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THE PHYSICAL AND CHEMICAL PROPERTIES OF SEPARATE
GRAIN SIZE FRACTIONS OF SOIL PARENT ROCKS

In connection with the International Congress of Soil Science which
took place in 1964 in Bucharest the Soil Physics Committee of the Polish
Society of Soil Science (the latter will further be abbreviated PSSS) has
presented the results of investigation on the establishing of a limit be-
tween soil skeleton and fine earth and proposed a universal acceptance of
the limit value 1 mm diameter instead of 2 mm [1].

The said Committee undertook the present investigation to characterise
the mechanical fractions discerned by PSSS in soils and to substantiate
the degree of rightness of the existing classification?2.

Samples were taken from materials not changed by soil-forming pro-
cesses i.e. from soil parent rocks. Glacial sands and boulder loams, Ter-
tiary clay, and loess were analysed. The medium and heavy loams were
taken from the areas of the last glaciation (district Olsztyn); the light
loam (district Warszawa), loamy sand (distr. Poznan), and loose sand
(distr. Kielce) were taken from the middle-Polish glaciation (=Riss =
Varsovien II). The Tertiary clay comes from Lower Silesia, the loess —
from the Lublin plateau.

The samples were fractionated by the Jackson method and following

1 The analyses were supervised by: Ass. Prof. Dr. B. Adamczyk (mineral com-
position), Ass. Prof. Dr. A. Kabata-Pendias (trace elements, base exchange capacity,
total potassium and sodium), Dr. E. Slusarczyk (mechanical analysis, specific gravity,
maximum hygroscopicity), Dr. S. Trzecki (pF curves), Dr. T. Woctawek (full chemical
analysis — macroelements).

2 According to PSSS nomenclature: sand 1—0.1 mm particle diameter; fine sand
0.1—0.02 mm diameter; silt and clay (‘“elutriable particles”) less than 0.02mm dia-
meter.



4 L. Krélikowski and other

fractions obtained: 1 — coarse sand (particle size 1.0—0.5 mm), 2 — me-
dium sand (0.5—0.25 mm), 3 — “fine” sand (0.25—0.10 mm), 4 — coarse
fine sand (0.1—0.05 mm), 5 — fine fine sand (0.05—0.02 mm), 6 — coarse
silt (0.02—0.005 mm), 7 — fine silt (0.005—0.002 mm), 8 — colloidal clay
(less than 0.002 mm).

Following properties were determined in the separated fractions: mine-
ral composition (only in the fractions more than 0.02 mm grain size)
under the polarizing microscope on powder slides mounted in Canada
balsam; specific gravity in the pycnometer; maximum hygroscopicity
(MH) over a 3.3% H,SO, solution at 17°C; full pF curves with the use
of ceramic porous plates for lower values (up to pF 3), membranes and
water removal by excess pressure for higher values; the total content of
Si0,, AL,O;, Fe,O3, CaO, MgO, and P,O; was determined by fusion with
Na,CO; and analysis of the product of fusion after Arinushkina. K,O and
Na,0O were determined separately by flame photometry, the trace ele-
ments by spectro-photometry. Base exchange capacity was determined
by Mackenzie’s micromethod.

The mechanical composition of the samples was determined by the
areometric Bouyoucos-Casagrande method modified by Prészynski, as
well as by the pipette method after preparation according to Jackson.
The results were usually rather convergent (Tab. 1); the pipette method
gave somewhat higher results for the fraction less than 0.02 mm and that
less than 0.002 mm diameter (except the heavy loam). The examined sam-
ples were then arranged according to their increasing silt and clay contents
(excepting the loess). Not all obtained results are given here owing to
space restriction. After an introductory estimation of results it was
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decided to give averages for the sands and loams as these rocks are
featured by similar properties of their fractions. The results obtained
for the clay and the loess were given separately as they deviate consi-
derably from the data obtained for the glacial deposits. An influence
of geological provenience of the rocks on the properties of their fractions
was not investigated.

The determined mineral constituents of the examined frac-
tions were distributed into three basic groups (Table 2): A — the group
of “barren” components (as regards nutrient content) containing chiefly
SiO,, B — the group of components being the natural (potential) source of
nutrients, chiefly macroelements, and C—a group of heavy minerals,
difficultly weathering but being a varied natural source of many trace
elements.

The analytical data show that the coarse sand fractions contain a lar-
ger proportion of less valuable components (group A) as compared to the
fine sand fractions. Again, the latter are richer in the more valuable
minerals of groups B and C.

In sub-group B-a (felspars) the fine sand fractions show — as compared
to the coarse sand ones — a greater proportion of potassium felspar (ortho-
clase). The loess rock forms a kind of exception from this rule. The valu-
able (in a pedogenetic sense) silicates and hydroaluminosilicates (sub-
group B-b) occur nearly exclusively in the fine sand fractions, and espe-
cially in the fine fine sand. The fine sand fractions also contain larger
amounts of group C minerals.

The results of mineral composition determinations speak for the conti-
nuance of the existing classification of fractions according to PSSS norms.

The specific gravity shows a rather uniform tendency to
increase while the fraction particle size decreases (Tab. 3). A more detailed
analysis of the results demonstrates that the mean value of specific gravity
of the sample approaches that of the fraction with 0.02—0.005 mm particle
size. The coarser fractions show lower values, the finer ones — higher
values of specific gravity, the highest being shown by colloidal clay
(less than 0.002 mm).

If fraction classification were made as based on specific gravity, there
should be discerned: the light fractions (more than 0.02 mm grain size),
the medium heavy fractions (0.02—0.002 mm), and the heavy fractions
(less than 0.002 mm).

The maximum hygroscopicity (Tab.4) of the soil samples
is connected with the colloidal clay content (i.e. the fraction less than
0.002 mm grain size). The obtained results show that the most distinct
increase in hygroscopic moisture content occurs between fractions 7 and
8, the least one — among the coarse sand fractions (Fig. 1).
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Table
Specyfic gravity of soil fractions [E:f—%]
i | ! e —
No of No of soils %
fraction g%a?§;:€ion \\\\\\\\\\\\\J S ? " | 8 ! ViVl
in mm ! ; !
' ! i 5 1
] ! ¥ ¥ . T
- ; 3 = 0.02 | 2.60 | 2.65 | 2.65 | 2.64 | 2.64 | 2,68 | 2.65 |
’ ! ; i
6 0.02  0.005 | 2.66 | 2.68 | 2.68 | 2.66 | 2.67 | 2.66 |
i i i
7 0.005  0.002 i | 2270 | - {270 | 269 | - !
| 5
|
8 -<::: 0.002 | 2.76 | 2.71 I 2.79 2.19 % 2.78 2.76 2.71
| i

Hygroscopic water cepacity of soil frections \% grev.)

