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Abstract

This review compiles quantitative evidence on self compacting fiber reinforced
concrete, focusing on specification windows and fiber dosage effects. Practice targets
are slump flow 650 to 800 millimetres, T500 about 2 to 5 seconds, V funnel about
8 to 14 seconds, L box H2 over H1 not less than 0,80 and J ring step not more than
10 millimetres. Steel fibers enhance tensile and flexural response but narrow the fresh
property window, with slump flow decreases of 50 millimetres at 0,25 % and
220 millimetres at 0,50 %, and V funnel increases of 11 %, 38 %, 50 % and 63 %
at 0,25, 0,50, 0,75 and 1,00 %; compliant mixes show T500 near 2,2 to 3,5 seconds.
A compact table links dosage to changes in slump flow, T500, V funnel and passing
checks, and a variable response map connects paste content, grading, admixture
compatibility and fiber geometry to acceptance indices, supporting mix design and
verification under dense reinforcement and long delivery.

Keywords: self compacting concrete, steel fiber, fresh properties, slump flow,
V funnel, L box, passing ability, pumpability, mix design

Introduction

Self compacting fiber reinforced concrete in congested members and long delivery
must satisfy passing ability, stability and pumpability, while fibers that improve tough-
ness also raise flow resistance and the risk of blockage or segregation [1]. Practice re-
lies on slump flow with T500, V funnel and J ring or U box to control filling, viscosity
and passing, yet many studies list mix tactics without converting these metrics into
a site facing acceptance route that links laboratory windows to placement and pumping
limits [2]. Here a performance window is defined that ties target ranges for these tests
to paste volume, aggregate grading, admixture compatibility and fiber content and ge-
ometry, aligning mix adjustments and on site checks to verify passing and stability to-
gether with strength, cost and durability under realistic delivery conditions.

Literature review

Field practice uses a common acceptance set for self compacting fiber reinforced
concrete: slump flow with T500 for filling and cohesion, V funnel for stability, J ring
or U box for passing, and sieve or visual indices for segregation, with performance
governed by paste volume, continuous grading, admixture compatibility and fiber dos-
age and geometry [3]. These tests act as a window that narrows with reinforcement
congestion and pumping length, so mixes require context specific tuning [3]. Fibers
improve post cracking response but can reduce filling and passing when volume frac-
tion or aspect ratio exceed workable ranges; guidance pairs a minimum effective fiber
content with adjustments to paste, sand ratio and superplasticizer to keep segregation
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low and V funnel and J ring within limits [4]. Pressure based analyses of pumped self
consolidating concrete show rising apparent viscosity along the line, longer V funnel
times and larger J ring differences, so stability and passing windows tighten with pres-
sure and temperature and require tighter targets and small on site checks before full
placement [5].

Materials and methods

Searches of Scopus, Web of Science Core Collection and Google Scholar for
2010 to 2025 included peer reviewed articles and standards with numerical results for
slump flow, T500, V funnel, L box, J ring and strength, excluded non SCC and no da-
ta items, and recorded binder system, water to binder ratio, maximum aggregate size,
fiber descriptors, test method and outcomes, with fresh data harmonised to SCC clas-
ses SF1 to SF3, VS1 to VS2, VF1 to VF2, PAl to PA2 and SR1 to SR2.
The literature supports a window based approach that ensures compatibility with pol-
ycarboxylate superplasticizers, holds water to binder ratio constant with moisture cor-
rection, and varies paste volume, sand ratio, upper aggregate size, admixture dosage
and fiber geometry [6]. Reported practice follows three steps that tune a baseline mix
to meet acceptance limits, select the minimum effective fiber content and aspect ratio
while keeping indices within the window, and refine one variable at a time, as sum-
marised in Figure 1 [7].

) Baseline mix setup (nolow fiber). Set target window for slump flow. T300. V-funnel J-ring/U-box. segregation index.

) Add fibers at mmimum effective content and aspect ratic. Keep all fresh mdices within the window.

) Fme-tune paste volume, sand ratio. admixture type and dosage, and aggregate prading; recheck the window.

) Site check short pump loop and small mockup under project line length and bends.

) ¥ window holds, full-scale placement and acceptance; record parameters for production.

Figure 1 — Performance-window — based mix-design co-optimization and site-verification
workflow for self-compacting fiber-reinforced concrete (SFRSCC)

Results

According to widely used standards for SCC, slump flow is classified as SF1
to SF3, T500 as VS1 to VS2, V funnel as VF1 to VF2, L box as PAl to PA2, and
sieve segregation as SR1 to SR2. Typical practice targets are slump flow 650
to 800 millimetres, T500 about 2 to 5 seconds, V funnel about 8 to 14 seconds, L box
passing ratio H2 over H1 not less than 0,80, and J ring blocking step not more than
10 millimetres; the classification and acceptance windows follow the European
Guidelines for SCC and EN 12350 parts 8, 9, 10 and 12 with segregation classes per
EN 206, see Table 1 [8-12].



Table 1 — Standard tests and specification windows for self compacting concrete and SFRSCC
[8-12]

Property and test Standard Classification or acceptance Typical target for
window structural practice
Slump flow, diame- | EN 12350-8 SF1 550 to 650; SF2 660 to 750; | 650 to 800
ter in millimetres SF3 760 to 850

T500, time in | EN 12350-8 VS1 2 or less; VS2 more than 2 about2to 5
seconds

V funnel, time in | EN 12350-9 VF1 8 or less; VF2 9 to 25 about 8 to 14

seconds

L box, passing ratio | EN 12350-10 | acceptance not less than 0,80 not less than 0,80

H2 over H1

J ring, blocking step | EN 12350-12 | commonly used limit not more | not more than 10

in millimetres than 10

Sieve  segregation, | European SR1 not more than 20; SR2 not | 15 or less for tall

SR % Guidelines and | more than 15 vertical elements
EN 206

Steel fibers reduce slump flow and passing with dosage, while T500 and V funnel
times rise; compliant mixes are maintained by increasing paste volume, reducing the
maximum aggregate size and adjusting high range water reducers and viscosity modi-
fying admixtures. Quantitatively, V funnel time increases are about 11 %, 38 %,
50 % and 63 % at 0,25, 0,50, 0,75 and 1,00 % fiber volume, with slump flow losses
near 50 mm at 0,25 % and 220 mm at 0,50 % for hooked end fibers, and compliant
T500 about 2,2-3,5 s at slump flow about 600—700 mm. Compressive strength
changes little, while splitting tensile and flexural strengths increase, for example flex-
ural from about 6,2 MPa to 7,0 MPa at 1,05 % micro steel fibers; details are given
in Table 2 [13-15].

Table 2 — Numeric effects of steel fibers in self compacting concrete

Fiberset | Dose | Slump | T500 (s) | V-funnel A | Passing limits Mechanical

(% flow A (%)

vol) (mm)
Hooked 0,25 -50 at|22 to|+11 at 0,25; | H2/H1 min 0,80; | split, flexural +;
end to 0,25; 3,5 +38 at 0,50; | J-ring max 10 mm | compressive 0 to
SF[13,14] | 1,00 | —220 at +50 at 0,75; =7 %

0,50 +63 at 1,00
Micro or | 0,90 600 to|2,2 to|up with | H2/H1 min 0,80 flexural +10 to
short SF |to 700 3,5 dosage +15 % (6,2t0 7,0
[15] 1,05 MPa at 1,05 %)
SFinMto | 0,50 down up with | up with | passing loss in | toughness +;
H strength | to with dosage | dosage dense cages unless | compressive  to
SCC[13] | 2,00 dosage paste, grading ad- | —7,5 %
justed

Note — H2 and H1 are the downstream and upstream heights in the L-box after flow stops;
H2/H1 is the L-box passing ratio per EN 12350-10, acceptance not less than 0,80. J-ring step
is the height difference measured in the J-ring test per EN 12350-12, acceptance not more than
10 mm. “Dose (% vol)” is fiber volume fraction of concrete. “A” means change relative to a SCC
reference without fibers. “+” means increase, “—” means decrease. “M to H” means medium to high
strength SCC. “SF” means steel fibers. Units: mm millimetres, s seconds, % %.



At constant water to binder ratio, more paste lowers yield stress, shortens time
to target spread, and gives larger slump flow with smaller T500, while less paste
or coarser sand slows flow, lengthens V funnel time, and increases the J ring or U
box spread difference; continuous grading stabilises indices and limits segregation,
and T500 with V funnel reveal hidden viscosity differences [16].

Higher fiber content or aspect ratio improves residual capacity but raises flow re-
sistance near the paste packing limit, seen as lower spread, longer T500 and V funnel
times, and greater passing loss in congested reinforcement; shorter or hybrid fibers
reduce these penalties, and superplasticizer recovers spread only within the compati-
bility range, since overdose causes segregation even at large spread [17]. Under long
line pumping, mixes stable in static tests can drift to higher viscosity, indicated by
longer V funnel after circulation and a larger J ring difference, with line pressure con-
firming real rheology change; pressure based interpretation separates cases correcta-
ble by modest paste and admixture adjustment from those that require shorter fibers
or lower fiber content [16-18]. Table 3 summarises the variable response map and
field cues.

Table 3 — Variable response map and field cues
Variable change | Fresh indices (slump flow, T500,

Segregation Field cue

V-funnel, J-ring or U-box) index
Paste volume | Larger spread, shorter T500, | May rise if | Suitable for dense re-
increased shorter V funnel time, passing | cohesion is | inforcement; confirm
improves insufficient stability
Paste volume de- | Smaller spread, longer T500, | Often lower at | Restore with modest

creased or coarser
sand

longer V funnel time, passing de-
creases

first, blockage
risk increases

paste increase or finer
sand

Continuous Indices stable at similar spread, | Lower and | Prefer for long pump-
grading passing improves steadier ing distance
Superplasticizer Spread and passing improve, | Stable when | Stop at the lowest ef-
dosage increased | T500 and V funnel time shorten compatibility | fective dose

within  compati- is good

bility

Fiber volume or | Spread decreases, T500 and V | Stable if dis- | Limitto the minimum
aspect ratio in- | funnel time lengthen, passing de- | persion is uni- | effective content
creased creases form

Shorter or hybrid | Spread recovers, T500 and V fun- | Little change Useful  compromise
fibers at the same | nel time shorten, passing im- for congested rein-
content proves forcement

Conclusion

This review aligns self compacting fiber reinforced concrete with a clear ac-
ceptance window and a concise set of adjustment levers. For structural practice, mix-
es that target slump flow 650 to 800 millimetres, T500 about 2 to 5 seconds, V funnel
about 8 to 14 seconds, L box H2 over H1 not less than 0,80 and J ring step not more
than 10 millimetres provide a workable basis. Minimum effective fiber volume is pre-
ferred, with short or hybrid fibers used where passing is critical. Paste fraction, sand
grading and high range water reducer selection are tuned one at a time to keep all
fresh indices within the window. The numeric table in the results section gives direct
cues for expected changes with dosage, while the variable response map supports di-
agnosis and correction during proportioning and placement. The approach offers
a compact reporting template and facilitates comparison across studies.
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Annotation

The design of a passive solar system for heating and ventilating livestock
buildings is considered.

Keywords: Solar energy, passive solar system, ventilation, livestock building.

Introduction. Solar energy has practically unlimited resources, and installations
based on it are more environmentally friendly than other energy sources. They are not
related to environmental pollution problems.

Every year, the Earth's surface receives energy from the Sun. If we compare this
energy with estimates of the energy contained in the explored reserves of natural gas,
coal, oil, and uranium, 1t becomes clear that in one week, the Earth receives from the
Sun such a quantity of energy that exceeds all known energy reserves on Earth by
more than two times.

Subject of research. In many countries, increasing attention is being paid to the
practical use of solar energy, primarily for hot water supply and building heating, and
sufficient experience has been accumulated in the development and operation of heat
supply systems, in which solar energy is effectively used throughout the year [2].

From an economic point of view, the solar heat supply system should be designed
so that it provides only a portion of the annual heat load, and the missing amount of
heat is added as needed through an additional energy source [1].

Goals. Currently, specialists' attention is drawn to "passive" solar heating systems,
whose main advantages are cost-effectiveness and ease of operation. In buildings
equipped with passive heating systems, the absorption, accumulation, and transportation
of heat in such buildings occurs naturally using architectural-planning and structural so-
lutions without the use of special expensive heliotechnical and engineering equipment.
Along with cost-effectiveness, the implementation of passive systems is a highly effec-
tive means of combating environmental pollution. Buildings equipped with passive heat-
ing systems, the southern wall of which has one or two-layered glazing. Simplicity and
relatively low cost are a solid basis for the widespread use of passive systems. It has
been established that passive solar systems can surpass active solar systems in terms of
cost-effectiveness and even compete with liquid fuel heating systems. The cost of
a building with a passive solar radiation energy utilization system is approximately equal
to the cost of an ordinary residential building of the same category.

Materials and methods. The introduction of passive solar energy systems into prac-
tice will make it possible to significantly reduce the consumption of thermal energy for
heating residential, public buildings and agricultural structures based on widespread use.
An agricultural facility using a passive solar heating and ventilation system allows [1]:
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— reduce heat losses through transparent coating by reducing the temperature of the
blackened surface while increasing heat transfer through the heat-accumulating walls;

— the possibility of supplying heated fresh air to the premises during the cold peri-
od of the year;

— to improve the ventilation of the premises by natural or forced means.

It should also be noted that the use of solar energy for heat supply has great pro-
spects for widespread use in individual households, where the use of solar energy is
already expedient. Widespread and targeted energy conservation will allow for the
conservation of fuel and energy resources.

Results. Animal husbandry today acts as a powerful energy consumer. A significant
portion of energy expenditure is attributed to maintaining optimal microclimate param-
eters on farms, which contributes to increased productivity. Optimal air parameters in
livestock buildings, temperature +12...16° C, relative humidity 60...70 % [4]. The sta-
bility of the animal's body's thermal balance depends on the stability of the environ-
ment's temperature. When maintaining the required temperature in combination with
other necessary room parameters, product yield can increase by 30 % [3]. Therefore,
livestock buildings must be equipped with an effective ventilation and heating system.

The most common type of heating in animal husbandry is water heating. In some
places according to climatic zones and taking into account the duration of the heating
season in agricultural facilities, preference is given to air heating combined with inlet
ventilation. Boiler houses are built for water and steam heaters, which is not always
economically advantageous.

One of the main elements in creating the necessary microclimate in agricultural
facilities 1s ventilation. The presence of an unorganized inflow of cold air into the
heated room leads to the need for an additional consumption of 40...62 kJ of heat per
1m’ of cold air [1,4].

Conclusions. In the agriculture of the southern regions of the republic, there are
opportunities for the introduction of solar technology (use of solar energy), it is possi-
ble to develop and improve construction in agricultural buildings — this will give:

— firstly, saving fuel for heating the premises;

— secondly, the cost of the produced products will be lower than that of natural
heating;

— thirdly, the construction of such systems is not more expensive and simple than
with heating systems.

To reduce energy consumption for heating and ventilation, it is necessary to pur-
posefully expand the design and construction of agricultural structures not only with
high-quality thermal insulation of building structures, but also with passive solar
heating systems with a heat-accumulating wall.

In the future, the heating of agricultural facilities can be replaced by non-
traditional renewable energy sources.
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Introduction. Traditional fossil fuel vehicles have a significant impact on the en-
vironment, contributing to increased greenhouse gas emissions and air pollution.

In this regard, in recent years, there has been an active transition to the use of
electric vehicles that demonstrate high energy efficiency and practically do not create
direct emissions during operation.

Subject of research. One of the promising areas in this area is solar-electric
charging stations, which combine the use of solar energy and energy from the electri-
cal grid. Such stations are capable of providing a more stable and cost-effective solu-
tion for charging electric vehicles, especially in regions with high solar activity [1, 3].

Goals. The relevance of implementing solar-electric charging stations lies in their
ability to increase the energy efficiency of the entire transport system. They not only
ensure reliable energy supply for electric vehicles but also contribute to optimizing
resource utilization by reducing dependence on fossil fuels. In addition, solar charg-
ing stations open up new opportunities for the development of smart energy systems,
which allow for the integration of renewable energy sources into broader networks,
improving the stability and sustainability of energy infrastructure.

Materials and methods. Solar-clectric charging stations are a complex energy sys-
tem that combines the use of solar energy and electrical energy from a centralized net-
work. Their structure includes several key components that work in close integration:

— photoelectric panels (solar batteries) — they convert solar radiation into electrici-
ty using semiconductor materials;

— energy storage system (accumulator batteries) — ensures the accumulation of ex-
cess energy generated by solar panels during daytime for subsequent use during night
hours or periods of increased energy consumption;

— inverters — convert the direct current generated by solar panels into alternating
current, which is used to charge electric vehicles or supply them to the electrical grid,;

— energy management system — an intelligent controller that optimizes the distri-
bution of energy between solar panels, batteries, and the electrical grid, ensuring un-
interrupted power supply and maximum energy efficiency [2, 3].

Solar-electric charging stations have several advantages, these advantages can be
divided into ecological, technical, and economic aspects:
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— reduction of CO2 emissions, the use of solar energy allows to significantly re-
duce the carbon footprint, especially in regions with high solar activity;

— conservation of natural resources, reduction of the need for electricity produced
using fossil fuels, which contributes to the sustainable use of natural resources;

— increasing the reliability of energy supply, thanks to the energy storage system
and the use of two power sources, solar-electric charging stations ensure uninterrupt-
ed operation even during power outages;

— intelligent energy management, the control system allows for optimal load dis-
tribution, reducing peak load on the network and increasing overall energy efficiency;

— reduction of electricity costs, use of solar energy for charging allows owners of
electric vehicles to significantly save on electricity costs;

— reduction of operating costs, solar-electric charging stations require minimal
maintenance due to the high reliability of solar panels and modern battery systems.

Results. Modern solar-electric charging stations use advanced technologies to opti-
mize the charging process of electric vehicles. The main task is to ensure fast, safe, and
efficient charging with minimal energy losses and reduced load on the power grid.

Charging technologies:

— fast charging devices allow you to charge the battery of an electric car by 80 %
in 30—40 minutes;

— an alternating current with a power of 7 to 22 kW is used. This method is suita-
ble for charging at night or in places with low network load.

The application of modern charging technologies and energy storage systems al-
lows for a significant increase in the efficiency of solar-electric charging stations [1-3].

Conclusions. Based on the conducted research, the following conclusions can be
drawn:

— the integration of intelligent control systems into solar charging stations opens
up new opportunities for optimizing energy consumption and increasing the stability
of the entire energy system;

— intellectualization and environmental sustainability are key areas for the devel-
opment of solar power charging stations.

Thanks to the application of modern energy management and storage technolo-
gies, solar power plants are capable of significantly reducing the carbon footprint and
providing reliable energy supply, which corresponds to global trends in transitioning
to environmentally friendly and sustainable energy.
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Introduction. The problem of heat supply of agricultural structures is one of the
most acute in the energy sector. Currently, energy saving and rational use of energy
resources in agriculture is an urgent problem for many industries.

The heat pump is a device for transferring thermal energy from the source to
the consumer. According to forecasts of the World Energy Committee, until 2020
in advanced countries, heating and hot water supply using a heat pump will be
75 % [1, 2]. This forecast is successfully confirmed and at present there are about
30 million thermal pump of various unit power — from several kilowatts to hun-
dreds of megawatt.

Subject of research. The source of low potential warmth can be warm both natu-
ral and artificial origin. Industrial discharges can act as artificial sources of low po-
tential heat:

— tell technological processes;

— bead heat dissipation.

The ideal source of heat should give a stable temperature and have favorable
thermophysical characteristics. In most cases, the existing heat source is a key factor
determining the operational characteristics of the thermal pump.

Goals. With the help of thermal pumping installations, it is possible to reliably
solve the levels of heat supply of agricultural facilities located away from thermal
communications — farms. In general, the schemes with thermal pumps are universal
and applicable both in civil, industrial, agriculture and in private construction. As the
most important areas of the use of heat pumps in agriculture, we can specify the fol-
lowing: the ultimate heat, air conditioning and ventilation of the premises.

Therefore, there are large potential use of low potential heat and heat pump to im-
plement this potential. The heat of increased potential obtained in thermal pumps has
wider areas of use, it can also be used for heating and hot water supply.

In addition, thermal pumps have other advantages:

—ecology, i. e. no emission of harmful substances;

— operation of operation;

— reliability, practically no service required,;
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— comfort, heat pump is working silently;

— flexibility, thermal pump is compatible with any circulating heating system;

— universality in relation to the type of energy used (electrical or thermal).

Materials and methods. The main advantage of the heat pump is economy: for
transmission to the heating system 1 kW < h thermal energy, it is necessary to spend
only 0,2-0,35 kW « h of electricity. In addition, it is reduced to a minimum of CO,
emissions into the environment.

Another advantage is universality: the heat pump can be switched from the heat-
ing mode to the air conditioning mode in the summer.

Currently, more than 18 million large thermal pumps are operated in the world in
heat supply systems. In the US, about 30 % of residential buildings are equipped with
thermal pumps [1]. More than 60 firms are engaged in research and production of
heat pumps.

On the effectiveness of heat pumps, factors as small temperature differences be-
tween the source and the heat receiver are favorable, as well as the high degree of
heat pump loading.

Results. The effectiveness of the heat pump is significantly dependent on the
characteristics of the low potential heat source. The ideal source of heat should main-
tain a steady temperature during the heating season.

It is known that the effectiveness of the heat pump is estimated by the value of the
heating coefficient, which is the ratio of the amount of heat of Q,, reported by the
heated volume, to the value of N, which was in the cycle

e=Q/N, (1)
where — Q heat selected from the cold source, and heat equivalent to the operation of
N, from the outside to implement the reverse cycle.

The greater the heating coefficient, the more efficient the thermal pump.

The value of ¢ depends on the temperatures of a low potential heat source and
consumer of heat. In real conditions, the heating coefficient lies in the range of 3,5-5.
The heat pump, working with the heating coefficient 3 and below, is considered inef-
fective, and such work, if there is a need for this, permissible only for a relatively
short period of time, despite the fact that it is three times more heat obtained than the
electric energy [3].

Figure 1 [4] shows a graph based on the analysis of the catalog characteristics of
one of the serial models of the heat pump. The graph shows the dependence of the
heating coefficient on the temperature of the coolants at the outlet of the evaporator
and the condenser.

Thus, the effectiveness of the parocompressor thermal pump is output based on
the heating coefficient. The greater the heating coefficient, the more efficient the
thermal pump.

The coefficient itself, in turn, depends on the temperature of the coolant, i. e.
The higher it is, the more effective will be a heat pump.
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Figure 1 — The dependence of the coefficient of conversion of the heat pump
from the temperature at the outlet of the condenser and the evaporator

Conclusions. The use of the heat pump in the heat supply systems of agricultural
structures is one of the most important intersections of low-temperature techniques
with thermal power, which leads to savings and energy saving of fuel and energy re-
sources. Therefore, the thermal pump has the prospect of heat supply of buildings and
agricultural structures.
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Introduction. Currently, serious attention is being paid to the use of renewa-
ble and non-traditional energy sources. These energy sources should be consid-
ered as an essential means of energy conservation among other energy-saving
measures. In addition to unlimited reserves, renewable and non-traditional types
of energy also attract attention for their relatively high ecological purity com-
pared to traditional ones.

Subject of research. The creation of an efficient heating system for agricultural
buildings and structures is carried out taking into account the trends in the develop-
ment of the country's fuel and energy complex and the possibility of saving fuel re-
sources. Because agricultural buildings and structures are large consumers of ther-
mal energy, the use of which significantly affects the cost of production. It is im-
portant to justify the choice of the most efficient heat supply system based on tech-
nical and economic indicators that affect the efficiency of an agricultural enterprise
as a whole.

Goals. Solar energy is an almost inexhaustible, inexhaustible and environmen-
tally friendly source of energy. The geographical location and climatic features of
the area have a great influence on the efficiency of using solar energy. The conver-
sion of solar energy into heat of low potential, sufficient for hot water supply and
heating of residential, public, and industrial buildings, is achieved using relatively
simple technical means and is therefore most widespread in many countries.
In these countries, more and more attention is being paid to the practical use of solar
energy, primarily for hot water supply and heating of buildings, and sufficient expe-
rience has been gained in the development and operation of heat supply systems in
which solar energy is effectively used for a significant part of the year. A number of
countries are developing particularly intensively in the field of using so-called pas-
sive solar heating systems with a heat storage wall (HSW) — this is the most advan-
tageous distribution of energy input over time, reducing the possibility of overheat-
ing and associated additional heat losses. With the help of constructive solutions, it
Is possible to reduce heat loss from HSW and thereby increase the efficiency of the
system.
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Materials and methods. The effectiveness of passive systems is based on their
relatively low cost, the ability to use both direct and scattered solar radiation, the in-
flux of which in the winter months to the horizontal surface can be more than half of
the total. It follows from this that it is convenient to determine the efficiency of a pas-
sive system by the ratio of the heat coming from the sun to the total amount of heat
needed to create comfortable indoor conditions or to the heating load.

The calculation methodology and theoretical studies of passive systems are very
complex, which makes it difficult to reasonably design buildings with such systems.
In this regard, the task of creating simple approximation methods for calculating the
integral characteristics of passive solar heating systems for buildings during the heat-
ing season as a whole is of practical interest, for example, such characteristics as the
replacement coefficient of the heating load, which determines both the technical and
economic performance of such systems.

In the countries of the Commonwealth of Independent States (CIS), the experi-
ence of creating and operating such systems is extremely limited. Abroad, both in the
past and in the present, research, improvement and implementation of such systems
are carried out very actively. In the United States, passive heating systems are used
not only in residential buildings, but also in public buildings (banks, shops, schools,
libraries, etc.) throughout the country, including Alaska. The same attitude towards
the use of passive systems is observed in European countries, including the northern
ones: England, Sweden, Denmark, etc. [1].

Results. The research and development of passive solar heating systems is a spe-
cial task in the direction of saving thermal energy used for heat supply to buildings
and structures. In buildings and structures equipped with passive solar heating sys-
tems, almost without additional capital investments during construction, it is possible
to save more than 50 % of fuel or thermal energy in the southern regions compared to
heating similar buildings with traditional heating. As studies show, the complete pro-
vision of the heating load by passive solar heating systems is not economically profit-
able and in any systems it is necessary to provide an additional low-inertia heat
source — a stand-in.

It was established in [2] that the efficiency of the system depends:

— the complex of the relative monthly average temperature of the environment
over this period and the temperature inside the facility;

— the average monthly average of the total solar radiation per horizontal surface
during the heating period.

The program used for calculations was based on a number of developments by
foreign authors and is most fully presented in [3].

Its main advantages are that:

— it is designed to use the average monthly average values of meteorological con-
ditions published by the relevant services for various regions;

— it is universal;

— it can be used to calculate various passive systems;

— includes a direct or indirect connection, both with the design features of the sys-
tem itself, and with architectural and construction changes of the entire structure.
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In order to verify this proposal, calculations were carried out to determine the ef-
fectiveness of passive systems with a change in the thickness and thermal conductivi-
ty of the HSW material and the installation of night insulation. Nighttime isolation
with an efficiency of 0,5 increases it by about 20-25 %. So, with an efficiency of 0,8,
it increases in the presence of an insulating screen by only 10-15 %. For more north-
ern regions, on the contrary, the relative efficiency increases by more than 50-60 %.
From this we can conclude that in areas with a harsher climate, if we take into ac-
count the large relative load in these areas, it is possible to save a significant amount
of thermal energy or fuel.

Conclusions. In conclusion, the following conclusions can be drawn:

— the use of reflection and shielding systems is effective, which in summer reduce
the intake of solar radiation into the building; in winter, they increase the intake of
solar radiation during the daytime, and at night they reduce heat loss.;

— it is most advisable to use indirect or isolated heating methods with massive
heat accumulators. As the thickness of the HSW increases, the temperature of the in-
ner wall surface will decrease. In this case, it may make sense to intensify the heat
transfer from the inside of the HSW in some way (for example, by increasing the heat
transfer surface-fins);

— determined by calculating the averaged long-term values of the total heat con-
sumed by the facility, it turns out to be advantageous to use a more thermally conduc-
tive material for HSW. In this case, the external heat transfer coefficient and the av-
erage temperature of the outer wall surface decrease, which reduces losses to the en-
vironment.

The use of solar energy in heat supply systems of modern buildings and structures
Is a promising area in the thermal power industry. Today's solar systems are already
cost-effective, reliable, and easy to operate. Their use is gaining popularity in devel-
oped countries. It becomes not only economical, but also prestigious.
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Abstract

Recycled concrete aggregates (RCA) introduce adhered mortar and higher
porosity that typically lower elastic modulus and intensify strain capacity relative
to natural-aggregate concrete. This short review collates axial compression evidence
for expansive concretes proportioned with RCA and contrasts free versus restrained
conditions in terms of compressive strength, peak strain, and initial elastic modulus.
To improve cross-study comparability, a normalized stress-strain presentation
Is recommeded: o/cpeak versus e/epeak, with the initial slope reported as E (window
specified). The synthesis shows that free expansion tends to increase epeak while
reducing E, whereas mechanical restraint (e. g., cages or thin sleeves) generally
elevates nominal stiffness and cpeak and shifts epeak downward. The proposed
reporting scheme supports clearer test documentation and design-oriented
comparison across mixes, restraint types, and curing protocols.

Keywords: recycled aggregate, expansive concrete, restrained expansion, stress-
strain curve, elastic modulus.

Introduction

The reuse of construction and demolition waste as recycled concrete aggregates
(RCA) has progressed from pilot applications to regular structural practice in many
regions. Compared with natural aggregates, RCA carry old adhered mortar and mi-
crocracking, which typically weakens the interfacial transition zone (ITZ), reduces
elastic modulus, and increases peak compressive strain under uniaxial loading.
Stress-strain data from controlled tests consistently indicate a downward shift in stiff-
ness and an upward shift in egpeak as RCA replacement increases, with strength re-
ductions varying by parent-concrete quality and mix design [1].

Expansive systems (e. g., MgO- or CSA-based) are routinely adopted to counter-
act shrinkage and to redistribute internal stress, but their action is strongly dependent
on restraint during and after expansion. Design guides for shrinkage-compensating
concretes emphasize that the development of beneficial precompression and crack
control requires both adequate expansion potential and an appropriate level of struc-
tural or mechanical restraint; mixture proportioning, curing, and detailing are speci-
fied to balance these effects [2].

This concise review focuses on the material-level axial response of expansive
concretes incorporating RCA. We synthesize representative studies that report full
stress—strain curves or sufficient data to extract the initial elastic modulus, peak
stress, and corresponding strains under free versus mechanically restrained conditions
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(e. g., tie cages, thin steel/FRP sleeves, or low-stiffness jackets). Serviceability code
checks (deflection/crack limits) are outside the present scope. Our contributions are
threefold: (1) a succinct comparison of free versus restrained behavior for strength,
gpeak, and initial modulus; (2) a normalized plotting convention, c/ocpeak — e/epeak,
with a clearly stated modulus window to improve cross-study comparability; and (3)
a set of minimal reporting items (specimen size, end friction treatment, loading rate,
and curing) to reduce ambiguity in future publications. Together, these elements pro-
vide a practical baseline for laboratories and designers to align material tests and in-
terpret restraint effects in expansive RCA systems.

Materials and methods

1. Overview of Recycled Concrete Aggregates

1.1 Composition and provenance

RCA consist of natural aggregate particles partially enveloped by old cement
mortar. The quality of the parent concrete (strength class, exposure history) governs
the amount and integrity of adhered mortar and the extent of microcracking generated
during demolition and crushing. Higher adhered-mortar content generally implies
greater porosity and weaker local stiffness around the ITZ, which can alter composite
behavior when RCA are introduced at moderate or high replacement levels [3].

1.2 Geometry and physical indices

Key descriptors include grading, shape (e. g., flakiness/elongation), water absorp-
tion, bulk and oven-dry densities, and packed density. Relative to natural aggregates,
RCA usually exhibit higher water absorption and lower apparent/bulk densities due to
the porous adhered mortar. These attributes influence mixture water demand, en-
trapped air, and the effective paste-to-aggregate volume ratio, with downstream ef-
fects on fresh properties and stiffness development. Long-term datasets further show
that while supplementary cementitious materials can mitigate permeability and par-
tially recover stiffness, mixes with 100 % RCA typically retain lower modulus than
controls even after extended curing, underscoring the persistent role of aggregate po-
rosity and I1TZ features [4].

1.3 Basic mechanical indices and implications for E and gpeak

Crushing and Los Angeles abrasion indices tend to be less favorable for RCA than
for natural aggregates; in concrete, this translates to a gentler initial slope in the stress—
strain response and a shift of ¢_peak to larger values as replacement increases, particu-
larly under uniaxial compression. The combined effects of higher porosity, weaker
ITZ, and residual microcracks explain the typical pattern observed in expansive RCA
concretes: free (unrestrained) specimens show higher strain capacity but lower initial
modulus, whereas mechanically restrained configurations leverage confinement to
raise nominal stiffness and strength at the expense of peak strain, motivating the free
versus restrained comparison developed in the subsequent sections [1, 3, 4].

2. Mix Design for Expansive Systems and Testing Protocol (text-only)

2.1 Proportioning and expansive systems

Expansive concretes with RCA generally use either MgO-based expansive agents
(MEA) or calcium-sulfoaluminate (CSA) components to offset shrinkage while re-
distributing internal stress. For MEA, the effective dosage depends on reactivity grade
(calcination temperature and fineness) and curing; higher early humidity/temperature
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accelerates periclase hydration and increases early expansion. For CSA systems,
ye’elimite content and sulfate balance govern ettringite formation and the timing of ex-
pansion. In both cases, the mixture report should state: RCA replacement by mass of
coarse aggregate, expansive component dosage by binder mass, water-to-binder ratio,
and the curing temperature/humidity window. When curing and restraint are coordinat-
ed at design, controlled expansion can mitigate stiffness loss; poorly balanced curing or
overdosing can reduce strength and elastic modulus [5].

2.2 Unified metrics and measurement windows

Compressive strength f.must be tied to specimen geometry (cylinder or cube) and
any conversion noted. The initial elastic modulus Eis obtained from the early lin-
ear/chord portion of the axial stress—strain record; the chosen window should be stat-
ed explicitly (e. g., 0-40 % of ultimate stress) and derived using the instrumentation
and calculation procedures of ASTM C469/C469M, including gage length, sensor
type (LVDTs/extensometers), and data acquisition rate. The peak strain €pe,iis the
axial strain at maximum compressive stress; the crushing strain e.,should be defined
by a reproducible criterion (e. g., residual stress threshold or fixed post-peak offset).
Free expansion &¢...1S measured on prisms or ring-free specimens under minimal re-
straint, with the measurement start age and environmental history recorded to enable
comparison across studies [6].

2.3 Specimens and loading setups

Three canonical cylindrical configurations are recommended for axial compres-
sion: (i) free, with no deliberate lateral restraint; (ii) weak restraint, using a thin plas-
tic or FRP sleeve that provides low lateral stiffness and permits hoop-strain pickup on
the jacket; and (iii) medium-strong restraint, implemented either by a tie-cage with
stated volumetric reinforcement and stirrup spacing or by a thin steel sleeve with
thickness and D/treported. For all configurations, document diameter and height (in-
cluding H/D), end preparation (ground or capped with low-friction sheets), platen
friction mitigation, loading rate (MPa/s or strain-rate), and the placement of axial and,
where applicable, hoop strain measurements [5-6].

Results

3. Strength, deformation, stiffness comparison

3.1 Free condition

Under free (unrestrained) curing and testing, expansive RCA mixes typically de-
velop a larger free expansion &¢... and show a gentler initial slope in the axial stress—
strain record. The peak strain e, Shifts to higher values relative to non-expansive
controls, reflecting microcrack accommodation and a larger inelastic domain; in par-
allel, the initial elastic modulus Ecommonly decreases because the adhered mortar
and higher porosity in RCA dominate the early chord segment of the curve. This
combination produces higher deformability but a lower nominal stiffness in the initial
loading range.

3.2 Restrained condition

When mechanical restraint is introduced, by a thin plastic/FRP sleeve (weak re-
straint) or by a tie cage/thin steel sleeve (medium-strong restraint), the lateral dilation
Is limited and part of the expansive tendency is converted into compressive stress.
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As restraint increases, the nominal modulus Eand the peak stress opeaktend to in-
crease, while e, shifts downward relative to the free case. Failure patterns evolve
from crack-dominated responses toward crushing with confinement interaction as the
restraint stiffens. The same trend underlies standard restrained-expansion practice for
shrinkage-compensating concretes, where higher restraint systematically suppresses
free expansion and modifies subsequent mechanical response [7]. For interpreting the
confined curves and presenting comparable data across setups, it is useful to adopt
the established confined-concrete curve organization that emphasizes normalized
stress, normalized strain, and the identification of the initial modulus segment [8].
3.3 Unified presentation

To make cross-study overlays unambiguous, plot normalized stress—strain with ordi-
nate o/opeaiand abscissa €/€peak. Mark the initial modulus window explicitly (e. g.,
0-40 % of ultimate stress), and report specimen geometry, loading rate, end treat-
ment/friction mitigation, and curing history alongside each curve. In the same figure,
overlay three representative curves, free, weak restraint, and medium-strong restraint,
so that the increase in initial slope and ope,k, and the downward shift of g,¢,,With

restraint, are visible at a glance [7, 8].

1,20
1,00
0,80

0,60

—Free

Normalized stress, ¢ / opeak

0,40
—Weak
0,20
Medium-strong
0,00
0,00 0,20 0,40 0,60 0,80 1,00 1,20
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Figure 1 — Normalized axial stress—strain for expansive RCA under free, weak restraint,
and medium-strong restraint. The E evaluation window (0—40 % of ou) is indicated
Data note — Schematic normalized overlays (o/cpeak vs. e/epeak); E taken in the 0—40 % ocu
window per ASTM C469/C469M; trends with restraint reflect the literature [6-8].
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Conclusion

This concise review clarifies the axial response of expansive recycled-aggregate
concrete under free and mechanically restrained conditions. In the free case, mixes
develop larger &g.ce, @ gentler initial slope, and an upward shift of €,¢4; the initial

elastic modulus Ecommonly decreases, yielding greater deformability at lower nomi-
nal stiffness. Introducing restraint, ranging from thin plastic/FRP sleeves (weak) to tie
cages or thin steel sleeves (medium-strong), suppresses lateral dilation, raises Eand
Opeak, and shifts &,,downward; failure evolves from crack-dominated patterns to-
ward crushing with confinement interaction. A normalized presentation o/0peak—
£/€peax With an explicit Eevaluation window (0-40 % of a,,) provides like-for-like
overlays and reduces ambiguity across studies. For reproducibility, reports should

state specimen geometry (D X H, H/D), end preparation and friction mitigation,
loading or strain rate, instrumentation and gage length, and curing history; where re-
straint is applied, disclose jacket thickness or volumetric reinforcement and include
hoop-strain measurements. Together, these conventions offer a practical baseline for
laboratories and design-oriented studies of expansive RCA under controlled free and
restrained conditions.
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Abstract

This paper presents a compact estimation and reporting framework for early
chemical precompression in tube-encased recycled aggregate concrete. A single
normalized descriptor, the Chemically Precompressed Index, converts measurable
inputs into a common lateral-pressure scale using thin walled cylinder relations, with
a short reporting note that preserves traceability from measurement to estimate.
The mechanics are kept minimal and paired with a first order uncertainty propagation
so that modulus choice, laminate thickness scatter, hoop strain readout, and diameter
tolerance remain visible as an interval rather than a point value. Two data anchors give
practical magnitude: about 5 MPa for concrete filled steel tubes that report core self
stress, and about 0,9 to 3,4 MPa for fibre reinforced polymer shells at realistic initial
hoop strains. The framework enables cross study comparability, specimen planning,
and early selection of tube system and laminate schedule without case specific curve
fitting.

Keywords: recycled aggregate concrete, chemical precompression, self stress,
fibre reinforced polymer shells, concrete filled steel tubes.

Introduction

The compressive response of recycled aggregate concrete remains highly variable
because porous recycled particles and weaker interfacial zones promote microcrack-
ing and reduce stiffness and strength. Chemical expansion offers a complementary
pathway to regain compressive margin when the matrix is restrained by a tube, since
early dilation is redirected into beneficial self-stress that improves load capacity and
deformation control. Recent progress on magnesium-oxide expansive systems has
clarified reaction kinetics, effective dosage windows, and durability considerations
for structural concretes, which supports the deliberate use of chemical precompres-
sion in members that must stabilize early age behavior [1]. At the same time, research
on FRP-confined RAC has advanced from feasibility to specimen-scale evidence,
showing that properly selected shell stiffness and rupture strain can raise strength and
stabilize postpeak deformation while improving consistency across replacement lev-
els and casting routes [2]. What is still missing is a compact and transferable way
to read and report results from different encasing systems on a common lateral-
pressure scale that engineers can apply in early decision making. This paper address-
es that gap by introducing a normalized index, CPI, that maps measurable inputs
to an equivalent lateral pressure, along with a minimal reporting checklist and an un-
certainty treatment suitable for short papers and for planning new tests. A small set
of well documented cases serves as data anchors so that the method remains transpar-
ent, reproducible, and immediately useful.
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Materials and methods

1. Reporting Protocol and Normalized Descriptors

This section sets a compact protocol that makes datasets comparable across tube
materials, laminate schedules, and specimen sizes. Reports should state the tube sys-
tem, the diameter D and thickness t, the hoop modulus Egor its derivation route, the
measured input in the form of internal pressure, hoop strain, or core self-stress to-
gether with the age at reading, the recycled aggregate replacement level, the expan-
sive system and dosage, and the exact conversion and units. The Chemically Precom-
pressed Index is defined so that a single dimensionless quantity captures the intensity
of precompression independent of geometry and stiffness, and it reads

— bo

Where p,is the notional lateral pressure that represents the effect of chemical ex-
pansion under restraint. For circular fibre reinforced polymer shells the thin walled cyl-

inder relation links the measured initial hoop strain to the same pressure scale as
__ 2Eqteg jnj

po = =0 [1] Eq 2
And combining these expressions gives a strain based normalisation that is con-
venient for quick reconstruction and cross study checks
CPI = 2¢gq i [3] EQ. 3)
The normalisation removes geometry and stiffness at first order, so CPI can be
compared across thin walled steel tubes and composite shells as long as the input
variable is traceable. In practice it is recommended to report both the raw input
and the derived pair (po, CPI)together with the conversion used, which keeps the
path from measurement to estimate auditable and allows later model updates with-
out new testing.
2. Minimal Mechanics with Uncertainty Bands
The mechanics needed to place early chemical action on a comparable pressure
scale are intentionally simple and rest on a thin walled cylinder view of the jacket.
For a circular shell carrying hoop tension, the notional lateral pressure corresponding
to a measured circumferential strain follows
Egt
Po = %Se Eq. (4)
Where Egis the hoop modulus of the encasing tube, tis wall thickness, ris the mid-
surface radius, and eqis the circumferential strain at the readout of interest. When the
input is the initial hoop strain of an FRP shell, the index defined in Section 2 is ob-
tained directly as

CPI = Ee’f/ = = 2gg inj EQ. (5)

So that a single strain measurement provides a geometry free descriptor. This linear
mapping is adequate for the low strain window used to characterise chemical precom-
pression before significant dilation of the core, and it mirrors the analysis oriented
treatments that translate jacket stiffness into an equivalent pressure scale for con-
finement models [4]. Applicability requires a thin wall so that membrane action gov-
erns, a circular planform or an equivalent diameter defined from perimeter for mildly
noncircular cases, and a consistent choice of Eg. For laminated FRP tubes, Egshould
follow classical laminate theory using the fibre angle with respect to the hoop direction
or be taken from coupon tests in the circumferential direction when a unidirectional
wrap is used. Small deviations of the fibre angle from the hoop direction reduce the ef-
fective hoop modulus and can be treated as a source of model uncertainty, which justi-
fies reporting both the nominal angle and a tolerance range for Eg[5].
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Uncertainty bands follow from first order propagation applied to equation (4).
With p, = 2Egteg/D and independent errors, the relative uncertainty reads

8po 8Eg\ 2 5t\ 2 5eg)\ 2 8D\ 2
i \/ (&) +(G) +(2) +(5) Ea (6) 16, 7]
Which converts directly into a band for CPI through equation (5). In practice,
SEgreflects fibre-angle tolerance and laminate variability, Stcaptures ply count
and resin content scatter, §egcombines gauge resolution with early age relaxation
during the readout window, and 6Dis usually small but nonzero when liners
or wraps change the effective diameter. When reported alongside the readout age,
these components produce a transparent interval that can be propagated into any
strength or deformability estimate that uses pyas an input. Probabilistic views
of model error for FRP confinement further support this interval approach, since
database calibrations show nontrivial distributional spreads for both strength and ul-
timate strain enhancement ratios, typically well fitted by Gumbel or Lognormal laws
[1]. Figure 1 in the full paper summarises the flow from inputs to p,, to CPI, and then
to the target response so that uncertainty components remain visible at each stage.

Inputs; D, t, Eg, readout age
Either egi,(FRP) or reported
po(steel)

Convert to notional lateral pressure

Eq. (4); Circular shells: (Eq. 2) Design reading and influence map
\ Strength and deformation expectations

Use CPI and p,with reported age
Normalize to dimensionless index:
Eg. (1), Eq. (3)

Uncertainty band Eqg. (6); Propagate
to CPI via Eq. (3)

Figure 1 — Workflow from measurement input to conceptual side pressure
Note: p,, normalization to CPI using Egs. (1)—(3), and propagation of measurement and model
scatter to an uncertainty band using Eqg. (6) [1, 2, 3, 6, 7].

Results

3. Data-Anchored Conversions and Design Reading

Each dataset is first converted to the notional lateral pressure pyusing the thin wall
relation and then normalized to CPI using Egs. (1) to (3). Concrete filled steel tubes
that report core self stress provide a repeatable anchor near 5 MPa on the pressure axis,
which sets the upper practical magnitude of chemical precompression observed in early
age tests. Fibre reinforced polymer shells use the initial hoop strain in Eq. (2) to obtain
poand Eq. (1) to obtain CPI, which places realistic laminate schedules in a working
window of about 0,9 to 3,3 MPa. Design reading reduces to a single placement on this
common axis: locate a specimen by its CPI, compare it with the thin wall recycled ag-
gregate baseline, and check whether the target recovery margin is met. The uncertainty
from Eqg. (6) should be carried as a band, since readout age, relaxation within the win-
dow, fibre angle tolerance, and ply thickness scatter can shift the point. Figure 1 shows
the workflow from input to p,, to CPI, and then to design reading.
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Table 1 — Minimal data anchors and worked conversions to p,and CPI

System D t E, Measured | Value | Conversion Po CPI Note
(mm) | (mm) | (MPa) input (MPa) | (dimensionless)
CFST - - - core self | 5,00 direct pg 5,00 not reported Early age
anchor stress from test self stress
anchor on
pressure
axis
CFRP 150 | 1,00 | 165000 | initial 0,00150 Eqg. (2) 3,30 0,00300 Realistic
jacket hoop two ply
example strain carbon
€0,ini wrap
GFRP 200 | 1,00 | 40000 | initial 0,00225 Eqg. (2) 0,90 0,00450 Glass wrap
jacket hoop with lower
example strain hoop mod-
€0,ini ulus

Notes: Row 2 maps its geometry, modulus, and initial hoop strain to a notional lateral pressure of
3,30 MPa with a CPI of 0,00300. Row 3, processed the same way, yields 0,90 MPa and a CPI of 0,00450.

Conclusion

This paper turns early chemical action in tube-encased recycled aggregate concrete
into a usable design quantity. By defining the Chemically Precompressed Index
and pairing it with a compact reporting note, measurable inputs such as initial hoop
strain or directly reported core self-stress are mapped to a notional lateral pressure
through a thin walled cylinder relation and then normalized for geometry and stiffness.
The framework is anchored by two practical magnitudes, about five megapascals
for concrete filled steel tubes and about zero point nine to three point four megapascals
for fibre reinforced polymer shells, which allows quick placement of any new speci-
men on a common axis and a direct reading of the expected recovery relative to a thin
wall recycled aggregate baseline. Uncertainty is treated explicitly with a first order
propagation so that age at reading, relaxation, fibre angle tolerance, and ply thickness
scatter remain visible in the final estimate. The combined result is a transparent path
from measurement to pressure, to CPI, and then to design reading that supports early
selection of tube system and laminate schedule without case specific curve fitting.
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Abstract

Finite-element (FE) analysis is the standard for stress evaluation in perforated
concrete slabs, yet its run-time grows rapidly with geometric complexity. This study
develops a convolutional neural-network (CNN) surrogate that predicts slab stress
fields directly from geometry. Training targets are generated from a parametric FE
model that enumerates hole layouts, including symmetric and asymmetric patterns,
under shrinkage and service load combinations. To broaden geometric coverage, the
dataset is expanded via generative augmentation (DCGAN) and procedural perturba-
tions of hole geometry and spacing. On held-out geometries, the CNN reproduces FE
stress with a Pearson correlation of 0,908 and an RMSE of 0,058 MPa for symmetric
layouts, while delivering more than 50x faster inference than FE. Case studies on
multi-hole slabs indicate that the surrogate remains accurate near re-entrant corners
and narrow ligaments where stress gradients are steep, enabling rapid “what-if”
exploration and efficient crack-resistance sizing. The proposed FE-supervised learn-
ing framework provides a direct and consistent comparison between the FE baseline
and the neural surrogate, offering a practical path to real-time design support for large
slabs with complex perforations.

Keywords: perforated concrete slabs, finite-element benchmark, convolutional
neural networks, stress-field prediction, generative geometry augmentation.

Introduction

Large perforated concrete slabs used in industrial floors and equipment founda-
tions exhibit pronounced stress concentrations under shrinkage and service actions.
Empirical equivalent-stiffness reductions, though common in practice, can cause er-
rors of 25-35 % [1]. Finite-element (FE) analysis remains the reference for complex
perforation layouts, but high-fidelity meshing, local refinement near re-entrant
corners, and parameter sweeps over asymmetric patterns are time-consuming for
routine design [2]. Recent data-driven surrogates offer an alternative: convolutional
neural networks (CNNs) can learn mappings from geometry to stress fields when
trained with reliable supervision [3-4]. Following this paradigm, we generate la-
beled stress fields from a parametric FE baseline spanning symmetric and asymmet-
ric openings and use them to train a CNN surrogate. The resulting model reproduces
FE response with high accuracy while enabling rapid “what-if” exploration and effi-
cient crack-resistance sizing for large slabs with complex perforations.
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Materials and methods

1. Finite-Element Baseline and Data Generation

1.1 Specimen Design and Monitoring Scheme

Geometry. A 4 x 4 x 0,25 m slab (C30-C50) is modeled with three hole configu-
rations: (1) solid plate (control); (2) centrally-perforated plates with aperture ratios
0,2/0,4; (3) eccentrically-perforated plates with eccentricities 0,5 m/1,0 m. For each
configuration, multiple geometric realizations are generated to cover fabrication tol-
erances and layout variability. Hole surfaces are idealized as smooth in the FE model;
typical physical hole-wall roughness (= Ra 25 um) is noted for reference [3].

Boundary conditions and shrinkage. In-plane restraint conditions replicate
floor-type edge restraint. Autogenous/drying shrinkage is represented by an equiva-
lent eigen-strain (thermal analogy), applied in quasi-static steps. Material grade
(C30-C50) is reflected by ranges of elastic modulus and tensile parameters.

Virtual instrumentation. Full-field strain and stress are exported from the FE so-
lution and sampled with a regular evaluation grid over the slab surface, analogous
to DIC-style field measurements [3], and circumferential line-probes within 1 m
of each opening, analogous to FBG channel layouts used in structural monitoring [4].
These virtual probes provide consistent supervisory labels for learning and allow di-
rect FE-CNN comparison on identical geometric inputs.

Figure 1 — FE baseline geometry, loading/constraint idealization, and locations of virtual probes
used for data export (conceptual schematic)
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2. Salient features of the FE-supervised dataset

Field characteristics. The FE baseline shows that shrinkage-driven strain
at the edge of a central opening is typically 25-30 % higher than at the plate edge; the
near-hole gradient increases sharply with aperture ratio, consistent with classical per-
foration effects. For an eccentricity of 1,0 m, peak principal stress shifts about 1,2 m
from the geometric center, and the stress-concentration factor rises by 40 % relative
to the central-hole case [5].

Dataset composition. A parametric sweep over geometry (aperture ratio, eccen-
tricity), material ranges (cement content, elastic modulus), and restraint conditions
yields a multi-dimensional set of labeled stress fields sampled on a 16 x 16 grid, to-
taling 6,300 samples. These FE-supervised labels constitute the ground truth for train-
ing and validation of the CNN surrogate, ensuring a direct and consistent comparison
to the FE baseline.

3. Construction and Optimization of the Convolutional Neural Network Model

3.1 Model Architecture Design

A U-Net encoder — decoder is adopted to map geometry/material descriptors
to the target stress field on a 16 x 16 grid. Inputs consist of normalized geometric pa-
rameters (slab length, width, thickness, aperture, eccentricity) and material parameters
(cement dosage, fly-ash content); these vectors are broadcast to spatial channels and
concatenated with positional encodings so the network can resolve local gradients near
openings. The decoder outputs the principal-stress field on the evaluation grid.

Key design choices.

Dilated convolutions. Encoder blocks include dilated convolutions (rate = 2)
to enlarge the receptive field and capture steep gradients around hole edges while
keeping the parameter count modest.

Skip connections. U-Net skip paths fuse shallow geometric cues with deeper fea-
tures to sharpen local predictions in narrow ligaments and re-entrant corners.

Physics-guided regularization. An equilibrium residual penalty enforces con-
sistency with linear elasticity (V-c = 0 in the absence of body forces) by adding
a physics term to the loss, following the mechanics-constrained learning idea in [6].
The training objective is

L=MSE(c",0FE)+/Leq,
where o'Fare FE-supervised labels and Lyis the divergence residual computed
on the grid; Ais tuned on the validation set.

3.2 Data Augmentation and Training Strategy

Generative augmentation. To enrich asymmetric layouts, a DCGAN generates
1,000 virtual cases covering aperture 0,5-1,5 m and eccentricity 0-1,5 m. Generated
samples are mixed with FE-baseline data at a 3,7 ratio during training to improve
generalization to irregular geometries [7].

Optimization protocol. Training uses Adam with an initial learning rate

of 1 x 10™, cosine decay, and early stopping based on validation RMSE. The dataset
is split 70 %/20 %/10 % for training/validation/testing.

Baselines for comparison. Performance is benchmarked against (i) the reference
FE solution (Abaqus; eight-node quadrilateral elements; nominal mesh size 0,1 m)
and (ii) the ACI-209 empirical approach for shrinkage-driven effects. Metrics include
RMSE and Pearson correlation computed on held-out layouts, ensuring a direct
and consistent FE — CNN comparison.
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Results

4.1 Model Performance Evaluation

For centrally perforated slabs with an aperture ratio of 0,4, the CNN surrogate re-
produces the FE stress field with a correlation coefficient r = 0,908 and an RMSE of
0,058MPa on the 16 x 16 evaluation grid. The predicted edge stress concentration
factor is K, = 3,2, in close agreement with the FE baseline and consistent with the ex-
pected amplification near re-entrant corners.

For eccentrically perforated slabs (eccentricity 1.0m), the surrogate locates
the shift of the peak principal stress at 0,98m from the geometric center, whereas FE
gives 1,02 m; the offset error is 4,2 %, remaining within a few percent across held-
out asymmetric layouts.

Running time and speedup ratios reported in the literature, In representative studies
of surrogate models for structural stress prediction, trained convolutional surrogate mod-
els typically complete a forward propagation in just a few milliseconds on a standard
GPU, and tens to hundreds of milliseconds on a CPU. In contrast, a reference finite ele-
ment (FE) analysis of the same geometry takes several seconds to several minutes, pri-
marily depending on the mesh density (degrees of freedom), element formula, and line-
ar/iterative solver settings. Under identical conditions (matched geometry, load condi-
tions, and mesh resolution), reported speedups typically range from 102 to 104, with
even larger speedups observed on production-grade fine meshes. These figures still de-
pend on hardware and settings (GPU/CPU model, batch size, compiler/BLAS/cuDNN
version) and should therefore be understood as orders of magnitude rather than precise
comparisons.4,2 Sources of Error and Directions for Improvement.

Error diagnostics indicate three dominant contributors when the surrogate is com-
pared with its FE labels. First, label bias from baseline assumptions, notably the ide-
alization of perfect bonding at interfaces and supports, accounts for the largest share
of discrepancies, particularly along restraints where local slip or compliance would
relax stresses if modeled explicitly. Second, constitutive linearization in the baseline
under shrinkage-dominated loading can under-represent tensile softening and tension-
stiffening effects, which propagates to the learned mapping in zones approaching
cracking. Third, spatial downsampling from the FE field to the 16 x 16 grid under-
resolves steep gradients at hole edges, introducing aliasing in narrow ligaments.
An ablation on validation cases attributes roughly one-third of the error to interface
idealizations, about one-quarter to constitutive simplifications, and about one-fifth
to discretization, with the remainder due to augmentation bias and optimizer variance.

To reduce these errors, two complementary tracks are effective. On the labeling
(FE) side, introduce compliant or spring-bond interfaces to emulate near-edge slip
and micro-opening (e. g., normal stiffness K, ~4 x 10°> N/m; shear cap Tmax =~ 0,4 1),
and incorporate crack-aware tension-stiffening or elastoplastic modules so that super-
visory fields better reflect stress redistribution. On the learning side, augment the loss
with edge-aware gradient terms to preserve near-hole peaks, apply multi-resolution su-
pervision to mitigate downsampling artifacts, and adopt physics-guided regularization or
PINN-style constraints to embed equilibrium and constitutive relations directly into
training [9]. Together, these measures tighten FE-CNN agreement on high-gradient re-
gions without sacrificing the runtime advantage that motivates the surrogate.
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Conclusions

5.1 Core Achievements

This work establishes a convolutional-neural-network surrogate trained on a par-
ametric finite-element (FE) baseline to predict stress fields in perforated concrete
slabs. On held-out symmetric layouts the model attains r = 0,908

and MSE = 0,058 MPa, while delivering at least a fifty-fold reduction in evaluation
time relative to a high-fidelity FE run. When set against commonly used empirical
rules, the approach reduces prediction error by roughly forty percent and supports
rapid “what-if” exploration and crack-resistance sizing in large plates with complex
perforations. Coverage of asymmetric openings is improved through DCGAN aug-
mentation, and an equilibrium-residual penalty enforces V - o = Oconsistency, which
stabilizes predictions near re-entrant corners and narrow ligaments. All assessments
are performed against the FE reference, keeping methodology and conclusions within
a single, physically consistent frame.

5.2 Future Research Directions

Further gains are expected from enriching the supervisory physics in the FE labels
by introducing interface compliance and crack-aware tension-stiffening, coupled with
multi-resolution supervision to better resolve near-edge gradients. On the learning
side, incorporating physics-guided constraints or PINN-style formulations can embed
constitutive behavior during training and reduce bias where tensile softening emerg-
es. Extending the present 2D mapping toward 2,5D/3D settings will enable layered
slabs and volumetric openings to be addressed with full through-thickness stress
components. For deployment, adding histories of shrinkage, temperature and sus-
tained loading, together with uncertainty quantification and calibration protocols, will
make the surrogate suitable for preliminary design while traceable to the FE baseline.
Active curation of the dataset, querying regions of high epistemic uncertainty and
generating targeted FE cases, offers a practical path to iterative improvement without
sacrificing computational efficiency.
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Abstract

Externally bonded glass-fiber-reinforced polymer (EB-GFRP) and unbonded post-
tensioning (UPT) can be combined as a hybrid application for reinforced-concrete beams
to elevate service performance and durability. This paper consolidates practiceoriented
guidance on selecting effective prestress, detailing interfaces and anchorages,
anticipating failure mechanisms, and addressing durability. Two operating windows are
defined: a low-to-moderate prestress range that prioritizes crack-width control with
preserved rotational capacity, and a moderate-to-high range that delivers larger
deflection reductions subject to verified compression limits and anchor-zone
reinforcement. The resulting guidance distills checks and detailing notes that support
specification and site implementation of hybrid EB-GFRP + UPT applications.

Keywords: glass fiber reinforced polymer, unbonded post-tensioning, reinforced
concrete, serviceability, cracking, anchorage.

Introduction

Externally bonded glass-fiber-reinforced polymer (EB-GFRP) has become a rou-
tine option for concrete members, with established guidance detailing material char-
acterization, design checks, surface preparation, and installation procedures that gov-
ern service performance and durability [1]. International consensus documents on ex-
ternally applied FRP further consolidate terminology, typical failure mechanisms (in-
terfacial debonding, cover delamination, end-peeling), and detailing rules that are di-
rectly relevant when EB-GFRP is deployed alongside other systems [2].

Unbonded post-tensioning (UPT) provides a controllable compressive bias that can
be tuned to limit tensile stresses, delay cracking, and reduce service deflections while
preserving continuity and ease of replacement. When EB-GFRP and UPT are applied
together as a hybrid application, tendon-induced compression lowers interface demand
for the laminate, and the laminate augments tensile capacity and crack bridging at the
most stressed fiber. The design emphasis therefore shifts from capacity upgrading to
serviceability management, stiffness recovery, and durability.

Although EB-GFRP and UPT are mature when considered separately, guidance tai-
lored to their joint application remains dispersed. Practical issues that require explicit
treatment include effective prestress selection, anchor-zone detailing and confinement,
limits on compressive strain and local bearing, laminate termination and anchorage design,
and durability under sustained compression, temperature, and moisture cycling [1, 2].

This paper presents practice-oriented guidance for the joint application of EB-
GFRP and UPT in reinforced-concrete beams. It consolidates checks and detailing
notes from existing guidance [1, 2], summarizes expected failure mechanisms with
corresponding control measures, and organizes effective-prestress choices into two
operating windows aligned with project service objectives and interface/anchorage
capacity. The aim is to support specification, review, and site implementation.
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Materials and methods

Terminology and baseline checks follow international guidance for externally
bonded FRP and practice manuals for unbonded post-tensioning to ensure consistent
definitions of tendons, ducts, anchorages, laminate types, effective prestress, and
stress increase in unbonded tendons [1, 2].

A narrative review was conducted to identify peer-reviewed studies on RC beams
using hybrid application of EB-GFRP with unbonded tendons that report service-
level responses — crack width, mid-span deflection, and tendon force or stress in-
crease — under monotonic or quasi-static loading [3]. Bonded PT cases, FRP-only
schemes without UPT, and studies lacking service measurements were excluded.

From eligible studies, we extracted geometry, internal steel ratios, tendon profile
and eccentricity, jacking force and effective prestress (with stated losses), EB-GFRP
properties and anchorage details, anchor-zone reinforcement, loading and instrumen-
tation, observed failure modes, and any environmental conditioning. Results are syn-
thesized qualitatively with consistent units and definitions; no meta-analysis was per-
formed. Cross-checks against [1, 2] were used to keep detailing notes and limits
aligned with established guidance.

Results

Beams relying only on externally bonded GFRP (EB-GFRP) are frequently governed
by serviceability because the laminate’s elastic modulus yields modest stiffness gains
relative to internal steel; this trend is reflected in measured crack widths and mid-span
deflections across experimental programs on GFRP-RC beams [4]. When unbonded
post-tensioning (UPT) is introduced, mechanics-based studies show that the stress in-
crease in unbonded tendons depends on member deformation demand and reinforcement
ratios, which guides selection of effective prestress in the hybrid application [5].

Interface reliability remains decisive. Intermediate crack-induced debonding and
end-peeling are sensitive to surface preparation and termination details; these must be
verified, especially when sustained compression from UPT is added [6]. Tests on RC
beams with unbonded tendons demonstrate that sustained compression can reduce ser-
vice crack widths and deflections, while higher prestress levels elevate anchor-zone
and local bearing demands [7]. These observations support the use of two operating
windows for effective prestress in practice, balancing crack control, stiffness recovery,
rotational capacity, and local detailing.

Table 1 summarizes complementary roles of EB-GFRP and UPT in the hybrid
application. Table 2 outlines prestress operating windows and expected service out-
comes; to avoid over-interpretation, the ranges are indicative only and should be
checked against project-specific limits and detailing.

Conclusion

Externally bonded GFRP (EB-GFRP) and unbonded post-tensioning (UPT) form
a complementary hybrid application for managing serviceability and extending durability
in reinforced-concrete beams. Tendon-induced compression raises the cracking threshold
and suppresses deflection, while the laminate provides tensile capacity and crack bridging
at the outer fiber. Effective outcomes depend on selecting a suitable prestress operating
window and matching details to that choice. A low-to-moderate effective prestress is suit-
ed to crack-width control with preserved rotational capacity; a moderate-to-high level can
deliver larger stiffness recovery when compression limits are checked and anchor-zone
reinforcement is upgraded. Interface reliability remains decisive: surface preparation, lam-
inate termination and end anchorage, seating and friction losses, and local bearing in an-
chor zones should be verified during design and confirmed during execution.
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Table 1 — Complementary roles and common properties of EB-GFRP and UPT for hybrid ap-
plication in RC beams

Item Externally bonded | Unbonded post-tensioning | Design implication
GFRP (EB-GFRP) (UPT) in plastic ducts
Primary Tensile reinforcement at | Span-wise  compression  for | Functions are
function the outer fiber with cor- | crack and deflection control complementary
rosion resistance
Stiffness | High tensile strength; | Very high tendon strength; high | Service performance
and moderate elastic modu- | system stiffness hinges on balanced
strength lus selection
Bonding | Adhesive interface at | Sheathed tendon unbonded with- | Different strain com-
condition | concrete surface in duct patibility governs
stress development
Typical Intermediate  crack-in- | Anchor/bursting demand; local | End/anchor detailing
risks duced debonding; end- | crushing at high prestress governs reliability
peeling if termination is
weak
Durability | Good resistance to cor- | Tendons protected by | Both contribute to
aspects rosion/chemicals sheath/duct or grout (if bonded) | life-cycle performance

Table 2 — Prestress operating windows and expected service outcomes for hybrid EB-GFRP +
UPT application in RC beams

Objective Initial effective | Expected | Expected Ductility Typical checks
prestress (as % crack | deflection tendency
of tendon ulti- | control change
mate strength)
Serviceability- | = 30-50 % Clear Moderate | Rotational EB-GFRP  termi-
focused reduction | reduction | capacity nation and interface
application at com- generally detailing;  anchor
mon ser- preserved seating/friction
vice losses
loads
Tight service | = 45-65 % Very Large Potential reduc- | Compression-block
targets  with strong reduction | tion in rotation | limits; anchor-zone
higher  com- reduction capacity if com- | reinforcement and
pression pression zone is | local bearing
over-stressed checks
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Abstract

This review synthesises recent evidence on elastic properties of high performance
recycled concrete from a materials to structure perspective. At comparable strength,
static elastic modulus decreases with increasing recycled coarse aggregate. Typical
penalties are about 0 to 10 % at 0 to 30 % replacement, about 5 to 20 % at 30 to 60 %
replacement, and about 15 to 30 % at 60 to 100 % replacement. Low water to binder
ratio with silica fume or slag improves the interfacial transition zone and reduces the
loss. Dynamic modulus from resonance or ultrasonic methods exceeds static values
by about 5 to 15 % at 28 days under similar moisture. Poisson ratio is usually about
0,16 to 0,23. Fibres do not raise modulus at equal strength but can moderate losses
at high replacement. The review compares empirical, micromechanics, numerical
representative volume element and data driven models, and proposes a concise
reporting and validation protocol to support serviceability focused design.

Subject of the study. The paper examines elastic modulus and Poisson ratio
of high performance recycled concrete, addressing how recycled aggregate quality
and replacement level affect stiffness under consistent testing conditions. It targets
gaps caused by inconsistent reporting and mixed test methods.

Objectives. To synthesise quantitative ranges for elastic properties at comparable
strength, compare empirical, micromechanics, numerical RVE and data driven
models, and propose a concise benchmark and a hybrid prediction scheme.

Materials and methods. A structured literature review of 2000 to 2025 used
Scopus, Web of Science and Google Scholar, extracting mixture variables, recycled
aggregate quality indices, age and moisture, and test method. Data were normalised
and stratified by replacement bands and quality classes, with static and dynamic
values reported separately.

Results. At comparable strength, static modulus decreases with increasing
recycled coarse aggregate and improves with low water to binder systems containing
silica fume or slag; dynamic modulus exceeds static by about 5 to 15 %, while
Poisson ratio is usually 0,16 to 0,23. Unified and machine learning models reduce
prediction error to about 6 to 10 % when features include quality indices and mixture
descriptors.

Conclusions. The review provides compact ranges and a workflow that link
materials choices to serviceability checks and elastic property prediction.
Standardised reporting with stratified validation and a hybrid model that uses
micromechanics priors with data driven correction improves transferability across
datasets and supports design practice.

35



Introduction

Elastic properties, especially elastic modulus and Poisson’s ratio, govern member
stiffness, crack development and deflection control in structural design, so they are
central to the engineering use of high performance concrete and its recycled variant.
From a materials viewpoint, a low water to binder ratio combined with mineral ad-
mixtures and high range water reducers produces a dense paste and an improved in-
terfacial transition zone, which together raise stiffness at a given strength level. When
recycled aggregates are introduced, lower aggregate modulus, adhered mortar and
higher water absorption increase porosity and weaken the interfacial transition zone,
so at comparable compressive strength a reduction of static elastic modulus is fre-
guently observed. The magnitude of this reduction depends on replacement level, re-
cycled aggregate quality indices such as density, absorption and adhered mortar frac-
tion, paste composition, curing regime, age and moisture state, and on the test method
used to report static or dynamic values [1]. For structural applications, these material
changes affect serviceability checks for deflection and crack width, and they motivate
clear reporting of mixture features and recycled aggregate quality so that results can
be compared across studies and used in practice [2]. This review follows a materials
to structure logic, compiles compact numeric windows for elastic properties by re-
placement band and quality class, and organises prediction approaches into empirical
relations, micromechanics models, numerical representative volume element simula-
tions and data driven learners, with an emphasis on transferability to high perfor-
mance recycled concrete [1, 2].

Materials and Methods

This study is a structured literature review. Scopus, Web of Science Core Collec-
tion and Google Scholar were searched for the years 2000 to 2025 using combina-
tions of the terms high performance concrete, recycled concrete, elastic modulus,
Poisson ratio, recycled aggregate and interfacial transition zone. Titles and abstracts
were screened first, followed by full texts. Eligible sources were peer reviewed jour-
nal articles and standards that reported numerical elastic modulus or Poisson ratio to-
gether with mixture details and test procedures. Exclusions were non structural mate-
rials, theses, abstracts or posters, and items without numerical results. To enable
comparison, we recorded for each source the concrete strength class and whether
elastic modulus was static or dynamic.

Data extraction followed a predefined template. Mixture variables captured were wa-
ter to binder ratio, binder system and mineral additions, replacement ratios for coarse
and fine recycled aggregates, and recycled aggregate quality indices including density,
water absorption, adhered mortar fraction and flakiness. Test and conditioning variables
captured were curing regime and age, moisture state at test, specimen geometry, strain
range and the named test method. All values were converted to Sl units. Static and dy-
namic elastic moduli were reported separately without conversion unless an explicit re-
lation was provided by the source. Poisson ratio values were retained only when the age,
moisture state and method were stated. To summarise trends for practice, records were
grouped by replacement bands of 0 to 30 %, 30 to 60 % and 60 to 100 % and by recy-
cled aggregate quality class. Where three or more records were available in a group, we
reported the range with a central tendency. For engineering context, measured values
were also compared with code type relations based on strength and density, and devia-
tions were expressed as simple percentage errors. The grouped results support the nu-
meric ranges in Table 1 and the workflow in Figure 1.
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Table 1 — Elastic modulus and Poisson’s ratio of high performance recycled concrete by re-
placement band and recycled aggregate quality [3-5, 8]

Replacement RA quality Binder and | Static elastic modulus | Dynamic | Poisson’s
band, coarse class curing note change at matched vs static at | ratio at 28 d
RA (%) strength (%) 28 d (%)
0to 30 high  quality, | silica fume or | 0 to —10 dynamic 0,18 t0 0,22
low absorption | slag; standard greater by
and low ad- | curing 5t0 10
hered mortar
30to 60 moderate fly ash or|—-5to—20 dynamic 0,18 t0 0,22
quality slag; standard greater by
curing 5t015
60 to 100 mixed or low | silica fume | —15to —30 dynamic 0,191t0 0,23
quality and extended greater by
curing 10 to 20

Notes: Static values come from compressive stress—strain tests. Dynamic values come from
resonance or ultrasonic methods. Ranges depend on density, absorption and adhered mortar frac-
tion, on water to binder ratio, and on moisture state and strain range at test.

Results

At comparable compressive strength, the static elastic modulus of high perfor-
mance recycled concrete decreases with increasing recycled coarse aggregate.
The magnitude depends on replacement level and recycled aggregate quality. In mix-
es with low water to binder ratio and silica fume or slag, the loss is smaller because
the interfacial transition zone is improved. The compact ranges that follow from the
screened studies are summarised in Table 1 [3-5]. Dynamic modulus obtained from
resonance or ultrasonic methods is higher than static modulus measured from stress
strain tests. The difference is typically 5 to 15 % at 28 days when moisture state
Is similar. Poisson’s ratio remains comparatively stable in the range 0.16 to 0.23 with
modest sensitivity to replacement and quality. The combined picture for modulus and
Poisson’s ratio by replacement band and quality class is given in Table 1 [5].

Model behaviour follows a consistent pattern. Empirical equations based
on strength and density reproduce the central tendency for low to moderate replace-
ment but lose accuracy at high replacement unless density or a quality proxy is added.
Micromechanics three phase schemes capture changes caused by modulus contrast and
adhered mortar but require inputs that are not always reported. Numerical representa-
tive volume element studies support mechanism insight and can generate synthetic data
for calibration. Data driven learners such as gradient boosting reduce bias across heter-
ogeneous datasets when features include absorption, adhered mortar fraction, binder
descriptors and age. The evidence synthesis and model comparison steps used in this
review are shown in Figure 1 [3, 4, 6, 7].

Studies that include steel or recycled steel fibers indicate that fibers do not systemati-
cally raise elastic modulus at constant strength. They can moderate the loss at high re-
placement by improving matrix continuity and crack stability, especially with medium
quality recycled aggregate and silica fume in the binder. When models are evaluated
on independent sets, unified or machine learning equations tailored to recycled aggregate
features achieve mean absolute percentage errors near 6 to 10 %, which is an improve-
ment over code type relations calibrated for natural aggregate concrete.
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Figure 1 — Evidence synthesis and model comparison workflow for elastic property prediction in
high performance recycled concrete

Conclusion

This review links materials choices to elastic response in high performance recy-
cled concrete. At similar strength, static elastic modulus decreases as recycled aggre-
gate content rises, with the loss governed by replacement band and aggregate quality.
Dynamic modulus exceeds static by about 5 to 15 % at comparable age and moisture,
while Poisson’s ratio remains about 0,16 to 0,23. Table 1 summarises compact ranges
and Figure 1 shows the workflow used to organise evidence and models. For predic-
tion, empirical relations suit low to moderate replacement, micromechanics and rep-
resentative volume elements add interpretability when phase data exist, and data
driven learners benefit from quality descriptors. A hybrid scheme with micromechan-
ics priors and data driven correction, supported by standardised reporting and strati-
fied validation, improves comparability and supports serviceability focused design.
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Abstract

Subject of the Study. This research addresses the seismic analysis of curved
bridges with cellular decks, which exhibit complex dynamic behavior. Traditional
Finite Element Method (FEM) models are computationally expensive, creating a need
for efficient, simplified analytical techniques.

Objectives. The study aims to develop and validate a simplified modeling
technique, the Panel Element Method (PEM), for the efficient seismic analysis
of curved cellular bridge decks.

Materials and Methods. The proposed Panel Element (PE) models an entire
plane panel of the bridge deck as a single element. The method's accuracy was
verified through a comparative study with detailed FEM models in ANSYS.
A program implementing the PEM algorithm analyzed various bridge configurations
under earthquake excitation.

Results. PEM proved valid for estimating earthquake response. Compared
to FEM, it yielded acceptable accuracy, with errors below 12 % for deflections
and below 18 % for moments and shear forces, even in decks with large aspect ratios.
The method was effective for both free/forced vibration and seismic analysis.

Conclusions. The Panel Element Method is a valid and efficient technique
for seismic analysis of curved cellular bridges. Its primary advantage is a significant
reduction in computational complexity compared to FEM, while maintaining
acceptable accuracy. PEM is recommended for practical engineering use in dynamic
and approximate seismic analysis.

Introduction

Curved bridges are increasingly prevalent in highway systems due to their eco-
nomic, aesthetic, and space-efficient advantages in urban and mountainous terrain
[1, 2]. However, their structural complexity and inherent curvature make them more
vulnerable to seismic damage than straight bridges, primarily due to coupled bend-
ing-torsional responses under ground motion.

While most research has focused on static and linear dynamic analysis, a critical
gap exists in efficiently identifying the seismic input parameters that most critically
affect curved bridge response. Current code-prescribed methods for multiple seismic
inputs are computationally intensive. This study addresses this by developing
a simplified procedure for the seismic analysis of curved cellular bridges.

The objective is to analyze the bridge's response to longitudinal and transverse
earthquake motions, characterized by a modified pseudo-acceleration design spectrum.
The dynamic forces and moments will be determined and compared using the Finite
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Element Method (FEM) and the Panel Element Method (PEM), assuming linear mate-
rial behavior. The findings aim to enhance the understanding of curved bridge behavior
under seismic loading and contribute to more reliable design frameworks.

The cellular cross-section (Figure 1) is often employed for its high torsional stiff-
ness, yet current seismic design codes lack comprehensive guidance for such struc-
tures, as evidenced by significant historical damage.

Figure 1 — Curved box-girder deck bridge [3]

Literature review

Research on the seismic behavior of curved bridges under spatially varying ground
motions remains limited. Key studies have identified curvature as a critical factor in-
fluencing structural response. Early work by Sextos et al. [4] and Burdette et al. [5] es-
tablished the significant impact of multi-support excitation, including wave passage ef-
fects, on curved bridges, a finding later corroborated by shaking table tests.

Complementary studies have focused on the distinct mechanical behavior induced by
curvature. Investigations have analyzed its effect on prestressed tendon deformation [6],
live load distribution [7], and torsional mechanics [8]. Further finite element analyses
have quantified the response of curved girder and box-girder bridges to various loads,
examining parameters such as curvature angle and span-depth ratio [9].

Collectively, this body of literature confirms that curvature fundamentally alters
a bridge's seismic and structural response, necessitating specialized analysis that ac-
counts for both spatial ground motion variation and unique curvature-induced effects.

Materials and methods

This study investigates the seismic response of curved cellular bridge decks using
a newly proposed Panel Element Method (PEM), validated against the conventional
Finite Element Method (FEM). The research methodology involved numerical mod-
eling and simulation of various curved box-girder bridge configurations.

Material properties were defined by an Elastic Modulus of 23,5x10° kN/m?,
a Weight Density of 24,517 kN/m?, and a Poisson's Ratio of 0,20 (Table 1).

Table 1 — Material properties for MATLAB and ANSYS models

No. Material Properties MATLAB Values ANSYS Values

1 Elastic Modulus (E) 23,5 x 10° KN/m* 23,5 x 10° N/mm*
2 Weight Density (y) 24,517 KN/m® 2,500 kg/m°

3 Poisson's Ratio (v) 0,20 0,20
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The research objects were four case studies based on an existing bridge in Bagh-
dad, incorporating single and double cells with rectangular and trapezoidal cross-sec-
tions (Figure 2). Span lengths were 20 m and 30 m, with curvature angles of 20° and
30°. The bridges were modeled as linear elastic reinforced concrete structures.
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Figure 2 — Case studies of curved box-girder deck bridge types

The core method was the PEM, which idealizes the bridge deck as an assemblage
of flat plate wall panels. Each Panel Element (PE) was modeled as a space frame ele-
ment, accounting for both in-plane and out-of-plane flexural and shear deformations.
This method significantly reduces the number of elements and degrees of freedom
compared to detailed FEM. For verification, equivalent models were created in AN-
SYS v12,0 using SHELL63 and BEAM4 elements.

The analysis procedure subjected the models to earthquake base excitations
in horizontal (X) and vertical (Y) directions, characterized by a modified pseudo-
acceleration design spectrum. The dynamic analysis employed Response Spectrum
Techniques to determine maximum deflections, bending moments, and shear forces.
A parametric study was conducted to evaluate the effects of the number of cells, web-
to-flange thickness ratio, number of diaphragms, and live load according to Iraqi
specifications.

Research results

The comparative analysis between PEM and FEM demonstrated the validity and
efficiency of the proposed method. The results, summarized across multiple paramet-
ric studies, are as follows.

1. Model Validation. For both single and double-cell decks under horizontal and
vertical excitation, PEM results showed strong agreement with FEM. The maximum
error was less than 12 % for deflections and less than 18 % for moments and shear
forces, even for cases with very large aspect ratios.
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2. Effect of Number of Cells. The response of single and double-cell decks was
accurately captured by PEM, with errors within the stated limits, confirming its ap-
plicability to different cellular configurations (Tables 2, 3).

Table 2 — Maximum response of single-and-double-cell cantilever bridge deck (Base Excitation
in X-direction)

. Max. Bending Moment Max. Shear Force Max.

%jge Qr;?%s&s Abs. Nor. to Nor. to Abs. (kN) Nor. to Deflection
(KN.m) m* (m) m* x L ' m* (mm)
Sinale FEM 614,742 | 0,244 0,012 75,672 0,030 1,273
g PEM 691,992 | 0,275 0,014 81,152 0,032 1,312
Double FEM 705,600 | 0,510 0,026 92,369 0,067 1,639
PEM 750,600 | 0,543 0,027 95,969 0,069 1,837

Table 3 — Maximum response of single-and-double-cell cantilever bridge deck (Base Excitation
in Y-direction)

. Max. Bending Moment Max. Shear Force Max.

%e;ge Qg?%sés Abs. Nor. to Nor. to Abs. (kN) Nor. to Deflection
(KN.m) m* (m) m* x L ' m* (mm)
Single FEM 956,133 | 0,380 0,019 315,773 | 0,126 4,077
PEM 1023,383 | 0,407 0,020 325,925 0,130 4,369
Double FEM 1016,064 | 0,735 0,037 404,571 | 0,293 5,535
PEM 1056,912 | 0,764 0,038 407,235 | 0,295 5,700

3. Effect of Web-to-Flange Thickness Ratio: The PEM reliably predicted the struc-
tural response for thickness ratios (tw/ts) varying from 0,5 to 2,0. Errors remained below
10 % for deflection and 17 % for moments and shear forces at the maximum ratio.

4. Effect of Number of Diaphragms: Varying the number of diaphragms from 2
to 10 had a negligible effect on deflection. PEM consistently produced accurate re-
sults across all cases. with errors not exceeding 12 % in deflection and 18 % in forc-
es. proving its robustness for different diaphragm spacings (Table 4).

Table 4 — Maximum response vs. ratio of (no. of diaphragms: span) of single-cell deck bridge
artially restrained at supports (Base Excitation in X-direction)

. Max. Bending Moment Max. Shear Force Max.

g?ép?tz. QZ?#?&S Abs. Nor. to Nor. to Abs. Nor. to Deflection
(KN.m) m* (m) m* x L (KN) m* (mm)
5 FEM 3494,16 | 2,527 0,126 1157,76 | 0,837 0,931
PEM 4109,6 2,972 0,149 1343,68 | 0,972 1,007
4 FEM 3229,2 2,335 0,117 1285,74 | 0,930 0,898
PEM 3799,2 2,748 0,137 1507,04 | 1,090 0,957
5 FEM 3600 2,603 0,130 149436 | 1,081 0,980
PEM 4022,4 2,909 0,145 1725,408 | 1,248 1,040

5. Effect of Live Load: Under different live load cases (lane. military tracked. mil-
itary wheeled). the dynamic response predicted by PEM showed good agreement
with FEM. Errors were within 10 % for deflection and 16 % for moments and shear
forces. further validating the method (Table 5).

In conclusion. the PEM provides an efficient and acceptably accurate alternative
to FEM for the seismic analysis of curved cellular bridges. offering a significant re-
duction in computational complexity while maintaining result integrity.
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Table 5 — Maximum response for different live load conditions on a single-cell deck bridge par-
tially restrained at supports (Base Excitation in X-direction)

Load Analysis Max. Bending Moment Max. Shear Force Max.

Case Method Abs. Nor. to Nor. to Abs. (kN) Nor. to Deflection

Type (KN.m) m* (m) m* x L ' m* (mm)

| FEM 5210,4 3,768 0,188 958,2 0,693 1,63
PEM 5731,8 4,145 0,207 1030,224 | 0,745 1,7

I FEM 5688,12 | 4,114 0,206 1068,12 | 0,772 1,729
PEM 6022,08 | 4,355 0,218 1136,16 | 0,822 1,766

i FEM 6368,72 | 4,606 0,230 1207,44 | 0,873 1,898
PEM 6915,16 | 5,001 0,250 1232,04 | 0,891 2,019

Conclusions

This study validated the Panel Element Method (PEM) for the earthquake re-
sponse analysis of curved cellular bridges by comparing it with the Finite Element
Method (FEM). Key findings.

1. PEM accurately models the dynamic earthquake response of single- and dou-
ble-cell bridge decks with a significant reduction in degrees of freedom and computa-
tional effort compared to FEM.

2. For all practical aspect ratios. PEM provides acceptable results. with errors
<12 % in deflection and <18 % in moments and shear forces. performing best with
smaller aspect ratios.

3. The number of diaphragms has a negligible influence on the moment and shear
force responses of curved decks under seismic excitation.
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Introduction

During the winter period with low external temperatures. agricultural facilities
must be equipped with combined energy-saving underground heliobiological heating
systems [4].

Subject of research. In the work [1], the calculation of temperature regimes
in rooms is carried out by modeling the heat exchange process by links (by dividing
the room volume into zones). This leads to a sufficiently large discrepancy between
the theoretical calculated data and the experimentally observed ones. Therefore, we
are solving the problem of the relationship between the temperature in the volume of
livestock and poultry buildings, the amount of heat accumulated by the accumulator
and the flow of warm air passing through the substrate layer surrounding the subsoil
heat accumulator.

Goals. A mixture consisting of 30 % husk (raw cotton processing waste), 30 %
dry manure. and 40 % dry clay was chosen as the substrate material.

Let there be a series of parallel pipes with a diameter equal to the distance d, €
between the axes S, immersed in a homogeneous mass h to a depth from its sur-
face F. The temperature of the pipes t,,, and the surface of the massif t; is known.
distributed unevenly in the remaining substrate layers. It is required to determine the
magnitude of the heat flow through the mass and substrate layers from a separate pipe
located alongside other pipes.

Materials and methods

To solve the problem. we apply the source method and the superposition princi-

ple. Assuming that the heat flow inside each pipe has a capacity of Q , let's place
it symmetrically from the surface of the massif h;.
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Furthermore. considering the boundary conditions of the substrate layer - the up-
per surface of the heat accumulator T(0)=T, and T(L) =T, , we can write the following
equation for the heat accumulator to release into the room's atmosphere

2
R% G T2 +2R2pe,U 9T RN (T-T,)=0- (1)
d x dx

_TO

-
Here are f =

Lo

modeling. the heat balance equation can be written in the following form

- UR .. .
and x=x/R, ;=k. Taking into account our mathematical

CG(t)ﬁa—I+C\,S%+ KFT = KfT, ()

In particular, we write the equation (2) taking into account the initial and bound-
ary conditions

TO)=7.(1). T(x0)=T,(x);
For this, the underground heat accumulator with an air duct will be considered
a semi-bounded space and from the solution of the direct and inverse Laplace equa-

tions we obtain [2].
By entering a new variable

t
Z=X-5[G(0)do,
4

iIf we do not take into account the highest temperature values at the "accumulator-at-
mosphere" boundary under initial conditions 9, then for the subsoil heat accumulator
and its surrounding substrate layers, the equation will have the form

T(x,t)=| Kf /C.X[exp(—(Kf /(CS))) (t—(z,%,t)):G(o(z,xt))dz +

+exp(—(Kf /(CS))(t—9(0.x.t)))7,(2(0.x.t)), 3)
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Results

By introducing into equation (3) the experimentally determined values of the heat
flow rate of the underground heat accumulator G over time t, the heat transfer coefti-
cient of the substrate material K, the amount of heat accumulated by the accumulator
over time t (t = nh, h -step time) and the measured values of atmospheric temperature
in the room based on a special modeling program, the distribution of heat flow flow
along the air duct of the underground battery was established

p=nh-S(1-2)/G((n-1))h

and on their basis, expressions of the temperature of the warm air at the input and
in the x layer were obtained

nh—-S(l-2) nh-SlI
s ) " "G (4)

T =(
Using the results obtained in the work [3] for the distribution of heat along the air
duct and its surrounding substrate, we obtain

T,(n+1)h-T,((n+1)h)-Q((n+1)h)/qV =
:exp(—h/ﬁ)(TX(nh)—TT (nh)-Q((n —l)h)/(qov)), (6)

How easy is it to calculate the amount of heat that needs to be accumulated in the
underground heat accumulator to maintain the required temperature in the farm's
premises. In addition to the temperature field created by the heat flow from the heated
pipe, the substrate soil also has a temperature field from the daily fluctuations in am-
bient temperature and the substrate's own heat flow. The superposition of these tem-
perature fields complicates the search for the true distribution of temperatures in the
substrate.

Conclusions

Thus, a mathematical model of system control has been developed, with theoreti-
cal calculations coinciding with the experimentally obtained data in the premises
of livestock and poultry farms, where the temperature regime is normalized and opti-
mized, which is maintained by solar bioenergy of the volumetric heating collector
of the underground heat accumulator in the pipe and in the substrate around it of the
accumulated heat flow flow.
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Abstract

Wood-concrete composite material is an interesting engineering wood product,
which is usually used for structural members that mainly bear bending loads, from
simple floor system to long-span bridges. In this way, we can make full use of the
tensile strength of wood and the compressive strength of concrete. Firstly, this paper
introduces various types of wood-concrete composite structural members, including
member types, connection types and types of wood and concrete. Then, the basic
mechanical principles of wood-concrete composite structural members are introduced
and some design methods are briefly described, and the specific characteristics and
advantages of wood-concrete composite structural members are deeply discussed
from the perspectives of engineering, architecture, construction and ecology.
At present, Belarus has also been committed to introducing wood as a sustainable
ecological material in the construction industry.

Keywords: wood lightweight concrete, building construction, structural engi-
neering, sustainable building, wood-concrete structure.

Introduction

In order to optimize the structural performance, usability, energy saving and eco-
logical characteristics of wood composite system, the Department of Structural De-
sign and Wood Engineering (ITI) explored the combination of wood products with
other traditional building materials and components in several research projects
[1, 2]. These technologies provide high-efficiency components for low-energy build-
ings, support the rapid assembly of modular buildings with prefabricated dry compo-
nents and improve efficiency, thus creating opportunities for reducing carbon emis-
sions. As a representative example of these developments, the composite component
of wood-concrete structure, as a new application of structure, illustrates the degree
of correlation involved in developing complex system solutions to improve resource ef-
ficiency.

The main categories of wood-concrete structures include: logs and concrete; Sawn
wood and concrete; Glue wood and concrete; Laminated veneer laminated wood
(LVL) and concrete; Cross-laminated wood (CLT) and concrete. Wood-concrete
composite structural members (TCC) are usually horizontal members, which bear
unidirectional loads (so-called unidirectional span members) and are subjected
to uniaxial bending. The wood and concrete parts of TCC members are connected by
one of several types of connectors to achieve composite action [3]. Because the ten-
sile strength of concrete is almost negligible, wood is usually located on the lower
side of the member (tensile stress is expected), while concrete is located on the upper
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side (compressive stress is expected). Although there are some reverse TCC struc-
tural members with concrete at the bottom [4] and even some TCC wall systems [5],
this paper focuses on the most typical application and test mechanism of the above
TCC structural members.

Materials and methods

1. Various designs

There are many kinds of TCC structural members. Although there are only two
main geometric shapes of TCC floor (beam and plate), the connection between wood
and concrete is varied and the performance is quite different. In addition, there
are various types of concrete, and the types of wood are even more diverse.

1.1 beam and plate TCC floor system

Conerete slab,

& casted mm-situ
_‘r,: v J
- ary T .
P PN e Dowel type
- | o 7 % e 7 connectors
R
Fimber slab, :
made ol vertically Notch
oriented timber boards
in)
Conerete slab,
Connection ' casted in-situ
made with P i
inclined screws o ¢F : “;*f.";
- o < ¢
"L y 7' p < /‘V ) r ]
[ : - \/ y |
A .7«? o .‘7{-; 3 »
7y Permanent formwork
Muassive timber beam (0.2, plywood)

(a) An example of the plate type of a)TCC floor; (b) An example of beam type of b)TCC floor
Figure 1 — Examples of slab type and beam type of TCC floor system

TCC structural members are usually plate members (floors in buildings and decks
of bridges), which can be uniform in thickness or ribbed, depending on many factors
such as aesthetics, height restrictions and material availability. At the same time,
TCC structural members are almost always unidirectional span members, which can
be modeled as beams and bear uniaxial bending loads. Therefore, there may be some
confusion between terms. So we define it. The beam-type section of TCC beam
is composed of wood web and concrete flange, that is, the wood part is much narrow-
er than the concrete part. Therefore, the neutral axis of the entire TCC section is lo-
cated on the web. Plate TCC means that the width of plate concrete and wood parts is
equal and the neutral axis is usually located in the concrete part. As shown in Figure
1, apart from the appearance difference between the two types, the position of the
neutral axis is also different, which will affect the part of concrete where tensile
cracking may occur, thus affecting the appropriate design method.
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1.2 Wood-concrete connection

Wood-concrete connection has great influence on the performance of TCC struc-
tural members. A perfect connection should have enough strength to transfer
the shear force between two materials, enough rigidity to allow limited slip, and
enough ductility to avoid brittle failure of the connection. In addition, the non-
mechanical characteristics of connection, such as cost and convenience, will also af-
fect the choice of connection type [6]. However, a perfect connection is almost im-
possible to achieve in practice. At present, a variety of connection systems have been
developed, each with its own advantages.

Pin fasteners include pins, screws, oblique screws, nails and other metal connect-
ors. Except oblique screws, pin fasteners are the connection systems with the lowest
stiffness and the greatest ductility [7].

Notched connection Notched connection is one of the most brittle connection
types, and its notch shapes are various (rectangle, circle, vertical edge or inclined
edge, etc.). Adding steel fasteners (pins or screws) at the notch can significantly im-
prove the ductility of the notch connection [7].

When the strength of bonded joints exceeds the specified value, they will be brit-
tle failure. Its advantage is high rigidity, and almost complete composite action can
be realized. In addition, they can ensure uniform shear distribution and can be used
to connect wood and precast concrete slabs [6].

There are many designs of nail-plate connecting plates. One possibility is that the
lower part of the plate is designed as a nail plate, which is located between two
wooden beams, and the upper part is designed as a perforated plate [8].

Friction-based connection is based on the vertical wooden board system with variable
height, which is mainly used in Switzerland [6]. Therefore, the design of TCC structural
members is varied. In particular, there are many types of connectors, and each connector
has its own characteristics. If the properties of connectors (such as shear strength, slip
modulus, spacing, etc.) are known, one of the existing simplified TCC structural design
methods can be used to determine the bending strength of TCC members.

_______
e) )

(a) connect with a pin; (b) Connect with two rows of 45 inclined screws; (c) Notched connection
with inclined sides, (d) connect with the vertical side and the notch connected with the pin,
(e) glued connection, (f) connect with a nail plate
Figure 2 — Main connection types
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In the one-way span simply supported floor slab (TCC floor slab is the most
common), the maximum shear force at the joint occurs near the support, but can be
ignored in the middle of the span. The failure of one connector near the support will
cause the other connectors to bear additional loads, which may lead to more serious
brittle failure of TCC members [7]. In order to avoid this situation, the spacing be-
tween connectors near the support is sometimes reduced, while the spacing between
connectors in the middle span can be increased [9].

Results

2. Introduction of experimental mechanism of beam TCC

For experimental group 1 (with six connectors), all staggered wooden decks of V1
and V2 are Mandioqueira (Quaea (Acuminata) V3, the outer layer is Angelimpedra
(Hymenolobium Petraceum), and the middle layer is Mandioqueira. Where the wood
surface is dry, the nominal size of 50 x 75 mm and 50 x 38 mm is in the wood with
average moisture content (MC) of 15 %. The average specific gravity of wood
at 15 % MC is 0,74. The cross section of the laminated wood used is 3,05 meters
long. and five vertical components with two alternate depths are nailed together hori-
zontally with 80-millimeter-long galvanized spiral handle nails. The vertical direction
Is shown in Figure 4, and the nails are numbered from 1 to 4. Repeat this pattern eve-
ry 300 mm along and in the middle. In order to accommodate horizontal shear con-
nectors (building steel bars with a diameter of 10 mm), two holes with a diameter of
12 mm and a center-to-center spacing of 100 mm were pre-drilled in the middle of
a length of 250 mm wide and at both ends of 300 mm. The hole penetrates the entire
thickness of the central layer wood member and half the thickness of the outer layer
wood member. Before nailing the last outer wood member, the steel bar connector is
in place, as shown in Figure 3. Concrete formwork was built around the concrete slab
with 12mm thick plywood to accommodate 30 mm deep top concrete slab (Figure 5).

For experimental group 2 (with 8 connectors), the outer and middle layers of all
staggered boards of MAN 1, MAN2 and MAN4 are Mandioqueira(Q, acumminata).
The surface of wood is dry, and the nominal size of wood of 50 x 100 mm and
50 x 50 mm is used, and the average MC state is 12 %. The laminated wood used has
a cross section of 3,05 meters and consists of five staggered vertical parts (Figure 3).
The wooden members are nailed together horizontally in the same way as the first
group (Figure 4).

In order to accommodate horizontal shear connectors (building steel bars with
a diameter of 10 mm), two holes with a diameter of 12 mm and a center-to-center
spacing of 100 mm were pre-drilled at 300 mm and 700 mm at both ends of 250 mm
width. Before nailing the last outer wood member, each connector has been installed
in place (Figure 5). Use 12mm thick plywood to build concrete formwork around,
as shown in Figure 5.

The mechanical properties of the building steel bars used are as follows: elastic
modulus E = 200,100 MPa. yield strength fy = 250 MPa. All wooden members are
subjected to nondestructive testing with Metriguard strain gauge to determine the
longitudinal elastic modulus ED. The average values of Ed in group 1 and group 2
were 11,887 MPa and 15,491 MPa respectively.

