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ASSESSMENT OF THE INFLUENCE OF INDUSTRY
ON POLLUTION OF SNOW AND SOIL WITH HEAVY
METALS IN PAVLODAR

The article investigates soil contamination with heavy metals (zinc,
lead, chromium, and manganese) in the snow and soil cover within the
influence zone of thermal power plants and facilities of the petrochemical
and metallurgical industries. To assess the anthropogenic impact on
deposition environments, an analysis of heavy metal content was
conducted using various indices and coefficients. The following were
utilized: pollution index, enrichment factor relative to Clarke's
concentration of the metal in the Earth's crust and in soils, hazard
quotient (exceedance of MPC), as well as an adapted coefficient of heavy
metal accumulation in soil relative to its content in snow. The main
patterns of accumulation and distribution of chemical elements in soil and
snow were identified. The study revealed that manganese predominates
in terms of the average content of heavy metals in solid snow sediment
and soils. Lead shows the lowest values in snow. In the soil cover, the
greatest exceedance of MPC pertains to manganese - by 30 times. The
content of other metals also exceeds the soil MPC, except for lead.
Significant fluctuations in metal content at different sites indicate the
influence of various factors such as wind direction, precipitation, and the
presence of other industrial enterprises.

Keywords: heavy metals, industrial zone, snow cover, urban soils,

pollution index.
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Introduction

Thermal power plants (CHPP — Combined Heat and Power Producing) are
one of the main sources of environmental pollution, including snow and soil. The
primary pollutants from these enterprises are heavy metals, categorized as super-
ecotoxicants, possessing mutagenic and carcinogenic properties, as well as the
ability to accumulate in environmental objects. The most dangerous in this sense
are heavy metals of toxicity classes 1 and 2 (lead, cadmium, mercury, nickel,
cobalt, chromium, vanadium, copper and zinc, as well as arsenic, selenium and
antimony). Heavy metal pollution from thermal power plants is primarily
associated with coal combustion, highlighting the significant impact of industrial
activities on the accumulation of heavy metals in the environment [1].

The increasing pollution of natural environments with gaseous, solid, and
liquid harmful emissions from thermal power plants leads to the disruption of the
self-recovery principle, which is one of the fundamental principles of nature. Of
particular interest and practical significance is, on one hand, understanding the
mechanisms and regularities of behavior and distribution of heavy metals in the
environment. On the other hand, the fact that there are essentially no self-
purification mechanisms for them — they merely move from one natural reservoir
to another, interacting with various categories of living organisms and leaving
negative consequences of this interaction everywhere they go. Such reservoirs
include deposition environments: snow and soil covers [2].

Snow cover has the ability to accumulate almost all substances entering the
atmosphere from various sources, which makes it an effective indicator of
pollution when monitoring air and soil quality in urban areas. One approach to
such monitoring is to study the accumulation of pollutants, including heavy
metals, in the snow cover, which serves as an important depositing medium
[3; 4; 5]. Another accumulating medium that accumulates pollutants is soil. Soil
is considered one of the basic resources for the survival of mankind because, by
satisfying the food needs of all living organisms, soil performs the function of
producing nutrients. Both covers are closely interconnected; snow is not active
either chemically or biologically and, therefore, is an indicator of previous
atmospheric pollution and future pollution of the soil and hydrosphere, into
which water-soluble and solid pollutants migrate during snow melting. The soil,
in turn, accumulates heavy metals and contributes to the further accumulation of
toxicants in plants.
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In this context, heavy metal pollution poses a serious problem worldwide,
constituting an issue of environmental safety and sustainable resource
management. Therefore, research aimed at identifying the level of pollution and
the characteristics of heavy metal distribution in snow and soil covers within the
influence zone of thermal power plants is more relevant than ever.

