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The paper offers an analysis of the processes of soil acidity neutralization and soil acidification,
their interaction and practical consequences. The study object is acid Lithuanian soils. The study
was carried out in Lithuania on national and local levels. Material collected in a fifty-year period
of agrochemical studies of agricultural land and long-term investigation of soil liming has been
used and summarized. The aim of the work was to verify the competence level of the scientific
conception and the practical value of scientific recommendations using GIS statistical methods.
Systemic spatial and temporal analysis was the main method used in the study. Geoinformation
methods were employed to establish the spatial gradation regularities of acid soil areas. The sta-
tistical analysis of the upper horizon pH and soil granulometric composition diversity involved
the method of statistical grid (2 x 2 km = 4 km?).

It was revealed that localization of acid soil areas as natural bodies in its essence is a regular
natural phenomenon predetermined by soil genesis. The change of acid soil plots (decrease
and increase) takes place in the same areas. Regular liming of acid soils according to scientific
recommendations at recommended intensity and cycles, equally as omitting one cycle of lim-
ing, exert the greatest changes in the areas of the same acidity, i. e. in very acid and medium
acid soils. Soil acidification in the whole territory of Lithuania, if no liming is applied, confirms
the necessity of regular uninterrupted liming. The spatial gradation (decrease and increase) of
acid soil areas corroborates the adequacy of the scientific conception and of practical scientific
recommendations.
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INTRODUCTION

tion are the different process that proceed simultaneously , and
the degree of intensity of both depends on soil bufferness [19,

Soil pH reflects changes in soil acidity. Soil acidification takes
place in both natural and anthropogenized environments. At
present, the acidification of cultured soils is understood as cati-
on leaching and removal with plant production in the theoretical
sense [22], while practically it is regarded as soil degradation, i. e.
the process of deterioration of its chemical, physical and biologi-
cal properties [2, 21]. Acidity neutralization and soil acidifica-

22]. This is the explanation of the dependence of both processes
on carbonate content in the parent rocks or bedrocks [22].

In Europe, over the last 150 years studies of liming as the most
efficient and irreplaceable preventive means of soil degradation
have been exhaustive and encompassed the object of liming (soil
genesis), duration of the effect of liming substances (chemical
meliorator, fertilizers) and their impact on soil and yield. In the
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sense of knowledge, the core problem has always been and still re-
mains the lack of systemic analysis. Experimental results have re-
vealed the variegated effects of liming — agrochemical, agrophysi-
cal, biological, agronomical, environmental [5, 6, 21, 22] - both
those widely known positive and potentially negative [5,6].

Soil acidification as a process has been studied far less com-
prehensively because since the mid 1960s it has been most often
analysed only in the context of liming as a result of the chemical
activity of lime fertilizers.

With the conception of the nature-friendly anthropogenized
environment gaining an ever increasing importance since the
ninth decade of the 20th century, and with the present-day con-
cepts of the profitable market economy, of particular significance
has become elucidation of soil acidification processes.

The concept of a correlation between soil as the object of
liming and soil acidification as a process in the 20th century
underwent changes because of different approaches to soil and
to the need of liming: the scientific approach to an individual
soil profile and the resulting conception of differentiated liming
depending on the depth to carbonate (Lithuania, the sixth dec-
ade), the overestimation of the upper soil horizon and the con-
cept of liming in dependence on the upper horizon properties
(Eastern Europe, seventh—eighth decades), the scientific spatial
approach to soil, dependence of activity of natural and anthro-
pogenic factors of soil acidification on the carbonate content of
parent rocks, the depth of parent rocks and bedrocks, the rec-
ognition of the significance of the geological and hydrological
state of the soil cover, profile pH (Bulgaria, Denmark, the United
Kingdom, Poland, Lithuania, the Netherlands, Russia, Hungary,
Germany - the ninth decade) and the revival of the concept of
differentiated liming effects on the properties of soil profile ho-
rizons or parient rocks (Poland, Lithuania, Russia — the ninth
decade) [22].

In East-European countries, nowadays the problem of soil
acidification is especially urgent. In Lithuania, both for economic
reasons and because of the underestimation of scientific knowl-
edge, 15 years ago soil liming intensity was reduced, and the ces-
sation of liming in 1997 because of the lack of financing already
shows its first results: acidification of soil has been recognised
[11]. This applies to both heavy- and light-textured soils [11].