No of soils !
No o 1 il 111 oo VI Vil
§§§§§§3? of fraction
in ou
1 1-0.5 6.05 | G.lo 0.0 2.09 0.07 - -
2 0.5 - 0.2 0.05 | 9.09 | 0.1l 0.12 2.12 - -
5 9.25 - 0.1 0.07 ; 0.16 ' 0.13 0.13 | 0.12 : 0.16 0.09
4 0.1 - 0.0 ©0.10 2.2C J.22 0.22 | 0.2 2.16 0.18
5 0.05 - 0.02 I s.23 3046 1 0.50 0.00 | 0.43 0.46 0.35
6 0.02 - 0.005 : - {007 2.8l 0.78 ‘ 1.04 0.86 0.74
7 0.005 - 0.002 i 0.95 . 2.9 | 1.9 1.9 2.25 2.90 1.92
8 < 0.002 l 16.01 i 21.33 22.95 24.65 | 25.00 | 24.15 22.83

The hygroscopicity of the mechanical fractions allows to group them
as follows: particle size 1.0—0.05 mm (MH less than 0.20%0), 0.05—
0.002 mm (MH 0.20—3.0%0), and less than 0.002 mm (MH about 16%).

The course of the pF curves for the initial samples (Fig. 2), dif-
fering in the range of determined values, shows a similar shape of
a strongly flattened S curve approaching a straight line; the curves for
loose sand are an exception as they are much less “flat” and show two
distinct inflections. It is visible from a comparison of some water pro-
perties of the separate textural groups that the amount of water inac-
cessible to plants (from 0.6%6 in the sand to 23.7% in the clay) as well
as that of available water increases with the increase of the content of
silt and clay (less than 0.02 mm diameter) in the soil. The considerable
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Fig. 1. Maximum hygroscopicity of soil fractions

capacity of loess for storing water available to plants and its comparati-
vely low wilting percentage deserve attention.

From the pF measurements obtained from the mechanical fractions of
the examined soils 3, not listed here for reasons of printing space, it results
that the water properties of analogous fractions separated from samples
belonging to various textural groups approached one another considerably,
especially in the sand and fine sand fractions. In most cases the differences
between the extreme deviations did not exceed 5% of the obtained
results (rarely attaining 10%), while somewhat larger deviations — up
to 15%0 — appeared in the fine silt and colloidal fractions.

Means were computed from the obtained data (Fig. 3) as there were
practically no differences in the six first mechanical fractions and the

3 A sufficient amount of the finest fractions could not be obtained from loose
sand, nor that of the coarsest fraction — from the heavy loam and clay.
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differences occurring in the two finest ones did not show a tendency.
The curves indicate a great similarity in the capacity to store water
in the fractions of coarse and medium sand as well as the fractions of
fine fine sand and coarse silt. The remaining curves do not form pairs
similar in the their course. A certain regularity may, however, be obser-
ved: with the decrease of particle size the amount of water bound by gre-
ater forces increases quickly. The greatest capacities for storing water
available to plants are shown by the coarse fine sand fractions — 15.6%,
second place being occupied by fine silt — 10.8%/0 — and “fine” sand —
9.4%/y. The remaining fractions show a small capacity in this respect.

The discrepancies for MH wvalues obtained in the finer fractions
depend on the method of work and should probably be ascribed in
a large degree to the influence of sample preparation on the results as
well as the swelling of soil colloids. The method of sample preparation
seems to influence also the considerable difference in values at pF 4.2
for the clay as textural group (about 80%0 colloidal fraction content) and
the clay as grain size fraction less than 0.002 mm.

In general it may be said that the PSSS particle size classification
is correct for the fractions of sand and the upper limit of fine sand

\-.
Y .
\\‘ \\
\ \ : 5
40 50 60 70 80
H,0in %
Fig. 2. The pF curves for soil samples
Soils: I — sand, II — loamy sand, IIl — sandy loam, IV — loam, V — clay loam, VI — clay,

VII — locss
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Fig. 3. Mean value of pF curves for fractions separated from all investigated soils

Fractions in mm: 1 —1—0,5, 2 — 0,5—90,25, 3 — 0,25—0,10, 4 — 0,12—0,05, 5 — 0,05—0,02, 6 — 0,02—0,003,
7 —0,005—0,002, § — << 0,002

(0.1 mm). The question is open for the lower limit of fine sand and the
upper one of silt (0.02 mm), the coarse silt approaching the properties
of fine sand in its water sorption capacity.

The base exchange capacity (Tab. 5) of the sand and fine
sand fractions of all examined soils is very low and does not exceed the
values obtained for quartz and felspars. A higher base exchange capacity
appears only in the silt and clay fractions. It increases gradually in all
soils from the coarse silt fraction to the colloidal clay which demonstra-
tes an increasing proportion of the clay minerals in these fractions. If the
base exchange capacity of the colloidal clay fraction be taken as the prin-
ciple the examined soils may be classified into following groups: a) soils
containing much clay minerals in the clay fraction — BEC more than
50 m.e. per 100 g (the clay and the loess), b) soils with a medium content
of clay minerals in the clay fraction — BEC of the latter above 20 m.e.
per 100 g (the loose sand, loamy sand, light loam).

The analyses of the initial samples allowed to ascertain that the con-
tent of macroelements (informing on the potential fertility of the
soil) is the smallest in loose sand containing the greatest percentage of
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Si0,. The greatest amounts of Fe and Al are contained in the clay. The
oxides of Ca, Mg, K, Na, and P occur in the greatest amounts in the boul-
der loams, especially in the medium and heavy loams (Tab. 6).

