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Aim. ldentification and evaluation of the soil fertility indicators based on processing of the data of on-ground and
remote sensing research on the agricultura lands of different landscape zones in Zakarpattia. Methodology. The
proposed methodology of the laws of physics that describe the relation between the content of humus in soil and
spectral energy brightness of soil which is interpreted based on multi-spectra aerospace images, includes three
research approaches. The first approach refers to research and identification of statistical linear dependencies of the
actual humus level in soil and the spectral energy brightness of soil which was obtained based on processing of the
multi-spectral aerospace images. The second approach lies in developing new models that are based on linear
dependencies of the actual humus level in soil and the spectral energy brightness of soil and infrared electromagnetic
of electromagnetic emission. The third approach is founded on application of degree models that in the best manner
describe such dependence. From the point of view of mathematics, importance of the three stages was validated using
identification of significance for the correlation coefficients, confidence intervals, mean sguare deviations of the
calculated humus level indicator from the actual humus level indicator, and application of the Fisher coefficient.
Findings. In the course of identification and research of statistical linear dependencies of spectra brightness of
channels and the relevant humus leve indicators in soil it was investigated that the closest inverse linear dependence
was detected in the red (Red) spectral channel of the visible range. In application of the second approach, it was
revealed that to identify and evaluate the humus level in soil the modd which mediates the red and infrared spectral
channels based on the relation of the close infrared channd to the red channel, is the most appropriate. As a result of
trial of the third approach it was determined that application of power law model includes only the red spectral
channel. Scientific novelty. It was stated that using the data on remote sensing of the Earth to identify and evaluate
the quantitative indicators of humus level content in soil in the landscape areas of Zakarpattiait is most appropriate to
apply the model's designed based on the data on spectra energy brightness in the visible and infrared spectra ranges,
since the mean square deviation of the estimated humus content level in soil from the actua humus level indicator in
these models is minimal, whereas the probability is the highest. Practical significance. This approach enables quick
and reliable collection of information on the quantitative indicators of the humus level content in soil for rational
managerial decision-making on applicability agrotechnical means to for prevention of soil fertility reduction in
relation to landscape zones of Zakarpattia.

‘Key words: remote sensing of Earth; spectral energy brightness; spectral indices, multi-spectral aerospace
images; monitoring of ground layers; humus; linear mathematical models.

I ntroduction and recovery of soil fertility [Medviediev V. V.,
2002]. Agrochemical method of evaluating the
special location of humus level is quite long, costly,
and a labor-intensive process. Therefore, to solve
this problem it is proposed to use the findings of
aerospace research in combination with sdective
choice of soil samples to identify the humus level
content [Shatokhin A. V., 2001, Achasov V. A.,
2008; Sakhatskyi O. 1., 2008].

To prove the hypothesis on connection of the

In the course of studying current problems of
ground layers monitoring in Ukraine [PanasR. M.,
2013] and its individual regions, in our case in
Zakarpattia [Hebryn L. V., 2015], it was reveded
that application of the international experience to
improvement of the existing system in Ukraine is
one of the methods for improvement of the current
state of agricultural lands. Since the most significant

qualitative and quantitative variable of agricultural o _
lands is soil fertility. Humus level content in soil is percent indicator of humus level with spectral

the major indicator of soil fertility, so qualitativeand ~ Prightness of channels it is necessary to investigate
quantitative evaluation is essentiadl for ground the degrge of statistical dependence of SPeC”f_’"
monitoring and argotechnical means for sustaining  enerdy brightness of ground and humus level in soil
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and to estimate the significance of this connection
[Sakhatskyi O. 1., 2008].

Although visual decoding of aerospace images
gives information about the objects, the main
parameters that enable classifying soils from other
objects and performing quantitative decoding of
humus levedl in soil by space images are the
brightness in specific spectral channels with
relevant wave length. Fig. 1 shows spectral profiles
of: soils with different humus levels, plants, and
water. It was observed that the spectral brightness
of soil with humus level of 0,55 % and 3.41 %
differ by absorption intensity in the visible range of
0.45-0.68 mkm (2, 3, 4) and infrared red range of
0.84-2.3 mkm (5, 6, 7). Therefore, soils that are
more concentrated with humus which renders them
the dark color are characterized by low spectral
brightness, whereas the soils with lower humus
level content exhibit a higher level of spectral
brightness. This serves evidence of the inverse
relationship between the humus level and spectral
brightness of soil.

