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Anomauyia. Posensnymo npaxmuxy kpain €C i3 3anposadiicenns mapudie Ha 600y 05l 3pOUEHHS Cilb-
CbKO20CNOOAPCLKUX KVIbIYP Ma Npoyedyp NOGepHeHHs. KOWMIE, GUmpaieHux na 6000N0CMAaiants Ois
spowens. Ochosnumu Odxcepenamu ingopmayii cmammi cmanu nyonikayii ma HOpMAMueHi OOKYMeHmu
Vrpainu, 3eimu opeanie €C ma World Bank, y axux npogedenuti KpumuuHuii auaiiz npakmuky yiHo-
ymeopenHs y 3poutyearomy zemnepoocmei kpain €C 3a 2005-2023 pp. Ilposedeno epynysanns ingop-
Mayii npo naowy 3pouLy8anux 3emeib, pieeHb NOBEPHEHHs KOWMIB, SUMPAYEHUX HA 6000NOCMAYAHHS,
y8azy npudiieHo MemoouuHoMy nioxo0y 00 po3pooKu mapugie Ha MpaHCnopmyearus 6oou. Bukiaoeno
MAYMAYEHHs NPUYUH NPUPOOHO20 XAPAKMeEPY, AKUMU KePYBANUCA OpeaHu YNPAGIIHHI 0epicasamu npu
3ACMOCYBAHHI eKOHOMIYHUX THCMPYMEHMI6 YNPAGIiHHs 3POMEHHIM HA CBOIX mepumopisx. 3a okpemumu
Kpainamu i3 3nauHumu niowjamu 3poutyeanux zemensv (Imanis, @panyis, Ipeyis, Icnanis, [opmyeanis
ma Pymynisy) eusnaueno eacomi oocsaenenns (cknadosi) mapugoymeopents ma 8iouKko0y8ants KOumis.
Posxkpumo acnexmu mapugoymeopenmsi Ha 800y, 001K 600U, PO36UMOK 00 €OHAHL 800OKOPUCTTYBAYIS,
onooamxysanns niamu 3a 600y. O3nakamu Kiacugixayii Kpain 6yno: Hanpsamu YiHoymeopeHHs Ha 600V,
8DAXYBAHHS CMAHY BOOHUX PecypCie ma MeniopamueHux cucmem, pisHo8uou mapugis, mexamizmu yiHo-
VMBOpEeHHs, CHAH NOBEPHEHHS KOWMIB, BUMPAYEHUX HA B00ONOCMAYAHHS 3d PAXYHOK Mapu@is, eumipio-
8anHsl 00Cs2i6 600U, A MAKOIC PO38 SA3AHHSI 000AMKOBUX NPOOLEM 3ACMOCYB8AHHSI eKOHOMIYHUX [HCMpPY-
MeHmMIB Y 3POULYBAHOMY 3eMepOOCMEI — IHCMUMYYIOHATbHI (A0OMIHICMPAMUGHI, NPABOGL) 3aX00U, GNIUE
niamu 3a 800y Ha eKOHOMIKY acpocghepu kpainu mowgo. OCKinbKu OOMIHYIOHUM NIOX000M Y peanizayii
mapugpoymeopenns y 3poutenti kpain €C € gumoeu 600HOI pamKo8oi OUpeKxmusu, po3enioascs pigeHb
00CsACHeHHs. NOKA3HUKIE aKkocmi euxkonanns BPJ] kpainamu. Bemanoeneno, wo nepesasicna Oinviiicmo
CBIMOBUX NPAKMUK QopMY8aHHs mapugie na nociyau 3 nooayi 600U Ol 3pOUleHHsl, KanimalbHux iHee-
cmuyiti 8 Meniopamugny iHgpacmpyxmypy ma ii 06cy208y8ants, c8i0uums, wo 8oHu 6a3yIOMuCa, AK HA
3A2AIbHO0EPIICABHUX IHMepecax, MaxK i Ha 3aYiKAGIEeHOCTMI B00OKOPUCIYBAYI8 | opeanizayill, ujo 3abe3ne-
YYIOMb 102ICMUYHY NIOMPUMKY.

