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Abstract. Electrophysical research methods are widely used in countries with developed agricultural production
for the purpose of soil monitoring and surveys. One of these methods of research is determining the electrical
conductivity of the soil. Because with the help of this indicator, it is relevant to clarify the boundaries of soil
differences, which makes it possible to use it in precision agriculture. Thus, the purpose of the article is to compare
the changes in the electrophysical parameters of typical chernozem under different fertilization systems under
conditions of drip irrigation. In order to carry out the analysis, individual soil samples were taken for each year of
research in the period 2018-2020 in the spring (May) before the start of strawberry flowering. From the selected
and air-dried soil samples using the quarting method, average mixed samples were selected for analysis. It was
concluded that electrophysical indicators undergo changes according to the depth of sampling, which is related
to the assimilation of useful substances from the soil by plants and fertilization mechanisms and correlates to
a significant extent with the acid-alkaline indicators of the soil. A three-year study (2018-2020) of the influence
of different fertilization systems under drip irrigation conditions on the electrophysical parameters of typical
chernozem during the cultivation of garden strawberries was conducted. It was established that the greatest
changes in electrophysical indicators (electrical conductivity, general mineralization, salinity) of typical chernozem
occur from the ridge part to a depth of 20-30 cm.The difference in the obtained values of electrophysical indicators
between variants of different fertilization of typical chernozem (control, mineral system, organo-mineral system,
organic system), as well as during years of research
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INTRODUCTION

In countries with developed agricultural production,
electrophysical research methods are widely used for
soil surveys and monitoring. One of them is the deter-
mination of the electrical conductivity of the soil [1; 2].

With the help of this indicator, it is convenient to
specify the boundaries of soil differences, which makes
it possible to use it in precision agriculture [3]. The
electrical conductivity indicator is a kind of indicator
of changes occurring in the soil, because it is closely
correlated with many indicators of fertility.

Electrical conductivity of the soil is the abili-
ty of the soil to conduct an electric current, expressed
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in siemens per unit area (5/m - siemens per meter, or
uS/cm - microsiemens per centimeter). Electrical con-
ductivity is an indicator that responds sensitively to
changes in soil moisture and temperature, grain size
composition, cation exchange capacity, salinity, content
of exchangeable cations, content of organic matter, etc.

The electrical conductivity of the soil solution
characterizes the content of salts in it, which directly
affect the growth and development of plants, which is
an important aspect of soil quality. Therefore, this indi-
cator is widely used abroad in the soil quality control
system both in the field and in laboratory conditions.
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Changes in electrical conductivity along the soil profile
reflect the features of ionization of individual horizons
as a result of phase transitions of substances associat-
ed with changes in temperature, humidity, redox pro-
cesses, intensity of mineralization processes, migration
of ions and ionized components [4].

Traditionally, electrical conductivity was used
to diagnose soil salinity, but recently the use of elec-
trical conductivity values to diagnose other parame-
ters of soil fertility has become widely used in agro-
nomic practice, primarily due to the availability and
cheapness of measurements [5]. Quite strong correla-
tion dependences of electrical conductivity with other
important agronomic characteristics of the soil were
found, in particular, the content of organic substances
in the soil, mobile forms of the main nutrients, the
presence of Ca, Mg in the soil absorption complex, and
the yield of agricultural crops [6; 7].

The dependence of soil electrical conductivity
on contamination with heavy metals, hydrocarbons,
and pesticides is studied [8]. It was established that
electrical conductivity depends on soil moisture,
salt concentration, air content, temperature, type of
soil-forming rock, etc. In particular, electrical conduc-
tivity increases with increasing soil moisture until full
moisture capacity is reached, and then remains rela-
tively constant.The presence of clay minerals montmo-
rillonite, illite, and vermiculite in the soil-forming rock
contributetoa certainincrease inthe electrical conduc-
tivity of the soil in comparison with sandy soils [9; 10].