Currently, several methods of modeling humus
level in soil that are based on linear, non-linear and
multiple regressions are known [Malashevskyi V. A,
2013]. In particular, in papers by V. Achasov and
D. Bidolakh, who investigated the reationship
between the humus level and brightness of the
ground layer of soil using space images and defined
the rigid anticorrelation that was connected with the
brightness values in the red section of the image
range. The correlation ration was equal to R =-0.74
[Achasov V. A., 2008]. A. Shatokhin and
M. Lyndin researched the typical humus, identified
fixed rdationship (R =-0.94) between the humus
level and brightness in the near-infrared channel
[Shatokhin A. V., 2001]. Using the data on space
imaging Landsat 7 within the test sections of
Chernihiv and Khmelnytsk oblasts, O. Sakhatskyi
presented the results of investigation on statistical
data processing which revedled the linear
dependence of the spectral data pixels in the red
channel (R =-0.95) and the near- infrared channel
(R =-0.85) and in the blue channel (R = -0.81) with
the average humus level indicator [Sakhatskyi O. 1.,
2008]. S. Truskavetskyi researched the ground

layer on the fields of Zhytomyr Polissya using the
multi-spectral aerospace scanning with the help of
SPOT satellite and specified that the relationship
between the humus level content in soil and
gpectral  brightness is significant in the green
channel (R =-0.88), in the red channel (R =-0.88),
and in the near-infrared channd (R =-0.90)
[Truskavetskyi S. R., 2006].

While studying the soils of Krasnodar Krai with
the help of satellite images of Spot 5, the
researchers offerred multiple linear models with
visble and near-infrared range (R = -0.74)
[Malashevskyi V. A., 2013]. In the course of study
of dark brown soils of Mykolayiv oblast,
S.G. Chornyi suggested using the parabolic model
which rests upon the relation of red and near-
infrared channels (R = -0.63) [Chornyi S. G., 2012],
and as approximately similar values of correlation
coefficients for the relationship between humus
level and the values of brightness for all three
gpectral channels (green, red, and near-infrared)
were obtained, the equation for the multiple
regression modd was offeeed (R = 0.53)
[Chornyi S. G., 2016].

The special condition in identification and
evaluation of humus levels based on the data of
aerospace and ground research is that the studied
fields should be characterized by the following
indicators: air-dried state of soil [Schmugge T.,
1980], absence of skin, the size of the particles of
soil (rigidity) should not exceed 2 cm [South S.,
2004], complete or partial absence of green or dry
plants or its remnants, absence of colored particles
in soil (iron compounds) [Gorbane G., 2008].

While performing research on  spectral
characteristics of soil and analyzing the scientific
literature, it can be concluded that in the visible
(RGB) and near-infrared (NIR) area of the
electromagnetic spectrum the brightness of sail is
connected with an increase or decrease in humus
concentration in soil.

An acute and important task is usage of several
methods of investigation, for example using a
combination of ground and satdlite surveys with
the purpose of their operational comparison and
obtaining the relevant level of valid results.
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Fig. 1. Spectral profiles of soil, plants, and water according to Landsat 8 OLI

Aim
Identification and evaluation of the sail fertility
indicators based on processing of the data from on-
ground and remote sensing research on the
agricultural lands of different landscape zones in
Zakarpattia, Ukraine.

Methodology

To identify and evaluate the quantitative
indicators of humus content in soil using the fin-
dings of processing the multi-spectral images. The
methodology is based on study of humus content
dynamics, soil content, and other characteristics of
soil was employed. Thus the main subject of
investigation is soil. [Sakhatskyi O. 1., 2008].

