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The location for meteorological observations in the ISC "Observatory"” is unique. In terms of scientific research, we will have continuous
monitoring of atmosphere elements and of the natural environment as a whole at an altitude of over 2000 m a.s.l. Meteorological research at this
station is reasonable and will be the main task of the Observatory. Also, the results of the observations will have practical application from day to
day, such as timely warning of avalanche danger or as a search and rescue service. Given the great importance of this mountain ridge in terms of
climate, as well as to understand the physical and geographical processes in the whole region, it is worth to use comprehensive researches of its
environment. Along with the observations made in other parts of the Carpathians, it will allow us to understand better the climatic features as well
as the whole environment of the Carpathian regions.
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PILOT-SCALE METHANE DEGRADATION BIOCOVER AT OPERATING LANDFILL

A landfill is a large bioreactor, in the body of which landfill gases are generated due to anaerobic degradation of organic
material. According to European legislation, the emission of methane, one of the landfill gases, should be kept to a minimum as
methane is a greenhouse gas and has a significant impact on our climate. With large volumes, methane can be used for energy
production, but if the collection is uneconomic, an attractive option would be to cover the landfill with a bioactive layer to
degrade methane in-situ. In operational Uikala sanitary landfill, Estonia, where active gas collection system exists, it was found
that uncaptured gas could be degraded in bioactive cover layer. To check whether such cover layer could be built from fine
fraction after mechanical biological treatment (MBT), two experimental cells were constructed (0—20 mm and 0-40 mm fractions).
The paper presents the design of experimental cells, a description of materials for construction and construction process, and
preliminary results. Measurement system was installed in both cells: gas wells at eight depths and on three locations on surface.
Three-level lysimeters were installed to determine water balance. Research is planned for two years with monthly gas sampling.
The objective of the work is proving which of the MBT fractions, 0—-20 or 0—-40 mm, function better for methane degradation.
Confirmation of the methane degradation efficiency in fine MBT fraction is important not only from the ecological point of view.
The use of a fine fraction as a material for methane degradation layer would reduce the cost of processing this fraction and
become a good example to a circular economy since the landfill would be recultivated using its own resources.

Keywords: Landfill gas, MBT fine fraction, Emission, Methane degradation layer, Landfill cover, Lysimeter

Introduction. Human activity is contributing to focus in recent years has been on methane degradation by

increasing the concentration of greenhouse gases in the
atmosphere. This results in significant warming of the
earth's surface and other associated changes in climate. In
addition to industrial and agricultural activities, large
contributors of greenhouse gases are landfills. Degradation
of organic waste in landfill releases methane a greenhouse
gas that is 23 times more effective at trapping heat in the
atmosphere than carbon dioxide. Methane discharge
accounts as 14 % of the world GHG emissions [1]. As part
of the suite of measures to improve the sustainability of
waste management and climate system, the Landfill
Directive (1999/31/EC) introduces requirements on
member states to reduce the methane emissions. In order
to comply with these requirements, landfill gas collected
and used for energy production or flared. However, gas is
produced at a stable rate typically for about 20 years [4]
and then the amount of gas gradually decreases.
Eventually collection of methane becomes economically
unprofitable. An attractive option to destroy methane gas
even then would be to cover the landfill with a bioactive
layer to degrade methane in-situ. Biocover may be made
of various organic-rich materials, including fine fraction
from mechanical-biological-treatment ~ (MBT). The
properties of such materials, however, have to be
confirmed by field trail.

Theoretical background. According to the R. Hanson
and T. Hanson [3] scientific research methane can be
oxidized by methanotrophic bacteria. M. Scheutz [10],
G. Pedersen [7], Y. Philopoulous [9] consider that
methanotrophic bacteria are ubiquitous soil bacteria, but
long lag phases towards reaching high CH4 oxidation rates
are found especially in mineral materials. Therefore the

using organic materials. Studies of organic biocovers are
described in scientific papers of H. Hilger and M. Humer
[4], M. Barlaz [1].

