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EVALUATION OF THE STATUS OF WARMIAN-MASURIAN LAKES IN POLAND DUE
TO EUTROPHICATION PROCESS

The article is devoted to the study the origins and consequences of the eutrophication problem of Warmian-
Masurian lakes of Voivodeship in Poland and to find the possible ways of its solution. Eutrophication, also known as
hypertrophication is a process of enrichment of water bodies with nutrients, especially nitrogen and phosphorous that
leads to algae and plants growth and results in inadequate supply of oxygen and loss of water quantity. Nowadays, the
problem of eutrophication concerns not only Baltic countries, but also countries in the West Europe, the same as in
whole world. The eutrophication problem also influences local landscape changes, because it is strictly associated with
terrestrialization process, which is well-seen in the area of Warmian-Masurian Voivodeship. The aim of the work is to
find the relationship between the eutrophication process and the environmental problems caused by them, as well as
to find potential solutions and review the currently done ones, base on comparison of observations and literature
sources. The work was mainly based on field observation, publications of researches, and the program of “lakes
cleaning” in Szczytno and literature study, which confirmed the negative changes in structure of local associated with
eutrophication and terrestrialization processes. To see the structural changes in the lakes as a result of the
terrestrialization process, we compared their current state with old photographs of the area. Visible changes were found
in the coastline, which was overgrown mainly with reeds and typhus, as well as former beaches, which were replaced
by flora. To point out possible ways of solution, the program of “lakes cleaning” in Szczytno was used. The project was
running for 3 years (from 2010 to 2013) and consisted of introducing of 71 tons of a polyaluminium coagulant under
surveillance of scientists from the University of Warmia and Mazury. It was concluded that the changes of water bodies
in the Warmian-Masurian Voivodeship are strongly associated with eutrophication process. To avoid and withdraw that
processes there are many solutions, starting with the simplest to advanced ones what is well-seen in Szczytno
Warmian-Masurian Voivodeship, where polyaluminium coagulant was used to “clean” the lake. Further research may
focus on finding a variety of substances that can be used to mitigate and eliminate eutrophication without side effects,
both for the environment and for humans.

Key words: eutrophication, lakes, cyanotoxins, terrestrialization, algal bloom, Warmian-Masurian Voivodeship.

Introduction. Eutrophication is a natural process of aging of water bodies that lasts for
centuries. In water bodies that are subject to anthropogenic impact, the processes are rapidly
accelerating: significantly change the physicochemical properties of the aquatic environment,
increases the content of nutrients and organic matter, reduces the level of oxygen saturation,
anaerobic zones are formed in the bottom layers, turbidity increases and water transparency
decreases . Eutrophication indicates a violation of the ecological balance and subsequently leads
to the degradation of water ecosystems. The natural ability of rivers to self-purify, self-regulate,
form biotic bonds, water quality parameters is disturbed, the state of their ecosystems deteriorates
[6,8].

Base on different sources it is possible to find following definitions of eutrophication:
“Eutrophication is an enrichment of water by nutrient salts that causes structural changes to the
ecosystem such as: increased production of algae and aquatic plants, depletion of fish species,
general deterioration of water quality and other effects that reduce and preclude use [1].

Since the last decades there were negative changes associated with the eutrophication
process observed on these grounds. Consequently, periodically the water (because of algal
bloom) is almost unable to be used, among others, for touristic, recreational, bathing and fishing
reasons. Every year there are cases of cyanotoxin poisoning and allergic reaction reported, what
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constitutes that the problem of eutrophication can have huge influence on human and animal
health.

Lakes provide many crucial functions in different regions of the world that include: supplying
of drinking water and providing environment for aquatic habitats and being integral component of
local landscape, fishery place or area of recreation and tourism development.

Intensive agricultural production around water bodies — excessive fertilization,
industrialization, urbanization, development of tourism and, lack of methods of lakes protection
have an influence on an excessive load of phosphorus and nitrogen compounds in water. An
excessive amount of nutrients in lakes is mainly a consequence of the progressive eutrophication.
In overfertilized lakes, the usefulness of water for recreation, municipal, industrial and fishing
purposes decrease, which results in specific economic consequences (increase in the cost of
water treatment, losses in fish population, tourism, recreation). It is recognized that phosphorus
is a limiting factor in primary production in the vast majority of inland water reservoirs. Currently,
it is considered that eutrophication is the biggest danger to biodiversity of freshwater habitats [14].