The use of fertilizers, especially in significant
amounts, can change the amount of soluble mineral
salts in the soil, thereby increasing electrical conduc-
tivity, which can also have a negative effect on the
yield of agricultural cultures [11; 12]. Of particular
interest for studying changes in soil electrical con-
ductivity and establishing correlations between it and
the main agronomic characteristics of soil fertility and
agrocenosis productivity are long-term experiments
with the introduction of different rates of fertilizers
under different fertilization systems for crops [9].

The purpose of the study is to compare the
changes in the electrophysical parameters of typical
chernozem under different fertilization systems under
conditions of drip irrigation.

The research was carried out by field and lab-
oratory methods within the Forest-Steppe Zone of
Ukraine, on the territory of the Educational-Scien-
tific-Production Center “Experimental Field” of the
Kharkiv National Agrarian University named after
V.V.Dokuchaeva, where strawberries are grown on drip
irrigation with fertilizer for the third year in a row.

The following options were chosen for research
in the field where garden strawberries are grown
(4 rows in each option):

1. option - control (without fertilizers);

2. option - mineral system (NP, K_);
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3.the organo-mineral system option (NP, K, +ma-
nure 50 t/ha);

4. option - organic system (manure 50 t/ha).

Additional options for conducting research in 2020
were chosen:

5.variant (black steam) - a field of field crop rotation
(more than 100 years) without the use of irrigation;

6. option (overlay) - herbaceous vegetation, more
than 70 years old.

An experiment for strawberries of the garden va-
riety “Roksana”was laid in the fall of 2017 on an area of
0.3 hectares. Planting was carried out using ridge tech-
nology with the use of a mulching film and drip irriga-
tion. The predecessor of strawberries was black steam.
Nitroamophoska N, P, K, and semi-rotted ma-
nure were used for fertilization in the experiment.
Strawberry planting was carried out in a staggered
staggered order in two strips with a distance between
plants of 25 cm with rows of 130 cm. Watering was
carried out as needed to ensure constant soil moisture
within 75%, which was measured by a field hygrome-
ter. The technology of the cultivation system provides
for the use of chemical plant protection agents against
harmful organisms and non-root feeding during the
flowering phase.

Electrophysical indicators were studied in sam-
ples of typical deep heavy loam black soil on loess
loam from the surface layer of the soil - the ridge (in
the experiment with the cultivation of garden straw-
berries), and then every 10 cm to a depth of 50 cm in
the specified variants of the experiment

MATERIALS AND METHODS

Individual soil samples were taken in each research
year (2018-2020) in the spring (May) before the start
of strawberry flowering. Average mixed samples for
analysis were selected from the selected and air-dried
soil samples using the quarting method. After that, the
average mixed samples were sieved through a @1 mm
sieve. The soil that did not pass through the sieve was
crushed in a mortar. Sand fractions that did not pass
through the sieve were added to the sample. Soil sam-
ples from each soil layer were placed in storage bags.

Aqueous soil suspension (1:5) was prepared by
mixing 10 g of air-dry soil with 50 ml of distilled water in
a polypropylene container,intensively stirred for 2 min-
utesandleftforlhourtosettlethesoil-watersuspension.

With the help of a conductometer-salt meter
(EZODO-8200 M), electrophysical indicators were de-
termined in the upper part of the soil-water suspension
(electrical conductivity, general mineralization, salin-
ity). Analyzes were performed in three to five times.

RESULTS AND DISCUSSION

Studies of electrophysical indicators are very rarely
used when determining the properties and genesis
of soils. At the same time, as noted by a number of
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authors, a certain simplicity and speed of determina-
tion, as well as a wide range of these indicators in
connection with changes in the physical factors of the
environment, testify in their favor [13; 14; 15].

In our research,was studied the effect of drip
irrigation (control option) and application of fertilizers
(mineral, organo-mineral, organic) on the electrical
conductivity of aqueous soil suspensions.

