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THE RESULTS OF MODELING AND FIELD STUDIES
OF THE INTERACTION OF LARGE PILES
WITH GROUND SUBSIDENCE

Abstract. The problems of modern geotechnical construction in the region of southern Kazakhstan are
considered in this article. Engineering geological conditions in most of the territory are represented by ground
subsidence. In conditions of tight urban and industrial buildings, as well as when it is necessary to transfer significant
loads from high-rise buildings to the basement, the use of pile foundations is the only solution.

The aim of the work is to study the interaction of pile foundations with ground subsidence.

The article describes the principles of modelling the joint work of a long-bored pile with ground subsidence.
The use of tensometry tools for studying the physical processes occurring on the contact surface between the pile and
the soil is considered. The basis for obtaining information on the development of negative friction forces has been
developed using model tests to pull piles out of the ground.

The results of tests of model piles and piles in full-scale conditions are presented. The tests were carried out on
the action of a vertical pressing load, as well as on a pulling load. Experimental studies on models were carried out
by the method of equivalent materials. The soil model was a mixture of sand, rubber chips and autoclave in a
proportion by weight of 2: 0.1: 0.2. Strength and deformation properties of the soil model were determined by the
degree of compaction. For comparison, the results of studying the work of field piles, obtained by the Association
"Seismic Protection" are taken. Tests of piles were carried out during the construction of the METRO shopping
complex in Shymkent. Due to the application of the modelling theory, the qualitative convergence of model and full-
scale tests is achieved, including the receipt of "sediment-load" test schedules for models of piles and field piles.

The obtained experimental studies will make it possible to successfully use pile foundations in ground
subsidence in the future. This will ensure the reliability of erected buildings and structures.

Modelling of joint work of long bored pile with ground subsidence allows us to make informed decisions on a
wide range of tasks in production situations. Due to the observance of the postulates of the theory of modelling, the
qualitative convergence of model and corresponding full-scale tests has been achieved in the studies carried out.
Sufficient qualitative convergence of the "load-sediment” schedules of model and full-scale tests of piles has been
achieved. The use of tensometry tools made it possible to detail the study of physical processes occurring on the
contact surface between the pile and the ground.

Keywords: pile, pile model, tensometry pile, ground subsidence, "load-sediment" schedule, negative friction
force.

Introduction. Summing up the experience of many years of base preparation and foundation
construction in south region of Kazakhstan and analysing the current modem geotechnical situation it
should be noted that the local geological conditions are very complex and specific. They are characterized
by the proliferation of sharp inhomogeneous soils, in most of the territory - subsidence, the properties of
which are heavily influenced by underground water, the level of which is constantly changing upwards
and the seismicity of the region. In addition, current construction conditions characterized by crowded
urban and industrial developments need a huge stress on the base of high-rise construction and need to use
areas with problematic soil conditions [1-3]. The underestimation of even one of these factors or a flippant
attitude to base preparation and foundation construction can lead to unacceptable deformation of buildings
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and structures, elimination of it at the stage of construction of the object, or after the completion is almost
impossible. If it is necessary to restore the deformed emergency buildings or structures, the cost is very
high.

With the implementation of mega projects in major cities around the world, through the use of
advanced high-precision technology, it was possible to solve many problems of geotechnical construction,
similar to the above. One of these methods is an arrangement of deep-laid foundations. As noted by
leading domestic and foreign scientists, only the use of pile foundations make possible the perception of
carrying loads of soil layer of about 4,000 - 25,000 kH of high-rise buildings. This dramatically reduces
the volume of work "zero" cycle, for example, compared with the device of artificial bases that during the
construction of a number of objects in the region associated with the necessity of excavation volume from
passages 100,000 cubic meters of soil and delivery and seal of gravel-sand mixture of approximately equal
to half of this amount.

Among the existing methods pile foundation construction device is fundamentally different in the
nature of the load transfer on the ground [4, 5]. Therefore, in some cases, for example, for the rapid
construction of foundations in the ground subsiding, they are regarded as the only possible option.
However, even if the pile "cut" filler primer, cannot be guaranteed their full operational reliability [6, 7].
This is due to the fact that the side surface impact strength piles "negative" or biasing the friction [8-10],
that can be so large that the load capacity decreases drastically and piles can be minimized. This complex,
ambiguous process is poorly understood and requires both experimental research and analytical studies.

