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Wind erosion resistance of steppe soils of Ukraine
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Aim. The study of direct (wind erosion resistance) and indirect (lumpiness, mechanical durability, etc) indices
of current wind erosion resistance of steppe soils in Ukraine. Methods. The following methods were used:
field, laboratory, mathematical and statistical, analytical and comparative methods. Wind resistance of soils
was studied using the elaborated method in the aerodynamic unit. Results. The studies revealed that the high-
est resistance to soil blowing due to strong winds is demonstrated by light loamy chernozem, somewhat lower
resistance — by southern and dark-chestnut heavy loamy chernozem, light loamy, sandy loamy and sandy turf
soil. It was demonstrated that the irrigation with mineralized water enhances the indices of wind erosion resis-
tance of dark-chestnut soil and southern chernozem. The granulometric analysis of soil revealed quantitative
dependence between the wind erosion resistance, humus content and physical clay content. Conclusions. The
studies on wind erosion resistance of dry steppe and southern steppe soils of Ukraine and the classification of
soil types regarding their capability of resisting strong winds allow implementing the measures of preventing
wind erosion.

Keywords: wind erosion resistance of soil, chernozem, dark-chestnut soil, mechanical durability of aggre-

gates, lumpiness.

INTRODUCTION

The phenomenon of deflation (wind erosion) is rather
common for the steppe zone of Ukraine [8]. The conse-
quences of this process are the decrease in the produc-
tivity of soil, related to the fact that strong winds blow
out the top and most productive layer of soil. There are
also such hazardous “adverse events” as the failure of
crops due to blowing out and abrasion with soil, filling
the reclamation canals with soil, deterioration of hu-
man health due to more dust-loaded air, etc.

A relevant deflation factor is the ability of soil of
the region to resist being blown out during the most
hazardous season regarding wind erosion (February-
April). This factor is called “wind erosion resistance of
soil” or “wind resistance of soil”.

The works of domestic and foreign authors [2, 4, 5,
8, 10, 11] present the studies on the main principles of
the deflation process development and the formation of
wind erosion resistance of soil. The abovementioned
works state that the important factors of the formation
of wind erosion resistance of soil are the indices of
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their lumpiness, mechanical durability of soil aggre-
gates, soil humidity and the humus content in the soil
0f<0.001 and <0.01 mm (according to the granulomet-
ric analysis data) and the content of calcium carbonate.
It is also highlighted that the soil of light granulometric
composition are the most susceptible to wind erosion
as they contain many particles of 0.1-0.5 mm and in-
sufficient amount of silt particles with high capability
of forming wind-resistant micro- and macroaggregates
[4]. According to the observations of some authors
[4, 5] the deflation on the types of soils, different in
their granulometric composition, starts at the follow-
ing wind velocity: sand soil — under 3 m per s; sandy
loamy — 3—4 m per s; light loamy — 4-5 m per s; heavy
loamy — 5—7 m per s; loamy — 7-9 m per s.

As for the macrostructure indices, the experiments
demonstrated that the soils of agronomically valuable
structure usually are very susceptible to deflation, as
the aggregates in them tend to be too tiny to resist strong
winds. Therefore, the content of large-size aggregates
is proposed as the criterion of wind erosion resistance.
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Laboratory acrodynamic unit for the study of wind erosion
resistance of soil

In particular, the experiments in the USA demonstrat-
ed that this size of aggregates is over 0.84 mm. The
marginal value is their content of over 50—60 % [10,
11]. Thus, if the content of such aggregates is under the
mentioned percentage, the soil is not wind-resistant. The
Ukrainian authors often define the degree of soil surface
susceptibility to deflation as the ratio of large and small
structural constituents [2, 6]. Their studies reveal that
the resistance to wind erosion increases rapidly for soil
aggregates of over 1 mm. Thus, the aggregates of <1
mm were called hazardous in terms of deflation, and the
ones of > 1 mm — deflation-resistant [2, 6]. The content
of > 1 mm aggregates is defined with a special term —
“lumpiness”. Some authors deem the wind erosion re-
sistance of soil to be the only criterion. If the content
of aggregates of > 1 mm is over 50-60 %, the soil is
resistant to wind erosion [2, 6].