Electrical conductivity (Soil Conductivity) of typ-
ical chernozem. According to the research results
obtained in 2020, a pattern of increasing electrical
conductivity with depth can be observed in the op-
tions with strawberry cultivation, and in the op-
tion without irrigation and the fallow option there
are some peculiarities regarding the distribution of
values (Fig. 1).
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Figure 1. Electrical conductivity of typical chernozems (2020), uS/cm (NIR ,=7)

Thus, on the control version, the electrical con-
ductivity oftheridge partand the 0-20-cm layer is with-
in the smallest significant difference - 60-65 ps/cm
((HIP,,=7). A slight increase starts from a depth of 20-
30 cm,and a very significant one - from 30-40 cm up to
249us/cmandupto302pus/cmina40-50centimeterlayer.

The mineral fertilizer system is characterized by
asimilartrend in the distribution of indicators. Electrical
conductivity decreases from the crest to 10-20 centime-
tersfrom 83 to 71 pys/cm.Inthe middle part of the studied
depth, the indicators increase by more than 2 times, and
the 30-50 centimeter layer has a value of 216-219 us/
cm, which is 2.5-2.6 times more than the upper layers.

On the variant with the organo-mineral system,
there is a slight fluctuation of the electrical conduc-
tivity of the water-soil suspension up to a depth of 30-
40 cm, and the increase in the indicator occurs only in
the lower investigated depth of 40-50 cm - 166 ps/cm,
which is 2 times more than the lower layers.

The use of an organic fertilization system leads to
a gradual increase in values from the upper part to 20-
30 centimeters. At a depth of 30-40 cm, there is a 2-fold
increase in the indicator compared to the ridge part to
140ps/cm,anditsincreaseby42ps/cminthe40-50cmpart.

The option without irrigation has the lowest val-
uesinthe 0-10 and 10-20 cm layers.Then the indicator
increasessharplyto 111 us/cmandslightlydecreases by
10 ys/cm in the 30-40 and 40-50 centimeter soil layer.
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The highest values in the 0-10 cm layer were
recorded on the fallow variant at 116 ys/cm. In a layer
of 10-20 cm, the electrical conductivity decreases by
more than 2 times, and further to a depth of 40-50 cm,
it decreases by more than 2.5 times to 39-40 ps/cm.

Taking into account all the studied options, we
can say that the highest values of electrical conduc-
tivity are in the lower part from 30 to 40 centimeters
in the options of control and mineral fertilizer system.
Mediocre indicators, also in the lower investigated
part, on the variant of the organo-mineral system and
the organic fertilizer system, and another 20-30 centi-
meter soil thickness of the mineral system.

The lowest electrical conductivity of water-soil
suspensions is observed in most options in the ridge
part and up to 20-30 centimeters, and in the options
without irrigation and fallow, all values can be char-
acterized as the lowest among the research options.
Such low values of electrical conductivity in the spring
period are formed due to the strengthening of pro-
cesses of assimilation of nutrients by garden strawber-
ry plants from the soil, as a result of intensive growth.

The specific electrical conductivity of the soil
during drip irrigation in the garden strawberry grow-
ing options was 60-302 ps/cm. The area has a partial
leaching of salts (nutrients) into the lower layers of
the soil, which can be caused by the use of drip irri-
gation and the technology of growing plants using a



film, which prevents the evaporation of water together
with easily soluble salts into the upper layers of the
soil. Therefore, from a depth of 30 cm, there is an in-
crease in the specific electrical conductivity of the soil
to 140-302 ps/cm.

When growing strawberry crops without the
use of fertilizers in our experiment, the electrical con-
ductivity of the soil was at the level of 60-302 us/cm.
The use of only manure for fertilizing crops practically
did not change the electrical conductivity of the upper
layers of the soil. The use of organo-mineral and min-
eral fertilization systems leads to some increase in the
indicator. At the same time, the greatest increase in
electrical conductivity of the soil was observed in the
mineral system [9].