In this paper an attempt is made on the basis of pilot studies to identify the actual physical processes
occurring in the soil, to make comparisons test piles on models and in natural conditions. This will later be
successfully used in pile foundations subsiding soils, ensuring the reliability of constructed ground
building constructions.

Methods of research. At the first stage the experimental studies carried out on models by equivalent
materials [11-16]. Fundamentals of the method of equivalent materials were developed by G.N. Kuznetsov
and et al. [13], and modelling systems "pile foundation-ground" with this method was developed in [14]
and is as follows:

- from some artificially selected materials in compliance with the geometric similarity model and the
nature of the soil and made a model of the pile;

- materials of which must be made the model chosen with such physical and mechanical properties,
which would be in certain ratios with mechanical and physical constants of nature;

- these relations are based on the general law of dynamic similarity considering the simultaneous
action of the forces of gravity and internal pressure;

- material that meets the above requirements, given the properties of the simulated soil and given a
linear scale model, gets the name of the equivalent to this ground material,

- model of the foundation must also satisfy the requirements of the equivalent mechanical similarity
of nature;

- in compliance with the requirements described, as well as the necessary initial and boundary
conditions, the processes occurring in the model should be developed in a form close to nature. Just as in
nature, the development of these processes will take place taking into account the influence of gravity of
the model itself without any external additional loading. "

The general law of Newton's dynamic similarity is the basis of the method [15]

N—VzﬁzK:inu, (1)
il Vud

where K is "determining criterion of similarity" processes of deformation and destruction of the soil
under the action of gravity and the stresses in the ground; y,,;},; are specific gravity of modelling and

full-scale soil; i;J are lincar dimensions of model piles and full-scale piles; N, ;N, arc value

corresponding to different power characteristics of the model and nature state, dimension of which is
force/area.
Equation (1) reduces to the form (2), in which selects mechanical properties of equivalent materials
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To carry out comprehensive studies of the interaction of piles and soil of the array, the selected scale
simulation of 1/40, using the formulas 3-6, the calculated values of deformation and strength
characteristics of the model piles and soil were obtained. Model soil was a mixture of sand, rubber crumb
and avtol in a proportion by weight of 2:0.1:0.2, strength and deformation properties of which are
determined by the degree of compaction. Table 1 summarizes the characteristics of the equivalent mixture
with a density adopted in the experiments placing it in the tray, and the appropriate nature of soil.

Features of equivalent mixture

Feature name Symbol Measure Model grounds Nature grounds
Deformation module E Mlla 1.628-2.035 40.7
Specific adhesion @ Mlla 0.000575 0.0115
Angle of internal friction [0} °© 29 29

For a system of "pile foundation-soil" according to the formula (7) was calculated modulus of
clasticity of the pile material model £, ., =1500M1la. The tubes used for simulation of reinforced

concrete piles were made of vinyl plastic with the elasticity module of £, =1450MTla.

E
Evren =By EH = > )
H.IP

Results of the study. In this procedure, the work of piles was studied on the action of a vertical load
pressed and the dependence of "sediment-load". Piles model was loaded increasingly pressed load steps
AP =20 H. At each step, after stabilization, rainfall was measured. General view of the test tray is shown
in Figure 1.

