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Abstract. The article addresses the issues of structure formation of road composite materials containing hydraulic (portland
cement) and organic (bitumen) binders. It has been determined that organic and hydraulic binders, being thermodynamically
incompatible, are capable of interaction and complement each other. Structure formation processes are associated with inter-
phase transition layers interaction mechanism and the direct formation of phase contacts with cement crystallohydrates.
The interphase boundary is diffuse and is established through interphase transition layers. The emergence of interfacial layers
is thermodynamically advantageous, since it contributes to a decrease in Gibbs free energy and does not contradict modern
concepts of solid state physics. It was established that with cement content of about 30 % of complex bitumen-cement binder
volume, there will appear (nucleate) phase contacts that will prevail in the binder structure when the cement content is more
than 60 %. In the case phase contacts prevail, concrete will demonstrate significant strength at high temperatures, but low
temperature and fatigue crack resistance, which will lead to their durability loss. The cement content of 30—40 % of the total
complex binder can be considered optimal.
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Cmpoumenbcmeo

IIpouecchl CTPYKTYPOOOpa3oBaHUA U CBOICTBA 0€TOHOB

Ha OPra’HoruipaBJIU4Y€CKUX BHKYIINX

Axanemux HAH Besnapycn, 10KT. TexH. HayK, npod. B. M. Xpycraies"”,
JIOKT. TeXH. HayK, npod. B. A. Bepennko™?,

KaH/A. TeXH. HayK B. B. 3amcomlq3), KaH/A. TEXH. HayK, aou. FO. I'. Anexceenz),
105 Cioosions”, Bo Ilan?, I3uKyHs u*

1)]Senopyccmm HAIIMOHAJIBHBIN TeXHUYeCKHi yHuBepcuTeT (MuHCK, Pecrrybnmka benapycs),
YHay4HO-TeXHOIOrHYeCKHi 1apk BeopyccKoro HAMOHATBHOTO TEXHHYECKOro YHUBEpcHTeTa «ITOMMTEXHUK»
(MuHck, Pecriybnuka benapycs),

3)L[eHTp HWHOCTPaHHBIX CICIIMAIMCTOB BHICOKOW KBaMM(pUKAINK, X HAHBCKAs TEXHOJIOrHYecKast komnanus «['aoraHby

o conepxanunto aBTomaructpaneii (CuabcsH, Kuraiickas Haponnas Pecry0nmka),

4)HaIII/IOHaIH)Ha$[ HWHXXCHCPHAsA na60paT0p1/I${, XpHaHbCKas TEXHOJOTHYECKAs KOMIIAHMS «] a00aHb» MO COACPIKAHUTIO

aBroMaructpaneii (Cunbcsin, Kuraiickas Hapoanas PecmyOivika)

Pedepar. PaccMOTpeHBI BOIPOCH! CTPYKTYPOOOPa30BaHUs JOPOKHBIX KOMIIO3UTHBIX MaTepHalIOB, COJACPIKAILUX B CBOEM
COCTaBe ruipaBiInyecKue (IIOPTIAHALEMEHT) U OpraHudeckue (OUTyM) BsDKyIIMe. Y CTaHOBIJICHO, 4TO, SIBIISISICH TEPMOJMHA-
MHYECKH HECOBMECTHMBIMHU, OPraHUYECKHE U TUIPABIMYCCKUE BSHKYIIHE CHOCOOHBI K B3aUMOACICTBUIO U JIOMOJIHSIOT APYT
npyra. [Iponecchl CTpyKTypooOpa30oBaHusl CBSI3aHbI C MEXaHU3MOM B3aHMOICHCTBUS MeX(a3HBIX IEPEXOIHbIX CIIOEB U HEIOo-
CPEICTBEHHOr0 00pa3oBaHMs (Ha30BBIX KOHTAKTOB KPHCTAIIOIHAPATAMU IieMeHTa. VIccieloBaHMS MPOLECCOB CpacTaHUS
KPUCTAJUIOTHPATOB LIEMEHTAa Yepe3 OpraHMYecKUe IUICHKH, MUKPOCKOIIMYECKHI M PEeHTIeHOCTPYKTYPHBIN aHaIu3 HOATBEp-
WM JaHHbIe pe3ynbTaThl. ['paHuma paszmena ¢as sBISETCS Pa3sMBITOH M OCYHIECTBISICTCS depe3 MexX(asHbIe IepexoHbIe
cioun. Ilpouecc nosiBiaeHnst MexdasHbIX CIOEB BBIFOJCH C TEPMOAMHAMHYECKOH TOYKHM 3PEHHS, IMOCKOJbKY CIIOCO0-
CTBYET YMEHBIICHUIO CBOOOIHON »Hepruu ['mbOca u HE MPOTHBOPEYHT COBPEMEHHBIM MPEICTABICHUSIM (PU3UKH TBEpHOTO
tena. Ilpu conepxannu nementa okono 30 % oT 00beMa KOMIUIEKCHOTO OMTYMHO-LEMEHTHOTO BSKYIIETO HAUHYT MOSBIATh-
cst (3apoxarscs) (azoBble KOHTAKTHI, KOTOpBIE OyAyT IpeobiiafaTh B CTPYKType BSDKYIIEro IIPU COJCpIKaHUM ILeMEHTa
6oxee 60 % 1o oObemy. B ciydae npeobnananus Ga3oBbIX KOHTAKTOB OETOHBI OyayT 00Ja1aTh 3HAYUTEIBHON IPOYHOCTHIO
IIpU BBICOKHX TEMIEpaTypax, HO HU3KOH TeMIlepaTypHOH M yCTaJOCTHOH TpPEIMHOCTOMKOCTBIO, UTO IPHBENET K IMOTEpe
HX A0AroBevHOCTH. ONTHMAaIbHBIM MOXKHO CUHMTATh COJAEpKaHHe neMeHTa B konmdecTse 30—40 % ot obmiero oobemMa KoM-
IJICKCHOTO BSDKYILETO.
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Introduction

Recently, new materials, including composites,
have been used in road construction. Composites
refer to materials consisting of two or more dissi-
milar materials and having properties that the ori-
ginal materials do not have. Road composites is
a narrower class of composites. Their main diffe-
rence is the use of two or more thermodynamically
incompatible binders, which form bonds of diffe-
rent nature, strength and deformability in the struc-
ture of the material. Such binder compositions
include, for instance, cement-asphalt, sulfur
asphalt, asphalt with fatty acids, polymer modi-
fied asphalt, etc.
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In road building practice, cement-asphalt com-
pounds of various composition designs and techno-
logical processes for their preparation are widely
used. In the future, we will call them concretes
based on organic hydraulic binders (hereinafter
referred to as OHB concretes).

OHB concrete is manufactured construction ma-
terial that combines the properties of thermodynami-
cally incompatible organic (bitumen, tar) and hydrau-
lic (cement, gypsum, ash, etc.) binders in its structure.
The invention of OHB concrete in road construction
was associated with a number of reasons:

1) the lack of reliability and durability of con-
ventional asphalt concrete in response to present-
day traffic loads;
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2) the introduction of new energy and resource-
saving technologies that require the presence
of water in the structure of the material (emul-
sions, foamed bitumen, wet organic-mineral mix-
tures, etc.);

3) the emergence of new technologies for re-
pair and reconstruction of road surfaces (e. g. cold
recycling).

New materials require the study of the peculia-
rities of their performance in a temperature-time
field in order to develop objective technical re-
quirements for their physical and mechanical pro-
perties, which ensure the required strength and
reliability values. In addition to the authors, the
issues of obtaining and optimizing the composition
and structure of OHB concrete are dealt with
by experts in most countries of the world [1-6].
The main technological parameters for concrete
production have been established, studies of com-
position effect on strength have been carried out,
and in-use life has been examined [7—11]. A signi-
ficant role of cement in the processes of structure
formation is recorded. In particular, it has been
found that at low cement content, or its absence,
the durability of the material in road surfaces
is very low [12]. All this requires a more detailed
analysis of the processes of OHB concrete struc-
ture formation.

The structure of OHB concrete includes two
thermodynamically incompatible binders (cement
and bitumen) and water. This provides the grounds
for creating a complex structure, which cannot be
attributed to crystallization (cement concrete),
or coagulation (asphalt concrete). A fundamental
issue is the purpose and effective use of cement in
the process of OHB concrete structure formation.
In some cases, its content is limited and considered
a filler that absorbs excess water, in others it is an
independent binder that increases the strength of
the composite, especially at high operating tempe-
ratures. It is known that bitumen and cement are
antagonists. Oil fractions of bitumen harm the
structure formation of cement; water and hydration
products interfere with the formation of bitumen
bonds. This prevents a clear understanding of the
processes of structure formation. The question
of determining technical requirements to similar
materials, designing road structure, and evaluating
their reliability and durability is also unclear.
To solve these problems, it is necessary to under-
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stand the processes of structure formation of OHB
concretes and obtain theoretically and experimen-
tally proved models of their behavior in tempera-
ture-time fields under loads. New materials war-
rant further study of the peculiarities of their
behavior in a temperature-time field in order to
develop objective technical requirements, which
can provide the required values of strength and
reliability. At the first stage, studies were per-
formed aimed at investigating the processes of
structure formation and the structural peculiarities
of complex binders, that have a significant effect
on the properties of OHB concrete.

Body

During the preparation of concrete based on
organohydraulic binders, aggregates of cement
grains of various nature and structure are formed.
Regardless of the preparation technology, there are
conditions for water to penetrate into these aggre-
gates and hydrate them. The possibility of hyd-
ration of the mineral binder makes it relevant to
study the formation of direct crystallization (phase)
contacts of cement aggregates of the optimal
(effective) volume, including the case organic
binder films are present in between, which is an
important task for optimizing the properties of
OHB concrete at the design stage of the compo-
sition to achieve maximum parameters of their
operational reliability under the influence of
weather and climate factors and traffic.

When studying the structure of OHB concretes,
the question of the possibility of forming phase
contacts between particles of hydrated cement
in the presence of aqueous dispersions of bitumen
or bitumen films is of paramount importance.

According to these ideas, during the hardening
of binders, crystallization structures appear in the
system. The basis of their development is the
bridging of particles (crystalline or amorphous) of
hydrated neoplasms in the process of separation of
a new phase from supersaturated solutions. It is the
bridging of particles — the formation of strong con-
tact bridges between them — that is the main con-
dition for the transformation of a dispersed system
into an artificial stone exhibiting mechanical
strength. Depending on the nature of particles
interaction, it is advisable to distinguish between
two main types of contact between particles (re-
spectively, two types of dispersed structures),
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which are commonly referred to as coagulation
and phase. In coagulation contacts (or structures),
the cohesion of the particles of the dispersed phase
is limited by their simple “contact”, either directly or
through the residual layer of the dispersion medium,
mainly due to molecular (van der Waals) forces.
Such contacts are of low strength (10°-107 N)
and mechanically reversible, which determines the
viscoplastic and thixotropic properties of coagu-
lation structures.

Unlike cements and concrete, the dispersed
medium of cement-bitumen systems is not the
aqueous phase, but the aqueous emulsion of bitu-
men, which contains, in addition to purely oil
phase, many different active centers and surface-
active substances (hereinafter referred to as surfac-
tants). Therefore, the formation of strong structures
in such systems, of course, will differ in certain
properties. However, general fundamental laws
apply in this case as well.

Let us consider several possible situations of
contacting cement particles and its hydrates in wa-
ter-bitumen emulsion and evaluate the possibility
of bridging.

If the cement particles are in contact in one
phase, the hydration process will be accompanied
by the growth of hydrated neoplasms and the for-
mation of strong phase contacts between them.
The bridging can be slowed down due to the
adsorption of surfactants, due to a decrease in
the probability of bridging, but not suspended,
as evidenced by experiments on the bridging
of modified surfactants of gypsum crystals [13].
The possibility of bridging of particles in the
presence of an oil phase is not excluded.

In bitumen emulsions and dispersions, the
growth of crystals in the presence of films between
them (and the creation of the crystallization pres-
sure necessary for breaking through the films) can
be carried out both by diffusion of ions over the
surface of growing crystals (surface diffusion) and
by diffusion through the volume of oil phase, fol-
lowed by release in areas not occupied by surfac-
tant molecules. The formation of phase contact
between individual aggregates of hydrated cement
can also occur as a result of rupture of bitumen
films during compaction, as well as cement con-
traction during hydration. Contractional defor-
mations of various cement constituents are in
the range of 3—10 % [14], which in some cases

184

exceeds the ultimate deformation of bitumen
film, especially of a reduced thickness, which
makes 1-10 % [15].

In general, the probability of a crystal bridging
in the presence of bitumen phase will be deter-
mined, first of all, by the size of the crystals
formed and the thickness of the bitumen film.
The larger the crystals and the thinner the bitu-
men film is, the higher the probability of crystal
bridging is. The sizes of crystals of hydrosilicates
(alite, tobermorite) are 0.25-0.50 microns, lime —
1-2 microns, ettringite — 16—20 microns [16]. If the
thickness of the bitumen film scales to the double
size of the crystals, then they can bridge.

It was decided to carry out experimental con-
firmation of the possibility of establishing phase
contacts between hydrated cement aggregates
when the dispersion medium is a bitumen emulsion
or an aqueous dispersion of bitumen, by analyzing
the direct processes of intergrowth of individual
crystals in dispersion medium. This study is im-
portant, as it will allow us to focus on the effective
concentration of a hydraulic binder in the design
process of OHB concrete compositions which
ensures the formation of a structure of complex
binders with the required strength and deformation
qualities. These effective concentrations, along
with the peculiarities of the interaction of a com-
plex binder and aggregates (granules from milling
of road asphalt concrete pavements (hereinafter
referred to as asphalt granules) or stone particles)
will determine the reliability and durability of the
composite.

First experimental studies of individual inter-
growth contacts, which allowed to identify the pat-
terns and mechanism of the formation of phase
(crystallization) contacts between binder hydrate
particles, was conducted under the supervision
of Academician E. D. Schukin at the Department
of Colloid Chemistry of Moscow State University
and at the Laboratory of Physical and Chemical
Mechanics of the Institute of Physical Chemistry
Russian Academy of Sciences [13].

These studies were based on the measurements
of adhesion forces between individual particles
under conditions that actually occur during mineral
binders hardening. They made it possible to estab-
lish the dependence of bridging process on such
hardening factors as the metastability of the initial
medium (supersaturation), the residence time of

Hayka
urexHuka. T. 19, Ne 3 (2020)



Civil and Industrial Engineering

particles in the coagulation contact, the presence
of impurities in the medium — various ions, surfac-
tants, etc. As a result, the role of mechanical efforts
was established — the compression of particles
to each other. Such compression can be provided
both by applying external stresses, and due to the
development of internal stresses in the forming
hardening structure, as a result of crystallization
pressure. In addition, in systems with two-phase
dispersion medium (for example, bitumen emul-
sions), the compression of particles can be the
result of capillary pulling forces of the menisci,
which are formed in the contact between the par-
ticles due to selective wetting. Capillary forces
contribute to the fixation of particles in a coagulation
contact and considerably determine the behavior
of the system at the initial stage of its formation.

In connection with the above, the precision
technique developed at the Department of Colloid
Chemistry of Moscow State University was used to
measure adhesion forces in the contacts between
individual particles [13]. It is based on the use of a
galvanometer sensitive magnetoelectric system as
a power meter. This technique allows you to adjust
the force during the compression of particles and
directly measure the adhesion forces in the con-
tacts between them in a wide range of values: from
very small components of ~ 1~10* N to relatively
large — ~10° N.

Gypsum was taken as the object of research,
as it resembles the materials under consideration in
its behavior the most, and at the same time, it is a
fairly uniform and stable material. Calcium sulfate
dihydrate crystals (5x5x0.5 mm in size) were used.
The dispersed medium was a supersaturated solu-
tion of calcium sulfate obtained by dissolving
semi-aqueous gypsum in water (three times more
soluble than calcium sulfate dihydrate), followed
by filtering the solution and diluting it to the

desired concentration C was obtained. This
allowed to vary the degree of solution supersatu-
ration o = C/Cy (Cy — the solubility of calcium sul-
fate dihydrate) from 1 to 3. To model bitumen
dispersions and emulsions, surfactants were used
that did not lead to a significant change in the opti-
cal properties of the medium (octadecylamine,
gelatin, dimethyldichlorosilane). A direct analogue
of emulsions based on octane (oil phase) and
cetylpyridinium bromide (emulsifier) was also used.

The idea of the experiments was as follows.
Two particles placed in a supersaturated solution
were brought into contact with a predetermined
force f, kept in such fixed position for a certain
period of time #, and then parted. The force needed
to detach the particles was measured, which
was identified with the strength of the individual
contact p;.

Since crystal bridging is a probability process,
the results were subjected to static analysis and the
bridging probability was estimated:

VV;p :_t’ (1)

where W, — number of “strong” contacts; W, — total
number of contacts registered.

“Strong” (phase) contacts are contacts with
a force of more than 10° N. Weak (coagulation)
contacts are those with a limiting separation force
of less than 1077 N.

Studies of the bridging of individual particles,
the surface of which was modified by a surfactant,
showed (Tab. 1) that in all cases a decrease in the
bridging probability is observed. In this case,
the reduction bridging effect W, depends on the
symbols of the approaching faces, which is asso-
ciated with their different adsorption capacity and
their growth rate.

Table 1
The effect of surface modification of crystals on the probability of their bridging W,
in supersaturated calcium sulfate solutions

Crystal in contact Surface modifier Wy, % a t,s
Gypsum-gypsum ODA 36 (67) 1.8 1000
Gypsum-quartz ODA 27 (68) 1.8 1000
Gypsum-quartz DMS (quartz) 32 (69) 1.8 3000
Gypsum-gypsum Gelatin 42 (49) 1.8 100
Gypsum-quartz Gelatin 38 (68) 1.8 1000

Note. The values specified in parentheses are for unmodified crystals. ODA — octadecylamine; DMS — dimethyldichlorosilane,

was used for preliminary hydrophobization of quartz surface.
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With rapid crystallization (and rapid growth
of faces), molecules or ions of a crystallizing
substance will interfere with the adsorption of sur-
factants and may displace part of them from the
surface. At the same time, the difficulty of bridging
of neoplasm particles at the initial stage of har-
dening will favorably affect the strength of the
finally formed structure, since it inhibits the for-
mation of a primary rigid frame capable of accu-
mulating elastic stresses. Internal stresses developing
during the formation of the structure can lead to its
irreversible destruction, especially in the late stages
of hardening (when new contacts scarcely occur), and
to a decrease in the final strength. Therefore, this
behavior of surfactants at their optimal propor-
tioning provides the conditions for creating a stronger
final structure with fewer residual internal stresses.

Thus, the presence of a surfactant in dispersion
medium does not prevent the appearance of phase
contacts, but the probability of such contacts
is reduced by two or more times. Therefore, when
using bitumen emulsions, the bridging of crystals
through emulsion dispersion medium will occur
and a crystallized framework of reduced strength
will be created.

To directly confirm the bridging of crystals
in direct emulsions, an attempt was made to mea-
sure the adhesion forces of gypsum crystals in
emulsions containing 50 % (by volume) of oily
dispersed phase (octane) in supersaturated solution
of calcium sulfate. Cetylpyridinium bromide was
used as an emulsifier. However, experiments with
such emulsions are difficult due to their large tur-
bidity, which does not allow to register the mo-
ment of particles joining and the moment of con-
tact rupture. In addition, the appearance of suffi-
ciently large adhesion forces between gypsum
crystals (>107 N) in emulsions cannot be consi-
dered as direct evidence of their bridging, since
such adhesion forces can also be associated with
the manifestation of capillary forces due to the
appearance of a meniscus in the contact zone.
To give a clear answer, it is necessary to separate
the contribution of capillary forces p’ and the con-
tribution of cohesion forces p” at bridging in the
total contact strength p, establishing between gyp-
sum crystals with the presence and isolation of
a new phase in the contact zone.
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This can be done by simulating various situa-
tions that may occur when particles are in contact
in emulsions. It is such model experiments that
will ascertain the fact of particle bridging in
two-phase liquid medium more objectively.

For this purpose, contact strength was mea-
sured for the contact between gypsum crystals
placed in octane medium when a drop of calcium
sulfate solution — saturated and supersaturated
towards gypsum crystals — was introduced into the
contact zone.

Preliminary experiments were conducted to
select the optimal volume of droplets introduced
into the contact zone, which was necessary to
obtain reproducible results. The optimal volume
proved to be 0.5-0.6 mm’.

The crystals brought together were compressed
with force f, kept in this state for a predetermined
amount of time ¢ (100 or 1000 s). Then a negative
force was applied to them (tensile force f,). The f,
value at which the crystals detach from each other,
i. e., the individual contact strength p, was mea-
sured. Each measurement was reproduced at least
30-50 times (depending on the distribution of
values p;) in order to ensure sufficient results for
an objective analysis of statistics.

Studies have shown that at low force £, time ¢
and low supersaturation, the contact forces do not
exceed 10 N, i. e., the contact strength resulting
from the action of menisci. Crystal bridging occurs
in this case as well though, but the strength due
to cohesion forces p” shows at or below the
strength associated with the manifestation of capil-

lary forces, i. e. p{<p|. The fact of bridging

is evidenced by the nature of the separation of
particles from each other, observed visually (by a
microscope).

In the absence of bridging, the supply of tensile
force f, (separating the particles) from the very be-
ginning leads to the emergence of a gap between
the particles and the gradual “stretching” of the
meniscus, which increases as the force builds up.
Separation of particles occurs at the time of rupture
of the meniscus column under the action of cri-

tical force f, . This force determines the contact

strength due to the action of capillary forces p'.
The occurrence of bridging contacts mani-
fests itself in the fact that, when applying tensile
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force f,, the gap between the crystals appears only
when a certain critical force is achieved, corres-
ponding to the contact strength due to cohesion

forces ];C =p". When this force is exceeded
( fpc >p"), the gap increases and the meniscus

stretches, rupturing upon reaching ];C >p'. In this

case, the strength of the contacts due to bridging p”
is lower than the meniscus rupture force p'.

It is possible to observe the occurrence of
bridging contacts with strength exceeding the me-
niscus rupture force. A bar graph in Fig. 1 presents
the strength of the contacts arising between
gypsum crystals located in the octane medium
in the presence of a drop of a calcium sulfate su-
persaturated solution in the contact zone (o = 3).
The contact time was 100 and 1000 s, the compres-
sive force was 10™° and 10~ N. The figure shows that
most of the bridging contacts have the strength p”
of the same order as the strength due to the capil-
lary forces of the meniscus p'. At the same time,
these contacts are of fundamentally different
nature: their occurrence is the result of crystal
bridging in the process of separation of a new
phase from a supersaturated solution in the contact
gap. Therefore, unlike contacts due to the action
of menisci, they are destroyed irreversibly. After
damaging such contacts (when moving the parti-
cles apart) to restore them, it is not enough to bring
the crystals into contact again. In this case, only
the meniscus is restored in the contact zone, and
the bridging forces and the nature of subsequent
separation of the particles corresponds to the action
of only capillary forces. To restore the bridging
contact, it is necessary to provide supersaturation

in the contact meniscus and sufficient time of
crystals being in contact in order for the contact
nucleus to appear and grow. Only after this the
nature of the separation of the crystals becomes
different. If, under these conditions, the growth
process has managed to cover a sufficiently large
part of the contact gap, then the measurements
reveal contacts with higher strength associated
with the binding action of the meniscus.

Thus, the appearance and development of phase
(crystallization) bonds in the structure of OHB
concrete is possible and likely. This should lead
to an increase in strength at high temperatures and
a decrease in the temperature-time sensitivity.
However, this probability will be manifested at
appropriate concentrations of cement in the total
volume of binder, also depending on the properties
and quality of the aggregate.

The appearance of phase contacts in the struc-
ture of the material will lead to a number of peculia-
rities in the behavior of the material, its properties
and reliability in road structure. The result of phase
contacts will be the strength increase, especially at
high temperatures, as well as stiffness (elastic
modulus). However, there will be a downward
trend in temperature crack resistance and fatigue
life. In this case, it is important to find the optimal
amount of these contacts that do not reduce the
level of reliability in general.

At the same time, and at lower cement concen-
trations, various physical and chemical processes
are possible at the interface between organic and
hydraulic binders, due to adsorption-solvation
phenomena and the interaction of active groups of
organic binder with hydration products.

a b c
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Fig. 1. Histograms showing contact strength in calcium sulfate dihydrate crystals in the presence of meniscus in supersaturated
aqueous solution in the contact zone: a —f=10°N, r=100s; b—10°N, 1000 s;c—f=10"N, r=100 s
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In our opinion, the process of structure for-
mation of OHB concretes can be mainly caused by
the appearance of interfacial layers of various
lengths [17, 18]. For OHB concretes these layers
can be formed by molecular and intermolecular
clusters of various sizes and structures.

The length of the interfacial layer is different
and depends on the properties of the substrate
and the type of adsorbent [17, 18]. With regard to
polymers, this layer can reach 50—60 pum [19], for
bitumen 0.8 pum [20]. This difference is related to
the structure of polymer molecules and their ability
to conformation. When cement hydration products
are used as a substrate, the thickness of the
oriented polymer layer increases by an average
of 1.5-1.9 times [21].

Therefore, the transition layer of bitumen during
cement hydration can reach 1.2—1.5 microns.

The formation of interfacial layers will be
affected by both physical (adsorption, crystal
intergrowth and destruction of bitumen asso-
ciates, ion transfer, etc.) and chemical (formation
of Me + OOCR bonds, hydrogen bonds—H-0, etc.)
processes. The bonds of Me + OOCR type will be
formed by metal ions, their oxides and hydroxides
that occur during hydration of the mineral binder,
due to interaction with oxygen, hydroxyl and car-
boxyl groups of the organic binder. Hydroxyl
groups of hydration products and, accordingly,
hydroxyl, nitrogenous and sulfur compounds of bitu-
men (tar) will participate in the formation of hydro-
gen bonds. The volume of these compounds can be
very small and cannot be detected by existing
methods of analysis, however, their role as inter-
facial layers can be very significant.

The presence of a transition layer in OHB con-
cretes allows us to prove that despite the absence
of chemical interaction between hydration products
and the organic binder or the formation of a crys-
tallization bond through organic films, the “orga-
nic — mineral binder” system is not a physical mix-
ture of two substances.

To study the conditions for the appearance of
interphase layers and their structure, it is necessary
to develop special theoretical and experimental
approaches based on modern ideas about the struc-
ture of solids at the level of valence bands, in par-
ticular, involving the theory of atomic and configu-
ration models of solids [22].
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Theoretically, the structure of any of the com-
positions of the “cement—bitumen—water” system
can be represented as a set of the following ele-
ments: cement, bitumen, water, cement—bitumen
interface, bitumen—water interface, cement—water
interface, cement-bitumen—water interface.
The quantitative ratio between bitumen—water in-
terface, cement—water interface, cement—bitumen
interface, and cement-bitumen—water interface
is determined by the ratios X/Y, Y/Z, X/Z in the sys-
tem Xeoment + Yoitumen T Zwater- 1he interface can be
quite large, depending on the affinity of the com-
position to the solubility limit of the system. With
this representation of the “cement—bitumen—water”
system, the question of the physical model of the
system’s interface remains the most important.
The physical model of the boundary can be repre-
sented on the basis of the electronic model [23],
which was developed in the study of various materi-
als characterized by the eutectic type of reaction [24].

Specifying the above mentioned with respect to
the “cement—bitumen—water” system, it can be said
that nanoareas are areas formed due to charge
transfers of Si0,—Fe,O3;-Al,0;—CaO-CnHm-H,0
complexes. In other words, these are nanoscale
areas arising at SiO,—H,0, SiO,—CnHm, CaO—H,0,
CaO—CnHm interfaces, etc. Thus, based on modern
concepts of interfaces in mechanical mixtures, it is
possible to substantiate the formation of cluster
areas with an electronic structure different from the
components that make up the system.

Since hydraulic and organic binders are ther-
modynamically incompatible and cannot form
a stable single-phase system, the phase boundary is
blurred and contacts are made through interfacial
transition layers. The formation of interfacial
layers is influenced by both physical (crystal inter-
growth, adsorption, destruction of bitumen asso-
ciates, ion transfer, formation of double electron
layers) and chemical (formation of Me + OOCR,
hydrogen—H—O bonds, etc.) processes.

Let us formulate the thermodynamic approach
to the conditions for the formation of interfacial
transition layers.

Interfacial Gibbs energy, for example, “hyd-
rated cement-bitumen” (Fpc ), taking into ac-
count the formation of transition layers of a cluster
type at the interface, can be determined from the
following condition:
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Fucp=(1-x —ax)F: +
+ (%, =bx))Fy + (ayx, —byx) ) Fp_p, +
+ 2RT [ayxIn(a,x)) + byxIn(bx)],  (2)

where F¢, Fp — Gibbs energy of hydrated cement
and bitumen respectively; x; — bitumen mole frac-
tion in relation to cement; a;, b; — ratios of cement
and bitumen characterizing the proportion of mole-
cules in the transition layer, the values of which are
less than one; F 3, — Gibbs energy of the transition
layer interface molecules of cement-bitumen par-
ticles; T — temperature; R — absolute gas constant.

Since Gibbs energy is always negative, then
Fc g 1s less than zero and, therefore, the more
axy + byx; is, the lower Gibbs energy of the whole
Fyc p system is.

The contribution of axiIn(a;x,) + bixiIn(bx;)
to model (2) allows one to take into account
the molecules mixing entropy in the transition
layer of cement-bitumen particles and charac-
terizes the number of “permutations” formed by
unlike particles of transition layers of cement and
bitumen, since a;x; <1 and b;x; <1, the contribu-
tion of these layers in model (2) gives a nega-
tive value (the logarithm of the number is less
than one), which also leads to a decrease in Gibbs
energy in “cement—bitumen—water” system. Thus,
the appearance of transition layers reduces total
Gibbs energy and, therefore, is a thermodynami-
cally favorable process.

The experimental evidence of the presence
of cluster type transition layers was carried out by
photoelectron spectroscopy methods that prove
to be most effective in the studies of materials
chemical bonding. Using the photoelectron spectra
of wvarious “cement-bitumen—water” systems,
the nature of bonds at the level of valence bands
was determined with subsequent mathematical
processing and analysis.

As a result of comparing the experimental data
and the spectra obtained by computer simulation
methods (Fig. 2), it was found that the introduction
of water into the cement—bitumen system leads
to the formation of transition areas with a certain
chemical bond energy. The presence of such
a bond indicates a considerably strong and stable
structure of complex binders of OHB concrete
to both mechanical loads as well as weather and
climate factors.
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Fig. 2. Standardized valence bands x (cement) +
+ y (bitumen) (0.5 <x <0.9; 0.1 <y <0.5) and cement +
+ bitumen + water (experiment) (curve 1)

On the basis of theoretical and experimental
studies, a structural model of OHB concrete com-
plex binder has been developed, which is repre-
sented by cement aggregates that have been
hydrated to varying degrees and a number of inter-
facial transition layers (Fig. 3).

Structuring model

Fig. 3. Structural model of OHB concrete complex binder:

1 — area of hydrated cement, for which the interaction energy
of cement and bitumen particles is zero; 2 — non-hydrated
cement area; 3 — interfacial transition layer on the cement side;
4 — interfacial transition layer on the bitumen side;

5 — area of bitumen, for which the interaction energy
of cement and bitumen particles is zero (unstructured bitumen)

The appearance of interfacial layers will also
contribute to an increase in the strength of the
composite prepared on a complex bitumen-cement
binder, but at the same time, its temperature crack
resistance will be maintained with an increase
in fatigue life.
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Depending on cement phase volume fraction,
cement structural aggregates can interact with each
other through layers of bitumen, transition layers,
or directly with each other, forming phase contacts.

In accordance with the proposed structure for-
mation scheme, the effect of a hydraulic binder
on the structure and properties of concrete will be
manifested by the filler mechanism.

At the same time, it is a special filler. First
of all, it is a reinforcing filler forming secondary
structures in a bitumen matrix. The secondary
structures of the mineral binder can interact with
each other through phase contact, or transition
layers with higher strength than the bitumen ma-
trix. As a result, a spatial reinforcing mesh is
formed with a “hinged” connection at nodes of
various degrees of mobility. A mineral binder will
also have a bridging effect, since mineral binder
aggregates, in contrast to inert fillers, will become
a fairly monolithic system after hydration.

Hydraulic binder is a more active filler in terms
of physical and chemical interaction with organic
binders, compared, for example, with mineral
dolomite powders. This is due to the appearance
of more extended interfacial cluster type layers
associated with the interaction of hydrated neo-
plasms and an organic binder. This is due to the
higher activating effect of cement in comparison
with lime and other inactive binders.

Thus, the mineral binder in the structure of
OHB concrete is manifested by the mechanism
of the active, bridging and reinforcing filler, which
determines the interaction of the complex bitumen-
cement binder with the macrostructure and
mesostructure of the composites, composed of
stone aggregate, or granular asphalt. Therefore,
the effect of introducing a mineral binder will
depend primarily on its volume concentration in
the complex binder and its threshold concentrations
can be determined using percolation theory [25].

In percolation theory, two main tasks are dis-
tinguished: the bonding problem and the node
problem. The issue of the formation of percolation
“bridges” in secondary structure aggregates of
composite binders is a typical task of nodes.
The solution to this problem for two environments
is known. According to [25], the formation of
a percolation framework occurs when the volume
content of clusters is more than 0.17. However,
percolation bonds at this content are still rare and
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the hardening of the structure is insignificant.
Noticeable effect of clusters occurs when their
volume content reaches 0.33 [26]. Consequently,
the effect of the secondary structure on the proper-
ties of concrete will manifest itself with a volume-
tric content of at least 0.33 of the main binder.
Further increase in the content of the secondary
structure leads to more frequent contacts of clus-
ters; with a volume content of about 0.67 [26],
a continuous lattice of the secondary structure is
formed. The material acquires basic properties of
a secondary binder and a further increase in its volu-
metric content is not significant. However, the perco-
lation theory makes it possible to establish only
boundary concentrations without constructing a com-
plete curve illustrating the dependence of the number
of contacts between particles on their volume. Given
the presence of a number of transition layers (Fig. 3),
it is advisable to use mathematical modeling methods
to construct a visual model of structure forma-
tion [27]. To simulate the process of structure for-
mation, a special program has been developed.

The program is based on the solution of the
problem of maximum filling a square of side 4
with circles of radius R. The following conditions
have been accepted. Let 4 be a fixed number, let X,
Y and R be independent random variables, where X
and Y are evenly distributed on intervals [0; A],
and R has a normal distribution with parame-
ters Rp> 0 (mathematical expectation) and ¢ >0
(standard deviation; if =0, then the random
variable R = R, is a constant).

It is required by mathematical modeling method
to determine the maximum fillability of the square
of side 4 with disjoint circles of radius R with cen-
ters at points with coordinates (X; X). Fillability
stands for the ratio of the total area of circles to
the square area. Fillability is considered to be
maximum if, as a result of N-fold (N — set value)
modeling, it is not possible to place a circle in
a square so that it does not intersect with the circles
already placed and the borders of the square. Each
circle of radius R is covered with a film (transition
zone) d=y(R) thick, where y(R) is a function
depending on R by one of the mathematical
functions (hyperbole, exponent, etc.), that is, the
sizes of the transition zones are also defined ac-
cording to random distribution.

Two design patterns similar to the proposed
model of a binder composite material (Fig. 3) have
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been considered. The first pattern involves
changing the size of the transition layer by increas-
ing the external dimensions of the structural aggre-
gate while maintaining the size of the hydrated
core (Fig. 3, model 1). The second pattern keeps
the external diameter constant, developing a transi-
tion layer inwards the aggregate (Fig. 3, model 2).
In this case, the contacts of the balls through
the inner circles (dry contact) were not allowed.
In accordance with this pattern, the higher the
degree of hydration is, the larger the size of the
transition layer is.

As a result of the calculations, the dependen-
cies of the number of contacts (interactions) of
structural complexes on the volume content of the
mineral binder and the size of the transition layers
have been obtained. One of these dependencies
is shown in Fig. 4.
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Fig. 4. Dependence of the number of contacts between
structural aggregates of OHB concrete binder: the values
on the curves denote the specific length of the transition layer
(of the aggregate size)

As a result of data analysis, Fig. 4, the following
conclusions can be made:

1) the number of percolation contacts increases
in power-law dependence with an increase in the
cement phase volumetric content;

2) due to the presence of transition layers, the
percolation thresholds of structure formation are
shifted downward. This reduction can reach 50 %;

3) with an increase in the hydration of unreac-
ted grains, the number of contacts and the strength
of the system increase. Other things being equal,
preliminary hydration of cement allows to increase
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the number of structural aggregates by 1.3-1.5
times.

In general, the volumetric content of mineral
binder necessary for the formation of percolation
transitions depends on the structure forma-
tion model and the specific length of the transition
layers (Tab. 2).

Table 2

Volume fractions of mineral binder necessary
for the formation of percolation transitions

Volume fraction Average specific length
of percolation of a transition layer
transitions, % 0.1 0.3 0.5
17 0.15 0.14 0.12
0.07 0.15 0.13
34 0.26 0.20 0.16
0.31 0.27 0.22
7 0.30 0.20 0.09
0.44 0.37 0.21
Note. The numerator shows the data for structure for-
mation model 1, the denominator — model 2 (Fig. 3).

Analysis of bitumen-cement system structure
was performed using an electronic scanning micro-
scope. The surface of the samples examined had
been prior subjected to shearing and grinding.

The presence of transition zones between or-
ganic and mineral binders has been established.
The photographs clearly show aggregates and clus-
ters of hydrated particles, “connecting” larger
hydrated neoplasms through bitumen films. The
structure of the transitional layer itself is granular
with a gradual size reduction (Fig. 5). The extent
of the zone can be quite large and able to connect
aggregates separated by an organic binder film.
Large intergrown crystals and clusters of smaller neo-
plasms are clearly visible, gradually turning into
molecular regions (Fig. 5a). At the presence of
cement phase, there appear phase contacts (Fig. 5b).

Thus, direct experiments have shown the pos-
sibility of phase coalescence of particles and the
formation of a crystallization bond in the presence
of a two-phase (for example, emulsion) medium.
At the same time, the bridging probability and
the strength of the contacts are significantly
reduced.

Calculations show that the appearance of phase
contact is real at bitumen film thickness of less
than 1-2 microns.
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Fig. 5. Image of OHB concrete microstructure: a — granular structure; b — cement phase

The presence of transitional interfacial layers
and phase contacts in the structure of OHB con-
crete is confirmed by a number of experimental
studies. Experimentally, this is confirmed, for
example, by the decrease in the strength of OHB
concrete obtained by mixing mineral material,
bitumen emulsion and cement, while destroying
the original samples and their recycling. In the
presence of phase contacts and transition zones,
the strength of the recycled samples decreases,
since these contacts are destroyed irreversibly.
With this in mind, it is possible to identify onset
zones of cement influence on the structure of con-
crete (8—10 %) and the zones of the appearance of
a continuous network of phase contacts (50-60 %),
which fully confirms the above provisions.
The optimum cement content, taking into account
the probabilistic nature of this value, can be con-
sidered 3040 %, which will largely allow both
strength and deformability of the composites.

At the same time, the study was aimed at stu-
dying the processes of structure formation in a
complex bitumen-cement binder, the main results
of which can be extended to the properties of OHB
concretes when sealable stone aggregates act as
a filler. The situation is a little different when
granular asphalt is used as a filler, where the main
part of the surface of the polygranular particles are
covered with old bitumen. For such composites,
a more detailed study of the processes of bitumen
involvement in deformation process is needed,
when most solid phase contacts develop through
aggregate particles not coated with bitumen with
the formation of a continuous condensation-
crystallization structure. In this case, whiskers par-
tially penetrate into bitumen films and during the
interaction of hydration products with bitumen
active components on the surface of granular as-
phalt particles, and the spatial condensation-
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crystallization structure formed this way, deter-
mines the elastic properties of the composite.
All this considerably determines the properties
of cold regenerated mixtures based on asphalt
granules, up to 100 % of their content.

Based on the complexity of the processes that
occur during the formation of the structure of com-
posites based on asphalt granules and organic-
hydraulic binders, an important question arises
of providing and predicting their physical and
mechanical properties, which should be solved at
mixture composition design stage depending on
the quality of the original components. The ques-
tions are being resolved by our research team at the
moment.

CONCLUSIONS

1. Regardless of the method of water supply
and the technology of OHB concrete preparation,
aggregates and cement floccules are formed in the
binder structure, surrounded by direct and reverse
emulsion (dispersion) of the organic binder. This
creates the condition for the interaction of cement
with water and its hydration. Due to partial mutual
solubility of the components, the accumulation
and retention of water at the active centers of the
organic binder, diffusion, rupture of bitumen films
due to intracrystalline pressure, conditions arise for
the bridging of individual aggregates by a chemical
bond. However, the strength of this bond is signifi-
cantly lower than the strength of cement.

2. The effect of cement injection cannot be
explained only by the surface interaction of active
groups with hydration products. The OHB concrete
structure formation process is caused by a complex
of physical (intracrystallization pressure, crystal
intergrowth into bitumen films, their rupture, etc.),
physical and chemical (destruction of bitumen
associates and chemisorption interaction of bitu-
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men components and hydration products) and
chemical (interaction of organic binder active
groups with active groups, oxides and hydroxides
of hydration products) processes. Taken together
this all leads to the appearance of cluster type
interfacial transition layers, which play the main
role in structure formation of OHB concrete.

3. Despite the fact that organic and hydraulic
binders are thermodynamically incompatible pro-
ducts and cannot form a stable single-phase sys-
tem, the phase boundary is blurred and shows
as interfacial transition layers. These layers have
a certain chemical bond energy, the value of which
will determine the strength and stability of the final
structure. The emergence of interfacial layers is
thermodynamically advantageous, since it contri-
butes to a decrease in Gibbs free energy and does
not contradict modern concepts of solid state phy-
sics. It is the effect of the appearance of such
layers that can explain the higher “activating” ability
of cement in mixtures on cationic emulsions and
neutral bitumen.

4. Using the obtained model ideas about the
number of contacts of structure-forming complexes
with different transition layer thicknesses, one can
imagine the influence of the structure and proper-
ties of individual complexes on the properties of
the system as a whole at the phenomenological
level. As a result of theoretical and experimental
studies, the following practical conclusions can
be drawn:

o the effect of cement on the properties of a
complex bitumen-cement binder and concrete pre-
pared on its basis will manifest itself at the content
of about 810 % of the total volume of the binder;

e when cement content is about 30 %, phase
contacts will appear, which will prevail when
the cement content is more than 60 % of the total
binder. If such contacts prevail, concrete will
demonstrate high strength at high temperatures, but
low temperature and fatigue crack resistance,
which will lead to a significant reduction in the
durability. The optimum cement content, taking
into account the probabilistic nature of this value,
can be considered 30-40 %, which will largely
allow both strength and deformability of the com-
posites;

« for concrete obtained by mixing granular as-
phalt, bitumen emulsion and cement, the optimum
cement content at the design stage should be estab-
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lished not only based on the structural formation
of a complex bitumen-cement binder, but also
taking into account the involvement of old bitumen
covering the particles of this polygranular aggre-
gate in the deformation process.

5. It is necessary to develop a methodology for
selecting OHB concrete composition based on the
optimization of their elastic and viscous properties,
taking into account the properties of granular
asphalt and the amount of cement, which will
effectively control the durability and reliability
of such composites.
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Pedepar. B craTbe paccMaTpuBaeTcst pOCTPAHCTBEHHAs OPraHU3alUs 00bEKTOB SHEPIeTUKH € aKIIEHTOM Ha COBPEMEHHYIO
npaktuky Pecryomuku benapyck. DhGekTHBHOCTS (DyHKIHOHNPOBAHMS TPEANPHATHI IFO00H OTpaciu, B TOM YHCIIE SHEPIreTH-
YeCKOMH, B 3HAYMTENIBHOI cTeleHH 00yCIIOBIeHa X apXUTEKTYPHO-IUIAHMPOBOYHOI OpraHu3anyeil. 3HaHHe MEXaHU3MOB U OCO-
OeHHOCTEH TPOUCXOMSIIMX 37€Ch U3MCHCHUH JaeT BO3MOXKHOCTh OOOCHOBBIBATH IIEPCIICKTHBHYIO CTPATETHIO MPOSKTHOH mes-
TEJIBHOCTH, a 3HAYMT, ITO3BOJISIET YIPABIATH IPOLECCAMH Pa3BUTUS OTPACIH M TEM CaMbIM M30eXaTh MHOTHMX HETATHBHBIX IIO-
cienctBuil. OOBEKTHI HEPreTUKU SIBIAIOTCS TUIIOJIOTMYECKON TPYIIION HPOMBIIUICHHOW apXUTEKTYpbl, HX (HOPMHPOBaHHE
HAy4aJoch B CBA3M C IIEPEXOA0M HMPOMBIIUIEHHOTO MPOM3BOJICTBA HA NIEKTPHYECKYIO SHepruo. CerofHs TUIONOTUs OTpa)kaeT
(YHKIMOHAIBHBIH MOAXO0/ B apXUTEKTYPHOM (opMOOOpa30OBaHUY, BKIIOYAET JOCTATOHYHO OOJIBIIOE MHOr00Opa3ue COCTaBIIsO-
IIMX €AMHUL U JEMOHCTPUPYET TeHJACHIMIO K quBepcudukaimu. B Benapycu 00beKThI SHEPreTUKH B apXUTEKTYPHOM acleKTe
UX K1accuuKanuy ObUIH TPEJICTaBICHbI JOCTATOYHO OTPAHMYECHO, OCHOBHYIO MAcCy COCTaBIISUIM TEILIO(UKALIMOHHBIE IEKTPO-
CTaHIMY, paboTaloNMe HA pa3HBIX BUAAX TOILINBA. B HacTosIee BpeMs quBepcu(UKaIis IOIydria Pa3BUTHE B TAKUX HAIPaB-
JIEHUSIX, KaK CTPOUTEIBECTBO OOBEKTOB T'HAPOIHEPTETUKN (MasIble CTAHIUK Ha BOJOXPAHWIHMINAX M CTAHIMHU CPEeIHEH MOIHOCTH,
HHU3KOHAIOPHBIE, PYCIIOBbIC, HA pEKax), aJbTePHATHBHON YHEPreTUKU (BETPOIIEKTPOCTAHIUH, (HOTOIICKTPHICCKHE CTAHIUH H
OnoraszoBble yCTaHOBKH) U TpaguiroHHo sHepreTukd (TOC n muan-TOL] Ha Bo30OHOBIsIEMOM TOIUTHBE). OXapaKTepU30BaHbI
pe3yJIbTaThl OEIOPYCCKON MPaKTHKH CTPOUTENLCTBA OOBEKTOB BCEX HANPABIICHUIT (TMAPOSHEPreTHKA, allbTEPHATHBHAS U TPau-
LIMOHHAS 3HEPTeTHKA), 0COOCHHOCTH apXUTEKTYPHO-IIAHUPOBOYHON OpraHu3alui 0OBEKTOB HA COBPEMEHHOM 3TaIle, KOppelisi-
1M C OOIEMHUPOBBIMH TEHACHIMSIMU Pa3BUTHSI IPOMBIIUICHHONH apXUTEKTypbl. ONpeiesieHb! TUIIOJIOTHYECKUE TPU3HAKH apXH-
TEKTYphl OOBEKTOB AIbTEPHATHBHON SHEPIeTHKH, BO3MOXKHOCTU U HAIPAaBICHUS NPAKTHIECKON peaM3alliy apXHUTEKTyPHBIX
TIOAXO0/I0B, IPOOJIEMBI U NEPCIIEKTUBEI Pa3BUTHS HAYTHOTO COIPOBOXKAEHUS IPOSKTHOTO MpoIIecca.
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Abstract. The paper considers spatial organization of energy facilities with an emphasis on modern practice of the Republic
of Belarus. The efficiency of enterprise operation in any industry including power industry is largely due to their architectural
and planning organization. Knowledge of mechanisms and specific features of the changes taking place here makes it possible
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to justify a promising strategy for project activities, and therefore, it allows to manage development processes of the industry
and thereby avoid many negative consequences. Energy facilities are a typological unit of industrial architecture, their
formation has been started due to transition of industrial production to electric energy. Today the typology shows functional
approach in architectural shaping, it includes a fairly large variety of constituent units and demonstrates a tendency towards
diversification. In Belarus energy facilities in the architectural aspect of their classification are limited mostly to thermal
power plants operating on different types of fuel. Currently the diversification is developing in the following areas: construc-
tion of hydropower facilities (small plants on reservoirs, medium power plants, low-pressure plants, run-of-the-river hydraulic
power stations), alternative energy (wind power stations, photovoltaic power stations and biogas plants) and conventional
energy (thermal power plant, mini-combined heat and power plant operating on renewable fuel). The results of Belarusian
practice in construction of all types of facilities (hydropower, alternative and conventional energy), peculiarities of the archi-
tectural and planning organization of facilities at the current stage, correlation with global trends in the development of indus-
trial architecture have been characterized in the paper. The paper has determined typological features of alternative energy
facility architecture, opportunities and directions for implementation of architectural approaches, problems and prospects to
develop scientific support for the project process.

Keywords: industrial architecture, energy facilities, spatial organization, architectural and planning structure, architectural
typology

For citation: Morozova Y. B., Kolesnikow A. A., Korshunova N. N., Dolinina O. E. (2020) Spatial Organization of Energy
Facilities: Specific Features and Development Prospects (on the Example of Belarusian Practice). Science and Technique.

19 (3), 195-203. https://doi.org/10.21122/2227-1031-2020-19-3-195-203 (in Russian)

BBenenue

OOBEKTBl YHEPTETHKH — JTO THUIIOJIOTHYECKAs
rpynna MpOMBIIUICHHOW apXUTEKTYpPhI, OTpaKaro-
mas QyHKIMOHAIBHBIN oaxon B ee (popmMooOpa-
30BaHUHU W BKIIIOYAIONIAsl JOCTATOYHO OOJBIION U
pa3HooOpa3Hblii 00hEM COCTABITIONIAX equHUI [1].
[lepeueHb 3THX €IUHUII AEMOHCTPUPYET B HACTO-
A0Ie€ BPEMA TCHACHIIUIO K JII/IBepCI/I(bI/IKaIH/II/I B
CBSI3H C BBEJIEHHEM B IPOM3BOJICTBO HOBBIX BHJIOB
TOIUTUBA, C €CTECTBEHHOW TpaHCQopMalmend cio-
JKUBIIHUXCS TEXHOJIOTHH, a TaK)Ke€ H3MECHHUBIIUMCS
OTHOIIIEHUEM B OOIIECTBE K IMPOOIIEMaM HKOJIOTHH,
UCIIOJIBb30BaHUs NPUPOAHBIX PECYPCOB U OXPAaHBI
OKpykarollie cpefpl. Bce 3T0 B COBOKYNMHOCTH
C HOBBIMH pEajJVsIMH B OpPraHM3allMd M MaTepu-
ANBHO-TEXHUUYECKOW 0a3e CTPOUTEIhCTBA, a TAKIKE
MO/ BIWSIHAEM OOIIEMHUPOBBIX TCHICHIIMA COBpE-
MEHHOTO pa3BUTHA apXUTEKTYPHI IPOU3BOJICTBA
U3MEHSET TMOJXOMAbI K TMPOCTPAaHCTBEHHOMY (Hop-
MHUPOBAHUIO 00BEKTOB OHCPIrCTHUKU.

HccnenoBanne qaHHBIX MPOIECCOB CTAHOBUTCS
HEOOXOJMMBIM yCIIOBUEM OYyIYyHIEr0 CTPOUTEIb-
CTBa, TMOCKOIBKY 3(PGEKTUBHOCTh (YHKIINOHH-
poBaHHS OOBEKTOB B 3HAYHTEIHHOH CTEICHU
00yCIIOBJIEHA HUX apXHUTEKTYPHO-IIAHUPOBOYHOMH
opranuzauueii. Kpome Toro, 3HaHue MeXaHU3MOB
U OCOOCHHOCTEW MPOUCXOMASIIUX H3MECHCHUN B
MPOCTPAHCTBEHHON CTPYKType 3HEPTreTHUCCKUX
00BEKTOB JaeT BO3MOXXHOCTh OOOCHOBBIBATH IIEP-
CIICKTUBHYI0 CTpATETUIO0 TMPOCKTHON JesaTelIbHO-
CTH, a 3HAYUT, IMMO3BOJIACT YIIPABJIATH IMpOoHECCaMn
Pa3BUTHS OTPACIH U TEM CaMbIM W30eKaTh MHOTHX
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HETaTUBHBIX TIOCIENCTBHI. DTO OTBEYaeT COBpe-
MEHHOH mapagurmMe IO03HaHHSA, B COOTBETCTBHH
B KOTOPOW Hay4YHBIE TEOPHH W KOHIIETIIIUU BBICTY-
MalT KaK JeTePMHUHAHTHI TOJIy4aeMOro 3HaHUS,
HE TOJIBKO BIIMAIOLINE Ha JEMCTBUTENBHOCTH, HO
u popmupyromme ee [2].

B ycnoBusax Pecny6muku bemapycbk ocHOBHBIE
O00BEKTHl HHEPTETHKH B APXUTEKTYPHOM acCIEKTe
WX KJIacCU(UKAIUHN TPAIUIIMOHHO MPEACTABISUINCH
MIPOMBIIIUIEHHBIMHA W OTOTMTEIBHBIMH TeIIo(hHKa-
LUUOHHBIMH 3JIEKTPOCTAHIMSAMH, PAOOTAIOIIUMH Ha
pa3HBIX BHJAX TOIUTHBA (yToib, TOp(d, ra3, Ma3yr).
OHM ocymIecTBISUIM KOMOWHUPOBAaHHYIO BEIPaOOT-
Ky JJIEKTPHYECKON 3HEPrMH U HMENH, Kak Mpa-
BHJIO, TOCY/IapCTBEHHYIO IOPUCAUKINIO. APXHUTEK-
TypHO-TUTAHWPOBOYHASI OPTaHMU3AINSA ITHX OOBEK-
TOB OTpa)kana, C OJHONH CTOPOHBI, MPUHATHIE
TEXHOJIOTHYECKHE CXEMBI IIONyd9eHHUs MPOIYyK-
nun (3MEKTPUIECKON SHEPTHH, TEIUIOTHI, TOPSUICH
BOJIBI), a C IPYTrOi — UMEBIIINE MECTO TEXHUYECKHE
U apXUTEKTYPHO-TPAJTOCTPOUTEIHHBIE BO3MOXHO-
CTH CTPOUTENHHON MHIYCTPHH, B TOM YHUCIIE H XY-
JOKECTBEHHBIE TMOAXOABI K (OPMHUPOBAHUIO HX
00BEMHO-TNIAHNPOBOYHOM CTPYKTYphl. Hadasmme-
cs B 1990-¢ rr. mepecTpoeuHble IPOLECCHI 3aTPO-
HYJIH TIPOMBIIIJICHHOCTH KaK cepy X03sHCTBEeHHO-
9KOHOMHYECKOH JESTeTbHOCTH TOCYAapCTBa H COOT-
BETCTBEHHO OTPa3sWINCh Ha IMPOCTPAHCTBEHHOU
Marepranu3alii ee OOBEKTOB, T. €. Ha IPOMBILI-
neHHou apxutektype. Ilpaktudeckn Ha 10-15 mer
MIPHOCTAaHOBUJIOCH HOBOE CTPOUTENHCTBO, a BCE
YCHIIUSL COCPEAOTOYMIINCH Ha PEOPTaHU3alMOHHBIX
U PEKOHCTPYKIIMOHHBIX MEPOINPHUATHIX, HEO00XO-
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JTUMBIX JUIS TOAJICp KaHMs CaMOTO CYIIECTBOBAHHUS
IPOMBIIIIEHHOTO MPOU3BO/ICTBA B PECITy OJIHKE.

B »ToM miane sHepreTuueckas oTpacib UMela
oco0oe TIOJIOKEHHUE, MOCKOIbKY €€ Heo0XO0Iu-
MOCTh HE MOIJa OBITH IIOJBEPTHYTa COMHEHHIO
1 UMEHHO OT Hee BO MHOTOM 3aBHcela cTabuinza-
[¥s IPOMBIIIJICHHOTO KOMILUIEKCA, HE TOBOPS YXKe
00 obecrieueHnn TPeOyEeMbIX YCIOBHU >KH3HEIEs-
TENBHOCTH HacelleHus CTpaHbl. B cBA3M ¢ 3TUM
MPOLIECCH Pa3BUTHUS U 3aKOHOMEPHOTO M3MEHEHHS
B TPOCTPAHCTBEHHOH oOpraHu3auiu OOBEKTOB
9HEPTEeTHKH NPOJOJDKAIM HUATH, a MOTPEOHOCTD
00eCHeYnTh  DHEPreTHYECKYI0  HE3aBUCHMOCTh
CTpaHbl MHUIMMPOBAJA UX TEMIIBl U OHpenelsia
HanpasieHus. UTo mpezacTaBiisieT IpOCTPaHCTBEH-
Hasl OpraHu3anysi 00bEKTOB SHEPTETUKU CETOJIHS,
KaKk OHa KOPPECHOHAUPYETCS ¢ OOIEeMHUPOBBIMU
TEHJICHIMSAMH, KaKhe 3aJa4d ONpelesIioT ee Oy-
Ayliee — 3TO aKTyajJbHas 3aJada COBPEMEHHBIX
pOOJIEMHO-THIIOIOTUYECKUX HCCIIEIOBAaHUN B ap-
XHUTEKTYpe.

