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Revised: 26.06.2023 for their cultivation. Clary sage is a valuable and prospective crop for the South of
Accepted: 12.07.2023 Ukraine and deserves special attention. This study is aimed to investigate theoretical

mechanisms of clary sage productivity formation on the irrigated lands of the Southern
Ukraine. The experimental basis for the study is the data on crop inflorescence yields,
collected during field investigation of clary sage cultivation technology in the drip-
irrigated lands of the Kherson Oblast during 2013-2018. Theoretical study on the yield
formation depending on the cultivation technology elements was performed through
rank correlation and heteroscedasticity analyses, while the mathematical model for
the crop yield prediction was developed using multiple regression. As a result, the
null hypothesis about the influence of the factors studied on crop yields was denied
according to the Breusch-Pagan and Glejser tests, although the results of the analysis
of variances revealed no significant effect of the depth of the plough and the spacing
of the crop on the yields. Rank correlation analysis revealed that the highest influence
on crop yield is attributed to phosphorus fertilisers. In addition, information on the
influence of each agrotechnological factor on the yield of clary sage was determined,
namely: 1 kg of nitrogen fertilisers applied per ha reduces the yield by 6.34 kg; 1 kg
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of phosphorus fertilisers applied per ha increases the yield by 156.44 kg; 1 extra cm of row spacing reduces the
yield by 3.33 kg; 1 cm deeper ploughing improves the yield by 56.56 kg. The model has moderate fitting quality
(correlation coefficient 0.5885) and reasonably good yield prediction accuracy (mean absolute percentage error
24.12%). The study has no analogues in Ukraine or in the world and provides novel theoretical and practical
insights on the formation of clary sage productivity in the cold Steppe zone

Keywords: variance analysis; drip irrigation; medicinal plants; multiple regression analysis; rank correlation; South

of Ukraine; yield prediction

INTRODUCTION
Crop yields modelling and prediction is an important
task of modern agricultural science.Yield predictions and
forecasts are necessary for rational adjustment of the
agrotechnological aspects of crops cultivation, as well
as economic planning, agricultural market policy forma-
tion, making decisions on food export and import, etc.
(Lykhovyd et al., 2023). Currently, various crop yield pre-
diction models are deeply integrated in decision support
systems; for example, DSSAT, used by agricultural prac-
titioners and stakeholders to improve water, land, soil,
and crop management through empirical modelling of
some major crop responses to changing environmental
and agrotechnological parameters, entered the system.

Empirical and statistical crop modelling is impossi-
ble without previous in-field or in vitro studies. There-
fore, field research is the basis for mathematical and
theoretical work. Modelling the yields of medicinal
plants is not widespread, although it is important to
better understand the processes of their productivity
formation. As far as Ukraine possesses favourable soil
and climate conditions for cultivation of most medici-
nal and aromatic plants, it is necessary both to develop
regional cultivation technologies and deepen theoret-
ical knowledge on the crops’ productivity formation.

Clary sage is a valuable medicinal plant, which
is in high demand on the global market due to the
unique content of volatile compounds in its raw ma-
terial (Acimovic et al., 2022). The essential oil of this
crop is used in the pharmaceutical and perfumery in-
dustries. Currently, the main producers of the raw ma-
terial of clary sage are France, Bulgaria, and Hungary
(Fopa-Fomeju et al., 2020). To improve the production
of clary sage in Ukraine, it is important to develop re-
gional cultivation technology and provide theoretical
substantiation of its elements.

Clary sage cultivation is not sufficiently investigated
in Ukraine and abroad. Besides, in-field studies on clary
sage productivity are limited in the studied factors. For
example, Elgaml et al. (2022) considered the effects of
different irrigation modes (100% and 50% ETo) on the
yield, essential oil output, and physiological aspects of
clary sage growth and development in Egypt.Verma et al.
(2023) studied the effects of different temperature re-
gimes on crop emergence and germination rates, which
is quite a specificand narrow subject.Koul et al.(2017) es-
tablished some patterns of clary sage reaction to different
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altitudes and climate patterns (subtropical or temperate
climate). At the same time, some scientific groups stud-
ied clary sage from the phytoremediation standpoint,
for example, Dobrikova et al. (2021) proved that the
crop is prospective for sanitation of Zn-polluted lands.