The concrete layers of experimental group 1 and experimental group 2 were de-
livered in batches according to the specified strength of 18MPa and 10MPa (the aver-
age value of the three cylinders tested on the 28th day), which were strengthened by
vibration and wet-cured. After the concrete is cured, the wood concrete is transported
to the laboratory for testing.
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Figure 4 — Pattern of connectors for sets 1 and 2 [10]
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w7 I
Figure 5 — Wood deck. steel connector. formwork. and finished beams [10]

Conclusion

The increasing popularity of TCC structural members is related to the many ad-
vantages of its system compared with more mature all-concrete and all-wood sys-
tems. The main advantages of TCC members over all-wood members are higher bear-
Ing capacity and stiffness, better air-borne sound insulation effect, and reduced vibra-
tion interference to users. The connection between wood and concrete is a very im-
portant part of TCC system. Its strength and sliding stiffness ensure the composite ac-
tion of wood and concrete, and if the connection is properly designed, it can also im-
prove the ductility of TCC structural members. Compared with all-concrete members.
TCC members have better aesthetics and ecology, lighter self-weight, better sound
insulation effect, and effectively reduce impact noise.
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AHHOTALUA

WHxeHepHbIE CHCTEMBI >KU3HEOOECTIeUeHUs 3/1aHuil TpeOyIOT BBICOKOW CTENEHU
HAJIeKHOCTU Ha BCEX 3Tanax — OT CTaJuu NPOEKTUPOBAHMS 10 NIEPUO/Ia SKCILTyaTallUH.
OmmOKM W HETOYHOCTM B IPOEKTUPOBAHMHM MOTYT MPUBECTH K CYIIECTBEHHBIM
3aJIep’KKaM CpOKOB cliaul 00bekToB. Co3znanue 3D-Mopenelt 31aHuii ¢ UCIOJIb30BaHuEM
TEXHOJIOTUM MH(POPMALIMOHHOTO MOJIEIMPOBAHUS SBJISETCS ONTUMAIBHBIM PEIICHUEM
JUISL TIOBBIIIEHNSI TOYHOCTH W HAJCKHOCTH IIPOEKTUPOBAHUS, a TAKXKE U YIPOILIECHUS
JaJTbHEMILIEro MOHTa)Ka M AKCIUTyaTallud YKa3aHHBIX CUCTeM. B craThe ommchIBaeTcs
NpUMEHEHUE MporpaMMHoro komiuviekca AutodesRevit B pamkax ydeOHOro mporiecca
0 crieuuanbHOCT  VIH)KeHepHble CeTH, O0OpyIOBaHUE 3/[aHUM U  COOpPYKEHHH
(mpodunmmzanus «BogocHaOkeHUe. BOAOOTBEACHHE M OXpaHa BOJHBIX PECYPCOB))
IUIS CO3JIaHUsI MOJIENIEH 3[1aHUM C NPOEKTUPOBAHUEM CHUCTEM XOJIOJHOTO M TOPSYETO
BOJIOCHA0KEHHUS. X03AHCTBEHHO-OBITOBOM KaHAIM3ALIMH.

IIpeamer mccienoBaHus: MPOESKTUPOBAHUE W MHPOPMAILIMOHHOE MOJIEIUPOBAHUE
WMH)KEHEPHBIX CHUCTEM HM3HEOOECHeUeHUsl 3JaHUi C NPUMEHEHHEM CYIIECTBYIOIUX
CEMENCTB U C CO3JaHMEM HOBBIX ITPOrPAMMHBIX KOMILIEKCOB.

Hean: u3y4uTh OCHOBHBIE BO3MOXKHOCTH U CIOCOOBI co3manusi 3D-Mopenei
BHYTPEHHUX CETeH BOJIOCHAOKEHMS U KaHAJIU3allluK, a TaKKe 000pyJOBaHUs Ha HUX,
B rpaduueckom penakrope AutodeskRevit.

MatepuaJibl M METOAbI: METOJ KOMITBIOTEPHOI'O MOAEIUPOBAHUS.

Pe3ynbrarhl: paccMOTpeH ajroputM co3jlaHusi U pazpabotanbl 3D-monenu
BHYTPEHHUX HWHXXEHEPHBIX CHCTEM BOJONPOBOJA M KaHAIM3aUUU C IOJYyYEHUEM
aApXUTEKTYPHO-CTPOUTENBHBIX YepTEeKEN U crieuuKanuy o00pya0BaHus apMaTyphbl
U TpyOONpPOBOOB.

BbiBoAbI: pa3paboTaHHbIE AITOPUTMbI MH()OPMALMOHHOTO MOJEIUPOBAHUS
IIPU TIOJATOTOBKE ITPOEKTHO-KOHCTPYKTOPCKOM AOKYMEHTALMM MOTYT HPUMEHATHCS
B yueOHOM Tpoliecce sl rpauueckoil U KOMIbIOTEPHON MOJArOTOBKH CTYJEHTOB,
B pa00oTe HaJ KypCOBBIM U JUIJIOMHBIM IPOEKTUPOBAHUEM, B TMEPUOJ YUEOHBIX
Y TIPOM3BOICTBEHHBIX MTPAKTHUK.

Bsenenne

Ha ceromusimmauii 1eHbh OTpacib HHOOPMAITMOHHBIX TEXHOJIOTHH SIBIISIETCS. OJTHOM U3
HanOoJiee JUHAMUYHO Pa3BUBAIOIIMXCS oTpaciied B mupe. HempepbiBHOE cCoOBepllieH-
CTBOBAaHUE TEXHOJIOTUN MPUBOJUT K BO3MOXKHOCTU TOSIBJICHUSI HHHOBAIIMOHHBIX CIIOCO-
00B B3aUMO/ICHCTBHS YeNIOBEKa ¢ MH(POPMAIIMOHHO-KOMITBIOTEPHON CPEIOH.
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HNudopmaninoHHOE MOAETUPOBAHUE 3/1aHUS — LU(PPOBaAsi MOJEIb, KOTOpas MO3BO-
JSI€T BO3BOJUTH, SKCIUTyaTUPOBAaTh, PEMOHTUPOBATh U YTHJIN3UPOBATh 31anue. [Ipu-
MEHEHHE MH(POPMAIIMOHHOTO MOJEIUPOBAHUS MOBBIIIAET TOYHOCTH CrelU(UKaIIHiA
U CKOPOCTb MOJATOTOBKH MPOEKTHOW JOKYMEHTAILNH, ITO3BOJISIET CBECTH K MUHUMYMY
OIIMOKM YW HETOYHOCTH MPH MPOCKTUPOBAHUM, A TAKKE BU3YAITH3UPOBATH MPOEKT
U B [IOJIHOM MEpE NPEACTaBUTh €0 3aKA3UHKY.

TexHonorun mHpOpManmoHHOro MoaenrpoBanus (BIM-texHonornm) nHXeHep-
HBIX CUCTEM 3aHUN UMEIOT OOJIBIIOE 3HAYCHHE, B YACTHOCTH, JJISl Pa3BUTHUS OTpaciu
BOJIOCHaOXeHUsI ¥ BojooTBe/ieHNa. BIM mo3BosisieT aBToMaTH4eCKu MPOBEPSATH KOH-
(IUKTBI MEXKY PA3IMYHBIMUA CUCTEMaMHU, MTO3BOJISIET BECTH YUET BCEX KOMIIOHEHTOB
CUCTEM. JTO YIPOIIAET IJIAHUPOBAHUE U 3aKYIIKy MaT€pUaJIOB, a TAK)KE BEJICHHUE CO-
MyTCTBYIOIIEH JOKyMeHTaluu [1, 2], HOBBIIIAET TOYHOCTh U HAJIC)KHOCTh MPOEKTHU-
POBaHHMs CHCTEM, YIPOILAET IIPOLIECC MOHTAXKA U JKCIUTyaTaluu B AanbHenmeM. [lo-
MUMO 3TOTO BIM-TEeXHOJIOTHH TO3BOJISIIOT TMOJMYYUThH CHeNU(PUKAINA CAaHUTAPHO-
TEXHUYECKOTO 000pYy/I0BaHUs 37aHUI U BEIOMOCTH MaTEpHAlIOB, & TAKXKE MpPOU3BeE-
CTH pacdeT CMETHON CTOUMOCTH OOBEKTA.

TexHonorus HHGOPMALIMOHHOTO MOJIETUMPOBAHMS [TO3BOJIAET IPOBOAUTH CUMYJIS-
MU CUCTEM BOJOCHAO0XXEHUSI M BOJOOTBEACHHUSA, YTO IMOMOTAET OLICHUTH UX 3Pdek-
TUBHOCTb M HAalTW MYTH ONTUMM3ALUU nepe] Gpuznyeckor peanusauueid. [lyrem mo-
JNEIUPOBAHUS PacXxo/ia BOJAbI U JABJIICHUS B CUCTEME MPU PA3IUYHBIX YCIOBUSIX MOXK-
HO OINPEIEIUTh ONTUMAJIbHbIE HACTPOMKM HACOCOB M KJIANAaHOB, CHUXKAs MPU HTOM
PHUCK aBapuii MPU SKCILTyaTalllH.

O030p JuTEpaTypHI

M3BecTHBI HCCIEOBAHUS MO MPUMEHEHUIO TEXHOJIOTUHA MH()OPMALMOHHOTO MO/Ie-
JMPOBaHUs B 00pa30BATEIILHOM IIPOIIECCE MPH MOATOTOBKE BBITYCKHUKOB HAIPaBIICHUS
«CTpOUTENBCTBO M 3KCIUTyaTallds 31aHUl U cOOpykeHHiD» B Poccuiickoit denepanuu.
[IpuBoasTCS MPUMEPHI MPAKTUKO-OPUEHTUPOBAHHBIX YUEOHBIX 3aJJaHUM, KOTOPHIC BbI-
MOJTHSIOT CTYAEHTHI B XOJI€ CAMOCTOSITENBHON PadOThI C MCHOJIb30BAHUEM ITPOrpaMM-
Horo koMmruiekca BIM Renga [3]: B pamkax NmpeaMeTHOM MOATOTOBKM BaXHO CO3/ATh
cpery 00ydeHusl, MPUOIUKEHHYIO K MPOPECCHOHATHHOM.

[lpumenenne nanHbIx TexHojorwii B PecnyOmuke bemapych compsbkeHO ¢ psiiom
(haKTOpoB, KOTOPbIE TPEOYIOT TIIATEIBHOTO MOIX0/1a M MPOpadoTKH. OCHOBHOM BOIIPOC
3aKJIF04aeTcs B TOM, YTO Il MH(GOPMALMOHHOTO MOJETMPOBAHUS HEOOXOIUMMO MpO-
rpaMMHOE 00ecrieueHHe, 3aKyIKa KOTOPOTrO0 MOKET, MPaB/a, NOTpeOOBaTh 3HAYUTEIBHBIX
uHBeCcTUIMNA. CBOIO POJIb UTPAET HEJOCTATOK KBATM(HUIIMPOBAHHBIX CHELUAIUCTOB. OT-
CYTCTBHE OTEUECTBEHHBIX CTaHIAPTOB, a TAKKE MPUBS3KA 3apPYOEHKHBIX MPOrPAMMHBIX
KOMIUIEKCOB K OCOOEHHOCTSIM CTPOMTENIBLCTBA M IMPOEKTUPOBAHUS MOXKET HPUBECTH
K opmupoBanuio 3D-Moenu, KOTOPYIO He BCET/Ia MOXKHO IMPUMEHUTDH Ha TIPaKTHKE [4].

MarepuaJjbl 1 METOABI

OOBEKTOM HCCIEAOBAHUS CTAJIO UCIIOIb30BAHUE TEXHOJIOTUU UH(POPMALIMOHHOTO
MOJIETTUPOBAHUS MPU NMPOCKTUPOBAHUHM CHUCTEM BOJOCHAOKEHMSI U BOJOOTBEACHMS
C IPUMEHEHUEM METO/Aa KOMITBIOTEPHOI'O MOJIEIUPOBAHMS HA OCHOBE IIPOTPAMMHOTO
koMmriekca AutodeskRevit.

Pe3yabTaThl Hccae10BAHUA

B pamkax cTyaeH4yeckoil mpoOM3BOJCTBEHHON MPAKTUKU B KaMIlaHUH, chepoil ae-
ATEIbHOCTH KOTOPOM SIBJSIETCS MPUMEHEHNUE WHCTPYMEHTOB MH(POPMALIMOHHOTO MO-
JIETUPOBAHUS OOBEKTOB JJIsl YIIPABIICHUS U TUIAHUPOBAHUS MMPOCKTOB, OB BHITIOJIHEH
MPOEKT CAaHUTAPHO-TEXHUUYECKOTO 00OPYI0BaHUS 3/1aHUs TOCTUHHIIBI C Pa3pabOTKON
MHXEHEPHBIX CETEH XOJOJHOTO U TOpSYEero BOJOCHAOKEHHUS, XO03WCTBEHHO-OBITO-
BOM KaHAJIM3ALMH.
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C ucnonb3oBanueM nporpamMMmHoro komiiekca AutodeskRevit momyaena 3D-mo-
nenb 00beKTa, MPOU3Be/IeHA TNIAHUPOBKA CAHUTAPHO-TEXHUIECKUX MTPUOOPOB U 000-
PYyIOBaHUS, B TOM YHCJIC BBITIOJIHEHBI: TPACCUPOBKA TPYOOTPOBOAOB C yKa3aHUEM
JIUAMETPOB M MaTEpHaJIOB, MOJBOJAKUA K CAaHUTAPHO-TEXHUYECKUM IMpubopam; 00o-
3HAYEHBI CTOSIKU. MTOABEMBI U PA3BOJIKA IO MOMEIIEHHUSM, a TAKXKe pa3Mephl IS IPU-
BS3KU TPYOOIPOBOJIOB K CTPOUTETHLHBIM KOHCTPYKIIHSIM.

B pamkax wH()OpMAIMOHHON MOAETH MOMYyYeHBI apXUTEKTYPHO-CTPOUTEIBHBIC Yep-
TEXHU TUTAHOB M Pa3pe30B 3/IaHHS TOCTUHUIIBI, CIICIIM(DUKAITUS CAHUTAPHO-TEXHUYECKOTO
000pyI0BaHMs, 3APOESKTUPOBAHHBIX (DACOHHBIX YAaCTEH U TPyOOIPOBOIOB.

Ha ocnoBe nmporpammuoro komruiekca AutodeskRevit, B ToM uuciie, BHIOTHEHBI
aKCOHOMETPHUUYECKHE CXEMbl TPyOOIpoBOJIOB cucteM xosogHoro (Bl) m ropsuero
(T3) BomocHaOxenwus (pucyHok 1), 6prToBoit kananu3auu (K1) (pucynox 2). Ompe-
JICTICHBl OTMETKH YPOBHEH U y3JIOB MOAKITIOYCHUS.
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Pucynok 1 — Axconomempuueckas cxema CAHUMApHO-mMexHU4ecKUx Y3108 ¢ NOOKIIOYeHUEM
K mpybonposooam xono00nou (-B1-) u eopsueii (-T3-) 60001

[Ipy moMomy BCTPOCHHBIX AJITOPUTMOB ITPOTPaMMbl pACCMOTPEHA METOAUKA pac-
YyeTa JUAMETPOB BOJOMPOBOJHBIX M KaHAIM3alMOHHBIX TpyO. [Iporpammubiil KOM-
IJIEKC TAKXKE IMO3BOJIMII ITOJYYUTh MPEIBAPUTEIIBHBIE CMETHBIE PACUETHI.

BaXHbIM acnieKTOM SIBJISETCS U TO, UTO 33 CUET TPEXMEPHON BU3yaHU3alii OObEKTOB
CTYJEHTbl UMEJIM BO3MOXHOCTH HAIJIAHOTO MPEJICTAaBICHHUS CBOMX 3HAaHMH B 00JacTu
CTPOUTENBCTBA U YCTPOMCTBA MHKEHEPHBIX CUCTEM JKU3HEO0ECTICUEHUS 3/IaHMUS.

Ocraercsi akTyaJlbHbIM BOMPOC TUIAHOMEPHOW MOJTOTOBKH KBATM(UIIMPOBAHHBIX
CTICLUAIMCTOB B 00JIACTH TEXHOJIOTUH MH(POPMAIIMOHHOTO MOAEIUPOBAHUS B CTPOUTENh-
CTBE, a TAKXK€ HOPMHUPOBAHUS MOJOOHBIX MPOEKTOB, TAK KAK JIJIsI TIOJIHOMIPABHOTO MPUMeE-
HEHMS JaHHBIX TEXHOJIOTMH Heo0X0AMMa TIIATENILHO MpopadoTaHHAs HOpMaTUBHAs 0aza.
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Pucynok 2 — Axconomempuueckas cxema CAaHUMapHo-mexHu4ecKux Y3106 ¢ NOOKIOYeHuem
K cucmeme 6vimosoul kanaruzayuu (-K1-)

BriBoabI

Coznanve enuHOW MH(POPMAIMOHHON MOJENM YCTpaHsSeT MPOTUBOpEUUsS U He-
CTBIKOBKHM MEXIY Pa3IMYHBIMH pa3/iesiaMH MPOEKTA, YTO CHIXKAET BEPOSATHOCTH MPO-
eKTHBIX omuOOoK. I[IprMeHeHHe TEXHOJOTMU HHQPOPMAIIMOHHOTO MOJCIUPOBAHUS
(BIM) B pamkax cnernuainbHocTu WHXKeHepHBIe ceTH, 000pyAOBaHHUE 3IaHHUN U CO-
opyxeHuit (mpodunmzanus «BogocHabxkeHre, BOAOOTBEICHUE U OXpaHa BOJIHBIX pe-
CypCOB») TO3BOJISIET CO3/laBaTh TOYHbIE HH(GOPMAIMOHHBIE MOJIEIN BOAOXO03sIi-
CTBEHHBIX CHUCTEM U BHEJIPSTH AT COBPEMEHHBIE MTOIXO0/IbI B yUeOHBIH MpoIiecc.
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K BOITPOCY 9KCIIEPUMEHTAJIbHO-TEOPETUYECKHUX
NCCIEJOBAHHUU U OIIBITA ITPUMEHEHMUSA CJIOUCTBIX
KOHCTPYKTHUBHBIX 2JIEMEHTOB

B. M. bonoapenxo

oupexmop OO0 «APXUTEX», bpecm, benapycy,
e-mail: ceo(@architech.by. +375296965139

AHHOTALMSA

3a mocnennue cto JieT B rocymapcrBax ObiBiiero CCCP, crtpanax Boctounoit
u 3anagnoii EBponbl, CIIA, Smonwn, Kutae, MHmum BbImMonHEH OONBINON 00BEM
AKCIEPUMEHTAIBHO-TEOPETUUECKUX ~ HCCIECAOBAHUM  CIIOMCTBIX  KOHCTPYKTHUBHBIX
AJIIEMEHTOB, HAKOIUIEH 3HAYMTEIBHBIM OMNBIT HMX MPAKTUYECKOTO MPUMEHEHUS
IpU CTPOUTENBCTBE 3JAHUIA U COOPY>KEHHM, pa3padoTaHbl U BHEAPEHBI B MHKEHEPHYIO
IIPAKTUKY COOTBETCTBYIOIINE HOPMBI.

C menplo cHucTEMaTW3alvMd HMMEIOLIEHCS HAy4YHO-TEXHUYECKOH HH(pOpMaIu
Y UHKEHEPHOTO  OIbITA, KACAIOIIMXCA CIOMCTBIX KOHCTPYKTHBHBIX — 3JIEMEHTOB.
NpeAIoKeHa COOTBETCTBYIONIAs KilacCU(UKAIIMOHHAsI MaTpUIIA.

Krnaccudukanusi sKCepUMEHTAIBHO-TEOPETUYECKMX HCCIIENOBAHUN W ONbITa
MIPUMEHEHUS] CJIOUCTBIX KOHCTPYKTHBHBIX 3JIEMEHTOB C HCHOJIb30BAHUEM EIHHOIO
MOJXOAAa Y €IUHOM CHCTEMBbI KPUTEPHEB IMO3BOJMUT OOJI€e CHCTEMHO aHAJIM3UPOBAThH
MMEIOIIMECS] B HACTOSILIEE BpeMs JaHHbIE, a TaKkXke Oojiee TOYHO U OOBEKTHBHO
orpenenars u GopMyITUpOBaTh HanOoJee aKTyaIbHbIE U PUOPUTETHBIC 1IEJTU U 3a1a49U
JAJIbHEHIIINX UCCIIEA0BAaHUM B JAHHON HAyYHO-NPAKTHUECKOW O0JIACTH 3HAHUIA.

BBenenue

BriepBoie TepMHUH  «cioucmvle cmaneOemoHHvle KOHCMPYKYuu»  TPEIIOKUI
ucnons3oBath npodeccop JI. K. Jlykma [1]. 1o nosnsie cranbHbie Npoduian pa3TudHON
(hopMBI TIOTIEPEUHOTO CEUEHUS, 3aMOJTHEHHBIE OETOHOM. TPaTUIIMOHHO B PYCCKOM SI3bIKE
JUIE  TaKuX KOHCTPYKIIMWA HCHOJNB3YIOT TEPMHUH «CcmaiempybobemonHviey WiIu
«mpyoobemonHviey. a B AHIIIMHUCKOM sI3bIKe — «concrete-filled steel tubes» wmm
ab0peBuarypy « CFST».

Ha cerogusimauii 1eHb, B CBSA3U OOJBIIUM OOBEMOM HAyYHO-TEXHUYECKOM
uHbOpMaIMK, KacaloIIeWcs CJIOUCTBIX  KOHCTPYKIIMWA, 3aTPyAHEH CHCTEMHBIH
Y KOMILUICKCHBIN aHam3 BBITTOJIHEHHBIX AKCIIEPUMEHTAIILHO-TEOPETUYECKHUX
WCCJIEIOBAHUI U HAKOTUICHHOW MHKEHEPHOW MPAKTUKU MPUMEHEHUS TAKUX JJIEMEHTOB.

C ormoit menpto copMHupoBaHA CHUCTEMA KIACCU(DUKAIIMOHHBIX KPUTEPHUEB,
a HETIOCPEICTBEHHO  KJIACCU(UKAIIUIO  CIIOMCTBIX  KOHCTPYKIIMM  MPEIOKEHO
OCYILIECTBIIATh B BUAEC MATPHUILIBI.

[IpennoxeHHbIN KTacCU(PUKAIIMOHHBIN TMOIXO W BBHITIOJHEHHAs] TakKUM OOpa3oM
CUCTEMaTu3alvsl Hay4YHO-TEXHUYEeCKOW wuHdopMarmu OyayT TOJe3HbI WHKEHEpaM
Ha CTaJuu MPOCKTUPOBAHMS. & UCCICAOBATEISIM HA 3Talle ONMpPENeNeHUs Leleh U 3a1a4
JANbHENIINX UCCIIEA0BAHUM CIIOUCTBIX KOHCTPYKIIAMA.
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Kiaccnpukanus 3KCnepuMeHTAIbHO-TEOPETHYECKUX HCCIEI0BAHMI U ONBITA
NPUMEHEHHUs! CJIOMCTBHIX KOHCTPYKTHBHBIX 3JIEMEHTOB

BbinonHeHHBI aHaNM3 MHOTOYMCIIEHHBIX IYOJIMKAalUKA pa3jiuyHbIX aBTOPOB,
KaCaIOLUXCSl CIOUCTBIX KOHCTPYKTUBHBIX AJIEMEHTOB C AJIpOM U3 O€TOHA, IO3BOJIUII
YCTaHOBUTD KJIACCU(PUKAITMOHHBIE KPUTEPHUH JJIsI OObEKTOB HCCIEIOBAHUI:

® TEOMETPUYECKHE IMapaMeTphl U (popma ceueHus (TUI CEUEHHUs);

e Marepuan 000JI0uEK;

¢ (U3HKO-MEXaHHUECKHE XapaKTePUCTUKH CBOMCTB OETOHA;

¢ (U3HKO-MEXaHUUECKHE XapaKTEPUCTUKN CBOMCTB MaTepraioB 000JI0YEK.

[IpemMeTOM  COOTBETCTBYIOIIMX  HCCIENOBAHUA H  KJIACCH(PHUKAIIMOHHBIMH
KPUTEPUSIMU SABIISAIOTCS:

e BUJ HanpsKeHHO-eopmupoBanHoro cocrostaust (HIAC);

HKCIIEPUMEHTAJIbHBIE JIaHHBIE;

MaTeMaTH4ECKOE MOJICIMPOBAHME;

YUCJIEHHOE MOJIETMPOBAHME;

MOJIEIb CONPOTUBIICHUSI ceueHus i onpenesnenHoro suaa HJC;

® XapaKTEepHbIE MPEJEIbHBIE COCTOSHUA U UX KPUTEPUU JIJII COOTBETCTBYIOIIETO
Buaa H/C;

® JI0JIFOBEYHOCTH;

KUBYUYECTb;
OTHECTOMKOCTb;
PEOJIOTUYECKHUE MPOLECCHI;
TEXHOJIOT S ITIPOU3BOJICTBA;
KOHCTPYUPOBAHUE;
00J1acTh IPUMEHEHUS;
HOPMHPOBAHHUE.

[TpuBeneHHble  BbIIE KPUTEPUM, Kacarouiyecss OObEKTa M MpeAMETa
UCCJIEJOBAHUN, TMO3BOJSAIOT  C(HOPMHUPOBATh  KIACCU(PHUKALMOHHYIO  MaTpUIly
TS CIIOMCTBHIX KOHCTPYKIIUH C siIpoM u3 OeToHa (pucyHok 1).

B obmeMm ciywyae nns no00ro marepuana sapa CIOHCTOTO KOHCTPYKTHBHOTO
slIeMEeHTa Kilaccu(UKallMOHHAs MaTpulia MpeIcTaBiIeHa Ha PUCYHKE 2.

BriBoabI

C y4eToM HaKOIUIEHHOTO MEX/IyHapOIHOIO MHXEHEPHOIO OIbITa Y 3HAYUTEIILHOIO
o0beMa HayuyHO-TEXHMUYECKOM WHGOpMAlMM U pa3jIMYHbIX JIAHHBIX BBIJIEJICHA
CUCTEMa KpUTEpPHUEB U CPOpMUPOBAHA KIacCU(PUKALMOHHAS MATPULA JUISI CIIOMCTHIX
KOHCTPYKTUBHBIX 3JIEMEHTOB.

Hcrnonp30BaHUe €IMHOIO IOAXOAA M €IWHOM CUCTEMBI KPUTEPHEB IO3BOJIUT
IIPOU3BECTH  KOMIUIEKCHBI ~ A@HAJIU3  BBIIOJHEHHBIX  JKCIIEPUMEHTAJIBHO-
TEOPETUUECKUX MCCICAOBAHUN M HMMEIOIIETOCS MH)XEHEPHOTO OIbITa MPUMEHEHHUS
CJIOMCTBIX KOHCTPYKLMM, a Takxke OmnpeneauTh M chopMyaupoBaTh Haubolee
aKkTyaJIbHbIE U IPUOPUTETHBIC LU U 33Ja4u JAIbHEUIIINX UCCIIEIOBAaHUM.

Wutepec Takxke NpencTapisieT yueT Npy KiacCu(UKalMy U aHAJIN3€ PETHOHAIBHBIX
OCOOCHHOCTEW W TpaJWIMii B WHXCHEPHON TPAKTUKE W HOPMHUPOBAHHH, OOIIEe
Y pa3vuusl B XapaKTEPHBIX MOAXOAAX K MCCIENOBaHUSM sl C(POPMUPOBABIIMXCS
HAyYHBIX IIKOJ M OTHEJIbHBIX HCCIIEAOBATEIe, a TakKe XPOHOJOTHS BBIMOIHEHHBIX
WCCIIEIOBAaHUM Y PUMEHEHHUS Ha ITPAKTUKE UX PE3YJIBTATOB.
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[Io »TOM mpuYMHE B TEPBYIO OuYEpelb aHAIM3 M KIACCH(PHUKAIMS CIOUCTHIX
CTaJICOETOHHBIX KOHCTPYKUUK OymyT TMpOM3BENCHBI IO Hay4YHbIM paboram [2—4]
(He3acTyEeHHO 3a0BITHIM B IOCIIEAHEE BpEMSsl), a TaKkKe MO MyOIMKALWsM, JIeKAIIUM
B OCHOBE JaHHBIX MoHOrpadwmii. COOTBETCTBYIONTNE PE3YILTAaThl OyIyT MPEICTaBICHbBI
B OT/ICTILHBIX ITyOJTMKAITUSX.

Marepuan o0on104ex

>
A B C D
O0bexT
nccaenosanmii | Crap Crexo- Yrie-
TUIACTUK | TUTACTUK
» L N 1.1
BEEEREEEREE
1| S i ;i M e e N M
. b oo |13
= BEEEREEEEERE
= H 1 H H ' 4 ‘ ! ' '
= ‘ . o 21| =
< i | Hpexmer mccjeroBaHmii: : g
: | - JKCIEPIMEHTAILHBIE TAHHbIE 23| ©
p = MATEMATHYICCROEC MO/JICIIPOBAHIEC E_
g" : - YICJICHHOE MOJE/IHPOBaAHIe o
< | -monenn conpornienns cevennsi |31 <
= = : | - XapaKTepHbIe npene/bHble 32| & &
A = 3 COCTOSIHIS 11 X KPHTEPHI 0 = e
E" E - 10/II0OBEYHOCTH d=a o
dEa 2: ‘ -;lechcun . Z @
s ¢ : - OTHECTOIKOCTH 41) & =
o = T = 3]
& = | ‘ - PEOJIOTHYeCKHe MPOIECChI 42| ’g
5 & 4 L - TEXHOJIOI' U NPOH3BOJACTBA 43 g 8
= -----—4-——i-—| - KOHCTPYHPOBAHIIE : %
5 - 00J1aCTh NIPHMEHCHHS A 4 =
4 | | | -w=opMvmpoBanme 131 &
= i 52| 2
j=" 5 >R
= : : , ‘ e
o L Lo Lo 53| =
= = A R S
S | . - \ A
- BEEEEEEEEENE
T e
6 e Pt e
- . L 63
' | | ; | | | t | | | F v
A1|A2|A3| = |B.1|B.2[B.3| - |C.1/C2|C.3| - |D.1|{D.2|D.3| -

DU3NUKO-MeXaHHYECKHE XAPAKTEPHCTHKHI
CBOICTB MATEPHAJIOB 000J10YeK

Pucynok 1 — Knaccuguxayuonnas mampuya HayuHo-mexHu4eckou
uHgopMayuL U UHIHCEHEPHO20 ONbIMA, KACAIOWUXCSL CIOUCTBIX
KOHCMPYKMUBHBIX 2eMEHMO8 ¢ A0pOM U3 6emoHa

59



Marepuan odon04ex

3
A B C D
O0BexT
uccaetoBanuii | Cranp Crexro- Yre-
IMJIaCTHUK IJIaCTUK
L L L 11
S . S | —— Ly | MY, (S| S— | SO, | S| [ | D R— —
y L] L L 12
i‘ BEEREN 13
g - ST A Y-
= o f A 2.1
o ficesd - Ipexver necieroBanmii: :
) 2 ] - HAC 2.2
: . - DKCMEPIMEHTAILHbIE TaHHbIe 2.3
= T - MaTEeMATHYECKOe MOIe/IPoBane ||
e - - YICJICHHOE MO/IEJIP OBAHIIE
== ] - MO/IEJIb CONPOTHBJICHUS CCYCHIISE ﬂ
= = 3 | - XapaKTepHbIe mpeae/bHbIe 3.2 g_
2 = o COCTOSIHHSI H IIX KPHTEPHII 33 g
E‘ E - 10JIT'OBEYHOCTD | =
g E; — - ZKHBYYECTh Y §
s : || | -ormecroiikocTh 41 =
® = o - peoJIormiIecKIe npouecchbl 4.2 ;
5 Eel4 [:l b - TEXHOJIOI'Hs IPOH3BOJACTBA 43 z
= it - KOHCTPYHPOBAHIIe :
% L - 00J12CTh NPIMEHEHHSI \ A
2 b - HOPMHPOB AHIIE 5.1
= 0 _— =2
= 5 7737 ; D ] 82
h - I I I I I ~ 3
g ] N . fisd
8 P o P A
~ L REERER 61
. L REENRN 2
N RN RN 63
v | | ; | | I F I | > >
A.1|A2(A3| - |B.1|B.2|B.3| - |C.1|C.2|C.3| -+ [D.1|D.2|D.3| -

DU3UKO-MeXaHHYECKHE XAPAKTEPHCTHKH
CBOICTB MATepPHAJIOB 000J1049€eK H siAPa

Pucynok 2 — Obodowennasn K1accuhukayuonHas Mampuya HayuHo-mexHu4eckou ungpopmayuu u
UHDICEHEPHO20 ONbIMA, KACAIOWUXCS CTIOUCMBIX KOHCIMPYKMUBHBIX DN1eMEeH 08

CHuCOK HUTHPYEeMbIX HCTOYHUKOB

1. BapyOexxHblif  ONBIT pacyera CIOUCTBIX CTaJeOCTOHHBIX 3JEMEHTOB TMpH JACHCTBUH
npononbHbIX yemnuid / JI. K. Jlykma, B. B. Typ, B. C. bacos, B. M. bonnapenko // CtpoutenbHas
Hayka u TexHuka. — 2007. — Ne 1. — C. 63-75.

2. Kukun, A. W. KoHcTpykiun u3 cranbHbIX TpyO. 3amonHeHHbIX OetoHoMm / A. W. Kukwus,
P. C. Canmxaposckuii, B. A. Tpymis. — M. : Crpoituzaar, 1974. — 144 c.

3. Jlykuua, JI. K. IIpounocts Tpybo6erona / JI. K. Jlykia. — Munck : Beiciiast mkomna, 1977. — 96 c.

4 Cropoxenko, JI. U. TpybGoGeronusie koHcTpykuuu / JI. U. Cropoxenko. — Kues
bynisenbuuk, 1978. — 80 c.

60



CBOICTBA U MIPUMEHEHUE B CTPOUTEJIbCTBE TSKEJBIX
BETOHOB MOAN®PUIINPOBAHHBIX C CYIIEPINIACTU®UKATOPOM
PKAN-55

H. III. Bomuposa', B. T. Caéupoé’

' accucmenm Kagheopvl cmpoumenbHbixX Mamepuaios u KOHCmpyKyutl J[pcu3akckoeo
noJjumexHuieCckozco uHcmunmymad, ,Z]DfCZ/IS’ClK, Y36el<ucmaH,
e-mail: nomozoval9@list.ru, +998916269887
2 npogheccop Kagheopvl cmpoumenbHbix Mamepuaios u KOHCmMpYKUull J[ocu3akckoeo
noaumexHuyecKkoco uHcmumyma, ﬂDfCM&’ClK, V36el<ucmaH,

e-mail: sabirovbahtiyor1970@gmail.com, +998977160037

AHHOTAIIUSA

[IpencraBienHass  wccliefoBaTelbCcKas  paboTa  OCBEIIA€T  PEe3yJbTaTh
HKCIIEPUMEHTAILHBIX Pa0OT MO pa3palOTKe COCTaBa M TEXHOJOTUU MPUTOTOBJICHHUS
TSOKETBIX OETOHOB ¢ mpuMmeHeHueM cynepruiactudukaropa PKAN-55 Ha ocHoBe
nonukapookcwiara. Ilyrem mnpumenenuss cynepruiactudukaropa PKAN-55
Y COKpAIlleHWs] PacxoJibl BOJbI U TMOPTIAHIIIEMEHTa MpU pa3paboTKe cocTaBa
TSDKEJIOr0  OeTOHAa TOJIy4eHBI TsDKeJble OETOHbI C COXPAHEHHEM BBICOKUX
MOKa3aTesield MPOYHOCTH U YBEJIMUYEHUS CPOKa CIIyKObI OETOHA.

Ipeamer uccaenoBanus

OnbITHBIC COCTaBBl U TEXHOJIOTHH TPHUTOTOBICHUS TSDKEIBIX OCTOHOB, MPOIIECCHI
dbopMHpoBaHUsL CTPYKTypbl OeToHa, BIUAMOIIME (aKTOphl Ha CBOMCTBa OeToHA,
M3MEHEHHE (UBHKO-TEXHUUYECKUX TIIOKa3arelied B 3aBUCHMOCTA OT W3MEHEHUs
KOMIIOHEHTHOI'O COCTaBa OETOHaA.

Hean. Ilenbto paOoThl ABIAETCS YCTAHOBJIEHUE ONTHUMAJIBHOTO COCTaBa
U QU3UKO-TEXHUYECKUX  TOKa3aTesled  TsKeNblIXx ~ OeTOHOB ¢ J100aBKOM
cynepmiactudukaropa PKAN-55, no3Bosstoiieit COKOHOMUTH MOPTIAHIIIEMEHTHOTO
BSDKYIIIETO ¥ COXPAHUTh BBICOKHE (PUBMKO-MEXAaHHUYECKHUE XapaKTEPUCTUKH
MOJTy9a€MBIX TSDKEITBIX OCTOHOB.

Marepuassl u MeToabl. B x071€ 1a00paTOPHBIX IKCIIEPUMEHTOB UCIIOJIH30BaHbI —
nopmiananeMeHT Mapku [11{-450-J120; B kauecTBEe MEIKOTO U KPYITHOTO 3alOJTHUTEIS
nedenb Ppakuuilt >5 mm u 5 +20 mm; cynepmiactudrarop PKAN-55.

Beenenue

CerofHst pocT HaceNleHHs, YITy4lIeHUe yCIOBUH KU3HU U ObITa, a TAK)KE MOCTOSHHOE
MOBBILICHUE YPOBHS ypOaHW3alMM, HAOMIONAaeMoe B IPaJOCTPOUTENHCTBE, MPHUBOMAST
K MIOCTOSTHHOMY YBEJIMYEHHUIO CIpPOCa HA BBICOKONPOYHBIA OETOH B CTPOUTEIBHOU
orpacau. CoBpeMeHHass CTpOMTENbHAas WHAYCTPUS TpPeOyeT CTPOUTEITBHBIX
MaTepUaioB C BHICOKOW MPOYHOCTHIO, JOJTOBEUYHOCTHIO U 3HEPro-3()h(PEeKTUBHOCTHIO.
IIpyu M3roTOBIECHUM CEMCMOCTOMKUX KOHCTPYKLHM, UCIIOIB3YEMBIX IIPU BO3BEACHUU
MHOTO3TXHBIX 3[aHUM, COLMAJbHOW HHPPACTPYKTYphl M OOBEKTOB CHCTEM
JIOTUCTUKHU, OCOOEHHO OOJIbIIOE 3HAYEHHE HMEIOT BBICOKHE IOKa3aTeld KadecTBa
Y IPOYHOCTH TSXKEIOro OETOHA.

B »toM HampaBienuu 3¢G(GEKTUBHBIM pELICHHEM SBISETCS HCIOIb30BAHHE
Pa3IMYHBIX MHUHEPAIBbHBIX M XUMUYECKMX J00aBOK [JIsl YIYYIICHHUS (PUBHUKO-
MEXaHUYECKUX CBOMCTB OeroHa. BBemenue B cocTaB 0OeToHa pPa3IMYHBIX
(GYHKIHMOHAIBHBIX — MIACTU()UKATOPOB TMPHU €ro MPUTOTOBICHUHM 3HAUYUTEIHHO
MOBBIIIAET TPOYHOCTHBIE MTOKA3aTeNn OETOHA.
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B mocnenaure rompl B Y30ekucTaHe Bce OONBIIYIO TOMYISIPHOCTH MPHOOpETaeT
NPUMEHEHUE  BBICOKONPOYHBIX TSDKENIBIX OETOHOB B JOPOXKHBIX  MOKPBITHAX
Y MHOTO3TQKHBIX 3MaHUSAX. B 3THX yCIOBUSX MpUMEHEHHE TSDKENBIX OETOHOB, 0COOCHHO
BBICOKOTIPOYHBIX 0eTOHOB Ki1accoB B30-B40, npuoOperaet 60ibII0e 3HAUCHHE.

B nanHO#M Hay4HO-MCCIIEI0BATEIHCKOM pabOTe MPOBEICHBI HAyYHBIE UCCIICIOBAHMUS 110
CHIDKCHHUIO Pacxofla BOJbI M IIEMEHTA IpU IMPOM3BOACTBE TSHKEIOro OETOHA 3a CYET
BBEJICHUS CyIepriacTU(QUKaTtopa B COCTaB TSHKEIOTO OETOHA C COXpaHEHHEM €ro
MPOYHOCTHBIX TIOKa3aTeel 1 00ecredeHueM I0JTOBEYHOCTH TSHKEIIOTO OETOHA.

B  Xome  OSKCHEpUMEHTOB  H3Y4YajuCh  CIEAYIOIIME  TEXHOJIOTHMYECKHE
Y IIPOYHOCTHBIC CBOMCTBA MPH HCHOJb30BaHWUU cynepruiactudukatopa [TKAH-55
B COCTaBE€ OMBITHOT'O TSHKENIOro OeToHA:

— MPOYHOCTH MPHU CKATUU B Bo3pacte 3, 7 U 28 CyTOK Ha OMBITHBIX 00Opa3uax-
ky0ax pazmepom 100 x 100 x 100 mm;

— MPOYHOCTH MpH U3rnde — Ha npusMax pazmepom 100 x 100 x 400 mm;

— BOJOIIPOHUIIAEMOCTh — HA  ONBITHBIX  OOpasmax-kybax  pa3mepom
100 x 100 % 100 MM 1 B yCIOBHAX BaKyyMa;
— MOpPO30CTOWKOCTh — TPU IHKJIAYSCKOM 3aMOpPXMBAaHUU W OTTAMBAHUU.

Ha o6pa3uax;

— MOJYJb YIPYTOCTH — ONPEAEISICS MIPU CTATUYECKOM MOTPYKEHUH.

00630p anTepaTypsl

OmauMm w3 Takux  sBisgercs  cynepractudukarop  [IKAH-55 -
BbICOKOA((pekTHBHAsT J00aBKa Ha OCHOBE TNoJukapOokcwiara. B TexHuuyeckoin
JuTepaType, II€ OMNHCAaHbl PE3YJIbTaTbl COBPEMEHHBIX HAYYHBIX HCCIEIOBaHUM,
MOJAYEPKUBACTCS, UTO CYNEpIUIaCTU(PUKATOPHl HAa OCHOBE MOJUKApOOKCUIIaTa,
noOapisieMble B OETOH, MOBBIMIAIOT IUIOTHOCTh M MPOYHOCTH OeToHa. CoracHo
pe3ylibTaraM JSKCIEPUMEHTOB, IIPOBEACHHBIX 110 METOAUKAM, YCTAHOBJIECHHBIM
B Pa3NIUYHBIX  JICUCTBYIOUIMX  HOPMATHUBHBIX  JIOKYMEHTaX, TaKue J100aBKH
3HAYUTEJIBHO MOBBIIIAIOT BOJOHETPOHUIIAEMOCTh K MOPO30CTOMKOCTh OeToHa [1].

CormmacHoO  pesyapTaTaM  HMCCJEIOBaHUM, TMOJUKapOOKCUIIATHBIE J100aBKHU
CIIOCOOCTBYIOT PaBHOMEPHOMY PpACTPEICICHUIO YacTUI[ IIEMEHTa B pacTBOpE,
MPENOTBPAIIAIOT UX YKPYITHEHUE . KaK Cle/ICTBHE, (DOPMUPYIOT IIEMEHTHBIN KaMEHb
c Oonee mioTHOM MUKPOCTPYKTypoil. Ilo manuem (I'ao u mp., 2020; CanoxHUKOB
u nip., 2021), paHHss npoYHOCTH OeToHa ¢ mobaBieHnemM PKAN-55 ypenmumBaetcs
Ha 2025 % B Bo3pacte 3—7 cyrok u Ha 20-30 % B Bo3pacte 28 cyTok [2].

Kak wu3BecTHO, nA00aBieHUE MOIUKAPOOKCUIIATHBIE —CYIEpIIacTH(UKATOPHI
B COCTaB OETOHA CMOCOOCTBYIOT MOBBIIMIEHUIO MJIOTHOCTA M OJHOPOJHOCTH O€TOHa,
IpyU 3TOM B pe3ylbTaTe B CTPYKType MaTrepuayia HaOMIOJacTCsl yMEHbBIIICHUE
KOJIMYECTBA KAMUJUISIPHBIX MOpP, CHUKEHUE BOJOMOMIONIEHUS U MOBBIIICHUE YPOBHS
MOKa3aTessl BOJAOHEIPOHUIIAEMOCTU. YCTAHOBJIIEHO, YTO MPU ATOM KOADUITUEHT
¢dunbTpanuu O6eToHa MpH J00aBICHUU NAHHOTO CyNepIiacTU(UKATOpa CHUKACTCS
B 1,5 paza, a MOp0o30CTOMKOCTh yBenmnunBaeTcs Ha 30—40 uukios [3].

Eme omHMM ¥3  BaOXHBIM  aclieKTOM  I1€1€COOOPAa3HOCTH  MPUMEHEHUS
cynepruiactudukaropa PKAN-55 sBnsiercss sxoHomuueckas 3ddexkruBHOCTh. Kpome
atoro, mnpumeHenue go0aBku PKAN-55 nmnpu  npuroroBneHun OeToHa — Ha
MOPTIAHALEMEHTHON OCHOBE MO3BOJISIET CHU3UTh pacxojl moprianalueMenTa Ha 8-12 %
C COXpaHEHHUEM BBICOKOM TMpouHocTH OetoHa. ComiacHO TOMYyYeHHBIM pe3ylibTaTam
WCCIIIOBAaHUI. 3TOT METOJ CHUKAET CEOECTOMMOCTD MPOM3BOCTBA TSHKEIIOT0 OETOHA U
CMOCOOCTBYET YMEHBIIIEHHIO BBIOpOCA YITIEPOACOACPIKAIIIMX OTXOAO0B arMocdepy, TeM
cCaMbIM CHOCOOCTBYET CHIDKCHHMIO OTpPUIIATEILHOTO BIMSHUS — MPU  MPOU3BOJICTBE
CTPOMTEIIBHBIX MaTePUAIOB Ha OKPYKAFOITYI0 cpeny [4].
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B nocnennue rompl B Y30ekucraHe HaOMIOAAeTCs TEHJICHUHUS YBEJIMYCHMUS
00beMOB TpHUMEHEHHUs1 Tsbkenoro OeroHa kiaccoB B30-B40 mpu crpouTenbcTBe
JNIOPOKHBIX TIOKPBITHM, MHOTOATAXXHBIX 3IaHUM M CEUCMOCTOMKHUX COOPYKEHHH.
HccnenoBaHust ~ y4eHBIX IIOKa3blBalOT. 4To OeToH ¢ pgoOaeineHueM PKAN-55
o0ecrneynBaeT NPOYHOCTh W JUIMTEIBHYIO JKCIUTyaTalllI0 B YCJIOBHUSX JKapKOro
KJIMMaTa U PEe3KUX IMepernaaoB Temieparyp Y3oekucrana [4-5].

Pe3yabTarhl ncciie0BaHus

J1J1s1 BBITIOJTHEHUSI SKCTIEPUMEHTOB T10 YCTAHOBJICHHUIO BIMSTHUS CyTiepruiacTudukaropa
PKAN-55 Ha (hu3uko-TeXHUYECKHE U AKCILTyaTallMOHHbIE MMOKA3aTelli TSKEJI0ro 0eToHa
B30cna ocnoBe mnopmianmiementa wmapku [111-450-7120 cocTaBieHbl OMNBITHBIC
KOMITO3MIIUH C PA3IMYHBIMU cofepskaHusaMu 100aBku PK AN-55 (Tabmuma 1).

Taoauna 1 — Cocras OetoHa

KomnounenTHsIl cocTaB 1 M OeToHa
K [TopTnana-
IToaBM>XHOCTE Jace IT 0 C B
JIBH 6eToHA I[IEMEHT ecok. | [lleOeHb yrepIiacTuGuKaTrop ona,
PS 450 D20, | Bkg B kg PKAN-45.81 Bl
B kg
P1 (1-5) B30 (M400) [ 400 970 743 3,15 159

B Ttabnume 2 nmnpuBeneHbl pe3ynbTaThl HM3MEHEHUS (U3UKO-TEXHUUYECKUX
MOKa3zarejaeldl  OMNBITHBIX  OOpa3loB  TSKENbIX  OETOHOB ¢ J00aBlIEHHEM
cynepmiactudukaropa PKAN-55.

Taoauna 2 — Pe3ynbrarsl U3MEHEHUST (DU3UKO-TEXHHUECKUX IMMOKa3areyiell OMBITHBIX 00pa3iioB
TSDKEIIBIX OETOHOB ¢ 00aBiIeHueM cynepruiactudkaropa PKAN-55

H Be3noodaBoYHbIi C nodaBKkoii Pa3Huna,

AUMCHOBAHHE TOKa3ATEH oeron B30 PKAN-55 na B30 B %
[IpouHocTh npu cxatuu 3X-IHEBHBIX 00- 21 26 +04
pazuoB. MPa
[TpoyHOCTH MpHU CKATUU 7X-THEBHBIX 00- 30 37 +23
pa3uoB. MPa
IIpounocTe mpu CKaTUU 28X-THEBHBIX
oé)pazuo& MP;) 42 Se 24
[Ipounocts nmpu n3rude 3x-AHEBHBIX 00- 4 45 +125
pasnos. MPa ' :
[IpouHocTh mpu u3rube 7x-AHEBHBIX 00- 45 51 +13
pa3uoB. MPa ! !
[Ipounocts mpu usrude 28x-IHEBHBIX 00- 48 6.0 +25
pa3uoB. MPa ' !
Mop0o30CTOMKOCTD. TUKII 200 280 +40
Koaddurment BogonponuiiaeMoctu. % 100 65 —35

DKcnepuMeHTalIbHbIE Pa0O0Thl MPOBOJWINCH Ha oOpaslax TIKEIoro OeToHa
kiacca B30 (M400). ITpu nob6asnenuu cynepruiactudukaropa [IKAH-55 nmpoyrocTs
O6eToHa Ha cxkarue nocturia 52 Mlla B Teuenue 28 cyTtok, uto Ha 24 % BbIlIE, YEM
y o0braHOTO OeToHa Kiacca B30.

[IpoBeneHHBIE WCCIACIOBAaHMS ITOKA3BIBAIOT. YTO TsDKEIBIH OceToH Kiacca B30
c nobasnenuem cyneprviactugukaropa PKAN-55 momHOCTBIO OTBEYaeT TpeOoBaHUSM
COBPEMEHHOTO TPaJIOCTPOUTENILCTBA. Pe3ybTarhl UCIIBITAHUN TIOKA3aJIH, YTO TIPOYHOCTH
OeToHa Ha cxkarue 1 u3rud yeenmuuiach Ha 20—25 %. MOpPO30CTOMKOCTh YBENWYMIIACh Ha
40 %, a BOAOIIPOHHUIIAEMOCTh CHU3MIIACh Ha 35 %0.
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Kpome Toro, yBennueHue IUIOTHOCTH, CHUKEHHE BOAOLIEMEHTHOIO OTHOIICHHS
Y TIOBBIIIIEHUE MOl YIPYTOCTH 00€CIeUMIN I TENbHBIN CPOK CIIY:KObI OETOHA.

Taommuma 3 — Texuuueckue mokaszarenu Oe3zoOaBouHoro Oerona B30 m OeroHa ¢ mobOaBkoii
cyneprutactuduraropa PKAN-55

Bbe3no0aBouHbIii Berou B30 ¢ nodaBkoit
HauMeHoBanue mokasareis

oeron B30 PKAN-55
[Tpounocts. kg/m? 2380 2460
CooTtHomrenue Boja: nemeHT (B:11) 0,55 0,42
Monyns ynpyroctu. GPa 28 34
Cpox cnyk0bI (3KCIUTyaTaIuu). JIET 50 701

[Ipu noGapmenun IIKAH-55 yBemmuunace mioTHOCTh OetoHa (2460 kr/m?),
a BOJIOIIEMEHTHOE oOTHomeHue cHuzmwiock ¢ 0.55 nmo 0,42. Dto obecneunso
MOJlyYeHHE IUIOTHOIO W MeEHee MNopuctoro OeroHa. Takke MOAylb YIPYrOCTH
yBemmumiics ¢ 28 GPa o 34 Gpa, a cpok ciryx0s1 yBenmuamics ¢ 50 mo 70 ner.

Takum o00pazoMm, ycraHoBieHo. uTo PKAN-55 cmnocoOCTByeT yBeIMUYEHUIO
MPOYHOCTH OCETOHA. a TakKe JIOJITOBEYHBIM W HAJCKHBIM KOMIIO3UITHOHHBIM
CTPOUTEITHLHBIM MaTEPHAJIOM.

BuiBoabI

[lonyuyeHHble  TsKeAble  OCTOHBI.  MPUTOTOBIECHHBIE C  HMCIOJIb30BAHUEM
cynepmiactupukaropa PKAN-55. wumeror psajag  NOpeuMyiiecTB:  TMOBBIIICHHUE
MPOYHOCTH HECYIIUX DJEMEHTOB KapKaca NpH CTPOUTEIbCTBE MHOTOITAKHBIX
3MaHUI; 00ecIeueHne YCTOMIMBOCTH K JIe(opMaIusM MMoa Harpy3Koil B MOCTOBBIX
Y TPAHCIIOPTHBIX COOPYKEHUSX; MOBBIIICHNE YPOBHSA 0€30MaCHOCTH CEHCMOCTOMKUX
KOHCTPYKILIMM 32 CUET BBICOKOTO MOAYJS YIPYTOCTH; YBEIUYEHHE CpPOKa CIY>KOBI
JIOPOKHBIX TMMOKPBITHH 3a CUET MOBBIIICHUS INIOTHOCTH U BOJAOIIPOHHUIIAEMOCTH.

B uenom OeToHbI, W3TrOTOBIEHHBIE C wucnoib3oBanueM PKAN-55, wmoryt
(¢ (PEKTUBHO HCMHOJB30BAThCS B KAYECTBE HAECKHOTO U MPOYHOIO CTPOUTEIHHOTO
MaTepualia JJIi MHOTOITKHBIX 3/aHUU, TPAHCTIOPTHBIX U JOPOXKHBIX COOPYKCHHH,
a TaK)Ke CEeMCMOCTOMKHUX KOHCTPYKIMM. B CBsi3u ¢ 3TUM 11e51€co00pa3Ho MIMPOKOE
BHeJIpeHHe OETOHOB Ha OcCHOBe cynepruactudgukaropa PKAN-55 B koHueniuu
YCTOWYMBOTO PAa3BUTHS COBPEMEHHOTO TPaIOCTPOCHUS M SHEProdhHEKTUBHOTO
ctpoutenscTBa. [Ipumenenue cynepmiactudukaropa PKAN-55, ¢ Touku 3peHus
AKOJIOTMYECKUX TpeOOBaHMI, CIOCOOCTBYET TaKXKE CHUXKEHHUIO BOJOLIEMEHTHOTO
OTHONICHUS, IKOHOMHUH YHEPTETHUECKUX U CHIPHEBBIX PECYPCOB.
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BBenenue

W3ydyeHne 0CHOB M METO/I0B MaTEMaTUYECKOTO U KOMITBIOTEPHOTO MOJEIUPOBAHUS
ABIIIETCS. OJHOM W3 BAaXKHBIX 3a/7a4 00pa3oBaTENILHOTO Ipoliecca MpPH MOATOTOBKE
CTYJCHTOB HWHXEHEPHBIX CHEIHATbHOCTE B BEK OypHO pa3BUBAIOLIUXCS
KOMITBIOTEPHBIX TEXHOJIOTUH M BCEBO3MOXKHBIX CPEACTB W HHCTPYMEHTOB JUIS
KOMITBIOTEPHOTO MOJIETIMPOBAHUS M BUPTYaIbHBIX SKCIIEpUMEHTOB. [IpuBrekarensHas
yepTa KOMITBIOTEPHOTO MOJEIMPOBAHHUS, 1101 KOTOPBIM OYJIET Aajiee MoApa3yMeBaThbCs
CUHTE3  YHUCIEHHOIO  MOJEIMPOBAaHUA,  MAaTEMaTHUYECKOIO  MOJCIIMPOBAHMS
Y UHCTPYMEHTOB COBPEMEHHBIX IPOrPAMMHBIX KOMIUIEKCOB, COCTOMT B TOM, YTO
YUCJIEHHBbIE (BUPTYalbHbIE) 3KCHEPUMEHTHI, allpOOMPOBAaHHBIE U OTKATMOPOBAHHBIE
MOCTETIEHHO BBIBOJAT M3 TYNHUKa TPAJAULMOHHYIO TEOPETHUYECKYHO (DU3HMKY, ammapar
KOTOpPOM, CO3/1aBaBUIMIiCA BEKamMH, OKazaics HEeI(P(EKTUBHBIM NpU PEIICHUU
HeJMHENHbIX 3anad. [lomyueHHbIE HOBBIE pe3yJIbTaThl MOTYT OBITH HCHOJIb30BaHBI
JUI KOPPEKTUPOBKU CYIIECTBYIOIIMX HOPMATUBHO-AaHAJTUTHUYECKUX METOIUK, YTOOBI
MOBBICUTH OE30MACHOCTb 3/IaHUN U COOPY>KEHHIA, Y3JIOB A€TaJe U MallIiH.

JUis pemieHusT HENMHEWHBIX 3a4ad TPaJULMOHHBIA IMyTh B (OPMYJIUPOBKE
HEJIMHEWHOM 3ajaun — ociallieHne HEeTMHENMHOCTH, NpuliImkeHHoe penieHue. Eciau
MPUMEHUTh KOMIBIOTEPHOE MOJEIUPOBAHUE, TO MOJYYEHHOE TOYHOE YHCIEHHOE
pemieHre  (HY’KHO  HMCIOJIb30BaTh  CIELMAJIBHBIE  MPOTrpaMMHBIE  MOJYJIH,
pa3paboTaHHbIE AJI1 TAKUX 3a7a4) MO3BOJISET JIyYIlle MOHATh CYTh pacCCMaTpUBAEMOro
aBjaeHus. MHOorma mociie Takou MallMHHOM IMOJCKAa3KU yAAeTCs OTAEIHUTH IJIaBHBIE
(bakToOpbl OT BTOPOCTENEHHBIX U MO-HOBOMY C(HOpPMYJIHpOBaTh 3ajady, MOCTPOUTH
0oJiee MPOCTOE HEJIMHEHWHOE YpaBHEHHE, KOTOPOE UMEET aHAJIMTHYECKOE PEIICHHE.
Takum o00pa3oMm, HOBBIA METOJ MCCIEIOBaHUSI — «KOMOMHAIMs aHaau3a
Y YUCJIEHHOTO 3KCIEPUMEHTa» — CTaHOBUTCS 00jiee BaKHbIM B HAyYHOM OTKPBITUU
¥ O0Oy4yeHUH METOJMKAM U a3aM KOMIBbIOTEpHOro MozenupoBanus. OTpaboTka
HaBHIKOB W yMEHHMI MaTeMaTH4eCKOro MOJEIUPOBAHUS ISl  CTYACHTOB,
MarucTpaHTOB, aCIUPAHTOB SIBJIAETCS aKTyaJlbHOH 3a7auell B COBPEMEHHOM BBICIIEM
00pa3oBaHUM.

OO0mme NMOHATHA O MOAEJIUPOBAHUM M Mojeasax. B camom obmiem Buae uH-
(dhopMalMoOHHAsT MOJIeNIb MaTEPUATBLHOTO 00BEKTa — ATO OMUCAHUE ITOr0 OOBEKTa Ha
OJTHOM W3 SI3bIKOB KOJMPOBaHUS (HAy4YHOM, TpaUuecKoM, CHCIHAIbHOM H T. II.)
[IpeacraBnenrie HHPOPMALIMM MOXHO OPraHU30BaTh B BHUJE 00pa3HO-WILIIOCTPATHB-
HBIX Mojeliel (IJ1aH, YepTexX AeTalu), Kak rpaduyeck, Tak U B BUE WILTIOCTPAIIUi
(acku3pl, dotorpaduu), T. €. HHPOPMAIUIO MBI TPEJACTABISAEM B BUIE HEKOTOPBIX
Mmozenei. [ToHsTue Moenu TeCHO CBSI3aHO C MOHATHEM (hopMaM3aluu — MPeACcTaB-
JICHUS U U3Y4YEHUs KaKoH-1100 coepkKaTebHONW 001acT 3HaHUSI 00 00BEKTE B BUE
(dbopMaIbHON CUCTEMBI WM MCUUCIICHHUS, HAIPUMEP, €CTECTBEHHO, SI3bIK: BCE SI3BIKU
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IPOrpaMMHUPOBAHMUS, SI3bIK 3alMCU MaTEeMaTUYECKUX M XUMHUYECKHX (HopMyn U JIp.
Boipaxkenusi (opmanbHOro si3blka BOCHPUHHUMAETCS BCEMU OJHO3HA4yHO. B oOriem,
MOJT MOJIETIBI0 TTOHUMAaeTcsl (hopMaIM30BaHHOE MPEACTABICHHE 00 00BEKTE WM CH-
cTeMe 00bEeKTOB M He(hOpPMAITM30BAaHHOE MPECTABICHUE, KOTOPOE U SBISICTCS 00BEK-
TOM u3yudeHus. llenplo sABIsEeTCS co3qaHne aHaliora (MOJIeNIN) aJleKBaTHOIO OOBEKTY
(opuruHaily), KOTOpbIM JIOJKEH C JIOCTATOYHOM TOYHOCTBIO OTOOpa)kaTh MHTEpECY-
IOILIAE MCCIIEIOBATENS XapaKTEPUCTUKN OPUTHHATIA.

[TonsiTue Momenn 0ObEKTa SBISETCS HEOMHO3HAYHBIM, TIOATOMY KIIacCH(DHUKAITHIO
MOJIeJIe MOKHO IIOCTPOUTH TIO Pa3HBIM IpHU3HAKaM: HH(POPMAIMOHHBIC MOCIH
(uHpOpMaLMs Tpe/CTaBleHa Pa3IUYHBIMU Crioco0aMu: (OPMaTU30BAHHBIMU S3bI-
KaMH, 00pa3HO-WILTIOCTPATUBHBIMU MaTepuaiamMu U Jp.); MoJenu (GU3HNIECKOro mo-
no0us (MaTepuallbHbIE MOJIEH, TTOJTHOE MOoJ00ue OpUTHHATY: U3YYCHHUE JIBHKCHUS
KOpalJisg, MOJABOMAHOW JIOJKH, CaMOJIETa C TOMOIIBI0O WX YMEHBIIEHHBIX MOJEICH
U JIp.); MaTeMaTU4eCK1e MOJCNN (aHAIUTUYECKUE — MaTEMaTUYECKUE MOJIEIH, Tpe/-
CTaBJICHHBIE C TMOMONILI0 (HOPMYJ, HEPABEHCTB M ypPaBHEHWI; NHUCKPETHBIE — 3TO
ypaBHEHUS, IPUBEJICHHBIE K Y00HOH (opme JUIsl YUCIIEHHOTO MOJICIUPOBAHUS; TUa-
rpaMMHbIE — rpaduuecKkue MOJENIH, UCIOIb3yEeMbIe JJIsi MOACIUPOBAHUS CIOXKHBIX
O00BEKTOB, KOTOPHIC IMO3BOJISIIOT YOPOILIATH CIOXKHBIE AHAIMTUYECKUE PACUETHI
¢ OOJBIIMMU MAaTEMaTUYECKUMH BBIPAKEHUSAMH, UMUTAIMOHHBIE — KOMIBIOTEPHBIC
TpPEHAXEPbI, B KOTOPHIX BO3MOXXHO UMUTHUPOBATH MPOIeCChl GyHKIIMOHUPOBAHUS pe-
aJIbHOTO OOBEKTA U JP.).

B Hacrosiiee BpeMs BBIJEINIOCH HOBOE OBICTPO pa3BUBAIOIIEECs HAIIPaBICHUE —
ATO pa3pabOoTKa MHCTPYMEHTApHs JUIsl CO3JaHUs MATeMaTHUYECKUX KOMITbIOTEPHBIX
MOJIENEN, BUPTYAIbHBIX MOJEJIEH, CO31aBAEMbIX B MHTETPHUPOBAHHBIX MTPOTPAMMHBIX
cpenax. B TexHMYeCKUX cHCTeMaxX aBTOMATHYECKOTO MPOEKTUPOBAHUSI U MOJIEIHUPO-
BaHUSI MOXKHO MPOEKTUPOBATh KOMIIBIOTEPHBIE aHAJIOTH U3MEPUTEIBHBIX MPUOOPOB.
Bbonee Toro, co3nanHbie BUPTyalibHbIE KOMIBIOTEPHBIE 0OBEKTHI M YCTAHOBKHU (arpo-
OMpOBaHHBIE W OTKATMOPOBAHHBIE) MOKHO HCIOJIb30BAaTh JIJII HATYPHOTO JKCIEPH-
MEHTa U MPOU3BOJACTBEHHBIX UCIIBITAHUN B PEKUME PEATHHOTO BPEMEHH.

JTanbl MATEMATHYECKOT0 MOICJIUPOBAHNS B 001IeM BH/Ie.

— [TocTpoeHne MaTeMaTUYECKON MOJEIH.

— Br10op MeTo1a pernieHus.

— Pa3paboTka u mpumeHeHue nporpammHoro odecriedeHusi. COBpeMEHHOE Mpo-
rpaMMHPOBAHKUE — TO CAMOCTOSITENIbHAS HayKa ¢ (PyHIaMEeHTaIbHBIMUA TTPUHIIUIIAMU
MOAXO0JJaMA U METOJIaMH, OY€Hb MEPCIEKTUBHOE JJIsI MOJIOJIC)KU HaIlpaBJIeHUE, KOTO-
pO€ OTKPHIBAET BO3MOXHOCTH BBHICOKOOILIAYMBAEMON U yJajIeHHOW pabOThI AJis ca-
MBIX KBaJM(UIIMPOBAHHBIX CIECIMAIMCTOB B 3TON 00siacTu. CHeIUaiucThl 1Mo MaTe-
MaTHYECKOMY MOJICIMPOBAHUIO JOJKHBI BJIaJACTh S3bIKAMU IPOTrPaMMHPOBAHMUS,
9yTOOBI BBIMIOJIHUTH OTJIAAKY (MPOLIECC MOUCKA U YCTPAHEHHE OLIMOOK B Mporpamme)
Y TECTUPOBaHKE (MIPOBEPKA MPABUILHOCTH PA0OTHI MPOrPaMMbl B LIEJIOM WA €€ CO-
CTaBHBIX 4YacTeil) paboThl MareMaTtuyeckod mojenu. lIporpaMmy MOKHO CUMTAThH
MPaBUJIBHOM, €CJIM TIPU MPOTOHE MO BHIOPAHHOM CUCTEME TECTOB MOJYUUIIA TPABUIIE-
HBIN pe3ynbTaT. sl peain3aliui METOJIOB TECTOB JOJKHBI ObITh MU3TOTOBJICHBI ATa-
JIOHHBIE PE3YJIbTaThl TECTOB.

— KowmmbloTepHoe  WCClieIOBaHWE WM  BBIYUCIUTEIBHBIA  SKCIIEPUMEHT.
ITpu BBINONIHEHUH PEATTLHOTO AKCIIEPUMEHTA C MOMOIIBIO CHEHHAIBLHO MOCTPOSHHOU
YCTAaHOBKH 33JIal0TCS BOMPOCHI O MPUPOJIE PEATTLHBIX SIBJICHUM, MPU STOM CHEITUAIACTHI
M0 BBIYUCIIUTEIPHOMY 3KCIEPUMEHTY C TOMOIIBIO AJIEKTPOHHO-BBIYMCIUTEIBHON Ma-
IIMHBI CTaBST 3TH BOINPOCHl MAaTEMaTUYECKOW MOJEeNu. B pe3ynbTare peanbHOro
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WA BUPTYAJIbHOTO SKCIIEPUMEHTA OTBET MOJIY4aeTCsl B BUJI€ HEKOTOPOM LU(POBOI WH-
dbopMmalK, KOTOPYIO HYXHO TPaBWIbHO MPOAHAIM3UPOBATE M paciiupoBaTh.
B coBpeMeHHBIX (DU3MYECKUX IKCIEPUMEHTAX CO CIOXKHBIMA OOBEKTaMHU M IPOILIec-
caMM, MPOTEKAIONIMMH B 3KCTPEMAIBHBIX YCJIOBUAX, KaXI0€ HM3MEPEHHE J1aeTcs
¢ OOJIBIIMM TPYJOM HYKHO BBIIOJIHATh HECKOJIBKO 3TaroOB, UCIOJB3Ys JOPOTOCTOSIIUE
00pasiibl, U YaCTO HYKHYIO0 HH(GOPMAIIUIO U3BJIEKAIOT U3 KOCBEHHBIX JIaHHBIX, MIPU 3TOM
TOYHOCTb MOJTYYEHHBIX PE3yJIbTaTOB MOKET ObITh HEBEJIUKA.

B BBIYMCIUTENBHOM SKCIIEPUMEHTE MBI MOKEM MOJYUYUTH JI00YI0 HH(pOpMaIHIO,
HO TOYHOCTH 3TOM MH(OPMALINU OTPEEIIAETCS JOCTOBEPHOCTHIO CAMON MOJIEIH.

— O0OpaboTKa U aHaIu3 pe3yabTaTOB BHIYMCIUTEIBHOIO dKCIepuMeHTa. Busyanu-
3alMs Pe3yJIbTaTOB BBHIUUCIUTEILHOTO HKCIIEPUMEHTA MMPOBOIUTCS HA OCHOBE rpadu-
YEeCKUX MAaKEeTOB, KOMIBIOTEPHOI rpaduku, cucrem 3D-mMoaenupoBanus U aHUMAIIH.
[loy4yeHHbIE BBIBOJIBI YacCTO CIOCOOCTBYIOT MPOBEACHHUIO JOMOJHUTEIBHOW CEpUU
AKCIIEPUMEHTOB, a UHOTJA U BEIyT K U3MEHEHUIO MOJIEIHU, YTO B BUPTYAIIBHOM JKC-
MIEPUMEHTE BBINIOJIHUTH OYEHb IPOCTO.

3akioueHue

HeobxoauMocTh HCHOJAB30BAHHUS KOMITBIOTEPHOTO MOJEIMPOBAaHUSA, OOyUEHHUS
KOMITBIOTEPHOMY MOJIEJIMPOBAHUIO OMPEIEISAETCS BOBMOXHOCTBIO PEIICHHS C IIOMO-
IIbI0 MX CIJIO’KHBIX 3a]a4 UCCJIEI0BAaHUs, IPOrHO3UPOBAHMS U ONTUMHU3ALNHA TEXHO-
JIOTUYECKHUX TPOLIECCOB B MAIIMHOCTPOCHHE UM MOBBILICHHS OE30MACHOCTH 3JaHHM
Y COOPY>KEHHUI B CTPOUTENBHOU oTpaciu. s oOydeHHs] YHCIEHHBIM METOJIaM CTY-
JIEHTOB WHYKEHEPHBIX CHEHUAIBHOCTEW MAIIUHOCTPOUTEIBHON U CTPOUTEIIBHOM OT-
paciu pa3zpaboTaHbl Ha Kadeape TEOPETUUECKON U MPUKIAIHON MEXaHUKe psf yueo-
HBIX U METOJIUYECKUX mocoduii [3, 4, 5], uro dhopmupyer y Oyaymux CrenuaincToB
YMEHUS U HABBIKM NPH pabOTe B PA3IMYHBIX MPOrPAMMHBIX KOMIUIEKCAX, CO3JaHUU
KOMITBIOTEPHBIX MoJieneil (pucyHku 1, 2) ¢ npUMEHEHHEM COBPEMEHHBIX MPOrpamM-
HBIX KOMITIeKcax [ 1, 2], aHanu3e Mmoay4eHHBIX PEe3yJIbTaTOB.
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Pucynox 1- Pe3yﬂbmambz 6bINOJIHEHUA 6UPNYATIbHO20 IKCnEpUmMerma ((91’”0]?(1 3anaca npodYHocmuy
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Texnuueckoe cocTosiHME U O€30MAaCHOCTh 3/aHHS 3aBHUCSAT OT Ka4eCTBa MPOEKTHBIX
PEILICHUI, COOTBETCTBUSI IOCTPOSCHHOTO 00BEKTA Pa3pabOTaHHON TEXHUYECKON JTOKYMEH-
Taluy, MPOPEeCcCHOHATIHHOCTH BBITIOJIHEHUSI CTPOUTEIbHO-MOHTAXHBIX padoT, HaIW4Ms
3HAUUTENBHBIX HEIOJENIOK IIPU BBOE OOBEKTA, a TAKXKE YCIIOBUH €ro 3KcIutyaTauuu. On-
HUM M3 CaMbIX HEOJaronpHsITHBIX MOCIEACTBUI MPEHEOPEKEHUs IEHCTBYIOIMMHU HOP-
MaMU U perjiaMeHTaMU SIBJISIETCS. HApYIIEHHE PaOOThl CTPOUTENBHBIX KOHCTPYKLIUH € TIO-
CIEeyIOUMM HMX OOpylieHHeM. B 3aBUCHMOCTH OT Tuma 37aHus], BHIA €r0 HECYIIUX
Y OTPXIAIOIINX KOHCTPYKIIUH, PUYMHBI HAPYIICHHUS UX PaOOThI MOTYT B 3HAYUTEIILHOM
CTENEHH OTINYaThCsl. Bompock! 0€3011acHOCTH CTPOUTENBHBIX 00BEKTOB B TIOCIIETHUE TO-
JIbl HAXOJISITCS B LIGHTPE BHUMAaHUsI apXUTEKTOPOB U MHKEHEPOB.

[Ipy MOAroTOBKE HHKEHEPA-CTPOUTENS BBICIIMM Y4YEOHBIM 3aBEICHUEM HYXKHO
copMupOBaTH MOJIEIb CIICIIUAIMCTA, KOTOPBIA OTIIMYHO PabOTaeT B MPOTPAMMHBIX KOM-
wiekcax (ANSYS, SCAD, LIRA, SOLIDWORKS, NASTRAN, ROBOT, STARK,
RFEM u ap.) u cnocobeH Kk MOCTOSHHOMY CaMOOOpa30BaHUIO, YTOObI ObITh KOHKYPEHTHO
CIIOCOOHBIM CHELUATICTOM B BEK OYPHOTO pa3BUTUSI HHPOPMAIIMOHHBIX TEXHOJIOTHH.
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Pucynok 2 — Buzyanuzayus nomoka 6empa u 3a0anue 6HeHell HazpysKu — «0agienue» Ha KOHCMpYKYuio
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AHHOTAIIUSA

Ceroausi B OOJIBITMHCTBE )KENI€300€TOHHBIX KOHCTPYKIIUI U U3IETUI TPUMEHSIOT
OCTOH HOPMAJIBHOTO Beca. JTO OOYCIOBICHO OOJBIIMM KOJIMYECTBOM 3HAHHM,
KOTOpble  (OPMHUPOBAJIMCh HA OCHOBE MCCIEIOBAaHUI U  DKCIEPUMEHTOB.
Ho npumenenne 6eToHa HOPMaJIbHOIO BecCa CTAJKUBAIOTCS C €r0 HEJOCTaTKOM —
00JbpIIMM COOCTBEHHBIM BECOM. [IOMBITKM yMEHBIINTH COOCTBEHHBIM BEC MPHUBEIN
K pacnpOCTPaHEHUIO JIETKUX OCTOHOB. JTO COBEPIIECHHO HOBAasl KaTeropusi OETOHOB,
pa3iaMyarolascs Mo METOY YMEHBLICHHUsS] Beca, CTPYKTYpe M JIPYrHMX IHpPHU3HAKOB,
KOTOpBIE BIUSIOT HAa UTOTOBOE  JKele300eToHHOoe wu3aenue. MccnemoBaHus
MPOBOSITCS OTHOCUTENIBHO JaBHO, HO Pa3HbIC BHUJBI JETKUX OETOHOB UMEIOT Pa3HbIC
JOCTOMHCTBA U HEJOCTATKH, KOTOPbIE TPEOYIOT CBOETO MOJAX0Aa B U3YUEHHH.

UToObl MOHATH, KaK CTOUT HNOAXOAUTH K M3y4eHUIO0 3()(PEKTOB OT MpUMEHEHUS
KepaM3UTOOETOHa, HEOOXOJUMO H3Yy4YHUTh, Kakue (akTopbl BIUSIOT Ha OETOH
HOpPMAaJIbHOI'O Beca.

IIpenmer uccaenoBaHHMsA: HOPMAaTHBHAsl JOKYMEHTAIMsl MO IPOEKTUPOBAHUIO
&KeJe300€TOHHBIX KOHCTPYKIUH.

Henu: u3yuntsh TpeOOBaHUS K MPOEKTUPOBAHUIO HETMOCPEICTBEHHO CBS3aHHBIC
C MEXaHUKOHN cremieHuss OetoHa u apmarypbl. IIpoBecTu cpaBHEHHE MEXAY
nokyMeHTamu. Hailitu nadopmannio o npoeKTHPOBAHUU 3JIEMEHTOB C IPUMEHEHHEM
KepaM3UTOOETOHA U IPYTUX JIETKUX OETOHOB.

MaTtepuajbl M MeTO/IbI: HOpMATHUBHAS TOKYMEHTAIIHS, aHAIH3.

PesyabraTbl. Pe3ynbraToM aHanuza SIBUWIOCH TPEACTABIEHHWE O METOoJaX
MPOEKTUPOBAHUS, TIPEABABIIIEMbIE TPEOOBAHUAX U MECTaX, B KOTOPHIX HCIONB3YIOT
cuerienue apmaTypbl. (CocTaBlieHBl CpaBHUTEIBHBIC TaONUIBI, OTpAKAIOIINE
TpeOOBaHUS K MaTepuanamM, TpeOOBaHUS 10 aHKEpOBKE W HaxyecTy. Haiinensl
JaHHbIE O IPOEKTUPOBAHUU C IPUMEHEHHUEM JIETKUX OETOHOB.

BBenenue

Eciau mocMmotpeTrs Ha cdhepy CTPOUTEILCTBA B CETOIHSIIHUX PEATHIX, MOYKHO 3a-
METHUTh, YTO JIIOOOE CTPOUTEIHCTBO — 3TO KPYIHOE (PMHAHCOBOE BioXKeHUEe. HaunHas
OT CO3JaHUs MPOEKTAa. CaMOTO CTPOUTEIHCTBA, PEMOHTOM. OOCIIyKHBaHUEM JI0 Ca-
MOTO €r0 pa3pylIeHUs. BpICOKass CTOMMOCTb CTPOUTENIBCTBA COMPSIKEHA HE TOJBKO
C pellIeHHeM O BO3BEJCHUU 37IaHUSA. HO U C TEM, KTO OyAeT IJIaTUTh 3a MPOTYKTHI
yu/unu Oyiara oT 3/1aHus, KOHCTPYKIMU. Eciiu 3/1aHre MPOMBIILIIEHHOE, TO TTPOU3BO-
JTUMBI B HEM MPOJYKT MOXKET COAEPKaTh HEOOJBIITYI0 CTOMMOCTD 37IaHHUsI, KOTOPYIO
3aKJIaJbIBAIOT B cebecToMMOCTh. Ecnm 371aHue KUJI0€, TO CTOMMOCTH KBapTHPHI
HaMNpsIMYIO CBSI3aHO CO CTOMMOCTBIO CTPOUTENIHCTBA BCETO 3aHUS.
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OTO NPUBOAMT K Pa3MBILUICHUSIM O YACLIEBICHUN CTPOUTENLCTBA. Hemanyto yacTsb
OT CTOMMOCTH COCTaBJISIIOT MaTepuaiibl. [Ipyu ymeHnblieHr 00beMa MPUMEHSIEMbIX KOH-
CTPYKIIMI MOKHO JOOMTHCS COKPAIIECHUS IPUMEHSIEMBIX MAaTEPUAIIOB.

B PecnyOnuke bemapych MOXKHO JOCTAaTOYHO YacTO BCTPETUTH 3AaHUS, MOCTPO-
€HHBIE M3 KeJle300eToHa. DTO Marepuaj, KOTOPhI MMEeT Kak MHOKECTBO JIOCTO-
WHCTB, TaK " HemoctarkoB. OmWH W3 HUX — OOJBIION COOCTBECHHBIM BeEC.
[Tpu npoexTupoBanuu 31aHus okoyo 80 % HArpy3Kd Ha 3JIEMEHTHI — OT COOCTBEH-
HOro Beca. M3-3a 3TOTr0 NMPUXOIUTCS YBEJIUYMBATH CEUCHHUS HECYIIUMX AJIEMEHTOB,
MPUMEHSATh aPMUPOBAHKUE OOJIBLLIETO JUAaMETpa U Apyroe. ITO BCE MPUBOIUT K yJIO-
POKaHHIO CTPOUTENBCTBA.

[TombITKM TOOOPOTH ATOT HEAOCTATOK OBLIM, U PE3YTBTATOM CTaJIM OETOHBI C HA3Ba-
HHUEM «JIeTKue». Jlerkue 6eToHbI AEUCTBUTENFHO 00J1aal0T MEHBIIINM YIEITbHBIM BECOM
M0 CPaBHEHUIO C OOBIYHBIM O€TOHOM. B 3aBUCHMOCTH OT METOZla MPOU3BOICTBA OETOH-
HOW CMECH MOTYT MPUMEHSTHCS PA3JIMYHbIE MaTEpUAIbl U JOOABKH.

OpHUM U3 TaKUX MaTEpHAIOB SBIsIETCA KepaM3uT. OH MMEET XOpOIIME TEeIlIo-
TEXHUYECKUE CBOMCTBA, U3-3a YETO €ro NMPUMEHSIOT NMpU yTeIuieHnu 3nanui. Ho ero
rJlaBHasi OCOOEHHOCTh, Ba)kKHAs B JAHHOM KOHTEKCTE — €r0 MaJIbli yJIeTbHBIN Bec.
[Ipy wucCHOAB30BaHUM KEpam3WTa KakK 3aloJIHUTENSl B OETOHHOM CMECH MOXHO
YMEHBUIUTH COOCTBEHHBIN BEC KEIE300€TOHHON KOHCTPYKIIUH.

OnHako NpPUMEHEHHE HOBOI'O BHUJAA 3aAIOJHUTENS COIPSHKEHO € MpoOiIeMaMH.
CHM3UTCS TM TPOYHOCTh U3EIMS, KAKUE MPOMOPIUH CIEAYET UCIIONIb30BATh MIPHU U3-
TOTOBJICHUU CMECH JIETKOro O€TOHa, MOBJHUSET JIM 3TO Ha paboTy Mexay OeTOHOM
Y apMaTypoil — 3TO TOJIBKO YacTh CIIPABEIJIMBBIX BONPOCOB. YK€ CYLIECTBYIOT HUC-
CJI€JOBaHUs, HAIPABJICHHBIE HA TIOMCK OTBETOB, TOJIBKO HA YaCTh U3 HUX.

OpHa W3 BaXXHEHWIIMX TEM — CLEIUIEHHWE Kepam3uToOeToHa ¢ apmaTypoil. Emie
C HayvaJia MpOIUIOr0 BeKa HAYAJIUCh OYpPHBIE UCCIICIOBAHUS CUCIIJICHUS KaK SIBJICHUS,
KOTOpOE€ BJIMSIET Ha COBMECTHYIO paboTy OeroHa u apmarypbl. CTpeMJIeHHE Y3HATh
MPUPOAY CLEIUIeHHs], (PaKTOPhl, KOTOPbIE BIUSIOT HAa 3TO, MO3BOJISIIOT CETO/HS Oe3-
OTAaCHO U JIOCTaTOYHO MPOCTO MPOEKTUPOBATH 3AAHUS U KOHCTPYKIIMH U3 Kene300e-
toHa. Ho uccnenoBanust ObuTM HampaBiieHbl Ha O€TOH HOPMAJBLHOTO Beca, 0e3 IMpu-
MEHEHHUs Kepam3uTa. TOJbKO HEJaBHO CTAJIM MOSBISATHCA UCCIEAOBAHMS, U3yYarOIIe
MPUPOY PaOOTHI KeNe300€TOHHBIX U3IEIHIN U3 KePaM3UTOOETOHA.

00630p JuTepaTypsbl

YroObl MPUCTYIUTh K MCCIEIOBAHUSM CLEIUICHHUS KepamM3UTOOETOHA M apMaryphl,
clielyeT MOHATh paboTy CLEeIUIeHHus: ¢ 6eTOHOM HopMaiibHOTrO Beca. Ha ocHoBe 31oii pa-
OO0TbI CEro/JHs OCHOBAaHbI COBPEMEHHBIE HOPMBI, KOTOPBIE MPUMEHSIIOT TPOSKTUPOBIIMKH,
B ywactHOCTH, HOpMamK ONpeEIeHbl CBOMCTBA MAaTEPUAJIOB, X BUJIbI U MPABUJIA, TIO KO-
TOPBIM MPOU3BOIATCS pabOThl U nM3Aeus. M3yueHne 3Tux AaHHBIX — YAOBIETBOPUTEIb-
HOE HayaJlo Jyis u3y4deHus (hakTopoB, BIUSIONIMX Ha CIETUICHUE, TIPaBUIa IPUMEHEHUS
U pacyera jKene300€TOHHBIX N3N U KOHCTPYKLIMHA.

B kadecTBe HOpM 1715t M3yueHUs ObUTH BHIOPAHBI TOKYMEHTHI, UCTIOIb3YIOMIUECS
npu npoektupoBanuu B PecnyOnuke bemapycs, Poccuiickoit @enepanun u crpaHax
EBpomnerickoro corosa.

Marepuajbl 1 METObI

OOBEKTOM aHaIM3a CTaId JOKYMEHTBI 110 MPOSKTHUPOBAHHUIO KEJIE300€TOHHBIX KOH-
CTPYKLIMH, BKIIFOYAIOLIUE B CE0s TAHHBIE O XapaKTEPUCTHKAX MPUMEHSEMbIX MaTepPHasioB,
pacyery JUIMHBI aHKEPOBKH M HaxJjiecta. 3apyOexHas JuTepaTypa IepeBe/ieHa ¢ y4eToM
KOHTEKCTa ¥ 3HaHWM, OCHOBAHHBIX Ha IPYTMX HOPMATHUBHBIX TOKYMEHTaX.
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Pe3yabTaThl HCC/Ie10BAHNS

B xone n3ydenns u aHanu3a nHGOPMAIMKA W3 HOPMATHBHOW JOKyMEHTAIUH, ObI-
JIM HaWJIEHBI pa3/ielibl, HAPsIMYIO HCIOIb3YIOMHKE d(PGhEKTh CIETUICHUS apMaTyphl U
o6etona. Ocoboe BHMMaHHE ObUIO YJEICHO IMyHKTaM, KOTOPhIC YKa3bIBAIOT BUIbI U
XapaKTepUCTUKU MPUMEHSIEMON apMaTyphl, YKa3bIBaIOT YCIOBUS TBEPACHUS OETOHA,
PACMOJIOKEHUIO apMaTyPhI B TOJIIE AIEMEHTA WM U3JETUS U €r0 KOJTUYECTBO.

OHYUMHM W3 TaKuX MMYHKTOB OBUTH IOCBSIIEHBI YCIOBUSM aHKEPOBKU M HaXJIecTa.
DTO OKa3aJMCh CaMbl€ HAIrJISIIHBbIC U MPOCTHIE MPUMEPHI, T/I€ XapAKTEPUCTUKU MaTe-
puala HanpsIMyr0 OKa3bIBAlOT BIUSIHUE HA TO, KaK OyJeT MPOU3BEAECHO MIPOEKTUPOBA-
HHE, a 3HAUUT, OT YETO 3aBUCHUT CICIIJICHHUE.

Taxke yneneHo BHUMaHUE IMyHKTaM, KOTOPbIE OMUCHIBAIOT METObI ITPOCKTUPOBA-
HUSl U3 JIETKHX OCTOHOB. B 3aBHCHMOCTH OT MPUMEHSEMBIX KOMITOHEHTOB OCTOHHBIX
cMecell MEHSIFOTCSI METO/TbI TIPOSKTUPOBAHMS, YTO TTOHUMASTCSI KaK pasindue B paboTe
CIICTUICHHUS MEXKTy apMaTypOu U JIETKUM OETOHOM.

BuiBoabI

AHanu3 HOPMATUBHOW JOKYMEHTAIMU JTA€T NMOHMMAaHWE, YTO BCE MPE/ICTABIICH-
HbI€ JJOKYMEHTBI MUMEIOT CXOXKYI CTPYKTYpPY M IO3BOJISIOT MPOCTO U A(H(PEKTUBHO
BBITIOJTHATh ITPOCKTUPOBAHKE KEJIe300€TOHHBIX KOHCTPYKIM. HecMoTps Ha pasnu-
4yus B IIKOJax mpoekTupoBaHus XIX Beka, MHOTHME METOJbI U BBIBOJIBI HA OCHOBE
MHOKECTBa MCCIICIOBAHUN Ha CErONHSIIHHUN JEHb COBMaAaroT. Ho npencraBieHHbIC
HOPMBI B OOJIbIIIEH YaCTH OTHOCITCS K O€TOHY HOPMAaJIbHOTO Beca, a 3HAYMT, UCCIIe-
JIOBaHUsI, OPUCHTUPOBAHHbIE Ha N3YYEHHUE CBOMCTB KEPaM3UTOOETOHA U METOOB €r0
MPUMEHEHUS, aKTyalbHbl. B X0je aHanmu3a ObUIM M3y4eHbI (PaKTOpPbl, KOTOPHIE BIIU-
SIFOT Ha CLICIJICHHUE.
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2

AHHOTALMSA

JloObl4a HEpyOHBIX CTPOUTENBHBIX MaTrepuajoB B pycllax peK sBIAETCS
3HAYUMBIM (DAKTOPOM aHTPOIIOT€HHOTO BO3JICUCTBUS, TPEOYIOMUM KOMILJIEKCHOM
T€0PKOJIOTHYECKON OIEHKU i MUHUMH3AIMU HETaTHBHBIX mociencTBuil. Llenbro
HCCJIeIOBaHus sIBIsieTcsl 00OCHOBaHME MapaMeTpoB Oe3omacHo n00bivu HCM
Ha yyacTtke peku [lpunsarte. MccnenoBanne OCHOBAaHO Ha METOJAX YHUCICHHOTO
ruaponuHamMuueckoro monenupoBanus (COMSOL Multiphysics), aHanuse IaHHBIX
MHOTOJIETHUX THApOMeTpuueckux HaOmonenuit (1978-2018 rr.) u cpaBHEHUU
uudpoBbIX Momeneil penbeda aHa. s aHanmM3a  KCHONB30BAJICS  MOAYIb
«BpraucnuTenbHas TUAPOTUHAMUKAY C MIpUMEHEHUEM RANS-monenu
TypOynentHoctu. [lokazano, uyrto tuianupyemass po6esiua HCM  He mnpusener
K HAPYIICHUIO 3KOJIOTMYECKOro COCTOSIHUSL peku. CMOAeNnpOBaHHBIE CKOPOCTH
teuenus (>0,31 w/c) oOecrmeywBarOT YCIOBHS JUISI  SKU3HEACATEIHHOCTH
ruipooronToB. Ha ocHoBe aHanm3a 6ananca HaHOCOB (rogoBoi mpupoct ~11 034 m3)
YCTAaHOBIIEH JIOMYyCTUMBIA 00beM wu3BieueHus wmarepuana (33 1225 W)
Y ONITUMAaJIbHAs IEPUOAUYHOCTH padOT — OJIMH pa3 B TPH roja.

BBenenue

OtcyTcTBUM HaydYHO OOOCHOBAHHOM CHCTEMBbI YIIPABJIEHHUS MTPUPOAOIOIB30BAHUEM
B PYCJIOBBIX SKOCHCTEMAX MPH J0ObIYE HEPYIHBIX CTPOUTENBHBIX MaTepUaIOB TPUBOIUT
K HapylleHUI0 OajaHca MeEXKIy SKOHOMMYECKMMH HMHTEpPECaMH U SKOJOTUYECKOU
YCTOMYMBOCTBIO pEeUHBIX cucTeM benopycckoro [omechs.

Jo6brua HCM, ocoOeHHO B YCIOBHUSIX HApYIIEHHOTO TUIPOCTPOUTEIHCTBOM
TBEPJIOTO CTOKA, SIBJISETCS KIIOYEBBIM (PAKTOpPOM Jerpaaanuu pek. beckoHTpoibHast
pa3paboTKa TPUBOJUT K CHIDKEHUIO MEaHJIpUPOBaHUs, OOpYIIEHHIO Oeperos,
U3MEHEHUI0 MOp(OMETpuu pycen, OrpyOeHHI0 [OHHBIX OTIOXKEHHM, IOAMBIBY
TUAPOTEXHUYECKUX COOPYKEHUN U COKPALLIEHUIO TBEPIOIO CTOKA B JIEIIbTaX.

W3bsiTHe HEPYAHBIX MaTEpUaOB IPUBOAUT K 3HAYUTEIBHBIM M CTPYKTYPHBIM
M3MEHEHUSIM THJIPABIMKU MOTOKA M pPycloBeIX IporeccoB. K dywmemy Ttakmx
W3MEHEHUNW  OTHOCATCA: CHWXEHME YpPOBHEW BOABI B paMlOHE  Kapbepa
Y Ha BBIIIENIEXKAIIEM Y4YacTKe, MHTEHCU(PUKALKMA pa3MblBa pyciia B 30HE Mepexoaa
OT IUleca K mepekary (KpUBOMl CIaja) U COMYTCTBYIOIIEE YBEIMYECHHE CKOPOCTEH
MUrpanuu pycioBbix (opm. MccrnenoBanus mpoBOIMINCH HAa OCHOBAaHUM padoT,
BBITIOJIHAEMBbIX PecrnyOiIMKaHCKUM  YHUTapHBIM SKCILTyaTallHOHHO-CTPOUTEIbHBIM
npennpusitueM «Jlnenpo-byrckuii Bomubiii myth» (PYICII «/lHenpoOyrBoamyTh»)
Ha ydacTke 6—7 kM p. [Ipunsate Bbiiie r. [TuHcka.
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MarepuaJjbl 1 METOABI

KitoueBbiM  (pakTOpOoM pyCIOBOM JAMHAMUKHK SIBISICTCS THUAPOAMHAMHUYECKOE
BO3/ICHCTBHE BOJHOTO MOTOKA, OO0JIaJIalOIIEro KMHETHYECKOM AHEprueH, CriocoOHOoM
MPOU3BOAUTE 3PO3UI0, TPAHCIIOPT H AKKYMYJSIUMIO HAHOCOB. Bo3HuKkaromue
nedopmanuu pyciia Co3al0T 00paTHYIO CBS3b, U3MEHSS THAPABIUICCKHIE TAPAMETPhI
MOTOKAa M €ro TPaHCHOPTUPYIOIMIYIO CIOCOOHOCTh. JTO CO37aeT MEXaHU3M
CaMOPETYJISIIUM: Pa3MbIB YBEJIWYMUBAET >KMBOE CEUECHHME, UTO CHHUXKAET CKOPOCTH
TEUCHUS U TPAHCIIOPTUPYIONIYIO CIIOCOOHOCTh, MPUBOAS K MPEKPAIICHUIO Pa3MbIBa.
N nHaoOOpOT, aKKyMyJSIIUs YMCHBIIACT CEUYCHHE, YBEIMYHUBAs  CKOPOCTH
U TPAHCIIOPTUPYIOIIYIO CIIOCOOHOCTb, YTO OCTAHABIMBACT JaJIbHEHINEE OTIOXKCHHE
HAHOCOB.

Bpiuncnenne pacxoloB BIIEKOMBIX HAHOCOB PAaBHUHHBIX PEK C TNECYAHBIM

Y TIeCYaHO-TPABEIIMCTHIM JHOM MOXKET TpuUMeHAThes popmymna Illamona [1]:
1/4

3
Qu =095, | 22| v, v )| 12| 8

Y H
omi cp . (1)
dC
rme QsBI — pacxod IIeCUYaHBIX HAHOCOB, KI/C; 0.95Ve  _ K03 QHUITUEHT,
YYHUTBIBAIOIIUM COCTaB JIOHHBIX HAHOCOB;, dCp — CpEIHEB3BEIICHHBIN JgUAMETP

MOABUXKHBIX (pakiMii JOHHBIX HAHOCOB B MpoOE, B3ATOM HA JAHHOU BEPTUKAIIU, M;
VOTJ — CPEeAHsIsl CKOPOCTh, IPU KOTOPOMl MpeKpalaercs JIBUKEHUE HaHOCOB JaHHOU
KpynHocTH, M/c; H — mmyOuHa Ha BepTukanu, M; B — mupuHa peku, m.

OcHOBHOM 00BEM TBEPAOrO CTOKAa pPeK (OpPMUPYETCS B IEPUOJ MOJOBOAMM
Y aBOKOB. [Ins1 OONBIIMHCTBA PABHUHHBIX PEK XapaKTEpHO ONEpEeKarolee
HapacTaHUE pacxojla HAHOCOB IO CPaBHEHUIO C pPacXoloM BOAbL. Makcumym
TpaHCIIOpPTa HAHOCOB, KakKk MpaBWjo, HaOmomaercd N0 T1MKa T[aBOAKa —
MPUOTU3ZUTENILHO TPU PACXOAE BOJABI, COCTaBIAOMEM 2/3 OT MaKCUMalbHOTO
3HaueHus: (*/3Qmakc). Ilpu »TOM mocneayromMe MaBOJKOBBIE BOJIHBI. Jaxke
MIPU OJMHAKOBBIX  pacxofiax BOJAbI, OOBIYHO TEPEHOCAT MEHbIIIE HAHOCOB
10 CPAaBHEHHIO C OCHOBHOW BOJIHOM MOJIOBOABS [2].

Pe3yabTrarsl ncciaenoBanus

st uccnemyeMoro ydactka W3bICKaHusi penbeda mHa mpoBomuiauck B 2021
1 2022 rogax B MEPUOJbI BECEHHETO MOJIOBOAbS CPEACTBAMHU THMAPOAKYCTHUYECKOTO
MHOTOJTy4€BOTr0 7X0JioTa. baza maHHBIX M3MEpeHUM MpeacTaBiIsieT co0oi *csv daiin
CO 3HAYEHUSAMH KOOpPAMHAT B IUJIOCKOM CHUCTeME M OTMETOK (DIyOuH) jJHa
JUIS1 OTJETIBbHBIX U3MEPEHHBIX TOYEK.

OOpaboTka JaHHBIX HATYpPHBIX M3MEPEHU MPOBOAWIIACH IO CPEACTBAM
ABTOPCKUX KOHCTPYKTHUBHBIX MHCTPYMEHTOB B cpene Arc(Gis ¢ mpuUMEHEHUEM psiia
anmpoOKCUMAIIMOHHBIX ~ Mojened s a”Hanu3a penbeda [3]. Ha  ocHose
COMOCTABUTEIBHOTO aHAJIU3a OmpeesneHsl Haubonee 3(PPEKTUBHBIE METOJBI.
B yactHOCTH, METOJ HMHTEPNOIUPYET THUAPOJIOTHYECKH KOPPEKTHYIO PacCTPOBYIO
MMOBEPXHOCTh IO TOYEUHBIM, JUHEHWHBIM U MOJHMTOHAIBHBIM AaHHBIM. B pesynbrare
00pabOTKH TaHHBIX MONIY4YeHbI HU(PPOBBIE MOJENH penbeda JHA yHacTKa pycJa.

