBIM (PaKTOPOM SIBIISIETCS TOBbI-
IIEHHbIN YpOBEHb LIyMa. [IpeBbillieHre HOPMATUBHBIX 3HaYEHUI HaOIoAaeTcs B
nuamna3one yactoT oT 500 mo 8000 I'm.

2. YCcTaHOBJIEHO, YTO SKBUBAJICHTHBIN YPOBEHb IIIyMa JIJIsi OTIEPaTOPOB MOJIO-
KomnepepabarbiBatolero npeanpusatus PM 3a BocbkMu4yacoBoit pabouuit 1eHb co-
CTaBWI: Ui Maciozaena — 86,4 nb; mis ceiponena — 86,5 nb; ans GopmoBmIuka
ceipa — 86,0 nb; nis omepaTopa Mo pazNUBY MOJOUYHBIX MPOAYKTOB B IJICHKY —
84,8 nb; mns oneparopa mo ¢acoBke macna u TBopora — 86,8 nb; mist omeparopa
eHTpanu3oBanHoi Moitku (CUIT MOMKA) — 81,4 nb.

3. CornacHo NMPOBEJCHHBIM HUCCIIEOBAHUSAM OBLTO pa3paboTaHO U 00OCHO-
BaHO HAy4YHOE pelIeHHEe, HAMPABICHHOE Ha 3alUTy PaOOTHUKOB OT BO3AEHCTBUS
MOBBIIIEHHOTO ITyMa. J[aHHBIM pelIeHueM SBIISETCS 3BYyKOIOAABISIOMINN MITYyY-
HBII 3BYKOINOTTIOTUTENb, HA KOTOPBIN MOJy4YeH NaTeHT Ha TOJIE3HYIO MOJIEb.

4. UccnenoBanus noka3aiM, YTO MPUMEHEHHUE 3BYKOIIOABIISAIONIErO MITYY-
HOT'O 3BYKOMOTJIOTUTEIS MO3BOJIUT YIYUIIUTh YCIOBUS TPYJIa OMIEPATOPOB XOJIO-
HOM IITaMIOBKH C BPEAHOIO KJlacca J10 1OIyCTUMOTO.
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Oco6eHHOCTU B3aUMOCBA3U 3JIEMEHTHOIO cCoCcTaBa
N UMMYHHBbIX peakunii y npeacraButenemn
aTHooemorpadpudeckux rpynn Cesepo-BocToka Poccumn

AJL Top6aues!” A A. Kupnuyk? 004, H.B. Iloxmmok?

!Cesepo-Bocmounwiii 2ocyoapcmeennuiii ynueepcumem, Mazadan, Poccutickas Dedepayus
2Poccuiickuii ynugepcumem opyaucovl Hapooos, Mockea, Poccuiickas ®edepayus

’I'BY3 «Mazadanckas obnacmuas 6onvnuyay, Mazadan, Poccuiickaa Dedepayus
DLAkirichuk-aa@rudn.ru

AHHoTamma. Y mpencraBureneld sTHoaeMorpaduueckux rpymnmn Ceepo-BocToka
Poccun — abopureHoB (4yK4M, KOPSIKH, 3BEHBI), METUCOB, MPUILIbIX JKUTEJIEH HpOBEJECH
aHaJIu3 COACPIKAHUA HEKOTOPBIX XHUMHYCCKHUX OJJICMEHTOB, MOIACPKUBAOMINX HWMMYHHBIC
peakumu (ceJeH, UHK, jKele30, o). [loTeHnnansHOM rpymmnoil prucka Mo pa3BUTHIO THITOCE-
JICHO30B SIBJISIETCSI KOPAKCKUIM 3THOC. MUHUMAIbHbIE 3HAUEHUsI LIMHKA BBISIBICHBI Y UyKueil.
VY mpencraBuTenei BceX STHOAEMOTrpapHUUEecKHX TPy COAEPXKAHUE >Kele3a HaXOAWIOCh
B TIpesienax pe)epeHTHBIX 3HAYCHHH, HO €0 MaKCHMaJIbHbIe 3HAUCHHUSI OTMEUCHBI y TIPUIILIBIX
JKUTenel, MakcuManbHble MOKa3aTend Hoaa TakKe XapaKTepHbl A MPUILIBIX XKUTENEH.
ConoctaBUMOE cojiepkaHue Hojja OTMEYEHO B rpymie 3BeHOB. OCOOSHHOCTH 3JIEMEHTHOTO
cTaryca (celeH, IIMHK, >Xene3o0, Hox) y skutenedl CeBepa CBHICTENBCTBYIOT, YTO CPEOH
STHOZEMOTpapuIecKuX TPYIIl UMEHHO a0OpUTEHHBIE ATHOCH HanOoJiee MPeApacoOKeHBI
K Pa3BUTHIO UIMMYHOAE(PULIUTHBIX COCTOSTHHM.

Krouessle cioBa: Cesepo-Bocrok Poccnn, sTHOoneMorpadudeckie rpymisl, CeleH,
LUHK, JK€J1e30, 01, UMMYHHUTET

Bkaan aBropos: H.B. [loxuniok — cratuctudeckas o0padotka matepuana; A.J1. I opoa-
ues, A.A. Kupuuyx — aHanu3 JaHHBIX U UX UHTEpIpETaLUs.

HcTopus crarbu: noctynmia B peaakiuio 16.08.2022; nopaboTrana nocie peneH3upo-
BaHus 12.12.2022; npunsrta k nyonukauuu 18.01.2023.
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Abstract. The content of some chemical elements that support immune responses
(selenium, zinc, iron, iodine) was analyzed among representatives of the ethno-demographic
groups of the North-East of Russia — natives (Chukchi, Koryaks, Evens), mestizos, and
newcomers. A potential risk group for the development of hyposelenoses is the Koryak ethnic
group. The minimum values of zinc were found among the Chukchi. In representatives of all
ethno-demographic groups, the iron content was within the reference values, but its maximum
values were noted in the newcomers. The maximum iodine levels are also characteristic of the
newcomers. Comparable iodine content was noted in the Evens group. Features of the elemental
status (selenium, zinc, iron, iodine) in the inhabitants of the north indicate that among the ethno-
demographic groups, it is the aboriginal ethnic groups that are most predisposed to the
development of immunodeficiency states.
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Besepexue

B Poccuiickoit ®enepanun npoxuBatoT 40 KOPEHHBIX MaJOYHMCICHHBIX
HapozoB Cesepa, Cubupu u Jlanpaero BocToka (CokpalieHHO — KOpEHHbIE MaJlo-
yucierasie Hapoabl CeBepa — KMHC). K HuM Taxke npuMEeHUM TEPMHUH «KOPEH-
Hble Hapo sl CeBepa, abopurensl CeBepay.

[IpunsTo cuntaTh, YT0 MOPGOPYHKIIMOHATBHBIE XapaKTEePUCTUKU abopure-
HOB CeBepa SBISIIOTCA aJEKBAaTHBIMH TPUPOJHBIM YCIOBUSM, a TMOMYJISLUS
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KOPEHHBIX CEBEpPSH T€HETWYECKH aJalTHPOBaHA K MPUPOTHO-KIMMATHICCKOMY
OKpykeHHo. OJHaKo C HayaJoM aKTUBHOTO OcBoeHusi teppuropuii Ceepa,
MMPOHNKHOBEHWEM B CEBEPHBIE PETHMOHBI 3amaJHONW MUBUIN3ALNUHA TIOMYJISIIUS
CEBEPHBIX HAPOJOB CTajla MOABEPraThbCs BO3ACHCTBUIO TEXHOTCHHBIX U COLMAJIb-
HBIX (PaKTOPOB.

BcenenctBue 3arps3HeHHs] cpebl OOMTAHHS, pa3pylIeHUs TPAAULIHUOHHOTO
YKJIa/1a )KU3HU U, B IEPBYIO OYEPE/lb, CTPYKTYPHI U KaUECTBA MUTAHUS MTPOU3OIILIO
HapyIIeHUE 3I0POBhSI CEBEPHBIX dTHOCOB. CHIIKEHNE B pallMOHE TPaIUIIMOHHBIX
MPOIYKTOB MUTAHUS (MSICO OJIEHSI, MOP3BEPS, MECTHOM PHIObI) U MEPEX0/1 Ha 3amajl-
HYIO TUeTy (mepekiodeHre Mmetabonn3ma Ha 0eIKOBO-yTIIEBOIHBIN THUIT MUTAHUS),
BIIMSIHUE CTOMKHUX TOKCHYECKUX BEIIEeCTB [26] MpUBENIN K UCTOIICHHUIO aIarTallx-
OHHBIX PE3EPBOB OpraHU3Ma KOPEHHBIX CEBEPSH.

VYka3aHHble U3MEHEHUSI HApYUIHIU MeTabonu3M U 0ajaHc OMOXUMHUYECKUX
rmapaMeTpoB, YTO MPEIOTNPEISTIIO HEIOCTATOK B OpraHW3Me MUHEpaIbHO-BUTA-
MUHHBIX KOMIUIEKCOB U SIBUJIOCH TPUYMHON aBUTAMUHO30B U 3JIEMEHTO30B (1edu-
IIUT )KU3HEHHO BaXXHBIX XMMHYECKHUX DJIEMEHTOB MM M30BITOK TOKCUYECKHUX dJie-
MeHTOB) [1].

B ar0it cBsi3u nemorpaduyueckune acreKkThl aDOPUTreHHOTO HACETICHHUS SIBIISI-
I0TCSI OJTHOM U3 TPEBOXKHBIX Mpobiem coBpemenHoro Cerepa Poccun. BBuny rene-
TUYECKH MIPEIONPEIEICHHBIX MPOOIIEM ¢ PU3UOTOTUIECKUM CTATYyCOM U BBIPaXKEH-
HOM accummsiieit [37] crnoxunack aeMorpaduyecku yrpokarolas CUTYallus:
pedb UaeT 0 AenOomyJsiluKd KOpeHHbIX HaponoB Cesepa [6; 9; 16; 25-27; 36]. On-
HAKO CJIEyeT OTMETUTD, YTO BOIPOC O BHIPOKACHUU CEBEPHBIX ITHOCOB SIBISIETCS
JIMCKYCCUOHHBIM [17; 28].

Y4uuThIBas HETaTHBHBIC MPOIIECCHI, CB3aHHBIE C YXYAIIEHUEM 3I0POBbs a00-
PUTEHHBIX 3THOCOB U PAa3BUTHUE JICTIONYJISILIMOHHBIX MTPOLIECCOB, & TAKKE MPUHUMAS
BO BHUMaHUE OTIPEEISIIONTY IO POJIb MUKPOAJIEMEHTOB B OCYIIIECTBICHUN )y HKITHHA
OopraHusMma, MpeJCTaBIsSeTCS HAy4YHO 3HAUYMMBIM HCCIEAOBaHUE KOMIUIEKCa dJie-
MEHTOB, OTBEYAIOUIUX 32 UMMYHHYIO 3allIUTY JKUTEJIEH ceBepa.

MaTtepuanbl 1 MeToabl

OOBeKTOM HCCIeOBaHUS SBUIMCH rpynnbl abopureHoB Cesepo-Boctoka
Poccun (Maraganckas oOmactb, UykoTka) — 3BeHbI (n = 53), kopsku (n =32),
gykuu (n = 70). DTu ceBepHbIe HapOJbl, C OHON CTOPOHBI, POJAHUT 00IIast OHoreo-
XUMHUYECKast TEPPUTOPUS IPOKUBAHUS, @ C APYTOI — OHU OTIIMYAOTCS 3THOT€HE3OM,
4TO MpenmnonaraeT ux MopHoPyHKIHMOHATIbHYIO AU(PGEPEHIUPOBKY U PA3THUUHBIN
ajanTUBHBIN noTeHuuan. Kpome abopureHoB uccienoBaHbl MeTUCH (1 = 135) —
MEXITHHUYECKAs] aCCUMIJISAIMS a0OpPUT€HHOTO HACEJIeHUS M CMEILIaHHbIe Opaku
C MPUE3KUMU KUTEIAMH, a TaKKe MPHUIUIbIe XuTenu (n = 155) — nokoseHue i,
POAMBUIMXCS OT MUT'PAHTOB U3 IPYTUX NPUPOIHO-KINMATHYECKUX PETHOHOB.

B Bonocax npezacraBuTeneil yka3aHHBIX TPYII METOJAMH aTOMHO-IMHUCCH-
OHHOMW CIIEKTPOMETPUH C MHIYKTHBHO CBSI3aHHOM aproHoBoi miasmoii (ADC) u
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Mmacc-criektpomerpun (MC) (MYK 4.1.1482-03, MVYK 4.1.1483-03) onpeneneHo
conepxkanue Al, As, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, Se, Si,
Sn, V, Zn, I, Hg, B, Be. CnektpanbHblii aHaTU3 BOJIOC MIPOBEJEH B 1abopaTtopuun
AHO «llenTp 6moTHYeCKON METUIIMHBD T. MOCKBA.

B cBs3u ¢ uccnenoBaHueM B3aMMOCBSI3€M MUKPOAJIEMEHTOB U UMMYHHOTO
cTaTyca MPOAaHAIM3UPOBAHBI CEJIEH, LIMHK, Kene30 U Hoa. IlomydeHHble naHHbIE
MpeACTaBICHBI B Ta0. 1.

B xome craructmueckoro anammza ucnodib3oBayics kputepuit Illamupo —
VYunka st OIIEHKH COOTBETCTBUSI HOPMAJIbHOMY PaclpeeNIeHUI0 KOJTUYECTBEH-
HBIX TIOKa3aTesiel coaepikanus aneMeHToB. COorTacHO MpoBepKe Ha HOPMATbHOCTb,
JIAHHBIE B WCCJICIOBAHMHM HMMEIOT pachpeelieHHe, OTIUYHOEC OT HOPMaJbHOTO.
B nanpHeimeM aJis pacyeToB MPUMEHSIIMCh METObI HEMapaMeTPUUYECKON CTaTH-
ctuku. Ompezenensl 3HadeHus Meauad (Me), MEXKBAPTHIBHBIX HHTEPBAIOB
(25-#1 m 75-#1 npouentunu). Mcnons3oBancs U-kputepuit Manna — YuTHu ans
CpaBHEHHSI HECBS3aHHBIX BbIOOpOK. [Ipu p < 0,05 cuuTanu cTaTUCTUYECKH 3HAYH-
MbIMHU paznuuusi. OLeHeHa KOppeIupyrolas 3aBUCUMOCTh MEXAY COAEp:KaHUEM
celeHa, IIMHKA, JKelie3a M MoJla B UCCIeAyeMbIX Tpynnax (ko3 puimeHT paHroBoi
koppemsinuu CnupMeHa).

CratucTtuueckast 00pab0TKa JAaHHBIX BBITMOJHEHA C IOMOIIBI0 POTPAMMHOTO
naketa Microsoft Excel (Microsoft Office 2016, Microsoft Corporation, USA)
u Statistica 10.0 for Windows (Statsoft, Tulsa, USA).

PeaynbTaTtbl U Ux 06CcyXaeHue

Maxkpo- U MUKPOAJIEMEHTaMU SIBJISIFOTCS HE TOJILKO KodakTopamu (hepMeH-
TOB, YYaCTBYIOIIUX B OOMEHE BEIIECTB, HO M HANPSIMYIO MOBBIIIAIOT UMMYHHBII
CTaTyC OpraHu3Ma, y4acTBYs B MPOIECCAX CTAHOBJICHUS UMMYHHUTETA, YCKOPSIOT
nporecchl conpotupisieMoctd opranusma [20; 31; 35]. Ilokazano, 4TO TICHUXO-
OMOITMOHAIBHOE HANPSDKEHHE MOXKET MCTOIIATh AJIEMEHTHBIM pe3epB OpraHU3Ma
U TIPUBOJUTEH K (OPMUPOBAHUIO Ne(DUIIUTA OTPEIEIICHHBIX dCCEHITUAIBHBIX dJe-
MEHTOB, B yacTHocTH — Fe, Mg, Zn, Se [18].

B MemunmHCcKo# 351eMeHToI0riy u3BecTHA rpynna snemeHToB (Fe, Ca, Mg,
I, Se, Zn, Cu), nepuut KOTOPHIX MPUBOIMUT K PA3BUTHIO MHOYKECTBEHHBIX MATOJIO-
THiA, BKIIIOYasi U HMMYHOA€(DUIIUTHBIE COCTOSIHUSA. K MX YHCITy OTHOCST U CEJEH.

Ceuen (Se). Cenen oTHOCHAT K Tpynme u3 cemu daemenToB (Fe, Ca, Mg, I, Se,
Zn, Cu), HeIOCTATOK KOTOPBIX YaIlle PaCIPOCTPAHEH CPEIN KUTEIEH MIaHeThI [34].
YMepeHHbI# ceneHone(PUIIUT SABIISIETCS JOCTATOUYHO PACIPOCTPAHEHHBIM SIBJICHHEM
st Poccum Ha Bcem IpOTSKEHUM CTPaHbl OT BOCTOKA 0 3amnaja [8; 19].

CeneH BXOOUT B aKTUBHBIE IIEHTPHI PEPMEHTOB CUCTEMBI AHTHOKCUAAHTHOM
3alUThl Oprann3Ma (PEepMEeHT IITyTaTHOHIIEPOKCH 1a3a), MeTa0O0Iu3Ma TOPMOHOB,
JUIMUJ0B, HYKJIEUHOBBIX KHUCJIOT. DTO Ba)XXHEMIIMIA 3CCEHUMATbHBII MHKpPOdJe-
MEHT, OKa3bIBAIONIMI BIMSHHUE Ha 3alIUTy OpraHU3Ma OT JIEHCTBHS TTOBPEKIIA0-
mmx (AKTOPOB H TMOBBIMIAIONINN COMPOTUBISEMOCTh K HEOIArompusTHBIM
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BO3JICUCTBUAM. BakHas poJib MPHUHAIJIEKUT CEIEHY B MOAACPKAHNA UMMYHHOU
CHCTEMBI: IE(PHUIHUT COMPSHKEH C CAMBIMHU Pa3HOOOPa3HBIMH UIMMYHOAE(DUITUTHBIMH
COCTOSIHUSIMHM — aJUIEPTUYECKUMHU M ayTOUMMYHHBIMH 3a0osieBaHusIMH. Jleduuut
CeJIeHa CBSI3bIBAIOT C TIOBBIIIEHHBIMU PUCKaMU BOSHUKHOBEHHMSI U pa3BUTHS y Hace-
JICHUS KapIMOJIOTUYECKUX U Psiia OHKOJIOTHYECKUX 3aboneBanuii [7; 40].

Panee Hamu ObLIO MTOKA3aHO, YTO Y MpHUE3KUX xkuTeneit CeBepa Mo Mepe npo-
xuBaHus Ha CeBepe OTMEUAeTCsl CHUYKEHUE YPOBHSI HEKOTOPBIX 3CCEHIUAIbHBIX
HJIEMEHTOB — JKeJie3a, KaJbIHMs U CeJICHa, YTO MOKHO pacCMaTpUBaTh Kak (YHKIIU-
OHAJIbHOE MCTOIICHHUE UX Pe3epBOB U (OPMUpPOBAHUE aKKIMMaTU3aluoHHoro. Ho
aHaJIOTHMYHAs CUTYyallus XapaKTepHa U JUIs COBPEMEHHOM MOIyIAIUN a00pUTeHHBIX
xuTenel cesepa Poccuu (3BeHbI, KOPSIKU, YyK4H), Y KOTOPBIX OTMEYEHO OHUKEH-
HOE co/iepkaHue OOJIBILION MPYTITBI SCCEHIIUATBHBIX JIEMEHTOB (KOOabT, MarHui,
XpoM, fo), BKIItodast u cenex [13].

[lo naHHBIM HACTOSIIETO HCCIEOBAaHUS, BO BCEX ATHOAEMOTrpaduyecKux
rpynmnax OTMEYEeHa TEHJEHIUS K CHUKEHHMIO CeJeHa: MeJAMaHa M 3HauyeHHe
75-r0 TIPOLEHTHJIS HAXOJWINCh CYIIECTBEHHO HIDKE pPE(PEpPeHTHBIX BEIUYHH
(Tabn. 1). MuHuManbHble TIOKa3aTeNId CeJIeHa OTMEUEHbI B TPYIIE KOPSKOB, I'le
menuana ceneHa (0,34 mr/r) Obula JOCTOBEPHO HHXKE OTHOCHTEIBHO HBEHOB,
YyK4Yeid, METUCOB U €BPOIIEOUIOB.

Tabsmuya 1. CopepXxaHue ceneHa, UMHKa, Xenesaa, hoaa B BoJiocax npeacraButenei
aTHoaemorpaduyecknx rpynn Cesepo-Boctoka Poccum, MKkr/r

CopepxaHue aneMeHTa PedepeHTHLIE LocToBepHble
OTHUYecKMe rpynnsl Me Pos-Prs aHaYeHUs: pasnunyusa mexay
rpynnamm, p< 0,05
Se
OBeHbl (1) 0,36 0,27-0,45
Kopsku (2) 0,34 0,34-0,53
Yykum (3) 0,36 0,30-0,44 0,69-2,20* 1-2,2-3,2-4,2-5
MeTuchl (4) 0,36 0,27-0,43
Mpuwnble xutenu (5) 0,37 0,27-0,49
Zn
9BeHbI (1) 180,93 154,20-206,35
Kopsiku (2) 181,15 157-214,64
Yykum (3) 173,78 156,50-194,16 155-206* 3-4,3-5
MeTuchl (4) 184,30 164,05-215,00
Mpuwnele xutenu (5) 183,65 159,99-227,77
Fe
9BeHbI (1) 15,41 9,72-22,18
Kopsiku (2) 14,12 10,59-28,68
Yykym (3) 15,04 9,64-22,63 11-24* 3-5,4-5
MeTunchl (4) 15,54 11,08-22,48
Mpuwnele xutenu (5) 17,18 12,30-26,61
|
OBeHbI (1) 0,49 0,30-1,27
Kopsiku (2) 0,32 0,29-0,94 2_5 3.5
Yykuu (3) 0,40 0,30-0,86 0,42-2,7** 4‘_5 ’
MeTuchl (4) 0,39 0,30-0,73
Mpuwnele xutenu (5) 0,59 0,32-1,09

lMpumedarms. P,s — 25-i npoueHTunb; Pz — 75- npoueHTunb; * — CkanbHbin, 2003 [41]; ** — Mopbaues,
CkanbHblii, 2015 [15].
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Table 1. Concentrations of selenium, zinc, iron, iodine in the hair of representatives
of ethno-demographic groups of the Northeast of Russia, pkg/g

. The content of the element Reference Significant differences
Ethnic groups Me | P,s-Pss values bet%veen Me P groups, p
Se
Evens (1) 0.36 0.27-0.45
Koryaks (2) 0.34 0.34-0.53
Chukchi (3) 0.36 0.30-0.44 0.69-2.20* 1-2,2-3,2-4,2-5
Metis (4) 0.36 0.27-0.43
Alien residents (5) 0.37 0.27-0.49
Zn
Evens (1) 180.93 154.20-206.35
Koryaks (2) 181.15 157-214.64
Chukchi (3) 173.78 156.50-194.16 155-206* 3-4,3-5
Metis (4) 184.30 164.05-215.00
Alien residents (5) 183.65 159.99-227.77
Fe
Evens (1) 15.41 9.72-22.18
Koryaks (2) 14.12 10.59-28.68
Chukchi (3) 15.04 9.64-22.63 11-24* 3-5,4-5
Metis (4) 15.54 11.08-22.48
Alien residents (5) 17.18 12.30-26.61
|
Evens (1) 0.49 0.30-1.27
Koryaks (2) 0.32 0.29-0.94 o_5 3.5
Chukchi (3) 0.40 0.30-0.86 0.42-2.7** 4‘_5 ’
Metis (4) 0.39 0.30-0.73
Alien residents (5) 0.59 0.32-1.09

Notes: P,s — 25th percentile; P, — 75th percentile; * — Skalny, 2003 [41]; ** — Gorbachev, Skalny,
2015 [15].

[TosyueHHbIe pe3yIbTaThl COINIACYIOTCS C paHEe MOJMYyUYEHHBIMH, YKa3bIBalO-
IUMHU Ha TOMYJISIIMOHHBIA NePUIUT celieHa y kuTese Maraganckoi oOmactu
[13]. [IpnueM HEnOCTATOK CEJIeHa KacaJics, PEX/IE BCET0, KOHTUHEHTAJIBHBIX paii-
OHOB. Y XHTeNel NMPUMOPCKUX palioHOB (Ir. MarasaH) ero ypoBeHb HaXOAUTCS
B IIpefiesax HOPMBI, YTO CBSI3BIBAIOT C OOJIbIIEH JOCTYHMHOCTBIO ISl HACEJIEHUS
MOPEIPOIYKTOB, OOraThlX MUHEpaJIaMH, B TOM 4Hciie U ceneHa [12].

VYuuThiBas NOAM(PYHKIMOHAIBHYIO POJIb CEJIE€HA, TEHAEHIHS K €ro MOoImyJis-
[IUOHHOMY Je(UIIUTY MOXKET OBITh OMOTEOXUMHYECKOM OCHOBOM Pa3BUTHS Y HKH-
TeJiel TPYIIBI TUIIOCEICHO30B: MPeXK/Ie BCEr0, UMMYHOIC(UIIMTHBIX COCTOSHUM 1
COTIPSIKEHHBIX C HUMH KaHIEPOr€HEe30M, KapIMOMHOIIATHEN 1 NaTOJIOrHel MUTo-
BUHOM skene3bl (300Hast sHaeMusi). M3 Bcex MCCIe0BaHHBIX JeMOorpaduyeckux
rpynn NOTEHIHAIbHOM IPyNION pUCKa pa3BUTHSI TUIIOCETICHO30B SBISETCS KOPSK-
CKHM 3THOC.

Hunk (Zn). [{luHK — >KU3HEHHO HEOOXOIUMBIN 71T BCEX KUBBIX OpPTraHU3-
MOB MHKPO3JIEMEHT, yYacTBYIOUIM BO MHOTHMX OMOXMMHUYECKHMX Ipoleccax B
KJIETKaxX. TO BTOPOH M0 pacCpOCTPaHEHHOCTH MOCIIE Kelle3a MUKPOIJIEMEHT B Op-
raHU3ME M CaMblil pacCpOCTPAHEHHBIN BHYTPUKIETOUHBIA JIEMEHT. MoneKyJsip-
HbIE MEXaHU3MbI JEMCTBHSI LIMHKA CBA3AaHbI C €T0 YUYaCTUEM B IOCTPOCHUH U (YHK-
monupoBanuu cBeiiie 300 MetamiosH3UMOB U 6osiee 2000 GpakTOpOB TPAaHCKPHUII-
uuu. L{unk-conepikamiie GepMeHThl KaTaau3upyroT THAPOIU3 OEJIKOB, MENTHIOB,
HEKOTOPBIX 3(PUPOB U aJbAETH]IOB, YYaCTBYIOT B YIJI€BOJHOM OOMEHE (FOpMOH
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uHCyJuH). L{lUHK MposBIIseT aHTUTOKCUYECKOE W aHTHBHpPYCHOe AeiicTBue [32].
Taxoke BeJMKa €ro poJib B Peryysliiid aHTHOKCUIAHTHOTO CTpecca U MPOTUBOBOC-
MAJUTENBHOTO IEUCTBHS.

Heduuut muHka oOyCIOBIMBAEeT HapyLIEHHE TOPMOHAIBHOM pEryssiiuu
pocTa U MOJOBOIO CO3peBaHUsl (TMIIOrOHAIN3M), MOBBIIIAET YyBCTBUTEIBHOCTh
K MH(EKIUH, TOBBIIIAET PUCK PA3BUTHUS Ay TOUMMYHHBIX 1 OHKOJIOTHYECKUX 3a00-
neBanuii [29].

DU3HONOTUYECKH CTaTyC IIUHKA SBJSIETCS KPUTHUYECKUM (PaKTOPOM, KOTO-
PBII MOXKET BIIMATH HA IIPOTUBOBUPYCHBI MMMYHHUTET: JIFOH C Te(DUIIITOM IMHKA
MOJIBEPKEHBI HAHOOJbIIEMY PUCKY 3apakKeHUS BUPYCHBIMH MH(EKLUUSAMHU, B TOM
gyucine BUY nnu Bupycom remarura [5].

VY ceBepHBIX 3THOCOB paznuuHbIX pernoHoB (Taiimelp, UykoTka, I'pennan-
Jusl), HE3aBUCUMO OT reorpauu MpoKUBaHUS M SKOJIOTHYECKHUX YCIOBHM, OTMe-
YeH nucOaIaHc B KPOBH UACHTUYHON TPYIIIBI 2JIEMEHTOB — CBUHIIA, METU U LIMHKA,
YTO MOXKET CBHJIETEICTBOBATH 00 OOIIMX MEXaHM3Max MHUHEPAJIbHOTO OOMeHa y
s)kuteneit Cesepa [15; 39].

[lo HammM MaHHBIM, MEIMaHA IIMHKA B BOJIOCAX HMCCIIEIYEMBIX TPyl (KO-
PSIKH, UyK4H, 9BEHBI, METHUCHI, EBPOINIECOUIbl) HAXOJUIIACh B IIpe/iesiaX peepeHTHBIX
BennuuH (155-206 MKI/T), 4TO CBUAETENLCTBYET 00 a/IeKBaTHON 00€CeYeHHOCTH
LIUHKOM JKHMTEJIeH peruoHa.

VY npexacraButeneil aOOPUTEHHBIX TPYII OTMEUYEHBI COMTOCTABUMbBIE PE3Ylb-
TaThl: A0COJIIOTHBIE BEJTMUMHBI IUHKA Y 9BEHOB, KOPSIKOB M UyK4el OKa3aJINCh HIKE
OTHOCHTEIIFHO METHCOB W TPHIIUIBIX JKUTeNel. MUHUMAalIbHbIE 3HAYCHHS ITMHKA
BBISIBJIEHBI Yy 4yKueil: ero cozepxanue (173,78 mr/r) ObUto TOCTOBEPHO HMXKE
oTHOCUTENbHO MeTHCOB (184,30 mr/r) u npunuibIxX xutenei B (183,65 mr/r). Takum
o0pa3oMm, coaep)kaHHe IIMHKAa B BOJOCaX ab0OpPUIe€HOB HUXKE I0 CPAaBHEHMIO
C METHCaMU U MPULUIBIMU KkuTeIsIM. Hanbosee BbipaykeHHbIE, 10CTOBEPHBIE OTIIH-
YHs XapaKTEePHbI U1 YyK4eH, 4TO MPEe/roiaraeT MOBIIIEHHYI0 YyBCTBUTEBHOCTh
K WHQEKIUSAM U MOJKET MOBBIIIATH PUCK PA3BUTHS ayTOMMMYHHBIX 3a00JI€BaHUI
y UyKOTCKOT'O 3THOCA.

Keaeso (Fe). 3BecTHO, uTO 17151 yenoBeka B yciioBusix CeBepa XapakTepeH
MOBBIIIEHHBIN YHEProoOMeH U OOJIBIINI PacX0oa MaKpo- U MUKPOHYTpHEHTOB. [1pu
JUIUTETILHOM TNPOKMBAaHUU B ycioBusx CeBepa 3TO MPUBOAUT K (OPMUPOBAHUIO
aKKJIMMAaTU3aMOHHOTO Ae(DUIIUTA ) KU3HEHHO BaXKHBIX MAKpO- 1 MUKPOAJIEMEHTOB,
U TIPEXJE BCETO XKeye3a, KaJlbLiKs, MarHus, CeJICHa.

Benymee Mecto B aKKIMMaTH3allMOHHOM Je(pUIMTE 3aHUMAET >KeJe3o.
[Toxa3zaHo, 4TO BBICOKAsi BCTPEYAEMOCTD KEJIe30A€(DUIIMTHBIX COCTOSHUM Y KUTE-
neit CeBepa 0OycliOB/IeHa MOBBIIIEHHON NOTPEOHOCTHIO OpraHu3Ma B XKelese
BCJIEJICTBHE YCUJICHHUS aHA0OIMUYECKUX M KaTaOOINYECKHX MPOLIECCOB O BO3CH-
CTBMEM 3KCTpEMaJIbHbIX (PaKTOPOB BHEIHEH cpefbl, 0c0OeHHO Xonoaa. B peruo-
Hax CeBepa Npu XpOHUUYECKOM BO3ACHCTBUN HU3KUX TEMIIEPATYp Y KUTEIEH CHU-
’KAeTCsl OTHOCHUTENbHBIM 00beM KpacHOW KpOBM M YPOBEHb IeMOrjoOuHA. OTO
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COCTOSIHME Ha3bIBAIOT «XOJIOAOBAas OOJIE3HBY WU «IOJSPHAs aHEMHsD» U CBSI3bI-
BalOT €ro ¢ aKKIMMaTH3alHMOHHBIM Jedururom xeneza [2]. Ha stom ¢one
MapaloKCalbHBIM SBJISETCS CTAOMIIBHOE COJEpKaHUE Kejle3a Y KOPEHHBIX KUTe-
neii Cesepa. [Tokazano, uTo criennpuueckoil 4epToit 37IeMEHTHOT 0 cTaTyca abopH-
TeHHBIX KHUTeJel reorpaguecky y1aJeHHbIX CEBEPHBIX TEPPUTOPUI (A3HATCKU,
Cubupckuii u Eponeiickuii CeBep Poccun, CeBep EBporbl) siBisieTcs cTaTyc xe-
ne3a [15; 39]. ¥V a6opurenoB CeBepa cojeprkaHue )Keje3a 0Ka3aaoch BbIIIE OTHO-
CHUTEJBHO NMpHEIKUX xKuTenael. [Iogo0HbIH (heHOMEH CBS3BIBAIOT C TPAIUIIMOHHBIM
NUTaHUEeM abOpUTreHOB — MuIIei, O0oratoil *UBOTHBIM O€NKOM (MsICO OJIeHs,
Mop3Beps) [3; 11; 23]. [Ipu 7TOM HE UCKIIFOUEHO, UTO NOJEPKAHUE YPOBHS KeJle3a
B OpraHun3Me abOpHUreHOB OTpa)kaeT (U3MOJOTMUYECKYIO aJalTaliio B yCIOBUSIX
JIENCTBUS HU3KUX TEMIIEpaTyp.

