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Abstract. The aim of the study is estimation of potassium reserves of agrogrey heavy clay loam soil of
Vladimir opolie on the basis of differentiated analysis of its contents in fractions less than 1, 1-5, 5-10 microns.
The object of research is agrogrey heavy clay loam soils of a trench created on the loess loam. Minimum
content ofaluminum and iron as well as the greatest amount of silicon oxide is noted in the plough layer. The
latter could be explained by involvement of eluvial part of natural soils. The content of elements oxides in
oozy fraction significantly differs from that of the bulk soil. The amount of silicon oxide is sharply reduced
whereas the way of its distribution on a profile is uniform (49.5-51.2 %). Significant increase in iron and
aluminum oxides content (10.1-11.1 % and 18.2-19. 1%, respectively) is noted. In comparison with the bulk
soil the oozy fraction is enriched with gross magnesium. The amount ofcalcium oxide potassium oxide content
in siltis only slightly greater than its quantity in the soil as a whole. The gross chemical composition of cozy
fraction indicates that this fraction consists mainly of clay minerals characterized by high amounts of
aluminum, iron, magnesium and potassium. The main components of fraction are irregular mixed-layered
units, mica- smectites with the high contents of smectite packages dominate. Smectite phase and hydromicas
comprise 85-90 % ofthe sum of silt components. The amount of kaolinite and chlorite fluctuates within 10-15
%. These minerals are sources of potassium, magnesium and determine soil anions behavior. Reserves of
potassium in oozy fraction is the highest in comparison with fractions ofa fine and medium dust as the main
potassium carriers are minerals comprising more than 80 % of all minerals of fraction. Thus, the greatest
amount of such nutrients as potassium, phosphorus, magnesium is fixed in fine fractions, in the oozy -
phosphorus, and magnesium, in oozy and fine-dust fraction - potassium, magnesium. Periodic addition of part
of illuvial horizon during plowing is necessary for compensation of natural nutrients stocks. The last prevents
textural differentiation ofa profile, fillsup number offine fractions along with elements ofplantnutrition.

Keywords: Potassium reserve, agrogrey soil.

obtained results serve as evidence of a direct
connection between the minerals, their
crystallochemistry, the dissociation degree
and the availability of nutrient elements to

plantcommunities.
There are various approaches to assess

the storage (reserve) of nutrient elements.
Gorbunov (1969, 1978) offered the differenti-
ated assessment of such reserves containing
in minerals. Each element is concentrated in

INTRODUCTION
The knowledge of the soil mineralogical

composition and the crystallochemistry of the
main rock-forming minerals are necessitated by
the vital need to study the value and nature ofpo-
tential and effective fertility. They characterize
the total storage of nutrient elements and their
possible mobilization in the case oftaking up by

the vegetation communities.
Since the time ofV.V. Dokuchaev's publica-

tions many fundamental works have been writ-
ten to show the role ofthe mineralogical compo-

sition inthe soil fertility.
To study the behavior of nutrient elements

containing in minerals, numerous experimental
works have been carried out by Russian scien-
tists (Pryanishnikov, 1903; Chirikov, 1916;
Peterburgskiy, 1973; Vazhenin, 1975, etc.). The

46

certain minerals. For example, potassium - in
feldspar, mica, hydromica; magnesium - in
biotite, chlorite, vermiculite, etc., phosphorus
- in apatite, phosphates of potassium, cal-
cium, etc., and also in the state absorbed by
clay minerals. The total storage ofelements is
divided by N.l.Gorbunov into four catego-
ries: general, potential, near, direct.
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Ofgreatinterestisthe information onthe po-
tassium reserve because the behavior ofthis ele-
ment is directly connected with the presence of
minerals-beariers of potassium. The differenti-
ated approach to an assessment of nutrition re-
serves containing in minerals, had a wide reso-
nance both among the researches in Russia, and
in the other countries: Belarus (Kulakovskaya,
1974; Sergeenko, 1984), Moldova (Alekseev,
1985), in the Crimea (Gusev and Polovitsky,
1985), Azerbaijan (Mamedov and Iskanderov,
1985), Uzbekistan (Gaipova et al. 1985). This
problem was discussed in a number of sympo-
siums and international meetings, such as "In-
crease of fertility of soils and clay minerals”
(Chekhoslovakia, 1978), "Mineralogy of soils
and their fertility”, (Moscow, 1988), "Fertility
models". (Moscow, 1987), "Clay minerals and
acid precipitation” (Tte World Soil Science

Congress, Monpelye, France, 1998).
In the publication of Chizhikovaet et al.