OcHOBHAS YaCTh

CoBpeMeHHas THIOJIOTHS OOBEKTOB JHEpPTE-
TUKH Havasia GOpMHUPOBATHECS B CBS3HU C HCIOIb-
30BaHUEM B IIPOMBILUIEHHOM IIPOU3BOACTBE 3JICK-
TPUYECKOW PHEPTUHU. 3aBOMBI, MOJHOCTBIO Tepe-
[IeITUe Ha TaKOW BUJ YHEPTUU, HMOSBUIHNCH YXKE
B Hayane XX B. (ogHa u3 mepBbiXx — (abpuka
Axm»> B Ilenmnbepu, Bemukoopuranus, 1905) [3,
c. 68]. Jo 3THX mop B TEXHOJOTMYECKOM IIpOLIEC-
ce JeiicTBoBaa mapoBasi SHEpTHsi, U €€ BhIpaboT-
Ka OCYIIECTBIISJIACh B paMKaxX OTIAEIBHOIO Tpen-
TNpUATHSA, TOTPEOHOCTH B HAIMYHH CaMOCTOS-
TEJNBHBIX 00BEKTOB HE CYIIECTBOBAJIO, XOTS TaKast
MPaKTUKa B OTAENBHBIX CIydasx C MaJbIMH TpO-
W3BOJICTBAMH OblTa BO3MOXxHa. llomyuenume xe
JJIEKTPUYECKON SHEPTrUM Ha KaKIOM NpeIrpus-
THW OKa3aJoCh KpaWHE IOPOTOCTOSIIIHM, M 3TO
BBIJICITUIIO 3JIEKTPOCTAHIIMM B OTACIBHBINH caMo-
cTosATeNnbHbI 00BbeKkT [4]. [lapamiensHo C ATHM
000CHOBaHHWE M BBIAENECHHS HOBOTO OOBEKTa
MIPENOCTaBUIIO U TOPOACKOE XO35IHCTBO, MEpeBEs
obecnieueHne OBITOBBIX HYXJ HACEJICHUS Ha JaH-
HBIWA BUJI SHEPTUH.

Pa3Hple cnocoObl MONy4YeHHsT 3IEKTPHUECKON
9HEepruu cHOPMHUPOBAIHA B MUPOBOH MPAKTUKE JBE
THUTIOJIOTHYECKHE TPYIIBI YHEPTETUIECKIX OOBEK-
ToB — ruapodiekrpoctanuun (I'9C) u TemnoBble
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anekrpocraniuu (TOC), B cepenqune XX B. K HUM
no0aBWIIaCh TPETbs TPYIIa — aTOMHBIE AJIEKTPO-
craniyu (ADC). Cpenu 00BbEKTOB MPOMBILIICHHOM
APXHUTEKTYPbl OHU BOLLIH B TPYIITy NPEATIPUATHIH,
MIPOCTPAaHCTBEHHAS] OpTaHHU3ANA KOTOPHIX HAmpS-
MYIO 3aBHCEJa OT TEXHOJIOTHU TIpoliecca IMoyyde-
HUS NMPOAYKTa. /IBe cuCTeMbl, OCHOBOIIOJIAraromye
(hopMooOpazoBaHre BCeX OOBEKTOB IMPOMBIIICH-
HOM apXUTEKTYpBl, — CHCTEMa MAIIMHBI U CHCTEMaA
YeJloBeKa — B 3TOH 00JIacTH MPOM3BOJCTBA pasyie-
JIWIACH U B MIPOCTPAHCTBEHHON OpPraHM3alldU CTa-
JM UTpaTh pas3HbIE POJIM, MPHU 3TOM TEXHOJOTHYE-
CKHE M TEXHUYECKHE (PAKTOpPHI OBLTH OIpeaessto-
IKMMH, JOMHHaHTHeIMU [5]. B 1emom Takoe
I0JIO’KEHUE COXPAHSIETCS U CETOTHS.

Tax 49TO e CyIIECTBEHHO M3MEHUIIOCH B apXH-
TEKType OOBEKTOB JSHEpreTWkM B bemapycu K
HacTosmieMmy Bpemenu? Ilpexxne Bcero cremyer
MIpU3HATh 3HAYUTENBHOE PacIIUpEHUE THIIOIOTH-
YECKUX €MHUI], KOTOPOE CTal0 3aMETHO MOCIeN-
Hue 10-15 ner. B mpoMbBIIIIEHHON apXUTEKType
B KJIACCU()MKAIMOHHBIX ITOCTPOCHUSX OCHOBHBIM
BCEr/la WCHOIB30BAICSH (YHKIIMOHAIBHBIA IOJ-
xon [5]. CormacHo eMy OBUTH BBIICICHBI BCE
HMMEIOIINecS CEeToJHsI OTpacieBble I'PYNMbI Mpe-
MPUSATHIA, B TOM YHCIIE U CaMU 00BEKThI JHEPreTHU-
ku. B To ke BpeMs B paMKax KaxJoW oTpaciu
(yHKUHMOHANBHBIE KPUTEPUH OKA3aJIUCh HE €IWH-
CTBEHHBIMH, K HUM JT00aBUINCh KOHCTPYKTHBHBIE,
00BEMHO-TIPOCTPAHCTBEHHBIE M JAp. ToTambHas
YHUQUKAIMS TPOU3BOJICTBEHHOTO IPOCTPAHCTBA
W ero ajeKkBaTHOCTh He Tporeccy, a Oymymmum
M3MEHEHUSM, MO3ULIHOHUPYIOTCS KaK OJHA M3 CO-
BPEMEHHBIX TEHICHIMI pa3BUTHS MPOMBIIIIICHHON
apXUTEKTYpHI [5], 4TO MpU MPOEKTHPOBAHUU MPO-
MBIIJIEHHBIX 3/aHUIl MOXET NPUBECTH K OTMEHE
OTpaclieBbIX, a CIIEZJOBATENbHO, U (PYHKIIMOHAIb-
HBIX OrpaHuYeHuil. TeM He MeHee B 3HEpreTude-
CKOH OTpaciy u3-3a KpalHe KeCTKOU 00yCIIOBJICH-
HOCTH TIPOCTPAHCTBA TEXHOJOTHEH u 000pyIoBa-
HHUEM TO-TIPEKHEMY COXPaHSETCs MPHUOPUTETHOCTh
($yHKIIOHANBHOTO ToaxoAa. [loatomy TuUMoIOTHS
HOBBIX OOBEKTOB 37IeCh OIpEACISeTCs CIocoOoM
MOJTyYEHHUs] IPOAYKTAa U KOHKPETHO — BUAOM TOII-
JMBa WM WCTOYHHWKA SHEpPruu. B cBs3m ¢ 3tum
muBepcuukanus o0beKToB B benapycu nomydnna
pa3BUTHE B TaKUX HAIPaBIEHHIX, KaK CTPOUTEINb-
CTBO OOBEKTOB THUIPOIHEPTETUKH, AlbTEPHATHB-
HOM U TPaAUIIMOHHOMN 3HEPTreTUKHU.
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I'mapol’nepreTuka

B uctopun pazBuTHs MPOMBIIIJIEHHOTO POH3-
BOJICTBa Ha OEIOPYCCKHX 3eMIIIX BCErja OTMeda-
Jlach CPAaBHUTENIbHO HeOOJbIIast IPaKTUKA HCIIONb-
30BaHMS DHEPIHH PEK, YTO OOBSCHSIOCH IPUPOI-
HO-KIIMMaTHYECKUMHU YCIOBUSMH. Pexu, XOoTs H
MHOTOYHCIICHHBIE, ObIIIM MaJOBOJHBIMU, HE OTIIHU-
Yanuch OBICTPBIM TEYCHHEM, K TOMY K€ CHJIBHO
3aBHCENN OT TMOTOAHBIX U CE30HHBIX M3MEHEHMH.
Oto obcToaTenpcTBO, HanpuMep, B XIX B. HHULIN-
HPOBAJI0 OTHOCUTEIHHO OBICTPBIA M OIEpeKaro-
U OTJENbHbIE CTpPaHbl IEpexo] Ha MapoBYIO
SHEPTHIO0, B TO BPeMsI KaK B €BPOIEHCKON MPaKTH-
Ke ObUIM ellle JOCTaTOYHO PacHpoCcTpaHeHb! BOJO-
JIEHCTBYIOITNE PEIIPUITHS [6].

B coBeTckoe BpeMs, HECMOTpPS Ha Ha4yaBIIeeCs
eme B 1920-e rr. ¢ mwrana ['ODJIPO Oosbiioe
CTPOUTEIBCTBO THAPOAIEKTPOCTAHIMNA Ha Teppu-
topuu CCCP, B benapycu Takue 00BeKTHI He OBLTH
pacnpocTpaHeHbl. B mocneBoeHHOe aecATuiIeTHe
(1950—-1960 rr.) mocTpoeHO OTHOCHTEIBHO OOJb-
moe JUIsi PecryOauKy KoiudecTBO Manbix ['DC
(oxono 180), nx moTeHIMaNT MCIOIB30BAICA B OC-
HOBHOM B CEIIbCKOXO3SHCTBEHHOM CEKTOpe, T7e
obecrieunBan mnpumepHo 20 % mnoTpebisieMoit
3NIEKTPO’HEPruH. BrocieacTBum B CBs3M ¢ Mac-
MTa0HBIM CTPOUTENLCTBOM B benapycu TerinoBbIx
3JEKTPOCTAHUUMN, yUaCTUEM B €AUHON dHEpPreTHye-
ckoil cucteme CCCP 1 COOTBETCTBEHHO € BBICOKOM
CTENIEHBIO YHEProOe30nacHOCTH padboTa OOJBIIHH-
cTBa oTreyecTBeHHBIX Majbix [ DC (rmaBHBIM 00pa-
30M MoIHOCThIO MeHee 100 kBT) ObLia ocTtaHOB-
neHa. YTo ke KacaeTcs CpeIHUX TUAPOCTAHIINHI, TO
B 1956 r. pa3pabarbeiBancs mian Buredekoi ['9C,
OJTHAKO OH TaK W He ObUT OCYLIECTBIICH.

K wucnonp3oBaHMIO THAPOPECYPCOB  PEIIHIH
BepHyThCs B 2000-¢ IT., y’Ke B MEPUOJ HE3aBUCH-
MocTH bemapycu. AKeHT ObUT clenaH Ha CTPOU-
TEILCTBE CTAHIIMKA CPETHEH MOIIHOCTH. DTO CTAJIO
JIOCTATOYHO HOBBIM B OT€UECTBEHHOU IMPAKTHKE H,
0€3yCIIOBHO, TOCTHIKEHHEM JIJIsl CTPaHbI. 3a KOpPOT-
KU CpOK BO3BETH HECKOJIbKO Takux [ DC — I'pon-
HeHCKyr, Buneiickyro, Ilononkyro, Buredckyro,
NPOCKTHbIE pabOThl BBIMOJNHIINCH KakK IpHIIia-
MIEHHBIMA 3apyOeKHBIMA (UPMaMH, TaK U OTEUEC-
ctBeHHBIMH  crnermasinctamMu  (PYIT  «benaumm-
SHEPTONIPOM»).

B npoctpaHcTBEHHON OpraHu3aluu ruapoTeX-
HUYECKHX KOMIUIEKCOB BCETJla 3HAYUTEIHHYIO
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POJb WIpaeT MPHUPOIHBIA JaHTIAPT, a ONpees-
IOIEl B apXUTEKType CTAHOBUTCA JIONACTh TUIOTH-
Hbl. B yCIOBHSX OTEUECTBEHHBIX CTAaHIUMH 3Ta
0CcOOEHHOCTH TPaHC(QOPMHUPOBATIACH: CTPYKTYpa UX
MIPOCTPAHCTBA CTPOUTCS aOCONIOTHO BCEMH dJie-
MEHTaMH, JOTOJHHUTEIBHO BKJIIOYAas HE TOJBKO
TEXHUYECKOe 000pyIOBaHUE, B TOM YHCIIE H CHIIO-
Bble TpeoOpa3oBaTeiy, HO W Takue IUTAHHPOBOY-
HBIE 3JIEMEHTHI, KaK Moabe3aAHble goporu. Kommo-
3UNWS THIAPOY3Ta CTAHOBUTCS MHOTOOOBEKTHOM,
Y TIPW 3TOM MAacIiTad 4acTteid ¥ BCero IeNIoro 3Ha-
YUTENBHO CHUXKaeTcs. BaxkHyro ponbs B Gopmupo-
BaHWM OOJIMKA 3/€Ch WTPaeT MU3aWHEPCKUH ITO1-
X0l — CTPYKTYPHpPOBaHHE IBETOM IPOCTPAHCTBA,
¢dopMbl U getaneil 0OOpyNOBaHUS, TEXHUYECKUX
COOPY)KEHHH, OTpaXIeHUs W Mp. JTO OTBEYaeT
00IIeMHpPOBON TEHACHIINK YCWIeHUS B (PopmMoo0-
pa3oBaHUM TEXHOJOTUYECKH KECTKO 00yCIIOBJIEH-
HBIX OOBEKTOB poii (haKTOPOB, CBSI3aHHEIX C CH-
CTEMOM YeJIoBeKa, a He MallIuHbI [5].

C oroii Touku 3penust ['pognenckas u ButeO-
ckasg ['DC oueHsp mokaszatenbHBI. THITONOTHYECKH
OHH OTHOCATCS K PYCJIOBBIM, HHU3KOHAIIOPHBIM
O6'I)eKTaM, X apXUTCKTypa OTINYACTCA JIAKOHHUY-
HOCTBIO W OTHOBPEMEHHO XYIOXXECTBEHHOH BBIpa-
3UTEIHHOCTHIO, BCE COCTABIISIFOIINE AJIEMEHTHI Op-
FaHWYHO BKJIIOYCHBI B OKPYXKAIONIMKA JIaHAmAapT
A coMacmTaOHBl €My, WX BOCIpHUATHE Ha (OHE
IDIOCKOCTH BOJABI W TIOKPBITHIX JIECOM OEperoB
CO3JIacT OLIyIIEHHE TApMOHUHU C MPHUPOAHON cpe-
noit (puc. 1, 2).

Puc. 1. Burebckast THAPOIIEKTPOCTAHIIUS

Fig. 1. Vitebsk hydroelectric power plant

Ceroguss B benapycu ruaposHepreTHueckue
00bekThl (0kosio 50) TmpeacTaBieHBl IBYMs THIIA-
MH: MajbIM{ CTaHIMSIMHU Ha CYIIECTBYIOIIMX BO-
JOXpaHWIHIIAX M MCIOJB3YIOLMMH TOTEHIHA
HU3KOHAIIOPHBIX TIOTOKOB CTaHUOUAMHA cpeuHeI‘/i
MOIIHOCTH Ha pekax. TeM He MeHee Holydaemas
MU SHEPIUsl 3HAUUTENBHO HU)KE TEXHUUYECKH J0-
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CTYITHOTO TIOTEHIMaIa BOJAOTOKOB, YTO, OE3yCIIOB-
HO, CBHUJCTENILCTBYET O OOJBIINX BO3MOXKHOCTSIX
B 3TO# oOmactu [7].

Puc. 2. T'ponHeHCKas THIPOIICKTPOCTAHIIHS

Fig. 2. Grodno hydroelectric power plant

CTpOUTENbCTBO THIPOTEXHUYECKUX CTaHIMH,
0COOEHHO TPH HCIOJIH30BaHUKM HEOOJBIINX BOIO-
TOKOB, 00ECHEYNBACT MOTYYCHNE SIEKTPOIHEPTHH
OIHUM M3 HanboJjiee SKOHOMHUYHBIX M IKOJIOTHYE-
CKM 0€30MacHBIX CIIOCOOOB, IOCKOJIBKY OTCYT-
CTBYIOT BpEIHBIC BEIOPOCH B aTMocdepy, He MOA-
BepraeTcs Jerpajallid TPUPOJHBIA JTaHAmagT,
o0ecreunBaroTCsl OTHOCUTEIBHO HH3Kas cebecto-
MMOCTb IPOM3BOAMMOMN 3JIEKTPOIHEPTUH (IpUMeEp-
HO B 10 pa3 meHbiue BolpabaTeiBaeMod Ha TOLI)
Y BBICOKasi MAaHEBPEHHOCTh TPH CHAOKEHUU 3JICK-
TPO3HEpruen noTpeduTenei.

AJILTepHaTPlBHaﬂ JHEPreTuKa

OOBEKTBl ANbTEpPHATUBHOW SHEPTETHKH CEro-
JHSI MIEHTUUIUPYIOTCS IO PECYPCHBIM HCTOYHU-
KaM, U UX TepedyeHb JOCTATOYHO Pa3HOOOpPa3HBII.
B bBemapycu oHHM TpencTaBiICHBI TOJIBKO TpeMs,
OJTHAKO IIMPOKO PACIpPOCTPAHEHHBIMH B MHPOBOIA
MIPAKTHKE TUIOJIOTHYECKUMH €IHHUIIAMH — BETPO-
anektpoctanuamu (BOC) (99), conHeuHbIMu, HIH
(dorornekTpuuecknumu, craHiusMu (55) u Ouora-
30BBIMHU SHEPreTHYECKUMH yCTaHOBKaMHU (25).

HoBorpyackast BeTposneKTpuuecKasi CTaHIHA,
BKJIIOYAIOIIAsl IIECTh BETPOYCTAHOBOK, SIBIISIETCS
KpyIHeilled M mnepBOd NPOMBIIUIEHHON B pec-
nyomuke (puc. 3). IlepBas ¢orosnexTpuueckas
cTaHius HaxoauTcsi B KocTiokoBUYax Ha TeppHUTO-
pUM IUOLIanb0 3 Ta, a caMas MOIIHAs B CTpaHe
CTaHIMs pacrnojioxkeHa B Peunnkom paiioHe Ha
mwiomaan 110 ra (puc. 4). Camas xpynHas B bena-
pycu u opHa U3 KpynHedmx B EBpone 6uorazosas
yCcTaHOBKa Bo3BeAeHa B KupoBckoMm paifoHe —
B OAO «Paccset um. K. I1. OpioBckoroy.
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Puc. 3. HoBorpyackast BETpO3JIEKTPOCTaHIIHS

Fig. 3. Novogrudok wind power plant

Puc. 4. ®oroanexrpocranuus B Peunrikom paiione

Fig. 4. Photo power plant in Rechitsky region

[IpocTpaHCTBO OOBEKTOB aJbTEPHATUBHON 3HEP-
retuku (hopMupyercss obdbeMaMH JBYX THIIOB —
WH)XXEHEPHBIM O0OpYJOBaHUEM M TEXHUYECKUMH
coopykeHusiMU. [lepBble He BXOAAT B cdepy nes-
TENBHOCTH apXUTEKTOpa, OHH pa3padaThIBalOTCs
C Y4E€TOM METOAOJOTHYECKUX MOAXOJ0B IpeaAMeT-
HOTO nu3aifHa (TEXHWYECKOW DCTETUKH) U MOHTH-
pyroTcs Ha miomiaake. Tak, HampuMep, BO3BEIICHBI
BCE BETPOIHEPreTUUECKUE YCTaHOBKH. [Ipu 3TOM
Uit o0ciy)kuBaHusl 000pyIOBaHUs HE TpeOyeTcs
MIOCTOSIHHBIM IEPCOHAN, YTO MCKII0YaeT HeoOxo-
TUMOCTB CTPOWTENIbCTBA TPOU3BOJICTBEHHBIX WIIN
aJIMUHHUCTPAaTUBHO-OBITOBEIX KoOpmycoB. Tem He
MeHee MOJTHOCTBIO0 TUCTaHIIMPOBATHCS OT PEIICHUS
ApXUTEKTYPHBIX 3a/1a4 B clydae C BETPOIHEPreTH-
YeCKUMH O0BEKTaMHU Helslb3sd. BbicoTa BeTpsSKOB —
okoso 80 M, OHM YCTaHaBIMBAIOTCS Ha OTKPBITON
IJI0NIaIKe, CBOOOMHO M 0€3 OrpaKIACHHUS, XOPOIIO
MPOCMATPUBAIOTCS B TPOCTPAHCTBE U SIBISIOTCS
OTPEICTICHHON BBICOTHOM JOMUHAHTOMN MPUPOTHO-
anTponorenHoro nanamadra. Kpome Toro, takue
TEXHUYECKH COBEPIICHHBIE OOBEKTHI OUEHb MPUTS-
raTtenbHbl JJSl JIOJEH, OHU BBI3BIBAIOT HMHTEPEC
y TIPOE3KAOIIUX U Y HAXOJSIIUXCS PAIOM, HECITy-
yaitno HoBorpynckas BOC crana mocratouHo mo-
CelaeMbIM MECTOM.

®dopmoobOpa3oBaHre 3TUX OOBEKTOB IMOJHO-
CTBIO 3aBUCHT OT TEXHHYECKUX COCTABISIOLINX,
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M 3TO 3aKOHOMEPHO OTpa)kaeT COBPEMEHHYIO TEH-
JICHIIMIO DPA3BUTHS TPOMBIIUICHHOW apXUTEKTY-
PBI — ee TOJSAPU3ALUI0 Ha TEXHU3UPOBAHHBIE 00b-
eKTHl W OOBEKTHI, MPHUONIKAIOMINECS B CBOEM
CTPYKTYpHO-O0pa3HOM DEIICHUH K TPaKIaHCKOH
apxutektype [8]. B To xe BpeMs apXUTEKTyp-
HOM 3aJlauedl sIBNsAETCS IJIAHUPOBOYHAs OpraHu3a-
sl BETPOYCTAHOBOK B TPOCTPAHCTBE BMECTE C
MPUJICTAIOLIEH TepPUTOpHUEH, ee (PyHKIMOHATIBHOE
U CTPYKTYpHOE 3alojHEeHHe. JTa 3ajada CTaHo-
BUTCS OCOOCHHO aKTyallbHOH B Cilydae He OJWHOY-
HOH, a TPYIIIOBOW YCTAaHOBKH BETPSIKOB, Kak,
Hanpumep, Ha Hosorpyackoit BOC.

IIpocTpancTBeHHass opraHm3anus (HOTOAIIEK-
TPUYECKUX CTaHIMUH Takke (HOPMHUPYETCsl HHKe-
HEpHBIM 00OpYIOBaHHEM, NPUYEM B OTJIMYHE OT
BETPOYCTAaHOBOK JTH OOBEKTHI HE WMMEIOT BBI-
COTHBIX XapaKTEPUCTUK, HE MPUTATATCIbHBI IS
HaCeJIeHUs, TIOCKOJIbKY MPEeACTaBIsIIOT co0oil J0-
CTaTO4YHO OOJIBIINE TEPPUTOPHUH, 3aHITHIE OIHO-
TUITHBIMH, PaCIOJIOKEHHBIMU C HAKIOHOM CBETO-
yJaBIUBarONMMU TaHensmMu. K ToMmy ke Takue
TUTONIAKK, KaK TPaBUJIO, OTOPaXHBAIOTCS U HE
AMEIOT CBOOOIHOTO JocTyma. Tem He MeHee OHHU
BKJIIOUEHBI B JaHAMA(T, BOCOPUHUMAIOTCS MaHO-
paMHO, Ha PACCTOSHHH, C JBUXKYIIETOCS TpPaHC-
opTa, MO3TOMY apXHUTEKTYpPHBIE aCIEeKTHl UX IPO-
EKTHPOBaHUS MOTYT PacCMaTpPHUBaTHCS HA YPOBHE
IJJTAHUPOBOYHON M TMPOCTPAHCTBEHHOW OpraHu3a-
U OONIBIINX TEPPUTOPHUN, HANpPUMEDP CXEMBI
KOMIUIEKCHOW  TeppUTOPHATIBLHON  OpraHu3aluu
paiioHOB U 00JIacTeH.

buorazoBbie 3HEpreTHYECKHE YCTAaHOBKH CO-
CTOSIT U3 TEXHUYECKUX COOPYKECHUH, SBISIONIMXCS
00BEKTOM MPOMBIIUICHHOW apXUTEKTYPhI, M MPE/I-
CTaBISIOT CO00H 00BbEeM, BO3BEICHHBIN CTPOUTEIND-
HBIMH METOAAMH M 3aHATHIA MPOW3BOJICTBEHHBIM
mporeccoM 0e3 HEeNOCPeNCTBEHHOIO Y4YacTHi B
HeM Jroed. Kak Tumonorudeckas rpyIina TEXHU-
YECKUE COOPYKEHHSI UMEIOT JIOCTATOYHO MPOJIOI-
KHUTENbHYI0O HCTOPHIO CBOETO Da3BUTHS M YXKe
CIIOKUBIIYIOCS| THITOJIOTHIO, PACHINPEHUE KOTOPOii
TEM HE MEHee BO3MOXXHO M B HACTOAIIEE BpEMS
[9]. B cOOTBETCTBUHM C ATO¥ THITONOTHEH COCTaB-
nstorre OMOTa30BBIX YCTAHOBOK BXOJST B TPYIIITY
€MKOCTHBIX COOPYXEHHH W OTIUYAI0TCA J0CTa-
TOYHO Pa3BUTHIMH OOBEMHO-TIPOCTPAHCTBEHHBIMU
U MacTaOHBIMH XapaKTEPUCTHUKAMH, TMO3BOJISIO-
OIMMH MM Y4YacTBOBaTh HE TOJBKO B MPOCTPaH-
CTBEHHOM, HO M B 00pa3HOM (hOPMHUPOBAHUM Cpe-
el Omarofapss CBOMM pa3MepaM W KpyIHOMac-
mrtabHoi hopme (puc. 5).
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Puc. 5. buorazoast ycTaHOBKa

Fig. 5. Biogas plant

CeromHsi akKTHBHOE BHEIPEHHE B pecIyOsImKe
OOBEKTOB aJbTCPHATHBHONW DHEPreTUKH OOHApY-
KWIO TUCTAaHIMPOBAHUE OTEYECTBEHHOM apXHTEK-
TYpHOH MPaKTUKH OT y4acTHs B JAHHOM IIPOLIECCE.
C oIIHOH CTOPOHBI, TO MOXHO OOBSCHUTH CPAaBHU-
TENIbHO HEJaBHUM OOpAIICHHEM K CTPOHTEIHCTBY
TaKuX 00BEKTOB, HO C JIPYTOil — CieyeT NPU3HATH,
YTO OTCTaBaHHE B TEOPETUUYECKOM OOOCHOBAaHUH
U OCMBICIICHUY apXUTEKTYPHBIX BOIIPOCOB HX Op-
TaHU3aH MOXET CTaTh IPUYMHON ONpeAeIeHHBIX
OommMOOK B TPAKTHYECKOM cTpouTenbcTBe. Kpome
TOTO, JHEPreTHYECKHUe OOBEKTHl TAKOTO THMA B
CBSI3H C UX HEOOJBIION MOIIHOCTHIO MOTYT HaXo-
IUThCS B COOCTBEHHOCTH YacTHBIX HWHBECTOPOB,
HanpuMep B HoBorpyackom paitone u3 13 Betpo-
YCTQHOBOK TaKHX CEMb. DTO OOYCIIOBIHMBAET OCO-
Oyr0 HEOOX0IUMOCTh pa3pabOTKH 00O0CHOBAaHHBIX
pPEKOMEHIAIMH, KaCaIOIIUXCsl apXUTEKTYPHBIX ac-
MEKTOB MPOEKTHPOBAHMS TAaHHBIX 00BEKTOB.

TpaaunuoHHAasi JHePreTUKAa

JlanHyI0 TpyIIy NpPEACTABISIOT TEIIOAICKT-
POCTaHIIMK, OCHOBHAsI 4acTh KOTOpPHIX (6osee 90 %)
cerofHsl paboTaeT Ha MPHPOAHOM raze. Mcropus
TEIUIOBBIX CTaHIMM Hayanach B 1930 r. myckom
paboratomeiit Ha Tophe bemopycckoit 'POC B mo-
cenke OpexoBck OpiaHckoro paiioHa. 3a mpo-
mesmiee BpeMs 00beMHO-TUTAHUPOBOYHAS CTPYK-
Typa TOC OKOHYATENBHO CIOKMIIACh U MpPaKTHIe-
CKU TIOCTOSHHA: MapajlieIbHOE Pa3MEIEHUE JABYX
OJTHOATXKHBIX 00HEMOB OOJIBITUX pa3MEepOB — Ma-
IIMHHOTO 3aJIa U KOTEIBbHOH, pa3JelieHHBIX SPYC-
HOHM BCTaBKOW J€a’paTOpPHOTO OTIENIeHUs; 00s3a-
TCJIBHOC MPUCYTCTBUEC IMOCTOAHHOI'O U BPDEMCHHOT'O
TOpIla OCHOBHOTO KOPITyCa; HECKOJIbKO BapUaHTOB
PaCIIOJIOKECHUS aJIMHHUCTPATUBHO-OBITOBOTO 0J10-
Ka Ha IJIONIAJIKe; KaK MPaBHIIO, «HU)KHEE» Pacro-
JIO’KEHUE JBIMOBBIX TPYO (BO3MOXKHO U «BEpPXHEE»
pacIoJIOKEeHHE). DTH apXUTEKTYypPHBIE OCOOCHHO-
CTH SIBISIOTCSA OOINMMH B MHPOBOH IPaKTUKE,
u Onaroyapst M OOBEKTHI TAKOTO THIIA Y3HABAEMBI
B 11000 cTpaHe.
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HauGonee mnoka3aTenbHOW CEroiHs B OTEYe-
CTBEHHOM ImpakTuke sBisercs Munckags TOII-5
(mpoexktHble padoTel — PVYII «benHunusHepro-
MpoM»), Haxoadmasicsa B 25 kM or MuHCKa B 10-
cenke Jpyxubiit. OCOOEHHOCTD TPEANPHUATHS CO-
crosima B ToM, 4To eme B 1980-e rr. Ha 3TO# IIIO-
magKke Hegaieko OT PynmeHcka ObUIO Havato
BO3BEJICHHE IEPBOW aTOMHOHN TEIUTIO3JIEKTPOCTaH-
uuu benopycckoii sHeprocuctemsl. [lociie aBapun
Ha YepHoObUTbCKOM ADC B 1986 T. cTpouTensCT-
BO OCTaHOBWIM, TOTPEeOOBAIOCH pa3padoTaTh
HOBOC apPXUTEKTYPHO-IUIAHUPOBOYHOE pEIICHUE
C y4eToM MpOBEJICHHBIX Mpexae padort. [lepempo-
¢umpoBaHHbBI O0BEKT BHOBH BBENIM B JKCILTya-
taiuio B 1999 1., a 8 2011-M ObL1 3amyiieH BTOPOH
3HEProOIIoK.

Bech KOMITIEKC CTaHIMHM BBIIOJIHEH CTPOTO
B COOTBETCTBHH C THIOJOTHYECKAM (HOopMaTOM
00BekTOB Takoro pona. Kopmyca pasHeIX pasme-
poB (pOpPMHPYIOT MHOTOCTYNEHYATYIO KOMIIO3H-
IIUI0, KOTOPYI OTIMYAIOT XOPOIIWE IMPOIOPIIUH,
JTAKOHWYHOE WCTOJIh30BaHHE I[BETA M MAacCIITaOHO-
ro CTpos jaeraneid — GopMBI U pa3MepOB OKOHHBIX
IIPOEMOB, BEIHECEHHBIX JIECTHHII M 00OPYIOBaHUS.
B 00beMHO-TUTAHUPOBOYHOW KOMIO3HMIIMUA TaKHX
O0OBEKTOB 3HAYUMYIO POIb HTPAIOT TEXHHYECKUE
COOPYKCHUS, U TIPEXKJIC BCErO I'PaJUPHU U JBIMO-
BBIE TPyOBl. DTO MMEET MECTO M B apXHUTEKType
TOL-5: ee apiMoBast Tpyba BeicoToi 240 M sIBIs-
€TCSl 3HAUUTENBHOW NOMUHAHTONW B OKpY>KArOIIEH
cpene. CraHuus JOEMOHCTPUPYET BO3MOXHOCTH
COBPEMEHHON MPOMBILIICHHOW ApXUTEKTYPHhI, KO-
TOpas, KaKk Iucajl U3BECTHBIM MOJbCKUN YUEHBIN
b. JlucoBckuii, OTHOCHTCA K TakKk HAa3bIBAEMOM
HEOPUIMATHHOW apXUTEKType, W HMCHHO OHa
«OTpaxkaeT XW3Hb BO BpPEMEHH W IPOCTPAHCT-
Be» [10, c. 47] (puc. 6).

Puc. 6. Munckas TOLI-5
Puc. 6. Minsk thermal power plant No 5

3HAaYMMBIM W YAAa9HBIM OTEYECTBEHHBIM OIIbI-
TOM SBIISIETCSI PEKOHCTPYKIHS YXKe CYyIIECTBYIO-
mmx TOC, npoxopsiias B paMKax MOJCPHHU3AIMN
atux 00bekToB (Munckas TOLI-3 (puc. 7), ['ponnen-
ckas TOL-2 (puc. 8), 'omensckas TOLI-1; mpoekt-
Hble padoTel — PYII «benHunusaepronpom» ).

[ Hayka
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Puc. 7. Munckas TOLI-3
Fig. 7. Minsk thermal power plant No 3

Puc. 8. T'ponnenckas TOL[-2
Fig. 8. Grodno thermal power plant No 2

Bo BHemHeM 00iuKe 3TO JEMOHCTPUPYIOT
mpeskze Bcero ¢acanbl TIIABHOTO MTPOU3BOICTBEH-
HOTO M aJIMAHUCTPATHBHO-OBITOBOTO KOPITyCOB —
HOBBIC MaTepHajbl, [BETOBOE PEIICHUE, TUIACTHKA
netaneil. KoMmmosuiusi Bcero KOMILIEKCA MOXKET
TpaHC(OPMUPOBATECS 33 CYET 3aMEHBl TeXHUYe-
CKHX COOpPY)KCHUH, Hampumep OallleHHBIX Tpaju-
pPEH BEHTWIATOPHBIMH. BO3MOXHO 3HAYUTEIHHO
CHHU3UTH BBICOTY JBIMOBOM TPYOBI 32 CUET HUCIOIb-
30BaHUs HOBBIX TEXHMYECKUX CHCTEM JIBIMOYajie-
Hus. OnHaKko Takue paboTHI B CBS3M C MX 3aTpat-
HOCTBIO HEIIENEeCO00Pa3HO MPOBOAUTH TIPU PEKOH-
CTPYKITHH, B TO K€ BpeMsI B IIpOeKTax HOBBIX TOC
OHHM YX€ HCHOJb3YIOTCS, HAaNpUMEp B IPOCK-
te Boponexckoit TOLl-1 (mpoexTHble pabOTHI —
PVYII «bemaunmsaepronpom») (puc. 9).

HecMmoTps Ha yCTOSBIIYIOCS CETOMHS MPaKTH-
Ky ctpoutensctBa TOC, B 00MacTH TpaaWIlMOH-
HOW 3HEPTEeTUKN N3MEHEHUS BCE KE UMEIOT MECTO.
B pecny6mnmke moyumnia pa3BUTHE HOBAsl THUIIOJIO-
ruueckas eauHuna — wmuHU-1OLl, pabotaromas
Ha BO30OHOBIISIEMOM TOIUTHBE — IpPEBECHHE U €€
oTxojJiax. B Hacrosiee BpeMsa TakuX CTaHIUHA BO3-
BesieHo Ooitee 20, OJTHM W3 HHUX HCIIOIB3YIOT TOJb-
KO B0300HOBIsseMble ucTouHUMKH ([leTpukoB-
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ckag MuHHU-TOIl), npyrue wuMeOT CMeNIaHHYIO
TEXHOJIOTHIO — COYETaHUe PEBECHOI LIETIhI ¢ (pe-
3epHbIM Topom (Peuntkas, Jlynuneukas u [py-
skaHckast MuaHHA-TI11).

Puc. 9. Boponexckas TOII-1
Fig. 9. Voronezh thermal power plant No 1

C apXUTEeKTYpHOH TOUYKM 3peHHs, MHHHU-TIL]
MIPEICTaBISIIOT CO00i MaoOOBEKTHYIO 3aCTPOMKY,
JIOCTATOYHO pPa3HOOOpa3Hyld B 0OBEMHO-TIPOCT-
PaHCTBEHHOM OTHOIICHWHU, C OOJBIIUM KOJINYe-
CTBOM BBIHECEHHBIX TEXHOJOTHYECKHX IJIEMEHTOB.
Crnoxwunack MpakTHKa MOHTaXXa 000pyIOBaHUS JI0
3aBEpIICHHS M 3aKPBITHA 00beMa MAaIIMHHOTO 3a-
Ja, 4TO O0YCJIOBHJIO NMPUMEHEHHE TOJIBKO IOJIHO-
COOpHOH KapKacHON CHCTEMbI U3 METAJLUTHUYECKHUX
9JIEMEHTOB M JIETKUX HABECHBIX MaHEJCH HapyK-
HOTO OrpaxJaeHus. Pa3HooOpa3ue BBIHECEHHOTO
00OpyIOoBaHMs, APKUE IBETA CTCHOBBIX MaHEJeH,
OTHOCUTENIbHO HeOONbIIOW MacmTad 00bEMOB
MIO3BOJIMJIA CO3JIaBaTh apXHTEKTYPY XOPOUIETO Ka-
YecTBa, YTO, OE3yCJOBHO, JENaeT OTCUECTBEHHBIC
00BEKTBI B 3TOM CEKTOpPE NPOMBILIUICHHON apXu-
TEKTYpBI epeaoBbiMu (puc. 10, 11).

Puc. 10. Jlynuneukas Mmuau-TIL]

Fig. 10. Luninets mini-thermal power plant

B Ommxkaiiee Bpemst B ['pogHeHckoi obnactu
Oyner 3amymeHa bemopycckas ADC. B cBszu ¢
YVHHKaJbHOCTBIO TAaKOro O0OBEKTa BOMPOCHI OCO-
OCHHOCTEH €ro apXUTEKTYPHO-IIAHUPOBOYHOM
OpraHM3alliy ¥ BO3MOXKHBIE B ATOW oOiacTu mep-
CTIEKTUBHI [TOKa HE UMEIOT OCHOBAaHUI LIS HCCIe-
JIOBaHUSL.
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Puc. 11. llpyxanckas Muau-TIL]

Fig. 11. Pruzhany mini-thermal power plant

BbIBO/IbI

1. OOBEKTHl PHEPTETUKH SIBIISIIOTCS THITOJIOTH-
YECKON TIpynmnold IPOMBIIUIEHHON apXUTEKTYpHI,
0TpaxaroT (pyHKIHOHATLHBIA MOAX0 B ee PopMo-
00pa30BaHMM U BKJIIOYAIOT JOCTATOYHO OOJBIIOE
MHOT000pa3ne COCTaBISAIOMMX eanHUIl. Oddek-
TUBHOCTH (DYHKITMOHHPOBAaHUS OOBEKTOB DHEpre-
THKH B 3HAYHUTEIILHOW CTETNEHU OOYCIOBICHA HX
MIPOCTPAHCTBEHHON OpraHu3alueil, KoTopas 3aKo-
HOMEPHO TpaHC(OPMHUPYETCS BO BPEMEHH B CBS-
31 C BBEACHHEM B IPOM3BOJCTBO HOBBIX BHJIOB
TOIUIMBA, Pa3BUTHEM CJIOXXHUBLIMXCSI TEXHOJIOIHUH,
C H3MEHHBIIMMCS OTHOIICHHEM B OOIIECTBE K
mpobjeMaM SKOJOTHH, HCIONBb30BAHUS TPUPOJI-
HBIX PECYPCOB U OXPaHbl OKpY’Karoleil cpesl.

2. B benapycu OOBEKTHl SHEPIETHKH B apXH-
TEeKTYpPHOM acleKTe HuX Kiaccudukanuy ObUIH
MPECTaBICHBl JIOCTATOYHO OTPaHHYEHO, OCHOB-
HYI0 MacCy COCTaBIISUIH TEIUIO(PHUKALMOHHBIE HIIEK-
TPOCTaHIMHY, PaOOTAIOLINE HA PAa3HBIX BHIAX TOII-
muBa (yroies, Topd, ras, mMasyT). ApXUTEKTypHO-
IUTAaHUPOBOYHASI OpPTraHU3alus JTHX OOBEKTOB
oTpakajla MPUHSTHIE TEXHOJIOTMYECKUE CXEMBI
MONYYCHUSI DJIEKTPHYECKOH M TEIUIOBOH SHep-
MM, UMEBIINE MECTO TEXHHUYECKHE BO3MOKHOCTH
CTPOUTENFHON MHIYCTPUU U apXUTEKTYPHO-TPaIo0-
CTPOUTENBHBIE, B TOM YHUCIE M XYJOXECCTBECHHBIC
MOAXO0Jbl K (POPMHUPOBAHUIO MX OO0BEMHO-ILJIAHU-
pOBOUYHON CTPYKTYyphl. HecMoTpst Ha cTarHamuro
B 00JacTd  MPOMBIIUIEHHOTO  CTPOMTENHCTBA
B 1990-¢ rr., BEI3BaHHYIO MPOLIECCAMHU COLIMATIBHO-
9KOHOMMYECKHX M IIOJIMTHYECKHX IpeoOpa3oBa-
HUM, pa3BUTHE AapXUTEKTYphl JHEPreTUYEeCKUX
00BEKTOB MPOJIOIIKAIIOCH, a MOTPeOHOCTh obecre-
YCHUS! DHEPreTUYECKOM HEe3aBUCHMOCTH CTpa-
Hbl MHULUHMPOBAJa €ro TEMIbl U ONpeAessiia Ha-
[IpaBJICHUS.
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3. ApXHUTEKTypHasT THIIOJIOTHS O0BEKTOB DHEP-
TeTUKU CETOAHA JAEMOHCTPUPYET TEHACHIMIO K
IuBepcH(UKAIMK ¥ B CBSA3UM C COXpPaHSIOMICHCS
NPUOPUTETHOCTBI0  (YHKIMOHAIBHOTO IOAXOAA
¥ 00yCIIOBJICHHOCTBIO MPOCTPAHCTBEHHOIN OpraHu-
3alUM TEXHOJIOTHEH 1 000pyJOBaHHEM pa3BUBACT-
Csl B CIECOYIOLIMX HAIPABJICHUSX: OOBEKTHI THIPO-
9HEPTeTHUKH — MaJlble CTAaHIMU Ha BOJOXPaHWIIU-
Iax M CTaHIMU CpeJHEed MOIIHOCTH (HU3KOHa-
MOpHBIE, PYCJOBBIE) Ha peKax; aJbTePHATHUBHOU
9HEPTEeTHKH — BETPO3JICKTPOCTaHLUH, (POTO3IEK-
TpUYECKHE CTAaHUMUM U OHOra3oBblE YCTaHOBKH;
TpanuuonHoi sHepreTukd — TOC u MuHH-TIL]
Ha BO300HOBJISIEMOM TOILIHBE.

4. OxapakTepu30BaHbl Ppe3yJabTaThl Oenopyc-
CKOW IPAaKTUKU CTPOUTEIbCTBA OOBEKTOB BCEX
HalpapleHUH (TMOPOIHEPreTHKa, aJlbTepHATUBHAS
U TpaJWIUOHHAs DJHEpreThka). BEISBIEHBI 0CO-
OCHHOCTH apXUTEKTYPHO-IJIAHKPOBOYHOH OpraHu-
3aluM O0BEKTOB HAa COBPEMEHHOM JTalle, UX KOp-
pensinusa ¢ OOLEMHUPOBBIMU TEHACHIMSIMU pPa3BU-
TUSI IPOMBIIUIEHHON apXUTEKTyphl. OINpeaeseHbl
TUIOJIOTUYECKUE TPHU3HAKH apXHTEKTYPhl OOBEK-
TOB aJbTEPHATUBHON HSHEPTETHKH, BO3MOKHOCTH
W HampaBJICHUS MPAKTUUYECKOW pean3alliy apXu-
TEKTYPHBIX MOJXOJ0B, IIPOOIEMBI U NIEPCHEKTHBbI
PasBUTHSA HAayYHOT'O COIPOBOXIEHHS NMPOEKTHOI'O
mporecca.

5. OOBEKTHl TMPOMBINIICHHON apXUTEKTYPHI,
B TOM YHMCII€ PHEPreTUKHU, MPEICTABIAS aKTUBHYIO
4acTh CPEACTB IMPOU3BOJCTBA UYEIOBEYECKOrO 00-
IIECTBA, TEM CaMbIM OIPEICISIOT S3KOHOMUYECKYIO
U TIOJIMTHYECKYI0 Oe30macHoCTh rocynaperna. Mc-
CIIEIOBaHMSA TMPOCTPAHCTBEHHOM  OpraHu3aluu
NPOMBIIUICHHBIX 00BEKTOB B MCTOPHUYECKOM JIHC-
Kypce uX (OpMHUpPOBAHHSI U HAYYHO 0OOCHOBaHHBIC
PEKOMEHANK B 3TOH 00JacTH CTaHOBATCSI HEOO-
XOAMMBIM YCJIOBHEM AaJbHEHIIEro pa3BUTHA.
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Pedepar. OTXOIBI TEIUIOANEKTPOLICHTPANICH MPEACTABISIOT COOO0M OMPENCICHHY OMACHOCTh JUIS OKPYXKAOIICH Cpeibl,
a CJIe0BATEIBbHO, U SKOHOMUYECKUE MpobseMbl. OJJHAKO B TAKHX OTXOMAAX COJCPIKATCS BEIECTBA, KOTOPHIC 11€JeCO00Pa3HO
UCIIOJIB30BaTh I MTPOU3BOCTBA CTPOUTEIBHO-OTACIOYHBIX MaTepHUajIoB. TeXHOreHHbIE MPOIYKTHI BOJOMOATOTOBKU C TEIl-
nosJiekTpoueHTpanu «fOxuas» (0cagku XUMBOLONOArOTOBKH — Koz 8410500) sBIsIOTCS KaJIbIMTOBOM CMECHIO, COJEpKallei
Ooiee 64 mac. % KxaipiuTa. MHHEPATOTHYECKUA COCTAB HEOPTaHMIECKUX OTXOJIOB OMPEAEIICH C MOMOIIBI0 PeHTreHorpadu-
yeckux W uH(ppakpacHbix (MK) crekTpanbHBIX UcciaeqoBaHMA. MexaHWdYecKkas aKTHBAIUS KaJbIIUTOBBIX HEOPTaHHYECKHUX
OTXOJIOB MPHBOJIUT K U3MEIBUCHHUIO KAIBIUTA ¥ YMCHBIICHUIO KOJIMYECTBA aJICOPOMPOBAHHON BOJBI, YTO BIUSCT HA YBEIH-
YeHUE COJCPIKAHHS KapKACHBIX CTPYKTYp IHOKCHIA KPEMHHS, PEaKIUOHHAS CIIOCOOHOCTh KOTOPOTO HANPSIMYHO 3aBHCUT
OT MX KOJH4ecTBa. MI3MEHEHHs CTPYKTYPHI ITUOKCHIA KPEMHHUS MPH MEXAaHWYECKOW aKTHBAIMHM YCTAaHOBIJICHBI IO JaHHBIM
UK-nccnenoBanuii. Pesynbrars! pentrenorpadudeckux u MK-mccnenoBanmii IIMHBI MECTOPOXKICHHS «3aIloibe», NCIONIb3YeMOH
B TEXHOJIOTHH TIPOU3BOJICTBA KEPAMHUUYECKOTO KUPINYA, TIO3BOJISIFOT OTHECTH €€ K CHIPBIO C BHICOKOM PEaKIIMOHHON CIIOCOOHOCTBIO.
B OAO «O6onbckuit kepaMHYecKUil 3aBO € JOOABKaMH KaJbIIUTOBBIX HEOPraHUYECKHX OTXOIOB TEILIOAICKTPOIICHTPAIN
TIPOU3BEICHA OIBITHAS MAPTHI KEPAMHUUECKOTO KHUPIHYa. BEIMOTHEH PEHTTeHOCTPYKTYPHBIN aHAN3 00pa3IoB MMOTyYeHHBIX
KUpIHYel CTaHAAPTHOTO cOCTaBa U C JOOABKaMHU OTXOJOB. lcclieioBaHO BIHMSHUE CONEPKaHUS KaJbLIUTOBBIX HEOpPTraHWYe-
CKHX OTXOJIOB B UCXOJHOM CBIPbE Ha MPOLECCH CTPYKTYPOOOpa3oBaHHUs KepaMHYecKOTo kupnuda. JlobaBieHrne B MUXTy Ha
OCHOBE TJIMHBI MECTOPOKACHUS «3arlojibe» OTXOJOB XMMBOJOIIOATOTOBKH, COJEpKAIINX KapOoHAT Kanblus 10 15 mac. %,
CHOCOOCTBYET CHIDKCHHIO TEMIICpaTypbl OOXHra M TOSIBICHHIO paciulaBa. DTO MPHUBOAMUT K IMpOIEccaM KPUCTAIIH3AaLUH
TBEPIBIX MUHEPAJIOB M3 PacIiaBa M YBEIWYCHUIO KOJMUYECTBA CTEKJIO(A3bl, CIOCOOCTBYIOMIECH MOBBIIICHUIO MPOYHOCTHBIX
CBOUCTB KEPaMUUECKOTO KUpPIHYa. YCTAaHOBJIECHA BO3MOXKHOCTh HCIOJIB30BAHUSI HEOPTAaHMUECKUX OTXOAOB (0CaIKOB XHMBO-
IonoArotoBk — koz 8410500) TemoanekTpoueHTpaneil B KayecTBe KOMIIOHEHTA OTOIIAIOIIUX J00aBOK B TJIMHUCTOE ChIphE
B TEXHOJIOTHUECKOM IIPOLiecce MPOM3BOJCTBA KEPAMUIECKOT0 KUPIIHYa.

Knrwuesble cioBa: O0CaJIKu XMMBOJIOIIOATIOTOBKH, OTXOIbI, KaD6OHaT KaJibliysi, aJJlOMOCHUJIMKAT, MI/IHepaJ'[OFI/I'-IeCKI/Iﬁ cocCTas,
MCXaHHU4YCCKas aKTUuBalus, (1)3.30BLII>1 cocras, peHTFeHOd)a?,OBLIfI aHaJIus, I/IK-CHCKT‘pOCKOHI/Iﬂ
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Modification of a Ceramic Brick Additives of Inorganic Technogenic Products
of Water Treatment of Combined Heat and Power Plant
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Abstract. Waste of combined heat and power plants represents a certain danger to the environment, and hence the economic
problems. However such waste contains substances that are advisable to use for production of construction and finishing
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materials. Technogenic products of water treatment from the Yuzhnaya combined heat and power plant (sludges of chemi-
cal water treatment — code 8410500) are a calcite mixture containing more than 64 wt. % calcite. The mineralogical compo-
sition of inorganic waste has been determined while using X-ray and IR-spectral researches. Mechanical activation of calcite
inorganic wastes leads to grinding of calcite and a decrease in the amount of adsorbed water, which affects the increase in
the content of silica frame structures, the reactivity of which directly depends on their quantity. Changes in the structure
of silicon dioxide during mechanical activation are established according to IR studies. The results of X-ray and IR studies
of the Zapolie deposit clay used in ceramic brick production technology make it possible to attribute it to raw materials with
high reactivity. An experimental batch of ceramic bricks has been produced at JSC “Obolsky Ceramic Plant” with addition
of calcite inorganic waste from combined heat and power plants. An X-ray diffraction analysis of samples of the obtained
bricks having standard composition and with addition of waste has been carried out. The influence of calcite inorganic waste
content in the feedstock on the process of ceramic brick structure formation has been stu-died in the paper. Addition of chemi-
cal water treatment waste containing calcium carbonate up to 15 wt. % to the Zapolye clay mixture helps to reduce a firing
temperature and an appearance of the melt. This leads to crystallization processes of solid minerals from the melt and an
increase in the amount of glass phase which contributes to improvement of strength properties in ceramic bricks. The possibility
of using inorganic waste (sludges of chemical water treatment — code 8410500) of combined heat and power plants as a component
of emaciated additives in clay raw materials in the process of ceramic brick production has been established in the paper.

Keywords: water treatment sludges, waste, calcium carbonate, aluminosilicate, mineralogical composition, mechanical acti-
vation, phase composition, X-ray phase analysis, infra-red spectroscopy
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BBenenue

ChIppeBoii 6a30ii IJ1s1 TPOU3BOCTBA TMPOAYKIHH
CTPOUTENBHOTO Ha3HAYEHUsI — KEPaMHUYECKOTo KHp-
mmaa Mapku KPO-300/15 — B OAO «O6omsckuit
KepaMHYeCKUil 3aBOJ» SIBIAETCS TJIMHA MECTOPOXK-
nenus «3amonbe» (Burebckas obmacts). [1o cBoum
CBOMCTBaM CBIPbE OTHOCHUTCS K TPYIIIIE MOTYKUCIBIX
TJIUH C YMEPEHHOH IIIaCTHYHOCTHIO, C BEICOKHM CO-
nepxanueM okcupaa sxenesa Fe,Os (6 %) u xapOo-
HATHBIMH BKITIOUYEHHSAMH. [JIMHA MeCTOpOXIeHHUS
«3aronpe» — JIETKOIUIaBKOe, CcJabocCIeKaromeecs
CBIpbe, nMetolee orueynopHoctsb 1280 °C u Temme-
parypy obGxwura B auamazoHe ot 900 go 1100 °C.
Kupnuu, u3rotoBiaeHHbIA U3 TaKOW TIIMHBI, Xapak-
TEpU3yeTCsl TOBBIIIEHHON TMJIOTHOCTHIO M MaJbIM
TEPMHUYECKUM COINPOTHBIEHUEM, HO UMEET MOHH-
JKEHHBIN IIOKAa3aTeNb BOJOIMOTIIONMEHUs. YMEHb-
[IeHHe MapOYHOU MPOYHOCTH U3ZIeNusi, o0pa3oBa-
HHE TPEUIMH W KOpOOJeHHWE B TIpOIecce CYIIKH
1 00XHTa KUpIu4a MPOUCXOJST B OCHOBHOM H3-3a
ycanku. [ ycTpaHeHUs] STHX HETOCTaTKOB W TPH-
JIaHWS JOTIOJHUTENBHBIX CBOMCTB M3/ICIUI0 HEOOXO-
JUMO BBOJAUTH OTOLIAIOUIME W BHITOpAIONIe 100aB-
KH B UCXOHOE ChIphe. B KauecTBe oToIIaroNmX A0-
0aBOK WCIONB3YIOT KBApIEBBIH II€COK, MOJIOTHIC
OTXOJbI KEPaMUYECKOTO MPOU3BOJCTBA (IIIAMOT, MO-
NOoThI Kupnmd pazmepamu vactur; 0,5-5,0 mm),
TOHKOMOJIOTHIM TPaHUTHBIA OTCEB, MOJEBOM IIIMAT.
Ortomarormue 100aBKH CIIOCOOCTBYIOT YMEHBILIEHUIO
[UIACTUYHOCTH TJIMHBI M CBA3BIBAHUIO BOJBL.

B pszge ciydaeB ncnoiap30BaHUE OTXOJIOB MPO-
MBIIIUIEHHOTO MPOU3BOCTBA TO3BOJISET 3aMEHUTH
npupoausie pecypcenl [1]. Hapsany ¢ atum, npume-

Hayka
wrexHuka. T. 19, Ne 3 (2020)

HEHHE TEXHOTCHHOTO CBhIPhSl pELIaeT BaXHYIO
9KOJIOTMUYECKYI0 MPOOJIeMy 3arpsi3HEHHS OKpy’Ka-
IOIIEe cpeapl, MO3BOJSAET YMEHBIINTH 3aTpaThl
Ha IPOU3BOJACTBO CTPOUTENBHBIX MaTEpUAOB IO
CPaBHEHHMIO C HPOMU3BOACTBOM M3 IPHUPOIHOTO
ChIpbsi [2]. M3BecTHBI Takke pe3yIabTaThl 3apy-
OCKHBIX uccienoBanuii [3, 4], KOTOpwie CBHIE-
TEJILCTBYIOT O MUPOBBIX TCHACHUMIX B HHAYCTPUH
OTIEJI0YHO-CTPOUTENIBHBIX MaTepHalioB, paccMaT-
PHUBAIONIMX TMEPCHEKTUBHOCTh NMPUMEHEHHS OCa-
KOB XHMMBOJOIIOATOTOBKH TPU M3TOTOBJICHUH Ke-
pamudeckoro kupnuya. K npumepy, XUMUYECKHUM
COCTaB Opa3WIIbCKUX OTXOAOB XHMBOJOMOJTOTOB-
K1 OJIM30K K COCTaBy IVIMHBI U B TEXHOJOTHHU TIPO-
M3BOJICTBA KUPINYA ITO3BOJISIET €€ YaCTHYHO 3amMe-
HUTH 0e3 H00aBJIeHUs MecKa W mamoTa. Beicokoe
COJIep’KaHNE OPraHMYEeCKHX BELIECTB IIOBBIIIAET
MOPUCTOCTH MONTy4YaeMbIX u3aenui [4]. Bo MHOrux
Clly4asiX XUMBOZOIOATOTOBKA Ha TEIJIOIEKTPO-
nentpaisix (TOLl) ocymiecTBisieTcss ¢ MCIONB30-
BaHMEM KOaryJsiHTa M OCaguTelsl, B KauecTBe
KOTOPBIX IPUMEHSIOTCS JOCTYIIHbIE KOMIIOHEHTBI,
TakMe Kak kene3Hslii kynopoc FeSO, u ramenas
u3Bectb Ca(OH),. M3BecTh, Kak HEHTPAIN3YIOIIUHA
areHT, NMPHUMEHSETCs NOBOJIBHO MIMPOKO. OmHako
IO CHX TIOp HET COOTBETCTBYIOLIMX TEXHUYECKUX
HOPMAaTUBHBIX TPABOBBIX AKTOB, PErIaMEHTUPYIO-
OMX €€ COCTaB M CBOWCTBA Kak OCaAUTENs.
IlosToMy wncnonb3yercs OOBIYHAs CTPOUTENIbHAS
U3BECTH, a 3TO — OOJIBLION ee mepepacxo, 4To OT-
pakaercs Ha ()a30BOM COCTaBE LIaMa.

