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AlKkaline Soda-Saline Soils
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Ample geographical data have now been accumulated showing that
alkaline soda-saline soils are extremely widespread throughout the various
continents of the world. (The term “alkaline soda-saline soils”’ always means
soils which contain large quantities of carbonate and bicarbonate salts of
sodium and potassium, i.e. soda solonchaks, soda solontsy, ete.) In view of
the high toxicity of carbonic alkalis and of the very unfavourable physical
properties imparted by these salts to both soils and soil-forming sediments,
alkaline sods-saline soils have very low natural fertility and can only with
difficulty be used for farming. The upshot of all this is that the subject of the
origins and reclamation of soda-saline soils constitutes one of the most vital
problems of present-day soil science. This explains why the question of alka-
linity of soils, and in particular, of the origins of the soda they contain, has
claimed the attention of many outstanding scientists (HrLearp [18, 19],
'S1eMOND [47, 48], GLINKA [16], GEDROITZ [12, 13, 14], KELLEY [24, 25].) The
monographs of Kovpa [27], KeLreY [25] and ANTreov-KARATAEV [2] con-
tain an account of contemporary theories on the origins of soda and the
processes of formation of alkaline soils. The new generation of soil scientists
Egorov [9, 10], Szasorcs [52, 53, 54], SyuN-I., RAYCHAUDHURI [42, 43],
Bazmievicu [4] and others — are now continuing the research on this subject.

I Geographical distribution of alkalina soda-saline soils

It has been established that there are, in every contineir¢ of the world,
large areas of alkaline soda-saline soils.

The soda-saline soils of Asia have been described by numerous scientists,
including the author of this survey. On the territory of the People’s Republic
of China, such soils are found on the ancient alluvial plains of the basin of the
Sungari river (a tributary of the Amur); on the delta-alluvial plains of tie
Hwang Ho and innumerable other rivers flowing into the Yellow Sea; on the
alluvial terraces of the Hwang Ho and the tributaries along its middle reaches
(in North Western China); in the submontane alluvial plains and lower terraces
of the rivers of Western China which flow down from the Tien Shan and Kunlun
mountains including, in particular, the Tarim, Aksu, Kizil Su and Manas;
and lastly, on the alluvial terraces of the large and small rivers of Mongolia
(Syun-I. (1936), Kovpa [32, 87, 38, 39], Ecorov [9]).

The existence of soda-saline soils (soda solontsy and soda solonchaks)
on the alluvial plains and depressions of the Mongolian People’s Republic
has also been ascertained (BEsparov [1951]). Saline soils of sodic salinity
(often in combination with chlorides and sulphates) are widespread also on
the alluvial and alluvial-deluvial plains of the Indian sub-continent (Ray-
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CHAUDHURI [42, 43]). Soda-saline soils are very often found, likewise, on the
alluvial terraces of the river Indus (and its tributaries), in Pakistan and India.
Another extensive zone of soda-saline soils exists in North and North West
India, on the alluvial-deluvial sub-montane plains formed by the numerous
rivers flowing down from the Himalayas towards the Indian Ocean; on the
alluvial plains of the middle reaches of the Ganges and of its tributaries, west
of meridian 80°, and there are varying alkaline soils on the alluvial terraces
and depressions of the Deccan plateau amongst the black cotton soils of the
monsoon belt. And lastly, large areas of soda-saline soils are to be found on
the river terraces of South West and Southern India (States of Bombay,
Madras), where they exist in combination with lateritic soils of ancient surfaces.

Heavy alkaline soils, with ground-waters often a depth of 1.5—2.5 m.,
were known to Indian farmers and scientists under the name of “Usar” from
ancient times.

The phenomenon of secondary soda salinity following the installation of
irrigation systems was observed in India, and research was done on the subject.

Indians knew about the accumulation of free carbonates and bicarbonates
of sodium in these soils, and were aware that they are strongly alkaline
(pH 9—11); and they made a study of reclamation methods, based on a com-
bination of chemical, biological and hydrotechnical measures (LEATHER [1857];
Nasir [1925]; Purt and TAYLOR [1937|; MUKHERIEE [1946]; RAYCHAUDHUR:
[42, 43], KAuL [22] and others).

The area covered in India by alkaline soils of various types amounts to
some 2—2.5 million hectares (Fig. 1). Rozanov [45] established the existence
of black, highly alkaline soils (pH 9) in Central Burma. Soda-saline soils are
often found on fore mountain alluvial-deluvial plains in Iran (including the
Teheran region); there are indications that soda-saline soils exist also in Turkey
{round Lake Van and elsewhere); and various scientists have referred to alka-
line soils on the alluvial plains of the Tigris and Euphrates, in Iraq
{BUrIngH [1960]).

As regards the Soviet Union, soda-saline soils are found in both the
Asiatic and the European part of the country. In Soviet Asia, the presence
of soils of this %ype has been established on the alluvial plains of both large
and small rivers in Eastern Siberia, Yakutia, the Transbaikal region, the
Baraba awd Kulunda lowlands in Western Siberia, several parts of the Urals
region. the alluvial-deluvial plains of Transcaucasia, the borders of Azerbaijan
(Karyhakh steppe), and in Armenia (Araxes valley). The soda deposited in the
lalkes of Western Siberia has been used for industry for a very long time.
Soda solontsy and soda solonchaks have also been noted in certain regions
of the Caucasus, Moldavia, the Ukraine and the Great Russian plain — where
they occur always on the first and second alluvial terraces of steppe rivers
and within the boundaries of clearly defined depressions. Sodium-saline soils
have likewise been found on the alluvial plains of the rivers Don, Dnieper and
Danube and their tributaries.

Central and Western Europe

The presence of soda solontsy and soda solonchaks was noted long ago
in the Hungarian depression, where reclamation work has been carried out
by the ordinary farmers for more than a hundred vears (on the terraces of
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the Danube and the Tisza, Hortobagy depression). The scientific research on
saline soils done in Hungary by ’SiemonD [47, 48] concentrated mainly on
alkaline soda soils of various types. The presence of soda-saline soils has been
established also on the alluvial terraces of steppe rivers in Rumania, Bulgaria
and Yugoslavia. Though first-hand evidence ‘is lacking, there is reason to
assume that soda-saline soils are likely to be formed on the alluvial plains of
Greece, Italy and Spain. Generally speaking, nevertheless, soda-saline soils
are much less widespread in Western and Central Europe than in Rastern
Europe and Asia.

Africa

The Arabs were familiar with soda and alkaline soils from very early
times. In fact it was from Arabic that the word “alkali” passed first into
Western European and thence into American geological and pedological ter-
minology. The formation of alkaline soda-saline soils and the accumulation
of large quantities of practically pure soda occurred in Egypt from ancient
times. One of the most important centres of accumulation of soda deposits,
used as raw material for the chemical industry, is found the lake Wadi Natruni.
Slightly soda-saline soils are found in some parts along the terraces of the Nile,
and more strongly ones in the Nile delta — the latter being caused by secondary
salinization of irrigated soils (Kovpa [33,34]) —. Soda salinity in this arca
has heen accentuated during the past 30—40 years due to the construction of
dams and the cessation of flooding irrigation. Alkaline soils oceur also in Northern
Moroeco in combination with the black soils known as tirs located, geomorpho-
logically speaking, on alluvial plains, both ancient and young [8, 17, 41].

Another region where soda waters, soda lakes and soda-saline soils are
wide-spread is throughout the whole length of the East African graben (fault
trough), running all the way from the Red Sea, through Ethiopia, to Tanga-
nyika and Kenya. Most of the lakes in this well-known tectonic depression
contain sodic waters and form soda sediment-trona. Black alkaline soda
soils, both young and ancient, often form on the lake-alluvial and river-ter-
race plains along this graben. There are indications that black strongly alkaline
soils are sometimes found on the alluvial plains of the river Congo; and are
fairly common in North Eastern Nigeria, especially round Lake Chad.

Strongly alkaline soils have been observed, also in the arid zones of South
Africa (Kalahari, Angola). Apparently, soda salinity is typical of the hydro-
morphous soil-formation regions of the African savannahs.

North and South America

There are large areas of soils affected by alkalinity in both North and
South America. North America contains vast alluvial plains, having black
prairie soils, in Canada and U. S. A. Soda solontsy, soda solonchaks, and soda
lakes and ground-waters are often to be found amongst predominating black
prairie soils. Special mention must be made of the Great Lakes region, and the
Central Californian lowland. In California, soda-saline soils are found in the
delta of the Sacramento and St. Joaquin rivers, extending far into the south
of California along the terraces of the St.Joaquin river, also on the alluvial
fans of numerous small rivers flowing down from the Sierra Nevada. South
of California, soda-saline soils are observed on the alluvial plaing of Mexico,
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stretching down into Central and South America. Large areas of alkaline soils
exist, too, on the plains and alluvial terraces of the savannahs and dry forests
of Brazil, Venezuela, and of Central and Southern Chile. They are particularly
widespread on the coastal alluvial and anecient alluvial plains of Urugnay
and Argentina; soda solontsy and solonchaks occur frequently in the black
pampas soils of Argentina (PAraDAKIS [1963]).

Australia

The presence of alkaline soda-saline soils has also been observed on the
Australian continent. On the steppe alluvial and deluvial plains and river
terraces of the arid central region of Awustralia, we frequently come across
patches of soda-saline soils with strongly marked solonetz and solonchak
characteristics.

Lastly, mention must be made of the voleanie islands of Oceania. The
author observed, at first hand, that soda-saline soils form in places where
there is both a relatively dryv climate and an accumulation of alluvinm and
deluvium comprising weathering products of voleanic rock (Hawaiian Islands).

To sum up our knowledge of the geography of alkaline soda-saline soils
— as yet far from complete — the following general conclusions may be drawn:

1. These soils are found in cold (permafrost), temperate, sub-tropical
and tropical belts, i.e. all the way from the sub-arctic to the Equator and
far south of it.

2. Geomorphically speaking, alkaline soils most often coincide with
lake and river terraces, young and ancient alluvial plains, and deluvial and
proluvial fore mountain plains in depressions and also, occasionally, on high
mountain plateaux.

3. Climatically speaking, alkaline soils occur in regions which have
a continental or arid climate at least part of the year (monsoon region, for
instance), and where, therefore, evaporation exceeds run-off either permanently
or at least some of the time.

4, Alkaline soils are associated as a rule with black humus soils: cherno-
zems, prairie soils, meadow soils of alluvial plains. They may, however, also
occur amongst the podzol soils in the north, the brown and chestnut soils
of the warm belt, the red earths and regurs (black cotton soils) of the monsoon
tropies, the sierozems of the dry sub-tropical belts, and the savannahs of the
dry equatorial zone.

5. Hydrogeologically speaking, alkaline soda-saline soils are almost
always characterized by the presence of relatively little saline, but always
slightly alkaline waters, with concentration of between 0.5 and 5.0 g./1. These
waters may sometimes lie very deep down (tens of metres) but their level is
much more often fairly high (ofthe order of 1-3-5 m.), so that they exercise
a direct influence on the contemporary soil-forming process.

Kovpa [30] in 1946, pointed out that there exist in the USSR specific
provinces of soda and sulphate-soda accumulation occurring mainly in the
extensive depressions of the Eurasian steppe and forest-steppe zone. The pre-
sent survey shows, however, that the area of contemporary soda accumulation
in the world ig both far more extensive and more varied in regard to climatie,
hypsometric and soil conditions and also as to distribution throughout the
continents of the world.
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IL Main properties of alkaline soda-saline soils

In the vast majority of cases, alkaline soda-saline soils are characterized
by a top horizon, extending down to a depth of from 50 to 100 cm., having
dark, very dark or black colour, passing by gradual stages, into grey, light
grey or yellowish subsoil. Against the dark, grey profile of the soil, light
coloured or whitish patches of caleium carbonate, brownish-rusty or dark
blue patches of sesquioxides (particularly in the lower horizons) accompanied,
sometimes, by a grey sprinkling of siliceous dust are often observed.

As a rule, the top horizons of soda-saline soils are exceptionally unstrue-
tured, compact, and cemented. The humus horizons of the soil, in the dry
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seasons of the year, are strongly compressed, with the result that they are
traversed by wide fissures, to a great depth. During the damp seasons, on the
contrary, the soil swells and all the soil lumps increase in size, with the result
that the cracks are filled up and the soil becomes practically impermeable.
The top part of the profile of alkaline soils comprises columnar, prismoid or
cloddy strata, known as the B-horizon. This horizon may begin right from the
soil surface; or it may be covered by a thin A-horizon, formed as a result of
the action of the root systems of grasses. The deeper the ground-water table
the thicker, as a rule, the A and B-horizonsg of alkaline soils will be. Puddles
of water on soda soils are usually turbid brownish-black in colour; when they
dry up, there remains on the soil surface a shiny black crust or film of dry
colloidal substanee. The soil profile often contains small and large grains of
newly-formed ferric and manganese oxides indicating the influence, present
or past, of ahigh ground-water table. The ground-waters in most cases lic at
a depth of between one-and-a-half and threo metres, although they may some-
times be found to be much further down.

There are a large number of transitional stages between dark alkaline
soda-saline soils and glightly alkaline dark-coloured soils and cemented black
soils of various types: meadow soils, terrace soils, prairvie, valley smolnitzes,
chernozems, black cotton soils, ete. Soils with fairly low alkalinity (pH
8.5—8.8) will have a specific plant cover adapted to these particular conditions;
whereas strongly alkaline soils (pH 9, 10, 11) have, as a rule, practically no
plant cover. Soils with strong sodic salinity — of the order of 1.5—2.0—3.09%, —
lose their dark colouring owing to the coagulating effect of the easily soluble
salts, acquire a false, friable structure and become — albeit only temporarily —
permeable.

The chemical properties of alkaline soda-saline soils vary very widely.
The total amount of easily soluble salts contained in water extracts is not
large — usually between 0.3 and 0.59%,, though it may sometimes be as much
as 0.7—1.0Y%, and, on very rare occasions, even between 2 and 3%,. In soils
with a high ground-water-table (1.5—3.0 m.) there is a definite pattern in the
distribution of the easily soluble salts, with the maximum on the surface or
in the B-horizon just below the surface; and a gradual decrease down towards
the ground-water table (Fig.2). Insoils with a low ground-water table (5—10m.),
the maximum amount of easily soluble salts (including carbonates and hicar-
bonates of sodium) is found in the lower part of the B-horizon and in the
C-horizon. As regards degree of salinity, alkaline soils are not, relatively speak-
ing, very strongly saline — differing, in this respect, from sulphate and chlorido-
sulphate saline soils, which have a salt content of several per cent. As regards
composition, analysis of the easily soluble salts contained in a water extract
taken from alkaline soils shows that carbonates and bicarbonates of alkali
head the list: the CO3~ content is 0.05—0.07%, that of HCO7; of the order
of 0.1—0.2%,. In soils with maximum soda salinity, the content of these ions
may be as much as 1%,

The presence of free carbonates and bicarbonates of alkali, being accom-
panied by hydrolysis, causes the occurrence, in soda-saline soils, of a
strongly alkaline reaction; with the result that the pH value, in alkaline
soda-saline soils is akove 8.5 — it varies between 9 and 11. Strong
alkalinity is in fact one of the main features of the chemistry of soils of
this group.
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There exists, as between the total salt accumulation in the soil and
ground-waters and the degree of alkalinity (expressed by the concentration
of HCO3 anions or pH), a definite albeit complex dependence. The highest
degrees of alkalinity are linked with certain relatively low values for the general
content of easily soluble salts. Above a certain figure (more than 5 g./1. in
ground-waters and more than 19 in soils), for the total quantity of salts, the
degree of alkalinity begins to decrease noticeably, until it reaches the minimum
figure (Fig. 3. and 3a). Bicarbonates and carbonates of alkali may be con-
tained in alkaline soils either in practically pure form or mixed with chlorides
or sulphates. For this reason, a distinction must be drawn between two types
of alkaline soils: soda-sulphate and soda-chloride. Table 5. contains analytical
data for alkaline soils of different types of chemical composition.
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Both soil solutions of alkaline soils and alkaline ground-waters almost
always contain large concentrations of dissolved silica (60 —80—100 mg./1.8i0,).
These solutions are partly colloidal. The total quantity of mobile Si0Q, in a
water extract obtained from alkaline soil may sometimes be as much as
0.05—0.1%. The quantity of mobile silica in soils increases with the growth
of general alkalinity and pH values, There have been cases of the maximum
formation of mobile silica in the soil profile of soda soils being located near
the surface.
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A constant feature of soil solutions and soil extracts from alkaline soils
is the presence of mobile forms of organic substance (alkalihumates). Indeed,
it is these humates that give water extracts the dark coffee colour so charac-
teristic of these soils. And lastly, water extracts and solutions of soda-saline
soils are sometimes found to contain anions of aluminium (from aluminates
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of alkali). It is clear from the forcgoing that alkaline-type saline soils contain,
in addition to carbonates and bicarbonates of alkali, also silicates, humates
and aluminates of the same alkalis (Fig. 4).

Analysis of the mineral matter and in particular of the colloidal phase
has established many interesting facts. As regards absolute and relative con-
tent of soil colloids, soda-saline soils are richer than other types of soil. Highly

L/ I B B B B T 7
0 - A2 s —
9+ _
e 8- e
3
o -
a6 o
Ly
5 -
8]
84 g
=
T3 - -
2 - _
i_Jfag 7
g Ll L1 . 1
0 7 2 3 4 5 6 7 8 9 b N
oH
Fig, 4.

The solubility of silica and alumina as a function of pH. After CorRRENS [5]

dispersed fractions (particle-diameter less than 0.2 microns) constitute, in soda
soils, up to 40—60%, of the total weight; such large quantities of dispersed
matter have not been found in other types of soils. As regards distribution of
highly dispersed fractions in the profile of alkaline soils, there is a marked
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maximum in the surface horizons, which are most strongly alkaline. In cases
where there is no A-horizon, and the horizon of maximum alkalinity lies on
the soil surface, then the maximum of soil-colloid content will also be on the
soil surface. On the other hand, in the case of alkaline soils having both an
A and a B-horizon, the maximum soil-colloid content will be found in the
B-horizon. This indicates that soda-saline soils are exceptionally colloidal,
owing to the dispersing effect of alkali salts. As regards mineral and chemical
composition, the highly dispersed fractions of alkali-saline soils are character-
ized by a wide ratio of compounds of silica to sesquioxides. It has been shown
by several examples for conditions existing in the USSR that the ratio SiO, :
: Ry0; is of the order of 4 : 1. Colloidal fractions of alkaline-saline soils contain,
in addition to erystallized minerals, a considerable quantity of amorphous
minerals and organic compounds. Amongst the crystallized compounds found
in alkaline soda soils, the most important is montmorillonite, which was
almost invariably found to predominate in the mineral composition of highly
dispersed fractions of alkaline soda-saline soils. It is montmorillonite and the
organic colloids which give alkaline soils their very large physico-chemical
absorbing capacity, attaining 35—45 milliequivalents per 100 g. Montmo-
rillonite is also responsible for the shrinkage of alkaline soils when dry with
the formation of deep fissures; and for the swelling of these soils when they
are damp — the crystal lattice of montmorillonite then expands considerably.
The dark hue of montmorillonite (especially its ferrous forms, formed in hydro-
morphic conditions) further intensify the dark colour of alkaline soils. Then
again, an abundance of montmorillonite minerals facilitates the formation of
a prismoid-columnar soil structure with a tendeney to hexahedron forma.
tion — montmorillonite, as we know, is one of the tabular minerals, hexa.
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hedron in shape. In this respect, the columnar-prismoidal horizons of alkalin®
soils constitute, in a sense, paracrystals of montmorillonite.

The result of the constant presence of sodium carbonates and bicarbonates
in the soil solutions of alkaline soils is that the absorbing complex of these
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soils is saturated with exchangeable sodium. The higher the degree of alka-
linity, the greater will be the quantity of exchangeable sodium contained in
the composition of the adsorbed cations. There is a definite dependence between
alkalinity of water extracts taken from these soils and the quantity of exchan-
geahle sodium (Fig. 5. and 5a). Since, in an alkaline medium, the solubility
of calcium carbonate and caleium hicarbonates decreases considerably, the
quantity of caleium ions contained either in solution or in adsorbed state is
not large.

Thanks to the combination of intense alkalinity and extremely unfa-
vourable physical properties, alkaline soils have exceptionally poor natural
fertility. The physiological toxicity of soda is several times higher than that
of chlorides and, more especially, of sulphates. Even on soils with total alka-
linity of about 0.07%, HCOz and pH 8.7, many cultivated plants fail to develop
normally; and with total alkalinity of about 0.1% HCO;, and pH 9.5, almost
all cultivated plants die. The presence of exchangeable sodium has a similar
effect: quantities of adsorbed sodium constituting 25—30%, of the exchange
capacity make soil barren for most agricultural crops and utterly unsuitable
for tillage and irrigation.

In Table 1 are given data showing a close connexion between the level
of natural fertility of soils and the degree of their alkalinity.

Table 1

Approximate connection between the alkalinity and fertility of soils

Exchangeable Na* in 9% of capacity

5 lo-15 | 2-30 | 50
|
Total alkalinity of water extraet in 9, |
of HCOjz on weight of soil,...... 0.02—-0.04 0.05 —0.06 0.07—0.08 01— 0.2
pH of water extract or paste of
o L T T T T r 7.0—-84 8.5—9.0 9.0—-9.5 9.5 —-10.0
Relative fertility of soil 9 ........ 100 60 —7

5 ‘ 20—30 -

In those ancient soils which were in the past, subjected to cycles of soda-
salinity of varying degrees of intensity, the above-described properties, which
make them unsuitable for agricultural development tend to persist for a long
time. Strong alkalinity can disappear under the influence of natural geo-
chemical and biochemical desalinizing and neutralizing processes and absorbed
sodium can he replaced, in varying degrees, by the exchangeable calcium
produced by decaying roots or by weathering; but the detrimental physical
soil properties due to the presence of montmorillonite and of non-crystailized,
amorphous, colloidal compounds of silica and secondary alumosilicates persist
in soils for a long time, making it difficult to utilize them for agriculture.

III. Processes of formation of soda

The formation, migration and accumulation of compounds of carhonates
and bicarbonates of alkali constitutes one of the oldest geochemical processes
in existence, and one which is still taking place, all over the world, to this day.
As we know, alumosilicate minerals represent by far the most important com-
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ponent in the mineral composition of the earth’s crust, consituting 80—85%,
by weight of the rocks. Some of these minerals are highly stable; whilst other
have little stability and are easily weathered in the presence of water, parti-
cularly when it contains carbonic acid. The chemical weathering of sodium
and potassium alumosilicate minerals — more particularly those like feldspars
and feldspathoids — is accompanied by the formation of solutions of bicarbo-
nates and carbonates of alkali, also of ionic and colloidal forms of silicas and
aluminium oxides. The universal predominance of feldspathic minerals in the
earth’s crust in all climatic zones leads to the continuous formation, every-
where, of solutions of silicates, bicarbonates and carbonates of alkali, and alkali
earths. It is for this reason that, when we analyse the chemical composition
of natural waters in different climatic zones we invariably find that the lower
their mineralization, the greater the relative quantity of dissolved silica, bicar-
bonates and carbonates of metal they contain. Special research was done on
this question by Soviet and Chinese soil scientists in 1956 —1957 in the basin
of the Amur and Sungari rivers, with the author himself taking part. In the
course of this work it was demonstrated, on a large quantity of material
specially assembled for the purpose that, in the most diluted ground-waters
(50—100 mg./1.) silica alkalinity represented 70—909% of the total alkalinity.
When the total concentration increases to 500—1000 mg./l., both the relative
and the absolute quantity of dissolved silica decrease sharply, with a simul-
teneous marked increase in the content of the hydrocarbonate anion (Table 2.).

Table 2.
Chemical features of the ground-waters of the Amur-Sungari hasin

] Total l | 8i0z- HCOT | Coj- ! S0~
I'ype of dry pH |
ground-waters matter |

mg.[L mg. /1.
T |

Silicate ... 50— 100 ‘ 4,565 2242 | 4050 A -

Silicate-hydrocarbonate 100— 500 | 5,5-—6,5| 12--22 40 —60 = =

Sodium-hydrocarbonate 500—-1000 | 6,5—7,5 6-12 60 — 80 5—10 ‘ -

Sodium-sulphate ........ 1000—-3000 | 7,56—8,5 I traces 40—50 20—30 | 20 —30

I

The formation of bicarbonates and carbonates of alkali is particularly
intensive in the case of rocks and minerals of recent volecanic origin. Basalts,
voleanic lava, volcanic ash and volcanic tuff, when exposed to the action of
natural waters and carbonic acid, undergo intensive disintegration, forming
large quantities of mobile gilica, alumina and free bicarbonates and carbonates
of alkali. This process is most marked when the pyrogenous material contains
mainly nephelines or syenites. The experiments which the author carried out
personally some time ago (Kovpa and Bystrov [35]) showed that the hydro-
lvsis which nephelinic syenites undergo, especially in the presence of carbonic
acid, is so intensive that a simple water extract taken from pulverized syenite
removes large quantities of mobile silica, and bicarbonates and carhonates
of alkali are formed. The same thing was established by StuvENS and CARRON
in 1948, by observmg the hydrolysis reaction of alumosilicates subjected to
intense friction in water (Table 3). Similar phenomena are also observed in
nature: spring, ground and subsoil waters, also lakes fed by streams in areas
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of recent voleanic deposits, contain large quantities of carbonates and bicar-
bonates of alkali and of mobile silica. In an arid climate zone, new volcanic
areas will always be characterized by the formation of waters and soils con-
taining soda. This is the origin of the soda-saline soils and lakes in the East

Table 3.
Hydrolysis of alumosilicates in water
Mineral name i whenabiaded Mineral name PH when abraded
in water in water
Amphiboles Feldspars
Actinolite . ................. 11 AUDITO & it 508 55 e wan eervenie e 9,10
Hornblende ............... 10 Oligoclase ................ 9
Labradorite ............... 8.9
Carbonates Anorthite .........,........ 8
Caleite .................... 8 Orthoclase ............... 8
Dolomite................... 9, 10 Microeline ...........,.... 8,9
Siderite ... L, 5,6,7 Feldspathoids
Clay minerals and Al-oxides Nepheline .............. 10,11
Eeneit@iua oo v w isns 10
Kuolinite .................. 5,6,7 Micas
Montmorillonite. ............ 6,7 BIOEHS o s w5 g smmwmesys 8,9
Boehmite .................. | 6,7 Muscovite .............. 7,8
Diasspore .................. G, 7
Gibbsite .......... ... .. ... 6,7 OUVIHSE o o o on smannsme 10,11
Pyroxencs
AIFIEE . o v swws 9
AUBED: o oo womenenmes 10
Diopside .. wovniiassms 10,11
Hypersthene ............ 8
| Quartz  .................. 6,7

African graben region (Kenya), the alkaline soils of Chile and Argentina, and
the soda solonchaks of Transcaucasia and in particular Armenia. According
to BERG this is the origin, too, of the soda lakes and soda accumulations in the
U.S. A. We give below an analysis of the soil profile of Kenya (Table 5).
It will be seen that the deep subsoil horizons, formed of freshly-weathered
volcanic ashes, are characterized by usually high alkalinity, with pH reading
of up to 10. The constant weathering of alumosilicate minerals on drainage
basing produces a steady supply of bicarbonates and carbonates of alkali
which migrate with the subterranean and surface waters and accumulate,
in undrained areas with arid climate conditions, to form alkaline soilg.

Amongst the other mineral processes responsible for the formation of
carbonates and bicarbonates of alkali, mention should be made of the HILGARD
and GEDROITZ reaction frequently referred to in works on soil science and
geochemistry, and which consists of a process of double exchange hetween
sodium salts (sodium chlorides or sulphates) and caleium carbonate or magne-
sium, in the presence of carbonic acid.

HireArD’s theory of soda formation, which is accepted by very many
scientists, presupposes the coming together of limestones, marls and carbonate
deposits (loess) with solutions of chlorides and sulphates of sodium.

In itself, the system CaCO; + 2 NaCl (Na,S0,) = Na,C0, + CaCl, (CaS0,),
if these compounds are merely juxtaposed, cannot give rise to the formation
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of soda to any marked extent. The reaction will proceed in the direction of the
least soluble compound — CaCO,. Under usual conditions, therefore, this
process produces only insignificant quantities of soda. All the same, it would
be a mistake to underestimate the part which this system may play in the
geochemical processes, in view of the innumerable different conditions which
may arise in the weathering crust. Evaporation, low temperatures, the presence
of other salts — all these may cause soda to separate out and be precipitated
in soils. A great deal of research has been devoted to studying this reaction in
laboratory conditions, and this work is described in the monographs quoted
in the foregoing pages. GEpRrROITZ [12] established that the rising movement
of weak solutions of sulphuric and chlorous salts of sodium, alternating with
descending leaching streams, causes accumulation of exchangeable sodium in
the absorbing complex of the soil. In the presence of dissolved carbonic acid,
the hydrolvsis of sodium elay is accompanied by the formation of bicarbonates
and carbonates of alkali.

The exchange reactions between the sodium-saturated soil on the one
hand and the carbonic acid or calcium carbonate on the other are expressed
by the following scheme, worked out by Geprorrz[12], KeLLEY [25] and
’SIGMOND [47, 48]:

(absorbing complex) — 2 Na®™ + H,CO, =

= (absorbing comp.) — 2 H* + Na,CO,
or

(absorbing complex) — 2 Na® 4 CaCO,; —
(absorbing comp.) — Ca*t + Na,COy

These reaction may be repeated indefinitely with the same result — ie. the
formation of soda.

It is the lixiviation of the soda thus formed and its migration, through
surface and ground-waters, into depressions which, when these waters evapo-
rate, form soda accumulations. There are, finally, grounds for believing that
the mineralization of the organic substance of certain plants may also
lead to the formation of carbonates and bicarbonates of alkali. There are
still many plants which have not been studied from this point of view; but
it is well known that the ashes of the sunflower constitute a source of potas-
gium carbonate; and that various halophytes of the East African savannah
likewise provide potassium carbonate and soda.Then again, products obtained
from the leaves of the Haloxylon and from the stems and leaves of Artemisia
and some other xerophytic plants found in the steppes and semideserts of
the USSR are highly alkaline; in the deserts of Central Asia there is an
arhorescent Haloxylon bush whose fallen leaves are highly alkaline; and the
Haloxylon, when burned, produces raw material for potassium carbonate.

Table 4. contains extremely interesting data collected by BaziLuvicH [4]
showing that many dry steppe and desert plants are capable of highly selective
accumulation of sodium or potassium, without compensation by such anions
as PO?-,803~, Cl~. These plants include the Haloxylon aphilla, Anabasis
aphilla, Anabasis salsa, Bassia sedoides and various types of Artemisia and
Elymus.