Most scientific research on the cultivation technol-
ogy and productivity assessment describe the results,
devoted to the related species Salvia officinalis L., or
common sage. For example, Ukrainian researchers
Panfilova & Fedorchuk (2022) investigated the effi-
ciency of biological preparations and mineral fertilisers
application on the crops of Salvia officinalis L. under
the conditions of the Southern Steppe zone of Ukraine,
while their colleagues Svydenko et al. (2022) performed
robust investigations on the best genotypes for sage
cultivation in the above-mentioned agro-climatic zone.
Kotyuk et al. (2022) conducted one of the most prospec-
tive and valuable studies on the cultivation of Salvia
sclarea L. to establish the possibilities of the introduc-
tion and productivity of clary sage in the conditions of
the Central Polissia zone. As a result, researchers found
that the crop is prospective and deserves the attention
of Ukrainian farmers. The main drawback of the quoted
studies is absence of theoretical mathematical sub-
stantiation of the crop productivity depending on the
environmental, genetic, and agrotechnological factors.

The goals of current study are: 1) to determine the
crop’s productivity depending on tillage, spacing, and
fertilisation options; 2) to derive theoretical mathemat-
ical model of clary sage yield formation in the drip-ir-
rigated conditions of the South of Ukraine depending
on selected agrotechnological factors using multiple
regression analysis.

MATERIALS AND METHODS

The study, described in the paper, was performed in two
separate stages. The first stage included carrying out field
experiments on the influence of agrotechnology on the
yields of clary sage. The second stage included statistical
processing of the data collected in field trials and drawing
conclusions about crop yield modelling and the influence
of each agrotechnological factor on the yield of clary sage.

Stage 1

The experimental study on the influence of cultivation
technology on the yields of clary sage inflorescences
was carried out in the experimental field, located on




the territory of the ‘Dodola’ agricultural farm (Beryslav
district, Kherson Oblast, Ukraine). The study was con-
ducted during 2013-2018 and included the estimation
of such agrotechnological elements as follows:

- Factor A - mineral fertiliser application rates - N,
(0 kg hatin total),N_ P, (90 kg ha' in total), N P

60 30 60 © 60

20 kg ha* in total), N, P, (150 kg ha* in total);
- Factor B - spacing of the plants (the distance be-

tween the rows) - 45 cm, 70 cm;

- Factor C - depth of ploughing - 20-22 cm, 28-30 cm.

The study was performed in four replications using
split plot randomised design method. The average area of
the sown plot was 105 m?,the accounting area was 50 mZ.

The soil of the experimental field was represented
by dark-chestnut, slightly saline, middle-loamy soil with
the bulk density of 1.43 g cm?, field water capacity of
21.5%, wilting point of 9.1%, humus content of 2.18%,
available nitrogen, phosphorus, and potassium content
of 12.5-24.8, 16.8-39.5, 325-380 mg kg, respectively.
Weather conditions in the study period were typical for
the climatic zone of the southern steppe of Ukraine.

Clary sage of Taihan variety was used in the trials.
The predecessor was winter wheat. In the pre-plough-
ing period, double harrowing was conducted to the
depth of 6-8 cm. Mouldboard ploughing was conduct-
ed in late autumn strictly with accordance to the study
design. Mineral fertilisers were applied in the form of
super phosphate and ammonium nitrate as foreseen
by the scheme of the experiment. Clary sage was sown
after pre-sowing soil tillage using standard sowing
machine with accordance to plant spacing, stipulated
by the study design. Plant care included drip irrigation,
which was carried out according to weather conditions
and available soil moisture (2-4 waterings were gen-
erally carried out per growing season) to maintain it
at the level of 70-75% of the field water capacity in
the layer 0-50 cm, and cultivating the space between
the crop rows to a depth of 6-8 cm. Harvesting of clary
sage inflorescences was conducted manually in the first
year of the crop use, and with the harvesting machine
“Ros-2”in the second-fourth years of the crop use, with
immediate weighing of the harvest. In total, clary sage
was harvested four times (four years of crop use). The
cumulative yield of the crop was calculated as the sum
of the yields for each year. The yields were statistically
analysed using standard three-way analyses of variance
(ANOVA) procedure, explained by Schmuller (2021),
within the framework of BioStat v.7 to determine the
significance of the differences between the variants by
the values of the Fisher’s least significant difference at
p<0.05 (LSD,,). Standard deviations in crop yields were
calculated according to Shi et al. (2020).