Knrwouogi cnosa: sooonooaua, 3powients, mapughu, KOMnencayis 6Umpam, ynpasiinHs, CUCIHeMHUU nioxio,
Esponeticoxuti Cows (€C)
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Abstract. The temperature of the leaf surface of plants can be used as an indicator of the water stress of
agricultural crops. Since plant temperature is affected by weather factors, it is usually expressed through
the crop water stress index (CWSI). To calculate the CWSI, two input parameters must be known that
relate plant temperature under and without maximum water stress to the water vapor pressure deficit.
These basic equations are specific to each culture and locale. Many studies on the definition of CWSI and
basic dependencies for tomatoes have been conducted abroad, such a study has not yet been conducted in
Ukraine. The purpose of the research is to establish CWSI values and basic equations that are needed for the
purpose of watering tomatoes in the south of Ukraine under subsurface drip irrigation. The paper presents
the results of determining the theoretical and empirical water stress index of tomatoes under subsurface
drip irrigation. The research results confirm that the water stress index can be used to plan the irrigation of
tomatoes both independently and in combination with other methods to increase the accuracy of decision-
making. An analysis of the daily dynamics of the CWSI was carried out, according to the results of which it
was established that in the morning hours the water stress index on average during the observation period
was almost 0, then, as the intensity of solar radiation increased, the CWSI also increased and reached its
maximum value (1.08) at 20:00. The correlation coefficient between the water stress index and the intensity
of solar radiation was 0.63. The relationship between irrigation rate, soil moisture, change in plant stem
diameter, and CWSI was established, the correlation coefficients are —0.60, —0.55, and —0.51, respectively.
Theoretical and imperial methods estimate CWSI equally, there is a high correlation between both methods
(r =0.92). It is necessary to prescribe irrigation or increase the irrigation rate according to the theoretical
and empirical methods of determining CWSI, respectively, for its values of 0.3 and —2.2. The empirical
method of calculating CWSIE using the resulting equations is easier to use. The CWSI values obtained for
tomatoes in this study are closely correlated with the other irrigation methods.

Key words: water stress index, tomato, subsurface drip irrigation, plant temperature, phytomonitoring

Relevance of research. Tomato (Solanum
lycopersicom L.) is a valuable vegetable crop that
is grown for its fruits. About 75 % of tomatoes are
consumed fresh, and the rest is processed. The
sown area in Ukraine is about 80 thous. hectares,
which is 20% of the entire area under vegetable
crops [1]. In the south of Ukraine, this is the most
common vegetable crop. Tomatoes belong to
agricultural crops with a high level of total water
consumption: 5.2-5.5 thousand m’/ha and are
sensitive to water stress [2; 3]. Accordingly, the
determination of the criterion for the appointment
of watering tomatoes is an important element for
the operational management of the irrigation
regime. Today, there are many methods of
irrigation [4; 5; 6], one of the criteria for their
use is the availability of the necessary tools and
qualified personnel. Studies on the determination
of CWSI for tomatoes [3; 7-9] and other [10-15]
crops conducted abroad indicate that this index
is used to assess plant water stress and manage

© Kovalenko 1.O., Zhuravlov O.V., 2023

irrigation. Such studies have not yet been
conducted in Ukraine. Therefore, the need to
conduct research is due to the development of
a method of assigning irrigation that does not
require expensive tools in order to increase the
efficiency and effectiveness of managing the
water regime of the soil.

Analysis of recent research and
publications. One of the simple and accurate
methods of watering, which does not require
complex and expensive equipment, can be the
water stress index (crop water stress index —
CWSI), which is based on measuring plant and
air temperature. Infrared thermometers [3; 10]
or leaf temperature sensors [7] can be used to
measure plant temperature.

