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The determination of the physical and mechanical properties of soils and soft overburden rocks is an important part of the
engineering and geological studies both in development of mineral deposits and in the civil engineering. The reliable values of
such parameters as cohesion and internal friction angle available from experiments determine the stability and reliability of
various facilities and technical installations during their construction and operation.

Purpose. To perform the laboratory tests of physical and mechanical properties of soils and soft overburden rocks and
their shear strength parameters.

Methodology. The paper describes the method of the shear test of soil and soft overburden rock by means of direct shear
device PS—10 with a fixed cut plane. The monolithic undisturbed soil samples were selected from the slopes of Yevpa-
toriyskaya ravine in the city of Dnipropetrovsk. When the samples are loaded by critical values of vertical and tangential loads
in the operating space of the shear device, the cartridge shifting occurs and shear deformations in the soil sample are observed
in the form of horizontal cut. The measurement of soil strength properties and shear strength parameters were determined at
different values of moisture. The values of moisture content in samples were measured by the KERN MLB hydrometer.

Findings. Laboratory tests of the subsiding soil samples with undisturbed structure and different values of moisture con-
tent allowed us to determine the following physical and mechanical properties: shear strength z, internal friction angle ¢ and
specific cohesion C.

Originality. As a result of numerous experiments the dependencies of shear strength parameters of soils and soft overbur-
den rocks from the slopes of Yevpatoriyskaya ravine on the moisture content have been obtained. It allowed establishing pat-
terns of relationship between the physical and mechanical properties of the soft rocks and the degree of their moisture satura-
tion.

Practical value. The application of the reliable experimental data obtained from the shear tests for soils and soft rocks is
useful for the assessment of stability of natural slopes, man-made and bulk rock massifs, as well as civil engineering objects.

Keywords: shear strength of soils, internal friction angle, specific cohesion, shear device PS—10, Mohr-Coulomb failure

criterion, stability of natural slopes

Introduction. Loessial soils are found on all conti-
nents, but they are the most widely spread in Europe, Asia
and America. There is 34% of the area covered by the loess-
ial soils on the continental part of the CIS countries. The
continuous layer of loess lies over the most of the territory
of Ukraine (80%) and the South of the European part of
Russia. Large areas are covered with loess in Central Asia,
Kazakhstan, East, South and West Siberia. Quite often they
are found in Belarus, the Volga region, Yakutia and other
regions. Dnepropetrovsk is one of the most dangerous cities
by the manifestation of landslides in Ukraine, because one
third of its territory is represented by subsidence of loess
loam.

The properties of the soil subsidence were studied by:
Abelev YuM., Abelev M.Yu., Sokolov V.N., Shve-
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tsov G.I., Larionov A K., Sergeev Ye.M., Sadovenko LA.
The strength, stability and durability of buildings and struc-
tures founded on loess soils largely depend on the complete
exception the possibility of soaking foundation during ex-
ploitation. An accident of water engineering communica-
tions and under flooding territory may cause an abrupt re-
duction of strength and deformation characteristics of foun-
dation. Under these circumstances, the loess soil goes into
the category of weak soils even without an increase the ex-
ternal load on the base. This causes landslide processes in
soils, also differential settlement of ground, leading to the
destruction of the surface facilities and communications.
The paper [1] presents the results of the research of the
strength and deformation properties subsidence of soils se-
lected in the ravines and gully network of the city of Dne-
propetrovsk. However, despite a lot of researches devoted to
the strength properties of loess soils, the problem remains
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opened yet, because in most cases depends on their physical
and mechanical properties, which vary depending on the
conditions of occurrence.

The experimental investigations of physical and me-
chanical characteristics of soft overlaying rocks are an im-
portant part of the engineering-geological surveys in the as-
sessment of slope stability and foundation of structures.
These rocks usually are light yellow loess loams, yellow-
brown dense loams, sandy and other engineering geological
elements.

Formulating objectives and setting tasks. The objec-
tive of the current research is the performance of laboratory
tests to determine the strength properties of the upper loam
layers at Yevpatoriyskaya ravine in the city of Dneprope-
trovsk. Within the researching the following tasks are per-
formed: 1) determination of the values of cohesion, internal
friction angle and the shear resistance for the overlying
rocks represented by light yellow loess loams, yellow-
brown dense loams using direct shear device PS—10 with a
fixed cut plane; 2) investigation of the dependence between
the strength properties of loams and the moisture saturation.

