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! THinpoBchKuit epKaBHUI TexHiuHMiT yHiBepcuTeT, M. Kam’sHchKe

2 JIHinpOBCHKMIA IepyKaBHUI arpapHO-eKOHOMIuHUi yHiBepcuTeT, M. IHinpo

SOIL-FORMING PROCESSES IN THE RAVINE ECOSYSTEMS

The research paper presents the results of the researcher’s investigation on the complex eco-
logical properties of native ravine forests in the Dnipropetrovsk Oblast. The results of soil sciencein
different countries were reviewed. The structure of the ravine was studied, the macro- and micromor-
phological structure of the soil was described, the soil aggregate composition, water resistance of soil
structural aggregates, and the humus state of forest chernozem were established. The benefit effect of
native ravine forests on the soil-forming processes in the Steppe zone was revealed.

Keywords: environmental properties; soil; aggregate composition; water resistance; humus
state; soil-forming processes.

YV pobomi nasedeno pesyromamu 00CiONCEHHs KOMNAEKCY €KONOSIYHUX BACMUBOCIEN NPU-
POOHuUx baiipaunux nicié [ninponempogcvkoi obnracmi. Ilpoananizosano pesyromamu  00CniodiceHb
IPYHMiG GUeHUMU PI3HUX KpaiH. JJocniodceno cmpykmypy 6aupaxy, HageoeHo onuc Makpo- ma Mikpo-
Mopghonociunoi 6y008U [PYHMY, CMAHOBIEHO A2PeamHull CKIad IPYHMie, 6000CMIUKICINb CIMPYKM)-
PHUX azpe2amig, 2yMyCco8uUll CaH 4OpHO3eMy 1ico6020. [logedeno no3umuenull 6naue npUpooHux oaii-
PAUHUX TICI8 HA TPYHMOMBOPHI Npoyecyu 8 CIenositi 30Hi.

Knrwouoei cnosa: exonoziuni 61acmugocmi; IpyHm; aepecamuull ckiad; 6000CMIUKICIb; 2yMy-
Co8ULl CIAaH; TPYHMOMBOPHI Npoyecu.

Problem’s formulation

Forest stands are extremely important for improving the state of the environment in Ukraine.
The multifunctional properties of forests contribute to a significant improvement of quality characte-
ristics by turning surface water runoff into deep water runoff. Forest stands prevent soil erosion by
stopping the harmful effects of dry hot winds (the “sukhoveys™).

The characteristics of interaction between forest stands and chernozem soils in the Steppe
zone were studied by many scientists and were definitely controversial in nature.

Since the late 19" century, there has been hypothesized that chernozem soils are degraded un-
der the forests in the steppe zone. The hypothesis states that chernozem soils turn into podzols after
passing a series of changes. Many scientists have supported such views on soil formation processes
without taking into account their zonal characterization. These discussions were continued and, given
the lack and imperfection of methodological developments, there were doubts about the unambiguous
interpretation of this theory. Hence, a number of scientists considered the divergence between pedoge-
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nesis conditions to be the main reason for the difference between gray forest soils and chernozem in
the unforested and the forested steppe instead of the degradation of chernozem. These forests are
mainly represented by oakeries, and the author calls these soil as “black forest soil”.

The forest stands perform multiple functions. They stop or reduce the impact of dry easterly
and north-easterly winds, turn surface water runoff into groundwaters, improve soil fertility, create the
conditions favorable for harvesting higher and stable yields, and increase the meadow and pasture
productivity. To preserve a certain ecosystem, it is necessary to begin with thoroughly study all its
components.

Soil is the major, resulting unit of the forest ecosystem functioning. For a clearer understand-
ing of the interaction principle between soil and forest biogeocenosis in steppe conditions, it is neces-
sary to investigate a number of issues, including complex soil properties and the nature of soil-
formation processes.

In Dnipro city, soil scientists has been studying for many years the complex of soil properties,
the nature of pedogenesis and the soil genesis in the south-east of Ukraine. Monitoring studies of a
complex of soil properties are being conducted.