XKenezo BeIcTymaeT B KauecTBe MOIIHOTO MMMYHOMOIYJUPYIOIIEro (ak-
TOpa, MOBBIIAIOIIETO YCTOWYMBOCTh K pPa3HOro poja uHpexuusMm. Ilokazana
TECHas CBS3b XKeJle3a ¢ aalTHBHBIM UMMYHUTETOM: XKEJI€30 ONpEAEIeT KaueCTBO
MMMYHHOH MaMSTH Y€JI0BEKa, TO €CTh CIIOCOOHOCTh MMMYHHBIX KJIETOK IOMHHUTB,
pacro3HaBaTh M YHMYTOXAaTh MH()EKIHMOHHbIE areHThl, & TAKXKE OCYIIECTBIATH
3alUTy OT MOBTOPHBIX 3apaxxeHui [38]. XKenme3o Takke BOBIEYEHO B MPOIIECCHI
npoiaudepanny ¥ UMMYHHOU 3aIIUThI, BBICTYIA€T B POJIM aHTHOKCHIAHTOB, YIS
OMOXMMHUYECKH arpecCUBHbIC CBOOOAHBIC paaukaibl [33]. B To ke Bpems aedunut
’KeJe3a MOHIKAST HAIPSHKEHHOCTh IPUPOAHOTO UMMYHHTETA IPU OaKTepHaTIHHON
U BUPYCHOM HH(DEKINH.

CornacHo HalIMM JIaHHBIM, Y MpeICTaBUTEIEeH BCeX ITHOAEMOrpaduyeckux
TPYNIl COAECpXaHME jKele3a HaXOJWIOCh B Ipenenax peepeHTHhIX 3HAYeHUH
(cM. Tabn. 1). DTO MOATBEp)KIAET YCTAHOBIIEHHBIN paHee (akT, 4To, Oimaromaps
TPaaULIMOHHOMY IIMTAHUIO, B OpraHU3Me KOPEHHBIX JKUTeNeH ceBepa MmoiepKuBa-
eTcs aJIeKBaTHBIM ypOBEHb KeJie3a, HEOOXOAUMBINA JJIs aJanTalud K YCIOBHIM
Cesepa [15]. OnHako MakCUMaJIbHOE 3HAUYEHUE JKEJI€3a OTMEUYEHO Y IPUIIUIBIX KH-
TeJel, rie ero MearaHa JIOCTOBEPHO MpeBbIIIaja MoKa3aTeau xele3a y abopure-
HOB U MeTHUCOB. [ToaTOMY, ¢ TOUKH 3peHHs 0OecredeHus JOIKHOIO YPOBHSI IeMo-
r11o0uHa, KUCIOPOTHONH €MKOCTH KPOBH M MMMYHHBIX PEAKIUN, OPraHU3M TPHIL-
JIBIX JKUTENIEH OTIMYaeTcsl OONMbIUM (PYHKITMOHATBHBIM pe3epBoM. OgHAKO ce-
JyeT MMOMHUTb, YTO BOJIOCHI, KAK MPOM3BOJHBIE KOXKH, 00Ia1al0T IKCKPETOPHBIMU
CBOMCTBAMM ¥ MOTYT BBIBOJIUTH U3 OpraHU3Ma MHOTHE XUMUYECKHE DIIEMEHTBI, KaK
TOKCUYHbIE, TaK U 3cCeHUUaNbHbIe. [I03TOMY BOIIPOC O KOPPENSALMOHHBIX CBSI3AX
MEXJ1y COAEpKaHHEM Kelle3a B KPOBU U BOJIOCAX OCTAE€TCSI OTKPHITHIM, a JIaHHBIE
0 pacnpoCTpaHeHHOCTH Yy xkuTenel CeBepa xkene301e(OUIUTHBIX COCTOSTHHMA, OCHO-
BaHHbIE Ha aHAJIN3€ KPOBU, SIBJISIFOTCS IPUOPUTETHBIMHU.

Mo (I). Mox siBnsieTcss He3aMEHUMBIM CTPYKTYPHBIM 3JIEMEHTOM FOPMOHOB
IIUTOBUAHON *kene3bl — TupokcuHa (T4) u tpuitontuponnna (T3), koTopsle cro-
COOHBI CYIIECTBEHHO U3MEHSTh (PYHKLIMOHAIbHYIO aKTUBHOCTbH OT/EIbHBIX IOIY-
JSUUN IMMYHOKOMIIETEHTHBIX KJIETOK U MMMYHHON CUCTEMBI B 11esIoM. JlokazaHo,
YTO HEIOCTAaTOK Hoaa B OpraHu3Me TOPMO3UT BbIPaOOTKY HMMMYHOTJIOOYJIMHOB
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kmacca A u G. DTO MOXET CIOCOOCTBOBATh PAa3BUTHIO MH(EKIMA pa3TuIHOU
JIOKAJIM3allMH1, a TaKXKe ayTOUMMYHHBIX 3a0oJeBanuii [4; 22].

Bcemupnas opranu3zanus 3ApaBoOXpaHEHUs AJIsl YCTAaHOBJIEHHUS 0OecreyeH-
HOCTH HaceJIeHUs 0JJOM PEeKOMEHyeT UCIOIb30BaTh METOA HOAYypHUU — OTpee-
JIEHUE KOHLEHTpaluu ioaa B Mode. OHaKo MeTO HOLypUH PUTOJEH TOJIBKO JUIS
ANUIEMUOJIOTMUECKHUX UCCIIEJOBAaHUM, TaK KaK KOHLEHTpalKs HoAa y OTAEIbHOIO
MHANBUAYYMa — BEJIMYMHA TUHAMUYHAS U HE OTpa’kaeT 00eCHeYeHHOCTh HOoJ0M
KOHKpeTHOro 4enoBeka. Kpome Toro, crenuduka MeTona HOaypuu 3aTpyIHSIET
IIPOBEJICHUE MONYJIILUOHHBIX UCCIIET0BAaHUM.

B nocnennee necsatunerne, 6aaronaps aHaIu3y NpeACTaBUTEIbHBIX TaHHBIX
M0 COJIEePKaHUIO Holla B BOJIOCAX XKUTeNel paznuuHbiX peruoHoB Poccuu (LenTp
OuoTHyecKor MeUIIMHBL, MOCKBa), OblIa TOKa3aHa BO3MOKHOCTb OIPEIEIIATh HH-
JTUBUIYaTbHBIA M MOMYJISIIHOHHBIN ypOBEHB 0a B BOJIOCaX M yCTAHOBJIEHBI €T0
pedepeHTHBIC BeTHuuHbI [ 14].

[To HamUM TaHHBIM, MEXTPYNIOBON KBapTHIIBLHBIN HHTEpBAI Hoaa P25—P75
HaXOJWJICA B paMKaxX peepeHTHBIX 3HAYCHUH, HO UMEJ TeHICHINIO K CMEIIEHUIO
K HIDKHeH rpanuiie (cm. tadm. 1). Coaeprkanue oaa B TpyNIe MPUILIBIX KUTEICH
(0,59 mr/r) oka3zamoch MaKCUMaJIbHBIM U JIOCTOBEPHO MPEBBIIIANO aHAIOTUYHBIHA
nokazatenb y kopskoB (0,32 wmr/r), uykuedr (0,40 mr/r), metucos (0,39 mr/r).
CopepxaHue 1o/1a y 5BEHOB COIIOCTAaBUMO C ITOKA3aTEJIEM y MPUIUIbIX )KUTEJEH,
YTO COTrJacyeTcsi ¢ paHee IMOJyYeHHBIMH JAHHBIMH O BBICOKOM YPOBHE Hoza
y 3BeHCcKoro 3tHoca [30].

Takum oOpa3om, copepkaHue HoAa y MPUILIBIX KUTENEH, a TaK)Ke y 9BEHOB
HaXOJWJIOCH B TIpefiesiax peepeHTHBIX BEIMYHH, YTO MOXKET CBUIETEIHCTBOBATH O
HOpMaJbHON (PYHKIMU IIUTOBUIHOM KeJe3bl U MOJAePKaHUU OCHOBHOTO OOMeHa
(TepMOperyIsIK) y NpeACcTaBUTENEH yKa3aHHBIX TPYIII.

VYuurteiBas, pa3Hyl0 00€CHEUYeHHOCTh HOIOM JeMorpapuuecKux Tpymil ce-
Bepa, MPOKUBAIOUINX B OJHON MPUPOAHO-KIMMATHYECKON 30HE, U O0Jiee BEICOKHUE
MoKa3zaTelnu #oJa y SBEHOB, Mbl MOATBEPXKAAEM TMPEXKHEE MPEATOTIOKECHHE
0 cyliecTBoBaHMHU y 3BeHOB CeBepo-BocTtoka Poccun anantusHoro ifoncoeperato-
IIer0 MEXaHW3Ma, HaIPaBJIEHHOTO Ha TNOJAepXKaHHEe THUPEOUTHOM (YHKIMH
U TIPOSIBJIEHNS] UMMYHHOM 3amuThl [10; 24].

3akoyeHue

Cpenu Bcex MCCIIeJOBAHHBIX ATHOIEMOTrpaduueckux rpyil (abopureHsl, Me-
THUCBI, IPULILIBIE KUTEJIN) MaKCUMaJlbHbIE (ONTUMAaIbHbIE) TOKA3aTEIHN AIEMEHTOB,
OTBETCTBEHHBIX 3a NOJJEPKAHUE UMMYHUTETA, OTMEUEHB! y MPHUIIBIX KUTEIEH.
[To HexoTOpBIM d51eMeHTaM (Zn) ONTHUMaJbHbIE BEIMUYMHBI HAOIIOJAIOTCS U Y Me-
TUCOB. Y a0OpUTEHHBIX TPYIIT 3JIEMEHTHI, CONPSKEHHBIE ¢ UMMYHHUTETOM, WU J10-
CTOBEpPHO HIKE, WM K€ OTMEUYAETCs] TEHACHLHUS K UX MOHKEHUIO OTHOCUTEIBHO
MIPUILUIBIX JKUTEJEH.
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[ToTeHnmanpHOM rpynnon pucka no pa3BUTHIO TUIIOCEIEHO30B SBIISIETCS KO-
PAKCKHI 3THOC. MMHMMaJIbHBIE 3HAUEHHUS LINHKA BBISIBJIICHBI Y YyKY€il, UTO MOBbI-
[1aeT PUCK Pa3BUTHsI ayTOUMMYHHBIX 3a00J€BaHUI y 4yKOTCKOT0O 3THOCA.

VY npexacraBuTeneil Bcex 3THOAeMOrpadUuecKuX rpymIl coep>KaHue xKene3a
HaXOJWIOCh B Ipenenax pedepeHTHhIX 3HaueHui. OIHaKO ero MaKCHUMallbHbIe
3HA4YEHUs1 OTMEUYEHBI y IPUILIBIX skuTenel. [loaToMy ¢ TOUukH 3peHus obecrnedeHus
JOJIKHOTO YpPOBHSI T'€MOIVIOOMHA, KHUCIOPOJHOM €MKOCTH KPOBHM M HMMYHHBIX
peaKIMii, OpraHu3M MPUILUIBIX )KUTEIEeH OTINYaeTCs OOMBIINM (DYyHKIIMOHATEHBIM
pe3epBOM.

MaxkcruManbHble NTOKa3aTeau HOoAa XapaKTEPHbI TAK)Ke JUIS MPUILIIBIX KUTE-
neil. ConocraBuMoOe coJiepkaHne Hoaa OTMEUEHO B Ipymre 3BeHOB. OTHOCUTENBHO
BBICOKHE TOKA3aTeNN Ho/1a CBUIETEIbCTBYIOT O HOPMAIbHOM (DYHKIIMHU IIUTOBH/I-
HOM eJe3bl U MoAJIepKaHuU OCHOBHOTO 0OMEeHa (TepMOpEryIISILIK) Y IPeICTaBH-
TeJeH yKa3aHHbIX IPyMII.

Taxkum 00pa3om, aHAIN3 JIEMEHTHOTO CTaTyca (CeJeH, IUHK, KeIe30, HOM)
CBHJIETEIILCTBYET, YTO B yciIoBusiX CeBepa MMEHHO a0OpUTreHHbIE STHOCHI Hanbo-
Jiee MPepacIioyioKeHbl K Pa3BUTHUI0 UMMYHOIE(ULIUTHBIX COCTOSTHUI, UTO MOXKET
NPEJOIPEENIATh UX MPOOJIEeMBbI CO 3/J0POBbEM M HETaTHUBHBIN JeMorpapuueckuit
IIPOTHO3.
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BnnsHmne anemeHTHOro cocrasa BOAbl N NMO4YBbI
Ha 9KOJIOrM4eCKnn NOPTPET NOJPOCTKOB
XabapoBcKOro kpas

A.O. Hecrepenko! (204, T.I1. EBceea®'”, E.JI. Heabix®

"Tuxooxeanckuii 2ocyoapcmeennwiii ynusepcumem, 2. Xabapoeck, Poccuiickas ®edepayus
?Xabaposckuil hunuan JJansHe60cmouno20 HayuHO20 yeHmpa Qu3uono2uu u namono2uu
ovixanus — Hayuno-uccnedoeamensckuii UHCIUmMym oXpansl MAmepuHcmed u 0emcmad,

2. Xabapoeck, Poccuiickas Dedepayus
3 Tanvneeocmounviii 20cyoapcmeennviii ynusepcumem nymeti coobujenus,

2. Xabapoeck, Poccuiickas @edepayus
D<lalenushka 3@inbox.ru

AnHoTtaums. [IpencraBneHs! pe3yiabTaTsl ananu3a Bosaeiictsus Fe, Cu, Mo, Zn, Co, Se,
Th u U B nuThEBOM BOJIC M TIOYBE HA XUMUUECKUH COCTAB BOJIOC TIOJAPOCTKOB HAIMOHATIHLHOCTH
HUBXWU, 9BEHBI, pycckue XabapoBckoro kpas. OTHUM U3 TPUOPUTETHBIX HANPABICHUIN Perno-
HaJ'[BHOﬁ TIOJIMTUKN Xa6apOBCKOFO Kpaﬂ ABIISICTCA COXpaHCHI/Ie 3)10pOBB$I KOpeHHLIX MaJIO4YHUuC-
neHnbix HapojoB Cerepa (KMHC). B ycrnoBusix GHOre€OXHMMHUYECKON MPOBUHIIMH OPraHU3M
BbIpa0aThIBAET aJaNTUBHBIC MEXaHU3MBI, KOMIICHCUpYIOIIHe aucbananc psga MO B cpene, B
TeYeHHE MHOTHUX MoKoJeHni. OJHaKo B pallOHaX KOMIAKTHOTO MPOXKUBAHHS KOPEHHOTO Hace-
neHust HabmronaeTcst poct 3aboneBaemoctH ¢ 2010 mo 2020 r. moxpocTkoB: HEBXOB (Hukoma-
eBCKUU paiioH) u sBeHOB (Oxorckuil paiion) B 1,8 u B 1,4 pa3a COOTBETCTBEHHO, 4TO
yKaSLIBaeT Ha HpI/ICyTCTBI/Ie y KOpeHHbIX )I(HTCJICﬁ HpI/ISHaKOB HUCTOLICHUSA q)yHKL[I/IOHaJII)HI)IX
pe3epBoB opranu3ma. B cBsizu ¢ 3TUM 0CO0YI0 aKTya IbHOCTh PUOOPETAET OIICHKA DKOJIOTHYe-
CKOT'O COCTOSTHUSI OKPY>KarOIIeH Cpe/Ibl M aHATTU3 COJIEP’KaHNS XUMHUECKHUX SJIEMEHTOB B BOJIO-
cax, OTPaKaIOIUK AITUTEIbHOCTh U XapaKTeP UX NOCTYIIJIEHUSI B OPTaHU3M.

KiroueBsble c10Ba: MUKPOAIIEMEHTHI, TOJIPOCTKH, BOJIOCHI, TIOYBA, BOJIA

BaarogapHocT u puHaHcupoBanme. VccnenoBaHue BBIOJHEHO NMPH (HUHAHCOBOU
MOJIEPIKKE IpaHTa Ha peau3aliio MPOEKTOB B 00JacTH (PyHAAMEHTAIBHBIX U TEXHUUECKUX
Hayk u3 Orojpkera XabapoBckoro kpas (rpant Ne 113/2018]1 ot 28.06.2018).
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Influence of the elemental composition of water and soil
on the environmental portrait of teenagers
in Khabarovsky Kray

Alena O. Nesterenko!'2<, Galina P. Evseeva?'", Ekaterina D. Tselikh?

]Paciﬁc National University, Khabarovsk, Russian Federation
’Khabarovsk Branch of the Far Eastern Scientific Center of Physiology and Pathology
of Respiration — Research Institute of Maternity and Childhood Protection,
Khabarovsk, Russian Federation
3Far Eastern State Transport University, Khabarovsk, 680021, Russian Federation
D<alenushka 3@inbox.ru

Abstract. The results of studying the content of Fe, Cu, Mo, Zn, Co, Se, Th and U in
drinking water, soil and hair of teenagers of different ethnic groups (Nivkhs, Evens, Russians)
living in the Khabarovsk Territory are presented. One of the priority directions of the regional
policy of the Khabarovsk region is the preservation of the health of indigenous people. In the
conditions of a biogeochemical province, the organism develops adaptive mechanisms that
compensate for the imbalance of a number of microelements in the environment which occurred
for many generations. However, in the areas of compact residence of the indigenous population,
there is an increase in the illnesses from 2010 to 2020 among the Nivkhs (Mykolaiv district)
and Evens (Okhotsk district) by 1.8 times and 1.4 times, respectively, which indicates the
presence of signs of depletion of the functional reserves of the body of indigenous people. In
this regard, the assessment of the ecological state of the environment and the analysis of the
content of chemical elements in the hair, reflecting the duration and nature of their entry into
the organism, is of particular relevance.

Keywords: trace elements, teenagers, hair, soil, water
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MHOro4YuciIeHHbIMH UCCIIEI0BAHUSIMU ITOATBEPKIECHO, YTO 3JIEMEHTHBIH CTa-
TyC OpraHu3Ma OTpa)kaeT Te0OXUMHUECKUi (hOH cpebl OOUTaHUs, B TOM YHUCIIE JHC-
OamaHC MHOTHX MUKpo3jeMeHTOB (M3) B Bojie, mo4Be 1aHHOM Tepputopuu [1; 2].
XUMHUYECKUE STIEMEHTHI CIIOCOOHBI aKTUBHO BKIIIOYATHCS B KPYTOBOPOT BEILIECTB U
MUTPUPOBATH MO MUIIEBBIM LEMAM K YEJIOBEKY, UTO MOKET NIPUBOJAUTH K BO3HHUK-
HOBEHHIO 9KOJIOT03aBUCUMBIX 3a00j1eBanuii [3; 4].

Kak u3BectHO, XabapoBckuil Kpall XapakTepHu3yeTcsi MOBBILIEHHBIM COJIEP-
»anueMm Fe, Mn, HemocTaTkoM Se B OKpy’Karollen cpene. 3arps3HeHHOCTh COeIH-
HeanssMu Fe, Cu m Zn XxapakTepHa NMPaKTHYECKH JJISI BCEX BOJHBIX OOBEKTOB.
B 2019 r. mo uroram ruapoxXuMuYecKux HaOrofeHui BblsBiIeHO 104 ciydas
BBICOKOTO M 19 ciyyaeB 3KCTpeMajabHO BBICOKOTO 3arpsi3HEHHsI MOBEPXHOCTHBIX
B0 XabapoBCKOro Kpas'.

OnHuM U3 GakTOPOB, MOBBIIIAIOIIUX PUCK HAPYIIEHUS JIEMEHTHOTO TOMEO-
CTa3a, sIBJISIeTCs MOCTYIUICHHE PaJHOaKTUBHBIX 3J€MEHTOB, OMOJIOrHYecKas poiib
KOTOPBIX JI0 HACTOSILEr0 BpEMEHHU ocTaeTcsi OTKpbITOM [5]. CornacHo nureparyp-
HBIM JaHHBIM, B HukomaeBckom m OXOTCKOM paifoHax XaOapoBCKOTO Kpas pac-
NIPOCTPaHEHbI PaIUO0AHOMAINHU C BEICOKUM conepkanreM Th u U [6], koTopsie Mo-
I'YT OKa3bIBaTh BIMSHUE HA 3JIEMEHTHBIN ToMeocTas xxutenei [1].

Henp uccienoBanus — NpoaHaJIN3UPOBATh CTENIEHb BO3ACUCTBUS DJIEMEHT-
HOTO COCTaBa MUTHEBOW BOJBI U MOYBHI HA SKOJIOTHMUECKUN MOPTPET MOAPOCTKOB
Pa3HBIX STHUYECKUX TPYIII, MPOKHUBAIOIIUX HA TEPPUTOPUN XaOapOBCKOTo Kpasi.

MaTepuansl U MeToabl

OT60p pod MUTHEBOI BOBI BBITIONHSIJICS B COOTBETCTBUU C TPEOOBAHUSIMU
I'OCTa 56237-2014 «Bona nutheBas. OTOOp MpoO Ha CTAHIUAX BOJAOMOATOTOBKH
U B TPYOONPOBOJHBIX PaCIPEACIUTENBHBIX cHUCTeMax». MOHHUTOPUHT 3JIEMEHT-
HOTO COCTaBa MHUTHEBOM BOJbI MPOU3BOAMIICS B TEUEHHUE ToJa MO CE30HaAM
(2019-2020 rr.). [TpoOBI MUTHEBO BOBI OBLITH B3ATHI B I1. Apka OX0TCKOTo paiioHa
(n=120), n. JIazapeB Huxomaeckoro paiiona (n =20) u r. Xabaporcke (n = 20)
exekBapTanbHO. OTOOp MPOO MPOU3BOIWICS B BOJAOMPOBOJHBIX KpPaHAX MIKOJ U
YaCTHBIX JOMOB.

OT60p MOYBEHHBIX 00PA3IIOB MPOU3BOIUIICS OJHOKPATHO B OCEHHUH MTEPUOT
(2019 r.) Ha 3emenbHBIX yyacTKax 1. Apka Oxotckoro paiiona (n = 10), i. Jlazapes
Hukomnaesckoro paiiona (n = 10) u B r. Xabaposcke (n = 10). OTOOp BBIOTHSIICS
B cooTBercTBHHM C TpeboBanusmu ['OCTa 17.4.4.02-2017 «OxpaHa NOpUpOJIBI.
[TouBbl. MeTo 11 0TOOpPA U MTOATOTOBKH MPOO JIJIsT XUMUIECKOT0, OaKTepHOIOTHYE-
CKOTO0, TeIbMHUHTOJIOTMYECKOTO aHaIIN3ay.

' TocyrapcTBeHHBII 0K O COCTOSHUM M 00 OXpaHE OKPYXKarolleii cpeibl XabapoBCKOro Kpas B
2019 rony / mojg pen. A.A. CabutoBa. Xabaposck, 2020. 286 c.
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[IpoBeneno obcnenoBanue moaApocTKoB (n = 121), mpoxuBarmux B Xada-
POBCKOM Kpae: HUBXOB (n = 25) u 3THHUecKuX pycckux (n = 24) HuxonaeBckoro
paiiona; »BeHOB (n =54) u pycckux (n = 18) Oxorckoro paitona. IlogpocTku
r. XabapoBcka sBIsAIOTCS Tpynnoil cpaBHenus (n=33). Cpeanuil Bo3pact
15,20+0,62. Pa3pemenune Dtuueckoro komurera Xabaporckoro ¢ummana JHI]
@IIJ] — HUM OMu/l nosyuyeHO HAa OCHOBAHUHU «UH(GOPMHPOBAHHOTO COTJIACHS
poautenel 00cIeI0BaHHbIX JETEH.

Omnpenenenue npumeceit Fe, Cu, Co, Mo, Se, Zn, Th u U B nuTheBoii Boze,
MIOYBE M BOJIOCAX MPOBEJEHO METOJOM aTOMHO-3MHUCCHOHHOH CIEKTPOCKOIUU C
MHIYKTUBHO-CBSI3aHHOM IUIa3MOM B AaKKpEeIUTOBAaHHOM Jiaboparopuu Ha Oasze
XabapoBCKOro MHHOBALIMOHHO-aHAIUTHYECKOTO IIeHTpa MIHCTUTYTa TEKTOHUKHU U
reousuku um. FO.A. Koceiruna /IBO PAH.

CraTucTuueckuil aHaInu3 MPOBOJMIICS C UCIIOJIb30BAHUEM CTaHJAPTHBIX Me-
TOIOB BAapUAILMOHHOM CTATUCTUKU: ONPENEIECHUE NOCTOBEPHOCTH IOJYUYEHHBIX
JAHHBIX B YCJIOBMSX CTaHIAPTHOIO HOPMAJBHOIO paclpeaeseHus sl He3aBUCH-
MBIX BEIOOPOK € HCTIONIb30BaHNEeM Ko duunenTa CThIOAEHTA, C YIETOM «OIINOKU
cpeanein» — M+m. CTeneHs CBA3HOCTH MapaMeTPOB OLIEHMBAJIACH C TTIOMOIIIBIO BECa
KoppesnsiuoHHoro rpada (G), pacCUMTHIBAEMOTO Kak CyMMa COOTBETCTBYIOLIMX
KO2(DPUITMEHTOB TAPHOU KOPPEIISIIIH:

G= Z"”y

Ty >a

b

e 7ij — KO3 GUIHEHTHI KOPPEIIIHNA MEXKIY i-M U j-M TIOKa3aTesIMH, O OTIPeIes-
eTcs YPOBHEM JOCTOBEPHOCTH 7. OTpeAessiioch KOJTUYECTBO U CTETIEHb BHIPAKEH-
HOCTH JIOCTOBEPHBIX KOPPEJSIMOHHBIX CBs3€il B 0OIIEM YHCIIE PaCCMOTPEHHBIX
KO3 PHUIIMEHTOB KOPPESALIH, 3HAUEHUSI KOTOPBIX OO0JIbIIIE WK PaBHEI o [7; §].

Jlnsi MaTeMaTHYECKUX PacyeToOB HCIIOJB30BAIHMCh CTATUCTHUYECKUI ITakeT
Statistica 10.0 u oucuslit maketr Microsoft Office Excel 2013.

PesynbraTtbl 1 06CyXaeHue

Pe3ynpTaTsl aHanu3a npoO MUTHEBOI BOJBI B 00CIIEIOBAaHHBIX palioHaX Mpe-
CTaBJICHBI B Ta0. 1.

[IpoBeneHHBIMU HCCIEAOBAHUSIMU YCTAaHOBIEHO, YTO B Mpo0ax MHUTHEBOU
Bosbl OxoTckoro u HukomaeBckoro paiioHOB, . XabapoBCKa KOHLEHTPAIHS HC-
cnenyeMbix MO cootBerctByet [IJIK. [ToBeimennoe conepxanue Fe B 40 % ciy-
yaeB 3aUKCHUPOBAHO B MpOOax MUTHEBOW BOABI T. XabapoBCKa, MPEBBIIIAIOIIEE
Hopmatus ot 1,3 1o 3,4 paza (p <0,001).

CrnenyeT OTMETUTH JOCTOBEPHO HU3KOE COAEp aHHE ICCEHIIMATbHBIX dJIe-
MEHTOB BO BCEX MpoOax MUThEBOW BOJbI XabapoBckoro kpas: Cu, Co, Zn, Se
(» <0,001), 6onee BrIpaX€HHOE B CEBEPHBIX pailoHax. B mpobax muThEeBOW BOIBI
obHapysxeHo conepxanue Th u U. OgHako KOHIEHTpAIMs paJlOaKTHBHBIX dJie-
MEHTOB HE MPEBBIIIAECT YCTAHOBICHHbIE HOPMATHBBI.
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Tabmya 1. CopepxaHue (Mtm) acceHUManbHbIX U PagM0aKTUBHLIX MUKPO3JIEMEHTOB
B NMUTbEBOW BOAE XabapOBCKOro Kpas, Mr/n

KoHueHTpauums r. Xabaposck n. Jlazapes n. Apka QXOTCKOFO NAK no CaulnH
aNIeMeHTOB (n = 20) Hukonaesckoro paitoHa 1.2.3685-21
pavioHa (n = 20) (n=20)
Fe 0,452+0,05* 0,286£0,02** 0,146+0,01 *** 0,3
Cu 0,046+0,005* 0,001+0,0001 ** 0,002+0,0003 *** 1,0
Co 0,0038+0,0005* 0,0019+0,0002 ** 0,0003+0,0001 *** 0,1
Zn 0,326+0,04* 0,037+0,004 ** 0,009+0,0001 *** 5,0
Mo 0,002+0,0003 0,002+0,0001 ** 0,0548+0,00005 *** 0,07
Se 0,002+0,0002 0,002+0,0002 ** 0,0001+0,0002 *** 0,01
Th 0,002+0,0003 0,001+0,0005 0,001£0,0001 *** 0,03’
U 0,002+0,0002* 0,005+0,0005 ** 0,001£0,0001 *** 0,015

[Moumeyvanus: 3neck v panee: 'NAK no PykosoacTBy no o6ecneyeHmnio kaiecTsa NuTbesoi soas BO3 (2017).
MpeBbiweHne MAOK BbIAENEHO XMPHBIM LWIPUDTOM; KOHUEHTpaums M3, cooTBETCTBYIOLLAA BEPXHEWN rpaHmLe
HOpMaTKBa, BblAeNieHa KypCUBOM.
* — ODocTtoBepHOCTb pasnuuuii p < 0,001 B rpynnax r. Xabaposck—n. Jlazapes.
** — locToBepHOCTb padnunyunii p < 0,001 B rpynnax r. XabapoBck—n. Apka.
*** — locToBepHOCTb pas3nuyunii p < 0,001 B rpynnax n. Jlazapes—-n. Apka.

Table 1. Content (M+m) of essential and radioactive trace elements in drinking water

of the Khabarovsky Kray, mg/I

Lazarev, MPC according
commomenton | o | wiolsesy | ARG | o sane
district (n = 20) 1.2.3685-21

Fe 0.452+0.05* 0.286+0.02** 0.146+0.01 *** 0.3

Cu 0.046+0.005* 0.001+0.0001 ** 0.002+0.0003 *** 1.0

Co 0.0038+0.0005* 0.0019+0.0002 ** 0.0003+0.0001 *** 0.1

Zn 0.326+0.04* 0.037+0.004 ** 0.009+0.0001 *** 5.0

Mo 0.002+0.0003 0.002+0.0001 ** 0.0548=0.00005 *** 0.07

Se 0.002+0.0002 0.002+0.0002 ** 0.0001+0.0002 *** 0.01

Th 0.002+0.0003 0.001+0.0005 0.001+0.0001 *** 0.03'

U 0.002+0.0002* 0.005+0.0005 ** 0.001+0.0001 *** 0.015'

Notes: Here and below: '"MPC according to Guidelines for drinking-water quality WHO. Exceeding the MPC is
highlighted in bold; the concentration of the trace element at the upper limit of the standard is highlighted in italics.

* — Reliability of differences p < 0.001 in the groups of Khabarovsk-v. Lazarev.
** — Reliability of differences p < 0.001 in the groups of Khabarovsk-v. Arka.
*** — Reliability of differences p < 0.001 in the groups of Lazarev-v. Arka.

B Tabn. 2 mpeacraBieHsl cpeHNe KOHIIEHTPAIIMU SCCEHIIUATBHBIX B PaIio-
AKTUBHBIX DJIEMEHTOB B MIOYBaX 00CIIETOBAHHBIX PaliOHOB.