The experimental [16] and theoretical [17; 18]
crop water stress index (CWSI), which can be
used to predict irrigation time, was developed in
1981 and has not lost its relevance today [10; 19].
When plants experience water stress, the stomata
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immediately close, transpiration decreases
sharply, and the temperature of the leaves rises.
Studies have shown a close correlation between
the temperature of the plant cover and the moisture
supply of plants. [9; 11; 18; 20]. To calculate the
CWSI, two input parameters must be known that
relate the plant temperature under and without
maximum water stress to the water vapor pressure
deficit. These basic equations are specific for each
culture and locality [8; 9; 16; 19].

Foreignscientists have conducted many studies
on determining CWSI for tomatoes [3; 7; 8; 9],
cowpea [10], corn [11; 14; 15; 19], sorghum [12],
winter wheat [13], pumpkins, soybean,
alfalfa [16], eggplant [21; 22], watermelon [23],
cotton [24], sweet pepper [25] and concluded that
this index accurately assesses the water stress of
agricultural crops and can be used as a criterion
for irrigation.

The purpose of the study is to determine
the value of the water stress index (CWSI) and
the basic equations that are necessary for the
purpose of watering tomatoes under subsurface
drip irrigation in the conditions of the Dry Steppe
of Ukraine.

Research materials and methods. The
study of the water stress index of tomato plants
(CWSI) was conducted in 2019 in production
conditions on the lands of PE “Organic Systems”.
The enterprise is part of the “Agrofusion” group
of companies, which specializes in growing
tomatoes on drip irrigation on an area of
more than 7.5 thousand hectares with further
processing at its own facilities [26]. The research
and production site is located on the territory
of the Chaplyns'koho district of the Kherson
region, Ukraine (subzone of the Dry Steppe,
Google Maps location 46040' N. 33035' E.). The
climate of the research area is moderately hot
and very dry. The sums of temperatures above
+10°C are from 3300 to 3400°C, the amount of
precipitation during this period is 200-220 mm,
and the hydrothermal coefficient according to
G.T. Selyaninov is equal to 0.6 [27]. The soil of
the research and production site is dark chestnut,
low in humus (1.7-1.9%), the soil moisture
content for the 0-50 cm soil layer is 25.8%
of the completely dry soil (174 mm), the bulk
density is 1.35 g /cm?®. Water intake for irrigation
was carried out from the Chaplyns'kyi Canal
(Chaplynska irrigation system, feeding from the
North Crimean Canal, water from the Dnipro
River). In the experiment, the Melman F1
Organic early-ripening tomato hybrid for
machine harvesting was used. Planting scheme
1.50%0.25 m. Irrigation pipelines of the drip
irrigation system are laid at a depth of 0.25 m.

To monitor meteorological parameters,
an automatic Internet weather station iMetos
IMT 300 [28] from the company ‘“Pessl
Instruments” [29] was wused, which was
located directly at the experimental site. The
weather station is equipped with sensors for
air temperature, air humidity, solar radiation,
wind speed, and a rain gauge. The temperature
of tomato plants was measured with an LT-1z
sensor, and the change in stem diameter was
measured with an SD-5z sensor, which was
connected to a PM-11z phytomonitor from
the company “Bio-Instrument S.R.L.” [30].
Sensors for monitoring the physiological state
of plants were installed according to methodical
instructions [31].

The theoretical and imperial water stress index
(CWSI) was calculated using the formula [16—18]:

T -T)-(T -T
(c a) (L G)LBL (1)

(Tc _Ta)UBL _(Tc _Ta)LBL

where (7. — T,) — the temperature difference
of the plant (7)) and air (7,); (Tc-Ta),p is the
lower baseline, the temperature difference that
is achieved under conditions when plants are
well-moistened and have potential transpiration.
Under these conditions, the temperature of the
plant was minimal under existing environmental
conditions. (7. — T,).s 1s the upper baseline,
the fictitious temperature difference under the
conditions if the plant were instantly dried
without any changes. Under these conditions, the
temperature of the plant was the maximum under
existing environmental conditions.