M. Humer and P. Lechner [5] based on the testing of 25
different materials propose several physical and chemical
parameters for biocover materials, including organic
content, moisture and pH value. According to various
criteria, fine fraction from mechanical-biological-treatment
(MBT) can be a good material for biocover. First biocover
of its kind in Estonia was designed for Kudjape landfill [8]
as a part of recultivated project, and was studied in detail.

Purpose. This study aims to prove that MBT fine
fraction is fit-to-use as functional material for methane
degradation layer. Another objective was to study how the
methane degradation window works at operating landfill.

The main sub-objectives of the project are to:

e prove that CHasis present in cell

e prove that CHa is not escaping to atmosphere

e prove that gas is degraded in the cell

e prove that environmental conditions are favorable
for microbial degradation

e measure composition of gases

e demonstrate dynamics in gas composition over time

e perform microbiological analysis

Monitoring of the cells is planned within two years at
intervals of every month.

Materials and methods. Uikala landfill is located in Ida-
Virumaa, Estonia, five kilometres to the north of the town
Jéhvi and four kilometres to the south of the Gulf of Finland.
The landfill that met the requirements of the EU Landfill
Directive (1999/31/EC) commenced on January 1, 2002.
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The place for the landfill was chosen so that the negative
impact on the environment was minimal. The landfill is
surrounded by forest, which helps to minimize the
migration of dust and noise to residential areas,
approximately 1100 meters from the landfill site. The
landfill area is surrounded by drainage trenches and a
fence. Disposal area has a watertight bottom liner, and
leachate is treated by reverses osmosis. In 2008, the waste
sorting line was built at Uikala landfill. In this building,
sorting of mixed packaging, paper and cardboard, as well
as household waste are takes place. From the mixed
wastes are sorted out paper, cardboard, metal, plastic,
polyethylene, glass and wood. Unsuitable materials are
disposed at the landfill. There are three disposal areas, one
of which has already been completed. Landfill gas is
collected by active gas collection system, cleaned with a
carbon filter and pumped to a co-generation plant where it
is used for the production of electricity and heat. The
electricity is sold to the grid and surplus heat is used for
heating landfill facilities, garages, and office building.

Two experimental cells (0-20 mm and 0-40 mm
fractions) were constructed at the side of the landfill so as
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not to interfere everyday work of landfill. The size of each
experimental cells is 10 by 10 meters.

Each of cells consists of two basic layers: methane
distribution layer and methane degradation layer (Fig. 2).
Gravel was chosen as materials for the methane distribution
layer. Approximate amount of spent gravel ranges from 30 to
50 m?3 per cell. Main purpose of this layer is distributing gas
evenly into the top-layer, where methane is degraded [8].
The height of the mineral layer is 0,3 to 0,5 m.

Two methane degrading layers were built using fine
fractions 40 mm at the first cell and 20 mm at the second
one. Approximate amount of MBT is 220 m? per cell. The
MBT fractions were not used for any purpose before, so its
applicability as a construction material for the methane-
degrading layer is important for both environmental and
economic prospective.

In order to prevent horizontal migration of methane and
ensuring the passage of gas through the experimental
layers, the PE foil isolation and temporary barriers were
built around the cells (Fig. 1).
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Fig. 1. General scheme of experimental cells

8-level gas well was installed in both cells so that the
eighth level (8) of measurement is in the landfill body, the
next seventh level (7) — in the methane distribution layer
and six remaining levels at different depths of the methane
degrading layer from sixth (6) level to first (1) near the top.
The deepest measurement level is 2,07 m and the top level
located at 0,3 m down the surface. Such construction
allows studying degradation rates of methane in the landfill
body and also at different levels of layers.