ABTOpBI CTaTbH U3y4ald BO3MOKHOCTH HCIOJIb-
30BaHUSl HEOPTaHWYECKHX OTXOJI0B XHMHYECKON
BOJIOTIOATOTOBKH (OCaIKOB XUMBOAOIOATOTOBKH —
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kox 8410500) ¢ TOL «HOxHass» OAO «Butsazn»
(r. Burebck) B KauecTBe OTOIIAIONIEH JTO0ABKH
K TNIMHUCTOMY CHIPBIO MECTOPOXKICHHUS «3aIoIbey.
Ilo pesympraTaMm XHMHYECKOTO aHAIN3a yCTaHOB-
JICH COCTaB NPOKAJICHHBIX HEOPTraHUYECKUX OTXO-
108 [2]: Fe’* — 24-35 %, Ca*" — 32-34 %, Mg*" —
12-14 %, SiO, — 32-17 %. CogepxaHne MHKpPO-
9JNIEMEHTOB (PTYTH, BOJb(pama, CTpOHIIHS, TepMa-
HUS, KaJIMusi ¥ Jp.) B IJIAME COOTBETCTBYET Tpe-
OOBaHWSM CaHUTAPHBIX HOPM, U CHIPE MOXKET
OBITh PEKOMEHIOBAHO K KCIIOJIb30BAHUIO JJIS T10-
Jy4YeHUsI KepaMUYECKUX H3/enid. B cBs3u ¢ 3TuM
WCCIIEZIOBaHUS TIPOLIECCOB M3MEHEHUS CTPYKTYPHI
Y CBOWMCTB KepaMHUYeCKOTr0 KHUpIHYa MpH AodaBie-
HHUH IIlTaMa 110 BIIMAHUEM MeXaHM4eCKON U Tocle-
OyIOIeld TepMUUecKold 00paOOTKHM MpeaCTaBIISIIOT
onpesieNieHHbId uHTepec. Tak, B X0/€ BBICOKOIHEp-
TETUYECKON MEXaHUYECKOW aKTHBALIMK T€HEPUPYIOT-
Csl BBICOKHE JMHAMUYECKUE JIOKAJIBHBIC IaBICHUS,
KOTOpBIE MOTYT MPUBOJUTH K M3MEHEHHUIO CTPYKTY-
pBI 00pabaThIBaEMBIX BEIIECTB W YBEIHMUCHHIO HX
PeaKIMOHHO# CIOcOOHOCTH [5].

MarepuaJjibl 1 METOABI UCCIIET0BAHUI

B skcriepuMeHTaX HCIONB30BAIA CYyXYIO CBI-
Myqyl0 KPYTHOJUCIIEPCHYIO CMECh pa3MepaMu
gactur, 0,2—-1,5 MM HEOpraHMYECKHMX OTXOJ0B
MIPOJYBOYHON BOJBI KEITO-KOPUYHEBOTO IBETA
TOII «FOxuas». OOpa3ibl BRICYIIHBAIHA TIPH HOP-
MaJIbHBIX YCJIOBUSX M JOMOJHUTEILHOU TepMHUe-
CKOW 00paboTKe HE TMOABEPraiud. MexaHHYecKyIo
AKTUBAIUIO TIPOBOJWIM B IJIAHETAPHOHN IIapOBOM
MenpHUIlE «AKTHBATOP-2S» (Ip-BO0 3A0 «AKTH-
BaTOp», I. HoBocuOupck) B BO3MyHIHOM aTMocde-
Pe ¢ BOISHBIM OXJIaxkIeHneM OapabanoB. CKOpOCTb
BpameHus 6apadanoB 1132 06/MuH TIpH COOTHOIIIE-
HUM YacTOT BpAIllEHHs TUIAHETapHOTO J¥cka U Oa-
pabanoB 1:2. Macca CTaNbHBIX IIAPOB JTHAMETPOM
8 MM — 400 r, Macca akTuBUpyemoin cmecu — 60 T.
JlmurenbHOCTh 00pabOTKHM cocTaBisuia 5—20 MHH.
Heoprannueckue oTXOIbl B KOJMYSCTBEHHOM OT-
noureHuu 5, 10 u 15 mac. % mo0aBisiad B cocTaB
IIMXTHl TIPH HM3TOTOBIIEHWH OIBITHBIX 00pa3loB
KepamMuueckoro kupnuua. OCHOBa IIMXTHI — TJIU-
HUCTas TOpPOJia CBETJIO-KOPUYHEBOTO IIBETA Me-
CTOPOXACHUS «3amoiibey» C KPyHMHOAMCIIEPCHOMN
CTPYKTypoil. OKCHIHBIN COCTAB MIMHUCTOTO CHIPhS
cnenyromuii, mac. %: SiO, — 55,7; Al,O; — 14,0;
Fe,O5; — 6,1; TiO, — 0,9; CaO — 7,2; MgO — 2,4;
SO; —0,2; Na,O — 1,5; K,O — 2,8; npumecn — 9,2.
OO0pasibl KepaMUYeCKOrO KUPIHYa H3TOTOBJICHBI
no TexHojorumyeckomy perinamenty Ne TP1-2016
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OAO «OO6onbckull KepaMUYECKUil 3aBOA» C HC-
MOJIb30BAHUEM METOJa IIACTUYECKOro (opMo-
BaHUs mon nasiaeHueM 25 Mlla npu Buax-
Hocth muxThl 20-24 % wm TeMmmepaTtype 00Xu-
ra 1000 °C.

@a3oBhIil cOCTaB OMPEACISUIM PEHTT€HOBCKUM
meromom Ha mudpaxtomerpe D8 ADVANCE
(I'epmaHus) ¢ HMCHONIB30BAaHUEM XapaKTepUCTHUE-
CKOTO M3JIyYeHHs METHOI'0 aHOJa PEHTT€HOBCKOM
Tpyokun CuK, (K, — NHMHHS B DHEPreTHYECKOM
CIIEKTPE MEIM C IJIUHOU BOJHBI 1,5418 A) U KOH-
¢urypanun cremku bparra — bpentano ©-20.
[Mopomku uccnexyeMbix 0o0pa3loB OTXOJIOB XHM-
BOJIOIIOATOTOBKM M KHUPIIMYa IIPECCOBAINCH B
IUIOCKHE KioBeThl. CKaHMPOBAaHUE MPOBOIMIN MPH
temnepatype 20 °C u B uHTepBaje yrioB 20
ot 10° go 120° ¢ marom 0,05° u BpeMeHEM HHTE-
TPUPOBAaHUSl PEHTTCHOBCKMX KBAaHTOB B KayKIOH
Touke 3 c. Pa30BBIN aHAJIU3 BHITIOIHSIN C IIPUMeE-
HeHHeM Tmpou3BojacTBeHHOro obecmeuenus (110)
EVA wu 6a3bl peHTreHorpaduueckux CTaHIapTOB
ICDD PDF-2, peHTreHOCTpyKTYpHBIH aHalIu3 —
¢ npumenenuem [10 TOPAS (Bruker) mo meronu-
K€, OCHOBAaHHOI Ha ampoKCHUMAaLUH Ipoduis JIu-
HUH pacdyeTHOW W 3KCIEPUMEHTAIHHON AU(paKTo-
rpaMMBbl C TIOMOIIBIO METOJa HaUMEHBIINX KBaj-
patoB. YTOYHEHHE MapaMeTPOB OCYLIECTBIUIN
U1 MHOTO(a3HBIX CHCTEM II0 BCEMY HPOGHIIO IH-
(paKTorpaMMbl ¢ yUETOM HAJIOKEHHS TMKOB, ()OHA U
paszeneHus: BKJIQJIOB MHUKPOCTPYKTYPHBIX IapameT-
poB. B I1O TOPAS wncnonp3oBamu moaxoz double-
Voigt s ananuza ymupenus nuka. [lomykonnue-
CTBEHHBIH aHanu3 (Mac.) BBIIOJNHSUIA METOAOM
PutBenbna [6]. U3yueHue CTPyKTYpHOTO COCTaBa
BEIIECTBA IIPOBOJMIN C HCIIOJIB30BAHUEM METOJa
nH(ppakpacHoi crekrpockonuun Ha WK-Dypee
cnektpomerpe Nicolet iS10 (CILIA) ¢ mpucraBkoit
HEMOJHOTO BHYTPEHHET0 OTPaKEHHs C KpPUCTall-
oM anmasza. CKaHMPOBaHUs MPOM3BOIMIN C pas-
pemenreM 4 cM ' B JMana3oHe BOIHOBBIX UHCEN
o1 4000 10 400 cm .

Mexanuveckasi aKTUBAIIMSI KAJbIMTOBBIX
HECOPraHn4eCKHuX 0TX0/10B

PentrenogaszoBeic  UCCIEIOBAHHMS IOKa3a-
mu (puc. 1), 4TO cOCTaB HEOPraHMYECKUX OTXOJOB
xumBogonoarotoskn TOL[ «IOxHas» mnpeacras-
JeH TpeuMyIecTBeHHO ¢a3zamu kBaprma SiO,
(PDF-2 Ne 46-1045 rexcaroHanbHas CHHIOHUS,
MIPOCTpaHCTBEHHAs Tpymma cummerpun SG P3221)
n kampnuta CaCO; (PDF-2 Ne 05-0586 pomb6o-
sapuueckas cuHronusi, SG R-3¢) B konmdecTBeH-
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HOM cooTHoweHuu 16 u 84 mac. % coOTBETCT-
BeHHO. BO0O3MOXHO HanMyue HE3HAYUTEIILHOTO
konuuecTBa (a3 xamprura Maraus (Ca, Mg)CO;
(PDF-2 Ne 43-0697, SG R-3¢). IIpu Mmexanudeckoii
aKTUBAIlUN UIMTEIHHOCTHI0 20 MHH HW3MEHEHUS
(azoBoro cocrapa, o JaHHBIM PEHTI'CHO(A30BOTO
aHanmum3a, He npoucxomwio. Ha nmudpakxrorpam-
Me puc. | oTMewaercs CHIDKEHHE B JBa pas3a WH-
TEHCUBHOCTH IIMKOB KaJlbIUTAa W WX YIIUPCHUC
B 2,5 paza. Tak, 3HaueHuEe TMOJHOW IIUPUHBI Ha
nosnoBuHe Makcumyma (FWHM) nuka kanpuuta
y HcXomHoro obpasma cocrarimsier FWHM (104) =
=0,155°, a mocne 20 MUH MEXaHOAKTUBUPOBAHHO-
ro (MA) FWHM (104) = 0,383°.

OT1oT 3ddeKT MOokeT ObITh 00YCIOBIEH Kak
yYMEHBIIIEHHEM pa3Mepa KPUCTALUTUTOB, TaK U yBe-
JIUYECHUEM YPOBHS MHKPOHAMPSIKSHHA, YTO IOJ-
TBEPXKIACTCS PE3yIbTaTaMU PEHTTEHOCTPYKTYPHO-
ro ananusa (tabin. 1). Tak, npu MexaHUYECKOH ak-
TUBAIlUM JIUTETHHOCTHI0 20 MUH TPOHCXOIUT

3HAYUTEJILHOE M3MEIIbYCHHUE KPYITHBIX 3€PEH Kallb-
ATa A0 pa3Mepa KPUCTAUIHTOB Lc,coz =29 HM,
a YpOBEHb €ro MHUKPOHAIPSDKEHUH BO3pacTaeT
oT e =0,2343 no eg=0,5134. Ilpu 3TOM HHTEH-
CHBHOCTh ITUKOB KBapiia, HA000POT, ¢ yBEIUICHHUEM
JUTATETLHOCTH 0OpabOTKHM BO3pacTaer, HampuMmep
st rika (101) — B 2,5 paza 1o oTHOIIEHHIO K HE00-
pabotanHomy, a 3nauenne FHWM (101) ymeHns-
maetcs ¢ 0,172° mo 0,132°. [lo maHHBIM pEHT-
TeHOCTPYKTYpPHOTO aHanmu3a, U 4depe3 20 MuH
MEXaHWYEeCKOW aKTHBAIlMA pa3Mep KPUCTAIUIH-
TOB KBaplla OCTaeTcs JIOCTaTOYHO OobimM (0o-
nee 200 HM), YTO HE TMO3BOJIAET €0 JOCTOBEPHO
OTIPEETNTh, 4 YPOBEHb MHKPOHANPSIKCHUN IS
KBapla, Hao0oOpoT, yMmeHbmaercs ot eg = 0,4250
o e;=0,1619, 4TO MOXET CBHUIETEIHCTBOBATH
0 CHIDKEHHM YpoBHs ero nedexkrtHoctu. [lapamer-
pBI pemieTku (as3pl KBaplia TakKe H3MEHSIOTCS He-
3HAYHUTEIRHO (TAbI. 1).

[1]Si0,—P3221 (154) — Quartz, syn-46-1045 (*)
[#]CaCO;-R-3c (167) — Calcite, syn-05-0586 (*)
@(Ca,Mg)Cog—RJc (167) — Calcite, magnesian-43-0697 (*)

20 30 40

L — T S A S——

50 60 2-Theta

Puc. 1. TndpaxTorpaMMbl HCXOZHOTO 00pa3ia oTxoa0B BogonoaroToBku TOL «tOxHasm» (a)
Y MEXaHOAKTUBHUPOBAHHOTO (AnuTesibHOCTh 20 MuH) (b)

Fig. 1. Diffractogram initial specimen of water treatment waste at Yuzhnaya thermal power plant (a)
and mechanoactivated specimen (with duration of 20 min) (b)

Tabnuya 1

MHuKpOCTPYKTYpPHbIe NapaMeTPhbl KATBIUUTOBLIX 0TX010B XUMBOAONOAroToBKH TIAII «IO:xHam»
10 ¥ MocJie MeXaHn4ecKoi aKTHBALUU

Microstructural parameters for calcite wastes of chemical water treatment
at Yuzhnaya thermal power plant prior to and after mechanical activation

y ITapamerp
aTeprai
p Ilo PDF-2 Ucxonnsrit MexanoaktuBanus 20 MuH
a=4915(3) A a=49158) A
_ a=49134 A c=5407(1) A c=5407(8) A
Keapu Si0, ¢=540524 A L>200 am L>200 am
eq= 10,4250 ec=0,1619
a=4,988(2) A a=4,984(1) A
a=4989 A c=17,060(1) A c=17,04009) A
Kanbiur CaCOs c=17.062 A L>200 um L =29,40 am
eq=0,2343 eq=0,5134
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Hannume xapOoHaTa Kanplusi B oOpasliax He-
OPraHMYeCKHUX OTXOJIOB B MOIU(DHUKAIINN KaJIbI[UTa
MOATBEPKAACTCA AAHHBIMHU, IOJIYYECHHBIMU C TIO-
mompio MK-criekrpockonuu (puc. 2). Kampiur —
MPOCTPaHCTBEHHAs Tpymnma R-3c¢, dakTop-rpyI-
nma — Dj; Tpynma TO3WIMOHHOH CHUMMETPUU
noHa CO; — Ds(32). UK-criekTp KajiblUTa BKIIIO-
YaeT: ABE CUJIbHBIE MOJIOCHI Iorjomenusa 714 Y
(aCUMMETPUYHBIE BAJEHTHBIE KOJEOAHUS Viacuy)
i 872 cM ' (CHMMETpHYHBIC BJICHTHbIC KOJIeOa-
HHUS Vyguy), OYEHb CHUIBHYIO IMHPOKYIO II0JIO-
cy 1408 Y (V3aomm), @ TaKKe IMOJOChl 1793
u 2510 oM [7]. Jpyras 4JacTb moaoc CBsS3aHa
C JUOKCHUIOM KpemHHUs. BamenTuble Kojeba-
Hust Si—O-Si 3tux rpynnupoBok Ha MK-cmekrpe
MMEIOT MHTEHCHBHYI0 Tonocy 1037 cm . Hammuue
KapKAaCHBIX CTPYKTYp KpPHUCTAJUIMUECKOTO KBap-
ma Si—O-Si B oOpasiax H;[eHTHq)MunlpyeTcs{ 1o
nmonoce mornomenns 1085-1105 cm . Ilomockr
norsoutenns 778 u 795 ¢M ' XapaKTepHBI IS Ba-
NeHTHBIX Konmebanui Si—O-Si (V-CUMMETpUYHBIE)
B TeTpasipe SiOy.

OTJIMYUTETHLHBIM CBOWCTBOM KpEMHE3eMa SB-
JSETCS TO, YTO YaCTHUIIbI, KaK MPABUJIO, COJICPIKAT
Ha TMOBEPXHOCTH TUIPOKCWIBHBIC TPYIIILI Y aTo-
MOB KpeMHHS (CBOOOJHBIE CHIIAHOJIbHBIE TPYTIIIHI),
CBSI3aHHBIC B3aMMHBIMHM BOJOPOJHBIMU CBSI3SMH,
a Tak)ke COpOMpOBaHHbBIE MOJIEKYJIbI BOABI. Hamwu-
qpe THAPOKCUILHEIX TPy ¥ aOCOPOIMOHHOI BO-
Ibl B cocTaBe oOpa3lla HeOpPraHWYEeCKHX OTXO-
0B moaTBepkmaeTcs Haaumuuem Ha MK-crekrt-
pe konebanmit OH -rpymm ¢ Tojocod TOTJIole-

u,zzi
u_zo-f
u_wa-f
0,16—5
0,145
n,wz-f

0,101

OnTnyeckas nnoTHOCTb

0,081
006"

0,041

~—_

et

2000

002!

3000

1500

uusa 1625 cM . BanentreiM konebarusy OH-rpymm
cooTBeTcTBYeT moxoca 3200-3750 cv .

MexaHndeckasl aKTHBAIMs — JJIUTEIbHOCTBIO
no 20 MUH He OKa3bIBae€T 3HAYMMOTO BIWSHUS Ha
MIOJIOCHI TIOTJIONICHUsST KallblUTa, HO BIHUSET Ha
CTPYKTYpPHBIE W3MEHEHUS JIMOKCHIA KpPEMHUSI.
C yBeJIMYEeHHEM JIUTSIIBHOCTH MEXaHHUYCCKOM aKTH-
BalliM TPOUCXOAWT CHIDKEHHWE WHTEHCHBHOCTH
MOJIOC  TIOTJIOIIEHUST TUAPOKCHIbHBIX  OH-rpyrm
I BOJNHOBBIX umciax 1625 u 3385 cm'. Ogmo-
BPEMEHHO C THM YBEJIMYMBACTCS WHTCHCHBHOCTD
nosioc mornomenus 778, 795 e u 1086 cm
rpynn Si—O-Si, a mmpokas mojoca nepeMeniaercs
B KOPOTKOBOIHOBYIO cTopony (1000-1200 cm ‘).
MOHO TPEANoN0XHTh, YTO CTPYKTYpHBIE H3Me-
HEHUS CBS3aHBI C YMEHbBIIEHHUEM COJepXKaHus ab-
COpOIIMOHHOMN BOJIBI.

Kak wu3BecTHO, B CHJIMKAaTax »JJIEMEHTapHas
CTPYKTypHasl eWHHIIA — 3TO TeTparap SiOy4, B KO-
TOPOM aTOMBI KHCJIOpOAa OO0pa3yOT MOCTHKO-
Bble Si—O—Si unmu HemoctukoBble cBs3u Si—O [7, §].
Hanuuue B wucxogHoM oOpasie 0e3 MexaHude-
CKOM aKTHBAIIMH TOJOC IOTJIOMICHNWS B WHTEpBa-
e 9001000 cM ' cBsI3aHO ¢ BaIEHTHBIMH KOIeOa-
HUSMU, MPOUCXOASIIUMH B HEMOCTHUKOBBIX CBS-
3sx Si—O [9]. HeBbICOKasi HHTEHCHUBHOCTh M «pa3Ma-
3aHHOCTEY IMKA CBUAETEILCTBYIOT Kak 00 amopd-
HOM COCTOSIHMM JHWOKCHIA KPEMHHS, TaK U O He-
OoJibIIoM €ro cojepkanuu B mpobe. KapkacHbiM
crpykrypam SiO, U aMOp(pHOro KpeMHe3eMa COOT-
BETCTBYIOT IIOJIOCHI B fuartazone 1085-1105 e .

I

BonHosoe uncrio (cm-")

Puc. 2. UK-ciextp 00pa3nioB KadbLUTOBBEIX Heopranndeckux otxonos TOLl «fOxuHas» mo (1)
H [TOCITe MEXAHMUCCKON aKTHBALN JTHTEIBHOCTBIO 5 MuH (2) 1 20 MuH (3) B ananasone momnoc 4000-400 cm ™'

Fig. 2. IR-spectrum of calcite inorganic waste specimens at Yuzhnaya thermal power plant prior to (1)
and after mechanical activation with duration of 5 min (2) and 20 min (3) within the band range of 4000400 cm™’
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VBenuuenue MINTETLHOCTH MEXAHWYECKOMN aK-
tuBanuu 10 20 MUH MPUBOANT K CMEIIEHUIO ITOJIO-
cel norjomennst Si—O-Si B oo6macte 1100 CMfl,
HpI/I 5TOM HII/IpI/IHa IINKa Cy)KaeTCSI, a HUHTCHCUB-
HOCTh YBeIHYUBaeTca. Bo3pacTaer W WHTEHCUB-
HOCTBH moJioc 778 u 795 CM’I, YTO CBSI3aHO C yBE-
JIMYEHUEM KOJIMYECTBA KapKacHBIX CTPYKTYP.
MOXHO TPEINOI0KHUTh, YTO MEXaHUYECKas aKTH-
BalUsl CIIOCOOCTBYET KaK MOMOTCHHU3AI[UU COCTaBa
cMecH, Tak U (HOPMHUPOBAHUIO KAPKACHBIX CTPYK-
Typ. CornacHo TPaaWuIIMOHHBIM TPEICTABICHUSM,
PeaKIMoHHAs CIIOCOOHOCTh CHIIMKATOB CHIDKACT-
Cs TIpU TIEPEXOJIe OT OCTPOBHBIX CTPYKTYpP K Kap-
KacHbIM. JlaHHBIN (QakT OOBSICHAETCS Pa3IUYHBIM
CoJiep’KaHUEM B HHX HEMOCTHUKOBBIX CBSI3€H, 4YTO
0COOEHHO MMEET 3HAUYCHUE TSI TIOTYUEHUS H3BECT-
KOBO-KpEMHE3eMUCThIX cBa3yromux. Ckopee Bce-
ro, YBEJIMYCHHE HEMOCTHKOBBIX CBS3ed B KBapil-
KJIBIIUTHOH CHCTEME B YCIOBUSIX HWHTCHCHB-
HBIX YIapHO-CABUTOBBIX BO3JIEHCTBHI BO3MOXKHO
TOJIKO TIOCNIe OOpabOTKU JUIMTEIBHOCTHIO 00-
nee 20 muH. B TO e BpeMsI MOXKHO OKHIATh, UTO
MeXaHUYeCcKass aKTHBAaIUs KaJbLIUTOBBLIX OTXOJO0B

OyJIeT CrocoOCTBOBATH MOBBIIICHUIO PEAKIIMOHHON
CHOCOOHOCTH KaJIbIIUTa W YBEIHYEHHIO WHTEPBa-
Jla CIIEKaHMs, a aKTUBAlLMS KBaplla — CBS3BIBAHUIO
BOJEI.

MoaupuuupoBaHue KepaMH4ecKoOro
KHPIHYa KAJbIHUTOBLIMH
HEOPraHN4YeCKUMHU 0TX0aMH

Ilo gaHHBIM peHTreHO(a30BOTO aHaju3a,
MHHEPAJIOTHYSCKUI COCTAaB TJIMHBI MECTOPOXK-
JeHUsI «3amoJibey M0 Macce MPEJCTABJICH TJIu-
HHUCTBIMH MUHEpallaMH TIOJKJIAcCCa CJIOUCTBIX
cunukatoB: ramryasutoMm Al,Si,Os(OH)s wu3
rpynmnsl KaonuHuTa — 15 % W MOHTMOPWIUTOHH-
oM (Na,Ca)g33(Al,Mg)(S14010)(OH), - ntH,O — 15 %,
cBoOomHbIM kBaprem SiO, — 33 %, kambnu-
tom CaCO; - 9 %, rumgpociIomamMud HWII-
JnTa KAILSi;AlO;¢(OH), u MYCKOBHTA
KAIL[AISi3040](OH), — 11 %, moyieBbIM mIaTomM —
mukpoxsmHoM KJ[AISi;05] — 8 %, rumpokcuaom
amromuaus Al(OH); — 5 %, remartutom Fe,O; —
3 % (puc. 3).
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=2,27606
212242
1,81398
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ey
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[m] 46-1045 (*) — Quartz, syn — SiOy;

[®] 29-1487 (*) — Halloysite-7A — ALSi,O5(OH);
IZ] 05-0586 (*) — Calcite, syn — CaCOs;

[] 02-0462 (D) — Illite, IM — KALSi;AlOo(OH)y;
@ 33-0664 (*) — Hematite, syn — Fe,Os;

[¥] 20-0011 (I) — Bayerite, syn — AI(OH)s3;
07-0304 (D) — Montmorillonite, heated,
[®] 34-0175 (C) — Muscovite-2 ITM Rg,

Puc. 3. Judpakrorpamma rimHUCTOTO CHIPbS MECTOPOXKICHHS «3aT0JIbE»

Fig. 3. Diffractogram of clay raw material at Zapolie deposit
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[To unceHHOMY COOTHOIIICHUIO OKCHIIOB aITi0-
muHUA 1 kpeMHUs Al,O;3:Si0, amoMocHIMKaTHBIE
0CaJIoYHbIC OPOABl YCIOBHO Pa3lEeisioT Ha TPYyI-
Bl C BBICOKHM W HHU3KHM oOTHomenuem [10].
B antoMocunukaTtax CTpyKTypHOH eqUHULIEH SBIIS-
ercs Terpasdup SiOs;, a aMOMUHUN HaXOIUTCS
B Si04 B TeTpa’ApUYECKON UM B OKTadAPHUIECKON
KoopauHanuu. OTIu4UTENbHAsS 0COOEHHOCTh MHU-
HepaJloB — moJjioca morjomeHus 1438 CM*I, KOTO-
pas COOTBETCTBYeT JehOpMAIMOHHBIM KoJieOa-
HusiM OH-rpynm B BepIIMHAX KPEMHEKHCIOPOIHBIX
TeTpadapoB. s TIpymibl ¢ BBHICOKUM COOTHOIIIE-
aueM Al,O5:S10, XapakTepHO TOSIBICHHE HECKOb-
KUX TI0JI0C Ttoromenus B ooimactu 1000—1100 oM.
Tax, nonockl nornormenust 1009 u 1032 cm ' 06y-
CIIOBJICHBI BAJICHTHBIMH KOJIEOAHMSIMH MOCTHKO-
BbIx cBs3eil Si—O-Si(Al) B kpucTammudeckoit
cTpykType kaonuuuta [11] (puc. 4). Oto cornacy-
€TCsI C ero CIOUCTBIM CTPOEHHEM, B KOTOPOM aHHU-
OH MOXHO ONHCATh CTPYKTypoil Q°. VBenmuenue
COJIep)KaHUs aIIOMUHUSL OyJeT CIoCcOOCTBOBATh
CHIDKEHHIO 9acTOThI KOJeOaHM MOCTHKOBBIX CBS-
3¢ M CMEIIEHWIO TOCJeIHEeH MOJIOCH B CTOPO-
Hy 1043 cm '

Hammune kapkacusix rpymn Si-O-Si(Q*) kpu-
CTAJUTMYECKOTO KBaplia B 00pa3lax MepBOi TPyII-
bl MACHTU(MUIUPYIOT MO TOJOCE IMOTJIOMIECHUS
B obmactu 1085-1105 cv ', oHAKO B ZAHHOM CITy-
yae (hopMa ToJ0c 3HAUYUTENBHO ymmpena. [lonoca
B nntepBaze 900-1000 cv ' cBs3aHa ¢ BaneHT-
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HbIMH KOJICOaHUSIMH, BO3HHKAIOIIMMU B HEMOCTH-
KOBBIX CBf3X Si—O, MPOUCXOAANINX B aFOMOCH-
JUKATHBIX U CHJIUKATHBIX TPYNIUPOBKAX. A MOSB-
nenue med 880 u 915 cm ' cBsa3aHo ¢ medopma-
IMOHHBIMH KOJICOAHUSMH HEMOCTHKOBOH CBSf-
3u Al-OH. Tlomocel moOrnoIIeHUs B JaUarnia3oHe
oT 469 10 800 cM ' MOXHO OTHECTH K CBSI3SIM
rpyrmsl Si—O—-Si(Al). Tak, 469 u 695 cm ' oTHOCST
K ae(pOopMalMOHHBIM KOJICOAHHUSIM TPYIIIBI C MO-
CTHKOBBIM KuciopooM Si-O-Si, a 533 u 778 cm ' —
Kk koneOanmsaMm Si—O—Al B cTpykType ciioapl u
ruapocmoasl [10]. Tlomocer 3619, 3650, 3669
1 3693 cM ' OTHOCAT K BAJIEHTHBIM KOJEGAHHSIM
BHYTpeHHUX NMoBepxHOCTHBIX OH-rpynn. Ilpucyr-
CTBHE Ha CIIEKTPE BCEX BHIIICIIEPSUUCICHHBIX IO~
JIOC TIOTJIOIIEHUS XapaKTepHO sl 00pa3IoB IpyI-
6l ¢ BBICOKUM oTHOIeHueM Al,O;:Si0, (puc. 4b).
B amoMOKHCIIOpPOAHBIX OKTa’pax KaoJHHUTA Jie-
(hopmarmonusie kosebanuss OH-rpymm uMmeroT mo-
jocel moryomeHus 940 u 913 cm . Ha TUAPO-
kcunbHBIX OH-rpynmax Bo3mokHa ancopOIus Bo-
IIBI, TIPOMCXOJAMIAs MO0 MEXaHW3MY OOpa30BaHUS
BOZOPOIHBIX CBSA3EH, a TaKXKe OPYIHX KHUCIOPOJ-
coxepkamux coequHeHui [11].

1 M3roTOBNIEHMS KepaMHUYECKOTO KHpIH4a B
TJIMHUCTOE ChIPhE B Ka4eCTBE OTOIIAOMIEH 100aB-
KM BBOJMJIM KaJbIIMTOBBIC HEOPTaHUYECKHE J0-
0aBku TOIl «HOkHas». V3MeHeHHE OKCHUIHOTO
COCTaBa CIIEYEHHOTO KHpPIHYa TPEICTaBICHO B
Tabm. 2.

Q3
Si-O-Si a

Si—O-Si

46958

1100

466,74 467,60 468,63

695,20

[ ear06

T1000

Bonosoe uucno (cm)

Puc. 4. I/IK-CHGKTp TJIMHUCTOT'O ChIPbs MECTOPOKIACHUSA «3armoibe»: a — B JJIMHHOBOJIHOBOM U b- KOPOTKOBOJIHOBOM JiHariazoHax

Fig. 4. IR-spectrum of clay raw material at Zapolie deposit: a — within long-wavelength and b — short-wavelength ranges
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Tabnuya 2
OKCcHIHBIHA COCTAB CNIEYEHHOI0 KHPIUYa
Brick oxide composition
ConeprkaHue OKCHJIOB, Mac. %
O6pa3zen kuprnuyda
NaZO MgO A1203 SIOZ Kzo CaO T102 FeO
Standard 1,4684 2,2646 14,3833 47,7641 7,3134 12,6099 1,6292 12,5671
15 % noGaBku 1,6140 2,3260 12,6477 39,3959 6,5573 20,8187 1,4446 15,1958

W3 nanHeIx Tabi1. 2 BUIHO, YTO OKCHIHBINA COCTAaB
KHPIIMYa, CIIEYEHHOI'0 M3 MOIU(DHUIIMPOBAHHON IIH-
XapaKTEPU3YETCsl IOHMKEHHBIM COIEP KaHU-
eM Si0, (~39.4 %), a Taxxke Al,O3 (~12,6 %), oaHo-
BPEMEHHO B HEM HaOJII0/1aeTCs IOBBIIIEHHOE COJIEP-
xanue Fe (~15,2 %), KoTopoe urpaer poJjib IUIaBHS B
Tporiecce 00pa3oBaHUH CTEKIIOBHTHOTO pacIiiaBa.

HEI,

Ha puc. 5 u B T1abn. 3 mpuBeneHbl NaHHBIS
PEHTTEHOCTPYKTYPHOTO aHaiu3a 00pa3ioB IOJTY-
YEeHHOTO KHUPITMYa CTaHJAPTHOTO COCTaBa M C JO-
O0aBKaMH OTXOJOB OT 5 mo 15 mac. %, a Takke
JAHHBIE WX MOJIYKOJUYECTBEHHOTO MHHEPaIOrH-
YeCKOro COCTaBa.

M — MUKpOKJIMH
S — cwuIMMaHUT
Gehl — renenut

Q — kBapu

K — knanut

Hem — rematur
W — BOJIIIaCTOHUT

A — aHOpTHUT

18 20 30
Puc. 5. TuppakrorpaMmMbl MHHEPATIBHOTO COCTABA MOyYCHHOTO KUPITHYA CIIEAYIONIEro COCTaBa:
a — CTaHIapTHOro; ¢ 100aBKoii, mac. %: b —5;¢c—10;d—15

Fig. 5. Diffractograms of mineral composition for obtained brick:
a — standard; with additive, wt. %: b —5; ¢ —10; d-15

Tabauya 3
MuHepajoruyeckuii cOCTaB 10 AAHHBIM NMOJTYKOJIHYECTBEHHOI0 aHAIN3A
Mineralogical composition according to semi-quantitative analysis
Mumnepan Conep:xanue MuHepaia, mac. %

HasBanue Xumuueckas: popmyina Standard 5 10 15
Kunanut ALL,O(SiOy4) 8 13 14 12
BosnactonuT Caj;(Si309) 3 3 3 3
Tenenur CaAl(SiADO; - 5 4 4
MukpoxJinH K,0-Al,05°6Si0, 18 19 17 18
AHoptut Ca[Al,S1,054] 32 25 27 26
Ksapn KBsapiy (TpuronansHsiii o-SiO;) 22 27 25 27
I'ematut a-Fe, 03 2,8 3,3 3,5 34
CHITUMaHUT (A1,05)(Si0,) 4 5 7 7
[ Hayka 211
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Kak BumHO u3 Tabn. 3, Bce oOpaslbl B 3HA-
YUTETFHOM KOJIMYECTBE COJEPKaT CBOOOTHBIN
kBapr Si0,, MHUKpOKIHMH, aHOpPTHT. KoimdecTBo
peHTTeHOrpauIecKy OIpenesieMOro TreMaTuTa
a-Fe,0; meBenuko — ot 2,8 no 3,5 %. Ilpu BBexe-
HUHM BOJHBIX OTXOJIOB MOSIBJISETCS JOMOJHUTEIb-
HBI MUHepan TeleHUT. bonblnee yucmo qo0aBoK
CIOCOOCTBYET YBEIMUCHUIO CONCPIKAHUS TBEPIBIX
MUHEPAJIOB KHAHNTA U CHILUTUMAHHTA.

ITo manHBIM peHTreHodazoBOro aHanmsa, Ko-
JUYECTBO MCXOJHOTO KBaplla B CMECSX CTaHIapT-
HOTO cocTapa, coaepxamux 5, 10, 15 % orxonos,
coctaBisio 33, 34, 35 u 36 % COOTBETCTBEHHO.
[Mpouecc u3meHeHmit (Ha30BOTO COCTaBa IMPOMC-
XOJUT C YMCHBIIEHHEM CBOOOJHOTO KBapla
¢ 33-36 % B HCXOAHOM ChIphe 10 22-27 % nocne
cnexaHus (Tadui. 3), 9TO CBUIETENECTBYET O JOMHU-
HUPOBAaHUM XHUIKO(DA3HOTO MEXaHW3Ma CIIEKaHUS.
B atom ciydae coneprkaHue CBOOOJHOIO KBaplia
IpY CICKaHWM KUPIHWYa CTaHJAPTHOTO COCTaBa
yMeHbInaeTcs B 1,5 pasa, a mpu 100aBI€HUN OTXO-
JIOB XMMBOJIOIOJATOTOBKH C COJCpPYKaHHEM KBap-
na 16 % B xonuuectse 5-15 % — B 1,3 paza. Kak us-
BECTHO, B okcujax SiO, OCHOBHBIMH (a30BBIMU
MIPEBpAIICHUSAMH SIBIAIOTCS MOTUMOpQHBIE Tepe-
xoApl o—P-kBapua mnpu Temmeparype 575 °C.
B cunmkarax 3T npeBpalleHusl HAYHMHAIOT TPOUC-
XOJIUTh B HHTepBaie TemmepaTtyp ot 500 go 550 °C
B pe3yJbTaTe 3HEProOeMKOro Ipollecca C moTepei
KPUCTAJUTM3AIIMOHHON BOJIBI, MPH 3TOM KAOJIHHUT
TpaHcHOpMUPYETCS B METaKaOJHUHUT, KOTOPBIH
SIBJIICTCS] IIPOMEKYTOYHOU CTaJiueH MpH Mepexoie
K BBICOKOTEMIMEpPATYPHBIM KPUCTAJUIMIECKIM pe-
meTkaM. Oxkcup amromuuns Al,O; B mcciaemoBaH-
HOM TEMIIEPaTypHOM HHTEpBajie MpeoOpa3oBhIBa-
eTCsl B pe3ysbTare TBep0(a3Hol peakiuy B aHOp-
TUT W B BHUJAE OTAEIbHOW (pa3pl B CIEUYESHHOM
MIPOJYKTE HE peructpupyercs. B rimHe B WHTEp-
Basie Temriepatyp (900-95) °C mabmiomaercs mepe-
XOJI JKEJIE3UCTBIX COeAMHEHHH B reMatutr Fe,O;
C BBIPQXCHHBIM SK30TEpMUYECKUM 3DdexTom,
YTO CHOCOOCTBYET JIOKaJhbHOMY pa3orpeBy Kepa-
MUKHA W, KaK CIIEZICTBHE, AKTHBAIIUW IIPOIIECCOB
CIICKaHMUSI.

Kanpiur mpu temmneparype (900 = 10) °C noa-
BEpraeTcs paszloKEHUIO C OOpa3oBaHUEM OKCHJIA
kanpiyst CaO u CO,, a coenMHEHHs Kejie3a U €ro
OKCHUJIBI, TIPEATION0KUTEIBHO, PACTBOPSIOTCS B CTEK-
nodasze [12]. DToT mporecc SBISICTCS SHAOTCPMUYE-
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CKUM W IO TEMIIEpaType COBIAIaeT C IMPOIECCOM
neruaparanuu kaonuHurta [13]. CornacHo nuarpam-
Me (a3oBbix coctosiHui cucrembl CaO-SiO, [14],
B nHTepBaie Temmneparyp (800-930) °C obpasyrorcs
coenuHeHHs Meracuiukata Kanbiusa (CaSiO;),
TpexkanpnueBsiid cumkar (Ca;Si,O;) u opTocuiu-
kat (Ca,SiO4) xampuus. B [15] mokasano, 4TO
MPOIeCC KPUCTAIUTM3AIMHA aHOPTHTA B TIIMHUCTON
Macce C TMOBBIIICHHBIM COJIEp)KaHUEM KalblUTa
HaynHaeTcs mpu temieparype 840 °C ¢ BeIpakeH-
HBIM DJK30TepMuueckuM dddexrom. Ilporecco
nuccormanu CaCOs U meruapaTanuy KaoJaunHUTA
ABIISIOTCS. SHIOTEPMUYECKUMHU U TIPOXOMIST C yde-
TOM OJHEPIHH, BBIICIACMON MpH KPUCTAIIIN3A-
LHMMA aHopTUTa. BceieacTBrue 3TOro ONTUMAIBHBII
PeXHUM TEMIIEPAaTypHOU 00paOOTKU JOJKEH YCKO-
puTh (Pa3oBbIe MPEBPALICHHUS C YBEIMYCHUEM KO-
nugecTBa (OPMUPYEMOTO aHOpPTUTA, 4YTo Oynaer
CIOCOOCTBOBATh IMOBBIIICHUIO MPOYHOCTH Kepa-
Muku [13].

MukpocTpykTypa 00pa3IoB Kupmnuua (CTaH-
JIApTHOTO COCTaBa W C JOOABJICHHUEM OTXOJOB
XUMBO/JIOTIOAATOTOBKY) TIO JAaHHBIM TPOBEJICHHON
ONTUYECKOW MUKPOCKONUH MPEACTaBIsAeT cOoO0it
HaJIMYHe OTHOCUTENFHO KPYIHBIX TUIOTHBIX BKITFO-
yeHui (puc. 6) B METKO3EPHUCTON CIIEUEeHHOU Oc-
HOBHOM Macce Kupnuya. AHalU3 IOJYYCHHBIX
M300paKeHUH TOKa3bIBAET, YTO NT0OABICHHUE BOJ-
HBIX OTXOJIOB B IIIMXTY CIIOCOOCTBYeT (hopmMHpoBa-
HUIO O0Jiee KPYIHBIX BKIIOUYCHHI ¢ 00pa3oBaHUEM
XOpOIIIO OTPAHEHHBIX KPUCTAIOB (UTO OCOOCHHO
BHJHO Ha puC. 6b, ¢), a Takxke mop. ITO MOXKET
OBITh TIPU3HAKOM CHIDKEHHUS TEeMIepaTyphl ILUIaB-
JIeHWS W TOABIIEHUS pAacCIUlaBa, YTO TPUBOIUT K
mpoleccaM KpUCTaJUIM3allid MUHEPAjoB U3 pac-
miaBa. [laHHOMY TpOIECCY CIOCOOCTBYET YBEIH-
YeHHe cojiep KaHus KapOoHaTa KaNbIHA, MPH pa3-
JIO’)KEHUH KOTOPOTO MPOUCXOINT BhIICICHHE I'a30B,
YTO YBEJIUYMBAET MOPUCTOCTh. IlOBBIIICHHE CO-
JICpXKaHUS KaJbI[UTa CIOCOOCTBYET YBEIHMUCHUIO
KOJIMYECTBA KHUIKOH (Da3bl M, BO3MOXKHO, COJEP-
xaHur crekiiodassl R,O - Ry05 - nSi0,.

[IpoBenenHble uUCCIENOBAHKWSA KHUpIUYa Ha
MPOYHOCTh TMOKa3anmu (puc. 7), uto mobasie-
HHE€ HEOPraHWYEeCKUX OTXOJOB B KOJIHWYECTBE
mo 10-15 mac. % cmocoOCTByeT MOBBIIIEHUIO
MPOYHOCTHBIX CBOMCTB KHpNHYa KepamMHUiec-
KOTO PSJIOBOTO  TOJIHOTEJIIOTO  OJUHApPHOTO
KPO-300/15/CTB 1160-99.
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Puc. 6. Mukpockonust B OTpa)K€HHOM CBETE MOTYYEeHHOI'0 KUPIKYa CIIEAYIOLIEr0 COCTaBa:
a — CTaHIapTHOTO; ¢ HobaBKoif, Mac. %: b —5; ¢ — 15

Fig. 6. Microscopy in reflected light of obtained brick having the following composition:
a — standard; with additive, wt. %:b—5;¢c— 15
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Puc. 7. IIpo4HOCTHBIC XapaKTEPUCTUKHN KUPINYa:
1 — mpenen MPOYHOCTH MpH U3THOE;
2 — mpenern MpOYHOCTH Ha CXKaTHe

Fig. 7. Strength characteristics of brick:
1 — bending strength; 2 — compressive strength

BbBIBO/IbI

1. IlpoBeneHHble peHTreHOrpadUuecKue M HH-
(paxpacHble CHeKTpajbHblE HCCICAOBaHHS TOKa3a-
I, YTO MUHEPAIIOTHYECKUI COCTaB HEOPTaHUUECKUX
orxonoB TOIl «tOxnas» OAO «Bursase» (r. Bu-
TeOCK) TPEACTaBIIIET COOOM KaJBIIUTOBYIO CMECh
C colieprkaHueM KajbluTa Oonee 64 mac. %. JIuok-
CHJI KPEMHHUS HaXOJWUTCS B HWCKWKEHHBIX CTPYK-
Typax, YTO MOXET ONpPEIeIAThCS MPUMECIMH U aJl-
COpOLIMOHHON BOJOH (Hampumep, Colep KaAIIUMH
OH-rpymme  BMecTto kuciopoza). HreHcuBHas
MEXaHUYECKasi aKTUBAaIWs KBapI-KaJbIIUTHBIX He-
OpPraHWUYECKUX OTXOZOB MPUBOIUT K U3MEIbYECHUIO
KaJbIIUTa W YMEHBIICHUIO KOJMYECTBa aJicopOm-
pOBaHHOH BOIBI, 4YTO CIOCOOCTBYET YBelUde-
HUIO COJIep’KaHUs KapKacHBIX CTPYKTYp THUOKCHIIA
KpEMHUSL.
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2. CpIppe MECTOPOXKICHUS «3aroiibe», UCIIOIb-
3yeMo€e B TEXHOJIOTMH MPOH3BOJICTBA KEPAMHIECKOTO
kuprimya KPO-300/15, oTHOCHTCS K TpYIIIEe alroMo-
CHJIMKATOB C BBICOKHM oTHomeHneM Al,O;:SiO,,
B KOTOPBIX HeMOCTHKOBBIC cBsizu Si-O(Q’) mpeob-
namaror Hax MoctukoBeiME Si-O-Si(Q*) u obec-
[IEYMBAOT €r0 BBICOKYIO PEAKIMOHHYIO CIIO-
COOHOCT®.

3. JlobGaBimeHHe OTXOAOB XHMBOIOIOAOTOB-
ku TOL, comeprkalmux KapOOHAT KaJbIUs B KOJIH-
yecTBe A0 15 Mac. %, npu Npor3BOACTBE M3AEIUN
U3 TIUHHCTOTO CBIPhbS «3amojibe» CIIO0COOCTBYET
CHIDKEHHUIO TeMIEepaTyphl OOXKWTa ¥ TIOSBICHHIO
paciuiaBa, 4To MPUBOIMT K MPOIECCaM KPUCTAJLIH-
3alliy TBEPJBIX MHUHEPAJIOB M3 PaCILIaBa M YBEJIH-
YEHHWI0 KOJIMYECTBAa CTEKJIO(a3bl, OIpenestomen
MTOBBIIIIEHUE MTPOYHOCTHBIX CBOMCTB KEPAMUIECKIX
H3IETu.

4. Ilo ¢GyHKIMOHAIEHOMY Ha3HAYEHHIO OTXO-
Ioel xuMBogomonrotopku TOLl MoryT OBITE pe-
KOMCHJOBAaHbI B Kai€CTBC OTOIIAIOMICTO ChIPbi
MPU MPOU3BOJICTBE KEPAMUYECKOTO MOJIHOTEIOTO
KHpIHYa.
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Pedepat. PubpobeToHBI — 3TO KOMIIO3WIMOHHBIE MaTEpUallbl, apMUPOBAHHBIC BOJOKHaMU-puOpamu. CTPOUTETBCTBO CO-
opy)xeHuil u3 OeToHa, apMHPOBAHHOTO OPTraHWYECKMMH BOJIOKHAMH, MMEET OOJIBIIYI0 HCTOPHIO. AHAIUTHYECKUi 0030p
OTEYECTBEHHBIX M 3apYOEKHBIX HCCIICNOBAHMI II0Ka3aJ, YTO HCIIOJIB30BaHHE (UOPOOETOHA B MOCTOBBIX M TOHHEIBHBIX
KOHCTPYKIHSX CYIIECTBEHHO YIIydIIaeT UX (U3MKO-MEXaHHUYECKUE ITOKa3aTeI! U, IPEX/e BCETro, JONTOBEYHOCTh. Tpexmep-
Hoe ynpoyHeHHe GuOpoOeToHa NPUHIMITHAIEHO U3MEHSIET CBOMCTBA IEMEHTHOTO KaMHsl, 00eCIeYrBasi BBICOKYIO TPEIIMHO-
CTOMKOCTh KOHCTPYKIH, MOBBILIAS UX CONPOTUBJICHHUE YAAPHBIM U JAUHAMHUYECKMM HArpy3kam. MI3MeHEeHHEe COOTHOLICHHMS
00beMa pa3INYHBIX BOJOKOH B OCTOHE ITO3BOJISIET PETryJIMPOBaTh CBOMCTBA MaTepHana. [10BEIIIaloTes ero mpeiel IPOYHOCTH
Ha PacTsDKEHHUE NMPU U3rude, KOPpPO3HOHHAs, aTMOC(EPO- M CTOMKOCTh K IIEPEMEHHOMY YBIIaKHEHHIO-BBICYLIMBAHUIO, 3aMO-
PaXUBAHUIO-OTTAMBAHHIO, YJIyULIAIOTCS APYTHE MOKa3aTeNu. B cTaThe NpeacTaBlieHbl pa3pab0TaHHBIE TEXHOIOTHS i COCTaBbI
¢ubpobeToHa, TaHO ONKCAHKE M3TOTOBJICHHBIX W UCIIBITAHHBIX OIBITHBIX 00pa3LoB OE3HATIOPHBIX TPYO, apMUPOBAHHBIX I10-
JMIPONUICHOBBIMYI BOJIOKHAMU. BBINOIHEHHBIE HCCIIEOBAHUS OKA3aJIH, YTO IOJMIPOIMICHOBbIC BOJOKHA CHHKAIOT BEPO-
STHOCTb ITOSIBJICHUS TPEIIUH U MPEIATCTBYIOT NX YBEIHMUECHHIO, a Ha ATalle SKCIUTyaTallly 3aMe ISIFOT TEMITBI POCTa TPELIUH U
KOHIICHTPALMIO HanpshkeHUH B obiacté MakpozaedextoB. biaronaps BeeneHuro (GUOpEI NPOUCXOAUT HepepacrpeleieHne
HaNpsDKEHU, BO3HUKAIOUINX B MPOILIECCEe CTPYKTYPOOOpa3oBaHMs, OT MECT MX KOHLIEHTpAalUHN Ha Bech 00beM OeTona. Oudpa
TIOBBIIIACT CONPOTHBIICHHE OETOHA CXKATHIO, 8 TAKXKE €r0 JIOJITOBEYHOCTH IPU ITOHIDKEHHBIX TEMIIepaTypax M arpeCCHBHOM
BO3zeiicTBUM peareHToB. ITomunponmieHoBoe (GUOPOBOIOKHO 1LeIeCO00pa3sHO NMPUMEHATh IS JUCIEPCHOrO apMHPOBAHUS
KOHCTPYKIIMi, paboTaloMmuX Ha W3rHO, HAPHMEP TOHHENBHBIX 00ETIOK, MOCTOBBIX KOHCTPYKIHWH, OETOHHBIX O€3HATIOPHBIX
TpyO 1 1p.

KuroueBble cioBa: ¢GpuOpodeToH, OETOH-MATpPUIlA, TOJUIPOIMUICHOBBIE BOJIOKHA, COCTaBBl, CMECH, (PU3UKO-MEXaHUIECKUE
CBOICTBa, ONBITHBIE 00pa3Lbl 0€3HANOPHBIX TPYO, 3PPEKTHBHOCTE HCIIOIB30BAHUS

Jnsi muTupoBaHus: TeopeTHUYECKUe acleKThl, SKCIIEPHMEHTAIBHBIC HCCISA0BAaHUS U 3P (EKTUBHOCTh apMUPOBAaHHSI OETOHA
opraandeckumu BosokHamu / I'. J1. Jlaxesuu [u ap.] / Hayxka u mexnuxa. 2020. T. 19, Ne 3. C. 215-223. https://doi.org/
10.21122/2227-1031-2020-19-3-215-223

Theoretical Aspects, Experimental Investigations
and Efficiency in Concrete Reinforcement by Organic Fibres

G. D. Lyakhevich", V. A. Grechukhin”, A. G. Lyakhevich", S. Yu. Rozhantsev"

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Fibre concrete is a composite material reinforced by fibres. Construction of facilities while using concrete rein-
forced by organic fibres has rather long history. An analytical review of national and international investigations have shown

that application of fibre concrete for bridge and tunnel structures significantly improves their physical and mechanical indices
and, firstly, their service life. 3D strengthening of fibre concrete fundamentally changes properties of cement stone while
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ensuring high crack resistance of structures, increasing their resistance to impact and dynamic loads. Changes in volume
ratio of various fibres in concrete make it possible to regulate material properties. It permits to increase its tensile strength,
corrosion resistance, weather resistance and resistance to periodical moistening-drying and freezing-defrosting processes,
and other indices are improved as well. The paper presents the developed technologies and fibre concrete compositions and
contains description of manufactured and tested experimental specimens of non-pressure pipes reinforced by polypropylene
fibres. The executed investigations have shown that the polypropylene fibres reduce probability of crack initiation and prevent
their enlargement and when they are operated they depress growth of cracks and concentration of stresses in the field of macro-
defects. Due to introduction of the fibre re-distribution of stresses caused by the process of structure formation has occurred
from places of their concentration for the whole concrete volume. The fibre increases concrete resistance to compression and
also improves service life of concrete at low temperatures and aggressive reagent action. The polypropylene fibres is expe-
diently to apply for disperse reinforcement of structures working in bending, for example, being used for tunnel liner, bridge
structures, concrete non-pressure pipes etc.

Keywords: fibre concrete, concrete matrix, polypropylene fibres, compositions, mixes, physical and mechanical properties,
experimental specimens of non-pressure pipes, application efficiency

For citation: Lyakhevich G. D., Grechukhin V. A., Lyakhevich A. G., Rozhantsev S. Yu. (2020) Theoretical Aspects, Expe-
rimental Investigations and Efficiency in Concrete Reinforcement by Organic Fibres. Science and Technique. 19 (3), 215-223.
https://doi.org/10.21122/2227-1031-2020-19-3-215-223 (in Russian)

BBenenue.
TeopeTuyeckne acneKTbl ApMUPOBAHUS
0eTOHA OpPraHuYeCKUMH BOJIOKHAMH

ApmupoBaHue 0€TOHa OPraHMYEeCKUMHU BOJIOK-
HaMH uMeeT Oonbiryio ucroputo. lllepcts oBer,
UTPAIOIIYI0 POJIb apMHUPYIOIIUX BOJIOKOH, OOHAapy-
KW B ONokax ermrerckux rupamug. Co Bpeme-
HEM IIUPOKO PACIPOCTPAHUIIUCH TTOTUMEPHI: TTOJIU-
nponmicHoBele BosokHa (I11B), mommscreposble,
noJMaMuHble, noiuoneduHossie u ap. [I1B mo-
Ty4aroT W3 PacIUIaBIEHHBIX IOJUMEpPOB WU
COTIOUMEPOB TpommiieHa [1] B pe3ynbrare mram-
MOBAaHHUSA W BBITATHBAHHUS B POBHBIE JIUCTHI HITU
BOJIOKHA, KOTOPBIE PACIICTIISIOTCS Ha MENKHUE BO-
JIOKHHCTHIE 3neMeHTHl. [lomydaemble QuOprm-
pOBaHHBIC BOJIOKHA HMEIOT TPSIMOYTOJIBHOE WU
KpYyTJIoe TorepevHoe cedeHue. VX paspe3aroT Ha
YaCTH PA3IMYHOMN JIMHBI — MOHO- U MYJIbTU(HIIA-
MEHTHBIE BOJIOKHA.

JIis cCHYDKEHUST TPEIMHOOOPa30BaHUs TP TUIa-
CTHYECKOW yCajKe, YBEIMUYCHUS COIPOTHUBIICHUS
yaapy, YCTOHUHMBOCTH K UCTUPAHUIO U MOPO30CTOM-
KOCTH, O0€CHeYeHUs TMOBBIIIEHHON MONTOBEYHOCTH
OeToHa B CMeCh J00ABISUIM OPraHUYECKHE BOJIOK-
Ha [2, 3]. T. Dxobopu yka3biBaeT [4], 4TO KOIMYE-
CTBO, TWUN W JJIMHA BOJIOKOH 3aBUCST OT TpeOOBa-
Huil mpoekTa, A. A. CMONMKOB [5] BBIABUTAET TEO-
puio 00 HCIIOJIb30BAHUM AKTHBHBIX apMHUPYOIIUX
HaIoJHUTENEN, MO3BOJAIONIMX YIYUYIIUTh CBOM-
CTBa KOMITO3UITUOHHBIX OCTOHOB.

®. M. PabunoBma [6] B 1980-¢ TT. m3yJan muc-
MIEPCHO-apMUPOBAHHBIC OETOHBI, BBOIS B OETOH-
MaTpHIy apMHUPYIOIIHE MT00aBKU. ABTOPHI [7] BHO-
CHJI apMUpYIOIe H00aBKU B OSTOHBI W M3yYald
uX ¢usuKo-xuMudeckue cporictBa. B. JI. Kosuna
BBOJMJIA B OETOH HU3KOMOIYJBHBIC TIOJIMMEPHBIC
BOJIOKHA JUTS TIOBBIIICHUS YAAPOIPOYHOCTH U Tpe-
IIMHOCTOMKOCTH KOHCTpyKuuit [8]. I'pymnma yue-
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HEIX [9] B Hagase 1980-x IT. paccMaTpuBaia Iie-
MEHTHBIE KOMITO3HIIUH C HI3KOMOYJIEHBIMH BOJIOK-
HaMH B Ka4eCTBE THAPOW3OJSIIMOHHBIX MaTepralioB
B ToHHenectpoenuu. J. Kymep u M. ITurrorr [10]
MIPOBOAMIIM MCCIIEOBaHUA TI0 PACTPECKUBAHMIO
U pa3pyLICHUI0 KOMIO3UTOB. ABTOpHI [11] u3yyanu
BOIMPOCH TPUMEHEHUs] KOMIIO3UTHBIX MaTepuasioB
JUTSl YeKaHKH [IBOB 00JIETKM TOHHEJIEH.

