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Abstract: 1t is shown that the winterizing of soil solutions leads to increase in their concentration, ionic force, a
mass fraction of sodium and potassium that in total with increase in solubility of gases leads to destruction of a mineral
part of soils, aluminosilicates and can influence destruction of construction objects. This process is followed by increase
in contents water-soluble K, Ca, Mg, Fe and is shown by change of character of infrared ranges and derivatogramm of
soils. The maintenance of cations in solutions at their winterizing is caused by solubility of rainfall which is (in mg/l): for
Fe(OH)2 at2°C-4,5:10-5; Fe (OH)3 - 2:10-8; for KCI - 34,2; K2S04 - 7,4, for Na2SO4 - 52,9; for MgCI2 - 54,6, MgSO4
- 18; MgCO3-H20 - 0,13. When freezing point to destruction of the soil absorbing complex also the data of infrared
spectroscopy and a derivatografiya obtained by us. Freezing of soil solutions divides them into 2 fractions: freezing and
nonfreezing at the accepted negative temperature and time of her action. In nonfreezing fraction of soil solution resistance
is lower, it is more than contents of ions. It allows to say about more intensive destruction of soils under the influence of
this fraction. In not frozen part of soil solutions, in comparison with frozen, the ratio of cations changes, however, in
connection with existence in soil solutions of humic substances, complexes and associates, regularity of change differ from

established for a kriolitozona in general.
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Introduction

When the soil solutions freeze, their
freezing out takes place. The frozen part of
the solution is less mineralized, the
unfrozen part contains large concentrations
of elements. Theoretically, this leads to the
destruction of the mineral part of the soil
under the influence of the greater ionic
strength of the solutions. However, it is not
clear how the state of organic compounds
changes. In different soils, this process must
have its own features. The ratio of ions in
solutions should also vary.

The freezing point of the solution
depends on the pH, the humus content, the
ionic strength of the solution, and the
presence of surface active substances in it.
Thus, different microzones of soils freeze in
different time, which determines migration
processes. An increase in the concentration
of salts and the ionic strength of the solution

leads to a decrease in the freezing point and
an increase in the boiling point of the soil
solutions. An increase in the content of
humic substances in the soil solution leads
to evaporation of water at lower
temperatures and to freezing at higher
temperatures. The change in the
composition of soil solutions during their
freezing is estimated in this study.

Objects and methods

The object of the research was the
taiga cryogenic soil [12], sod-podzolic soils
[5, 9] and for comparison - a sample of
arable layer of ordinary chernozem [3,4].

The method of the research consisted
of evaluating the water-soluble and motile
compounds of Ca, Mg, K, Fe, the resistance
in the soil solution of frozen and unfrozen
samples at -1°C, in evaluating the infrared
spectra [6], and derivatograms of original
samples and samples after 5-fold freezing.
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Results and discussion

In our studies in 6 series of
experiments, the changes in the ion
composition of soil solutions of the taiga-
forest zone and permafrost-taiga soils
during their freezing were estimated [12,
14]. The following Tab 1. shows the data
obtained in experiment No. 1.

As it can be seen from the presented
data, when the solutions are frozen out, the
content of potassium increases, but the iron
content and resistance vary for light and
heavier soils unequally. Sokolov [.A. pointed
out the changes in the composition of soil
solutions during freezing for light and clay
soils [15]. However, in the studied soils,
during freezing in non-hardened solutions
the resistance decreases and the content of
iron increases significantly [12, 14].

The data in Tab. 2 shows that, the
frozen and unfrozen solutions differ in iron
content and in resistance. In unfrozen
solutions, the resistance is generally lower,
which is due to their greater electrical
conductivity and greater concentration of
salts. However, for the humus horizons, the
pattern is reversed. In unfrozen solutions,
there is also a large concentration of iron. At
the same time, no such pattern is observed
for humus samples.

