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Currently, the share of coal mining under
the built-up areas is about 30%. The provision
of safe mining works at built-up areas to the
security of housing is the most important gov-
ernment challenge. At the same time, new con-
struction is carried out in large volumes on the
coal-bearing areas, including the territory of
valuable coking coal, and it becomes a huge
problem for the designers and builders on un-
dermined territories.

Karaganda city, for instance, is located en-
tirely on coal deposits with reserves of more
than two billion tones [1], which is more than
1.5 times higher than coal for the entire period
of the coal basin existence. In the future, a sig-
nificant part of the undermined area the city
construction expansion is possible.

In this regard, the particular importance ac-
quires of methods improvement of calculation,

design and construction of foundations, which
costs up to 15-20% of the total value of build-
ings and structures. Widespread use of ad-
vanced structural foundations, improvement of
methods of calculation and construction, track-
ing the performance foundations will provide a
major economic effect. Buildings and facilities
frequently have to be placed on areas with ex-
tremely unfavorable ground conditions where
the most industrial and economical type of
foundation is piling. Existing in recent years the
trend towards construction industrialization
contributes to the widespread introduction of
pile foundation as the most suitable for this
trend. Currently, the CIS cities have pile foun-
dations up to 70% of floor space and up to 40-
50% of industrial facilities. Each year, more
than 9 million cubic meters of pile foundations
are used [2].
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The requirement for standardization and
industrialization retain its value and large
scale building of coal-bearing areas is one of
the most important ways to reduce the cost of
construction. The increase in construction in
the areas of occurrence of soils with low
bearing capacity expansion led to the intro-
duction of pile foundations, both geograph-
ically and as a percentage of the total amount
of foundation on undermined territories.
However, the experience of pile foundations
use in the world building over the mine work-

ings is limited, and in a special Russian litera-
ture there was an opinion [3] that the pile foun-
dations are contrary to the basic principles of
the design of buildings on undermined territo-
ries. At the same time, the increasing density of
development and the attraction of new residen-
tial and industrial complexes to the historically
residential areas restrict the choice of the con-
struction site in the coal basins of the country.
Therefore there is a need for development of
undermined areas with unfavorable geotech-
nical conditions.

1. The state of the problem of the interaction of pile foundation with a deformable while
undermining the basis and objectives of the research

1.1 Deformation of rocks as a result of mining

The problem of protection of buildings and
facilities, communications and other engineering
structures, located in the coalfields, even the last
century made it necessary to develop methods of
predicting deformations of the earth surface.

During the mining of coal and ore deposits
in the interior of the rock the extensive cavity
spaces are formed and rocks situated above the-
se voids, under gravity settle and fill the goaf.
As a result, gaps are formed on the surface in
the form of trenches or craters, cracks, ledges
and large size cup-shaped depressions called
displacement trough in which the vertical and
horizontal displacement can reach several me-
ters. Such subsidence Earth's surface cause seri-
ous damage to buildings, erected in these areas

The study of strata movement and its im-
pact on buildings and structures involved a lot
of domestic and foreign scholars —
(S.G.Avershin [12, 13], A.l. Bratanchuk [2, 4,
5 6, 7], B. M. Vyrvo [3, 8, 9, 10], P.E.
Kleschev [1], S.E. Shagalov [11], and others)
that allowed the development of a methodology
of calculation of subsidence of the Earth's sur-
face under the influence of mine workings with
precision, sufficient for practical purposes.

The nature of soil deformation is deter-
mined by depth, thickness of coal seam, ways
of its development and also the properties of
geological structures within the undermined
territories.

Displacements and deformations of the
earth's surface at undermining divided into the
following main types, according to the Building
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Code 2.01.09-91 (Figure 1.).

— settling n, mm;

— the slope i, mm / m;

— curvature (convexity, concavity) K, 1/km
or radius of curvature R =1/ K, km;

— horizontal displacement &, mm;

— relative to a horizontal compression or
tensile strain g X10'3;

— step height h, cm.

The following combination of ground de-
formation:

a) horizontal tensile strain + €, the curvature
of the bulge + K, the slope of the i;

b) horizontal tensile strain -g, curvature of
the concave-K, the slope of the i;

c) step on the earth's surface (the height of
the step h), and the corresponding horizontal de-
formation €k of slope i.

When smooth vertical surface deformation
(curvature) the combination of "a" and "b" shall
be taken into account; graded (step) - a combi-
nation of "c".

On the earth's surface tension and compres-
sion deformation under normal conditions of
mining works are in the range of 0-12 mm / m;
radius of curvature of 1 — oo, km; bench height
in the range 0-25 cm.

Depending on the maximum values ex-
pected (standard) ground deformation, the un-
dermined territories are divided into groups in
accordance with Table 1.

Undermined territories where surface steps
are occurred after mining are divided into
groups (Table 2).
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Displacement trough and deformation diagrams the earth's surface
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a — a vertical section across the strike of a steep bedding layers; 6 — a vertical section along the
strike of the formation; 1- subsidence curves; 2 — diagram of the slopes; 3 — curvature graph;
4 — diagrams of the relative horizontal deformation 5 — diagrams of horizontal displacement;
6 — layer; 7 — development of wastewater treatment; 8 — position of the earth's surface before
mining; o — angle of dip; Bo, Y000 — boundary angles of displacement, 1, y», w3 — angle of total
displacements, 6 — angle of maximum subsidence; n,, — the maximum subsidence of Earth's surface

Figure 1.