®. H. Pabunosuy [12] paccmaTpuBaeT METOABI
pacuera 3(Q(PEKTUBHBIX CTPOUTEIBHBIX KOHCT-
PYKIMII Ha OCHOBE O€TOHa, AMCIIEPCHO-aPMHUPO-
BaHHOTO Pa3IMYHBIMH MOJUGUKAIUSIMH BBICOKO-
MIPOYHBIX BOJIOKOH. Takue KOHCTPYKLMHU BBICOKO-
3¢ (QeKTUBHBI B TNEPBYIO OYepeIb B CIOXHBIX,
CTaTHYECKH HEOTPENeINMBIX CHCTEMaX CO 3HAdYH-
TENPHBIMU TPaJUeHTaMHd BHYTPEHHHX YCHIIAN
1 3HaKONEepeMEHHBIMHU HampsbkeHusMu. [Ipu Top-
KpPEeT-0CTOHUPOBAHUKM CMECh, MOAUDUIIUPOBAHHAS
MTOJIUTIPOTIMJIEHOBBIM  BOJIOKHOM, HWMEeT Jydllee
CIIeTIEHHE C ITOBEPXHOCTHIO, TOHWKEHHBIH OTCKOK
yCcKopsieT mporecc Habopa npounoctu. P. A. I'pu-
6oB [13] MogmenmupoBan pabOTy apMHpPOBAaHHBIX
OCTOHHBIX KOHCTPYKIIMH C Y4YETOM BO3IEHCTBUS
paanannoHHEIX cpen. [IporHo3mpoBaHne TpPOYHO-
CTH W JOJITOBEYHOCTH KOHCTPYKIMH, UIUTEIBHO
paboTaromux B pajnalliOHHON Ccpefie, BAXKHO IS
HOpMAaJIbHOH Oe3aBapUiHOW 3KCILTyaTallid OTBET-
CTBEHHBIX coopykeHuil. PaccmoTpena Moxens
neGopMUpOBaHUS MPSIMOYTOJILHOW — JHCIIEPCHO-
apMHPOBAHHOW IUIACTUHBI C YYETOM BO3JIEUCTBUSA
paaMalMoOHHON cpenbl. YTIPOYHEHHE IEMEHTHBIX
CHCTEM BOJIOKHAaMH OCHOBBIBAe€TCA Ha MPEATNOIO-
JKEHHH, YTO LIEMEHTHas MaTpulla MepelaeT BOIOK-
HaM Harpy3Ky IIOCPEICTBOM KacaTelIbHBIX CHII,
JEHUCTBYIOUIMX @0 TOBEpXHOCTU pazgena [14].
[TonunponuieHoBbIE BOJIOKHA MOKHO HCIIONB30-
BaTh NI MPEAOTBpalIeHUs 00pa3oBaHMS ILIACTH-
YECKUX yCaJOYHBIX TPEIINH.
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[Tpu BBICOKOW JO3UPOBKE JIMHHBIX (HHOPUILTH-
POBaHHBIX BOJIOKOH TOPKPET-OETOH MO TMPOYHOCTH
COOTBETCTBYeT OeToHy, coaepxamemy 25-30 kr
CTaJIbHOM apMatyphbl. beToH, UMEerNINi TPOUYHOCTD
60—-100 MIla u Gomnee, IPUMEHSIFOT TIPH CTPOUTEITh-
cTBe 00BeKTOB B EBporie. OfHako mpu Temreparype
Bhimie 200 °C a1 HEro XapakTepHO B3pHIBHOE OTKa-
TBIBAHWE, YTO MOXKET YTPOXKaTh >KU3HHU IFOMICH.
BBeneHue MONMITPONMICHOBBIX HOBBIX BOJOKOH
B OETOHHYIO CMECh, IMEIOIINX TEMIIEpaTypy IUiaBie-
aust (160-170) °C, cauMaer 3Ty nmpodieMy, Tak Kak
B OcTOHE 00pa3ylOTCs KaMWUIAPHI, Yepe3 KOTOphIC
BBIXOJUT INeperperelid map. B Hactosiee Bpems
[1I1B BBOAsATCS B OSTOH MPHU BO3BEICHUM TOHHEJCH
U B JIpyrux obmactsx crpoutenbersa [15]. B Bena-
pycH npumeHeHne GpuOpoOeTOHa PeriiaMEHTUPYETCSI
CTb EN 14889-1-2009 u CTb EN 14889-2-2009
«Dubper s 6eToHay. OUOPOOETOH HTOKEH OTBE-
garp TpeboBanmsM ['OCT 26633-2015 «beronbr
TSDKENbIe M MEJKO3epHHCThIe. TeXHWYEecKHe YCIo-
B 1 ['OCT 25192-2012 «beronsl. Knaccnduka-
st ¥ O0IIMe TeXHuYeckre TpeboBaHus». B Mexy-
HApOJHBIX HOpPMaxX CYIIECTBYIOT OCHOBHBIE CTaHIAp-
THI JUIS1 apMUPOBaHHOTO OeToHa [16—18].

Takum o00pa3oMm, NpUMEHEHHE IUCIEPCHOTO
apMHPOBAHUS TIO3BOJISICT CHUKATH KOHIICHTPAIIHIO
HANPSDKCHU, TPEAOTBpaliaTh Pa3BUTHE BCTPEU-
HBIX TpEIIMH W 3aTPyIHATH IPOIECC TPEIHHO-
oOpa3oBanus. BeiOrpas pa3nudHbIe TUIIBI BOJOKOH
U COOTHOILIEHHE O00beMa 3TUX BOJOKOH JAPYT K
Ipyry 1 OETOHY, MOXXHO HAIlPaBIEHHO PETyJIHPO-
BaTh CBOWCTBAa Marepuajia ¥ ITOBBIMIATH €r0 Tpe-
ITUTHOCTOMKOCTE. B CBOIO odepenn, 3T0 odecredn-
BaeT Ka4eCTBEHHOE YIIyYIEeHHE HE TOJIKO CTOW-
KOCTH MaTepHualia 1ol Harpy3Koi, HO W TIOBEIIIAET
KOPPO3HUOHHYIO) CTOMKOCTh, a TaKxke atMmocdepo-
CTOWKOCTh, CTOWKOCTh K TIEPEMEHHOMY YBJIaXK-
HEHUIO-BBICYIITUBAHUIO, 3aMOPAKHUBAHUIO-OTTaNBa-
HUIO U APYTHM HPOLIECCAM.

B 3T0i1 cBSI3u aBTOpaMM MOCTaBJICHA LIENb: Pa3-
paboTaTh TEXHONOTHIO, cocTaBbl (HUOpPOOETOHa,
W3rOTOBUTh M HUCIHBITaTh OIBITHBIE 00pa3ilbl Oe3-
HAIOPHBIX TPYO, ApMUPOBAHHBIX MOJIHITPOITHIICHO-
BBIMH BOJIOKHaMHU.

IKCnepuMeHTANbHAN YaCTh.
Hcnoab3yembie MaTepHaJbl M TEXHOJIOTHS
U3rOTOBJIeHHUs] 00pa310B OeToOHA

JIs. IpUrOTOBJICHUST BBICOKOIIPOYHOTO OETOHA
BOJIOIIEMEHTHOE COOTHOIIICHHWE HAa3HA4YalT Me-
Hee 0,4, MOPTOMY BOIOIIEMEHTHOE OTHOIICHHE
B mccienoBannu coctaBmio ot 0,27 mo 0,36. I'pany-
JIOMETPUYECKHIA COCTaB 3aMlOJTHUTENS TIPHHAT B COOT-
BETCTBHU CO CTaHaapTamMu PecryOmmkm bemapycs.
st mpuroToBNeHnsT 00pa3IoB HCIOIb30BAIH:
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e rieMeHT Mapku MS500 OJIO0 «Bubpoberom»
HII-710;

e KBapIIEBBIN MECOK /IS CTPOUTEINBHBIX PadoT,
I'OCT 8736 [19];

e meOCHb C MAaKCUMaJIBHOW KPYIMHOCTRIO (ppak-
muu 1o 20 mm, 'OCT 8267 [20];

o cynepriactudukarop «llomumaact CII-1» —
CMECh HATPUEBBIX COJIEH MOIMMETHUICHHA(TAINH-
CYJTB(OKUCIIOT PA3IUYHON MOJICKYJISIPHOW MacChl
o TY 5870-005-58042865-05 [21, 22];

e BOJIOTIPOBOJIHYIO BOJY — JIJIsl 3aTBOpEHUs Oe-
TOHHBIX CMECEH, KOTOpas OTBeuyasia TPeOOBaHUSIM
CTb 1114 [23];

o roynponmwieHoBbie Gudpsr RS-20/8 (TY 2272-
006-1349727-2007), nuametrp ¢udbp — 20 MKM,
qmuHa — 8, 12 1 20 Mm.

B cootBeTcTBUM € HMHCTpYKIMEH CTaHIapTa
ASTM C192 [18], misi IPUTOTOBICHHS 00pa3IOB
[IEPBOHAYANIFHO B OETOHOMENIATIKY TOJaBAINCh
meberp u 1/5 gacte Bompl. Ilpm BpameHun Me-
manku BBoAunu ¢GuoOpy, mecok. Maccy mepeme-
muBad. A 3aTeM B OSTOHOMEMIANKY 00aBIIsIIN
LIEMEHT, CYNepIuIacTU(UKATOp W OCTATOK BOJIBI
Cmech mepeMenuBanach B TEYCHUE 3 MUH, 3aTeM
o0opymoBaHue BbIKIIOYANoCh. [locne 3 MuH 0xu-
JaHUsl TEepeMEUINBaHUEe OCYIIECTBISIOCH B Teue-
Hue 2 MuH. [IpUTOTOBIIGHHOW CMECHIO 3aNOIHSIIN
dopMmbl ¥ yrioTHsUM. OOpasiibl BbIICPKUBAIHA B
TeueHue 24 4 Bo BiaxkHou cpene. Jms Habopa
MIPOSKTHOW MPOYHOCTH OETOHA OMBITHBIC 00pPa3Ilbl
XpaHWIN B TeueHue 28 cyT. B Boxe. MccnenoBanms
MIPOBOAMIIN B HECKONbKO 3TamoB. [Ipm aToMm mc-
MTOJTB30BAIA PA3JIMYHBIE COCTABHI C COIEpPIKAHHEM,
Kr/M’: mieMenTa — 500—565; KPYIHOTO 3aIloJHHTe-
g — 934-1155; menxoro 3amoHUTEN — 582—-824;
cyneprmactupukaropa — 6—20; TOIHIIPOIHICHO-
Boit ¢ubper — 0-2,7 1 Boabl — 150—-165 1. Ucnbira-
HUsS 00pa3ioB OETOHA MPOBOJUIH B COOTBETCTBUU
¢ TKII 45-1.01-221-2010.

HccnenoBanne BJIMSHUS KOJMYECTBA
NMOJTUNPONNJICHOBBIX BOJIOKOH,
apMupyomux 0eToH,

HA MPOYHOCTDb HA CXKATHE

beronnsie oOpasibl 0€3 MOTUIPOIHUICHOBOM
(bubpsI 1 00pasibl, ApMUPOBAHHBIE TTOTUIIPOITHIIC-
HOBBIMH (UOpaMH, TTOCIIC WCIBITAHUS Ha CXKATHE
MpeJCcTaBlIeHbl Ha puc. 1, 2.

UccnenoBanus mokasand, YTO yBEIUYEHUE CO-
JepXKaHWsT TOJUIPONHUICHOBEIX (GuOp B OeToHE
YMEHBIIIACT TIOTEPIO COTMPOTUBIICHHS €0 MPH CHKa-
tur. ONTHMAaTbHOE COZACPIKAHUE TOIUIPOITHICHO-
BBIX BOJIOKOH B Oerome cocrasmser 0,6-1,3 Kr/m’,
P 3TOM €ro TMpeaesl MPOYHOCTH Ha CXKaThe
82,3-85,7 MI1a.
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Puc. 1. O6pa3zer; 6eToHa 6€3 TOIUIIPOIIICHOBOH (GrOPHI
[0CJIC MCTIBITAHUS Ha CKATHE

Fig. 1. Specimen of concrete without polypropylene fibre
after compression test

Puc. 2. O6pazern; 6eToHa, apMUPOBAHHBIN
MOJIUIIPOIHICHOBBIMH (HUOpamu,
TI0CJIE UCIBITAHUS Ha CKaTHE

Fig. 2. Specimen of concrete reinforced
by polypropylene fibres after compression test

Hccienopanue BJMSIHUA pa3Mepa
MOJTUNPONNJICHOBBIX BOJIOKOH,
apMupyommx 0eToH,

HA Mpe/eJs IPOYHOCTD HA CXKaTHe

s m3rotoBiieHUs 0Opa3lOB-KYOHMKOB C pas-
MepoM pebpa 150 MM ucnonszoBanu 12 coctaBoB
OCTOHHBIX CMECEH, COJepXKalluX MOJUIIPOIHIIC-
HOBbIe (HUOPHI nHOM 8, 12 1 20 MM C T03UPOB-
koit 0,6; 1,3; 2,0 u 2,7 kr/m’. O6pasIbl Kaxo-
rO COCTaBa WCIBITHIBAIHM Ha C)KaTHUe B Bo3pacte 7
u 28 cyT.

PesynbTaThl MCIBITAHMI TTOKA3ajH, YTO B 00pas-
nax Oerona c I1I1B ymoboli [mHEL (B UCCIeyeMbIX
npenenax 8, 12 u 20 MM) BOJIOKHA CO3/AI0T CBS3YIO-
IIYIO CeTKY HaJI TpermHaMH (puc. 3).

OntumanpHasi JUIMHA MOJUIPOIUICHOBBIX BO-
nokoH 12 mM. Ilpu »>TOM aAnuHe mpenen mpoy-
HOCTH Ha CXaThe o0O0pasloB OeTOHa COCTaBHII
HauOobiee 3HayeHne — 84-86 Mlla. Veennue-
nue quuabl [MT1B 10 20 MM nipuBoaniIO K HEOOIb-
IIIOMY CHIDKEHHIO TIpeJelia MPOYHOCTH Ha CHKaThe
00pa3oB, apMUPOBAHHBIX TAKUMH BOJIOKHAMH.
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Puc. 3. PacnionosxeHne BOJIOKOH B O€TOHE
[P CO3[aHHUHU CBS3YOLICH CETKU HAl TPEIIUHAMHU

Fig. 3. Arrangement of fibres in concrete
while creating adhesive mesh over cracks

O6pasupl 6erona 6e3 III1B mocne HarpyxeHus
MIOJTHOCTHIO pa3pymHianch (puc. 4), Toraa kak 00-
pasibl, MOIU(PHUIIMPOBAHHBIC MOJUIPOIHUICHOBbI-
MM BOJIOKHAMH C ONTHUMAaJIbHOH IMHOH 12 MM,
COXPaHWIH CBOIO TEOMETPHIO IIOCIIE€ HCIBITAHUI
(puc. 5). Ilpu 3TOoM B O€TOHE C BOJOKHAMHU Ha Me-
CTe pa3pyIlICHUS TMOSBUJINCh TPEIIUHBI BIOJb
HaIpaBJICHUS HAIPy3KH.

Puc. 4. O6pa3usl OeTona 6e3 MOIUIPONHICHOBBIX HHOP
MOCITe UCTIBITAHUS Ha COKATHE

Fig. 4. Specimens of concrete without polypropylene fibres
after compression test

Puc. 5. O6paserr 6eToHa,
apMHUPOBAHHOTO HOJIUIIPONUICHOBOI (HHOpoit
IIUHOM 12 MM, ITOCJI€ MCIIBITAaHUS Ha CHKAaTHe

Fig. 5. Specimen of concrete reinforced
by polypropylene fibre having 12 mm length
after compression test
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HccnenoBanue BIUSIHUSA KOJIUYECTBA
MOJIUMPONUIECHOBBIX BOJIOKOH,
apMupyouux 0eToH,

HA ero mpeaes] NPOYHOCTH

Ha pacTsizKeHHe Mpu u3rude

[TomumponmieHoBoe  (PUOPOBOJIOKHO IIETIECO-
00pa3HO MPUMEHSTH I TUCIIEPCHOTO apMUpPOBa-
HUS KOHCTPYKIHH, paboTalolmmx Ha W3THO,
HalpuMep TOHHEIBHBIX O0NENIOK, MOCTOBBIX KOH-
CTpYKUMH, OETOHHBIX O€3HANOPHBIX TPYyO H Hp.
JucniepcHoe apmupoBaHue OETOHA TOIHIIPOIIHIIE-
HOBOH (huOpoit OyaeT caepkKuBaTh Mpolece oopa-
30BaHUSl MHUKPOTPEHINH B «OMACHBIX» CEUSHHSIX
CTeHKH TPYOBI U «3aNeuuBaTh» ACPEKTHl B CTPYK-
Type OeToHa. B pesynpTare Bo3pacTeT MPOYHOCTD
0eToHa Ha pacTsHKeHHE, a CIeI0BaTeNbHO, MOBHI-
CHUTCSl HecyIasi ClocOOHOCTH TPYO.

OnruMansHOEe 00beMHOE comepskanue (pubdpo-
BOJIOKHA OIPENEeIsUTA Ha TSATH CEepPHsX OSTOHHBIX
npu3M pazmepamu 15x15x600 cM mo ueTsipe 00-
pasua B Kaxaoil cepun. Cepun pa3inyainch mac-
COBBIM COJEpYKaHWEM TONUIIPONHUICHOBOH (Puo-
pet (0; 0,6; 1,2; 1,81 2,4 Kr/M° B GETOHHOI cMecH),

MPUMEHSIEMOW TIPH HW3TOTOBJICHUH >KeIe300eTOH-
HBIX Oe3HamopHBIX TpyO. CocTaB cMecH: IOpPT-
nmauaneMesT M500 — 420 kr; cymepruiacThguka-
Top — 6 kT; mebenp ¢pakmmm 5-20 — 1130 kT
KBapIieBbIi mecok ¢ Mk = 1,3 — 750 kr; Boga — 150 1.
OuOPOBOJIOKHO BBOJWIN TIPU TIEpEMEIINBaHUN
MEJIKOTO W KPYITHOTO 3allOJHHTENS, BpeMs Iepe-
MEIINBAHUS COCTABISUIO OKOJIO 3 MUH. Beiiepku-
BaHHWE W YXOJ 3a YJOKeHHOW QuOpoOdeToHHON
CMECBIO OCYIIECTBISUIM COTJIACHO TPeOOBaHMIM
CIT 70.13330 (CHullI 3.03-01-87). lns TBepaeHuUs
yIIO’KEHHOUM PpuOpoOETOHHOI cMecH U pocTa mpoy-
HOCTH ONTUMAJIbHBIMH SIBJISIIOTCS. OTHOCHUTEINIbHAS
BrnaxHocTh 90—-100 % u temmepatypa (18-25) °C.
B Bo3pacte 28 cyT. OETOHHBIC PU3MbI, APMHUPOBAH-
HBIE TTOJMIPOIHICHOBEIMU BOJIOKHAMU, OBLTH HCIIBI-
TaHbI HA U3THO0, a 3aTeM WX MOJOBHUHKU — Ha CXKaTHe.
Cxema UCTIBITaHus MTpeCcTaBIeHa Ha puc. 6.

Jl1 ucnblTaHui UCIIOIB30BAIN TUAPABINYECKUI
masoradaputHsiid ipecc [1T'M-1000MI4 (puc. 7).

[Ipecc TII'M-1000MI'4 paGoTaer B amamasoHe
Harpy3ok 5—1000 xH, mmeet tieny nemenus 0,01 kH

U TIpeieT OTHOCUTENBHOM norpettHocty =1 %.

A-A
300

150
150

SOC 500

150

600

éB‘

Puc. 6. Cxema ucnipiTanust o0pasia Ha pacTsHKSHHE P U3rHOe

Fig. 6. Scheme for specimen bending-under-tension test

Puc. 7. UcnbiTanne GeTOHHBIX PU3M pazMepamu 15x15x60 cm

Fig. 7. Test of concrete prisms having 15x15x60 cm size
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[IpodyHOCTH IUCTIEPCHO-aPMHUPOBAHHBIX 00Opa3-
IIOB HA OZJHOOCHOE C)KaTHe OIPEACIILIIA Ha TIPH3Max.
OTKIIOHEHHE OT TUIOCKOCTHOCTH OTIOPHBIX ITOBEPX-
HocTer npusM He npeBbimaino 0,001 HaumMeHbIero
pa3mepa obOpasma. OOpa3ibl TOTOBUIIM B COOTBET-
ctBum ¢ Tpedopanusimu ['OCT 10180. Crxxumatomas
cwia Oblla TNPWIOKEHA MapalieIbHO —CIIOSM
yKaanku 6eTroHHOU cMecH B (hopmel. [lorpenHocts
M3MEpEeHHs JHHEWHBIX pa3MepoB 00pasloB — HE
6omee 1 %, onmopHBIe TpaHy, HE yAOBICTBOPSIOIINE
TpeOOBaHMSIM, BhIpaBHUBAIHM IuTuoBanueM. [Ipo-
JOJDKUTEIBHOCTD MCIIBITaHUsl 00pas3IioB OAHOI ce-
puH B pacueTHOM Bo3pacte — He 6onee 1 4. [lkamy
CHJIOM3MEPUTENS BBIOMPATN W3 YCIOBHS HaXOX-
JIEHUs] OXKUAAeMOTO 3HAa4YeHHs pa3pylIaromien
Harpy3ku B uHTepBaje 20-80 % MakcuMaibHOU
Harpy3Kku. 3arpy>kKeHue BeJH C MIOCTOSHHOW CKOPO-
cThi0, paBHoii (0,6 = 0,2) Mlla/c.

HcnpiTanus mokasanu, 4TO MPUMEHEHUE TTOJIH-
TIPONMIIEHOBOH (HUOPHI ¢ pacxonoM 2.4 kr/m® obec-
MEYHIO CPEJHIOI MPOYHOCTh OETOHA TMPU OCEBOM
pactsoxkenun 4,17 Mlla, 9T0 COOTBETCTBYET Mapke
oerona Ha pactsukenne mo CHull 11-21-75, u3 ko-
TOpOTo OBUTH 3alPOEKTHPOBAHBI OCTOHHBIC TPYOBI
mo ['OCT 20054, nmpouHocTh OeTOHA Ha C)KaTHE
coctraBmia 84,3 MIla. CiemyeT OTMETHTD, YTO TIPH
pacxozge IIIB 1,2 kr/M° paspyleHne mpusM IIpo-
HUCXOIUIO «MATKO» (0e3 Tpecka), B CpaBHCHHH
C XapaKTepoM pa3pyIlIeHHs KOHTPOJBHBIX IPHU3M
0e3 100aBICHYS TOJIUTPOITUIICHOBBIX BOJIOKOH.

H3rorosienne u ucnbITaHUE

ONBITHBIX 00Pa3110B 0€3HANOPHBIX TPYO,
apMHUPOBAHHBIX MOJUNPONUIEHOBBIMH
BOJIOKHAMU

Hecymryto crmocoOHOCTE TpyO ¢ TUCTIEPCHBIM
apMHpOBaHUEM OETOHA MPOBEPSUIM Ha JBYX 00pas-
nax tpy6 mmamerpom 800 mMM. OOpaserm 1 mmen
TOJIIIIUHY CTEHKH IMIHHApHIeckoi gactu 100 mwm,
a obpaszen 2 — 80 Mm.

OO6pazer; 1 w3roTOBICH METOJAOM BHOpOIIpEC-
COBaHHsI C PacxoJlOM TOJIUMPONHICHOBON (PHOPHI
1,8 kr/M’. BeToHHYI0 cMech YIUIOTHSIM BHOpa-
nvell U BepTUKAIBHBIM MPECCYIONINM TaBICHHEM.
Beronnas cmech ¢ mONMIpPONUIEHOBHIM (UOPO-
BOJIOKHOM ObIIa Ooyiee BA3KOH, B CpaBHEHUH C Oe-
TOHHOI CMeChI0 OOBIYHOTO COCTaBa.

OO0pasern 2 U3rOTOBJIEH METOJIOM PaJuaIbHOTO
MIPECCOBaHMsI, OCHOBAHHOTO HA YIIOTHEHUH XKeCT-
KHX OETOHHBIX CMeceil MPUIIOKEHNEM paiualibHBIX
MIPECCYIOMNX YCHJIMNA. YCHIIUS TPECCOBAaHUS CO-
37al0TCsl  BpAILAIOMICHCS POJUKOBOM TOJIOBKOMA,
CHaO)XEHHON JIOMaTKaMH, TPWKUMHBIMH POJIHU-
KaMH W MIIAHIPAYECKOW «to0Koi» (puc. 8).
[Ipu ¢dopmMoOBKE POIHMKOBYIO TOJOBKY OIyCKarOT
B HIDKHEE IIOJIOKEHHE, TOCIIE Yero BO BHYTPEH-
HIOIO TIOJIOCTH (DOPMBI MOJNAIOT OSTOHHYIO CMECh,
BKJIIOYAIOT TPHUBOJAHBIE MEXaHU3MBl BpalllCHHS
Y TIOJHUMAOT POJHMKOBYIO TOJIOBKY BBEPX CO CKO-
pocteto 1,0-1,5 m/mMuH. YmoTHeHHass OeTOHHas
CMECh OCTAETCs CIIPECCOBAHHOW BHYTPH (POPMBL.

PammanpHoe mpeccoBanue 3(ddekTMBHO TpH
NPOU3BOJICTBE (PUOPOOETOHHBIX TPYO, MpU Bpalle-
HHUW 3JIEMEHTHI POJIMKOBOI TOJOBKH pPaBHOMEPHO
pacrpenesnstoT GHOPOBOJIOKHO IO TOJIIHHE OSTOHA.
bnarogapst oTcyTCTBHIO apMaTypHOTO Kapkaca (Ipu
W3TOTOBIICHUU JKENE300€TOHHBIX TPYO CYIIECTBYET
npobieMa 3aKpydrBaHHsl apMaTypHOTO KapKkaca po-
JIMKOBOW TOJIOBKOHM) Bpems (DOPMOBKU TpYOBI cO-
KpalllaeTcs, a KauecTBO YIUIOTHEHUs] OETOHA IOBBI-
IIaeTCs, MCKIIFOUAIOTCS 3aTparhl MO W3TOTOBJIEHUIO
apMaTypHBIX KapKacOB W YBEIMYHMBAETCS IPOW3BO-
JUTENFHOCTh TEXHOJIOTHYEeCKOW JiHUH. TpyOsl nc-
NbITATH Ha JNEUCTBUE TPEXJIMHEWHOU HArpys3Ku, CO-
30aHHOM C TMOMOILBIO T'MAPABIMYECKOTO JTOMKpaTa
JAT'-80 n npuioxkeHHO# cTyneHsmu 1o 5 kH/M ¢ BbI-
nepxkord 10 MUH Ha Kaxmou crymeHu. V3MeHeHue
TOPU30HTATIFHOTO JMAMETpa TPYObl M3MEPsUTH MpOo-
rudomepom (puc. 9).
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Puc. 8. Cxema popmMoBKH TPyOBI

Fig. 8. Scheme of pipe moulding
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Puc. 9. IlpunuunuanbHas cxeMa yCTaHOBKH

Fig. 9. Principal diagram of plant

HpI/IHHI/IHI/IaJ'H)HaH CX€Ma YCTaHOBKHU MJId MCIIbI-
TaHWH TPyOBI IpeacTaBlieHa Ha puc. 9. Pazpymienne
TpyO TPOMCXOWIIO XPYIKO, HO HE MTHOBEHHO (Kak
6e3 III1IB). Ilpu Harpyske (0,90-0,95)P,,; Habmozna-
Jach YCKOPEHHas JeTUIaHAIMs KOJIBIIEBOTO CEYEHHMS,
YTO CBHAETENHCTBOBAJIO O Pa3BUTHH IPOLIECCa MUK-
POTpeIrHO00pa3oBaHusl B OETOHE PACTIHYTHIX 30H
OTACHBIX CEYeHWi cTeHKu TpyOwl. Tpyba pasioma-
JIach TI0 YETHIPEM 00pa3yronuM (TI0 BEPTUKAITEHOMY
Y TOPH3OHTAJIEHOMY auamMerpam). [Ipu 3ToM Tpemu-
HbI MOSIBUITKCh HAa BTYJIKE M OBICTPO PacrpOCTPaHH-
JIMCh 10 KOHMYECKOH yacTh pactpyOa. Jlanee mpouc-
XOJIUJIO Pa3BeTBICHHE TOPH30HTAIBHBIX TPEIHH (Ha
JIBE) ¢ pas3jeneHueM TpyOn! Ha GparmenTs! (puc. 10).

Puc. 10. Xapaktep paspyiieHus oopasia 2

Fig. 10. Nature of specimen 2 destruction

IIpn narpyske 0,9P,,, amamerp TpyObl H3Me-
Hwics Ha 0,15 mm. Jlns O6etoHHBIX TpyO (akTHde-
CKOE COIPOTHBIICHHE OETOHa OCEBOMY pacTshKe-
HUIO ONpEZENIeHO M0 pa3pylIarolleld Harpyske de-
pe3 MakCHMaJbHBIH W3rHOAONMA MOMEHT M,
BO3HHMKAIOUIMKA B TpyOe, W TpeAenbHbII MOMEHT
TPELIMHOCTOUKOCTH TIPOJOIBHOTO CEUEeHUSI CTEHKU
TpyO®I [24]:

M =0318P,u, (1)

rze 7, — paAnyc CPEAMHHON MOBEPXHOCTH TPYOBI.
Takum oOpazoM, 3Has IpelelbHOE 3HAUCHUE
KOHTpPOJIBHOM Harpy3ku M ucnois3ys (1), onpene-

[ Hayka
wrexHuka. T. 19, Ne 3 (2020)

JUIU CPEHIO TPOYHOCTH OeToHa TPYOBl TpHU
OCEBOM paCTSDKEHWH. YCTaHOBJIEHO, YTO IIpPOd-
HOCTh OCTOHa Ha pacCTsHKEHHE B TPyOe, M3TOTOB-
JICHHOW METOAOM paauallbHOIO IIPECCOBAaHUS,
00eCneunBaroIero BEICOKYIO IIOTHOCTh, Ha 18 %
Oosble MPOYHOCTH OETOHA Ha PACTsHKEHHE B TPY-
0e, M3rOTOBJIEHHOI METOZIOM BHOPOIIPECCOBAHUSI.

Pe3ynbrarhl ncciaenoBaHuid OATBEPANIA BbICO-
Kyl0 3(GQEKTUBHOCTh TMOJIHUIIPONMICHOBBIX BOJIO-
KOH B KayecTBE apMHpYIOLIed 100aBKH B OETOH.
Hcnonp3oBaHre  TOJIMIIPONIUICHOBBIX — BOJIOKOH
YMEHBIIAET PUCK TIOTEPH HECYIIeH CIOCOOHOCTH
6erona. Otu I11IB He TONBKO yJIy4IIaIOT HECYIIYIO
CIOCOOHOCTH BBICOKOITPOYHOTO OETOHA, HO M YBe-
JIMYUBAIOT €r0 TMOKOCTh. 3@ CYET BBHICOKOTO COIPO-
TUBJICHHS BOJIOKHA TIPEJOTBPAILAIOT TOSBICHHE
TPEIMH U CONPOTHBISIIOTCS MX YBEJIUUYCHHIO.
HoGasnenue IIIIB ymeHsITaeT ocaaky KOHYca,
MOBBILIAET CONPOTHUBIICHHE OETOHA Ha CXKaTHe,
C YBEIMYEHHEM UX colep:kaHui B o0beme OeToHa
3TOT TMOKa3arenb Bo3pactaer. Hampumep, B 00pas-
nax, cogepxamux 2,7 Kr/M° IIIIB, compoTtuBiieHnE
OeToHa Ha cxkatue yBeanamioch Ha 20 %.

Kpome oObema, BakHYIO pONb WTpaeT JIMHA
BOJIOKOH. HpI/I OAMHAKOBBIX HUX 061>eMax yBEJIHn4C-
HUE JIUHBL ¢ § 70 12 MM NOBBIIIAET CONMPOTHUB-
JIEHUE, HO IPU YBEIWYEHUH UIUHBI 10 20 MM co-
MIPOTHUBIICHUE YMEHBINMIIOCh. JTO OOBICHICTCS
MOSBJICHWEM Ty3bIpeil B OE€TOHE HM3-3a MyYKOB BO-
JIOKOH, 4TO Ocla0nseT MaTpully OeToHa U co3aaeT
TPEIUHBI.

HducnepcHoe apMupoBaHHWE OETOHA C HCHOJNb-
3oBanueM [1I1B u TexHomoruu paanansHOTO Mpec-
COBaHMsI 00eCIeynBacT BHICOKOE KaueCTBO YILIOT-
HEHHS U JOCTIDKEHHE CpeAHed NMpovYHOCTH OeToHa
IIpH O0CEBOM pacTskeHuu He MeHee 4,8 MIla, uto
MO3BOJISIET HM3TOTABIMBATH OE3HANOPHBIE TPYOBI
muamerpoM g0 1000 MM TIepBO M BTOPOM TpymI
0 HecyIel crocoOHOCTH.

¢ ¢eKTUBHOCTH IPUMEHEHUS
MOJTUNPONHIEHOBBIX BOJIOKOH
B 0€TOHHBIX CMeCsIX

Db dexruBrocts npumenenus 1I1B onpenens-
JIM TI0 U3MEHEHUIO (PU3UKO-MEXaHUYEeCKUX CBOWCTB
OeTOHHBIX cMecell u 0eToHOB. Pe3ynbTarhl 3KcIe-
PUMEHTOB IOJATBEPMIIN: TOJUIPOIMICHOBEIE BO-
JIOKHA OKa3bIBaIOT HA IEMEHTHBI KaMEHb apMu-
pylolllee M YIUIOTHsIOLIee HEUCTBUE, YTO HaeT
BO3MOKHOCTh yMEHBLINTh KOJIWYECTBO IIEMEHTA.
ToHKoMUCTIEpCHBIE W aKTUBHBIE BOJIOKHA, WMEIO-
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mue ONTHUMAJbHYIO JUCIHCPCHOCTb, IUAMECTD H
9HEPTreTHYECKYI0 IUIOTHOCTh, CIIOCOOCTBYIOT TIO-
JYYCHUIO MJIOTHON YIMaKOBKU [IEMEHTHOTO TECTa.
OddexruBHocTh npuMeHenus IIIIB wurpaer
BaXHYIO POJIb MpPH MOI00pPEe COCTaBa OETOHHOMN
CMECH U BKITIOYACT B ceOs XapaKTEPUCTHKH apMH-
pYIOIIeH CITOCOOHOCTH M XUMHUYIECKON aKTHBHOCTH,
OTIPENIEISIONINE TTOKa3aTe KayecTBa MPH MOJH-
(uHMpoOBaHNM EMEHTHBIX OETOHOB.

BbIBO/IbI

1. ®ubpoOETOHBI — 3TO KOMIIO3UITMOHHEBIE Ma-
Tepuallbl, CO3JaBaeMble IyTEM BBOAA B OCTOHHYIO
CcMech BOJIOKOH-(hnOp. Pe3ynbTarhl uccnenoBaHuit
MOJTBEPAMIA BBICOKYIO J(QQEKTUBHOCTH TOJH-
NPOMMICHOBBIX BOJIOKOH B Ka4E€CTBE apMHUPYIOLIEH
nobaBku B 6eToH. OHM HE TONBKO yIydIIalOT HE-
CYIIYI0 CIIOCOOHOCTH BBICOKOTIPOYHOTO OETOHa,
HO W YBEJIMYHMBAIOT €ro '’MOKOCTh, MPEIOTBPALIAIOT
TIOSIBIICHUE TPEIIUH U COMPOTHUBIISIFOTCS WX yBEIHU-
genuto. JlobaBienne ¢GuOp yBETUIMBAET COMPO-
TUBJICHHE OeTOHAa TpW CkaTuu. McmblTanus Ha
C)KaTHE BBICOKONPOYHBIX OETOHOB TOKAa3alH, YTO
ONTUMANTBHEIM SIBJISIETCA TOOABIEHHE TOIHITPOIIU-
JICHOBBIX ()HUOP C BOJIOKHAMHY IJTHHOM 12 MM.

2. Ucnonp3yst pa3paboTaHHBIE COCTaBbl OETOH-
HBIX CMeCceH, CofepKaluX MOIUIPOIIICHOBBIE
BOJIOKHA, HW3TOTOBJICHBI W WCHBITAHBI 00pa3Ibl
Tpy6 numamerpoMm 800 MM. VYcCTaHOBIEHO, 4YTO
NPOYHOCTH TPYO Ha pacTsKEHHE, U3TOTOBJIEHHBIX
METOJIOM paJnajbHOTO TMpeccoBaHus, Ha 18 %
OoJblle MPOYHOCTH TPYO, M3TOTOBICHHBIX METO-
JIOM BHOpHUpPOBaHHS.

3. PazpaboTanHble cocTtaBbl (uOpoOETOHA C TI0-
JIMITPOTIMIIEHOBBIMU BOJIOKHAMH OO€ECIedar ero BbI-
COKYIO IUIOTHOCTb, CHIDKEHHE HPOHHIAEMOCTH |
BOJIOTIOTJIONICHHS, ITOBEIMIEHHYI0O MOpPO030- M CTOM-
KOCTh K XHUMHYECKHM BO3/ICHCTBUSIM, TIOBBIIICH-
HOE COTPOTHBIICHHE YAapy M PAacKaJbIBaHHIO, CO-
KpallleHue Pacxo/ia apMaTyphbl, BEICOKYIO HAYAIBHYIO
TIPOYHOCTH, TIOBBIIIEHHE JIOJITOBEYHOCTH U YBEIHUE-
HHE MEXPEMOHTHOTO Tepuona coopyxenuit. C yye-
TOM BBICOKHX TEXHHUYECKHX IIOKa3aTeled M IKOHO-
MHUYHOCTHU TIOJHIPOITMIICHOBBIX (PUOp TipemaraeTcs
WCTIONIB30BaTh MX B OETOHAX MOCTOBBIX M TOHHEIh-
HBIX KOHCTPYKIIHA.

JIUTEPATYPA
1. Kypnan «CrtpoutenbHble MaTepuaibly [DIEKTPOHHBIA pe-
cypc] / Unteprer-mznanue. Munck, 2014. Pexxum nocryma:

http://www.grad.sml.by/index.php?id-9&Itemid=5&option
=com_content&task=view. Jlata noctymna: 15.11.2015.

222

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Oprannyeckue n06aBku B 6eTOH [DeKTpOHHEIH pecypc] /

Okosorust Ha npennpustud. Munck, 2015. Pexxum no-
cryma: http://ecologia.by/number/2011/2/ispolzovanie doba
vok v betone. Jlara noctyma: 15.11.2015.

. OnextpoHHOe u3naHue «CTPOUTEIBCTBO» [DIIEKTPOHHBIN

pecypc]. Munck, 2014. Pexum pocryma: http:/stroi
tel.by/by/polipropilenvolokna. /lara moctyma: 08.07.2015.

. Okobopu, T. HayuHble OCHOBBI MPOYHOCTH U pa3pylie-

Hue marepuaios / T. Dxobopu. Kues: Hayk. mymka, 2008.
C. 78-99.

. CmomukoB, A. A. BetoH, apMHpoBaHHbI HAHOBOJIOKHAMH /

A. A. CmomuxoB // Beron u xene3oberon. 2009. Ne 4.
C. 8-9.

. PabunoBnu, ®@. M. JlucniepcHo-apMuUpoBaHHbBIE OCTOHBI /

@. M. Pabunosnu. M.: Ctpoitnzaar, 1989. C. 117-147.

. Pamuannpan, B. Hayka o Oerone. ®uznko-xuMuueckoe

o6eronoBencuue / B. Pamuannapan, P. ®enpaman, Ix. bo-
nyeH; nep. ¢ aurit. nox pen. B. b. Parunosa. M.: Crpoii-
uznart, 1986. C. 142—-157.

. Kosuna, B. JI. IloBbilieHNe yAapONPOYHOCTH U TPELIMHO-

CTOMKOCTH KpYNMHOpPa3MEpHbBIX U3JENUil HA OCHOBE TUIICO-
LIEMEHTHOIYLIIOJIAHOBOTO O€TOHA IyTeM BBEICHUS HU3-
KOMOJIYJIbHBIX TOJIMMepHBIX BOJIOKOH / B. JI. Ko3una. M.,
1979. 157 c.

. FPII[pOI/I?,OJ'IS{L[I/IOHHLIe LHEMCHTHBIC KOMITO3UIIUHU C HU3KOMO-

nyneHEIME BojiokHamu / B. B. Kosnor [u np.] // Metpo-
ctpoit. 1983. Ne 6. C. 23.

Kymnep, [I. PactpeckuBanue U pa3pylieHHEe KOMIIO3UTOB /
. Kymep, M. Iurrorr // Mexanuka paspymenus. 1979.
Ne 17. C. 165-216.

Koznos, B. B. Yiyunienne (u3nko-MexaHHUECKHX CBOWCTB
LEMEHTHBIX COCTAaBOB JUIS 3aYEKAHKH IIBOB OOMENIKH TOH-
neneii / B. B. Kosnos, O. JI. ®urosckwii, P. M. AxmenHa-
oues // TpancnopTHOe cTpouTenbeTBo. 1983. No 12, C. 18.
PabunoBuu, ®. H. Kommo3uTsl Ha OCHOBE AWCIIEPCHO-
apMHpPOBAaHHBIX O€TOHOB. Bompocs! Teopuu 1 MpoeKTHpo-
BaHMs, TeXHOJOrus1, KoHCTpyKiwmu / ©. H. PabunoBud. M.
Usn-Bo « ACB», 2004. 560 c.

I'pubos, P. A. MozenupoBanue noseaeHust GuOpodETOH-
HBIX KOHCTPYKIHMH B yCIOBHSIX PaJHalIOHHOTO OOIyue-
Hus / P. A. I'puboB // beron u xenezo6eron. 2008. Ne 3.
C. 19-20.

Tumamos, B. B. K Bonpocy 06 apMupoBaHuy [IEMEHTHOTO
kamust / B. B. Tumamos, U. Y. CerueBa, H. C. HukoHo-
Ba // Tpymst MXTU umenn . U. Menneneesa. 1976.
Bem. 2. C. 155-156.

CrponrenpHoe u3nanue OpaHuun [DIeKTpoHHBIA pecype] /
CrpoutensctBo ceroansi. Jleon, 2015. Pexum nocrymna:
http://www.bildingtooday.html. /Tata nocryna: 10.03.2015.
Fibres for Concrete. Steel Fibres. Definitions, Specifi-
cations and Conformity: BS EN 14889-1:2006. Publica-
tion date 29.09.2006. The European Committee for Stan-
dardization: BSI, 2006. 30 p.

Standard Specification for Fiber-Reinforced Concrete:
ASTM C116 / C116-03. Publication Date 10.05.2008.
ASTM International: West Conshohocken, 2008. 22 p.
Standard Practice for Making and Curing Concrete Test
Specimens in the Laboratory: ASTM C192 / C192M-14.
Publication date 01.01.2014. ASTM International: West
Conshohocken, 2014. 25 p.

Hayka
urexHuka. T. 19, Ne 3 (2020)



Civil and Industrial Engineering

19.

20.

21.

22.

23.

24.

10.

IMecox st crpouTensHBIX paboT. TeXHUYECKHe yCIOBUSL:
T'OCT 8736-2014. Been. 01.04.2014. M.: Mexrocyn. co-
BET II0 CTaHAApT., METPOIL. u ceptud., 2015. 12 c.

[le6enp 1 rpaBuii U3 MIOTHBIX TOPHBIX MOPOJ AN CTPOH-
TenbHBIX pador. Texuuyeckue ycioBus: OCT 8267-95.
Bgen. 07.01.1995. Munck: MuncTpoiiapXuTekTypsr, 1995.
15c.

Jlo6aBKku Ui GETOHOB M CTPOHTEIBHEIX pacTBOpoB. O0-
mue texHuueckue ycnosus: 'OCT 24211-2008. Baen.
29.04.2010. M.: Crangaptundopm, 2010. 15 c.

Jlo6aBku s GeroHOB. OOLIME TEXHUYECKHE YCIIOBHS:
CTb 1112-98. Been. 04.10.1999. Munck: MuncTpoii-
apxurekTypsl, 2010. 23 c.

Bopa s 6eToHOB M pacTBOpOB. TeXHUUYECKHE YCIIOBHSA:
CTb 1114-98. Been. 01.01.1999. MuHCTpOiHapXHTEKTY-
psL, 1999. 11 c.

Illenenesuu, H. M. O6 wHCHONL30BaHUK IIOKa3aTelei
HNPOYHOCTH OETOHA IPU OCEBOM PACTSHKEHHH IIPH MPOEK-
tUpoBanuu OetoHHBIX TpyO / H. WM. Illenenesuu // Ilep-
CTMEKTHBbI PAa3BUTHUsI HOBBIX TEXHOJIOTHI B CTPOUTENIBCTBE
U TIOATOTOBKE HMHXXEHEPHBIX KanapoB Pecrmybmmku bema-
pycs: 6. Hayu. Tp. Y. 1. bpect, 2009. C. 54-58.

Iocrynuna 04.04.2019
Ilopmmcana B mevats 11.06.2019
OmnyGnukoBana onaita 29.05.2020

REFERENCES

. Journal “Stroitelnye Materialy” [Construction Materials]

[Electronic resource] / Web-Based Media. Minsk, 2014.
Available at: http://www.grad.sml.by/index.php?id-9&Ite

mid=5&option=com_content&task=view. (Accessed
15 November 2015).
. Organic Additives in Concrete [Electronic resource] / Eco-

logy at Enterprise. Minsk, 2015. Available at: http://eco
logia.by/number/2011/2/ispolzovanie dobavok v betone.
(Accessed 15 November 2015).

. Electronic Publication “Construction” [Electronic resour-

ce]. Minsk, 2014. Available at: http://stroitel.by/by/polipro
pilenvolokna (Accessed 08 July 2015).

. Ekobori T. (2008) Scientific Fundamentals of the Strength

and Failure of Materials. Kiev, Navukova Dumka Publ.,
78-99 (in Russian).

. Smolikov A. A. (2009) Concrete Reinforced by Nano-

fibers. Beton i Zhelezobeton [Concrete and Reinforced
Concrete], (4), 89 (in Russian).

.Rabinovich F. M. (1989) Fiber Reinforced Concrete.

Moscow, Stroyizdat Publ., 117-147 (in Russian).

. Ramachandran V., Feldman R., Beaudoin J. (1981) Con-

crete Science. Treatise on Current Research. Heyden.
London.

.Kozina V. L. (1979) Improvement of Impact and Crack

Resistance of Large-Sized Products on the Basis of Gyp-
sum-Cement-Puzzolan Concrete while Introducing Low-
Module Polymer Fibers. Moscow. 157 (in Russian).

.Kozlov V. V., Kagan M. Z., Akhmednabiev P. M., Bo-

gomolov G. M. (1983) Damp-Proof Cement Compositions
with Low-Module Fibers. Metrostroi [Metrostroy], (6), 23
(in Russian).

Cooper G., Piggott M. (1978) Cracking and Fracture
in Composites. Advances in Research on the Strength
and Fracture of Materials, 557-605. https://doi.org/10. 1016/
b978-0-08-022136-6.50042-1.

Hayk

yka
wrexHuka. T. 19, Ne 3 (2020)

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kozlov V. V., Figovskii O. L., Akhmednabiev R. M. (1983)
Improvement of Physical and Mechanical Properties of Ce-
ment Compositions for Joint Packing During Tunnel Lining.
Transportnoye Stroitel’stvo [Transport Construction],
(12), 18 (in Russian).

Rabinovich F. N. (2004) Composites on the Basis of Fiber-
Reinforced Concrete. Issues of Theory and Design, Tech-
nology, Structures. Moscow, ASV Publ. 560 (in Russian).
Gribov R. A. (2008) Simulation of Fiber-Concrete Struc-
ture Behavior under Conditions of Radiation Exposure.
Beton i Zhelezobeton [Concrete and Reinforced Concrete],
(3), 1920 (in Russian).

Timashov V. V., Sychiova I. 1., Nikonova N. S. (1976)
On the Problem about Cement Stone Reinforcing. Trudy
MEKRTI imeni D. I. Mendeleeva [Proceedings of Moscow
D. Mendeleev Institute of Chemical Technology], (2),
155—156 (in Russian).

Construction Publication of France [Electronic resource] /
Construction Today. Leon, 2015. Available at: http:/www.
bildingtooday.html (Accessed 10 March 2015).

BS EN 14889-1:2006. Fibres for Concrete. Steel Fibres.
Definitions, Specifications and Conformity. The European
Committee for Standardization: BSI, 2006. 30.

ASTM C116 / C116-03. Standard Specification for Fiber-
Reinforced Concrete. ASTM International: West Con-
shohocken, 2008. 22.

ASTM C192 / C192M-14. Standard Practice for Making
and Curing Concrete Test Specimens in the Laboratory.
ASTM International: West Conshohocken, 2014. 25.

State Standard 8736-2014. Sand for Construction Works.
Technical Specifications. Moscow, Interstate Council for
Standardization, Metrology and Certification, 2015. 12 (in
Russian).

State Standard 8267-95. Broken Stone and Gravel Aggre-
gate from Consolidated Mine Rock for Construction
Works. Technical Specifications. Minsk, Publishing House
of Ministry of Architecture and Construction, 1995. 15 (in
Russian).

State Standard 24211-2008. Additives for Concrete and
Construction Mortars. General Technical Specifica-
tions. Moscow, Standartinform Publ., 2010. 15 (in Rus-
sian).

STB [Standards of the Republic of Belarus] 1112-98.
Additives for Concrete. General Technical Specifica-
tions. Minsk, Publishing House of Ministry of Architec-
ture and Construction, 2010. 23 (in Russian).

STB [Standards of the Republic of Belarus] 1114-98.
Water for Concrete and Mortars. Technical Specifications.
Minsk, Publishing House of Ministry of Architecture and
Construction, 1999. 11 (in Russian).

Shepelevich N. L. (2009) About Use of Concrete Strength
Indicators During Axial Tension while Designing Con-
crete Pipes. Perspektivy Razvitiya Novykh Tekhnologii
v Stroitel’stve i Podgotovke Inzhenernykh Kadrov Respu-
bliki Belarus’: Sb. Nauch. Tr. Ch. 1 [Prospects for Deve-
lopment of New Technologies in Construction and Trai-
ning of Engineering Personnel in the Republic of Belarus:
Collection of Research Papers. Part 1]. Brest, 54-58
(in Russian).

Received: 04.04.2019
Accepted: 11.06.2019
Published online: 29.05.2020

223



Cmpoumenbcmeo

https://doi.org/10.21122/2227-1031-2020-19-3-224-229
YJK 539.3

K peumreHu0 KOHTAKTHOM 321241 JJIA PAMOYT0JIbHOM MJIACTUHKH
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Pegepat. o Hacrosimero BpeMeHU OTCYTCTBYET TOYHOE pelIeHHe KOHTAKTHOM 3a1auu Ui MPsIMOYTOJIbHOW IUIACTUHKU Ha
YIPYTOM OCHOBAHHUH C PACHPEACTUTEIFHBIMA CBOHCTBaMU. [IpakTHYECKUMU aHAJIOraMH TaKOW KOHCTPYKLHUH SBIISFOTCS IIH-
POKO MpHMEHSEMbIE B CTPOUTENLCTBE IUNIUTHBIE (yHIaMEHThl. MHOTHE y4eHbIe pellany 3Ty 3aady pa3ndHbIMHU CIIOCOOaMH.
Metonbl KoHEUHBIX pasHocTeid, b. H. JKeMouknHa v CTENICHHBIX PSAMOB HE BBIICISIOT OCOOCHHOCTh B KOHTAKTHBIX HAPsIKE-
HUSX Y KpaeB IUIUTHL. ABTOP CTaThH MOJIYUMJI pa3ioKeHHe peleHust byccunecka ais onpenenenus nepeMerieHuii moBepxHo-
CTH YIIPYToro IOJyIPOCTPAHCTBA B BUJE ABOMHOIrO psAa Mo mojauHoMaMm YeObllieBa IepBOro poaa B MPSIMOYTOIbHOM o0uia-
ctu. BriepBeie Takoe npeacraBieHue il CUMMETpUYHON YacTu peuieHus: byccunecka nonyunn B. Y. CeiiMoB U npuMeHnn
9TO Pa3NIOKEHUE ISl UCCIEIOBAHNUS CHMMETPHYHBIX KOJIEOaHUIl IPSMOYTOIBHOTO IMTaMIIa C YY4ETOM HHEPIUOHHBIX CBOWCTB
NnoJynpocTpaHcTBa. Vcmons3yst JaHHOE pas3lioKeHHE, aBTOP MPUBOIMT PEIICHHE 3aJa4d O TUHAMHYECKHX IMEPEMEICHUAX
MPSIMOYTOJIbHOW TNIACTHHKH, JIEXKAILEH Ha YIPYTrOM IOJyIPOCTPAHCTBE, MO/ ASHCTBUEM IIPOU3BOJIBHO MPUIIOKEHHON cocpe-
IoToYeHHOU crutbl. [Tpy 3TOM MCKOMEBIE ITepeMEnICHUS 3aJaBalliCh B BHJIE JBOWHOTO psijia 10 MOJTHHOMaM YeOrbIieBa mepBoro
pola, KOHTAKTHBIC HAPSDKEHHS — B BUZE JIBOMHOTO psijia IO moimHOMaM YeObieBa MepBoro pojaa ¢ BecoM. B mHTerpansHoM
YpaBHEHUU KOHTAKTHOW 3a/a4M BBINOJHSETCS WHTETPUPOBAHUE IO MPAMOYTOJIBHOH 00JaCTH € y4eTOM OpPTOrOHAJIbHOCTH
noauHOMOB YeObiieBa. B momydeHHOM BBIPaKCHUHM MPHUPABHUBAIOTCS KOI(D(OUIIMEHTHI MPH OJWHAKOBBIX MPOU3BEICHHUIX
noauHOMOB YeObimeBa. [lomyuaercs GeckoHEUHast CHCTeMa JIMHEHHBIX alTreOpandecKuX ypaBHEHUA, KOTOpas PelaeTcs Me-
TOIOM ycuiieHHs. Takum 00pa3oM HaxosaTcsl HCKOMBIE KO3 QUITEHTHI B Pa3loKEeHUH Ul KOHTAKTHBIX HATPSHKEHHH.

KiioueBble cjioBa: ynpyroe noJiypocTpaHCTBO, KOHTaKTHas 3a/1a4a, psAMOYToJIbHAs IIACTHHKA

Jas nuruposanus: bocakos, C. B. K pemienuto KOHTaKTHOH 3agauul A1l NPSIMOYTOJIBHOM IUTACTUHKHM Ha yNPYIOM IOJY-
npoctpanctee / C. B. BocakoB // Hayxa u mexnuka. 2020. T. 19, Ne 3. C. 224-229. https://doi.org/10.21122/2227-1031-2020-
19-3-224-229

To Solution of Contact Problem for Rectangular Plate on Elastic Half-Space
S. V. Bosakov"

YUE “Institute of Housing — NIPTIS named after Ataev S. S.” (Minsk, Republic of Belarus)

Abstract. Until the present time there is no exact solution to the contact problem for a rectangular plate on an elastic base
with distribution properties. Practical analogues of this design are slab foundations widely used in construction. A lot of scien-
tists have solved this problem in various ways. The methods of finite differences, B. N. Zhemochkin and power series do
not distinguish a specific feature in contact stresses at the edges of the plate. The author of the paper has obtained an expan-
sion of the Boussinesq solution for determining displacements of the elastic half-space surface in the form of a double series
according to the Chebyshev polynomials of the first kind in a rectangular region. For the first time, such a representation for
the symmetric part of the Boussinesq solution was obtained by V. I. Seimov and it has been applied to study symmetric vibra-
tions of a rectangular stamp, taking into account inertial properties of the half-space. Using this expansion, the author gives
a solution to the problem for a rectangular plate lying on an elastic half-space under the action of an arbitrarily applied con-
centrated force. In this case, the required displacements are specified in the form of a double row in the Chebyshev polyno-
mials of the first kind. Contact stresses are also specified in the form of a double row according to the Chebyshev polynomials
of the first kind with weight. In the integral equation of the contact problem integration over a rectangular region is performed
while taking into account the orthogonality of the Chebyshev polynomials. In the resulting expression the coefficients are
equal for the same products of the Chebyshev polynomials. The result is an infinite system of linear algebraic equations,
which is solved by the amplification method. Thus the sought coefficients are found in the expansion for contact stresses.

Keywords: elastic half-space, contact problem, rectangular plate

For citation: Bosakov S. V. (2020) To Solution of Contact Problem for Rectangular Plate on Elastic Half-Space. Science and
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BBenenune

o HacTosIero BpeMeHn OTCYTCTBYET TOYHOE
pelieHre KOHTAKTHOM 3aauu JUIsl IPSMOYTOJIbHON
IJIACTUHKY Ha YIIPYTOM OCHOBAaHHHU C PacIpeein-
TEJIbHBIMH CBOMCTBaMHu. IIpakTHueckumu aHaio-
raMd TaKOM KOHCTPYKIHUH SIBISIFOTCS IIIHUPOKO
MPUMEHSIEMbIC B CTPOUTEIILCTBE IUIUTHBIE (QyHIa-
MEHThI. Penienue »Tod 3aayd METOJIOM CTEIEH-
HBIX pamoB paccmorpeHo M. U. T'opOyHOBEIM-
[TocanoBbiM [1], METOIOM KOHEUHBIX Pa3HOCTEH —
B. U. Conomunsm [2], C. M. AneitnukoBeiM [3],
cnocobom b. H. XKXemoukuna — B [4, 5], merogom
Puriia — B [6]. Ocoboe 3HauUeHHE UMEIOT PabOThI
M0  WCCIIEJIOBAHWIO TIOBEJEHHS  KOHTAaKTHBIX
HaINpsDKEHUH B yTIOBBIX Toukax [7, 8]. OmgHako
MeToAbl KOHEeuHbIX pasHocted, b. H. Kemoukuna
U CTCNIEHHBIX PSJOB HE BBIICISIOT OCOOCHHOCTH
B KOHTAKTHBIX HANPSIKEHUSX Yy KpaeB ILTUTHL.
Bnepssle npencraBieHue A1 CUMMETPHYHOM Ya-
ctu pemeHns byccmnecka momyumn B. U. Ceit-
MOB [9] W WCIIOJIE30BANI TO PA3IOKEHUE IS WC-
CIIEIOBaHUS CHUMMETPUYHBIX KOJEOAaHWH MpsIMO-
YTOJIHOTO IITAMIIA C YYETOM HHEPIUOHHBIX CBOMCTB
MOJIYTIPOCTPAHCTBA.