The lower baseline was calculated using the
theoretical method [3; 18], taking the resistance
of the stomata equal to zero (r,=0).

R, —G)xr, VPD
(Tc_Tu)LBL: ( ) N ’(2)
pu,Cp £1+Aj y[1+Aj
Y Y

where: 7, — aerodynamic resistance, s/m;
y — psychometric constant, kPa/°C; R, — total
radiation balance, W/m?; G — heat flow into the
soil, G = 0; p,. — air density at constant pressure,
kg/m’; C, — specific heat capacity of air at
constant pressure, J/kg-°C, C, =1013; A — is the
slope of the pressure curve of saturated water
vapor at temperature, kPa/°C; VPD — water vapor
pressure deficit, kPa.

The upper baseline was calculated using the
theoretical method [3; 18], assuming the resistance
of the stomata to be close to infinity (r,—0).

R —G)xr,
(T; _Ta)UBL :(pw—c)' (3)

s
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The aerodynamic drag (,) needed to calculate
the CWSI according to the Jackson method [18]
was calculated using the formula [32]:

2
4.72><[ln(z d]]
Zy
g 1+0.54u ’ @)
where z — wind measurement height, m; d —
the height of the offset of the zero plane, m;
d = 0,63h; z, — roughness length, m; z, = 0,13h;
u — wind measurement height, m; 4 — the height
of the plant, m.

Other parameters of equations 2 and 3 were
calculated according to the FAO method 56 [33].
To calculate the slope of the pressure curve of
saturated water vapor (A), we used the average
T +T, )

2

temperature of the plant and air (T =

according to the Jackson method [18].

The Empirical Water Stress Index (CWSIy)
was calculated using Equation 1, replacing the
lower and upper baselines with Equations 5
and 6 [3; 7; 10; 15; 16; 19].

The lower baseline ((7,—7,),5,) was calculated
using the empirical method using the formula:
(I.-T,),,, =a+bxVPD, (5)

where 7, — plant temperature, °C; 7, — air
temperature, °C; VPD — water vapor pressure
deficit, kPa; a and b — different constant
coefficients for agricultural crops.

The upper base line ((7, — T,),,) using the
empirical method is calculated by the formula:

(I.-T,),,, =a+bxVPG =

a )UBL

=a+b[es(];)—eS(Ta+a)]’ (©)

|

&

where VPG — water vapor pressure gradient,
kPa; coefficients a and b obtained from the lower
baseline (5); e,(7,) — saturated vapor pressure
at air temperature Ta, kPa; e (7, + a) — is the
saturated vapor pressure at the temperature of
T +a, kPa.

17.27xT,

e, (Tu ) —0.6108 x =77+ 5

2 (7—;7 +a)=0.6108><e237'7+(Ta+”)> (7)

Research results and discussion. The water
stress index was calculated for the daylight
hours (2 hours after sunrise and 2 hours before
sunset) [12]. Research results confirm that CWSI
approaches “0” after irrigation and gradually
approaches 1 as soil moisture decreases [12].
During the observation period, almost all CWSI
values were in the range from 0 to 1. Deviations
from this range were observed in the morning and
evening, when the CWSI values were less than
“0” and more than “1”, respectively (Fig. 1). This
result confirms research [13] on winter wheat
culture conducted in northern China [13]. The
results of the calculations confirm the relationship
between CWSI and plant and air temperature.
Thus, the correlation coefficients between CWSI
and plant and air temperature were 0.71 and
0.64, respectively.

According to the analysis of the daily
dynamics of the CWSI, the tendency of this
indicator to increase from 05:00 to 20:00 is
followed [12; 17; 19]. Thus, after sunrise at
06:00, CWSI was close to “0” on average during
the observation period, then, as the intensity of
solar radiation increased, CWSI also increased
and reached its maximum value (1.08) at 20:00.