To date, several foreign studies have been carried out on this topic. Research
by Yakovlev (2022) [5] revealed that in the zone of influence of a thermal power
plant, a very voluminous sediment is formed in the snow cover, which includes
soot and other products of coal combustion. The insoluble form of the studied
snow contains more metals than the soluble form [5]. In China, in 2021,
measurements were taken of the concentrations of heavy metals such as: As, Cd,
Cr, Cu, Hg, Mn, Pb and Zn in surface soil layers in the area adjacent to a coal-
fired power plant. According to the research results, the degree of contamination
varied from severe to moderate. Cd, Hg and As were found to be major
contributors to potential environmental risk. The results also showed that wind
direction is important for the distribution of heavy metals around a coal-fired
power plant [6]. Another study of soil pollution in an area adjacent to a coal-fired
power plant in southwest China found that CHP contributed to contamination of
nearby soils with Pb, Cd, As, Hg, Cu and Cr, especially mercury. Moreover, soil
mercury contamination was caused mainly by fly ash from a coal-fired power
plant in Jinsha [7].

In research of Kai Che, 2022 [8] As, Cd, Cr, Cu, Pb, Hg and Ni were
analyzed in the flue gases of six power plants. The results showed that the main
pollutants in thermal power plants were Cu, Cr and Ni. The average content of
Cr, Cu, Pb, Hg and Ni in the surface layer of soil surrounding the coal-fired
power plant was 1.16-2.32 times higher than background values. Source analysis
showed that emissions from coal combustion contributed the most to the
formation of heavy metals in soil around power plants (41.4 %), followed by
industrial emissions (23.6 %) and transport emissions (19.6 %) [8].

Based on the examples given, it is obvious that the content of heavy metals
in snow and soil around thermal power plants is the subject of extensive research.
Statistical analyzes and studies of heavy metals in snow and soil have identified
thermal power plants as sources of pollution, highlighting the need for
comprehensive monitoring and mitigation strategies [9]. The results of these
studies provide valuable information on the sources, distribution and effects of
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heavy metals, highlighting the need for effective measures to address this
environmental problem [10].

This study will analyze heavy metal pollution in the northern industrial zone
of the city of Pavlodar. The electric power industry in the city is represented by
Pavlodarenergo JSC. Which in the study area includes Pavlodar CHPP-2;
Pavlodar CHPP-3 and other facilities. Snow and soil covers were selected as
research objects. The purpose of this work is to study technogenic pollution of
snow cover and soils with heavy metals.

1)The objectives of our research included:

determination of the concentration of heavy metals in the solid fraction of
snow cover in the zone of influence of thermal power plants; 2) identification of
the content of heavy metals in the soil in the northern industrial zone of Pavlodar;
3) assessment of heavy metal contamination of the environments under
consideration, analysis of the accumulation of toxicants in the soil;

4) comparative assessment of the spatial distribution of heavy metals in snow
and soil covers.

Materials and methods

Study area and sample collection

The study of snow cover and soils was carried out in the city of Pavlodar in
2023. Sampling sites were identified (Figure 1). Snow cover sampling was
carried out according to Methodological recommendations [11; 12].

Samples were taken on the territory of the northern industrial zone, at
various distances from industrial facilities, based on the wind rose. The
environmental gradient was taken into account, i.e. gradual reduction of the
influence of factories, thermal power plants and other objects. Sampling sites
were located at a distance of 100 m, 500 m, 1000 m, 2000 m, 3000 m, 4000 m
and 5000 m from Pavlodar Petrochemical Plant JSC, CHPP-2, CHPP-3.
Sampling sites also included the vicinity of ash dumps of thermal power plants,
residential areas of the city (Lesozavod district), the villages of Zhanaul and
Pavlodarskoye, summer cottages, and vegetable gardens of residential areas [13].
A total of 14 snow samples were taken.
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Picture 1- Location of the study area and sampling sites in Pavlodar

3 — Pavlodar branch of «KSP Steel» LLP, 4 — Pavlodar branch of «Casting»
LLP; 6 — CHPP-2 of «Pavlodarenergo» JSC, 7—-CHP-3 of «Pavlodarenergo» JSC;
8 - Pavlodar Petrochemical Plant JSC, 9 — «Neftekhim Company LTD» LLP,

10 — «Kaustik» JSC, 11 — UPNK-PV LLP; 12 — Kazenergokabel JSC, 14 —
«Pavlodar Pipe Rolling Plant» LLP, 15 — «<PMZ DAMAK» LLP, 16 - Cardboard
and Ruberoid Plant, 17 — Pavlodar TcGOS, 18 — JSC «Pavlodar River Port»,19
— «Company of Industrial Materials (KPM)» LLP.