Methods of the strength characteristics of the dis-
persed soil definition. The laboratory methods for studying
the soil properties do not address specific macrostructure,
the specificity of its natural structure and occurrence, as well
as the nature of the distribution in it inhomogeneities and in-
clusions. The laboratory methods for studying the soil prop-
erties do not address specific macrostructure, the specificity
of its natural structure and occurrence, as well as the nature
of the distribution in its inhomogeneities and inclusions.
However, the laboratory tests of rocks results can be used to
assess the stability of the natural slopes and man-made
slopes, predicting the bearing capacity of rainfall or soil ba-
ses with a certain approximation. The most important pa-
rameters of the soil are: the internal friction angle, and both
the cohesion and deformation modulus, which allow getting
a full engineering assessment for base of construction, and
take into account its physical properties. One of the most
widely used in the practice of the weak soil engineering ge-
ology is the direct shear method, implemented in the shear
device PS-10.

The shear strength is the most important property of soil
strength; knowing it is necessary to solve various geotech-
nical problems. Under the influence of some external load in
certain soil zones, the connections between the particles are
destroyed, and there is a displacement (shear) in some parti-
cles relative to the others so the soil acquires the ability to
deform indefinitely under this load. The destruction of the
massif occurs as a displacement of one its part relative to the
other (slope slip, foundation uplift from the building and so
on). The soil shear strength in a certain range of pressures
(from tenths of MPa to full units MPa) that can be expressed
with a linear dependence established by Coulomb in 1773

Tiim = 0189 + C, 1

where 7;;, is the shear stress limit, ¢ is normal stress, Pa; tgp
is the internal friction rate, @ is the internal friction angle, C
is the cohesion, Pa.

The values of ¢ and C affect the soil shear strength and
require the engineering calculations for the strength and sta-
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bility of the massif of soft soils and overburden, as well as
their pressure on the building and structure.

The character of soil samples deformation depends on
the design of instruments and conditions of loading. The
strength characteristics of the light yellow loess loams and
yellow-brown loams are determined by the shear device PS-
10. It is aimed for the field and laboratory testing of clays
and organic-mineral soils by shear strength (determination
of the internal friction angle and cohesion of the soil); on the
“load—direct shear” principle (fig. 1, a).The instrument has
been designed for the following limit values of the unit pres-
sure: horizontal to a maximum of 6 kg/cm?® vertical to a
maximum of 6.5 kg/em’. The volume of the soil sampling
device does not exceed 50 cm’. The technique of carrying
out the laboratory tests is regulated by State standard DSTU
2.1-4-96 [Sergeyev, Ye.M.].

Soil shear strength is determined as the limit mean shear
stress at which a soil sample is cut on a fixed direct under
certain normal pressure.

To determine C and ¢ at least three tests at different val-
ues of the normal stress were applied.

To perform the series of experimental shear tests the
monolithic undisturbed soil samples have been selected at
Yevpatoriyskaya ravine located in the city of Dneprope-
trovsk. According to the State standard DSTU 2.1-8-2001,
the nature physical and mechanic characteristics, along with
the granulometry composition were saved [2].

The dimensions of the monolithic samples were
100x100x100 mm. The number of samples was 3 monoliths
for each lithological layer to be selected in different parts of
the ravine.

The upper layer soil samples presented as a light yellow
and yellow-brown loam were selected in the areas affected
by landslide processes. The wedge-shaped shovel was ap-
plied for excavating soil samples. In order to preserve the
natural humidity, the soil was packed into polyethylene
packages and hermetical plastic containers, and then the
connection of the cap and container was covered with adhe-
sive tape.

For determining the loam strength properties the labora-
tory test by direct shear device PS-10 under normal stress
0,1;0,2;0,3 MPa was carried out The essence of unconsoli-
dated and drain tests with appliance PS-10 is in destruction
soil samples by shifting one part of a sample relative to the
other (fig. 1). Next properties were defined: shear resistance
7 friction angle ¢ and cohesion c. To determine the shear

strength cylindrical soil samples were used. The samples
were cut with a compression sleeve. The fastening device
being applied, the lower part of the appliance was reliably
fixed.

On the upper and lower layers of the soil sample a filter
paper was laid. A free sleeve without soil is removed, the
upper part of appliance is emplaced, and a tight press piston
is placed onto the surface of the sample and fixed with
SCrews.

