EKOJIOIIfl, XIMIYHA TEXHOJ10I'Ifl, BIOTEXHOJ10I' 11
TA BIOIH)XXEHEPIA

DOI: 10.18372/2310-5461.44.14319
UDC 504.064.3:631.45 (045)

M. M. Radomska, PhD, associate professor
National Aviation University
orcid.org/0000-0002-8096-0313

e-mail: m.m.radomskaya@gmail.com;

T. I. Nazarkov,

National Aviation University;
orcid.org/0000-0002-9971-9423
e-mail: tnazarkov28@gmail.com;

M. S. Ponomarenko,

National Aviation University;
orcid.org/0000-0001-9575-3651
e-mail: evrika2007@ukr.net

THE ANALYSIS OF SOILS POLLUTION WITH PETROCHEMICALS BY
THE MEANS OF ELECTROMETRIC METHOD

Introduction

Pollution of the biosphere components with crude
oil and its derivatives are among the major
environmental problems of the modern world.
Annual global demand and production of
petrochemicals grows by 3.5 % a year [1, p. 2]. But
during extraction, transportation, processing and use
of oil and oil products, their losses amount to about
10-20 million tons per year [2, p. 66]. The main
causes of the losses are oilfield accidents, oil
pipeline breaks during transportation, overloading
and storage losses. Despite the reason, all the
petrochemicals lost in operations become pollutants,
causing degradation of soil, atmosphere and water
quality. In this problem soil is often an intermediate
between the source of pollution and its further
advancement to adjoining media — air and water. For
this reason, measuring soil pollution with
petrochemicals is important for prevention of both
soil destruction and pollution of atmosphere and
hydrosphere. However, despite the fact that
petroleum products are one of the main soil
pollutants, approaches to detecting and analyzing
their content in the respective environments are
diverse but imperfect. Therefore, the purpose of the
work is to comparatively analyze methods for
studying petroleum contamination of soils and to
improve the principles and to formulate a method of
conductometric determination of the concentration
of petroleum products in the soil.

Problem statement

Soil, as a biosystem, is important ecologically,
both for the functioning of individual terrestrial
ecosystems and for the existence of the biosphere as
a whole, due to the diversity of its ecological
functions. Although the most valuable function of
soils is to provide the growth and development of
plants, they also play another, less well known, but
equally important global role. In the soil of this
Earth's cover and its humus, the major part of the
living substance of land and its biogenic energy is
concentrated in [3]. Therefore, the soil-organisms
ecological system is one of the most important
elements for ensuring stability and productivity of
the entire biosphere, together with the maintenance
of a substances circulation.

Analysis of the latest research and

publications

The modern trends of urban development state
the need to modernization of municipal areas in the
sustainable mode. This includes relocation the
industrial facilities to the zones outside the areas of
compact human residence. At the same time the
major source of negative impacts on the urban
environment are transport and its service
infrastructure. Since the population is growing the
number of private and public transport vehicles
increases correspondingly contributing  to
environment pollution with fuels and lubricants.
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While air pollution due to emissions of cars is
widely covered in research works, the urban soils
pollution at the areas adjoined to fuel retailing
facilities and storage sites still lacks detailed studies.

Being the most common environment pollution
associated with transport, petrochemicals represent a
puzzling problem, as the chemical composition and
thus the hazard levels imposed by each fuel spilled is
different, depending on origin, method of production
and storage period [4].

Petroleum is a mixture of more than 450 different
substances, mainly hydrocarbons with different
molecular weights, different properties and
environment consequences. The main elements in its
composition are C — 83—-87 %, N — 12-14 %, N, S,
O — 1-2 %, rarely 3—6 % at the cost of sulfur. The
tenth and hundredth percentages of a percent of oil
are numerous trace elements [5]. Oils of various
origins also contain about 30 types of heavy metals,
including V.— 10°-102%; Ni — 10°-107°%;
Fe —107*-107%; Zn — 10°-10" %; Hg — about
10°%; Na, K, Ca, Mg — 10°—10"*%. The total
content of the metals in oil is on average 0.04 % [6].
Combined effect of diverse organic components of
petrochemicals, some of which belong to POPs and
highly toxic agents, and heavy metals depress soil
community, reduce the overall fertility and
contribute to salination of soils [6—8].