Pasjioxkenne pemenusi bByccunecka B psijy
1o nomHoMaMm YedblieBa

W3BecTHO, 4TO TUTOCKAsE NeopMaLusl SBISIETCS
YaCTHBIM CJIy4YaeM IPOCTPAHCTBEHHOW 3az1auu,
no3toMy peuieHue dramaHa g ynpyroi moiy-
IUIOCKOCTH MOKHO HOJYYUTh HHTETPUPOBAHHUEM
pemienuss byccuHecka g ynmpyroro IoJIympo-
cTpancTBa. Takke qOKa3aHO, 4TO QopmMyla mepe-
MEUIEHUI T'paHULBl YOPYrOW MOJYIUIOCKOCTH OT
NEHCTBUS COCPeOTOUCHHON crthl (pemenue da-
MaHa) J0IycKaeT OMIIMHEHOe pasnoxeHue [§]

In|x—&=-In2- Z T (X)T, (&),

<1. (1)

[ToaTOMy €CTEeCTBEHHO MPEANOIOXKUTh, YTO
BBIpQXKEHHE ISl OIPEJIENIeHNs] BEPTUKAIBHBIX TIe-
pEMEIeHI MOBEPXHOCTH YIIPYTOTro IOJyHpOCT-

[Ipencrasum [9, 10]

paHCTBa OT JCUCTBUS COCPEAOTOYCHHOW CHIIBI
(pemenue byccruHecka) Takke I0MyCKaeT JBOMHOE
OWIMHEWHOE TpeICTaBICHUE B hopMe

1
Ja—g7 +a’(y-n)’
-3 @OT,OTLETOTm. @)

m=0n=0

|x,§| <l

y,n|£1;0<(x£1.

Koaddunmentsr paznoxenus u3 (2):

WLEOLOWTLM
ﬂ’l}’l(a) an
_UIUIJ(x &’ +a’(y-m)’
dxd&dydn
N/ e T

| 4 16
BOOZE;Bm,OZBO,n:?; .

5

3)

CrpaBeTMBOCTh TIPEACTaBICHUS (2) MOXKHO
JIOKa3aTh M3 YCIOBHS CUMMETPUYHOCTH sapa Byc-
cuHecka. JleicTBUTENBHO, JBa (PYHKIIMOHAIBHBIX
psla paBHBI, €CIM PaBHBI TOMAPHO OJTHOMMCHHBIC
YJICHEBI 3TUX PAOOB!:

1
Jee-8 +a’(y—ny
i Cit () T,(x) T,(») T,() T,(n);

k=

s

>

=0

I
Ms

i
(=]
=
(=]

1
JE—07 +0’m-y)

o0

C;’; (@) T,,(6) T,(m) T,(x) T,(»).

M8

>

n=0 i

Il
3
iPs
Il
(=]
O

OTO MPUBOIUT K PaBEHCTBY, KOTOPOE BHIMOJI-
HSIETCS TIPU YCIOBUU m =i U n = k:

T, TET, ()T (n) =T, T T,(n) T ().

1
Je-8+’y-n?*

= [ B PG dB= 3 B0, BE) S J By () +

Jj=—© i=—0

4)

F2S DS T B0,BE) S Ty @By ().

k=1 Jj=—o0

i=—00

[onxcraBum (4) B (3) ¥ BRINOIHUM WHTETPUPOBAHKE C yueToM Gopmyd [10]
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1
0 ’ ’
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(6)
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E e (B e B a (B g[8 o8[S v

B (6) U3 MHTCTpajia (5) CJIcayeT, 1IT0j unm, I U n ABIISIOTCS OAHOBPECMCHHO YCTHLBIMU 1100 HEYETHBIMH.
PaCCMOTpI/IM CyMMYy
z J i+n OLE J i-n OLE Ji+n OLE Ji—n OLE . (7)
i=—0 k+7 2 k+7 2 T 2 T 2

. I cos(2k +1)0J, (P cos0) d0 x
) ° ®)

B B 21‘:/2
XJin (oc—j Ji, (oc—jz— f cosn @J;(afcosp)do.
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Haiinem cymmy psna (7) npu yciIoBHH, UTO [ U 71 ABJISIOTCSA OAHOBPEMEHHO 4eTHBIMHU. [locienoBarensHo
HaXOAHUM:

z (=1)' cos(2k +2i)0.J,,(aB cosp) = cos2k O z (=1)'c0s2i0.J,,(ap cosp)=

[=—00 [=—00

=cos2k0 [JO (afcosB) + 22 (1) cos2i0.J,, (ap coscp)} =c0s2k0cos(op cosOcosp); )
i=1
/2 -
I cos2n@cos(afcosbcosp)do = EJZ" (B cosO).
0
B (9) nucronp3oBanbI paznokenrne U cymma psaga [10], cBOWCTBO OPTOTOHATEHOCTH TPUTOHOMETPHIECKUX
(DyHKITHIA:
cos(afcosOcosp) =J,(af cosO) + 22 J,; (af cosB)cos2ko;

k=1

Z( ¥ coska Jo(2)= —cos(zcosz}r —J,(2).
k=0
Taxum o6pazom:

© /2
Z;O Jiiion (u%) Jiiion (agj Jion (agj Jo, (agJ =%(—1)"‘” j c0s2k0.J,,” (P cos0) do. (10)

0

[Mocnenuuii uHTETpan OGepeTcs MOJACTaHOBKOM cosO = x ¢ ucmonb3oBanuem (8) [11]:

o) n/2 1 /2
Ry ) I cos2k9Jn2(chos9)d9:
T

0 0 0

J,,(aPxcost)dtdx =
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(=)' rBFT(k+1/2)
2 ik —n)(k +n)!

(=D BT (n+1/2)
22"l (n— k) (k +n)!

Fy(k+1/2,k +1/2;2k + 1,1+ k —n,1+ k +n;—o*p?), k > n;

(11

CE(n+1/2,n+1/2;2k + 1,1+ n—k,1+k +n;—a’B*), k <n.

Eciu B (7) I U n ABISIIOTCA OIHOBPEMEHHO HCYCTHBIMH, TO, IIOBTOPAA HO,[[O6HyIO IOCJICA0BaTCIIbHOCTD

JEHCTBUMN, TIONYYHM:

i;O Jk+i+n+1(a5 Jisin OCE A QE J

/2
aﬁj =21 [ cos2k03,., (oBeost)dd.  (12)
T
0

2

Tenepp HEOOXOOMMO BBITIONHUTH WHTETpUpoBanue 1o 3 B (6) mpu yuere npexacraBieHui (11) B (10)
u (12). 3amerum, uTo nepBbIid ABOHHOHN psad B (4) cymmupyetcs (10) npu & = 0. YToOBl HOMYyYNTH YHHUBEP-
canpHy0 ¢opmyiy npu uHTerpupoBanud mo B B (11) u (12), obo3naunm » =min(k,m); s = max(k,m);

t=min(k,n); u = max(k,n). Torma uckomerii uaterpain (3) Beipasutcs uepes G-hyukimo Metiepa [10]

C,,(a)=—— 2173

m,n

0 -n

o0
+Z(_1)k+r+l‘ a2u Gg),g az |
= ’ 0 —u —u
Pemrenne KOHTaAKTHOH 3a1a9H
AJIS1 IPSIMOYT0JIbHOM IJIACTUHKH

PaccMoTpuM IpsSMOYTONBHYIO IUIACTHHKY pas-
MepaMu 2ax2b Ha YHOPyroM MOJYIPOCTPAHCTBE
IO/ JCHCTBUMEM BHEUIHEH Harpys3ku. MHTerpans-
HOE€ YypaBHEHHWE ISl ONPEIEIICHUS KOHTAaKTHBIX
HaNpsKCHUH MEXAy IUIACTUHKOW UM IOIyIpo-
CTPaHCTBOM MMEET BUJ

a b
[ =25 ™, (3)
-8 (- 1=V

rae E, v — ynpyrue mocTOSHHBIE MOJTYMpPOCTPaH-
ctBa; p(&, ) — HEM3BECTHBINM 3aKOH pacmpererne-
HUsI KOHTaKTHBIX HalpsHKeHUH; w(x, y) — mepeme-
LICHUE [UTACTHHKH.

IIpunumaem:

e raLaa(C)n(3)

=0 e a
l—E"—l N~ =0 k=0

a2 _bi2 (14)
x
W)=Y 3 4, [—j (Zj
m=0n=0 a b
rne A, ,,B;, —Heonpenenennsie  Kodppuny-
CHTBL

[MoncraBum (14) B (13) 1 BBINOJIHUM UHTETPU-
pOBaHME C y4eTOM MpecTaBiieHus (2), mpenBapu-
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B " 1/2-n 1/2-n 1/2-m-n 1/2-n 1/2-n 1/24+m-n
m,n 3,3
Gool o +
-n -2n -n -n

—k—n

V2-u 1/2-u 1/2-s—u U2+k+m-s—u 1/2+[k—m|-s 1/2+s- uj

—|k n| —2u

TEJIPHO Hepeiins K 0Oe3pa3MepHbIM KOOpAMHATaM
U IpUHAB O = b/a. B pe3ynbraTe nomydum:

ZZ mn mn(a’)an m('x) (y):
m=0n=0

nE © O
(1 VZ)b;;AJ T;(0)T (), (15)

&, (=T 3 €m0 =€om = Epp =

IIpupaBuuBas B (15) k03P PunreHTs Ipu OaH-
HAKOBBIX TPOU3BEICHUSAX MOJMHOMOB YeObImena,
MoJTy4aeM 3aBUCHMOCTH:

_(-v )Ttb
4y = E Coo (@) By o
(1-v )Ttb
Ay = T Co,(a)By 5
(1-v*)nb
4= TCm (Q)Bl,();
(16)
2
Am n :Mcm n( )Bm n*
’ 4F

C apyroii CTOpOHBI, U3 YPaBHEHUH PaBHOBECHUS
Bcell TUTACTHHKY CIIEAYET:
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R B = 2My .
rab’ " nla’h’
rae R, M., M, — paBHOAEHCTBYIOIAs BHEIIHEH
Harpy3Kd U MOMEHTBI PaBHOACHUCTBYIOIIEH OTHO-
CUTEJIbHO OCeN KOOpAMHAT.

N3 (16) u (17) MOXKHO TIOJIYIUTH SIBHBIE BBIpA-
JKEHUsS JJI1 JTMHEMHOrO0 M YTJIOBBIX IEpEeMELICHUI
MPSIMOYTOJILHOTO IIITaMIla Ha YIOPYTOM MOJIyHpo-
CTPAHCTBE:

2M .
Bo,o = B1,0 st (17)

R(1-v?)
Wo ZWCo,o(OL);
2M (1-v?)
Q, :WC‘“(O‘); (18)
2M (1-v?)
=2 _°C ,(a).
X TEEClb 1,0( )

B T1abn. 1 mpuBeAcHBI BEIWYMHEI IIepeMeIIe-
HUW TPSIMOYTOJILHOIO IITaMIla Ha YIPYroM IOJy-
IMPOCTPAHCTBE IO MOJAaHHBIM J[JPYIrux aBTOPOB H
MpeJIaracMoi METOMKH.

Tabnuya 1
[epemerenue VYron nosopota
Ea Eab
azé R(1-V?) M (1-v?)
a
Mo[1] | To[7) | Mo To [1] Io
aBTOPY aBTOpY
1,0 0,460 | 0,4265 | 0,438 0,570 0,520
0,5 0,318 - 0,314 0,644 0,611
0,2 0,181 - 0,181 0,695 0,729

s TUIacTHHKM KOHEYHOM »KECTKOCTH pellle-
HUE ToiyduM MetoaoM Putma [12]. Dueprus wus-
ruba mpsIMOYToJIbHOW MIACTUHKY BBIPA3HUTCS Yepe3
dhynxuio ee nepemeniennii (14) Gopmynoit

2 2
2 dx dy
: (19)
2. 12 2
ST | U | Sy i
dx” dy dxdy

rae D, v — uunuHapuyeckas )KeCTKOCTh IJIaCTHH-
ku U kodpduuuent Ilyaccona marepuana ma-
CTHHKH.

PaboTa peakTUBHBIX HanpsDKEHUH Ha Hepeme-
IIEHUSX IUIACTUHKY NOJYyYUTCS B TAKOM BUJE:

228

a b
1
W= [ ple,yywix, y)dvdy =
2 —-a-b
n 1<
= 7ab Ay By + EZ(AOJBOJ + 4,08 ) +
i=1
1 o0
+ 2 4By |, (20)
4 i=1 , ,
Pabota BHeNIHEH HArpy3KH
a b
M= [ q(xyywixy)dxdy.  (21)
—a-b

CocTaBuM BBIpa)XK€HHE JUIsI TIOJTHOW 3HEPTUU
n3rudaeMoi IIaCTUHKY Ha YIPYroM OCHOBAaHHU H
JEHUCTBYIOUICH HA Hee BHEIIHEH HArpy3Ku

Q=U+V+IL (22)

CornacHo Metony Purna, npoauddepenim-
pyeMm (22) mo KaxkaoMy U3 HEM3BECTHBIX K0d(du-
LIUEHTOB A,,, U TIONyuYeHHbIE Pe3yJIbTaThl MPUPAB-
HSIEM HYIIO, TIPEABAPUTENEHO TOJICTABHB COOTHO-
nreHue cBsizu (16) mexay kodpdunueHTamMu A, ,
u B,,,. [lomyunm cuctemMy NHHEHHBIX aiareOpanye-
CKMX YpaBHEHUH OTHOCUTENBHO A, ,, THNOPAIOK
KOTOpOW  Ompenensercs KOJHMYECTBOM UJIEHOB
psana (14). Pemenue cuctembl JaeT BO3MOXKHOCTB
OTIPE/ICTUTh MEepEMEIEHIS TUIACTHHKH U, CIIEI0Ba-
TENbHO, YCWJIMSI W paclpeielieHne KOHTAKTHBIX
HanpsbKeHui B Helt (16).

Ipumep. PaccMoTpuM mpsSMOYTONBHYIO TUTa-
CTHHKY Ha YIPYrOM OCHOBAHHWU TOJI JEHCTBHUEM
cocpenotoueHHoil cunel R = 100 kH, npunoxxen-
HOHl B TOYKE C KOOpIMHATaMu X, = a/2; y,= b/2;
D=2000 xHwMm; v=02; a=2 M, b=3 w;
E=6670 kH/M".

2 2 X y
3amaemes w(x,y) = z ZAmjnTm (—an (Z]
a

m=0 n=0
OHyCKaH MPOMEIKYTOYHBIC PE3YyJbTAThl, II0-
JIyUUM:

Ay =0,00276 M; Ay, =0,00176 M5 4, =—0,00084 m;

45 =0,00144 m; 4, =0,00138 m; 4, =—0,00069 m;

Ay =—0,00041 m; 4,, =—-0,00048 M; 4, , =0,00012 m.
Ha puc. 1 mokaszansl BepTHUKaJIbHBIC IEpeMe-

EeHUs MOBEPXHOCTU IJIACTUHKU OT HCP’ICTBHH CO-
Cpe,[[OTO‘IeHHOﬁ CHIJIBI.
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Puc. 1. BepTukanbHble epeMeIeHNs TTOBEPXHOCTH
IPSMOYTOJbHOM IIaCTUHKU
OT ACUCTBUSA COCPEIOTOUCHHON CHIIbL

Fig. 1. Vertical displacements of rectangular plate surface
due to action of concentrated force

BBIBO/JbI

1. Marpuna ko3pPUIUEHTOB TpPU HEU3BECT-
HBIX pa3pelnaroiie cCUcTeMbl YpaBHEHUH, IMOJY-
4yeHHast pu nuddepeHnrpoBanuu (22), sSBIsETCS
PEIKO 3aIMOTHEHHONW THAarOHAILHON W MOYKET OBITh
penieHa B 00IeM BUJIE JIJISl HE CJIUIIKOM OOJIbINO-
TO 9YHCIa HEW3BECTHBIX. DTO ITO3BOJISIET CTPOWTH
MOBEPXHOCTH BIIMAHUS BEPTUKAIBHBIX IepeMerie-
HUMH TOYEK IUIACTMHKU U, Kak crueactsue [13],
HaXOAWTh TIEPEMEIEHUS IUIACTHHKH OT JI000i
BHEIIIHEW Harpys3KHu.

2.1lpu pacyere TUIACTMHKM Ha WHOM MOJENHU
YIPYTOro OCHOBAHUS, OTJIMYHOM OT IOJTYTIPOCTPaH-
CTBa, CJIeQyeT NpEACTaBUTh BEPTUKAIbHBIEC IEpe-
MEIIEHHs] TPaHUIBl YIPYroro OCHOBaHHS OT Jei-
CTBHSI COCPEIOTOYCHHOW CHJIBI B BHIE PEIICHUS
Byccunecka u psna no nonmuaomam Yeobimesa [§]

1
K b 9 b = +
(x&2.n) Jx=8)7 + o (y—m)’

+ i i G, ()T, (x)T, &) T,(») T,(n)

m=0 n=0

Y HCII0JIb30BaTh BBHIIMICONMCAHHYIO MPOLEAYPY AT
pacdeTa MPAMOYTOJIBHON IUTACTHHKH Ha YIIPYTOM
MOJTYTIPOCTPAHCTBE.
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Pedepart. V3BecTHO HECKOIBKO CIIOCOOOB GOPHOBI ¢ 3UMHEH CKOJNB3KOCTHIO HA J0pOrax — (GPUKIMOHHBIH, TEIIOBOM, XUMH-
YecKuid, KOMOMHUPOBAHHBII W KOHCTPYKIIMOHHBIN. JJOBOJNIFPHO IIMPOKOE MPUMEHEHHE HamleNl (PUKIMOHHBIA MEeTOI OOpHObI
CO CKOJB3KOCTBhI0. OH OCHOBBIBAETCSI HA MOBBIIEHUH CIETUIEHNS KOJIeca C JOPOKHBIM IUIOTHOM, MOKPBITHIM Hane/plo. B ka-
4ecTBe (PPUKIUOHHOTO CBHIPBSI UCIIOIB3YIOT IIECOK, IIAK, OTCEBBI KAMEHHBIX MAaTEPHAJIOB, a Takke (PUKIMOHHBIE MaTepHa-
JIBI, TIOJ[BEpPraeMble HarpeBaHuio. TemaoBOi MeTOA pa3lelslioT MO THITy 00OrpeBa NMOBEPXHOCTH JOPOMKHOTO MOKPHITHS Ha
KOHIYKTHUBHBIH M KOHBEKTUBHBIM, ITPU KOTOPBIX IOJIOIPEB JOPOXKHBIX MOKPBITUH MPOUCXOIUT CHU3Y (IEKTPOOOOrpeB) I1O0
cBepXy (TemnoBoii crpyeii). HegoctaTku maHHOTO crocoba — ero JOporoBu3Ha MPH HCHOIB30BAHUU TEIUIOBBIX CTPYH M Bpel-
HOE BO3/IEHICTBHE BBICOKUX TEMIIEPATyp Ha JOPOKHOE NOKphITHE. CeronHs Hanboee MOMmyJIIpHbIM CLIOCOO0M OOpBOBI ¢ 3UM-
HEH CKOJNB3KOCTHIO SIBJISICTCS. XUMUUECKUi MeTo . [ mpeioTBpanieHus 00pa3oBaHusl CKOIB3KOCTH Ha JOPOXKHOM HOKPBITHH
WM yJAaJIeHus JIbJla C HETO MpexycMaTpHBacTcsl 00paboTKa TBEPABIMU MM KUAKUMU peareHTaMu. IlpuHimn ux peicTBus
3aKJII0YaeTCsl B MOHIKEHHN TEMIIEpPaTyphl 3aMep3aHus pacTBOpa Ha MOBEPXHOCTH JOPOKHOTO IOJIOTHA. bopeba ¢ 3uMHei
CKOJIB3KOCTBIO B OCHOBHOM BEJETCSI KOMOMHNPOBAHHBIM CIIOCOOOM C IMOMOIIBIO MOCHINIKA JOPOT MECYaHO-COISTHON CMECHIO.
B Hactosimiee Bpems Has3pena HEOOXOJMMOCTh MOJHOTO MM YAaCTHYHOTO OTKa3a OT MPUMEHEHMs XJOPHIOB IpH O6oprbde
C 3UMHEH CKOJIB3KOCThIO. B manHOM ciydae Hanbolee MepCHeKTHBHOE HAIIPaBIICHUE — MPeNyIPEeKAeHAE 00pa30BaHus IoJI0-
Jeqa 3a C4eT CO3/1aHUs MOKPBITHH aBTOMOOHMIBHBIX JOPOT, 00IafafoniX IPOTHBOTOJIONEAHBIMY CBOHCTBAMY, T. €. BBEACHHS
AQHTHUTOJIONICAHBIX PEareHTOB B COCTaB JIOPOXKHOTO MOKPHITUS (KOHCTPYKIMOHHBIN crtoco0). OQHAKO 3TOT METO/ HOBBILIAET
CTOMMOCTB TOTOBOTO MTOKPBITUS JOPOTH.

KnarwueBbie cioBa: MIPOTHUBOIOJIOJICAHBIE MaT€pUuallbl, XJIOPUI KaJlbLUsd (MarHPIS[, HanI/ISI), CIIOCOOBI 60pb6]:1 C 3UMHEH
CKOJIB3KOCTBIO

Jas nurupoBanusi: Criocodsr 60ps0BI ¢ 3uMHEH ckonb3kocThio / M. K. ITmem6baes [u np.] / Hayka u mexnuxa. 2020. T. 19,
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Methods for Prevention of Winter Slippery
M. K. Pshembaevl), Ya. N. Kovalevl), V.N. Yaglovl), V. V. Girinskyl)

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. There are several methods for prevention of winter slippery on the roads — frictional, thermal, chemical, combined
and structural. The friction method of combating slippery has found quite wide application. The method is based on increasing
a wheel grip with iced road. Sand, slag, screening of stone materials and friction materials subjected to heating are used as
a friction raw material. A thermal method is divided in conductive and convective according to a surface heating type in
which a pavement is heated from below (electric heating) or from above (with a heat stream). Disadvantages of this method
are its high cost when using thermal jets and harmful effects of high temperatures on a road surface. Nowadays a chemical
method is considered as the most popular one to combat winter slippery. Treatment with solid or liquid reagents is provided
in order to prevent slipping on the road surface or removing ice from it. The principle of their action is to lower a freezing
temperature of the solution on the surface of the roadway. The fight against winter slippage is mainly carried out in a com-
bined way by sprinkling roads with a sand and salt mixture. Currently, there is a need to completely or partially abandon
the use of chlorides in the fight against winter slippery. In this case, the most promising direction is to prevent icing by crea-
ting coatings for roads with anti-icing properties that is introduction of anti-icing reagents in the composition of the road
surface (construction method). This method makes it possible to increase cost of a finished road surface.

Keywords: anti-icing materials, calcium chloride (magnesium chloride, sodium chloride), methods for prevention of winter
slippery
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BBenenune

HenpeprbIBHBII pocT aBTOMOOMIIBHOTO TIapKa,
yBEIWYEHHE O0BeMa TIpy30000poTa U IEPEBO30OK
Nacca)XupoB NPEIbSBIIIOT Bce OoJiee JKECTKHE Tpe-
OoBaHHS K COJEP)KaHMIO ABTOMOOWIIBHBIX JIOPOT,
a TaKke K OOECIICUeHUIO OE30MAaCHOCTU JIBIKCHUS
no HUM. Perrenne 3THX mpobieM CBS3aHO C IBYMS
KOMIUIEKCAaMH 3a/1a4: O0pb0OH ¢ 3MMHEH CKOJIB3KO-
CTBIO C IPUMEHEHHEM IPOTHBOTOJIOJNIEAHBIX MAaTEPH-
anoB (II'M) u moanepkaHWeM JNOPOXKHBIX MOKpHI-

TUH B ONITUMAJIBHOM COCTOSIHWM C IOMOIIBIO CIEIH-
AIM3UPOBAHHBIX IPONUTOK, MPEAOTBPALLAOLINX
CTapEHUE U U3HOC JOPOKHOTO MOJIOTHA.

MeToabl 60pbOBI ¢ 3UMHENH CKOJIb3KOCTHIO

CoBpeMeHHBIE MeTOABl OOpPHOBI C 3UMHEH
CKOJIB3KOCTBIO II0 TIPUHIUITY CBOETO EHCTBUS
pa3IensioTcs Ha MSATh OCHOBHBIX THIOB (Tadim. 1):
XUMUYECKUH, (QPUKINOHHBINA, KOMOMHUPOBAHHBIH
(XMMUKO-(PPUKIIMOHHEIN), KOHCTPYKIIMOHHBIA U
teriosoi [1-11].

Tabruya 1
XapaKTepHCTHKA OCHOBHBIX MeTO0B 00PBLOBI ¢ 3MMHEill CKOTb3KOCThIO
Characteristics of main methods for prevention of winter slippery
Merton Xumuueckuit OpUKIMOHHBIN KoMOnHMpOBaHHEIH KoncTpyk1oHHbIH Tennosoit
Ucnonezy-  |Comm, aHTUTOJIO- Tlecok, mebeHs, OPUKITHOHHBINA JloGaBku Tomnmueo nau
eMBIi Ma- JIeTHbIE PeareHThI IITaK U T. 1. Marepuai U XuMH4e- B ac(anbTo0eTOoH, NEKTPOIHEPT UL
Tepua CKHUl peareHt TUIPoPOOU3aTOPHI
Bpewms o, B nepuon win ITocne obpasoBanus |B nmepuox mnm nmocne IIpu ycrpoiictee B nepuon
pacnpene- mocie o0pa3oBaHUs 3MMHEH CKOJB3KOCTH |00pa30BaHMs 3UMHEH nokpbITust U3 [II'M-run-  (unu nocne
JIeHUA 3UMHEH CKOJIb3KOCTH CKOJIB3KOCTH podobuzaTopon o0OpazoBaHus
Marepuana (B mporecce ero 3UMHEN
SKCIITyaTaluy 10 CKOJIb3KOCTH
HACTYIUICHUS
3aMOpPO3KOB)
Temneparypa |[lo munyc 12 °C
WCTONB30-  |(OTHENBHBIE — He orpanndena He orpannuena Jlo munyc (3-7) °C He orpanndena
BaHUs 10 munyc 90 °C)
IIpomomxu- Jlo6aBkH B acdanbTo- He opranuuena
TEIBLHOCTh B 3aBucumoctu ot konmdecta [1I'M, MHTEHCUBHOCTH ABHMIKCHMS OeTOH — 10 7 JIeT; BO BpeMs
JeHCTBUS U TIOTO/THBIX YCIIOBHH ruapohoOHu3aTOpHI — royosnena
10 2 ner
Db dexTup- |Bvicokas — npu
HOCTB HC- COOITIOICHUH Cpennsist Bricokas
TIOJIb30BaHUs |TEXHOJIOTHU paboT
Hocrouncrso | Bricokas nnassimas IIpocroTa 06padoTkw, | [JocTymHOCTB, CHmKeHHe 3aTpar Ha Bricokast
CIOCOOHOCTB, HH3Kasi CTOMMOCTh HOBBIILICHUE JIMKBUJALMIO TOJIoNiela  |TUIaBsiast
HeOoJIbIIast HopMa Marepuana, ko3¢ duienTa Ha Ipoe3xeil yacTu 3a CIOCOOHOCTB,
pacxoza, obpaboTka MI'HOBEHHOE CLEIUICHUS, cuet BBeaeHus [1I'M BO3MO>KHOCTb
ydJacTka 0oJbIoit TIOBBIIICHHE BO3MOXHOCTb B COCTaB MOKPBITHS MHOT'OKPaTHOTO
TUIOIIAABIO OHUM ko3 puienrta MHOT'OKPaTHOTO HCTIOb30BAHUS
aBTOMOOHIIEM CIICIUICHUS HCTIOBb30BAHUS
Henocratok |Bricokas cTouMOCTh Bonbmras Hopma poc- |Breicokue TpeboBanus | CHIKEHHE Bricoxuit
Marepuaa, orpaHu- CBIIH, UCTIOJIb30BAHME |K KAYECTBY MaTepuaia, |MEKPEMOHTHBIX CPOKOB |pacxo/] TOILIHBA
YEHUs yCIIOBHUI UCIIONb- |OONBIIOTO KOJIWYe-  |HAapyIIEHHE TeXHOJIOTHH | CITyKOBI IIOKPBITUS
30BaHus (110 TEMIIEpa- |CTBa pacHpeelt- PE3KO yXyJLaeT
Type, UHTEHCUBHOCTH  |TeJel, 3HAUNTEIIbHBIH | YCIOBUS IBHKEHUS
JBIDKCHUS), JKECTKHE |00BEeM 3arOTOBKU
TpeboBanus K coomo-  ([II'M, cnaboe 3akpen-
JIEHUIO TEXHOJIOTUH nenue I1I'M nHa
pabot TIOKPBITUH
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XuMHUYEeCKHii crocod 60pbhobI
¢ 3UMHeH CKO0JIb3KOCTBIO

[IpoTuBoroNONEAHbIE MaTepHallbl — 5TO Bellle-
CTBa, KOTOPBIE BCTYMAIOT B XUMHUYECKYIO PEAKIIHIO
C YacTHIIaMH JbJia ¥ 3()PEKTHBHO pa3pymIaroT Jie-
JisiHBIe 00pa3oBaHusi. Hanbomnee W3BECTHBIMU MTPH-
MEpaMU XUMHYECKUX aHTUTOJIOJNICTHBIX PEarcHTOB
MOTYT CITy’)KUTh TaKUE CPEJCTBA, KaK XIJIOPHUJEI,
HUTPATHI, aleraThl, (OPMHUATHI, a TaKXKE CMECH
oprannueckux emects [1-10].

C 1enpi0 MPOTHO3WPOBAHMS CBOMCTB CHCTEM
C HU3KUMH TeMITepaTypaMHu 3aMep3aHusi, KOTOPhIC
MOTYT OBITh TPUMEHEHBI KaK aHTHUTOJIOJICTHBIC
CpelcTBa, aBTOPAMH CTAaThU M3y9YCHA 3aBUCUMOCTD
TeMIlepaTyphl 3aMep3aHdus HEKOTOPBIX  0a3o-
BBIX COCTaBOB OT IIOCTENIEHHOTO pa30aBlIeHUI
UX BoIO# (Tadm. 2—11).

Tabauya 2
Cucrema 3Tui10BbIH cniupt — Boxa (C,HsOH-H,0)

Ethyl alcohol — water (C,H;OH-H,0) system

Tabnuya 6

Cucrema anerat kaaus — soga (CH;COOK-H,0)
Potassium acetate — water (CH;COOK-H,0) system

CozepxaHue CoH, Temneparypa
r/100 r H,O 3amep3anusi, °C
40,0 -29
50,0 58
Tabauya 7

CucTremMa aueTaT Kajausi — IJIMIEPUH — Boja
(CH3;COOK-CH,0H-CHOH-CH,0H-H,0)

Potassium acetate — glycerine — water
(CH;COOK-CH,0H-CHOH-CH,0H-H,0) system

CozepxaHue cnupra, Temmnepatypa
Mmac. % 3amep3anus, °C
46,3 -34
56,1 —41
72,9 51
Tabnuya 3

Cucrema rimuepuH — soga (CH,OH-CHOH-CH,OH-H,0)
Glycerine — water (CH,OH-CHOH-CH,0OH-H,0) system

CozepxaHue pacTBopa, BoJbl, Mac. %
Temneparypa
CH;COOK CHZ%I;I;(C)EOHf H,0 |3amep3anus, °C
35 15 50 -34
40 10 50 =37
45 5 50 —44
50 10 40 BricokoBszkas
HEKPHCT. J10
35 3 40 munyc 70 °C
Tabnuya 8

CncreMa H30ﬂp0]’[l/lJlOBl>Iﬁ CIIMPT — INIMIEPUH — BOJAA
[(CH3),CHOH-CH,0H-CHOH-CH,0H-H,0)]

Isopropil alcohol — glycerine — water
[(CH;),CHOH-CH,OH-CHOH-CH,0H-H,0)] system

CopaeprkaHue pacTBOpPa, BOJBI, Mac. %

Copeprxanue Temnepatypa
rijnepusa, Mac. % 3amep3anus, °C
60,0 =35
70,0 —40
Tabnuya 4

Cucrema CaCl,-H,0
CaCl,-H,O0 system

CH,OH- Temneparypa
(CH;),CHOH CHOH- H,0 | 3amep3anus, °C
CH,0H
30 30 40 33
Tabruya 9

Cucrema CaCl,-MgCl,-H,0
CaC1,-MgCl,-H,0 system

Copnepxanue CaCl,, Temnepatypa
r/100 r H,O 3amep3anus, °C
34,6 =31
36,2 =35
37,9 -39
39,7 —44
41,6 =50
42,7 =55
Tabnuya 5

Cucrema MgClL,-H,0
MgCl,-H,O0 system

Conepxanne MgCl,, Temmepatypa
r/100 r H,O 3amep3anusi, °C
25,2 -32
25,9 -34

ConeprkaHue pacTBOpa, BOJBI, Mac. % Temnepatypa
CaCl, MgCl, H,O | 3amep3anus, °C
12,10 12,1 75,80 -34
21,27 7,19 71,54 47
20,37 6,87 72,82 —40
19,10 6,46 74,41 =27
27,69 1,99 70,32 —45
21,34 1,75 73,91 -33
11,40 11,40 77,20 =35
12,20 12,20 75,60 =35
19,20 6,40 74,40 =35
25,00 1,60 73,40 =35
12,70 12,70 64,60 —40
20,30 6,70 73,00 —40
16,40 1,70 71,90 —40
21,10 6,00 72,90 —45
27,60 1,60 70,80 —45
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Tabauya 10
Cucrema CaCl,-MgCl,—NaCl-H,0

CaCl,-MgCl,-NaCl-H,0 system

CozepxaHue pacTBopa, BoJbl, Mac. % Temneparypa

CaCl, | MgCl, NaCl H,0 | 3amepsanus, °C

11,15 11,15 1,85 78,85 -32

11,36 11,36 1,25 46,02 =35

11,95 11,95 1,32 74,78 —40

20,40 6,80 1,65 71,15 47
Tabauya 11

Cucrema CaCl,-NaCl-H,0
CaCl,-NaCl-H,O system

Copneprxanue pacTBopa, BOabl, Mac. % Temneparypa
CaCl, NaCl H,O | 3amep3anus, °C
23,72 4,00 72,28 =35
24,20 1,00 74,80 -30
23,80 1,80 74,40 -30
22,00 3,80 74,20 -30
25,80 1,00 73,20 =35
25,60 1,80 72,60 35
23,80 4,00 72,20 =35
26,25 2,19 71,56 -38
27,20 1,00 71,80 —40
28,74 1,11 70,15 —45
26,80 2,00 72,20 —40

W3 mpuBeeHHBIX TAHHBIX BHIHO, YTO C pa30aB-
JICHUEM BOJIOW BBIJICJICHHBIX 0a30BBIX PACTBOPOB
TEMITEpaTyphl WX 3aMEp3aHHs PE3KO ITOBBIMIAFOTCS.
MaccoBble COOTHOIIEHHSI KOMITIOHEHTOB CHCTEM
B pacdere Ha CyXOe€ BEIIECTBO OCTAIOTCS IMOCTOSH-
HeiMU. CpaBHeHHE cocTaBoB ¢ 85-90 mac. % Boabl
MO3BOJISIET BBIJICUTH HAHOOJIEe MPUTOTHBIE IS HC-
MOJIL30BAaHUS B KAYECTBE OCHOBHBIX aHTUIOJIOJIEH-
HBIX CPEJICTB POJIOHTMPOBAHHOTO JICHCTBUSL.

Temrmieparypa 3aMep3aHus IIPUPOTHOTO BBICOKO-
KOHIICHTPHUPOBAHHOTO paccoyia, J00BIBAEMOTO
npu  pa3paboTKe HEPTIHBIX MECTOPOXKICHUH,
muHyc 25 °C. Paccon — GecuBeTHas W C JKEITO-
BAaTBIM OTTEHKOM JKMIKOCTH O€3 3amaxa, €ero
XapaKTePUCTHKH: IIOTHOCTH 1200—1300 Kr/m’;
MaccoBas aos cyxux Bemects 25,0-35,0 %; conep-
’KaHue MOHOB, % OT MaccoBoi momu: 56,0—66,0 xio-
pa, 6,0-21,0 kanpuus, 0,5-3,5 maraus; pH = 4,5-6,6.
Paccon sBnsieTcs moxkapo- ¥ B3pBIBOOE30IMACHBIM
BemectBoM. [lo cremenm BO3mEHCTBUS Ha opra-
HHM3M Y€JI0BEKAa OTHOCUTCS K BEIIeCTBaM 3-ro Kjac-
ca omacHocTH. MoxeT ObITh IPUMEHCH B KaueCTBE
AHTUTOJIOJIGIHOTO ~ CPEACTBAa TMpU  TEMIIepaType
OKpYy’KaroIten cpeabl 10 muayc 15 °C.

Hayka
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Huskyro Temmeparypy 3amep3aHus (Me-
Hee munyc 70 °C) mokazana rojoBHas (pakuus
MpU TOJYYEHUH STUIOBOTO crmuprta. CormacHo
TY Pb 00966671, dhpakuus comepXuT: 00bEeMHYIO
JIOJII0 THJIOBOTO criupTa — He MeHee 88,3 %; mac-
COBYIO KOHIICHTPAIIMIO allbJCTHIOB B IiepecyeTe Ha
YKCYCHBII anbIerun — MeHee 2 I/IM° Ge3BOIHOrO
CIIMPTA; MACCOBYIO KOHIICHTPALIMIO CIIOXKHBIX d(u-
POB B IepecueTe Ha YKCYCHO-3THIIOBBIN 3(Up — HE
Gonee 60 r/mv’ Ge3BOIHOrO CHHUpTa; MacCOBYIO
KOHIICHTPAIMIO BBICIINX CHUPTOB (CHBYIIHOTO
Macna) — He Gomee 2,5 r/aM° GE3BOMHOTO CIIHp-
Ta; OOBEMHYIO JOJI0 METWJIOBOTO CIHpTa — HE
ooiee 6,0 %.

JlobGaBka riMiepuHa K UCXOJHOMY MaTepUaly
B O0OBEMHBIX COOTHOLIEHHAX 5:5, 5:4, 5:3, 5:2
u 5:1 moBblana BA3KOCTh CUCTEMBI IIPU TeMIIEpa-
type munyc 30 °C, HO TeMmmepaTypa 3aMep3aHHs
BO BCEX cocTaBax ocranack MmeHee munyc 70 °C.

AnTturononenueiii pearent (AI'P) amerar ka-
nust «Hopauke» mo cBOMM CBOWCTBaM B JiBa pasa
a¢dhexkTuBHEE XNOpHUaa Kanbius. Mol kanus ycBa-
MBaeTCs PACTEHUSAMH, a YKCyCHas KHCIIOTa, 00pa-
3yIOIIascs MpPU THAPOJN3E STOW COINH, SBIAETCS
OMOJIOTHYECKU pa3ziaraeMbiM BemecTBoM. AP —
3TO HE MPOCTO PACTBOPHI COJICH, B UX COCTaB 00s-
3aTeNbHO J00AaBIISAIOT MHTHOWUTOPHI, CTAOMIN3aTo-
pBl U Oy(depbl, KOIUIeCTBO KOTOPBIX CTPOTO KOH-
TPOIHPYETCSL.

[IpencraBnser UHTEpEC Tak)Ke CMECh alleTaToOB
KaIlbIUsl ¥ MarHusi, KOTopas MOXeT OBbITh TOJy-
yeHa MpU B3aUMOJECHCTBUU YKCYCHOH KHCIOTBI
u ponomuta MgCO;-CaCO;. DTOT OTHOCUTEIBHO
JIETIeBRIA TIpernapar BecbMa s dexTuseH. [lpu uc-
MOJIb30BAaHUM TOCJIC Pa30aBiCHUs BOIOW B TOYKE
ero cienoB He oOHapykeHo. Koppos3uonHoe nei-
CTBHE Ha METaJUTbl JAHHOW CMECH aleTaToB CpaB-
HWIU C IeicTBUEM BOJbl. BmecTe ¢ TeM 3Ta cmech
s¢pexTrBHA TONBKO 10 MUHYC 7 °C.

@OpPUKINOHHBbIN MeToA 00PBHOBI € r0J10J1e10M

[Mocne monrux mpoO, OMMOOK W HAYYHBIX HC-
CJIEJIOBAHMI 3araJHOEBPOIEHCKUE CTpPaHBl Ipak-
TUYECKH IOJHOCTBIO OTKA3aJINCh OT HCIOJIb30Ba-
HUSl XUMUYECKHX PEarcHTOB JJIS IUIABJICHUS CHETa
u nbaa. B bepnune, Hanpumep, 3aK0oH pa3peliaet
IPUMEHATh COJb TOJBKO HA OMNACHBIX YyYacTKax
Jopor. XMMHUKaTbl HAHOCST CIUILIKOM OYEBHJIHBII
Bpell OKpY’Kalollei cpele W TOpOJCKOMY XO3Si-
CTBY. MeNKUIl NECOK TOXKE HE Iy4IIUil BapUaHT.
OH NBUINT, MONAAAET B JIETKUE U HE TOJEH K BTO-
PUYHOMY HCHOIB30BaHMIO. Torga kKak KaMeHHas
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KpOIIIKa 3KOJIOTHYHA M AKOHOMHYHA, XOTS H3Ha-
YyaJbHO 00XOAWTCS AOpoke coiu. Metox pasOpa-
CBIBaHUS TPAHUTHOW KPOIIKW HAa3BIBAIOT (PPUKIIHU-
oHHBIM. ['0JlONIen ATHM CITOCOOOM TOJHOCTBIO HE
YCTpaHUTh, HO CIETUIEHHE KOJIeC ¢ JOPOroi yiIyd-
TraeTcsl.

B 2004 r. B lIIBeniuu BHeApUIM HOBBIM METOJ
OOpBOBI C TOJIONIEOM, KOTOPBIH MPEIIOKHI IIIBEI-
ckuil yuensld Topreilp Baa. Ilecok B mpomop-
1Mk 7:3 cMemmBaroT ¢ ropsiueid Bogoit ((90-95) °C)
U pa3OphI3rUBalOT Ha yhulax. [opsumii mecok
BIUTABIIIETCS B CHET U JIeNaeT MOBEPXHOCTh IIepo-
xoBaToi. Takoil 0OpabOTKM XBaTaeT Ha TPHU-CEMb
IHEH ¢ exXeTHeBHBIM TpadukoM okojio 1500 aBTo-
MOOWIIEeH, MK TIOKA He MPOUIET HOBBIA CHETOTA]T.

I'panuTHas Kpoinka, TpeACTaBIsIONIas coOoi
HEOOJBITNE (PPAKITUN TPAHUTHOTO KaMHS, TpeaHa-
3HAaY€Ha ]ISl MOCHIIKH JAOPOT B 3UMHHU TIEPUOI.
Omna yxe yactuuHo npumensercs B Poccuu. Onna
W3 TIPUYHH OTPAHUYCHHS — CHEIU(PUKA TOPOICKOH
KaHAIM3alud 1 0COOEHHOCTH HMCIOJIb30BaHUs Tpa-
HUTHOM Kpomku. Tak, 70 % ropoJIcKux CTOKOB —
3TO TaK Ha3pIBaeMas OOIIEeCIIaBHAS KaHAITU3aIus,
T. €. BOJIa U3 JINBHEBHIX CTOKOB M JJOMOB TOPOXKaH
MOCTyIaeT Ha CTaHLUMU OYHMCTKH B €IUHOM KOJI-
JIEKTOpE, KOHCTPYKTHBHO HE TNPEIHA3HAYEHHOM
JUTS TBYDKEHHSI OOJIBIIOTO KOJHMYECTBA MENKOTO
KaMHs. BepoaTHOCTH TOTO, 4TO CTOKH OynyT 3a0u-
TBI, IPUYEM B CaMbIX TPYAHOAOCTYIHBIX Y4acT-
Kax, OYeHb BBICOKAa. B Tex mecrax ropona, rie
JTMBHEBas KaHAJIM3AIHs N30JIMPOBaHA OT OBITOBOM,
TaKo# croco0 MPOTUBOJCHCTBHS TOJIONIEAY aKTya-
ned. Ho u TyT oH TpeOyeT TIATEeNbHBIX PacyeToB
MPUMEHUTENHHO K KaXJI0W KOHKPETHOW TEpPPHUTO-
pYY, TaKk Kak Jaxe HW30JUPOBAHHBIC JMBHEBEHIC
CTOKM HE BCEr/a MOTYT CIPAaBUTHCS C MPOXOXKIE-
HHUEM I'PAaHUTHOU KPOILKH.

BTopoii MOMEHT, OrpaHMYMBAIOIIMA IPUMEHE-
HUE 3TOr0 JKOJOTHYECKOr0o MaTepuaina, — mopya
uM Jopor. Jler1o B TOM, 9TO KpOIIIKa HEe Ha CBEKEM
Hakare, a Ha YACTOM acdaiabTe OyIeT HE CTOIBKO
MPeIOTBpaIlaTh TONOJNEN, CKOJBKO pa3pyllaTh
JIOPOTOCTOSIIIEE JOPOKHOE TOKPBITHE, Kojieca U
JTHUIIA aBTOMOOMIIEH.

OpHako kporika BecbMa 3(h(EeKTHBHA B yCIO-
BUsAX Tojoiena. Kak mpaBwmiio, mpu BO3HHKHOBE-
HUM OOJIe[IEHeHN B TOPOZE HCIIONB3YyeTcsl Tpa-
HUTHAs KPOIIKa BBICOKOTO Ka4eCTBa, MPECTaBIs-
fomfasi co0oW MeTKOpa3apoOIeHHBIH TPaHUTHBIN
mebenb. Kpome mnpodwmimakTuku rojoiena, oHa
MIPUMEHSETCS JUIs OJIaroyCcTpoHCTBa CKBEPOB, Hap-
KOB U T. T. [[71s moMydeHus: Takoil KpoIKu Tpedy-
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eTcsl pa3ApoOUTh JOBOJBHO KpyHHBIE (Dpakiuu
CPAHUTA U MOJIYYUTh OTCEB YACTHIL], HE MPEBBILIA-
omux 2 MM. Ha 3aBepinaroniem 3rtane KpoIika
MOeTCsI, 9TOOBI YAATUTh U3 Hee MEITKHE IECUNHKH.

B Ounnsaauu u JlaHuu HaULM CBOU crocoO:
Ha J0OpOTre OCTaBIIAIOT TOHKHH (2—3 cM) cioi cHe-
ra. CBepxy HachIAIOT TPAHUTHYI WJIH Mpa-
MOPHYIO KpOIIKY W TJIOTHO YKaThiBalOT. B psge
CIyyacB Ha TMOBEPXHOCTh JOPOTH BBUIMBAIOT
CHeNMaIbHyl0 CMeCh W3 BOABI W ImeOHSA. B mTore
o0Opa3yercsi TOKpBITHE, HAOMHUHAIOIIEE HaXKIad-
Hyto Oymary, ClenHbIe CBOWCTBA KOTOPOTO — Tpe-
BOCXOJIHBIC. BecHO# KaMEHHYI0 KpPOIIKY cobmpa-
0T CTeNHaIbHON TEXHUKOHU, a B CIEAYIOIIEM TOIy
CHOBA UCHOJB3YIOT.

AHTHUTOJIONIETHBIE PEeareHThl, o0naarmue ab-
pPa3uUBHBIM JEHCTBHEM, CIOCOOCTBYIOT HE CTOJb-
KO OBICTpOMY TAasiHUIO JIbJla, CKOJIBKO YBeEIU4Ye-
HUIO0 KO3 UIMEHTa CIEIUICHUS Ha JOpOTrax, 4YTo
3HAUYUTEIIBHO CHMKAET PUCK BO3HHWKHOBEHMS aBa-
puitHeIx cuTyanuid. Yame Bcero abpa3uBHBIE
BEIIeCTBa HCIIOJIB3YIOTCS Ui 00pabOTKH aBTOMO-
OMIIBFHBIX JOPOT BBICOKMX KAaTETOPHHA M aBTOMAaru-
cTpaneii. CaMbIM pacIpOCTPAaHEHHBIM CPEICTBOM
MMOIOOHOTO THUIA SIBIIICTCS MpaMOpHas U TPaHHT-
Has Kpouika. Takue MeToAbl MOYKHO MCIOJIb30BATh
B T€X MeECTax, II€ pealn3yercs OTCEB TIPAHMUTA
U Mpamopa.

KomOunupoBaHHblii ciocod
00pBLOBI € roJ10J1e10M

B atom crmocobe 00phOBI ¢ TOIOICIOM HUCTIONh-
3yIOTCSI KaK BEIECTBa, oONajaroniue adpa3uBHBIM
3¢ PeKToM, TaK U peareHThl, OKA3bIBAIOIINE XUMHU-
YecKoe BO3/ICHCTBHE HA JIEH, YTO MO3BOJSIET 3HAUH-
TENBHO MOBBICUTH 3()(HEKT OT MPUMEHEHHS aHTHIO-
JIOJIEIHBIX pEareHTOB. Y Ka)KAOTO U3 MepedrclieH-
HBIX TUIOB IPOTHBOTOJIOJIEAHBIX CPEJICTB UMEFOTCS
CBOYW HEIOCTaTKH ¥ JIOCTOMHCTBA, KOTOPBIE CIIeTyeT
YUUTBIBATh TPU PEaM3aldN AHTUTOJOJICIHBIX Me-
POTIPHUATHI 111 KOHKPETHBIX TIEJIeH.

XVWMUYECKHE pEeareHThl SBIAIOTCA Hauboee
BOCTpeOOBaHHBIMHU CpeicTBaMU OOpHOBI ¢ 00Iee-
HEHHEM IOBEPXHOCTEH, TaK KaK OHU OTIUYAIOTCS
BBICOKOH CKOPOCTBIO TUIABIICHUS JIbJIa, HEOOXOIH-
MO# 17151 3(HEKTUBHOTO OYMIICHHS TTOBEPXHOCTH,
U JIOCTYNTHOW CTOMMOCTBIO. TeM He MeHee y HHX
MMEIOTCS CIIEAYIONINe HeJOCTaTKH:

— Tpu OOINBIIION KOHIIEHTPAIIMU BEIECTBA CY-
IMECTBYET PUCK HCETaTUBHOI'O BO3IIGI7[CTBH$I Ha
OKPYKAIOIIYI Cpeay W >Kelne300eTOHHBIE KOH-
cTpykuuu. Tak, HCIOJIb30BaHUE TEXHUYECKOU
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COJIM B OOJBIINX KOJIMYECTBAX MOXKET IPUBECTH
K 3aCaJIMBAHUIO MMOYBHI U BO3HUKHOBCHHIO KOPPO-
3WU HAa METAJTHUECKUX TIOBEPXHOCTSX;

— HEKOTOpbIE XHMHUYECKHE aHTHUIOJIOJICIHBIC
peareHThl HeloCTaTOUHO 3(D(EKTUBHBI MPU HU3KUX
TeMIepaTypax.

K nmocroumHcTBaM mNpHMEHEHHUS aOpa3uBHBIX
BEIIIECTB MOXKHO OTHECTH OBICTPOE IIOBBIIICHUE
KOX(UIMEeHTa CIeTUICHHs KoJieca aBTOMOOHIIS C
JIOPOKHBIM TOKPBITUEM, JOCTYITHOCTh, BO3MOX-
HOCTh HEOJTHOKPATHOTO HCIOJb30BaHUs. WX rias-
HBIA HEJIOCTATOK — OTCYTCTBHE IUIABAIICH CIIOCO0-
HOCTH JbJA.

OnTUManeHBIA BapUaHT Ui OOpaOOTKH J0-
POXHBIX TOBEPXHOCTEH B TOpojax — KOMOWHHU-
pPOBaHHBIC CMECH, KOTOpbIE O00IamalT BCEMH
HEOOXOIMMBIMM AHTHTOJIONENHEIMH KaueCTBaMHU
U UMEIOT B CBOEM COCTaBE aHTUKOPPO3UIHBIC J0-
OaBku. BaxxHOe MpeMMyIEeCTBO TaKWX cMecell —
JKOJIOTHYECKasi 0e30MacHOCTh, YTO Hapsay C J0-
CTYIHOM IIEHOM, JeNaeT UX JAOCTATOYHO MOMyJIsp-
HbIMH. OHU 3apeKOMEHIIOBAIH CeOsl TOJNBKO C TI0-
JIOKUTEJILHOW CTOPOHBI, C UX IMOMOIIBI MOXHO
JIOOUTHCS KAa4eCTBEHHOTO pe3yJibTaTa B CaMbIe
KpaTKue CpoKH. bruaromaps mpoayMaHHOW Xu-
MHUuUeckor (opMmyie, B COCTaB KOTOPOW BXOJHUT
HECKOJIKO CHJIBHOACUCTBYIOIIMX BEIIECTB, 3TH
peareHThl OBICTPO MPEBPAIIAIOT JICA U CHET B 0€3-
OMACHYI0 PaCTOIUICHHYK) CMECh, JIETKOYCTPaHU-
MY MEXaHHYECKUMH CPEICTBAMHU.

Bricokas 3pQexkTHBHOCTE KOMOMHHUPOBaHHBIX
peareHTOB JOCTUIAeTCs 3a CYET TOro, YTo B HHUX
yale BCEro MCIOJBb3YIOTCS B Pa3IMYHBIX COYETa-
HUSX TaKUe BEIIECTBA, KaK MPAaMOPHBIA WM Tpa-
HUTHBIN 1eOCHb, ()OPMUATHI HATPHSI UM aleTaThl
Kanus, XJOPUA HarTpus (KaublWs WIX MAarHuWs),
HUTPATHI U IPYTHE COCTUHCHIS.

KoncTpykunonnsblii crnoco0
00pBLOBI ¢ roJi0JIe 0M

Bo03MOXHO TakXe BBEIEHUE B COCTaB IMOKPHI-
THS aBTOMOOWJIBHBIX JIOPOT BEIIECTB, 00Iamaro-
[IUX TPOTUBOTOJIOJIECAHBIMU CBOMCTBAMH, B OCHOB-
HOM — xumuueckux [II'M. B 3aBucumoctu oT mpo-
U3BOJUTENS] PEareHTOB M HUX MPEANoiaraeMbIX
YCJIOBHM SKCILTyaTallid COCTaB MOXKET OTJIMYaTh-
ca. Kak mpaBuio, HCHONB3YIOTCS HMEHHO 3TH
KOMIIOHEHTBI, HO MX KOJIMYECTBO MOXKET OBITh pas-
JIUYHBIM.

[TpuHIMnO AeHCTBUS W TJIaBHOE CBOMCTBO KOM-
OMHUPOBAHHBIX pPEAareHTOB B TOM, YTO OHHU
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CHIDKAIOT TEMIIEPATypy IUIABICHUS CHETa M JIbJIA.
Bnarozlapﬁ 9TOMY IOKpPBITaA JbJAOM ITOBCPXHOCTH
OBICTPO OCBOOOXKIACTCSI OT TOJIOJIEIa M CTAHOBHT-
cs1 6€30MaCHOM /IS IBHKECHHSL.

Kaxnaplii oTnenbHbIA peareHT JOJDKEH COOT-
BETCTBOBATh OIPEACICHHBIM TPEOOBAHMAM, OBITH
0e30IacHBIM ISl 3[TOPOBBS JIFOJICH 1 HE HAHOCUTH
Bpe/a OKpyxkaroliel cpene. [ maBHbIe JOCTOMHCTBA
KOMOMHHUPOBAHHBIX PEAareHTOB:

— OBICTPO CHWXAIOT TOYKY 3aMEP3aHHS BOJIBI
Jlake TIPU HU3KHUX TeMIIepaTypax BO3IyXa;

— B3aMMOJICICTBUE UX CO JILJJOM U CHETOM TpO-
TEKaeT KpaiiHe OBICTPO, U OMacHas Macca JibjJa Ha
JIopore cpa3zy HadMHAET TIABUTHCS;

— HHKaK He JIEHCTBYIOT Ha COCTOSHHE CaMOro
MIOKPBITHSI, HE HAHOCST €My Bpe/ia U MOBPEKIACHUN
MIPH UCTIOJIb30BaHUHM HHIHOUTOPOB KOPPO3HH.