MogenvpoBanue TUAPOAMHAMUYECKUX XApAaKTEPUCTUK MOTOKA B PYCJIE PEKU
[Ipunsate ObBUIO BBHIMIOTHEHO B cpeme wuciaeHHoro MoxaenupoBanuss COMSOL
Multiphysics. [l pemennst 3aaqyu UCIOIB30BAJICS CIICIUATM3UPOBAHHBIN MOy
«BpruncnurensHas rugpoauHamuka» (CFD). Pacderbl mpoBOIMIMCH, Ha OCHOBE
ocpenHeHHbIX 1o PeitHonbacy ypaBHenuit HaBbe-Ctokca (RANS).
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Ha ocHOBaHMM UHMEIIUX JAaHHBIX O PEYHOM CTOKE U C TPUMEHEHUEM
MaTeEMATUYECKOTO MOJEIUPOBAHUS OINPEACIIEHbI CPEAHEMECSIYHBIE U CPEIHETOIOBBIE
3HAYEHUSI TBEPJOr0 CTOKA. BKIIFOUAIOIIETO CTOK B3BEIICHHBIX M CTOK BJIIEKOMBIX
HAHOCOB. TIPE/ICTABICHHBIC B TaOMIIE 1.

Ta6auuna 1 — Teepaslii crok p. [Ipunsats — r. [Tunck (moct JIro6aHckuil), ¢ y4eTOM BHYTPUTO-
JIOBOTO pacmpe/IeICHUsI. M3/Mec(roz[)

Mecsnpl
1| 2] 3] 4] 5] 6] 7] 8] 9| 10| 11| 12
Cmoxk 836eUleHHbIX HAHOCO8
3288 | 2329| 3970 6479 | 5093 | 3101| 2415| 1966| 1805| 1974| 2243| 2760| 37423
Cmok 6/1eKoMbIX HAHOCO8
546 | 490 | 1449| 3165| 1915| 630 | 435 | 215 | 254 | 352 | 321 | 248 | 10020
Tsepowiti cmok
3834 | 2819 5419 9644 | 7008 | 3731| 2850| 2181| 2059| 2326| 2564 3008 | 47443

Ton

C meipi0 aHaJM3a JTUHAMHUKH PYCIOBBIX TPOIIECCOB HA HCCICAYEMOM YUYACTKE
BBITIOJTHCHBI pacueThl M3MEHEHHH OTMETOK JHa pycia (pucyHok 1). Pesymbrars
CPaBHHUTEILHOTO MOJICIMPOBAHMS TIOKa3bIBAIOT, 4YTO HamOoJee WHTESHCUBHBIC
pycCIOBBIe TIpeoOpazoBaHUs HAOIIOMAIOTCS HUKE MOCTOBOTO TEPEXo/ia W B paiioHe
W3IIy9HUHBI y JIEBOTO Oepera.

wkana

025-025m
025-06m
06-1m

Pucynox 1 — Uzmenenus penvega ona 3a 1 200 (c 2021 no 2022 22.)

ITosmyueHHble TaHHBIE MO3BOJSIOT NPEANOIOKUTh aKTUBHOE YYacTHE YKa3aHHBIX
YYacTKOB B pyCI0(OPMHUPYIOIIKX IPOLECCAX, B CBA3H C UEM HE PEKOMEHAYETCS UX
BOBJICUEHUE B XO3SIIICTBEHHYIO [eATENbHOCTb. Pacuer OajlaHca HAHOCOB IOKa3alil
MTOJIOKUTEIIBHOE CAJIbI0 NP cpaBHEHUU NaHHbIX 2021 u 2022 ronos, 4T0, BEPOSATHO,
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OOyCJIOBJIEHO CMEIIEHWEM MEaHAp B HaIpaBJICHUUM AaBTOMOOWJIBHON JIOpOTHU
C YCOBEPIICHCTBOBAHHBIM ITOKPBITHEM.

Jnst aHanmu3a pacupeleseHusT CKOPOCTEM TEYeHUs B IIONEPEYHBIX CEYCHMSX
IUTAHUPYEMBIX TIpOpe3eil ObUTH MOCTPOEHBI SIMIOPHI CKOPOCTEH MO KUBOMY CEUEHUIO
pexku. HccnenoBaHuwe  BBINOAHEHO JUIsl  CYIIECTBYIOIIMX  YCJIOBUHM UM JUIA
TpaHC(OPMUPOBAHHOTO PyCIIa.

Anamu3 nedopmanuu  SMIOpEl  CKOPOCTEW B IMPOJOJIBHOM CTBOPE BBISBUI
CIEIyIOUIME 3aKOHOMEPHOCTH: THAPOAMHAMHYECKAs MOJENb, YYHUTHIBAIOIIAS
TypOyAE€HTHOCTh W  BHEIIHHWE CHJIbl (TPaBUTAIMIO, LEHTPOCTPEMUTEILHOE
YCKOPEHHE). BKJIIOYAET TPU T'PAHUYHBIX YCJIOBHMS — BXOAHOM pacxoj ¢ THUIIOBOM
AMIOPOM  JIOKAJIbHBIX CKOPOCTEHM, BBIXOJHOW CTBOpP C HYJIEBBIM H30BITOUYHBIM
NABICHUEM, a TaK)X€ HEMPOHMUIIAEMYIO TPaHUIy C 33JaHHOM NIIEPOXOBATOCTHIO
Y OTKPBITYIO TPAHUILY C NU30BITOYHBIM JaBICHUEM.

Pesynprarsl MOAEIMpOBaHUA AEMOHCTPUPYIOT. YTO B 30HE IIPOPE3E€Ml CKOPOCTH
TeueHus He mnpesblmaer 0,31 M/c. 4yTO co3maeT yCIOBHS IS MHTEHCUBHOM
aKKyMYJSIIUM HaHOCOB. OTHOBPEMEHHO Ha y4acTKaX TEXHOJIOTMYECKUX NEPEMBIYEK
3auKCUpOBaHbl CKOPOCTH cBblie 0,9 M/C. mMpeBbIIAIOIIME TUAPABINYECKYIO
KPYIHOCTb JOHHBIX OTJIOXKEHH, 4TO IPUBENET K MOCTENEHHON 3p0O3UH U U3MEHEHUIO
reOMETPHUH ITHX IEMEHTOB.

Ha ocHoBe npeaBapUTebHOIO pa3MeILieHHs IPOpe3el B 30HaX HauOOMBIINX JOHHBIX
HAaHOCOB M 30H C MUHHMMAJIBHOW HMHTEHCHBHOCTBIO PYCIIOBBIX IPOLIECCOB BBIUMCIIEH
OPUEHTHUPOBOYHON 00BEM BO3MOXKHBIX 3200poB HCM, kotopsiii coctaBun 33122,5 m>.

BuiBoabI

[IpoBeIECHHOE KOMIUIEKCHOE HCCIIEOBAHUE, BKIIOYAOLIEE TUAPOAMHAMHUYECKOE
MOJICTIMPOBAaHUE, AHAIW3 MHOIOJETHUX TUAPOIOTMYECKHX JAHHBIX M MOHUTOPUHT
MOpP(hOMETPUYECKUX U3MEHEHUI. TIO3BOJISIET C/IENATh CIEAYIOIINE BbIBOJbI OTHOCUTEIBHO
J0OBIYM HEPYIHBIX CTPOUTENIBHBIX MAaTEPUANIOB Ha yyacTke peku [Ipunsrs.

3annaHupoBaHHbIE  JOOBIUHBIE pabOThl HE MPUBEAYT K  HapyLIECHUIO
HKOJIOTUYECKOTO COCTOSIHUSL pEYHOW cucteMbl. CMOJEIMPOBAaHHBIE MapaMETPhI
teueHus (ckopocth > 0,31 M/c B 30Hax mpopesei) o0ecneunBalOT COXpaHEHUE
YCIOBHM Il CYIIECTBOBaHUS THAPOOMOHTOB M TOJAECPKAHUE KayecTBa BOJBI.
VYcTaHOBIIEHA TOJOXUTENbHAS JMHAMUKA AKKyMYJSIIMM HAHOCOB C TOJOBBIM
oosemom 11 034 m>. yTo MOATBEPKIaE€TCA CpaBHEHUEM ITU(DPOBBIX MozeIel penbeda
3a 2021-2022 roawl. OmpenesieH AOMYCTUMBIM 0OBEM H3BICUYEHHS] Marepuana —
33 122,5 M* ¢ pekoMeHIyeMOi MEepUOJUIHOCTHI0 padOT OIWH pa3 B TPH Toja, UTO
COOTBETCTBYET IPUHLUITY YCTOMYMBOIO UCIIOJIB30BAHUS PeECypCa.
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3

AHHOTaUMUSA

IIpeamer ucciaen0BaHHUA: MEXAaHUYECKHUE COCIUHEHHUS JIPEBECHHBbI U OeTOHa
B JIEPEBOOCTOHHBIX KOHCTPYKIIMAX B BHJI€ OCTOHHBIX IIMOHOK, OOpPa30BaHHBIX
npu OETOHUPOBAHUHU.

Hean: mnoinydyeHue mpeABAPUTEILHON OICHKH BIUSHUS OETOHHOM IIMOHKH
MIPOYHOCTh COCIMHEHUS IPEBECUHBI U OETOHA B IEPEBOOCTOHHBIX KOHCTPYKITUSX.

MarepuaJinbi U MeTO/bI: pa3paboTka METOJIMKA IIPOBEJICHHUS
AKCIIEPUMEHTAIIBHBIX HCCIECIOBAHUA M CIEHHUAIbHOTO HCIBITATEIBHOIO CTEHAA
JUTSI OTIpENIeNICHUsT TPOYHOCTH U Je(OPMATUBHOCTH OOpa3lOB TMpU  CIBUTE,
MO3BOJISIONIET0 MOJEIUPOBATh pabOTy JIEpEBOOETOHHOTO JJIEMEHTa TpH HU3TUOe.
N3roroBieHue u UCbITaHUE 00PA3I0B 1€PEBOOCTOHHBIX KOHCTPYKLIHM.

Pe3yabrarbl:  HWcclieOBaHUS  TMOKa3aJd, YTO  CYLIECTBEHHOE  BIIUSIHHUE
Ha IPOYHOCTh PACCMATPUBAEMOI0 BUJA COEJAMHEHHUS! OKAa3bIBAE€T MPOYHOCTh OETOHA
Y TEOMETPUYECKHUE  pa3Mepbl  TOMEPEYHOr0  CEUYEeHHUs]  OCTOHHBIX  IITMOHOK.
DKCIEPUMEHTAJIbHBIE UCCIEAOBAHUS MO3BOJSIOT MOJYYUTh JAHHBIE MO MPOYHOCTH
1 KECTKOCTH JIEPEBOOCTOHHBIX 00Pa3IIOB.

BbiBoabI:  NpPOBEACHHBIE  MCCIENOBAaHUSA  MO3BOJMIM  CHENATh  BBIBOA
00 2(ppeKTUBHOCTH TPUMEHEHUSI MEXaHUUYECKOTO COEAMHEHUs] OETOHA U JIPEBECUHBI
B BUJI€ OETOHHBIX IIMOHOK KPYIVIOTO IOMNEPEYHOI0 CEUEHUs U HEeO0OXOIUMOCTU
MPOBEACHUS JIOMOJHUTENBHBIX 3KCHEPUMEHTAIBHO-TEOPETUUECKUX HUCCIEAOBAaHUN
B COCTaBHBIX JIEPEBOOCTOHHBIX U3THOAEMBIX 2JIEMEHTOB.

BBenenne

B Hacrosiiee BpeMss B CTPOUTEIIBHOM OTPACiyd HAXOOAT MPUMEHEHUS
JIEPEBOOCTOHHBIC KOHCTPYKIIMHM C YYETOM OOECIIE€YeHHS WX COBMECTHOW paboThl,
KOTOPBIE COCIUHSIOT B ce0e MpeuMyIIecTBa 00oux MarepuayioB. [IpenmyiecTBamu
JIEpEBOOCTOHHBIX KOHCTPYKIIMM SBISAIOTCS: OOJee HU3KUNA BEC 1O CPaBHEHUIO
C TPAAUITMOHHBIMHU KEJIE300€TOHHBIMH, TIOBBIIICHHAS ECTKOCTh IO CPaBHEHUIO
C IEPEBAHHBIMHU, BBICOKME 3BYKOM3OJISIHIMOHHBIE CBOWCTBA, TEXHOJOTHYHOCTb,
YKOJIOTUYHOCTb.
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O0630p auTepaTypsl

HccnemoBanusi COBMECTHOM pabOThI JPEBECUHBI M OETOHA HANpPABJICHBI HA N3yUCHUE
B OCHOBHOM HX KJIEEBBIX coeuHeHui [1-6]. OmHako, KJIeeBoe COeAUHEHNE, B OCHOBHOM,
3QPEKTUBHO MPU YCUJICHUU CYILECTBYIOIIUX 3/IaHUM, T7Ie HE PEKOMEHIYEeTCs HapyliaTh
LEJIOCTHOCTh JICPEBSIHHOTO HAcTWia (HampuMep, IyTEM MPOCBEPIIMBAHUS HOBBIX
OTBEPCTHUI MM YCTAHOBKOH CIICIMATIbHBIX CTEpKHEH b0 BUHTOB) [2]. M3 HEgoCTaTKOB
KJIEEBOTO COEOUHEHHS OTMEYAIOT TPYIHOCTH B ONPEACICHUU KECTKOCTH COCAMHEHUS
BBUTY OOJIBIIIOrO pa3zdopoca pe3ylibTaToB IKCIEPUMEHTAIBLHBIX HcciienoBanuii [7]. Takum
00pa3zoM, KJIEEBOE COSNMHEHNE HAXOMUT CBOE MPUMEHEHHE TIPH MPOU3BOJCTBE COOPHBIX
ANIEMEHTOB, a Hanbosee IPPEKTUBHBIM COCIUHEHUEM TMPHU YCTPOICTBE JIEPEBOOCTOHHBIX
KOHCTPYKIIMH Ha CTPOUTENHHOM IJIONIAJKE SBISIOTCS Pa3IMYHbIE BUJbl MEXAHUYECKUX
cesizeit [1, 3, 8].

OCHOBHBIMH MEXaHUYECKHUMHU COCTUHEHUSMH IPEBECHHBI M OCTOHA SIBIISIOTCS
ruOKue CBSI3M B BHUJE PA3JIMYHBIX CTEp)KHEW, IIMHIEK, BUHTOB (B TOM 4YHUCIE
HAKJIOHHBIX). JKECTKUMU CBSI3SIMH NMPUMEHUTEIBHO K KOHTAKTy JPEBECUHBI U OETOHA
CUMTAIOTCS MA30BbIE COCIUHEHUS, KOTOPhIC CO3AIOTCS IMYyTEM BbIPE3aHUsl y4aCTKOB
JPEBECHUHBI Ha HEKOTOPYIO MIYOMHY MO JIJWHE U TOCIEAYIONIero OeTOHHpPOBAHUS
[9, 10]. Ognum u3 perieHUWH MMa30BOr0 MEXaHWYECKOTO COCAMHEHHUS SIBISCTCS
WCITOJIb30BaHNE OCTOHHBIX IIIMMOHOK, OOpa30BaHHBIX IYTEM BBICBEPIUBAHUS
OTBEPCTHUH B IEPEBIHHOM 3JIEMEHTE U €T0 MOCJIEIYIONeM OETOHUPOBAHUH.

MarepuaJbl 1 METOAbI

Pazpaborana Meronuka MpOBENCHUS DKCIEPUMEHTAIBHBIX HCCIEIOBAHUN Jepe-
BOOETOHHBIX 00pa3loB (PUCYHOK 1), KOTOpbIE MOABEPTANINCH CABUTY MPU U3THOE.

“ l%| 1-1
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Pucynok 1 — Cxema (a) u oowuti 6uo (6) 3kcnepumeHmanbHuix 0epesoOoemoHHbIX 00pa3y08

77



JepeBoOeToHHBIE 00pa3ibl MPEACTABISUIM COOOM JBE MPU3MbI, COCIUHECHHBIC
MEXITy CO0OM OCTOHHOW IIMOHKOW. B JIepeBSIHHON YacTH BBICBEPIMBAIOCH KPYTIIOE
oTBepcTue Ha Tyouny 50 mm. BapsupyembiMu pakTopamMu mpu UCCIEIOBAHUAX ObUTH
JMaMeTp OTBEPCTHS JIJIs IIMOHKU U €r0 PacCTOSIHUE OT CBOOOIHOIO TOplia o0pasia.

Ha mpenBaputensHOM 3Tane uCCIEAOBaHWA OBUIO M3TOTOBJICHO JIBa OIBITHBIX
JepeBOOETOHHBIX 00pa3iia, mapamMeTphl IpeCTaBIeHbI B TabIHIE 1.

Tabauna 1 — [TapameTpbl ONBITHBIX J€PeBOOETOHHBIX 00Pa3IOB
Ne Hua- Paccrosinue JpeBecuHa beron
obpasna | Merp | HeHTpa WHoHKU | IIpounocts | IIpodHOCTH IIpou- IIpounocTs
IIIIOH- | OT CBOOOJHOTO | TIpH CXa- | IPH PacTshKe- | HOCTh IPH | TIPH pacTsi-
K{. MM TOpUA. MM tiu. Mlla Hun. Mlla C)KATHH. JKEHUH.
MIla MIla
1 40 60 47,2 55,2 39,4 3,9
2 60 60 47,2 55,2 8,4 0,97

[lpyn ucnpITanum nepeBOOCTOHHBIN 00paser MOMEMAICs B CHEHUAIBHBIA CTEH
U K €ro OETOHHOI 4acTH TOPU30HTAIILHO MPHUKIAJbIBANIaCh Harpy3ka. Takum oOpazom
MOJIEIPOBANIaCch pad0Ta H3rNOAEMOTO IEMEHTa, TIOABEP)KEHHOTO C/IBUTY (PHUCYHOK 2).

a

1 — onvimmuuwiti obpazey, 2 — domxpam, 3 — 00pasyo8ulil OUHAMOMEMp, 4 — UHOUKAMOP
4acogoeo muna, 5 — wapHupHas onopa, 6 — ynopHas niacmuna, 7 — 00oamul KpenieHus 0epessiHHol
yacmu obpaszya k cmendy, 8 — ynpyaas niacmuHa

Pucynok 2 — Cxema (a) u obwuii 6uo (6) cmenoa 0151 ucnvimanusi 06pa3yos8 Ha cogue
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Pe3yabTarsl nccjienoBanust

B pesynbrare NpoBeNEHHBIX SKCIEPUMEHTANBHBIX HCCIEJOBAHUAX MOJTydeHa
oOlasi KapTMHA COBMECTHOM paboThl OETOHA W JipeBecHuHbl. PaspyiieHue oOpasios
(MOTHBIN CABUT OETOHA OTHOCUTEIBHO APEBECUHBI) POUCXOIUIIO IO XPYIIKOU cXxeme
u3-3a cpe3a OETOHHOM MIMOHKH MO JTMHUHM KOHTaKTa ApeBecHuHbl U OeToHa (0bpasma 1
MPOM30IIIJIO TIPH CIBHTAIONIEM ycwiwuu, paBHoM 25 kH, obpasma 2 — 7,5 H).
Ha o0Opa3iax orMedeHsbl ciiebl MIacCTUYeCKOro Ae(OpMUPOBAHUS IPEBECUHBI B BUJIE
MECTHOTO CMSATHS B 00JIACTH IIIOHKH (PUCYHOK 3).

Pucynok 3 — Obwuii 6uo oopasya 1 (a) u 2 (6) nocne pazpyuienus
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BriBoabI

[IpoBeneHHbIE HCCIENOBAHUS TO3BOJMIM CAENATh BBIBOA 00 3(PPEeKTUBHOCTH
IPUMEHEHUSI MEXaHUYECKOIO COECIUHEHMs] OETOHA U JPEBECHHBbI B BHUJE OCTOHHBIX
IITOHOK KPYIVIOrO MOMEPEYHOro ceueHus. Pa3zpyiieHre OETOHHOM IIMTOHKY IIPU cpese
0Ka3aJ0Ch ONpPENENAIIUM (AKTOPOM TpU OIEHKE MPOYHOCTH COCAUHECHHUS.
AmnpoOupoBaHHasi METOAMKA OKCIIEPUMEHTANBHBIX  HCCICIOBAaHUM  MO3BOJHT
HOJYYUTh JaHHBIE O IPOYHOCTH U A€(POPMATUBHOCTU COCTUHEHMS .,
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Pedepar

[Ipy mpoeKTHpOBaHUHM KapKacHBIX 3AaHMA YacTO BO3HHUKAET HEOOXOIUMOCTH
OLIEHKM YCTOMYMBOCTH CXATbIX CTEpPKHEW, HMEIOIIUX MEPEMEHHYIO BBICOTY
MONEPEYHOI0 CEYEHMsI, YTO OOYCJOBJIEHO PAa3JIMYHBIMU 3HAYCHUSIMU BHYTPEHHUX
YCWIMM B TakuX ajeMeHTax. [Ipu mpoBeAeHUMM PEKOHCTPYKLMHU CYIIECTBYIOLIUX
3JJaHUM HEPEIKO BO3HMKAET HEOOXOIMMOCTh OLIEHKH 3al1acOB HECYIIEW CIIOCOOHOCTH
INPUMEHEHHBIX paHee CTPOUTEIbHBIX KOHCTPYKIUI, NIPOEKTUPOBAHUS MMOJAOOHBIX UM
HOBBIX MpU HEOOXOJUMOCTH 3aMeHbl. lIpu 3TOM Hepeako BHIbI KOHCTPYKIUH,
MPUMEHSBILUXCS pPaHEe, HE HMMEIOT COBPEMEHHBIX aHAJOTOB, W, KakK CIEICTBUE,
OTCYTCTBYIOT Kakue-nmu0O pEeKOMEHJAIlMM K OLEHKE MX YCTOWYMBOCTH Kak
B COBPEMEHHOM Hay4YHOW U CIPAaBOYHOM JMTEpaType, TaKk U B COBPEMEHHBIX
HOPMAaTHBHBIX JOKYMEHTaX.

B Hacrosmieil craTbe NpPENCTaBICHO PEILICHUE 3aJadd IOTEPU YCTONYMBOCTH
LEHTPAJIBHO CKATOT'0 CTEPKHS C EPEMEHHON BBICOTOU IOIIEPEYHOIO CEUEHHUS IIyTEM
pemieHuss AudPepeHManbHOr0  ypaBHEHUS MPOJOJILHOTO u3ruba. Pemenue
Ha3BaHHOM 3aJaud BBINOJHEHO C HCIOJIb30BAHUEM METOJAa KOHEYHBIX Pa3HOCTEH,
B KOTOPOM HCIIOJIb3YETCSl MOCJIEeI0BAaTENIbHOE YTOYHEHHE (OPMBbI H30THYTOW OCH
cTepkHs. [I[puMeHeHHBIN METO] MO3BOJIIET 0TKA3aThCs OT UCHOJIb30BaHUS (QYHKIIUN
beccens nns 3amad mogoOHOro pojia U JTA€T BO3MOXKHOCTh IMPEACTaBUTH PEIICHUE
muddepeHuranbHbIX YpaBHEHM Kak CHCTEMbl JIMHEWHBIX —aireOpanvyecKux
YpPAaBHEHUH, YTO MPUBOAUT K HEKOTOPOMY YIIPOIICHHWIO IIpolecca IOUcKa
KO3(PUIIMEHTOB pacyeTHhIX MIUH. [Ipy 3TOM yneneHo BHUMaHUE Ha TOYHOCTH
MOJIy4YEHHOTO MPUOIMKEHHOTO PEIIEHUsI IMyTEM HKCTPANOJALNN MPOU3BOIHBIX
pPa3HBIX NOPSJIKOB, W IPOMU3BEIECHO CPAaBHEHHE IOIPEIIHOCTH WX BBIYUCICHUS
C IOTPEIIHOCTBIO  OKpyrjaeHuss npu  pacyere. [lomydeHHble — pe3ynbTaThl
MIPE/ACTABICHb B BHUJE TIpaUKOB 3aBUCHUMOCTH KOA(P(DUIMEHTa PacUeTHOM JIUHBI
OT COOTHOLIEHUSI MOMEHTOB MHEPLIMH MONEPEUHBIX CEUEHUN HAa KOHLIAX CTEPKHS.

IIpeamer ucciaenoBaHusA

BriepBbie pemieHne 3amauv yCTOWYMBOCTH CTEPKHEN TMEPEMEHHOU MKECTKOCTH,
M3MEHSIOIIEHCS 10 CTENEHHOMY 3aKOHY, ObLIO MpeacTaBiieHo JleoHapaom Ditepom
B 1728 rony, pazsuto A. H. lunnukowm [1], momyuuBmmM TouHoe perieHue nudde-
PEHIMAILHOTO YPaBHEHMsI MPOJOJIBHOrO M3ruda ¢ ucnoib3oBaHueMm (yHkuuii bec-
censt. IIpu 3TOM ObUIM paccMOTpEHBI pa3IMYHBIE CHOCOOBI 3aKPEIJICHUS KOHIIOB
CTEp>KHEW W pa3juvHble 3aKOHBI U3MEHEHHs (OpM IMOIMEPEUHbIX ceueHuil. MeToaom
MOCJICAOBATEIbHBIX TMPUOIMKEHUM 3aada YCTOWYMBOCTU UIAPHUPHO OIEPTOrO
1o KoHIlam ctepkHs Obuta pemena C. I1. TumornieHko [2], UCIIOIB30BABIIUM METO/T
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nocJieIoOBaTENbHBIX MPpUOMMKeHud. BriocinencTBun pa3paboTKoil METO/IOB pellIeHuUs
3a/1a4M YCTOMYMBOCTH CTEPKHEW NMEPEMEHHOIO CEYEHUs, U3TMOHAs )KECTKOCTh KOTO-
PBIX U3MEHSETCA MO JUHEUHOMY 3aKOHY, 3aHUMalics A. P. Pxkanuupin [3]. Cnenyer
OTMETUTh, YTO PE3YJNbTaThl PEIICHUS PACCMATPUBAEMOM 3aJaud, NOJYYEHHBIE
A. H. JluHHHMKOM, CJIOXHO TIPUMEHATH Ha NpakThke. PaccmoTpeHHbIe
A. P. PxxaHHIIBIHBIM 3314l KaCAJIUCh YCTOMYMBOCTH IIAPHUPHO OMEPTHIX CTEPKHEU
U CTEp)KHEH, OJIMH U3 KOHIIOB KOTOPBIX 3alleMJIeH, a Apyroil — cBobojeH. Ilpu pac-
CMOTpPEHUU OOJIee CIOXKHBIX CIy4yaeB YCTOMYMBOCTU CTEPXKHEH MEPEMEHHOIo ceue-
HUS OMHUCAHHBIC MOJXOJbI UMEIOT €Ille OONBIINYI0 TPYIOEMKOCTh perieHus nudde-
PEHLUAIBHOTO YPAaBHEHHSI HWHTEPIIPETALMHN PE3YJIbTATOB HAa OCHOBE ITOJYYEHHOIO
pemieHusi. C 3TUM OOCTOSITEILCTBOM CBSI3aHO Pa3BUTHE PEUICHUI MpeCTaBICHHOM
3a/1a4¥ MPU MOMOIIY YUCIEHHBIX METOJIOB.

ABTopamu pabot [4, 5] npu moMonM MeToAa KOHEUHBIX pa3HOCTEH ObUIM MOJY-
YEHbI BEJINYNHBI KPUTUYECKUX HArPY30K HA CTEP>KHU MEPEMEHHOTO CEUYCHUS pa3Iny-
HOTO THUIIA U CIIOCOOOB 3aKperuieHus: KOHIOB. ClielyeT OTMETUTD, YTO B YIOMSIHYTHIX
paboTax HEAOCTaTOYHOE BHUMAHHE YAEIEHO 0OOCHOBAaHUIO TOCTATOYHOCTH AMCKpE-
TU3ALHAHU CTEPKHS HA OTJEIbHbIC YYAaCTKU JJI1 BBIYMCIIEHUS YUCIEHHBIX MPOU3BOJI-
HBIX, 32 MCKIIIOYCHHEM paboThl [5], rie ObLI HMCIOJIB30BaH METOJ IKCTPAIOJISAIMH
Puuapncona. [Ins pemaeMoi 3aiauyu NMPUMEHEHHWE METOAA KOHEYHBIX 3JIEMEHTOB
B €r0 peai3aliy B MPOrPaMMHBIX KOMIUIEKCAX JJISl pacuera 3JaHui U COOpPYKEHHIM
HE Bcerjga yao0HO, TMOCKOJbKY TpeOyeTcs BBOJ MHOTOYHCICHHBIX HadalbHbIX
JAHHBIX, MHOTHE€ W3 KOTOpPbIX HE WCIOJB3YIOTCS TIPU pacyeTe CTepKHEU
Ha YCTOMYUBOCTH, a TAK)KE M3-32 HEBO3MOKHOCTH JIETAILHOTO aHAJIM3a MOJYyYEHHBIX
pPE3yIbTaTOB.

Metoab! ucciaen0BaHus

B npencraBieHHol paboTe penieHre 3a/1a4yu yCTOMUMBOCTU LIEHTPAIBHO CHKATOrO
CTEPKHS IEPEMEHHOIO CEYEHUSI MTPEACTABICHO C UCIIOJIb30BAHUEM METO/1a KOHEUHBIX
pasHocTel. Pa3mepsl monepeyHbIX CEUEHUN CTEPKHEN MU3MEHSIOTCS 10 JIMHEMHOMY
3aKOHY OT BEPIIMHBI (MMEET MEHBIITUE pa3Mephl MONEPEUHOTO CEYEHUSs) 10 OCHOBA-
HUA ¢ OOJBIIMMU MONEPEYHBIMU pa3MepaMu. Y paBHEHUE MPOJOJIBHOIO U3ruda 1eH-
TPaAJIbHO CXKATOTO CTEPXKHS MOXKET OBbITh OMKUCAHO MPHU MOMOIIHM YPAaBHEHUSI BTOPOIrO
MopsiAKa

2
El (x)%+ Pv=0, (1)

pazaenuB kotopoe Ha EI(X) 1 mpoauddepeHimpoBaB ABaXKabl, MOXHO TIEPEHTH K €T0
CIIEYIOIIEMY BUY:

g () L A @
dx L dx J(f) dx L
—N
k?=——
Elmin’ (3)

rae E — monyns ynpyroctu crepxss. [1a; N = —P — BenMunHa 0po0JIbHOM CUIIBI PU
cokatuu crepxkHsa. H, 1(X) — MOMEHT HHEpIMH MOMEPEUYHOr0 CEYCHHUS CTEPIKHS
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B TOUKE C KOOpAMHATOM X, W — Oe3pa3MepHble IONEPEUYHbIE MEPEMELICHUE OCU
CTEp)KHS, X — TEKyIllas KOOpAWHAaTa B MPOJOJBHOM HampaBlIeHWd, M, P — ycuiue
cKaTus B cTepkHe, H, yncieHHo paBHOe pacnopy Ha €ro KoHuax. L — JnHa crepx-

Hi, M, J(f) — 3aKOH U3MCHCHHUA MOMCHTA MHCPIUHN ITOIICPCYHOTO CCUCHUA CTCPIKHA,

E=x/L — Oe3pa3smepHasl OpJuHaTa, OTHOLICHHE MOMEHTAa WHEPIMH MPOU3BOJIBHOTO
MONEPEYHOr0 CEYEHUsI K MUHUMAJIBHOMY MOMEHTY MHEPLHMH; BBIPAKEHUS JJIsl Ompe-

nenenus J;(¢). J,(&) npusenens Huke.

5 (6) =28, (4)

Co2 (dA(E)Y du(e) 1
‘]2(5)_\]3(5) dfz - dé;z .JZ(g)’

Q)

B CBOIO ouepe/ib W = V/Vpa, — OTHOCUTEIIbHAS BEJMYMHA MTEPEMEIICHHS OCH CTEPKHS
B TOUKE C KOOPAMHATOM X, Oe3pa3MepHas BEITUUHHA.

OcCHOBHBIE TONYIIEHUS, IPUHSATHIE MIPU PacUETe:

1) cobnrogaercs ynpyroe aeopMupoBaHre MaTepuaia CTEPKHS;

2) BIUSHUEM MOBOPOTA MOMEPEUHBIX CEUEHUN CTEP)KHSI HA 3aKOH PacIpeieIeHUs
IPOJOJIBLHON CUJIBI B HEM MOYKHO ITpeHeOpeub;

3) BIMSHMEM CIBHUTa TPHU ONPENEICHUU NOMNEPEUYHBIX AePOpMALMA CTEPKHS
MO>KHO ITPEHEOpEYb.

[TpuMeHsist METO] KOHEUHBIX Pa3HOCTEH, MOXKHO ONPENEIUTh (PYHKIIMIO U30THY-
TON OCH CTEP>KHSI, MPEBAPUTENBHO 33/IaBIIHUCh €€ MPUOIHKEHHON (POPMOH.

A4W=—U2(Y J2(§)+ AY 1 Ay Jl(f)], (6)
n n*> J(¢) n’
rae
, N2
u= o (7)

min

B kadecTBe rpaHUYHBIX YCJIOBUN MPUHATHI CIACAYIONIUE YCIOBHS 3aKpEIUICHUS
KOHLIOB:

a) 00a KOHIIa UMEIOT IIAPHUPHBIE OMOPHI. HETIOJBUKHBIE B MTOTIEPEUYHOM HAMpaB-
JIEHUU K OCH CTEPKHS;

0) KOHEIl CTepXHSI C MEHBIIMMH pa3MEPAMH TOMNEPEYHOTO CEHYEHHS 3aKperieH
LIAPHUPHO. IPYrOM 3allEMJICH;

B) 00a KOHIIa CTEP>KHsI 3aI[EMJICHBI M HEMOIBM)KHBI B TIONIEPEUYHOM HAIPABJICHHH;

I') KOHEI[ CTEePKHS C MEHBIIMMH pa3MepaMy MONEPEYHOro CEYeHHUs CBOOOJIEH.
IPYroM 3aIleMIIEH.

Cocrapnsisi ypaBHeHus (6) Uisl CpeIHUX TOYEK M TPAHUYHBIE YCJIOBUS ISl Kpau-
HUX, MOYKHO COCTaBHUTb CIIEYIOIIEEe PABEHCTBO:

[A]-[w]=u[Z], (8)
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rae [A]- maTtpuna u3 ko3((GUIMEHTOB MPU HEU3BECTHBIX 3HAUCHHSIX O€3pa3MEpHBIX
OpAWHAT Wi. KOTOpasi MPUHUMAET BUJI ITPH OTCYTCTBUH 3allIEMJICHUS Ha KOHIIAX;

[W] — BexTOp Hem3BecTHBIX Oe3pa3MEpHBIX OpJAUHAT (PYHKIIMH WU30THYTOH OCH
B Ka)XIO0W TOUKE;

[Z]- BexTOp 3HAYCHMIT TPpON3BOIHBIX (GopMbI Y= Y(X;) H30THYTO# OCH ¥ MOMEHTA
uHepruu |(Xj) B TEX ke Toukax

11 1

. 1
[2]=| Y 5

[a%v1]-5[3,(£)][av1] |, 9)

n

rae, B CBOI ouepensb, [J,(£)] — KBampaTHas JMAroHaNbHAS MaTPHIA. HEHYICBBIC
YJIeHBI KOTOPOI — apryMeHThl PyHKuuu (5);

|:—(1§ )i| — KBaJIpaTHaA JUaroHaJlIbHasg MaTpHulld. HCHYJICBBIC YJICHBI KOTOpOﬁ — 00-
J(&

PaTHBIC 3HAUCHUA (1)YHKI_[I/II/I 3aKOHa M3MCHCHHA MOMCHTA MHCPIHUHU ITOIICPEIYHOTO CC-
YCHUA CTCPIKHA,

[Jl(gﬁ )]— KBaJIpaTHasl JUaroHajlbHasi MAaTPUIlA. HEHYJIEBBIE YJICHBI KOTOPOW — ap-
ryMeHTbl QyHKIMH (4);
[Yl].[AYl]. [A2Y1]— BEKTOPHI 3HaueHUN (QyHKIMH (HOPMBI U30THYTOU OCU CTEPXK-

Hs, €€ IIEPBOM M BTOPOM KOHEYHOM PA3HOCTH, B KOTOPBIX IEPBBIE IBA U MOCIEIHUE
J(Ba DJIEMEHTA SIBIIAIOTCA 3HAYEHUSAMM [IPABOM YaCTU I'PAHUYHBIX YCIOBUN 3a1a4H.

OmnpeieNieHne BEKTOPA 3HaYeHUiT PYHKI[MM H30THYTOMH ocH cTepxkHs [W] ocy-
IIECTBJISICTCA MPU PELICHUHU CUCTEMBbI JIMHEWHBIX YpPaBHEHUI B MATPUUYHOM BHU/IE

(19)
[w]=u*[A]"[2]. (10)

IIpH pelIeHrH STOr0 ypaBHEHHUs yI00HO IPHHSTH U = 1 ¢ MociIenyomei HopMa-
JM3anMen BekTopa [W] A1 MOACTaHOBKH €r0 3HAYEHHUI Ha MECTO aHAJIOTUYHOTO BEK-
topa [Y] — mpoliecc BeIYUCICHHS BEKTOpa [W] SBJISIETCSA WTEPAIMOHHBIM, MPH 3TOM
BEKTOp 3HaueHui [Y] 3a7jaeTcs u3HayaabHO, €r0 3HAUEHUS HE JIOJKHBI ObITh TMHEHHO
3aBUCUMBIMU. PaBeHCTBO (6) TOJBKO B TOM cilydae OyAeT CpaBeAJIUBbIM, KOTJ1a BEK-
Top 3HaYeHUil Gopmbl [Y] MpUOIU3UTCS K HOPMAJIM30BAHHOMY BEKTOPY 3HAUYCHHI
¢byukuun [W]. IlpousBons nporiecc penieHus ypaBHeHUs (6) MyTeM MOCIeI0BaTEIb-
HBIX TPUOJIMKEHUH U 3aMeHss BeKTop [Y] Ha HOPMaIM30BaHHBINA BEKTOP [W], MOKHO
B UTOT€ MOCTPOUTH IrpaduK (POPMbI U30THYTOH OCH CTEP>KHS MPHU MPOJIOJILHOM H3-
rube. Bennunna ko3¢ duiinenTa pacyeTHOW MJUHBI CTEPXKHS B ATOM CIIydae MOXKET
OBITH OMpeJIeTIeHa U3 CIEAYIOIEr0 BhIPAXKEHUS:

;u:ﬂ-‘\lvvi,max ) (11)
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rac Wi,max_ MAaKCUMAJIBHOC M0 BEJIMYMHC 3HAYCHUC 3JICMCHTA HE€ HOPMAIU306AHHO20 BEK-

TOopa Ge3pa3MepHBbIX OpAMHAT [W], OCKOIbKY OOpaTHas €ro BEIMYMHA ABJIAETCA KOd(-
(ULMEHTOM PONOPLUOHAIBHOCTH MEKAY IIPABON U JIEBOM yacThio ypaBHeHUs (18).

[Tpu pemeHun 3amay MoJOOHOrO poja ¢ MPUMEHEHHEM Pa3HOCTHBIX METOOB
BO3HHMKAET BOIIPOC O TOYHOCTH IPOU3BEAEHHOTO PEIIEHUS U IOCTATOYHOCTH JUCKpE-
TU3alMU CTEP>KHsS 1O JJIMHE. B mpeacTtaBieHHOW paboTe Takke MPUMEHEH METO[
skcTpanosiuuu Pynre — PomOepra [8] He ¢ 11enbl0 YTOUHEHUS! BEIMYUH YUCIIEHHBIX
IPOU3BOAHBIX, @ C IIEJIbIO MOUCKA TAKOW KPATHOCTHU pa3OMEHUs! CTEPKHS MO JAJIMHE N,
IIpU KOTOPOM BEJIMYMHA IKCTPAIIOJIMPOBAHHOTO MIPHUPAIICHHS IPOU3BOAHON ObLiIa OBl
COIIOCTaBMMa C IOTPEIIHOCTBIO OKpyIJIeHUs. Pacder cTep)kHEW Ha yCTOWYHMBOCTH
OPOU3BOAWIICA C  YHCIOM  Y4YacTKOB  pa3OMEHusi CTEepKHS 1O  JJIMHE
n =06, 12, 25. 50. [Ipu 3TOM MOTPENTHOCTh BBIYUCICHUS MPOU3BOJHBIX BTOPOTO TO-
psAaka ToyHOCTH yMeHblnanach B 4, 17 u 70 pa3. Cnegyer OTMETUTB. UTO ISl pas-
JMYHBIX CHOCOOOB 3aKPEIUIEHUS KOHIIOB CTEPXHS MPUMEHSUIACh pa3jinyHasl KpaT-
HOCTb pa30MEeHUs CTEPKHS MO JUIUHE.

[IpeacraBneHHblil MOAXO0A ObUI peanu30BaH AJIA PELICHUsS 3a]ad YCTONYMBOCTH
CTEp)KHEW NPSIMOYTOJILHOTO TOINepeyHoro ceueHus. B Tabmuue 1 mpuBenens dop-
MYyJIbl 3aKOHOB M3MEHEHHUS BEIMYHH MOMEHTOB MHEPLHH IONEPEYHBIX CEYEHUH IO
JUTMHE CTEPKHS, PUHSB 3a f OTHOIIEHNE MaKCHUMAIBHOTO M MHUHUMAJIBHOTO pa3Me-
POB MONEPEYHBIX CEYEHUM.

Taﬁ.mma 1- CDOpMy.]'ILI 3aKOHOB U3MCHCHUA BCJIMYUH MOMCHTOB MHCPIUHN IIOIICPCUYHBIX CCUC-
HUM U UX IIPOU3BOJHBIX

OmnpepesnsieMblii mapamMerp IIpsAMOYTroJIbHOE MOIIepPeYHoe ceHeHHne

() (L+(f-1)

6(f-1)
(1+&(f-1))

12(f -1y’
(1+&(f-1))

PesyabTarsl

Ha pucynke 1 npencraBnensl rpauku u3mMeHeHUss KO3(P(UIIMEHTOB pacy€eTHbIX
JUIMH CTE€PKHEH I pACCMOTPEHHBIX BbIIIE CIIOCOOO0B 3aKPEIICHUS! KOHIOB.

Hcnone3yss rpaduky M3MEHEHHUs PACUETHBIX JJIMH. MPOBEPKY YCTOMUYHMBOCTH
LHEHTPAIBHO CXKAThIX CTEPKHEH MEPEMEHHOTO IMONEPEYHOI0 CEYEHHUs C JIMHEHMHBIM
M3MEHEHUEM €ro pa3MepoB IO JJIMHE MOKHO MPOU3BOAUTH MPHU MOMOIIN (HOPMYJIbI
Ditnepa.

BuiBoabI

Pa3paborana meToa pacuera yCTOWYMBOCTH LEHTPATbHO CXAThIX CTEP)KHEU
MONEPEYHOTO CEYEHUS! C JIMHEWMHBIM U HENPEPHIBHBIM U3MEHEHUEM HX BBICOTHI IO
mane. Ilpu  pemenun 53Toil 3amaun  OOOCHOBaHAa HEOOXOAMMasl CTENEHb
JUCKPETU3ALMH CTEPKHS TIPU MOMOIIM SKCTPAIOJISILIMI MPOU3BOIHBIX.

[TonyyenHsie pe3ynbTaTbl B BHJE€ T'pa@UKOB H3MEHEHUs KO3(DPUIIMEHTOB
pacyeTHbIX JUIMH LIEHTPAJbHO CXaTbIX CTEPKHEH NEPEMEHHOr0 IONEPEYHOro
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CEYCHUs1 PEKOMEHIYETCS NMPUMEHATh IPU pacyeTe UX Ha YCTOMYMBOCTH B COCTaBE
OCTOBA IPOEKTUPYEMBIX U IKCILUTYaTUPYEMBIX 3/IaHHUM.

1
1
1
1

a — 06a KoHYya umMerom WapHupHsie onopel; 6 — KOHelY CMEPIHCHA ¢ MEHbULUMU PA3MePAMU
NONepeuHo20 ceyenus 3aKpeniien WapHupHo, Opy2oll 3auemieH;

8 — KOHelY CMepICHsL C OONbUUMY PA3MEPAMU NONEPEUHO20 CeYeHUs 3aKPenieH WapHUpHo, 0py20il
3awemnen; e — 00a KOHYA CMEPI’CHS 3aujeMieHbl U HeNOOBUICHbL 8 NONEPEUHOM HANPABIEHUU,
0 —CKOIb3AWASL 3A0€IKA HA KOHYEe CIEPICHI ¢ MEHbUUMU PAMePaMU NONEPEYHO20 Ce4eHUsl,

€ — KOHely CIMepaHCHSL C MEHbUUUMU PA3MEPAMU NHONEPEUHO20 CceyeHUsi c60000eH, OpY2oll 3auemMaeH

Pucynok 1 — Kosguyuenmul pacuemmnvix O1un cmepoiicHell nepemenHo20 NnonepeyHo20 ce4eHus

npu nPoooIbHOM Ueube
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IMPUMEHEHUE KOMIIO3UTHBIX MATEPUAJIOB VTSI HOBBIIIEHUA
CEUCMOCTOUKOCTHU KAMEHHbBIX KOHCTPYKIIUA

A. B. I'panosckuii

K. m. H., npogheccop Kaghedpwl dHcene300emoHHbIX U KAMEHHbIX KOHCMPYKYULL,
HUY MI'CY, Mocksa, Poccus, e-mail: granovskiyav@mgsu.ru

AHHOTALMSA

[IpencraBneHsbl  pe3ysbTaThl  AKCIIEPUMEHTAIBHBIX HCCIECAOBAHMNA IO  OLICHKE
CEMCMOCTOMKOCTH KaMEHHBIX CTE€H 3[aHW, BBINIOJHEHHBIX W3 KEPAMUYECKOTO KHpIIYa
U STYEUCTOOCTOHHBIX OJOKOB C YYETOM HUX YCUJICHHS HA OCHOBE HCIOJIb30BaHUS
KOMITO3UTHBIX MATEPUAIOB W3 YIVIEBOJOKHUCTOM TKaHU. PacCMOTpeHbl /1Ba BapuaHTa
KOHCTPYKUUI: JBYXATaXKHBIA (PparMeHT 3[aHus, BBIMOJHEHHBIM W3 KEPaMHUYECKOIo
KUpIUYa, ¥ GparMeHT CTEHOBOM MaHeNN B HATypPAJIbHYIO BEJIMUYMHY C OKOHHBIM ITPOEMOM,
CMOHTUPOBAaHHOM M3 SYEUCTOOCTOHHBIX OyiokoB. McmbiTaHWsT Ha CEHCMHUYECKHUE
BO3JICICTBUS HMHTEHCUBHOCThIO 6—10 OamoB no mxkaie MSK-64 mnpoBonmmmchk
Ha IBYXKOMIIOHEHTHOW BHOpomiargpopme. B mpouecce HCIbITaHUA — aMIUIATYIHO-
YaCTOTHBIM CHEKTP BO3ACHCTBUI M3MEHSUICA B MHTEpBaje oT 1 mo 15 cMm mpu yactore
orlmo 20 Tu. IIpu BO3MEHCTBUSX, COOTBETCTBYIOIIMX PE30HAHCHBIM YaCTOTaM,
HEYCWJICHHBIC KOMIIO3UTHBIM MAare€puajioM KOHCTPYKIMM ITOJyYWJIM ITOBPEKICHUS,
MIPUBENIINE K pa3pylIeHuo oopas3ioB. Iy ciydas ucCHbITaHusT 00pas3lioB, YCUJICHHBIX
KOMITO3UTHBIM MarepuajioM. ObUIM BBIABJICHHBIE OTACIbHBIC TPEIIMHBI B 0OOpasliax,
HO MIPOrPECCUPYIONIECTO OOPYILIEHUS] KOHCTPYKIUMA HE MPOM301LIo. J[aHbsl pekoMeHaauu
[0 MMPUMEHEHUIO KOMITO3UTHBIX MATEPHAJIOB U3 YIVICBOJIOKHA JJIA YCHUJICHUS KOHCTPYK-
LU, SKCIUTyaTUPYEMBIX B CECMOOIIACHBIX PETHOHAX.

Beenenne

B nactosimiee Bpemsi koMmrio3utHbele Marepuaibl (qanee — KM) Ha ocHoBe yriie-,
0a3aJIbTO- U CTEKJIOBOJIOKOH HAaXOIAT Bce 0oJiee MUPOKOE NPUMEHEHHE IS TOBBILICHHS
MIPOYHOCTH KAMEHHBIX KOHCTPYKUMH C LENbI0 BOCCTAHOBJICHUSI UX AKCILTYyaTAllMOHHBIX
XApaKTEPUCTUK IIOCJE IOSBICHUS B HUX IIOBPEXKICHUM OT BHEIIHHUX BO3ICUCTBUM,
BT. 4. npu 3emierpsceHusix. Kak ormewaercs B [1], «HecMoTpss Ha J10CTATOYHO
Oosnbion onbeIT npuMeHeHnss KM 11st ycusieHusI KOHCTPYKITUN U3 KaMEHHOM KITaJIKu,
JIOBOJILHO YacTO TMOJHUMAETcs BOIpoc 00 3pdexkTuBHOCTH ucnonb3oBanuss KM
npu ceiicMoycuiieHun». B Hactosiiee BpeMsi kak B Poccun, Tak u 3a pyOexom [2—6]
ObUITM TIPOBENEHBbI JKCIIEPUMEHTAIbHBIE HCCIEAOBAHUS 1O OLEHKE  BIIMSHHS
CEMCMOYCHIJIEHUSI CTEH M OJHO3TaXHBIX (PParMEHTOB KAMEHHBIX 3aHUI C y4eToM
rcnonb30BaHus KM 13 yIiieBONOKHUCTON TKAHM.

Heabr HACTOAMUX JHKCHEPUMEHTAJbHBIX HCCJICAOBAHMHA — aHAIN3
[IOBEICHUS KUPIUYHOU KIJIAJKHU, YCUIJIEHHONW CHUCTEMOUW BHEIIHEIO0 apMUPOBAHUS
Ha OCHOBE MarepuajoB M3 YIJIEPOJHOW TKaHU, MPU JEHUCTBUU JHMHAMHUYECKHUX
Harpy30K, SKBHBAJEHTHBIX MNPUPOAHOMY  CEHUCMHYECKOMY  BO3JEHCTBHIO
B nuana3oHe 6—10 OGamnoB mo mkaine MSK-64, a Takke B obOimacTh pe3oHaHca
ucmbeITyeMoro wusaenusa. [ns wucnbeiTaHuii OBT TOATOTOBICH JIBYXAITaXKHBIN
KUPIUYHBIA GparMeHT 31aHus (PUCYHOK la) U parMeHT CTeHBI B HATYpPAJIbHYIO
BEJIMYMHY U3 SYEHCTOOETOHHBIX OJIOKOB (pUCYHOK 10). AkTHBauus miatrGopmsl
OCYIIECTRBIISJIACh YCTAHOBIICHHOM Ha Hell BuOpomamuuoit BUJ[-12M.
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Pucynok 1 — DxcnepumenmanbHvle MOOenU 08YXIMANCHO20 hpazmenma u nameiu

Pesyabrarsl Hccae10BaHUN U MX AaHAJIU3

Celicmoucnvimanus 08yXImaxcHoz2o ppazmenma 30aHus

[Iporpamma ucCHbITaHUN BKJItOYasia B ce0sl CIACAYIOIIUE ITAIbI.

1. luHaMU4YeCKUE HCIBITAHUS HEYCHJIECHHOTO JIBYX3Ta)XXHOro (QparMeHTta
(pucyHok 2a).

2. JlnHaMHYECKHE UCTIBITAaHHS YCUIICHHOTO 00pasiia. MOTyYHBIIETO MOBPEKICHHS
(TpeluHBI) Mociie 3aBEepIISHU MEPBOTO dTana UCIBITaHUN (PUCYHOK 20).

3. lunaMuueckue HUCIBITAaHUS YCWUJIEHHOro oOpasma (¢parMeHra 37aHus
(pucyHOK 2B), TOJYYHUBIIETO MOBPEXKJCHUS HA BTOPOM dTalle HUCIBITAHUNH B 30HE
OMUPaHUS TUTUT MEPEKPHITUS HA CTEHBI MIEPBOTO ITAXKA.

[Ipy noMomyM CHenuaaIu3upPOBAHHOTO HW3MEPUTEIBHO-BBIYUCIUTEIBHOTO KOM-
mekca MIC-036 ocymectBisisicst cOop, mpeoOpa3oBaHue, perucrpaius, oopadoTka,
nepeaaya u npeacTaBieHrne HHOOpMaUu. MOCTYAOIIEN C JaTYUKOB.

[lo pe3ynbrataM UCHBITAHUN ABYXATAXKHOTO ()parMeHTa YCTAHOBJIEHO CIIETYIOIIEe:

— IPU UCHBITAHUM HEYCUJIEHHOTO ABYXATaXHOro ¢parmenra 3gaHus (dtam I)
pu yckopenuu 1,9 m/c? 1 gactote 5,0 I'1] MMENO MecTo 0o0pa3oBaHMs MEPBBIX Tpe-
IIMH B KJIQJKE CTEH MEPBOTO U BTOPOTO ITAKEM;

— TIOCJIE TIPOBEACHUS YCHWJIGHHUS IO CXEME€ Ha PHUCYHKe 20 pa3BUTHE TpEUIUH
B KJIQJIK€ CTEH MPEKPATUIIOCH U MOSBUIUCH TOPU30OHTAJIBHBIE TPEUIMHBI B 30HE OMHU-
paHUs IUIUT MEPEKPBITHI HA CTEHBI IEPBOTO ATAXKA;

— TMPU UCTBITAaHUHU yCHJICHHBIX KM KUPHUYHBIX CTEH JBYXAITAXKHOTO (PparMeHTa
3nanus (3tan Ill) mo cxeme Ha pucyHke 2B MOBpEXKACHUS KIIAJKU MPOUCXOIWIA TTPU
YCKOpeHHsix 6,5 m/c® u gactote 3,4 't (pesonac). IIpu stom pa3pylLIeHUs HACTY-
Majii Ha OMOPHBIX yYaCTKax KJIAJAKA CTEH C MaKCHUMaJlbHBIMU 30HAMH HaIPSKEHHS
CKATHUS U PACTSDKCHHUS.

HcnpiTanus ABYXA3TaXKHOTO (hparMeHTa MOKas3ajid, YTO MPUMEHEHHE YTIIEPOIHBIX
TKaHEW M CEeTOK JJISl YCWJICHUSI KAMEHHBIX KOHCTPYKIIMHA B KAYECTBE BHEIIIHETO apMU-
pOBaHUS MO3BOJISET 3HAYUTENBHO MOBBICUTH CEICMOCTOMKOCTh KOHCTPYKIUH.
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Pucynok 2 — Oowuii 6uo oopasyos na l (a). 1l (6) u lll (8) smanax ucnoimanuii
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Ceiicmoucnvimanus cmensl U3 A4€UCHOOEnMOHHBIX O110K08

B cooTtBeTcTBUU ¢ IIporpammoiil uccienoBanuii, ObLIM MPOBEACHBI UCCIIEIOBA-
HUSI (parMEHTOB CTEH B HATYpaJibHYIO BEJIMYUHY M3 STYEUCTOOCTOHHBIX OJIOKOB
(pucyHok 10) Ha AMHAMHYECKHE HATPY3KU, MOJACIUPYIONIUE CEHCMHYECKHE BO3-
JNEeUCTBUSI UHTEHCUBHOCTRIO 7—9 GanoB 1o mkane MSK-64 npu 3emieTpsceHusX.
WcnbeiTanus npoBOAUINCH Ha NBYX oOpasnax. [IepBbiii — 3TallOHHBIN HEYCHUIIECHHBIN
obOpaser B BuJie (pparMeHTa cTeHbI (PUCYHOK 3a), BTOpOM 0Opa3ell — aHaJIOTHYHbBINA
(GbparMeHT CTeHBI, YCUJICHHBIN C IByX CTOPOH XOJICTAMHU M3 yTIIEBOJOKHUCTOU TKa-
HU (pUCyHOK 30).

af. >
. . -
e - -

ﬁ‘“‘!pf 1112

Pucynox 3 — Obwuii 6u0 onvimno2o 0bpasya namenu 00 u nocie YCuieHUs.

B nponiecce ucnpiTaHU ¢ MOMOIIBIO CHIEIHMATBHBIX CUJIOBBIX YCTPOUCTB (TSKEH )
peryiaupoBajicsi ypOBEHb OOXaTHsl MaHeled, 4YTO TMO3BOJUIO MOACIUPOBATH
MOBEJACHUE KIAIKU TMPHU CEUCMUYECKHX BO3JICUCTBUSAX JJIsi CTEH 3JaHUH,
PAacCMoOJIOKEHHBIX B PA3JIMYHBIX YPOBHSX I10 BBICOTE COOPYKEHUS.

[To pe3ynbpTaTaM UCIBITAHUN CTEHOBOM MAHEIN MOKHO OTMETUTH CIEAYIOIIEE.

1. HeycunenHnslii oOpa3el MaHenu pa3pylIwics NpU JTUHAMUYECKON Harpyske.
COOTBETCTBYIOIIEH 7-0aUIbHOMY BO3/ICHCTBUIO (PUCYHOK 4a).

2. YcwieHHblli o0Opasel] BbIIEp)Kajd JUHAMHUYECKHE HArpy3Kd. COOTBETCTBYIOIINE
/-9 Gammam mo mkane MSK-64. [lpu sTtOM B mpoliecce HCHBITaHHA HWMENIO0 MECTO
orcinoeHre KM B MOMEHT MOSIBIEHUS B OTAEIBHBIX 30HAX MAHEJIEN CKUMAOIINUX YCUITUH.
310 cBsizaHoO ¢ TeM, uto KM He pabotaer Ha cxatne. OmHAKO ClEAyeT OTMETUTb, YTO
B YCHJIEHHOM 00pa3iie OTCYTCTBOBAJIO MPOIPECCUPYIOIIEe OOPYIIICHUE KITAIKH.

BriBoabI

AHanu3 pe3yJIbTaTOB AKCIEPUMEHTAIBHBIX HCCIECNOBAHUNA CEMCMOCTOMKOCTH
KaMEHHBIX KOHCTPYKIIUN, YCUJICHHBIX BHEIIHUM apMUPOBAHUEM Ha OCHOBE MpPH-
MEHEHHUSI KOMIIO3UTHBIX YTJEPOIAHBIX MATEPHUAIOB IMO3BOJAET CAEIATh CIEAYIO-
IIIM€ BBIBO/IbI:

1. [IpumeHenue yriaepoAHBIX TKaHEHW W CETOK JJIsi YCUJICHWS KaMEHHBIX KOH-
CTPYKLIMM B KA4E€CTBE BHEIIHErO apMUPOBAHUS MO3BOJISET 3HAYUTEIBHO ITOBBICUTH
CEHCMOCTOMKOCTb KOHCTPYKIIUH.
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2. Cnegyet oOpaTuTh BHUMaHUE Ha TO, 4To mpuMeHenne KM nomyckaercst kak Ha
CTaIuy IIPOCKTUPOBAHMS 3[AHUN, TaK U B IPOLECCE YCWICHUS NOBPEKICHHBIX Ka-
MEHHBIX KOHCTPYKIHUH IPU 3€MIIETPSCEHUAX. JTO MO3BOJISIET UCKIIOYHUTH paspylie-
HUE KAMEHHBIX KOHCTPYKLIUHI IIPU JUHAMUYECKUX BO3ICUCTBUSAX.

a)

Pucynok 4 — Xapaxmep paspyuienus He YCUleHHo20 (a) u ycuienrHo2o (6) obpasyos

CHHCOK HUTHPYEMbIX HCTOYHUKOB

1. DkcrnepuMeHTallbHbIE MCCIEIOBAaHUS CEHCMOYCUJICHHSI KaMEHHOW KIAIKOW CHUCTeMOM
BHEIIHEro apmupoBanus Ha ocHoBe ymieBosokHa / [I.II. Tomkux. O. B. KaGanmes.
A. B. I'panoBckuii. O. A Cumakos // Bectauk TTACY. —2014. — Ne 6. — C. 57-69.

2. Master'stheses Md. Rashadul Islam. Inventory of FRP streng theningmethodsin masonry
structures / Master's theses Md. Rashadul Islam // Erasmus Mundus Programme: advanced masters
in structural analysis of monuments and historical constructions. — Spain, July 2008. — P. 131.

3. Gawady, Mohamed A. El Aseismic retrofitting of unreinforced masonry walls using FRP /
Mohamed A. El Gawady, Pierino Lestuzzi, Marc Badoux // Composites. — Part B 37. — 2006. —
P. 148-162.

4. Hollaway, L. C. Strengthening and rehabilitation of civil infrastructures using fi bre-rein-
forced polymer (FRP) composites / L. C. Hollaway, J. G. Teng // Woodhead Publishing and Maney
Publishing on behalf of The Institute of Materials. Minerals & Mining CRC. — Press Boca Raton
Boston New York Washington. DC Cambridge England. — 2008. — P. 235-264.

5. Full-scale shake table experiments and vibration tests for assessing the effectiveness of tex-
tile materials for retrofitting masonry buildings / Paul Michelis1, Costas Papadimitriou, Grigoris K.
Karaiskos, Dimitra-Christina P. Papadioti / IIl ECCOMAS Thematic Conference on Computational
Methods in Structural Dynamics and Earthquake Engineering M. Papadrakakis, M. Fragiadakis,
V. Plevris (eds.) — Corfu, Greece. — 2011. — 25-28 May.
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3

AHHOTAUMSA

[IpoaHanu3upoBaHbl ~ OCHOBHbIE  TpPEOOBaHHMS  HOPMATHBHO-TEXHUYECKUX
JOKYMEHTOB I10 OLIEHUBAHUIO TEXHUYECKOTO COCTOSIHHSI CTPOUTENBHBIX KOHCTPYKIMH.
VYCTaHOBIEHO. YTO MPEIBAPUTENbHBIN (BU3YyaJIbHBII) OCMOTP KOHCTPYKLUH SIBISETCS
3((QEKTUBHBIM METOAOM OLICHMBAHHUS TEXHHUYECKOTO COCTOSHUSA CTPOUTEIBHBIX
KOHCTPYKIMI M BBIABICHUSA TUIUYHBIX JEPEKTOB M MOBpexIAeHUNA. Takoil meron
MpeHa3HaueH st 0osiee OBICTPOro 00CIeI0OBaHUS KOHCTPYKIIMU U OLIEHKH €€ 00I1ero
cocrosiHus. Bmecte ¢ teM pazpabGoransblie B Pecnybnuke bemapyce, Poccuiickoii
®denepanuu U 3a pyOeKOM OLICHKM U Kareropuu (KJIAcChl) TEXHUYECKOTO COCTOSHMS
KOHCTPYKIIM pa3pO3HEHbI, HE UMEIOT KOHKPETHBIX KOJMYECTBEHHBIX KpPUTEPHEB
otieHkH. [IprcBOeHNE CTPOUTENBHOM KOHCTPYKIMU TOM MM MHOM KaTeropuu (kjacca)
10 BBISBIEHHBIM Je(eKTaM M MOBPEXKIECHUSM HOCUT B TakoM Cilydae JOCTaTOYHO
CYOBEKTHBHBIN XapakTep U TpeOyeT OrpOMHOIO OMbITa y 3KCIEpTa JUIsl Ka4eCTBEHHOTO
BBITIOJIHEHHUSI pa0oT.

Beenenne

[Ipoliecc OLUEHKM TEXHUYECKOTO COCTOSIHUSI CTPOUTEIBHBIX KOHCTPYKUUH B 00-
LIEM CIIy4yae NMPUHATO MOAPA3ACIATh HA TPU XapaKTEPHBIX dTana: MOArOTOBKA K IPO-
BEJICHUIO 00CIIeZIOBaHUs, IPEIBAPUTEIbHOE (BU3yalIbHOE) 00CIIeIOBaHKE; AETAIbHOE
(MHCTpyMEHTaIbHOE) 00CIEJOBAaHUE.

OreHka, BBIIOJHSIEMAsl Ha 3Talle MpeABapUTEIbHOIO (BU3yajabHOT0) 00cienoBa-
HUS, Yalle BCEro HOCUT CYOBbEKTHUBHBIA XapaKTep, 3aBUCUT OT OIbITa U KBaIM(UKa-
LMW JKCIIEpTa U YacTO MPUBOAMT JIMOO K HEAKOHOMHYHBIM, JTUOO K aBapUITHBIM I10-
cienctBusiM. HecMOTps Ha TO, 4TO Ha MPOTSKEHUH Psijia JET OLIEHKa TEXHUYECKOIro
COCTOSIHUSI KOHCTPYKLMI SIBJISIETCSI OCHOBHOM M3 MpoOJeM, ¢ KOTOPhIMU CTaJIKUBa-
I0TCS IPaKTUKYIOIIKME o0cneA0BaTelNd, JaHHAas MPoLielypa. B YaCTHOCTH, MPHU MPOBeE-
JI€HUU MPEABAPUTENIBHOTO (BU3yalIbHOT0) 00CIEJOBaHUS, HE SIBJISIETCS COBEPLICHHOM
U TpeOyeT nampHenIeit 1opaboTKH.

B nocneanue roapsl BEAyTCSs MHTEHCHBHBIE TMOMBITKH CO3JaHUS METOIUK IS
BBITIOJTHEHUS! OOBEKTUBHBIX OIIEHOK Ha 3Tame MpeaBapUTENbHOrO (BU3YaJlbHOTO)
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oOciieoBaHus, BHOCSTCS W3MEHEHUS WU BBOJATCS HOBBIE TOCY/IapCTBEHHBIC
HOPMBI U CTaHJapThl. BMecTe ¢ Tem mpeajaraeMple B HACTOSIIEE BPEMS METOJIbI
OIIEHKHU BCE€ pPaBHO 00JaJal0T PSIOM HECOBEPIICHCTB U OCHOBBIBAIOTCS Ha CYOBEK-
TUBHBIX CYXKJICHUAX KakK pa3paboTyuka, Tak U o0clieoBaTesl.

MarepuaJjibl 1 MeTOIbI

B Pecnybnuke benapych ¢ 1 suBapst 2021 roga oOGciaeqoBanne TEXHUYECKOTO CO-
CTOSIHUSI CTPOUTENIbHBIX KOHCTPYKIIMI BBIMIOJHSIOT [0 BIEPBbIE BBEJIECHHBIM CTPOU-
tenpbHBIM HopMam CH 1.04.01 [1]. OcHoBHO#1 3a1aueii o0CieI0OBaHUS SIBISICTCS pas-
paboTKa peKOMEHJAMi U TEXHUYECKUX PEUICHUHN M0 BOCCTAHOBJICHUIO YTPAYEHHBIX
AKCIUTyaTAllMOHHBIX KAueCTB AJIEMEHTOB 3/IaHUSI WU MPUJAHUS UM HOBBIX KauecTB
B M3MEHUBIIUXCS YCIOBUSAX DKCIUTyaTallUU TIPU PEMOHTE WM PEKOHCTPYKITUH.

[Ipn oOcnenoBaHuM 31aHUI BBIABISIIOT CleAyrOIIUe AePeKThl (MOBPEXKIACHHUS ),
BO3HUKIIIME B pe3yJbTaTe HEHAIJICKAIIETO KaueCcTBa MPOCKTUPOBAHMUSI, TIPU U3TOTOB-
JICHUH WJIA BO3BEACHUM KOHCTPYKIIMI, B pe3ynbTare (PU3nIecKoro u3Hoca, OT arpec-
CHUBHBIX BO3JICMCTBUU CpEJbl, OT HAPYUIEHUW MpPaBWJI SKCIUTyaTallud, B pE3yJbTaTe
CTUXUMHOTO O€JICTBUS U JP.

OO0cnieroBaHNE COCTOUT U3 TPEX OCHOBHBIX ATAMOB:

— TIEPBBINA — MPEABAPUTEIBHBIN OCMOTP 3/1aHUS;

— BTOpOM — ob1iee oocnenoBanue (10 BHEIIHUM MTPU3HAKAM);

— TpeTui — JieTalibHOe (MHCTPYMEHTAIBHOE) 00CIIeIOBaHUE.

[IpeaBapuTeNbHBI OCMOTpP 37aHUSI MIPOU3BOMASAT JI0 COCTABJICHHUS TEXHUYECKOTO
3a/laHusl Ha TIPOBEJIEHNE 00CIIeIOBaHus, ISl YTOUYHEHUS LIeJU U 3a/1a4 paboThl, MpeI-
BAPUTEIIBHOTO OMPEICNICHUs] 00bEMOB U CPOKOB MPOU3BOJICTBA pabOT, oObeMa UMe-
OIeHCS TIPOEKTHOM, UCTIOTHUTENBHOW U DKCILUTyaTallMOHHON JOKYMEHTAIH, YCIIO-
BHIi JTIOCTYIA K 00CJIEIyEMbIM 3JIEMEHTAM 3/IaHMS.

[Ipu obuieM oOcnenoBaHUM JJisl MOCIEAYIONIEH OLIEHKUA CTENeHU (PU3UYECKOTrO
M3HOCA U (WJIM) KATETOPUU TEXHUYECKOTO COCTOSHUS CIIEAYeT MPOU3BOAUTH CILIOII-
HOUM BH3yaJIbHBI KOHTPOJIb, a TaKkKe€ HEOOXOIUMBIE MU3MEPEHHS O0CIIeTyeMBIX dJie-
MEHTOB 3/1aHUS U (PUKCHPOBATH BCE SBHBIC TC(PEKTHI.

JIst OTAENBHBIX CIIy4aeB MOKET OBbITh JIOCTATOYHO MPOBEACHHs 001iero odcie-
noBaHUs 3MaHus. Eciau yBenmnueHre Harpy3Kd Ha KOHCTPYKIIMH HE MpEIoiaracTcs,
TO IPU OTCYTCTBUU 3HAUYUTENBHBIX J1Ie(PEKTOB Ha 3Tane oOero oocie10BaHus 1o pe-
3yJbTaTaM OIEHKH KaTerOpUHM TEXHHUYECKOTO COCTOSIHHSI KOHCTPYKIIUWA MOTYT OBIThH
pa3paboTaHbl MPEAJIOKEHHS 110 BOCCTAHOBICHUIO KOHCTPYKLUMA 0€3 neTanbHOro (MH-
CTPYMEHTAJILHOI0) 00CJIe1I0BaHUS.

TexHHUYeCKOe COCTOSIHUE KOHCTPYKIIMM XapaKTEepU3yeTcsl CIEIYIONUMHU KaTero-
PUSMU TEXHUYECKOTO COCTOSHUS:

| — ucnpaBHOE (XOpoIlIee) COCTOSTHUE — MaJIO3HAYUTEIbHbBIE TE(PEKThl YCTPAHSIIOT
B MIPOIIECCE YCTAHOBJICHHOTO PErIaMEHTa TEXHUYECKOTO OOCTY>KUBAHMUS;

Il — paborocmocoOHOe (yHOBIETBOPUTEIBHOE) COCTOSHUE — WMEIOIIHECs Jie-
(heKThl HE MPUBOJAT K HAPYIICHUIO PabOTOCIIOCOOHOCTH KOHCTPYKIIMU B JaHHBIX
KOHKPETHBIX YCIOBHSX JKCIUTyaTallid, HO B TIEPCIIEKTUBE MOTYT CHU3HUTH €€ JI0JT0-
BEYHOCTH;

Il — orpanuuenHo paboTOCOCOOHOE (HE BIOJIHE YIOBIECTBOPUTEIBLHOE) COCTOS -
HUE — UMeroImecs Me(eKThl OKa3bIBAlOT HEKOTOPOE BIMSHUE HA HECYIIYIO CTIOCO0-
HOCTh KOHCTPYKIIMH, HO OTIACHOCTh BHE3AITHOTO Pa3pyIIEHUsI OTCYTCTBYET;
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IV — HepabotocmocoOHOE (HEYMOBIETBOPUTEILHOE) COCTOSIHUE — 3HAYUTEIIbHAS
CTENEHb MOBPEXICHHOCTH KOHCTPYKLMU WJIM €€ NEPErpy3Ka, BbICOKask BEPOSTHOCTD
pa3pyllieHHs TaHHON KOHCTPYKITNH;

V — npenenbHOE (MpeAaBapuitHOE) COCTOSIHUE — BBISIBIICHBI TPU3HAKHU yTPaThl He-
CylIeld CIOCOOHOCTH KOHCTPYKLIMHM, OYEHb BBICOKAs BEPOSITHOCTh €€ OOpYILIECHHUS
B Oyikaiiiee Bpemsi.

B Poccuiickoit ®enepanuu ¢ 1 mas 2024 roga 1eiicTBYeT U3BMEHEHHBIH MEXIOCY-
napctBeHHbld cranaapt — ['OCT 31937 [2] — HopMaTuBHasi OCHOBA JJisi KOHTPOJIS
TEXHUYECKOTO COCTOSIHUS 3/1aHUi (CoopykeHHiT). B cOOTBETCTBUU ¢ TOKYyMEHTOM [2]
oOcneoBaHNEe TEXHUYECKOTO COCTOSHUS 3[aHUM (COOPYKEHUN) MOXKET BKIIIOYATh
B ce0s1 00cie1oBaHUE TOJBKO CTPOUTEIBHBIX KOHCTPYKIUH W TPYHTOB OCHOBaHUS
00 TaKKe BKIIOYATh 00CIEOBAaHUE CUCTEM MHKEHEPHO-TEXHUYECKOTo olecreye-
HUS (KOMIUIEKCHOE 00CieI0BaHue).

OOciietoBaHu, B TOM YHCIIE KOMIUIEKCHOE, TEXHUYECKOIO COCTOSIHUA 30aHuil (co-
OpY>KEHMI1). KaK MpaBUiIO. IPOBOJAT B TPH 3TAIA:

— TOATOTOBKA K ITPOBEJCHUIO 00CIIEI0OBAHNUS;

— TpeaBapuTenbHOE (BU3yallbHOE) 00CIIEI0BAHNUE;

— JeTaibHOE (MHCTPYMEHTaIbHOE) o0cheqoBanue (Ipu HEOOXOAUMOCTH).

[ToarotoBuTenbHbIE pabOTHI TPOBOJAT B LIEJIAX O3HAKOMIIEHHS C OOBEKTOM 00-
CJIEIOBaHMsI, €r0 00BEMHO-TIJIAHUPOBOYHBIM U KOHCTPYKTUBHBIM PEIICHUSMHU, MaTe-
puaJlaMid HMH)KEHEPHO-TE€OJIOTMUECKUX H3bICKaHUN; cOopa M aHaiM3a UMEIoUIeics
MIPOEKTHO-TEXHUYECKON M 3KCIUTyaTallMOHHOW JOKYMEHTAluu, MaTEpPHAJIOB MPEIbI-
OyImKuX 00CIe0BaHUM; COCTABICHUSI TPOrpaMMbl paboT, MPU HEOOXOAUMOCTH, U €€
COTJIaCOBAHUS C 3aKa3YUKOM.

[IpeaBapurtenbHoe (BU3yalabHOE) OOCIEIOBAaHUE MPOBOAAT B LENSIX MpEABapH-
TEJIbHON OLICHKM TEXHUYECKOTO COCTOSIHUS CTPOMTENIbHBIX KOHCTPYKIIHMM, CHUCTEM
MH)XEHEPHO-TEXHUUYECKOT0 00€ecreyeHnsl. HHKEHEPHOro 000pYyAOBaHHUS, CPEACTB
CBSA3U IO BHELIHUM IPU3HAKAM. ONpENEJICHUsI HEOOXOAMMOCTH B IMPOBEACHHUM Jie-
TaJbHOTO (MHCTPYMEHTAJILHOTO) OOCIIEOBAaHUS U YTOYHEHHsS] Mporpammbl padoT.
[Ipy >TOM MNPOBOJAT CIUIOIIHOE BU3YyalbHOE OOCIEIOBAaHHE CTPOUTENBHBIX KOH-
CTPYKLMH 37aHUS U BbIsIBJICHUE NePEKTOB (MOBPEXKICHNI) IO BHEIIHUM MPU3HAKAM
C HEOOXOIMMBIMU U3MEPEHUSAMH U UX (PUKCAIUEH.

B cnyuae, ecnu mo pe3ynbTaTaM BU3yaJIbHOTO 00CJIE€IOBAaHUS YCTAaHOBJIEHO HOP-
MAaTHUBHOE WJIA pabOTOCIIOCOOHOE TEXHUYECKOE COCTOSIHUE CTPOUTENBbHBIX KOHCTPYK-
LM, U B CiIydae, eciu 3a)MKCUpOBaHHAas KapTuHA J1e(PeKTOB (MOBPEXKICHUI) MO3BO-
JS€T BBIABUTH NMPUYMHBI UX MPOUCXOKIAEHUS U SABISECTCA JOCTATOYHOM JUJISI OLEHKH
TEXHUYECKOTO COCTOSIHUSI KOHCTPYKLMHM, TO IIPH YCIOBHUH, YTO PE3YJIHTATOB BU3Yaslb-
HOTO 00CJIeJOBaHUSI JOCTATOYHO J/JI pPEUICHUs IMOCTaBJIEHHBIX 3a/Jad, JETaJbHOE
(MHCTpYMEHTaIbHOE) 00CIIeJOBaHNUE JOITYCKAETCSl HE MPOBOIUTD.

B cooTBeTcTBUUM CO CTaHAAPTOM [2] BBIAENSIOT CIAEAYIONIUME KATETOPUU TEXHUYE-
CKOT'O COCTOSIHUSI:

— HOPMATHBHOE TEXHUYECKOE COCTOSHUE — KAaTErOprs TEXHUYECKOTO COCTOSHHUS
CTPOUTEIBHON KOHCTPYKLMH WM 31aHHS (COOPYXKEHHUS) B LIEJIOM, IPU KOTOPOM
KOJIMYECTBEHHbIE M KAYECTBEHHbIE 3HAYEHUS MapaMETPOB BCEX KPUTEPHUEB OIEHKU
TEXHUYECKOTO COCTOSIHUS CTPOMTENIbHBIX KOHCTPYKIMH 3AaHUi  (COOpYyXEeHUM)
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COOTBETCTBYIOT ~ YCTAHOBJIEHHBIM B MPOEKTHOW JOKYMEHTALMH 3HAYEHUAM
U JICUCTBYIOIIMM HOpMaM Ha MOMEHT 00CIIeI0BaHUS;

— paboToCOCOOHOE TEXHUYECKOE COCTOSHME — KaTeropusi TEXHUYECKOTO
COCTOSIHUSL CTPOUTENLHOM KOHCTPYKIIMM WM 37aHUsl (COOPY)KEHHS) B IIEJIOM,
IIPY KOTOPOM HEKOTOPBIE M3 YKCIIAa OLEHUBAEMBIX KOHTPOJUPYEMBIX IapaMeTPOB
HE OTBEYAIOT TPEOOBAaHUSAM IMPOEKTA WM HOPM, HO HMMEIONIMECS HApPYIICHUS
TpeOOBAHUI B KOHKPETHBIX YCJIOBHSX SKCIUTyaTalldd HE MPUBOAAT K HAPYUICHUIO
paboToCIOCOOHOCTH;

— OrpaHMYEHHO-Pab0TOCIOCOOHOE TEXHUYECKOE COCTOSIHUE — KaTeropHs
TEXHUYECKOTO COCTOSIHUS CTPOMTENIbHOM KOHCTPYKIIMU WA 37aHUsl (COOpPY>KEHMS)
B 1[EJIOM, [PU KOTOPOW MMEETCS] CHUKEHHE HEeCYIlel CIOCOOHOCTH, HO OTCYTCTBYET
OMACHOCTh BHE3AIMHOI'0 Pa3pyLIeHUs], IOTEPU YCTONUHBOCTH;

— aBapUiHOE TEXHUYECKOE COCTOSHHUE — KaTeropus TEXHUYECKOIO COCTOSHHS
CTPOUTEIBHOM  KOHCTPYKIMH  WJIW  3daHus  (COOpY)KEHHs])) B LIEJIOM,
XapaKTEepU3YIOLIAsCsl MOBPEXICHUSAMU M JehOopMalUsIMU, CBHJIETEIbCTBYIOIINMHU
00 McUepranuy Hecyleil CHOCOOHOCTH U OMACHOCTU OOpYIICHHUS.

B pykoBoactse [3] oOcienoBaHue 3/1aHUSA/KOHCTPYKIIMNA OCYIIECTBISETCS B ye-
TBIpE dTala:

— TIEepBBIM 3TAlN — IPEIBAPUTEIBHOE HHCIIEKTUPOBAHNUE;

— BTOpPOM 3Tan — IJIaHUPOBaHUE PadoT;

— TpEeTuH 3Tal — BU3yaJbHOE UHCIIEKTUPOBAHMUE;

— YETBEPTHIN 3Tal — HATypHBIE U J1a00PaTOPHbBIE UCTIBITAHUS.

OcHOBHas LI€Tb NPEIBAPUTEIBLHOTO UHCIIEKTUPOBAHUS — OLIEHKA U cOop HHPOp-
MaluMyd JJIs  3Tana I[UIAaHUPOBAaHUS JI0 TPOBEAEHUS CaMOro OOCJIEIO0BAHMS.
Ha ocHOBaHUM MEpBOro M TPETHETO 3TANOB — MPEABAPUTEIBHOIO U BU3yaJIbHOIO WH-
CHEKTUPOBAaHUS KOHCTPYKTHUBHBIE 3JIEMEHThI OOBEKTa KIACCU(PULIUPYIOTCA MO MATH
kiaccam. Knaccudukanus npeacrasieHa B Tadnuie 1 1, Kak mpaBuio, sIBISETCS J10-
CTATOYHOM JIJIsi MPUHSTHS PEIICHUS O JaJIbHEHIIIEH AKCIUTyaTallui 00BEKTa.

Tabauua 1 — Kitaccsl noBpekaeHui 1 Ki1acCU(UKaLUs peMOHTHBIX padoTt [3]

Knacc Knaccudukanus OO111e cBeIeHUs O COCTOSIHUU OeToHa
HTOBPEXKACHHUS PEMOHTHBIX paboT
Knacc 0 Kocmernueckuit Tompko  BHemIHME  MOBpexAeHUus  oraenku. Kos-
PEMOHT CTPYKTUBHBIX NOBPEXACHUN HE HAaOI01aeTCsl
Kimace 1 IToBepxHOCTHBIN Habmonatorcs BHemHue mnoBpexaeHus oTaenku. KoH-
PEMOHT CTPYKTUBHBIX MOBpexaeHUI HeT. ['yOuna kapOoHu3anuu
HE JIOCTHUIJIA YPOBHS apMaTypbl
Kiacc 2 Menkuii peMOHT HaGmtonarorcss He3HayMTENbHblE KOHCTPYKTHUBHBIE Tpe-
IIMHBI W/WIN TIyOuHa KapOOHHW3alMK JIOCTHUIJIA YPOBHS
apMaTypbl
Kunacc 3 ba3oBblii peMOHT OTcnoenne 3aMTHOTO oSl O€TOHA. 3HAYUTEIbHBIE KOH-
CTPYKTUBHBIE TpPEIIMHBI, B T.4Y. BAOJb apMaTypHOIO
CTEpXHS BCIIEJCTBHE KOPPO3UU, UTO B KOHEUHOM PE3YIlb-
TaTe MOXKET MPHUBECTH K CHUKEHHMIO HEeCyIIel CrocoOHO-
CTH
Knacc 4 Kanuranpaslii N3HOC OCHOBHBIX KOHCTPYKLMH, NMPUBOJSALIMI K 3aMEHE
PEMOHT KOHCTPYKTUBHBIX 2JIEMEHTOB
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Pe3yabTarsl uccieoBaHus

[IpenBapuTenbHblil (BU3yaldbHBIN) OCMOTP KOHCTPYKIUHU SIBISETCS Hanboiee -
(EeKTUBHBIM Kaue€CTBEHHBIM METOJIOM OILICHMBAHUS TEXHUYECKOI'O COCTOSIHUSA U BBI-
SBJICHUS] TUIIMYHBIX MOBpexAeHu. OH npelHa3HavYeH sl ObICTPOro 00Cie10BaHUS
KOHCTPYKLIMU U OLEHKH ee oOmiero cocrossHus. OH JMaeT LEeHHYI WH(GOpPMAIUIO
ONBITHOMY MH)KEHEPY B OTHOLICHUM KAayeCTBAa MU3TOTOBJIICHUS KOHCTPYKIIMH, JKCILIY-
aTAallMOHHOW MPUTOJHOCTH M MEXaHW3Ma AalbHEHIIEro pas3pyllieHHus, a, CIeoBa-
TEJIbHO, SIBJIAETCS OCHOBOM JIJIsl A€TANN3ALMY IUIaHA JaJbHEUIINX AEHCTBUM U KOJIU-
YECTBEHHOMN OLIEHKH CTEIEHH MOBPEXICHUs. BMecTe ¢ TeM cTeneHb 0ObeKTUBHOCTH
OLICHMBAHUS B 3HAUUTEILHON MEpe 3aBUCUT OT KBaJdu(UKaIMK dKcrepTa [4].

BuiBOABI

Ha ocHoBe nmpoaHann3nupoBaHHBIX TPEOOBAHUI HOPM U PEKOMEHIAIMNA MO OLICHU -
BAHUIO TEXHUYECKOI'O COCTOSHUS CTPOUTENBHBIX KOHCTPYKLIMH YCTAHOBJIEHO, 4YTO
paspaborannbsie B Pecniyonuke benapycs, B Poccuiickoit deneparuu 1 3a pyoexomM
OLICHKU TEXHUYECKOI'O COCTOSHMS KOHCTPYKLMM IO3BOJISAIOT C IIOMOIIBIO IPEIBapU-
TEJIBHOTO (BHU3YaJbHOT0) OCMOTpPAa KOHCTPYKUHUU OLUEHUTh TEXHUYECKOE COCTOSIHHUE
3MaHui U coopyxeHud. OHAKO MPHUBEICHHBIE OIEHKH JEPEKTOB CTPOUTEIHHBIX
KOHCTPYKLIMM Pa3pO3HEHbI, HE MMEKT KOHKPETHBIX KOJMYECTBEHHBIX KPUTEPUEB
OIICHKH, YTO HE MO03BOJsIeT 3P(PEKTUBHO OLIEHUTh KAY€CTBO CTPOUTENIBHBIX padoT,
0€30MacHOCTh IKCIUTYaTUPYEMBIX 3JIEMEHTOB 3JIaHU U coopykeHuil. IIprcBoenue
CTPOUTEIHLHOM KOHCTPYKIIMU TOW WIJIM MHOM KATErOpPHUH IO BBIABJICHHBIM Je(eKTaM
Y TIOBPEXKJICHUSAM HOCUT B TaKOM CJIy4yae JIOCTATOYHO CYOBEKTHUBHBIM XapakTep U
TpeOyeT OrPOMHOIO OIbITa Y AKCIIEPTa AJI1 KAUECTBEHHOTO BBIMOJIHEHUS paldoT.
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IIpenMer ucciie0BaHus: HECYIIAsl CIIOCOOHOCTh OOJITOBBIX COETMHEHUM Ha CpE3.

Heab: pa3paboTka METOOUKU pacdyeTa OONTOBBIX COEIMHEHUN Ha Cpe3 IO
CII 5.04.01-2021 «CranbHble KOHCTPYKLIMNY MPU MPOXOKACHUH pe3b0bl O0sTa uepes
MJIOCKOCTh Ccpe3a.

MatrepuaJibl 1 MeTOAbI: CPAaBHEHUE 10 pacueTy U KOHCTPYMPOBAHHUIO OOJITOBBIX
coequnennit mo CII5.04.01-2021 «Cranpable KoHCTpyKuum», TKIT EN 1993-1-8
«IIpoexTupoBanue cranbHbIX KOHCTpYKUui» 1 ANSI/AISC 360-05.

Pe3yabTaTsl Hccie 0BAHNS:

— BBINIOJIHEH aHAJINU3 HECYIIEH CoCOOHOCTH OOJITOBBIX COCAMHEHUH Ha Cpe3 MO IUIO-
miaau Opyrro u Herto 1o CIT5.04.01-2021, TKIT EN 1993-1-8 u ANSI/AISC 360-05;

— TMPOBEJEHBI IKCIIEPUMEHTAIBHBIE HCCIEAOBaHUsA OOJITOB PAa3IMUYHBIX KIIACCOB
IPOYHOCTU U Pa3IMYHBIX MPOU3BOJUTENIECH NPU MPOXOXKACHUU IUIOCKOCTH cpe3a ye-
pe3 pe3p0y U rIaJKyro 4acTh 00JITa;

— pazpabotano m3menenue k CII 5.04.01-2021 mo pacdeTy OGOATOBBIX COEIMHE-
HUH Ha cpe3 MO IJIOLAAHN HETTO.

BbiBoa. Ha ocHOBe MOJyyeHHBIX JAaHHBIX IIpeaaraeTcs mpu pacuere OO0ITOBBIX
coequnennit Ha cpe3 mo CII 5.04.01-2021 «CranpHble KOHCTPYKIIUNY, IIPH HEOOXO-
JTUMOCTH, BMECTO IUIOLIAU CeUeHUsi 0oiTa OpyTTO A MOJCTaBIATH IJIOMIAAbL CeUe-

Hug 6oiTa HETTO Ap ),
__ ayfypAbn

F —
v.Rd Y2

BBenenue

Metanmnuyeckre KOHCTPYKIIMU UIPAIOT KIFOUYEBYIO POJb B COBPEMEHHOM CTPOU-
TENIbCTBE, 00ECIEeYnBasi BBICOKYIO MPOYHOCTh, JOJTOBEUYHOCTh U TEXHOJOTUYHOCTH
BO3BOAUMBIX 00BEKTOB. VX mMpokoe mpruMeHeHre 00yCIOBIEHO BO3MOXKHOCTBIO TIe-
PEKPBITHS 3HAYUTEIBHBIX MPOJIETOB, YCTOMUUBOCTHIO K OoyibIIMM Harpyskam. Oco-
00€ BHUMaHUE B MPOCKTUPOBAHUU U IKCILTyaTaIllMH METAJUIOKOHCTPYKITUHN yaenseTcs
BHUJIaM COEJMHEHUM, Cpeu KOTOPBIX OOJITOBBIEC KPEIJICHUS 3aHUMAIOT BaXKHOE MECTO
Oyaroymapsi CBoel HaJIG)KHOCTH, TIPOCTOTE YCTAHOBKH U BO3MOKHOCTH JIEMOHTaXa.

MarepuaJjbl 1 METObI

Pacuetr 60ATOBBIX COCIMHEHUHN MO aMEPUKAHCKUM HOPMaM MOKET OBITh BBITIOJN-
HeH 1o HopMam ANSI/AISC 360-05 [1] B KOTOpBIX M3JI0KEHBI J]Ba METOJIa pacyeTa:
METOJ| I0MyCKaeMbIX HamnpsikeHuilt (ASD) — TpaagulMOHHBIA METOJ pacyeTa MeTal-
muyeckux KoHCTpykiuid B CIHIA u Meron 4acTHBIX KOA(DPHUITMEHTOB O€30MaCHOCTH
(LRFD). ns mneneid NaHHOM CTaTbM MBI BOCHOJIb3yeMCsl TOJIOKEHUSMHU [1]
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IUI OTIPEJICNIEHUs] PACYETHOTO COMPOTUBIIEHUSI Cpe3y ofHoro Oonra ¢pRu (umm ero
Pe3b00BOI YaCTH) HAa OCHOBE METO/1a YaCTHBIX KOA(PPHUIIMEHTOB 6€3011acCHOCTH

¢Ru =0,75-Fnv-Ab, (@D

rae Fnv — HanpspkeHue cpesa, onpesaensieMmoe mo Taduuie J3.2 [1];
Ab — HOMUHANbHAS IJIOMIA1b TOTIEPEYHOr0 CEUCHUS TIIaIKON YacTu OoTa.
Hanpspkenue cpesa 6onta (3a uckimouenne 6ontoB A307, A325 u A490, npous-
BEJICHHBIX 110 aMEPUKAHCKUM CTaHJIapTaM) OIPEACIISIETCS 1O BHIPAKEHUSIM:
— IJIOCKOCTh Cpe3a MPOXOAMT Yepe3 IaaKyto yactb 6onta Fnv = 0,5 Fu,
— IJIOCKOCTD Ccpe3a MPOXOAUT uepe3 pe3b00Byio yacth 0onta Fnv = 0,4 Fu,
rae Fu — MUHMMasbHBIN TIpeien MPOYHOCTH MaTepuaia 0oiTa Ha pacTsbKEHUE.
Pe3yabTaThl Hccie10BaHUSA

CpaBHeHuMe Hecylel CloCOOHOCTH OOJITOB Ha cpe3 ¢ 00ITaMu Kilacca MPOYHOCTH 5.8
u 8.8, paccunrtannas mo EN 1993-1-8 [2], CIT15.04.01-2021 [3] u ANSI/AISC 360-05 [1].

N. kH Kaacc npounoctn 5.8
450 f
400
350
300
250 -0
200
150 r —n
100 r

50 F
- d, MM

0 —— I ! I I I I I I I ! I

0o g 10 12 14 1le 18 20 22 24 27 30 36 41

=

a) EN 1993-1-8 no enaokoti yacmu 6onma (no niowaou opymmo);
6) EN 1993-1-8 no pe3vbos6oti uacmu 6orma (no niowaou Hemmo),
8) CII1 5.04.01 no enaoxoii wacmu boama,
2) ANSI no enaokou wacmu; 0) ANSI no pe3vbo6oti uacmu
Pucynox 1 — Hecywas cnocobnocms bonma knacca npoyHocmu 5.8 u3 yciosus cpesd

BriBoabI

1. Pacuer OontoBeiXx coenuHeHuit Ha cpe3 mno TKII EN 1993-1-8 [2]
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HetTo. B TO e Bpems pacuer GontoBeix coeauHeHuit Ha cpe3 mo CIT 5.04.01-2021
[3] BBIMONHSAETCS TOJABKO MO TLIomamu OpyTTo. Ilpw KOHCTpyHMpOBaHHH OOJITOBBIX
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2. Ha ocHOBe TONMydYeHHBIX MAaHHBIX TIpeajaracTcs IMpH pacuere OOJITOBBIX
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IIPY HEOOXOAMMOCTH BMECTO TUIOIIQJAM CEUEHUs Oonta OpyTTO A IOACTABIATH
IO CEYEHUs O0JITa HETTO Ay

ayfupAb.n

Fyra = Yoz
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a) EN 1993-1-8 no enaokou wacmu 6oama (no niowaou Opymmo);
6) EN 1993-1-8 no pe3vbosoti uacmu 6orma (no niowaou Hemmo),
8) CII1 5.04.01 no 2naoxoii wacmu boama,
2) ANSI no enaokou wacmu; 0) ANSI no pes3vbo6oti uacmu
Pucynok 2 — Hecywas cnocoonocms boama kaacca npounocmu 8.8 uz yciosusi cpes
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2

AHHOTaN U

B pabGore paccmarpuBaroTcsi COBPEMEHHBIE TIOJIXOABI K OIIGHKE IPOYHOCTH
HOPMaJIbHBIX  CCUCHHH  BHEIICHTPEHHO  CXKaThIX  JKeJIe300€TOHHBIX  KOJIOHH
C IOBPEXKACHUSAMH B C)XKarod 30HE OCTOHAa C HCIOJIB30BAaHUEM IPOTPAMMHOIO
koMmiuiekca JIMPA CAIIP, Bkirodaromme MEeTobl HETMHEHHOTO MOJICIMPOBAHUS JIJIA
ydeTta JAerpajanuu OeToHa, aHadu3 IO JIe(OpMUPOBAHHOM CXeME U HEJIMHEHHBIN
CTaTUYECKUN pacueT, 4TO MO3BOJSET MOJY4YUTh O0Jee TOYHYIO OLIEHKY OCTaTOYHOM
Hecylel CmoCOOHOCTH MO CPABHEHUIO C TPAJAUIIMOHHBIMU HOPMATUBHBIMU METOIAMHU
1 000CHOBaTh 3P(HEKTUBHBIC PEIICHUS IO YCUIICHUIO KOHCTPYKITUH.

Ipeamer wucciaenoBanusi. COBpPEMEHHBIE MOAXOAbI K OLEHKE NPOYHOCTH
HOPMaJbHBIX  CEUEHHH  BHEIICHTPEHHO  CXKaThIX  JKeJe300€TOHHBIX  KOJIOHH
C IOBPEXKACHUSAMH B CXXarod 30HE€ OETOHAa C HCMOJIL30BAaHUEM MPOTPAMMHOIO
xomiuiekca JIMPA CAIIP.

Hean. [lenpto nmaHHOW pabOTHI SBISETCS CHCTEMaTU3allusi M TMPUMEHEHUE
COBPEMEHHBIX MOAXOJ0B K pacyeTy MPOYHOCTH HOPMAJIbHBIX CEUCHUI BHELICHTPEHHO
CKaTBIX JKeJIe300€TOHHBIX KOJIOHH C MOBPEKICHUSIMHU B C)KaTOM 30HE OECTOHA B Cpejie
IIK JIMPA CAIIP.

Marepuajbl M MeTOAbl. MeETONMYECKYIO OCHOBY pPabOTBl  COCTaBHJI
KOMILICKCHBIN MOJIXO/I, BKJTFOUAFOIIU I MaTeMaTHUYECKOE MOJICJIMPOBAHUE
B nnporpammHoM komruiekce JIMPA CAIIP.

BBenenue

[IpobnemMa OIIEHKM OCTaTOYHOM HeCylled CHOCOOHOCTH TOBPEXKIACHHBIX
KEJIE300€TOHHBIX KOHCTPYKIIMM SBJISIETCS OAHOM W3 HauOojee aKTyaJlbHBIX
B IIPAKTUKE OOCIEIOBAaHUS W PEKOHCTPYKUMH 31aHuil. OcoOyr 3HAYMMOCTh 3TOT
BOIIPOC MpHOOpETaeT IMpH pacyeTe BHEICHTPEHHO CXKATHIX JJIEMEHTOB, TaKMX Kak
KpaifHUE KOJIOHHBI, paboTa KOTOPHIX B 3HAUMUTCIBHOW CTCIICHH OIPEASIICTCS
COCTOSTHUEM OeToHa B CkaToi 30He. Hamnuwme B 3TOM oOnacth nAe)EKTOB B BHJC
TPELIYH, CKOJIOB, BEI3BAHHBIX BHEIIHUMU BO3JCHCTBUSIMU, KOPPO3UEH apMaTyphl WU
JUTUTEIIHOM DKCIUTyaTalued, KapJuHAIbHO MEHIET HanpsHKeHHO-AehOpMUPOBAHHOE
COCTOSIHME Ce4YeHMs. TpaauIMOHHBIE METONIbl pacyera, perIaMeHTUPOBAHHbBIC
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CTPOUTEIBHBIMU HOPMAMHM, 3a4acTyl0 HE B COCTOSIHUM aJ€KBATHO YYECTh CIIOKHYIO
KapTUHY NEpPEpPacHpeiesieHus] YCHIMM B TOBPEXKIAECHHOM DIIEMEHTE, YTO IUKTYET
HE0OXOIMMOCTh NMMPUMEHEHHUS 00JIee COBEPILICHHBIX PACUETHBIX HHCTPYMEHTOB.