Tabmua 2. Copepxanue (M £ m) acceHumanbHbIX U PaANOAKTUBHBIX MUKPOSJIEMEHTOB
B no4yBe XabapoBCKOro kpasi, Mr/kr

KoHueHTpauuns r. Xabaposck n. Jllasapes n. Apka QXOTCKOFO NAK no CaulnH
aNIeMeHToB (n=10) Hukonaesckoro paitoHa 1.2.3685-21
panona (n = 10) (n=10)
Fe 46712,8+822,0 | 44852,78+500,12** | 11969,18+718,32 *** 25000
Cu 15,8+1,67* 76,506+7,02 ** 40,436%4,33 *** 66 (04K)
Co 6,43+0,60* 16,998+2,49 ** 3,662+0,25 *** 5
Zn 65,99+4,78 66,848+6,27 ** 181,904+15,3 *** 23
Mo 0,83+0,07* 0,534+0,05 ** 2,066+0,28 *** 253’
Se 0,0016+0,0001* 0,001+0,0001 ** 0,07+0,01 *** 0,11
Th 1,356+0,40* 5,856+0,61 ** 2,036+0,3 3
U 2,85+0,31* 1,324+0,011 ** 0,422+0,04 *** 3

[Moumeyqanns: ' Beugy otcyTcTBus yctaHosneHHbix MAK n OJK Mo n Se B noyse 6bm B3STH JaHHbIE NO:
Crommentuijn T., Polder M.D., Van de Plassche E.J. [9].
*PoHoBble 3HaueHns Th n U no: U.T. Aceinbaesy, U.K. Xabuposy, .M. Ma66acosoii 1 ap. [10].
* — DocTtoBepHOCTb pasnuuuii p < 0,001 B rpynnax r. Xabaposck—n. Jlazapes.
** — locToBepHOCTb padnunyunii p < 0,001 B rpynnax r. XabapoBck—n. Apka.
*** — NlocToBepHOCTb pasnuyuii p < 0,001 B rpynnax n. Jlazapes—n. Apka.
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Table 2. Content (M+m) of essential and radioactive trace elements in the soil
of the Khabarovsky Kray, mg/kg

Lazarev MPC according
Element Khabarovsk Nikolaevsky d’istrict Arka, Okhotsk to SanPiN
concentration (n=10) (n = 10) district (n =10) 1.2.3685-21;
*WHO guidance
Fe 46712.8+822.0 | 44852.78+500.12 ** | 11969.18£718.32 *** 25000
Cu 15.8+1.67* 76.506%7.02 ** 40.436+4.33 *** 66 (04K)
Co 6.43+0.60* 16.998+2.49 ** 3.662+0.25 *** 5
Zn 65.99+4.78 66.848+6.27 ** 181.904+15.3 *** 23
Mo 0.83+0.07* 0.534+0.05 ** 2.066+0.28 *** 253'
Se 0.0016+0.0001* 0.001+0.0001 ** 0.07+0.01 *** 0.11'
Th 1.356+0.40* 5.856+0.61 ** 2.036+0.3 3
U 2.85+0.31* 1.324+0.011 ** 0.422+0.04 *** 3

Notes: ' Due to the lack of established MPC and APC for Mo and Se in the soil, the data were taken by
Crommentuijn T., Polder M.D., Van de Plassche E.J. [9].

?Background values of Th and U according to Asylbaev |.G., Khabirov |.K., Gabbasova I.M. et al. [10].

* — Reliability of differences p < 0.001 in the groups of Khabarovsk-v. Lazarev.

** — Reliability of differences p < 0.001 in the groups of Khabarovsk-v. Arka.

*** — Reliability of differences p < 0.001 in the groups of Lazarev-v. Arka.

YcTaHOBIIEHO, YTO 32 aHATTM3UPYEMBIH IeproT KoHIeHTpanus Fe B oOpasmax
nouB Oxorckoro paiioHa coorserctBoBana I1/IK, a B Hukomnaesckom paiione u
r. Xabaposcke npesbimana [1JIK B 1,4-1,9 pa3za (p < 0,001). Konunenrpanus Cu B
Oxotckom paiione coorserctBoBana OJIK, B HuxomaesckoMm paiione B 1,2 pasa
mpesbimrasia OJIK (B 80% mnpo6 conepkanme mnpesbimano OJIK). B mousax
r. Xabaposcka conepkanrie Cu ObuTO CHHXKEHO B 4,2 pasa.

Amnanu3 00pa3loB NOYB BbISIBIII HU30BITOUYHOE CO/IEp)KaHue Zn BO BCeX MPO-
6ax: B Oxotckom paitone npessimenue [1JIK cocrasuio 7,9 pa3a, B HukomaeBckoM
patione u B 1. Xabaposcke — 2,8-3,1 u 2,0-4,3 coorBeTcTBeHHO, p < 0,001.

VYcranosneHo, uto cogepxanue Co B nouse OXOTCKOro paiioHa B Ipeaenax
ITAK. B HuxonaeBckoM paiione konmeHTpanus Co Bo Bcex mpobax Obliia BBIIIE B
3,4 paza o cpaBuenuro ¢ [1JIK (p <0,001). B o6pa3iiax moys r. XabapoBcka Takxke
BBISIBJICHO TIpeBbIlieHue conepxanns Co B 1,3 pasa.

Coneprxanrie Mo u Se B aHaJIM3upyeMbIX 00pasnax Ae(UIUTHO, TaK Kak OHo-
reoxuMHuueckasi mpoBUHIMS XabapoBCKOro kpast OefHa npeAcTaBIeHHbIMU 3CCEH-
nranbHeiMu MO [11].

Konnenrpauust Th B mouBax OXoTckoro paiioHa Huxe (pOHOBBIX 3HAUCHHIA,
a B HuxomnaeBckoM paifoHe u r. XabapoBcke npesbimaer ux B 1,95 u 1,90 paza
cooTBeTCTBeHHO. [IprunHoii Beicokoro conepxkanus Th B o6pasuax nous Hukona-
€BCKOT'0 palioHa SIBJIIETCS aKTUBHBIIN pyI0r€He3 Ha JaHHON TEPPUTOPHH [6].

Conepxanne U B MOYBEHHBIX 00pa3iax He MPEBBIIIano (OHOBBIX 3HAYECHUI
10 BCEM HCCJIeNyEMbIM paiioHaM.

Takum oOpazom, aHanu3 Ipod MUTHEBOM BOJBI M MOYB MOKa3al AeUIUTHOE
coJiepKaHue ICCEHIIMANIbHBIX 3J1eMeHTOB (Mo, Se) Bo Bcex paitoHax XabapoBCKOTo
Kpas. B nuTheBoii Boje Takxke onpeaeneHa Hu3Kkas konueHrpanus Cu, Co u Zn.

DcceHIMalbHbIE AIEMEHTHI TOCTYNAIOT B OPTaHU3M € BOJIOH U, KaK MOKa3aHO
Hamu panee, ¢ uiel [12]. CymmapHoe noctyrierrne MD u3 atMocdepHOro Bo3-
JyXa, BOJbl M MHUIIEBBIX MPOIYKTOB OTPaXaeTCsl UX COJIEP)KAHHEM B BOJIOCAX
(Tabm. 3).
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Tabsmya 3. KoHueHTpauus (M+m) MMKPO3IEMEHTOB B BOJIOCaxX (MKI) MOAPOCTKOB pa3HbiX 9THUYECKMX
rpynn, NpoXuBaloLLMX Ha TeppuTopun XabapoBckoro kpas

Mpynna Fe | o520 | cu Zn se Mo Th u
nogpoctkos | 5,0-25 | 09 8-12 | 94-183 | 0,5-1,5 |0,02-2,0| < 0,001 | 0,003
OXQTO(Q(‘;‘;CTZEOH 23,55+ | 0,043+ | 8,32+ 136,3+ | 0,2218+ | 0,026+ | 0,0017% | 0,0026+

e 75) 2,75 0,009 0,51 10,51 0,003 | 0,0044 |0,0009***| 0,0007
MoapocTtkn
Hukonaesckuii | 54,25+ | 0,19+ | 523+ | 246,58+ | 0,011+ | 0,014+ | 0,014 | 0,027¢
paiioH 8,38*** | 0,05*** | 0,70 | 29,81*** | 0,001 0,002 |0,001*** | 0,003
(n=49)
r“;fg; ngz,( 65,699+ | 0,229+ | 13,046+ | 142,031+ | 0,281 | 0,045+ | 0,017+ | 0,029+
e 23) 13,30*** | 0,06*** | 4,53* 21,56 0,03 0,01 |0,005%** | 0013

lpumeyarmne. Hopmatme Th n U B Bonocax — no Hapkosuy [.B. [14], HOpMaTuBbLI COAEp>XaHUS B BOIOCAX
nokasanbl no O6epnuc 4., Xapnang B., CkanbHomy A. [15]. Pasnunune ¢ rpaHuLein Gnanonormieckoro Hop-
matmsa gocTtoBepHo: npu p< 0,05 (*); npu p< 0,01 (**); npn p< 0,001 (***).

Table 3. Concentration (M+m) of microelements in hair (ug) of teenagers of different ethnic groups
living in the Khabarovsky Kray

A group Fe 0%02- Cu Zn Se Mo Th u
of teenagers | 5.0-25 | 9 8-12 | 94-183 | 0.5-1.5 |0.02-2.0| <0.001 | 0.003
Ok;gfsnkaggir Sst'r ot| 2355% | 0.043+ | 832+ | 1363+ |0.2218% | 0.026% | 0.0017% |0.0026%
" =V72) 2.75 0.009 0.51 10.51 0.003 | 0.0044 | 0.0009 | 0.0007
Leﬁga?fsf 5425+ | 0.19+ | 523+ | 246.58% | 0.011+ | 0.014% | 0.014% | 0.027%
[NyKolaivsky 8.38 0.05 0.70 29.81 0.001 | 0.002 0.001 0.003
district (n = 49)
;ﬁgg:ﬁgssk 65.690+ | 0.229+ | 13.046% | 142.031= | 0.281+ | 0.045+ | 0.017+ | 0.029+
o) 13.30 | 0.06 4.53 21.56 0.03 0.01 0.005 | 0.013

Note. Standard Th and U in hair — according to Narkovich D.V. [14], hair content standards are shown
according to Oberlis D., Harland B., Skalny A. [15]. The difference with the boundary of the physiological
standard is significant: at p<0.05 (*); at p<0.01 (**); at p<0.001 (***).

Ananu3 Bosioc mokaszani, uyto coaepxanue Fe u Co B rpynmax moJpocTKOB
Oxotckoro paiioHa B mpefnenax pedepeHTHbIX 3HadeHud. B rpynmax Hukonaes-
CKOTO paiioHa U r. XabapoBcKka KOHIIeHTpanwus Fe mpesplmana HopMatus B 2,16 1
2,63 paza, konuentpamus Co — B 1,73 u 2,08 paza COOTBETCTBEHHO.

Copepxanrie Cu B Bojocax Ha HIKHEH TpaHHIle HOpMaTUBa CPeH MOAPOCT-
koB OxoTcKoro paiiona u nepunutrHoe B HukomaeBckom paiione B r. XabapoBcke
npeBbicwiio HopMatuB B 1,10 pasa.

Amnanu3 comeprkanust Zn BBISIBIII IPEBbIIEHHE pe()epeHTHBIX 3HAUCHHH B BO-
Jocax MmoaApocTkoB HukomaeBCcKoro paiioHa, B OCTaJbHBIX IpyINIax CoOAep>KaHUE
COOTBETCTBOBAJIO MpEAEIIaM.

Copepxanne Se neduUIUMTHO B BOJOCAaX BceX OOCIEAyEeMBIX TPYIII
(» <0,001). B rpynmie Hukomnaesckoro paiiona BeisiBieH aedurut Mo (B 1,43 paza
HUXe peepeHTHBIX 3HaueHui), B rpynmnax OXoTckoro paiioHa u r. XabapoBcka —
Ha HW>KHEW TpaHULIE.

YcTaHoBneHbI BRICOKHE KOHIIEHTpaluu Th B Boiocax Bcex IpyIi Mo CpaBHe-
HUIO ¢ pedepeHTHRIMU 3HaUeHusIMH (p < 0,001).
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Konuenrpannsa U B npenenax BepxXHEH I'paHULBI HOPMATHBA B BOJIOCAX BCEX
rpyni. [Torpannunele moka3aTtenu GakTOPOB CpeJibl IPUBOIAT K AUCHYHKIIHOHAIb-
HBIM COCTOSIHUSIM OpraHu3ma (KOTOpble fABISIOTCS 0O0paTuMbiMH). OIHAKO MpH
JUIMTEILHOM JEHCTBUM CTPECCOPA BOSHUKAIOT AU3aallTalliy.

B pesynbpTaTe aHanmsa 3J€MEHTHOTO COCTaBa Mpod MUTHEBOW BOBI, TIOUBHI
00pa31oB BOJIOC MOAPOCTKOB, NMPOXKHUBAIOIIUX B pailoHax XabapoBCKOTo Kpas C
Pa3IMYHBIMU KJIMMATHUYECKUMHU YCIOBUSIMHU, ObIITN YCTAaHOBJIEHBI KOPPEISLUOHHbBIE
CBSI3U. 3HaUMMBIE NPSAMBIE 3aBUCUMOCTHU COJEpKaHus MO B BOZ€ U MOYBE BBISAB-
nensl i Zn (r = 0,86, p <0,05), Fe (r=0,59, p <0,05) u U (r=0,9, p <0,05).
OTtpunarenbHble 3aBUCHMOCTH BBISBIIEHBI MEKIY KOHLIEHTpalMed Se B BoJE U
nouse (r =-0,81, p <0,05) u Cu B Boge u nouse (» = 0,39, p <0,05).

JlocToBEpHBIE KOPPEIALMOHHBIE 3aBUCUMOCTH BBISIBJICHBI MEXIY COAEpXkKa-
nueMm Fe, Co, Mo, Th B Bosocax u Boae (» = 0,48-0,89, p <0,05), Fe, Cu, Zn, Se
B Bojocax u nouse (r = 0,38-0,71, p <0,05).

B psine uccienoBanuii 6110 MOKa3aHO, YTO MPU HEOIArONIPUATHBIX BHEITHUX
BO3JECHCTBUAX YPOBEHb KOPPEIALMI MEXKIy pa3IudHbIMH IapaMeTpaMH opra-
HU3Ma mnoBbIaetcs [13]. Meroa KOoppensiroHHON aganTOMETPHH TTO3BOJISET KO-
JIMYECTBEHHO OLIEHUTH CTENEHb 370POBBS I'PYIII JIOAEH U 3a01aroBpeMeHHO po-
THO3MPOBAaTh BO3MOKHbIE HEOJIaronpusTHblE U3MEHEHHs 370poBbs [7]. AHamu3
KOPPEJSLIMOHHBIX B3aUMOCBs3€l conepkaHusd MO B BoJjiocax MOAPOCTKOB C MC-
M0JIb30BAaHUEM JJAHHOT'O METO/1a MO0Ka3aJl, 4YTO BEJIMYMHA KOPPEISIIIMOHHOTO rpada
y aereit r. Xabaposcka u HukonaeBckoro paiiona B 1,5 pa3a Bbliiie, 4eM y HOJpOCT-
koB Ox0TcKoro paitoHa (puc. 1), 4T0 MOXKET CBUAETEILCTBOBATh 00 aHTPOIIOIKO-
JIOTUYECKOM HAIPSDKEHNHU aJalTallOHHBIX MEXaHU3MOB Y MTOJPOCTKOB, TPOKUBA-
IOIUX B JAHHBIX 9KOJOTMYECKHUX YCIOBHSIX.
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Puc. 1. Bec koppensiuMoHHOro rpada y nogpocTKOB,
NPOXUBAKOLLMX B Pa3nu4HbIX paioHax XabapoBckoro kpas /
Figure 1. The weight of the correlation graph of teenagers living
in different regions of the Khabarovsky Kray
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Taxkum 00pa3om, MPOBEJACHHBIE MCCIEIOBAHUS MOKA3aJIM, YTO B MUTHEBOU
BOJI€ BBISIBJICH nucOananc MD: B psane ciaydaeB umeeT Mecto npebiienne [1JIK mo
conepxanuto Fe, compoBoxmarommiicss AeUIUTOM ICCEHIIUATBHBIX 3JIEMEHTOB
(Cu, Co, Zn, Mo, Se). Bo Bcex o0Opa3iiax Mo4YB yCTaHOBIIEHBI HU3KHE KOHIIEHTPA-
uuu Mo, Se u Boicokue — Fe. Taxxe B HukonmaeBckoM pailoHE BBISBIIEHO MOBBI-
meHHoe cojaepkanue Th B mouyBax. DIeMEHTHBINH JucOalaHC OTpa)kaeTcsl Ha UX
KOHIICHTPAIIUU B BOJIOCAX TOJIPOCTKOB, MPOXKUBAIOIINX HA TEPPUTOPHUIX T€OXHUMHU-
YECKUX aHOMAIIUN, U MOXKET SBIATHCA (DAKTOPOM PHCKA Pa3BUTHS IKOJOTHUECKH
00yCIIOBJICHHBIX 3a00JIEBaHMIA.
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AHHoTauus. [IpuBeeHbl faHHBIE 10 XUMUKO-aHAIUTUHYECKUM METOJIaM ONpeeIeHUs
X0, IIXJP u meromam OWOTECTUPOBAHUS, TPUMEHSEMBIM I TOKCUKOJOTHYECKOU
OLICHKM 3arps3Hsonmx BewmiecTB. IIpoanammsupoBano pacnpenenenue I[IX/IM, IIXID
IO TEPPUTOPUU MOCKBBI. AHATIN3 ITyOIUKAIUH POCCUICKIX U 3apyOeXHBIX aBTOPOB MOKa3all,
YTO CYIIECTBYIOIIIE Ha HACTOSIINA MOMEHT METOIBI OMOTECTHPOBAHUS (HaKTHUECKH HE OTpa-
OoTaHbI Ha AMOKCHHAX. {715t OBICTPOTO YCTAaHOBJIEHUS TOKCHKOJIOTMYECKOT0 3phexTa CTORKIX
OpPraHHUYECKUX 3arpsi3HUTENEH B IOUBE MIPEAIAracTcs HCIOIb30BaHUE METOI0B OMOTECTHPOBA-
HUSI, C BKJIIOYEHHEM TECT-OPTaHU3MOB, NPEICTABIIONINX OCHOBHBIE TPO(PHUCCKHE YPOBHH
9KOCHCTEM: IPOLYLIEHTOB, KOHCYMEHTOB, PEAYLICHTOB.
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Introduction

One of the important environmental problems in the city environment is
pollution by compounds with high toxicity, low solubility in water, spreading over
long distances and being extremely resistant to decomposition. Such substances
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include compounds from the group of persistent organic pollutants (POPs):
polychlorinated dibenzo-p-dioxins (PCDD) and dibenzofurans (PCDF), commonly
referred to as dioxins.

The difficulty in analysing these compounds is that the determination of trace
amounts of contaminants occurs at the nano- and picogram (ppt, ppq) levels. In
addition, PCDDs and PCDFs are large groups of substances in which only a small
proportion are toxic and require measurement. To date, methodologies for the
determination of POPs have been developed, registered in the Federal Information
Fund for Ensuring Uniformity of Measurements and successfully applied.
However, with regard to determination of PCDDs and PCDFs, today there are very
few laboratories accredited for determination of these compounds due to high cost
and complexity of analysis.

Areas of large cities, including industrial areas and their surroundings are the
most exposed to contamination. It is particularly important to study soils as sites of
accumulation, transformation and re-introduction of pollutants into biogeochemical
cycles. To date, biotesting methods have been developed that make it possible to
identify the most vulnerable links in the trophic chain and assess the mechanisms
of action of pollutants on biota. A particular challenge is to investigate the hazards
of different types of pollutants in biocosms, at different trophic levels.

The Stockholm Conference (2001) proposed a resolution on POPs!, which
was ratified in Russia only in 20112 The need for Russia to recognize this
convention has stimulated increased research into natural systems. In 2005, the
Department of Nature Management and Environmental Protection of Moscow
GPBU “Mosecomonitoring” carried out the first study of PCDD/PCDF in Moscow,
which complemented standard analyses including pesticides, oil products,
benz[a]pyrene and heavy metals. PCDDs/PCDFs were analyzed at 21 sites [1; 2].
Re-examination in 2012 of most of the previously investigated sites made it
possible to identify possible sources of pollution.

Assessing the real picture of environmental pollution, in particular of soils,
with the help of chemical-analytical methods alone is a difficult task. Therefore, the
addition of biotesting on living organisms to such studies will help to obtain a more
objective ecological assessment [3]. Literature sources show that existing POPs
screening methods are virtually untested. In particular, biotesting methods,
including very sensitive immunochemical methods, are insufficiently selective and
specific [4].

In order to properly assess the biological effects of pollution, it is necessary
to pay attention to what actually occurs in the field. Therefore, the most appropriate
way of assessing environmental quality involves the use of species directly
inhabiting the contaminated areas.

! Stockholm Convention on persistent organic pollutants. Stockholm. May 22, 2001.

2 Federal Law No. 164-FZ of 27.06.2011 “On Ratification of the Stockholm Convention on
Persistent Organic Pollutants” (In Russ.) [@enepanbubiii 3akoH ot 27.06.2011 roga Ne 164-®3
«O parudukanuu CTOKMOJNBMKOW KOHBEHIIMM O CTOHKMX OPraHUYECKHX 3arps3HUTEISIX»].
Available from: http://ivo.garant.ru/#/document/12187282/paragraph/1:0 (accessed: 07.03.2022).
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The purpose of the review is to identify existing problems in the analysis of
POPs and to propose possible methods of PCDD and PCDF biotesting using the
example of works on methods of analysis, determination of PCDD and PCDF
content in Moscow soils and problems of biological control.

General information on contaminants

The term “dioxins” includes 210 compounds, of which 75 are PCDD
congeners and 135 PCDF congeners. The most dangerous of them are considered
to be 17 dioxin compounds having substituents in position 2,3,7,8 [5]. The most
toxic representative is 2,3,7,8-TCDD which is characterized by high stability and
shows mutagenic and carcinogenic activity [6]. The International Agency for
Research on Cancer (IARC) categorizes 2,3,7,8-TCDD as group 1 (unconditional
carcinogens for humans).

The main source of PCDDs and PCDFs in industrialized countries is
considered to be high-temperature incineration of municipal solid waste, hazardous
and medical waste. High production and release of PCDDs and PCDFs from waste
incineration is mainly due to poor dust collectors in thermal waste incineration
plants operating at elevated temperatures and poor combustion conditions. Often,
incineration takes place in high-temperature incinerators at temperatures above
850°C. Thermal decontamination destroys the dioxins in the waste, but re-generates
when the flue gas cools at 350°C. Some countries have passed laws that prohibit or
restrict almost all methods of high-temperature waste incineration. There are no
such restrictions in Russia.

Sources of dioxin emissions are power plants, industrial and domestic thermal
energy plants, which are powered by fossil fuels or biofuels. Large quantities of
PCDDs and PCDFs are generated during oil and natural gas combustion due to high
calorific value of these fuels. It is known that the amount of PCDDs and PCDFs
emitted in flue gases from large power plants is much lower than the corresponding
values for coal- or oil-fired boilers and for domestic biofuel-fired boilers [7].

In internal combustion engines, dioxins are produced as a by-product of the
combustion process. In Russia leaded petrol was used up to January 1 2003. High
concentrations of PCDD and PCDF were observed due to the presence of
chlorinated additives. With the use of unleaded petrol and a catalytic converter for
exhaust gases in petrol engines, the concentration of emitted dioxins has been
significantly reduced. In diesel engines, as a result of more efficient use of fuel,
there is almost no emission of PCDDs and PCDFs.

It is known that as far back as in the 30s of XX century chemical productions
started to develop which produced high concentrations of dioxins. Large territories
are contaminated with dioxins during production of chlorinated cyclic organic
compounds — chlorophenols, polychlorinated and polybrominated benzenes,
biphenyls, as well as during production of pesticides — 2,4,5-trichlorophenoxyacetic
acid (2,4,5-T), pentachlorophenol (PCP). In Russia, most of the chemical industry
enterprises leading to the formation and release of dioxins have been closed. The
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production of 1,2-dichloroethane remains the only chemical industry generating
PCDDs and PCDFs in Russia.

PCBs and PCDFs can enter soil by the introduction of PCB- and PCDF-
contaminated products and wastes from industrial processes, by dioxin deposition
in soil as a result of reactions in the environment and by deposition from
atmospheric air.

Once in the soil, dioxins are firmly bound to the soil particles and do not
practically migrate into the inner layers, being sorbed in the surface layer. The half-
life in soils has been found to be about 9-15 years in the surface layer and
25-100 years at depth.

However, the presence of other pollutants in soil (e.g. oil products) may lead
to dissolution of dioxins and thus to their more intensive migration into the inner
layers. Some species of bacteria and fungi can degrade PCDDs and PCDFs, but this
process is very slow. Their degradation is more rapid during photolysis.

Dioxins can enter the human body through inhalation of contaminated air,
ingestion of contaminated food and skin contact with contaminated soil and other
substances. Upon ingestion, most dioxins are absorbed through the gastrointestinal
tract, are incorporated into biochemical processes, and accumulate primarily in
adipose tissue and the liver. Dioxins are extremely stable, with a half-life of about
ten years.

Mechanism of biological activity of dioxins is similar to the mechanism of
action of many hormones-regulators of genome activity. The toxic effects of
dioxins on the living organism are based on their interaction with a special cellular
protein, Ah receptor (AhR), often referred to as dioxin receptor (DR), which
controls the accumulation of non-specific monooxidases, cytochromes P-450 Al
and P-450 A2 in the body. Only 2,3,7,8-substituted PCDDs and PCDFs can exert
their hormone-like toxic effects via the dioxin receptor system’. Disruption of
regulatory mechanisms leads to weakening of the body’s defenses against
pollutants and suppression of the immune system.

Dioxins adversely affect the endocrine, nervous, cardiovascular systems, liver
function and hematopoietic organs. In addition, the accumulation of dioxins
increases the sensitivity of the human body to any anthropogenic action of
environmental factors.

For toxicological evaluation of object contamination with dioxins a system of
equivalent toxicity coefficients (TE) has been developed, i.e. determination of
toxicity of each of dioxin congeners to toxicity of the most dangerous congeners —
2,3,7,8-TCDD. There are two basic systems of dioxin toxicity equivalents shown
in Table 1: I-TEQ (DE) and WHO-TEQ (WHO-DE), which calculate the total toxic
equivalent of any mixture of dioxins by multiplying the factor values by the
concentration of each component of the mixture (Table 1).

3 Toxicological profile for chlorinated dibenzo-p-dioxins. U.S. Department of health and human
services. Agency for toxic substances and disease registry. Atlanta, GA, 1998. 721 p.
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Table 1. Toxic equivalents of PCDD and PCDF

PCDD/PCDF I-TEF WHO-TEF
2,3,7,8-TCDD 1.0 1.0
1,2,3,7,8-PeCDD 0.5 1.0
1,2,3,4,7,8-HxCDD 0.1 0.1
1,2,3,6,7,8-HxCDD 0.1 0.1
1,2,3,7,8,9-HxCDD 0.1 0.1
1,2,3,4,6,7,8-HpCDD 0.01 0.01
OCDD 0.001 0.0001
2,3,7,8-TCDF 0.1 0.1
1,2,3,7,8-PeCDF 0.05 0.05
2,3,4,7,8-PeCDF 0.5 0.5
1,2,3,4,7,8-HxCDF 0.1 0.1
1,2,3,6,7,8-HxCDF 0.1 0.1
2,3,4,6,7,8-HxCDF 0.1 0.1
1,2,3,7,8,9-HxCDF 0.1 0.1
1,2,3,4,6,7,8-HpCDF 0.01 0.01
1,2,3,4,7,8,9-HpCDF 0.01 0.01
OCDF 0.001 0.0001

In 2015 the hygienic regulation in soil for dioxins in Russia was revised and
a decision was made regarding its relaxation (in 1986 the MPC value for dioxins in
soil was 0.33 ng/kg — USSR MoH of 08.09.86 No. 697 DSP). At a meeting of the
Rospotrebnadzor commission on rationing the MPC of dioxins in the soil of a
residential area equal to 50 ng/kg was approved on 15 September 2015*. Norms
adopted in foreign countries recommend the following criteria for normalization of
dioxin content in soils [4] (Table 2).

Table 2. Hygiene regulations for PCDD and PCDF in soil, ng/kg

Type of soil Russia Germany Italy Nethelands USA
Soil of agricultural land 5 5 10 10 27
Soil of populated ares 50 40 50 45 -
Industrial site soil 1000 - 250 - 1000

Methods of analysis

The main requirement for the determination of PCDDs and PCDFs is to
determine the content of all 17 toxic congeners of PCDDs and PCDFs in the matrix.

Numerous international methods have been established for the determination
of trace amounts of PCDDs and PCDFs in different matrices. They are based on
effective purification of the substances to be determined from the background and
include extraction, chromatographic separation and the instrumental analysis itself.
In Russia, however, there are a limited number of laboratories capable of qualitative
analysis of various environmental objects for PCDDs and PCDFs, as this type of
analysis is extremely expensive, labour-intensive and time-consuming.

4 SanPiN 1.2.3685 — 21 Hygienic standards and requirements for ensuring the safety and (or)
harmlessness of environmental factors for humans, approved by the resolution Chief State Sanitary
Doctor of the Russian Federation No. 2 dated 28.01.2021. (In Russ.) [CanlluH 1.2.3685 — 21
I'urueHnyeckre HOpMATHBBI U TPEOOBAHUS K 00CCIICUCHHIO 0€30IacHOCTH U (W) OE3BPEIHOCTH
UIs  4deoBeka (HAKTOPOB Cpelbl OOMTaHUs, YTBEPXKICHHBIC IOCTAHOBJICHHEM I JIaBHOTO
rOCYJapCTBEHHOTO caHuTapHoro Bpaya P® or 28.01.2021 roma Ne 2]. Available from:
https://docs.cntd.ru/document/573500115 (accessed: 07.03.2022).
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Literature analysis showed that for the determination of dioxins in soil, they
are extracted by extraction in distillation-extraction apparatus (Soxhlet apparatus)
with organic solvents, purified by TFE method and after concentrating the eluate,
examined by high- and low-resolution gas chromatography-mass spectrometry
(GC-MS) [8]. Due to the hydrophobic nature of PCDD and PCDF, almost any
solvent not miscible with water can be used for extraction. The most commonly
used solvents are acetone, methylene chloride, isopropyl alcohol and hexane, which
due to its low polarity extracts the least number of polar impurities.

Extraction of solid samples in Soxhlet apparatuses can take from 5 to
24 hours, the organic solvents used are quite expensive and some of them are toxic.
As an alternative to traditional Soxhlet extraction, extraction using supercritical
water at 250°C and 50 atm is considered [9]. This method is considered to be
simple, cheap, requires a minimum amount of time, and achieves an extraction rate
of 80—85% of the target components from the soil [10; 11].

Recently, the accelerated solvent extraction (ASE) method has been quite
common for the extraction of superecotoxicants from solid samples [12]. The
relative simplicity of the equipment and the high promise have led to the rapid
development of this method.

The literature [13] describes the technique and methodology of supercritical
fluid extraction (SFE) for the extraction of PCDDs and PCDFs from solid samples
and the advantages over conventional methods of contaminant extraction from the
matrix.

Among other things, in order to increase the completeness of PCDD
and PCDF extraction from solid samples, ultrasonic vibrations are applied to the
sample [14].

The extracts obtained after extraction from soil samples need to be cleaned
from the accompanying substances that may interfere with further instrumental
analysis. For this purpose, various methods are used, recently consisting in
multistage purification using chromatographic sorbents (aluminium oxide,
siligacell, celites, etc.), which ensures extraction of all substances from PCDD and
PCDF groups with content of the most toxic 2,3,7,8-TCDD at 1-10 ppt [12]. In the
literature, purification of samples using activated carbon chromatography, which
serves mainly to remove non-polar compounds, is also considered to be effective.

The choice of solvent for elution of interfering impurities depends on the
properties of the sorbents. Mainly hexane, a mixture of methylene chloride with
hexane, acetone, toluene are used for elution of PCDD, PCDF.

After purification of extracts on chromatographic columns with silica gel
activated by alkali and acid, fractionation on column with aluminium oxide is
carried out and then dioxins are concentrated on columns with activated carbon.
The concentration technique is well developed. There are many techniques that
describe the extraction and purification procedures [15-19].

Recently more automated high-speed systems combining extraction and
purification of samples for determination of PCDDs, PCDFs are appearing.
Automated systems such as ASE-150 and ASE-350 System (Dionex, Sunnyvale,
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CA, USA) [13]; Total-Rapid-PrepTM (FMS, Waltham, MA, USA); Speed
Extractor E-916 and E-914, Syncore Polyvap (Biinchi Labortechnik AG,
Switzerland) [21]; Supelco Prep System (Sigma-Aldrich, St. Louis, MO, USA)
[21]; Automated Sample Preparation Device SPD-600 (Ehime University and
Miura Co, Ltd) [22] are mainly used for sample preparation in PCDD and PCDF
analysis [23].

Reliable identification of isomeric dioxins and dibenzofurans is possible only
in case of complete separation of the controlled components and using isotope-
labeled (13C) standards and mass spectrometer as a detector [9].

The most universal method for the determination of PCDDs and PCDFs in
soil samples is high and low resolution GC-MS [4].

Initially, low resolution GC-MS with quadrupole MS in the mode of selective
detection of characteristic ions (SIM) was used for PCDD and PCDF analysis. The
method has good sensitivity for dioxins, however, a multi-step careful sample
cleaning procedure is necessary. lonisation in this method can be carried out in two
ways: electron impact and chemically (with the formation of positive or negative
ions) [24].

Electron impact (EI) ionisation of a sample achieves a detection limit
of 1-10 pg for TCDD and TCDP and 10-50 pg for OCDD and OCDP [25]. In
chemical ionization of positive ions, their formation occurs under milder conditions
than in ED, and the ions formed are more stable and the spectra are simpler [30].
Chemical ionisation of negative ions (CIC OI) provides a 1-2 order of magnitude
increase in sensitivity compared to ED and chemical ionisation of positive ions [18].