MATERIALS AND METHODS

The wind erosion resistance of chernozem and dark
chestnut soil of Ukrainian steppe was studied using the
previously built system of key areas — upland and slope
land plots.

The experiments in investigating the wind erosion re-
sistance were conducted both on arable land and grass-
land. Some key land plots were made on irrigated land.
The objects of research were also turf soil and soil-like
substrates of the most dangerous zone of the region in
terms of deflation — Oleshky sands. The samples were
taken from the top (0-3 cm) layer of soil in the most
dangerous season in terms of deflation (February—
April).

The laboratory aerodynamic unit, designed by us, al-
lowed determining the wind erosion resistance using
the previously prepared soil sample in the air-dust flow
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with the velocity of 15 m per s [7]. The abrasive mate-
rial (sand) was introduced into the artificial air flow via
the loading bin and accelerated therein; then it got to
the surface of the soil sample, which was destroyed on
being hit by this material (Figure).

The resistance of soil to destruction in the air-dust
flow (V'S) was determined as the ratio of the soil weight
after the exposition for 3 min (a) and its initial weight,
which equaled 180 g of soil [7]:

VS = (a/180) - 100 %. (1)

The higher the share of the soil, left after the blow-
ing-out of the sample for the fixed time period, is, the
higher the wind erosion resistance is. If the sample was
destroyed completely, i.e. a = 0, it meant complete ab-
sence of soil resistance to wind erosion.

Another index of the soil resistance to wind erosion is
the force (F), applied to destroy the soil sample, which
is measured in newtons (N). This value is calculated
using the following equation:

F=0.69 - (T/l) - (a/180), )

where T — time of the standard experiment of destroy-
ing the abovementioned soil sample (T = 180 s), sam-
ple length = 5 cm (/ = 0.05 m). After the reduction the
final equation is as follows:

F=138"a 3)

The equation (3) follows that in case of complete de-
struction of the sample (a = 0), F =0 N. If such destruc-
tion was not observed in the air-dust flow during the 3
min exposition completely (a = 180), then F = 2484 N.
It is probable that the determination of the wind ero-
sion resistance of all the Ukrainian steppe soils using
the abovementioned method would demonstrate some
fluctuations in the same range (0-2484 N).

Besides the wind erosion resistance, the same ap-
proach was used to determine the macroaggregate com-
position of the soil aggregates according to Savinov
(DSTU 4744-2007) [12], the mechanical durability of
the aggregates of over 1 mm [9] and the granulometric
composition of the soil (DSTU 4730-2007) [13]. The
content of elementary soil particles was registered us-
ing direct microscopy [1], the total content of humus —
according to Turin-Kononova (DSTU 4289:2004) [14],
the exchangeable cations — using the acetate method:
Ca? and Mg?" in the extract — by complexometry (in-
dustrial standard 4649-76), Na'— using the flamepho-
tometer (industrial standard 4651-76). All the measure-
ments were repeated four times.
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RESULTS AND DISCUSSION

The immediate determination of the wind erosion of
soil demonstrated (Table 1) that the highest index of
wind erosion resistance corresponded to normal light
loamy chernozem (fallow) — 65.2 % (900 N). The fol-
lowing large group of soils has approximately similar
indices of wind erosion resistance (tilled soil): dark-
chestnut light loamy soil — 62.8 % (867 N), southern
light loamy chernozem — 61.5 % (849 N), normal light
loamy chernozem — 59.9 % (827 N), dark chestnut san-
dy soil — 58.5 % (806 N), dark-chestnut heavy loamy
soil —47.4 % (654 N) and southern heavy loamy cher-

nozem with the wind erosion resistance index in the
range of 25.1-44.8 % (346-559 N). The least wind ero-
sion resistance indices are those of friable and cohesive
sands (fallow) where this index is from 0 to 4 % (0—
58 N) and sandy turf soils (tilled soil) with the wind
erosion resistance index of 19.5 % (265 N). As seen
from the abovementioned, the wind erosion resistance
of soils of the region is defined by a complicated combi-
nation of granulometric, chemical, physical and chemi-
cal factors. The sandy soils and soil-like substrates of
the Oleshky sands are of interest in this respect, as they
demonstrate very poor wind erosion resistance which