Alkalis, apparently, exist in these plants in the form of salts of organic
acids or sorption compounds which, when mineralized or brought into contact
with carbonic acid, form carbonates.
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Table

Composition of ash substance in the green parts of desert and steppe plants

> J | |
Name of plant E urgA]A*‘-‘h Ca0 ‘ Si0, i E.0 ‘ P,0, r Mz0
T :
Haloxylon 29 g9 2.82 ’ 0.32 1.49 0.22 1.57
aphilla 100.6 10.6 31.6 9.3 77.9
Anabasis 18.06 2.32 0.26 4.00 0.22 1.94
aphilla P 82.7 8.7 84.9 0.3 96.2
Anabasis g5 4.60 0.39 219 | 0.26 1.57
salsa - 164.0 13.0 T46.4 1.0 779
Bassia 15.13 70.38 0.59 1.69 0.42 0.35
sedoides + 136 19.6 "35.9 17.7 17.4
Camphorosma - gn 0.89 0.86 211 0.35 0.70
monspeliacum s 31.7 28.6 44.8 T14.8 34.7
Carex 7.68 0.35 2.44 (.46 0.20 0.40
orthostachys - 12.48 81.2 0.8 84 | 198
Elymus 8.00 0.17 3.49 2.09 0.23 0.32
salsuginosus ’ 6.2 116. 44.3 9.7 15.9
Artemisia, 11.86 0.50 0.37 2.84 1.52 1.14
nitrosa ) 17.8 12.3 60.3 64.2 56,5
Artemisia 5.10 0.63 0.79 1.20 undeter- 0.32
parviflora ’ 22.4 26.3 25.5 mined 15.9

A great deal of research has been done and much written about the
possibility of carbonates and bicarbonates of alkali being formed as a result
of deoxidizing reactions (reduction). It was already known in the nineteenth
century that, in an anaerobic milieu, processes of desulphuration and denitri-
fication of sulphuric acid and nitric acid salts occur. The hydroxides of alkaline
and alkali-earth metals which remain after desulphuration through interaction
with the carbonic acid of solutions, produce carbonates and bicarbonates.
This reaction, which occurs according to the scheme:

Na,S0; 4 2 C = Na,S + 2 CO,
Na,S + CO, + H,0 = Na,CO, + H,S

is always accompanied by the formation of hydrogen sulphide, and sulphurous
compounds of heavy (FeS, FeS,) and light (CaS, Na,S) metals. In order for
this reaction to take place, the main conditions are the absence of oxvgen and
the presence of organic matter and of deoxidizing micro-organisms. Such con-
ditions are to be found in swampy soils, on the bottom of shallow lakes, seas
and coastal bays; and in lagoons, estuaries and stagnant deltaic ponds. Similar
conditions also occur in enclosed deposits of such minerals as coal, lignite, oil
and hitumen. A detailed study has been made, in particular, of the phenomenon
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4.
%
in ——— of dry plant. (Drawn up by BaziLevicu [4])
ALO, ! Fe,0, 505~ ; Nu,0 Ccl- ‘?}3“;}{1‘}3; | Author, Locality
0.30 002 0.78 11.56 1.56 2.33
17.6 ‘ 0.8 1.5 | 3729 44.0 38.2 BaziLevicr and Robix,
— 5 I = _ ) o Nort-West Turkmenia
0.23 & 0.002 0.97 } 5.60 3.46 327 Talyr-type
13.5 | 0.1 242 180.7 | Y7.6 53.6 solonchak soil
0.37 | o004 1.27 1104 123 184 | .
s | meusbis ] ‘ — ditto —
21.8 0.2 3L.7 356.2 35.2 31.8
% | \ o _) 5 BaziLevics, Kulunda, soda
_ 037 1 03 ‘ _ 063 | 8.42 246 .88 solonetz, highly columnar
218 |1 157 | 2716 69.4 47.2 solonchalk
0.34 | 0.05 0.54 I 1.51 017 0.76 .
i) e Tl s o ‘ — ditto —
200 | Ty 135 | 487 4.8 12.4
011 0.005 | 047 | 2,25 0.54 0.80 | Ditto, peaty, boggy solon-
65 i 02 | TilT | T2 15.2 13.1 dhktype soll
|
011 | ’ 0.05 ! 0.26 0.10 (.27 | Ditto, soda-solonetz-
— | traces | |
6.6 : 1.2 i sS4 28 14 solonchak
DY i I 5 v L3 .
0.26 ‘ 006 L5 2.20 0.60 0.87 Baraba, sulphat-chloride
153 | 23 28.7 | 71.0 16.9 14.2 solonchal
0.32 o hz22o 027 | 0.49 0.15 undeter- | BoLysHEV,
18.8 4.3 1 67 | 158 1.2 mined Caspian depression;
. 3 golonetz
| | |

of the disappearance of sulphates and the accompanying accumulation of car-
honates of alkali in the petroleum waters reduced in the course of the formation
of oil deposits. However, the preservation, in these circumstances, of the hicar-
bonates and carbonates and in particular the soda formed, is possible only on
condition that there is absolutely no inflow of oxygen. The moment aearation
occurs or the bog, pond or lagoon dries up, the moment the oxygen from the
air penetrates into the deoxidized waters, rock or soil, the sulphides and in
particular the ferrous sulphide will be oxidized and form large quantities of
free sulphuric acid, leading to intense acidification of the milieu and destruc-
tion of the accumulated carbonates. Tt is in this way that free sulphurous and
sulphuric acids, ferric oxides, sulphates, alum, etc. are formed during the
working of petroleum deposits and during operations for drying out and aerat-
ing deposits on the bottom of lakes and bogs, deltas, lagoons and estuaries.

The above oxidation reactions of sulphides may be expressed by the following
gcheme:

2 FeS, + 2 H,0 + 7 0, — 2 FeSO, + 2 H,80,
PeSO, + 2 H,0 — Fe(OH), + H,S0,

Na,CO, + H,80, - Na,80, + H,0 + €O,
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Oxidation of sulphides occurs also in coal mines, with the result that the
waters in these mines are exceptionally acid. In all these cases, initial alkalinity
gives place, as a result of the formation of sulphurous and sulphuric acids,
to strong acidity, with pH of the order of 2—3. Such phenomena were observed,
for instance, in the organomineral deposits on the bhottom of Lake Sevan in
Armenia, after some parts lying under shallow water had been laid bare when
the water-level was lowered for an electric power station. Most of the saling
and water-logged low-lying land along the coast of the Baltic and North Sea
have highly acid solonchaks; and similar phenomena have heen observe
repeatedly by Soviet, Finnish, German and Dutch soil scientists. The samd
thing occurs, though on a far larger scale, in the coastal parts of the deltase
estuaries and lagoons of the humid tropical zones of Asia, Africa and Latin,
America. The acute resulting acidity not only disintegrates the calcium car-
bonates and completely neutralizes the carbonates and bicarbonates of alkali,
but also affects the biological properties and fertility of the soil. Most naturally
formed soils, including bogs, lake-hottom deposits and delta soils, are subject
to an alternating oxidizing-reduction regime; with the result that as a rule,
the soils and ground-waters of these areas are characterized by acute acidity
rather than by acute alkalinity. Processes of reduction cannot, therefore,
be considered to play a significant part in the formation of free hicarbonates
and carbonates of alkali on the land surface in ordinary atmospheric condi-
tions. It is only in closed, underground places where no oxygen can penetrate
that it is possible for desulphuration and elimination of sulphurie compounds
from subterranean waters, with accumulation in those waters of free bicarbo-
nates and carbonates of alkali to occur and continue over a long geological
period. The discharge of these deoxidized reducted alkaline waters in depres-
sions, low-lying areas and river-valley terraces causes the formation of soda-
saline soils which cannot be attributed to present conditions on the earth’s
surface. It is possible that this is the explanation for the presence of soda
accumulations and soda-saline soils in Western Siberia, the Yakutsk depres-
sion, Moldavia and North Africa.

IV. Conditions governing the continuous existence
and accumulation of soda

We have examined, in the foregoing pages, the processes which lead to
the formation of bicarbonates and carbonates of alkali including soda. We shall
next consider the conditions under which soda, when formed, is able to exist,
migrate and accumulate, without passing into other compounds. One of the
most important of the factors which restrict the ability of bicarbonates and
carbonates of alkali to go on existing in solutions is the presence of dissolved
salts of calcium — such as for instance caleium sulphate or calcium chloride:
both these compounds when reacting with sodium bicarbonates and carbonates,
form ealcium carbonate — which is practically insoluble in an alkaline me-
dium — as well as sodium chloride and sodium sulphate. The presence of cal-
cium sulphate in landscapes — which is characteristic, for instance, of the terri-
tories of Soviet Central Asia, where there are almost always thick deposits of
gypsum in Quaternary and Tertiary sedimentary rocks, and also in soils —
causes the constant neutralization of bicarbonates and carbonates of alkali,
and their transformation into caleium carbonates. This is probably the reason
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why soda-saline soils are virtually unknown in Uzbekistan, Southern Kazalkh-
stan, Tadjikistan and Turkmenia.

Free carbonates and bicarbonates of alkali cannot accumulate in sub-
stantial quantities until the whole of the calcium sulphate and calcium chloride
reserves in any given territory have been transformed into carbonates. Only
after this has occurred can soda exist and accumulate in free form.

A gimilar effect, though in a much lesser degree, is exercised by the pre-
sence in soils, soil-forming rocks and aquiferous horizons, of adsorbed exchange-
able calecium. When alkaline gravitational or capillary solutions pass through
sedimentary rock saturated with exchangeable calcium there occur physico-
chemical reactions whereby the exchangeable calcium is replaced by sodium,
or by potassium of bicarbonates or carbonates:

(absorbing complex) — Ca?* + Na,CO, =
= (absorbing complex) — 2 Na* + (CaCO,

The product of these reactions will be sedimentary rock or soil saturated with
sodium, and a deposit of caleium carbonate. In these conditions, free soda
cannot accumulate until the whole stratum of sedimentary rocks or soils is
saturated with exchangeable sodium, and all the exchangeable calcium is
transformed into carbonates. Only after this has happened will the circulating
alkaline solutions be able to subsist and give rise to soda-salt accumulation.
In areas consisting mainly of loess and loess-tvpe rocks which, as a rule,
contain large quantities of exchangeable calcium, the reaction described
above may be of immense geochemical significance. The same applies to river
and lake alluvium which is likewise, in most cases, saturated with exchange-
able calcium. The continued sedimentation of loess-like material from eolian
deposits, or of alluvium from river and lacustrian waters, will bring a constant
inflow of exchangeable calcium into the sphere of reaction, thus neutralizing
the free carbonates and bicarbonates of alkali which are formed by the weather-
ing or mineralization of organic matter.

A similar effect may be exercised by the appearance of caleium ions of
biogenic origin — i.e. formed by the mineralization of the roots or surface
organic residues of plants whose tissues contain calcium in large quantities.
The chief such plants are cercals and pulses, the ashes of which are particularly
rich in calcium compounds. Biogenic caleium sulphate in soil solutions produced
by decay of the proteins will be a very effective factor in neutralizing alkali-
nity. A vital part in regulating the presence or absence of free bicarbonates
and carbonates of alkali in natural waters, sedimentary rocks and soils is,
apparently, played by the process of formation of secondary clay minerals.
As we know, natural waters always contain a small quantity of dissolved
silica and sesquioxides. The interaction of these components during the drying
up of the solutions is accompanied by the appearance of products of reciprocal
coagulation, such as allophanoids and crystalized clay minerals of various
types. The formation of the crystal lattice of these minerals may be accom-
panied by non-exchangeable sorption of alkalis and their elimination from the
solution, with residual formation of carbonic acid and water. This process is
of special importance in the case of potassium, which becomes fixed in non-
exchangeable form in clay minerals of the mica group. However, some sodium
also passes out into the structure of the crystal lattice of a number of clay



32 KOVDA: Alkaline Soda-Saline Soils

minerals. Increasing quantities of data are now being accumulated to indicate
that even feldspars are capable of secondary formation in ordinary surface
thermodynamic conditions. If this is so, then it may be assumed that secondary
mineral formation plays a vital part in the removal of potassium and sodium
ions from solutions of natural waters and , thereby, in restricting the presence and
accumulation of large concentrations of hicarbonates and carbonates of alkali.

In what geographical conditions do we find small concentrations of cal-
cium combined with low intensity of formation of clay minerals?

One of the main processes responsible for reducing the calcium salts in
the milieu to a small quantity is their leaching out by natural waters. This
happens, for instance, in damp marine climates, in mountain and northern
climates, and in humid monsoon tropies. In such conditions, both weathering
and soil-forming products and also natural waters will be characterized by
a low calcium-salts content. However, the natural waters of such regiong will
arry very weak solutions of carbonates and bicarbonates which, on entering
areas with an evaporation régime, may cause the formation of alkaline soda-
saline soils, or else of alkaline lakes. Conditions such as these evidently exist
in California, Transcaucasia, Equatorial Africa, the Northern Ukraine and
Hungarv.

‘In absolute desert regions such as, for instance, the deserts of Western
China or Latin America, chemical and mechanical weathering is so slight that
the necessary prerequisites for the formation of secondary clays are lacking,
Another point is that gypsum and caleium chloride in large quantities are
non-existent here — owing to the low rate of chemical and biological weather-
ing. According to EGorov’s [9] data the absence of clay-formation in the
deserts of Western China, and the slowness of chemical weathering are parti-
cularly conductive to the accumulation of free soda in exceptionally large
concentrations. Lastly, in high mountain regions and areas with a cold climate
such as that of Northern Siberia and Northern Canada, conditions likewise
promote the loss of calcium compounds and the preservation, in solutions,
of small concentrations of carbonates and bicarbonates of alkali.

In cold winter conditions, compounds of carbonic alkalis will accumulate
in soils because the low temperature greatly reduces their solubility, and they
are able to precipitate out.

The most favourable conditions for the formation of soda, and the pre-
servation and accumulation of free soda in soils and solutions will be a combi-
nation of the following: @) young volcanic areas enclosed by new pyrogenous
deposits (from which the geochemical discharge derives); &) depressions and
hollows with insufficient natural drainage (towards which the geochemical
discharge is directed); ¢/ a climate such that evaporation predominates over
run-off in the water balance. This combination of circumstances is fairly com-
mon: examples are South and Central America, California, Transcaucasia,
and the KEast-African graben.

V. Physico-chemical properties of sodium carbonates
The easily soluble salts which cause soda salinity in soils are composed

mainly of the following water-soluble minerals: soda (Na,CO,-10 H,0) which
crystallizes in soils with ten molecules of water, forming a mealy-fibrous mass;
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thermonatrite (Na,CO,- H,0) — this is the same chemical compound but with
one molecule of water only and a different crystal form, and it likewise acen-
mulates in the form of mealy granules in soils and sedimentary rocks; trona —
a salt containing two molecules of water, usuaily present in soda-saline soils
and along the shores of soda-alkaline lakes in the form of pure salt deposits
(Na,COz - NaHCO, - 2 H,0); and lastly, nahcolite (NaHCO;) — an anhydrous
bicarbonate of sodium which is always present together with the three above
components, heing found in solutions as well as in deposits in both soils and
sedimentary rocks, Sodium carbonates are highly soluble in water; so in parti-
cular is soda which, at high temperatures, attains a concentration of nearly
500 g./l. — higher even than that of sodium chloride. The solubility of carbo-
nates and bicarbonates of alkali depends to a very great degree on surrounding
conditions, and varies within very wide limits. Most astonishing is the extent
to which the solubility of sodium carbonates and bicarbonates depends on the
temperature: at temperatures of zero and below, the solubility of soda and
sodium bicarbonate, also that of sodium sulphate (but not that of sodium
chloride) drops to as little as 35 g./l. At temperatures of around 30 °C,
the solubility of soda is as high as that of sodium chloride, i.e. approximately
350 g./l.; whilst at temperatures of 40 °C the solubility of soda is considerably
higher than that of sodium chloride (Fig. 6). The behaviour of soda in relation
to temperature is similar to that of sodium sulphate, whose solubility also
varies enormously with the temperature, being low in cold temperatures
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Solubility of salts depending on temperature

and many times greater in hot ones. The solubility of sodium bicarbonate is
likewise much higher in warm temperatures, though it varies less than soda.

In the study of soil and geochemistry, this factor is of outstanding import-
ance. It means that soda, at atmospheric temperatures of the order of 1015 °C!
and at 0 °C and below, will precipitate out into deposits in lakes and soils
together with sodium sulphate: whilst chloride solutions will be carried away
by ground, sub-soil and surface waters in the direction of the general geoche-
mical flow. It is thus to be expected that, in regions with a cold climate and
severe winters, saline soils will be characterized mainly by accumulation of
sulphates and carbonates alkali. In a dry, hot climate, on the other hand,
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owing to the fact that soda will then be more soluble than chlorides, separation
may occur and soda may accumulate in the areas of final evaporation of the
solutions. Combined migration and accumulation of soda and sodium chloride
will be comparatively rare, occurring mostly in places where there are deep,
reducted underground waters flush with the surface. The solubility of sodium
carbonates depends also in great measure on the salts contained in solution.
Sodium sulphate in particular plavs a very important part: when present in
large concentrations, it lowers the solubility of soda and sodium bicarbonate
and causes them to be precipitated out into deposits. For instance, saturated
solutions of sodium sulphate, at concentrations of the order of 200 g/,
transform soda and sodium bicarbonate into an insoluble deposit (Fig. 7)
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The influence of sodium chloride in this respect is similar to that of sodium
sulphate, though not as strong. The solubility of sodium carbonates and bicar-
bonates decreases sharply with a total concentration of sodium chloride of the
order of 260—270 g./l. In view of the fact that the solubility and migration
sapacity of sodium carbonates decrease in the face of high concentrations of
sodium sulphate and sodium chloride, most highly concentrated natural brines
will contain only small quantities of sodium carbonates and bhicarbonates.

A sharp distinetion can thus be drawn, in the geochemistry of salts on
land, between regions of accumulation of carbonates of alkali and regions of
accumulation of chlorides and sulphates: the potential areals of accumulation
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of bicarbonates and carbonates of alkali being much larger than those of chlo-
rides or even of sulphates. Soda and sodium bicarbonates will tend to accu-
mulate in regions where the general salt content is fairly small, i.e. mainly in
those at the initial stages of salt accumulation.

A high soda concentration in solutions, in its turn, exercises a strong
influence on the solubility and mobility of calcium carbonate, which is an
extremely important compound in soil chemistry. Figure 8. shows that there
is a very sharp drop in the concentration of calcium even in solutions with
relatively low general alkalinity. In the presence of sodium bicarbonate,
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caleium bicarbonate still retaing some degree of solubility; but the presence
of soda, even when the total alkalinity level drops to 0.1-0.2 %, virtually
eliminates the caleium from solutions. This explaing why the ground-waters,
in regions of alkaline salt accumulation, contain practically no dissolved
calcium salts despite the presence of calcium carbonate in the rocks and soil
horizons.

We have studied this phenomenon on the basis of numerous analytical
data relating to soils of varying degrees of alkalinity. The data given in figure §.
show that, after the alkalinity figure for water extracts reaches 0.05%, HCO;g,
these extracts contain practically no calcium salts.

When it comes to compounds of silica, aluminium and organic matter,
it will be seen that normal and bicarbonate alkalis influence their solubility
and mobility in precisely the opposite direction (Fig. 4): the greater the alka-
linity of the solution, i.e. the greater the concentration of soda in it, the more
compounds of silica, alumina and humus in the form of true, molecular or
colloidal solutions it will contain. The same applies to soils: the higher their
alkalinity, the greater amount of mobile forms of silica and organic matter
their soil solutions or water extracts will contain (Fig. 9). It is a well-known
fact that rain puddles, surface streams and small brooks flowing through soda-
saline soil areas, are strongly tinted by organic matter. This capacity of alkaline
soda solutions to turn compounds of silica, alumina and organic substances
into mobile form has very farreaching consequences in soil science and geo-
cihemistry,

Sodic-salt accumulation areas will be characterized by more than the
accumulation of bicarbonates and carbonates of alkali: there will also occur

3*
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at the same time — though the process may not be visible — accumulation
of compounds of silica, alumina and organic substances brought into the area
with the alkaline waters of surface or underground streams. Measured in
absolute terms, the amount of these components brought into the area in this
way will not at any one time be large; but these processes, continuing through-
out long geological eras, culminate in the accumulation of considerable quan-
tities of silica, alumina and organic substances, and the emergence of a highly
specific type of soil-forming substratum. It is precisely this property — the
capacity to transport silica and alumina compounds into areas of salt accumu-
lation — that is, in our opinion, responsible for the formation in these areas
of sedimentary rocks rich in secondary, amorphous minerals with marked
predominance of silica over alumina and, more particularly, responsible for
the formation, in these regions of montmorillonite-type clays containing a
constant admixture of highly dispersed organic matter. Even kaolinite-type
clay deposits, under the influence of alkalineground-waters, containing dis-
solved silica, are inevitably transformed into montmorillonite-type clays.
As a result of all these factors combined, the sedimentary soil-forming rocks
of soda-saline regions will be dark in colour, be characterized by high disper-
sion, have a large swelling capacity when damp, and shrink and crack when
dry. In other words, they will possess all the properties which distinguish
soda-saline soils from the other soil types. The main reason for the black
colour of meadow- soda-saline soils is of course the accumulation of humus
in hydromorphous soil-formation conditions.

V1. Soda-accumulation — the first stage in the process
of salinization of soils and waters

The results of studies which the author carried out over a period of many
years, and report on which were published at various times (KovDa [30, 31,
36, 37, 38, 39]), show that there exist certain specific relations between the
quantity of the salts which accumulate in natural waters and soils and their
composition. In the process of the growth of the mineralization of water, the
following quantitative and qualitative stages occur:

1. Completely fresh waters of the tropics and of northern forest regions,
containing silica and organic substances; total concentration 0.01—0.1 g./1;

2. Fresh hydrocarbonate-caleium waters with concentrations of 0.2—
0.3 o./l;

¢ 3. Hydrocarbonate-sodium waters with concentrations of 0.5—0.7 g./1.;

4. Hydrocarbonate-sodium waters with salts concentrations of 0.5—3.0
g./l., containing sulphates and, less often, chlorides;

5. Chlorido-sulphate waters with concentrations of 2.5—5 g./l., con-
taining soda;

6. Sulphato-chloride waters with concentrations of 20—30 g./l. and
more, usually not containing soda in substantial quantities (Fig. 3.).

The foregoing general pattern for the existence of hydrocarbonate-
godium underground waters with low mineralization (0.3 -5 g./1.) was estab-
lished by the author on the basis of a large quantity of geographical and hydro-
geochemical data. The West Siberian depression, including the Baraba and
Kulunda plains, is a typical example of this phenomenon. In this immense
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goda-saline region (which we in 1946 called the soda-salt accumulation area)
it is established that in 80—90%, of cases, the first aquiferous ground-water
horizon, and also the ground-watersof the Quaternary, Tertiary and Cretacious
strata, when they have concentrations of the order of 0.5—5 g./l., are hydro-
carbonate-sodium in type, with some sulphates or chlorides. With higher
concentrations of salts in ground-waters — 10—20—30 g./l. — soda mixes as
a rule with chlorides and sulphates. We established a similar hydrochemical
pattern for the Hwang-Ho and Sungari basin in China, where, as mentioned
earlier, there are large areas of soda-saline soils. The same chemical composition
is found in the ground-waters of the Ararat Valley in Armenia, the Karabakh
steppe in Azerbaijan in the subterranean waters of North Africa, California,
Argentina and so on. There are few known examples of deviations from this
general pattern for the formation of alkaline hydrocarbonate-sodium waters.
The most striking example of the complete absence of hydrocarbonates and
carbonates of alkali in ground-waters is that of the Ferghana Valley in Uzbe-
kistan: herc the rocks forming the valley basin contain abundant gypsum;
and both the sedimentary rocks and the soils are supersaturated with this
substance. In these conditions, it is impossible for bicarbonates or carbonates
of alkali to form large concentrations or accumulate in solutions. Due to this,
the Ferghana Valley constitutes a classical example of the absence of alkali
accumulations and of the predominance of processes of accumulation of sul-
phate salts and, in particular, calcium sulphate. This is also characteristic,
though to a lesser extent, of the Hungry Steppe and the Bokhara region in
Uzbekistan, the Vaksh river valley in Tadjikistan and the lower reaches and
delta of the Amu-Darya.

A diametrically opposed anomaly — that of intensive accumulation of
bicarbonates and carbonates of alkali in highly concentrated solutions — is
observed on the alluvial plaing of the deserts of Western China, where, along
the terraces of the Tarim, Aksu and other river valleys, extensive meadow
soda solonchaks are found. Generally speaking, the ground-waters in this area
also have a relatively low mineral content — concentrations of from 0.5—
3—5 g./l. — and are alkaline in composition. Research done by Lcorov
and his colleagues [10] showed, however, that there are also in this area,
ground-waters which have concentrations of as much as 10—-15—30 g./l. and
contain accumulations of carbonates and bicarbonates of sodium. Ecorov
attributes this anomalously large accumulation of carbonates and bicarbonates
of alkali in the deserts of Central Asia, to the fact that, in this region, clays
saturated with exchangeable calcium are practically non-existent. As demon-
strated above, clay-formation and in particular reactions with exchangeable
calcium may cause sodium to be separated out of solutions, thus limiting the
accumulation of free soda. The absence of clay, with a constant inflow of
fresh weathering products may, together with the evaporation and concentra-
tion of alkaline underground waters, lead to exceptionally large accumulations
of carbonates and bicarbonates of alkali in solutions and ground-waters.
Another extremely important factor, in the conditions of Western China,
is the virtually total lack of gypsum.

The existence of such geochemical anomalies of one kind or another
merely underlines the need for carrying out detailed research on the chemical
composition of the soluble salts contained in the underground waters and
soils of strongly, mslium and in particular weakly saline areas. At the same
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time, the existence of such anomalies coes not detract from the significance
of the general laws enunciated above.

The author was able to make analysiy of the dependence between the
alkalinity of groundwaters and their salts concentration working in the basin
of the Hwan-Ho and Sungari rivers (38, 39]. In Figure 10. the figures along
the axis of abscissas show the total salts concentrations in ground-waters and
in soils; those along the axis of ordinates, the corresponding pH readings for
eround-waters and soils, As shown in the diagram, for low ground-water con-
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Fig. 10.
Relationship between the salinity and the pH value
I: in top soil horizons II: in lower soil horizons II1- in ground waters
Dots: pH Circles: mean pH

centrations of 2—4 g./1. and less, the pH reading in ground-waters will average
about 7.8—8.0, with a fairly wide range of variation (7.2—8.9). Tt should be
remembered that this water was collected and analysed without any measures
being taken to protect it from the carbon dioxide contained in the atmosphere,
so that the pH readings for waters in relation to concentrations of bicarbonates
and carbonates of alkali will in fact be slightly lower than the figures we ob-
tained. There is # marked tendency for the alkalinity of ground-waters to decrease
as their mineralization increases, There are some exceptions but, generally
speaking, it may be taken that, with concentrations of above 53 g./l. the plH
readings in the ground-waters of the Hwangho and Sungari river basin do not
rige above 7.5. Ground-waters with coneentration of 30—50. g/l. are as a rule,
neutral. A similar dependence between alkalinity and salt content is found



-\ (& h 0 I\ EATT \ Iu S TALAJTAN Tom, L4, (1965) Supplementum 39

to exist in soils as well. Alkaline soda-saline soils formed under the influ-
ence of slightly mineralized ground-waters are themselves only slightly saline;
the total salt content in such soils rarvely attains 19%; more frequently
the total salts content (measured in a water {,‘(t[d(‘t) is not more than 0.5—-0.7%
at the surface, and considerably less deeper down. Tt is only in exceptional
cases that mineral soda solonchaks, with total salts content (measured in
a water extract) measures several per cent ave formed. This may occur, for
instance, along the shores of lakes, where there is chemical precipitation of
salts from saturated solutions, with accumulation of trona. The diagram illu-
strating the link between the pH reading and the mineralization ()f ground-
waters also illustrates the connexion between the pH reading and the degree
of soil salinity in the Hwang-Ho -Sungari river basin. Generally spmkm
the pH indices for soil horizons are considerably higher than those for ground-
waters. 1t i as though the soda were separated out bv the soil. The soda, after
entering the soil horizons from the ground-waters, ig not leached out but re-
mains thel'e, both because of the lower water-permeability of alkaline soils and
also because of the low solubility of soda in cold temperatures. The general
pattern is the same as for ground-waters: the lower the total salts content in
the soil horizons, the more likelihood there is of the soil being strongly alkaline.
Thus, with a salt content of 0. 6%, and less, the alkalinity — pH — averages
from 8.6—8.8, with variations of between 8 —9.6. With high salts contents in
the lower part of the profile (1 —2—3%,) soil alkalinity progressively decreases,
approaching pH 8. The same diagram shows that the degree of alkalinity
depends on the degree of salinity of the top soil horizon. Soils with exceptionally
high pH readings (of the order of 9--10) exist only with a salts content of less
than 2 V- Where there is a salts content of 2.5—3.49,, the pH readings in the
top horizons of the saline soils of China are never very high (chpI'()‘ﬂnld,tBlV 8).
All this indicates that there is a very cloge connexion between the process of
formation of alkaline sodium-saline soils and the chemical composition of
ground-waters. At the initial stages of salt-accumulation, when the ground-
waters themselves have a low salts concentration (in the region of 0.3 g./l.
and less), there are formed, in hydromorphic conditions, humus rich, dark-
coloured meadow soils which are completely non-saline, have low alkalinity
and possess a high degree of natural fertility. Subsequently, as the salts-
concentration in the ground-waters increases owing to the carbonates and bicar-
bonates of alkali accumulating in them, the soil-alkalinity rises to pH readings
of 9—10 on account of the intensive accumulation of sodium carbonates and
bicarbonates in the soil profile. The increase in the salts-concentration of the
ground-waters is accompanied by accumulation of sulphate and chloride salts,
including salts containing calcium. There then beging a gradual process of
“gvpsumization” of the salinizing soils; the soda and sodium hicarbonates
accumulated at an earlier stage become neutralized and their strong alkalinity
disappears. As a result, strongly saline soils formed under the influence of
highly mineralized ground-waters; but they arve weakly alkaline or even, in some
cases, have a neutral reaction. The link between soda-saline soils and a low
degree of general soil salinity is clear from the diagram showing the total salts
composition of the soils of the west Siberian depression in relation to the total
reserves of soluble salts contained in soil horizons (Fig. 11.).
This diagram was drawn up on the basis of a large quantity of analytical

data and is, therefore, reliable. It shows that alkaline soils i.e. soils in which
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bicarbonates and carbonates of sodium predominate in the salts composition,
both in absolute and in relative terms — exist in places where the gross salts
content in a soil prism of 1 m?in basal section does not exceed 5— 7 kg. When
the totalsalts content in the soil profile approaches 100 kg., then, in the conditions
prevailing in Western Siberia, marked gy psum accumulation commences, while

Table 5,

Sodium-saline soils of varions continents

Armenia Hungary Middle Trans-Volga region

IIPEE]JJI in | pH C(g/f— Hg/ooz Delilril. in pE )Ia,gt;,‘Os Deﬁff, in HE Hcc:y(:';
1— 7 0.4 0.22 066 0— 5 8.9 0031 0— 3 9.3 0.36
T— 22 9.2 0.07 0.26 | 15— 30| 10.0 093 | 5— 10 9.4 0.45

22— 78 9.0 0.03 0.14 | 45— 60| 10.0 0.40 | 20— 25 9.6 0.55

78— 89 89 0.02 0.13 | 75— 90 9.8 0.17 | 45— 50 - 0.43

89—120 8.4 0.01 0.12 | 90—106 9.8 0.16 [105—110 — | 0.11

T Yakutia Middle Trans-Volga region California— U, 8. A,

Depth in HCO3 Na,CO, Depth in | Totalsalt HCO3 Depth in Coi- HCO3z
om, % % cm, % % o, T % %
h— 15 0.03 0.09 5— 51 0.73 0.19 0—12| 9.67 0.91 0.80

20— 30f 0.05 0.06 5— 10| 1.78 0.97 12—24| 9.42 0.49 0.51

40— 50, 0.14 0.15 15— 20| 1.34 0.82 24361 9.59 0.43 0.34

90—100| 0.05 0.07 | 45— 50[ 043 0.39 36—48| 0.11 0.15 0.40
— — — 95—100, 0.19 0.16 — — — l —

Western Chinn Eastern China Hwang Ho river delta| North-Bastern China Druzba State Enterprise

DEE:J‘_ in G(l;\f— i HE/(DJ; l!e};,r]:. in i Tntal?iqlts D“(]:];}_l in pH ; C?(/z%‘ H(;:?;

B A | |
05— 2 054, 112} 0— 2 106 ‘ 83 | 0— 3 49 001 | 0.22
2—12 0.01 012} 2— 16 9.3 ! 0.4 3— 13 0.7 0.06 0.23
12—20 0.05 0.14 1 16— 34 . 9.2 0.3 24— 34 8.6 0.03 0.13
3144 0001 004 I34— 55, 93 | 01 |63— 73] 96 | 003 | _
50— 76! 0.005‘ 0.03 [80—115] 90 | 01 [o4—104! 0.03 ‘ 0.12

Eust Alrica (s0il on top of
voleanic ashes) Kenyu,

Kedong Hanch

Depth in

. pli

0— 5 6.7
50— 62 . 7.0
126—135 @ 8.2
162—180 | 9.9
250—286 | 10.7
236—336 | 10.9

Ruzizi, Bast Afriea®*

Angola, 2outh Afriea

India (mam groups of alkaline soils)

Ve . Exchunge
g s : Dissolved HCOL | -
hEl,lI)“:f h.nhltjxrlle;;/c‘snt‘; IJeCp;i] in pIL Tt and CO§T in < }‘J%-ZFK_
| of anions capacity
| | i
80 | NaHCO, 226] 0— 15| 7.6 |85-00 | 0—10 | 1530
— | Na,S0, 52.1) 15— 40| 9.0 9—10 ‘ 10—20 | 50—80
— I NaCl 1441 40— 70| 9.2 9—10 | 40—60 | 50—80
— - 70—105] 9.3 10—10.5 =80 >80
— — 105—140| 9.1
- — |

*pil of

Iake waters: 0—0,1
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Egypt—UALR Natron Lakes Egypt—UAR Utah—U. 8. A,
o ; | HCO, me.
Depth in me. % me. ‘o Holuble % of Depth in Na+ 9, per 1, of
cm. o3 Heog salts ‘ content cm. i of capacity | saturated
extract
\

0— 15 1.4 6.7 | Na,CO, | | 8586 0— 25| 99 24.9 10.35
15— 30 39 4.8 || NaHCO;, | L 25— 125| 9.0 31.3 9.27
30— 55 2.5 6.0 | NaCl 7.00 12.5— 25 10.0 61.3 11.86
55— 80 0 10.4 | Na,SO, [ 1.20 25— 45 10.1 75.6 8.94
80—105 0 8.3 | Total | ,94.06 45—120 9.5 70.6 4.31

hat of carbonic alkalis decreases until they finally disappear altogether trans-
formed, under the influence of gypsum, into calcium carbonate. At the same
time, the sodium sulphate content rises sharply, and the soil, from being
slightly or medium saline, becomes strongly saline, but loses its alkalinity,
so entering the category of neutral sulphato-chloride saline soils. This typical
phenomenon was established by V. S. MuraTovA also for the plains of Central
Azerbaijan. The fact that alkaline soda-saline soils coincide with the absolute
minimum salinity figure explains why, when defining soil salinity by electro-
conductivity, soda soils were not identified or recognized, but were considered
as non-saline soils having poor water and physical properties. If a detailed
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Fig. 11.
Salt accumulation in soils. Western Siberia

analysis of the water-soluble salts contained in these soils had been made,
on the basis of water extracts; and if their ground-waters, which are fresh to
the taste, had been tested for salt content, it would have been discovered
that they in fact contain large quantities of sodium bicarbonates and carbo-
nates, and the reason for their poor fertility and bad water and physical
properties would have been explained. There is, in the author’s mind, no doubt
that many compact, impermeable, unstructured fissured dark-coloured steppe
and meadow soils (so-called vertisoils) are in fact so many different types of
soda-saline soils which have not heen identified as such because their chemical
composition has been analysed, if at all, by the electro-conductivity method.
Table 5. gives analvtical data for tvpical soda-saline soils in various regions
of Asia, Europe and Africa.
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VII. Utilization and reclamation of soda-saline soils [27]

In view of the fuct that sodium bicarbonates and carbonates are highly
toxic for agricultural plants and also because of their extremely unfavourable
agrophysical and hydro-physical properties, alkaline soda-saline soils ave hoth
difficult to reclaim for agricultural purposes and unrewarding. To reclaim such
soils radically and permanently is a costly and complicated business. Before
including alkaline soils in agricultural projects, therefore, a thorough study
of their genesis, and of their chemical, physical and hydrological properties
should e made, as a basis for selecting appropriate methods for their recla-
mation and subsequent agricultural utilization. The reclamation methods
selected in each case will depend on whether the soils are to be used for pasture
land, as arable land under non-irrigated (dry) agriculture or for irrigated
agriculture. They will also depend on the particular type and regime of the
alkaline soils in question and especially their origin — whether thev are con-
temporary, active and linked with alkaline groundwaters; or whether, on the
contrary, they are residual, relict and in the process of transformation into
normal, non-alkaline soils.