The first thing to be applied is a compressive load and
then horizontal shearing load should be. If the test is carried
out only for deriving the shear strength, the predetermined
value of the vertical load should be applied to the test sam-
ple immediately, regardless of its value.
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Fig. 1. PS-10 for shear soil samples in ise: a — general view of PS-10 shear device; b — preparation of the sample for test-
ing; ¢ —sample loading; d — rock sample after the test; 1 — main part of the device; 2 — lever system for vertical load
with pendants for cargoes; 3 — counterbalance weight of lever system 2; 4 — appliance and lever system attaching
clamp; 5 — lever for horizontal loads with pendants for cargoes; 6 — vertical piston displacement indicator; 7 — hori-
zontal bottom carriage displacement indicator; 8 — pendant with cargoes for vertical load; 9 — pendant with cargoes
Jfor horizontal load, 10— device for moving the soil sample from the sleeve into the appliance; 11 — coring device

Immediately within a minute, the normal pressure P is
transmitted onto the soil sample and at this pressure the
sample will be cut into. Next, the normal load transmission
is set in motion mechanism for producing a tangential load.
Shearing requires operating within 2 minutes after the nor-
mal stress transmission has been performed.

The tangential load is transmitted with the 10% interval
of the normal stress at which the sample will be cut into.
The interval application should take every 10-15 seconds.
The values of the normal and tangential loads, measured
during the test, are used for determining the normal and tan-
gential stresses accordingly to the formulas

@
; ©)

where 7 and P are tangent and normal force against the
shear plane, kg respectively, and 4 is the cut area in cm”.

On the basis of the tests the main parameters of the shear
are calculated: the internal friction angle and cohesion. The
test results are given as a diagram between the normal stress
and shear resistance (fig. 2). The horizontal axis represents
the vertical load ¢ and the vertical axis represents corre-
sponding values of shear forces z. The straight line ABC is
drawn through the points received with the result of testing
soil samples. These points represent a line of shear stresses.
The angle of this line against the abscissa axis makes the in-
ternal friction angle ¢, and the cut segment of the line ABC
against the ordinate axis represents the cohesion volume.
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Fig. 2. Typical diagram of the correlation between the
normal stress and shear resistance

These characteristics are calculated by the following
formulas:
- the internal friction coefficient

[g¢= TE_TA ; (4)
PB_PA
- cohesion
C=T,-P, 1gp- ®)

The specific values of the internal friction angle ¢ and
cohesion C are calculated by the formulas under the analysis
at least of three soil samples of each lithological variety

nitT, o — X750, -
gp="ZE0 IO ©)
ni(c,)’ -(Zo))
_IrXc’-Zolro,, (7

nZ(O'l.)z - (20-1)2
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where 7, is the experimental shear resistance, determined at
different values, o, belongs to the same engineering and ge-

ological element or soil monolith (#>3), n is the test number.
Influence of humidity on the physical and mechani-
cal characteristics of loam. Next, the physical properties of
the loam samples with undisturbed condition in its natural
state were studied. The properties of the studied soils, de-
termined by DSTU B V.2.1-3-96 [3], are summarized in ta-
ble 1.
Table 1
Physical characteristics of natural soil samples

Physical characteristics Light yellow | Yellow-brown

loess loams loams
soil density p, g/lcm® 1.48-1.65 1.56-1.7
The aver- nature W, % 9.8 11.01
age values plasticity limit 192 215
of soil hu- W,, % ) )

midity liquid limit 7;,% 28.35 30.79
porosity, n, % 41 39.6
voids ratio, e, fractions 0.69 0.65

To prepare the soil samples the certain humidity in terms
of soaking the soil to full water saturation was performed
(fig. 3, a), and then carried out a gradual drying in a muffle
furnace at /=100 ... 105°C. After drying the samples were kept
in insulated environment (fig. 3, ) with alternate inversion
on different sides for the even distribution of humidity with-
in a 3-day period. The degree of humidity in the samples
was tested with the KERN MLB moisture meter (fig. 3, ¢).

Results. To obtain the soft subsidence soil samples in
the undisturbed condition with the fixed step of humidity is
a difficult task. This takes place because each sample has a
set of physical and mechanical properties that vary in a cer-
tain range, according to the laws of probability, even within
the investigated area. However, the aforesaid methodology
of the soaking samples, partial drying and aging in sealed
containers enables to obtain samples with the total moisture
distribution over the entire volume and a fixed value. To de-
termine the moisture content in the soil some material in the
upper, lower and middle portions along the shear line were
taken from the prepared samples. The measurement results
are summarized in table. 2.