The methodology of investigation comprises
three main approaches:

1. Application of statistical linear regression
dependence that in the course of adaptation take the

following expression [Sakhatskyi O. 1., 2008;
HebrynL. V., 2015]:
B, =aG,, +b, Q)

where B — is energy brightness of soil in the
relevant spectral channel, n — spectral channdl: red,
blue, green, infrared; ¢ and b — numerical
parameters of the model; G, — percent indicator of
humus level.

2. Linear combinations of brightness and
spectral indices that rest on utilization of channels
which identify the effect from plants and humidity
on spectral brightnesses of soil were used.

3. Power law models for identification and
evaluation of the humus level content of soil
indicators were emplyed.

Evaluation of humus content level in soil was
based on the data from aerospace and ground
research under the conditions of various landscape
areas of the region suggests the following stages
[GebrinL. V., 2015]:

- obtaining statistical data which describe the
fertility indicators of soils in the region and
preliminary analysis of every field. In the given
case, the data on the humus level content in soil
(Gaw) With a breakdown into monitored sections
(MS), and agrochemical land classification of the
agricultural lands, in the regions and landscape
aress for the year 2013 [Bandurovych Yu. Yu.,
2014];

- downloading of the available aerospace
images for the period under study with minimal
cloud cover. For the given study 5 multi-spectral
aerospace images were obtained from 8 OLI
satdlite (5 scenes), for the territory of Zakarpattia
oblast with minimal cloud cover from 0 to 5% in
spring season (March, April) and fall season
(September, October, November) of 2013 which
fully meet the requirements of the investigation
process. Satdlliteimages were downloaded from the
official web-site glovis.usgs.gov;

- includes preliminary processing of the
images. Formation of synthesized multi-spectral
aerospace image was carried out. Radiometric
correction of images was performed further. Its
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essence lies in converting raw data (digita
numbers) into physical units by way of transfor-
ming them into real values of spectral energy
brightness using special formulas. To perform these
calculations, it is necessary to know the initial
scaling factors. The general formula of the
algorithm of radiometric calibration of satellite
images Landsat 8 OLI is expressed as (2):

L =MQ, +A, ()

where L, — spectral energy brightness is (W/ mfsr um),
M, — multiplicative (RADIANCE_MULT_ BAND)
and A — additional (RADIANCE_ADD_ BAND) are
ratios of scaling for brightness of the individual
channel from metadata, Q. — raw pixel data
(digital numbers) [Zanter K., 2016].

The following stage was for performing
atmospheric corrections for the aerospace images.
Atmosphere can influence on the values of
brightness that are registered by the imaging system
in two ways: by dispersion and absorption of the
energy from electromagnetic waves. In performing
atmospheric correction, characteristics of standard
atmosphere are used. These characteristics enable
obtaining approximate results. There are two
methods of accounting for the influence of
atmospheric conditions: based on the program
algorithms and on estimation of vegetation indices
[Burshtynska Kh. V., 2013]. In the given case, the
module Atcor 3 of the software package Erdas
Imagine was used which implemented the method
of program algorithms by rendering the objects
with their ratios of spectral brightness, deleting the
atmospheric haze, and topographically normalizing
the images. This method is rational for the sections
that are located in the near-mountain and mountain
landscape areas [Richter R., 2016]. Preiminary
processing and further calculations of the obtained
satdlite images were performed in a specialized
program Erdas Imagine 2013;

- caculation of the vegetation index
according to the brightness indicators of the
relevant spectral channels. Vegetation indices are
estimated based on the physical and chemical
phenomena from obtaining aerospace images and
statistical data. Currently, approximately 500
different vegetation indices are known. In the
article [Burshtynska Kh. V., Badysh V., 2014] 30
vegetation indices are systematized against the

main indicators which include: sensitivity to
vegetation, influence of the ground line and
atmosphere. To solve the problem of separating the
open soil from vegetation, the vegetation index
NDVI was applied. In the suggested classification,
the given indicator belongs to class | and is
interpreted though such characteristics like the very
noticeabl e influence of the plant litter (3):

NDvI = R- RED 3

NIR+ RED

where NIR and RED refer to the values of spectral
energy brightness of the relevant pixels on the
image that are obtained in the red (RED) visible
and near-infrared (NIR) specter sections.