Thus, the soil and inhabited by billions of
organisms, the processes of exchange are so diverse
and complex that we have yet to come to their
understanding. Therefore, any soil contamination is
a threat to the relevant environmental functions of
the soil and requires detailed description and
analysis. In this regard, it is very important to
develop new methods of efficient and in-time testing
petroleum products in soils.

Electric properties of the system “soil-
petrochemicals”
Given the wvariability of the chemical

composition of oil, at present there are no
standardized methodological approaches to the
assessment of soil pollution by petroleum products,
which is due to the lack of unified diagnostic
criteria. The most common methods now are
gravimetric method, fluorimetric method, UV
spectrophotometric method, IR spectroscopy, GC
gas chromatography or channel thin layer
chromatography. All of them possess certain
advantages, limited by a range of disadvantages:
highly  sensitive = methods are  normally
instrumentally ~ complicated,  while  simpler
techniques are of low accuracy.

Another important issue is the problem of
environmental regulation of petrochemicals content
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in soils, in fact, there is no legal framework for
acceptable levels in the form of MPC or background
concentration of petrochemicals in soil. Under such
conditions there is a need to develop new reliable
and express methods based on specific properties of
both soils and petrochemicals. Here it is offered to
use physical properties of the system “soil-
petrochemicals”. Petroleum and petroleum products
are dielectrics and are characterized by extremely
high electrical resistance. For example, for paraffin
it ranges from 2 to 0.3-10°0Ohm'm [9]. Some of
them are used in electrical engineering and radio
engineering as insulating material (paraffin) or
insulating ~ medium  (transformer  oils) in
transformers, oil rheostats and switches.

In contrast, soils are electric current conductors,
ranging from clay soils, with lower resistance due to
finer particles and greater points of contact between
them, to sandy soils, with coarser particles and
therefore with smaller points of contact between
them. Thus, soil texture affects the soil conductivity,
as well as content of soil organic matter, moisture
and salt. Therefore, soils electrical conductivity,
measured  using  electrical  resistivity  and
electromagnetic induction, is among the most useful
and easily obtained spatial properties of soil that has
been widely used in agriculture since the end of XX
century [10]. However, the idea of using
conductivity/resistance to study soil pollution levels
is not that widely accepted, and can be found in
limited number of works, namely Seifi &
Alimardani, Liu Z. et al., Medeiros et al. and Volkov
S. But the results obtained by mentioned researches
show the validity of this method [11-14]. Ukrainian
researches Onyschuk et al., Bondar K., Bagriy &
Kuzmenko, Chorny S., Lykhovyd P. have also
worked in this field, but mostly used conductivity of
soils as the indicator of agricultural quality or level
of humidity and irrigation efficiency. However,
Vyzhva et al. have developed the principles of
electrometric testing of urban soils quality [15],
while Hamkalo et al. offer to use soils conductivity
for the evaluation of anthropogenic pressure
intensity [16]. The most widely accepted application
of conductivity testing is for salinization assessment
[17]. We believe that the application of the given
method is appropriate for local continuous control
by the enterprise personnel, first of all fuel retailing
objects.

Research methodology

The initial step in determining electrical soil
resistance as a function of petroleum pollution is the
development of model for the correlation between
the resistance and the content of petroleum products.
For this purpose, the samples of unpolluted soil are
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intentionally polluted with emulsions of oil product
in water of a certain concentration. The soil samples
should be taken from typical sites of the studied
territory. For all the samples taken, the soil texture
must be determined and it is advisable to use the
sieve method. As a result, the aggregate percentages
of the sand, dust, and clay fractions are estimated
and the typical soil mechanical composition is
determined by the USDA soil texture triangle.

Measurement  of  electrical  conductivity/
resistance of the test system can be performed with a
universal multitester equipped with contact
electrodes. According to conventional approaches to
the determination of the electrophysical properties
of the soil, they must be wetted to full saturation
with water or other solvent [14; 15; 18, p. 19] after
the emulsion is added, if necessary. A control
sample is also formed in which the oil emulsion is
replaced with the same volume of pure
water. Resistance measurement results are the
average of three consecutive measurements.