Table 1. The main anti-erosion characteristics of soils of the southern and dry steppe of Ukraine

Coordinates Wind erosion Content of
No resistance aggregates, % Content Content
of the Character Mechanical of of
of soil durability, | particles
key Northern Eastern usage o N >1 |<0.25 % <0.01, hUEHUS,
plot latitude longitude mm mm " %
Normal light loamy chernozem
1. | 47°51.050 | 31°34.67 |tilledsoil | 547 | 755 | 688 | 89 81.1 60.2 3.7
6. | 47°53.429 | 31°33.819 |tilledsoil | 33.9 | 468 | 565 | 9.3 66.4 64.7 43
8. | 47°51.050 | 31°34.67 |tilledsoil | 59.9 | 827 | 781 | 6.1 93.4 63.4 3.7
7. | 47°53.431 | 31°33255 | fallow | 652 | 900 | 832 | 34 94.0 70.7 42
Southern light loamy chernozem
10. | 46°50.766 | 32°13.83 | tilledsoil | 615 | 849 | 802 | 3.1 | 915 61.2 2.6
Southern heavy loamy chernozem
12. | 46°58.702 | 32°10.118 | tilledsoil | 25.1 | 346 | 624 | 6.6 77.0 56.5 25
13. | 46°56.504 | 31°40.607 | tilledsoil | 44.8 | 618 | 765 | 3.5 88.7 58.7 2.7
14. | 46°56.441 | 31°40.348 | tilledsoil | 40.5 | 559 | 574 | 89 68.2 56.7 2.4
Dark-chestnut heavy loamy
19. | 46°53.913 | 31°40.397 |tilledsoil | 474 | 654 | 694 | 63 | 854 533 | 26
Dark-chestnut sandy
25. | 46°41.189 | 31°52421 |tilledsoil | 584 | 806 | 767 | 70 | 711 173 | 10
Dark-chestnut light loamy
24. | 46°23.774 | 33°06.91 | tilledsoil | 62.8 | 867 | 80.6 | 62 | 922 239 | 15
Dark-chestnut medium loamy
20. | 46°41.197 | 31°50.471 |tilledsoil | 41.5 | 573 | 549 | 197 | 814 $38 | 24
Sandy turf soil
26. | 46°31.453 | 32°56.928 |tilledsoil | 195 | 269 | 547 | 123 | 448 92 | 09
Sand (cohesive sand)
27. | 46°31.571 | 32°57.220 | fallow | 42 | 58 | 328 | 202 | 246 68 | 05
Sand (friable sand)
28. | 46°31.606 | 32°58.026 | fallow | 0.0 0 14 | 654 0.0 1.4 0.4
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makes this region one of the most deflation-hazardous
in Ukraine.

The study of the effect of irrigation on the wind ero-
sion resistance of steppe soil of Ukraine was conducted
on dark-chestnut soils and southern chernozem. The
irrigated soils were compared against the same non-
irrigated ones. The main key land plots were selected
in the area of Ingulets irrigation system, where the ir-
rigation is performed with the mineralized water (the
total mineralization: 1.1-3.0 g/I, pH 7.5-8, Na" con-
tent — 8.3 mg-eq/l). The analysis of the data obtained
(Table 2) demonstrated that the irrigation with the min-
eralized water increases the wind erosion resistance in-
dex. According to the Student’s criterion, the difference
(with 95 % reliability) between the dark-chestnut soils
and southern chernozem is significant.

At the same time the situation proved to be oppo-
site on the southern chernozem, irrigated with the non-
mineralized water from the Southern Bug, — the wind
erosion resistance on the dry land proved to be higher
compared against the irrigated soil.