CoBpeMEHHON OTBETOM Ha 3TOT BBI3OB SBIISIETCS MCIIOJIb30BAHME MOUIHBIX
IporpaMMHBIX KOMIUIEKCOB, Takux kak JIMPA CAIIP, koTopsie MO3BOISAIOT pea-
JW30BaTh NPOJBUHYTHIE METOAUKHA YHCICHHOTO MoJenupoBaHus. Llenpto qanHOU
paboThl SBISETCS CHUCTEMaTH3alMsl U MPUMEHEHHE COBPEMEHHBIX IMOJXOJ0B K
pacdeTy NPOYHOCTH HOPMAIBHBIX CEUYEHHWH BHELIEHTPEHHO CXKAaThIX jKene3o0e-
TOHHBIX KOJIOHH C MOBPEXAEHHUSIMH B CxaToi 30He OeroHa B cpene [IK JIMPA
CAIIP. B 3amaun ucciienoBaHus BXOAUT aHAIU3 BO3MOXHOCTEH MOJEIHPOBAHUS
ne(eKToB, MOCTAaHOBKAa HEIMHEHHOrO0 CTATUYECKOTO pacuera ¢ yuyeToMm ¢usuue-
CKOM M TEOMETPHUYECKON HEIIMHEUHOCTH.

O0630p Jutepatypbl. O0630p COBPEMEHHBIX HUCCIICIOBAHUIA TTOKA3hIBACT YCTONYH-
BYIO TEHACHUMIO K MPUMEHEHUIO HEIMHEHHOIO YHCIECHHOTO MOJEJIUPOBAHUS JIA
OLICHKH MOBPEKIECHHBIX jKeJIe300€TOHHBIX KOHCTpykumid. MccnenoBanue [1] nemon-
CTPUpPYET MPEBOCXOACTBO HEJIMHEHHOro aHaiu3a Mo AeOpMUPOBAHHOM cXeMe Haj
HOPMATUBHBIMH METOJIaMU TPU pacyeTe BHEIIEHTPEHHO CKATBIX AJIEMEHTOB C JedeK-
TaMH, BBISBIISIA 3HAUUTEIbHYIO KOHIICHTPAIMIO HANPSKEHUH. JTH BBIBOJIBI OATBEP-
XKIarTcs B padote [2], Tie moKa3aHo, YTO TPaIUIIMOHHBIE METOIBI [3] MOTYT JaBaTh
HEKOHCEPBATHUBHBIE OLIEHKHU ISl KOJIOHH C OBPEXKACHUSIMH B CKaTOM 30HE.

Pesyabrarel. [IpoBeieHHOE MOJETUPOBAHUE TMOKA3aJ0, YTO MOBPEKICHUS
B C)KaTOl 30HE OETOHAa CHUXAIOT HECYIIYI0 CHOCOOHOCTh KOJIOHH, BBI3bIBas
3HAUMTEJIBHYIO KOHLIEHTpaluio HanpspbkeHni. Henmunennein ananus B JIMPA CAIIP
BBISIBWJI 0OOJiee TOYHYI0 U 3aHWKEHHYIO OLIEHKY IPOYHOCTH IO CPaBHEHUIO
C HOPMaTUBHBIMU METOJJAMHU, YTO JOKAa3bIBAET HEOOXOAMMOCTb €ro MPUMEHEHUs
1151 93¢ (HEKTUBHOTO MPOSKTUPOBAHUS YCUIICHUSI KOHCTPYKIIUM.

BeiBoabl. IIpoBeneHHOe wuCcCie0OBaHUE MNOATBEPAWIO, YTO JUISl AJCKBAaTHOM
OLICHKM OCTaTOYHOM Hecylell CHOCOOHOCTH MOBPEXKICHHBIX JKEI€300€TOHHBIX
KOJIOHH HEOOXOIMMO MPUMEHSITh MeTO/Ibl HennHeitHoro ananu3a B [1K JIMPA CATIP.
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VIIK 69.04
OB30P MAKPOCECMUYECKHX JAHHBIX O IMOBPEKIAEHUSIX
3TAHUAU

X. P. 3aiinynaouoosa
K. m. H., 0oyenm, 3a8. kageopoiu apxumexmypwl, J[I'TY, Pocmos-na-/[ony, Poccus

AHHOTALIUA

[IpoBeneH aHamu3 TOBEACHUS TPYHTOB TIPU 3EMIIETPSACCHUAX PaA3IMYHOMN
WHTEHCUBHOCTU. OrmpeneneHo, YTO NOBPEKICHUS 3aTPOHYJM JaleKO HE BCe
byHIaMEHTHI TMOCTpaaaBIIUX 31aHui. [[oBpexaeHUs 3MaHUs 3aBUCAT OT YaCTOTHBIX
XapaKTepUCTUK 3JaHUM, COOTBETCTBEHHO, IMpPU MPOCKTUPOBAHWU HEOOXOAUMO
YUYUTBIBATH BO3MOXHOCTh PE30HAHCHBIX SIBJICHHM, KOTOPHIE MOTYT CIYYUTHCS Kak
Ha CKAJIbHBIX T'PYHTaX, TaK W Ha PBIXJIBIX. YYET KUHEMATHYECKUX XapPaKTEPUCTHUK
TPYHTOB, a TaKXe€ 3JaHUi TO3BOJUT M30€kKaTh CEPhE3HBIX pa3pylICHUN
MIpU 3€MJIETPSICCHUSIX.

Kiw4yeBble cjioBa: CKajlbHBIE TPYHTHI, OOBOJHEHHOCTBH, 3EMJICTPSCCHHUS,
YCKOpEHHUSI KOJeOaHusl.

00630p 3eMuteTpsiceHUil

B 1927 rony r. SInty noTpsicau ABa CUJIBHBIX 3€MIICTPSACEHUS: 26 UIOHS C CUJION
B 7 OamnoB u 11 cents6ps — B 8 GamnoB. HTEpecHO, UTO Ha cKIIOHax xonma Jlapcan
1 YailHON TOpPKH, TA€ TPYHThl NMPEACTABIEHBI CIaHUAMH M TecYaHUKamu TaBpu-
yecKo (opMmaiuu, 34aHUsl U1 UX OCHOBAHUS OCTAJIUCh NMPAKTUUECKU HETIOBPEXKIECH-
HBIMHU. DTO TOBOPHUT O TOM, UTO B 3TUX palioHax (paKkTuyeckas UHTEHCUBHOCTb 3eMJIe-
TpsiceHUs OblIa 3HAYUTEIBHO HUXKE — BCEro 5—6 0ailoB.

[IprurHOM TaKMX pa3IM4vil B BO3JEUCTBUU CTHUXHMH, BEPOSITHO, SIBJISIETCS PACIIO-
JIOKEHHE odaroB 3emueTpsiceHuid. CoryiacHo ucciienoBaHusiM [1], OHM HaXOIUIUCH
B Mope, Ha riryoune ot 20 1o 40 KuiaoMeTpoB

Bo Bpems AOyn-Camcapckoro 3emileTpsiceHus, mnpousomenmero 13 Mad
1986 roaa [2], 3maHwus, pacmosiokeHHbIe Ha KPyThiX ckioHax (20—40 rpamycoB) ka-
HbOHA pekn Keipx-byrak, nokasanu yauBHUTENbHYIO CTOMKOCTh. Ha cKanbHBIX rpyH-
Tax 3TH NOCTPONKH BBIIEPKAIA CEMCMUYECKUE TOYKH CHIION 5—6 0asuioB, mpu 3TOM
uX QyHIaMEHTBI OCTAITUCh HEBPEIUMBIMH.

OpHako coBceM psiIoM 37aHUsl, IIOCTPOCHHBIE HAa 0oJiee ca0bIX AIIOBHAIBHO-IE-
JIOBUAJIBHBIX TPyHTaxX (TOJIIMHOW 0 TpeX METPOB), KOTOpBIE 3ajierajii MOBEpX
CKaJIbHBIX MOPO/JI, MOCTPagain ropa3ao cuibHee. OHM HCHBITAIN MOBPEXKIEHUS, CO-
OTBETCTBYIOIINE 7—8-0aJIbHBIM BO3ACHCTBUSIM 3€MIIETPSICEHMUS.

DTOT mnOpuUMep HArissgHO JEMOHCTPUPYET, HACKOJIBKO BaXK€H THUI TIPYHTA
IIPU CTPOUTENBCTBE, OCOOEHHO B CEHCMUYECKHM aKTUBHBIX pailoHax. [laxe
IIPY OJJMHAKOBOW CHWJIE 3€MJIETPSICEHUS 3J4aHUS Ha NPOYHOM CKAJIbBHOM OCHOBAaHHHU
OKa3aJHuCh 3HAUUTEIBHO OOJiee YCTOMYMBBIMHM, Y€M T€, 4YTO OBUIM BO3BEICHBI
Ha 00JIee PBIXJIBIX OTJIOKEHUSIX.

CeilicMuueckre COOBITHSI MPOILIOrO HArJSJHO MPOJEMOHCTPUPOBANIU, KaK THII
IPYHTA MOJI MOCTPOMIKaMH BIUAET HAa UX COXpaHHOCTh. Tak, B 1827 roxy, Bo Bpems
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3emeTpsiceHus B Llaxkanzope, penuruo3Hble 31aHusl, IOCTPOEHHBIE HA aHAE3UTOBBIX
MOpO/Iax, MOHECIIN 3HAYUTENbHBIN yIepO Wik ObUTH MOTHOCTHIO Pa3pyIICHHI.

Harectanckoe 3emierpscenne 2001 roma [3] mpemoctaBuiio meHHY0 MHPOpMa-
OUI0 O TOM, KaKk TaKHE€ COOPYKEHHUS pPEArupyroT Ha CEHCMHUYECKYIO AKTUBHOCTD.
B nocenke HoBpiii Yupkeil, pacnosioKEHHOM B 3IHIEHTPE, ObUIO H3YYEHO
80 3manwmii. JlecsTh U3 HUX, OKA3aBIIMECS HETMOCPEICTBEHHO HA JIMHUU pasiioma, IMo-
JYYUTIU MaKCUMaJbHYI0 WHTEHCHUBHOCTH Bo3jaeucTBus — 8,5 Oamma. OcrtalibHble
70 31aHUi, TOCTPOEHHBIE HA MECYAHOM TPYHTE C ITYOOKHM 3aJleTaHUEM I'PYHTOBBIX
BOJI, MCITBITAJIM WHTECHCUBHOCTL B 7,7 Oamta [9]. HecMoTpst Ha morydeHHbIE MOBpe-
KICHUA W YaCTHYHbIC PA3PYLICHUS, MPUMEYATENBHO, YTO HU OJIHO U3 3JAaHUW HE
IPOJEMOHCTPUPOBAJIO MOBPEKACHHUM B 00J1aCTH OCHOBaHUS. DTOT (PaKT Moa4YepKUBa-
€T BaXHOCTh y4€Ta IPYHTOBBIX YCIOBHH NMPU NPOEKTUPOBAHWU U CTPOUTEIHCTBE B
CEHCMUYECKHA aKTUBHBIX 30HAX.

3akioueHue

B xo7e ananu3a Mbl OMUPAIMCh HE TOJBKO Ha OMyOJIMKOBAaHHBIE JaHHBIC, HO U Ha
cOOCTBEHHbIE HCCIIEOBAaHUSA. MOXHO OTMETHUTh, YTO MOBPEXKICHHS 3aTParvuBaroT
JUIIb YacTh (PYHIAMEHTOB MOCTPAJABIIMX 37aHUM, B OCHOBHOM TE€X, YTO PaCIOJIO-
’KEHBI Ha OOBOJHEHHBIX W PBIXJIBIX IpyHTaX. B 1emom noBeaeHue 3MaHUN U COOpY-
KEHUHN 3aBUCUT HE TOJBKO OT THIIA TPYHTA, HO U OT CaMOTr'0 3[aHus, €ro KOHCTPYK-
TUBHOTO PEIICHUS], COOCTBEHHON 4acTOThl KosieOaHuil. CienoBaTebHO MPOCKTUPO-
BAHUE JOJKHO BECTUCh C YUETOM KMHEMATUYECKUX XAPAKTEPUCTUK 3IaHUI B COOT-
HOIIICHUH C BO3MO>KHBIMU TTapaMeTpaMu KoJieOaHUW TPYHTOB.
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AHHOTALUA

IIpeamer wuccaexoBanusi: paboTa TOCBAILIEHA WHTErPAllUd  TEXHOJIOTHMA
HMCKYCCTBEHHOTO MHTEJUIEKTa W HH(QOpMauuoHHOro MozenupoBanus (BIM)
B ITPOCKTUPOBAHUE JICPEBSIHHBIX MEMOPHUAIBHBIX KOMIUICKCOB. B coBpemMeHHOM
APXUTEKTYPHOM TIPAKTUKE OTCYTCTBYET €JWHAs METOJO0JIOTHs, OObEIUHSIONIAs
TeHEpalMI0 KOHIICTIINKM, TapaMeTpHU3allMi0 W BHU3yaJIU3alldi0, YTO MPUBOJIUT
K pa3pO3HEHHOCTH UHCTPYMEHTOB U POCTY TPY/103aTpar.

Hemm: pa3paborath u anpoOUpPOBaThH METOAOJIOTHIO CKBO3HOTO IH(POBOro
MIPOEKTUPOBAHUSI  APXUTEKTYPHBIX OOBEKTOB M3 JIPEBECHHBI C MPUMEHEHUEM
reHEpaTUBHBIX HEMpOCeTeH, MapaMeTPUUECKOro MOJICTUPOBAHUS M aBTOMATU3UPOBAHHOMN
BU3yaJTM3AIIHH.

Marepuajibl M MeTOAbI: HCMOJB30BaHbl AudPy3uonHbie Mojaenu Stable
Diffusion XL wu Midjourney myisi reHepanuu KOHUEMIMM, MapaMeTpUYECcKoe
mozenupoBanue B cpene ArchiCAD ¢ npumenenuem Python API u GDL, a taxxke
Bm3yanuzarusi  uepe3 ControlNet. DkcrepuMeHT BBIMOJHEH Ha  MpUMEpPE
MIPOEKTUPOBAHUS JEPEBIHHOTO MEMOPHUATBLHOTO MaBUILOHA.

Pe3yabrarbl: pa3paboraH 1udpoBOW mpouecc, OOBEAUHSIONIUMN  ATaIlbl
KOHIICTITYaJIM3alliy, TapaMeTpu3aliil U BHU3yalu3aluu. Tpyno3arpaTsl CHUKEHBI
Ha 80—85 %, mpou3BOAUTENLHOCTh yBelnueHa B 17-23 pa3za, Bpemsi BU3yalU3aIlUH
cokpareHo B 3.6—4,6 pa3sa.

BbiBoAbI: MeETOMONOTHS  TOBBIMAET dA(PPEKTUBHOCTP W YCTOMYHBOCTH
APXUTEKTYPHOTO MPOEKTUPOBAHUS, COXPAHSS XYyI0XKECTBEHHYIO BBIPA3UTEIIBHOCTD
o0bekToB. [lomyueHHble pe3yldbTaThl NPUMEHUMBI TMPU  CO3JIAaHUU  MaJbIX
aApPXUTEKTYPHBIX (DOPM, BHICTABOYHBIX U MEMOPHAIBHBIX COOPY>KEHUM U3 JPEBECUHBI,
a Takxke 11 PopMUpPOBaHUS OTKPBITEIX OMOIHOTeK BIM-KOMITIOHEHTOB.

Beenenue

CoBpeMeHHass  apXUTEKTYpHO-CTPOUTENbHAs ~ OTpacib  XapaKTepusyeTcs
MHTErpalne TeXHONOrui uckyccrBeHHoro uHtemekra (M) u undpopmannonuoro
MoaenupoBanus 3nanuii (BIM) [1], uto oOecrneunBaeT mepexo] K aJalTUBHBIM
u(pPOBBIM METOAM MPOECKTHUPOBaHUS. B apXuTekType MEMOpHUAIbHBIX KOMILJIEKCOB
U3 JIPEBECUHBI JIaHHOE HalpaBlIeHHE HMMeEeT 0c000e 3HAYeHHE: TaKhue OOBEKTHI
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TpeOyroT OajlaHca MEXJy KOHCTPYKTHBHOW PallMOHATbHOCTBIO, BHIPA3UTEIHLHOCTHIO
dopmbl U cuMmBoOIMUYeCKUM coaepxanueM [2, 3]. Llenb ucciaenoBanus — pa3paboTka
U anpoOalsi METOJOJOTUH CKBO3HOTO MMPOEKTUPOBAHMSI MAJIBIX aPXUTEKTYPHBIX
dbopM MeMOpHaAIbHOTO Ha3HAYEHHS C MCIIOJIb30BAHMEM T€HEpaTUBHBIX HEMpoceTel,
napametrpuueckoro BIM u aproMaTu3npoBaHHON Bu3yanu3amuu [4].

MarepuaJibl 1 METOIbI

OOBEKTOM HCCIEAOBAHUS SBISUICS ITPOEKT JAEPEBIHHOIO MEMOPHAIBHOIO KOM-
TieKca, pazpaboranHblii A tepputopun napka Cankrt-IlerepOyprckoro rocynap-
CTBEHHOT'O JIECOTEXHUYECKOTO yHHMBepcuTeTa. KoMmmo3uius BKItOYaeT apoyHO-Kap-
KacHyI0 OeceKy JuaMeTpoM 9,5 M U MATHIY4YeBYIO (DEPMEHHYIO KOHCTPYKIIUIO C BbI-
CTaBOYHBIMHM HUIIaMHU. Llenb skcmepuMeHTa cocTosuia B TpoBepke 3(PPeKTUBHOCTU
MHTETPUPOBAHHON METOAOJIOTUU MPOEKTUPOBAHUS, OOBEAMHSIONIEH T€HEpPaTHUBHBIN
MCKYCCTBEHHBI MHTEIUIEKT, IapaMeTpudyeckoe moaennposanue B cpeae BIM u aB-
TOMATU3UPOBAHHYIO BU3yalIM3allMi0 HA OCHOBE HeWpocerteil. MccienoBanue BbIMOJ-
HEHO B TPU IMOCJIEIOBATEIbHBIX HTaNa.

Ha nepBoMm sramne wucnonb3oBanuck nuddysunonnsie monenu Stable Diffusion
XL 1.0 u Midjourney 6.0 [5, 6, 7]. Cpeansis 1ivHa TEKCTOBOTO MIPOMIITa COCTABIISIIA
150-200 cnoB (aHTIMHACKHINA SI3BIK), CPEHEE BPEeMs T€HEpalli OJHOTO BapuaHTa —
5,1 munyThl. 3a 3,5 yaca O6buI0 co3gaHo 40 KOHILENTYalbHBIX pelIeHu, yTo B 17—
23 paza ObICTpee PyYHOI'0 3CKU3UPOBAHUA. DKCIIEpTHAsI OLIEHKA COOTBETCTBUSI BU3Y-
aJIbHOTO pe3yJibTaTa aBTOPCKOMY 3ambicity coctaBuia 8,9/10, uto Ha 67 % BbIIIe Ka-
YeCcTBa T'eHEepalliy MPU KPaTKUX MPOMIITaX.

Bropoii stan BemosnHsiica B cpeae Graphisoft ArchiCAD 27 ¢ npumeHeHuem
Python API u s3bika onucanust reometpun GDL. beimu pa3paboTanbl M0Ib30BaATENb-
CKHE TapaMeTpuIecKre 00BbeKTHI ¢ ypoBHeM netanm3anuu LOD 350 [5, 8, 9]. Mo-
nenb BKIouana 247 apounsix M 184 ¢epmenHsix anemeHToB. [IpoBepka Hecyiei
CIIOCOOHOCTH KOHCTPYKLMH IMPOBOAMJIACH aBTOMAaTUYECKH udepe3 CKpunThl Python
API 3a 38 cekyna. Kosddurnument wucnonb3oBanusi mpouHoctu cocraBui 0,33
it apouHoi cucteMsbl U 0,27 mist pepmMeHHoM npu pacuetHoil Harpyske 0,3 kH/M.

Ha 3akirouuTensHOM 3Tare ocCymiecTBIsUics 3KkcnopT moxaenu u3 ArchiCAD
B Blender 4.0 (popmar FBX), mociie yero mpumensuiack moctoopaboTtka B Stable
Diffusion XL ¢ momynem ControlNet [4, 10]. Cpennsisi omeHka BH3yaJIbHOI'O Kaue-
CTBa coctaBuia 8,4 0aiia, YTO COMOCTABUMO C TPAAUIIMOHHBIMU peHaepamu (V-Ray,
Corona) npu cpeaHeM Mokasarene 8,7. Bpems Busyanuzaiuu cokparieHo B 3,6—4,6
paza. OntuMmanbHbBIe TIapameTpbl TeHeparuu: denoising strength — 0,6-0,7 (pucy-
Hok 1); guidance scale — 9-11 (pucyHoxk 2).

Pe3yabTaTsl Hcc/ie10BaAHNUS

AHanu3 mokasaj, 4To NPUMEHEHHE I'eHEepaTUBHBIX HelpoceTel M mapameTpuye-
CKOTO MOJIETUPOBaHUSl 00ECIEUMBAET CYLIECTBEHHYIO ONTHUMM3AIMIO MPOEKTHOIO
npoitiecca [11]. Tlo cpaBHeHUIO C pydyHBIM U MUGPOBBIM ICKU3UPOBAHUEM TPYI03a-
TpaThl cokpaTwirch Ha 80—85 %, a mpon3BOAUTENBHOCTD YBEIUUMIACh B 17-23 pa3sa.

Tab6auua 1 — CpaBHuTenbHast TabIMIIA TPOU3BOIUTEILHOCTH

Meron Koa-Bo Bpems. 4 Bpems KauecTBO
BApHMAHTOB Ha 1 BapUaHT. 4 (0aIBI)
PyuHoe 3cku3upoBaHue 3-5 72-120 24-32 8,9
[udpoBoe rcku3npoBaHue 5-8 48-80 9,6-13,3 8,6
Stable Diffusion 40 3,47 0,087 8,1
Midjourney 40 3,28 0,082 8,4
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Pucynok 1 — Buusnue napamempa denoising strength na kauecmeo susyanuzayuu
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Pucynok 2 — Brusnue napamempa guidance scale na xauecmeo uzyanuzayuu

CpenHsst 3KCIEepTHAsl OLIEHKAa BH3YyaJlbHOTO KadyecTBa IOKa3aja MUHUMAIbHYIO
paznuity (mo 0,3 Oamna) Mexay pe3yibTaTaMH, MOJTYYEHHBIMH TPATUIIUOHHBIM
Y HEMPOCETEBBIM METOJIaMH, YTO MOATBEPKIAET BO3MOKHOCTh HMCHoiab3oBanus MU
JUTsl pUHATBHON BU3yalu3aliuu 0e3 MoTepu XyA0>KECTBEHHOTO YPOBHS.

ABTOMaTH3allMsl MHXKEHEPHOTO aHalK3a MO3BOJIMIIA COKPATUTh BpeMs pacueTa He-
cyuieit cnoco6HocT A0 38 cekyH1, DKOHOMHYECKUH A3(PHEKT BHEAPEHUS METOAO0IOTHH
olleHMBaeTcs B nuanazone 6,66—13,28 muH pyosieit B roa npu noprdene 15-20 oObek-
ToB. Cpok okyrnaemMoctu uaBectuuii — ot 0,8 1o 1,6 mecsua.

[Toy4yeHHbIe pe3yabTaThl MOATBEPKIAIOT TUIIOTE3Y O IEIecCO00pPa3sHOCTH 00b-
€IMHEHUS] TEHEPATUBHBIX U MapaMETPUUYECKUX TEXHOJOTUW B €IUHBIA apXHUTEKTyp-
HBIN TMpoliecc, o0eceunBaONINi 0agaHC MEXAY CKOPOCThIO, TOUHOCThIO M ACTETH-
YECKUM KaueCTBOM ITPOCKTUPOBAHMUS.
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BriBoabI

Pazpabotana u sKCEpUMEHTAILHO MOATBEPIKIECHA METOJI0JIOTHS UHTEIPUPOBAH-
HOTO apXUTEKTYPHOr'O MPOCKTUPOBAHMS, BKIIIOYAIOIIAs TPU B3aUMOCBSI3aHHBIX OJ10-
Ka: TEHEPATHUBHBIM HMCKYCCTBCHHBIM HWHTEJUIEKT, Mapamerpuyeckoe BIM-mopnenu-
pPOBaHKE U AaBTOMATU3UPOBAHHYIO HEUPOCETEBYIO BU3YATH3ALIHIO.

Metononorusi 06ecrieyuBaeT BO3MOKHOCTD: YBEJIMUUTh TPOU3BOUTEILHOCTh HA
JTame KOHIeNTyanu3zanmuu B 17-23 pas3a, COKpaTUTh BpeMs BuU3yaiau3anud B 3,6—
4,6 paza, cHU3UTh oOmme Tpyao3arpatel Ha 80—85 %, MOBBHICUTH IKOHOMHUYECKYIO
3 PEKTUBHOCTH BHEAPECHUS C OKYIIAaeMOCTbIO MEHEE JIByX MECSIIEB.

[IpakTUUecKas 3HAUUMOCTb PE3YIbTATOB 3aKII0YACTCA B BOBMOKHOCTH ITPUMEHE-
HUS pa3pabOTaHHOIO MOAXOAa Il MPOCKTUPOBAHUS JACPEBIHHBIX MaBUILOHOB, Me-
MOpPHAJIBHBIX M BBICTABOYHBIX COOPYKEHHI, a TakKe B pa3pabOTKe OTKPBITHIX OMO-
muotek GDL-komnonentoB st BIM-cpen [9]. IlepcnexkTtuBoii JaabHEHIIMX HCCIIE-
JIOBAHUM SIBJIAETCSA BKJIIOUCHHE SKOJIOTMUYECKHX MapaMEeTpPOB B aJrOPUTMBI I'€Hepa-
M, a TaKXe ajanTtanys METOJOJIOTUM JJIsi KOMIUIEKCHBIX MPUPOIHO-aPXUTEKTYP-
HBIX aHcaMOJIeH U CPeIOBBIX 0OBEKTOB.
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ONBIT NPOEKTUPOBAHUS HMCKYCCTBEHHBIX OCHOBAaHMM METOJAMH WHTEHCHUBHOTO
YAQPHOTO YIUIOTHEHHS MOKAa3bIBAECT, YTO MOBBIILICHHE 3KOHOMHYHOCTH IMPHUHSATHIX pe-
IICHUH, CHIDKEHUE TPYIOEMKOCTH TIPU UX YCTPOMCTBE MOXKET OBITh IOCTUTHYTO Kak 3a
CYET COBEPLICHCTBOBAHMSI KOHCTPYKTUBHBIX, TaK W TEXHOJOTMYECKHUX I1apaMeTpoOB,
OTIPENEISIIOINX BBHIOpaHHYIO TexHOJOrHi0. [IpaBuiibHO BBIOpaHHBIE KOHCTPYKTHBHO-
TEXHOJIOTMYECKHUE TTapaMeTPhI MO3BOJIIOT ITOJYYUTh KAUECTBEHHOE OCHOBAHUE IIPU MU-
HUMaJIbHBIX SHEprosarparax mjs JIIOObIX WHKEHEPHO-TEOJIOIMUECKUX YCJIOBHM,
a clieIoBaTeIbHO, CHU3UTh CPOKU CTPOUTENILCTBA U CTOUMOCTD padoT [1].

B oOmiem cnyuae 3aa4a nporHo3a 3G(QeKTUBHOCTH YIJIOTHEHUSI COCTOUT B yCTa-
HOBJICHUM 3aBMCUMOCTH I'yOuHBI yrulotHeHus (H,, ) 1o TpeOyemoi mioTHoOCTH Cy-

Xoro rpyHTa ( 0, ) TIpH 3aaHHO# obecreyenHoctH (%) oT mapamMeTpoB YIIOTHE-
Hus (Maccel (m ) U pamuyca ( R, ) TpamOoBku, ckopoctu yaapa (V;), urcia yaapos (

n) MO IJIOIIAAH (S) TIPU M3BECTHOI MOCTOSHHON MCXOMHON IIIOTHOCTH ( O ) TPYyHTa
U €ro BJIAXHOCTH (W), T. €.

H,, = (P00 MR, V,N,S). €

Haunbosnee mMPOKO pacIpoCTpaHEHHOM Juis ompeneneHus H - sBiaserca mero-

JIMKa TEPMOJUHAMUKH IS Cy4asi paclipOCTPAHEHHUs yJapHBIX BOJH B TPYHTE, Kak
YOPYTOIUIACTUYHOM CpeJie, W TS ClTydasi aCHMMETPUYHOTO yapa Mo TPyHTY pacyeT-
Has popmysa umeet Bu [2]:

H, =k-(M-g-H)- x>, (2)
r7e M , — KOHCTAHThI, XapaKTePU3YIOIINe XapaKTEPUCTUKH YIIOTHSEMBIX TPYHTOB,
OTIPENEISIEMBIX IMIUPUUECKUM METOJIOM; M — Macca TpaMOOBKH, T; H — BBICOTa
cOpachIBaHUs, M; g — YCKOPEHHE CBOOOHOTO MaJeHMUs, M/C.

B 3aBrCHUMOCTH OT 0COOCHHOCTEH TEXHOJIOTHH YIJIOTHCHHS U WHKEHEPHO-TE0JI0-

THYCCKHUX yCJIOBI/IfI 30HbI YIINIOTHCHHUA HA IPAKTHUKC BBIIIOJHAIOTCA IIO CICAYIOIIUM
3aBUCHUMOCTSIM:

— DHeprus ymapa — Hyn =a,‘fM -g-H;

— T0 AuameTpy paboueii mosepxHocTH TpamboBku — H  =k-d, ;
a7t

— IO YAEILHOMY MMITYIIbCY TPaMOOBKM — H  =1.1-B  -—-|1-¢ GR

BHE
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12
o M O, to, VZ
— 10 CKOPOCTH yIapHOU BOJHBI — H = ——-| 14| ———— ,
’ pmax : A O-e

rae d,, — qMameTp TpaMOOBKH, M; ¢ — SMIMPUYECKUM KOI(P(OUIUEHT N3MEHIOIMI-

csa B mpeaenax 0,45 <4< 1,0; k — IMIOUPUIECKUN KOADPUIIUEHT HU3MEHSIOIIUICS
B npeaenax 1,2 < k < 1,55; B,,, — MHHMMaJbHBIA pa3Mep TPaMOOBKH B ILIaHE, M;
| ¥ i) — COOTBETCTBEHHO, Npe/leNbHbINA HMITYJIbC TPAMOOBKH H TIpeIeTbHbIN y/eNbHBbIH

uviynse; W i W, — COOTBETCTBEHHO ©CTECTBEHHAS M ONTHMAIBHAS BIAKHOCTD
rpyHTa, %; A — IUIOMIAAb TPAMOOBKH, M, O, — BEPTHKATIBHOE HANPSIKEHUE Ha Ipe-
nere ynpyroctd, KI1a; P, — MaKCHMANbHAs BO3MOXHAs IUIOTHOCTh PYHTA, T/M>; |,
— CKOPOCTb yJapHOU BOIHBI, M\C; & ; — KO3(h(PUIMEHT TUHAMUYHOCTH.

AHanu3 BbIIETIPUBEICHHBIX POTHO3HBIX 3aBUCUMOCTH YETKO ONpENEeT HATMUUE
CBSI3M KOHCTPYKTHBHO-TEXHOJIOTMYECKUX MapaMeTpoOB TPaMOOBKM W OCOOEHHOCTEH
npoliecca YIJIOTHEHUS U TPYHTOBBIX YCJIOBUM YIUIOTHSIEMOIo Maccuaa [3].

JIyis BBISBICHHUS ATHX CBSI3€ HAMH MO MMEIOIIUMCST SKCIIEPUMEHTAIBHBIM JaH-
HBbIM OBLIM MOCTPOEHBI rpaKU CBA3M TIIyOUH 3(P(EKTUBHOTO YIUIOTHEHUS B 3aBH-
CUMOCTH OT KOHCTPYKTHMBHO-TEXHOJOIMUYECKHX MapaMeTpOB U IPYHTOBBIX YCIOBUM
VIUIOTHSEMOI'O MacCUBa M OMNPEIETIEHbl COOTBETCTBYIOIINE PACUETHHIE 3aBUCUMOCTH.
Koaddurment xoppensiuu no BceM mnapamerpam u ycioBusim 6onee 0,97, uto mos-
BOJISIET OTMETHUTH JJOCTOBEPHOCTH CBS3EM.

AHanu3 rpaMKoB CBSI3M MO3BOJIMJI MTOCTPOUTH TUCTOrpamMMmy (PUCYHOK 1) Bius-
HUSl aHAJU3UPYEMBIX MMapaMEeTpOB U YCIOBHI, OoNpenessomyo 3pPeKTUBHYIO IIIy-
OMHY 30HBI YIIJIOTHEHUS

A

Hw=c.[M'VoJ.J;, 3)

rie  — mapamerp 4yBCTBUTEIBHOCTH IPYHTA K JHHAMUYECKOMY BO3CHCTBHIO
1 8 ﬂ0'04 el,93
,0- €,
p0,56 . M 03, P0,53

C=

Ai, %j
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A MOOYNb 00beMHOU Oehopmayuu; , — ecmecmeeHHas NIOMHOCMb, M — Macca mpamOO6Ku;
i — Kkooppuyuenm Ilyaccona; By — dasnenue npedsapumensioil kornconudayuu 0o yniommenus;

€ — HayanvHvll KOIPhuyuenm nopucmocmu

Pucynox 1 — I'ucmoepamma 61usiHus napamempos u ycioeuil Ha 21youry 2¢gekmusnozo
VIJIOMHEHUs
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Ha ocHOBaHWYM SKCTIEPUMEHTAILHBIX M IPOTHO3HBIX JAHHBIX COCTABJIEHA CBOIHAS
Tabimia Hanboyiee palMOHANBHBIX B3aMMO3aBUCHUMOCTEH TIyOWMHBI YIUIOTHEHUS
TPYHTOBBIX MAacCHBOB OT KOHCTPYKTHBHO-TEXHOJIOTHYECKHX MMapaMEeTpOB U TPYHTO-
BBIX yclIOBUM (Tabauna 1).

Ta6auna 1 — B3auMocBsi3u ¢ KOHCTPYKTUBHO-TEXHOJIOTHYECKUMU MTapaMeTpaMH U TPYHTOBBIX
YCJIOBUM

q ToumuHa yIIoTHAEMOro
Ne | Macch AmaMetp | Byicora neno [y6una cmos. Ho m
Ne TpaM6OBKI/I TpaM6OBKH1 C6poca yAapos 1o OTIICYaTKa, ! yn»
w/n M T ’ d o . " | onHomy h  u [uap- [Tecuanbie
’ mp ’ cueny, n omn? CTBIE TPYHTBI
1 |2 3 4 5 6 7 8
1 10 2,5 no 1,2 6-8 12-14 10 2,0 1o 2,0 1o 2,2
2 |25-35 1,2-1,6 6-8 12-14 2,0-2,5 2,0-2,5 2,2-2,5
3 3555 1,6-1,8 6-8 12-14 2,5-3,0 2,5-3,0 2,5-3,5
4 |556,5 1,8-2,0 6-8 12-14 3,045 3,045 3,548
5 |6,5-10 2,0-2,4 8-10 10-12 4,5-6,0 4,5-6,0 4,8-6,9
6 |10,0-15,0 2,4-3,5 8-10 8-10 > 6,0 > 6,0 >7,0
3akir0ueHue

[Ipou3BOABHBIA BBIOOP KOHCTPYKTHUBHBIX MapaMeTpPOB TSXKEIbIX TPaMOOBOK,
OTCYTCTBHUE Y4YE€Ta TEXHOJIOTHYECKUX OCOOEHHOCTEN U 3aKOHOMEPHOCTU TUHAMHUKHU
YILUIOTHEHHUs] TPYHTOB HE MO3BOJIAIOT 3a4acTyO AOCTUYbL OJHOPOAHOCTH YIUJIOTH €-
HUA U TpeOyeMbIX AehOpMaAlMOHHBIX XapaKTEPUCTUK YIUIOTHAEMOTO I'PYHTOBOTO
OCHOBAaHUS.

TpyIHOCTH TOCTOBEPHOM OLEHKH KOHTPOJIbHBIX 3HAYEHHM NMPOYHOCTHBIX XapaK-
TEPUCTUK TPYHTOB W TIyOWHBI YIUIOTHEHUS, HE Npuleras K aHaiu3y W3MEHEHUs
HaNpsHKEHHO-e(hOPMAIIMOHHOTO COCTOSIHUSL TPYHTOBOTO MaccHBa, 3a4acTylo HE T03-
BOJISIFOT OCYILIECTBUTH ONEPATUBHYIO KOPPEKTUPOBKY TEXHOJIOTMYECKUX I1APAMETPOB
Ha CTaJ1H MPOU3BOJICTBA PabOT
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AHHOTALUA

B COBpEMEHHOM CTPOMUTENBLCTBE NPU NMPOCKTUPOBAHUM JKUJIBIX JIOMOB KapKAaCHOIO
TUIA TPeOYyeTCs] SKOHOMHUSI CTPOUTEIBHBIX MATEPUAIOB U YMEHBUIEHUE COOCTBEHHOIO
BECAa BO3BOJUMBIX W3 HUX KOHCTPYKLHH, YEr0 MOYKHO JOCTUTHYTh MPUMEHEHUEM
JerkuXx OETOHOB M TPOYHBIX KAMEHHBIX KJIaJOK Majol IUIOTHOCTH. OmHOMN
U3 CYIIECTBEHHBIX MpoOIeM TMpu pacueTe U NPOEKTHPOBAHUU SKUJIBIX JOMOB
CO CTEHaMM W3 KAMEHHOM KIIAQJKU SIBISETCS €€ WIHOPUPOBAaHUE IIPU CO3JaHHUU
pacueTHbIX Mojenel B nporpaMMHbIX komiuiekcax CAIIP. B maHHOM citydae Kiajka
paccMarpuBaeTCsl KaK paclpeiesieHHass Harpys3ka, a Hecylllasg CHOCOOHOCTb KIIAJKU
HE YYUTHIBACTCA. B NEMCTBUTEIBHOCTH CTEHBI IIOABEPTAOTCS BO3IEHCTBUIO HArPy30K,
OCOOEHHO BETPOBBIX, IPH BBICOTHOM CTPOUTEIBCTBE, YTO MOXKET IPHUBOAUTH
K [IEpEHAINpPSHKEHUIO KIaIKU U 00pa30BaHUIO B HEW TPEIIMH, a MHOTIA K 00JIee TAKKUM
ITOCJIEZICTBUSIM.

B pabote onmchIBaeTcs CO3JaHUE PACUETHOM MOJEIH SKHJIOTO 3/1aHUSI KAPKACHOIO
THUIA U3 KepaM3UTOOETOHA C Y4eTOM pabOThl KAMEHHOH KJaaku. Mozens mpeacTaBiseT
cO0O0H YacTh BHICOTHOTO 3/1aHUS C YETHIPbMS BAPHAHTAMU PACTIOIOKEHUS KOJIOHH.

IIpenmer wucciaenoBaHusi: pacyer W aHanu3 3D Moxmenum XKuioro oObeKTa
C Y4ETOM pabOThl KAMEHHOM KJIaJIKU U €€ BIUSHUS Ha KapKac 3/1aHusl ¢ IPUMEHEHUEM
COBPEMEHHBIX IPOrPAMMHBIX KOMILJIEKCOB.

Henan: ananu3 paOoTbl M BIUSHUA HA KapkKac 3[aHHs BKJIIOYEHHUS B pabOTy
KaMEHHOMW KJIaJIKH B 3aBUCUMOCTH OT KOHCTPYKTHBHBIX [1apaMETPOB.

MarepuaJjibl 1 METOAbI: METOJ] KOMIIBIOTEPHOTO MOJEIHPOBAHUS.

Pe3yabTaThl: paccuMTaHbl U IpOaHAIU3UPOBaHbl pa3nuuHbie 3D-Moxenu sxunoro
JIOMa, U3y4YEHbl NMPUHLMIBI 33JaHHUSI TPOYHOCTHBIX M MEXAHUYECKHX XapaKTEPUCTHUK
KAMEHHOM KJIQJKH, & TaK’K€ BBIBEJICHBI U30I0JISI CTEH TJIaBHBIX U KacaTeJIbHbIX HAIps-
KEHUH B y3J1aX TOBEPXHOCTEN NIPH Pa3IMYHBIX KOHCTPYKTUBHBIX PEIICHUSX.

BbIBOABI: 110 MOTYYEHHBIM M30II0JISIM ITIaBHBIX M KAacaTeIbHbIX HANPSKEHUN MpU
pacueTre MoJeJell ¢ pa3HbIM IIAaroM KOJOHH B 3[JaHUU MOXHO OIIEHUThH BKJIIOUECHHE
KaMEHHOM KJIaJku B paboTy Kapkaca, Kako€ COOTHOUIEHHE pa3MepoB sUEHKU
(paccTostHUST MEXly KOJIOHHAMHU K BBICOTE 3Ta)ka) HauOosiee ONTHMAalbHO, a TaKXKe
YTOYHEHUE BEJIMYMHBI «CLETUICHUS KAMEHHOTO 3allOJHEHUS U KapKaca MpH 3aJaHuu
ITOBEPXHOCTEN KaK CTEHOBOTO 3aIIOJIHEHUS B IPOIPAMMHBIX KOMITJIEKCAX.

BBenenne

B MHOrosTa)XHbIX KapKaCHbIX 3[aHUSAX HA YPOBHE KaXJIOIO 3Ta)ka BCE 4Yallle
3allOJIHEHUEM HAPYKHBIX CTE€H BBICTYNAIOT KaMEHHbIE Marepualibl. B kiaake
MOJT ICHCTBUEM OJHOW W3 OMNPENESISAIONUX Harpy30K — COOCTBEHHBIM BECOM
3aroJHeHUs U OOJIMIIOBKH BBICOTOM BCETO B OJMH ATaXK BbI3bIBaeTCs cxkarue. Jpyroi
Harpy3KoW, BBI3BIBAIOIICH HAMPSHKEHWS B KaAMEHHOM 3allOJIHEHUM KapKaCHBIX CTEH,
SABJISICTCS TOPU30OHTAJIbHASL BETpPOBas Harpyska. [Ipexzae Bcero ormerum, 4to BETEP
3acTaBisieT paboTarTh KIaJKy U3 INIOCKOCTH CTEH.
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CMopenupyeM 4YacTh BBICOTHOTO JOMa (BBIAEIMM TpHU JTaxa) C KapKacom
U3 KepaM3UTOOETOHA M OMNpeleJIEHHBIM 00pa3oM pa3MECTUM HECYIIUe KOJOHHBI
BOJIb JUIMHHON CTOPOHBI 3[JaHUS C IIIarOM, KPaTHBIM BBICOTE 3Taxka (CM. PUCYHOK 1).

Pucynok 1 — Ilpumep cosmeweHHol anarumu4eckou u paciemuoi Mooenu

B nanHOM ciydae mosydaem 4eThIpe BapHaHTa COOTHOIIIEHHS Iara K BBICOTE
sraxa: 1:0,5, 1:1, 1:2 u 1:3 (cM. puCyHOK 2).

Pucynok 2 — Pacuemnvle mooenu ¢ pasHvim uia2om Konouu (1,5 m, 3 m, 6 m, 9 m)

BoicoTy aTaxa (rmon — non) npuHumaeM paBHo# 3,30 m. TonmuHa nepexkpbITHIA
coctaisieT 200 MmM. TonmuHy KJIagku MPUHUMAEM MO MIMPUHE KaMEHHBIX OJIOKOB
380 mM. B pacuerHol Mozmenu npeHeOperaeM CMEIEHWEM LEHTPaJbHBIX OCeU CTEH
Y KOJIOHH BBUJY €TI0 HE3HAUYUTEIbHOCTH.

Knacc kepamsutoberona mnpuHsaT paBHeiM LC  30/33. Mexanuueckue
XApaKTEPUCTUKN KEpaM3UTOOETOHA U KEPaMUYECKOrO KaMHS MPEACTABICHbI HUXKE
BTabmume 1. Pacder u aHanu3 mNpOBOOUTCS JUIA  37aHUS € KapKacoMm
U3 KepaM3UTOOETOHa, Kak 0ojiee JIETKOro M TakKoro e MPOYHOTO IO CPaBHEHUIO
C TSDKEJIBIM OETOHOM.

OCHOBHBIMHM Harpy3kamMu B MOJIENH SIBISIFOTCSI COOCTBEHHBIN BEC Kapkaca U BEC
KaMEHHBIX CTeH, (pyHKIMOHanbHas Harpy3ka — 150 kr/m?, BeTpoBas W CHETOBas
Harpy3ka. CHer u BeTep pacCUMTHIBAEM JIJIi MECTHOCTHU I'. MUHCKa, TPUYEM BETPOBOE
JaBjleHUe MPUKIaAbIBaeM MO pacyeTy s 7-9 staxka. Bce HOpMaTHBHBIE HArpy3Ku
JOTIOJIHUTENIBHO ~ yMHOXKaeM  Ha  koddduimeHTsl  0€30MacHOCTH  COIVIACHO
CTpouTenbHBIM HOpMaM PecnyOnmuku benapycs. Jlanee cocTaBisieM HECKOIBKO
COUYETAaHWH B 3aBUCUMOCTHU OT HAMPABJICHUS BETPa C YMHOXKEHHUEM Ha KOd(DPHUITMEHTHI
COYETAaHUM COITIACHO HOPMaM.
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Tabauna 1 — XapakTepucTUKN MPUMEHIEMOT0 KepaM3uTOOETOHA M KepaMOKaMHsI

[Toka3zarenp 3HaueHue
Jlerkuii 6eton LC 30/33
Monyns ynpyroctu E. MIla 17000
Monayns cipura G. MIla 7080
Koadpdunuent [lyaccona 0.20
CpenHsis IIOTHOCTh. KI/M? 1750
Koadd. Temn. pacmpenus 0,000010
ITopu3oBaHHBIN KEPAMOKAMEHB
Monyns ynpyroctu E. MIla 8500
Monyns casura G. Mlla 3456
Koagpounuent Ilyaccona 0.23
CpenHsisi INIOTHOCT. KT/M? 900
Koadd. Temn. pacmpenus 0,000005

[Ipy co3gaHWM TOBEPXHOCTEM HAPYKHBIX CTEH MEXAY KOJIOHHAMU HYXHO
VUUTHIBATh JKECTKOCTh COCAMHEHMS. MOXKHO CO3[aTh JKECTKOE€ COEAMHEHUE
WM [IAPHUPHOE, TEM HE MEHee, B JICUCTBUTEIBHOCTU COCOUHEHUE SBISETCS
MOJTY’KECTKUM, KOTOPOE TAK)KE€ MOYKHO 3a/1aTh YMCJICHHO B mporpamme. [[ns cpaBHeHuUs
YEeTHIPEX CXEM B JAHHOM CJIy4a€ OrPaHUYUMCS >KECTKHUM COCIUHEHHUEM M TMOKaXKEM
pasHuIly B pabOTe Ha AMIOpaxX IIaBHBIX U KaCaTEJIbHBIX HAPSKEHUH.

[enpio manHOM paOOTHI ABIAETCS aHAIM3 BIUSHUA HA KapKac KaMEHHOW KIIaJKU
U €r0 CPaBHEHHE B Pa3HBIX PACUETHBIX MOJEIISIX, U3yYEHUE KOPPEKTHOTO 3aJIaHHUs
MIPOYHOCTHBIX U MEXAaHUYECKUX XapPAKTEPUCTHUK KJIAJIKU B MPOTPAMMHBIX KOMIIJIEK-
cax.
00630p anTepaTypsl
VYcnoBust paboThl KJIAJKU B CTEHAX KapKAaCHBIX 3[JaHUM paccMaTpUBAET B CBOEH
kHure C. IlonskoB, TOBOpPS O TOM, 4YTO HApYyKHBIE CTEHbI MOTYT paboTaTh
13 TUIOCKOCTH CTEH MPHU MPUII0KEHUH TOPU30HTAIBLHOIO BETPOBOIO JIaBiicHUs. B 3ToM
ciydae paboTa 3amoJIHEHUS MOXET ObITh ymomobieHa paboTe  CIUIONIHOU
WJIU C TPOEMaMU  TUIACTUHKU, OMEPTOM IO 4YEeThIpEeM CTOpOHaM, C pa3Mepami,
PaBHBIMHM BBICOTE 3Ta)¥a M PACCTOSTHUIO MEXIY CMEXHBIMU KOJOHHAMHU KapKaca.
Tem He MeHee, Korza 3aMoHEHUE M0 KAaKUM-JTMOO0 MPUYMHAM UMEET 3HAYUTEIbHYIO
IIMPUHY, HAPUMEDP B OTAINIMBAEMBIX 3[JaHUSX, HAMIPSHKEHUSI, BOZHUKAIOIINUE B KJIAJIKE
npu paboTre W3 IUIOCKOCTH, HE3HAYUTEIbHBI U, TaKkKe KaKk M HampsHKeHUs
OT COOCTBEHHOTO BECa, HE BBI3BIBAIOT OMACCHUS B MPOYHOCTH KJIaaku [1].

MarepuaJbl 1 METOABI

MeTonbl — METOJ] KOMITBIOTEPHOTO MOJICIMPOBAHUS B MPOTPAMMHBIX KOMILIEKCAX
CAIIP.

Pe3yabTarhl nccjieoBaHus

[locne pacyera Bcex MOAENEN MO OAHOMY M3 COYETAHUN HArpy30K C MPUCYTCTBUEM
OJTHOTO U3 JBYX BapUAHTOB JACHCTBUS BETpa, HAOIIOIEM CIICAYIOIINE ITIOPHI.

AHanmoruyHbIM  00pa3oM B JajdbHEWIIEM MOXHO TIPOBECTH  PaCUeThI
[IPU HIAPHUPHOM U MOTY>KECTKOM COCTUHEHUH.

BoiBoabI

[Io monmydeHHBIM BIIOpaM [JIABHBIX HANPSDKEHUM IS CXEMbl HPHU KECTKOM
COCIMHEHHUE CTEH MOXKHO OIIEHUTH BKIIIOUYCHUE KAMEHHOM KJIaJIKi B paboTy Kapkaca.
[TonHOCTBIO KECTKOE, Kak | MIapHUPHOE, COEAMHEHHWE CTEH C KapKacom
HEJIOMYCTUMO, TI0OATOMY B JajbHEWIEM IS  ONpENeieHUs KECTKOCTHBIX
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XapaKTepUCTUK MPH 3aJIaHUU MOBEPXHOCTEN B MPOrpaMMHBIX KOMILUIEKCAX TpedyeTcs
MIPOU3BECTH PACUETHI I CXEM C IIAPHUPHBIM COSAMHEHNEM B Kaue€CTBE CPaBHEHHUS.
C KOHCTPYKTMBHOW TOYKH 3pEHUs, INpPU KOHCTPYHPOBAHUH IKEIE€300€TOHHBIX
ANIEMEHTOB KapKaca (KOJOHHBI M MepeKphITusi) cxembl 1 1 4 (1ar xojgoHH 1,5 M u 9 M)
HelenecooOpa3Hbpl U OyAyT MMETh HEOIPaBIaHHO OOJBIION Mepepacxoj] apMUpPOBAHUS
3a CYeT KOJIMYECTBA 3JIEMEHTOB (CXeMa C IaroM KoJOHH 1,5 M) uin OOJBIINX MPOJIETOB
MeXay KojJoHHamM (cxema ¢ maroM 9 m). IloaToMy naHHbIE CXeMBbI IPUBOISATCS TOJIBKO
JUIS CPAaBHEHUS PE3YJILTaTOB B caMoil Kiajke. Harbomnee onTuMabHbIM BapyaHT, Kak Jis
KaJIK{, TaK U JUIS JKeJIe300€TOHHOTO KapKaca 3TO 37JaHus € IIaroM KOJIOHH OT 3 710 6 M.

Pucynok 3 — Pezynomamsi no 21agHbIM HARPSHCEHUAM 8cex Mooenell 30aHull
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AHHOTALUA

IIpeamert. VccienoBanue MOCBSIIEHO MPUHIUAIAM OOECIIEYEHUS JOJITOBEYHOCTH
CUCTEM TEIUIOBOM peabunutanuu (acanoB. AKTyalbHOCTh 00yCIIOBIEHA TPOOIeMOn
MPEXKICBPEMEHHOM  JIeTpajalluid  KOHCTPYKLIMM  M3-3a  HEydeTra  KOMIUIEKCa
AKCIUTyaTallMOHHBIX HATPY30K, IPEKIE BCETO, TEMIIEPATYPHO-BIAXKHOCTHBIX.

Hesn. CucreMatn3upoBaTh KIIFOUEBBIE ACHEKThI MPOECKTUPOBAHUSA U ONPEAEINTD
obnmact  3¢h(GEKTUBHOTO TPUMEHEHUSI HaBeCHbIX BeHTWiIHpyembix (HBO)
u «Mokpbix» (pacagoB (ETICS) Ha ocHOBe aHanM3a MEXaHU3MOB JIeTPaIAIIUH.

Marepuansl U MeToAbl. VcciienoBaHne BBINOJHEHO METOIAMHU CPABHUTEIBHOTO
aHaim3a koHCcTpykumit HB®, crnouctoir kmankm u  ETICS ¢ npumenenuem
MIPUHITUIIOB CTPOUTEIHHOM TETUTO(U3UKH JJI OIEHKH BJIAYXHOCTHBIX PEKUMOB.

Pesyabrarbl. YcranosieHo, uro HB® sBistorcss yHuUBepcalibHBIM U Haubosee
HAJIC)KHBIM PEILICHUEM, TaK KaK UX KOHCTPYKIUS (PU3NUYECKU UCKIIIOUYAET HAKOIJICHUE
Brnaru. s cucrem ETICS nokazana nmpuHUMNUaIbHAsA BO3MOXKHOCTH JIOCTHIKEHUS
JOJITOBEYHOCTH, HO JIMIIb TIPU CTPOTOM COOJIOACHUM TPHUHIMIIA YBEIUYCHUS
MapONPOHUIIAEMOCTH CJIIOEB M BHICOKOM KadeCTBE MPOU3BOJICTBA paboT. PazpaboTansl
cnenuduyeckue pekomenaanuu: HB® — 1ist IpoOMBIIITIEHHBIX U CIIOXKHBIX 0ObEKTOB,

ETICS — nmmga MaccoBOro >KWJIMIIHOTO CTPOUTENBCTBA NPU YCJIOBUHU KECTKOTO
KOHTPOJISL TEXHOJIOTUH.
BriBoabl. Pesynbrarel  paboTHI UMEIOT  IPAKTUYECKYIO  LIEHHOCTH

JUTSI IPOEKTUPOBIIMKOB. Bricokasi croumocth HB® onpaBmana npns oObEeKTOB
C OBBIIIEHHBIMU HArpy3Kamu, a JUIsl TUIIOBOTO KWJIbSI SKOHOMUYECKH ONTHUMAIBHBIM
apnsgercss  BHeapenne ETICS mnpu  o0s3arenbHOM HOPMHUPOBAaHUM — KavuecTBa
MaTepuaoB U padoT.

BBenenue

[ToBbIIeHHE 3HEPreTHYECKON >P(HEKTUBHOCTH CYLIECTBYIOLIEro (POHIA 31aHMMA
ABJISIETCS OAHOM M3 MPUOPUTETHBIX 33]1ad B KOHTEKCTE YCTOMYMBOTO Pa3BUTHUS U pe-
cypcocoepexenus [1]. KiroueBbIM METOIOM €€ pelieHus BBICTYIAeT TEeIjioBas pea-
OmnUTaIUs OTPAXKIAIOIMIMX KOHCTPYKIMKA. OJHAKO Ha MPAKTHUKE IIMPOKO Pacrpo-
CTpaHeHa MpobsieMa MPEeXKIECBPEMEHHOM Aerpajallui TaKUX CHCTEM, MPUBOJSIIAS
K 3HAYUTEJbHBIM YKOHOMUYECKUM IMOTEPSIM U CHIKCHHIO DKCILTyaTallMOHHBIX XapaK-
Tepuctuk. Hayunast mpoOiemMa 3aKiro4aeTcsi B OTCYTCTBUU CHCTEMAaTH3UPOBAHHOTO
MO/IX0/1a K BBIOOPY M MPOCKTUPOBAHUIO CUCTEM YTEIUICHHUS, B MOJTHOW MEpEe yUUTHI-
BAIOIIEr0 MEXaHU3MbI UX JIETpajalliy IMOJi BO3ACHCTBUEM KOMIUIEKCA DKCILTyaTaIy-
OHHBIX HArpy30K, Cpeld KOTOPBIX JTOMHHHUPYIOIIYIO POJIb UTPAIOT TEMIIEPATypPHO-
BIIQKHOCTHBIC BO3/eUcTBUS [2]. Pemienune nanHOW mpoOjemMbl MMEET Ba)KHEHIIEe
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3HAYEHUE U1 Pa3BUTHUSL CTPOUTENBHON HAYKH U MPAKTUKH, TAK KaK IMO3BOJIUT MOBbI-
CUTh JIOJITOBEYHOCTh, HAJIEKHOCTh U SKOHOMUYECKYIO 3(P(HEKTUBHOCTH MEPOTIPUATUN
10 SHEPTOCOEPEIKEHUIO.

0030p JMTEpaTypHI

[IpoBeneHHBIN aHAIU3 MOCIEIHUX UCCIEN0BAaHUN MOKA3bIBAET, YTO OCHOBOU JI0JI-
TOBEYHOCTH OTPAXKIAIOIINX KOHCTPYKUUU SBISETCA YIPABICHUE UX BJIAXKHOCTHBIM
pexumom. Pabora K. @. ®okuna [2] pyHIaMEHTaIbHO 10KA3bIBAET, YTO HAKOILJICHUE
BJIar¥ B TOJILIE KOHCTPYKLIMHU SIBJIIETCS OCHOBHOW NPUYMHOW €€ pa3pyuieHus. B kKoH-
TEKCTe HABECHBIX BeHTWIUpyeMbiX ¢acamoB (HB®) mocrmennue wuccnenoBaHus
[3...4] momuepkuBarOT PoOJIb BEHTUIMPYEMOW MPOCIONKH B 00CCIICYCHUH JI0JTOBEY-
HocTh. B oTHomienun mtykatypubix cucteM (ETICS) aktyanbHble myOiauKanuu,
BKIIOYast [5...6], cxomsATcs BO MHEHWH, YTO HMX HAJCKHOCTh HAIPSIMYIO 3aBUCHUT
OT cOOMIOZICHNSI TPHUHIIMIIA YBEJIWYCHHs TMapoIpoHuiaeMoctu cioeB. Crenuduka
MPOMBIIIJICHHBIX 3/IaHUI paccMOTpeHa B pabote [7], rae 3arparuBaeTcst HEOOXOIH-
MOCTb MPUMEHEHHUSI CUCTEM, KOMIICHCUPYIOIIUX 3HAYUTEIbHBIE TEMIIEPATYPHBIE J€-
dbopmaru. HecMoTpst Ha JOCTaTOYHYIO M3YYEHHOCTh OT/IEIBHBIX ACTIEKTOB, OIIYIIa-
€TCSl HEJI0CTAaTOK KOMIUIEKCHBIX paloT, MaloIIMX CPABHUTENbHBIA aHANIU3 U YETKUE
KpUTEpPUU BbIOOpA CUCTEMBI JUIsl 3AaHUI pa3IMuHOTO HA3HAYEHUS.

Marepuajbl 1 METObI

OOBEKTOM HCCIEAOBaHUS BBICTYNWIM HamOoJiee paclpOCTPAHEHHBIE CHUCTEMBbI
TEIUIOBOM peaOuIMTalMK: HaBecHble BeHTuiIupyembie dacansl (HBD), cuctems cio-
HCTOM KJIAJKW C BEHTWJIMPYEMBIM 3a30pOM M HITYKaTypHbI€ (DacaJHble CUCTEMBI
yremienust (ETICS). B kauectBe maTepuanoB paccMaTpUBAIMCh CTaHAAPTHBIE KOM-
IIOHEHTBHl JTaHHBIX CHCTEM: MHWHEPAJIIOBATHBIEC TEIUIOM3O0JIAUOHHbBIE IUIATHI, KOH-
CTPYKLIMM KperieHus1, o0auIoBouHble Matepuaisl s HB®, a takxe apmupyromue
cocTaBbl M ITyKaTtypHsle cmecu st ETICS.

B xozae uccnenoBaHus NPUMEHSIICS KOMIUIEKC TEOPETUYECKUX METOA0B. OCHOBHBIM
METOJIOM BBICTYITWJI CPABHUTEIBHBIA aHAIN3 KOHCTPYKTUBHBIX PELICHUM U UX JKCIUTya-
TAIIMOHHBIX XAPAKTEPUCTHK. J[J151 OLIEHKN BJIQ>KHOCTHOT'O COCTOSIHUSL OTPayKIArOIINX KOH-
CTPYKLIMH HCHOJIB30BAIMCH METO/IbI CTPOUTENBHOM TEMIO(U3MKY, B YACTHOCTH, aHAJIN3
CTALIMOHAPHBIX Y HECTALIMOHAPHBIX BIAKHOCTHBIX PEXUMOB C YUYETOM NTApOIPOHHUIIAEMO-
CTH MaTepHaJIOB. bbUT TakKe MPOBENEH HOPMATUBHBIN U JIMTEPATYPHBIN aHAIU3 JJIS CH-
cTeMaTHU3allui COBPEMEHHBIX TPEOOBAaHUN U BBISIBIICHHUS TUITMYHBIX PUYUH JIETPAIAIINH.
Ob6ocHOBaHKE BHIOOPA METOJIOB 3aKIIFOUACTCS B UX CIIOCOOHOCTH 00ECIIEUUTh KOMIUIEKC-
HYIO OLIEHKY JIOJITOBEYHOCTH CHCTEM Ha CTaJUM MPOEKTUPOBaHUA 0e3 HeOOXOAUMOCTH
IIPOBEJICHUS JUIMTENBHBIX HATYPHBIX SKCIIEPUMEHTOB.

Pe3yabTarhl Hcc/ie10BaHUA

[IpoBeneHHBIN aHAIU3 MO3BOJIMI CUCTEMATU3UPOBATh KIIFOYEBBIE ACTIEKTHI MPOEK-
TUPOBAHUS U BBISIBUTH ONTUMAJIbHBIC 00JIACTH MPUMEHEHHUS PA3TMYHBIX CUCTEM.

Hagecnble BenTHIIMpyemble (acaabl (HB®). YcranoBieHo, 4TO AaHHas CH-
cTema sIBIisieTcs Hanbosiee yHuBepcaiabHOU U HagexxkHou. Koncrpykius HBO ¢uzu-
YECKU MCKJIIOYAET OCHOBHYIO NMPUYMHY JErpafallii — HAKOIJICHWE BJaru — 3a CYeT
OpraHu3allid BEHTWIUPYEMOM BO3IYIIHOM MPOCIOWKH, 00eCIeurnBaroieid moCTOsIH-
HOe ynajieHue Biaru (pucyHok 1). KimroueBbIME MpEerMMyIIecTBaMU SBIISIFOTCS 3aIUTa
YTEIUIUTENS OT BHEIIHUX BO3JIEHMCTBUM, BO3MOKHOCTh KOMIIEHCALIMU TEMIIEPATYPHBIX
nedopMaIyii ¥ BBICOKasi PEMOHTOTIPUTOTHOCTb.

HItykatypusbie cucremsl (ETICS), /loka3aHo, 4TO AOJTOBEYHOCTH «MOKPOTO»
dacanga sBISETCS HE CTONBKO (PYHKIIMEH CBOMCTB MaTepUajioB, CKOJBKO (DYHKIIHEH
KauecTBa MPOM3BOACTBA PadOT M CTPOrOro COONIOACHHUS MPUHIINAINA YBETHUYCHUS
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NapONPOHHUIIAEMOCTH CIIOEB U3HYTPHU Hapyxy (pucyHok 2). Hapyrienue 3Toro npuH-
nuna (IpUMEHEHHE MapOHENPOHULAEMbBIX MOKPBITUH) HEMHUHYEMO IPUBOIUT
K HAKOIUICHHUIO BJIATH U Pa3pyLUEHUIO.

CpaBHHTE/IbHBIH AHAJIN3 U1 Pa3JIMYHBIX THIIOB 3JAHUI

JInsi MpOMBINIIEHHBIX 3[JaHUM C MX 3HAYUTEIBHBIMH IPOJIETAMH, TEMIIEpaTyp-
HBIMH JIe(hopMallisIMU U arpecCuBHbIMU cpeamu HB® sBisitoTcst 6e3aibTepHaTHB-
HbIM pemieHreM. Cuctema ETICS B Takux yciaoBHUSAX HE pEKOMEHAYETCS U3-3a XPYyIl-
KOCTH M HU3KOW CTOMKOCTH K BUOpALIUsIM.

JIJis MHOTO3TaXHBIX XUIBIX 3/aHU 00a pemieHus nmpuMeHumbl. HB® npexamo-
YTUTEIbHBl i1 OOBEKTOB CO CJIOKHBIMH TEIUIONPOBOAHBIMU  BKJIIOYEHUSIMH,
a ETICS — 3xoHOMHYECKH ONTHUMaIbHOE PEIICHUE JJIi MACCOBOM peadMIMTaIluy TH-
IIOBOT'O KWJIbsI IPH YCJIOBUU KaYE€CTBEHHOI'O UCIIOIHEHUS U IPUMEHEHUS yIApOIPOY-
HBIX IOKPBITHM B IIOKOJIBHOM 30HE.

ol —

} I

H[—l
7 " IKs

1 — cmena; 2 — ymennumens, 3 — kponuwimetin; 4 — anxep,; 5 — necywutl npoghuns, 6 — HagecHo
Gacao; T — 6o30ywmnsiii 3a30p; 8 — pynoamenm
Pucynok 1 — Cxema Hagechoeo senmunupyemozo ¢acaoa

1 — cmena; 2 — kneesoui cioti, 3 — MuHepanosamuulil ymeniumens, 4 — 6a308biil K1eegotll Clol,
5 — apmupyrowasn cemxa; 6 — puHUWHBIL K1eeBol coll, T — 0eKopamuHas WmyKkamypKka
Pucynok 2 — Cxema wumyKkamypHozo («Mokpo2o») ghacaoa

BriBoabI
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1. Cuctematu3npoBaHbl KJIIOYEBBIE MPHUHLMUIBI IPOEKTUPOBAHUS JTOJTOBEYHBIX
CHUCTEM TEIUIOBOM peabuInTaIlK, LEHTPAIbHBIM W3 KOTOPBIX SIBISETCS aKTUBHOE
YIIPaBJIEHHUE BJIAXXKHOCTHBIM PEXKMMOM OrpaXKAaroIied KOHCTPYKLUU.

2. Jloka3zaHo, 4TO HaBECHbIE BEHTWIMpYyeMbIe (hacajbl SABIAIOTCS Hanbosiee yHU-
BEpCAJIbHBIM M HAJECKHBIM pelIeHUEM Ojarofapsi KOHCTPYKIMH, HCKIIFOYAIOIIEH
HaKoIieHue Biaru. VX BbICOKAsi NEpBOHAYaIbHAs CTOUMOCTh OIpaBAaHa Juisl 00beK-
TOB C TOBBIIIEHHBIMH AKCIUTyaTallMOHHBIMU Harpy3kaMu (IIPOMBIIUICHHbIE, YHU-
KaJbHbIC 3JJaHUS).

3. YCTaHOBIEHO, YTO JIOJTOBEYHOCTH ITYKaTypHbIX cucteM (ETICS) xputnuecku
3aBHCHUT OT KauecTBa IPOU3BOJCTBA Pa0OT U CTPOroro CoOIIOACHUS IPUHIUIA apo-
IPOHUIIAEMOCTH. JlaHHasi cucTema SIBISIETCS SKOHOMMUYECKH ONTHUMAJIBHOM JIJIsl Mac-
COBOT'0 JKUJIUIIIHOTO CTPOUTENBCTBA, HO TPeOYeT BHEAPEHHS CTPOrOro TEXHUYECKOTO
Haa30pa.

4. IlomyueHHbIE pe3yabTaThl UMEIOT MPAKTUYECKYI0 3HAYUMOCTh U MOTYT OBITb
MCIIOJIb30BaHbI Ui pa3pabOTKU METOAMUYECKUX PEKOMEHIALUN MO0 BEIOOPY U MPOEK-
TUPOBAHUIO CHCTEM YyTeryieHus. [lepCreKTUBHBIM HalpaBJICHUEM JAJIbHEUIINX HC-
CJIEIOBaHUM sBIsETCS pa3paboTKa MaTeMaTHYECKUX MOJENEN NIl IPOTHO3UPOBAHUS
nosroseyHoctd ETICS B 3aBUCMMOCTH OT pETMOHAIBHBIX KIMMAaTHYECKUX YCIOBHM
Y KauecTBAa MOHTaXa.
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OIIbIT BHEAPEHHMA OCHOBHBIX ITPUHIIUIIOB
NHOOPMAHUOHHOI'O MOAEJTUPOBAHUSA ITPU MIPOEKTUPOBAHUU
3JAHUU U3 MOHOJIMTHOI'O KEJIE3OBETOHA

E. B. Mameeenko

2NIaBHbIU CneyuaIucm no papabomxe paszoena npoekma (KOHCmMpYKmueHvie
pewenusi) OO0 «bpecmKA/[npoexmy, bpecm, bBenapyce

AHHOTAIIUSA

HNudopmalinoHHOE MOJEIUPOBAaHME — OAHA W3 Hambosee 00CYXIaeMBbIX TEeM
CTpOUTENBHON oTpacau. HecMoTpsi HA MHOTOYMCIIEHHBIE IPEUMYLIIECTBA, BHEPEHHUE
OPUHLIUIIOB  MHMOPMAIIMOHHOTO  MOJEIMPOBAHUS  IMPOJBUTACTCS  JOCTATOYHO
MEMJIEHHO. JTO CBA3aHO C TEM, YTO HH(POPMALMOHHOE MOJEIUPOBAHUE MEHSET
dopMaT B3aMMOJECHCTBUS MEXIY YYACTHHKaAMH CTPOMTEIBHOrO Ipoliecca. JTarl
IIPOCKTUPOBAHMS 3AHUS SIBJISIETCS MEPBBIM B KU3HEHHOM LIMKJIE 3JaHUS (HE CUMTAs
CTaJMM MHBECTHIIMOHHOIO IPOEKTa), O3TOMY Ha JAHHOM 3Tare MH()pOpMauOHHOE
MOJEIIUPOBAHUE MOXKET BHEAPSTCS O€3 CTPOroro ydyera APYruX 3TaloB, B PaMKax
ONTHUMH3ALUHU ITPOLIECCA MPOEKTUPOBAHUS.

B craThe npuBeneH ONBIT BHEIPEHUsS] OCHOBHBIX NMPUHIUIIOB HH()OPMALIMOHHOTO
MOJIETTMPOBAHUS: OpraHu3anus oOMeHa MHpopManuell Mexay ydacTHUKaMU
IPOEKTUPOBAHUS NpPU Pa3pabOTKE OCHOBHBIX Pa3leiioB NPOEKTa (apXUTEKTYpHBIE
pelieHus, KOHCTPYKTUBHBIE PELICHNUS, BOJIOCHA0KEHHE U KaHAM3ALMsl, OTOIJICHUE U
BeHTW ALK ). ChOpMyIMpOBaHbl 3aaud U CHOCOOBI HMX PEIICHUs Ha IpUMeEpe
KOHKPETHOT'O ITPOEKTAa JKUIIOTO J1I0Ma.

PesynpraTel  BHEOpEHMs  IOKA3aJdd  IIOBBIIMICHHE  KayecTBa  NPOEKTA,
3aMHTEPECOBAHHOCTH 3aKa3uMKa, HO HE IPHUBEIM K CYIIECTBEHHOMY H3MEHEHUIO
CPOKOB IPOEKTUPOBAHUS HA JAHHOM 3Tarie. Pe3ysibTaToM BHEIPEHUS SBIISETCS TAKXKE
pa3paboTka u npuHsTHE NepBoii Bepcuu BIM-cranaapra opranuzamumu.

BBenenue

HeobxoaumocTh pa3BUTHUS W MPUMEHEHHsS] WUH()OPMAIMOHHOTO MOJEIMPOBAHUS
3IaHU apPTYMEHTUPYETCS CHIDKEHHEM CpPOKOB pPa3pa0OTKH MPOEKTAa, CHIKEHHEM
CPOKOB CTPOMTENHCTBA, ONTUMHU3ALMUA MAaTepHaloB U T. A. lIpudem yuyuThIBaeTcs
BECh JKU3HEHHBIN IUKJ 37aHUs HAYMHAs OT MPOCKTUPOBAHUS 3/IaHUS U 3aKaHYUBas
€ro CHocoM (JIMKBUIAIMEH) MO0 OKOHYaHHH CpoKa CiayxObI [1, 2, 3]. OgHum u3 mnpe-
UMYIIECTB SIBJISICTCSI TAKXKE BO3MOXKHOCTh OJJHOBPEMEHHOM pabOThl BCEX CHEIUAH-
CTOB Haj ojHON Monenbio [4]. OgHako Ha TMpakTUKE, B OOJBIIMHCTBE CIy4aes,
Ha0JII0OAaeTCsl MPOTUBOIIONIOXKHASL CUTYalus: pa3paboTka MHGOPMAIIMOHHON MOJENIN
TpebyeT OoJbllle BPEMEHH U TPYJ03aTpaT Ha CTAIUU MPOCKTUPOBAHUS, 10 MOAPS/I-
YUKOB MH(OpPMAIIMOHHASI MOJICNIb HE JOXOJMUT U KaK paboTaTth ¢ HEH OHM MpPEACTaB-
neHust He uMmeroT [S]. Kiaccuueckue IByMEpHBIE YEPTEKHU SIBJISIFOTCS OCHOBOW Jif
MIPOBEICHUSI MPOLIETYP TOPTOB, MOATBEPKACHUSI 00HEMOB PabOT U MaTEPHUAJIOB.

¢ ¢eKTHBHOCTH NPH HHGOPMANMOHHOM MO/IeJIMPOBAHNH

B oOmem Buje sTambl co3daHus M UCMOIL30BaHMS WH(GOPMAITMOHHBIX MOJETCH
npenacrasieHsl Ha pucyHke 1. IIporiecc mpoeKTHpoBaHUST OXBATHIBAET ATAIbI OT CKU3a
10 OLEHKHA cTOMMOCTU. OcHOBHBIM BuAOM AestenibHOCTH OO0 «bpectKA drnpoexT
SIBJIIETCSl TIPOCKTUPOBAHUE, a CIIEA0BaTENbHO, MomydeHne 3PpGeKTUBHOCTU OT UHDOP-
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MAaLIMOHHOI'O MOJEJIMPOBAHUS HA 3Tanax JI0 MOJyYECHHs YEPTEKEN SBISETCS NEPBOCTE-
IIEHHOM 3a1ayeil.

Yeprexn
M OTYETHI

OueHka
M CTOMMOCTD

AeranbHan
npopaborka
lNpown3sogcrso

Pucynok 1 — Dmanwi co30anus u ucnonb308aHus UHGOPMaYUOHHbIX

[Tpu mpoeKTHpOBaHWY C WCIOJIb30BaHUEM WH()OPMAITMOHHOTO MOJICITHUPOBAHUS C
MOMEHTa TIOSBJICHUS JAHHOTO TEPMHHA IOAPA3yMEBACTCS CO3/IaHUE TPEXMEPHOM
00BbEeKTHO-IIM(DPOBON MOJICIH, JOTIOJIHEHHOW HeoOXxoaumon nHdopmarueit. [Tpomecc
co3naHusi HHGOPMAIIMOHHON MOJIeNu TpeOyeT MOCTOSHHOrO oOMeHa MH(popManuen
MEX/y y4aCTHUKaMH IpoIiecca, a pe3yabTaT — MOJHOE COOTBETCTBUE YEPTEKEN pas-
paboTaHHBIM MOACISAM. J[OTIOIHUTETHLHON CIIOXKHOCTBIO SBISIETCSI OOJIBINIOE KOJIMYe-
CTBO BapHWaHTOB mporpammHoro obecrneuenus (Autodesk, Graphisoft, Trimble,
Renga), koTopbie UCONB3YIO MPOITpHeTapHbIe (opMaThl XpaHCHUS MOJCICH M HEMOJI-
HOCTBIO TIOJIZICPKUBAIOT OTKPBITHIE (hopMaThl oOMeHa mHbopMmarueid, Takue kak |FC
(Industry Foundation Classes) [6], pa3pabotanubiii buildingSMART, SAF (Structural
Analysis Format) [7] u mpyrue. Dtu mpoOiemMbl (GOPMHUPYIOT HECKOIBKO CIICTYFOLIHX
TpeOOBaHMI TIPY OpPTaHU3AIMH HH(OPMAITMOHHOTO MOJISITUPOBAHNS:

— KaKIbIA YJaCTHUK JOJDKEH 3HATh MOHBIN Ha0Op WHGOpMAIINN, KOTOPYIO JTOJKCH
OTPa3UTh B CBOEH MOJIETN U HECET OTBETCTBEHHOCTH 32 €€ MOJHOTY U JIOCTOBEPHOCTH;

— KaXJIbIi YYaCTHHUK JOJDKEH 3HATh B KAaKOM BUJE U (hopMare OH MPEloCTaBIseT
CBOIO MOJICITb JUIS IPYTHX YYaCTHUKOB MOJCITHPOBAHUS;

— Ka)XJIbI YYaCTHUK JO/DKCH 3HATh KAaKUM 00pa3oM OH MOXKET IOJIYYHTh U3 MO-
nenu nHPOPMaIKIo, MPEIOCTABICHHYIO APYTUMH YYaCTHUKAMH (MCXOIHBIC JTaHHBIE,
3a71aHue).

BrimontHeHHE 3THX TpeOOBaHWM JTOCTUTAaeTCs (POPMyIHpOBAHUEM TPABUIT MOJC-
JUPOBaHUsI, KOTOpble cocTaBisitoT BIM-cranmapt opranuzamuu. Takum oOpazom,
MoBbIIeHHE ()PEKTUBHOCTH TIPU MPOSKTUPOBAHUU JOCTUTACTCS YHH(PUKANHUCH U
CTaHAapTU3AIUEN PUHIIMIIOB CO3/IaHUs UHPOPMAITMOHHOW MOJIEIH.
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OnbIT BHEAPEHUA

Ha stane BHenpenust Obuti c(OPMYIIMPOBAHBI OCHOBHBIC 3a/iaur. [lepBOCTEeHHOM
U3 HUX ObLTa MaKCHMAaJbHOE COKpAICHHE BPEMEHH MEXIY Pa3pabOTKOH apXUTEKTYPHBIX
TUTAHUPOBOK JI0 TIOJTYYCHUSI aKTYaJIbHOW pacueTHOM MOJICTH B TIPOIPAMMHBIX PacYCTHBIX
xomruiekcax (Lira, Dlubal RFEM5). B OO0 «bpectKA/InpoekT» umeercst mporpamm-
HOe o0ecrieueHne COOCTBEHHOM pa3padOTKH, MO3BOJISIONIEE aBTOMATU3UPOBATh JIaH-
HBIW TIpollecc MyTeM pacro3HaBaHus MiaHoB B Gopmare Autodesk AutoCad (,dwg),
a ”HPOPMAITMOHHOE MOJICTMPOBAHHE HE IMO3BOJIUIO B IMOJIHON Mepe HCIOJIb30BaTh
NaHHBIA WHCTpyMEHT. COBpEMEHHBIC BO3MOXXHOCTH TMPOrPAMMHOTO KOMILIEKCA
Archicad 27 or xommanuu Graphisoft mo3BosstoT MOAYYHTh AaHAIMTHYECKYHO pac-
YEeTHYI0 MOJIENIb U3 apXHTEKTYPHOH Monenu (PUCYHOK 2), a TaKkKe COXPaHHThH ee
B OTKpbITOM (hopmate SAF.

Pucynok 2 — Ananumuueckas mooenv 6 ArchiCaD 27

Ha nanHOM 3Tane, y4uThIBasi, 4TO apXUTEKTYpHAS MOJEIH SBISIETCS WH(POpMAIIH-
OHHOW, TIOSIBUJIACh BO3MOKHOCTB KCIIOPTUPOBATH HE TOJIBKO 000JIOYHO-CTEPIKHEBYIO
MOJIeNIb, HO ¥ HEKOTOPBIE HArpy3KH (BEC MOITAXKHO ONEPTHIX CTEH, MEPETOPOJIOK, T0-
J0B, (PYHKIMOHAJbHBIE HArpPy3KH), COMOCTABIISAS MX COOTBETCTBYIOLIMM OOBEKTaM
moJenu (pucyHku 3, 4).

Pucynok 3 — Hazpysxku om no3amasxichHo onepmoix cmet u nepe2opoodok 6 ArchiCaD 27
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Cranye Teamuwork:

@ reascupyennin Oemosomms | ¥ OmeniTs oK

Pucynok 4 — @ynkyuonanvnvie nacpysku na nepekpvimus 6 ArchiCaD 27

CoBpeMeHHbIC PaCUYCTHBIC KOMIUIEKChI HA JAHHBIH MOMEHT MOJIHOCTHIO HE TOJI-
JeP)KUBAIOT (HOpPMAT KOHCTPYKTUBHOTO aHan3a SAF, Mo3ToMy /I KIMITOPTa B TAKUE
komruiekcel kak (Lira, Dlubal RFEMS), cobctBeHHbIMU critlaMu ObLT pa3paboTaH
TPAHCIATOP (PUCYHOK D).

r 3
9 SAF-konsepTop: Y:\Mateeenko Erennia\123\24-np086-PC-b.xlsx => 24-np086-PC-b.rf5 X
3nement N Croit N
. ExcelStructural PointConnection 4878 [0) KAPKAC - IMASPATMBIKX2 140
8 ExcelModelinformation 1 | | [0 KAPKAC - NEPEKPBITWA.KK3 u
@ ExcelProjectinformation 1 | | [[] KAPKAC - KOMOHHbI_NMANOHBIKX1 630
B ExcelStucturalLoadGroup 2
@ ExcelStructuralMaterial 1
8 ExcelStructural SufaceMember 490
@ ExcelStructural Suface MemberOpening (3]
B ExcelStucturalloadCase 4
@ ExcelStructuralCrossSection 1
B ExcelStructuralCurve Member 314
Ne  3arpyxerue Tun sarpyxexnr

[ PyHKUMOHaNEHaA  BpemerHan

B2 Nom MocTonHHan

@3 Meperopomn MNocTosnna:

- L - W

O6HoBuUTs [ RFem coapams

J =[] acne

4 |8 Y:\Matsesrko Esrennii\123'24-np086-PC-C xdsx
8 Y:\Marseerko Earern\123\24-np086-PC-P sdsx

() nonHeiit npoTokon

Fotosutca Bazosas-monens '24-np086-PC-B'

[oGaBnawTcA Harpy3kun 3 '24-np086-PC-C'
NoGaBnswTcA Harpyskmn us '24-np086-PC-9'

FOTOBATCA AONONHUTENbHBIE Harpy3ku

3arpyxerue 'Monsl' 13 '24-np086-PC-C'
NoGaeneHs 684 pacnpeneneHHsix Harpysok

3arpyxeHue 'PyHKUMOHaNbHaR' u3 '24-np086-PC-¢'
DNo6asneHs 581 MHOrOYronsHbIX Harpy3oK

3aBepweHne - TecTOBbIA pexuM

OoBasuns Wexmouwts

4 »

SAF gaitn ([ Mosepx oxon Bexon

Pucynox 5 — Uumepdhetic mpancismopa uz goopmama SAF 6 ghopmam Dlubal RFEMS
(cobcmeennas pazpabomra)
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[Tocne BBINIOJIHEHUS aHAIW3a PE3yJILTAThl BBITPYKAIOTCS B MPOTPAMMHBIA KOM-
wiekc Tekla Structures anst pa3paboTKi KOHCTPYKTUBHBIX Pa3iesioB (pucyHok 6). Pe-
3yJbTaThl BeIrpyx)atorcs B popmate |IFC U3 apxurektypHoil MoJenu B BUje 00bek-
TOB HECYIIMX KOHCTPYKIUH (KOJOHH, cTeH, 6anok) u B ¢popmare Autodesk Autocad
(,dwg) B BuIE KapT apMHUpOBaHUS (PUCYHOK 7).

Pucynok 7 — Kapma apmuposanusi MOHOIUMHO20 nepekpulmusi 8 hopmame dwg Hanodxcena
Ha onanybounyro mooens 8 Tekla Structures

OKoHYATETBHBIM ATAOM HOCIE Pa3pabOTKU KOHCTPYKTUBHBIX Pa3eioB sIBISETCS
AKCIIOPT pa3paboOTaHHBIX KOHCTPYKUUH B apXUTEKTYpHYIO MOJIE€Tb, B KOTOPOH Iep-
BOHAYaJIbHbIE 00bEKTHI HECYIIMX KOHCTPYKIUN 3aMEHSIOTCS Ha 3alIPOEKTUPOBAHHBIE.
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C 3TOro MOMEHTa apXUTEKTypHas M KOHCTPYKTHBHAs MOJEIM CTAHOBSITCS CBSI3aH-
HBIMU W JOTOJHSIOT ApYr npyra. JIpyrumu cioBaMu, Ha 4YepTekax apXUTEKTOpa
OTOOpaXKAIOTCS HECYIIME KOHCTPYKIMU W3 KOHCTPYKTUBHBIX Pa3eioB U OOHOBIIS-
I0TCSI IPU U3MEHEHUSIX .

Crenytomias 3aaya 3akI04aiach B OpraHu3anuu oOMeHa nHpopManueil MexmIy
MOJCIISIMA CMEXXHBIX pa3IesioB (BOAOCHAOKEHUE M KaHAIW3AIKsI, OTOIJICHUE W BEH-
TUJISILMA), KOHCTPYKTUBHOM MOJICNIbIO U apXUTEKTYpPHON MOJenbio. B kiaccuyeckom
OJX0JC TOT OOMEH 3aK/II0Yalics B Bbigade 3amanus B popmare Autodesk Autocad
(,dwg). CmexxHBIC pa3enbl BBHIMOJHIIOTCS B MporpaMMHOM Komiutekce Autodesk
Revit. Jlns peanu3aiuu 3a1aHUi Ha OTBEPCTHS B MHPOPMAIIMOHHON MOEIIN UCTIOIb-
30BAJIUCh OOBEKTHI C OMPEIEICHHBIM CBOMCTBOM, 3HAYEHHE KOTOPOTO CTPOro (PUKCH-
poBaHno (otBepctue BK, Hampumep). Jlns oOmMeHa Mozaenb BeITpyX)aeTcs B dopmarte
IFC. Takum o0Opa3oM, KOHCTPYKTOp U apXUTEKTOp MOCIE MUMIOPTa MOAEINU TOYHO
3HAIOT, KaK HEOOXOJUMO OTPUIBTPOBATH MOJI€Nb, YTOOBI YBUIETh 3aIaHUS OT CMEXK-
HBIX pa3zieyioB (PUCYHOK 8).

Pucynox 8 — Mooenv ghynoamenmos ¢ omepuibmposannvimu omeepcmusmu (KpacHvim)
6 Tekla Structures

PesyabTarsl

[To uToram mpoeKTHPOBaHUS MOTy4YEeHB HHPOPMAIIMOHHBIE MOJIETIH IO OCHOBHBIM
pa3aenaMm TMpoeKTa (apXUTEKTypHbIC DPEUICHHS, KOHCTPYKTHBHBIC PEIICHUs, BOIO-
cHaOXeHHEe M KaHaJIu3allus, OTOIUICHHME M BEHTWISALMSA), KOTOPbIE MOJHOCTBIO COOT-
BETCTBYIOT uepTexkam. JlanmpHeillee npuMeHeHne BHEIPEHHBIX MPUHIUIIOB MOKAa3bl-
BaeT TOBBIIICHNE KayecTBa MPOEKTOB (MHOTHE OIMIMOKU OTCIICKUBAIOTCS JaKE BU3Y-
aIbHO B Tpolecce padoThl C MOAEIBIO) NPU HE3HAYUTEIBHOM YBEJIMYEHUH CPOKOB.
Paspaborana mepBasi Bepcusi BIM-ctanmapra opranuzaruu, KOTOpBIH cTan 00s3a-
TENbHBIM ISl coOmofeHns. (OTMmeuaeTcs TOBBIIICHHBI HMHTEpEC 3aKa3unka —
Ha Pa3IMYHBIX dTamax MPOeKTa MPEAOCTABISIINCH CBOJHBIC BEIOMOCTH 10 OCHOBHBIM
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marepuanam (O€ToH, apMarypa, KJaJ04Hble MaTepuasbl) C MPUBSA3KOM C TEXHUKO-
HKOHOMHUYECKUM TOKa3aTeNsIM 31aHust (0011as MmiIomaib, XKujas IIoIIab, CTPOUTEIb-
HBI 00BEM), YTO MO3BOJMIIO 3aKA3YMKY KOHTPOJIMPOBATH PECYPCOEMKOCTh IPOEKTH-
PYEMOTO 3[1aHUs B TEUEHUE MPOLIECcCca IPOSKTUPOBAHMS.

BriBoabI

NudopmaninoHHoe MOJEIUPOBAHUE CIIEAYeT paccMaTpuBaTh Kak MPUHINI,
a HE KaK TOTOBYI0 KOHEYHYIO TEXHOJIOTMIO WJIM CUCTEMY. DTOT MPUHIMUI TpeOyer
ajanTanuy N0 KOHKPETHBIE POEKTHI, IPOCKTHBIE OPTaHU3aLMH, 3aKa34UKOB. Azar-
Talys 3aKJII0YAEeTCsl B TOM, YTO KaXKIbl YYaCTHUK MOJEIUPOBAHMS JOJKEH 3HATh,
KaK IOJIyYUTh HEOOXOJUMbIE UCXOAHBIE JTaHHBIE M3 MOJEIH, Kakoil nHpopmanuen
JOTIOJTHUTH MOJEIIb U Kylda U B KAKOM BHUJE IPEIOCTAaBUTh PE3yJIbTaT. DTH IPOLECCHI
dopmupyror BIM-crannapt opranmuzanuu. DPPEeKTUBHOCTh HA CTAIUHM MPOECKTHPO-
BaHMSI MPOSIBIISICTCS MTPU TPAMOTHOM aJanTaluu
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AHHOTALUA

IIpenmer  uHccieI0BaHHMA:  CONPOTHBICHHE  KEJIE300€TOHHBIX  OaJIOK
0e3 MoMepeyHoro  apMUPOBAHMSI TMPU MECTHOM JCHCTBUU  PaCTITUBAIOIIMX
COCPEIOTOUYCHHBIX YCUJINH (OTPHIBA).

Ileau: olmeHKa 3aBUCUMOCTEH, MPUBEICHHBIX B JEHUCTBYIONIUX TEXHHUECKUX
OTEUECTBEHHBIX W 3apyOCKHBIX HOPMATHBHO-TIPABOBBIX aKTax, MJIS OIMPEACIICHUS
COTIPOTHUBIICHHS JKEJIE300€TOHHBIX 0ajok ©0€3 TMOoMepeyHoro apMUpPOBaHUS TpU
MECTHOM JICCTBUU PACTITUBAIOIINX YCUIIHM.

MarepuaJjibl 1 METOIbI: YKCIIEPUMEHTATILHO-TEOPETUUECKHE.

Pe3yabTarhl: BBIMOIHEHO SKCIEPHUMEHTAIBHOE HCCIEOBAHUE COMPOTHUBICHHUS
KEJIC300€TOHHBIX 0ajJoOK TMpU PaA3JIMYHOM TMOJOKEHHWU IO BBICOTE CEUCHUS
COCPENOTOYCHHOW CHJIBI. BBINIONIHEH CpPABHUTENBHBIA AHAINA3 JICUCTBYIOLIMX
HOPMAaTUBHBIX JIOKYMEHTOB B OOJIaCTH OMPEICICHHUS COMPOTHUBICHUS CpPE3y
AIIEMEHTOB 0€3 MONEPEYHOTO APMUPOBAHHS.

BbIBOIbI: TIPpUMEHEHHE TIONIOKCHUH OTCYCCTBCHHBIX W 3apyOC)KHBIX HOPM IS
OTIPE/IENICHHsI COMPOTHUBIICHUS AIEMEHTOB 0€3 MOMEPEYHOr0 apMUPOBAHUS TIPU MECTHOM
pacTSDKEHUH HE BIIOJHE KOppekTHO. HeoOxommma pa3paboTka MOIENH, yYUTHIBAIOIICH
0COOEHHOCTH HaIpsKEHHO-Ie(POPMUPOBAHHOTO COCTOSTHUS 3JIEMEHTOB MOJJOOHOTO POJia.

BBenenue

Kak wu3BeCTHO, CONMPOTHUBICHHE Cpe3y JKeNe300€TOHHBIX OalOoK 3aBUCUT OT
pa3IMuHbIX (PAKTOPOB: MPOYHOCTU OeToHA, POpM U pa3MEpPOB CEUCHUS DIIEMEHTA,
CXEM 3arpyKeHus dJEeMEHTa W MpOoJieTa cpe3a, a TaKKe MPOILEHTA MPOIOJIHHOTO U
MOMIEPEYHOT0 apPMUPOBAHUS, CTETICHU NPEABAPUTEIBLHOTO HanpshkeHus u ap. [1, 2].

OnauM 13 Hanboliee BAXKHBIX U HAUMEHEEe M3yYeHHBIX (DaKTOPOB SIBIISIETCS CXeMa
sarpyxenus [3]. Kak mpaBuio, OamouHble W3ruOacMble 3JCMEHTBI HArpy:KaroTCs
PaBHOMEPHO pACHPEACICHHOW WM COCPEAOTOYCHHOM Harpy3kamu. [lpu stom
Harpy3ka MOXET ObITh MPWIOKEHA K BEPXHEH TpaHM JJIeMEHTa WM B Mpejernax
BBICOTHI €€ ceueHus. Kak ycTaHOBIEHO TO pe3ysibraraM BBHITIOJHEHHBIX B pa3HbIC
rofbl 3KCIIEPUMEHTAIBbHBIX HCCleAoBaHui [2, 3], paspyiieHue u3ruOaeMbIX
KeJIe300€TOHHBIX 3JICMEHTOB HA IMPHOMOPHBIX Y4YacTKax TMPU ITHX 3arpyKCHHUSIX
MOXKET MPOUCXOAUTH JTUOO0 M0 HAKJIOHHOMY CEUYEHHIO, JTUOO BCIIEICTBUE OTPhIBA UX
HIDKHEH 9aCTH B MECTE TIepe/Iaun Harpy3KH.

00630p anTeparypsl

HccnenoBanus BIUSHUS CXEMBbI 3arpyKEHUsI B 3aBUCUMOCTH OT TTOJIOKEHHS TI0 BBICO-
T€ CEUEHHS TOYKM TMPWIOKEHUS  COCPEIOTOYCHHOM  CHJIBI HA  KapTUHY
TPEIMHOOOpa30BaHUs OAJIOK, a TAK)KE HA XapaKTep MX pa3pylIeHUs U HECYIITYIO CIIOCO0-
HOCTh MPOBOAMWINCH B cepenune 70-x romoB mpouwioro crojetus. b. H. OHbICBKMBBIM
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BBIJICTICHBI CJIEAYIOIIME OCOOCHHOCTH pa3pyllIeHHs OalioK IpU pa3IMYHBbIX CXeMax 3a-
rpyxenus [3].

1. Ilpu pacnojoXKeHUU TPy30BOM KOHCONH (BTOPOCTEHECHHON/TIOIICPKUBAEMOIN)
B IIpeJieJIax BCEH BBICOTHI CXKAaTOM 30HBI OETOHA WM IO BBICOTE CEYEHHUs, KOIZa
BEPXHUE TpaHU KOHCOJEH OaJoK COBMAJAIOT, pa3pylIEHUE MPOUCXOAUT
10 HAKJIOHHOMY CEYEHHIO.

2. [Ipn pacnonoxeHWH Tpy30BOM KOHCOIM B pACTSIHYTOW 30HE OeToHa
U B CpEHEH dYacTH CEUEHHUs pa3pylIeHUE TMPOUCXOAUT B CIEACTBHH OTPHIBA
0 TPEIMHE, Oru0aroel KOHCOJIb.

MarepuaJjbl 1 METOABI

Jns  uccienoBaHus  CONPOTUBIICHUS KENE300€TOHHBIX OalloK MpU  Pa3IuIHOM
TMIOJIOKEHUH TI0 BBICOTE CEUEHHsI COCPEIOTOUCHHBIX CHJI M3TOTOBIICHBI JKEIe300eTOHHbIC
oxHorponetHbie Oanku amuHoN 3000 MM 1 pasmepamu cedenust b x h =220 x 500 mm
C JKeJIe300€TOHHBIMU KOHCOJISIMH, PACIOJIOKEHHBIMH B Pa3HbIX YPOBHAX IO BBICOTE
ceueHust wieMeHTa [4]. Banku ObUIM 3ampOEKTUPOBAHBI M3 YCIOBHS OOCCIICUCHUS
conpotuBieHust u3rudy u cpesy B coorBerctBuu ¢ CIT 5.03.01-2020 [5], monepeunoe
apMHUpOBaHHE B 30HE MPHIIOKEHUS COCPEIOTOUCHHBIX CHJT MPETYCMOTPEHO HE OBLIO.

KoHCTpYKTHBHBIE XapakTepUCTUKWA OalKu TpEACTaBIeHb Ha pHCyHKe |
u B Tabmure 1.
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Pucynox 1 — Koncmpyxkyus onvimusix 0anoK
Tab6auua 1 — OcHOBHbIE KOHCTPYKTHBHbIE XapaKTEPUCTHKH OMBITHBIX OaJloK
Mapxka Pasmepsl. cM dvd IIponoisbHas apmarypa % fem-
O6aok | b h 1 i HUKHSIS BEPXHsA p1. 70 MII
b-1 0,55 2016 S500 0,39
B2 22 | 50 300 0.43 3014 S500 208 S500 0.30 42,9

Pe3yabTarbl nccjieqoBaHus

Pazpymienne oOeux OajoK MPOU3ONLIO BCIEACTBUE OTPhIBA HUKHEW YacTu
00pa3IoB MO TPEIINHE, OTUOAIOIIEH KOHCOIb.

[TockombKy OTPBIB SBISICTCS YaCTHBIM CIIydaeM cpes3a, JJIs OICHKH HEeCyIIeH
CIOCOOHOCTH OTBITHBIX 00Pa3IOB B CPABHUTEIILHOM aHAJIM3€ MOTYT ObITh MMPUMEHEHBI
3aBUCUMOCTU JIJIsl OTIPEACTICHUS COMPOTHBIEHUS CPE3y JIEMEHTOB Oe3 TOIMEepEeYHOro
apMUPOBaHMsI, IPUBEICHHBIC B PA3JIMYHBIX HOPMATUBHBIX JJOKYMEHTax (Tabmmia 2).