Table 2
Determination of the moisture content in the
yellow-brown loam samples while drying

Sample Humidity value of the samples W,%
d P in the upper | . .
rying art of in the middle | at the bottom | average
time spample part of sample | part of sample | value
26.29 25.95 26.74 26.33
0.5 hr. later]  24.96 24.70 24.84 24.83
2391 23.76 24.65 24.11
20.75 21.76 20.90 21.14
1.0 hr. latey  21.76 2224 2047 21.49
20.20 20.87 20.36 20.48
15.16 15.46 15.06 15.23
1.5 hrs. 14.95 15.99 15.38 15.44
14.39 14.69 13.34 14.14
10.30 11.13 10.70 10.71
12'? hrs. 9.06 8.78 1006 | 930
ater 10.65 11.50 1057 [ 1091
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It is established that during half an hour drying the sam-
ple loses up to 4...5% of the initial moisture content. It al-
lows preparing the required number of loam samples with
certain moisture content for testing in PS-10 device.

The prepared samples with different moisture content
were tested for shear to the above procedure, whereby the
relationship between the normal load and shear resistance
were obtained (fig. 4, 5).

Fig. 3. Preparation of loam samples with the required
humidity: a — soaking the samples in sampling
sleeves; b — curing samples in the insulated enclo-
sure after drying, ¢ — determining humidity of the
soil sample with the moisture meter KERN MLB

Thereby, the strength characteristics of the yellow-
brown and light yellow loess loam humidity were deter-
mined. Figure 6 and 7 show the correlation between the
cohesion, the internal friction angle and the moisture con-
tent. Thus, for the yellow-brown loams at a predetermined
range of moisture content W=11 ... 29% the value of the
cohesion and the angle of internal friction varies within
(C=0.017...0.073 MPa and ¢=14...35°. For the light yel-
low loess loams at a predetermined range of moisture con-
tent W=9.7...35%, the value of the cohesion and the inter-
nal friction angle wvaries between the range
C=0.013...0.033 MPa and ¢=8.5...15.4°.
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Mormal stress, MPa
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Fig. 4. Change of strength properties of the light yellow loams due to the moisture content
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Fig. 5. Change of strength properties of the yellow-brown loam due to the moisture content
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Fig. 6. Reducing cohesion and internal friction angle of
light yellow loams during humidity increase

Conclusions. The physical and mechanical properties
of soils are the most important subject of the geotechnical
research. They are necessary for the assessment of the sta-
bility and deformability of the soil massif, assessing the
strength of the bases of engineering structures and con-
structions.

In order to perform the series of experimental shear
tests for the soils from the Yevpatoriyskaya ravine located
in the city of Dnepropetrovsk the monolithic rock samples
in undisturbed condition with dimensions 100x100x
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Fig. 7. Reducing cohesion and internal friction angle of
yellow-brown loams during humidity increase

100 mm were selected. In the laboratory the sample of
subsiding soil, along with the presented light yellow loess
loam and yellow-brown loam, were tested. By means of
the direct shear device PS-10 the physical and mechanical
characteristics: shear resistance 1, cohesion C and angle of
internal friction ¢ were determined.

The values of C and ¢ obtained experimentally are the
important input data for the digital simulation of slope sta-
bility and ground structures involving the modern engineer-
ing programs based on the finite element analysis.
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BusHaueHHA (i3MKO-MEXaHIYHUX XapaKTePUCTHK IIPO-
Ciarounx IPYHTIB € BaXJIHMBUM €JIEMEHTOM iH)KEHEpHO-
TEOJIOTIYHIX JIOCITIKEHb Y TIPOIIEC IMBIIHFHOTO Oy/IiBHHII-
TBa. BiporiHi 3HAYCHHS TaKKX BEIUYHH SIK 3YCTUICHHS, KyT
BHYTDIIIHBOTO TEPTS, II0 OTPUMAaHi EKCIIEPHUMEHTAILHUM
IIUBIXOM, € 3aIIOPYKOI0 CTIHKOCTI Ta HAAIHHOCTI pi3HOMAaHi-
THHX CIIOPY/[ 1 TEXHIYHUX 00 €KTIB y mporeci ix OyxiBHUII-
TBA Ta CKCIUTyaTarlii.

Merta. JlabopaTopHi JOCTIHKEHHS (i3MKO-MEeXaHIIHUX
BJIACTUBOCTEH IPYHTIB 1 X OIip 3CyBY.