As for “indirect” indices of the wind erosion resis-
tance, they are primarily related to the macroaggregate
composition of the soil. The study of the indirect in-
dices of the wind erosion resistance indices, namely,
the content of aggregates > 1 mm and < 0.25 mm and
the mechanical durability of aggregates of > 1 mm (Ta-
ble 1) demonstrated that normal light loamy chernozem
(fallow) has the highest content of aggregates of over
I mm — 83 % and the highest index of mechanical du-
rability — 94 %, while the content of fraction of < 0.25
mm is only 3.4 %. The next large group of soils is nor-

Table 2. The effect of irrigation on the indices of wind erosion resistance of soils

Wind erosion resistance

Character
of soil usage,
coordinates

Index

aggregates, > 1

mm, %

actual
according to
Student
Content of

t

No of the key plots

Mechanical
durability

according to

according to
Student

Student

index,
%

Na content in
the soil-biotic
complex, %

tactual

actual

Content of
aggregates,
>0.25 mm, %
actual
according

to Student

t
t

Dark-chestnut heavy loamy

18. Tilled soil 854 61.9 89.6
(irrigation)
46° 53.940 N

31°40.628 E

19. Tilled soil
46°53.913 N
31°40.397 E

6.65

654 47.4 69.4

1.7 95.5

223 11.12 16.67

6.3 854 1.3

Southern heavy loamy chernozem

11. Tilled soil
(irrigation)
46° 58.635 N
32°09.966 E

12. Tilled soil
46°53.913 N
31°40.397 E

403 29.2 55.8

2.55

346 25.1 62.4

8.6 72.7 24

4.2 2.90 3.57

6.6 77 1.7

Southern light loamy chernozem

9. Tilled soil
(irrigation)
46° 50.312 N
32°12.145 E

10. Tilled soil
46°53.913 N
31°40.397 E

559 40.5 63.2

11.29

849 61.5 80.2

7.5 86 2.6

11.8 5.95 6.11

3.1 91.5 2.6

Note: t, according to Student = 2.31 (95 % reliability) N — northern latitude; E — eastern longitude.
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mal light loamy chernozem, southern light loamy and
heavy loamy chernozem, dark-chestnut (heavy loamy,
medium loamy, light loamy and sandy) chernozem.
The content of aggregates of over 1 mm therein is in
the range of 54-80 %, the content of fraction of < 0.25
mm — from 3 to 20 %, and the mechanical durability
index — from 66 to 92 %. The lowest indices of wind
erosion resistance were determined on friable and co-
hesive sands (fallow) and sandy turf soils (tilled soil),
where the content of aggregates of over 1 mm was in
the range of 2-55 %, the index of mechanically durable
aggregates was in the range from 0 to 45 %, and the
content of the fraction of <0.25 mm — from 12 to 65 %.

The macrostructural analysis demonstrates the in-
crease in the content of fraction of > 1 mm and in the
mechanical durability in the areas, irrigated with min-
eralized water, and the decrease in the content of frac-
tion of < 0.25 mm compared to the dry land (Table 2).
The increase in the “lumpiness” of soils, irrigated with
mineralized waters is explained by the enhancement
in the process of alkalization. The enrichment of the
soil-biotic complex with Na* and Mg>" promotes the
compaction of plasma in micro- and macroaggregates,
which become really solid on drying [3].

The quantitative analysis of the initial data dem-
onstrated that the wind erosion resistance of the soil,
defined by the immediate determination in the aero-
dynamic unit correlates with “indirect” indices, in
particular, with mechanical durability of aggregates
(determination coefficient r* = 0.97), content of aggre-
gates > 1 mm (“lumpiness”) (r*= 0.96) and the content
of deflation-hazardous fraction in the soils < 0.25 mm
(r’=0.82).

In analytic terms, the relation between the wind ero-
sion resistance (VS, %) and the content of aggregates
of > 1 mm (G, %) in the soil is defined by the equation:

G=16.8 Vs )

As for the effect of other (non-macrostructural) soil
indices, the calculations demonstrated some connec-
tion between the values of wind erosion resistance and
the content of elementary soil particles (ESP) to the
correlation coefficient — 0.69.

It should be noted that the evaluation of ESP content
by the method of soil microscopy is unique, requir-
ing specific qualification of laboratory analysts. Thus,
large-scale evaluation of wind erosion resistance using
soil indices requires standard analyses.