Table 5
Cation exchange capacity of soil fractions (in m.e./100 g)
Ro o of soils
2| Diameter 1 11 1 w v VI VI
tion | of fraction
in mm
1 1-0.5 0 0 0 0 0 n.o. n,o.
2 0.5 - 0.25 0.56 2.10 1.70 1.96 1.12 n,o. 1.68
3 0.25 - 0.1 0.56 7.00 1.96 2.52 9.80 1.85 6.44
4 0.1 - 0.05 6.30 9.56 4.90 3.70 | 10.50 7.00 5.25
5 0.05 - 0.02 7.00 6.53 4.40 4.20 11.20 11.20 8.86
6 0.02 - 0.005 14.70 14.00 | 17.50 12.60 | 17.50 40.60 | 25.60
7 0.005 - 0.002 24.50 19.60 25.80 21.00 21.00 46.20 27.30
8 <0.002 25.20 27.30 28.00 32.20 33.00 50.40 50.00

When considering the results as to the frequency of occurrence of the
largest and smallest amounts of a given component in the separate frac-
tions (Tab. 6), following conclusions may be drawn:

The potential soil fertility may be evaluated on the base of a granu-
lometric soil classification (the agricultural aspect) if the textural groups
are divided by the limit less than 0.05 mm particle size. In the examined
parent rocks the largest amounts of Ca and Mg compounds were found in
the fractions below this size limit.

The compounds of Fe, Al, K, and P occur in largest amounts in the
fractions below 0.005 mm diameter.

Therefore the particle size limits below 0.05 mm and/or below
0.005 mm may serve as the principle of a ‘“basic” classification of textu-
ral groups in Polish parent rocks.

The distribution of trace elements in the fractions of the exa-
mined samples shows a general regularity — the cumulation of such com-
ponents in the clay fractions.

The concentration of trace elements in the coarse sand fractions oc-
curring in some soils is connected with the content of these elements in
the primary minerals and has already been observed during the investi-
gation of other soils. The cumulation of trace elements in the clay frac-
tions is strictly related to their sorption by the clay minerals.
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Chemical composition some soils
Diemeter Constituend
Soils of fraction ) .
in oo wergssopic | Iepition | gi0, 203
I Send 0.21 0.22 95.07 3.67
11 Loeamy sand 0.19 0.64 87.81 6.80
111 Sandy loam 1.02 1.37 81.32 10.18
1V Loem 1.36 1.48 16.00 12,56
V Clay loem 1.85 3.42 74.18 15.35
VI Clay 5.26 4.23 62,19 24,08
VII Loess 0.82 1.38 81.52 9.97
Sandy soils* 1-20.5 0.02 0.18 93.48 4.32
0.5 - 0.25 0.02 0.05 95.18 3.99
0.25 - 0.10 0.03 0.09 91.84 4.20
0.10 - 0.05 0.05 0-27 90.70 5.64
0.0> - 0.02 0.10 0.56 85.78 .77
0.02 - 0.005 2.00 1.80 77.52 14,84
0.005 - 0.002 1.63 2.97 70.50 18.48
<0.002 6.86 27.92 56.36 12,03
Loems soils * 1-0.5 0.05 0.35 89.14 6.81
0.5 - 0.25 0.04 0.15 88.96 6.38
0.25 - 0.10 0.06 0.18 91.36 4.37
0.10 - 0.05 0.12 0.30 84.56 7.20
0.05 - 0.02 0.34 0.80 82.40 10.33
0.02 - 0.005 0.41 1.64 72.24 14.77
0.005 - 0.002 l.01 2.55 64.80 21.22
<< 0.002 6.01 13.45 49.86 34.70
Clay 1-0.5 n.o. n.o. n.o0. n.o.
0.5 - 0.25 n.o. n,0. n.0. n.o,
0.25 - 0.10 0.08 0.14 98.78 1.87
0.10 - 0.05 0.41 0.34 94.22 3.62
0.05 - 0.02 0.32 0.30 97.76 2.07
0.02 - 0.005 0.63 0.70 93.16 4.74
0.005 - 0.002 2.44 1,17 78.19 14.75
< 0.002 6.46 17.63 49.58 25.17
Loess 1-0.5 n.o. n.o n.o, n.o.
0.5 -¢C.25 n.o. n.o. n.o. n.o.
0.25 - 0.10 0.02 0.18 91.16 6.29
0.10 - 0.05 0.06 0.10 88.62 7.15
0.05 - 0.02 0.08 0.39 84.99 9.31
0.002 - 0.005 0.60 1.39 80.83 10.82
0.005 - 0.002 3.60 3.61 68.47 20.37
~ 0.002 8.06 15.50 50.44 23.30

* Mean values are given for soil fractions separated from both sandy soils (I and II) and
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Table ©6
and their granulometric fractions
in percent
41505 Fe03 Ti0, ) Ngo0 K50 Nay0 05 Total
2.78 0.72 0.13 0.14 0.38 0.71 0.28 0.04 98.47
3.48 2,91 0.54 0.44 0.59 0.74 0.31 0.07 97.33
7.00 2,66 0.40 0.39 0.96 1.02 0.32 ¢.12 95.96
8.71 3,32 0.40 0.99 2.17 1.19 0.39 0.1% 94.78
10.46 4.23 0.43 3.12 1.61 0.92 0.31 0.23 98.91
16.93 6.20 0.73 0.41 1.63 1.19 0.26 0.12 94.03
5.87 3.41 0.56 0.53 0.55 0.95 0.44 0.13 95.34
3.90 0.38 0.02 0.30 0.13 0.67 0.39 0.02 59.45
3.66 0.28 0.02 0.17 1.43 0.44 0.19 0.05 101.44
3.57 1,37 0.23 0.37 1.67 0.65 0.27 0.03 99.06
4,49 0.76 0.36 0.50 0.39 1.20 0.55 0.03 99.22
6.27 1.04 0.43 0.85 0.59 1.56 0.81 0.03 97.91
11.47 2.59 0.74 0.64 0.53 2.15 0.76 0.05 38.19
14.37 3.55 1.04 0.48 1.00 2.37 0.68 0.03 96.42
8.73 2.79 0.43 0.24 0.83 1.38 0.82 0.08 59.53
6.44 0.85 0.07 0.75 0.12 0.93 0.69 0.12 98.75
5.54 0.64 0.06 1.06 2.44 0.61 0.35 0.14 99.94
3.27 0.92 0.10 0.70 1.24 0.78 0.31 0.08 98.94
5.27 1.65 0.33 1.37 2,87 0.87 0.52 0.08 98.02 |
7.69 2.03 0.51 0.75 0.57 2.17 0.99 0.10 98.01 |
11.35 2,64 0.70 4.12 1.88 2.75 1.02 0.11 9%8.42
15.90 4.01 1.15 4,36 2.09 3.21 1.12 0.15 98.51 !
15,98 7.98 0.56 1.21 2.75 2.90 0.84 0.18 95.72
n.o, R.0. n.,o. D.O0. n.0. n.o. n.o. n.o. n,.o.
n.,o. n.o. n.o. D.0. n.o. n.o. n.o. n.o. n.o,
0.74 0.80 0.32 0.12 0.08 0.23 0.54 0.01 101.56 i
2.15 0.96 0.49 0.24 0.04 0.20 0.1¢ 0.02 98.76
0.17 1.12 0.76 0.12 0.02 0.48 0.18 0.02 100.93 |
1.97 1.45 1.30 0.14 0.07 0.98 0.25 0.92 100.02  §
11.04 2,23 1.46 0.37 0.47 1.20 0.27 0.02 96.42 !
16.39 6.16 0.52 1.15 1.63 1.13 0.29 0.10 94.58
n.o. n.o. n.o. n.o. n.o. n.o. n.o. n.o. n.o.
n.o. n.o. n,o. D.0. n.o. n.o. n.o. n.o. n,o0.
4.85 0.68 0.73 0.45 0.07 0.65 0.38 .03 99.18
2.82 3.76 0.52 1.18 n.o. 0.75 0.42 0.05 -
7.84 0.96 0.45 1.51 0.00 0.98 0.58 0.06 97.76
8.1¢ 1.84 0.77 0.60 0.60 1.36 0.73 0.05 96.27
4.39 4,72 1.17 0.59 1.23 1.60 0.72 0.09 96.59
7.02 5.56 0.61 0.21 1.44 1.51 0.86 0.11 93.26