Table 1.
Classification of undermined areas at the maximum amount of the expected ground deformation

Territories | Relative horizontal Slopes, Estimated step The radius of

group tensile strain or i*107 high, curvature,

compression, h, cm R, km

£*107

I 12>e>8 20>1>10 25> h>15 I<R<3

I 8>e>5 10> i>7 15> h>10 3<R<7
i 5>>3 7>1>5 10> h>15 7<R<12
v 3>e>0 5>1>0 5>h>0 12<R<20
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Table 2.

Classification of undermining the territories of the expected height of the step

Territories group Estimated step high, h, cm
Ik 25> h>15
Ik 15> h>10
M1k 10> h>15
IVk 5>h>0

For the initial data for the design of build-
ings and structures on undermined territories it
is necessary to set the maximum value of the
expected deformation of the earth's surface at
the construction site in the direction in the cross
and in the direction of the strike formations.

If the points with a smooth surface (without
benches) the nature of the deformation of soil
strata are full cycle of earning, they pass Il
stages (Fig. 1.2). Initially, they fall into the zone

of tension and curvature of the convexity (stage
), then in the compression zone and the curva-
ture of the concavity (Il stage), and finally the
transition to the flat bottom trough surface de-
formation returns to the original state: zero cur-
vature and zero horizontal deformation (stage
I11). However, due to the discrete nature of the
processes occurring in the soil (especially dur-
ing the stretching) the local residual tensile
strain as a case, and compression are possible.

Flow of undermining: I, Il, 111 — stages of the earth's surface deformation

v

Figure 2.

In the CIS countries, in the major coal ba-
sins, issues of the earth's surface shifting pro-
cess, and protect the existing and under con-
struction buildings and structures have been
studied by specialized institutions All-Russian
Research Institute of Mining Geomechanics and
Survey, Research Institute of Building Struc-
tures, Research Institute of Foundations and
Underground Facilities and etc. Research of the-
se institutions form the basis of normative
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regulating the issues of calculation displace-
ments and deformations of the earth's surface,
as well as the design, construction and protec-
tion of buildings and structures on undermined
territories.

CONCLUSION:

A large number of theoretical and experi-
mental works was done for exploration on the
pile foundations undermined territories. Be-
cause of the complex geological structure of the
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bases, especially in cases where the facilities are | margins, the most reliable method for determining
being built on the undermined territories, it is | the resistance to the action of the pile vertical load
very difficult to determine the design character- | is a method of its static load test. In this case, the
istics of the soil, which affects the accuracy of | integral takes into account all features of occur-
the calculations to determine their bearing ca- | rence of soil depth and changes of its characteris-
pacity. In such cases, in order to avoid signifi- | tics as a result of the compaction when piling and
cant errors and do not create unnecessary safety | deformation due to undermining the territory.
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THE APPLIANCE OF NUMERICAL APPROACHES TO SHORT PILES AND PILE
FOUNDATIONS DESIGN

A. FILATOV, B. BAZAROV, D. BAITULENGUTOVA
(Temirtau, Karaganda state industrial university)

In order to develop the reliable and efficient
design solution of pile foundation it is necessary
to know the stress load which can be transmit-
ted to the pile.

At the initial stage of pile foundations use
when the scope of their use had been relatively
small, the bearing capacity of piles was deter-
mined by static load tests.

Thereafter, A.A. Lug, V.N. Golubkovcon-
ducted researches to define the carrying capaci-
ty of a large number of piles and pile founda-
tions to summarize the static tests in a variety of
soil conditions. As a result, the tables corre-
sponding to soil resistance calculation were de-
signed and got included into the Building Code.

The theoretical methods for the prediction
of the piles and pile foundations performance
were developed through the use of Melan solu-
tions for plane problem and Mindlinsolutions in
the case of the spatial problem. This approach
was used in P.G. Abramenko, V.A. Barvashov,
A.A. Bartholomey, P. Banerjee, R. Butterflied
and others’ studies.

The solution of calculation of pile founda-
tions with new experimental data is possible with
using the well-developed numerical methods.

Currently, the most widespread numerical
methods are: the Finite Difference Method
(FDM), the Finite Element Method (FEM), the
Boundary Element Method (BEM) and their
various modifications, including combining of
approaches but joining different amounts of the
listed above ways to solve one problem, but for
different areas of the studied environment.

Now the most widely used numerical meth-
ods consider the differential equations directly
in the form in which they were withdrawn by
means of one of two approaches:

— Using the approximation of differential
operators in the simpler algebraic equations (fi-
nite-difference ratio) operating in the consid-
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difference method,

— With the help of the submission of the ar-
ea of the environment elements which have fi-
nite dimensions and collectively approximate
the real environment. This approach is called
finite element method,;

The problem of selecting the optimal size of
the short piles with the relevant bearing capaci-
ty in specific soil conditions gets much easier to
solve using a computer.

Initial data for pile calculation are physical
and mechanical characteristics of the soil and
the estimated load on the pile. There is a per-
manent data set:

— Table pile sizes and types with the calcu-
lated values and amount.

— Table coefficient. Values depending on
the type of soil and the void ratio.

— Table of specified resistance of compact-
ed soil to sandy soils.

— Table of specified resistance of compact-
ed soil to clay soil.