Freezing of the soil, due to an increase
in the ionic strength of the solution reacting
with the solid phase, leads to the
destruction of aluminosilicates and the
increase of desorption of iron from the solid
phase of the soils into the solution. Thus,
according to the data obtained, when

composting at +20° C and during freezing of
the cryogenic-taiga soil at -15° C for 1 day,
desorption of Fe in mg-eq/100 g, using
desorbent 0.05M HCl, was 2.5 and 3.5
meq/100 g respectively; at desorption 0.1M
HCI - 3.5 and 4.5; when iron is displaced by
0.2M HCI - 4.5 and 4.7 mg-eq/100 g of soils.

As can be seen from the presented
data, soil freezing significantly increased
the mobility of iron in the permafrost-taiga
soil. At the same time, the content of the
most mobile forms of iron compounds
greatly increased. This is illustrated for the
cryogenic-taiga soils of the Magadan Region
(experiment No. 2) by the data of the Tab. 3.

In accordance to the laws of physical
chemistry, when the solutions are frozen,
the precipitating solid phase consists of a
pure solvent. In this case, the presence of a
soluble substance lowers the freezing point,
and the more concentrated the solution is,
lower freezing point is. However, these
patterns should differ depending on the
granulometric and chemical composition of
the soils and the chemical composition of
the waters.

Experiment No. 3 estimated the effect
of freezing water on the composition of
water extract from sod-podzolic soils,
which is presented in the Tab. 4.

As can be seen from the presented
data, the content of potassium is greater in
the unfrozen solutions than in the frozen
ones in 3 cases out of 5, calcium in 5 cases
out of 5, iron in 3 cases out of 4, magnesium
in 5 cases out of 5. The use of non-
parametric criteria of difference shows the
validity of the changes.

Table 1.

The content of Fe, K in the frozen and unfrozen fractions of soil solutions of cryogenic-taiga
soils of Yakutia (sections 1, 2, 3), mg/1

The frozen solution | The unfrozen solution | Resistance, Ohm/cm
Soils 1 2
Fe,mg/l | K,mg/l | Fe,mg/] K, mg/1 (frozen | (unfrozen
solution) | solution)
light clay, 1,840,7 | 2,6£0,4 | 2,8:0,7 | 7,9¢1,7 | 16,0¢1,1 | 19,8+1,7
sandy loam
medium loam 0,25+0,09 | 2,7+0,4 | 0,09+0,04 | 8,7+1,6 | 42,4+3,2 | 26,7+3,8
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Table 2.
Determination of resistance in frozen and unfrozen samples of soil solutions from the
cryogenic-taiga soils of Yakutia

. Resistance, Resistanc
Profile Horizon, The frozen | Fe, mg/1 K20, ¢ The Fe, mg/l K20,
depth, cm . mg/1 unfrozen mg/l
solution :
solution
Ao 0-2 41,4+2,2 0,2 2,0 149,3+4,3 0,3 7,0
1 A3-12 52,2+1,9 0,4 5,0 8,7+0,1 0,1 6,0
Bm 13-68 38,9£0,6 - 3,0 19,8+1,1 - 5,0
BCca >68 53,4+2,9 - 2,0 30,2+1,3 - 7,0
Ag 0-2 24,224 0,4 2,0 38,7+3,5 0,1 8,0
) A 3-27 36,1+1,4 0,01 2,0 24,7+0,7 0,03 14,0
Bm 28-62 42,5+3,2 - 4,0 32,3+1,0 0,01 18,0
BCca) >62 50,5%¥2,9 - 2,0 - 0,02 5,0
Ao 0-3 14,0+0,1 0,05 1,0 18,6+0,3 1,0 4,0
3 A4-21 22,2x0,5 0,6 2,0 27,8+0,5 2,0 6,0
ABm 22-30 | 12,904 0,01 2,0 23,704 34 24,0
Bm >30 8,8+0,2 0,7 2,0 7,7£0,1 0,7 4,0
Ao 0-3 18,4+0,1 8,2 2,0 23,3+0,8 1,1 8,0
4 A 4-20 13,4+0,4 1,8 1,0 22,1+0,9 2,0 3,0
Bm 20-66 21,2+0,4 5,6 5,0 18,6+0,3 3,0 10,0
Ao 0-4 11,6+0,2 52 5,0 10,5+£0,1 7,6 8,0
5 A 4-20 16,1+0,4 0,5 5,0 14,0+0,1 4,3 12,0
Bm 20-50 17,8+1,3 2,0 2,0 28,2+0,7 1,9 4,0
BC >50 20,0+0,6 1,4 2,0 23,4+0,5 1,7 4,0
average X 27,1+6,3 1,4+0,6 | 2,7+0,3 | 22,220 | 1,5+0,4 | 8,3+1,2
value AoA 25,0+4,8 1,9+1,0 | 3,005 | 6,4+15,6 | 2,1+0,9 | 7,5+0,7
BmBC 28,7+4,6 2,520,4 | 20,0+2,5 8,9+2,3
Table 3.

