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Abstract

With the incorporation of artificial intelligence and data analytics, civil engineer-
Ing project management is changing and offering chances to improve decision-
making, resource allocation, and project results. This article examines how real-time
data gathering, building information modeling (BIM), and predictive analytics driven
by Al can transform project management in the field of civil engineering. It discusses
the necessity of sophisticated project management tools to get beyond the drawbacks
of conventional approaches, which frequently result in inefficiencies and project de-
lays. More precise stakeholder communication, risk management, cost estimation,
and project scheduling are made possible by the combination of Al and data analyt-
ics. This essay also emphasizes the difficulties and moral dilemmas that come with
implementing Al, stressing how crucial it is to comprehend its possible drawbacks
and hazards. Providing a framework for successfully incorporating Al into decision-
making procedures, enhancing project efficiency, and lowering risks in intricate civil
engineering projects is the ultimate objective.

Keywords: construction, lean, waterfall and critical path methodology, project
management methodologies.

Introduction

Complex projects that require careful planning, smooth coordination, and effec-
tive execution are what define the civil engineering sector. These projects, which in-
clude large-scale building and infrastructure development, produce enormous vol-
umes of data that, when examined, can yield insightful information for better deci-
sion-making. The complexity of contemporary projects is frequently too much for
traditional project management techniques to handle, leading to poor communication,
overspending, and delayed deadlines4. As a result, cutting-edge technology like Al
and data analytics are becoming more and more necessary to transform project man-
agement procedures in this industry [1, 2].

By forecasting project timeframes and streamlining job schedules, sophisticated
project management software uses artificial intelligence (Al) to improve planning and
scheduling. Al-powered solutions examine past data and outside variables to increase
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scheduling precision and avoid delays [3, 4]. Tools for real-time collaboration make
It easier for contractors, architects, and engineers to communicate, which lowers mis-
takes and speeds up decision-making. These platforms offer cloud-based settings
where participants may connect quickly via file sharing, video conferencing, and
chat, as well as share updates and monitor progress [5].

The Role of Al in Transforming Civil Engineering

. Enhanced Planning and Scheduling: In order to forecast timetables, optimize
work scheduling, and proactively avoid delays, artificial intelligence algorithms can
examine past project data.

« Real-Time Collaboration: Engineers, architects, and contractors may communi-
cate easily and receive real-time updates thanks to cloud-based technologies [6, 7].

. Resource Optimization: Al makes it easier to allocate resources like labor, ma-
terials, and equipment efficiently, reducing waste and increasing output [8].

« Risk Management: Al systems use data-driven insights to minimize disruptions
by identifying possible risks early and suggesting mitigation solutions [9, 10, 11].

 Improved Stakeholder Communication: Al-driven communication technologies
provide greater transparency and engagement with investors and clients.

Building Information Modeling (BIM)

A key tool in contemporary civil engineering is building information modeling
(BIM), which creates digital representations of real structures to increase design pre-
cision and lower construction errors. Stakeholders may work together quickly when
BIM is integrated with project management software, guaranteeing design integrity
and minimizing deviations over the course of the project. Advanced features like 5D
BIM, which incorporates time and cost dimensions into the 3D model to enable more
precise project scheduling and budgeting, are part of the growth of BIM. Atrtificial
intelligence and BIM combine to improve predictive maintenance and automate de-
sign optimization, which lowers costs and increases project efficiency [12, 13].

Digital Twin Technology

As cutting-edge instruments, digital twins provide real-time data synchronization
with their physical counterparts. For big infrastructure projects in particular, this
technology allows for better management and maintenance methods by enabling con-
tinuous monitoring and modeling of numerous situations to predict outcomes and en-
hance performance [14].

The Internet of Things (10T)

Real-time site monitoring, equipment usage tracking, and worker safety are made
possible by the integration of IoT devices4. Continuous data on site conditions is
provided by drones and sensors, which reduces potential risks and promotes proactive
decision-making [15, 16].

Results and discussion

The development of the domestic economy and the progress of science and tech-
nology have promoted the pace of urbanization and the scale of construction. In recent
years, the rapid progress and speed of urbanization in my country has led to the gradual
emergence of an important development trend: the management of engineering cost
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information [17]. This development trend aims to achieve diversification, optimization
and management of engineering construction at this stage. The rapid development of
government investment projects, the real estate market and other construction engi-
neering markets has led to an expansion in the economic scale of construction engi-
neering in the country For projects characterized by large-scale, complex structures and
significant structural importance, it has become challenging to achieve comprehensive
enhancement of economic benefits and technical indicators through conventional engi-
neering management methodologies where In light of these developments, Building
Information Modeling (BIM) technology, which integrates engineering construction
information and computer technology, has emerged as a progressive solution [18, 19].
This technology, formally known as Building Information Modeling (BIM), has
emerged as a pivotal element in this transformation. This technology has emerged as
an indispensable element in the evolution of the construction industry, offering a com-
prehensive range of applications and contributing significantly to the success of con-
struction projects throughout their entire lifecycle. Construction companies leverage
BIM technology in their management processes, thereby enhancing their own construc-
tion technology and facilitating the streamlined execution of projects [3].

The advent of Building Information Modelling (BIM) technology has precipitated
a paradigm shift within the construction industry, signifying a substantial milestone
[4]. The implementation of BIM technology in the construction industry of my coun-
try has yielded substantial benefits, including the reduction of time spent on cost es-
timation and the enhancement of efficiency. Moreover, it has led to the elimination of
unbudgeted changes. Recent policy directives and the promotion of engineering tech-
nology have led to a steady standardization and normalization of BIM technology
within the country [5]. A substantial corpus of theoretical studies has demonstrated
that the implementation of BIM technology in cost management of engineering pro-
jects can enhance resource utilization, mitigate the issue of escalated engineering
costs due to unanticipated issues during the construction process, curtail ineffective
work and resource consumption, and furnish a convenient information communica-
tion platform for participants in various engineering projects [6]. Concurrently, it has
been demonstrated to be an effective measure in mitigating collision problems arising
from interdisciplinary collaboration, thereby averting the wastage of resources and
costs concomitant with such occurrences. A review of the current application of BIM
technology in the cost management of engineering projects in Irag reveals that the
construction of relevant models, the degree of standardizations, and software integra-
tion in Iraq are not sufficiently unified. Furthermore, the control of the project's pre-
liminary cost estimation, budget estimate, and budget limit is inadequate, and the cost
management advantages of BIM technology have not been fully realized [7].

Building Information Modeling (BIM) has undergone continuous development
over the past few decades and has been extensively promoted and applied in both de-
veloped and developing countries worldwide. In my country, real estate companies,
design agencies, and professional organisations have progressively initiated the im-
plementation of BIM technology in construction projects [8].

The integration of BIM with change control systems has emerged as a pivotal ap-
proach for the management of design changes. A change management process and
control system for managing changes in detailed design projects were introduced, and
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the results of using BIM technology were evaluated to identify changes. By collecting
data on actual projects and changes in the projects change control system, it was ul-
timately concluded that dynamic changes to the change control system combined
with BIM technology can reduce design changes [9] built a BIM construction collab-
oration platform for engineering projects and studied the feasibility of BIM technolo-
gy in engineering cost management.

The application of BIM technology in the architectural design industry has the po-
tential to enhance the efficiency and scientific rigour of building structure models,
thereby improving the design quality of construction projects and enhancing con-
struction safety and efficiency.

Developed countries have been the cradle of the three industrial revolutions.
The construction sectors in these countries are relatively mature, and research on con-
trolling construction project costs has already begun. Notable research findings in-
clude value engineering theory, total cost management theory, and target cost man-
agement theory. Following the establishment of a socialist market economy in the
country under discussion, a set of unified management mechanisms has gradually
been established in the construction industry, with construction cost management be-
ing of particular importance for the management of construction companies [10].

The integration of Al and data analytics in civil engineering projects led to signif-
icant improvements in several key areas:

 Improved Project Scheduling: Al-powered scheduling tools reduced project de-
lays by an average of 15 % due to more accurate predictions and optimized task man-
agement4.

« Cost Reduction: Real-time cost tracking and predictive analytics helped mini-
mize cost overruns by approximately 10 %, ensuring projects stayed within budget4.

« Enhanced Resource Allocation: Al algorithms optimized the allocation of re-
sources, resulting in a 20 % increase in resource utilization efficiency64.

« Reduced Risk: Early identification of potential risks through Al-driven risk as-
sessment tools led to a 25 % reduction in safety incidents and other project disruptions.

 Better Stakeholder Communication: Cloud-based collaboration platforms im-
proved communication and transparency, resulting in a 30 % increase in stakeholder
satisfaction.

The effective project management is gaining more importance, particularly in
complicated projects such as smart city planning, where incidences of over-spending
and extended periods have been prevalent [11]. The application of artificial intelli-
gence (Al) in the discipline of project management (PM) has drawn significant atten-
tion, signifying tremendous opportunities for innovative advancement [20]. This lit-
erature review discusses the current state of Al research in PM, focusing on its impact
and integration, identifying major themes, converging and diverging areas, research
requirements, methods, and area evolution. The review also discusses critically how
these bodies of work converge or diverge in their ecosystem, providing an insight in-
to the real-world applications, issues, and future potential of Al in PM [13].

Al for Better Decision Making: Al enables project managers to make data-driven
decisions by analyzing large amounts of data and offering predictions and this helps
in more effective decision making, moving away from traditional and at times gut-
based approaches. Efficiency and Automation: Al-driven automation has the ability
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to automate processes and reduce project timelines with the help of tools such as ro-
botic process automation (RPA) [14]. This leads to increased efficiency and poten-
tially reduced project costs.

Resource Optimization: Al tools can analyze project demands and resource avail-
ability to reduce bottlenecks and enhance overall project performance. Al can provide
maximum resource allocation, leading to more efficient project execution.

Risk Mitigation: Al-based systems employ machine learning models to scan past
data, determine probable project risks, and suggest measures of mitigation in real
time. Risk management done in an anticipatory fashion can save expenses in delayed
completion of projects and project failure.

Effect on Project Managers: The integration of artificial intelligence is likely to
change the work of project managers, and their skills and responsibilities need to be
changed. Project managers must embrace new technologies while emphasizing inter-
personal skills and strategic management.

Ethical Concerns: Al implementation involves ethical concerns, including algo-
rithmic bias, data privacy, and accountability in Al-driven decision-making. Such
concerns must be paid a careful attention to ensure that Al is being used ethically and
responsibly [15].

There is a consensus that Al has the potential to bring value to project manage-
ment practice, particularly in decision-making, efficiency, and risk management.

The need for a comprehensive approach to Al integration is clearly recognized,
with a focus on education, organizational empowerment, and ethics.

The advent of the New Economy, characterized by an emphasis on digital tech-
nology, coupled with innovations in computer science as exemplified through
Moore's Law, have propelled the use of artificial intelligence in project management
techniques.

Conclusion

The study confirms that adopting Al requires informed strategies that blend tech-
nological advancements with human capabilities. Leadership support, strategic plan-
ning, team education, and a phased approach to implementation are vital to success,
Future research should focus on addressing current limitations of studies, including
expanding participant samples, incorporating diverse perspectives, and using mixed
methods Additionally, longitudinal and cross-sector studies are needed to fully under-
stand the long-term impacts of Al on project management.
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Abstract

Using temperature values in 2D-space and its variations in time as well as the
boundary conditions for both temperatures and vapor pressure an inverse problem has
been studied in attempt to infer the conductivity properties of the domain by using the
physics informed neural networks. Relying on mathematical models of heat and mois-
ture transfer a set of criteria has been proposed to form the loss functions to train the
networks for temperature, vapor pressure, heat flux and conductivity predictions.
The neural networks have been trained by using the proposed loss functions and the
conductivity coefficients have been approximated to a certain level of accuracy.
The results have shown good correlation of predictions to the ground truth values thus
confirming good potential of the method and its ability to solve the problems provided
that the sufficient number of training epochs have been used. Simultaneous and cou-
pled training of few networks at a time has shown expectedly slow convergency.

1 General

Ability to solve the inverse problems is an important tool that allows to monitor
the performance of the structures by inference from some easy-to-measure indirect
data. Machine learning methods and techniques renown as physically informed neural
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networks (PINN) supported by mathematical modeling frameworks, allowed to in-
corporate the physics laws into the regression analysis thus increasing the accuracy
and soundness of the solutions. Present paper studies an application of PINN tech-
nique for solving an inverse problem in heat transfer, namely, it discusses an attempt
to predict the ongoing change in the thermal conductivity parameters of the materials
composing an exterior wall, by analyzing the variation of temperatures both in space
and time within the non-uniform fragment of such a wall. This temperature variation
was the result of combined action of different phenomena such as heat transfer, mois-
ture transfer, vapor condensation and evaporation caused by varying in time bounda-
ry conditions.

The solution of non-linear, coupled, time-dependent heat transfer problem in two-
dimensional space is given in paper [1], that has been used as a source data in the
present study. Figure 1 depicts a multi-layered wall and floor slab connection detail,
which is used as the model [1].
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Figure 1 — Connection detail of three-layered exterior wall to concrete floor slab.
Source “Energy efficient exterior walls with brick veneer. Details. Wall type 1, detail
1 (to section 2-2)” [2]. All dimensions are in mm

1.1 Given
Let spatial and temporal variables be defined as x,y,t € (2 x T), where 2 is
spatial domain, and T is temporal domain, x,y — spatial coordinates covering the
model (Figure 1). Temperature distribution within the model is given in a discrete
form [1] and constitutes the input data or the ground truth for the inverse problem.
This data can be written as:
P (x’y = ]R207X2,t = ]RZOO) N d) = R207XZOO, (1)
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where

x,y,t € (2 XT);

@ — an operator that maps spatial and temporal variables to temperature values;

¢ — temperatures °C.

Additionally, mixed boundary conditions (Robin conditions) for the temperature
(time dependent variation of heat fluxes and the temperature itself) and Dirichlet
boundary conditions for the vapor pressure (time dependent variation of relative hu-
midity indoor and outdoor) are also considered as given [1]. All materials are iso-
tropic. It is also known that conductivities are linearly dependent on material mois-
ture content.

1.2  Problem Definition
Having information above, we need to find a function that will correlate the spa-
tial and temporal variables to conductivity coefficient, i. e.
D:(x,y,t) ENXT v D, (2)
where
D — conductivity coefficient approximation;
D — function that maps (x, y, t) to conductivity coefficient values.
Heat sinks and sources @Q;, are being calculated by using the following expression [1]:
0p = 5950 4 <0.0022 kg b 0.0022kp 10 4 e((;:f::.(‘)’;))’ 3)

Patmm Patmm

where
p — vapor pressure within (2;
¢ — temperature, °C;

0 = (25 + 19 v) — evaporation coefficient in

which is set to zero;
A — moisture to air contact area, m?;
Patm — absolute pressure in Pa (atmospheric pressure);
m — dry air molecular mass;
kg — Boltzmann constant.

Variation of vapor pressure within 2 is unknown and need to be approximated in
form of:

kg
m?2 hour'

v — air flow velocity in —,
sec

P:(x,y,t) EQXT - P, (4)
where
P — approximate values of vapor pressure in (x,y) at any time t;
P — a function that maps (x, y, t) € 2 X T to vapor pressure values.

2 Materials and Methods

2.1 Neural Networks

Let seek all unknown functions in form of the neural networks, such that:

D = Dmin + (Dmax - Dmin) J(NND (x: % QD))’ (5)

where

D — approximate values of conductivity coefficient;

Dinins Dimax — Minimum and maximum possible values of conductivity coefficients
within the domain. This is a-priori information aimed to limit the solution of ill-posed

11



problem to a pre-set range. Maximum and minimum values of conductivities for mate-
rials that are usual in construction industry are known from the literature [4];

o(+) — sigmoid function with a range [0,1];

N Ny — a neural network;

x,y, t —spatial and temporal arguments defined in 2 X T,

8, — neural network parameters.

Similarly, for (4), the vapor pressure function shall have the form of:

P = Pout(t) + (Pin(t) - Pout(t))J(NN?(xr Y, t; HP))! (6)

where

P — vapor pressure approximation;

P;,, (t), P, (t) — vapor pressure values at inner and outer face of the wall at a time
t — the boundary conditions;

NNy — a neural network;

8p — neural network parameters;

see (5) for others.

Additionally, we introduce the following functions:

— Normalized temperature as a function of space and time

b=0c (NN¢(x, y, t; 9¢)), @)
where
¢ — approximate values of temperatures normalized to a range of [0,1];
NNy, — neural network;
64 — neural network parameters;
see (5) for others. This function is normalized continuous form of (1).

— Heat flux vector function of space and time

{]h} = ]hmin + (]hmax - ]hmin) o (NN] (xr Y, t; 9]))1 (8)
where
{Jh} - a vector (Jhy,Jh, ) of heat flux at x, y, t;
Jhoin + JRmax — Minimum and maximum possible values of heat flux with in

N x T, that can be approximated from Robin boundary conditions for the tempera-
tures;

NN, — neural network generating a vector {NN,, NN,,} ;
6; — neural network parameters;
see (5) for others.

2.2 Loss functions

In order to train the networks, or, in other words, to determine network parameters
we need to build, so called, loss functions that will be used in optimization calcula-
tions. The following criteria are proposed to evaluate how accurate the predictions
are, on one side and to regularize them to avoid the overfitting.

2.2.1 Neural network for prediction of temperatures (7)

a)  “Prediction versus the Ground Truth” Criterion — Supervised Learning

Lo, = ||€5 —oll2 9)
12



where
¢ — temperature predictions by neural network for (x,y,t) € 2 X T;
¢ — temperature values as per (1) for the same (x,y,t) € 2 X T, the ground truth;
b) Regularization Criteria

Ly, = [1xll2 + 1|yl (10)
Lq)g = ”(I)xxllz + ”q)yyllz (11)
L¢4 = ”q)xxxllz + ”q)yyyllz (12)

where i
b, = % — first partial derivative of temperature predictions over x;

¢3y = a—i’ — first partial derivative of temperature predictions over y;
Py = ¢ — second partial derivative of temperature predictions over x;
qbyy d’ - second partial derivative of temperature predictions over y;

3
Drxy = —¢ - third partial derivative of temperature predictions over x;

3
qbyyy = 3? - third partial derivative of temperature predictions over y;

C) “Predicted Time Derivative versus Ground Truth Time Derivative” Criterion —
Supervised Learning

Los = llge — ¢l (13)

where

¢, = — — first partial derivative of temperature predictions over time;

b — flrst partlal derivative of temperature over time as per (1), calculated by us-
ing finite differences method.

d) “Fourier’s Law” Criteria

As per Fourier’s Law [5], the heat flux predictions of (8) can be assessed jointly
with temperature predictions (7) and conductivity predictions (5) by the following
equations:

~ ~ 0
Lo = |[The+ D57 (14)
~ ~ 0d
Lo, = |[/hy + D%”2 , (15)
where
Jh, —heat flux at x direction as predicted by (8);

]7zy — heat flux at y direction as predicted by (8);
D — conductivity coefficients as predicted by (5);

Z—f ‘;—i — spatial derivatives of temperature predictions ¢ at x, y directions respec-
tively;
e) “Heat Balance Equation” Criterion
¢ d (~0p ~ -
Lo = || =5+ 2 (D50) + 55 (D%52) + @a(P. )| (16)
where

Qy, (ﬁ, <,5) — an energy consumed/expelled during evaporation/condensation as per (3)
13



P 0.0022kg =  0.0022k 17.625 ¢
Qh(P, d)) =5950 A ( patmmBP — patmmB 610.94 e(¢+243 04)) (17)

‘Z—‘f — temporal derivative of temperature predictions ¢;

others see (14), (15);

f) “Gauss — Green Theorem” Criterion.

Gauss — Green theorem correlates the changes of a vector field within a closed ar-
ea to the changes of that field along the boundary of the same area.

Ldg = |lpe + Jinll2, (18)
where
Jg. = jé <ﬁg—fcos(a) + 53—?51’71(6{)) ds; (19)
s
d 0 -
& - 1200502 ava)e
where

a — an angle between positive x direction and an outward normal to boundary S
of subdomain w such that;
2 = U, w;, where N — number of subdomains;
/5. — total heat flux change along the boundary of the subdomain w;
Ji» — total heat flux change within w.
Having specified the criteria above, the total loss function for this network then
might be presented as their sum.
Lo = T2, L. (21)
In order to determine the parameters of the neural networks the following optimi-
zation problem needs to be solved.
0y = argming, (L&) = {(x,y,t) € 2 X T: Ld(x,y,t) < €}, (22)
where € — accuracy of the solution.
2.2.2 Neural Network for Prediction of Vapor Pressure (6)
Let denote as pp. = {Pin, Pour}’ the vapor pressures values at the boundaries of
£, being given as Dirichlet boundary conditions as per [1]. Also, let 002, be a
boundary of 2 facing the indoor environment and d.2,,,; — a boundary facing the out-
door environment, then:
a) “Prediction versus Boundary Conditions” Criteria

Ly, = ”p(aﬂin V0ye) — pbc”Z; (23)
b) “Phase Change Heat” Criterion
Lp; = ||Q(1)(P 6) - 0P (P.9)| . (24)
where

(1) o9 9.

(P.¢) = at (D ax) to (D 5)’ (25)
17.625 ¢
QP (P, $) =5950 4 <°'°°22"B p—20022ks 01 o4 o (Giass )> (26)
Patmm Patmm

D — conductivity coefficients as predicted by (5);
14



C) “First Derivatives” as Regulc‘zvrization 3
Lps = ||Pl, + 11l + [[]l, (27)
where

~ 9P . . L
P, = P first partial derivative of vapor pressure over x;

Py = 2—5 - first partial derivative of vapor pressure over y;

aP

P, = Pl first partial derivative of vapor pressure over time;

d) “Prediction to be Close to Mean” Criterion.

As a regularization criterion it is assumed that the predicted vapor pressure values
need to be close to mean values calculated as a linear interpolation across the domain
£, between its boundary values.

Ly, =P -2, (28)
where
]3 = pout +%(X, y' t)’ (29)
P — linear interpolation between p;,,, v,y Within 2 at any given time t;
(x,y,t) EN XT.
Total loss function for this network will have a form of:
L,= §‘=1 pri' (30)

Optimization problem to determine network parameters has the following form:
6y = argming, (Lg,) = {(x, V) ENQXT:L,(x,y,t) < 6} (31)

where e —accuracy of the solution.
2.2.3 Neural Network for Prediction of Heat Flux Values (8)
The following criteria shall be used for training of heat flux neural network.
a) “Predictions versus Robin Boundary Conditions” Criterion

g, = || J0R2 + OB, = |+ {0’ + ), =
2

where
Jhin, Jhou: — heat flux values at inner and outer face of 2 at a time t — Robin
boundary conditions;

(Jhin x, Jhin y) — neural network prediction for heat flux at 02;,,;
(Rout x» Jhous y) — neural network prediction for heat flux at 92y,;;
b) “Prediction to be Close to Mean” as Regularization Criterion.

sz = ||]7lt0t(xi t) - ]71(.7(, t) | |2 ) (33)

, (32)

2

where
Jh,,. (x,t) — heat flux as predicted by neural network (8), passing through a plane
along y direction and at any given x and time t.

Jheor(x,£) = [77* [h (x, t)dy. (34)

Jh(x,t) — heat flux passing through a vertical plane at any given x, in a moment t,
being calculated as linear interpolation between boundary values;
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Jtout(t) = J houe(t) dgye ; (35)

Dout

Jtin (t) = Ji hout(t) A, ; (36)
Din

) = Jtgye +1m o 0y gy (37

0]

Jtoue (0), Jti, (t) — total heat flux leaving and entering £ at time t, respectively;

(x,t) — x coordinate and time argument ¢;

C) “Heat Flux Direction” Criterion.

From Fourier’s Law we know that heat flux needs to be opposite directed to the
space derivatives of the temperature. Hence

Ly, =@, +TH™ |l + @, +Th™ |2, (38)

where

Vo™ = (prorm, $ror™m) — unit vector of temperature gradients, predicted by
neural network (7);

Jhrerm = (JhRer™, fpier™) — unit vector of heat flux, predicted by neural net-
work (8);

d) “Heat Balance Equation ” Criterion

42 7h, 6]h
—ll— o o T %P lz; (39)
a;r; a;yy — space derivatives of heat flux predictions;
e) “Gauss — Green Theorem” Criterion
LJ5 = Jpe +Jinll2 . (40)
where
o = 34 (B + jB,) dS, (41)
a]h Jh
Jin = fj Y+ Qh(P ¢) dw . (42)
Total loss function for neural network (8) is then:
Ly=%i1Ly, . (43)

In order to determine the network parameters, the following optimization problem
need to be solved:
6, = argmingj(LJ) ={(x,y,t) EQXT:Ly(x,y,t) <€}, (44)

where € — accuracy of the solution.
2.2.4 Neural Network for Prediction of Conductivity Coefficients (5)
The criteria for this network are:
a) “Heat Balance Equation” Criterion

o, -2+ 20D 120D+ 0CHl,; @
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b) “Fourier’s Law” Criteria

~ ~ 0D
Lp, = |y + D225 ; (46)
- ~ b
Ly, = Thy +D 32|12 (47)
C) “Gauss — Green Theorem” Criterion
Lps = [/pe +Jinllz , (48)

where
Ji, ] — the same as in (19) and (20).
Total loss function is then:
Lp =i Lp, (49)
Similar to other networks the optimization problem to find network parameters
has a form:
Op = argming, (Lp) = {(x,y,t) ENQ XT: Lp(x,y,t) < €}, (50)
where € — accuracy of the solution.

2.3 Training
While the training of the networks the relevant loss functions were weighted by
adaptive Lagrange multipliers as recommended in [7].

Loxe = Zhy (ML + 3108 (51)), (51)
where
Lyy — total loss function of N™ (or respective) neural network;
N — number of criteria of relevant loss function;
A; — Lagrange coefficient, such that

1
) *
where

[ — index of associated criterion;
y~1 —top limit for Lagrange coefficients [7];
5(21') — variance of residuals for i" criterion of associated loss function. For in-

stance, for 4" criterion of network (8) the variance is calculated as:

. TN ~m) (53)

SONE N-1

N — number of values in a training batch.

3 Results

Neural networks architecture and training parameters are given in Table 1.

Figure 2 shows (a) the temperature distribution within the domain as it is predicted
by neural network (7) upon completion of first stage of training and (b) the ground
truth values as per (1). First stage training was performed by using supervised learning
criteria only. Relative error is amounted up to 30 %. Second training stage was coupled
as all four networks were trained simultaneously by using each other’s predictions in
their respective loss functions. Figure 3 depicts the ground truth temperatures as per (1)
and neural network (7) predictions after the second stage of training.
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Table 1 — Neural Networks’ Architectures

Neural Neural Neural Neural
Iltem Network for | Network Network Network for
Temperatures | for Heat | for Vapor | Conductivity
(7 flux (8) | Pressure (6) | Coefficient (5)
Input layer. Number of
neurons (X, y, t) 3 3 3 3
Number  of  output
neurons 1 2 1 1
Number of hidden layers 7 6 5 5
Number of neurons in
hidden layers
Hidden Layer 1 40 15 20 20
Hidden Layer 2 25 20 20 20
Hidden Layer 3 30 30 20 20
Hidden Layer 4 40 25 20 20
Hidden Layer 5 30 20 20 20
Hidden Layer 6 25 15 -
Hidden Layer 7 40 — - -
. . 1 —6, 1 -5, 1 -5,
Skip connections 1—7,2—6 245 24 24
. : Single Single :
Training curriculum 2 staged staged staged Single staged
Number of epochs 40000+10000 10000 10000 10000
a) b)

N 0.5

0.6

Figure 2 — The temperature values (a) the ground truth values as per (1);
(b) predictions of the neural network (7) after first stage of training. X, Y — spatial
coordinates in 2, Z — normalized temperature values. The values are given for

a moment of t = 0.32663
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Figure 3 — The temperature values at time t = 0.94472. Green — ground truth (1),
red — prediction of (7). X, Y — spatial coordinates in £2, Z — normalized temperature
values

Relative error has increased till 40 % due to inclusion of other networks into train-
ing process that has negatively affected the predictions temperature network (7).

Figure 4 shows vapor pressure values predicted by neural network (6) in compari-
son with values obtained in [1]. As it was noted above, the training of this network has
been carried out by using the boundary conditions and indirect criteria (24) and (25).

1200
1000

N 800
600

400

0.4

0 0.2
Y X

Figure 4 — Vapor pressure values within (2 at time t = 0.94472. Green — ground truth
values [1], red — predictions of (6). X, Y — spatial coordinates in £2, Z — vapor pres-
sure values

Figure 5 shows the values of conductivity coefficients as predicted by neural net-
work (5) in comparison to data in [1]. The highest error values are occurring in this
network’s predictions as they aggregate the errors of all other networks.

Figure 6 depicts Forbenius norms for space and time series of conductivity coeffi-
cient predictions over (2 X T). As it can be seen, the proposed loss functions indeed
train the networks, however more epochs and further refinements are needed to re-
duce the training errors.
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Figure 5 — Conductivity coefficients at time t = 0.94472. Green — ground truth
values [1], red — predictions of neural network (5). X, Y — spatial coordinates in {2,
Z — conductivity coefficient values

Forbenius
800 —

600 [ 1

Figure 6 — Forbenius norms. Green solid line (YY) — Forbenius norm values of all
spatial collocation points (x,y) € 2 as per the ground truth data (1); Red dashed line
(YY) — Forbenius norm values of all spatial collocation points (x,y) € £ as predicted

by neural network (5), (X) time steps t € T; Blue solid line (Y) — Forbenius norm

through all time steps of each collocation point (x, y) € £ of ground truth values;

Blue dashed line (Y) — Forbenius norm through all time steps of each collocation
point (x,y) € N as predicted by (5), (X) collocation point number

4 Conclusions

At the result of the study, the followings might be concluded:

1. Inverse problems are knowingly ill-posed, therefore every problem requires an
individual strategy for its solving. In case of neural network, due care needs to be
given to proper selection of loss function criteria.

2. Mathematical models of heat and moisture transfer and the underlying physics
laws adopted in training criteria allow to train the networks even with limited ground
truth data.

3. Having properly selected the training criteria, the machine learning techniques
become powerful and effective tools for solving the inverse problems. As equally, the
architecture of the networks should be carefully selected by analyzing the particulari-
ties of the problem. In the present study, the inclusion of skip connections in network
architecture allowed to avoid gradient vanishing problem.

4. Large number of criteria combined in a loss function may complicate the train-
ing process, therefore a contribution of each criterion needs to be adjusted dynamical-
ly during the training. Adaptive Lagrange coefficients allow to level or magnify the
effect of any single criterion thus to dose them as relevant during the training process.
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5. Coupled inverse problems require prolonged training time as the optimization
needs to be achieved in all neural networks simultaneously.
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Abstract

The article presents the results of a study of the sample estimates stability of
statistical parameters for various intervals of the time series of open channel
minimum water discharges of the Pripyat River at the Mozyr gauging station for the
period from 1877 to 2020. The intervals of the series that differ in the degree of
anthropogenic impact on runoff and the type of atmospheric circulation are
considered. A conclusion is made about the presence of statistically significant
changes in the dynamics of the open channel minimum runoff of the Pripyat River at
the Mozyr station, caused by both natural climatic and anthropogenic changes in the
hydrological cycle.

1 Introduction

Rational use of water resources and planning of economic activity for the future is
impossible without knowledge of the patterns of water content formation in the terri-
tory, manifested in fluctuations of river runoff, which are of a stochastic nature.
The water regime of rivers can objectively characterize the moisture content of large
territories, since the water runoff is formed on the catchment area and in an integrated
form in the closing section. This is especially true for the open channel minimum
runoff, i. e. the minimum summer-autumn runoff.

One of the main natural resources of the Belarusian Polesie is water resources,
which are characterized by dynamics, and their complex and rational use is impossi-
ble without predictive quantitative assessments.

The purpose of this work was an objective assessment of fluctuations in the open
channel minimum water runoff of the Pripyat River at the Mozyr gauging station to
characterize the water regime of the Belarusian Polesie in modern conditions and in
the near future.

2 Materials and methods

Belarusian Polesie is located in the south of Belarus and occupies an area of about
61 thousand km?, which is about a third of the country's territory. The surface is wa-
ter-glacial and lake-alluvial sandy lowland with ancient floodplain terraces.
The climate is warm, unstable-humid, approaching forest-steppe in the southeast.
The average January temperature is from —4.4 °C in the west to —7 °C in the east, Ju-
ly — from 18 °C to 19 °C. Precipitation is 520-645 mm per year [1]. Large-scale me-
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lioration in the middle of the last century and modern climate changes have made a
significant contribution to the natural development of natural processes in the region.

In the study of temporary fluctuations in the water regime of rivers, the most
complete information can be achieved by analysing long-term time series of hydro-
logical characteristics that are formed from large catchments. For these purposes, a
time series of open-channel minimum water discharges of the Pripyat River at the
Mozyr gauging station were used (catchment area of 101,000 km?). The main river,
the Pripyat, with numerous tributaries and a dense network of drainage canals and
ditches, with a large number of floodplain lakes, the catchment of which includes
most of Polesie, is a typical trans boundary river of Europe, flows through the territo-
ry of two states, Belarus and Ukraine, and determines both the water regime of the
region and its economy. The length of the studied time series is 144 years (from 1877
to 2020). The missing runoff values for 1877-1880, 1917, and 1941-1943 were cal-
culated using the computer software package Hydrolog-2 [2, 3] using the river ana-
logue of the Neman River at Grodno station, for which missing data on runoff were
previously restored using the analogue river Neman at Smalininkai station[4]. One of
the objectives of the study was to assess the stationary of time series of annual river
runoff with varying degrees of anthropogenic load.

Long-term fluctuations of minimum open river channel water discharges (Qyin) are
considered as a random process Qnmin(t) with discrete time #T7, taking integer values.
In particular, the value t = 1, 2,..., k can be attributed to the available series of observa-
tions for k years; the values t = 0, k-1, k—2... relate to the previous period of time, and
the valuet=k + 1, k + 2... — to the next. To describe the process Qnmin(t), a whole set of
functions was used: mathematical expectation m(t) = M{Q(t)}, variance
D(t) = D{Q(t)}, standard deviation o) = ~D(), probability distribution
F(x, t) = P{Q(t) < x}; autocorrelation function R(z,z) = corr{Q(t), Q(t + z)}, etc. [5-T7].

The assessment of the agreement between the adopted theoretical scheme and the
empirical material was carried out using statistical hypotheses of the homogeneity of
time series of the open channel minimum runoff of the Pripyat River at the Mozyr
gauging station according to the standard parametric Student's criteria (assessment of
the t-statistic — the significance of norms) and Fisher's (assessment of the F-statistic —
the ratio of variances).

3 Results and discussion

Figure 1 shows the long-term course of minimum open-channel water discharges
of the Pripyat River at the Mozyr gauging station. The graph shows some cyclical os-
cillations: in the period from 1877 to 1893, there is a slight increase in water content,
which is replaced by a decrease in water content until 1910, and then from 1939 to
1980 there is an increase in water discharges, then a decline until 1995 and then a de-
cline until the end of the calculation period. At the same time, in 1913, 1933, 1980
and 1998, the highest minimum open-channel water discharges were observed for the
entire observation period — 411, 421, 402 and 434 m®/s, respectively. The lowest min-
imum summer-autumn water flow was observed in 2015 and amounted to 48 m%s.

Table 1 presents selected estimates of the main statistical parameters of the con-
sidered time series of minimum open channel flow for the period from 1877 to 2020.
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Figure 1 — Long-term course of the open channel minimum runoff of the Pripyat
River at the Mozyr gauging station

Table 1 — Main statistical characteristics of the open channel minimum runoff of
the Pripyat River at the Mozyr gauging station for the period 1877-2020

Average runoff, Coefficients
Quins. ,mS/S of variation C, | of asymmetry Cs| of autocorrelation r(1)
154 0.47 1.48 0.20

The empirical curves of availability correspond to a three-parameter gamma dis-
tribution at Cy= 3C,. Since the probability distribution function of the annual runoff
at such parameter estimates differs slightly from the normal distribution function, the
use of parametric criteria for testing statistical hypotheses can be considered accepta-
ble. The histogram constructed for the minimum open channel water discharges
shows that the distribution is close to normal (Figure 2).

Let us consider the stability of sample statistics (averages, variation coefficients)
when changing the averaging periods in relation to the open channel minimum runoff
of the Pripyat River at the Mozyr gauging station for 1877-2020 (n = 144 years).
Testing for homogeneity of the open channel minimum runoff of the Pripyat River at
the Mozyr gauging station using parametric criteria at a significance level of
2a.=5 % yielded the following results: t = 1.44 < t, = 1.98 (the hypothesis on the
significance of norms is not rejected) and F = 1.02 < F., = 1.48 (the hypothesis on the
ratio of variances is not rejected), which indicates the homogeneity of the time series.
To confirm the homogeneity hypotheses, a summary integral curve of the open chan-
nel minimum runoff of the Pripyat River at the Mozyr gauging station was construct-
ed [7]. As can be seen (Figure 3), there are no sharp turning points, which indicates
the absence of fundamental changes in the studied characteristics of the water regime,
although it has a slight bend in the years of active large-scale melioration.
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Figure 2 — Histogram of the distribution of the open channel minimum runoff of
the Pripyat River at the Mozyr gauging station
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Figure 3 — Total integral curve of the open channel minimum runoff of the Pri-
pyat River at the Mozyr gauging station

To study the impact of large-scale melioration and modern global warming, a
comparative analysis of three intervals was performed: 1877-1964 — the period of
minimal anthropogenic impacts; 1965-1986 — the period of active melioration im-
pacts; 1987-2020 — the period of modern global warming. Table 2 shows the main
statistical parameters of these intervals of the studied time series, and table 3 shows
the matrix of Student’s and Fisher’s statistical criteria and their critical values.
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Table 2 — Main statistical parameters of the open channel minimum runoff of the
Pripyat River at the Mozyr gauging station for different intervals

Period Stat;stical parameters
N, years Qmin. s. av, M°/s Cv Cs r(l)
1877-1964 88 139 0.50 1.84 0.06
1965-1987 23 187 0.37 1.57 0.14
1988-2020 52 171 0.42 1.31 0.37

The analysis of the average values of the open channel minimum water discharges
for the three periods under consideration shows that the null hypothesis can be ac-
cepted only between the periods 1965-1987 and 1988-2020. For the periods 1877—
1964 and 1965-1987, as well as 1877-1964 and 1888-2020, the null hypothesis of
equality of means should be rejected. This is due to the massive melioration of
Polesie, when centuries-old groundwater reserves were discharged, as evidenced by
the highest river water discharges (Table 2). At the same time, there is no reason to
reject the null hypothesis for variances. Thus, the nature of fluctuations in the open
channel minimum water discharges of the Pripyat River at the Mozyr station is stable.
No differences in autocorrelation coefficients were found using criterion statistics at
the 5 % significance level [8].

Table 3 — Statistical criteria (numerator) for different intervals of the time series
of the open channel minimum runoff of the Pripyat River at the Mozyr gauging sta-
tion and their critical values (denominator)

1965-1987 1988-2020
Period t-test for | F-criterion for t-test for F-criterion for
means dispersions means dispersions
1877-1964 | 2.97/2.03 1.02/1.67 2.18/2.00 1.10
1965-1987 — — 0.87/2.01 1.07/1.97

Note: Highlighted values are statistically significant.

When studying the patterns of long-term fluctuations in river runoff, a joint analy-
sis of the runoff dynamics and generalized characteristics of atmospheric circulation
is of undoubted interest. The latter is usually represented by the classification of
Vangengeim — Girs, based on three forms of circulation W (western), E (eastern) and
C (meridional) [9]. This issue for meteorological series is considered in detail in the
monograph by V. Loginov [10], where their complete analysis is given. Therefore, in
this paper we will briefly dwell on the relationship between the open channel mini-
mum runoff of the Pripyat River at the Mozyr gauging station and the type of atmos-
pheric circulation. As can be seen from table 4, the range of changes in the character-
istics of the minimum open channel runoff is quite significant and its extreme values
are significantly greater (less) than similar values for the n-year periods of the origi-
nal series.

The hypothesis about the homogeneity of the considered parameters of the open
channel minimum runoff for periods with different circulation types was tested using
the Student's and Fisher's tests. As the analysis showed, for some segments the differ-
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ences in the parameters are significant and can be considered statistically significant.
According to the mathematical expectation, the following periods are statistically dis-
tinguishable: 1881-1890 (atmospheric circulation type C) from 1891-1928 (W),
1965-1988 (E) and 19892010 (W); 1891-1928 (W) from 1949-1964 (E+C), 1989-
2010 (W) and 20112020 (E); 1940-1948 (C) and 1965-1988 (E); 1949-1964 (E+C)
and 1989-2010 (W); 1965-1988 (E) and 1949-1964 (E+C) and 2011-2020 (E);
1989-2010 (W) and 2011-2020 (E). The period 1965-1988 (E) and 1989-2010 (W)
are the periods with the highest water levels, so they differ from most other periods,
including 1891-1928 (W) with a similar circulation type. If we arrange the periods of
atmospheric circulation types in descending order of water content, the minimum wa-
ter discharges of the open channel of the river Pripyat, the following picture is ob-
tained: W —-E -W - E - C - C - E - E+C. The considered segments are less hetero-
geneous in terms of dispersion. Here, the greatest variability is observed in the period
1929-1939 (E), which is statistically distinguishable from the periods: 1891-1928
(W), 1949-1964 (E+C), and 2011-2020 (E). For the remaining periods, statistically
significant differences in the nature of runoff fluctuations were not established. Thus,
the analyzed series of the open channel minimum runoff of the Pripyat River at the
Mozyr gauging station is heterogeneous in terms of mathematical expectation and
dispersion. At the same time, it can be assumed that for individual time periods with
predominance of one or another type of atmospheric circulation, the stationary condi-
tions are met. The transition from one state to another occurs in natural conditions
under the influence of external climatic factors, which significantly change the rela-
tionship between precipitation and evaporation within the territory of the Pripyat ba-
sin. Long-term fluctuations in the flow of the Pripyat River are caused by climatic
factors, the reason for which lies in the processes of large-scale moisture exchange in
the ocean-atmosphere-land system [9].

Table 4 — Main statistical parameters of the open channel minimum runoff of the
Pripyat River at the Mozyr gauging station for different periods

n, Type of Statistical parameters
Period | years | atmospheric | Q, m*s | g, m¥s| ¢v | r(1) | «10, r
circulation years
1881-1890| 10 C 124 352 |0.28 |-0.36 | —21.4 |-0.28
1891-1928| 38 W 157 66.3 | 0.42 |-0.02 | -5.26 |-0.08
1929-1939| 11 E 137 103 | 0.75 | 0.20 | -57.2 |-0.18
1940-1948| 9 C 130 724 056 |-047 | -10.5 |-0.04
1949-1964| 16 E+C 110 48.6 | 0.44 |-0.05| 22.7 |0.22
1965-1988| 24 E 189 69.5 (037 | 011 | 121 | 0.12
1989-2010, 22 W 190 7138 | 0.38 | 0.18 | 13.6 | 0.12
2011-2020| 10 E 120 446 | 037 | 048 | -80.9 |-0.55

The concept of cyclicity of long-term fluctuations in the open channel minimum
runoff was used in parallel with the concept of randomness. Cyclic fluctuations (cy-
clicity) are understood as the variability of the values of time series, which has a dif-
ferent degree of regularity, provided that there are mathematical expectations of the
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parameters of these fluctuations. When analysing observation series, identifying the
cyclicity of long-term fluctuations comes down to determining groups of years with
increased and decreased runoff values. The most common way to identify trends in
grouping years with relatively large and small flow values, which are due to correla-
tions within the series or the presence of a cyclic trend, is a graphical analysis of the
difference integral curve (Figure 4).

5
> (ki-1)/Cv //\
0 i T T T T —~ T A
1870 189 1917\/\‘\[<3?t\ 1950 1970 1990 / 2010
N \/\A ]J
=15 \\\/\/

=20 -

Figure 4 — Normalized difference integral curve of the open channel minimum runoff
of the Pripyat River at the Mozyr gauging station

The difficulty in using cycles to forecast runoff is their aperiodicity, since the
phase, amplitude and duration of the cycle change without visible patterns. In addi-
tion, there is no consensus on the nature of these cycles: there is no objective method
for identifying and analysing river water cycles. It is believed that cycles are caused
either by the influence of external (cosmophysical factors), or by self-oscillatory pro-
cesses in the Earth's atmosphere-hydrosphere system, or by the natural properties of
any random sequence.

Based on samples of different lengths, statistical parameters of runoff were esti-
mated and the degree of their change from sample to sample was studied. Samples
were constructed as sections of the studied series, differing in the starting point and
length. In particular, segments of the series were considered that differed in the de-
gree of anthropogenic impact on runoff and the type of atmospheric circulation. In
addition, statistical parameters were determined for segments of the original series,
obtained as a result of the procedure of moving 20-year, 30-year, 35-year and 50-year
averaging. The homogeneity of sample statistical parameters was tested using Stu-
dent's and Fisher's test criteria [11].

As can be seen from figure 5 and 6, the extreme values of the mathematical ex-
pectation of different averaging periods have a significant range. This is due to the
low-water period of the 30—70s of the last century, which introduces significant dif-
ferences into the time series of the open channel minimum water discharges of the
Pripyat River at the Mozyr station. Such differences in the parameter estimates indi-
cate the use of the hypothesis of non-stationarity of the considered time series, which
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Is confirmed by testing the hypothesis of homogeneity of the considered statistical
parameters for different smoothing periods, which, with a confidence probability of
5 %, discrepancies in these parameters can be recognized as statistically significant in
all cases under consideration. Comparison of long-term sliding changes in averages
and variances shows weak synchronicity in their changes.
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Figure 5 — Dynamics of moving averages for different periods of averaging the open
channel minimum runoff of the Pripyat River at the Mozyr gauging station

The greatest dispersion is observed at the beginning of the 20™ century to its mid-
dle, while the average values of runoff at this time were not extreme. At the same
time, the high-water period of the last quarter of the 20" century coincided with in-
creased runoff variability. High runoff variability in the 30—70s of the 20" century
falls on both the years of high and low water content.

Due to the fact that both criteria give comparable results, the use of the cyclicity
principle (quasi-periodicity) in the analysis and forecast of long-term fluctuations in
the minimum summer-autumn runoff is acceptable.

When the trend is not clearly expressed, it is necessary to consider together the
sample autocorrelation (ACF) and partial autocorrelation (PACF) functions of the
given process, with the help of which the nature of the change in the open channel
minimum runoff of the rivers is determined. In this case, the following criteria for as-
sessing the degree of non-stationarity of the process and choosing a model are used,
givenin [9, 12].

In our case, the ACF and PACF have a significant value at =1 and t = 10, while
all other values of their ordinates are statistically insignificant and are characterized
by alternating positive and negative values (Figure 7).
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Figure 6 — Dynamics of moving dispersions for different periods of averaging the
open channel minimum runoff of the Pripyat River at the Mozyr gauging station
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Therefore, the considered process of minimum open channel runoff can be identi-
fied by the AR(1) model, of the following type:

Qmin.s. (t) = Qav.min.s + r(l) : [Qmin.s. (t _1) _Qav.min.s ] + ‘f(t) ’ (1)
where o, . and o, -1, M*/s — open channel minimum runoff rates in the t and
preceding (t-1) years; ¢£t) — Gaussian "white noise” with zero mean and

G}; =0Q -\ll— I’(l)2 .
In accordance with equation (1) for the time series of minimum water discharges
of the open channel minimum runoff of the Pripyat River at the Mozyr gauging sta-

tion at r(1) =0.20 and Qaymins = 154 M’/s (table 1), as well as o, = 72.4 m’/s and
5o = 70.9 m’s.

Quins. () =0.20- Qs (1-1) +123+ (1) -
30



The correlation coefficient between the open channel minimum runoff rates of the
current year and the previous year is r = 0.20> r '(141, 5 %) = 0.16.

Of practical interest is the identification of patterns in the dynamics of the main
hydrological parameters: smooth increase or decrease (monotonic trend), periodic
changes (cyclic trend), constancy over some periods of time and sharp changes when
moving from one segment to another (step trend). All these situations can be de-
scribed by a polynomial approximation of the trend of the type [9]:

Qu®=2+2a-4(1); (2)

where ¢, (t). ..., (t) — given time functions; a,...a, — regression coefficients.

Time functions can be either linear, power, exponential or logarithmic for a
monotonic trend, or trigonometric for a cyclical trend and piecewise constant for a
step trend. In all these cases, the parameters 5 ...a, are estimated from the available
series of observations X;...X;.

The first term in the right-hand side of (2) can be interpreted as the runoff caused
by the atmospheric precipitation of the previous year, accumulated by the river basin
and discharged into the riverbed in the current year. In this case, the random compo-
nent &(t) in (2) should obviously include that part of the runoff of the current year
that is formed due to precipitation in the first half of this year. As a result, the follow-
ing equations can be written [9]:

Q(t)=a-Q(t-1D+b-W,,(t) +&(t,) (3)

Q) =W, (t~1) +d W, (1) +&(t,) (4)
where w_ ) and w, -1 — precipitation of the first half of the current year and the en-
tire volume of precipitation of the previous year.

With time series of annual values of precipitation and river runoff, the coefficients
a, b, ¢, d from (4) and (5) can be determined using the multiple regression apparatus.
With regard to the Pripyat basin at the Mozyr station for the open channel minimum
water runoff rates, the following equations were obtained:

Q(t) =0.059- Q(t —1) +0.493-W,, (t) + 71.02+ &(t,) (5)
Q(t) = 0.205-W,, (t) +0.120-W,, (t—1) —9.173+ &(t,) - (6)

The multiple correlation coefficient ~ for equation (5) IS
R=0.48> RT(73, s9%) = 0.231, and for equation (6) is R = 0.58 > R" 73 54, = 0.231.

We have attempted to describe the fluctuations in the minimum open channel wa-
ter flow rates of the Pripyat River at the Mozyr station using a complex Markov mod-
el with a shift of up to 50 years. Regression-correlation analysis has shown that
Q(t-1) ; Qt-7) and q(t-10) and special type of model can be used to construct the
model:

Q(t) =0.267-Q(t —1) +0.220- Q(t — 7) + 0.220- Q(t —10) + 43.5+ £(t) (7)

The multiple  correlation coefficient ~ for  equation (7) IS
R =0.43 > R’(g 5y =0.203.

4 Conclusion
The conducted assessment of the degree of homogeneity of the main statistical pa-
rameters of the open channel minimum runoff of the of the Pripyat River at the
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Mozyr gauging station for almost 150 years can be considered conditionally homoge-
neous, statistically significant changes in the open channel minimum flow occur only
in certain intervals due to natural climatic changes in the hydrological cycle. When
analyzing the patterns of long-term fluctuations in the open channel minimum runoff
of the rivers, the use of methods of the theory of random processes should be com-
bined with an analysis of the genesis of the process under consideration and the natu-
ral and economic factors that determine it, primarily climatic ones.
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Abstract

With the development of science and social progress, the research on renewable
energy has been continuously deepened and gradually penetrated into the field of
construction industry. The application of renewable energy in the construction
industry can effectively promote the sustainable and stable development of the
construction industry. This paper mainly explores the application of renewable
energy in the architectural design process. By exploring the use methods and
application situation of renewable energy in the field of architectural design in China,
it is expected to provide some research value and reference for the renewable
sustainable development of the Belarusian construction industry.

Keywords: Renewable energy, sustainability, architectural design, application
and development.

Introduction

As an emerging energy type, renewable energy has outstanding advantages over
traditional fossil energy. The application of renewable energy in the architectural de-
sign industry can effectively change the current problems of high energy consump-
tion and poor environmental performance in the construction industry, and can pro-
vide sufficient power support for the low-carbon and environmentally friendly devel-
opment of the construction industry, thereby promoting the progress of a resource-
saving and environmentally friendly society.

Advantages of renewable energy applications in China's architectural design
industry

The first is the energy-saving effect. The application of renewable energy in the
field of architectural design can have a significant energy-saving effect. Most renew-
able energy needs to be converted into other energy types required by the building
through electrical energy conversion.

Through the efficient use of renewable energy in the process of architectural de-
sign, it is necessary to combine the actual situation of the construction project to cal-
culate the required energy type and the actual amount of energy resources required to
maintain the operation of the system, so as to replace the traditional energy resources
that are more polluting to the environment and have high energy consumption, reduce
the energy resource consumption in the use of construction projects, and achieve the
development goal of energy conservation and emission reduction.
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The second is that it can provide a more comfortable and environmentally friendly
construction and living environment. Environmental protection issues have always
been a key issue in China's social and economic development. For the high-pollution,
high-energy-consuming construction industry, it is necessary to strengthen the appli-
cation of environmental protection concepts and the research on green buildings, and
achieve sustainable development of buildings through the organic combination of
green buildings and renewable energy.

In modern building design and construction, the application of renewable energy
can provide residents with a more comfortable and healthy living environment. With
the development of social economy and the improvement of people’s living standards,
people's aesthetic ability and requirements for living environment are getting higher
and higher, and traditional construction methods can no longer meet people's growing
material and cultural needs. Therefore, it is necessary to strengthen the research and
development and application of renewable energy, make full use of geothermal ener-
gy, solar energy, tidal energy and wind energy through the promotion of renewable
energy, reduce the damage to the surrounding environment caused by additional
products in the process of energy production and use, and maintain ecological bal-
ance.

Third, it will provide higher economic benefits. Renewable energy has the ad-
vantages of being renewable and relatively wide in coverage, and has very high eco-
nomic value. In the actual use of engineering and energy resource conversion, it does
not require too much capital cost to achieve the effective use of renewable energy.

However, when applying renewable energy in architectural design, it should be
noted that a certain amount of capital must be invested in advance in the initial use of
renewable energy, such as introducing advanced production technology and hardware
equipment, so as to maximize the value and advantages of renewable energy. At the
same time, it is also necessary to provide sufficient talent reserves and talent support,
continuously innovate renewable energy collection technology and production tech-
nology, and ensure the safety of renewable energy use and supply.

Application of renewable energy in architectural design in China

First is the application of wind energy.

As an important renewable energy source, wind energy is widely used in the cur-
rent field of wind power generation in China. The application of wind energy in
buildings can mainly be achieved by utilizing indoor ventilation to form good natural
ventilation, thereby improving indoor temperature and humidity, removing indoor
pollutants, and promoting indoor air flow. This can effectively reduce the application
of air conditioning systems and save electricity.

China has a vast land area, and there are large differences in the geographical en-
vironment between different regions. Therefore, in the process of architectural de-
sign, it is necessary to reasonably set the type of building in combination with local
climatic conditions and wind energy characteristics, and require the building mono-
mer to have good ventilation effect. By utilizing the pressure difference between the
back and sunny sides of the building to drive the air, increase air convection inside
the building to form air flow.
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As the technology that supports wind power matures, concerns about wind tur-
bines interfering with wildlife and radar are being addressed through research as
blade technology continues to improve. Innovations such as offshore wind and float-
ing foundations are advancing rapidly, with the potential to deliver large amounts of
wind energy in places where deployments were unthinkable not long ago. Even fa-
miliar wind turbine models may be tweaked as researchers continue to explore the
potential of horizontal axis wind turbines (HAWTS) and vortices (Figure 1).

HAWT H-Rotor Savonius Darrieus

Figure 1 — Types of vertical axis wind turbines

In some dense building groups, the air flow is relatively poor, so the efficiency of
indoor air exchange can be improved by installing wind capture devices in the build-
ing to increase internal air convection.

Solar energy resources are typical representatives in the application of renewable
energy. In the current Chinese society, energy converted from solar energy is widely
used in all walks of life, effectively saving the use of fossil energy.

Solar energy itself has the advantages of abundant reserves, clean and pollution-
free, renewable, directly developed and utilized, and no need for transportation and
mining. China has very rich solar energy resources, which can create a good envi-
ronment for the application of solar energy resources in the construction field. The
utilization technology of solar energy in the current construction field in China is rel-
atively mature. The most common way to utilize solar energy is the solar water heat-
ing system. By converting solar energy into thermal energy and storing it for water
heating, people can obtain the hot water needed in their lives and reduce the con-
sumption of energy resources (Figure 2).

The most important component of the solar water heating system is the collector,
which mainly includes two types: flat-plate collector and vacuum collector. The flat-
plate structure device is safe and reliable in operation and has a good pressure-
bearing effect. The vacuum tube collector has good thermal insulation performance,
simple structure, and high efficiency at relatively low temperatures. However, the
pipe is more likely to break and the structural pressure-bearing capacity is poor, while
the flat-plate collector is more suitable for the low temperature range and has a rela-
tively low efficiency in the high temperature section. With the continuous develop-
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ment of science and technology and the accelerating process of development and uti-
lization of renewable energy resources, various emerging materials are directly used
in the utilization of solar energy and the design and development of solar collectors,
which can greatly improve the thermal insulation performance of solar collectors,
have the advantages of high heat collection efficiency, fast speed and low cost, and
can prevent heat conduction.

Figure 2 — Curved surface heat absorption solar water heater

Finally, the application of bioenergy.

Bioenergy is a relatively new type of renewable energy. It is an application form
that treats domestic waste and construction waste during the operation of buildings
and turns waste into treasure. In the past, people in China usually burned or landfilled
domestic resources and construction resources, which not only caused secondary pol-
lution, but also wasted a lot of public resources. Combined with biotechnology, effec-
tive classification and application of construction waste and domestic waste, and us-
ing these wastes as raw materials for the production of renewable energy such as bio-
gas can achieve resource recycling and reduce energy resource consumption. At the
same time, this operation can also prevent damage to the surrounding environment
during garbage disposal and improve the greenness and environmental protection of
buildings.
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Conclusion and Recommendations

What designers need to pay attention to during the building design process is that
the building fresh air system needs to be well matched with the ventilation equipment
to prevent the air conditioning system from using too much power and causing waste
of resources. The optimization and upgrading of building ventilation design should be
continuously strengthened, and the advantages and disadvantages of local wind ener-
gy conditions should be clarified in combination with local meteorological data, and
targeted measures should be taken to implement the wind energy use plan. In the pro-
cess of building planning, the combination and connection between the building
group and the building monomer volume should be strengthened in combination with
the wind direction characteristics of the project area; attention should be paid to the
orientation and spacing of the building, and the building enclosure structure should be
carefully analyzed. The height and area of the building doors and windows should be
reasonably designed, and the door and window structure should be used to make the
indoor air circulation effect good.