In order to maximize the approximation of the
experimental conditions to the real ones, the samples
are stored in a ventilated room, which doesn’t
prevent the evaporation of petroleum products.

The measurement of the oil content must be
carried out over a long period of time, since under
the real conditions it is extremely rare that the
measurement of the oil content in the soil are
performed immediately after the pollutants are
introduced into the soil.

The measurement results, together with the
values of the concentration of petroleum products,
are recorded in the Advanced Grapher spreadsheet
to construct trend lines and to determine confidence
intervals that will be the analytical boundaries
for interpreting the results of actual soil samples
testing.

Checking the dependencies obtained involves
determining the relative error of measurements;
information quality of the model dependencies is
evaluated using the mean deviation of the actual
values of the mean, with F-test and coefficient of
determination. The predictive properties of the
model are characterized by the Taylor index and
the confidence interval width.

Electrometric Soil Surveys in Kyiv

To identify patterns of change in soil electrical
conductivity/resistance, it is necessary to take
samples of Kyiv soils to account their properties
having influence on the results of testing. Therefore,
soils of the following main types were selected:
soddy-podzolic, dark-gray podzolic, gray forest and
alluvial soils.

In accordance with the developed scheme of
research, at the first stage, samples of appropriate
soil types were taken from the background areas
(suburban area of Kiev at a distance of at least 2 km
from potential sources of pollution). The
morphological properties, texture and pH of soils
were defined (Table 1).

Table 1

Morphological properties of soil samples

Type of soil pH Soil texture Morphological description
soddy-podzolic 6,9 light loam grey wet tight
grey forest 7.0 Sandy gray moist friable
alluvial 7.3 Loamy dark gray moist dense
dark grey podzolic 6,7 Sandy dark gray dry loose

From the obtained soil material, a series of
samples were formed to simulate pollution with
different types of petroleum products by introducing
appropriate portions of the test substance. As the
model the following market products were chosen:
traditional gasoline A-95 and diesel fuel L (summer)
and Semi-synthetic oil grade SAE 15W-40.  After
the introduction of the calculated portions of
petroleum products, the samples were kept for 3
days to ensure a uniform distribution of heavy
fractions along the soil profile and evaporation of
the lightest fractions. Also each series of samples of
each soil type included a control sample that did not
contain petroleum products.

The electrical resistance of the samples (total
number of samples — 54) was measured three times

with 10-day intervals. The obtained data were
averaged and the dependencies were plotted,
showing the relationship between the concentration
of different petroleum products in different soils and
the level of its electrical resistance (see Figure).

At this stage, several important findings have
been formulated:

1. Differences between the resistance of polluted
and non-polluted samples, even with the lowest
concentration, are significantly different by a value
that exceeds the possible statistical error. The
smallest difference is in soils polluted with gasoline,
which can be explained by its rapid evaporation over
time.

2. The highest values of electrical resistance are
typical for samples containing semi-synthetic oil. It
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is these petroleum products that are most commonly
found in wurban spills and resistant in the
environment due to the low content of easily
evaporating light fractions. At the same time, fuels —
gasoline and diesel - will be more typical pollution
near the storage facilities and petroleum products
retailings.

3. Over time (total of 43 days), the resistance
values changed, both increasing and decreasing
values were detected, with the general tendency for a
certain reduction of the resistance, which may
indicate gradual change in the fractional
composition of petroleum products due to
evaporation, mineralization and reaction with humic
components of soil.

4. The relative stability of changes in the
electrophysical properties of soils polluted with
petroleum products enables the use of this method to
identify relatively episodic or chronic contamination
of the relevant soil types.

5. Differences in electrical properties of
soils polluted with different types of petroleum
products does not exceed 10-15 %, with the
exception of extremely high pollution with
lubricating oils, and therefore the averaged values
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may be used for the studied soil differences in real
conditions provided uniform texture. Given the
above, the model dependencies for each type of soil
were developed without differentiation by types of
petrochemicals (see Figure).

Approbation of model dependencies

In order to check the dependencies obtained, soil
samples were taken in the area of influence of
fueling facilities for public use. In the selection of
objects, attention was paid to the types of soils at the
facility, especially their texture. A total of20
samples were taken — 5 samples for soils of each
type.