Effect of freezing of permafrost-taiga soil on displacement of iron by varying concentrations of
HCI (mg-eq/100 g)

Displacement HCI (0,05-0,2M)
Variant
0,05 0,10 0,15 0,20
60% IIB (1) 0,46 1,73 3,28 4,43
freezing ata-15 3,90 424 4,43 458
(2)
2/1 9,7 2,50 1,30 1,00
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Table 4.
The effect of freezing water extracts from soils on their chemical composition, mg/1

The composition of the frozen The composition of the unfrozen
Horizon solution solution
K‘Ca‘Fe‘Mg K‘Ca‘Fe‘Mg
sod-podzolic medium loamy well-cultivated
An 0,4 0,07 0,02 0,5 7,3 6,5 1,9 9,8
Bg 1,4 0,8 0,05 3,2 12,7 7,9 0,3 9,5
BCg 2,3 0,2 0,05 2,7 - 1,2 0,1 4,7
sod-podzolic middle-loamy Michurinsky garden
An 16,9 0,06 0,0 0,7 137,3 0,5 0,0 4,1
A 6,7 0,1 0,06 1,7 14,5 0,6 0,0 3,6
0 55+ 0,25+ | 0,04+ 1,8+ 40,1+ | 3,3+ 0,5+ 6,3+
31 0,14 0,01 0,5 32,5 1,6 0,3 1,4
In the experiment No. 4, the effect of There are more K, Ca, Fe, Mg and the
freeze-drying of water extract on its ratio (K + Mg)/Cain the non-frozen solution
chemical composition for Moscow soils was than in the frozen of the arable horizons.
evaluated. According to the data obtained, The opposite trend is observed for the ratio
the content of potassium in frozen water (K + Mg)/Ca in subsurface horizons (which
was 6.2 £ 0.5 mg/], in the un-frozen - 9.2 * requires further research).
14mg/ 1 In the 6th experiment, the soils were
Experiment No. 5 estimated the frozen 5 times. After each freezing, an
influence of freezing on the composition of aliquot of frozen and unfrozen solutions
soil solutions (P: H20 = 1: 2) for arable and was taken for analysis. In a wide correlation
sub-plow horizons of sod-podzolic soils. soil solution (500:5), sampling of 10 ml did
The obtained data are given in Tab. 5. not significantly change the ratio of the
elements.
Table 5.

The content of cations in frozen and unfrozen samples soil solutions (1: 2), mg/1

The condition of
the solution K Ca Fe Mg (K+Mg)/Ca
1- The frozen 47425 0,2+0,1 0,04+0,01 1,8+0,4 32,5
solution
2-Theunfrozen | o0 795 | 39.14 0,38+0,3 71+13 15,6
solution
2/1 91 16,0 95 39 05
arable horizon
The frozen solution | 8,6%8,3 01+0,01 0,01+0,01 0,6+0,1 1314
The unfrozen 72.1+655 | 0,3+0,25 1,0+0,9 6,942.9 316,0
solution
horizons A», B, Br
The frozen solution 3,5+1,7 0,4+0,2 0,05+0,01 2,4+0,5 14,7
The unfrozen 13,6+0.9 32424 0,2+0,1 5.9+2.2 6,1
solution
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The data obtained are shown in Tab. 6.
With increasing the multiplicity of freezing,
the content of iron in the solution increases,
which is due to the destruction of the
mineral part of the soils. In the unfrozen
part of the solution the concentration of Ca
and Fe is higher. In well-humified soils,
freezing affects more the increase in the
mobility of iron than in weakly humified
soils.