From a purely economic viewpoint it is preferable, provided that the
country or region concerned possesses sufficient good agricultural land, not to
plough up alkaline soda-saline soils, but to use them mainly as pasture land.
When left virgin, alkaline soils do possess a certain plant cover, sparse though
it may be, which can serve as fodder for horned stock. In soda-saline regions
such as those located along the East-African graben, the alkaline soils are
covered with sparse grassy savannah vegetation, and are used as natural
pasture by herds of wild buffalos, zebras, antelopes, deer and other animals.
Under good management these animals provide enormous quantities of valu-
able meat, skins, wool and also numerous by-products of the meat industry.
In Western Siberia in the USSR, livestock breeding flourishes on the natural
pastures afforded by meadow-swamp and meadow-soils, a large percentage
of which are soda-saline. In Hungary too, the most intensely soda-saline
soils are not ploughed up, but used for pasturing livestock; and the same is
done in Argentina. It must, nevertheless, be borne in mind that over-pasturing,
with resultant degradation of the plant-cover and destruction of the soda
intensifies the evaporation of soil moisture, inereases the accumulation of
alkaline salts and lowers the quality of the pasture. This is particularly serious
in the case of alkaline soils with a high ground-water table, It is important,
therefore, when using alkaline soils for pasture, to select suitable areas and
regulate the number of stock per unit of area. As shown by the example of
Australia, the quality of pasture on alkaline solonetz soils can be greatly impro-
ved by scattering gypsum on the surface and using the simplest irrigation
methods. Using alkaline soils (solontsy, meadow soda solonchaks) for dry,
non-irrigated farming is extremely complicated and frequently unsuccessful;
besides which, agricultural crops grown in these conditions produce compara-
tively small yields. Much depends on the (uantity of atmospheric precipita-
tions, and how they are distributed throughout the year. In the mediterrancan
climate with maximum rainfall in winter and spring and also in the monsoon
regions, with maximum rainfall in summer it is possible — provided the total
rainfall attains from 300 to 400 millimetres — to obtain vields from unirri-
gated crops such as barley and wheat. This applies, however, only to soils
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with very low alkalinity, having pH readings of not more than 8.5. On alkaline
soils with pH readings of about 9 or, even worse, 10 and more, the cultivation
of agricultural crops with dry farming methods becomes impossible unless
irrigation and reclamation measures are applied; though natural fertility is
somewhat better and a certain amount of dry farming can he done in places
where the alkaline, solonetz horizons instead of heing right up at the surface,
are topped by a humus or solodized A-horizon. Be this as it may, special recla-
mation work will always have to he done before alkaline soils can he used for
dry farming. This will include: putting of gvpsum in the soil in order to neutra-
lize the free soda and exchangeable sodium; deep plantage ploughing in order
to mix up the alkaline horizons with the subsoil horizons eontaining lime or
gypsum; and application of large quantities of organic manure for the purpose
of increasing the soil’s content of carbonic acid, capable of neutralizing its
alkalinity. Ixperience acquired all over the world in methods for improving
alkaline soils shows, however, that the best results are obtained by irrigated
farming, combined with radical measures of reclamation. Many vears of re-
scarch on this question has been done by Soviet soil scientists and agronomists
in the Volga region, Western and Eastern Siberia, Central and Northern
Ukraine, the Urals area and Transcaucasia. Also, extremely intercsting observ-
ations have been made, and methods devised by Hungarian soil scientists, by
U.S. A. specialists in California and Oregon, and by Chinese scientists in
North-Eastern and Western China. The combined experience of different
countries shows that alkaline soda-saline soils can only be permanently impro-
ved by the application, simultaneously, of a whole series of soil-reclamation
measures: chemical, physical, biological and hydrotechnical (watering, leaching,
drainage).

The first step to be taken in order to ensure permanent improvement
of soda soils is to eliminate the alkalinity caused by the presence in these soils
of sodium carbonate and bicarbonate, and also of adsorbed sodium. The general
soil-alkalinity, as indicated by data obtained from a water extract, has to be
reduced to about 0.05% HCO,, the pH value to 8.4—8.5, and the quantity
of exchangeable sodium in the arable horizon to about 5—10% of the total
sum of exchangeable cations. The data obtained by Soviet, American and
Hungarian experimental stations show that good results are obtained by apply-
ing large quantities of gypsum (40—90 t./ha.), sulphur (1—2 t./ha.), sulphuric
acid waste, ferric sulphide, raw caleium chloride, hydrochloric acid waste,
and chlorine gas. With a sufficiently damp climate or good irrigation, satis-
factory results are sometimes obtained, in experimental conditions, by applying
calcium carbonate together with large quantities of organic fertilizer, which
leads to the formation, in the soil solution, of calcium bicarbonates and free
carbonic acid, The optimal quantities of chemical substances to use, and also
the best timing and methods of application, depend enormously on the spe-
cific geographical features of each area, the degree of soil alkalinity and the
type of soda-alkaline soils to he treated. Soda solonchaks, being strongly saline,
require leaching for removal of the surplus salts, in addition to gypsuming.
Since these soils have poor water-permeability and since soda and sodium
sulphate are difficult to leach out during the cold season, it will be advisable
to put soda solonchaks under irrigated rice crops for a couple of years after
treating them with gvpsum. This “summer type” leaching is more effective
and gives good results (experiments carried out in the People’s Republic of
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China and in Hungary). The next stage in the process of reclaiming soda-saline
soils is to apply measures for improving their physical properties. All tendencies
towards coalescence, loss of structure, peptization, impermeability to water,
swelling when damp and cementation and crusting when dry must be elimi-
nated. This will be achieved partly by the elimination of alkalinity and
exchangeable sodium; partly also, by the introduction of calcium into the soil
solution and the absorbing complex. A further means of improving the physical
properties of alkaline soils is by deep hoeing (to 50—70 em.) and subjecting
the soil surface to periodical drying and heating up simply by exposing it,
under bare fallow, to the rays of the sun — which will lead to dehydration
and coagulation of the soil colloids, shrinkage of the crystal lattice of mont-
morillonite minerals, and fixation, in non-exchangeable form, of part of the
adsorbed sodium, with a consequent general improvement in the structure
and physical properties of the soil. It has been shown, both by our laboratory
research in the 1930’s and by investigations made in the field by Ukrainian
scientists, that exposure to heat considerably improves the agrophysical pro-
perties of soils, even at temperatures of only 70—75° C.

The most important feature in operations for the improvement of soda-
saline soils is the elimination from the soil itself of sources of renewal of soda.
solutions. This operation will, however, not be necessary in soda-saline soils
of residual type, which have ground-waters at a depth of more than 10—15 m.:
under these conditions, there is no longer any capillary flow of soda and
sodium bicarbonates up to the soil surface, and one neutralization of the
existing alkaline salts content with gypsum, sulphur or any other compound
suffices for many years, especially if the fields are periodically hoed, manured
and left under bare fallow. There are, however, many alkaline soils which are
contemporary, not residual, and which have ground-waters, containing soda,
close to the surface (1.5—2—3 m.). In such cases, as shown by the observations
of experimental stations in the Urals district, alkaline soils even when treated
bv chemical reclamation methods, become strongly alkaline again within
3—5 years, with all the attendant disadvantages. From the high alkaline
ground-waters, new reserves of alkaline carbonates constantly pass up into the
soil horizons through the capillary fringe. Hence, when dealing with alkaline
soda-saline soils which are hydromorphic in character — i.e. which have
a high ground-water table — it will be absolutely essential, besides using che-
mical and physical soil-improvement measures, to install artificial drainage
for the purpose of lowering the ground-water table and removing soda solutions
from the region. The drains used for lowering and removing alkaline ground-
waters may be of various types: horizontal, open or closed; vertical with
pumps; or combined. Further, they may be widely spaced out or laid close
together, depending on the degree of alkalinity of the soil and ground-waters.
Whatever the type used, draing provide the sole guarantee both against
secondary salinity and against the intensification of sodium salinity in the
event of the ground-water level rising. The Hungarian soil scientists SzaBoncs
[52, 53] and DaraB [53] observed the oceurrence of secondary soda salinitv
in those arcas of the Hungarian depression which were irrigated for rice-
growing. In this instance, it is essential to install drainage, in addition
to applving all the other soil-improvement methods enumerated above, as a
means for preventing secondary salinity. In working out plans for improvement
of soda-saline soils, the chemical properties of the irrigation water must always
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be taken into account: for instance, prolonged irrigation of alkaline soils with
irrigation waters containing calcium bicarbonates or sulphates will automati-
cally improve the chemical, physical and biological properties of those soils.
It was precisely this phenomenon which the American soil scientist KELLEY[25]
observed at the Fresno experimental station in California. This is the reason,
too, why gypsum, in dissolved form, is poured onto alkaline soils together
with the irrigation water. This is the means Australian scientists use for achiev-
ing rapid and successful improvement of solonetz pasture land. Good results
may also be obtained by irrigating with waters containing acids, as the waste
waters from factories, coal pits or mining shafts often do. On the other hand
irrigation of alkaline soils with waters which contain neither caleium salts
nor acids but have even minute concentrations of bicarbonates and carbonates
of sodium will increase the alkalinity of the soil and provoke further deteriora-
tion of its chemical, physical and biological properties. For example, the waters
of Lake Sevan, in Armenia, are strongly alkaline. In such cases, the quantity
of chemical substances required for soil-improvement will be much greater;
and moreover, when alkaline irrigation waters are used, the chemical recla-
mation process will have to be repeated after several years.

Another important factor in the radical reclamation of alkaline soils
is the improvement of their biological activity. Alkaline soils with high pH
readings are characterized by low biological activity. They contain little micro-
biological life, and few insects, and in particular, worms, are found in their
soil horizons. The root systems are not very highly developed, so that the
production of organic matter and of carbonic acid is small. All this conducts
to making the fertility of alkaline soils low, so that it is extremely important
to apply very large quantities of organic fertilizers in order to increase their
biological activity: manure, organic residues, peat-compost, etc. This gradually
increases the mierobiological activity and vitality of the soil, and increases
the production of carbonic acid.

It is clear from the above that the methods for improvement of alkaline
soda-saline soils are complicated, vary according to conditions and to the type
of soil, and include many costly operations, some of which have to be repeated
after the elapse of several years in order to maintain the improvement achieved.
Scientifically speaking, and on the strength of both laboratory and field expe-
riments, it may be confidently affirmed that the problem of the reclamation
and development of alkaline soils has been solved. We are now able, on the
basis of a whole system of theoretical and practical research data, to draw
up plans for the reclamation and development of any type of alkaline saline
soils. ISconomieally, the question is somewhat more complicated. In each spe-
cific case, before deciding to plough up alkaline soils for use in dry or irrigated
farming, and before embarking on these operations, it will be essential to make
a general assessment of the economic aspects of the question.
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IEJIOYHBIE 10YBLI COOQOBOr0 3ACOJIEHUSA
B. A, KOBA

M. I'. ¥. Buoaoeo-Tlougennsii ghaxyasmemn, Mociea

K Hacroswmemy BpemeHM HAKOTHJIOCH MHOLO reorpadiMueckKny JaHHBIX,
CBHCTEJBCTBYIOIUMX O TOM, YTO IIEJIOYHBIE IIOYBBI COJOBOTO 34cOJieHUs (TIOJ
HASBAHUEM «lLeJIOYHBIE TIOUBBI COJOBOTO 3aCOJIEHHSy Be3jle TOAPA3yMeBaioTCs
TOUBEL, COACPIKALLME NOBBILIEHHbIE KOJMYECTRBA YIJIEKHCIBIX U [BYYIJIEKHCIBIX
COJIeH HATPUA M KaJus, T. e. CONOBbIE COJOHYAKH, COLOBBIC CONOHILI U ap.) pac-
MpOCTPaHetbl He0ObYARHO WMPOKO HA TePPHTOPMM PA3HLIX KOHTHHEHTOB Halueit
MIaHETH. BEICOKAs TOKCHMUHOCTL YIIEKHCIBIX [enouell, Kpaiie He(aronpusT-
Hble (PU3HYECKHE CBOWCTBA, cOOOILAEMbIe STHMH COJISIMH MOUBE W I0YB0O0Opagyio-
IEH TIOPOjR, MPUBOJAT K TOMY, UTO LUEJIOUHBIE NOUBLI COLOBOT0 3aCOJEHHS OTJIN-
YAKTCA BeCbMA HU3KUM eCTeCTBEHHLIM IIJIOOPOJMEM M MX MCNOJIb30BAHHE B
3eMJIEIeJIMI TIPEJICTABIIsIET 00JIbINe TPYAHOCTH. Bee 9T0 BMecTe B3ATOE BBIIBH-
raeT mpofiemy NMPOMCXOMICHHA W MeJMOPALMM TIOUB COLOBOTO 3acOjieHusl Ha
O/IH0 M3 MEPBLIX MECT B COBPEMeHHOM NouBoBeennu. Mmento nosromy npo6iema
COJI0BOTO 3aCOJIEHUS [I0YB M 0COOEHHO MPOHCXOXKAEHNS CAMOM COBI MPHBJIEKANA
BHUMaHUe BhIaOWuxcsl yuenblx HIngarp [37, 38], Siemono [50, 51], Maunka
[10], I'edpoiiy [6, 7, 8], KxLLEy. [43, 44]. B monorpadusx Kosda [17], KELLey
[44], Anmunosa— Kapamaega [2] MOYKHO HAHTH M3JI0YKEHUe COBPEMEHHBIX B3I~
JIOB Ha TNpOMCXO0XeHHe CObl W TIPOLeCChl 06pa3oBaHMst LEeI0YHEIX TouB. HoBoe
noxonenue nousoseos Cyn Ja-Yen [25], Ezopos, [12, 13, 24], SzaBoLcs [54,
55, 56], Ufton—H., RaycHAUDHURI [48, 49, Basuaesuy [3,] u IP. NPOJI0JIKAIOT
MCCTIeIOBAHUA 9T0H NpodyeMbl ia COBPEMEHHOM aTalle.

I. Ceorpaduyeckoe pacnpocTpaHeHHe LUENOUHBIX
MOYB COJIOBOI'0 3aCOJEHHA

YCTaHOBJIEHO, YTO Ha Kaj)(OM KOHTUHEHTE 3eMHOT0 LIAPA MMEIOTCs 0onee
MM MeHee 0GMKPHbBIE TePPUTOPUY, 3aHSATBIE 1eJOUHBIMU TIOUBAMU COLOBOTD 3a-
COJIEHHSL.

Ha KonTuHeHTe A3u' NMOUBE COAOBOTO 3aCOTEHUS OMUCAHBI MHOTHMH yye-
HBIMH, BKJIOYasi M aBropa Hacrtosulero of3opa. Ha Tepputopuu Kutaiickoit
Hapogroii Pecny6ianku 5T MouBBl yCTAHOBJIEHB! HA APEBHAX AJUTOBHAJBHBIX
paBHuHax Oacceitna pexu Cynrapu (IPHTOK pPekn AMyp), Ha JeJbTOBO-aJIlio-
BMAJILHBIX PaBHUHAX peKu XyaH-X9 M Apyrux 6ecuYuciieHHbX PeK, Bajalomux
B JKesroe Mope, Ha aJUNOBHAJILHBIX Teppacax peKu Xyan-X3 1 ee NPUTOKAX, B
cpepHem Tedennn (B Cesepo-3anajxom HKurae), Ha MOArOPHBIX AJLTIOBUAJBIBIX
pPaBHMHAX M HM3KUX Teppacax pek 3anapHoro Kuras, crexawouux ¢ TAHbIMAHS
n Kywbayns, B ocodeHHocT no pexam Tapum, Ax-cy, Kusun-cy, Mauac, Ha-
KOHEL, HA aJIIOBHAJIBHBIX Teppacax G0JblUMX H MasbiX pek Buemnelt Mouronuu
( Uwoi-- M. (1936), Kosoa [21, 25], Ezopos [12]).
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IMousst copoBOrO 3acosenust (COLOBBIE COMOHLB M COJOBbE COJOHYAKH)
TAKyKE ObIM YCTAHOBJICHBI HA AJUNOBUAJILHLIX PABHMHAX M HH3MEHHOCTSIX MoH-
roasckoit Hapopuoit Pecniybmmin  (Becnaaos [19517). Lnpokoe pacnpoerpa-
HEHMe MMEIOT LIENOYIIBIE MOUBLl COJOBOTO 3acosenus (4acTo B COULTAHHM C XJI0-
puitamn ¥ cyibGaTamu) Ha AJUNOBHANILHLIX U aJMOBHAILHO-IETBAAILHBIX
paBhnnax cyorontunenta Migwmn (Raycuavpmurr (48, 49]). TMoussl copoBoro
34COTICHUS BeChMA YacTo BCTPEUaloTesl Ha asiloBUalbHLIX Teppacax pexu Muyc
(¢ mpuroxamu) B npejenax Iakuctana nu Muguu. O6wmpHast 30Ha NOUB COOBOTO
saconeHust npocaexcupaercs B CepepHoit u Cesepo-3amaguoi Mupnu na annio-
BUAJILHO-/II0BUATIbHBIX MOAIOPHBIX PABHUHAX, cHOPMUPOBAHHBIX MHOTOUKCIIEH-
HBIMH peKaMy, TeKylluMu ¢ Fumanaes B cropony Muniickoro oxeana, Ilounbl
COJIOBOTO 3ACOJIEHUST YACTO HADIIONAIOTCH TalyKe Ha AJUNIOBHAJILHBIX PABIMHAX
CPesiHEro TeveHHst [aHra 1 ero MPUTOKOB K 3amagy oT 80° mepupnana. Wenoy-
Hble MOUBLI PA3HOW CTENeHW COJOBOTO 3acONeHUs] MPOCJEIKUBAKOTCS TAKMKe Ha
AJUIOBUAJIBHBIX Teppacax U Jlenpeccusix [eKaHCKOro TIATO CPeid YepHbIX
XJIOMKOBRIX TOUB MYCCOHOTO KiuMaTa. HaKoHel, HOUBBI COMOBOTO 3aCOJIEHHS
3HAUUTENIBHO PACTIPOCTPAHEHB! HA PeuHbIX Teppacax Kro-3amajuoit n KyKHoil
Mnauu (wrater Bombeit, Majpac), rjae 0HKM cOUeTaloTest ¢ JaTepUTHBIMH NOYBAMMK
APEBHUX MOBEPXHOCTei.

Mox nassannem «l03ap» (Usar) WenoyHble TsHKesILe N0YBEL, MMM YACTO
FPYyHTOBble BOJbI Ha TutyGune 1,5—2,5 M, u3BECTHBI 3eMese/leNIbUaM H yUeHbIM
My BecbMa nasHo.

Ha6mopanues 1 usyuamich B MHAMY ABAeHUS BTOPUUHOTO COAOBOTO 3aC0-
JIEHHS TIocTe NMOCTPOHKHM OPOCHTeNbLHBIN CHCTEM.

MspecTHO HawkoiuleHHe B HUX CBOOOJHLIX KapOoHATOB u BuxapGoHaToB
HATpUs, BeICOKAsA wenounoctb (PH 9—11); uayvanuch merojsl ux mennoparuu,
OCHOBAHHbLIE HA COUETAHMM XHMMUECKMX, OMONOTMYECKMX H T'H/IPOTeXHMUYCCKUX
npuemos (LEATHER [1897]), Nasir [1923], Puri and Tavror [1037], Muxk-
HERJEE [1946], RaycuaupnurL [48, 49], Kavn [41] u ap.).

[Tno1ma; 16 1Wea0uHbIX T0YB DA3AMUIIOTO TUMA CcOCTaBnsieT B Mujiuu 0KoJo
2—2.5 mun. rexrapos (Puc. 1.). Meeneposanust Posanosa [28] yeranosuin na-
Juuie Bbhicoomenounpix (pH 9) noun yepnero usera B LlentpannHoil Bupme.
[MoYBBL COA0BOTO 3aCOJIEHMS YACTO BCTPEUAIOTCH HA MPEArOPHBIX AJUNOBHATILHO-
JeBHaNbHBIX paBHiHax Mpaua (B yacthoery, B paiione Terepana). Mmeercs
yKasalue Ha NPUCYTCTBHE TOYUB COJI0BOTO 3acosenus B Typuuu (B pafloHe osepa
Ban n 1p.). [enouuble N0YBLI CO10BOTO 3ACOJIEHUS ONHCAHBL HEKOTOPBIMH aBTO-
pamMH TaxKe Ha aJunoBrasbiblx papnunax Turpa u Esdpara B Mpaxe (BURINGH
[19607).

B npejenax Copercroro Cowsa TOUBBL COJ0BOTO 34COMEHHS BCTPEYAKTCS
KaK B asMarckoil, Tak n B egponeiickoil uactax. B CoseTckoll Asum lenounbie
MOUBBI CO/10BOI'0 3ACOJIEHNS YCTAHOBIIEHBI HA aJUNIOBUAJILHBIX PABHUHAX KPYIHBIX
u maseix pex Bocrounodl Cubupu, B flkyTtin, B 3aaiikanbe, B Bapabunckoit u
KyaysuHeol nusMentocTsax 3anaanoit Cubupu, B psje paitonos Ipaypabs,
Ha AJUIOBHAJIBHO-JEIIOBHATNILHLIX paBHIHAX 34KaBKa3bsl B Mpejlesiax Asepbatij-
skana (Kapabaxckas crenb) u Apmenun (joomua pexn Apaxcea). Camocajgounas
coja B ogepax 3anajHo CuGupu yie ovelb JaBHO HCNOJIL3YETCHA B TIPOMbILI-
sennocTr. Coj0BBIC COJIOHLBL M COJIOBBIE COMOHUYAKM YCTAHOBIICHD! TAKIKE B He-
Kotopeix paitonax Ceseproro Kaskasza, Monjasuu, Ykpauusl u Bemuwoit Pyc-
CKOM PABHWHBL — BO BCEX CJIYYAsiX Ha MEPBLIX M BTOPBIX AJUIHBHAJILHBIX Teppa-
CaX CTEMHBIX PeK W B MNpPefesiax sIBHO BLIPA)KEHHBIX HU3MeHHOCTeH. OTmedeHbL
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NOYBLI COJOBOTO 3aCOJICHHS TaKyKe Ha aJUNOBMAJBHBIX DaBHHHAX pex Jlow,
Huenp, Hynait 1 X NPHTOKOB.

Lenmpanvrua u 3anadnas Espona. CopoBele COJOHLBI H CONOBBIE CONOH-
HAKH MHOTMe TOJIbl TOMY Hasajl ObUIM YCTaHOBNEHBI M ONMcaHbl B npefenax Ber-
TepPCKOH HU3MEHHOCTH, I/ie HAPOJHBI ONLIT KX MeNHOopaLuyu u3BecteH Gonee 100
7eT (Teppacsl [yHast u Tucenl, Husmennoceth Xoprobams). Knaccuueckue mecie-
JOBAHUA 34COJICHHBIX TI0YB, TIPOU3BEJIeHHBbIe B BeHrpuu 'SIGMOND-0OM, ObIIH Bbl-
MONHEHB! TJIABHBIM 00pasoM Ha IIEJOUYHBIX COJOBBIX II0YBAX pAsHOTO THIIA.
TTouBkr cOJI0BOTO 8aconennst bl TAKIKE YCTAHOBIEHB HA AJUTOBHATBHBIX Tep-
pacax crenieix pek B Pymbituu, Donrapuu, IOrocnasun. Xors npsimble ykasa-
HUSL M OTCYTCTBYIOT, HO 0 KOCBEHHBIM MPU3HAKAM CIEYET OXKMIATL BO3MOK-
HOCTH (POPMHPOBAHUSA MOYB COJOBOTO 3aCOJIEHMS HA AJHOBHANBHBIX PABHUHAX
pex B I'petun, Mranuu, Menanun. OHaKo B LenoM BCTPeyaeMocThb TI0UB COOBOTO
saconenns B npefenax Esponsl, B ocoGennoctn 3anajiuoit u LlentpansHot, 3ua-
UHTeNLHO MeHbwasd, yem B BocTounoil Eepone u B Azum.

Agpura. Coja n wenovlible TOUBLI ¢ J@BHUX BPeMeH GBI USBECTHBI apa-
6am. Mmeto ¢ apabekoro s3biKa CIOBO «abKaJm» BOLLIO B 3anajiHOeBpomeii-
CKYI0 W 3daTeM aMePUKaHCKyI0 Hayyllylo JUTepaTypy M0 Ie0JIOTMH M M0 MOYBO-
BejlcHnio. Ha apabekom si3bie «aiibKaimy SHAURT «IENoUHOi, «uenoubs. dopmu-
POBaHME IIEJIOYHBIX NIOYB COJOBOTO 3aCOJIEHUS U HIAKOMIEHHUE TIOUTH YKCTOH cOJpl
B NPOMBILUIIEHHBIX KOJIMYECTBAX M3BeCTHHI HAa Teppuropuu Erumra ¢ apesBnoctu.
OAnuM M3 Ba)KHEHLIMX MECT HAKONJEHHs CaMOCAJ0YHON CO/bl, KOTOpas paspa-
OaTbiBaeTcsl KaK XMMMUecKoe cblpbe, SIBIsieTcsi paion osepa Bamu Harpynu.
[MouBwl copoBoro sacosenus cnaboil creneHu Ha6I0IAIOTCS B HEKOTOPBIX MecTax
no Teppacam u B GoJee CHIBHOM cTeleHH — B lenbTe peku Huu B nocmegnem
CITyude 3TO HOCMT XapaKTep BTOPHYNOTO 3acoJieHMsl opoumaeMsix mous (Koeda
[45, 46]). CosoBoe 3aconenue 3uech yeunusaertcd 3a nocnejuue 30—40 ser, nocne
CTPOMTEJILCTBA MNOTHMH W IPEKPAILEHUA [OJIMBOB 3aTOTIEHHeM, 3aMETHOe MeCTo
EJI0UHbIC T0YBLI 3aHUMAIOT B CeBepHOM MapoKKo, Tie OHM acCOLMUPYIOT C Yep-
HBIMU MOYBAMH, HA3BIBACMBIMM TBHIDCHI, KOTODBIE IeOMOP(OIOrHYECKE IPUypO-
UeHbI TAKOKE K IPEBHUM HJIH MOJIO/LIM aJUIIOBHATILHBIM PABHUHAM,

O6mmpHoit 001ACTLIO WMPOKOTO PACHPOCTPAHEHUS COMOBBIX BOJL, CO0BBLIX
03P M LIENOUHBEIX TIOUB COJOBOT0 34COJIeHUs ABJseTCst BocTouHo-AdpuKanckui
rpadeH Ha BceM €ro MPOTSKeHUH OT Tepputopuu KpacHoro mopst m JdHomuu
no Tauranbuku ¥ KeHun. BoJbMHCTBO 03ep B 3TOM 3HaMeHHTOM TCKTOHWYEC-
KOM MOHiyceni BocTounolt AQpuiy nMeloT cojioBble BOABL 1 06)pasyioT camo-
CaJlOUHYIO CO/ly-TPpOHY. YUepHble ILENOUHBIE COJOBBIE TOYBLI, JIpeBHME W HOBel-
e, YAcTO 00PA3YIOTCSI Ha 03ePHO-AJUIOBHANILHBIX H PEYHBIX TCPPACOBHIX paB-
HHHAX 3TOro rpafena. EcTh ykasanue ¥ Ha To, 4TO YepHbIe TI0UBLI BBICOKOH Lie-
JIOYUHOCTH BCTPEYAKITCST MHOTA HA AJUNOBHAJIBHEIX paBHMHAX KOHTO M J0BOJIBHO
uacto B Cepepo-Bocrounoit Hurepun, ocobeniio B paiione ozepa Yaj.

VineloTest Habioiennst, YTo MOUBH BBICOKOM ILEJI0UHOCTH 06pasyloTest i b
sacyuwmuBeix paitonax 10xnoit Adpuxn (Kanaxapu, Anroma). Io-Bumumomy,
COJOBOE 3ACOJICHHE SIBJISIETCS BOOOLIE TUITMUHBIM SIBJIEHUEM OPH THIPOMOPHHOM
nouBo0dpasoBanuun B capannax Adpuiu.

