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THE INFLUENCE OF WEATHERING ON THE ENGINEERING
PROPERTIES OF ANDESITES

(Fig. 1—19)

Pesiome: B cratbum pasGmpaiorcs pesyJbTaThl BbIBETPHBAHMS HEOTEHOBBIX aH-
nesutos Ha Tteppuropunm CroBakmu. ABTOP aHaJIM3HPYeT NPOLECCH! BLHIBETPUBAHMUA,
OlLICHHBAeT BJIMAHHE BHIBETPBAHA HA 3MEHEHHEe (UISUKO-MEXaHHMUYECKMX CBOMCTB aH-
Ne3UTOB ¥ TMpelyiaraeT KOJIMYEeCTBEHHYIO OLEHKy CTeleHHM ux BeiBerpesnoctu. Oxwo-
BPEMEHHO TIIPOBOJMT aHAJM3 pPasBUTHA KOP BHIBETPUBAHUA AaHIE3UTOB Ha TEppH-
topuu CroBakuu.

Abstract. The paper deals with the weathering of Neogene andesites in
the Slovak territory. The author analyzes the primary processes participating in
the weathering, evaluate their influence on the change of engineering properties
of andesites and presents a semiquantitative evaluation of their weathering
grade. He analyzes also the evolution of andesite crust of weathering in the
Slovak territory.

Introduction

Andesites in Slovakia belong to the most widespread rocks which suit well as
foundation rock and as construction material. However. their engineering properties
are [requently worsened by intense weathering. To reduce engineering geological
investigations expenses and to avoid an incorrect use of unsuitable altered andesites in
more pretentious constructions it is necessary to find out the influence of weathering
on their engineering properties and to find appropriate quantitative indicators of the
weathering grade. Furthemore it is important to know the time dependence and depth
of weathering as well as its regional nature and extention.

Concepts and Definitions

Weathering is the sum of physical, physio-chemical and biochemical processes which
are altering the composition. state and properties of rocks in the upper part of the
carth’s crust under the influence of the atmospheric, hydrospheric and biospheric agents
and also activity by man (V. A. Priklonskij 1955).

The upper part of the earth’s crust in which the rocks are submitted to the
atmosphere, hydrosphere and biosphere affect is called the zone of weathering.
According to local conditions, mainly the topography and the depth of the ground-
water table and its regime, this zone may reach from some tens to several hundreds
meters.

The physical and chemical (physio-chemical and biochemical) processes take place
simultaneously in the zone of weathering. Under certain conditions the physical.
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Fig. 1. The Fitzberg Cuarey wall near Kru-
pina (Central Slovakia) in pyroxenic ande-
sites.  Intensely  weathered andesite in the
upper part of the quarry represents the
remnants of the Neogene crust of weathering,
Individual horizons of the crust of weathering
I[—IV are indicated in the photograph.

processes  may  predominate  cavsing  the
rock disintegration. while under another
conditions the chemical processes may pre-
dominate causing the rock decomposition.
Thus a deep gradual alternation of all the
rock properties takes place. and quite new
engineering geological types of rock origi-
nate within the zone of weathering [orming
the erust of seathering.

The development  of the weathering
crust depends both on the rock properties
(internal conditions) and on the environ-
mental conditions. such as climatic. geo-
structural.  hydrogeological.  geomorpholo-
gical and biological (external conditions).
The nearer to the surface the greater is the
influence of the external conditions. from
which namely the elimate influences deeisi-
vely the weathering of rock.

The intensity of alterations in composition. physical state and properties of rock
within the crust of weathering changes with the depth. Rock  alterations are  less
manifest in the depth of the rock mass. Considerable changes may take place in the
subsurface, so that the rock acquires quite new properties. The parts of vertical profile
of the weathering crust in which the lithological-petrograpliical properties of rocks
are similar, but substantially different from the neighbouring hizgher or lower parts
ol the profile are called the horizons of the weathering crust (Fig. 1, -

Changes in ngineering Properties Due to Weathering of Andesites

In more advanced stages of weathering the andesites acquire a conspicuous cha-
racter of soil. However. in this study attention is directed mainly to the initial phases
of weathering, The initinl changes in the composition ol andesites during weathering
are frequently incipient and in a perfunctory evaluation they may pass unobserved.
Ioven so such initial changes substantially alter the engineering properties of andesites.