The soil sampling sites coincide with the snow cover sampling sites to
determine the pattern of heavy metal content in various environments. During
the sampling process, the sampling methodology of the Interstate Standard
GOST 17.4.4.02-2017 «Nature Protection (Environmental Protection) — Soils»
was employed. Sampling was carried out using the «envelope» method in the
upper soil horizon, up to 15 cm deep (the depth of the arable layer) to study the
accumulation of heavy metals on the soil surface as a result of melting snow
cover and their effect on plants. A total of 14 soil samples were taken.

Laboratory tests were carried out in the laboratory of the branch of the
Institute of Radiation Safety and Ecology of the RSE at the National Nuclear
Center of the Republic of Kazakhstan of the Ministry of Energy of the Republic
of Kazakhstan. The analysis of the content of chemical elements in the solid
phase of snow and soil was carried out by mass spectrometry with inductively
coupled plasma using an Agilent 7700 X ICP-MS in accordance with the
Measurement procedure No. 499-AES/MS MCHA «Methods of quantitative
chemical analysis. Determination of the elemental composition of rocks, soils
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and bottom sediments by atomic emission with inductively coupled plasma and
mass spectral with inductively coupled plasma methods" KZ.07.00.03351-2016.

For further analysis of contamination of depositing environment, 4 metals
were selected, which are the most toxic and also make a large contribution to the
pollution of the city’s snow and soil cover. The first hazard class includes zinc
(Zn) and lead (PDb), the second — chromium (Cr), and the third class — manganese
(Mn).

Statistical processing and coefficient calculations

To assess the pollution of snow and soil covers with heavy metals, the
pollution index (PI) was calculated. Pl is calculated by comparing the actual
(anomalous) content of the pollutant in the natural object to its background level
in a similar object.

Pollution index (PI) formula:

Cn

= By’ D
where Cn is the content of heavy metals in the soil, Bg is the content of heavy
metals in background samples.

Pollution coefficient relative to MPC (PImpc) - the ratio of the metal content
in snow or soil to the maximum permissible metal concentration.

PI

PImpe = —" ©)
P = Mpc’

where Cn is the concentration of pollutant in snow or soil;

MPC is the maximum permissible concentration of pollutant i in snow or
soil.

Enrichment factor (EFcrust) [14]:

Csample
EFcrust = ———, 3)
Ccrust

where Csample is the concentration of metal in the soil, according to our study;
Ccrust is the concentration of the metal in the earth’s crust (clark concentration)
[15].

Enrichment factor relative to soil clarke (EFsoil):

EFsoil = Csample @
SO = Tsoil clark’
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Element | Interval Average content The Backgroun | Pollutio
oefficient of | d content n index
variation

Zn 63- 286.2+55.3 72.2 175 1.6
800

Pb 26- 158.5+270. 64.3 425 3.7
430 2

Cr 59- 316.6+88.9 105.1 755 0.4
1200 3

M 400 638.6£92.7 54.4 560 11

n -1800

where Csample is the concentration of metal in the soil, according to
our study; Csoil clark — metal concentration in soil (clark concentration) [16].
The coefficient of heavy metal accumulation in soil (Transfer Factor, TF):

Csoil
TF = , (5)
Csnow

where Csoil is the concentration of heavy metal in the soil;

Csnow is the concentration of heavy metal in snow.