To measure the amount of actual water transpiration
three lysimeters were installed at the depths of 0,4 m, 1 m
and 1,6 m. The discharge from lysimeters is carried out
beyond the boundaries of the experimental cells in special
well where six tipping buckets were installed to record
water discharge. Online weather station (Davis
Instruments, USA) was installed nearby.

Plastic liner was used to separate these two cells from
each other, and to prevent gas migration through
embankments of experimental cell. The first stage of the

isolation construction works was the excavation of trenches
around the cells (Fig. 2). The depth of the trench was about
one meter. In the trenches, plastic sheets were placed to
form a solid rack base for the main insulation and after they
were covered with polyethylene sheets (Fig. 3, 4). The
height of sheets is about 3 meters and a length is
10 meters. This height is enough to form a continuous
isolation in upper and lower part so half of each sheet is
located under the surface and another between methane
degradation layer and temporary barriers.

The insulation lay with a slight inclination toward
embankments. For the integrity and proper placement of
the upper part of the insulation, the material on both sides
fills up gradually. For corners, ordinary polyethylene and
plastic sheet were used. Embankments were constructed
with mineral construction and demolition waste with fraction
20 to 40 mm. Approximate amount of materials used for
embankment is 280 m3 per cell.
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Fig. 2. Excavation of trenches

The operational properties of the cells were verified by
measuring the concentration of methane once a month.
Concentration of was measured from both gas well from
eight levels by portable gas analyzer GA5000 (Geotechnical
Instruments, UK). Measuring the gas at various depths
provides information on its distribution, and which the main
methane degradation processes undergoes.

For surface gas measurements closed chamber
method was used. Three rings for gas chambers per cell
with permanent location are used. The concentration of
gases was measured in the gas chamber after 0, 10, 20

Fig. 3. Plastic sheets for side insulation

Fig. 4. Polyethylene sheets

measurement conducted to compare with data on methane
gas amount.

Preliminary result and discussion. The part of
experimental cell 0-40 mm fractions was completed in
02.07.2018 and first measurements from gas well were
made the same date. The level no 8 is deepest level and
level no 1 is close to the surface (labelled as 40,8 and 40,1,
accordingly). The second experimental cell with 0-20 mm
fractions (labelled as 20,1 and 20,8) was ready by
20.07.2018 and first measurements were made in
24.07.2018. Fig. 5 and 6 show methane concentration

and 30 minutes, by GA5000. Parallel temperature measurements at different levels of gas wells.
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Fig. 5. Methane content in gas cell 0—-40 mm
02.07.18 :l ‘ ‘
20.1
24.07.18
‘ ‘ 202
27.08.18 20.3
26.09.18 w204
22.10.18 W 20.5
" 206
17.12.18
o m20.7
15.02.19 =208
05.04.19
1
0 5 10 15 20 25 30 a5 40
%

Fig. 6. Methane content in gas cell 0-20 mm
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In both gas cells, methane concentration at 1 level is
less than at 8 level, except first measurement in cell 0—
20 mm due to the fact that at the beginning the
construction material has not settled. In general the amount
of methane at 8 level increases from July to September for
the cell 0-40 mm and to August for the cell 0-20 mm and
after that it decreases due to lowering the air temperature
and frozen landfill surface at winter time [5].

In August and October, the amount of methane at 8-th
level is similar in both cells but at first level is less in cell
0—20 mm. In September methane concentration at 1 level
is less than at 8-th level in 3,7 times cell in 0—40 mm and in
7,4 times in cell 0-20 mm. In December situation quite
similar, methane concentration at 1 level is less than at
8 level in 4,7 times in cell 0-40 mm and in 6,4 times in 0—
20 mm. So, based on this result, it can be said, that the cell
0-20 mm at the present time works a bit more effective
than the cell 0—-40 mm.