Similar trends in the increase in electrical con-
ductivity when mineral fertilizers are applied are ex-
pected and confirmed by the research of other scien-
tists. During the three-year period of the experiment,
the electrical conductivity of the soil with the mineral
fertilizer system is the highest among the variants of
the experiment. However, at the same time, the soil,
according to the classification of the Food and Agri-
cultural Organization of the United Nations, remains
within the limits of electrical conductivity, which char-
acterize it as not saline. In other words, the electrical
conductivity indicators do not exceed the level that
can be harmful to plants [9; 16].
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Electrical conductivity of irrigation water. For
drip irrigation, when watering is carried out quite
often, it can be assumed that the soil solution and
irrigation water are identical. For cultures, theoreti-
cal maximum values of electrical conductivity were
established, below which plants cannot grow. To de-
termine the theoretical yield reduction from the use
of specific irrigation water, the electrical conductivity
of the water is determined, which is much easier than
determining the electrical conductivity in the soil.
Next, the electrical conductivity of water is compared
with the limit values of the electrical conductivity of
the soil. If the electrical conductivity of the water is
lower, then they conclude that a decrease in yield due
to salinity is not expected. Otherwise, they say about
a decrease in productivity.

So, the water used for irrigation has the follow-
ing measured characteristics: electrical conductivity -
1142 ps/cm; total mineralization - 757 ppm; salinity -
570 ppm; pH of water is 6.88.

According to the literature, the threshold value
of electrical conductivity for irrigation water of loamy
s0ils is 900 ys/cm.Accordingly,in our case,the exagger-
ation of the indicator is 242 pys/cm,which can negative-
ly affect the productivity of garden strawberry plants.

In the general case, the following levels are set
for the assessment of irrigation water by electrical
conductivity, presented in Table. 1.

Table 1. Classification of irrigation water by electrical conductivity

Electrical conductivity of water, ps/cm

<650
650-1300
1300-2900
2900-5200
>5200

After determining the actual salinity of irriga-
tion water, a conclusion is made about the feasibility
of growing this crop or another crop is chosen that can
grow in these conditions without reducing productivity.

Therefore, according to the level of the content
of soluble salts, irrigation water can be classified as
moderately saline. Total mineralization (Total Dissolved
Solids) of typical chernozem. Characterizing the general
mineralization separately for each variant of research,
the largest values can be traced in the lower layers,
and the smallest - in the upper ones (Fig. 2). Thus, the
total mineralization on the control version is equal
to 40-46 ppm, the version with mineral fertilizer 47-
56 ppm,organic-mineral - 44-57 ppm,and only organic
-43-60 ppm and increases to values of 110-200 ppm.

The option without irrigation has a value of
73 ppm in a layer of 20-30 cm, which corresponds to

Classification of irrigation water according to mineralization
(Level of soluble salts content)

low
average
high
very tall
extremely high

the largest and 20 ppm in a layer of 10-20 cm - the
smallest value of the option. The fallow variant of use
is characterized by an increase in total mineralization
in the upper 0-10 centimeter layer of the soil - 77 ppm
anditssubsequentdecreaseto 35-26 ppminthedepths.

According to the indicator of total mineraliza-
tion, the highest values among all research options
were found on the control and mineral fertilizer system
from a depth of 30 to 50 cm - 165-199 ppm and 142-
144 ppm, respectively. We have average values in soil
samples from a depth of 30-40 and 40-50 cm of the or-
ganic system - 93 and 120 ppm, of the organo-mineral
system, only at a depth of 40-50 cm - 110 ppm and 20-
30 centimeter thickness of the variant of the mineral
system - 101 ppm. All other values of the indicator of
total mineralization can be classified as low - from 40
to 60 ppm. Also, the options without irrigation and the
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fallow option for all studied depths from 0 to 50 cm

are subject to the lowest values of total mineralization.

Salinity (Salinity) of typical chernozem.The salin-
ity of the soil of the control variant begins to increase

from 31-36 ppm from the upper part to 10-20 cm and
45 ppm at 20-30 cm (Fig. 3). In the layers of 30-40
and 40-50 cm, the highest values were found - 125
and 151 ppm.
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Figure 2.General mineralization of typical chernozems (2020), ppm (HIP,=5)
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On the version of the mineral system, first there
is a slight decrease in values from 42 to 36 ppm, and
then an increase more than twice and a significant in-
crease (NIP=4) in the 30-50 cm layer to 108-109 ppm.

