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ABSTRACT

Introduction. Spatial variability of soil properties as influenced by both intrinsic and extrinsic factors, plays a pivotal role in
agricultural productivity. Understanding this variability is critical for implementing site-specific management, which optimizes re-
source allocation while sustaining soil health. This study investigates the spatial variability of selected soil properties in agricultural
fields around Zaria, Kaduna State, Nigeria, utilizing geostatistical techniques to provide insights for sustainable land management.

Materials and Methods. The study was conducted in an 85-hectare area located in Zaria, Kaduna State. Seventy soil samples
were collected using a grid sampling approach across 85 hectares. Following standard laboratory procedures, the samples were analysed
for properties, including particle size distribution, bulk density (BD), pH, organic carbon (OC), and cation exchange capacity (CEC).
Geostatistical analysis using Kriging interpolation and semivariogram modelling was employed to determine spatial dependence.

Normal Distribution Test and Data Transformation. Laboratory data from the studied soil properties were tested for normality
using the Ryan-Jover test, which revealed that most soil properties did not follow a normal distribution (P<0.05). Johnson trans-for-
mation was hence applied to improve normality for reliable geostatistical modelling, as confirmed by the residuals from QQ Plots.

Descriptive Statistics of Soil Properties. Clay content exhibited the highest variability (CV = 43.09%), ranging from 60 to
420 g kg'!. CEC showed moderate to high fertility potential, ranging from 6.33 to 25.50 cmol kg™!, while OC were generally rated low.
BD and pH showed weak spatial variability (CV < 15%) due to the influence of intrinsic soil factors.

Geostatistical Analysis of Soil Properties. Semivariogram modelling revealed strong spatial dependence for most soil properties
(nugget ratio < 0.25), including BD, OC, and pH, suggesting intrinsic factors as key drivers. Spatial ranges varied across properties, with
clay and CEC extending to 339.9 m and 347.6 m, respectively, while pH and BD showed shorter ranges of 85.4 m and 93.3 m. Spatial
patterns in sand and clay demonstrated inverse relationships, as areas with higher clay contents exhibited higher CEC and pH levels.

Spatial Distribution Maps. Kriging interpolation highlighted distinct spatial patterns, such as higher clay and CEC concentra-
tions in specific zones, and lower pH in sandy areas, indicative of leaching effects. Maps showed that the spatial distribution of OC
and BD is influenced by short-range processes, requiring localized management strategies.

Conclusion. This study demonstrates the necessity of addressing spatial variability in soil management plans. Strong correlations
between clay and CEC emphasize the critical role of texture in influencing soil fertility. Properties like OC and BD, with weak spatial
dependence, demand immediate attention through targeted interventions such as organic amendments and improved tillage practices.
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Introduction. Variability in soil properties exists
in nature due to changes that may be inherent such as
geologic and pedologic factors [1], or induced, such
as effect of landuse and other management practices
[2, 3] on land. These intrinsic and extrinsic factors of
land formation lead to variability in soil properties [3,
4], consideration of which is important for proper
land management [5]. Site-specific management
which is an important concept for maximizing agri-
cultural productivity is highly dependent on under-
standing spatial variability of soil properties [6].

Spatial variability refers to the extent of varia-
tion in a given soil property over space [7]. Its assess-
ment is based on the geographical assumption that
objects that are closer are more closely related [8 —
11] and has been achieved using classical descriptive
statistics such as mean, range, coefficient of variation
[3, 12] and/or geostatistical methods such as vario-
grams [6], isotropic variograms [13], semivariogram
[14]. Many of these studies also employed the use of
ordinary Kriging [15 — 18], co-kriging [6, 19], in-
verse distance weighting (IDW) [20], and other
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interpolation methods to estimate variability in soil
properties across unsampled locations within a de-
sired study area.