Cesepran u IOncnaa Amepura. O6a KOHTHHEHTa AMEPUKY HMEIOT 3HAUU-
TeJIbHbIe NPOCTPAHCTBA 110YB, 3aTPOHYTHIX CONOBbIM 3acoieHuem. Ha Cemepo-
AMEPHKAHCKOM KOHTHHELTC CIeLyeT OTMETHTL BeTMKUe AJUNOBHANLHbIE pab-
HHHBI, 3aHATBIE YEpPHBIMM NouBamd Tnpepuil B npefenax Kanagsr u CIHIA.
3llech COJIOBBIE COTIOHIB, COJOBBIE COJIOHYAKH, COJOBBIC 03epa M TPYHTOBBIE

4*
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BO/Ibl YACTO BCTPEUANTCA CPEjiM TOCTIOACTRBYIOMMX YepHBIX 1ouB npepuil. Ocobo
JOJpKeH ObiTe GTMedeH paiicH BeJMKMX 03ep u  LeHTpanbHAash HU3MEHHOCTb
Kamdoprun. B KanudopHun noussl coQ0BOIG 3acoJieHHst BeTpedaloTes B 0dieit
Aenvre pex Caxpamento n Cant-5lKuH, pacnpocTpaHsisch gajexo Ha lor Kasm-
Goptivy no Teppacam pexu CanT-SKNHH 1 N0 KOHycamM BEIHOCOB MHOTOUHCJIEHHBIX
Masbeix pek, cOeratomux ¢ rop Coeppa— Hepapa. HOwuee HamidopHuy MmMOuBbl
COIOBOI0 3aCONICHUST MPOCIEXKUBAIOTCA Ha aJUTBUALHBIX paBiuHax B Mexkcuxe,
yxojs pasiee B LlenTpanbhyio u KOyHyto Amepuxy. O6uupHble UIOWAJN e T0Y-
HLIX [MOYB BCTPEUAKTCA HA PABHUHAX M aJJIIOBUAJILHBIX Teppacax caBaHH H
cyxux siecoB bpasuimn, Benecyansl, Lentpanbroro u KxcHoro Y. OcobeHHo
HIHUPOKO pacnpocTpaHeHbl LEJIOYHBIE TTOYBBI COJAOBOTO 34COJEHHS Ha npumop-
CKUX aNMBHANBHBIX M JPeBHEA/UIIOBHMANBHEIX PABHHHAX YDyrBas M ApreH-
THHEIL. 3,ILECb Cped 4HYepHOOKpPaUIeHHLIX M0YB MamMIlacoB ApFeHTHHbI COJICBLIC
COJIOHUBI ¥ COJIOHYAKH pasHOro THNa ABJAIOTCA YACTLIM JJIEMEHTOM IOUYBEHHOT0
noxkpoBa (Papapaxis [1963]).

Ascmpaaua. TIpucyTCTBUE 1HEJICUHBIX TOYB COMOBOTO 3aCOJICHHA YCTaHO-
BIIEHO TAKIKE M JJIst KOHTHHeHTa ABeTpasini. Ha cTelTHBIX annoBKaJIbHbIX H JIeJTH0-
BHAJIbHBIX PABHMHAX, PEYHBIX Teppacax LeHTpaibHOil 3acyuuMBoH vactu ABCT-
PANUK YACTO MOYKHO BCTPETHTH TIOUBBI COACBOT0 3aCOJIEHMSI ¢ SBHO BhIpajKer-
HBIMH TUIIHYIBIMHA YeLTamMil COJNICHICB W COJIOHYAKOB.

Hakoneu, ciepyeT yneManyTbh ByJKaHMueckue cctpoea Oxeanur. ABTOp
Haﬁnmﬂan JIMYHO, YTO IMOYBBI COA0BOI0 3daCOJIEHUA 06p33yKJTCﬂ Tam, I'yle OTHOCH-
TeJIbHasd CyXOC'TL KInmdra coBliaideT € HAKONJIeHWem aJlJIlOBHS M JEJIIOBHS HU3
NPOJIYKTOB BBIBETPUBaHMA MOPOJ ByJKaHNUecKCro npoucexoxmenus (Fapakckue
0CTPOBA).

HOJlBO,[LH MTOr HAlUMM JaJIeKO HEeNOJIHBIM 3HAaHUAM O I‘GOI‘patI)MM 1IEJIOUHBIX
MOYB CONOBOTO SACONEHNS, MOYHO CHEJIaTL CleAyIouue 001Ire BbIBO,IbI:

1. JTu mouBbl BCTpeYaloTesi B XOJIOAHOM (¢ BeuHoil mep3noToil), ymepen-
HOM, CYOTPONMUECKOM H TPONMYECKOM TI0ficax, T. €. 0T CYDapKTHKM JI0 IKBATOPa
M JIANeKo K Iy OT Hero.

2. TeomopoioTHYeCKH 11IeJI0UHbIE TIOUBBI MPHYPOUEHb! YAIE BCero K 03ep-
HBIM, PCUHBIM Teppacam, MOJOJbLIM WM APEBHUM aJITOBMAJNBHBIM PABHUHAM, K
JEJIIOBHAJIbHBIM M IIPOJIIOBHAJIBHEIM NPEArOpHBIM pPaBHHHaM, PAClONOKeHHBIM
Hd HH3MEHHOCTAX, a MHCTJd U Hd BbICOKOTODHBIX ILJIATO.

3. KnumaTtuyecky 11es10uHble NOYBbI IPAYPOUEHb K TeM 00J1aCTAM, KOTOpbIe
OTJIMUATCA KOHTHHEHTAJBHOCTBIO M APHIHOCTRIO X0Ts Obl YacThb BPEMEHH TOAd
(KaK, Hanpumep, B 067acTH MYCCOHOB), YTO 00ecrednBaeT MOCTOSHHOE UJIM Bpe-
MEeHII0e TOCMOACTBO McNapeHnsi NMPUPOJHBIX BOJ HAJ MX GTTOKOM.

4. lllenounble TOUBBl ACCOLMMPYIOT Ydlile BCEr0 € YePHOOKpPalleHHBIMM
IyMyCOBHIMM TIOYBAMM: YepHO3eMaMM, MOUBAMM Ipepui, JIYTOBBIMM TNOUBAMM
AJNIOBUANBHBIX PABHMH; HO OHM TAK)XKe BCTPEUANTCH CPeld TOJ30JMCTLIX [0YB
cepepa, OypelX M KOPUYHEBBIX MOYB TEIJOT0 TO0fACA, CPefi KPACHO3EMUB U pery-
POB (UepHbIE XJICIIKOBbIE MOYBBI) MYCCOHHBIX TPONMKOR, CPe/Id CEPU3EMOB CYXUX
CyﬁT}')OHHKOB M TI0YB CdaBAaHH SKBaTOpHaHbHOﬁ CyXOifi 30HLI.

5. B rupporeosornyeckoM OTHOLUEHMM LEJIOYHBlE TMOUBBL COOBOTO 3aCO-
JIeHWs1 TIOYTH BCerja OTJIMYAIOTCS HaJIMYMeM CPAaBHHUTEJIBHO MAJI0 MUHEPATIH30-
BaHHBIX, HO Bcerja ciabo esoUHLIX BOX ¢ KOoHIeHTpaumeit mexxay 0,5—5,0 r/m.
ITM BOJbI MOT'YT 3aJieraTh Ha 0OJILIUKX INTYGHHAX (HECKOJILKO JECSATKOB METPOB)
Jm00 e Topasjo vaie Ha HeOoabIIOH ruybulie MOPSLKA OJHOTO-TPEX-TISITH MET-
OB, HEMOCPEJICTBEHHD BAUAS HA COBPEMEHHBIH NM0YB000pA30BATeNbHBIH NpoLece.
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B 1946 r. Kogoa [19, 20] BnepBble B MOYBeHHO-TEOX UMHYECKOIT JUTEPATYpe
nokasaJj, uro Ha Tepputopun CCCP Beifiensiercst 0co6as NpoBUHUKS CON0BOIO 1
CYab(ATHO-COJOBOTO CONEHAKOTUIEHUS, IPUYPOYEHAs TI0 NPEUMYILECTBY K 00-
LIHPHBIM JIETIpeCCUsIM penbeda crensoli ¥ secocTenioi 30H Eppaznn. 0630p,
KOTOPBI HAMK C/leNal Tenepb, CBUJIETENLCTBYCT, UTO MPOBHHLAS COBPEMEHHOI0
COROBOTO COJICHAKOIIICHUA HA 3eMHO Cylle 3HAUMTe/IbHO WHPe U pasiootpastee
KAK M0 BAPHALMAM KIUMATHYCCKHUX, THTICOMETPHUECKUX N TIOUBEHHBIX YCIORHI,
TaKk ¥ MO MUIOWAJH PAaCHpOCTPAHEeHUsT HA MATEPUKAX.

II. OcHoBHbIE CBOjiCTBA MIETOYHBIX TM0YB COA0BOT0
3acoJieHHsA

B 0rpomuoM G0NIbIIMHCTBE CIYYAER 1LEJNOUHBIE MOYBbI CO0BOTO 3ACOTEHHS
OTJIMYAIOTCS TeMHBIM, MHTEHCHBHO TEMHBIM MM YeDHBIM LBETOM BEPXHMX TyMy-
COBLIX TOPHBOHTOB Ha raybumy 10 50--100 cM ¢ IoCTeNeHibIM Tepexoaom 1
cepolif, cBeTII0CEPDI, HeaTCBATHIH UBeT noanousbl. Ha TemuoM cepom QoHe
NPOGHJIS MOYBL YACTO TIPOCJIeYKHBAIOTCS CBET/bIE U OeslecHble TATHA CKOTLIEHMI
YTJICKHCIIOr0 KanbUKs, KOPUUHEBO-PyKaBble WM CH3ble MATHA NOJYTOPHBIX OKU-
0B (0CO0EHHO B HYKHMX TOPH30HTAX) W MHOIMA — Cepas NPHChITKA KPeMHe-
3eMUCTOI LK.

O6BIYHO BepXHME TOPMOHTBI NOYB CO/I0BOTO 3ACOJICHUS OTJIMYAKTCS HCKILIO-
YUTENILHOH GeCCTPYKTYPHOCTBI0, MIOTHOCTBIO, CIUTIOCTDIO, LEMEHTHPOBAHNOCTDIO.
['ymycoBbie FOPHSOHTBI TIOYBLL B CYXHe Ce30HBI I0JId MOABEPTAKTCS 0UYCHb CHITb-
HOMY CHATHIO ¥ NOITOMY TPOHU3RHBI HA DOJIbULYIO THYOHHY LWIKPOKUMU TpeLH-
Hamu. Bo BJajkHOe BpeMsi TOJa NOYBA CHIIBHO HAGYXAET, ¢e OTeJbiblE [IbIGbI
YBCJIMUABAIOTCS B 00BeMe, TPEUWMHLL 3AKPBIBAIOTCS K T104BA NPHOOPETAET [OUTH
abCOMOTHYI0 BOJIOHENPOHULAEMOCTb. B BepxHell uacTw npoduis menounbix
NOYB  PA3MMUANOTCS  CTOIOUATLIE, MPUSMOBUAIIBIE MM TyMOOBUHO-ITHIBUCTbIE
TOPU30HTBI, 0003HAYAEMble JIMTEPOit «By. ITOT TOPUSOHT MOMKET HAUKHATBLCS ¢
CaMOMl MOBEPXHOCTH; HHOLJA OH MPUKPBIT CBEPXY HeTrTyDOKMM TOPU30OHTOM «Ap,
CPOPMUPOBANHBIM 1101 BO3/IEHCTBHEM KOPHEBBIX CUCTCM TPaBSIHUCTOM PACTH-
TeJILHOCTH. OOBIYHO, YeM T'ityGiKe IPyHTOBDLIE BOJB, TeM CHIbHEE U rnydsKe pas-
BUTBI TOPH30OHTH «A» W «B» B 1enoyHbIx mousax. Jlyuupsl BOJbI, 3acTauBalo-
iecst Ha CO/IOBBIX TMOUBAX, KAK MPABMJIO, OTJHMYAKTCA MYTHOCTbIO M Ko(eiiHo-
YEPHBLIM LBETOM OKPAacku. Ilocse BbICHIXAHMS TAKKX JIYKUL Ha TOBEPXHOCTH
OCTAETCS YepHAsl JAKOBAsE KOPKa-MIeHKa CyXoH KOJUIOHanbHoii macesl. B npo-
(e MOYBEI YACTO BCTPEUAIOTCS MEJIKHE M KPYITHbIE APOGMHKM HOBOOGPA30BAHMiL
CIKHCJIOB JKEJE3a M MApranua, CBUJRTeNbCTBYHLME 0 COBPEMEHHOM MM TIpo-
WOM BIMAHHH BBICOKOTO YPOBHS TPyHTOBBIX BOJ. ['pyHTOBBIE BOARI B G0Jib-
IIMHCTBE CITy4aeB 3aJleraloT Ha rayOuHe MOJTOPA-TPU METPA, XOTS MHOIAA Ha-
falofaloTess Ha rury0MHe 3HAUMTENILHO BOJbluei.

LlenbiM psiomM MOCTENeHHBIX NePex0/10B TCMHbIE IIENOYHbIe HOUBBI COJI0-
BOCO 34COJICHUST CBA3AHBL €O CNAOOUIEIOUHBIMY MIIM HEUTPaJIbHBIMU TeMHOLBET-
HLIMIL TIOUBAMH M CJIMTHIMH UCDHBIMU T0UBAMM PASHOTO THIIA: JIyTOBBIMH, Teppac,
npepuil, CMOJHULEAMK JIOJIMH, YePHC3EMAaMM, YepHBLIMI XJIOTKOBLIMH MOYBAMH M
Apyrumu. Ecan cTeneHn meNOYHOCTH NOYB CPABHHTESIBHO HeBenKa (pH 8,5—
8,8), 0HM MOKPHITLI CBepPXy CAENHUPUULCKOH PACTUTENLHOCTLIO, TPUCTOCOBTEHHOK
IC CYLLECTBOBAHUIO B 9TUX YCIOBUAX. TIpy BLICOKUX e CTelleHsIX 1eN0UYHOCTH
(pH 9, 10, 1) nouBkl co;10BOTO 3acoiieHNnst OGBIMHO He UMEIOT PAsBHTOTO pactu-

e 8
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TeJILIHOro MOKpoBa. Ilpn nanbojee BLICOKMX CTEHEHSAX COMOBOTO 3ACONEHMS
nopsamka 1,5—2,0—3,0 npol. Benencrsre KOATYJIMPYIOIEr0 BJIMAHUSL JIerKo-
PACTBOPHMBIX COJIEH TOYBBL TEPSNT TEMHYIO OKPACKY, TIPHOGPETAIOT PHIXJIOCTD,
TIOYKHYI0 CTPYKTYPHOCTh 1 BOAOTIPONULAEMOCTD, IPAB/A, BECHMA HEYCTORUMBOTO
THA.

2000. 000 AKPOS FACOLEHEHBIX SEMESE B
YHE 56

3000 000 AKPOB JACOSTEHHLIX U

FTAKUCTAL 5000 800 AKPOE SPOAMPOBANHEIX SEMESTH

FATALHAT 2

Puc. 1.
Paiionnl pacopocTpaHenist CO0BLIX [104YB
B HMuaun

XumMuuecKne cBOHCTBA LIEJOUHBIX MOUB COMOBOI0 3ACOJIEHH BechMa CBOe-
oOpasupl. O0masd cymma JIeTKOPAacTBOPUMLIX COJiel, M3BIIEKAECMBIX BOJHOH BLI-
TSDRKOH, HeBesnka u o0buHo B nipeenax 0,3—0,5 npou. Muorpa cogepyanue
cosieit Bospacraer jio 0,7—1,0 npou. u ovens peako — 2—3 npowt. Mpu GimsKux
rpyHTOBEIX Bojax (1,5—3.0 M) B pacnpejieneHny JerKopacTBOPHMBIX COJICH,
OJIHAKO, OTYETIMBO HAGMIONAETCS MAKCHMMYM Y MOBEPXHOCTH WJIM HEMOCpejIcT-
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BCHHO MOJL HUM B LOPU30HTE «By ¢ NOCTeNeHHbIM yMeHLIICHUeM CyMMbl JIEriKo-
PacTBOPHMBIX coJicit B raybuuy K rpyntoolt Boge (Puc. 2). Tlpu rayforux
IPYHTOBLIX BOJAX (5— 10 M) MAKCHMYM JIETKOPACTBOPUMBIX COJIeH (BICUTIOUAS Kap-
OoHathl W OMKAPOOHATBI HATPUA) CJBMHYT B HIDKHIOW YacThb ropusonta «By 1
ropusonT «Cr. Tlo cTenmenu sacosenust nieslounble TOYBbI OTAHYAIOTCH CPABIH-
TeNbHO HHU3KUMH BeJMUYHHAMU { B OTOM
CMBICTIC HE TOX03<H HA 3ACOJIEHHbBIE TIQUBB! KATHO b/ AHIG6!

817 -3K8 8 M-3K8
CyAbGATHOLO M XJIOPHIAHO-CYILATHOrO g
THIE, B KOTOPBIX OOBIMHO CcOJepyKaHue 01
coJiell MCUMCTSeTesl HeCKOJIbKHMU Tpo-
uenramu. B cocraBe ErKopacTBopUMbIX
coJieit, M3BIEKAEMBIX BOJHOH BBHITSDKKOR 50
U3 LIEJOUHLIX MOUB, HAa ITEePBOM MECTe,
KaK NPAaBujo, HaxoisTess duxapfoHaThl
W KapOoHaTel menoveil. AHanuTHYeCKHE 700 |
JAHHBIE NOKA3LIBAKT, YTO COJEPrKAHUe
CO;~ cocraBaster 0,05—0,07 npou., a
HCO; — pemauunsr 0,1—0,2 npoil. 50 |

N Col?

[Mp MaKCHMANBHLIX CTEOEHAX COJ0- ] Mg+
BOTO 3aCOTNEHUSA COMlepyaHue 3THY HOHOB
MOYKET JIOCTHraTh U 70 | npow. - Bl cor
[Tpucyrersne ¢BobogUBIY OUKap-
DoHATOB M Kap0OHATOB LWeoueil, compo- B -
BOMGIAACH TUAPOIM30M, O0YCIIOBIMBAET |
I;f;SHuKH()Beunep B MouBax (}IIOH,OBOI'D za- 27 SO
COJICHUST PE3KO LIEJI0YHOH peakuuu; moa- [T wee
TOMYy pH B IENOUHBIX MOYBAX COJOBOrO 200 ]
3acoenns Beiwe 8,5, KonefssAck B nNpe-
aenax ot 9 go 11. MMeHHO HCKIQUYH-
TeJILHO BhICOKAS LLUETIOUHOCTL SIBIISIETCST T s
0JHOR U3 Ba)kKHeHIIMX XapaKTepHbIX
UePT XMMUBMA TOYB 3TOW TpPYIIIbL. Puc. 2.
ME}KIIY CTEMNeHbl 00L1ero coJieHa- Conesoil npoine €o0BOr0 CONOHUA-

OMJIeHUS B NOUBE W IPYHTOROH Bojtey  CoNOHua; IIL Teppaca peicn Cavapiu.
MEHlY 11eJIOUHOCTBIO, BhIpaykaemMoil B B o
KoHientpauur annoHoB HCO3 unm e pH
CYLIECTBYET CIOMCHAS, HO OIpeje/IeHHAA 3aBUCUMOCTb, HauGonbline BeJMUMHE
LEJIOUHOCTH THIOUYHBL 1T HEKOTOPLIX CPABHUTEILHO HEGONbLIMX BeJMuuH 06-
WETO  COJePHAHUSA JIETKOPACTBOPHMBIX coneit. DBellue wu3BecTHOro mnpejena
(bosee 5 r/n B rpyHTOBBIX BOJAxX u GoJiee 1 IIPOL. B MOYBAX) LIEJIOUHOCTh MO Mepe
BO3pACTaHHA OOILEro KOJIMYECTBA COJIEH HAYMHART 3aAMETHO YMEHbIUATLCS, CHH-
aasies 10 MuHuMmyma (Puc. 3. u 3a). B wenounsix nousax 6uxap6onaTsl 0 Kap-
Oounatel esoveil MoryT OGLITL NMOUTH B YHCTOM Bujle JIMOO e OHU MOTYT OLITb
CMCLIAlLl ¢ XJIOPUaMKu Wik cysbdaramu. [MosTomy criejlyerT paginyath Coj0Bo-
CyJib(haTHbBIC K COAOBO-XJIOPHIHBIE 1eI0UHBe T0uBb. B Tadauue 5. upnsogsres
AHANMTUYECKHE TAHHBIC, XAPAKTECPUIYIOILHE WeJIOUHbIE TTOUBLI PA3HOIO XHMH3ZMA
H DUSHBIX KOHTHHEHTOB.

B mouBeHHBIX PACTBOPAX IENOUHBIX TOUB M UIEJOYHBIX I'PYHTOBBIX BOIAX
NOYTH BeCeria 00Hapy)KUBAIOTCS BLICOKHE KOHLUCHTPALMH PacTBOPEHHOTO KpeM-
neaema (60—80—100 mr/m Si0,). 3TH pacTBOPLI ABISIOTCS YACTLIO HCTHHHBIMY,
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HaACThI0 KOINMOUAHBIMU, O0Liee KOJIMYECTBO NMoaBuyKHoro Si0, USBIEKACMOT0 BO -
HOY BBITSIMCKOH M3 TICTOUHBIX TIOYUB, MOYKET JOCTHIATh MHOTAA BesuunH 0,05—0,1
npoy. KommuecTBO MOJBHKHOIO KpeMHe3eMa B MOYBAX BO3PACTALT ¢ BeJIMUYMHOM
obweit wemoyHoern u pH. Muorga HabiuopawTtes cnyuau ofpasoBaHus Npuio-

a1t JACOSEHNE (4B HOU
5 5 091 Rl
2 TPYNTORNE BOAN = ] o0 {
B [

§30 § o8 ﬁgSDJrN R —
T 251 ) s g7 T T s,
3 z o N &
§ 20 C X
3 ‘§1 85
g 3 04
= -
5 /01 50; § 21
g R g,
g 54 7

O, gﬂ o MaHEGy

50 B B H & i B 96 85 1w 15 g 25 39 45 49 45 2g
CEUAT ROKUEHTEALIHG B FPLST % COAEFHAHHE COAEH 8 OYRE
Puc. 3. Puc. 3a.
3aBHCHMOCTD MCHKAY IHIEJIOUHOCTBLIO I KOH-  3aBHCHMOCTD MEM(TY CTENEHBID 3ACONEHHOCTH
ueHTpaiieil coneit B rpyHTOBLIX Bojax N0YB H HAKOIMJIEHHEeM IeNOUHBIX coefl

BEPXHOCTHOTO MAKCHMyMa TOJBMIKHOI'O KDEMHE3eMa B II0UBEHHOM mnpodue
CONOBBLIX TIOUB.
TToCTOSHHBIM KOMIOHEHTOM MOUBEHHBIX PACTBOPOB M TIOUBEHHBIX BHITSYKEK
U3 [IeJI0UHBIX T0YB SIBISIKOTCS MOJABMYKHbIE (OPMBI OPraHUYeCKOTO BCILECTBA
(rymathl wenoveit). FIMeHHO TyMaThi cOOOINAIOT BOJHBIM BHITSKAM TeMHOOYypbIi,
KCQeiiHblil LUBET, CTOJIb XaPAKTEPHBIH JUISI 9THX [0YB. HaKOHeL|, B BOAHBIX BBITSM-
KaX M pacTBOpAX, H3BJIEKAEMBIX W3
- T T TNIOYB COJIOBOTO ,3aconenus, obHapy-
Aty 05 —|  KMBAETCs MHOTJA NPUCYTCTBUE AHMO-
HOB aJOMHHUA (K3 amoMHHATOR Lie-
noueit). Bee 310 BMecTe B3ATOE C(BM-
AeTeNbCTBYET O TOM, YTO B TNOYBax
- =1 ILIEJIOYHOT'O TUMA 3ACOJIEHHUS, HAPALY
L ¢ xapboHatamu u OGukapOonaramu
uienoyeit, TIPUCYTCTBYIOT CHUJIMKATDI,
TYMaThl ¥ AJIIOMUHATE 3TUX YKe 11ge-
= = nouel (Pue. 4.).
L _ Hccnegoanne  munepanbHoil
Macchl M B 0COOCHHOCTH KOJNOMIHOH
(asel 1EJIOYHBIX TOUB COJOBOTO 3a-
510, —| COJIeHUSI yCTAHOBHJIO B HUX MHOTO
| vHTEpecHOro. Ilo abcoMOTHOMY M OT-
HOCHTENILHOMY COJePIKaHU0 TOUBEH-
Puc. 4. HHIX KOJUIOMJIOB TIOUBBl COJLOBOI'D 3a-
pi]C’]'BO]')HMOCTb KpemHeseMa H allioMHHHST B G 60[‘3‘{@ ﬂpyT‘I’IK TR, BBICU—
3dBHCHMOCTH OT BENHYMHLL pH KQHHCHBEJCHHE (I]pﬂKLlHH (C I[I/IHMETI}OM
uactul metiee 0,2 MUKpOHA) B cO-
JOBBIX [IOUBAX cocTaBJisoT 10 40— 60
npol. ofiuero Beca. CTONb BEICOKOE KOJIMYECTBO JUCIEPCHOTO MATepUana B ipy-
rMX TI0YBEHHBIX THMAX He OTMeuanoch. B pacmpefesneHus BHICOKOTMCIEPCHBIX
(pakiui no npoduIK WeNoYHBIX N104B HabmoaaeTcsd 00pasoBaHie ABHOTO MaK-
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CHMMyMa B NIPUIIOBEPXHOCTHLIX HanboJee LieJ0YHBIX ropudonTax. Ecnu ropusonT
MAaKCUMAJILHOH IIeNOYHOCTH cOopMUpPOBAH HA TOBEPXHOCTH TIOUBLI H TOPU3OHT
«Ay OTCYTCTBYET, TO M MAKCUMaJIbHOE COJIEPrKaHMe MOUYBEHHBIX KOJJIOM/O0B Oy/leT
TAK)KE B CAMOM BepXHeM cJioe ToyBbl. Ecinm B menouHoit rnouee ogoOpPMHINCD
TOPH3OHT «A» U TOPUZOHT «B», TO MAKCHMYM BBIX0JA IOYBEHHBIX KOJJIOHIOB yeTa-
HaBJIMBACTCST B TOPH30HTe «Br. OTa 3aBHCHMOCTL CBHIETEJBLCTBYET 00 UCKITIOUM-
TeJIbHO BHICOKOH KONJOMAHOCTH TOUB COJIOBOTO 3acOJIeHHA, 00s3aHHOR ucrep-
THPYHOLLeMY BIIMAHUIO WeJ0YHbIX coneil. [To MHHepanabHO-XMMUYECKOMY COCTABY
BBICOKOAMCIIEPCHBIE (PPAKLMH NOYB LUEJOYHOIO 3ACOJICHHS XapaKTepPHU3YHTCS
IWMPOKUM OTHOILEHMEM COeAMHEHMIT KpeMHe3eMa K IOJYTOPHBIM OKucnam. Ha
HEKOTOPBIX NpuMepax Obi10 mokasano s yeaosuit Cosercioro Corsa, uro or-
nowenue Si0,:R,0, mocturaer sesmuud 4:1. Hapsany ¢ oKpucTaim30BaHHbIMU
MHHepaJaMu B KOJUIOMHON ¢paKkuuy NouB 1eNouHoTo 3acoJeHUs IPUCYTCTBYET
3HAUUTEJILHOE KOJIMUECTBO amMOP(PHBIX MHHCPAJbHBIX M OPraHMYecKUX coejH-
Helipil. B 4ucie KpHCTaNINMUeCKUX coefMHeHHit TepBOe MeCTO B LIENOUHBIX COMI0-
BBIX NOYBaX OOBIYHO TPHHALIENHUT MUHePay MOHTMODHILIOHUT. [Touru Belody,
rjle MccleioBajcsl MUHepanoruyeckuil cocTaB BRICOKOAMCHEPCHOH  (paKuuu
IIeJIOYHBIX TIOUB COJICBOIO 3aCOJIEHMS, YCTAHABIMBANOCH Mpeobiajamliee Npu-
CYTCTBHE MOHTMOPMJUIOHUTA. MMEHHO MOHTMODMJUIOHMT W OPTAHMUYECKHE KOJ-
JIOKABL COOOIAIOT 1UEJ0YHBIM [10Y9BAM 0YeHb BBICOKYIO NOTJIOTUTENbHYI0 (H3HK0-
XUMUYECKYIO CTI0COOHOCTD, JOCTHTAIOMYI0 35—45 Muum-3xBuBanenTon na 100 r.
MoOHTMOPHITIOHUT 00YCNOBIMBALT TaKyKe ABJIGHHST CHKATHA LIEJOYHBIX TIOYB B
CYXOM COCTOAHNUM C 00pasoBaHMeM INUPOKUX U TTYOOKHX TPelldH U CHIIbHOE Ha-
OyxaHue 3TUX IOYB BO BJIAKHOM COCTOSHHM, KOTAd KPHUCTAJIHUECKAs DELeTKA
MOHTMODHJUIOHUTA 3HAUYMTENbHO pacmupsiercss. Temiasi oKpacka MOHTMOPHJI-
JOHUTA (0CODEHHO €r0 HKese3ucThiX GopM, 00pasyUMXCs B THAPOMOP(HLIX yCJI0-
BHSIX) JIOTIOJIHUTENBIO YCHIMBAET TeMHBI LBeT HOUB llesoutioro Tuna. O6usne
MOHTMOPHJJIOHUTOBBIX MHHepasoB CrocoGeTBYeT Taryxe 08pasoBaHUI0 MPU3MO-
euaHoH cTonbuaTOll CTPYKTYphl ¢ TeHjeHUMeHR K IuecTurpaHHuKam. MasecTHo,
YTO MOHTMOPWJIIOHUT OTHOCHTCA K TaOJIMTUATBIM MHHEpAaJIaM, HMEIOMUM LecTy-
rpatuyio popmy. C 3TOH TOuKH 3penust, CTOJA0YATbIE NPHU3MOBHHbIE TOPU3OHTLI
[IEJI0YHBIX TIOUB ABRJIAITCH B M3BECTHOM CMBICJE TIApAKpPUCTALIAMU MOHTMODHII-
JIOHUTA.

[MocTosIHHOE IPUCYTCTBHE B NOUBEHHLIX PACTBODAX LIEJIOYHLIX II0UB Kapio-
HATOB M OMKApOOHATOB HATPUA MPUBOIAKT K TOMY, UTO NOTJOMWAIOWMI KOMILIEKE
ITUX NMOUB HACLILIEH 0OMEHHBIM HaTpuem. YeMm BhIlIE CTeNeHb IENOYHOCTH MOYB,
TeM 00JILILE KOJMYECTBO 0OMEHHOTO HATPUS B COCTABE MOTJOUEHHBIX KATHOHOR.
CyLiecTBYeT OTpefle/ieHHAs 3aBUCHMOCTL MEXLY ILUEJOUHOCTLI) BOJIHEIX BhITSi-
YKEK M3 9THUX TIOUB M KojmuecTBOM oOmeHnoro narpus (Puc. 5. u 5a). Tak kak B
L[eJIOUHOTL cpefie PACTBOPHMOCTL YIVICKUCIIOT0 Kajblinsl M OMKapGoHATOR Kallb-
IUA CHILHO YMEHbIUAETCS], TO, KAK B pacTBOpax, TaK M B TIOTJIONEHHOM COCTOS1-
HUM MOHbI KaJblIWs TpeicTaBJeHbl HeGONbIIMMM KONUUYECTBAMH.

CoueTaHHe BHICOKOH IMeNOYHOCTH ¢ KpaiiHe HeOnaronpuATHBIMA (Qu3nde-
CKHMH CBOJICTBAMHI NPUBOAMT K TOMY, YTO LIEJOYHBIE IIOYBBl OTJIMMAIOTCS HH3KHUM
€CTeCTBCHHBIM TJI0/I0POAMEM. PH3HOIOTHUECKAS TOKCUYHOCTE COJIbl B CpABHEHHH
¢ XJOPHIAMH H 0C00eHHO cyab(aTaMi B HECKOJIbKO pas Bbille. Yyke Npu 00ued
utestounocty nopsiaka 0,07 npoy. HCO,~ n npu pH 8,7 MHoTHe KynbTypHble pac-
TeHUS] PA3BMBATCA HEHOPMalbHO. [1pK BemuuHe 00Leil LIeTOMHOCTH MOPS/KA
0,1 npou. HCO4~ u npu pH 9,5 nourn Bee KynpTypHble pacTeHuss rudHyT. B Tom
e OTPULATEJIBHOM HANpPABJIeHUH JeHCTBYeT H NPUCYTCTBHE 00OMEHHOTO HATPHA.
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[lpn  wonnuectse 25—30 Npol. 0T eMKOCTH 0OMeHA MOJIOLUIEHHBIHR HATpU#
TpeBpallacT ToUBY B Ma0 IUIOAOPOJHYIO JUIst OOJBLIUMHCTBA CENbCKOXO35i-
CTBEHHBIX DACTCHUH M BecbMa 1eDJIArONPUSTHYIO JUIst 06paloTikn W OPOILICHU s,

B rabauue 1. npuefieHbl jamibie, M0KASbBAWIMUE TECHYIO 3aBUCHMOCTL
MKy €CTECTBEHHBIM TIOA0POAHEM NOYB M CTENEHBLIO MX [HeJ0UHOCTH,

Tabauya 7.