In the initial veathering phases of andesites. the most decisive role is played by
the presence of connected microfvactures which permit water and air lo penetrate
imto the rock material. The tests of air permeability and saturation moisture capacity
point to the presence of connected microfractures even in fresh andesites (Fig. 3).
Even in the soundest andesites the saturation moisture content (in weight) is greater
than 0.2% which means that the connected microfractures repr
the total rock volume (Fig. 4).

ent about 0.5 % ol
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Fig. 2. Characteristics of individual horizons of the crust of weathering of pyroxenic andesite
in the Fitzberg Quarry near Krupina (in Fig. 1) and the indicator of their weathering grade
(saturation moisture content N by weight). Crosses indicate the values for the weathered
exterior of the fragments. The ,in situ™ rock characteristics in the rock mass are indicated

by the rebound height (R) of Schmidt's rebound hammer, type M.
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Iig. 3. Relationship between the air per- Fig. 4. Dependence of saturation moisture
meability (D) and the saturation moisture content (N) on the porosity (n) of the

content (N) of the pyroxenic andesite from
the quarry near the village of Teplicka

(Central Slovakia).

pyroxenic andesite taken from the quarry
near Teplicka.
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Fig. 5. Zonal weathering of boulders of py-

roxenic andesite in the horizon of slight

weathering (I11) in the Fitzberg Quarry wall
(in Fig. 1}.

The basic types of andesites are more
resistant to weathering in the initial stages
than are more acidic andesites. Owing 1o
the denser texture basic andesites contain
less microfractures than the acid types of
andesites. Yet individual minerals weather
in the opposite direction. from more basic
to more acid ones. At a certain stage of
rock disintegration, when air and water
access 1s facilitated. a lesser resistance of
basic minerals becomes manifest and a
quicker weathering sets on in more basic
types of andesites. Andesites are also less
resistant in  the vicinity of tectonically
“affected zones due to inerofracturing.

The primary proces of andesite weather-
ing is the hydration and hydrolysis which
occur in connection with the penetration
of dissociated water solutions into the rock.
The increased volume of the hvdratel rock
parts will result in the widening of
existing and development of new micro-
fractures. This causes am increase in per-
meability. access of further water into the
rock and an increase in intensity of

o weathering (Fig. 5). Hydrolysis of silicate
604 S0 minerals losens appropriate lattice cations

(mainly Ca®, Mg*2, Na*, K*) and facilitates
their transition to solution. Meanwhile the
50+ texture of the surficial silicate lattice layer
changes and its gradual decomposition
takes place with simultaneous formation of
40 secondary minerals. Among the secondary
minerals of the epidote. chlorite. clay
minerals (illite and kaolinite) and hydro-

Al,O;

FFig. 6. The content of main chemical con-
stituents of the pyroxenic andesitefrom the
Fitzberg Quarry near Krupina taken from
a sound core (black columns) of fragment
(in Fig. 2) and from its weathered exterior
(white columns). The chemical analysis was
carried out in the laboratory of the Geological
Institute, Faculty of Natural Sciences of the
Comenius University.




THE INFLUENCE OF WEATHERING 335

Fig. 7. Relationship between the increased volume ¥

(A'V) and the saturation moisture content (N) AV:Ze

established during saturation test on the pyroxenic
andesite taken from the quarry near Teplicky. 744

12-
xides. Although some silica as SiO 1is i
removed during weathering. AI'* which is 104
also released during this decomposition is 1
incorporated in the lattice structure of 08 -

secondary minerals. Some K* is also fixed
to the secondary minerals. Fe'? passes into

. 3 s 3 064
immobile hvdroxides (Fig. 6). Under cer- '

tain circumstances if the concentration of 1
carbonates exceeds, under given partial 0,4+

pressure-temperature conditions, the limit
of solubility, some Ca? is fixed in the

A 3 3 0.2
form of calcite. The intensity of hydrolysis 4
increases with the temperature and mois- 1 %
ture. T T T T
0 1 2 3 4 N%

Comprehensibly, such deep textural changes of the rock. and first of all the volume
unsteadiness of a considerable part of the secondary minerals in touch with water,
sauses reduction in the resistance of andesites to further weathering. especially in
conditions of extreme temperature and moisture changes.