CWSI

Fig. 1. Daily dynamics of the water stress index of tomato plants
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The correlation coefficient between the water
stress index and the intensity of solar radiation
was 0,63 (Fig. 2).

For CWSI analysis, the average value
of this indicator was taken at 12:00 and
13:00 [13; 16; 18]. Based on the results of
calculations, it was established that the average
CWSI value of tomato below 0,2 did not
decrease against the background of sufficient
soil moisture, which was also established by
Brazilian scientists [3]. At the beginning of
observations (June 10), the value of CWSI was
0.47-0.50. Then, due to precipitation, and, as
a result, a decrease in the water vapor pressure
deficit, the CWSI decreased to 0.28. After three
waterings of 100 m*/ha on June 1416, the CWSI
increased to 0,42, which indicates an insufficient
irrigation rate. After increasing the irrigation
rate from June 17 to 120 m3/ha, the CWSI index
decreased to 0,30, and later to 0,21. From June 17

to July 15, CWSI was in the range of 0.20-0.30,
indicating no water stress during this period. The
exception was the period from June 26 to 29,
when for technical reasons the irrigation rate was
reduced to 80—-100 m?/ha, and as a result, CWSI
increased to 0.32-0.35.

StartingonJuly 15,the CWSIbeganto gradually
rise from 0.30 to 0.50. This is due to the onset of
fruit ripening, an increase in air temperature, and
a deficit of water vapor pressure [9], as well as
a decrease in the intensity of irrigation. Based on
the results of the analysis, a relationship between
the irrigation rate and CWSI was established, the
correlation coefficient is —0.60. Increasing the
irrigation rate reduces CWSI. It is necessary to
prescribe irrigation and increase the irrigation rate
for a CWSI value of 0.30 (Fig. 3).

The dependence of CWSI on soil moisture is
similar to that on the irrigation rate. An increase
in the rate of irrigation led to an increase in soil
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moisture, and as a result, CWSI decreased. Thus,
at the highest soil moisture of 80-81% MMHC
(June 24 and July 1), CWSI values were the
lowest and amounted to 0.18-0.20. On June
29, soil moisture decreased to 79% MMHC
and CWSI increased to 0.35. The decrease in
soil moisture from July 15 to 78% MMHC
led to an increase in CWSI to 0,4. Based on
the results of the study, a relationship between
soil moisture and CWSI was established, the
correlation coefficient is —0.55. A decrease in soil
moisture by 2-3 % MMHC increased the CWSI
to the threshold values (0.30) for determining the
irrigation period (Fig. 4).

The phytomonitoring method is used for
operational management of tomato irrigation [4],

0,60 -
050 1

0,40 1

(55

therefore the established relationship between
CWSI and the change in stem diameter confirms
that the water stress index can be used to plan
tomato irrigation both independently and in
combination with other methods. Thus, with an
increase in the diameter of the tomato stem, the
CWSI decreased and vice versa. The correlation
coefficient between CWSI and the change in stem
diameter was —0.51 (Fig. 5).

Calculation of CWSI using the empirical
method [3; 7; 10; 15; 16; 19] simplifies the use of
the technique compared to the theoretical method,
which requires more complex calculations. The
Empirical Water Stress Index (CWSIE) was
calculated using Equation 1 by changing the lower
and upper baselines to Dependencies 5 and 6.
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Fig. 4. The relationship between soil moisture and CWSI of tomatoes
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To obtain the equation of the lower baseline
(T.— T),5, we used the data obtained according
to dependence 2. Based on the results of the
calculations, we obtained the basic equations for
determining the CWSI of tomatoes:

(TC -T =-0.842-2.591xVPD, (8)

a )LBL

(T.~T,),,, =—0.842-2.591xVPG. (9)

alupL —

According to the obtained equation 8, it was
established that with a water vapor pressure
deficit of 0,1 to 4,2 kPa, the temperature
difference between the plant and the air was from
1.2 to —6.30°C (Fig. 6).