However, the change in the chemical
composition of soil solutions during the
freezing of soils is due to the simultaneous
occurrence of several processes. The
displacement of iron from the solid phase of
soils is due to the kinetics of the process,
and when the time of interaction of soils
with water is longer, desorption is higher.

MOYBOBEAEHHE / SOIL SCIENCE

The displacement of iron from the soil is due
to the depositing capacity of the soils, and
when each successive fraction is displaced,
more firmly formed bound pass into the
solution, and the concentration in the
equilibrated solution will be lower. The
displacement of iron from the soil is due to
the destruction of the mineral part of the
soil during freezing and with the increase in
the ionic strength of the unfrozen residue
water. In this case, the concentration of iron
in solutions with repeated freezing of the
soil-to-solution system increases. From our
point of view, the last factor plays a
significant role.

The characteristics of infrared spectra
of soils are given in the Tab. 7.

Table 6.
Composition of frozen and unfrozen waters with 5-fold freezing soil, mg/1
Variant (the good humus soil Poor soil humus
composlltlon of the Fe Ca Fe Ca
ice)
1-2 freezing 0,13+0,01 49,6+8,9 0,21+0,02 16,3+0,01
3 0,18 58,3 0,46 25,7
4-5 - freezing 0,23+0,02 58,3+0,1 0,31+0,02 15,9+0,1
the remainder of the 0,27+0,02 58,5 0,25 275
unfrozen water
Table 7.
Change in infrared spectra of soils during their freezing
T% atAcm -1
Variant 1630 | 1630
1630 | 1406 | 1033 770 690 1033 | 1406
chernozem 1 0,7 2,2 0,28 3,4 3,7 2,5 0,3
cover loam 2 1,7 3,0 0,23 2,7 42 7,4 0,6
chernozem frozen 3 2,7 5,7 0,79 7,4 8,2 3,4 0,5
cover loam frozen 4 2,6 5,6 2,70 7,4 8,9 1,0 0,5
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As noted above, soil freezing has
significantly changed the nature of their
infrared  spectra. The transmission
coefficient T% was increased in the region
of 1630 cm1, 1400 and in other regions of
the spectrum. In chernozem during
freezing, the amount of T% changed from
10.3 to 16.4 and in the cover loam - from
16.4 to 22.2.

The character of the derivatograms of
soils has also changed. According to the
obtained data, the value of TG% in
chernozem during freezing changed from -
4.1%to-14.7%,DTACO- from-29.0 to -10.8;
in the clay loam mantle, respectively, TG
from -7.3% to -7.6; DTA, CY- from -4,4 to -
1,3.

From our point of view, the effect of
freezing on the composition of soils and soil
solutions depends on soil moisture,
strength of water bond, pore size, intensity
of electric fields at different distances from
the sorption centers of the solid phase of
soils.

According to the published data [1, 2,
10], when the Yakut soils are freezing in the
unfrozen solution, the content of ferrous
iron increases to 30-40 mg/l, Ca, Mg, K, Na,
chlorides, sulfates. The direction of the
change during the freezing of the chemical
composition of the waters proceeded
according to the scheme HCO3-> S042-> CI-
, 1.e. at lower temperatures, the proportion
of chlorides and sulfates increases in the
non-freezing waters, which is due to the
solubility products of possible precipitation
[13].

According to Anisimova N.P. [1], when
the  temperature decreases, firstly
carbonates crystallize, then sodium and
magnesium sulphates at -3.5° to -8° C, and
calcium sulphates at -17 °. In the unfrozen
solutions, the proportion of sodium and
magnesium increases. The part of sodium
carbonate (hydrogen carbonate) sometimes
reaches 10 g/l. However, the authors
indicate that when the water of different
degrees of mineralization and chemical
composition is frozen, the properties of the
remaining unfrozen liquid phase change
irregularly.