In the process of solar energy application, architectural designers need to pay at-
tention not only to the research progress of current new products, but also to compre-
hensively consider the local climate conditions and solar energy radiation conditions,
and reasonably install solar energy devices. Energy resources should be effectively
used to reduce energy loss, and the orientation and distance of buildings should be
reasonably planned to maximize the use of solar energy resources.

Designers of construction units need to comprehensively consider the weight,
type and treatment methods of construction waste, combine the actual construction
requirements and operational needs of construction projects, match the operation sys-
tem and development system for comprehensive utilization of bioenergy, rationally
utilize construction waste and reduce the waste of energy resources.
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Pedepar

B crartpe paccmarpuBaeTcsi BIMSHUE 3KOJOTMYECKOTO HM3aiiHA HA YCTOWYHMBOE
CTPOUTENBCTBO. [IpoaHaIM3UpPOBaHbI COBPEMEHHBIE IKOJIOTUYECKU YHCThIE MaTepHa-
JIbI, HEpProcOeperarIre TEXHOJIOTUN U PallMOHATIbHBIE TIPOCKTHBIC PEHICHUs, CII0-
COOCTBYIOIIME TOBBIIIEHUIO SHEPTrodP(HEKTUBHOCTH U IKOJIOTUUECKON 0€30MacHOCTH
o0bekToB. [IpencraBieH cOOCTBEHHBIN AU3aH-TIPOCKT KUJIOTO IoMa C IPUMEHEHU-
€M 3€JICHOM KPBIIIN U 3KOJOTHYECKN YCTOWUYMBBIX MaTEPUAIOB, KOTOPBIA UILTFOCTPHU-
pPYET MPAKTUYECKYIO peanu3aliio MPUHIIUIIOB SKOJOTHYECKOTO JU3aliHA.

KiroueBbie cioBa: >KoAN3aiiH, YCTOWYUBOE CTPOUTEIHCTBO, dHEProdPeKTuB-
HOCTb, 9KOJIOTHYECKasi 0€30MacHOCTb.

Beenenne

DKOJIOTUYHBIN AU3aliH U YCTOMYHMBOE CTPOUTENBCTBO B IOCIIEIHUE IECATUIICTUS
CTaJy BaKHBIMHU HANPABJICHUSMHU B CTPOUTEIBHON MHIYCTPHUH, IMOTYEPKUBAIOIINMHU
HEO0OXOAMMOCTh CHUKEHUSI HETaTUBHOI'O BO3JEHCTBUSA Ha OKPYKaloIIyro cpeay [1—
2]. YcToMYMBOE CTPOUTENBCTBO MPEANOJIAraeT CO3JAaHUE 3IAHUN U COOPYNKEHUU C
MUHHAMAJIBHBIM BO3JIEHCTBUEM Ha OKpYXarollyto cpeay. OHU npeanosaratoT UCIob-
30BaHME WHHOBALIMOHHBIX TEXHOJIOTH, HATYpaJbHBIX U MepepabOTaHHbIX MaTepua-
JIOB, a Takke A(PPEeKTUBHBIE METOJbI CTPOUTENHCTBA U JU3aiiHa, HANPABJICHHbIE HA
YMEHbILIEHNE YHEPrONOTPeOICHHs, YTIIEPOJHOTO CIe/Ia U pecypco3arpar.

OKOJOTMYECKUI TN3aiH BBICTYNAET KaK KIFOUYEBOU JIEMEHT YCTOWYMUBOTO CTPOU-
TEJIbCTBA, MMO3BOJISAS MHTETPUPOBATh NIPUHLUIIBI DKOJIOTHH YXKE Ha 3TAIe MPOECKTUPO-
BaHUS U TEM CaMbIM CHH)KAaTb HETaTMBHOE BO3JEHCTBUE OYAYyLIMX IMOCTPOEK Ha
OKPYKAIOIIyI0 cpeny. Tak, SKOJOTMYECKHM JU3alH KaK WHTETPATUBHBIA I1OJIXO/T
HaIlpaBJIEH HAa CO3JAaHUE aPXUTEKTYPHBIX U WHKECHEPHBIX PEICHUN, MUHUMU3UPYIO-
IIUX SHEPronoTpedIeHue, UCIOIb30BaHe HEBO30OHOBIISIEMbIX MAaTepUajIoB U o0Opa-
30BaHHME OTXO0/I0B. Ero mpumeHeHne crnocoOCTBYET MOBBIMICHUIO YHEProdPQeKTruB-
HOCTH 3/1aHUH, YITYUIICHUI0O MUKPOKIMMATA U KA4ECTBA JKU3HU, A TAKKE CHUKEHUIO
BBIOPOCOB MAPHUKOBBIX T'a30B.

B nocnenHue rojpl 3KOJOTUYHBINA JU3ailH MOJTYYHJI HOBBIM MMIYJIbC Ojarogaps
MHTETpany HU(GPOBBIX TEXHOJOTUNA M MOBBILICHUIO CIIPOCAa HA HKOJIOTUYECKU Oe3-
omnacHble 1 dHeprodhdekTuBHbIC MpocTpancTBa [3]. CTpouTeabHbIe KOMIIAHUU CTaJIH
BHeNIpATh BIM-TexHonoruu (MHPOpMALIMOHHOE MOIEIMPOBAHUE 3/IaHUI) TSl TPOEK-
TUPOBAHUA SHEProd(PPEKTUBHBIX 3TaHUM C ONTHMHU3ALMENH BCEX ITANOB UX >KU3HEH-
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HOro 1ukia. [I[puyMeHeHne CUCTEM MCKYCCTBEHHOI'O MHTEIUIEKTAa M aHalIu3a JAaHHBIX
MOMOTaeT BbIOWpaTh MaTEepHUalbl U IJIAHUPOBATH HHTEPHEPHI TAKUM 00pa3oM, YTOOBI
MUHUMH3UPOBATH YTIEPOAHBIN e U MOBBICUTH YHEPTO3(H(PEKTUBHOCTB.

CrpouTtenbHasi OTpacib SBIASETCA OJHUM U3 OCHOBHBIX MCTOYHHMKOB BBIOPOCOB
yriaepoja M MOTpeOJeHUs pecypcoB, YTO JieJaeT HEOoOXOIWMOCTh BHEIPEHUS
YCTOMYMBBIX MPAKTUK B MPOCKTHUPOBAHHE M CTPOUTEIBCTBO 3JaHUM OCOOEHHO
BXHOU. B CBSA3M € 3TMM NPUMEHEHHE NMPUHLMIIOB 3KOJOTHYECKOTO IHU3aiiHa CTa-
HOBUTCS HE TOJBKO aKTyaJbHbIM, HO M HEOOXOIMMBIM JJI JAOCTHXKECHMS LieJiel
YCTOMYHUBOTO Pa3BUTHS.

[{enpr0 JaHHOM HAYYHOW CTATBU SIBISIETCS AHAJIN3 BIMSHUSA DKOJIOTHYECKOTO JU-
3aliHa Ha YCTOMYMBOE CTPOUTEIBCTBO, a TAKXKE pa3padOTKa 3KOJOTUYECKOTO AU3aiiH-
IIPOEKTA 37aHusl.

YciaoBust 1 METOAbI MPOBEICHUA UCCICAOBAHUN

B pamMkax maHHOTO HCClieloBaHUs ObLI MPOBEACH JIETAIbHBIM aHAU3 CYIIECTBY-
IOIIUX 3/ITaHUN U COOPYKCHHH, CIIPOSKTUPOBAHHBIX C YIETOM MPUHITAIIOB SKOJIOTHYE-
ckoro nu3aiiHa. OCHOBHOE BHUMAaHHUE YACISUIOCH APXUTEKTYPHBIM PEIICHUSM, HC-
MOJIb30BAHUIO YCTOMYMBBIX MAaTepUaIOB U TEXHOJIOTHM, a TakKe MHTETpaIluu dHEep-
ro3Q(HeKTUBHBIX CUCTEM.

Jlst pa3paboOTKU 3KOJIOTHYECKOTO TU3AWH-TIPOEKTA 3[aHUs OBLJIO HCITOIH30BAHO
cnenuain3upoBaHHoe nporpammuoe obecriedeHue MyHome3D. Jlannoe 10 mo3Bo-
JSeT CO3/1aBaTh TPEXMEPHBbIE MOJIETH 3/IaHUM, YTO OOECIEeYMBAET BU3YAIH3AIUIO
MIPOCKTUPYEMBIX PEIICHUH M MTO3BOJISET ACTATLHO aHATU3UPOBATh UX (PYHKITHMOHATh-
HOCTh U 3cTeTuky. C momornisio MyHome3D Obuta pa3paboTana TpexMepHasi MOJIEIb
3/1aHUsI, B KOTOPOU YYUTHIBAIKMCH BCE AIEMEHTHI SKOJOTUYECKOT0O JU3aifHa, TaKHEe KaK
PaCIoJIOKEHUE OKOH TSI MAKCHMAJIBHOTO MCTIOJIb30BaHMS COJTHEUHOTO CBETA, BHIOOD
MaTepHaIOB ¢ HU3KHUM YTJIIEPOIHBIM CIICIOM U MHTETPAITUS 3€JICHBIX TEXHOJIOTHH.

Ba)xHbIM acIeKTOM HCCIIeIOBAHUS SIBJISICTCS] CPABHUTEIBHBIN aHAIN3 Pa3TMIHBIX
CTPOUTENIbHBIX MATEpUAIOB U TEXHOJOTHUM C TOYKH 3PEHUS] MX IKOJOTUYHOCTH U
YCTOMYMBOCTH. B 3TOM KOHTEKCTE OBLTM PacCMOTPEHBI CICAYIONIIME TPYIIIBI MaTe-
pHUAJIoB:

— BO0300HOBIIsIEMbIE MaTepuaibl. PaccMarpuBanuce apeBecuHa, 6aMmOyKk U Apyrue
HaTypaJbHbIC MaTEPHAIIbI, KOTOPBIC 00Iaaf0T HU3KUM YTJIEPOIHBIM CJICIOM U BBICO-
KOM CTIIOCOOHOCTBIO K TIepepadoTKe;

— BTOpPUYHBIE MaTepUalibHbIE pecypchl. OIEHUBAIUCH, MAaTEPUAIbI, TOTYYCHHBIC
W3 BTOPUYHBIX PECYpCOB, TaKue Kak TepepaOOTaHHBIM OCTOH M CTEKJIO, KOTOPBIC
YMEHBIIAIOT HArpy3Ky Ha OKPYXKAIOIIYI0 Cpely MU CIOCOOCTBYIOT YCTOHYHMBOMY
CTPOUTEILCTRY;

— HOBBIC TEXHOJOTUU. AHATU3UPOBAINCH COBPEMECHHBIC TEXHOJOTHUH, TAKHE KaK
MCIIOJIb30BaHUE OMOMAaTEepUajIoB, KOTOPbIE 00JIAal0T BBHICOKOW MPOYHOCTHIO M MHU-
HUMAJILHBIM BO3/ICHCTBUEM Ha SKOJIOTHIO.

CpaBHUTENIBHBIM aHAIW3 TPOBOJMIICS HAa OCHOBE TaKUX KPUTEPUEB, KaK Yypo-
BEHBb YIJICPOJHBIX BBIOPOCOB TNPHU IMPOU3BOIACTBE W HCIIOJb30BAHUU MaTEPHAJIOB,
BO3MOXHOCTh TIEepepadOTKM W TOBTOPHOTO UCIIOJIB30BaHUS, JOJITOBEYHOCTh U
YCTOWYHMBOCThH K BHEITHUM (pakTOpam, a TakKe ICTeTHUYECKHE U (DYHKIIMOHAIBHBIC
XapaKTEPUCTHKH.
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OcHoBHas YacTh

OCHOBHBIE TPUHIIMIIBI SKOJIOTHYECKOT0 Iu3aiiHa MPEACTABISAIOT CO00M KOMILIEKC
B3aMMOCBS3aHHBIX IIOJXO0J0B, HANPABICHHBIX HAa CHWXCHUE HETAaTHBHOIO BO3JEH-
CTBH 3[JaHWH HA OKPYKAIOLIYIO0 CPEy U MOBBIIMICHUE UX YCTOMYMBOCTH. KitoueBbI-
MU aCIEKTaMHU SIBJISIOTCS 3HEProd((PEKTUBHOCTh, IKOJIOTMUECKHA YUCThIE MaTEpUaIbl
U yTIpaBJIEHHE BOJHBIMU pecypcami [1].

[IepBbIM NPUHIUIIOM SIBJISETCS NPUMEHEHHUE SKOJOTMYECKHA YHCTBIX MATEPUAJIOB,
YTO MOJAPA3yMEBAET BHIOOP PECYPCOB C MUHHMAJIBHBIM 3KOJIOTMYECKUM CIIEIOM Ha
BCEX 3Tallax KU3HEHHOT'O IIUKJIA — OT JOOBIYM ChIphs A0 yTuian3zauuu. K Takum mare-
puangaM OTHOCSTCS HaTypalbHbIE U BO30OHOBIISIEMBIE PECYPCHI, HAIPUMED, JPEBECHU-
Ha, 0aMOYK, TJIMHA, a TAaKXKE SKOJOTMYHbIM OETOH U CUHTETUYECKHE MaTepHUallbl, U3-
TOTOBJIEHHBIE M3 MEepepadOTaHHBIX OTXO0JO0B. McHoJib30BaHUE JAaHHBIX MAaTEpUaJIOB
CIOCOOCTBYET CHMKEHHUIO BBIOPOCOB MAPHUKOBBIX ra30B M YMEHBIICHUIO HAKOILIE-
HHS OTXOJIOB [4].

Bropoii mpuHIMI CBSi3aH ¢ NPOEKTUPOBAHHWEM 3/1aHHUW, OPUEHTHPOBAHHBIM Ha
MUHHUMH3ALUIO SHEPronoTpedseHus. DTO JOCTUTAeTCsl MOCPEACTBOM HHTErPALMH
BO300HOBJISIEMBIX UCTOUHHUKOB PHEPIHH, TAKUX KaK COJHEYHbIE OaTtapeu, BETpOreHe-
paTophl U reoTepMalibHbIE YCTaHOBKU. [IpMeHeHne TaHHBIX TEXHOJIOTHI MO3BOISET
CYILLIECTBEHHO COKPATUTh 3aBUCUMOCTbH OT HCKOMAEMBIX SHEPIrOHOCUTENEN U CHU3UTH
YTJIEPOJIHBIN ciie]l 00BEKTOB [5].

Tperuii mpyUHLUMIT HANPaBiIEH HA MUHMUMM3AIMIO MOTPEOJICHUS BOABI U COXpaHe-
HUE BOJHBIX pecypcoB. BHeapeHue TexHonoruit coopa v MoBTOPHOTO MCIIOIb30BaAHMS
J0KJIEBOM BOJBI, & TAKXKE MPUMEHEHUE BOAOCOEPETAIOIINX YCTPOHUCTB CIIOCOOCTBYIOT
3¢ (HEeKTUBHOMY YIIPABJICHUIO BOJHBIMH pECypcaMH M CHIKEHUIO Harpy3KH Ha ro-
POJICKHUE CUCTEMBI BOJAOCHAOXKEHUS [6].

JInst AIUTFOCTpalMy  MPAKTHUYECKOrO0 BOIUIOLIEHUS NEPEYMCIECHHBIX NPHUHIMIIOB
HKOJIOTUYECKOTO M3aiiHa ObUIM BBIOPAHBI /IBa 00BEKTA — KWJIOW M KOMMEPUYECKHM
komriekc One Central Park B Cunnee u Myseit Oyaymiero B Jlyoae. CpaBHUTEIBHBIN
aHaJIM3 ATUX COOPYKEHHH JEMOHCTPUPYET pa3WyHble MOAXOJbl K peaau3aluu
YCTOWUYMBBIX aPXUTEKTYPHBIX PELICHUM.

One Central Park npeacrasisier co6o mpuMep UHTETPalliy MIPUPOIHBIX dJIEMEH-
TOB U COBPEMEHHBIX TexHosoruid. Komriuiekc xapakrepusyercss OOIIMPHBIMHU 3€Jie-
HBIMU 30HaMH, KOTOpBIE CIIOCOOCTBYIOT CO3/IaHUIO OJAronpusiTHON MHUKPOCPEIbl U
MOBBIIAIOT KAaueCTBO KM3HU oOuTatened. Kpome Toro, 3maHne OCHAIEHO COJHEY-
HBIMHU TIAHEISIMHU, YTO CHUYKAET YTJIEPOJHBIN Clell, 8 CUCTEMbI cOOpa U MOBTOPHOIO
MCIIOJIH30BAHUS JI0KIEBOM BOJBI 0OecrieunBaroT d(PPEKTUBHOE YIIPaBICHUE BOHBI-
MU pecypcaMu (pUCYHOK 1).

B ornuuue ot aToro, Myseil Oyayiero akiieHTUpyeT BHUMaHUE Ha HHHOBALMOH-
HBIX MaTepuanax u 3HeprodGPexTuBHOCTU (PUCYHOK 2). ONTUMU3UpPOBaHHAsA (opMa
3JITaHUSl CIOCOOCTBYET YMEHBUICHUIO TEIUIOBOM HATPY3KH, YIYUILIEHUIO €CTECTBEHHON
BEHTWISILIMM W OCBEIICHMs, YTO CHIKAaeT noTpebieHue sHepruu. Mcmosiab3oBaHue
COJIHEYHBIX TaHEeJEeH JOMOJHUTEbHO CIOCOOCTBYET AOCTHXKEHUIO DHEPreTHUYECKOM
aBTOHOMHOCTU OOBEKTA.
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Pucynok 2 — My3eii 6ynymiero

Oba mpoekTa 1eMOHCTPUPYIOT IPUMEHEHUE IKOJIOTUYECKH YHCThIX MaTEpHasoB,
YTO CHUXAET HEraTHBHOE BO3JIEHCTBHE HA OKPYXKAIOIIYI0 CpPeay M CIOCOOCTBYET
YCTOMYMBOMY pPa3BUTHIO. TakuM 00pa3oM, JAaHHBIE NMPUMEPHI MOATBEPHKAAIOT, UTO
DKOJOTUYECKUN JHU3allH MOXET pEealn30BbIBATHCA KaK 4YEpE3 HMCIOJb30BAHHUE IPH-
POJIHBIX PECYPCOB, TaK U MOCPEICTBOM BHEJAPEHMSI NMEPEAOBBIX TEXHOJIOTHM, HopmMu-
pYsl OCHOBY ISl yCTOMYUBOTO CTPOUTENIHCTBA OYTYILIETO.
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Ha ocHoBanuu ananmza AByX 0OBbEKTOB ObLI pa3paboTaH AU3aiH-TIPOEKT KUJIOTO
7I0Ma C TIPUMEHEHUEM SKOJIOTMUECKH YHCTHIX MAaTepPUATIOB M BHEIPEHUEM TEXHOJIO-
MU 3€JI€HOM KPBIIIH (PUCYHOK 3).

Pucynok 3 — J/[M3aliH-IPOEKT KUJIOTO IOMa C SKOJIOTHYECKU YCTOMYUBBIMU pe-
ICHUSIMA

KoHnuenmus 3nanus opueHTHpOBaHA Ha FApMOHUYHOE BKIIIOUEHUE B MPHUPOJIHOE
OKpY>KEHHE, TIPH 3TOM JIOM JIOJDKEH 00J1aaTh IKOJIOTUYECKON 0€30MacHOCThIO, SHEP-
ro3(¢(HEeKTUBHOCTHIO M COXPAHITh OPTaHHYHOCTh IPUPOIHBIX POPM. ApPXUTEKTypHAs
KOMIIO3UIMS IPEelyCMaTpUBaET 00TEKaeMyI0 KPBbIIIy C IUIABHBIMU OUYEPTAHUSIMH, YTO
yJIydIIaeT a’poAMHAMUYECKUE XapaKTEPUCTHKU U oOecrieunBaeT 3(p(OEeKTUBHBINA OT-
BOJI I0K/IEBBIX BOJI.

3elieHas KphblIllla Ipe/ICTaBlIeHa KOMIUIEKCHON KOHCTPYKIUEN, COCTOSIIEH U3 ciie-
IOYIOIIMX 3JEMEHTOB: JAEPEBSIHHOIO OCHOBAHMS, MAPOU3OJISIIUOHHOIO U TEIIOM30JIS-
LIMOHHOTO CJIOEB, THAPOU3OISLMOHHOIO CJIOSi HA OCHOBE HATypaJIbHOIO Kayudyka,
KOPHE3AIMUTHOTO Oaphepa, IPEHaXHOTO CIIOS U3 MepepadOTaHHBIX MaTEpHUasoOB,
¢unbTpyIOIIEro ¢ios, cyocTpara, yCTOMUYMBOTO K 3aCyLUIMBBIM YCIOBHUSIM, U PacTH-
TEIbHOIO MOKpoBa. Takas KOHCTPYKIIMS CIIOCOOCTBYET MOBBILIEHUIO TETJIOU30JISIU-
OHHBIX CBOWCTB 3/1aHHUA, YIYyYUIEHUIO MUKPOKIMMATa MpPUJIETalollel TEPPUTOPUH U
CHIDKEHUIO 3(h(PeKTa ropoICKOTO «TETIIOBOTO OCTPOBAY.

B kauecTBe ¢acagHOro mMarepuana UCHOJIb30BaH 3KOJOTHYecKuil OeToH, obnana-
FOIIMM BBICOKOW IIPOYHOCTBIO U JOJTOBEYHOCTBIO, COCTOSIIIIMMI U3 HATYPAJIbHBIX KOM-
IIOHEHTOB, 00€CIIEYNBAIOIINI NapPONPOHUIIAEMOCTh U CIIOCOOCTBYIOIIMNA CHUKEHUIO
HHEPro3arpaT Ha OTOIUICHHE U OXJIAXIECHUE TOMEILEHUN.

JI1st U3rOTOBJIEHUSI OKOHHBIX paM, MoJa U MOTOJIKA UCIIOIb30BaIU JIEPEBO — KO-
JIOTUYECKH YUCTBI MaTepHuall, KOTOPbIN HE BBIIEISAET BPEAHBIX BELIECTB, 0OECIeUn-
BaeT ONTHUMAJIbHOE €CTECTBEHHOE OCBELIEHHE, 001a1aeT BBICOKUMHU TEIIO- U 3BYKO-
M30JSIIMOHHBIMU  XapaKTEPUCTUKAMH, a TMpHU HaJJjiexameil oopaboTke coxpaHser
AKCIUTyaTallMOHHbIE CBOMCTBA HA MPOTSYKEHNHU JUIUTEIBHOIO BPEMEHHU.
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CreHbl OT/AENIaHbl WM3BECTKOBOM IITYKAaTypKOM, XapaKTepU3YIOIIEWcs Xopoiuen
aZre3veil, yCTOMYMBOCTHIO K TEMIIEpATypHBIM Mepenaaam, J0JIr0BEYHOCThIO, Mapo-
POHUIIAEMOCTBIO U SKOJIOTUYECKON O€30TaCHOCTHIO.

Oxpysxaromuil JanamadT BKIIOYAET JOKAIbHBIE 3aCyX0YCTONUYMBBIE pACTEHUS U
KyCTapHUKH, HE TPeOYyIONMe WHTCHCHBHOTO TOJIMBA, YTO CIIOCOOCTBYET TOJEpIKa-
HUI0O OMOpa3HOOOpa3usi W pPALMOHAIBHOMY HCIIOJNIB30BAHUIO BOJHBIX PECYpPCOB.
JlanamadTHble pemeHus: cnocoOCTBYIOT 3aJIepKKE BJIard M MPeIOoTBPAIICHUIO 3PO-
3MOHHBIX MpoleccoB. [ obecrieueHusi aBTOHOMHOI'O SHEPrOCHA0XKEHUsI Ha TeppU-
TOPUU Pa3MEICHbl BETPOrE€HEPATOPhl U COJIHEUHBIC MAHENIH, YTO CHUKAET 3aBUCH-
MOCTbh OT TPaJAMIIMOHHBIX UCTOYHHUKOB SHEPIHHM U CIIOCOOCTBYET OXpaHe OKpYKaro-
et cpeapl. COBMECTHOE MCIIOIb30BaHKWE BETPOBOW M COTHEUYHOM SHEPIUU IMOBBIIIA-
eT 3¢ EeKTUBHOCTH HCTIOIB30BAHMS BO30OHOBIIIEMBIX PECYPCOB.

Takum oOpaszom, pa3paOOTaHHBIN NU3AWH-TIPOEKT JEMOHCTPUPYET pealn3aluio
PUHIIUIIOB YCTOWYUBOIO CTPOUTEIBCTBA, O0BEIUHSASI APXUTEKTYPHYIO 3CTETUKY, Op-
TaHUYHBIA JU3aiiH, (QYHKIIMOHAIBHOCTh M JKOJIOTMYECKYI) OTBETCTBEHHOCTh. JTO
CIIOCOOCTBYET CHUKEHUIO YIJIEPOJHOIO CJIEJA U MOBBIIICHUIO KAYe€CTBA )KU3HU TOJIb-
3oBaTened. BausHUE 3KOJOTMYECKOTO AW3aiiHa Ha YCTOMYHMBOE CTPOUTEIBCTBO HE
TOJIbKO CHMIKAET IKOJOTHYECKYIO HArPy3Ky, HO M MPEACTaBIsET COOOM MepCreKTHB-
HOE HallpaBJe€HUE, 00ECleunBarONIee SKOHOMUYECKYIO I11eJIeCO00pPa3HOCTh U YIIy4Y-
HIEHUE COLIMAIBHOTO OJIaronoryyus.
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Pedepar

B cratbe paccMOTpeHbI IPUMEHSIEMbIE Ha PAKTUKE METObI IMOIYYEHUSI Ta30BbIX
mucriepcnid. OMCaHO OPUTHHAIBHOE YCTPOUCTBO I THIPOAMHAMUYECKOTO JUCIIEP-
THPOBAHUS Ta3a BBICOKOTYPOYJIEHTHBIM MOTOKOM JKHJIKOCTH C IIENBIO0 TMOJyYeHUs
MEJKOM Tra3oBOHl aucrepcuu, Mno3possitoniee 3)(PEeKTUBHO BBOJIUTH CPABHUTEIBHO
JIOPOTOCTOSIIIIME Ta3bl (KUCIOPOI, 030H) B 00pabaThIBAEMYIO KUJIKOCTb.

KurueBble cioBa: gucriepranus, a’spaunus, ra3o-KUJKOCTHasi AUCHEPCUsi, JUC-
neprarop.

CHOICE OF METHOD FOR OBTAINING GAS-LIQUID DISPERSION
WHEN INTRODUCING COMPARATIVELY EXPENSIVE GASES

A. A. Volchek, G. O. Naumchik, V. S. Belov

Abstract

The article discusses the methods used in practice to obtain gas dispersions.
An original device for hydrodynamic gas dispersion by a highly turbulent liquid flow
is described in order to obtain a fine gas dispersion, which allows for the effective
introduction of relatively expensive gases (oxygen, ozone) into the liquid being
processed.

Keywords: dispersion, aeration, gas-liquid dispersion, dispersant.

Bsenenne

[Ipu oOpaboTKe TPHUPOAHBIX M CTOYHBIX BOJ, & TAK)KE€ B PA3TUYHBIX OTPACIAX
MIPOMBIIJICHHOTO TPOU3BOJICTBA U CEIIBCKOTO XO3SMCTBA YaCTO BO3HUKAET MOTPEO-
HOCTb IMOJyYEHUS] MEJIKUX Ta30BbIX AUCIEPCUN CO CPEIHUM AHAMETPOM ITy3bIPHKOB
meHnee 1 mm [1-5]. C ymeHbIlleHHEM nuaMeTpa My3bIPHKOB BO3pacTaeT MexdaszHas
MMOBEPXHOCTh M, CIIeJIOBATENIbHO, YBEIMUMBaETCS d(PGEKTUBHOCTD CIEAYIOMIUX MPO-

44



LIECCOB: PACTBOPEHHE 030HOCOAEPKAIIMX T'a30BbIX CMECEN B BOJHBIX CUCTEMAX, pac-
TBOPEHHUE KUCJIOPOJIa B OKCUTEHKAX W B MIPYJaxX MPHU MPOMBINIJICHHOM PHIOOBOJICTBE,
IPOLIECC OYUCTKU BOABI METOJIOM (PIIOTAINH, MTPOIIeCC IEHHOM cenapaluy Ha TOpHO-
000raTUTENbHBIX MPEANPUATUIX U T. JI. BBINMOIHEHB MHOTOYHCIIEHHBIE HCCIIEI0BA-
HUA U pa3paboTku B TaHHOM obOnactu [1-3, 5—7], ogHako 3amaya MoaydeHUs MEJTKUX
ra3oBbIX JUCIIEPCUN JI0 HACTOAILIETO BPEMEHM PEIICHA HE MOJHOCTBIO, IOPTOMY HC-
CJIEIOBaHMS B JAHHOM 00JIACTH OCTAIOTC aKTyajabHbIMU [1, 2, 6, 7].

MeTob1 MOTy4eHHs IUCTIEPTUPOBaHHOM Ta30Boi (a3sl (D) knaccuduuupyror
cieayommm oobpazom [7]:

1. ITueBmaTuueckuii Mmetoy; (6apOOTUpOBaHKE), TP KOTOPOM Tojlaya raza ocy-
LIECTBIIAETCS Y€PE3 3aTOIUICHHBIE IIOPUCTHIE IEPETOPOAKH.

2. MexaHn4YecKuil METOJl, MPU KOTOPOM AUCIEPTHPOBAHUE raza MPOU3BOJIUTCS
IPU OMOIIM MEMIATOK PA3JIUYHBIX KOHCTPYKIIUH.

3. I'mapaBanvecknii METOX, IPH KOTOPOM HCIIOJB3YIOTCS DKEKTUPYIOLIEE U JTUC-
MIEPrUPYIOLIEE NEUCTBUE CTPYH KUJIKOCTH.

4. ®U3UKO-XUMUYECKUN METOJI, OCHOBaH Ha ra3upOBaHUM KUIKOCTH, MPOUCXO-
IUT 32 CYET BBIJCJICHUSA Ta3a U3 IEPECHIIICHHOTO PACTBOpA NPHU M3MEHEHUU €T0
PacTBOPUMOCTHU, a TaKXKe MPU MPOTEKAHUH XUMHYECKOU WIIMA IJIEKTPOXHUMHUYECKOU
peaKuum.

Cy1iecTByIOT KOMOMHHPOBaHHBIE MeTOIbl TToTyyeHust JII'd — mHeBMoMexaHuye-
CKUH ¥ ITHEBMOTHIpaBiInueckuii [8—12].

AHaJIN3 METOJ0B IMCIIEPTrUPOBAHMS

CymHocTh mpoliecca MTHEBMAaTHYECKOW AUCIEpraluy 3aKJII04aeTcsl B MPOITyCcKa-
HUM Ta3a uyepe3 3aTOoIUICHHbIE AMCIEpPrupyrolue ycrpoiictBa (6apOoTépsl), pacmo-
JIO’KEHHBIE, KaK MPaBWilo, Y JHA Kamepbl aucrneprupoBanus [4]. OObIYHO B KauyecTBe
JUCHEPTUPYIOMIMX YCTPOUCTB MPUMEHSIOT NepPOPUPOBAHHBIE WM MOPHUCTHIE dJIe-
MeHTHI [13]. C moMoIbo AUCHEPTUPYIOMIUX YCTPOUCTB MOIaBAEMbIN ra3 APOOUTCS
Ha IMy3bIPH, KOTOPBIE PACTIPEACISIIOTCS B 00bEeMe KUJIKOCTH U CIYKaT UCTOYHHUKOM
HACBIIIECHHUS KUIAKOCTH Ta30M, a TaK)K€ BBI3bIBAIOT HAINPABICHHYIO LUPKYISIUIO
xuakoctu [4, 13].

[THeBMaTHUECKHE TUCTIEPTaTOPbl MOKHO MPUMEHSTh KaK B OTKPBITHIX, TaK U B 3a-
KPBITBIX coopykeHusx. 1o 3arny0ieHuto nucnepraTopbl MHEBMATUYECKON CUCTEMBI
NoJpa3fesiAl0oT Ha Jucrnepraropbl mainoro (no 1,5 M), cpeaHero mnorpyKeHHs
(1,8...6,0 M) u rnyOuHHBIC aucrepraropbl (rIyOWHa mOrpyxkeHus Oojee 6,0 m).
[THeBMaTHUEeCKUl METOJ KJIACCU(PUIMPYIOT MO XapakTepy AUCHEPrallMOHHOW MOJI0-
Chl. PaznmnuaroT aucnepranuio CIuIOIIHOM MOJIOCOW M 04aroByro. Jlucnepramnus ¢ mo-
MOIIIbIO (PUIBTPOCOB MPHU UX CIUIONIHOW YKJIaJIKE OTHOCHUTCS K AUCIEpraliy CIUIOII-
HOI TOJIOCOM, a JucHeprauus ¢ MOMOUIBI0 CTATUYECKUX WU TPYOHBIX JUCHEPraTo-
pPOB OTHOCHUTCSI K ouaroBoid. [1o naBineHuto raza Ha BbIXOJE U3 YCTPOWCTBA pasinya-
10T cuctembl HU3Koro (1o 9,8 klla), cpennero (ot 9,8 no 49 klla) u BeicOKOrO (CBBI-
me 49 klla) naBnenus [4, 7].

Jlnst moiaum ra3a B CHUCTEMbI BBICOKOTO JIaBJIEHUSI MCHOJB3YIOT KOMIIPECCOPHI, B
CUCTEMBI CPEHEr0 JIaBJICHUS a3 MOJAETCA ra30/lyBKaMH, B CUCTEMAaX HU3KOIO JIaB-
JIEHUSI UCTIOJIB3YIOT BBICOKOHATIOPHBIE BEHTUIIATOPSHI [4].
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[To pazmepy oOpa3yroluxcsi Ha BBIXOJI€ M3 paCIpeAesIUTEeIbHbIX YCTPOUCTB MY-
3BIPHKOB ra3a MHEBMATHUYECKUE UCIEPraTopbl MOJPA3/ENAIOTCS Ha 4YEThIpe THMA:
Oecmy3blpyaTble, MEJIKOIMYy3bIpUaThie, CpPEIHENy3bIpUaThble M KPYMHOIy3bIpUaThie.
B Oecmy3bipuaroil cucreMe AuMCHEpraiuy ra3 pacTBOPSETCS MOJHOCTHIO MU MMEET
my3bIpbKH pa3mMepoM MeHblie 0,25 MMm. B Menkomy3slpyato CHUCTEME JOJIKHBI
HaXOJUTHCA MY3bIPbKU AUAMETpOM 1...4 MM, B CpeAHENy3bIpUyaTol — JUAMETPOM
5...10 MM u B KpyIHOITY3bIpUYaTOi — TuameTpom Oosee 10 mm [4, 7].

B 6e3my3bipuaToil cucteme aspaiuu ra3 (Bo3ayX, 030H HIIM KUCIOPO.I) PacTBOPSI-
€TCs TIOJTHOCTHIO WJIM MMEET My3bIpbKU pazmepoM MeHbIne 0,25 mM. becmy3bipuateie
JUCIIEPraToOpbl MPEACTaBISAIOT co00i nephoprpOBaHHBIE MJIACTUHBI C OTBEPCTUSIMU
win nopamu pasmepoM Menbine 0,25 mm. [IpuMeHnenue Oe3my3bIpyaTodl CUCTEMBI
aspanuu Hanbosee 3pPEeKTUBHO, TaK KaKk YeM MeJIbue pa3Mep My3bIPhKOB, TEM BBIIIE
IUIOLIAJb TIOBEPXHOCTH pasjaena (a3 «ra3-KUIKOCTb», HO HEOOXOAUMO YAENAThH
OoJibllle BHUMaHUS dKcIuTyararuu audadyszopos [4, 6, 7, 13]. Takue cucteMbl aspa-
WA HE TOJYYWIH IIUPOKOE PaCHpOCTPAHEHHE BBUAY CIOKHOCTH IMOJIYYEHHS ITy-
3BIPHKOB BO3AYyXa pazMepoM 0,25 MM, M3-3a KOAJECUECHIUU Ty3bIPbKOB, MPOUCXO IS~
el 1ake MPHU BBIXOJAE raza M3 IUIACTUH C OTBEPCTHUSIMU WM MOPAMU, UMEIOIIUMHU
cpenuuii nuametp menee 0,25 mm [6, 7].

K menkomny3slpyaThiM AUCHEpraTopaM OTHOCSTCS TKaHEBbIE (paMHbIE, Tapeabya-
Thl€, peIlIeTYaThie), IIACTUKOBbIE (IU(D(Py30phl, capaHOBblE TPYOKHM W YEXJIBl U3
MJJaCTMACCOBBIX TKaHeH), Merayummueckue aud@y3opsl (KiIanaHHbE W Kepamuye-
ckue). B kauecTBe KepaMHUYECKHX AUCIEPraTOpOB HCIOJIB3YIOT OJHOCIOWHBIE WU
JBYXCJIOWHBIE (DUIBTPOCHBIE IUIACTUHBI, KepaMuueckue TpyObl, 1uddy30psl'B BUAC
KyToJioB, nuckoB u TpuboB [13]. K cpennemny3bipuateiM qucnepraropam MpuHAIjIe-
*aT nephopupoBaHHbIE TPYOBI, CHAp/KEPHI, MIEIEBbIC, KYMOJIbHBIE C CeleTbYaThiM
KJIalIaHOM U TapeJibyaThle JAUCIEPraTophl, MOJBOAHBIE JUCIEPTaTOpbl C PACCEUBAIO-
UM pachpeeauTeNeM, TUINHIPUYECKUE AUCTIEPTaTOphl C KOJIBIEBBIM HaIpaBs-
IOIIMM KOHYCOM, MTHEBMAaTHYECKHE AUCIEPraTOPhl C HAMPABIISIIOIIUM KOKYXOM, JTUC-
nepraropul-3paudTel u T. 1. KpymHOMy3bIpUaThIMU SBISIOTCS JUCTIEPTATOPHl B BUJIC
OTKPBITBIX CHU3Y BEPTUKAJIBHBIX TPYyO Auamerpom 50 MM WM COMEN, a TAKXKe CTaTH-
YeCcKUe U TPyOHBIE CIUpATIbHBIEC NTUCTIEPTraToOphl, TPYOHBIE TUCIEPraTOphl C Yepeay-
IOIIUMHUCS TNIACTUHYATHIMU dJieMeHTamu [4, 13].

[TueBmaTnueckuii (6apOOTaXKHBIN) METOT 00J1aJaeT HAUOOJBIIIEH YHEPreTUIECKOM
3 (HEKTUBHOCTHIO M3 BCEX METOJOB MOJYUYEHUS Ta30-KUAKOCTHBIX nucnepcui [3, 4, 6,
7]. bonblMM MPEeUMyIIECTBOM JTaHHOTO METOJAA SBIISIETCSI OTCYTCTBUE JBUKYILUXCS
qyacTel, MpocTasi KOHCTPYKIIMSI COOPYKEHHM, HEBBICOKOE TpeOyeMoe IaBlieHHE Tras3a
(0,05...0,15 MIla), BO3MOKHOCTHh PabOTHI B IIMPOKOM AHANa30HE YACIBHOTO pacxoja
raza [4, 6, 7, 13]. OCHOBHBIMH HEAOCTATKAMH MTHEBMATUYECKOTO IUCIIEPTUPOBAHUS
rasza sIBJISIeTCS BO3MOKHOCTh 3a0MBaHUS MOP U OTBEPCTUI 0apOOTEPOB MEXaHUUYECKH-
MU 3arpsi3HEHUSIMU (TIPY Ta3UPOBAHUU 3arps3HEHHBIX BOJA) M KPYIHBIN CpeaHui aua-
METp IMy3bIPHKOB (2...3 MM) IIPU UX BBICOKOM MoJuaucnepcHoctu [2, 4, 6, 7]. [lpuuem
YMEHBIIEHUE JUMETPA OTBEPCTUIN WM MOP JUCIepraTopa HE MPUBOJUT K 3aMETHOMY
CHIDKCHUIO CPETHETO JruaMeTpa My3bIphKOB rasza. /laHHas 3aKOHOMEPHOCTh 00YCIIOB-
JieHa 6aiaHcoM cuil py (OPMUPOBAHKUM MTYy3bIPHKOB raza [2, 4, 6, 7].

CymiHoCTh nmpolecca MeEXaHUYECKOU TUCTIEPTali COCTOUT B BOBJICUCHUH B XKHI-
KOCTh ra3a MpH MOMOIIM POTOpa. ITO BOBJICUEHUE MOXKET OCYIIECTBISTHCS Kak 3a
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CYET pPa30pbI3TUBAHMS POTOPOM >KHJIKOCTU B BUAE TOHKOM IMJIEHKH, TaK U 33 CUET 3a-
XBaTa BO3/yXa MPU TUJIPABINYECKOM NPBbDKKE, @ TAKXKE 3a CUET Pa3pEKECHUS B 30HE
NEUCTBUS MEXAHUYECKOIrO Aucnepraropa. B 3aBUCHMOCTH OT TUIla TPUMEHSIEMOTO
JUcIepraropa oA1H U3 CIocO0OB BOBJICUEHHUS IPEBATIMPYET HAJ APYyTUM [6, 7].

JIisi MEeXaHMYeCKOTo TUCIIEPTHPOBAHUS Ta30BOM (a3l MPUMEHSIOT Pa3IUIHOTO
BHJIa anmapaThl, CHA0KEHHbIE MEIIAIKaMH C JIOMACTSIMU, KOTOPBIE MONEPEMEHHO TO
NOTPY>KAIOTCS B KUJAKOCTb, TO BBIXOAST W3 Hee [6, 7]. Memanku MoryT ObITH Bpa-
MIAIOIIUMUCS WM JIBUKYIIUMUCS BO3BPAaTHO-NIOCTyNaTeNbHO. OIHAKO B YHUCTOM BU-
7€ METOJ MEXaHMYECKOTO JUCIEePrUpOBaHUs Tra30BOM (ha3bl NPUMEHSIOT PEAKO,
T. K. «3aMEIIMBaHNUE» Ta30BOU (a3bl B )KUAKYI0 ManodhdexTuBHo [6, 7].

Ha mpaktuke yamie BCEro HCHOJB3YIOT KOMOMHUPOBAHHBIA METOJ, 3aKIIOYaro-
IITUICST B TOM, YTO Ta3bl BBOAATCS 0apOOTaXKHBIM METOJIOM B BUJE ITy3bIPEH C Mocie-
IOYIOIIHMM UX JIONOJIHUTEIBHBIM AUCHEprupoBaHreM Memankamu [6—9]. Ilpu 3Tom ra-
30Bas ¢aza oOpasyercs 100 MPU UCTEUESHUM Ta30B U3 0apOOTEpa, PacIoI0KEHHOTO
HUKE MEIIAIKH, TM00 ra3 MmajamT OpsiMO B MEIIAJIKy, CHA0KEHHYIO OTBEPCTHUSIMU |8,
9]. Takoro Tuma ycTpolcTBa OCOOEHHO YacTO HCHOJB3YIOT IS (PIOTAIMOHHOU
OUYMCTKH JKUJIKOCTEH WM MpHU (HIOTAIIMOHHOM obOoramieHn MuHepasos [1, 2, 16].

JlanbHeiero aucneprupoBaHus TpyOOJUCIEPCHONM Ta30BOWM 3MYJIBCUU MOKHO
TOOUTHCS TIPOJIABIIMBAHUEM €€ Yepe3 TOHKUE KaMWUIAPHI, IOPUCTHIE TUIACTUHKUA WU
y3Kue 1end. B oTAenbHbIX clydasX MOXKHO MPUMEHSATh BCTPSXUBAHUS KUJKOCTH B
cocyjie, 4acTh 00BbeMa KOTOPOTO 3arojHeHa Tra3oBoi ¢a3oil. Bo3aMoxHO Takke Hc-
MI0JIb30BaTh U JIPYTHE METObI, IPUMEHSAEMbIE I MOJIYYEHUS SMYJIbCHI TUIIA <OKUJI-
KOCTB-JKHUIKOCTBY [2, 6, 7].

MeTton MEXaHMYECKOro AUCIEPTHPOBAHUS MPUMEHSIOT TOJBKO I MOJYYEHUS
ra3oBbIX AMYJIbCUI B MaJIOBSI3KOW IHCIIEpcHOM cpene. [1o Mmepe pocTa BI3KOCTH yBe-
JUYEHUE TUIPOJIMHAMUYECKOTO COMPOTUBIICHUSI U YMEHBIIIEHHE CKOPOCTE MOTOKOB
pe3Ko CHIKAIT 3 (HEKTHBHOCTD JJAHHOTO MeToja [6, 7].

MexaHnueckux AUCIIEPraTopbl HAUOOJEe YacTO MPUMEHSIOT B MajbIX U CPEIHUX
[0 MPOU3BOJUTEIBLHOCTH OYUCTHBIX COOPYKEHHSIX, a TaKKe€ B BOJAOEMAX C IIEJIbIO
VIIYUIICHUS] X CaMOOYHIIAIONIeH ClIOCOOHOCTH, B PHIOOBOIUYECKUX MPYIax U TIPH J0-
OUYUCTKE OMOJOTUYECKU OUMIIICHHBIX CTOYHBIX BOJ] B OMOJIOTHYECKUX Tpyaax [6, 7].

Mexannyeckud Meton mnonydeHus '@ sBisgeTcs camblM 3HEPrO3aTpaTHBIM B
CpPaBHEHHH C JIPYTMMHU METOJaMH, MOCKOJbKY B JIaHHOM IPOIIECCE OCHOBHAs JOJISI
SHEPrUM TPATUTCS HE HA JUCIEPTrUpPOBaHME Ta30BOM (Da3bl, a HA MPEOJIOJCHUE CHUII
TUIPABINYECKOTO COMPOTUBJICHUSI M MPUBENICHUE KUAKOCTH B JIBIKeHHE. OOBIUHO
TosbKO 0,2...2 % 0T 00IIMX 3aTpaT IHEPTUU PACXOYETCs HAa APOOJICHUE TTy3hIPHKOB
raza [6, 7]. Takxke nojiydeHrEe MEJNKHUX My3bIPHKOB T'a3a MEXaHUYECKUM JTUCIEPTUPO-
BaHUEM OCJIO)KHEHO OJHOBPEMEHHBIM IPOTEKAHHEM TMpollecca HUX KOaJeCUECHIIMU
(YKpymHEHHS), PU ATOM YCTaHABIMBAETCA HEKOTOPBIA CPEIHUN JAHAMETP MYy3bIPh-
KOB, COOTBETCTBYIOIIMM THUAPOAMHAMUYECKON oOcTaHOBKEe B cucreme. OOBIYHO
CpeIHUN JTUaMeTp My3bIPbKOB MPU MEXAaHUYECKOM JIUCIEPTUPOBAHUM COCTABIISCT
3...4mm [2, 4, 6, 7], nns monydeHus 60jee MEJIKUX My3bIPhKOB HEOOXOIUMO B Ta30-
KHUJIKOCTHYIO cucTeMy 100aBisiTh [TAB, uto yacto HempuemiiemMo.

['uapaBIrvecKuii METOJ IUCTIEPTallii OCHOBAH Ha HACBIIICHUH KUJKOCTH ra30M
3a cYET 3axXBaTa raza NaJaroluMHU CTPYSIMHU (KaIJIIMU) KUJIKOCTH WJIU 3a CUET 3aXBa-
Ta rasa XUIKOCTbIO, IBIKYLIEHCS 4Yepe3 CYKEHHBbIE YYAaCTKU HHKEKTUPYIOIIUX
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ycTpoucTB. K pasHOBUIHOCTAM JAHHOTO METOAA OTHOCATCS a3pUPOBAHUE IKEKTOPA-
MU, HUKJIOHAMU U IOBEPXHOCTHBIMU cTpysimu [10, 16].

[TpuHiun 3axBara raza CTpysMH (KaruisiMH) >KMJIKOCTH pEaju30BaH B KOHCTPYK-
[USX CAaMOTEYHBIX a’3paTOpOB (BOJOCIMBHBIE a’paTOPhl, TPAAUPHHU, OBICTPOTOKH,
a’panroHHble pemetkh). [Ipu nux paboTe ucnonb3yeTcs 3HEPrusi Hacoca Wik neperna-
a6l BOJBI B pekax. D(P(EKTHUBHOCTh a’dpaTOpPOB B PEIKHUX CIydasx JOCTUTAET
1,2 xr Oy/kBt1-u [4, 10]. OHU IPUMEHSIOTCS B OCHOBHOM ISl 00€3Kene3uBaHus, J10-
OYHCTKH CTOYHBIX BOJI U HACBILIEHUS BOJOEMOB KHUCIOPOIOM BO3/1yXa.

[IpyHMn 3axBara >KUAKOCTBIO Ta3a, JBIXKYIIETOCS YEpe3 CYKEHHBIE YYaCTKH
MHXEKTUPYIOIIUX YCTPOKUCTB, UCIIOJIB30BaH B a3paToOpaxX MHKEKTOPHOTO TUMA, HA3bI-
BaeMbIX MHOrAa a’patopamu beprymaum [10]. K HUM OTHOCATCS 3KEKTOPBI, TPYOBI
BeHTypH, KOJIBLIEBBIE COIIA, IIIAXTHBIE BOJIOCIMBBI, TUAPOMEXAaHUUYECKUE a3PATOPhI U
IpyrUue aHAJIOTMYHbBIE UM CTpyHHBIE annapartsl [4, 10].

[Ipu paboTe 3TUX AUCTIEPraTOPOB MPOUCXOAUT CMEIICHHE U OOMEH PHEPIUH ABYX
MOTOKOB Pa3HBIX JIAaBJICHUI ¢ 00pa30BaHMEM CMEIIAHHOTO MOTOKAa C MPOMEKYTOY-
HbIM fAaBieHueM. [lomaBaemasi B ammapar mpu Oosiee BBICOKOM JaBJICHUM Cpena
Ha3biBaeTcs padoueil. [loTok, yBiekaemblil anmaparoM 3a CYET BaKyyMa IPU BBICO-
KHX CKOPOCTSIX IBUKEHUS KHIKOCTH B CY’)KEHHOM CEYEHUU, HAa3bIBACTCA HMHXKEKTUPY-
embIM. [Ipu 3TOM B KauecTBe paboyeil cpeabl UCIOIb3YETCS KUIKOCTh, B Ka4eCTBE
MHKEKTUpyemon —ras [10].

[Ipy MHXKEKTOPHOHN IUCIEpraluy Mmojada ra3a MOMXET OCYHIECTBIATHCSA MPH IO-
MOIIIM Ta305KUKOCTHBIX CTPYM, Maal0IIUX Ha CBOOOIHYIO TOBEPXHOCTD KUJIKOCTH —
MTOBEPXHOCTHBIE JUCHEPraTopbl («KOJIBLEBBIE COIUIA», IIAXTHBIE BOJOCIUBBI, «I1O-
TPYKHBIE CTPYH», Pa30pPbI3TUBAIOIINE PO3ETKU U (HOPCYHKH), U 3a CUET MOJA4YU WH-
KEKTHUPYEMOT0 rasa IoJi YPOBEHb JKHUJIKOCTU — MOrpyXHbIe qucnepraropsl. Ilocnen-
HUE MOTYT OBITh YCTAHOBJIEHBI BEPTUKAIBHO M TOPU30HTAIBHO. Pl MHKEKTOPHBIX
YCTPOMCTB MOYXHO HMCHOJIb30BaTh KaK MOBEPXHOCTHBIE U KaK MOTPYKHbIE JUCHEpra-
TOphl. Takue AucCnepraTopsl ClieyeT Ha3blBaTh MOBEPXHOCTHO-NIOTPYKHbIMU. [Tona-
4a ra30’kKUJIKOCTHOM CMECH B JKHUIKOCTb OT 3THUX JUCIEPraToOpoOB MOXKET OCYILECTB-
JATHCA KaK 4epe3 OTKPBIThIE KOHLIBI TPYO, TaK W MPHU MOMOIIM PA3IHYHbBIX paclpese-
nutenei [4, 10].

OcoObIii HHTEpeC MPECTABISIECT MPUMEHEHHE CTPYUHBIX alllapaToB JJIs adpaluu
CTOYHBIX BOJ| B IIAXTHBIX U OAIIEHHBIX a3pPOTEHKaX. Tak Kak MpHU 3TOM JOCTHIaeTcs
BBICOKH MPOLIEHT UCMOJIb30BaHUs KUCIOpoaa [4].

[TpyMeHATh MHKEKTOPHBIE JUCIEPraTophbl 1I€JIeCO00pa3HO B HEOONBIIUX OYUCT-
HBIX coopykeHusiX. PazpaboTka nucrnepraTopoB ¢ MEHBITUMHU YACIbHBIMU 3aTPaTaMU
ANIEKTPOIHEPTUH HA PACTBOPEHUE KUCIOPOIa MO3BOISET UCIONIB30BATh UX U AJIA CO-
OpY>KEHHI OoJbllIeld MPOU3BOAUTENILHOCTU. Takue aucrnepraTopbl MOXHO YCTaHaB-
JUBATH JIJIS a’palliy BOJBI B BOJOEMAaX M OMOJIOTUYECKHUX MPYyAax, a TaKkKe JJIS 1O /I-
36MHOTO 00€3KeJIe3UBaHMUsI BOJOMPOBOJHOM BOJBI W T. M. Mcnonap3oBaHuE HH-
KEKTOPHBIX JUCIEPraToOpoOB IMPHU OUYHUCTKE CTOUYHBIX BOJ B a3POTEHKAaX MO3BOJISIET OT-
Ka3aThCs OT CIOKHBIX YCTPOWCTB, a TIPU a’palliy BOJIbI B OMOIIPyIax U BOJOEMaX OT
IJIaBAIOLIUX a3paTopoB. OCHOBHBIM 3JIEMEHTOM MHKEKTOPHBIX AUCIEPraTOPOB SIBIISI-
€TCsl HACOC, YTO 3HAYMTEIBHO YIIPOIIAET SKCILTYaTAI[UI0 COOPYKEHUH [4].

DKEKTOpPHBIE YCTPOMCTBAa UMEIOT 00Jiee BBICOKYIO IHEPreThyeckyro 3dQexTus-
HOCTbH II0 CPaBHEHHUIO C MEXAHMYECKHMH IHCIEPraropaMyd U MO3BOJISIIOT MOJTy4YaTh
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0oJiee MeNKKe My3bIPhKH T'a3a, OJIHAKO U C UX MOMOIIBIO HE YAAeTCs MOJIYYUTh CpeI-
HUM JuameTp my3blpbkoB MeHee 1 MM Oe3 ucnons3zoBanus [IAB [4, 10]. Lluknonnsle
a’paTopsl MO3BOJISIOT MOJIy4YaTh TOHKHE BOJIOBO3MYIIHBIE AMYIbCUU MPHU OOIBIIMX
JABJICHUSX U pacxodax >KUJIKOCTU U HEOONBIINUX pacxojax rasa, Ho yJelbHbIe 3aTpa-
Thl PHEPTUM HA JUCIEPTUPOBAHUE Ta3a MPU TAKUX PEKUMax BBICOKHE, a JHaNa3oH
JABJICHUM U PacXo0/I0B YCTOMYMBOM pabOThl — y3KHil, TO3TOMY JaHHBIE YCTPOMCTBA B
IIPaKTUKE BOJOCHAOKEHUSI U BOJOOTBE/ICHUS HE HAIIUIM IIUPOKO MpuMeHeHus. Juc-
NeprupoBaHUE MOBEPXHOCTHBIMU CTPYSMHU MOUYTH B JiBa pa3a dddexTruBHEe Mo 3aTpa-
TaMm PHEPTrUM MO CPABHEHUIO C MEXaHUUYECKUM JUcTeprupoBanuem [2, 4, 6, 14, 15],
HO OOJIbIlIE PUTOJHO VISl BBEICHUS B JKUJKOCTh aTMOC(EpPHOTO BO3/ayXa, a HE Ka-
KUX-JIMOO0 CIEeHUANIbHBIX Ta30B-030Ha, KUcIopoaa U T. A. CpeqHuit 1uaMeTp my3blpb-
KOB TIPH CTPYIHOM AHCIeprupoBanny mox yriom 30-60° k cBoGOIHOI TOBEPXHOCTH
u ckopoctH ctpyu 10...20 M/c coctaBnseT 1 MM, HO IpU STOM HaOIIOAAETCs OOJBIIAs
MOJIMIUCTIEPCHOCTH 00paszyromnuxcs my3pipskoB — oT 0,2 10 3,5 mMm [1, 2, 4, 6, 7].

[Ipu pu3NKO-XUMUYECKOM METOJI€ JUCIEPralui ra3upoBaHUE KUIKOCTH MPOUC-
XOJIUT JINOO 3a CYET BBIJEJIECHHS ra3a U3 MPECHIIEHHOrO0 pacTBOpa, JIMOO MpH MpoTe-
KaHUM XUMUYECKOMN WJIM JICKTPOXUMHUUYECKOM peakiuu [17, 18].

["a3upoBaHMe KUJIKOCTH MPOUCXOJNT 3a CUET BBIAECICHUS r'a3a U3 MEePEChIIEHHO-
ro pacTBOpa MPU U3MEHEHUHU €r0 PaCTBOPUMOCTH, OCHOBAHO Ha MCIIOJIb30BAHUHU I10-
BBIIICHHOTO JABJICHUS WJIM BaKyyMa Uil CO3JIaHUsl MEPECHIIICHHOTO pacTBopa [7,
17]. KuakocTh HACHIIAIOT JUCIIEPTUPYEMBIM Ta30M IMPU aTMOCHEPHOM WM TOBBI-
meHHoM (0,3...0,6 MIla) naBieHuu, BBIJEICHUE ra3a MPOUCXOIUT MPU BaKyyMHUPO-
BAHUU XKUJIKOCTU (BaKyyMHBIM METOJT) WJIM MPU cOpoce JTaBieHUsS A0 aTMOC(EpHOro
(manopusIii Mmeton). [Ipu BbIIEIeHUH Ta3a U3 MEPECHIIIEHHOTO PACTBOpa 00pa3yroTcs
OUY€Hb MEJIKHE My3bIpbkH (cpeauuit auametp 0,1...0,5 Mm), puyemM oHr GOPMUPYIOT-
Csl HEMOCPEICTBEHHO HA TOBEPXHOCTH THUAPO(POOHBIX YACTHII, UTO OOECIIEUUBAET BbI-
COKYI0 3(h(PEKTUBHOCTH UCIOJIH30BAHUS TaHHOTO MeTona ipu (uotauuu [7, 17]. He-
JI0OCTaTKaMU METOJIa SIBJISIETCSl CJIOKHOE ammaparypHoe ohopMIIEHUE, TMOBHIIIICHHBIC
3aTpaThl SHEPTUU, OTPAHUYECHHAS CTENIEHb ra3UPOBaHUs, KOTOpas 3aBUCUT OT PacTBO-
PUMOCTH Ta3a npu padouem nasieHud. Hampumep, pacTBOpUMOCTH BO3JlyXa B BOJAE
coctaisieT okoJio 30...50 1 Bo3ayxa B 1 M BOJIBI B unrepsaie 0,3...0,5 MIla [7, 17].