HpHMepHaﬂ 3ABHCHMOCTL MEMAY LI JIOUHOCTLH K AJ0A0POAHEM IOYBHI

OOmen. Na®™ B mpoiu, 0T eMKOCTH
5 10-15 | 25-30 50
s : A
Oouast uenovynocTb BOJHOH BBITSM- |
ki B npou. HCOg ... ... { 0,02—0,04 | 0,05—0,06 | 0,07—0,08 | 0,1—0,2
pH BOAHOI BLITSLKKH MM mactel .. | 7,5—8,4 8,5—9,0 9,0-9,5 9,5—10,0
OTHocHTEIBHAS TLIOOPOAHOCTL B |
IPOLEHTAX « v vvvvnineeyennnns 100 60—75 l 20—30 | —
{

OTtmeyeHHBIC OTPULATEIILHBIE ATPOHOMHYECKUE CBOLCTBA HMEIOT TEeHJIEHLINIO
H3/10JIr0 COXPAHATLCS B TeX APEBHUX TI0YBAX, KOTOPBIE B IIPOILIOM PO LI
Uepe3 LHKJLL COA0BOTO 3acofienusi B Gonblielt M MeHblieH cremenn. Boicokas
HeJIOUHOCTE MOYKET HCUC3HYTE N0/ BJIMAHKHEM TCONMMUUYECKHX H OHOXHUMUUECKIX
NpoUeccos paccojienus U Helrpayimsaunu. TorjoweHnsid HaTpuit B 6oLl
MM MeHblUell cTeneHu MOMeT ObIThL 3amenel 0BMeHHBIM KanbLueM, 0cBO0OM-
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3anucnyocth Mexay pH M conepwanuem 3apucumocts MoKy pH U comepyaHmen
PAcTBOPHMLIX KapOoHaTon o0menHpix Na* -+ K+

JAUMMEA DY Pa3osKeHud KOpHe# MJM npu BbiBeTpuBaHud. Ho ueGnaro-
TPHATHEIC (PU3MYeCKHe CBOHCTBA NMOYB, CBA3AHHBIE € HAJHUKHEM MOHTMOPUIIIO-
HHTZ M C TPUCYTCTBUEM HeOKPUCTAJIM30BAHHBIX AMOP(HBIX KOMIOMAAJILHBIX
COEIMIEHNI KPeMHeseMa H BTOPUUHBIX aJTIOMOCHIHKATOR, HALOJIIO COXPAHSAITCS
B TI0OYBAX, SATPYIHAA UX CeNbCKOX03AHCTBEHHOE HCIOTb3nBalINe.
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HI. ITpouecest 006pa3oBaHusa coabl

IMpoitece 00pa3nBAHKST, MUTPALIH M HAKOTUICHUS COejMHeHnTt KaphoHaToB
1 OukapbonaToB 1Uesoveil SIBASIETCS OAHUM M3 JIPeBHEHWIAX TeOXHMHUECKHX
OPOIECCOB, KGTOPBIE CYILECTBYIOT M YHMBEDCAJBIO DAcpOCTpAHEHbl TMOBCe-
MECTHO M JI0 HACTOSILEr0 BpemeHd. MBBeCTHO, UTO a/110MOCHIIMKATHLIE MUHEPAJIb
3HAYMTEIILHO NPecBIafaloT B MUHEPATOTHUECKOM coCTane 3eMHOH KOPBI, 3aHUMAST
80—85 mpoi. Becd ropHLIX TOPo,. HeKoTopble U3 HHX OTIUYAIOTCS BHICOKOL

Tadauya 2.

Xumuueckne 0coOeHHOCTH MOYBEHHO-TDYHTOBLIX BoA Oacceiina Amyp-Cyurapu

PV ! Cyxoh 802~ ~ 2-- $OE—
Tun lrég;:mumx | e ‘ pH :vll?,'n 1‘151?1 | Eﬂ?ﬂ"f‘l 1?'71”
‘ Mmrin |
CHJMKATHBI ... ........ 50— 100 | 45—6,5 | 22—42 | 40—-570 - —
CHIMKATHO-THIPOKAPOO- |
HATHBIE . .ovvvien e 100— 500 | 5,5—6,5| 12—22 | 40—60 — —
Conoso-riaporapdoHar-
HBIH v e e | 300—1000 | 6,5—17,5 6—-12 60—80 5—10 —
CoaoBo-Cystbd, .. ..... | 10003000 | 7,5-85 | Cacmst | 40—50 ’ 20—30 | 2030

CTOHKOCTLIO, APYTHE e OTIMUaloTest Maiofl cTOWKOCTBIO M JIerKO TMoIaio1cs
BLIBETPUBAHUIO B [PUCYTCTBUU BOABL, 0COOCHHO cojeprkalieil yraekucsuoTy.
XUMHUECKO? BBIBETPHBAHHE HATPCBBIN U KAJMEBBIX AJIOMOCHIIMKATHBIX MUHE-
panos, M Mpex3 /e Beerd TAKUX, KAK NOJNeBble UNAaThl U GeshIunaTou/p, Conpo-
BOXKJIAeTCst opMUpoBaliveM OYeHL CladbIX pacTBOpOB OUKApGOHATOB M Kapho-
HATOB Hlenouell, a TAKXKe HOHHBIX ¥ KOJUIOMAHBIX (OPM KpeMHe3eMa M OKHCH
amomuHus. TlopcemecTHoe npeofiajalollee NPUCYTCTBHE B 3eMHOH Kope B pas-
HBIX KJIMMATHYECKHX 30HAN T0JIRBO-IIMATOBHIX MHHEPAJIOB BeJeT K IIOBCEMECT-
HOMY M HeNnpepbiBHOMY 00pa30BaHHI0 DACTBOPOB CHUINKATOB, OMKapOOHATOB U
KapOOHATOR Lesioveil U 1HeJIOYHBIX 3eMeslb, MIMEHHO 103TOMY, aHANU3UPYS XHMH-
YeCKUH cOCTaB MPUPOAHBIX BOJ PA3HBIX KIMMATHYECKMX 30H, HEH3MEHIO MOJKHO
HAUTH, YTO UEM MeHbLIE WX MUHEPaJIM3ALMA, TeM OTHOCHTENILHO OONblE B HUX
TNPeJICTABJICHB PACTBOPEHHBI KpemHe3eM, OUKapOOHaTLl U KapOOHATH METAJUIOB.
JTOT BONPOC CHELMANLHO HMCCNE/I0BANCA COBETCKUMM M KUTAHCKUMHM [OYBOBe-
Aamn B 1956—1957 rr. B Gacceiine pex Amyp — CyHrapu npu HemocpejcTBeH-
HOM yuacTuu aBropa [25, 26]. Ha Gosbluom criennaibHO coGpaHHOM MaTepuase
OB I0KA3aHO, 4TO B Hanbosiee pa3daBJIEHHBIX TIOYBEHHO-TPYHTOBBIX BOJAX
(50—100 mr/m) obwas THTpyemas IesouHocTh Ha 70—90 npol. npejcTaBieHa
CHWIMKATHOI 1es10uHocThi. C Be3pacTaHueM o0Ielt KoHuerpauu 10 500— 1000
MI/JT OTHOCHTENIbHOE H Aa0COJIOTHOC KOJNHUYECTBO PACTBOPEHHOTO KpeMHe3eMa
CHJILIO  yMeHbIIARTCST ¢ OJHOBPEMEHILIM 3HAUMTENLHBIM BO3PACTAHMEM COMEp-
WaHnga ruiporKapbonatioro anuona (Tabnuma 2.).

OcobenHo MHTeHCHBEH npolece qopmupoBanust Ouxapbonatoe M Kapho-
HATOB 1lesiouell M3 TOPHBIX TOPOJL M MMIEPAJIOB HEJaBHer0 BYJIKAHHUYECKOIO
NPOKCXOMKACHNST. BasanbThl, ByIKAHWYECKHe JIABBl, BYJIKAHHYECKHE TIENJILl U
Ty(bl Tpn BE3EHCTBUM TIPUPOANBIX BOJL M YTOJNLHON KUCIOTB paspyiualores
BeChbMA WTEHCUEBHO W ¢ 00pasoBaHueM 00JILIIMX KOMHUECTB TIOIBHIKHOTO KpeM-
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Hezema, ranMHosema M CBODOAHBIX OuKapHoHaTOB W KapOoHATOR wenouedt. DTo
Hanbosee 3aMeTHO, KOIIA B IIMPOTeHHOM MaTepiase mpeofiiajaior HedenHH unn
cuenuTel. TTpsiMble 9KCIEPUMEHTBI, KOTOpBlEe aBTOP MPOM3BOMMI B NPOLLIOM

Tabauya 3.
THAPOIU3 aIOMOCH IMKATOR B BOAE
‘ pH B Bope j pH B BODE
Haassanue munepana | ntig Haseauue munepana npu
| pacTupanun I pacrupanum
AmdpudonnTe: [Monessle mmarsr:
AKTHHOIIUT . ..vvvvninn.s. 11 FLY)1 2171 1 . 9, 10
Poros. obmanka ......... 10 ONUroKIa3 . ... vvvvvnvennn 9
KapOonarnt: Jadpagopur ............. 8 9
Hanbupit . ...oovvvnnnnn. 8 AHOPTMT . ...t ivnnn. 8
JOMOMUT « on 2 om 2 o 365 v & 9, 10 OpToKNIas .o vvv e, 3
CHIEPITE v s s sn o o 5 35 4 5,6, 7 MuKporaMH . ..., ..., | 8,9
BTopuu. rivHHLIE MHHEpaibl: Hinarounsr:
Kaoausur ............... 5, 6,7 Hedennu ... ... 10, 11
MOHTMODMJUIOHHT ... ... ... 6, 7 B (%3110 S 10
BEMHL e s i s o o s a5t 2o 5 6, 7 Comop: :
JIMACTIOM 5 as v oo s as i w0 & 6, 7 BHOTHT .................. 89
CHBBEUT . oo v v e s v vas 6, 7 MyckoBuT ..., ..., 7,8
Omuamg ................. 10, 11
[Mupoxcennt: ‘
Ereputr ..........counn.. 9
OKHT oo 10
Huacnop ................ .10, 11
HBapu .................. 6, 7

(Kosda n beicripos [23]) noxasami, 4t0 THipOIu3 HeeMHOBBLIX CHEHHMTOR,
0C00EHHO B TMPHUCYTCTBHM YIOJNbHOH KHUCIOTH, NMPOMCXOIUT HACTOJBKO HHTEH-
CHBHO, UTO TIPOCTAS BBITAMKA BOMOH MSBJICKAET M3 M3MEJBUECHHOTO CHEHMTA 3a-
METHBIC KOJIMYECTBA TNOJIBMMHOIO KpeMHe3eMa ¢ 06pasoBanuem 6uKapGoHATOR
1 KapOoHaToB menoued. To e ycranosuin STEVENS and CARRON B 1948 r., na-
0JI0JIast PEAKLMIO THAPOJIM3A aJIOMOCUTUKATOB NIPH HHTEHCUBHOM TPEHHH B BOJLE
(Tabn. 3.). Awanoruuuoe signeHue HaDIIOJAETCS] U B TIPUPOJE: POJHHKOBBIE,
TIOYBEHHBIE W TPYHTOBLIE BOJBI, a TAK)Ke 03epa, NMUTAeMble CTOKOM B 00JaCTSIX
PA3BUTHSA HOBEINMX BYJIKAHHYECKUX OTJIO)KEHMH, OTIIMYAIOTCS BEICOKUM COJep-
HAHMEM KapOOHATOB M OMKAapOOHATOB Liejiouell M TIOABMIKHOTO KpeMHeseMa.
Ecim npu 9TOM TeppUTOPHMS PAcroNoyceHa B 3acyLLTUBOM KiMMaTe, T0 paiion
HOBEHLIETO ByJIKAHM3MA OyJeT Beer/la XapaKTepuaoBaThes 06pa3oBaHHeM BOJI M
OB, COJIRPIMAILNX CONy. VIMeHHO TAKOTO MPOHCXOYKIEHHS TIOUBKI U 03P COJI0-
BOTO 33C0JIeHMsA B BOCTOYHO-apuKaHcKom rpadere (Kennst) unm wenoutbe mou-
Bol Uunu W APreHTUHBI, a TaK)Ke COJOBBIE COJIOHYAKM 3aKAaBKa3bsi U B 0CODCH-
noctu B Apmennu. Ilo muenunio Bepea, cofoBble 03epa M COJI0BblE AKKYMYNALNHT
B CLUA uMeloT TaKoe e npoucxoy<ierue. Husxe Mbl IPUMBOAUM aHATU3 [MOYBEH-
noro mpogiist n3 Kenuu (Tabn. 5). MoKHO BUIETh, UT0 IIy6OKHE MOANOUBEH-
HBIC TOPHM3OHTBI, 00PA30BAHHBIE M3 CBEXKEBLIBETPEHHBIX MACC BYJIKAHHYECKOTO
Merna, oTIMYanTes HeoGbYaiHo BBICOKO! e/ I0UHOCThIO, J0X0sLell 10 pH 10.
Taxkum 00pasoM HenpepsiBHOE BLIBETPHBAHME AJTIOMOCHIMKATHBIX MHHEPATIOB HA
BOLOCOOPHBIX OaccelHaX ABASIETCS] MOCTOSHHBIM HCTOUHMKOM 00pa30BaHHS OH-
KapboHATOB M KapOOHATOB llenoued, MUIPHPYIOIMMX C IOA3EMHBIMM H HA3EM--
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HBIMH BOJAMM M AKKYMYyJMPYKIUMXCA B YCJIOBUAX 3aCyLUTMBOTO KJIMMATA B
deccTOYHBIX JaHjwadgrax ¢ GopMuUPOBaAHHEM LUEJIOYHBIX TOUB.

B unene apyrux MuHepasibHBIX TNpOLEccOB 00pasoBaHusi KapOOHATOB K
OuxapboHaTOB 1enoueil ciegyeT Ha3BaTk MIMPOKO M3BeCTHbIE B TIOYBEHHO-TEOXHU-
muueckolt mureparype peakunmn HILgarDp-a u [edpoiiya. Peakuus Hirgarp-a
— 3T0 peakuys ABOMHOTO o0MeHa ME)(Ly HATPHUEBLIMH COJISIMH (XJIOpHABI MU
cyabQaThl HATPHA) € YIIEKHCIIBIM KalblLMeM MJIM MarideM B TNPUCYTCTBHU
yToJbHO KUCTIOTLL.

Cxema comoobpazoBanust no HILGARD, K KOTOPO#l MpHcoeUHAKTCH 0YeHb
MHOTMe yueHble, HpeANOoNiaraeT BCTPeUy M3BECTHAKOB, Mepreei, KapOoHaTHbIX
HAHOCOB (J1écc) ¢ pacTBOpaMM XJIODUJIOB M CcyJIb(ATOB HATPUS.

Cama o cede cucrema CaCO, + 2NaCl (Na,50,) = Na,CO, - CaCl,(CaS0,)
IIPH TPOCTOM CONPUKOCHOBEHHM 3THX COEJIUHEHNH APYT ¢ IPYTroM He MOYKET UTTH
CKOJIbKO-HUOY/b 3HAUMTEILHO B CTOPOHY cojoo0pasosanusi. Peaxnusi Oyper
HAMpaBJieHa B CTOPOHY HauMeHee pacTBopumoro coemuHernss — CaCO,. [TosTomy
B 00BIYHBIX YCIOBUAX 3TA CHCTEMA JAeT JIMIb He3HAUWTEILHOe KOJMUYECTBO COJIBI,
Ho 6b10 OBl 0WKMOKOH He OLEHHTL BOSMOYKHYIO POJIb DTOH CHCTEMBI B T€OXHMH-
YECKUX TpoLeccax Mpu TOM MHOT000Pa3uy yCJIOBHH, KOTOPbIe MOTYT CO3/1aBaThCS
B Kope BhBeTpUBaHus. Mcnapenue, HU3KMe TeMmepaTypbl, TPUCYTCTBHE JIPYIHX
coJjiefl MOYKET [MOBJIeUb OT/IEJieHHe COJBI M ee BhIMAJIEHHEe B 0CAJ0K B IOYBAX.
M3yuenuio 3Toi peakuuu B NMabOPATOPHBIX VCIOBMAX ObLLIO MOCBALIEHO MHOTO
HcesteloBaHuil, 0030p KOTOPBIX fAaeTcs B MOHOTpadusX, yNOMSHYTBIX BHIILE.
Peakuusi leopoiiya siBnsiercst peakuneit adcopdunonHoro tuna. ["edpoiy ycra-
HoBuN [6], 4To nonepemeHHOe BOCXOJsllee ABHIKeHUE CNADBIX PACTBOPOB CepHO-
KHCJIBIX M XJIOPHCTBIX costeit HaTpHs, CMeHsAeMOe HUCXOJAUIUMHA TOKaMH, BEAeT
K HAKOTLIEHHI) 0OMEHHOTO HATPUS B TIOTJIOLANOLIEM KOMILIeKce nous. B mpu-
CYTCTBMM PACTBOPEHHOH yTONbHOH KHCJIOTBI TM/POJIM3 HATPUEBLIX TJIMH COMPO-
BOKIaeTcs ofpasopaHveM OMKApOOHATOBR M KapOOHATOB Luesoueil.

OfMeHHBIe peaKLy Me)KLy [I0UBOH, HACBIIEHHOH HATPOM, W YIJIEKMCJIOTO
WM YIJIEKHCIIBIM KaJlbLMeM WILTIOCTPUPYIOTCS Coiefiylomeil cxemoit [ edpoliya,
KeLLEY, 'SIGMOND-a

(norn. Kommi) —2Na* + H,CO, = (mori. womna) —2H* 4 Na,CO,
HJIH

(morn. komnn) —2Na* + CaCO, = (morn. xommm) —Ca®*t + Na,CO,

ITH peaKUMKM MOT'YT NOBTOPATLCS DECKOHEUHOe UMCTIO pas C TeM yKe HTOTOM
—- T. ¢. oDpasoBaHHeM COJBL.

BrieraunBauye o6pasymwolieiics Npu 3TOM COJLI U [TEPEHOC ee TIOBEPXHOCT-
HEIMH ¥ TPYHTOBBIMM BOJIaMK B 0eCCTOYHbIE HeNpecCuy MPU MOCNEAYILIeM HX
MCTIAPEHUM U CO3/1AeT COJIOBbIe AKKyMyJsilyy. Haxomel, ecth ocHOBaHue Mpef-
N0JIaraTh, YT0 MUHEPAJM3aLMs OPraHUUYecKOI'0 BellecTBA HEKOTODLIX pacTeHui
MOYKeT TakKyKe CONPOBOM/ATHCS (hopMHpOBaHKeM KapOosaToB n OuKapGOHATOB
wenoveii. JJajieKko He Bce PACTEHUS M3YUeHBl B 3TOM 0THOWeHUM. OOIEUsSBECTHO,
YTO 30J1a TOCONHYXA SABISAETCS UCTOUHMKOM JUIA TOTawa. TaKum Ke ChipbeM
I MOTAIIa M COJBl ABJSIOTCS HEKOTOpble Tajo@UTHBIE PacTeHMsl W3 caBaHH
Bectounoit Adpuxu. Bricoxolt eNnoyHOCTLIO OTJIMYAIOTCH NPOAYKTH, H3BJIE-
KaeMble M3 JIMCTbEB CAKCayJia, BeTOYEK U JIACTheB IOJIBIHK U HEKOTOPBIX KCepo-
(hunbHbIX pacTeHuit creneid u monynycTeiib CCCP. Fl3gecTHo, 4TO B MyCTBIHAX
Cpefeil A3nM IpeBOBHHBIN KYCTAPHUK CAKCayJl JAeT JIMCTOBOH OTaj BBICOKOI
IUeJJOYHOCTH, & 30Jd, NMOJNY4YeHHad IIPH CHKUTAaHUHN caKcayna, TAK)Ke ABIHAETCHA
WCTOUHHKOM CBIPbS JJIA TIOTAILd.
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Tadauya
Cocras 30/LHBIX Bem{ecTs 3elleHbIX yacreil NYCTBIHHBIX M CTeNHbIX PACTEHMH

E;:ggs;{x:rf{i q:;:;g;[ CaO Si0, ‘ K.0 | P,0¢ MgO
Yepuellt cakcaysr .......... 22,32 _ﬁg 0,32 ‘ 1,49 _022 .ﬂl
Haloxylon aphilla ... ...... 100,6 10,6 | 31,6 9,3 77,9
VIBAPYK © oot 18,06 _ 232 0,26 4,00 | 022 | 1,94
Anabasis aphilla .......... 82,7 8,7 849 93 96,2
BHMIODEYH o 267 | _460 039 | _219 0,26 1,57
Anabasis salsa ............ 164,0 13,0 46,4 11,0 77,9
Bacewst ..., 15,13 ﬂi 0,59 _ 1,69 %0'42 0,35
Bassia sedoides ........... 13,6 196 | 359 o 177 17,4
Kamopoema ............. 787 | _ 089 | 086 210 035 070
Camphorosma monspeliacum 31,7 28,6 448 14,3 34,7
e 7,68 035 | 244 046 | 0,20 0,40
Carex orthostachys ........ 12,48 81,2 | 98 | 84 19,8
Bosocrel . ................ 8,00 0,17 3,49 209 023 0,32
Elysmus salsuginosus ...... 6,2 116,2 443 9,7 15,9
TToNBIHL HATPOHHAS ... ... .. 11,86 0,50 0,37 _284 1,52 _Ll4
Artemisia nitrosa .......... 17,8 12,3 60,3 64,2 56,5
Mosbine uepHas . .......... 5,10 0,63 0,79 1,20 | He omp. 0,32
Artemisia parviflora . ... ... 22,4 26,3 255 | 15,9

| |

B rafanue 4. npuBoasTcs BecbMa MHTepecHble JaHHbIE, o6paboTaHHble
DLasuaeet, NMOKasbiBaIOLMe, 9TO MHOPHE PacTeHUs CYXHX cTeneil M NyCTbIHb
0DNANIAI0T SIBHO BbIPAYKEHHBIM U3OUPATENbHBIM HAKOTUIEHMeM HATPHS N KaJlist,
11¢ KOMITEHCHPOBAHHBIX TAKUMH aHnoHaMu, kak PO3%-, 8O3~ Cl-. B upcie Takux
pacteHuit naxopares Haloxylon aphilla, Anabasis aphilla, Anabasis salsa.
Bassia sedoides, psi;l BUOB  Artemisic u Elymaus. [Mo-BuguMoMy, 1eI0UH
NPUCYTCTBYIOT B 3TUX PACTeHUSAX B (opme cojieil oprannyeckKux KHCTOT MM
COPOLMOHHBIX  COSJMHEHHH, KOTOPBIC NPH  MMHEPAM3ALMH M TIPH 10CTyIe
VIOJABHOW KHCJIOTHL Oy;tyT 06pasoBeBaThH KapBoHAaThI,

Muoro ueenefoBaunil 1 nydaMKanui 65110 NOCBSILIEHO U3YUYCHUIO BO3MOIK-
noerit popmupoBanua Kapbonaton u GUKapBOHATOB mIea0uell B Pe3ynLTaATEe BOC-
CTAHOBUTENIBHBIX PeaKLnit. YyKke B NPOILIOM BeKe ObLI0 H3BECTHO, UTO B aHAINO0-
HOH Cpejie Pa3BUBAITCS NPOLECCH AeCYIIbQUPOBANNS U eHUTPH(HKALHI cep-
HOKHMCJIBIX H a30THOKHCIBIX coltelf. OcTalolnuecs nocie BOCCTAHOBJICHUST 1 TOTEPH
CYAB(GATOR ¥ HHTPATOB THAPOOKUCH IENOUHBIX H HEI0YHO-3eMCIILHBIX METAIIOR
B0 B3AMMOJICHCTBHH ¢ YTOJNLHOH KUCTOTOH PacTBOPOB AaiT OukapGOHATE 1
Kapbonatsl. B KayeeTBe HOCTOSITHOTO CIYTHUKA 9TOH PeAKIUMH, BOCTIPOU3BE,ICH-
HOW HA cxeMe:

Na,S0, + 2C = Na,S 4 2C0O,:
Na,S -~ CO, + H,0 = Na,CO, + H,S

00PA3YIOTCST CePOBOI0POJL, CCPHUCTHIE COeJMHEHIs TsKenbx (Fes, FeS,) u ser-
nx (CaS, Na,S) metamnos, OCHOBHBIM yCJIOBHEM BOSHHKHOBEHMS 3THX DEAKLH L
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4.
(B M.3KB. Ha cyxoe pacrenue) (Cocrasaeno H. H. Bainaeguu)
o ey -y | :
2 o - Wenoy- A 1
Alzo:_ I‘ez(i)a | 508 | Na.0 [ cl 11]?]%1'053_3 Resrononamehiis
i f [
0,30 J ~ 0,02 0,78 | 11,56 156 | 2,33 Basuaesuu u Pooun, Ceb.-
1760 0 08 195 | 372,9 440 38,2 sanajHas Typrvens
0,23 _ 0,002 0,97 560 | 3,46 3,27 | TaxweipHas, ConoHuaKoBasi
13,5 0,1 24,2 180,7 97,6 53,6 noysa
0,37 ~ 0,004 1,27 11,04 1,25 1,84 [ To ke
21,8 0,2 31,7 | 356,2 35,2 31,8
0,37 0,03 0,63 842 2,46 2,88 Basuaesuu, Kynyuna, cono-
21,8 1,1 15,7 271,6 69,4 47,2 BLIT CGJIOHEII BLICOKO-
034 | 005 0,54 151 0,17 0,76 gTh:)éIanTmn COJIOHUYAKO-
200 | 1,9 13,6 | 487 4.8 124 To »xe
011 0005 047 2,25 A,._Q?E}_ 0,80 | 1o Jie, TOppsHICcTO GON0T-
65 | 02 11,7 i 72,6 152 13,1 Hasl COJIOHYAKORAST NOUBa
_o1r Ciel 005 | 026 | 00 | 027 |, e, COJAOBBIH COOHEr-
6,6 1,2 84 28 = 44 CONOHYAK
026 | 0,06 L5 | 220 | 060 | 087 | gapaa. Cononvax cym-
15,3 2,3 28,7 71,0 16,9 | 14,2 (baTHO-XAOPHIHDI
0,32 0,22 0,27 049 1015 | 1y onp. | Boasunes. Mprkacnuiiciast
18,8 8,3 6,7 15,8 42 HH3MEHIIOCTS; COJIOHEIL
| | i

SIBJISICTCS OTCYTCTBHME KUCIOPO/d, HAaJIMUKe OPraHHYECKOTO BELIecTBA M BOCCTA-
HABJIMBAIOUINX MUKPOOPTaHN3MOB. TaKkue yeJ0BUA CKJIAILIBAIOTCA B GOJIOTHCTHIX
N0YBAX, HA JiHe MeJIKOBOJIHBIN 03ep, MOpeH, MOPCKHX 3aJIMBOB, B JIATYHAX, 3CTya-
PHSX, SACTOHHBIX jIEJILTOBBIX BOj0eMax. AHAJOTHUHDIE YKe YCIOBHMA CKJAfbl-
BAIOTCST B XOPOLIO 3@KPLITBIN MECTOPOHGIEHUAX TAKMX TOJIESHBIX MCKOTIACMBIX,
KaK: KaMeHHBI yrojb, aurHuT, nedrn, dutvmel. B ocofenuocTi xopoiwo usy-
UeHo MCUeSHOBEHHe CyJb(aToB M HAKOILIEHNE 34 ITOT CUeT KapfoHaToR lileouei
B He(TAHLIX BOJAX, BOCCTAHOBJICHHLIX TIPH (GOPMUPOBAHMK HeTHHOH 3asesicH.
0,(HA1KO OCHOBHBIM YCJIOBHEM COXPAHCHHUSI B TakoH o0cTasoBKe 0Opasymwluuxcs
HUKApHOHATOB M KAPOOHATOR, I B YACTHOCTH COJIBI, SIBJISICTCS MOJTHOE OTCYTCTBUE
Joctyna Kucnopoeia. Kak ToJbKe MPOHCXOIHT a0PaLust MU BHICHIXAHNE 00JI0TY,
BO0EMA MM JATYHBL, KAK TOJALKO KHCIOPOL BO3yXa IPOHUKAET B TOJILY BoC-
CTAHOBIEHHBIX BOJ, TIOPOAB MJIH TOUB, CYyJb(UIE, B 0CODEHHOCTH CEPHHCTOE
JETES0, OKUCISIACL, 00PA3YIOT 3HAUNTCNIBHOE KOJMYECTBO ¢BOGO;HON cepHoii
KHCJIOTBI ¢ HHTEHCUBHBIM NOIKHCIICHIEM CPeibl i PaspyLiellneM patee HAKOIHE-
muxest kapGonartos. Myenno atum nytem GopMUpyIOTEs ¢BOBOHLIE CePHHUCTAS
M CepHasi KHCJIOTHL, OKUCIIBL 5Kej1e3a, ¢yab(aThl, KBACULI M AP, MPU IKCNIyaTalum
HEMTSIBIN MECTOPORIEHUH, NPH 0CYUIRHNM M a3PAIMK JIOHHBIX OTJI0)KeHUi 03ep
11 00JIOT, B JILJIBTAX, B JIAUYHAX, 9CTyapUsIX. YIOMSAHYTbIE DeaKLUH OKUCIeHUsT
CySIb(UIOB MOMKHO HJUIOCTPHPOBATL CAEYIOUIMMH CXEMAMK:

2FeS, + 2H,0 -+ 70, — 2FeSO, + 2H,S0,
FeSO, + 2H,0 — Fe(OH), + H.S0,
Na,CO; + H,580, — Na,80, + H,0 + CO,
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Oxncsienne cynb(puaos HabTOACTCA TAKOKE B YTOILHLIX WAXTAX, B Pe3yJibTaTe
Yero IaxTHBIE BOJbI JIeJIAI0TCS KpaitHe KucasMu. Bo BeeX 9THX ciiyuasix nepso-
HauanbHas NOBbINIEHHAS L1EJ0OYHOCTE CMeHSIeTCH B pesyibTaTe 00pasoBalusi cep-
HUCTOM ¥ CePHOIL KHCTIOT Pe3KO BBIPAYKEHHOR KHUCIOTHOCTbIO ¢ pH nopsifka 3—2.
[TonoGHele siBNenNs, HanpuMep, OTMEUEHBI JUIS IOHHBIX OPrAHOMUHEPATLHBIX OT-
noyennit o3epa Cesail B ApMeHUM ToCie 0GHAXKEHHMST YACTH MeNKOBORbS, NpH
CIIYCKe BOJBL 03epa U1 PaboT aJeKTPOCTAHIMHK. 3dcoNeHHble U 3a600Ye HHEle
HU3MeHHOCTH nodepesknit Bantuiickoro u Hemeuworo mope#l, Kak npapuino,
MMEIOT PE3KO KHCJIble COJIOHUYAKH. IDTO SBJIEHME MHOTOKPATHO HAGIOIAN0CH CO-
BETCKUMHU, (UHCKUMM, HEMeIKMMH, TOJIAHJCKMMH TOYBOBeJaMH. Takoe sie
SIBJIEHUE, HO B 3HAUNTENILHO GoJiblieM Maciutae Ha0I04aeTcs B JleJIbTaX, aCTya-
PHAX 1 JIATYHAX BJIQKHOTPONMUYECKMX palioHoB Aznu, Adpuku u JlaTuHcKo#
Amepuru. Ofpasywuiascst npyu 3TOM BBICOKAsi KKCJIOTHOCTh He TOJIBKO COIIPO-
BOYKJIaeTCs PaspylieHHeM YIJIEKUCJION0 Kaiblnsl 1 NONHON HeliTpanusanueit kap-
Oonaros u OMKapOOHATOB IUesioYed, HO TaKyKe TMOLABIeHHEM OMOJOTHY TMOUB W
YXYALEeHHeM HX NPOAYKTUBHOCTH. OObIYHO NOYBEHHBlE 06PAa30BaHUsA B IPUPOIE,
BKMoYas 00JI0Ta, AOHHBIE OCAJKM 03€D M JEIbTOBBIE TOYBBI, JKHBYT IepeMeH-
HLIM BOCCTAHOBHTEJILHBIM M OKHUCIIUTEIILIIBIM PeyKUMOM. T103ToMy B DOJIBLIMHCTBE
cJlyuaeB IOYBBL M TIOUBEHHO-IPYHTOBbIC BOJbl TAKUX PA0HOB CKOpee OTIHYAOTCS
TIOBLILEHHOH KUCJIOTHOCTBIO, HeY<Ed MOBBILEHHOR uiesounoctbio. [loaTomy
NpHAABaTh CKOJILKO-HHOY/b CepPhe3Hoe 3HAUeHHe BOCCTAHOBUTENIbHBIM PeaKL{dsM
B (popMUpOBAHMN CBOOO/HBIX GHKapOOHATOB ¥ KapGOHATOR Ilejoyeil HA NOBEPX-
HOCTM CyluM mmoj oObiMHOH aTMochepoit He MpejcTaBisgercs BO3MOMHBLIM. Jlnuib
B 3aMKHYTOH MojZeMHON 00CTaHOBKeE, TMIIEHHOH J0CTYNA KUCIOPO/A, BOIMOYKHO
BOZHMKHOBEHHE W TeOJIOTHUYECKH JIJIMTeJIbHOe CyHIeCTBOBAHHE TPOIIECCOB AeCyJib-
(upopanusi, UCYe3HOBEHHE CEPHOKUCJIBIX COJIeH B MOJ3eMHBIX BOZAX M HAKOTLIE-
Iie B HUX CBOOOAHBIX OMKApHOHATOR M KapOOHATOB Ienoveill. Boixomsl Takmx
BOCCTAHOBIEHHLIX LLEJIOYHBIX BOJL B JIBTIPECCHSIX, B HU3MEHHOCTSAX MJIM B Teppacax
PEYHBIX JOJMH BBISBIBAIOT SIBJIGHHS COMOBOTO 3aCOJIEHUS] TOYB, HeoObACHHMbLlE
COBPEMEHHBIMH Ha3eMHBIMU yCJI0BUsiMM. Bosmoxxuo, uro B 3anaguo# Cubupw,
SlkyTckoit Brniagune, Monpasuu, CeBepHoit Appure MMEHHO 3TOT HAKTOP BBI3bI-
BaeT 00pasoBanue COAOBLIX AKKYMYyJSILUKH M MOYB COJOBOTO 3aCOJICHMA.