(1990) is has been established that the various
forms of potassium compounds are closely con-
nected with the mineralogical composition of
light-textured soils in Pskov, Novgorod,
Leningrad, Vologda, Kalinin, Yaroslavl,
Kostromaregions, as well as in sandy deposits at
the territory of Vladimir, Ryazan and Moscow

Meshcher.
A number of minerals was offered by

Gradusov and Chizhikova (1988) to show their
possibility to mobilize the potassium in the
course of the soil formation and provision of
plants with this nutrient element according to in-
creasing their stability degree to the weathering
and pedogenesis agents: (.) biotite, phlogopite,
(- ) mixed-layered biotite (phlogopite) - vermic-
ulite and hydrobiotite in particular, (3)
glauconite and mixed-layered mica-smectite,
(4) muscovite, sericite, dioctahedral hydromica,

(5) orthoclase, microcline.
In agriculture especially with mineral fertil-

ization it is very important to specify the fixing
capacity of minerals. The presence of minerals
actively reacting with elements containing in the
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fertilizers determines the dynamics of their
behavior in soil. Thus, according to the ability
to fix the potassium and ammonium it is ad-
visable to distinguish the minerals and mixed-
layered compounds that are the following: 1)
vermiculite . ) mixed-layered biotite
(phlogopite) - vermiculite, 3) chlorite-
vermiculite, 4) chlorite-smectite, 5) mixed-
layered mica-smectite, s ) mixed-layered mus-
covite (sericite)-smectite, 7) smectite , )

kaolinite-smectite.
In the given paper an effort has been un-

dertaken to estimate the reserves of plant nu-
trients in agro-gray heavy loamy soils of
Vladimir Opolye as based upon the differenti-
ated analysis of the content of several ele-
ments and the crystallochemistry of minerals
inthe fractions less than 1, 1-5, 5-10 (am.

MATERIAL AND METHODS
The object of research are agro-gray

heavy loamy soils derived from the loess-like
loams in the transect prepared for participants
of Il Congress ofthe Dokuchaev Soil Science
Society (Guidebook of scientific field trip,
Suzdal, 2000). The transectis located in plane
well-drained conditions (near the Mshara ra-
vine), stretching from the south to the north in

the southern part ofthe territory under study.
In this catena the soils reveal the me-

dium-heavy loamy and clay-silty composi-
tion in the upper part of the profile and the
coarse silt-clayey one in the lower horizons.
Our data on the particle size distribution in the
studied soils defined by Gorbunov's method
(1971) well agree with those, obtained by
Kachinskiy.
RESULTS AND DISCUSSION

The total chemical composition of these
soils is characterized by the clearly expressed
differentiation of the profile according to the
content of silicon and iron oxides with alumi-
num as aresult ofsoil formation. Inthe plough
horizon there is ahigher content ofsilicon ox-
ide resulted from involving the eluvial part of
natural soils as well as the minimum content



ofaluminum and iron. Noteworthy is the fact the
amount of calcium oxide and phosphorus is the
greatestin the arable horizon, what is thought to

be aresult of amendment and fertilizer appli-
cation, that is a response to technogenic ef-
fects.

Table 1-The total chemical composition ofagro-gray soils in Vladimir Opolye and the fractions

extracted from them, %

Depth, cm Sio2 AbO3 Fe203 CaO MgO K20 TiO2 P20s5 MnO Cr203 SO3 Cl
Soil

0-10 73,94 11,18 3,90 1,44 0,76 2,57 0,90 0,18 0,13 0,02 0,13 0,01

40-50 66,98 13,88 5,57 1,19 0,98 2,66 0,92 0,03 0,10 0,02 0,04 0,02

80-90 66,52 13,67 5,37 1,26 1,14 2,57 0,91 0,04 0,09 0,02 0,06 0,02

200-210 66,04 14,57 5,54 1,07 1,37 2,53 0,91 0,06 0,09 0,02 0,07 0,01

Fraction less than 1 Lm

0-10 49,51 18,65 10,10 0,33 2,14 2,75 1,02 0,26 0,18 0,03 0,12 0,14

40-50 50,62 19,05 11,10 0,22 2,12 2,75 1,00 0,09 0,11 0,03 0,05 0,04

200-210 51,20 18,20 10,38 0,45 11,98 2,64 0,95 0,01 0,12 0,04 0,06 0,04
Fraction 1-5 |Lim