["a3upoBaHKe KUIAKOCTU 3a CUET BBIICIICHHS ra3a NpH MPOTEKAHUH XMUMUYECKOU
WU JICKTPOXUMHUYECKON PEaKIMu HE MO3BOJISIET AUCIEPTHPOBATH TPpeOyeMbId Ta3,
MOCKOJIBKY COCTaB T'a30B MPH MPOTEKAHUM XUMUUYECKUX PEaKIUi IEJIUKOM OIpee-
JI€TCSl B3aUMOJEHCTBYIOIIMMU PEareHTaMu, a MPHU SJIEKTPOXUMUUYECKUX — ITPaKTHYe-
CKHM BCErJa Ha KaToJE BBIAEISAETCS BOJAOPOJ], a HA aHOAE — Kuciopoa. Jpyrue rasbl
MIPU AJIEKTPOXUMHUYECKUX PEAKIUAX B BOJHBIX PACTBOPAaX B OOBIUHBIX YCIOBHUSIX IO-
yTu He oOpa3zytores [7, 18, 19]. Onnako ans neneit GpiaoTanuu MEKTPOXUMUIECKUMN
Croco0 TMOJIyYEeHHsI MEJIKOW Ta30BOM JAUCHEPCUU JAeT XOpolui 3G EKT, MOCKOIbKY
MO3BOJISIET TOJIydaTh HAaWMMEHBIIUM CpPEHUM JHAMETP Ta30BbIX MY3bIPHKOB —
0,04...0,2 MM, XOTS ¥ C BBICOKMMH 3aTparamu sHepruw [7, 18, 19].

Ha xadenpe BomocHaOxeHUs, BOJIOOTBEACHHS W OXPaHbl BOJHBIX PECYPCOB
BpecTckoro rocynapcTBEHHOTO TEXHUYECKOTO YHHBEPCUTETA MPEJIOKEH MMHEBMO-
TUAPABINYCCKUM METOJ| JUCIIEPTUPOBAHUS Ta3a BBICOKOTYPOYJEHTHBIM MOTOKOM
KUAKOCTH B TOpucTOM TpyOe. JlaHHBI MeToa pa3pabaThiBaeTcsl ISl MOJYYEHUS
MEJIKUX Ta30BbIX TUCIEPCUI C AMAMETPOM MYy3bIPHKOB MeHee | MM, HEOOXOAMMBIX B
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nporieccax (ruorauu, 030HUPOBAHUs, 00ECKUCIOPOKUBaHUS. B oTiMune ot BhImIe-
PACCMOTPEHHBIX METOJOB TOIYYCHHUS MEIKUX Ta30BBIX JHCIEPCUH, pa3padarbiBae-
MBIIl MeTO/ He TpeOyeT MCIOIh30BAaHHS TPOMO3JIKOTO M CIOKHOTO 000pYyIOBaHUS,
TIO3BOJISICT AUCIIEPTUPOBATH ra3bl JIIOOOTO COCTaBa C BHICOKUM YIEIBLHBIM PACXOI0M,
UMEET CPaBHUTEIILHO HEBBICOKYIO dHepro3arpaTHocTs [11, 12, 20].

[IpuHIMT TaHHOTO METO/1a IUCIIEPTHPOBAHUS TIOSCHSISTCS HA PUCYHKE 1.

BbICOKOTYp6YNIEHTHOE 3aBUXPEHME XKUAKOCTU

MorpaHNYHbIN
cnom

Mopa Mopa Mopa
Pucynok 1 — Cxema oOpa3oBaHus My3bIpbKa ra3a Mpu BbIXOJAE U3 €IMHUYHON MOPHI

B 6BICTpOI[BH)KYIHGI>iCH KNIKOCTHU

Ha ycnoBusi oTpbiBa my3bIpbKa B MOTOKE OBICTPOJBHIKYIIECHCS >KHIKOCTH B OC-
HOBHOM BJIMSIET TOJII[MHA NOTPAHUYHOTO CJI0sl, onpeaensemas yucioM PeitHomnbaca,
JUaMETP TOp, CTPYKTYypa MOBEPXHOCTU IMOPUCTOrO MATEPHUATIA U CKOPOCTh JBHUKEHUS
ra3a Ha BbIXOJ€ M3 Mop. s olleHKH BIMSAHUS AaHHBIX (DAKTOPOB HaA MPOIECC AMC-
MEePrupoOBaHUsl ra3a MOXHO MCHOJb30BATh JKCHEPUMEHTAIBHOE YCTPOMCTBO, KOH-
CTPYKLIMSI KOTOPOTO NPUBEACHA HA PUCYHKE 2.

* Bo3ayx

=3 6
L) gm%m
BopoBo3aylwiHas

ancnepcus

1 — mopuctas TpyoOkKa; 2 — kopnyc ¢ (hraaniamu; 3 — marpyOoK Mojgadu BO3AyXa;
4 — yIJIOTHUTENb; 5 — NaTpyOOK MOJa4u BOJIbI; 6 — maTpyOoK
O0TBOJIa BOJIOBO3AYIIIHOM JUCTIEPCUU
Pucynok 2 — [TieBmMoruapasnuueckuii gucneprartop rasza « TopHago»
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Hucneprarop «TopHano» mpeacTasiseT co00il MENKOIOPUCTYIO TPyOKy, pacio-
JIO)KEHHYIO B METaJUIMYECKOM Kopiyce ¢ (puannamu. Ha koHIax mopuctoit TpyOku
MeXy (IaHIlaMH KOPITyca UMEETCs YIJIOTHEHUE, IOITOMY KOHTAKT >KMJIKOCTH U ra-
32 OCYILIECTBIISIETCS TOJIBKO YEPE3 CTEHKY MOPUCTOM TpyOKH. B mpocTpaHCTBO MEX Ty
Hapy>KHOM MOBEPXHOCTHIO MOPUCTON TPYOKH M METAIUTMYECKUM KOPITyCOM IOJIaeTCs
ra3 ¢ HoMolbko narpyOka nojgayu rasza [11, 12, 20].

3akjl0ueHue

CpaBHEHUE pa3IMYHBIX CHUCTEM JUCIIEPTUPOBAHUSI Ta3a IOKa3bIBAE€T, YTO
HAaUMEHBIITUMHU YHEPTETUYCCKUMH 3aTpaTaMy Ha JUCIEprHpoBaHue objagaeT 6ap0o-
TaXHBIA METOJ, OJTHAKO OH MO3BOJISICT MOJIy4aTh TOJILKO CPABHUTEIIBHO KPYIHBIEC ra-
30BbI€ JUcriepcud. MexaHudeckoe U THAPOAMHAMUYECKOE IUCIEPTUPOBAHUE rasa
MO3BOJISIET MOJy4YaTh 0OJiee MEJIKHUE Ta30Bble NUCHEPCUH, HO MpU 00Jee BBICOKUX
yACJIbHBIX 3aTpaTax sHepruu. Haumbosee Menkue ra3oBble JUCIIEPCUM MOJTYYarOTCS
IIPY BBIJICJICHUM Ta3a B pPe3yibTaTe €ro BBIJCICHUS M3 PacTBOpPA WIIM IIPH IPOBEIC-
HUU DJICKTPOXMMHUYECKON peakiuu Ha dieKkTpojax. OqHako HeJoCTaTKaMu JaHHOTO
METOJIa SIBJISIFOTCS HEBO3MOXKHOCTh MOJyYeHHUsI OOJIBIIMX YACIBHBIX PAacXoJ0B rasza
(TIpu BBIJICTICHUH BO37yXa M3 BOAHOro pactBopa — 30...50 TUTPOB Ha OJUH METP KYy-
OMYEeCKHUIl BOJBI, a TIPU OCYIIECTBICHUU JICKTPOXUMHUYECKON pEaKIUU Ha AJIEKTPO-
JlaX Ta30BBIICIICHUE OTPAHUYEHO MPEICIbHON IIIOTHOCTHIO TOKA), OOJIBIIIMMU 3aTpa-
TaMH SHEPTUH, OrPaHUYCHUEM XMMHUYECKOT0 COCTaBa MOJyYaeMbIX Ta30BBIX JUCIIEP-
cuii. [loaToMy sBisieTCS akTyaJdbHBIM pa3paboTKa MeEToJla JAUCIICPTUPOBAHMS rasa,
COYETAIOIIEr0 B ceO€ Takue MPEUMYIIECTBA, KaK HEBBICOKHE 3aTpaThl SHEPTHUU U
MEJIKUH JUMETP MOJIy9aeMbIX ITy3bIPbKOB, KOTOPBINA MO3BOJHT 3(PGHEKTUBHO JUCIICP-
TUPOBATh T'a3 B 00pabaThIBAEMYIO KHIKOCTb.

[To MHEHHIO aBTOPOB HanboJIee MPEANOUTUTEIIHLHBIM SIBJSICTCS MTHEBMOTHAPABIHU-
YECKUI METOJl, TAK KaK TPeOyeT HEBBICOKUX 3aTpaT PHEPIHHU Ha JAUCIIEPTrUPOBAHUE,
HMMEET BBICOKYIO HAJIEKHOCTh BCJICACTBUE OTCYTCTBHS JIBMDKYIIUXCS YacTEH U MO3BO-
JIIeT TOJIYYUTh Ta30BbIE MY3BIPHKH JAHAMETPOM MEHee | MM, 9TO 00ECIEUYUT BBICO-
Ky 3(p(eKTUBHOCTh PACTBOPEHUS CPABHUTEIHHO JOPOTOCTOSIINX Ta30B (KUCIOPO/I,
O30H U T. ]1.).
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Pedepar

[IpennpoexkTHas cTtaaus GopMHUpPYeET MOTEHIMAT 00bEeKTa B OTHOIIEHUH €TI0 BO3-
MOYXHOCTH B AaybHEHIIEeM (OpPMHUPOBATh YCTOMYUBYIO CPEay IS KU3HEICITCIIHbHO-
ctu. KauecTBO mMpMHUMAaeMbIX Ha TAHHOM 3Talle PEIIEHUA U UX JOJTOCPOYHBIE MO-
CJIEJCTBUS HANPSIMYIO 3aBUCAT OT TEXHUUYECKOM, IKOHOMHUYECKOU M IKOJIOTUUECKOU
IPAaMOTHOCTH 3aKa3zuuka (COOCTBEHHHKA) OO0OBbeKkTa. BaKHBIMU 3JI€MEHTaMH CO3Ha-
TEJILHOTO M TPaMOTHOTO IOJX0Jia SBJSIOTCS BapyWaHTHAs IPOpabOTKa apXUTEKTYp-
HBIX, KOHCTPYKTHBHBIX, WHXXCHEPHO-TEXHOJOTMYECKUX PEIICHUH O00BEKTa B KOM-
IUIEKCE C aHAJIM30M COIMAIBHBIX M KOJIOTUYECKUX MOCIIEICTBUN €ro CTPOUTEIHCTBA
Y JKCILUTyaTalluy, a TakK€ MPOTHO3MPOBAHUE PA3BUTHUS PhIHKA HEJBUKUMOCTH U T10-
TpeOHOCTEN 001IeCTBA.

KitoueBble c¢j10Ba: )KU3HEHHBIN LUK OOBEKTA, MPEANPOEKTHAs CTaaus, 3aKa3-
YUK, YCTOMUMBas cpeaa JUIsl JKU3HEIEATENbHOCTH, SKOHOMHYECKash oleHKa 3¢ dex-
TUBHOCTU MHBECTHIIMM, 3aTPAThI, YIOBIETBOPEHHOCTh NOTPEOUTENEH .

THE POLE OF THE PRE-DESIGN STAGE IN CREATING A SUSTAINABLE
LIVING ENVIRONMENT

A. A. Volchak, L. V. Obrazcov, L. G. Sryvkina

Abstract

The pre-design stage forms the potential of the object in relation to its ability to
further create a sustainable living environment. The quality of decisions made at this
stage and their long-term consequences directly depend on the technical, economic,
and environmental literacy of the customer (owner) of the object. Important elements
of a conscious and competent approach are a variant study of the architectural, con-
structive, engineering and technological solutions of the object un combination with
an analysis of the social and environmental consequences of its construction and op-
eration, as well as forecasting the development of the real estate market and the needs
of society.
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Keywords: object life cycle, pre-design stage, customer, sustainable living
environment, economic assessment of investment efficiency, costs, consumer
satisfaction.

BBenenue

XKuzHeHHbIM UK OOBEKTOB CTPOMTENHCTBA MPEIACTaBIsIET COOOM MocienoBa-
TEIbHOCTh MPEIBIHBECTULIMOHHON (TMPEANPOCKTHON), HHBECTUIIMOHHON, IKCIUTyaTa-
[IMOHHON W JTUKBUAALMOHHON ctamuil. Kaknas u3 HUX BHOCUT CBOM BKJIaJ B POpPMHU-
pPOBaHUE YCTOMYMBOW Cpelbl AT JAESITeIbHOCTH, HO ONpeesIiomas pojib IpruHaasie-
KT MPEANPOSKTHON CTAJUU U paHHEMY ATaIly IPOEKTHPOBaHUs, Korjaa GopMupyeT-
Csl KOHIENIUS 00beKTa, MPUHUMAIOTCS NMPUHIMIHAIBHBIE PELIeHHs] 0 BRIOOpY ap-
XUTEKTYPHO-KOHCTPYKTUBHBIX U TEXHOJIIOTHYECKUX PEIICHUN, OCHOBHBIX MaTepUaIoB
U 0o0OpynoBaHusi, TO €CTh (GOPMHUPYETCS TOT MOTEHLMAT O0BEKTa, KOTOPBIM mpen-
oIpeeNsieT BO3SMOKHOCTD JOCTH)KEHUS 1€l yCTONYNBOTO pa3BUTHSL.

1 IloTeHuMAaJI NPpeANPOEKTHON CTaAUU

Ha npenmpoexkTHoi cTaauu B cOCTaBE€ OOOCHOBAHMSI MHBECTHLIMI (hopmupyercs
KOHIIENIUA OOBEKTa CTPOUTENIbCTBA, OMPEETACTCS BO3MOXKHOCTh M I€JIeCO00pa3-
HOCTb BJIOKEHHUSI CPEJICTB B €r0 BO3BEIACHHE, PEKOHCTPYKIMIO WM PECTABPALUIO,
BBINOJIHSETCS OLIEHKA €r0 BO3JCHCTBUS HA OKPYXKAIOLIYIO Cpely, IPOU3BOAATCS pac-
YeThl, CBA3aHHBIC C OIEHKON 2(P(EKTUBHOCTH MHBECTUIINM, ONPEIACICHUEM COIUATb-
HBIX U KOJIOTUYECKUX MOCIEACTBUM CTPOUTENIBCTBA U SKCILTyaTaluuu | 1].

Ha manHo¥ crammnm 3akiaajbIBA€TCd S3KOHOMHUYECKHUM, YKOJIOTMYECKUN U COLMAb-
HBI TOTEHIIMall O0bEKTa Ha BECh €r0 >KM3HEHHBIM LMKJ, MO3TOMY YpEe3BbIYAITHO
BXKHBIMHU SIBJISIFOTCS CO3HATEIbHBIN U TPAMOTHBIN MOAXO/ KaK CO CTOPOHBI HHBECTO-
pa (3aka3zuuka, COOCTBEHHUKA), TaK U CO CTOPOHBI pa3paboTyrKa MpeanpoeKTHON J10-
KYMEHTAILMHU, BKIIFOYAOLIUHM:

v/ KOMIUIEKCHBIM aHaJM3 COLMAJbHBIX, YKOHOMUYECKHX M JKOJOTHYECKUX IIO-
CJICJICTBUI CTPOMUTEILCTBA M IKCILIyaTalluu 00beKTa [2];

v/ BapHaHTHyI0 TPOpabdOTKy BCEX pEHICHHH O00BEKTa — apXUTEKTYpHO-
KOHCTPYKTUBHBIX, HH)KEHEPHOTO U TEXHOJIOTHYECKOT0 000PYI0BAHMUS;

v/ DKOHOMHUYECKYIO OLEHKY 3()()EKTHBHOCTH WHBECTHIIMN C YYETOM IIOJIHBIX 3a-
TpaT JKMU3HEHHOTO IMKJIa 00BEKTa, TO €CTh €IMHOBPEMEHHBIX 3aTpat (Ha MpebIHBE-
CTULMOHHOW, WHBECTUIIMOHHON M JIMKBUAAIMOHHON CTaJAWM) U MEPUOAUYECKHUX 3a-
Tpat (Ha PKCIUTyaTallMOHHOM cTaaun) [3].

dopMHUpyeMBbIil HA MPEANPOCKTHON CTAaIUM MOTEHIMAN YCTOMYHUBOCTH OOBEKTA
BKJIFOYAET CJEAYIONIMEe cocTapistonue [4]: sHeproddpekTuBHOCTh, UCMOJIB30Ba-
HUE BO300HOBIISIEMBIX MPUPOIHBIX PECYPCOB, BApHAHTHl KOMMEPYECKOTO HCIOb-
30BaHUs O00BEKTA, CIIOCOOHOCTH K PEJACBEIONMEHTY, MPOJJICHUIO CPOKa CIIY>KOBI
(?KcmuTyaTarum); BO3MOKHOCTh PEIUKIUHTA OTXOJI0B B IPOIIECCE CTPOUTEIHCTBA U
AKCIUTyaTal1H.

Pucku npeanpoeKTHOM CTaJuu B YACTH CO3JaHUA YCTOMYMBOM CpeObl IS JEs-
TEJILHOCTHU CBSI3aHBI C BO3JICHCTBUEM CIEAYIONTUX (haKTOPOB:

v\ HEJOCTATOYHON HSKOHOMHYECKON U DKOJOTMYECKON IPAMOTHOCTBIO 3aKa34M-
KOB (COOCTBEHHHMKOB), KOTOPbIE MPHU MPUHATUH PEIICHUN ONMUPAIOTCS B TIEPBYIO OYe-
pellb Ha CHIWKEHUE €IMHOBPEMEHHBIX 3aTpaT MPEIbIHBECTUIIMOHHOW U MWHBECTHULIU-
OHHOM CTaJui, YaCTO UTHOPHUPYS IKCILTYaTAIMOHHBIE PaCXO/ibl, B TOM YHMCJIE CBSA3aH-
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HBIE C YaCTOW 3aMEHOW 000pYJOBaHMS, TEKYIIUMH PEMOHTAMH M HEOOXOJUMOCTHIO
MOJIEpHM3ALMN O00BEKTa B MPOLIECCE CPOKAa €ro CIyKObl sl YAOBIETBOPEHUS IO-
TpeOHOCTEH MOJIh30BaTEIICH;

v/ HECIOCOOHOCTBIO 3aKa3zunka (COOCTBEHHHMKA) MPOTHO3UPOBATH TEHJICHIINH
pa3BUTUSL PBHIHKA HEIBMKMUMOCTH, MOTPEOHOCTH MOTEHUHMATIBHBIX IOJb30BaTEICH
00BEKTA;

v HEJOCTAaTOYHON KBamM(pukamueil pa3pabOTINKOB MPEAMPOCKTHON TOKYMEH-
Tallu;

v’ HECOBEPIIEHCTBOM HOPMATHBHO-3aKOHOIATEILHOM 0a3bl.

2 PoJb 3aka3unka (cOOCTBEHHUKA) 00beKTa

Benymas pons Ha MpeanpoOeKTHON CTaJuy MPUHANICKUT 3aKa3uyuKy (COOCTBEH-
HUKY). IMEHHO OH NPUHUMAET NPUHLUUIIUAIBLHBIE PEIICHHs], B TOM YUCJIE B OTHOLIE-
HUU HEOOXOJMMOCTH BapUAHTHOM MpopadOTKU pelieHuit oobekTa. [loatomy BaxkHO,
4TOOBI Y HEr0 c(HOPMHUPOBATIOCH TPAMOTHOE MPEJICTABIIEHUE 00 «yCTOMYHUBOM JI€BE-
JIOMIIEHTE», PACCYUTAHHOM Ha JUIMTEIIbHBIN IIEPUOJ BPEMEHU U JIOCTHMIKEHHUE ONTH-
MaJIbHOTO pe3ysbTara OT (YHKIMOHUPOBAHUS OOBEKTa KAK C TOUKU 3PEHHS HKOHO-
MUYECKHX BBIFOJI COOCTBEHHHKA, TaK U C TOYKH 3PEHUSI COCTOSIHUS OKPYKAIOIIECH
Cpelibl, TO €CTh Ha CO3/IaHHE YCTOMYMBOU CPEAbI AJIs IEATETbHOCTH.

dopMUpOBaHUE YCTOWYMBOM Cpenbl I JEATEIbHOCTH MOAPa3yMEBAET KOM-
IUIEKCHOE pEelIeHHE 3ajlay, CBSI3aHHBIX C MPOCKTUPOBAHUEM IMApaMeTpoB OOBEKTa U
M3Y4YEHHUEM MOBEIEHUS MOTpeduTenell (KUIbLOB, apeH1aTOPOB, MOJIb30BaTENEH 00b-
€KTa, MOKynaTesel MpoIyKIUHU 00beKTa) [4]:

v/ COKpallleHHe 3aTpaT Ha BOAY, SHEPTHIO, ChIPhE MPH POCTE BIOKECHUM B 3HAHUS
Y HaBBIKH; ONITUMU3ALIIS CPOKA CITYKObI O0BEKTA;

v/ co3/1aHKe TIOMEIICHUI C JIyYIIMMH MOTPEOUTEILCKUME CBOMCTBAMH (JTydIlCH
Cpebl JUIsl IPOKUBAHUS, JIydLIEH cpebl Al AESITEIbHOCTH);

v/ COKpaIllcHHE BBIOPOCOB 3arpsI3HAIONINX BEIIECTB, COPOCOB CTOYHBIX BOJ, OT-
XOJIOB B IIPOLIECCE CTPOUTENILCTBA U SKCILUTyaTalluu 00OBbEKTa;

v’ co3aHne MPOAYKINH C JYYIINMH SKOJOTHIECKUMHU apaMeTpaMu (i 00beK-
TOB MIPOU3BOACTBEHHOI0 HA3HAYEHUS U MHKEHEPHOU MH(DPACTPYKTYPHI);

v/ POCT yIIOBJIETBOPEHHOCTH TOTPEOUTENEH MPOAYKIIMH, paboT, yCIyT; poCT J0-
XO0JI0OB COOCTBEHHHMKA OOBEKTA.

3aki0oueHue

Ha mpenmnpoekTHO# cTaany 3akIaJbIBaeTCs MOTEHIMAal 00BEKTa B YacTH CO37a-
HUsI YCTOMYMBOM Cpenbl I AEATEIbHOCTH. Benymas posib B 3TOM Ipouecce MpHu-
HAJUISKUT 3aKa34uKy (COOCTBEHHMKY), KOTOPBIN JTOJDKEH OBITh JOCTATOYHO HKOHO-
MUYECKH M DKOJOTHYECKH TPAMOTHBIM, YTOOBI MPEyCMOTPETh BApUAHTHYIO MpOpa-
00TKYy BCeX pelieHuil 00BEKTa, YYECTh MOTPEOHOCTU TMOJIb30BATENEH (B TOM YHCIE
OyIymux), moTpeouTenet MPoIyKIIMU U yCIyT 00BhEeKTa.
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Pedepar

B cratbe mpoBeseH aHaNMM3 COBPEMEHHBIX METOJIOB OICHKH TEXHHUYECKOTO CO-
CTOSIHUSI KOHCTPYKTHUBHBIX CHCTEM M WX DJIEMCHTOB Ha OCHOBAaHWHW aHain3a nedek-
TOB, YCTAHABJIIMBAEMBIX TPH BHU3YAIBHOM OOCIICIOBAaHWH, OIHCAHBI JHATHOCTHYE-
CKH€ MmapaMeTphl (0a3uCcHbIC IEPEMEHHBIE), YYUThIBAEMbIC TIPU POPMUPOBAHUU Oa3bI
3HAHWM CUCTEMBI TTOKa3arenen (peUTHHTOB).

KawueBble cj10Ba: mpeaBapuUTeIIbHOEC 00CICIOBaHUE, OCMOTp, NE(EKT, MOBpE-
KJICHHUE, CTPOUTEIbHAS KOHCTPYKITHUS, THArHOCTHKA.

ANALYSIS OF DIAGNOSTIC PARAMETERS DURING INSPECTION
OF THE TECHNICAL CONDITION OF BUILDING STRUCTURES

Yu. S. Dardziuk, N. P. Yalavaya

Abstract

The article analyzes modern methods for assessing the technical condition of
structural systems and their elements, based on the analysis of defects identified dur-
ing visual inspection, and describes diagnostic parameters (basic variables) taken into
account when forming the knowledge base of the system of indicators (ratings).
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1 BBenenune

[Iporecc oneHMBaHUS TEXHUYECKOTO COCTOSIHUS CYIIECTBYIOIINX KOHCTPYKITUH B
o0IeM ciydae MPUHATO MOAPA3ACIATh Ha TPU XapaKTEePHBIX dTama: MpeaBapUTEIIh-
HOEe WK oOlee oOcie0BaHue; JeTaabHoe o0cieoBaHne; 00padoTKa JaHHBIX, IO-
JYYEHHBIX B X0JI¢ 00CIeIoBaHus, U (HOPMYJIUPOBAHHEC 3aKITIOUCHHUS.

Orenka, BBITIOJHSAEMAsI Ha 3Tare MpeaBapuTeapHoro (o0Iero) odbciaenoBanus, Ja-
IIIE BCETO SIBIISICTCS] CYOBEKTUBHOM, 3aBUCHT OT OIBITA U KBATU(HUKAIIUHN SKCIIepTa U Ya-
CTO MPHUBOJIUT JINOO K HEAKOHOMHUYHBIM, JTMOO HEOE30IMMaCHBIM MOCIeACTBUAM. HecMoT-
psl Ha TO, YTO HA MIPOTSHKCHUHU PSIJIa JIET OIEHKA TEXHUIECKOTO COCTOSHUS KOHCTPYKIIAN
SIBIIIETCSI OCHOBHOMW M3 MPOOJIeM, ¢ KOTOPBIMH CTAIKHUBAIOTCS TIPAKTUKYIOIINE WHKCHE-
pBI, JTaHHAs TPOIEypa, B YaCTHOCTH, MPH MPOBEACHUN IMPEABAPUTEIILHOTO (00IIEro)
o0cyie1oBaHUsI HE SIBIISICTCS COBEPILICHHOM M TpeOyeT aaibHelIeit 1opaboTKy.

2 MeToabl 1 MaTepHAJIbI

B Pecniy6nuke benapycs ¢ 1 ssaBapst 2021 rona o0cienoBanne TEXHUUECKOTO CO-
CTOSIHUSI CTPOMTENIbHBIX KOHCTPYKITUH BBITIOJHSIIOT 10 BIIEPBBIC BBEICHHBIM CTPOU-
tenbHbIM HopMaMm CH 1.04.01 [1]. B cooTBETCTBUU € TaHHBIM JOKYMEHTOM 0OCIE10-
BaHHME COCTOUT U3 TPEX OCHOBHBIX ITAIOB:

1 sTam — npeaBapUTEIbHBIA OCMOTP 3/IaHUS;

2 stan — obmiee o0ce0BaHKe (110 BHEIITHUM MTPU3HAKAM);

3 aTam — neraibHOe (MHCTPYMEHTANIbHOE) 00CeI0BaHue.

[IpeaBapuTeNbHBI OCMOTpP 37aHUSI MTPOU3BOASAT /10 COCTABJICHHS TEXHUYECKOTO
3a/1aHUs Ha MPOBEJICHUE 00CIIeIOBAHUS JIs YTOUHEHUS 1IeJIM U 3a7a4 padoThl, Ipe/-
BAPUTEIIBHOTO ONPEACIICHUs] 00bEMOB U CPOKOB MPOU3BOJICTBA padboT, oObeMa uMe-
FOIEHCS TPOECKTHOM, UCITOJHUTEIBHOM U DKCIUIyaTalMOHHOM JTOKYMEHTAlUHU, YCIJIO-
BUIA TOCTYTIAa K OOCJIEIyEMBIM 3JIEMEHTaM 3/1aHHUS.

O6miee oOcaeg0BaHNE IPOBOIUTCS JJIsi OOIIEH OLIEHKU TEXHUYECKOTO0 COCTOSTHUS
CTPOUTENIHHBIX KOHCTPYKIIUHM, OMPEACIICHUs] HEOOXOIMMOCTU, 00beMa U MPOTPAMMBI
netanbHOro obcnenoanus. OO0I1ee 00CeI0BaHre BKIIIOYAET B ce0st OOIIYIO OLIEHKY
KOHCTPYKTHUBHOHN CXEMBI U COOTBETCTBHSI 3/IaHUS TPOCKTHOW JOKYMEHTAIIMH B YaCTH
00BbEMHO-TUTAHUPOBOYHOT'O ¥ KOHCTPYKTHBHOTO PEIICHHUS, a TAKXKE 0 BUIY M XapaK-
Tepy Harpy30K, yCIOBUAM JKCIUTyaTtanuu. [1o BHEIIHUM MpU3HAKaM J1aeTCs OPUCHTHU-
POBOYHAS OIEHKA KATETOPUU COCTOSHUS OTACIBbHBIX KOHCTPYKIIMI C ONpeeTICHUEM
HEOOXOMMOCTH TTPOBEACHUS TIPOTUBOABAPUIHBIX MEPOTIPHUSITHA.

[Ipu obuiem oOcnenoBaHUM MPOBOJAAT BU3YaJbHBIA OCMOTP BCEX KOHCTPYKUHUN C
MPUMEHEHUEM B HEOOXOAMMBIX CIydasX MHCTPYMEHTOB U mpubopos. Ilpu HEeoOxo-
JTUMOCTH BBITIOJTHSIOT WCHBITAHUS M W3MEPCHHUS IS TOJYYEHUS JTOMOJHUTEIBHBIX
JAQHHBIX O COCTOSHUU KOHCTPYKITUH M MX COOTBETCTBUU MPOCKTHON JOKYMCHTAIIHH:
OpPHEHTHUPOBOYHAS OIEHKA MPOYHOCTH OETOHA M €T0 TJIOTHOCTH, U3MEPEHUE ITUPUHBI
PACKpBITHS W TIyOWHBI HanOoJiee XapaKTEePHBIX TPEIIUH, BHIOOPOUYHOE HU3MEPECHHE
HauOOJIBIIUX OTKJIOHEHUN OCHOBHBIX Pa3MEPOB OT MPOSKTHOW TOKYMEHTAIIUH.

B Poccurickoi denepanyn Ha CErOAHIIIHAN I1€Hb OCHOBHBIM HOPMAaTHUBHBIM J10-
KYMEHTOM B CTPOHTEIBHON OTpPACid, B COOTBETCTBHUH C KOTOPBHIM JOJHKHO IMPOBO-
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TUThCs obcienoBanue 3aaHui u coopyxkenuid, sisercss ['OCT 31937 [2]. B coot-
BETCTBUM C JIOKYMEHTOM [2] oOcienoBaHne TEXHUYECKOTO COCTOSHUS 3aHHUK (CO-
OpY>KEHHI1) TOJKHO MPOBOAUTHCS B TPU dTara:

1 sTam — MoAroToBKa K MPOBEJECHUIO 00CIIEIOBAHNS;

2 3TaI — NpeaBapuTeNbHOE (BU3yalbHOE) 00CIIEI0BAHNUE;

3 aTan — aeraabHoe (MHCTPYMEHTAIBHOE) 00CIeIOBaHUE.

[ToaroToBuTeNbHBIE PAOOTHI MPOBOJAT B LENSAX: O3HAKOMIICHUSI C O0OBEKTOM 00-
CJIeIOBaHUsI, €r0 0ObEMHO-TNIAHUPOBOYHBIM M KOHCTPYKTUBHBIM pEIICHUEM, MaTe-
puazaMy HHXEHEPHO-T€OJIOTMYECKUX H3bICKaHWW; cOOpa M aHaimu3a IPOEKTHO-
TEXHUYECKON JOKYMEHTAIIMH; COCTAaBJICHHUS MpOrpamMMbl pabOT C y4eTOM COIJIaco-
BAHHOT'O C 3aKa3YMKOM TEXHUYECKOTO 3aJIaHUs.

[TpenBaputensHoe (BU3yaiabHOE) OOCIEIOBaHHE MPOBOIAT B IENSIX MIpeaBapu-
TEJTLHON OICHKH TEXHHYECKOTO COCTOSIHHS CTPOMTENIBHBIX KOHCTPYKIIUH W WHXKE-
HEPHOro O00OpYAOBAaHMS, IEKTPUUECKUX CETEH M CPENICTB CBSI3U IO BHEIIHUM IIPU-
3HAKaM, OTpPECICHUs] HEOOXOUMOCTH B NMPOBEJACHUU JETAIBHOTO (MHCTPYMEHTAJIb-
HOT0) 00CJIeIOBaHUS U YTOUHEHUS TPOTPaMMBbl padoT.

B pykxoBoactBe [3] cocTosiHuE KOHCTPYKIIMHU OLICHUBAETCS Ha JIBYX YPOBHSX:

|. IIpenBaputenbHOE (BU3yalIbHOE) 0OCIEI0OBAHNE.

Il. JletanpHOE OOCIEIOBaHUE.

Ecnu Ha ypoBHE npeaBapuTeabHOro (BU3yalbHOI0) 0OCIEI0BaHUS MTOTyYeHa J10-
CTaTOYHO TOJIHASI HH(GOPMAIIUS O COCTOSIHUM 00BEKTa, TO MEPEXOAUTh K JIETaTbHOMY
00CJIeI0BaHUIO HE PEKOMEHTYETCS.

[IpenBaputenbHOoe (BU3yaldbHOE) 0O0CIIENOBaHUE COCTOUT U3 CIEAYIONIUX TpeX
ATAIOB:

1) Coop uHGOpPMALIMU U €e IeTAIU3aIUsI O MPOSKTUPOBAHUM 3/JaHUS, CTPOUTEIIb-
CTBE, IKCITyaTallMi U TEXHUYECKOM OOCTYKUBAHUH 32 TIOCIIETHEE BPEMSL.

2) BusyanpbHO€ MHCIIEKTHPOBAHHE TEXHUYECKOTO COCTOSIHHMS M (DUKCAIHsI ITOBpe-
JKIICHUM.

3) OreHka KOHCTPYKIIMOHHOW OE€30MacHOCTH B COOTBETCTBHUH C JCHCTBYIOIIMMH
CTPOUTEBHBIMI HOPMaMH U TIPABUJIAMH WJIH TI0 OTIPEACTICHHBIM pab0vYrM JOKYMEHTAM.

st mpeABapuUTENIbHOTO (BU3YaJIbHOTO) OOCJIEIOBAHUS HEOOXOAUMBI KOMILJIEKTHI
JTIOKYMEHTOB TI0 IPOCKTUPOBAHUIO KOHCTPYKIIMN U YEPTEKHU, BKIItOUAs CHICITU(PUKAIIUAIO
HCIIOJIb3YEMBIX MaTEpPUAIOB, HH)KEHEPHO-TCOIC3NUYCCKIE U3BICKAaHUS, TOKYMEHTHI 10
PEMOHTY WJIM MOAECPHU3ALIUU, TPOBEJECHHBIE MTOCIIE CTPOUTENIBCTBA 00BEKTA, JOKYMEH-
Thl TI0 SKCIUTyaTalldy 3/1aHus, BKJIIOYas HAarpy3ku. Takke Ha JTaHHOM JTare MOTYT
OBITH MTPOBEJICHBI TIOJIEBBIE UCTIHITAHUS TIO ONPENETICHUIO TPOYHOCTH OETOHA ¢ MpUMe-
HEHUEM HEpPa3pyIIAIINX METOJI0B KOHTpoJiA. [Ipw 3TOM eciiv NpWBEACHHAS BBIIIC
JOKYMEHTaIUsl OTCYTCTBYET, HEOOXOAUMO MPOBECTH JIETAIBHOE 00CIEeIOBaHHE.

OCHOBHOM 1IEJIBIO MTPEABAPUTEILHOTO (BU3yalIbHOT0) 00CIEIOBAaHUS COTTIACHO [3]
SBJISICTCSL 0OCJIeIOBaHNe W (PUKCAIMS BCEX MOBPEKICHUN WM KOHCTPYKTHUBHBIX
HECOOTBETCTBUH M MX PACIIOJIOKEHUS, MCTIONB3Ysl ACKU3bI U YepTexku. BusyanpHOE
WHCIIEKTUPOBAHUE BKJIFOYAET B CEOS:

— MPOBEPKY JOCTOBEPHOCTH HMCXOAHBIX YEPTEkKEH WM OmpesesieHne 0a30Boi
uHpopmauu 00 00bEKTE, €CITU YEPTEKHU OTCYTCTBYIOT;

— OIpeeICHNEe OCHOBHBIX OTKJIOHEHHM, HE TPEICTABICHHBIX HA OPUTUHAIBHBIX
CTPOUTEIBHBIX JOKYMEHTAX;
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— ONpeJeNeHne BUANMBIX KOHCTPYKTUBHBIX TTOBPEXICHUN, TAKMX KaK TPEIIUHBI
U OTCJIOCHHUS, a TAKXKe MPOBEPKA Ka4eCTBA KOHCTPYKITHIA,

— ONpeJeNeHne TOTEHIIMAIBHOTO PUCKA TAJCHUS HEHECYIIUX DJIEMEHTOB: IO-
TOJIKA, IEPETOPOIOK, CTEH, MAPareToB, KPEmexei u ap.;

— 00cne0BaHne COCTOSTHUS TPYHTOB B (PyHIAMEHTA;

— (opmupoBaHuE OTYETA MO TEKYIIIEMY COCTOSHUIO C GoTOTpadusIMU.

Taxke mo TpeboBanusM [3] HOMKHBI OBITH OTOOpPaKEHBI JTIOOBIC HAOIIOJAEMBbIC
OTKJIOHGHHsI OT TIPOEKTHhIX. Ha ocHOBe COOpaHHBIX JaHHBIX HHXKEHEp-
oOcienoBaTelb (IKCHEPT) KiIacCu(GUUUpPYET MOBPEXKICHUS IO TUITY ¥ 3HAUUMOCTH U
JAeT OLIEHKY JaJbHEUIIEeH dKCILTyaTaluu.

B pykoBoxactBe [4] oOciienoBaHue 3MaHUS/KOHCTPYKIUNA OCYIIECTBISETCS B 4e-
TBHIpE 3Tara, KOTOpbIe TTOKa3aHbl Ha PUCYHKE 1:

1) IIpenBapuTenTbHOE HHCIIEKTUPOBAHHE.

2) [TnaampoBanue padoT.

3) BusyanbHoe UHCIIEKTHPOBAHHE.

4) HarypHble 1 JJaOOpaTOPHBIC UCTIBITAHHSI.

OcHOBHas 1I€Th TMPEIBAPUTEIHFHOTO HHCIIEKTUPOBAHUS — OIleHKa U cOop HMHPOP-
MaIliH JJIs1 dTara MIaHUPOBAHUS 0 MPOBEICHHS caMOro 00CIeIOBaHHUS.

OTan TUIaHUPOBaHUs BKIIIOYAeT B ceOs MOATOTOBKY JTOKYMEHTOB, TPYIITUPOBKY
KOHCTPYKTHUBHBIX 3JIEMCHTOB I0 MX KOHCTPYKTHBHBIM PEIICHUSM, 3HAYUMOCTH H
T. I. ¥ TMATHOCTUKY JaedekToB. JlnarHocTuka ne)eKToB U MOBPEXKICHHIA MPEICTaB-
JieHa B Tabnuiie 2.

Tabaunua 1 — J{luarnoctrka 1edeKTOB U MOBPEKACHUMN CcOTyiacHO [4]

[Ipuznak Bo3spacTtHbie u3MeHeHus
[Tprunna paspyue-
TPEIINHBI| OTCIOCHHUS e paHHHUE |[TOJITOCPOYHBIE
KoHcTpyKTHBHBIE + 4 B N R
TTOBPEXKICHUS
Koppo3us apmatypsl + + — — +
XHUMHUYECKOE  BO3JICH- + + N B N
CTBHE
Pa3pymenns ot mopo3sa + + + —
[ToBpexaeHust oruem + + — _
BHyTpenHue peakuuu + + - — +
TennoBbie BO3/ICHCTBUS + + — +
Ycanka + — — +
ITom3yuecTs + + - _ +
beicTpas cymka + — — _
[InacTuueckas ycaaka + — — _
Bremnue  nospexze- + + N N N
HUSI
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ITocTanoBRA Nl W MOHCK

HHpOpPMALHH

F

JOKyMEHTAIBHEIH 0030p

[IpensapuTeIBHOS
TOCEMIEHHE OOBEKTA y

L 4

HPE:[B APHTCIBPHOC IIOCCINEHHE O OBEKTA

Habop oneHHBaeMEIX NpaBHI

k

Crnennduxanusa qeficTBHiL
BBITIOZTHAEMEIX B IIOJIEBBIX YCIOBHAX

JTan [ITaHHPOBAHHA

k4

B H3IVAJIBHOC HHCIICKTHPOBAHHC

FTam BH3Ya/IBHOTO
HHCIICKTHPOBaHHA

“pc,l[{;'l'ilI!JICI e apaiia 1 oTHeT

Heotxoaumo 1H
JooocaeToBaHHe?

MeTons! HepaspyIIAIOINEr0 KOHTPOIA >

3Tan HCIBITAHHHA

Brisogs <

IIn1ag ganepHeHMHNX OeHcTBHI

v

Pucynok 1 — Cxema anroputMa, WUTIOCTPUPYIOIIas mporecc oocaeaoBaHus [4]

BusyanbHbiit ocMOTp (MHCIIEKTUPOBAHKUE) KOHCTPYKIIMH SIBJISIETCS Hanbosee 3¢-
(heKTUBHBIM Ka4ECTBEHHBIM METOJIOM OIICHHBAHHS TEXHHYECKOTO COCTOSHHUS U BBI-
SIBJICHUS THIUYHBIX MTOBpexkaeHuid. OH mpeaHa3HavyeH 11l OBICTPOTO 00CICI0OBaAHUS
KOHCTPYKIIMM W OLIEHKH €€ o0miero cocrosHus. OH Jaer 1HeHHYr HHGPOpMAIUIO
OIIBITHOMY UHKEHEPY B OTHOLIEHUU KA4YECTBA U3TOTOBJIEHUS KOHCTPYKIIMHU, IKCILTya-
TAlMOHHOW MPUTOJHOCTH U MEXaHU3Ma JAJbHEHIIETO Pa3pyILICHUs, a CIEI0BaTEb-
HO, SIBJISICTCSI OCHOBOM ISl JI€TaJdM3allui IJIaHA HJAJbHEHUININUX JCUCTBUM M KOJIMYEC-
CTBEHHOM OIIEHKW CTEINEeHM MOBpPEXKJIeHHUS. BMecTe ¢ TeM, cTeneHb 0ObEKTUBHOCTH
OIICHUBAHUS B 3HAYUTEILHON Mepe 3aBUCHUT OT KBaJIU(HUKAIIUK SKCIIePTa.
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3 Pe3yabTaThl U 00CyKIACHUS

Takum 00pa3omM, KaK BHAHO U3 MPEACTABICHHBIX JTAMOB OOCICIOBAHHS CTPOU-
TEJIbHBIX KOHCTPYKIMU B Pa3IUYHBIX JOKYMEHTax, HauOOJbIIasl CTENeHb HEompee-
JIEHHOCTEW B OLEHMBAHUM TEXHUYECKOTO COCTOSIHUS COJIEPKUTCS Ha dTame MpejaBa-
PUTEIBHOTO O0CIEAOBAHMS, XOTS JaHHBIN ATall SIBJSETCS HanOoJiee BAXKHBIM C TOYKH
3pEeHUS IPUHATHUS PEUICHUN KaK O JaJbHEHIIEM MPOBEACHUU JETaIbHOIO 00CIe0Ba-
HUSl, TaK U O TUIAHUPYEMBIX MEPOIPHUSATHUSAX MO 00ECIeUeHUI0 Oe30MacCHOCTH U JKC-
TUTyaTallMOHHOW MPUTOIHOCTH KOHCTPYKTUBHOM CHCTEMBI.

Haubomnee BaKHBIM 3JIEMEHTOM IMPEABAPUTEIBHOTO OOCIIEIOBAHUS SBIISIETCS pa3-
paboTka cucTeMbl ToKa3zareseld (pPEUTUHIOB), MO3BOJISAIONIEH Ki1acCUPUIIUPOBATH Ka-
TETOPHUIO COCTOSTHUS CYIIECTBYIONIEH KOHCTpyKinK. Kak nokazano B [5], BakHeen
YacThIO JIFOOOW CHUCTEMBI sIBJIsieTCs 0a3a 3HAHUM, COCTOSIIAs U3 MPAaBUJI aHAIN3a WH-
dbopmaru 1Mo KOHKPETHOU MpodieMe, Kak MOJIENN TIOBEICHHS SKCTIIEPTOB B OIpee-
JIEHHOM 00JIaCTH 3HAHUS, C UCIIOJIb30BAHUEM MPOIEAYDP JOTUYECKOTO BBIBOJIA U MIPU-
HATUA pelieHuid. MHpiMu ciioBamu, 6a3a 3HaHUN — 3TO COBOKYITHOCTH (haKTOB M Ipa-
BUJI JIOTHYECKOTO BBIBOJIa B BELIOPAHHOM MPEIMETHOM 001aCTH AEATEIbHOCTH.

CornacHo [6], 6a3a 3HaHMI COAEPKUT (PAKTHI (CTATUYECKHUE CBEACHHS O Mpe/-
METHOM 00J1acTH) U TIpaBuiIa — HA0OP UHCTPYKIIUMA, MPUMEHSSI KOTOPBIE K U3BECTHBIM
(hakTaM MOXXHO TOJY4UThb HOBBIE (pakThl. ClienyeT OTMETUTh, YTO BCE CYIIECTBYIO-
I[ME CUCTEMbl OPUEHTUPOBAHBI HA PEILICHHUE OMPEACIICHHOTO KpyTra 3ajay B Y3KOH
MPEAMETHON 00IaCTH U HE MOTYT OBITh UCIIOJI30BAHbI JIJIsl PEUICHUS J1ake OJU3KHUX,
HO HE MPETYCMOTPEHHBIX MTPH UX CO3IaHUU MpoodiieM [6].

4 3akn04enune

Takum 00pa3oMm, Ha OCHOBAaHUU IPEJICTABICHHOIO BbIIIE aHalu3a J€()EKTOB U
MOBPEXKICHUN KE€I€300€TOHHBIX KOHCTPYKLHW, a Takke TpeOOBaHUM, MpeabsBisie-
MBIX Ha 3Tane NpeBapuUTEILHOr0 00CIEI0BAHMS, B TOM YHUCIIE M0 3a(pUKCUPOBAHHBIM
B TIpOIIECC€ BHU3yaJIbHOTO (OOIIEro) mpeaBapuUTEIBLHOTO OO0CIIEOBAaHUS BHEIIHUM
IIPU3HAKaM, JJI1 OLICHUBAHUS TEXHUYECKOTO COCTOSIHUSI CTPOUTEIBHBIX KOHCTPYKIIMMA
npu GpopMupoBaHuMU 0a3bl 3HAHUIM CUCTEMBI MOKa3aTesaeil (PEHTUHTOB) ClIEIyeT y4u-
THIBATh CJICAYIONINE AUATHOCTUUECKHE MapaMeTphl (cM. Tabnuiry 2) [7].

Ta6auua 2 — [lapametpsl, yauTsiBaembie npu (HOPMUPOBAHUM 0a3bl 3HAHUM CH-
CTEMBbI TTOKa3aTesen (peUTHHTOR)

[Tapametpsl, yunTbiBa-
[TapameTpsbl, ycTaHABIMBAEMBbIE IPU BU3YAJTIbHOM
embie pu HOpMHUPO-
o0ciie10BaHNNA 9

BaHUU 0a3bl 3HAHUU
TpenuHsl:
MPOJI0JIbHBIE KOPPO3MOHHBIE BJIOJIb apPMATypPHOTO CTEPKHS +
HOPMAJIbHBIE +
HAKJIOHHBIC +
CHUJIOBOTO XapakTepa B CXKaTOW 30HE +
[ToBpexaeHust 3aIMTHOTO CJI0si OeTOHa (CKOJIbI, OTCIOCHUE,
KaBEpHbI, PAKOBUHBI, MyCTOTbI, NHOPOJHBIC BKIIOUCHUS B +
0eToHe)
[IpomaciuBanue 6eToHa +
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IIpoaoxeHue TadauIbI 2

n [TapameTpsl, yuuThHIBa-
apaMeTphl, yCTaHABIMBAeMbI€ IPU BU3YaTIbHOM

o0cie10BaHUH CMBIC TIDH (bopMHpg_

BaHMM 0a3bl 3HAHUI

['myOuna kapboHuzaiuu 6eToHa -
OroneHus apMaTypbl +
Koppo3noHHBIE TOBPEKICHUSI apMaTyphI +
Pa3ppIBBI WK BRITYYHBAHUE aPMATYPBI —
HecootBercTBue pasMepoB win (HOpMBI  KOHCTPYKLIUU —
MTPOCKTHBIM
HecooTBeTcTBHE pa3MepOB IIIOMIA0K OMTUPAHUS DJIEMEHTOB —
[Tporu6s! (OTHOCUTEIBHBIE MTPOTHOBI) +
[TpouHocTs 6eToHA -
KoMmiekTsl JOKYMEHTOB MO MPOEKTUPOBAHUIO KOHCTPYK-
UA U YepTEek U, BKIIOYAS CHEHU(PUKAINIO UCTOJIb3YyEeMbIX
MaTEepUajIOB, HHKEHEPHO-TEOIE3UUECKUE U3bICKAHUS, JT0KY- +
MEHTHI TI0 PEMOHTY WJIM MOJCpPHU3AINHU, TPOBEICHHbBIE IM0-
ClIe CTPOUTENHCTBA O0BEKTA, TOKYMEHTHI MO IKCILTyaTalluu
3JIaHusl, BKIIIOYasi HATPY3KH

Paboma svinonnena npu noooepicke BPOOU (epanm Ne T23M-016).
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VIIK 711.523

METO/Ibl AHAJIM3A FPAZ[OQTPOHTEJILHOFI IPPEKTUBHOCTH
PA3BUTHUSA OBINECTBEHHOU ®YHKIIUU B HEHTPAJIBHOU 30HE
KPYIIHOI'O I'OPOJA

A. B. Eecmpamenko

K. apx., ooyenm kagedpwl cpadocmpoumenscmesa, Benopycckuil HAYUOHANbHBLIL MeX-
Huueckutl ynusepcumem, Munck, berapycw, e-mai: angelikaevstratenko.gmail.com

Pedepar

NHCTpYyMEHTBI TpaJOCTPOUTENBHOW OLEHKH SIBISIOTCA KIFOYEBBIMHU MPU aHAIU3E
U ONTHUMH3AIUU CTPYKTYPHO-(YHKIIMOHATIBHBIX XapaKTEPUCTHK LIEHTPAIBbHON 30HBI
ropoja. PannoHaibHOE MOCTPOEHHE CUCTEMBI OOBEKTOB OOLIECTBEHHOI'O OOCTYXKU-
BaHUsl UMeeT OOJbIIOE 3HAUEHUE, MIOCKOJIBKY HE TOJBKO CIHOCOOCTBYET YIIYUILIEHUIO
KAa4ecTBa KU3HU FOPOXKaH, HO U MOAJIEPKUBACT IKOHOMUYECKYIO U KYJIbTYPHYIO aK-
TUBHOCTh TOpoJia. B MaHHOHM cTaThe paccMaTpUBAIOTCA aHAIMTHUYECKHE MOAXOAbl U
METO/Ibl, aPOOMPOBAHHBIE ABTOPOM Ha mpumepe r. ['omens, 1 BO3MOXKHBIE IS IPHU-
MEHEHHUS TP ONPEICICHUN JUHAMUKH U OCOOECHHOCTEH pa3BUTHS OOILECTBEHHOU
(GYHKIIUM B LIGHTPAJIbHOM 30HE U siApe Topoa.

KiarwueBble ciioBa: rpagoctpoutesibHas 3(PEKTUBHOCTD, IIEHTPabHAs 30HA T'O-
pona, (GyHKIHOHAJILHOE 30HMPOBAaHWE, OOBEKTHI OOIIECTBEHHOTO OOCITYKHBaHU,
00111eTOPOJICKOM LIEHTP.

BBenenue

O PeKTUBHOCTh TPAAOCTPOUTENHHOTO UCIIOIB30BAHUS TEPPUTOPUIN LIEHTPATHLHOM
30HBI TOPO/IA — 3TO KOMILUIEKCHAs! XapaKTEPUCTUKA, OTPAKAOIIAsl CTENEHb PAallMOHANb-
HOT'O OCBOEHHS TOPOJICKMX TEPPUTOPHUI C YUETOM COLIMAIbHO-DKOHOMUYECKUX IIeJIeH 1
MOTEHIMaa pa3BUTHs. B TaHHOM cily4ae clefyeT YUYUTHIBATh LEJIbIN Psiji COCTaBIISIO-
X 3((PEKTUBHOCTU: COLMAIIbHYIO, SdKOHOMUYECKYI0 U MHBECTUIIMOHHYIO, apXUTEK-
TYPHO-TUIAHUPOBOYHYIO, HHPPACTPYKTYPHYIO, CAaHUTAPHO-IKOJIOTUYECKYI0. Bee yka-
3aHHBIC KATETOPUU B TOW WJIM MHOW CTETICHH CBSA3aHBI C XapaKTepUCTUKAMU (DYHKITU-
OHAJILHOW OpTaHM3aIluu TOPOJCKOTO MpocTpaHcTBa. OOIIETOPOJCKON IEHTP COAep-
KUT HAMOOJBIINNA 00BEeM OOIIECTBEHHON 3aCTPOMKU M OTPakaeT OCOOCHHOCTH pa3-
BUTHS TOPOJIa, €0 BBIJIAOIIUECS YEPThl. Y HUKAJIBHOCTh JAHHOU TEPPUTOPUU COCTO-
UT B YCTAHOBJICHUU TTOBEICHUECKUX U JICITEIHLHOCTHBIX MOJENIEH 3a CUEeT MPOCTpaH-
CTBEHHOM KOHIIEHTpAIuu (DYHKIIMI U BO3MOXHOCTH aKKYMYJIHPOBATh M BOCIIPOU3BO-
JIUTH HOBBIEC YEPTHI TOPOJICKOTO 00pa3a >KMU3HU U IKOHOMHKH.

OcHoBHAafl YaCcTh

Cpeny MHOTHX aKTyaJlbHBIX HampaBJIeHUN rpajoCTPOUTEIILHOTO Pa3BUTHUS B MPU-
JI0’KEHUH K IIEHTPAIHHOM 30HE HEOOXO0UMO OCOOCHHO OTMETUThH CJICTYIOIIHE:

— HapaBHE C KOJWYECTBEHHBIM POCTOM YJIYUIIEHHUE Kaue€CTBEHHBIX XapaKTepH-
CTUK MaTepHAIbHO-TIPOCTPAHCTBEHHON Cpeapl, BKIOYas €€ (yHKIHOHAIHHO-
MJIAHUPOBOYHYIO, IKOJIOTUUECKYI0, SCTETUYECKYIO COCTABIISIOLIUE;

— TOJ/Iep>KaHNEe MHBECTUIITMOHHON aKTUBHOCTH HA BHICOKOM YPOBHE;
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— COXPAaHEHHE W HApPAlIMBAHHUE KYJIbTYPHO-IYXOBHOI'O MOTEHIHMAIa OOUIErOpoI-
CKOT'O LIEHTpa U ropoia B LEJIOM;

— obecrieueHre OOOCHOBAHHOCTU TPaJIOCTPOUTEIBHBIX PEHICHUII HAa Makpo- U
MUKPOYPOBHSIX;

— (opMHpPOBaHNE YCTOWYNBOMN CPEIbI )KU3HEACATEIHHOCTA HACEICHUSI.

D} dexTUBHOCTH 3eMJICTIONB30BaHMS U KAa4e€CTBO CPEbl MPOKMBAHUS HACEICHUS
HE MOJJIEKAT OLUEHKE C MOMOIIBI0 aHAIUTUYECKHMX MHCTPYMEHTOB KaJacCTPOBOW CH-
cteMbl. CTaTUCTUYECKHUE JTAaHHBIE JAIOT MPEACTABICHUE O XapaKTEPUCTHKAX Teppu-
TOpPUM HA YPOBHE aJMUHUCTPATUBHOTO paiioHa U ropoja. B To e Bpems Hepeako
TpeOyeTcsl aHaau3 pa3BUTHs OOIIECTBEHHOW (PYHKIIMU HA YPOBHE HECKOJIBKUX KBap-
TaJIOB, OTAEJIbHBIX JINHEUHBIX U Y3JIOBBIX 00pa30BAHMIA.

B Teopun M mpakTHKE rpaJOCTPOUTENBCTBA MPHHITO PYKOBOJCTBOBATHCA PEKO-
MEHAYEMBbIMH 3HAYCHHUSMH TUIOTHOCTH OOIIECTBEHHBIX (PYHKIMH B OOIIETOPOACKOM
[IEHTpPE, UCUUCIISIEMOH B ThIC. KB. M pabouel miomaay Ha 1 ra B 3aBUCUMOCTU OT TH-
na ropockoro nocenenus. [Ipu 3ToM B3auMo0oOyCIOBIEHHOCTh (PYHKIUI U 000CHO-
BaHHOCTb Pa3MELICHMsI Pa3IMYHbIX OOBEKTOB OOLIECTBEHHOI'O OOCITYKHBAaHUS MpaK-
TUYECKH HE YUUTHIBAIOTCS.