According to Ardahanlioglu et al. [21], Kriging
and IDW are the most commonly employed extrapo-
lation methods in agriculture. Both methods utilize
allocation of weights to observed properties in esti-
mating values of defined properties at unobserved lo-
cations. However, Saleh [13] asserted that Kriging is
more complicated and laborious to implement than
IDW. Kriging provides a more accurate explanation
of the spatial distribution of the data, while suggest-
ing valuable information about the error or estimation
[22]. The process of Kriging is contingent upon com-
puting accurate semivariogram models from which
estimates of variance can be reliably estimated. To
develop this accurate semivariogram, a sufficient
number of samples that can represent the autocorre-
lation of the soil property under consideration must
be used [23].

Several researchers have utilized Kriging to
evaluate variability of physical and chemical proper-
ties of soil on agricultural fields [24]. For instance,
Masood and Salim [6] utilized Kriging technique to
determine spatial variability of hydro-related physi-
cal properties of Al-Rasheed Loam in Iraq. The study
explored properties such as saturated hydraulic con-
ductivity, initial infiltration rate, Porosity and bulk
density, revealing a moderately skewed (-0.5 to 0.5)
spatial distribution for the studied characteristics.
Saleh [13] studied spatial distribution of particle
sizes, utilizing spherical and gausian models for pa-
rameter determination of semivariogram models.
While Yakub et al. [14] evaluated spatial variability
in total nitrogen, organic carbon and pH in Wukari
local government area of Nigeria.

Zaria province of Kaduna State includes com-
munities that depend on agriculture as their major
source of livelihood. Soils of the area are character-
ized by a diverse range of soil types, which shape
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their properties and influence strategies for their
management [25]. Several works have been carried
out to investigate properties of soils in Zaria [5, 26].
Works have been carried out to investigate variation
in soil properties in the area as a result of difference
in parent material [27], topography [26, 28], and veg-
etative cover [25, 29]. However, these studies em-
ployed conventional method that were site specific
and considered variation in soil units selected as a
function of these factors, rather than as a continuum
in space. About 25 years ago agronomists realized
that geostatistics could be harnessed for precision ag-
riculture, and they have made substantial progress in
the technology since [30]. It is used for the site-spe-
cific management of crop nutrients, pH, irrigation,
weeds and crop pests [31, 32].

Quantitative explanation of the inherent varia-
tion in soil properties across agricultural fields help
by providing valuable basis for site-specific manage-
ment, while increasing our knowledge of soils and
aid in planning appropriate use for soil resources
[33]. Therefore, this study aims to examine spatial
variability of selected soil properties across farming
fields under continuous cultivation.

Materials and Methods. Location of the study
area. The study area consists of 85 ha, and is located
between 11° 6' 44.93" N, 7° 37' 24.23" E and 11° 4'
45.67"N, 7°39'0.35" E (Figure 1). The region which
has a tropical Savanna climate type with distinct wet
and dry season [34], falls between Sabon Gari and
Giwa local government area, Zaria, Kaduna State,
Nigeria and is predominantly agrarian. Majority of
the land under agricultural use are cultivated mechan-
ically through conventional tillage. Most of the soils
have a sandy to sandy loam texture [26, 35], and have
been classified as leached ferruginous tropical soils
developed on weathered regolith overlain by a thin
deposit of wind-blown silt from the Sahara Desert
during many decades of propagation of tropical con-
tinental air mass into the area [36].
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Fig. 1. Map of study area showing sample points

-304 -



ISSN 2410-7360 BicHuk XapKiecbk020 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

Sampling and soil analysis. A reconnaissance
survey was carried out to delineate the study area,
which spanned 83 hectares and was predominantly
used for cultivating maize, watermelon, millet, cow-
pea and rice. A grid sampling method was employed,
dividing the site into 63 grids (9 % 7), each approxi-
mately 120 x 120 m, using ArcGIS 10.5 [37]. Soil
samples were collected from a depth of 0 — 45 cm to
capture the spatial variability of soil properties. A to-
tal of 70 samples were obtained, with at least one
sample from each grid, and additional samples from
selected grids on observed heterogeneity. All sam-
pling points were carefully georeferenced and rec-
orded for precise spatial analysis (Figure 1).