0-10 67,54 13,16 5,58 0,69 1,04 3,31 1,09 0,08 0,23 0,02 0,11 0,04

40-50 71,93 13,80 4,65 0,57 1,24 3,35 1,07 0,04 0,12 0,02 0,06 0,06

200-210 62,26 15,21 7,17 1,00 1,40 3,06 1,12 0,02 0,13 0,03 0,03 0,05
Fraction 5-10 Lm

0-10 80,72 10,05 2,94 0,87 0,92 2,65 0,88 0,02 0,14 0,013 0,04 0,02

200-210 73,62 12,56 3,95 1,50 1,32 2,76 0,94 0,01 0,11 0,015 0,05 0,03
Fraction > 10 Lm

0-10 81,49 8,49 2,39 0,98 0,61 2,29 0,81 0,01 0,08 0,011 0,04 0,03

200-210 73,82 7,85 2,59 1,65 0,63 1,97 0,74 0,01 0,05 0,015 0,08 0,01

In the distribution of the total potassium
there is differentiation what is probably con-
nected with anthropogenic loads. The magne-
sium amount increases downwards the profile.
The titanium oxide is uniformly distributed
throughout the profile. The greatest amount of
manganese oxide is observed in the upper part of

the profile.
Our data about the content and distribution

of mineral oxides in the profile are similar to
those presented in literature (Rubtsova, 1974;

Dubrovina, 1993, Ivanov et al. 2000).
The content of mineral oxides in the clay

fraction is significantly different from that ob-
served in the soil. The amount of silicon oxide is
sharply reduced, being uniformly distributed
throughout the soil profile (49,5-51,2 %). At the
same time, there is a significant increase in the
iron and aluminum oxides (i0,:-::.. % and
18,2-19,1 % respectively). As seen from table 1,
they are evenly distributed. In comparison to the
soil the clay fraction is enriched with the total
magnesium what is explained by the presence of
Mg-containing mineralsjustin this fraction. The
amount of calcium oxide is insignificant and
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speaks about a small admixture of calcium-
bearing minerals. The potassium oxide in clay

doesn'talmostexceed its amountin the soil.
It should be noted that the phosphorus

contentin the clay fraction extracted from the
plough horizon is exceeding its amountin soil
by 2 times. The latter indicates that the phos-
phorus in the fertilizers introduced into the
soils is absorbed by components of clay frac-

tions.
The described total chemical composi-

tion of the clay fraction is conditioned by the
mineralogical composition represented pre-
dominantly by clay minerals, which are rich
in aluminum, iron, magnesium and potas-

sium.
The main components ofthis fraction are

the complicated disordered mixed-layered
formations, in which are dominant - mica-
smectite with a higher content of smectite
packets. These formations are named as a
smectite or swelling phase. The other compo-
nents are hydromica represented by amixture
of dioctahedral and trioctahedral types, im-
perfectkaolinite and Mg-Fe chlorite .



The soil profile is differentiated according
to the distribution ofthe major mineral fractions
lessthan 1 [am. The upperpart ofthe profile isrel-
atively depleted by the smectite phase, the
amount ofwhich varies from 43.2 to 54.6 % (ta-
ble 2). In the lower part ofthe profile (at a depth
0f80 cm and lower) the amount ofsmectite phase
increases and its content varies from 57.2 to 72.1

%. The hydromica distribution in the profile is
also differentiated. The maximum amount is
in the upper part (44.2 %) whereas the mini-
mum - in the lower part of the profile (19.8
%). The above minerals are a source of potas-
sium and magnesium as the most important
nutrients forplants.