Further calculations demonstrated the presence of
statistical connection between the content of ESP and
humus (r = 0.73) and ESP and physical clay during the
granulometric analysis of soil (r = —0.87). The statis-
tical dependence between ESP and the content in the
soils will be presented as follows:

ESP = exp(4.57-0.48 - InNFG-0.80 - InG)  (5)

The multiple correlation coefficient is 0.91; standard
deviation of the equation is 0.43.

At the same time the dependence of the wind erosion
resistance index (VS, %) of soils, obtained in the aero-
dynamic unit, on ESP content in the soil, %, was found:

VS =73.9 - exp(0.06 - ESP) (6)

The multiple correlation coefficient is 0.73, and stan-
dard deviation of the equation is 0.63.

Table 3. The dependence of the wind erosion resistance of soils (%) on the content of humus and physical clay

Content of humus, %

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

0.0 - - - - — - - - —
° 5.0 - 0.7 5.1 10.7 15.9 204 24.3 27.7 30.6
%h‘ 10.0 - 2.6 10.9 18.5 24.6 294 333 36.5 393
) 15.0 — 4.7 15.2 23.6 29.8 34.6 384 414 43.9
—g 20.0 - 6.7 18.7 27.3 335 382 41.7 44.6 46.9
2 25.0 - 8.6 215 302 363 40.8 442 47.0 49.2
= 30.0 — 10.3 23.8 32.6 38.6 429 46.2 48.8 50.9
b 35.0 - 11.8 25.8 34.6 40.4 44.6 47.8 50.2 52.2
g 40.0 - 13.3 27.6 36.2 41.9 46.0 49.1 51.5 53.4
§ 45.0 - 14.6 29.1 37.7 433 47.2 50.2 52.5 54.3
© 50.0 - 15.8 30.5 38.9 44.4 48.3 51.2 53.4 55.2
55.0 - 16.9 31.7 40.1 45.5 49.2 52.0 54.2 55.9
60.0 - 18.0 32.8 41.1 46.4 50.0 52.8 54.9 56.5
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Substituting the equation (6) with the equation (5),
we get the index of the wind erosion resistance of soils
(VS, %) as a function from the content of only physical
clay and humus therein:

VS =73.9 - exp[0.06 - exp(4.57-0.48 - InFG-0.80 - InG)] (7)

where FG — content of physical clay, %, G — content of
humus, %.

The calculations for the equation (7) allowed deter-
mining several groups of soils by the index of wind
erosion resistance depending on the content of physical
clay and humus therein (Table 3). The first most wind-
resistant group of soils with the index of wind erosion
resistance of 50 % and more (or 690 N and more) com-
prises the soils, where the content of physical clay is
30-60 % and the content of humus is 2.5-4.0 %.

The second group of soils (with poor wind erosion
resistance) comprises the soils, where the index of
wind erosion resistance is 20—50 % (or 276-690 N).
The content of physical clay in these soils fluctuates
in rather a wide range of 5-60 %, while the content of
humus is in the range of 1.0-2.5 %. The third group
of non-wind-resistant soils with the index of wind ero-
sion resistance of 0-20 % (or 0—276 N) comprises soils
where the content of physical clay is 5-15 %, and the
content of humus — 0.15-1.5 %.

The abovementioned classification of the soils of
dry and southern steppe of Ukraine according to the
index of wind erosion resistance allows using only two
standard soil indices (the content of physical clay and
humus) to simplify the process of identifying the value
of wind erosion resistance of soils, which facilitates the
introduction of soil protective measures.

CONCLUSIONS

The highest resistance to strong winds is demon-
strated by normal light loamy chernozem with the index
of wind erosion resistance of 65.2 % (or 900 N), fol-
lowed by dark-chestnut light loamy chernozem (62.8 %
or 867 N), southern light loamy chernozem (61.5 % or
849 N), normal light loamy chernozem (59.9 % or 827 N),
dark-chestnut sandy chernozem (58.5 % or 806 N),
dark-chestnut heavy loamy chernozem 474 % or
654 N) and southern heavy loamy chernozem (25.1-
44.8 % or 346559 N). The poorest wind erosion re-
sistance was shown for friable and cohesive Oleshky sands
(04 % or 0-58 N) and sandy turf soils — 19.5 % or 264 N.