In Belarus, even a temporary (three-year) reduction of lim-
ing by 50-60% evoked sings of soil acidification [16]. In Russia,
where the volume of liming was drastically reduced after 1990,
soil acidification is expected to increase [20].

The turn of the centuries did not manifest any leap of the
scientific thought; on the contrary, a strengthening of the former
ideas is evident [11,19,20]. When interpreting the results of the
most recent investigations it has been recognized that under real
conditions of farming on light loam moraine soils, only intensive
liming gives fast results as it allows a rapid optimization of the
acidity / basicity indices [6, 20]. The state of soil acidity / basicity
is related to the chemical composition of parient rocks, therefore
even in well culturized soils the influence of genetic differences
remains preserved [11, 20]. It has been acknowledged that soil
acidification differences in the territory of Lithuania, in the ab-
sence of liming, are essentially dependent on the genetic diver-
sity of soil acidity in a profile, therefore, in the face of soil liming
renewal, the concept of differentiated liming is proposed. The

concept prioritizes the so-called originally acid soil areas that
were present before intensive liming [11].

The search of a correlation between the above-mentioned
conceptions and the practical solution of the problem gave the
following results: the spatial differences in soil acidity neutrali-
zation were elucidated and substantiated; the prognostication
of differentiated liming depending on the depth to carbonate
was proposed [22]; spatial differences in soil acidification in
the territory of Lithuania were established [11], the methods of
investigation — GIS statistical analysis [7, 15] - were improved
and provided a scientific background for developing the theory
of soil acidification prognosis.

The aim of the present work was to verify the conformity
between the scientific conception and practical scientific recom-
mendations using GIS statistical methods.

The tasks were as follows:

1. A retrospective analysis of acid soil gradation on the na-
tional level.

2. A retrospective analysis of soil acidification rates on a lo-
cal level (field trial).

3. Assessment of soil acidification conformity between the
national and local levels.

The novelty of the work consists in the substantiation of a
correlation between the upper soil horizon pH and the spatial
diversity of soil granulometric composition using the statistical
grid method and elucidation of the spatial localization of de-
creasing and increasing acid soil areas using the GIS method.

METHODS

The object of the study was acid soils of Lithuania. Systemic
spatial and temporal analysis was the main method used in
the study. The methods were literature analysis, cartographical
analysis, GIS, GIS statistical analysis, laboratory analysis and
field trial. The research was carried out on the national and local
levels (Fig. 1). Materials collected in the course of 50 years were
used and summarized.

The national level:

» Data of agrochemical investigations of agricultural lands
for a period of 40 years (1964-2004) were summarized. They
represent the spatial and temporal distribution of conditionally
acid (pH < 5.5) soil areas.

The local level:

» Data of long-term stacionary investigations of liming for
the period 1949-2006 (stacionary trials at the Vézai¢iai and
Voke branches of the Lithuanian Institute of Agriculture, Fig. 2).
They represent cadastre localities in which the areas of acid soils
are increasing.

Data of the investigations represent Albeluvisols on moraine
deposits in West Lithuania and Luvisols on fluvioglacial sedi-
ments in East Lithuania.

The investigations were carried out in three stages:

1. A retrospective analysis of change of acid soil areas on the
national level.

2. A retrospective analysis of soil acidification rate on the lo-
cal level.

3. The processes of soil acidification and their conformity on
the local and national levels.
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1. Retrospective analysis of the change of acid soil areas on the
national level

Systemic analysis was used to investigate the spatial distribution
regularities of acid soils on the territory of Lithuania (Fig.2),
employing the literature analysis and geoinformative methods.
To perform a spatial multilayered correlation with the applica-
tion of GIS (geographical information system), the geographi-
cal information (the spatial information provided by maps) was
transformed and co-ordinated with regard to the LKS-94 system
of co-ordinates. This method was used to compare the maps of
acid soil areas (Figs. 2-4) and agricultural land soil pH [18].

The statistical analysis of soil pH spatial distribution was
based on a modified map of agricultural land soil pH (Fig. 2).
The method of statistical grid (2 x 2 km = 4 km?) was employed
for the statistical analysis of pH diversity. Soil pH diversity was
expressed in points, and the spatial structure diversity was dif-
ferentiated into five categories: very uniform, uniform, rather
diverse, diverse and very diverse. The choice of the intervals was
predetermined by the structure of a data set (binomial distri-
bution of the values). The soil pH diversity map was compiled
according to the deviation of the diversity point value from the
mean value (Figs. 3,4). The methods of soil pH diversity statisti-
cal analysis and map compilation have been presented in detail
elsewhere [7] as a study accomplished by J. Volungevicius.