There are no pronounced trends in the distribution of
methane in both cells jet. However, there are several
similarities. Amount of methane decreases from level 8 to
level 5-6, then at level 4-5 sharply increases and then
decreases to level 1 in the end of July and December in
cell 0-40 mm, in February in cell 0-20 mm and in October
in both. In April, September and at the beginning of July in
cell 0-40 mm amount of methane decreases gradually
from 8-th level to first one. And in April, September in cell
0-20 mm and February in cell 040 mm amount of
methane increases from level 8 to level 5-6, then from 4—
5 level decreases to first level, Also, in both cells from
September till April methane amount decreases from level
4 to level 1 and is quite unstable from level 8 to 4.

Conclusion. Landfill gas has a significant impact on
the climatic system of our planet due to the high content of
methane, which is greenhouse gas. One of the promising
options for reducing methane emissions is the coverage of
landfill with a bioactive layer. It can be made of various
organic-rich materials. In the framework of this project it is
planned to check whether fine fraction after mechanical
biological treatment (MBT) can be a function material for
such biocover. For this purpose two experimental cells
were built. Gas emissions are measured in-suit using 8-
level gas well. Such a system of measurement and cells
design allows investigating the movement and dynamics of
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methane. Preliminary results show that at that time cells
work and well simulate biocover. The percentage of
methane near the surface is less than in 8 level of gas well.
The behavior of methane in cells is different. Further
research will show common and distinctive trends in
methane distribution and cells efficiency.
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Hapivwna no peakonerii 07.05.19

) KuiBcbkuii HauioHanbHUIM yHiBepcuTeT iMeHi Tapaca LUesyeHka, Kuis, YkpaiHa,

2) ECTOHCbKMIA YHiBEpCUTET HayK Npo XuTTs, EcToHis,
3 Ninxelicbkun YHisepcuTeT, LWseuis