Marepuansl Ui TPUIAHUS AHTHTOJIOJEIHBIX
CBOMCTB TOKPBITHUSAM aBTOMOOMJIBHBIX JIOPOT, TaK
ke, KaK U MPUMCHIEMbIC B XMMUYECKOM METOJIC
OOpBOBI C TOJIOJICIOM AHTHUTOJIOJNICIHBIE PEAreHTHI,
JOJDKHBI  yIOBJIETBOPATH  CIEAYIOUINM TpeboBa-
HUSM:

— WMETh HHM3KO€ 3HaueHHe TeMIIepaTyphl 3a-
MEp3aHHs PAcTBOpPa 3BTEKTUYECKOM KOHIIEHTpa-
MU, KOTOpasl TaKKe MOJDKHA OBITh KaK MOXHO
MEHBIIIE;

— OBICTPO  B3aUMOJICHCTBOBATh CO CHEXHO-
JEeNSHBIMH OTJOXEHHUSAMH, OT Yero CyIIeCTBEH-
HO OyIeT 3aBHUCETh BPEMS JUKBHAANHA 3UMHEU
CKOJIB3KOCTH, a CJEIOBaTeNbHO, U 0€30MacHOCTh
JIOPOKHOTO JBMKECHUS;

—HE YBEIMYUBATh CKOJB3KOCTH JOPOIKHOTO
TIOKPBITHSI 0 ONACHBIX 3HAYEHUH, 9YTO 00yCIIOBIIE-
HO IIOBLIIIEHHOM TUTPOCKOIIMYHOCTBIO MHOT'UX
AHTHUTOJIOJICAHBIX PEarcHTOB;

— HE BBI3BIBATH NPEXKACBPEMEHHOTO pa3pylie-
HUS JOPO>KHBIX IOKPBITHH;

— UMETHh HEBLICOKYIO CTOMMOCTD, LIT06I>I HE
MIPUBOJNUTH K CYIIECTBEHHOMY yAOPO’KaHHIO TOTO-
BOTO TIOKPBITHUS;

— HE yrHeTaTh 3eJICHbIC HACAXKICHHUS 33 Tpeie-
JIAaMH TIOJIOCHI OTBOJIA M OKa3bIBaTh HE3HAYMTEIIb-
HOE BIHUSHHE HA PACTHTEIBHOCTH, MPOU3PACTAIO-
Y0 y TOPOTH;

— HE OKa3bIBaTh OTPUIATEIILHOTO BIIMSHUS Ha
METaJljl, PE3UHY U KOXKY;

— UMETh YI0O0HBIN crioco0 pacmpeneneHust (s
peareHToB).

OTuM TpeOOBaHUAM JydYllle BCEr0 COOTBETCT-
BYET TEXHUYECKUN XJIOPUCTBIN HATPUM, KOTOPHIN:

— HeCMOTps Ha OoJiee BBICOKYIO TUIABAIIYIO
cnocobnocte CaCl, u MgCl,, umeer comocraBu-
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MBIE C HUMH TEMIIEPaTyphl 3aMEp3aHusi pacTBOPOB
¢ xoHmeHtpamued 10 10 %, a TakKe BBICOKYIO
CKOPOCTh TIJIABJICHUSI CHEXXHO-JIEASHBIX OTIIOXKe-
HUH, YTO MO3BOJIUT 3HAYUTEIHHO CHU3UTh aJI€3HI0
JIbJIa K MOBEPXHOCTH TTOKPHITHS;

— HE TPUBOIUT K IMOBBILEHUIO CKOJIB3KOCTU
ac¢anbToOETOHHOTO TIOKPBITHS, B TO BpeMs Kak
HEKOTOphIe apyrue coiu, B ToM uucie CaCl,,
BCJIEJICTBUE TUTEIHFHOTO HEBBICHIXAHUS CHIDKAIOT
kKod(pummeHT CIerIeHNsT Ha TJIaAKuX W MHUKPO-
IIEPOXOBATHIX MOBEPXHOCTSX, YTO, COTJIACHO JIeH-
cTByrOIIeMy PykoBoacTBYy mo OophOe C 3uMHEH
CKOJIb3KOCTBIO Ha aBTOMOOMIIBHBIX JOPOTax, orpa-
HUYUBACT 00JIACTh UX IPUMCHEHHUS,;

— MMEET CaMyl HEBBICOKYI) CTOMMOCTh U3
BCEX BO3MOXKHBIX IS MCIIOJIb30BAaHUS B 3TOM Ka-
YeCTBE MPOMBINIICHHO BBIITYCKAEMBIX MaTEPHAJIOB,
KpOME€ TOTO, MOTYT TNPUMEHATHCS MHOTOYHUCIICH-
HBIE OTXOJbl IMPOMBIINIJICHHOCTH, B XHUMHUYECKOM
COCTaBe KOTOPBIX COJIEpKUTCs Oosee 95 % mel-
CTBYIOIIETO BEIECTBA;

— HE pa3[pa)kaeT KOy M HE OKa3bIBaeT CyIIe-
CTBEHHOTO OTPHIIATENHHOTO BIMSHUS HA PACTH-
TEIbHOCTh, IpoM3pacTarolnyro naiee 3—4 M oT
KPOMKH TIPOE3KEH 4acTw;

— TEXHOJIOTHYEH TpU BBOJAE B COCTaB MHHE-
panpHOH wacTH acanbroOeToHa. OZHAKO MOXKET
00ECTeYnTh aHTUTONIONENHBIH 3PPEKT TOIBKO
B mpenenax temmeparyp or 0 go mmmyc 7 °C;
3TO OOBSICHAETCS TEM, YTO CHJIBI CMEp3aHHs JIbJa
C JOPOXHBIM TOKPBITHEM BO3pacTaloT Oojee WH-
TEHCUBHO TPH MPUOIIKEHUH TeMIIepaTyphl JibJa
K 9BTEKTHYECKOH IJsl TaHHOTO peareHTa. DBTEK-
THUYECKas TeMIepaTypa XJIOPHCTOrO HaTpus —
munyc 21,2 °C mpu 3BTEKTHYECKOH KOHIIEHTpa-
nuu NaCl 23,3 %, aHaJIOTHYHBIA IMOKa3aTellb XJI0-
puctoro kamelusa — MuHyc 49,8 °C mpu 3BTEKTH-
yeckoir koHneHtpamuu CaCl, 30,5 %. Ilostomy
MpUMEHEeHNe TocienHero oonee 3pPEKTUBHO MPU
HU3KUX TeMIIEpaTypax.

CoBMeCTHOE HCIIOJIb30BaHUE XJIOPHCTBHIX HAT-
pUS W KalblUs B COOTHOIICHWH NpUMepHO 1:7
(87,5 % NaCl u 12,5 % CaCl,) npuBoguT K co-
KpallleHHI0 Pacxojia aHTUTOJIONICAHOW JOOaBKH
Ha 2540 % u pacIIMpeHHIo Iuamna3oHa TeMIepa-
Typ A0 muHyc 18 °C. MeHpmmii pacxon KoMOu-
HUPOBAaHHON aHTHUTOJIONEAHON 100aBKH (CMeCh
XJIOPUCTBIX HATPUS M KaJNbIUs), MO CpPaBHECHUIO
C HCIIONIE30BaHUEM TOJBKO XJIOPHUCTOTO HATpHS,
VIIYYIIUT AKOJOTHYECKYI0 00cTaHoBKy. Kpome
TOT0, XJIOPUCTHIN KalbIMid NPU PACTBOPCHHUH BBI-
nensieT OOoNbIIoe KOJNWYECTBO TEIDIOTHI (peakius
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PACTBOPCHHS 3K30TCPMHUUECKAs), YCHIUBAIOIICH
IUIaBJICHUE JbJIa, B TO BPEeMsl KaK XJIOPUCTHIN
HaTpUHd TPU PACTBOPEHUU TMIOTIIOMIAET TEIUIOTY
(peakIust pacTBOPEHUS YHIOTEPMHIUIECKAS).

beronHbie KOHCTPYKIIMU 0071amatoT OobIieh
KOPPO3UOHHOM CTOMKOCTBIO K XJIOPUCTOMY Kallb-
LINIO, 9€M K XJIOPUCTOMY HATpPHIO.

X0pua HaTPHUs CIEKUBACTCS, TIOITOMY PEKO-
MeHyeTcs A00aByATh Kk HeMy 10 10 % Oonee rur-
POCKOITUYHOTO XJIOPUCTOTO KAIIBIUS, TPUCYTCTBHE
KOTOPOTO PE3KO CHUXKAET CIICKUBAEMOCTh CMECH.

Ha ocHOBaHMM TIEpEYHCICHHOTO MOXHO CJHe-
JaTh BBIBOJ O PAIlMOHAIIEHOCTH BBEIEHUS KOMOH-
HAPOBAaHHOW aHTUTOJIONICTHOW M00aBKU (cMecH
XJIOpUJIa HATPUS M XJIOPUCTOTO KaJbIHs) B CTPYK-
Typy MOBEPXHOCTHOTO CJIOSI OETOHA ISl MPUIaHUS
€My aHTHUTOJIOJIETHBIX CBOMCTB.

I'mapododusanus 0eTOHHBIX NOKPBITHI

TBepapie W KHUIKAC XJIOPHIBI, TPUMCHICMBIC
IUiT OOpBOBI C 3UMHEH CKOJB3KOCTBIO, 00IamaroT
arpecCUBHON XHMHUYECKOH CIIOCOOHOCTHIO: pa3py-
[IAI0T METAUIMYECKHE TOBEPXHOCTH aBTOMOOU-
Jeld, MOBEPXHOCTh LIEMEHTOOETOHHBIX MOKPBITHH
B pPaHHEM BO3pacTe, OOPIIOPHI, JKEIe300CTOHHBIC
JJIEMEHTHI MOCTOB, JINBHECTOKH; OTPUIATEIHHO
BIHMAIOT HAa POCT JACPEBHEB, 3€PHOBBIX KYIBTYP
U Ipyrol mpuaopoxHOU pactutenbHocTu. [loato-
My HOPMBI TPUMEHECHHS XJIOPHIOB I OOpHOBI
C 3HMMHEH CKOJB3KOCTBIO CTPOTO OTrPaHUYCHBI.
3apyOexHbBIH U OTEYECTBEHHBIN OTBIT TOKA3bIBAET,
YTO YCTaHOBJICHHbIE HOPMBI — MEHEe IpeneiIbHO
JOMYCTHUMBIX COTJIAaCHO TPeOOBaHHAM MO OXpaHe
OpUPOABI U OKpyKatomled cpexapl. IlpeBblmieHue
ATUX TPeOOBaHWU MPOUCXOMUT TPHU pacIpeserne-
HUM XJIOPUJIOB 3HAYUTENBHO OOJBIIC yCTaHOBJICH-
HBIX HOPM WJIM TPW HAPYIICHWUHU MPABHI UX XpaHe-
HUS, TIOTPY3KU M TPAHCTIOPTUPOBKH.

ITombITKM OTKa3aThCsA OT XJIOPHIOB I OOpPb-
OBl C TOJIONENOM NPEANPHHUMAINCH BO MHOTHX
CTpaHaX, OJIHAKO CTOMMOCTh 3UMHETO COJIEPKaHUS
IIpH 3TOM yBEIMYHBAaJach B TpH U Ooyee pa3 BMe-
CT€ C YBEJMYCHHUEM 4YHCIa IOPOKHO-TPAHCIIOPT-
HBIX ITPOUCIIECTBUH.

Jis CHIKEHMsI MHTEHCUBHOCTH KOPPO3HUU Me-
TAJUTOB B XJIOPUIHYIO Cpely J00aBISIOT 3aMe -
TENM KOPpPO3MM — WHruOuTOpHl. B mpouecce wuc-
CJIIOBAaHNH BBISBICHBI HanOoJee MTOCTYIHbIE WH-
THOWTOPBI, KOTOPHIE IEJIECO00pa3HO MPUMEHSTH
pu 60pb0e ¢ 3UMHEH CKOJB3KOCTBIO: FeKcameTa-
¢docthar HaTpus, ruapo- U guruapodocdaT HaT-
pus, cynepdocdar. Bee 3tn 100aBKM HETOKCHUYHEI,
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HE BPEIT 3€JICHBIM HACAXKICHUSIM, HE BIHSIIOT OT-
pHULIATEIFHO Ha CBOWMCTBA ITOPOXKHBIX HMOKPBITHH.
K tBepmpmM xnopuaam mobapisrotr 23 % murumpo-
oprodocdara Hatpus win 5—7 % ruapooprodoc-
¢dara Hatpus. [Ipu MCTIONB30BaHHMU KUIKUAX pac-
COJIOB HOpMbI MHIHOuUTOpoB cHIxaoT: 0,5-1,0 %
TUAPO- WK AUTHApOoopTodocdaTa WM TeKcaMeTa-
(dhocdara HaTpus.

MHoOrounCneHHbIe  HAOMIONCHUST  MOKa3allu
arpeccUBHOE BIMSHHUE XJIOPUJIOB TOJILKO Ha Ie-
MEHTOOETOHHBIE TOKPHITHSA, NpUYeM B paHHEM
BO3pacTe — JI0 TpeX JIeT. ATPEeCCUBHOCTh MPOSBIIS-
eTcs B HapyIIEHHH MPOYHOCTH MOBEPXHOCTH JO-
POXKHBIX TUIUT (MOHOJMTHBIX WJIM COOpPHBIX), IIe-
JMyImIeHNH ¥ BO3HWKHOBeHWH pakoBuH. [loka He
pa3paboraHbl 3PEKTUBHBIE METOIBI yCTPaHEHUS
XUMHYECKOM KOppo3uu LeMmeHTtoOeToHa. Yactuu-
HBIH 3¢ dekT mocTuraercs Npu NPUMEHEHHH BO3-
JIyXOBOBJEKaronumx g106aBok — okojo 0,1 % k mac-
ce 1memeHTta (MbpUTOHA(T, aOWETHHOBAs CMOIa,
Cynb(UTHO-CIIUPTOBAs Oapa u ap.).

[MosToMy 11t GOpPBOBI ¢ 3UMHEH CKOIB3KOCTHIO
Ha IIEMEHTOOETOHHBIX TOKPBITHAX, H3TOTOBJICH-
HBIX C BO3AYXOBOBJICKAIOIINMHU H00aBKaMH, MpH-
MEHSTh XJIOPUABI MOXXKHO B TOM CJyd4ae, €clii
TaKue MOKPBITHS UMEIOT BO3pacT HE MEHEee OHOTO
rojia, a Ha IIeMEHTOOCTOHHBIX TIOKPHITHAX 0e3 BO3-
JTyXOBOBJIEKAIOMINX J00aBOK, — KOTJa UX BO3pPacT
0oJjee Tpex IeT.

CrocoObl  mpenynpexiacHus o0pa3oBaHUS U
OpOQHUIAKTHKA 3UMHEH CKOJB3KOCTH BKIIOYAIOT
ruApodhoOM3aINIo TOKPHITHHA, BBEICHUE B BEPXHUI
CIION TIOKPBITUSL XJOPUAOB ((PH3UKO-XUMHUYECKUI
METOA) U TNPOPUIAKTHYECKYIO POCCHIb WM
PO3JTUB XJIOPUAOB.

lMunpodobuzanmst 3akarodacTcss B HaHECEHUHU
BOJIOOTTAJIKMBAIOIINX BemlecTB. Ha runpodunpHO
MOBEPXHOCTH BOJIA PACTEKAaeTCsl U 3aMep3aeT B BUIIE
CIUTIOIIHOTO CJIOS JIbJia, KOTOPBIH MPOYHO CKPETUIseT-
Csl C TIOBEPXHOCTHIO TIOKPHITHS. JTO CIETIeHHE YBe-
JUYMBaETCs 3a c4eT 00pa30BaHUs JIbJ]Ja B MHUKPO-
TpemmHax u nopax. Ha runpo¢oOHOI moBepxHO-
CTH YIOJ pAacTeKaHUsl JKHUIKOCTH 3HAYUTENBHO
OompITie, Boga OBICTPO CTEKACT C MOKPHBITHS, U JIe]
BOoOOIIEe HEe oOpasyeTcs, Wi oOpa3yercs B BHIE
OTNeNnbHbIX Kamenek. CIeIuieHne TakKoro Jibaa
B TpHU-YETHIPE pa3a MEHbLIE, YeM Ha THIPOQPHIb-
HOW TIOBEPXHOCTH, M €ro JIeTKO YAaJWTh MIeTOY-
HBIM MEXaHHU3MOM.

HoBBIM W MOCTaTOYHO HAAEKHBIM SIBIISIETCS
paspaboranubiii B MAJIM crmoco6 oOpaboTKH T1o-

Hayka
wrexHuka. T. 19, Ne 3 (2020)

BEPXHOCTH COOPHBIX IIEMEHTOOCTOHHBIX IUIAT —
rugpooOu3upytonield BOTHOHW 3MyIlbCHEH Ha
OCHOBE KpPEMHHUHOPTraHWYECKUX COECHUHEHHUM.
OMyIbCHIO HAHOCAT MYyJIBBEPH3aTOPOM B MOMEHT
W3TOTOBJICHUS IUTUT Ha 3aBoie (pacxoi SMyJb-
cun 200-300 F/Mz). [lpu sTOoM axaresust npaa
YMEHBIIAETCA B CEMb Pa3, T. €. TOJIOJNEe/ IIpaKTHIe-
cku He oOpasyercs. Cpok ciyx0bl 00pabOTKH —
OKOJIO TISITH JIET.

OU3NKO-XUMUUECKAH METOJ| 3aKJIIYaeTcss B
MPUIAHUN TIOBEPXHOCTH MOKPBITUS THIPOGHOOHBIX
CBOMCTB IIyTeM BBEACHUS B COCTAaB MaTepHala co-
OTBETCTBYIOIIMX XuMHueckux BemectB. B CIIA,
Kanane, ®PI', Illeiimapuu U Jpyrux cTpaHax
MPOU3BOT YKIATKY achaabTOOSTOHHBIX MOKPHI-
Tiil ¢ nmo0OaBkod «BepriauMuT», H3rOTOBICHHON
Ha OCHOBE XIJIOPHUCTOTO KaibpItus. Takume cmecu
MPENCTaBIIOT co0oil  aHTHOONeAeHUTEH. Ac-
(hanbTOOCTOHHBIC TOKPBITHS, B COCTaB KOTOPBIX
BXOJIUT 3Ta 100aBKa, TUIaBSIT CHET U JIe].

B T'mnpomopHMM pa3zpaboranu TEXHOJIOTHIO
YKJIaJIKU BEPXHETO CIIOS MOKPBITUS U3 ac(aibTo-
OETOHHOH cMecH, B KOTOPYIO JT00aBISIOT TBEPABIi
XJIOPUCTBIA HaTpuil — 10 5 % Macchl BsDKYIIETO.
IIpu sTOM Temmeparypa cMep3aHus JIbJia ¢ TIOKPHI-
THEeM cHu3uiack 1o muHyc 18 °C, a mpouHOCTH
CIEIUIEHUS JbJla C TOKPBITHEM YMEHBIIHIACh
1o 10 pas.

B MAJIU paszpabotan coctaB acanbToOETOH-
HOM cMecH, B KOTOPYHO IOOaBIISIOT BOJOPACTBO-
puMBIH mUTaK (OTXOJ IMPOM3BOACTBA BTOPHUYHBIX
ATIOMUHUEBEBIX CIUIABOB) KaK MPOTHUBOTOJIONEIHYIO
nobaBky (mo 7 % ot maccel achanbToOeTOHA).
Anre3uws JpIa yMEHBIIAeTCs B JBA-MATH pas.
Henocratok Takux MOKPHITUA — UX MOBBIIMIEHHAS
MTOPUCTOCTH IMOCIIE PACTBOPEHUS OOABKH, a TAKKE
HaJlMYWe BIIAXXHOW MOBEPXHOCTH JieToM. Kpome
TOT0, W3HOCOCTOMKOCTb 3TUX IOKPBITUH MOXKET
COKPaTHUTHCS 32 CUET LICTYIICHHUS.

BecbMa mepcrieKTHBHBEI ToI0NIe100€30IIacHbIe
MTOKPBITHS JIOPOT, a TaKKe MOBEPXHOCTHas o0pa-
00TKa MOKPHITHI U3 IUIAMOB C KpeMHHIOpraHnye-
CKMMHU WM JAPYTUMHU JI0O0ABKaMH, CHUKAIOIUMHU
aJre3uOHHbIE CBOWCTBA Jibaa. J[pyroe Hampabiie-
HHE B CO3JaHUM TOJIONEN00E30MaCHBIX MOKPBITHI
COCTOUT B NPHUIAHUU BEPXHEMY CJOK YIPYTUX
cBOiicTB. B 3TOM ciyuae nen, oOpasyromiuiics Ha
TTOKPBITHH, OYIET OBICTPO pa3pymIaThCS MO IcH-
CTBUEM MOBepXHOCTHU JeToM. Kpome Toro, nusHoco-
CTOWKOCTh TaKUX IOKPBITUH MOXET COKPATHUTHCS
3a cUeT aBTOMOOWIIEH, YTO MpHBEAET K Camo-
OounCTKe TOKpBITHA. [ stux meneir 8 MAJIU
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pa3paboTaHbl COCTaBbl MECUAHBIX PE3MHOOUTYM-
HBIX cMecell, B KOTOPBIX coaepxurcs ot 2 a0 7 %
pe3nHoBol kpouiku. Coi U3HOCA U3 ATUX CMecei
JIeJIaI0T TOJIIIMHOM 2 ¢M, OH 00JIaJaeT BHLICOKMMU
CIICTIHBIMH Ka4e€CTBAMHU BO BJIAYKHOM COCTOSIHUH U
3HAYUTENHHO 00JerdaeT 60pr0y C roJ0JIeIOM.

[IpodmmakTrdeckuit MeTox 60PHOBI CO CKOJB3-
KOCTBIO 3aKJII0YAeTCs B PaclpelesieHHH MPOTHBO-
TOJIONICIHBIX MaTepPUANIOB 10 MPOE3IKEH 4acTh J0
o0pa3oBaHUs Ha HEH TOJIOJNEIUIIBI WIH YIUIOTHEH-
HOTO CHEXXHO-JIEIIHOTO cios (Hakara). OH moj-
pasnensercs Ha npoduIaKTUKYy 00pa3oBaHUS TO-
JIONIeUITEI U CHEXHOTO HakaTa. B mepBom cirydae
3a 30-60 MuH 10 Hadajga oOpa3oBaHUS TOJIOJICITH-
bl IO TMOBEPXHOCTH TMOKPBHITHS PacCIpeaACsioT
TBEPJIbIC WIN XKUJKUE XJIOPUIBI (pacxomx — OT 5 10
20 r/m”). CoenuHsIsCH C BIAroif M3 BO3IyXa, XJIO-
puIbl 00pa3yloT COJSIHOM pacTBOp, KOTOPHIN Ipe-
MATCTBYET BO3HUKHOBEHUIO TOJIOJEAUIBI. MeTos
OUYeHb SKOHOMUYEH, TIOCKOIBKY TpeOyeTcss MHUHU-
MyM TIPOTHBOTOJIONIETHBIX MarepuanoB. OmHako
IpH €ro peaju3allii HYXXEH TOYHBIA MPOTHO3
0 BO3MOXHOM TIOSIBJICHUU TOJONETUIBI 32 1-2 9
0 Hadajga ee oOpa3oBaHMs, YTOOBI ycCIleTh obOpa-
0oTaTh MOBEPXHOCTh Xjopumamu. Jlnsg Takoro
MPOTrHO3a pa3paboTaHbl MPHOOPHI U CUTHAIM3ATO-
pPBI TOJOJEIUIBI, KOTOpPHIE TIOKa HE OTINYAI0T-
Cs BBICOKOW TOYHOCTBHIO. ABTOMAaTH3UPOBaHHBIC
CUCTEMBI  PaCIpe/eNiCHUus TPOTHBOTOJIOICIHBIX
MaTepHaJIOB IO JaHHBIM CHTHAIU3aTOPOB TOJIOJIE-
TUIIBl TIPUMEHSIOTCS Ha CJIOXHBIX pa3BA3KaxX, OT-
JISIBHBIX MOCTaX M OMNACHBIX Yy4YacTKax B psizie
3apyOeXHBIX CTPaH.

TensioBoii cnocod 60pLOBI € roJ10J1e10M

Kak moka3plBaeT aHalW3 CYIIECTBYIOIIUX Me-
TOJIOB JIMKBHUJIAIIMHY TOJIONICAHBIX SIBICHUN Ha omac-
HBIX y4YacTKaxX aBTOMOOMJIBHBIX OpOT, Hamboiee
HEePCIICKTUBHBIM METOJOM JIMKBHUAAIMH 3UMHEH
CKOJIb3KOCTH Ha TIOKPBITHU MPOEIPKEH YacTH MO-
CTOBBIX COOPYXXEHHH SBJISIETCS TEIIOBOW CHOCOO,
KOTOPBIM XapaKTepHU3yeTCsl OOUIMPHBIM OIBITOM
npumenenus. Tak, B Poccuu Haunnas ¢ 1980-x ro-
JIOB, 3apETUCTPUPOBAHBI Pa3IMUHbIE N300pPETEHUS
METOJIOB 00O0TrpeBa TOKPBITHS TMpOe3kKeH dYacTu
ABTOMOOWIIBHBIX JAOPOT M HUCKYCCTBEHHBIX COOPY-
KeHuH Ha HUX. OZHAKO 3TH HOBILECTBA HE HAILIH
IIUPOKOTO MPAKTHYECKOTO MPUMEHEHHS 10 00BEK-
THBHBIM NIPUYHHAM, a IMEHHO H3-3a:

— BBICOKOI CTOMMOCTH 3JIEKTPOIHEPTHH;

— TEXHOJOTMYECKOH CIOXKHOCTH CYyIIECTBYIO-
HIMX 3aMaTeHTOBAHHBIX KOHCTPYKIMH U 00orpe-
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Ba IOKPBITUH NpPU MX MOHTAKE M JalbHEHIIEH
SKCIUTyaTaluu;

— CYpPOBOCTH M HEOAHOPOIHOCTH KIIMMaTHYe-
CKHX YCIIOBUH Pa3IMYHBIX PailOHOB.

Pemienne mepBbIX IBYX NpoOJeM — CHHKCHHUE
3aTpaT Ha D3JIEKTPOIHEPIruio, YMNpOUIEHHWe U yje-
[IeBJIICHUE KOHCTPYKIIUM CHUCTEMBI o00orpeBa —
MO3BOJUT MOBBICUTh IKOHOMHYECKYIO ITPHUBIICKA-
TENILHOCTh TEIJIOBOTO CIIoco0a OOphOBI ¢ 3UMHEH
CKOJIB3KOCTBI0. DTOTO MOYKHO IOOHTHCS CIEHYIO-
LUMU DY TSIMU:

— BHEJIPEHUEM B CUCTEMY 000TpeBa YCTPOICTB,
MTO3BOJISIOIINX TOTyYaTh 3JICKTPO3HEPTUIO U3 BO300-
HOBIIIEMBIX UCTOYHUKOB C MUHUMAaJIbHBIMH 3aTpa-
TaMH;

— HUCIIOJb30BAaHUEM aBTOMATHYCCKHUX JTAaTYMKOB
COCTOSIHUS TIOBEPXHOCTH TMPOE3IKEH YacTH TPaHC-
MOPTHBIX COOPYXEHUN, TMO3BOJSIOMINX CHUCTEME
paboTath B pexkrMe OKUIAHHS, BKIIFOYASICh TOIBKO
B Clly4ae HEOOXOAMMOCTH, YKOHOMS TEM CaMbIM
SHEPTOPECYPCHI;

— pa3paboTKOH, MOUCKOM U BHEIIPEHHEM HHHO-
BaIlMOHHBIX HarpeBaTeILHBIX DJIEMEHTOB, 00JIana-
IOIUX MUHUMAJIBHON MOTPeOIIIeMOil MOIITHOCTHIO,
MOBBIIEHHON TEIJIOOTAQYE W MPOCTOTOM TMpHU
OTHOCUTEIBHO HU3KOI CTOMMOCTH KOHCTPYKLHUU.

IIpu sTOM mepBbIe ABa HAMNpAaBJICHUS YXKE pea-
nu3yrorces. Tak, B HacTosIlee BpeMsa UMeeTcs LIu-
pOKUil mepedeHp pa3pabOTOK, MATEHTOB, MPAaKTH-
YECKU OCYUIECTBJICHHBIX MPOEKTOB, MO3BOJISIOIINX
MOJIyYaTh JJIEKTPOIHEPTHIO IMyTEM MpeoOpa3oBa-
HUS COJTHEUHOM, BETPOBOM, BOIHOM dHEPTUil (COJ-
HEYHbIE T[IaHEeNIH, KOMIIAKTHBIE THUAPOTYPOUHBI,
BETPOTCHEPATOPHI U T. 1.). [[0CTOSHHBIN KOHTPOIH
COCTOSIHUS TPOE3KEH HYacTh MOXKET OCYyIIEeCTB-
JIAThCSL aBTOMATUYECKUMU JOPOXKHBIMH METEO-
craamusamMa  (AJIMC), TpOW3BOACTBO KOTOPBIX
HanaxkeHo B Poccuiickoin @enepaunn. Mcnosb3o-
Banue AJIMC u reHepaToOpoB 3JIEKTPOIHEPTHU U3
BO300HOBJISIEMBIX HMCTOYHUKOB IT03BOJIUT IIOCJIE
OKyIaeMOCTH MHBECTUIMH Ha HX BHEIPEHUE
(TSITB-TIECTh JIET) MUHHMH3UPOBATh 3aTpaThl Ha
SHEPTOHOCHUTENIM U T€M CaMbIM 3HAYUTEIILHO IIO-
BBICUTh JKOHOMHYECKYIO 3(()EKTHBHOCTH TETLIO-
BOTO crioco0a 60pbOBI C 3UMHEN CKOJIB3KOCTEIO.

HaunGonee cioXHBIM SBISCTCS TPEThE HAIPaB-
JICHWe, TOCKOJbKY HEOOXOTUM HE TONBKO ITOUCK
WHHOBAIMOHHBIX  HarpeBaTeNbHBIX  3JIEMEHTOB
C MHHUMAJIBHON TMOTPEOIAEMO MOIIHOCTBIO U
MIOBBIIIICHHOM TEIUIOOTaaYeH, HO U TpeOyeTcs pas-
paboTka TEXHOJOTHYECKHX CXEM HX MOHTaXa,
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pEeMOHTa U 00CTYKUBAHHS B KOHCTPYKIIUHU JOPOXK-
HOM OJEXKIBL.

AHanu3  CyIIECTBYIOIIUX  WHHOBaIlMOHHBIX
TEIUIOHOCUTENeH Uil 00OoTpeBa pa3MYHBIX II0-
BEPXHOCTEH IO3BOJII BBIOpPATh MEPCIIEKTUBHBIH,
HAaHOKOMIIO3UIIMOHHBIN TETUIOBBIIEISIFOIIAN MaTe-
puan. J[aHHBIM KOMIIO3UIIMOHHBIM MaTepHuall mpe-
CTaBJIA€T COOOW CMECh TOKOMPOBOJSIIETO TEXHU-
gyeckoro yriaepona mapku K-163 (18-22 % no mac-
ce) ¢ MNoJMypeTaHoBbIM nakoMm (82-78 % mo
Mmacce). O0xacTe paboyux Temrmeparyp 3TOro mo-
kpbiTust — oT 25 o 110 °C. Ilockonpky monuype-
TaHaM CBOWCTBEHHa BBICOKAs aare3uss MOYTH KO
BCEM MaTepHhayaM, TEIUTOBBIACISIONIee MOKPBITHE
MOYXHO HAHECTH MPAKTHYECKH Ha JII0OYI0 MOBEpX-
HOCTh (HampuMmep, Ha T'€OCETKY) M YJIOXKUTh TOA
BEPXHHM CIIOM OETOHHOTO IMTOKPBITHS.

Jng ouleHKH CTemeHH M CKOPOCTH HarpeBa
KOMIIO3UIIMOHHOTO MaTepuaja, HaHECEHHOro Ha
T€0CETKY, B 3aBHCHMOCTH OT TOJIIIMHEI 3TOTO CIIOA,
a TaKKe MO0JaBaeMOr0 HANPSKEHUS U CXEMBI TO/I-
KJIIOUeHHsI OBIJIO MOATOTOBJICHO TpU oOpasua pas-
Mepamu 130x125 mMm. C mOMOIIBIO TOKOTIPOBOISI-
IIETO KJIed 3aKpeIUIJIUCh MEIHble KOHTAaKThl Ha
Pa3HOM pacCTOSHHUHU JPYT OT JApyra: MEXIy KpailHu-
MH DJICKTPOJJAMH PACCTOSHUE COcTaBmwio 12,2 cw;
MEXIy KpallHUM JIEBBIM M cpelHuM — 7,2 cM,
MEXAYy KpaHUM MpaBbiM U cpegHuM — 5,0 cM.
Ha ompiTHBIE 00pa3mpl HAHOCHIM KOMIIO3HIIH-
OHHBII  TETJIOBBIACHSIONINA MaTepHal  CIOEM
pasnuuHOi TommuHBL Ha oOpasern 1 — 800 wmK,
obpasernr 2 — 400 Mk, Ha obpaszer 3 — 300 MK, ¢ TI0-
CIeAyroUel UX CYUIKOH, a 3aT€EM OTKUIOM B Cy-
LIUJIBHON KaMmepe.

DKCIIEpUMEHT MOATBEPANI pad0dy0 THIOTE3Y
0 TOM, YTO HCIIOJIb30BaHHE T'€OCETKH C HaHECEH-
HBIM KOMITO3MLIMOHHBIM MaTepHanoM Ui Harpena
BEPXHETO CIIOS TIOKPBITUS C METbI0 IpeoTBpaIle-
HUS 00pa30BaHMS 3UMHEHN CKOJIB3KOCTH Ha TIOPOK-
HBIX TOKPBITHAX BO3MOXKHO. CKOpOCTh Harpena
U KOHEYHas TemIieparypa KOMIO3HIIMOHHOIO Ma-
TepHuajga MOTYT PEryJIHUpOBAThCS TOJIIWHOW HaHe-
CEHHOTO CJIOf, PACCTOSIHUEM MEXAY 3JIEKTpOJIaMHU
¥ TI0/1aBAEMbIM HaTPSHKEHUEM.

[IpoBeneHHbIE HCCIEMOBAHMS MTO3BOJIMIHA B Ka-
YecTBe MpHMepa pa3padoTaTh KOHIENTYaIbHYIO
MOJIeNTb 000TpEeBa OKPBITHSI MOCTOBOTO COOpYIKe-
HUSl C TIOMOINBI0 HAHOKOMITO3UITHOHHOTO TTOKPHI-
THS1, HAHECEHHOTO Ha JIOPOKHYIO Te0CETKY.

I'eoceTka ykmagpIBaeTCss MEXAY BEPXHUM HITH
HIDKHHUM CJIOEM YCOBEPIIEHCTBOBAaHHOIO TOKpHI-
THS B TIPOIECCE CTPOUTENBCTBA, JINOO TIOBEPX CTa-
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pOro cilosi MOKpBHITUS NpU ero pemoHte. Harpes
MIOKPBITHS MIPOUCXOAUT B pe3yjibTaTe H3Iy4EeHUs
TEIJIOBOM PHEPTUU C MOBEPXHOCTH TEILIOBBIIEIS-
omero cios. IloncoennHeHne HarpeBaTENbHBIX
3JIEMEHTOB IIPOU3BOJUTCS C MIOMOIIBIO NIEKTpUYE-
CKOM IIMHBI, COEIUHEHHOH 3IIEKTPONPOBOIOM
¢ OJIOKOM yTpaBJeHHS, YCTAaHOBJIEHHBIM Ha OCBe-
TUTEIBHOU omope. BiroueHHe M OTKIHOYEHHUE
cucteMbl oborpeBa KoHTponupyrotces AJIMC,
KOTOpasl TAKXE YCTAaHABIMBAECTCA HA OCBETUTEIb-
HOHM omope Ha BbICOTE 2—4 M HajJ YpPOBHEM IIO-
KPBITHSL.

IIpennoxenHass KOHLENUMS TEIJIOBOTO CIIOCO-
0a HampaBiieHa Ha pelIeHUE CIEAYIOINX MPaKTH-
YECKHUX 3a/]ad ONEpaTUBHOM JMKBHJALMUU TOJIO-
JIEJHBIX SIBICHUN B OCEHHE-BECEHHUE IIEPUO/BL:

— mpexynpexaeHue o0pa3oBaHUS TOJIOJIEIHBIX
SIBJIEHUWA 3a CYET HarpeBa IMOKPBITUS MPOE3KEH
YacTH TPaHCIOPTHBIX COOPYXEHHUI Mo HeoOXoau-
MOH IIMPUHE;

— CHIDKEHHE Ha TPEeTh JSHEPromnoTpeOieHus W,
COOTBETCTBEHHO, 3aTpaT 3a CYET aBTOMATU3HUPO-
BaHHOW pPabOTHI CHUCTEMBI B PEXKHME OXHUIAHUS
Y TIpeyTpeKICHAS JTbI000pa30BaHus;

— MUHUMU3ALMIO 3aTpaT Ha MOHTaX CHUCTEMBI
U €€ NOCIEAYOIYIO IKCILTYaTaAlHIo;

— YBEJNWYEHHE CPOKa CIY>XKOBI apMHUPOBAaHHOTO
MOKPBITHS MyTeM MpeIoTBpaIleHuss 00pa3oBaHuUs
OTPa)KEHHBIX TPEILUH.

Peanuzauust paccCMOTPEHHOro HOBIIECTBA Ha
TPAHCIIOPTHBIX COOPYKEHHUSIX MO3BOJIUT obectie-
YUTh TMOJJEPKAHUE B HAMJIEKAIIEM TEXHUYECKOM
COCTOSIHMM TIOKPBITUS TakUX OOBEKTOB W 3HAUH-
TEJBHO TOBBICUTH OE30MACHOCTh JOPOYKHOTO JIBH-
JKEHUS B IEPEXOAHBIE IEPHOBI O/,

BbIBO/IbI

1. Paccmorpensl Hanbonee 3¢dekTuBHBIE Me-
TOJBI OOPBOBI C 3MMHEH CKOJB3KOCTHIO HA aBTOMO-
OWIBFHBIX JIOPOTaX C MCIIOJNB30BAaHUEM Pa3IMYHBIX
IIPOTHUBOTOJIONIEAHBIX MATEPHAIIOB!

— XUMHYECKUX (pacCTBOPBI COJICH WM CyXHE
CONIM — XJIOPH[IBI, HUTPATHI, alleTaThl, (GOpMHUATHI
U Jp.), KOTOpBIE 00JIamaloT HU3KOW TeMIlepaTypoit
3aMep3aHus U BBICOKOH IUIABSIICH CIIOCOOHOCTHIO
JbJ1a TIpU HEOOJBIINX HOPMaX Pacxoja;

— (DpUKITMOHHEIX (TIECOK, MeOeHb, IIaK U Ap.),
MIHOBEHHO TOBBIMIAIONINX KOA(DOUIIUCHT CleIuIe-
HUS TpU OOJBIIMX HOPMax POCCHIMM U OTHOCH-
TENBHO CJIA0OM 3aKpeIyIeHHH Ha MOBEPXHOCTHOM
CJIO€ AOPOTH;
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— aHTUTOJIOJIETHBIX, KOTOPBIE MOTYT OBITh BBE-
JEHbBl B COCTaB MaTepHaja HOKPBITHS aBTOMO-
OWNBHBIX JOpOr (KOHCTPYKLIHOHHBIE IPOTHBO-
roJIoJieIHbIe MaTepUabl);

— XUMUKO-(DPUKIIMOHHBIX, KOTZIa B COCTaBe pac-
TBOPOB COJZIEpXaTcsi Kak BElIeCTBa, 00OIagaromue
abpa3uBHbIM 3((EKTOM, TaK U XMMHYECKUE pea-
TeHTBl, YTO TIO3BOJISIET 3HAYMTENIBHO IIOBBICHUTD
3¢ PEKTUBHOCTh aHTHUTOJONCIHON M CLEMHOH Co-
CTABISIIOIIMX IPOTUBOTOJIONEAHBIX MAaTEpUAJIOB,
IpU 3TOM COKpAIlaeTcss MEXXPEMOHTHBIA CPOK TIO-
KPBITHAL.

2. Taxxe paccMOTpeH TEIUIOBOH CITOCco0, Korma
MOBEPXHOCTh JOPOTH CHU3Y 00OTrpeBaercs C HcC-
MOJIb30BaHUEM 3JIEKTPOIHEPTHU U CBEPXY — C HUC-
HI0JIb30BaHHEM TEIUIOBBIX CTPYH.
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O cToxacTHYecKOM MOAX0/e K OLIeHKe 10JIT0BEYHOCTH
7KeJIe300eTOHHBIX CTPOMTEIbHBIX 3J1eMEHTOB
U KOHCTPYKUMI NMpU KapOoHM3auuu 0eToHA
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Pedepar. CyniecTByronue B HacTOsIIIEe BPEMs ICTEPMUHUPOBAHHbIC MO ONPE/ICICHHUS JOJITOBEYHOCTH KOHCTPYKIUH HE
YUYMTBHIBAIOT B MOJIHOW Mepe pa3sHooOpa3ue BO3ACHCTBYIONMX Ha HUX (AKTOPOB, a TAKKE CTOXACTHYECKHE XapaKTEPUCTUKH
HCTIONIb3YEMBIX IPUPOIHBIX MaTEPHAIOB U YCIIOBUS IIPOU3BOJICTBA CTPOUTEIBHBIX H3/IEINI, BO3MOXHBIE OIIMOKH IIPU TIPOEK-
THPOBaHUY U CTPOUTENLCTBE U T. I1. boJiee 10CTOBEPHBII OAXO, ONPEAEISIOINH ITPOXOIDKUTEIFHOCTS U CKOPOCTh Pa3BUTHS
JECTPYKIMOHHBIX MPOIECCOB B KOHCTPYKIHSAX B IPOLIECCE HKCILTYyaTallH, MOXKET OBITh MOJyYeH IPH IIOMOIIM CTAaTUCTHYE-
CKMX METOJIOB, yYHTBIBAIOLIMX BEPOSITHOCTHYIO CYIIHOCTh Ipoliecca. B cTaThe mpuBeieH BO3MOXHBIN MOJXOM BEPOSITHOCT-
HOTO aHaJIN3a JIOJITOBEYHOCTH KEJIC300€TOHHBIX KOHCTPYKIMI IyTeM OLCHKH KO3()(HIMEHTOB BapUalMd POCTA IIyOHHBI
KapOOHM3ALMHU 3aIIUTHOTO €105 OETOHA Ha OCHOBAHHMH CYIIECTBYIOIIUX OIBITHBIX U PACUETHBIX JaHHBIX 00 M3MEHEHHH 3TOr0
MOKa3aTeNs B JKeJIe300CTOHHBIX KOHCTPYKIHMSX pa3HOro Tuma. IlokasaHa BapuaGerabHOCTb CYIIECTBYIOIIHX IOAXOJOB IO
OIPE/ICTICHUIO JIOJITOBEYHOCTH KOHCTPYKIMHA B LIEJIOM, B TEPBYIO OYepeb 3a CYET HCIOJb3yEeMbIX B pacueTax pasiM4HbIX
0a3nCHBIX ITepeMeHHEIX. [IpoBeneHa croxacTuueckas 00paboTka MMEIONMXCsl JaHHBIX O IapameTpax IlyOuH KapOoHH3aIn
3aIUTHOTO CJI0s1 6eTOHA, Ha OCHOBAaHUM KOTOPOH OIpe/iesICHbI 3HaueHUS K03()(GHUIMEHTOB BapUaliy, II03BOJISIONIE OLCHUTh
HpeoiaraeMyIo J0JITrOBEYHOCTD KEIe300eTOHHBIX KOHCTPYKIUH, UMEIOIMX CX0)KHE XapaKTePHUCTHKU U SKCIUTYyaTHPyEMBbIX
B OINHAKOBBIX yCJIOBHSIX. ¥ CTAaHOBJICHA OIpE/E/ICHHAsI HEOJHOPOIHOCTh CTATUCTUYECKUX TT0Ka3aTelel, YTO CBUACTEIbCTBYET
0 HEOOXOAMMOCTH yBeJIH4eHHs: cOopa nHpopManuu 00 HCCIeIyeMbIX XapaKTepUCTHKAX, a Takxke o Ooiee TIIATEIbHOH ee
obpaborke. Ha OCHOBaHMH CTaTHCTHYECKOH OLIEHKU CYIIECTBYIOIIMX JAHHBIX YCTAHOBJICHA L(€JIeCO00Pa3HOCTh UCIIONB30BaA-
HHS TT0KA3aTesst BOJOHEIPOHUIIAEMOCTH OETOHA B KaUECTBE OCHOBHOT'O (haKTOpa, ONPEEIIIONIEro ero JOJIrOBEYHOCTb.

KnioueBble ci10Ba: JIONTOBEYHOCTh, JKEJI€300€TOHHBIE KOHCTPYKIMH, IIyOMHa KapOoHH3aluu OeToHa, Kod(duimeHTt
BapHaLiu

Js murupoBanmsi: Ocurnos, C. H. O croxacTuueckoM MOAX0/e K OLCHKE JOJITOBEYHOCTH JKeIe300€TOHHBIX CTPOUTEIBHBIX
2JIEMEHTOB W KOHCTPYKIWiA nipu kapOonuzanuu 6etona / C. H. Ocunos, B. M. Yuk // Hayxka u mexuuka. 2020. T. 19, Ne 3.
C. 241-251. https://doi.org/10.21122/2227-1031-2020-19-3-241-251

On Stochastic Approach to Evaluation of Service Life
for Reinforced Concrete Constructional Elements
and Structures during Concrete Carbonization

S. N. Osipov"”, V. M. Chik"

YUE “Institute of Housing — NIPTIS named after Ataev S. S.” (Minsk, Republic of Belarus)

Abstract. The currently existing deterministic models for determination of structure service life do not take into account to
the full extent variety of factors that have an effect on them and also stochastic characteristics of the used natural materials
and conditions for manufacturing construction products, possible errors during the process of designing and construction etc.
More trustworthy approach determining longevity and growth rate of destruction processes for structures in future periods can
be obtained with the help of statistic methods that take into account a probabilistic essence of the process. The paper presents
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a possible approach of the probabilistic analysis on reinforced concrete structure service life while assessing rates of variation
in depth growth of carbonization in a concrete protective layer on the basis of the existing experimental and calculated data
pertaining to changes of the given index in reinforced concrete structures of various types. Variability of the existing
approaches for determination of structure longevity as a whole has been shown firstly due to various number of basic varia-
bles used in calculations. Stochastic processing of the data on parameters of carbonization depth in the concrete protective
layer has been carried out and this processing has made it possible to determine variation rates which allow to assess the pre-
supposed service life of reinforced concrete structures having similar characteristics and being operated under analogous con-
ditions. A definitive non-uniformity in statistic indices has been established that testifies about the necessity to increase accu-
mulation of data on the investigated characteristics and to execute its processing more thoroughly. An expedience in usage
of a concrete impermeability as a main factor determining its longevity has been established on the basis of statistical assess-
ment of the existing data.

Keywords: service life, reinforced concrete structures, concrete carbonization depth, variation rate

For citation: Osipov S. N., Chik V. M. (2020) On Stochastic Approach to Evaluation of Service Life for Reinforced Concrete
Constructional Elements and Structures during Concrete Carbonization. Science and Technique. 19 (3), 241-251.
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CroxacTH4ecKUi MOAXOMA K OIEHKE JOJTOBEY-
HOCTH JK€JIe300€TOHHBIX CTPOUTENBHBIX JJIEMEH-
TOB M KOHCTPYKIIUH IMO3BOJISIET HA HAYYHOH OCHOBE
OIIEHUTH ATOT MapaMeTp. B TakoM ciydae BayKHBIM
1 HauOoJiee CIIOKHBIM JIEHCTBUEM SIBIISICTCS TIpa-
BUWJIBHBIN BbIOOp BHAA pacmpeieseHHus] IUIOTHO-
CTH BEPOSTHOCTH CIIyYalHBIX 3HAYCHHH JIOJITO-
BEYHOCTH.

[IpumeHsieMble B HacToOsIIee BpeMs JETEPMH-
HUPOBAaHHBIE MOJIEH pacdera TIyOWHBI KapOOHH-
3anmu O0ETOHA, KOTOPHIE A0 CHX IOP SIBIISIOTCS OC-
HOBOW ONpeeICHUs] JJONTOBEYHOCTH Kele300eTo-
Ha TpU OOBIYHOM BO3JACHCTBMM BO3AyXa, BJIard
U Harpy3oK, B JIOJDKHOHN CTEICHU HE YYHUTHIBAIOT
BO3MOXKHOTO PazHO00pa3usi IpUPOIBI pa3pyLICHHs
TBEPABIX TeJ BCIEICTBHE W3MEHEHHsS YCIOBUH
SKCIUTyaTalliH, a TaKKe CTOXaCTUYECKHE XapakKTe-
PUCTHKH HCIIONIB3YEMBIX TPUPOAHBIX MaTepHaIOB
Y YCIIOBUS TIPOU3BOJICTBA CTPOUTEIHHBIX M3IEINH,
BO3MOJKHBIC ONIMOKM TPU MPOSKTUPOBAHUH U
CTPOHUTEIHCTBE, MHOTHE JpYrHe Cily4aiiHble BO3-
JIEUCTBUSL.

C yueToM aHaJOTMM OMNpPEACICHHS CpOKa
CIy’kObl KOHCTPYKIIMM C BEPOATHOCTHIO Jerac-
CUBallUM apMaTypbl aBTOpHl [l] mpuMeHHIU Be-
POATHOCTHYIO MOJIENb, IMPH KOTOPOH TOJIIHWHA
3alIATHOTO cja0s1 O0eToHa a = 20 MM IMOCTOSIHHA,
a ee OTKJIOHEHHE Aa OT MPOEKTHOTO 3HaueHUs
MOTYMHSCTCS. HOPMAJILHOMY 3aKOHY pacmpesele-
HUS CO CpEIHEH BEIMYMHOHN L, = +6 MM U cpel-
HEKBaJPaTUYECKNM OTKJIOHEeHHeM o, = 10 Mm.
[Ipn »>TOM MHOTHE aBTOPBI YIS CTATHCTHYECKOTO
MOJIETIMPOBAHMS TOJIIIMHBI 3aIIUTHOTO CIIOS OETOHA
JIOTYCKAlOT NMPUMEHEHHE HOPMAIBHOTO 3aKOHA pac-
TIPEIeTICHAsI, YTO B UTOTOBBIX pacueTax [1] ucrmois-
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3yeTcs MpH MPOTHO3¢e NTyOMHBI KapOOHU3aIuN 6eTo-
Ha B cpegHeM 27 MM c obecnedeHHOCTBIO 50 %
u g0 44 MM — c obecredeHHocThiO 98 % mocne
AKCIUTyaTallid KOHCTPYKIIUM HA OTKPBITOM BO3IY-
xe B Teuenue ¢ = 100 ner.

Wcxons u3 3TuX NaHHBIX, KO DUIIMSHT BapHua-
MM HOPMAIIBEHOTO pacIpeesieHus] TIyOuHBI Kap-
Oonmzaru OetoHa x coctaBiser V, = 0,31 (31 %)
B Cllydae TPUMEHEHHsS HOPMAaIFHOTO pacIpe-
JIEJICHUs] 3HAYEHHUS OTKIOHEHHS OT IOCTOSHHOU
TOJNMIIMHBI 3alIUTHOTO clios mpu Vo = o,/Y,
= 10/(+6) = 1,67 (167 %), uto sBIseTca OOINb-
moi BenmuunHou. [lokazarens V, = 0,31 obecrneun-
BaeT OJIM3KYI0O K HYJIEBOW BEPOSITHOCTh pealn-
3alUd TIyOMHBI KapOOHW3aluu OeToHAa B Hada-
ne (¢t — 0) ’kcIuTyaranuu >Kene300€TOHHOTO dJie-
MEHTA WJIA KOHCTPYKIIMU, COOTBETCTBYET BBIpaXKe-
Huto [1, (7)] o pacuera riryOMHBI KapOOHH3AIMN
oerona x — 0 mpu >3C U CBUACTEILCTBYET O Tpa-
BUJIBHOCTH TMOJYUYEHHBIX PE3YJbTATOB CIOKHBIX
BEpPOSITHOCTHBIX pacueToB [1]. Onmnako, ucxons u3
HayaJIbHBIX ycloBUA (a = 20 MM H [l = +6 MM), Tpe-
JETTbHOE KOJMYECTBO CPEeTHEKBAAPATUUECKUX OT-
KJIOHEHHH G, N0 HYJEBOH BEIMYHMHBI 3alIUTHOTO
cirost 0€TOHA COCTABIACT Olyax = (@ + U,)/0, = 2,6, UTO
COOTBETCTBYET OCTAaTOYHOH BEpPOSTHOCTH pean3a-
mmu 0,0035 [2, c. 110], mau 0,35 %, T. e. Benmu4uHe,
ommskoit k wHymo. CregoBaTtenbHO, HCXOIHBIC
MPEANOCHUIKN HUCIOJb30BaHusA B [1] HOpMaibHO-
ro 3aKOHa pachpene’eHus 3HAYCHUN TOJIUHBI
3aIIUTHOTO CJIOSi OETOHAa B YCJOBUSAX TIPaKTHYe-
CKHX pacdeToB BITOJHE OIMpaBAaHBI M COOTBETCT-
ByIoT BhIpakeHmio [1, (7)], cormacHo KOTOpOMY
x(t) =0 (pu ¢ = 0).

YuuTeBas TPAKTUYECKYIO BaXKHOCTh JTHX
BbIUMCIeHUH [1], cleayer KpaTKO OCTaHOBMTHCS
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Ha aHaJIM3€ WCIOJB30BAHHBIX CTOXaCTHYECKUX
3aKOHOMEpPHOCTEH I pa3IMYHBIX pPaCcYETHBIX
(hakTopoB.

[IpaBunpHAs KOJMMYECTBEHHAS] TOJITOBPEMCH-
Has OICHKa HAJEKHOCTHU CTPOUTEIHHBIX MaTepHa-
JIOB, U3JICJIHM, IEMEHTOB U KOHCTPYKIIUN IO CHUX
TOp SIBJISIETCS CII0KHOM MpoOIeMoi, 0 YeM CBHIe-
TenscTBYeT [3]. Hame:KHOCTh OIIEHKHM B TEPBYIO
ouepensb CBsi3aHa C HaJMYUEM OOJBIIOTO KOJHYe-
cTBa 0a3WCHBIX MIEPEMEHHBIX U C UX TPYAHO Ompe-
JNENMMBIMA BUIAMH TUIOTHOCTH PAacIIpe/leleHUs.
IIpu 5TOM HEOOXOAWMO YYHUTHIBATH BO3MOKHOCTH
W3MEHEHMs] KaK BWJIOB, TaK H IIapaMeTpPOB JaH-
HBIX PacIpeeiCcHUd B TECUCHHE JUTUTEIHLHOTO TIe-
proma SKCIUTyaTallidl 3JaHUN TpH  Pa3TUIHBIX
BHEITHUX (TeMIlepaTypa, BIaXXHOCTh, BETEp H Jp.)
U BHYTPCHHUX YCJIOBUSX (TemIeparypa, Biak-
HOCTb U JIp.).

B [3] npuBeneHs! eBponeiickue peKOMEHIaluu
Mo THUIAaM M TapaMeTpaM pacriperelieHus Oasuc-
HBIX TIEPEMEHHBIX PAaCUETHBIX MoOJleNel xene300e-
TOHHBIX KOHCTpykmmid. Tak, B Tabm. 5 [3] mia
OTIpe/IeTIeHHs TPOYHOCTH OETOHA Ha CXKaTHE PEKo-
MEHJyeTCS HCIIONB30BaTh JIOTHOPMAJIBHOE pac-
mpeiesieHue, YTO TPOTHBOPECUUT PEKOMEHIAIIN-
sMm [4] u tpebdoBanusm CTh 1544-2005 [5] mo
npuMeHeHuo HopMansHOro (["ayccoBoro) pacmpe-
nenenus. 3aech ke [3, Tabn. 5] i onpeneneHus
3aIIUTHOTO CII0sI OETOHA TMPEUIOKEHO MPUMEHAThH
raMma-pacripesiejienne, Kotopoe mnpu napamerpe C
(memoe YHUCIIO) COOTBETCTBYET pacHpeieliCHHIO
Opmnanra [6, c. 71, 79]. OmHako ri1yOnHa KapOOHM-
3anuy OeToHa, COKpamaromias TONIUHY €ro 3a-
IIUTHOTO CJIOSA, OTpeAeNseTcs IepeMeHHOW da-
CTBIO X, KOTOpasl MpU CTaHAAPTHOM OTKIOHCHHUH
G, = 5 MM u ko3¢ ¢unuente Bapuanuu V = 0,17
cocTaBisieT 24 MM, YTO COBIIAJaeT C TITyOWHOI 3a-
IIATHOTO CJ10s1 0ETOHAa BO MHOTHX HECYIIHX JKelle-
300€TOHHBIX KOHCTPYKIIUSAX COBPEMEHHBIX 3/TaHUH.

N3 10 Ga3ucHbIX NMEepeMeHHBIX [3, Tabm. 5] ue-
THIpE COOTBETCTBYIOT IJIOTHOPMAIIEHOMY 3aKOHY
pacripeneneHus, B€ — MOCTOSIHHBI, IBE€ — raMma-
pacrpeiencHuo U 10 OJHOW — HOpMaJdbHOMY U
SKCMOHEHIHAILHOMY pactpeneieausM. [Ipu pac-
yeTax KapOOHU3AIUH JKEIe300€TOHHBIX KOHCTPYK-
i B [1, Ta0i1. 6] ucnosb30BaHo 15 0a3HMCHBIX Ie-
PEMEHHBIX, Ul BOCBMH W3 KOTOPBIX MPUHSTHI
TIOCTOSIHHBIC 3HAYCHUS, YIS MATH — JIOTHOPMAJIbHBIC
U JUTSL IBYX — HOPMAaJbHBIE PAaCTIpeIeTICHHs, B TOM
YHUCIle U OIEHKU OTKIOHEHHUs TOIIIMHBI 3aIluT-
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HOTO cJi0s1 0eToHa Aa OT ero MPOEKTHOTO 3HAYEHUS @
C mapaMeTpaMu CpeTHEeH BEeNWYHHBI L, = +6 MM
1 CPETHEKBAIPATHUECKUM OTKIIOHEHUEM G, = 10 MM.