Table 2 - The ratio between the main mineral phases of the clay fraction (<1 yT) in agro-gray

heavy loamy soil

Depth, Clay content Kaolinite  Hydromica Mixed- In soil
cm in the fraction +chlorite layered L . .
<1m formations Kaolln!te Hydromica Mlxed—lgyered
+chlorite formations
1 0-10 16,5 8,9 36,1 54,8 15 59 9,0
2 10-20 15,5 11,8 44,2 44,0 18 6,9 6,8
3 30-40 10,0 12,8 44,0 43,2 1,2 4,4 43
4 40-50 31,0 7,2 38,2 54,6 2,4 11,8 16,9
5 50-60 31,5 8,0 43,8 48,3 2,5 13,8 15,2
6 80-90 18,9 73 26,6 66,0 14 5,0 12,5
7 100-110 27,8 8.8 33,9 57,2 2,4 9.1 16,1
8 200-210 23,1 8,1 19,8 72,1 18 3,0 16,7

Inthe fine silt fraction the increase inthe sili-
con oxide is fixed and its quantity is close to that
contained in the soil (table 1). Specific is a soil
sample taken at a depth and of 40-50 cm, its
amount of silicon oxide is the highest (71.9 %).
There is a little differentiation of aluminum and
iron oxides throughout the profile. This fraction
is characterized by ahigher content ofpotassium
oxide, what is explained by the mineralogical
composition, in which the main components are
micas and K-feldspars. The amount of phospho-
rus oxide dramatically reduced as compared to
its contentinthe clay fraction, butitis ratherhigh
inthe plough horizon. When analyzing the calcu-
lation of potassium reserves in the fine silt frac-
tion, itis possible to observe adecrease in its con-
tent as compared to the soil due to a lower
amount of this fraction. However, it can be con-
sidered as a source of potassium, because this
fraction contains mica and K-feldspar resulted
from such processes as weathering and mechani-

cal disintegration ofmineral grains. The min-
eral composition of this fraction is substan-
tially differed from that in the silt fraction (ta-
ble 3). Drastically reduced (to 2.2 %) is the
amount of mixed-layered formations, the
quartz content becomes higher (25.6 %), K-
feldspat-to 21.8 % and 15.4% ofplagioclase.
Among the layered silicates the mica is diag-
nosed, the amount of which reaches 29.7%,
kaolinite - 10.4 %, chlorite - 6.3 %. The potas-
sium sources are here micas and K- feldspars,
being in the sum they reveal ahigher percent-
age oftotal potassium in the fraction. Chlorite

isasource ofmagnesium.
A relative increase in the content of silty

quartz, feldspar and plagioclase was fixed in
the upper part of the profile. This phenome-
non is probably conditioned by a more inten-
sive mechanical disintegration ofgrains in the
above minerals.
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Table 3 - The composition of minerals in the fine silt fraction (1-5 “m) of the agro-gray heavy

loamy soil
Content in the fraction, %
Horizon Depth, cm Fine . . . . .
silt Smectite Mica Kaolinite Chlorite Feldspat Plagioclase Quartz
Anax 0-20 7,7 2,2 27,9 4,1 2,9 21,8 15,4 25,6
Anax 10-20 10,0 2,5 25 6,9 51 21,5 14,3 24,6
ELB 30-40 8.8 4,9 28,4 8,6 45 18,7 9,9 21,8
B1 40-50 9,5 52 28,8 8,2 4,2 18,8 14,2 20,7
B1 50-60 95 57 28,7 10,1 4,7 19,3 115 19,8
Bca 80-90 12,9 14,4 29,7 11,4 35 11,9 9,2 19,6
Bca 100-110 11,2 14,4 26,9 10,1 5,1 11,7 10,8 20,9
Cca 200-210 16,0 18 25 10,8 6,2 11,9 9,6 18,5
Horizon Depth, cm % to the soil
Smectite Mica Kaolinite  Chlorite Feldpast Plagioclase Quartz
Anax 0-20 0,2 2,2 03 0,2 17 1,2 2,0
Anax 10-20 0,3 25 0,7 0,5 2,2 14 2,4
ELB 30-40 0,4 2,7 0,6 0,4 17 0,9 1,9
Bl 40-50 0,5 2,8 0,6 0,4 18 13 2,0
Bl 50-60 0,6 2,8 1 0,5 18 1,0 19
Bca 80-90 18 39 14 0,5 15 1,2 2,6
Bca 100-110 16 3,0 14 0,6 13 1,2 2,4
Cca 200-210 2,9 4,0 1,6 1 19 1,6 2,9

The ratio between 1.0nm and 0.5 nm ofmica
reflex intensities indicates the absence ofany dif-
ferences in the ratio of di-and trioctahedral dif-
ferences within the profile. The ratio between the
intensity of mica reflex in : .« nm and the inten-
sity ofquartz reflex 0.334 nm shows ahigher con-
tent of quartz in the upperhorizons. Thus, the silt

fraction seemsto be different from clay one. It
is dominated by quartz and mica, followed by

K- feldspar and plagioclase.
The fraction ofmedium dust (5-10 *m) is

only 4,8-10,1 % from the sum of all the frac-
tions. It is evenly distributed (table 4). Its
slightly expressed increase is observed in the
topsoil.