Analysis of recent research and publications

Conservation and restoration of native forests is possible only with a thorough study of the
complex soil characteristics. So far, complex soil properties and soil-forming processes have been
widely studied by scientists worldwide. Brazilian scientists investigate the soil-formational role of
earthworms [1], the impact of microelement-contaminated soils on plant productivity [2]; morphologi-
cal, mineralogical and micromorphological properties of the soils in the coastal north-eastern plains of
Brazil [3]; and earthworms as soil quality indicators in Brazilian tillage systems [4]. German scientists
studied the relationship between soil macropores and its hydrological properties [5, 6]. Slovak scien-
tists conducted a number of studies related to the soil physical properties under introduced tree species
[7], the development of groundwater regime [8], the determination of organic fractions and enzymatic
activity in the soil under spruce forest in Tatra National Park [9], the fluctuations of available elements
in the upper layer of soil under the litter of different woody species [10], the organic matter assessment
in soils of different ecosystems in regards to carbon parameters [11], the unpredictability of soil mi-
croorganisms and selected biotic and abiotic parameters of the soil under different land use types [12].
French researchers study quantitative aggregate analysis of undisturbed soil samples in the early pedo-
genesis stages with scanning soil micro-slides [13]; secondary accumulation of CaCOs in the soils of
the European loess belt [14]; calcium-magnesium liming and acidification of forest soils: influence on
humus, morphology and functioning [15]. Belgian scientists use the method of soil micromorphology
in paleo-geological studies [16]. The conclusions of Spanish and French scientists coincide with our
beliefs that phytostabilization is the most successful solution to chemical, toxicological and environ-
mental challenges associated with soil pollution [17]. Australian scientists identify the role of the soil
micromorphology method as key in studies on the describing the genesis of clay minerals [18].

Ukrainian scientists comprehensively and thoroughly investigate the properties of soils: forest
chernozems as a special type of soil of chernozem type [19], selectivity of heavy metals absorption by
soil and humic acids at different pH levels [20]; predict the levels of chemical elements in soils of
different genesis to assess their ecological and energy status [21], soil factors of floodplain soils that
limit the growth of energy crops [22], assess the anti-deflationary effectiveness of no-till technology in
the conditions of the southern steppe in Ukraine [23].

In Dnipro city, soil scientists has been studying for many years the complex of soil properties,
the nature of pedogenesis and the soil genesis in the south-east of Ukraine. Monitoring studies on
structural and aggregate soil composition and macro- and micromorphology are being conducted [24,
25, 26, 27, 28].

We fully agree with the beliefs of prof. V. Medvedev who stated that one of the most impor-
tant tasks of the state is to organize monitoring of soil cover on the basis of the latest software, ma-
thematical, instrumental and cartographic principles, their harmonizing with European experience
[29].
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Formulation of the study purpose

The purpose of our scientific work was to continue monitoring comprehensive studies of the
native forests characteristics on the example of ravine ecosystems in the Dnipropetrovsk Oblast and
prove their benefit impact on pedogenic processes.

Presenting main material

The *“Viyskove” ravine was chosen as the object of our research situated in Solonyansky Dis-
trict, the Dnipropetrovsk Oblast. The sample site was located in the middle third of 7° north-faced
slope at a distance of 15 m from ravine talweg in a maple oakery with goutweed on the soils with
slightly fresh class of moisture regime. The type of forest conditions was slightly fresh loam. Type of
light structure was shadow, 111 age degree. Crown closeness was 0.8. Humidification conditions were
atmospheric-transit inflow-outflowing.

In the first wooden sub-layers, common oak (Quercus robur L.) was represented: a): double-
stemmed common oak trees with a trunk diameter of 45 cm, b) double-stemmed common oak trees
with a trunk diameter of 30 cm, 15 cm, 14 m high, 55 years old, ¢) double-stemmed common oak trees
with a trunk diameter of 55 cm, 60 cm, 18—20 m high; seed field maple (Acer campestre L.) with a
trunk diameter of 13 cm. The undergrowth was comprised of Acer campestre L. and Acer tataricum L.

Shrubby undergrowth was comprised of Euonymus europaea L., self-seeding Euonymus ver-
rucosa Scop 10 cm high, 1 % cover degree.

The total cover degree of the grass stand was 90 %.

The forest litter was solid, double-layered, comprised of Quercus robur leaves with a thick-
ness of 3 cm.

The soil was medium-leached deep forest carbonate multi-humus loam chernozem on deluvial
deposits.