Laboratory studies. Particle size analysis was
determined using the Bouyoucus Hydrometer
method as described by Gee and Or [38]. Organic car-
bon (OC) was determined by Walkley-Black dichro-
mate wet oxidation method [39]. Glass electrode was
used to determine soil pH in a 1:2.5 soil/water solu-
tion ratio, as described by Uyovbisere et al. [40]. Cat-
ion exchange capacity (CEC) was determined by
neutral (pH 7.0) NH4OAc saturation method as de-
scribed by [41].

Statistical Analysis. Descriptive statistics and
Pearson’s coefficient of correlation were computed
for the studied properties using R software [42]. The
Ryan-Jover normality test was performed to test the
hypothesis assuming each property has a normal var-
iable distribution using Minitab 17.0. Properties
without normal distribution (P<0.05) were subjected
to Johnson Transformation. Johnson transformation
technique is renowned for its applicability in situa-
tions where standard parametric methods require

normality. It involves evaluating different transfor-
mation functions with four parameters shown in the
equation below [43]. The transformation process op-
timally selects one of three (i.e. bounded, SB, log-
normal (SL), and unbounded, SU) families of distri-
butions, which can easily alleviate the non-normality
and skewness of the raw data [44]. Johnson transfor-
mation is expressed as:

z=y + 5f =4 (1)

where Z denotes a standard normal variable, y
and J represent the shape parameters, f{.) is the func-
tion of transformation, /A is a scale parameter and ¢ is
a location parameter. This transformation method de-
fines the lognormal system of distributions, making
it suitable for soil data, since earlier researches have
shown that soil properties are more closely log-nor-
mally distributed [45].

Geostatistical Analysis. The ArcGIS 10.5 soft-
ware was used to build semivariogram models, y(h)
describing degree of spatial dependence of random
variable Z(x;) over certain distance points [46]. The
model is given in Equation (2)

1
y(h) = T(h)z?zﬂz(xi) - Zaunm? Q)

Where y(h) is the semivariance for the interval dis-
tance class 4, N(h) is the number of pairs, Z(xi) and
Z(xi + h) are the measured sample values at position
i and (i + h), respectively. Two semivariogram mod-
els were used to describe the studied characteristics.
Exponential model was used by default, while spher-
ical models were used when transformation was done
[6]. The models are depicted as:

Exponential: y(h) = {CO +C [1 —exp (_ g)] h<a (3)

ot
Spherical: y(h) = {

Where, Cy: nugget variance, C: structural vari-
ance, (Cyp+C): sill value of semivariogram, a: range
of spatial correlation.

Results and Discussion. Normal Distribution
Test and Data Transformation. The Ryan-Jover sta-
tistic was used to test the normality of each soil prop-
erty. Sand content was the only property whose nor-
mality was not rejected based on its p-value which
was greater than 0.05. The other properties were
transformed using Johnson transformation. The
transformation of the data improved the normality of
the distributions, as indicated by the increased RJ and
p-values as shown in Table 1. The necessity of apply-
ing transformation techniques on soil properties have
been proven in several researches [12, 47, 48].

QQ plots were used to visualize the degree of

h>a

(g) - %(%)3] h<a (4)

h>a

fitness of the data to normal distribution (Fig. 2). The
plots compare the observed residuals to the expected
values if the residuals were normally distributed. Few
outliers are observed for sand, silt, clay and CEC,
however, most of the data points clustered around the
normal distribution line, suggesting sufficient nor-
mality.