NINOTHE METAHOAEMPAAYIOYE BIOMOKPUTTA HA AIOYOMY NOJIIMOHI

IMonizoH meepdux no6ymoeux eidxodie (TI1B) — ye eenukuli 6iopeakmop, y mini siko2o ymeoproromscsi 38anuyHi 2a3u. OCHO8HUM KOMMOHEHMOM
3e8asluwjHUX 2a3ie € MemaH, siKuli ymeoproembCsi 8 pe3ynbmami aHaepobHoi decmpykuyii opeaHiyHux ¢hpakyil. Bukudu memaHy 32i0HO 3 egpornelich-
KUM 3aKOHOOaecmeoMm MoeuHHi 6ymu 3eedeHi 00 MiHiIMyMy, OCKiflbKU 8iH € MapHUKOBUM 2a30M i 3HaYHO eriueae Ha 3MiHy Knimamy nnaHemu. Y npo-
yeci eeHepayii senukux obcsizie MemaH Moxe 6ymu eukopucmaHuli A5 eupobHUymMea eHepeii, ane KW NPodyKMuUeHiCMb MemaHOyMmeOopPEeHHs
nadae, nepcrneKmMueHUM eapiaHmom MiHimi3auii eukudie € Hakpumms nonizoHy 6ioakmueHUM wapom, sikuli pyliHye MemaH y mosuji Hakpummsi. Ha
dito4yoMy caHimapHomy noni2oHi Yiikana (EcmoHisi) icHye cucmema 360py 6io2a3y, oOHaK 3a paxyHOK 20pU30HMasnbHoi Augby3ii He eeck 2a3 ynoernto-
embcsl daHoro cucmemoro. Emicito MemaHy 3 nosni2oHy MOXHa 3HU3UmMu wisixom lio2o 6iodecmpykuyii 8 moewi Hakpummsi. Memoro daHoi po6omu €
nepeeipka egpekmueHocmi po6omu deox ninomHux matidaH4ukie, chpopMo8aHUX Ha OCHO8i MOHKUX ¢hpakyili, ompumaHux nicnsi MexaHiyHoi ma 6ioso-
2iyHoi 06pobku eidxodie (MBT). 3 uieto memoro 6ynu nobydoeaHi dea ekcriepuMeHmMasnbHi MalidaH4yuKku, Hakpumi ¢ppakyisiMmu pi3Hoi kpynHocmi: 0—-20
MM i 0-40 mm. Hamu npedcmaeneHo npoekm KOHCMpyKUii MalidaH4ukie, onucaHo npoyecu ixHbo20 6ydieHuymea, enacmueocmi 6ydieesibHUX Mmame-
pianie i nonepedHi pesynbmamu docnidkeHHsi. CucmemMu MOHIMOPUH2Y emicii MemaHy 8 moeuwji Hakpummsi 8cmaHoesieHi Ha 060X MalidaH4YukKax:
2a3oei ceepds108uUHU i3 hinbmpamu po3miujeHi Ha 8ocbMU pigHsIX i mMpu 2a3oei kamepu obrrawmoeaHi Ha noeepxHi 060x matlidaH4ukie. [nsi KOHMposnto
800HO20 banaHcy 8 mosuwji HaKpummsi 8cmaHoesIeHo mpu pieHesi nisumempu. focnidxeHHsi 6iodecmpykuii MemaHy 3annaHoeaHO mepMiHOM Ha dea
POKU i3 wjoMicsi4HUM 8UMipoM emicii MemaHy Ha KOXXHOMY 3 pieHie. 3aedaHHSIM eKcriepuMeHmMy € eusHa4eHHs1 e¢ghekmueHocmi 6iodecmpykyii MemaHy
3anexHo 8id KkpynHocmi ¢pakyiti MBT: 0-20 mm abo 0—-40 mMm. [liomeepoxeHHs1 e¢hekmueHocmi Hakpummsi 6inbw Opi6Hoto ppakyicro MBT saxnueo
He MinbKu 3 eKos102i4HOI, ane Ui mexHos102i4HOI MoYKku 30py. 3acmocyeaHHs1 Opi6HOI ghpakyii eidxodie sik 6ydieesnbHO20 Mamepiasny O5is1 CMBOPEHHS
wapy 6ionokpumms 3MeHWuUmMb eumpamu Ha nepepoo6Ky uiei ¢gppakyii i cmaHe xopowum npPuKNadoM Kpy2080i eKOHOMIKU, OCKiflbKU 8 Npoueci peky-
JNibmusauyii noni2oHy nnaHyembsCsi BUKOPUCIMaHHS 8/1acHUX pecypcie.

Knroyoei cnoea: 3eanuwHi 2a3u, Memat, ¢ppakuiss MBT, emicisi, 6ioGecmpykuyiss MemaHy, HaKpummsi osi2oHy, nizumemp.
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NMUNOTHOE METAHOOEMPAOUPYIOWEE BUONOKPLITUE HA OENCTBYIOLLEM NONUIOHE