DddexTuBHOCTH POpMUPOBAHUS OOIIECTBEHHON (PYHKIIMM B IEHTPAIbHOW 30HE
KPYIIHOTO TOpOJia — JOBOJBHO CIIOXHAs KAaTeropus, KOTopas, 10 MHEHHUIO aBTOpa,
MOET OBITh BhIpaK€HA KaK aOCONIOTHBIMH, TaK U OTHOCUTEJIbHBIMU MOKA3aTEIISIMHU.
HmeeT 3HaueHUE HE TOJBKO J0JIs1 OOIIECTBEHHOM 3aCTpOMKHU B 001IEM 00beMe, HO U
€€ CTPYKTypa, COllMalIbHasl 3HAUUMOCTh, XapaKTep PaCIpeNeIeHHs U CBSI3HOCTU 00b-
€KTOB, (DOPMBI UX KOHLEHTPALIMH.

Meronuka, anpoOupoBaHHasi Ha mpumepe I. ['oMens — 0JHOro U3 KpyHmHEHIInX
roponoB benapycu ¢ Hacenenrem Oosiee 500 ThIC. Yell., — 3aKIIOYAETCS B UCIIOIb30-
BAaHMM KOMIIJIEKCA PACYETHBIX METOJIOB, JOIOJHEHHBIX JKCIIEPTHBIMU OLEHKAMM.
Hcnone3ys ee, yaioch OUEHUTh U COOTHECTH MOJTYUYEHHbIE [TOKA3aTEIN C OCOOCHHO-
CTAMH HCTOpUuYeckoro paszputus ropoga [1-3]. C u3MEHEHHEM COIMAIBHO-
DKOHOMMYECKON cHUTyauuu ¢ Hadana 1990-x rr. m mepexoaoM ¢ aIMHUHUCTPATUBHO-
JTUPEKTUBHBIX Ha PHIHOYHBIE MEXaHU3MbI (DYHKIIMOHUPOBAHUS TPAHC(HOPMUPOBAIHCH
ycioBHsI GOPMHUPOBAHUS U CTPYKTYpa CUCTEMbI 00CITY>KMBaHUs, COIIMAIbHBIN 3aKa3 U
XapaKTep Cpeabl KUZHEAEATEIBHOCTH.

JIJ1s1 COOTBETCTBYIOILIErO aHAIN3a UCIIOIB30BAIUCH CIIETYOIIUE METOIBI:

— OIPEJESICHUE TPaHMIl HEHTPAIILHOM 30HBI U Sipa LIEHTpa ropoja IyTeM IOCTpoe-
HUS IJTAHOTPaMM U U30XPOH JOCTYITHOCTH, OTPAaHUYMBAEMbIX BPEMEHEM U PACCTOSIHUEM;

— BBISIBJICHUE 30H MaKCHMAJIbHBIX KOHIIEHTPALUA 00BEKTOB OOIIECTBEHHOTO 00-
CIIy’KMBaHHUSI C Y4€TOM UX THIOJOTUU U COBOKYITHO;

— pacdeT COOTHOIIEHUN OOIIECTBEHHBIX OOBEKTOB PA3NMUYHON (HYHKIIMOHATHHOM
MIPUHA/JICKHOCTH;

— pacueT KOJMYecTBa OOBEKTOB OOIIECTBEHHOTO OOCITYXKMBAaHUS Ha KaXKIble
100 M B rpaHuIaX JTUHEHHBIX TPOCTPAHCTB;

— OIpE/eNICHUE UEPAPXUU YIMI] U UX OTIEIbHBIX YYAaCTKOB IO IMOKA3aTeNio 3a-
MOJIHEHHOCTU 00BEKTaAMH OOIIECTBEHHOTO OOCTYKUBAHMUS;

— MIOCTPOEHUE M30XPOHOTPAMM IEIIEXOJHOM M TPAHCHOPTHOM AOCTYHMHOCTH IS
OTJICTTLHBIX 0OBEKTOB.

PaccMOTpUM HEKOTOpBIE BO3MOXHOCTH NMPUMEHEHMSI NEPEUNCIEHHBIX METOOB.
Ha nepBom 3Tamne onpeaensroTcs TpaHULbl IEHTPaIbHOM 30HBI U Aipa LIEHTpa ropoaa
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MyTEM MOCTPOEHUS TJIaHOTPAMM U U30XPOH JOCTYNHOCTH. B pe3ynbTaTe Takoro pac-
YETHOTO METOJ1a MOTYT OBbITh MOJTYYEHbl UHBIE OUEPTAHUS, HEXKEIU T€, KOTOpPbIE IPU-
BOJSTCS B T€HEPAJbHOM IUIaHE pa3BuTUsl ropoja. KoppekTtupoBaHue pe3ylibTaToB
IIPOBOJUTCSL AKCIEPTHBIM IyTEM B 3aBUCUMOCTH OT PEaJbHOM TPalOCTPOUTEIHHON
cutyanmu. K mpumepy, 310 Tpebyercs B ciaydasx, KOTna KpymHas JaHamadTHO-
peKpearmoHHasi 30Ha He BXOJUT B PacUCTHHIC TPAHMIIBI 10 KOJIMYECTBEHHOMY (DYHK-
[IUOHAJILHOMY MPHU3HAKY, OJIHAKO MO CBOEU POJIM SIBJIAETCS YaCThIO sApa LEHTPa WIH
[EHTPAJILHON 30HBI TOPOJa. MeTo Ibl MO3BOIMIIN OMPEECTUTh ACHUCTBUTENbHBIE Tpa-
HUIBI LICHTPAJIBLHOM 30HbI U siipa LeHTpa r. ['omens.

BrlisiBieHHe 30H MaKCUMalbHBIX KOHIIEHTpAlUA OOBEKTOB OOIIECTBEHHOTO 00-
CIY’KUBAHUS C YYETOM MX THUIIOJIOTMUM U COBOKYITHO MO3BOJISIET MOCTPOUTH TPajio-
CTPOMUTENBHBIN KapKac, OMpeleanTh HanOojiee HHTEHCHUBHO Pa3BUBAIOIIMECS TOPOJI-
CKH€ MPOCTPAHCTBA U OOIIECTBEHHBIE IIEHTPHI, MPOTHO3UPOBATH JATbHEHIIIEE NX pa3-
Butre. HecMoTpst Ha TO, 4TO B OOILIETOPOACKOM IEHTPE MPAKTUYECKU HEBO3MOKHO
BBIJICNIUTDH CHEIUATU3UPOBaHHbIe (YHKIIMOHATBHBIE 30HBI, 1IEJ1€CO00Pa3HO BBIIEIATD
00J1aCTH KOHIIEHTpaIuii 0O0BbEKTOB 0OIIIECTBEHHOTO 00CIYKMBAaHUSI HA OCHOBAHUM UX
COLIMAJIbHOM posk. brarogapst JaHHOMY METONy ObUIM ONpENENIeHbl pa3MENICHUE U
TEHJICHIIUU Pa3BUTHSI TJIABHBIX W BTOPOCTENCHHBIX SIJIEP KOHIIEHTpAIUu OOBHEKTOB
TOPTOBJIM, MUTAHUS, OBITOBOTO OOCTY>KMBAHUSI U OOBEKTOB KYJIbTYphI, OPraHOB Blla-
CTH B IEHTPAJIbHOM 30HE T. [‘'oMers.

Pacuer cooTHoIIeHUN OOIIECTBEHHBIX OOBEKTOB PA3JIMYHBIX THUIOJIOTHYECKUX
TPyl — METOJ, MO3BOJISIONIUMN MPOCIETUTh TpaHChOpMAIo (PYHKIIMOHAIBHOTO
OCBOEHUS KIIFOUEBBIX TOPOJICKUX 30H B UCTOPUUECKOM U COIUATBHO-PKOHOMUYECKOM
acnektax. Takum o00pa3oM, yJanoCh BBIIBUTh 3aKOHOMEPHOCTH PpPa3BUTHUSA OOIUIe-
CTBEHHOM (DYHKIIMU B LICHTPAJIbHOU 30HE TI'. ["'oMenst BO B3aUMOCBSI3U C MOTPEOHOCTSI-
MU HACEJICHHS B YCIOBUAX PA3IUYHBIX MOJIUTHYECKUX U COUUATIBHO-3KOHOMUYECKHUX
rocyapcTBeHHbIX Mojieneil. C U3MEeHEHUEM MOCIEIHUX CTPYKTYPY OOIIEeCTBEHHBIX
IIEHTPOB CTa (hOPMUPOBATH HOBBIE COIMAIIBHBIC OPUEHTHPHI U WHBECTUIIMOHHAS
npakTuka. COBpEMEHHBIN 3Tal OTJIWYAETCS PHIHOYHBIMU MEXaHM3MaMH Pa3BUTHS,
CO3JJaHUEM KPYITHBIX TOPTrOBBIX 30H U HOBBIMU (pOpMaMH OOILIECTBEHHOTO OOCITYXKU-
BaHMs. 3a MOCJIEIHUE TPHU JIECATUIIETUS B LIEHTPaIbHOU 30HE T. ['oMensa HauOombIIee
MpUpAIIEHNE OTMEUEHO CPEIu MPEANPUSTHI OOIIECTBEHHOTO MHUTAHMS U TOPTOBIIU
HEIPOI0BOJIbCTBEHHBIMH TOBAPAMHU, a TAKKE OBITOBOTO OOCTYKUBAHMUS.

Pacder konmnuecTBa 00BEKTOB OOIIECTBEHHOTO OO0CTyKMBaHUs Ha Kaxasie 100 M
B I'pPaHUIAX OTIEJbHBIX JIMHEHHBIX MPOCTPAHCTB IMO3BOJISICT OMNPEIACIUTh YPOBEHBb
HACBIIIEHUS TAKOBBIMU TOPOJCKHUX YJIHI], BBIIBUTh XapaKTEp M CTENEHb CBSI3HOCTU
00BEKTOB pa3iMYHOro HazHadyeHus. Ciaydad, KOTJa UX €MKOCTh U 3HAYUMOCTb HE
YUYUTHIBAIOTCS (KPYMHBIE aJIMUHHCTPATHUBHBIC, (DMHAHCOBBIC, MEIUIIMHCKUE, Hayy-
HbIE, y4eOHO-BOCTIUTATEIbHBIE OOBEKTHI), SIBJISIOTCS YIPOIICHUEM U TIPUBOJAT K TO-
IPEIIHOCTH B M3MEPEHMSIX, YCTPAHHUMOW 3KCIEPTHBIM MyTeM. biaromaps gaHHOMY
aHaIU3y yJajgoch 3aMETUTh B3aMMOOOYCJIOBJICHHOCTD IMOSBIICHUS Pa3JIUYHBIX BUIOB
00IIIeCTBEHHBIX O0OBHEKTOB.

Wepapxust yauil U UX OTACJIBHBIX YYACTKOB MO MOKA3aTEN0 3al0JJHEHHOCTH 00b-
€KTaMH OOIIECTBEHHOTO OOCTYKHWBAHHS JIEMOHCTPUPYET HanboJiee 1EeHHbIE C TOYKU
3peHus OOIIECTBEHHOW 3HAYMMOCTH YYaCTKH, UX WHBECTUIIMOHHYIO TMPUBJICKATEIb-
HOCTh U (PyHKITMOHANIbHYIO crieiuduKy. C MOMOIIBI0 JAHHOTO METOa MOKHO TaKXKe
YCTAHOBUThH €MKOCTHYIO U ()YHKIIMOHAIBHYIO B3aMMOCBSI3b Pa3BUTHS Y3JIOB U JIMHUHN
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Kapkaca, OpOCJIEAUTh COOTBETCTBYIOLIME HM3MEHEHHS BO BpeMeHHu. i ycnoBui
r. ['omens ycTaHOBIEHO, UTO K HACTOSIILIEMY BPEMEHHM KOJIMYECTBO OOBEKTOB Ha KaXK-
neie 100 M Ha rnaBHOU ynuie COBETCKOM CTAJI0 MEHBIIE, YEM Ha YJIHIAX, BEAYIIHNX K
HaOpaBIIUM MOITHOCTH y3JiaM, COPMHPOBAHHBIM Ha 0a3e KPYMHBIX TOPTOBBIX 00b-
exkToB. Ha JaHHBIX TEppPUTOpHUSAX MO MEpPE OCBOEHUS JIMHUM — MPEUMYILIECTBEHHO
MEPBBIX ATAXKEHN KUIIBIX JOMOB — Ha4aJICsl MPOLIECC 3aIIOJIHEHHS KBAPTAJIOB.

CoryiacHO M3BECTHOM KOHULEMUUU O 15-MUHYTHOM ropojne, chopMyIupOBaHHON
Kapnocom MopeHo, Heo6X0oAuMO CcOo3/1aBaTh CaMOJI0CTATOUYHbIE TOPOJICKUE PAOHBI,
/1€ )KUTEIU MOTYT MOJYYUTh JOCTYIl K OCHOBHBIM YyCIyraM, Mectam paboThl, oOpa-
30BaHUsA, 1OCYTa U 3APABOOXPAHEHHUS B IIAroBOM AOCTYNMHOCTU. Kak B COBETCKUX, TaK
U B JCHCTBYIOIIMX HOPMATUBHBIX JOKYMEHTAaX PErJaMEHTUPYETCS TOCTYIMHOCTh JJIS
HACEJICHUSI OOBEKTOB MOBCEAHEBHOTO, NMEPUOJUYECKOTO U IMU30JUIECKOTO CIpOca.
B cBeTe naHHBIX TpeOOBaHMI Ba)KHEMILIYIO POJIb UTPAIOT 3HAYEHUS PAJUYCOB OITH-
MaJbHOM JIOCTYIHOCTH OTJIETBHBIX 0OBEKTOB M UX KOHIIEHTPAIUH, ONpe/IesieMbIE 110
U30XPOHOTpaMMaM TPAHCIIOPTHOM M MEMIEXOAHOW AOCTYMHOCTH. C MOMOIIBIO OT-
KPBITBIX F€OMH(OPMALIMOHHBIX CEPBUCOB MOYKHO TAK)KE€ IMOJIyUYUTh CBEJACHUS 00 HH-
(dpacTpyKType M YHMCIEHHOCTh HACEJEHHsS B BbIAEICHHOM paiioHe. COOTBETCTBYIO-
I aHAJIM3 CUTYallMH, CJI0XKUBILIEHNCA B T. ['oMele, mpoJIeMOHCTPUPOBAI TEHACHIINIO
He3(D(PEKTUBHOTO pa3pacTaHus IPaHUILL LEHTPA U rOpoja B LIEIOM.

Hcnonp3oBanue reoMHPOPMAMOHHBIX CUCTEM IO3BOJISIET MPOBOAUTH MPOCTPaH-
CTBEHHBII aHAJIN3 U BU3yaJIN3UPOBATH JaHHbIE. BecbMa MHTEPECHBIM C TOUYKHU 3pEHUS
IpafOCTPOUTENBHBIX HCCIIEOBAHUN SIBJSETCSI HANpaBlIEHUE I€OUH(OPMALMOHHOTO
MapkeTuHra. MIHCTpyMEeHThI reoaHaluTHKH, HCHOJb3yEMbIE NPU MOUCKE IMpPHUBIIEKa-
TEJbHBIX JIOKALUWA JJIs1 pa3MelIeHus] 0ObEKTOB PUTEIIA, MO3BOJIAIOT MIPOBECTH aHa-
JU3 TEPPUTOPUU C YYETOM IJIOTHOCTU aBTOMOOMJIBHOTO M TEIMIEXOAHOro Tpaduka
(x mpuMepy, MO TEIUIOBBIM KapTaMm), KOHKYPETHOTO OKPYXEHHs, HUHPPACTPYKTYpPbI
(OOBEKTOB MPUTSKEHUS, YAOOHBIX MOABE3IHBIX IMyTEH, OCTAHOBOK OOIIECTBEHHOI'O
TpaHCIOpTa U Jp.), MOBEJAEHUS, 1eMOrpaduyecKoro cocTaBa U JOXOJ0B HAacEECHUs.
OpnHako CylecTBEHHbIM OTPAaHUYEHHEM IPH UCIOJb30BaHUM MHCTPYMEHTOB reomap-
KETHHIa SIBJIAETCS HEIOCTATOYHOCTh OTKPBITHIX JaHHBIX.

[lonumanue (GyHKIMOHAIBHBIX 3aKOHOMEPHOCTEH pa3BUTUS CUCTEMBI OOIIe-
CTBEHHOT'O OOCITY>KMBaHHUS MO3BOJISIET MPOCIEAUTh TEHACHLIUN «IIPOCTPAHCTBEHHOTO
pa3BUTHS OOIIECTBA», B3AMMOOOYCIOBICHHOCTh OOBEKTOB PA3IMUYHOTO HA3HAYCHHUS U
3 PEKTUBHOCTD IPaAOCTPOUTEIBHOTO OCBOCHHUS TEPPUTOPUH.

BriBoabI

Metonosiorusi TpagoCTPOUTENIBHOM OIeHKH S()PEKTUBHOCTH Pa3BUTHUS OOIIe-
CTBEHHOU (h)YHKIIMU B LICHTPAJIILHOM 30HE TOpOjia UTPAET KIIOUEBYIO POJIb B CO3/IAaHUU
rapMOHUYHOTO, SKOHOMHYECKA M SKOJIOTMYECKH YCTOMYHMBOTO TOPOJICKOTO MpO-
ctpaHcTBa. [IprMeHeHnEe KaueCTBEHHBIX U KOJMYECTBEHHBIX METOJIOB, & TaKXKe CO-
BPEMEHHBIX TEXHOJIOTUH B COBOKYIMHOCTH C SKCIEPTHBIMU OIICHKAMH TO3BOJISET T0-
JYyYUTh TOYHBIC W QJaNTHPOBAHHBIE K TOTPEOHOCTSIM HACEJICHHS PACUCTHBHIE XapakK-
Tepuctuku. HecMoTpst Ha MHPOPMATUBHOCTh MTPUBEJEHHBIX METOJ/IOB, IIPH MPOBEIC-
HUU TPATIOCTPOUTEIIBHOM OIIEHKH Pa3BUTHUS OOIIECTBEHHON (DYHKIIMU MCCIIEA0BaTEH
CTAJKUBAIOTCS C MPOOJIEMON HEXBATKU JAHHBIX U OMPEACIICHHOU TPYIO0EMKOCTH T10-
JTy4EeHUs PE3YIbTATOB.
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Pedepar

B nmaHHO# cTaThe paccMaTpUBArOTCS METOJIBI MHTETPAllMA WCKYCCTBEHHOTO WH-
TEJUICKTa B Pa3UYHBIC BUABI HAPABICHHOCTEH CTPOUTENBHON cephl. OMMCHIBAIOT-
Csl MPEUMYIIIECTBA U HEJOCTATKH PACCMaTPUBAEMbIX MHTETPALIUNA, aHAIM3UPYETCS UX
HOBHU3HA. M3ydaeTcs MHEHHE 9KCIIEPTOB M YaCTHBIX IHTY3HMACTOB B cpepe COBpPEMEH-
HBIX TEXHOJIOTHH, pOOOTOTEXHUKH U CTPOMTENbCTBA. [IpHBOAATCS MpenMyIecTBa u
HEJIOCTaTKH WCIOJB30BaHUSI HMCKYCCTBEHHOTO WHTEIEKTA B pPacCMaTPUBACMBIX
HaIPaBJICHHOCTSIX CTPOUTEIILHON UHIYCTPUH C U3JI0KEHUEM BBIBOJIA O MPOJICTaHHOM
pabore.

KurueBble €J10Ba: NCKYCCTBEHHBIM MHTEIUICKT, CTPOUTENIbHAS WHAYCTPUS, UH-
HOBAIlMOHHBIE TEXHOJIOTUH, HHTErPaLlUsl, CTPOUTEIBCTBO.

BBenenue

Tpyno€MKOCTh U CIIOKHOCTH BBIMTOJTHEHUS PAOOT SBISIOTCS OJTHUMU U3 OCHOBHBIX
(hakTOpOB, 3aCTaBJISIFOIIMX YEJIOBEUECTBO MPUOETHYTh K CO3JAAHUI0 YHUBEPCAIHHOM
TEXHOJIOTUU, CTHOCOOCTBYIOIIEH YIPOIICHUIO BBHITIOJHEHUS TMOCTABJICHHBIX 3aj1ad.
brnaronapsi exxemHEeBHOMY TpOTpecCcy B Pa3BUTHH HAYYHOU c(epbl, KOMIBIOTEPHOM
VH)XEHEPUHU W MHOBALMOHHBIX TE€XHOJOTHM, YEJIOBEUYECTBO OKA3bIBACTCA HA MOPOTE
CO3/IaHUsI YHUBEPCAIBHOTO MPOAYKTa, CHOCOOHOIO Y€ Ha MepPBOHAYAJIbHBIX dTarnax
MPEIOCTABUTh PEIICHUE BO3JIOKEHHBIX HA HETo 3aaa4 [1]. OnHuM U3 Takux NpoayK-
TOB SIBJISIETCSA TEXHOJIOTHSI UCKYCCTBEHHOT'O MHTEJIIEKTA.
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[TomuMoO pelieHust psIIOBBIX M YIPOLWEHHBIX 33/1a4, JaHHAs TEXHOJIOTUS MOJ THE-
TOM Pa3BUTUSI MH)KEHEPUHU YK€ IOTOBA CKAKHYTh Ha HOBBIM 3Tam COOCTBEHHOM 3BO-
JIIOLIUU, MPEAOCTABIIAS BO3MOKHOCTD BBIMOJTHEHUS enIé OoJiee CIOXKHBIX 3a/1ad, IpH
ATOM MMes MOTEHIUAJ Ha COOCTBEHHOE aBTOHOMHOE pa3BUTHE 0€3 KaKOoTro-I1ubo cTo-
POHHETO BMEILIATENBCTBA, TEM CAMBIM YIPOILAs XOJ BBIIOJIHEHHS pabOT U 3KOHOMS
YEJIOBEYECKHE PECYPCHI C MOCIEAYIONIUM MPEAOCTABICHUEM 0O0J€€ MPOJBHUHYTHIX H
HSKOHOMHUYECKHU BBITOJHBIX PE3YJITATOB TPYA.

Kak u m000i1 MHHOBAIMOHHBIM MPOAYKT, TEXHOJOTUS UCKYCCTBEHHOTO WHTEJ-
JIEKTa UMEET COOCTBEHHbIE MTPEUMYIIIECTBA U HEJIOCTATKH, TOAPOOHBIN paz0op U u3y-
YeHUE KOTOPBIX MOCIOCOOCTBYET MOJOXKUTEIbHON KOPPEKTUPOBKE paccMaTpruBaeMon
TEXHOJIOTHH. JIJIsl TOCTMKEHHUS! pElIeHHs JaHHOTO BONpPOCa CIEAYET BBIACIUTH OC-
HOBHBIE 337]a4l, TAKHE KaK:

— TOCKaHAJIbHOE U3YYEHUE UMEIOIIMXCS Ha TaHHBII MOMEHT PE3yJIbTaTOB MPUMEHE-
HUS TEXHOJIOTUM UCKYCCTBEHHOT'O MHTEIJIEKTa B CTPOUTEIBLHOM cepe;

— MHEHHE DKCIIEPTOB M YACTHBIX 3HTY3HACTOB B CPepax KOMIBIOTEPHBIX TEXHO-
JIOTUH, CTPOUTEIBCTBA U UHKEHEPHH;

— AKTYJIbHOCTh IPUMEHEHUSI PAaCMaTPUBAEMOMN TEXHOJIOTHH;

— OTKJIMK Ha IPUMEHEHNE UCKYCCTBEHHOIO MHTEJUIEKTA CO CTOPOHBI HACEJICHHS],;

— aHanu3 3(PPEKTUBHOCTHU BHIMIOJHEHHUSI TIOCTABJIEHHBIX 3a/1a4.

PesyabTarhl 1 00CyKACHUSA

Nmeest 00Ibl10€ KOJIMYECTBO TEXHOJIOTUMN, CIIOCOOHBIX YIPOIIATh YEJIOBEUECKYIO
KU3Hb KaK MOBCEJIHEBHYIO, TaK U TPYIOBYIO, HAYYHOE COOOLIECTBO MPOJOLKHIIO
pa3BUBATh UMEIOIIMECS TPYABI sl JOCTUXKEHUS 00JIee COBEPIIEHHOTO pe3ybTaTa OT
MIPUMEHEHUS TaHHBIX MHHOBalMi. B OCHOBY pa3BuTHs Jieria NOTpeOHOCTh Hacene-
HUS BO B3aMMO3aMEHSIEMOCTH YE€JIOBEYECKUX PECYPCOB, d3PPEKTUBHOCTD U JCLIEBU3-
Ha KOTOPBIX HE OyAeT ycTynaThb HbIHE MMEIOIIMMCA. TakKe yuuThIBaeTCsl CIoco0-
HOCTb IPUHSATHS CIIOKHBIX PEIIECHUM, HE YCTYNAIOIUX YEJIOBEYECKUM.

OpHOM U3 TaKUX TEXHOJOTUH SBJISIETCS UICKYCCTBEHHBIN MHTEIUIEKT, CIIOCOOHOCTH
KOTOPOT'O OTYACTH MPEBOCXOAAT yenoBeueckue [2]. JlaHHas wHHOBAIMS CrOcOOHA
BBIMIOJIHSATh 3a/1aud, CJIO)KHOCTh HCIIOJIHEHMSI KOTOPBIX 3aTpPyJHUTENbHA Kak i
OOBIYHOT'O Y€JIOBEKa, TaK U IS dKCIepTa B TOM WJIM MHOM 00JIacTH.

bnarogapsi cBoeil MHOrO(YHKIIMOHAJIBHOCTH M IIMPOKOMY CIIEKTPY BO3MOKHO-
CTeH, HayyHOE COOOIECTBO HAYalIO0 MPEANPUHUMAThH MOIMBITKM MHTErPAallMd UCKYC-
CTBCHHOTO WHTEIUICKTa B PA3JIMYHbIC CeEpbl KU3HEACATEIBHOCTH YeoBeka [3, 4].
OpHoil U3 Takux cdep SBISIETCS CTPOUTENBCTBO.

[lepBoHauanbHbIE 3TAIbl HHTErPALIMK JTaHHOW TEXHOJIOTUM BO3JIOXKHWIIM HA BUbI pa-
00T, KOTOpBIe HE TpeOyeT OOJBIIOr0 KOJIMYecTBa Tpyno3aTpaT u uapopmanuu. [lomy-
YMB JIaHHBIE O MPOJETaHHOW paboTe U MPOBEAs AHAIW3, HKCIEPTaM YIAIOCh CIENaTh
BBIBOJI, UTO MPU JOKHOM Pa3BUTHU U BIOKEHUH HEOOXOIUMBIX PECYPCOB, TEXHOIOTHSI
MCKYCCTBEHHOI'O MHTEJUIEKTA CIIOCOOHA CEMUMMWIIbHBIMHU IIIaraMu 0OOTHATh UMEIOLIIUECS]
Ha JAHHBIA MOMEHT MHHOBAIMKU. OIHUMU U3 TOJIOKUTEIBHBIX KaYeCTB MHTETPUPOBAH-
HOI'0 HCKYCCTBEHHOI'O MHTEJUIEKTA B CTPOUTENBHYIO NHIYCTPHUIO BBIIEISIOT:

— CKOPOCTb 1 Ka4€CTBO BBINIOJHEHUS IOCTABJICHHBIX 3a/1a4;

— moBbIIeHHAS 3((HEKTUBHOCTh B KOHTPOJIE 33 COOTIO/IECHUEM TEXHUKH 0€30TacHO-
CTH Ha CTPOUTEIIbHBIX IJIOUIAJIKAX U NPEAIPUATHSIX;

— SKOHOMHYECKas BBIF0JIa 3a CUET COKpAIIEHUS YeI0BeUeUCKOM pabodeil CHITbI.
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HpOBC,IIéHHBIfI aHalIM3 IMOJYYCHHBIX JAaHHBIX ITOKa3all, YTO TCXHOJOI'nsa HCKYC-
CTBCHHOI'O HMHTCJIJICKTA OTJIMYHO IHOAXOJUT AJIA MHTCIPAlHWH B PA3JIAMYHBIC C(l)epI)I

KN3HCACATCIbHOCTH YCJIOBCKA, OAHA N3 TAKHUX C(bep — CTPOUTCIILCTBO.
Ha ,HaHHLIﬁ MOMEHT HamboJiee BOCCTpC6OBaHHI>IMI/I " 3apCKOMCHIOOBABININMHU CC-

0s1 KaK B HAYYHOM, TaK ¥ B MPO(PECCHOHATBHOMN chepe NHHOBALMAMHU ABIIAIOTCA [S]:
— BIM;
— Jla3epHOEe CKaHHPOBAHMUE,
— 3D-neuyarts;
— Big Data;
— poOOTOTEXHUKA.

ITomaroBslii mpouecc B3anMoAeCTBUSA HCKYCCTBEHHOI0 MHTe LIeKTa ¢ BIM
[Ipn MHTErpanMu MCKYCCTBEHHOIO MHTEIUIEKTa B TexHosoruto BIM nosBisercs

BO3MOXHOCTD p33pa6aTBIBaTI>, KOPPECKTHUPOBATHh U B ITIOCJICAYIOIICM OKCILNIYAaTUPOBATH
IIPOCKTHI SﬂaHHﬁ u COOpy}KGHI/Iﬁ C 3aJIOKCHHBIMH KaK I'COJIOTMYCCKHMMM, TdK H 3KO-

HOMHYCCKUMH JaHHBIMU [6] (pucyHok 1).

HckyccTBEeHHBIN HHTEILUIEKT

i

HOI[KJIIO‘IGHHG K KIHMaTHYeCKOH Oaze JaHHBIX
(p03a BCTPOB, IOPEIBEI BETPA, KOMHYCCTBO OCAJIKOB B Pa3HBIC CC30HEI,
MaKCHMaJILHass/MHHHMAaJIbHAS TEMIIEpATypa, BIaXXKHOCTE U T.I[.)

i

AHaIN3 KINMaTHIeCKOH 0a3nl JaHHBIX

(onpe;[eneHHe MaKCHMAaJILHBIX H MUHHMAaJIbHBIX 3HAYEeHUH CKOpPOCTH BETpAa,
TCMIICPAaTypPEI, KOIHYCCTBA H BHI0B OCaJJKOB B Pa3JIMIHBIC CC30HBI H T.,[L.)

l

IIpenocraBnenne pe3ynsTaToB aHaIN3a
(TpemocTaBICHIE PEKOMEH/ AN 10 UCIIOIL30BAHUIO HamOoJIee
MTOJIXO/IATIINX MaTepPHAJIOB, BEICHHIO CTPOHUTEIBHBIX PadoT,
MOCJIEAYIOIIEH SKCILTyaTalliu CTPOSIIET0Cs 30aHHsA, pacuET CTOMMOCTH
MaTepuaIoB U T.1.)

l

BrroueHne nonyueHHBIX JaHHBIX B BIM-Mmozens
(momy4YeHHEIC PEKOMEHIAIHH 10 IIPUMEHEHHIO CTPOUTEIBHEIX MaTePHAIOB
B [IPOIIECCE CTPOHUTEIBCTBA H MOCIEYIONIEH SKCILTyaTallui 00beKTa
CITy’KaT CTPOTO OMpeIeIEHHBIM IIpaBIIaM (YCTaHOBKOMN) IPH CO3/ITaHUH U
sKkcIuTyaranuu BIM-Mopen)

Pucynoxk 1 — IlomaroBas cxema nporecca padotsl Texnonoruu BIM ¢ unterpupo-
BaHHBIM UCKYCCTBEHHBIM HHTEJIJIEKTOM
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IMomaroBbii mMpouecc B3aMMOACHCTBUA UCKYCCTBEHHOI0 MHTE/JIEKTA C Jia-
3ePHBIM CKAHUPOBAaHUEM

NHTerpanys MCKyCCTBEHHOTO MHTEIIJIEKTa B TEXHOJIOTHIO J1a3€pHOTO CKAaHUPOBA-
HUS MO3BOJISICT MOBBICUTh TOYHOCTh CKAHUPOBAHUS OOBEKTOB, YMEHBIIIACTCS KOJIUYe-
CTBO KOJUIM3UH CKaHUPOBAaHMsI OJiaromapsi mapauiebHOMY BHEAPEHHIO B MHGOpMa-
IHOHHYIO0 MOJielb. [locpencTBOM HE3aBUCUMOCTH OT CBETOBOTO JHS MCKYCCTBEHHBIN
MHTEJUJICKT, HUHTETPUPOBAHHBIN B TEXHOJOTHIO JIA3€PHOTO CKAaHUPOBAHUS, CIIOCOOCH
IIPOBOJIMTH BHITIOJIHEHUE PabOT B JIH000E BpeMsl CYTOK, B OTJIMYHME OT OOBIYHOTO Ye-
noBeka [7] (pucyHok 2).

Hﬁ?EpHOE CKaHHPOBAHHE

COXP&HEH]IE MOMYYCHHBIX TadHHBIX Ha CEPBED

‘__._.--""' .""---.___.‘

O0paboTKa Yel0BEKOM O6paboTka
HCKYCCTBEHHBIM
HHTEJUIEKTOM
[TpoBepka rpymnoit

CIEIHATHCTOB OONBIIOro
00BEMa TaHHEIX HA
HaJIH4He KOJLTH3HI

ABTOMAaTHIeCKOe OIpe/Ie/IeHIe
U JopaboTKa KOUTH3HII MOAeNIH
TIPH TOMOTITH HCXO/IHBIX JTaHHBIX

MOJIeH
[ToBTOpHOE CKAHHPOBAHHE MIPH Co3gaHne/BOCCTaHOBIIEHHE
00OHApYKEHNH KOJUTH3HIL YepTEKHOI JOKYMEHTAIHI
HJIN

Pyunas nopaboTka Mozen
TPYIIION CIEHATIICTOR

i

Co3gaHne/BOCCTAHOBIICHIIE
YepPTEKHON TOKYMEHTAITHH

Pucynok 2 — JleMoHCTpanus pa3inuus BeIeHUs pabouuX MpOIECCOB TEXHOIOTHU
JIA3epHOTO CKAHUPOBAHUs ¢/0€3 UHTETPUPOBAHHOIO UCKYCCTBEHHOI'O MHTEIIIEKTa

HpI/I N3YUYCHUN HHTCTpAllMU HCKYCCTBCHHOI'O HMHTCIUICKTA B TCXHOJIOTHIO 3D-
ne4aTn BBIACIAIOTCA Ka4CCTBA, CITOCOOHBIE Pa3 U HaBCCrJa HCKOPCHUTh BOSHUKHOBC-
HUC OH_II/I6OK, CBJA3aHHBIX C YCIIOBCUYCCKUM (baKTOPOM B JaHHOM HaIIpaBJICHUU:
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— TOJIHAsA aBTOMATHU3AIMsI POLIecca CO3JaHNUs MOETH 00BEKTa;

— noctpoeHre 3D-00beKTa M0 MMEIOUIEHCST MOJIENIM ¢ KOHTPOJIEM HCHOJIb3YEMbIX
MaTepHUaJioB,;

— KOPPEKTUPOBKA BO3HUKAIONIMX KOJUTU3UI MO CPEICTBOM aHAIW3a JaHHBIX, 0e3
CTOPOHHET0 ITPOrPaMHOr0 BMEILIATEIbCTBA.

BHenpeHne HMCKYyCCTBEHHOTO MHTEIUIEKTa B TEXHOJOrHi0 3D-nedatu cnocoOHO
WCKIIFOUYNTh JaHHbIE TPOOJIEMBbI TOCPEACTBOM CAMOCTOSITENBHOTO BBISBIIEHUS HEMO-
JAJ0K U MOCHEAYIOIIEe UX KoppekTupoBke. Takxke JaHHAas MHTErpauus criocoOHa B
3HAYMUTEIBPHON Mepe MOBIMATH HA XOJ MPOBEACHHS IMMEYATHBIX paldoT, NapajuieabHO
KOHTPOJIUPYS TOJIIUHY CJIOSI TIeYaTH, T€OMETPUUYECKUE TPONOPLUUU 00BEKTa U MOJ-
00p meyaTHOro MaTepuaa, YTo B CBOIO OUYEPE/b 3aMEHSIET KOHTPOJIb U IIPOBEPKY pa-
0odero mporecca coO CTOPOHBl MH)XKEHEpa, MCKIoYas JONYIIEHUE BO3HUKHOBEHHUS
OIMOOK, CBA3aHHBIX C YeJIOBEeYECKUM (pakTopoM [8].

3a cuért ObICTpOit 00pabOTKM OOJIBIIOTO KOJUYECTBA JAHHBIX TEXHOJIOTHUS UCKYC-
CTBEHHOTO MHTEJUIEKTa, HHTErprpoBanHoro B Big Data, crmocoOHa HaXoauTh pere-
HUS MTOCTABJIEHHBIX 33/1a4 3HAUUTENBHO ObICTpee, 4eM uYeJoBeUecKUid Mo3r. OgHuM
Y3 TJABHBIX NPEUMYLIECTB JaHHON WHTErPALMU SIBISETCS WCKOPEHEHUE IPUHATHUSA
OLIMOOYHBIX PEIICHUH, CBA3aHHBIX C YeJIOBeUEeCKUM (pakTopom [9].

[Ipy mHTErpanyy MCKYCCTBEHHOIO MHTEIUIEKTa B POOOTOTEXHUKY MOSBIIAETCS BO3-
MO>KHOCTb UCKJIFOUMTh MOSIBJIEHHE OIMOOK. JlaHHAsi UHTErpalysl MOJIOKUTENBHO CKaXKeT-
Csl KaK Ha MepBUYHON 00pabOTKE TaHHBIX, TAK ¥ HA TIOCTICIYIOIICH UX MPopabOTKe U KOp-
PEKTUPOBKE B ciydae HeoOxomumoctu. Cokpariaercss KOJMYeCTBO (PUHAHCOBBIX 3aTpar
Ha OIUIaTy YeJIOBEYECKOTO TPYZAa, UCKIIOYAETCs] BOSHUKHOBEHUE OIIMOOK, CBA3aHHBIX C
4eJI0BEYECKUM (PaKTOPOM, YBEJIMUMBAETCS IIPOJYKTUBHOCTh BEIEHHS paOOT, OBBIILIAETCS
Ka4eCTBO BBITYCKAaEMOM IMPOIYKIMH B CIIydae HHTErpaliviy Ha npeanpustusix [10].

IIpenmyiiecTBa U HETOCTATKH

[lepBonprYMHAMHU UCIOIB30BAHUSI COBPEMEHHBIX TEXHOJIOTMM B Pa3HBIX OTpac-
TSX KUZHEIESITEIIbHOCTH YeJIOBEKa SIBIISIIOTCS YIPOIIEHHOCTh BeIEHUs PaboT, MOBBI-
IIIEHUE BHYTPUTOCYJAPCTBEHHBIX SKOHOMHUYECKUX TOKa3zaresied, 0e30macHOCTh JIto-
JIei, COXpaHEHUE OKPYIKAIOIIEH Cpeabl U 3BoJIoLUs. PaccMarpuBas Kaxayro W3 WH-
HOBAIIWH, CIIeyeT YYUTHIBATh MPEUMYIIECTBA U HEIOCTATKH, WUMEIOIIHUE OOJIbIIOE
BIIMSIHUE B CpeJie, B KOTOPYIO OHU BHEJIPEHBI.

HckyccTrBeHHbId HHTE/LUIEKT B BIM

IIpeumyuiecrna:

— COKpAILICHHE BPEMEHHBIX 3aTpaT Ha U3YyYEHNE U aHAJIN3 UCXOIHBIX JAHHBIX;

— CKOpPOCTb Pa3pabOTKU MPOEKTOB,

— aBTOMAaTUYECKUIM PACUET HArPy30K;

— U3HAYAJIbHOE 3AJI0KEHUE B MPOEKT MATEPUAIOB, COOTBETCTBYIOIIUX MOTYYEHHBIM
JaHHBIM (BBIJIEP’)KUBAHUE HArPY30K, COOTBETCTBUE KIMMATHUYECKOMY palioHy U Tpelye-
MOMY CPOKY CIIy>KObI);

— MOA00P MaTEePHAIIOB COTJIACHO 3AJI0KEHHON (DMHAHCOBOM COCTaBJISIOIICH;

— Y4ET OTPHUIIATEIIBHOTO BIMSIHUSI Ha OKPYYKAIOIIYIO Cpey TIPH MPOBEICHUN PadoT;

— IEMOHCTpAIIUsI OMACHBIX YYaCTKOB CTPOMTENIbCTBA, TPEOYIOMIUX KOHTPOJIb MO CO-
OJTIOZICHUIO TEXHUK OE€3011aCHOCTH;
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— MOBBIIIICHUE CKOPOCTHU MPOBEICHUS MPEANTPOSKTHBIX U IPOSKTHBIX Pa0OT;

— COKpAIllCHHE PUCKOB BOZHUKHOBEHHMSI OITMOOK, CBS3aHHBIX C YEJIOBEUYECKUM (hak-
TOPOM;

— BO3MOXXHOCTh Pa3BUTHUSI BHEIPEHHBIX NHHOBALIH.

HenocTraTkmn:

— TpeOyeTcs TONOJHUTEIbHAS ITPOBEPKA MOJYUYCHHBIX JaHHBIX MH)KEHEPAMH,

— CJIOKHOCTb BHEIPEHHSI,;

— HeXBaTKa KBaJTU(UIIMPOBAHHBIX CIEIUAIUCTOB B chepe MCKYCCTBEHHOIO MHTEI-

JICKTA;

— (hvHAHCOBAS JOPOTOBU3HA MHETTPALIMHU HA MEPBOHAYAIBHBIX ATaIax;
— YMEHbBIIIEHHE KOJIMYECTBA pabOUNX MECT.

N cKyCCTBEHHBIN MHTE/UICKT B JIA3€PHOM CKAHMPOBAHUU

Ipeumyiecrsa:

YBEIIMYCHNE TOYHOCTH CKAaHUPOBAHHS;

COKpAIIIEHHE KOJIMYECTBA 33/ICHICTBOBAHHBIX CIICITUAIUCTOB,;

YMEHBIIICHHE KOJIMIecTBa (PMHAHCOBBIX 3aTPaT C TIOBBIIICHUEM MTPUOBLIH;
CKOpaIlleHHE BpEMEHH Ha MPOBEPKY MOTYICHHBIX TaHHBIX;

JIOTIOJTHEHUE HEJOCTAIOIINX JAHHBIX TI0 CPEJICTBOM aHAJIN3a;

00paboTKa OOJIBIIIOr0 KOJIMYECTBA IAHHBIX;

HE3aBUCHUMOCTh OT CBETOBOTO JHS, CIIOCOOHOCTh BBITIONHATH ITOCTABJICHHBIE 3a-

74 KPYTJIble CYTKU;

BO3MOKHOCTD ITOCJICAYIOMICTO PA3BUTHA HHTCIPHUPOBAHHBIX HHHOBaHHﬁ.

HepocraTrku:

TpeOyeTcsl TOMOIHUTENbHAS POBEPKA CHELUATUCTAMU MTOJTyYEHHBIX TAHHBIX;
HEXBaTKa CHELUAIMCTOB B c()epe NCKYCCTBEHHOTI'O MHTEIUIEKTa,;
OTCYTCTBUE J0BEpUs K IPPEKTUBHOCTH BBIMOIHEHHUS MMOCTABJICHHBIX 3a/1a4 CO

CTOPOHBLI CIICIIUAIINCTOB,

(bUHAHCOBO 3aTpPaTHOE BHEIPEHHE HA MEPBOHAYATILHBIX dTAlax;
COKpallleHHe paboyrx MecCT.

HNckyccTBeHHBIH HHTE/LIEKT B 3D-neuatu

IIpeumyuecrsa:

3aluTa OKpYXKaromieh cpeabl (BO3MOXKHOCTh HCITOJIb30BaHMS TiepepadOTaHHBIX

MaTepuajioB 0e3 BEIOpOCa BPEIHBIX BEIIECTB);

KOHTPOJIb NeYaTh OObEKTA;
CO3JaHue MOJEIN O0BEKTA,
KOPPEKTUPOBKA BO3HUKAIOMIMX B IPOLIECCE BHINOJHEHUS PabOT OmMHOOK M

KOJIJIM3HM;

CKOPOCTB BBITIOJTHEHHSI [IOCTABJICHHBIX 33/1a4;

COKpAILEHUE KOJIMYECTBA OTXOAHBIX MAaTEPUAIOB,;

TOBBIILICHUE KAYECTBA MPOU3BOIAUMON MPOAYKIINH;

yBEJIMYCHHUE 00HEMOB TIPOU3BO/ICTBRA;

MOBBIILIEHUE MPUOBLIH,

BO3MOKHOCTb TTOCJIEAYIOIIEN IBOJIFOLMY UHTETPUPOBAHHBIX NMHHOBALUH.
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HenpocTraTku:

BaﬂeﬁCTBOBaHHe OOJIBIIIOrO KOJIMYECTBA CIICUAJIMCTOB Ha IICPBOHAYAIILHBIX 3Ta-

IMax HAJIAJAKH UHTCTPAlu,

HEXBAaTKa CMECIUAINCTOB B C(hepe UCKYCCTBEHHOTO MHTEIUICKTA,;
COKpallleH1ue pabo4ynx MecCT;
TpeOyeTcsi MpoBepKa MOTYyYaeMbIX JaHHBIX.

HUckyccTBeHHbld HHTE/LIEKT B BigData

IIpenmyinecrsa:

00paboTKa OOIBIIOTO KOJINIECTBA TaHHBIX;

CKOPOCTh 00pabOTKH M aHAJIM3a TAaHHBIX;

COOCTBEHHOE MIPUHSATHE PEIICHUI;

UCKITIOUYEHNE BO3HIUKHOBEHUSI OIIMOOK, CBS3aHHBIX C YEJIOBEUYECKHM (haKTOpOM;
MOJICTpanBaHME TOJ] HEOOXOIUMbIE TPEOOBAHMUS;

IpeoCTaBlIeHue HanOoJee ONTHMAIIBHBIX PEIICHUH;

YMEHBIIICHUE KOJIMUYECTBA 33/ICHCTBOBAHHBIX CIICIIUATUCTOB;

TIOBBIIIIEHNE SKOHOMHYECKOW COCTaBIISIOIIEH;

PE3YJIBTaTHBHOCTH BBITTOJTHEHUSI TIOCTABJICHHBIX 33/1a4.

HenpocraTrku:

(MHAHCOBBIE 3aTpaThl HA MIEPBOHAYAIBHBIX JTAIlaX;

HEJIOBEPUE CO CTOPOHBI CIICIIUAIIFICTOB,;

NPOBEPKa CIIEIHATMCTAMH TIOJTYY€HHOTO PE3YIbTaTa;

HEXBaTKa KBaJU(HUIIMPOBAHHBIX WHKCHEPOB B c(hepe MCKYCCTBEHHOIO MHTEJI-

JICKTA;

COKpPAIlICHUC KOJINYICCTBA pa60111/1x MCCT.

HNckyccTBeHHBINH MHTEJLIEKT B POOOTOTEXHHUKE

Ipeumyiecrsa:

HCKIIFOUCHHUEC PUCKOB BOSHHMKHOBCHMA OH_II/I6OK, CBsA3aHHBIX C YCIIOBCUCCKUM q)aK—

TOPOM;

COKpallleHUE KOJIMYECTBA 3aTpaT Ha BLITIOJHEHUE PadoT;
CKOPOCTB BBITIOJTHEHHUSI [TOCTABJICHHBIX 33]1a4;
ABTOHOMHOCTB;

MOBBIILIEHUS] KAYECTBA BHITIOJIHEHUS pa0oT;

YMEHBIIICHHE KOJIMUECTBA BPEIHBIX BEIOPOCOB B aTMoc(hepy.

HenocraTrkmu:

COKpallleHHe pabounX MecCT;,
HEXBaTKa CIEIUAIUCTOB,;
TpeOyeTcsi KOHTPOJIb paboyero mpoiecca.

[IpoBens aHaM3 U3yYEHHBIX MHHOBALIMOHHBIX TEXHOJIOTUM C MHTETPUPOBAHHBIM
B HUX HCKYCCTBEHHBIM HMHTEJUIEKTOM, 3HAYEHUE U BAXKHOCTHh KOTOPOTO UIPaeT BaxX-
HYIO pOJb B TOCJEAYIONIEM DPAa3BUTHH PA3IUYHBIX Ccep ACATEIHHOCTU YEJIOBEKa,
YJaJI0Ch BBIICIUTHh OCHOBHBIE NTPEUMYIIIECTBA U HEIOCTATKU TAHHBIX MHTETPALIHA.
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Ipeunmymecrna:

— WCKIJTFOUYEHUE BIUSHUS YEJIOBEUECKOTO (PaKTOpa Ha MPOIIECC BHITIOIHEHUS padoT;

— DKOHOMMS (PMHAHCOBBIX 3aTpaT U PECYPCOB;

— CKOPOCTb M Ka4€CTBO BBIMOJIHEHHUSI PadoT;

— TOTEHIIMAJ Pa3BUTHSI TEXHOJIOTHUH,

— YIIy4IlIEHUE Ka4eCTBA KU3HU YEJIOBEKA,;

— COXpaHEHHUE OKPYIKaroIleh Cpe/Ibl.

HenocraTkm:

— YMEHBIIICHHE KOJMYECTBA pab0YNX MECT;

— JIOpPOTOBH3HA MPOBEACHMS paboT 1Mo pa3pabOTKe U MOCICAYIONIEM BHEIPSHUH Ha
MIEPBOHAYANIBHBIX ATarax;

— HeXBaTKa CIICIIHAINCTOB,

— HEJOBEpPHE U HACTOPO)KEHHOCTh CO CTOPOHBI HACEIICHMSI.

BuiBoabI

VYuuTthiBasg U3y4CHHBIE JJAHHBIE 110 UCIIOJIb30BAHNIO MHHOBALIMOHHBIX TEXHOJIOTHI
B MHTETPAllUd C UCKYCCTBEHHBIM HHTEJUJICKTOM, MPOBEAS aHAIU3 OMyOJMKOBAaHHBIX
TPYJOB YVYEHBIX U CHCIHUAIMCTOB B PAa3IMYHBIX cdepax, ClIeayeT clelaTh BBIBOJI.
Kaxnas 3 nHHOBaIMM, U3ydYeHHAas] B XOJ€ MPOBEJACHUS HCCIEI0BATEILCKON pabdo-
ThI, ©UMEET OOJIBIIIOE KOJUYECTBO MPEUMYIIECTB, CIOCOOHBIX B KOPHE U3MEHUTH XOJ
PA3BUTHUS TEXHOJIOTUM MO BCEMY MUPY. EXKE€ITHEBHOE BHEAPEHUE COBPEMEHHBIX TEX-
HOJIOTHH B pa3iudHbie cepbl KU3HEACATSILHOCTH YeJIOBEKa CIIOCOOCTBYIOT YCKO-
PEHHOMY MPOIIECCY 3BOJIONUN HAYKU U MHXKEeHepUH. MHTerpanus MCKyCCTBEHHOTO
MHTEJUICKTa C JaHHBIMHU TEXHOJIOTHUSMH MO3BOJISIET UCKIIIOYUTh BO3HUKHOBEHUE (ha-
TaJIbHBIX OIIMOOK KaK Ha CTPOMTENIBHBIX IUIONIAIKAX, TaK U Ha KPYIMHBIX IPOU3BOJI-
CTBaX. DKOHOMHS (DMHAHCOBBIX 3aTpaT KaK CJCJACTBUE NMPUMCHEHHUS HHTErpaIuu
MO3BOJISIET YBEJIMYUTh MNPUOBLIL KOMIAHUM C COXPAHEHUEM U Ja)Ke YIydllIeHUEeM
Ka4deCcTBa BBINMOJHICMBIX pa0doT. Cokpamiaercss KOJIMUYECTBO CIy4aeB TPaBMHUPOBAH-
HOCTH pabouYMX B MPOIECCE BBIMOJHEHUS MOCTABICHHBIX 3aJ1ad MOCPEACTBOM KOH-
TPOJIsi COOIOICHUSI TEXHUKH Oe30macHOCTU. [1osBIsI€TCS BO3MOKHOCTh HE 3aBUCETh
OT BPEMEHH CYTOK, YTO MO3BOJISECT YBEIUUUTH OOBEMBI PaOOT C COXpAaHEHUEM U Jla-
K€ COKpAIllCHWEM IMOCTABJICHHBIX CPOKOB Ha BBIMOJHECHHE. [[OMUMO MOJIOKUTEIb-
HBIX KA4€CTB MHTETPAIdsl MCKYCCTBEHHOIO MHTEJUIEKTA B Pa3JIMYHBIE TEXHOJIOTUHU
CTPOUTENBHOU UHAYCTPUHM HECET 3a COOOUM OTBETCTBEHHOCTH, BO3JIOKEHHUE KOTOPOU
MPUXOJAUTCA HA TUICYM YUYEHBIX U MHKEHEPOB. MIMes Kak MOJI0KUTEIbHBIC, TAK U OT-
pHULIATETbHBIC OTKJIMKHA CO CTOPOHBI HACEJICHUSI HA BHEJIPEHUE U UCITOJIb30BAHUE U C-
KYCCTBEHHOTO MHTEJUIEKTa B Pa3IMYHBIX cdepax KU3HEAESITEILHOCTH YeJIOBEKa,
MHPOBBIM TOCYJIapCTBaM CJIelyeT YBEJIMYUTh 00BEMBI (DMHAHCUPOBAHUS MCCIE0-
BaHW, CB3aHHBIX C U3YYCHUEM M MPHUCIIOCOOJICHINEM HCKYCCTBEHHOTO MHTEIUICKTA
B JKU3HEICITCILHOCTD YeJIOBEKa.
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MHOI'OYPOBHEBASI MOAEJIb TOMOI'EHU3ALIUU )KECTKOCTHBIX
XAPAKTEPUCTUK I'ETEPOI'EHHOU CTPYKTYPbI BETOHHOTI'O
KOMIIO3UTA

B. B. Kpaguenko

K. m. n., ooyenm xaghedpwvi mexrnonozuu bemona u CmpoumenbHovlx Mamepuaos,
bpecmckuu cocyoapcmeennviit mexnuueckuti ynusepcumem, bpecm, benapyce,
e-mail: vvkravchenko@g.bstu.by

Pedepar

[IporHo3npoBaHue KECTKOCTHBIX XapaKTEPUCTUK OETOHA SIBISETCS HEPEUIEHHOU
po0JIeMOIl COBPEMEHHOM Teopuu OETOHOBEIEHMSI, YTO OOYCIIOBJIEHO €ro CIOXKHOU
reTEPOreHHON CTPYKTypoi. CylecTBYIOIME MOAX0Abl OCHOBaHbI HA MHOI'OYPOBHE-
BOM IIPEACTABICHUHN €r0 CTPYKTYpPhl U METOAAX TeOpuH 3(P(EKTUBHOMN Cpenbl, Ipu-
HUMas JOIYIIEHUE O TOM, 4TO Bce (a3bl OETOHHOr0 KOMIO3UTa 001anaoT chepuye-
cKoil (hopMoll U ynpyrum nosezneHueM. B cTatbe mpeacTaBieHa yCOBEPIICHCTBOBAH-
Hasi MHOTOYPOBHEBasi MOJIE€JIb TOMOTE€HU3AIMKN I'€T€POr€HHON CTPYKTYpbl OETOHHOIO
KOMIIO3HMTa, B OCHOBE KOTOPOH JIEKUT MPEACTABICHUE CTPYKTYPbI IIEMEHTHOIO KaMHS
B BHJIC BOKCEJIBHOM MOJIEIH, Il KOTOPOM MPUMEHSIOT YACIEHHbBIE METObI TOMOre-
HU3aLlMH, MO3BOJISIOUINE YUUTHIBATh MPOU3BOJIBHYIO T€OMETpUUECKyto Gopmy a3 u
HEJIMHENHOE MOoBeAeHNE (a3bl MPOIYKTOB TUAPATALNH, & TAKKE UTEPALIMOHHBIN O /I-
X0/l Ha OCHOBE JAU(PepeHInanbHON cXeMbl TeOpun 3PPEKTUBHOM cpenbl pHU OIpe-
JCJIEHUU IKECTKOCTHBIX XapaKTEPUCTHUK OETOHHOTO KOMIIO3MTA, IO3BOJISIFOIINN
Hau0oJee MOJIHO YUUTHIBATE OCOOEHHOCTH €T0 CTPYKTYPBI.

KiarwueBble cjioBa: 6ETOH, IIEMCHTHBIM KaMEHb, TeTepOTeHHas CTPYKTypa, MHO-
rOypoBHEBasi CXeMa, TOMOT€HU3aI1s.

BBenenue

CyniecTBeHHOE BIMSIHUE HA JIOJITOBEYHOCTh OETOHA OKA3bIBAET MPOIECC BO3HUK-
HOBCHUS W Pa3BUTHUSA B €T0 CTPYKTYpe ACHEKTOB B PE3yJIbTaTe BHEITHETO CHIIOBOTO
BO3JICHCTBHS WJIM Pa3BUTHS COOCTBEHHBIX JAedopMaluii ycaaku IEMEHTHOTO KaMHS B
YCIIOBUSIX Pa3IMYHOTO POJIa OTPAaHUYEHUMN, CAMBIM PacHpOCTPAHEHHBIM M3 KOTOPBIX
SIBJISIFOTCSI 3aIIOJIHATENH Uit 6eToHa. {151 mporHo3upoBaHusi COOCTBEHHBIX Jepopma-
Ui OETOHA MPEXIEe BCETO HEOOXOAMMO MONYYUTh MPEICTABICHUE O €T0 YKECTKOCT-
HBIX XapaKTePUCTUKAX, K KOTOPBIM OTHOCIT MOAyNb ynpyroctu FOHra, koaddumu-
ent [lyaccona u np.

Omnpenenenne )KECTKOCTHBIX XapaKTEPUCTUK OETOHA SIBJISETCS HEPEIICHHOH Mpo-
0J1eMOi1 COBpeMEHHON Teopur OETOHOBEACHUS, TOCKOJIbKY O€TOH, Ha MEePBbINA B3I,
MPEACTABISICT KIACCUYCCKUNA KOMIO3UIIMOHHBIA MaTepuall, CTPYKTYpy KOTOPOTO
MOHO TIPEACTaBUThH B BUJIC IIEMEHTHON MaTpHIlbl (Ha3bIBaeMasi B TEXHUYECKOU JIHU-
TepaType — IEMEHTHBIM KaMHEM) C PaclpeeICHHBIMA B HEH BKIIOYCHUSMH B BHUJC
3epeH 3anoyiHuTeNsA. OHAKO [IEMEHTHAS MaTpHUIla caMa SIBJISETCS MOTHMKPUCTAITHY -
CKMM KOMIIO3UTOM, CTPYKTypa KOTOpOil (popMupyercs B MpOIEecce TUApaTaINK Bsi-
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Kytero. J[pyroit kiro4eBoil 0COOEHHOCThIO IIEMEHTHOTO KaMHsI SIBJISIETCS TO, YTO €T0
OCHOBHas (haza — TUAPOCIINKAT Kbl — 00JIaaeT SIPKO BBIPAKEHHBIM BSI3KOYIIPY-
UM I[TOBEJICHUEM, UTO SBJISIETCA OCHOBHOM MPEIONIaracMoil NpUYMHON MOJI3yYECTH B
OETOHHBIX KOMIIO3UTAaX.