PO
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Stage 2

Statistical analysis was performed using the standard
procedure for linear multiple regression and rank corre-
lation in BioStat v.7 software (Fieller et al., 1957; Uyanik
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& Gller, 2013). The strength of the relationship between
the yields of clary sage and the agrotechnological fac-
tors studied was established using the classification pro-
posed by Evans (1996). The influence of the elements of
the cultivation technology on crop productivity was also
assessed by the values of the regression coefficients. The
quality of the fitting of the model for the prediction of
clary sage yield was evaluated by the Pearson correlation
coefficient values, while the accuracy was judged by the
mean absolute percentage error (MAPE) using the guide-
lines of Blasco et al. (2013). The calculations of MAPE
were performed according to De Myttenaere et al. (2016).
Heteroscedasticity of the data was also checked by
Breusch-Pagan test (Breusch & Pagan, 1979) and Glejser
test (Glejser, 1969) to accept or deny the null hypothesis
for the relationship between the cultivation technology
options and clary sage yields. The visual approximation
of the multiple regression model was performed using
the Microsoft Excel 365 graphical toolkit to depict the
fitting quality of the developed equation.

RESULTS AND DISCUSSION

The results of the first stage of the study revealed some
key features of clary sage productivity formation under
the impact of agrotechnological factors, namely, that
the yield of clary sage inflorescences is not statistically
significant effected by ploughing or spacing (Table 1
and Table 2). The highest yield was recorded in the var-
iant of ploughing on 28-30 cm, plant spacing of 45 cm,
and mineral fertiliser applications rates of N, P,.. The
lowest productivity was recorded when the crop was
cultivated in ploughing 20-22 cm with a spacing of
45 c¢cm and no fertilisers were applied. Significant effect
on the yield is attributed to the total dose of mineral
fertilisers applied, where the pairs of 0 vs 120, 0 vs 150,
and 90 vs 150 are significantly different in productivity.
Thus, it was established that the depth of tillage and
the spacing of the crops are not of great importance for
the formation of the productivity of clary sage under
irrigated conditions. Moreover, Giannoulis et al. (2021)
proved that plant density had negative effect on the
yields of a related species Salvia officinalis L., while
their results support the claim of better crop produc-
tivity under mineral fertilisation. Katar et al. (2022) also
supports the statement that salvia productivity benefits
from fertiliser application; however, essential oil yields
could be decreased at higher rates of mineral nitrogen.
There is a gap in scientific literature about the effects
of tillage on the productivity of clary sage, therefore,
current study provides a breakthrough in this subject.

As the cumulative yields of the clary sage inflores-
cences for four years of crop use were calculated and
generalised with correspondence to the options of
cultivation technology and their combinations, Table 3
was created to represent the inputs, used to perform
the modelling and statistical investigation of the yields.
There were 64 data pairs in total.
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Table 1. Yields of clary sage inflorescences depending on the depth of ploughing, crop spacing, and fertilisers
application rates (average for four years of the crop use)

Factor A (total rates of NP fertiliser Factor B Factor C (depth of Clary sage inflorescences yield,
applied, kgxha?) (crop spacing, cm) ploughing, cm) txha'xstandard deviation

19.07£2.57

17.74%*2.40
14.28+1.93
12.81£1.74
19.16%2.58
18.40%2.49
14.28+1.94
14.25%1.93
20.08+3.83
17.72%2.64
14.31£2.52
14.46%2.13
21.06%3.90
17.98%2.77
14.94%2.61
14.22£2.08
28.08+5.08
19.35%£3.95
18.59%2.68
15.21£2.10
28.56%5.32
20.36%3.98
19.13%2.82
15.69%2.22
28.56%6.15
20.07%4.59
19.52%3.22
14.55%2.34
25.67%5.89
21.01#4.19
20.30+3.50
14.78%2.40
37.93%2.73
29.11£2.37
19.57%£1.93
15.77%1.96
38.84£2.90
29.24%2.43
20.61+1.99
16.33£1.93
40.52+3.85
29.55%2.75
23.12%2.66
15.91£1.97
30.21%3.44
29.98+2.86
24.16%2.77
16.67%1.97