Descriptive Statistics of Soil Properties. De-
scriptive statistics for soil properties are presented in
Table 1. Sand content in the study area ranged from
100 to 740 g kg' (mean, 503.10 g kg'), and BD
ranged from 1.22 to 1.40 Mg m™ (mean, 1.31 Mg m"
3). Clay was the most variable soil separate in the
study area, ranging from 60 to 420 g kg'. Soil pH
varied between strongly acidic (5.20) and moderately
alkaline (8.40), exhibiting weak variability (<15%).
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Table 1
Normal Distribution Test for Each Soil Property
Soil . RJ Nomal P-Value  Transformation RJ NO‘fmal P-value
Properties Dist. Dist.
Sand 0.985 NR >0.100 None -
Silt 0.940 R <0.010 Johnson 0.994 NR 0.167
Clay 0.978 R 0.044 Johnson 0.992 NR 0.331
pH 0.957 R <0.010 Johnson 0.995 NR 0.380
OM 0.935 R <0.010 Johnson 0.997 NR 0.930
CEC 0.966 R <0.010 Johnson 0.995 NR 0.818
Note: RJ: Ryan-Jover statistics; NR: not rejected; R: rejected
- t
é 50 § 501
& &
sand (g/kg) - - - -Clay (9/kg)
£ =
g S w
& &
) ; : >1BD (M;/m"3)1 : 3 pH
g |5
§ 50 E
7 7 7 OC (g/kg CEC (cmol/kg)

Fig. 2 (a-f). QQ Plots for the soil properties before (sand) and after normalization

Soil OM ranged from low (1.10 g kg™') to moderate
(12.1 gkg™), which is typical in savanna soils [5, 49],
while CEC ranged from moderate (6.33 cmol kg™') on
maize fields to high (25.50 cmol kg™') on rice fields.
Asides BD and pH which showed weak variability,
other soil properties studied showed moderate to high
variability, which is typical of soils formed in undu-
lating planes of the savanna [50]. Sand and pH were
left-skewed, while clay, OM and CEC were right-
skewed. Clay and CEC exhibited flat distribution

from their negative kurtosis values. Close association
between the two properties is expected due to high
association between these properties around the study
location as reported by [26].

Pearson coefficient of correlation was used to
analyse the nature of relationship among the soil
properties, and the values are presented in Table 3.
Clay content positively correlated significantly with
CEC (r=0.990""). Clay particles containing silicate
minerals have a net negative charge due to the substi-
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Table 2
Descriptive Statistics for Soil Properties
Min. Max. Mean SD CV Skew. Kurt.
Sand (g kg™) 100.00  740.00  503.10 141.90 28.21 -0.49 0.08
Clay (g kg™") 60.00 420.00  210.00 90.50 43.09 0.54 -0.68
BD (Mg m?) 1.22 1.40 1.31 0.053 4.02 0.00 -1.00
pH 5.20 8.40 7.39 0.65 8.84 -1.14 1.34
OC (gkg™) 0.06 0.70 0.23 0.10 44.86 1.70 5.55
CEC (cmol kg™ 6.33 25.50 13.27 5.10 38.45 0.66 -0.62

Note: OC: organic carbon; CEC: cation exchange
deviation

tution of silica (Si*") by aluminum (AI**) in the min-
eral structure. This attracts positively charged ions
such as calcium (Ca?"), magnesium (Mg*"), and po-
tassium (K*) held through weak electrostatic interac-
tions. This allows the clay to retain and exchange cat-
ions with the surrounding soil solution [51]. Con-
versely, sand content negatively correlated with it
CEC (r=-0.650""). This may be due to the relatively
poor surface charge nature of sand particles in soils
[26]. Soil pH also positively correlated with clay par-
ticles (r = 0.413™"), implying that higher clay content
were associated with higher pH, likely due to accumu-
lation of basic cations on clay exchange sites [52, 53].

Geostatistical Analysis of Soil Properties

Exponential model was used to express semi-
variogram of sand content, while spherical model
was utilized for the other properties. The reason for
this disparity was because sand content had a normal
distribution, while the other properties were trans-
formed [6]. Earlier researches also suggested the use
of spherical models, especially for pH, clay [54], and

capacity; CV: coefficient of variation (%); SD: standard

other chemical properties as it gave better results
[13]. Nugget effect, sill, range and nugget-sill ratio
were used to analyse the spatial distribution in this
study. Nugget effect represents the variance at a lag
distance of zero, capturing measurement error and
spatial variation at distances smaller than the sam-
pling interval [55, 56].