The map of soil pH shows the distribution of pH values in
the upper (0-20 cm) soil horizon on the territory of Lithuania.
The pH values were determined in KCl extract.

The map of the soil granulometric composition was com-
piled on the basis of data of the digital map of Lithuanian soils
ata scale 1:300000 compiled in 1998 by the Land Research and
Assessment Department of the National Land Management
Institute. The soil granulometric composition types were differ-
entiated according to both the numerator and denominator of
the first member in the soil combination contour (Fig. 2). This
means that the contour of the map reflects only the predominant
soil granulometric composition. The map shows the granulom-
etric composition of the upper 1 m layer of surface deposits (soil
particles less than 1 mm). The method of the map compilation
has been presented in detail elsewhere [15]. The method of sta-
tistical grid (2 x 2 km = 4 km?*) was employed for the statistical
analysis of granulometric composition diversity. Granulometric
composition diversity was expressed in points and the spatial
structure diversity was differentiated into five categories: very
uniform, uniform, rather diverse, diverse and very diverse. The

soil granulometric composition diversity map was compiled
according to the deviation of the diversity point value from the
mean value (Figs. 3,4).

2. Retrospective analysis of soil acidification rate on the local
level
Data of long-term investigations were used to assess soil pH
changes in the upper layer under the effect of soil liming.
Laboratory analysis of soil pH was performed by the meth-
od of potentiometry (1 n KCI suspension). Soil pH, , indices in
long-term studies were assessed by the method of correlation—
regression analysis employing STATISTICA software.

RESULTS

Retrospective analysis of acid soil spatial change on the na-
tional level

A systemic analysis of acid soil plot change over a period of 40
years (1964-2004) [11, 22] has confirmed that the spatial (ter-
ritorial) distribution of acid soils is predetermined by natural
reguliarities. The localization of acid soil areas in a profile is a
stabile natural phenomenon. Liming of the upper horizon of
soil (0-20 cm) according to scientific recommendations has no
effect on acid soil spatial distribution, because systemic liming
at a standard 1.0 rate exerts no essential residual effect on the
whole soil profile over a period of 50 years [4-6].

In West Lithuania, acidification of Albeluvisols on moraine
loams, according to pH level in Ap and EB horizons was slowed
down to the depth of 0.5 m only under intensive application of
powder lime — 2.0 rates every 3—4 years or 2.5 rates every 7 years
over a period of 50 years. In East Lithuania, systemic liming (3.5
rates of powder lime) after 25 years reduced soil acidity to the
depth of 0.8 m.

Liming of the upper soil horizon according to scientific rec-
ommendations influences only the spatial and temporal distri-
bution of pH level (the plot of acid soils in %, calculated for the
pH level <5.5). The pH level of the upper horizon in cultured
soils changes with time - it either increases (neutralizes as a
result of liming) or decreases (as a result of acidification). As a
consequence, the area of acid soils in time and space (plot in %)
also changes - it either increases or decreases, respectively. The
methodic aspects of explaining changes in acid soil plots (spe-
cific features of liming and methods of pH investigation), which
were given much attention earlier and are mentioned also at
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present [11], are of secondary importance. In the present work,
attention is focused on the most significant regularities:

— systemic liming according to scientific recommendations
(intensity and periodicity [22]), as well as omiting one cycle
of liming [11] induce most significant changes in soil groups
of the same acidity - those very acid and medium-acid, which
decrease under the effect of liming and increase as a result of
acidification;

— after ten years of intensive liming (1-2 cycles) [18],in 1978
a very acid and medium-acid soil pH of the upper soil horizons

was found in the Zemai¢iai Highland (West Lithuania) where
acid soils comprised more than 70% (Fig.3) before intensive
liming and 50% to 60% [10, 13, 18, 22] after four cycles of lim-
ing. It is exactly in this region that omitting one cycle leads to an
increase of acid soil plots;