45

20-22

70

45

28-30

70

45

20-22

70

90

45

28-30

70

45

20-22

120 70

45 28-30

120 70 28-30
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Table 1, Continued

Factor A (total rates of NP fertiliser Factor B Factor C (depth of Clary sage inflorescences yield,
applied, kgxha) (crop spacing, cm) ploughing, cm) txha**standard deviation

45.51%5.52
33.82%£3.96
23.55%3.15
17.46%2.16
42.47+3.86
30.58%4.08
24.97%3.30
17.70%2.25
46.29+6.28
33.74%4.57
23.68%3.22
17.06%2.32
45.24%6.14
32.34%4.38
27.77%3.78
17.43%2.35

45

20-22

70

150

45

28-30

70

Source: compiled by the authors

Table 2. Average yield of clary sage inflorescences by the studied agrotechnological factors,
and the results of three-way analysis of variance

Factor A gradations Yield, t ha* Factor B gradations Yield, t ha* Factor C gradations Yield, t ha*
0 16.55 45 23.34 20-22 23.08
90 20.59 70 23.26 28-30 23.53
120 26.10 LSD,, 0.75, not significant LSD,, 4.06, not significant
150 29.98
LSD, 8.43, significant

Source: compiled by the authors

Table 3. Inputs for the modelling and statistical analysis of cumulative clary sage yields

R rertilisers, kg ha Spacing, cm Ploughing depth, cm Cumulati\{e clary sage
Nitrogen (N) Phosphorus (P) yield
0 0 45 21 19.07
0 0 45 21 1774
0 0 45 21 14.28
0 0 45 21 12.81
0 0 70 21 19.16
0 0 70 21 18.40
0 0 70 21 14.28
0 0 70 21 14.25
60 30 45 21 28.08
60 30 45 21 19.35
60 30 45 21 18.59
60 30 45 21 15.21
60 30 70 21 28.56
60 30 70 21 20.36
60 30 70 21 19.13
60 30 70 21 15.69
60 60 45 21 3793
60 60 45 21 29.11

Scientific Horizons, 2023, Vol. 26, No. 7
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Table 3, Continued

R Fertilisers, kg ha Spacing, cm Ploughing depth, cm Cumulati\{e clary sage
Nitrogen (N) Phosphorus (P) yield
60 60 45 21 19.57
60 60 45 21 15.77
60 60 70 21 38.84
60 60 70 21 29.24
60 60 70 21 20.61
60 60 70 21 16.33
60 90 45 21 45.51
60 90 45 21 33.82
60 90 45 21 23.55
60 90 45 21 17.46
60 90 70 21 42.47
60 90 70 21 30.58
60 90 70 21 24.97
60 90 70 21 17.70
0 0 45 29 20.08
0 0 45 29 17.72
0 0 45 29 14.31
0 0 45 29 14.46
0 0 70 29 21.06
0 0 70 29 17.98
0 0 70 29 14.94
0 0 70 29 14.22
60 30 45 29 28.56
60 30 45 29 20.07
60 30 45 29 19.52
60 30 45 29 14.55
60 30 70 29 25.67
60 30 70 29 21.01
60 30 70 29 20.30
60 30 70 29 14.78
60 60 45 29 40.52
60 60 45 29 29.55
60 60 45 29 23.12
60 60 45 29 1591
60 60 70 29 30.21
60 60 70 29 29.98
60 60 70 29 24.16
60 60 70 29 16.67
60 90 45 29 46.29
60 90 45 29 33.74
60 90 45 29 23.68
60 90 45 29 17.06
60 90 70 29 45.24
60 90 70 29 32.34
60 90 70 29 2777
60 90 70 29 17.43