After the initial data with constant data set
are input, the cycle recovery is performed by
introducing variables for the first line. Then the
computer calculates by the identified formula.

The conditions are tested on the logical
unit, in case the condition is satisfied — the re-
quired results get printed. In the case of non-
compliance with N> P, the variable values of
the following table are entered. Such a calcula-
tion is made to meet the conditions

It should be noted that in the case of the
other types and sizes of piles not introduced in
the table, which, of course, may occur in build-
ing practice, the table should be adjusted for the
logical possible changes of short piles bearing
capacity, depending on their length, conical an-
gle and volume. This will help to reduce the op-
erating time of machines to produce the most
optimal results.
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ered area units. This approach is called finite |

plifies the calculation part, but also gives ready
effective sizes of short piles for specific soil
conditions that will promote more economical
consumption of building materials.

The Finite Element Method (FEM) is a syn-
thesis of the latest achievements of continuum
mechanics and numerical methods in mathemat-
ics. This method got extremely wide application
in various fields of physics and technology,
mainly in stress-strain state analysis. The FEM
fundamentally gives new opportunities in me-
chanics of mine rock and soil. The modern
FEM is one of the most effective methods of
calculating the today’s facilities and basements,
analyzing the redistribution of forces of interac-
tion in the "base-foundation” system. The system
can be considered through different mechanical
and physical properties of its elements (such as
heterogeneity, nonlinearity, anisotropy, etc).

The Finite Element Method — is an effective
numerical computation of technical tasks. The
basic idea is that any continuous value, such as
moving points of the deformed body, can be
approximated by a discrete model, which is
based on a set of piecewise continuous func-
tions defined on a finite number of subdomains.
With this procedure, the integration of differen-
tial equations analytical formulation of the
problem is reduced to solving a system of linear
equations. Quantitative values of unknown
magnitude are found in a limited number of
points (nodes) of the region, and within the ele-

Application of computing not only to sim-

ments of the value of the unknown function and
its derivatives are determined by approximating
functions and their derivatives.

FEM concept is to replace the tested object.
With a finite number of individual aggregate el-
ements joined together at the vertices.

The mathematical model of this method can
be represented by the scheme: the studied object
— a system of linear algebraic equations. Free
choice of calculation scheme allows to set the
boundary conditions, randomly place the nodes
of the grid elements, thickening it in places with
large voltage gradient or change the properties
of the medium and the method used for the
studied area, consisting of separate zones of dif-
ferent physical nature.

In order to study the interaction of piles with
the worked base in laboratory and field condi-
tions, the numerical analysis was made using the
FEM. The calculations were performed by finite
element scheme. Due to the symmetry of the
cross section of the pile foundation with respect
to the vertical axis in the calculation scheme was
seen only half of the area of the soil mass and
pile foundation, which were split automatically
on the triangular finite elements. Number of units
—104, elements — 332,the number of considered
types of elements (layers) — 2.The first layer — the
pile material (strength of the pile is not consid-
ered), type 2 — soil of experimental site.

Characteristics of soil foundation are shown
in Table 1:

Table 1.
Task # Layer # Layer type E, MPa \ kNy/m3 C, kPa deg;ees
1 1 Pile 2x10* 0,16 2,4 5,7x10* |30
2 Substitute 0,26 0,25 17,7 0,9 38
2 1 Pile 2x10* 0,1 2,4 5,7x10* |30
2 Clay loam 27 0,35 19 30 27

The boundary conditions for the pile with-
out undermining are defined as follows: on the
circuit 1-143 - U=0; V#0; the contour of the
lower border 143-194 - U=0; V=0; the contour
of the upper boundary the movement is not re-
stricted. Considering the impact of horizontal
ground deformation the boundary conditions
change as follows: the contour 1-143 - U=0; V#

horizontal displacement of the earth's surface,
the contour of the upper limit of movement is
not limited, the contour 76-194 - defined hori-
zontal displacements U equal to the values of
the horizontal ground deformation, V # 0.

The thickness of body: depth H = 3 meters,
width L = 2.5 m. Diameter corresponds to the
diameter of piles used in the field experiments
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0; the contour of the lower border =0 V; U = ¢; \ and equals D = 127 mm. It is assumed that there

is a full contact adhesion through the lateral sur-
face of the pile - soil.

The physical nature of the FEM can be con-
sidered among the "foundation - pile founda-
tion" together. The rigidity of the foundation is
given by the description of its geometric dimen-
sions, strength and deformation characteristics
(Table. 1). The specific weight of the soil is re-
placed by a comprehensive hydrostatic stress

tensor which is added to the value of the actual
stresses.

A comparison of the data with the results of
field studies shows a close agreement between
them.

Reduction of the horizontal stress during
underworking leads to decreased compression
of the pile shaft soil and reducing its carrying
capacity, respectively.
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VJIK 624

YIHPABJIEHUE TEXHOJIOI'MYECKHUM ITPOIECCOM KOHTPOJIA
IMPOU3BOJACTBA HEMEHTA

3.C.TEJIbBMAHOBA, M.A. AMUPXAHOBA, 1U.B. TEOPTAIN
(r. Temupray, KaparanguHckuit rocyjapCTBEHHBIN HHyCTPHAIIbHBIN YHUBEPCUTET)

3HAUYUTENbHBIA POCT MOUTHOCTH MPEIIPUsi-
TI/Iﬁ, HGO6XOI[HMOCTB IIOBBIIIICHUA Ka4dycCTBa
MPOAYKIUH, PACIIUPEHUE €€ aCCOPTUMEHTA BbI-
JIBUTAIOT Bce OOJiee OTBETCTBEHHBIC TpeOOBa-
HUS K TEXHOJIOTUYECKOMY KOHTPOJTIO.