Figure 3 shows a similar dependence obtained by 'Seism protection' Association [16] during the test
piles great lengths to ground subsidence during the construction of the shopping centre "Metro" in
Shymkent. Comparing the graphics test piles S=£P) model piles (Figure 2), made with all the parameters
as geometric dimensions, soil conditions, the nature of the load and etc. real-pile foundation, with these
static tests on the construction site (Figure 3), we can say that they have the same character. Both
comparable graphics have smooth character, without any fracture points expressions (breakdown). In the
mitial stages of loading the model and the actual pile had not any movement. The model received the first
movement with a load of 20 H, a full-scale pile at P=1705 kH. This is primarily due to the significant
dimensions of the full-scale pile: a length of 23 m and 1 m in diameter that allows the perception of large
loads. Then, as the loading steps, the model and full-scale pile gently pressed into the soil, reaching move
of 1 mm at 100 H and 2.94 mm at 3751 kH respectively.
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Figure 1 — General view of the static tests of model pile vertical load pressure.
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Figure 2 — Graph of S = f (P) relation in the test of model pile vertical load pressure
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Figure 3 — Graph of S = f (P) relation in the test of full-scale pile vertical load pressure
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As 'Seism protection' Association [16] indicates, further loading of full-scale pile pressed load was
discontinued from the condition of the bearing capacity of the anchor installation. This achieved, when
tested in a load-bearing capacity of as 'Seism protection’ Association [16] indicates, further loading of full-
scale pile pressed load was discontinued from the condition of the bearing capacity of the anchor
installation. This achieved, when tested in a load-bearing capacity of 3751 kH, exceeds the force provided
by the project (2727 kH). The model tests were also achieved the vertical force, comparable to a force at
which stopped the test in real conditions.

Given the fact that the base in the case of construction are subsiding loess soils in the study paid
attention to studying the possible development of the forces of "negative" friction. To this end, in
accordance with applicable regulations of [17 - 20], in the second phase were carried out tests on the pile
pulling (Figure 4).

Figure 4 — General view of the model strain gauge static test pile pull out

Similarly to full-scale tests carried out modelling studies in compliance with the relevant parameters
of real foundation structures. The results of model experiments are shown in Figure 5, full-scale in
Figure 6. The comparison of the graphs show that the curves as in the case of the test on the pinch load is
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Figure 5 — Graph of S = f (P) relation in the test of model pile on pulling load pressure
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Figure 6 — Graph of S = f (P) relation in the test of full-scale pile on pulling load pressure

approximately the same. In Figures 5 and 6, there are areas with "zero" displacement values. That is the
load pulls are applied and there is no movement. This section of graphs can be interpreted as a lack of
effort to vertically pulling out of the pile. In other words, this section of the graph there is not enough
force to overcome the friction forces between the side surface of the pile and the ground. For model pile
vertical force of 20 H was sufficient to start pulling it.

Pulling an experimental full-scale pile as shown in Figure 6 started at 1705-1875.5 kH. Further, by
increasing the pull out loads, there is capacity vertical upward movement

In the case of field tests these movements are smoother than in the case of model piles. Note that the
graphic is visually distinguished in this range but the absolute value of the difference is less than 1
millimetre. This is due to the different scale of charting. In the experimental test piles in natural conditions
found that the resulting pull out load in 1875 kH when it moved 0.79 mm, satisfies design requirements of
1620 kH.

For a detailed study of the interaction of the pile to the surrounding soil models were fitted with strain
gauges. Indications of gages allow tracing the features of the contact with the ground in piles four levels
along the length of the pile shaft (in places strain gauge installation).

The results of the trough test can state that the strain gauges (installed in pairs on different sides of
the pile) consistently responded to the emerging body of model piles in force. Gages indications on
compressive strain had the "minus" sign and on stretching "plus".

With increasing load on the pile is pressed into the head, respectively, increased its sediment and
body piles developed compressive stress, which is reflected in the readings of strain gauges. The
appearance of the compressive stress occurred as a result of soil resistance on the tip and lateral surface of
the pile. Thus, evidence of strain gauges is used to characterize the collaborative model tensor pile with
the surrounding soil.

The load on the pile readings of strain gages, taking into account the reduction of negative values,
increased at all levels investigated in depth. The exception to the general picture is the testimony to the
first loading stage at P = 20 H, where contrary to the general logic with minimum load obtained the
highest readings. It was not found any other explanation, as a failure in the testimony of strain gages
themselves on the verge of the threshold sensitivity.

Evaluating work on levels of sensor location, it can be seen that the largest value in all stages of
loading piles showing upper sensor and this is due to the proximity of load, which is attached to the head,
the greater the stress concentration in the upper portion of the pile body. As the depth of the considered
area, tension in the body of the pile is reduced and fixed the 2nd and 3rd sensor on top, whose evidence at
different stages of loading were approximately equal. Reducing stress in the pile, the depth, probably due
to the increasing entry into the work of the soil surrounding the pile, which is because of friction forces
with the depth of the body relieves piles. Consequently, these can be indirectly sensor readings interpreted
as an increase of friction forces on the lateral surface to the depth.