also for loamy soils (III, IV end V)
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A general similarity was ascertained between the distribution of trace
elements in the fractions of the two sand samples and these of the loam
samples.

The greatest part of the total content of copper and cobalt in the whole
samples usually (Tab. 7) appears in the colloidal clay fraction. Manganese
is accumulated in the colloidal fractions only in the loams and the clay.
Again, molybdenum does not show distinct accumulation in the colloidal
clay fractions (excepting that of the clay rock), and is distributed rather
uniformly. The occurrence of trace elements in the loess is different. In
spite of low contents of the trace elements in the fine sand fractions the
loess shows the largest relative accumulation in the fine sand (relative to
the total content in the sample) owing to the large proportion of this
fraction in the loess rock.

Trace element content of fractione sepsrated {rom different soile (in ppm)

H No of soils l e Cu Co Mo
i Ko and ' ili- I1I- ! II- l I
| dlmetor of ‘\\\\\ RS I P VIOLOVID | 3el by | V0oVl gy 1o jm e ,:f:. v Vit
— ; '
N N R X% I R " 0.3 | Los |- o1 092 -
! : :
N i 58 0 | 3.4, 6.87 : 25.00 | 0.11] 0.53 199| o.71| 0.97 3.00
| 3 0.2-0.1 98 - 82 |1875 | 210 | 3.59| 8.17)215.00) 5.00| 1.50| 037 [12.50 | 0.91| 0.93| 0.87 | l0.00 | 1.25
L 0d-0.05 10 i 167 | 833 | 1% | 619|152} 139.78) 7.50 | Lo7] 126 |12.06 | 112| o.82] 1o | 581 | 222
| | I :
|5 1 oo 13 ! vz |52 o0 | 937 12| 0790 62| 260 2.2 | 8.58| Li2| Loy| 12| 33| Loo
Pe ot o.c20.005 | 22 | 20 ) 2 | 120 | .08 | 22,29 50.00] 26.62 | 7.65 5.70 | 5.32| 4.66| 1.24| 108 | 2.00| 0.87
P 0.005-0.002 | 20 | 362 i 20 | 130 | 3152 | 5.2 as.00] 32.50 | 112 [me62 [12.22 | 10.07| 2.22| 2.08 | 250 175
! 8 <Coo0z | 2 13 ! 190 | 120 | 56.56 | 58.3 | 53.00 51.25 | 10.32| 9.98 |14.26 | 0.91| 1.87| 1.83 | 3.00| 1.5
i | i
Table 8
Trace element content of soils (in ppm)
Soils Mn Cu Co Mo
T F D T ¥ D T ¥ D T F D
Send 45 42 3 5.62 6.04| 0.42 0.58 0.57 0.01]0.50|0.37| 0.13
Loamy sandy | 285| 103|182 | 11.25 | 8.08| 3.17 | 2.29 | 2.10| 0.19|2.25(1.58| 0.67
Sandy loam 285 | 142|142 | 23.715 | 25.40| 0.40 4.80 3.68 1,121 2,75 | 1.31| 1.44
Loam 400 | 212|188 | 22.81 | 22.64| 0.17 1.10 5.23 1.87| 2.50 | 1.82| 0.68
Clay loam 355 128|227 | 34.00 | 33.93| 0.01 | 7.49 | 5.97| 1.52|3.80] 1.03( 2.77
Cley 425| 221|204 | 68.00 | 54.98| 13.02 | 24.55 | 13.46 | 11.09| 3.75| 2.99| 0.76
Loess 240 | 127|113 | 17.81 | 14.45| 3.35 | 4.33 | 3.06 | 1.27|3.00| 1.15| 1.85

T - total content
F - content in all separated soil fractions
D - trace elements soluble during frectionation of soil sample
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The trace elements contained in the organic substance and the soluble
ferric hydroxydes are removed from the sample during fractionation. The
content of these forms of trace elements was calculated from the differen-
ce between the whole content in the sample and the amount found in all
the fractions (Tab. 8). The largest content of soluble forms was found for
manganese. Cobalt and molybdenum were soluble in moderate amounts.
Again, copper was most strongly bound with the soil minerals.

CONCLUSIONS

From the performed investigations the following conclusions may be
drawn:

1. The results of mineral composition determinations speak for the
continuance of the existing classification of grain size fractions according
to PSSS norms.

2. According to specific gravity determinations three groups of textu-
ral fractions may be discerned: the light fractions — more than 0.02 mm
diameter, the medium heavy fractions 0.02—0.002 mm, and the heavy
fractions — less than 0.002 mm diameter.

3. The determinations of maximum hygroscopicity allow to discern
following textural groups: very low hygroscopicity (MH less than
0.20%0) — particle size 1.0—0.05 mm, moderate hygroscopicity (MH =
0.20—3.0°/¢)—particle size 0.05—0.002 mm, and a large, suddenly incre-
asing hygroscopicity (MH = about 16°) — particle size less than
0.002 mm.