Determination of oil content was carried out in
parallel by two methods - the proposed electrometric
method and gravimetric method according to the
requirements of the standardized method of MBB
Ne 081/12-0116-03 Method of measurement of
petroleum products mass fraction by gravimetric
method.

The measurement results (Table 2) show that the
electrometric method can be used to determine
petroleum soil, but certain limitations must be
accounted.
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Model dependencies of soil electrical resistance on petrochemicals content for major soil types:
1 — grey forest soil; 2 — alluvial soils; 3 — soddy-podzolic; 4 — dark grey podzolic
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Table 2
Comparison of petrochemicals content determined by two methods
Sample Concentration by the Total Concentration Concentration Relative
number gravimetric method, relative with absolute by electrometric difference of
mg/m’ error, I error, (m = ), method, (m = T)*, actual and model
m, m, m mg/m mg/m’ values, %

1 5591 | 5543 | 55670 12,4 5567.0 = 690.3 5650 +282.5 1.49

2 4958 | 5113 | 5035,5 12.7 5035.5 £ 639.5 5170 +258.5 2.67

3 6241 | 6290 | 6265,5 12,1 6265.5 + 758.1 6350 +317.5 1.35

4 4381 | 4416 | 4398,5 13,0 4398.5 +571.8 4515 +225.8 2.65

5 3258 | 3297 | 32775 13.5 3277.5+442.5 3398 +£169.9 3.68

6 7048 | 7128 | 7088,0 11.7 7088.0 + 829.3 7215 +360.8 1,79

7 6328 | 6387 | 6357,5 12,0 6357.5+762.9 6480 + 324.0 1.93

8 4453 | 4486 | 4469,5 13,0 4469.5 + 581.0 4530 +226.5 1.35

9 5271 | 5332 | 5301,5 12.6 5301.5 £ 668.0 5465 +273.3 3.08

10 1713 | 1724 | 1718,5 14.3 1718.5 +245.7 1875+93.8 9.11

12 3753 | 3777 | 3765,0 13.3 3765.0 + 500.7 3946 +197.3 4.81

13 4240 | 4206 | 4223,0 13,1 4223.0 + 553.2 4376 +218.8 3.62

14 2973 | 3061 | 3017,0 13.6 3017.0 £410.3 3188 +£159.4 5.67

15 3103 | 3195 | 3149,0 13.6 3149.0 £428.3 3367+1634 6.92

16 1683 | 1649 | 1666,0 14.3 1666.0 +238.2 1790 = 89.5 7.44

17 5328 | 5354 | 5341,0 12.5 5341.0 = 667.6 5478 £273.9 2.57

18 4384 | 4329 | 4356,5 13,0 4356.5 £ 566.3 4475 +223.8 2.72

19 6443 | 6462 | 64525 12,0 6452.5+£774.3 6585 +329.3 2.05
20 4346 | 4325 | 4335,5 13,0 4335.5 + 563.6 4465 +£223.3 2.99

* Note: The error in the determination of the concentration of petroleum products by electrometric method only
takes into account the value of the instrumental error of the digital ohmmeter, because the next work with the graphs of
the concentration versus resistance used the built-in functions of the Advanced Grapher software, not visual estimates.

1. Low concentrations of petroleum products
(within 25 % of sanitary standard) can be masked by
measurement inaccuracy, since values up to
0.05 mg/m’ areplaced within the permissible error
range by both gravimetric and electrometric
methods.

2. The differences between the curves of the
dependence of soil resistance on the hydrocarbons
content for different petroleum products are partially
imposed, which makes it impossible in some cases
to make differentiated diagnostics: whether there is
a high concentration of gasoline or the content of
heavy oil fractions of lower concentration.

3. The level of soil resistance depends not only
on the content of petroleum products, which leads to
ambiguous interpretation of the results. In particular,
the certain level of soils salinity, which is typical of
soils located along the transport routes, leads to a
decrease in soil resistance, which can mask oil
pollution. However, other methods of determining
the content of petroleum products in soil are also
affected by impurities, as soil contains an extremely
wide range of organic and inorganic components.