Kak moka3ano B Tabmuiie 2, pasnuuus B BEIWYMHE YCHUIMH, TONMYYEHHBIX I1O
pe3yJbTaraM dKCTIICPUMEHTAIGHBIX HMCCIICIOBAaHWA W BBIYHCICHHBIX B COOTBETCTBHUHU
C TEXHUYECKUMH HOPMATUBHO-TIPABOBBIMU aKTaMU COCTaBISIIOT oT 5 % 1o 55 %,
a conporuBieHue 6anku b-2, paccuntannoe o EN 1992-1-1: 2023, oka3anoch BbIIIE Ha
11 %, yem moMydeHHOE IKCIIEpUMEHTaIbHO. HeoOXoauMo OTMETUTh, YTO MPAKTHYECKU
BCE 3aBUCHUMOCTH TIOCTPOCHBI Ha y4YeTe CXEMbl 3arpy)K€HHs pPaBHOMEPHO
pacIIpeNeSICHHON Harpy3KOM.
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Tabauna 2 — ConpoTHBIICHHE CPE3Y OMBITHBIX 00Pa3I0B

DKcrnepuMEeHTAIbHBIE 00pa3Ilbl
HopmaTtuBHBII TOKyMEHT banka b-1 Banka B-2
Vpac Vexp % V;Jac Vexp %
CII 5.03.01-2020 54,9 84 % 56,0 93 %
CII 63.13330.2018 36,6 56 % 47,0 78 %
BS 8110-1 32,7 50 % 33,3 55 %
CSA A233-04 443 68 % 56,9 95 %
AS 3600 38,1 65 59 % 35,5 60 59 %
SCE 2007 35,1 54 % 35,7 59 %
ModelCode 2020 30,7 45 % 30,0 53 %
EN 1992-1-1: 2023 58,8 90 % 66,7 111 %
DIN 1045-1:2008-08 45,8 70 % 46,6 78 %
NSZ 3101-1 49,9 77 % 46,8 78 %

[Tpu ucnonb3oBanun psina HopMatuBHbIX 1okymMeHToB (CIIT 63.13330.2018, BS 8110-
1, AS 3600, SCE 2007, ModelCode 2020) monydeHa mprOIM3UTEIILHO OMHAKOBAs He-
Cyllasg CHocoOHOCTh 00eux OalioK, YTO TMPAKTUYECKH B JBa pa3a HUKE OSKCIIEpU-
MEHTaJIbHBIX 3HaueHuil. llpu 3TOM cremyer OTMETUTh, YTO COIVIACHO JAPYTMM HOpMa-
tuBHBIM jJoKkymeHTaM (CIT 5.03.01-2020, EN 1992-1-1: 2023, NSZ 3101-1) cootHorie-
Hue conpotuBiieHus 6aok b-2 u b-1 cocrasnser ot 1,15 no 1,30. [lanHoe obcTosiTeh-
CTBO MOJKET OBbITh OOBSICHEHO OCOOCHHOCTSIMHM y4€Ta KOHCTPYKTHUBHBIX MapaMeTpoB Oa-
JIOK, TaKUX Kak K0d(h(OUITMEHT apMUPOBaHUsI, MACIITA0HBIHN (DaKTOpP, MPOYHOCTH OETOHA.

BuiBoabI

Kak nokasbIBatoT MpoBECHHbIE UCCIICIOBAHUS, IS OLIEHKH HECYIIEeH CIIOCOOHOCTH
AIIEMEHTOB MPU MECTHOM JICHCTBUH COCPEIOTOUYCHHBIX CHJI, IPHJIOKEHHBIX B MPEIenax
BBICOTBI CEUCHUS 3JICMEHTA, MPUMEHECHNE W3BECTHBIX METOAWK ISl OMPEICIICHUS CO-
MIPOTHUBIICHUST CPE3y JJIEMEHTOB O€3 TOIMEPEYHOr0 apMHPOBAHUS TPEOYIOT KOPPEKTH-
pOBKH. BripakeHusi, mpuBeqcHHbIE B psife HopMmaTtuBHBIX JokymeHToB (CII5.03.01-
2020, EN 1992-1-1: 2023), noka3bIBarOT HEIIOXYIO CXOIUMOCTh C Pe3yJbTaTaMH JKC-
MEPUMEHTAITLHBIX HccieoBannid. OHAKO OKOHYATENILHBIC BBIBOJ O BO3MOXKHOCTH
MIPUMEHEHUS JaHHBIX METOIMK I OAIOK C JPYTUMHU KOHCTPYKTHBHBIMH TTapaMeTpaMH
(MOJI0)KEHUEM TPy30BOM KOHCOJIM IO BBICOTE CEUEHHUs OalKu U MO JJUHE, HATUYUs
MIPEIBAPUTEIHLHOTO HAMPSHKEHUs, TIPOIICHTa TIPOAOJIBHOTO apMUPOBAHUS U JIp.) TpeOy-
€TCs IPOBE/ICHUE JIOTIOTHUTENIBHBIX HCCIICIOBAHHIA.
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CII1 5.03.01-2020 B PAMKAX AKTYAJIM3ALIUU CEPUMU 1.020.1-1/87
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2

3

AHHOTaUMUSA

IIpeamer wucciaexoBaHMs: HECyIIas CIIOCOOHOCTh W YCTOWYHMBOCTH CBSI3EBOTO
kapkaca o cepun 1.020.1-1/87 u ero oTaenbHBIX HECYIIUX AIIEMEHTOB.

ean: noAroroBka peKoMeHaIMi 10 KOMIIOHOBKE KapKaca, pa3padoTka pabounx
YyepTeKel Hecylmux KOHCTPYKIMHA KapKaca, COOTBETCTBYIOIIUE COBPEMEHHBIM
TpeOOBaHUSIM HAJICKHOCTHU.

MarepuaJibl 1 METOIbI: TECOPETUUECKUE UCCIICIOBAHMS, YUCIICHHOE MOJICITMPOBAHHE.

Pesynbrarpl: pa3paboTaHbl PEKOMEHAIMM M0 KOMITOHOBKE KOHCTPYKTHBHBIX CXEM
KapKaca, orpe/iesieHa HeCyIasi ClioCOOHOCTh OCHOBHBIX JIEMEHTOB KapKaca B BUJIE rpa(uKoB.

BbiBoabI: 10 pe3ynbraTaM MPOBEACHHOW pabOThl MOTYy4YEHbl padouue YepTeRu
CTPOUTENBHBIX  KOHCTPYKIIMH, COOTBETCTBYIOIIME TPEOOBAHUS  COBPEMEHHBIX
CTPOUTETHHBIX HOPM M OTBEYAIOIINE YCTAHOBJICHHBIM KPUTEPUSIM HAJICKHOCTH, TIPH
CHIKEHUHM OOIIIET0 pacxojia CTallu.

Beenenne

CrpoutenbHasi OTpacib SIBISIETCS BaXXHOM COCTaBIIAIOLIEH SKOHOMUKH benapycu.
B pecnyOnuke CTpOST XWible U MNPOMBILUICHHBIE 3[JaHUS, OOBEKTHl CEJIbCKOTO
XO3SICTBA M 3[pAaBOOXPAHEHUsl, CIOPTUBHBIE COOPYKEHHUS, aBTOMOOUJIbHBIC
MarucTpajd. ITOMY CHOCOOCTBYET MOCTOSIHHOE€ Pa3BUTHE MPOMBIIUIEHHOCTH
CTPOUTENBHBIX MAaTEpPHANIOB, Ha JOJNIO0 KOTOpoM mnpuxomurca mnoutd 5 % BBIL
CoBpeMeHHbBIE MaTrepualibl JAlOT BO3MOXHOCTh BOIUIOTUTH B JKU3Hb CMEJbIE
APXUTEKTYPHBIEC PELICHUs], KAYECTBEHHO IIPOBOAUTH PECTABPALIUIO, PEKOHCTPYKIIHUIO,
PEMOHT Pa3INYHBIX OOBEKTOB.

Ha wactosimmii  MOMEHT Jiii  OOJBIIMHCTBA  3aBOAOB-TIPOU3BOAUTENCH
&KeJIe300€TOHHBIX KOHCTPYKIIMI OCTPO CTOUT BOMPOC CEPTU(DUKAIIMN BBITYCKAEMbIX
n3nenuid. Pe3ynbprar aHann3a HOMEHKIIATYPBI BBITYCKAEMOW MPOAYKINH MMOKA3bIBAET,
YTO, B MOJAABISIONIEM OOJIBIIMHCTBE, TEXHUYECKasl JOKYMEHTAIMs, IPUMEHsIeMas Ha
MPEANPUATHAAX-U3TOTOBUTENSAX, ycTapena (BBIIOJHEHA MO COBETCKMM HOPMAaTHUBHO-
TEXHUYECKUM CTaHJapTaM) MU HE COOTBETCTBYET TpeOOBaHUSAM, AECUCTBYIOIINUX
B HacCTOsIIllee BpeMsl TEXHMUECKUX HOpMaTtuBHO-TIpaBoBbiX akToB (CH 2.01.01-2022,
CH 2.01.02-2019, CIT 5.03.01-2020, CTb EN 206-2016). Cnemyer OTMETHUTb,
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YTO MPUMEHEHUE THUIOBBIX CEpHUil, BBIMyIICHHbIX Oonee 40 et Hazaa, co3daer
yCIIOBUS, TMPU KOTOPBIX HMMEET MECTO HE€ TOJIbKO HEO0OOCHOBaHHBIN mepepacxo
MaTepuagoB, HO M CHIDKCHHE HAJIeKHOCTH U3JEeTUui CcOOpHOTO jKele300eToHa.
[IpocTas 3amena (6e3 nepepacuera xoiudectBa) apmarypbsl Alll mo T'OCT 5781-82
Ha apmatypy S500 mo CTB 1704-2012 mpuBOAUT HE TONBKO K MEPEPACXOAY CTAIH
(mpu 3aMeHe nuaMeTpa Ha JUaMeTp), HO U U3MEHSIET (popMy pa3pylIeHuUs HIEMEHTa.

Ha npotsbkennn 2023—-2025 rr. B paMKax Hay4yHO-HCCIIEIOBATEIbCKON PadOTHI
«Pa3paboraTts HaydHO OOOCHOBAHHBIE MOJIEIM CONPOTUBICHUS KOHCTPYKTHBHBIX
CUCTEM M3 COOpPHOTO >KeJI€300€TOHA, BHIMOIHUTH HA UX OCHOBE OILEHKY Ha/IeKHOCTHU
K JKUBYYE€CTH KapKacOB MHOTOJTa)KHBIX 3/1aHHM, B TOM UYHCIIE B OCOOBIX PACUETHBIX
CUTYyalHsIX, ¥ TiepepadboTarh (akTyaln3upoBarh) paboune deprexu cepuid 1.020-1/87
u 1.020-1/83 «KoHcTpyKInu Kapkaca MEKBHIOBOTO IPUMEHEHUS TSI MHOTO3TaKHBIX
OOIIECTBEHHBIX 3[aHMiD» CIEUUATNCTBl oTpacieBod mnaboparopuu «Hayuno-
UCCIIeIOBATENIbCKUIN LIEHTP WHHOBALUKA B CTPOUTENILCTBEY BBIMOIHSIIN MEPEPadOTKy
yYKa3aHHBIX CEPHIl.

00630p anTeparTypsl

KapkacHble 37aHUSI, KaKk B NPOMBIIIIEHHOCTH, TaK W B T'PAXKIAHCKOM
CTPOUTENBCTBE, MPHOOPENM IIMPOKYI0 MONYISIPHOCTh Onarofaps pa3sHOOOpa3uio
00BEMHO-TJIAHUPOBOYHBIX PEIICHUA BHYTPEHHEr0 MPOCTPAHCTBA. IJTO CTajo
BO3MOXKHBIM OJyiaroiapsi HOJHOW HWHAYCTpHAJIM3allUd HW3TOTOBIICHUS W MOHTaXKa
KOHCTPYKLIMM, a Takxke auddepeHIuany HECYHIIMX U OTPaKIAOUIMX 3JIEMEHTOB
Mo UX (PYHKUMOHAILHOMY HA3HAUEHUIO. YINPOILIEHUE CHUCTEMbl YHUPHUKAIUU
Y TUNIU3ALMKA 103BOJIsIeT 3(()EKTUBHO HMCIOIB30BaTh W PaCHpEleisaTh MaTepHUalbl,
YTO B CBOIO OY€pEAb NPUBOAUT K CHUKEHHIO OOILEro pacxoza.

OpHoil W3 KIIOUEBBIX OCOOCHHOCTEH KAapKacoB MHOTOATaXKHBIX 3aHUUN
U3 COOpHOrO ’Kene300€TOHA SBISETCS HaJIUyue OOJBIIOr0 KOJIMYECTBA Y3JIOBBIX
CONPSKEHUI, KOTOpPBIE, B COOTBETCTBUM C IPUHATOM CUCTEMOU pa3pe3Kd 31aHHUs
Ha DJIEMEHTHI, OOBIYHO pACIHONATalOTCs B HAaWMMEHEe HalpsHKeHHBIX 30Hax [1].
Pa3pe3ka kapkaca Ha KOHCTPYKTHBHBIE AJIEMEHTHl OCHOBBIBAETCS Ha HECKOJIBKUX
NpUHIMIAX [2, 3]: MUHMMH3aLMS 4YHCJIA THUIIOPA3MEPOB M MApPOK, MPOCTOTA
Y YHUBEPCAIIBHOCTh Y3JI0B COIPSKEHUS, COOMIONCHUE 3CTETUYECKUX M apXUTEKTYPHBIX
TpeOoBaHMil, a TAK)KE€ IKOHOMUYHOCTh U TEXHOJIOTUYHOCTh B MPOLIECCE U3TOTOBICHHUS
Y MOHTaXa.

MarepuaJbl 1 METOAbI

Pabora mo akTtyanuzanuu cepuu Oblla Hayara C KOMIIOHOBKM MOHTaXKHBIX CXEM
Kapkaca. 3a OCHOBY ObUIM B3SIThl CXE€MbI, MpUBENeHHbIE B Bhilyckax 0-1 u 0-2 cepumn
1.020-1/87, m BmociencTBUH AOpaOOTAaHHBIE C YYETOM JICHCTBYFOIIMX TEXHHUYECKHX
HOPMAaTUBHO-TIPABOBBIX aKTOB. bbUT BBIMOMHEH cOOp HArpy3oK, JCHWCTBYIOIIUX
Ha AJIEMEHTHI KapKaca: MOCTOSIHHBIX (COOCTBEHHBIN BeC KOHCTPYKLINH, BEC KOHCTPYKIIUH
mojia, KpOBIM W T. J.) U TIEPEMEHHBIX (CHETOBbIE M (PYHKIIMOHAJBHBIE HArpy3KH,
BETpOoBO€ Bo3zelcTBUE. CTaTMUECKHd pacyeT KapKaca BBIMOJHAJICS B MPOTPAMMHBIX
KoMILIeKcax, Takux kak Dlubal Rfem, SAP 2000, JIupa Codt (pucyHok 1).

PesynbraThl CTaTMYECKOrO aHaiM3a psAga TUIOTETHYECKUX, HO pEeajbHO
peanu3yeMbIX KOHCTPYKTHBHBIX CHUCTEM IIOJIYYEHBI B BHJE DIIOP, H30MOJEH
BHYTPEHHUX YCWJIMI B OJJIeMEHTax Kapkaca, TaOJHul CO 3HAYCHHUSIMH YCHUIIH.
Ha ocHOBaHMM BBIYHMCIICHHBIX YCHJIMW BBIIIOJIHEH pacyeT M KOHCTPYMPOBAHUE
OCHOBHBIX HECYIIMX 3JEMEHTOB Kapkaca: (yHIaMEHTOB, KOJOHH, pHreieu
U auadparM *KeCTKOCTH.
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Pucynox 1 — Yucnennas moodens kapkaca ¢ cemkoul KonoHH 6 % 9 m, asicomoti smadxca 3,3 m, 8 smaicell

Pe3yabTarhl ncciienoBanust

Jns  Kaxaoro  KOHCTPYKTMBHOIO — 3JeMEHTa Oblla TMOJIydeHa  Hecylas
CrocoOHOCTh, onpeneneHHas B coorBerctBun ¢ Tpedoanusimu CIT 5.03.01-2020.

Pacuer ¢yHnaMeHTOB OBLT TPOU3BENEH B COOTBETCTBUU C TpPeOOBaHUAMHU
CIT15.03.01-2020 u CI15.01.01-2023. Tlpu »STOM YYUTHIBAIKCH CIEAYIOIINE
TpeOOBaHMUS:

1) TpeboBaHus, oOrpaHWYHMBAOIIUE (OPMY OIIOPHI JABJICHUS HA TPYHT.
Cormacuo CIT5.01.01-2023 mgomyckaercst Tpanenenganbhas, Tpeyroabaas (P, > 0)
U TPEyrojibHas C HEMOJHBIM KACAaHHWEM IMIOJOIIBOM TpPyHTa (IBYX3HAuHas) JIIOpa
naBieHus. B mocrnegHem ciydae MHHMMalbHas [JIMHA TPEYTOJIBHOW SIIOPHI
IIpU IEUCTBUM MOMEHTa Jo/bkHa ObiTh He MeHee 0,75 pasMepa MOIOLIBBI
B HaIIpaBJICHUM JICHCTBHS MOMECHTA;

2)  Hecylas CIiocOOHOCTh MOJOMBEI pyHAaMeHTa (TTMTHON YacTh) Ipu padoTte
Ha U3TM0 KOHCOJIBHOTO BBICTYIIA B CEYEHUU 110 TPAHU KOJIOHHBI;

3) Hecymas COCOOHOCTh CTaKaHHOW YacTH (pyHIAMEHTa, ONpelesieHHas Kak
JUIsl BHELIGHTPEHHO C)KaTOro 3JIEMEHTa KOpoOYaToro Ce4eHus;

4) Hecymas CIOCOOHOCTh CTaKaHHOW YacT (yHIAMEHTa U3 pacdera
M0 HaKJIOHHOMY CEUEHHIO, TPOXOIALIEMY Yepe3 CTEHKU CTaKaHa.

['paduueckoe nz00pakeHHe HeCylier crmocoOHOCTH (yH/IaMEHTa MOXKET OBITh
MPEICTaBICHO B BUAEC CHCTEMbI TPaUKOB, KaXAbIH M3 KOTOPHIX OTpPakaeT OTHO
13 MEPEYHCIICHHBIX BhIIIe TpeOoBaHMiA (pUCYHOK 2a). Eciiu mpuHATH 32 JOMyCTUMBIC
BEJIMUMHBI M3TUOAIONIET0 MOMEHTa M MPOAOJIBHOW CHIJIBI KOOPAMHATHI TOYEK,
PACIOJIOKEHHBIX BHYTPH OOJIACTH, OTPAaHUYEHHOW JUHUSMH, TO MOYKHO TOJYYHThH
000011IeHHbIN TpaduK HECYyIIel CTOCOOHOCTH (PUCYHOK 20).

KosnonHbI kapkaca paboTalOT Kak BHELEHTPEHHO CXKaTble dJeMeHTHI. [lockombKy
MPOCTPAHCTBEHHAsI KECTKOCTh B CBA3EBOM Kapkace oOecreunBaeTcs auadparMamu
KECTKOCTH BEJIMUYMHA N3TUOAIOINX MOMEHTOB HE3HAUYUTEIbHA.

Jns ynoOcTBa Hecymias CHOCOOHOCTh KOJIOHHBI TIPU JIBYXOCHOM M3THOe
MpeNCTaBlieHa B BUAC Tpaduka COMPOTUBICHUS CEUEHHUS, KOTOPBIA MPEACTaBISICT
co0olf NMUHUU YpOBHsS (TOPH3OHTAIM) IJIST OMPENETCHHBIX 3HAUYCHUU MPOMOTHHOU
cuibl  Ngg B KOOpAMHAaTax  3HAu4€HUM  M3rHOArOIMX  MOMEHTOB  Mggy
(110 TOPH30HTANBEHOM OCH) B MEg y (110 BEpTHKaAIBLHOI OCcH) (pUCYHOK 3) [4].

Hecymas criocoGHOCTB pureneit u nuadyparm >KeCTKOCTH MOJTydeHa B BUJIE TAOHII.
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BriBoaml

[Io pe3ynsraraMm mMpoBeAEHHOW pabOTHl MOMY4YEHBI paboure  YepTEeKH
CTPOUTEIBHBIX  KOHCTPYKIIMH, COOTBETCTBYIOLIME TPEOOBAHUS  COBPEMEHHBIX
CTPOUTETHHBIX HOPM M OTBEUAIOIINE YCTAHOBJIEHHBIM KPUTEPHUSM HAJC)KHOCTH,
MIPU CHUKEHUM 0011ero pacxona cranu (tadmuua 1 u 2).

Taouauna 1 — CpaBHeHHe oKa3aTeaen pacxoaa CTAIN J11 KOJIOHH Ha 3JIaHhe

1.020-1/87 b1.020-1.23

Mapxka KOJIOHHBI Kom. Pacxon cra- Mapka KOJIOHHBI Ko Pacxon

JIH, KT CTajH, KT
KpailHue

3KHO 33-2.34/44 18 371,6 2KHO 4.33-2.9/2 18 196,33

3KCO 33-2.33 18 177,4 2KCO 4.33-2.3 18 165,95

2KBO 33-2.23 18 105,1 2KCO 4.33-2.2 18 122,35

2KBO 4.33-2.2 18 111,37

cpenHue

3KH/I 33-2.59 32 1022,0 2KH/I 4.33-2.17/15 32 568,25

3KCJI 33-2.40 32 364,3 2KCJ]1 4.33-2.5 32 242,61

2KB]JI 33-2.23 32 118,7 2KCJ]1 4.33-2.2 32 133,93

2KBJ1 4.33-2.2 32 122,95

Hroro pacxox cranu, KT 59933,8 Wroro pacxoj cranu, Kr 44895,7

Tabauna 2 — CpaBHEHHE IMOKa3aTeIeH pacxo/aa CTaau Ul pUTeliel Ha 3/1aHHue
1.020-1/87 b1.020-1.23

Mapxka purens Kon. Pacxon Mapka pureist Koum. Pacxon
CTaju, KI CTaju, KT

POIT 4.56-60 80 170,22 POIT 4.56-60 80 284,16

PJIIT 4.56-110 28 254,3 PJIIT 4.56-110 28 289,37

PJIIT 4.26-110 12 75,57 PJIIT 4.26-110 12 104,96

POIT 4.26-55 40 79,02 POIT 4.26-55 40 100,4
HToro pacxox cranu, KT 24805,6 Hroro pacxox cranu, KT 36109,9

[To pesymbraram aHammM3a pacxola CTald Ha 3JaHUA. 3alMPOCKTUPOBAHHBIC
cornacHo cepusim 1.020-1/87 u b1.020-1.23 nomyunnu:

— yMeHblieHue pacxona ctaiau Ha 25,09 % Ha u3rotoBieHHe KOJIOHH, MPUHATHIX
no cepun b1.020-1.23, o cpaBuenuto ¢ cepueii 1.020-1/87 (tabnuma 1);

— yMEHbIIIEHHEe OOIIero pacxoja CTanu (Ha WM3TOTOBICHUE KOJOHH M pUTENEH)

Ha 4,41 % nns xoHcTpykumid. mpuHATHIX mo cepur b1.020-1.23, mo cpaBHeHuto
c cepueii 1.020-1/87 (Tabnuia 2).
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AHHOTaLMUSA

IIpeamer wucc/ieOBaAaHUA: BEIMYMHA PE3YJIBTUPYIOLIEH PAaBHOICHCTBYIOLIECH
IIONIEPEYHOM CWJIBI B  pacuerax CONPOTHUBJIECHUS MPOJAABIMBAHUIO  ILIOCKOU
&KeJ1e300€TOHHOU TIJTUTHI.

Hean: pa3paboTaTh pacyeTHYO MOJAEIb COMNPOTUBICHHS MPOJABIUBAHUIO
KeJIe300€TOHHOM MOHOJMTHOHM IUIMTHI, B OCHOBY KOTOPOW IOJIOKEH COBPEMEHHBIN
albTEPHATUBHBIM  TOAXON, Oa3WpyrOUIMIICs Ha NPUMEHEHHH TMOJHOCBA3HOU
HEUPOHHON CETH; BBIIBUTH ONTHUMAJIbHOE KOJIMYECTBO IPOMEXYTOUHBIX CJIOEB H
HEHUPOHOB B KaXXJOM CJI0O€ HEHPOHHOHN CETH; MPOBEPUTHh TOYHOCTh pa3pabOTaHHOU
MOJICIIN.

Marepuajbl M MeTOAbI: METOJbl ANTOPUTMHU3AUMK OOYYEHHUs IOJHOCBA3ZHOU
HEUPOHHOM CETH, NPEIHA3HAYCHHOW ISl MPEACKA3aHNs BEIMUMHBI PE3YIbTUPYIOLIEH
PaBHOACUCTBYIOIIEH MONEPEYHOM CHJIBI, a TaKXE METOAbl CTATUCTUYECKOIO
OIICHUBAHUS OIMIMOKHA PACUETHON MOJICTIH.

Pe3ysabrarbl: B UCCIEIOBaHMM NPUMEHEHBI O0OydaeMmble HEHPOHHBIE CETH
C IIEJIBI0  OTIPEICICHHS] COMPOTHUBIICHUSI TMPOAABIMBAHUIO KEJIE300€TOHHBIX TUIUT
MepeKprITUl U PyHAAMEHTOB O€3 MOIMepeuHON apMaTyphl; pazpaboTaHa I0CTOBEpHAs
pacueTHas MOJENb, Oa3upylOIIMecs Ha ajlropuTMe paboThl  MOJHOCBA3ZHOM
MCKYCCTBEHHOM HEHPOHHOM ceTH (MEepCenTpoH), KOTOpas 3HAYUTENIbHO ObICTpee,
a B psJie CIIy4aeB U IPOLIE, B CPABHEHUU C U3BECTHBIMU METOAAMH IPEICKA3BIBACT
BEJIMUMHY TMPEACIBbHOM MPOJABIMBAIOIIEA CHJIBI B pacueTax COINPOTHUBIICHUSA
MPOJIaBIMBAHUIO  JKEJIE300€TOHHBIX  TUIMT  TEPEKpPhITUH U (PyHIaMEHTOB
0e3 rmornepeyHor apMarypsl M 00JaJaeT OTHOCHTEIHHOM BBICOKOM TOYHOCTHIO,
KOTOpasi TPEBBIINIAET TOYHOCTH OOJBIIMHCTBA M3BECTHBIX B HACTOSIIEE BpeMs
PACUYETHBIX MOZENEN CONPOTUBIICHUS IPOAABINBAHHUIO.

BoiBoabl. Mojenu, 0asupyronuecss Ha MPUMEHEHUU HEHPOHHOM CETU C TMOJTHO-
CBSI3HOW apXUTEKTYpOM, 00Jaar0T JOCTATOYHO BHICOKOW CTIOCOOHOCTHIO ISl TIPE-
CKa3aHUsl BEJMYMHBI COMPOTHUBJICHUS MPOJABIMBAHUIO IUIOCKUX KEJI€300€TOHHBIX
MOHOJIMTHBIX TUTUT U MOTYT OBITh MCMOJIb30BAaHbI B CUTYyaIlUsX, KOT/la HEOOXO0IUMO
MOJIYYUTh TIPEABAPUTEILHOE OBICTPOE OIICHUBAHWE BEIIMYWHBI COTIPOTUBIICHUS TPO-
naBnuBaHuio. [lanHHoe HampaBiieHue TpeOyeT MajdbHEWIero yriyOJeHHOTO aHalu3a
C LUEJBI0 TOJYYEHHS] HANECKHBIX PACUETHBIX MOJEIIEH, IMO3BOJISIOLIMX BBINOJHATH
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I_II/I(prBOC MOJACIUPOBAHHUEC U IMPOTHO3UPOBAHUEC MPCACIbHLIX BCIWYHMH COIIPOTHUBJIIC-
HHA ITPOJABJIMBAHUTO.

BBenenue

B coenunennu xene300eTOHHOW MOHOIUTHOM TJIUTHI IEPEKPHITHS U KOJIOHHBI TIOJ
HArpy3Kol BO3HHMKAeT CJIOKHOE  HalpsbKEHHO-1e(OpMUPOBAHHOE  COCTOSIHUE,
B pe3yJIbTaTe KOTOPOTO B MPECIIbHOM COCTOSIHUM IJIUTA XPYIIKO pa3pyIiaeTcs C Bble-
JICHHEM M3 Hee YacTh 0eTOHa KOHUYECKOM (popMblI (ITMpaMu bl MPOAaBIuBaHus). MHO-
TOYUCIICHHBIE SKCIIEPUMEHTAIBHBIE U TEOPETHUECKHE MCCIIEOBAaHUS, HAIllPaBICHHbIE
Ha M3y4Y€HHUE COMPOTUBIICHUS MPOJABIMBAHUIO, MPUBEIU K BO3HUKHOBEHHIO IIEJIOTO
psiga pacueTHbIX Mojiener, OIHaKO BBIICYIIOMSHYTHIE PAacCu€THbIE MOJEIA UMEIOT OT-
HOCHUTEJIbHO HEBBICOKYIO TOUHOCTh MPECKA3aHU.

Pa3Butre HEMPOCETEBBIX TEXHOJIOTUM, KOTOPBIE ITOJIYYarOT B IOCIEIHNE F'OIbI BCE
OoJplliee MMPUMEHEHUE BO BCEX OTPACISAX TEXHUKHU, MO3BOJIUIIO UCIOJIB30BATh B pe-
LIEHUU OTPOMHOIO KOJIMYECTBAa MHKEHEPHBIX 3a/1ad, B TOM YHCIIE M 33Ja4d CONpO-
TUBJICHUS TNPOAABIMBAHUIO, AJITOPUTMBI, B OCHOBE KOTODPBIX JEXAT METOJbI o0pa-
0oTku nanHbIX [1, 2] 1 MamHHOE 00yueHue (machine learning, ML) [1, 3, 4, 8].

00630p anTepaTypsl

3ajaya CONPOTHUBIICHUS >KEJIE€300€TOHHBIX IUIUT MPOJABIMBAHUIO HCCIEAYETCS
C HavaJia MpoIUIOro croyuetus. Tem He MeHee, K HACTOAIIEMY BPEMEHH OHA OCTaeTCs
HE PELICHHOW B MOJHOW Mepe M B 00JaCTH TEOPHUH KEJIE300€TOHHBIX KOHCTPYKIIHMA
C TOYKH 3pEHUsS 3HAUMMOCTH SIBJISIETCS] OIHOM M3 HanOosiee akTyanbHbIX. [Ipogomxka-
€TCsl MOMCK HE TOJBKO TPAJAMIIMOHHBIX METOJIOB PEUICHUS 3a/adyd CONPOTUBIICHUS
MPOJIaBIIMBAHUIO, HO TakKXKe pa3padaThIBAIOTCS HOBBIE AIbTEPHATUBHBIC TOJXOJIBI,
K KOTOPBIM OTHOCSATCSI METO/Ibl MATMHHOT'O OOyUYEHHUS.

JlocTaTtoyHO 0O0JIbIIOE KOJIMYECTBO HMCCIEIOBAHUN CBA3aHO C pa3pabOTKOW pac-
YETHBIX MOJIEJIEN CONMPOTUBIICHHUS MMPOIABIUBAHUIO KEJIE300€TOHHBIX IUIUT, B OCHOBY
KOTOPBIX TMOJIOKEHBbI ~HewpocereBsle amroputmbl: A. N. D. Hoang [5],
H. D. Nguyen u mp. [6], S. Mangalathu u ap. [7], Y. X. Shen u ap. [1], G. T. Truong
u jp. [8].

MarepuaJjbl 1 MeTOAbI

Jlisg mpenckasaHusi CONPOTUBIICHUS IMPOJABIMBAHUIO >KEJI€300€TOHHBIX MOHO-
JUTHBIX TUTUT MPUMEHSIIN OJIHOCBA3HYIO HEHPOCETh (IEPCENTPOH).

[Ipn oOydyeHHH HMCKYCCTBEHHBIM HEHpPOH (pUCYHOK 1, a) BBINOIHSET ONEpaLUIo
HEJIMHEWHOTO NpeoOpa3oBaHusi CyMMbl MPOU3BEACHUIM BXOAHBIX CUTHAJIOB Xj Ha Be-
coBble KOd(p(UIMEHTH! @ (B3BEIICHHOE CYMMHUpPOBaHME) C H00aBICHHEM IOpora
HEUPOHHOTO 3jieMeHTa 7, XapakTEepU3YIOIIEro pacnoyioxkeHue (QyHKIUU aKTUBALUU
no ocu abcruce [9]. B3Bemiennas cymma S paCC‘{I/ITBIBaeTCH o ¢popmyie (1)

S= Za) X, — (1)
s akTMBaIMKM HEMPOHA UCTIOIB30BaAIN peKTH(prKauHOHHon dbynkiuio (ReLU)
S,5>0,
F($)=, )

Takue BBIYUCIICHUS BBIMOJHSIOTCS JJIA KaXJ0TO W3 HEHPOHOB CKPBITHIX U BBI-
XOIHOTO CJIoeB (pucyHKe 1, 0). B pe3ysbraTe B BBIXOJHOM CJIOE TOJTY4aeTCsl HEKOTO-
poe 3HAYECHHE HCKOMOUN BEIWYUHBI Y, KOTOPOE CPAaBHUBAETCS C JIEWCTBUTEIbHBIM
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STaJIOHHBIM 3HaueHHeM E — compoTuBieHne cpe3y npy NpoaaBIUBAHUU Ve, TOITY-
YEHHOE MPHU 3KCIIEPUMEHTAIILHOM HCCIIeI0BaHUH (PAKTHUECKUX 00pa3IloB kene300e-
TOHHBIX IUTHT. B mporiecc 0oOydeHuss HEHPOHHOW CETH M3MEHSIOTCS BECOBBIC KOI(-
GbHUIMEHTHI METOIOM 00paTHOIO pacnpocTpaHeHus omubku (aHri, backpropagation).

Bxomnsie DyHkIII F( S) _ {S, S>0, }_,@ )
JTAaHHBIE CYMMBI 0. @
@yukg akTnBamyu - Bexommere

HellpoHa JTaHHBIE

, BrxomHoii
cIoit

Bxomnoii |
cI0it

Y
CKpBITEIE
cion

@) — CmpyKmypa nepcenmpona. UMumupyowas 00ur ouonocuieckuil Heupow [9];
8) — 00Was NPUHYUNUATILHASL CXeMd NePCENnMPOHA C HECKOIbKUMU CKPbIMbIMU
CHLOAMU. UCNONb3YeMAsl 8 OAHHOM UCCILe008AHUU
Pucynok 1 — Apxumexmypa netipocemu

B kauecTBe OMMOKH MOJIEIH UCIIOIL30BAIM CPEAHEKBAIPATHUHYIO OIIHOKY
1 kK k)2
Eﬁ;Zj(yj—ej) ) €)

rjie N — pa3aMepHOCTh OOYYarOIIeH BHIOOPKH.

AJNTOPUTM BBINIOJIHAETCS 10 T€X MOp. NMOKa CyMMapHas KBajJpaTUyHas oIIHOKa
CETH HE CTAHET MEHBIIIE 3aIaHHOM. T. €.

E<E. (4)

Heliponnast cetb Obula peanu30BaHa € MOMOLIBIO OTKPBITOH MPOrpaMMHON
oubnuorekn st MamuHHOro oOyuyeHus TensorFlow, paspa®oranHoil koMmaHuei
Google my1s perienns 3a1a4 NOCTPOEHUS U 00yUeHUsI HEHPOHHBIX CETEH.

Jlnst o0yueHuns HeWpoHHOU ceTu Obuta cpopmMupoBaHa 0aza SKCIEPUMEHTATBHBIX
JAHHBIX, B3SATHIX W3 JOCTYIHBIX JIUTEPATypPHBIX HCTOUYHHMKOB, KOTOpas BKJOYasia
cBelieHUs1 0 248 SKCIEePUMEHTAbHBIX 00pasiax TUINT, UCIBITAHHBIX 3apyOeKHBIMU
¥ OTEUECTBEHHBIMU aBTOpPaMH, KOTopas Obliia pasaeseHa Ha ase yactu: 200 oO6pasios
ObUTM MpeIHa3HauYeHbI Il 00ydeHus HeilpoceTeBoil Mojenu; 48 0o0pas3ioB, HEHUC-
MOJIb30BAHHBIX B 00YYEHUH, COCTABUIIA TECTOBYIO BEIOOPKY.

BxoaHoW cnoil BKiIrO4as IBeHaAaTh HEHPOHOB ((paKkTOphl, BIUSIONIME HA COMPO-
TUBJICHHWE NIPOJABIMBaHNI0): X; — (hopMa KOJIOHHBI B TU1aHe; X, , X3 — pa3mepsl CTO-
POH SKCIIEpPUMEHTAIILHOM Kej1e300eTOHHOM TunTHI (a, b); X, — BeicoTa mumthl (h); X,
Xs — pa3mepsl kojioHHbI (I, a,, b,); X7 — pabouas s dextuBHast Boicota minThl (d); X,
Xy — cpemHre cOOTBETCTBEHHO MPOYHOCTH (fom) ¥ Momynms ynpyroctu (E.yn) Oerona;
X10 — K03 pULIMEHT TPOAOIBHOTO apMUPOBaHUS TUIUTHI (p); X131, X1, — cpenHue co-
0TBeTCTBEHHO MpouHOCTh (fs) 1 Momyis ynipyroctu (Eg) apmarypsl.
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Pe3yabTarhl Hccse10BaHUs

C 1enpro OnpeseieHns] ONTUMAIBHOTO KOJMYECTBA CKPBITHIX CIOEB U HEHPOHOB
B K&XJIOM U3 HHUX ObutM pa3paboTaHbl HECKOJIBKO HEHPOCETEBBIX MOJETEH,
B KOTOPBIX KOJHMYECTBO IMPOMEXYTOYHBIX CIIOE€B BapbupoBasioch OoT | g0 39,
a KOJIMYECTBO HEUPOHOB B ciioe oT 6 10 45.

CpencTBaMy OIICHMBAHUS JTOCTOBEPHOCTH HEHPOCETEBBIX MOJENCH OBbLTA BHI-
OpaHBI CIEAYIONINE CTATHUCTUYCCKUE TapaMeTphl: CPEIHss aOCONIOTHAs OIMMOKa
(MAE), cranmaptaoe otkionenue (RMSE), kosddunment koppemsiuu ITupcona (r),
ko3 dunmenta nerepmuHanuu (R?), Benmunaa mompaBodHoro kodddurmenta b, xa-
pakTepu3ymomas HaCKOJIBKO B CPEIHEM HCCIIeyeMas MoJieh Oe30macHa Wi Hebe3-
oracHa, a TaKk)Ke 3HAYCHHS CpeIHel omurOku mMojeneit (A), TOJIyYeHHOE 10 BEKTOPY
omu6Ook (), m ko3 unment Bapuaruu (V) BeKTOpa OIMIMOOK O, pacCUUTaHHBIC
B COOTBETCTBHHM C IpOILEAYpoH, mpuBeaeHHoii B mpminokennn J| CH 2,01,01 [10],
KpurepusiMmu HanOobIIeld TOYHOCTH MCCIACTYEMBIX MOJICICH CUMTA HaWUMEHbIINE
3HaueHus cpenHerd abcomotHOM ommoOkn (MAE), cranmapTHOro OTKIIOHCHHS
(RMSE), 3nauenus cpenueit ommoOku (A) u kodpduiment Bapuarmu (Vs), a Takke
HaunOonee Onu3kue K 1 3HaueHus: kordduuuent koppensiuu [lupcona (r) u xkoad-
dummenta nerepmunanmn (R2).

Jlst Mmozienielt ¢ KOJIMYECTBOM MPOMEKYTOUHBIX CIIOEB BOCEMb U 0oJiee, OTMEUYeHa
MEHbIIIasg CTaOWUILHOCTh B OOYYEHHH, O Ye€M CBHJETEJILCTBYET MEHEE Ijajkas Io-
BEPXHOCTh M3MEHEHHUS KPUBOW M3MEHECHUSI OIITMOKH MOJICIIH B TIPOIIECCE €€ O0yUCHHUSI
(pucynox 3).

C yBenM4eHreM KOJIMYECTBA HEMPOHOB B CJIO€ B CPEHEM HAOIIOIACTCS YIIyUIICHUE
BCEX HCCIIEAYEMBIX CTATHCTHK, KOTOPOE, TEM HE MEHEe, UMEET BEPOSTHOCTHBIM XapakK-
Tep. YBEIMUEHNE KOJUIESCTBA HEHPOHOB B CJIOC MPAKTHYCCKN HE BIMSICT HA N3MCHCHHUE
omuoOku (0) u xoddduimenTa Bapuanmu BekTopa ommobok (Vs) B MOAEISIX C OJHUM
MMPOMEXKYTOUYHBIM CJI0EM HEMpoHOB. Ho B Momenn ¢ 39 mpoMexyTOYHBIMH CIIOSIMU
HAOJTIOIACTCS B CPETHEM 3HAUMTEIILHOE CHIDKCHUE dTHUX TTApaMETPOB.

a) 3 mpoMesk. c104 1o 24 HelipoHa 6) 9 mpomex. clI0€B IO 24 HefipoHa B) 39 mpomex. c10ép 1o 24 HelipoHa

== tain 12

-= train - == train
validation "

validation validation

Pucynoxk 3 — I[lapamempul 06yuenus mooenei HeupoHHOU cemu

YBennueHne KoJM4ecTBa MPOMEXYTOUHBIX CJIOEB BEAET B CPEAHEM K YMEHBIIECHUIO
koadduimenta koppessiuu [lupcona u kodpduierTa 1eTepMUHAIIMA U YBETUICHHUIO
cpeaHeil abCONIOTHOM OMIMOKM M CTaHAAPTHOTO OTKJIOHEHUS, YTO CBUACTEIbCTBYET
00 yXyIIIEHUN MOJIeNIell PU YBEIWYECHUH MTPOMEKYTOUHBIX ClIoeB. B obmem yxysmie-
HUE CTAaTHUCTUYECKUX MapaMEeTPOB OTMEUYEHO MJISi MOJENEH, Y KOTOPBhIX KOJIMYECTBO
MIPOMEXYTOUYHBIX CIIOEB HEUPOHOB OoJbIie 18.
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BriBoambl

Mopnenu, 6a3zupyromuecs: Ha NPUMEHEHUH HEMPOHHOM CETH C MOJHOCBSI3HOM ap-
XUTEKTYpOH, 00J1a1at0T IOCTATOYHO BBICOKOW CIIOCOOHOCTBIO AJIs MPEACKa3aHUs Be-
JUYUHBI COMPOTUBIICHUSI TIPOJABINBAHUIO MJIOCKUX >KEJIE€300€TOHHBIX MOHOJIMTHBIX
IJIUT NIEPEKPBITUN U IOKPBITHAMN.

Haunyumass mpenckasatenpHass CHOCOOHOCTh ObUla OTMEUEHa il Mojejei
¢ 12—18 npoMexxyTouHbIMH CIOSIMH 10 20—24 HElpOHA B KaXKJAO0M CJIO€.

N3MeHeHne BCeX CTAaTUCTUYECKUX MapaMeTpoB, a, CIENOBATENbHO, U TOYHOCTh
MOJEJIEN, UMEET BEPOSATHOCTHBIA XapaKTep U CUIIBHO 3aBUCUT OT YAA4HOIrO 1oa0opa
BECOBBIX KOA(DPUIIMEHTOB B caMOM Hauaje OOydeHHUs, KOTOPBIA OCYIIECTBISETCA
IpOrpaMMOM IMyTEM CIIy4yalHOW reHepauud. [Ipu yciioBuM y1auHO CreHepupOBaHHbBIX
BECOBBIX KOX(pUIIMEHTaX Mpolecc OO0ydyeHUs: HEHpOHHOW CeTH MpoTeKaeT Oosee
Mpescka3yeMo M CTaOMIIbHO, a Pe3yJIbTaThl MpeICKa3aHuil, MOydeHHbIe mocie o0y-
YeHUs1, 00J1a/1at0T BEICOKOM JOCTOBEPHOCTHIO.
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AHHOTAIIUA

IIpeamer wucciaegoBaHusi: B CBSI3M C BBICOKMMH OObEMaMH IIPOM3BOJICTBA
nujomarepuanoB B Poccuiickoit denepanuu BO3HUKAET MpodiieMa Mo YTUIN3alUU
OoTpabOTaHHbIX TNOJOTeH JieHTOUHbIX mwin (OIUIIL), cpok ciykObl KOTOPBIX
coctaBimsier 20-500 wyacoB. OgHMM W3 TEPCIEKTUBHBIX HAIPABICHUM PEIICHHUS
JaHHOM mpoOnembl sBisieTcs wucnonb3oBanue OIIIT B kadecTBe Marepuana
JUTSL ApMUPOBAHUSL JIEPEBSIHHBIX CTPOUTENBHBIX KOHCTPYKIIMM, YTO CHOCOOCTBYET
KaK PEIICHUIO IKOJIOTHYECKUX MPOOJIeM, TaK U CHIYKEHUIO CTOMMOCTU CTPOUTENIbHBIX
KOHCTPYKIIUH.

enu: 11e7b10 UCCIIEAOBAHMS SBIISICTCS ONPEICICHUE BIUSHUS PA3IMUYHBIX METOJIOB
noBepxHOCTHON 00paboTku OIUJIIT Ha anre3suBHYIO NPOYHOCTH KJIEEBBIX COEIMHEHUMN
C IPEBECUHOM I ONTUMU3AIUU TEXHOJIOTUY apMUPOBAHUS IEPEBSIHHBIX OAJIOK.

Marepuajbl M MeETOAbI: HCCICIOBAaHHE MPOBOJIUIOCH C HCIOJIb30BAaHUEM
00pa3IoB apeBecHHbI COCHBI ceueHreM 50 x 50 MM, B koTopsie BkienBaauch OITJIII,
oOpaboTaHHbIE TpPEMsSl PA3IUYHBIMH CIIOCOOAMHU: CHSTHEM TalbBAHUYECKOTO CJIOS
(apanuHbl), HAHECEHUEM BEPTUKAJIBHBIX Haceuek ¢ maroM 20 MM, HaHECEHHEM
KpecTooOpa3Hbix Hacedek ¢ marom 200 wmm. VcnbelTaHus — BBITIOJTHSIUCH
Ha pa3pbiBHOW MamnHe POM-100 npu ckopoctu HarpyxkeHus 5 Mm/mMuH. OO0mmii
o0beM HCIBITaHUN cocTaBmwil 15 o0OpasnoB (1o mATH 0OPAa3IOB I KaXKIOTO THUIIA
00paboTKM).

Pe3yabTaThl: pe3yabTaThl HCIBITAHUM IOKa3aind, 4To oOpas3nel ¢ OIJIII,
00pa0OTaHHBIMU METOJIOM CHSITHS TaJIbBAHUYECKOTO CJIOS, JEMOHCTPUPYIOT
HauOOJIBIIYIO ar€3UBHYIO MPOYHOCTH (cpeanee 3Hauenue 11,28 kH) ¢ pazpyiiennem
no apeBecuHe. OOpa3lbl ¢ KPeCcTOOOpPa3HBIMM HAcEUKaMU IOKa3aJld MPOYHOCTh
9,93 kH c paspymennem mo meramry, a oOpasibl ¢ MPOJOJILHBIMU HACEYKaMU —
8,94 kH ¢ pazpymenuem no meramry. Koaddunmnentsr Bapuanuu i BCEX TUIIOB
00paboTkn He mnpeBblmasm 6,5 %, UYTO CBUACTEIBCTBYET O JIOCTAaTOYHOM
OJTHOPOJHOCTH PE3yJIbTATOB.

BoiBoabl: Haubonee 3((PEKTUBHBIM CIIOCOOOM MOBEPXHOCTHOW 0OpabOTKH
OIUIIT nnst obGecrieueHUs] BBHICOKOW aJT€3MBHOM TIPOYHOCTH SIBJISIETCS CHSTHE
raJIbBAHUYECKOTO cJosi. [lomydeHHbIE pe3ynbTaThl MOTYT OBITh HWCIIOJIH30BAHBI
pH pa3pabOTKe  TEXHOJOTUM  TMPOU3BOACTBA  APMHPOBAHHBIX  JICPEBSHHBIX
KOHCTPYKITUH C TPUMEHEHUEM BTOPUYHBIX MAaTEPUAJIOB, YTO CIIOCOOCTBYET PEIICHUIO
npobjieM  yTWIM3alUM  OTXOJOB  J€peBO0OOpaOATHIBAIONMICH MPOMBIIIJIEHHOCTH
Y CHIDKEHUIO CTOUMOCTU CTPOUTEIBHBIX KOHCTPYKIIUM.
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Bsenenue

B yCnoBusIX MHTEHCHBHOI'O Pa3BUTHs CTPOUTEIBLHOM HHAYCTpUM B Poccuiickou
®denepanyu 0co0yI0 aKTyaJIbHOCTh TPUOOPETAIOT BOMPOCH! PAIMOHATIBHOTO UCIIOJIb-
30BaHMS MPUPOJHBIX PECYPCOB M IKOJOTUUECKH O€30MaCHON yTHIIM3AIUU TTPOMBIIII-
JeHHBIX 0TX0/0B [1, ¢. 29]. JlepeBooOpabaThiBaromiasi MPOMBIIIICHHOCT SBJISCTCS
OJIHUM M3 KPYIHEWUIINX MOTpeOnuTeNe METaJUIOPEXKYIEr0 HHCTPYMEHTA, B TOM YHC-
JIe JIEHTOYHBIX ITHJI, PECYPC KOTOPBIX OrpaHuyeH u coctasisieT ot 20 1o 500 yacos,
B 3aBUCHUMOCTH OT YCJIOBHI dKCIUTyaTalu [2, c. 44].

Hakorienne otpabotanHbix nojoTeH JieHTouHbix nui (OIUIIT) co3maer cephes-
HYIO 9KOJIOTHYECKYIO MpOoOJeMy, MOCKOJIbKY JTaHHBIE OTXOJbI COJEpPKaT JIETMPOBaH-
HBIE CTAJIM U TBEPAbIE CIUIABBI, & TAK)KE OCTATKH APEBECHBIX MATEPUAIIOB, UTO 3aTPY/I-
HSET UX NepepaboTKy U yTHIIM3AIHMIO TPAIUIIMOHHBIMU MeToqamu [3, c. 107].

Hcnonb3oBanue OIJIII B xauecTBe apMHUPYIOIIUX 3JIEMEHTOB JUISl IE€PEBSIHHBIX
KOHCTPYKIMI NPEACTABISAETCS MEPCHEKTUBHBIM HAIPABICHUEM, MO3BOJIIOLIIUM pe-
IIUTh OJHOBPEMEHHO HECKOJIBKO 3aJay: YTHJIM3ALUHUI ITPOMBILIIEHHBIX OTXOJOB,
CHUKEHHE CTOMMOCTHU CTPOUTEIIbHBIX MATEPHANIOB 33 CUYET HCIIOJIb30BaHUS BTOPUY-
HBIX PECYpPCOB, a TAKXE€ MOBBIINICHUE MPOYHOCTHBIX XAPAKTEPUCTUK IEPEBSIHHBIX
snemMeHToB [4, ¢. 459], [5, c. 99].

B paborax [6, c. 317], [7, c. 24] oTMe4aeTcs, YTO apMUPOBAHUE JIEPEBSIHHBIX KOH-
CTPYKIMM pa3IMYHBIMU MaTepHaliaMH MO3BOJIIET MOBBICUTh HUX HECYIIYIO CIOCO0-
HOCTh M ECTKOCTh, CHU3UTh pacxoj IpeBecuHbl 10 30 %, nmpuMeHSTh TpEeBECUHY
0oJiee HU3KUX COPTOB U 3HAUYUTEILHO CHU3UTh CTOMMOCTh KOHCTPYKITUH “B iene”.

O (peKTUBHOCTD KJIEEBBIX COCAUHEHUHN “‘IpeBEeCMHAa — apMarypa’ B 3HAUYUTEIIbHOU
CTEIIEHU 3aBHCUT OT KaYeCTBA MOATOTOBKH MOBEPXHOCTU KOHTAKTa, 00ECIEUUBAIOIIETO
ONTUMAJIBHBIC YCIOBHUS JUIS aAre3MOHHOTO B3amMojeicTeus [8, ¢. 145]. [ToaToMy BbI-
6op mMerona moBepxHOcTHOM 00paboTku OIUJIII sBigercss kiroueBbIM (HaKTOPOM
JUIst oOecriedeHus: TpeOyeMbIX JKCILUTyaTallMOHHBIX XapaKTePUCTUK apMHPOBAHHBIX
JNEPEBSHHBIX KOHCTPYKIIUH.

[leap HACTOSIIETO MCCIEAOBAHMS — ONPENEIUTh BIUSHUE PA3IUYHBIX METOOB
noBepxHocTHOM 00padoTku OIJIIT Ha aare3uBHYI0 MPOYHOCTH KIIEEBBIX COCTMHEHUN
C JPEBECMHOM M BBIOpAaTh ONTHUMAJIBHYI) TEXHOJIOTHIO TMOATOTOBKH MOBEPXHOCTH
JUTISl apMUPOBAHUS IEPEBSHHBIX KOHCTPYKIIHMA.

00630p JuTepaTypsbl

HccnenoBanust B 006J1aCTH apMHUPOBAHUS JICPEBSIHHBIX KOHCTPYKIUMA BEIyTCS Ha
MPOTSKCHUHM HECKOJIBKUX JaecaTuieTuid, B padorax [9, c. 100], [10, c. 22] 6pu10 M0-
Ka3aHO, YTO BKJIIOUEHUE PA3IUYHBIX APMUPYIOMIMX 3JIEMEHTOB B JIPEBECHBIE KOMIIO-
3UTHI MO3BOJIAET 3HAYUTENBHO YIYYIIUTh UX MEXAHMUYECKHE XapakTepucTuku, Oco-
ObIli MHTEpEC MPEACTABISIOT UCCIEAOBAHUS TI0 MCIOIB30BAHUIO BTOPUYHBIX METaI-
JMYECKUX MaTepUAJIOB B KauecTBe apmartypsi [11, ¢. 37].

[IpumeHeHNe SMOKCUIHBIX KIIEEB Il COEAMHEHMS] IPEBECUHBI C PA3TMYHBIMU MaTe-
pHajgaMu HcClieoBaHo B padotax [12, ¢. 81], [13, c. 176]. [TokazaHo, 4TO SMOKCHIHBIC
KOMIIO3MIIUK 00ECIIEUMBAIOT BBICOKYIO MPOYHOCTh COCAMHEHUN MPU MPAaBUIBHON TOI-
TOTOBKE MOBEPXHOCTU KOHTakTa. BakKHOCTh MOATOTOBKM MOBEPXHOCTH JJIsi oOecreye-
HUS aArC3UM OUEPKUBaeTCs B paboTtax [14, c. 244], [15, c. 96].

Metoapl TOBEPXHOCTHOM 00paOOTKM METAIUIOB IS YIyYIIEHHs aire3ud ¢ MOJu-
MEPHBIMH MaTepHajaMH paccMaTpuBaroTcsi B pabdorax [16, ¢. 260], [17, c. 135]. Me-
XaHuYeckass o00paboTKa, BKJIOYas CO3JaHHE IIEPOXOBAaTOCTH, SBISETCA OJHUM
u3 HanboJee 3(h(HEKTUBHBIX CIIOCOOOB MOBBIIICHUS aAre3MOHHOM MpouHocTH [ 18, ¢. 247].
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HccnenoBaHusi BO3MOKXHOCTH HCIIOJIB30BAHMS OTPAOOTAHHBIX METaUIOPEIKYIIUX
WHCTPYMEHTOB B CTPOUTEBHBIX KOHCTPYKIIUSIX MPEACTaBICHBI B pa00Tax, B KOTOPHIX
MOKa3aHa TIEPCIIEKTUBHOCTh JAHHOTO HAMPAaBICHUS IS PEIICHUS IKOJIOTHYCCKUX
¥ DKOHOMUYECKHUX 3a]1a4.

MarepuaJibl 1 METObI

JInst mpoBeeHUsI SKCIIEPUMEHTAIBHBIX MCCIICIOBAHUIN HCIIOIL30BAUCH 00pa3IIbI
JPEBECUHBI COCHBI OOBIKHOBEHHOW C pa3MepoM momnepeyHoro cedeHus 50 x 50 mm
u auHOoM 200 MM. BBIOOp ApeBecHHbI COCHBI 00YCIIOBJICH €€ MMPOKUM MPUMEHEHH-
€M B CTPOUTEJIBCTBE, JOCTYMHOCTHIO U XOPOIIMMHU TE€XHOJOTHUYECKUMH CBOWCTBAMU
[19, c. 9]. B xauecTBe apMHUPYOIIUX 3JICMEHTOB MCIIOJIb30BAIMCh OTPAOOTAHHBIC 110~
JIOTHA JICHTOYHBIX TWJI, C TIOTIEPEYHBIM ceueHueM 1,1 X 25 MM 1 mepeMeHHBIM IIarom
3yobeB 10/14 [20, c. 235].

Bcero 6b110 msrorosieHo 15 o6pa3noB (Mo msATh 00pas3IoB UId KaKIOTO THUIA
MTOBEPXHOCTHOM 00pabOTKH).

OIUJIII ¢ o6paborannoii moBepxHocThi0 (MapkupoBka OIL[-1-OIl-5): mexanuye-
CKO€ yJaJICHHE TaIbBAHUYECKOTO CJIOS IO OCHOBHOTO METaljIa C CO3JIJaHUEM IIIEPOXO0-
BaTOCTH (pUCYHOK 1).

Pucynox 1 — OIUIII ¢ nanecenuem yapanum

OIUII ¢ BeprukanbHbiMU Haceukamu (MmapkupoBka OH-1-OH-5): nHaneceHue
BEPTUKAJIBHBIX MMAPAJUIEIBHBIX HACEUEK I10 BCEH JJIMHE MUJIBHOTO MOJIOTHA C IIAaroM
20 MM (pUCYHOK 2).

Pucynox 2 — OIIII ¢ eepmukanbHulMU HACEUKAMU

OIUII ¢ kpecrooOpazubiMu Haceukamu (MapkupoBka OK-1-OK-5): nanecenmue
KpecTooOpa3HbIX HAaceueK M0 BCeW JJIMHE MUIBLHOTO MoJioTHA ¢ marom 200 MM (pu-
CYHOK 3).

UK T

Pucynox 3 — OIJIII ¢ kxpecmoobpasHviMu HaceyKkamu
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[Ta3 B mpeBecHoit 3arotoBke 1t BkiaenuBanust OIJIIT BeIMoOnHSIICS MpsSMOYTOJIbHOR
dhopmbl TiTyOuHOM 3,7 MM 1 mpuHOM 30,6 MM C ITOMOIIIBIO TTA30BOM (Ppe3bl JUAMETPOM
10 MM Ha ¢pe3epe npu yactote Bpaienus mmuHaeas 30000 o6/mun [21, ¢. 217].

J171s1 KJIeeBOro COeIMHEHUSI UCII0JIb30BAIACh KOMITO3UIIMSI HA OCHOBE SITOKCUTHOM
cmoutbl D/1-20 ¢ otBepauTeneM — noiaudTwieHnonuamMmmuHoM (II13I1A) B cooTHoeHHH
100:12 mo macce, ¢ HanoJHUTEIEM — KBapieBbiM HeckoM (20 % OT Macchl CMOJIBI)
¥ mactudukaropoM — quoyTuiadTanaToM (5 % oT Maccel cModbl) [22, ¢. 114].

[Tporecc moAroTOBKM 00Pa3IOB BKIIOYAJ CIACAYIOUINE ITAIBI:

1) MOATOTOBKY JPEBECHBIX 3aTOTOBOK C YCTPOHCTBOM I1a30B;

2) noBepxHOCTHYI0 ~ 00pabotrky  OIIUJIII  commacHO  AKCHEpUMEHTAIBHOMN
Iporpamme;

3) OYHCTKY M 00€3KUpUBAHUE TOBEPXHOCTEI;

4) TMPUTOTOBJICHUE KJICEBOW KOMIIO3HIINY;

5) BxaeuBanue OILIIT B ma3bl IpeBECHBIX 3arOTOBOK;

6) oTBepKICHHE KIICCBOTO coeanHeHus pHu Temmeparype 20+2°C B Teuenue 72-x
4acoB.

WcnbiTanust Ha BBIIEPTUBAHUE MPOBOAMINCH Ha pa3pbiBHON Mammue POM-100
C U3MEPEHUEM MAaKCUMAaJIbHOW pa3pyliaroliei Harpy3ku. CKOpOCTh HarpyeHus co-
CTaBJIsIa 5 MM/MHH COTJIACHO pekoMeHaanusm [23, c. 409].

Cratuctrueckas oOpabOTKa pe3ysibTaTOB BKIIIOUaja pacyeT CPEeIHEro 3HaueHUs
paspyuaronieit Harpysku (Fcp), cranmaptHoro otkiaoHenus (), ko3 ¢uuneHTa Ba-
puanuu (CV) nns xkaxaoi rpynmnbsl 00pa3ioB, JJ0CTOBEpPHOCTh pa3ivyuuii OLICHHBA-
nach o kputeputo CTbro/ieHTa npu ypoBHe 3HaunMocTH p = 0,05.

Pe3yabTarhl nccjie10BaHusA

Pe3ynbpTaThl HcnibITaHUI 00pa3lioB HA BBIAEPTUBAHUE MIPEACTABIICHBI B TAOHIIE 1.

Tabauna 1 — Pe3ynbTaThl UCTIBITAHUH 00pa3llOB HA BbIJIEprUBaHUE

Ne OIIJII ¢ napanunamu | OILJIII ¢ Beprukanbubl- | OILJIII ¢ kpecTooOpa3HbI-
o0pa3ua (F, kH) mu Haceukamu (F, kH) mu Haceukamu (F, kH)
1 11,1 8,7 9,8
2 12,3 8,5 10,0
3 10,7 9,1 10,2
4 10,8 8,6 9,9
5 11,5 9,8 9,75

CraTuCcTUYECKUI aHaU3 PE3yIbTaTOB UCTIBITAHUN MIPEACTAaBIICH B Ta0IUIIE 2.

Tabauua 2 — CratucTuyeckue mapaMeTpsl pa3pytiaronmx Harpy30K

Tun odpadorkn | Fcep. kH o. kH CV.% Xapakrep pa3pyumieHust
OO6paboranHas 11,28 0,67 5,94 [To nmpeBecune

MIOBEPXHOCTh

Beprukansabie 8,94 0,58 6,49 [To meTamty B 00JIaCTH Hacedek
HaCEUKHU

Kpectoobpazusie | 9,93 0,19 1,91 [To meTamTy B 00JIaCTH Hacedek
HaCEUKHU
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AHanu3 pe3yabTaTOB MOKA3bIBACT, YTO HAUOOBIIYIO ar€3UBHYIO TPOYHOCTH JIe-
MOHCTpHPYIOT 00pasiel ¢ OINJIII, oOpaboTaHHBIMU METOJOM CHSITHS TajdbBaHUYE-
ckoro cios (Fecp = 11,28 xH). Ilpu nanHoM Ture oOpabOTKH MPOUCXOAUT paspyliie-
HUE IO JAPEBECHHE, YTO CBUJETEIBCTBYET O JOCTHXKEHHH MaKCHUMAJIbHO BO3MOMXHOM
MPOYHOCTU COEAUHEHHMSI B MPEieNiaX MPOYHOCTH OCHOBHOTO MaTepHalia.

OOpasupl ¢ KpecTooOpa3HbIMU HACEYKaMHU TMOKa3aJld MPOMEKYTOUHBIE pPEe3ylib-
tatel (Fcp = 9,93 kH), npu 3TOM pazpyiiieHue mpoucxoausio Mo MeTauly B 001acTu
Haceyek, BepTukaiabHble Haceykd OOECNEUYMWIM  HAWMEHBIIYI0  MPOYHOCTH
(Fcp = 8,94 xH) ¢ pa3pylieHreM Takxe 1Mo MeTaty.

XapakTtep pa3pylieHus 00pa3IoB MPeCTaBICH Ha PUCYHKE 4.

a. 0. B.
a — OLUIII ¢ yapanunamu, 6 — OILIII ¢ sepmukanvuvimu nHaceukamu, 6 — OILJITT
C KpecmooOpa3HbiMu HACeUKamu
Pucynok 4 — Xapaxmep paspyutenusi oopazyos

[ToydueHHBIE PE3YNBTATHI XOPOLIO KOPPENUPYIOT C TEOPETUUECKUMHU IPENCTAB-
JEHUSMHA O BJIMSHUM IIEPOXOBATOCTH MOBEPXHOCTH HA AAT€3MOHHYK) IPOYHOCT.
O0paboTka MOBEPXHOCTH IMyTEM YAAJNEHHUS TalbBAaHUUYECKOTO CIIOS CO3[AeT OMNTH-
MaJbHYI0 II€POXOBATOCTh, CHOCOOCTBYIOIIYI0 MAKCUMaJIbHOMY MEXaHUYECKOMY
CLEIUICHUIO C KJIEEBBIM COCTABOM.

CpaBHHTENBHBIN aHAIW3 C TPAJAULHMOHHBIMU BHIAMU apMaTypbl IOKa3bIBAET,
gyto OIUIIT ¢ onTtumansHON 00pabOTKON MOBEPXHOCTH OOCCIIECYMBAIOT ATC3UBHYIO
MPOYHOCTh, OJIM3KYI0 K IPOYHOCTH COEIMHEHUI CO CTalbHOW apMaTypoil (pa3Hula
COCTaBIIsieT OKOJIO 3%), UTO MOATBEPAKAAET MEPCHEKTUBHOCTh UX MPUMEHEHHS B Ka-
YECTBE apMUPYIOLIUX 3JIEMEHTOB.

BriBoabI

HaubGonee »s¢dextuBHbIM crnocobom moBepxHOCTHOH o0pabotku  OIJIIT
11 0oOecriedeHHs BBICOKOM aAre3uBHON MPOYHOCTHU C IPEBECUHOMN SBIIAECTCS MEXaHU-
YECKO€ YJaJEHUWE TaJbBAHUYECKOTO CJIOS C CO3JAHHMEM IIEPOXOBATOCTH
(Fcp = 11,28 xH).

Hanecenne BepTHKaNbHBIX Haceuek OOECHEeYMBAET HAMMEHBLIYIO aATre€3MBHYIO
npouHocTh (Fep = 8,94 kH), uTo 00bsicCHAETCS KOHIIEHTpaIMel HAPsIKEHUN B Y3KUX
HaceyKax.
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KpecrooOpa3zHble  Hacedkd  3aHUMAIOT  IPOMEKYTOYHOE  TOJIOKEHHE
(Fep = 9,93 kH) u o6ecnieunBaroT 60MBIIYIO TPOYHOCTH 110 CPABHEHUIO C BEPTHKAb-
HbIMU HACEUKaMHU.

Xapakrep pazpymieHus oopazuoB ¢ OIUIIl npu ontumanbHON 00paboTKE TMO-
BEPXHOCTU IIPOUCXOIUT MO APEBECHHE, YTO CBUAETEIBCTBYET O JOCTUKEHUHA MAKCH-
MaJIBHO BO3MOKHOM IIPOYHOCTU COEAUHEHUS.

[lonydeHHbIE pE3yJAbTAaThl MOATBEPKIAAOT MNEPCHEKTUBHOCTh HCIIOJIb30BAHUS
OIUIIT B kayecTBE apMHUPYIOIIMX 3JEMEHTOB [UJIsl JEPEBSHHBIX KOHCTPYKLIHH,
YTO MO3BOJISIET PEUINTh MPOOJIEeMy YTHIM3AIMH OTXOAOB JAepeBOOOpadaThIBarOIIEH
MIPOMBIIUIEHHOCTH.

[Ipumenenue OIIJIII B kadecTBe apMaTypbl MOXKET OOECHEYUTh SKOHOMHUIO
10 15-20 % cTOMMOCTH apMHPOBAHHBIX AEPEBIHHBIX KOHCTPYKIHM 32 CUET UCIIOIb-
30BaHMS BTOPUYHBIX MAaTE€PHAJIOB.
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MOAEJTUPOBAHUE HECOBEPIIEHCTB B PACYETAX
XOJIOTHO®OPMOBAHHBIX ITPO®UJIEHN HA OCHOBE MKJ

B. B. Haooawckuii

K. M. H., O0YeHm, 00YeHm Kageopvl MexHON02UU CMPOUMETbHO20 NPOU3BOOCMEA,
bpecmckuii cocyoapcmeennwiiit mexnuweckutl ynusepcumem, bpecm. benapycw,
e-mail: Nadolski@mail.ru

AHHOTAIIUA

B pabore paccMOoTpeHbl MOAXOAbI K MOJCIMPOBAHUIO HECOBEPILIECHCTB
B XOJIOMHO(DOPMOBAHHBIX CTAJBHBIX KOHCTPYKIUSX TIPH YHCJICHHOM aHAJIM3e.
[Toxa3aHo, 4TO B OTIMYME OT CBAPHBIX M TMPOKATHBIX 3JIEMEHTOB, MJISI KOTOPBIX
BO3MOXHO TNPUMEHEHHE SKBHUBAJICHTHBIX HECOBEPILICHCTB, XOJOAHO()OPMOBAHHBIC
npogmwin  TpeOyIOT OTAEIBHOTO y4yeTa TIeOMETPUYECKMX U  CTPYKTYPHBIX
HecoBepiIeHcTB. OOOCHOBaHA HEOOXOJMMOCTh aHaIM3a PA3IUYHBIX KOMOWHAIMMA
dbopM TmOTEpH YCTOWYMBOCTH Ha YPOBHE CEUCHUS W DJIEMEHTa JJid BBISBICHUS
HauOosiee HEONMArompusTHBIX creHapueB. (OTMeueHo, YTO KOMOWHUPOBaHHE
DKBUBAJICHTHBIX  HECOBEPIIEHCTB B  JIBYyX  B3aUMHO  MEPHEHIUKYJISIPHBIX
HalpaBJICHUSAX HE SABIACTCS 00sM3aTeIbHBIM. B KadecTBe TEPCIEKTUBHBIX
HaIpaBJICHUIN UCCIIEIOBAHUN BBIJICIICHO PA3BUTHE METOIUK MPSIMOTO MOACIUPOBAHUS
F€OMETPUYECKUX W  OKBUBAJEHTHBIX HECOBEPUIEHCTB  XOJIOJHO(POPMOBAHHBIX
AJIEMEHTOB C LIEJIbI0 00JIee TOYHOTO ONPEACTICHUS HECYIIEH CITOCOOHOCTH.

IIpeamer ucciaeaoBanusi: paboTa MOCBAIICHA MOJEIUPOBAHUIO HECOBEPIIICHCTB
B XOJIOMHO(OPMOBAHHBIX CTAJIBHBIX KOHCTPYKIHUAX. CyIIECTBYIONINE TOIXOIbI
K MOJICTMPOBAHUIO HECOBEPIIEHCTB [JII CBAapHBIX W TPOKATHBIX DJICMEHTOB
HEJOCTATOYHO  YYHUTHIBAIOT TEOMETPHI0O M  TEXHOJOTHYECKHE OCOOCHHOCTH
TOHKOCTEHHBIX MPOQPHIICH.

Hean: pazpaboTka MOAXOAOB K yUETy HECOBEPIIECHCTB XOJOTHO(POPMOBAHHBIX
AJIEMEHTOB JIJIs1 IPOTHO3WPOBAHUS HECYIIEH CIIOCOOHOCTH.

Marepuajbl U MeTOABbI: aHAIW3 W CHCTEMAaTH3aIus Pe3yJbTaTOB aHAIUTHYE-
CKOT0 0030pa JUTEPaTypHI.

PesyabTarthl. [Tokazano, 4To riaBHBIM (GAKTOPOM SIBJISIOTCS T€OMETPHUCCKUE He-
COBEPIIICHCTBA, TOTJAa KaK MEMOpaHHBIMH OCTATOYHBIMU HAIPSKECHUSIMHA MOXKHO
npeHebpeyb. OO0OCHOBaHa HEOOXOIMMOCTh aHajIM3a HECKOJbKUX (OpM MOTEPH
YCTOMYMBOCTU U UX KOMOMHAITUH.

BoiBoabl. Ha ocHOBaHMM TTPOBEICHHOTO aHAJIM3a MOYKHO 3aKIIFOUYNTh, YTO MPEHE-
OpekeHre OCTAaTOYHBIMHU HAINPSHKCHUSAMU MTPH YUCIICHHOM MOJICITMPOBAHUN XOJIOTHO-
THYTBIX Mpoduieii B OONBIIMHCTBE HCCICIOBAHUN SIBISIETCA METOAOJOTUYECKH
000CHOBaHHBIM, OJHAKO TpeOyeT BepH(HKAIMM W BaJIWJAIMA HA OCHOBE JKCIIEPH-
MEHTAJIbHBIX JaHHBIX.

BBenenue

[loBeneHnne u Hecymias CHOCOOHOCTh XOJOAHOGOPMOBAHHBIX TOHKOCTEHHBIX
KOHCTPYKIIMA B 3HAYUTEJIBHOM CTENEHU OMNPEACISIIOTCS BIMSHUEM HadaJIbHBIX
HECOBEpPHICHCTB. K HHMM OTHOCATCA KaK TE€OMETPHUYECKHE OTKJIOHEHHUS, TaK
Y CTPYKTYPHBIE HEOJHOPOAHOCTH Marepuayia, HallpuMEpP, OCTATOUHbBIC HAMPSHKEHUS,
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BO3HHUKAIOUIUE B npoiiecce popmMoBaHus. YUeT 3TUX (PaKTOPOB SABIAETCS KPUTHUECKU
BaYKHBIM JUUIS IOJIYYEHHS JOCTOBEPHBIX PE3YJIbTAaTOB IPH YUCIEHHOM MOJEINPOBA-
HUU.

AKTyaJIbHOCTh 33J]aud  BO3pOCiia B TOCJIEIHHE JECATUIETUS B CBA3MU
C UHTEHCUBHBIM Pa3BUTHEM U MMOBCEMECTHBIM BHEAPEHUEM METOAOB KOMIIBIOTEPHOIO
YUCJIIEHHOTO MOJEJIMPOBAHUS B MPAKTHKY pacyeToB. OQHAKO OTCYTCTBUE E€OUHOU
METOJIOJIOTUM 3aJ]JaHUsl HECOBEPILIEHCTB, Kak Mo (opme, Tak U MO aMIUIUTYIE,
HA YPOBHE DJIEMEHTAa M CEUYEHUS OCTaeTcs MpoOesoM, TPEeOYIOUUM pEeIICHHUS.
CymectByrome HOpMaTtuBHble JOKyMeHTHl (Hampumep, TKII EN 1993-1-3)
npeajaralor oOIlue MPUHIUIBI, KOTOPhIE 3a4acTyl0 HYXKIAIOTCS B ajanTaluu
Y YTOUHEHUH JISI CIIOKHBIX CIIy4aeB HarpyKeHus u (opM cedeHui.

B  wuccnenmoBaHuM  NpEACTaBIEHBI  pPE3YJbTaThl  AHAJIUTHYECKOTO  0030pa
UCCJIENOBaHUA 1O  MOJEIHMPOBAHUIO HECOBEPUIEHCTB  XOJIOJHO(OPMOBAHHBIX
KOHCTPYKIIUWA TMPUMEHUTEIBPHO K aHaju3y HeCcylled CIOCOOHOCTH Ha OCHOBE
KOMIIBIOTEPHOTO YHCIEHHOTO MOAeanpoBaHus. OCHOBHOE BHHUMAHHE YIEISAETCS
CUCTEMaTH3allud  TMOAXOAOB K  Y4YeTy TEOMETPUYECKMX M  CTPYKTYpPHBIX
HECOBEPUICHCTB B pPaMKaxX YHCJIECHHOTO aHAJu3a METOJOM KOHEYHBIX 3JIEMEHTOB.
Ilenpto paborel  sABnsieTcs  (GOPMYIMPOBKA PEKOMEHJAUMH UM NPUHIMUIIOB
JUTSI TIOBBILIEHUSI TOYHOCTH M HAaJIEKHOCTH PACYETHBIX MOJIENEH.

O030p JuTEpaTYpHI

HccnenoBanue noBeieHUs XOJIOAHO(OPMOBAHHBIX TOHKOCTEHHBIX KOHCTPYKIIHI
IIPM CTAaTUYECKOM HArpy)KCHHMM HEPA3PBIBHO CBA3aHO C YYETOM Ha4aJIbHBIX
HECOBEPUICHCTB, KOTOpPHIE CYIIECTBEHHO BIHAIOT Ha HECYIIYI0 CIOCOOHOCTH
u GOopMBl TOTEpU YCTOMYMBOCTU. B HaydyHON nuTeparype OTMEYaeTcs, 4To
ONpENENAIOUMMHI  (paKTOpaMH  SIBISIOTCS KaK TE€OMETPUYECKHUE OTKIOHEHUs
OT MPOEKTHON (DOPMBI, TaK U OCTATOYHBIE HAIPSKEHUS, BO3HUKAIOIINE B MpOLECCEe
X0JNOAHON (OpMOBKM. UMCIEHHBI aHaIU3 XOJIOJAHO(OPMOBAHHBIX KOHCTPYKIIMMA
MOXXET BBIIOJHATBCA C TNPUMEHEHUEM METOIMKHM 3aaHds HECOBEPILEHCTB,
AQHAJIOTMYHOW TOM, YTO HCIOJB3YETCS JI CBAPHBIX M MPOKATHBIX 3JIeMEHTOB [1].
OpHako B HCCIENOBaHUSX MO  XOJIOAHO(POPMOBAHHBIM  KOHCTPYKIUSM
HECOBEPIICHCTBA OOBIYHO PACCMAaTpPUBAIOTCS HECKOJIBKO MHAY€, OCOOEHHO B Cllydae
00O0JIOYEUHBIX KOHEUHO-3JIEMEHTHBIX MOJeNIel, pa3padOTaHHBIX [UIsl MPSMOTO
MIPOTHO3UPOBAHUS MPENETbHOTO 3HAYEHUS] HECyIIe CHOCOOHOCTHM KOHCTPYKIIMH,
AIIEMEHTA WU JETalH.

CoBpemeHHbIe pabOThl JEMOHCTPUPYIOT IHUPOKHUI CHEKTP MOAXOAOB K 3a/laHUIO
reoMeTpuieckux HecoBepiieHCTB. O030p [2] mOKa3bIBaeT, 4YTO METObI BAPHUPYIOTCS
OT HCHOJB30BaHUA (OPM TOTEPU YCTOMYMBOCTH, TMOJYYEHHBIX B pe3yJbTare
JUHEHHOTro OM(ypKaIMOHHOTO aHaldKu3a, A0 MPSAMOro MEepeHOCa U3MEPEHHBIX (hopm
HecoBepiieHCTB. [loguepkuBaercs, YTO aMIIuUTyga W (opMa HECOBEPIICHCTB
CYILLIECTBEHHO BIUSIOT HA MPEAEIbHYIO HArPY3KY JUIsl TOHKOCTEHHBIX IPO(HIIEH.

B psne wuccnenoBaHuil BHUMaHUE YAENSETCS OCTAaTOYHBIM — HAaNPSKEHUSM.
Pesynbrarel  uccrnenoBanus [3] MO3BOJISIIOT  AHAIMTHUYECKH  MPEACKA3bIBATh
HaIpsHDKEHHOE COCTOSIHUE YIIIOBBIX 30H MPU YIPYTrO-UA€aIbHO-TIACTUYECKON MOJEIH
Marepuajnga, 4Yro ooOyerdaer ydyer d3TuX J(P(PEKToB B UHUCICHHBIX pacueTax.
OKCHEepUMEHTAIbHBIE M3MEPEHUsI C MCIOJIb30BAHUEM METOJOB PEHTTEHOBCKOU
mubpakiun [4] TOATBEPKIAIOT 3HAUYUTEIHLHYI0 HEPAaBHOMEPHOCTH pacIpenesieHus
OCTATOYHBIX HAMPSKEHUH N0 TOJILIUHE U IEPUMETPY CEUCHUS.
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Oco0oe BHHMaHHWE YAENAETCS MCCIEIOBAaHUIO B3aUMHOIO BIUSHUS (OpM
HecoBepieHCTB. B paborax [5] u [6] moka3aHO, YTO KOMOMHALIMN PA3IUYHBIX (OpPM
HECOBEPIICHCTB (MECTHBIX, CEUEHUMH, DIEMEHTOB) TMPHUBOAIT K 3HAYUTEIHHBIM
pazIMYMsAM B pe3yJibTarax YMCICHHOTO aHalin3a. JDTO MOATBEPKIAET HEOOXOAUMOCTh
aHaJIM3a HECKOJIBKUX BO3MOXHBIX (OpM TIOTEpH YCTOMYMBOCTH ¥  BBIOOpA
HaUXyJIUIEro CLEHAPHUS.

B wucciaegoBanum [7] NOpemIoKEH WHHOBAIMOHHBIM TMOJXOJA, OCHOBAHHBIN
Ha MHTErpalliy JIAHHBIX SKCIEPUMEHTAIBHBIX H3MEPEHUN B KOHEYHO-DJIEMEHTHBIC
MOJIEIM, YTO TO3BOJHMJIO TOBBICUTH TOYHOCTH OLIEHKH HECYIIel CcrnocoOHOCTH
aneMeHToB. [lapamiensHo BeayTcs pabOThl MO BepUPHUKALMK YUCICHHBIX MOJEICH
C pe3yJibTaTaMu HKCIIEPUMEHTAJIbHBIX UCIIBITaHU [§].

Takum 00pazom, aHAIIKU3 JIMTEPATYPhI OKA3BIBAET, YTO, HECMOTPS Ha 3HAYUTEIIbHBIN
nporpecc B 001acTH MOAETHPOBAHUS XOJOAHO(POPMOBAHHBIX KOHCTPYKIIUH, OCTAeTCS
PSi/1 HEpEIIEHHBIX BOMPOCOB. B mepByto ouepeib 3TO KacaeTcsl COIIaCOBAHHOTO BhIOOpa
aMIUTUTYbI U (OPMBI HECOBEPILIEHCTB, a TaK)K€ KOMIUIEKCHOTO Y4eTa OCTATOYHBIX
HaNpPsDKEHUN. DTH aCTIeKThI SIBJISIFOTCS KITFOUEBBIMU JIJIS1 pa3pa00TKU HAJCKHBIX METOJTUK
pacyera W TpeOyIOT JaJbHEHIIEr0 pa3BUTHUA KaK Ha SKCIEPUMEHTAIBHOM, TaK
Y Ha YMCJIICHHOM YPOBHSIX.

Marepuajbl 1 MeTOAbI

B kauectBe 00BEKTOB MOJETUPOBAHMS PACCMATPUBAIUCH XOJIOAHO(POPMOBAHHbBIE
TOHKOCTEHHbIC TTpoduii, HauboJee 4acTo MPUMEHAEMbIE B CTPOUTEIHLHOM MPAKTUKE
(C-o0pa3znble, Z-00pa3Hble U X-00pa3Hble ceYeHHs). MeTonbl UCCIIeIOBaHUs aHAIU3
Y CUCTEMaTH3alus Pe3yabTaTOB aHAJTUTUUECKUI 0030p JIUTEPATYPHI.

Pe3yabTarhl ncciie10BaHus

AHanu3 TMokaszaja, 4To B OOJBIIMHCTBE HCCIEIOBAHUN XOJOIHO(OPMOBAHHBIX
npouiied MOAETUPYIOTCS TMPEUMYIIECTBEHHO T'€OMETPUYECKHME HECOBEpPLIECHCTBA,
TOTJIa KaK OCTATOYHBIMU HAIPSHKEHUSIMU TTOJIHOCTHIO WJIM YACTUYHO ITPEHEOPETaroT.

C omHOM CTOPOHBI, TIPE/IITOJIAraeTCs, YTO OTPHUIATEILHOE BIUSHUE MEMOpPaHHBIX
OCTaTOYHBIX HAMPSKEHU KOMIIEHCUPYETCS IOJOXKUTEIbHBIM BIUSHUEM XOJIOAHOM
dhopmoBKkH Ha TipeAen TekydecTu. [loaTomy MmeMOpaHHbBIE OCTaTOUHbBIEC HANPSKEHMUS,
KaK TpaBWiio, He yuuThiBaloTcs. C Jpyroil CTOPOHBI, BIUSHHUE U3THOHBIX
(1O TONIIIMHE) OCTATOYHBIX HANPSDKEHWM JIMOO CUYUTAETCS HECYIIECTBEHHBIM, JIMOO
MIPENNOoNaraeTcs, YTo0 OHO YUYUThIBAaeTCA yepe3 rpaguk aeopMUpOBaHUS MaTepuaia,
KOTOPBIN JOJKEH OBITh MOJYYeH B pe3y/IbTaTe UCHBITAaHUN 00pa3lioB, W3BJICUCHHBIX
nocJie mnporecca GopMOBaHHUS.

Jns omucaHuss Marepuaia PEKOMEHAYETCS MPUMEHSTh YEThIPEXJIMHEHHYIO
AMarpaMMy HanpsbkeHue—zaedopmanus ¢ npeaenom texydecrtu (fy, Mlla), paBHbIM
HOMUHAJILHOMY TIpefiely TEeKy4eCTU. ITa KpuBas MOXKeT ObITh YHpoOIIeHa
no ounmHeitHoi kpuBoii (E; = E; = E u E3 = E/100), ecniu nomMmunupyromuii popmoit
MOTEPU YCTOWYUBOCTH SIBJISICTCS W3TMOHAsT WM M3TMOHO-KPYTHJIbHAS IOTEps
YCTOWYMBOCTU dyieMeHTa. [loBbllleHHE mpejena TeKy4eCTH BCIEICTBHE XOJOIHOM
(hOPMOBKH MOXXHO paccMaTpuBaTh TOJBKO MpU COOITIONEHUU YCIOBUM, YKa3aHHBIX
B EN1993-1-3 (n.5.2.2 (4)). B »tom cnyuae kpuBas marepuana c f, Bble
HOMHMHAJIBHOTO TMpe/iesia TEeKy4eCTH MOXKET ObIThb oOmpeAeseHa [js 30H Tuba
MOMEPEYHBIX CEUEHHM B KOHEUHO-AJIEMEHTHOM Mojenu o60osouku. Heckonbko
MCCJIECIOBAaHNN OBUIM TIOCBSIICHB W3MEPECHHUIO YBEIUYCHHS TMpesesia TeKydecCTH,
BBI3BAHHOTO MPOIIECCOM (POPMOBAHUS, KOTOPbIE MOKA3AJIHA, YTO YBEIUUYEHHE OOBIYHO
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coctapiseT oT 5 % 10 40 % [9, 10] 1 MOXXeT OBITh UCIIOJIB30BAHO JIJISI OTIPEICTICHUS
3HAYEHUS TpeJiesia TEKydeCTH Ha M3rnbax. B HEKOTOPHIX KOHKPETHBIX CUTYAIIHSIX
(cm. EN1993-1-3, . 5.2.2 (4)) nomyckaeTcsl yYUTHIBATh MOJOXKHUTEIHHOE BIUSHUE
XOJIONHON (POPMOBKH Ha MpeJeN TEKYUYECTH MyTeM HCIOJIb30BaHUS TaK HA3bIBAEMOTO
cpenHero mpenena Tekydectd. OpHako ATOT dS((EKT yUUTHIBACTCS TOJBKO
P MIPOBEPKE KOHCTPYKIIUU TOCPEACTBOM (DOPMYIBHBIX MOJEIEH COMPOTHUBICHUS
(cm. EN1993-1-3 . 5.2.2 (3)).

[IpumeHsieMble TEOMETPUYECKHE HECOBEPIICHCTBA MOTYT OBITh OCHOBaHBI
Ha U3MEPEHHBIX 3HAUYCHUSX WM TMPOU3BOACTBCHHBIX IOIMYCKaX. 3HAYCHHs OOITUX
(mormepevyHoe OTKJIIOHEHWE) HECOBEPIIEHCTB XOJIOMHO(OPMOBAHHBIX KOHCTPYKIIUMA
MOTYT OBITh YCTAHOBJIEHBI B COOTBETCTBUU cO cTaHgaproM EN1993-1-3, ananoruyno
KOHCTPYKIIUSIM, BBITIOJTHCHHBIM W3 MPOKATHBIX WJIM CBAPHBIX MPOQHUIICH.

@®opMBI HECOBEPIIICHCTB CEUCHUS ISl XOJIOAHO(POPMOBAHHBIX KOHCTPYKITUH
Ha3HAYAlOTCS HAa OCHOBaHMM (OpPM TIOTEPU  YCTOMYMBOCTHU, TOTYyUYEHHBIX
MOCPE/ICTBOM JIMHEMHOTO pacyeTa Ha YCTOMYMBOCTH (OM(YpPKAIMOHHOTO aHAIM3a)
[2]. NHorna hopMbl MOTEpH YCTORYMBOCTH MTOKA3hIBAIOT KMOMHHUPOBAHHUE PA3TUIHBIX
dbopM moTepu ycTOMYUBOCTH ceueHHst U 3aemeHrta [7, 8]. Heobxoaumo BwIOpaTh
HAaWMEHBIIYIO JTOMUHHUPYIOUTYIO (HOpPMY MOTEPU YCTOMUHUBOCTH, COOTBETCTBYIOIIYIO
HCCIIEYEMOMY HECOBEPIICHCTBY. TeM HE MEHee, PEKOMEHAYETCS WCCIIeI0BaTh
HECKOJIBKO ~HAWMEHBIMMX (OpM TOTEPH YCTOMYMBOCTH, COOTBETCTBYIOIIUX
M3y4aeMOMY HECOBEPIICHCTBY, W TMPUMEHSATH Ty, KOTOpas MPUBOIUT K Hambojee
HeOnaronpusiTHoMy 3G hexTy.

Ecnmm monka mMmeeT moakperuieHue (CBec), TO PEKOMEHIYETCS pacCMaTpHUBaTh
aJbTEPHATUBHO JB€ (OPMBI HECOBEPIICHCTB: MECTHOE€ HECOBEPIICHCTBO TIOJKH,
HeCcOoBepIICHCTBO (opMbl ceueHus. K kpaeBoMy pedpy >KECTKOCTH OOBIYHO OT/IEIBHO
HE TPUKIAIBIBAIOT HECOBEPIICHCTBO, TaK KaK MECTHOE HECOBEPIICHCTBO ITOJIKH,
OCHOBaHHO€ Ha (popMe MOTEepPU YCTOMUUBOCTH, YK€ OyleT BKIIIOUaTh MOBOPOT pedpa
KECTKOCTH.

HaubGonee Tumnuunsie ¢opMbl  HecoBepiieHCTB  (C-00pa3HOTO  CeueHHUs
MpecTaBieHbl B Tadbauue 1.

3HayeHUue HECOBEPILIECHCTBA JUIsl TMOTEPU YCTOMYUBOCTU (POPMBI CEUEHUS
IpeIOKEHO Ha OCHOBaHMM wHcciaemoBanus [11, 12]. B oOmiem Buze 3HauCHHE
reOMETPUYECKOTO HECOBEPIIICHCTBA MOXKET OBITH OMPEAENIEHO COTIIACHO CIEAYIOIEMY
BBIPAKCHHUIO:

Codist = 0.3 - 1~ \/(fyb/ Ocr.dist), (1)
Jyb— OCHOBHOM IIpefel TeKydecTr B cooTBeTcTBUM ¢ EN 1993-1-3;
Ocrdist — YIPYroe KPUTHYECKOE HAMpsOKEHUE TOTEPH YCTOWYMBOCTH  (OPMBI

CEUYCHHUHI.

Pexomenayercsi, 4YTOOBI G g4isx OBUIO PABHO MHMHHUMAJIbHOMY KPUTHYECKOMY
HaIPSDKEHUIO TTOTEPU YCTOMYMBOCTH (POpMBI ceueHusl (Kak MpaBUIIO, COOTBETCTBYET
dbopme nedopmupoBaHus CcTeHKHM 10 mnoidycunycouzae [12]). CremoBarenbHo,
3HAYEHUE HECOBEPIICHCTBA ()OPMBI CEUCHHUS OJMHAKOBA JJIS JIFOOOW JIMHBI JIEMEH-
Ta. YCIOBHS 3aKpeIUICHUs Ha KOHIE 3JE€MEHTa JOJKHBI JOMYCKaTh JCIJIaHALIMIO
KOHIIEBBIX CEYEHUH, HO HE HCKaKEeHHE (PopMbl cedeHus (MoTeps yCTOWUYHUBOCTH
(hopMBI CeueHMS JOKHA UCKITIOYAThC ).
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Tabauna 1 — Tunuuasie popmer HecopepieHCTB C-00pa3HOTO CEUCHHS

HecosepmieHncTBo @PopMa HECOBEPILICHCTBA AMiuryzaa
IMonku L b bI125

®opMBbI cedeHus 0,3 - t- V( fyo/ Ocraist)

BriBoabI

Bricokasi cTeneHb B3aMMOJECUCTBUSA Pa3IMYHBIX (OPM TOTEPU YCTONUYUBOCTH
B XOJIOHO(OPMOBAHHBIX CTaJbHBIX KOHCTPYKIMSIX TpeOyeT aHalin3a BO3MOXKHBIX
KOMOUMHAIIMI HECOBEPIIEHCTB 4YacTe U (POpPMBI MONEPEYHOIO CEYEHHS C LIEJIbIO
BBISIBJIEHUsI HauOoJiee HeOmaronpusitTHoro cueHapus. [lpm 3ToM pexomeHayercs
TAaK)XE pacCMaTpuUBaTh COYETAHUS JTAHHBIX HECOBEPIICHCTB C HECOBEPILICHCTBAMU
Ha YpPOBHE D3J€MEHTOB. BMmecre ¢ TeM KOMOMHMpPOBaHHE 3KBUBAJICHTHBIX
HECOBEPILIECHCTB 3JIEMEHTA B JABYX B3aUMHO IMEPHEHAUKYJSIPHBIX HaIpPaBICHUAX
HE SIBJISIETCA HEOOXOANUMBIM.

Ha ocHOBaHMU MPOBEIEHHOTO aHalW3a MOXKHO 3aKJIIOYUTh, YTO IMpPEeHEOpeKeHUe
OCTaTOYHBIMU HANPSDKEHUSMHU NPU YHUCIEHHOM MOJEIUPOBAHUH XOJOJHOTHYTBIX
npouieir B OOJIBIUMHCTBE  HCCIENOBAHUW  SBISETCS METOAOJOTUYECKH
000CHOBaHHBIM, OJHAaKO TpeOyeT BepUPUKAIUM U BaIUJANMA HA OCHOBE
HKCIIEPUMEHTAJIBHBIX JaHHBIX.

DTO MOJNIOKEHUE ONUPAETCS HA CIEAYIOIINE KIKOUYEBbIE aPTyYMEHTHI.

1. O¢pdexT KomMmeHcanuu I MeMOPAHHBIX HanpsikeHuil. CyiiecTByeT
Hay4HO OOOCHOBAHHOE MPEANOIOKEHNUE, YTO OTPULIATEIbHOE BIMSIHHME MEMOPaHHbIX
OCTAaTOYHBIX HANPSHKEHUHM (CHUXKAIOUIMX HECYLIYyI0 CIHOCOOHOCTh) KOMIEHCHPYETCS
MOJIOXKUTENbHBIM 3(PPEKTOM OT YNPOYHEHHs Marepuana B MPOLECCE XOJIOTHOU
nepopmaruu. IlocnenHee NpuBOIUT K YBETUUYEHUIO IPEJEa TEKYYECTH B YIVIOBBIX
30HaX NOpouis, YTO B CPEIAHEM JJIsi CEUEHHUS JaeT HEWTpaJbHBIM WU Jaxe
MOJIOXKUTENbHBIN YPQEKT.

2. llpeHeOpexxumMo Majioe BJUSHUE W3THOHBIX HanpskeHuid. Biusaue
M3TMOHBIX (TPAJMEHTHBIX 10 TOJIIMHE) OCTATOYHBIX HANpPSHKEHUM cuMTaeTcs
HECYIIECTBEHHBIM 11 OOIIET0 MOBEIECHUS U HECYIIEH CITOCOOHOCTH TOHKOCTEHHOTO
aneMeHTa. WX JokanbHbI 3(@exkT He OKa3bplBaeT pPEHIAoNIer0 BO3JIEHCTBUS
Ha 100aabHble OPMBI MOTEPH YCTOMUHUBOCTH.
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3. KocBeHHblii yueT yepe3 cBoiicTBa MarepuaJja. Hanbosnee BaxXHBIM SIBISETCS
TOT (DaKT, YTO BIUSHUE TIpoiecca (POPMOBAHUS HA MEXAHUYECKHE CBOWMCTBA
Marepuaja y)ke y4TeHO B jauarpamme naedopMupoBaHus (C-€), €CiM OHa ObLia
MOJTy4YeHa B pe3yJibTaTe UCIbITaHUN 0Opa3loB, BHIPE3aHHBIX U3 TOTOBOTO MPOQUIIS.
Takum 00pa3oM, pe3ylnbTUPYIOIIME CBOICTBA Marepuana BKIIOYAIOT B cels
WHTETpabHBIN A((EKT OT HaKJIema W OCTATOYHBIX HAMpsOKEHWH, YTO JENaeT UX
SBHOE MOJCIIUPOBAHUE U3OBITOUHBIM JIsI OOJILITMHCTBA MTPAKTUYECKUX 3a]1ad.

B kadyecTBe HampaBieHUs JadbHEHIIMX UCCIEIOBAaHUN 11€JIeCO00pa3HO BBIICIUTD
pa3pabOTKy MOAXOOB K y4ETy T€OMETPUUYECKUX M DKBUBAJICHTHBIX HECOBEPIICHCTB
XOJIONHO(DOPMOBAHHBIX  3JIEMEHTOB TMPU TPSIMOM  ONPENCICHUM HX HeCyllen
cnocoOHoctu. Crenyer MNOAYEPKHYTh, UYTO CYHIECTBYIOUIME METOAUKHU 3a/IaHUs
DKBHUBAJICHTHBIX HECOBEPIIEHCTB, IPUMEHSIEMbIC UISI IPOKATHBIX M CBAPHBIX
npoduiei, He MOTYT OBITh HANMPSMYIO HCIOIB30BAHBI IS XOJIOIHO(OPMOBAHHBIX
AJIIEMEHTOB, IOCKOJIBKY OHHM HE YYHUTHIBAIOT CIHEeUU(PUUECKHEe TeOMETPUUYECKUE
Y TEXHOJIOTUYECKU OOYCIIOBJICHHBIE CTPYKTYPHBIE HECOBEPIIEHCTBA, XapaKTEpPHBIC
TSl TOHKOCTEHHBIX XOJ0ITHO(OPMOBAHHBIX TpOoduIIeii.
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AHHOTAIIUA

[TpenMeTrom uccieqoBaHus SBISETCS HANPSXKEHHO-Ie(OPMUPOBAHHOE COCTOSTHUE
B 30HE Cpe3a >Kele300€TOHHBIX OalOYHBIX 3JEMEHTOB M3 KepaM3UTOOETOHa
C TIOTIEPEYHBIM APMUPOBAHUEM.

[lenpto pabOTHI SBNSETCS BBIMOJHEHUE DKCIEPUMEHTAIBHO-TEOPETHUECKUX
HCCIICIOBAHUM MEXaHU3MOB pa3pylleHUss OaloK W BadWAallUU CYIIECTBYIOIINX
pacueTHbBIX MoJienel Ha OCHOBE C(OpPMHUPOBAHHOM 0a3bl naHHBIX. CyllecTBYIOLIUE
HOPMAaTUBHBIE TOJXO/bI, NCIOIB3YIONINE MOHIKAONNE KOXPPUIIMEHTHI, HE BCET/Aa
B [IOJIHOM MEpE YYMTHIBAIOT CJIOYKHOE HANpPsHKEHHO-Ie()OPMUPOBAHHOE COCTOSIHUE
B KEJIE300€TOHHBIX Oallkax U3 JIETKOTO KOHCTPYKIIMOHHOTO O€TOHa UM MOTYT
CYIIECTBEHHO 3aHWKATh peaTbHbIC IPOYHOCTHBIC XaPaAKTEPUCTUKH.