Lower probe testified less than the top but more than two medium-depth probes. This is due, in our
view, again with increasing stress concentration at the lower portion of the pile but this time associated
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with the presence of dense soil, which was loaded in the lower part of the pile pattern, as in the case of real
pile.

In general, assessing the overall picture of the work of the model piles, equipped with strain gauges,
in cooperation with the base it can be stated that the transfer of the load on the pile, the work enters the
side surface and the tip. Moreover, soil resistance force on the lateral surface, which can be described as
the specific friction force, increases with depth.

The lower part of the pile, near the plane of the bearing, is affected by the supporting reaction dense
soil layers that affect the lateral surface of the bottom of the pile. The sensor mounted on the 4d (where d -
diameter piles) from the bottom of the pile has shown that the impact of the work keenly felt at this
distance.

In accordance with the applicable rules, during the construction on loess soils type II subsidence, it is
necessary to pull out of the pile load test. These tests were carried out in field conditions, and we are
duplicated models. From the testimony of the strain gauges can be seen that when a load pulls the head of
the pile they are not all at the same time entered into operation: the first stages of booting up from 4 H to
12 H gauges all showed zero. Then, with a load of 12 H to 24 H work involved in almost simultaneously
sensors mounted on the lower three layers. And only in the last instance the upper sensor at 28 H. This
character model pile of work when pulling can be explained by the degree of "pinching" piles in the
ground that was more on the middle and lower levels. In these areas, piles of body experience more load,
which is reflected in the testimony of strain gages. Upper sensor later others joined in the work, as in the
upper layer "pinched" the pile of soil was minimal. Further, with increasing efforts pulls in the range 28 to
36-40 H sensor readings uniformly increased, reflecting the increase of friction forces on the lateral
surface. Then, the moment reduction of strain gages readings in the range of 40-44 H in which began to
pull out the slip model with respect to the surrounding soil.

As these studies have established with efforts 46-48 H come "breakdown" of the pile, that is, without
a further increase in load, began to pile vertically extracted from the ground. It should be noted that
throughout the period of the test, except for the last two stages of 40-44 H, the testimony of two medium-
sensor installation depth is greatest. On the steps of 40-44 H, when the "slippage" of the pile started, set a
definite pattern in the testimony. The largest observed reading at the top of the sensor and with increasing
depth of the sensor installation its readings in this range of loadings are reduced. This, in our opinion, due
to the entry into force of gravity itself piles. That is, at the moment when the pile start to slip, and then free
to be pulled out of the ground to the sensors began to affect the weight of the pile. We can say that at the
level of the top of the sensor affects the weight of the pile located below it. Consequently, each sensor
located below the weight acting increasingly short pile portion, and hence the voltage in the lower sections
was less.

Conclusions. Analysis of the results experimentally obtained from models and their comparison with
the data of full-scale tests brings to the following conclusions:

- collaboration modelling bored piles of great length with collapsible loess, carried out by the method
of equivalent materials allows to make informed decisions on a range of tasks and production of
geotechnical problematic situation;

- by adhering to the tenets of the theory of modelling in conducted studies the qualitative
convergence of model and the relevant full-scale tests was achieved;

- sufficient convergence of high-quality produce for the most important geotechnical charts "load -
sediment" model and full-scale tests of piles was achieved, which holds great promise for further research;

- use of tensometry means has allowed detail study of the physical processes occurring at the contact
surface between the pile and the ground;

- model tests on the pull-out of the pile of soil laid the foundations of information about the
development of the negative forces of friction, taking into account local characteristics of soil basements.