The Theil discrepancy coefficient calculated for
the set of data obtained (actually determined by

gravimetric concentrations and indirectly by the
interpretation of electrometric data based on the
developed models) is 0.024, which indicates a
sufficiently high level of predictive reliability of the
proposed dependencies. Therefore, the proposed
method for determining petroleum pollution soil
differs from the currently known methods by
simplicity of implementation, minimal sample
preparation sufficient accuracy.

Conclusions

1) Soil pollution with petroleum products have a
wide range of environmental impacts and
influences, among which two problems are of major
concern: degradation  of  soil  environmental
functions and influence on soil biota and plants.

2) To determine the content of petroleum
products in the soil, several basic methods are used,
including gravimetric method, fluorimetric method,
channel thin layer chromatography method, etc.
However, the traditional methods are either
instrumentally complicated or give not accurate
results.

3) To analyze the petroleum products content it
is possible to use electrometric analysis, which is
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based on the change in electro-physical properties of
soil, containing oil products.

4) To determine the electrical resistance of
soil the samples of soils typical for Kyiv area were
treated with emulsion of market petroleum products
(gasoline, diesel fuel and lubricating oil) of different
concentrations. The resistance values of the system
under study were processed in order to reveal the
mathematical regularity of the change in the value of
electrical resistance depending on the concentration
of petroleum products. This dependence has
been formalized in curves that can be used to
determine the gross content of oil product in soil, if
the resistance of the wetted sample is known.

5) Soil sampling was conducted on the territory
of the city of Kyiv in the area of influence of fueling
facilities for public use to verify the dependencies
obtained. The concentration of petroleum products
in these samples was determined by the
electrometric and traditional gravimetric method.
The difference in results ranged from 1.35 t0 9.11 %.

6) The proposed method can be used as an
alternative to other conventional methods, although
its application is limited by some considerations:
inability to determine the exact composition of the
pollution, relatively high error at low concentrations,
and the effect of concomitant pollution on the results
(primarily soil salination). Thus, the method is
offered for application at fuel filling stations from
the beginning of their exploitation when the initial
resistance of soils at the adjoined areas is defined
and controlled on a regular basis to detect any
possible pollution by changes in typical resistance
values.
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Papomchka M. M., Hazapkos T. L., [lonomapenko M. C.
JOCJIHKEHHSI 3ABPYJIHEHHSI TPYHTIB HA®TOINPOJAYKTAMU 3A JONOMOI'OIO
EJIEKTPOMETPUYHOI'O METOLY