Table 4 - Mineralogical composition ofthe fraction ofmedium dust (5-10 ~m) in agro gray heavy

loamy soil (%)
Content of the

Horizon Depth fraction Quartz Feldspat Plagioclase Mica
5-10 |im

Aaib 0-20 131 25 26 19 21
Aaib 10-20 7,7 22 31 25 17
ELB 30-40 6,1 22 29 22 19
B1 40-50 7.1 21 27 18 25
B1 50-60 7.1 25 25 20 19
Bca 80-90 6,0 36 17 18 19
Bca 100-110 6,8 40 15 18 19
Cca 200-210 6,4 30 23 21 18

The main components of the fraction are
quartz, K- feldspar, plagioclase, mica (table 4).
These components within the profile are subdi-
vided into two parts - the upper with the highest
content of K-feldspar, plagioclase and the lower
part, inwhich quartz is dominated (30-40 %) (ta-

ble 4).
According to the total composition of ox-

ides this fraction is significantly differed from
the above mentioned ones.

The content of silica oxide in the fraction
of medium dust reaches 80.7 %. The amount
ofiron and aluminum oxides is reduced to ..
% and 2.9 % respectively. The same pattern is
characteristic ofpotassium, phosphorus, mag-
nesium, calcium. The reduction ofthe amount
oftotal potassium oxide in this fraction is evi-
denced by the calculation data about the con-
tent of minerals. The mica content is signifi-
cantly decreased in this fraction, but the
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amount of K-feldspars is higher, i.e. the behavior
ofpotassium is quite another and it becomes less

available.
The fraction > 10 *m displays the highest

values ofsilicon and the lower content of all the
oxides. The amount of iron oxide accounts for
2.4 %, magnesium and potassium -0.6 % and 2.3

% respectively.
Thus, the analysis to determine the content

ofelements in fractions and to diagnose the bear-
ers ofthese elements permits to conclude thatthe

Table 5 -Potassium stocks inthe agro gray heavy |

Depth, cm Fraction< 1 Content of K20,
Ll 7o Soil Fraction <

0-10 16,5 2,57 2
40-50 31 2,66 2
80-90 18,0 2,57 2
200-210 25,1 2,53 2
Using the method proposed by

N.l.Gorbunov (1969, 1974) we will try to show

greatest amount of nutrients is found to be in

clay and fine silt fractions.
Table 5 shows that in the studied soils the

total reserve ofpotassium is the highest, some-
what little is the near reserve (figure 1). The
directreserve speaks aboutthe average provi-
sion of soils with mobile potassium.
Consequently, the crops requiring potassium
as a nutrient element will be in need of potas-
sium fertilizers.

oamy soil ofVladimir Opolye

% Reserve, mg/100 g

0,001 mm Potential Near Direct General
,75 2100 454 16 2570
75 1796 852 12,4 2660
75 2075 495 8,2 2570
,66 1916 614 8,8 2530

the distribution oftotal potassium in the frac-
tions (tables ).

Table « - Potassium distribution in fractions of the agro gray heavy loamy soils in Vladimir
Opolye
R ° . 1 §
i e 2
0 | in d 0
X 50 KB
a . £ A% 8 2 Ha i 0 ° .,
e g9 Vi 43 g 0 n g M
Qe U 01 R 81% 0 A 0 a *% a ﬁ S SI §1
% mg/100g % mg/100g % mg/100g %
0-20 16,5 2,75 432 7,7 3,3 254 10,1 2,65 260 71,1 2,3 1633
30-40 31,0 2,75 837 9,5 3,3 313 7,1 2,68 182 52,5 2,1 1092
200-210 20,1 2,64 609 16,0 3,1 496 6,0 2,79 168 54,7 2,0 1273