The organo-mineral fertilizer system is also
characterized by almost similar salinity indicators with
adifferenceinthe upperpartof 2-3 ppm,butthe highest
valueof 83 ppminalayerof40-50cm (lessthan 26 ppm).

The organic fertilizer system has salinity in the
upper part at the level of indicators of the control
variant, and in the lower part - the variant of the orga-
no-mineral system.

The value of 56 ppm corresponds to the highest
value in the version without irrigation in the layer of
20-30 cm. Smaller values of 15-19 ppm were recorded
in the upper layers, and higher values in the lower

Ukrainian Black Sea Region Agrarian Science, 25(2), 54-62

ones - 50-51 ppm. In the 0-10 cm layer of the fallow
variant, in contrast, salinity of 58 ppm is highest in
the 0-10 cm layer, with a sharp 2-fold decrease in the
next 10 cm layer and fluctuations within the smallest
significant difference in the 10 to 50 cm layers.

We have the highest values of the salinity index in
the controloptionsandthe mineralfertilizersysteminthe
two lower studied layers. The lowest values correspond
to the upper ridge parts and 0-30,0-40 centimeter layers.
Similarly, the lowest values are observed in all 10-cen-
timeter layers of variants without irrigation and fallow.

Correlation of electrical conductivity data and soil
pH. We conducted a correlational analysis of data on
the dependence of water pH and salt pH on electrical
conductivity, general mineralization, and salinity of
soil-water suspensions (Table 2).
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Table 2. Correlation matrix of data of electrophysical parameters and pH of typical chernozem

Cond = 1,00
TDS 1,00 -
Salt 1,00 1,00
pH water 0,62 0,62
pH salt 0,67 0,67

1,00 0,62 0,67
1,00 0,62 0,67
= 0,62 0,67
0,62 - 0,93
0,67 0,93 =

pH water

On the control version, the correlation of elec-
trical conductivity and aqueous pH is 0.88, and with
saline pH is 0.91, which corresponds to a very strong
direct relationship. The following option with the use
of a mineral fertilizer system has a similar depen-
dence - 0.96 and 0.98, respectively.

An even greater correlation between these data
can be observed on the option without drip irriga-
tion - 0.97 and 0.98.

The variant with organo-mineral fertilizer is
characterized by an average inverse correlation of
electrophysical parameters and aqueous pH, but a
strong direct correlation with saline pH - 0.76.

On the version of the organic system, feedbacks
were recorded with water pH - -0.87 and salt pH -
-0.69.The variant of fallow use has a practically similar,

but even greater inverse correlation dependence,
where the relationship between electrical conductivi-
ty and water pH is -0.94, and salt pH is -0.79.
However, first of all, based on the obtained data
arrays, we can state a very strong direct correlation be-
tween the water and salt pH data,which is 0.93.Second-
ly, a strong direct relationship between pH data (aque-
ous and saline) and indicators of electrical conductivity,
salinity and general mineralization was revealed. The
correlation between electrophysical indicators and
aqueous pH is 0.62, and saline pH is 0.67 (Table 2).
Dynamics of changes in electrophysical parame-
ters of typical chernozem.According to the data obtained
during the 2018-2020 research, we can trace the dy-
namics of electrophysical indicators on the variants
with the cultivation of garden strawberries (Fig. 4).
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Figure 4. Dynamics of changes in electrical conductivity of typical chernozem under different fertilization options
(2018-2020), us/cm (NIR . 2018=5; 2019=10, 2020=7)

Thus, on the control variant, the highest values
were found in the 30-40 and 40-50-centimeter soil
layer in 2020 of the study (249 and 302 ps/cm) and
the ridge part of 2018 (268 ps/cm). We have average
values in 2018 and 2019 in the lower studied part of
the soil, and the lowest in the middle of 2018 and the

upper part of the control version in 2019, 2020 (93-
106, 60-89 us/cm).