Matepuansl U METOABl BKJIIOYAIOT AHAIN3 MEXaHWYECKUX M HIMIUPUUICCKUX
MOJIETIENl COMPOTHUBIIEHUSI Cpe3y, a Takke (OPMUPOBAHME M H3YUYEHHE OOIIMPHOU
6a3pl  gaHHbIX. [lpm aHanmusze BapbUPOBATUCH KIIOUEBBIE KOHCTPYKTHBHBIC
U MaTepHajbHBIE TApaMEeTphl, Takue Kak mposer cpe3a a/d, xodddummeHt
HIOTIEPEYHOT0 APMHUPOBAHUS Pgy ¥ TIPOYHOCTH OeTOHA fiy.

[TosryueHHble pe3ysbTaThl MOATBEPKAAIOT, YTO OCOOEHHOCTBIO pa3pyLICHUS
KepaM3UTOOCTOHHBIX OaOK SIBISETCS Pa3BUTHE HAKJIOHHBIX TPEIUH, MPOXOISIINX
yepe3 IMOPUCTBIM KPYIHBIM  3allOJHUTENb. Y CTAaHOBJIEHA pPOJIb  IONEPEUYHOrO
apMHUPOBAHMS: €Tr0 HaJIMYUe 3HAYUTEIbHO TIOBBINIAET COMPOTUBIECHUE CpE3y,
KOMIIEHCHPYSI CKIIOHHOCTb 3JIEMEHTOB 0€3 MOIMEPEeYHOro apMHUPOBAHUS K XPYIKOMY
pa3pylLIeHHIO MO CXaToi OETOHHOM HoJIoce.

BbIBOZBI  yKa3bIBalOT HAa HEOOXOJIMMOCTh YCOBEPIIEHCTBOBAHMS PACUETHBIX
meroauk. llpennmaraercss neranpHas NOpopadOTKa AHAIUTUYECKUX  MOJENEH,
OCHOBAaHHAs Ha BAIMJALUUA TO DKCIEPUMEHTAIBHBIM JaHHBIM, YTO TIO3BOJIUT
MOBBICUTH  A()PEKTUBHOCTh TMPOSKTHUPOBAHUS  KEJIE300€TOHHBIX  KOHCTPYKIIHMMA
13 KEPaM3UTOOETOHA.

Beenenue

B CcOBpeMEHHBIX YCIOBUSAX CTPOUTENLCTBA, KAK B MHUPOBOM IIPAKTHUKE, TaK
u B PecniyOnnke benapych, MpUOPUTETHBIM SIBJISETCS HAIpaBJiICHHUE, CBS3aHHOE CO
CHIDKEHHEM MaTepHalOEMKOCTH U YMEHBIIEHHEM COOCTBEHHOTO Beca KOHCTPYKLHN
0e3 yTpaTbl UX Hecyleld CocOOHOCTH. B 3TOM KOHTEKCTEe KepamM3UTOOETOH BBHICTY-
[IA€T KAaK BBICOKOIEPCIIEKTUBHBIM  CTPOUTEIBHBIM  MaTepuall, COYETAIOLINN
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HEBBICOKYIO IIJIOTHOCTH, BBICOKYIO MPU3MEHHYIO MPOYHOCTh HA C)KATHE, & TAKXKE
YIY4YIIEHHbIE TEIJIO- U 3BYKOM3OJSILIMOHHBIE XapakTepucTuku. [IpuMmeHeHue KoH-
CTPYKIIMIOHHOTO  KepaM3UTOOETOHa  TMO3BOJSIET  CO3/JaBaTh  JIOJITOBEYHBIC
1 3 (HEKTUBHBIE CTPOUTEIIbHbIE KOHCTPYKITUH.

OnHaKko BHEIPEHUE KeJIe300€TOHHBIX OATOYHBIX JIEMEHTOB U3 KEPaM3UTOOETOHA
TpedyeT r1yOOKOro aHajin3a UX COMPOTHUBIIECHUS CPE3Y, OCOOCHHO B YCIOBUSX CIIOXK-
HOTO HaIpsHKEHHO-e(hOPMUPOBAHHOTO COCTOSIHUS. PaHHME SKCIIepUMEHTaIbHbIE HC-
CJIEIOBaHUS JEMOHCTPUPYIOT, YTO COMPOTUBIIEHUE CPE3y KOHCTPYKIUH U3 JIETKOTO
KOHCTPYKIITMOHHOT'O OETOHA, KaK MPaBWJIO, HIXKE, YEM Y aHAJTOTHYHBIX KOHCTPYKIIMMA
U3 OETOHOB HOPMAJIBHOTO Beca (TSKENIbIX OETOHOB) MPH MPOYUX PABHBIX YCIOBHSIX.

B coBpeMEHHBIX OTE€YECTBEHHBIX U 3apyO€KHBIX HOPMATHUBHBIX JOKYMEHTaX 3Ta
0COOCHHOCTh yYTeHa MPEUMYILIECTBEHHO ITyTEM BBECHUS MOHIKAIOIUX KO3 uim-
€HTOB U CYIIECTBEHHBIX OIPAaHUYEHUN Ha MPOUYHOCTH OeToHa. [lo00HbBIE MOIXOIbI
MOTYT CYIIECTBEHHO 3aHI)XKATh peaibHbIe MPOYHOCTHBIE XAPAKTEPUCTHUKU JIETKOTO
0€TOHa, YTO BBI3BIBAET HEOOXOAMMOCTH B aJamnTallid HOPMATHBHO-TEXHHUYECKUX
CTaHAAPTOB U YIIyOJIE€HHOM U3yYE€HUHU MEXAaHU3MOB pa3pyIICHHUS.

O030p JuTEpaTypHI

ComnpoTuBiieHHE CpPe3y B JKEJIE300C€TOHHBIX KOHCTPYKIHUSX SIBISETCS CIOKHOU
po0JIeMOi, KOTOpasi 3aBUCUT OT MHOXKECTBA KOHCTPYKTUBHBIX IMaApaMETPOB U Xapak-
TEPUCTHK MAaTepUaJioB. B HaydyHOU MpaKTUKE I ONPEAECICHUS U aHAlIh3a COMIpo-
THUBJICHUS CPE3Y UCIIOIB3YIOTCSA JIBA KIFOUEBBIX MTOAXO/IA:

1) MexaHWYeCKHe MOACTH, 0a3MPYIONIHECsS HA aHATUTUYCCKHX 3aBHCHUMOCTSIX
Y TIO3BOJISIFOLIME B TIOJTHOM MEpPE YUUTHIBaTh MEXAHUYECKUE CBOMCTBA MaTepralioB;

2) SMITHPUIECKHE MOJICITH, KOTOPBIC OIMUPAIOTCS Ha Pe3yIbTaThl 000OIICHUS dKC-
MEPUMEHTAIBHBIX JaHHBIX W MOTYT HaNpsSMYyH YYUTHIBaTh crenuduueckue 3¢-
(beKTbl, CBA3aHHBIEC C TUIIOM U CBOMCTBAMU 3alOJIHUTENEH (HAIpUMeEp, Kepam3uTa).

B GonbpIMHCTBE CBOEM TEOPETUYECKUE MOJIETU COMPOTUBIICHUS CPE3y YUUTHI-
BAaIOT KaK MUHUMYM YE€ThIPE COCTaBIIAIONIMX, padOTAIOUIMX B HAKJIOHHOM CEUYECHHH:
yCcujue B CkaToM O€TOHE, HareiabHbIN 2((EKT NpoI0IbHON apMaTyphl, CHIIBI 3allen-
JieHus o Oeperam TPeUIMHbI U yCUIIME B MONEPEYHON apMaType (MpU €€ HATUYUH).

B coBpeMeHHbIX HOPMATUBHO-TEXHUYECKHX AokyMmeHTax [1—11] yder ocobeHnHo-
CTEH CONMPOTUBIIEHUS CPE3Y KEJIEe300€TOHHBIX JIEMEHTOB U3 JIETKUX OETOHOB peau-
30BaH MOCPEJICTBOM BBEJEHHUS MOHIKAIMNX KOIPPUIIMEHTOB MPOYHOCTU U CYIIIe-
CTBEHHBIX OTpaHWYEHUU. BOJIBIIMHCTBO U3 ATUX KOIPDUIIMEHTOB HANPSAMYIO CBS-
3aHbI C YMEHBIIEHUS IIOTHOCTHU JIETKOT'O OETOHA M, B MEHBIIEH CTENEeHH, ¢ ero (ak-
TUYECKUM COCTABOM.

Takol mNOAXOM, OCHOBAHHBIM Ha YIMPOIICHHBIX SMIIUPUYECKUX 3aBUCHUMOCTSIX,
HE MO3BOJIET aJEKBAaTHO OMMCATh CIOXKHOE HAINPSHKEHHO-IE(POPMHUPOBAHHOE COCTOS-
HUE OETOHA Ha yJacTKaxX MEKy HaKIIOHHBIMU TPEIIMHAMU, a TAK)KE UCTUHHBIN Xapak-
TEp pa3pyllIeHUs, TPOXOIAIIEr0 Yepe3 MOPUCThINA 3anoaHuTeNb. HopMaTuBHbIe orpa-
HUYCHMSI, YCTAHOBJICHHbIE HAa OCHOBE XapaKTEPUCTUK OETOHOB PAHHUX IOKOJICHUH,
MOTYT CYILIECTBEHHO 3aHWXaTh pealibHble MPOYHOCTHBIE XaPaKTEPUCTUKH COBPEMEH-
HBIX BBICOKOKAUECTBEHHBIX JIETKUX KOHCTPYKIIMOHHBIX OETOHOB.

Marepuajbl 1 METObI

AHanmu3 3KCIIepUMEHTANBHBIX JaHHBIX [12—15] mokaspiBaet, 4To TUT OETOHA OKa-
3bIBACT KPUTHUECKOE BIMSIHUE HA XapaKTep TPENIMHOOOPA30BaHUS U Pa3pPyIICHHUS.
B Gankax wu3 Jserkux O€TOHOB HaOIOMAaeTCs TEHACHIMS Pa3BUTHA TPEIIUH
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C IIEPOXOBATHIMU KPasiMU, KOTOPBIE MPOXOAAT Yepe3 IIEMEHTHBIM KaMeHb (MaTPHILY)
U HEMOCPEJCTBEHHO Yepe3 3aMOJIHUTENb. JDTO MPUBOJUT K CHIKEHHIO 3P (HEKTUBHO-
CTH CHJI 3alleTUICHUS 110 CPABHEHUIO C TSHKEIBIMU OETOHAMM.

BenenctBue CTpyKTYpHBIX OCOOEHHOCTEN M MOHUKEHHON 3(PPEeKTUBHOCTH Mexa-
HU3MOB CIICTUJICHUS, OalKu W3 JETKUX OETOHOB 0Oe3 MOMEepeYHOro apMHUPOBAHUS
CKJIOHHBI K XpPYIIKOMY pa3pyILIEHUIO M0 CKATOW OETOHHOMU MoJIoCe.

BBu1y CKJIOHHOCTH K XPYHNKOMY pa3pyLICHHIO U OCOOEHHOCTEH MHUKPOCTPYK-
TYpbl, UCTOJIB30BAHUE MONEPEUYHOTO APMUPOBAHUS 3HAYUTEIHHO MOBBIMIAET COIMPO-
TUBJICHUE CpPE3y KeIe300€TOHHBIX OaJIOK M3 JIETKOT0 KOHCTPYKIIMOHHOTO OeTOHa.
[Tonepeunas apmaTypa HE TOJILKO BOCIIPUHUMAET YacTh MEPepe3bIBAIONICH CUIIbI, HO
U CHOCOOCTBYET OOECIEUEHUIO TIACTUYHOCTH paboThl snemMeHTa. OIHAKO Koidye-
CTBEHHOE BJIMSHUE 3TOT0 MapaMeTpa B 3aBUCUMOCTH OT THIA JIETKOTO OETOHA U KOH-
CTPYKTUBHBIX O0COOEHHOCTEW TpeOyeT MOMOJHUTEIBHOTO ACTATbHOTO M3YYCHUS Iy-
TEM BBITIOJIHEHHS] HATYPHBIX IKCIIEPUMEHTATBHBIX UCCIIEIOBAHUMN.

Pe3yabTarhl ncclieloBaHusA

Jlst mpoBeNieHUs BaIMAAIMK CYIIECTBYIOIIUX PACUETHBIX MOJENe U yriayOsieH-
HOTO U3y4YEHHUS MEXAaHU3MOB pa3pylleHHs Oblia cpopMUpoBaHa 0OIIMpHas 0a3a 3Kc-
MIePUMEHTATBHBIX JTAHHBIX, BKIFOUAIOIIAs PE3YIbTAThl UCTIBITAHUH JKEI€300CTOHHBIX
OaJIOK ¢ pa3TUYHBIM BHJIOM JIETKHX KPYITHBIX 3aIOJTHUTENICH, BKIIIOYas KEpaM3HT.

baza maHHBIX OXBaThIBaeT 0Opa3ilbl, B KOTOPHIX BaPbUPOBAIMCH KIIOUYEBBIE KOH-
CTPYKTUBHBIC U MaT€pUAIbHBIC MTApaMETPhI, BIUSIONINE HA COMPOTUBIICHUE CPE3Y:

1) reomeTpuyecKue XapakTepucTHKU: 3(hdekTruBHas (paboyas) BhICOTAa CEUCHUS d;

2) mpoutet cpe3a a/d (oTHOIIEHHE TTPoJIeTa cpe3a K paboueii BhicoTe). Bapbpupona-
HUE ATOrO MapamMeTpa HMMEeT MPHUHIMIHAAIBLHOE 3HAYEHHE, MOCKOJIbKY IO03BOJISIET
OIICHUTH MEepeXxoJl oT apouHoro 3 dexra (B KOpoTkux Oankax) Kk padbote no ¢pepMeH-
HOI aHAJIOTHH, T POJIb MOMEPEYHON apMaTyphl CTAHOBUTCSI pEIIAIOIEeH;

3) K03 GUITMEHTHI apMUPOBaHUS: KOIDOUIIUEHT TPOJIOJIBHOTO aPMHUPOBAHUS s
1 KO3 (PUIMEHT MOTIePEYHOT0 apMUPOBAHUS Pgy;

4) IPOYHOCTH JISTKOTO OETOHA MPH CXKATHH figy.

HccnenoBanre B3aMOCBSI3M M OCOOCHHOCTEH ydeTa 3THUX MapaMeTpoB, a TaKKe
M3YyYCHHE XapakTepa TPEHIMHOOOPa30BaHMsI U pa3pylICHUs] SKCTIEPUMEHTATBHBIX 00-
paslioB, SBISETCS OCHOBOW JJIS TOBBINMICHUS TOYHOCTH TMPOTHO3UPOBAHUS HECYIIEH
CIIOCOOHOCTH KEPaM3UTOOETOHHBIX 0aJIOK C MOMEPEYHBIM APMUPOBAHUEM.

BriBoabI

ComnpoTuBiieHHE Cpe3y KeNe300€TOHHBIX OAJOK M3 JIETKUX KOHCTPYKIIMOHHBIX
0eTOHOB (KepamM3UTOOETOHA) OMpEACseTCS CJIOXKHBIM KOMILJIEKCOM (DaKkToOpoB,
a 0c0OO0EHHOCTH pa3pylieHus: 00yCIaBIMBAET, KaK MPAaBUJIO, MEHBIIIEE CONPOTUBIICHHE
Cpe3y MO CPaBHEHUIO C THKETBIMH OETOHAMMU.

OrneHka CyIIECTBYIOIIUX MOJENEH CONMPOTUBIICHUS Cpe3y IMOKa3bIBAET, YTO HC-
MOJIb3yeMble KOHCEPBATUBHBIE MOHWXKAIONME KOIPPUIIMEHTH YacCTO OCHOBAHBI HA
YIPOIIEHHOW NPHBA3KE K TUIOTHOCTH M HE BCETJa aIeKBaTHO OIMMCHIBAIOT JICHCTBH-
TeNbHYIO PabOTY AJIIEMEHTOB M3 COBPEMEHHBIX JIETKUX KOHCTPYKIIMOHHBIX OETOHOB.

JlanbHeiee uccie0Banne, HAIIPABICHHOE Ha JETATbHYIO BaIUIAlNI0 aHATNTHU-
YECKUX MOJIeJiell Ha OCHOBE C(OPMHPOBAHHOW IKCIIEPUMEHTAIHHOU 0a3bl JTaHHBIX,
Oyner cmocoOCTBOBaTh pa3pabOTKe (YCOBEPIIEHCTBOBAHHWIO) PACUYETHBIX METOIUK
JUTSI KOHCTPYKIIMM U3 JIETKUX 0eToHOB, OnTUMH3aIMs cOCTaBa 0€TOHA M BHEIPCHHE
HOBEHIITMX TEXHOJOTUHA apMHUPOBAHMS ITO3BOJISAT MOBBICUTh YCTOMYHBOCTH K paspy-
IIICHUIO U JOJTOBEYHOCTh KOHCTPYKITUH.
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AHHOTALUA

IIpenmer wucciaenoBaHMsA: OCOOCHHOCTH OTPEICICHUS CHETOBBIX Harpy3oK
Ha CTPOUTEIbHbIE KOHCTPYKIUU (KPOBJIM) B PA3IMUHBIX HOPMATUBHBIX JOKYMEHTaX
benmapycu, Poccuiickoit ®enepauun, ctpan EBpocoroza, Kanmaner u CIIA.
OTCyTCTBHE €AMHBIX CTAaHAAPTOB U OTPAHMYECHHOCTh HOPMATUBHBIX CXEM BBI3BIBAIOT
HEOOXOMMMOCTh TPOBEICHUS HATYPHBIX M MOJEIBHBIX HCCIENOBaHUN I ydera
YHUKAJIbHBIX YCIIOBUM.

Hean: [IPOAHAIM3UPOBATh  CYILIECTBYIOIIME  HOPMATHUBHBIE  IOAXOMbI
K ONPEICIICHUIO CHETOBBIX HArpy30K Ha CTPOUTEIbHBIE KOHCTPYKIIMH, BBIIBUTH HX
paznuyusl W HEAOCTAaTKH, a TakkKe IMOMYEPKHYTh HEOOXOAUMOCTh YHUDUKAIINU
U JaNbHEUIINX HWCCIEAOBAHUM IS TOBBINICHUS TOYHOCTHU M 0€30MacHOCTH
MIPU MPOECKTUPOBAHUU 31aHUIN U COOPYKEHUM.

Marepuajabl ¥ MeTOAbI: aHANU3 CYLIECTBYIOIIUX HOPMATUBHBIX JOKYMEHTOB
ONPEACIECHNS] CHETOBBIX HArpy30K Ha TIOKPBITUS 3HAHAM W  HHXEHEPHBIX
COOPYKEHHM, TPUMEHSAEMBIX B PA3JINYHBIX CTPAHAX.

Pesyabrarpl:  pe3ynbrarbl  aHajdu3a  [OKa3bIBAKOT, YTO  CYILIECTBYIOIIHE
HOPMAaTHUBHBIE TIOAXOAbI K OIPEACIICHHUI0 CHETOBBIX HArpy30K 3HAYUTEIbHO
OTJIMYAKOTCS B PA3IMYHBIX CTpaHaxX. OTIMYMS BBIPAKAIOTCS KAK MPU ONPEICIICHUU
KOO(POUIIMEHTOB YYUTHIBAIOIINX BETPOBYIO 3alIUTy, TEMIEpaTypHbIE YCIOBHS,
dhopMy U KOHPUTYpaALIMIO TTOKPHITUN, BIUSHUE COCEIHUX 3/IaHUM, a TaKXKE B CXeMax
pacripeiesIeHUs] CHErOBOM Harpy3KH JIJIsl pa3IMuHbIX (POPM KPBIIII.

BbIBOABI: OTCYTCTBME €AMHBIX CTAaHAAPTOB M OrPAHUYECHHOCTh HOPMATHUBHBIX
CXEM IO OTPECIICHUIO CHETOBBIX HArpy30K TPEOYIOT MPOBEACHUS TOMOIHUTEIBHBIX
HaTypHBIX M MOJICTbHBIX HCcienoBaHuil. HeoOXoaquMocTh NalbHEHIIEro pa3BUTHS
MaTEeMaTHYeCKOTO MOJICIIMPOBAHUS /I TOBBIIMICHUS HAJSKHOCTH U O€30MacHOCTH
CTPOUTEIIBHBIX KOHCTPYKIIHA.

BBenenne

OTtpaciib CTPOUTENbCTBA PA3BUBACTCS, W PACTET CIPOC HA JIETKUE, MPOYHBIC
Marepuaybl. KX HCIIONb30BAHME YBEIMYUBACT BJIMSIHUE CHETOBBIX HArpy30K
Ha KOHCTPYKUMU. [103TOMY Ba)XKHO YTOUHUTH BEJIMYMHBI U PACHPENCICHUE CHETOBBIX
Harpy30K Ha 3/IaHUS U COOPYKEHUS pa3HOil (hOPMEI.
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O0630p uTEpPATYPHI

OmnpeneneHue pacueTHOro 3HaYEHUsI CHETOBOM HArPy3KU HA MOKPBITHE OJJUHAKOBO
BO BCEX pacCMaTpUBaEMbIX B CTaTbe HOPMATHUBHBIX JOKYMEHTax: YMHOXEHUE
XapaKTEPUCTUUECKOTO (HOPMATHUBHOTO) 3HAYEHUsI CHETOBOM HArpy3Ky Ha pa3lInuHbIC
KO3(PPUIIMEHTHI, OJHAKO orpeaesneHrne Kod(hdUIIMEHTOB BBIMOIHIETCS C pPa3HbIMU
MOIXOJJAMH.

Hns Pecnnyonuku benapycs [11]:

S=4-C,-C S — 111 N0CTOSHHBIX U HEPEXOIHBIX PACUETHBIX CUTYAIIUIA;

S=44-C,-C,-Spy — msa 0coOBIX PacueTHBIX CHUTyalMi, B KOTOPBIX 0c0O0as

CHEroBasi Harpy3ka pacCMaTpuUBaeTCs Kak o0co0oe BO3JEWUCTBUE, Tne U; —
k03¢ dureHT ¢GopMbl CHETOBOM HArpy3Kd Ha TOKPBITHE. C IOMOIIBIO KOTOPOTO
BBITIOJIHAIOT TMEPEXOJ OT CHETOBOM HAarpy3KM Ha TPYHT K CHETOBOM Harpyske
Ha MOKPBITUE C YYETOM PaCIpeICICHUS CHETA;

C.=0,8...1,56 — x03hHHUITUEHT FKCIIO3UITUH;

C,=0,8...1,2 — temneparypHbIii KO3PDUITUECHT;

Sad =2°Sk — pacueTHOE 3HAaY€HHE 0COOON CHETrOBOW HArpy3KH Ha TPYHT AJII KOH-
KPETHOM MECTHOCTH,;

Sk — XapaKTEPUCTUYECKOE 3HAUYCHHE CHETOBOM HArpy3KW Ha TPYHT JJIsl KOHKPET-
HOW MECTHOCTH.

Hnsa Poccuiickoit denepanuu [2]:

S=u-c,-¢.-S,.

e c. = 0,5...1,0 — xoappurmenT, yIuTHBAIONUN CHOC CHETa C TOKPBITUN 3MaHUN
TI0JT ICWCTBHUEM BETPA WJIM MHBIX (DaKTOPOB;

¢;= 0,8 umn 1,0 — repmudeckuii koahUIUEHT;

1 =10...6,0 — koahdunmeHT GOpMBI, YIUTHIBAIONINN TIEPEXOA OT Beca CHETOBOTO
MTOKPOBA 3€MJIM K CHETOBOM Harpy3ke Ha MOKPBITHC;

S = 0,5...4,0 — HOpMaTUBHOE 3HAYEHHME BECa CHETOBOIO IIOKpoBa Ha 1 M
TOPU30HTATBHOU MMOBEPXHOCTH 3EMIIH;

Sy = Sgs0/1,4. Te Sys50 — MpeBBILIAEMBIH B CpeIHEM OMH pa3 B 50 J1eT eKeroaHblil
MaKCHMYM Beca CHETOBOTO ITOKPOBA.

Jns crpan EBpornefickoro corosza [3-9]:

2

S=u-C,-C,-S, — s MTOCTOSTHHBIX/TIEPEXOIHBIX PACUCTHBIX CUTYAIIHH;

S=u-C,-C,-S,qy — m1s 0coOBIX pacueTHHIX cUTyalnii (0ocoboe Bo3aeiicTBUE —
ype3BbIYaiiHAS CHErOBask HATPY3Ka);
S=u-s,4, — m1a ocobwx pacdeTHhIX cuUTyarnuii (0coboe BO3IEHUCTBHE —

Ype3BbIUAHBIA CHEXXHBIN 3aHOC),
rae 4 — Ko3(PPUUueHT GOpMbI. YUUTHIBAIOIIMMI MEPEX0]] OT BECA CHErOBOTO MOKPOBa
3eMJIM K CHETOBOM Harpy3Ke Ha MOKPBITHUE;

C.=0,8...1,2 — koadpurnrenT cHoca/BETPOBOM 3AITUIIICHHOCTH;

C, (no 1,0) — Tepmuueckuit korhPUIUEHT;
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Sy — HOPMAaTHBHBII BEC CHETOBOTO MOKPOBa Ha KBAJAPATHBIA METP MOBEPXHOCTH,
Sad = 2°Sk,

Hns Kanager [10]:

S= Is [Ss (CbCWCsCa) + Sr ] >
rne I, = 08...1,25 — k0o3pPHUIHEHT OTBETCTBEHHOCTH (3HAYMMOCTU CHETOBOMU
Harpy3Ku) 37aHHs;

Ss — CHeroBas Harpy3ka Ha IpyHT;

S, — moXeBast Harpy3Ka,

C,=0,8...2,0 — 6a30BbI1 KOdhUITHEHT HOPMBI CHETOBOM HArPY3KU HA KPBIIILY;

C,= 05...1,0 - xo3>dpdunmreHT Bo3aeucTBUsI BeTpa (CHOCA. BETPOBOM
3aIUIIICHHOCTH);

C;=0...1,0— ko3dpunmeHT HaKIOHA KPHIIIIH;

Ca (o1 0) — K03 HUIIMEHT HAKOTICHHUS CHETa Ha MOKPHITHH.

Jus CHIA [11]:

pr =0.7-C,-Ci - g - py;
Pn =15 Py — n1s 3nanuit ¢ nonorumu kpbimaMy (MUHUMATbHAS HATPY3KA);

P =Cs Py — s HEPAaBHOMEPHOU Harpy3KH,

rne C,=0,7...1,2 — ko3 bunmeHT CHOCa/BETPOBOM 3alIUIIICHHOCTH;

C,=0,85...1,3 — repmuyeckuii KodhPUIreHT;

I,=0,8...1,2 — kx03hHUIUEHT OTBETCTBEHHOCTH 3/IaHMUS;

D¢ — HOPMaTUBHBIN BEC CHETOBOTO ITOKPOBA HAa KBAaJPaTHBII METP OBEPXHOCTH;

Cs — K03 PUIMEeHT POPMBI TOKPHITHS.

MarepuaJjbl 1 MeTOAbI

Oco0eHHOCTH OMpEeIeNICHHs] CHETOBBIX Harpy30K Ha CTPOUTEIbHBIE KOHCTPYKIIUU
(xpoBnu) B pasznuusbix crpaHax (bemapyce, Poccuiickas ®eneparusi, cTpaHsbl
EBpocoroza, Kanaga u CIIA) wu3yyanuch METOJOM aHajiu3a CYIIECTBYIOIINX
HOPMAaTUBHBIX JIOKYMEHTOB OMPEIEICHHUS CHETOBBIX HArpy30K Ha MOKPBITUS 3TaHHMA
Y UHKCHEPHBIX COOPYKCHHM, MPUMEHSEMBIX B ITHUX CTpaHaX.

Pe3yabTarbl nccjieqoBaHus

C uenp0 JAEMOHCTpAllUM OTIMYMM CXEM paclpeereHus CHETOBOM HarpysKu
B paccMaTpUBAEMbIX B CTaThe HOPMATUBHBIX JIOKYMEHTAX MpPUBEACHA CpaBHUTEIbHAS
tabmuna 1. B kadecTBe mpumepa paccMOTpEHa CXeMma pacIpeiesieHUsi CHEroBOM
Harpy3Ku IS IWIHHAPUICCKUX TOKPBHITUN (apOYHBIX, H30THYTHIX, CBOTYATHIX WU
ONMU3KUX K HUM) MPU OTCYTCTBUM CHETOYACP)KMBAIOIIMX 3arpakIeHuil (o0 — Yrod
HaKJIOHA MEX]ly TOPU30HTAJIbIO M KacaTelbHOM K KOHTYPHOU KpuBoil). PaccmoTpeHno
JIBA BapHWaHTa pACTIpECICHHs] Harpy3ku: BapuanT | — Oe3 ydera 3aHOca CHera
(paBHOMEpPHOE pacOpelesieHne) MW BapuaHT 2 — C YYeTOM 3aHOoca CHera
(HEepaBHOMEPHOE pacIpeieNICHUE).
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Taoauma 1 — Cxembl pacnpenesieHUs: CHETOBOW HArpy3Kd IS IUJIMHIPUYECKUX MOKPBITUH

(cBOAUATHIX MM OJU3KUX K HUM) MTPU OTCYTCTBUH CHETOYJCPKUBAIOIINX 3arPaXkICHHUH

HanmenoBanue HopMaTus-
HOI'O JOKyMEHTa

CxeMbl pacnipeiesIeHUs] CHETOBOW Harpy3Ku
0e3 ydera 3aHOCa CHEra M ¢ y4eTOM 3aH0Ca CHEera

o=15°

o=15°

CtpourenbHbie HOpMbI Pec-
ny6auku benapychb
CH 2.01.04-2025.

BapHaHT 1
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CII20.13330.2016.
[Tpunoxenue b2 [2]

BapHaHT 2

|
0,542 ‘
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|
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% ‘ Il
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SEI 7-16: Snow Loads, pu-
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) 0=30°

BapHauT 2
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BriBoaml

[IpencraBneHHbI aHAIM3 HOPMATHBHBIX JOKYMEHTOB B OOJAaCTH CTPOMTENHCTBA,
PEryIHUPYIOIIMX TMOACYET CHErOBBIX HAarpy3ok, Oasupyercss Ha oOOLIEM MOAXOHe
WCIOJIb30BAaHUSI XapaKTEPUCTUUECKOrO 3HAYEHHs CHETOBOM Harpy3Kd Ha TPYHT.
Cuenplo  ompeAeneHHsl 3HAYEHUST CHErOBOM HAarpy3Kd Ha TOKPBITHA — 3JaHUMA
Y COOPY)KCHUI  BBOZSATCS  JOTOJHUTEIBHBIE  KOPPEKTHpYIOLEe  KOA(hHUIMEHTHI,
YUWTBIBAIOIIUE MECTHBIE YCIOBHUS, XapaKTEPUCTUKU KOHCTPYKLMHU (TaKuME€ KaK BBICOTA
3MaHusl, YKJIOH KpoBiH, ee (gopma u T. 1a.), OIHAKO METOIVKH OIpPENCICHHs TAaHHBIX
KOOQ@UIIMEHTOB C YYETOM pa3IuuHbIX (aKTOpoB (BETpOBas 3allUILIEHHOCTD,
TEMIIEPATYPHBIA ~ PEKUM, KAareropuss OTBETCTBEHHOCTU 3[aHMs) 3HAYUTEIIBHO
OTIIMYAIOTCA.

Hcxons W3 4YacTHOrO  aHaiu3a MOKPBITHM  LMIMHAPUYECKOH  (OpPMBI,
IPEJCTABICHHOTO B CTaTbhe, MJI1 OIpPENEICHUsS BEIMYMHBI CHETOBOM Harpys3ku
YCTAaHOBJIEHO, YTO B PA3JIMYHBIX HOPMATUBHBIX JIOKYMEHTAaX IPEACTABICHBI
pa3ianyYHble TOAXObl K YCTAHOBIEHHUIO KAK CXEM PACHpE/EsICHUsI CHETOBOM HArPy3KU
10 MOKPBITUIO, TAK U ONPEIETECHUIO JOMOTHUTENbHBIX KOA(DPHUIIMEHTOB.

Benuunna cHEroBoW Harpy3kd, XapakTepa €€ paclpelesieHus Ha MOKPBITHS
3M@aHUN U MH)KEHEPHBIX COOPYKEHUU pa3InyHON (HOpMBI SBIISIETCS BAXHOW 3a1adeit
Uisl  obecrieueHHus O€30MaCHOCTH M HAJEKHOCTH CTPOMUTENBHBIX KOHCTPYKIIHIA.
JlanbHeilne ucciaenoBaHus B 3TOM 00NacTH, HalpaBlICHHbIE Ha pa3paboOTKy Ooee
TOYHBIX W YHHMBEPCAJIbHBIX IPUHLHUIIOB pacyeTa CHErOBbIX HArpy3okK, OyayT
cocoOCTBOBATh MOBBIIIEHUIO 3(PPEKTUBHOCTH MPOEKTUPOBAHUS U CTPOUTENILCTBA.
C y4eToM CIOKHOCTH MO 3KCIIEPUMEHTAIIBHOMY OIPEACIICHUIO XapaKTEPUCTUIECKOTO
3HaYEHHUS M BHJA pPaCHpPEACNICHUS CHETOBBIX HArpy30K sl pa3iuyHbIX (HopMm
IOKPBITUA 3aHUK W COOPYKECHHMM Ipe/iaraeTcs JaJbHEHIIEeEe HCCIEI0BaHNe
IIOCTPOUTH C YYETOM MOAXO0B YHCIEHHOTO MOJAEIUPOBAHUS.

Cnucoxk HUTHPYEMbIX HCTOYHHKOB
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2. Ceox npaBwin. Harpysku u BoszaeiicTBust. AkryanmsupoBanHas pepakims : CHull 2.01.07-85 :
CII 20.13330.2016. — Been. 04.06.2017. (B pea. usmenenus Ne 3 ot 30.12.2020). — M. : MunCrpoii
Pocun, 2020. — 147 c.

3. Eurocode 1 : Actions on structures : General actions — Snow loads : EN 1991-1-3:2003 +
AC:2009. — Part 1-3.

4. Eurocode 1: Auswirkungen auf Konstruktionen. Teil 1-3 : AllgemeineSchritte. Schneelast :
DIN EN 1991-1-3:2023 ; Deutsche und englische Version von pr : EN 1991-1-3:2023.

5. NF P06-113-1/NA / A2 * NF EN 1991-1-3/NA/A2:2022 Eurocode 1-Effets sur la structure
Partie 1-3: effetsGénéraux — charges de Neige-annexeNationale NF EN 1991-1-3 : 2004-effets
Généraux-charges de Neige.

6. UNI EN 1991-1-3: 2015 Eurocodice 1-impattistrutturali-Parte 1-3: impatti Generali-carichi di neve.

7. UNE-EN 1991-1-3: eurocddigo 1 : Impactoen la construccion. Accionescomunes. Cargas de
nieve. — 2018. — Parte 1-3.

8. DS/EN 1991-1-3 / AC:2010 Eurocode 1 : Virkningerpéstrukturer. — Del 1-3. —
Generellehandlinger. Snebelastninger.

9. LST EN 1991-1-3-2004 / AC-2009 Eurocode 1 : Poveikiskonstrukcijoms. — 1-3 dalis. —
Bendriveiksmai. Sniegoapkrovos.

10. National Research Council of Canada. National building code of Canada 2015. — Ottawa.
Includes Revisions and Errata released, 2018. — on September, 28. — 1412 p.

11. ASCE/SEI 7-16 Minimum Design Loads and Associated Criteria for Building and other
Structures. — USA : ASCE, 2017. — 889 p.

160



KOHIENTYAJBHBII MOAXO/ K TAPAMETPU3ALIMU KAYECTBA
KOMITO3ULIMOHHBIX CTPOUTEJBHBIX MATEPUAJIOB
IPU BLIBOPE TEXHOJIOTHI1 X MMOJYUYEHHUS

M. B. Ilempouenko

K. m. H., ooyenm, Cankm-Ilemepbypeckuii noiumexHuyecKull yHugepcumem
llempa Benuxoco, Cankxm-Ilemepoype, Poccus,
e-mail: petrochenko_mv@spbstu.ru

AHHOTAIIUSA

IJenv. Pa3paboTka KOHLENTYaJbHOIO TMOJXOJAa K IapaMeTpu3alliu KauecTBa
KOMITO3UIIMOHHBIX ~CTPOUTEIBHBIX MaTEPHAIOB TPU BBIOOPE TEXHOJOTUHA WX
MOJTYYCHUS.

Mamepuanvr u memoowvi. COBPEMEHHBIC KOMIIO3UIIMOHHBIE CTPOUTEIIbHBIC
Marepualibl 00JIAIal0T PSAJOM MPEUMYIIECTB MO CPAaBHEHUIO C TPAJAUIIMOHHBIMHU
CTPOUTEIbHBIMU MaTepuajamMu. OJHAaKO UX TPUMEHEHHME B TPAHCIOPTHOM
CTPOUTEIBCTBE CHIEPKUBACTCS HEAOCTATOYHOM pa3pabOTaHHOCTbIO HOPMATHUBHBIX
MmapaMeTpoOB KayecTBa KOMIIO3UTOB C TMO3UIMNA BIMSHUSA Ha HAJCKHOCTh
1 JIOJITOBEYHOCTh BO3BOJMMBIX JIMHEHHBIX COOPY)XEHUW, PUCKH BO3HUKHOBEHHS
MPEKICBPEMEHHBIX pa3pylIeHU. BBIMOJHEHHBI aHAIU3 CYIIECTBYIOIIUX METOJIOB
moa0opa KOMIIOHEHTOB KOMITO3MIITMOHHBIX CTPOUTEIBHBIX MaTepHUaiOB BBISBUI
npoOJieMy YCTAHOBJICHHMSI CBSI3U MEXKJY YaCTHBIMU [OKa3aTeIMH HCXOJIHBIX
KOMIIOHEHTOB M OOIIEH OIEHKOW KayecTBa KOMIIO3UIIMOHHOTO MaTepuarna.
IIpensio’)keH  KOHUENTYaJbHBIM  MOAXOJ K  MHapaMeTpu3alldd  KadyecTBa
KOMIO3UIIMOHHBIX CTPOUTENbHBIX MaTepPUalOB TMPU BHIOOPE TEXHOJOTUH UX
MOJIYyYEeHUs] HAa OCHOBAaHMU  ONTHUMM3ALMOHHO-KBAIMMETPUUECKOTO  IOAXO0Ja
C UCIIOJIb30BaHUEM CcIoco0a CBEPTKM YACTHBIX IIOKa3aTelie B HWHTETpalbHBIN
KPUTEPUH.

Pesynomamui. 1lpeanaraeMpiii KOHUENTYIbHBIN MTOJXO0J COCTOMT B BO3MOKHOCTH
aHajM3a KAa4eCTBEHHBIX XAPAKTEPUCTUK CIOXHBIX KOMIO3UIIMOHHBIX MaTepUaIoB
1 BBIOOpA HCXOJHBIX KOMIIOHGHTOB, OOECTICUMBAIOIIMX TpeOyeMoe KadecTBO
KOHEYHOT'O0 KOMITO3UIITMOHHOTO MaTepuala.

Buvieoowi. IlpenioxkeH MOAXol K CO3IaHUI0 KOMIIO3UIIMOHHBIX CTPOUTEIbHBIX
MaTepHuasoB ¢ TPeOyEeMbIMU CBONCTBAMHU.

BBenenue

bosbiiasi 4acTh COBPEMEHHBIX BBICOKOTEXHOJOTHYHBIX CTPOUTEIBHBIX MaTepHua-
JIOB OTHOCHUTCSI K KOMIIO3UIIMOHHBIM CTPOUTEIBHBIM Marepuaiam. lKcmnosb3oBaHue
KOMIO3UIIMOHHBIX CTPOUTEIILHBIX MATEPUAJIOB 00ECIICUNBACT 3HAUUTEIIHPHOE CHUXKE-
HHE BECA CTPOUTENIBHBIX KOHCTPYKIUM MO CPABHEHUIO C TPAAUIMOHHBIMU MaTepua-
JaMH, a TaK)K€ MUHHUMM3AIIMS 3aTpaT Ha CTPOUTENHCTBO PA3IUYHBIX COOPYKEeHUH |1,
2]. HekauecTBEHHOE U3rOTOBJIEHUE U HAPYILIEHHE TEXHOJIOTUYECKUX MPOIIECCOB MPO-
W3BOJICTBA KOMITO3UIIMOHHBIX CTPOUTENIBHBIX MATEPUATIOB MPUBOISIT K CHUKECHUIO
AKCIUTYyaTallMOHHOM 0€30MacHOCTH JIMHEHMHBIX OOBEKTOB M HX JOJITOBEYHOCTH,
a TaKXKe€ YBEIIMUYUBACTCS BEPOATHOCTD IOSBJICHUS NPEKICBPEMEHHBIX TOBPEKICHUM.
[TapameTrpu3anmsi KauecTBa KOMIIO3UIIMOHHBIX CTPOUTENIBHBIX MAaTE€pPUAJIOB MPU BbI-
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O0ope TEXHOJOTMi HX MOJYYEHHUS — 3TO MPOLECC MOACIUPOBAHUSA, ONTUMHU3ALMH
Y CUHTE3a CTPYKTYPbl U CBOWCTB KOMIIO3UIIMOHHBIX MaTepuaioB. OlieHKAa KauecTBa
CTPYKTYpPBbI U CBOMCTB KOMITO3UIIMOHHBIX MATEPUAIIOB, YUUTHIBAIOLIAS BAPbUPYEMBIE
napameTpsbl, MO3BOJIUT MOJYUYUTh MaTepuai ¢ TpeOyeMbIMU MOKa3aTeIsiMU KauecTBa,
TaKUMHU KakK (PYHKIIMOHAJIbHASI TPHUTOAHOCTh, HAJIEKHOCTh, TEXHOJOTUYHOCTH, O€3-
OMAaCHOCTb, YKOJIOTHYHOCTD, SKOHOMHYECKast 3 (HEKTUBHOCTH U 1p. [3].

00630p JuTepaTypsbl

Ha cerogHsmHuii A€Hb KOHTPOJIb KAa4€CTBAa CTPOUTEIIBHBIX MATEPUAIOB OCY-
IIECTBIIAETCS MOCPEACTBAM psila METOJOB, BKJIOYasi BRIOOPOYHOE H3MEPEHHUE UX
(U3UKO-MEXaHUUYECKUX XapaKTEPUCTHUK, PETUCTPAIMIO KaYyeCTBEHHBIX IOKa3aTe-
ner, pacuer 0O0OOIIEHHBIX IMOKa3aTeJeld KadyecTBa, BU3yaJbHOE HCCIIEIOBaHUE,
OKCIEPTHHIC OIEHKH W Apyrue metoanl [4]. Huskas a¢ddexkTuBHOCTh ACHCTBYIO-
IITUX MEPOMPHUATHI MO KOHTPOJIO KauyecTBa CTPOUTEIBHBIX MAaTEPHAJIOB CIIOCOO-
CTBYET POCTY 3aTpaT Ha MCIpaBlIEHHE «Opakay KOMIIO3UIIMOHHBIX CTPOUTEIBHBIX
MAaTEpUAJIOB, CTAHOBUTCS MPUYMHOW 3aJEPKKU BBOJA B SKCILIyaTallUI0 TpPaHC-
IIOPTHBIX COOPYKEHUH [5].

Bonbioi BKJIa B MpoLECcC MOJCIUPOBAHNS, ONTUMHU3ALMNA U CUHTE3a CTPYKTYPbI
Y CBOMCTB KOMIIO3UITMOHHBIX MAaTEPHAIOB BHECIIM OTEYECTBEHHBIE U 3apyOeKHBIC aB-
tope: B. I'. ComoseeB, B. ®@. Kopossikos, O. A. Jlapcen, H. A. T'anbresa,
K. A.T'ypeeB, M. JI. ConpmaroB, P. A. Aungpuesckuii, X. Teimop, M. Ilrapk,
B. W. Kanamuukog, K. L. Kovler, S. P. Shah u npyrue.

CyliecTByIOT 3HAYUTEIbHBIE MPOTHUBOPEUUS MEXKIY TpeOyEeMbIMU XapaKTepu-
CTHMKa KOMIO3UIIMOHHBIX CTPOUTEIbHBIX MAaTEPUANIOB U UX (PaKTUYECKUMU MOKa3aTe-
JSIMU, TTIOATOMY HeoOXxoauma pa3zpaboTka MPUHIUITUAIIEHO HOBOTO MOAX0/1a K OI[EHKE
KaueCTBa KOMITO3MIIMOHHBIX CTPOUTEIbHBIX MarepuasioB. IIpenmaraercss MCHoIb30-
BaTh KOHIENTYaJIbHBIM MOAXOA K MMapaMeTpu3allul KadecTBa KOMITO3UIIMOHHBIX
CTPOUTENILHBIX MATEPUAJIOB MPU BBIOOPE TEXHOJOTUN UX TMOJYYEHHUS, OCHOBAHHBIM
Ha TEOPUU KBAIMMETPHUH, MATEMAaTUYECKOTO MOAEIUPOBAHUS U IKCIEPUMEHTAIBHO-
CTaTUCTHUYECKUX UCCIEIOBAHUM.

MarepuaJjibl 1 METOABI

[Ipensaraemplil KOHIENTYAJIbHBIN MOAXOJ K MapaMEeTPU3AlMUA KauyeCTBa KOMIIO-
3UIIMOHHBIX CTPOUTEIHHBIX MATEPUATIOB MPHU BHIOOPE TEXHOJIOTUN UX MOJTYYEHHUS OC-
HOBAaH Ha ONTUMHU3AIMOHHO-KBAUIUMETPUUYECKOM MOJIXO/E€ C MCIOJIb30BAHUEM CIIO-
co0a CBEPTKH YaCTHBIX MOKa3aTelield B UHTETPAJIbHBIA KPUTEPHIA.

Tak Kak KaueCcTBO KOMITO3UIIMOHHBIX CTPOUTENIbHBIX MATEPUATIOB OINpPEAECIAETCS
KaueCTBOM CTPYKTYPbI U CBOMCTB KOMIIOHEHTOB, BXO/SILIIUX B COCTaB, TO €0 OIIEHKA
BO3MOKHA TMOCPEJCTBOM AAJAUTUBHONW WJIM MYJIbTUILIMKATUBHOM CBEPTKU YACTHBIX
KpUTEPUEB KaueCTBA UCXOJHBIX PA3HOPOJHBIX MAaTepUaOB B MHTETpaIbHbINA (0000-
IIIEHHBIN) [6].

Pe3yabTaThl Hccae10BAHUA

Jns monydeHus Ka4yeCTBEHHOTO KOMIO3UIIMOHHOTO CTPOUTEIBHOTO MaTepHa-
Jla pacCMOTPUM OCHOBHBIE 3Tala, BHIIMOJHEHUE KOTOPBIX OCYIIECTBISACTCS MOCTE-
JIOBATEJIBHO.

1. KoHconuaanus pe3yabTaToB AKCIEPUMEHTATBLHO-CTATUCTUUECKUX HCCIIEI0BA-
HUM, TJe KKIOMY PacCMaTpUBAEMOMY KOMIIOHEHTY KOMITO3UIIMOHHOTO CTPOUTENb-
HOT'0 MaTepuaia npucBauBaetcsi kpurepuii K .
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2. PacdeT MHTErpajqbHOIrO IMoOKa3areyiss KauyecTBa COBOKYIMHOCTH HMCXOJHBIX KOM-
MTIOHEHTOB KOMIIO3UIIMOHHOTO CTPOUTEIBLHOIO0 MaTepHhalia COCTOUT B OMNPEIEIICHUU
BECOMOCTH KPUTEPHUEB KadecTBa JJi1 YCTAHOBJICHHUS CTENEHM HX BO3JCHUCTBUS
Ha CKaJISIPHBIA KPUTEPUN KayecTBa KOMITIO3UTa 1 HOPMUPOBAHMS YACTHBIX KPUTEPUECB
JUISL UX TIPUBEJEHUS K €UHON pa3MEPHOCTH.

Ha stom 3Tane ocymecTBIsOTCs CIEAYIOIINE ICHCTBUS:

— CTpPOUTCS KBajpaTHas Marpuiia A MOpsAKa nxn JJs pacyeTa BECOB YACTHBIX
KPUTEPHUEB KaY€CTBA METOJOM PACCTAaHOBKH MPUOPUTETOB (ITAPHBIX CPABHEHUN);

Kll K12 Kln
A= K21 Kzz K2n : (1)
Ky Ky, Ko |
— onpezmengerca  cymma U, = i Kij MPUCBOEHHBIX  KOA(D(UIIMEHTOB

MPEATIOYTEHNUS Kij 0 K&XJA0M CTpOKE Marpulsl A;
n n

— paccuMTHIBAETCA CyMMa O = ZZ Kij MPUCBOEHHBIX KO3 (PHUIIMEHTOB
i=1 j=1

TPEAMOYTCHHSI Kij 1o Bceit marpuiie A;
— OMNpPENCIAIOTCS 3HAYCHHUS BECOBBIX KOI(D(MHUIIMEHTOB YACTHBIX KpPUTEPHEB
KauecTBa &; 1o gopmyie (2):

U, .
e )
2V,
i=1

— MPUBOJATCS K €IUHOW pa3MEpHOCTH 4YacTHbIE KpPUTEPUM KadecTBa
MOCPEICTBOM UX HOPMHUPOBaHuUs 1o ¢popmyie (3)

Kifactual (3)

HOPM __
Ki

- K normalized
i

factual normalized
rae K, u K

CKOT'O 1 HOPMHUPOBAHHOTI'O 3HAUYCHUA |— r0 YaCTHOTO KPUTCPHUA KaUCCTBA KOMIIO3UIIN-
OHHOI'O CTPOUTCIBHOI'O Marcpuajia,

COOTBCTCTBCHHO, KOJIMYCCTBCHHBIC 3KBUBAJICHTHI (baKTI/I‘IC-

— yuer onruMusanuu kpurepueB K™™', juis atoro mpemcraBuM  TpyIimy
MaKCUMU3UPYEMBIX  KPUTEPUEB  4YEpeE3 Ki(i=12 ..m), a rpymy
muHEMEBHpYeMbix kputepues depes K. (i=m+1, ..., 1);

— pacyer CKaISIpHOrO (MHTErpajbHOI0) IMOKa3arelisi KauyecTBa COBOKYIMHOCTH
HCXOIHBIX KOMIIOHEHTOB KOMITO3UIIMOHHOTO CTPOUTEIBLHOIO Marepuajia METOJ0M
aJIMTUBHOM CBEPTKHU YaCTHBIX MOKa3aTesIeH 1Mo 3aBUCUMOCTH (4)
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Generallzed Za KHopM + Z 0[ KHopM — max (4)

i=m+1

ITpHU OTPAHUYCHUAX

n=m+l Hzn:ai=1, (5)

i=1
rne ¢; — BecoBod K03(pPULIMEHT, XapaKTepU3YIOMIHUKA BKJIa1 YACTHOTO |— I'0 YaCTHOTO
KpUTEpUS Ka4yeCTBA B CKAJSIPHBIN (MHTErpaIbHbIN) KPUTEPHUI KaUECTBA KOMIIO3UTA;
K™ — 3HaueHne 4acTHOrO HOPMHUPOBAHHOTO KPUTEPHUS Ka4eCTBa KOMIIO3MTA

AJI1 B3aMMHO HC3aBUCUMBIX YaCTHBIX KPUTCPUCB,

m — YHCJIO0 YaCTHBIX KPHUTCPUCB KA4CCTBA, AJIAA KOTOPBIX HCOGXOI{I/IMO obecre-
YUTb UX MAKCUMAJIbHBIC 3HAYCHU:I,

| — 4ncno yacTHBIX KPUTCPHUCB KAUCCTBA, IJISI KOTOPBIX H€O6XOI[I/IMO 00ecrneynTh
X MUHUMAJIBHBIC 3HAYCHU .

3. Pacuer HHTCTPAJIBHOI'O ITIOKA3aTCIII Ka4CCTBAa COBOKYIIHOCTH TCXHHUYCCKHUX Xa-
PAKTECPUCTHK HCXOJHBIX KOMIIOHCHTOB KOMIIOBMIIHOHHOI'O CTPOUTCIIBHOI'O MaTCpHU-
ajla MCTOAOM MyHBTHHHHKaTHBHOﬁ CBCPTKHU

h

Lla™ ©)

K eq =l ——— —> max

Generalized p

H qimin”‘i

i=h+1
HpH CJIGI[YIOH_[I/IX OFpaHI/I‘leHI/IHX:

n=h+pﬂiai:1, (7)

rae G — HOPMHPOBAHHOE 3HAYEHME i— I'0 YaCTHOTO KPUTEPHUS KadeCTBA KOMIIO-
3UTa, KOTOPBIM MOAJIEKUT MaKCUMU3AIUY;

qimin — HOPMHPOBAHHOE 3HAUEHHE |— IO YaCTHOT'O KPUTEPHUS Ka4yecTBa KOMIIO3HTA,
KOTOPBIN MOJJIEKUT MUHUMHU3ALINH;

N — wucno wacThbIxX KPUTEPHUEB Ka4eCTBA MYJIbTUIIMKATUBHONW CBEPTKH, IS KO-
TOPBIX HEOOXOIUMO 00ECTIEYNTh MX MaKCUMaJIbHbIC 3HAUCHHUSI,

P — umcno wacTHBIX KpUTEpHEB KauecTBa MyJIbTHINIHKATHBHON CBEPTKH, JUIA KO-
TOPBIX HEOOXOIUMO 00ECTIEYNTh NX MUHUMAJIbHbIC 3HAYEHUS;

a; — Bec (3HAYMMOCTD) YaCTHOTO I— ro quddepeHantsHoro (HOpMUPOBAHHOTO)
MOKa3aTes KauecTBa KOMIO3UIIMOHHOTO CTPOUTEIHLHOTO MaTepurara.

4. PacyeTr KOMIUIEKCHOTO MHTETPAIBHOTO KPUTEPHS KadecTBa KOMIIO3UITMOHHOTO
CTPOUTEIHLHOTO MaTepHaa;
h

o™

_ HOpM i=
KIntegral - ZO! K + Z 0[ KHOpM +

i=m+1

— max (8)

+
p

mln “
h+1

164



IIpH CICAYIOIINUX OTPaHNYCHUAX!

n
n=m+l+h+pu> =1 ®)
i=1

BriBoabI

[Ipensiaraemplii KOHIIENITYaJbHBIN MOAXO0 K MapaMeTpU3alldd KauyecTBa KOMIIO-
3UIMOHHBIX CTPOUTEIIBHBIX MaTEPUAIOB MPU BHIOOPE TEXHOJOTHI UX MOJYYSHHUS OC-
HOBBIBA€TCSl HA YUETE BIMSHUSA KAK 3aBUCUMBIX, TaK MU HE3aBUCUMbBIX YAaCTHBIX MOKA-
3aTeliell KauecTBa MCXOAHBIX KOMIIOHEHTOB Ha OOINMH IMOKa3aTellb KauecTBa KOMIIO-
3UIUOHHBIX CTPOUTEIBHBIX MaTepuaaoB. MICroap30BaHNE METOIOB MYJIbTUAIAUTUB-
HOW Y MYJIbTUIUIMKATUBHON CBEPTKU YACTHBIX KPUTEPUEB MO3BOJISIET MTOBBICUThH TOY-
HOCTb OLICHKH BKJIaJ1a OTJEIIbHBIX MMOKA3aTEIEH B MHTETPAJIbHBIN KPUTEPUM KaueCTBa.

[IpakTHUecKkoe 3HaUCHUE NPEAJIOKEHHOIO MTOX0/1a COCTOUT B BO3MOXKHOCTH aHa-
JIM3a KaYECTBEHHBIX XapAaKTEPUCTUK CIOKHBIX KOMIIO3UIIMOHHBIX MAaTEPUAIIOB U BbI-
0opa HaWJTy4YIIMX HUCXOJHBIX KOMIIOHEHTOB, O0ECIEUMBAIOIINX ONTUMAJILHOE Kayde-
CTBO KOHEYHOT'0 KOMITO3UIIMOHHOTO MaTepuala.

[IpoBeeHHBIN aHAN3 MMOKa3all, YTO CYIIECTBYIONIUE METOJIbI MO00pa KOMIIOHEH-
TOB YaCcTO CTAJIKMBAECTCS C MPOOIEMON YCTAHOBJICHUS OJTHO3HAYHOM CBSI3U MEXKTy 4acT-
HBIMH IIOKA3aTEIIMU UCXOMHBIX KOMIIOHEHTOB M OOIIEH OLIEHKOH KadyecTBa KOMIIO3H-
IIMOHHOTO MaTepHalia, YTO 3aTPYIHSIET BHIOOP MCXOTHBIX KOMIIOHEHTOB JIJISl H3TOTOBJIC-
HUS BHICOKOKAQUYE€CTBEHHBIX KOMITO3UIIMOHHBIX MaTEpUAJIOB.

CnMcok HUTHPYeMbIX HCTOYHHKOB

1. Tanues, JI. C. OueHka KOHKYPEHTHBIX IPEUMYLIECTB KOMIIO3ULIMOHHBIX MaTEpUajIOB
B ctpoutenbHbIX KoHcTpyknusx / JI. C. Tamumes, B. B. Ilomuru, B. C. Kanxpa // Otxousl
u pecypcebl. — 2022. — T. 9. — Ne 3. — DOI: 10.15862/19ECOR322.

2. TI'ypeeB, K. A. VmopaBieHue CTpOUTEILCTBOM B COBPEMEHHBIX YCJIOBUSAX Pa3BUTHUS
sxoHoMukHu Poccun / K. A. I'ypee, M. JI. Connaros // KypHasl NpUKIagHBIX UCCIEIOBAaHUMA. —
2022. —T.1.—Ne 8. — C. 44-50. — DOI: 10.47576/27127516_2022_8_1 44.

3. Maunsn, JI. JI. Ouenka moka3zareneit kadectBa B crpoutensctBe / JI. JI. Maunss,
H. O. Cuzen // Bectnmk Cub6AJIM. — 2024. — T. 21. — Ne 3. — C. 464-474. —
DOI:10.26518/2071-7296-2024-21-3-464-474.

4. Jloranumna, B. WM. OO6ecneueHne kadecTBa M THOBBILIEHHE KOHKYPEHTOCIIOCOOHOCTHU
CTpouTeNbHON npoaykuuu: MoHorp. / B. . Jloranuna, JI. B. Makaposa, P. B. Tapacos. — Ilen3a :
I[II'VAC, 2014. - 176 c.

5. Uvarova, S. S. Assessment and modelling the dynamics of building materials prices
in the current conditions / S. S. Uvarova, S. V. Belyaeva, V. A. Bolgov // Real Estate: Economics.
Management. — 2023. — No. 1. — P. 27-32.

6. Iletpouenko, M. B. Meronnka oneHkH KayecTBa KaApOBOro IMOTEHIMAIA IPOEKTHOW IPYIIIIBI
U BIMSHUE KBaIM(UKauuu Ha mnpoekTHele pucku / M. B. Ilerpouenko // VHHOBalMOHHBIE
TpaHCHOPTHBIE cHcTeMbl M TexHoioruu. — 2025. — T. 11, Ne 1. — C. 134-151. — DOI:
10.17816/transsyst642802.

165



KOHTPOJIb ITOJI3YYECTHU BETOHOB HA HAITPAT'AIOIIEM
HEMEHTE B PAHHEM BO3PACTE

A. H. ITuxkyna

cm. npenooasameinw, bpl'TY, bpecm, benrapycw, e-mail: alexandr.pikula@gmail.com,
+375336081436

IIpeamer wuccienoBaHMsA: HOBas METOJMKA OIPEACICHHUS IOKa3aTesen
MOJI3y4eCTH OETOHOB Ha HANPSTAIOIIEM [IEMEHTE B paHHEM BO3pacCTe.

Hean: pazpaborarh U MPOBEPUTHh BAPUAHT AJITOPUTMA OIpPEACICHUS MOI3yYeCTU
paciupsIonuxcsi 606TOHOB B paHHEM BO3pacTe.

Marepuajbl MW MeTOAbI: COBPEMEHHAas YCTaHOBKAa C KpPYIIOCYTOYHBIM
JOrHpoBaHueM U Mozeis MSDM [2].

PesysabTarbl: IpUBEACH BAapUAaHT AJITOPUTMA ONPENCIECHHS  I0I3y4eCTH
pacmupsonmxcs 60eToHOB B paHHEM Bo3pacTe (10 28 cyTok). OnucaHo BeIOpaHHOE
U pa3paboTaHHOE anmnaparHoe oOeclieueHue B IJIaHe ero Bo3MokHocTel. [IprBenensl
OTIpe/ieJICHHbIE TapaMETPhl JUIMTEIbHBIX MPOIIECCOB U UX OCOOCHHOCTEN NpU JaHHOM
BUJI€ KOHTPOJIS.

BoIBOABI: MCIIOJIB30BAHHBIN TPOTPAMMHO-ANIAPATHBIA KOMILIEKC JUJISL UCTIBITAHUI
U TIPENJIOKEHHBIN aJTOPUTM MO3BOJMIINA ONPENEAUTh (PYHKIUIO U KO3((OULIHEHTHI
NoJI3yuyecTr OETOHAa B paHHEM BO3pacTe /s JIFoOOTO BpPEMEHHOTO MHTEpBaJa.

Beenenne

HanMeHee n3yd4eHHBIMU U IIPU 3TOM OIPEACIISIIONIMMU, ¢ TOYKH 3PEHUS KauecTBa
U JIOJITOBEYHOCTH PACIIMPAIOMIMXCA OETOHOB, SBISIOTCS JJIMTEIbHBIE MPOLECCHI
YCaJKU U MOJI3yYECTH JAHHBIX KOMIIO3UTOB.

Pacmmmpsitonuecs: 6eToHsl (Ipy HATMYUK BHEIIHUX OTPaHUYEHUI) MOJBEPratoTCs
Harpy’>K€HUIO U BKIIIOUAIOTCA B pabOTy € MEPBBIX CYTOK CBOEro TBepAeHHs. Bompoc
KOPPEKTHOTO OMNpe/IeJIeHUsI U MPAaBWIBHOIO yuyeTa nedopmanuil ycaakd U MoJzyde-
CTH PACIIUPSIOIMNXCS OETOHOB B HACTOSIIIEE BPEMSI SIBISIETCS aKTyalbHbIM, HO B CUITY
psAaa NPUYMH OCTAETCS OTKPBITBIM M MajOHW3y4eHHbIM. OTIEIbHBIM BOIIPOCOM pac-
HIUPSIOMINXCST OETOHOB SBJISETCS MOJI3YYECTh B paHHEM Bo3pacte (10 28 CyTOK), Me-
TOAMYECKOMY O0ECIEYEHUIO0 KOHTPOJISI KOTOPOW U YJ€J€HO BHUMAaHHUE B JAHHOM Ma-
TepHuaie.

00630p JuTepaTypsbl

B oOmeM Buae omnpeaeraceHUe MON3y4yecTu JiIoOOro OeToHa HOpMUpYyeTcs
I'OCT24544 [1], xoTOpBIN pacnpOCTPaHAETCS HA BCE BUIBI LIEMEHTHBIX, a4 TAKXKE CH-
JMKATHBIX OETOHOB, NMPUMEHSEMBIX B IPOMBILUIEHHOM, 3HEPIeTUYECKOM, TpaHC-
MOPTHOM, BOJOXO3SUCTBEHHOM, XWJIMIIHO-TPAXKIAHCKOM M CEIIbCKOXO03iCTBEHHOM
CTPOUTEILCTBE, B TOM YHUCJE Ha OETOHBI, MOJIBEpraroluecs B Npolecce IKCIulyara-
IIUU HarpeBy, HACBILICHUIO BOJIOM UM HEPTETIPOTyKTaMHU.

B cooTBeTcTBUU C TaHHBIM HOPMATHBHBIM JIOKYMEHTOM JAe(OpMaIiy MOI3y4eCcTH
OMPENENSAIOT OJHOBPEMEHHO C onpeeneHrueM aedopmaliiii ycaaku, mpu 3TOM Mepea
UCIIBITAaHUSIMU ONPEIENSIOT TPOYHOCTh OeToHa Ha cxkatue o 'OCT 10180 u npus-
MeHHYI0 TpouHocTh 1o ['OCT 24452.

166



O4eBUIHO, YTO TAKOW METOJ KOHTPOJISI HE MOAXOAMUT JIsl onpeneneHus nedop-
Malui nmoj3ydectd OETOHOB (OCOOEHHO PACIIMPSIONIMXCS) B paHHEM BO3pacTe, Tak
KaK Mpeanojaraer MOCTOSHHBIM pPEXUM HarpyKeHus o0pa3noB (HUKCUPOBAHHOU
Harpy3Koi, COOTBETCTBYIOIIECH HampsukeHuto B oopasie 0,3 £ 0,005 oT npuzMeHHOM
IIPOYHOCTH O€TOHA, YCTAHOBJIEHHOW MEpe]] HA4yajJOM HCIBITAHUN. YCTAaHOBKA IS
KOHTPOJISI TAaKUX BUIOB jAedopmaiuii J0mKHA oOecreuynBaTh MEepeMeHHbIN (Bo3pac-
TaIOIIUM, MO0 JAPYrod B COOTBETCTBUM C YCIOBUSAMHM JIKCIUTyaTalluu O€TOHA) aBTO-
MAaTHYECKHU CO3/1aBAEMbII PEXKUM HArpy>KEHHS B 3aBUCUMOCTH OT MOJIEIUPYEMOM WU
AKCIIEPUMEHTAJILHO KOHTPOJIUpPYyeMOW MpoyHocTH OeTtoHa. Co3laHue Takoul ycTa-
HOBKH BO3MO>KHO, OJTHAKO JIOPOTO U CJIOKHO C TOYKH 3PEHUs ONpeeiIeHus] Heo0Xo-
JMMOTO YPOBHS HANPSHKEHUH B KaXKIbI POMEKYTOK BPEMEHMU.

B cnyuae ke ¢ pacmmpsomuMucs 6€TOHaMU U APYTUMU aHAJIOTHYHBIMH KOMIIO-
3UTaMy BO3MOKEH OoJiee MpOCTON M MEHee 3aTpaTHBIM BapHaHT 3a CUET CaMOHAarpy-
KeHUs1 OETOHA MPHU PACUIUPEHUH Yepe3 OrPaHUYUBAIOIINE CBA3U JJOCTATOYHOM KeCT-
KOCTH, KOTOpPbIE€ MOXHO MOJOMpaTh B 3aBUCHUMOCTH OT YCJIOBMM 3KCIUlyaTaluu Oe-
TOHA, JT100 IeJIer UCCIeI0BaAHUS.

Marepuajbl 1 METOIbI

JI1s M3y4eHus MOJI3Yy4ECTH PacCIIUpPSIOIIMXCS OETOHOB, OCOOCHHO B paHHEM BO3-
pacTe, MpeuiaraeTcss KOHTpoab AePopMUpOBaHUs 00pa3LOB OCYIIECTBISTh B aHAJIO-
TMYHBIX YCJIOBHUSX, HO 32 CYET CaMOHArpyKeHus oOpasla Yepe3 MPUIOKEHHOE
BHEIIIHEE OIPAHMYEHUE B BHJIE OJIHOTO WJIM HECKOJIBKUX TSDKEH. XapaKTepUCTUKU
BHEUIHETO OTPaHUYEHUsI HEOOXOAUMO ONPENENITh C YUETOM OyAyIIUX YCJIOBUMN 3KC-
myatanuu gaHHoro 6erona. Ilpu sTom Ha oOpasmax 0e3 orpaHuyeHust OyAyT ompe-
AeNnATbes AepopMalii CBOOOHOTO pacIIUpPeHHs U ycalkH, a Ha oOpa3uax ¢ BHEUI-
HUM OrpaHUYEHUEM Je(opMalii — CBSI3aHHOTO paclIMpeHus U noisydectu. Ilapan-
JIENBHO C 3THM, 3a CUET ONpEeNeJeHUsI MOAYJsl YIPYrocTH OETOHA, CTAHOBUTCS BO3-
MO>KHBIM BBIJICJICHUE YNPYTUX U IJIACTUYECKUX JAepopManuii O€TOHa, YTO SBIISETCS
OCHOBOMOJIAraroluM JIJIsl IPOEKTUPOBAHUS KeJIe300€TOHHBIX KOHCTPYKIIH.

B cBs3u ¢ TeM, 4TO mos3y4yecTb OETOHOB B PaHHEM BO3pacTe XapaKTepU3yeTcs
HEOOJIBIIMMU YPOBHSIMU HarpyxeHus 0OeToHa U, COOTBETCTBEHHO, HEOOJIbLIUMU MPU-
paieHusiMu iepopmanui, anmapaTHoe odecrneuyeHrne NpoLuecCcoB KOHTPOJIS Pa3BUTHS
ne(pOopMUpPOBaHUs JOJKHO OOecrednBaTh MPELM3UOHHBIN (MUKPOHHBIN) KOHTPOJIb
TOYHOCTH NIEPEMEILICHHM.

C TOoYKHM 3peHHusi TOCTYIMHOCTH, TOYHOCTH U CTaOMJIBHOCTH TMOKA3aHUHU, a TaKxKe
HSHEPronoTpedsieH s, ObIIIM BbIOpAHBI €MKOCTHBIE JAaT4yuMKHU mepememiennii SYNS2-
QK-V66 ¢ unnukatopaMu, KOTOpbie ObUTM MOIU(DHUIIMPOBAHBI aMMapaTHBIM U IPO-
IPAaMMHBIM ITyTEM JIJIsl TIOBBILLEHUSI TEMIIEPATYPHOU U MEXaHUYECKOW CTaOMIBLHOCTH
nokaszaHuil B npeaenax +—1mkm. st HuX ObUIM Takke pa3padoTaHbl U U3TOTOBJIEHBI
KOHTpOJUIEphl il HempepbiBHOTO (1 pa3 B MUHYTY) JIOTHpoBaHus AehopMariuii
U TEMIIEPATyPhI CPE/Ibl IPOBEICHUS HCIIBITAaHUI [2].

[Ipy maHHOM BHJI€ amnmapaTHOro oOecrnedyeHus UCHbITaHuM [2] (TpU JUCKPETHO-
CTH HaOIIOAeHHU B 1| MKM U OTCYTCTBUU MPOLEAYPHl YCTAHOBKH M CHATHS 0OPa310B)
CTAHOBUTCS BO3MOKHBIM OTCJIEKMBAaHUE pEIaKCAlMOHHBIX MepepacipeneeHui
HaIpsHKEHUH, MUKPOTPEIIMHOOOPAa30BaHUNA U T. /1., KOTOPbIE BBIPAXXAIOTCS B 3HAYU-
TEJIbHOM HM3MEHEHUHU YIJIa HAKJIOHA KacaTeJbHOW K OCH B HEKOTOPBIE MPOMEXYTKH
BpEMEHH. A TaKXkKe MOSBISETCS BO3MOXKHOCTh KOHTpOJIA Aeopmaliuii, HayuHas
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HETMOCPEJCTBEHHO C TIEPBBIX YacOB TBEpJCHHS (BPEMEHH OKOHYAHHUS TPOIECCOB
CXBAaTbIBAHUS).

JJis MpOBEpKH TaHHOTO BapHaHTa OTPECIICHHUs MTOKa3aTeeH MmoI3yyecT: 6eToHa
B paHHEM BO3pacTe ObLIM M3roTOBJICHBI 00pa3ibl 5 X 5 X 20 cM U3 OETOHHOU cMecH
clemyronero cocrana: meMent 600 kr/M°, ecok 600 kr/ac, meders 960 kr/mS, pac-
mupsromasicst 1ooaska «Denka csa 20» 60 Kr/M3, Boma 230 xr/v’.

AJTOpPUTM TIPOBEICHUS TAKMX UCTIBITAHUHN MPUBEJICH Ha PUCYHKE 3.

N3zomoBreHue odbpasuoh N3zomoBneHue odposyob c B AT AR
8es3 ozpoHu4eHul dnqa 0zpoHUYeHuUeM dna
- = dNs KOHMPOAA NpoOYHOCMU U
KoHmpoAa dedopmauull KoHMpona dedopmayull OBt EnEm BEma
cBododHozo pocwupeHus U cBAsoHHD20 pocwupeHus U
ycodku nonsy-4ecmu
ABmomomuHeckul ABmomMomuyeckud R F DR S
HenpepbiBHeEID MOHUMOPUHZ HenpepbiBHbI0 MOHUMOPUHZ e o
cBbododHozo pocwupeHus u decdpopmouul chasoHHozo B B .
ycodku poclwupeHus {pexum Rl
COMOHOZPYUXEHURA)
ModenupoboHue
Pocy4em ycunus NPOMEXYMO4YHBIX 3HOHEeHU
COMOHOZPYXEHURA U npoYHOCMU U Modynsa
HanpaxeHul B BemoHe ynpyzocmu BemoHo B
posHoMm Bospocme
\A— X -
AHOANU3 U poc4em
NAOCMUYECKUX <— AHO/NU3 U pocHem Unpyzux <
XOpPOKMEepUCMUK BemoHa dedopmMoyul BemoHo

Pucynok 1 — Bnok-cxema KOHmpoas noxazamenetl noa3yiecmu pacuupsaroumuxcsi 6emonos
6 panHem go3pacme

Pe3yabTaThl HCC/Ie10BaHU I

HaunGonee mepcrnieKTUBHOM JUIsi aHAIM3a MOJyYaeMbIX TaKUM OOpa3oM JTaHHBIX
sBisieTcss Mozeiab MSDM [3], B coOTBETCTBHM ¢ KOTOPOH MPU CHMMETPUYHOM pac-
MOJIOKEHUU OTPAHUYMBAIOLIMX CBA3EH KOHEYHOW JKECTKOCTH IpHUpAlICHHE CBS3aH-
HOM OTHOCHTENBHOW nedopmaruu pacimperus (A€, ), Ha MPOM3BOILHOM i-OM 3ire-
MEHTapHOM BPEMEHHOM HHTEpBAJIE MPEICTAaBICHO alredpandeckon cyMmMon

i-1
Z (EACZ;))J 'Ec,aw(t(i—1)+1/2)
(Ag,), = (Agee ¢ ) +(Ag ), +(A8c,pl)i + L 1 (1)
Ec (t(i—l)+112 )

rae (Aey (), — IpHpaleHne OTHOCUTENBHON AeopMaluu CBOOOIHOIO pacIlUpEeHHs

HaIpsraroero 0eToHa Ha pacCMaTPUBAcMOM I-OM 3JIEMEHTAPHOM BPEMEHHOM HH-
TepBaJe;
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(Ae,,); — IpHpalleHHe YOPYrol COCTABIAIOIIEH OTHOCHTENBHOU AedopManuu

HAMpsTanEero 0ETOHA B YCJIOBHSX OIPaHUYEHUS HAa pacCMaTpUBaeMOM I-OM dlie-
MEHTApPHOM BPEMEHHOM MHTEPBAJIE;
(Ae, ) — TpHpaIEHHE MIACTHYECKOM COCTaBIIAIOIIEH OTHOCHTENLHOM aedopma-

[IUU HANpSATAIONIEro OCTOHA B YCIIOBHUSAX OTPAaHHUYCHHUS HA PacCMAaTPUBAEMOM i-OM
AJIIEMEHTAPHOM BpPEMEHHOM HWHTEpBajie, OOYCIOBICHHOE IMOJI3YYECThIO HaIpsTao-
mero 6eToHa B paHHEM BO3PacTe OT JIEWCTBHSI MOCTOSHHBIX MO BEIMYWHE TpHUpaIie-
HUN CaMOHAMpPsHKEHUs, BOSHUKIIUX Ha MPEAbIAYIIUX MO0 OTHONIEHUIO K paccMaTpH-
BaeMOMY BPEMEHHBIX HHTEPBaIax;

= E(t)
IOIero OETOHA, HAKONMBINIASLCS K HAa4Yaly paccMaTpHBaeMoro i-ro BPEMEHHOTO WH-
TepBaa. MPEICTABISIOMAS COOOW CyMMY NpPUPAIICHUIH YIPYTHX OTHOCHTEIBHBIX
nedopmanuii ckaTHS HATPATAIONIETO OETOHA B YCIOBUSX OTPaHUYCHHS HA JICMCH-
TapHBIX BPEMEHHBIX HHTEpBaiax ot 1-ro 1o (i-1)-ro;

E.an(ti1:2) — CPETHEB3BELICHHBIM MOJYJb YIPYTOCTH HANpSATaloIIero OeToHa

i1 (Ac.).
Z[( %), } — CyMMapHas ynpyras OTHOCUTEIbHas AedopMaliusl ckaTusl Hampsra-

B MOAU(ULIMPOBAHHOM BO3PAacTe, COOTBETCTBYIOUIEM PEAIbHOMY BO3pacTy Harpsra-
toliero 6erona t; .., , KOTOPBI COOTBETCTBYET Haually pacCMaTPUBAEMOTrO i-ro 3e-
MEHTapHOI'0 BPEMEHHOI'O UHTEPBAJIA;

E.(ti 1.42) — MOIYJIb yOpYroCTH HANPATAIOMIETO 0€TOHA B MOAU(DUIMPOBAHHOM
BO3pACTe. COOTBETCTBYIOLIEM PEalbHOMY BO3pPAcTy Hampsraromero 6erona t;.,,
KOTOPBIN COOTBETCTBYET Hayally pacCMaTPUBAEMOrO I-TO 3JEMEHTapHOTO BPEMEH-
HOTO MHTEpBaJa.

CymMa nmpupainenuii ynpyroi (Ae ), v mactudeckoi (Ag, ), COCTaBIAIOIMX OT-
HOCHUTEJIBHOW JedopMaluy Hanpsraromero 0eToHa Ha I-M 3JIEMEHTapHOM BpPEMEH-

HOM HMHTEpPBAJIe, COMIACHO ATOM e MoJenu [5], MoKeT ObITh IpeACTaBcHa B Clie-
IOYIOLIEM BUJE:

i—1
AQ(t;; t;
(Aggop); + (Agc.pl)i = (40.); " J(tisr2i ti) + z (4a.); #
=1 cm.t28
AB(ti; t) = B(tivaj2i ty) — 0 (t(i-mgi tj) ! (2)

rne (Ao,); — mpUpalieHue CaMOHANPSHKCHUS Ha PaccCMaTPUBAEMOM I-M 3JIeMEHTap-
HOM BPEMEHHOM HHTEPBAJIC;

J(t. 1) — QyHKIMS NON3y4ecTH HANPATAIOIEro OETOHA B PAHHEM BO3PACTE;

Enizs — MOIYJB YIPYTOCTU HAIPATAIOIIETO OETOHA. COOTBETCTBYIOLIMH 28-MuU
CyTKaM peaJlbHOTO BO3PaCTa;

0ty t)) — KodQDULKEHT TON3yYeCTH B PEalbHOM BO3pacTe HAIPATAOLIErO Oe-

ToHa l;,;, OT MOCTOSIHHOTO MO BEJIWYUHE MPUPAIICHUS CAaMOHAIPSIKEHUS, TTPUIIOKEH-
HOT'O B PEaJIbHOM BO3pAcTe HANpPAraromero 0eTona t;;

Ot 1.02:t) — KOODPUIMEHT NON3ydeCcTH B PEaNbHOM BO3PACTE HAINPATAOLIETO
Oerona t; .., OT IOCTOSHHOIO IO BENNYMHE NPUPAILCHUSA CAMOHAIPSKEHH S, IPUIIO-

’KEHHOT'O B PEaJIbHOM BO3pacTe Hanpsraroumero oerona t;;
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N3 coBmectHoro pemeHust (1) u (2), 3Has TouHbIe 3HAUYCHHS Jeopmaliuii CBO-
OOIHBIX ¥ OTPAHUYEHHBIX 00PA3I0B, 3HAYECHUS MOAYJIS YIPYrocTu OETOHA B KaXKIOM
BPEMEHHOM HHTEpBaJie, BOZMOXHO ONpe/eleHne PYHKIMU U KOIPPUIUEHTOB MO~
3ydecTu OETOHA B paHHEM BO3pacTe B JIF0OOM BPEMEHHOM MHTEpBAJIE.

Pe3ynbratel pacueToB mokazateneil momsydectu no moxaenun MSDM [3] mns pe-
3yJbTaTOB MOHUTOpUHTA ¢ 1,5 % 1 0,82 % orpanndeHueM, npeaAcTaBICHbl HA PUCYH-
Kax 2 u 3.

BuiBOABI

B pesynbrare BBIMONHEHHOW pabOThI OBLT MPOPAOOTaH BapHUaHT METOAUKH KOH-
TPOJISl OJI3YYECTH PacIIUPSIONINXCs OETOHOB B paHHEM Bo3pacte. [Ipopaboransl oc-
HOBHBIE METOJIMYECKHE aCIEKThl HEOOXOUMBIX IKCIIEPUMEHTAIbHBIX UCCIIEOBAHUI,
noo0paHbl anmapaTHbIe CPEICTBA M M3TOTOBIIEHA DKCIIEPUMEHTAbHAs yCTaHOBKA,
MOJTy4eHbl 1 00pabOoTaHbl JaHHBIC UCIIBITAHUHN AJI1 BHIOpAaHHOTO cocTaBa 6etoHa. MH-
TeprpeTanus MOJTYYEHHbIX TaKUM OoOpa3oM pe3yJbTaTOB TPEOYeT NOMOIHUTEIbHOU
npopabOTKU U JTOJKHA OCYIIECTBIIATHCA B COBOKYITHOCTH C OCTaJIbHBIMH XapaKTepH-
CTHKaMH JaHHOTO BUAa OETOHOB, UTO 3HAYUTEIHLHO CIOKHEE 110 CPAaBHEHUIO C 0OBIY-
HBIM METO/I0M KOHTpouis 1o [1]. OgHako HECOMHEHEH (PAaKT ee BBICOKOM mpakTuye-
CKOH 1IeHHOCTH 1)1 3()(PEKTUBHOTO MPOEKTUPOBAHUS COCTABOB M MPUMEHEHUS pac-
HIUPSIFOIIUXCSI OETOHOB.
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Pucynok 2 — 3navenus ¢ynkyuu noazyuecmu uccie008aHH020 cocmasa Oemona 8 paHHem 603-
pacme (1 — oepanuyenue 0,83 %. 2 — oepanuuenue 1,5 %)

170



4 A
—#— DKcrnepuMeHTanpHoe pu orpanmuernn 0,82%
35 4 -5 g
=—H— DxcnepuMeHTallbHOE U orpaHuudeHun 1,5%

3 = \ =—A— Paccunrannoe o moxern MSDM
=
5 b
= b
32 ’ 5 A“"‘A‘A‘A- dhe,
- 2 - [ 11 | A~A‘A ™,
= . nm Moy
g I-I-'.'.llll N A‘A‘A

|
= l.l.l.l.
=1 5 v I-|.|
= Sl m A‘Ah‘-
= g A
) g -'-|.|. A‘A'A‘A-A-A
=) g "-'-'-|-|-|-T='A'A'A‘A'A'A'A'A
= 1 Mgl '-'-'-l-l-|-|-|-
0,5
O L

1 2 4 6 7 9 10 12 14 15 17 19 20 22 23 25 27 28 30
Bo3spacr GeroHa, cyT.

Pucynok 3 — 3nauenus koagpuyuenma nonzyuecmu uccie008aHHO20 cOCmasa bemoHa
6 pannem eozpacme
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BOJHOBASI COCTABJISTIOIIASI HOPMAJBHBIX HATIPSKEHWIA
IMPA YN CJIEHHOM MOJEJIMPOBAHUHY CIKATHS TEPEBSTHHBIX
OBPA3IIOB

II. I'. Pomanoe

K. M. H., 00yeHm, 0oyeHm Kagpheopbl NPOEeKMUPOBAHUS, CMPOUMETbCIEA U MEXHONIO2UL,
Cesepo-Bocmounsiii ghedepanvusiii ynusepcumem um. M. K. Ammocosa, Axymck, Poc-
cust, e-mail: p.g.romanov@mail.ru

M3MeHeHne HanpsKeHUs B TBEPJOM TeJle KaK Pe3yibTaT U3MEHEHUS CYILIECTBY-
OLLIEH BHEIIHEW CUIIOBOM Cpefibl OOBIYHO paccMaTpHUBAETCsl 0€3 NPUHSTHS BO BHUMa-
HUE MPOJIOJKUTEIBHOCTH MEPEX0/Ia U3 OJHOIO COCTOSIHUA B apyroe. Ilpu sTom, u3-
MEHEHHUE CYIIECTBOBABIIEH BHEIIHEH CHIIOBOM Cpebl MOXKET OBITh KaK MOJIOKHUTEIb-
HBbIM, TaK U OTPULATENIbHBIM JUOO HyJEBbIM. l3MeHeHue MokeT ObITh BBI3BAHO
Harpy>X€HueM WIH pa3rpy3koil. IIpoAomKUTENbHOCTh U ONMKUCAHKUE Mpoliecca U3Me-
HEHUS OOBIYHO HE SIBIISIOTCA LIEIbIO U 3aJja4el CTaATUYECKUX PACUETOB CTPOUTEIBHBIX
KOHCTPYKIIUH.

HccnenoBarenu HacToOsIIEe BpeMsi HE UMEIOT BO3MOXXHOCTH HENPEPHIBHO BUIETh
KapTUHY MpOLEcca BOCHPUATHS TBEPIbIM TEJIOM BHEIIHEH HArpy3Kd B BHJIE AUHA-
MUYHO pa3BHBAIOIIETOCS MpoLEecca, TO €CTh KapTHHY Je(OPMUPOBAHUS BO BceM (u-
3UYECKOM 00BEME.

['unore3a ucciieqoBaHUN OCHOBBIBAETCS HA TOM, YTO B JEPEBSHHBIX KOHCTPYK-
nusax Aegopmanuu (M HanpssKEHUs) paclpoCTPaHsIOTCS BOJIHOOOpPa3HO, B COOTBET-
CTBUU C (PU3MUECKMMM 3aBUCHUMOCTSMHU PACIPOCTPAHEHUs MPOJOJBHBIX BOJIH Je-
(dbopmaiinii BHyTpH MaccruBa KOHCTPYKIIM, U MONEPEYHbIX BOJIH Ae(popMalnii Ha 1o-
BEPXHOCTH KOHCTPYKLHMM. [Ipr 3TOM MOXKHO CUMTaTh, YTO CKOPOCTh PacCIpoCTpaHe-
HUS BOJIH Jedopmaluii conoctaBuMa cO CKOPOCTbIO paclpOCTPaHEHUs 3ByKa B pac-
CMaTpUBaeMOM (PU3NYECKOM TeJI€.

[IpuMEHUTENBHO K CTPOMTENBHBIM KOHCTPYKIIMSIM, BO3MOKHO OINpPENEIUThH JIBa
Mpoliecca ¢ TOYKU 3pEHUsl XapakTepa U MPOI0JKUTETLHOCTH BO3ICUCTBUS HA UCIIbI-
TYEMBII 3JIEMEHT KOHCTPYKLUH.

Bo-niepBbIX, IpH1 OOBIYHBIX CTATUYECKUX UCIBITAHUSIX, HArPY3Ka MPUKIAAbIBAECTCS
32 OTHOCHUTEJIBHO KOPOTKOE BpEMsl, HAMPsHKEHUA U JedopMaliii BO3ZHUKAIOT 32 BpeMs
NPUJIOKEHUSI HArpy3KH, U BOJHOOOPA3HO PACIPOCTPAHSIIOTCS M NMPUXOIAT B COCTOS-
HUE TOKOS, 3aTEM I10CJI€ ONPEAEIEHHOr0 BpeMEHH (BBICTOMKH) MPOBOJATCS U3MeEpe-
Huda. HTepeceH cam mpouecc pacnpoCTPaHEHUsI BOJIH HANpPsLKEHUM U aedopMariuii,
MPOLIECC SBOJIOLUMU ATUX BOJH B Y3/aX, OMNOpax d3JEMEHTOB CTPOUTEIbHBIX KOH-
CTpYKIHM, (HOpMHUpPOBaHME M CTAOWIM3AIMs HOBOTO OOBEMHOIO HAamNpsHKEHHO-Ie-
(hOpMUPOBAHHOTO COCTOSIHHUS.

Bo-BTOpBIX, BaXHOW 3aJa4y€il SBISICTCS ONMUCAHUE MPOLECCAa BO3HUKHOBECHUSA
Y 3BOJIIOLIMU BOJIH HAINpsDKeHUM U aedopmanuii B 3JIeMEHTaX CTPOUTEIbHBIX KOH-
CTPYKUMH NpU BHEIIHUX BHOPAIIMOHHBIX BO3ACUCTBUAX. B NEepeBSHHBIX KIIEEHBIX
KOHCTPYKIUSAX 3TO CTAHOBUTCS aKTyaJbHBIM B CBSI3U ¢ McnoJib3oBaHueM JIKK B BbI-
COTHOM KapKaCHOM CTPOUTENLCTBE, C AKTUBHBIM HCIOJb30BaHUEM JECPEBSHHBIX II€-
PEKPECTHO-CKJIEEHHBIX MaHeNbHbIX KOHCTpYKUMM (CLT-nanenei) BO MHOTO3TaXXKHBIX
3nanusx. HeoOxoaumo omnpenenuTb MHOTHE XapaKTEPUCTUKHU TOBEACHUS JIEpPEBSH-
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HOTO TMEPEKPECTHO CKJIEEHHOTO MacCHMBa NpPH BHEIIHMX BUOPAIIMOHHBIX BO3JEH-
CTBUSIX, B TOM YHCJI€ TaKOW BaXKHBIN MMOKa3aTesb, Kak Kod((PUIMEeHT 3aTyxaHus fe-
dbopmarmii Bo BpeMeHnu. Pa3zpaboTka merona omnpezaenenus kodgduimrenTa 3aryxa-
HUS C YYETOM aHU3ATPOIHH JEPEBSIHHOIO MEPEKPECTHO CKIEEHHOTO MACCUBA UMEET
BA)KHOE 3HAYCHHME IS NPAKTUKU IPOCKTUPOBAHUS, CTPOUTENBCTBA U JIKCIUTyaTaluu
MHOT'O3TaXHbIX 3aHui ¢ npuMeHeHrnemM CLT-nanenei.

[IpuHsTBHIE pa3TUYHBIMUA UCCIEOBATEISIMUA U aBTOPAMHU OMMCAHUs U Kiaccudu-
Kalliu BOJIH HANpsOKEHUH U aedopManuil B TBEpIbIX TellaxX UMEIOT oTiauyus. Tep-
MUHOJIOTUYECKHE OTIUYHUS YAaCTUYHO OBbLIM O0OYCIOBJIEHBI MPAKTUKONH MEPEBOAOB
Ha PYCCKHUH $3bIK MHOCTPAHHOW HAay4YHOU JMTEpaTyphl MO JTaHHOW MpoOJjieMaTHKeE.
Nmeercs oOmupHas Oubnmuorpadus UcCiae0BaHUM OTEUYSCTBEHHBIX U 3apyOEKHBIX
YUEHBIX.

3HAUYNUTETbHOE KOJIMYECTBO MCCIIEJOBAHUN OCHOBAHO HAa NMPHUHATON Kiaccu(uUKa-
[IUU BOJIH HaIIPSKEHUN Ha OCHOBE (DU3UKU TBEPJIOTO Tea:

— ynpyrue BOJHBI (BEJIMYMHBI BHYTPEHHMX HANpPsXKEHUH TaKOBBI, YTO
HampspDKeHWsT W Jedopmanuu CBsA3aHbl MO 3aKOHY ['yka, BHyTpEeHHEE TpEHHE
Y BbI3BAaHHBIC UM HAIMPSHKEHUS MaJbl);

— BSI3KO-YIIPYTM€ BOJIHBI (BMECTE€ C YHNPYTMMH HANPSKEHUSIMU JCHCTBYIOT
Y HalpsDKEHUSI BI3KOCTU U BHYTPEHHETO TPEHUS);

— IUIACTUYECKHUE BOJHBI (HANPSDKEHUS IPEBBIIAOT MPEEIT YIPYTOCTH Mareprana).

Orta knaccu(uKaus OCHOBaHAa Ha aHAJM3€ Ipoliecca pearupoBaHUs MaTepHhalia
Ha BHEIIHEE BO3JIEUCTBUE C TOUKU 3PEHUS €r0 YIIPYTOCTH.

B nononHeHne K yCTOSBIIMMCS MPEACTABICHUSM O BOJIHAX KaK O MEPUOIUYECKHUX
KOJIEOaHMSIX, HE CBA3aHHBIX C MepeHocoM BenlecTa, A. M. J1o0poo00BbIM IPOBEIEHBI
MCCIIEZIOBAHUS, PACKPBIBAIOIINE OCOOEHHOCTH BOJIHOBOI'O NIEPEHOCA BEIIECTBA MHOTMMHU
BOJIHOBBIMU JIBWKEHUSIMH, B TOM YHCJIE B 1€OPMHUPYEMBIX TBEPABIX TEIAX.

[IpencraBisieTcs, 4TO JUIsl IPEBECUHBI B YCIOBMSX BO3JIECHUCTBHS OIPENEIICHHBIX
KpaTKOBPEMEHHBIX (BHE3aIIHBIX) HArpyXEHUM, HaubO0JIee KOPPEKTHBIM MOXKET OBITh
HHEPreTUYecKasi TUIoTe3a OPMOU3ZMEHEHHS U €€ PA3BUTHE C YUETOM HOBBIX PE3YJib-
TaTOB MHOTHX UCCJIEI0BATENEN.

C uenpro onucaHus pacpOCTPAHEHUS BOJH HAIPSKECHUM, MTPOBEACH YUCICHHBIN
AKCIIEPUMEHT TI0 CKaTUIO0 MOJEJIBHOIO 00paslia U3 JIpeBecuHbl, pazmepamu A x B x H
B 100 x 100 x150 mm (pucynok 1). IlpuxiansiBaercs paBHOMEPHO-pacIpeneIcHHas
Harpyska, 3a Bpems t = 5 muuucekysa. [Ipenmnonaraercs, 4ro 3a CTOIb Majblii OTpe-
30K BPEMEHH, IPEBECHHA PEATUPYET KAK YIPYTUH MaTEpHUAIl, €T0 IJIACTUYECKUE CBOM-
CTBa HE YCIIEBAIOT MPOSIBUTCA, IIPOUCXOANT SBJICHHUE, AaHAIOTUYHOE T. H. «3ala3]IbIBa-
HUIO TeKydecTn», otmeueHHbIi FO. H. [letiBucom, 10. H. PaboTHOBBIM.

JIBM>KeHME BOJIHBI HAIPSKEHUM B TOYKax 1, 2 U 3, paCnoOJIOKEHHBIX BIIOJIb LIEH-
TpanbHOM ocu, U 4, 5 U 6, pacnojJoKEHHON Ha HAPY>KHOU I'paHU MOJACIBHOrO 00-
pasla, uMeeT 0COOEHHOCTH, OOYCIIOBJICHHBIE PACMOJIOKEHUEM TOUYEK Ha HApY>KHOM
rpanu oOpasia. BonHOBOW XapakTep pacrnpocTpaHEHUs HANpPsDKCHWN Ha HAPYKHOM
IpaHd 0COOCHHO MOKAa3aTEeJIEH.

B Touke 4, pacnonoxeHHON Ha BEpXHEM TOPIIE MOJEIBHOTO 00pa3la, B OKpecT-
HOCTH IUIOLIAJKHU MPUJIOKEHUS BHEIIHEN HArpy3KH, C MOMEHTA MIPUJIOKEHUS HArpys3-
KM HapacTalroT HOPMAJbHBIE HAIPSIKEHHUs], JTOCTUTAl0T MAKCUMAJbHOIO 3HAYEHUS
Y C HE3HAYUTEIbHBIMU KOJICOAHUSIMU CTaOWUJIM3UPYIOTCS BO BpeMeHU. Makcu-
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MaJIbHbIE 3HAYEHUS] HAMPSHKEHUS] TPEBBIIIAIOT HANPSIXKEHUS B COCTOSIHUM TOKOS
B 1,09 pa3a.

B Touke 5, pacnoyioxkeHHOW Ha Hapy>KHOW I'paHH, B CEpPeJMHE BBHICOTHI 00Opasiia,
HOpPMAJIbHBIE HAIpPSHKEHUSI BOZHUKAIOT YEPE3 HEKOTOPOE BPEMsI, 32 KOTOPOE BOJIHA
HANPSDKEHHUS C 3aIaHHOM CKOPOCTBIO JIOCTUTAET YKa3aHHOW TOukd 5. Bpems mpo-
XOXKJICHUSI BOJHBI HAIPSHKEHUS BUIHO HA TpaduKe TBIKCHUS BOJHBI HAMPSHKECHUS
(pucynok 1). HanpspkeHust HapacTalOT HHTEHCHUBHEE, YeM B TOYKE 4, aMILIUTY/IbI KO-
nebaHui 3Ha4YUTEIbHbIE. MaKCUMajabHbIE 3HAYCHHUS HAIPsSHKCHUS TMPEBBIIIAIOT
HaMpsHKeHUS! B COCTOSTHUM okos B 1,82 paza.

B Touke 6, HaxopsmIelicsl B MPUOIIOPHOM YyacTu 00pasiia, HopMalbHbIC HampshKe-
HUSI BO3HUKAIOT IO UCTEYEHUHU BPEMEHH, 3a KOTOPOE BOJIHA HANPSIKEHUS C 3aJaHHOM
CKOPOCTBIO JOCTUTAET yKazaHHOU Touku 6. Mcxos u3 pasmepoB o0pasiia, Bpemsi J10-
CTH)KCHHS BOJTHOW HAIPSKEHUS TOYKH 6 MPUMEPHO B JiBa pasza OOJbIIE, YeM BpeMsI
JTOCTH)KECHUS HANPSDKEHUS 10 TOYKUA 5. MakcuMallbHbIE 3HAYEHUS HANPSOKEHUS Tpe-
BBIIIAIOT HANIPSLKEHUS B COCTOSTHUM TTOKOs B 2,07 pa3a. B mpuonopHoii 30He, B TOUKE
6, YMCICHHBIA SKCIEPUMEHT TOKa3ajl HaNpsHKCHUE B COCTOSIHUHM TIOKOS TTPUMEPHO
TaKoe ke, Kak B ToUKax 4 u 5. B aOCOIOTHOM BBIpaKEHUH HOPMaJIbHBIC HAMPSIKCHUS
B COCTOSTHUM TIOKOA B TOUKax 4 u 5, u 6 paBHbI B cpegHem 26 MI]a.
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BriBoabI

BonHoBas cocTapisomas Hanps>KEHUM 3HAYMTENbHO, JI0 JIBYX pa3 MPEBBIIIACT
HaIpPsOKEHUST B COCTOSIHUM TIOKOS. J[aHHBIN (aKTOp MOJDKEH OBITh YYTEH TMPH MPO-
THO3€ JUIMTEILHON MPOYHOCTH, ONPEACIISIEMON HA OCHOBE KUHETUUECKON TEOPHUH.
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OIHEHKA ITPOYHOCTHU BETOHA C TOBABJIEHUEM
OTPABOTAHHOI'O ®OPMOBOYHOI'O IIECKA

C. U Pomunal, M. C. JIuc;lmHuker, M. B. T yafcuﬂoea3

0. m. 1., npogheccop, 3as. kaghedpoii cmpoumenshbix KOHCMpYKYut, Bradumupcruil
eocyoapcmeentulil yhusepcumem, Baaoumup, Poccus,
e-mail: rsi3@mail.ru, 4922479804
°K. M. H., QOYeHm CIMpPOUmeNbHbIX KOHCMpPYKyuti, Bradumupckuii 2ocydapcmeenpiil
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2ocyoapcmeennblil ynueepcumem, Braoumup, Poccus,
e-mail: tuzhilova.mar@yandex.ru, 89904421834

AHHOTALMSA

IIpeamer wucciaegoBanusa: padoTa TMOCBALEHA HM3YYEHUIO BO3MOXKHOCTH
npuMeHeHus1 orpadotanHoro (opmoBodHoro necka (O®PII), gBisAromerocs oTxoaoM
JUTEHHOTO TPOU3BOJCTBA, B COCTaBE OETOHHBIX CMECEl B KauyeCTBE YAaCTHYHOIO
3aMEHUTENII NPUPOAHOTO TMecka. MccimeqoBaHWe HaAmpaBlI€HO HAa — PEIICHUE
aKTyaJIbHOM TPOOJIEMBbl PAIIMOHAIBHOTO HMCIOJIB30BaHMS MPOMBIIIIEHHBIX OTXOOB
Y CHUOKEHHSI SKOJIOTMUECKOM Harpy3Kd, CBS3aHHOW C HMX yTWJIM3aUuMend M J0ObIdeit
MPUPOIHBIX MATEPUATIOB.