The table shows that the reserves of potas-
sium in the clay fraction are the highest as com-
pared to the fractions of fine and medium dustbe-
cause the main bearers of potassium are compo-
nents make up > 80 % of all fraction minerals.
The most dynamic and active functioning com-
ponent ofclay are the mixed-layered formations,
which are not only a source ofpotassium as are-
sult of its mobilization from the crystal lattice,
but also play a significant role in the potassium
absorption, potassium fertilizers introduced into
soil and potassium in natural turnover of ele-
ments in the course of soil formation and weath-

ering processes. It should be noted that the re-
serve of potassium in the clay fraction is also
differentiated throughout the soil profile due
to differentiation ofthe fraction (table : ) The
table shows that the reserves of potassium
clay fraction, the highest compared to the frac-
tions and the average fine dust asthe main car-
rier of potassium are the components that
make up > 80 % ofthe mineral fraction. The
most dynamic and active functioning compo-
nent of sludge are mixed- education, which
are not only a source of potassium as a result
of the mobilization of its crystal lattice , but

51



also play amajorrole in the absorption of potas-
sium , and potassium fertilizer application ofthe
natural cycle of elements in the processes of soil
formation , weathering. It should be noted that
the reserve potassium clay fraction is also differ-
entiated by the soil profile by differentiating it-
selfamount fraction (table ).

CONCLUSION
Calculation of the distribution of mineral

oxides inthe fractions allows concluding thatthe
studied soils reveal the high potential fertility.
The greatest amount of such nutrients as potas-
sium, phosphorus, magnesium is fixed in fine dis-
persed fractions, phosphorus and magnesium -
in the clay fraction and potassium and magne-
sium - in the fraction of fine dust. The clay frac-
tion is most functional and may be considered
notonly as a source ofthese elements, butalso as

aregulator ofbehavior ofthese elements.
Agrotechnogenic effects leading to the

soil acidification contribute to active destruc-
tion of K-bearing minerals, whereby the level
ofits amountinthe soil solution increases, but
atthe same time the natural resources become

declined.
To enrich the natural stocks of nutrients,

it is necessary to carry out periodically the
plowing ofthe illuvial horizons. The latter is
capable to prevent the texture differentiation
ofthe profile, promote increasing the amount
offine-dispersed fractions and hence the natu-
ral stocks ofnutrients in soil. As a component
itis actively reacted with the substances ofthe
applied fertilizers and amendments.
Potassium and ammonium are fixed by the lat-
tice ofmixed-layered minerals.
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NecCcoBMUAHbIX CYr/IMHKaX. B MaxoTHOM ropu3oHTe 0TMeYaeTcs Haubosbllee KOMMYeCTBO OKCUAA KPEMHUS
KaK pe3y/ibTaT BOBMEUEHWS 3/t0BUASTbHON YaCTW eCTECTBEHHBIX MOYB, & TakXKe MUHMaIbHOE CofepXaHue
ANIOMUHMA MKenesa. CofepXKaHne OKCUAO0B 3/1EMEHTOB B MANCTON PPakLmM CYLLECTBEHHO OTINYAETCS OT
TaKOBOrO MOYBbI B LIEIOM. PE3K0O CHXEHO KO/IMUYECTBO OKCUAA KPEMHUSA, U XapaKTep ero pacnpegeneHus no
npotunio  paBHOMepHbI (49,5-51,2%). OTMevaeTcq 3HauUTeNbHOE YBENMYEHMe OKCMAOB Hkenesa U
anomuHms (10,1-11,1%), (18,2-19,1%) cooTBeTCTBEHHO. [0 CpaBHEHMIO C MOYBOW, WAMCTasd (pakums
oboralleHa BasloBbIM MarHueM. KommuyecTBO OKCMAA KaslbLMs He3HauuTenbHo. OKcuf Kanus B wie He
HaMHOTr 0 NPEBbILLAET €ro KO/IMYECTBO B MOYBE B LIE/IOM.

BanoBoil XMMmueckuii COCTaB WAMCTOM (hpakLyu CBUAETENLCTBYET O TOM, YTO 3Ta (Ppakuus CoCTOUT
MPENMYLLECTBEHHO U3 FUHUCTLIX MUHEPASIOB, AN KOTOPbIX XapaKTepHbI BbICOKME KOMMYECTBA alOMUHMA,
Xenesa, MarHus v Kanus.