MonuzoH meepdbix 6biIMmoebix omxodoe (TBO) — amo 6osbwoli 6uopeakmop, 8 mesie KOMopo20 o6pa3yromcsi ceasioyHble 2a3bl. OCHOBHbIM
KOMIMOHEHMOM c8asloYHbIX 2a308 siesisiemcsi MemaH, Komopbili obpa3yemcsi 8 pe3ysbmame aHa3pobHol dezpadayuu op2aHU4ecKux ¢hpakyudl.
Bbi6pocbl MemaHa co2J1acHO eeporielickoMy 3akoHoOamesibcmey GOJKHbI 6bimb ceedeHbl K MUHUMYMY, NMOCKOJILKY OH siefisiemcsi napHUKO8bIM
2a30M U 3HaYyumMeslbLHO eflusiem Ha U3MeHeHue knumama nnaHemslt. [Tpu 2eHepayuu 6osbwux 06bLEMO8 MemaH MoXem 6bimb UCMO/L308aH Osisi
npouszeodcmea 3Hepa2uu, HO ecsiu npou3godumesibHOCML MemaHoobpa3osaHusi nadaem, nepcrneKMuUeHbIM eapuaHmMoM MUHUMU3ayuu ebi6pocos
sien1semcsi Hakpbimue nosiu2oHa 6uoaKmMueHbIM CJI0eM, KOmopbIl pa3pywaem memaH 8 monuwe 6uonokpbimusi. Ha delicmeyroweM caHumapHom
nonuzoHe Yiikana (9cmoHusi) cywecmayem cucmema cb6opa 6uoza3a, oOHaKo 3a cyem 2o0pu3oHmasnbHol oughghy3uu He 8ech 2a3 ynaenueaemcs
OaHHol cucmeMoli. AMUCCUO MemaHa € MoJIu20Ha MOXXHO CHU3UMb nymeM e20 decmpykyuu e monuje 6uonokpbimus. Ljenbro daHHol pabomsbi
sensiemcs nposepka agpghekmusHocmu pabombl 6UOMOKPLIMUU, CHOPMUPOBAHHLIX U3 MeEJIKUX (hpaKyul, rMosly4eHHbIX rocjie MexaHu4eckoul
6uonozuyeckoli o6pabomku omxodoe (MBT). C amoli yenbto 6bi1u nocmpoeHbl dee 3KCrepuMeHmasbHble MIowWadku, Hakpbimbie ghpaKyusmMu
pasnuyHol kpynHocmu: 0-20 mm u 0-40 MMm. Hamu npedcmaenieH nNpoeKkm KOHCMPYKyuu nnouw,adok, onucaHbl Npoyecchl Ux cmpoumesibcmea,
ceolicmea cmpoumesnbHbIX Mamepuanoe u fnpedsapumesnbHbie pe3ynbmambl uccredoeaHusi. CucmeMbl MOHUMOPUH2Aa 3MUCCUU MemaHa e
mosuje NoKpbIMuUsi ycmaHoesieHbl Ha o6eux niowadkax: 2a308ble CK8aXuUHbl C hunbmpamu pasMeljeHbl Ha 80CbMU YPOBHSIX U MpuU 2a308ble
Kamepbl 06ycmpoeHbl Ha noeepxHocmu obeux nnowadok. [jns ycmaHoeneHusi 800H020 6asaHca 8 Mosuwe MoKPbIMUsi ycmMaHo8/1eHbl mpexypos-
Heeble nusumempsl. MccnedosaHue 6uodecmpykyuu MemaHa 3ansaHuUpo8aHoO CPOKOM Ha 0ea 200a € exeMecsiYHbIM U3MepeHuUeM aMuccuu Mmema-
Ha Ha Kax0oM u3 ypoeHeli. 3adaHueM 3KcriepumeHma sienissiemcs onpedesneHue aghgpekmueHocmu dezpadayuu MemaHa 8 3agucumMocmu om Kpyn-
Hocmu ¢ppakyuii MBT: 0-20 mm nnu6o 0—40 mMm. lTodmeepxdeHue 3aghghekmueHocmu Hakpbimusi 6onee menkol ¢ppakyuu MBT eaxxHO He MOJIbKO C
3Konoazu4eckol, HO U MexHo/I02u4eckol moyYKu 3peHusi. [lpumeHeHue menkol ¢hpakyuu omxodoe 8 Ka4ecmee cmpoumesibHO20 Mamepuana onsi
co3daHus c/1051 6UOMOKPLIMUST yMeHbWUM pacxodbi Ha nepepabomky amoli hpakyuu u cmaHem XopowuM MPUMEPOM Kpy2080U 3KOHOMUKU, Moc-
KOJIbKY 6 npouecce peKysibmueayuu rnosiu2oHa niaHupyemcs Ucrnosib308aHue co6cmeeHHbIX Pecypcos.