Results and discussion

According to the result of the analysis of environmental reports of Pavlodar
enterprises, the main pollutants emitted by enterprises in the northern industrial
zone of Pavlodar were identified. The volume of actual emissions of pollutants
into the atmospheric air of the petrochemical plant is 22,275.104 tons,
Pavlodarenergo JSC — 35,096.751 tons, CHPP-2 — 6,795.546 tons, CHPP-3 -
28,301.205 tons, KSP «Steel» — 2,837 tons . The main volume of emissions
comes from inorganic dust with varying silicon content, abrasive, wood and
metal dust. The leaders in dust emissions are CHPP-2, CHPP-3, followed by KSP
«Steel». According to the results of the study, the amount of heavy metals
emitted in pure form is small, but the content of various elements in dust and ash
far exceeds these values. Inorganic dust emitted by the city's thermal power plant
contains: fireclay, cement, cement production dust - clay, shale, blast furnace
slag, sand, clinker, silica ash, coal ash from Kazakhstan deposits. It should be
noted that according to the results of industrial environmental monitoring, none
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of the industrial facilities exceeds the standard indicator for emissions of
pollutants.

As a result of the laboratory analysis for the content of heavy metals in snow
sediment in the city of Pavlodar, the results presented in Table 1 were obtained.

Table 1- Statistical indicators of the content of heavy metals in solid snow
sediment in the zone of influence of the energy industry in Pavlodar, mg/kg

Element | Interval Average The Background Pollution
content coefficient content index
of variation
Zn 63-800 286.24+55.3 72.2 175 1.6
Pb 26-430 158.5+270.2 64.3 42.5 3.7
Cr 59-1200 | 316.6+88.9 105.13 755 0.4
Mn 400- 638.6+92.7 54.4 560 1.1
1800

The average content of elements in the samples is presented in the following
row: Mn (638.6) > Cr (316.6) > Zn (286.2) > Pb (158.5). The minimum
concentrations of zinc, lead and chromium were recorded at site 4.5 - to the north
and northeast of the ash dumps, which may be due to the prevailing wind
direction [14], and the maximum - at site 13, in the zone of influence of the
thermal power plant the content was average. The maximum value of lead is
noted at site 2, in the zone of influence of the highway, as well as the chemical
industry, which also causes a high content of manganese (max — site 3). The
maximum value of chromium was confined to the zone of influence of CHPP-3
and the south of the Pavlodar Petrochemical Plant.

Next, the pollution index relative to the background content of the substance
was calculated. Snow samples for background indicators were collected more
than 50 km away from the city. The sampling area was 500 m from the main road
and 1 km from the nearest village. Thus, the background indicators had an
anthropogenic impact, but without the direct influence of urban industry. As a
result, pollution indices are low and range from 0.4 to 3.7. Lead and zinc have
significant excesses of background concentrations, and chromium has the least.

As a result of statistical analysis of the content of heavy metals in the soils
of the northern industrial zone, the following results were obtained (table 2).
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Table 2 — Statistical data of the content of heavy metals in the soil cover of
Pavlodar, mg/kg

Eleme Interv Average The Backgroun
nt al content coefficien | d content
t of
variation
Zn 72- 140.2+69.7 49.6 192.50
300 9
Pb 7-22 13.84+4 29.0 13
4
Cr 85- 130.6+28.2 215 106
195 9
Mn 19000 21607.1+£91820 8.43 20000
-25000 .6

The highest content of elements in soil samples is presented in the following
row Mn (21607) > Zn (140,2) > Cr (130,6) > Pb (13,8). As for the spatial
distribution of heavy metals in the soil, a strong association with the zone of
influence of thermal power plants was not observed. The highest concentrations
of metals are confined to industrial areas, and the chromium content is higher at
site 5, northeast of the ash dumps of the thermal power plant.

To assess soil contamination with heavy metals, ecological and geochemical
indicators were calculated (Table 3), characterizing the excess concentration of
metals in the soil of this study relative to the clark in the earth's crust (EFcrust),
the clark in the soil (EFsoil) and the pollution index (P1). The pollution indices
relative to the clark content in the Earth's crust and soil are used in this study to
determine the level of soil pollution with heavy metals relative to the natural
content of these metals.