4. According to the pF curves the PSSS classification is correct for
the limit 0.1 mm (between sand and fine sand). The limit 0.02 mm be-
tween fine fine sand and coarse silt) is open to discussion as the coarse
silt fraction absorbs water similarly to the fine fine sand fraction.

5. The base exchange capacity of sand and fine sand is very low (it
does not exceed the values obtained for quartz and felspars). The limit
0.1 mm (between sand and fine sand) gives no very distinct changes. The
base exchange capacity strongly increases in the fractions less than
0.02 mm and less than 0.002 mm diameter. Therefore the PSSS fraction
classification is correct in respect to base exchange capacity.

6. The content of macroelements usually allows to stress the limits
0.05 mm and 0.005 mm as the principles of classification.

7. The content of trace elements in the boulder loams and the loess
speak for the continuance of the existing classification into fractions ac-
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cording to PSSS norms. The clay differs somewhat: trace element content
(not extracted during sample preparation) decreases considerably altho-
ugh uniformly together with particle size decrease down to 0.005 mm;
a further particle size decrease causes some increase in trace element
content.

8. The classification of fractions used by the Polish Society of Soil
Science (i.e. sand 1—0.1 mm, fine sand 0.1—0.02 mm, silt and clay less
than 0.02 mm diameter) is correct in most cases for the properties of the
rocks investigated here. In the future additional research should be made
on the comparison of the properties of fractions with particle size less
than 0.02 mm and less than 0.01 mm — to elucidate which of these should
be used as the upper limit of the silt and clay fraction.

9. When characterizing the soils on the base of their mechanical com-
position, the content of colloidal clay (less than 0.002 mm particle size)
should be universally reckoned with in our investigations.
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PROPRIETES PHYSIQUES ET CHIMIQUES DE DIFFERENTES FRACTIONS
GRANULOMETRIQUES DE CERTAINES ROCHES-MERES

Résumé

Au cours du Congrés International de Pédologie tenu a Bucarest en 1964 la
Commision de Physique des Sols de la Sociéte Polonaise de Pédologie (PTG) a pré-
senté les résultats de ses recherches concernant la détermination de la limite
inférieure du squelette des sols. On congoit comme squelette les particules au-dessus
d’un milimétre,

Les recherches ont été continuées pour caractériser les différentes fractions
granuiomeétriques distinguées par PTG et pour vérifier les bases de cette classifica-
tion. A cette fin on a choisi des roches-méres, comme n’ayant pas été changées
par les processus pédogenétiques. On a procédé a des analyses de sables, d’argiles
morainiques, d’argile Tertiaire et de loess. On a prélevé des échantillons: de limon
moyen et lourd — dépdts du Wiirm, de limon léger, de sable faiblement argileux et de
sable friable — dépdts du Riss. L’argile Tertiaire provenait de la Basse Silésie,
le loess — du Plateau de Lublin.
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On a préparé les sols selon la méthode de Jackson et on a ensuite séparé les
fractions suivantes:

1 — sable grossier (1,0—0,5 mm);

2 — sable moyen (0,5—0,25 mm);

3 — sable fin (0,25—0,1 mm);

4 — limon grossier (0,1—0,05 mm);

5 — limon fin (0,05—0,02 mm);

6 — argile limoneuse grossiére (0,02—0,005 mm);
7 — argile limoneuse fine (0,005—0,002 mm);

8 — argile (< 0,002 mm).

Ces recherches ont permis de présenter les conclusions suivantes:

1. La composition minérale s’accorde bien avec les fractions granulométriques
distinguées par PTG.

2. En se basant sur le poids spécifique on peut proposer les groupes de fractions
suivantes: fractions légéres (> 0,02 mm), fractions de poids moyen (0,02—0,002 mm)
et fractions lourdes (< 0,002 mm).

3. On peut grouper les fractions d’apres leur hygroscopicité maximum: fractions
a hygroscopicité faible (MH > 0,20 °/ et diamétre 1,0—0,05 mm), fraction a hy-
groscopicité moyenne (MH = 0,20—3,0 %o et diameétre 0,05—0,002 mm) et fractions
a forte hygroscopicité (MH ca 16 % et diamétre < 0,002 mm).

4. Pour les courbes de pF la limite entre le sable et le limon s’accorde avec
la nomenclature de PTG. On doit, au contraire, discuter la limite entre le limon
et la fraction lévigable (a4 diameétre < 0,02 mm), car la fraction d’argile limoneuse
grossiére absorbe l’eau pareillement a la fraction de limon fin.

5. La capacité d’échange cationique du sable et du limon est trés basse, comme
pour le quartz et les feldspaths. La limite entre le sable et le limon n’est pas nette.
La capacité d’échange de cations accroit considérablement dans la fraction < 0,02 mm
et surtout la fraction < 0,002 mm. La composition granulométrique d’aprés PTG est
donc juste dans la majorité des cas s’il fallait la baser sur la capacité d’échange
cationique.

6. Pour l’analyse chimique totale (macroéléments) il est préferable de se baser
sur les fractions a diamétre < 0,05 mm et << 0,005 mm.

7. Le taux d’oligoéléments dans les dépdts morainiques et dans le loess cor-
respond a la composition granulométrique d’aprés PTG. L’argile Tertiaire différe
un peu car la diminution de diamétre de fraction s’accorde directement avec la
diminution de taux d’oligoéléments jusqu’au diameétre 0,005 mm, et ensuite le taux
des oligoéléments s’éléve a nouveau.

8. La composition granulométrique usitée par PTG (sable 1,0—0,1 mm, limon
0,1—0,02mm et particules lévigables a diameétre << 0,02 mm) correspond dans la
majorité aux propriétés des roches étudiées. Il faudra prochainement analyser des
fractions a diamétre < 0,02 et < 0,01 mm pour choisir une d’elles comme la limite
proposée de la fraction lévigable.