It is possible to use the obtained equation
of the lower baseline (7, — T,),5, [10; 14; 34] to
determine the irrigation of tomatoes. To do this,
it is necessary to measure the temperature, the
relative humidity of the air, and the temperature
of the plant. Then, by substituting the water vapor
pressure deficit (VPD) in equation 8, calculate the
permissible temperature difference (7. — 7).
In order to determine the time of watering, it is
necessary to compare the temperature difference
between the plant and the air (7. — 7), measured
in the field, with the permissible value (7.—T,), 5,
in this case, three conditions are met:

1. If the value of (7. — Ta) is less than
(T.—T,),5 — watering is not required.

2. If the value of (T, — T,) is greater than
(T.—T,),5 — irrigation is missed, it is necessary
to urgently prescribe irrigation.

3. If the value of (7. — T,) is approximately
equal to (7,—T,),, — it is time for watering.

y=-2,591x - 0,842

Temperature difference Tc- Ta

The values obtained by CWSI calculations
using the theoretical method are greater than the
empirical ones [3; 9; 21]. But regardless of this,
there is a close correlation between both methods
(r = 0.92), which indicates the possibility of
using these methods for the operational planning
of watering tomatoes. The empirical method
of calculating the CWSI; using the resulting
equations 8 and 9 is preferred because of its
simplicity. It is necessary to prescribe irrigation
or increase the irrigation rate using the empirical
method of determining CWSI; when the value
is 2.2 (Fig. 7).

Conclusions. The research results confirmed
that the water stress index (CWSI) can be used for
the operational management of tomato irrigation.
The correlation coefficients between CWSI and
plant and air temperature were 0.71 and 0.64,
respectively.

In the morning hours, CWSI was close to “0”,
then, as the intensity of solar radiation increased,
CWSI also increased and reached its maximum
value (1.08) at 20:00. The correlation coefficient
between the water stress index and the intensity
of solar radiation was 0.63.

The relationship between irrigation rate,
soil moisture, and CWSI of tomatoes was
established — the correlation coefficient was —0.60
and —0.55, respectively. Increasing the irrigation
rate reduced CWSI. It is necessary to prescribe
irrigation or increase the irrigation rate for
a theoretical CWSI value of 0.30.

Therelationship between CWSIand the change
in stem diameter was established: as tomato stem

R2=0,87
-10 4+
-12 + b 4 + + + + + 4
0,0 05 1,0 15 2,0 25 3,0 35 4,0 45
Water vapor pressure deficit, kPa
o (Tc-Ta)LBL o (Tc-Ta)UBL a Temperature difference Tc-Ta

Fig. 6. Temperature difference between tomato plants
and air depending on the deficit of water vapor pressure
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Fig. 7. Dynamics of the theoretical (CWSI;) and empirical (CWSI) tomato water stress index

diameter increased, CWSI decreased, and vice method of calculating CWSIE using the resulting
versa. The correlation coefficient between CWSI  equations 8 and 9 is recommended due to its
and stem diameter change was —0.51. ease of application. It is necessary to prescribe