The dynamics of the highest values of the
variant with the use of mineral fertilizers shows the
highest values in the ridge part of 2018 (272 ps/cm)
and, conversely, the lower one - in 2020 (219 ps/cm).

Ukrainian Black Sea Region Agrarian Science, 25(2), 54-62
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Average electrical conductivity in most of the ana-
lyzed samples in 2019 (163-183 us/cm).

The lowest values in the soil layer from 10 to
50 cm in 2018 (83-115 ps/cm) and the upper part up
to 20 cm in 2020 (71-83 ps/cm).

The highest electrical conductivity of soil-water
suspensions in 2018 on the option of organic-miner-
al fertilizer in the upper and lower parts of the stud-
ied depth. In most cases, the electrical conductivity in
2019 is average (122-151 ps/cm),and in 2020 it is low
(66-86 ps/cm).

The organic fertilizer option is characterized
by the highest values of 2018 research (high - 197-
215 ps/cm and average electrical conductivity - 124-
151 ps/cm). Low values of the indicator were recorded
up to 20-30 cm in 2019 and 2020 (respectively 97-110
and 65-90 ps/cm), and the highest, again, in the thick-
ness of 30-40 and 40-50 cm (182-198 ps /cm).

Therefore, in most cases, there is a decrease in
the electrical conductivity of soil-water suspensions
in 2020 of the research compared to 2019 and 2018,
which may be caused by a decrease in the content of
available nutrients and organic matter, since fertilizers
were applied only in the year of the experiment (2017)
or by weakening the biological activity of the soil.

The biggest changes occurred in the control
variant in the comb part, where the values decreased
from 268 ys/cm in 2018 to 69 pys/cm in 2020, the vari-
ant of the mineral system (decrease by 189 ys/cm) and
organo-mineral (decrease by 146 ps /cm).

On the contrary, an increase in electrical con-
ductivity occurred in 2020 compared to previous years
in the lower studied stratum of the control options
and the mineral fertilizer system. The 30-40 and 40-
50 centimeter thickness of the organic fertilizer vari-
ant is characterized by practically constant indicators
for three years. According to indicators of total min-
eralization and salinity, a similar trend is observed

Ukrainian Black Sea Region Agrarian Science, 25(2), 54-62

regarding the dynamics of changes, but somewhat
with other digital indicators.

CONCLUSIONS
Electrophysical indicators change depending on the
depth of sampling, which is related to the assimilation
of nutrients from the soil by plants and fertilization sys-
tems and correlates to a large extent with the acid-base
characteristics of the soil.

The study of the electrical conductivity of 2020
typical chernozem when growing strawberry crops
without the use of fertilizers was at the level of 60-
302 ps/cm. The use of only manure for fertilizing crops
practically did not change the electrical conductivity of
the upper layers of the soil. The use of organo-miner-
al and mineral fertilization systems leads to some in-
crease in the indicator. At the same time, the highest
electrical conductivity of the soil was observed in the
mineral system, where mineral fertilizers that acidify
the soil are an additional factor of influence, which, ac-
cordingly, leads to a decrease in electrical conductivity.

With the help of the electrical conductivity
indicator, it is possible to quickly determine the suitability
of water for irrigation of the planned crop with a known
granulometric composition of the soil. Therefore, the
use of water for drip irrigation with an average content
of soluble salts leads to their accumulation in the soil.

Based on the dynamics of the obtained values,
we can state that in most cases there is a decrease in
the electrical conductivity of soil-water suspensions
in 2020 of the research compared to 2019 and 2018,
which may be caused by a decrease in the content of
available nutrients, organic matter, or a weakening of
the biological activity of the soil .