Source: compiled by the authors

First, data were used to determine the strength of  analysis. The correlation coefficients of Spearman (p),
the relationship between each agrotechnological option  Kendall (1), Pearson (r), Goodman and Kruskal (y) were
studied and the yield of clary sage by rank correlation  calculated and presented in Table 4.
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Table 4. Rank correlations for the relationship between the elements of cultivation technology
and the yields of clary sage

Cultivation technology

Correlation coefficients

element

Spearman (p) Kendall (t) Goodman and Kruskal (y) Pearson (r)
Nitrogen (N) 0.52 0.43 0.70 0.45
Phosphorus (P) 0.59 0.48 0.55 0.59
Spacing, cm 0.03 0.03 0.04 0.01
Ploughing depth, cm 0.04 0.04 0.05 0.03

Source: prepared on the basis of the authors’ genuine research

According to the results of the rank correlation
analysis, the strongest relationship (and the greatest
impact on clary sage yields) is attributed to phospho-
rus fertilisers, while the slightest relationship (almost
absent) is attributed to the spacing of the plants and
the depth of ploughing. Therefore, fertilisation has a

decisive role in the determination of drip-irrigated clary
sage yields. The results of Breusch-Pagan and Glejser
tests are provided in Table 5. The tests confirm that the
null hypothesis is denied, so it could be assured that
the factors studied had a statistically significant influ-
ence on the yields of the studied crop.

Table 5. Results of heteroskedasticity tests for the input data set

Statistical index Value
Breusch-Pagan test
Statistics of the test 2.0720
P-value 0.0004
Degrees of freedom 4
Critical value 9.4877
Null hypothesis Denied
Glejser test
Statistics of the test 22.1300
P-value 0.0002
Degrees of freedom 4
Critical value 9.4877
Null hypothesis Denied

Source: compiled by the authors

Further, linear multiple regression analysis was
performed. The statistics for the analysis and the devel-
oped model are provided in Table 6. It is evident that
the model has moderate fitting quality (according to the

value of correlation coefficient), and reasonable predic-
tion accuracy (according to the value of MAPE, which
falls within the range 20-50%) with a greater inclina-
tion to good accuracy (requires MAPE within 10-20%).

Table 6. Regression statistics and the model’s equation for the prediction of clary sage yields depending on mineral
fertilisers rates, spacing, and depth of ploughing

Statistical parameter Value
Correlation coefficient 0.5885
Coefficient of determination 0.3463
Adjusted coefficient of determination 0.3020
Predicted coefficient of determination 0.2383
Mean absolute percentage error 24.12%

Equation

15.325-6.3403x10°xN+1.5644x10*xP-3.3250%x10*xS5+5.6563x102xD

Note: N - the dose of Nitrogen fertilisers applied, kgxha™*; P - the dose of Phosphorus fertilisers applied, kgxha*; S -

spacing, cm; D - depth of ploughing, cm
Source: compiled by the authors
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According to the modelling results and obtained
values of regression coefficients for each element of
cultivation technology, it is possible to state that every
kg of Nitrogen fertilisers applied per ha reduces clary
sage yields by 6.3403 kg, every kg of Phosphorus fer-
tilisers applied per ha increases clary sage yields by
156.44 kg, every additional cm of between row spacing
reduces the yields by 3.325 kg, and every cm of addi-
tional depth of ploughing above 22 cm improves the
crop yield by 56.563 kg. Therefore, it is quite surprising

50.00
40.00

30.00

|

that Nitrogen fertilisers manifested their action not in
supposed enhancement of clary sage yields but provided
weak inhibitory activity. It is also proved that greater
spacing, meaning lower plant density, results in the
yield losses. Deep ploughing is favourable for obtain-
ing higher yields of clary sage in the south of Ukraine;
therefore, it is reasonable to spend additional labour,
time, and material resources to provide deeper loosen-
ing of the soil under clary sage. Visual approximation
and fitting quality assessment are provided in Figure 1.