Hag@monpooykmu — oone 3 navinowupenivux 3a6pyonenb HAGKOIUWHBbO20 cepedosuya. Bonu saensgioms coboio
epyny 3a6pyoHI08ayi8 HA036UHAUHO CKIAOHO20 MA PISHOMAHIMHO20 XIMIYHO20 CKAAOY, W0 YCKIAOHIOE IX GUABNICHHS Md
aHaniz y KOMNOHEHMAX HABKOAUUWHBO2O cepedosuwd. Y cmammi posensHymi odcepena ma HACHioKu 3a0pyOHeHHs
IpYHmMi6 HApMONpoOyKmamu ma iOMiveHi HAUuBANCIUBIWE AcCneKmuy — NO2ipuleH s SIKOCMI TPYHMIG Md HeGUKOHAHMHS
exonociunux @yukyit. Ilopienanvuuil ananiz MpaouyitiHuX Memooie BUABLeHHs HAQMONpooyKkmie y IpyHmi
OeMOHCmpYe iX 3a2anvbHi HeOOMKU — GUKOPUCMAHHA CKAAOHO020 ODNIAOHAHHA AOO0 HU3LKY MOYHICMb pe3yibmamis.
3mina enekmpuunux eracmusocmell IPyHmy nio 6NAUBOM 3AOPYOHEHHS. HAGMOW Modice Oymu GUKOPUCMAHA K OCHO8A
ATbMEPHANMUBHO20 MEMOOY O0CHIONCeHH . [IIsi 6CMAHOGNIEHHS 3ANIeHCHOCME MIJIC KOHYEHMPAYIEI0 HaAdmMOnpooyKkmis
ma onopom 3a0pyOHeHux IpyHmie OY10 NpOoGeOeHO GUMIPIOBAHMS eNeKMPUUHO20 ONOpY IPYHMIS, XApAKMepHUX Ons
mepumopii Kueea, i3 wmyyno cmeopenum 3a0pyOHeHHIM Hagmonpodykmamu. 3abpyoHenHs MOOeno8aniocs 3a
00NOMO2010 MOBAPHUX NPOOYKMIE — Oen3uny, OU3ETbHO20 NAIUEA Ma Haniecunmemuynoi oueu. Ipyumu, exmoueni y
00CHIOMNHCEeH ST — OePHOBO-NIO30MUCTI, MEeMHO-CIpI nid30nucmi, cipi 1icoéi ma amogianvhi. AHaniz ompumanux
pe3yibmamié nokazas, wjo OCHOBHA PI3HUYSL 8 ONOpi 3a0pYOHEHUX IPYHMIE 00YMOGIIOEMbC MUNOM IPYHMY, d He
munom Hagmonpodykmie. Lle dae modxciugicmes UKOPUCMOBY8AMU PO3POOLEH] MOOei OISl BUSHAYEHHS NPUCYMHOCHI
HagmonpoOykmie y KOHKDEMHUX IPYHMAX, ale NepeuKkooicac MmMOYHOMY GUSHAYEHHIO CKIAdy 3a0pyOHeHHs.
3anpononosanuii cnocio 6ye sunpoOysanuli Ha peanbHUX 3pa3Kax IPYHMIG, 63AMux nooaU3y A6MO3aAnpaAGHUX CMAHYIl.
TopisHsinis KOHYeHMpayil, SUSHAYEHUX eeKMPOMEeMPUYHUM Md 2PAGIMEMPUYHUM MemOoOOM, HOKA3VE OOCHAMHIO
HAOIliHICMb  pO3POONEHOT MOOENbHOT  3aNedCHOCMI, alle GOHU NOGUHHI OYMU NPUCMOCOBAHI 00 KOHKDEMHUX
61aCMUBOCMEN IDYHIMY, 30KPEMA MEKCYpU IPYHMY, pearkyii ma 601020CMi.

Knto4yoBi cnoBa: HadhToNpoayKTU; eNeKTPOMETPIst; TUNW I'PYHTIB; 3a0pyaHEHHS.

Radomska M. M., Nazarkov T. 1., Ponomarenko M. S.
THE ANALYSIS OF SOILS POLLUTION WITH PETROCHEMICALS BY THE MEANS OF
ELECTROMETRIC METHOD

Petroleum products are one of the most common components of chemical pollution of the environment. They
represent a group of pollutants of extremely complex and diverse chemical composition, which complicates their
detection and analysis in environmental components. Sources and consequences of soils pollution with petroleum
products are considered in the paper, stating that it causes degradation of soil quality and failing to perform
environmental functions. The comparative analysis of conventional testing methods of petroleum products in the soil
demonstrates their common disadvantages — complicated equipment used or low accuracy of results. The change of
electric soil properties under the influence of petroleum pollution is offered to be used as the basis of alternative testing
method. The measurement of electrical resistance of soils, typical for the territory of Kyiv, with artificially created
petroleum pollution was used to develop model dependencies between concentration of petrochemicals and resistance
of pollutes soils. The pollution was modeled with market products — gasoline, diesel fuel and semi-synthetic oil. The
soils involved in the research are soddy-podzolic, dark-gray podzolic, gray forest and alluvial. The analysis of the
obtained results has demonstrated that major difference in polluted soils resistance is conditioned by the type of soil,
but not the type of petrochemical in question. This enables the use of developed models to define the presence of
petrochemicals in specific soils, but prevents the exact determination of the pollution composition. The proposed
method was tested on real samples of soils taken at fuel filling stations. The comparison of the concentrations
determined by electrometric and gravimetric method shows the sufficient reliability of the model dependancies
developed, but they must be adapted to the specific soil properties, in particular soil texture, reaction and humidity.

Keywords: petroleum products; electrometry; soil types; pollution.