OCHOBHbIMV KOMMOHEHTaMW (hpaKLmy SABAAKOTCA C/IOKHbIE HEYNOpPsAOYEeHHbIE CMeLIaHOCOMHbIE
06pa30oBaHns, AOMUHUPYET CAKOAa - CMEKTWUTbl C BbICOKUM COAEpXaHWeM CMEKTUTOBbIX MaKeToB.
CMeKkTuTOBas (hasa v rnApocoabl CocTasnAoT B cymme 85-90% OT CyMMbl KOMMOHEHT mia. KonnyecTso
KaonnHUTa 1 xopuTa Konebnetca B npegenax 10-15 %. 3T MUHepasbl SBASKOTCA UCTOYHMKAMU Kanmns,
MarHusl, onpejenstoT NoBeAeHNE aHWOHOB B MOYBe.

MpodmnbHas gudhepeHumaLms cepbix NoyB 00ycnoBneHa A depeHLMaL el MNCTOro Mateprana, aB
HEi - CMEKTMTOBOW (hasbl, KOSIMYECTBO KOTOPOW B HYDKHEN YacTy NPOPnaA Ha 10-.0 % BbIE, YEM B
3Nt0BUASIbHOM ee yacTh. OCOBEHHO YeTKO 3Ta AnhepeHLMaLmMa MMHepanoB ycTaHOoBeHa NPy NepecyeTe Ha
MOYBY B LIeNOM. Pe3epBbl Kasinsa MANCTON (hpakLmmn Hanbosee BbICOKME MO CPABHEHNIO C (hpaKLMsMU TOHKOW 1
CpeAaHei Nbiau, MOCKO/IbKY OCHOBHBIM HOCUTENEM Kains SBAAKOTCA KOMIMOHEHTBI, cocTasnsatowme > 80 % ot
BCEX MUHEPAIoB (hpakLmm.

Takum 06pa3omM, Hanbosbllee KOMYECTBO TaKMX 3M1EMEHTOB MUTaHWUA, Kak Kanuii, ocgop, MarHui
(hmKcmpyeTca B TOHKOAMCNEPCHbIX (pakuusax, B WAMCTOR - ¢ocdopa, U MarHWs, B WINCTOW W
TOHKONMbI/IEBATON - Kanums, MarHus. nuctas gpakuma Hanbonee yHKLMOHaIbHa BCIEACTBYE He TOMbKO Kak
MCTOYHMK 3TWX 3/IEMEHTOB, HO TakXKe Kak Perynstop noBefeHVs 3MeMEHTOB, BHOCUMbIX C YA06pEHUAMU
(MenvopaHTamm) 3acHeT PMKCaLMM ITUX 3N1EMEHTOB PELLETKON MAHEPaUIOB.

ArpoTexHOreHHble BO3AEWCTBMS, NPUBOLALLME K MOAKUCMEHWMIO MOYB, CMOCOBCTBYIOT aKTVBM3aLIMM
paspyLUeHVs MHEPanoB Kans - HOCUTESEN, 3a CUET Yero YpoBeHb ero KoinyecTsa B MOYBEHHOM pacTBOpe
YBE/INUMBAETCH, HO OAHOBPEMEHHO CHUXXAIOTCA NPUPOLHbIe 3anackl. [1s BOCNOMHEHWA MPUPOAHbIX 3anacoB
3NIEMEHTOB MWUTaHWS HeobxoAuMa Meprojmueckas NpUnallKa WAMBUanbHbIX FOPU3OHTOB. lMocnegHee
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NpefoTBpaLLaeT TEKCTYPHYHO AuddepeHLMauno Npoduns, NoMosHAeT — KOMYECTBO TOHKOAMCMEPCHbIX
(hpaKLuiA, a C HUMW 3/1EMEHTaMMN NMUTaHWS PacTEHWIA.
KntoueBble CNoBa: Pe3epB Kasisi, arpo-cepble NoYBbl.

TYALL
O. Kapnosal H. YUmkukosa2 T. TpugoHosal H. Ctapokoxko2 B. XagoLwmnHa.

BJIAAVUMWPILK OMOJIbE TOMbIPATbIHbLW, OCIMALKTEP YLIIH K*HAPAbI 3NE-
MEHTTEP1 BAP MUHEPANAAPAOBI KAMTY T¥PIbICbIHAH ANMTAHAAT bl KATNW
Kopel
J1IOoMOHOCOB aTbIHAarbl MacKey MEM/IEKET TOK YHUBEPCUTET I, TONblpauTaHy akynbTeTT,
Mackey, Peceii, karpovad@mail.ru, Ten : +74959393333
B. B. loky4yaeB aTblHarbl TonbipayTaHy MHCTUTYTbI, Mackey, Peceil