Under changing conditions of temperature and -humidity. considerable physical
changes take place also in fresh andesites. Volume changes due to temperature changes
near the earth’s surface in individual primary minerals attain hundredths, maximally
even above tenths of percent (P. Clark 1966). Even if these volume changes are
slight they result in sustained stress changes in the rock, enlargement of the existing
microfractures. and eventually in the creation of new microfractures. However, volume
changes in minerals due to temperature changes would not suffice to cause by them-
selves the disintegration of the rock (E. C. Roth 1965). Very important role plays
at this process water and waler vapour which are practically always present in the
rock in humid areas, however, are drawn immediately in the enlarged or newly
opened microfractures by capillary suction. Thus adsorption and pore pressure are
increased. Due to capillary and adsorption pressure. enlargement of rock volume takes
place (Fig. 7). In laboratory tests a volume increase by 0.06 0/y of the fresh andesite
sample took place during saturation moisture content even under the load of 10.5 MPa.
The thickness of the small water layers fixed by sorption may attain up to several
tenths of micron according to B. V. Derjagin and E. D. Obuchov (in J. S.
Romm 1966) and the pressure up to some thousands MPa according to S. V.
Derjagin (in A. G. Cernjachovskij 1968). Upon repeated closing of the
microfractures in reverse temperature change, the water is not completely pressed
out of them and is manifest by wedging effects. The more intense the temperature
and humidity changes and the more frequently they occur the more intense is the
enlargement and creation of microfractures.

The microfractures are often space oriented in the andesites. The occurrence of
preferential microfracture orientation in andesites is conditioned mainly by the oriented
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Fig. 8. Disintegration of pyroxenic andesite starting along frac
Central Slovakia).

of lamination. The Quarry near Dolny Tisovnik

Fig. 9. Disintegration of pyroxenic andesite with oriented structure in the zone of intense
temperature and moisture oscillation. The upper part of the quarry wall near Dolny Tisovnik
(Central Slovakia).
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[Fig. 10. Unsorted boulders of propyviitized andesite in the rip-rapolthe earth dam of the East

Slovakian water reservoir. The intense disintegration of andesite by its weathering is seen

on the right side of the phoiography. Big bloks in the lower part were brought in only during
the reconstruction of the rip-rap.

siructures (e, g. parallel). Microfractures then oceur and widen along the cleavage
Within connection of enlarged miero-
farctures a network of weathering [ractures is formed near the surface of the rock

planes of tabular and layer-lattice minerals

mass. This network Tollows the primary joint and tectonic fracture systems particularly
those that are parallel to the terrain surface. In andesites with parallel structure,
a platy disintegration is frequently observed in the zone of weathering (Fig. 8. 9).

Finally the wedging effeets of capillary water and of that fixed by adsorption in the
microfractures in cooperation with other physical and physio-chemical processes result
in the total disintegration of the rock. However, in the zone ol weathering under
natural conditions this process is very slow. IFresh andesite is resistant to weathering.
Andesite already partly or slightly weathered is usually protected by surficial material
eventually eluvial horizons against extreme changes of humidity and temperature. If,
however. in an artificial cut slightly weathered andesite is exposed by removal of the
protective cover. the process of disintegralion may atlain considerable intensity and
adversely influence the durability of the construction work. Thus. for instance. pro-
pylitized and slightly weathered andesite used in the rip-rap of the peripheral dam
of the Podvihorlal water reservoir in the Eastern Slovakia began to disintegrale during
the initial years of its operation. After 8 years, expensive reconstruction of the rip-rap
had to be undertaken (IFig. 10, 11).

Internal pressures which result from capillary and adsorption water in the micro-
fractures are obviously cause for decreased strength of moist andesite as compared
to dry andesite. A partial deying out of water the microlractures takes place in the
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Fig. 11. Disintegration character of the propylitized pyroxenic andesite under conditions of
extreme moisture and temperature changes in the rip-rap of the East Slovakian water

reservoir dam in Fig, 10,

[ragments of andesite after breaking off from the rock mass. A release of the internal
stress simultancously takes place by rock loosening. It is accompanied by enlargement
of the microfractures. As a resull. engincering propertics of andesite are changed
(IFig. 12, 15, 16). Also drying of water from the microfractures. and release of Lhe
internal stress cause the gradual loss of cleavage of andesites in fragments.
lce-wedging by freezing is the most marked process of mechanical weathering in
our climatic conditions. However. il is necessary o hear in mind that a whole series

v?
B
z
ZE') a
104 10
é a) b)
08+ 08 -
0,64 0,6 -
04 0.4
0,2+ 0,2
= 1 T T T T y
1 2 3 4 5 N% 0 1 2 3 4 s N%