20.00

Clary sage yields, t

10.00

0.00

k-,

1 4 7 1013161922 2528313437404346495255586164
The studied pair of data

—Yield (true)

—Yield (predicted)

Figure 1. Visual approximation of clary sage productivity model

Source: compiled by the authors

Current study has no analogues in Ukraine,and it is
the first to provide deep mathematical analysis of clary
sage productivity formation under the drip-irrigated
conditions of the South of Ukraine, as well as to pro-
vide the mathematical equation for yield prediction of
this crop, though the studies on cultivation technology
and biological features of the crop were performed by
Ukrainian researchers (Yurchak & Pobirchenko, 1997).
For example, Knyazyuk et al. (2018) conducted the in-
vestigation of clary sage productivity depending on the
terms of sowing and plant spacing and obtained the
results, which are in agreement with the current study,
that the highest yields of the crop could be harvested
under a spacing of 45 cm. But there was no deep math-
ematical analysis of the formation of crop productivity
in the research papers quoted above. It was also impos-
sible to find any similar work in foreign sources, as most
studies devoted to clary sage productivity investigation
are limited to field work and focused on the interpreta-
tion of the crop productivity with no complicated statis-
tical apparatus engaged (while correlation coefficient
and error calculations are common for almost every
work), and provide no deep statistical analysis, e.g., as
the studies by Singh et al. (2008), Verma et al. (2010),
Fathi et al. (2012), Yaseen et al. (2014), and other for-
eign researchers. Therefore, the current study presents
novel insights for global scientific knowledge on the
formation of clary sage yields under the influence of

Scientific Horizons, 2023, Vol. 26, No. 7

some agrotechnological factors, such as mineral fertil-
isation, plough depth and plant spacing. The results are
of a special value for the South of Ukraine and could
be extrapolated to the areas with similar soil-climatic
conditions with accordance to modern climate classi-
fication - namely, BSk zone, the cold Steppe climate
(Beck et al., 2018).

To sum up the results of the current study, it is re-
quired to note that it has some limitations, mainly with
respect to the number of agrotechnological factors
studied, as many elements of cultivation technology re-
mained out of sight in this research. Furthermore, the
results about the low efficiency of the tillage depth in
the increase in yield could be put under doubt if the
crop is grown in rainfed conditions, as it is believed that
irrigation can lead to the nullification of positive ef-
fects from deep ploughing (Lavrenko et al.,2021). At the
same time, the developed model for clary sage produc-
tivity prediction has no analogues in Ukraine and in the
world,and it is the first one to implement mathematical
methods for better understanding of the crop yield for-
mation under various cultivation technology practices.

CONCLUSIONS

Clary sage’s productivity in the drip-irrigated conditions
of the South of Ukraine mainly depends on fertilisation,
as the depth of ploughing and plants spacing play ne-
glectable role and provide yield increase, which is not




statistically significant according to the ANOVA results.
The best yield capacity (46.29+6.28 t/ha’') is attributed
to the variant with the ploughing 28-30 cm, the spacing
of the plants 45 cm, and the rates of application of min-
eral fertilisers N, P... Statistical analysis testifies about
the highest importance of phosphorus fertilisers (Pear-
son’s correlation coefficient is 0.59) in achieving the
best yield quantity, while plant spacing and ploughing
depth play a secondary role in clary sage productivity.
As a result of our study, a mathematical equation
for the prediction of the yield of clary sage inflores-
cences has been developed based on the rates of min-
eral fertilisers, the spacing and the depth of ploughing.
The model has moderate fitting quality (correlation

Chaban et al.

revealed that nitrogen fertilisers can slightly decrease
yield (per 6.34 kg ha' for each kg ha? applied), al-
though it is commonly expected that they improve crop
productivity. The results of the study have no analogues
in Ukraine or elsewhere and provide valuable scientific
information on the cultivation of clary sage in the cli-
matic zone of the soil of BSk.

Further investigations are to be conducted to
deepen the obtained theoretical knowledge on clary
sage productivity formation, including the factors,
which were not embraced in current study. In addition,
other mathematical and statistical approaches should
be applied to improve the quality of the yielding model.