Theoretical and empirical methods estimate irrigation or increase the irrigation rate using the
the CWSI equally, and there is a high correlation  empirical method of determining CWSIE when
between these methods (» = 0.92). The empirical  a value of —2.2 is reached.
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Anomayia. Temnepamypa nucmogoi no8epxmi pociun moodice Oymu SUKOPUCAHA 8 AKOCMI NOKA3HUKA
600H020 CIMpecy CilbCbKO20CNo0apcbKux Kyabmyp. OCKinbKu Ha meMnepantypy pociu 6nauUeaioms no200Hi
YUHHUKY, i1, 3a36U4all, UPAXCaioms uepes iHOeKc 00H020 cmpecy (crop water stress index — CWSI).
st pospaxynxy CWSI neobxiono 3namu 08a 6xXiOHux napamempa, siki nog si3y1omes memnepamypy pociuH
8 YMOBAX MAKCUMATBLHO20 BOOHO20 cmpecy ma be3 Hbo2o 3 Oehiyumom mucky 600sanoi napu. Li 6azo6i
PIisHANHA cneyughiuni 05t KodCcHOT Kynvmypu ma micyesocmi. bBaeamo docnioxcens i3 euznauenns CWSI
ma 6a308ux 3anedxdcHocmeti 05k MOMAMi6 NPOBEOeHO 3a KOPOOHOM, 8 YKpaini makxe 00CiONCeHHs e He
npoeodunu. Mema oocnioxcennss — ecmanosumu 3uavenus CWSI ma 6a3o06i pieHanHA, AKI NOMPIOHI 0
NPUBHAYEHHS NOAUBIE MOMAMI8 HA Ni6OHI YKpainu 3a nidTtpyHmo6020 KpaniuHHo2o 3pouteits. Y pooomi
HABEOEHO Pe3yibmamu 6U3HAYEHHs. MeoPemuyHo20 Mma eMRIPUYHO20 IHOEKCY B00HO20 CIpecy MmomMamie 3d
RIOIPYHIMOBO20 KPANIUHHO20 3poutentsl. Pe3ynomamu 0ocniodcens niomeepodicyioms, wo iH0eKe 600H020
cmpecy MOANCIUBO BUKOPUCTOBYBAMU 051 NAANY8ANHS NOIUGIE MOMAMIE K CAMOCMILUHO, MAK | 8 KOMNIEKCI
3 IHWUMU Memooamu 015 NiOGUWeHHs MOYHOCmi npuiinsamms piwenus. [Iposedeno ananiz 0060601
ounamixu CWSI, 3a pe3ynemamom K020 6CMAHOBNEHO, WO V 8PAHIWHI 200UHU THOEKC B0OHO20 CmMpecy
8 cepedHbOMY 3a Nepiod cnocmepexceHb 0opisHeas matixce (), nomim, 3a Mipor ni0GULeHHs THMEHCUB-
nocmi consiunoi padiayii, CWSI maxooic 3pocmas i maxcumanbnoz2o ceoeo 3uavenns (1,08) docseas o 20:00.
Koepiyienm xopensyii midic iHOekcom 800HO20 cmpecy ma iHMeHCUHICmIo COHSUHOL padiayii cmanoeue
0,63. Bcmanogneno 36 830K Midic HOPMOIO NOUBY, 8OLO2ICMIO TPYHMY, 3MIHOIO diamempa cmebia pociuH
ma CWSI, koeghiyienmu xopensyii oopisnioroms —0,60, —0,55 ma —0,51 sionosiono. Teopemuunuii ma imne-
puyHuil Mmemoou 00Hakoso oyinroroms CWSI, mixc oboma memooamu iCHYE UCOKA KOPETAYIUHA 3a1eMHC-
nicms (r = 0,92). Ilpusnauamu nonué abo 36inbuty8amu HOpmy nOIUBY 3d MEOPEMUUHO20 MA eMNIPUUHO20
memoodie susnauenns CWSI 6i0nogiono HeobxioHo 3a tiozo sHayenus 0,3 ma —2,2. Emnipuunuii memoo
pospaxyuxy CWSIE i3 guxopucmanusam ompumanux pieHsnb € OLIb NPOCMUM Y GUKOPUCTNANHI. 3HAYeHHs.
CWSI, ompumani 01 momamis, 8 Ybomy OOCHIONCEHI MICHO KOPENoomy 3 IHUWUMU MemoOamu NPU3Hd-
YeHHs NONUGIE.

Knrwouoei cnoea: inoexc 6o0noco cmpecy, momam, niotpyHmose KpaniunHe 3pouleHuss, memnepamypa
pocautu, PimomMoHimopute
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