The obtained data confirm the effectiveness and
efficiency of the use of electrophysical parameters of
the soil during the application of fertilizers and the use
of drip irrigation.
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BUKopUCTaHHS eneKTpodisnUHMX NOKa3HUKIB
nig, Yyac BUpoOLLYBaHHSA CYHULUI Ha Kpan/IMHHOMY 3POLUEeHHI
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AHoTauif. EnektpodiznyHi MeToamM AOCNIAKEHHS € LUIMPOKO BUKOPUCTOBYBAHUMM Y KpAiHAX 3 PO3BMHEHUM arpapHUM
BMPOOHMLTBOM 3 METOK MPOBEAEHHS IPYHTOBMX MOHITOPUHIY Ta o6cTexeHb. OOHMM 3 TakMX MeToAiB AOC/IAXEHb
€ BW3HAYEHHS enekTponpoBiAHOCTI rpyHTY. OCKinbKM 33 AOMNOMOMM LbOrO MOKAa3HMKA PENeBaHTHO YTOYHIOBATM
MeXi FPYHTOBMX BiZMIH, LLO AAE 3MOry 3aCTOCOBYBATM MOr0 Yy TOYHOMY 3eMnepobCTBi. TaKUM YMHOM, METO CTaTTi
€ TMOPIBHAHHSA 3MiH enekTpo®di3nYHMX NOKA3HMKIB YOPHO3EMY TMMOBOIO 3a Pi3HMX cUCTeM yOoDOpeHHs B yMOBax
KPanjMHHOIO 3pOLUeHHSs. 3aansa 3M4IMCHEHHS aHanily 6yno BigibpaHo iHAMBILYaNbHI 3pa3ku IPYHTY KOXHOMO POKY
pocnigxkeHb B nepios 2018-2020 pp. HaBecHi (TpaBeHb) A0 MOYaTKy LBITIHHA CyHMUI. I3 BigibpaHux Ta BUCyLIEHMX
[l0 MOBITPSIHO-CYXOro CTaHy FPYHTOBMX 3pa3kiB METOAOM KBapTyBaHHsI Oyno BifibpaHo cepefHi 3MillaHi 3pasku ans
npoBeAeHHsI aHani3y. 3pobieHO BUCHOBOK, LLO eNeKTPOdi3nYHi NMOKA3HMKM 3a3HAKOTb 3MiH BiAMOBIAHO A0 MMOUHK
BiOOpY 3pa3kKiB, WO MOBA3aHO i3 3aCBOEHHSIM KOPUCHUX PEYOBMH i3 I'PYHTY POCIMHAMM Ta MEXaHi3MiB yLoOpeHHs
i KOpPENKTb Y 3HAYHIN Mipi i3 KMCNOTHO-NY)XHUMM MOKa3HMKaMKU IpyHTY. [poBeaeHo TpupiyHi JocnipkeHHs (2018-
2020) BnauBY pi3HUX CUCTEM YA0OPEHHSI B YMOBaX KPanesibHOro 3pOLUeHHs Ha eNeKTPodi3uyHi MOKa3HMUKM YOPHO3EMY
TUMNOBOrO Mif Yac BMPOLLYBaHHS CYHULi CafoBoi. BctaHoBAEHO, WO HaWbinbLWi 3MiHW enekTpodi3uyHMUX NOKA3HMKIB
(enekTponpoBiAHICTb, 3arafibHa MiHepani3awis, CONOHICTb) YOPHO3eMY TUMOBOTO BifOYBatOTLCS Bif, rpebeHeBoi YaCTUHM
[0 rnbunmn 20-30 cM. BusBneHa BiAMiHHICTb B OTPUMaHMX 3HAYEHHSX enekTPodi3NYHMX MOKA3HMKIB MidX BapiaHTamMu
pi3HOro yao6peHHs YOpHO3eMY TUMOBOTO (KOHTPO/bHUI, MiHEPabHa CUCTEMA, OpraHO-MiHepasibHa CUCTEMA, OpraHiyHa
CUCTEMA), @ TAKOX NPOTSroM poKiB AOCNIAKEHD

KntouoBi cnoBa: cnoBa: YOpHO3eM TUMOBMIA, ENEKTPOMiI3NYHI MOKA3HMKK, KpaneNbHe 3pOLUEeHHS, YA00peHHs
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