TexXHONOTHYECKUd KOHTPOJIh Ha JIOOOM
IIEMCHTHOM 3aBOJIC MPEICTaBIseT COOOW CH-
creMy MH(OpPMAalWHU, HEPEPHIBHO OMHCHIBAIO-
IIYI0 COCTOSIHUE TEXHOJOTMYECKOro Mpoliecca,
KaueCTBa ChIPbA U MPOAYKIMU B TCHCHUEC BCCTO
MEPUOJIa FKCILTyaTaIlUU TPEATIPHUSITHSA.

Ha AO «Central Asia Cement» Ha OCHOBa-
HUM JIaHHBIX TEXHOJIOTUYECKOTO KOHTPOJIS
OCYIIECTBIISACTCS  yIPABJIICHUE TEXHOJOTHYE-
CKUMH TPOIIECCAMU Ha BCEX Iepeienax Mpous3-
BOJICTBA, 00ECIICYNBACTCS TOJIYICHUE TPOTYKTA
3aJIaHHOr0 KayecTBa M ONTHMH3ALUS TEXHUKO-
HSKOHOMHYECKUX TI0Ka3areyieil paboThl mpe-
MIPUSATHS.

OCHOBHBIMI/I 3agadyaMu TaKOU CUCTEMBI AB-
nsrotes [1]:

— OompeJe/icHHe KayecTBa ChIPHEBBIX MaTe-

pHaioB, 100aBOK, TOIUIMBA U T.1.;

— OIIPEJICJIEHUE COCTaBa U XapaKTEPUCTHUK
IIOTOKOB CBHIPbEBBIX KOMIIOHEHTOB, ChIPbEBOM
cMecH, KIIMHKEpa U LIEMEHTa B IIpoLecce Ipo-
U3BOJICTBA;

— KOHTPOJIb  IIapaMETPOB  TEXHOJIOTUUECKOIO
poILIecca 10 BCEM IIPOM3BOICTBEHHBIM IIEpEIENIam;

— KOHTPOJIb KauecTBa M MaclopTU3alus ro-
TOBOM MPOYKLUHY;

—aHanm3 U 0000IIeHne pPe3yabTaTOB KOH-
TPOJIs IO BCEM IIepelienaM C LEIbl0 yIpasie-
HUSl TEXHOJOTMYECKHM IIPOLECCOM M COBEp-
LIEHCTBOBAHUS TEXHOJIOIMYECKOTO KOHTPOJIS.

JUia pemieHust 3TUX 3a7ad cUCTeMa KOH-
TPOJISl LIEMEHTHOI'O IIPOM3BOJCTBA BKJIIOYACT B
ceOsl 4eThIpe MOICUCTEMBI (CM. PUCYHOK 1):

—00111€3aBOJICKOT0 TEXHOJIOTHYECKOTO KOH-
TPOJIS;

— OIEPaTUBHOIO TEXHOJOTMYECKOTO0 KOH-
TPOJIS BCEX MEPEEeNIOB IPOU3BOACTBA [IEMEHTA;

— IapaMeTpU4ECKOro KOHTPOJIS;

— TEXHUYECKOTI0 KOHTPOJIA.

Touku koHTpOJIs KauecTBa Ha AO «Central Asia Cementy»

BBIX0IHOU KOHTPOJIb

Pucynoxk 1.

IToacucremMa 00IIE3aBOACKOIO TEXHOJIOTH-
YEeCKOr0 KOHTPOJISI 00ECIIEUNBACT OMPE/ICIICHHIE

($habpuKaToB U TOTOBOW MPOIYKIIMU, B 00BEME,
JIOCTaTOYHOM JJIs PEryJIHpPOBAHUS U YIpaBlie-

61



Pa3den 3. «Cmpoumenbcmeo»

COCTaBa U CBOMCTB HMCXOIHOIO ChIpbs, TOIJIMBA
I[O6aBOK, BCIIOMOTI'aTCJIbHBIX MAaTCPHUAIOB, I1OJIY-

HYI0 HH(OpMALMIO 32 CMEHYy, CYTKH, JEKaauy,
MecsI[ ¥ T. 1. Ha OCHOBaHMU JaHHBIX TEXHOJIO-
TMYECKOr0 KOHTPOJISl YCTaHABIIMBAIOTCS TEKY-
IMe 3aJaHusi BCEM 3BEHBSIM YIPABIICHUS TEX-
HOJIOTUYECKUMU MPOIIECCaMU U COBEPILIEHCTBY-
€TCsl BCE IPOU3BOCTBO B IIEJIOM.

B 3anmaun 3T0il mojcucTeMbl BXOAUT TaKkKe
rpagydpoBKa W TMPOBEPKA MOTPEIIHOCTEH TeX-
HUYECKUX YCTPOWCTB MOJICUCTEMBI OIEepaTHB-
HOT'O KOHTPOJIA.