Fig. 12, Saturation moisture content increase (N) of pyroxenic andesite sample taken from
the quarry near Teplicky after freezing tests under 25 cycles of freezing lo temperature
-20°C and repeated thawing. Saturation moisture content increase occurred in all samples
taken from the rock mass (b), as to samples from the old dump (a) it oceurred only in the
weathered ones in which the saturation moisture content (N) is greater than 1 %,.
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of physio-chemical processes takes place in the frozen rock. The affects of volume
changes caused by freezing water is of primary importance. In a temperature
decrease below [reezing water in the macrofractures freezes followed by the freezing
of water in the microfractures. The influence of capillary forces on the water freezing
point is documented by the graph constructed according to data of T. Borovik —
Romanov (inJ. M. Sergejev 1959: IFig. 13).
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IYig.  13. Dependence of water [reezing in
capillaries related to their diameter (Accor-
ding to T. Borovik — Romanova, in

J. M. Sergejev 1959).

Adsorbed water [reezes gradually from exteranal to internal layered water. Mean-
while according to Bonyonecos —Me Cool observation (in A, M. Bloch
1969) part of strongly bound water did not freeze cven at a temperature of —78 °C.
The freezing sequence of individual adsorbed layers of water is confirmed also by
Kato's observations. In a series of minerals, he observed several summits of
exothermic reactions connected with the release of heat in freezing (in A M. Bloch
1969). Apart from this the water freezing point is influenced also by the composition
and concentration of substances dissolved in water and in clay minerals. for instance,
also the absorbed ions.

The initial freezing of waler in the macrofractures reduces the access of additional
water into the rock. However, as the temperature persists below the freezing point.
a gradual diffusion of water from microfractures towards the ice crystallization centres
takes place in the rock. With inereased saturation of the rock. effects of freezing are
intensified. This is why more intense manifestations of destructive freezing effects
take place where the rock material freezes only from one side exposed to low tem-
peratures while the other side is saturated by water. This was confirmed also by the
observations of A. E. Corte (1969). Such conditions exist. for instance. above the
foundations of piers (Fig. 14). in revetment and rip-rap material of fills and dikes
of water reservoirs. This will require a model adjustment also by the testing techniques.

Indicators of Andesite Weathering Degree

It results from the above said that [rost-resistance of rocks is not a simple function
of porosity and permeability. but it is determined also by structural and petrographic
teristics of rocks and by the conditions of their water saturation. The frost-
resistance is decreased mainly by the amount of connected pores and macrofractures
of sufficient size to permit water Lo freeze at a temperature slightly below 0°C. Under
natural conditions rocks are not as a rule fully saturated with water. During water

charac
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Fig. 14. Rupter of the ashlar stones and concrete by the action of capillary suction of water
and its freezing in the surficial part of the ashlar stones and conerete in the lower portion of
the pier wall.

freezing in andesite, a diffusion of water from the warmer interior of the rock to ils
surface takes place where more extreme temperature oscillations exist. In connection
with the migration of moisture and oxidation as well as hydratation and hydrolysis
of minerals in the surficial part of rock fragments 1o a depth of several centimeters
lakes place.

The mechanical disintegration of rocks is influenced also by eryvstallization of salts
from solutions penetrating the rock. Even if the pressure of ervstallizing salts on the
pore and [racture walls is not great (from 7 Pa to 40 Pa according to V. D. Kuzne-
). it may lead to their intense disintegration. The rapid weatherability test
of rocks in NavSO, solution. or the sodium sulphate soundness test is based on this
principle. Under natural conditions. however, this process does not continue to accele-

rate Lthe rate of mechanical disintegration. From a modelling view point of natural
conditions more Justified is the disintegration test in which the origin and enlargement
of microfractures by hyvdration effects oceur as the result of stress changes in the rock
during extreme temperature and moisture changes.

A considerable increase of microlractures takes place during the inital phases of
weathering of andesites. This is manifest not only in the changes of dry density.
permeability. saturation moisture content and ultrasonic pulse veloeity, but also in the
strength and susceptibility to further weathering.