CymiecTByronye moaxoabl K ONpeeIeHUIO )KECTKOCTHBIX XapaKTepUCTUK OETOHA
BKJIIOYAIOT JBE KOHIenuu [1]:

1) CtpykTypy O€TOHA MPEICTABJIAIOT B BHJE MHOTOYPOBHEBOH (Tak)e Ha3bIBac-
MO MacIITaOHOM WM MepapxXudeckoi, auri. — multiscale) cxemsl, mosrydaemoii pas-
JEJICHHEM €ro CTPYKTYpbl Ha OTJIEIbHBIE T'€TEPOTCHHBIE YPOBHH, ONpEIECIsEMBbIE
Mopoorueit a3 BXOASIMINX B KX COCTaB.

2) Ha xaxJoM TeTepOreHHOM YpPOBHE OIPEIENISIOT TaK Ha3biBaeMbie 3((HEKTHB-
HbIE XapaKTEPHUCTHKH, HCIIOJIb3YS AHAIUTUYECKYIO TOMOI'€HU3alWI0, BKIHOYAIOUIEH
MeToabl Teopun dpdexTuBHOl cpenbl (anra. — Effective Medium Theory) [2] ¢ mo-
cienyromen nepenadeit HHGOpMaIMKU OT HIKEJIEKAIIETO TeTEPOreHHOr0 YPOBHS K
BBIIIEJICKALIEMY.

Jlis onpenenenust 3pheKTUBHOrO TeH3opa xKeCTKoCTh (C,.rr) B METONAX aHANIM-
THYECKOW TOMOTE€HHU3AIMU UCTIOJIB3YIOT CIEAYIONIYIO 3aBUCUMOCTS [3]:

C. f = QrfrCri Ay (errAr)_ll (1)
rne C, — TeH30p kecTKocTH 4-T0 panra -oi ¢hasel (r = 1,2,...,1n); f, — 00beMHOE CO-
nep>kanue (KOHIEHTpalus) r-oil (a3bl B penpe3eHTaTUBHOM 00beme; A, — TeH3op 4-
ro paHra KOHUEHTpaluu aegopManuid r-oi (assel; « : » — ABOMHOE CKaISIPHOE MTPOU3-
BeJleHUE (CBEPTKA) TEH30POB.

B Haubonee pacnpoCTpaHEHHBIX METOAAX AaHAJIUTHYECKOW TOMOTCHU3allUu
(mammpumep, Mori-Tanaka Model u Self-Consistent Model) TeH30p KoHIIEHTpanuu
nedopmanuii (A,) ompenensioT U3 peuieHus 3ajadu JUeaou IS AILTUTICOMIHOTO
ynpyroro Bkitodenus (anri. — Eshelby's inclusion problem) [2].

B pamkax mpenctaBieHHOTO MoaxoAa CyleCTBYET JOCTATOYHO OO0IbIIOe KOJude-
CTBO PacYETHBIX MOJIeNiel, B OOIBITMHCTBE U3 KOTOPBIX JJIs1 YIPOIIECHUS BEIYUCICHUI
MIPUHSTO JOMYIIEHUE, YTO BCe (Pa3bl OETOHHOTO KOMITO3UTA HA KaXJIOM U3 €ro rere-
POTEHHBIX YPOBHEM 00s1a1at0T chepruueckont HopMoii.

DTO CYHIECTBEHHOE JOIMYIIEHUE MPOTUBOPEUYUT KAK MOJEIU MUKPOCTPYKTYPHI
IIEMEHTHOTO KaMHsI, TI0 KOTOPOM YacTHUIbI TBEpJ0i (ha3bl, COCTOSIICH M3 3epeH Iie-
MEHTa U MPOAYKTOB TMIpaTallii, CKOPEE XapaKTEPU3YIOTCS MPOU3BOIBHON reoOMeT-
puyeckoit (opmoii, Tak 1 OETOHHOTO KOMIIO3UTA, B KOTOPOU ISl 36pEeH KPYITHOTO 3a-
MOJIHUTEIISE U3 TOPHBIX MOPOJI, MOJy4aeMbIX IMyTeM IPOOJICHUsI, OOJbIIE MOJAXOAUT
ayuricouaHas hopma.

B crathe paccMOTpeHBl OCHOBHBIE IPUHIIUIIBI MHOTOYPOBHEBOW MOJIEIN TOMOTe-
HU3AIUA TETEPOreHHOM CTPYKTYpbl OETOHHOTO KOMIIO3WTAa, HaIpaBJIEHHbIC Ha CO-
BEPIIICHCTBOBAHUE CYIIECTBYIONIUX TOIXO0JIOB K OMpeneseHut0 ero 3¢h(EeKTUBHBIX
KECTKOCTHBIX XapaKTEPUCTHUK.

MHoroypoBHeBasi cxeMa 0€TOHHOT0 KOMIIO3UTA
B nanHoil pabote npuHsATa TpEXypOBHEBasA cxemMa OETOHHOIO KOMIIO3UTa, COCTO-
A11as UX TPEX TeTePOreHHbIX YPOBHEH:
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1) YpoBenp 1: mpoayKThl THApaTaliiid U HETHAPATHPOBAHHBIN IEMEHT, COCTOS-
LU U3 KIIMHKEPHBIX MUHEPAJIOB.

2) YpoBeHb 2: IIeMEHTHBI KaMEHb, COCTOSIIINIA W3 TMPOTYKTOB THAPATALUU U He-
TUJIPaTUPOBAHHOIO IIEMEHTA, O0pa3yIOLIMX YacTULIbl TBEPAOH (a3bl, MOPOBOE IPO-
CTPaHCTBO MEXKIY KOTOPHIMHU 3aIIOJTHEHO BOJIOM U Tra3000pa3Hoi (a3oil.

3) YpoBeHb 3: OETOH, COCTOSIIINN W3 IEMEHTHOTO KaMHS, 3€peH 3allOJHUTEIS U
TPaH3UTHON 30HBI BOKPYT HUX.

IpyHIUIIBI TOMOTEHU3AIMU CTPYKTYPbI 0€TOHHOT0 KOMIIO3UTA

Yposenw 1

Ha panHoM ypoBHe Haumbosee moaxojismuMm sBisieTcs meron Self-Consistent
Model [2], xoTopBIii TPUMEHSIOT JJIs MOJUKPUCTALIMYCSCKUX CTPYKTYp, HE 00Jana-
IONIUX SPKO BBIPAKEHHOW (ha30i MaTPHUIIBI, YTO COOTBETCTBYET CTPYKTYpE MPOTYK-
TOB TUApaTallii U HETUIPATUPOBAHHOIO LIEMEHTA.

Yposens 2

[leMeHTHBIN KaMeHb 00J1a/laeT Ype3BbIYAHHO CJIOKHON HEOAHOPOJHOM CTPYKTY-
poil u3 vacTuil TBEpAOH (a3bl B BUJIC 3€PEH IIEMEHTa M 00pa3yIoIIUXCsl Ha UX TO-
BEPXHOCTHU MPOAYKTOB THUIpaTaliH, 00JaJaloIIUX MPOU3BOIHHOM TeOMETPHUUECKON
dbopmoit U pacnpenessieMbIX B €ro 0o0beMe CIydyailHbIM 00pa3oM, U MOPOBOTO MPO-
CTPAHCTBA MEXJy HUMHU, 3aII0JIHEHHOTO KUJKON U ra3000pa3Hoi Ga3oil.

["'oMoreHu3anys XapakTepUCTUK TaKOW CTPYKTYPhl MOKET OBbITh BBITIOJIHEHA Me-
TOJAMU YHWCICEHHOW TOMOTE€HM3allMHM, BKJIIOYAIOIIEW METOJ Ha OCHOBE KOHEYHO-
AJIEMEHTHOI0 aHanu3a [4], 1 MeTo/ Ha OCHOBE OBICTpOro npeodpazoBanust ypoe [5],
OJIHO U3 MIPEUMYIIECTB KOTOPHIX — HE OTPaHUYCHUE T€OMETPUUYECKON (POopMOil BKITIO-
YEHUM, B OTJIMYUU OT METOJIOB AHAITUTUYECKON TOMOT€HHU3ALIH.

OCHOBHBIM TIPEMATCTBUEM K HMCIIOJIb30BAHUIO JAHHBIX METOOB SIBJISIETCA IPO-
0jiema pernpe3eHTaTUBHOTO O0beMa IIEMEHTHOTO KaMHsSI, MPEACTaBIsIEMOrO B BHJC
CTPYKTYPHO-T€OMETPUYECKON MOJICTIN, Ha3bIBAEMOM 2JIEMEHTAPHOUN SYEeUKON (aHTII. —
unit cell), conepskareit TaHHBIC HE TOJBKO O TEOMETPHUCECKUX XapaKTEPUCTHKaX (a3,
HO U WX PACMOJIOKEHUU B 00BbEME, YTO SIBJSIETCS JOBOJIBHO CIIOKHOM 3amadeit Jist
CTPYKTYPbI IEMEHTHOTO KaMHS.

O¢ddexTuBHBIM pernieHreM 0003HaYEHHOM MPOOJIEMBbI PENPE3ECHTATUBHOTO 00be-
Ma SBJISIETCA TMPEJCTABICHUE CTPYKTYpPhl IIEMEHTHOTO KaMHSI B BHJI€ JTUCKPETHOM
BOKCEJIbHON MOJENH [6], MPEeUMyILIECTBOM KOTOPOU ABJISIETCS BO3MOXKHOCTH BOCITPO-
W3BOJIUTH MPOU3BOJIBHYIO T€OMETPUUECKYIO (hOpMY BKIIFOUCHHI B BHJIE HaOOpa BOK-
CEJIOB B 33/IaHHOM 00J1aCTH aHAJIU3UPYEMOTo 0ObeMa.

Jlnst MeToa Ha OCHOBE KOHEYHO-RJIIEMEHTHOIO aHaju3a Ha OCHOBE BOKCEIbHOMN
MOJIEJIA LEMEHTHOTO KaMHS T'€HEPHUPYIOT KOHEYHO-3JIEMEHTHYIO CETKY, IpeoOpa3o-
BAHMEM Ka)KJ0TO BOKCEJIA MOYKET B IIECTUTPAHHBIN BOCBMUY3JIOBOW M30MapaMeTpHU-
YecKUid KOHEYHbIH 3neMeHT (aHri— hexahedron) ¢ Tpems cremneHsiMu cBOOOHBI B
KaXJIOM y3JI€ TIpU OMNpeeCHUN MEePEeMEIICHUH U OJIHOM CTENEHbIO CBOOOIBI MPHU
ompeseneH HanpsbkeHnil. B MeTose Ha ocHOBe mpeoOpa3oBaHusi Oypbe BOKCEIb-
HYIO0 MOJICJIb MPE0OPa3yI0T B YHCIOBBIE MACCUBBI, COJIEPKAIIHE 3HAUCHUSI MEXaHUYe-
CKMX XapaKTEpPUCTHK, IMOITOMY JUIsl JAaHHOTO METoJla He TpeOyercss KOHEYHO-
AJIEMEHTHAs CETKa, YTO SBJISAECTCS OJIHUM U3 €r0 IPEUMYIIIECTB.
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Bapuarnmonnas (cnabasi) dopmyaupoBKka JjIs MeETOJIa Ha OCHOBE KOHEYHO-
AIIEMEHTHOTO aHaJIM3a MOXKET OBbITh MOJyueHa U3 MPHUHIIMIIA BO3MOXKHBIX TepeMellie-
Huii [7]:

Jo @) : C(x) : E(6W)dQ = — [, &: C(x) : E(6U)dQ;
v (1, 61) € H1(Q),
rae € — TEH30p 2-TO paHra MakpOCKONMYECKUX Je(opMalnii, HOCTOSHHBIX B JHO00M
TOYKE PENpe3eHTATUBHOTO 00bema (); € — TEH30p 2-r0 paHra MUKPOCKOMUYECKUX
naepopmaliii, 00yCIOBIEHHBIX MEPHUOANUYECKUMH JIOKATbHBIMU (DIyKTyanusiMu U,
BO3HUKAIOIIUX B PENPE3EHTATUBHOM 00bEME BCIIEICTBUE HEOJAHOPOJIHOCTU (ha3; X —
paanyc-BEKTOp MPOU3BOJILHON TOUKHU B PENPE3CHTATUBHOM OOBEME.

ba3oBeIM ypaBHEHHEM I METO/JAa Ha OCHOBE NpeoOpazoBanus Dypwe sBiseTcs
ypaBHeHue Jlunnmanna-IIBunrepa [5]:

g(x) = & —To(x) * T(x), (3)
rae Ty — omeparop (TeH3op 4-ro panra) ['puHa; T(Xx) — MOJAPU3ALMOHHBIA TEH30D 2-
ro paHra, COOTBETCTBYIOIIMN HANPSIKEHUSM, BO3HUKAIOIIUM BCJIEACTBHE HEOJHO-
POJIHOCTH CPEJIbI « * » — ONeparus CBEPTKU (QYHKIIHIMA.

VYpaBuenue (3) npeacraBisieT co00il HEMMHEHHOE UHTETPAIbHOE YPaBHEHUE, IS
pEIIeHUs] KOTOPOTO UCIOIb3YIOT UTEPAIMOHHBIE METONIbI U TMpeoOpa3zoBanue Dypne
JUTSl BBIYUCIICHUSI CBEPTKU (DYHKITUN:

g l(w) = - To(w) : T*(w), (4)
IJIe W — 9acToTa B MPOCTpaHCcTBE Dyphe; k — uTeparus JIMHEapHU3aIHH.

MeTo/abl YHCIIEHHOW TOMOTEHHM3AIMU MO3BOJISIIOT TaK)KE€ YUUTHIBATH HEJUHE i-
HOe moBeAeHUE (a3bl TPOAYKTOB THUApATAIMU, JJISI KOTOPOM HaMpsHKEHHOE-
nepopMUpOBaHHOE COCTOSIHUE OMMChIBaeTCs mHTerpaiom Ctunrtbeca [8].

s pereHust 5ToM 3a7auv B METOJIE€ Ha OCHOBE KOHEYHO-IJIEMEHTHOTO aHAJIN3a
OTPENIEIISIOT €Il OJIHY JUHEHHYI0 popMy, 100aBIIsAs €e K MPaBOM YacTH BapHaIlMOH-
HOI TTOCTaHOBKH (2), B KOTOpoit mHTerpan Ctunrheca MpeACTaBIeH B YUCICHHOM BU-
1€, UCIOJIb3YSl METOJ| TPaleLnid:

L5(60) = — [, (01 + (g1 + h) 1 ]ty ) ¢ E(80) dQ; VX € Q)

h = Z]l';i[(ﬂi,j—l/z - Hi—1,j—1/2) ’ Ao'j]’
rae Qpp, — N0A00IACTh KOHEUHO-3JIEMEHTHOI CETKH, COOTBETCTBYIOIas (ase, mpo-
JlyKTOB THIPATaIH.
B MeToze Ha OCHOBe IpeoOpa3oBanus Pypbe OHA peIIaeTCs Mepeorpe/ieieHIeM
FICXOTHOTO BBIPAXKEHHS I MOJAPH3AlHOHHOTO TEH30pa, J00ABISAS B HErO aHAIO-
TMYHOE YHCIIEHHOE IIpecTaBleHne mHTerpana CTHITheca, IONYYaeMOTo METOIOM

()

()

TpaneLum:
h=0F-Cy: el =0, +AcF—Cy:
—_ 0 &0 _ = :
00=0;, & =& VX E Qpy, (6)

Aaf = [“-{c —&i-1— 2;;%(111',]'—1/2 - Hi—l,j—l/z) : Aaj] : (Hi,i—1/2) 1, & =0,
rae pp, — MOJO0IACTE BOKCENBHOIO 00bEMa, COOTBETCTBYIOIIAs (ase, MPOTYKTOB
THpaTaIHH.
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Yposenwv 3

B coBpeMenHoM mpenctaBieHud O€TOH — Tpex(a3HbId KOMIIO3UT, COCTOSAIIUN U3
LEMEHTHOTO KaMHs, 3€PEH 3alOJHUTENS U TPAH3UTHOW 30HBI IEMEHTHOTO KaMHs BO-
Kpyr HUX. OJHAKO 3allOJHUTENb B OOJBIIMHCTBE CIYy4yaeB COCTOUT M3 HECKOJIBKHX
BUJIOB C Pa3HBIMH >KECTKOCTHBIMU XapaKTEPUCTHKAMHU (HapuMep, OOBIYHO €ro pas-
JEJSIFOT HAa MEJIKAWA M KPYIHBIM 3alI0JIHATENh) B BUJIE 3€PEH Pa3IU4YHOrO pasMmepa u
(GopMbI, B pe3yibTaTe 4ero OETOHHBIM KOMITO3UT (PaKTUUECKH SIBJISIETCS MHOTO(a3o-
BOU CUCTEMOM.

OnnuMm u3 Haubosee 3PGEeKTUBHBIX MOAXO0A0B K ONPEIEICHUIO )KECTKOCTHBIX Xa-
PaKTEpPUCTUK TAKOW CUCTEMBI COCTOUT B MPEICTABICHUH €€ B BUJE ABYX(Pa3HON KOM-
IIO3UTHOM CHUCTEMBI «MaTPULIA-BKIIOYEHUE.

[TockonpKy TpaH3UTHAsI 30HA [IEMEHTHOTO KaMHSI 00pa3yeTcsl TOIbKO Ha TPaHHIIe
MEXy 3€pHaMU 3aMIOJIHATENS U IEMEHTHBIM KaMHEM, €€ MOKHO PacCMaTpUBaTh Kak
HEOTHEMJIEMYIO YacTh 3alOJHUTENS B BHUJIE OOOJIOUYKH BOKPYI KaXkJIOTO 3€pHA, BMe-
CT€ ¢ HUM o0Opasyioliee KOMIIO3UTHOE BKIIOUYEHHE — A(P(PEKTUBHYIO YACTHULLY.
Ha nanHOM ypoBHE MPUHSATO TOMYIIEHHUE, YTO 3€pHA MEJIKOTO 3all0JIHUTENS paccMmaT-
PUBAIOT KaK c(epUUECKUEe BKIIOUEHUS, a 3e€pHa KPYITHOTO 3allOJIHUTENS — KaK dJUIUII-
cougHele. J[pyroe mpuHsSTOE NOMYLIEHHE IMPEAIoyaraeT, 4YTo TpaH3UTHas 00pasyer
PABHOMEPHBIN CJIIOM BOKPYT KaKJIOM YaCTULBI 3aIIOJIHUTENS, KOTOPBIM IPONOPIIMOHA-
neH ee 00bemMy. COOTBETCTBEHHO I onpeaeneHus 3 (PEeKTUBHBIX KECTKOCTHBIX Xa-
pakTepuctuk cepuuecknx 3(HPEKTUBHBIX YACTHUIl UCTIONB3YIOT MeTof Generalized
Self-Consistent model [2], a mig smmuncouausix 3¢ GeKTUBHBIX Yactui, — Mori-
Tanaka Model [2].

B pesynbTrare ucxoaHas cuctema rnpeoodpasyercss K KOMIIO3UTHOM cUCTEME «MaT-
punia — 3¢ (deKTUBHbIE YacTULBD). Jlajee NPUMEHSIOT UTEPAllMOHHBIN METO, M0 KO-
TOPOMY Ha KaXKIOW I-d UTepanuu onpenessitor 3Q(HEeKTUBHBIC KECTKOCTHBIE XapakK-
TEPUCTUKU JBYX(a3HONW KOMIIOBUTHON CHUCTEMBI «MaTpula — 3P(EeKTUBHAS YaCTULA
I-To pa3mepay». ['oMmorenHas cpena ¢ 3PPEKTUBHBIMU KECTKOCTHBIMH XapaKTEPUCTH-
KaMH, ONpe/Ie/ICHHBIMU Ha -1 UTeparyu, sBisercs Ga3oi MaTpuilbl as i+1-i ure-
pauuu. CooTBETCTBEHHO 3(P(PEKTHUBHBIE KECTKOCTHBIE XAPAKTEPUCTUKH ISl KOMIIO-
3UTa B LIEJIOM NOJIy4arOT Ha MOCHEAHEN UTepaluu. /(s nepBoi utepauu MaTpULEn
SIBJISIETCSI — LIEMEHTHBIA KaMeHb. KoJIMYeCcTBO UTEpaluid ONPEENISIOT U3 3€PHOBOTO
coCTaBa 3allOJHUTENSA, KOTOpPOE MOAOHUPAIOT TakKuM 00pa3oM, 4TOOBI COAEp)KaHHE
KaXI0U (pakiuu He MpeBbilano 5 %, 4To 00yCJIOBJICHO MPOOIEMON €IUHUYHON
KOHIICHTpaIuu BKIOYeHUH (aHri. — dilute concentration). MtepammonHoe pasuene-
HUE MO3BOJIIET MCKIIIOUUTh COBMECTHOE BIIMSHUE 3()(PEKTUBHBIX YaCTULl Pa3HBIX
(dpakuuii Ha HanpsKEHHO-Ie(POPMUPOBAHHOE COCTOSHHE KOMIIO3UTHOM CUCTEMBI.

Jnst nByx@a3HbIX KOMITO3UTHBIX CHUCTEM, B KOTOPBIX BKJIIOYEHHE COJIEPHKHUTCS B
€IMHUYHOW KOHIIEHTpAIMH, OJHUM U3 HauOoJiee MOAXOASIIUX METOOB I OIpeie-
neHust 3PQPEeKTUBHBIX XapaKTEPUCTHUK siBisieTcss quddepeHnnansHas cxema (aHria. —
differential scheme) Teopun s3¢ppexTrBHOM cpes [2]:

dc

d_i.ff = i((cinc - (Ceff) f Aines (7)
rae €y, — TEH30p KECTKOCTH 4-ro paHra i-oii 3pdekTrBHOM YacTuIpl; A, — TCH30p
4-ro paHra KOHIEHTpanuu Jaedopmanuii i-oii 3PPEKTUBHON YACTHUIIBI, C — KOHIICH-
Tpanus d3PPEKTUBHBIX YacTHIL I-0# ppakiuu.
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BriBoabI

[IpencraBieHa ycoBEpIIEHCTBOBaHHAs! MHOTOYPOBHEBAsi MOJIENIb TOMOIE€HU3ALNH
reTepOreHHONW CTPYKTYpbl OETOHHOIO KOMIIO3UTA, B OCHOBE KOTOPOM JIekKaT cieny-
IOI€ OCHOBHBIE ITPUHIIUIIBL:

1) CTpykTypy LEMEHTHOIO KaMHs MPEACTABIISIIOT B BHJI€ BOKCEJIbHOW MOJEINH,
IUIsL KOTOPOW ITPUMEHSIOT YUCIIEHHBIE METO/bI TOMOT€HHM3AlMH, YTO ITO3BOJISET YUH-
ThIBaTh IPOMU3BOJIBHYIO T€OMETPUUECKYIO opMy ero (a3 U HEIMHEWHOE MOBEIACHHE
(a3bl MPOAYKTOB TUAPATALIUH.

2) Jlns romoreHu3anuu OETOHHOIO KOMIIO3UTa HPHUMEHSIOT WTEpallMOHHBIN
HOJIXOJl Ha OCHOBE U PepeHnnanbHoi cxemMbl Teopuu 3(Q(HEKTUBHON Cpenbl, U
KOTOPOM KOJIMYECTBO UTEPALMI ONPEAEISAIOT U3 3€PHOBOrO COCTaBa 3alOJHUTENS,
noxoupasi UX TaKUM 00pa3oM, UTOOBI coliepKaHue Kaxa0i (pakliMy HE MPEBBIIIATIO
5 %. Taxoil moaxoa MO3BOJISIET UCKIIIOUUTH COBMECTHOE BIUSHUE YAaCTHULl Pa3HBIX
bpakuuii Ha HAPSHKEHHO-Ie(OPMHUPOBAHHOE COCTOSIHUE KOMIIO3UTHON CUCTEMBI.
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Pedepar

JKu3HEHHBIN LUK OOBEKTOB HEIBMKMMOCTH NPEICTAaBISIET COOOW IOCIEN0BaA-
TEJIBbHOCTh 3TAIlOB, YePE3 KOTOPBIE NMPOXOAUT HEIBHKHUMOCTh OT MOMEHTA €€ CO3/a-
HUS 10 OKOHYATeNbHOM NukBUaauuu. B konTekcTe benapycu ocoOeHHOCTH KU3HEH-
HOTO IMKJIa OOBEKTOB HEABMXKMMOCTH OOYCJIOBJIEHBI KaK SKOHOMHUYECKMMH, TaK U
COLIMAJIBHBIMU (DAKTOpaMH, a TAK)KE 3aKOHOJATEIbHBIMU U KYJIbTYPHBIMHU aCIIEKTaMH,
XapaKTEPHBIMU ISl CTPAHBI.

KirwueBsble cjioBa: HCABMXXHNMOCTD, JKU3HCHHBIN MUK, 3Tall, IIPOCKTHUPOBAHUC,
CTPOUTCIILCTBO, DKCILTYyaTalluA, pCKOHCTPYKIHA, CHOC.

Bsenenue

B nocnennue necsatunetuss PecnyOnuka benapych nepexuBaer 3HAUYUTEIbHBIE
M3MEHEHUS B cpepe HEJIBMIKUMOCTH, YTO CBS3aHO C MEPEXOJOM K PHIHOYHOU IKOHO-
MHUKE, I3MEHEHUEM 3aKOHOAATEIBCTBA U POCTOM MHTEpPECa K MHBECTULIMSM B HEJIBU-
KUMOCTh. JTU U3MEHEHHS BIUSIOT HA BCE ATAIbl )KU3HEHHOTO ITMKJIAa OOBHEKTOB He-
JIBIKUMOCTH, BKJIIOYAsi MPOCKTUPOBAHUE, CTPOUTEIBCTBO, JKCILTyaTalldi0, PEKOH-
CTPYKIIUIO U CHOC.

OnHOM U3 KIIOYEBBIX OCOOEHHOCTEHN KM3HEHHOI'O IHUKJIAa HEABMXKUMOCTHA B Pec-
nyonuke benapych siBIsieTCs BIMSHUE TOCYAapCTBEHHOM MOJUTUKH Ha PHIHOK. ['ocy-
JApCTBEHHBIE MPOrPAMMBI, HAIIPABJICHHbIE HA PAa3BUTHE >KWJIMIIIHOTO CTPOUTENIHCTBA
Y YIy4IICHUE KUJIUIIHBIX YCIOBUHM Irpa)kJaH, OKa3bIBAIOT 3HAYUTEIBLHOE BIUSHUE Ha
CIIPOC M MIPEJIOKEHNUE HA PHIHKE HEIBIHKUMOCTU. KpoMe Toro, B cTpaHe CylIeCTBYeT
PSAl HOPMATUBHBIX aKTOB, PETYJUPYIOUIUX CTPOUTEIBCTBO U JKCILIyaTallul0 00BEK-
TOB HEJIBUKUMOCTH, YTO TAKKE HAKJIAJIBIBACT OTIEUATOK HA X KU3HEHHBIN 1K,

Takum oOpa3zoM, naHHas padoTa HalpaBjeHa HA aHAJIU3 KU3HEHHOTO ITUKIIA 00b-
€KTOB HEABMXKUMOCTH B PecnyOnmke benmapych, BbIsIBIEHHE €ro OCOOEHHOCTEH U
nmpoOjeM, a TakKe Ha MPEUIOKEHUE PEKOMEHAIMK MO0 ONTHUMH3AIUU TMPOIIECCOB,
CBSI3aHHBIX C HEJIBMDKMMOCTBIO, C II€JIbI0 TOBBIIIEHUS () (PEKTUBHOCTH U YCTONYMBO-
CTH JJAHHOTO CEKTOpPa SKOHOMUKH.

JTanbl })KU3HEHHOI0 LUKJIA HEABUKUMOCTH
1 TIpoekTupoBaHue
[TpoexTrupoBanue 0ObeKTOB HeBUXKUMOCTU B PecniyOnnke benapycs Haunnaercs
C pa3pabOTKU KOHLEMHUU U MTPOSKTHON TOKyMEHTAMU. BasKHbIM aclIEeKTOM SIBJISIETCS
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COOJII0JICHHEe HOPM M CTaHAApTOB, YCTAHOBJIEHHBIX OEJIOPYCCKUM 3aKOHOIATENb-
ctBoM. [Ipornecc Bkatovaer B cedsi:

« HccnenoBanue ppiHKa U MOTPEOHOCTEH.

» Pa3paboTka apXUTEKTypHOTO MPOEKTA.

o [lomydyenue pa3penieHnii 1 COTIaCOBAHUN OT FOCYIapCTBEHHBIX OPTaHOB.

2 CTpOUTETBCTBO

CrpoutenbcTBO 00BEKTOB HEABMKUMOCTH B PecniyOnuke benapyce perynupyercs
PAIOM 3aKOHOB M HOPMATUBHBIX aKTOB. Ba)kKHbIe MOMEHTBI BKITFOUYAIOT:

« Bb100p MOAPSATUMKOB ¥ OCTABIIUKOB.

o KoHTpoJb 32 KaUeCTBOM CTPOUTEINILHBIX PadoT.

o CoOmoeHre CpoKoB U OO IKeTa.

3 DkcrutyaTanus

[Tocne 3aBepiiieHUs CTPOUTETBCTBA OOBEKT HEABUKUMOCTH MEPEXOTUT B CTATUIO
AKCIUTyaTali. JTOT 3Tall BKIIOYAET B ceOs:

o YrpaBieHHe 00BEKTOM (TEXHUYECKOE OOCTYKUBAHKE, 0€30MTACHOCTH ).

o ApeHjaa unu npojaxa HeIBH)KUMOCTH.

o Ouenka 3(ppeKTUBHOCTU UCTIONB30BAHUS.

4 PekoHCTpYyKIUSA

C TeyeHneM BpeMEHU OOBEKThI HEIBMX)KMMOCTHA MOTYT TPEOOBATh PEKOHCTPYKIIUU
i MmojiepHu3aund. B PecniyOnuke benapych 3T0 MOKeET OBITh BBI3BAHO:

o H3MmeHeHneM NOTPEOHOCTEN PHIHKA.

o YcTapeBaHUEM TEXHOJIOTUM.

o Heo06xoanuMOCThIO MOBBILIEHUS 3HEPTOAIPPEKTUBHOCTH.

5 CHoc

CHOC 00BEKTOB HEABMKMMOCTH MPOUCXOAUT, KOT/Ia OHU CTAaHOBSITCS HENPUTOI-
HBIMHU JUIsl DKCIUIyaTallud WM HE COOTBETCTBYIOT COBPEMEHHBIM TpPEOOBaHUSIM.
B Pecniy6nmke bemapych npoliecc cHOca peryJupyeTcsi 3aKOHOIaTeILCTBOM U TpeOy-
€T MOJyYEeHHS COOTBETCTBYIOUIUX Pa3peLICHUN.

@akTopbl, BIAUSIONINE HA TMPUHATHE PellleHNH B yNPaBJIeHUHU KU3HEHHBIM
IUKJIOM 00HEKTOB HEABHKHMOCTH

®dakTopkl, BAUSIONNE HA TPUHATUE PEIICHUN B YITPABICHUH KU3HCHHBIM ITUKIIOM
00BEKTOB HEABMKUMOCTH, MOTYT OBITh pa3/ieJIeHbl HaA HECKOJIbKO KaTEeropuid: YKOHO-
MUYECKHE, TEXHHYECKHUE, COIMaIbHbIC U TpaBoBble. Huke MpuBeIeH epedeHb dTHUX
(hakTOpOB M MOAPOOHOE OMKUCAHUE KAXKIOTO U3 HUX.

1 DxoHoMu4ecKue (HaKTOPhI

PenTabenbHOCTh — OJTHUM W3 OCHOBHBIX SKOHOMHYECKHX (haKTOPOB, BIUSIOIIUX
Ha MPUHATHAE PEUICHUN B YNPaBICHUU >KU3HECHHBIM ITUKIOM OOBEKTOB HEABUKHUMO-
CTH, SIBJIICTCS PEHTA0CIbHOCTh MHBECTULIMH. [Ipy npuHATHN penieHnid HeoOX0aMMO
YYHUTHIBATHh OKUAAEMYIO IOXOHOCTh OT 00bEKTa HEBMYKUMOCTH U €r0 CTOMMOCTb.

CTOMMOCTB JKCILTyaTallik — MPH TPUHITHH PEHICHUH HEOOXOAMMO YYHTHIBATH
CTOMMOCTD JKCIUTyaTallid O0O0BbEKTa HEABMKUMOCTH Ha MPOTSHKEHUH BCETO €ro KU 3-
HEHHOTO IMKJIa. DTO BKJIIOYAeT B ceOs 3aTpaThl HA OOCITYy)XMBaHHUE, PEMOHT, 3aMEHY
KOMITOHEHTOB U JIpYTHE ONEPAIIMOHHBIE PACXO/IbI.
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PpiHOYHAs 1leHAa — NPU NPUHATUU PELICHUH HEOOXOJUMO YYMTHIBATh TEKYIIYIO
PBIHOYHYIO 1IEHY 00BEKTa HEIBHKUMOCTU M €Tr0 MOTEHLUATIbHYIO CTOUMOCTH B Oy-
AyuieM. JTO MO3BOJIIET OLUEHUTh NOTEHLIUAIbHBIE JOXO/AbI OT NPOAAKU 00BEKTAa WIH
€ro CTOMMOCTb IIPH APEHJIE.

Hanoru u cO0psl — npy NPUHATHH PELICHUI HEOOXOIUMO YUYUTHIBATH HAJIOTOBBIE
U cOOpHBIE 0053aTEIhCTBA, CBSI3aHHBIE C OOBEKTOM HEABHKHUMOCTH. ITO MOXKET
BKJIFOYATh HAJIOT Ha HEJBUKUMOCTb, HAJIOT Ha MPUOBLIL OT apeHAbl U Ipyrue Hajio-
rOBbIE€ 00513aTEIBCTBA.

2 Texauueckue (HakTopbl

TexHUYEeCKOe COCTOSSHUE — NpPH NPUHATHH PEIIEHUH HEOOXOAMMO YYHUTHIBATH
TEXHUUYECKOE COCTOSIHUE 00BEKTA HEIBMKUMOCTU. DTO BKJIIOYAET B c€0sl OLIEHKY CO-
CTOSIHUSI CTPOMTEINIbHBIX KOHCTPYKIUM, CUCTEM 3JIEKTPOCHAOKEHHUSI, OTOIJIEHUS], BEH-
TUJSILUN U APYTUX TEXHUYECKUX CHCTEM.

TexXHOJOrnYecKuii Mporpecc — Npu NPUHIATUU PEUIEHUH HEOOXOIUMO YUUTHIBATH
TEXHOJIOTHYECKUI IPOTPecC M BO3MOKHOCTb BHEJPECHMS HOBBIX TEXHOJIOTMH B
VIpaBJICHUE 00BEKTAMU HEABMKUMOCTH. ITO MOXKET BKJIIOYATh B C€0sl MCIOJIb30Ba-
HUE CUCTEM YMHOTO JI0OMa, aBTOMAaTU3alll{ [TPOLIECCOB U APYTUX NMHHOBALIMM.

OHeprodpPeKTUBHOCTh — NPU NPUHATUU PELICHUH HEOOXOJUMO YYHUTHIBAThH
HHEProd3(pPekTUBHOCTh 00BEKTA HEABMKUMOCTH. DTO BKIIIOUAET B ce0s OLICHKY dHEp-
reTU4ecKoi 3(pPEeKTUBHOCTU CTPOUTEIBHBIX KOHCTPYKIIMIM, CHCTEM OTOIICHHUS, BEH-
TUJISILUN, KOHAULUOHUPOBAHUSA U JPYTUX CUCTEM.

YcrapeBaHue — mnpu NPUHATHH PEIIEHUH HEOOXOIUMO YUYUTHIBATH BO3MOXKHOE
ycTapeBaHue 00beKTa HEABMKMMOCTH. DTO MOXKET OBITh CBSA3aHO C U3MEHEHUEM Tpe-
OOBaHUN pBIHKA, TEXHOJIOTMYECKUM IIPOrPECCOM WM H3MEHEHHEM IOTpeOHOCTEN
ITOJIb30BATEIIEH.

3 CoumanbHbie GaKTOPHI

PbIHOYHBIN cIpOC — IPH MPUHATHH PEUIEHUI HEOOXOIUMO YUYUTHIBATh PHIHOYHBIN
CHpoC Ha OOBEKT HEABMKMMOCTH. DTO BKJIIOYAET B ceOsl aHAIU3 MOTEHIIMAJIbHBIX
apeHJaTOPOB WU MOKYIATEJIeH U UX MOTPEOHOCTEH.

Jlokauust — Ipy OPUHITUU PEIIEHUH HEOOXOAMMO YUUTHIBATH JOKAIMIO OOBEKTa
HEJBUYKUMOCTH. DTO MOXKET BKIIIOYATh B c€0s OJM30CTh K TPAHCIOPTHBIM MarucTpa-
JSIM, HaJu4uue pa3BUTON MHQPPACTPYKTYpbl, JOCTYMHOCTh KYJbTYpPHBIX U 0Opa3oBa-
TEJBHBIX YUPEXKICHUNA U pyrue (GakToOpbl, KOTOPbIE MOTYT OBITh BaXKHBI JUIsl TIOTEH-
LMAJBbHBIX apEHAATOPOB WX MTOKYIATENEH.

Jlemorpaduueckre TEHASHIMH — IPU MPUHITHH PEIIEHUA HEOOXOIUMO YUUTHIBATh
nemorpapuueckrie TeHACHLIMY, TaKUe KaK POCT HACEJIEHUs, U3BMEHEHHE ero cocTaBa u
apyrue (HakTopbl, KOTOPbIE MOTYT BIUAThH HA CIIPOC HA OOBEKT HEJIBUKUMOCTH.

ConmanbHasi OTBETCTBEHHOCTh — IMPH MPHUHIATHH PELIEHUN HEOOXOIMMO YUUTHI-
BaTh COLMAJbHYI0 OTBETCTBEHHOCTh M BJIMSHUE OOBEKTAa HEABUKUMOCTH HAa OKpY-
KAIOMIYI0 Cpely M OOIIECTBO. DTO MOXKET BKJIIOYATh B ce€0sl MCIOJB30BAaHUE IKOJIO-
TMYECKU YHUCTBIX MAaTEepUaoB, SHEPTOA((HEKTUBHBIE TEXHOJIOTUU U JPYTUE MEPHI 1O
CHIKEHHMIO HETaTUBHOTO BO3JICUCTBUS HA OKPYKAIOIIYIO CPENY.
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4 TIpaBoBbie (pakTOPHI

3aKOHOAATENHCTBO — NP MPUHATUN PEIICHU HEOOXOAMMO YIUTHIBATh ICHCTBY-
IOI[ee 3aKOHOAATEIhCTBO, CBS3AaHHOE C YIMPaBICHHEM OOBEKTaMU HEIBHKHMOCTH.
DTO MOXKET BKIIIOYATh B ce0s1 TpeOOBaHUS 10 6€30MacHOCTH, Y3HEProdPGHEeKTUBHOCTH,
TIOYKapHOH 0€30MacCHOCTH U IPYTrUe HOPMATHBHBIC aKTHI.

PerynsTuBHBIC OrpaHUYCHHS — TIPU TIPUHSATHU PEIICHUH HEOOXOAUMO YUUTHIBATH
PETYJIATUBHBIC OTPAaHWUYCHUS, TAKME KaK MIPaBHia 30HUPOBAHMUS, OTPAaHUYCHUS T10 UC-
MOJIb30BAHUIO 3€MEJIbHBIX YUYaCTKOB U JAPYTrye OrpaHUYCHHs], KOTOPbIE MOTYT BIIUATH
Ha UCTOJIb30BaHUE 00BbEKTA HEJIBUKIMOCTH.

[TpaBa COOCTBEHHOCTH — MpPH MPHUHATUN PEHICHUH HEOOXOIUMO yYUTHIBAThH MpaBa
COOCTBEHHOCTH Ha OOBEKT HEABIKUMOCTU. JTO MOXKET BKJIIOUATh B ce0s aHAU3 Tpa-
BOBOI'0 CTaTyca 00BEKTA, HAINYUE OOPEMEHEHUH U IPYTUX TPABOBBIX OIrPAHUYECHH.

Kaxxaprit u3 3TUX (PakTOpOB UMEET CBOE 3HAUYEHUE M MOKET OKA3bIBATh BIHMSIHHUE HA
NPUHSATHE PEIICHUI B YIPABICHUH JKU3HECHHBIM ITUKIOM OOBEKTOB HEIBHIKUMOCTH.
BaxxHo yuuThiBaTh Bce 3TH (DaKTOPHI PU aHAIM3E U TUIAHUPOBAHUM YIIPABICHUS 00b-
€KTaMH HEABMKUMOCTH, YTOOBI IPUHATH 0OOCHOBAaHHbBIE U 3()(DEKTUBHBIEC PELLICHMUSL.

Cneunnduka 6e10pyccKoro pbIHKa HeABHKUMOCTH

benopycckuii ppIHOK HEJBIKUMOCTH TPENICTABIIAET COOOM YHHKAIBHYIO 3KOCH-
cTemy, GOpMHUPYEMYIO MO BO3/IEHCTBUEM PA3TMUHBIX IKOHOMHYECKUX, COLUATBHBIX
1 oJIuTHYecKux (akTopoB. B 3TOM pasznesne mpuBeeHbI KIIOUEBbIE aCTEKThI, OIpe-
JEeJstoNre cenu(uKy JaHHOTO PhIHKA.

1 IxoHoMHMUYECKHE YCITOBUSA

DOxoHomuka PecryOnuku benapych uMeeT cBOU OCOOEHHOCTH, KOTOPBIE BIIUSIIOT
Ha PBIHOK HEJIBMKMMOCTH. B yCIOBUSIX TIEpeX0IHOM YKOHOMHUKH, TJI€ TOCY1apCTBEH-
HOE PETyJIMPOBAHHME UTPAET 3HAYMTEIBHYIO POJIb, HAOJIIOJACTCS BBICOKAs CTEIEHb
[EHTpaIU3AIUU. DTO IPUBOJUT K TOMY, YTO MHOTHE aCTEeKThl PhIHKA, TAKHE KakK Iie-
HBI Ha )KWJIbE U apEHIy, PETYIUPYIOTCS TOCYyIapCTBEHHBIMU Opranamu. B pesynbrare
PBIHOK HEJIBMKUMOCTH B PecryOnuke benapycs MeHee nmoaBep:keH KojaeOaHusIM, xa-
PaKTEepHBIM 117151 OoJiee JTnOepaTbHBIX YIKOHOMHUK.

2 'ocynapcTBeHHOE peryJiupoBaHue

['ocynapctBeHHoe perynupoBaHue B PecryOnuke benmapych oXBaTbIBaeT MHOXE-
CTBO aCMEKTOB, BKJIIOYAsl CTPOUTEILCTBO, MPOAXKY U apeHAy HeaBmxkuMocTu. Cyiie-
CTBYIOT CTPOTHE HOPMBI U MpaBuUia, KaCaroluecs MPOSKTUPOBAHUS U CTPOUTEILCTBA
KHUJIBIX 1 KOMMEPUYECKUX 0OBEKTOB. ITO MOXKET KaK CIIOCOOCTBOBAThH KAY€CTBY CTPO-
UTENIbCTBA, TaK U 3aMEJJISITh MPOIECC BBOJIa HOBBIX 0OBEKTOB B AKCILITyaTaIlUIO.

3 CounanbHble paKkToOpbI

CornmasibHbie (paKTOPBI, TAKME KaK YPOBEHH JIOXOJOB HaceleHUs, JeMorpadude-
CKH€ U3MCHEHHUS W MUTPAIMOHHBIE TIPOIECCHI, TAKXKE OKA3bIBAIOT 3HAUYNTEIILHOE BIIH-
STHAC Ha PHIHOK HEJBIKUMOCTH. B mocieiHre ro1bl HabioqaeTcsl TSHACHITUS K yBe-
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JUYEHHUIO CIIpOca Ha KUJIbE B KPYMHBIX rOpoJiax, TAKMX Kak MHUHCK, 4TO CBSI3aHO C
pPOCTOM ypOaHU3AIMH U YITYUYIIEHUEM KU3HEHHBIX YCIOBHM.

4 Tunbl HeABUKUMOCTH

Ha OemopycckoM phIHKE HEABMKMMOCTH MOKHO BBIJIEIUTH HECKOJIBKO OCHOBHBIX
TUIIOB OOBEKTOB: >KUIIbIE, KOMMEpPYECKUE M MPOMbIIUICHHbIE. JKuiibie 0O0bEKTHI, B
CBOIO OYE€pe/ib, JEISATCA Ha HOBOCTPOWKH M BTOPUYHOE XKWIIbe. B mociegHue rojs
HaOJII0AAETCsl POCT MHTEPECA K HOBOCTPOMKAM, UTO CBA3AHO C YIYUYIIEHUEM KaduecTBa
CTPOUTEIHCTBA U JOCTYIMHOCTHIO UTTOTEUHOTO KPEIUTOBAHUSI.

5 IleHOBbBIE TE€HAEHIUN

[lensr Ha HemBWXKUMOCTh B Pecrmybnmuke bemapych MMEOT CBOM OCOOCHHOCTH.
B oTnmame ot MHOTHX CTpaH, Tie IIEHBI Ha XKUJIhe MOTYT pe3ko KosiebaThes, B bena-
pycu oHu Oosee ctabuiabHbl. OHAKO B MOCIEAHUE TOJIbI HAOMIOJAETCsS POCT IIEH Ha
KUJIbE, YTO CBSI3aHO C YBEIIMUEHUEM CIIPOCA U OTPAHUYCHHBIM MPEIOKEHUEM.

6 UHBecTUIIMOHHAS NMPHUBJIEKATEIbHOCTH

HMHBecTHITMOHHAS TIPUBJICKATEILHOCTh OCIOPYCCKOTO PhIHKA HEJIBMIKMMOCTH TaK-
K€ 3aCIIy’KMBAacT BHUMaHUsA. HecMOTps Ha onpeielieHHbIE PUCKU, CBSI3aHHBIEC C T10JIH-
THUYECKOM M SKOHOMHYECKOW CHUTYallM€ll B CTPAaHE, PHIHOK HEIBUKMMOCTH OCTAETCS
WHTEPECHBIM JIJI1 HHBECTOPOB, OCOOCHHO B CErMEHTE KOMMEPUYECKON HEIBHKMMOCTH.

Cnernuduka 06eI0pycCKOro phIHKA HEABHKHUMOCTH (OPMHUPYETCS IO BO3JCH-
CTBHEM MHOKECTBa (PAKTOPOB, BKJIIOUAs] SKOHOMHUYECKUE YCIIOBHS, TOCY/IapCTBEHHOE
peryJMpoBaHKE U COLMAIbHBIC U3MeHeH . [ToHnManne 3TUX 0COOCHHOCTEH SBISET-
Cs KJIIOUEBBIM ISl YCHEIIHOTO aHajiu3a W MPOTHO3WPOBAHUSA TECHACHIMM Ha PBIHKE
HeJBIXKUMOCTH B PecniyOnuke benapyce.

BuiBoabI

’KuzHeHHbI UK 00bEKTOB HEBMXXKMMOCTH B Pecniybnuke benapyck numeeT cBou
OCOOCHHOCTH, OOYCIJIOBJICHHBIC 3aKOHOAATEIIbHBIMH, YKOHOMUYECKHUMHU U COLIMATb-
HbIMU akTopamu. [ToHMMaHMEe 3TUX 0COOCHHOCTEH BaXKHO JUIS YCIEUTHOIO YIpaB-
JICHUSI HEABMIXKMMOCTBbIO W TPUHATHS OOOCHOBAHHBIX WHBECTUIIMOHHBIX PEIICHUMU.
B Oynyiiem, ¢ pa3BUTHEM phIHKA U U3MEHEHHUEM 3aKOHOAATEIHCTBA, MOYKHO OXXHAATh
JTaTbHEUIIINX U3MEHEHUH B )KM3HCHHOM ITUKJIC 00BEKTOB HEIBUKUMOCTH B CTPaHE.
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Pedepar

Ocaznka (pyH/IaMEHTOB SIBIISIETCS OJTHOM M3 KIIIOUEBBIX MPOOJIEM B CTPOUTEIILCTBE,
O0COOEHHO B YCJIOBHSIX CJIa0BIX TPYHTOB. JJisi TOBBINIEHUS HECYIIEH CITOCOOHOCTH OC-
HOBAaHWU W CHIDKCHUS OCAJKH IMHPOKO TPHUMEHSIOTCS MCKYCCTBEHHBIC OCHOBAHUS,
TaKhe KaK TECYaHble TMOIYIIKH, TPYHTOBBIC CBaW, TCOCHHTCTUYECKUE MaTEpPHANIBl H
JApyrue MeTonbl ykperuieHus. OIHAKO 10 CUX MOp HEJOCTATOYHO M3YyYEHO BIIUSHUE
MOIIIHOCTH UCKYCCTBEHHOTO OCHOBAHUS HAa BETUUYUHY ocajku (pyHaameHTa. B cTaThe
PacCMOTPEHBI BOIIPOCHI, CBS3aHHBIC C OIMPEACICHUEM OCaKU ITUTHOTO (yHAaMEHTAa,
PaCIOJIOKEHHOTO Ha MCKYCCTBEHHOM OCHOBAaHHUU OOJIBIIION MOIIHOCTH, BBIOJTHEH-
HOM U3 [€CYaHO-TPAaBUMHON CMECH. Y CTAHOBJICHO BIMSHUE 16HOPMUPYEMOCTH ITOTO
cJIosl Ha OOIIYyI0 OCaAKy (QyHIaMEHTa, OMPECICHbI Mpeesibl 3HAUYCHU MOIYJS Jie-
dbopmary U JaBJIeHUS ¢ YIETOM M O€3 y4eTa JaBJICHHs OT TIECUaHO-TPaBUITHON cMe-
CH Ha BeJIMYMHY 0€30MacHON 0CaJK! TUTUTHOTO (PyHIaMEeHTa.

KuarwueBbie ciaoBa: (QyHIaMeHThl, ocagkd (YHIAMEHTOB, HaIpPSKEHHO-
1e(pOPMUPOBAHHOE COCTOSIHNE, UICKYCCTBEHHOE OCHOBaHHE, MOYJIb Je(OpMaLUK.

BBenenue

Cpeau 00MbIIOTO KOJUYECTBA 3a7a4, KOTOpPble HEOOXOAUMO PEIIUTh MPU MPOEK-
TUPOBaHUU (PYHIAMEHTOB 3[aHUI U COOPYKCHUH, BaXKHEUIIIEH SBIISICTCS YMEHBIIIE-
HHE U JTa)K€ UCKIIIOUCHUE 0CAJIOK, B TOM YUCJIE U HEPABHOMEPHBIX, BIUSIOLINX HA BeE-
JUYUHY HanpsDKEHUM U nedopmMaiivii B HaJI3EMHBIX KOHCTPYKIIUSAX 37aHUS WU CO-
opyxenus [1-3].

EcrecTBeHHO, U1 pelieHus 3TOW 3aJa4i HEMAJIOBAKHOE 3HAYCHUE UMEET Xapak-
TEp 3aJleraHusl CIOEB I'PYHTA, MCMOJIb3yEMbIX B KaU€CTBE OCHOBaHWH (PyHIaMEHTOB.
B sToM acrniekte 00bIION MHTEpEC MPEACTABIAIOT COOON MHKEHEPHO-TEOJIOTUYECKUE
YCJIOBHUS CTPOMTENBHBIX IUIoMmaA0K FOro-3amaanoro mukpopaiiona Ne 1 (FO3MP — 1)
r. bpecra. Tepputropusi MUKpOpaiioHa MPEACTABICHA 3HAYUTEIbHBIM YHUCJIOM T'€HETH-
YECKMX THIIOB OTJIOXKCHHM: IMOYBEHHBIMH O0Opa3oBaHHMSIMHU (SIV), aJUTIOBUAIBHBIMH M
o3epHo-0on0THBIMH (&, |, b IV) 1 o3epHo-aiuroBranbabiMu oTinoxenusmu (1, a, 11 P,).
OCOOEHHOCTBIO TEOJIOTMUECKOT0 CTPOEHHsI pacCMaTpPUBAEMOM TEPPUTOPHUM SBISETCA
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HaJIM4YMEe CJIA0bIX TPYHTOB HEMOCPEACTBEHHO Y MOBEPXHOCTH MOIIHOCTBIO 10 1 M, a
TaKXe MX MPUCYTCTBUE Ha OoJiee 3HAUMTENHHOW TiIyOuHE (6—7/ M) OT MOBEPXHOCTH
mouHocThio 0,2—-2,0 M. Hannuune c1albIx TPyHTOB y JHEBHOM MOBEPXHOCTU OCOOBIX
npoOJIeM HE BBI3BIBAET, T. K. OHM JIETKO yJIAJSIOTCA MO0 yrioTHstoTes. [lpu ux yna-
JICHUY BO3HUKAET HEOOXOIMMOCTh YCTPOMCTBA 3HAUMUTENILHOM 110 MOUTHOCTH TMECYaHO-
I'PaBUMHON MOAYIIKH. /{7151 ee yCcTpolcTBa MCIIOJIB30BaHBI IIECYaHO-TPABUUHBIE CMECU
(IIT°C), rpanynoMeTprUYECKHi COCTaB KOTOPBIX NPUBEEH B Ta0uLe 1.

Tabauua 1 — I'panynomMeTpuueckuid COCTaB MeCYaHO-TPABUITHON MOTYIIKH

HaunmenoBanue Pa3mepsl yacTuil, MM
CMeCH Copeprxanue dpakiuii, %
Ilecok rpase- >5,0 50-20 | 2,005 | 0,5-0,25 | 0,25-0,1 <0,1
JIUCTHIN 11,94 18,48 35,02 20,86 10,91 2,79

MeToabl U pe3yabTaThl HCCIACI0BAHUN

B coorBerctBum ¢ xnaccudukamueit mo 'OCT 25100-2020 [4], uccnenyembie
CMECHU OTHOCATCA K IpaBeIUCTbIM IeckaM. [lapameTp MakcMMallbHONM HEOJIHOPOHO-
CTH MOJy4eH paBHbIM Upq = 76,8. DTO 03HaUYaeT, YTO JAHHbBIE TPYHTHI MOBBIIICHHOM
HeoqHOpoaHOCTU. CIieI0BATENIbHO, MPU ONTUMAIBHON BIAXKHOCTU IJAHHBIE TPYHTHI
JOJDKHBI XOPOIIO YIIOTHAThCA. OMHAKO, MPU peaTbHOM MPOCKTUPOBAHUM (yHIA-
MEHTOB, TUIOTHOCTh TE€CUaHO-TPABUIHON cMmecHu mpuHATa p = 1,6 T/™°. Yron BHYT-
penHero TpeHust ¢ = 37°. Hamm ucnbITaHus 1O ONPEACICHUIO MTPOYHOCTH, MIIOTHO-
CTH cMecel mpu Kod(hGUIIMEHTE YIUIOTHEHHS Keom = 0,95 mokasamu, uto ¢ =29° u
p=1,92 T/M°. YTOI eCTEeCTBEHHOr0 OTKOCA MONydeH B mpexenax 29...31°. Crexyer
OTMETHTB, 4TO TIpH p = 1,6 T/M°, CMECH O IIOTHOCTH CIIOKCHHS OTHOCATCS K PhIX-
JBIM U TOTJIa COMHHUTENIBHO 3HaueHue Moayist aedopmarnuu, pasaoe 20,0 MIla. Kak
BHUJIHO, XapaKTEPUCTUKU IE€CUAHO-TPAaBUMHON CMECH, MPUHATHIE MPU MPOEKTUPOBA-
HUU (PYH/IaMEHTOB 3[JaHUN U COOPYKEHUU BECbMa 3HAYUTEIBHO PACXOMASTCS C OMBIT-
HbIMHU JIaHHBIMH, YTO, OYEBUIHO, TPEOYET AETAILHOIO aHaiu3a JAePOpMUPYEMOCTU
IIOJ1 Harpy3KO# 3TOr0 MCKYCCTBEHHOrO cios. [IpeaBapuTenbHble pacyeTsl MOKa3ai,
yTo 10 54 % o006mieit ocanku (pyHIamMeHTa MPUXOAUTCS UMEHHO Ha OCAJKy 3a CUET
nedopmaluii necuaHo-rpaBUMHON MOAYIIKH.

Orcroma ciefyer, 4yTo BIMSHHAE MOIIHOCTH HCKYCCTBEHHOI'O CJIOS HAa OCAJKY
IIMTHOTO (yHJIaMEHTa BEChbMa 3HAYUTENILHO B 00ECIeYeHUH HAACKHOCTH U JIOJITO-
BEYHOCTH COOpYXeHHIl. BmecTte ¢ Tem, aHanu3 (akTopoB, BIUSIOIIUX HA OCAIKY
dbyHaameHTa, JOJKEH ObITh OCHOBaH Ha KOMIUIEKCHOM IMOAXOE, YUUTHIBAIOIIEM BCE
OCOOEHHOCTH COBMECTHOM pabOThl CHCTEMBbI «OCHOBaHHE —(yHIAMEHT — COOpYyXKe-
HUE», B TOM YUCJIE U KOHKPETHBIE YCIOBUS CTPOUTENLHOMN TUIOIIAIKH.

C yderoM 3TOro pacyeTHass CXe€Ma OCHOBAaHMS MPUHATA B BHJE JUHEHHO-
1e(popMUPYEMOTro MOJYIPOCTPAHCTBA [5], C OCpeTHEHHBIM B Mpeesiax CKUMAEMOTO
ciod H xoappuunenrom Ilyaccona nu monyns aedopmannu rpyHta ocHoBaHus By, ¢
KOPPEKTUPYIOIIUM MHOXHUTENIEM Mg, paBHBIM

Mg =—, (1)




IIe Oy, — KOIDQUIMEHT, onpenenseMblii B 3aBUCUMOCTH OT OTHOIIEHHS CTOPOH
¢ynnamenta N = |/b u TommMHBI C)XKMMaeMOro clos OCHOBaHWS H K TOJXYyHIMPUHE
dbynmamenTa b
2H
m’ =5 (2)
/ . / =
Op — K03(DHULIUEHT, onpeesieMblil o TabauIaMm Uit M = o0 B 3aBUCUMOCTH OT

OTHOIIICHHS CTOPOH pyHAamenTa N = I/b.