[Toncucrema oOmepaTUBHOTO TEXHOJOTHYE-
CKOTO KOHTPOJIS 3aBOJIa OOECIICUNBAET OIpe/ie-
JIEHHE COCTaBa M CBOMCTB MaTepUajoB Ha BXO-
JaX W BBIXOJAX M3 KOHKPETHBIX arperatoB WIIH
TEXHOJIOTUYECKMX YYacCTKOB IPOM3BOJACTBA U
KOHTPOJIb COOTBETCTBHS IIOJIy9aeMbIX Iapa-
METpPOB 3aJaHUsIM cHcTeM ympasieHus. Onepa-
TUBHBI KOHTPOJIb HPEJCTaBISIET cOOOM 1100
pa3zoBoe oOInpoOOBaHHE dYepe3 HHTEpPBaibl B
OJIMH-/IBA Yaca MPU YCTOWYUBOU pabote o0opy-
JIOBaHUSI WJIM HEMPEpBIBHBIN MpoOooTOOop ¢ uc-
MOJIb30BAHUEM aBTOMATHUYECKHX IMPOO00TOOP-
HUKOB U aHanu3atopoB. OObeM omnpeaencHuit
ATOM MOJCUCTEMBI Ha KaKJIOM y4acTKE JIOJKEH
ObITh MHHHMAJIbHO HEOOXOAUMBIM [UJISI OCY-
HIECTBJICHUSI CTAOWIM3AIMN TEXHOJIOTUUECKOTrO
mpolecca B nmpezenax 3alaHHbIX HOpMaTHBOB.

[Toacucrema mapaMeTpU4YeCKOTO KOHTPOJIS
Ha AO «Central Asia Cement» oOecneunBaer
OIICHKY COCTOSIHUSI OOOPYIOBAaHUS U PEKHMOB
ero paborsl. O0BEeM mMapaMeTpUUEeCKOro KOH-
TPOJSL JOJDKCH OBITh JOCTATOYHBIM JUIS TIOJI-
JepKaHUs IKCIITyaTaI[MOHHBIX PEXUMOB pado-
TBI 00OPYJOBaHHS, TPEIOTBPANICHUS aBapHH,
y4deTa pe3yiabTaToB padOThl MPOU3BOICTBA.

[TogcucrtemMa  TEXHMYECKOTO  KOHTPOJIS
obecrniedyrBaeT KOHTPOJIb KayecTBa U MacIOPTH-
3aIMI0 TApTUH [IEMEHTa, OTTPYKAeMBIX TOTpe-
ouremnsm.

TexHOIOrnYecKnil KOHTPOJIb TPOU3BOACTBA
[IEMEHTa Ha 3aBOJIE BKIIOYAET TUCKPETHOE WIIH
HETIPpEpPHIBHOE  OMPOOOBAaHWE  MAaTEpHUaJIoB,
HAXOJSIIUXCS B HEMOIBM)XHOM COCTOSHUU: B
3a00e Kapbepa, B CKJIaJaxX, B CHUJIOCAX, >Kele3-
HOJIOPOKHBIX BaroHax W T. 1., TUOO B JIBHXKe-
HUW HAa TPAHCIIOPTEPHOW JICHTE, B ITHEBMOT-
PaHCHOPTHBIX H TUAPOTPAHCHOPTHBIX Maru-
CTpaJIsiX, B TPABUTAIMOHHBIX MTOTOKAX.
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HUS B MacmITabax npeanpuarus. TexHomoruye-
CKHI KOHTPOJIb IPEJICTABIISECT COOON YCPETHEH-

yecTBa Marepuasia. MUHHMManbHas Macca IMpo-
OBl OTpeeNsIeTCsl pa3MepOM KYCKOB OIPOOKIBa-
€MOro MaTepuajga MU €ro HEOJAHOPOJHOCTHIO.
YeMm Oombllie HEOTHOPOIHOCTH Marepuaia M
KpyIIHEe ero KyCcKH, TeM OOJIbIIe JT0JKHA OBITh
Macca 0TOMpaeMoi MPOOHI.

MunumanbHas npoba moJABepraercs pas-
JIeNIKe, KOTOpasi MOYKET BKJIIOYATh CJETYIOIINe
omepanuu: CMelIMBaHue NpoObl, ApoOsIeHHe
npoOBl, COKpalleHue MpoObl. DTHU Olepaiuu
BBITMIOJHSIOTCS B IPOOMIIKAaX, MEJIbHULIAX, UCTHU-
partensix, CMECUTENX, JACIUTENIX U COKpaTHTE-
JSIX TPOo0.

OnpoboBaHKEe HEMOJBUKHBIX MaTepHalloB
COTPSIKEHO C PSJIOM TPYAHOCTEH, 00YCIIOBICH-
HBIX HEBO3MOXXHOCTBHIO PaBHOMEPHOTO 0TOOpa
MaTepuaia BO BCEX TOUKaX.