9. Dans les recherches pédologiques il faut prendre cas aux particules a diamétre
< 0,002 mm.

2 Roczniki gleboznawcze
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L. KROLIKOWSKI, B, ADAMCZYK, J. BORKOWSKI, H. KROL, Z. PRUSINKIEWICZ,
S. RZASA, E. SLUSARCZYK, C. SWIECICKI, S. TRZECKI, T. WOCLAWEK

KENNZEICHNUNG DER PHYSIKALISCHEN UND CHEMISCHEN
EIGENSCHAFTEN EINZELNER MECHANISCHER FRAKTIONEN
DER MUTTERGESTEINE

Zusammenfassung

In Bezug auf den 1964 in Bukarest abgehaltenen Bodenkundekongrefl, hatte
die Kommission fiir Bodenphysik der Polnischen Gesellschaft fiir Bodenkunde,
Untersuchungsergebnisse liber die Grenzen der Einteilung in Skelett- und Feinerde-
Teile der Bodden vorgestellt, wobei die Kommission vorschldgt, als Grenzwert
® 1 mm und nicht 2mm anzunehmen.

Die vorliegende Arbeit wurde durch die Kommission unternommen, um die
von der Polnischen Gesellschaft fiir Bodenkunde ausgesonderten mechanischen
Fraktionen der Boden zu kennzeichnen und die Billigkeit der angenommenen Eintei-
lung zu bergriinden.

Proben zur Untersuchung wurden entnommen aus dem Muttergestein, also
aus einem Material, das den Bodenbildungsprozessen nicht unterliegt. Man analy-
sierte Sande und Geschiebelehm, tertifiren Ton und Lo8B; Lehm und schwerer Lehm
wurden von dem Gebiete des Wiirm (Bez. Olsztyn), ahnlemiger Sand (Bez. Poznan)
und Flugsand (Bez. Kielce) von dem Gebiet des Riss entnommen. Der Ton kommt
von Niederschlesien und Lo von der Lubliner-Hochebene her.

Die Proben hatte man nach der Jackson-Methode fraktioniert, wobei folgende
Fraktionen abgesondert wiirden;

— Grobsand (@ 1,0—0,5 mm);

— feinerer Grobsand (@ 0,5—0,25 mm);
— groberer Feinsand (¢ 0,25—0,1 mm);
— mittlerer Feinsand (@ 0,1—0,05 mm);
— feinerer Feinsand (¢ 0,05—0,02 mm);
— Schluff (¢ 0,02—0,005 mm);

— feiner Schluff (¢ 0,005—0,002 mm) und
8 — kolloidaler Ton (¢ < 0,002).

Auf Grund der durchgefiihrten Untersuchungen, konnen folgende Schliisse
gezogen werden:

1. Untersuchungsergebnisse fiir mineralische Zusammensetzung sprechen fiir die
Erhaltung der bisherigen Einteilung in Fraktionen, nach den durch die Polnische
Gesellschaft fiir Bodenkunde bestimmten Normen.

2. Auf Grund des spezifischen Gewichts kénnen drei Fraktionengruppen abge-
sondert werden. Es sind: leichte Fraktionen << 0,02 mm, mittelschwere 0,02—0,002 mm
und schwere Fraktionen > 0,002 mm.

3. Auf Grund der maximalen Hygroskopizitat konnen die Fraktionen in folgende
Gruppen eingeteilt werden: Gruppen von sehr niedriger Hygroskopizitat
(MH < 0,20°/0), — Fraktionsdurchmesser 1,0—0,05 mm; von mittlerer Hygroskopizitat
(MH = 0,20—3,0°/0) — Fraktionsdurchmesser 0,05—0,002mm und von hoher, stark
ansteigender Hygroskopizitat (MH ca 16°) — Fraktionen < 0,002 mm.

4. Fiir pF-Kurven ist die angenommene Einteilung richtig flir Sand und obere
Grenze des Feinsandes. Die untere Feinsandgrenze und die obere der abschlammba-

S O B W N
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ren Teile bleiben diskutabel, da die Schluffraktion den der feineren Feinsandfraktion
nahe Sorptionseigenschaften, hinsichtlich des Wassers, aufweist.

5. Die Austauschkapazitidt des Sandes und der feineren Feinsandfraktion ist
sehr niedrig (sie iiberschreitet nicht die Werte fiir Quarz und Feldspat). Die Abgren-
zung des Sandes von der feineren Feinsandfraktion ist ziemlich schwach ausgeprigt.
Sie ist deutlicher in den Fraktionen < 0,02 mm und < 0,002 mm. Die durch die Polni-
sche Gesellschaft flir Bodenkunde verwendete Einteilung in Fraktionen ist also
hinsichtlich der Austauschkapazitit allgemein richtig.

6. Hinsichtlich der chemischen Zusammensetzung an Makroelementen, konnen
als Einteilungsgrundlage Teilchen ¢ < 0,05 mm und @ < 0,005 mm dienen.

7. Der Gehalt an Mikroelementen in Geschiebebildnissen und im Lo8 spricht
fiir das Erhalten der bisherigen Einteilung nach der Polnischen Gesellschaft fiir
Bodenkunde. Der Ton verhilt sich etwas anders — der Gehalt an Spurenelementen
(wenn sie widhrend der Préparierung der Bodenproben nicht extrahiert werden)
nimmt, mit der Minderung des Durchmessers bis 0,005 mm ziemlich stark ab,
wiahrend eine weitere Minderung des Durchmessers eine gewisse Zunahme des
Mikroelementegehalts bewirkt.

8. Die, durch die Polnische Gesellschaft fiir Bodenkunde angewendete Eintei-
lung in mechanische Bodenfraktionen (Sand ¢ 1—0,1 mm, feinere Feinsandfraktion,
@ 0,1—0,02 mm und abschlimmbare Teile < 0,02mm) ist fiir die im Rahmen der
Arbeit untersuchten Eigenschaften der analysierten Bildnisse, in der Mehrheit der
Fialle als richtig anzunehmen. In der Zukunft sollte man zusidtzliche Untersuchungen
iiber den Vergleich der Eigenschaften der Teile mit ® < 0,02mm und @ < 0,01l mm
unternehmen um es aufzukliren, welcher von diesen Durchmessern als obere
Grenze der abschlammbaren Teile anzunehmen ist.

9. Bei der Kennzeichnung der Bdden auf Grund ihrer mechanischen Zusammen-
setzung, soll in unseren Untersuchungen allgemein die Aufmerksamkeit dem Gehalt
an kolloidalen Teilchen gewidmet werden.