Average values of the vegetation index NDVI
are calculated on the basis of pixel data that were
accounted for in the sample as a result of
establishing of ring since the area of the section is
equal to 2500 square meters.

- Obtaining average values of spectra
brightness in the selected channels in accordance
with the sections where soil samples were taken.
Relevant to the coordinates of the sections a
selection of pixels was performed in a way that the
established area (S,) as a result of forming of the
highlighted ring which was close to the area under
study, (2500), and the average values of spectral
brightness of the selected channels could be
identified (Blue, Green, Red, NIR, SWIRL,
SWIR?2) [Richards J., 2006].

In order to conduct research according to the
first approach the following activities were
performed: the linear dependence of indicators of
the actual humus level in soil G, and the average
indicators of spectral brightness of the selected
channels in the identified sample of pixds was
stated. Correlation coefficients R and determination
ratios R* were calculated, confidence intervals were
estimated, as well as the significance of correlation
coefficients under the confidence probability 0.95
and significance level 0.05 [Gmurman V. E., 2003].
Graphs of dependence of the average indicators of
spectral brightness of the selected channels in the
identified sample of pixels and the actual humus
level content in soil indicator G, were constructed.
The most rigid linear dependence characterized by
the highest correlation coefficients R, and the
acceptable confidence intervals and significance of
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the correlation coefficient were defined. Calcu-
lation of the humus level content G, based on the
inverse linear regression equation (4) is:

o~ B, ?9' ?9 (4)
ag éag

Evaluation of the accuracy of findings and
calculation of standard deviation o (5) for the
constructed indicator of humus level content G,
from the actual G, was carried out:
8(Gy - G, )
—. (5)

n-2

While applying the second approach the results
of the investigation were used which show that the
gpectral brightness of soil is influenced by the
presence of vegetation that is calculated based on the
vegetation index NDVI (3), however, in the given
study the relation of brightnesses NIR/Red was used,
and by presence of extra humidity that is estimated
by spectral indices with the help of the reation of
near and short-wave infrared channd [Gao B.,
1996], green and near-infrared channe, and green
and first short-wave infrared channd [Sakhats-
kyi O.l., 2009]. After the first approach was applied
and it was reported that the most rigid correlation of
humus level content has the intensity of the reflected
and absorbed emission in red and infrared aress, so
these two channels were included in the initial
model. Thus, the general model becomes 2.1. (6):

G

S =

G n:aRed+bNIR+cm+
P Red

2.1. € . (6)
Green . Green NIR
+d + +

f +g
NIR SWMRL SWIRL

To employ the third approach for identification
and evaluation of the humus content for a soil
indicator the power law mode is proposed. The
model is constructed based on the physical
relationship that includes the effect from different
parameters in the spectral brightness of sail. In the
initial expression it is formulated as (7):

3.1. G,, =G,Blue’'Green’ Red°NIR'SMRI' SMR2" .(7)

The main criterion of evaluating the precision is
the standard deviation of the estimated humus level
content (Ggn) from the actual humus level indicator
(Gax), and the Fisher criterion (F-criterion).
Application of F-criterion does not characterize the

specific model. The F-criterion only compares two
models. Therefore, estimation of confidence
probability according to the Fisher criterion, the
essential condition is identifying what model the
comparison was carried out against. Using the
method of calculating the confidence probability it
can be validated on which level of confidence the
hypothesis is correct and on which level of
confidence the hypothesis is rejected. Thus, with
not so high confidence, the probability for the
difference between models it can be asserted that
the models describe the experimental data in a
similar way, so there is no necessity to use a more
complicated model. Therefore, the maximum
simplification of the model is carried out, until only
the most significant parameters are retained. This
type of modd is called optimal.

Findings and evaluation of the proposed
methodology

Based on the findings of the first approach
application of the statistical linear relationship of
gpectral brightness of pixels on the sections under
study, and the relevant indicators of humus level in
sail, it was stated that the most rigid inverse linear
dependence (3) was observed in the red (Red)
spectral channel of the visible range (Fig. 2) with
the following results obtained after mathematical
processing by the average indicators for the sample;
correlation coefficient R= — 0.72, confidence
interval , = -0.81; », = — 0.58, significance of
correlation coefficient t = |4.28>2.0073.005, With
standard deviation (4) of the estimated humus level
content indicator (Gpn) from the actual humus level
content indicator (Gact ) o = 0.821 % (Fig. 3).