MOYBOBEAEHHE / SOIL SCIENCE

According to our data [12], this
properties depend substantially on the
content of organic matter in soils. When the
organic horizons freeze in the unfrozen part
of the solution, the content of water-soluble
organic substances increases, but they, due
to complex formation, can reduce the ionic
strength of the solution and increase the
resistivity. Thus, according to the data
obtained, in the unfrozen solutions of the
humus and arable horizons of the
cryogenic-taiga soils, the resistance was
36.4 £ 15.0 ohm/m, and in the frozen soils -
25.0 + 4.8. At the same time, in the lower
horizons these values were 20.0 + 2.5 and
28.7 + 4.6 respectively.

The changes that occur will also differ
for soils of different granulometric
composition [7, 8, 11, 12, 15]. In fine-
grained soils, even at -10° C, some amount
of water remains in the film form. However,
surface films have a lower solubility than
free water. This ability differs depending on
the charge of density of the sorption sites of
the SAC. Increase in the freezing of the ionic
strength of the remaining unfrozen water,
an increase in the concentration of H+, CO>,
02, and methane in waters at low
temperatures leads to the destruction of
aluminosilicates. The SiO; content in the
cold permafrost waters of Yakutia varies
from 10 to 25 mg/l, while in river waters
this concentration does not exceed 10 g/1
(according to the chemistry guide, the O
content in mg/100 ml in water at 0° C is
equal to 4,9, and at 20° C - 3,1, H2 - 2,1 and
1,8 respectively, CO; - 171 and 87,8,
methane - 5,6 and 3,3.

It is pointed out that the increase in
the concentration of SiO in solutions during
the freezing period is due to cryogenic
concentration and to the solution from the
soils due to the carbon dioxide released
during the crystallization of water [1]. The
content of cations in solutions during their
freezing is also due to the solubility of
precipitates, which, for example, is equal to
(in mg/1): for Fe(OH)2 at 2° C, 4.5 x 10-5;
Fe(OH)3 - 2 - 10-8; for KCI - 34,2; K2S04 -
7,4; for Na2S04 - 52,9; for MgCl2 - 54,6;
MgS04 - 18; MgC03-H20 - 0,13.
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The destruction of the soil-absorbing
complex upon freezing is indicated by the
infrared spectroscopy and derivatography
obtained by us.

Conclusion

Thus, the freezing of soil solutions
divides them into 2 fractions: freezing and
non-freezing at the assumed negative
temperature and the time of its action. In
the nonfreezing fraction of the soil solution,
the resistance is lower, the content of K, Fe,
Ca, Mg is greater, which allows us to
conclude that there is more intensive soil
degradation under the influence of this
fraction. In the unfrozen part of soil
solutions, compared with the frozen, the
ratio of cations changes, however, due to the
presence of humic substances, complexes
and associates in soil solutions, the
regularities of the changes differ from those
established for cryolithozone.

When the soil freezes, the soil
solutions begin to freeze, increasing their
concentration. This leads to the destruction
of the mineral part of the soil, similar to the
phenomena of halmyrolysis in the dry
stepperegions. This process is accompanied
by the destruction of aluminosilicates and
can affect the destruction of building
objects.

References

1. Anisimova N.P,, Pavlova N.A.
Hydrochemical studies of the permafrost
zone of Central Yakutia. Novosibirsk. GSO.
2014.189 p.

2. Archegova LB. Effect of freezing on
sorption, composition, properties of humic
substances // Soil science. 1979. Ne 11. P.
39-50.

3. Brevik EC, Calzolari C, Miller BA, Pereira P,
Kabala C, Baumgarten A, Jordan A (2016)
Soil mapping, classification, and pedologic
modeling: History and future directions
Geoderma Volume 264 part B 256-274

4. Gukalov V.N,, Savich V.I, Beliuchenko I.S.
Information-energy assessment of the state
of heavy metals in the components of the

10.

11.

12.

13.

14.

15.

MOYBOBEAEHHE / SOIL SCIENCE

landscape, M .: RSAU - MTAA, VNIIA, 2015,
450 p.