Warmian-Masurian Voivodeship includes area, which is known as “Masurian Lake District”.
It consists of more than 3000 lakes, including 2000 lakes greater than 1 ha. Negative changes
associated with the eutrophication process were observed in this area since the last decades. As
a consequence the water is periodically (because of algal bloom) almost unsuitable for touristic,
recreational, bathing and fishing reasons [7, 12].

It is known that eutrophication process cauces macro- and microchanges in a waterbody.
These macrochanges can be seen with the naked eye every year as algal bloom, when water of
some of lakes becomes green, turbid and unwell, because carries risks of allergy or cyanotoxin
intoxication. The microchanges can be confirmed by water tests which show a presence of
different types of bacteria including cyanobacteria group. Unfortunately, the process can
negatively influence health of human and animals. It is known that algal bloom often includes also
cyanotoxin development. The toxins, depending on the route of contamination, can cause fatal
consequences to health and life [1].

The local landscape changes represent one of the offshoots associated with
terrestrialization process (transforming of aquatic environment into land). It can be observed in
the changes of the structure and appearance of the Warmian-Masurian lakes [10].

The simple methods of problem solution include: reduction in usage of natural and artificial
fertilisers, removing sources of waste water discharge, as well as raising awareness about proper
usage of water bodies (no use of detergents and other chemicals and no discharge of waste water
from households and farms) and establishment of proper legislation. The advanced methods were
introduced relatively recently and will be shown using the example of lakes in Szczytno.

The aim of the paper is to find relationships between eutrophication process and factors
influencing the process (such as overfertilization of fields, animal husbandry, sewage outflow to
waterbodies), to point out the hazards for humans and animals getting in contact with waterbodies
containing cyanotoxins, as well as to find potential solutions and review the measures already
taken.

Materials and methods. The work was mainly based on field observation, publications of
researches, and the program of “lakes cleaning” in Szczytno and literature study, which confirmed
the negative changes in structure of local associated with eutrophication and terrestrialization
processes. To see these structural changes of lakes — terrestrialization — we compared the
present state with old photos of the area and observed visible changes of coastline that became
overgrown mainly by canes and typhas and former beaches that were replaced by plant life. To
address the influence of that problem on human and animal health examples of allergic reactions
caused by different kinds of bacteria through the contact with water, noticed by local people were
shown and subsequently literature study confirmed that eutrophication can have an influence on
human and animal health.

To point out possible ways of solution, the program of ‘lakes cleaning’ in Szczytno was
used. The project was running for 3 years (from 2010 to 2013) and consisted of introducing of 71
tons of a polyaluminium coagulant under surveillance of scientists from the University of Warmia
and Mazury. The observations and description of the process was used in this work as well. [15,
3, 4].
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Results and discussion. Base on the literature resources and observation comparison it
is possible to answer, which factors influence eutrophication in lakes in Szczytno (Poland) and
what is their genesis?

One of the factors which have an influence on the eutrophication process is agriculture and
more precisely using of excessive amounts of fertilizers (both organic and inorganic). As we know,
farmers use protective agents as pesticides, fungicides, etc. to improve the harvest and protect
plants. Agricultural fields in the Warmian-Masurian region are often localized near the
waterbodies, including lakes. Then nitrogen and phosphorus compounds reach the water through
soil retention [20] determined that almost all fertilizers reach natural waterbodies. They calculated
and explained annual losses of components of fertilizers by the example of the water catchment
area of the rivers reaching the sea. In the case of nitrogen, 1, 00 — 3,00kg NNH4.no02 hat and in
case of phosphorus, 0,20 kg P,O, ha. Durkowski (1998) determined that in the case of intensive-
fertilized lands 4% of the compounds reach the water (annually 5,5 kg Nhat and 0,6 kg Pha™?).
Lessow (1995) reported that 1-5% of phosphorus and 10-20% of nitrogen are rinsed to the local
waterbodies [14, 18, 21].

The animal husbandry has also an influence on eutrophication process. It is known that
manures and slurries are also rich in nitrogen and phosphorus. Organic fertilizers are in the
Warmian-Masurian area. Animal husbandry leads to deposition of animal faeces, which are used
to produce fertilizers. And whether that phosphorous and nitrogen compounds are included in
artificial (mineral) (Tab.1) or natural (for example: manure) reach water through the soil [15, 18].