Currently, the best methods for determination of PCDDs and PCDFs in
complex matrices based on high resolution GC-MS [9; 12]. At 5000-10000
resolution a sensitivity of about 10-200 fg is achieved [25].

PCDD and PCDF isomers are separated on capillary columns made of fused
quartz or glass [31] with the length up to 60 m. Different materials are used as fixed
phase: strongly polar phase — Silar 10C, SP-2330, SP-2331, SP-2340, CPSil 88 and
non-polar phase — DB-5, DB-17, DB-225, SE-54, etc [27;28]. Different
temperature regimes are also selected for best separation: from 120 to 270 °C at 20
°C/min, then from 240 to 270 °C at 2 °C/min and holding at this temperature until
all congeners leave the column [4].

PCDDs and PCDFs are identified by the retention times and peak intensities
of the characteristic ions of the identified congeners and the carbon isotope-labelled
(13C) standards of PCDD and PCDF. Quantitative measurements are made using
peak area ratios of the congener being identified to the corresponding peak area of
the [11] isotopically-labelled imitator standard. The use of labelled standards,
which provide an assessment of the separation efficiency and high accuracy of
dioxin determination, is very important for dioxin concentrations of ppt and below.

Dynamics of PCBDD and PCDF distribution in Moscow

The study of PCDD and PCDF pollution in the soil cover started quite a long
time ago, but the literature data on their content in the soil of large cities, and
especially in Moscow, are very scarce [4]. There are very few data [4].
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In 2005, the Department of Nature Management and Environmental
Protection of Moscow State Unitary Enterprise “Mosecomonitoring” for the first
time carried out a study of soils in the zone of influence of industrial enterprises
and other sources for PCBDD and PCDF content [30]. In total, PCBDD and PCDF
concentrations were determined at 21 sampling sites. Concentrations of PCDDs and
PCDFs ranged from 0.27 to 57.3 ng DE/kg.

Further, a group of scientists [30] continued studies of PCDD and PCDF
content in soils of different functional zones of Moscow. The average equivalent
toxicity of the sum of PCDDs and PCDFs ranged from 0.27 to 48.66 ng DE/kg.

In addition to the listed works on determination of PCDDs and PCDFs in soils
of Moscow, a study was conducted in 2012: the average value of PCDD and PCDF
concentration in soils of Moscow was 5.5 ng DE/kg (observed levels are in the
range from 0.35 ng DE/kg to 23.4 ng DE/kg) [31]. Pollution in residential areas is
almost twice as low as in areas adjacent to industrial zones.

Exposure assessment using biotesting methods

At present, the most common method of assessing the environmental hazard
of a particular pollutant is to determine it by chemical-analytical methods and
compare the results with the established MPC values. The methods described above
are rather labour-intensive, require expensive equipment, are material-intensive and
are not always highly sensitive. It is known that it is not the levels of pollutants and
exposures themselves that are important, but the biological effects they may cause,
of which even the most precise chemical or physical analysis cannot provide
information [32].

Many living organisms perceive fairly low concentrations of pollutants from
anthropogenic sources and can be used to assess their toxic effects on biological
systems.

Biotesting, along with the methods of analytical chemistry, has gained
widespread use in international soil quality control in the last decade. In recent
years, experience has been accumulated in this area in Russia as well [33-35].
Biotesting is usually understood as a procedure for establishing the toxicity of the
environment using test objects [36]. There are several main approaches to
biotesting: biochemical, genetic, morphological, physiological, biophysical and
immunological [32].

Biotesting is based on the investigation of the efficiency of homeostatic
mechanisms of living organisms, which are able to detect the presence of a stressor
earlier than many commonly used methods [37].

Biotesting methods need to be informative, highly sensitive and operate in
real time [38]. The greatest information in biotesting is obtained by assessing such
parameters of organisms as survival, growth and fecundity. Test methods generally
do not require complex sample preparation techniques such as separation and
concentration [39]. The subject is extracted from the habitat, and the necessary
analysis is carried out under laboratory conditions [32].
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While animal experiments carried out to detect the carcinogenic properties of
any chemical are a complex and costly scientific study, genetic tests, using a wide
range of organisms, are considered to be more economical and allow results to be
obtained within a few weeks [40].

Microorganisms are the most responsive to changes in the environment. Their
development and activity are directly related to the composition of organic and
inorganic substances in the environment, as microorganisms are capable of
degrading compounds of natural and anthropogenic origin [32].

Algae underpin ecosystems and can therefore be used as bioindicators
[36-38]. In [41], the possibility of using microalgae as a bioindicator species as an
early detection of POPs in polluted sites was evaluated.

The alga Chlorella vulgaris is also a convenient object. It was in studies on
this object in the 1960—-1970s that N.P. Dubininin and V.A. Shevchenko established
the main regularities of the mutation process dynamics in populations, which
proved to be true also for other plant and animal species [40]. The studies were
carried out on algae isolated from soil samples collected at the contrasting levels of
radioactive contamination from the territory of the East Ural Radioactive Track.
Already in the first experiments, it was shown that the frequency of visible
mutations in Chlorella vulgaris increases with increasing radionuclide
concentration in soil.

Most often for the detection of mutagenic chemical compounds are used tests
using bacteria. This group of tests as a whole and most tested. Unlike eukaryotic
organisms, in which DNA is organized into complex chromosomal structures,
bacteria have only one circular DNA molecule, which is easily accessible to
chemicals that penetrate through the cell wall [32]. A convenient test object is
micromycetes, which develop directly in the soil.

Bacterial tests can be used to detect mutagenic metabolites in biological fluids
of animals or humans exposed to chemicals. Thus, tests on bacteria, while not
excluding or replacing studies on other objects, form their logic.

A test organism is considered to be a successful bio-indicator if the condition
of obtaining information on the possible hazard of exposure before an
environmentally significant disturbance occurs is fulfilled [40]. The use of plants
to assess the presence of a wide range of pollutants, especially toxicants directly
acting on target cell structures, is effective due to the fact that it is plants that
constantly respond to a huge number of environmental parameters with high
sensitivity. Due to their attached lifestyle, plants are constantly exposed to
pollutants in the environment and characterize the ecological situation in their place
of growth in the best possible way. Being at the base of the food chains, plants are
exposed to toxic agents earlier than organisms of higher trophic levels. Plants have
the ability to efficiently concentrate and transform substances in the environment,
which increases the sensitivity and informational value of their use for
environmental quality control. Higher plants can be effectively used in the field to
assess air, water and soil quality and to evaluate the effects of chronic exposure.
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Higher plant test systems can be combined with microbiological tests to detect
promutagens [40]. Chromosomes and cell nucleus of plants, mammals and other
eukaryotes are similar in their structure, functions, life cycle and react to the impact
of mutagens in a similar way. Plant test systems can be used effectively under a
wide range of environmental conditions.

Among higher plants, one of the most promising objects for the study of
mutagenic factors is barley (Hordeum vulgare L1.). Barley is an important
agricultural crop that is widespread throughout the world. It can rightly be called
one of the most genetically studied plants, intensively used in a variety of studies.
The genus Hordeum belongs to the cereal family and differs from the other genera
in the structure of the spike: its spikelets are monoecious. Most barley species are
diploid (2n = 14), some species are tetraploid (2n = 28) or hexaploid (2n = 42).
Cultured barley is diploid with seven pairs of chromosomes. The highest number
of chromosomes and diploid structure facilitate genetic research, so barley often
serves as a model plant. To date, several hundred genes with a variety of properties
and characteristics have been characterized in barley.

Experiments on seed germination under the influence of pollutants such as oil
are known in the literature [42—44]. The effects of dioxins on seed germination, and
especially the mechanisms of their low concentrations, are scarce in the literature.

For cytological studies, it is very important to understand which organs and
tissues of the plant are required. For example, mitosis can be observed in the
meristems of young fast-growing plant roots, in the main roots of germinated seeds,
and in the growth cones of the stem. Usually, to study mitosis and count the number
of chromosomes in somatic tissues of plants, one prefers to work with young roots,
because they have an active cell division zone (root growth cone) directly under the
sheath and the division figures are conveniently oriented here [32].

The sustained interest in studying the mechanisms of toxic effects of
pollutants on plants using the root apical meristem as a model system is due to the
fact that it is the root tips that first directly contact with various chemicals in the
soil [45]. The classic method for investigating the toxic effects of environmental
pollutants on living objects is the onion root cell test (A//ium-test), which allows a
relatively rapid screening of chemical compounds with an indication of their
potential biological risk [45]. An important advantage of this method of cytogenetic
monitoring is the good correlation of its results with those obtained by other test
systems [45].

A number of studies [46—49] have revealed that onion Allium cepa is a
preferred test object for assessing the toxicity of anthropogenic xenobiotics.

The problem of low-dose ecotoxicometry of PCDDs and PCDFs has long
been studied at the A.N. Severtsov Institute of Ecology and Evolution of the
Russian Academy of Sciences. A.N. Severtsov Institute of Ecology and Evolution
[50-52]. Dioxins in tissues of animals (rodents and fish) and in media (soil,
sediments and snow) from biotopes near the Salarevo solid waste landfill were
determined by GC-MS. Equivalent toxicity coefficient values were found to be

ENVIRONMENTAL MONITORING 91



Jlesawosa E.A. u dp. Becrank PYIH. Cepust: Dxosorust u 6e30macHocTs xusnenestensHoctu. 2023. T. 31. Ne 1. C. 81-102

many times higher than the values at which the so-called dioxin pathology occurred
in the population of dioxin-contaminated areas of the ecocide in Vietnam. Effects
of contaminants on animals were reflected in the results of the study and evaluation
of manifestations of toxic effects at the level of the whole organism and
chromosome apparatus in relation to the parameters of dioxin and/or 2,3,7,8-TCDD
content in their tissues and natural habitat. It has been established that the changes
in the cytogenetic status in fish and rodents, morphometric parameters of the age
development dynamics, appearance of individuals with abnormal structures among
them corresponded to the pathological processes and states determining the
pathogenesis of dioxin pathology.

To establish the permissible total doses of PCDDs and PCDFs coming from
the environment and not affecting human health for a long time, studies [53] of
dioxin contamination levels of food products produced in the Irkutsk region were
conducted and the degree of PCDD and PCDF cumulation was studied. A high
degree of cumulation of xenobiotics in lipoid samples was revealed. The maximum
total concentration of dioxins was found in fat-containing products. Potential intake
of dioxins with food was calculated on the basis of dioxin levels in each specific
product, taking into account its share in the daily diet of an adult. The total dose of
dioxins entering the body with food was determined by summing up the amount
found in individual foods that make up the average diet of the population.

Estimations of daily intake of dioxins showed that the dose of 26.2 pg/kg/day
with a very limited set of foodstuffs was 2.6 times higher than the permissible daily
dose of 10 pg/kg, determined for humans weighing 60 kg (on the basis of WHO
recommendations). At the same time, 98.6% of xenobiotics entered with food,
only 1.4% with water [53]. The high levels of dioxins detected in fish — up to
46 ng/kg — indicated a high risk to populations whose diets are dominated by fish.
On the basis of calculations of daily intake of dioxins in the human body, risk
groups can be distinguished: the population whose daily diet is dominated by fish
and other animal products. A conclusion was made and a recommendation to limit
the use of 2,4-D as an herbicide in the Irkutsk region was given.

From 2003 to 2012 a longitudinal cohort study was conducted in Chapaevsk
to assess the impact of dioxins and other POPs on physical and sexual development
of boys [54]. For this purpose, a cohort of 516 families was formed and annual
observation of a set of children’s health indicators over a long period of time was
organized using standardized methods of examination. The examination of children
included biomonitoring of POP in diagnostic biosubstrates (whole blood, serum,
blood clots — blood cells, urine, breast milk). The availability of such a databank
makes it possible to carry out additional studies, to assess the impact of new risk
factors on a particular health indicator long after the samples have been collected.
The correlation between serum levels of PCDDs/PCDFs, PCBs and physical
development indices in 8-9 year old boys has been established.

According to the results of studies [55] of the content in soil and needles of
pine trees Pinus sylvestris L. growing near JSC Ufahimprom, it was concluded that
the needles of Scots pine have a large accumulating capacity; with the accumulation
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of toxic substances morphological changes were observed. The trees showed a
decrease in the length and weight of the needles, the appearance of pitting and apical
necrosis.

A team of authors [56] proposed an enzymatic method for PCDD and PCDF
determination, which can be used for combined or preliminary express analysis of
environmental samples. The method involved a combination of a physico-chemical
sensor (sensor) and a biosensor, called a biosensor. However, the method has a
disadvantage — the enzyme is often denatured by chemical reagents used in sample
processing. Therefore, the choice of an enzyme in the design of the biosensor was
a key task. Biotesting of prepared model samples was carried out. Before that, the
results of enzyme biotesting showed that this control method is not informative for
xenobiotics which do not have acute toxicity but are carcinogens and mutagens,
such as dioxins. In this work, a modified method combining the techniques used in
the manufacture of overhead membranes and described for single-use biosensors
based on planar electrodes was developed.

Toxicity assessment based on biotesting of water samples [56; 57] containing
dioxins underestimates their hazard when calculating the dioxin equivalent because
the peculiarities of dioxin metabolism in living organisms are not taken into
account. The toxicity coefficient system does not include the potential for further
conversions of dioxins, which occur through the action of enzymes directly in cells,
where less toxic compounds may become more toxic from carcinogenicity and
mutagenicity standpoints. The fact that dioxins, in addition to their direct action,
also have a synergistic effect, reinforcing the toxic effects of other substances, is
also not taken into account. Model samples simulating background content of
phenol in Kuibyshev reservoir have been chosen as objects of research. They were
prepared from distilled water, copper nitrate and phenol. Biotesting was carried out
on slipper infusoria Paramecium caudatum and daphnia Ceriodaphnia affinis.
Qualitative reaction for the content of dioxin compounds in the model solution was
carried out with nitrogen-based indicators. Cytochrome P4501A1 enzyme isoforms
were used in studies of biochemical decomposition of dioxins. At the end of the
experiment and processing of the results, it was concluded that in determining the
hazard of xenobiotics to living organisms, we should move away from the definition
of acute toxicity and focus on the processes triggered by enzyme systems when they
enter the cell of living organisms.

A team of foreign authors [58] carried out a toxic evaluation of PCDDs and
PCDFs from sewage sludge compost using luminescent bacteria and a genotoxic
evaluation of sewage and sewage sludge using the Vitotox™ test. In addition to
these studies, dioxin-like effects on the endocrine system were studied using yeast
cells. It turned out that not all of the biotests used were approved in the study, as
the compost component itself, which is rich in organic nutrients, reduced the
sensitivity of the biotests.

The toxicity of dioxins has been investigated by evaluating the effectiveness
of advanced wastewater treatment technologies to reduce contaminants [59].
Dioxin-like effects have been investigated on pollutant-exposed fish using in vivo
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determination of the enzyme activity of ethoxyresorufin-O-diethylase (EROD). It
has been shown that toxicity to fish can be reduced by additional treatment of
wastewater. Thus, it has been shown that the side effects of pollution in fish can be
predicted by biotests.

A method has been proposed to assess the toxicity of paper products, food
products and soil based on the structural and physiological state of microalgae cell
populations [60]. Cultures of the freshwater green chlorococcal microalga
Scenedesmus quadricauda (Turp.) Breb. were used as test objects, as well as bottom
soil using cultures of Scenedesmus quadricauda (Turp.) Breb. and the marine
diatom microalga Thalassiosira weissflogii (Grunow) Fryxell et Hastle as test
objects. Comparing the results obtained for the toxicity assessment of paper
products using a culture of the microalgae S. quadricauda according to its structural
and physiological condition with the data of hygienic examination of paper
samples, it was concluded that the use of microalgae cultures for toxicological
assessment of paper intended for hygienic purposes is more promising and
economical (accessibility of the test object, ease of its maintenance and cultivation,
cheapness of the method) [61-63].

Conclusion

The analysis of publications of Russian and foreign authors showed that the
present methods of biotesting are in fact untested for dioxins. There is an idea to
use representatives of three main links in the food chain of biogeocenoses as test-
cultures for express analysis: producers, consumers and decomposers. In order to
quickly establish toxicological effect of POPs in soil, we propose to use some
biotesting methods, including test organisms that represent main trophic levels of
ecosystems. Thus, experiments for establishment of MPC values of dioxins were
already conducted on consumes. The authors have proposed biotesting methods
using producers and decomposers [61-63].

It should be noted that the existing methods of environmental monitoring,
both physico-chemical and biological, have their limitations. Both these methods
are complementary. Accordingly, a combination of them is necessary for a reliable
assessment of the state of the environment. As biotesting has recently emerged as a
modern scientific and applied field, its application to assess the toxic effects of
PCDDs and PCDFs is relevant.
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OueHka kayecTBa Boj, LLInMHCKOro BogoxpaHunuuia
C UCMOJIb30BaHMEM UHTErpasibHbIX
rMOPOXMMUYECKUX NOKa3aTenen

I'.A. Jlazapesa! "<, I1.B. HoBukoBa?

"Yuueepcumem «/ly6nay, 2. [ybua, Mockosckas o6x., Poccuiickas @edepayus
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AnHoTanus. [IpencraBineHsl OCHOBHBIE Pe3yibTaThl OLIEHKU KadecTBa BoJ IllnuHckoro
Bogoxpanmiuiia 3a nepuoa 2015-2019 rr. Ha ocHOBaHUY aHAIHM3a THAPOXUMUYECKUX JAHHBIX,
MOJyYEHHBIX CTAHAAPTHBIMM XUMHYECKUMHU METOJaMHM, Mo 22 mokaszareisiM. MOHUTOPUHT
kKadecTtBa Box BojoxpaHmivma g0 2021 r. mpoBommicas OTBBY «llentppernonBoaxos»
JlyOHMHCKOW sKOoaHamUTHYeCKOW JabopaTopuei. I1InMHCKOE BOJOXPAaHWIHIIE PACTIOIOKECHO
Ha rpanune TBepckoit 1 HoBroponackoii obiacteit, BXOIUT B cOcTaB BBIITHEBOIOIKOM BOAHOM
cuctembl. Bojgoxpanununie obecreunBaeT MOMYCKH Ui HYKJ SHEPTEeTHKH, BOJHOTO TPaHC-
mopTa W YJy4YlleHHs BojocHaOxeHus r. MockBa. B pesynbrate mccienoBaHHs BBISBICHBI
MPUOPUTETHBIE 3arpA3HSIOIINE BEIIECTBA, MPOBEEHA OLIEHKA KauecTBa BOJ BOJOXPAaHUIMIIA
Mo pe3yibTaTaM pacuera uHaekca 3arpsasHeHus Boabl (U3B) u ynenpHOro KoMOMHATOPHOTO
uHaekca 3arpssHeHHocTd Bonbl (YKU3B). [Toka3aHo, 4To Ha 3KOCHCTEMY BOJHOTO OOBEKTa
CYILLIECTBEHHOI'0 aHTPOIIOI€HHOI'0 BO3JEHCTBUSA HE OKasbiBaeTcd. KauecTBo BoA BOJOXpaHU-
JIMIA OLEHEHO KaK BOJA «YMEPEHHO 3arps3HeHHas» (1o 3HaueHHIo uHiekca M3B) u Boma
c11abo 3arpsi3HEHHAas — 3arps3HeHHas (1o 3HadeHuto uHaekca Y KM3B).

KuaroueBble cioBa: kauectBo Boj, lllnuHCKOEe BOJOXpaHWIMIIE, HHTETrpalibHbIC
WHJEKCHI KaueCTBa, TUIPOXUMHUYECKHE MTOKa3aTeu

Bxaan aBropoB: I A. Jlazapesa — KOHIIETITyaIn3alys UCCIEIOBAHUI, aHATTN3 TaHHBIX
u ux uHTepnperanus; /1. B. Hoguxosea — BBIIOIHEHNE Ta00PaTOPHBIX OMBITOB, AHAJIH3 JAHHBIX.

Hcropus cratbu: noctynuia B pepakuuio 13.07.2022; nopaboraHa mnocie pereH3upo-
BaHust 21.11.2022; npunsra x myOnukaruu 13.01.2023.
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Assessment of water quality of Shlinsky reservoir
by hydrochemical indicators
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Abstract. The paper presents the main results of assessing the water quality of the
Shlinsky reservoir for the period 2015-2019. Based on the analysis of hydrochemical data
obtained by standard chemical methods, according to 22 indicators. Monitoring of the reservoir
water quality until 2021 was carried out by the Dubna Ecoanalytic Laboratory. The Shlinsky
reservoir is located on the border of the Tver and Novgorod regions, is part of the
Vyshnevolotsk water system. The reservoir provides releases for the needs of energy, water
transport and improvement of water supply in Moscow. As a result of the study, priority
pollutants were identified, the water quality of the reservoir was assessed based on the results
of calculating the water pollution index (WPI) and the specific combinatorial index of water
pollution (SCIWP). It is shown that there is no significant anthropogenic impact on the
ecosystem of a water body. The water quality of the reservoir is assessed as "moderately
polluted" water (according to the value of the water pollution index) and slightly polluted —
polluted water (according to the value of the specific combinatorial index of water pollution).

Keywords: water quality, Shlinsky reservoir, integrate index of water quality,
hydrochemical indicators

Authors’ contributions: G.A. Lazareva — conceptualization of research, data analysis
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BesepeHue

[TpoGnema KauecTBEHHOT'O UCTOIICHHS BOJAHBIX PECYPCOB MO MPUUYUHE UX 3a-
TpsSI3HEHUST OCOOCHHO OCTPO 0003HAYMIIACH B MOCJIECIHUE ACCATUICTHS. AHTPOTIO-
TeHHBIN (aKkTop B GOPMUPOBAHUU XUMHUYECKOTO COCTAaBa BOJ] PUPABHUBAETCS IO
3HAYUMOCTU K MPHUPOAHBIM TI'€COXUMHUYCCKUM H OMOJIOTUYECKUM mponeccam.
[IpeobpazoBanue BOMOCOOPOB, TpaHCTPAHWYHBIC, MPOMBIIUICHHBIE M XO3sii-
CTBEHHO-OBLITOBEIE C6pOCBI, HCOPTraHMU30BaHHBIC CTOKH, PEKpCalusa IMPUBOAAT
K U3MEHEHHUIO0 T€OXHMMHUYECKUX IUKIIOB 3JIEMEHTOB B CHCTEME BOJIOCOOPOB, MOSB-
JICHUIO TOKCUYHBIX 3JICMCHTOB B BO}IHOI7] cpeac, 4TO B KOHCYHOM UTOIr€ yXyamacT
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KauecTBO BOJI, IPUBOJUT K CHM)KEHHMIO OMOpa3HOOOpasus, pe3KOMY CHIKEHHUIO
YJIOBOB PbIOBI, JOJIH IIEHHBIX MPOMBICIIOBBIX BUIOB U JIp.

Heab unccaenoBaHusi — OLIEHKa 3Kosorndeckoro cocrostHus lllnmHckoro
BOJOXPAaHWIMILA 10 THIAPOXUMHUYECKUM I1OKA3aATEISAM.

MaTtepuanbl 1 MeToabl

HInuHckoe BogoxpaHuiuiie oOpasyercs ozepoMm lllnuHo ¢ mputokamu mo-
CPEICTBOM pPETYJIMPOBAHUS MX CTOKA U SIBISAETCS BOJOXPAHWIMIIEM O03EPHOIO
tumna. Pacnonoxeno Ha rpanuiie TBepckoit 1 HoBropojckoii obmacteii, BXOIUT B
COCTaB BBIIIHEBOJIOIIKOM BOJHOM CUCTEMBI, KOTOPAasl BKIKOYAET Takxke BenbEBckoe
1 BBIIIHEBOJIONKOE BOJOXPAHWINILA, OCYIIECTBIISIIOUIUE PErYJMPOBAHUE CTOKA
Oacceitna p. McThbl.

[IInuHCKOE BOJOXpAHUIUIIE HAXOAUTCSA Ha rpaHuine OUPOBCKOTO pailoHa
TBepckoit obmactu u Bammaiickoro paiioma HoBroposckoit, B OacceiiHe peku
Mctbl. OHO OBUTO 00pa3oBanHo B 1812 1. Ha MecTe 03epa MyTeM CTPOMTEIHCTBA
namObl Ha peke LnHa ams neneit BoITHEBOIONKOW BOTHOW CUCTEMBI (CTapenIas
HCKyCCTBEHHasl BoJgHas cucrema B Poccun, cBsizaBmias BoaHbIM myTeM CaHkT-Ile-
TepOYpr ¢ OCTAIBbHOW CTPAaHOW M PEUIMBILIAS BOMPOC €Tr0 MPOJOBOIBCTBEHHOTO
cHa6xkenns B X VIII-XIX Bekax)'.

B Hacrosiiiee Bpemsi BOJOXpaHWIUILE UCIIOJIb3YETCS B LEIIAX:

e TmepeOpocku yacTu Boa 03. Benbe, cToka pek [ast u Hlnuasr yepe3 Hoso-
TBepenkuii u PBsHuIIKUI KaHaIbI B 6acceiH p. Bonru;

® OCYIIECTBIIEHUS! CAHUTAPHBIX TMOIMYCKOB BOABI B BOAOPA3ACIbHBIN Obed
(r. Beinuit Bonouék) uepes HoBo-Iuunckyro I'DC;

e BBIpabOTKH AnekTpodHeprun Ha HoBo-TBepckoii m HoBo-I{auuckoii '9C,
a TaK)Ke Ha BEPXHEBOJDKCKUX TUApodsiekTpoctaHuusax (MBanbkoBckoi, Yrmnd-
CKOH).

Bonoxpanunuie obecrieunBaeT MOMYCKU ISl HYK]J SHEPTeTHKH, BOIHOTO
TpaHCIOPTa U yIIy4dlIeHHUs] BogocHa0xeHus r. MockBbl. B mpubpexHoii 30He Boj10-
xpanwnia (o3epo InmHO) HaXOAUTCS TOCYAAPCTBEHHBIM MPUPOIHBIN 3aKa3HUK
pErMoHaNIbHOTO 3Ha4YeHus, co3manHbldi B 1993 1., — «Ilpubpexnas 30Ha o3epa
[Inuno» nnomansio 120 ra’. B 3Toii cBA3M M3ydeHHe aHTPONOTEHHOTO BIAUSHUS U
OLIEHKa KauecTBa BOJ BOJAOXPAaHWINILA KpailHe aKTyallbHBbI.

Mopdomerpruyeckue xapakTepucTuku I[IIMHHCKOrO BOJOXpaHMIUINA TPU
HITY?: BBIcoTa Hajx ypoBHeM Mops — 199 m; mmomans 3epkana — 34 km%; 06beM

! BeimaeBomnonkas cucremMa // DHIMKIIONEIMIECKHI cl1oBaph bpokraysa u Edpona: B 86 T. (82 1. u
4 nom.). CII6., 1890-1907. URL: www./enc-dic.com/enc_sovet/Verhnevolzhskoe vodohranilische-
3512.html (mata obpamenwns: 17.01.2021).

2 TIpubpexnas 30ona o3epa Ilmuro. OOIIT Poccun. URL: http://oopt.aari.ru/oopt/IIpubpexHnas-
30Ha-03epa-I1lnuno (nara obparuenus: 25.12.2020).

3 lnuuckoe Bomoxpaumnuine / Hayano-nonymsipaas suuukitonenus «Bona Poccum» / Bomabie
o0bekthl. URL: https://water-rf.ru/Bonasie _00bektsr/2132/11InurckoeBogoxpaHmwniie (nara
oOpamenus: 25.12.2020).
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NOJHBIA — 68 MIH M’; 00beM MONE3HBIH — 58 MIIH M>; HOPMAIIbHBI TOATIOPHBI
ypoBeHb Bojoxpanunuma (HITY) — 199,65 M; MUHMMAanbHBIA TOMYCTUMBIHA
ypoBeHb B 3uMHMI nepuoa (YMO) — 197,77 m; nnmuna — 8,8 KM; IIMpHUHA Cpel-
Hsis/MakcumanbeHas — 6,4/7,0 kxM; rnmybuna cpemnHsis/mMakcumansHas — 1,9/3,0 w;
MPOTSDKEHHOCTh OeperoBoit JIMHUKM — 48 KM; IUIOIIaab METKOBOIUHN (10 2 M) —
10 xM?; momans BOJOCOOpa B CTBOpE IUIOTUHBI — 424 KMZ; CpeaHUl roA0BOM1
CTOK B CTBOpe ILIOTUHBI — 107 MiH M>; cpenHuMii CTOK 3a HEpHOJ TONOBOILS —
43 miH M°.

PerymupoBanne IInuHCKOTO BOJOXpAaHWININA MPOU3BOIUTCSA TIO CIIEIYIO-
e cxeme: BOJOXPAHWIMINE HATOJTHSIETCS B BECEHHHWI Mepuoj, cOpachiBaeTcs
TONBKO CAaHUTAPHBIA MoMyck B pasmepe 0,7 M>/c; N30BITOK BOJIBI, TOCTIE HAMOJHE-
Hus Bogoxpanuiuia 1o HITY, cOpackiBaeTcs uepes MOCTENEHHO OTKPHIBAEMBIE OT-
BEpCTHS TIOTUHBI uepe3 pexy L1nuHa B BhIIIHEBOIOKOE BOJOXpaHHIIHIIE,

beimu u3ydensl uetsipe cTBopa LllnuHckoro BogoxpaHunuiia (CTBOp B pau-
one nepeBHn KomkwHo (Ilnmuckmit Geiinuior), . SA6moHbKa, ycThe p. Pabexa,
yctbe p. KoBka (1. JIyka)) (puc. 1) mo ruagpoXuMuuecKuM MOKa3aTessiM 3a Iepruo
c 2015 mo 2019 r.

a.KomkuHo. LWnuHCKMK BelwnoT
¥ village Kombkmo, Shlinsky beyshlot

a.96noHLKa
v village Yablonka

oA LAtk

Shlinskoye reservoir

ycTee p.Pabexa
mouth of the v yCTee p.Kosa, a.Jlyka
r. Rabezh ¥ : Kova- mouth, Luka village

Puc. 1. KapTta-cxema ctaHuuit otéopa npob LLinuHckoro Bogoxpanunuwia /
Figure 1. Schematic map of sampling stations of the Shlinsky Reservoir

4 Illnuuckoe Bomoxpanwmmuie / Hayuno-nonysspaas suumknonenus «Boxa Poccum» / Bommbie
o0bekthl. URL: https://water-rf.ru/Bonasie _00bektsr/2132/11InurckoeBogoxpaHmwniie (nara
oOpamenus: 25.12.2020).
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Bogna Bopoxpanmimiia OTHOCUTCS K THAPOKapOOHATHOMY Kiaccy, KaJblue-
BOWi Ipymme; 1o cTenend MuHepamu3amuy (10 100 Mr/aM’) — K yJiIbTpanpecHbIM
BojaM; mo BenuunHe pH — K HeEUTpanbHBIM; MO CTENEHU >KECTKOCTH
(mo 1,0 Mr-sks/am*) — k ouens markum [1].

XuMUYecKuil aHallu3 BOJ MpoBoAMIICS Ha 06a3e JlyOHMHCKON SKOaHAIUTHYE-
ckoii naboparopun (JIDAJI) denepanbHOro TOCYIAapCTBEHHOTO OIOMKETHOTO
BOJIOXO3MCTBEHHOTO yupexaeHun «lleHTppernonBoaxo3» mno 22 mokasarte-
1sM [3], cpenn HUX: LBETHOCTb, BOAOPOJHBIN NIOKA3aTeNNb, aMMOHMIH-NOH, HUTPAT-
WOH, HHUTPUT-UOH, (ocdaT-uoH, xKenae30 oOIlee, XIOPUI-UOH, CyIb(har-uoH,
Maprasel, MarHui, 6noxuMudeckas moTpeOHOCTh B KUCIOPO/IE, Me/lb, IIMHK, CBU-
Hell, He(PTeNpPOIyKThl, PACTBOPEHHBII KUCIOPOA, HUKENb [4; 5].

PesynbTathl

Xumudeckuil aHanmmu3 poO Boawl [IIIMHCKOTO BOJOXpaHHUIIUINA 32 TTEPUOT
2015-2019 rr. moka3ai, 4To Jyisi BCEX CTBOPOB XapaKTEPHO MPEBBIIICHUE HOpMa-
TuBHBIX mokasareneit mo XIIK, skene3y oOmiemy, MapraHiy, B HEKOTOPBIX CTBO-
pax — MpeBbIllIeHHe HOPMATHBOB 10 AMMOHUK-MOHY, (peHonaM, HeTEeNPOaYKTaM.

I'eoxumuueckast ocooeHHOCTh LIITMHCKOTO BOIOXpaHUIIHILA 3aKITI0YAETCS B
OOJIBITIOM MPUPOTHOM cojepxkaHuu B Boje Mn (1o 6511/1Kpx) 1 Fe (mo 7TT[Kpx), a
TaK)Ke HAJIMYUU BBICOKUX TOKa3aTeiel IBETHOCTH.

Jns ouenku kadectBa BoA IllnuHckoro Bogoxpanuiuima 3a 2015-2019 rr.
OBUTH pacCUMTaHbI MHTETPAIBHBIE MIOKA3aTeNIM Ka4eCcTBa BOJ: MHIEKC 3arps3HEHUs
Boael (M3B) m ynenpHBIA KOMOWHATOPHBIM HMHAEKC 3arps3HEHHOCTH BOJIBI
(YKU3B).