[USS Working Group WRB, World
Reference Base for Soil Resources,
International Soil Classification System for
Naming Soils and Creating Legends for Soil
Maps, World Soil Resources Reports No.
106 (Food and griculture Organization,
Rome, 2014).

Jose M, Soriano-Disla, Les ]. Janik, Raphael
A. Viscarra Rossel, Lynne M. Macdonald &
Michael J. McLaughlin (2014) The
Performance of Visible, Near-, and Mid-
Infrared Reflectance Spectroscopy for
Prediction of Soil Physical, Chemical, and
Biological Properties. Applied
Spectroscopy Reviews Volume 49 139-186.
Khudyakov O.I. Cryogenesis and soil
formation. Pushchino: Academy of Sciences
of the USSR. 1983. 196 p.

Maslova M.D,, Shnei T.V., Belopukhov S.L.,
Baybekov R.F. Investigation of the colloid-
chemical properties of solonetzic soils by
physicochemical methods // Fertility.
2014.Ne 2.P. 41-43.

Nikitochkin D.N., Savich V.I., Naumov V.D,,
Baybekov R.F. Models of soil fertility under
the apple tree in time and space, M., RSAU -
MTAA, 2015, 272 p.

Ostroumov V.E., Makeev 0.V. Temperature
fields of soils, development laws and soil-
forming role, Moscow: Science. 1985.188 p.
Savich V.., Belopukhov S.L., Sedykh V.A,
Nikitochkin D.N. Agro-ecological
assessment of complex soil compounds //
Bulletin RSAU - MTAA. 2013. Ne 6. C.5-11.
Savich V.I,, Khudyakov 0.1, Chernikov V.A,,
Gukalov V.V, Scriabina D.S. Properties,
processes and modes of cryogenic-taiga
soils. Moscow: RSAU - MTAA, VNIIA, 2016,
392 p.

Savich V.I. Physico-chemical basis of soil
fertility. Moscow: RSAU - MTAA. 2013. 431
p.

Scriabin D.S. The state of iron compounds
in cryogenic-taiga soils, Author's abstract.
Cand. Diss., Moscow: RSAU - MTAA. 2016.
20 p.

Shnei T.V., Starykh S.E, Fedorova T.A,
Maslova MD, Belopuhov S.L. Shevchenko
A.A. Changes in the physicochemical
properties of soil colloids depending on the
ionic composition of the soil absorbing
complex // Fertility. 2014. Ne3. P.33-35

Hayku o 3emne / GeoScience — 2017 - N4



Петр Докукин
066


The destruction of the soil-absorbing
complex upon freezing is indicated by the
infrared spectroscopy and derivatography
obtained by us.

Conclusion

Thus, the freezing of soil solutions
divides them into 2 fractions: freezing and
non-freezing at the assumed negative
temperature and the time of its action. In
the nonfreezing fraction of the soil solution,
the resistance is lower, the content of K, Fe,
Ca, Mg is greater, which allows us to
conclude that there is more intensive soil
degradation under the influence of this
fraction. In the unfrozen part of soil
solutions, compared with the frozen, the
ratio of cations changes, however, due to the
presence of humic substances, complexes
and associates in soil solutions, the
regularities of the changes differ from those
established for cryolithozone.

When the soil freezes, the soil
solutions begin to freeze, increasing their
concentration. This leads to the destruction
of the mineral part of the soil, similar to the
phenomena of halmyrolysis in the dry
stepperegions. This process is accompanied
by the destruction of aluminosilicates and
can affect the destruction of building
objects.
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BbIMOPAHHBAHME NOYBEHHLIX PACTBOPOB, KAK ddAKTOP H3MEHEHHA
CBOMCTB NOYB, UK TEHE3UCA H NNOAOPOAKA

Casuu B.H. | Beaonyxoe CJ. | I'yvkaaoe B.B. | IlodsoaoykasaI'B. | Boakoea C.K. ®Pedoposa T.A.
Jl.c-X.H., J.c-x.H,, K.C-X.H., PTAY-