i

IV. YcnoBuA ycTOHYHBOTO CYLIECTBOBAaHHA COMbI
H ee HaKOIMIEHHA

Msl paccMOTpenn Belllie IPOLECEh, Beflylike K 00pasoBanuio GukapboHaTOR
W KapbOHATOB 1UesoYel M B TOM uMcre COABL B mociejylomem Mbl paccMOTpUM
VCI0BHSA, NPY KOTOPBIX 00pPa3YyI0IIASCs COd MOYKeT YCTOHUHBO CYIIECTBOBATS,
MHTPUPOBATL M HAKANIMUBATLCA, He NEPEX0Is B Apyrue coefuHenus. OHUM U3
BayKHelllUMX (aKTopoB, PE3KO OTPaHHUHBAIOMMX BOBMOYKHOCTH YCTOMUMBOTO
CylecTBOBaHUA duKapboHaToB W KapboHATOB llesoveil B pacTBopax, siBisieTcs
TIPUCYTCTBHE PACTBOPHMBIX COJieil KalbLufl, TAKNX, KAK CEPHOKUCIBIA Kanbluil
i XJI0pUCTLI Kanbiuit. O6a coefiuHeHMs IPH B3aUMOIeHCTBHH ¢ buxapboHaTamu
M KapboHaTamu HaTPUs COMPOBOYKAAIOTCS 06PA30BAHMEM MOYTH HEPACTBOPUMOTO
B LIEI0YHOM Cpejie YIEKHCTIOTO KaJlbLiis, & TAKKe XJIOPUCTOTO W CEPHOKUCIION0
HaTpus. Hanuume cepHOKucIOro Kanblius B BomocOOpHBIX GaccefiHax, Kak, Ha-
NPHMED, 3TO XapaKTepHO [T TEPPUTOPHU coBeTcKol Cpeaxeit Asuu, Tie MouHELe
BAJIEXKA THIICA TIOUTH BCETjJa NMPUCYTCTBYHT B YeTBEPTUUHBIX H TPETHMUHBIX 0Ca-
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AOUHBIX TIOpOJAX, a TAKe TNouBax, NPUBOJMT K HEMpepbiBHON HelTpanusaLuu
6uKapGOHATOE M KapOOHATOB Lie/i0Yell ¢ MepeBoIoM WX B KapOOHAThl KaJbLusl.
BeposiTHO, MMEHHO 3THUM crneyetT O0BACHHTB, Y4TO B Yabekucrawe, Hiuom
Kagzaxcrane, Tajpxnkucrane, TypKMeHHMH COJOBOE 3SACONEHHe [IOYTH Heus-
BEeCTHO.

Ceoboanble KapOoHaTel W GukapBoHATHL wLien0ueit MOTYT HAaKOMUTBCH B
CKOJILKO-HHOY/Ib 3HAUMTENILHOM KOJMUYECTBE TOJILKO MOCTe TOTO, KOIJA HA JAH-
HOH TEPPUTOPUM BCE PeCypChbl CEPHOKMCIIOI0 KaJbLUA U XJIOPUCTOTO KambLUs
OynyT nepesejiersl B GopMy KapGOHATOB. JIMIb TOCIE HTOrO obpazylomascs coja
MOYKET CYLIECTBOBATL W HAKATIIMBATHCS B CBOOOIHOW dopme,

B Tom yke nanpasiieHnu, X0Tsl ¥ 3HAUUTEIILHO MeHee MHTEHCUBHO, JeHCTBYeT
HalMuKe B TI0UBAX, B N0YBOOOPA3YIINX NOPOJAX H B BOJOHOCHBIX TOPH3OHTAX
NOrA0WEHHOro  00MeHHOTO Kanbuus., Ecau wenounbie rpaBuTalmoHHbe uim
KallIsipible  pacTBOPI NPOXOJSAT Yepe3 0CaJ0uHyl0 MOpOfLy, HACBIEHHYIO
0OMEHHBIM KaJIbLHEM, TO MPOUCXOJAT PUINKO-XUMHUECKHE peaKLiH 3aMelenus
00MEHHOT'0 KaJjibUU$l Ha HATPHH MM Kanuit OMKapOOHATOB WJM KapOOHATOB:
(morn. komni.) — Ca** 4 Na,CO, = (norn. komni) — 2Na+ -+ CaCO,. Ipo-
AYKTOM 3TUX peakLi OyjeT ocafiouHast Mopojia MM TOYBA, HACHLILICHHAS Ha-
TPHUEM, M CCAJIOK YTJIEKMUCNIOro Kanbuus. CBOGOJHAS cofa B TAKMX YCIOBHAX
MOYKET HAKONMUTLCS JUlbL M0C/IE TOTO, KaK BCA TOJIA 0CA0UHBIX MOPOJ WM
nous OyjeT HackbiueHa 0OMeHHBIM HAaTpHeM, a4 BeCh OOGMEeHHbIL Kanbluil Oyger
mepeBefieH B (GOpMy yIeKucnoih conu. JIMiL mocide aToro LUPKYIUDYIOLLHe
UIeJI0UHbIE PACTBOPBI OYAYT COXPAHATBCS M BhI3BIBATL CONOBOE COJEHAKOTICHHE.
OTmeueHHAn peaKlUMsa MOKET UMETh OTPOMHOE FeOXMMHUECKOE 3HAUCHUE B paiio-
Hax PACNpOCTPAHEHUS JIECCOB M JIECCOBUAHBIX TMOPOJ, KOTOPbIE, KAK IPABMII0,
cofiepyrat oOMeHHbll Kanblyit B 00MLIIMK KonuecTBax. To sKe MOYCHO CKa3aTh
OTHOCHTEJIHO DEUHOT0 ¥ 03ePHOTO aJUIIOBUS, KOTOPBIH Tarke B GOJIbIIKHCTEE
C/ly4aeB HacblllleH 00MeHHBIM KajbuueM. [IpojomKeHHe ceauMeHTaIMu Jecco-
BUJIHOTO MATepHasd M3 D0JIOBBIX 0CA/KOB MJIM AJUIOBMS U3 PEUHBIX M 03epHBIX
B0/l OyeT HeNpepEIBHO BHOCUTL 0GMEHHbI Kanblui B cepy peaxuuu, HeifTpa-
JM3ysi CBODO/IHbIE KapOoHaTbl M OMKapOOHATHL HeNovei, o0pasgyioluecst mpu
BbIBETPHBAHUK WJIM MPH MHUHEPAIH3aLMN OPraHWYecKor0 BellecTBa.

B aToM >xe HanpaBieHnn mMokeT feficTROBATH TAKYKE M TIOSBIEHHE MOMOB
KaJbLusl OHOMEHHOTO [POUCXOXK/EHHS, T. . B PedyJibTaTe MHHEDATH3ALHUH KOp-
Hell MM Ha3eMHBIX OPraHMYeCKHX OCTATKOB TeX PACTeHHH, B TKAHSIX KOTOPBIX
KaJbLUi COfiep KuTes B 60IbIIMX KONHYecTBaxX. B uncre Takmx pacTeHui npexxe
BCEro HeoOXOAMMO HA3BATH 371aKKM M G0GOBLIC, 3094 KOTOPBIX 0COGEHHO OoraTa
COCJMHEHNAMM Kanblusa. TlosiBieHue B pacTBopax GHOTEHHOr0 CePHOKHCIIOrD
KaJbLnst npu pacnaje OenkoB Gyjer sechMa adheKTHBHBIM (BaKTopoM HefTpa-
JHSALMH LUEI0UHOCTH. T10-BHANMOMY, MOLIHBIM DAKTOPOM, PeryIupyIoluM mpu-
CYTCTBHE MJIM OTCYTCTBUE CBOOO/HBIX KapOOHATOB M OMKapOOHATOB wiesouel B
IIPUPOJHEIX BOJAX, OCAOUHBIX NOPOAAX W 110UBAX, SIBJISETCS MPOLECC (opMH-
POBAHHS BTOPHUUHLIX TIHHHBIX MUHEPanoB. Kak HM3BeCTHO, NPHUPOAHbE BOJLL
BCEr/la COMEPHAT HebONbLUIOe KOJIMUECTBO PACTBOPEHHOIO KpeMHe3eMa W noJy-
TOPHBIX OKHCJIOB. BaaumomeicTBre 9THX KOMIOHEHTOB NIPH BbICHIXAHMY pacTRO-
POB COMPOBOYKAAETCS MOSIBIEHMEM NPOAYKTOB B3aMMHOW KOaTyisiuuy TuMa
aNnoPaHOMI0B M TIMHUCTHIX MUHEPAJOB pAa3JMUHOTO THIA. dopmupoBaHue
KPHCTATTUYECKOH DELIeTKH OTHX MUHEPAsOB MOYKET COTMPOBOMCIATLCS HEODMel-
HBIM TIOTTIOLUEHHEM llesIovell M yCTpaHeHMeM MX U3 PACTBOPA € OCTATOYHBIM
¢OpasoBannem yrolbHON KUCIOTHI M BoApl. B ocoGennocTH 3ToT npoLece uUMeer
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3laveHue JUIS Katus, KCTopbil HeoOMEHHO 3aKperuIsieTest B TIMHHBIX MUHEpaax
rpynnst el OHAKo M HATPUH YXOIUT YACTHYHO B CTPYKTYPY KpUCTalnuye-
CKOR peleTKH (Yale Kak U30MOp(HA A TpuMech) PAfA TJIMHHBIX MHHEPaJoB.
Bee Gonblue HakannauBaercsl JaHHLIX, CBHETENLCTBYIOLIMX 0 TOM, UTO Ja)<e TIo-
JieBbie LWINATBL MOTYT 00pa30BLIBATLCS BTOPUYHO B OOBIUHBIX HA3EMHELIX TepMO-
JMHaMMUeCKHX yeaobusx. Ecm 910 Tak, 10 Hago AONyCTHTL MBICTL O TOM, YTO
BTOPUYHOE MMHePano0ipasopatue SIBJISieTCSl CyMeCTBeHHBIM (JaKTOPOM BHIBOJA
MOHOB KAJIMST ¥ HATPUS M3 PACTBCPGR MPHUPOAHEIX BOJ M TeM CaMBIM Kak OBl orpa-
HHUYEHMS] CYLIEeCTBOBAHKS W HAKCIUIEHM 5T OnKapboHaTOB W KapOoHATOB wiesoueit
B 3HAYMTEJIBHBIX KOHLEHTPaLUsX.

B rakux e Qusuio-reorpa@uyeckux yCJAOBUAX BOSMOMCHO BCTPETHUTL
HU3KME KOHLEHTLAUMM Kaablusi, ¢ OJHOH CTOPOHBL, M Malyl MHTCHCHBHOCTH
ofpascBalnsa BTCPHUYHLIX TJHHHBIX MHHePasoB, ¢ Apyroi?

Oanum U3 Ba)KHEHIIMX GaKTOPOB, BeAyLIHX K MAJIBIM KOJIHYECTBAM coslef
Kanbls B Cpejle, sBNSETCS NMPOLECC WX BHILENAYHBAHKUSA € LMPKYJIHDYIOIUMHT
NPULOHBIMKE Bodamu. Takue ycJIOBHS, Hanpumep, CKNAJBLIRANTCA B 00JacTsx
BJIAMHGTO TPHMCPCKOrO KAUMara, B 001acTAX TOPHOTO W CeBEPHOTO KIMMATA,
BO BJIAYKHBIX M MYCCOHHBIX TPOTIMKAX. B oTHX yen0BUAX NPOAYKTH BLIBETPUBAHUS
M MoYB006Hpas3cBanKA, a TAK)Ke TPUPOJIHbIE BOALL OYAYT, Kak NpaBHiO, OTIH-
YaThLCA HU3KUM  cofepskaHueM coneit  Kaneuus. Ho npupojHele Bojbl 10-
Jo0HBIX palioHoB OyiayT TpaHCNOPTHPOBATH OYeHb cialble pacTBOPLL  Kap-
ooHaTeB M OUKapbOBATOB, KOTODBIE, NOCTYMafg B 0OJACTH WCHAPUTENBHOTO
PEXMMA, MOTYT BbI3LIBATbH 00pa30BaHMe LENOYHBIX MOUB COAOBOTO 3aCOJIEHHSE
MM 00PA30BAHMe e IoUHbIX 03ep. BUIuMO, TaKue VCIOBHA CKIABIBAKTCS
B HKamuicpuuy, 3akapkasee, OrpaTopuanbHoit Adpuxe, CepepHoil Yipauwe,
Benrpuu.

B pafcnax abco/IOTHBIX NYCTBIHb, KaK, HampHMep, MyCThiHb 3ana;Horo
Kurast wim JIaTHCKOH AMepHKHM, XMMHYeCKOe U MeXaHUYeCKOe BEIBETPUBAHME
HACTOJIBKO cenaliieHo, uTo NPeInochlIor s 00pa3oBaHUS BTODUUHBIX TJIMH
3gech He nmeetes. OTCYTCTBYIOT 3/leCh TaKye 3HAUMTesIbHble KOJIHYECTBA TUICa
M XJOPUCTOro Kanblus. OHU eille He ycmenud 06pa30oBaThcA BCJEICTBHE MAJIOH
MHTEHCUBHOCTH NHMMYECKOT0 ¥ 0HOJIOIMYeCKOr0 BbiBeTpuBanusi. Ilo maGiio-
AeHuam Eeoposa [12] (¢ 4em creiyeT COINIACMTBCSA), OTCYTCTBHE TJIMHO0GpPA30-
BaHus B NycThiusgx 3anaaioro Kurtas u crabocTb XMMHUECKOTO BBIBETPHBAHUS
Opimit 0cobeHHO ONATOTIPHATHE Ut HAKOTUIEHHST cBOBOHOI cOlpl B HeOOLIUHO
BLICOKWX KOHUeHTpaunsax. Hakonel, pailoHsl BHICOKOTOpui, 061aCTH X0JI0AHOT0O
kiumata, Kak Cepepnasa Cubupo u CesepHas Kauaja, tawoxe sipnsiorest 6yaro-
TMPUATHLIMA UIA BEIHOCA COeJMHEHHI KalbLUus U ITA COXPAHeHUS B pacTBOpax
ManplX KOHUeHTpaunil KapboHaTtoB M GUKApPHOHATOB ILeJI0oueH.

B ycaoBuAX XO0JIOJHOTO 3WMMHEr0 ce30Ha 00pa3opaBluuecsl CoejUIHEeHIS
YIJIEKUCIIBIX 1es10ueil Dy 1yT HAKAIIMBATLCS B NOYBAX TIOTOMY, YTO NPH HU3KOM
TeMIEPATYPe HX PACTBOPMMOCTL CHJILHO YMEHBLIUAETCA U OHWM MOTYT BBIACTL B
ocal0K.

Hanbonee ske Onaronpuatisie ycjaosusi, cnocoferpyicue cojoobpaso-
BAHMI, COXPAHEHUI0 M HAKOIMICHUIO CBOOOAHON €O/l B PacTBOPAX U MOYBaX
OyyT BKJIOUATL COUETAHHE CIIEJYIOLMX 3JEMEHTOB: a) TePPUTOPHN MOJIO0TO
BYJIKAHU3ME, 3AKPBITbIE HOBCHIUMMU NUPOTeHHBIMA OcagKamu (0TKyjna Hanpa-
BJIeH [eOXUMMUECKHH ¢TOK), 6) JAenpeccuu M BNajMHLl ¢ HEJOCTATOUHBIM eCTeCT-
BCHHB'M J{peHaXkeM (Kyj1a HanpaBJieH TeOXUMHMUeCKUH CTOK), B) KJIMMAT, crnocof-
cTBym[uni’i npeofiajaHuid B BOJHOM OanaHce ucrapeHusl Haj cToxom. Tawoe
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coyeTanue yenosrHi He SIBNIAETCSH PEKOCTBIO HA 3eMHOM wape, NpUMEPAMHE YeTo
ssasiorest Ksinast u Lentpanbhaa Amepura, Kanudopuus, 3akaskaswe, Boc-
Touno-Adpuranckufl rpabes.

V. ®u3MKo-XMMu4ecKHe CBOHCTBA KapOOHATOB HaTpus

JlerkopacTBOPUMBIE COJIH, BH3LIBAIOIIME WIEAOUHOE 3ACOJEHUE B NoUBax,
NpeICTABICHBl TTABHBIM 00DA30M CJIEYIOLHUMU  BOJIHOPACTBO PUMBIMM MUHepa-
namu: coja (Nay,LO, - 10H,0), KpreTaumsyowascst B ouBax ¢ JeCsThbio MOJC-
KYJIAMU BObL B BHjIE MyUHHCTO-BOJIOKHHCTOM Maccehl, TePMOHATPHUT (Na,CO,- H,0)
— TO JK& XHMUYECKOC COJIMHEHNUE, HO JILb ¢ OJHOH MOJEKYNO# BOjbl, APyroii
KpUCTaMuecKoit (opMbl M TaKyKe HAKATUIMBAIOMIEECST B BHE MYUHHCTBIX 3epeH
B II0UBAX W OCA[OUHBIX NOPOJAX; TPOHA — JIBYXBOJHAS COMb, 00BIYHO HIPUCYT-
CTBYIOLIAS! B [IOYBAX COJ0BOI0 3ACOJIEHNS U 10 Deperam CoI0BBIX IeNouHbIX 03ep,
B BH/C OCdlKa 4YKCTOH coneBOoil macchi (NazCos-NaHCOS-ZHzo), H, HaKOHerL,
naxoant (NaHCO;) — 6espopnblit GukapOoHaT HATPUS, NOCTOSHHbINA CIYTHAK °
MEPBBIX TPEX KOMNOHEHTOB, NPUCYTCTBYIOINMI KAK B PACTBOPAX, TAK | B 0CAJKAX
B TOUBAX M B 0CA]L0YHBIX TOPojax. PacTBOPUMOCT KapBoHATOB HATPUS B BOje
pennka, 0cofeHHO BeJMKA PACTBOPUMOCTL COJIBL, JOCTHUraolias IIPU BBICOKMX
TemnepaTypax noutn 500 rpamm B JIMTPe, [PEBBILAS TeM CAMBIM PACTBOPUMOCTh
XJIOPHCTOrO  HAaTpus. PactBopumocts KapdoHaToB U OuKapBoHaToB wiesioueii
BeChbMa 3ABHUCUT OT YCJIOBHI Cpejlbl, MEHSSICh B OTPOMHBIX n1pejienax. HauBonee
MOPA3UTENILHA 3ABUCUMOCTD PACTBOPUMOCTH KapOOHATOB M OuKapBOHATOB Ha-
TPUSE OT Temmepatypbl. TIpM HyJICBBIX M OTPULEATENBHBIX TEMIIEpaTypax pacTso-
PUMOCTL cOjIBl M OUKApOoHaTa HaTpusl TAK 3Ke KaK u cysbdarta HaTpus (1o B
OTJIMYHEe OT XJIOPHCTOTO HATPUA) ONyc-

KAeTCs 10 BeJIMUMHBI 3— 5 TpamMM B InTpe. o

pu Temneparypax nopsigra 30° C pact- 507
BOPHUMOCTb COJABI JIOCTUTAET PACTBOPU- /
MOCTH XJOPUCTOTO NATPUA, T. €. OKOJI) a0 ]
350 rpamm B JMTpe, a MpK TemIepaType § .
40° C pacTBOpHMMOCTDL COJIBI 3HAYUTETBHO P
NPEBOCXOIHT  PACTBOPUMOCThL  XJIOPHUC- -
toro Hatpus (Puc. 6.). INoBenenune coapl 9
B 3aBHCUMMOCTM OT TEMIIEPATYpLl HANO- 0

MHHAET B 39TOM OTHOIUGHMM [0BEJIEHHE

CEPHOKMCIIOrO HATPHS, PACTBOPUMOCTD L A
KOTOPOTO TAKKE CUJIBHO 3ABUCUT OT TEM- //57’;'”

[epaTypbl, 0a1as Ha X0JI04y U BC3pacTasn
BO MIIOC0 pa3 MpH BbICOKHX TeMIepary-

™

- .
T T T T T T T T
R0 A 30 40 50 60 0 80 w0 WGTO

pax. PacTeRopumocTs GurapboHaTa Hart- Puc. 6.
Pl‘lﬂ TAKHE SHAUYUTEJILHO yBBJIM‘IHBaeTCHC PaCTBOpHMOCTb coJieil B 3aBHCHMOCTH OT
BOBPACTAHUEM TEMICPATYPLI CPENbl 0/Ha - TCMTICPATY DI

K0, He B TaKoit peskoii fopme, KAk co;ibl.

[TouBeHHO-TEOXUMUYECKOE 3HAYEHHE BTOTO (aKTopa HeoOnualiio BeauKo.
Tlpu Hu3KKX Temmepatypax cpefwl nopsaka 15—10° C, npu 0° C u HuKe, cojia
BMECTE ¢ CEPHOKUCILIM HATPUeM 0y/IeT BHINAJATh B 0CAJI0K B 03epax WM TI0UBe,
B TO BPeMsl KaK PACTBOPLI XJOPUAOB OYIYT yXOAUTh ¢ NOUBEHHbLIMH, I'PYHTOBLIMU
1 HageMHBIMH BOJAMH JAJIbLUe B HANpPaBieHUH 0OLEre TeoXMMHUeCKOTo TI0TOKA.

5*
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Takum 00pagom ClieyeT 0)KUJATh 4T0 B pailoHax ¢ XOJIOJHBIM KJIMMATOM, CYpO-
BHIMU 3HUMaMK 3aCOJieHHEe I10YB [0JDKHO, IJaBHbIM 00pasoM, CONMPOBOMIATHCSH
HAKOMNJIEHHEM CyNb(aToB U KapGoHaTos menoyeil, B cyxom u »apKom Kiumare,
bnarofiapsi TOMy, UTO PacTBOPUMOCTb cofibl Gy/eT MpeBHILATh PacTBOPUMOCTD
XJIOPUJIOB, MOXKET TAXKe NMPOMCXOJUTEL MX pasjeNieHHe M HAKOTUIEHHE COMbI B
paiioHaX KOHEYHOr0 ucHapeHusi pacTBopos. CoBMecTHAast MUIpALUs W AKKy-
MyJISIUSL COJI ¢ XJIOPUCTBIM HATPHUEM OyJeT CPABHUTEJIbHO PeIKUM CIyYaeM u
yale BCErO CBABAHHBIM ¢ BBLIKJIMHMBAHKeM TIyOMHHBIX BOCCTaHOBJIEHHBIX IOJI-
3CMHBIX BOJ. PacTBOPUMOCTh KapOOHATOB HATPHA TAK)Ke BeCbMa 3dBUCHT OT
conel, IPUCYTCTBYIOIUX B pacTBope. OCo0eHHO B 9TOM CMBICTIE BEJIIKO 3HAUEH e
CEPHOKMCIIOI0 HATpusl. TlpUCYTCTBHME TIOC/EAHEr0 B BBICOKMX KOHLEHTPALUSIX
MOJABJIACT PACTBOPHMOCTL COMbl M OMKapOoHATa HATpust, BhI3bIBASA BLINAJEHHE
MX B 0cajipK. HachlleHHble pAaCTBOPBI CePHOKUCIIOTO HATPHS, HANpUMep, NpH
KoHUenTpauusx, 6umskux K 200 rpammam B JMTpe, NMPaKTHYECKH MepeBOIAT
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Puc. 7. Puc. 7a.
PacrBopumocTb cosiell B 3aBHCHMOCTH 0T PactBopumocTb cojiefl B 3aBUCHMOCTH OT
KOHIleHTpauun Na,S50, Kounenrpanud NaCl

COy M ABYYIJIEKHCHIbIH HATPHil B HepacTBopumblit ocajok (Puc. 7.). Bausinue
XJIOPHCTOTO HATPHSL B STOM CMbICJIE CXOJIHO C BJIMSHHEM CEPHOKHCIIOT0 HATpHS,
HO TposiBasiercst cnabee. Peskoe ymeHblUeHue PacTBOPUMOCTM KapBoHATOB M
6rKapboHATOB HATPUsl HacTynaer Npu oOmeH KOHLEHTPALUH XJOPUCTOTO Ha-
Tpust nopsiaka 260—270 rpamm B nutpe (Puc. 7a). [ToHuKenne pacTBOPUMOCTH
M MUTPALHOHHON cMOCOGHOCTH KapOOHATOB HATPUSI B MPUCYTCTBHU BBICOKHX
KOHLENTPALMH CEPHOKHCIIONO i XJIOPUCTOTO HATPUS TIPUBOLUT K TOMY, YTO [IPH-
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poJible pacCOIbl BEICOKUX KOHUEHTPaLuil OyyT, KaK NPABIIIO, MAJ0 CONEPIKATD
KapOoOHATOB W OHKapOOHATOB HATPHS.

Tarum 06pasom B reoxumuu coneil cylum 0GHAPYIKUBAETCS ACHO BHIPAIKEH-
Hast TeHjleHUHs 06ocobiennsi palloHOB aKKyMyJsiunn KapBonuaTos 1uesoueif or
PalloHOB AKKYMYJIALMM XJOPUJOB M cynabdaToB. [Ipy 3TOM NOTeHLMaILHble
apeanbl MUTDALMH M aKKyMyJisIUMK OuKap0OHATOB M KapOOHATOB wiestoueii
BHAYMTEJILHO 1IUPE, YEM XJOPHI0B W Jake cynbdaros. Copa u GUKAPOOHATLI
HATpHsL OyIyT HMETh TCH/IEHLMI0 HAKAMIMBATLCS B palionax cpaBHUTENLIO HUS-
KOro O0ILEro cojiepyKatus cojiei, T. e. rIaBHbIM 00pa30M MPH HaYaJLHBIX CTa-
JHSAX CONEHAKOTLICHUS.

BLicoKast KOHLEHTPaLus cobl B PACTBOPAX B CBOIO 0UEPE/lb BEChMA CHIIbIIO
BJIMSIET Ha PACTBOPUMOCTD M TIOBMIKHOCTL TAKOI0 BAYKHOTO B XMMKK TI0YB COepU-
HEHMS1, KaK YTJIeKHCblit Kanblmi. Ha puc. 8. nokasano, kak Heofbluaiino pesko
CHMYKAETCH KOHUEHTPALMS KaJNbLUA INPH CPABHHTEJLHO HHSKMX BeJMUYHHAX
00weii wenounocts pacreopop. Euwie B npucyTtetsum GuxapGoHata natpusi He-
KOTOpast 1017 PACTBOPHMOCTH YTJIEKMCIOr0 KaJILUMS COXPAHSAETCS, HO B IIPH-
CYTCTBMHM HOPMaJIbHOH COJIBI MO JOCTHXKEHUM 00Lleil 1IeN0YHOCTH pasMepoB o
HOM-ABYX JeCAThIX %, Kanbluil MPaKTUYeCKH HCYE3deT U3 PacTBOPOB. OTMeueH-
Hoe ABJeHMe 00BACHSET, I0UeMy B palOHAX HIENIOUHONO COJCHAKOMJIEHUS B 10U~
BEHHO-I'PYHTOBBIX BOJIAX COJIM KaJIbL{Hsl NPAKTUYECKHM OTCYTCTBYIOT, HECMOTPSA Ha
HaJIM4Me YIJIEKHCI0r0 Kaablys B NOPOJAe U B NOYBEHHBIX I'OPH30HTAX.

MBI IIpoaHaTU3KPOBANIY ITO SIBJIEHWE HA MHOTOUMCJIEHHBIX AHAJHTHYECKUX
AaHHBIX, OTHOCSIIUMXCS K TIOUBAM PA3JIMYHON CTeleHH ienoyHocty. 1o gaHHBIM,
NPUBOJMMBIM HA DUC. 8., MOXKHO BU/IETh, KAK 110 NOCTHKEHMH 0611elt LeToUHOCThIO
BOJIHBIX BRITSKEK BesuuH 0,05 npou. HCO, conu KanbLus noyty e NepexoaaT
B BOJHYH BBHITSKKY.
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Puc. 8. Puc. 9.
3aBHCHMOCTR  COICPYKAHNS  BOJIHOPACTBOPH- 3aBHCHMOCTL  KOHIEHTDPALMH BOJHODACTBO-
moro Ca®t ot BenHuunnl obmeli nerouHoCTH PHMOr0  KpemHeseMa 0T BelHuHHbl o0uiedt
LIENOYHOCTH

CoBepiieHHO 06paTHO BIHsHME HOPMAJBLHBIX H ABYYIJCKHCIBIX LieNoyei
Hd paCTBOPUMOCTL M NOMBHKHOCTL COeMHeHUH Kpemriesema, aIIOMUHHS U Opra-
Huueckux peiuecTs (Puc. 4.). Uem Bble BeJMUMHA 1LEJIOYHOCTH PACTBOPA, T. €.
YeM BhIlIE B HEM KOHLEHTPAIMs COObl, TeM 3ITOT PACTBOP 00Jbiue HeceT B cele
COCHMHeHH KpeMHeseMa, rymyca B GOpMe MCTHHHBIX, MOJEKYJIAPHBIX WIH KOJ-
TOWJIHBIX PAcTBOPOB. To Ke HABMIONAETCS M B OTHOILEHMM MOYBLI YeM BLIle
UETOYHOCTL TOYBBE, TeM B OoJbliell Mepe NOYBeHHBIE PACTBOPBI WJIM BOJIHBIE
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BBITSMCKH COMEPHM@T NOJABIKHEIX (OpMm Kpemenedema u oprauuku (Puc. 9.). Ms-
BECTHO, YTO JOX{EBHIC JYXH, BOJBI MTOBEPXHOCTHOMO CTOKA, HeDOJLIIHE PEUKH,
NpoTeKawIme vepes pailoHbl NOUB CONOBOTO 3aCOJIEHMS, BCErjA HHTEHCHBHO
OKpailenbl 0PraHHYeCKHMM BeLLECTBOM. IJT0 CBOHCTBO IIENOYHBLIX COMOBBIX pacT-
BOPOB TEPEBOJMTL B NOABHKHBIE QOPMBI COSIUHCHUA KPEMHE3eMA, TJIMHO3eMA
M OPraHMYeCKHX BELIECTB MMCET BeCbMa Baj)KHble [MOUBEHHO-Ie0XUMHUECKHE
MOCIEICTBHS.