IMaapoxumudeckuii naaekc 3arpssaerus Boasl (M3B) no 2002 r. ucmnons3o-
BaJICSl B KAUE€CTBE OCHOBHOI'O KOMILJIEKCHOTO MTOKa3aTes kadecTBa Boabl. 1o 3Ha-
yeHusiM V3B BBIIENSIOT 7 KJIaCCOB KauecTBa BOJ, B 3aBUCHMOCTH OT CTETIEHH UX
3arpsi3HEHHOCTH. PacyeT MHaeKca MPOBOJIUTCA MO MIECTH MHIPEIUEHTaM: PacTBO-
pennblit kucnopon u BIIKs sBnstoTcs 00s13aTenbHBIMHY, U elle 4 BeniecTBa BhIOUpa-
IOTCSI U3 TE€X, KOTOpbIE HMENIW HauOOJbIINE OTHOCHUTENbHBIE KOHIICHTPALUU
(CY/TIAK:) [1-3]. OcHOBHOI HEAOCTATOK MHIEKCA B TOM, UTO YUUTHIBAETCS HEOOIb-
IIOM CTIEKTP 3arps3HSIONIUX BELIECTB.

[Ipu pacuere nnaexca 3B ucnonb3oBauch cleAyonne Moka3aTean: pac-
TBOpeHHbIH Kucnopon, bITKs u uBetHocTs, HEPTenpoaykTel, XIIK, aMmMoHMii-nOH
(3T "yeThIpe mokazarensi BbIOpaHbl u3 npeBblmaromux [1]Kpuexos gamme apyrux,
HO HE OOYCJIOBIIEHBI MPHUPOJHBIMH OCOOCHHOCTSIMH TEPPHUTOpHH). Pe3ynbrarh
pacueta nHaekca 3B npeacrasnens! B Ta0n. 1 u Ha puc. 2.

MakcumanbHble 3HaueHus uHaekca 3B Bo Bcex cTBopax HaOMIOAArOTCS B
BECEHHUI MEpHUOJ, a MUHUMAaJIbHbIE — B OCEHHE-3UMHUN nepuon. B nenom kaue-
ctBO BoA llInnHcKkoro BogoxpaHmiIMila 1o 3HadeHuto uujaekca M3B Bo Becex cTBo-
pax OIlEHUBAETCS Ha MIPOTSHKEHUH BCeTo nepuoa Hadmonennii (2015-2019 rr.) kak
«YMEPEHHO 3arpsi3HeHHbIe» (Kiacc kauectsa Boabl — III). IIpu aTom ecTh TeHaeH-
1S K yXYALIEHUIO KauecTBa BOJbI B BECEHHE-JIETHUI MEPHOJ BO BCEX CTBOPAX.
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Tabnmuya 1. 3Ha4eHne nHaekca U3B, knacc kayecTBa BojJ, KA4eCTBEHHOE U 3KOJ0orM4eckoe
cocTosiHue Bop, B cTBopax LLinnHckoro BogoxpaHunuwa B 2015-2019 rr.

Fon 3HayeHns 3B

deBpanb | mait | 1IoNb | oKT6DPb

0. KomknHo, LLUnuHcknin 6ernwinoT
2015 1,07 1,7 1,81 1,45
2016 1,21 2,25 1,58 1,42
2017 1,44 2,45 1,92 1,69
2018 2,2 1,96 2,02 1,43
2019 1,35 1,59 1,82 2,56
0. A6noHbka
2015 1,39 1,68 1,54 1,51
2016 1,18 2,18 1,68 1,38
2017 1,4 2,49 2,1 2,11
2018 2,18 1,98 1,82 1,75
2019 1,33 1,86 1,92 2,73
p. KoBa — ycTbe, a. Jlyka
2015 1,24 1,11 1,75 1,35
2016 1,22 2,16 1,56 1,4
2017 1,71 2,51 1,91 1,55
2018 1,78 2,4 2,03 1,49
2019 1,35 2,62 1,92 1,89
YcTbe p. Pabexa
2015 1,29 1,77 1,51 1,26
2016 1,17 1,87 1 1,59
2017 1,7 2,62 1,98 2,07
2018 1,88 2,55 1,44 1,44
2019 1,24 1,98 1,25 2,66
Table 7. WPI index value, water quality class, quality and ecological state
of waters in the sections of the Shlinskoye reservoir, 2015-2019

Year WPI values

February | May | July | October

village Komkino, Shlinsky beyshlot
2015 1.07 1.7 1.81 1.45
2016 1.21 2.25 1.58 1.42
2017 1.44 2.45 1.92 1.69
2018 2.2 1.96 2.02 1.43
2019 1.35 1.59 1.82 2.56
village Yablonka
2015 1.39 1.68 1.54 1.51
2016 1.18 2.18 1.68 1.38
2017 1.4 2.49 2.1 2.11
2018 2.18 1.98 1.82 1.75
2019 1.33 1.86 1.92 2.73
r. Kova — mouth, village Luka
2015 1.24 1.11 1.75 1.35
2016 1.22 2.16 1.56 1.4
2017 1.71 2.51 1.91 1.55
2018 1.78 2.4 2.03 1.49
2019 1.35 2.62 1.92 1.89
mouth of the r. Rabezh

2015 1.29 1.77 1.51 1.26
2016 1.17 1.87 1 1.59
2017 1.7 2.62 1.98 2.07
2018 1.88 2.55 1.44 1.44
2019 1.24 1.98 1.25 2.66
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B ctBopax p. Kosa — yctbe, a. JIyka (2017 u 2019 rr.) u Ycrbe p. Pabexa
(2017 u 2018 rr.) B Mae HaOMIOJANIOCH YXY/IICHHE KadecTBa Bojbl 10 [V kimacca
KadecTBa — «3arps3HeHHas». Tako# e Ki1acc KadyecTBa BOJ ObLI OTMEUYEH B CTBO-
pax a. SI6nonbka u Ycrhe p. PabGexa B okTsbpe 2019 r. (puc. 2). B okrsa6pe
2019 r. B ctBOpe a. SA6nonbka nmokazarens 3B nmpuolOpeTaeT MakcMManbHYIO 3a
nepuoj HaOMIOICHHU XapaKTepPUCTUKY — 2,73 13-32 BBICOKOW IIBETHOCTH, KOTOPAS
coctapisna 170 ex.us. (8,5 IIJK), XIIK — 38,6 mr O/mm? (2,6 ITJIK) 1 aMmMoHmMii-

nona — 0,92 mr/nm? (1,8 TIAK).
3

1\

25

2

1.5

1
I

0,5
I

0
AP | 0 alaS D a|la’E O|lala’sS 0 a8 a0’S| 80 a0

© T T

gggﬁgzggggﬁggzgggzgﬁ
s ~Eg SEg@ SEg@ SEg SE
& ° & °c g ° & °c g °

2015 2016 2017 2018 2019

C1eOpbI

WnuHckwi GeidwnoTt
~——— FGnoHeka

Jlyka
—— Pabexa

XapakTepucTika i Kiacc
BOALL

I — ouenp uncras
II — gncras

III — ymepenHo
3arpsA3HEeHHAs

IV — 3arpsas3uennas

Puc. 2. 3HauyeHus nipekca U3B B cTBopax LLnuHckoro BopgoxpaHunuwa 3a 2015-2019 rr.
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Water class and
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I— Very clen

II — Clean water

III — Moderately polluted
IV — Polluted

Figure 2. Values of WPI index in the sections of the Shlinskoye reservoir for 2015-2019
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Ha ceroansiiiamii AeHp yaenbHbIH KOMOMHATOPHBIA HHIEKC 3arpsi3HEHHOCTH
Bonbl (YKU3B) sBnsercst mpuoputeTHpiM. Kitaccudukarnus kauecTBa BOABI O 3Ha-
yeHussM Y KW3B no3BossieT pa3aensaTh NOBEPXHOCTHBIE BOJBI HA 5 KJIACCOB B 3aBU-
CUMOCTH OT CTENEHHU UX 3arpsi3HeHHOCTH. [Ipu ero pacuere onpenenseTcs He TOIbKO
KpaTHOCTH npeBpleHus 11K, Ho 1 MOBTOPSAEMOCTD CiIy4aeB IIPEBBILICHUN HOpMa-
TUBHBIX 3HaueHW. JlaHHbIe pacdera mHAekca YKU3B mo3pomstor Gonee TOUHO
OTpa’kaTh KauecTBO MOBEPXHOCTHBIX BoJ. 3HaueHue YKU3B moxer BapbupoBaTh
B BOJIaX pa3JIMYHON CTENEHU 3arpsi3HEHHOCTH oT 1 1o 16. BosblieMmy 3HaueHHIO
MHJEKCa COOTBETCTBYET XYyIIE€e KAYECTBO BOJBI B Pa3IMYHBIX CTBOPAX U T.1.

B pacuete nnnekca YKHW3B ucnonb30Banuck Bce onpeaeiseMbie B Ipodax
XUMUYECKHe NoKa3zaTenu. PesynbpraTel pacuera unaekca Y KM3B npencraBieHs
B Tab1. 2 u Ha puc. 3.

Tabmuya 2. 3HaveHue uHagekca YKU3B, knacc ka4ecTea 1 3KOJIOrn4eckoe COCTOsIHME BOS,
B cTBOpax LLUnuHckoro Bopoxpanunuwa 8 2015-2019

3HaveHne MHOEKCOB
no cTOpam 2015 2016 2017 2018 2019
0. KomknHo, LUnnHcknin 6enwnot

YKNU3B 2,75 2,47 0,92 1,37 1,16
Knacc kavyecTtsa Bof, 3b 3A 1 2 2
Okonornyeckoe 3arpsi3HeHHas | 3arpsi3HeH- | ycCnoBHO uM- | cnabo 3arpsa3- | cnabo 3arpss-
COCTOSIHUE Has cTas HeHHas HEeHHas

0. A6noHbka

YKNU3B 2,18 2,56 1,18 1,31 1,14
Knacc kayecTtsa BoA, 3A 3b 2 2 2
Okonoruyeckoe 3arpsa3HeHHas | 3arpasHeH- | cnabo 3arpas- | cnabo 3arpas- | cnabo 3arpsas-
COCTOsIHNE Has HEHHas HEeHHas HEeHHas

p. Kosa — ycTbe, A. Jlyka

YKU3B 1,37 2,49 1,34 1,30 1,49
Knacc kavyecTtsa BoA, 2 3A 2 2 2
Jkonoruyeckoe cnabo 3arpsas- | 3arpasHeH- | cnabo 3arpss- | cnabo 3arpas- | cnabo 3arpsas-
COCTOsIHNE HeHHas Has HEeHHas HeHHas HEeHHas

YcTbe p. Pabexa

YKU3B 2,45 2,48 1,33 1,35 1,25
Knacc kayecTtBa BoA, 3A 3A 2 2 2
Okonoruyeckoe 3arpasHeHHas | 3arpssHeH- | cnabo 3arpas- | cnabo 3arpsas- | cnabo 3arpsas-
COCTOsIHNE Hasi HeHHas HeHHas HeHHas

Table 2. The value of the SCIWP index, quality class and ecological state of waters in the sections
of the Shlinskoye reservoir, 2015-2019

Index value
along the sections 2015 2016 2017 2018 2019
village Komkino, Shlinsky beyshlot
SCIwpP 2.75 2.47 0.92 1.37 1.16
quality class and 3b 3A 1 2 2
ecological state of waters |contaminated |[contaminated| conditionally |slightly polluted |slightly polluted
clean
village Yablonka
SCIwP 2.18 2.56 1.18 1.31 1.14
quality class and 3A 3b 2 2 2

ecological state of waters | contaminated |contaminated|slightly polluted |slightly polluted |slightly polluted
r. Kova — mouth, village Luka
SCIWP 1.37 2.49 1.34 1.30 1.49
quality class and 2 3A 2 2 2
ecological state of waters |slightly polluted |contaminated | slightly polluted | slightly polluted | slightly polluted
mouth of the r. Rabezh
SCIWP 2.45 2.48 1.33 1.35 1.25
quality class and 3A 3A 2 2 2
ecological state of waters | contaminated |contaminated|slightly polluted |slightly polluted |slightly polluted
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[To 3nauenmio wHaekca YKWU3B Boasr IllnmHCKOTO BOMOXpaHUIHINA
B TeueHue Habmomaemoro mepuoga (2015-2019 rr.) B OCHOBHOM OIIEHUBAIHCH
Kak Boma «ciabo 3arpssHenHas» (Il kmacc) m «3arpssHenHas» (III kmacce,
pazpsaa «A» u «by).

3
25 CTBOpLI
' s 1. KOMKWHO
] 3A
w1 A0N0OHEHE
2
= \ 2 =n. Jlyxa
=
= \ e 1. PaBiEHE
15 —
5 \ " Knacc n xapakTepncTikz
: N BOAL
- / 1 - YCNoBHO YWcTan
- | Vg 2 - cnafo aarpAaHeHHan
3 - 3arpAaHeHHanA
1
0,5
0

2015 2016 2017 2018 2015

Puc. 3. 3HaueHus nHpekca YKU3B B cTtBopax LUnuHckoro soaoxpaHunuiwia 3a 2015-2019 rr.
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g m Water class and
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Figure 3. Values of the SC/WPindex in the sections of the Shlinskoye reservoir for 2015-2019
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[To 3nauenusm uaaexca Y KU3B otmedaercs yinydiieHne kauecTBa BOJ B UC-
cienyembiit nepuof. 3a 2015-2016 rr. Boja B cpeiHEM OLIEHUBAETCS KakK 3arpss-
nenHas (xmacc IIIA), 3a 2017-2019 rr. oneHuBaercs Kak ci1abo 3arps3HEHHAS
(xmacc II). Takast TeHIEHIIUS TPOCICKUBACTCS MO BCEM HMCCIEIYEMBIM CTBOpaM
(puc. 3).

[IpoMbInIIEHHON JEesATENbHOCTH Ha Oeperax BOAOXpaHWIWIIA HE BeAETCH,
MOATOMY aHTPOTIOT€HHAsl Harpy3ka Ha BOJOEM CPaBHUTEIbHO HEBbICOKA. OIHAKO
aHaJN3 KOCMUYECKUX CHUMKOB IPHOPEKHON TEPPUTOPHH TTOKA3aJl, YTO €CTh HaAPYy-
LHICHUS IATUACCATUMETPOBOM BOJOOXPAaHHOM 30HBI BOJOEMA: KOTTEIKHAs
3acTpoiika, 0e3 TMOAKIIOUECHHs] K IIEHTPAIM30BAaHHOW CHCTEME BOJOOTBEICHUS,
XO3SIICTBEHHBIE MOCTPONKH; MPUYCaneOHbIC YIaCTKH, OTOPOJIBI M CaJIbl.

O6cyxaeHue

Takum oOpa3zom, B pe3yibTaTe HNPOBEAEHHOW pabOThl ObUIM ONpeeNeHbI
IIPUOPUTETHBIE 3arPA3HAOIINE BEIECTBA U OKa3arenu Box LInmHckoro Bogoxpa-
HWINIIA (110 MPEBBIIEHUIO MTPEAETBHO JOMYCTUMBIX KOHLeHTpauuii). K Takum Be-
IIeCTBAaM OTHOCSTCS Mapraell, 1BeTHocTh, XIIK, HepTenpoayKkTsl 1 aMMOHMH-
noH. [Ipy 5TOM MOBBIIIEHHOE COEP/KaHNE MAapraHLa U JKeJe3a, a TAKKE BBICOKHE
MOKa3aTesy [IBETHOCTU — MPUPOHAS TEOXUMHUYECKasi 0COOCHHOCTh BOJ BOJOXpa-
HWINILLA.

ITo conepxaHni0 GMOT€HHBIX 2JIEMEHTOB OTMEUEHBI IIPEBBIICHHS TOIBKO 110
amMmMoHuHOMY a30Ty. [1o dpocdaram, Hurparam u HUTpUTaM npesbimeHui TTKpx
He HabmonaeTcs. MicTouHnKaMy JaHHBIX BEIECTB B BO/IaX BOJOXPAHMIIUINA MOTYT
OBbITh KaK MPUPOJHbIE (BHYTPUBOAOEMHBIE IIPOLIECCHI, TOBEPXHOCTHBIN CTOK C BO-
nocbopa  T.11.), TaK U aHTPOTIOreHHbIe ¢pakTophl. Harpumep, moBEpXHOCTHBIN CTOK
c oOpabarbIBaeMBIX NPUYCaAEOHBIX yYAaCTKOB, PAaCHOJIOKEHHBIX B MPUOPEKHOM
30HE BOJOXPAaHWJIMILA, MOXET pacCMaTpuBaTbCsl KaK HCTOYHUK HOCTYIUICHHS
B BOJIOEM OHMOTEHHBIX BEIIECTB M arpoxXMMHUKaToB. HeopraHuzoBaHHbBIE CTOKH
X031 CTBEHHO-OBITOBBIX BOJ| JIOMOBJIaJCHUN, CTOKH C YaCTHBIX CKOTHBIX JBOPOB,
PAacCIIONIOKEHHBIX B MPUOPEKHON 30HE BOJOXPAHMIIUINA, TAK)KE BHOCAT CBOM BKJIa
B IIOCTYTIJIEHHE OMOTE€HOB B BOJHBII OOBEKT.

Bona B ctBope LInnHckuii 6efuioT ocTaercsi caMoi YUCTO 10 CPaBHEHHUIO
C Ipyr'MMH CTBOpaMH 3a ronsl Habmonenuii. Cteopsl 1. Jlyka u ycree p. Pabexa —
HauOosee 3arps3HEHHbIE, B OCHOBHOM WH3-3a OMu30CcTH K ycThio pek Kosa
u Pabexa, KoTopble MOTYT HECTU C COOOM MOTEHIMANBLHO 3arpsi3HEHHbIE BOJBL. Tak
KakK 3TO HeOOJIbIINe peuku JIMHOM 18 KM Kakaas, a mo Oeperam HaXOAMUTCS PALJ
JIepeBeHb, TO B YHCJIO OCHOBHBIX 3arpsi3HUTENEH NONaAaoT OpraHndeckue u Ouo-
T€HHbIE COEAMHEHUS, HE()TEPOAYKTHI.

KauectBo Boa [1InuHCKOTO BOJOXpaHMINILA 110 3HaYeHUIO uHAekca 3B or-
Hocuted K I knaccy v OLEHEHO KaK «yMEPEHHO 3arpsA3HEHHBIE) Ha MPOTSKEHUU
Bcero mepuoaa Habmomenuit. [lo 3nauenuro mugexkca YKU3B B 2015-2016 T
KauecTBO Boabl coorBercTByer III Kkiaccy paspsn «a» (3arps3HEHHbIE),
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B 20172019 rr. — II xmaccy (cnabo 3arpsi3HeHHbIE). Takas TEHAEHITUS PO CISKH-
BaETCs 10 BCEM HCCIIEyEeMbIM CTBOPaM.

Pacuet xommiekcHEIX HHACKCOB KadecTBa Boabl M13B u YKI3B, nmoka3an, 4To
0osee TOYHYHO WH(OPMAIMIO O COCTOSHUU TOBEPXHOCTHBIX BOJ JIa€T WHIEKC
VYKUM3B, Tak kak pu €ro pacuere UCIoJIb3yIOTCs JAHHBIE 110 BCEM OIPEEIIIEMbIM
B IIpo0e BEIECTBAM.

3akno4yeHue

B pesynbrare nccienoBanus npo6 Boas! LIIIMHCKOTO BOIOXpaHUIIUINA BBISIB-
JIEHBl NPUOPUTETHBIE 3arpsA3HAIOIIME BelllecTBa: Maprasel, HBeTHocTh, XIIK,
He(QTENPOAYKTHl U AMMOHMNA-HOH.

[IpoBeneHHasi oleHKa KauecTBa BOJ B HCCIENYEMbIX CTBOpPaxX BOAOXpaHH-
JMILA [ToKa3ajia, 4To:

® 1[I0 3HAYEHHIO HUHJEKCAa 3arpsA3HEHHs BOJIbl — BOAA COOTBETCTBYET
IIT xnaccy (BOabI «yMEPEHHO 3arps3HEHHBIEY);

® 110 3HAYE€HHIO KOMOMHATOPHOTO MHJEKCA 3arPS3HEHHOCTH BOJBI OTMEUEHO
yayulieHue kadectsa Bog — B 2015-2016 rr. Bona coorBercrBoBana III knaccy pas-
psan «a» (3arpsizeHnbie), B 2017-2019 rr. — II xnaccy (cnabo 3arps3HeHHBIE).

B xone ananuza skomorudeckoro coctosiHus IITHMHCKOro BOAOXpaHWIIMILA
OBUIO BBISIBJICHO, YTO CYLIECTBEHHOT'O aHTPOIIOT€HHOT'O BO3ACUCTBUS HA BOIHBIN
00BbeKT He oka3biBaeTcs. OCHOBHAsI aHTPOINOT€HHas Harpy3ka o0ycloBiIeHa X035 M-
CTBEHHO-OBITOBOW JESITEILHOCTBIO B IOCEJICHUSAX, PACTIOJIOKEHHBIX Kak Ha Oepe-
rax camoro BOJAOXPaHMJIMILA, TaK U Oeperax MajblX peK, BIIAJaloINX B HETO.
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AHHoTanms. Jlaetcs 0030p Ha OCHOBHOH KOMIIOHEHT JIECHBIX dKocucteM CeBepHOU
EBponbl — npeBecHBI sIpyC, c(OpPMHPOBAaHHBIM BHIOM COCHAa OOBIKHOBEHHast (Pinus
sylvestris L.). V3ydeHHbple cooOIIeCTBA PACIONOKEHBI B HEMOCPEICTBEHHOM OJHM30CTH OT
kpynHeiero komobunata B EBpone — OAO «CeBeponukens» (r. Mondyeropck, MypmaHckast
00m1.). K OCHOBHBIM MOJUIIOTAaHTAM OTHOCSITCS MOJIMMETAJUTMUECKasl MbUIb, COJCpXKaIias
B CBOEM cOCTaBe Takue 3nmeMeHTsl, Kak Cu, Ni 1 Co, KOTOpPbIE SBISIOTCS TOOOYHBIMH MPOTYK-
TaMy NepepabOTKU U BBIILUIABKU LIBETHBIX PYJI, U CEPHUCTBIN aHruapua — SO2, oOpasyromuiics
[IpU NEPBUYHOM epepaboTKe Py, TaK Ha3bIBAEMOM «00xure. [IepBbie MOCTOSHHbBIE TPOOHBIE
wiomrany (ITIIIT) B qaHHOM pernoHe ObLIM 3a10KeHbl B Havase 1970-x rr. U B nanpHeiinem
cotpynHukamu JIabopaTopur SKOJIOTHH PACTUTENBHBIX coo0mecTB boTaHmueckoro MHCTUTYTa
uM. B.JI. Komanosa PAH npoBoauTCsi NOCTOSSHHBIM MOHUTOPHHT 3KOJIOTMYECKOT0 COCTOSIHUS
TEPPUTOPUN, IOJBEPKEHHBIX BO3IEHCTBUIO JaHHBIX 3arps3HutTesied. Haumnas co BTOpoOH
moJ0BUHEI 90-X rT. XX B. KOMOHHAT CYIIECTBEHHO CHH3MJI KOJIMIECTBO BEIOPOCOB a9POTEXHO-
TEHHOI'0 XapakTepa, O 4YeM CBHUJIETEIbCTBYIOT JaHHBIC, OTMEUEHHBIE HEKOTOPBIMU HCCIIEA0BA-
TeJIIMHU B TO BpeMs. KyMyIsSTUBHBIN XapakTep HAKOMICHUS (M BHICBOOOXKICHUS) MOTHMMETAI-
JIIYECKOH MBUIH PUBEN K TOMY, YTO CHIDKEHHE pyJoTiepepadaTHBAIOIINM KOMOMHATOM CBOUX
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MOIIIHOCTEH MO3BOJIIIIO KOHIIEHTPAIIMA METAIIJIOB, COJIEPIKAIIMXCS B TIOYBE M OPraHax pacTe-
HUH, 1O MPOIIECTBUU HEKOTOPOT'O BPEMEHU CHU3UTKLCS JI0 OTIPEACTICHHOTO YpoBHs. [Ipencras-
JIEHBI MaTEePHAIIbI, TOJYICHHBIE B XOI€ MOJIeBbIX uccuenoBanuii B 2015-2018 rr.

KuroueBble €10Ba: COCHOBBIE JieCca, adpPOTEXHOTEHHOE 3arpsi3HEHUE, BUTAIUTETHAs
CTPYKTYpa JIpeBOCTOs1, ceBepHast Taiira, Koabckuii monyoctpon

BxJiaag aBTOpPOB: BCe aBTOPHI e SKBUBAJICHTHBIN BKJIA/I B ITOJITOTOBKY ITYOJTMKAIIAH.

Hcropus cratbu: noctynuia B pepakuuio 20.09.2022; nopaboraHa mnocie pereH3nupo-
BaHus 20.12.2022; npunsra k myonukarmu 20.01.2023.
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The tree layer structure of forest communities
of the Kola Peninsula central part formed when
aerotechnogenic emissions reduced
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Abstract. This research provides an overview of the main component of forest
ecosystems in northern Europe, the tree layer formed by the Scotch pine (Pinus sylvestris L.)
species. The studied communities are located in the immediate vicinity of the largest plant in
Europe, OAO Severonickel (Monchegorsk, Murmansk region). The main pollutants are
polymetallic dust containing elements such as Cu, Ni and Co (which are by-products of
processing and smelting non-ferrous ores) and sulfur dioxide — SO, (which is formed during
the primary processing of ores, the so-called “roasting”). The first permanent trial plots (PPPs)
in this region were established in the early 1970s. Since the second half of the 1990s, the plant
has significantly reduced the amount of aerotechnogenic emissions, as evidenced by the data
noted by some researchers at that time. The cumulative nature of the accumulation (and release)
of polymetallic dust led to the fact that, starting from the time the ore processing plant reduced
its capacity, the concentration of metals contained in the soil and plant organs decreased to a
certain level. We present the materials obtained in the course of field research
in 2015-2018.

Keywords: pine forests, aerial anthropogenic pollution, vitality structure of the stand,
northern taiga, Kola Peninsula
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3aceneHne JaHHOTO PETMOHA COCHOW OOBIKHOBEHHOW MPOM30LUIO IOCIe
cxoja jgeaHuka mpumepHo 11,7 Teic. net Hazan. OCHOBHBIE TIIOMIATN PACTIPOCTpa-
HEHUS BUJIa pacioiokeHbl B DEHHOCKaH1M, Ha CEBEPE EBPONENCKON U IEHTPAJIb-
Hoi yactu Poccum m Ha Boctoke LlenTpanbHoit EBponbl. PacnpocTpanenue mo
OousblIeil 4acTH OTpaHUYMBAETCS JIPYTHMMH, Oojiee TEHEBBIHOCIMBBIMH BHIaMH
JepeBbeB; (DOpMUPOBAHUE JIECHBIX MAaCCHBOB C MPEOOIaaHNEM COCHBI OOBIKHO-
BEHHON MOXKET IMPOUCXOIUTH TOJIBKO 32 MPeIeaMu JIECHBIX COOOIIECTB € JIOMUHU-
pOBaHMEM CIUO(DHUTHBIX BUIOB B APEBECHOM spyce (Tak Ha3blBaeMas «TEMHOXBOM-
Has Taiira»). OqHaKo, yYUThIBas MIMPOKOE PACIIPOCTPAHEHUE BUAA B PE3KO pa3iu-
YAIOMIMXCS 10 KIMMATUYECKUM U JIECOPACTUTEIBHBIM YCIOBHSIM, MOKHO TOBOPHUTH
0 HU3KOH TpeOOBaTENLHOCTH M BO3MOKHOCTH CYIIECTBOBaHMS B IIMPOKOM JHaria-
30HE IKoJorndeckux daxktopos [1-3].

CocHa 00bIKHOBEHHasI SIBJIIETCS] OCHOBHOI JiecooOpa3yroleil mopooii Ha ce-
Bepe eBpomneiickoil yactu Poccum (Hapsiiy ¢ HEKOTOPHIMH JIPYTMMH BHJIaMHU) U
¢dopmHpyeT BecbMa BHYIIUTENbHBIE JIeCHBIE MaccuBbl Ha EBpomelickom Ceepe
(maHHBIA BUJ 00pa3yeT IO TMOJIOBUHBI BCEX OOJIECEHHBIX ILIOMIAJEH pEeruoHa).
Crnenyer OTMETUTh, UTO TaeKHbIE COOOIECTBA JAHHOTO PEerMoHa C(OPMHUPOBAHBI
JIpyroil XBOMHOW MOPOJIOH, a UMEHHO elblo cubupckoit (Picea obovata Ledeb.) n
enbto eBporneickoil (Picea abies (L.) H. Karst.) — B MeHb11eii crenenu. M3ydenue
BUJIOB, BXOJILIIMX B COCTaB APEBECHOTO Spyca, O3BOJISET pacCMaTpUBATh PA3INY-
HbIE a3POTEXHOTCHHBIE BO3JEHCTBUS HA MPOTSIKEHUH JJIUTEIBHOIO MIPOMEKYTKA
BpEMEHH (B TEUEHHE KU3HU KaXKION OTJIEIbHON 0COOM U €€ YaCTUYHOM CyMMHPO-
BaHHHM JIJIs1 BCETO cooOImecTBa nenmukom). B menom Mypmanckas o6iacts — mpo-
MBIIIJIEHHO Pa3BUTBIM PErMOH, HA TEPPUTOPUH KOTOPOI'O PACIOIOKEHBI KPYITHEH-
1€ NpeAnpusTus 1o A00bIYe, 00OTalleHNIO U BIIIJIABKE YEPHBIX U [IBETHBIX Me-
tainoB (OAO «Ceseponukens», OAO «lleueHranukenb» — J04epHUE TPEATIPHs-
s OAO «Konbckas 'MK»; AO «Amatut» — gouepHee npenmnpusitue OAO
«DocApro» u T. A.), Benyume cBoro nearenbHocTs ¢ 20-30-x rr. XX B. I[lapan-
JIENIBHO C JAESITEIbHOCTBIO MPOMBILIUIEHHBIX 0OBEKTOB BEIYTCSI HCCIEAOBAaHUS 10
OLIEHKE BIIMSHUS OTXO0JJ0B IPOM3BOJICTBA HA pacTUTENIbHBIE COOOIIEeCTBA, HANOO0IIb-
11ast akTUBHOCTh KOTOPBIX npunuiack Ha 1960—-1970-e rr. [4—6]. [IpumepHO B 3TO
BpeMs HAaUMHAeTCs aKTUBHAs paboTa coTpyAHUKOB JIabopaTopuu SKOJIOTUHU pacTu-
TEJIbHBIX COOOILECTB MO SKOJIOTMUECKON OIIEHKE W MOHUTOPUHIY PacCTUTEIbHBIX
cOOOIIECTB, HAXOAAIINXCS B 30HE BO3JEHCTBUS a3pPOTEXHOTECHHBIX MOJUTIOTAHTOB.
B 310 %€ BpeMs ObulM yCHEIHO anpoOUpOBaHbI METOJIbI OLIEHKH JIECHBIX CO00-
IIECTB MPUMEHUTENFHO K KOHKPETHBIM YCJIOBUSM (CeBepHas Taiira, a9poTeXHOTeH-
Hoe 3arpsizHeHue). Taxke ObLIN BbIIENIEHbI IPaHUIBI UMIIAKTHOU 1 Oy epHOH 30H,
BBISIBIIEHBI HEKOTOpPbIe 0a30BbIe 3aKOHOMEPHOCTH (YOPMHUPOBAHHS PACTUTEIBHBIX
COOOIIECTB, HAXOSAIIMUXCS MOJ TOCTOSHHBIM BO3JEHCTBHEM MPOMBIIIIEHHbIX
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3arps3HUTENCH (MHIEKC )KU3HEHHOTO COCTOSTHUS, BHIOBOM COCTaB HaIOYBEHHBIX
ApycoB U T. 1.) (puc. 1-3).

e padoTbl — CPaBHUTENBHAS OLICHKA BPEMEHHBIX PSAJIOB BUTAIUTETHON
CTPYKTYpPBI JPEBECHOTO sipyca B COCHSKAaX, NMPOU3PACTABIIMX B 30HE JEHCTBHS
a’pOTEXHOTE€HHBIX NOUTIOTaHTOB KoMOnHaTa OAO «CeBepOHUKETbY.
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npepnpusaTus «CesepoHnkenb» B 1970-2005 rr. (no [1]) /
Figure 1. Dynamics of atmospheric emission of heavy metals (a) and sulfur dioxide (b)
of the Severonickel enterprise, 1970-2005 [1]