Characterization of macro- and micromorphological structure of the soil profile

Upper horizon of the soil profile H; (0—8 cm) was represented by a solid forest litter from
semi-decomposed, semi-glued leaves of common oak turned into a rotten mass of dark brown color,
crumbly, poorly separated from the soil. It was almost black, fresh, humus-accumulative, moist, me-
dium-leached, nutty-granular, loamy, very loose, multi-root, coarse-textured horizon, the transition in
structure and color was low-observable. The microscopic slide was dark-brown, almost black, uniform
over the entire slide area, due with the high number of organic compounds. There is a large number of
plant residues at different stages of decomposition; medium-decomposed ones predominated. Zoogen-
ic processing of soil mass was very significant. It is a well-aggregated horizon. Aggregates mostly of
regular shape, usually represented by earthworm casts. In them, organic matter is represented by well-
processed and decomposed plant residues. Small invertebrate casts occurred in interaggregate pores.
Humus plasma is clayey, uniform over the entire slide plane. Small clumps of humic microforms are
evenly dispersed in the plasma. Humus is represented by humons and collomorphic fresh brown hu-
mus. Finely dispersed humus is represented by a large number of evenly spaced clumps of humons.
The humus form is mull. The area of the visible surface of the pore space is significant and amounts to
30—40 %, depending on the microzone on the slide. The pores are rounded and elongated, regular-
shaped. Small invertebrate casts occurred in the pores. Microstructure is of loose and spongy type
depending on the microzone on the soil slide. Elementary microstructure is plasmatic-pulverous. The
mineral framework is represented by minerals of different sizes. The mineral framework is dominated
by quartz and feldspar. Crystals of SiO, are visible on the edge of aggregates.

Horizon H, (8—43 cm) is dark gray, almost black, fresh, nutty-granular fine-grained, loose
loam. The transition in structure is gradual. Black-brown color of the micromorphological slide, uni-
form over the entire surface. The color is associated with high content of organic compounds. It is a
well-aggregated horizon. Aggregates mostly of regular shape, usually represented by earthworm casts.
In them, organic matter is represented by well-processed and decomposed plant residues. Microstruc-
ture mostly is of loose and spongy type depending on the microzone on the soil slide. Elementary mi-
crostructure is of the plasmatic-pulverous type. The mineral framework is represented by minerals of
different sizes. The mineral framework is dominated by quartz and feldspar. The plasma is humic-
clay, uniform over the entire plane of the slide, anisotropic with a speckled fluorescence. Plant remains
of varying degrees of decomposition. Finely dispersed humus is represented by a large number of
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evenly spaced clumps of humons. The humus form is mull. The area of the visible pore surface is sig-
nificant ly large and amounts to 40—65 %, depending on the microzone on the slide. The pores are
rounded and elongated, regular-shaped. Small invertebrate casts occurred usually in the pores.

Horizon H; (43—68 cm) dark gray, fresh, nutty-fine-grained, loose, carbonate, loamy, denser.
The soil boiling with HCI occurs at a depth of 45 cm. The color of the microscopic slide was dark
brown, almost black, uniform over the entire area of the micromorphological slide. The color is asso-
ciated with high content of organic compounds. Sponge-type microstructure. Elementary microstruc-
ture is plasmatic-pulverous. The mineral framework is represented by minerals of different sizes. The
mineral framework is dominated by quartz and feldspar. The plasma is humic-clay, uniform over the
entire plane of the slide, anisotropic with a speckled fluorescence. Plant remains of varying degrees of
decomposition. The humus form is mull. The visible surface area is significantly smaller than the pre-
vious horizon.

Horizon Hpk (68—79 cm) dark gray, carbonate, fresh, fine-grained, loamy, denser structure,
color gradually brightens with the depth of the soil profile. The color of the microscopic slide was
brown, uniform over the entire slide area, organic compounds are significantly less than in the pre-
vious horizon. Elementary microstructure is plasmatic-pulverous. The mineral framework is dominat-
ed by quartz and feldspar. Minerals are mostly anisotropic. The form of minerals is angular, less often
low-length. Humus plasma is clayey, uniform over the entire slide plane, anisotropic. Microstructure is
of spongy type. There are significantly fewer organogenic components. The pores are narrow and
elongated, irregular in shape. Visible porosity occupies a much smaller area.

Horizon Phk (79—120 cm) is gray, lighter than the previous one, gradually turning into loess-
like loam high-dense horizon. The color of the microscopic slide was light brown. Elementary micro-
structure is plasmatic-pulverous. The mineral framework is dominated by quartz, less feldspar of vari-
ous sizes, mainly isometric in shape, semi-rounded. Significantly less organic ingredients. There are
dense opague rounded organic clots with diffuse contours. The plasma is humic-carbonate-clay, hete-
rogeneous, and anisotropic. The fluorescence is speckled over the entire slide surface. The soil aggre-
gate composition is shown in Tabl. 1.