Hean: paspaborarb cocTaB OETOHa Ha OCHOBE PELMKIMHIOBOTO OTXOAA
C YIYYIIEHHBIMH MPOYHOCTHBIMH M SKOHOMUYECKMMHU MOKazarelsiMu. B kauecTtBe
OTXOZIOB MPEANOIAraeTCsl UCIOIb30BaTh OTPA0OTaHHBIN ()OPMOBOYHBIN MECOK.

Marepuajbl M MeTOABI: OKCIIEpUMEHTaJbHbIE O00pa3ubl OeToHa ObUIM
M3TOTOBIICHBI ¢ 3amenieHneM npupoaHoro necka OPII B konmmuectse 10 %, 20 %
u 30 %. B kauecTBe BSIKYIIErO MCIOIB30BAUCh MOPTIIAHIIEMEHTHI KitaccoB 22,5 H,
32,5H u 42,5H. Ilpounocts OeToHa Ha CXXaTHE OMpEnesaach TPEMs METOIAMH:
YABTPa3BYKOBBIM, UMITYJIbCHBIM M METOIOM pa3pyiieHus B coorBerctsuu ¢ [ OCT.

Pe3yabTarbl: HauOombias npoyHocTh OetoHa (27,1 MIla) Obina gocTurHyrta
nipu 3amenieHuu 20 % necka O®@II nocne 28-mMu cytok TBepAeHud. [Ipu yBennuenuu
conepkanusi 0TxonoB cBbilie 30 % HabIomaeTcsl CHIKEHHUE MTPOYHOCTH BCIIECTBUE
YBEJIUYEHUS TOPUCTOCTH U BOAOTOIJIOIIECHHUS.

BoiBoabl: ucnonb3oBanue O®II B coctaBe OETOHHBIX CMecel SBISIETCS
MEePCIEKTUBHBIM HANPABJICHUEM, OOCCIECUUBAIOIIUM YIYUIICHHE HSKOJIOTHUECKUX
Y DKOHOMUYECKMX  [OKa3areiaed  mpous3BOoACTBA.  ONTUMaIbHBIM  CUHTAETCS
3aMelIeHrne MPUPOAHOro mecka Ha ypoBHe 20 %, 4TO MO3BOJSET MOIYYUTh OETOH
kiacca B20 npu coxpaneHuu TpeOyeMbIX MPOYHOCTHBIX XapaKTEPUCTHK.

Beenenue

CoBpeMEHHasl CTpPOMTENbHAA OTPACib XapAKTEPHU3YETCSd MOCTOSHHBIM pPOCTOM
00bEMOB MPOMU3BOJICTBA U, KAK CJICACTBHE, YBEIMUECHUEM KOJIMYECTBA MPOMBIIIICHHbBIX
orx0o0B. OJHOBpeMEHHO HaOmopaercs AeUUUT MPUPOAHBIX  CTPOUTENIBHBIX
MaTrepHuaoB, B YACTHOCTH TECKa, YTO OOYCJIOBJICHO MHTEHCHUBHON NOOBIYEH, pOCTOM
HEeH M YXyILIEHHEM JKOJOrMueckod oOcTraHOBKM. B 3Tux ycnoBusix o0coOyro
aKTyaJbHOCTh MPUOOpETAET 3a7aya pallMOHAIBHOIO MCHOIb30BAHUS MPOMBIIIICHHbBIX
OTXOJIOB B IIPOU3BOJICTBE CTPOUTENIHLHBIX MAaTEPUAJIOB, B YaCTHOCTH OeToHa [1]. OqHum
U3 TEPCIEKTUBHBIX HANpaBiICHUW SBISAETCS  HCIOJNb30BaHUE  OTPaOOTaHHOIO
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dbopmoBoyHoro mnecka (O®II) B kauecTBe YACTUYHOIO WM TIOJHOTO 3aMEHUTEIS
OPUPOJHOTO TECKa. DTOT TMOAXOA TMO3BOJSIET OJHOBPEMEHHO pEIIaTh HECKOJIBKO
BOXHBIX 3aJ]a4: CHU)KCHHE HArpy3KH Ha OKPYXKAIOILIYI0 Cpelly 3a CYET COKpaICHHS
00bEMOB OTXO/IOB, YMEHbIIICHHE O0BEMOB J0OBIYM MPUPOAHOTO TMECKa, COKpAICHHE
BBIOPOCOB YITIEKHCIIOTO ra3za U cebecTonMocTu OeToHHBIX cMecei [2]. Takum oOpazom,
npobyieMa HUCCIENOBaHUS 3aKII0YaeTCsd B HEOOXOAMMOCTU M3YYEHHSI BO3MOXKHOCTH
u nenecoodpazHoctu npumeHeHust ODII B GETOHHBIX CMECSX C IENbIO MOBBIIICHUS
OKOJIOTUYHOCTH M SKOHOMHUYECKOH 3(PPEKTUBHOCTH CTPOUTEIHHOTO TPOM3BOJICTBA.
Pesynbrarel MOAOOHBIX WCCIIEOBAHWA WMEIOT BAXKHOE 3HAYCHHE JJIST Pa3BUTHS
CTPOUTEIIbHOM HAayKH, CO3JaHWsl HOBBIX BHJOB KOMIIO3UTHBIX MaTEpUajoB
Y COBEPIICHCTBOBAHUS TEXHOJIOTUH MepepadOTKH MPOMBIIIIEHHBIX OTXOJIOB.

O030p JMTEpaTypbI

AHaM3 OTEYECTBEHHBIX M 3apyOeKHBIX MCCICAOBAHUMA MOATBEP)KIAET BBICOKYIO
aKTyaJIbHOCTh HCIIOJIb30BaHUSI OTXOJOB I[E€CUYAHO-CMOJISIHBIX JIUTEHHBIX (opM
B IPOU3BOJICTBE OeTOHA. bBONBIIMHCTBO aBTOPOB OTMEYAIOT  IKOJIOTUYECKYIO
Y SKOHOMHUYECKYIO 11eJI€CO00Pa3HOCTh 3TOTO HaIpaBJICHUS. CornacHo
uccienopanusm I'. [apcum u npyrux aBTopoB [3, 4], B HacTosIee BpeMs IOYTH BCe
OTXOJIbI TECYAHO-CMOJISIHBIX JINTEWMHBIX (HOPM BBIBO3ATCS HAa TMOJUTOHBI, YTO
MPUBOAUT K 3HAYUTENIBHBIM SKOJIOTMYECKUM H3AepKKaM. Fcnosib30BaHHE TaKHUX
OTXOZIOB B KaueCTBE 3allOJIHUTENII OETOHA TO3BOJIIET COKPAaTUTh HArpy3Ky
Ha OKPYXKAIOLIYI0 CPeAy U CHU3UTh OOBEMBI NOOBIUM MPUPOJHOTO IMECKa, T00bIua
KOTOPOTO CTAaHOBUTCS Bce OoJyiee MPOOJEMAaTHUYHOW U3-32 MCTOIICHHUS PECYpPCOB
upocra neH. Uccrnenoanuss Meroca [5] mokazanu, 4TO NPUMEHEHUE JIUTEUHBIX
OTXOZIOB MOXET CHHM3UTh Ce0eCcTOMMOCTh OeToHHBIX cmecedr 10 50-60 %
110 CPAaBHEHMIO C MCIOJIb30BaHKWEM MpHUpoAHOro necka. KpoMe toro, nucrnoiab3oBaHue
OTXOJIOB CIOCOOCTBYET yMeHbleHHi0 BbIOpocoB CO, B armocdepy 3a cyer
COKpallEHHUs YHEPro3arpaT Ha N00bIYY U TPAHCIIOPTUPOBKY MPUPOIHBIX MaTEPUAJIOB.
Psan sxkcnepuMeHToB [6, 7] moka3aiu, 4TO NpHU YaCTUYHOM 3aMEHE MPUPOAHOrO MecKa
(mo 30 %) TpPOYHOCTHBIE XapaKTEPUCTUKH OETOHA HE TOJBKO HE YXYAIIATCS, HO
B HEKOTOPBIX CJIydyasX Jlake MOBbIMATCSA. OTMEUEHO YIy4dllIeHHWE MPOYHOCTH Ha
cKaTue, ynoO0OyKJIaIbIBaeMOCTH U JIoAroBedHocTH, OaHako npu 3ameHe 6omee 50 %
necka HaOMIOJAeTCsd CHUKEHUE MPOYHOCTH U YBEJIMYEHHUE BOIOMOMIIONIEHUS, YTO
CBA3BIBAIOT C YIIIOBATOCTHIO YACTHUI[ U KX BBICOKOW MOPUCTOCTHIO. McciemoBanus
Wxena u Cabypa mokaszanau, 4To ucnoyib3oBaHue 10 30 % oTXomoB HE OKa3bIBaeT
HETAaTUBHOTO BJIMSHUSI HA MEXaHMYECKHE CBOWCTBA, a B HEKOTOPBIX CIIy4asX Jaxke
yiAaydIlraeT mpouyHoCTh Ha u3ruo [8, 9]. [Ipu 3TOM MCHOIB30BAHHE TAaKUX MaTepHaJIOB
MOXKET CHHU3UTh CTOMMOCTh OeToHa Mapku M25 Ha 3—7 %. Takum oOGpa3om, aHanus
JUTEpaTypbl TOKa3bIBa€T, YTO MCIOJIB30BAHHE OTXOJIOB IE€CUYAHO-CMOJISHBIX
JTUTEUHBIX (OpM B OETOHE SIBISETCS MEPCIEKTUBHBIM HAMPABICHUEM, COUETAIOUIUM
AKOJIOTMYECKUE U DKOHOMHUYECKHEe mnpeumyinectsa. g panapHEWIero pa3BUTHUS
ATOTO HANpPABICHUS HEOOXOIWMO MPOBEIACHUE SKCIIEPUMEHTAIBHBIX HCCIICIOBAHHM
M0 OMPEEICHUI0 (PU3UKO-MEXaHUUECKUX CBONCTB OETOHOB C Pa3IMYHOU CTETIECHBIO
3aMelIeHUs] PUPOJTHOTO MECKa OTXOAaMU JIMTEHHOTO TTPOU3BOACTBRA.

MarepuaJjbl 1 METOABI

HccnenoBanoch  BIMAHUE  YAaCTUYHOM  3aMEHBI  [E€CKAa  PEUUKIMHTOBBIM
orpabotanHbpM (popmoBouHbIM meckoM (ODII) Ha mpodyHOCTHBIE CBOMCTBAa OETOHA
Ha ckarre [10]. Bpimm mpuroToBieHBl YeThIpe BapuaHTa OETOHHBIX CMeECEH,
B KoTopbix O®II 3aMeHsimM 1nNEecOK B MPOUEHTHOM cooTHomeHuun 10 %
c no0aBieHreM mopmiaHAneMeHT kimacca 225H, 20 % ¢ poOaBieHuem
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noptiaasaieMenT kiacca 32,5 H u 30 % ot obmiero oobemMa MEJIKOTO 3aroJTHUTENS
c no0aBieHUEM  MOpTIaHAllEMeHT  kjacca 42,5H. DtanonHble  00pasiibl
usrorasnuBanuchk 0e3 goOasinenus OO®II. OOpasupl OeToHa HW3rOTABIMBAINCH
B (hopmax pazmepom 100 x 100 x 100 MM 1 HCTIBITHIBAIMCH HA TPOYHOCTH HA CKATHE
Ha 7, 14 u 28 cytok TBepaeHus. Beero uszrorosneno 144 obpasima, B K01 cepuH
ucnbeITaHuil — 1o 12 00pa3noB. Pe3ynbraThl MCHBITAHUN TMOKa3ajid, 4TO BBIOpaHHOE
KOJTMYECTBO 0O0pa3loB Ui KaXIOW CepuM JIOCTaTOYHO [JIsl  TOJy4YeHHUs
pernpe3eHTaTUBHBIX JAaHHBIX.

Hcronb30BaIMCh CAEAYIOIINE MaTEpHaIbL:

— nmnopmraganemMeHT kiacca 225H, 325H, 425H coorBercTByromuit
tpedoBanusm ['OCT 31108-2020;

— OYEHb TOHKHMHI Mecok, cooTBercTByronui TpedoBanusim ['OCT 87362014
¢ moxynem kpymHoct 0,63;

—  OTXOAbl  MECYAHO-CMOJIIHBIX  JIMTEWHBIX  (GOpM,  MPEABAPUTEIILHO
MOJITOTOBJICHHBIE (U3MEJBYCHHbBIE, TPOCESTHHBIC, BHICYIIICHHBIE),

— muctuiposanHas Boga o 'OCT P 58144-2018;

— TpaHUTHBIA MeOeHb ¢pakuuu 5—20 MM, COOTBETCTBYIOUIMN TPEOOBAHMIM
['OCT 8267-93.

CocraB 6bu1 BeIOpaH Ji1si OeToHa kiacca B20, B KOTOPOM CHIITy4Hii KOMIIOHEHT
3aMelaics B mpoiieHTHOM cooTHourenuu 10, 20 u 30 %.

Omnpenenenne KyOMKOBOM NMPOYHOCTH 0ETOHA

JInsi OLIECHKU MEXaHWYECKUX CBOMCTB OETOHHBIX 0O0pa3lloB MPUMEHSUIUCH TPU
HE3aBHCUMBIX METOAA.

1. VnerpasBykoBoii meton (Y3M). CkopocTh pacpOCTpaHEHHUS YIBTPa3ByKOBBIX
BOJIH B oOpaszuax ompenensiack npudoopom YKC-MI'4 Ne 1061, YKC-MI'4 —
MOPTaTUBHBIN YIBTPA3BYKOBOW MPUOOp AJIsI HEpa3pyILIAIOIIEr0o KOHTPOJIS KayecTBa
o6erona. OH u3MeEpsET CKOPOCTh PACHpPOCTPAHEHUs YABTPa3BYKOBbIX BOJH (Y3B)
4yepe3 MarepHal, KOTopasi KOppelupyeT € €ro IIIOTHOCThIO, TPOYHOCTHIO U HATUYHEM
nedexroB (mop, TpemwuH). Ilpubop ocHamieH AByMsl JaTdvkaMu (M37Tydaresib
U NIpueMHUK), pabotatommmu Ha yactote S50-100 kI, mnudpoBbIM aucIIeEM
¢ pazpemenuem 0,1 M/c 1 BcTpoeHHOM mamaAThio A1t xpaHeHus 10 1000 uzMepeHuid.
YKC-MTI'4 cootBerctByeT [[OCT 17624-2012 u mo3BOMISIET MPOBOAUTH KAITHUOPOBKY
JUIST KOHKPETHBIX COCTaBOB OeToHa, yuuthbiBag BiausHue OO®IL. HW3mepenus
MPOBOJIMJIMUCh HA TPEX B3aUMHO MEPIECHAUKYISIPHBIX HAMpPaBICHUAX IS KaXIOTO
oOpasla, ¥ BEIYKUCIIIIOCH CPEeIHEE 3HAYCHUE.

2. Umnynbcupii Meton (MM). [lns  ompeneneHUss CTaTHYECKOTO MO
ynpyroctu E.., I'Tla, ucnons3oBancs npubop UIIC-MI'4,03 Ne 8528, ocHOBaHHBIN
Ha u3MepeHun Jnedopmanmii oOpasina moOA JEHCTBUEM U3BECTHOM HArpy3KH,
NIIC-MTI'4,03 — cneuuaiu3upoBaHHBIA MPUOOP MJISI ONPENETICHUS CTaTHYECKOTO
monynst ymnpyroctu (Ect, I'Tla) OGetoHa MeETOIOM HWMITYJIbCHOTO HAarpyKCHHS.
YerporictBo u3MmepsieT aedopmaiiu  oOpasiia moja JACHCTBUEM KOHTPOJIHPYEMOU
KPaTKOBPEMEHHOM Harpy3Ku, 4TO MO3BOJISET OLCHUTh YIPYrue CBOMCTBA, Ba)KHbBIC
IUIl IPOEKTUPOBAHUS CEMCMOYCTOMYMBBIX U JOJITOBEYHBIX KOHCTPYKUMW. /(nana3oH
u3MepeHuid Moayis ynpyroctu cocrasisger 5—50 I'Tla, ¢ morpemnocTsio +5 %, UTIC-
MTI'4,03 takke moaaepKUBAaeT U3MEPEHUE TUHAMUYECKOTO MOIYJS YIPYTOCTH, YTO
JIeTaeT ero YHUBEpPCAIbHBIM Jis aHaiu3a OeToHa B Ja0OpPaTOPHBIX YCJIOBHSX.
Craruueckuii  MOOyJb  YNPYroCTH  OTPakaeT  CIIOCOOHOCTh  MaTepuaia
CONPOTUBIIATECA JepopMaliu oA Harpy3kou. VIMIynbCHBIM METOI MO3BOMISET
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MOJIETTUPOBATh peajibHble HArpy3Kd, BO3HUKAIONIME B CTPOUTENbHBIX 3JIEMEHTaX.
Nzmepenus npoBoamnuck B coorBetcTBum ¢ ['OCT 22690-2015.

3. Meton paspyuieHus. MakcumaipHas paspyliaroniasi Harpys3ka oIpenessiiach
Ha nipecce [11-2000 B cootBeTcTBUm ¢ [OCT 17624-2012.

[Tpounocts O6eTona Ha cxxarue Rex, MIla, Berancisinaces mo gopmyre (1)

_«F (1)
CXK A

rae o = 0,95 — macmraOHbIil KO3)PUITMEHTHI JUIsl PUBEIEHUS MTPOYHOCTH OETOHA
K IpoYHOCTH OeTOHa B 00pasiiax 6a30BbIX pasmepa u Gopmbl (150 x 150 x1 50); F —
paspymaromias Harpyska, H; 4 — miomiaas paGodero cedeHus oopasia, My,

Pe3yabrarsl uccie10BaHus

KpuBbie 3aBUCHMOCTH Harpy3ku OT jaedopmanuu 00pa3noB OeToHa mocie
BO3JCMCTBYSI Harpy3kd HUMENIU IHK, I7I€ KOOpJAUHAaTa OCH OpAUHAT COOTBETCTBYET
MaKCHMAaJIbHOM pa3pylIarolieil Harpy3ku Ha cxkarue oOpasioB 6eroHa. Ha rpadukax
(pucynku 1-3) npezacraBiieHa 3aBUCUMOCTb Harpy3Ku OT JepopMaluu Jjisi OETOHHBIX
o0pa3LoB ¢ pa3nuyHbIM 3amenienrnem necka Ha O®II na 7, 14 u 28 cyTok TBEpEHUS,
a TaKKe Ui STAJIOHHBIX 00pas3IoB.
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Pucynok 1 — I paghux
3a8UCUMOCMU HAZPY3KU OM
Odepopmayuu 05t IMATIOHHO20
bemonHo2o 0bpasya
Ha [ cymox meepoeHus

Pucynox 2 — I'paghux
3a8UCUMOCMU HAZPY3KU OM
Odepopmayuu 0151 OEMOHHO20
obpasya c 30 % 3amewenuem
necka na O@II na 1 cymox
meepoenus

Pucynok 3 — I paghux
3a8UCUMOCMU HAZPY3KU OM
Odepopmayuu 0151 OEMOHHO20
obpazya c 10 % 3amewenuem
necka na ODII na 14 cymox
meepoeHuUs

Ha auarpamme (pucyHok 4) yka3aHa 3aBUCHMOCTH MPOYHOCTH OT MPOIEHTHOTO
3aMEIEeHHS U BBIIEPKKU 00pa3LoB.
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MakcumanbsHast nipouHocts (27,1 MIla) Getona HaGmromanach MpU 3aMEIICHUH
20 % cpimyunx MarepuanoB Ha O®DII uepes 28 cyTOk TBEpAECHUS.

MunumanbsHas npouHocTs (14,3 MIIa) 6erona Oblia oTME4YeHa MPH 3aMEIICHUH
10 % 4gepe3 7 cyToK.

BuiBOABI

[IpoBeneHHbIE HCCIEAOBAHMS IOKa3aId, 4To Hcnonb3zoBanue O®DII B kauecTse
YaCTUYHOIO 3aMEHUTEIN MPUPOJHOIO IMECKa IPU MPOU3BOACTBE OETOHA SIBISETCA
TEXHUYECKU U HKOJIOTMYECKH 00OCHOBAHHBIM PELICHUEM.

OKCHEpUMEHTAIBHBIE JAHHBIE NOATBEPAWIIM, 4YTO ONTHMAJIBHBIM SIBIISETCA
3aMeleHre npupoaHoro necka Ha 20 % oTpabGoTaHHBIM (DOPMOBOUYHBIM IECKOM.
[Ipy TakoM COOTHOLIEHWH JIOCTUTAETCS MAKCUMalbHas IPOYHOCTh OeToHa
Ha ckatue — 27,1 MIla yepe3 28 cyTok TBepIeHHs, YTO COOTBETCTBYET KIIACCY
6erona B20.

YBenuuenue 10iau 3aMmelneHus Boie 30 % NpuBOAUT K CHUKEHUIO IPOYHOCTHBIX
XapakTepUCTUK  OeToHa, YTO  CBSI3aHO C  MOBBILICHHOW  IOPUCTOCTHIO
u Bogonornomenuem OPII.
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Bsenenue

CoBpeMEHHOE CTPOUTEIBCTBO MOCTOSIHHO HAaXOAMUTCA B MOMCKE MHHOBAI[MOHHBIX
pElIeHUH, CIOCOOHBIX COYEeTaTh MPOYHOCTb, 3CTETUKY M 3HEProd(p(eKTUBHOCTD.
Jlist permieHust JaHHOM NpOOJIEMbl, a TaAKXKE MHOTHX JIPYTHX, pa3paldaThIBalOTCS pas-
JIMYHBIEC TEXHOJOTUN U3TOTOBJICHUSI IEPEBIHHBIX KOHCTPYKLIHN.

B nacrosmuii MOMEHT HauboJbllIee pacCIpOCTPAHEHUE TOTYUnIa TEXHOJIOTUS U3~
TOTOBJICHUSI TIEPEKPECTHBIX cTeHOBBIX maneneit — CLT. Ho Hapsiy ¢ nqanHOU TexHo-
JIOTUEW CYIIECTBYET €Il€ OJHA, KOTOpas HMMEET OYEHb CXOXKYI KOHCTPYKIHUIO —
MHM [1, 2, 3, 4, 5].

Henb padorbl — HCCIEIOBAaHUE COBPEMEHHBIX CTPOUTEIBHBIX KOHCTPYKIIMH
c mpumeHeHnem mnaneneidr CLT 1 MHM B mpOMBIIIUIEHHOM M TPa)XIaHCKOM CTpPOH-
TEJIbCTBE.

OO0beKT uccjie0BaHuA

C npuMeHEeHUEM B COBPEMEHHBIX CTPOUTEIbHBIX KOHCTPYKLIHUSIX JIEPEBSHHBIX Ma-
Heneit CLT u MHM cTposiT paznuuHble 34aHUSI U COOPYXKEHHS, TaKHE KaK OTEJIH,
MHOTO3TaXKHbIE M OOILIECTBEHHBIC 3JaHMsI, YaCTHbIE JOMa, O(UCHI, TPOU3BOACTBEH-
HbI€ U TOProOBbIE KOMILIEKCHI [6, 7, §].

CLT (Cross Laminated Timber wmu Ilepexpecmno Kneenasn /I[pesecuna), npyrue
Haspaams: KLH, BSP, X-LAM, CROSS-LAM — 310 TexXHOJOTHs, TOJpa3yMeBaro-
11ast U3TOTOBJICHUE TAHENEH, B OCHOBY KOTOPOM IOJIOKEHO MEPEKPECTHOE CKICUBAHUE
MEXITy COOOM CII0eB JiaMmeliel U3 XBOMHBIX MOPoJ AepeBbeB (pucyHok 1) [9, 10, 11].

Pucynok 1 — Ilepexpecmnoe cxkneusanue naneneti CLT
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Jlnst msrotoBnenus ma”ene CLT mpumeHsieTcss TOCKa XBOWHBIX MOPOJ JIpEBeE-
CUHBI KAMEPHOH CYIIKH, ¢ BiIaXHOCTbIO 12 %. OHa packpauBaercs Ha JaMelu HEe0O-
XOJIMMOTO CEYEHHMsI, KOTOPbIE CPaIllMBAIOTCS 10 JjMHe. Jlanee naMenu KaauopyroTces
1 cOOMpParOTCs B IIUTHI C TTOCIONMHBIM NEPEKPECTHBIM CKIIeuBaHueM. [lociie uero niu-
Thl 3alpPECCOBBIBAIOTCS ISl MOJYYEHUs €IUHOW IMaHeNH, KOTopas B JalIbHEHIIEM
IIPOXOIUT IIpoliecc KamuOpoBkH, nutidoku u packpos Ha UITY cranke [12].

["aGaputHbie pasmepbl CLT maHeneit BapbUpPYIOTCS B CIEAYIOIIEM JIMaIla30HE:
mupuHa — 10 4 M, yuHa — 24 M, a tonumHa — ot 0,06 10 0,4 m [13, 14].

Hapsiny co cranpaptHeiMu nanensiMu CLT pa3paboTaHbl yTEIUICHHBIE TUTUTHI —
GrO Thermo npuMeHsieMbIe I HAPYXKHBIX CTEH.

GrO Thermo — sto yremnennas CLT-tumTa, 9acTh BHYTPEHHUX JI1aMeJIeld KOTO-
poil 3amenieHa JpeBecHbIM yrerunTeneMm. (Clod  yTeriauTenss BKJIEHUBAETCS
Y 3aIIPpECCOBBIBACTCS B IUVIMTY aHAJIOTMYHO Jamensam [15, 16, 17].

Yremnurenb, NpUMEHSIEMbIN B TAHETSAX, HA 94 % COCTOUT U3 APEBECUHBI, a TAKKE
13 KOJIOTMYECKOTo Kjies U nmapaduHa, KOTopble T00aBISAIOT JJIsl COXpaHEeHUsST POPMBbI
TUTUTHI (PUCYHOK 2).

[ekopatueHan otgenka CL-NAuTbI 100% HaTypanbHas gpesecuHa

Ytennuteno

Pucynok 2 — Cocmag nnum GrO Thermo
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[IpumepamMu HamOoJjiee M3BECTHBIX 37MaHUM U coopyxeHui u3z CLT manenei
SIBIISTFOTCSI:

° 100-metpoBast OamHst Rocket&Tigerli B llIBeiiniapuu, 1o IIaHy €€
CTPOUTENBCTBO AOJIAKHO 3aBepiinThes B 2026 roxy;

e  komiuiekc Mjostarnet B HopBeruun, HacuuThiBaromuii 85,4 MeTpa B BBICOTY
u 18-20 sTaxkei;

e B Poccun 310 KK «Coxonvikn» B T. COKOJI — YETBIPEXITAXKHBIA KOMILJIEKC
BhIcOTOM 15 M u 1wtommaaesio 3013 M-,

Janee paccmorpum texHogoruio MHM (Massiv-Holz-Mauer wiu Muozocnoii-
Hotii Xeounwvtiit Maccug) — 3T0 TIaHEIIW, U3TOTABIUBAIONIUECS TTOCIOWHO ¢ IepexJie-
CTOM U3 00PE3HBIX JOCOK XBOMHBIX ITOPO TommuHon 20-24 mm [18, 19].

Jlns nmpousBojacTBa cTeHoBbIX naneneit MHM ucnonb3yercs nocka xkamepHo
CYHIKM ¢ BIaxHOCTbIO 12 %, He TpeOyromas oO0pabOTKM aHTUCENTUKOM
U MMPOMMUTKAMH.

Kaxnas mocka mpoxoauT oOpaOOTKy Ha YETHIPEXCTOPOHHEM CTaHKE, T'JI€ BBIMH-
JUBAIOTCS Ta3bl, KOTOPBIE TIPU COCAMHEHUH JOCOK MEXAY cO00i 00pa3yroT BO3MYyIII-
HYIO IIPOCIOMKY IS BBICOKOM 3BYKOM3OJIAIMHA M TEIIonpoBogHOcTH. Ha cranke
TaKKe BBIMUIUBACTCS OOKOBOM Mpoduiib s COEAUHEHUS] JTIOCOK MEXIy COOOM
BO u30exkaHue oO0pa3oBaHUS «MOCTHKOB XOJIOJ@». 3aTeM JIOCKU IOCJIONHO
C IEPEKPECTHON YKIIAJKOW COOMPAIOTCS B IIMTHI C HEOOXOJUMBIMU pa3MepaMu, KO-
TOpBIC CIIMBAIOTCS HA AJTIOMUHUEBBIC TBO3/IM B CTAHKAX.

Br16op anmtoMuHUEBBIX TBO3/EH (IITU(PTOB) 00YCIOBIEH CHUXKEHUEM MOBPEKIE-
HUS ¥ U3HOCA PEXKYIIETO HHCTPYMEHTA MTPU MEXaHUUECKO 00paboTKe.

[Io TEXHOJOTUM H3TOTOBJCHUS TAHEIU SBIAIOTCA HKOJOTUYECKH YHCTBHIMH,
0e3 MpUMEHEHUS KIIes U APYTUX XUMUICCKUX TPOIUTOK.

[IpousBoicTBEHHAsI JIMHUS pAacCUMTaHa Ha BBITYCK MaHENeH C pa3Mepamu: Bbl-
cota— 3,25 M, mMHa — 10 6 M, TOJNIIMHA HApYXHBIX MaHelied creH — oT 340 MM
(15 cioeB mocok) n0 160 mm (7 ciioeB), a BHyTpeHHHUX cocTaBisieT 160 wam 115 Mm
[20, 21].

[Tpumepamu HanboJiee U3BECTHBIMU 3[AaHUAMU U coopyxkeHusiMu 3 MHM nane-
JICH, SIBJISIIOTCS:

° SporX B HopBerum — 510 40-meTpoBoe oOQHCHOE 3daHHE, NOPU €TI0
CTPOHMTEIBCTBE  HCIONB30BaHO 2000 M°  IeIbHOlM npeBecusl U 500 M
KJIeeHoro Opyca;

e  orenb Waldeck Spa Kur B ban-Jlroxpaiime.

Pe3yabTaThl 00CY:KIeHHS

[Taneau MHM, Tak xe xkak u CLT, uMerOT 0OOIIyI0 TEXHUUECKYIO OCOOCHHOCTb,
CBSI3aHHYIO C 00s513aTEJIbHBIM MPUMEHEHUE OT/ICIOYHBIX MaTepUaIOB MOCJIE MOHTaXa
KOHCTPYKITUH.

e  BHyTpenHsisni oTaeJaKa (Hampumep, ACPEBO, THUIICOKAPTOH, IITYKAaTypKa)
MOHTHUPYETCSI HETIOCPEICTBEHHO Ha MaHEeb.

e  BHemHss oTaeJKa SBISECTCS YacThiOo (acaja W PaCCUUTHIBACTCS UCXOJIS
13 HE0OXOAMMOTO 3HAYCHUS TeIUIoNepeaayr Hapy>KHOM KOHCTPYKIIUU 3/1aHMUS.

Otpenka Qacaga MOXKET KCIOJB30BATHCA KaK C BEHTWIMpYeMbIM (acagom (pu-
CYHOK 3 a), TaK ¥ MITyKaTypHas (pUCyHOK 3 0).
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a) eenmunupyemslii hacad; 6) wmyxkamypHwlil pacao
Pucynok 3 — [Ipumepsbl omoenxku Hapys*cHuIX naneneu

o  [lepecopooku 30anusi UMEIOT BHYTPEHHIOIO OOIIMBKY C 0O0€MX CTOPOH
(Hampumep, J1epeBO, THUIICOKApPTOH, INTyKaTypka), OOpa3ylollyld TOTOBYIO
MOBEPXHOCTh CTeHbI. CioM OOIIMBKU PACIONAraroTCsl HEMOCPEICTBEHHO HA CTECHE
0€3 MOHTaXHOTO 3a30pa (PUCYHOK 4).

4

/

Pucynok 4 — [Ipumepor omoenku naneneu nepecopooox

W3y4nB OCHOBHBIE KOHCTPYKTHBHBIE perienus TexHonoruu CLT, Heobxommmo
PaccCMOTPETH €€ JOCTOMHCTBA U HEJOCTATKHU.

K npeumywecmeam naneneti CLT moorcno omnecmu:

®  BBICOKYIO 3aBOJICKYI0 TOTOBHOCTb JOMOKOMIUIEKTa 32 CUET MPUMEHEHUs
MOZYJIEH;

®  CKOpPOCTH BBINOJIHEHUS Pa0OT MO MOHTAXy JOMOKOMILIEKTA;

®  BBICOKYIO HECYIIYI0 CIOCOOHOCTh M JKECTKOCTh TaHelel 3a cyer
MEPEKPECTHOM CKIICUKH JIaMEJIEH;

®  BBICOKYIO CEICMOYCTOMYMBOCTD 3JaHUN U coopyxeHnid n3 CLT naHeneu;

®  BBICOKYIO OTHECTOMKOCTh KOHCTPYKIIUH;

®  HU3KYIO TEILIONPOBOIHOCTD MaHEJEH.
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K neoocmamkam naneneu CLT moorcno omnecmu:

e Oompmioii Bec u rabaputhl CLT maneneit, TpeOylOIIHe CHEIHAIBHOTO
TpaHCIOpTa JUIsl IEPEBO3KU U MOHTaXa KOHCTPYKIIHIA;

®  yMEHBIIECHHWE Ta0apuTOB IAHEJEH MNPUBOAUT K YBEJIWYEHUIO CTHIKOBBIX
COECIMHEHUM, KOTOPBIE SIBIISIOTCA MOTEHIUAIBHBIMU «MOCTUKAMM XOJIOZa», a TAKXKE
YCIIOXKHSIOT MOHTaX KOHCTPYKIIUH.

PaccMoTpuM Takke OCHOBHBIE IOCTOMHCTBA M HEAOCTATKU TexHonoruu MHM.

K npeumywecmseam MHM moorcno omnecmu:

®  OTCYTCTBME YCAJKH 3a CYET UCIOJb30BaHMUS JOCKH, 00paboTaHHOMN
B CYIIWJIBHBIX Kamepax 10 Baaxknoctu 12—-14 %;

®  3a CYET NEPEKPECTHOIO0 COEIMHEHUs JlaMelnel oOecreunBaeTcsi BbICOKas
KECTKOCTb IIaHEeJIeH;

®  [IpU NPOU3BOACTBE MAHEJIEHU UCTIOIB3YIOTCS TOJBKO HaTypallbHbIE MaTepHAaIbI;

®  CKOpPOCTb BBINOJHEHUS COOpPKH JIOMOKOMIUIEKTAa 33 CYET BBICOKOU
TOTOBHOCTH KOHCTPYKIIHM;

e  cpa3zy nocie cOOpKH 3/JaHUSI MOXKHO MPUCTYNaTh K OTAEIK, 32 CUET IVIaJKUX
JIEPEBSIHHBIC [TAHEIIEH;

e pa”Hemn MHM takxe uMeroT 0ojee HHU3KYyI0 CTOMMOCTh M MEHBIINN BEC
1o cpaBHeHuto ¢ CLT, 3a cueT 0cOOEHHOCTEN TPOU3BOJICTBA.

K neoocmamxam MHM moxcno omuecmu HEOOXOOUMOCTH HCIIOIB30BAHUS
TOJIbKO KaJIMOPOBAHHBIX MUJIOMATEPUATIOB.

BuiBoabI

1. HecMoTpsi Ha BBICOKYIO CXOXKECTb IMpOIEeCcCOB u3roroBieHus mnaneneidr CLT
1 MHM, oHM UMEIOT 0JJHO MPUHIMITHAIEHO BakHOE oTiimuue: manenu CLT co3marot-
Csl IMyTeM CKJICMBaHUS Jlamesiel B mpeccax, a nmanenmn MHM coOuparoTcsi ¢ mOMOIIbIO
aTIOMMHUEBBIX TBo3AcH. CtonmocTh manesieir CLT Beimre crommoctu naneneii MHM
Ha 30-40 %.

2. Ilpumenenne texHomornu CLT onTuManbHO IJIS BO3BEICHUS MHOTOAITAKHBIX
3maHui. B ciydasx, korya HecyIas CiocOOHOCTh MaHENeH U UX BBICOKAs 3aBOJICKas
roTOBHOCTH ucnob3yeTcs Ha 100 %, a BrIcOKast ceO0ECTOMMOCTD TIPOU3BOJICTBA KOM-
MEeHCUpyeTcs O0NBIIUM 00BEMOM BO3BOAMMOTO CTPOCHHUSI.

3. JlepeBsiHHOE MHOTOA3TaKHOE CTpoUTeahcTBO U3 naneneit CLT u MHM — ato pe-
aJIbHOCTD, MOCKOJIbKY OHO COOTBETCTBYET COBPEMEHHBIM HOpMaM 3HeprodpdexTus-
HOTro cTpouTesbcTBa. COOpY)KEHHS MO JaHHBIM TEXHOJOTHUSIM MOTYT BO3BOJUTHLCS
Ha TEPPUTOPHUSIX  CO  CIOKHBIMH  HMHXXCHEPHO-T€OJOTHUUYECKUMU  YCIOBUSIMH,
B CEMICMUYECKU aKTUBHBIX, TOPHBIX UM BEUHOMEP3JIbIX paiiOHAX.

4. MoHTax JepeBSIHHBIX KOHCTPYKIIUN OTINYAETCS BBICOKON TEXHOJOTUYHOCTHIO
¥ CKOPOCTBIO, BBUY TOTO, YTO UCIIOJIb3YIOTCSI MOYJIH 3aBOJCKOM COOPKH.

5. TexHOJIOTUSI CTPOMTEILCTBA IEPEBSHHBIX 3manuii Massiv-Holz-Mauer sis-
eTcs 0oJiee ONTUMAIBHOM MO TEXHUKO-PKOHOMUYECKUM, (PU3UYECKUM U DKCILTyaTa-
IIMOHHBIM XapakTepucTHUKaM Juisi Poccuu, Tpw yClIOBHHM OOIIMPHOTO H3YyUCHHUS
Y NPOBEJICHUS UCIIBITAHUN TAHHOW TEXHOJIOTUU.
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AHHOTALUSA
IMpeamer uccienoBanus. [IpegmeToM uccieTOBaHUS SBISETCS TOITOBPEMEHHOE
MOBEJICHHUE JIePEeBIHHO-OCTOHHBIX KOMIO3UTHBIX (JIBK, anrm. TCC — Timber—

Concrete Composite) KOHCTPYKIIUI, MPUMEHSIEMbIX B COBPEMEHHOM TPa’KJaHCKOM
ctpoutenscTBe. (OCHOBHBIE MpOOJEMBbI, Ha PEIICHHE KOTOPHIX HAIMPABIEHO
HCCIIEJOBAHUE, CBSI3aHbl C HEAOCTATOYHON W3YYEHHOCTBIO BIIUSIHUS MOJ3Yy4ECTH,
ycajku OeToHa, MexaHO-cOpOTMBHOrO 3(h@dexTa M UUKIMYECKOTO Harpy>KeHUs
Ha neopMaTUBHOCT, U Hecyylo crnocooHocts JIBK B ycinoBusx peaybHOM
AKCIUTyaTallMy, a TAaKKe C OTPAaHMYEHHONM HOPMAaTUBHOM 0a30i JJIs1 IPOEKTHPOBAHUS
Takux cuctem [1-4].

Hean. llenpio paboThl SBISETCS CHUCTEMATH3allMsl W aHAJIU3 COBPEMEHHBIX
AKCIIEPUMEHTAJIHBIX U TEOPETHUYECKUX JaHHBIX O JOJTOBPEMEHHOM IOBEICHUU
JBK-koHCTpYKIIMMT C y4yeToM THMa COEIUWHEHHUs. COCTaBa OETOHA,yCJIOBHIA
OKpYKalollel cpeibl U XapakTepa HarpyKeHus, a TaKKe OLEHKAa COOTBETCTBHS
CYILIECTBYIOIIUX PACUETHBIX U HOPMATUBHBIX MOXO/I0B TPEOOBAHUIM MTPAKTUKHU.

Marepuajsl 1 MeToabl. B 0030pe HCIONB30BaHbl pe3ysbTaThl HCCIEAOBAHMIA,
ONyOJIMKOBaHHBIX B BEAYIIMX HAydHBIX JKypHamax u oTderax [I1-16], a Taxxke
nonoxkenuss Eurocode 5 u npoekra texuudeckoit cnenudukanmu FprCEN/TS 19103
[4, 12]. IlpumeHEHBI METOABI AHAIUTUYCCKOIO MOJCIHPOBAHHMS  (MOJICIb
3¢ PEeKTUBHOTO MOJYJIS YIIPYTOCTH) U YUCIeHHOTO aHaimu3a (MKD).

Pesyabrarpl. YCTaHOBJIEHO. UYTO KJIEEBBIE COCAMHEHHUS U IPUMEHCHHE
yabpTpaBbicokonpounbiil pudpoderon (anm. UHPFRC — (Ultra-High-Performance
Fiber Reinforced Concrete) oOecrneunBalOT  HAWIYYIIYIHO  JOJTOBEYHOCTh
U CTaOMIIBHOCTH kecTkocTH [1, 6, 10]. [luknndeckoe Harpy:xeHHe MPU HAMPSIKESHUAX
< 30 % ot npenena NPOYHOCTH HE BBI3BIBAET YCTAJIOCTH, HO YCUIIMBAET IMOJ3Y4ECTh,
OCOOCHHO TMpH TepeMeHHON BiaxkHoctd [7, 8]. OcraTodHas MPOYHOCTH IMOCIE
JUINTEJIbHOTO HArpy)KeHHsI COXpaHSeTCs WJIM JaXX€ BO3pacTaeT HJisi CHCTEM
¢ UHPFRC [1]. /[la#nHble 1O JOJTOBPEMEHHOMY TIOBEJICHHUIO COCIUHEHUM
MOJITBEPKICHBI KaK B JIAOOPATOPHBIX, TaK U B HATYPHBIX HCHBITAHHUSIX, BKIIOYAS
MHOTOJIETHUE UCCIIEIOBAHMS Ha 00pa3lax ¢ pa3auyHbIMUA TUIIAMU KperuieHui [4].

BroiBoabl. [lomydyeHHbIE pe3ynbTraTbl NOATBEPKIAOT BbICOKMM noteHnuman JIbK-
KOHCTPYKUMWU [JI1 MHOTO3TaXKHOTO CTPOUTENbCTBA, PekoMeHayeTcsi pa3BUBaTh
HOPMAaTUBHYIO 0a3y C y4eTOM KIMMaTHYEeCKUX (PAKTOPOB M HOBBIX MaTepHasoB,
a TaK)Ke CTaHIApPTU3MPOBATh METOJMKH HCHBITAHUN COENMHEHUU Il oOecreyeHus
HaJIeXKHOT0 M ycrounBoro npumenenus JIbK B npaktuke [12, 14].

186



BBenenue

B coBpeMeHHOM CTpOUTENHCTBE HAOMIONAETCS POCT HMHTEpeca K TUOPHUIHBIM
CUCTEMaM, COYETAIOUIUM BO300HOBISIEMbIE M TPAAMIIMOHHBIE Marepuaibl. Ocoboe
BHUMAaHHE TPUBJIEKAIOT JpeBecHO-OeToHHble Kommo3utHbie (IBK, anrn. TCC —
Timber—Concrete Composite) KOHCTPYKIIHH, OObEAUHSIIONINE BBICOKYIO MPOYHOCTH
IpeBeCHHBI Ha pacTshkeHue W AG(GEeKTHBHYIO paboTy OeToHa Ha ckatue. Takoii
MOJXO/l TO3BOJISIET 3HAYUTEIBHO MOBBICUTH >KECTKOCTb, HECYIIYI0 CIIOCOOHOCTD
1 o01y10 3(h()EKTUBHOCTh KOHCTPYKIUMH IO CPAaBHEHUIO C II€JIbHOIECPEBIHHBIMU
aHayioramu [1].

Onnako nipu npoextupoBanuu [IbK mist 3maHuil ¢ JUIMTENBHBIM CPOKOM CITY>KOBI
HEOOXO/IMMO YUUTBIBATH JOJITOBPEMEHHBIE 3(PPEKTHI: MOI3YyUeCTh, YCAIKY, HIUKIMUECKOEe
Harpy>keHue M BIMSHUE KIMMAaTH4eCKUX (DakTOpoB (B MEPBYIO OYEpEllb, BIAKHOCTH).
OTH SBIEHUS MOTYT CYHIECTBEHHO HW3MEHHUTH Ae(POpPMATUBHOCTL M MPOYHOCTHBIC
XapaKTePUCTUKH CUCTEMBI CO BpeMeHeM [2, 3].

[lenbto Hacrosimiel paOOTHI SABISETCS CHCTEMAaTH3alUsl U aHAJIU3 COBPEMEHHBIX
HAy4YHBIX JTaHHBIX O JOJITOBPEMEHHOM noBeAceHWH JIBK-KOHCTpyKuui ¢ akIeHTOM
HA TUIl COEOUHEHMs, COCTaB O€TOHa, YCIOBHUS JKCIUTyaTallUd M  XapakTep
Harpy)KeHHsI, a TaKK€ OIICHKA COOTBETCTBHUS CYLIECTBYIOIIMX HOPMATHUBHBIX
Y PACYETHBIX METOJMK PEaJIbHBIM YCIOBUSAM IKCILTyaTallUu.

MarepuaJjibl 1 METOIBI

AHamu3 OCHOBaH Ha pPe3yiabTarax OKCIIEPUMEHTAJBHBIX  HCCIIEIOBAHMIA,
IPOBEACHHBIX B JA0OPAaTOPHBIX YCJIOBHUSX MpPH JJIUTEIBHOM M IHMKIMYECKOM
HarpyxeHuu nosHopasmepHsix JIbK-o0pa3uos qnmunoi 10 8 M [1]. Ucnonb3oBanuch
nBa tura 6erona — oObraHbIN (C40/50) 1 yIbTpaBBICOKOMIPOUYHBIN (HUOPOOETOH (aHIII.
UHPFRC - Ultra-High-Performance Fiber Reinforced Concrete) — u aBa Turma
apmupoBaHusi: crtainbHas apmarypa u CFRP-crepxxau. CoenuHeHHE IpEBECHHBI
1 OETOHA OCYIIECTBISUIOCH C MOMOIIBIO KJIEEBOM CHCTEMBI HA OCHOBE 3IMOKCUAHOTO
KJIes ¢ KBapIIeBbIM meckoM [ 1, 6].

Oco6oe BauManue yneneno padboram Chuan DYE (2010), B KOTOpBIX MpOBEACHBI
KOMILUIEKCHbIE ucnbITaHus JBK-0anok ¢ pa3nuyHbIMH THUNIAMH  COETUHUTENEH
(BKJIFOYAsi HApE3HbIE IIYPYIIbI U BBIPE3HBIE COCIMHEHHUS) IO JUIMTEIIbHOM HArpy3Kon
B TEUYECHHE HECKOJIBKUX JIET. OTH JAHHBIE JENIH B OCHOBY COBPEMEHHBIX ITOIXO0B
K OILICHKE JIOJITOBEYHOCTU COCAUHEHUM [4].

MogenvpoBaHue J0ATOBPEMEHHOTO MOBEACHMS BBINOJIHEHO C HCIOIb30BAaHUEM
aHanuTH4eckod wmomenu dddextuBHOrO0 Momyis ympyroctd [10] u uMcCIEeHHBIX
Mojenieil MeToioM KoHeuHbIX 3eMenToB (MKD) [11, 15]. B kadecTBe HOpMATHBHOI
0a3bl ucnosib3oBanbl Eurocode 5 u npoekt texuuueckoi cnerudukanuu FprCEN/TS
19103 [4, 12].

AHanu3 0XBaThIBAET CIEAYIOIINE ACTIEKTHI:

o THUIBI COCAMHEHHH — MeXaHWYecKHe (LIypymbl, LIMOHKH, TBO3U), KJIEEBbIE
(3MOKCHUTHBIE/TIOJIMYPETAHOBBIE COCTaBbl C KBaplLEBBIM TIECKOM) M THOpPUJIHBIC
CUCTEMBI;

o Buabl OetoHa — oObHBIA (C25/30—C40/50) m ynBTPaBBHICOKOIIPOYHBIM
¢ubpodeTon (UHPFRC);

o apMmupoBaHue — cTaibHas apmarypa, CFRP-crepxuu, Gpuldpo- u TeKCTUIBHOE
apMHPOBAHUE;
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o JIOJITOBPEMEHHbIC SIBICHUS — TOJ3y4eCThb IPEBECHHbI U OETOHA, MEXaHo-
copOTUBHBIN YPPeEKT, ycaaka OeToHa;

o HArpyXeHHEe — JJUTEIbHOE CTAaTUYECKOEC W LHKJIMYECKOe (10 OAHOro MIIH
[IUKJIOB, UMUTHUPYIOIEE HKCIITyaTallMOHHbIE Harpy3KH B O(MCHBIX 3/IaHUAX);

e METOIBl MOJCIMPOBAHUS — AHAIUTHYECKHE (MOmenb 3(PHEKTUBHOTO MOMYJIS
ynpyroctu) u unciienHbie (MKD ¢ yueToM HETMHENHOCTH U MIOBPEKACHMUIA).

Pe3yabTarhl ncciieoBaHus

O6mue npunIuIb padotsl JIBK.

PaGora  npeBecHO-OETOHHBIX ~ KOMIIO3UTOB ~ BO ~ MHOTOM  OCHOBaHa
Ha (HOPMHUPOBAHUN B3aMMOICHCTBUS MEXKIY JAepeBsSIHHON dacThio (kineeHHon — KJIK,
JIIK unu LVL) u GetoHHON. DPPEKTUBHOCTH KOMIIO3UTHOTO JCUCTBUSI 3aBUCUT
OT ECTKOCTH COECIMHEHHMS, KOTOpasi BapbUPYETCsl OT TOJHOW COBMECTHON pabOThI
(Full composite action) g0 oTcyTcTBHs coBMecTHOM paboThl (No composite action).
WNneanbHOil cuuTaeTcs IMOJIHAs COBMECTHas paboTa, MpU KOTOPOM KECTKOCTb
COCJIMHEHHUSI SBIIAECTCS OCCKOHEUHOM, TaKk YTO OOEeCleYyMBaeTCs IMOJHas Tepeaada
TOPU3OHTAIBHOTO CJBUra 0€3 MpocKaidb3biBaHus. [Ipu HuKHEM Tipedene cuia
TOPU3OHTAIBHOTO CABUTA HE MEPENACTCS MEXKIY CIOSIMU, M KaXKIbIH CION CKOJIb3UT
KaKk JIBa HE3aBHUCHUMBIX DJJEMEHTa ¢ 0Oojiee BBICOKOW BEIUYMHOW CKOJIBKCHHUS.
Ha nmpaktuke 4aie BcTpewaeTcsi yacTU4Has coBMecTHas padora (Partial composite
action). KieeBble cucTtemMbl OOECNEUMBAIOT MPAKTUYECKH TIOJHOE OTCYTCTBHE
CKOJIbXKEHUSI JJaXe MOCJE€ OJHOTO MIJIH IMKJIOB HarpyxeHus [1, 6]. B To ke Bpems
MEXaHUYECKUE COCAUHUTENN MOABEPKEHBI JIETPaIalluid KU3-3a MOJI3Y4eCTH JIPEBECUHBI
1 BJIQYKHOCTHBIX KoJieOaHwmit [9].

[Ton3ydecTs U ycaaka.

Koadduiment mnon3ydyectd JpeBECHUHBI MOXKET TMPEBBIIATh  AHAJIOTUYHBIM
1U1st 6eToHa B 2—3 pasza, 0COOCHHO MPU MEPEMEHHOM BIXXHOCTHU [2]. DTO NPUBOIUT
K IepepacnpeieliCHUI0 BHYTPEHHUX YCWJIMM M pOCTy MNporuboB. Ycaaka OeToHa
B PaHHHE CPOKHM MOXKET BBI3BIBaTh OTCJIOCHUE TUIMTHI, €CJIM HE MPUMEHEHBI MEpbl
10 KOHTPOJIIO TBEpAeHUs [3].

[Muknnueckoe HarpyxeHuUe.

HcnpiTanuss npu 1ukiamueckod Harpy3ske or 4 go 20 kH (cooTrBeTcTByeT
AKCIUTyaTallUOHHBIM Harpy3kaM B O(MCHBIX 3/IaHHUSX) TOKA3aJIU, YTO MPHU HAMIPSHKEHUSIX
<30 % ot npenena MPpOYHOCTH YCTAJIOCTHOTO paspylieHus: He mpoucxoaut [1]. Oxnako
HaOTIOaeTC MOHOTOHHBIN POCT IPOTUOOB 32 CYET MOM3YUYECTH.

OcrarodHast IpOYHOCTb.

Hna IBK c kneeBbiM coenuHenneM 1 UHPFRC ocrarodyHas nmpoyHOCTH TOCHe
HUKINYECKOTO HAarpyKeHUsl coxpaHseTcsl Wik yBenuuuBaeTcsa Ha 10-24 % 3a cuer
nanpHeliero Habopa mpouHoctu OetoHa [1]. B cucremax ¢ OOBIYHBIM OETOHOM
Y CTaJBHOW apMaTypoil BO3MOXKHBI OTCIIOEHHUS TUIMTHI B TMPHUOMOPHBIX 30HAX, YTO
CHIKAET HeCylIyIo criocooHocTh Ha 20—40 % [1].

MopgenupoBaHUE ¥ HOPMBI.

AHQJIUTUYECKUE MOJAEIM TO3BOJSIOT JOCTAaTOYHO TOYHO MPOTHO3UPOBATH
HBOJIIOIMIO MPOTHOOB TMPHU TMOCTOSIHHOW BiIaXHOCTU [9]. OmHAKO CYIIECTBYIOIIHE
HOPMBI HEAOCTATOYHO IIOJHO YYWUTHIBAIOT BIIMSHUE TIEPEMEHHOM BJIAXKHOCTHU
u noBeaenue HoBbix MarepuanoB (UHPFRC, FRP) [12, 14].
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Pucynok 1 — )Kecmrxocmu coeounenus

BuiBoabI

JlpeBecHO-0E€TOHHbBIE ~ KOMIIO3UTHBIE  KOHCTPYKUMU  OOJIAJAlOT  BBICOKUM
MOTEHIMAJIOM [JIi MPUMEHEHHUS] B MHOTO3TA)KHOM M MOCTOBOM CTPOMTENBCTBE.
WX 1oAroBpeMEHHOE IMOBEAECHUE ONPEAEIISIETCS:

o THIIOM COCIMHCHUS — KJIEEBBbIE CHCTEMbl 00ECIEUMBAIOT  JIYUIIYIO
JOJITOBEYHOCTh M CTAOMITLHOCTD KECTKOCTH [ 1, 6];
o« cocrtasom Oerona — UHPFRC mno3Bonsger cHH3UTHP BeC M ITOBBICUTH

TpemuHocToukocTh [1, 10];

e YCIOBUSIMHU DKCIUTyaTallMM — MEPEMEHHas BJIAXXHOCTh CYIIECTBEHHO YCKOPSET
MOJI3y4ecTh [/];

e YPOBHEM HaNpsDKeHWM — mpu HU3KUX YypoBHAX (<30 % ot mnpenena)
IUKINYECKOE HArPY>KEHUE HE BBI3BIBAET yCTANOCTH [1].

bbiu BBISBIICHBI HEPELIEHHBIEC BOIIPOCHI:

¢ MPOTHO3UPOBAHME MOBEJICHUS B YCIOBUSIX PEATbHON 3KCIUTyaTalluH (C y4ETOM
KJIMMaTa, BUOpaIuii, mo>kapHoi Harpy3KH);

e pazpaboTka YHU(PHUIIUPOBAHHBIX METOJIUK UCIIBITAHUN COCTUHECHU;

o HHTErpaIus COBPEMCHHBIX MaTEPHUAJIOB B HOpMaTUBHYIO 0asy [12, 14].

Pemenue »oTUx 3aga4  MO3BOJUT OOECMEUUTH HAJEKHOE, HKOHOMUYECKH
2h(dEeKTUBHOE U DKOJOTHYECKH YycrowunBoe mnpumenenne JIBK-koHcTpykimii
B COBPEMEHHOM CTPOUTEIIHCTRE.

189



Cnucoxk HUTHPYEMBbIX HCTOYHHKOB

1. Augeard, E. Mechanical behavior of timber—concrete composite members under cyclic load-
ing and creep / E. Augeard, E. Ferrier, L. Michel // Engineering Structures. — 2020. — Vol. 210. —
P. 110289. — DOI: 10.1016/j.engstruct.2020.110289.

2. Timber — Concrete Composites: Increasing the use of timber in construction / A. Dias,
J. Skinner, K. Crews, T. Tannert // European Journal of Wood and Wood Products. — 2016. —
Vol. 74, Ne 3. — P. 443-451. — DOI: 10.1007/s00107-015-0975-0.

3. Fragiacomo, M. Time-dependent behaviour of timber—concrete composite floors with
prefabricated concrete slabs / M. Fragiacomo, E. Lukaszewska // Engineering Structures. — 2013. —
Vol. 52. — P. 687-696. — DOI: 10.1016/j.engstruct.2013.03.033.

4. Chuan, D. Y. E. Behaviour and Design of Timber-Concrete Composite Floor System. PhD
Dissertation / D. Y. E. Chuan. — Christchurch : University of Canterbury, 2010.

5. CEN/TS 19103:2018. Eurocode 5: Design of timber structures — Structural design of timber-
concrete composite structures. — Brussels : CEN, 2018.

6. Experimental and analytical study of the mechanical behaviour of heterogeneous glulam—
UHPFRC beams assembled by bonding: Short- and long-term investigations / K. Kong, E. Ferrier,
L. Michel, A. Agbossou // Construction and Building Materials. — 2015. — Vol. 100. — P. 136-148. —
DOI: 10.1016/j.conbuildmat.2015.09.022.

7. An investigation of the viscoelastic creep behaviour of basalt fibre reinforced timber
elements / C. O’Ceallaigh, K. Sikora, D. McPolin, A. M. Harte // Construction and Building
Materials. —2018. — Vol. 187. — P. 220-230. — DOI: 10.1016/j.conbuildmat.2018.07.193.

8. Mechano-sorptive Creep in Reinforced Glulam / C. O’Ceallaigh, K. Sikora, D. McPolin,
A. M. Harte // Proc. WCTE 2018 World Conf. Timber Eng. — Seoul. Rep. of Korea, 2018.

9. Yeoh, D. Fatigue behaviour of timber—concrete composite connections and floor beams /
D. Yeoh, M. Fragiacomo, D. Carradine // Engineering Structures. —2013. — Vol. 56. — P. 2240-2248. —
DOI: 10.1016/j.engstruct.2013.08.042.

10.Coupled finite element—finite difference formulation for long-term analysis of timber—
concrete composite structures / N. Khorsandnia, J. Schénzlin, H. Valipour, K. Crews // Engineering
Structures. —2015. — Vol. 96. — P. 139—152. — DOI: 10.1016/j.engstruct.2015.03.047.

11.Nonlinear finite element analysis on timber—concrete composite beams / H. Tao, H. Yang,
J. Zhang [et al.] // Journal of Building Engineering. — 2022. — Vol. 51. — P. 104259. — DOLI:
10.1016/j.jobe.2022.104259.

12. Dias, A. Design of Timber—Concrete Composite Structures: A State-of-the-Art Report by COST
Action FP1402/WG 4 / A. Dias, J. Schénzlin, P. Dietsch (Eds.). — Aachen: Shaker Verlag. 2018. — 256 p.

13.Long-Term Behavior of Timber—Concrete Composite Structures: A Literature Review on
Experimental and Numerical Investigations / B. Shi. X. Zhou. H. Tao [et al.] / Buildings. — 2024. —
Vol. 14, Ne 6. — P. 1770. — DOI: 10.3390/buildings14061770.

14.Experimental Analysis of Mechanical Behavior of Timber—Concrete Composite Beams with
Different Connecting Systems / R. Cvetkovi¢, S. Rankovi¢, T. K. Misuli¢, D. Kukaras // Build-
ings. —2024. —Vol. 14, Ne 1. — P. 79. — DOI: 10.3390/buildings14010079.

15.Ferrier, E. Modelling the bending behaviour of a new hybrid glulam beam reinforced with
FRP and ultra-high-performance concrete / E. Ferrier, P. Labossiere, K. W. Neale // Applied Mathe-
matical Modelling. —2012. — Vol. 36, Ne 8. — P. 3883-3902. — DOI: 10.1016/j.apm.2011.11.023.

16.Fostering GLULAM—-UHPFRC composite structures for multi-storey buildings / N. Naud,
L. Sorelli, A. Salenikovich, S. Cuerrier-Auclair / Engineering Structures. — 2019. — Vol. 188. —
P. 406—417. - DOI: 10.1016/j.engstruct.2019.03.030.

190



BJIUAHUE CUCTEMbI KOHTPOJISA ITPU PEAJIM3AIINA
NHBECTHUIIMOHHOI'O 3AMBICJIA HA BE3OITACHOCTD
CTPOUTEJIBHOI'O OBBEKTA
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AHHOTALUA

PaccMOTpeHO BIIMSHHE CUCTEMBI KOHTPOJS MPHU PEeAM3aUUU WHBECTHUIIMOHHOIO
3aMbICiIa Ha O€30IIaCHOCTh CTPOMTENBbHOro oO0bekTa. llpeamerom wuccnenoBanus
HACTOSAIIEH paboOThl SBISIETCS METOJIMKA OPraHM3aldd CHUCTEMBl KOHTPOJI
IpU CTpoUTENbCTBE  00BeKkTa. lLlenmp paboTel  3akiroyanack B pa3paboTKe
IIPEJIOKEHUI TI0 COBEPIICHCTBOBAHMWIO CHUCTEMBI KOHTPOJS M YIPABICHHUS
peanu3annell UHBECTUIIMOHHBIX TPOEKTOB B CTPOUTENLCTBE. B paboTe paccMOTpeHbI
METO/IbI CUCTEMBI KOHTPOJIS, BKJIFOYAIOIIE BU3YaJIbHbBII OCMOTpP, HHCTPYMEHTAJIbHBIE
M3MEpPEHUS U Ja0OpaTOpHbIE UCIIBITAHUS CTPOUTEIBHBIX MAaTEPUAIOB U KOHCTPYKIIHIA;
MIPOBEICHUE MOHHUTOPUHIA BEACHUS JKYPHAJIOB U IPOTOKOJOB, O(OpMIICHHS
Ne(pEKTHBIX BEAOMOCTEH, aKTOB CKPBITBIX PA0OT U aKTOB CAAYU-TIPUEMKH pPaOOT;
MPUMEHEHUE COBPEMEHHBIX CHUCTEM LHU(PPOBOIO MOHHUTOPHUHIA, BKIIOYAIOIIUX
MalIMHHOE 3peHHue, Hcnonb3oBaHue 3D ckaHepoB, OECHUIOTHBIX JETATENbHBIX
anmapatoB. B pa®oTe BblIeNeHbl TpU HaNpaBiICHUs MO YCOBEPIICHCTBOBAHUIO
CUCTEMBI KOHTPOJS: MPOrPaMMHOE aJITOPUTMHPOBAHUE METOAOJOTMU KOHTPOJIA
C YYETOM cCleUn(UKH TEXHOJOTMH W OpPraHU3allMd CTPOUTENIBHOIO MPOU3BOJCTBA;
BBISIBJICHHUE OCHOBHBIX MNpoOieM U cOOeB B CUCTEME KOHTPOJS U YIpaBIICHUS
MHBECTUIIMOHHBIM TPOEKTOM; pPa3pabOoTKa MPEAJIOKEHU MO COBEPUICHCTBOBAHUIO
CUCTEMBI KOHTPOJS W YIpPaBJICHHS HHBECTULHOHHBIM IpoekToM. [Io pe3ynsraram
paboThl BBISBICHBI OCHOBHBIE MPOOJEMBbI B CHUCTEME OpraHu3aluud KOHTPOJIS
Y yNpPaBJI€HUS WHBECTULIMOHHBIMH MPOEKTAMH B CTPOMUTEIBCTBE, OIPEAEIICHBI
OCHOBHBIE MOCJIECTBUS HEHAJIEKAIIETO CTPOUTEIBHOIO KOHTPOJIS, BBIPAXKAIOIIUECS
B 3HAYMUTENIbHBIX BPEMEHHBIX 3aJIEp)KKaX, CpbIBAX CpPOKOB BBOJAa OOBEKTa
B OKCIUTyaTallllo,  mepepacxoie  (UHAHCOBBIX  CPEACTB,  BO3HUKHOBEHHUH
HEIPEIBUACHHBIX 3aTpaT U JIp., KOTOPbIE B KOHEUHOM WUTOTE NMPUBOMAT K YXYILIECHUIO
nokazarenen NPV, IRR wu cpoka okymaeMOCTM WHBECTULIMOHHOTO HPOEKTA.
[IpenyioxkeHbl MEphl IO COBEPIIEHCTBOBAHHMIO CHCTEMBI KOHTPOJIS, MO3BOJIIOIINE
MUHHUMH3UPOBATh PUCKU JOPOTOCTOSILUX TEPEAETIOK W TMOBBIIAIOIIKE OOMIYIO
3G (HEKTUBHOCTD YNPABIECHUS NHBECTUIIMOHHBIMU MTPOEKTAMHU B CTPOUTEIHCTBE.

BBenenue

VYhopaineHue nOporeccaMM  CTPOUTENBbCTBA — ABJISECTCS  KJIHOYEBBIM  3BEHOM,
oOecneunBaromMUM  KadyeCTBO W JIOJTOBEYHOCTh  CTPOUTEIBHBIX  OOBEKTOB
Ha MPOTSHKEHUH BCEro MX JKU3HEHHOIO IMKJIA. B COBpPEMEHHOM CTPOMTEIbHOM
Ou3HEece WHBECTHUIIMOHHBIN 3aMBbICENl, KaK MPaBUIIO, OMPEACseT MOPOKHYIO KapTy
MPEACTOAIIECH NPOCKTHOM AEATENBHOCTH M0 peain3aiuu npoekra [1].

Kak mpaBuno, mojg HMHBECTUUHOHHBIM MPOEKTOM MOAPA3YMEBAIOT KOMILIEKC
B3aMMOCBSI3aHHBIX MEPONPHUATHI, HaNpaBICHHBIX Ha JOCTHXKEHHE KOHKPETHOM
SKOHOMHUYECKOM, COLMAJIbHOM WJIM WHOM LEJIM IyTEM BIIOXKEHHS KaluTalla
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(MHBECTMLIMI) B TEYEHHUE YCTAHOBJIEHHOIO II€pUOJa BPEMEHM, OIPAaHUYEHHBIX
10 CPOKaM, PECypcaM U UMEIOLIUX CHENU(PUIECKYIO OPraHU3aLUI0 YIPaBIeHUs [2].

OOBIYHO MHBECTHLIMOHHBIA TMPOEKT XapaKTEPU3yeTCs PpAIOM  KIIHOUEBBIX
MIPU3HAKOB, TAaKUX KAaK HAJIWYUE LEIW Ui pEelIeHUsT KOHKPETHOM 3aaaud,
MOTPEOHOCTh B HWHBECTHUILIMSAX, OrPAaHUYEHHOCTbh BO BPEMEHH M pecypcax,
YHUKAQJIBHOCTb, clieli(uyeckas opraHu3aius yrpaBJieHuUsl.

Takum 00pa3oM, OCHOBHBIM Ha3HAUEHUEM MHBECTUIMOHHOTO IPOEKTA, SIBISIETCS
CTPOUTENBCTBO OOBEKTAa WM MOJAEPHHU3AIMS IMPOU3BOJACTBA, a I peallu3allvH,
Ipekae BCEro, HEoOXOAMMBbI (DMHAHCOBBIC, MaTepuajlbHbIC, TPYIAOBBIE U HWHBIC
peCypCHI.

OrpaHr4eHHOCTP BO BPEMEHHU MPEANONAracT 4YETKO ONPEICIICHHBIC HAdajo
Y OKOHYaHUE pealu3aluy IMPOEKTa, a CTPOUTENIbHAS MPOAYKLHMS, MOJyYEeHHAs
B PE3yNIbTaTe €ro pean3allii, BISETCS, KaK MPaBUiIo, YHUKaNbHON. Takum 0Opazom,
B HOBBIX YCJIOBHUSAX CTPOHUTENIBCTBO IMOAOOHOrO OOBEKTa MOTPEOYyeT IMepecMoTpa
TEXHUUYECKUX, KOMIIOHOBOYHBIX M APXUTEKTYPHBIX PEIICHUNM C LEJIBI0 MaKCHMAaJIbHOTO
MOJIYYEHUS] THBECTULMOHHOM npuObuIn. ClieyeT Takke OTMETUTD, YTO OTPAaHUYEHHOCTb
B pecypcax TOTpeOyeT O00s3aTeNbHOIO  YTBEPXKICHUS OmO/DKeTa 10  Hayaia
MIPOEKTUPOBAHUS U CTPOUTENIBCTBA.

Urto kacaercs OpraHu3alMy YIOpPaBICHHs, TO 3/1ECh CIEAYEeT paccMaTpuBaTh
IPUMEHEHNE METOJIOB NMPOEKTHOIO YNPAaBICHUS Il KOOpAUHAMKM OOJIBLIOTO YHCIia
YYaCTHUKOB CTPOMTEIBHOTIO Iporecca [3].

VYipaBneHre HWHBECTUIMOHHBIM IPOEKTOM B CTPOUTEIBCTBE HA COBPEMEHHOM
JTane — 3TO0 ocobas cdepa IEATEIBHOCTH, OOBEAMHAMOIMIAs OOIIME PHUHIIUIIBI
KOHTPOJISl 3a peanu3auuei npoekrta. Kak mpaBuiio, OHM BKJIIOYAIOT B C€0sl PUCKH
U Apyrue cnenuduyeckue TpeOOBaHMSI, XAPAaKTEpPHbIE ISl CTPOUTEIBHOM OTpaciu.
OObBIlYHO yclleX pealn3alid WHBECTUIIMOHHOIO TNPOEKTa B  CTPOUTEIHCTBE
U3MEpSIETCSl HE TOJNBKO (PUHAHCOBBIMM IOKazaTeslssMU [4], HO U CBOEBPEMEHHOMU
ciadyei 6e30MacHOro U Ka4YeCTBEHHOI'O OOBEKTA B SKCILTYaTalHIO.

Llenv  Hacmosweln pabomwsl 3aKiOYaIaCh B pa3pabOTKe MPEMJIOKEHUN
M0 COBEPUICHCTBOBAHUIO  CHCTEMBbl KOHTPOJS M  YNpaBIEHUs peaau3alnuen
MHBECTHUIIMOHHBIX MPOEKTOB B CTPOUTEIHCTBE.

MeToabl KOHTPOJIS

[Ipu peanu3anuu UWHBECTULMOHHOIO 3aMbIclia B CTPOMUTENBHOM cdepe
OCHOBHBIMM METOIAMH CHUCTEMbl KOHTPOJIA SBJSAIOTCS BU3YaJIbHBIA OCMOTP,
MHCTPYMEHTAJIbHBIE HW3MEpPEHUsT W JabOpaTOpHbIE WCIBITAHUS CTPOUTEIbHBIX
MaTepuaioB U KOHCTPYKLUM.

[Ipu pa3zpaboTke ¥ OpraHuM3aldd KOHTPOJS JOKYMEHTAllMU [POBOAUTCSA
MOHUTOPUHT TPaBUJIBHOTO BEJAEHUS JKYpPHAJIOB M MPOTOKOJOB, O(OpMIICHHUS
ne(EeKTHBIX BEIOMOCTEH, aKTOB CKPBITBIX padOT M AKTOB CAAYU-IPUEMKH PadoT.
B nponiecce  CTpOWUTENBCTBA  KIACCUYECKH  OCYIIECTBISIETCS  TPEXCTyleH4Yaras
CHUCTEMAa KOHTPOJIA Ka4yeCcTBa, BKIFOYAIOIIAs BXOJAHOU, ONIEPALlMOHHBIN U IIPUEMOYHBIN
KOHTpoJib. B HacTosiee BpeMsi Bce yalle NPUMEHSIOTCS COBPEMEHHBIE CUCTEMbI
uudpoBOro MOHMUTOpHMHIra [5], BKJIOYAs MAIIMHHOE 3pEHHe, Hucnoib3oBaHue 3D
CKaHEpOB, OECIMIOTHBIX JIETATEJbHBIX annaparoB (IPOHOB) U JIp.

O0cyxneHue pe3yabTaToB

[To naHHBIM JTUTEPATYPHBIX UCTOYHUKOB U COOCTBEHHBIX MCCIIEOBAaHUN aBTOPOB
CUCTEMa KOHTpOJsl, O€3yCIOBHO, OKa3blBa€T BJIUSHUME Ha 0€30MaCHOCTb
CTPOUTENTHLHOTO OOBEKTAa Ha BCEX AdTalax peaiu3alydyd MHBECTUIMOHHOTO 3aMbICIIA.
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IIpy 3TOM  yCIOBHO MOXHO BBIICIUTH TPU  HampaBlI€HUs Ha  IyTH
YCOBEPIIEHCTBOBAHUS ITOW CUCTEMBI:

— IPOrpaMMHOE  QITOPUTMHUPOBAHUE METONOJIOTMM  KOHTPOJIA C  YYETOM
CHEIU(PUKN TEXHOJIOTUU M OpPTaHU3aIlMU CTPOUTEIHLHOTO MTPOU3BOICTBA;

— BBISIBJICHHME OCHOBHBIX Mp0OJjeM U cOOEB B CHCTEME KOHTPOJISA M yNPaBICHUS
MHBECTULIMOHHBIM IIPOEKTOM;

— pa3paboTka NPEIJIOKEHUH IO COBEPUICHCTBOBAHUIO CHUCTEMbl KOHTPOJIS
Y YIPABJICHUS NHBECTULIMOHHBIM MPOEKTOM.

Brusinue cucmemvt KOHmMpONs Ha 0e30nACHOCMb 00beKma CMmpoumenIbLCmad.
Ha kaxxnom  stane  peasM3alid  MHBECTMLHOHHOIO  3aMbICIIa  NPOBEICHUE
KOHTPOJIbHBIX MEPONPUATHA HE TOJBKO JKENATEeIbHO, HO KpailHe HeoO0XOIMUMO.
Hanpumep, npu peanuzanuu NpeaUHBECTUIIMOHHON (Pa3bl MPOBOAATCS WHKCHEPHBIC
U3bICKAHUS, KOTOpbIE TIOMOTAalOT ClefaTh MPaBWIbHBIA  BBIOOP  IJIOIIAJKU
U OTIPEACIIUTh ONTUMAJILHBIN KOHCTPYKTUB (DyHAaMEHTa, YTO MO3BOJISIET B OyaylleM
u30exarh aBapudHBIX cuTyaumid. [lpu peanmszanum NpoekTHON (a3bl Takue
MEpOIPUATHS, KaK BXOJHOM KOHTPOJb NPOEKTHO-CMETHOW JTOKyMEHTauuu |[6],
CIOCOOCTBYIOT ~ CBOEBPEMEHHOMY  BBISBJICHUIO  HECOOTBETCTBUH  IPHUHATHIX
IPOEKTHBIX pEIIeHUuH TpeOoBaHMUsIM 3akazuuka. OcoOble BHUMaHHE U KOHTPOJIb
TpeOYIOTCSL MpHU OPraHU3alMOHHO-TIOITOTOBUTENIbHOM (haze W B TedeHue Qasbl
cTpoutenscTBa. MIMEHHO (ha3a CTpOUTENbCTBA SBISETCS HCTOYHUKOM Haunboisee
OIIAaCHBIX HAPYLICHUH, KOTOpPBIE MOI'YT IPUBECTU K CEPBE3HBIM IOCIEACTBUAM JIA
0€3011acCHOCTH 00BEKTa CTPOUTENBCTBA. B yCIIOBUSAX OrpaHUYEHHBIX MaTepUaIbHbIX U
BPEMEHHBIX PECYPCOB TAKUE SIBJICHUS, KAK OTCYTCTBUE TOJKHBIX MCIIBITAHHUM, 3aMEHA
MaTepHalioB 0€3 COIIaCOBaHMS C MPOEKTHOW OpraHu3alieil, a Takke HeCOOM0ACHHE
TEXHOJIOTUM  CTPOWUTEIBCTBA,  SBIAIOTCS  JIOCTaTOYHO  4acTeiMH.  KoOHTpoib
IIpU [TyCKOHANAI0uHOW (haze peanu3allid HMHBECTHLMOHHOTO IPOEKTa IO3BOJIET
BBIABUTH HA 3aKIIOYUTEIIBHOM JTale CTPOUTENIBCTBA HAPYLIEHUS B CHUCTEMax
MHXEHEPHOTo o0ecrneyeHus: 00bEeKTa CTPOUTENIbCTBA.

Ilpobnemvl cucmemvl KOHMpONs U YyNpasieHus: UHBECMUYUOHHBIM NPOEKNOM.
B pesynbrare aHamu3a aBTOpaMM BBIJCIEHBI CIEAYIOIIME KIHOUEBBIE CHCTEMHBIC
npoOJieMbl CHUCTEMBl KOHTPOJII W YIpPaBICHHUS HMHBECTHMLMOHHBIMU MPOEKTaMHU
B CTPOUTEIIBCTBE:

— pa3pelB  MEXKIy OXHIAHMSAMHU 3aKa34MKa W TPOCKTHBIMU PEIICHUSMH.
[IpyuriHamMu npoOiaemMbl JAHHOTO poAa SABIAIOTCSA: HEAOCTATOYHBIE JETaTu3alus
Y [IOJIHOTA ~ TEXHUYECKOr0  3aJaHus U1 IPOCKTUPOBIIMKA;  OTCYTCTBHE
(GopManM30BaHHBIX TpPeOOBaHMN K MarepuajaM W KOHCTPYKTHUBHBIM DELIEHUSIM;
OTCYTCTBUE TpeOOBaHUN K AIIEMEHTHOW 0a3e WHKEHEPHBIX CUCTEM; MPUMEHEHHE
ITPOEKTUPOBILUKOM PEIIECHUM, HE COITIACOBAHHBIX C 3aKA3YMKOM;

— HEed(PPEKTUBHBIA BXOAHOM KOHTPOJL MPOEKTHO-CMETHOM JOKYMEHTAIIMH
(ITCHI) co cTopons! 3aka3uuka. [I[puunHaMu 3Toil POOIEMBI SIBISIOTCS: OTCYTCTBUE
YETKO PENIaMEHTUPOBAHHOM OpPraHMU3allMU YIIPABIEHHUs NMPOECKTAaMU CTPOUTEILCTBA,
OTCYTCTBHE C(POPMUPOBAHHON KOMAH/bl CIEHUAIUCTOB IO HAMPABICHUSM C YETKUM
pa3TpaHUYECHUEM OTBETCTBEHHOCTHM 3a PpAa3Aeibl MPOEKTA; «HEMPAaBHIBHOE»
OTHOILICHHE 3aKa3uuKka K opranuzanuu kouTposs [1C/I.

Kak cmencrBue, ykazaHHas JOKyMEHTAUUs INEPENACTCS  TE€HIOAPSIIYUKY
0€e3 THIATEIbHOM TMPOBEPKM 3aKa3YMKOM Ha COOTBETCTBHE HCXOIHBIM TpPEOOBaHUSIM
1 0e3 MPOBEPKH Ha HAJTMYKE OIMOOK WM CIIOPHBIX peleHuid. B pesynbrare npoOneMsl
OOHApyKUBAIOTCSI TOJBKO Ha HTale CTPOUTENILCTBA WM 3aKyNKH MaTepHalioB,
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YTO OOBIYHO MPUBOJIUT K JUIUTENIBHBIM COITIACOBAHUSAM U3MEHEHHUH U K JOPOTOCTOSIINM
KOPPEKTHUPOBKAM MPOEKTHOM, pabouei 1 CMETHOM JIoKyMeHTauu [7, 8].

Ilpeonoscenus no cosepuienCmeo8aHU Ccucmemvl KOHMpPOAs W YIPaBICHUS
WHBECTUIIMOHHBIM MPOEKTOM. [l COBEpPIIEHCTBOBAHHSA CHCTEMBI KOHTPOJIS
Y yIpaBJI€HUA MNpPU peaii3allid WHBECTUIMOHHOIO IPOEKTa B CTPOMUTEIHCTBE
aBTOPAMU IPEMNIOKEHBI CIEAYIOIUE MEPOIIPUATHS.

1. Pa3paboTka periamMeHTa KOHTPOJS M YOPABICHUS HWHBECTUIIMOHHBIMU
npoekTaMu. B JaHHOM JOKyMEHTE HEoO0XOoAuMOo 0c000€ BHHUMAHHUE YACIUTH
MEPCOHAJIBHOM OTBETCTBEHHOCTH CO CTOPOHBI 3aKa3uWMKa 3a KaXAbld Ipouecc
peanr3anyy HHBECTUIIMOHHOTO MPOEKTA.

2. ®opMupoBaHue KoMmaHAbl npoekta. [Ipu dopMupoBaHMM KOMaHABI MPOEKTa
HEOOXOIMMO OIpPEAEIUTh PYKOBOAMTENS IMPOEKTa, HA3HAYUTh OTBETCTBEHHBIX
CHEUMATIMCTOB 3a KaXIbIA pa3/iesl IPOEKTHOW, padodyeil U CMETHOM JAOKYMEHTalWuu
[9]. KomaHa mpoekTa yTBEp»KaaeTcs MPUKA30M IO MPEIAIPUITHIO.

3. Pa3zpabortka wucuepnbiBatomiero Ttexuuueckoro 3amganus (T3). Ilpu ero
pa3paboTKe TMOMUMO (PYHKIIMOHAJIBHO-TUIAHUPOBOUHBIX IapaMeTpoOB  OObEKTa
(mtomanb, 00BEMHO-TNIAHUPOBOYHOE PEIICHUE M Jp.) JOJKHBI OBITh ONpENeIeHbI
CJIeIyIOIIME KOHCTPYKTUBHO-TEXHUYECKUE TPEOOBAHUS:

— TpeboBaHUS K CTPOUTEINBHBIM MaTepuallaM HECYIIUX, OTPaXJAroIINX
KOHCTPYKLIMM ¥ TPOYMX dJIEMEHTOB 37aHus ((yHIaMEHThI, TOPU30HTAJILHBIC
U BEpTUKAJIbHBIE D3JEMEHTHl Kapkaca, KpOBIS, CTEHbI, 3allOJIHEHUS MPOEMOB,
JIECTHULIBI, OJBI U Ap.);

— TpeOOBaHUSI K WHXCHEPHBIM CHCTEMaM, CIOCO0 MPOKIAJIKU, TPacCHUpPOBKA,
MapKW/TUIIBI Kalesel, TpyO, 3aopHO-PEryaupyroleld apMarypbl, CUIOBBIX MIKa(oOB,
IIMUTOB OCBEILEHUS, PO3ETOK, BBIKIIIOUATENIEH, CBETHJIBHUKOB, MPUOOPOB OXpPaHHO-
MOXKApPHOW CUTHAJIM3ALMU, CHCTEM KOHTPOJIS JOCTYyMA U T. [I.;

— TpeOOBaHMSI K UWHTErpaluu CTPOAIIEerocss oOO0OBbEKTa ¢ CYIIECTBYIOIIEH
HHPPaACTPYKTYypoOit MPEANPUSITHUS. Hampumep, TEXHUYECKUE yCIIOBHS
Ha MOJKJIFOYEHUE K ANEKTPUUECKUM CETSAM, CETIM BOJOCHAOKEHUS, TEMIOCHAOKEHUS,
KaHaJIU3allMl U OYUCTHBIM COOPYKECHUSIM, AUCIETYEPU3ALMUS CUTHAIOB OXPaHHO-
MOYKapHO# curHanu3anuu u T. 1. [10].

[IpoBenenune crpororo BxogHoro koHTpois [IC/I. IIpu mocrymneHun yka3zaHHBIX
JOKYMEHTOB OT TMPOEKTHOM OpraHu3aluy CHEUAIMCThl MO HalpaBlICHUAM
M3 KOMaH/bl MPOEKTa O00s3aTENIbHO JOJKHBI MPOBEPSATh HUX HA TMPEAMET HaIUYUs
OLIMOOK M COOTBETCTBUS TEXHUUECKOMY 3a/laHuio. Takxke HEoOXOIMMO NpPOBEPHUTH
HaJu4yhe BCEX HEOOXOAUMBIX YyKa3aHWM Il TEHIOAPSAHOM  OpraHU3alUH
0 BBITIOJIHEHUIO padoTr. Ocoboe BHUMaHUE HEOOXOAUMO YICIUTh HAIMYUIO
HEOOXOMUMBIX Y3JIOB, Pa3pe30B, pa3MEPOB, MPHUBI30K OCEU 3MaHUA U COOPYKCHHI
K F€0/Ie3UYECKON OCHOBE, a TaKXe MPOBEPUTh COOTBETCTBUE MATEPUAIOB U 0OOBEMOB
paboT B cMETHOM U paboyelt JOKyMEHTAIlUH.

3akJl04eHue U BHIBOJBI

B pesynprare mNpoBEACHHBIX HCCIEIOBAaHUN B OONACTH BIUAHUS CHCTEMBI
KOHTPOJISI TIPH  pealv3allid  WHBECTHIIMOHHOTO 3ambiciia Ha 0e30MacHOCTb
CTPOUTETHLHOTO 00BEKTa OBIIIO YCTAHOBIICHO CIIEYIOIIEE:

— BBISBIIGHBl OCHOBHbIE TIPOOJIEMBI B CHCTEME OpraHHM3alMud  KOHTPOJIA
Y yIpaBJeHUs UHBECTUIIMOHHBIMU ITPOCKTAMH B CTPOUTENHCTBE;

— ONpeNesieHbl OCHOBHbIE TMOCJEICTBHUS HEHAIJIEKAIIEr0 CTPOUTEIBHOTO
KOHTPOJISI, BEIPAXKAIOIIHUECS B 3HAUUTENbHBIX BPEMEHHBIX 33/I€P’KKAX, CPhIBAX CPOKOB
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BBOJla OOBEKTa B  OJKCIUTyaTallMio, T[epepacxoje (PUHAHCOBBIX  CPEJNCTB,
BO3HUKHOBEHUU HENPEABUJICHHBIX 3aTpaT U Jp. B KOHEYHOM HUTOre MEepEedrCICHHBIE
MIOCJIEACTBUA MPUBOIAT K yxyAmeHuto nokasarenern NPV, IRR u yBennuenuto cpoka
OKYITa€MOCTH MHBECTUIIMOHHOTO MPOEKTA;

— TPEIJIOKEHBI MEPHI IO COBEPIIEHCTBOBAHUIO CHCTEMbI KOHTPOJIS, MIO3BOJISIOIINE
MUHUMU3UPOBATh PHUCKH JIOPOTOCTOSAIIMX TMEPEACNIOK W  TMOBBIMIAIOIIME OOIIYIO
(P PEKTUBHOCTD YIIPABICHHSI MHBECTUIIMOHHBIMU MPOEKTAMHU B CTPOUTEILCTRE.
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MEXAHUYECKHUE XAPAKTEPUCTUKHU KOHCTPYKIIMOHHOI'O
KEPAM3UTOBETOHA

U. B. Tkauyk

MAQOWUL HAYYHBLU cOmPYOHUK, bpecmckuii 2cocyoapcmeenHvlil mexHu4ecKuil
yrusepcumem, bpecm, Benapyce, e-mail: vany_tkachuk@mail.ru
Hayynwl pykosooumens. 1. B. Kpusuykuti, k. m. H., 0oyenm, doyenm Kagpeopul
cmpoumenvHbix KoHcmpykyuii, bpecmckuti cocyoapcmeenubiii mexHuuecKuil
yuugepcumem, bpecm, benapyco

IIpeamer mnccaenoBanusi. Mopdosorus TpPEmMHOOOPA30BaHUS W XapakTep
pazpyliieHusi o0pasioB; 0COOCHHOCTH M MapaMmeTpbl CTPYKTYPbl KEPaM3UTOOECTOHHBIX
00pa3sIIoB.

Hesn. OcCHOBHOM LIENBIO paOOThI SABISIETCA U3yYEHHE OCOOCHHOCTEW NMPUMEHEHHS
JIETKUX OETOHOB B HECYLIMX M OTPa)KIAIOIIMX KOHCTPYKLHMAX, @ TaKkKe CIOCOOHOCTH
COITPOTHBJICHUS 33 JaHHBIM HArpy3KaMm.

Marepuaibl W MeTOAbL. DKCIIEPUMEHTAIBHBIE HMCCIEOBAHUS  BBINOJHSIUCH
C YUETOM BIMSIHUSL PELENTypHbIX (pacxola LEMEHTa, BOJbl, IOCJIEIOBAaTEIbHOCTD
3arpy3Kd  MarepuajioB) W  TEXHOJOTMYECKHX  (yI0OOYKIIaJIbIBAEMOCTb, BpeMs
MepEeMEIINBAaHUsl CMECH M BpeMsi €€ BUOpOYIUIOTHEHHs) (DaKTOPOB Ha MPOYHOCTHh HA
CHKaTHe.

Pe3ynbrarbl. BoilloHEH aHaIM3 MEXaHUYECKHX XapaKTEPUCTUK KepaM3UTOOETOHA
U OCOOCHHOCTEH CBOWCTB KPYITHOTO 3allOJIHUTEINS, BIUSIONINE HA TMOBBIINICHUE
IIPOYHOCTH Ha CXKaTue.

BobiBonbl. [lonydennbie JaHHbIE CBUJIETEbCTBYIOT pa3poO3HEHHOCTH
C JICUCTBYIOIIMMU HOPMaMH, YTO TpeOyeT AOMOJHUTEIBHOIO UCCIEA0BAaHUS MaTepraa
Y KOHCTPYKLIMH Yepe3 MPOBEICHUE HATYPHBIX UCTIBITAHUM.

BBenenue

JlocTraroyHO J0ArO€ BpEMsl CUMTAJIOCh, YTO JIETKUE OETOHBI MOIXOIAT
VCKIIIOYUTENBHO [UJI1 HEApMUPOBAHHBIX M3ICIMU W CTPOUTEIBHBIX KOHCTPYKLIMH.
JIJist mpon3BOACTBA TaKUX OETOHOB MCIMOJIb3YIOT MOPUCTHIE 3AMOJHUTENN Pa3IMYHON
bpakuuy, Kak MOPUPOJHOTO, TaK M MCKYCCTBEHHOTO MpPOUCXOXAeHHs. B pomnu
IIPUPOJAHBIX  3AllOJIHUTENENM  BBICTYNAIOT  IOPUCTBIE  TOPHBIE  IMOPOZBI,
c(OpMHpPOBaHHbBIE B PE3YyJbTAaTE BYJKAHMUYECKOM NEATEIbHOCTH JUOO OCaJ04YHBIM
nyteMm. [lpumepamu SBISIFOTCS ByJIKaHWYeCKuid mwiak u Tyd. MckyccTBeHHBIC
IIOPUCTBIE 3allOJIHUTENM, TAKUE KaK KEpaM3UT, aIvIONOpPUT, IEpPIUT U LUIAKOBas
nemMsa, MPOU3BOASITCS MOCPEICTBOM TEPMUUYECKON 00pabOTKHM MUHEPAIBHOIO ChIPbS.
CrouT OTMETUTH, YTO KEpAM3UT 3aHUMAET JHUAMPYIOUIYIO MO3UIHUI0 B 00BEME
MIPOM3BO/ICTBA MCKYCCTBEHHBIX 3allOJHUTENEH AJIsl JIETKUX OCTOHOB Ha TEPPUTOPUU
benapycwu.

AHanmu3 JAeCTByIOIIEd HOPMAaTMBHO-TEXHUYECKOM 0a3pl Ha TEPPUTOPUH
PecniyOnuku benapych B 4YacTu HpOEKTUPOBAHUS, MPOU3BOJICTBA U IMPUMEHEHHS
JErKUX OETOHOB, TpeOyeT aKTyaldu3allUud U CTPYKTYpHOU nopabotku. CoBpeMeHHas
0a3a HampaBlIeHa HA TPAJUIMOHHBIE METOJIbI IPOEKTUPOBAHUS U HE B MOJHOM Mepe
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YUUTBHIBAIOT COBPEMEHHBIE MaTepuaibl, MOAU(PHUIIMPOBAHHBIE COCTABbI U TEXHOJOTHH
U3TOTOBJICHUSI JIETKMX OeToHOB. OCHOBHBIE HAamNpaBiICHUS B YacTU JOPabOTKU
JOJKHBI OBITH HANpPaBJICHbl Ha aKTyalW3allMd W BHEAPEHUM METOJUK pacuera
U IPOEKTUPOBAHUS; CO3JaHuMe 0a3bl MCIOJb30BAHHUS COBPEMEHHBIX J100aBOK
Y KOMIIOHEHTOB; MOBBIILIEHUE TEXHUYECKON HAZIEKHOCTH MPOEKTHBIX PEIICHUIA.

O0630p anTeparypsl

MexaHnyeckre XapaKTepUCTUKU KepaM3UTOOeTOHa (DOPMHUPYIOTCS B MPOIIECCE €T0
paboThl MO AEHCTBUEM HArpy30K M B HaUOOJbIIEH CTENEHU OMNPENENISIOTCS TaKUMU
napaMeTpamu, Kak MpoYyHOCTh U MOAYJIb AepopMaiuii. B cOOTBETCTBUU € TOJOKEHU-
MU JCHCTBYIOIIUX TEXHUYECKUX HOpMATUBHBIX MpaBoBbiX akToB (THIIA) [1], mpou-
HOCTh KepaM3UTOOETOHA OIIEHWBAETCSI MPU BO3JACHCTBHM PA3IMYHBIX BHUIOB Harpy-
30K — IPEUMYILIECTBEHHO NP CKATUHU U PACTSKEHUU.

Ha npoyHoCTh KepamM3uTOOETOHA BIMSET KPYMHOCTh KEpaM3HUTa, YTO MPUBOIAUT
K YMEHBLIECHUIO KPYMHOCTH KEpaM3HTa B KOHCTPYKLIMOHHOM KEepaM3UTOOETOHE,
10 BO3MOKHOCTHU. [IOMBITKH NOTyduTh 00JIe€ BHICOKYIO MapKy OETOHA ITyTEM yBEIU-
YEHHUS pacxoja LEMEHTa 3a CYET YMEHBIICHHUs pacxo/a MecKa WIHA IIyTeM IOBBIIIe-
HUS aKTUBHOTO BSDKYIIETO, TpUMEHEHUS! 3P (HEKTUBHOCTH TEIUIOBOM 0OpaOOTKHU U T.
1. IpakTU4Yecku Majo 3 ¢pexktuBHbl. Clie10BaTENbHO, B OTINYUE OT O€TOHA HOpMAaJib-
HOT'O Beca, Ha MPOYHOCTh KOHCTPYKLIMOHHOI'O KEPAM3UTOOETOHA OKa3bIBAaET OO0JIBIIOE
BIIMSIHUE MTPOYHOCTH CAaMOT'0 3aIIOJIHUTENS — KEPaM3HUTA.

O030p JIUTEpPaTYypHBIX MCTOYHHMKOB IO JTAaHHOMY BONPOCY IMOKa3aj CIEIyIOLIue
(akThl, yCTAHOBJICHHBIE UCCIIEIOBATEISIMU:

— CcorJIacHO [2] MpOYHOCTh TaKUX OETOHOB HEJIMHEWHO CBsI3aHA C UX IMJIOTHOCTHIO,
a TIOBBILLIEHUE MTPOYHOCTH JIETKUX OETOHOB B OCHOBHOM 0Oa3MpyeTcsl Ha MOBBIIICHUN
IIPOYHOCTH, IUNIOTHOCTH U KECTKOCTH LIEMEHTHO-TIECYaHON MaTpPHIIBI;

— HAa OCHOBAaHWM MPOBENCHHBIX uccienopanui M. H. AXBepaoB aenaer BBIBOI,
«... YTO MPOYHOCTH JIETKUX OETOHOB 3aBUCUT, B OCHOBHOM, OT aKTUBHOCTH LIEMEHTAa
U TOPHUCTOCTH BCEW CHCTEMbI, KOTOPYH, KaK H JJs OOBIYHBIX OETOHOB,
npenonpenenser B/L] coorHomenue» [3];

— I'. A. byxeBuu [4] oTMEYaeT, YTO «... CBOMCTBAa KPYMHOMOPUCTOTO OETOHA,
B IIPUHIIMIIE, 3aBUCAT OT TeX k€ (PaKTOPOB, YTO M CBOMCTBA IJIOTHBIX OETOHOB:
OT BHA 3alONHUTENS, pacxoga MX Ha | M° 6eToHa, CrocoGOB MPHIOTOBICHHS
U yKIaJKu OETOHHOW CMecH, ycioBHM TBepAeHHs U 1p. OIHAKO, BIUSHUE 3THUX
(GakTopoB B ciyyae KpYIMHONOPUCTBHIX OETOHOB Ha MOPUCTHIX 3alOJHUTENSIX
HECKOJIBKO CIIEIU(DUIHOY.

MarepuaJjbl 1 MeTOAbI

Jlerkuii OETOH SBJISETCS CIOXKHBIM MHOTO(YHKIIMOHAJIBHBIM MaTEpUAIOM,
KOTOPBI JIOJDKEH MMETh IUIOTHYI0, CIUIOIIHYIO CTPYKTYpY, MHHUMAaJIbHYIO
IJIOTHOCTh, JOCTAaTOYHYIO MPOYHOCTh, UYTOOBI OOECIEUUTHh TPEeOyeMyl0 HECYIIYIO
CIIOCOOHOCTh, @ TAKXE OTJIMYAThCSl MOBBILIEHHOW YCTOWYMBOCTBIO K BO3ACUCTBUSIM
arMoC(hEepHBIX OCAIKOB.