OO6beKkT n MeToaibl UCCNENOBAHUN

HccnenoBanust mpoBOIMIMCH HA MaTepuae, coopanHoM B iepuof ¢ 2015 mo
2018 r. B x0/€ MOJEBBIX KCIIEAUIINN B MOHYeropckuii paiton MypMaHckoit o0a-
cti. OOBEKTOM HCCIIEIOBAHUS SIBJISIIOTCSL COCHSIKH JTMIIAHIKOBO-3€JIEHOMOIITHBIE,
BO3pacT KOTophlx — 60—80 seT (cpemHeBO3pacTHBIE cOcHSAKM, VP m VO kmacchl
Oonurtera). B 3aBUCHMOCTH OT yJaJleHUs] OT MCTOYHMKA 3arpsi3HEHHS, KaK OBLIO
yYKa3aHO paHee, BbIACNCHBI JBE 30HBI B 3aBHCHMOCTH OT YPOBHS 3arpsi3HECHUS
U ypoBHS HapymieHHOCTH: ummnaktHas (10-15 kM) m Oydepnas (25-35 wm).
NMenHno Takas rpagamusi OOyCJIOBIEHA SPKO BBIPAXKEHHBIMU H3MEHEHUSIMHU
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B YCJIOBHUSAX (M, COOTBETCTBEHHO, XapaKTEPOM PaCTUTEIbHOCTH) JAHHBIX TEPPUTO-
puii. Ha ceronusmnuii 1eHs Hanbosiee HarisaHO 3TO Pa3Iuure MOXKHO MTPOJAEMOH-
CTPHPOBATh, UCTIOJIB3YsI «MHACKC TEXHOTCHHOW HArpy3KW» (OTHOIIIEHHE PEATbHOTO
coJiepKaHUsl KOHKPETHBIX MOJUTIOTAHTOB (B JAHHOM CJIy4ae pacCMaTpUBAETCS CyM-
MapHOe 3HaYeHHe MeJI1, HUKENs U KoOanbTa) JaHHON TEPPUTOPHH K COJEPIKaHUIO
9THX K€ BEILECTB B (JOHOBOM paiioHe (He MOABEPKEHHOM BO3IEHCTBUIO POMBIIII-
JeHHbIX BbIOpocoB)). [Inst OydepHON 30HBI AAaHHBIN MOKa3aTeNlb COCTAaBISIET
or 10 10 15 (TO ecTh MpeBBILICHUE TSHKEIBIX METANIOB B CPAaBHEHHHM C HOPMOM
coctaBisieT 10—15 pa3), a mist umnakTHOM 30HBI — 80 U Goee.
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Figure 2. Absolute values of Ni and Cu in organic horizons, 2014-2017 (according to [3])

Kak y»e ObUT0 CKa3aHO BBIIIE, OCHOBHBIMHU TOJTFOTAHTAMH SIBIISIFOTCS TNOK-
cun cepol (SO2) m momumetamumyeckast mbutb (Cu, Ni, Co). D10 00ycnoBieHo
XapaKTepoOM TPOU3BOJCTBA, KOTOpOE BeaeTcsi Ha KomOmHaTe «CeBEepOHMKENbY,
a IMEHHO BBIIIJIaBKa IIBETHBIX pyA. JlaHHBIN Tporiece BKITIOYAET KaK 00KHT CaMUX
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pyAa, MOOOYHBIM IMPOAYKTOM KOTOPOr'o ABJIACTCA BBIACICHHUEC JUOKCHA CCPBI, TaK
U OYHCTKY YK€ FOTOBBIX METAJUIOB, B PE3yJIbTaTe KOTOPOTO MPOUCXOIUT BBIOPOC
METAJUTMYECKOH MbUIK. [[aHHAs MbUIb, HECMOTPSI HA CBOM MAJIbIE pa3Mephl, BCE Ke
SBIISICTCS TBEPABIM BEIIECTBOM, UTO CYIIIECTBEHHO OTPaHUYHMBACT €€ IepeMeleHIe
C BO3AYIIHBIMH MacCaMH (CO)Iep)KaHI/Ie €€ B OKPECTHOCTAX KOMOMHATa CHUKAETCS
HKCHOHEHIMAIBHO 110 Mepe yJaJIeHUs] OT UCTOYHMKA 3arpsizHeHust). J{uokeu cepbl
uMeeT OoJiee OOIIMPHYIO IUIONMIAJb PACHpPOCTPAHEHHUS, TaK KaK, IOMHUMO CBOETO
arperaTHOTrO COCTOSTHUS (Ta3), sIBISAETCS KUCIOTHBIM OKCHJIOM, UTO IO3BOJISIET EMY
BCTYIIaTh B PEAKIUIO C aTMOC(EpPHON BIarol U MpeoOpa3oBhIBATHECS B HECTAOMIIb-
HYIO CEpPHUCTYIO KUCIIOTY.
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Figure 3. Absolute values of Ni and Cu in the shoots of blueberries (Vaccinium myrtillus L.),
2014-2017 (according to [3])
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Bri6opka Obuta cpopMupoBaHa Ha YEThIPEX MOCTOSHHBIX MPOOHBIX IUIONIA-
nsx (TITIIT): TIIIT 100 - 10 xm (N 68 00.384, E 032 55), IIIIIT 270 - 25 kM
(N 68 06.817, E 033 19.455) 541 — ceBepHee ucrounuka 3arpsizuenus; [1I1I1 29 —
15 xm (N 67 44.216, E 032 46.447), TII1IT 3 - 35 xm (N 67 38.168, E 032 42.234) —
I0’KHEe UCTOYHMKA 3arpsi3HeHus. /Be mpoOHble miomnaam ObUIN 3aJI0KEeHbI CeBep-
Hee UCTOYHUKA 3arpsi3HeHus, Be IokHee (puc. 4). Takoe KOIM4IecTBO M Pacmoo-
’KEHHEe MPOOHBIX IUIOIAAeH 00yCIOBIECHO CHIEIU(PHUKON PACIIONOKEHHSI COCHOBBIX
JIECOB B OKPECTHOCTSIX KOMOMHATA U UX JOCTYHOCTBIO AJIs AOJATOCPOYHBIX U MPO-
JOJDKUTENbHBIX UCCIIEOBAHU.

YcnoBHble o6o3HaueHus /
The map legend :
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Puc. 4. MecTa 3aknagku NOCTOAHHbIX NPOOHBIX MIOLWAAEN HA Pa3/INYHOM yaaJIEHUN
OT UCTOYHMKA 3arpsA3HeHns MoHuyeropckoro panoHa MypmaHckoi obnactu /
Figure 4. Places of laying permanent sample plots at different distances from the source
of pollution in the Monchegorsk district of the Murmansk region
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Jlst ocoOeid, hopMHUpyIOMIUX IpeBeCHBIN sapyc Ha faHHbIX [II1I1, Op1tH ompe-
JIeJICHBI CIIEYIONIUE JaHHBIE: ONpEeeIeHbI TUaMeTp CTBOJA, BHICOTA JIepeBa U Ka-
TETOpUs COCTOSIHUS (TI0 TAaHHOMY TTOKa3aTeNIF0 MBI MCXOJUIN U3 OOIIETPUHSATON
ITKaJIbI KaTeTOPHI KU3HEHHOTO COCTOSIHMSI ApeBecHBIX GopMm [8]: I — 3m0poBbIe
ocobwu; I — ocmabnennsie ocodu; Il — cunbHO ocmabnenusie ocobu; IV — ycrixato-
e ocodu; V — cyxue ocobm). Micxoas u3 JaHHOro pacnpeaeneHus, Obul onpee-
JIeH UHJIEKC KU3HEHHOTO COCTOsIHUS ApeBocTos [8—10] mo ¢popmyrne

_n+0,7n,%0,4n,+ 0,1n,

n 2

n

rae In — WHIEKC *U3HEHHOTO COCTOSIHHS, M1 — KOJHYECTBO 3[0POBBIX 0COOEii;
12 — KOJTMYECTBO OCIIa0JICHHBIX 0CO0eM; 73 — KOIMYECTBO CUIBHO OCIa0ICHHBIX
0co0ei; 14 — KOMMYECTBO YCHIXAIOIIHNX 0CO0EH; 7 — 00111ee KOTUIECTBO 0COOECH.

Jannast hopMyIa MHUPOKO UCTIOIB3YETCS B JIECHOM XO3sIIICTBE U UMEET JIBE
BapHaIllK: KOJIMYECTBEHHYIO (MCTIOIH30BaHHYIO B IaHHOM paboTe) U MPOIEHTHYIO,
MpelyCMaTPUBAIOIIYI0 W3HAYAIBHO OTEPUPOBATH C MPOIICHTHBIMU COOTHOIICHH-
SIMH Pa3JIMYHBIX KaTETOPHH JIeCOOOpa3yOIIeH MOPOIbI.

CrnenyeT OTMETHTD, UTO K IPYCY IPEBOCTOS] HAMU ObUTH OTHECEHBI BCe 0co0u
OCHOBHOI1 JIecoo0pa3yloliel Mopoabl, UMEroIre Ha BeicoTe 1,3 M quaMeTp cTBoja
4 cM u Gonee [7; 8]. Heo6X0auMOCTh 3TOTO TOMYIIEHHs] 00YCIOBJICHA TEM, YTO B
30HE CEBEPHOMN TalTH POCT IEPEBHEB CHUKEH IO CPABHEHUIO C XapaKTepOM pocTa
aHAJIOTUYHBIX BUIOB CPEIHEN U FOKHOM Taiiru, TAe K Spycy APEBOCTOS OTHOCAT
ocoOwu, mocturmme 6-8 cM B 1uameTpe Ha BeicoTe 1,3 M.

PesynbTaTtbl 1 06CcyXaeHme

B xone uccnenoBanus Hamu Oblia BBISIBJICHA CIICIYIONIAs 3aKOHOMEPHOCTD:
BUTAJIUTETHASA CTPYKTYpa, a CJIEeJI0BATEIbHO, MHJIEKC )KU3HEHHOTO COCTOSHUS AJIS
JTAHHBIX COCHOBBIX COOOIIECTB B YCIOBUSX CHUKAIOIIETOCS BO3ICHCTBHUS adpOTEX-
HOTCHHBIX MOJUTIOTAHTOB COXPAHSIOT YCTOWYHUBOCTh HAa IPOTSHKEHUH paccMaTprBa-
€MOTO BPEMEHHOTO WHTepBana. IIpu paccCMOTpEeHWH JIHWHAMUKHA HW3MEHEHUS
MHJEKCA )KU3HEHHOTO COCTOSIHUS Mbl IOJIYYHIIU CIAEAYIOIINE Pe3yJIbTaThl.

B umnakTHOM palioHe BUTAJUTETHas CTPYKTypa IOYTHU IOJHOCThIO 0e3
u3MeHenut — s 2015 1. cpenHee 3HaYeHUE MHIEKCA >KMU3HEHHOTO COCTOSTHUS
coctaBuiio 0,53 (0,56 mgus I 100 u 0,49 nns IIIIT 29). CraTuctrueckoe pac-
MpeieJICHre TPy 0co0el o KaTeropusM KHU3HEHHOTO COCTOSIHUSL COCTABHIIO:

— quist [TIIIT 100 — 15,7 % 3a0poBbix, 30,4 % ocnabneHHsbix, 45,1 % cuibHO
ocnabneHHbIX U 8,8% yCBhIXaIOMIUX JIEPEBHEB;

— qist ITIIIT 29-21,7 % 3mopoBsix, 20,7 % ocnabnennsix, 24,8 % cUIBHO
ocnabieHHbIX U 32,8 % yChIXaroluX JIePEBhEB.

Cpennee 3HaU€HHME UHIEKCA KU3HEHHOTO cocTosinug st 2017 1. B cpenHeM
coctauio 0,53 (0,55 mys IIIIT 100 u 0,48 nnst TIIIIT 29). Cratuctuueckoe pac-
MpeAeIICHNEe TPYIIT 0COOeH MO KaTerOpUsIM JKU3HEHHOTO COCTOSIHHSI COCTABHIIO:

— qist [TIIIT 100 — 17,3 % 3a0poBeix, 30,2 % ocnabneHHbIx, 39,7 % CHIBHO
oclabiIeHHBIX U 5,5% yCBIXaIOIUX JIePEBHEB;
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— qrst [TIIT 29 — 25,8 % 3mopoBseix, 18,4 % ocnadienHsix, 18,9 % cuibHO
ocnabyeHHbIX U 16,1 % ychIxaromux 1epeBbeB.

Hns 2018 r. maHHBIE MOKA3aTEIM OCTAJIUCh 0e3 M3MEHEHHH U COCTABUJIU B
cpearem 0,53 (0,56 mos TIIIIT 100 u 0,48 mma IIIIT 29). Cratuctrueckoe pacmpe-
JIeJIeHHe TPYII ocoOel Mo KaTeropusM >KMU3HEHHOTO COCTOSIHHSI OCTaloch 0e3
H3MEHCHH.

B 6ydepnom paiione st 2015 1. cpenHee 3HaYSHUE HHIEKCA )KUZHEHHOTO CO-
crostaust coctaBmwio 0,81 (0,83 s IIIIT 270 u 0,79 st TITIIT 3). Cratuctudeckoe
pacrpeneneHue rpymnmn 0cooeid Mo KaTeropusM KU3HEHHOTO COCTOSIHUSL COCTaBHIIO:

— st T 270 — 70,8 % 310poBbIX, 5,6 % ocnabneHHsix, 19,4 % cunbHO
ocnabyieHHbIX U 4,2% yChIXaloUINX AePEBbEB;

— qust T 3 — 64,2 % 3a0poBbix, 12,6 % ocnabnenusix, 10,6 % cuiabHO
ocnabneHHbIX 1 12,6 % yChIXalomuXx JepeBbeB.

Jlst 2017 1. naHHBIN TOKa3aTenb B cpeaneM coctaBui 0,83 (0,84 ms TTTITT
270 u 0,81 g I 3). Cratuctuyeckoe pacupeaeneHne rpym ocodeil mo kare-
TOPHSM KU3HEHHOTO COCTOSIHUSI COCTABHIIO:

— quist IIIIT 270 — 72,0% 3mn0poBbIX, 6,3 % ocnadinenusix, 18,0 % cuiabHO
ocnabieHHbIX 1 1,5 % yCBIXalomuX A1epeBbeB;

— qst IIIIT 3 — 66,9 % 3n0poBeiX, 14,3 % ociabneHHbIxX, 8,8 % CHIBHO
ocnadyieHHBIX U 3% yChIXaIOIIUX IePEBHEB.

Jis 2018 1. MHAEKC KU3HEHHOTO COCTOSIHUSA 715l OydepHOro pailoHa, TaK ke
KaK WU A7 MUMIIAKTHOTO OcTajics 0e3 m3MeHeHWi u cocTaBwi B cpeadem 0,83
(0,84 mns IIIIT 270 u 0,82 nos IIIIT 3). CratucTuyeckoe pacmpeneieHue rpyIi
oco0eli 1Mo KaTeropusiM )KU3HEHHOT'O COCTOSTHUS, TaK JK€ Kak U B UMITAKTHOU 30HE,
HE TOJBEPIIIOCh KAaKUM-TMOO CYIIECTBEHHBIM HM3MEHEHHs M (Tabn. 1, puc. 5)
Y HaXOJIUTCS B MpejieNiaX MOrpelIHOCTH IPU CTaTUCTUYECKOM 00paboTke MoayyeH-
HOTO MaTepuaina) [9].

0,9
0,8
07 Cepep 10 Hm /
2 B MNorth 10 km
0.6 100
Or 15 km /f
0,5 B South 15 km
29
0,4 Cepep 25 kM /
M Morth 25 km
0,3 270
HOr 15 um f

0.2 W South 35 km

3
0,1

¢]

2015 2017 2018

Puc. 5. ButanuteTtHas CTpykTypa ApPEBECHOIo sipyca ajs coobLecTB COCHbl 0GLIKHOBEHHOW,
HaxoAALMXCS B 30HE BO30eliCTBUSA a3pOTeXHOreHHbIMU BeiGpocaMun koMGnHaTa «CeBepOHUKENb»
B2015-2018 rr. /

Figure 5. The vitality structure of the tree layer for Scots pine communities in the area affected
by aerotechnogenic emissions from the Severonickel plant, 2015-2018
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Tabnmuya 1. PacnpepeneHue B coobuwecTtBe Pinus sylvestris ocobeit No KateropusimM XMaHeHHoro
COCTOSIHNSA B yC10BUAX paSJWI‘-IHOVI TEXHOreHHomn Harpys3ku /
Table 1. Distribution of individuals in the community of Pinus sylivestris by categories
of life status under conditions of various technogenic pressure

MocTtosHHble Npo6Hblie naowaam /
. Permanent sample plots
Konunuecrso ocobeii Ha NN /
Number of individuals on the sample plot, Amnakthble / Impact byepbusliBuien
% 100 29 270 3
CeBepl0 km / IOr15km/ | Cesep 25 km / 1Or 35 km /
North 10 km South 15 km | North 25 km South 35 km
2015
3poposble / Healthy 15,7 21,7 70,8 64,2
OcnabneHHblie / Defoliated 30,4 20,7 5,6 12,6
CunbHo ocnabneHHble / Severely defoliated 45,1 28,4 19,4 10,6
Yebixatowme / Withered 8,8 32,8 4,2 12,6
2017
3popossble / Healthy 17,3 25,8 72,0 66,9
OcnabneHHblie / Defoliated 30,2 18,4 6,3 14,3
CunbHo ocnabneHHble / Severely defoliated 39,7 18,8 18,0 8,8
Yebixatowme / Withered 5,5 16,1 1,5 3,0
2018
3popossble / Healthy 18,1 25,9 72,2 67,3
OcnabneHHble / Defoliated 30,4 18,5 6,3 14,8
CunbHo ocnabneHHble / Severely defoliated 39,3 18,6 17,8 8,1
Yebixatowme / Withered 5,1 16,1 1,4 3,2
3aknioyeHme

B pesynbTaTe mpoBeIeHHOTO UCCIEOBAHMS XOPOLIO 3aMETHO, YTO BUTAJIH-
TETHasl CTPYKTYpa M WHICKC KU3HEHHOTO COCTOSIHHS cooOIectB Pinus sylvestris
B HCCJIEIyEMOM pPErruoHe Ha HMEIIIMXCA TOCTOSHHBIX MPOOHBIX IUIOMIAASIX
B iepro ¢ 2015 mo 2018 r. u3MeHusCS HE3HAYUTENBHO, HECMOTPS Ha SIBHYIO TEH-
JEHIMI0O K CHUXEHHUIO a’pPOTEXHOTCHHBIX BBIOPOCOB MOIMMETAIUIMYECKON MBUIHA
U CEPHHUCTOTO aHTHJIPHUA MPEANPUATUEM U, KaK CIEJCTBUE, YMEHBIICHUIO COJIEp-
KaHUSI KHUCIIOTOPACTBOPUMBIX ()OPM TSIKEIBIX METAJIOB B BEPXHUX TOPU30HTAX
MOYBHI U ACCUMWJISIIIMOHHBIX OpraHax pacTeHuil. Takke oTMEeTHM, uTo AJis oHo-
BBIX PallOHOB MOKa3aTelb KU3HEHHOTO COCTOSIHUSI HaXOAUTCs B auarnaszone ot 0,8
10 0,9, 4To HecyIIeCTBEHHO OTIWYaeTcs OT Oy(depHOI 30HBI, UCHBITHIBAIOIICH
SIBHYIO TEXHOT€HHYI0 Harpy3Ky. OCHOBHBIM OOBSICHEHHEM CTOJIb SSBHO TIPOTHBOpPE-
YUBBIX HA MEPBBIN B3I JAHHBIX MOKET OBITH TOT (DaKT, UTO APEBECHBII SIPYC MPH
T000M ypOBHE BO3JIEHCTBUS (B MpeaesiaX 30HbI TOJEPAHTHOCTH) OyAET pearupo-
BaTh Ha U3MEHEHUS OKPYIXKAIOUIeH cpe/ibl B 3HAUUTEIILHOM BPEMEHHOM JIuana3oHe,
HEXKEIU JIPYTUe KU3HEHHBIC (JOpMBI. Takke 3TO MOKET OBITh CBS3aHO C TIPOIOJ-
KHUTENBHON aKKyMYJISIIIUEH TSKENbIX METAJIOB B PA3JIMYHBIX TOPU30HTAX MOYBBI
(KaK OpraHOre€HHBIX, TaK U1 MHUHEPAJIbHBIX), YTO U BBI3BIBAET BEChMa JIUTEIILHOE
BOCCTAHOBJICHHE COCHOBBIX JIECOB UMITAKTHOM U Oy(QepHOIl TeppUTOPHUH.

Cnncok nutepartypsbl
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AHHoOTauMs. PaccMOTpeHbl NEepCHEeKTUBBI XO3AMCTBEHHOIO HCIIOJIB30BAHUS albrope-
CYPCOB, 00JIaJAFOIINX YHUKAIEHBIMA OHOXUMIYECKIMHI CBOMCTBAMH U SIBITIOIIUXCS [IEHHBIM
CBIPBEM JIJISI MHOTHX Cep MPON3BOJICTBEHHOHN AEATEIHHOCTH. AKTYaJIbHOCTh JaHHOH TeMma-
THUKH 00YCITIOBIIEHA TEM, YTO, HECMOTPS Ha BBICOKHE aJanTalldOHHBIE BO3MOXXHOCTH U TPaKTH-
YECKU IMMOBCEMECTHOE PACIpPOCTPAHEHHE aJbIOPECYPCOB, MX XO35HCTBEHHO-I3KOHOMHUYECKHUH
MOTEHIMAl peau3yeTcs He B MOJHON Mepe, a aHHas cdepa SKOHOMHUKHU SBISETCS BechbMa
MEPCIIEKTUBHONW [JIs1 Hay4yHBIX IIOMCKOB. AHalu3 [IOCTYNHOM JMTEpaTypbl NOKas3all, 4YTo,
HECMOTPSI Ha OUEBHIHYIO IIEPCIIEKTHBHOCTE PACIIMPEHUS c(hephl UCTIONB30BAHMSI ABIOpeCcyp-
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WCII0JIb30BaHMs ajibropecypcos Poccun.
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Abstract. The article deals with the prospects of economic use of algae resources, which
have unique biochemical properties and are valuable raw materials for many areas of industrial
activity. The relevance of this topic is due to the fact that, despite the high adaptive capacity
and almost ubiquitous distribution of algal resources, their economic potential is not fully
realized, and this area of the economy is very promising for scientific research. Analysis of
available literature showed that in spite of obvious perspectives of expanding sphere of algae
resources use, Russian businessmen still leave without proper attention possibilities of algae
use as raw material for different industrial processes. At the same time, the Far Eastern and
Northern sea areas with particularly rich reserves of algae resources, which are very promising
from the point of view of their economic development, have now been identified. The examples
presented in this paper demonstrate the high potential prospects for expanding the economic
use of algae resources in Russia.
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BesepeHue

[Ipu momcke MHHOBAIMOHHBIX PEIICHUH ISl pacIIUPEeHHs] XO3SHCTBEHHON
JICATSIIBHOCTH YEJIOBEK TPaJWIMOHHO oOOpaliaercs K MPUPOAHBIM pecypcam.
OnHaKo, HECMOTPS Ha Ty OTPOMHYIO POJIb, KOTOPYIO HTPAOT BOJOPOCIIH BO MHOTHX
OMOJOrHYECKUX COOOIIECTBAX, a TAK)KE Ha 00OHEKTUBHO OIIEHUBAEMbI€ KOJIOCCANIb-
HBIE 3aIachkl X OMOMACCHI Ha IUIAHETE, UX XO3AMCTBEHHOE HCIIOIL30BAHME ITOKA
JIOCTaTOYHO (pparMeHTAPHO.
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OObekTHBHAs MEPCHNEKTUBHOCTh PACHIMPEHUS] UCIOIB30BAHUS AUKOPACTY-
[IUX U KyJIbTUBUPYEMBIX alIbFOPECYPCOB U HEOOXOIUMOCTh OLIEHKH X YKOHOMHU-
YeCcKOro MOTEHIMala ONpeAessiioT aKTyalbHOCTh HAacTosAlel paboTel. B cBs3u ¢
STHUM MOKHO C YBEPEHHOCTBIO YTBEPKIAaTh, YTO UMEIOIINECS BOZMOKHOCTH PaK-
TUYECKOT0 HCIOJIb30BAaHUS albIOPECYPCOB JAJIEKO HE MCUEpIaHbl, & METOJIbI
YCTOHYMBOTO yNPABJICHUS HIMU TOJBKO Pa3padaThIBAIOTCA.

POCCI/IS[, ABJIAIOIIAACA OJHUM U3 MHUPOBBIX JIUACPOB IO MPOTAXKCHHOCTH oe-
peroBoil MHUK U o0Janaronias KoJocCaabHBIMU 3amacamMy BOJHBIX Ouoioruye-
CKHX PECYpPCOB, OJJHO3HAYHO MMEET KapT-OJIaHI B TojyOOW HSKOHOMHKE, 4TO, B
CBOIO OYEpEe]b, MOXKET ChIIPaTh 0COOYIO POJIb B PACIIMPEHUU MEXAYHapOIHON
MPAKTUKU UCTIOIb30BaHUS allbIOPECYPCOB.

B cBs13u ¢ 3TUM 0COOBIN MHTEpEC MPEICTaBIsAET aHAaTU3 OTEUECTBEHHOTO U
3apy0eKHOTO OMBITa yCTOMYUBON SKCILTyaTalllU aTbrOPECYPCOB C 1eJIbI0 BhIsBIIC-
HUS IOTEHIIMANIBHO HanboJiee NePCIeKTUBHBIX BAPUAHTOB Pa3BUTHUS MIPAKTUKHU HC-
MOJIb30BaHUSA aJIbIOPECYPCOB B POCCUNCKOM KOHTEKCTE.

PesynbraTtbl 1 06CyXaeHue

B mocnennee Bpemsi pa3BUTHE MPHUKIATHONW albIOJIOTHH TTPOUCXOINUT YCKO-
PEHHBIMM TEMITAMH, TIPEXKIE BCETO, IOTOMY, YTO BCS IICHHAS MUIIEBast U TEXHUYE-
CKas TIPOAYKITHS, MoJTydaeMasi U3 allIblTOPECyPCOB, SBIISICTCS BO30OHOBISIEMBIM ChI-
pbeM, TOJIy4aeMbIM B XOJI€ IKCIUTyaTalldd aBTOTPO(HOr0 KOMIIOHEHTAa BOJHBIX
SKOCHCTEM.

Poub anibropecypcoB BO MHOTHX COBPEMEHHBIX COBEPIIEHHO Pa3HOOOpa3HbIX
MIPOMBIIIICHHBIX TPOU3BOJICTBAX CJIOKHO TepeoleHuTh. [Ipu 3TOM, BCleacTBHE
MOPA3UTEIHHONW BBIHOCIMBOCTH M HEMPUXOTIUBOCTH, KOMIIOHEHTHI albro(Iopsl
SIBIITFOTCS TOMCTHHE BE3ACCYIIIMHE U CITIOCOOHBI pa3BUBATHCS Jake B KpaliHE Cypo-
BBIX ycaoBusix. [Ipu aToM, Gi1aromaps ieHHBIM OMOXUMUYECKUM CBOMCTBAM, BOJIO-
POCIIH TIPEACTABISAIOTCS YHUBEPCATBLHBIM HCXOAHBIM MAaTEPUATIOM JIJIs TTpaKTHYe-
CKH BceX c(ep mMpOMBIIUIEHHON aKTHBHOCTH YeJIOBEeKa 1Mo BceMy mupy (puc. 1).

Ha nanuonansHOM ypoBHE B KauecTBe HanOoJiee MepCreKTUBHOTO (C opra-
HU3AIIMOHHON ¥ PKOHOMUYECKOH TOUEK 3PSHHMS ) HAIlpaBJICHUS CIISTyeT pacCMaTpH-
BaTh XO34MCTBEHHOE UCIOJIb30BAHNE MOPCKUX MAaKPOBOJAOPOCIIEH.

K moreHmaabsHO MPHUTOIHBIM IS XO3SMCTBEHHOTO MCIOJIB30BAHHUS MOD-
CKHMM BOJIOPOCIISIM-MaKpoGUTaM OTHOCST TIPEACTABUTEICH TaKUX OTJIEIIOB,
kak 3eneHwvie (Chlorophyta), Oypwie (Phaeophyceae) m KpacHBIE BOIOPOCIH
(Rhodophyta). B o011eii clio>XHOCTH B MUpPe BeAeTcs 100bua 409 BUIOB BOJIOPOC-
neit (51 Buma 3emeHbIX Bogopociel, 134 BugoB Oyphix, 224 BUIOB KpAaCcHBIX), U3
KOTOpPBIX Ha o0 Poccun, o0nanaromieit 12 MopsiMu, IpUXoaUTCs Bcero 69 BHIOB
(8 BuaOB 3eneHbIX, 28 OypbiX U 33 KpacHbIX). [Ipu 3TOM TOJIBKO pa3BeaHHBIC 3a-
Iackl IPOMEICIIOBBEIX MaKpO(UTOB COCTaBJIAIOT mopsaka 10-11 MiH T: B MOpsax
Hampaero Bocroka 8,8-9,3 mia T; B benom Mmope 0,7-1,0 mau T; B bapennesom
Mope — 350400 toic. T; B UépHoMm Mope 1—1,5 MIIH T, U3 KOTOPBIX MPUMEPHO TO-
JIOBUHA OTHOCUTCS K POCCUUCKUM aKBaTOPHUsIM [4].
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Puc. 1. Chepbl akcrniyaTaumm anbropecypcoB B MeXAyHapOOHOW npakTuke

Figure 1. Areas of exploitation of algae resources in international practice

Bce 710 oOecrieunBaeT HaM4Me 3HAYUTEILHOTO MTOTEHIMANIA TSI ITUPOKOTO
XO03STUCTBEHHOT'O MCIIONIL30BaHUs anbropecypcoB B Poccuu u B mupe (puc. 2).
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Figure 2. Areas of industrial extraction of algal resources in Russia (the scheme was compiled
by the authors based on the data from the website “GIS-Lab”.
Source: “GlIS-Lab”. Available from: https://gis-lab.info (accessed: 25.12.2021).
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Tak, cormacHO TaHHBIM, MPEICTABIECHHBIM B ['OCyJapCTBEHHOM IOKJIAIe
«O cocrosHM W 00 oOxpaHe OKpyKarlied cpenbl Poccuiickoir deneparuu
B 2018 roay», nepcrneKTUBHBIMU MOPSIMU C TOUKH 3PEHUS IPOMBIIIIEHHOM 100bIYH
asnpropecypcon cuuTaroTcst YépHoe 1 A30BCKOE MOpS, I/I€ COAEPIKATCS 3HAUUTENb-
HBIE 3armachl Oypoil BOIOPOCIM HUCTO3UPHI, banTuiickoe Mope, a Takke 1albHEBO-
CTOYHBIE MOpSI, B ocoOeHHOCTH Bepunroso n Oxorckoe'.

[TonbITKM MPOMBINIIEHHOTO KYJbTUBHUPOBAHUS BOJOPOCIEH MpeanpuHUMa-
JIUCh paHee Ha TeppuTopuu Poccum ot manpHeBocTOuHOrO IIpumMopss no benoro
MOp#, OJIHAKO B CHJTY KIIMMaTUYECKUX U LEJIOr0 Psijia OPraHU3alMOHHbBIX CIIOKHO-
CTE MPOU3BOACTBO MPOIYKIMH U3 AIbIOPECYPCOB TAK U HE BBILLIO 32 PAMKHU XO-
3SIICTBEHHOT'0 SKCIIEPUMEHTA WX JIOKAJILHOTO UCIIOJIb30BAHMS.

B nenom cnenyer orMeruth, 4To Bo BpeMeHa CoBerckoro Coro3a MHOTHE
HayyHbl€ OpraHU3allUU JOCTATOYHO AaKTUBHO 3aHUMAINCh M3YYEHHEM PECYPCOB
MOpCKHX Bogopocieil. Cpenn Hay4HbIX YUPEKIACHUH, KOTOPhIX MHTEPECOBAJIA JaH-
Has npodbnemaTtuka, — borannueckuii uncturyt uM. B.JL. Komaposa, MHcTuTyT
okeanojoruu uMm. [LII. [upmosa, MHCTUTYT OHMONOrMM IOKHBIX MOpPEH WM.
A.O. KoBanesckoro, MypMaHCKHI MOPCKOH OMOJIOTHYECKUI HHCTUTYT, THCTUTYT
6uonoruu Mmops um. A.B. XKupmyHckoro u zip.

B CCCP 6b11u co31aHBI ¥ yCTIEITHO padoTaIH epepadaThIBAIOIIIE BOIOPOC-
JIeBOE ChIpbe Mpennpusatus B Apxanrenbcke u Ha JlanbHem Boctoke. bnarogaps
MHOT'OYHMCIICHHBIM HAyUYHBIM JKCHETULMSIM, B KOTOPHIX COOMPAIUCH KOJUIEKLIUU
MOPCKUX MaKpo(HTOB, M3yyaslaCh UX OHOJIOTHS, paclpoCTpaHeHHE, MPOAYKIHS,
3arachl U METO/IbI XO35IIICTBEHHOT'O PUMEHEHU S, ObL1a ChOPMUPOBAaHA 3HAUUTEb-
Hasi Hay4Has 0a3a, KOTopasi Cero/IHs, K COKaJIeHHUI0, BOCTPEeOOBaHA JINIIh YACTUYHO
M II0KA HE HAXOJUT IIMPOKOro IpUMEHeHus [3].