Table 1. Mineral nutrient content in the manure (kg/t)

Animal species
Nutrient
Cattle Pigs Horses Sheep
N 4,7 51 54 7,5
P202 2,8 4.4 2,9 3,8

The next factor, which has an influence on increased level of phosphorus and nitrogen in
water, is the sewage. According to Voivodship Fund for Environmental Protection and Water
Management in Olsztyn [9] waterbodies in Szczytno were contaminated by waste water from local
dairy, linum-processing factory, brewery and state auricular farm in Kamionek. There was a time
when the pollution reached the water directly. Although a lot of industrial plants do not exist right
now, the water for a long time was unsuitable for swimming. Fortunately, in recent years the
sewage-management has changed in Poland and EU. On the one hand, it is reported that these
changes improved the water state. But on another hand, inappropriate sewage-management
leads to eutrophication process.

It is known that eutrophication leads to excessive load of phosphorus and nitrogen in water.
Algal blooms which can be harmful for human and animal life are called HAB (harmful algal
blooms) [11]. The process of algal bloom formation is complex. The planktonic bloom is the result
of phytoplankton development (for example cyanobacteria, diatoms, green algae, flagellates).
The result of their accumulation in the waterbody leads to sunlight inflow limitation to deep layers
of water, which causes limitation of photosynthesis. These changes result in oxygen deficiency in
water, phytoplankton decomposition what may be toxic and decreasing of water quantity as well
as its smell and taste. The limited oxygenation has unfavourable effect on aquatic animals, what
could be confirmed by observation of dead fish in lakes affected by algal bloom.

Starting from the eighteenth, but mainly in the nineteenth and twentieth centuries, there was
an intensification of terrestrialization process, which significantly contributed to the acceleration
of the lakes disappearance, as well as to the increasing rate of their eutrophication [19].

This manifested itself clearly in the areas that were predisposed to the development of
agriculture, including the Masurian Lake District. In the 20th century, the area of most lakes in
Poland decreased by about 44% [13]. The rate of such disappearance of water reservoirs has
been recorded for about 160 years, growing every year. Small lakes and water reservoirs are
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particularly susceptible to disappearing, transforming into swamps and then drying completely

(Tab.2) [7].
Table 2. Changes in the area and number of lakes in Poland
Directory of Polish lakes Directory of Polish lakes [2006]
[1954]
Research
area Number of Area of lakes Number of Area of lakes Disappearance
of lakes area
lakes [ha] lakes [ha] %]
Masurian like 2704 144946,7 2061 130481,0 9,89
district
Poland 9296 316614,1 7081 280977,0 11,26

It can be concluded that the factors influencing accelerated eutrophication include industrial
and agricultural activities, which causes a very intensive growth of algae and aquatic vegetation.
As a result of excessive fertilization, surpluses of phosphorus and nitrogen compounds are
washed out of the soil and are transported through underground and surface runoff to lake waters
[18, 21].

Every year cases of cyanotoxin poisoning and allergic reaction are reported, what means
that eutrophication can have huge influence on human and animal health? The first publication
was written by George Francis (1878) [10, 17], who described the case of domestic and wild
animals’ death, watered from the shallow, offshore lake in Alexandrina in South Australia.
Hepatotoxic cyanobacterium Nodularia spumigena had developed in the lake. The deaths of
several hundred animals’ horses, sheep, dogs and, pigs - occurred within 1-15 hours of
consumption of the contaminated water or “sheepskin coats” [19].

Many cases of animal poisoning caused by contact with cyanobacteria have been reported.
Death of domestic animals (e.g. dogs, ducks and young cattle) associated with blooms of N.
spumigena was also recorded in the Baltic Sea region: in Sweden, Denmark, Germany and
Finland. In Finland in 2004, cyanotoxin poisoning occured within a few hours after the contact
with it and included vomiting and diarrhoea. Some of the animals died as a result of circulatory
disorders caused by excessive influx of blood to the liver. According to the World Wide Fund
(2011) to the at-risk group practicing water sports such as swimming, sailing, surfing or water
skiing belong. Occurrence of accidental digestion of the contaminated water or inhalation of
aerosol containing cyanobacteria or their toxins is very often. It is confirmed that this way of
transmission is more toxic than others. Also, potential risk can include the consumption of
products, which can be contaminated by algae such as fish and seafood. It was proved that
swallowing of just few millilitres of "blue-green algae soup" is associated with a real threat. Over
10 years ago in Brazil, many poisonings after drinking water covered by cyanobacterial blooms
(Microcystis and Anabaena) were reported. About 2,000 patients felt different types of the
digestive system iscomfort; and 88 of them died. Examples of human exposure to cyanotoxins
during recreation, were reported from Canada (13 people), Great Britain (20 people) and Australia
(852 people) [19].