JlanHast pacyeTHas cXeMa UCIOJIb3YeTCs s ONpEAC/ICHUs BHYTPEHHUX YCUIHNA B
(byHIaMEHTHOM IUIMTE U TOCACAYIONICTO €€ apMUPOBAHUS.

Kak mokasaiu pacdersl, cpejiHee JaBJICHHE Ha TPYHT OCHOBAHHMI MEHBIIE pac-
YETHOTO CONPOTHBIICHUS TPYHTA, TO €CTh yclIoBUEe P <R BhIMOIHSACTCS.

MoOIIHOCTh CKMMaeMO# TOJIIM OIpeaeicHa B COOTBETCTBHH C [4] mpu
5,0 < b <20,0 M myTem JIMHEHHOW WHTEPITOJISAIIMA 3HAYCHUH

02p=0,5Pq 1 05,=0,2P, (3)

IJIE Oy — JONOJIHUTENBHOE BEPTUKAIEHOE HOPMAJILHOE HANIPSHKEHUE Ha Tryonne H;

P,q — BepTHKalIbHOE 1aBJIEHHE OT COOCTBEHHOT'O Beca rPyHTA.

Mopnyne nedopmanuu rpyHTOB OCHOBaHMsA E,, B mpenenax CKMMaeMOW TOJLIM
HaXOJWJIN U3 BBIPAKEHUS

0 1 B
rie h; — TonmuHa i-ro cios rpyHTa;

Ei — Mmonynb nedopmariuu JaHHOTO CIIOS;

Gj — CpeJlHee 3HAUCHUE HOPMAJIbHBIX HANPSKEHUN JJIsl JAHHOTO CJIOS.

Crnenyer OTMETUTB, YTO C LEIIBIO BHINOJIIHEHHS YUCIEHHOro aHanums3a E,, B pacue-
tax npunaro 10,0; 20,0; 30,0 MIla. Pacuersl ocagku ObUTH BBITIOJHEHBI MPU JIaBIIC-
Huu Ha rpyHT ocHoBaHusA 100 klla; 200 klla; 300 kIla. IIpu 3TOM MOIIHOCTH Necya-
HO-TPaBUMHOM MOAYIIKH pHHUMaNachk paBHou ot 1,0 mo 6,0 m mpu £ = 10,0; 20,0 u
30,0 MIla. M3MeHEHHE MIOTHOCTH MECYaHO-TPABHITHON cMecH IpHHSTO oT 1,6 T/M°
10 2,0 T/M°. 3Has ToMMHY IpoeKTHpyeMoit oaymky u3 [II'C U ee MIOTHOCTS, JIeT-
KO OIpENeNUTh JaBJICHUE Ha OCHOBaHUE (pUCYHOK la). Yuer nedopmainmii ocHOBa-
HUSI OT JACMCTBUS AABJIEHUS OT NIECYAHO-TPABUMHOM MOIYIIKHU SIBJSIETCS BaKHBIM, TaK
KaK OCHOBAaHHE MPUTPYKEHO UCKYCCTBEHHBIM CJI0€M 3HAUYUTEIIbHOW MOIIHOCTH.

Ha pucynke 10 moka3anbl rpaduku 3aBucuMoctd S = f(P) mpu pa3nuyHbIx 3Ha-
YeHusx Moayis aedopmainuu ocHoBaHus. [1o rpadukamM MOXKHO ONpeneTuTh OCaaAKy
OCHOBaHUs OT AEWCTBUs HACBINN ONMPEACICHHON IUNIOTHOCTH U MomHocTU. K nmpume-
py, on ¢yHaameHTsl 1oMoB 9A u 9b mo yn. I'puboenoBa B T. bpecte BhIIOIHEHO
nckycctBeHHoe ocHoBanve u3 [II'C momHocThiO 3,4 M M mIOTHOCTBIO 1,6 /M,
[To rpadukam (pucyHok 1) Haxoaum, YTO JABJIEHWE BBHITOJTHEHHOW MOMYIIKA Ha OC-
HoBanue coctaBisieT 54,0 klla. Ocanka ocnoBanust mpu P = 54,0 xIla u cooTBer-
CTBYIOILIEM 3HaYeHuH E,, (k npumepy 20,0 MIla) cocrasiser 2,3 cMm. Eciu E,, nmeer
3Ha4YeHUE, OTJIMYHOE OT 3HAYCHUH, JJISI KOTOPHIX MOCTPOCHBI IpadrKH, OcaaKa MpHU-
HUMAETCS 10 UHTEPHOJISIIIMU MEXKTYy COCETHUMU MPUBEACHHBIMU 3HaUeHUuAMU. Oca-
Ky CJOSI TIECHaHO-TPAaBUMHOM CMECH MOXKHO OMPEIEINTh, MOJB3YSACh rpaduKami,
MPEJCTAaBIICHHBIMU Ha pUCYHKE 2 OO0 110 hopmyIie
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rae B = 0,8, koapurmeHT, KOPPEKTUPYIONTUH YIIPOIICHHYIO CXEMY pacyeTa;
P — naBnenue Ha TpyHT;
h — MOIIIHOCTH CITOSI ITeCYaHOU IO TYIIKH;
E; — Monyns nedopmanuy moymiK.
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Pucynok 1 — BausiHre TOMIMHBI IECYaHO-TPABUMHON NOAYIIKHU HA BETUYUHY

naBieHus (a) U ocaaku ocHOBaHMS (0)
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PucyHnok 2 — Ocajiku rec4aHo-TPaBUWHOW MOAYIIKA PAa3IMYHON MOIIIHOCTH
nipu nasiaenun P = 100...300 xIlau £ =10...30 MIIa

BuguMm, uto ocaaka ciost III'C mpu ero mMomHoCTH, paBHON 3,4 M, U J1aBICHUU
P =54,0 kIla, cocraBnser 32,2 %. IIpu yBenuuennn mtotHoctu [1I'C ocagka ocHoBa-
HUS Tak)Ke OyJeT Bo3pacTaTh. JJOCTOMHCTBOM PacCMOTPEHHBIX TPA(PUKOB SBISETCS TO,
YTO OCaJKy OCHOBAHUS U OCAJKY CJIOS MECYAHO-TPABUMHON CMECU MOKHO OIIPENEIUTD
MIPY pa3IUYHBIX 3HAYCHUSIX E, T. €. Koraa moayib nedopmanuu [1I'C umeet onHo 3Ha-
YEHUE, A MOYJIb TPYHTOB OCHOBAHUS — IPYyroe, OTIM4Hoe oT 3HaueHnit 11 111'C.

3aBUCUMOCTH OCAJIKM OT JABJICHHsI Ha TPYHT IO MOJOMIBE (PyHIaMEHTa P pas-
JUYHOU J1e(pOPMUPYEMOCTH OCHOBAaHUM IMOKa3aHa Ha pucyHke 3. O4eBUIHO, UTO Ha
BEJIMYMHY OCAJKU OCHOBAHMS OKa3bIBAET BIMSHUE JABJICHHE OT MECYAHO-TPaBUMHON
noaymku. [Ipeaensl BIUsSHUS 3TUX AaBICHUN NOKa3aHbl HA pucyHke 1. Tak, mis uc-
KyCCTBEHHOTO OCHOBAHHSI MOIIHOCTBIO 5 M TIPH IUIOTHOCTH €ro ykaagkd 2,0 T/’
napyieHue Ha rpyHT coctasisier 100 klla. Ocagka ocHoBaHus paBHa 5,2 cm. Takas xe
ocaJika MpU MPUHATHIX 3HaUeHUsIX P u E moiyyeHa U OoT Harpy3ku oT 3gaHusd. Cywm-
MapHas ocajaka paBHa 10,4 cM, YTO MpEBBINIAECT NPEACIbHOE 3HAYEHUE MJI1 KPYITHO-
naHeNbHbIX 3aHui [1]. Takum 00pa3oM, ydeT ocajku OT MUCKYCCTBEHHOTO OCHOBa-
HUS B CYMMAapHOM OCaJIKe JTaKe MPU CPABHUTEIHHO HEOOIBIINX U3MEHEHHSIX MOIITHO-
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CTH MCKYCCTBEHHOI'O CJIOsl BECbMa 3HAYMTEIBHO BJIMAET Ha OOLLYH0 OCAJIKY 3/1aHUS.
Ha pucynke 4 nmoka3aHbl KpUBbI€ MPEACIBHBIX 0CAI0K, IOCTPOCHHBIE 0€3 yJyeTa JaB-
JIEHUs OT IIeCUYaHO-TPaBUITHON moAylKu (kpuBas 1) u ¢ ee yuerom (kpuBas 2). AHa-
JIM3 TIOJyYeHHBIX TpaduKOB MOKa3bIBaeT, 4yTo yueT aasneHust ot [1I'C pe3ko yBenu-
YUBACT OCAJKY 3/1aHMS.

OT0 BaXXKHO YUUTHIBATh PY MPOCKTUPOBAHUH U CTPOUTENILCTBE 3AaHUI, 0COOCHHO
P U3MEHEHHH MOILIHOCTH MCKYCCTBEHHOI'O CJIOSl. YUYET OCaJKU OT 3TOrO CJIOS IOo-
MOKET 00Jiee TOUHO MPEACKa3bIBaTh U KOHTPOJIUPOBATH OCAAKY 3aHHS, YTO B CBOIO
ouyepeslb MOXKET CHU3UTh U JakKe MCKIIIOUUTh BO3MOXKHBIE MMOBPEKICHUS U Mpooiie-
MBI, CBSI3aHHBIE C OCAJIKOW, 1 0COOCHHO HEpaBHOMEPHOI [6].

[Ipu yBenn4eHNH BPEMEHHOTO pa3pbiBa MEXKy OKOHYaHHEM BO3BEICHHUS IOy LI~
KM W HAa4yaJoOM CTPOUTEIbCTBA 3[aHUS BEJIMYMHA CYMMApHON Ocajku OyleT yMEHb-
matbes BBUAY 3atyxaHus ocanku ot gasineHus [II'C. ITonb3yscek rpadukamu (pucyH-
K 1 ¥ 3), MOKHO ONpENENUTh CYMMApHYIO OCaAKy Npu J000M 3HaueHuu P u E.
Ha pucynke 4 BbIIeIMM TpU 30HBI, Pa3IdvyaroUIecs TeM, 4To B 30He | B J1t000i1 TOU-
K€ IIPY COOTBETCTBYIOIIMX 3HAUeHUsAX P 1 E ocajka OyJeT Bcerja MEHbIIE MpeIeib-
Hoil. B 30He |l cymmapHbie ocaaku 3aBUCAT OT MOIIHOCTU MECYAHO-TPABUNHOM IO-
OyIIKH U ee napameTpoB. B 3o0ne ||| BnusiHue gaBieHus OT necyaHO-rpaBUHON MO-
IOYIIKU HAa OCAJKy 34aHUs OTCYTCTBYET.

P klla
) 100 200 300
5.0
10,0 E=50,0 Mfa
E=40,0 Mfla
15,01
£=30,0 M/l
20,0
25 01 E=20,0 Mfla
30,0
ScM E=10,0 Ma

Pucynok 3 — Ocanku OCHOBaHMI ITUTHBIX (DYHIAMEHTOB B 3aBUCUIMOCTH
OT JABJICHUS MPU PA3TUYHBIX 3HAYEHUSIX E
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1 — u3MeHeHue npeIebHOM OcaaKku 0e3 yueTa JaBJICHHs OT IeCYaHO-TPaBUMHON CMECH,
2 — I3BMCHEHHE TIPEICTLHOM OCAJIKK ¢ YUETOM JaBJICHHS OT IMeCYaHO-TPaBUMHON CMECH
Pucynok 4 — Biausinue moyns aedhopMaliiy U JaBJICHHUS Ha XapakTep U3MEHe-
HHUS TIPEICITBHON OCaaKH

U3 pucynka 4 BUIHO, 9TO TIPEACIIbHAS BETUIMHA OCAIKH ISl KPYITHOITAHEIIHEHOTO
3MaHUS TIPW HAJIWMYAWA TIOMYIIKH W3 TeCYaHO-TPAaBUHHON CMECH MOIIHOCTHIO 6,0 M
npu yudere aedopmaririi OCHOBaHMsI OT MOAYIIKHA U OT 3[aHus OyJeT JOCTUTHYTA MPU
P =50,0 x[Ta u £ = 20,0 MIIa; 6e3 yuera ocagku ot noxymku — npu P = 100,0 xITa.
Ecnun cymmapHoe pgaBieHuEe OT 37aHUS M TOAYIIKA MOIIMHOCTBIO 6,0 M paBHO
100,0 kI[Ta, TO mpenenpHasT oOcaJKa OCHOBaHUA OyIeT JOCTUTHYTAa YXKe IIpH
E = 22,5 MIla; 6e3 yueta ocanku ot nogymku — npu P =177,0 xI1a. [Ipu ymensie-
HUW TOJIITUHBI TECUYaHO-TPABUMHON TOMYIIKKA TIPH HEM3MEHHOM Mojyie aedopma-
MM OCHOBAHUS BIUSHUE CYMMApHOTO JIaBJICHWS HAa OCHOBAaHWE CHIDKAeTcs. Takum
o0pa3oM, HaJTM4YKMe MecYaHO-TPAaBUMHOMN MOAYIIKHA YBEIMUMBACT OOIIYIO OCAIKy IMPO-
EKTUPYEMBIX 3/ITaHUN U YeM OO0JIbIIIE €€ MOIIHOCTh, TEM CyMMapHas ocajika OoJIbIIIe.

BuiBoabI

1. Hanmnume MCKyCCTBEHHOTO CJIOS TPYHTA IO MOAONIBOM (hyHIaMEHTa U TIPUT-
PYKarollero eCTeCTBEHHOE OCHOBaHUE CYIIECTBEHHBIM 00pa30M BJIMSIET HA BEJIMUUHY
obmeit ocaaku. CinenoBaTebHO, HEOOXOAUM yUeT AedopMalivii €CTECTBEHHOTO CIIOSI
OT JIEHCTBUSI MPUTPY3KH, 0OPa30BaHHON UCKYCCTBEHHBIM CIIOEM.

2. UeM 060JibIlI€ MOIIHOCTh U MJIOTHOCTh UCKYCCTBEHHOI'O CJIOSl B BEpXHEU 4acTu
C)KMMAEMOM TOJIIH, TEM OOJIBIIE BETMYUHA CYMMapHOUW OCAJIKU 3/1aHMUS.
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Pedepar

B paboTe nmpuBeneHb! pe3yiabTaThl IKCIIEPUMEHTATBHBIX UCCICIOBAHUN Pa3BUTHS
ocaJiok (yHIAaMEHTOB, HaXOJSIIErOoCs B CTAJIUM 3aBEPIICHUS] CTPOUTEIIHCTBA, MHO-
ro()yHKITHOHATBHOT'O TOPTOBOTO IIEHTPa B . MUHCKE.

Hanuuue temnepaTypHbIX U aedopMaIllMOHHBIX IIIBOB Ha MApPHBIX KOJIOHHAX 13-Tu
nehOpMaIMOHHBIX OJIOKOB 00YCIOBIIIM BBIOOP PACIIOIOKEHUS OCATOYHBIX MAapOK U
perepoB, TUIOMIA0K MPHIOKEHHUS Harpy30K M IUKJIMYHOCTH MPOBEACHUS PaboT 1o
U3MEPEeHHIO 0CaloK (hyHAaMeHTOB. [Ipu 3TOM y4HUTHIBAIUCh paHee IPOBEICHHEIE pa-
OOTBI 110 U3MEPEHUIO JIePopMaIIiii U COCTOSIHUE KOHCTPYKITHIA.

[Tone3nas Harpy3ka MPUKIIAbIBAJIACh MOCTOSHHBIM HArpy>KEHUEM TPEX ILUIONIa-
OK ¢ mHTeHCUBHOCTHIO 400-600 Kr/M> Ha NPOTSHKEHUU 72 JHEH, ¢ Moclieayronen
pa3rpy3Kou U U3MEPEHUEM BETUYUH OCaku 10 80 ITHEM.

BrisiBiieHa 3HaunTeIbHAsT HEPABHOMEPHOCTh OCAJ0K IO BCEM OCSIM, YTO Ha HaIll
B3IUISIT O0YCJIOBJICHO >KECTKOCTBIO KapKaca MEPEKPBHITUS U CIOXKHBIMU WHXEHEPHO-
I'COJIOTHYCCKUMHU YCIOBUSAMH CTPOUTEIBHON IIIOIIAAKH, MPU 3TOM CTAOMIM3AIIMS
OCaJIKi BO3MOXKHa TOJBKO IpHU €€ BeauuuHe He Oonee 1,1 MM, 4TO COOTBETCTBYET
MaKCHMAaJIbHOMY 3HAUEHHUIO paBHOMEPHO-pacnpenenéHHon Harpy3ku 100 Kr/M°.

AHaJIN3 PAaCUETHBIX U HKCHEPUMEHTAILHO HAOJIOAAEMbIX BEJIIMUHUH OCAJ0K U UX
HEPAaBHOMEPHOCTH TIOKa3aj, YTO IOTPEIIHOCTh PAaCUETHBIX METOJ0B MOXET OBITh
3HAUMUTENbHOM U npeBblath 40 % u Oonee. Tak e BBIABICHO, YTO JIFOOOE MPOsIBIIE-
HUE JTMHAMUYECKUX BO3JICHCTBUH OTPHIATEIBHO BIHAECT KaK Ha BEIMYHUHY OCAIKH
(hyHIaMEHTOB, TaK U €€ HEPAaBHOMEPHOCTb.

KirwoueBble ciioBa: (1)YHIIaM€HT, Harpy3kKu, rcoac3nidcCKuc H&6JIIOI[€HI/ISI, MapKu,
0CaaKH, OTHOCUTCIIbHAsA HCPABHOMCPHOCTDb OCA/IOK.

EXPERIMENTAL STUDIES OF FOUNDATION SETTLEMENT
DEVELOPMENT UNDER THE ACTION OF A PAYLOAD

P. S. Poyta, N. N. Shalobyta, D. N. Klebanyuk, S. N. Kandybo, P. V. Shvedovsky

Abstract

The paper presents the results of experimental investigations of foundation set-
tlement development of a multifunctional shopping centre in Minsk, which is under
construction.

The presence of temperature and deformation joints on the paired columns of
13 deformation blocks determined the choice of the location of settlement marks and
referents, load application sites and the cyclicity of foundation settlement measure-
ments. Previous deformation measurements and the condition of the structures were
taken into account.

The payload was applied by constant loading of the three sites with an intensity of
400-600 kg/m? for 72 days, followed by unloading and measurement of settlement
values for up to 80 days.
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Significant unevenness of settlement along all axes was revealed, which in our
opinion is due to the rigidity of the slab frame and complex engineering and geologi-
cal conditions of the construction site, while stabilisation of settlement is possible on-
ly when its value is not more than 1.1 mm, which corresponds to the maximum value
of uniformly distributed load of 100 kg/m?.

The analysis of calculated and experimentally observed values of settlement and
their non-uniformity has shown that the error of calculation methods can be significant
and exceed 40 % and more. It is also revealed that any manifestation of dynamic ef-
fects negatively affects both the value of foundation settlement and its non-uniformity.

Keywords: foundations, loads, geodetic observations, grades, settlement, relative
irregularity.

Pa3paboTka mpoekTa GyHIAMEHTOB 3JaHUI U COOPYKEHUW ONTUMAalIbHBIM 00pa-
30M YZOBJIETBOPSIOIIETO, C OJJHOM CTOPOHBI, YCIOBUAM HAAEKHOCTH OCHOBAHUS, a C
JIPYrol — TEXHOJIOTMYECKUM TPEOOBAHUSIM M WHIYCTPUATBLHOCTH SIBIISETCS J1OCTa-
TOYHO TPYAHOM 3axadei. [Ipy 3TOM OJHHUM M3 BaXKHEUIIMX MOKA3aTENIEH, ONpenes-
IOIIUM HAJSKHYIO AKCIUTyaTaluio J000T0 3/1aHus, B TEYEHUE BCEro CPOKa CIYKOBbI,
SBJISIFOTCS] BEIMYUHBI OCAJIOK, 1 B OCHOBHOM — HEpaBHOMEpHHIE [ 1, 2].

NMeHHO Ocaliku SIBIIIIOTCA KpUTEPUEM MPaBUIBHOCTU U ONTUMAJIBHOCTH MPUHU-
MaeMbIX MH)XCHEPHBIX PEIIEHUN MPU MPOCKTUPOBAHMM OCHOBAHUN (PYHIIaMEHTOB
31aHUU U COOPYKECHUM.

He MeHbIee 3HaUeHUE B MPAKTUKE UMEET U COOTBETCTBUE PE3YJILTATOB pacyeTa 1
JTAHHBIX DKCIIEPUMEHTANBHBIX HAOTIOIEHUHN 3a pa3BUTHEM OCAJIOK (DYHIAMEHTOB Kak
CTPOSIIIIMXCS, TAK U IKCIUTYaTUPYEMBIX 30aHUA U COOPYKEHUH [3, 4].

C 1enpio mpoBEPKH 3TUX TOJIOKEHUM HaMU OBLIM BBITIOJHEHBI SKCIIEPUMEHTATb-
HbIEe HAOJIOZICHUS 32 PA3BUTUEM OCaJI0K HAXOMASIIErocsl B CTaJUM 3aBEPIICHUS CTPO-
UTEIHCTBA MHOTO(YHKIIMOHAILHOTO TOPrOBOTO IIEHTpa B . MUHCKE.

[IpenBapuTenbHO 10 Havajia HAOJIIOACHUN OB COOpaHbI CBEJICHUSI O COCTOSTHUU
KOHCTPYKITUH, O paHee BBITOJHEHHBIX pad0Tax Mo M3MepeHuro AedopmMaiivii, Hame-
YEHO PaCIOJIOKEHUE 0CATOYHBIX MAPOK M PENEPOB, IUIOMIAJ0K MPUIIOKEHUS HArPY3-
KH ¥ YCTAHOBJICHA ITUKIMYHOCTDH IO MPOBEACHUIO PaOOT M3MEpEeHHs 0canoK PpyHa-
MEHTOB [3, 6].

["abaputHbie pasmeps! 3qanus 302,0 x 120,0 M. BoicoTa B pa3HbIX 0CSIX MEHSIETCH,
HO He mpeBbimaeT 25,0 M. 37aHKue TOProBOTO IEHTPa pa3lIesieHO Ha TpU (PYHKIIHUO-
HaJbHBIX OJIOKA, KKIBIM M3 KOTOPBIX, B CBOIO OYEPENb, Pa3/IelieH Ha HECKOJBKO
TeMIepaTypHbIX OTCEKOB AehOpMaIllMOHHBIMU IIIBAMU Ha TAPHBIX KOJOHaX. B o6miei
CJIOKHOCTH 3/1aHu€ pa3zesneHo Ha 13 gedopmanoHHbIx 0510k0B. OMHOITAKHAS TIPSI-
MOYTOJIbHAs 4acTh 34aHus JmHOU 109,0 M mupunoit 126,0 M BeINOJIHEHA B KENE30-
O0eToHHOM Kapkace. B kauecTtBe (pyHIaMEHTOB 1Ol COOpPHBIE KEIE300€TOHHBIE KO-
JIOHHBI 3aMPOEKTUPOBAHbI CBaHBIC (PYHAAMEHTHI W3 BBIIITAMIIOBAHHBIX KOHYCHBIX
cBail nnuHOM 4,0 M, 00bEIMHEHHBIX MOBEPXY MOHOJIUTHBIM K€JI€300€TOHHBIM POCT-
BEpKOM [7].
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JIByXaTakHas 4acTh TOProBOro IeHtpa B ocsax 15...23 u b...® BeinosHEeHa B
MOHOJIMTHOM KapKace KaK MHOTOINPOJIETHOE 3/IaHKe, Pa3[AeICHHOE TEMIIEPATyPHBIMU
mBamMu Mexay ocsimu M — H Ha nBa 6:10ka. KosloHHBI IepBOro 3Taka — MOHOJIUTHBIE,
ceueraueM oT 400x400 mm 1o 1500%500 MM, ¢ stueiikoit 9,0%12,0 m 1 12,0x18,0 M Ha
BTOpOM 3Taxe. B ocsix 24...41 u b — @ — 31aHue pa3neneHo TeMnepaTrypHbIMU 11Ba-
MUy Ha 7 010k0B Mexay ocsamu 32—-33, 37-38 u /I...E, P...C. 3nech KOJIOHHBHI C cede-
Huem 400x400 u 500x500 MM, ¢ stuerikoi 9,0x12,0 M Ha TIEpBOM 3TaXKe U C A4CiKa-
mu 12,0x18,0 m u 9,0x36,0 M — Ha BTOpOM »Taxe. ODyHIaMEHTHI CBaliHbIE, U3 KOHYC-
HBIX CBail B BBIIITAMIIOBAHHBIX CKBaXXMHAX, JJIMHON 8,0 M, 00bEIMHEHHBIX IO BEPXY
MOHOJIUTHBIM POCTBEPKOM.

OcHoBaHMeE O MOJIBI 0 TPYHTY B MPEIETaxX BCETO MATHA 3aCTPOUKHU 3aITPOEKTH-
POBAHO M3 OTCHIIIAHHBIX TPYHTOB MyTEM YCTPOMCTBA r€OMAcCHUBa METOJIOM BUOPOIIO-
IPYKEHHSI KOHUYECKHX ITyaHCOHOB C MOCIEAYIOIIMM 3allO0JIHEHUEM CKBAXXUH CyXOM
IIEMEHTHO-TIECYaHON CMEChIO [7].

Ha pucynke 1 noka3zansl momaaky Ne 1...Ne 3, B npenenax KOTOPbIX MPUKIA/IbI-
BaJIU MOJIE3HYIO HArPY3Ky, a TAKXKE CXEeMa YCTAHOBKU OCAJOUYHBIX MApOK.

[Ipu BbIOOpE CXEMBI YCTAHOBKM OCAJOYHBIX MApOK OBLUIM YYTECHBI CIEIAYIOIIHE
O0COOEHHOCTH M COOOpaXEHUS:

e B yactu 31aHud (ocu 15...25 u b...®), B TeueHne neproja BpeMEHH C HOAOPs
2019 r. no ssaBapb 2021 r., ObUIM BBIIOJHEHBI HAOIIOICHUS 3a OCaKaMu (PpyHIaMeH-
TOB €I1I€ B IEPHUO/T €Er0 CTPOUTEIHCTBA;

® [I0 BCEM YCTAaHOBJICHHBIM MapKam ObLIN MOJYYEHBbI CYIIECTBEHHBbIC 3HAYCHUS
ocanok ¢pyHgaMmeHToB (0T 52,9 MM 1o 116,7 MM). 3HAaUUTEILHO MEHBIIINE 3HAYCHUS
0CaJIKA UMEIOT MECTO B TOYKax Ha repeceueHuu ocerd T/15 u T/19;

e [pupalleHue ocagaku 3a nepuoj ¢ 24.12.2019 ot 22.01.21 (Touka Ha nepeceue-
Huu ocedt 1/19) npu HensmeHHOM Harpys3ke (IpHOCTaHOBKA CTPOUTENBCTBA) COCTAa-
BuJ1o 68,9 MM unm 59,0 % oT moTHOM;

® HMH)XCHEPHO-T€OJIOTUYECKUE YCJIOBUS HA JAHHOM YYacTKE IpPEACTaBIEHBI ca-
MBIMU MOIIHBIMU TOJIIaMU TOPda;

® MECTa YCTAaHOBKH OCAJIOYHBIX MapoOK pa3zesieHbl 1eOopMaIlMOHHBIMU IIIBAMH.

Mecra mioniaiok HarpyeHusi ObLITM BBIOpaHbl TAKUM 00pa3oM, YTOObI UMENACh
BO3MOKHOCTh OIIEHUTh B3aMMHOE BJIMSIHHE HArpy3Kd Ha OCajaky (pyHIaMEHTOB Mpu
HaJIMYUU MEXAY HUMHU TeMIEepaTypHbIX U AehOpMaAIMOHHBIX IIBOB. Pacronoxenue
OCaJIOYHBIX MApPOK MO3BOJISUIO OMPEACIUTh 0CaiKy (YHIAMEHTOB B IIEHTPE MPUIIO-
KEHHOW Harpy3ku U B COCEIHMX IO MepuMeTpy Toukax. Kpome Toro, ocamodyHsie
MapKu ObLIM pa3MelieHbl B TOYKaX, CBOOOIHBIX OT Harpy3ku (ocu 16...18 u K..M,
20...22 u P...VY), 4To mo3BoiMWIO (DUKCUPOBATH OCAJKH B TEUEHUE BCEro IMepuoja
WCTIBITAHUU.

[Tone3nyro Harpy3ky NpUKIaAbIBaIN, HArpyXas MOCTOSHHO TPH IUIOIIAJIKU (pu-
cyHok 2). [locie cHATHUS TIepBOHAYaIbHBIX OTCUETOB Ha riomiaake Ne 1 Obuta mpu-
JI0’KEHa Harpy3ka MHTEHCUBHOCTHIO P = 400 kr/mM°. Ha 14 1eHp OT Hadyama HCIBITa-
HU} TI0CIIe CHSTHS OTCYETOB HATpy3Ka ObLIa yBemmdeHa g0 600 kr/m°. Uepes Mecsil
OT HavaJla WCTIbITAaHUN ObUTa HarpykeHa riomanaka Ne 2 Harpyskoi P =400 KI/M>.
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Uepes 17 nueit ona Obuta yBenuueHa a0 600 kr/m2. Ha 61 JIEHb OT Hayajia UCOBITAaHUN
. 2

ObLna 3arpykena momasaka Ne 3 Harpyskon 600 kr/m°. Uepes Heneno Bce TpH TIIO-

aaKd ObUTH pa3rpykeHbl. OJIHaKO U3MEPEeHHE 0CaI0K (YHIAMEHTOB MPOIOIKIIA U

IIOCJIE CHATHS BCEU HArPYy3KH.
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Pucynok 1 — Inan yacTul 31aHUs C YCTaHOBJIEHHBIMU J1e(pOPMAIMOHHBIMU MapKaMu
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PucyHnok 2 — I'paguk Bo31€iCTBUS BpEMEHHOM Harpy3KkH Ha MEPEKPHITHE B 3aBH-
CUMOCTH OT €€ BEJINYMHBI U ITPOJOJKUTEIbHOCTH

['paduku pa3BuTHs CpeIHUX O0CaTOK (PYHIAMEHTOB, PACIIONOKEHHBIX B Mpeaeax
rIomaaky Harpyxenus Ne 1, mokasansl Ha pUCYHKe 3.
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Pucynok 3 — Mamenenue ocajku GyHIaMEHTOB MPU WX HArPy>KEHUH HATPY3KOH
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Nx aHaiM3 MOKa3bIBACT, UTO MPU ACUCTBUM MOJie3HOM Harpy3ku P = 400 Kr/M?
HauOOJBIIYI0 OCAJIKy UMEIOT (YHIAMEHTHI, HAXOJSIINECs B IIEHTPE 3arpy’KEHHOU
wiomiaau (My; My). Ilpu ynanenuu ot 1ieHTpa ocajaka ymenbinaercs. Hanbonee nnteH-
CUBHBIM pOCT OCaJIKM XapaKTepeH B MEPBbIC JIHU Mepelayu Harpy3Ku Ha (PyHIaMEHTHI.
Yepes HeAemo ¢ MOMEHTA MIPWIOKEHUS HAarpy3Kd pocT ocaiaku 3amesierca. Cuneny-
JOLIHE JIBE HEACTH POCT OCIKH COCTABILICT HE oonee 0,01 Mmm/nens, HECMOTpS HA yBe-
IMIEHNE HATPY3KH 1O 600 kr/mM°. OmHako 3arpy3ka riomanku Ne 2 Harpyskoi
400 Kr/mM® CYILIECTBEHHO OTPAXACTCs HA PasBHTHH OCAIOK MapoK My...Myp, HECMOTPS
Ha TO, 4TO Turomiaaka Ne 2 HaxoAsaTcs Ha yganeHun oosee 27,0 M ot tutormaaku Ne 1.
Bonee toro, momanku Ne 1 u Ne 2 paznenstor aBa negopMannoHHbIX mBa (ocu 19—
20; 23-24). Poct ocanku cocraBui 6osee 3,0 mm. CKOPOCTh OCaJIKU Ha 3TOM y4acTKe
coctaBuia 0,16 MM/I[eHB T. €. OHa Bo3pocya Oosee yeM B 16 pa3. YBenudueHue Harpys-
ku 10 600 Kr/M YK€ HE OKa3bIBa€T CYIIECTBEHHOI'O BJIMSHUS Ha POCT OCAJKH, T. €.
OIISITh MTPOUCXOJUT YMEHBIICHHE €€ CKOPOCTU, XOTS B MEHbILIEH CTeTeHU. AHAIOTUY-
Hasl KapTHUHA Pa3BUTHUA 0CaJ0K (DyHAAMEHTOB B Ipenesax miomaaku Ne 1 xapaktepHa
¥ TIpH 3arpykeHnH miomaaku Ne 3 marpyskoit P = 600 kr/m®. OiHaKO Ha 5TOM y4acT-
K€ TEHJICHIIMS K YMEHBIICHUIO CKOPOCTHU JAePOopMaIi MEHBIIE, YeM TpHU Mpeablay-
nmx 3arpyxenusix. Cinenyer oOpaTuTh BHUMaHuE Ha TO, yTo ruiomaakd Ne 1 u Ne 3
paznensitor AehOpMaIlMOHHBIE M TEMIIEpaTypHBIE IIBHI. TaKI/IM 00pa3oM OYEBHJIHO,
YTO MAaKCHMAJIbHBIC OCAIKH BBI3BIBACT Harpyska 400 kr/m°. Eé nampHeiimee yBemmde-
Hue 3¢ (deKTa yBeIMUYEeHUsS POCTa OCAJKU HE BBI3BIBACT. DTO O3HAYACT, 4TO MOIe3Has
HATpy3Ka, JIONMyCKAaeMas Ha IEPEeKpBITHs, JODKHA ObITh MeHee 400 xr/m®. C mpyroit
CTOPOHBI, OYEBUIHO OOJIBIIIOE BIMSHUE HArpy3Kd, MPUIIOKEHHOM HAa COCEIHUX IUIO-
aikax, XOTs ¥ BecbMa yIanEHHbIX. JJaHHBIN (akT MOATBEPXKIAETCS pa3BUTHEM OCa/I-
K1 (YHIaMEHTOB, Ha KOTOPBIX Harpy3Ka He MPHUKJIAAbIBAIach (PUCYHOK 4).

m13-m20 0 kr/M?

>

A

KomrmuecTBo nueii

80
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Ocanka, MM
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PucyHnok 4 — Pa3Butue ocagku (GyHIaMEHTOB Ha TJIOLIA/IKE BHE MJIOIIAAN 3arpy3Ku
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['paduku ocamox ¢GyHIaMEHTOB (MapKu Mi3...Myy) B 3HAYUTEIHHOM CTETICHU
AyOnupyroT u3MeHeHHe ocaJok (pyHaameHToB Ha mwiomianke Ne 1. MakcumanbHast
ocajika 37ech 0oJble, 4eM y (yHIaMEHTOB B IIEHTPE 3arpy>KeHHOMU Tuiomaaku. Jle-
(dbopMallMOHHbIE TIBBI MPEAYCMOTPEHHYIO MPU MPOCKTUPOBAHUM UM (PYHKIUIO HE
BBINONHSAIOT. [lepenavy ycminii Ha KOJIOHHBI U UX (DYHJIAMEHTHI OT 3arpy>KeHus yjaa-
JNEHHBIX IUIOMAJA0K MOYKHO OOBSICHUTB >KECTKOCTBIO KapKaca MEPEKPBITUS U HWHXKE-
HEPHO-TEOJOTUYECKUMH yCIIOBUSMH. ClieI0OBaTENbHO, MPU MPUIIOKEHUHM TOJIE3HOU
Harpy3kd Ha TEpEeKphITUSd OHAa He JospkHa mnpeswimars 100...150 Kr/m? npu ee
CIUIOLIHOM PaCIOJIOKEHUU. DTO MOATBEPIKIAETCS BBINOJHEHHBIMU pacyeTaMu Oca-
TOK (PyH/IaMEHTOB B COOTBETCTBUU C TpeOoBaHusAMU [9...11]. TlomydueHHbIE pe3yib-
TaThl MOKa3bIBAIOT, YTO ocajika (yHaamenta (ocu WM/19) npu mone3Hoi Harpyske
P =100 xr/m* ¢ Y4ETOM BIIMSAHHUS COCEIHUX (I)XHI[aMeHTOB cocraBuser 1,2 MM.
[Tpu yBenuuenuu nosie3noit Harpy3ku 10 300 kr/m” ocanka cocrasiset 0,39 Mm.

CpaBHUTENBHBIN aHAIU3 PACUETHBIX M AKCIEPUMEHTAILHO HAOIIOJAaEMBIX BEJIU-
YUH 0CaJ0K U UX HEPAaBHOMEPHOCTH MOKa3aj, YTO MOTPEIIHOCTh MOXKET ObITh 3HaYU-
TenbHOU U npebimath 40 % u 6onee.

AHanu3 rpadUKOB OCaJKU MPH Pa3IMYHbIX JABJICHUSAX MOKA3bIBAET, YTO €€ CTa-
Ounm3anus BO3MOXHa, Korja ocajaka He npesbimaet 1,1 mM. [Ipuaumast 3Ty Benuuu-
HY OCAJIKM KaK COOTBETCTBYIOIIYIO HOPMAJIbHOM AKCILTyaTalluy OJIOKA 3JaHUSl B OCSIX
14..28, MakCHMaJIBHYI0 PaBHOMEPHO-PACIPENEIUTEIBHYIO HATPy3Ky CIEIyEeT MIpu-
HEMaTh He 6omee 100..150 kr/m.

Crnenyer Takke OTMETUTh, YTO JIF0OO€ MPOSIBICHNUE AUHAMUYECKUX BO3/AE€UCTBUN
HEraTUBHO MOBJIMSET KaK Ha BEJIMYMHY OCAIKU (DYHIAMEHTOB, TaK M €€ HEpaBHOMEP-
HOCTBb.

BriBoabI

AHanu3 pacy€THBIX M AKCIEPUMEHTAIBHO HAOMIOAAEMBbIX BEJIMYMH OCAJOK U UX
HEPAaBHOMEPHOCTH MOKa3aji, YTO MOTPEIIHOCTh MOXKET ObITh 3HAYUTENIbHON M Ipe-
BbImath 40 % u Oosee.

Tak ’Ke yCTaHOBJIEHO, YTO JKECTKOCTh KapKaca 3[aHHs BIUSET Ha Pa3BUTHE OCa-
0K (pyH/IaMEHTOB BHE 3arpy>E€HHBIX IUIOMAA0K, yaaneHHbix Ha 30—40 M oT mecT
JNEUCTBUS HArPY3KHU.

Crabunmu3zanus ocajiku OT AEHCTBUS MOJE3HOM HArpy3kd BO3MOXHA MPU €€ BEIu-
yHe He Oosiee 1.1 MM, YTO COOTBETCTBYET MAKCUMAJIbHOMY 3HAYEHUIO PABHOMEPHO-
pacrpeneneHHoi Harpy3ku P = 100 kr/m’,
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PACTUTEJIbBHBIX BOJIOKOH
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Pedepar

[IpuBeneHsl pe3yiabTaThl KOMIUICKCHBIX WCCJICIOBAHUMA TETIOM3OJISIIIMOHHBIX
TUTUT, COAEPAIINX B KauyeCTBE BOJOKHUCTOTO CTPYKTYpOOOpa3yIoIIero MaTepuaa
JBHSHBIE 04echl. [IpemcTaBiieHbl CBEICHHSI O COCTAaBE M COOTHOIIEHUH KOMITOHEHTOB
YTCIUIMTEIIS HA OCHOBE OYECOB JIbHA. Y CTAHOBJICHBI ITOKA3aTe)IM COPOIIMOHHON BIIaK-
HOCTH TIPU OTHOCHTENIbHON BIaKHOCTH Bo3ayxa 40-97 % u xosdduimeHTs mapo-
MIPOHUITIAEMOCTH TETIOM3O0JIAIIMOHHOTO MaTepuaia U3 JbHSHbIX odecoB. Ha ocHOBa-
HUW HATYPHBIX HWCHBITAHWA TOATBEpKJIeHA 3(P(HEKTUBHOCTH TEIIOM3OJISIIIMOHHBIX
IUTUT U3 OYECOB JIbHA B KA4yeCTBE TEILIOBOM HM3OJAIMU ISl OTPaKIAFOIIMX KOH-
CTPYKUHM KUIIBIX JOMOB.
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Kar4deBble cj10Ba: 04eChl JIbHA, TCIIJIOM3O0JIAOWMOHHBIC IIJIIMTHI, COCTAaB, (I)I/ISI/I‘IG—
CKHC I10Ka3aTcCIIn.

BBenenue

PanonanbHOE€  MCMOJIB30BAHWE BTOPUYHOIO  CBIPhS  PACTUTENIBHOTO  WJIU
CEJIbCXO3SIMICTBEHHOTO MPOUCXOXKICHUSI TPUHAMJCKUAT K aKTyaJlbHBIM BOMNpPOCaM
COBPEMEHOTI0 3Tana pa3BuTusl HayKu. D(PPEKTUBHBIM PEIICHUEM MTOCTaBICHHOM 3a/1a4u
SIBJISIETCSI UCTIOJIb30BAHUE PACTUTEIBHBIX BOJIOKOH B KAUECTCBE CTYKTYpOOOPa3yIOIIEro
MaTepuaia yTeIuiuTeNied B KOMIUIEKCE C JKOJOTHYECKH O€30MacHBIMU BSIKYIUMHU.
K orpanuuuBatomium  ¢akropaM MPUMEHEHHUS TEIUIOM3OJSIUOHHBIX  IUIUT U3
pacTuTeNbHOrO Chipbsd B bemapycu u Poccum OTHOCSTCS BBICOKAass CTOMMOCTB,
rOpIOYECTh U OTCYTCTBHE KECTKOCTH MPHU MaJIol cpenHe mioTHOCTH. OIHAKO MpPOBO-
JMMbIE UCCIIEIOBAHUSA 110 Pa3pabO0TKe TEIIOBOM H30JISIUN C IPUMEHEHUEM PACTUTEIb-
HBIX BOJIOKOH TIOJITBEPKIAIOT BOCTPEOOBAHHOCTH TAHHOTO HAIPABJICHHS.

HauGounpiee pacrpocTpaHeHHE B KaUu€CTBE CTPYKTYpOOOpa3yroliero Marepuaia
TETUIOU30JIALIMOHHBIX TUTUT HA OCHOBE CBHIPbSl PACTUTEIBHOTO MPOUCXOKACHUS MOTY-
YUJIU JPEBECHBIC BOJIOKHA. CBA3YIOIMMU KOMIIOHEHTAMU MOTYT BBICTYIATh MOJIMBU-
HUJaneTaTHeld kien [1], cmona [2], mapadun [3] U cUHTeTHYECKHUE BOJIOKHA [4].
TeruioBast u30s1MsT W3 BOJOKOH JPEBECHHBI HMEIOT cieayromue (U3uKo-
MEXaHUICCKNE XapaKTePUCTUKU: CPEIHSS TIOTHOCTh — 30270 Kr/M>, Ko3(phuneHT
temtonpoBoaHocTy — 0,038—0,059 B1/(M-°C), npouHocTs Ha cxkatue npu 10 % ne-
dbopmarmm — 0,01-0,15 MITa.

B Hacrosiiee BpeMsi 0co00€ BHUMaHUE YJETSETCS UCCIEIOBAHUSM IO palyo-
HaJIbHOMY HCIIOJIb30BaHUIO BTOPUYHOIO CHIPhS CEJIbCKOXO3SUCTBEHHBIX KYJBTYP.
JlanHbple O cocTaBax, CpelHEd IJIOTHOCTH W KOd(PUIMEHTaX TEIIONPOBOJHOCTU
HanOoJIee U3BECTHBIX TEIUIOU3OJSIIMOHHBIX IIUT U3 BOJIOKOH CEIhCKOXO3SIICTBEHHO-
r'0 ChIPbS MPEJICTAaBICHBI B TabuIie 1.

[IpuBenennsie (HU3MKO-MEXaHUYECKUE TTOKa3aTeau (Tadiuna 1) TeniaoBoil m3o-
JSAIUU Ha OCHOBE BTOPUYHOTO CHIPbSl CEJIHCKOXO3SMCTBEHHBIX KYJIBTYpP MOJTBEP-
KIa0T 23Q(PEKTUBHOCTh YTEIIUTENCH Ha OCHOBE CTPYKTYpOOOpa3yroIIuX MaTepua-
JIOB BOJIOKHUCTOM CTPYKTYpbl. OTHAKO MOUCK MaKCUMaJIbHO 3(P(HEKTUBHOTO CTPYK-
TypooOpa3yloliero marepuajia U3 BTOPUYHBIX BOJIOKOH CEIbCKOXO3SMCTBEHHBIX
KYJbTYp U TEIJOU3OJAIMOHHBIX MaTepHUalOB OCTAETCS BEChbMa aKTyaJIbHOU U
BAKHOU 3aJ1a4eil.

OcHoBHasl YacTh

OcHoBHas 3a/1aya UCCJIEIOBAHUN 3aKII0YaIach B TIOJYYCHUH YKOJOTUYECKH Oe3-
OMACHBIX YTEIUTUTENICH C BHICOKUMHU TEIUIO(DU3NYECKUMU XapaKTepUCTUKaMu, obec-
MEYMBAIOIIUMH DKOJIOTHYECKYIO O€30MaCHOCTD JIJIsl YEJIOBEKA U OKPYXKAIOIIECH Cpe/Ibl.

Komnonenmui 06pazyoe meniousonayuoHHuix naum

JIpHsHBIE OYechl JMHOM OT 5 10 10 cM UCMOIb30BaIHM B KaUue€CTBE CTPYKTYPOOO-
pa3ymoIIero Marepuasia sl U3roTOBJICHUsT 00pa3IoB TEIIOBOM u3oisuu. s npo-
BEJICHUS CPABHUTEIBHBIX HCIBITAHUN TMOJyYald OOpa3Ilbl YTEIUTUTENS U3 BOJOKOH
npHa. JKuakoe HaTpueBOe CTEKII0, MOIU(PHUITMPOBAHHOE IBYXKOMITOHEHTHOM 100aB-
KOM M3BECTH U TUIICA, IPUMEHSUIN B BUAE BSHKYIIETO KOMIIOHEHTA.
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Ta6amua 1 — CoctaB, cpeHss MIOTHOCTh U KOA(PPUIUEHT TEILIONMPOBOIHOCTH
TEIUIOBOY M30JIALIMU HA OCHOBE BTOPUYHBIX BOJOKOH CEJIbCKOXO035IMCTBEHHOTO ChIPhS

CrpykTypoos- Cpenmis Kﬁ){fg; o

No|  pazytommii | Ceszyromiee | JloOaBku IUIOTHOCT®, Boz[Hocg " Ccblika

MaTepua KI/M Br/(M-°C)

1 JIbHsAHOE noan3dup- _ 32-34 0,04 [5]
BOJIOKHO HOE BOJIOKHO

9 JIbHsIHOE Kpaxmai comu 0o- 30_34 0,038-0,04 [6]
BOJIOKHO pa

3 KonomnsiHoe | mOHACTP cozna 35_40 0,038-0,04 [7]
BOJIOKHO

4 | BonokHO KHUJIIKOE - 40—-100 0,037-0,041 [8]
XJIOTTKa CTEKJIO

5 | BonokHo - - 150-450 | 0,059-0,082 | [9]
XJIOTTKA

6 | BoyokHO KO- | KHJKOE —
DBl MacJI4- | CTEKIIO 135-168 | 0,046-0,047 [10]
HOW MaJbMBbl

7 | Koxocosbre _ - 30-115 0,058-0,097 | [11]
BOJIOKHA

8 | Moxyrosbie | xuakoe - 60-100 | 0,037-0,049 | [12]
BOJIOKHA CTEKJIO

OcHogHble ceolicmea menio8ol U3oIAYUU

OneHka pe3ysnbTaToB UcCie0BaHUs KOA((ULIMEHTOB TEIUIONPOBOAHOCTH YTEILIH-
TeJe Ha OCHOBE JIbHSIHBIX OYECOB M BOJIOKOH CBHUJIETEJILCTBYET O TOM, YTO MPHU Baphb-
MPOBAHUH cpeHeil mwioTHOCTH 0T 60 10 100 Kr/M°> KO QHUIHEHT TeIONPOBOIHOCTH
oOpa3ioB u3mensercs B npenenax 0,035-0,045 Bt/(m-°C). Ilpu 3TOM, 3HaYCHUS KO-
3¢ PUITMEHTOB TEMIOMPOBOIHOCTH 00Pa3IIOB U3 OYECOB JIbHA B cpeHeM Ha 16 % Hibke
nokasaresei 00pa3loB HA OCHOBE BOJIOKOH JibHA. Take CTOMT OTMETHTbh, YTO MUHU-
mManbHble 3HaueHus 0,035 B1/(m-°C) u 0,042 B1/(M-°C) y 00pa31ioB U3 04€coB JIbHA U
JBHSHBIX BOJIOKOH OIpPEAENICHbI U cpeaHeil mioTHocTH 80 Kr/m”™.

AHanu3 NOJy4eHHbIX JaHHBIX O MPOYHOCTH Ha cxkarue npu 10 % nedopmanuu
T103BOJIII BBISIBHTB, YTO IPH MIOTHOCTH 60 Kr/M® MOKa3aTeTH MPOYHOCTH 0OPa3IOB
Ha OCHOBE OYECOB M BOJIOKOH JIbHA COCTaBIISIIOT (),17-10'2 MlIIa u 0,26-10'2 MIIa co-
OTBETCTBEHHO. [ToBhIlIeHHE cpeHel MmIoTHOCTH 00pa3noB 10 100 Kr/M° IIPUBOJUT K
YBEJIMYECHHIO MTPOYHOCTH Ha cxatue npu 10 % nedopmanuu B 1,8 u 1,6 paza. 3amena
JBHSHBIX BOJIOKOH Ha OYECHl JIbHA B UCCIEIYEMOM JIMalla30HE CpeHEW TUIOTHOCTH
CHUKAET 3HAYEHUSI IPOYHOCTH B cpeHeM Ha 29-35 %.

Konuuecmeennwiu cocmag meniouzonayuoHHblx Mamepuaios

[To pe3ynbTaTam MpoBENEHHBIX HCCIEAOBaHUN KOd(DPHIMEHTa TETIONMPOBOJHOCTH
Y MPOYHOCTH Ha cxatue npu 10 % aegopmaiy ycTaHOBIIEH U PUBEJIEH B TabiuLe 2
HEOOXOJIMMBIM KOJIWYECTBEHHBIH COCTAB TEIIOBOM M30JISAIIMU, 00CCIIEYNMBAIONINNA BbI-
COKHE TeIUIO(U3UYECKUE XaPAKTEPUCTHKH YTETUTUTENIEH U3 OYECOB U BOJIOKOH JIbHA.
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Taﬁ.lmua 2 — KoanuuecTBEHHBIN COCTaB U IJIOTHOCTD TCTIJIOU30JIAIWMOHHBIX ITJIUT

Pacxo KOMIIOHEHTOB Ha 1 M°, KT
CTPYKTYpOOOPa3yIOIIHiA — Cpennsisa
Marepua y IJIOTHOCTB,
JTBHSHBIC 0YSCHI KUJIKOE Kr/M°
U3BECTh THUIIC
WJIA BOJIOKHA CTEKJIO
52-92 45-125 0,2-0,8 0,2-0,8 60-100

CopbyuoHHas 61ax3cHOCMb MENIOU30IAYUOHHBIX NIUM

3HayeHUs] COPOLMOHHOM BIIQXKHOCTH YTEIUIUTENECH Ha OCHOBE JIbHSHBIX OYECOB H
BOJIOKOH OTpEICISIN Ha 00pa3iax, 0TOOpaHHBIX U3 TEIUIOM30JIIIIHOHHBIX MAaTEPUAIIOB
co cpeaneii mioTHOCTHIO 70 Kr/M°. TeIION30MAIMOHHEIC MIATH HMETH CIeAYIOLTHii
PAacXoil KOMIIOHEHTOB Ha | M°: CTpyKTypoobpasymommii Matepuan — 60 Kr/m°, HaTpHe-
BOE XKHJIKOE CTEKI0 — 9 Kr/M>, rumc — 0,5 kr/m° i m3ects — 0,5 kr/m°. M3oTepMbl copo-
MM BOJSHOTO Tapa oOpa3lamMy TEIUIOBOM W3O0JISIHMHU, TONYyYEHHBIE MO pe3ylibTaTam
MPOBEJICHHOTO SKCIIEPUMEHTA, TPEICTaBICHBI Ha pUCYHKE 1.

40

(8]
o

20

-
o

CopbumnoHHasa BnaXxHocTb, %

0
30 40 50 60 70 80 90 100

OTHOCKTEnNbHAas BNaXXHOCTb BO34yXa, %

CocraBnl Ha OCHOBE: 1 — 04ecoB JIbHA; 2 — BOJIOKOH JIbHA
Pucynok 1 — M3otepMbl copOIIMu BOASIHOTO 1apa MaTepraiaMu

Ha ocHOBaHMM MOJIy9eHHBIX JaHHBIX (PUCYHOK 1) yCTaHOBJICHO, YTO MPH OTHOCH-
TeIbHOU BIakHOCTH Bo3ayxa 40 % u 60 % copOunoHHas BIaXKHOCTH 0Opa3IoB Ha OC-
HOBe o4ecoB JibHA coctaBisieT 10,2 % u 14 % cooTBeTCTBEHHO, 4TO Ha 9 % HIDKE Mo-
KazaTesnel oOpaslioB U3 JBHSHBIX BOJIOKOH. COpOIMOHHAS BIAXKHOCTH OOpa3IOB Ha
CTPYKTYypOOOpa3yoIleM MaTepuaie U3 O4ecoB NpU BIaxHOCTH Bo3myxa 80 % paBHa
18,2 %, 4TO MpaKTHUYECKH COBIAJIaeT C BEJIWYMHOM 0Opa3I0OB Ha OCHOBE BOJIOKOH
npHa. BraxkHocth Bo3ayxa 90 % crnocoOCcTByeT BO3paCTaHUIO COPOIIMOHHON BIIAXKHO-
CTH 00pa3iioB U3 04YecoB JibHA J10 27 %, YTO BBINIE 3HAYCHHS] O0OpA3IlOB HAa OCHOBE
JBLHSHBIX BOJIOKOH Ha 12 %. Ilormolienre BOJASHBIX apoB o0pa3iiaMu, CoAepKalliMu
O4Y€eCHhI JIbHA, MMPU OTHOCUTEIBLHOM BIIa)KHOCTU Bo3ayxa 97 % cocrasmsier 37,6 %, uto
Ha 15 % BbIIIE BETMUUHBI COPOITUHU BOJISHBIX TTApOB 00pa3iiaMy U3 BOJIOKOH JIbHA.
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Bbonbme mokazaTenu COpOIMOHHON BIAKHOCTH Yy 00pa3iioB HA OCHOBE JIHHS-
HBIX 0YECOB OTHOCHTEIIBHO 00Opa3I[0B M3 BOJIOKOH JIbHA MIPU OTHOCUTEIILHOW BIIaXK-
HOCTH Bo3ayxa oT 90 110 97 % O0OBICHAIOTCS TEM, YTO pa3/leNIEHHbIE dJIEMEHTAPHbIE
BOJIOKHA B 0Yecax MUMEIOT OOJIbIIYI0 TEOMETPUUECKYIO MJIOMAh KOHTAKTa MOBEPX-
HOCTHU C BHEIIHEH CpeAol OTHOCHUTEIBHO MOKa3aTesie BOJIOKOH JIbHA, COCTOSIIMX
U3 IUIOTHBIX IMYYKOB MJIOTHO MPWJIETAIONINX JIPYT K APYTY SJIEMEHTAPHBIX BOJIOKOH.

Brusanue noxkazamens enasxcnocmu Ha menjionpo8oOHOCMb ymenaumeneti

HccnenoBanus mMpoBOAMIA Ha 00pa3iiax co CpeIHel MI0THOCTHIO0 70 kr/m°. Macca
00pa3IoB B CyxoM cocTosiHuu cocTaBisuia 219 r. KoadduimeHT TerionpoBoAHOCTH
o0pa31oB u3 ouecoB 1 BoJjokoH JbHa paBeH 0,035 B1/(m-°C) u 0,041 B1/(M-°C) cooT-
BETCTBEHHO. Pe3ynpTaThl HCClIeJOBaHUI PUBEACHBI B TAOIHLIE 3.

N3 sxcniepruMeHTaNbHBIX JaHHBIX (Tabnuua 3) clielyeT, 4To Yepe3 ABOE CYTOK IO-
Ka3aTesb BIAKHOCTU 00pas3ioB 1 u3 oyecoB JibHa aocturaeT 9,3 % u mpakTuyecku
UJCHTUYHO 3HAYCHHUIO OOpa3IOoB 5 HAa OCHOBE JIbHSAHBIX BOJOKOH. [l oOpas3ios 2,
coAepKalluX O4YeCHl JIbHA, yepe3 120 yacoB mociie Havajla UCIBITAHUM MOKAa3aTelb
BJI&YKHOCTHU ToBbIaeTcs 110 23,2 %, uro Ha 12 % Oompliie 3HaA4eHUsT 00pa3IoB 6 u3
BOJIOKOH JIbHa. B TedyeHue cienyromux 5 CyTOK BEJIMYMHA BJIAXKHOCTU OOpasIoB 3,
M3TOTOBJIEHHBIX HA OCHOBE 0YECOB, yBeIUunBaeTcs A0 32,4 %, 4To MpEBBIIIACT 3HA-
yeHue o0pasioB 7 W3 JIbHSHBIX BOJIOKOH Ha 19 %. Ilo cpaBHEHMIO ¢ TTOKa3aTelIIMU
CYyXHX MaTepualioB, nocie 20 CyTOK UCTIBITaHUS, COJIEPKAHNUE BIAXKHOCTH B 00pasiax
4 u 8 yBenuuuiock 10 36,9 % u 32,1 %.