Table 3 — Indices of heavy metal pollution in the soil of the northern
industrial zone

Element Enrichment Enrichment Pollution
factor (EFcrust) factor (EFsoil) index (PI)

Zn 1.69 2.80 0.73

Pb 0.86 1.38 1.06

Cr 1.57 0.65 1.23
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| Mn | 21.61 | 25.42 | 1.08

According to Sutherland (2000) [15], if the enrichment factor is less than 2,
then the soils are considered uncontaminated. In our case, the metals zinc, lead
and chromium have a low enrichment relative to clarke in the earth's crust, the
enrichment of manganese refers to very high contamination. Regarding clarke in
soils, zinc is of average enrichment in the soils of Pavlodar and manganese is
also highly contaminated. Despite the high values of the enrichment factor, the
pollution indices relative to the background data of our study are low, i.e. the
content of heavy metals in soils outside the city is only slightly lower than in
urban soils.

As can be seen from the results of the study, manganese predominates in
soils in all respects. It is known that the natural content of manganese in soils and
plants is very high; in our case, its content in the soil is explained by the alkaline
environment of the soil and the presence of carbonates in them. According to
some studies, manganese is not considered a soil-polluting metal [17].

To assess the potential impact of heavy metals on human health, the
maximum permissible concentration of an element in soil was studied, since
there are no separate maximum permissible concentrations for snow cover. Since
this study studied solid snow sediment after filtration of melt water, it is possible
to use and compare the obtained values with the maximum permissible
concentration of heavy metals in the soil. For lead and arsenic, MPCs were used
according to the Kazakhstan standard [18], for other metals data from literary
sources [19] or Russian GOST [20] were used.

As a result, hazard coefficients were obtained, i.e., the exceeding of MPC
indicators in soils by the average values of heavy metal content in solid snow
sediment and soils, as well as the coefficient of heavy metal accumulation in soil
from snow. It is calculated as the ratio of the concentration of heavy metals in
the soil to the concentration in the snow cover (Table 4).

Table 4 — Hazard coefficients and accumulation of heavy metals

Element MPC Snow Soil Soil
of heavy | cover hazard | cover hazard | accumulation
metals in soil | coefficient, coefficient, coefficient,
PImpc PImpc Transfer Factor,
TF
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Zn 55 [20] 5.20 2.55 05

Pb 32 [18] 4.95 043 2

Cr 100 3.16 131 04
[19]

Mn 700 0.91 30.87 34
[20]

The highest excess of MPC in snow cover relates to zinc and lead - 5 times,
the smallest - to manganese. In the soil cover, the greatest excess of the MPC
relates to manganese — 30 times. The content of other metals also exceeds the
soil MPC value, except for lead. Thus, the concentrations of heavy metals in
snow are much higher than the concentrations in soils and, as a result, have a
high excess of the MPC.

To identify the relationship between the content of heavy metals in snow
and soil, a correlation analysis was carried out. Among all metals, a correlation
within 0.3-0.4 was noted, which indicates that the relationship between these
two variables is relatively weak. The content of heavy metals in the soil does not
greatly depend on the content of the same metals in the snow cover. For
chromium the correlation is negative.

Interesting data is presented by the coefficient of accumulation of heavy
metals in the soil. Thus, according to calculations, manganese constantly
accumulates in the surface layer of soil in large quantities; it is not washed out or
filtered. Zinc and chromium have coefficients of 0.4 and 0.5, their content in the
soil is reduced by 2 times compared to snow. The opposite is true for lead; its
content in the soil is 11 times less than in the snow cover, which suggests that
chromium is washed out from the surface layers of the soil after melting of snow.