The relationship between the enginecering properties and the weathering rate of
andesile is further complicated by mineralogical changes during weathering. There is
a decisive loss of strength and an inercase of deformation of andesite in the early
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stages of weathering, particularly with the reduction of erystal energy as chemieal
bonds are changed in the weathering process. However. as weathering progresses and
secondary minerals are formed, some strength properties of the altered rock are
increased. The rate of deerease of the modulus of deformation as a result of
weathering is also lessened. This is documented also by the correlation of physical
properties detected in the laboratory on cube samples (IFig. 15. 16). The ultrasonic
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Fig. 15, Relationship between the uniaxial  Fig. 16. Relationship hetween the modulus of
compression strength () and the saturation  elasticity (E) and the saturation moisture
moisture content (N} of the pyroxenic content (N) of the pyroxenic andesite taken
andesite taken from the quarry near Teplicky.  from the quarry near Teplicky. Points in-
Points indicate the values of the test results  dicate the values from the test results made
made on samples taken from the rock wall, on samples from the rock wall, crosses
crosses indicate the values obtained from indicate those from the old dump.
samples taken from the old dump.

pulse veloeity has a similar course (Fig. 17). That an increase of saturation moisture
content in weathered andesites. apart from microfractures, participates also the sorp-
tion capacity of newly formed clay minerals is proved by the fact that in some cases
of more weathered andesites, the moisture adsorpiion is grealer than the corresponding
pore volume in dry state (J. Nedvara—R. Ondrasik 1975).

With regard to the above mentioned circumstances, dry density, moisture saturation
content and ultrasonic pulse velocity can be well applied as an indicator of the
andesile weathering grade (Tab. 1). From these the saturation moisture content is
detectable most simply and reliably and for this it was chosen as function of the
weathering grade indicator.
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Table 1
!_ o E—— - = P v

\ Saturation

Ultrasonic

Weathering Macroscopic | moisture Dry . pulse
Grad Cl ol content density ooy |
arade waracteristic To(0/ . =g veloelty

N (% by d(gem—3) r (ms=9 |
‘ weight) v (ms ‘
Dark grey colour in gencral, light | }
Unweathered| 876, feldspars with glassy lustre, <1 > 2.6 ) > 4250 |
black shiny pyroxenes. Andesite is
broken with difficulty by hammer |
- v | ~ . . . DR _\
Grey in general with rusty coating |
along joints. Dirty white feldspars
Slightly with dull lustre, black pyroxenes i o 4 p -
r . A VI —2. 2.5-2. 3750—42:
Weathered with dull lustre. Individual frag- 125 —2.6 750—4250

ments broken with difficulty by
hammer

Rusty grey colour in general, dirty
white feldspars with dull to earthy

|
Moderately lustre, brownish black pyroxenes 2.6—6 2.3-2.5 3000—-3750 .
|

W re : .
Neathered with earthy lustre. Frafments are

casily broken by hammer

Bright grey colour in general or

;
Intensely rusty, dirty white or rusty, earthy x
v : . . SSEatyAs > 6 | <23 < 3000 [
Weathered feldspars, rusty, carthy pyroxenes.
Fragments breakable in hand | |

Regional Development of the Crust of Weathering in the West
Carpathian Andesites

The weathering of andesite bodies forming on the etrth’s surface began immediately
after their formation. It was influenced by the then existing humid awrm climate and
the high content of CO; and also of HsS present in the air. In addition to the
atmospheric agents, the penetrating hydrothermal solutions participated in the altera-
tion of andesite mainly along the fault zones. This further accelerated the rate of
weathering. The weathering was accompanied by the surface erosion of the andesite
bodies before they were burried by younger lava flows or pyroclastic material. As
a result. few andesite bodies were preserved in their original form. Rathered weathered
surfaces of andesite bodies give prool to a temporary calming or cessation of voleanic
activity between its main phases.

The present relief of the Central Slovakian volcanites in its rough features formed
at the end of the Neogene (Pannonian) after the calming of the main phases of the
volecanic activity (E. Mazdar 1962). Under subtrapical climatic conditions during
a long-lasting period of tectonic stability. intense weathering and levelling of the
surface of neovoleanites took place. Remnants of relatively thick neogene crusts of
weathering are found on levelled surfaces from this period (Fig. 18). Characteristic
for them is the spheroidal weathering as a result of intense zonal weathering of
individual andesite blocks along joints. The external zones of individual rock blocks
along the joints represented the zone of intense substance exchange between the rock
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Fig. 17. Relationship between the ultrasonic Vit
pulse velocity (V) and the saturation moisture
content (N) in the test samples of pyroxenic
andesite taken from the quarry near Teplicky.

5000

and the environment. As a result, there is
intense surface decomposition. However,  4000-
the interior of the rock blocks is almost
untouched by weathering. The more rock
surface that is exposed, as for example
where jointing is well developed, deeper
penetration of the weathering agent re- i
sults in more severe weathering and
spalling of the rock surface. The intensity . . . . r .

of this process decreases with the depth. ¢ % = S & 5 Tz NR

2000+

Naturally. apart from the depth below the surface, the opening of joints, their filling
and to some certain extent even the orientation of the joints influence the decom-
position of the andesite. The spheroidal disintegration of rocks thus weathered is
manifested only alter their exposure to surface weathering agents. Rapid disintegration
of the outer mantle oceurs through the influence of the temperature and moisture
fluctnations (Fig. 19).