B [7, Tabn. 3] ucnons3oBano yxe 17 6a3uCHBIX
MIEPEMEHHBIX, M3 KOTOPHIX BOCEMb HPUHATHI TO-
CTOSIHHBIMHU, IATh — C JIOTHOPMAJIbHBIM U JIBE —
C HOPMAaJBHBIM pacHpeleNIeHUsIMH, B TOM YHCIIe
JUISS OLICHKMA OTKJIOHEHUS TOJIIIMHBI 3alUTHOTO
ciost 0eToHa Aa C TTapaMeTpaMu CpeHel BeIndu-
HHI |, = +5 MM U o, = 5, omHa — ¢ Oera-pacmpe-
nenenueM. llocTosHHAs TONIMHA 3aIUTHOTO CIIOS
Ocrona npursTa ¢ = 50 MM, 9TO JaeT OONIyIO Cpe-
HIOIO BEJIMYMHY @ + Aa = 55 MM.

IIpu onucanum MONHON BEPOSITHOCTHOM MoOe-
mu kapOoHu3anuu OetoHa B [8] paccMoTpeHO Oo-
nee 10 Ga3uCHBIX EpPEMEHHBIX CO CBOMMH BUIaMHU
pacnipeneneHuid. [[is olleHKW YpOBHSI CTaTUCTHYe-
CKOTO ONpEIENCHNS] TONIIWHBI 3alUTHOTO CIIOS
OeToHa MpH pacyeTe AOITOBEYHOCTH INpeisiaraer-
Ci HCIIONB30BaTh OeTa-paciipelielieHne, TaKkKe
B [8, c. 31] mnmsa MomenupoBaHUS 3aIIUTHOTO CJIOS
0ceToOHa PEKOMEHIYETCS MPUMEHSITh HOPMAJbHBIN
3aKOH pacIpeeleHuUs.

Bompocam nonroBedyHOCTH OETOHOB M JKEJIE30-
0ETOHOB MOCBAIICEHO MHOTO HCCIICAOBAaHHMMU, aHa-
U3 HEKOTOPHIX W3 HUX TpeactaBlieH B [9].
Kak yxa3piBaroT ydeHwle, B HacTosIIee Bpems Oe-
TOHHBIE COOPYXKEHHsI pa3pylIaloTcs Topas3io
ObicTpee, yeM B mpouuioM. OHH Takke 0003Ha-
g 32 CcBOWCTBA OCTOHOB, KOTOPBIE MEHSIOTCS
rmociie BHECEHUS B HUX /100aBok. Ilpn aTom 3a me-
puon 1965—2000 rr. uzyueno tomsko 19 % noda-
BOK, BJIMSIFOIIUX HA JOJITOBEYHOCTH OCTOHOB, a Ha
3alIUTHYI0O HUX CHOCOOHOCTh TIO OTHOIIEHHUIO
Kk apmatype — Tombko 11,82 %. Cpeam meromoB
OLICHKM JOJIOBEUYHOCTH B [9] yKaszaHbl cieayro-
IIMe: MO0 TNPHUBEACHHOMY Y/UIMHEHHIO 00pa3loB,
M0 BOJOHACHIIIEHUIO M paclpeleleHnuIo Biary,
10 KJII0YCBOMY CTPYKTYpPHOMY (aKTopy, O Kodd-
(ummenTy TuapoUIBHOCTH, IO OTKPBITOM M 3a-
MKHYTOH mopucTocTH. JlJis MPOTHO3UPOBAHMS
JOJITOBEYHOCTH  7KeNIe300€TOHHBIX KOHCTPYKLIUN
WCTIONB3YIOTCS 3aBUCHMOCTH OT TEMIIepaTypHO-
BIIQ)KHOCTHBIX Aedopmanuii B pa3HbIX BO3pacTax,
olpesielieHne NMPOHULIAEMOCTH Ul MOHOB XJIOpA,
KapOoHu3anus u ycanaka. [Ipu aHanmse «KHU3HEH-
HeIx 1ukiaoB» (LCA) MoXeT TpOU3BOAUTHCS
oTipesieTieHne HOPMHUPYEMOHW JIOJTOBEYHOCTH, HO
HE caMO¥l JOJTOBEYHOCTH. [[i1st HaXoKIeHUs ocTa-
TOYHOTO pecypca 3[aHWH U TOTEHIMAJIBHO OIac-
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HBIX O0BEKTOB B [9] MCIOIB30BATUCEH: METOIBI M-
HAMHUYECKHUX WCIBITAHUHN M 00CIIeOBAaHUS B IEIIAX
PEKOHCTPYKIIUW; MOJEIH BEPOSITHOCTHON TUHAMH-
KU TMOBPEKICHUN B CIOXHBIX CTPYKTYpHO HEO[-
HOPOJHBIX CHCTEMax; HETPaJUIMOHHBIC 3aJ1ayu
pacro3HaBaHusl 00pas3loB W aHANIHW3 JaHHBIX II0
pealbHOMY COCTOSIHHIO 3JIEMEHTOB 3/IaHUH, BBISB-
JICHHE 3aKOHOMEPHOCTH UX U3MEHEHUs (CTapeHHs).
U3 Bcero mepedHsi BONPOCOB, BO3HUKAMOIINX TPH
OIIEHKE JOJTOBEYHOCTH OETOHOB, BHIHA CIIOXK-
HOCTB 3TOH MPOOIEMBI.

OcoOblif  MHTEpec TMpeACTaBIseT CpaBHEHHE
pacueTHBIX 3HAYEHUH TIyOMHBI KapOOHH3aLUU
0eToHa BO BpEMEHH, YTO OIpeNeNseT JOJIToBed-
HOCTh Xeye300eToHa, ¢ (akTHdyecku HaOIrogac-
MBbIMH. AHaJINU3 MOZEJCH pacdyeTra CpoKa CIIy»KObI
KeNe300€TOHHBIX KOHCTPYKIHMK B YCIOBHUSX KOp-
po3ur KapOOHM3alMM W CPaBHEHHE DPE3yJIbTaToOB
pacueToB ¢ (paKTHYECKUMH NaHHBIMU TPHUBEIEHBI

[10]. 3mech ommcaHBI TEPHUOMABI ACTIACCHBAITIH
apMaTypbl M pa3pyLICHUS] KOHCTPYKIHU B Pe3yJib-
TaTe MOTEPH CLEIUICHHUS MEXAy apMaTypoil u Oe-
TOHOM, BBITIOJIHEHO CpaBHEHHUE pPE3yJIbTATOB pac-
YETOB IT0 MOJEINSM YeThIpeX 3amaJHbIX HCCIeN0-
BaTesneil ¢ WU3MEPEHHBIMHM 3HAYECHUSMHU TITyOHHBI
kapOoHu3anuu OetoHa MocToB benapycu [10,
puc. 2]. Kak BumHO u3 puc. 1, pazdpoc m3mepeH-
HBIX TIYOMH KapOoHM3anuu OetoHa, cornacHo [10],
COCTaBJIsIeT TIPUMEPHO OT ABYX (IpH ¢ = 5 7eT) 1o
Tpex pa3 (npu ¢ = 40—45 ner). Takke HEOOXOAUMO
y4ecThb, YTO IMpeJCTaBlIeHHbIe HAa puC. | TIyOMHBI
KapOOHHM3aKu OETOHAa MOCTOB SIBJISJINCH CPEIHU-
MU M3MEpPEHHBIMH BEIMYMHAMH 0€3 ydera uX pe-
AIBHOTO BEPOSITHOCTHOTO pazdpoca.

ITpu 3TOM pazdpoc pacyeTHBIX BEIUYUH TIy-
OMHBI KapOOHM3AIMH OCTOHA IO MOJIEISAM 3apy-
OeXHBIX HccienoBareneid 3a mepuon 40—50 mer
JOCTHraeT OBYKpPATHBIX 3HaueHWi. B cmywae wmc-
nojib30Banus cucteMbl MathCad [10] mist pacue-
Ta TIyOWHBI KapOOHU3anuu OeToHa OepyTcsl TOJNb-
ko 12 mapameTpoB, cpeam KOTOPHIX HeT (ak-
TOpa 0cOOEHHOCTEH HAarpy3KH Ha CPETHIO Oalky
MOCTa, YTO MOXKET OKa3aThb CYLICCTBEHHOE BIIUS-
aue [11].

BeposTHOCTHBIE OIIEHKH CpOKa CIIYKOBI JKC-
TUTYaTHPYEMBIX aBTOJOPOXKHBIX MOCTOB OITHCAHBI
B paborax A. U. Bacunwena [12, 13]. B [12] mpexn-
JIOKEHBl TPH MOJIENA BEPOSITHOCTHOH OLECHKH
OCTaTOYHOTO CpOKa CIyXOBI jKene300eTOHHBIX
MOCTOBBIX KOHCTPYKIHMH C HCIOIB30BaHHEM HOP-
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MaJbHOTO 3aKOHA pacmpezeneHus. Pexkomenayercs
P HEIOCTATOYHOCTH CTATUCTHYECKUX HAHHBIX
npuHUMaTh Kodddunuent Bapuammu V = 0,20.
B mpuBemenHOM mpumepe, 3aWMCTBOBAHHOM U3
pe3yapTaToB 00ciIeaoBaHus MOCTa B SIpociaBckoit
o0sactu, monydeno V ~ 0,13,

50 F
X, MM
40 |
30 F

20 F

10 |

0 10 20 30 40 t, TOZIBI

Puc. 1. CBsi3b T1yOUHEI KapOOHU3AINH OETOHA MOCTOB
benapycu ¢ MateMaTH4eCKUMH MOZEIISIMY TIpoLiecca
KapOoHM3anuu: 1 — M3MepeHHbIC 3HAUCHUS;

2 — cornacHo mojenu De Sitter; 3 — cornmacHo mojenu Bob;
4 — cormmacHo moxenu Papadakis; 5 — cormacHo mogenu
Schiessel; 6 — rpaHuIa N3MEHEHUS TTyOUHBI
KapOoHn3anuyu 6eToHa

Fig. 1. Relationship of concrete carbonization depth in bridges
of Belarus with mathematical models of carbonization
process: 1 — measured values; 2 — according to De Sitter
model; 3 — according to Bob model;

4 — according to Papadakis model;

5 —according to Schiessel model;

6 — limits of variations in concrete carbonization depth

B [13] npuBenenst metoasl H. C. Ctpenenxo-
ro u A. P. PxaHuiplHa BEpOSITHOCTHON OLIEHKHU
HaJEKHOCTH MOCTOB. /)1 cocTaBneHHs anroputMa
BEPOATHOCTHOM OIICHKHM H3HOCAa KOHCTPYKIIUU
aBropoM [13, c. 30] mpuHAT psix hopMarTn30BaH-
HBIX YCIIOBHH, Cpeln KOTOPBIX «BCE JAErpajallioH-
HBIE TIPOIIECCH B Jkene300eToHe (kapOboHm3anms Oe-
TOHa, TUPPY3Us XIOPUAOB, KOPPO3US apMarypbl)
SIBIISIFOTCSL  CIIy4aliHBIMA MapKOBCKUMHU TIpoOLiecca-
MU», YTO HA COBPEMEHHOM 3Tarle WX U3y4YCHUs Tpa-
BUJIBHO. A BOT TIOCTOSTHCTBO BO BCEM BPEMEHH OIICH-
KH CPOKOB CIY’KOBI M3ydaeMBIX O00BEKTOB K03(h(hu-
[MEHTOB BapWalyi BBI3BIBAET OOJBIIIOE COMHEHHE.
EnvHOoro muenms mo (hOpMHPOBAHWIO KPHUTEPHEB
JONTOBEYHOCTH TIOKAa HET, M HMEIOIIHecs] OLEHKU
HOCSIT DKCIIEPTHBIN XapakTep.
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OcoO0blil MHTEpEC sl paccMaTpuBaeMoON IMpo-
Onembl peAcTaBisieT cepus crareit [14—17], B ko-
TOPBIX yUHUTHIBaeTCs Oojee MHUPOKHH Kpyr (akTo-
POB, BIMAIOMIMX Ha MIPOIlecC KapOOHU3AMU U 0JI-
TOBEYHOCTH JKEIe300€TOHHBIX KOHCTPYKIHil [14].
Baxnel, HanipumMep, npuBeneHHbIe B [14, Tabm. 1]
(hakTHdeckue TIYOWHBI KapOOHHM3anuu OeToHa
¢ HeOOoNbIION pa3HHUIIEH B pacxoje LieMeHTa B 3a-
BHUCHMOCTH OT BoJoueMeHTHOro oTHomenus (B/LL)
nipu ¢ = 50 JeT dKCIuTyaTaluy U ¢ OOJIBIION pa3HU-
el B pacxole IEMEHTa NP IKCILTyaTallud B Te-
yenue 1,5 roga. Kak mokassIBatoT pacdersl, KO3g-
(UIMEeHT BapHallM¥ OTKJIOHCHWH PacUeTHBIX IIIy-
OmH KapOoHM3amuu O0eToHa OT (GaKTUICCKUX TpPH
usmenenuu B/L] ot 0,4 10 0,6 nns ¢ = 50 ner (nsaTh
3Ha4YeHnit) coctaswi V =~ 0,17, a mpu B/I] = 0,3-0,7
st t= 1,5 romga (Bocempb 3HaueHwit) V = 0,19.
B nocnennem ciydae Tpu pasza ¢akTudeckas Kap-
Oonmzanusi OetoHa orcyrctBoBana (K. = 0) mpu
B/11 = 0,30-0,35 u pacxone 1iemeHnra m > 665 Kr.
Takue OTHOCHTENbHO HEOOJbIINE BEIWYMHBI V
MOTYT SIBJIATHCSI CIIEICTBHEM YCPEIHEHUS IpuBe-
JeHHBIX B [15, Tabn. 1] 3HayeHuii rinyOuH KapOo-
HHU3alMu OeTOHA, MOJIYYEeHHBIX B PE3yJibTaTe MHO-
TOKPATHBIX U3MEPEHUI.

B [15, Tabn. 2, puc. 3] npencTaBieHbl pe3yib-
TaTel o0OcienoBaHust 33 aBTOAOPOKHBIX MOCTOB
PecnyOnuku benapych, MOCTPOEHHBIX B HEPHOX
1952—-1989 rr., 1. e. mpociyxuBmmx oT 15—20 10
50-55 ner. Jns 17 cinyvaeB rpaduyecku okazaHbl
(hakTHdeckue W pacderHele (I 1ementa M400
u M500) rmy6uns! kapboHu3auu 6€ToHa, MPUIeM
WX CpaBHHTEIbHass 00paboTka mana Ko3(QuimreHt
Bapuaruu V' = 0,26 [15, c. 16].

Ocoboro aHanm3a 3aciyXHBalOT rpaduieckue
JaHHbIE, NIPUBEICHHBIE HA pHC. 2, 3aUMCTBOBAH-
HOM 13 [15, puc. 5]. U3 puc. 2 BuaHO, YTO MpoIiiecc
KapOoHu3aMu OETOHA IO INpenIaraeMoil cxeme,
nomorpamme H. K. Pozenrans (kpuBas 3) u pacue-
Ty no ¢opmyne K. Kumnranu (kpusas 4), a Takxe
MHOTHM [JpPYTUM HCTOYHHKAM HAYMHAETCA C HyJs
npu ¢t = 0, a He ¢ omnpeAeNeHHON MOCTOSHHOMN Be-
nuuuHeI [12].

Opnako pacuethl 1o moxensaMm Schiessel, Bob,
De Sitter u Papadakis (puc. 2, 3amrpuxoBanHas 00-

JacTh 5), MO-BUANMOMY, NPEAyCMATPUBAIOT HAJIH-
Yyue ONpeleieHHOW BEeMMYMHBI  KapOOHH3aIlMu
mipu ¢ = 0 WM yCKOPEHHYI0 KapOOHU3AIHIO B TIEPBhIS
math Jiet. Ilpu ¢ = 50 smer mryOuHa KapOOHM3AITHH
OeroHa, corjlacHO puc. 1 U 2, COCTaBIsET: MaKCHU-
MyM — OKOJIO 51 MM ¥ MUHUMYM — OKOJIO 26 MM, YTO
ipu BepositHocTH 0,95 maet 3HadeHMs K03 duItmen-
TOB BapHalliH, IIPUBEICHHBIE B Ta0. 1.

X, MM y 7
40} s L
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Puc. 2. T'myOuna xapOoHU3aLuN OETOHA X C BOAOLIEMEHTHBIM
orHomenneM 0,44 i pacxogoM nementa 400 kr/m’®
B 3aBHCHMOCTH OT BPEMEHH KCIUTyaTauu ¢ 1 — pakTudeckas
riryOuHa KapOOHU3aInN OETOHA aBTOIOPOKHBIX MOCTOB;
2 — pacuer 110 ImpeuIaraeMoi cxeMe IporHO3UPOBAHNS;
3, 3a — pacuer no Homorpamme H. K. Posenrais;
4 — pacuer no popmyse Kummranu; 5 - 1— pacuer
o mogeinsm Schiessel, Bob, De Sitter, Papadakis;
6 — cpenHsisi 3aBUCUMOCTB X = f(f)
JUIS 3aIITPUXOBAHHOM 00nacTi

Fig. 2. Carbonization depth of concrete x with water cement
ratio 0.44 and cement consumption 400 kg/m® depending
on in-service time #: 1 — actual carbonization depth of concrete
in highway bridges; 2 — calculation according to proposed
predicting scheme; 3, 3a — calculation according to Rozental
nomogram; 4 — calculation according to Kishitani formula;
5—L___1- calculation according to Schiessel, Bob, De Sitter,
Papadakis models; 6 — average dependence x = f{¢)
for shaded region

OTH 3HAYCHUS YUUTHIBAIOT JIMHEHHOCTH TPaHHUI]
3aIITPUXOBAHHON 00JIaCTH W IPHMEPHYIO JIHHEH-
HOCTh PacyeTHBIX 3aBHcHMoOCTel (puc. 1, 3aBHcH-
MoctH 2—5) rimyOmHBI KapOOHM3aIMu OeToHa X OT
BPEMEHH ¢

X, ~a; +bt, (1)

rae a;, b; — SMIHpPHUYECKHE IIOCTOSIHHBIC, MM,
MM/TOJI, COOTBETCTBEHHO.

Tabruya 1

3aBHCHMMOCTb BO3MOKHOI BeTHUMHBI KO3 (ULHeHTa Bapuanuu V riry0HHbI KapOOHU3aLMH GETOHA OT CPOKA CIIYKOBI
no pacueTHsIM Moaeasm Schiessel, Bob, De Sitter u Papadakis (puc. 2, 3amuTpuxoBannas o6jacthb S)

Dependence of probable value for variation V coefficient of concrete carbonization depth
on service life according to Schiessel, Bob, De Sitter and Papadakis models (Fig. 2, shaded region 5)

t, TOJIbI 5 10 20 30 40 50 100 120 150
V, % 8 12 16 18 19 20 22 22 23
Hayka
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B cooTBeTcTBUM € pacdeTHBIMH 3aBUCHMOCTSI-
MU (puc. 1, kpuBble 2—5; puc. 2, 3aITpUXOBaHHAas
obnacts 5) ko3 dhurmenTs Bapuanuu nipu ¢ = 10 aer
cocraBiiitoT V'~ 0,12, a mpu ¢ = 50 net V' = 0,20, yto
OIIpeNIeIIeTCS U3 BBIPAKECHUS

__v-l
V_(x(y+1)’ @

rae y=xi/x = (a; + bit)/(a, + byt); ay, by — >mmupu-
YECKUE MMOCTOSHHBIC JIT MAKCUMAJIBHBIX BEJTHMYHH X
(BepxHsisl TPaHUIIA 3AIITPUXOBAHHOW 00JIACTH), paB-
uele 6,0 MM 1 0,9 MM/TOI COOTBETCTBEHHO; d), by —
SMIMPUIECKHE TOCTOSIHHBIE IS MUHUMAaIbHBIX
BEJMYUH X, (HWXKHSS TpPaHWIA 3alITPHUXOBAHHOMN
obmactn), pasusie 6,0 MM u 0,4 MM/TOI.

Kak BumHO 13 Tabm. 1, npu ¢ = 100 ner V' = 0,22,
anpu ¢t = 150 ner V = 0,23, yTo sIBAsiETCA BIOJIHE
peabHOW BEJIMYMHOM.

[lpuBeneHHBIC Ha pHC. 2 PACUYCTHBIC 3aBUCH-
MOCTH X = f{f), TIOCTPOCHHBIE IO HOMOTpaMMe
H. K. Pozentans (yiuanu 3, 3a), mo dopmyne K. Ku-
mUTaHu (TUHUS 4) U [0 IpeiaraeMoi cxeme mpo-
THO3UPOBaHMS (JIMHHA 2), TIO3BOIMIN aBTopam [15]
C/IenaTh BBIBOJ, UYTO «HH OJIHA M3 MOJeNield He TaeT
BO3MOXKHOCTH C BBICOKOH JOCTOBEPHOCTBIO PaCCUH-
TaTh TyOuHY KapOoHHM3aMy OeTOHa Ha BCEM MepH-
0J1€ AKCIUTyaTalln», COCTABISIIOIIEM TOJIBKO 50 JeT.
IIpu sTOM Ui OONBIMX CPOKOB DSKCILTyaTaIldH
(bakTHYECKHE TaHHBIC MPEICTABISIOTCS HECKOJIBKO
3aBBIIICHHBIMHA U HE BIMCHIBAIOTCH B KJIACCHYECKHEC
MIPEICTABICHUS O 3aBUCHMOCTH TITyOWHBI KapOOHU-
3aIlUM OT KOPHS KBaJPATHOTO U3 BPEMCHI.

Cnenyer oTMETUTD, uTO nipu ¢ = 50 et auana-
30H W3MEHEHHs pe3yJIbTaTOB pacdeToB IIIyOWH
KapOOHM3aIMK OETOHA COCTABISIET Xy, =~ 12 MM
U Xmax = 24 MM 1o HOMorpamme H. K. Pozenra-
g (puc. 2, muaunA 3, 3a). DTO MO3BOJISLET IPH
HagexHocTu 0,95 onpenenuTs BEpOSITHYIO BeENH-
quHy Kod(durmenTa Bapuanuu ¥ ~ 0,20, a oTHO-
MICHUE Xyax/Ximin MOXKET OBITh MOCTOSTHHBIM

Xy /X = AN/ AN =414, (3)

rne A, A, — TOCTOsSHHBIE pacueTHble Ko3(du-
IIUEHTHI, COOTBETCTBYIOINE MaKCUMAIIbHOW U MU-
HAMAaJbHOW BeMYMHAM KapOoHM3aruu Oero-
Ha, Mm/rox’.

OmHaKO BO BCEX PACCMOTPEHHBIX CIIyYasx Clie-
IyeT y9ecTh BO3MOXKHOE yBeIWdeHHe K0dPuIu-
€HTa BapHalllM{ 3a CUET BEPOSTHOCTHOIO OTKJIOHE-
HUS (PAaKTHYECKUX PE3yJhTAaTOB U3MEPEHUH 3Haue-
HUM X OT pacUEeTHBIX.
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B [16, Tabn. 3, 4] mpuBeACHBI Pe3yJIbTATHI HC-
MIBITAaHUH, BBITIOJHECHHBIX Pa3IUIHBIMH OpPTraHH3a-
uusmu 1 uccnenosarensivu (HUMXKD u Xapbkos-
ckuit IIpomctporiHUUIIpoekr, Maitepa, Humiu
u JI. A. BanpmanoBckoii), a Takke pacueToB IO
dbopmyne K. Kummranm. Croxactuyeckas oOpa-
0O0TKa 3TUX JTaHHBIX MPEACTABJICHA B Ta0II. 2.

Heo0x0amuMo 0TMETUTB, YTO C YIETOM TIOTPEII-
HOCTEH ompeneneHnuss BEIMIUHB Kod(ddumuenTa
Bapualliy €ro BO3MOXHOE 3HAUCHUE MPH YCIOBUHU
HOPMAJIBPHOHN TUTOTHOCTH pPaclpe/ielieHus BEpOsT-
HOCTH H ¢ > 0 MoxeT gocturathb 0.4.

Kaxk cnenyer u3 tabn. 2 (ctpoka 1), mo pe3yib-
TaTaM HW3MEPEHW U pacdyeToB TOIBKO UYETBIPEX
HUCTOYHUKOB [16, Tabmn. 2], Mpu MOCTOSHHBIX BEJH-
ypHax B/I] oTHOIIEHHS MaKCHUMAalbHBIX M MUHH-
MaJbHBIX 3HAYCHUN TIyOMH KapOOHH3AIMH CO-
CTaBIAIOT OT 2,27 mo 2,95, 4To A BEpPOSTHO-
ctu P(x) = 0,95 maer xo3h¢uimMeHTs BapUaniu
B npenenax V = 0,24-0,30 npu cpeaHeit Beau4u-

He V =0,28. Ecin ncxomHbIe 3HAYCHUS OTpene-

JSUTACH ¢ BeposATHOCTHIO P(x) = 0,90, To K03(-
¢unmentsl Bapuanuu (tabn. 2, ctpoku 2, 3) co-

craisuim V' = 0,31-0,39 mpu V = 0,36. Ilpu stom
OTHOILIEHHE W3MEPEHHOT0 BEpXHEero mpezena
nIyOmH KapOoHM3aruu OeToHa K pacueTy aBTo-
poB [16] HaxomuTcs B mpenenax (tadm. 2, cTpo-
ka 4) ot 2,02 1o 2,69 pasa npu cpegHEM 3HAYCHUN
okoJ0 2,4 paza.

B cnydae ucronp3oBaHUS pe3yJbTaTOB HCCIE-
JOBaHUH M PacuyeTOB OTHOCHTEIBHBIX TIYOHH Kap-
oonm3armu 6eToHa 11 ucrounukoB u3 [16, Tabdmn. 4],
3HAUYEHMsI KOTOPHIX NPUBEACHBI B Ta0i. 2 (cTpo-
Ka 5), ko3¢ HUIUEHTHl BapHalliy PU BEPOSATHOCTH
P(x) = 0,95 cocrasnsgtor V' = 0,04-0,23, a npu
P(x)=0,90 V=0,05-0,30. OnHako 3Tu pe3yibTa-
TBl  ompejesieHus Ko3(pUIMEeHTOB  Bapua-
nuH (Tabn. 2) MOJyYeHBI IPH YCIOBUH IIPHHS-
TAS 3HA4YeHUH riayOwmH kKapOoHHM3anum OeToHa
st B/LL = 0,5 3a equaMIy cpaBHeHus. Bemenctue
3TOro KOA(pQUIMEHTH BapHalMU TPH MOCTOSHHBIX
Benmuunax B/Ll, ocobenno mpu B/I] = 0,55 u 0,60,
oKazanuch 3aHmkeHHsIME (V= 0,04-0,10).

Ecmu moncuurate moctpounsie [16, Tabm. 4]
BEIMYMHBI OTHOIICHWH MaKCHMaJbHBIX OTHO-

CUTEIIbHBIX TIIYOWH KapOOHM3alMH OeTOHa X,

OTH
K MUHMMAanbHbIM X, (Tabna. 2, crpoka 8), To

YBUIUM, YTO OHHM HU3MeHswoTcs oT 1,86 mo 3,79.
OTO MPUMEPHO COOTBETCTBYET Vipin = 0,19 U Vipox =

= 0,36 npu cpeanem 3HaueHun V =~ 0,28 (tadm. 2,

CTpoka 9, T1ie HIKHUMU UHJekcamu oT 1 1o 11 00o-
3HAYEHBI PA3TUYHbIC UCTOUHUKH [16]).
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Tabnuya 2
CroxacTH4ecKHe NapaMeTphl IIy0HH KapOoHu3anuu 6eToHa X LISl COCTaBOB 0eTOHHOI cmecH mapku 111,
NpUBeJeHHBIX B [16, Ta0a. 3, 4]
Stochastic parameters of concrete carbonization depth x for composition of concrete mixture grade I11,
shown in [16, Tab. 3, 4]
3naueHue nokasaresns mpu B/L]
Ioxkasarens
0,40 0,45 0,50 0,55 0,60
IMpenen u3MeHeHns riryOHHBI KapOOHHU3AINY OeTOHA 17.0 26.0 33.2 38,0 34.0
7,5 8,8 12,0 14,2 19,2
Koo dummenT Bapuanmum npu P(x):
0,95 0,24 0,30 0,29 0,28 0,29
0,90 0,31 0,39 0,37 0,36 0,38
OTHOIIECHHE N3MEPEHHOTO BEPXHETO Mpe/iena TITyOuHbI 2.02 2,57 2.44 226 2.69
KapOoHM3annK OETOHA K pacueTy
[Ipenen u3MeHeHUsI OTHOCUTENBHOM Iy OMHBI KapOOHH3ALUU 0,72 0.94 1.0 1.25 1,63
6eToHa 0,33 0,68 ’ 1,12 1,25
Koadpdunuent Bapuaunu npu P(x):
0,95 0,23 0,17 - 0,04 0,08
0,90 0,30 0,22 — 0,05 0,10
2,23
OTHo1IcHHE xl‘;;‘( mpu B/1] = 0,6 k x;’f; mpu B/ = 0,4 2 701 2,11, 2,39; 2,144 3,795
» oyl 3,51 1,864 2,90, 3,47
O JaHHBIM Pa3JIM4HbIX UCCIICOBAHUI 2,83, =7 ’ ’ ’
0,23,
_ ’ 0,22, 0,255 0,224 0,365
Koaddunuent Bapuamnuu npu P(x) = 0,95 (;),22986 0.34, 0,19 0.30, 0,34,
<711

[Ipu ncnonp30BaHUH TOJIBKO SKCIIEPHMEHTANb-
Heix ganHbix HUWXKB (Bapuanter 1, 2, Tabn. 2,
cTpoka 1) MakcuMallbHasi BETHMYHHA KO3 PHUIIHEH-
Ta Bapuanuu V.« = 0,40, a mpu UCIOJIB30BAaHUHU
OTHOCHUTEIBHBIX BEIMYHMH TJIyOWH KapOOHM3a-
muu OetoHa 1o dYerblpeM Bapuantam HUMKDB
Vinax = 0,38. YuuTbIBass BO3MOKHBIE MOTPELIHOCTH
9KCIIEPUMEHTAIBHOTO OIpeNeiIeHus TIyOHH Kap-
OoHM3alMd OETOHA M CTOXACTHYECKHE B BHJIE
JOBEPUTENIFHOTO HMHTEpBaJa Ui TEOPETHYECKO-
ro ko3ddunuenta Bapuanuu V; [17, c. 125-126]
nipu n > 10—12, peanbHble BEIUYUHBI } MOTYT 3Ha-
YUTENBHO OTIMYATHCS OT PACUETHBIX, YTO MOXKET
yBenuuuth ¥ Ha 20—30 % mpu n > 15.

AHanu3upysi TpHUBEIEeHHBIE BEIWYHHBI KO3(h-
¢unuenToB Bapuauuu (Tabin. 2), HeOOXOAUMO OT-
MeTuTh padoty B. I1. Uupkona [18], koTOpkIif TOKa-
3a]l, YTO «BOIMPOC CIIOCOOHOCTH KOHCTPYKLHMH CO-
MPOTHUBJIATECSA BHEIHUM BO3ICHCTBUSM B TEUCHHC
CpoKa ee CITyObI ¢ o0ecrieueHreM TPeOyEeMBIX IKC-
TUTYaTaIllMOHHBIX Ka4eCTB MOXET ObITh PeIleH TOJb-
KO Ha OCHOBE NPHUMEHEHUS BEPOSTHOCTHBIX ITOJIXO-
JIOB, JIGXKAINX B OCHOBE (DyHIAMEHTAILHBIX 3aKOHOB
npupoas. OcoOEHHO MHTEPECHEBI CPETHIE TaHHBIC,
npuBeneHnasie B [18, c. 112, tabn. 8], xoTOpbIe
XapaKTEPHU3yIOT BEIMYUHBI KOY(PQPHUIIMCHTOB Ba-

Hayka
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pyanyy KOHCTPYKIHKA (TUTHT MTOKPBITHS), IKCIUTya-
TUPYEMBIX B CpelaX C pa3jIuyHOW CTENEHBIO
arpecCUBHOCTH (IO MPHU3HAKY KapOoHW3ammu Oe-
ToHa). Tak, Bo3melCcTBUE BCeX (PAaKTOPOB Ha Kap-
Oonmzanmio OeroHa omnenuBaerca V = 0,1-0,3,
a I TOMIMHEI 3amuTHoro ciiosg V = 0,17. Torma
C BEpOATHOCTBIO 95 % mpenenpHbIE BEIUYU-
HBl Vpax TIPU BIUSHUHA BCeX (AaKTOPOB M Ciaboit
CTENICHU arpeCCHBHOCTH MOTYT COCTABIATH Vi =

~ 1,96V ~ 1,96-(0,1-0,25)~0,20—0,49, a w1s 3a-

IIATHOTO CHOS Vo = 1,96 - 0,17 = 0,33. Kak oT™me-
4yeHo B [18, c¢. 93], dakTuueckue cpoku CIyxKObI
JKEJIe300€TOHHBIX KOHCTPYKIUH, AKCILTyaTHpYe-
MBIX TIPUMEPHO B OJMHAKOBBIX YCIIOBUAX, pPa3-
au4aroTcss B 3—6 pa3, 4TO COOTBETCTBYET V =
= 0,30—0,44. PecanbHble cpeHUE 3HAYCHUS MOTYT
cocraBiATh V ~0,35-0,40, HO ¢ mOMOIIBLIO pac-
yera cocraBa OetoHa [14, 15] UX MOXHO CHU3UTH
mo V= 0,25-0,30, 1. e. npumepro Ha 30 %, maxe
JUTS KOHCTPYKIMH TpU CpemHEel CTereHW arpec-
CHBHOCTH OKPY>Karolleil Cpebl.

Eme onHo HampaBiieHue IJsl ONIpeNelIeHNs Be-
JUYUHBL  KOX(PQUIMCHTa BapHalliu TPUBEICHO
B [19, c. 48]. Jnsa maneix BeIOOpok (n < 30-50)
BEPXHUI MPeIeNl HICTUHHOTO 3HAYCHUS JUCTICPCHH
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Cmpoumenbcmeo

IpU ONpeesiecHHOM ypOBHE 3HAYMMOCTH OIIperie-
nsiercs o gopmyie

n

(p:_zcza (4)
X

rje G© — 3HAYEHHE JUCIIEPCHH, TIOJCYMTAHHOE IO
BBIOOpKE C 1| CTENEHSIMU CBOOOBI P 1y = 1 — 1;
x> — kpuTepuit xu-kpazpar [19, c. 49].

CremoBaTeNnbHO, KO3(PGUIIMESHT BapHaluu ¢
yueToM (4)

Ipu V=026 un =17 mna P(x) = 0,95 u
Xz = 17,96 [19, c. 207, Tabn. 1] monmydaeM Vim.x =
= 0,26-4/2,01~0,37, uro mpumepHo B 1,4 paza
Gombire V. Jlns P(x) = 0,05 u y*> = 26,3 nony-
gaeM Vimin = 0,20.

AHaNOrMYHBIN MOJIX0]] UCIIOJIB30BaH IS OIICH-
KA HAJEKHOCTH OIpeNeieHNus 3HaueHu (pusmde-
CKHX CBOHCTB CTPOUTENBHBIX MaTepUAIIOB U H3JIe-
muit [20] 1 He0OXOUMOT0 KOJTHUYSCTBA U3MEPCHUI
pH uX onpeaeneann [21].

Crnenyer OTMETHTH, YTO OOJNBIIMHCTBO OIMKCAH-
HBIX BBIIIE UCCIICAOBAHUI MPOBENCHO Ha 0Oa3e IaH-
HBIX O JIOJTOBEYHOCTH OETOHHBIX M JKere300e-
TOHHBIX 3JIEMEHTOB aBTOJOPOXHBIX MOCTOB, CPOK
CITy’OBl KOTOPBIX OOpaTHO MPOMOPLUOHANEH WH-
TEHCUBHOCTH BO3JCUCTBUSA TMOJBWKHOM Harpys-
ku [18, c. 102]. IToaTOMy MHTEHCHUBHOCTb KOPPO3UHU
U U3HOCA CTPOUTENIBHBIX 3JIEMEHTOB M KOHCTPYKIIMIA
JKIJTBIX JTOMOB, & TaKkKe BEIMYMHBI CKOPOCTH KapOo-
HU3amuK OeToHa ¥ KO3(p(PUIMEHTOB BapHaIyn
JIOJDKHBI OBITh HECKOJIBKO MEHbIIE. [10 HEKOTOphIM
maHHeIM oOcnenoBaHnii 40—60-1eTHNX JKHWIBIX HO-
MOB B TUTUTaX OAIKOHOB M JIOJKWH, H3TOTOBJICHHBIX
u3 Oerona kimaccoB C12/15—C16/20, BenuuuHa Kap-
OOHM3UPOBAHHOTO cJ0s mocTurana 20—25 mm [22].
B xene300eTOHHBIX TaHENsAX, IUIMTaX U KOJOH-
Hax KapOoHu3auusi He npeBbiana 5—7 mm. [TosTo-
My CJEIyeT OKHIIATh YMEHBIIEHU KoddumuenTa
BapHall OTKJIOHCHHWI pPAacYeTHBIX JaHHBIX OT
(haKTUYECKUX JUIS JKUJIBIX 3IaHUH IO CPABHEHHMIO C
V' =26 % mig aBTOIOPOKHBIX MOCTOB [15].

Ony6nukoBanHas B 2016 r. crates B. B. ba0wuii-
Koro [23] mo3BOJSIET HAAEATHCS Ha CYIIECTBEHHOE
YMEHbILCHUE Vi.x TIPU MCIIOIB30BAHUU TOKA3aTels
BOJIOHETIPOHUIIAEMOCTH OETOHA B KaYECTBE OCHOB-
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HOro (pakropa, ONpEAEISIONEr0 IOJTOBEYHOCTh
Oetona xkiacca C20/25 npm pacxome IeMeHTa
mapok M400-M600 B mpememax 250—650 kr/m’,
BOJIOLIEMEHTHOM oTHomeHun B/II = 0,41-0,72,
Mopo3ocTtoiikoctn F50—F500 u Bogonenponumae-
MocTH OT W2 1o W12.

CroxacTH4ecKuil aHaJIu3 JO0JTOBEYHOCTH TAKOTO
0OeTOHA TPH TOJIIIMHE €T0 3aIlIUTHOTO CII0S @ = 25 MM
U ycnoBusix skcmryarauuu XCl, mpou3BeneHHbII
1o rpa)uvecKoil 3aBUCUMOCTH U MIPEICTABIICHHBIN
B [23, puc. 5] B 00beme 6omee 100 Touek, mokaszad,
4TO KO PUIMEHTHI Bapualvu V' B KOKIOW TpyIIe
TOUYEK UMEIOT pa3inyHble 3HaueHus (puc. 3). 3aBu-
cuMocth V' = f{t) mpu t = 19-104 roma xoporro
ANMPOKCUMUPYETCS BBIPAKCHUEM

V=a,+o,exp(-B1), (6)

TJe oo, O, [B; — IMIUPUYECKUE KOHCTAHTHI, OIpe-
JIeNIsIeMbIe OTIBITHBIM ITyTEM.

0.20

14

015 N 5

%
° °
0.10 g — -
0.05 [ [ [ | |
0 20 40 60 80 100 ¢, rozpt

Puc. 3. 3aBucuMocTb KO3 PUIMEHTOB BapHALINU
pacuUeTHBIX 3HAUCHHUH JJOJITOBEYHOCTH XKeye300eToHa
10 BOAOHENPOHUIIAEMOCTH OETOHA
o rpaduyeckuM JaHHBIM [23]

Fig. 3. Dependence of variation coefficients
for calculated values on longevity of reinforced concrete
with reference to concrete water impermeability
according to graphical data [23]

[lonyyeHHble pacyeTHBIM TIyTeM BEIHYH-
HBl V (puc. 3) CyIIecTBEHHO MEHbIIE NPUBEICH-
HBEIX panee u mpu P(x) = 0,95 mpexycmarpu-
=(1-oaV)t, uro gma V ~ 0,10-0,15

cocraBisger okono (0,7-0,8)7. Ho mpu sTom

BaKT [

min

TOTPENTHOCTH OTPEACIICHNAS CPEIHEr0 BPEMEHH
JIOTTYCTUMOM TJIyOUHBI KapOOHH3aluu OeToHa / oc-
TAIOTCS HEM3BECTHBIMH. )i pa3iMyHBIX 3JIEMCH-
TOB JKHJIBIX JIOMOB B YCIOBHAX TI. MMHCKa, TI0
HEKOTOPBHIM OTPAHWYCHHBIM NaHHBIM, TIyOWHBI
kapOonuzanuu OetoHa 3a 40-50 yer cocraBis-
FOT: IUINT M CTEH JIOJUKUKM M O0aJKOHOB 6—25 MM
(mpu P = 0,95, V = 0,37); mauT ¥ KOJOHH IOA-
BaoB 2—7 MM (P = 0,95, V = 0,34); Hapyx-
HBIX W BHYTPEHHHX MaHEIbHBIX CTEH W KOJOHH
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ataxert 2-6 MM (P = 0,95, V'~ 0,3), 4TO 110 BeIMIH-
HaM KO03((HIMEHTOB Bapualuu } COOTBETCTBYET
TIpUBENICHHBIM paHee. Kak criemyer u3 3TuX JTaHHBIX,
OpH TOJIIMHE 3alIMTHOTO CIIosi OeToHa B xKere300e-
TOHHBIX KOHCTPYKLMSX 25 MM B yCIOBHAX MUHCKa
CPOK CIyKOBI IDIUT W CTE€H JO/DKUK (OaIKOHOB)
cocrapisier 10 50 JieT, IWIMT W KOJIOHH MOABAJIOB,
a TaKKe Hapy)KHBIX ¥ BHYTPEHHUX MaHEJbHBIX CTCH
Y KOJIOHH 3Taxkeil — He MeHee 150 ner.

Kak mokazan KOppeNsSIMOHHBIA aHAIN3 3Haue-
Huil V¥ = f(f), npuBeAeHHBIX Ha puc. 3 (CIUTOLIHAS
miHUA 10 20 ToYKaM), 3HaUYeHHe MHJEKca KOppens-
mun p = 0,742, a SMIApHYECKe KOHCTAHTHI COCTaB-
TSTI0T: ol = 0,084, o; = 0,108 u B; = 0,045 (1/rom).

Heo0xoauMo OTMETUTH BEpOSITHOCTHBIN MOJ-
XOJl K OIIEHKE TIIyOWHBI (TONIIMHBI) HEUTpaiu-
3alMM 3alIUTHOTO CJIOS OETOHA, PEeKOMEHIYEeMBIN
C. H. AnekceeBbim [24, c. 283—285]. 3mechb
B Tabm. 10.10 mpeacTaBieHb! pe3yJIbTaThl H3MEpe-
Huii (n =~ 100) rnyObun kapOoHu3anuu OeTOHA
B JKENe300C€TOHHBIX IUTUTaX JJs JKUBOTHOBO/I-
YECKHUX 3JaHdd, SKcITyaTHupyembix 8§ u 18 ner.
B cooTtBeTcTBHM ¢ 3THMU pe3ynbraTamu Ko3(pQu-
IIUEHTHI Bapuanuu V TIIyOWMH HEWTpanmm3aruu Oe-
ToHa coctaBuiu nmpumepHo 0,17 u 0,16 mpu xopo-
IIeM COBIMAJEHUH IUIOTHOCTEH pachpeeneHus
3HaueHu# ¢ 3akoHOM ['aycca [24, puc. 10.14].

B [25, c. 53, tabn. 1.5, 1.6,] npuBeacHBI HEKO-
TOpble OOOOILIEHHBIE PE3YJIbTAaThl HCCICIOBAHUM
ckopoctelr kapOoHm3ammu (v, MM/TOH) 3allIuT-
HBIX CJIOEB OETOHA, MO KOTOPBIM MOXKHO Paccyu-
TaTh 17 3HaYeHHWH KOX(PPULUUEHTOB Bapuauuu V
3TOro mMmapamerpa. Bo3moxHbIii pa3dpoc 3Haue-
HAW V 11 pa3saudHBIX OCTOHOB W YCIOBHHA HX
MIPUMEHEHHsS] PACIIONIaraeTcsi OPUEHTHPOBOYHO B
npenenax 0,1—0,4 1 COOTBETCTBYET MPUBEICHHOMY
BBILIIC AMANa3zoHy V s riryOuH KapOOHH3aluH.
Ilpu »tom, mo manueiM B. II. YupkoBa, 3a cpok
ciryx0b1 ot 10 o 50 et BenuuuHa V' yMeHbIIaeT-
ca ¢ 0,20 mo 0,13, 1. e. mpumepHo B 1,5 pasa.
ITo maremarn4eckodl MoOJieNM B YMEPEHHOM KIIH-
MaTe V uis cKOpocTeill KapOOHM3alMU OCTaeTCs
MPUMEPHO TIOCTOSHHBIM. B OCTanpHBIX Ciydasx
HaOmIOZaeTcss BeCcbMa CYIIECTBEHHBINM pazopoc
3HauYeHU V.

Crnenyer OTMETUTh, YTO TPHUBEICHHBIA B CTa-
ThE€ aHAJIN3 IKCIIEPUMEHTABHBIX TaHHBIX SBISIETCS
JIOCTATOYHO TPUOJIMKEHHBIM BCIEACTBHE OTCYT-
CTBUSI MHOTHUX TOKa3aTesiell TOYHOCTU M HAJICHKHO-
CTH HCIIOJIb30BaHHBIX PE3yJILTATOB UCCIIEIOBAHUI.
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Kax yxaseiBaror [I. WM. Bopomait u A. A. Marto-
HUH [26], Mo naHHBIM npakTuku [24, 27], dakrtu-
YecKoe 3HadeHne KapOOoHM3aIu OeTOHA OTKIIOHS-
€TCsl OT 3aKOHa KOPHS KBaJpaTHOTO B MEHBIIYIO
cTtopoHy. OnIHaKO B COOTBETCTBHUH C JaHHBIMHU
tabi. 1 3aBECEMOCTh V' = f{f) MOXET OKa3aThbCs
BO3pacTaroIeil, 4T0 CBUAECTEIHCTBYET O HEOTHO-
3HAYHOCTH BIUSHMS BPEMEHH Ha KapOOHHW3AIHIO
NPUTIOBEPXHOCTHBIX ciioeB OetoHa. [Ipu onenke
JONTOBEYHOCTH CTPOWTENBHBIX DJIEMEHTOB W KOH-
CTPYKIIUH HEOOXOAMMO YYHTBHIBATH CTOXACTHYe-
CKHE XapaKTepUCTHUKH [28].

BbIBO/IbI

1. Koo dumment Bapuanmm pocta TITyOHHBI
KapOOHHW3aIMl OETOHAa SBISIETCS BAKHEHIINM
[TOKa3aTeJleM JOJNTOBEYHOCTH KeNe300€TOHHBIX
CTPOUTENBHBIX DIIEMEHTOB U KOHCTPYKIINH.

2. Bennunnbl k03 UIIMEHTOB Bapuayu Tiy-
OuH KapOOHHM3alMK OETOHA OT €CTECTBEHHBIX Be-
POSITHOCTHBIX TPHYWH, IO HUCCIEAOBaHUSIM pa3-
JIUYHBIX aBTOPOB, Ipu obecmeueHHOCTH 95 % B
OOBIYHBIX YCIOBHUSIX MOTYT AocTHrath 25-35 %,
YTO IPU HOPMAJIBHOM pACHpEAETIeHUH TIOTHOCTH
BEPOATHOCTH MOXET COCTaBISATh OKOJIO TTOJIOBUHBI
CPEeIHEero pacuyeTHOrO0 BPEMEHH COXPaHEHHUsS 3a-
LIMTHOTO CJ0si OETOHA W JIOJNITOBEYHOCTH JKEJe30-
OETOHHOTO DJIEMEHTA.

3. B Hacrosimee BpeMsi HanboJjee epCreKTUB-
HBIM HallpaBlIeHHEM pacueTra JIOJTOBEYHOCTH Ke-
71e300eTOHa SBISETCS YUeT BOAOHETPOHUIIAEMOCTH
OeToHa.

4. BnusiHue BpeMEHH Ha YMEHbBIICHHE 3allUT-
HOTO cilosi OeTOHa, He IMOABEPKEHHOTO KapOOHH-
3alyy, a CIIeOBATENbHO, H JOJITOBEYHOCTH JKele-
300€TOHA, HE OrPaHUYUBACTCS TOJNBKO KOpHEM
KBaJ[paTHBIM U3 BPEMEHH, a CIEeJyeT U JPyTuM 3a-
KOHOMEPHOCTSIM.

5. B OCHOBe CTOXaCTHYECKOU OIIEHKU JIOJIrO-
BEYHOCTH CTPOUTENFHBIX MAaTEPHAaJIOB, JIEMEHTOB,
KOHCTPYKIMI M COOPYKEHH, KaK U APYrux (HU3M-
YECKHX XapaKTEePUCTHK, JIeKAT TPU CIEAYIOLINX
OCHOBHBIX TIOKa3aTelsi: HEOOXOOUMBIH ypPOBEHb
HaJEKHOCTH B pacueTHBHIA MOMEHT BPEMEHH; 3Ha-
YeHHWE YMCEHBIICHUS HAJICKHOCTH BO BpEMS DKC-
IIyatanuu (IMOKa3aTeM WM3HOCA); aHATUTHYECKas
XapakTepUCTUKa paclpeaesieHus IOTHOCTH Bepo-
SITHOCTH CJIyYalHBIX 3HAYeHWH JOJTOBEYHOCTH
B 33JTaHHBIA MOMEHT BPEMEH.
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PuabTpanusa B 00X04 NOAMOPHBIX THAPOTEXHUYECKHUX COOPY KeHHUI

Kanauaatel TexH. Hayk, nouentol I'. I, prrnonl), H. H. Jlmncelmql),
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Pedepat. beronHble TIIOTHHBI, BXOASIINE B COCTAB PEYHBIX TMAPOY3JIOB, CONMPSATAIOTCS C 3EMIISIHBIMH COOPYXEHHSIMH HIIH C
Oeperamu ¢ oMomisi0 OeperoBbix ycroeB. Eciu rpyHT Gepera miiv 3eMIISIHON TUIOTHHBI BOJIOIPOHHIIAEM, TO B 30HE IPUMBI-
KaHUsI BO3HUKAET (UIbTpanus BOABI BOKPYT OeperoBoro ycros. Pacuer ¢uibTpanuu B 00xoa OeperoBoro ycrost IpH 3agaH-
HBIX OTMETKaX YPOBHEH BOJBI B BEPXHEM H HIDKHEM Obe(hax BBIMONHIETCS C IENbI0 TIOCTPOSHHS OIOSCHIBAIOIIEH yCTOM KpH-
BOH JIETIPECCHU W OIpPEAECNICHUS TPaJNeHTa (IIBTPAIMOHHOTO MOTOKAa, KOHTPOIMPYIOUMEro (GMIBTPAMOHHYIO IIPOYHOCTH
TpyHTa 3a ycToeM. TeopeTH4ecKux pelIeHHi dTa 3ajada He UMEET BBHY €€ CIOXKHOCTH, JUIS OTACIBHBIX PACUCTHBIX CXEM
pa3paboTaHbl IPUOIMKEHHBIE METOABI pacuera. [l cilydasi, KOraa IpyHT 3a OeperoBbIM yCTOEM OJHOPOAHBIH U H30TPOII-
HBIH, IPUTOK I'PYHTOBBIX BOJ CO CTOPOHBI Oepera OTCYTCTBYET WM HE3HAUUTEIbHBIH (UM MOXKHO IpeHeOpeus), a GeperoBoit
YCTOM pacrosiaraeTcsi Ha BOIOYIOpe, npeiokeHs! npuonmxennsie merons! B. I1. Hexpuru u P. P. Uyraesa. OnbiT 06¢neno-
BaHUS psiga OelOPyCCKUX THIPOY3IIOB IOKa3al, YTO OTCYTCTBHE 0OOCHOBAHHOTO pacdeTaMH MPOTHO3a IOJO0KEHHS ypOBHEH
TPYHTOBBIX BOJ[ 32 YCTBEM BEJET K CHIDKCHUIO MPOYHOCTH M YCTOMYNBOCTH GEpEroBOTO YCTOS M K BOBMOXKHOMY €T0 paspy-
HIeHHI0. B 71aGopaTopHBIX yCIOBHSX BBINOJHEHA DKCIEPUMEHTANbHAsl IpoBepKka paspadoTanHoro P. P. UyraeBbiM npubim-
XKEHHOTO0 MeToJa pacuera (GuibTpanuu B 00xon OeperoBoro ycros. Ilo pesynbratam ombITa HPOCTPOSHA OHOSCHIBAOLIAS
yCTO# KpHBasi AEMPECCHHU, KOTOpas MOKa3ajla XOpOIlee COBMNAACHNE IKCIIEPHMEHTAIBHBIX M PACUETHBIX JAHHBIX, YTO MO3BO-
JSIET WCIOJIB30BaTh 3TOT METOA AJsI 000CHOBAHHOTO MPOEKTHPOBAHHS KOHCTPYKIMI GEPEroBBIX YCTOEB, 00ECIIEUMBAIOMINX
WX HAZEKHYIO SKCIITyaTalHuIo.

KiroueBble cjioBa: OeTOHHBIE COOpPYXKEHHs, 3eMJIsSHAs IUIOTHHA, Oeper, OeperoBoil ycroi, oOxomHass GUIbTpALMs, KPUBas
JeNPECCUH, KOHTPOIHUPYIOIIUH IPaJUeHT

Jas nurupoanmsi: Kpyrinos, I'. I'. @unbrpanus B 06X01 NOJAMOPHBIX THApOTeXHUYeCKUX coopysxenuii / I'. I'. Kpyrios,
H. H. Jlunkesuu, O. B. Hemeposen / Hayxa u mexnuxa. 2020. T. 19, Ne 3. C. 252-257. https://doi.org/10.21122/2227-1031-
2020-19-3-252-257

Filtration Bypassing Retaining Hydraulic Structures
G.G. Kruglovl), N. N. Linkevich", O. V. Nemerovets"

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Concrete dams that are part of river waterworks are integrated with earthworks or with banks using coastal abut-
ments. If the soil of cost or earthen dam is permeable, then in the zone of contiguity water filtration occurs around the coastal
abutment. Calculation of filtration bypassing the coastal abutment at specified water levels in the upper and lower pools is
performed with the aim of constructing an encircling curve of depression and determining a gradient of filtration flow that con-
trols the filtration strength of the soil beyond the abutment. This problem has no theoretical solutions — in view of its comple-
xity, approximate calculation methods have been developed for individual calculation schemes. For the case when the soil
behind the coastal abutment is homogeneous and isotropic, groundwater inflow from the coast is absent or insignificant and can
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be neglected, and the coastal abutment is located on a water bed and approximate methods by V. P. Nedrigi and R. R. Chu-
gaeva are proposed in the paper. The experience of surveying a number of Belarusian hydropower stations has shown that
the absence of a justified prediction pertaining to the position of groundwater levels beyond the estuary leads to a decrease
in the strength and stability of the coastal abutment and its possible destruction. An experimental verification of the approxi-
mate method for calculation filtration bypassing the coastal abutment developed by R. R. Chugaev has been carried out in
laboratory conditions. According to the obtained experience a depression curve encircling the abutment has been constructed
which show good agreement between experimental and calculated data that allows to use this method for reasonable design

of coastal abutment structures ensuring their reliable operation.

Keywords: concrete structures, earth dam, coast, abutment, bypass filtration, depression curve, controlling gradient
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BBenenue

B cocraB 1100010 pedyHOro MOINOPHOIO THJI-
poysna B PecriyOmnuke benapych BXOAST: 3eMIIsHAs
TUTOTHHA, OETOHHBIC BOJOCOPOCHBIE U BOJ03a00p-
Hble coopyxkenus, 3aanus ['OC u np. Comnpsixenue
OCTOHHBIX COOPYXKCHHU C 3EMIISTHOW IUIOTHHOMN
WM OeperoM OCYIIECTBISIETCS ¢ MOMOIIBIO Oepe-
TOBBIX ycTOeB. beperossie ycTon mpeaHa3HaueHBI
JUISL 3alUTHl 3€MJISTHOM TUIOTHHBI Wi Oepera oT
JOEeWCTBUS BOJIBI, CIHMBAIOLICHCS 4yepe3 BOAOCOpo-
CBI, JUI HalpaBJeHUS €€ B BOJOCOPOCHOE OTBEp-
cTie u olecreyeHusl MIaBHOTO €€ PAaCTeKaHHs B
HIDKHEM Obede, a Takke A NpeAOoTBpAILEHHS
OTIaCHOT'O BO3JEHCTBUS (QHIBTPALIMOHHOTO ITOTOKA,
UAYIIEro B 00X04 OETOHHBIX COOPY>KEHHH B 30HE
NPUMBIKaHUS UX K Oepery WiIn 3eMJISTHOH MJIOTHHE.

BeperoBoif ycToil COCTOUT U3 TPEX OCHOBHBIX
3neMeHTOB [1]: BepTHUKaJIbHOU MPOIOJBHON CTEH-
K{, BEPXOBOI'O M HHM30BOIO COMNPATAIOLINX OT-
KPBUIKOB (pHcC. 1).