To compare the spatial distribution of metals in snow and soil covers, maps
of chromium content were compiled (Fig. 2). The maps were compiled using the
interpolation method.
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Concentrations in snow are much higher than those in soils due to large
differences in classes. In the snow, chromium is confined to the Petrochemical
Plant and Thermal Power Plant-3 and has the form of concentric areas around
these objects. In soils, a smoother distribution of metal is observed with minimal
content in the territory of dachas. In most of the northern industrial zone, the
chromium concentration ranges from 100 to 150 mg/kg, as well as in the snow
cover, most of it corresponds to the class from 0 to 200 mg/kg.
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Conclusions

In the city of Pavlodar, in the northern industrial zone, studies of the content
of heavy metals in snow and soil covers were carried out and the coefficients of
pollution and accumulation of metals in depositing environments were
calculated. The northern industrial zone is of interest as it is within the influence
zone of two major thermal power plants in the city, and the identification of the
pollution level of this area is the goal of this study. As a result, it was revealed
that the highest concentrations of zinc, lead and chromium metals were found in
the snow cover (maximum lead — 11 times more), manganese in the soil (34 times
more than in snow). Despite the high content of heavy metals, it was revealed

that the pollution indices have low values, which is due to low background
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values. The exception is lead in snow, the excess of which in the city is 3.7 times.
However, when determining the hazard coefficient relative to the maximum
permissible concentration, all metals in all environments demonstrate an excess
of the MPC, except for manganese (0.91) in snow and lead (0.43) in soil. These
results highlight the importance of controlling and monitoring heavy metal
pollution and the need to take measures to reduce anthropogenic impacts on the
natural environment.

The accumulation of heavy metals in soil is a complex problem that requires
interdisciplinary research to fully understand its consequences. By studying
patterns of accumulation, distribution, and exposure of heavy metals in different
environments, researchers can gain valuable information to develop strategies to
reduce the risks associated with heavy metal pollution.
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MABJIOJAP KAJTACBIHJA KAP MEH TONBIPAKTBIH
AYBIP METAJIJIAPMEH JIACTAHYBIHA OHEPKOCINTIH
OCEPIH BAFAJIAY

Maxkanada oicolny 91eKmp CMAHYUSAAPLL MEH  MYHQU-XUMUSL,
Memanypausi OHepKocioi 00vexminepiniy ocep emy anumazvlHoazvl Kap
MeH  MOonvlpar — AHCAMbUISLICHIHbIY — aYblp Memandapmer  (Mulpblild,
KOpedacoll, XpoM JicoHe Mmapeawney) racmanyvl sepmmenedi. Kap men
MONBIPAKKA aHmMpONnoceHoik ocepli bazanay ywin opmypii uHoekcmep
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MeH Kod(puyuenmmepoi KOIOAHA OMBIPLIN ayblp dleMeHmmepoin
KypamvlHa manoay ocacanovl. llatidananvinovl: jaacmawny UHOEKCI,
KIApKKA Kamblcmbl Oaiblmy Qaxmopuvl dicep KblpmblCblHOA2bl JHCOHE
MOnvIpaKmaavl Memaul KOHYESHMpayuscol, Kayinmiux xosguyuenmi
(LLIPK-0an acein kemy), coOHOGU-aK MONbIPAKMA KAPOAH —Ayblp
Memanoapovly xcuHany kodgguyuenmi. Tonvipax nen Kapoa XUMUSLIBbIK
NeMeHmmepOiy JHCUHALYbL MEH MAPATIYbIHbIY He2i32l 3aHObLIbIKMApbl
aHblIKmanovl. 3epmmey OapvicblHOa ayblp Memaioapovly opmauld
Monwepi OolbIHWA KapObly Kammbul (PPpaKyuscblHOa HcoHe MonvlpaKma
Mmapeaney b6acvim exeri anvikmanovl. Tonvipak scamvlieviceinoa LIIPK-
HbIH ey Kon meoauwepi mapeaneyke scamaovt — 30 ece. Kanzaw
Memanoapovly Kypamsl KOpeacblHObl Kocnazanoa, monsipakmotyy LIIPK
MOHIHeH acein mycedi. Op mypai yyackenepoezi Memaii KypamblHblH
aumapIvlKmail ayblmyvl JHcendiy Oazvlmmapbl, HCAYbIH-ULAWDBIH JHCOHE
backa 0a OHepKOCINMIK KOCINOPbIHOAPObIH OONYbl CUAKMbL OPMYpPi
gaxmoprapovly ocepin kepcemeo.