Metoanka. Onrcana METOIMKa eKCIIEPUMEHTAIBHUX
BHIIPOOYBaHb TPYHTIB i M’SKHX PO3KPUBHUX TIOpPiJ Ha
3CYB 3 BUKOPHCTAHHAM OJHOIIOIINHHOTO 3pi3yBalbHOTO
npunany [1C-10 3 ¢dikcoBaHOIO TITOMMHOIO 3pi3y. Mo-
HOJIITHI 3pa3KH IPYHTY HEMOPYIIEHOTO CKJIaxy OyJH Bi-
nibpani 3 ykociB Oankm €Bmaropikiceka M. J[Himpormer-
poBcek. [Ipn kpuTHYHOMY HaBaHTa)KEHHI 3pa3KiB BEpTH-
KaJIbHUM Ta JOTHYHAM HaBaHTAXEHHSM Yy poOOYOMy
MPOCTOpi MpUIiafy BiAOYBAEThCS 3pYIICHHS TilNb3H, a B
IPYHTI CHOCTEpIraloThCsi 3CyBHI jaedopmarii y BUTIISII
TOPU30HTAJILHOTO 3pi3y. BuMiproBaHHS MilHICHHX Xapa-
KTEPUCTHUK IPYHTY 1 OMIp 3CYyBY BU3HAYAJIOCS IIPU PiZHUX
3HAYEHHSX BOJIOTOCTI 3pa3KiB. BosoronacuyeHHs 3pa3KiB
BUMipIoBaJiocs 3a gonomororo Bojoromipa KERNMLB.

Pesyabratn. JlaGoparopHi  JOCIIPKEHHS — 3pasKiB
M’SIKMX TPOCIZalouMX IPYHTIB HEMOPYIIEHOIO CKIIaay Ta 3
PI3HUMH 3HAYCHHSIMH BOJIOTOCTI JO3BOJIMIIN BH3HAYHUTH (i-
3WKO-MEXaHIYHI XapaKTePUCTUKH: OIIip TIOPim 3pi3y 7, KYyT
BHYTPIIITHBOTO TePTs ¢ 1 murome 34eruieHas C.

HaykxoBa HOBHM3HA. Y pe3yibTaTi YMCIEHHMX EKCIIe-
PHIMEHTIB OTpUMaHi 3aJIeKHOCTI OMOPY M’ SIKHX MOPif Oanku
€Braropiiicbka 3pYIICHHIO B 3aJI€XKHOCTI BiJ iX BOJOrOCTI,
110 JIO3BOJIMJIO BCTAHOBHUTH 3aKOHOMIPHOCTI 3MIiHH (Di3HKO-
MEXaHIYHUX XapaKTepUCTHK IPYHTIB BiJl CTyIEHs iX BOJIO-
TOHAaCHYCHHSI.

[pakTnyna 3HayuMicTh. BukopucranHs Biporinm-
HUX EKCIIEPUMEHTAJIbHUX NaHUX OINOPY M’ AKHX IOpiX
3pYIICHHIO O3BOJIIE BUKOPHCTOBYBATH IX UIS OLIHKH
CTIMIKOCTI TMPUPOIHUX CXWIIIB, TEXHOTEHHUX 1 HACHITHUX
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MacCHBIiB IOpif, a TaKOXK 00’€KTIB IUBLIBHOTO OyMiBHHUII-
TBa.

KiwouoBi cioBa: onip rpynmie na 3piz, Kym eHympius-
Hb020 mepmsl, numome 3uennenns, 3piznui npurao IC-10,
kpumepiu miynocmi Kynona-Mopa, cmitikicms npupoOHux
yKOCI6

Ormpenenenne (U3MKO-MEXAaHUYECKUX XapaKTEPUCTHK
IIPOCAJJOYHBIX [PYHTOB SBJISETCS BAXKHBIM DJIEMEHTOM HH-
JKEHEPHO-T€0JIOTMUECKUX M3bICKAaHUH B MPOLIECCE TPaXKIaH-
CKOTO CTPOMTENBCTBA. JIOCTOBEpHBIC 3HAUYCHHUS TAaKHX Be-
JMYMH KaK CLEIUICHHE, YTOJI BHYTPEHHETO TPEHUS, MOIy-
YEHHBIX 3KCIIEPHMEHTAIBHBIM IIyTE€M, HPEAOIPECISIOT
YCTOHYMBOCTB M HAJICKHOCTHh Pa3HOOOPA3HBIX COOPYKEHHI
U TEXHUYECKNX OOBEKTOB B IPOLIECCE UX CTPOHUTENBCTBA U
9KCILTyaTaIHH.