L. KROLIKOWSKI, B, ADAMCZYK, J. BORKOWSKI, H. KROL, Z. PRUSINKIEWICZ,
S. RZASA, E, SLUSARCZYK, C. SWIECICKI, S. TRZECKI, T. WOCLAWEK

CHARAKTERYSTYKA WEASCIWOSCI FIZYCZNYCH I CHEMICZNYCH
POSZCZEGOLNYCH FRAKCJI MECHANICZNYCH SKA: MACIERZYSTYCH
GLEB

Streszczenie

Komisja Fizyki Gleb Polskiego Towarzystwa Gleboznawczego, w zwigzku z od-
bywajacym sie Miedzynarodowym Kongresem Gleboznawczym w 1964 r. w Buka-
reszcie, przedstawila wyniki badan nad ustaleniem granicy podziatu na czeSci szkie-
letowe i cze$ci ziemiste gleb, proponujgc powszechne przyjecie ¢ 1 mm a nie 2mm —
jako warto$ci granicznej.

Niniejsza prace Komisja podjeta celem scharakteryzowania wyréznianych przez
PTGleb frakcji mechanicznych gleb oraz uzasadnienia w jakim stopniu przyjety
podziat jest stuszny.

Do badan pobrano probki z materialu nie objetego procesami glebotwérczymi,
a wiec ze skal macierzystych gleb. Analizowano piaski i gliny zwalowe, il trzecio-

2%
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rzedowy i less. Gline $§rednig i ciezkg pobrano z terenu ostatniego zlodowacenia
(woj. Olsztyn), a gline lekka (woj. Warszawa), piasek stabogliniasty (woj. Poznan)
i piasek luzny (woj. Kielce) — z terenu zlodowacenia §rodkowo-polskiego. It pochodzi
z Dolnego Slaska, a less z Wyzyny Lubelskiej.
Prébki frakcjonowano metodg Jacksona, wydzielajgc z nich nastepujgce frakcje:

— piasek gruby (¢ 1,0—0,5 mm);

— piasek $redni (@ 0,5—0,25 mm);

— piasek drobny (¢ 0,25—0,1 mm);
pyt gruby (@ 0,1—0,05 mm);

— pyt drobny (@ 0,06—0,02 mm);

— it pylowy gruby (¢ 0,02—0,005 mm);

— it pylowy drobny (@ 0,005—0,002 mm);

— it koloidalny (¢ < 0,002 mm).

Na podstawie przeprowadzonych badan mozna wyciggnagé nastepujgce wnioski:

1. Wyniki otrzymane dla sktadu mineralnego przemawiajg za utrzymaniem do-
tychczasowego podziatu na frakcje wg norm PTGleb.

2. Na podstawie ciezaru wtlasciwego mozna wyodrebnié¢ trzy grupy frakcji:
frakcje lekkie > 0,02 mm, frakcje $rednio ciezkie 0,02—0,002mm i frakcje ciezkie
< 0,002 mm.

3. Na podstawie maksymalnej higroskopowo$ci mozna podzieli¢ frakcje na
nastepujgce grupy: o bardzo niskiej higroskopowosci (MH < 0,20%), — $rednica
frakeji 1,0—0,05 mm; o Sredniej higroskopowosci (MH = 0,20—3,09/0) — Srednica frak-
cji 0,06—0,002mm i duzej, gwaltownie wzrastajgcej higroskopowos$ci (MH == ca
16%/0) — frakcje << 0,002 mm.

4. Dla krzywych pF przyjety podzial jest stuszny dla piasku i gérnej granicy
pytu. Dolna granica pylu i gérna czeSci splawialnych pozostaje sprawag dyskusyjna,
poniewaz frakcja ilu pylowego grubego ma wtlasciwo$ci sorpcyjne wzgledem wody
zblizone do frakeji pytu.

O T O U w N

5. Pojemno$¢ sorpcyjna kationowa piasku i pylu jest bardzo niska (nie prze-
kracza warto$ci uzyskanych dla kwarcu i skaleni). Granica miedzy piaskiem i py-
lem =zaznacza sie do§¢ stabo. Wyraznie wzrasta ona we frakcjach < 0,02 mm
i < 0,002 mm. Podzial na frakcje stosowany przez PTGleb. jest wiec na ogét w od-
niesieniu do pojemnoSci sorpcyjnej stuszny.

6. W odniesieniu do skladu chemicznego makropierwiastkéw ogélem za podstawe
podziatu moga stuzyé czesci o @ < 0,05 mm i 0o @ < 0,005 mm.

7. Zawarto$é mikroelementéw w utworach zwalowych i w lessie przemawia za
utrzymaniem dotychczasowego podzialu PTGleb. 11 zachowuje sie nieco odrebnie —
zawarto§é pierwiastkéw §ladowych (nie wyekstrahowanych z prébek w trakcie
preparowania gleby) obniza sie znacznie cho¢ réwnomiernie ze zmniejszeniem sie
$rednicy czgstek do 0,005 mm, dalsze zmniejszenie sig¢ S$rednic powoduje pewien
wzrost zawartoSci mikroelementéw.

8. Stosowany przez PTGleb. podzial na frakcje mechaniczne (piasek ¢ 1—0,1 mm,
pyl © 0,1—0,02mm i czeci sptawialne <T0,02mm) jest w wigkszo$ci przypadkdéw
stuszny dla przebadanych w ramach pracy wiasciwo$ci analizowanych utworéw.
W przyszio§ei nalezaloby podja¢ dodatkowe badania nad poréwnaniem wtasciwosci
czesei o @ <0,02mm i o @ <0,0lmm celem wyja$nienia, ktérg z tych Srednic
nalezy podawaé jako goérna granice czesci sptawialnych.

9. Przy charakterystyce gleb na podstawie ich skladu mechanicznego nalezy
w naszych badaniach powszechnie zwracaé uwage na zawarto$¢ cze$ci koloidalnych.
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JI. KPYJIUMKOBCKM, B. ATAMYMK, . BOPKOBCKM, X. KPV/Jb,
3. IPYCUMHKEBUY, C. 2KOHCA, E. CIIOCAPYMK, II. CBEHUMUIKNM, C. TPXKEIIKN
M T. BIOIIIABEK

XAPAKTEPUCTUKA PUBUYECKUX UM XMMMNYECKUX CBOVICTB
OTIEJBHBIX MEXAHUYECKUX SPAKIUI MATEPVMHCKOJV IIOPOILI IIOYB

Pezmome

Kommceua dusmgm mouB Iloabckoro O6miectBa ITouBOBENOB, B CBA3M € Mex-
nyHaponubiM Konrpeccom ITouBoBenoB B 1964 r., coctoaBLINMCA B Byxapecre, N30~
JIa pe3yJbTaThl MCCJELOBAaHVII IO ONPEAEJIEHNMIO I'PAHNIIBI MEXKY CKeJeTHO (bpakiiiein
IOUBBI J1 MEJIKO3€MHOJM, TNpeAaJyiarasd CumMTaTb IPeAeNbHOM BeJMYMHOI JAuaMeTpa
3epeH He 2 MM, a 1 MM.