Table 1. Aggregate composition of forest chernozems

Horizon, Size of aggregate fractions, mm 0 0 0
cm 16—8|8—4| 4—2 | 2—1 | 1—0.5|05-025| <0.25 3% | C% | B% K

0—10 | 2439|936 |2312| 3219 | 6.60 | 251 | 1.85 | 61.91 | 73.77 | 26.23 | 2.81+0.96

10—20 | 848 | 4.74121.09| 38.86 | 12.62 | 7.26 | 6.94 | 70.59 | 84.59 | 15.42 | 5.49+0.18

20—30 | 3.15 | 3.66 |24.71 )| 4196 | 1275 | 7.80 | 6.99 | 69.41 | 89.87 | 10.14 | 8.87+1.10

30—40 | 13.34 | 7.96 | 22.95| 31.36 | 10.99 | 6.26 | 7.15 | 65.30 | 79.51 | 20.49 | 3.88+0.77

40—50 | 9.77 | 5.76 | 1893 | 3746 | 1292 | 8.03 | 7.14 | 69.31 | 83.10 | 16.91 | 4.92+1.02

50—60 | 20.96 | 5.36 | 16.76 | 35.47 | 1.10 | 5.72 | 14.65 | 53.32 | 64.40 | 35.61 | 1.81+0.43

60—70 | 8.74 | 4.91 2494 | 4432 | 10.08 | 3.93 | 511 | 59.33 | 86.16 | 13.84 | 6.23+0.28

70—80 | 9.53 | 7.95|17.09| 37.01 | 13.96 | 8.26 | 6.21 | 68.10 | 84.26 | 15.74 | 5.35+1.17

80—90 | 12.35|4.58 | 151 | 33.86 | 13.27 | 9.26 | 11.57 | 62.25| 76.10 | 23.92 | 3.18+0.54

90—100 | 10.63 | 4.52 | 13.44 | 40.74 | 1453 | 8.63 | 7.52 | 68.71 | 81.86 | 18.14 | 4.51+0.87

Note: J — sum of soil aggregates 0.5—2.00 mm, C — sum of soil aggregates 0.25—8 mm,
B — sum of ground aggregates smaller than 0.25 mm and larger than 8 mm, K — the structure
rate expressed in S/B.

Maximum value of the coefficient of structurality (K) in 20—30 cm horizon is equal to 8.87.
In the horizon 10—20 cm it is equal to 5.49. Down the soil profile value of K decreased, and in
60—70 cm horizon it rises to 6.23, and to 5.35 in 70—80 cm horizon; deeper it fluctuates gradually
decreasing.

The value of the sum of aggregate fractions 0.50—2.00 mm over the entire horizon is very
high and almost does not change. The maximum value of the indicator is 79.41 % in 20—30 cm hori-




Exomnoris 181

zon and 72.59 % in 10—20 cm horizon. Then the indicator decreases to a minimum value of 53.32 %
in the horizon of 50—60 cm and then, similar to the indicator of the structural coefficient, significantly
increases in the horizon of 60—70 cm and is equal to 79.33 % and again decreases slightly with depth.

The water resistance value of all aggregates decreased with increasing horizon depth and was
the highest in the horizon of 0—10 cm (fraction 0.25—0.50 mm) 87.41 % and the lowest in the hori-
zon of 50—60 cm (fr. 0.25 mm) 16.65 %.
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Fig. 1. Water resistance of structural aggregates

In the horizons of 0—10 and 10—20 cm the values of this indicator were close to the maxi-
mum and ranged 56.01 % to 87.41 %. Fraction of 0.50—1.00 mm of all horizons has the highest val-
ues compared to other values of fractions.

Studies of the humus state have shown that in the upper horizon of the soil profile, the total
humus content was high 9.3 % (Tabl. 2).