HaubGonee nocroBepHble pe3yibTaTbl MHpU
onpoOOBaHUU HEMOJBMKHOTO MarepHuaia Io-
JY4aoT TPU TPOBEICHUU SKCILTyaTallMOHHOM
pa3BeKU CBHIPHEBBIX MaTepualioB. MeToauka
OKCIUTYaTAal[AOHHOW T'€O0JOTMYECKON pa3BEeIKH
BKJIIOUAET MPOXOJKY CKBAXXUH BKPECT MPOCTH-
paHus opoJ 1o cetu ¢ marom 25 wiu 50 M B
3aBHCHMOCTH OT XapakTepa 3aJleraHus Mopoj U
HEOJHOPOAHOCTH HMX cocraBa. IIpoxonka ckBa-
JKUH BEJETCS MpHU MOMOIIM OypUJIbHBIX CTaH-
KOB. B moNydeHHBIX KepHaxX marepuaia Bblje-
JSIFOTCSL JIMTOJIOTMYECKUE PAa3HOBUAHOCTU II0O-
poa. Marepuan KEpHOB YCPEIHSETCS MO JIUTO-
JIOTHYECKUM TpU3HAKaM, U3MENIbYaeTCsl U MOJ-
Bepraercs  CokpameHuro. [loaroroBieHHbIE
poObl aHATU3UPYIOTCS Ha COJIEp)KaHUE OCHOB-
HBIX OKCHJIOB WJIM K€ TMOJBEpraroTcs Oosee
MOJTHOMY XMMUYECKOMY aHAIIU3y.

PesynbraThl ompeneneHus XUMHUYECKOTO U
JMCTIEPCHOTO COCTaBOB MPUHUMAIOT 32 OCHOBY
NpyU TUTAHWPOBAaHUHM KadecTBa JT0OBIBAEMOTO
CBIPBsl U 00BEMa TOPHBIX pabOT MO KBapTajiaM B
Te4eHHue OoaHoro rona. OmnepaTHBHas OICHKA
Ka4yecTBa ChIpbsi B JOOBIYHOM 3a00€ TBEpAbIX
MOpOJ BKIIFOYAET OMPOOOBaHHME KPYIKH MaTe-
pHuasia U3 B3pBIBHBIX CKBaXHH. OT KPYIKH, MO-
JydaeMoW B TIporecce OypeHHus, OTOMpaeTcs
cpenusis npoba. [Ipoba mepememmBaercs, KBap-
TyeTcs (cokpamaercs). B mpobax onpenensiercs
TUTP WIN COJIep)KaHHe OCHOBHBIX OKCHAOB. Ha
OCHOBAHHMU JTHUX JAHHBIX COCTABIISIOTCS €XKe-
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Ha 3aBone ynendaroT BHUMaHHE TOMY, YTO-
OBl Macca MpoObI COXpaHsiIa UCCIIeayeMbIe Ka-

MEHTOM BBIITyCKaeMoil mponaykuuu. B mepuop
IIPOM3BOJICTBA LIEMEHTA CAMOI'0 BBICOKOTO Ka-
4yecTBa 3aBOJ| JIOJDKEH CHa0kaTbcs Haumbosee
OJIHOPOJIHBIM CBIPBEM C MHUHHMAJIBHBIM COJEp-
YKaHHEM ITpUMecei.

OmnepatrBHOE OMPOOOBAHKE MATKOTO CBHIPhS
(Men, ruHBI) B 3a00€ MPOUZBOAMTCS IyTEM
HaHeceHHWs Oopo3x Ha Oopt 3abos, oTdopa
npo0, WX YCpeOHEHHs, KBapTOBaHUS, CYILIKH,
COKpALICHHs U aHalu3a Ha COJEp)KaHUE YEeThI-
peX WM MSATU OKCUAOB, UHOT/A TUTPA.

OT60p TOYEUHBIX TPOO B3OPBAHHON MacChI
B OOJIBIIMHCTBE CIIy4aeB HE MO3BOJSET Xapak-
TEpPU30BaTh Ka4eCTBO ChIPbs B pa3Bajie ¢ J0CTa-
TOYHOM HaJEeKHOCTHIO. bonee mpencraBUTenb-
HbIE TIPOOBI Ha Kapbepe MOTYT OBITh OTOOPAHEI
OT Pa3HOBUAHOCTEH TMOJIE3HBIX HMCKOMAaEMbIX
BPYYHYIO C [IOMOIIIbIO F€0JI0IMYECKOIO MOJIOTKA.

s TOBBINIEHUS JTOCTOBEPHOCTH OTOOp
npod MarepuanoB LEMEHTHOTO MPOHM3BOJCTBA
BBITIOJTHSETCS. OT JBUXKYIIETOCs MOTOKa METO-
JIOM CEYEHMI: HEKOTOPYIO YacTh IIOTOKA OMpO-
00BaeMOro Marepuaja HEIPEepPHIBHO WU TMEpH-
OJIMYECKH OTBOJAT B Mpo0y. DTH oneparuu Mo-
I'YT TPOU3BOJUTHCS METOJOM IMPOJOJIBLHOTO H
MONEepeYHoro cedeHus mnotoka. Ilpu otdope
npo0 METOJO0M IMOMEPEeYHBbIX CEYEHUIl OTceKa-
HUE KOHTPOJIMPYEMOIO MaTepuaja OCYIIECTB-
JSETCSl TUCKPETHO B TEUYEHUE KOPOTKOIO IPO-
MexyTka BpeMeHHU. [IpobooTrOopHbIE yCTpOii-
CTBa coJiepar, Kak MpaBuiIo, KOBII, epeceKa-
IOIUA TOTOK M OTOUPAIONINIT BCE YaCTHIIHI,
HaxoJsIIMecs B JaHHBIA MOMEHT BpPEMEHHU B
oToKe. MeToj MmonepevyHbIX ce4eHui odecrme-
YMBaeT HanOOJbIIYI0 MPEACTAaBUTEIBHOCTh pa-
30BBIX MPOO.