In the Baltic region, in spite of intense blooms of toxic cyanobacteria, cases of poisoning
are less documented than in the northern Poland (Barlewice Lake, Bertolt, Benecke). Mass death
of birds, fish and farm animals, as well as cases of skin irritation of people who had contact with
lake water were recorded already in 1884 [19].

It is known that cyanotoxins may have many properties, depending of cyanobacteria
genera. Contact with cyanobacteria may result in skin irrigations to nerve synapses damage.

Many repercussions associated with eutrophication forced people to find solutions to protect
waterbodies. EU introduced proper legislation to regulate the sewage-management and financial
fines for polluting lakes. For example, the law of 2001 on environmental protection in Poland
regulates sewage outflows and its purifying [2, 16]. Also law, which regulates the proper doses of
fertilizers has to control usage of fertilizers to protect environment from harmful effect of
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overdosages of its components. There are also methods and solutions to reserve the effect of
eutrophication and improve general state of the lakes, which was introduced relatively recently.
The project realized in lakes in Szczytno is a good examples of that, where 71 tons of a
polyaluminium coagulant was applied during 3 years from 2010 under surveillance of scientists
from the University of Warmia and Mazury. The effect is well-seen, what is confirmed by
reopening of the town beach after many years and, increased level of lake usage by local
inhabitants, as well as tourists. There has been some scepticism from fishermen who claim that
after introducing of the substance the fish population decreased. The lack of oxygen caused by
the coagulant layer on the lake bottom lead to, decreased population of Chironomidae larvae that,
is the main fish nourishment.

Conclusions. It can be concluded that the changes of water bodies in the, Warmian-
Masurian Voivodeship are strongly associated with eutrophication process. The genesis of
problem can include different factors such as over-usage of fertilizers, discharge of waste-water
into waterbodies as well as reduction of self purification capacity. The eutrophication process has
negative influence on human and animal. It was established that the main risk factor in this case
are cyanotoxins, which can cause different complications. The results of comparing of observation
and literature sources showed that the eutrophication is also associated with terrestrialization
process. To avoid and withdraw that processes there are many solutions, starting with the
simplest to advanced ones what is well-seen in Szczytno, where polyaluminium coagulant was
used to ‘clean’ the lake. It lead to decrease of algal bloom, reduction in development of different
types of bacteria, as well as to increase in the use of the lakes for recreational purposes.

Prospects for further research. Nowadays, the possible ways of genesis of eutrophication
process are well-known and cyanotoxins peculiarities as well. The technological progress allowed
people to find substances which can effectively treat the problem. The further research can be
focused on finding different substances, which can be used to mitigate and eliminate
eutrophication without side effects.
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OuiHka ctaHy BapmiHcbko-Masypcbkux o3ep y Monbui BHacnigok npouecy eBTpodikauii

JlecHsik-Moyyk K., Ckuba O.l., Binuk 1. O., ®edoHrok J1. 5.