Hean. JlabopatopHoe ompeneicHue (HU3UKO-MEXaHH-
YECKUX XapaKTEPUCTUK TPYHTOB M HX COINPOTHUBIIEHHE
C/BUTY.

Mertoauka. OnucaHa MeTOAMKA IKCHEPUMEHTATIBHBIX
UCTIBITAHUM TPYHTOB Ha CIBUI C HCIIOIB30BAaHUEM OJIHO-
IUTOCKOCTHOTO cpe3Horo mpmbopa [IC-10 ¢ ¢ukcupo-
BaHHOM IIJIOCKOCTBIO cpe3a. MOHOMHUTHBIE 00pa3Iibl TPyHTA
HEHapYyLIEHHOTO CJIOKEHMs OBUTM OTOOpaHBI C YYacTKOB
€CTECTBEHHBIX OOHaKeHWH TpyHTa Oamku EBmaropumiickoii
r. JTnenponerposck. IIpy KpUTHIECKOM HarpyeHHH 00-
pa3loB BEPTUKAJIBHON M KacaTeJbHON Harpy3kod B pabo-
YeM MPOCTPAHCTBE MPUOOpa MPOUCXOJNT CABIKEHHE IHITb-
3bl, @ B TPyHTE HAOJIFOJAIOTCS CIBUTOBBIE aedopmaruu B
BUJIE TOPU3OHTATIBHOTO cpe3a. M3MepeHne MpOYHOCTHBIX
XapaKTepPUCTUK TPYHTa M CONIPOTHUBJICHHE CABUTY OIpeie-
JSUTOCH TIPY PA3IMYHBIX 3HAYCHHUSX BIKHOCTH OOpa3IlOB.
BiaronaceIieHne 06pasnos U3MEPSUIOCh ¢ TOMOIIBIO Bla-
romepa KERNMLB.

PesynsTatsl. JlaGopatopHble WCIBITAHUSA OOpa3oB
MIPOCAJ0YHBIX TPYHTOB HEHAPYIIIEHHOTO CIOXKEHUS U C pas-
JIMYHBIMH 3HAUEHHUSMU BJIQKHOCTH TTO3BOJMIIH OTIPENIETIUTh
(U3NKO-MEXaHNYECKUE XapaKTePHCTUKU: COIPOTHBIICHHE
HOPOJI Cpe3y 7, Yroi BHYTPEHHErO TPEHUS ¢ U YAENbHOE
cueruienue C.

Hayuynas HoBHM3HA. B pe3ynbraTe MHOTOYMCIIEHHBIX
SKCTIEPUMEHTOB TOJTy4eHbl 3aBUCHMOCTU CONPOTUBIIECHUS
MSTKHX 1opoj O6anku EBmaropuiickast cBUry B 3aBHCHMO-
CTH OT UX BJIQYKHOCTH, YTO MO3BOJIMIIO YCTAHOBUTH 3aKOHO-
MEPHOCTH M3MEHEHHS (PU3MKO-MEXaHMIECKNX XapaKTepH-
CTHK TIOYB OT CTETICHH! UX BJIArOHACHIIICHUS.

IIpakTnyeckas 3HauuMocTh. [IprMeHeHne 10CTOBEp-
HBIX 3KCIIEPHMEHTAIBHBIX JAHHBIX CONPOTHUBICHHS TPYyH-
TOB C/ABHUTY MO3BOJIIET MCMOJB30BaTh WX JUISI OLIEHKH ycC-
TOHYMBOCTH IPHPOIHBIX CKJIOHOB, TEXHOT€HHBIX M HACHII-
HBIX MacCHBOB IIOPOZ, a TaKKe OOBEKTOB I'PAKIAHCKOTO
CTPOUTEIIBCTBA.

KiroueBble ciioBa: conpomuenenue cpyHmosg cpesy,
Yeon eHympennezo mpeHus, YOelbHoe cyenneHue, CpesHou
npubop IIC-10, xpumepuu npounocmu Kynona-Mopa,
YCMOUYUBOCMb €CINECINBEHHBIX OMKOCO8

Pexomenodosano 0o nybnikayii  0OKm. MeXH. HAYK
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