Knroyeenie cnoea: ceano4Ho20 2a3bl, MemaH, ppakyusi MBT, amuccusi, 6uodecmpyKyusi MemaHa, Hakpblimue fosiu2oHa, jisumemp.
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CTPYKTYPHO-TrEHETUYECKME OCOEEHHOCTU U TEHAEHLIUX PA3BUTUA
NAHOWA®TOB 30HbI MPUKACMUACKUX PABHUH
(I Oro-BOCTOYHO-LWWMPBAHCKOMWU, CANTbAHCKOU U NNIEHKOPAHCKOMWN)

HaHa xapakmepucmuka 08yx OCHOBHbIX 2pyrnn ¢hakmopoe, eIusoUWUX Ha coepeMeHHy0 QUuHaMuKy naHOwagmoe: npupoo-
HbIX U aHMPOMNo2eHHbIX. Yyacmeyroujue 8 QuHaMuke slaHOWaghma aHmpomnozeHHble hakmopbl omsiudaromcsi 6onbweli UHMEH-
cusHOCMbIO, YeM npupodHsbie. [pupodHbie ¢hakmopbl 8 OCHOBHOM ornpedesistom HarnpassieHHocmb OUHaMuKu JlaHOwagmoe.
B cmpykmypHo-2eHemu4ecKoM OMHOWeEeHUU Co8PeMeHHOe COCMmosiHUe slaHowaghmoe 30HbI MPUKacnulicKux pasHUH omsuyae-
mcs1 ucknrYumesnibHoli QUHaMU4YHOCMbIO U UHMEHCUBHO 8o3pacmaroujeli aHmponoz2eHHol Hazpy3kol. B yenom npubpexHbie
pasHuUHHble naHowagmsbi uccsiedyeMoli meppumopuu, ebiwedwue u3-nod eodbl 8 HeAasleKoM NMPOWIIOM, 8 C8513U C MO30HUMU
2e0J1020-2eo0MoOpP@hos102UHECKUMU POy eccamu UMerom cpasHUMesIbHO Mos1o0ol rnelicmoyeH-20/104eHOo8bIl 8o3pacm.

CocmaeneHbl 2paghuku usMeHeHUs1 20008bIX 8€JIUYUH amMOCcepPHbIX ocadKoe 3a MHozosiemHull nepuod (1873-2000) no He-
KomopbIM MemeocmaHyusiM uccrsiedyeMoli meppumopuu & corocmaesieHuU ¢ npupocmoM 200UYHbIX Kosiey depeebee (1760—
2005). AHanu3 epaghukoe nokasas, 4mo, HeCMOMPS Ha ee200Hble OMKITIOHEeHUs 8esIU4UH ammMochepHbIX 0cadkoe om HOPMbI, 8
MHoO20/1emHeM Xxo00e MOXHO npocsiedumb MeHOeHUU K UX YMeHbuweHuro. CornocmaesieHue usMeHeHUsi ammMocgepHbIX 0cadKoe C
duHamukoli 20008020 npupocma ApesecuUHbl MHO20JIeMHUX depesbes, cpybIIeHHbIX 8 JIeCHOM slaHOwaghme JIeHKOpaHCKO20 HU3-
KO20pbsi, KOmopbIe b6r1uXxe PacrosIoXeHb! K MPUKacnulicKuM pagHUHaM, MoKa3aso Hanu4vyue Mexady HUMU npsiMoll Koppessiyuu.

Hamu npoaHanusupoeaHbl naHowadgmuble nocsedcmeusi 8 OCHOBHOM mpex nepuodoe KosnebaHusi ypoeHsi Kacnulickozo
Mopsi: nepebili Nnepuod CHUXeHus1 ypoeHsi Mopsi (1877-1977), emopoli nepuod noebiweHusi ypoeHsi mops (1977-1998), mpemudi
nepuod CHWXeHUs! YpPo8HsI Mopsi (nocsie 1998 2).