The nugget values were higher in sand (0.89)
and clay (0.45) than in other soil properties, but were
generally close to zero, suggesting that variances in
soil properties were reasonably accounted for at the
sampling distance used in this study [12]. The range
refers to the distance over which spatial autocorrela-
tion exists [57]. Beyond this distance, data points are
considered spatially independent. The range for CEC,
sand and clay where relatively large, ranging from
297.2 to 347.6 m, while pH, silt, and OM had lower
ranges from 85.4 to 124.8 m, indicating that the opti-
mum sampling interval varies greatly among differ-
ent soil properties. The similar range for sand and
clay is due to the inverse nature of their relationship,

Table 3
Pearson correlation analysis of soil properties
0.C pH Clay BD Sand
CEC 0.433 0.415™ 0.990"* 0.042 -0.650™"
0.C -0.053 0.035 -0.129 0.095
pH 0.413™* 0.207 -0.395™
Clay 0.035 -0.774"
BD -0.074
LOS: *=P<0.05; ** =P <0.01; *** =P <0.001
Table 4
Semivariogram model types and parameters of soil properties
. . Nugget Sill Range Nugget/Sill Spatial
Soil Properties Model Cy  (CotC)  (m) (C/CotC)  Dependence
Sand (g kg™ Exponential 0.89 2.82 297.20 0.31 moderate
Clay (g kg™ Spherical 0.45 2.00 339.90 0.22 strong
BD (g kg™) Spherical 0.00 0.92 93.30 0.00 strong
pH Spherical 0.17 1.17 85.40 0.14 strong
OC (gkg™h Spherical 0.00 1.20 124.80 0.00 strong
CEC (cmol kgh) Spherical 0.35 1.62 347.60 0.21 strong
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whereby one increases as the other reduces as further
buttressed by the significant negative correlation be-
tween them (r = -0.774"""). Also, the similarity be-
tween the range of clay and CEC is explained along
same lines, since they are significant correlators.
The nugget to sill ratio or nugget ratio was used
to evaluate the degree of spatial dependence of the
properties [58]. A nugget ratio less than 0.25 indicates
strong dependency, between 0.25 and 0.75 indicates
moderate dependency, and there is said to be weak
spatial dependency when nugget ratio is greater than
0.75 [59, 60]. Bulk density (0.00), clay (0.22), pH
(0.14), OM (0.00) and CEC (0.21) were all strongly
spatially dependent, suggesting that their spatial
auto-correlation are affected by intrinsic properties
such as parent material, mineralogy, climate, and
other structural factors [61]. This is similar to the
findings of Yakub et al. [14], whose research showed
strong spatial correlation for OM (nugget ratio, 0.00).
Gillser et al. [12] similarly reported strong autocorre-
lation with a nugget ratio of 0.13 for clay content in
cultivated fields. Several researchers have linked soil
properties like pH to parent material [53, 62] and
leaching of basic cations [26] in the study area. Like-
wise, the strong spatial dependence of OM is at-
tributed to climatic factors such as radiation and high
temperature, which leads to high mineralization [26,
50] and frequent crop residue removal for feeding
livestock, fuel, and building purposes [27, 49]. Sand
content showed moderate spatial dependency (0.31),
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reflecting the effect of the dominant local conditions
in explaining its spatial dependence. This was similar
to the findings of Kilic et al. [3] and Saleh [13] who
also reported moderate spatial dependency for sand
content. Kilic et al. [3] showed that continuous culti-
vation tends to reduce spatial autocorrelation of soil
properties such as sand, silt and clay content when
comparing native grassland to 20-year cultivated land.
Spatial Distribution Maps. The interpolation
of spatial distribution maps using ordinary Kriging
for the soil properties are presented in Figure 3 (a-f).
Raster values were grouped into five classes using
natural breaks for all soil properties. The map of sand
content reveals a gradient from higher values in the
north to lower values in the south, while the inverse
gradient is observed for clay content map. Comparing
the map of clay and CEC, it is evident that areas with
higher clay contents also had higher CEC values as a
result of the relationship between these properties.
Map of pH distribution showed a similar trend of
lower values in the north, which progressively in-
creased towards the south. Lower pH values were
recorded around northern areas with higher sand con-
tent, due to effect of leaching of exchangeable cations
from the sandy soils. Organic carbon content is
highly variable across the study area, with notably
higher values in the center corner, likely due to the
presence of fallow lands towards this area. The lack of
nugget effect and a range of 124.80 m indicate strong
spatial dependence and little measurement error.