Reversed linear dependence is found between
data in bluee R=-0.57, ;, = -0.78; ,, = -0.38,
t =13.04>2.0073.005, 0 = 1.5% and the green:
R=-0.57,,,=-0.78; ,=—-0.38, t = |3.04|>2.0073;0_05,
o = 1.26 % spectral channels. In the near-IR range
(NIR) linear dependence is observed at leve
R=— 036, = '054, 2= 015, t= |l.74|<2.0073;0_05,
o = 2.48 %. As for shortwave infrared channels
(SWIR 1): R= - 023, ;1 = -044; ,, = 0.01,
t= |l.10|<2.0073;0.05, o = 11.99 % and (S\NlR 2)
R= '0.27, 1= '047, 2= 005, t= |l.28|<2.0073;0_05,
o = 1089 % a p=095 and « = 0.05, the
dependence is not significant, this fact indicates
partial noise in these channels. That is why these
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channels in given conditions, at first approach, is
not recommended for linear determination of
humus content in soil. However, in second and
third approaches there is a possibility to apply these
channels, because they are responsible for
determinating soil covering moisture.

Given calculated data are averaged selectively,
which consist of information obtained during
treatment of five multispectral images of Landsat 8
OLI for 2013.

In the second approach of the proposed
methodology model 2.1 was considered and
applied (6). Since the determining factor of this
model was the account of vegetation and moisture
in the research areas that could influence the
obtained results, the model was checked by
several interpretations in order to define how
much influence and significance one or another
parameter of the model had on the results
obtained (Table 1, Fig. 4).
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Fig. 2. Linear statistical dependence of Gact and the spectral
brightness in the Red channel (08.03.2013) Landsat 8 OLI
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Fig. 3. Graphical representation of standard deviation ¢ of the estimated humus
level indicator G, on the actual G, fromthe data of the red channel (08.03.2013)
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Tablel
Deter mination of adequacy of the models linear combinations
of brightness and spectral indices
No Model 6% F-crlg/erlon,
0

2.1 _ NIR Green  Green NIR

Gpn—aRed+bN|R+c@+d NIR + SMR1+f SMR1+g 0.46855 -
2.2 _ Green NIR NIR Green

G, =aRed +b NIR +c@+ w+uSWIR + f 0.48349 97.798
2.3 Green NIR = Green

G,, =aRed +bNIR+c NIR +d SWIR+ SNIR” 0.503¢9 99.894
24 _ Green | NIR NIR Green

G,, =aNIR+b NIR +C@ + SR + SR + f 0.470g9 78.850
25 NIR = Green NIR

= —_— f . .

G, aRed+leR+CRed+d5\MR1+u5\MR1+ 0.470g9 78.850

2.6 G,, =aRed +bNIR+c IR ;g Gren 0486, | 97.133
Red SWRL

2.7 NIR . Green NIR

G,, =aRed +bNIR+ c@ +d NIR + SWIR1+ f 0.468¢9 67.914
2.8 __NIR | Green Green NIR

Gpn-aRed+b e svr Y s tY 0.56670 99.999
2.9 _ Green . Green NIR

G,, =aRed +b NIR tc SNIR1+ SWIR1+u 0.5265¢ 99.986
2.10

G,, =aRed +bNIR+ c% +d 0.493;, 91.537
211

G,, =aNIR+ bﬁ +c 0.4967, 82.522

Red
212 G,, =aRed+bUR 4 ¢ 0512, | 98.805
Red

213 G,, =aRed +bNIR+c 0.524;, | 99.804

| 2.2 || 23 || 2.4 || 25 || 2.7 |

| 211 || 2.12 || 2.13 |

Fig. 4. Scheme of the formulas smplification
sequence, 2.1-2.13 — model number

As aresult of mathematical treatment of models
with a set level of significance 0.003 (30) and
confidence probability 99.7 %, that during the
simplification process of model 2.2 to model 2.8,
application of red and near-IR channels is sig-
nificant with a confidence probability of 99.99 %.
After simplification to model 2.9, application of
spectral index with relation to near-IR channed to
red channd is significant with a confidence