B nepebili nepuod yposeHb 2pyHMo8bIx 800 8 npubpexHbIX 60510MHbIX, 60/710MHO-11vroebix, 60/10MHO-11a2yHHbIX KOMI/IeKcax
MOHU3UJICS, 800HbILU PEXUM No4e yxXyOwusics, U nosiyyusiu pazsumue roJynycmbiHHbIe U CyXxocmerHble pacmumeJsibHble 2pyrnru-
posku. Bo emopoti nepuod noebiweHusi yposHsi mopsi (1977-1988) npoucxodum 3HayumesnibHoe ocsiabrnieHue ebiweyKa3aHHbIX
npouyeccos, a 8 HEKOMOPbLIX Mecmax NpPubpeXxHble KOMIIEKCbl OCMasnuchb npakmu4yecku rnod eodol, 8 yesioM U3MeHUslacb 8csl
3Kosloa2uyeckasi obcmaHoeka & MpupoOHO-MmeppumopuanbHbIX Kommiekcax. B nocnedHuli mpemuili nepuod npoucxodum
yMeHbuweHue akeamopuu Kacnulicko2o Mopsi u yeesnuyeHue naouw,adu KOHMUHeHMaslbHO20 PexxumMa pa3eumusi JaHowagmoae.

YcmaHoeneHa npuypo4eHHOCMb HEKOMOPLIX creyugudeckux 3jieMeHmose saHowagma K palioHaM no2pebeHHbIX MooHs-
mui. bonee uHmMepecHLIM 8 3MOM OMHOWEHUU sI8JITFOMCSI MIPO2PEeccUsHOe ocyWeHuUe omaoesibHbIX y4acimKoe asioeuasnbHo-
03ePHO-CMapUYHbIX PasHUH MO0 6J/IUsTHUEM JIOKallbHO MPOSIBUBLIUXCS] 80CXO00SIWUX MEKMOHUYeCcKux OeuXeHul, fnuHeliHoe
pacnpocmpaHeHue 20/10¢humHoli pacmumesibHOCMU U MakKbIPO8UOHbIX COJIOHYaKoe8 800JIb 30HbI 8bIX00a 3aCOJIeHHbIX M003e-
MHbIX 800 110 MEKMOHUYeCKUM pa3pbi8aM, CKorsieHue 3apocieli pegecHOU pacmumeslbHOCMU Ha Mo2pyXeHHbIX MOOHAMUSIX
yyacmkoe pe4yHbIX OOJIUH.

lMocne ocywecmersnieHUsi 02POMHbIX Me/IUoOPamu8HbIX Meponpusimul Ha Mo8epxXHoOCMuU meppumopuu Xopowo 6bIPa)KeHbl
aHmpornozeHHble hopMbl penibegha: UCKYccmeeHHbIe 2psidbl, MOHUXeHUS, XO/IMbl, meppachkl, 08pa2u, KOJI/IeKMOpPHO-OpPeHaXKHas!
cemb u Op. Ha opowaembIx meppumopusix 2ycmoma UCKYyCCINMeeHHO20 pac4sieHeHusi penbegha mecmamu docmuzaem 4,5—
5,5 k/km, 2nybuHa pacyneHeHus1 usmeHsiemcsi om 0,8 do 3,5 m.

3a nocnedHue 100 nem necucmocms JleHKOpaHCKOU HU3MEHHOCMU yMeHbWwusiack noYymu e 4-5 pa3. KopeHHble uameHeHusi
necHbIx nnowadell JleHKopaHCKoOU pagHUH U 3aMeHa uUX OOHOMUIMHbLIMU a2poyeHo3aMu Ujlu JIeCOHacaXx0eHuUsIMU, cocmosiuumu
u3 o0HoU—-08yx OpeeecHbIXx NMOpPod (kawmaHonucmsili dy6, cocHa, monosb u 0p.), 3HaYumMeJsIbHO ycusnuau UuHmezpayuro eudo-
8020 cocmasa u sipycHoli cmpyKmypbl pacmumesibHO20 MoKposa.
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