- both a decrease and an increase of acid soils plots depend
on a particular geochemical environment in soil - its relief,
moisture regime and the genetic properties of the soil profile
[11,22]. The regularities have been proven for both the cadastre
localities and the whole territory of Lithuania [11,22].
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In the light of these regularities which became pronounced
in the course of 40 years, logical seems the structure of the upper
soil horizon pH determined before [22]. After ten years of inten-
sive liming, the spatial structure of the upper soil horizon pH
diversity actually repeats the macrostructure of the relief - the
contours of highlands and lowlands - and reflects their internal
spatial structure: in the Zemai¢iai Highland, the spatial structure
is concentric (Fig. 3), whereas in the Baltic Highlands it is radial
(Fig.4). Very acid and medium-acid areas are situated mostly on
the hilly relief of the Albeluvosol contours in West Lithuania and
on Albeluvisol and Planosol contours in East Lithuania [4]. The
interaction of various factors (soil depth / depth to carbonate,
soil granulometric composition and carbonate content of par-
ent rocks, surface relief, the age of the relief) predetermines a
low or a high diversity of soil pH. Low pH diversity is character-
istic of granulometric composition of homogeneous, relatively
younger parent rocks with a higher carbonate content (Central
Lithuanian Lowland) and older (Lyda Plateau) territories with
a more levelled surface. High pH diversity is characteristic of
territories of various granulometric composition and medium
age, such as parts of the Baltic Highlands and the Zemaiciai
Highland. A correlation between soil granulometric composi-
tion and upper horizon pH is obvious: low soil granulometric
composition diversity areas show also a poor diversity of the pH
index (Figs. 3,4).

Retrospective analysis of soil acidification rates on a local level
Moraine loam Albeluvisols. With regard to soil neutralization,
liming is a long-standing means. As regards mobile aluminium,

its effect survives for up to 53 years [12]. However, as regards soil
pH, the effect of liming is essentially shorter.

In very acid soils limed with 1.0 rate of coarse lime fertiliz-
ers (tufa or carbonaceous loam), the soil acidity level pH, , 5.5 is
achieved within 13 years, while the application of chemically ac-
tive lime fertilizers (slaked lime and powder lime) reduces this
period to 7 years [12].

Very acid soils after liming with 1.0 rate of powder lime pre-
serve the economically and ecologically optimal level of pH,
5.8-6.0 for a period of five years. The above-mentioned distri-
bution of very acid and medium-acid soils on the territory of
Lithuania after ten years of intensive liming (Figs. 3 and 4) may
be a consequence of the scheduled first liming, because within
this period very acid soils after the initial liming with powder
lime (the standard 1.0 rate) acidify by 0.8 pH unit [3].

As a result of systematic periodical liming with 1.0 rate of
powder lime every seven years, the pH of very acid and me-
dium-acid soils does not attain the level pH,, < 5.5 and this rate
of liming applied for 14 years changes soil acidity to the level of
pH 6.0-6.2, which is optimum for most plants. This level is justi-
fiable also ecologically. With liming intensified to 1.0 rate every
3-4 years, an analogous pH, , 5.9-6.1 is attained within 7 years,
and it increases to pH, , 6.5 within 14 years (Table 1). This mode
of liming leads to soil degradation.

Fluvioglacial sandy Luvisols. In very acid soils, initial liming
with the standard 1.0 rate of limestone dust fails to ensure the
recommended pH, , limit of 5.0. Repeated liming at the same
rate after 10 years increases soil pH to the level exceeding 5.5,
and soil acidification stabilizes (Table 2).
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Table 1. Soil pH dynamics under the effect of periodic liming in West Lithuania.
Vézaiciai, 1985—2005, trial in honour of J. Kalvaitis

Il Strongly acid, pH< 4.5

I Moderately acid, pH 4.6 - 5.0

[ slightly acid, pH 5.1 - 5.5

|:| Close to neutral, pH 5.6 - 6.0

|:| Very close to neutral and neutral, pH>6.1

Soil pH and acid soil areas

110-5
6-15
16-30
31-50
51-70
>70

Diversity

[ ] Very uniform
[ Uniform

I Rather diverse
I Diverse

Il Very diverse

Limed
Period No lime added
1.0 rate every 7 years 1.0 rate every 3-4 years

pH,, changes after one / two cycles of periodic liming
1985-1988 4.2+0.07 - 55+0.14
1985-1991 4.3+0.05 5.6 +0.07 6.0 £0.06
Average per 7 years 4.3+0.05 5.7+0.13