probability of 99.98 %. Such a tendency is
observed during a simplification of modd 2.1 to
model 2.3. Confidence probability of this spectral
index is 99.89 %. As a result of simplification of
model 2.10 to models 2.11, 2.12, and 2.13, and also
after further investigating the most significant
model parameters, it was reported that application
of spectral index NIR/Red is significant with a
confidence probability of 99.80 %, and the
significance of the application of a near-IR channel
is defined with confidence probability 98.81 %.
Although during application of this channd in the
first approach, the mean coefficient of correlationis
only R — 0.36. This fact is explained by possible
noise in the channel due to the influence of
vegetation. Accordly the results of the second
approach is thought identification and evaluation of
quantitative indices of the humus content after
spectral characteristics of proposed modd 2.11

(Fig. 5):
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Fig. 5. Standard deviation of (Gn) from (Ga« ). Model 2.11
Table 2
Deter minating the adequacy of power law models
Ne Model c,% F-criteria,%
31 G,, =G,Blue’Green® Red°NIR‘ SMR1" SWIR2' 0.465¢5 -
32 G,, =G,Blue’Green” Red°NIR’ 0.469, 95.464
3.3 G,, = G,Green’ Red°NIR’ 0.495;; 96.226
34 G,, =G,Green® Red" 05087 96.226
3.5 G,, =G,Green®NIR" 0.7107, 99.999
3.6 G,, =G, Red*NIR’ 0.508;, 98.462
3.7 G,, =G, Red*® 0.54175 95.464
In the third approach, the power law modd was 21
researched for the determination and evaluation of '
quantitative indices of the humus content in soil |
according to data of Earth remote sensing and ground 32
investigations. Based on this modd application next |
results were obtained (Table 2). 23
As aresult of mathematical treatment (Table 2) |
and simplification (Fig. 6) of proposed power law | | |
models with the set significance level 0.003 (30) 34 35 36

and confidence probability of 99.7 %, it was found

that the best variant to apply is the power law
model 3.7. for determining and evaluating the

3.7

quantitative indices of the humus content in soil,

which used the red spectral channd with a
confidence probability of 99.99%.

Fig. 6. The scheme of formulas smplification
sequence, 3.1-3.7 — model number
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Fig. 7. Standard deviation of (Gg,) from (Ga« ). Moddl 3.7

Having analyzed modelsin al three approaches
it is reasonable to find the most optimal model
according to the methodology proposed.
Application of Fisher criteria in this case is
impossible, because the models are not partial cases
from one another. As follows, it is possible to find
the most optimal model by comparing the standard
deviation ¢ of the models proposed. The standard
deviation of the evaluated index of humus content
(Gpn) from actual (Ga ) according to the model (1)
with the use of red channel equal to ¢ = 0.821 %,
with the use of near-IR channd is ¢ = 2.482
%, according to the model 2.11 ¢ = 0.496 %,
according to power law model 3.7 ¢ = 0.541 %.
This data indicates the efficiency of applying the
proposed models according to the second and third
approaches of proposed methodology.

Scientific novelty and practical significance

For the first time methodology for determina-
tion and evaluation of quantitative indices of the
humus content in soil for agricultural lands of
various Zakarpattia landscape zones was used.
Methodology consists of three different approaches
is based on data application from Earth remote
sensing and ground investigations. It was
investigated that the best models to be applied are
such models which are built on the use of data of
spectral radiance in the red and infrared specter
ranges because of the significance of their
application in these ranges are defined with
confidence probability of 99.99 %. Standard

deviation for the evaluated index of humus content
from actual is minimal in these models.

The given approach provides quick and reliable
information acquisition about quantitative indices of
humus content in soil for making rational managing
decisions concerning application of appropriate
agricultural means to prevent soil fertility reduction
in various Zakarpattia landscape zones.