coefficient is 0.5885) and reasonably good prediction ACKNOWLEDGEMENTS
accuracy (mean absolute percentage error is 24.12%), None.
providing novel information on the specifics of the for-
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AHoTauif. YkpaiHa Ma€ cnpuatauei NpUPOAHI YMOBM A8 BMPOLLYBAHHS NiKapCbKMX Ta apOMAaTUYHUX POCIIUH,
ane BGpakye HayKOBMX 3HaHb Ta NPaKTUYHUX peKoMeHAALiM Wwoao ix BupolwyBaHHs. LLaBnig MyckaTHa € UiHHOKO
Ta NepCnekTUBHOK KynbTypot ang [liBaHa YkpaiHu i 3acnyroBye Ha ocobnusy yeary. Metoto faHoi pobotu €
DOCNIMKEHHS TEOPETUYHMX MeXaHi3MiB GOPMYBaHHA MPOAYKTUBHOCTI LIABAIT MYCKATHOI Ha 3pOLUYBAHUX 3eMASX
MiBaHa Ykpainn. EkcnepumeHTanbHo 633010 LOCNILKEHHS € AaHI NPO BPOXaMHICTb CYLBiTb Ky/NbTYpH, 3i6paHi nig
4yac NonbOBUX AOCNIAKEHb TEXHONOTT BUPOLLYBAHHS WaBii MyCKaTHOI Ha KPanJMHHOMY 3pOLUEHHI B XepCOHCbKIN
obnacTti npotarom 2013-2018 pp. TeopeTnyHe AocnigxXeHHs GOPMYBaHHS BPOXAMHOCTI 3a/eXHO Bif eneMeHTIB
TEXHOSOTii BUPOLLYBaHHS NPOBOAMNOCS 33 AOMOMOrOH PAHrOBOro KOPensLiMHOro Ta reTepockefacTMYHOro aHanisis,
a MaTeMaTM4yHa MofeNb AJ1 NPOrHO3yBaHHS BPOXXaWHOCTi po3pobasnacs 3 BUKOPUCTAHHAM MHOXMHHOI perpecii. B
pe3ynbTaTi Hy/IbOBA rinoTe3a Npo BNAUB A0CANIAXKYBaHUX GAKTOPIB HA BPOXKaWHICTb Oyna CNpoCTOBaHa 3a KpUTepisMu
bpeywa-laraHa Ta [neii3epa, xo4ya pe3ynsraTv AMCNEPCIMHOIo aHanisy He BUSBUAM 3HAYYLLLOTO BNIMBY MMOUHM NTyra
Ta WKMPUHM MDKPSAb HA BPOXaMHICTb. AHani3 paHroBoi kopensuii Nokasas, Wo HaWbinbWmMiA BNAMB Ha BPOXAMHICTb
MatoTb dochopHi fob6puBa. KpiM Toro, BU3HaueHo iHhopMaLito Mpo BMMB KOXHOIO arpoTeEXHONOrYHOro hakTopa Ha
BPOXaMHICTb LWaBAii MyCcKaTHOI, a came 1 Kr a3oTHMX L06puMB, BHeCeHMX Ha 1 ra, 3MeHLYe BPOXaMHICTb Ha 6,34 Kr;
1 kr pochopHmx fobpuB, BHECEHMX Ha 1 ra, 36iNnbluye BpoxXarHicTb Ha 156,44 kr; 1 40AaTKOBUIM CAHTUMETP LUMPUHU
MiXpsAb 3MEHLUYE BPOXAMHICTb Ha 3,33 Kkr; opaHka Ha 1 cM rmwmble nigBuLLye BpoXanHicTb Ha 56,56 kr. Moaenb
Ma€ NOMipHY AKiCTb NiAroHKM (koediuieHT kopensuii 0,5885) i LocUTb XOpOoLLY TOYHICTL NPOrHO3YBaHHS BPOXKAMHOCTI
(cepenHs abcontoTHa BifcOTKOBa Noxmbka 24,12 %). locniokeHHs He Mae aHanoriB B YKpaiHi Ta CBITi i Aa€ HOBI
TEOPETUYHI Ta NPAKTUYHI YSBNEHHS NPO GOPMYBaHHS NPOAYKTMBHOCTI LWAB/IT MyCKaTHOI B 30Hi xonogHoro Creny

KntouoBi cnoBa: avcnepciinHuin aHanis; KpanavHHe 3poLleHHs; NiKapCbKi POCIMHU; MHOXWUHHUI perpecinHuii aHanis;
paHrosa kopensuisi; lNiBaeHb YKpaiHW; MPOrHO3yBaHHS BPOXAMHOCTI
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