Kinmmi  ce3dep: aywip memandap, eowdipicmik aumax, Kap
HCAMBLIZLICHL, KALALBIK TNONBIPAK, IACMAHY UHOEKCI.

*4. A. @aypam, A. b. Tokmapbexosa

TopaiirsipoB yuusepcuret, Pecriyonuka Kazaxcran, r. [1aBionap
[octymuio B penakumio 27.04.24.

IToctynuno ¢ ucnpasnerusimu 30.04.24.

[Ipunsto B neuats 02.06.24.

OIEHKA BJIMAHUA MIPOMBIIIJIEHHOCTH HA 3AT'PA3HEHUE
CHET' A 11 ITOYB TAKEJBIMHA METAJIJIAMMU B I'. ITABJIOJIAP

B cmamve ucciedyemcs 3azpsisHeHue no4e msiceablMu Memaiidmu
(YuHK, ceuHey, XPoM U MAp2aney) CHENCHO20 U NOYEEHHO20 NOKPO8d 8
sone enuanus TOL] u 00vekmos HeghmexumMuuecko, MemairypeuecKo
npomvluiieHHocmu.  J{ia  OyeHKu  aHMpONOLEHHO20  GIUAHUA — HA
Oenonupylowue cpeovlt ObLIA NPOBEOeH AHAAU3 COOEPIHCAHUS MAICENbIX
9NEMEHMOB8 C NPUMEHEHUEM PA3TUUHbIX UHOEKCO8 U KOID@Puyuenmoas.
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bounu  ucnonvzosansi: unoexkc 3azpasnenus, axkmop obozaujenus
OMHOCUMENbHO KIAPKA KOHYEHMPAayuu Memainda 6 3eMHOU Kope U 6
nousax, Koag@uyuenm onacrhocmu (npesviwenue IIJ[K), a maxoce
adanmuposannblll KOIQpGuyuenm HAKONIEHUA MANCENbIX MEMANI08 8
nouge OMHOCUMENbHO COO0epiIcanusi 6 cHezy. Buisgnenvl ocHosHbie
3aKOHOMEPHOCU HAKONJIEHUS U pacnpedeneHuss XUMU4ecKux 31eMeHmos
6 nouge u cnezy. B xode ucciredosanus Ovino ycmanoeieHo, 4mo no
cpeoHeMy COOePICAHUIO MANHCENBIX MEMANI08 8 MEepOOM ocaodke cHead
u nougax npeobnaoaem mapeaney. Haumenvuiue 3nauenus 6 chezy
noxasvigaem ceuwey. B nougsennom noxpoge naubonvuiee npesviuienue
IJIK omuocumca x mapeanyy - ¢ 30 pas. Colepcanue ocmanbHbIX
Memanioe maxoice npegviuiaem 3uauenue IJ[K nous, 3a ucknouenuem
c8UHYa. 3Hauumenvuvle KOneOaHUsL COOEPHCAHUS MEMANI08 HA PA3HbIX
VYACIKAX YKA3bI6AIOM HA GIUAHUE PA3IUYHBIX (DAKMOPO8, MAKUX KAK
Hanpagnenus 6empa, O0CAOKU U Haluyue Opyaux NPOMbIULIEHHBIX
npeonpusmuil.

Kniouegvie crosa: msoicenvie memannvl, NPOMbIUIEHHAS 30Hd,

CHEeXCHObLLL NnoOKpoe, ZOPOdCKue nou4enl, UHOeKc 3AZPA3HEHUA.
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