Touka orb6opa mpod M3 HANOPHBIX Maru-
CTpajell 10JIHa BBIOUPAThCS HA BEPTUKAJIbHBIX
TNIAJKAX Y9acTKax TPacchl Ha PACCTOSHUHU HE
MeHee JIECSITH AUAMETPOB OT KOJIEH, 3a/IBHIKEK
U T.J. IO XOAY IBWKEHHMS IIBIJIETa30BOr0 MOTOKA.

[Ipenmourenue cienyer OTAaBaTh MOTOKaM,
B KOTOPBIX MaTepuan HMeJ BO3MOXKHOCTH Iie-
peMeInBaThCAd Ha y4acTKaX TpPaHCIOPTHpPOBa-
HUS NPEANIECTBYIOIUX TOYKE 0TOOPA.

Brei6op Tuma mpo6GooTOOpHOTO yCTpOWCTBA
OCYIIECTBIAETCS B 3aBUCHUMOCTH OT criocoda
MIPOM3BOACTBA, XMMUYECKOro, I'paHyJIOMeTpuye-

MCCAYHBIC NN JCKAHBIC IJIaHbI TIOJA4YH1 ChIPbA
Ha IIpOU3BOACTBO, COITIAaCOBAHHBIC C aCCOPTHU-

IToncucremsl 00111€3aBOACKOIO TEXHOJIOIH-
YECKOT0, OMEPAaTUBHOIO U TEXHUYECKOTO KOH-
TPOJI BKJIIOYAIOT aBTOMAaTU3UPOBAHHBIA WM
py4HOIl 1po600TOOp, MPOOOIIOATOTOBKY U aHa-
JU3 XUMHUYECKOrO0 MHHEPAJIOrHYecKoro, JIuc-
MEPCHOTO COCTaBOB, (PU3MKO-XMMUYECKUX H
¢u3nyeckux cBOMCTB MarepuanoB. C 1enbio
parroHanpbHOW W OecriepeOoiHOM dKCITyaTa-
UM [IPEIPUATHI 110 TPOU3BOACTBY LIEMEHTA, a
TaKXe CO3JaHMsi 0€30IacHBIX YCIOBUN pabOThHI
JUId KaXXAO0ro 3aBojia pa3padaThIBAETCsl TEXHO-
JIOTHYECKasi CHCTeMa KOHTPOJISI, YUUTHIBAIOLIAS
ero cnenuduxy

TexHOIOrNYEeCKUi KOHTPOJIb IIPU CYXOM
croco0e MPOM3BOJCTBA KJIMHKEPA OTIUYACTCS
OT KOHTPOJISI IPU MOKpPOM crocobe Ha rmepene-
Jax MPUTOTOBJICHUSI CHIPbEBOM cMecH U 00XHra
KJIMHKepa. HanexxHblll KOHTPOIb IpeaBapu-
TEJIbHOM TOMOI'€HU3alUU HEOJHOPOAHBIX ChIPb-
eBBIX MAaTEpUaAIOB TOCJIE€ BTOPUYHOTO JIpoliIe-
HUS B YCPEIHMTENbHBIX CKJIagax, MOMoja J0
KPYIKA B MEJBHHUIIAX MOXHO OCYIIECTBHUTH
TOJIbKO TPU MOMOLIM IPOOOpPa3eNnovyHol Ma-
IIMHBI.

3ajaun aHaIM3a KayecTBa LIEMEHTa 3aKJIo-
Yal0TCS B CISAYIOIIEM:

1) u3yueHue TUHAMHUKUA OOOOIIAIOIIMUX I10-
Kas3aTesne KayecTBa IpOoyKINH;

2) ompeneneHre CpeIHEB3BEIIEHHOT0 Oaia
KadecTBa MPOJIYKIMH U IyTeM CpaBHEHUS (ax-
TUYECKOTO U IUIAHOBOTO €r0 YPOBHS HAXOXJe-
HUS TIPOIICHTA BHIMIOJHEHUS TUIaHA MO0 Ka4eCTBY
(GaybHBIN MeTON);

3) MOMCK pe3epBOB IMOBBIIICHUSI KadyecTBa
HPOAYKIUH.

Xapakrepuzysi MOPTJIAHAIIEMEHT, HYKHO
TOBOPUTH O €r0 MOPO30CTOMKOCTH, BOJOCTOM-
KOCTH, TIPOYHOCTH W TOHKOCTH TIOMOJIA.

MOopO30CTOHKOCTh XapakTepU3yeT CIoco0-
HOCTh IIEMEHTa K MHOTOKPAaTHOMY 3aMOpPaXKH-
BAaHUIO U Pa3MOPaKMBAaHHUIO B T€UEHUE roja, C
W3MEHEHUEM ITOTOJHBIX yCJIOBHM. UHMCTBIN Iie-
MEHT He 00JajaeT TakoH CIIOCOOHOCTHIO, 3TO
CBOWCTBO TpHUOOpETaeTCcs TONBKO BBEICHUEM
MoguduIMpyonmx nobaBok. braromaps o6-
HICTIPHHATOW MapKHPOBKE BCET/Ia MOXHO OIpe-
JIeNTUTh CBOMCTBA MPHOOPETaeMOro IeMeHTa.