The irrigation with mineralized water of the Ingulets
river increases the index of wind erosion resistance of
dark-chestnut soils and southern chernozem. The ir-
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rigation of southern chernozem with non-mineralized
water of the Southern Bug decreases the wind erosion
resistance.

The quantitative analysis of the initial data dem-
onstrated that the wind erosion resistance of the soil,
defined by the immediate determination in the aerody-
namic unit correlates with the mechanical durability of
aggregates (determination coefficient r> = 0.97), con-
tent of aggregates > 1 mm (“lumpiness”) (r*= 0.96) and
the content of deflation-hazardous fraction in the soils
<0.25 mm (r*= 0.82).

The granulometric analysis of soil demonstrated the
dependence between the wind erosion resistance of
soil and the content of humus and physical clay. The
classification of wind erosion resistance of the soils
of the dry and southern steppe of Ukraine using the
abovementioned indices allows simplifying the deter-
mination of the quantitative characteristics of the wind
erosion resistance of soils, which facilitates the intro-
duction of measures, preventing wind erosion.

Hporupedasuiiina crilikicTb IPyHTIB cTeny YKpainu
C. TI'. Yopnuii, O. B. I[lucemennuit
e-mail: chorny@rambler.ru

MuKonaiBChKUT HAI[IOHATBHUH arpapHA YHIBEPCHUTET
Byn. [Napuspkoi komynn, 9, Mukonais, Yipaina, 54020

Meta. Bupuenns npsimux (nporuaedusiiiiHa cTifKicTh) 1
HenpsiMUX (TPYAKYBaTiCTh, MEXaHIYHa MIIHICTh TOIIO) MO-
Ka3HUKIB cydacHO! mporuaedusiiiiHol cTifikocTi IPyHTIB
creny Ykpainu. Meroau. Bukopucrano Taki MeTonM: Io-
JILOBU, JTaOOpaTOPHUI, MaTEeMaTHIHO-CTATUCTUYHHHI 1 PO3-
PaxyHKOBO-IIOPIBHSIBHUH. BIiTpOCTIfKICTh IPYHTIB BUBYA-
JIM 32 OPUTIHAIBHOIO METOAMKOI B aepOAMHAMIYHIN ycTa-
HoBli. Pe3yabrarn. Jlocnmi/pKeHHSMH BCTaHOBJICHO, MIO
HaMOUIBITY CTIMKICTh 70 BHJYBaHHS CHJIbHUMH BITpaMHu
MalOTh YOPHO3EMHU 3BHYAITHI JICTKOTJIMHUCTI, MCHIIY — YOp-
HO3EMH TMIBACHHI 1 TEMHO-KAITaHOBI Ba)KKOCYIJIMHKOBI,
JIETKOCYTJIMHKOBI, CyIIlIaHi 1 AepHOBO-MimaHi IpyHTH. [1o-
Ka3aHo, 1110 3POLICHHS MIHEpaJi30BaHUMH BOJAMH 301JIb-
[Iy€ TMOKAa3HUKU MPOTHACEIIAIIAHOI CTIHKOCTI TEMHO-KaIIl-
TAHOBHMX IPYHTIB 1 4opHO3eMiB miBIeHHUX. [Ipu rpanymno-
METPUYHOMY aHaji3l IPYHTY BHSBICHO KIJIBbKICHY 3aJIeK-
HICTh MK TPOTUACMISINHOI CTIHKICTIO, BMICTOM TYMYCY
i BMicToM (i3uuHOi minHM. BucHoBku. [IpoBeneni moc-
JJDKEHHST TPOTHACQISLIAHOT CTIMKOCTI TPYHTIB CyXOTro
Ta MIBJACHHOTO cTely YKpaiHu Ta IXHs Kiacudikaiis 3a
3[aTHICTIO TPOTHCTOSTH CHJIBHUM BITpPaM JalOTh 3MOTY
3aMpOBaAUTH 3aX0/IH, IO 3ar00iraroTh BITPOBii epo3ii.