OcCHOBBIBasICh Ha MOJYYECHHBIX pe3yibTarax (Tabiuna 3) ycTaHOBIEHO, YTO IMPH-
pocT k03¢ UIMEeHTa TEMIONPOBOHOCTH 00pa3IoB 1 u 5, comepxanux 04echl U BO-
JIOKHA JIbHA, TTocje 48 yacoB ucnbITaHui coctaBui U 23 % u 17 % COOTBETCTBEHHO.
[Tocne AT CYyTOK BBIACP>KUBAHMS IUTUT B TEPMETUYHON KaMmepe KOdPUIIMEHT Terl-
JIOTIPOBOJTHOCTU 00pa3lioB 2 U 6 U3 JILHAHBIX OYECOB U BOJIOKOH yBEIUYMIICS Ha 66 %
u 43 %. Usmenenue kordduimeHTa TEMIONPOBOJHOCTA 00pa3loB 3 3a BTOpbIC
120 gacoB cocraBisieT 16 %, a qiis o6pasioB 7-20 %. KoaddunuenT reronporoa-
HOCTH 00pa3ioB 4 U 8§ Ha OCHOBE OYECOB M BOJIOKOH JibHA Tocie 20 CyTOK MCIbITa-
HUs noBbicuiics B 1,9-2,1 pa3a 0OTHOCUTENBHO MOKA3aTENIe CyXUX MAaTepUaliOB, IPU
ATOM 3HaUY€HHE 00pa3IoB 8 MPEBHINIACT MOKa3aTesb 00pasioB 4 Ha 7 %.

C ucrnonp30BaHUEM TMOJYYEHHBIX 3aBUCUMOCTEH H3MEHEHUs KO3(p(UIIMEHTOB
TETJIONMPOBOJAHOCTH OT TOKa3aTessl BIaXHOCTH (Tabnuiia 3) ompenesieHo, YTO 3aBU-
CUMOCTh KOd((PUIMEeHTa TEIIOMPOBOJHOCTH OT BIAXKHOCTH ISl SKCIIEPUMEHTAI b-
HBIX TEIUIOM3O0JISIIIMOHHBIX MaTEpPUalIOB M3 BOJIOKOH PACTUTEILHOIO MPOUCXOXK]e-
HUS JOCTaTOYHO TOYHO AaNMpPOKCUMHUPYETCS IMOJUHOMUAIBLHON (yHKIIMEH BuUIa
K = a'W+b. KoadduiueHnt xoppensuun ypaBHEHUs Uil TUIMT HA OCHOBE OYECOB
nbHa pased R” = 0,993; st 06pasios U3 BOIOKOH bHa R? = 0,974,

3aBucUMOCTH KO PUIIMEHTa TETUIOMPOBOJHOCTH OT HM3MEHEHHUS IOKa3aTels
BJIAJKHOCTH PacCMaTPUBAEMbIX TEIJIOM3OISIUOHHBIX IUIMT MOXHO MPEICTaBUTH B
BHJIE BBIpaKEeHUN | 1 2:

A, =X, (0,0302- W +0,9721); 1)
A, =X, -(0,0292- W +0,9532), )
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rae Ay — Kod3((QUIMEHT TerIoNnpoOBOAHOCTH YTEIUIUTENs NMPU AAHHOW BIAXXHOCTH,
B1/(M-°C); Ay — KO3pGUIUEHT TETTONMPOBOIHOCTUA CYXOT0 TEIUIOM30JISILIMOHHOTO Ma-
tepuana, Br/(m-°C); W — BraxHoCTh TUIHT, %.

Tabaumma 3 — Iloka3arenu macchl, IJIOTHOCTH, BJIQKHOCTH WM Kod(hduimeHrta
TETUIONPOBOAHOCTH 00PA3IOB TEIJION30JISIITUOHHBIX IUIUT BO BJIAYKHOM COCTOSIHUH

Bpems ITokazarenu o6pa3ioB
No BBIJICPIKU-
nap- BAaHUS Ko3(pbULIMEeHT | HW3MEHEHHUE
muu o0OpasIoB Mae= | CPCAHAL | - BIKS Teronpo- | koddduirenra
o0pa3- | B KaMmepe, “a, HHOTHO%TB’ HOCTD, BOJIHOCTH, TETJIONPOBOJI-
r KI/M %
uoe CyTKH (4a- B1/(Mm-°C) HOCTH
ChI)
TETJION30JISIIIMOHHBIE TUTMTHI U3 JTLHSHBIX 09€COB
1 2 (48) 239,4 76,6 9,3 0,043 1,23
2 5(120) |269,8 86,3 23,2 0,058 1,66
3 10 (240) 290 92,8 32,4 0,067 1,91
4 20 (480) |299,8 95,8 36,9 0,075 2,14
TETJIOM30JISIIMOHHBIEC TUTUTHI M3 BOJIOKOH JIbHA
5 2 (48) 2389 76,4 9,1 0,049 1,2
6 5(120) |264,3 84,5 20,7 0,06 1,46
7 10 (240) | 278,6 89,1 27,2 0,072 1,76
8 20 (480) |289,4 92,5 32,1 0,08 1,95

HpI/I AIIIIPOKCUMAIINHN II0JIYYCHHBIX OAHHBIX BBIBCACHA OMIIMPHUYCCKAA 3aBUCH-
MOCTB KOB(l)(i)I/IHI/IeHTa TCIUIONPOBOAHOCTHU SKCIICPHUMCHTAJIbHBIX YTCHHHTCHCfI OT IIO-
Ka3aTcCJid BIIAKHOCTH 06H_I€FO BUaa:

Ay, =Xy -(@-W+Db), 3)

rae Ay — KOdOPUIMEHT TETUIONPOBOJHOCTH cyxoro matepuana, Bt/(m-°C); W —
BJIQXKHOCTh MaTepuana, %; a, b — smnupudeckue ko3pGuIMeHTs (11 MaTepraia Ha
OCHOBE OYECOB JIbHa HW MoauduImpoBaHHoro xuakoro crekma a = 0,0302,
b =0,9721; nns MmaTtepraia U3 BOJIOKOH JbHA U MOJU(PHUIIMPOBAHHOTO KUIKOIO CTEKIIA
a=0,0292, b = 0,9532).

Koaghgpuyuenm naponponuyaemocmu

st onpenenenust ko3P huiMeHTa maponpOHUIIAEMOCTH U3TOTABIUBAIIN 00PA3IIbI
cpeaHeii mIOTHOCTBIO OT 60 10 100 kr/mM°. B Tabuuie 4 mpeicTaBieH KOIMYECTBEH-
HBIM COCTaB, CpeHssl MIIOTHOCTh U KOA(P(UIMEHTHl NapONpOHUIIAEMOCTH HCCIeaye-
MBIX TETUIOU30JISIIMOHHBIX MAaTEPUAIIOB.

CornacHO TaHHBIM TaOIHIBI 4, 0OpA3Ihl TEIJIOBOW M30JIAIIMA Ha OCHOBE OYECOB
JbHA CpeaHeil MmIoTHocThio or 60 mo 100 KI/M°  00eCIeYnBaroT Kod(ppunreHT
napornponuraemocts B penenax 0,36—0,39 mr/(m-u-Ila). [Ipu ykazanHoM nuamnasone
CPEeIHUX TUIOTHOCTEH O0Opa3ilbl TEIJIOU3OJAIMOHHBIX TUIMT U3 JIbHSHBIX BOJOOKOH
MMEIOT TIOKa3aTeau  MaponpoHuiiaemMocTd, pasHeie 0,4—0,42  wmr/(m-u-lla).
CpaBHUTENBHBIN aHAIW3 3HAYCHUM MapONPOHUIIAEMOCTH O00pa3lloB Ha OCHOBE
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BOJIOKOH CEICKOXO3AMCTBEHOTO TMPOUCXOXKICHUS TOKa3al, 4YTO KO3 ULIMEHTHI
MapONPOHUIIAEMOCTH TEIUIOM3OJISIIUOHHBIX MaTEPUANIOB, COJEPKAILMX JIbHSIHBIC
ouecsl, Ha 5—10 % HMKe 3HaYEHUH TEII0BOM U30JIALUU U3 JIbHIHBIX BOJIOKOH.

Ta6anua 4 — KonnuecTBEeHHBIH COCTaB, CPEAHSS TJIOTHOCTh M KO3 (UIIMEHTHI
apONPOHULIAEMOCTH UCCIIEYEMBIX 00pa3IoB

Pacxon kommnoHneHToB Ha 1 MS, KT
No Cpennsis Koaddumment
06- | 09 | BOT o inkoe n3- | IVIOTHOCT, | MapoNpOHALACMO-
pasma | ©bU | JIOKHA | o0 | THIC o g KI/M cty, mr/m-u-lla
NbHA | JIBHA
2 50 = 9 05 | 05 60 0,39
4 - 50 9 05 | 05 60 0,42
6 70 - 9 05 | 05 80 0,38
8 — 70 9 05 | 05 80 0,41
10 90 — 9 05 | 05 100 0,36
12 - 90 9 05 | 05 100 0,4

Tennogusuveckue noxazamenu meniouU30JAYUOHHBIX MAMEPUALO8 U3 0YeCco8 U
B0JIOKOH JIbHA 8 YCI0BUSX IKCHIYamayuu 30aHuil

B ocenne-Becennmii nepuonbl 2017-2025 roaoB BBHINOJHSIUCH HAOIIOACHUS 3a
TEIIOPU3NYECKUMH MPOIECCAMU, MPOUCXOSAITUMHU B OTPAXKIAIOIMINX KOHCTPYKIIUSIX
OJIHOATAKHOTO >KHJIOTO J0Ma, COJIEPKAIMMH B KAYECTBE TEIIOBOM M3OJISLINH HCCIIE-
IyeMbI€ TETUIOW30JIALIMOHHBIEC IUTUTHI HA OCHOBE JILHSAHBIX BOJIOKOH U 04ecoB. Cpeni-
HSSI TUIOTHOCTh OOpa3IoB JjIsi KOHCTPYKIIMK YepAaYHOTO MEPEKPHITUSI COOTBETCTBO-
Baza 70 kr/m°. B HAPYKHBIX OTPAXIAKOIIMNX KOHCTPYKUHAX CTEH TOMOB C BEHTHIIU-
PYEMOI CHUCTEMOM YTEIUIEHUS U C JIEPEBIHHON KapKAaCHOM CUCTEMOW HCIOJb30BAIH
TETUION30JIALIMOHHBIE MATEPHUATIBI CO CPEAHEN TUIOTHOCTHIO 100 Kr/M°.

[To pe3ynbTraram MPOBEICHHBIX HATYPHBIX UCIHBITAHUN BBISIBIICHO, YTO MPU TEM-
neparype Bo3jyxa B 00beMe uepaadHoro mpoctpanctBa —17 °C mokaszareib TepMHU-
YECKOT'0 COMPOTHUBIICHUS TEIIONEPEaaue YepAaqyHOro NEPEKPHITUS C TEMION30ISAH-
OHHBIMH TLUITAMH HA OCHOBE 04YECOB JibHA cocTaBisieT 6,27 (M*-°C)/Br, uro Ha 13 %
MPEBBIIIAET 3HAYCHUE KOHCTPYKIMHU NMEPEKPBITUSA C MaTEpUaIaMy U3 JbHAHBIX BOJIO-
KOH. CTEHOBOE OTPa)KJE€HHUE C YCTPONCTBOM BEHTUJIMPYEMOW CUCTEMBI yTEIUICHUS,
BKJIIOYAIOIIEE TEIUIOBYIO M3OJSILMI0 HA OCHOBE OYECOB JIbHA, MPU TEMIIEpATYype
Hapy>kHOTO Bo3ayxa —23 °C obecrieunBaeT TEPMUUYECKOE COMPOTUBIICHUE TETLIOTNE-
pemade 3,24 (M*-°C)/BT, 4T0 BBIIIE MOKA3ATENs OrPAKIAIONICH KOHCTPYKIHH C yTell-
JUTENSIMU U3 JIbHSIHBIX BOJIOKOH Ha 11 %. ConpoTuBiieHne Terionepeaaye CTEHbI J10-
Ma C JEPEBSIHHOW KapKaCHOW CHUCTEMOM, COAEpKAIIEH B KQUECTBE YTEIUIEHUs TEIUIO-
M30JIAIIMOHHBIE MaTepualibl HA OCHOBE OYECOB, NPU MHHUMAJIBHOW TEMIIEpaType
HapyxHoro Bozayxa —22 °C Ha 17 % mnpeBbllIaeT 3HaUYE€HUE OTPakIaAIoIIeH KOH-
CTPYKIIMY C IUTHTAMH U3 BOJIOKOH JIbHa, paBHOe 3,78 (M*°C)/Br. IlonydeHHbIe MOKa-
3aTeNM YKa3bIBaIOT Ha O0ECIEeUEeHHE SKCIEPUMEHTAIIBHBIMU MaTepraiaMu BBICOKHX
TEIUIOU30JIMPYIOIIUX CBOMCTB B 3UMHUU IIEPUOLI.
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3akiouenue

Ha ocHoBaHWM wcCCIEAOBaHHWI YCTAaHOBIEHO, YTO TPH CPEAHEH TUIOTHOCTH
60—100 kr/m° Termosas W30JIAIIMS Ha OCHOBE 0YECOB JIbHA UMEET CIASAYIONUi (hr3u-
KO-MEXaHMUYECKHUE XapaKTEPUCTUKH: KodduimeHT TtemionpoBogHoctu — 0,035—
0,04 Bt/(m-°C), pouHocTs Ha cxatue mpu 10 % gedopmammn — 0,17-0,31-10 MITa,
kodhdunment naponponuraemocta — 0,36—0,39 mr/(m-u-I1a).

[Ipn oTHOCMTENBHOW BIIAXXHOCTH Bo3Ayxa 60—80 % copOLHMOHHAs BIAXHOCTb
TEIUIOBOM HM30JIIIIUM Ha OCHOBE 0o4ecoB cocrtaBideT 14—19 %, dro sBiageTcsd ocTa-
TOYHO HU3KUM IOKa3aTesieM ISl MaTepUaioB U3 PACTUTEIBHOTO ChIPBSI.

W3MeHeHne mokasaTelisi BIAKHOCTH OKa3bIBA€T CYIECTBEHHOE BIIMSIHUE HA Cpell-
HIOIO TIOTHOCTHh U KOA((UITMEHT TEIUIONPOBOIHOCTH TETUIOM3OJIIIMOHHBIX TUTUT Ha
OCHOBE OYECOB M BOJIOKOH JIbHA. YBEJIMYECHUE BIAKHOCTU TEIJIOU3OJISIIMOHHBIX MaTe-
pHAJIOB IPUBOUT K MOBBIIICHUIO TIOTHOCTH HA 32—37 % u Koa(duimenTa Terionpo-
BoaHocty B 1,9-2,1 paza. Ha ocHOBaHMM IOJIyYEHHBIX JAHHBIX BBIBEICHA SMITUPUYEC-
CKasi 3aBUCUMOCTh KO3(PPHIIMEHTA TEIJIONPOBOJIHOCTU YTEIUIUTEICH U3 JILHSHBIX OYe-
COB M BOJIOKOH OT TOKa3aTessl BIaXKHOCTU OOIIEro BHUJA, MO3BOJISIONIAs] TPOrHO3UPO-
BaTh 3HaUCHUS KOA(D(HUITUEHTA TETIONPOBOHOCTH C YIETOM BIAKHOCTH MaTepHala.

[ToyueHHbIE pe3yabTaThl HATYPHBIX UCTIBITAHUNM OTPakAAI0ONTUX KOHCTPYKIIUMA B
YCIIOBUSAX JKCIUTyaTalluy 37aHUil CBUIIETEIBCTBYIOT O TOM, YTO MPU MHUHUMAJbHBIX
3HAYCHUSIX HAPYKHOTO BO37yXa KOHCTPYKIIUH, BKIIOUAIONINE TETUIOU30JISIINOHHBIC
IJTUTHI U3 OYECOB JIbHA, UMEIOT 3HAYEHUSI COMPOTUBJICHUS TEIUIoNepeiaue, paBHbIE
3,24-6,27 (M*°C)/BT, 4TO HPEBBIMIACT MOKA3ATEIN CTCHOBBIX KOHCTPYKLHH M dep-
JTAYHOTO MEPEKPHITUS C TETIOU30JISIIMOHHBIMU MaTepUajibl HA OCHOBE JIbHIHBIX BOJIO-
KoH Ha 11-17 %. IIpoBea€HHbBIE UCTIBITAHUS TOATBEPKAAIOT BO3MOKHOCTh ITPUMEHE-
HUS TETUIOM30JIAIIMOHHBIX TUTUT U3 0YECOB JbHA KakK 3(PGEKTUBHOTO YTEILTATEIS IS
OTPaXAIOIIUX KOHCTPYKIIUH KHIIBIX JIOMOB.
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Pedepar

[[Inpokoe UCHOIb30BAHUE TEIUIOM3OJSALIMOHHBIX CTPOUTEIBHBIX MaTepualioB Ha
CTPOUTENBHBIX TUIomaakax PecnyOnuku benapych sSpko AEMOHCTPUPYET BBICOKHIA
CIIPOC Ha JIaHHBIA CEerMeHT mpoAykKiuu. OgHAKO NaHHBIM BUJI CTPOUTEIBHBIX MaTe-
pUaNOB HAa CErOJIHSIIHUI JI€Hb MPEICTaBIE€H B OCHOBHOM Tra30CHJIMKATHBIMU U Ke-

110


https://www.researchgate.net/profile/Krishpersad-Manohar
https://www.researchgate.net/profile/David-Yarbrough
https://www.researchgate.net/journal/Journal-of-Thermal-Envelope-and-Building-Science-1097-1963
https://www.researchgate.net/journal/Journal-of-Thermal-Envelope-and-Building-Science-1097-1963
http://dx.doi.org/10.1177/174425910002300308

PaM3UTOOETOHHBIMU OJIOKAMH, a TaKXK€ MUHEpaJIbHOW BaTOM M Pa3IMYHOrO poja
BCIICHEHHBIMH MOJIMMEPAMU.

B kauecTBe anbTEpHATUBBI NPEMJIAracTCs WCIOJIb30BAHUE TEXHOJIOTMM HEABTO-
KJIABHOT'O ra300€TOHA, KOTOPAasi MO3BOJISIET 3AMOJIHATH MOJOCTU ChEMHBIX M HECHEM-
HBIX ONATYOOK OTpaXIAOIIMX W TEPETOPOJOYHBIX CTPOHUTEIBHBIX KOHCTPYKITUN
BCITyYEHHOM ra300€TOHHOW CMEChIO U MOJy4aTh TOTOBBIEC TEINIOM30IUPYIOLIUE KOH-
CTPYKLIMHM 0€3 MPUMEHEHHs KJIaJJOUYHbIX PabOT U pacxoJ/ioB Ha KJIIEEBbIE MaTepUabl
JUTSL KJTAJKW IITYYHBIX OJIOUHBIX U3Nenuil. J[aHHas TEXHOJIOTHSI JOIMOJHUTEIBHO pe-
IIIaeT BOMPOC YTWIM3AIMA TOHKUX (PPAKIUN TPAHUTHBIX OTCEBOB IMPOU3BOJICTBA
PVYIIII «I'panuT», . MuKameBuym.

KaroueBble c10Ba: SYCHCTHI OCTOH, HEABTOKJIABHBIM Ia300€TOH, ra300eTOHHAS
CM€Ch, MUKPO3AMOJIHUTEIb JIJIsl SYEUCTOr0 OETOHA, COCTaB ra300€TOHHON CMECH.

Beenenne

Ha cerogusmnuii aens B PecnyOnuke benapych Temnon30JsLHOHHBIE CTPOU-
TEJIbHBIE MATEPUAJIbl HUCIIOJIb3YKOTCS IOBCEMECTHO.

["a3ocunmnkaTHbIE U KEPAM3UTOOETOHHBIE OJIOKM MCHOJB3YIOTCS B KayeCTBE TEIl-
JIOU30JIALIMOHHOTO 3aIIOJIHEHHUS KeJIe300€TOHHBIX KapKacoB COOPHOTO U MOHOJIMTHO-
ro JIOMOCTPOEHHUS, & TAK)KE B KAUECTBE KOHCTPYKIIMOHHO-TEIJION30JIALIMOHHBIX CTPO-
UTEJIbHBIX MAaTepHaioB NpU OJOYHON TEXHOJOTMHM BO3BEACHUS MAJIOITAXHBIX 37a-
HUIA: TIPU CTPOMTENIBCTBE YaCTHBIX JOMOB, KOTTE/DKEH 1 Tak nanee [1-7].

OnHako TEXHOJOTHS BO3BEACHHS OrpaXJAloIIUX U IEPEeropoAOYHBIX KOH-
CTPYKLMH, a TaK)Ke 3al0JTHEHUE JKeJe300€TOHHBIX COOPHBIX U MOHOJMTHBIX Kap-
KAacoOB TEIJIOU30JSIIUOHHBIMHU IITYYHBIMU OJOYHBIMU M3IENUSAMU TPeOyeT AOMOJI-
HUTEJIbHBIX PACX0J0B TPYJIOBBIX PECYPCOB U KIIEEBBIX CTPOUTEIBHBIX MATEPUATIOB
IU1s1 IPOBEJECHUS KJIAJJOYHBIX padoT. B cBs3u ¢ 3TUM OoJsiee paliMoHaIbHO UCIOJb-
30BaHME TEXHOJIOTMU HEaBTOKJIABHOIO ra3o0eToHa ISl 3allOJHEHUs ChEMHBIX U
HECHEMHBIX OMNaNTy0OK IMpU YCTPOMCTBE CTEH 3/1aHM, MO3BOJSIONIEE MOJYydYaTh
TEIJIOU30JIMPOBAHHBIE OTPaXJAIONIUEe W TEPEropoJOYHbIE KOHCTPYKIUU, MHUHYS
TPpyAOEMKHE KIaJOYHbIE pabOThl U Pacxo/bl Ha MPUOOPETEHHE U MPUTOTOBICHUE
KJIEEBBIX CYXHX CMECEH.

AKTYyaJnbHOCTh MpejiaraéMoi TEXHOJOTMH HEABTOKIABHOIO ra3o0eToHa enié 00-
Jjee BbIpaXEHA TEM, YTO B HACTOALIEE BpPEMs AKTUBHO Pa3BUBAETCS TEXHOJIOTHS
ctpoutenbHoi 3D-nedatu [8] ¢ MCMONB30BaHUEM MPOMBIIIUICHHBIX MPUHTEPOB, pa-
OoTtaromux Ha 0a3e OETOHOKOMIIO3UTHBIX CMECEH, MPU KOTOPOW (OpMYyeTCs MOJIBINA
KOHTYp OIPaKJAIOLIMX U MEePEeropoAOYHBbIX KOHCTPYKUHUM, MOJIOCTH KOTOPOTO HEOO-
XOJIMMO 3arOJHATh TEIUIOU30JIUPYIOLIUM COCTaBOM. [[aHHAs TEXHOJIOTUSI HepeaIu3y-
eMa C UCMOJIb30BaHUEM HITYYHBIX OJIOYHBIX U3JEIHUNA, B CBSI3U C ATUM Ui €€ peanu-
3allMM PEKOMEHI0BaHbl HEABTOKJIABHBIE MEHO- U ra300€TOHHBIE CMECH, a TaKkKe Io-
JUMEpHbIE BCITyYMBAEMbl€ COCTaBbl. Tak Kak TEIUIOM3OJISI[MOHHbIE MaTepuajbl Ha
OCHOBE TOJMMEPOB SIBJISIIOTCS TOPIOYUMHU, OHU MPEACTABISIOTCS MeHee 3P (eKTHB-
HBIMU M O€30MAaCHBIMH MPHU MPOU3BOACTBE CTPOUTENBHBIX PabOT U AKCIUTyaTalluu
BO3BEJACHHBIX KOHCTPYKIIMM.

B cBsI3M €O cka3zaHHBIM paHee OY€BMJIHA 11eJ1eCO00Pa3HOCTh MPUMEHEHUE HEaBTO-
KJIABHOM TEXHOJIOTUH MPUTOTOBJICHUS ra300€TOHHBIX CMECE B COBPEMEHHOM CTPOU-
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TEJIbCTBE, METOAUKY U IPUMEP pacdyéTra coCcTaBa KOTOPBIX aBTOP IPUBOJUT B JAHHOM
CTaThbe.

JIonOoIHUTENBHBIEC TPEUMYILIECTBA UCIIOJIB30BaHUS JAHHOW TEXHOJIOTMHM Ha CTPO-
UTENbHBIX IuTomaakax PecnyOmnuku benapych BbIpak€HbI TEM, YTO OHA MO3BOJIAET
3¢ (}HEeKTUBHO yTUIU3MPOBATH CYIIECTBYIOIINE OTBaJbl OTXOJOB MPOU3BOACTBA Ipa-
HUTHOTO MIEOHS, HaKomuBIIUecs Ha Tepputopuu npeanpusitus PYIIIL «I'panurty,
r. Muxkaiesuyu.

MarepuaJjibl, UCHOJIb3yeMble /Jisi MPUTOTOBJIEHUSI HEABTOKJIABHOM ra3ooe-
TOHHOM CMecH

B kauecmee sso1cyueco ncnonbzoBanu nopriaananeMedHT «[UEM 1 42,5 H» no
I'OCT 31108-2020 nmu «CEM 1 42,5N» no CTb — EH 197-1-2020 (cooTBETCTBYET
M500-110 mo 'OCT 10178-85, 2-ii rpynmsl 3¢ (GEeKTUBHOCTH).

B kauecmee ynvmpaoucnepcnozo MUKpo3anoinumeisi UICNOJIb30BAIM CEMapUpo-
BaHHbIN (Syn. ~ 20000 cM?/T) TpaHUTHBIN OTCEB.

B kauecmee 2azoobpazosamens npuMeHsIIH amoMuHueByto nyapy ITATI-1.

B kauecmee 0obasxku ona npucomosnenus 6oouou cycneusuu IIAII-1 uc-
MOJIb30BaJId CyNepIuiacTu(GUKATOpP Ha OCHOBE MOJMOKCUATHUICHOBBIX MPOU3BO -
HBIX NoJuUMeTakpuinoBoi kucioTel Pemamukc [IK, oTBewaromeid TpeboBaHUIM
TY 5745-034-58042865-2008, mpomsoactea AO 'K «Ilomummnacty, bema-
pycb — Poccus.

1. 3amar0TCs IPOEKTHOI [UIOTHOCTBIO ra300eToHa, KI/M°. B danHom ciyuae npu-
numaem 200 ke/v’.

2. 3anatorcst cootHomenrem (M3/11), ucxonast u3 Toro, 4to, 4eM HUXKE TpeOyemas
IJIOTHOCTH OeToHa, TeM BhImie (M3/1]) u MeHbIe pacxo/ IEMEHTa, JUana3oH PeKo-
MEHAYEMBbIX 3HAYEHHN JAHHOTO COOTHOWIeHUs Haxoautcsa ot 0,5 no 1. Ilpunumaem
M3/1]=1.

3. OnpenensroT pacxoj 1eMenTa no gopmyie (1):

= —P (1)

To(s+M3/1))

[Tocne noactanoBku B popmyity (1) hakTHUECKUX TaHHBIX MOJTYYaeM CIEAyIoIee
BBIPAKECHHE:

200-1
]_l = m = 93, Kr.
4. OnpeaensitoT pacxo]i MUKpO3arnoaHuTens no hopmyne (2):
M3 =11 - (M3/L)), kr. (2)

[Tocne noactaHoBku B popmyity (2) paKTHUECKUX TaHHBIX MMOJTy4YaeM CIeAyrolee
BBIPAKEHHUE:

M3 =93-1 = 93, Kr.
5. OnpenenstoT CyMMapHbIN pacxo]l TBEPIbIX KOMIIOHEHTOB 110 dhopmyiie (3):
T =1 + M3, kr. (3)
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[Tocne nmoactanoBku B hopmyiy (3) pakTHUECKUX JAHHBIX MOJydaeM Cleayroliee
BBIPKCHHUE:

T=93+93 = 186, kr.

MeToauka u NnpuMep pacdera cocraBa HEABTOKJIABHOTO AYCHCTOIO rasooe-
TOHA TCIVIOU30JAINOHHOIO HA3HAYCHUA

Ta6auna 1 — OGo3HaueHUs, TPUHITHIC B (HOPMYJIaX METOIUKH pacdyeTa cOCTaBa
ra300€TOHHON cMecu

Ne HaumenoBanue noxkasareJieu Oo6o03HayeHune
1 2 3
1 | Pacxon ieMeHTa Ha IpUTOTOBIeHHE | M° ra300€ToHa, KT I
2 | InotHOCTH rOTOBOTO ra306eTOHa B CyX0M [9] cocTosTHIM, KI/M’ Ps
3 | O6wvem monoctu hopmsl, M° Vo
4 | Pacxox MUKpO3amoHUTENs Ha IPUTOTOBIEHHE | M° ra3obe- M3
TOHA, KT
5 | CymmapHblii pacxoji TBEPJbIX KOMIIOHEHTOB Ha MPHUTOTOB- T
nenne | M° ra3o6eToHa, Kr
6 | Pacxom Bommsl Ha MPUTOTOBIEHKE 1 M° Ta306eTOHA, KT B
7 | McTuHHAs TUIOTHOCTh MUKPO3AMOIHUTENS (IJ11 TpaHUTa —
2670 xr/v’) Pus. er.
8 | Hcrunnas miotHocTh nementa (3100 kr/m®) Pr wer.
9 | Mcruanas muotHOCTS Bom! (1000 KI/M°) Ps
10 | O6bem 3anutoit B hopmy ST4EUCTOOCTOHHOM CMECH JI0 ra30- v
00pa3oBaHus, M 6.cM
11 | KoaddummenT BecrnyunBanust (mpu Tekydect cmecu 40 Mmm K
U BUOPOBCITYYMBAaHUU — 2,7 TOJH €]1.) Beil.
12 | Pacxoj HeramieHol W3BECTH, KT 41
13 | AxtuBHOCTh Tazoobpazosarens (ITAII-1), nomu ex. A,
14 | AXTMBHOCTb HETAIICHOW U3BECTH, JIOJH €]1. A,
15 | MaccoBas o1 csobogHoro CaO B 1ieMeHTe, 10 €. Wcqo
16 | Pacxox m06aBKU-TINacTH(UKATOPa HA MPUTOTOBICHHE 1 M°
ra3o0eToHa, Kr A
17 | Pacxox razoobpa3oBaTeNs Ha NPUTOTOBIEHHE 1 M° ra3ole- r

TOHA, KT

6. Onpenensatot cootHowmenue (B/T) nna (M3/1]) = 1, koTopoe 3aTeM KOPPEeKTH-
PYIOT TP HEOOXOAMMOCTH, MPH YCIOBHH, YTO ONTHMAJIbHOE 3HAYCHUE TEKYYECTH
coorBercTBYeT 40 MM (pucyHok 1). B dannom cayuae npunumaem (B/T) = 120 % uiu
1,2 0onu eo.

7. OnpenenstoT pacxo]i BoAsI o Gopmye (4):

B=T-(B/T),kr.
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[Tocne moacTanoBku B hopMyity (4) pakTHUECKUX JAHHBIX MOJy4aeM Cleayrolee
BBIPKCHHUE:

B=186-1,2 = 223, kr.

rCEM142,5N;M3/LU=0 S =20000 (orces); _ §,720000 (oTces), 5,7 20000 (oTces);
120 II /" M3/L=0,1 / M3/L=050 /" M3/L=1,00
2100 :'Ili;ii|lll .I = e
Z T T T JTr__T__' py
. I e e B 4 et Sl s B b i
280 1 o LA T |
5 | | |
3 60 )
vl
(7} & —
2P S o e o A e
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300
B/T, %

Pucynok 1 — 3aBucumMoctsb TekydecTH ot (B/T) a1t pa3nuuHbIX COOTHOIICHUMA
(M3/11), mpu UCTIOTIB30BAHUH B KAUECTBE MUKPO3AMIOJTHUTEIS MbUICBUAHBIX hpaKiiui
N o 2
TPaHUTHOH MOPOIBI € YIEIbHON MOBEPXHOCTBIO Sy, = 20000 cM/T.

8. OnpenensoT 00beM 3aIUTON B (POopMy SUESHCTOOCTOHHOM CMECH JI0 Ta3000pa-
3oBaHus o popmyre (5):
M3 B
Voom, = —— +——+ " (5)

pM3 HCT. pL[ HMCT. pB

[Tocne moactaHoBku B popmyity (5) paKTHUECKUX TaHHBIX MMOJTYYaeM CIEAYIOIIEee
BBIPA)KECHHE:

93 93 223

Ysen = 5670 T 3100 T 1000

9. Ilpu cobmonenun mpasuia, 4to Vo, = 0,25 Vg, ypoBeHb HEOOXOAUMOTO
BCITy4MBaHUsI OETOHA JAHHOTO cocTaBa obecrieunBaeTcs. [IpoBepsieM JaHHOE MPaBUIIO:

0,29 > 0,25 1.

B nanHOM ciydae mpaBuiio coOJIromaeTcs, Ciaea0BaTeNIbHO, BCITyYHBAaHKE Tra300e-
TOHHOM CMeCH J10 HE0OXO0IMMOTO 00beMa BO3MOKHO.

Ecnmu mipu pacdere 00beM HEBCITYYCHHOM Ta300€TOHHON CMECH BBIXOIUT MEHEE
25 % oT oObeMa BHYTpEHHEH MONOCTH (POPMBI, TO HEOOXOAUMO YBEIHMYUTH COOTHO-
menue (M3/11) u, coorBercTBeHHO, (B/T), yBeau4uB mnpu 3ToM 00beM CMECH 3a CUET
YBEJIMYCHHS COACp>KaHUs B HEM BOJIbI, IPU COXPAHEHUHU €€ ONTUMAIbHOU TEKYYEeCTH
~ 40 MM.

10. Hanee ompenenstoT pacxoabl KOMIIOHEHTOB Ha | M° CMeCH MO CIEAYIOIINM
3aBUCUMOCTSIM:

10.1. Pacxon razoobpazosarens [TAII-1 (myapa anromunuesasi) no popmye (6):

= 0,29, m3.

1—( M3 ., LI B
F — P M3 HCT. I P11 uCT. I PB , KT. (6)
0,25'kgq.
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[Tocne moacTanoBku B hopMyity (6) paKTHUECKUX JAHHBIX MOJIy4aeM Cleayrolee
BBIPKCHHUE:

93 93 223
1 - (3570 * 3700 * 7000
0.25-2.7

10.2. KonuvecTBO moOaBKH-TUIacTU(HUKATOPA VIS TIPUTOTOBJICHHS Ta3000pa3yo-
el cycnensuu o gpopmyie (7):

T =

= 1,06, Kr.

A=T-0,167, kr. (7)

ITocne noxcranoBku B (popMyiry (7) pakTHUECKUX JaHHBIX MOJy4YaeM CIETYIOLIEe
BBIp)KEHHE!
A =1,06-0167 = 0,18, kr.

10.3. Pacxon Heramenol uzBectu o dopmyie (8):

LA 168,3 — £2Ca0 oy (8)
54-A, A,

U=

[Tocne nmoacranoBku B opmyity (8) hakKTHUECKUX JTaHHBIX MMOJTy4YaeM CIeAyIolee
BBIPAXKEHUE:

~1,06-0,95 1683 93-0,0065 316
= 5408 ' 08 o
10.4. Pacxo JOMOJHUTEIBHOM BOJIBI JJISI TAllICHHUS U3BECTH 110 dhopmyiie (9):
WA,
By = 56.1 - 18. (9)

[Tocne nmoacranoBku B popmyity (9) hakTHUECKUX TaHHBIX MOJTy4YaeM CIeayIolee
BBIPAXKEHUE:

. 3,16-08

By = +18 = 0,81, kr.
I 56,1 8 = 0,81, kr

Ta6auna 2 — CBoanas Tabiuiia pacxo 0B KOMIIOHEHTOB Tra300€TOHHOM CMecH Ha
MIPUTOTOBJICHUE | M° ra306eTOHa IOTHOCTBI0 200 Kr/M

Ne HaumMmeHoBaHHe nOKa3aTejel O0o3HavyeHue
1 |Pacxox niemeHTa, Kr 93

2 |Pacxom MHUKpO3amoIHUTEINS, KT 93

3 |CymMapHBIit pacxo]1 BObI, KT (J1) 224

4 |Pacxoj HeraleHOW U3BECTHU, KT 3,16

5 |Pacxon nob6aBku-miactudgukaTopa, Kr 0,18

6 |Pacxon razoobpazoBaresis, KT 1,06

Anpo0arnysi TaHHOTO COCTaBa B JJaOOPATOPHBIX YCJIOBUSAX MO3BOJIMIA MOJYYUTh
ra306eToH ¢ (aKTHUECKOH IIOTHOCTBIO B CyXoM cocTosHuE = 205 kr/m° [10] (uto
COOTBETCTBYET IUIOTHOCTU TEIUIOM3OJISIIIMOHHOTO stuenctoro Oerona mapku D200
[11]), uto moaTBepkaaer 3PPeKTUBHOCTh MPUBEACHHOIO METOJIa paccyeTa cocTaBa
ra300€TOHHON CMeCH.
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BbIBOABI

1. IlpuBenena MeTtoauka pacy€Ta COCTaBa CMECH JJii MPUTOTOBJICHUSI HEABTO-
KJIABHOT'O STYEUCTOTO ra300€TOHA Ha YJIbTPAIUCIIEPCHOM IPAHUTHOM MUKPO3aIlOJIHU-
TeJs, KOTOpasi akTyallbHA Ui TEXHOJIOTHMH HEABTOKJIABHOT'O ra300€TOHA, PEKOMEH10-
BAHHOM ISl UCIOJIB30BaHUSA B MOHOJUTHOM CTPOUTEILCTBE U TEXHOJOTUU CTPOHU-
TenbHOM 3D-1ieuaru.

2. Ilpencrapien npumep pacd€ra cocTaBa CMECH JUIsl U3TOTOBIIEHUS ra300eToHa
TEIUIOU30JIALIMOHHOTO HA3HAYEHHUS.

3. IlpencrasieH pe3ynbTaT anpoOaluy IpeajiaraeMoil METOJIMKU pacyéTa cCocTaBa
CMECH JIJIsl PUTOTOBJICHUSI HEABTOKJIABHOTO STYEUCTOrO ra300eToHa B J1a00paTOPHBIX
YCIIOBUSAX, KOTOPBII MOATBEpKAACT €€ 3PPEKTUBHOCTD.
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VK 666.946.2; 691.54

KOMITIO3UIIMOHHBIE MATEPHUAJIBI C DOPEKTOM PACHIMPEHUSA
HA OCHOBE CYJb®OAIOMHNHATA KAJIBIIUA

C. B. Camuenxo', H. C. T, pynmoez, d. b. lllymmm3

LI m. n., npogpeccop, 3asedyowuii kaghedpoii CmpoumenbHo20 Mamepuaio8edeHus,
UIIT'C OI'BOY Hayuonanvuulii ucciedosamenvckuit Mockosckuil 20cyo0apcmeeHtblil
cmpoumenvusiil ynusepcumem €-mail: SamchenkoSV@mgsu.ru
2 Cmyoenm 2-20 kypca 31 epynnot UI1I'C ®I'6OY HayuonanwvHulil uccredosamens-
ckuti Mockogckuii 20cyo0apcmeenHblil Cmpoumelbhblil YHUGepcumen,
e-mail: n_truntov@mail.ru
3 Cmyoenm 2-20 kypca 31 epynnot UI1I'C ®I'6OY HayuonanwvHuiti uccredosamens-
ckuti Mockogckuii 20cyo0apcmeenHblil Cmpoumelbhblil YHUGepcumen,
e-mail: robin.dreik@yandex.ru

Pedepar

Ilpeomem uccnedosanusn. KoMno3uimoHHble MaTepuaibl ¢ 3QHEeKToM paciupe-
HUS Ha OCHOBE J00AaBOK pa3IMYHOW MPHUPOABI M MPOTUBOIOIOKHBIX TO 3DDEKTY
(hopMUpOBaHUS CTPYKTYPhI IPOLIECCOB PACIIUPEHUS U YIUIOTHEHUSI.

Ilenu: onucanue ueneit uccneoosanusn. OnpeneieHNUe MPOYHOCTHRIX U aedop-
MAaIIMOHHBIX XAPAKTEPUCTUK KOMIIO3MIIMOHHOTO MaTepuaia, COCTOSIIEro U3 MOopT-
JAH/IIEMEHTa, pacIIUpsIoeics: 100aBKU Cyab(oamtoMUHATa KaJdblUsg U MYIoJia-
HOBOM JJOOABKM Tperiesia U U3y4eHUE CTPYKTYPhI 3aTBEPACBIINX 00pa3IloB.

Mamepuansl u memoosl. B xauecTBe UCXOJHBIX MAaTEpUATIOB B pabOTE UCIHOJIb-
3oBasiuch — nopriaanauemednT LHEM I 42,5H Espouement M500, cynbdoamtomMuHar
kanblusg (CAK) B BHUJIE TOHKOMOJIOTOTO CY/b(OATIOMUHATHOIO IIEMEHTA, a TaKXkKe
TUIICOBBIN KaMeHb ¢ conepxkanuem CaS04-2H20 — 93,20 %. B xauectBe mymiiosna-
HOBOU JT0OABKU WCIOJIb30BAIM TPEMesa XOTBIHEIIKOTO MECTOPOXKIEHUS C UCTHHHOU
MmI0THOCTEIO 2,40 T/cM®. OIpenemsuii MPOYHOCTh HA CKATHE 06PAsIoB U HX Aedop-
MaIllMOHHbIE XapakTepucThuku. CTPyKTypa 3aTBEPJIEBIIETO KOMIIO3UI[MOHHOTO MaTe-
puana onpenesuiach JIEKTPOHHO-MUKPOCKOITMYECKUM aHAIU30M.

Pesynvmamet. [IpouHocTh 00pa310B B OJHU CYTKH Y KOMIIO3UIIMOHHOTO MaTE€pHU-
ana Ha 26 % BeIlIe, yeM y 0€37100aBOYHOr0 MOPTIAAHAIIEMEHTa, HO TIPH JaJIbHEHIIIeM
TBEPJICHUU TPUPOCT €€ OTCTACT B TPEX- U CEMUCYTOYHOM BO3pACTE U MPUOIIKACTCS
K MPOYHOCTU KOHTPOJIBHOTO 00pasiia Tojdbko B 28 cyT. Takoe 3amejjieHHUE pocTa
MPOYHOCTH y KOMITO3UIIMOHHOTO MaTrepuaia OOYCIOBIEHO POCTOM pacCIIMpPEHUs
TBEPJCIOIIEH CHCTEMBI IO CEMH CYTOK C TOCJIEIYIOIMEH CTaOMIM3auei dTOi Ben-
YUHBI. Y KOHTPOJBHBIX 00pa3IoB MOpTIaH lieMeHTa GUKCUPYETCS ycalika, 4To 00Yy-
CJIOBIMBAET 0oJiee MHTEHCUBHOE HAapacTaHUE MPOYHOCTH 3a CUET YIJIOTHEHUS TBEp-
JNEIOUIEN CTPYKTYphl. M3ydueHue CTpyKTyphl 3aTBEpPAECBIIEH [IEMEHTHOM NMACThl KOM-
MO3UITMOHHOTO MaTepHalia MoKas3auo, YTO B €r0 COCTABE Pa3BUBAIOTCS KPUCTAJIIBI T-
TPUHTUTA, TOMUMO 3TOTO, (PUKCUPYIOTCS BHICOKOOCHOBHBIE M HHU3KOOCHOBHBIE TH/I-
POCHIIUKATHI KAJIbIIHSI, KOTOPBIE (DOPMUPYIOT IIOTHYIO CTPYKTYPY.
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KiroueBble ci10Ba: KOMIO3UIIMOHHbIE Matepuaibl ¢ 3PGHEKTOM pacuIupeHus,
Cyab(GOaIOMUHAT  Kalblus, IMYLIOJAaHOBas J00aBKa Tpemesn, d3JIEKTPOHHO-
MUKpPOCKONTMYECKUNA aHaAIIU3, ycaaodyHas aedopmaliusi, MEXaHu3M pPaCIIUpPEHUs Iie-
MEHTHOTO KaMHsI, CyJIb(pOATIOMUHATHOE PACIIMPEHNE, OKCUTHOE PACHIUPEHHE.

BBenenue

OpHOM U3 OCHOBHBIX MPOOJIEM TPATUIIMOHHBIX CTPOUTEIBHBIX MAaTEPUAJIOB SBJIS-
€TCsl UX IPEepacoyioKEHHOCTh K yCaJKe, BCIEICTBUE KOTOPOH MOTYT MOSIBISATHCA
TPEIIMHBI, YXYAIAThCS CLEIJICHHE C OCHOBAaHUEM, a TAKXKE CHUXKATHCS MPOYHOCTD.
JIJIst CHYDKEHMST YCaJIOUHbIX JIeopMaliiii IIUPOKO MCHOIB3YIOTCS KOMITO3UIIMOHHBIE
MaTepuaibl ¢ 3pdekToM pacimuperus. Takue MaTepralibl IPU TBEPJCHUU 0OeCIeUu-
BalOT YBEJIMYECHHUE 00beMa IIEMEHTHOTO KaMHs, €0 YIUIOTHEHUE U CaMOHAIPSIKEHHE,
npHUIaloT OETOHAM M PacTBOPaM BBICOKYIO BOJAOHEMPOHUIIAEMOCTD, OJarofaps 4yemy
UX YCHEIIHO MPUMEHSIIOT JIJIi OMOHOJIMYMBAHUS KeJIe300€TOHHBIX 3JIEMEHTOB, a
TaK)Ke U3TOTOBJICHUS CAMUX JKEJIE300€TOHHBIX U3JICIIHMA.

OcHOBHBIMHU (DaKTOpaMH, OMPENEISIONIMMH TEXHUYECKHUE CBONCTBA KOMIO3HUIIH-
OHHBIX MAaTEpPHUAJOB, SIBISETCA €r0 PEUENTYPHBIN, MPUPOAa PACIIUPSIONIETOCS KOM-
MOHEHTa, MUHEPAJIOTUYECKUIM COCTaB MOPTIAHAIIEMEHTHOTO KIMHKEpa, rPpaHyIoMeT-
PUYECKHI COCTaB IIEMEHTA M €T0 KOMIIOHEHTOB.

[Tpu npu3HanHO# 3((HEKTUBHOCTH TTPOU3BOACTBA KOMITO3UIIMOHHBIM MaTepHaIaM
¢ 3(pdexToM pacuupeHuss B HaCTOSIIEE BpeMsl HE YJEISeTCsl 3HAYUTEIbHOTO BHUMa-
HUA. DTO KacaeTcsl He TOJbKO PacIIMPEHUss aCCOPTUMEHTA CHEIHaIbHBIX [[EMEHTOB,
HO Y UCIOJB30BaHUE MX JJIA CO3JaHUS Pa3IMUHBIX BUAOB J00ABOK, B KOTOPHIX pas-
BUBAIOTCS Pa3JIMYHBIC MPOIECCHl MPU TUAPATAIUU U TBEPJICHUU LIEMEHTHBIX MAacCT.
[ToaTOMY Hcce0BaHUS COBMECTHOTO BIMSIHUS PACIIUPSIONIUXCS T0OABOK B cOUYETa-
HUU C MYLIIOJAHOBBIMU 0OaBKaMH JAJIsi CO3AAHUS KOMITO3UIIMOHHBIX MAaTEPHAJIOB C
a3 PeKTOM pacuiupeHust IBISETCS aKTyaJbHbIM.

HauGonee pacnpocTpaHeHHBIM CIIOCOOOM MOJMyYEeHUS] KOMITO3UIIMOHHBIX MaTepH-
aioB ¢ 3¢ (HEKTOM pacIIMpPEHUs SBISIETCSI COBMECTHBIN MOMOJ MOPTJIAHIIIEMEHTHOTO
KJIMHKEpa, Turca ¥ J00aBOK pacIIMpSIOMIMXCA W MyIHiojaHoBeIX [1]. B kauectse
pacimpsIonmxcs 100aBOK MIMPOKOE PacCHpOCTpAaHEHUE TOMYYMIH TIMHO3EMHCTHIE
IUTaKu U cyibdaTtrupoBannbie KiuHKepa [2, 34]. Takue m06aBKK MO3BOISIIOT oOecTe-
YHUTh MMOCTETICHHOE PACIINPEHNE IIEMEHTHOTO KAMHS U COXPaHSITh €T0 B TCUCHUE JIJTHU-
TEIBHOTO BpeMeHH. B kadecTBe MyIII0IaHOBIX JOOABOK MUCTIOIB3YIOTCS KaK JOOABKH
IPUPOIHOTO (OMOKHU, Tpemes U JIp.), TaK U JOOABKM MCKYCCTBEHHOI'O MPOUCXOXKIe-
HUSI, HAIPUMEP MUKPOKpEMHE3eM [4].

CymiecTByeT 1Ba OCHOBHBIX MEXaHHU3Ma PACIIUPEHUS [IEMEHTHOTO KaMHs: OKCHU/I-
Hoe pacmupenue B mpoiiecce rugpatanun CaO u MgO no Ca(OH), u Mg(OH), u
Cynb(oaToOMHUHATHOE PACHIMPEHUE BCIEJCTBHE O0pa3oBaHUs TUAPOCYIIb(oantoMu-
HaTa KaJIbIIUAL.

Pacmmpenue BO3HHMKAET M3-3a Pa3ABIIKEHUS B pE3ysIbTaTe TUAPATAIIMN KPUCTAI-
JMYECKOro KapKaca B TBEpCIOIICH [IEMEHTHOM nmacTe U yBeauyeHuH e€ oobéma. [le-
JI0 B TOM, YTO THJIPOKCHUIBI KAJbIIUS U MarHusi UMEIOT OOJIbIINN 00BEM, YeM UCXO/I-
HbIe OKcu bl CynbhaTHOE pacHIMpeHre MPOUCXOANT U3-3a 00pa30BaHUs dTTPUHTUTA
(3Ca0-Al,05-3CaS0,4-31H,0 ruapocynbdoanoMuHaTa Kalablys), €ro 00bEM 00IbIIe
MCXOJTHBIX KOMIIOHEHTOB Oo0Jjiee 4eM B JiBa pa3za. BakHO 3aMeTUTh, 4TO 00pa3oBaHUE
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rUAPOCYIb(OaTIOMUHATA KaJblMsl U BBI3BIBAEMOE UM PACIIUPEHUE JTOJKHO MPOXO-
IUTHh B Hauaje TBEPAEHUS, KOTJa Mbl UMEEM IJIACTHYHOE TECTO, TOTJa MOXHO H30e-
’KaTh TOSBIICHUS TPEIIMH M CHUKEHUE KadecTBa Marepuana. B pesynbpTaTe Cyib-
(hoaTIOMHUHATHOTO PACIIUPEHUS MOSABISIETCSI BO3MOKHOCTD JIOCTUYD YBEJIWYEHUS JIH-
HEWHBIX pa3MepoB LIEMEHTHOro KaMHs Ha 4-5 %. [Ipouecc pacumpenus: HeMeHTHOTO
KaMHs OyZeT AJUTHCS B TEUEHUE BCETO MpOIlecca CXBATHIBAHUS, U TaKOe JICHCTBHE
OyIeT IpoJ0JIKATHCS B TEUECHUE HEICIIH.

Cpenu (pakTopoB, onpenensommux TEXHHYECKUE CBOMCTBA KOMIIO3UIITMOHHBIX Ma-
TE€pHUaNoB, 0c000€ BHUMAHHE YAEISIETCS TUCIIEPCHOCTH [IEMEHTA U €r0 KOMIIOHEHTOB.
JIucnepcHOCTh, Kak U TPaHyJIOMETPUYECKUN COCTaB Pa3UYHBIX BUAOB PaCIIMPSIO-
mUXcs 100aBOK, OKa3bIBAIOT CYLIECTBEHHOE BIUSHUE Ha MPOILECCHl TMApPATALUUA U
dbopMUpOBaHHUE CTPYKTYPHI LIEMEHTHOTO KaMHS, MOP(OJIOTHIO KPUCTAIIOB 3TTPHUH-
TUTa U B 1IEJIOM Ha CBOWCTBAa KOMIO3UIIMOHHBIX MaTepuaioB ¢ 3(dexTom pacuupe-
Husl. Menkue ¢pakiuuy pacumpsitonmxcs A00aBOK 00ecreyruBaloT 00pa3oBaHUE
OOJIBIIIOT0 KOJIMYECTBA IEHTPOB KPUCTAJUIU3AIMH, & YaCTUIIBI TPYOBIX Ppakiuii 00y-
CJIOBJIMBAIOT POCT KPYHHBIX KpUCTALIOB. (s pacmmpsiomumx A00aBOK Ha OCHOBE
cynb(oamoMrHaTa KaJdbIUsl MPEANOUYTUTEICH MOJU(PPAKIMOHHBIA COCTaB, TJE CO-
JIep>)KaHie MHUHEPAJIOB JIOJDKHO OBITh Kak B MeENKHX (pakiusx (< 28 MKM), Tak H
KPYIHBIX Qpakiusax (45—-63 mrm) [5-7].

Ha oOpa3oBaHue U poCcT KpUCTAJUIOB STTPUHIUTA BIMSET MPUCYTCTBUE MOJIUMEP-
HBIX (PYHKITMOHAJIBHBIX 100aBOK. DTO 00YCIOBJICHO TE€M, YTO MPUCYTCTBUE B KHUIKOM
(haze MOBEPXHOCTHO-aKTUBHBIX BEIIECTB MPUBOAUT K CO3JaHUIO OOJIBIIOTO KOJUYe-
CTBa LIEHTPOB KPUCTAIUIM3AIUN U POCTY MEJIKOBOJIOKHHUCTBHIX MIIM MEJIKOUTOJIbYATHIX
KPUCTAJUIOB 3TTPUHTUTOBOM (Pa3bl, 4TO CIOCOOCTBYET (HOPMUPOBAHUIO IIJIOTHOW U
MIPOYHOM CTPYKTYPHI IEMEHTHOTO KaMHsl, PY THAPATAIMN BOKYIIIMX KOMITO3UIIMM Ha
OCHOBE CyJIb(hoamtoMHHATHOTO IeMeHTa [8—10].

OcTaeTcs OTKPBITHIM BOIPOC O COBMECTHOM MPOTEKAHUH JBYX MPOTHBOIIOIOXK-
HBIX 110 3P deKTy GOPMUPOBAHUS CTPYKTYPHI MIPOIIECCOB PACITUPEHUS U YIIIOTHEHHUS.
VYTJI0THEHHE TIEMEHTHOTO KaMHS MPOUCXOUT B pe3ysbTaTe MYyIII0JIAHOBON pEaKIINU
PEaKTUBHOTO KpEMHE3eMa C TUAPOKCHIOM KaJblUsl C 00pa30BaHUEM MEJKUX HU3KO-
OCHOBHBIX THJIPOCHJIMKATOB KalbluA. [[03TOMY 11e/1bI0 JaHHOTO MCCleI0BaHus ObLIO
ornpesereHre MPOYHOCTHBIX U Ae(OPMAIIMOHHBIX XapaKTEPUCTUK KOMITO3UIITMOHHOTO
Marepuana, COCTOAILIErO0 M3 MOPTIAHAUEMEHTa, pacIIUpsIOUIeics JA00aBKU Cyib-
(doanroMuHaTa KaJbLUs M MYLULOJIAaHOBOW JOOABKU Tpemena U U3y4eHUE CTPYKTYpPbI
3aTBEPJIEBIIUX 00Pa3IIOB.

B kayecTBe MCXOIHBIX MAaTEpUAJIOB B pabOTE HCHOIB30BAIMCH MOPTIAHIIIEMEHT
HEM I 42,5H Espouement M500 ¢ texnnueckumu ycaoBusmu o ['OCT 31108-
2020, 'OCT 30515-2013, cynbdoantomunat kansuusa (CAK) B Buze TOHKOMOJIOTOTO
cynbdoamoMoheppuTHOTO 1EMEHTa, a TAaK)KE TUIICOBBIM KaMEHb C COJEpKaHUEM
CaS0,4-2H,0 — 93,20 %. B xauecTBe MyI110JaHOBOM T00AaBKH MCIIOJIH30BAIA TPEMe
XOTBIHEIIKOTO MECTOPOXKJIEHUSI C UCTUHHOW TIOTHOCTHIO 2,40 r/em®. Xumunueckuit
COCTaB MaTEpHUAJIOB TIPEICTaBIICH B Ta0uIe 1.

CynbhoalFoMUHATHBIN IIEMEHT UMEJ pa3Mep 3€peH OT HECKOIBKUX MKM J0 25—
30 Mkm. Ero MuHepaaoruyeckuii coctaB o JaHHBIM PEHTTeHO(a30BOro aHaliu3a co-
crout u3 6emmuta (30 %) u unenTuduuupyetcs mo orpaxenusm d = 0,2785 uwm.
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Tadauna 1 — XuMu4eckuii COCTaB UCXOIHBIX MAaTEPHUAJIOB

Ne Al MeHOBAILE Conepxxanue okcuaoB, Macc.%
ILII. S|02 A|203 Fe,O; Cal MgO SO;| R,O| mnm
1 ITopTnanauemMenT
IIEM I 42,5H 20,10 456 | 8,72 | 62,75/ 1,99| 0,57 1,58 | 0,92
2 | Cymepoamomunar- | 15 29 1473 390| 5145 176 194 114| 270
HBII [IEMEHT 5
3 Tpenen 67,33| 10,68/ 9,36| 0,80 0,84| — | 3,35| 7,64

CynbdoantomMuHaTa Kanblus coaepkutcsa 65—70 % u uaeHTuGuIupyercs no oT-
pakenusim d = 0,372; 0,263; 0,215 um (pucyHok 1).
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Pucynok 1 — Pentrenorpamma cyinb(hoaqtoMUHATHOTO [IEMEHTA

OU3NKO-MEXaHNYECKUE UCTIBITAHUS IIEMEHTHOTO KaMHS ITPOBOUIIMCH B COOTBET-
ctBuu ¢ ['OCT 30744-2001. 1151 OLIEHKH MPOYHOCTH LIEMEHTHOTrO KaMHst Ha 1, 3, 7 u
28 cyTOK OBUIM MOATOTOBJIEHBI 00PA3LbI-KYOUKH pa3MepamMu TpaHel 2x2x2 cM mpu
BOJIOIIEMEHTHOM OTHOIIIeHHH, paBHOM 0,4. OOpasiibl BHIAECPKUBAIUCH B HOPMAJIbHBIX
ycnoBusix (Temmneparypa t =20 + 2 °C, naxxknocts W = 95 %) B kamMmepe HOpMaJIbHO-
ro tBepaeHuss CURACEM 65-L0013/D. IIpounocTs 00pa3ioB onpeaesiach ¢ uc-
noiabk3oBaHueM ruapasiandeckoro npecca CONTROLS MCC8 50-C8422.