In the quaternary as a whole, physical weathering predominates mainly in alter-
nating freezing and thawing. For this reason the products of mechanical andesite
disintegration in the recent ecluvium predominate over the products of chemical de-
composition. The thickness of the eluvium is determined by the depth of moisture

£
b
E3-

Fig. 18. Extention of andesite and tuffs weathering crust in the Slovak territory. a. Qua-

ternary crust of weathering predominates. b. Quaternary crust of weathering and remnants of

Neogene weathering crust alternately predominate. ¢. Remnants of Neogene weathering crust
predominate,
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Fig. 19. Spheroidal weathering occuring, as illustrated. in the remnants of the lower parts
S v o . o .
of the Neogene crust of weathering after exposure in the quarry wall after several seasons.
The quarry is situated between the villages of Siasa and Babind (Central Slovakia).

and temperature changes. In the Pleistocene glacial periods this depth reached 2—4 m.
At present the depth of intense weathering is 1—2 m. As the Neogene crusts of
weathering were mostly removed at the end of the Pliocene and during the Pleistocene,
the Quaternary forms of cluviae dominate in the present reliel of neovoleanites. Their
thickness. however. dependently upon the energy of weathering agents related to
reliel, especially on the valley slopes, is reduced by the erosion processes.

Conclusions

Hydratation and hydrolysis as well as volume changes during the temperature and
moisture changes are the most important processes of andesite weathering. The in-
fluence of the growth of eryvstals. mainly ice also are important in certain cases. These
various processes intensely influence the engineering properties of the andesite. These
changes can macroscopically be judged in their initial phases only by a professional
;:‘(‘nln,'_fisl.

For practical aims it was necessary lo prepare criteria for the judgement of the
weathering grade and to designate suitable indicators of the weathering rate with the
possibility of their quantitative interpretation. The analysis of the weathering pro-
cesses and the test results of physical properties showed that for andesites the most
suitable indicators of the weathering grade are the dry density. saturation moisture
content and ultrasonic pulse velocity. These physical quantities show good correlation
relationships with engineering properties of andesite. The development, thickness, and
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extent of weathered ecrust are influenced by physical and chemical weathering pro-
cesses that characterize various geological periods.

The understanding of regional processes of development of weathered crusts is of
great importance for the engincering geological investigation. This is of primary im-
portance in the carly phasse of such investigation. It has been shown that in the
area of the Central Slovakian neovoleanites two [undamental types ol crusts of
weathering developed. These are the remnants of thick (up to several tens of meters)
crusts of weathering with predominantly chemically decomposed andesites which formed
during the Neogene and the more spread crust of weathering with predominantly
mechanically disintegrated andesites to a depth of 2—4 m formed during the Quater-
nary. Their regional extension can be followed on the basis of analysis of the geo-
morphological development of the territory.

Translated by E. BLEHO.
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Review by M. MATULA

OB30P TEOXVMHUYECKOI'O MCCIEAOBAHUA OCAIOUYHBIX OBPA3OBAHMIT
B OBJACTU 3ATIAJIHBIX KAPITAT

B ofnactm 3Banmanmbix Kapnar reoxmmuueckme MCCHeNOBaHHSA OCAZOYHBIX O6pasoBaHuii MPOBO-
JMJIMCh PasHBIMM HMHCTHTYTAMM 3 KacaJMCh PasSHBEIX THIOB IOPOA. MUHEpPaJOr HYeCKO-TeoXuMMu-
4ecKoe MCClIeloBaHue TJIMHUCTHIX OTJIOKEHMI ONMpaloUMecs Ha OLEHKY COAEPIKaHM A MHKpPO3JIEMEHTOB
B TOPHBIX noponax 6onee mMonomeix Toam nposomus nou. M. Kpaye xana. mayk (Kadempa monesusix
uckonaeMeix Ecrecrsennoro ¢daxysnprera Yuusepcurera umenu S, A. Komenckoro), yuuTeiBas
TAK)Ke 3aBHCUMOCTH 06JIacTeil pecypcoB, MUHEPAJbHOTO €OCTAaBa M XapaKTepa CpPelbl 0CaaKOHAKON-