AcnupaHrT, .
npodeccop, npodeccop, MCXA uMm. K.A. | Acnupant, PTAY- PIAY-MCXA PhD, Assistant
PTAY-MCXA PTAY-MCXA uMm. | Tumupsisena, MCXA um. KA. Professor, RUDN

nuMmeHu K.A. : .

um. KA. KA. 000 «3aBeThl TumupsizeBa University
TumupsseBa
Tumupssesa Tumupssena Winbuya»

Appec: 117198,
MockBa, yJ1. Mukayxo-
Makag, 6
E-mail:
tafedoroval8@mail.ru

Appec: 127550, MockBa, TuMupsizeBckas yJi., 49
E-mail: belopuhov@mail.ru

Annomayun: Ilokazano, umo GbIMOPAICUBAHUE NOYGEHHBIX PACEOPOS NPUBOOUM K YGEIUYEHUIO UX
KOHYEHmMpayuu, UOHHOU CULbL, MACCOBOU 00U HAMPUSL U KAAUSA, YMO 8 COBOKYNHOCIU C NOBbIUEHUEM PACMEOPUMOCTIU
2a308 NPUBOOUM K PA3PYUWIEHUIO MUHEPATbHOU Y4acmu NO46, ATIOMOCUIUKAMO8 U MOJCem GIuUsmb HA paspyuleHue
CMPOUMENLHBIX 00bEKMO8.. DMOm NPoYecc CoOnPo8oICOAemcs yseauuenuem cooepicanus éooopacmsopumvix K, Ca, Mg,
Fe u npossnaemcs usmenenuem xapaxmepa uH@paxpackvix cnekmpos u oepusamozpamm nous. Codepoicanue KamuoHog
6 PAcmeopax npu ux 6bLMOPANCUBAHUU OOYCTIOGIEHO PACMEOPUMOCBIO 0CAOK08, KOMO-PAas COCMAgIsAem (8 me/n): o
Fe(OH)2 npu 2°C - 4,5-10-5; Fe(OH)3 - 2-10-8; onsa KCI - 34,2; K2SO4 - 7,4; onsa Na2SO4 - 52,9; ona MgClI2 - 54,6,
MgSO4 - 18; MgCO3-H20 - 0,13. Ha paspyuieHue noueeHHO-N02I0Uaroueco KOMIIEKCa NPpu 3aMep3anul YKA3bl8aom u
NONYUEeHHble HAMU OaHHbIe UHPPAKPACHOU CHEKMPOCKONUU U 0epUsamocpapuu. 3amopasicueéaHnue noYgeHHbIX pacmeopos
pazdersiem ux Ha 2 Gpakyuu: 3aMep3arnuyr0 U He3amep3alwyio npu NPUHAMoN OmpuyamenbHol memnepamype u
spemeHu ee Oeticmsus. B nezamep3saroweli ppaxyuu nOU6EHHO20 pacmeopa Huice conpomueieHue, 6oavule cooepiicanue
UOHOB. DMO NO3605eM 2080PUMb 0 601e€ UHMEHCUBHOM PA3PYUWEeHUU NOYE NOO GIUsAHUEM Mol pparkyuu. B nezamepswetl
YACMU NOYGEHHBIX PACTNEOPOS, NO CPABHEHUIO C 3amep3ulel], USMEHIemCs COOMHOUEHUEe KATMUOHO8, 00OHAKO, 8 CEA3U C
HAnuUuUueM 8 NOYBEHHLIX PACMEOPAX ZYMYCOBbIX eUujecms, KOMIIEKCO8 U aACCOYUAmos, 3aKOHOMEPHOCTU USMEHEeHUs.
OMAUYAIOTNCIL OM YCIMAHOGLEHHBIX OJIsL KPUOIUTNO30HbL 6 YELOM.

Knrouessle cnosa: 8biMopaxcusaHue pacmeopos, KpuozeHes, N008UXCHOCMb UOHO8 8 NOYEAx, Kaaull, Kaabvyuli,
MAazHUll, yxceneso.
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