Table 2. Indicators of the humus state in forest chernozem

Horizon, cm Total humus content, | Cga/ Ciota X 100% | Cga/ Cra C residue to
% Ciota X 100%
H,0—8 9.30 £0.61 36.71+2.11 2.33+0.77 53.11 + 1.07
H, 8—43 8.76 £0.82 31.14+1.73 2.18 £0.65 51.28 +1.43
H; 43—68 6.40 £0.33 29.23+1.05 2.04 £0.43 5457 +2.49
Hpk 68—92 3.76 £ 0.46 29.09 +0.78 1.92 +£0.67 55.83 +1.66

Humus reserves in the horizon of 0—20 cm (180 t/ha) are high in terms of humus state.
The distribution of humussubstances in soilprofile is gradually decreasing, and the humus horizon is
thick. Humus type was varied from humate to fulvate-humate (Cq/Cr.= 2,3—1,9); humification degree
was varied from high to medium (36.7—29.1) with the depth of the soil profile. The content of non-
hydrolyzed residue was average (51.3—55.8 %).

Conclusions

Our results show that the oakery studied has optimal complex environmental indicators. Mi-
cromorphological structure of the soils studied in “Viyskove” ravine indicates that the upper humus
horizons were very well-structured and humified. The color of microscopic slides was dark brown,
almost black, due to humus-clay plasma. The soil has quite high values of the coefficient of structu-
rality and water resistance of structural aggregates, respectively. Our data confirmed the position of
professors O.L. Belgard and A.P. Travleev that in the steppe zone the forests have a positive effect on
the complex properties of the soil, in contrast to the forest zone. Ravine chernozems were characte-
rized by active formation of biogenic microstructure, which results in significant aggregation and
looseness of the soil microstructure.
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TPYHTOTBIPHI ITPOLIECHU B BAUPAYHUX EKOCUCTEMAX

Pedepar

VY po6oti po3kpHuTi 0cOOIUBOCTI IPYHTOTBIPHUX MPOLECIB M JTICOBOIO POCIHHHICTIO B yMO-
Bax CTeNy Ha MpHUKIazi 6alipaynoro Oioreornenoszy. st MOMIMIIEHHS CTaHy €KOJIOrTYHOTrO Cepe1oBH-
ma YKpaiHu J1icoBi Haca/yKeHHs! MaloTh HAI3BUYAHO BayKIMBe 3HaueHHs. baratodyHuionanxbHi BiIac-
THUBOCTI JICiB CHOPHUSIOTh 3HAYHOMY MiABHMIICHHIO SIKICHOI XapaKTEPUCTUKU TIPYHTIB, NEPETBOPIOTH
MOBEPXHEBHU CTIK BOAM Ha TTUOMHHUHN, NPUIMHAIOYHN 3ryOHUI BIUIMB CYXOBIiB, IONEPEIKAIOTH €pPO-
3110 TPYHTIB.

1106 30epertu meBHy ekocucteMy, Tpeba, HacaMIiepes, TOCKOHaIbHO BUBUMTH BCi i KOMIIO-
HeHTH. [PYHT € OCHOBHUM, PE3yJILTYIOYUM GJIOKOM (pyHKIIOHYBAHHS JTiCOBOI eKocrcTeMu. Jiist Ginbi
YITKOTO PO3YMIHHS IPUHIMITY B3a€MOJIi I'PYHTIB 3 JIICOBUM 0i0r€OLl€HO30M Yy CTEMOBUX YMOBax He-
00XiZHO MaTH BIINOBiAl Ha PAJ NMUTaHb, cepell SIKUX KOMIUIEKCHI BJIACTUBOCTI IPYHTY Ta XapakTep
I'PYHTOTBIpHHX IPOLIECIB.

VY po0oTi mpencraBieHi pe3ylbTaTd BU3HAUEHHS arperaTHOTO CKJIajgy, BOIOCTIMKOCTI CTpYK-
TYpPHHX arperatiB, TyMyCOBHI CTaH JIiCOBUX YOPHO3EMIB il OailpadHOI0 POCITHHHICTIO.

MakcumanbHe 3HaueHHs KoediuieHT crpykrypHocTi (K) mae y rop. 20—30 cm i1 mopiBHIOE
8,87. ¥V ropuzonti 10—20 cm BiH ctaHOBUTH 5,49. BHM3 10 rpyHTOBOMY Ipodinto 3HaueHHs K 3HU-
KyeThcs, a B Topu3oHTi 60—70 migBumtyethest no 6,23, ta 5,35 y ropusonti 70-80 cm, gaimi konuBa-
€TBCS, TOCTYIOBO 3HMKYIOUHCH.