Hecmotps Ha TO, UTO HCCae10BaHUS MOPCKUX BOAOPOCIEH MTPOJOKAIOTCS U
MTOHBIHE TIOYTH BO BCEX MEPEUYUCICHHBIX BBILIE YUPEKICHUAX, UX HHTEHCUBHOCTD
3HAYUTENIBHO CHU3WIACK. B pe3ynbraTe eCTECTBEHHOIO CTapEHUsl KaIpOB U LIEJIOT0
psiia TpanchopMalrii ¥ peopraHu3aiil HAyUYHBIX CTPYKTYP CYIIECTBEHHO COKpa-
THUJIOCh YHUCIIO POCCUMCKHUX CIELMAIMCTOB-aIbI0J0roB. IIpu 3TOM B iIeom B Mupe
HaOJII01aeTCsl CBOETO POJa «BOJOPOCIEBBIM OyM», XapaKTepH3YIOLIUICS HKCIO-
HEHIMAJIbHBIM CIIPOCOM Ha MPOAYKThI U3 BOJAOPOCIEBOTO CHIPBS, IPUMEHSIOIINECS
CEeTO/IHSI B CaMbIX Pa3HOOOPAa3HBIX OTPACISIX SKOHOMHUKH.

B oTHoOmIEHNN MONMHOTHI UMEIOIEHcs HHPOPMAIIMK TI0 3aracaM MPUToIHbBIX
JUTSL UCIIOJIB30BAHUS aJbIOPECYPCOB CIEAYET OTMETUTh, YTO B LIEJIOM CBEICHUS
o makpodutax ceBepHbIXx Mopeit (oT Kapckoro mo UykoTckoro) BecbMma OTpPHI-
BOYHBI U, 32 PEAKUMH UCKITIOUEHUSIMU, HE aKTyaJIU3UPOBaHbI (OOIBIIUHCTBO MOJTY-
yeHo eme B 1970-1980-x rr.). Ocoboro BHUMaHHUs 3aciyxuBaeT Poccuiickas
ApKTHKa, KOTOPYIO BCE Yallle Ha3bIBAIOT MPUOPUTETHBIM PETMOHOM JJISI Pa3BUTHS
SKOHOMUKH U HAYYHBIX UCCIIEIOBAHUI, HO HA CETOAHSAIIHUI JEHb OHA, K COXKAJICHUIO,
OCTaeTCsl HEKUM «OEJbIM TMATHOMY» C TOUYKH 3pEHHS H3YUEHHUS €€ albIOpECypPCOB.

! TocynapctBennslii goknan «O cocTosHME U 00 0XpaHe OKpy karomeil cpeanl Poccuiickoii degne-
pammu B 2018 rogy». M.: Munnpupoast Poccun; HITIT «Kagactp», 2019.
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Heckonbko srydiiie 0OCTOUT CHTyaIHsi C OCBOCHHEM 3aI1acoB aJlbrOpeCcypcoB
B JAJbHEBOCTOUHBIX Mopsx. Ha poccuiickom [lanpHeM BocToke B HacTosiiee
BpeMs T0OBIBaeTCsI MPUMEPHO 3 % MMEIOIINXCST BOAOPOCIEBBIX PECYPCOB — OKOJIO
5 teic. T [1].

B npombinuienHbix MacmTabax B Poccum  Takke BeleTcss MPOMBICEN
Bomopociieii B akBaropusx bapennesa u bemoro mopeii. bemoe mope B meiom
BechMa Oorato anmbropecypcamu (u3BecTHO Okojo 190 BWAOB), M3 KOTOPBIX
B TPOMBINIJICHHOCTH HCIIOJIB3YIOTCS IIECTh-TIATh BHUAOB OyphIX (IBa BHAA
JaMUHApU U TpU BHJA PyKyca), M OJUH BHJI KPACHBIX (aH(MEIbIINS) BOJOPOCIICH.
OTHOCHUTENIbHAS MEJIKOBOAHOCTh beoro Mops, HalM4uue MoAXOIAIIETo CyOcTpara
IUIS TIPUKPEILICHHS BOJOPOCIECH, XOpOIIeH a’palid BOABI, a TAKXKE HaITUYHC
JIOCTaTOYHOM OCBEIICHHOCTH BBHJIY BBICOKOW MPO3PAYHOCTH BOJBI CIIOCOOCTBYET
[IIPOKOMY PACIIPOCTPAHEHHIO BOJIOPOCIICH B HEM.

B axBatopuu bemnoro mopsi pyHKIIMOHUPYET YHUKAIBHOE MPEANPHITHE TI0
nepepaboTke BOAOPOCIICH — ApXaHTelIbCKUI BOIOPOCIEBBIN KOMOMHAT. DTO €/IMH-
cTBeHHOE B Poccum mpeanpusatie, KOTOpoe OCYIIECTBIIICT KOMIUIEKCHYIO ITepepa-
OOTKYy aJIbropecypcoB BOT yke Ooiiee Beka (HaunHas ¢ 1918 roma). B Hacrosmee
BpeMsi ApXaHTelbCKUM KOMOMHAT HWCIIOJIB3YET B KA4YECTBE CHIPhS IMPEHUMYIIIe-
CTBEHHO pa3IWYHbIC BUJIBI JaMUHApUH U PyKyca [5].

IIpou3BOACTBEHHBIM IPOIECC BKIIOUAET B ceOs HoOBIUy BOIOpOCIEH coO-
CTBEHHBIM MaJIOMEpHBIM (piioToM B bermoMm mope, ecrecTBeHHYI0 cymKy Ha Colo-
BEIIKUX OCTPOBAaX B HEMOCPEJICTBEHHON OJIM30CTH OT MeCTa JOOBIYM U TPAHCIIOP-
THPOBKY MOPCKHM TPAHCIIOPTOM JI0 ITepepadaThIBAIOIICTO 3aB0Ia B ApXaHTelIbCKe.
Jlanee Ha KOMOMHATE OCYHICCTBIISIETCS 0OpaOOTKa BBICYHIEHHBIX BOJIOPOCIEH,
KOTOpBIE MOCJE MPOAAIOTCS B BUJIE TOTOBOTO ChIphs 1ol OpeHaoM «SNOWSEA»,
B ACCOPTUMEHT KOTOPOTO BXOJIST IMHUIIEBBIC TOOABKHM M KOCMETHYECKas MPOIYyK-
uus [5] (puc. 3).

‘ 1. flobbiva 2. Cywka 3. Nocraeka 4. Nepepatorxa 5. Ynakoska

S e PyuHan <=2 s EcrecteeHnan == e [locTaBKa Ha == eNepepabotka ' e'VYnakoska
fAobbiMa B Cywna Ha 33804, B rOpoa sofopocned B MewkKn
Benom mope ConabeLja ApXaHTENbCK 1 rodppokopobku

ocTpoBax

Puc. 3. Npon3BoacTBEHHLIN NpoLecc ApXaHrenbCKOro BoaopocaeBsoro kombuHara [6]
YcToqrmk: ApxaHrenbckuii Booopocnesbii kombunat. URL: hitp://avk1918.ru/ru/ (nata obpawienums: 14.10.2021).

| 1. Production t Drying tshipping tl‘-‘mmsing [iPackaging
=== sManual *Natural drying

*Shipping to *Algae *Packaging in
producation in on the the factory processing bags and
the White Sea Solovetsky in the city of corrugated

eiands Arkhangelsk boxes

Figure. 3. The production process of the Arkhangelsk Algal Plant [6]
Source: Arkhangelsk Algae Processing Plant. (In Russ.) Available from: http://avk1918.ru/ru/
(accessed: 14.10.2021).
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HeobxonuMo oTMeTUTH, YTO 3a CUET KpaifHe 60ratoro MUKpo- U MakpodJe-
MEHTHOTO COCTaBa 0EJIOMOPCKHUX BOJOPOCIEH allbroOpecypchl CEBEPHBIX MOpeit 00-
Ja1a10T 0oJiee BHICOKOW OMOJI0rHYeCKOi aKTUBHOCTBIO 110 CPAaBHEHUIO C MaKpodu-
TaMu 00Jiee F0KHBIX HIHPOT.

OnHakKo AeATeNbHOCTh APXaHTeIbCKOI0 BOAOPOCIEBOr0 KOMOMHATA HATIPaB-
JIeHa JIMILb Ha UCII0JIb30BAHHUE AUKOPACTYIUX BOJOPOCIIEH, a HE Ha BbIPALIMIBAHUE
aIbropecypcoB, 1 MOKa MaccoBOE KyJIbTUBUpPOBaHHE Bogopocieil B Poccun paciie-
HUBAeTCs Kak YKOHOMHUYECKH HepeHTabeIbHOe MPOU3BOACTBO. B TO ke Bpems yxke
ceroaHs B Poccun CyIecTBYIOT OT/IE€IbHBIE IPUMEPBI YCIIEITHON peanu3aiu JaH-
HOT'O HaIlpaBJIeHUs TPUPOIONOIB30BaAHUS.

Tax, 01HO U3 caMbIX YCIEIIHbIX IPAKTUK KyJIbTUBHPOBAHUS aIbIOPECYypPCOB
B Poccun sBisiercss AeATENbHOCTh HAYYHO-IPOHM3BOJICTBEHHOTO OOBEAMHEHUS
«buoconssp MI'Y», Hauarast yueHbIMU MOCKOBCKOTO TOCYJapCTBEHHOTO YHUBED-
curera um. M.B. JlomoHocoBa nox pykosoactsoM M.S. JIsmuHa, HanpaBieHHas
Ha MIPOU3BOJICTBO OMOJIOTHYECKU aKTUBHBIX MPOIYKTOB MUTAHUS Ha OCHOBE BOJIO-
pocnu Spirulina Platensis [2].

Texymmum npoektom «buocossip MI'V» sBisieTcst 3ammyck BTOpOW O4yepenn
IIPEANPUATHS TI0 BBIPAIMBAHUIO CIMPYIHUHBI B [IoHBIpOBCKOM paiione Kypckoii
obnactu. B GacceifHax co crnenuaibHO MOArOTOBIEHHBIM MHUHEPAJIbHBIM PacTBO-
POM BOJOPOCIb CHHPYJUHA Pa3MHOXKAETCS, a 3aTeM MOJIy4YeHHas Omomacca Cy-
LIUTCS U U3MENIbYAETCS /10 MOPOILIKa, IUPOKO MPUMEHSIOIIErocs B KayecTBe Ono-
JIOTHYECKU aKTUBHOM MUIIEBOH T00aBKH.

O} PexTUBHOCTH TOJIE3HBIX CBOMCTB KYJBTUBUPYEMOU CHHPYJIUHBI Oblia
MHOT'OKPATHO MOJATBEPKACHA, B TOM UHUCIIE B XOJ€ JOBOJILHO HEOOBIYHBIX JKCIIe-
puMeHTOB. Tak, B X07ie OJJTHOTO M3 3TANOB UCCIIEOBAHUS YUaIlIUeCcs OJHON U3 KO
[TonsipoBckoro paiioHa Kypckoil o0mactv momydalid MOPOIIOK U3 CIHUPYJIHHBI
B KauecTBe /100aBKM B paMKax KOMIUIEKCHOTO oOena. Pe3ynbraTel MpoOBEIEHHOIO
UCCIIEIOBaHMs  IIOKa3ajd, YTO YCIEBAEMOCTb IIKOJbHUKOB IOBBICHIIACH
MOYTH B JIBa pas3a, y JAeTed MOBBICWIICS UMMYHHUTET, akKTHBHU3MpOBaiach padboTa
Mo3ra [2].

Eme ogaum npruMepoM yCHemnHo peaqn3yeMbIX MPOrpaMM M0 MPOMBIIIIIEH-
HOMY HCIIOJIb30BAHUIO AJIbIOPECYPCOB SBIISETCS SKOJIOIMUECKHUN cTapTar 1o Mpo-
M3BOJICTBY BO3AYIIHBIX GUIBTPOB «Veoly», OCHOBaHHBIX Ha CIOCOOHOCTH MUKPO-
Bostopocneit poga Chlorella x dorocuntesy. I'pynna mMononsix ydeHoix u3 Po-
CTOBa-Ha-/{0HYy CHpPOEKTUpPOBAJIA COBPEMEHHBIM KOMIAKTHBIM aHAJIOr KOCMHYE-
CKOT0 arnmapaTa Ku3HeoOecIeueH!s: Ha OCHOBE ajbropecypcoB. OH yiryuniaer Ka-
YeCTBO BO3/lyXa B MOMEILEHUH, IPOU3BOIS KUCIOPOJI, CHUXKAsI COJIEpKaHUE yTJe-
KHCJIOTO Ta3a B MOMeNeHNH U PuibTpys heHonsl u hopManbaeruabl He3aBUCHUMO
OT pa3Mepa ¥ THIA 3JaHus’.

[ToTpebnsiemast MOIHOCTH JAHHOW CUCTEMBbI, CKOHCTPYUPOBAHHOM POCCUIA-
CKMMH YUYEHBIMHU, — BCET'0 OKO0JIO OJHOTO KrioBaTTa. Kpome Toro, on o6opyoBan

2Cyber Grow Systems. URL: https://cybergrow.ru/oborudovanie/fotobioreaktory/biofiltr-
generator-kisloroda-veoly (mata oopamenus: 29.10.2021).
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YMHOM CHCTEMOW MOHHMTOPHMHIA BO3/lyXa, KOTOpas aHAJU3UPYET €ro COCTaB M
BKJTIOYAETCs 1Mo Mepe HeooxoaumocTu. [Ipubop mpousBogut 600 rpamMMoB Y-
CTOTO KHCJIOPOJIa B CYTKH, YTO MPUMEPHO paBHACTCSA YD PekTy poTOCHHTE3a qI0-
JKUHBI KPYTHBIX JI€PEBHEB, U MOXKET KPYTJIIOCYTOYHO 00eCcTIeunBaTh YHUCTHIM BO3-
JIyXOM OJTHOTO B3POCJIOr0 MY)KUHHY JIa’Ke B MTOJTHOCTBIO 3aKPBITOM MOMEIEHHN".
OmnucanHas pa3paboTKa MOXKET ObITh CMOHTHPOBAHA B JIIOOOM MOMEIIECHUH, YTO

JieNaeT ee MOMCTUHE YHUBEPCAIBHOM.

3akno4yeHue

besycnoBHO, poccHiickre anbropecypcehl 1Mo IpaBy MOXKHO Ha3BaTh HEO-
OIIEHeHHBIM OoraTcTBOM. HO mpuYmHBI TOT0, YTO HAIlla CTpaHa, SABIISIOMIAsICS 00-
JaaTeIbHUIICH TTOUCTUHE OECUMCIICHHBIX BOJIHBIX OMOPECYpCOB (B TOM YHCIIE
aJbrOPECYpPCOB), A0 CHUX TOP pPeabHO MPAKTHYECKH HE MCIOJIb3YET MUX MOTEH-
[MaJI, JIe)KaT HE CTOJBKO B OPraHM3aIllMOHHOHN, CKOJIBKO B 3KOHOMHYECKOU
1 COIMATBHO-KYJITYPHOH 00JIaCTsX.

OuyeBuHO, YTO 100BIYA U TIEpepadOTKa BOJIOPOCEH HE MOXKET JaTh TAaKOTO
70X0/a, KaKoH JaeT 100bIYa TOTUTMBHBIX TOJIE3HBIX HCKomaeMbix. HecMoTpst Ha To,
YTO I'PaMOTHAss MHOTOYPOBHEBas MepepaboTka BOJOPOCIIEH OKa3bIBAETCS MCKITIO-
YUTEIHHO TPOyKTUBHOM (BBIXOJ arapa, HalpuMmep, MOXKeT cocTaBisaTh 10 10-15%
OoT OMOMacCchl BOJOPOCIIEH ), MaJIO KTO U3 NTPOU3BOAUTENICH 3aMHTEPECOBAH HaYaTh
CBOI OM3HEC B TaHHOU cdepe, TaK Kak Moka B 00mecTBe He c(hOPMUPOBAH aJeK-
BaTHBIN CITPOC HA TaKYIO CHCIU(PUIECKYIO MPOAYKITUIO.

B oTHomeHun mepcrekTUB pa3BUTUSI YCTOWYUBBIX MPAKTUK AKCILUTyaTalluu
MOPCKHUX aJbropecypcoB B Poccum aBTopam BHUASTCS CIEAYIOUIME BaKHEHIINe
1Iaryd B JAHHOM HaIlpaBJICHUMU:

1. PacmmpeHne Hay4YHO-UCCIIEI0OBATEILCKUX pabOT B 00JIaCTH aJIbrOJIOTHH H
MIPAKTUYECKOTO MPUMEHEHHSI ATbIOPECYPCOB € YACIEHUEM 0COO0T0 BHUMAHUS pa3-
BUTHIO POJIM BOJOPOCIEH B ToryOoi akoHOMUKe Poccun.

2. HapanmBanue 00beMOB paliMOHAIBHOMN JOOBIYM aJIbIOPECYPCOB O€3 Bpeaa
JUTS1 OKpY>Karoliel cpe/ibl ¢ y4eTOM IMTPUMEHEHUSI MHHOBAIIMOHHBIX METO/I0B U3bSITHS
pecypca (Hampumep, Iajsiiee KOIeHne BOJOPOCIIeii, He MOBpexatoliee cyocTpar)
B COOTBETCTBUH C HAYYHO YCTAHOBIICHHBIMH 00beMaMHU JOOBIUN pecypca.

3. HapammuBanue 00BEMOB KYJbTUBHPOBAHHUS M PACIIUPEHUE BHJIOBOIO
aCCOPTHMEHTa KyJIbTUBUPYEMBIX BOJOPOCIEH Oe3 Bpea IUIsi OKPYKAIOIIeH CPeIbI.

4. AKTuUBM3alMs TPOCBETUTEILCKOM JICSITEIBHOCTH CpEId HaceJIeHUs
Poccun oTHOCUTENBHO TOJIE3HBIX CBOMCTB aJIbIrOPECYPCOB ISl CO3AaHUS aJeKBaT-
HOTO CIIPOCa Ha JaHHYIO MPOIYKIIHIO.

5. BeieneHue TENeBBIX TOCYIApPCTBEHHBIX CYOCHIUN JUISI  Pa3BUTHS
OTpacJiu.

6. MIMruieMeHTaIus OIbITa PYTUX CTPaH B 00JaCTH MPAKTUIECKOTO TIPUME-
HEHUS alIbrOPEeCypCcoOB Ha YPOBHE HAYKH U OU3HEca.

3Cyber Grow Systems. URL: https://cybergrow.ru/oborudovanie/fotobioreaktory/biofiltr-
generator-kisloroda-veoly (nata oopamenus: 29.10.2021).
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HAIIPABJIEHUSA PABOTbBI KOH®EPEHIINU

> TlonmyJIsIIIAOHHAS KOJIOTHSI M KOJIOTHS COOOIIECTB (CIMPYKmMypa u OUHAMUKA
YUCTEHHOCTNU NONYNAYULL, CYKYECCUOHHbIe NPOYecchl 8 IKOCUCmeMax, Kiuegvle (hax-
MOPbl IKOLO2UYECKOU HUWMU U008 PACTNEHUIL U JHCUBOMHDIX; NOBEOCHUECKAs IKOI02US U
OUOKOMMYHUKAYUS, BIUAHUE AHMPONO2EHHbIX (DAKMOPO8 HA COCMOAHUE IKocUcmeM; Ouo-
uHOUKAyUs)

» DKOJIOTHS MOUB ((hakmopwbl nou800OPA306aHUSL, OUHAMUKA U IBONIOYUS NOUE,
9KoNI02UHeCKUe PYHKYUU NOUE, NPOOYKMUBHOCHb NOYE, NOYBEHHbIE IKOCUCTNEMbL,; GIIUSHUE
AHMPONO2EHHBIX PAKMOPOE HA COCMOAHUE NOUE, CYKYECCUOHHBIE NPOYECCL 6 NOYBEHHBIX
axocucmemax)

> I'e03K0JI0THs 1 YCTOHYNBOE PA3BHTHE (2€09K0I02UYECKUE ACNEeKMbl NPUPOOO-
NONb308AHUSA, 2€0XUMUSL OKpYdcaloujeli cpedbl, MOHUMOPUHE COCMOAHUS OKpYdcaloujeli
cpeobl; payuoHanIbHoe UCNONIb308AHUE NPUPOOHBIX PECYPCO8, MOOENUPOBanUe U UHPOpMa-
YUOHHbIE MEXHON02UU 8 NPUPOOONONLI0BAHUL)

» TpuknagHasi IK0J0THs (9KOHOMUYECKUE U NPABOBbIE OCHOBbI PAYUOHATLHOZO
NPUPOOONONIL30BAHUSA, YNPAGIEHUE KAYEeCMEOM OKpYdcaioujell cpeovl, MexHOI0SUU 3a-
WuUmel OKpyscaiouels cpeovl; «3eiéuviey CMAanoapmvl 8 dKOHOMUKe, CMpOUmenbemae,
JKKX; snepeoappexmusnvie mamepuanst u coepezaiowjue mexHoio2uu, 60300H061sAEMAs
be3yenepoonas snepeemura, npooaemol neopenus HSE-uenedoicmenma, ynpasnenue co-
YUO-9KO020-IKOHOMUYECKUMU CUCEMaMUL)

> JKoJiormuecKkasi ¥ MPoOJ0BOJIbCTBEHHAsS] 0€30MACHOCTH W IKOJIOTHS YeJIo-
BeKa (mexuHuueckoe pezyiuposanue u dK0ao2uieckas 6e30nachocmes npooyKyuu, 8inoJi-
Henue mpeho8aHUll N0 IKOA0SUHECKOU 6e30NACHOCTU NPOOYKYUL, NPOYECCO8 ee NPOU3BO0-
cmea, Xpanenus, nepeso3Kuy, YMUIU3ayuu, KaKk cOCMagiaowas 018 NPUHAMUS peuerus o
8bINYCKe 6 0OpaweHue Ha PoiHOK, IKOA0SUYECKas MAPKUPOBKA; NPOOYKYUS C YIVUUIeH-
HBIMU 9KOJIO2UYECKUMU XaAPAKMePUCMUKaMu, APoOYKYUs OpeaHUYecKux npousgoocme;
npoobemvl a0anmayuy 4eio6eKa K U3SMEeHEeHHbIM YCI08UAM OKPYHcaiowell cpeosl, ynpasie-
HUe a0anmayuoHHbIMU CHOCOOHOCMAMY OP2AHUZMA, IKOIOSUUECKU 00YCI06IeHHble NATHO-
aocuu).

Taxkace 6 pamkax Kongepenyuu:

» Mousoae:kHasi HAy4HO-IPAKTHYecKasi KOH(epeHIUsI HA HHOCTPAHHBIX SI3bI-
Kkax «IIpo6emMbl H3yueHNs U OXpaHbl OKpY:Kawouleii cpeabl —2023» 21 anpes 2023 r.
(International Youth Scientific Conference on Environmental Studies and Protection
Issues — 2023, April 21, 2023).

» KoHkypc Hay4YHO-HCC/I€0BATEILCKHX PadoT CTYAeHTOB (TOJbKO IS
YCTHBIX JIOKJIA0B).

» JKoJjiormyeckasi KoHpepeHus MWKOJbHUKOB 22 anpesst 2023 r.

» JKCKypcHus MO 3KO0JOrMYecKoil Tpome My3esi-3anoBeqHuka Koaomenckoe,
22 anpeas 2023 r.

NYBJIUKALIUSA MATEPUAJIOB KOH®EPEHIIUN
CO0opHHMK HAYYHBIX TPYAOB KOH(EPEHIIHN — MaTEePUaIbl IOKIAIOB B BUIC KOPOT-
KHX coo0meHuil (cratbn oObeMoM 4-5 THIC. 3HAKOB); COOpPHHK WHAEKcHpyercs B B/

«PUHL» mocTaTeitHo; Tociie mpoBeaeHUsT KOHGEPSHIINH pa3MenacTcs Ha caifTe KoHde-
PEHIUHA B 3JICKTPOHHOM BHU/JIC.
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IIporpaMMHBIil KOMUTET KOH(QEPEHIIUN MOXKET PEKOMEHA0BAaTh CTaThH 110 MaTepua-
JIaM JIOKJIaJIoB K MyOnukanuy B xypHaiie «BectHuk Poccuiickoro yHuBepcurera ApyKObI
Hapoa0B. Cepusi: DKOJIOTHUS U OE30MACHOCTD KHU3HEIEATSIIEHOCTIY.

B cBs3u ¢ 3amepkkoil M3maHMs CIELUalIbHOTO BBIMycKa kypHana Geography,
Environment, Sustainability mo matepuanam koudepennuu 2022 1., pemieHne o my0oauka-
UM CHENUANBHBIX BEITYCKOB B 2023 T. OyeT NPUHATO MO3KE U 03BYYEHO BO 2-M HHPOP-
MAaIMOHHOM ITHCBHME.

YCJIIOBUSA YYACTUA U JATDBI

Perucrpaums: 1o 15 mapra 2023 r.

[Ipenocrapnenue daiina ¢ perucTpanoHHoi (GopMoii Ha aipec OPrTKOMHUTETA KOH-
(depeHnuu.

IIpenocraBaenne TekcToB craTei: 10 20 mapta 2023 1.

TpebOoBaHUS K coAepKaHUIO U 0(OPMIICHHIO CTaTeH B I1a0I0He CTaThH ((aiin).

IoaTBepkneHNe NPUHATHS [OKJAJ0B K YYacTHI0 OT OPrKOMMTETa:
1o 10 anpens 2023 r.

Omiara opranu3alMOHHOT0 B3Hoca: a0 15 anpesns 2023 r.

Ormutata IpOM3BOANUTCS TOIBKO TIOCIIE MOYYEHUSI OT OPTKOMHUTETA MTOATBEPKICHHS
Y PEKBU3UTOB JUIA oruiaThl. Ilociae omiaTel Ha afgpec OprkoMHUTETa HEOOXOIUMO MIPHUCIATh
MONTBEPKIACHUE — CKAaH-KOMHIO, WIH (DOTO KBUTAHIMH, WJIM CKPHHIIOT CTPAHHIIBI MPHU
OIUIaTE OHJIAKH.

st yaacTus B kauecTBe caymaTenas Heooxoaumo a0 15 anpeas 2023 r. nmpucnath
3asBKY, yKa3aB ()OpMY YUaCTHUS «CITyIIATEIbY.

OPTAHU3AIIMOHHBIN B3HOC

OmmaunBaercs 1 pas mig 1 fgokiama, HE3aBHCHMO OT YHCIA COABTOPOB.
BkuiiouaeT: pacxobl 110 OpTaHU3aIliy yuacTus B KoHhepeHIn, Kode-0peitku, mybmuka-
IIUI0 B COOPHUKE, «IANKy Y4acTHUKa». He BKIIOUAET NeUaTHBIN YK3eMIUISP COOpPHUKA.

e VYwyactue ¢ nokaagom — 1500 p.

e CrymeHTaM W COTPYIHHUKAM COOPTaHU3aTOPOB KOH(EPEHITUH TPEIOCTABISICTCS
ckujka Ha 6a3oBbiid opre3Hoc 20 %.

e VYwyacTue B CTyICHYCCKON KOH(EPEHIINH HA MHOCTPAHHBIX SI3bIKaX — OECILIATHO.

e VYwyacTue B 9KOJIOTHYECKOW KOH(EPEHITNH MIKOJIEHUKOB — OECIIaTHO.

C mro0BIMH BOTIPOCAMU U TIPEIJIOKEHUSMH IPOCUM TTHCATh Ha aipec OPTKOMHUTETA:
ecoconfrudn@gmail.com
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3AS5IBKA HA YUACTHE

B XXIV MEXJIYHAPOIHOM HAYYHO-ITPAKTUYECKOM KOH®EPEHIIUN
«AKTYAJIBHBIE ITPOBJIEMbI 5KOJIOT'MU U TTIPUPOAOIIOJIB30OBAHUS»
20-22 ampenst 2023 r.

Ipunooicenue

damunus, UMs, OTIECTBO

Wwmst, hamunust Ha aHTIHACKOM
SI3BIKE

Y4eHas cTeneHb, yUCeHOE 3BaHHE

JomxHOCTB
(01151 cmyOenmos — yposeHb 06yue-
HUsL U KYPC, 0151 ACRUPAHMO8 — 200)

Hazpanne OpraHu3anuu 1nojgHoe

Crpana / pernoH, Topos

Tenedon / e-mail (0bs3amenvro)

HasBanue noxnana

dopmar noxiana Y CTHBIN, OYHO

(6b10e1umsb HyJICHOE) |:|

VYcrTHBIH,

MCTAaHIIMOHHO I:I

IlocTepHblii

[ ]

CoaBTopsl (eciu ecmb — nPOCLOA 3ANOTHUMB HA KAHCOO20 COABMOPa)

damvunus, UM, 0OTIECTBO

Vyenas CTEICHb, YY€HOC 3BaHNEC

JIOIDKHOCTH
(01122 cmyOenmog yposeHsb 00yuenus u Kypc,
07151 ACNUPAHmMo8 — 200)

Hazpanue OpraHu3anuu 1mojJHoe

e-mail (neobsizamenvro)

Ctpana / peruoH, ropo

damunus, uMs, 0OTYECTBO

VY4eHasl cTeneHb, Y4eHOe 3BaHue

JIOIKHOCTR
(01151 cmyOenmos yposens 0byuenus u Kypc,
0JIsL ACNUPAnmos — 200)

HazBanue OpraHm3anuu 1nojJHoe

e-mail (heobsizamenvro)

Crpana / perioH, ropoj

Ipeanonaraemas cekums (ommemums HyIHcHOeE)

HOHyJ’IHL[I/IOHHaSI OKOJIOI'HA U 3KOJIOTUA COO6H.[€CTB

DKOJIOTrHs ITI0YB |:|

I'eoskosiorus u IpUpOA0IOJIb30BAHNUC |:|

[IpuknanHas sxKonorust

DKoJIoTHYecKas U IIPOAOBOJILCTBECHHAA 0€30IaCHOCTb U SKOJIOTHS YeI0OBEKa |:|

CTyZ[CH‘IeCKaﬂ KOH(I)GPGHLII/IFI Ha MHOCTPAHHBIX SI3bIKaX I:I
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Hay4HbIil pyKOBOAMTEb (012 CHYO0EeHMO08, eCil He AGIAEHCA COAGHOPOM)
damMunus, uMs, OTIESCTBO
YdeHas cTeneHb, yUCHOE 3BaHHE
JIOmKHOCTD
Ha3Banue opranuzanyu nojHoe
e-mail
CrpaHna / pernoH, ropos

HacTrosmum noaTreepkaaro, 4TO UCKIIIOUUTEIbHBIE IIpaBa HA WCIIOJIB30BAaHUE HANPABISIEMON Ul
yuaactusi B KorepeHnnu craTey MpruHauIeXaT MHE U A0 COTJIACHE Ha pa3MEIICHHUE e¢ B COOpHHKE
TPY/IOB yYaCTHUKOB KOH(EPEHIIHH.
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Poccuiickuin yHuBepcuTeT Apyx0bl Hapoaos
WHcTuTyT 3konorum

SKOJNOIMMYECKAA KOH®EPEHLIUA WUKOJIbHUKOB
B paMKax eXerogHom MexayHapoaHOM Hay4yHO-NpaKTU4ecKomn
KoHdepeHuUn
«AKTYAIbHbIE MPOBJNEMbI 3KOJTOI'MKA
M NPUPOOONOJIb3OBAHUA»
MockBa, 22 anpens 2023 roaa

NHOOPMAIIMOHHOE ININCBMO

YBakaeMble KoJu1eru!

WucturyT s3xonoruun PY JIH npurnamaet npuHATh yyacTre B paboTe IKOJIOTHIECKOM
KOH(EPEHLUH MIKOJIbHUKOB B paMKaX €XeroJHOH HayYHO-TPAKTUYEeCKOW KOH(EepeHIH,
KoTopas npoxoaut ¢ 1999 r.

@dopmar: ycTHBIE CECCHH — OYHO / JUCTAHIIMOHHO, TIOCTEPHAs CeCCUs — AUCTaHIIHU-
OHHO Ha caiiTe KOH(epeHIHH.

S3bIK KOH(pEpeHINA: PYCCKUN, aHTITHHCKHAN.

KOHTAKTBI

Mecmo npoeedenus: VHcTuTyT SKonornn Poccuiickoro yHHBepcuTeTa ApYKOBI
Hapo10B: Mocksa, [lomonbckoe mocce, 1. 8, K. 5

Caiim kongpepenyuu: https://ecoconfrudn.wixsite.com/2017

Dnekmponublii aopec opzkomumema Koughepenyuu: ecoconfrudn@gmail.com

Konmaxmmnoe nuyo: Jenamena Tatessna HukonaeBHa,

menegon: +7 (926) 036 24 84

HAIIPABJIEHUSA PABOTHI KOH®EPEHIINU

> MonyasiuoHHAs IKOJOTHS U IKOJOTHS CO00IIeCTB

» DKoJIOTHS M0YB

» TeodkoJiorus M yCTOYMBOE pa3BUTHE

> IlpukjaagHas 3K0JIOTHsI

» JKoJIOTHYecKasi  NMPOAOBOJbCTBEHHAs] (0€30MACHOCTh M JKOJIOTHS Yeso-
BeKa

» JKoJioruveckoe BOCIIMTAHME W 00pa3oBaHUe B LeJSAX YCTOHYNBOr0 pa3Bu-
THSI.