In accordance with the chosen methodology and research on the basis of these findings, this work
continues and is aimed at testing the model tensor pile in soils of different density and resistance to
structural changes on the lateral surface. In addition, the situation will be examined when the pile affects
settling layer of soil, located on the top, and when the edge of the pile under the soil loses its bearing
capacity as a result of soaking the bottom.
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H. C. Bpoeko, K, C. Baiidosos, K. Hoparnmos, 1. b. Kynantaesa
M. Oyesos arbiHAAFE OHTYCTIK KA3aKCTAH MEMIICKCTTIK yHIBEpCHTETL, [IIbiMKeHT, Ka3akcTan

YJIKEH Y3bIHBIKTAFBI KAJAHBIH KOII IIOTETIH TPYHTIIEH O3APA OPEKETIH,
YJITT JKOHE JAJAJEIK JKAFTAWJAFEI 3EPTTEYJIEPIH HOTHKECT

Annoramust. Makanana OnrycTik Ka3akcTan permoHBIHIAFBI Ka3ipri TCOTEXHHUKAIBIK KYPBLIBIC Macenenepi
KapacThIppUTFaH. Kem mereTin caprbll TPYHTTAP WHKCHEPIIK-TCONOTHAIBIK TYPFBIIAH KApaFaHAa YIKCH aiiMaKThI
KaMTHIbl. KpICHUFaH KaJambIK jKOHE OHEPKICINTIK KYPBIIBIC XKaFJaiIapbelHIA HET13rl eqayip canMak OeperiH Ouik
FUMapaTTap KYPBUIBICHIHIA KaJAIbI IPreTacThl KOMAaHy OipAcH-Oip Mocene 0ombim Tadbuiaasl. JKyMBICTBIH MAKCaThI
Kamajbl IPTETAcThIH KOIl INeICTiH CAPFBINI TPYHTTHIH ©3apa SPEKETiH YHpeHy. Makanaga YIKCH Y3bIHABIKTAFbI
OyprbUTan TOMTAPBUIFAaH KAJAHBIH KOIl INOreTiH CAPFBIII TPYHTICH Oipre >KYMBIC ICTEYiH YJTiACYy HPHHIUNTEPI
(xe3kapacraper) OcpinreH. MyHTa TCH30MCTPHAIBIK IKYHCICPAIH KOMAAHYBIHAA KAJAHBIH TPYHTICH IKAHACY
HYKTENEpiHAeT (PM3HKANBIK MPOLECTEPl KAPACTHIPBUIFAH. Byn Makamaga »KarbIMCBI3 YHKENICTIH JaMYBI TYpPajbl
MOJTIMETTEP YJITi KAJAHBI )KYIyFa CBIHAY apKBLIBI KAPaCTHIPHUFAH. Makanana KaTaHbIH JATATBIK JKOHS 3¢PTXaHABIK
JKaFIalarel CHIHAK HOTIDKENepl kenripinreH. ChIHAK Kazara BEPTHKAN JKOHE HKYIY JKYKTEMelep Oepiiy apKbLIbI
JKYpTi3iieni. IKCIEPHMEHTANABIK CHIHAKTAP 3KBHBAJICHTTI YITi MaTepHAIIapMEH XKypriziteai. ['pyHT yarici petinae
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KyM MalmanasraH pe3uHaHbl aproameH 2:0,1:0.2 xaTeIHACBIHAA JalbIHAATFAH KOCMA naimanaHsliangsl. KocmaHbH
JAe(hOpMATUBTIK JKoHE OCPIKTIK KACHETTEPI THEFBI3IANY JopeskeciMeH aHbIkramabl. CamblcThipy KymiiH «CeHcMmo-
3AIMMTA» ACCOIMAIMACKHI AJIFAH JANA JKAFTAMBIHAA CHIFBUIFAH KATAHBIH HOTH)KECIMEH TeKcepinreH. KagaHel ChIHAY
[IIemMreHT KanacsiHaa «MeTpo» cayAa KOMILICKCI KYPBUTBICBIHAA KYPri3inai. YIIriiey TCOPHsICHIH KOJIIAHY apKbLIbI
JANANBIK JKOHC 3CPTXAHAJBIK JKAFJAHAAa OTKI3UITCH CBIHAK HOTIDKCJCPiHIH Oip-OipiMCH JKAKBIHIBIFBIHA KOJ
SKETKI3IAL. AJIBIHFAH SKCTICPHMCHTANABI 3€PTTEYJICP KAAajbl ipreTacTapabl KON MIeTeTiH CAPFBINI TPYHTTApbI
oifgareIAall KoJmaHyra OONATHIHBIH KepceTedi. KypbUraH FHMapaTTapablH Kayinci3miri CeHiMai. YJIKEH Y3bIH-
JBIKTAFbI OYPFBIIAN TOHTAPBUTFAH KAJAAMCH KOI IIOreTiH PYHTICH OipreNiKTeri KYMBICHIH YTLUICY KYpPBLUIBICTBIH
KOII MOCEJICJICPIH HETI3AC/ITCeH MCImiMACp KaObLIAayFa MYMKIHAIK Oepeni. YIriney TCOPHACHIH KOJAAHY APKbLIbI
JANAJBIK JKOHE 3CPTXAHAJBIK >KAFAAWBIHAA CBHIHAK HOTIDKCICPiHIH Oip-OipiMCH KAKBIHIABIFBI HETI3ACITCH. JKCIC-
PHUMCHTTE TCH3OMETPHSIBIK KOJIAHY TPYHTIICH KAJAHBIH YKAHACY KEPICPiHAC 00aThIH (PH3HKAIBIK MPOLECCTEPl
YIIeCTipy MYMKIHAITIH KOpCceTe .