Conclusions

As a result of applying the proposed metho-
dology concerning determination and evaluation of
quantitative indices of the humus content in soil
according to data from Earth remote sensing and
ground investigation, the following conclusions are
made:

1. There is an existence of a reverse linear
dependence between the actual index of humus
content in soil and the spectral brightness of soil
which is displayed in the space images investigated.
Applying the given methodology, quantitative
indices of humus content in soil were defined,
based on statistical linear regressive dependencies
between the actual index of humus content and the
data of brightness of the chosen spectral channels.

2. New models of humus content dependencies
of channel brightness and spectral indices of visible
and infrared range of electromagnetic emission are
proposed. It was investigated that the red and near-
IR channels are significant with a probability of
99.99 %. The proposed model for determinating
and evaluating indices of humus content uses the
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near-IR channel with confidence probability of
98.81 % and for spectral index NIR/Red with a
confidence probability of 99.80 %. During the
research of power law models the best mode to
apply was found. This model used the red spectral
channel with a confidence probability of 99.99 %.

3. The most optimal model found was 2.11. by
means of comparing standard deviations of the
proposed models.
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3ACTOCYBAHHS METO/IIB JUCTAHLIIMHOI'O 30HIYBAHHS 3EMJII J1J151 OLIIHKOBAHHS
[NTOKA3HUKIB POAIOYOCTI 3EMEJIb 3AKAPITATTA