B pamkax kongepenyuu nposooamca:

— KOHKYPC HAYYHO-UCCIe008aMeNbCKUX PAOOM WIKONbHUKOE — MOJIbKO 0713 YCH-
HBIX 00K1A006 ¢ 0000peHHOIl K nydauKauyuu cmamoelii;

— KOHKYpC 00KN1a008 — 07151 6CeX YCHMHBIX 00K1A006 HEe3a6UCUMO Om NYyOIUKAYUU.

Bce yuacmnuxku nonyuarom cepmugpukamsl y4acmHuKa, HAy4uHble PYKOBOOU-
menu — 6azooapuocmu.

Takke B paMKax KOH(pepeHIIHN 3aNJaHHPOBAHA IKCKYPCHS M0 IKOJOTHIECKOM
Tpone Mys3esi-3anoBegHuka KosaomeHnckoe, 22 anpenst 2023 r., no 3aBepuIHEHUH
padoThI ceKuMid.
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HNYBJIUKALIUA MATEPUAJIOB KOH®EPEHIIUN

Marepuanbl JOKIaIoB B BUAE KOPOTKHUX COOOINEHHI, BBHITIOJHEHHBIE B COOTBET-
CTBHH C TPEOOBAaHUSIMHU K CTAThsIM, Ty OIMKYIOTCS B COOpPHUKE HAYYHBIX TPYIOB KOH(pEpPEeH-
nu. [locne npoBenenns KOHGEpEHIMH COOPHHUK Pa3MENIacTCsl Ha caiTe KOHPEPECHIINH B
3JIEKTPOHHOM BHJIE (B paznene «VIcTopus 1 apXyB») U MOAAETCs Ha MOCTaTeHHYI0 MHIEK-
carmto B PUHL]. Bo3aMoskHO Takske ydacTre ¢ JOKIaaoM 0e3 myOInKaIuH.

YCJIIOBUSA YYACTUA U JATDBI

Perucrpamus: mo 20 mapra 2023 1. — mpenocraBiieHre (aiiia ¢ perucTpanuoOHHON
dhopmoii (dhopma B KOHIE HHGOPMAIIMOHHOTO MTUCHhMA) Ha aJpec OprKoMUTeTa KoH(pepeH-
1Y,

IIpenocraBaenne TexkcToB crartei: 10 30 mapta 2023 1.

[onTBepkaeHne NPHHATHS [JOKJIAJOB K YYACTHK) OT OPrKOMHTETA:
1o 10 anpens 2023 r.

IIpenocraBienne MOCTEPOB AJIs MOCTEPHBIX AOKJIAA0B: 10 15 anpens 2023 r.

Opzanuzayuonnulil 63HOC 0131 WIKOIbHUKOG He NPedyCMOmpPen npu atoooil gpopme
yuacmus.

TPEBOBAHUS K MATEPUAJIAM JIOKJIA1IOB

Jiis myOnukanuu B COOpHUKE TPYJOB KOH(EPEHIMH TPEAOCTABJISICTCS CTaThs
00BbeMoM 4-5 ThIc. 3HaKOB (5 cTpanull popmara AS) Ha PyCCKOM HIIH aHTJIMHCKOM SI3BIKaX,
00s13aTeJIFHO ¢ aHHOTAIMEH Ha PYCCKOM M aHTJIMHCKOM s3bIKke. JIJis cTaTeil MIKOJIBHUKOB
00s3aTenpHO yKazaHue HaydHoro pykoBoautend. [lonpo6Ho TpeboBanus Kk opopmIiIeHHIO
NpeACTaBIeHbl B Ia0J0HE, KOTOPBI PEKOMEHAYeTCsl MCIOJIB30BaTh Uil O(GOPMIICHHS
CTaThH.

Cratbs 10o/KHA OBITH HAIFICAHA B HAYYHOM CTHJIC, UMETh BBICOKHI YPOBEHb OPHUTH-
HAJILHOCTH TEKCTA, TIPEICTABISTH HOBBIE PE3yIbTaThl COOCTBEHHBIX HCCIIEIOBAHNH aBTOPa
(aBTopoB). CTpyKTypa CTaThH JOJKHA COOTBETCTBOBATh OOLICTIPUHATON (IIOCTaHOBKA 3a-
Jlauu, aKTyallbHOCTh, COCTOSIHUE M3YYCHHOCTH, MaTepUaIlbl 1 METO/BI UCCIIEIOBAHUS, pe-
3yJBTaThl HCCIEIOBAHUS H X 00CYKICHUE; BBIBOAKI). [loapa3aensl B cTaThe HE BBLACIS-
IOTCSL.

Cratps JOJDKHA OBITH HAITCaHa C COOITIOICHHEM MEKITyHAapOIHBIX HOPM ITyOJIHKa-
IMUOHHON 3THKH, B TOM YHUCIIC B OTHOIICHUM IIUTHPOBAHUS: BCE MPHUBEICHHBIC B CTaThe
(axTBl UM CY>KACHUS OJDKHBI PUHAIEKATh aBTOpaM JIM00 MMETh CCHIIKY Ha IEePBOMC-
TOYHUK, yKa3aHHBIA B CIIMCKE JIUTEPATyPBI; IPSIMOE HIIM HENPSIMOE ITUTHPOBaHHE Oe3 yKa-
3aHUS UCTOYHUKA HE JoIycKaeTcs. VICTOUHUKaMK MOTYT CITy>KUTh Hay4HAasl, CIIPABOYHAS U
y4eOHasi TUTepaTypa, CTaThH, B TOM YHcie omyOnnKoBaHHbIe B ceTn MHTepHeT, nHpopMa-
LUOHHBIE CATHI.

Jlnst noknaga 6e3 myOIMKaIK MPEIOCTaBISIOTCS. MaTepHaIbl B CBOOOIHOM (opme
(aHHOTAIMS, TE3UCHI JOKIAAA, MPOSKT | T.I.) Eciy yuacTHUK 3asBUII IOCTEPHBIN TOKIA,
MPEIOCTABISIETCS TAKXKE MOCTEP, BHITOTHEHHBIN B COOTBETCTBHH C IA0JI0HOM (OyIeT BbI-
CIJIaH aBTOPY IPH PETHCTPALUK OCTEPHOTO TOKIIa/a).
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®OPMA 3A5IBKH

3AS5IBKA HA YUACTHE
B DKOJIOTMYECKOM KOH®EPEHIMM IIIKOJIBHUKOB B PAMKAX
XXIV MEXJIYHAPOJIHOM HAYYHO-TTPAKTUYECKO KOH®EPEHIIMU
«AKTYAJIBHBIE ITPOBJIEMbI 5KOJIOT'MU U TTIPUPOAOIIOJIB30OBAHUS»
22 anpens 2023 1.

damuust, UM, OTYECTBO
Wwmst, pamunms Ha aHTIIHACKOM
SI3BIKE
Bospacr, knacc
HasBanue opranusanuu NojxHOe
Crpana / pernoH, Topos
Temedon / e-mail
(obs3amenvho)
HasBanue nokinanga
®opma yyacTus VCTHbl foKa I:I IMocTepHBIii KOKIa I:I
(ommemumo HyIHCHOE)

CoaBTopsl (eciu ecmb — nPOCLOA 3aNOJIHUMY HA KAIHCO020 COABMOPA)
damMuinsi, UMsl, OTYECTBO
Wwmst, paMunmst Ha aHTIIMHCKOM
1 | sa3bIke
Bospacr, kiace
Has3Banue opranuzauuu 0ojgHoe
damvunus, UM, 0OTYECTBO
Wwms, paMunms Ha aHTIIHIICKOM
2 | fA3bIKe
Bospacr, kiace
Ha3Banue opranuzauuu nojaHoe

HayuHbIi pyKOBOAMTE/Ib

damMuIHs, UMs1, OTYECTBO
YdeHasi CTENeHb, YUCHOE 3BAaHHE
JomkHOCTB

HazBaHue opraHu3anuy mojHoe
CrpaHa / pernoH, ropoJ

Hacrosmum moaTBep)xato, 9TO MCKIIOUUTENbHBIC TPaBa Ha MCIIOJIB30BAHNE HANPABISIEMON IS
yuactusi B KonepeHnnu craTey pruHauIeXaT MHE U A0 COTJIACHE Ha pa3MEIICHHUE e¢ B COOpHHKE
TPY/OB yYaCTHUKOB KOH(EPEHIHH.
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®r'AOY BO «POCCUMCKANA YHUBEPCUTET JPYKBbI HAPOJIOB» (PY/TH)

PYITH

UHCTUTVYT
JKOJIOrnn

HUHCTUTYT 3KOJOI'nn
115093, Mockga, [Togonbckoe mocce, 8 K. 5

Movioe:xkHasi HAYYHO-TIPAKTHYECKAsI KOH(pepeHIus
C MCKAYHAPOAHBIM YYACTHEM
«ESPI-2023»
Mpo6GnemMbl N3y4eHUs U oxpaHbl OKpyXxaroLien cpeabl
r. Mocksa, 21 anpeas 2023 roga

NHO®OPMALIMOHHOE ITMCBMO

YBaxkaemble KoJjieru!

[Ipurmamaem Bac MPHWHATH ydyacTHe B padOTe HAYUHO-TIPAKTHYECKOW KOH(EpeH-
MM Ha WHOCTPAaHHBIX s3bIKaX, KoTopas coctoutcs 21 ampens 2023 r. B UHCTHTYTE
skosiorun PYIH.

K yuactuio B KOH(epeHIMH NPUTIAMAIOTCS yYEHBIE, CHEIUAINCTHI, ACTTHPAHTHI
Y CTYJCHTEI.

Paboune s3bIkn KOH(pepeHIMN: aHTIUNHCKUH, HEMELKUA, (paHIly3CKUil, HCIIaH-
CKHM, KHTAalCKUH

Cexnuu KoHpepeHInu

» TonyasiuoHHAsI IKOJOTHS U IKOJIOTHSsI COODIIECTB (CIMpYKmypa u OUHAMUKA
YUCTEHHOCIU RONYJAYUL, CYKYECCUOHHbIe NPOYEecchl 6 IKOCUCMEMAX, Kiouesble (DaK-
MOPbL IKOLO2UYECKOU HUMU GUOOB PACTNEHUL U JHCUBOMHBIX;, NOBEOCHYECKAs IKOIO02UsL U
OUOKOMMYHUKAYUSL, GTUSHUE AHMPONOLEHHBIX (DAKMOPO8 HA COCMOSIHUE IKOCUCTEM, OUO-
UHOUKAYUS)

» DKOJIOrHsl MOYB ((haxmopvl nou00OPA306aHUsL, OUHAMUKA U I80JIOYUSL NOYE;
9KONI02UYeCKUe PYHKYUL NOYE, NPOOYKIMUBHOCHb NOYE, NOYBEHHble IKOCUCTIEMbL,; GIIUSHUE
AHMPONOSEHHBIX (PAKMOPOB HA COCMOAHUE NOUE, CYKYECCUOHHBLE NPOYECCHL 8 NOUBEHHBIX
IKOCUCEMAX)

» T'e03K0JI0THSI M YCTOHYMBOE PA3BUTHE (2€09K0N02UUECKUE ACNEKMbL NPUPOAO-
NONL30BAHUS, 2e0XUMUSL OKPYACAIouel cpedbl, MOHUMOPUHS COCMOSHUSL OKpYJicarwel
cpeovl, PAYUOHATILHOE UCHOIb308AHUE RPUPOOHBIX PECYPCO8, MOOETUPOSAtUe U UHPOPMA-
YUOHHbIE MEXHONL02UU 8 NPUPOOONOIb308AHUL)

> IMpukaagHas IKOJOrus (IKOHOMUUECKUE U NPABOGble OCHOBbL PAYUOHATLHOO
NPUPOOONONBL30BAHUS, YNPAGIEHIUE KAYeCMBOM OKpYcaiouell cpedbl, MexHOI0UU 3d-
WuUmMsl OKpystcaroujeli cpeovl, 3e/iéHble CMaHOapmol 8 IKOHOMUKe, cmpoumenbcmee, KKX;
9HepeoahpexmusHble Mmamepuanvl U coepezarowue MEXHOIOUU; B0300HOBNAEMAsL
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Oe3yenepoonas suepeemuxa, npobdnemvl eneopenus HSE-menedocmenma; ynpasenenue
COYUO-IKON020-IKOHOMUYECKUMU CUCMEMAMU)

» JKojoruveckas ¥ MPOJOBOJILCTBEHHAsI 0€30MaCHOCTh M JKOJIOTHs 4esio-
BeKa (MmexnHuuecKoe pecyiuposanue u 3K0J102U4eckas 6e30nachocms npooyKyuu, Guinoi-
HeHue mpebo8aHuUll N0 IKOA0SUUECKOU 6e30NACHOCTHU NPOOYKYUU, NPOYECCO8 ee NPOU3B00-
cmea, Xpanenus, nepegosKu, YMuIu3ayuu Kax COCmasisiowas 01s NPUHAMUsS PeUeHus o
8bINYCKe 68 0OpaujeHue Ha PLIHOK, IKOJIO02UHeCKas MapKUposKa, NpOOYKYyus C YiyduieH-
HbIMU IKOI02UYECKUMU XAPAKINEPUCTIUKAMY, NPOOVKYUS OP2AHUYECKUX NPOUIBOOCE;
npoobnemsvl a0anmayuy 4ei06eKa K U3MeHEeHHbIM YCI08UAM OKPYAHcaiowell cpeobl, ynpasie-
HUe a0anmayuoHHbIMU CHOCOOHOCMAMY OP2AHUZMA, IKOTOSUUECKU 00YCI06IeHHble NAO-
ao2u).

» JKoJIoru4ecKkoe BOCIIMTAHME W 00pa30BaHUe B LeJSAX YCTOHYNBOr0 pa3Bu-
THA

INPOI'PAMMA KOH®EPEHIIUM Oyner pazMenieHa Ha CTPaHULe KOH(pepeHuu:
http://greenconfrudn.ru/

COOpHUK HAYYHBIX TPY/AOB KOH(epeHIIUN NHIEKCUPYETCH MOCTATEHHO
B b/l «PUHII»

K nmy6mukannu B COOpHHKE IPUHUMAIOTCSI MaTepHaibl 00beMoM 4-5 c., odopmIiieH-
HBIE B COOTBETCTBHHU C TpeOoBaHWsAMHU (cM. HMke). B COopHHKe OymyT omyOIMKOBaHBI
BCE CTaThH, pekoMeHoBanHble OprromMuTeroM KoHdepeHuu.

Bce yuyactauku Kondepenuun nomyuator umenHsle CepTuuKaTsl y4acTHUKA.

MNPEJOCTABJIIEHUE MATEPHUAJIOB

s yyactust HEOOXOMMO

— 10 19.03.2023 3aperucTpUpPoOBaAThLCH Ha caiite  KoH(pepeHIUH
http://greenconfrudn.ru/

— 110 01.04.2023 BbIcIATH TEKCT CTATHH Ha ajpec greenconf@bk.ru

OPI'AHM3ALIMOHHBIN B3HOC:
Jst yaactaukoB KoHbepeHITN cTaThsi HA HTHOCTPAHHOM SI3BIKE ITyOIHKyeTcst Oec-
IIJIATHO.

ITo moBomy odopmiteHHsT NMPUTTANICHAA W IPYTHX OPTraHU3aIMOHHBIX BOIPOCOB
oOparatecs: greenconf@bk.ru

TpeOoBaHus K NpeICTABIEHUIO MATEPHAJIOB JIJIsl My0JIUKAIUU

I Tpebosanus x codepacanuio

Martepuar, npeaCTaBICHHBIN s Iy OIUKAIIUH, TOJDKEH:

— COOTBETCTBOBATh TEMAaTHKe KOH(MEPEHITUH,
— J1aBaTh NIPEACTABIECHUE O JIMYHOM BKJIaJI€ aBTOPOB,
— OBITh HalKCaH B HAYYHOM CTHJIC;

— CTPYKTypa CTaTbH OOJI’KHA COOTBETCTBOBATH IIpUIaraCMoMy H_Ia6J'IOHy.
Hpe[[OCTaBHeHHLIC MaTCpuajbl IPOBEPAIOTCA HA YHUKAJIBHOCTD TEKCTA.
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Il Tpebosanus x opopmnenuio

1. O6BéM craTeu 4-5 CTpaHHWI; OpWEHTAIMs KHIDKHAs; abzai: oTcTym 1 cw;
MEXXAYCTPOUHBIH HHTEPBaAN ONMHAPHBIH; penakTop Microsoft Office Word; mpudt Times
New Roman. Homepa crpanuil He CTaBUTh, KOJOHTUTYJIBI HE HCIIOIb30BAaTh.

oas:

BepxHee — 6,1 cM, HmxHee — 6,5 cM, npaBoe — 4,9 cMm, neBoe — 4,9 cm. Iloms
COOTBETCTBYIOT popmary AS, urto siBisiercs: TpeboBarneM Tumnorpadun PY J[H;

pa3mep:

(dbamMmiIMs ¥ HHULKAIBL aBTOPOB — 11, MOMYXUPHBIHA, KypCUB; Ha3BaHHE JOKJIaa —
11, mponucHOM, MOy >KUPHBIH;

MIOJTHOE Ha3BaHKeE opranuzanuii — 10, Kypcus;

AHHOTAIIMSI HA PYCCKOM U aHTJIMHCKOM s13bikax — 10, OObIYHBINA; OCHOBHOW TEKCT W
CIHCOK JUTepaTypsl — 11, 0OBIYHBIH;

BbIpABHUBaHHe:

aBTOpPHI, Ha3BaHWE JIOKJIaa, Ha3BaHWE OPTaHU3aINH, CJIOBO JIHTEpaTypa (KypcH-
BOM), aHHOTAIIUH — 110 LIEHTPY;

OCHOBHOH TEKCT JIOKJIa/la ¥ CIIMCOK JIMTEPATypPhl — I10 LIMPHHE.

2. ®opMyJIbl TOIDKHBI OBITh BKIFOYECHBI B TEKCT JOKJIAJa C TIOMOIIBI0 BCTPOSHHOTO
B WORD penakropa popmyir.

3. Pucynku, pororpaduu 1 TabIUIIEI TOIDKHBI OBITH BCTABJICHBI B TEKCT, TPOHYME-
POBaHBI U UMETh Ha3BaHMUS.

4. Marepua’bl, peICTaBICHHBIC TS Ty OIHKAIMH, TOJKHBI OBITh HA HHOCTPAHHBIX
S3bIKax (MaTepualibl Ha PYCCKOM S3bIKE HE IyOJIHKYIOTCS).

5. Chucok nuTepaTypsl TODKEH ObITh O(OPMIICH B COOTBETCTBUH C MEKIyHAPOJI-
HBIMH  TpeOOBaHMAMH, MoApoOHas uWHpOpManMs Ha  caidTe  KOH(EPEHLUH:
www.green-conference.com

6. OdopmiieHre CTaThy JODKHO TOJHOCTBIO COOTBETCTBOBATH IMPHIAraeMOMY
mabJIoHy.
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Peoples’ Friendship University of Russia (RUDN University)

i},} RUDN _
university

INSTITUTE
OF ENVIRONMENTAL
ENGINEERING

Institute of Environmental Engineering
8/5 Podolskoye shosse, Moscow, 115093

International Youth Scientific Conference
«ESPI-2023»
Environmental Studies and Protection Issues
Moscow, 21 April 2023

Conference Call

Dear colleagues,
We are pleased to invite you to take part in annual conference, which will take place
at the Institute of Environmental Engineering, RUDN University on 21 April, 2023.
Scientists, specialists in the area of ecology, environmental management,
engineering, safety and emerging situations, students, Ph.D. students and postdoc
researchers.

Conference languages: English, German, French, Spanish, Chinese
CONFERENCE WORKSHOPS:

1. Population and community ecology (structure and dynamics of populations;
succession processes in ecosystems; key factors of the ecological niche of plant and animal
species; behavioral ecology and biocommunication; the impact of anthropogenic factors on
the state of ecosystems; bioindication)

2. Ecology of soils (factors of soil formation, dynamics and evolution of soils;
ecological functions of soils; soil productivity; soil ecosystems; the impact of
anthropogenic factors on the state of soils; succession processes in soil ecosystems)

3. Geoecology and sustainable development (geoecological aspects of nature
management; environmental geochemistry; environmental monitoring; rational use of
natural resources; modeling and information technologies in nature management)

4. Applied ecology (economic and legal foundations of rational nature management;
environmental quality management; environmental protection technologies; green
standards in the economy, construction, housing and communal services; energy-efficient
materials and saving technologies; renewable carbon-free energy; problems of
implementing HSE management; management of socio-ecological-economic systems)

5. Ecological and food security, human ecology (technical regulation and
environmental safety of products; compliance with the requirements for environmental
safety of products, processes of their production, storage, transportation, disposal, as a
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component for making a decision on the release into market circulation; environmental
labeling; products with improved ecological characteristics; products of organic
production; problems of human adaptation to changed environmental conditions,
management of the human adaptive abilities, environmentally induced pathologies).

6. Environmental and sustainable development education

CONFERENCE PROGRAMME will be available at the conference WEBSITE:

http://greenconfrudn.ru/

The Collection of conference scientific papers will be deposited in «<RINC»
(Russian index of scientific citation)

All the participants of the conference will get the Certificates of participation.

SUBMISSION AND DEADLINES

To submit a paper the participants need to:

— register on the conference website http://greenconfrudn.ru/;

— format a manuscript in the template provided http://greenconfrudn.ru/manuscript;
— e-mail a paper to the conference committee: greenconf@bk.ru.

Deadlines:

19.03.2023 — registration of conference participants;

01.04.2023 — full paper submission.

For any inquiries please e-mail the organizing committee: greenconf@bk.ru

Guidelines

Please format your manuscript in the template provided on a conference site:

http://greenconfrudn.ru/manuscript

MANUSCRIPT SUBMISSION

1. Content requirements

The manuscript has to comply with the following:
conference agenda;

— authors’ individual contribution;

academic register;

— conference template (attached on the website).
All manuscripts will be checked for plagiarism.

2. Formatting requirements

Publication materials — 3 600—5 400 printed characters.
Portrait orientation; paragraph indentation of 1 cm; Single line spacing; Editor —

Microsoft Office Word; Font — Times New Roman.

Page numbers are not set, the headers and footers are not used.
Publication materials should contain the abstract and keywords.
Margins: top — 6.1 cm, bottom — 6.5 c¢m, right — 4,9 cm, left — 4.9 cm.
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The author’ surname and initials — 11 bold, italic;

The report title — 11, uppercase, bold;

Academic degree, academic rank — 10, italic;

Full name of organization — 10, italic;

Contact details (telephone, e-mail) — 10, uppercase, bold;

Abstract — 10, normal; 200 printed characters; if the article is not written in English,
the abstract is written in two languages: English and the language of the article;

Keywords — 10, normal;

The main text and references — 11, normal;

Alignment:

author, title, degree, organization name, contact details, the word References
(in italics), abstract — in the middle.

The main text of the report and a list of references — in width.

1. The formulas should be included in the text of the report with the built-in formula
editor MICROSOFT WORD.

2. Figures, photos and tables should be inserted in the text and have titles.

3. Manuscripts in Russian will not be published, languages of the conference only.

4. Reference list should be formatted in line with international standards, more
information on the conference website: http://greenconfrudn.ru/manuscript

5. The paper should be formatted in line with the template attached.
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PY/IH — HauuoHAILHBbIH KOOPAUHATOP
B Ul GreenMetric World University Ranking: HekoTopbie utoru 2022 r.

RUDN as a National Coordinator in UI GreenMetric World University
Ranking: some results of 2022

[IpencraBnensl OCHOBHBIE pe3yibTaThl AearenbHocTH PYJIH kak HalmOHAIBHOTO
KoopauHaTopa mo Poccun B riiobansHoM naptHepcTBe yHIBepcuTeToB Ul GreenMetric.

The main results of the activity of the RUDN as the national coordinator for Russia
in the global partnership of Ul GreenMetric universities are presented.

Hauwunas ¢ 2017 r. Poccuiickuii yHUBEPCUTET IPY>KOBI HAPOJOB SIBISETCS HAIHO-
HaJIBHBIM KOOPJMHATOPOM B poccUiickoM napTtHepcTBe yHuBepcuteToB Ul GreenMetric.
006 >ddexTrBHOCTH 3TOH pabOTH M BHUMaHUH K Hel B PYJIH rosoput TOT (hakt, 4T0 B
2020 r. Hamm By3 MOJIyYrUT IpU3HAHUE KaK Hanbosee aKTHBHBIA HAITMOHATBHEIN KOOPIUHA-
TOp CpeN MHOXKECTBA YHHBEPCUTETOB BO BCEX PETHOHAX MHUpa.

B 2022 r. cpenu ocHOBHBIX HarpaBiieHui nesrenbHoctd PY JIH kak HarmoHanbHOTO
KOOpAMHATOPA TPEACTAaBICHBI:

— MOJTOTOBKA U MPOBEACHUE 00Pa30BaTENbHBIX, TPOCBETUTEIBCKUX MEPOTIPHATHIHA
JUTSL BCEX 3aMHTEPECOBAHHBIX B BOIIPOCAX YCTOHYMBOTO Pa3BUTHUS, COXPAaHEHHs OMOpa3HO-
00pa3usi, SKOJIOTHYECKOH 0e301MacHOCTH B Pa3IMYHBIX cepax;

— IMPOBENICHNE HAYYHO-TEXHUIECKUX MEPOIPHUATHI pa3IndyHOTO YPOBHS (MEXTyHAa-
pOJIHBIC, HAIIMOHAIBHEIC, PETHOHAIIbHBIC, yHUBEPCUTETCKUE) IO OCHOBHEIM HAIPABJICHUSM
Hay4YHO-TEXHUYECKOTO Pa3BUTHUS U IPUOPUTETHON TEMATHKE MEKIyHAPOAHOIO COTPY IHU-
YecTBa B 00JJ1aCTH YCTOMYUBOCTH;

— MPOABIKEHHE poccuiickux yHuBepcuTeToB B peiituare Ul GreenMetric;

— Hay4YHbIe UCCIEAOBAHUS U MPAKTUKO-OPUEHTUPOBAHHBIEC IPOCKTHI;

— coBepieHcTBOBaHUE padboTer PY/IH 1o BceM BeAyIUM OIIEHOYHBIM KaTETOPHSIM,
npeacraBieHHbM B Ul GreenMetric: nHpacTpyKTypa, SJHEpreTuKa U KIMMar, BOJONOb-
30BaHUe, TPAHCIIOPT, YIPaBICHUE OTXOJaMH HayKa 1 00pa3oBaHHe.

Baxwneitmme pesynsratel padotel PYIH B 2021-2022 rr. ObITH TIPEACTaBICHB Ha
€KEroJHOM MeponpuaTud — HalmoHanbHOM KpYTJIOM cToJie «3elIeHble YHHUBEPCUTETHI
Poccumny. Yuactue B MEpONPUSATUN MPUHSIIA IPEICTABUTEIN PYKOBOJCTBA MEKIYHAPOI-
HOro peituHTa: Tpe3uneHT mpod. Pupn @utpn Capu, Bemymme sxcrepTsl. C MpHBET-
CTBEHHBIM CJIOBOM K yudacTHHKam oOpartwuics [Ipesunent PYIH npod. B.M. Oununmos,
MOAYEPKHYBIIUI BaXKHOCTh MEXTYHAPOTHOTO COTPYIHUUECTBA YHUBEPCUTETOB U HEOOXO0-
JIUMOCTh OOBEIMHECHUS YCWIHMN BY30B IS JOCTHIKEHHS LENed YCTOWYMBOTO PAa3BUTHSL.
[Ipopexkrop PYJIH mo xossiictBeHHON nestenbHOCTH A.A. Kupudayk mpeicTaBmil Mac-
TaOHBIN MPOEKT «3eJeHbIi U 370pOoBhIi KaMmyc». OH mpeArnonaraeT KpoMe IKoJoTude-
CKHUX YJIyYIICHUN TAK)KE U SN KOMILIEKC pa0oT 10 COXPAHEHUIO H YKPEIUICHHUIO 37I0PO-
BbS HAallMX CTYICHTOB M COTPYAHHUKOB, CHIDKEHHIO DHEPIrO- W PECypconoTpeOIeHusI.
Hupexrop macTUTyTa 3K0N0THH E.B. CaBeHkoBa mpencTaBmia HHPOPMAIIAIO 0 KPyITHOM
MEpOTPHUATHHU — JAeKaJe SKOJIOTHUECKON Hayku, oOpa3oBaHus U mpocBenienus: B PY/IH.
[IpencraBurenyu By30B-IapTHEPOB, IPUHSBIIHNE y4acTre B paboTe KPYTJIOTo CTOJa, IPojie-
MOHCTPHPOBAJI CBOH PE3YJIBTATHI B Chepe IKOIOTH3AINH, PA3BUTHS MTEPEIOBBIX UCCIIEI0-
BaHUH, OpraHM3allMi HHHOBAIIMOHHBIX 00Pa30BaTENbHBIX MPOTPaMM B 0071aCTH 3KOJIOTH-
YeCcKoi 0e30MacHOCTH, SKOJIOTMYECKON HHKEHEPUH, YCTOWIMBOTO Pa3BUTHUSI.
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Bo3MO>XHOCTP cTaTh 9acThIO TII0OATBFHOTO MAPTHEPCTBA YHUBEPCUTETOB TTOTYIHITH
crynents! PY/IH n napTHepckux By30B, IPUHSBIINE YYacTHE B JIETHEH MIKOJIE « DKOIOTH-
YyecKre PeUTHHIH: COBpEMEHHAas MpPaKTHKa», OpraHU30BAHHOM MpenoiaBaTelsiMi HHCTH-
TyTa 3KOJIOTHH IIPU yyacTuM pykoBojcTBa peiitunra Ul GreenMetric.

Hccnenoparenbckue MPOEKThl — BaKHEHIIas cocTaBistomas aestenbHocta PYJIH
KaK HaI[MOHAJIBbHOTO KoopauHaTopa. OAMH U3 KIIOYEBBIX MPOEKTOB, MOTYUYUBIIHUN MOJ-
JIEp’KKY cO CTOpOHBI pykoBoacTBa PYJIH 1 TpaauIiioHHO BEI3BIBAIONINI HHTEPEC MAPTHE-
POB, — MPOEKT IO SKOJOTMYECKOMY MOHHUTOPHHIY Kamiyca, npoBoaumselid B PYJIH
¢ 2017 r. (mayunoe pykoBocTBO — Ipod. XayctoB A.IL., mpod. Pennaa M.M.). [Tlomumo
00pa3oBaTeIbHOTO U MPOCBETUTENHCKOTO 3(h(ekTa MPOeKT MO3BOIHMI HAKOMUTH HEO0XO-
UMY HH()OPMAITMOHHYTO 0a3y JUIsl CO3AaHUs HOBBIX MPAKTHYECKUX PYKOBOJICTB 110 aHa-
JU3y TPAHCIOPTHON HArpy3KH TOPO/Ia Ha SKOCHCTEMBI 1 000CHOBAHUS IMTOAXO0I0B K YIIPaB-
JICHUIO TPAHCTIOPTHBIMU TIOTOKaMH.

Caenenns 00 aBpTopax:

Casenxosa Enena Bukmoposna, TOKTOp 3KOHOMHUYECKUX HAYK, TOLIEHT, TUPEKTOP HHCTH-
TyTa skoioruu PY /IH, mupexTop nenapraMenTa 3K0JIOTHIECKON 0€30MTaCHOCTH M MEHEIK-
MEHTa KadecTBa MPORyKIuH, Poccuiickuil yHUBepcUTeT ApYKOBI HapooB, Poccuiickas
Oenepanus, 117198, Mocksa, yn. Muknyxo-Maknas, n. 6., eLIBRARY SPIN-kox:
9083-6539. E-mail: savenkova-ev@rudn.ru

Peouna Mapeapuma Muxatinosna, TOKTOp SKOHOMUYECKHX HAYK, JOICHT, Ipodeccop e-
rmapTamMeHTa IKOJIOTHIECKOU 0€301TacCHOCTH M MEHEDKMEHTA KauecTBa poxykuuu, HCTH-
TyT 3KoJioTuH, Poccuiickuii yHUBepcUTeT Apy»kObl HapoaoB, Poccuiickas Denepauus,
117198, MockBa, yia. Mukmnyxo-Maknas, a. 6. ORCID: 0000-0002-3169-0142;
eLIBRARY SPIN-kox: 2496-8157. E-mail: redina-mm@rudn.ru

Bio notes:

Elena V. Savenkova, Dr.Sc. (Econ.), Associate Professor, Professor of the Department of
Environmental Security and Product Quality Management, Institute of Environmental
Engineering, Peoples’ Friendship University of Russia (RUDN University), 6 Miklukho-
Maklaya St, Moscow, 117198, Russian Federation. eLIBRARY SPIN-kom: 9083-6539.
E-mail: savenkova-ev@rudn.ru

Margarita M. Redina, Dr.Sc. (Econ.), Associate Professor, Professor of the Department of
Environmental Security and Product Quality Management, Institute of Environmental
Engineering, Peoples’ Friendship University of Russia (RUDN University), 6 Miklukho-
Maklaya St, Moscow, 117198, Russian Federation. ORCID: 0000-0002-3169-0142;
eLIBRARY SPIN-code: 2496-8157. E-mail: redina-mm@rudn.ru
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