3epTTeyaw, Makcatbl Ynecteri kemwge 1, 1-5, 5-10 MMKPOH Kanuii K¥pambiH capanaii Tangay HerisiHge
Bnagumupnik Taburar aiimarbiHAarbl cNp ayblp 6a/LLUbIKTbI Ca3 XXepnepiHAeri kanmii kopblH 6aranay 60/bin
Tabblnagpl. 3epTTey HbiCaHbl ca3fbl Caprbill TOMbIPAKTA KabINTaCKaH aTbi3aapfars! CNp ayblp 6anilbIKTbl
»epnep 60MbIn Tabbinadbl. XXepAu, XbIpTblraH KabaTblHaH antOMUHWMIA MeH TemipAil asgaraH 6enT,
COHAaN-aK KPeMHWA TOTbITbIHBIL, Ken Mesepi aHblkTangbl. M”Hbl Taburu TOMbIPAKThIL 3/OBUAAbI
6eniriHiy kaTtbicybiMeH TYciHgipyre 6onagpl. faiinbl TYWipnepge aneMeHT TOTbIKTapbiHbIL, 60Mybl
TOMbIPaKTbIL, HEN3M MaccacbiHaH Giplwama epekiieneHei. KpeMHW TOTbIbIHbIL CaHbl AP T asasgbl, 6™
Ke3ge on 6arbIT 6oibIHIWa Tel Tapanagpl (49.5-51.2 %) Temip MeH atOMWUHUIA TOTbIMbIHbIL, GipLUaMa apTKaHbl
6ainkanagbl (10.1-11.1 % >aHe 18.2-19. 1 %). TonbIpakTblIL, HETI3ri Me/WepiMeH Ca/bICTbIpraHaa, faibl
Kabatr marHure 6ail. T"HOaga KanbUWii TOTbITbIHbIL, CaHbl MEH Kaaui TOTbITbIHbIL, K¥pambl XXarbl
TOMbIPaKTarbl Xanmbl CaHblHAa KaparaHaa 6ipLuamaorapsi.

Naiinbl KabaTTbIL, Xanbl XUMUANbIK K¥pambl 61 kabaT HerisiHeH antoOMUHWIA, TEMIp, MarHui, Kaanauw,
Ken 6Oo/lybIMeH curartTasaTbiH Ga/lbIKTbI MUHEpanaapAaH T paTbiHbiH KepceTedi. KaGarTbily Hensn
KomnoHeHTTepi XXYVeeni emec apanac kabattap 60bin Tabblnadbl YX3He CMEKTUTTI TOMTapAbll, >Korapbl
KaMTbINYbIMEH CMEKTUTTEP - cntoganap 6acbiM Kenedi. CMeKTUTTI KabaT MeH rugpocntoja nai
KOMMOHeHTTepLULL 85-90 %-bIH KamTuabl. KaonuHUT neH xnoput caxbl 10-15 % menwepluge aybITKUabI.

BAn MuHepangap kanauid, marHuid kesgepi 60nbin Tabblnagbl X3HEe TOMbIpakTarbl aHMOHAAP Ka/nbiH
aHbIKTalgbl. J1ainbl kabaTTarbl Kanid Kopbl \Cak »3He opTalla To3aL, Y/IeCiMeH Ca/lbICTbIPraHza eL, orapb!
6onbin Tabblnagpl, eMTKeL Kanugi Herisri TacbiMangaylibl Tyipaen 6apnbik MuHepangbiy 80 %-gaH
acTaMblH KaMTUTbIH MUHepaaap 60/bin Tabblnagbl.

Ocbinaiiua, Kanmid, (hocop, MarHuii cekingi k¥Hap/bl 3aTTapApil, el Ken mesiepi ¥cak TYViipnepge
aHbIKTanagbl, nanbl TYViprepge - ¢ocop MeH MarHuiA, nainbl x3He ¥cak To3ay TYWVipiHge - Kaiuid,
MarHuid. YXepai XbIpTy KesiHae unntoBrangpl aeurei 6enirit GipTiHAen kocy Tabury K"Hapsibl 3aTTap KOpbIH
KannblHa Kennpy YLiH kaxeT. Courbicbl eciMaikTep ywwiw ~cak TYViprep MeH K¥HapnaHy aneMeHTTepLuLL,
CaHbIH TONTbIPAAbI.

KinTTicB3aep: kanuii Kopbl, arpo-cp TonblpakTap.
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