1 A
Clay (alkg) BD (Mg/m*3)
[_106-157 [_J12s-127
[ 157-200 [ Ter-130
[ 200 - 261 [ 130132
B 2s1-312 B 52- 135
| RN I s 127

N N
0C (g/kg) CEC (cmolfkg)

0.06-0.18 [ 175-103

[ Jo1s-031 [ ]1w03-132
[ o31-044 132161
B o44-056 B 6190
I o56-06¢ Bl o0-z19

| s e e e s e TP

i} 18

Fig. 3 (a-f). Spatial distribution of sand, clay, BD, pH, OM and CEC in the study area
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Conclusion. The spatial distribution maps re-
veal distinct patterns for each soil property, influ-
enced by a combination of geological, climatic, topo-
graphical and landuse factors. Clay and CEC show
the strongest spatial dependence over larger dis-
tances, while organic matter and pH content exhibits
the weakest dependence over a very short distance.
Land management practices should focus on impro-

ving soil properties with weak spatial dependence,
like organic matter, as they are more susceptible to
short-term changes. This can be achieved through
planting of cover crops and residue incorporation.
Heterogeneity of these soil properties should be con-
sidered for implementing successful site specific
management, especially in selecting appropriate till-
age practices.
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IIpocTopoBa MiHIMBICTH IeAKUX BJIACTUBOCTEH IPYHTY
HaBKoJ10 paiiony 3apis, llItar Kagyna, Hirepis

Acin Azono Assan’

BUKJIa/1a4, HAyKOBHH CITIBPOOITHHK,

! ®enepanbuuii ynisepcurer Bykapi, mrrar Tapa6a, Hirepis;
Pyxaa Myxammao @amixy ’