Ofnactu, 3aTPOHyTHIE COJOBHIM  COJEHAKONIIEHHEM, Oy/(yT Xapaxkrepu3c-
BATLCSL He TOJILKO AKKyMyTsiumeit Oukapfonatos u Kapbouaton wesoueil, B atux
ke ofslactax OyjleT NPOHCXOIUTEL MapasUiensHoe, XO0TSA U CKPBITOe IS Thas Ha-
KOMJeHHe COeMHeHUH KpemieseMa, aJIoMUHUS U OPraHMUYecKHUX BEIeCTB, TIPH-
XO[SIMX € IEJIOYHBIMK BOJLAMU [TOBECPXHOCTHOTO MM NOJI3EMHOTO CTOKA. [1puToK
HA3BAHHBIN KOMIIOHEHTOB B A0COJIOTHELIX pasmepax B Kay/pli jaHHbil MOMCHT
OyneT Hepenuk. OHAKO MO OTHOWEHMI0 K Te0JOFHYECKOMY BPeMeHn TpoJosi-
HUTEJILHOCTH TOUBEHHBIX M FEOXUMMYCCKHX MPOLECCOB HAKOMNEHMS Kpemiie-
3eMd, TJIMHO3eMA M OPraHUYECKUX BellecTB Oy/leT J0CTUraTh 3HAYNTeIBHBIX
BENMYHH M 3aBepluaTbed (OPMHPOBAHMEM COBEPLIEHHO CBOEOOPa3HOTO TOUBO-
obpasytoulero cybderparta. Mmenio ¢ 9Tum cBoHcTBoM — CHOCOOHOCTBLIO AKTUBHO
TPAHCMOPTHPOBATL COEJMHEHHS] KPDEMHHSA U aJIOMUHMS B 00JaCTH COI0BOTO Ha-
KOTUIEHUA, TIO HAIUeMy MHEHMIO, CIIe[yeT CBf3bBaTb 00pasopaHue B 3TUX 00-
JIACTAX OCAIOYHBIX MOPoj, 00raThiX cojepyKaHueM BTOPUUHBIX aAMOPHHBIX MHHe-
PaioB, ¢ WHUPOKHUM OTHOLIEHHEM KPEMHe3eMa K aNIOMHHMID, U B 0CODEHHOCTH
(popmupoBalue B 9THX PaROHAX TJIMH MOHTMOPHUJIJIOHUTOBOTO TUIIA ¢ IOCTOSIHHOMR
MPUMECHIO BLICOKOIMCIIEPCHOI0 OPraHM4ecKoro BelecTsa. [layke KaoJIMHUTOBLIE
CIMHKCTBIE OCAJIKM TI0JL BO3JIENCTBHEM IIENOUHBIX PPYHTOBBIX BOJI, NPUHOCSILAX
PacTBOPEHHBIA KpeMHeseM, JI0JHKHLL TPe06pasoBaThest B TJHHLI MOHTMOPHJIIOHN-
ToBOro THma. Bee 3To BmecTe B3fATOE Coo0uIdeT MOYBOOGPA3YIOUIMM TIOPOJAM
obnacreil coppBOro 3acOJIeHHA TEMHYIO OKPACKY, BBICOKYH) JHUCTIEPCHOCTD, Haby-
XaeMOCTb BO BJIA)KHOM COCTOSIHMHU, CHKATHE M PACTPECKUBAHKE B CYXOM COCTOAHHK
— CJIOBOM BCe TO, YTO OTJIMYALT IOYBBI CONOBOTO 3ACOJIEHUA OT BCEX APYTHX TOUB
3eMHOTO wapa. KoHedno, TJIaBHOH NPHUMHOR YepHOTO LBeTa JIYTOBBIX MOUB,
3aTPOHYTBIX COJIOBBIM 3acOJIeHMEM, SIBJISIETCS HAKOTJICHMEe T'yMyca B YCJIOBHAX
I'HAPOMOP(HOro 10YBCOGPA30RAHUS.

VI. Hakonnenue coibl Kax HayajbHAaA CTaaMs
npouecca 3acCONEHHUA MOYB U BOJ

PeaynbTaTel HAIIMX MHOTONIETHUX Mcc/iefoBanuil, omy6anKoBaHHbe B pas-
Hole rojsl (Kogoa [19, 20, 22, 24]), ycTaHOBMIM, UTO MMy KOJMYECTBOM M
COCTABOM COJIel, aKKyMyJIMPYIOIMXCS B IIPUPOJIHBIX BOJIAX U B MOYBAX, CYLLECT-
BYIOT OIIpejlefleHHble 3AKOHOMepHbBIe OTHOWeHKUA. B npotecce pocra mMutepasniu-
3AUMH BOJI HAMEYAIOTCH CJCAYIOIIMC KOJIMYECTBEHHO-KAUCCTBEHHBIE CTAHM:

1. Becbma npecHble BOJILI TPONIMKOB M CEBEPHBIX JlecHbIX o0iacteii, cogep-
yKalue KpemieseMm d OpraHMvyecKue BellecTB ¢ KoHleHtpamued mo 0,1 r1/n.;

2. TlpecHble THAPOKAPOOHATHO-KAJIBLLUKMEBBIE BOMBI ¢ KoHLeHTpalueid 0,2 —
0,3 r/m;

3. TupporapboHaTHO-HATPKEBBIE BOABI ¢ KoHuenTpauueil 0,5—0,7 r/m;

4, TuapoxaphoHaTHO-HATPHEBBIE BOJBI ¢ KOHLEHTpanue#i cojsieit 0,5—3,0
/A, cojieprKatue cynpQatol U pPeyke XJIOPHIBL,
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5. XnopuiHo-cyibdaTHble Bojbl ¢ KOHUeHTpaLMeil 2,5—5 /1, copeprxamue
COLy;

6. CynbhaTio-xmopuipble Bojsl ¢ KoHueHTpanueil 20—30 1/1 u Bhiwe,
00BLIUHO HE COjIePIKALLNE 3HAUNTELHBIX KogudecTs cojpl (Puc. 3.).

Ormedennast Bbille 00MASA 3AKOHOMEDPHOCTL CYUIECTBOBAHUSL THAPOKApHo-
HATHO-COIOBLIX MOj3EMHBIX BOj{ TIPH MAJOH WX MHHepanusamuu nopsaka 0,3—
5 rjn Ouna yeTaHOBJIeHA HaMM Ha ODWIMPHOM reorpadmyecKom U THAPO-TEOXH-
MUYCCKOM MaTepuasie. 3anajHo-Cubipckass HMSMEHHOCTL, BRIWUag Bapafuu-
ckne U KyayHIUHCKEE PABHUHBL, ABJISETCHA OJHHM M3 TUIIMUHBIX IPUMEPOB TIPO-
SIBJIEHHS DTOH 3aKOHOMepHOCTH. B 3ToM 08lWmrpHOM pafoHe COJ0BOM0 34C0JIEHHS
(8 1946 r. 9107 paRoH Db HAMU HA3BAH MPOBUHLMER COJOBOIO COJIEHAKOIIIEHNS)
00HAPYIKMBAETCS, UTO MepBbI BOJOHOCHBIH FOPMBONT TPYHTOBBIX BOJ, TPYH-
TOBBIE BOJbI UeTBCPTUUHBIX, TPETHUUHBIX M MeJIOBBIX TOJIL, €CJIM OHH MMEIOT
KonueHTpauuio mopsiika 0,5—5 r/n, senswores 8 80—90 npow. ciayuaer rupo-
KapOOHATHO-HATPUEBLIMK € YUACTHEM CyNLPATOB MM XJIOPUIOB. TeHIeHIrs co-
YeTAHHA CO/Ibl ¢ XJI0PHAAMH M CYJIb(paTaMi HAUMHACTCS, TIOUTH KaK MPaBUIIo, MPH
DoJstee BBICOKUX KOHLEHTpALMAX cosiel B IpyHTOBRIX BOjax 10—20—30 r/n.
Taxasi e THAPOXHMUYECKAS 3ABUCMMOCTh OblIa 0DHAPYI)KeHA HAMM TO3Ke s
baccefina pex Xyan-xe u Cynrapu B Kutae, rje, Kak oTMeueHO Bbllle, LIHPOKO
NpeICTABICHEL NOUBBL COA0BOI0O 34COIeHHSA. TO YKe MPOCJEXUBARTCS HA XUMH3ME
TPYHTOBBIX B0l Apaparcikod jonuHel B Apmenun, Kapabaxckoil crenu B Asep-
paijprare, B nojzemublx Bogax Cesepuoit Adpuxu, Kanudophuu, Aprerutbl
W T. 1. F3BecTHbl HEMHOTHE reorpaduyecKre NpUmMepbl OTKJIOHEeHHH OT 3ToH 001ei
cxexbl GOPMHUPOBAHKS ILENOUHBIX THAPOKApPOOHATHO-HATpUERBIX Boa. Haubonee
SIPKUM TIPUMEPOM TOUTH MOJIHOTO BBIMAJEHUs THAPOKApPOOHATOB M KapOoHATOB
uesioveit M3 cocrapa conefl TPYHTOBLIX BOJ siBAsAeTcst PepraHckasi goJiMHa
B Y30ekucTaHe. 3/ech 00MIJIbHO MpeJCTABIeHEl THICH! B Te0JIOTHUECKIX MOPOIaX,
cnaratoux OaccefiHbl JONKMHbBL, KAK 0CAL0YHBIE MOPOJBl, TAK M TOYBLI Mepechi-
LIeHBl COEMHEHUAMM TUMca. B 9TUX yCJI0BUSIX HEBO3MOYKHO CKONBKO-HUOYL
NOBbIIEHHO? KOHLEHTPUPOBAHME M HaAKOMJieHMe OMKapOoHATOB U KapGOHATOR
wesouedl B pactBopax. [Tosromy depraHcKas J0JMHA SBJISETCH KIACCHUYECKHM
TIPUMEPOM OTCYTCTBUSA HAKOMNIICHHSA LIENOUHBIX COeUHeHUH U IPUMEPOM rocno)l-
CTRa TIPOL{ECCOB HAKOIIEHH S CCPHOKUCIIBIX coleil M B 0COG@HHOCTH CePHOKMLIIOTO
KasbLusl. B MeHbloed cTerenu, HO BCe »Ke 9TO XapakTepHo u st [onojHoit
creny, 1 s byxapcioit obnacth B YabekucTane, AJsi J0JMHBI peku Baxur B
TapKuUKuCTaHe, JUIS HUKHETO TEUeHUST PEKM W JeSbThl peku Amy-Jlapbs.

[TpoTHBONONOIKHAS AHOMAIMSA HHTEHCHBHOIO HaKOIUIeHHs1 OuKapGoHaTOB
menouedl B BLICOKO KOHLEHTPMPOBAHHLIX PacTBOpax HaBNIOAaeTcsl HA aJulio-
BHAJILHLIX PABHHHAX NYCTHIHL 3amagHoro Kuras. 3jech 1no Teppacam J0JHH pex
Topum, AKcy W jJp. WHPOKO DPacnpoCcTpalieHbl JIYTOBblE COMOBBIC COJOHUAKH.
Kak npapusio, rpyHTOBbIE BOJIBI 3/IECh TAK)KE OTHOCATCS B 00IWEM K I'PyIe cpas-
HHUTeJIbHO MaJIOMMHepPalu30BaHHbIX ¢ KoHUeHTpanueit 0,5—3—5 1/n u sBnswTes
EJIOUHBIMK 110 CBOEMY cocTaBy. Ho uccneoBanus F20posa u ero cOTPYIHUKOB
[13] nokazanu BMecTe ¢ TeMm, YTO 3/1eCh BCTPEYAIOTCsl FPYHTOBBIE BOJIbI C KOHLEHT-
pawgteit 10—15—30 r/n ¥ NpUTOM TAKIKE ¢ SICHO BBIPA)KEHHBIM HAKOTUIEHHEM B
coctase coJielt kKapboHatos ¥ OMKapOoHaTOB HATpHsl. Takoe aloOMaILHO BLICOKOE
HaKoTleHKe KapOOHATOB W OMKapOoHATOR iienoueil B nycreiHax LlenTpasbHoit
Azun, mo MHeHHI0 E20posd, SIBNSIETCS CIEJCTBHEM TIOUTH MOJHOTO OTCYTCTBUS
B 3THX 0BJACTAX IJIHH, HACBILCHULIX 00MeHHBIM KasbipeM. Kak ObJI0 MOKA3AHO
Bhille, rauH000pasoBanue ¥, 0COOEHHO, PeaKiusi ¢ 00MEHHBIM KalblMeM MOTYT
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COMPOBOACIATLCS BLIBEJEHHEM HATPHA M3 pacTBOPOB, &, CJE0BATEILHO, U Orpa-
HUUMBATL HAKOIMJIeHUe CBODOJHON COIbI. OTcyTeTBHe T'IHH MPH TOCMOJCTBE He-
NPEPEIBHOTO TIPUTOKA CBEXWX TIPOJAYKTOBR BBIBETPUBAHMS, A TAKKE NPH HCMa-
PCHHH 1 KOHUEHTPUPOBAHKH 1EJIOYHBIX TIOJ3eMHBIX BOJ MOKET CONPOBOAIATHES
MCKIIIOUNTEIILHO BEICOKMM HAKOITIHHEM B DacTBOPaX M MOUBAX KapGOHATOB M GUKAp
bonarop menovelt. B ponostenue Katomy, B yenosusx 3anaasoro Kutas Bechma
0071bIIas POJIb NPHHAIEIKUT TAKIKE NPAKTUYECKH NOJIHOMY OTCYTCTBUIO THIICa.

Hanmuyue Tex MM MHBIX TEOXUMMUECKHX AHOMAIMI JIMIbL NoJUePKUBAET
HE0OXOAMMOCTh CTIELUHATILHOTO JIETANILHOTO HCCNeJ0BAHNS XMMHUECKOTO COCTARA
JIETKOPACTBOPUMBIX COJIeH B TIOJI3EMHBIX BOJAX M IOUBAX BLICOKOID, CPEJHEro
H, B 0cO0CHHOCTH, HU3KOTO 3aC0OJIEHHUST.

MLl MMenM BO3MOXKHOCTL NPOAHAJIM3MPOBATL CBA3b MEMY 1EJIOYHOCThIO
FPYHTOBLIX BOJ M MX KOHUEHTpauued Ha mpumepe Oacceiina pex Xyawu-xe
u Cynrapu. Ha puc. 10. no ocu abeumce noxasassl CYMMapHble KOHLEHTPALMH
cojeil B IPYHTOBBIX BOJAX M CyMMAapHble KOJM4ecTBa coslelt B mousax. [To ocu
OpAHHAT NOKA3AHBI COOTBETCTBEHHO BeJIMUMHLI PH IPYHTOBBIX BOA M nous. Kak
BU[HO M3 DUCYHKA, MPU MAJLIX KOHLEHTPALUAX PYHTOBBIX BOJ MOpsijKa 3—4
T/1, BennyuHa pH B rpyHTOBBIX Bojax Komefmetcsi B cpefieM 0KoJio 7,8—8,0
¢ JIOBOJILHO 00JILIIOH amMniuTyaoli mopsigka 7,2-—8,9. CiefyeT nmeTb B BH-
Ay, UTO BOJBI OTOMPATMCh M aHAJIM3MPOBAIUCL (€3 3AUMTH 0T BO3JeHCTBHS
YTOJILHOM KHCJOTBI aTMOCQEPBI, MO3TOMY pH B €CTeCTBEHHBIX BOJAX HECKOJIBLKO
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Puc. 70.
3asHcHMoCTh MEALy CTEICHLIO 3ACOJIHHOCTH H BeaHuuHON pH; 1 B BepxHHX T'OPH30HTAX
noyssl (0—25cm), 11 B HIDKHHX FOPUSOHTAX TTOYBLL (25—150—200), 111 B I'PYHTOBLIX BOJaX.
TouKaMH NOKA3aHBl CAHMHIUHBE ONPE/IeieHs PH, xpysramu — cpeguee pH.
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TIOHMHKEH 110 OTHOLICHHI0 K MMEIOLecsa KoHLeHTpauuy GuKapGoHaTos u Kapfo-
HATOB Llenouelt. OTYETIHBO BMJHA TEeHJEHIHUS YMEeHLIUeHUS BETMUMHDL LLEJ0Y-
HOCTM TPYHTOBLIX BOJ € BO3pacTalueM MX KOHUeHTpauuu. C OTHeNbHBIMU KOJe-
OAHMAMH B LEJI0M MOYKHO CUHTATb, YTO Bhille KOHLEHTpaLuuu 5 1/1 pH rpyHToRbIX
Boji Dacceiia pex Xyan-xe u CyHrapu nHukorga se TIPEBLIIAET BeJIHUMHBI 7,5.
['pyHTOBBIC 2Ke BOJBI ¢ KoHUeHTpaumeil 30—50 r/n u fonee, KaK NpaBuiIo, ABIs-
0TCA  HeHTpanbHbIMU. TaKas ske 3aKOHOMEPHAS CBSI3b MEXKY BeJMUHHAMH
LLEJIOUHOCTH M CYMMOIL conell MPOC/Ie)KUBAETCA He TOJBKO B TPYHTOBBIX BOJAX,
no u B nousax. Illenovnble MoYBbl COROBOTO 3aconeHusl, GOPMUPYSACH TIOJ BO3-
flelfcTBIHeM TPYHTOBBIX BOj Maio# MuHepanu3aLiH, caMu SIBJSUIOTCS TOYBaMU
HU3KOH cTenexn 3acosiennocTy. O6mas cymma coJieil B eI0UHBIX ITOUBAX CONO-
BOTO 3acoJieHus peako gocruraer 1,0 npou. Yanle BeTpeyarTes e 0YHble MoUBkl
COJIOBOTO 3acOJIEHUS ¢ 0DMMM COJepKaHueM coflel (M3BJIEKACMBIX BOJHOM BBI-
TSOKKOH) e Boie 0,5—0,7 mpoll. ¢ MOBEPXHOCTH U 3HAYMTEJIBHO MeHbLIE B riuy-
ouny. JIHib B WCKITIOUMTENBHBIX ClyYasix 00pasyloTcsi MHHEpAsbHLIE COLOBEIE
COJIOHYAKH, B KOTOPBIX CyMMa cOJeil, M3BJIEKAEMBIX BOJHOM BEITSIKKOH, nocTH-
TAET HECKOJIbKUX TIPCIEHTOB. JTO MOXKET MMEThL MCCTO, Hanpumep, 1o Geperam
COOBBIX G3ep, Tje NPOMCXOJNT XMMHUECKOe 0CAMIEHHe coJlel M3 HAChILIEeHHBIX
PACTBOPCB ¢ HAKOILIEHHEM TPOHBL. Ha TOM jKe pUCyHKe, Ijie NOKA3aHA 3aBHCH-
MOCTh MeX(ly pH 1 CTereHblo MBHepPaIH3aLMKu IPYHTCBLIX BOJ, NOKA2aHa 3aBUCH-
MOCTb MeXAy pH u cremeHbro 3aconiennoctu mous Gacceftna pex XyaH-xe u
Cyurapu. B uenom, noxasartenu pH sl MOYBEHHBIX TOPM30HTOB 3HAYHTENBHO
Bbille, YeM 3TH )Ke MOKasaTesu jJis TPYHTOBBIX BOL. [1pOMCXOAuT Kak Ol cema-
pauust cojibl nousoit. I1oNag B NOUBEHHBIE TOPU3OHTBI U3 TPYHTOBBIX BOJ, COJA B
fanbHeillueM W3 MOUBLI He BBIMLIBACTCH, KAK BCIENCTBME HM3KOH BOAOMPOHH-
LaeMOCTH LIeJIOYHBIX I'PYHTOB, TaK M MaJIOH pacTBOPUMOCTH COABL NPK XOJI0LHO{
norojie. O6LAs e 3aKOHOMEPHOCTh 3aBMCHMOCTH TIOBTOPSET Npe bl iyILuit cay-
uafl ¢ IPyHTOBBIMM BOJIaMu. YeM MeHble CyMMa coJiell B TIOYBeHHBIX TCPM30HTAX,
TeM uallle Ha0MI1aeTCs BbICOKAsS LeMOUHOCTh TIOYB. TaK, NpH coflepykanHuu coJeil
B Konnyectse 0,06 npol. W MeHblle, BeJHUYKMHA MIEJOUHOCTH IO pH B cpepmem
cocTapisteT npumepHo 8,6—8,8 ¢ konebanusmu o1 8 g0 9,6. [pu GoMbIIMX cTe-
MEeHSAX 3ac0JleHHst B HIDKHeH vact npoguns (1—2—3 npoll.) WenoyHocTs Moyus
NPOTPECCHBHO YMEHBLLIACTCS, CTPeMACh K pH 8. 3ra e auarpamma oKasnisaeT
3aBUCMMOCTb BEJMUMH LIEJIOYHOCTH OT CTeTIeHM 3aCOJTEHHOCTH CAMOTO BEPXHEro
ropu3onTa no4s. [TouBwl ¢ 0co00 BeICOKMUMH BeauuuHamu pH mnopsaka 9—10
TOABAAIOTCS JIMIIL NIPH COJIEPIKAHNK COJeH MeHbIUe JBYX NpoLeHToB. Ipu sa-
coneHun 2,5—3—4 npou. pH TNOBEPXHOCTHBIX TOPU3OHTOB 3ACOJIEHHLIX TOYB
Kuras He jocTHraeT BBHICOKHX BelWYMH, Npubimkasck K 8. Bee 9T0 cBujeTesb-
CTBYeT O TOM, UTO CYILIeCTBYeT BechMa TecHasl CBSI3b MEXKIY TPOLECCOM (opmu-
POBAHUA LIETOUHBIX MTOYB COL0BOI0 3ACONEHHA H XMMUUYECKHMM COCTABOM MOUYBEHHO-
TPYHTOBBIX BOJ. B caMbix HavasnbHbIX (asax coNeHAKOTJIEHUS, KOTIa TOYBEHH0-
FPYHTGEbIE BO/BL CAMH HMEIOT MaJibie KOHLeHTpallu nopsaxa 0,3 rf1 u MeHbLe,
B THAPOMOPQHBIX YCHOBHAX (OPMHUPYIOTCSI BHICOKOTYMYCHBIE JIYIORbIE TEMHO-
LIBETHbIE MOYBBI €3 MPU3HAKOB 3aCOTCHUS, ¢ HMKOI e TOUHOCTEI0, 00aa0Lye
BBLICOKUM €CTeCTBEHHBIM TUIOJI0pOjMeM. B paneHeiiem mo mepe Bospactanus
coJieit B IOUBEHHO-TPYHTOBHIX BOJAX 3d CUET HAKOMJIEHUA B HUX KApOOHATOB M
OuKapOOHATOB 1enouel MPOUCXOAMT BO3PACTAHHE WICNOYHOCTH TOUB IO BEJM-
unH pH 9—10 BeJiefcTBHE MHTEHCHBHOTO HAKOIUIEHMSI B TOUBEHHOM IIPO(iIe
Kapbonaros u Oukapbonator Hatpus. [To Mepe BO3pACTAHUA CTETEHH KOHLEIT-
pauuy coseil B MOUBEHHO-IPYHTOBBIX BOJAX B HUX HAKAILUIMBAKTCA CePHOKUCIIbIE



T4 HKOBJA: 1llenouHble MOYBbI COAOBOTD 3aCONEHHS

W XJIODHCTBIE COJTH, B TOM UHUCIIE COJIHM, cojeprxamine Kanbuui. Hayunaercs mno-
CTENEHHOC 3ATUNCOBLIBAHUE 3ACONAWIULIXCA TOUYB M HefiTpalu3alusi HAKOTIMB-
[eiicst panee cofil 1 GUKApPOOHATOB HATPUSI ¢ MCUESHOBEHMEM BBICOKON 1enou-
Hocetu. B urore 06pasyioTest CHiIbHO 3a.COJEHHDIE NOUBLI IIPH BBICOKUX MuHepa-
JIMBALUAX TPYHTOBBIX BOJM, HO OTIHYAIHECA Manoif LeNouyHoCTLIo M JaXce
HeHTpanbHO peakuuedl. [pHUBAAHHOCTEL NOYB COMOBOCD 3aCONEHHS K HU3KOiT
cTeneny 001Uell 3aCOIEHHOCTH NMOUBbI MOKET OBITL MPEKPACHO HILUTIOCTPUPOBAHA
CyMMapHOR jauarpammoil cosneBoro cocTapa mous 3anagHo-CuGMpCKoR Husmer-
HOCTH B 3aBMCUMOCTH OT 00IeR CcymMbl Jier-

5 Casa, KOPACTBOPUMBIX COJIE B TMOYBEHHBIX TOPH-
52 r Lo S50% souTax (Puc. 11.). B ocuore aroro rpaduka
SE ) pee HAaXOuTCst GOMBbILOE KOJHYCCTBO AHATIMTH-
§’; 4}’ Caltets)s YeCKHUX JAaHHBIX, TI03TOMY IOCTOBEPHOCTb
) Vald MGz | ITOI'0 MATepHasia [JOCTATOYHO Benuka. Ha
2R / i 4 rpadpyka BHIHO, YTO LleJ0YHBIe NOYBHI, T. €.
592 I i NOYBBl, B KOTOPHIX OuKapOOHATHl U KapHo-
RS \/ 50 HATBl HATpUA MNpeodnafanT abconoTHO H
Sz’ ST, OTHOCHTENLHO CPE/I COJEH, CYeCTRYIOT MIPit
g e [~ MaHCos BaJIOBOM COJIepyKaHHMM coJiell B [OUBEHHOH

g .

HotHcDy)
w5 a0 ¢ npu3Me ceveHumeM 1 m2 He Gosee 5—7 Kr. C

OBUUA SATTAC JELKOPACTBOPHITOIX 6 ; ——
COTERE TONUE 40 TRIHT B4, K npudiMyKeHrem o0Lero cojiepanus coe
B ITOYBeHHOM mpoduie K 10 Kr B ycn0BUsix

Puc. 11. 3anajuoit CulHpH HAUMHAET 3aMETHO HAKaI-
Conenakcnienne B Houpax 3anaanofi  JIMBATBCA THIC, KOJHYECTBO  YIJIEKHMCTIBIX
Cubnpit IEIOYe yMeHLUIAETCss M OHM  HCUE3alT,

NpeBpaijasacsL IMoJ BIMSHKWEM THICd B yr-

nexkucnniit Kansumil. Cojepikanue cepHo-
KUCJIOTO HATPUS MHTEHCHBHO BO3PACTAeT, MOUBA H3 Mano- W CpeIHesaco-
JIEHHOH TNpeBpaILEAeTCsl B CHJBHO3ACOJICHHYI0, HO MPH 3TOM TepsieT CBOK Lie-
JIOYHOCTb, TIEPEXOJsi B TPYINY HeﬁTpaﬂbelX 11oyB CyJIb(l)aTHO-XIIOpP],H,HOI‘U
3acoieHusd. 2T0 TUIIHYHOE ABMeHHe ObINo 06}{3}))’}%(6]—10 HceJie10BaHUAMHA Harueft
nadopatopun (B. C. Mypamosa) Tarxe u na paBHuHax lleHTpasnbtoro Asep-
bafrana. [IpuypoYeHHOCTD IEJ0YHLIX NOYB COXOBOTO 3aCONEHUS K aGCOII0THO
HM3KOH CTEMeHH 3aCOJIRHHOCTH 00bACHSART, N0YEMY B CIIYUasiX H3MePEHUS 3J1eKTPO-
NPOBOJIHOCTH TI0YB, KAK cnocofa onpefesieHusi crelleHU 3acOeHHOCTH MX, COJI0-
BLIC MOUBKI He ObIIK HE{;'IEHTH(I)HL[H]')OBHHH, He ObLIM NOHSATH U paccMaTpUBaIMCh
B pﬂﬂ,y He34dCOJICHHBIX [MI0YB, MMEKINHUX NI0oXHe BOILHO-(IJI/ISH‘JCCKHG cBOHCTBA.
Ecam OBl B TakuxX MoYBAX ObUIM CJeJIAHBI JIETAJNILHBIE WCCNE0BAHHUA BOJHO-
PacTBOPUMBIX COJ’IEﬁ, H3BJIEKAeMbIX BOJHBIMH BBITAMKaMHK, eClH Obl I'PYHTOBEIE
BO/bI, KOTOPLIE B 3TUX TNOYBAX ABJAIOTCH NPECHBIMH Ha BKYC, OBIITH npoaHaliu-
SHPOBAHBL HA COJIEPIKAHNE B HUX COJ’IET;I, ObII0 OBl OﬁHﬁpy}KEIIO BBICOKOE COLED-
aunue B HuX OUKapOoHaTOB M KAPOOHATOR HATPUA U OB Obl HARIEHO 00bsICHe-
Hue TPUYMH HH3KOR TIJI0A0DOJHOCTH M TIOXWX BOAHO-QU3MUecKuX crofcTs. Jlis
dBTOpa HET COMHEHMHA B TOM, UYTO MHOTI'We I1JIOTHLIE, NoxXonpoHulacmble, bec-
CTPYKTYPHBIE, TPEUIMHOBATLIC TeMHBIE CTENHBIE W JIYTOBBle MOUBHI (TAK HAskl-
Baemele vertisoils) SABNAIOTCA PAHOBMHOCTSIMM [10YB COJIOBOTO 3aCOJIEHUS,
470 He ObLIO JOKA3dHO JIMLUIL NOTOMY, UTO UX XHUMHU3M HSY‘{EIJICH METOJ0OM QJIEKTPO=
NpOBOJHOCT JIOO JKE He u3yuascs cobeplleHHo. B rtabnuue 5. npuBopsTes
AHAJIUTHYECKNE J@HHble THITMYHBIX [0YB COJOBOTO 34ACONEHMST U3 Pa3sIMUHbIX
paftono Aauu, Eeponnl, Adpuxu.
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VII. Ucnonb30BaHHe M MEJMOPALUA HOYE COJA0BOTO
3acoJleHHA

Benenersue BLICOKOH TOKCHUYHOCTH OMKApOOHATOBR M KapBOHATOB HATPHS
JJIST CeNBLCKOX03STHCTBEHHBIX PACTeHH, BCJeIcTBHe KpailiHe HedMaronpHUsTHbIX
arp0-QU3HYECKHX M BOAHO-(M3UUECKHUK CROICTB, 1eNoYHbIe TOUBH COJI0BOTO
3aC0JIeHMsT TPeACTABNAIOT cof0f Bechbma TPY/HBIH K Masno6narofapHblil 00LEKT
JJ151 UCTIONIB30BAHUA B CeJIbCKOM X03glcTBe. YeToluMBas KOpeHHast MeJIHopaLust
ILEJOYHBIX TI0YB — [I0POT0e W TPYAHO OCYLIECTBHMOE jes0. Tloaromy, npex;ie
UeM 1UeJIOUHBIE 110YBBL OYAYT BKIIOUeHBI B OOBEKTBI CeJILCKOXO3AHCTBEHHOTO
MCIIOB30BAHUS, UX CJIelyeT TayDOKO u3yuaThb B OTHOILEHHM TeHe3uca, XuMuue-
CKUX, QU3HUECKMX M THIPOJIOTHUECKUX CBOHCTB ¢ TeM, YTo0BI BHIOPATL METO/bI
MEJHOPALMK M OCBOBHUA WX 05 3emilelesinsd. HanpapnieHne cesberoxoasiicr-
BEHHOTO MCMOJBL30BAHUA LLEJOUHBIX MTOUB W METOAB X MEJMOPALHU 3aBUCAT OT
TOrO, NPe;UIONardeTcest I X UCNOJIb30BATL KaK NacTiua 1o yKe Kak naxor-
HbI¢ YI'0/bSi B HEOPOLIAEMOM (CYXO0M) 3emMJe/leNiuK, JInbO0 e B 0pOIIaeMOM 3emJie-
jesmn. C pyroft CTOPOHBI, METO[Bl M TeXHMKA MeJIHOpPALMM LIENOYHBIX TOUB
HEIOCPE;ICTREHHO 3aBUCAT OT TUMA M JIMHAMHKH LLEJIOUHBIX MOUB, B 0CODRHHOCTH
OT TOTO, SIBINAKTCS JIH OHU COBPEMEHHBIMH, aKTUBHLIMH, CBA3AHHBIMH CO LIEJ0Y-
HBIMM TPYHTOBLIMU BOJaMM, JHO0 JKe OHM SBJSIOTCS OCTATOUHBIMM, PEJIUKTO-
BBIMH, 9BOJIOLMOHUDYIOLIMMH B HANPABIEHHH HOPMAJILHBIX HElleJOUYHbIX MOYE.