Papomckass M. M., Hazapkos T. U., Ilonomapenxo M. C.
HUCCIEJOBAHUE 3AIPAZHEHUSA IIOYB HE®TENPOAYKTAMHU C [NOMOIIBIO
IJEKTPOMETPUYECKOI'O METOJA

Hegmenpooykmel — o00HO u3 Hauboiee pacnpocmpaHeHHblX 3azpasHenuil oxpyocaioweid cpedvl. OHu
npeocmasiaom cobou epynny 3azpAsHumenetl Ype3gbluaiiHo CLOJACHO20 U PA3HOOOPA3HO20 XUMUHECKO20 COCMABA, YMo
3ampyoHsem ux GulAeleHue U aHaiu3 8 KOMNOHEHmMax oKkpyscaioujel cpedvl. B cmamve paccmompensl ucmoyHuku u
NOCNeOCmBUsL 3A2PSIZHEHUsL NOYE HEPMENPOOYKMAaMU U OMMEeYeHHble BAdCHeluUe Acnekmovl — YXyouleHue Kavyecmed
nous U HegbinoAHeHUe IKoAo2udeckux @ynkyui. CpasHUmMenbHblll aHAIU3 MPAOUYUOHHBIX MemOo008 OOHAPYI’CEHUs
HeghmenpoOyKkmos 6 nouge 0eMOHCMpUpyem ux ooujue HedoCMAamKU — UCNONb308AHUE CLONCHO20 000PYOOBAHUS UTU
HU3KYIO MOYHOCMb pe3yibmamos. Mzmenenue 1eKmpudeckux Ce0tcme noyugbl N0O GIUSHUEM 3AePA3HeHUst Hehmbio
Modicem Oblmb UCNOIB308AHO 8 KAYECMBE OCHOBbL ANIbMEPHAMUBHO20 Memooda UCCIed08anus. [ YCmanoseieHus.
3asucumocmeil mexcoy KOHyenmpayueti He¢pmenpooyKmos U conpomugieHuemM 3a2pa3HeHHbIX Nou8 OblIO0 NPOBeOeHO
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usMepeHue 3IeKmpudecKko2o CONPOMUGIeHUs NoYe, XapakmepHuix 0as meppumopuu Kuesa, ¢ uckyccmeenno
CO30aQHHbIM 3a2ps3HeHueM Hepmenpodykmamu. 3azpsaszHenue MOOeIUPoB8aioch ¢ NOMOUBIO MOBAPHLIX NPOOYKIMOE —
OeH3UHa, OU3eIbHO20 MONIUEA U NOLYCUHMemuueckoeo macia. Ilousvl, eKkmoueHHble 8 Uucciedosanue - O0epHOBO-
nOO301UCHIble, MEMHO-CEPble NOO30IUCHble, Cepble NeCHble U QLI0GUATbHbIe. AHAIU3 NONYUEHHBIX De3yIbmamos
NOKA3aJ, YMO OCHOGHASI PASHUYA 6 CONPOMUGLEHUU 3A2PSI3HEHHBIX NOYE ONPeoeisiemcsi Munom Nnoyesl, d He Munom
HeghmenpoOdykmos. Imo oaem 803MONHCHOCb UCNOIb308AMb PA3PAOOMAaHHble MOOeU 0/ OnpedeieHus NPUCymcmeus
He(hmenpoOoykmos 6 KOHKPEMHbIX NOY6AX, HO NPEensmcmeyenm MmMOYHOMY ONPeoeleHul0 COCMasa 3a2psi3HeHUs..
Ipeonooicennviii cnocob Ovil onpoOO6an HA PeanbHblX 00PA3YAX NOYS, E3SAMbIX OKOIO AGMO3ANPABOYHLIX CIMAHYUIL.
Cpasnenue KOHYenmpayuil, ONPeOeeHHbIX NeKMPOMEMPULECKUM U SDABUMEMPUYECKUM MeMmOOOM, NOKA3bLEAenm
00CMAMOYHYIO HAOEICHOCMb PA3PADOMAHHBIX MOOCIbHBIX 3A6UCUMOCTEN, HO OHU OO0JICHbL ObIMb A0ANMUPOSAHLL K
KOHKDEMHbIM CEOUCMBAM NOYE, 8 YHACMHOCU MEKCMYpe NOYGbL, PEAKYUU U GLANCHOCMU.

KntoueBble cnoBa: He(*)TeI'IpO,E[yKTbI; ANEKTPOMETPUA; TUNbl NOYB; 3arpA3HEeHUA.
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