Bonocroiikocts Hanbosee BCEro OTpaykaercs
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CKOT0 COCTaBa MaTepHaia B COOTBETCTBUH C HO-
MEHKJIATYpOil MPUOOPOB M CPEICTB aBTOMATH3a-
UM,

nemenTa. IIporecc cxBaTbIBaHUS LIEMEHTHOIO
pacTBopa MPOUCXOAUT OyKBalnbHO B TeueHue 10
MHUHYT. Takue CBOMCTBA LIEMEHTA OYEHb BaXKHBI
IIPU 3aJIeJIKE IIBOB U CTBIKOB eJIe300€TOHHBIX
KOHCTPYKLUH, Haxodmuxcs B Boxe. M3-3a
9TUX CBOMCTB CTOMMOCTb TaKOI'O LIEMEHTA 3Ha-
YUTEIHHO BBIIIE OOBIKHOBEHHOTO.

IIpoyHOCTHBIE CBOMCTBA LIEMEHTA XapaKTe-
pu3yercs MapKoH, yKa3aHHOM Ha €ro yIaKOBKeE.
B kauectBe 100aBOK B IPOM3BOJCTBE TaKOIO
LIEMEHTa MCIIONb3YETCs THUIIC, WM U3MENIbUYEH-
HBIM ILIJAaK M3 OTXOAOB METaJIypru4ecKoro
IIPOU3BO/JICTBA.

ToOHKOCTh MOMOJIa — Ba)KHOE CBOMCTBO Iie-
MEHTa, KOTOpO€ BIIMSAET HAa CPOKH 3aTBEpieBa-
HUS U, 3HAYUT, IpoyHOCTH OeToHa. CunTaercs,
YTO YEM TOHBLIE TIOMOJI KIMHKEpPa, TeM OOJIbIlIEe
OyzeT MpPOYHOCTh LIEMEHTa MOCJIe OKOHYATEIb-
HOTO 3aTBepaeBaHus. Upe3MepHO TOHKHUHM IIO-
MOJI KJIMHKEPA MOKET IPUBECTH K IIOHM>KEHHUIO

Hunarpamma

OTCyTCB. IOJIKHOE
nepeMeIInBaHue

Ilepconan

S

HeogHnopoaHoe .

B BOI[OHerOHI/ILIaeMOM paCL[II/IpHIOH_leMC}I IHEMCH-
Te. DTH CBOMCTBA BUIHEI U3 CAMOT'0 Ha3BaHUS

npodHocty 6eroHa. TOHKOCTH MOMOJa KIMHKE-
pa 1eMeHTa B 1I€JIOM 3aBUCUT OT COBEpILICHCTBA
000py0BaHus, KOTOPOE UCIOIB3YETCS JUIsl €T0
MPOU3BOACTBA [2].

B 2013r. nocrynuino 12 peknamanuii ot
nokymnareseu, a B 2014r. — 7, 4To yka3bpIBaeT Ha
CYILLIECTBEHHOE YJIYYIIEHUE CUTyallMM KauecTBa
BBIIYCKaeMOM MPOAYKIIHH.

Jns ompeneneHuss OCHOBHBIX — MPUYUH
HECOOTBETCTBHUS KauecTBa MPOAYKLHUU HCIOJb-
3yercss auarpamma VIcukaBbl Kak MHCTPYMEHT,
oOecreunBarOINi CUCTEMHBINH MOAXOJ K OIpe-
JeNeHUI0 (PaKTUYECKUX TPUYUH BO3HUKHOBE-
HUS poOIeM.

JnarpaMma Mo3BOJsI€T B MNPOCTOM U J0-
CTYMHOI (opme cucTemMarusupoBaTh BCE IO-
TEHIMAJIbHBIE TMPUYUHBI  PACCMATPUBAEMBIX
npo0OsieM, BBLIETUTH CaMble CYIIECTBEHHBIE U
MIPOBECTH MTOYPOBHEBBIN TMOUCK MEPBONPUINHBI
(cM. puCyHOK 2).

HcukaBrel

Chipbe

He cootBerctByer 'O-
CTy

He nocra
TOYHO KBa-
TUQHUIND.OH

HexkauectBen-

OtcyTe. crelt
000py10B

OTtcyTCcByeT MpeaB-
HBII KOHTPOJIb
KayecTBa

e

Kontpoas kauectBa

OobopynoBanue

- N

HBIU [IEMEHT

M3H0C TEXHOJIOT.
obopymoBaHus Ha
70%

Pucynok 2.

TakuM 00pa3oM, OCHOBHAas MpUYMHA HECO-
OTBETCTBYIOLIETO KAadyeCcTBa LIEMEHTA SBIIAETCS
HEYJIOBJIETBOPUTEIBLHOE KAa4eCTBO ChIPhSl U OT-
CYTCTBHE CIIELIMAJIBHBIX CPEACTB JUJIsl €r0 KOH-
Tpouisi. YIpaBieHHUE TEXHOJOTMUYECKUMH MPO-

[[eccaMM KOHTpOJISI Ha BCEX Iepefesiax Mpou3-
BOJICTBA CIIOCOOCTBYET MOJYYEHHUIO MPOAYKTa
3aJJaHHOTO KauecTBa U TOBBIIICHHUIO KOHKYPEH-
TOCIIOCOOHOCTH MPEANPUATHS B JOJTOCPOYHOM
nepuoze.
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