marictp, ° Yuisepcuter Axmany Bemto, mrar Kanyna, Hirepis

IIpocTopoBa MiHIMBICTH BIACTMBOCTEH IPYHTY I BIUIMBOM SIK BHYTPIIIHIX, TaK 1 30BHIMHIX (haKTOpiB Bimirpae
KITFOYOBY POJIb Y TPOAYKTUBHOCTI CIILCHKOTO TrocmofapcTBa. Po3yMiHHS 1€l MiHJIIMBOCTI Ma€ BHpIIIaIbHE 3HAYCHHS IS
BIIPOBA/KCHHS 1HANBINYaIbHOTO YIPABIIiHHA, K€ ONTUMI3y€e PO3IMOILI peCcypCiB, OTHOYACHO 30epiraoun 370poB’ s Ipy-
HTY. Y IIbOMY JOCTI/KCHHI BUBYAETHCSA MIPOCTOPOBA MiHIMBICTH BUOPAHHUX BIACTUBOCTEH IPYHTY Ha CUTBCHKOTOCIIONAP-
CBKHX TIOJISIX HaBKoJIO 3apii, mrar Kagyna, Hirepisi, BAKOpHCTOBYIOYH I'€OCTATUCTUYHI METO/IH, 11100 HAJATH HOSICHEHHS
JUISl CTAJIOTO YIIPABIIiHHS 3eMEJIbHUMH pecypcaMu. JloCimiPKeHHs TPOBOAMIIOCS Ha TEpUTOPii Iutomero 85 rexrapis, po3-
TamoBaHii y micti 3apid, mwrar Kagyna. Cimzecst 3paskiB rpyHTy Oyio 3i0paHo 3a JOHNOMOTOI0 Binbopy mpob Ha 85
rekrapax. JloTpUMyIOYHCh CTaHJapTHUX JIAOOPATOPHUX IPOLELYP, 3pa3Ku OyIIu NpoaHali30BaHi Ha BIACTUBOCTI, BKIIIO-
Yal04u PO3IOALT YACTHHOK 32 po3MipoM, 00’ eMHy 1minbHicTs (BD), pH, opraniunuii Byrneus (OC) i eMHICTH KaTiOHHOTO
oominy (CEC). Jlns BU3HAUEHHS MPOCTOPOBOI 3aJIEKHOCTI BUKOPHUCTOBYBABCS T€OCTATUCTUYHUN aHAI3 3 BUKOPUCTAH-
HsM iHTepnoismii Kpiriara ta MonearoBaHHS BapiorpaMu. MoIeNIOBaHHsI BapiarpaMy BHSBHIIO CHIIBHY ITPOCTOPOBY 3a-
JISKHICTh 71 OUTBIIOCTI BJIACTUBOCTEH TIPYHTy (BimHOMIEHHs camoponkiB < 0,25), sxmodatoun BD, OC i pH, mo
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CBIMMTH TIPO BHYTPIIIHI PAKTOPH, K KITIOYOBI YMHHHUKH. [IpocTOpOBI iana3oHu 3MiIHIOBAJIMCS 3aJI€XKHO BiJl BIACTUBO-
creit, mpu npoMy riuHa Ta CEC nocsiranu 339,9 M Ta 347,6 M BinnoBiaHo, Toi sik pH Ta BD nmokasainu KopoTiini Jiana3oHu
85,4 m Ta 93,3 M. [IpocTOpOBI CTPYKTYpH B MICKYy Ta IJIMHI MPOAEMOHCTPYBAIH 3BOPOTHI 3B’SI3KH, OCKIJIBKU 00IACTI 3
BUIIUM BMicTOM InHH AeMoHcTpyBainu Buii piBHi CEC ta pH. InTepnomsiuis Kpirinra BusBuia 4iTki pocTOpOBi 3aK0-
HOMIpPHOCTI, Taki sik BumIi koHnenTpauii mumHu Ta CEC y neBHUX 30Hax Ta HWx4uil pH y mimannx oonacTsx, 1o BKazye
HAa BIUIMB BIJIyTOBYyBaHHA. KapTu mokasamnm, mo Ha mpoctopoBuii posmozain OC i BD BmumBaioTh KOPOTKOUACHI IPOIIECH,
SIKI BUMararoTh JIOKaJIi30BaHUX CTpaTeriid ynpapiiHas. e mocmimpkeHHs 1eMOHCTpY€e HEOOXiIHICT 3BEpHEHHS 0 IPOC-
TOPOBOI MIHJIMBOCTI B TIaHAX YIIpaBIiHHA I'pyHTaMU. CriibHI Kopemanii Mixk mmHoio Ta CEC migkpecToloTh KpUTHIHY
POJb TEKCTYpH Y BIUIMBI Ha POAIOYICTh IpyHTY. Taki BiractuBocTi, ik OC i BD, 3i cnabkoro mpocTopoBOIO 3aeKHICTIO,
BHUMararTh HETAHHOI yBart 3a JOMOMOTOIO IIJIECIIPIMOBAaHHUX BTPYYaHb, TAKHUX SIK OPTaHIuHI MOMIPAaBKU Ta BIOCKOHAJICH]
MeTonu 00poOITKY IPYHTY.
Kniouoei cnosa: Kpizcine, cemisapioepama, npocmopoea MiHaugicmo, 81acmugocmi [pyHmy.
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KoHdniKT iHTepeciB: aBTopu NOBiAOMAAIOTb NPO BiACYTHICTb KOHOAIKTY iHTEpeciB MpuiiHata 18 auctonaaa 2024 p.

-312-