Tyiiin ce3aep: Kama, Kaja YJITiCi, TCH3OMETPHSIBIK KAJa, KON II6r¢TiH CAPFBII TPYHT, IIOTY MEH JKYKTEME
apaChIHAAFBI TOY CIILTIK, )KAFBIMCBI3 YHKEITIC KYIII.

H. C. Bpoeko, K. C. Baiioosior, K. U. Uoparumos, 1. b. Kynan0aesa
IOxH0-Ka3axcTaHCKHHU roCy JapCTBEHHBIH YHHBEPCHTET UM. M. Aye3oBa, IlIeivkenT, Kasaxcran

PE3YJbTATHI MOJAEJBbHBIX H HATYPHBIX HCCJIETOBAHUI B3AMMO/IENCTBUA
KPYIIHOI'ABAPUTHBIX CBAU C MPOCAJOYHBIM OCHOBAHUEM

AnHoTanus. B cTaTthe paccMOTPEHBI MPOOIEMBI COBPEMEHHOTO TEOTEXHIYIECCKOTO CTPOHTEIBCTBA B PETHOHE
roxHOr0 Kasaxcrana. MHKEHEPHO-TEOTOTHICCKHIE YCIOBHA HA OOJBIICH YaCTH TEPPUTOPHH MPEICTABICHBI MPOCa-
JOYHBIMH JIECCOBBIMH TDYHTaAMH. B YCIOBHAX CTCCHEHHBIX T'OPOJCKHX H IPOMBIIIJICHHBIX 3aCTPOCK, a TAKKE NMPU
HEOOXOIMMOCTH NepeJayvl 3HAYMTEIBHBIX HATPY30K OT BBICOTHBIX 3JAHMH HA OCHOBAHHEC NMPUMCHCHHE CBAMHBIX
()yHIAMECHTOB fBIIETCS CAWHCTBEHHBIM pemeHueM. Llenp paboTHI 3aKIIOYAcTCs B H3YUCHHH B3aHMOJCHCTBHSA
CBAWHBIX ()YHIAMEHTOB C MPOCATOYHBIM JECCOBBIM TPYHTOM. B CTaThe ONMMCAHBI MPUHLMIBI MOACTHPOBAHHA CO-
BMECTHOHU paboTHI Oy pOHAOMBHOMN CBaH OOJIBINON JTHHBI C MPOCAJOYHBIM JIECCOBBIM TPYHTOM. PaccMOTpeHO mpuMe-
HEHHUE CPEACTB TCH30METPHH U H3YUCHHA (PU3HUECKUX MPOLECCOB, MPOUCXOTIIMHUX HA KOHTAKTHONH MOBEPXHOCTH
MEXKIy CBaci W rpyHTOM. Pa3paboTaHbl OCHOBBI MOTYyUYCHUS HH()OPMAINH O PA3BUTHH CHJI HETATHBHOTO TPEHHS C
MOMOIIBIO MOJCTBHBIX HCIBITAHUH HA BBIACPTUBAHUE CBAH W3 TPYHTA. [IpHBOIATCA pe3yIbTaThl HCIBITAHHN MOJETb-
HBIX CBAl M CBali B HATYPHBIX YCIOBWIX. McTbITaHMsA NMPOBOAMINCH HA JACHCTBHE BEPTHKAIBHON BIABIMBAIOLICH
HATPY3KH, a TAKKE HA BBIICPTUBAOIIYIO0 HATPY3KY. JKCIEPUMEHTAIBHBIC HCCIACIOBAHMSA HA MOJCTAX OCYIIECTB-