3nauenHs cymu arperatiux ¢p.0,50—2,00 MM 1o BChbOMY TOPU3OHTY AyKe BHUCOKE 1 Maibke
He 3MiHIO€eTbca. MakcuMaibHe 3HaueHHs nmokasHuka 79,41 % y rop.i 20—30 cm ta 72,59 % y rop.
10—20 cm. dani moKa3HUK 3HWXKYETHCS 10 MiHIMaibHOTO 3HaueHHs 53,32 % y ropuzonti 50—60 cm i
MOTIM, AHAJIOTIYHO TOKA3HUKY KoedilieHTa CTPYKTYpHOCTi, 3HAYHO MiABHILYETHCS B TOPH3OHTI
60—70 i mopiBHIOE 79,33 % 1 3HOBY TPOXH 3HIKYETHCA 3 TIMOMHOIO.

3Ha4yeHHs BOAOCTIHKOCTI BCIX arperatiB 3MEHIIYETHCS 13 30UIBIIEHHSIM TTTMOWHN TOPU30HTY i
Mae HaiOuIbIIe 3HaueHHs y ropu3onti 0—10 cm (ppakuis 0,25—0,50 mm) — 87,41 % a HaiimeHIIe y
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ropu3oHTi 50—60 cm (¢p. 0,25 mm ) — 16,65 %. 3nauenHs naHOTO MOKazHUKa y ropuzonTax 0—10 i
10—20 cM mpubnmkeHi 0 MakCHManbHHX 1 KomuBatoTbes Bim 56,01 % mo 87,41 %. Dpaxiis
0,50—1,00 MM BCiX TOpPH30HTIB Ma€ HAHOUIbIN MOKA3HWKH, TOPIBHIHO 3 IHIIUMHU TOKa3HHUKaMHU
(dpaxiriii.

JocnimKeHHs: TyMyCOBOTO CTaHy MOKa3ally, 0 Y BEpXHbOMY F'OPHU30HTI IPYHTOBOTO MPOQiIo
3arajbHUN BMIiCT Tymycy Bucokuii — 9,3 %

3anacu rymycy B ropu3oHTi 0—20 cm (180 1/ra) 3a moka3HHKaMu T'yMyCOBOT'O CTaHy BHUCOKI.
[IpodinbHuii po3moniyl ryMycy HMOCTYINOBO CIIaJHHUH, TYMYCOBHI TOPH30HT MOTY:XHUH. Tum rymycy
3MIHIOETBCS Bil TymMaTtHoro 10 ¢ymsBatHO-TyMaTtHOro (Cn/Cy=2,3—1,9), crynins rymidikamii 3
TITHOWHOIO TPYHTOBOT'O PO3PIi3y 3MIHIOETHCS BiJl BUCOKOTO 10 cepeanboro (36,7—29,1). Bmicrt Herin-
porizoBaHoro 3anumKy cepennii (51,3—55,8 %).

OTpuMaHi HaMH Pe3yAbTAaTH CBITYATh, IO AOCTiKYBaHa MakjIeHoBa Ai0poBa Mae ONTHUMANbHI
KOMIIJIEKCHI €KOJIOT14HI MOKa3HUKH. MikpoMopdoJoriuna CTpykTypa JOCTiKYBaHUX IPYHTIB Oaiipa-
Ky CBIIYMTB, IO BEpXHI I'yMyCOBi TOPH30HTH AyXe H00pe CTpykTypoBaHi Ta rymidikoBani. Komip
Mikpouuti)iB TeMHO-OypHil Maiike YOpHUIA, OOYMOBJIEHHI T'yMyCO-IIIMHUCTOI TIa3MOK0. IpyHT Mae
JOCUTH BHCOKI TIOKa3HUKH KOoe(illieHTa CTPYKTYPHOCTI Ta BOJOCTIHKOCTI CTPYKTYPHHX arperaris Bin-
noBigHo. OTpuMaHi HaMH AaHI MiATBEpIWIN monoxeHHs npodecopa A. I1. Tpaieesa, mo Jicu B
CTEMNOBIX 30Hi, Ha BIIMiHY Bij J1icOBOT 30HHM, IO3UTHUBHO BIUIMBAIOTH HA KOMIUIEKCHI BIaCTHBOCTI IPY-
HTy. BaiipauHi 7icoBi YOpHO3eMH XapaKTepH3YIOThCS aKTUBHUM OiOr€HHHUM MiKpPOCTPYKTYpPOYTBO-
PEHHSM, PE3YyIbTAaTOM SIKOTO € 3HAYHA arperoBaHiCTh Ta MMyXKICTh MIKPOCTPYKTYPH, TOILO.
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