Cmamms npucesiyeHa 00CIIOKeHHIO NPUYUH ma Hacnidkie npobnemu esmpoikauii BapmiHcbko-Ma3ypcbKux
03ep o0HoliMeHHO20 Boesodcmea 6 [lonbwi ma nowyKy MOXueux wiisixie il eupiweHHs1. Eempocpikauis, makox
gidoma sk 2inepmpoagbika, - ue npoyec 36azayeHHsi 8000UIM rOXXUBHUMU pevyosuHamMu, 0cobiugo a3omom i pocghopom,
wo npuzgodumes 00 pocmy godopocmeli i B0OOHUX POCIUH, HacCIiOKOM 4020 € HedocmamHe ocmayaHHsl KUCHIO i
rnozipweHHs1 skocmi 8o0u. Cb0200Hi npobnema esmpoghikauii cmocyemscs He nuwe Kpaid banmii, a U kpaiH 3axioHol
€sponu, Ak U ycboeo ceimy 3azanom. [Npobnema esmpodgbikauii makox ennueae Ha fioKkarnbHi naHowagpmHi 3MiHU,
OCKiflbKU 80Ha MICHO 1og'a3aHa 3 MpouecoMm mepecmpuarnisauii, Wo npocriokosyemscsi Ha mepumopii BapmiHCbKO-
Ma3ypcbko2o soegsodcmea. Memoro pobomu € rnowyk 83amMo38’s3Ky Mix ripouecamu esmpocpikauii, cripuduHeHUMU
HUMU €eKoJo2iYHUMU rpobriemamu, rnowyK MOMeHUitiHUX piweHb Ornsi eupileHHs1 npobremu, a makox 020
3p0brieHUX Ha OCHOS8I MOPIBHSIHHSI ma criocmepexeHb flimepamypHux dxepern. Poboma 6a3yeasnacsi Ha nosibo8ux
criocmepexXeHHsIx, nybrikauisx O0ocnioXeHb, crieuianbHill npoepami «o4UWEeHHsT 03ep» y LjumHoMy ma eusYeHH|
nimepamypu, wo nidmeepdusio He2amueHi 3MiHU 8 CmPYyKMypi MICUe8020 HaceNleHHs, oe’s3aHi 3 npouecamu
esmpoagbikauii ma mepecmpianizauji. LLjo6 noba4umu cmpykmypHi 3MiHU 03ep 8HaciOoK npouecy mepecmpianizaui,
Hamu 6yrno nopieHSIHO iXHili cyyacHUl cmaH 3i cmapumu ¢ghomozpacpismu micuyesocmi. byno susieneHo audumi 3miHU
bepezoeoi’ niHii, sika 3apocra rnepesaxHo odepemamu ma mugamu, a MakoX KOMUWHI rnsxi, ki 6ynu 3amiHeHi
pocnuHHUM ceimom. LLjo6 ekazamu MOXIUBI WIISXU 8UPIWEHHS Mo2ipweHHs cmaHy godolm 6yro sukopucmaHo
npoepamy «o4HuweHHs osep» y LLjumHomy. MNMpoekm mpueas 3 poku (3 2010 no 2013 pp.) i nonsicas y egedeHHi 71
MOHHU rosiantoMiHieeo2o KoaayissHma nid Haensidom e4eHux 3 BapmiHcbko-Ma3sypcbkoeo yHisepcumemy. 3pobrieHo
BUCHOBOK, WO 3MiHU 800HUX 06’ckmig y BapmiHcbko-Ma3ypcbkoMy eoegoOcmei micHO rnog’sidaHi 3 npouecom
esmpodgpikauii. [Ansa moeo, wjob YHUKHymu ma 3MEeHWUmu Ui fpouyecu € YuMaso pilweHb, MoYyuHaryu eid
Hatnpocmiwux i 3aKiH4yro4u cknadHumu, ujo 0obpe sudHo 8 LLjumHo BapmiHcbko-Ma3sypcbko2o eoegodcmea, Oe 3a
dornomoeoro noniantoMiHiego20 KoazyrnsHma «oyuwanu» o3epo. lNodanbwi 0ocnidxeHHsT MOXymb 6ymu 30cepedx)eHi
Ha MowyKy PI3HOMaHImMHUX Pevyo8UH, SIKI MOXHa eukopucmosygsamu Ofi1 MNOM’SIKWEHHST ma YCyHeHHsI rpouecy
esmpogbikayii 6e3 nobiyHUx eghekmis, sik 151 HABKOMUWHBO20 cepedosuua, mak i dns moded.

Knrouyosi cnoea: esmpocgbikayis, o03epa, UiaHOMOKCUHU, mepecmpianidayisi, ysimiHHa 8odopocmel,
BapwmiHcbko-Ma3ypcbke 80€800cmeo.

OueHka cocTosiHus BapmuHcko-Ma3sypckux o3sep B [onblue B CBA3M € NpOLECCOM 3BTpOodukaumum

JlecHsik-Mouyk K., Cku6a E.WN., bunbik 51. A., ®edoHrok J1. 5.