JSUTHCh METOJOM 3KBHBAJICHTHBIX MAaTEPHANOB. MOJENBIO TPYHTA CIIy KHJIA CMECh M3 IIECKA, PS3HHOBOM KPOLIKH U
aBToa B mpomopun 1o Becy 2:0,1:0,2. [IpouynocTHBIC U Ae(h)OPMAIMOHHBIC CBOHCTBA MOJICH TPYHTA OMPEICIBLINCH
CTCNCHBIO VIUIOTHEHHS. JI1 CPaBHEHHS B3ATHI PE3yJIbTAaThl W3YUCHHS PAOOTHI HATYPHBIX CBai, MOIyUCHHBIC
Accommarmeli «Celicmo3zamura». Mcnpltanus cBail MPOBOJWINCH IIPH CTPOMTEIBCTBE TOPrOBOTO KOMILIEKCA
«METPO» B r. IlIbiMKeHT. 3a CYET NPUMCHEHHSA TCOPHH MOJCITHPOBAHUS JOCTHTHYTa KAYECTBEHHAS CXOAMMOCTH
MOJICTIPHBIX M HATYPHBIX UCIBITAHHH, B TOM YHCJIC IPH MOJIY4YCHHH IPa(UKOB UCTIBITAHHN «OCATKA-HATPY3Ka» LI
MOJCJICH CBa W HATYPHBIX CBad. [1oNyUeHHBIC YKCHCPHUMCHTATBHBIC MCCICIOBAHUA MMO3BOJLT B TAIbHEHIIEM yC-
MEIMHO TPHUMCHATH CBAWHBIC ()YHAAMEHTHI B IPOCANOYHBIX T'PYHTAX. JTO OOCCICYHUT HAJCKHOCTb BO3BOJHMBIX
30AHUA H COOPYXCHHH. MoAemupoBaHHE COBMECTHOW padoThl OypoHAOWBHOHW CBaW OONBINIOW JJIHHBI C
MPOCAZ0YHBIM JIECCOBBIM I'PYHTOM ITO3BOJUIET NMPUHHMATh OOOCHOBAHHBIC PCINCHHA IO IMHPOKOMY KPYTY 3a7a4 B
MPOM3BOJCTBCHHBIX CHTYAIMAX. 3a CYET COOJFOACHHS IOCTYJIATOB TCOPHH MOJCTHPOBAHHMA B IPOBEICHHBIX
HCCICIOBAHMAX JOCTHTHYTA KAYECTBEHHAS CXOJMMOCTh MOJCIBHBIX M COOTBETCTBYIOIIUX HATYPHBIX HCIIBITAHUH.
JlocTurHyTa JOCTaTOYHAsA KAYESCTBEHHAS CXOAMMOCTh TPa()UKOB «HATPY3Ka — OCAAKa» MOJCTBHBIX M HATYPHBIX
ucnblTaHui cBadl. [lpuMeHEHHE CpEICTB TEH30METPHHM IIO3BOJMIIO JCTANIM3HPOBATH H3YUCHHE (DPHU3HUCCKHUX
MPOLICCCOB, MPOUCXOIAIUX HA KOHTAKTHOH IIOBEPXHOCTH MEYKIY CBACH H IPYHTOM.

KimoueBble cjioBa: CBasg, MOJACTb CBaH, TCH30METPHUECKAs CBasg, JECCOBBIH TPYHT, rpaduk «ocamka-
HArpy3Ka», CHJIbI HETATUBHOTO TPCHHU.
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