C TOYKM 3pPeHUST UMCTO DKOHOMHUYECKOH, ecnyu cTpana MM JaHHad o0yacThb
ofnajaeT AOCTATOYHO XOPOWIKMM ODLUMPHBIMM 3eMeJIbHBIMHM Pecypcamy, Lene-
coofipasHee TePPUTOPUM MIEJOYHBIX TIOUB COJLOBOTO 3aCOMEHUA He DACHAXMBATD,
a HCNONb30BAThb 10 MNPEUMMYIIECTBY KaK nacTOuia. B LEJIHHHBIX YCIOBHAX
LIeNIOYHbIE MOYBBI HMEIOT XOTS W M3PeXKeHHLIA PacTHTeNLHLIR NOKPOB, KOTOPLIH
T0€/laeTCsl MEJIKUM M KPYIHBIM POTaThiM CKOTOM. B Takux palionax comororo
saconenusi, Kax Bocrouno-Adpukanckuit rpafen, rje LieNouHble NOYBLL [10-
KPBITBL PefKoil TPABAHUCTOR PACTUTENLHOCTLIO CABAHHBL, TAM HA eCTeCTBEeHHbIX
nacToMIaX KOUYIOT €Tajid AMKKX Oyiioion, 3edp, anTmion, ojeHed W IPyrux
JKUBOTHBIX. OJTH >KMBOTHBIE IIPM Pa3YMHOM BeJeHMH XO3sHCTBA AT BeCchMa
3HAUKMTEJILHOE KOJIMYECTBO LIEHHOTO Msica, KOMHU, WEpPCTH W MHOTHX NOMYTHBIX
NPOAYKTOB MSCHOH ApOMbILIIEHHOCTH. HuBoTHOBOICTBO 3anagHoi Cubupu B
CCCP npouperaeT Ha ecTeCTBeHHHIX MACTOMINAX JIYTOBO-GOJIOTHBIX M JIYIOBBIX
M0YB, B 3HAUNTENLHON CTeNeHN NOIBEPIKEHHBIX COROBOMY 3acoenur. Hanbonee
TSIYKEJIbIE TIOUBBI COJOBOTO 3aco/leHus B Benrpun He paclnaxuBaloTest, a UCNONb-
3yI0TCH B NAcTOMILHOM JKUBOTHOBOJCTBE. TO e MMeeT MecTo B ApTeHTHHC.
Hy»Ho, ofuaKe, UMeTh B BHAy, 4TO Meperpyska nactduul, Beayliasi K jerpa-
JalUy PACTUTENLHOCTH U Pa3pyLIeHUI0 ACPHHHBI, YBeIUYHBAET MHTEHCUBHOCTD
HCIAPEHMS TIOUBEHHOM BJIATH, YCUIIMBACT HAKOILJIEHHME I[@JIOUHLIX CONER 1 COnpo-
BOYIAETCSl CHIDKEHHEM MNPOJYKTHBHOCTH nacTouuml. OcofeHno B TyOHTeNbHBIX
pasmepax OTMeueHHOe sABJielne HAOIOJAeTCA Ha LEJIOUYHBIX MOYBAX, UMEIMUX
fH3KMe TPyHTOBBIE BOAbL. Takum 00pasoM MCTOJIB30BAHME UIENOYHBIX TOYB B
MAcTOMILHOM X03SIHCTBE JOJI3KHO CONPOBOIKAATLCA BBIGOPOM M IOCPHAHNEM
ONTHMAJILHOH Harpy3Ku YKMBOTHBIX HA eJHULY ruiow@au. Kak nokasan ombiT
ABCTpaJiMy, NacTOMIA € LENOUHBIMI COJIOHLOBLIMY NOYBAMH MOTYT ObITh 3HAYM-
TeJbHO yNYUNIeHB! TOACBLINKONH Ha MOBEPXHOCTL MOUB [MMCA M MPOCTEHIIMMHE
npuemamy opolennsi. Mcrmons3oBaHue 10@JI0YHBIX [I0YB (COJIOHLIOB, NYI'OBBIX
COJIOHYAKOB) B HEODOLIAEMOM CYXOM 3eMJIeJIe/INi BeCbMa CII0XKHO, CONPOBOK-
lAaeTCsl Hey/jauaMy M CPaBHUTEJIbHO HUSKHMM YPOXKasIMH BO3JIEJIbIBAEMBIX KyJlb-
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Tadaurza 5.

IMouBsl coaoBoro 3aCONEHHA pPa3NVYHBIX KOHTHHEHTOB

Apmenus Benrpus Cpenree 3aBomube
| coi-! HCOr | rays -
Fayoua |‘ pr | SOOI NGO | e | aco, | Favema || wcos
|
| \ | |
1— 7 | 9.4 0 022 0.66 0— 5 8.9 (0,03 0— 3| 9.3 0.36
7T— 22 | 2 0.07 0.26 15— 30 10.0 0.93 H5— 10| 94 0.45
22— 78 | 5.0 0.03 0.14 45— 60 10.0 0.40 20— 25 0.6 0.55
78— 89| 89| 0.02 0.13 75— 90 9.8 | 0.17 45— 50 | — 0.43
89 —120 . 8.4 | 0.01 0.12 90— 106 9.8 0.16 105—-110 | — 0.11
| |
SxyTun Cpeaxee 3aBOmKbe Kanudopuua-CLIA
ay6 HCOz | N .CO, Cy® CyMM_a HCO; 'ny6l COi- | HCOr
Byc:i{a Yo : a% Byc::la % cogeﬂ % stycﬁf'a pH %3 o)
i
55— 15 0.03 0.09 5— 5 0.73 0.19 0—-12 9.67 0.91 0.80
20— 30 0.05 0.06 H— 10 1.78 0.97 12 —-24 9.42 0.49 0.51
40— 50 0.14 0.15 15— 20 1.34 0.82 24 —36 9.69 | 0.43 0.34
90 —100 0.05 0.07 45— 50 0.43 0.39 36 —48 9.11 0.15 | 0.40
— — - 95 —-100 0.19 0.16 - - - —
5 KA Bocroudwii Kurai Cesepo-Bocrounnit Kurait
Sanaurait Kivan IenbTa pekn Xyan-Xoa Tocxua Opyxba
2. it Cymma - s
A ) T | e [ rvwm | o | s
(=] ¥ i
|
03— 2 [0.54 1.12 0— 2 10.6 8.3 0— 3 9.9 | 0.01 0.22
2—-12 1 0.01 0.12 2— 106 9.3 0.4 3— 13 9.7 0.06 0.23
12-20 | 0.05 0.14 16— 34 9.2 0.3 24— 34 8.6 0.03 0.13
31 —44 [ 0.001 0.04 34— 55 9.3 0.1 63— 73 0.6 0.03 —
H9—76 | 0.005 | 0.03 80115 9.0 0.1 94 —104 ! 9.6 | 0.03 0.12
3 |
Bocrounasa Adpuxa ] "
IOYBbl HA BYJIKAHH- HAUA
¢ YeCKMX ne)'l"lnax) Boctounan Adpuka Anrona (I'naBHble TPYNAMLL LWETOYHBIX TIOUB)
Kerus
- pH - T ¢, pacTBO- N"“ OGM%;&‘
Cay6una H CoJiesbie ny6uHa EHHBIX at + K*
gycm. H n%qa O3€PHEBIX | yajerhr B 9, B cm. | PH pH Hgo;ncog - oT
| EOR | § aHHOHOB eMKOCTH
|
0— 5 6.7 [8—9/9-9.01 NaHCO,; 22,6 0— 15|7.6/8.5--9.0 0—10 15—30
50— 62 700 — — Na,30, 52,1} 15— 40]9.0f 9—10 10—-20 50— 80
126 —135 82 | — — Na(l 14.4) 40— 701920 9—10 40— 60 50 —80
162 - 180 9.9 | — — — T0—-105]9.3] 10—-10.5 =80 =80
250286 | 107 | — | — — 105140/ 0.1
286 —336 ‘ 10,9 | — — — |
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5o " Baau — HaTtpyH —
Eruner —OAP FEnn gOAYP IOTA — CLIA
e e e S e e i) i 1 iy -
i + COi m.okB.
rny6. | m. axe. M."iKB' Pactsop. 2, comep- TnyGuaa pH .,_?‘am Ea %LTE i:‘aa.
B CM. €Oy~ | ucor conmn Hatun Bo. EMEOCTH CBILEHHOTO
3KCTpaKTa
| =‘ S
0— 15 | 14| 6.7 | Na,CO, 0-2.5 9.9 | 249 | 1035
15— 30 3.7 4.8 || NaHCO, 85.806 2.5-12.5 9.0 31.3 9.27
30— 55 2.5 6.0 | Na(l 7.00 12.5-25 10.0 61.3 11.86
55 — B0 0 10.4 || Na,80, 1.20 25— 45 10.1 5.6 8.04
80—105 | 0 8.3 | Beero: 94.06 45 —120 9.5 70.6 £.31
]
I

Typ. MHOroe 34BUCHT OT KOJMYECTBA M FOJ0BOTO PACTIPEeTeH s aTMOC(hepHBIX
ocapron. CpeaeMHOMOPCKUIL TUll pacrpesieNleHust aTMOChepPHBIX OCAUKOB ¢
MAKCUMYMOM 3MMOI0 H BECHON, & TaKyKe MYCCOHHBIH THI pacnpejiesieHust aTmo-
ChEpPHEIX 0CAJIKOB C MAKCHMYMOM JIETOM, ec/li 00Ulee KOJIMUECTBO 0CAIKOB A0CTH-
raer penund 300—400 MMIUIMMETPOB, NC3BOJACT NONYYATbL YPOIKAM TAKHX
HEOPOWIAEMBIX KyJIbTYD, KaK stuMetib ¥ MiueHuUa. OQHAKO 3T0 OrpaHHuMBaeTCs
JIMiIb TIOUBAMM OYeHb HM3KOH CTeneny menouHocTd ¢ pH He Bwiwe 8,5, Ecmn
1ieiouHble nouBbl uMetoT pH oxoso 9 u tem Gosee 10 u BhiLe, To BO3/leNbIBAHHE
CesIbCKOXO3SHCTBEHHBIX KyIbTYp 0€3 OpolleHust M Ges Meanopalud B Cyxom
3eMJIE/IeNIHK JIeJIaeTCsl HeBO3MOMKHBIM. B Tex ciyyasix, Korja wwienoudbie conoi-
LOBbIE TOPU3OHTBI MOUYB HAXOAATCA He Ha CaMOdl MOBEPXHOCTH, @ MPUKPBITHI
I'yMyCOBBIM HJIM OCOJIOMIEJILIM TODH30HTOM «A», TO ECTECTBEHHOE TJI00POIHE ITHX
TOUB HECKOJILKO BLILLIE M BOSMOYKHOCTH K HX MCTIOJIb30BAHHIO B CYyXOM 3eMJIe /e /HI
BogpacTaioT. OJHAKO BO BCeX CyuYasix MCIOIb30BAHUA LEJT0UHBIX TI0YB B CYXOM
3emJie/le/IMM HeoOXO0/WMbl CTeLHaNbHble METHOPATUBHBIE MEPONPUSATHS: BHece-
HHe rurca B NOYBLI U3 pacyeTa HeHTPaAM3aLMU CBOGOMHON cOmbl M OBGMEHHOTO
HaTpusi, TAyDOKAS MIAHTAXKHASA BCMAIIKA C MepeMelUUBAHMEM [eTOUHbBIX ropu-
30HTOB C TIOJMOYBEHHBIMM TOPH3OHTAMH, UMEIOIIMMUY H3BECTh MJIM THIC, BHeCe-
Hite D0JIBLMX KOJIMUECTE OPraHHYecKUX yao0penuit ¢ Tem, YTOGB yBCAHUNTH B
TIOUBE KOJIMUECTBO YIOJIbHOM KUCTIOTH, HeHTpamayiteil men0uHocTD. Muposoit
OTIBIT M3YUEHNST METOJOB MEHOPALIMY EJIOYHBIX IOUB CBHJIETEILCTEYET, OJIHAKO,
0 TOM, UTO JIyullle BCeTO MX HUCIMOJL30BATL B OPOLIAEMOM 3eMIleleliy, coueTas
opotetine ¢ SPHeKTHBHBIMI MEPOTIDUSITHSMU 110 KOPEHHOMY YIIVULICHUIO TUX
nous. MHGTONETHIE HCCIIC0BATE/IbCKIE PAGOTDI B 3TOM HANPABJIEHHN MPOBEIeHbI
COBETCKUMU NMOYBOBEJAMH U arpoHomamu B [ToBoJmike, B 3anagnoit u BocTouHoit
Cubupu, B Lenrpanbhoit u CesepHolt Ykpanne, B [Mpuypanbe, 3axaBrkasee;
BeCbMa LEHHBIE HaDJIONCHHST H METO/bl paspafoTaHbl BEHTePCKUMH [0YBOBE-
qamn, nousosejamu CIUA 8 Kamudopuun n Operoue, a Tamke nousopenamu
Kutatickoit Haponuoit Pecniy6inku u B Cesepo-Boctoutom u 3anagnom Kurae.
OnplT pasiblX CTPaH COTNACOBAHHO MOKA3bIBAET, YTO KOPEHHAs Menuoparust
WEJIOYHBIX TIOYE COI0BOTO 3aCOJIeHUS J10JDKHA 0a3UPOBATHCS HA O;(HOBPEMEHHOM
MPUMCHEHHN  KOMIUIEKCA MeNUOPATHBHLIX MEepONpPMATHIL: XUMUUeCKUX, (H3M-
YeCKHX, OHOJIOIMUYECKUX, TMAPOTEXHUYECKHX (MOJIMBLI, TPOMBIBKA, JpEHaK).
Mpexae Beero AN ycTOHYMBOrO 0CBOEHHS! COMOBBIX TIOMB HEOGXOMMO
JUKBUMPOBATL HX LIEJIOYHOCTb, BLISBIBAEMYI0 TNDUCYTCTBHEM YIJIEKUCIOTO M
/IBYYTTIEKHCJIOTO HATPHS, & TAKXKE BLIBBIBACMYH0 MOTIIOLIEHHBIM HATpHeM. Ofiast
IENIOYHOCTL MOYBBL M0 JAHHBIM BOJHOH BBITSXKH [0JDKHA ObTh CHHIKEHA [0
sesmumHb nopsiaka 0,05 npou. HCOy7, pH poimkeH OBITH CHIDKEH 10 BeJMUMHDL
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8,4—8,5 1 KoJMUeCTBO OGMEHHOT0 HATPUSI B MAXOTHOM TOPHU30HTE JOJKHO OBITL
YMeHBLIETO 10 BeJHUYUHBI Mopsiaka 3—10 mpou. ot CyMMbl 00MEHHBIX KATHOHOB.
[0 JlaHHBIM COBETCKUX, AMEPUKAHCKUX W BEHI'ePCKUX OTBITHBIN CTAHLHI, X0po-
LIME PesyJIETATE TOJYdCHbL OT BHECCHWM s Gonbiuux KomuuecT (40—90 T/ra)
runca, cepbl (1—2 1/ra), 0TXOHOB CePHOR KUCJIOTH, CEPHOKUCIONO JKenesa, Tex-
HUYECKOTO  XJIOPHCTOTO  KaJILLHS, OTXOIOB cONSHOR KUCJIOTB, rasoofpasHoro
xjiopa. I1pn 2ocTaTtouHo BAAMHOM KJIMMATe WK XOPOLIEM 0pOLIeHHH YI0BJIET-
BOPUTEJIbHLIE Pe3YJILTATL! B 3KCITEPUMEHTAIBHBIX YCI0BUSX MHOTJA J0CTHTAKTCH
MpyY OAHOBPEMEHHOM BHECEHHMH YITIEKHCIIOTO KAJBLLMA ¢ GOJBIUAMU KOJHYeCT-
BAMK OpraHUYeCKUX yjl00peHui, Be/lyluiX K 00pasoBaHmuio OHKapOGOHATA KabIlus]
v cBOBOHOR YrobHON KMCIOTDI B TIOUBEHHOM pacTBope. ONTHMAbIible HODMBI,
CPOKH I TEXHMKA BHCCCHMS OTMEUEHHBIX Bbilie XMMMUECKHX MEJHOPHPYIOLIMX
BELECTB B BecbMa OOBIIOH CTeNelu SaBUCAT 0T QUHKO-TOrpaduuecKux yeIo-
BUil MECTHOCTH, OT CTeNleHH WICJOUHOCTH TI0UB M XAPAKTEPA COOBBIX LIENOUHBIX
nouB. TaK KaK COJ0BbIE COJIOHYAKH OTJIMYAIOTCS BLICOKOH 3aCOJIEHHOCTBI), TO
KpOMe TUICOBAHMST OHK HYI)KIAIOTCHA B MPOMBIBKAX jUISt YAAJCHUSA M3GLITOUHBIX
codieil. BesectBue HH3KOH BOONPOHULIAEMOCTH 3THX TOYMB M 0YeHb TIOXOH
BbIMBIBAEMOCTH CO/IbI H CCPHOKMCIION0 HATPUS B XOJO0JHOE BPEMSA T Leecoon-
patiee MocJe THICOBARMS COJOBBIE COJIOHYAKK NpoNycKkaTh 1 —2 roja depes Kyiib-
TPy MOJHMBHOTO puca. ITOT «IETHUHA THID NPOMBIBKE NpoTeKaeT dh(eKTHBHee
U JIdeT xopoume pedynpTatsl (onbrrel B KHP u Benrpuu). Ciepyionmm anemeH-
TOM CUCTEMbl METOJI0B MeJIMOPALHK TOUB COA0BOTO 3aCOJIEHHS HBJISIETCH MEpO-
NPUSITHE 10 YAYULIeHUI0 QH3HUYeCKUX CBOHCTB nouB. HyiKHO IHMKBUAMPOBATDL
CUTOCTL W DECCTPYKTYPHOCTL [10YB, HUX LEHTHSUPOBAHHOCTL, BOJOHETIPOHHM-
1aeMOCTh, CKIOHHOCTL K HADYXAHKIO BO BJIAYKHOM COCTOSHHM M K LeMeHTAIUH H
KOPKOOOPA30BAHMIO B CYXOM COCTOSIHUM. YacTuuio 9Ta 3a;1aua peluaercs nyTem
JIMKBHJALMY HEJIOUHOCTH M 0OMEHHOTO HATPHUS, a4 TAKYKe BBeJeHUEM B OUYBCH-
HBIf PACTBOP W B NOTJIOI@AILMA KOMIITIEKC KasbLus. J0M0JIHUTE ILHBIM TPHEMOM
VayulleHHsT (JU3HYeCKUX CBONCTB ILEJIOUHBIX NOYB SBASETCH UX riyboKoe pbix-
Jenne (Ha 30—T70 cm) M NeprosMyECKOe BBICYLIMBAHUE M TIPOTpeBAlMe noBepx-
HOCTH TIOUBBI ¢ TIOMOLLbI0 OOBIYHOTO COJIHEUHOTO HATDEBa B UePHOM NApY, KOTAA
NPOUCXOJIUT JIETHAPATALMA U KOATYNALKS NOUBEHHBIX KOJUIOKI0B, COKATHE, KPU-
CTA/UIMYECKOH PeIeTKH MOHTMOPMJIOHMTOBBIX MHUHEPAJIOB, lHeofMeHHOe 3aKpe-
TJIEHHE HACTH HOTJIOUEHHOTO HATPUS W B MTOre Obluee yiyulieHme CTPYKTyp-
HOCTH M PU3MYECKUX CBOWCTE Mouskl. Hamu nadoparopHsie neeseopasus B 30-x
rojax W MOJIeBble MCCE0BAHNST YKPAHHCKUX YYeHBIX NOKA3aJu, YT0 TepMHde-
CKOe BO3jleHcTBHe HAa (U3MuecKue CBOMCTBA LUENOUHBIX COJOHIOBLIX M0YB jaKe
IPU TeMOEPATYPAX T0psiaKa 70—75° cONpPOBOMIACTCH 3aAMETHBIM yiyuLleHneM
4rpo-QusnyecKux cBoicTn.

Baycneiiimm sneMeHTOM CHCTEMBI MEJIMOPALMU TOUB CO;0BOIO 34COJeHMs
SIBJISIETCH JIMKBUAALUNA HCTUHUKOB BO30OHOBTIEHHS COIOBLIX PACTBOPOB B caMoit
NOYBE. JTOT 91EMEHT OTHAJAET B TeX CIYYasAN, KOTJA TOUBBL COJI0BOTO 3aCOJIeHMS
IPEJIETABIAIOT COD0I0 OCTATOUHBIE PENUKTOBBIE (OPMBI, B KKOTOPBIX TPYHTOBDIC
BO,bI HaxonaTest riy6sice 10—15 merpos. B atux YCIOBUAX KAMUIUIAPHOE Tepej-
BHYKHUE COMBI i GUKapOOHATOB HATPUS K MOBEPXHOCTH MOUBBI yH(e He CylecT-
BYeT M 0IHOKPATHAA HeliTpaiuzauus TUTICOM, CepOii MU APYTHMHU npenaparamm
MMEeBLUIMXCS PAHE 3dTACOB UIEJIOUHBIX COJIeH OKasbiBaeTcst JA0CTATOYHON Ha j107-
THe TOjIbl, B OCODEHHOCTH, €CTH MOJIsl yAOOPSIOTCS, PBIXJISITCH M MePHOIUecKH
NPONYCKATCS uepes uepHulil nap. OfHAKO MHOTHE HEN0UHbIE NOUBLL SBJISIOTCS
lie PEJIMKTOBLIMU, d COBDEMEHHBIMH M UMEIT Ha HebombWON raybuHe nopsjxa
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1,5—2—3 M TpyHTOBblE BOJBI, COjJgpialiue cojly- B Takux ciyyasix, KaK ro-
KasplBAeT OMNLIT CTALMOHApPHLIX Hadmwjenuit B Tlpuypanbe, LIeT0OUYHLIE TIOYBHI,
HECMOTPST Ha TPOM3BEJIEHHbIE XHMUUECKUE MeNHOPaLKH, Yepes 3—5 JieT BHOBb
npuolpeTaT NOBLILIEHHYIO 1IEJ0YHOCTL CO BCeMM HeONarompusiTHbIMU 110C1e1
CTBHSMH, BUM3KMe K TOBEPXHOCTH L1eJIOUHble TPYHTOBBIE BOJbI Uepe3 Kamui-
JAPHYI0 Kaiimy HeNpepsiBHO MOCTABIAIOT B MOUBEHHBIE FOPU3OHTLL HOBBIC TIOPLUH
kapbonaros wenodeil. IloaroMy B Tex Clyvyasix, KOTJA lgJIoutble 32CONeHHbIE
MOUBLI ABJSIOTCH HAPOMOPGHBIMM, T. €. UMEIT OJIM3Kue K TIOBEPXHOCTH IPYH-
TOBLIE BO1bl TIPOA0KUTENLHOCTD 3PderTa XUMUUECKHUX MeJHopaluii orpaHHueHa
HeCKOJIBKHMH TojiaMd, B Takux cnydasix B J0N0OJHeHHe K XUMHYeCKUM ¥ Qu-
3UYCCKHM MEJIMOPALMAM, COBePIIeHHO 0053aTe/IbHBIM BJIeMEHTOM OyJIEeT MCKyC-
CTBEHHBIR ApeHay< TPYHTOBBIX BO AJIS CHMIKEHMST KX YPOBHS M IS8 BBIBOJIA
COJOBBIX PACTBOPOB 34 Npejenbl paifiona. HpeHark [U1st CHHYKEHHSA W 0TBOJA lile-
JIOUHBIX TPYHTOBBIX BOJ MOYKeT ObiThb PasAMUHOTO THTA: OTKPHITBIA MJIH 3aK-
PHITBIL FOPUBOHTAJILHBIN, MAIUMHHBI BepTUKANLHBIH 1AM KOMOMHHPOBAHHDIA.
OH MO3KeT OBITL PASPCKEHHBLIM UIHM 3aCyLUCHHBLIM B 3dBMCUMOCTH OT CTENEHU
IEJIOYHOCTH TOYB M TPYHTOBLIX BOJA M BEJUUMHBl HAMOPHOCTH MOCJIEJHHX,
HO 0N OyAeT eJMHCTBeHHON rapanTHed MPOTHB pecTaBpalMy COJOBOTO  3a-
COJIEHUST H NIPOTUB YCUJIEHUSE COL0BOT0 3acOJIeHUs B Clyude TIOILeMA I'PYHTOBbIX
BO;I. Beurepckue nouronebl SzanoLes W DAraB nabmojanu Apienue BTOpuY-
HOI'0 CO/I0BOI0 3acOJieHUA B Tex paioHax Benrepckodl HU3MEHHOCTH, KOTOpble
ObIJIH OPOLUEHB! JUISE KyJBTYpPbl puca [34, 55]. B 91oM ciyyae npeynpeiuTens-
HO¥ Mepolt TPOTHB BTOPUUYHOTO 3ACOJICHHS ABUTCA JPEHAM IPYHTOBBIX BOJL KaK
0GA3ATCIBLHLIX 3JIEMENT BCEr0 KOMILIEKCA PACCMOTPEHHBLX BbIIC MEPOTpPUATHIL.
PaspabatbiBast cucTeMy MePOTIPUATUI TIO MEJIMOPALIMY TIOUB CO/0BOTO 3aCOJICHUS
HeoOX0MMO TIPHHUMATL BO BHUMaHWe XHMHYECKHe CBOHCTBA OPOCUTENBHBIX
Boj. Ccom 0pocuTenbHbIE BO/BI, WUCIONL3YCMBIE JUIS1 TIOJIABOB 1IEJIOUHBIX MOUB,
cogeprraT GuKapboHaThl MJIM CysbdarTel KaJbUUs, TO AIUTelbHOe TPHMEHEHHE
TAKWX BO;l MOBJeYeT 3a co00K0 MOCTeneHHOe YIyvlleHWe XHMHUECKHX, (usu-
yecKkuX M OHOJIOTHYECKWX CBOHCTBA 3TUX mnouB. MmeHHo 3T0 AsneHne nabio-
Jan0ck Ha ONbITHOR cranuuu PpecHo B KanupopHUM aMepHKAHCKMM [0YBO-
gegom KELLEY. Ha aToM »Ke 0CHOBaHO BHeceHMe TUIICA B LIEJIOYHbLIE TIOUBbl B
pactBoperHoit gopme ¢ noiuBHOH Boj0H. ABcTpanuiickue yueHble 9TUM ITyTeMm
J0OHBAIOTCS OBICTPOTO M YCIEWHOTO YIIYYIIEHNsT CONOHLOBBIX nacTouul. [lomo-
HWUTeJIbHBIH 3QeKT MOMKHO 0MUIATh TaKyKe OT TOJIMBHBIX BOJ, COJAEPFKALMX
ICUETIOTH, KAK 9TO YacTo ObIBAET € 3aBO;ICKMMH BOJAMU WJIHM BOJAMH W3 YroJb-
HBIX MJIM PyjHBIX wWaxT. HaoGopoT, ecium 0pocuTesibHble BOJbl He COAepHaT
costell KanbUMsl, He HABJISAHTCH KUCILIMH, 4 COIePaT XoTa Obl Majbie KOHIEHT-
pauuu OuxkapBoHaTOB M KApOOHATOB HATPHMS, WX TNpUMeHeHHe Ha IHEJIOUHBIX
NOYBAX YCHIIUT LIEJOYHOCTL U OyJleT BHI3BIBATH JaJibHeilllee yXy/leHne XUMU-
YeCKUX, (USHYECKUX U Guosiorudeckux cBoficT. Taxoi, Hanpumep, NOBbILLIEHHOT
1eNI0YH0CTbI0 061a8a10T Bojbl o3epa Cesan B Apmenuu. B aTux ciyuaax norpef-
HOCTH B KOJIMUECTBAX XUMMUECKHX MEJMOPUPYIOUIMX BellecTs OyjyT BO3PACTATS,
Kak Oy;eT HeOOXOMMO TAKKe W TIOBTOPHOE NPUMEHEHHe XMMHUCCKUX Melnopa-
uuit Yepes psj JIeT OpPOWIEHMs LIEeNOYHBIMH BOJAMHA.

HakoHel, BayKHBIM 3JIeMEHTOM CUCTeMbl MEDOTIPUATHIL 110 KOpeHHOMY yiyd-
LIETTAIO HIEJIOYHBIX TIOUB SIBJISIIOTCST MEPONPUATHS, HANpPaBJieHHbie Ha yBejanye-
Hue UX GHoJoTHUeCKOR akTuiHocTH. lenounsle mouBsl IpU BRICOKUX pH ABIs-
10TCA OUOJI0UMYECKH MANOAKTUBHBIMY. MHKPOOHOMIOTIHYECKOE HaceseHWe B 3TUX
nousax ocjafneno, KoJIHUeCTBO HACEKOMLIX, B ocoDeHHocTH UepBeil, 00UTa0mIUX
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NOUBEHHbIE TOPU30HTEI, HU3KOE. VIHTEHCHBHOCTL Pa3BUTHSI KOPHEBOH Macchl He-
boibwasi. B uTore NpofyKuusi 0praHuyecKoro BelecTsa 1 NPOAYKUUS YTOJbLHO
KHUCJIOTHL TAKOKe HU3Kasl. Bce 9T0 cHMDKaer ypoBeHb NIOZOPOAMS LiEJIOUHBIX
nouB. st T0ro, 4to0bl yBeJMUNTH OMOJIOrMYECKYI0 AKTHBHOCTD M YKHU3HE[esi-
TCJIBHOCTL LIENOYHBIX TOUYB, BeCbMd )KenaTesbHO MX 3alpaBisTh 0c060 60Jb-
IIAMU KOJIHYECTBAMU OPTaHMUYCCKUX YAOBpeHuii: HaB03a, OPraHMYECKUX OCTAT-
KOB, TOPYAHOT0 KomnocTa M T. ji. T0CTeneHHo 3T0 TOBEJET K PAaSBHTHIO MUKPO-
0HONOTHUECKON AKTHBHOCTH, NPOAYLIMPOBAHKWID YTONLHOM KHCIOTHL M 061wuei
OUONOTM3ALUM TTOUBLL

UTaK, MOMHO BHjIeTh, UTO CHCTEMA METO0B MEJNHOPALMY LLEJIOYHBIX T10YB
COMOBOrO 3aCOJIEHUsT CJIOXKHA, BAPbUPYeT B 3aBUCUMOCTH OT YCJIOBAH M Tuna
TTOYB M BKIIIOYAET MHOTHE JOPOTOCTOSILIHE MePONpPUATHS, KOTOPbE MHOIJAA MpPH-
XOJMTCA TOBTOPATL Yepes ps JIeT VISl TOJAepHanus ycToHuuBoro addexra.
C Hayunoil TOUKK 3peHusT U Ha Dase UMEIONIHXCS JIab0PATOPHBIX H TIOJIEBBIX OTIBI-
TOB, MBI MOYKEM yTEEPIKAATL C ONTHMHU3MOM, UTO NPOOJIeMa MeIHOPalMK U 0CBOe-
HHUS IIENOYHLIX NOYB pa3pelueta. [1poBeas KoMIJIEKE TEOPETUUECCKUX U OTIBITHBIX
NPAKTHYECKUX MCCIIE[l0BAHUH, MBI B COCTOSIIMM paspadoTaTh M 0CYLIECTBUTD
TMPOrpamMmmy MeIHOpalHH K OCBOEHHS JIIODBIX L[ENOYHRKIX 3aC0JIeHHbBIX TToUR. CJro-
KHee 00CTOUT BOTPOC ¢ IKOHOMMYECKOM TOUKHM 3peHusl. B KayKAOM OTIeNbHOM
Cayuae, NPescie YeM Lie0YHbIe NOUBbL OyyT pacnaxuBaThest 115 CYXOro 3eMiie-
ACTIUS MM MCTTOJIL30BATLCS B OPOLIAEMOM 3eMJIefleTHK, HeOOX0AUMO BCECTOPOHHE
OLEHUTE IKOHOMUUECKHH 3(peKT MeIHOPALUK U TOJLKO M0CIE ITON0 NEPeX0IUTh
K NPAKTHYECKOMY OCYLIeCTBJIEHHUIO.
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