pH,, changes after two / four cycles of periodic liming
1992-1995 43+0.05 - 6.4+0.17
1992-1998 4.2 +0.06 5.8+0.06 6.5+0.09
Average per 7 years 4.2+0.06 6.5+0.09

pH,, changes after three / six cycles of periodic liming
1999-2002 4.2 +0.04 - 6.7 £0.05
1999-2005 4.2 +0.04 6.4+0.07 6.8+0.12
Average per 7 years 4.3 +0.04 6.8 £0.06
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Table 2. Soil pH, ,
Voké, 1973-1992

changes after periodic liming in East Lithuania

Liming intensity pH,, before liming (1973) pPH, after primary liming (1983) pH,, after periodical liming (1992)
0.5 rate every 10 years 4.3 4.5 5.1
1.0 rate every 10 years 4.3 4.8 5.7
R, 0.08 0.08 0.10
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DIRVOZEMIO pH KAITA LIETUVOJE:
ANALIZE ERDVEJE IR LAIKE

Santrauka
Analizuojama dirvoZemio rag$tumo neutralizacijos bei dirvozemio
ragétéjimo procesy vyksmo saveika ir pasekmés Zemés tkio praktikos
poziariu. Tyrimo objektas — ragstas Lietuvos dirvozemiai. Tyrimai at-
likti Lietuvoje nacionaliniame ir lokaliniame lygmenyse. Panaudota ir
apibendrinta pusés amzZiaus laikotarpio tyrimy medziaga (zemeés ukio
naudmeny dirvozemio agrocheminiy tyrimy ir dirvoZemiy kalkini-
mo ilgalaikiy tyrimy duomenys). Sio darbo tikslas - patikrinti gamtos
moksly koncepcijos ir moksliniy rekomendacijy praktikai suderina-
muma GIS statistiniais metodais. Tyrimai atlikti erdvéje ir laike siste-
minés analizés metodu. Taikyti literatarinés analizés, kartografinis, GIS,
GIS statistinés analizés, laboratoriniy tyrimy ir lauko metodai. Rag$¢iy
dirvoZemiy ploty kaitos erdviniai désningumai Lietuvos teritorijoje nu-
statyti geoinformaciniais tyrimo metodais. DirvoZemio vir$utinio hori-
zonto pH ir dirvozemio granuliometrinés sudéties jvairumo statistiné
analizé atlikta statistinés gardelés metodu (2 x 2 km = 4 km?).
Nustatyta, kad rags¢iy dirvoZemiy kaip gamtinio kino arealy loka-
lizacija i§ esmés yra désningas gamtos reiskinys, nulemtas dirvozemio

genezes. Rugéciy dirvozemiy plotai kinta (mazéjimas ir didéjimas) i§
esmés tuose paciuose arealuose. Ragsc¢ius dirvozemius kalkinant sis-
temingai pagal mokslines rekomendacijas nustatytu intensyvumu ir
ciklais, o lygiai taip pat ir vieng cikla nekalkinant labiausiai keiciasi ty
paciy ragstumo grupiy — labai rag§ciy ir vidutinio rag§tumo dirvoze-
miy ploty dydis. Dirvozemiy rug$téjimas visoje Lietuvos teritorijoje, ju
nekalkinant, pagrindzia sistemingo nepertraukiamo kalkinimo buatinu-
mg. Ragsciy dirvozemiy ploty kaitos (mazéjimo ir didéjimo) erdvine
lokalizacija patvirtina gamtos moksly koncepcijos ir moksliniy reko-
mendacijy suderinamuma.

Raktazodziai: rugstas dirvozemiai, dirvozemio pH, GIS statistiné
analizé

Mapusa diigykasudene, [lanyTe Oxepaiitene,
JTropvuna Tpunonbsckas, Vionac Bonrynrasidroc