Merta. 3acrocyBaHHSI MaTeMaTHYHUX MOJENEH I BU3HAYEHHS Ta OL[HIOBAHHS MOKAa3HWKIB POMAIOYOCTI IPYHTIB Ha
3eMJISIX CLIBCHKOTOCIIOAAPCHKOTO TIPU3HAUeHHs 3aKkapraTTs Ha OCHOBI OIPAIfOBaHHS JAHUX AWCTAHIIIHOrO 30HyBaHHS
3emiti Ta iH(popMaIli Ha3eMHHX JOCTiHKeHb. MeTomMKa. 3amporoHOBaHA METOJMKA, BPaxoBye (Hi3UUHI 3aKOHH, IO
OIKCYIOTh 3B’ 530K MK KUIBKICTIO BMICTY TYMYCYy Y IPYHTI Ta CHEKTPAIbHOI €HEPreTUYHON SCKPABICTIO IPYHTY, sSKa
IHTEPIIPETYETHC HA MYJIBTUCIICKTPAIGHUX KOCMIYHHMX 3HIMKAaX, MICTHTh TPH IIXOMM MOCTiKEHHS. [leprmmid mmimxin
TOJNISITa€ Yy JIOCHIDKEHHI Ta BCTAHOBJIEHHI CTATUCTHMYHHUX JIHIHHAX PErpeciiHUX 3aleKHOCTEH MK (aKTHUHHM
TIOKa3HUKOM BMICTY TYMYCY B IPYHTI, SIKMi OTPUMaHO Ha OCHOBI Ha3eMHHUX JIOCIIHKEHb, T CIIEKTPAILHOIO eHEPreTHYHOI0
SICKPABICTIO IPYHTY, SIKy OTPHMAaHO B PE3YJIbTATi ONPAIFOBAHHS MYJIBTUCIEKTPAILHUX KOCMIYHUX 3HIMKIB. JIpyruit mimxin
TIOJISITa€e y po3po0JIeHHI HOBUX MOJIeNeH, 110 moOy/10BaHi Ha JIiHIHHIH 3aJIeKHOCTI BMICTY TYMYCY BiJl ICKpPaBOCTel KaHaIB
Ta CIIEKTPaJIbHUX 1HAEKCIB BUIMMOT'0 Ta iH(PPaYepBOHOIO Aiarna3oHy eJIeKTPOMarHiTHOrO BUIPOMiHIOBaHHS. TpeTii mimxin
OCHOBYETBCSI Ha 3aCTOCYBaHHI CTEIIEHEBHX MOJIENEH, 10 HAMKpallle OMUCYIOTh TaKy 3aJIGKHICTh. 3 MaTeMaTUYHOI TOUYKU
30py, 3HAYYIIICTh BCIX TPHOX €TAIiB MEpEBIpsUlacs Ha OCHOBI BM3HAUCHHS Ta 3HAYYIOCTI KOCQIIIEHTIB KOPEIAILIi,
JIOBIpYMX IHTEPBAJIIB, CEPETHHOr0 KBAIPATHYHOIO BIIXWICHHS OOYHCIEHOro ITOKAa3HHMKA BMICTY TYMYCY B IPYHTI BiX
(akTraHOro Ta 3acrocyBaHHs Kkpurepiro ®Dimepa. PesyabraTm. Y pe3ynbrari BCTaHOBICHHS Ta JOCIHIHKEHHS
CTAaTUCTUYHMX JIHIMHUX PErpeciiHuX 3aJIeKHOCTEH MDK CHEKTPAIBHUMH SICKPAaBOCTSAMH KaHANIB Ta BiZIIOBIJHUMH
TIOKa3HUKaMH BMICTY TYMYCY B IPYHTI JJOCJI/PKEHO, 10 HaWTiCHIIIa 0OepHeHa JIiHiliHA 3aJIeKHICTh BUSIBIICHA Y YEPBOHOMY
(Red) criekTpaabHOMY KaHal BHAUMOTO giama3ony. [1ix yac Apyroro miaxomy JOCHiDKEHHs BCTAHOBIIEHO, [0 HAMKparle
3aCTOCOBYBAaTH Il BU3HAYEHHS Ta OLIHIOBAaHHS BMICTY TYMYyCy Y IDYHTI MOJIENI, 110 BUKOPUCTOBYIOTH YEpPBOHHUIA Ta
iH(ppauepBOHUI CHEKTPaIbHNIA KaHAJ W Ta CIEKTpaJbHUH IHIEKC Ha OCHOBI BIJHOIIEHHS OJVKHBOTO 1H(pPadepBOHOIO
KaHaty 10 uepBoHoro. HaykoBa HoBu3Ha. Ha ocHOBI 3acTOCcyBaHHS IJaHMX IMCTAHIIMHOTO 30HAYBaHHS 3eMJIi BUSIBIICHO,
0 HalKpale BUKOPUCTOBYBATH JUIsl BU3HAUEHHS Ta OLIHIOBAHHS KUIBKICHUX ITOKa3HUKIB BMICTYy TYMYCY B IPYHTI JUIs
pi3HUX JaHqadTHUX 30H 3akaprnarTss MojeNi, 1o MoOyloBaHI Ha 3aCTOCYBaHHI IIMX CIHEKTPAJIbHOI €HEpreTHYHOIl
SICKPABOCTI Y BHIMMOMY Ta iH(paduepBOHOMY Jiaria30HaX CIIEKTPa, OCKUIBKH CEpeAHE KBAJPATHYHE BiIXMICHHS
O0YHCIICHOr0 TIOKa3HHMKAa BMICTY TyMYCYy BiJi (DakTHYHOTO € B IMX MOJENSIX MiHIMaJbHUM, a WMOBIPHICTH €
MakcuMasipHOW. IIpakTuyHa 3HawymmicTb. Takuii MmioXin mae 3Mory onepaTHMBHO Ta JOCTOBIPHO OTpPUMYBATH
iH(opMallifo PO KiTBKICHI MOKa3HUKU BMICTY TYMYCY B IPYHTI JUISl IPUAHSTTS PalliOHATGHUAX YHNPABIIHCHKHUX DillleHb
II0JI0 3aCTOCYBaHHS JOIUIPHUX arpOTEXHIYHMX 3aXOJiB JUIsl 3aM00IraHHs 3HIKEHHS! POAIOYOCTI IPYHTIB BiIOBIIHO 1O
nanmuadTHUX 30H 3aKapraTTs.

Kniouosi crosa: nucraHiiiine 30HIyBaHHS 3eMJli; CIIEKTpajbHA EHEPreTHYHA SCKPaBICTh; CHEKTPaIbHI 1HIEKCH;
MYJIBTHCIIEKTPaIbHI KOCMiYHI 3HIMKH; MOHITOPHHT I'PYHTOBOT'O IOKPHUBY; TYMYC; JiHIHHI MaTeMaTU4HI MOJIEI]
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