KurouoBi cioBa: nporuaedsiniiina CTifKicTh IPyHTY, 40Op-
HO3€M, TEeMHO-KaIlITAHOBHH IPYHT, MEXaHIuYHa MIIHICTH ar-
perariB, rpy/IKyBaTiCTb.
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IporuBonedsiuMOHHAS CTOIKOCTH MOYB
cTeny YKpauHbl

Yopusrnit C.IN, [Tucemennsrnii O.B.
e-mail: chorny@rambler.ru

HukonaeBckuii HAMOHANBHBIN arpapHblii YHUBEPCUTET
54020, Hukonaes, [lapuxckoit kommyHsl, 9, HHAY

Heab. Vzyuenne npsMpIx (TIOKa3aTelb MPOTHBOACQIAIIN-
OHHOM YCTOWYHMBOCTH) M KOCBEHHBIX (KOMKOBAaTOCTH, MEXa-
HUYECKOW MPOYHOCTH M T.J.) MOKAa3aTeled COBPEMEHHON
MPOTHBONEIAMOHHON YCTOHYNBOCTH TI0YB CTEMH YKpau-
Hbl. MeTtoaml. IIpu o6paboTke MarepuanoB ObUIA HCITOJIb-
30BaHbI CIICAYIOIINE METOIBI: MOJIEBOH, TaOOpaTOPHBIN, Ma-
TEMAaTHYECKHU-CTATUCTUYECKH U  PacdYeTHO-CPaBHHUTEIb-
Helid. VccnenoBanns BETPOYCTOMYMBOCTH MOYB OBLIH TPO-
BEZICHBI 1T0 OPUTHHAIBHOW METOIUKE B a3POIMHAMHUYCCKON
ycraHoBke. Pedyabrarbl. MccinenoBaHusiMu yCTaHOBJIEHO,
YTO HAMOOINBIIYI0 YCTONYMBOCTD K BBIAYBAaHHIO CHJIBHBI-
MU BETpaMH HMEIOT YEepHO3EMbI OOBIKHOBEHHBIC JICTKO-
IIMHUCTBIC, 3aT€M YePHO3EMbI IOKHBIE M TEeMHO-KAIITaHO-
BBIC TSDKEIIOCYIIIMHUCTHIC, JIETKOCYTIIHHHICTBIC, CYTIeCUaHbIe
U JCPHOBO-TIECUAHBIC TIOYBHI. YCTAHOBJICHO, YTO OpOIIe-
HHE MHHEPAJIN30BaHHBIMHU BOJAMH YBEIMYHBACT IOKa3aTe-
U TPOTHBONCIIAIIMOHHON YCTONYMBOCTH TEMHO-KaIlTa-
HOBBIX TI0YB M YEpPHO3EMOB IOKHBIX. OOHapykeHa KOJH-
YECTBEHHAs! 3aBHCHMOCTh MEXIY MPOTHBOACGIIAIIHOHHON
CTOHKOCTBIO, COZCPKAHNEM TyMyca U cofepKaHneM (pusu-
YEeCKOI IIMHBI TIPH TPAHYJOMETPUIESCKOM aHAIHN3€ ITOYBBHI.
BoiBoabl. IIpoBesieHHBIE HCCIEIOBAHMS TPOTHBOACHIIS-
LIMOHHON YCTOWYMBOCTH IIOYB CYXOM M FOKHOM cTenu YK-
pauHBl U UX KJIacCU(UKAIUS MO CIIOCOOHOCTH TPOTHBOC-
TOSATH CHJIBHBIM BETPaM IMO3BOJISIET pa3paboTaTh BHEAPCHHE
MEPONPHUATHH, KOTOPBIE MPEAOTBPAIAIOT BETPOBYIO 3PO3HIO.

KiaioueBnie cioBa: HpOTI/IBO)qu)HHHI/IOHHaﬂ YCTOIZQHBOCTB
TOYBbI, YCPHO3EM, TEMHO-KaIlITAHOBBIM TPYHT, MEXaHUYCC-
Kas MMpOYHOCTL arperatoB, KOMKOBATOCTb.
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