Cmamebsi nocesweHa uccnedosaHuro npuduH u rocnedcmeuli npobnemsl esmpoghukayuu BapMuHCKo-
Masypckux o3ep odHoumMeHHO20 soegodcmea 8 [lonbuwe U noucka 803MOXHbIX Mymel ee peweHus. dsmpoghukayus,
makxxe u3gecmHa Kak aunepmpocbuka, — 3mo rnpoyecc obozaweHuss 8000eM0O8 numamesibHbIMU 8euwecmeamu,
0CObeHHO a3omom u ¢hocghopomM, 4mo npueodum K pocmy eodopocriell U 800HbIX pacmeHud, crredcmeuemM 4yez2o
sensiemcss  HeGocmamoyHoe CHabxeHue KucriopoOom U yxyOweHue kKavyecmea 800bl. Ce200HS npobnema
3smpocghukayuu kKacaemcsi He mosnbko cmpaH banmuu, Ho u cmpaH 3anadHoul Eeporbi, kKak u 8ce2o Mupa 8 Uesiom.
lpobnema 3empoghuposaHuUsi makxKe 8iusem Ha fioKanbHble naHoOWagmHble U3MEHEHUS, MOCKObLKY MEeCHO cesi3aHa
C npoyeccoM mepecmpuarnu3ayuu, 4Ymo fpocrexusaemcs Ha meppumopuu BapmuHcko-Ma3ypckoeo eoesodcmaa.
Llensto pabomsl siensiemcsi MOUCK 83auMOoCcssidu  MexOy rfpoyeccamu 38mpoghukayul, 8bI38aHHbIMU UMU
3Konoau4deckumu npobriemamu, MOUCK NomeHyuanbHbIX nocmaxosneHull 051 peweHus npobnembl, a makxe 0630p
cdernaHHbIX Ha OCHOBE CpasHeHUs U HabnodeHul numepamypHbIX UCmMoYyHUKo8. Paboma 6a3uposanack Ha Mosneebix
HabmodeHusix, nybnukayusix uccrnedosaHul, crneyuasibHOU rpoepaMme OHUCMKU 03ep 8 LljumHom u u3yyeHuu
numepamypsl, 4mo nodmeepousio HezamueHble U3MEHEHUS 8 CIMPYKMype MeCMmHO20 HacCesleHUs], C8513aHHble C
npoyeccamu 3smpoghukayuu U mepecmpuanudayuu. HYmobbl ysudemb CMPYKMypHbIE U3MEHEHUs 03ep 8
pe3ynbmame rnpoyecca mepecmpuanu3ayuu, Hamu bbl10 CPaBHEHO UX COBPEMEHHOE COCMOSIHUE CO cmapbiMu
gomoepachusamu  mecmHocmu. bbinu  0bHapyxeHbl 8uduMble U3MeHeHusi 6epeezosgol nuUHUU, 3apocuwel
peuMywecmeeHHO KaMblwamu u mucghamu, a makxe bblewiue nasiku, 3aMeHeHHbIe pacmumeribHbIM MUpoM. Ymobbi
yKa3amb 803MOXHbIE MyMu peleHuUs yXyOuweHuUsl COCMosiHUs1 8000eMo8, bbiria UCoIb308aHa npogpaMmma «04UCmKa
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o3ep» 8 LumHom. [lNpoekm Onuncss 3 2o00a (c 2010 no 2013 ee.) u 3akmoyasica 60 eeedeHuu 71 MOHHbI
rnonuantoMuHUe8o0e0 KoaeynsaHma nod HabnwdeHueM y4yeHbiX U3 BapmuHcko-Masypckoeo yHugsepcumema.
3aknyeHo, Ymo usMeHeHUs1 00HbIX 06bekmoes 8 BapmuHcko-Ma3ypckom 8oeeodcmee mecHO c8si3aHbl C IPOUECCOM
asmpocpucbukayuu. rsi moeo, Ymobbi usbexame U yMEHbWUMb 3MU NPOUECChl, ECMb HEMAIO peweHul, Ha4yuHasi
om nipocmeliwux U 3aKkaH4ueasi C/I0OKHbIMU, 4mMo Xopouwo 8UudHo 8 LLjumHo BapmuHcko-Ma3ypckoz2o eoesodcmea, 20e
C MOMOWbIO MONUAIOMUHUEB020 KoacynsHma «oyuwjanuy osepo. [anbHeliwue uccriedosaHuss moeym Obimb
cocpedomoyeHbl Ha MoUCKe pasudHbIX 6eUEecms, Komopble MOXHO UCMOoNb308amb Ol CMSi24eHUs U yempaHeHUs
npouecca asmpogpukayuu 6e3 noboYHbIX achghekmos kak Oris oKkpyxarouwjeli cpedbi, mak u 0ns noded.
Knroueenle cnoea: ssmpoghukayusi, 03epa, UUaHOMOKCUHbI, mepecmpuarnu3ayusi, ygemeHue sodopocned,
BapmuHcko-Ma3sypckoe soesodcmeo.
Haditiwna do pedkosezii 19.11.2021
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