B kauecTBe 3amonHuTeNneld B TaKMX OETOHAX MPUMEHSIOTCS MaTepuaibl MUHE-
PaTbHOTO MPOUCXOXKIEHUS C 3epHAMU MOPUCTOM CTPYKTYpPHI, 00J1aarolue MiIOoTHO-
CTBIO B CyxoM cocTtossHuu He 6osee 2000 Kr/M> uin HACBHITHOM TJIOTHOCTBIO HE BHIIIIE
1200 xr/m*. DT 3aMONHUTENN MOTYT OBbITh KaK NPUPOAHBIMU, TaK U MOJYYEHHBIMU
HCKYCCTBEHHBIM ITyTEM.
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HccnenoBanrne MEXaHMUECKUX XapaKTEPUCTUK COCTOSIIO M3 YETHIPEX KITHOYEBBIX
JTAIoB:

sran 1 — aHaIM3 MEXaHUYECKUX  XApPaKTEpUCTUK  Kepam3uToOeTOHa
M OCOOEHHOCTEH CBOMCTB KPYMHOTO 3allOJIHUTENSI, BIUSIONIMNE Ha TMOBBIIICHHUE
MIPOYHOCTH HA C)KATHE;

aTan 2 — OIEHKa MPUTOJAHOCTH HMEIOIIETOCs KEePaM3UTOBOTO 3alOJIHUTEIS
Ha pbiHKe  TpousBoguTenet  PecnyOnmuku  bemapych st M3rOTOBIEHUS
KOHCTPYKIIHOHHOTO KePaM3UTOOETOHA;

— 3Tan 3 — aHajdu3 HAayYHO-TEXHUYECKOW IuTeparypbl B OONACTH H3YYCHUS
ONTUMAJIBHOTO MPOEKTUPOBAHUS COCTaBa KEPAM3UTOOETOHHON CMeCH, YCTaHOBIICHUS
KPUTEPUEB ONTHUMATBHOCTH U KOJIMYECTBEHHBIX 3aBUCUMOCTEH MEKy HUMH, a TAKKE
BJIIMSTHUIO TEXHOJIOTUYECKHUX (DaKTOPOB;

— 9T1an 4 — 3KCIEepPUMEHTAIbHbIE UCCIIEIOBAHUS C YUETOM BIMSHUS PELENTYPHBIX
(pacxoma  ueMeHTa, BOJbl, IOCJIEIOBATEIbHOCTh  3arpy3Kd  MaTepuajoB)
Y TEXHOJIOTHYECKUX (YIOOOYKIaapIBAEMOCTh, BPEMS TIEPEMEIIIMBAHUS CMECH U BPEMsI
ee BUOPOYIIOTHEHHMST) (PAKTOPOB HA MPOYHOCTh HA CXKATHE.

W3 npoBeIeHHOTO aHaIn3a UMEIOIINXCSA UCCIIEJOBAaHUM B BOIIPOCE ONTUMAIBHOTO
MIPOCKTUPOBAHMSI COCTaBa KEPAM3UTOOECTOHHBIX CMECEH CTAHOBHUTCSI OUYCBHIHBIM, UTO
METO/IMKa TO0JI00pa COCTaBa KOHCTPYKTHUBHBIX JIETKUX OETOHOB HAa KEPaM3UTOBOM
I'paBUM BEChMa YCJIO)KHEHA B CPAaBHEHHUH C MOJI0OPOM cocTaBa O€TOHAa HOPMAJIbHOIO
BECA M3-3a 3HAYUTEIBHOTO KOJEOAHUS 3HAUCHUN Y1000yKIaAbIBAEMOCTH KEPAM3UTO-
O0eToHa BBUIY CBOEH OCOOEHHOCTH OBICTPOM MOTEPH MOJBHKHOCTU IO NMPUYUHE TO-
TJIOIICHUS BJIATH 3aIIOJIHATENIEM, a TAaKXKe 10 MPUYMHE TPYAHOCTH TOYHOTO pacdyera
B/1] cooTHOMmIECHUS.

Pe3yabTarsl ncciienoBanusi

Bomnpoc onTuManbHOW TEXHOJOTHM W3TOTOBJICHUS KEPaM3UTOOETOHHBIX CMECeu
3aHUMAET OOJBIIYI0 POJh B BO3MOYKHOCTH JOCTHKEHHUS TPEOYEMBIX MPOYHOCTHBIX
KauecTB, DTy 3a/1auy MPaKTUYECKH PEIIAl0T, KaK Ha TEXHOJOTUYECKUX JIMHUAX 3aBO-
JIOB-M3TOTOBUTENIEH KEPAaM3UTOBOTO TPaBUs, TaK U HAYYHbIE OTEYECTBEHHBIC U 3apy-
OexHbIE JTA00PATOPUH.

[enw 3aximrouanach B U3YUYEHUS! BIUSHUSA T€OMETPUUYECKHUX MapaMeTpoB ((POpMBI,
pa3MepoB) HaA MEXaHUYECKHUE XapaKTEPUCTUKHU, a HUMEHHO, Ha TPOYHOCTh, HAa CXKATHE.

[To pesynmpraTam »SKCIEPUMEHTOB OBUIM YCTAHOBJICHBI JIy4IIHME IOKa3aTeNn
MPOYHOCTH TPU YHAKOBKE KEPAaM3UTOBOTO 3arlOJHUTENS] B COOTHOIIEHWU 65 %
KepaM3HUTOBOTO 111e0Hs 1 35 % KepaM3UTOBOTO TecKa.

[Tocne oOpa®oTKM pe3ynbTaToB ObUT MOMYyYeHBI Tpa@uku HaOOpa MPOYHOCTH
00pasiioB, KOTOPHIE MTPEIOCTABICHBI HA PUCYHKE 1.

Kak paccmarpuBaeTcsi B HOpMax [5] ompezeneHue MpoUYHOCTU OETOHA Ha CKaTHe
R, Mlla, BeruucisioT ¢ TouHocThio 70 0,1 mo ¢popmyre

F
R=a N Kw,
rae F — paspymaromias Harpyska, H;

A — momanp pabodero ceueHus oopasia, MM

o — MacmTabHbI KOdDPUITMEHT IJIs1 TPUBEIEHUS TPOYHOCTH OeToHA B 00pasmax
0a30BbIX pa3MepoB U (POPMBI;
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Ky — monpaBo4HbIN K03G(UITUEHT I SYeUCTOro 0€TOHA, YUUTHIBAIOIIUNA BIIaXK-

HOCTb O6p33HOB B MOMCHT HUCIIBITaAHUA.

IIpouHocTh Ha c:KaTHE,
MIIa
P P DN W W
o ulo vt SO

o o

—0— Ky0n1

20
CyTku

30

Pucynoxk 1 — I'paghux nabopa npounocmu ucnwvimuléaemvix 00pazyos

[lo naHHBIM COOCTBEHHBIX IKCIEPUMEHTAIBHBIX UCCIEIOBAHUNA OBLIO MOJIYYEHO,
gyT10 Kod(PurmenT o coctasuia 0,67...0,72, 94T0 CBUAETEILCTBYET O HEKOTOPHIX pac-
xoxkaeHusax ¢ JanabiMu THITA, mosTomy Tpedyercs ero yrouHeHHe 11l KOHKPETHBIX

coctaBoB (Tabnuma 1).

Ta6auna 1 — Macmradbubie koaddunuents (corimacao 'OCT 10180-2012 [5])

Macwrabxbie ko3pPUUMEeHTHI NPU UCNILITAHAK
Ha Cxatuwe Ha pacTaxeHue npu Ha pacTAXeHue | Ha ocesoe
®opma u paamepsl obpasua, MM 8cex supos packansiBaHuu y npu usrube pacTaxeHue
beToHoB, TAXENnoro B
Kpome TAXENoro MEernKo3epHUC- GeToHa &
AYSUCTOro o betoxa Toro Getona
Kyb (pebpo) unu kBagparHas npuama
(cTopoHa nonepeyYyHoro ceyeHus)
70 0,85 0,78 0,87 0,86 0,85
100 0,95 0,88 0,92 0,92 0,92
150 1,00 1,00 1,00 1,00 1,00
200 1,05 1,10 1,05 1,15 1,08
250 1,08 - - 1,25 -
300 1,10 — — 1,34 —
LinnuHapbl [aMameTp X BbICOTY (AnuHy)]
100x200 1,16 0,98 0,99 - -
150x300 1,20 1.13 1,08 — —
200x400 1,24 — — —
250x500 1,26 - - . -
300x600 1,28 — o — —

MpumeyaHusn

pebpom anHon 100 mm — pasHbim 0,95.

1 [ina auemcToro GeToHa co cpeaHeit NNoTHOCTbo MeHee 400 kr/M® MaclTabHbIn KO3(MUUMEHT o NPUHUMa-
10T pasHbiM 1,0 He3aBUCMMO OT pasMepoE U hopmbl 06pa3L0B.
2 Ina sueunctoro HetoHa co cpeaueit nnotHocTbEo 400 kr/m> 1 Bonee macwTabHbiil Ko«pdUUMEHT o anA
BblOypeHHbiX 06pa3yoB-UMNUHAPOB AMAMETPOM U BbiCOTOW 70 MM 1 BbiNnNeHHbix 0bpa3yos-kyboB ¢ peDpom AnuHOM
70 mm npurumasoT pastbim 0,90, ana ofpa3uyos-yunuHOpos guameTpcM U Bbicotoit 100 mm 1 0bpasyos-ky6os ¢

3 MNpnmeHeHNe 3KCNepUMEHTanbHbIX MaclTabHbix ko3dduumeHToB o, B, Y U & no npunoxeruio J1, oTnuyaio-
LMXCA OT EQMHU Ubl B CTOPOHY YBENMYEHHUA MNK yMeHblseHus Donee yeM 3TO yka3aHO B HacToswen Tabnuuye ans
oTAenbHbIX BUAXB DETOHOB M pasmepos 00pa3yoB, He AOMyCKaeTCA.
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BriBoambl

[Ipounocts U A€POPMATUBHOCTH OETOHA OMPENENAIOTCS, INIaBHBIM 00pa3oM,
CTPYKTYpOH U CBOWMCTBAMHM IIEMEHTHOTO KaMHs, KOTOPBIA CKpEIUIseT 3epHa
3alOJIHUTENIE B MOHOJNUT. B mocneanee Bpemst ObUIO TOKa3aHO, 4YTO MyTEM
MPUMEHEHUSI TEX WJIA WHBIX TEXHOJOTHYECKUX IPUEMOB, HANpUMEp, aKTHBAIHCH
IIEMEHTHOTO TEeCTa WJIM BBEICHUEM J00aBOK, MOXXHO 3HAYUTEIBHO W3MEHUTH
IPOYHOCTh U JepopMaTuBHOCTh OeToHA. B OTHenbHBIX cilydasx CBOMCTBa OeTOHa
u3MeHsuich B 1,5...2 paza. CpoiicTBa 0OeTOHa CYIIECTBEHHO 3aBUCAT OT BHJA
M Ka4eCTBa 3aloJIHUTENS, a Takke OT €ro cocraBa. [IpodHocTH OETOHOB,
NPUTOTOBJICHHBIX HAa IIEMEHTE OJMHAKOBOIO KauecTBa, IMpPU IOCTOSTHHOM
BOJIOIIEMEHTHOM OTHOIIEHWH, HO Ha pa3HBIX 3alOJHUTENSIX, MOTYT OTIMYaThCA
B 1,5...2 pa3za.

Pe3ynprar wuccimenmoBaHMM  MOKA3bIBAET BO3MOXKHOCTh  MOJYYEHHS JIETKHX
KOHCTPYKIIMOHHBIX ~ OETOHOB HAa OCHOBE KEpaM3UTOOETOHa C  BBICOKUMU
MEXaHMYECKUMHU XapaKTEPUCTHUKAMH, KOTOpble oOecreyaTr CHIKEHHE COOCTBEHHOTO
BEeCa DJIEMEHTOB M3 JIETKMX OETOHOB M YMEHBIIAT Pacxoj MaTepHuajioB, a TaKke
CTOUMOCTD MPOEKTA Ha JAPYTUX dTarmax padorT.
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YTUWINBALINU OCAAKA CTOYHBIX BOJA B KAYECTBE
KOMIIOHEHTA CTPOUTEJIBHBIX MATEPHUAJIOB

E. A. Ypeyxuii', B. B. Mopos®

'pyiIT «benopycckuti 2cocyoapcmeennulii npoekmuulil uHcmumymy, Bumeock,
benapycs, e-mail: euretsky@yandex.by
2k. m. 1., Qoyenm, 3a6. kagedpoii npupodoobycmpoiicmea, Bpecmcexui
2ocyoapcmeennvlil mexHuieckuu yHusepcumem, bpecm, benapyco,
e-mail: vovavall@mail.ru

BBenenue

Ha psane npennpusituii MammHO- U OpUOOPOCTPOCHHS pecnyOsuKu mpodiiema
BBIJICTICHUS U3 CTOYHBIX BOJI IPOU3BOJCTB 3alIUTHBIX MOKpbITUi (I1311) u nmeuatHbIx
riat (III1I1) KoMIOHEHTOB, coAepKalUX HOHBI TSDKENBIX M ILBETHBIX METaUIOB
B BUJIE FaJIbBAHOIILJIAMOB B OCHOBHOM PEUIEHA, OJIHAKO CO3/1aBa€MbIE€ OTXOAaMU MpPO-
Onembl 10 cux mop He penreHs [1, 2]. llenTpoB s npuema u nepepaboTKH rajabBa-
HOIIIAaMOB KpaifHe MaJlo, a JOCTaBKa M CTOMMOCTh TaKOW MepepaboTKH Ha HUX
IUISL IPEANPUATANR  UCKIIOYUTENbHA Jopora. IIpy 3TOM BBIBO3 TajBaHONLIAMOB
Ha MOJIUTOHBI, MPEIHA3HAYCHHbBIC TOJBKO IS pUeMa OBITOBBIX OTXOJI0B, TPUBOJIUT
K TOMY, 4TO TOJ BO3JECUCTBHEM aTMOC(EPHBIX OCAAKOB (Jake MpHU OTPaHUYCHHOM
PacCTBOPUMOCTU THJIPOKCUIOB TSDKEIBIX METAIOB), MPOUCXOIUT 3arps3HEHHUE I0-
BEPXHOCTHBIX U TIOJI3¢MHBIX BOJI, @ TAK)KE PACTUTEIBHOTO cJios mouB [1, 2].

O030p JuTEpaTYpHI

MHorue BHUIBI OTXOJOB, HE OTHOCAIIHUECS K KATETOPUU CUIBbHOTOKCHYHBIX,
B HACTOSIIIIEE BPEMS €IIE€ JIOBOJIBHO YacTO CKIAAUPYIOT B MOBEPXHOCTHBIX XPaHUIIU-
11aX, YTO CBSI3aHO C OTUYXJEHHUEM OOJIBIINX 3E€MEJIbHBIX IUIONIaJeH, 3arpsi3HEHUEM
MOBEPXHOCTHBIX U MOJA3EMHBIX BOJ U ABJISETCA IKOHOMUYECKH HeomnpaBaaHHbIM. O1-
HUM M3 BO3MOXHBIX METOJOB YTHJIM3alUM OCA/Ka rajbBAaHOIIJIAMOB SIBISIETCS HUC-
MOJIb30BaHKE €r0 Ka4yeCcTBE J00ABKU B CTPOUTEIIbHBIC MaTepuabl [ 1-5, 7].

MarepuaJjbl 1 MeTOAbI

Bce 00pasiiel 0caikoB CTOYHBIX BOJI MPEJICTABIISIIOT CO00M MacTo00pa3Hyo Maccy
¢ BIaxHOCThI0 OT 50 10 75 %, pH = 8—10 u BiIIOYArOT B c€0s1 TUAPOKCUJIBI PA3TUY-
HBIX METAJUIOB W JPYIMX MHHEPAIbHBIX M OPraHWYECKUX 3arps3HEeHuil. AHaIu3
0 XUMHYECKOMY COCTaBy ocajika npoBoawicsa Ha cnekrporpade UCII-00, a taxxke
Ha aToMHO-aOcopOImoHHOM crnektpodoromerpe AA No-1. UyBCTBUTEIBHOCTH
¥ omuOKa OTNpeesieHUs YAOBJIECTBOPSET YCIOBUSM CIIEKTPAIbHOTO METO/Ia aHan3a.
[IpoBeneHsl HCClIETOBAaHUS OCHOBHBIX CBOMCTB OCajKa: 30JIbHOCTH, BIAXKHOCTH,
MJIOTHOCTH, KOHIIEHTPALIMK, YIEILHOIO CONPOTUBIICHUS. be30macHOCTh N3TOTOBJIEH-
HBIX M3JIeNIi MOJTBEPKJIECHAa benopyccKMM rocyaapCTBEHHBIM HAYYHO-UCCIEN0BA-
TEJIbCKUM WHCTUTYTOM CAaHUTApUM U TUTHEHbl. OO0paboTka W yTUIU3AIUS KUIKUX,
MacTo00pa3HbIX OTXOJI0B MPOU3BOJICTB, OCAJAKOB, MOJIy4aeMbIX MPU 00pabOTKe CTOU-
HBIX BOJI, PEJICTABIISET CIOXKHYIO TIPOOIEeMy.

[Ipu npoBeneHUU UCCIEAOBAaHUN B KaueCTBA OCHOBHOT'O TJIMHUCTOTO CHIPbSl HC-
MOJIb30BAIMCH KPACHOXKTYIIMECS CEPOCOAEPIKAIINE TIIMHBI MBI3UHCKOTO, Y3KOBCKOTO
n borpanoBuuckoro MectopoxkjaeHuil. B kauecTBe 100aBKU K TJIMHUCTOMY ChIPBIO
HCIIOJIB30BAIMCh OCAJKU CTOYHBIX BOJI.

201


mailto:euretsky@yandex.by
mailto:vovavall@mail.ru

JIJ1s TaHHBIX KEPAaMUYECKUX MAcCC OLIEHUBAJACh TUIACTUYHOCTD, MIPees MPOYHOCTH
MIPU C3KATHUU, BOJOIOIIIONICHUE, & TAKKE KOJIUYECTBO BOJIOPACTBOPUMBIX COEIUHEHUN
B 000XKEHHOM Matepuaiie. Maccol ooxkuranuch rpu remmeparype 1000-1050° C.

OCHOBHBIMM KOMIIOHEHTAMHU CBIPbEBOM CMECH [l MPOU3BOJICTBA JIMIIEBOTO
CTPOUTENILHOTO KUPIIHYA SIBJSJIACH TJIMHA, OTOLIUTENb U OCAJOK CTOYHBIX BOJI rajib-
BaHUYECKOIO NMPOU30/ICTBA.

Kuprninu dopmoBascs u3 cblpbeBOil Macchl, coaepxainiet 85 % raunsl u 15 %
OTOITUTENSI CO cTeneHbio aeruapartaruu 75—70 %. Il moaroToBKY CHIPHEBOM Mac-
Chl JIUIIEBOTO CJIOSl TJIMHY COBMECTHO C OCAJKOM CTOYHBIX BOJ, B3SITBIX B COOT-
BETCTBYIOIIIEH MPOMOPIMU B pacyeTe Ha CyXO€ BEIIECTBO, PacCIyCcKalud B BOJE
npu BraxHocTu 42—44 %. [lomydeHHbIH NUIMKep TIIATENBHO MEepeMeNInBaii, Cylu-
7Y, UW3MeNbYyaid, IOCJAE YEero CMENIMBAIIA C OTOIIUTENEM, U  YBIAXKHSIU
10 BiaxkHoctu 21 %. OrtouureneM Macchl SIBISUICS MECOK C MOJYJIEM KPYHMHOCTH
1,8-2,1, mamoT (MOJIOTbIE OTXOJbI O0KUTA) WU JETUAPATUPOBAHHAs TJIMHA MECTO-
poxnaeHus «I'epmonb». CMech BbUIEKUBAIM 72 4aca U HAHOCUIIU CIIOEM 5 MM METO-
JIOM JBYXCJIOMHOTO MPECCOBAHUSI HO OJIHY U3 JIOKKOBBIX M OJIHY THIYKOBBIX IpaHen
KUpIAYa. 3aTeM KUPIHUY CYyIIWIU U oOxuranu rpu temmneparype 950° C u 1000° C.

Pe3yabTarhl ccieoBaHus

B pe3ynbpTaTe mpoBEeNEHHBIX UCHBITAHUN YCTAaHOBJIEHO, YTO IPHU UCIOJIB30BAHUU
B KQUECTBE KOMIIOHEHTAa KEpPAaMHUUYECKOW MacChl OcCaJka CTOYHBIX BOJ
OT MPOU3BOJICTBA 3AIUTHBIX IMOKPBITUM B KonuuecTBe 4—15 % mocturaercs cie-
nyouuii 3pdext:

— o0ecrieynBaeTCsi 00€3BPEKUBAHUE OTXOMAIIUX TPHU OOKHUIe KepaMHUECKUX
MaTEpHAJIOB Ta30B 3a CUYCT CHIDKEHUS BBIICICHUN OKCHIIOB cepbl Ha 68—89 %, uro
yAy4IlIaeT CAHUTAPHO-TUTUEHUYECKUE YCIOBUS TPYA;

— YMEHBIIAETCA KOJIMYECTBO PACTBOPUMBIX COCAUHEHUNH B OOO0KKEHHOM
Marepuaje, 4To CIOCOOCTBYET YMEHBIIICHUIO BBICOJIOB Ha TMOBEPXHOCTH H3JEIHM,
VAYYIICHUS] CLUEIUICHUS MaTepuana C pPacTBOPOM U CHIDKEHUIO KOPPO3ZUPYIOIIUX
AIIEMEHTOB;

— YBEIIMYMBACTCA MEXaHWYeCKash MPOYHOCTh ChIPIAa U OOOXIKEHHBIX H3MIETUH,
a Tak e YJIy4llarTcs NOKa3aTeIn BOAOOIIOEHUS;

— yhaydmarTcs  (OPMOBOYHBIE CBOMCTBA MacChl 3a CUYET TOBBIMICHUS
MJIACTUYHOCTH, YTO OCOOEHHO Ba)KHO MPU MPUMEHEHUHN HU3KOIJIACTUYHOTO ChIPhS.

Jlst uccienoBaHHBIX 00pa3IoB OIEHWBANIACh TJIACTUYHOCTh, BOJOMOTJIONIECHUE,
HACBIMTHAs Macca U KOJMYECTBO BBIICIIEMbBIX OKCHUIOB CEPHI B 000X KEHHOM MaTepH-
ane. J[aHHbIE KepaMUUECKUE MACChI, UCTIOIb3YEMbIC NJIs MOJYUYCHUS] KEPaM3UTOBOTO
rpaBus, oOxuranuck npu Temmepatype 1100-1170° C.

[Tpu uccnenoBanuu 3PGHEKTUBHOCTH MPUMEHEHHUS JOOABKU OCaJKa CTOYHBIX BOJ
B MPOU3BOACTBE (acagHON KEPAMUUECKOM MIIMTKH OCHOBHOM CHIPHEBON CMECHIO SB-
Jsiach U3BECTHAs MAcca Ha OCHOBE IVIMHBI M OTOLLUTENS, TONOJHUTEIBHO COAepkKa-
mux ocaxok ctouHbIX Box oT 11311 u IIIIT u cMmentanHbIi OcagoK.

KpoMe Toro, ocaiok CTOYHBIX BOJ| FaJIBAHMYECKOTO ITPOU3BOJICTBA UCCIIECIOBAJICS
B KauyeCTBE 3aMEHUTEN Kpacutens [6, 7]. [Ipu ncmosib30BaHUM Ocaaka rajbBaHHuYe-
CKOT'O TIPOM3BOJICTBA B KAUECTBE KPACUTEISI MTOKA3aTEIM KauecTBa TUTMTKU (acaHON
HE YCTYHAaloT MOKa3aTeJsIM IIPU UCIIOIb30BAHUU CTAaHJAPTHOTO KPACHUTEIS.
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BoiBoabI

Ha ocHOBaHMUM TPOBEAEHHBIX MCCIEAOBAHUN U MPOU3BOJCTBEHHBIX HUCIIBITAHUN
MOYHO CJIEJIaTh CJIEIYIOIINE BBIBOJBL.

1. Ocagku CTOYHBIX BOJ OT MPOM3BOJICTBA 3ALIUTHBIX MOKPBITHH, a TaKkKe CMe-
IIAHHOTO OCaJKa PEKOMEH]IyeTCs UCIOIb30BaTh B KAYECTBE JOOABKU MPHU MPOU3BO/I-
CTBE KEPAMUUYECKUX CTCHOBBIX MaTEPHUAJIOB M MOPUCTHIX 3aMOJTHUTEICH.

2. CoipbeBasi cMech ¢ J00aBKOM 0Ocajika CTOYHBIX BOJI JIJIs JIULIEBOTO CJIOSI CTPOU-
TEJIBLHOTO KHUPIHYa MOKET OBITh MCIOJIb30BaHA NPHU MPOU3BOJACTBE JBYXCIONHOTO
KUpIUYa U KEPAMUUYECKOTO KaMHS HIITMKEPHBIM CIIOCOOOM.

3. Ilpu oGxure uzpenuii npu 950° C obecneynBaeTcs MOMYUYEHUE MPOIYKIIUU
C KaUeCTBEHHBIMU TMOKA3aTEsIMU, aHAJIOTUYHBIM IOKAa3aTeNIsiIM W3CINM Ha OCHOBE
M3BECTHBIX Macc, KoTopble ooxuraroT npu 1000° C,

4, T1py ucnosb30BaHUU BBICYIIIEHHOTO OCa/iIKa CTOYHBIX BOJ| TEMIIepaTypa 00KuUra
U3AeIMid MOKeT ObITh CHIDKeHa Ha 50° C, 94To 00€eCI€YHT PKOHOMHIO TOIUIMBHO-
DHEPreTUYECKNX pecypcoB B konudectBe 3040 Kr ycCIOBHOrO TOIUIMBA
Ha 1000 mTyk kuprnuya.

5. Kepamuueckasi Macca, U3roToBJICHHas ¢ JoOaBKamMu ocajika cTouHbIX Boa 1311
u IIII1, cnocoOCTBYET MOBBIMIEHUIO IPOYHOCTH MPHU CKATUU HA 1—2 MapKH, yMEHb-
IICHUIO  BOJIOINOIVIOIIEHHUS U YBEJIWYEHUIO  MOPO30CTOMKOCTH  W3AEIHM
B 1,5-2 pa3a, 0IHOBPEMEHHO yJIYYIIICHUIO X BHEITHETO BUJIA U PACIIHMPEHUIO I[BETO-
BOM FaMMBI.

6. Jlo6aBnenue ocaaka ctounbix Boja 1311 u II1I1 B ceipheBbIC cMecH IS PSAIOBOTO
KUPINHUYa, TUTUTKA KepaMUYecKor (acaaHoM, rpaBusi KEpaM3UTOBOIO, a Takke OeToHa
JIETKOT'O Ha TIOPUCTHIX 3alOJHUTEINSAX B npefaenax 5—15 mac %, obecrnieunBaeT mnoiayde-
HUE KOJIOTMYECKH O€3BPEIHOM MPOIYKIIUH, TTOJIHOCThIO OTBEYAIOIICH TPeOOBaHUSIM €¢
0e30MacHOM 3KCILTyaTalliy JUIs 3I0POBbs YesloBeka [4, 5].
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BU3YAJIBHOE ITPOT'PAMMMUWPOBAHMUE B [IPOI'PAMMHBIX
KOMIUVIEKCAX BIM-MOJAEJIMPOBAHUA

U. JI. Yepnaeckuii

MAQOWUL HAYYHBLU cOmPYOHUK, bpecmckuii 2ocyoapcmeenHvlil mexHu4ecKuil
yrusepcumem, bpecm, Benapycw, ilya.chernyavski@gmail.com

IIpenmer  wucciaenoBanusi.  ABTOMaruM3auusi  PYTMHHBIX — ONEpalldid  MpU
uHbOpMAIIMOHHOM  MojienipoBanun  3daHuid  (BIM), B dacTHOCTH, TIpOIIECCOB
oopMIIeHUSI TPOEKTHOM JOKYMEHTALIUH.

Hemn. Cokparienue Tpyno3arpaT M MUHUMM3AIMS OIMIMOOK Mpu  O0GOPMIICHUU
MIPOEKTHOM JIOKYMEHTAIMK 32 CYET pa3pabOTKU U BHEAPEHUS aIrOPUTMOB aBTOMAaTH3a-
1007078

Marepuajsbl 1 MeTOAbI. B HiccneoBaHNN MCNIOIB30BaHbI MPOTPAMMHBIN KOMILIEKC
Autodesk Revit u cpema BuzyanbHOTO TporpamMmmupoBaHusi Dynamo c¢ uHTerpammei
Python. Metonuka BKIIto4aia aHaJIM3 PyTUHHBIX OMEpalyii, pa3paboTKy U TECTUPOBAHUE
ITOPUTMOB aBTOMAaTH3alMy B Dynamo, a Takke BaIUIALWIO PE3YIBTATOB HA PEAIbHBIX
MPOEKTAX MyTEM CPABHEHMSI C TPAIUIMOHHBIMA METOJAMHU.

Pesyabrarel. Pazpaborana OuOnuoTeka CKpUIITOB, KOTOpas —aBTOMATH3UPYET
KJTFOUEBBIE TTPOIIECChl: (hOPMHUPOBAHUE KOMILIEKTOB yeprexken u3 Excel, apromarmueckoe
pasMelIeHUE BUOB U YIIPABICHUE HyMeEpalKen JIMCTOB. VX uCnonb30BaHUE MO3BOJIUIIO
COKPATUTh BpEMs CO3/IAHMSI ¥ UCTIPABIIEHUS YEPTEIKEN U MOBBICUTH UX KAYECTBO.

BoiBoabl. BusyanbHoe mporpaMMHUpOBaHHUE JJOKa3aiao CBOKO A((HEKTUBHOCTh Kak
KJIFOYEBOM MHCTPYMEHT, TMOBBIMIAIONIMN KauyecTBO pabOThl W  COKpAIIAIOIINA
Tpyno3arparsl. Pa3zpaboTaHHbIE pEIIeHUS TOTOBBI K BHEAPEHUIO B TIPOEKTHBIX
OpraHu3alusX.

Beenenue

Texnonoruss uHpopmarmonHoro wmozaenupoBanus (BIM) Menser momxozwl
B IPOEKTUPOBAHUM, KOTOPbIE HMEIOT CBOM IUTIOCBI W MHHYChl 10 OTHOIIECHUIO
K OObIMHOMY TipoeKkTUpoBaHui0. bazoBwiii (yHkimonan BIM-komruiekcoB, HeCMOTps
Ha 3asIBJICHHBIC ~ BO3MOXKHOCTM  OOJIETUEHHUSI  Mpollecca  CO3JaHUsS  YEPTekeH,
He o0ecreurBaeT HEOOXOAMMBIN YpPOBEHb AaBTOMATH3allMM M 3HAUYMTENILHBIM 00beM
PYTUHHBIX OMEpaIvii BHITIOIHSIET WHXKEHEP, 0COOEHHO B 4acTH O(OpMIICHHUS OONBIINX
00BEMOB TPOEKTHOW JOKyMEHTAIlMKM. JTO YMEHBIIAeT CKOpOCTh mepexoga B BIM-
MozenupoBanue. [Ipuka3 MuHHCTEpCTBa apXUTEKTYyphl U CTpOUTENhCTBA PecrmyOnmmku
benapyce or 16 mapra 2018 1. Ne 70 yTBepaws IUIaH BHEAPEHUS] TEXHOJIOTWU
MH(GOPMAIIMOHHOTO MOJISIMPOBAaHUSI B 00JaCTH TMPOMBIIIJICHHOTO M TPAKIAaHCKOTO
cTpouTenbeTBa [4]. B COOTBETCTBHM C TJIAaHOM, S B CBOMX HCCJIEIOBAHUSX MOCTaBUII
3aj1a4y MOBBICUTH 3()P(HEKTUBHOCTH PAOOTHI 32 CUET aBTOMATH3ALIMU PYTHHHBIX IPOIECCOB.
B kadyectBe WHCTpyMeHTa Uil pelIeHUs STOM 3ajayu Oblla BhIOpaHa pa3paboTka
CKpUIITOB Ha OCHOBE CBSI3KH BU3yaJIbHOTO MporpammupoBanusi Dynamo u si3pika Python.

O030p auTeparypsl

AHanmu3 paloT, MOCBSIICHHBIX METOAOJIOTMA HH(POPMAITMOHHOTO MOACTUPOBAHMS,
MO3BOJIMJI  BBUICTIMTH  KJIIOYEBBICE ~ TEOpPETHYECKHME  OCHOBHL.  Vccnemomanue
C. C. bauypwunoti [1] mano detkoe ompesesieHue muppoBoi MHOOPMAIMOHHOW MOJICITH
(IUM) u yposmueii ee mpopadotku (LOD). BaxkxusiM 17151 Moeit pabOoThI CTaJIO MOJIOKEHUE
aBTOpa O TOM, YTO CyTh MOJICJIMPOBAHUS Ha KKIIOW CTa UM KU3HEHHOTO ITUKJIa 0ObEKTa
3aKIIIOYAeTCsl B «AJITOPUTMM3AIMM,  NPOrPAaMMHPOBAHUM,  ABTOMATH3AIUID)
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COOTBETCTBYIOLMX IPOLECCOB. IJTO HANPSAMYIO COOTHOCUTCS C MOEH LENBI0 10
YIPOLIEHNIO MOAEIUPOBAHUSI YEPE3 AJTOPUTMHU3ALIMIO.

[Ipn aHanu3e NpakTUYECKHX HCCIaenoBaHUN [2, 3] ObLI BBISBIEH PACTYIIMMA
MHTEpPEC K HCIOJNb30BaHUIO CKpUNTOBBIX cpeA. B pabore M. C. IlyuenkoBa [2]
Dynamo mpumeHsiercs g aBTOMaTH3alMd paboThl ¢  Ki1acCU(UKATOpOM —
pa3pabOTaHHBIN AJTOPUTM HAa3HAYaeT KOAbl M TMapameTpbl 3JIEMEHTOB, COKpauias
BpeMsl 1 MUHUMU3HPYs omKOKU. bosee cloxHbI ypOBEHb aBTOMAaTU3alluU MOKa3aH
B uccienoannn E. F0. Yakuna u O. C. ['amatoHoBoi [3]. ABTOpBI HCIOJB3YIOT
Dynamo He 111 pyTHHHBIX Omepanui, a Juisl TOJACP>KKH MHKEHEPHBIX pelIeHUM,
CO3/1aB METOJIMKY U CKPUIIT JJIsi aBTOMAaTU3MPOBAHHOTO BHIOOPA TEIJIOM30JISLIMOHHBIX
MaTepuaioB Ha OCHOBE pacueToB Revit.

Takum  00pa3oM  BuU3yaJdbHOE MPOTrPAMMHPOBAHHME  TO3BOJIIET  IEPEUTH
OT CTAaTUYHOTO MOJICIUPOBAHUS K JUHAMUYECKOMY YIPABICHUIO JaHHBIMU. OHAKO
aBTOMAaTHU3AIMsI UMEHHO PYTHHHBIX ONepanuii opopmMiIeHHUS JOKYMEHTAIIMA H3ydeHa
HEI0CTATOYHO, YTO OMpPEIEIsieT aKTyallbHOCTh JAHHOTO MCCIICIOBAHMUS.

MarepuaJjbl 1 METOABI

B kadyectBe OCHOBHOW mIarGopMbl ISl HKCCIENOBAaHUS  UCIIOJIH30BAJICA
nporpaMmHbIi komiuieke Autodesk Revit u BcTpoeHHass B HETO cpefia BU3YyaJIbHOTO
nporpammupoBanust Dynamo ¢ si3pikoM nporpammupoBanus Python.

HccnenoBanue npoxofamwno B Tpu dtana. CHavana MHOM OBUTM CO37IaHbl aHAJIOTH
YEepTEeXKEW ISl BBIABICHUS PYTUHHBIX IPOLECCOB MPOECKTUPOBAHUSA, HaIpUMED,
CO37laHME U HW3MEHEHHE HyMepaluuu cTtpaHull. Ha ocHOBe 3TOoro ananmsa B cpene
Dynamo OblM HamuMcaHbl CKPUNTHI JIJI1 aBTOMAaTUYECKOTO BBIMIOJHEHUS ATUX 3aj]1ad.
3areM pa3pa0OTaHHbIE CKPHUIITHI OBUIM MPOTECTUPOBAHBI HA PEANbHBIX MPOEKTaX.
B xonme tectupoBaHuUs MPOBEPSIIOCH, HACKOJIBKO MPABWJIBHO CKPUITHI BBITOJHSIOT
cBOM (YHKIIMU, KaK OBICTPO OHM pabOTalOT M HE BO3HHUKAIOT JIU OIIUOKH
IIPU UBMEHEHUH UCXOJHBIX JIAHHBIX.

TodHOCTH pabOThl CKPUMNTOB MPOBEPUII C PE3YJIbTaTaMH, OJTYYEeHHBIMU BPYUYHYIO
TPaAUIMOHHBIM cITIOCOOOM Kak B Revit, Tak u B Autocad.

Pe3yabTrarsl ncciaenoBanus

B pesynbrare uccienoBaHus s pa3paboTani U MpOBEPUI HA PeaNbHBIX MPOEKTaxX
Ooubnmoreky ckpuntoB Dynamo, HampaBICHHYIO Ha aBTOMATHU3AIMI0 PYTUHHBIX
ATanoB O(OopMIICHUSI TPOEKTHOW M paboyed JOKyMEHTAllMM, TaKUEe KaK CO3/JaHue
JIMCTOB, UX HAUMEHOBAHUE, a TAK)Ke HyMepallusl.

beimn monyyeHbl crleayromue pe3yabTaThl. Pa3paboTaH CKpUNT, KOTOPBIM Ha
ocHOBe TaOmmubl Excel co3maer mosHBIN KOMIUIEKT JHUCTOB B Moaeilud Revit ¢
MPaBUJIbHBIMU HAUMEHOBAHUSIMU, UCKJTF0Yasi TPYAOEMKHI pyqHOI mpolecc.

Co31aH aJiropyuT™, KOTOPBIA aBTOMATUUECKH PA3MEILIAET BUbI HA COOTBETCTBYIOIINX
JIMCTaX HA OCHOBE aHaJM3a WX Ha3BaHWil. J[aHHOE peleHre He TOIMBKO COKPATUIIO BPEeMs
orepaiyd, HO M 00ECHeUMIoO eIUHOOOpa3ue KOMIIOHOBKU. TeCTUpOBaHHE CKpUIITA Ha
KOMIUIEKTe U3 566 JHCTOB (OT 4YETHIPEX M0 CeMU BHIOB Ha JmCT) mokazano 100 %
TOYHOCTh TO3ULIMOHMPOBAHUSI LEHTpAa BUAOB JJIi BUIOB CEUEHUM, KOTOpPbIE HMEIU
OIMHAKOBBIC TabapuThl. J[J1s1 BUa criepeny Obuia TOCTUTHYTA TaKast e TOUHOCTh, OJTHAKO
BBUYy OOJIBIION BBICOTHI AJIEMEHTOB TMOTPEOOBAJIACh WX JIOMOJHUTENbHAS pydHas
KOPPEKTUPOBKA JUIS Pa3MEIICHUsI Ha JIMCTE B 3aJaHHBIX Maciirabax, 3D-Bujpl
nopabaThIBAIMCh HETTOCPEICTBEHHO HA JIMCTAX MOCIIE BBITIOHEHUS CKPUIITA.

BaxnbM ycroBueM paboThl aqroputMa SIBIISIETCS CTpOras CHCTEMa HAaMMEHOBAHUS
BUJIOB, HEOOXOIMMAs JIJIs TPYIIITUPOBKU U TOYHOTO MO3UIIMOHUpOBaHus. Hanpumep, y Hac
ectb stanonHbii muct KP1, rae pacnionoxken Bun ¢ umenem BugA KP1 ¢ koopauHaramu
25 MM OT J1eBOro Kpast 1 136 MM OT BEpXHEro Kpas JucTa. Y Hac Takxke ecTh JucT KP2
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uBua ¢ umeHeM BUJA KP2, ckpunt omnpenensieT KOOpPAMHATHI BHUJA C HMEHEM
BunA KPI1, umer Bce Buapl ¢ npeduxcom BuaA, Haxomut BunA KP2, mis storo Buma
Haxomut et KP2 u pacnonaraer ero ¢ KoopaArHaTaMy STATIOHHOTO JIMCTA.

BrlsiBiieHHBIE OTpaHUYEHUS TPUMEHEHUS METOJIMKH CBSI3aHbI C HEOOXOAUMOCTBIO
CTpOroro coOrofeHHsl 1M1a0JoHa UMEHOBAHUS BHUJIOB, YTO YACTUYHO HUBEIUPYETCS
CO3/IaHMEM JIOTIOJHUTENBHBIX CKPUINTOB BaujaaTtopoB. Haunbonblryio CIOXHOCTD
MIPENCTABIIACT MpEABApPUTEIIbHAS HACTPOWKA MO3UIIMN BUIOB, 0COOCHHO 3D-BHUIOB,
n3-3a orcyrctBus B APl HamexHBIX MEXaHW3MOB TPUBA3KH, UYTO TpeOyeT
JTOTIOJIHUTEIIBHBIX TPYI03aTpar.

Pa3paboTran kommieKC CKPUNTOB JUIsl YOpPAaBICHUS AaHHBIMU Mojenu. Onux
U3 HUX 00ecreuyrBaeT MIHOBEHHOE Ha3HAYEHHE MPOEKTHBIX MapaMeTpOB OOJIBIIOMY
KOJIMYECTBY DJIEMEHTOB, TapaHTUPysl MOJTHOTY JaHHBIX M OTCYTCTBHE OIIMOOK
pydHoro BBoja. Jlpyroil CKpUNT peliaeT KPUTHYECKH BAXKHYIO 3ajady
KOPPEKTUPOBKHU HyMepaluu JIMCTOB. PaHee BHECEHNE U3MEHEHUI B MOSICHUTEIbHYIO
3aMMCKy, BIEKyIlee 3a COOOW CABUT B HyYMEpallMM COTEH JHCTOB U OOHOBIICHHE
OCHOBHOM Hajmucu. PazpaboTaHHOE pellIeHHE COKpAaIllaeT TO BPEMs, YTO CHEJajo
M3MEHEHMS B IPOEKT 00Jiee OBICTPHIMU U THOKHMH.

BriBoabI

[IpoBeneHHass paboTa Ha pealbHBIX MPOEKTax JoKa3ajga, 4YTO BHU3YyaJlbHOE
MIPOTPAMMHUPOBAHUE SIBISIETCSI HE BCIOMOTAaTEIbHBIM HHCTPYMEHTOM, a KIIFOYEBBIM
dakropoMm mnoBbiieHUsT dddextuBHocT  BIM-monenuposanus. Paspaborannas
B XOJI€ MCCJIEIOBaHUSI OMOMOTEKAa CKPUTITOB MTOKa3aia CBOIO 3PPEKTUBHOCTD, PEIIINB
Pl KPUTHUECKH BaXXKHBIX 3ajad 3HAYUTEIBLHO ObICTpee, ueM BpyuHylo. Hampuwmep,
ckpunt (GOPMHUPOBAHUS KOMIUIEKTOB uepTexkedl u3 Excel MONMHOCTBIO HMCKIIOUWI
MHOTOKPAaTHO MOBTOPSIEMYIO PYUYHYIO OIEpPALMIO, a aJTOPUTM aBTOMAaTHYECKOTO
pa3MenieHuss BHJIOB HE TOJBKO COKpAaTWJ BpeMs Ha 3Ty MOpoOLEAypy,
HO M rapaHTUPOBaJl €AMHOOOpa3ue KOMIIOHOBKH JJII COTEH JIUCTOB, YTO MPAKTUYECKU
HEJOCTWKUMO TIpU Py4dyHOM Tpyae. Takum oOpa3oM, aBTOMaTH3alMs IpUBEa
HE MPOCTO K YCKOPEHUIO, HO U K MPUHIUIIUAIBHO HOBOMY, CTaHJIAPTU3UPOBAHHOMY
YPOBHIO Kau€CTBa BBIXOAHOUN JTOKYMEHTAIUU.

PazpaboranHass OuOIMOTEKa CKPUIITOB MOXET OBITh BHEIpPEHA B padoTy
MPOEKTHBIX OpTaHW3allid IS MUHUMHU3AIMU OMIMOOK B BHJIE YEJIIOBEYECKOTO
(dakTOopa U COKpallleHHEe BpeMeHH Ha O(OpMIICHHUE MPOEKTHOM JOKYMEHTAIIMH.
Onnako >(Q¢GeKTUBHOCTh BHEIPEHUS 3aBUCHUT OT TMPEABAPUTEIBLHON TOJTOTOBKH
AJIEMEHTOB MOJIENIN U CO3/IaHUE METOJIUK pabOThI C MPOEKTAMM.

B nanpHeimieM T1UIaHUPYETCS  YIYYIIUTh CKPUITHI I eme  OoJbliei
aBTOMaTHU3alMK 03 MPeABAPUTEIILHBIX TOPa00TOK WM YMEHBIIICHHE UX KOJTUYECTBA.
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AHHOTaU S

IIpenmer mcciaefoBaHMs: CONPOTHUBICHHE APHEKTUBHOTO MOHOJIUTHOTO
KeJ1e300€TOHHOTO IIEPEKPBITUS c KeJe300€ TOHHBIMU IIPEIBAPUTEIBHO
HaNpsKEHHBIMU OAJIKaMHU.

Henn: oneHka HanpsHKEHHO-AE()OPMHPOBAHHOTO COCTOSHUS A(P(HEKTUBHOTO
MOHOJIUTHOTO €JIe300€TOHHOTO MEPEKPBITUS C KEJIE300€TOHHBIMU NPEIBAPUTEIBHO
HaNpsKEHHBIMU OaJIkaMU CTaTUYECKUM Harpy3KaMm.

MarepuaJjbl 1 METOAbI: DKCIIEPUMEHTAIBHO-TEOPETUYECKUE.

Pe3yabTarbl: NPENCTAaBICHO HOBOE KOHCTPYKTHBHOE PEIIEHHUE W BBIITOJIHEHO
HKCIEPUMEHTAJIBbHOE HCCIIEOBAaHUE IO OLIEHKE HamnpsKeHHO-Ae()OpPMUPOBAHHOTO
coctossHUS ~ A(M(PEKTUBHOTO  MOHOJMTHOTO  KEJIE300€TOHHOTO  TEPEKPHITUSA
C ’KeJIe300€TOHHBIMU MIPEIBAPUTENBHO HAMPSKEHHBIMU OaJIKaMH.

BeiBoabl. [IpoBeneHHOE  AKCHEPUMEHTAIBHOE  MCCIENOBAHUE  ITO3BOJIMJIO
YCTaHOBUTb, YTO HOBOE KOHCTPYKTUBHOE pelieHHe 3>(PPEKTUBHOTO MOHOIUTHOTO
XKeJ1e300€TOHHOTO IIEPEKPBITHS c XKeJe300€ TOHHBIMU IPEABAPUTEIBHO
HanpsDKeHHbIMA ~ OajkaMu,  00JajaroT  LEeNbIM  PSAOM  KOHCTPYKTHBHBIX,
TEXHOJIOTMYECKHUX U HKCIUTYaTallMOHHBIX XapaKTEPUCTUK 1O OTHOIIECHUIO K OOBIYHBIM
MOHOJIUTHBIM ~ NEPEKPBITUSAM. BHEIpeHHue HOBOM KOHCTPYKTUBHOM CHCTEMBI
MHOTOITYCTOTHOTO NIEPEKPBITHUS MMO3BOJIIET HE TOJIBKO 3HAYUTEILHO COKPATUTh PACXO
MaTepHalioB, CHU3UTh COOCTBEHHYID  MacCy  KOHCTPYKUMH  TEpPEKpBITHIA,
HO ¥ 3HAYUTEIBHO  YNPOLIAeT W YCKOpPAET  MOHTAX  HEMOCPEACTBEHHO
HA CTPOUTEIBHOM TUIOIIAIKE.

BBenenue

OnHUMH 13 CYHIECTBEHHBIX BOIPOCOB, KOTOPHIE BO3HUKAIOT NP CMEHE Ha3Haue-
HUSI 3/1aHUS, SIBJISIFOTCSI BOMPOCHI 00ecIeueHre HeCcylel CnoCOOHOCTH KOHCTPYKTHRB-
HBIX 2JIEMEHTOB, U B TIEPBYIO Ouepelb, MEPEKPBHITUM Kak 0oJiee MOJIBEPKEHHBIX,
B CHJly TEXHOJIOTMII HM3rOTOBJIEHUS, IIpolleccaM JAerpajgauuu  (pa3pylieHust).
He cexpeT, 4To OOJBIIMHCTBO 3JEMEHTOB IMEPEKPHITUM, BBIMOJHEHHBIX B 3JaHUIX
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CTOJIETHEN W 0oJiee JaBHOCTH MOCTPOMKHU, ABIISIIOTCS JEPEBSIHHBIMU U B PEIAKOM HC-
KIIOYEHUH — KamMeHHbIMU. [Ipoliecchl, CBsi3aHHbIE KakK C THHEHHEM, Tak U Ouo-
pa3pylIEHUEM [PEBECUHBI, MPHUBEIM 3a CTOJb 3HAYMUTENBHBIM IEPUOJ BPEMEHU
K [IOTEpE HECYyIIeH CIOCOOHOCTH KOHCTPYKTUBHBIX JJIEMEHTOB JCPEBSHHBIX TEpe-
KpPBITUHA. AHAJIOTUYHO IPOLIECCHI NECTPYKIIMU MaTeprajia BOB B KAMEHHOW KJIaaKe
MPUBEIM K HEBO3MOXXHOCTU HMX OKCIUTyaTallMM IOJ JCHCTBYIOIIME WA HOBBIE
Harpy3Kd Ha NEPEKPBITUS PEKOHCTPYUPYEMBIX 3/IaHUIA.

B coBpeMeHHOM MHPOBOM CTPOMUTENILCTBE MPOOIEMBI PECypco- U MaTepuanocoe-
PEXKEHUS ABISIIOTCSA BAXKHBIMUA M aKTyalbHbIMH. CyIIECTBYIOIIAs CTECHEHHOCTh B UC-
TOPUYECKUX IIEHTPaX HACEJICHHBIX IIYHKTOB M CBSI3aHHBIE C 3THM BOIPOCHI
10 YCTPOUCTBY CTPOMTENILHOM IUJIOMIAJKA TMPUBEIM K HEOOXOIMMOCTH COBEPIICH-
CTBOBAaHUSI TEXHOJOTHUM MO YCTPOMCTBY «HOBBIX» MEPEKPHITUN MPU PEKOHCTPYKIIUU
3maHuid. BO3MOXHOCTh PENICHHs CIOKHBIX apXUTEKTYPHBIX (OPM ¥ MUHUMAILHBINA
HAO0Op DJIEMEHTOB, TEXHOJOTMYHOCTh M CKOPOCTh MOHTaXa C BO3MOKHOCTBIO
yCTPOMCTBA NEPEKPHITHS 0€3 AEMOHTaXa CYLIECTBYIOIINUX BEPTUKAIBHBIX KOHCTPYK-
LM CTAaHOBATCS PELIAIOIIMMH MHPHU BBIOOPE METOJA 3aMEHbl MEPEKPHITUS WU €ro
BOCCO3/IaHUS.

00630p auTepaTypsl

Oxkoso 60 nmer Hazan dpaHIy3cKod kommanued Rector co3gaHa u BHeApeHa
B [IPAKTUKY CTPOMUTENIbCTBA CUCTEMa OOJIErY€HHBIX COOPHO-MOHOJIMTHBIX MEPEKPbI-
tu Rectolight [1], BBIMOMHEHHBIX U3 COOPHBIX MPEABAPUTEIHHO HANPSKEHHBIX dJIe-
MEHTOB U ONAJTyOKU B BHJE CHEIHAIBHBIX 3JIEMEHTOB U3 IPECCOBAHHOMN JPEBECHUHBI,
ApMatypHbIE€ CETKA U MOHOJIMTHBIN CJIOW OETOHA, YKJIAIbIBAETCA HEMOCPEICTBEHHO
Ha CTPOMILIONIAJKE MOCIEe YCTAaHOBKHM Oanok u onanyOku. HecMoTpsi Ha BCrO 3KOHO-
MHUYHOCTh JAHHOTO THUNA MEPEKPBHITUI Ha HAIl B3IV OCHOBHBIM €r0 HEIOCTaTKOM
ABJISIETCS] CIOYKHOCTh IIPU U3TOTOBJIEHUWU CIIELMAIIBHOM ONATyOKH M3 MPECCOBAHHOM
JIPEBECUHBI, KOTOpasi K TOMY K€ CO3JaeT C(hepUUYECKYIO MOTOJIOYHYIO TOBEPXHOCTh U
TpeOyeT JOMOIHUTEIbHBIX 3aTPAT MO YCTPOMCTBY MOJIBECHBIX MOTOJIKOB.

Pa3paboTka cOOCTBEHHBIX MAaTEHTHBIX PEIICHU MycTOTOoOOpazoBarenen ais 6e3-
OaJIOYHBIX MOHOJMTHBIX KEJIe300€TOHHBIX MEPEKphITUi [2, 3] mo3BOIMIIA aBTOpAM
B KQUECTBE aJIbTEPHATUBBI ISl CHCTEMBl COOPHO-MOHOJUTHBIX MEPEKPBITHIA
Rectolight mpem1oxuTh COOCTBEHHOE KOHCTPYKTHBHOE PEILICHHUE.

MarepuaJjbl 1 MeTOAbI

HoBoe KOHCTpYKTHUBHOE pelieHre cOOPHO-MOHOJUTHOM KeIe300€TOHHOMN TITUTHI
NEPEKPBITUS MPEACTABISAET COOONH apMUPOBAHHYIO IUIOCKYI0 MOHOJMTHYIO IUIUTY,
COJIEpIKalyl0 B CBOEH TOJIIE HECyIIHe COOpHbIE MPEABAPUTEIBHO HANPSKEHHBIC
OaJIKM TaBpOBOT'O CEUEHHUS C IMOJKON MOHU3Y, HAa KOTOPbIE ONMHUPAETCA apMaTypHBIH
0J10k 00pa30BaHHBIN MyCTOTOOOPA30BATEISIMU U BEPHEU M HUKHEU METANIMYECKUMU
cetkamu (pucyHok 1). ITycrorooOpa3zoBarenu mpeacTaBisitoT coOOHM crHerraibHON
KOHCTPYKTUBHON (POPMBI MJIaCTMACCOBBIE MOJIbIE TEPMETUYHBIE TeNa BpalleHus (1ia-
pBI) C PUKCaTOpaMH, PacloIOKEHHBIMU CHAPYKU chepbl B OPTOTOHAIBHBIX MJIOCKO-
CTSX MEPHNEHAUKYISIPHBIX OCH BPAILLEHUs U MPOXOJAIIEH Yepe3 LEHTP MIOCKOCTH. B
cTaThsx [4, 5, 6, 7] mpennarajioch UCIOJIb30BaTh JAHHBIX ITyCTOTOOOpa3oBaTeNeH Jis
IJIOCKUX  MOHOJUTHBIX  JKEJIE300€TOHHBIX  NEPEeKPBHITUHA, B  TOM  YHUCIE
C MCIOJIb30BaHUEM HECHEMHOW OMalyOKH M3 IIEMEHTHO-CTpPY>KEeUHbIX IIUT. [Ipose-
JIeHHoe B [4, 5] TEXHHUKO-DPKOHOMHYECKOE CPaBHEHHE CILJIOIITHOTO MOHOJMTHOIO
&KeJIe300€TOHHOTO M MHOTOIYCTOTHOIO MEPEKPBITHUSI MOKA3aJI0 4YTO, MPUMEHEHHE
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JTAHHOT'O pelIeHus MO3BOJISIET COKpaTUTh 00beM OeToHa Oosee yem Ha 30 %, a, cie-
JIOBATEIbHO, U CHU3HUTHh COOCTBEHHYIO MAcCy KOHCTPYKIIMU, YTO TMO3BOJIUT yMEHbB-
IUTh apMUPOBAHUE MIPU MPUHATHIX MpoJieTax MUThl. OIHAKO, KaK MMOKa3bIBAET MpaK-
THKa NPOEKTUPOBAHUS M MCCIECAOBAHUU [8], C LENbIO YBEIUUYEHUS MEPEKPHIBAEMBIX
MIPOJIETOB TPEOYETCS WM YBEIWYCHUS TOINIMHWHBI MOHOJUTHOW MHOTOITYCTOTHOM TUTH-
Thl WM TIPUMEHCHUS TPEABAPUTEIHHOTO HANIPSDKEHUS B IMMOCTPOCYHBIX YCIOBUSAX IS
MOHOJIMTHBIX MEPEeKpbITUi [9]. AHanu3 npakTuku npumeHeHus cucreM Rectolight [1,
2] ¢ ucnonb30BaHUE MPEIBAPUTEIHLHO HAIMPSKEHHBIX >KeJIe300€TOHHBIX OajoK, BbI-
MOJIHEHHBIX B 3aBOJICKUX YCIIOBHUSX MOKA3aJl, YTO PEIIAIOTCS MPOOJIEMbI ¢ BETUYHMHON
MePEKPHIBAEMBIX IMPOJIETOB, a MPUMEHEHHE apMATypPHBIX OJIOKOB, UMEIOUIUX B CBOEM
coctaBe 3 (deKTUBHBIE MyCTOTOOOpPA30BaTENM, C YCTAHOBKOM MX B TOJILY COOpHO-
MOHOJIMTHOTO TIEPEKPBITHSI TTO3BOJIUT CYIIIECTBEHHO CHU3UTh PAcXo]l MaTepuayion (Oe-
TOHA W apMaTyphl) U YCOBEPIICHCTBOBATh TEXHOJIOTUYECKUE TIPOIECCHI TIPH BO3BEIC-
HUU IEPEKPBHITUH.

Pucynok 1 — Mooenb H06020 KOHCMPYKMUBHO20 peueHUst IPPEKMUEH020 cOOPHO-
MOHOTUMHO20 NEPEKPLIMUSL C NPeOBaAPUMETLHO HANPANCEHHBIMU OANKAMU

DKCTHepUMEHTAIbHBINA 00pa3el] cOOPHO-MOHOJIUTHOTO TMEPEKPBITUS MPEACTABIISI
coboit MoHomuTHYIO TuMTy JuuHOM 3000 MM, mmpuHod 720 MM W TONIIMHON
200 MM (pucyHok 2). [Tnurta cocrosiyia U3 IByX COOpHBIX MPEABAPUTEIHLHO HANPSKEH-
HBIX OAJIOK TaBPOBOTO CEUYCHHUSI, PACTIOIOKEHHBIX Ha paccTossanu 600 MM ApyT OT apy-
ra, Ha IMOJIKM KOTOPBIX YKJIAJbIBAJICSI apMaTypHbI OJOK C MycCTOTOOOpa3oBaTeIsIMU
TuaMeTp KOTopbix coctapiisii 160 MM. B kadecTBe paboueit apmMaTypbl COOPHBIX TIPE-
BapUTEILHO HAMPSHKEHHBIX OallOK HMCHOJIb30BAMCH KaHaThl Y1860 S7 (cormacHo
CTB EN 10138-3) quametpom 9 MM, a apMaTypHbIi OJIOK C ITyCTOTOOOpA30BaATEIISIMUA
BBITIOJIHEH W3 apMaTypHBIX MPOBOJIOYHBIX CcTepkHer kiacca S500 (coriacHo
CTb 1706-2013) nuameTrpom 5 MM, yCTaHOBJICHHBIX ¢ 1m1aroM 100 MM B MPpOI0IBHOM
U TiorepeyHoM HamnpayieHuu. CoctaB O€TOHHOM cMecH U1 COOPHBIX MpeaBapUTEIb-
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HO HaANPSKEHHBIX 0aJOK U MOHOJIUTHOM TUIUTHI MPUHUMAJICS UACHTUYHBIM. [IpeaBa-
pPUTENBHOE HAMpsDKEHUE paboveil KaHATHOW apMaTypbl COOPHBIX 3JIEMEHTOB BBIMOJI-
HSJIOCh Ha YMHOPBI CTEHJIa C WCIOJB30BAaHHMEM THJPABIMYECKOTO JoMkpara. [locre
JTOCTUKEHUS 0€TOHOM TPeOyeMOM OTITYCKHOM IPOYHOCTH MPOU3BOIUIIA MTHOBEHHBIH
OTIYCK MpeABapUTEIbHO HAMPSXKEHHOW apMaTyphl MyTeM Iepepe3blBaHUs €€ More-
PEYHOTO CEUECHUS C TTIOMOIIb MEXaHUYECKOTO aIMa3HOro uHcTpymeHTa. CpenHss Be-
JUYrHA BeITMOa OaJIOK, TOCHE CHATHS C YIIOPOB HalpsAraeMol KaHaTHOW paboueit ap-
MaTypbl ¥ YCTAHOBKH IMOCTEIHUX B OMAITYOKY JIJIsl YKJIaJIKH MOHOJUTHOTO CJI0sl O€To-
Ha cocTaBmwiIa 12 Mm.

a) 0)
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a) onanyooyHwlll U0 COOPHO-MOHOIUMHOL NIUMDBL, ) nonepeuHoe cedenue U apmMuposaHue
cOOpHO20 NPed8apumenbHO HANPANCEHHO20 DANIOYHO20 dNeMeHma;
8) cxema cOOPHO-MOHOIUMHOU NAUMbL
Pucynok 2 — Obwuii 6uo u cxema c60pHO-MOHOIUMHOU NAUMbBL

PesyabTarsl nccjienoBanust

Harpy3ky co3aBaii B CHIIOBBIX pamax I'MIPaBIMYECKUMU JOMKpAaTaMH, a BEIMYUHY
MPUKJIAIbIBAEMOTO YCWIIMSL OIPENENsUIM MO MoKa3aHusiM MaHomeTpa. C Lenbio MaKcu-
MaJIbHOTO MPHUOJIMKEHHS K HArpyXEHUIO PaBHOMEPHO-pacIpeielieHHON Harpy3Koil, 3a-
IPYKEHHE JIEMEHTA BBINOJIHSIIOCH MTOJIOCOBOM HAarpy3KoM 4epe3 METAUIMYECKHE JKECT-
KH€ TPaBEPChl U PACHPEACIUTENbHbIE METAUTMYECKUE TUIACTUHBI C UCIOIb30BAaHUEM Ye-
TBIPEX TUAPOJOMKPATOB, YCTAHOBJIEHHBIX ¢ maroM 500 MM B10JIb TipoJieTa IunThl. Pabo-
YU TIPOJIET IUTUTHI COOPHO-MOHOJIMTHOTO 31eMeHTa ipuHAT 2500 mM. PaGouee 3arpyske-
HHUE MPOBOJIMIIOCH dTAllaMu, COCTaBIIOMUME puMepHo 1/10 ot paspyiarorieii Harpys3-
ku (5 kH) ¢ Bbiaepkkoil Ha kKaxaoM U3 HUX 5—10 MuH. 3a 3TO BpeMsi CHUMAJIUCh TOKa3a-
HUSI POrHOOMEPOB M (PUKCUPOBAIOCH OOpa30BaHKWE W Pa3BUTHE TPEUIMH, 3aMepsUIach
HIMpUHa UX packpeITus. [lokazanus mpuOOPOB HA KaXIOM 3Tare CHUMAJKCh JIBAKIBI —
Cpazy e TOocje MPUIIOKEHHSI HAarpy3Ku M Tocie BhIIEpKKU. OOIIMiA BUI HArpy>KEHUs
cOOPHO-MOHOJIMTHOM TIJIMTHI ITOKa3aH Ha PUCYHKE 3.
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Pucynox 3 — Obwuii 610 HaepyiceHuss COOPHO-MOHOIUMHOU NIUMbL

Heo0xonuMo OTMETUTH, UTO B pe3yJbTaTe MCHBITAHUM CABUIOBBIX JAeQopMariuii
M0 KOHTAaKTY COOpPHBIX AJIEMEHTOB W MOHOJUTHOW KOHCTPYKIIMHM HE YCTaHOBIJICHO.
B pesynbraTe SKCIEpUMEHTAIBHBIX HMCCIEIOBAHUN YCTAaHOBIEHO, YTO pa3pylICHHUE
IUTUTHI MPOU30ILIO IO HOPMAJIbHOMY CEUEHHIO, BCIEACTBUE HCUEPIIAHUS IPOYHOCT-
HBIX U 1e(hOpMALMOHHBIX CBOWCTB MOHOJMTHOTO O€TOHA C3KaToi 30HBI. OOpa3oBaHMUs
HAKJIOHHBIX TPEIUH B KOHCTPYKIINH HE 3a(UKCUPOBAHO.

Pucynox 4 — Obwuii 610 mpewunoodpazo8anus 8 COOPHO-MOHOJUMHOU NAUMe

AHaJIN3 BEPTUKAIBHBIX MEPEMENIEHUN, TTOJIYYEHHBIX MPU MPOBEACHUN SKCIEPU-
MEHTAJIBHBIX HMCCJIEAOBAaHUN, MOKa3aj, YTO MPOTrvObl YBEIUYMBAIOTCS PAaBHOMEPHO
0e3 pe3Kux CKaykoB. BenuuuHbl MporuOoB, Aake MpU 3arpyKEHUH, COOTBETCTBYIO-
IEM 3Tary pa3pylieHuss COOPHO-MOHOJIUTHON KOHCTPYKIIMH, 3HAYUTEIIHHO MEHBIIIE,
YeM HOPMATHUBHO JIOMTYCTUMBIE BEJIMUMHBI.

BriBoabI

[IpoBeneHHOE AKCIEPUMEHTAIBHOE UCCIEAOBAHUE MO3BOJUIO YCTAHOBHUTH, YTO
HOBOE KOHCTPYKTHUBHOE perieHne 3(PGHEKTUBHOTO MOHOJHMTHOTO KEIe300€TOHHOTO
MEPEKPBITUS € KEJICE300€TOHHBIMU TIPEABAPUTEILHO HAMNpPsHDKEHHBIMU — Oalikamu,

211



00JIaatoT LEJBIM PSIIOM KOHCTPYKTHBHBIX, TEXHOJIOTMYECKUX U 3KCIIITyaTallMOHHBIX
XapaKTEPUCTHK M0 OTHOLIEHUIO K OOBIYHBIM MOHOJIUMTHBIM MEPEKPLITHSIM. BHenpeHue
HOBON KOHCTPYKTHBHOM CHCTEMBI MHOIOIIYCTOTHOI'O IIEPEKPBITUS IO3BOJISIET HE
TOJIbKO 3HAUUTEIBHO COKPAaTUTh PACXO] MaTrepHalioB, CHU3UTh COOCTBEHHYIO MaccCy
KOHCTPYKLUHW NEPEKPBITUHA, HO W 3HAYUTEIBHO YIPOIIAET M YCKOPSET MOHTAX
HEIIOCPEICTBEHHO HA CTPOUTEIBHOM ILIOIIAKE.
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AHHOTALUA

B nanHO#l wuccnemoBarenbCcKko paboTe M3J0KEHBI OCHOBBI  OOpa3OBaHMS
neopmManuii  1mMoj M3rMOAIOIIMMHU  BO3JCUCTBUSAMM, BO3HUKAIOIIUM B O€TOHE
MIPU AKCIUTyaTalluy KeJe300€TOHHBIX KOHCTPYKIIMU, ONpEAeICHUs BPEMEHU H3ruda
U pacueTa 3aJJaHHbIX U3THOO0B.

IIpenmer wuccaenoBanms. HccnenoBanue 3¢P¢PeKkToB u3rnda, BO3HHUKAIOLIUX
B OeToHe.

Hean. OnpenencHue n3rud0B, 00pa3yIOMIUXCS B KeJ1e300€TOHHBIX KOHCTPYKITUSIX
MO/ ICMCTBUEM HArpy3KH.

Marepuajbl U MeTOAbI: OETOH, >XEJI€300€TOH, pacyeTHOE METOIbl aHaJN3a,
METOJIbl ~ MPUTOTOBJICHHS  OOpa3loB  JUIsl  UCHOBITAHWMM W OMpe/esieHue
MX KOHCTPYKTUBHBIX TIOKa3aTeslel HCCIeIOBaHUSI MaTepuanoB il CTPOUTEIBHOM
koHCTpyKuuHu 1o ycranosiieHHbIM CH u I1 u TpeboBanusam 'OCT.

BBenenne

[Ipu nuTenbHOM BO3JAEHCTBUU Ha OCTOH HEYNPYyrux aedopmManuii (B TOM YHCIE
nedopmanuii, BO3HUKAIONIUX TMPU  PACTHKEHHHM, CKPYYMBAHUHM) BO3HUKAIOT
neopmanuu. B y3koM JuamazoHe JUIMH BOJIH, BO3HHUKAIOIMIMX B PE3yJbTaTe
nedopMaluu TBEPABIX TEI, MOTYT BO3HUKATH JehOpMaIlii TBEPIbIX TN B HECKOILKO
pa3 OoJbIIMX, YeM OXHUJAaeMbIX. DBETOHHas CTsKKa HMEET aMOPTU3UPYHOLIee
CBOMCTBO, MO3TOMY €€ INMPUMEHEHHE B Ka4eCTBE HECYIIUX KOHCTPYKIIUKA Tpelyer
3HAQUMUTENIbHBIX YCWJIMK. bBeTOHHBIE IUIUTBI MOTYT OBITh H3OTHYTHIMH HJIH
m3ornyTeiMu. Ilpu  gedopmanum  cTEepkKHS MEXKAY CTEPKHSIMH BO3HUKAIOT
nedopmarium, HaspiBacMas Achopmaiiieid crepxHs. Takas CBS3b BO3HHMKAeT B TeX
Clyyasx, KOTJa HampspKeHHe Ha [UKIepe MpeHeOpekuMo Majo, Hampumep,

npu nipenensbHoM o < 0,5 R. B crmyuasx, korma HampsbkeHHE BBIIIE, JAeQopMarius
pu cOpoce HAMPSHKEHUS SABIISACTCS JMHEHHONM: B 3TOM ciiydae jaedopmMaiius ObICTPO
YBEIMYMBACTCS TPU YBEJIMYCHUU HANpspkeHUs. JIMHEHHBIM OOBEMHBIN PHUCYHOK
O0eToHa cO BpeMeHeM OyleT ucue3arb, Kak U Mpu BBeleHUU. [IpuumHa mM3MeHeHus
3aKJII0YaeTcsi B TOM, YTO THIIC, COAepXallascsi B LIEMEHTe, o0laJaeT CBOWCTBOM
pa30OpachiBaTh LIEMEHT, U MPU CHUKEHUU BIAKHOCTH OOBEM CTAHOBUTCS MEHBIIE,
a BI3KOCTh  yBenuuuBaeTcsi. Kpome Toro, nedopmamusi THrca MNPUBOAMT
K 3HAYUTEILHOMY yBEJIMYCHHIO HanpspkeHui. CTpyKTypa OETOHBI MepelaeT Harpy3Ky
Ha KPUCTAJUIMYECKYIO CTPYKTYpy. B 3T0 Bpemsi OeTOHHBIEC 3alOJHUTENN MOTy4YaroT
OOJIBIIYI0O HArpy3Ky, M HalpsOKeHWE B 3aTBEPACBIIEM IIEMEHTE YMEHbIAETCH.
[Ipu BBICOKMX HampsDKEHUSX (HEIMHEWHOM IMaJeHUM HAIpsDKEHUs) Mporud B OeToHe
B JIOTMIOJHEHUE K BBIMICYNIOMSAHYTBIM SIBICHUSM TOSBISIOTCS MHUKPOTPEIIUHBI
U pacTyT. DTOT ciydail cuMTaercs HeoOpaTHMMbIM IPOLIECCOM, KOTOPBIM MPUBOAMUT
K OBICTPOMY YBEJIMUYEHHUIO ehOpMaIiu.
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O0630p uTEpPATYPHI

JUig yCTOMYMBOCTH U O€30IaCHOCTHU JIH0O0T0 3[JaHUSl WIH COOPYKEHMs OOJbIIOE
3HaYEHHE UMEIOT MaTepuabl U KOHCTPYKILUH, UCIIONIb3yEMbIE B CTpouTenbcTBe. OHU
JOJDKHBI, TPEXKIEe BCEro, COOTBETCTBOBATh TMOCTABIECHHBIM 3adadaMm. Hampumep,
dbyHnnameHT TpeOyeT BBHICOKON MPOYHOCTH U JOJTOBEYHOCTH, a CTEHBI — YTEIUICHUSA
1 BO31yXOHENPOHULIaeMOCTH. [Ipu 3TOM 3TH Marepuabl JOKHBI OBITH YCTOHYMBBI
K IPUPOJHBIM YCJIOBUSIM Ha CTPOUTEIBHOM IUIOIIAJAKE, U3MEHEHHUIO KIMMaTa U Jaxe
OMONOrMYeCKUM BO3JCHCTBUSAM. Marepuanbl, HUCHOIb3yeMbIE TPU CTPOUTEIHCTBE
3MaHUI U COOpPY>KEHUH, TOHKHBI HE TOJIBKO 00ECIeunBaTh MPOYHOCTD, HO U YIAEISThH
BHUMaHUE MX O€30MACHOCTH, TUTMEHMYECKOM YHCTOTE, 3CTETUYHOMY BHELIHEMY
BUJY, OTHECTOMKOCTU U 3KOJIOTUYHOCTH. TpeOoBaHUS K CTPOUTEIbHBIM MaTepuaiam,
UCIIOJIb3yEMbIM B CTPOUTENIbCTBE, JOJDKHBI MOJHOCTHIO COOTBETCTBOBATH (PU3UKO-
MEXaHUYEeCKUM, (PU3UKO-XUMUYECKUM U IPYTUM MTOKA3ATEISIM.

MarepuaJjbl 1 METOABI

JUis BBINOJTHEHUS MOCTaBICHHBIX 3a7ad B paMKax HCCIIEAOBAaHUN HPUMEHEHBI
HUKECIICAYIOIIUE  COBPEMEHHbIE  METOAbl  (PU3MKO-XMMHUYECKOIO  aHajIu3a
Y CTaHJIapTHBIE METOABI ONMPEECIICHUS TEXHOJIOTHUYECKIX XapaKTePUCTHK U (PU3UKO-
TEXHUYECKUX TOKa3aTesiel 1ab0paTOpHBIX U MPOU3BOACTBEHHBIX OIMBITHBIX 00pa3IoB
BCITyYE€HHOTO KepaM3uTa.

Pe3yabTarhl ncciae10BaHus

dakTophl, BIMAIONIME HAa TEHETPALMI0O OETOHA, TaKXkKe BIHUSIIOT Ha O00BEM
Y pa3BUTHE OTBaja. DKCIIEPUMEHTHI TIOKA3ali, YTO YBEIMUEHUE COACPIKAHUS [IEMEHTA
U BOJIbl B OCTOHE YBEIMYUBAET MEHETPALMI0O U MPOYHOCTh OETOHA Ha PacTsKEHHUE.
[Ipu ncnonb30BaHUM 3aroyHUTENEH ¢ OOJBIIMM MOJYJIEM YIPYTOCTH IOBBIILIACTCS
BIOXHOCTh OKpY)KAaIOIIeW Cpeapl W TOHIKAETCA Temreparypa, a TakKke
YBEIUYHUBAIOTCSL pa3Mepbl KOHCTPYKIHH (pa3Mephl TOMEPETHOTO CEUCHHUS ), CHIKACTCSI
neHeTpanyss M HpoyHocTh OeroHa. Ha pasOpaceiBaHue OeTOHa BIMSIOT CTENECHb
HaTsOKCHUsA, OETOHOMEIalKa, BO3pacT OEToOHa B 3arpy304HONM €MKOCTH M T. [I.
C yBenMueHHWEM  HATSHKCHHUS TpU  HM3TMOE  HKEJIe300€TOHHBIX  KOHCTPYKITHIA
yBEIMYUBaeTCsl pa3OpackiBaHue OetoHa. Korma OeToH TOTOB, 4eM TO3KE €ro
3arpyXaroT, TeM MeHbIIe aedopMalns onaryOKH, Tak Kak KpHCTaTHIecKast perieTka
CTaHOBUTCSI IPOYHEE 110 MEpE BO3pacTa OETOHA, YBEJINYHMBAs [IIEPOXOBATOCTh OETOHA.
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Pazeumue depopmayuu npocuda 3agucum om epemeHu. a — npu pasHoM HANPAHCEHUU;
0 — npu HazpysKe 8 pazHom 8o3pacme
Pucynok 1 — 3nauenue deghopmayuti nocie cymox

214



3] 80: 101 {8
Wsrubarommii cMmecurens mnpencrasieH Mepodl msrnba Cy. 3a  exuHMIy
U3MepeHus NpuHATa Aedopmanus u3rubda, BO3HUKaromas npu HanpsbkeHun 1 Mlla.

Takum oOpazoMm, B ciaydae HalpsbkeHUM O, nedopManus mpu M3ruOe paBHA
Epl () = Co,(r), TpaHMYHBI M3HOC KOTOPOTO BBIPAKAETCS Yepe3

n.n

rpaHMYHOE 3HadeHHe "c" m3MepeHms u3ruba ciemyromum obpasom: ¢ pl= Co,.
Hedopmanus mpu U3ruoe MOXKET MOIJEPKUBATHCS ¢ TIOMOIILI0 OTIMCAHUS M3THOA, U

g-pl=A4-pl-&; =¢'G/E
CIIeyIOlee BhIPAXKEHHUE B3SATO U3 (POPMYIIBI s . CymecTByer
CBS3b MEXIYy Mepoil u3ruda "c" u yrom ¢u3ruda, a TakKe C BbIPAKEHUEM, TJIABHBIM

obpaszoMm, ¢ =C-E,. ['panuunbIii H3HOC, YKa3aHHBINA B OIMUCAHUK M3rH0a ¢, 3aBUCUT OT

MHOTI'UX (l)aKTOpOB N HaXOAWUTCA B JUAIIA30HC OT OAHOT'O JO YCTBIPCX IJIA TAXKCIIOIO
6CTOH8,; OT ABYX OO ILITH AJIA JICTKOI'O OceToHa.

CHHCOK HUTHPYEMBIX HCTOYHUKOB
1. Ackapos, b. A. Kypumnm korcTpykimsiiapu / b. A. Ackapos. — T.Y36ekucron, 1995. — 431 Ger.

2. Ackapos. B. A. TemupGeron Ba TOW-FMINT KOHCTpyKuusnapu / b. A. Ackapos,
1. P. Huzomos, b. A. Xaowunos. — T.Y306ekucron, 1997. — 357 Ger.

3. Erboyev, S. O. Opanuk KypuIMagapHd JMATHOCTMKA KWIHII — THU3UMJIAPUHU
takommntamTapui / S. O. Erboyev, R. A. Axmedov, D. K. Jo‘rayeva // LlenTpanbHOa3uaTCKHiA
’KypHas oopa3oBanus U nHHOBanui. — 2023. — Vol. 2 (11). — P. 201-204.

4. Erboyev, S. O. DKcIuyaTanysi KMIMHACTIaH KYTIPUKIAPHUHT TEXHUK XOJIATH MOHHTOPUHT
kuium tu3umu / S. O. Erboyev, R. A. Axmedov // LlenTpanbHoa3uarckuii xypHan oOpa3oBaHus
u uaHoBarmii. — 2023. — Vol. 2 (11). — P. 197-200.

5. Dpboes, 1I1. O. Kynpuk TasHwIapy FOK KyTapull KOOWIMATHHU aHMKJIANIHUHT YCYJUIApH.
Science and Education / I1I. O. Op6oes. — 2022. — Vol. 3 (4). — P. 241-246.

6. Dpb6oes, 1. O. Temup #Hyn KYynpukIapuaard HOCO3IUKIAPHU aHUKIAII. TOIIKEHT
temup Wynnapu mMyxannuciauk wHCTUTyTH / I, O. DpboeB / AXBOPOTU dopak xypHamu
Toshtymi AXBOROT. —2015. — Vol. 2. — P. 28-31.

7. Ochiltoshevich, E. S. Organizational and structural measures to improve the process of operation
concrete span / E. S. Ochiltoshevich // European science review. — 2016. — Vol. 9-10. — P. 184-186.

8. Dpboes, HI. O. OneHka >KCIIyaTallHOHHOH MPUIOJHOCTH 3JIEMEHTOB IPOJIETHBIX
crpoenuii / I1I. O. Dpb6oes // Mexanuka myammonapu. — 2010. — Vol. 1. — P. 47-49.

9. Erboyev, Sh. O. Lak bo’yoq materiallar texnologiyasi : O’quv qo’llanma / Sh. O. Erboyeyv,
E. N. Tilavov. — Jizzax, 2022.

10. I'anues, W. T'. Pesynsrathl 06CIEIOBaHUS M HMCHBITAHUS DKCILTYaTHPYEMBIX ITPOJIETHBIX
CTPOCHHUH >KEJIEe3HOAOPOKHBIX MOCTOB B YCIOBMAX CyXoro skapkoro knumara / W. I'. I'anues,
1. O. Op6oes // IIpobiaeMbl MPOYHOCTH MAaTEpPUAIOB U COOPYNKEHHH Ha TPAHCIOPTE . TE3UCHI
VII Mexnaynap. kond. — 2008. — Vol. 23. — P. 24.

11. Tanuwes, W. T. Pesymsrarsl 06CIENOBaHHMsA IPOJETHBIX CTPOEHUH KENE300€TOHHBIX
KENEe3HOMOPOXKHBIX MOCTOB. [IpoGnembr apxurekrtypel u crtpoutensctBa / W.T. Tanues,
II. O. Opboes // Hayano-rexunueckunii xypHai. — 2007. — Vol. 2. — P. 16-18.

12. Mmanxomxaes, A. A. Knaccudukanuss IpONETHBIX CTPOEHMH MO IIPOYHOCTH IPH
ceiicMuueckux Bo3aencTBusx / A. Mmanxomxkaes, A. 1. O. Op6oes // MebMOPUMINK Ba KYPUITHIL
myammornapu» Cam JJAKHU. —2018. — Ne 4. — C. 16-18.

13. l'aameB, WM. I'. DkcmryaralluOHHOE COCTOSIHUE KEJI€300€TOHHBIX MOCTOB B YCIIOBHSX
cyxoro sapkoro knumara B Pecnyonmuke VY30exkucran / WM. I'. Tanwmes, 1. O. Dpboes,
H. 3. CoaroBa / MocTu Ta TyHenT Teopis, MOCIIDKEHHS, MpakThka: Te3um momosmieid MixHap.
HaykoBo-nipaktuyHo. — 2007. — C. 14-15.

14. TanueB, W. T. XapakTepuCcTHKa CYyIIECTBYIOIIETO IMapKa  JKENE3HOHOPOKHBIX
xene3o0eroHHbIx MoctoB / WM. I. Tanmes, L. O. 3pGoe // IlpoGneMbl apXUTEKTyphI
u crpoutenbeTBa. Hayano-rexanueckwnii sxypHai. 2007, — Ne 3. — C. 13.

215



YK 624.131.7
OCOBEHHOCTHU PA3/IMYHBIX TUITIOB TPAHCIIOPTHBIX 9CTAKA/ UST

A. 3. IOHuuKuﬁl, A. H. Hempoeeuz, A. A. Bonmymko3

Lookmop punocodpuu mpancnopma, 2enepanvuuiii koncmpykmop, 340 «Cmpyntvie
mexnonocuuy», Munck, Berapyco, e-mail: a@unitsky.com
2UHOKCeHEP-NPOCKMUPOBUUK, KOHCMPYKMOopckoe Giopo «Kenezobemonnvle
koucmpykyuuy, 340 « CmpyHnuvle mexnonocuuy», Munck, berapycy,
e-mail: a.petrovets@unitsky.com
Sunoicenep-koHcmpyKmop, Koncmpykmopckoe 6iopo «)Kenezobemonmvie
koncmpyxkyuuy, 340 « Cmpyunvie mexnonoeuuy, Munck, benapyce,
e-mail: a.boltushko@unitsky.com

B COBpEMEHHBIX TPaHCIOPTHBIX CHCTEMAxX CTOMT 3a/adya COYETAaHHSI BBICOKOU
CKOPOCTH JIBH)KCHMS, SKOHOMUYHOCTH CTPOMTEIBCTBA M DKCIUIyaTallMM, a TaKXKE
YHUBEPCAIBHOCTH NMPUMEHEHHUS Ha PAa3JIMYHBIX THUIIAX MECTHOCTH. JlJI1 BBIOTHEHUS
ATUX 3324 HEOOXOJAMMO MOBBILATH 3(PPEKTUBHOCTh TPAHCIIOPTHBIX COOPYKEHHIA,
IIPU 3TOM KJIFOYEBBIM KPUTEPUEM BBICTYNAET IKOHOMHYECKAsl COCTaBJISIONIAs, KOTO-
pasi 3aBUCUT OT BbIOOpa MaTepUaloB U KOHCTPYKTUBHOM CXEMbI, a TaKKe OT 3aTpaT
Ha CTPOMTENILCTBO ¥ AKCIUTyaTanuto [ 1, 2].

O6patuM BHUMaHHME Ha pelIeHus, Mpeajgaraemble kommanued UST Inc,
IIPU CTPOUTENBCTBE MYTEBBIX CTPYKTYp [3]. biiaromaps pasHooOpa3uio KOHCTPYKTHUB-
HBIX CXEM NYTEBOW CTPYKTYpbI 3CTAKaIbl TPAHCHOPTHO-UHPPACTPYKTYPHBIX KOM-
1eKkcoB UST MO3BOJIAIOT 0OECIEYUTh ONTUMAJIBHBIE PEIIECHUs ISl OONBIIOTO KpyTra
3aja4 B 00JIaCTU TpaHCHOpPTa. | JJaBHBIM MPEUMYIIECTBOM NMPUMEHEHUS TPaHCIOPT-
HBIX 3cTakaj uST sBiseTcs HCIOIb30BaHHE HauMOOJIee ONTUMU3HPOBAHHBIX CXEM,
MO3BOJIAIOIIMX YMEHBIIUTH (PMHAHCOBBIE 3aTpaThl HA ATare CTPOUTEILCTBA, OJlaroa-
psl COBPEMEHHBIM TEXHOJIOTHSM M UCIIOJIb30BAHUEM HOBBIX MaTepHUaiOB U METOOB
BO3BEACHMS, M Ha 3TaIe dKCIUTyaTalluu, TP pEMOHTE U o0cykuBaHUU. PaccMoTpum
HIKE 33 CUET KakuX ocoOeHHocTel pemieHus: UST mO3BOMSIOT MOBBICUTH 3 ()EeKTHB-
HOCTb IPUMEHEHHS CTPOUTENBHBIX KOHCTPYKLIUM.

B tpancnoptHoii cucreme UST mpUMEHSIOTCS CIIEAYIOINE OCHOBHbIE BU/IbI TIPE/I-
BAPUTEIBHO HANPSLKEHHBIX HEPA3PE3HBIX ICTAKa B 3aBUCUMOCTH OT BEJIUYMHBI IIPO-
rr0a MyTeBOM CTPYKTYPBI: KECTKasl, OJTyKECTKasl, MoJyruokas, ruokas [3, 4].

Kecmxasa nymeean cmpykmypa — HepaspesHas (0e3 TemneparypHbIX IIBOB) ITy-
TeBasl CTPyKTypa (EpMEHHOIO THIIa, B KOTOPOH BEPTUKAJIBbHBIA MPOTrMO 3aBUCUT
OT U3TMOHOM JKECTKOCTH M MPAKTHUUECKU HE 3aBUCUT OT YCHJIUS MPEIBAPUTEIHLHOTO
HaTsDKeHUs. OHa COCTOMT W3 NPOCTPAHCTBEHHOW (epMbl, B KOTOPOH HIKHHIMA
Y BEpXHUU MOSAC MPETHANPSHKEHBI (PUCYHOK 1).

DOta myTeBasg CTPyKTypa IMpeAHa3HaueHa JJs  JBUWXKEHUS  TOPOJCKOrO
Y BBICOKOCKOPOCTHOTO  TpaHcmopTa.  KOHCTpyKIMs ~ 3CTakaabl  IMO3BOJISET
OCYIIIECTBIIATH JBMXKEHHUE CO CKOPOCThIO 10 500 km/u [3].

[Ipu >TOM TpaHCHOPTHBIE CPEACTBA MOTYT HNEPEABUTATHCA IO KECTKOM ITyTEBOU
CTPYKTYpe OJHOBPEMEHHO CHHU3Y U CBEpPXY, UTO JIeJaeT MPE/CTaBICHHYIO cXeMy 0o0-
nee 3(pPeKTUBHON MO CPAaBHEHUIO C APYTMMHU BUJAMH PEIbCOBOIO TPAHCIOPTA. DTO
MO3BOJISIET COKOHOMUTH Ha CTPOUTENIbCTBE JIONOJIHUTEIBLHOTO MTYTH.

216


mailto:a.petrovets@unitsky.com
mailto:a.boltushko@unitsky.com

Bepxuuit nosc

(mapwant)

Hixrmit nosic

(vapwant)

Pucynok 1 — )Kecmras nymesas cmpykmypa. ko Texnollapk. Mapvuna I'opka, 2017 2.

Honyxcecmkan nymeeas cmpykmypa — Hepaspe3Has (0e3 TemmepaTypHBIX
IIIBOB) MyTEBasi CTPYKTypa, B KOTOPOW BEPTUKAILHBIN MPOTHO B OCHOBHOM 3aBHCHT
OT YCHJIUS TIPEABAPUTEILHOIO HATSHKCHHUS M MaJIO 3aBUCUT OT M3THMOHOM KECTKOCTH,
a Tak)Ke B KOTOPOM HECYIIHMe CTPYHBI M CTPYHHBIC PEJIbChI (TOJOBKA pebca) UAYT
HeMapaJyIeIbHO APYT APYTY MO BEPTUKAIU B miposieTe. KOHCTpyKIus myTeBoil CTPyK-
TYpBI CX0Xa ¢ KOHCTPYKIIMEH BUCAYUX MOCTOB (PHCYHOK 2) M COCTOMT M3 KaHATOB,
MIOJIBECOB M MPETHANPSIKECHHON OaJIKK kKeCTKOCTH (prucyHOoK 3) [3].

Kanat [TogBec

Hars>xenue T \ T

banka >xecTkocTu

Pucynok 2 — Koncmpyxkyus noogecno2o mocma

OHKepHasA onopa

HECYWUe CmpyHbI
— — S ﬁ

' 1] T
| | T /
‘ : : HECYWUE CMPYHbI

i |

| N\ npoMexymo4Has onopa CMPUHHLIL PeAbC

t &‘F'B &B [

2

A==
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&=

Pucynox 3 — Koncmpyxkyus nonyscecmrou nymegoul cmpykmypbi. Llonyscecmkas nymesast
cmpykmypa. OxoTexnollapx. Mapvuna I'opka, 2016 2.
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OTnuuuTenbHas 0COOCHHOCTh MOJIY>KECTKON MyTEeBOW CTPYKTYphl — YHUBEPCAIb-
HOCTh M BBICOKAsI TPY30MOTbEMHOCTH, IPOCTOTA B COOPKE, OBICTPOBO3BOIUMOCT.

DTa cucTemMa MO3BOJSET 3HAYUTENBHO YCKOPUTH CTPOUTEIBCTBO KOMILIEKCA,
CHUXasi TpPyJ0o3aTpaTbl U MaTEepPUAIbHO-TEXHUYECKUE PECYPChl IO CPaBHEHUIO

C ’KECTKOU IIyTEBOU CTPYKTYpOH, omarogaps YMEHBIIEHHOMY BECY
Y HE3HAUUTEIbHOMY CHHYKEHUIO JKECTKOCTHU ITyTEBOM KOHCTPYKLMH [5].
T'uokaa nymesasa cmpyxkmypa — Hepaspe3Has (0e3 TeMIepaTypHBIX IIIBOB)

yTeBasi CTPYKTypa, B KOTOPOH BEPTUKAIbHBIA MPOTUO 3aBUCHUT TOJIBKO OT YCHIIUS
MPEABAPUTEILHOTO HATSXKEHUST M TEMIIEpAaTypbl M HE 3aBUCUT OT M3TMOHOM
KECTKOCTH, a TaKXK€ B KOTOPON HECYLIUMEe CTPYHBbI U CTPYHHBIE PEIbChl (TOJIOBKA
penbca) UAyT HapajieibHO APYT APYry MO BEpTHKAIM B mposete. [MOkas myreBas
CTPYKTYpa COCTOUT U3 HEOONBIIOTO KOJIMYECTBA SIEMEHTOB, HO MIPH ATOM COXPAHSET
BBICOKYIO (YHKITMOHANBHOCTh. OHa mpenacTaBiasieT coOOM CTPYHHBIM pebC,
COCTOSIIIMIA M3 KOpPITyca M MPEABAPUTEIBHO HANPSHKCHHBIX KaHATOB (pUCYHKHU 4, D),
IIPU ATOM KOPITYC OJJHOBPEMEHHO SIBIISIETCS PEIBCOBBIM 3JIEMEHTOM.

HECYWUE CMPYHLI U cedno

CMPYHHBIU penbe

NPOMEXYMOYHOH Onopa

A

|

|

|

|

|

|

1
e ¢

Pucynok 4 — Koncmpykmugnas cxema 2uOKOU nymesoul CmpyKmypbl

Pucynok 5 — ['ubkas nymesas cmpykmypa (KOHCMPYKIMUBHble dlIeMeHMbl, 6APUAHM PENbCa).
IOxoTexnollapx. Mapvuna [opka, 2018 e.

['maBHBIE OCOOEHHOCTU THOKOM IMyTEBOM CTPYKTYpPHI — MPOCTOTAa KOHCTPYKIIMH U
HU3Kash MaTepuagoeMKOCTh (HEOOJNBIION Bec). DTO TMO3BOJISIET BO3BOIUTH PEIIbCO-
CTpyHHBIE O3CTakagbl B Kparyaillliie CpOKM Jisi OpTaHW3alud TPaHCIOPTHOTO
COOOIIIEHUsT B MaJIOHACETICHHBIX WM OTIAJCHHBIX palilOHaX, a TAK)Ke Ha TEPPUTOPHIX
CO CIIOXHBIM pelbe)OM MECTHOCTH U IIMPOKUMHU NPENATCTBUAMH (PEKH, 03€epa,
0oJt0Ta, YIIEIbs U Jp.).
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Ilonyzubkan nymeeasa cmpykmypa — Hepazpes3Has (0€3 TeMmIepaTypHbIX LIBOB)
nmyTeBas CTPYKTypa, B KOTOpPOW BEpPTUKAJIbHBIA MPOTrHO 3aBUCUT OT YCHIHN
IIPEIBAPUTEIILHOTO HATSHKEHUS CTPYHHBIX PEINbCOB M IOAIEPKUBAIOLIEN CTPYHBI
(kaHaTa) U MPAKTUYECKH HE 3aBUCUT OT U3TMOHOM >KECTKOCTH CTPYHHOIO pelbca, a
TaKkK€ B KOTOPOM HECYIIME CTPYHBI M CTPYHHBIE pEIbChl (IOJIOBKA pEIbCca) HE
napajuieNbHbl APYT APYTY MO BEPTHUKAIH B PailoHE OMOP M MOTYT OBbITh MapaijieIbHbI
B IICHTPAJIbHON YacTH mposieTa (PUCYHKH 6, 7).

HeCywue CmpyHs |
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Pucynok 6 — KoncmpykmusHas cxema noiyeubKot nymegou cmpyKmypbl

BepxHue cmpyHbl .
HuxHue CMPYHBI U CMPYHHLIL pe/sc
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Pucynox 7 — [lonysubkasa nymesas cmpykmypa. Koncmpykyus penvca. Llenmp uSky. e. [Llaposca
(043), 2024 2.

[maBHON 0COOEHHOCTBHIO MpEIaraéMoro BUjia MYyTEBOM CTPYKTYpPHI SIBISETCS TO,
YTO B KOHCTPYKI[MM OTCYTCTBYET IMpsiMasi CBSI3b pelibca C OIMOpOil, YTO JeNaeT
HaMpaBJISION[YI0, TI0O KOTOPOM JBHUTAETCS TPAHCHOPT, Oojee pPaBHOMEPHO
Harpy>kKeHHOM, oOecreunBasi TeM CaMbIM 00Jiee BBICOKYIO MJIABHOCTD XO/1A.

BeiBOA

TakuM o00pa3oM, B paboTe BBIIEIEHb OCHOBHBIE AaCHEKThl MPEABAPUTEIHHO-
HanpsDKEHHBIX Hepa3pe3HbiX actakaa uST, Onaromapss KOTOpbIM 00OecreuynBaeTcs
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3Q(PEKTUBHOCTD HX MPUMEHEHHA. OITO JIOCTUIAETCA 3a CYET HCIOIb30BAHMS
MHOTOTIPOJIETHBIX ~ HEPa3pe3HbIX CXeM, a Takke Oojee  palroHaIbHOMY
UCIOJIb30BAHUIO COOCTBEHHOIO BECa M HECYIIEH CIHOCOOHOCTU CEYEHHS IyTEBBIX
CTPYKTYD.

[TpousBeneHHblii 00630p HCHONB3YyEeMBIX MyTeBBIX CTPykTyp uST mokasan, 4ro
KOHCTPYKTUBHOE pa3HooOpasue (PKecTKas, MOMy)KeCTKas, MONyruOKas u THOKas
yTeBass CTPYKTypa) JaeT BO3MOXKHOCTh IOJOMpPaTh ONTHUMAJIbHOE pELICHHE IO
IIyTEBbIM CTPYKTYypaM B 3aBUCHUMOCTH OT YCJIOBHH penbeda, TpeOOBaHUI K CKOPOCTH
JBYKEHUS U TPAHCIIOPTHOM Harpys3Ke.

CrnenyeTr OTMETUTH, YTO MPH Pa3pabOTKE MYTEBbIX CTPYKTYP TPAHCIIOPTHBIX KOM-
wiekcoB UST pelmieHuss MOTyT OBITh MCIIOJIB30BaHbl U NPU CTPOUTEIBCTBE MOCTOB,
TOHHEJEH, 3CTaKaJ U JIPYTUX WHXEHEPHBIX COOPYXKEHUH, oOecrneurBas ONTHUMH3a-
IIMI0 MapIIpPyTOB, MOBBIIMICHHE 0€30MaCHOCTH U 3()D(PEKTUBHOCTH TPAHCIOPTHBIX MO-
TOKOB. Vcnonb3oBanue uST-TEXHOIOTUN MO3BOJISIET UHTETPUPOBATh PA3IMUYHbIE BU-
Ibl TPAHCIIOPTA, YJy4YIIaTh YIPABICHUE JBM)KCHHEM U CHMXKATH 3aTpaThl Ha 3KC-
IIyaTtauuio MHPpacTpykTypel. Kpome TOro, Takue CUCTEMbl CIIOCOOCTBYIOT ajai-
TUBHOCTA KOHCTPYKIMI K W3MEHSIOIIMMCS YCJIOBHSAM JKCIUIyaTallUM U PAa3BUTHUIO
YMHBIX TOPOJIOB.
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