MN3MEHEHME pH ITIOYBbI B JIMTBE: AHAJIN3 BO
BPEMEHI I B TIPOCTPAHCTBE

Peswome

B cratbe aHaMM3MpYIOTCA B3aMMOJIEIICTBIE TIPOIIECCOB HefITpanu3arm
¥ TIOAKVC/IEH ST TI0YB M UX PaKTIdecKe mocneactsisi. O0bext uccie-
TOBaHMIT — KUC/Ible 0YBbI JInTBbL VccenoBanms BoIOMHE DI B JIuTBe
Ha HAIVIOHA/IbHOM ¥ JIOKQJIBHOM ypPOBHe. VICII07Ib30BaHbI 1 0600611IeHbI
MaTepyanbl MCCIENOBAHMIA 3a TIONYBEKOBOI Mepyof (JaHHbIe arpoxiu-
MITYeCKVX MCCIefIOBAHMIT CebCKOXO3ANCTBEHHBIX YTOAMIL U JTUTENb-
HBIX CTAI[MIOHAPHBIX OIIBITOB 110 M3BeCTKOBaHMI0). Llenb anHoi pado-
ThI — IPOBEPUTh KOMIIETEHI[NI0 €CTeCTBEHHOHAYYHO KOHIEMIMN I
HAyYHBIX PeKOMEH/AIVIT 110 M3BeCTKOBAHMIO TOYB. VccmeoBaHmsA BbI-
IIO/IHEHBI BO BPEMEHN U B IIPOCTPAHCTBE METOJJOM CYCTEMHOTO aHAIN-
3a. [IpiMeHeHbI MeTOJIbI TUTEPATyPHOTO aHA/IN3a, KapTOrpadyeckuii,
TIC, cratucriaecknit anams TVIC, mabopaTopHbIe 1 10/IeBbIe METOMIBL.
3aKOHOMEPHOCTY IPOCTPAHCTBEHHOTO V3MEHEHVIS IUIONIAeil KUCTBIX
T0YB Ha TEPPUTOPMM TOCYAAPCTBA YCTAHOB/IEHDI FeOMH(OPMALIMOHHBI-
MU MeToiamu ucciefoBanmit. Cratucrideckas 06paboTKa JaHHBIX pas-
HO06pa3yst pH BepXHEro ropu3oHTa CebCKOXO3AICTBEHHDIX YTORUIT 1
TPaHyIOMETPITIECKOTO COCTaBa MOYBHI BBHIOTTHEHA METOJIOM CTAaTICTH-
wecKoit pemreTkit (2 X 2 kM = 4 Km?).

YCTaHOBIIEHO, YTO JIOKaIM3aLVs KUCTIBIX NIOYB KaK apeana Ipu-
POMIHOTO Tefa, MO CYTH, eCTh 3aKOHOMEPHOe IPUPORHOE SABIIEHIE,
00yCIIOB/IEHHOE TeHEe3MCOM II0YBBL VI3MeHeHMe IUIONIajieil KIC/IbIX
10YB (YMEHbIIEHN)E 1 YBeNNYeHIe) IIPOMCXOMUT IPAKTUYECKH B Off-
HIUX I TeX ke apeanax. [Ipy oCHOBHOM Ha Hay4HBIX peKOMEeH/AIAX
CUCTEMATNYECKOM W3BECTKOBAHNN (C OIpeJIeNIeHHOI MePUOTNIHOC-
TbIO U KOHKPETHBIMU HOPMaMN), @ TAKXKe He U3BECTKYs MOYBBI OfIMH
VKT, U3MEHAETCA BeMMUIHA ITIONIa/Ieit OHIX 1 TeX JKe CaMbIX TPYIII
II0YB — OYEHDb KVIC/IBIX U CpefHeKMCIBIX. [Iponecc okucmenns n3pect-
KOBAaHHBIX II0YB Ha BCeil Tepputopyy JINTBBI MOC/e MpeKpalleHus
M3BECTKOBAHUsI 000CHOBBIBAET HEOOXONMMOCTb HEIPEPHIBHOTO CH-
CTEMAaTNYeCKOTO M3BECTKOBAHWA CEMTbCKOXO3SAMCTBEHHBIX YTOMMIL.
IIpocTpaHCTBeHHAS OKAIM3ALVA M3MEHEHNA (YMEHbIICHNSA U yBe-
JIMYeHs1) TUTOMAjiell KUC/IBIX T0YB TTOATBEP)KIAeT COITACOBAHHOCTD
€CTeCTBeHHOHAYYHOI KOHI[ETIIVI U HAYIHBIX peKOMEeHAIIIL.

KnroueBsle cmoBa: kucble moyBbl, pH IOYBBI, CTaTUCTIUYECKII
anamus ['VIC