Ilon neiictBuem Hamopa (pa3HOCTH YpOBHEW B
BEpPXHEM M HWXKHEM Obedax THapoy3Jia) MPOUCX0-
IUT GUIBTpAlMs BOIBI Yepe3 3eMIISIHYIO TUIOTHHY,
B IPYHTE OCHOBAaHHUS MO/ OETOHHBIMH COOPYXKEHU-
SMH M B 00XOJ WX, BOKPYT OEpEeroBHIX YCTOEB.
Pacuer ¢unpTpanmmm B 00X07 OEperoBOro ycCTOst
IpU 33JaHHBIX OTMETKaX YpOBHEH BOIBI B BEpPX-
HEM U HIKHEM Obedax BBIIOIHAETCS C LETIbIO:

— TOCTPOEHHUSI OMOSICHIBAIOIIEH YCTOW KPUBOM
JETpeccuy, 3HaHUE KOTOPOH HEOOXOOMMO UL
IPOBEPKU YCTOWYMBOCTH U MPOYHOCTU OTKPBIJIKOB
0OEpEeroBBIX YCTOEB;

— OIpeAENeHns] TPaAueHTa (QUIbTPALIMOHHOIO
MOTOKa, IO BEIMYHMHE KOTOPOrO TIPOBEPSETCS
(uIbTpaoHHAas MPOYHOCTH (OTCYTCTBUE (HITh-
TpalMOHHBIX AedopMalnii) TpyHTa 3a yCTOEM.

Hayka
wrexHuka. T. 19, Ne 3 (2020)

Kak nokazano u3ydeHune MpoeKTHOH JTOKyMeH-
TalMU psiia OEJTOPYCCKUX THAPOY3JIOB, 3aIPOCKTHU-
POBaHHBIX U BO3BEACHHBIX B CEPEIMHE MPOILIOTO
Beka (TUApOoy3es 3aciiaBCKOro BOJOXPaHIIIAIIA HA
p. CBucnous (MuHCKOe MoOpe), TUAPOY3Ibl Terte-
puackoit I'DC nHa p. Jpyts u Kmscturckoit I'9C
Ha p. Huma), pacuersl 00X0qHON QuIbTpanuu He
BBITIONTHSITHCE. [Ipomssenennbie B 20132018 rr.
HaTypHBIe OOCIENOBaHUS 3TUX THUAPOY3JIOB BBHI-
SBUJI HAJIMYHE JIOCTATOYHO CEPhE3HBIX MPOOIIEeM,
CBSI3aHHBIX C 00XOIHOM QUIbTpaIUCH.

Ha 3acmaBckoM BOIOXpaHWIHINE Ha HH30-
BOM OTKpBUIKE IPaBOOEpEKHOro OeperoBoro
ycTosi (puc. 2) UMEITCS MHOTOYHCIICHHBIE Oee-
Chble ISITHA BBIIICIOYCHHOTO OETOHA, IOTEMHEHHE
Y TIOATEKH BOJBI, YTO CBUIETEIHCTBYET O IOCTO-
STHHOM BBICOKOM CTOSIHMHM KPHBOH Jerpeccud 3a
ycroeM [2, 3]. [IpuunHOi MOTYT OBITH JOCTATOYHO
KOPOTKHH MyTh (PHIBTPANIMOHHOTO TIOTOKA BOKPYT
yCTOs, OTCYTCTBHE MPOTHBOQUIBTPALIOHHOTO
YCTpPOWCTBAa B 30HE NMPHUMBIKAHUS YCTOSI K 3EMIIS-
Hoii mnotuHe. KpoMe Toro, obpatHas 3achIka ma-
3yX YCTOSI CO CTOPOHBI BEpXHETO Obeda BHITIOTHE-
Ha CYIJIMHKOM, a CO CTOPOHBI HIDKHero Obneda —
reckoM. CyTIIMHOK TIpH 3aMep3aHud M OTTauBa-
HUHM TYYHHUTCS, B HEM TOSBISIOTCS TPEUIMHBL.
PazymioTHeHne TpyHTa Ha KOHTAaKT€ C THUIOBOH
IPaHbI0 yCTOS MOTJIO TIPOU3OWTH TaKXe BCIeEl-
CTBHE 0caJoK U nedopmanuii ycros. Bee sTo npu-
BEJIO K YCUJIGHHON (DMIIbTpAIMK BJIOJH OEPEeroBoro
YCTOSL U K BBICOKOMY CTOSIHUIO YPOBHEH TpPYyHTO-
BBIX BOJI 32 yCTOEM.

B mpouecce HaTypHBIX 00CiIeqOBaHHN BBITION-
HEHBI WCCIIEJIOBAHUS MPOYHOCTH OETOHHBIX KOH-
CTpYKUMH OEeperoBoro ycTosi Hepa3pyLIaroliM
METOJIOM C TIOMOIIIbI0 M3MEPHUTENSI IPOYHOCTH Oe-
tona UTIC-MI'4.03 [4].
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Puc. 1. Konctpykius 6eperoBoro ycros: a, ¢, d — monepeyuHslii pa3pes3 M0 BOAOCIUBHOM IIOTHHE, N0 BEPTHKAIBHOMN MPOTI0IbHOM
CTCHKE U I10 COIPATAIOIINM OTKPBUTKaM; b — IiaH; 1 — BepTHKalbHAS POJIONBHAS CTEHKA; 2, 3 — BEpXOBOI M HH30BOW COMPSTAIOIINE
OTKPBUIKH; 4 — 3eMJIsSTHAs IUIOTHHA; 5 — MOHYP; 6 — BOH000ii; 7 — pucdepma; 8 — KOBII; 9 — KOHCTPYKTHBHBIC IIBBI

Fig. 1. Design of coastal abutment: a, ¢, d — cross-section along spillway dam, along vertical longitudinal wall and along mating
abutment walls; b — plan; 1 — vertical longitudinal wall; 2, 3 — upstream and bottom wing walls; 4 — earthen dam; 5 — upstream floor;
6 — apron; 7 — downstream apron; 8 — bucket; 9 — structural joints

Puc. 2. TlonTexn Ha HU30BOM OTKPBLIKE
MPaBoOEPEKHOTO yCTOA

Fig. 2. Smudges on lower wing wall of right bank abutment

B nmecsaTtu Toukax HHM30BOTO OTKPBLIKA MPABO-
OepEeKHOT0 YCTOS MPOU3BECHBI U3MEPEHUS POU-
HOCTH 0eTOHa, KOTOpBIE MOKa3ald, 9TO B JIBYX TOY-
Kax ero mpo4yHocTh coctaBisia 10,1 u 10,9 Mlla,
YTO COOTBETCTBOBaJO Mapke Oerona MI150, a B
OCTaBIIUXCA BOCbMHM Toukax — 4,3-6,5 Mlla
(M35-M50). Kak BuIHO, BEICOKUH YPOBEHb TPYH-
TOBBIX BOJ[ 32 YCTOEM BBI3bIBACT (DMUIIBTPAIUIO BO-
ITbI Uepe3 OETOH OTKPBUIKA, BBIMIEIaYNBaHIE OETO-
Ha W CHW)XCHHE €ro MPOYHOCTH /O 3HAYCHHH,
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CYLIECTBEHHO MEHBIIMX MHHUMAaJIbHO [OIyCTH-
MBIX, KOTOpBIE Ui MOANOPHBIX THUAPOTEXHUYE-
CKHX COOPYKEHHI COOTBETCTBYIOT Mapke M200.

IIpoBenenusie B 2008 T. peMOHTHBEIE PaOOTHI IO
LITYKaTypKe JIMIIEBOM TOBEPXHOCTH OTKPHLUIKA He-
oboxomumoro 3(h(eKTa He Nalu, Tak Kak He Obuia
ycTpaHeHa npuurHa (00xoaHas GHUIbTpauus U III0-
Xasi THAPOM3OJISIIUS THUIOBOM TPaHH YCTOS), BBI3BI-
BaroIlas BhILIETaYMBaHNe OETOHA U €T0 pa3pyILeHHE.

Ha Tetepunckoit '9C Ha HH30BOM OTKPBLIKE
JIeBOOEPEKHOTO yCTOsI MOA AEHCTBHEM (UIIbTpa-
LIMOHHOTO MMOTOKA, UAYIIEr0 B 00X0/A yCTos, 00pa-
30BaJIoch OTBepcTHE B OeroHe (puc. 3) [5]. beua
NpEeANpPUHATA MONBITKA YCTaHOBUTH apMaTypPHYIO
CEeTKY U 3a0ETOHHPOBATh OTBEPCTHE, UTO TAKKE HE
JIaJio TOJIOXKHUTENBHOTO pe3ynbraTta (He ycTpaHeHa
npuyunHa pazpymeHus). C TedeHrneM BpeMeHHu Oe-
TOH, KOTOPBIM 33/I€Jajii OTBEPCTHE, pa3pyLIniICs,
apMaTypHbIE CETKH OTOJWINCH, M (UIBTPALOH-
HBII IOTOK BBIXOIWUT YEPE3 OTBEPCTHUE HA JIEBBII
Oeper HIKHETO Obe(da.

[ Hayka
urexHuka. T. 19, Ne 3 (2020)

Science and Technique. V. 19, No 3 (2020)



Civil and Industrial Engineering

Puc. 3. PazpyiieHne HU30BOTO OTKPBLIKa
neBobepexHoro ycros Terepunckoit [DC

Fig. 3. Destruction of lower wing wall of left bank abutment
at Teterinskaya hydroelectric power plant

B HeyInoOBIETBOPUTEIHHOM COCTOSIHUM Haxo-
OUTCS W HHU30BOH OTKPBUIOK IPaBOOEPEKHOTO
ycrost Knsictunkoii I'OC (puc. 4), rae Takxke mpo-
UCXOIAT BBIIIETaYMBaHUE OETOHA, pa3pylIeHue
1 OTCJIaUBAHUE ITYKaTYyPKH.

Puc. 4. Huz0Bo# OTKpBLIOK
npasodepexHoro ycrost Kisicrunkoit '2C

Fig. 4. Lower wing wall of right bank abutment
at Klyastitskaya hydroelectric power plant

Takum 00pa3om, JaHHBIE HATYpHBIX 00CIIenoBa-
HUH YKa3bIBAlOT Ha HEOOXOJUMOCTbH BBIMIOJHEHUS
pacueToB 00XOMHONW (PHIBTPAITUH TIPU TTPOSKTHPOBA-
HUM W KOHCTPYKTHBHBIX MEPOTIPHATHIA TMOHIDKAFO-
IIUX YPOBHEW I'PYHTOBBIX BOJ 32 YCTOEM, YMEHbIIIa-
IOIIHUX TPAUEHT (QUIBTPAIMOHHOTO TIOTOKA.

TeopeTHyecKHX pEIICHUH 3Ta 3ajada HE MMeEeT
BBHUIy €€ CIOXXHOCTH, IJIsI OTHENBbHBIX PACUETHBIX
CXeM pa3paboTaHbl NPHUOIMKEHHBIE METOABI pacde-
Ta. st cirydas, Korja TpyHT 3a OeperoBbIM YCTOEM
OJIHOPOJHBI W H30TPONHBIA, MPUTOK TIPYHTOBBIX
BOJI CO CTOPOHBI Oepera OTCYTCTBYET WIIM OH He3Ha-
YUTENBHBIA (MM MOXXHO TpeHeOpedb), a OeperoBoi
YCTOM pacronaraeTcss Ha BOAOYIOpE, IpPeLIoikKe-
Hbl npubmwkeHHsle Meronsl B. I1. Hempuru [6],
P. P. Yyraesa [7], I'. I'. Kpyroga [8].

Meton B. Il. Henpuru ocHoBaH Ha mpuBejie-
HHUH OEperoBOro yCTos K (pparMeHTaMm orpenesicH-
HOTO OYepTaHWs W TOTYYSHHH 3aBUCHMOCTH IS
MIOCTPOEHUS OTOSICHIBAIOIIEH 3TOT (PparMeHT KpH-
BOW Jenpeccuu. [laHHBIH METOA He Hallen IUpo-
KOTO MPUMEHEHUS, TaK KaK KOHCTPYKLHIO pealb-
HOTO OEperoBOro ycTosl MPUBECTH K WMEIOIIUMCS
cxeMaM (pparMeHTOB He BCET/Ia BO3MOXKHO.

[ Hayka
wrexHuka. T. 19, Ne 3 (2020)

CormacHo metomy P. P. Uyraema, GeperoBoii
yCcTOi 3ameHsieTcss (PUKTUBHBIM (BOOOpakaeMbIM)
MOJ3€MHBIM KOHTYPOM TaKOTO K€ OYEepTaHUs, KaKk
W YCTOH, pacCUUTHIBAEMBIN TTO MeTOay K03 duru-
€HTOB COINPOTHBIECHHUS, paspadoTanHomy P. P. Uy-
raeBbIM AJIs1 pacdyeTa HAaOpPHOM (MIbTpaluy IOA
coopykeHneM. IIpn 3TOM HaKIIOHHBIE OTKOCHI
IPYHTOBOTO MaccHBa 3a ycToeM (Oepera wim 3em-
JISHOW TIJIOTMHBI) B BEPXHEM M HIKHEM Obedax,
K KOTOPBIM NPHMBIKAEeT yCTOH, 3aMEHSIOTCS Bep-
THUKJIBHBIMH OTKOCAMH, AOXOISIIMMH OO pacder-
HOTO BOJIOYIIOpPa M OTCTAIOIIUMH OT YPE30B BOJBI
Ha OTKOCax Ha PAacCTOSHHM: B BEpXHEM Onede
a; = 0,4h,, B smwxaem a, = 0,4h, (toe hy, hy —
rmyOMHa BOABI B BEpXHEM M HWKHEM Obedax).
[Ipunumaercst yciaoBue, 4To BOOOpa)kaeMbIid MOJ-
3eMHBI KOHTYp pacrojiaraercs Ha BOJOIPOHU-
LaeMOM OCHOBaHUHM OECKOHEYHOH MOIIHOCTH,
T. €. T, =oco. Ha 3TOT KOHTYp nelicTByeT Hamop H,
paBHBIM pa3sHOCTH YPOBHEW BOJbI B BEPXHEM U
HWXHEM Obedax miotunst [9, 10].

B pesynprare pacuera Mmoa3eMHOro KOHTYpa
oTpeneNsieTcss KOHTPOIUPYIOMINN TPAJUEeHT (QHITh-
TPAaLMOHHOTO MOTOKA M CTPOUTCS dMIopa (PuiIbTpa-
LUOHHOTO JIaBJIEHUsI Ha (DPUKTUBHBIM MOJ3EMHBIN
KoHTYp. Ha smiope (uibTpanioHHOTO aBIICHUS
BBIOMPAIOTCS MAT-IIECTh OPAMHAT B Pa3HBIX TOY-

xax konrypa (A, h,..,h") u BeMHECHTIOTCS Op-

JMHATEL h°  OMOSICHIBAOIICH YCTOM KpHUBOU Jie-

1

npecCuu 1o 3aBUCUMOCTHU

hS =J(hy + hy)h! + K2

OunbTpalMoOHHAs MPOYHOCTH TPYHTa 3a Oepe-
TOBBIM YCTOEM MPOBEPSIETCS 110 yCIOBHUIO

Je < ons

rie Jyon — JOMYCTHMBIM TpafueHT (QHIbTPAIUOH-

HOT'O MOTOKa, omnpeaenseMblil o [11] B 3aBucumo-

CTH OT TPyHTa 3a YCTOEM M KJIacca COOPYKEHUS;

Jx — KOHTPOJIUPYIOWWH T'pagyueHT, J, = 72 ET ;
p

2 — cyMMapHbIii KOI(G(UIMEHT COMPOTHBICHHS
MO/I3¢MHOTO KOHTYpa; T, — PacCTOsIHUE 10 pacdeT-
HOTO BOJIOYTIOpA.

OmnbITHast IPOBEPKA 3TOTO METOMA pacyera Mpo-
BOJIJIACH B J1AOOPAaTOPUH THAPOTEXHHYECKUX CO-
opyxeHuil kapenpsl «[ maporexHuueckoe u SHep-
TeTHYECKOE CTPOUTEIBCTBO, BOJHBIM TPaHCIOPT
u ruzpasivkay BHTY na nabopaTopHoii ycTaHOB-
Ke, 000pyJOBaHHOW B T'PYHTOBOM JIOTKE IJIMHOU
202 cM, mmpuHOH 65 cM 1 BbIcoTO# 40 cMm (puc. 5).
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Puc. 5. O6mmit Bux 1abopaTopHOil ycTaHOBKU

Fig. 5. General view of laboratory plant

Mopnens 6eperoBoro ycTos, COCTOSINAs U3 Bep-
THUKAJIBHON MPOJOJIbHON CTEHKH, BEPXOBOTO U HU-
30BOTO OTKPBUIKOB W TPOTUBO(MMIBTPAIIMOHHON
Jmuadparmpl, BEITIOJTHEHHAS U3 JIEpPeBa, MPUMBIKACT
K Oepery, OTCBITAHHOMY W3 TI€CKa CpeJHEH KpyTI-
HocTu. BomoynopoMm siBisieTcst IHO JIOTKA, Ha KO-
TOPOM CTOWUT YycTOH. Bmomp OeperoBoro ycrost
pa3MeImaTCcs CEMb MHE30METPOB, MEPBEIN U CEllb-
MOW M3 KOTOPBIX (DUKCHUPYIOT TIIyOWHY BOJIBI

B BEpXHEM U HIDKHEM Obedax, a BTOpOoH—IIecTon —
OpIMHATHl OMOSICHIBAIOIIEH KPUBOWM JEMPECCUU.
[Ibe3omeTphl pe3nHOBBIME TpyOaMu BBIBEJIEHBI Ha
LIMTOK, 3aKpeIUICHHBI Ha CTeHKe JIoTKa. B Bepx-
HEM U HW)KHEM Obedax OeperoBoro ycros o0opy-
JIOBaHBI BOJIOCTMBHBIE BOPOHKH, TMOIIEPKUBAIO-
e MMOCTOSTHHBIE YPOBHU BOJIBI B Obedax.

Bopa B BepxHuii Obed ycTos momaBaiach U3
BOZIONPOBOAA 3a 2—3 4 10 Havana ombIta. [Ipu ycra-
HOBHUBIIEMCS pPeXHUMe (HIBTPAIMd CHUMAJHCH II0-
Ka3aHHs MTEE30METPOB, 10 HUM CTPOWIIACh OTBITHAS
OTIOSICHIBAIONIAsl KPUBAsi JETPECCUH, a TaKKe BbI-
YHWCJICHHAaA O BbIIICIIPUBEACHHOMY METOLY.

Kax BumHO w3 Tabn. 1 u puc. 6, BEIYMCIICHHBIE
OpAMHATBl OMNOSCHIBAIOLIEH YCTOM KpUBOM Aerpec-
CHH TPAKTHYECKU COBMAJAIOT C MX OIBITHBIMU 3Ha-
YEHMSIMH, YTO II03BOJISIET KCIOJNIB30BATH TMPUOIIH-
>KeHHBIA MeToJl pacueTta P. P. Uyraesa gt mporHo-
3WPOBaHMS TIOJIOKEHUSI YPOBHEW TPYHTOBBIX BOJ 32
OeperoBeIM yCTOEM U MPUHUMATH MPU HEOOXOIMMO-
CTH 0OOCHOBaHHBIE KOHCTPYKTHBHBIE MEPOIPHUSTHS
[0 WX CHIKEHHIO, M30eras TeM caMbIM HeNpeJBH-
JICHHBIX Tpo0JIeM, BBI3BAaHHBIX (DHMIBTpAIEH TPYH-
TOBBIX BOJI BOKPYT OEpPETOBBIX YCTOEB.

Tabruya 1
OpauHaThl ONOSICHIBAIOLIEH YCTOH KPHBOI Aenpeccuu
Ordinates of depression curve encircling abutment
OpauHaTa KpUBOH JeNpeccuy B Ibe30METPe
Kpusas nenpeccun . 7
1 (BepxHuit 6ped) 2 3 4 5 6 (iKrmi Gbedh)
OmnbITHAs 25,3 21,4 17 16,93 16,37 14,6 8,8
Beraucnennas 25,3 21,15 19,28 - 16,27 14,8 8,8
a
Nel Ne2 Ne 4 Ne6 Ne7

30
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Puc. 6. Beruucnennas (1) u onbiTHas (2) OMOSCHIBAIOIINE YCTOI KPUBBIE IEPECCUH: @ — IUIaH YCTOs; b — MPOJIOJIBHEIA BHI

Fig. 6. Calculated (1) and experimental (2) depression curves encircling abutment: a — abutment plan; b — longitudinal view
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Pedepat. Crarhs NOCBsICHA BBISBICHUIO 3aKOHOMEPHOCTEH IESITEILHOCTH POCCHHCKMX YHUBEPCUTETOB B HAIMOHAIBHOM
MHHOBAIIMOHHOM JKocHcTeMe. PelieHus: BOIPOCOB pa3BUTHsI MHHOBALMOHHON aKTUBHOCTH, 3P (eKTHBHOI KOMMepIrann3a-
LM U BHEIPEHUs HAYYHbIX Pa3pabOTOK 0OOCHOBBIBAIOTCS B CTPATETHUECKUX AOKYMEHTaX pa3BUTHUs rocynapcrsa. Ot ycnerm-
HOCTH BHEIPEHHS HAYYHBIX U ONBITHO-KOHCTPYKTOPCKUX Pa3pabOTOK B 3HAYUTENHLHON Mepe 3aBUCUT yPOBEHb WHHOBALIMOH-
HOW OE30MaCHOCTH CTpPaHbl — COCTOSHUS 3AINMINEHHOCTH HAIMOHAIBHBIX HMHTEPECOB TOCYAapCcTBAa OT BHYTPEHHHX
W BHEIITHUX YTPO3, BOSHUKAIOIINX B YCIOBHAX HHHOBALMOHHOTO pa3BuUTHA. Ha Bemymue Bricie yaeOHbIC 3aBEICHHUS BO3JIAraroT-
Csl 33/1aUMl CTaTh LICHTPAMH PETMOHATBHBIX WHHOBAIIMOHHBIX 3KOCHCTEM, IPEBPATUTh YHHBEPCUTETHI B aKTHBHBIX YYaCTHHUKOB
COLMATBHO-OKOHOMHYECKOTO ¥ MHHOBALIMOHHOTO pa3BUTHS. |1 BRISBICHHS 3aKOHOMEPHOCTEH NEATENFHOCTH YUPEKICHUH BBIC-
mero oOpa3oBaHusl B 9TOM cdepe UCTIONB30BaHbl OQUIINATIBHBIC CTATHCTUYECKUE TAHHBIC O NEATEITFHOCTH HAIMOHAIBHBIX HCCIIe-
JloBaTeNbCKUX YHUBepcUTeTOB Poccuiickoit denepany. AHanu3 U3MEHEHUH MTPOaHAIM3UPOBAHHBIX MTOKa3aTeel MO3BOJIMII BbI-
JIEIATh YHUBEPCUTETHI, peai3yIoline HanOojee MepCIeKTUBHBIC, C TOYKH 3PECHHS MHPOBOTO OIBITAa, MOJEIHU YIIPABICHUS
HAYYHOU JIeATEIHOCTBIO0. DTO, B IEPBYIO OYEPE/b, YHUBEPCUTETHI, Il KOTOPBIX OTMEUAETCs MOJOKUTEIbHBIH OTHOCUTEIb-
HBIN MPUPOCT mokasareneii ooiiero oorema HUOKP, nonu BHEOWKETHBIX cpeacTB B goxoaax By3oB oT HUOKP, ynensaoro
Beca 10x0710B oT HUOKP B 00mux 10xomax. Y CTaHOBJICHO, YTO COBPEMEHHBIN ATall Pa3BUTHS YHHUBEPCUTCTOB XapaKTepU3y-
€TCsl HATMYMEeM KaK KOHKYPEHTHBIX IPEUMYIIECTB, TaK U BBI30BOB, (OPMHUPYIOIINX OCOOSHHOCTH MX MOjepHH3anuu. Peak-
IIel Ha BBI30OBBI JOJDKHO CTaTh CO3/1aHKME OM3HEC-MOJIENN AeATEIbHOCTH «YHUBepcuTeT 4.0», BKIIOUaloIeil HOBbIE TEXHOJIO-
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Abstract. The paper is devoted to identifying patterns of activity of Russian universities in the national innovation eco-
system. Decisions on the development of innovative activity, effective commercialization and implementation of scientific
developments are substantiated in strategic documents of state development. In fact the level of innovative security of a coun-
try, the state of protection of national interests of the state from internal and external threats arising from the conditions
of innovative development, depends to a large extent on the success of the implementation of scientific and development pro-
jects. The leading higher education institutions are entrusted with the task of becoming centers of regional innovation ecosys-
tems, transforming universities into active participants of socio-economic and innovative development. Official statistics
on national research universities of the Russian Federation have been used in order to identify patterns of the activity of higher
education institutions in this area. An analysis of the changes in the analyzed indicators has made it possible to single out
universities that implement the most promising models of scientific activity management in terms of world experience. These
are primarily universities for which there is a positive relative increase in indicators of total R&D, the share of extra-budgetary
funds in university income from R&D, and the share of income from R&D in total income. It has been established that
the current stage of development of universities is characterized by the presence of both competitive advantages and challen-
ges that form the features of their modernization. The response to the challenges should be the creation of a business model
of the University 4.0 activity which includes new technologies, products and services that are in demand in the country.
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BBenenune

HeoOxoamMocTs pemieHus 3a1ad pa3BUTHS HH-
HOBAIIMOHHOW aKTHBHOCTH, 3(Q(EKTUBHON KOMMEp-
[UAJIM3alMd W BHEJPEHUS HAy4YHBIX pPa3pabdOTOK
000CHOBaHA B CTPATETHYECKHUX TOKyMEHTaX pa3Bu-
THSA KOHOMHUKH cTpanbl [1-4]. Ha Bemymue Bbic-
mue ydeOHBbIe 3aBeJeHHUS BO3JAraroTcs 3aJayvu
CTaTh IIEHTPaMH PETHOHAIBHBIX HHHOBAI[MOHHBIX
skocucteM. B Poccuu ¢ 2017 r. peanusyercsa npu-
OPUTETHBIN MPOEKT «By3bl Kak LEHTPBI IPOCTPaH-
CTBa CO3MIaHWs WHHOBAIMiY» [5], HalleJICHHBIA Ha
TO, 4YTOOBl YHHUBEPCHTETHI CTalll aKTUBHBIMHU
Y4aCTHUKAMH PETHOHAIBHOTO COLHMAIbHO-3KOHO-
MHUYECKOTO W WHHOBAallMOHHOTO pa3BuTHs. B Ha-
cTosuiee BpeMs 29 yHHUBEPCUTETOB UMEIOT CTaTycC
HAI[MOHAIBHBIX MCCIIEIOBATEIbCKUX YHHUBEpCHUTE-
toB (HUY), mogmep:kansl mporpaMmbl 33 omop-
HBIX YHUBEPCHUTETOB B pETMOHax [6, 7].

[To nanasiM EBpocTata [8], Mo 3aHATHIX HC-
CIIEIOBAHMSAMH U Pa3pabOTKaMU B CEKTOPE BHICIIIE-
ro obpazoBaHMsl cocTaBiseT: B EBpocoro3e — oko-
1m0 32 %, B SIlmonmm — 24, B Poccum — 15 %.
Jons cexTopa BBICIIETO0 0Opa3oBaHHS B CyMMap-
HBIX BHYTPEHHHUX 3aTpaTax Ha HCCIEAOBAHUS U
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paspaboTku: B crpaHax EBpocorosza — 6onee 23 %,
B Anonun — 12, B Poccnu — oxomo 10 %.

B psnme nmyb6mukamuit [9—13], moCBSIIEHHBIX
aHANMU3y BIUSHUS YHUBEPCUTETOB HA PETHOHANb-
HOE WHHOBAIIMOHHOE Pa3BUTHE, IEIACTCS BBIBOJ
0 TOM, YTO 3TO BIHUSHHE YacTO MPECYBEIUIUBAIOT
U peaJbHbIE PE3yJIbTaThl HE COOTBETCTBYIOT OXKU-
naHusiM. J{ocTaTouyHO THIMHYHBIMU B JTaHHOW 0OJa-
CTH SBIISIOTCS PaboThI [11-13]. AHanu3 npuBeacH-
HBIX MyOJIMKAIUI MMOKa3bIBACT, HACKOJbKO Ba)KHO
[IpY TUITAHUPOBAHUM PETHOHAIBHBIX CTPATETUH UH-
HOBallMOHHOTO Pa3BUTHS ONPENCHATh MPUOPUTETHI
YHUBEPCUTETOB M COXPAHATH OajaHC MKy oOpa-
30BaTEJIbHOM, HAYYHOW W IIPEeNNPUHUMATENBCKOMN
JeSTEIbHOCTBIO.

Iens uccnemoBaHusi cocTosjia B BBISIBICHUU
CTaTUCTHUYECKUX 3aKOHOMEPHOCTEH NEeSATeIbHOCTU
POCCHUICKUX YHHUBEPCUTETOB B HALIMOHAJIBHOW HMH-
HOBallMOHHOW 3KOCUCTEME.

MaTepHa.m,l U METOABbI UCCJICAOBAHUA

C nenpio KOJMYECTBEHHOM XapaKTEPUCTHUKHU,
a TaKKe BBIIBJICHHS OOLIMX M CIICUU(UIECKUX YepT
mozener pazsutust HIY mnpoananusupoBaHbl oc-
HOBHBIE TIOKA3aTeNM PE3yJbTaTHBHOCTH HMX HHHO-

259



IKkonomuka RPOMDbBLULIEHHOCMU

BAI[MOHHOW W HAYYHO-MCCIIEHOBATEILCKON JeATelNb-
HOCTH, COCTOSIHHE€ WHHOBAIlHOHHOW WH(PACTPYyK-
Typsl. Mcnone3oBansl aansHeie 3a 2017 u 2018 rr.
€XKEroJIHOr0o MOHHUTOpPWHTa 3((EKTUBHOCTU Jiesi-
TENPHOCTH 00pa30BaTEIbHBIX OpPTaHHU3AIHUN BBIC-
miero  o0pa3oBaHHs, MPOBOIMMOrO MUHOOpHAY-
ku Poccum [14]. IIpoaHamm3upoBaHbI IOKa3are-
mm 2017-2018 rr. misg 26 HUY. U3 cratucTuyeckoro
aHaJM3a MCKIIOYEHbl PoccHiicKMid HalMOHAIBHBINA
WCCIIEJIOBATEIIbCKUN  METUIIMHCKUN  YHUBEPCUTET
umenn H. U. TluporoBa u Cankr-IlerepOyprekmit
akazemudeckuil yausepcurer PAH B cBsi3u co crie-
UKo mX mesrenbHocTH, CapaToBCKHI TOCY-
JapctBeHHbI yHuBepcuteT umenu H. I'. UepHbl-
IIEBCKOTO — B CBSI3H CO CTATHCTUYECKUM BHIOPOCOM
M0 KOJIMYECTBY MEXKIYHAPOIHBIX MHBECTHULIMOHHBIX
no3uuui. /i aHanu3a CTaTUCTHYECKUX IMOKa3aTe-
JIel UCTIOIb30BaHbl METO/Ibl ONUCATENLHOW M MHO-
TOMEPHOM CTaTUCTUKHU.

Pe3yJbTaTUBHOCTD J1€SITEJILHOCTH
HAYYHO-HCCJIe0BATEIbLCKIUX YHUBEPCUTETOB
KaK I[eHTPOB CO3IaHUS UHHOBAIUIA

OcHOBHOEC BHUMAaHHE TPU aHAIN3E Pe3yibTa-
TUBHOCTY HAYYHOM M MHHOBALlMOHHOU ACSTENIbHO-
ctu HUY yneneHo (MHAaHCOBBIM TOKa3aTeIsM.
B [10] mpoBenen aHanmu3 pe3yiabTaTUBHOCTU JEs-
tenpHOCTH HUY 1mo mansemm 3a 2017 r. B artom
UCCJIEIOBAHUU BBIIIOJIHEHO CpaBHEHUE IOKa3aTe-
neit nesrensHoCcTH 32 2018 1 2017 1., MpoBepeHa

YCTOMYMBOCTh 3aKOHOMEPHOCTEH, BBISIBIICHHBIX 10
maaHeM 3a 2017 1., B 2018-M T

ITo manueiM 2017 1. [14] onpeneneHa 3aBUCH-
MOCTh YIENBHOTO Beca JMJO0XOJO0B OT Hay4yHO-
HCCIIEIOBATEIBCKUX M OMBITHO-KOHCTPYKTOPCKHUX
paspaborok (HUOKP) B obmiem oObeme 10X0H0B
By3a (y) ot obmiero oobema HUOKP B nenexHOM
BeIpakeHnH (x) [10]. Ota 3aBUCMMOCTH, Ha3bIBae-
Mass KpUBOW OHTens, coxpaHwnack U B 2018 T.
(puc. 1). OHa oTpaxkaeT MOCTOSHHYIO 3JIaCTHY-
HOCTb yaenbHoro Beca ngoxonos oT HUOKP mo ux
00beMy B JCHEKHOM BBIpaKEHHH (B paccMaTpH-
BaeMBIX JHAaINa30HAaX W3MEHEHWs IIoKa3aresei).
To ecThb cyliecTByeT ciemyromas 3aKOHOMEPHOCTB:
n3menenne oobema HUOKP na 1 % mnpuBomut
K M3MEHEHHUIO yJAEIbHOTO Beca JIOXOJ0B OT HHX
B 00meM oobeMe 10x010B By3a Ha 0,45-0,46 %.

B dunranCcOBOM 00ecIicUeHIH HAyIHBIX HCCIICIO-
BaHMI 1 pa3padoTok B HUY BBIBIEHBI Criemyromye
CTaTHUCTHYECKU 3HAYUMBbIE 3aKOHOMEPHOCTH.

Hoxomer ot HMOKP B pacuere Ha OJHOTO
Hay49HO-Tiegarorndeckoro padoramka (HIIP) Bo3-
pacTalOT TpH YBEIWYCHUH JIONW BHEOIOIKETHBIX
cpeactB B goxoxax ot HUOKP (puc. 2). 3akono-
MepHOCTh HaOmromaercs asa 2017 u 2018 rr., mpu-
YeM OTMeYaeTcs BO3pacTaHHe OXKUIAeMBIX s
3aJJaHHON JI0J¥M BHEOIOKETHBIX CPEJICTB CPEIHUX
noxono HIIP (nmHus perpeccum Ha puc. 2 ans
2018 r. Beime auHMK perpeccun s 2017 r.).
BrisiBiennble (hakThl CBHIIETENECTBYIOT O TTOJ0XKH-
TENBHBIX TEHICHIUAX B OCYIIECTBICHUN HAyYHOU
JesaTenbHocT B HY.

60
2017 ronm:
¥ =0,04T2x04524

2018 rom:
¥ =0,0391x04642

50 Ri=0621 & MUST

R2—0 &3
Fas o

40 &
g L
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10 ~

Vaenbubiit Bec 10x0108 oT HUOKP
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1000000 2000000
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OGumii 06seM HIOKP, ThIC. pY0.

& 2017 A 2018 = = = Crenensas (2017)
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Puc. 1. 3axoHOMEPHOCTH U3MEHEHHUsI yIesIbHOTO Beca 10xoa0B oT HUOKP B o6mux goxomax
HaLMOHAIBHBIX HCCIIEJOBATEILCKUX YHUBEPCUTETOB OT ob1iero oosema HOKP (moctpoeH aBTopamu 1o gaHHbM [ 14])

Fig. 1. Patterns of change in the share of R&D income in the total income
of national research universities of the total R&D (the graph constructed according to the data [14])
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Fig. 2. Patterns of change in R&D income per one scientific and pedagogical worker
from the share of extra-budgetary funds in R&D income (the graph constructed according to the data [14])

B [10] ycranoBneno, uro B 2017 r. yBemude-
HUE J0NU BHEOIOMKETHBIX CPEACTB B JOXOAaX OT
HUOKP conpoBoxaanock CHIKEHHEM 00111ero 00b-
ema HUOKP B nmenexxHom BeIpakeHnd. B 2018-m
HaOJIIOAJIOCh «BBIpAaBHUBaHME» IOKazatens «Jloms
BHEOIO/DKETHBIX CPENICTB B OOIIMX JI0X0/JaX By3a OT
HUOKP»: ero 3nauenne mig HIY B 2018 r. Bappu-
poBasiock B auamnazoHe 49-76 %, B TO BpeMsl Kak
B 2017-m pasbpoc coctapmstm ot 22 mo 100 %.
IIpu sTOoM pazbpoc mokazarens «OOmmiA 00beM
HUOKP B [eHeXHOM BBIPQKEHUW» YBEIHUMI-
ci: B 2018 1. oobem HUOKP cocraBun ot 222
no 4221 mua py6., a B 2017-m—ot 203
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10 3050 mutH py6. (puc. 3). Yka3aHHBIH (aKT CBH-
JIETEIBCTBYET O TIOBBIIIICHUH BOBJICYCHHOCTH dJie-
MEHTOB WHHOBAIIMOHHOW 3KOCHCTEMBI B (DMHAHCH-
pOBaHME HAYYHBIX UCCIICIOBAHUN U pa3pabOToK.

OTMedaeTcsl TOCTOSITHCTBO IOKaszarened s
HHNY «Bpicmas mkojia S3KOHOMHKW», CYILLECTBEH-
HBI pocT obmero oobema HMOKP mns MITY
nvean H. 3. baymana, yauBepcuteTroB UTMO,
M®THU. B To xe Bpems mina ToMckoro rocynap-
CTBEHHOTO YHHMBepcuUTeTa U YHuBepcurera «l'op-
HBII» OTMEYaeTcsl CYIIECTBEHHOE CHIDKEHHE TONN
BHEOIOPKETHBIX CPEICTB MPU COXpPAHEHUH OOIINX
oovemoB HUOKP (puc. 3).

0 20 40

Jons BHeGIOKETHRIX CPeICcTB B noxoaax ot HUOKP, %

Puc. 3. B3aumocBs3b Mexay nojiei BHeOIoKeTHbIX cpeacTB B foxonax oT HUOKP u o6mum o6semom HOKP

Fig. 3. Relationship between the share of extra-budgetary funds in R&D revenues and the total amount of R&D
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AHamn3 U3MEHCHHH PacCMOTPEHHBIX (IIpoaHa-
JU3UPOBAaHHBIX) I[OKa3aTeNed MO3BOJSIET BbIIe-
mute HUY, peanusyronye Hanbosee NepcreKTuB-
HBIe, C TOYKH 3pPEHHS MHUPOBOTO OIBITAa, MOAETH
yIpaBlieHUsS HAYYHOH AEATEIBbHOCTHI0. JTO, B IIEp-
ByIO Oue€pe]lb, YHHBEPCHUTETHl, B KOTOPBIX €CTh
MOJIOKUTENIbHBIN OTHOCUTENIBHBIA IPHPOCT TOKa3a-

teneit obmero oobema HUOKP, monu BHEOIOMKET-

HBIX CpelICTB B qoxoaax By3oB or HUOKP, ynens-
Horo Beca noxonoB or HMOKP B o0mmx noxo-
nmax (puc. 4, 5, mpaBelii BepxHWU KBaapadrt). s
nepuona 2017-2018 rr. oTrMewaeTcs IHHEHHAS
B3aMIMOCBSI3b MEXY OTHOCHUTEIEHBIM IPUPOCTOM
yaensHOTO Beca noxonoB oT HUMOKP B obmux
JIOXOJIaX BY30B WU OTHOCHUTEIHHBIM IPUPOCTOM
obmero oobema HUOKP (puc. 5).
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Fig. 4. Relationship between relative increase in the s

OM JIOJIM BHEOKOIKETHBIX CPEJICTB B JoXoaax By3oB oTr HUOKP
bemMa HUOKP 3a 2017-2018 rr. (1o ganueiM [14])

hare of extra-budgetary funds in university income from R&D

and relative increase in total R&D for 2017-2018 (according to [14])
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Puc. 5. B3auMocBs3b MEXy OTHOCUTEIILHBIM IIPUPOCTOM YyJIENIbHOI0 Beca 1oxon08 or HUOKP
B OOIIKX JI0X0J]aX BY30B U OTHOCHTEJILHBIM MPpHUPOCTOM o01iero oorema HUOKP 3a 2017-2018 rr.
(o nanueM [14])

Fig. 5. Relationship between relative increase

in the share of R&D income in total university incomes

and relative increase in total R&D for 2017-2018 (according to [14])
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Ilonxonq K TOCTPOEHHMIO THIIONOTHH MOJE-
neit pazsutuss HWUY, aHanoruysslii u3naraeMomy
B [15], mpeacrasnen nmamu B [10]. Ilo manHBIM
2017 r. ¢ UCTONB30BaHUEM MeTOAa (aKTOPHOTO
U KJIACTEPHOrO aHaju3a BBIABICHBI JEBITh YHU-
BEPCUTETOB, JUISI KOTOPBIX TUIIMYHBI CPEIHUE YPOB-
HU TpeaNpUHUMATEIHCKOM MHHOBAIIMOHHOW aKTHB-
HOCTH W OIO/DKETHO-OPUEHTUPOBAHHON HAYIHOM
JIeSITENIbHOCTH, @ TaK)Ke BBICOKAs IPaKTUKO-OPUEHTH-
poBanHas Hay4uHasi akTUBHOCTH [10]. CocraB BBI-
JICJICHHOW THUIOJOTMM OCTAeTCs MPEeXHUM U s
nmanHbIx 2018 1.

KonuenrtyanbHast Mmoaeib
«YuuBepcurert 4.0»

B mepcrnekTuBe HalNMOHATBHBIE HCCIEIOBA-
TEIBCKUE YHUBEPCHUTETHI, PEaTU3YIOLIUE CETOIHS
B TOM WJIM MHOW CTENEHHU MOJENb Pa3BUTHS «Y HHU-
BepcuteT 3.0», OpPHEHTHPOBaHBI Ha TO, YTOOBI
CTaTh MHHOBAIIMOHHBIMHU IIEHTPAMHU B COCTaBE Ha-
LMOHAJILHOM HMHHOBAIIMOHHOM YKOCHUCTEMEBI, 00ec-
MEYNBAIONUMI aKKyMYJIHpOBaHUE 3HAHWH, TpaH-
cdep TexHoNOruH, GOpMHUPOBaHHE KPEaTUBHOM cpe-
JII, © TEM CaMBIM TMEPEUTH K CISAYIOIMEMY dTaIry
pasBuTus — K Mozenu «YHuBepcutet 4.0». busnec-
MoJzenb «YHuBepcuteT 4.0» BKIIOYaeT B ceOs de-
ThIpE MPU3HAKA!

1) BOBMOXXHOCTH COYeTaHUsI (POpPM B PEKUMOB
oOydeHus: Kiiaccuieckoe oOpazoBaHHe W OW3Hec-
obpasoBaHue; odraiiH-, CMEIIaHHBIC WUIH TIOJHO-
CTbIO OHJIAH-KYPCHI;

2) KOpPOTKHE LMKIBl OOHOBJIEHHS KBalIH(UKa-
IIUH, KOTOPBIC OBICTPO PEarupyroT Ha HW3MEHEHUS
B SKOHOMMKE W MCHSIOTCS ¢ U3MCHSIIOIUMHUCS TIO-
TpeOHOCTSAMU PHIHKA TPY/Ia;

3) ynpaBieHHe Kapbepoi Mocie BBITyCKa CTY-
JIEHTOB, TPENIOKEHUE TOCTAUIUIOMHBIX KPaTKHX
KYPCOB JUIsI TOTIOJTHEHUSI TOPTQEs HaBBIKOB, CO-
37JaHUS HOBBIX HABBHIKOB B 3aBUCHMOCTH OT IIO-
TpeOHOCTEH IKOHOMHUKH U TOCYIapCTBA;

4) coBMECTHOE pa3BUTHE B COTPYIHHUYECTBE
C peaJgbHBIM CEKTOPOM HKOHOMHKH, Pa3BUTHE B
KayecTBe OPOKEPOB OTHOIICHUH MEXIy CTYICHTa-
MU W BBINYCKHHKAMH W WX IOTCHIHAIHHBIMU
HACTaBHHKAaMH, Pa0OTOMATENSIMH U CIIOHCOPAMH.

Hawnbosmee 3HAaUMMBIMU, ¢ TOYKH 3PCHUS BIIHSI-
HUS Ha Pa3BUTHE YHUBEPCUTETA, BHCITHUMH BBI30-
BaMH SIBIISTFOTCS:

Hayka
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o (hopmupoBanre MUPPOBOIT YKOHOMHUKH, TIPE-
MoJIararoneil yHUBEpCaaIbHOCTh KOMIIETSHITHIH;

e IeMOTpaUUecKuil TPeHl, OObEKTUBHO MPH-
BOJSIIHNNA K POCTY IOJH 00YYaEeMBIX MO KOPOTKUM
IporpaMMam JIOTIOJTHHUTEIHHOTO U OH3HEec-00pa3o-
BaHUS,

¢ 00ecriedyeHrne KOHKYPEHTOCIIOCOOHOCTH HAIIHO-
HAJTHHOUW MPOIYKIIMA HAa MHUPOBBIX PHIHKAX, CIICH-
CTBHEM 4Yero sBISETCS aKTHBHM3alHA CIpoca Ha
MEXITyHApOIHYIO KOMITOHEHTY ITPOTPAMM;

e HOBBIC BHEIIHUE YrpO3bl HAIIMOHAILHOW 0e3-
OITAaCHOCTH W YCHJIEHHE MX B3aUMOCBS3H C COXpaH-
HOCTBIO HHTEJUIEKTYaJIbHOTO TOTCHIMANA CTpaH,
BBI30BBI HHHOBAIIMOHHOHN 0€30MacHOCTH — COCTOA-
HUIO 3alUIICHHOCTH HAIIMOHAJIBHBIX HHTEPECOB
rocy/apcTBa OT BHYTPEHHHX W BHEIIHHX YTPO3,
BO3HUKAIONINX B YCJIOBHSIX WHHOBAIIMOHHOTO pa3-
Butus [16], 4TO NUKTyeT HEOOXOTUMOCTh HWHTE-
Tpaly MPEeIMETHOW 00JIaCTH «MHTEIICKTyaIbHAS
COOCTBEHHOCTH» BO BCE€ WHBIE MpeIMeTHbIe 00a-
CTH U Cepbl NEATSIBHOCTH;

e TSDKEJIOe aJMHHHCTPATUBHO-IIPABOBOE 0Ope-
MEHEHHUE JeATEIHHOCTH 00pa30BaTEIbHBIX yUPEK-
JICHHIA, YTO CHIKAeT THOKOCTh M CKOPOCTh pearu-
pPOBaHHA Ha BHI3OBHI.

JlaHHBIC BBI3OBHI MPEANONATAIOT CIEAYIOIINE
HeoOXOoaMMbIC M3MEHEHHUS B OpraHU3alud o0pa3o-
BATEJBbHOM, HAYYHOU, IPOEKTHO-COLUAIIbHOM U MIpeI-
MIPHHAMATENBCKOHN IEATEIPHOCTH YHHBEPCUTETA!

e IICPEXOJ OT 00PA30BATEIBHOTO IIUKIA K CIH-
panu pa3BUTHS Ha IporpamMMax BBICIIEr0 00pa3o-
BaHHA — JOTNOJHEHUE WX MPOrpaMMaMH, OPHUCH-
TAPOBAHHBIMM Ha YCKOpPEeHHOe OOHOBIICHHE
3HAHWM;

e I3MeHeHre (HOpM M WHCTPYMEHTOB OpraHh3a-
1y 00ydYeHHs, Pe3KOe YBEIWYCHUE IONMU HAy4HO-
TEXHIYECKOW HH(OPMAIIH B CTPYKTYPE 3HAHHIA;

e BO3pacTaHue TpeOOBaHUI K YPOBHIO KBaJH-
¢ukanuy pabOTHUKOB;

* BO3pacTaHHE POJH MEXIYHAPOIHBIX mpodec-
CUOHAJIBHBIX U 00pa30BaTEIILHBIX CTAHIAPTOB.

®akTopaM YCTOMYMBOI'O Pa3BUTHS YHUBEPCH-
TeTa SIBIISIOTCS:

e TIEPEXO/ OT TMOWCKA W MCIIOIB30BAHUS PECyp-
COB K TMOMCKY M HCIIOJIb30BAHUIO JIpaiiBepoB Oy-
IYIIETO Pa3BUTHS M WHCTPYMEHTOB YIIPAaBJICHUS
UMU; TUBEPCUGUKANMS KaK TMPUHIA JESTEIb-
HOCTH, MHO)XECTBEHHOCTh TIPOAYKTOB H PECYPCOB;
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CHUCTEMHOCTh ¥ B3aUMOOOYCIIOBIEHHOCTb BCEX BH-
JIOB JESATEILHOCTH;

e TICPEXO OT paboOTHl ¢ aOWUTypHEHTaMH K
TIOWCKY TaJIaHTOB, B3palllMBaHUE H PaboTa ¢ HUMHU;
YCKOpEHHAasl TOATOTOBKAa MPOQPECCHOHAIOB JUIS
(hopMHpYIOLIMXCSI PBIHKOB B TaKTHYECKOH Iep-
CIICKTHUBE;

 HH][yCTpPHUAJIbHBIE CBSI3U C OM3HEC-cooO0IIecT-
BOM, IIeJeroararlnas CUCTeMa KOMMYHUKAIIWH,
WHTETPANNOHHAS MOJIETh COTPYTHUIECTBA;

e MIHHOBAIIMOHHAs WH(PACTPYKTypa BBICOKOH
MOOMIIBHOCTH (IIpeJaKkcerepaTopsl U akcenepaTo-
pBI, LEHTPHI MOAJCPKKH TEXHOJOTUH W HHHOBa-
uui u mp.);

¢ 3HAYUTENBHBIA MOTEHIUAN B psae obiacTeit
MPUKIAHBIX HAYYHBIX HCCIENOBaHWN (BHEIIHE-
SKOHOMHUYECKAs JeATeNbHOCTh, HHTEIUIEKTyalIbHAS
COOCTBEHHOCTB ).

®DaKTOpBI, HETaTUBHO BIHSIOMINE HA Pa3BUTHE
YHHBEPCHUTETA!

e Mayble TEMITBI MPO(HECCHOHATBHON MOOWIIb-
HOCTH B YacCTH SI3bIKOBOM MOJATOTOBKH IMpPENOiaBa-
TCICH;

e OTCYTCTBHE MEXaHHU3MOB KOHTPOJS Haja odec-
NedeHNeM BHYTPEHHUX CTUMYIIOB JIOCTIDKEHUS
¥ TIOJUIEPKKN MEXITyHApOIHOTO YPOBHS KadecTBa
Y4eOHBIX ITPOTPaMM;

e criabast qudepeHIuays HayYHbIX UCCIIE0-
BaHWU U aHATUTHUYECKUX pa3paboTok, ciaboe B3a-
MMOJEUCTBHE CTyICHUECKIX HCCIIEAOBAaHUN U pa3-
paboToK C peasbHBIM CEKTOPOM SKOHOMHKH;

o cabas MaTepuaNbHO-TEXHIUECKas 0asa.

[Ipu coxpaHstomeMcs MOTEHIUANE W KOHKY-
PEHTHBIX TPENMYIIECTBaX HETaTUBHBIE (aKTOPHI
CO3/Ial0T PHCKH NIEATENIbHOCTH YHWBEPCUTETa U B
YCIOBMSIX OIPaHWYEHUN JPYrMX BO3MOKHOCTEHN
pa3BUTHSA MOTYT CTaTh CYIIECTBEHHBIM 0aphepoM,
NPENSATCTBYIOMMM 3PPEKTUBHOMY Pa3BUTHUIO.

BbIBO/IbI

1. Ilpu yBenuueHWH 10U BHEOIOIKETHBIX
cpenctB B goxonax ot HUOKP Bozpacraror goxo-
ael or HUMOKP B pacuere Ha OZHOrO HaydyHO-
neparorudeckoro paboranka HUY. VYcranosnen-
Hasi 3aKOHOMEpHOCTh HaOmomamack mis 2017 u
2018 1r., NpryeM oTMeYaeTcs BO3pacTaHUE OXKU[a-
eMBIX JJIs 33JaHHOW JTOJTM BHEOIODKETHBIX CPEICTB
cpennux noxonos HIIP. BeisiBneHHsie GhakThl CBU-
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JIETENTBCTBYIOT O IMOJIOKUTENbHBIX TEHACHIMIX B
OCYILIECTBJIEHUN Hay4yHOU aestensHocTH B HIY.

2. B 2018 r. Habnrogaisoch «BHIPABHUBAHHE)
3HaueHWi Tokazarens «Jloms  BHEOHOMKETHBIX
cpeacts B obmmx goxomax HUY or HUOKP» mo
cpaBHeHuto ¢ 2017 r. BelpaBHUBaHUE 3HaueHUIl
MTOKA3aTeNlsI CBHUIETENHCTBYET O TOBBIMIEHUH BO-
BJICYEHHOCTH 3JIEMEHTOB MHHOBALlMOHHOHN 3KOCH-
cTeMbl B (PMHAHCHPOBAaHUE HAYYHBIX HCCIEIO0Ba-
HUI 1 pazpaboTok B 6onpmHcTBe HUY.

3. AHanu3 U3MEHEHUW NpPOaHAIU3UPOBAHHBIX
nokasaresieii nossosisier BbLaenuts HWY, peanu-
3yrolre Hanboliee MepCIeKTUBHEBIE, C TOYKU 3pe-
HUS MHPOBOTO OITBITA, MOJIENN YIPABICHUS Hayd-
HOM JeATeNbHOCThIO. JTO, B TEPBYIO O4Yepenb,
YHUBEPCUTETHI, IJIs1 KOTOPBIX OTMEYaeTcsl MOJIo-
JKUTENbHBIA OTHOCHTEIBHBI TIPUPOCT TOKa3a-
teneir obmero oobema HMOKP, nomm BHEOIOA-
KETHBIX CpelCTB B Aoxogax By3oB oT HUOKP,
yaenpHOTO Beca noxomoB or HMOKP B obmmx
J0Xoax.

4. CoBpeMEHHBIN 3Tall Pa3BUTHS YHUBEPCHUTE-
TOB XapaKTEpU3yeTCsl HAMUYMEM KaK KOHKYpEHT-
HBIX IPENMYIIECTB, TaK W BBI3OBOB, (HhOPMHUpYIO-
IMX OCOOCHHOCTH €ro pa3BuTus. Peaknueid Ha
BBI30OBBI JIOJDKHO CTaTh CO3JaHue OW3HeC-MOIeln
nesaTenpbHOCTH «YHuBepcuTeTa 4.0», BKIIOYaronei
HOBBIE TEXHOJIOTHH, MIPOAYKTHI U YCIYTH, BOCTpPE-
OOBaHHBIE B CTpaHE.

5. B cTpykType W (QYyHKIUSX COBpPEMEHHBIX
HaIlMOHAIBHBIX HCCIIENOBAaTENbCKUX YHHUBEPCHUTE-
TOB MPUCYTCTBYIOT OTIMYUTENbHBIC TIPU3HAKHA MO-
nemn «YuupepcuteT 4.0». DTO, Mpexiae BCero,
coOCTBEHHass MHHOBAaLMOHHAs 3KOCHCTEMa, OCHO-
BBIBAIOMIAACS HA CETEBOM B3aWMOJICHCTBHUH C KOP-
MOPaTUBHBIMU MapTHEPAaMH, Pa3BUTON PeCypCHOM
0a3e, ampoOMPOBAHHBIX MEXaHHW3MaX BHEAPCHUS
WHHOBAIIMOHHBIX pa3padoToK.

6. «YHuuBepcuret 4.0» — MOMUroH Al POpPMHU-
pOBaHMA HOBOTO 00pa30BaHUS M HaNpaBICHUN HC-
CIIeIOBaHUH, HOBBIX TEXHOJOTMYECKUX U OM3HEcC-
KOMIIETCHIIUH, MpeIIpuHIMATENbCKOH U 1Hdpo-
BOH KyJbTYpBl. DTO — EHTP OBICTPHIX H3MEHEHUN
¥ BO3MOXKHOCTh WHAYIIMPOBATh BIUSHUE YHUBEP-
CUTETa Ha pa3BUTHE PETHOHA W KOHKPETHBIX OT-
paciieif 5KOHOMHKH. DTO OIWH W3 OCHOBOIIOJIara-
IOIUX 3JIEMEHTOB OOecreyeHnss WHHOBAIIMOHHON
0e30MacHOCTH TOCYJapCTBa.
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CoxpameHnus:

BIIID — HannoHanbHBIM HCCIENOBATENbCKUN YHU-
BepcuTeT «BrIcmiast mKoia SKOHOMUKNY;

«lopusrity — Cankt-IleTepOyprekuii TOpHBINH YHU-
BEPCHUTET;

UTMO — HauumoHanbHbIN HCCIEA0BATENbCKUN YHU-
Bepcuter UTMO;

MI'TY — MOCKOBCKHI IOCy1apCTBEHHBIN TEXHUYE-
ckuil yausepcuteT umenu H. O. baymana;

MU®U — HaumoHanbHbIA MCCIEI0BATENBCKUH siiep-
Hblil yHUBepcuteT « MU DN »;

MUDT — HaunoHanbHbIM UCCIEN0BATENbCKUNA YHU-
BepcuteT «MUDTy;

MO3U — HamuoHanbHBIA HCCIIEAOBATENbCKUN YHU-
BepcuteT «MON»;

HUTIIY - HanuwoHambHBEIA HCCIEN0BATSILCKUI
ToMCKUI NONUTEXHUUECKU YHUBEPCUTET;

CHUNY - Camapckuil HallMOHQJIBHBIA HCCIIEAOBa-
TeNnbCcKUil yHUBepcuTeT umenu akaaemuka C. IT. Kopo-
JeBa;

CIIGITY — Cankr-IlerepOyprckuii momuTexHIYE-
ckuit yausepcurer Ilerpa Benukoro;

M®TU (duszrex) — HanmoHanmpHBIN HCCIIEAOBA-
TenbcKui yHusepcuter MOTU.

WccnepoBaHns, BbINOMHEHHbIE MO OaHHOW TemaTtuke,
NpOBOAMMNCH NPV PMHAHCOBOW NMopaepxke rpaHTa [Npean-
neHta Poccuiickon depepaumm Ha pasBUTME TPaKOAHCKOTO
o6Lectea Ne 19-1-018506.
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