HacTrosAmaa pabora Oblia MHpeAlpMHATA C LEJbI0 YyCTAaHOBUTH HACKOJBKO OIPaB-
[aHO CyLIeCTBYIOLee ronpasfeseHne hpakumii u 0oJiee AETaJbHOM XapaKTEPUCTUKIL
3TUX (hparimii.

B wuccienoBaHMAX NPUMMEHANM MaTepMas He IIoABEepPraBLUMiICA II0YBOOOpa3y-
IOLMM IIpolleccaM, T.e. MaTepHas MaTepuMHCKMX mnopon. IIpoaHanu3oBaHbl Oblin
NeCK), MOPEHHBIE TJMHBI, TPETUYHBbI MA M Jecc. I'MIMHY CPEJHIOK M THIKeJYIO
Opajy Ha TEPPUTOPMM IIOCIENHETO OJIENEHEHUA (OJbILUTHIHLCKE), INIMHY JIETKYIO (Bap-
HI1aBCKe), CJabOorNMHMCThINA IeCOK (ITO3HAHBLCKE) M JIeTKMiI IecoK (Kejeuke) — Oparm
Ha TEepPPUTOPUM CPEIHEe-IIOJNBLCKOTO oJiefeHeHnd. Vi npoucxoana u3 Hiunkaent Cunesnmn,
a Jecc mn3 JIIOGJIMHCKOM BO3BBIILIEHHOCTH.

DparKuMOHMPOBaHME OOpa3LOB IPOBOAMIM TII0 MeTOoAy JIKeKCOHa, BbIZeaAd
cnepyouwye pagImn:

1 — gkpymublit necok (P 1,0—0,5 mm);

2 — cpegumit necox (0,5—0,25 mm);

3 — mengnit necox (0,25—0,1 Mm);

4 — xpynHaa neuib (0,1—0,05 mMm);

5 —Menkasa neuib (0,05—0,02 mMm);

6 — uan neumcerbit (0,02—0,005 MMm),

7 — rourmuit ua (0,006—0,002 MmMm) u

8 — ua KoJuIonzanbHblil (MeHbiIe 0,002).

VI3 poBeAEHHBIX aHaNM30B CJEAYIOT BbIBOIBI:

1. IlonyyeHHble pe3yJabTaTbl AJS MMHEPAJIbHOTO COCTaBa IIOATBEPIKIAIOT Npa-
BUJILHOCTL IIPMMEHAEMBIX OO0 CcuX Iop HOpM (dparumit mo Iloabckomy OGLuecTBy
I0YBOBEJIOB.

2. TIo ymenbHOMY Becy MOIKHO BBIZEJNUTH TPM TPYNNbl (OparLmii: jerkas — G0Jb-
me 0,02, cpegHe Taxenaa — 0,02—0,002 1 TAaxkenaa — Mmenblue 0,002 MM.

3. IIo rMrpoCKONMYHOCTM MOIKHO Pa3feNMTh Ha: HU3KO I'UTPocKormMuHyio (0,20%0),
@ dpakumm 1,0—0,05 MM; cpeade rurpockommynyo (0,20—3,0%0), @ dpagumm 0,06—
0,002 MM; BBICOKO I'MIPOCKONMMYHYIO (OK. 16%0), O dpakiym menbiue 0,002.

4. B orHOLIEHVMY COPOIMOHHON CIIOCOOHOCTM CYLIECTBYIOLIVE HOPMbl BepPHBI
JulIb AJA IIeCKa M BEPXHeN IPaHMIlbl IbLIM, B OCTAJbHBIX CJIYy4adX BOIPOC OTKPBIT,
TaK KaK MJI NBUIMCTBIM MMeeT COpOLMOHHBbIE CBOIMCTBA IIO OTHOLUEHUIO K BOJ)E MOYTU
Takue Xe KakK M (Ppakivsa ObLIN.

5. EMKOCTb IIOIJIOLUIEHMA KaTMOHOB JJIs IecKa M IbUIM O4YeHb HM3KA. Paznuunsa
MeXJy IIeCKOM M IbLIbI0 HeGoabuine. EMKOCTH BO3pacTaeT II0 MEPe YMEHbLIEHUS
muaMmeTpa dactul. B saToM oTHowmenuy HopMmbl IIOIlo4B. onpaBaaHbI.
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6. IIo comep:XKaHMUIO MAaKpOSJEMEHTOB B OCHOBY eJIEHMSA MOXKHO TIOJIOKUTDH
tbpakumm O menbure 0,05 MM u O Menblue 0,005 M.

7. CopepzkaHue MUKDPOSJIEMEHTOB B MOPEHHbIX 00pa3oBaHMAX M B Jiecce II0f-
TBEPZKAAET CYLIECTBYIOIME HOPMEBI. VI Befmer cebA HECKOJNbKO MHAue — COAEpIKaHMEe
MMKPO3JIEMEHTOR IMOHMKAETCA C yMeHbUIeHyeM auamMerpa dactuil go 0,005 ma, a 3aTeMm
HECKCJIbKO BO3pacTaerT.

8. Ilpumensaemoe a ITOIlouyB. HejieHMe Ha MeXaHudeckue dpakumm (mecox @ 1,0—
0,1 Mm; nemie @ 0,1—0,02 MM; mamcras 4dacThb MeHblue 0,02 MM) B GOJBIIMHCTBE
uccaeayeMblX CJiy4daeB NPaBMJIIBHO OTpakaeT CBOMCTBa noponabl. OxaHaxo Heob6xozmmo
elte McciaenoBaTb yacTunbl (O Mmenpure 0,02 MM M @ membme 0,01 MM Aiasa ycTa-
HOBJIEHMA BepXHEel IPAaHMUIbl MIMCTOM YaCTHu.

9. XapakTepyucTuKa IIOYB II0 MX MEXaHMYECKOMY COCTaBy HNOJIZKHA 00A3aTENLHO
YUYUTbIBATh COLEPIKAHME KOJIJIOMAHBIX YaCTUIL].