Jledopmariusi IEeMEHTHOTO KaMHSI 1 OETOHA OBLITM M3MEPEHBI B T€UCHHE 28 CYTOK
Py TIOTPYKEHUU (B HOPMAJIbHOM YCJIOBUHM) B BOy. [l M3MepeHuil MCHoJb30Ba-
JUCh 00pa3lbl-0amouku pazMepoM 4x4x16 cM Tpu BOJOLIEMEHTHOM OTHOIICHUH,
paBaoM 0,4. 3mepenue nedopmariuii 06pas3iioB MPOBOIUIOCH C TIOMOIIIBIO YCTPOU-
ctBa g cpaBHenus LuHBI Mogeadn CONTROLS 62-L0035/A. Pacuer nedopmanmm
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1eMeHTa BoINoJHsuIics B cooTBeTcTBUU ¢ ['OCT P 56727-2015, a pacxoXaeHus Mex-
Ny pe3yibTaTaMH TpexX u3MepeHuil oneHuBanuch cormacio ['OCT 11052-74
(=15 %).

[To pe3ynbpTaTam HcclieIOBaHUS BBISICHUIOCH, YTO KOMITO3UIIMOHHBIA MaTepHall C
s dexToM pacmMpeHus I UCCIEIOBAHUS TOTOBUIICS CMEIIEHUEM TIPEIBApUTEITHHO
Pa3MOJIOTEIX KOMIIOHEHTOB. COOTHOIIIEHNE KOMITOHEHTOB ObuTO criemyromuM: [11] —
65 %, CAK — 15 %, I'unc — 10 %, Tpenen 10 %. B kauecTBe KOHTPOIHLHOTO 00pa3ia
UCIOJIb30BaJICs 0€3100aBOYHbBIN TOPTIAHAIIEMEHT.

OOpa3upl Nociae WX U3rOTOBJICHHS XPaHWIU B BOJE (HOpMaJbHBIE YCIOBHS Xpa-
HeHus ). Yepes 1, 3, 7, 14, 21 u 28 cyTok 00pa3ibl UCIBITHIBAIUCH HA POYHOCTD U
pacmpenue. [lomydeHHbIe MPOYHOCTHBIE XapaKTEPUCTUKK MTPUBEICHBI B Ta0IUIIE 2,
nehopMaIOHHbBIE XapaKTEPUCTUKH MPEICTABICHBI HA PUCYHKE 2.

Tabaunua 2 — [IpoyHOCTHBIE XapaKTEPUCTUKHU UCTIBITAHHBIX 00pasion (MIla)

Ne | HammenoBanwue Bpewms TBepaeHHS, CYT.
IL.11. obOpasia 1 3 7 14 21 28
1 KOHTPOJIbHBIHN 10,4 43,2 51,3 55,2 58,6 62,2
2 KOMITO3ULIMOHHGI | 14,15 37,3 46,8 52,1 55,0 59,7
4.000 36;‘“ SGIB'U
3.500 b d— J
3000
Z 2,300 |
; 2.000 -
Ei 1.500
; 1.000
0.500 |——— _ i |
0.083 0,019 -0.004 -0,054 0,050 0,056
0,000 f=— —z = — »
| 7 L4 21 28
0.500 .

Bpeya ipepaenns. ey

—— K\ —e—LoHT

Pucynok 2 — Kunetuka pacmmpenust 00pa3ioB KOMIO3UIIMOHHOTO MaTeprana u
KOHTPOJIBHOTO ITOPTJIAHALIEMEHTA

CoryiacHO MOJIyYeHHBIM JAHHBIM MPOYHOCTh B OJIHA CYTKUA Y KOMITO3UIIMOHHOTO
MaTepuana Ha 26 % BbllIe, 4eM y 0e3700aBOYHOT0O COCTaBa, HO MpPH JaJIbHEHIIEM
TBEPACHUU MPUPOCT €€ OTCTAET OT MPOYHOCTH 0€3/100aBOUYHOTO MOPTIAHALIEMEHTA B
TpEX- U CEMHCYTOYHOM BO3pacTe U MPUOJIMKAETCA K MPOYHOCTU KOHTPOJIBHOIO 00-
pazua Tosibko B 28 cyT. Takoe 3amejieHne pocTa MPOYHOCTH Y KOMIO3UIIMOHHOTO
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MaTepuasa 00yCcIOBIEHO POCTOM PACIIUPEHHUS TBEPACIOIIEN CUCTEMBI O CEMU CYTOK
C TocTeayIone crabunmusaluei 3Toil BeMMYuHbL. Y KOHTPOJBHBIX 00pa3lioB MOPT-
JaHAIeMeHTa PUKCUPYETCs ycaJKa, 4To 00yCIIOBIMBaeT 00Jjiee MHTEHCUBHOE Hapac-
TaHHE MPOYHOCTH (PUCYHOK 2).

MUKpOCTPYKTYpa LEMEHTHOTO KaMHsS M MPOAYKTHl T'MApPATAlUU HCCIETYEMBIX
COCTaBOB B BO3pacTe 28 CyT. M3y4aJld C NOMOIIBIO 3JEKTPOHHOW CKaHUPYIOLIEH
MuKpockonuu. IlosyueHHble JaHHbIE PECTABIEHBI HA PUCYHKE 3.

Kak BUIHO W3 IIPEACTABICHHBIX PE3YJIBTATOB, B CTPYKTypEe 3aTBEpACBIICH Iie-
MEHTHOM MacThl KOMITO3ULIMOHHOTO Marepuaia pa3BUBAKOTCS KPUCTAJIIbI 3TTPUHIU-
Ta, Ha pororpaduu BUIAHBI KAK UTOJIbYATHIE U NTpU3MaTHUECKue Kpuctamibl. [Tomumo
3TOr0, (PUKCUPYIOTCS BBICOKOOCHOBHBIE U HU3KOOCHOBHBIE I'MIPOCUIIMKATHI KaJIbILINS,
KOTOpBIE (POPMUPYIOT MIIOTHYIO CTPYKTYPY.

Takum 00pa3oM, COIJIACHO MOJYYEHHBIM IKCIIEPUMEHTAIbHBIM pe3yibTaTaM, HC-
[I0JIb30BAHNE B COCTaBE KOMIIO3UI[MOHHOTO BSXKYIIETO JOOABOK Pa3IMuHON MpUPOIbI
U Pa3IMyYHOTO JAEMCTBUS IPUBOAUT K HAIIPaBICHHOMY (POPMUPOBAHUIO KPUCTAIUIN3A-
LAOHHOM CTPYKTYPBI B TBEPACIOIIEH IEMEHTHOM NaCTE B HAYAJIbHBIM MOMEHT B COYE-
TaHUU C Pa3BUBAIOLICHCS KOATYJISLMOHHON CTPYKTYpOll B CPOPMUPOBAHHOM KapkKa-
Ce, UTO YJIy4lIaeT CTPYKTYPY LEMEHTHOM IaCThl.

Pucynok 3 — DnexTpoHHble MUKpodOTOrpaduu 3aTBepAeBIIEH IEMEHTHOM nac-
Thl KOMITO3UIIMOHHOTO MaTepuaja B BO3pacTe 28 CyT.

OmnpeneneHre MPOYHOCTHBIX U JIe(OPMAITMOHHBIX XapaKTEPUCTUK KOMITO3UIIMOH-
HOTO MaTepuaja, COCTOSIIIEro W3 MOPTIaHIIEMEHTa, PaCHIUpPSIomecs 100aBKU
cynb(doamoMrHATa KaNbIUA ¥ MYMIIOJAHOBOW TOOABKH Tperesa MO3BOJISIET KOHCTa-
TUPOBATH O MOJTYYECHUU KOMITO3UIIMOHHOTO MaTepuaia ¢ 3hPeKTom paciumpeHus.

BriBoabI

Omnpenenenre MPOYHOCTHBIX U Ae(hOPMAITMOHHBIX XapaKTEPUCTUK KOMIIO3UITHOH-
HOTO Marepuana, COCTOSIIEro W3 MOPTIAHAINEMEHTa, PACIIUPSIONEHCS T00aBKH
cyJib(oaTtoMHUHAaTa KaJIbIUS W MYIII0JaHOBON JOOABKM Tpereia Mo3BOJIsSeT KOHCTa-
TUPOBATH O MOJTYUYCHUH KOMITO3UITMOHHOTO MaTepuaia ¢ 3pPeKToM pacuiupeHus.
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Pedepar

B craTbe paccMOTpPEHO COOpY)KEHHE LIEMEHTHO-TPYHTOBBIX CBAaMHBIX (PyHIaMEH-
TOB METOJOM OypEHHs U IepeMENINBAHNS ¢ MeXaHOaKTUBanuel rpyHToB. [Ipoananu-
3UPOBAHBI PA3JIMYHbIE KOHCTPYKIIMHA U TEXHOJIOTHHM BO3BEACHUS CBAlHBIX (PyHIaMEH-
TOoB. Onucanbpl OCHOBHBIE U HAHOOJIEe MEPCHEKTUBHBIE TEXHOJIOTMYECKHUE MTPOLIECCHI
M3rOTOBJIEHHS CBaMHBIX (GyHIaMeHTOB. OOOCHOBAaHBI IPEHMYIIECTBA BO3BEICHHS
CBaMHBIX (YHIAMEHTOB METOJOM OYypEHHUS U IEepEMEIINBAHUS ¢ MEXaHOAKTHUBAIUEH
rpyHTOB. IIpencraBieHpl pe3yiabTaThl MUCCICIOBAHUM, CPAaBHUBAIOIINX TEXHHYECKUE
IIOKA3aTeNIM IIPU COOPYKECHHUHU PA3JIMYHBIX THUIIOB M KOHCTPYKIIMH CBaMHBIX (pyHIA-
MeHTOB. IlpuBeneHBl BBIBOABI W PEKOMEHAAIMU 10 BO3BEACHUIO IIEMEHTHO-
I'PYHTOBBIX CBaHBIX (DYHJIaMEHTOB.

KiaoueBble cj10Ba: cBaiiHble (PyHIAMEHTBHI, CBaM Ha IIEMECHTHOH OCHOBE, Iie-
MEHTHO-TPYHTOBBIC CBau, OYpOCMEIIHMBAIOIINNA METOI, MEXaHOAKTHUBAIIHS TPYHTOB.

Bsenenue

JlonroBeyHoCTh U 0€3aBapUIHOCTD 3aHUM U COOPY>KEHUI BO MHOTOM OIpeje-
JSFOTCST KOHCTPYKIIMEH M TEXHOJOTHEH MPOU3BOACTBA OCHOBaHWM M (hyHIAaMEHTOB
IPU  BO3BEJACHUU OOBEKTOB MPOMBIIUICHHOTO M T'PaXXJIaHCKOTO CTPOUTEIHCTBA.
A MHOTOOOpa3ue BapuaHTOB BO3BEJICHMS OCHOBAaHUM M (DYHIaMEHTOB pacUIUpPSET
BO3MO>XHOCTH ONTHMM3ALMM CTPOUTEILCTBA Ha «HyJeBOM uukie» [1-4]. Cyme-
CTBEHHOE COKpallleHHEe 3aTpaT Mpu pa3padOTKe U BO3BEJICHUU OCHOBAHUH 3/IaHUN U
COOPYKEHHUI MO3BOJISIET MPUMEHEHUE CBAMHBIX (PYHIAMEHTOB, 00BEM BHEIPEHUS KO-
TOPBIX BO3PACTAET C KAXKbIM T'OJIOM.

KoHCTpyKIuu 1 TEXHOJIOTUU BO3BEJCHUSI CBAaWHBIX (DYH/IAMEHTOB 3aBHUCST OT BU-
1a rpyHTa, GOPMBI U pPa3MEpPOB CTPOUTENBHBIX MUIOMAA0K. OUYeHb BaXXHO 00J1a/1aTh
JOCTOBEPHON M MOJHOW WH(pOpManueld O CBOWCTBaX TPYHTOB HAa CTPOMUTEIbHBIX
riomaakax. Jmus Bo3BeneHUs CBaHBIX (PYHIAMEHTOB MAaKCHMAJIBHO IEJI€CO00pa3HO
MIPUMEHEHUE MECTHBIX CTPOUTENBHBIX MaTEPUATOB, YKPEIJIEHHBIX CBS3YIOIINM,
Hanpumep 1eMeHToM. OIHaKO pa3HOOOpa3HblEe KIMMATUUECKUE, TPYHTOBBIE M TH]-
pPOJIOTUYECKHE YCJIOBUSl TMPEIBSABISIIOT TMOBBIIICHHbIE TpeOOBaHUS K (DU3UKO-
MEXaHMYECKUM CBOWCTBAM YKPEIUIEHHBIX LIEMEHTOM rpyHTOB. Kpome Toro, Hu3kas
MOPO30CTOMKOCTh SBJISIETCS €I OJHUM HEAOCTATKOM I[EMEHTOTPYHTOB, KOTOPBII
3HAYUTEIHPHO CHMIKAET DKCIUTyaTallMOHHYIO HAJEXHOCTh BEPXHEH 4acTU OCHOBaHUM
1 (pyHIaMEHTOB 3/1aHU U cOOpyx)eHui. Ha mpouyHOCTHBIE XapaKTepUCTUKU 11E€MEH-
TOIPYHTOB TaK)X€ BIIMSIET CTEIIEHb U3MEJIbUYEHUSI TPYHTOBOTO KOMIIOHEHTA MEpe 10-
0aBJIEHHUEM €ro B IIEMEHTHO-TPYHTOBYIO CMECh U IMOJYYEHHEM HOBOTO CBSI3YIOIIETO
IS YCTPOMCTBA IIEMEHTHO-TPYHTOBBIX CBall OYPOCMECHTENBHBIM criocobom [5—8].

ToONbKO KOMIUIEKCHOE HM3YyYEHHE MPOLECCOB, MPOUCXOIANIMX B LIEMEHTOIPYHTaX,
MO3BOJIUT TIOBBICUTH TEXHOJIOTUYHOCTh BO3BEJCHUS CBAMHBIX (DYHIAMEHTOB, BBINOJI-
HEHHBIX Ha OCHOBE IIEMEHTOTpYHTOB. BBIOOp oONTHMaIbHOrO COCTaBa IEMEHTHO-
TPYHTOBOM CMECH B MHTEpECaX MOBBIIECHUS TEXHOJOTUYHOCTU MPOU3BOJICTBA CBAHBIX
paboT ¢ y4ETOM TOBBIIICHUS UX MOPO30CTOMKOCTH TPEOYET MPOBENCHUSI KOMIUIEKCHBIX
uccienoBanuii. CoBEpIICHCTBOBAHUE TEXHOJOTHUU BO3BEIACHUS IIEMEHTHO-TPYHTOBBIX
CBall ¢ MPUMEHEHUEM MEXaHOAKTHBAIIMM TO3BOJIIET 0OECIEUUTh MOTPEOHOCTU CTPOU-
TEIBHOW OTPAC/IU B ACIIEBBIX CTPOUTENBHBIX MaTEpHAJIaX HA OCHOBE MECTHBIX TPYHTOB.
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Marepuajbl 1 METOAbI

[Ipn ocBOEHHMM MOJ CTPOUTENbHBIEC IIOIIAJKH TEPPUTOPUM, KOTOPHIE paHEe HE
3aCTPAaMBAIIMCH IO MPUYUHE CIIOKHOCTH WH)KEHEPHO-TEOJOTUYECKUX YCIOBHM M3-3a
HEOJHOPOJHOCTH TI'PYHTOB. [IpoekTHble OpraHu3anuy BC€ 4Yalle IPUMEHSIOT CBau
IIpU KOHCTPYUPOBAHUHU (YHIAMEHTOB 31aHUN U COOPY>KEHUH.

B nocnenHee BpeMs NPUMEHSIOT pa3IMYHble KOHCTPYKIIMM U TEXHOJIOTMH M3rO-
TOBJEHUSA cBail. lIIupokoe pacnpocTpaHeHHe NOJyYHIIM CBau 3aBOJICKOTO U3rOTOBJIIE-
HUS: BUHTOBbIE, 3a0UBHBIE U JIPYTHe KOHCTPYKIIHH.

CylecTBYIOT pa3luYHbIE TEXHOJOTUU H3TOTOBJICHUS CBAaWHOTO (yHIaMEeHTa
HENOCPEJCTBEHHO Ha CTPOMTENBHOM Iuomanake. Hampumep, TEXHONOrH4eCKUil Mpo-
IIECC, COCTOSALIMMI U3 mATH 3TanoB. Ha nmepBoM stane OypuiibHON ycTaHOBKOM (op-
MUPYIOT B TPYHTE CKBa)XHMHY IMOJ OyAylryro cBato. Ha BTOpoM 3Tarme B CKBaKHHY,
MOJIyYEHHYIO Ha NIEPBOM 3Talle TEXHOJIOTHYECKOTO MPOLECCa, MOrpykKatoT Tpyoy co-
OTBETCTBYIOUIETO JUAMETPa, KOTOpas BBINOJIHAET pob onainyoku. Ha Tpetsem aTame
B TpyO€ pa3MelIaoT CTalbHOM apMaTypHBIM kapkac. Ha yeTBepTrom 3tane craabHOU
apMaTypHBIM KapKac 3aJIUBalOT OETOHHOM CMEChI0. BEeTOHHYIO CMECh YIUIOTHSIOT
BuOparopom. He noxkuaasce oTBepxaeHNUs OCTOHHON CMECH, Ha ISATOM 3Tale U3 Chl-
poro GETOHHOrO pacTBOpa U3BiIeKaroT TpyOy. Ilocne oTBepkeHuss OETOHHON cMmecH
MOJIy4eHHasi CBas roToBa JUIsl TalIbHEUIIEr0 COOPYKEHUsI (PyHITaMEHTA.

K nmocTonHCTBaM paccMOTPEHHOW TEXHOJOTHH WM3TOTOBJICHHS CBaHOro (yHjaa-
MEHTAa CJIENYET OTHECTH:

— BO3MOXHOCTb COOpY’KaTb (DYHAAMEHT CTPOSILEIOCs 3/1aHUsl UM COOPYKEHHUS
BOJIM3U CYIIECTBYIOIIMX MOCTPOEK, TaK KaK JJAHHAs TEXHOJIOTHSI OTHOCUTCA K KAaTero-
puu 6e3y1apHBIX;

— TMOJIyYEHHBIN MO JAaHHOW TEXHOJOTMHM (PyHIaMEHT oOyiagaeT OOJIbLION Hecy-
e crnocoOHOCTEIO;

— CYILECTBYET BO3MOXXHOCTh YCTpPOICTBa (pyHAaMEHTa 1O JaHHOW TEXHOJIOTHU B
JOOBIX TPYHTOBBIX YCIIOBHUSIX.

HenocrarkamMu paccMOTPEHHON TEXHOJIOTHMHU M3TOTOBJICHHS CBAMHOTO (hyHIAMEH-
Ta SABJISAIOTCS HEOOXOAMMOCTh IPOrpeBa OETOHHON CMecH B 3UMHEE BpeMs, TaK Kak
OETOHHPOBAHUE TPOUCXOJUT B MOJIEBBIX YCIOBUSIX, H CII0)KHOCTh KOHTPOJISI Ka4eCTBA
(bOopMHUPOBaHUS CKBAXKUHBI.

OnHaKo MpH CTPOUTENHCTBE 3AAHUN U COOPYKEHUM, 0COOEHHO Ha HEOTHOPOIHBIX
IPYHTaX B CJIOKHBIX MHXKEHEPHO-TEOJIOTMYECKUX YCIIOBUSX, CBaliHbIE (hyHIaMEHTHI
COCTABJISIIOT IPUMEPHO 25 % oT ob1iero oobema coopyxaeMbix pyHaameHToB. Ilo-
ATOMY HMCCJIEIOBAHUS MO COBEPUICHCTBOBAHUIO TEXHOJOTHUU UX BO3BEACHHS HA CEro-
IOHSAIIHUNA JIeHb BecbMa akTyalibHbl. OCOOEHHO TEXHOJOTHH, MO3BOJISIONINE IpU
o0ecreyeHnn MPOYHOCTH U HAaI€KHOCTH CBAMHBIX (PYHIAMEHTOB CHU3HUTH TPYAOEM-
KOCTb U CTOMMOCTb U3TOTOBJICHHUS.

OnnuM u3 Hanbolsiee MEPCIEKTUBHBIX CIIOCOOOB COOPYKEHMsI CBalHBIX (PyHIa-
MEHTOB SIBJISIETCSI OypOCMECHUTENbHBIN criocob [9-12].

BypocMmecuTenbHbIi cioco0 COOpPYKEHHsI CBaWHBIX (PYH/IaMEHTOB IO3BOJISIET 3a-
KpEIUISITh BCE BUJbI CTPYKTYPHO-HEYCTOMUUBBIX U CIA0OBIX TPYHTOB HE3aBUCUMO OT
UX BJIQXXHOCTH W PACIIOJIOXKEHUS TOPU30HTA MOA3EMHBIX BOJ. BypocMecHuTenbHBIM
Croco0 SBISETCSA JOCTATOYHO SKOHOMUYHBIM:

— Onarojaps UCIOJIb30BAHUIO B COCTaBE MaTepHalla CBail MECTHBIX TPYHTOB;
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— Onarojapsi HU3KOW CTOMMOCTH TEXHOJIOTMYECKOT0 MPOIECCa;

— Onaronmapsi BBICOKOMY YPOBHIO MEXaHHU3AIMU PadoT;

— Onarojapsi MEepPCHEeKTUBE 3aKPEIJICHUSI TPYHTOB MO CTPOSUIUMCS OOBEKTOM,
TaKUX KaK MPUCAJOYHBIC TPYHTHI JIIOOOH BIAKHOCTH M aKTUBHOCTH, TTTUHUCTHIE Te-
Ky4Yue€ U T€Ky4e-IUIACTUYHBIE TPYHTHI, @ TAK)KE PhIXJIbIE BOJOHACKIIICHHBIEC MIECKH.

Oromy cnoco0y XapaKTepHbl IKOJIOTMYECKash YUCTOTA U BO3MOXKHOCTh IIPUMEHE-
HUS KaK JUJIsl COOpYXeHUs (PyHJIaMEHTOB HOBBIX 3/IaHUN U COOPY)KCHUM, TaK M Jis
PEKOHCTPYKIIUH yKE CYIIECTBYIOLIUX.

MHOTOJETHUI ONBIT YKpEIUICHUS TPYHTOB MOATBEPKJIaeT HEOOXOJUMOCTh CO-
BEPUICHCTBOBAHUS METOJIOB YJIYUYLIEHUS CBOMCTB IIEMEHTHO-TPYHTOBBIX CBAMHBIX
dbyamamenToB [13—15]. OgHUM U3 HUX ABISIETCS METOJ MEXaHOAKTHBAIIUU TPYHTOB,
NO3BOJIIOIIMN CHU3UTh PAcCXOJ LEMEHTa M MOBBICUTh NPOYHOCTH LEMEHTHO-
IPYHTOBBIX CBaHBIX (PYHIAMEHTOB.

BypocmecuTenbHbIi criocod coopyXKeHHs CBaHBIX (DYHIAMEHTOB C MEXaHOAKTH-
Balliell TPYHTOB MOKET OBbITh PEATM30BaH MYyTEM MPUMEHEHUS OYpOCMECUTENIbHBIX
MalIiH, OypOBBIX YCTAaHOBOK, a TaKXe IOJIbIX OypOBBIX IITAHT, 00ECIEYMBAIOIINX
NPUHYIUTEIBHYIO M0J1a4yy OypOBOIO COCTaBa.

TexHonmornyeckas cxema M3roTOBJIEHUSI LIEMEHTHO-TPYHTOBBIX CBail Oypocmecu-
TEJIbHBIM CIIOCOOOM C MMPUMEHEHHEM MEXaHOAKTUBALMU IPYHTa COCTOUT U3 CIIETYIO-
IIMX OIepanuil: YCTPONHCTBO MpUSMKA, HNOTpyXKeHHE OypOCMECHUTENsT U IEpPEeBOJ
IPyHTa B TATYY€€ COCTOSHHE, 3al0JHEHUE CKBAXXKHHBI TPYHTOM TATy4e€il KOHCHUCTEH-
L[UH, BBITNIyOJIeHHuEe OypOoCMeCHUTENS U MoAaua BOJOIPYHTOLEMEHTHOTO pacTBopa.

VYCTpolCcTBO NpUsSMKa OCYLIECTBIISIIOT OypeHHEM MPUEMHON CKBAa)KUHBI JIHAMET-
pom Ha 0,1 MeTpa Oomblie AMamMeTpa coopykaemMoit cBau u riryounou 0,5-2 metpa B
3aBUCUMOCTH OT JJIMHBI OyAyliell cBau U (PU3HKO-MEXAHMYECKUX CBOMCTB IPYHTA.
[TpuémHuast ckBakuHa peJHa3HaueHa AJis puéma u30bITKa [IEMEHTOIPYHTOBOM cMe-
CH, BO3HMKILIEW IIPU ITOJa4e B TPYHT BOABI U LEeMEHTA. 3BICUEHHBIN U3 CKBAXKUHBI
IPYHT NPUMEHSIOT JUIsl TPUTOTOBJICHHUSI MEXaHOAKTUBUPOBAHHOM LIEMEHTOIPYHTOBOM
cmecu. B 3aBUCMMOCTH OT (PU3MKO-MEXaHMYECKUX CBOWCTB IPyHTa U KOJIMYECTBA
BBOJIMMOI'O CBS3YIOILETO ONPEACIIAIOT IIyOUHY CKBaYKUHBI.

[Torpyxenune OypocMecuTessl U MepeBO TPYHTA B TATYyYEE COCTOSHUE BBIOJIHS-
10T OypeHHEM TPYHTA JIONACTHBIM OypOCMECHUTENIEM U TMOoAadeld BOJbI JJIsl MEePEBOAA
Pa3MeJIbYEHHOTO TPYHTA B TATY4YEE COCTOSTHUE.

3anoJHEHNE CKBAKUHBI TPYHTOM TATYYEH KOHCUCTEHIIMU MPOU3BOJAT MYTEM IO-
Ja4M BOJbI IIPU MOTPYKEHUH OypocMecuTensl B TPyHT. B 3TOM ciiydae ogHOBpeMeEH-
HO MPOMCXOJAT JBa MpOIIEcca: pe3aHue TPYHTAa U €ro YBIAXKHEHUE JI0 TATYYero co-
CTOSIHUSL.

BeirnyOsienne OypocMecuTess U nojadya BOJOTPYHTOLIEMEHTHOTO pacTBOpa Mpo-
HCXOJIUT MyTEM M3BJICUEHUSI OYpOCMECHUTEINS C OJHOBPEMEHHOW MoAavyeld BOJOTPYH-
TOILIEMEHTHOI CMECH B HEOOXOAUMOM 00BEME ISl IOCTYIUICHUS! B TPYHTOBYIO Maccy
pPacyE€THOrO KOJMYECTBA LIEMEHTA.

CoopyxeHue cBalHOrO (pyHIaMEHTa B TEKYYHMX CMECSX MO CPAaBHEHMIO C ILja-
CTUYHBIMU B TPU Pa3a YMEHbIIAET BpeMs MOrPYKEHUS U U3BJICUCHUS] OypOCMECHUTEs
3a cuéT yBEIMYEHMS 4acTOThI BpamieHus 10 130 o6/MuH U B JBa-TpU pa3a CHUKAECT
yCWJIME pe3aHus IpyHTa. A Takxke pa3paboTka rpyHTa OypocMecuTesieM ¢ mojayel B
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CKB)XHMHY 3aJ]aHHOTO 00bEMA BOJBI JJIsl IEPEBOJIA TPYHTA B TATYy4Y€€ COCTOSTHUE MO3-
BOJISIET MOJIyYUTh TPYHT HEOOXOIMMOM CTENEHN U3MENbUCHUSI.

OCHOBHBIMH MPEUMYIIECTBAMU OYPOCMECHUTEIILHOTO CIIOCO0a COOPYKEHHUS CBal-
HBIX (DYHIAMEHTOB C MEXAHOAKTHBAIMEH T'PYHTOB SIBJISIOTCS MPUMEHEHHS B Kaue-
CTBE MaTepHajla CBail MECTHOI'O I'PYHTa, U3BJICYEHHOTO HEMOCPEICTBEHHO M3 CKBa-
’KUHBI, © BO3MOKHOCTh MOHTa)Xa CBall PAJIOM C CYLIECTBYIOIIUMHU (yHIaMEHTaMHU U
IPYTUMH MOJI3EMHBIMU COOPYKEHUSIMU, HE TTOABEPrasi UX NOBPEXKIACHUIO.

Pe3yabTarhl HCCae10BaHUSA

Kak yxe Bblle ObLJIO CKa3aHO, OCHOBHOM NPUYMHOW BBICOKON 3((PEKTUBHOCTH
COOpPY’KEHMsI CBalHBIX (DYHAAMEHTOB OYpPOCMECUTENIBHBIM CIIOCOOOM C MEXaHOAKTH-
BallMEN U3 LEMEHTOTPYHTOB SIBJISETCS MPUMEHEHUE B KAYECTBE OCHOBHOIO MaTepHua-
JJa MECTHBIX I'DYHTOB, U3 KOTOPBIX BO3MOKHO IIOJyYEHHE MaTepuaja ¢ BBICOKMMH
IPOYHOCTHBIMU XapakTepucTUKamMH. OCOOEHHO 3TO OTHOCUTCS K pailoHaM OeqHBIM
KAMEHHBIMM CTPOUTEIBHBIMU MaTE€pUAIAMU, @ TAKME PalloHbI COCTABIAOT 15 % Tep-
putopun Poccuiickon @enepanuun. [loaToMy npuMeHEeHNE B KAYECTBE OCHOBHOTO Ma-
Tepuaa JyIsl CBalHbIX (yHIaMEHTOB MECTHBIX IPYHTOB IIpHU (POPMUPOBAHUM LIEMEH-
TOIPYHTa JA€T peajabHOEe NIPAKTUUIECKOE IIPEUMYILECTBO.

[Ipon3BOACTBO LIEMEHTHO-TPYHTOBBIX CBall OypOCMECHUTENIbHBIM CHOCOOOM Ha
OCHOBE MEXaHOAKTUBHPOBAHHOTO CBA3YIOIIET0 0OECIIEYMBAET BHICOKYIO SKOHOMUYE-
CKyI0 3((EKTUBHOCTb 3a CUET pacxoja LIEMEHTa, SIBJSIOUIErOocs IIaBHBIM JOpPOro-
CTOSILIUM KOMIIOHEHTOM.

Ha nepBom 3Tane mccinenoBaHu MPOBEAEHO CPABHEHUE TEXHHUKHUX IOKa3aTeseu
IIPU COOPYKEHHUH JIEHTOUHBIX MOHOJMTHBIX ()YH/IaMEHTOB U (PyHJAaMEHTOB Ha Oypo-
CMECHUTEJIBHBIX LIEMEHTHBIX CBasX ¢ MOHOJUTHBIM POCTBEPKOM. Jluarpammsbl pacyé-
TOB IIPEACTABIICHBI HA pUCYHKax 1—4.

[Ipy BBINOJIHEHUM PACUETOB TEXHUYECKUE MOKA3aTENM MPUBEACHBI HA OJIMH I10-
TOHHBIM METp CTE€H MaJOATAXKHBIX 3aHUN C IGHTOYHBIMU MOHOJIMTHBIMU (PYHJIaMEH-
TaMu U (yHJaMEHTaMH Ha OypOCMECHUTENbHBIX LIEMEHTHBIX CBasX C MOHOJIMTHBIM
POCTBEPKOM NPH HATPY3KE AECATHh TOHH HA IOTOHHBIN METP.
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Pucynok 1 — Pacxon 6eToHa mpu cOOpy>KEHHH JICHTOYHBIX U CBAWHBIX MOHOJUTHBIX
(GyHIaMEHTOB
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Pucynok 2 — Pacxoj 1ieMeHTa IpHu COOpPY>KEHUH JICHTOYHBIX U CBATHBIX MOHOJIUT-
HBIX (QYHIaMEHTOB
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Pucynok 3 — TpynoeMkocTh ycTpoicTBa (MOHTaXKa) JICHTOYHBIX U CBAWHBIX MOHO-
JUTHBIX QYHAAMEHTOB
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Pucynok 4 — OO1iast CJI0)KHOCTh COOPYKEHUS JICHTOYHBIX U CBAWHBIX MOHOJHMTHBIX
byHIaMEHTOB
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I[J'ISI HariiAiHOCTHU PE3YJIbTAThI I/ICCJ'ICILOBaHI/Iﬁ IEPBOIo 3TAaria CBECACHLI B Ta6JII/II_Iy 1.

Tabauua 1 — PesyapTaThl IEpBOTo dTaAIa UCCIICIOBAHUS

Haumenosanmue Buna pynnamenra
paccMaTpruBacMOro roka3aTeJs JIeHTOUHBIN BypocmecurenbHbIe
MOHOJIMTHBIN IIEMEHTHEIC CBan
C MOHOJIUTHBIM POCTBEPKOM
Pacxon Oetona 660 kr 190 kr
Pacxop niemenTa 145 kr 98,9 xr
Tpyno€MKOCTh MOHTaXa 3,29 yen. yaca 1,17 gen. gaca
OO6mas Tpy10EMKOCTh 15,88 gen. gaca 4,17 gen. gaca

B pe3ynbTaTe cCpaBHUTEIBHOIO pacu€Ta TEXHUKHUX MOKA3aTeNel IPU COOPYKEHUH
JICHTOYHBIX MOHOJIUTHBIX (DyHIAaMEHTOB M (PYHIaMEHTOB Ha OypOCMECUTEIHHBIX I1e-
MEHTHBIX CBasX C MOHOJUTHBIM POCTBEPKOM MOXHO YTBEPKJAaTh O 3HAYUTEIHLHOM
npeumyiecTse QyHIaMEHTOB Ha OypOCMECHUTENIbHBIX IIEMEHTHBIX CBasX C MOHOJIMT-
HBIM POCTBEPKOM Iepe]l JICHTOYHBIMH MOHOJHUTHBIMH (yHIaMeHTamMu (Tabmuma 1).
Pacxon 6etona nmpu coopykeHuU (PyHIaMEHTOB Ha OYPOCMECHUTEIBHBIX 1IEMEHTHBIX
CBasIX C MOHOJIMTHBIM POCTBEPKOM 0OoJiee 4eM B 3 pa3a MEHbIIIE, YEM IIPU COOPYKe-
HUW JICHTOYHBIX MOHOJMTHBIX (yHAaMEHTOB. Pacxoj IiemMeHTa MpH COOpY>KEHUU
dbyHIaMEHTOB Ha OYPOCMECHUTEINIbHBIX IIEMEHTHBIX CBasIX C MOHOJIMTHBIM POCTBEPKOM
no4Tu B 1,5 paza mMeHbllle, YeM MpPU COOPYKEHUU JICHTOYHBIX MOHOJUTHBIX (hyHIa-
MEHTOB. Tpyno€MKOCTh MOHTaXa, oOmas TPYJOEMKOCTh U TPUBEIEHHBIC 3aTPAThI
IpU COOpYKeHUH (YHIAMEHTOB Ha OYPOCMECHUTENIbHBIX IIEMEHTHBIX CBasX C MOHO-
JUTHBIM POCTBEPKOM TOYTH B 3 pa3za MEHbIIIE, YEM MPU COOPYKEHUU JIEHTOYHBIX MO-
HOJMTHBIX (PYH/TaMEHTOB.

Ha BTOpOM 3Tamne uccienoBaHuil NPOBEACHO CPAaBHEHME TEXHUKHX MOKAa3aTesen
MIPU COOPY>KEHUH (PYyHIAMEHTOB M3 COOPHBIX CIUIONIHBIX 0JIOKOB, OypOHAOMBHBIX Oe-
TOHHBIX CBall 1 OYPOCMECUTEINIbHBIX [IEMEHTOTPYHTOBBIX CBail. /[uarpaMMbl pacu€ToB
MIPE/ICTABJICHBI HA PUCYHKaX S5—7.

900
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L 700 |
x
G 600 O n3 cOopHbIX CMNOLLHbIX
T 6nokos
O 500 460
o O 6ypoHabuBHbI 6eTOHHbIE
\© 400
o csau
g 30 | 220 B GypocmecuTenbHbIe
5 200 LleMEHTOrpyHTOBbIE CBau
100
o ]

Pucynok 5 — Pacxozn OeToHa npu cOOpy>KEHUH Pa3IUYHbIX TUIIOB ()YHAAMEHTOB
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PucyHok 6 — Pacxoj niemeHTa npu COOpPY>KEHHUH pa3JIMYHbIX TUIIOB ()YHIAMEHTOB
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6eToHHbIe cBaun
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Puynok 7 — TpynoeMKOCTh MOHTaka pa3InYHbIX TUTIOB (hYHAAMEHTOB

JI71st HarJIIHOCTU PE3yJIbTaThl UCCIICOBAHUI BTOPOTO ATara CBEJIeHbI B TAOIUILY 2.

Tabamua 2 — Pe3ynapTaTel BTOPOro 3Tana ucCiaeqoBaHuUs

Hanmenosanne Bug pynnamenta
paccMaTpuBacMoro N3 cOopHbIX BbyponaOuBHbie bypocMmecurenbHbie
oKa3aTess CILIONIHBIX OJIOKOB OeTOHHEIE CBaU HEMEHTHO-
TPYHTOBBIE CBau
Pacxon Oetona 770 xr 460 kr 220 kr
Pacxoj memenra 170 xr 106 kr 106 kr

Tpyno€MKoCTb
MOHTa)XKa

3,84 4gei. yaca

3,99 4geir. yaca

2,9 gen. gaca
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B pe3ynbrare cpaBHUTENBLHOTO pacyéTa TEXHUKUX TOKazaTeel Mpu COOpyKEeHUH
byHIaMEeHTOB U3 COOPHBIX CIUIOUIHBIX OJIOKOB, OypOHAOMBHBIX OETOHHBIX CBall U
OYpOCMECHUTENBHBIX IIEMEHTHO-TPYHTOBBIX CBall MOXHO YTBEpXAaTh O 3HAYUTEIb-
HOM TMpeuMyliecTBe (yHIAMEHTOB Ha OYpPOCMECUTENbHBIX IIEMEHTHO-TPYHTOBBIX
cBasix mepes ¢pyHIaMEeHTaMH U3 COOPHBIX CIUIOMIHBIX OJOKOB M OypoHaOUBHBIX Oe-
TOHHBIX cBail (Tabymia 2). OOpariaer Ha ce0s BHUMaHUE PABEHCTBO 3HAYCHHUM TEX-
HUKOT'O TOKa3zaTelssd pacxoja IeMEeHTa MPU COOpyX eHUU (yHIaMEHTOB Ha OypoHa-
OMBHBIX OCTOHHBIX M OYpPOCMECUTEIBHBIX IEMEHTOIPYHTOBBIX cBasx 106 xuio-
rpaMM. OIHAKO 3TO HE CHMKACT MPEUMYIIECTBA COOPYKEeHHs (PyHIaMEHTOB Ha Oy-
POCMECHUTENIbHBIX [IEeMEHTHO-TPYHTOBBIX CBasX mepea (QyHIaMeHTamMH Ha OypoHa-
OMBHBIX OCTOHHBIX CBasX. Bo3peaeHue PpyHIaMeHTOB Ha OYpOHAOMBHBIX OETOHHBIX
CBasiX HEAOIYCTUMO PSAIOM C CYIIECTBYIOIIMMHU 3/IaHUSIMU U COOPY>KEHUSIMU. DTO
CBSI3aHO C YAapHBIMU BO3JCHCTBUSIMHU, KOTOPbIe HEOOXOIMMBI MIPH MOHTaxke (yHIa-
MEHTOB Ha OypOHAOMBHBIX OETOHHBIX CBasiX, CIIOCOOHBIMU HAHECTH MOBPEXKICHUS
(byHIIaMeHTaM psAIOM HaXOJALIUXCS 3JaHUI UM COOPY KEHUH.

BbIBOABI M peKOMeH AU

1. B pe3ynbrare CpaBHUTEIBHOTO pacyéTa TEXHUYECKUX IOKa3aTelel Mpu co-
OpY>KEHHUH JICHTOUHBIX ()YHIAMEHTOB U3 COOPHBIX OETOHHBIX OJOKOB M (PyH/IaMEHTOB
Ha OYpOCMECHUTENIBHBIX IIEMEHTHBIX CBasgX CO COOPHBIM POCTBEPKOM MOXKHO yTBEp-
KIaTh O 3HAUUTEIHLHOM IMpEUMyIlecTBe (DyHIaMEHTOB Ha OYpPOCMECHUTENIbHBIX Iie-
MEHTHBIX CBasix CO COOpPHBIM POCTBEPKOM Tepe] JICHTOYHBIMU (YyHIAMEHTAMH U3
COOpHBIX OETOHHBIX OJIOKOB.

2. B pesynbpTaTe CpaBHHUTEIBHOTO pacuéra TEXHHMYECKHX IOKa3aTeled MpH co-
opyXeHuu GyHIaMEHTOB M3 COOPHBIX CIUIONIHBIX OJIOKOB, OYpOHAOMBHBIX OETOHHBIX
CBail 1 OYpPOCMECUTENIBHBIX IEMEHTHO-TPYHTOBBIX CBail MOXKHO YTBEPK/JIaTh O 3HAYU-
TEIbHOM MpPEeUMyIIecTBE (PYyHIAMEHTOB Ha OypOCMECUTENbHBIX I[EMEHTHO-
TPYHTOBBIX CBasx mepen GyHIaMEeHTaMU U3 COOPHBIX CIUIOIIHBIX OJIOKOB U OypOHa-
OMBHBIX OCTOHHBIX CBaMl.

3. [IpuMeHeHrEe BMECTO JKEIe300€TOHHBIX 3a0WMBHBIX CBail OYpOHAOWBHBIX CITO-
COOCTBYET YKPEIUICHUIO TPYHTOB U TOBBIIIAET TEXHUKYIO 3(PHEKTUBHOCTH CTPOU-
TEJIBHOTO IpoLecca.

4. N3rotoBieHne OypOCMECUTENBHBIM CIIOCOOOM C MEXaHOAKTHMBALIMEW CBall U3
LIEMEHTOTPyHTa CHUKAET MOTPEOHOCTh B KPYIMHOM 3aroJIHUTENE, HE TpeOyeT BHIBO3
TPYHTA CO CTPOUTENBHOM TUIOMIATKH.

5. Ilpu coopyxenuu (pyHIaMeHTa BMECTE C IIEMEHTOM B KaueCTBE MEXaHOAKTH-
BHPOBAHHOTO KOMITOHEHTA TIPUMEHSIIOT TPYHT U3 TIPUSIMKA.

6. [Ipon3BOACTBO CBail U3 IIEMEHTOTPYHTa OYPOCMECHTEIBLHBIM CITIOCOOOM C MeXa-
HOAKTUBAIMEH MUHUMHU3HUPYET TapK CTPOUTENBHBIX MAIIMH U MEXaHU3MOB, COKpaIlia-
€T KOJIMYECTBO CTPOUTETBLHBIX PA0OUNX M CHIXKAET CTOMMOCTh HYJIEBOTO IIHKIIA.
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Pedepar

B nanHON cTaThe B paMKax METOJla KOHEUHBIX AJIEMEHTOB IpEJjIaraercsl ajiaro-
PUTM, TOCTPOCHHBIN ISl aHaJIM3a YCTOMYMBOCTHU CTEP)KHEBBIX MEXAHMYECKUX CH-
CTEM MOJ JACHUCTBUEM JUHAMHYECKUX HATPy30K. YUTEHBI BO3ACHCTBUS Y3JIOBBIX W3-
rudarommux MOMEHTOB W TOIMEPEUHBIX CUJ Ha OOIIYyI0 YCTOWYHMBOCTh KOHEUHO-
3JIEMEHTHOW PacCuYE€THON MOJEH.

KiarwoueBble cjioBa: YCTOI‘/JILII/IBOCTI), MCTOA KOHCYHBIX 3JICMCHTOB, CTCPIKHCBasd
CHCTCMa, CTCp)KHGBOﬁ KOHCUYHBIN OJICMCHT, JMHAMHKa COOpY)KGHPIfI, YCTOﬁqHBOCTB
IIpn JMHAMHUYCCKOM BO3I[€fICTBHPI.

BBenenue

[Ipy 4yncieHHOM pElICHUH 33]1a4 pacuyeTa KOHCTPYKUHMM HAa JUHAMHYECKHUE BO3-
nercTBus, (OPMYJIHPYEMbIX ypaBHEeHHEM JBmxkeHUsa J[’AnmamOepa, 3TO ypaBHEHHE,
KaK MPaBHJIO, 3aMMCHIBACTCS B YIOOHOM JJISI BRIYUCIICHHI MAaTPUIHOM BHUJIE:

M-V(t)+D-V(t) + K- V(t) = F(t) (1)

rae K — maTpuia sEcTKoCcTH pacu€THON MOJIETN KOHCTPYKIIHH;
D — maTpuia nemn@upoBanus pacC4ETHOM MOJEINH;
M — matpuia Macc pacu€THON MO/JIEIIH;

Ft)_

Pemenrem ypauenus (1) sBisiercs Bekrop V() , comeprkamniuii 3Ha4eHUs TIEpe-

MEIIEHUN Y3JI0B pacu€THOM Mozenu AePOPMUPYEMOM KOHCTPYKIIMM B MOMEHTBI
BpemeHu {.

BCKTOP USMCHAIOINXCSA BO BPpCMCHU { BHEIIHMX CHJIOBBIX BOSHCﬁCTBHﬁ.

MeTtoaoJorus
[Ipu aHanm3e yCTOMYMBOCTH CUCTEMBI, BBINOJHIEMOM MPU MOIIATOBOM PELIEHUH

ypaBHenust aswkenus V(1) , mus MomMeHTOB Bpemenu t, yciioBHe paBHOBECHS
JI” AnamGepa MOKeT OBITh MPECTABICHO B CIEAYIOIIEM BHUJIC!

(Adin + E) ‘K \7(’[) - 'E(t) , (2)
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riae Agin — CyMMa JuaroHanabHbIX MAaTpuLl Ay U Agamp, Ha TTIABHBIX IUArOHAIAX KOTO-
PBIX HaxomaTcs KO3(PGUIMEHTH UHEPIMOHHBIX U JEMIIPUPYIONTUX YCUIUHN, BBIUYHUC-

JIAEMBIE MODJIEMEHTHBIM JIEJICHUEM BEKTOPOB BHYTPEHHHUX MHEPUUMOHHBIX (M - V)1

aemndupytommx (D - V)[i] cu Ha BekTop ynpyrux cun(K - V)[i]:
Ain = (M '\_/)[i] . (K'\_/)[i] - (§in )[i] : (§el )[i] ’

Adamp - (D'\7)[i] : (K '\7)[i] = (§damp)[i] : (§e|)[i],

/1€ 3HaK «:» 03HAYAET MOAJIEMEHTHOE JIEJICHUE BEKTOPOB.

E — equnuyHas matpuna.

Takum o6paszom, ypaBHeHus (1) u (2) paBHO3HAYHBI MEKTY COOOM.

MatpuuHas 3anuck 0000IEHHOM MPoOIeMbl COOCTBEHHBIX 3HAaYEHUMN, K KOTOPOM
CBOJIUTCS. KAaHOHWYECKOE YpaBHEHHE YCTOMUMBOCTH MEXAHUYECKOM CHCTEMBI MOJ
JACHCTBHEM YIPYTUX (MMOTEHIIMATBHBIX) CHJI, UMEET BUJI:

K-®d=K"-®-A, 3)

rae A — quaroHajgbHasi MaTpHIlA KPUTUUECKUX 3HAYEHUN BHEIIHEH HArpy3KH, BBI3bI-
BAIOIINX MOTEPIO YCTOMYUBOCTH CUCTEMBI;

@ — maTpuila, YbU KOJOHKH YUCICHHO MOACIUPYIOT (OPMBI OTEPU YCTONUHBO-
CTH CHUCTEMBI, COOTBETCTBYIOIINE KPUTHUICCKUM 3HAUEHUSIM HArPy3KH.

Jlanee anrOpuTM YHCICHHOTO pacueTa CTEP)KHEBBIX CHUCTEM Ha YCTOHYHBOCTH
PAacCMOTPHUM B paMKax aJlrOpUTMa METOJIa KOHCUHBIX dJeMeHTOB. [Ipu yuere quHa-
MUYECKHUX (MHEPLIHMOHHBIX U AeMNUpYOMKX) ycunuid dhopmyiaupoBka (3) npumer
CIICIYIOIINMN BU/L;

_wrl
(A, +E)- K-d=K"-®-A, (4)
rae K~ monmas MAaTpHIa TEOMETPUUECKON )KECTKOCTH PACYETHON MOJIEIIN:
I r r r
K=Ky +Ky +K,, (5)

roe K'y — CTaHJapTHAasl MATPULA TEOMETPUUECKOU )KECTKOCTH KOHEUHO-3JIEMEHTHOU
pacdyeTHOU Mozenu [3], yYuThIBaIOIIAs MPOAOIbHBIN U3rHO TEPSIOMIUX YCTONIMBOCTD
CTEP>KHEBBIX KOHEYHBIX 3JIeMeHTOB (KD), T. €. ToNbKO moJ AeMCTBUEM TPOOJIBbHBIX
cr1. MaTpHrIa reoMeTpHIecKoil sKkecTKoCTH oaHoro (i-ro)t crepxnesoro K9, nedop-
MUPYEMOTO B TJIOCKOCTH UMeeT Bul (6) [3], [8]. DTOT KOHEUHBIN AIEMEHT UMEET 10
TPU CTENEHU CBOOOJIbI B KAXKJIOM U3 JIBYX €r0 y3JI0B (JIB€ MOCTYNATEIbHBIX U OAHY
noBopotHyto). IIpu moctpoennu Matpuibl Ki' (6) yunThiBacTCs SHEprus, 3aTpaunBa-
eMasi TOJBKO MPOAOJIBLHON CUJION, M TOJIBKO Ha MPOAONbHBIN n3rud KO, u He yuuThI-
BaeTCs BKJAJ B TMOTEPI0 YCTOMYMBOCTH Y3JIOBBIX M3THOAIONIMX MOMEHTOB U TIOTIE-
PEUYHBIX CHIL.

31ech | — HOMep KOHEYHOTO 3IeMEHTA B PACUYETHON MOJIEITH.
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KF=_"i_.

0 31 412 0 =31 P
30

o -3 -31 0 36 -3

0 31 -1 0 =31 4
(6)

CyTh TaHHOM MATpPHLBI HUKAK HE OTJIMYAETCS OT HUCIOJb3yEMOM IPU CTaHAApPT-
HOM IIOAXOJI€ K aHAJIU3y YCTOMYMBOCTH, 32 UCKIIOYEHUEM TOTO, YTO 3HAUYEHUS MPO-
JOJBHBIX ycUIuil Fi SBIAIOTCS CYMMOI yNpYyruX, HUHEPLMOHHBIX U JAUCCUIIATUBHBIX
BHYTPEHHUX CHIIL:

F = Fie' + Fidamp + Fiin, (7)

rae K'y — MaTpuia reoMeTpuUecKoi JKeCTKOCTH cTepHeBoro KD, peanusyromas
BKJIAJl M3rU0AI0IIMX MOMEHTOB M B IOTEPIO YCTOMUMBOCTH;

K’ Q — MaTpuIa reoMeTpudeckon xectkoctu KO, peannsyromas BkiIaj rnoneped-
HBIX ciil QB moTepo ¥CTOﬁqHBOCTH.

BeiBon matpun K ;i 1 KFQi s cTepkHeBoro (i-ro) KD npuBeneH Huxke.

PesyabTarsl

BbiBOoa MATpHIl reOMETPUYECKON KECTKOCTH BKJIAAAa M3rH0A0IMX MOMEH-
TOB M MOINEPEYHbIX CHJI

Bxiag MOMEHTOB M MONEPEYHBIX CHII B MMOTEPI0 YCTOMYMBOCTU cTepkHEBOrO KO
oTpeJeNsieM U3 YCIOBUS CTallMOHAPHOCTU BhIpakeHus sHeprun Jj (8), KOTOpyro Tpa-
TAT 3TH CHJIBI TIPU 1e(hOPMUPOBAHUH CTEPIKHEBOT'O 3JICMEHTA (CM. pUCYHOK 1).

1 div __d*v 1 dv')
20)=||=—-—EB)——-=-N.| — | -0.- —M. - d
|(v) .! 2 d22 dzg 2 i dz QI 7/(‘)) i (O(V) < (8)

Crout otmeTuth, 4To B (8) N;, Qi 1 M; — BHENTHUE CHIIBI, BO3JCHCTBYIOIINE HA
crepxkHeBor KD uepes ero y3isbl.

BbiBoa MaTpuubl reoMeTpudeckoi :xectkoctu KJ npu aeiictBuu u3rudaro-
IIMX MOMEHTOB

DHeprusi, 3aTpaurBaeMas M3ru0armImmM MoMeHTOM M npu aepopMUpoBaHUU
CTEPIKHS, ONPEACACTCS 3HAYCHUEM MOMEHTA M YIJIOM HCKpHBICHHS g BIOIL OCH
Oz npeaensHO Masioro GparmMeHTa cTepxHs 0Z (CM. pUCYHOK 2).
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Pucynok 1 — JlebopmupoBannas cxema crepxkaeBoro K29

M(Z @M

dz

Pucynok 2 — JlehpopmupoBanue npeaeabHo Manoro GparmeHTa dZ cTep:KHEBOTO
K3 non neiictBuem nsrudaromero MmomMmenta M

dz 1 d?v
dIT=|\/|-d(p,d¢:;, ;zng; 9)
d3v
dH= M ‘Edz’ (10)

rae
dIT — >Heprus, 3aTpayrBaeMasi H3THOAOIIUM MOMEHTOM M Ha u3rub ¢parmenra dz;
V(z) — pynkius nporudos K3;
9(z) — xpuBHU3HA pparMeHTa CTEPIKHEBOTO dIeMeHTa dZ.
Torpa sHeprus, 3aTpaurBacMasi BHEITHUMH H3rHOAIOIUMH MOMEHTAMHU TPpH Je-
dbopmupoBannu Beero KO munoii |, cocrasser:
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2

d“v

3amennm B (11) dyrkmuo nporu6os V(z) eé npubmmxeruem V; (&), Bocmonus-
IOLMM y3J10Bble 3HaueHus nporudos no manuHe K3. CormacHo alroputMmy meTona
KOHeuHBIX 31eMenToB (MKD) [3], dynkuus Bocnonnenus V, (&) uzmensercs BHyTpH

AJIEMEHTa YK€ IO JIOKAIBHON HOPMHUPOBAHHOW OpauHATe ¢, MO3TOMY BBIMOJIHUM B
(11) 3ameny nepemenHo Z Ha ¢.

z=¢-1, (11a)

Torna (11) npumeT Bu:
a
| dg’ | déy
H‘JM@ 12.d g' dé i, (12)
dg”

N3rubaroiumii MOMEHT B CBOIO OUY€pe/lb BEIYUCISETCS M0 (PopMyIie

M(&)=EJ- 9. (13)
C yuerom (13) u (9) Beipaxenue (12) npuHuMaeT BU/L:
d2v d®v
1 2

m=fer to 01 S
O |2d§ 7.d% de (14)
422 dZ

BbiBo MaTpHIbl T€OMETPUUECKON KECTKOCTH CTEP>KHEBOTO 3JIEMEHTAa IPHU CO-
IPOTHBICHUH M3rHbaroImM MoMeHTaM K’ ;i CTAHOBHTCS aHATIOTHYHBIM [OCTPOCHHIO
MATPUIBI )KECTKOCTH CTEPIKHEBOIO 3JeMeHTa Moaenu bepuymm — Dunepa [3], ¢ Tem
OTJIMYUEM, YTO M3THOAIOIME MOMEHTHI 3/1€Ch SBJISIOTCS BHEUTHUMH, TIEpEAatOIUMU-
cs Ha KD uepes ero y3is1. TakuM 06pa3zoM, MaTpuiia K\ IpUMeT BHL:

6 3 —6 31
45 3 2-1? —3-1 K
K]A—/}i = l3
-6 —-3-1 6 -3
3 12 -3 2-1?

(15)
B (15) onyuiensl HyseBble CTPOKU U CTOJIONBI (¢ HOMepaMu 1 u 4), COOTBETCTBYIO-
II1€ CTENEHsIM CBOOO/IbI IBYX Y3JIOB cTep kHeBOro KO, HanpaBieHHBIX BJOJIb €r0 OCH.
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BbiBoa MaTpuubl reoMeTpu4ecKoii kectkoctu KJ npm geiictBuu nmomepey-
HBIX CHJI

OHeprus, 3aTpaurBaeMas nornepeyHo cuinoil Q npu 1epopMUpOBaHUU MIPENIETBHO
MaJioro (hparMeHTa ctepkHs 0z, onpesernsieTcss 3HaYCHUEM CHJIIBI M YTIIOM CABHTA )

a

dﬂ:Q-}/-dZ,J’:aQ, (16)
(04

dﬂ—a-Q-Q-dz, (17)

rae o — Ko3pQHUIMEHT, yauThiBatonui popMy nomnepeunoro ceuenus KO [1].
Torma sHeprus, 3aTpadyeHHAss BHEIIHUMH IONIEPEUYHBIMHU CHJIaMH 10 BceMy KO,
COCTaBUT

(94

[lo ananoruu c y>xe NpoAeIaHHON HaMH orepanuei Boiie 3aMeHuM B (18) pyHk-
1o mporu6os V(z) eé nmpudbmmxennem V; (€ ) ¢ 3amenoit nepemennoit (11a).
Torpga (18) anMeT BU/T

d¢
= j —-Q()-Q()-1- il (19)
I[OHyCKa}I, qTo HOHGpG‘{Haﬂ Cujla U3MCHACTCA OT y3JIa K y3JIY BIOJIb KD no nn-
HEMHOMY 3aKOHY, IPUMEHSIEM K €€ BOCIIOJHCHHIO JTUHEHHYIO (YHKIIHIO (POPMBI:

=[N,]-Q; (20)

Qe)=|1-¢ ¢| 8 | @1)

[Tonepeunble CHUIIBI [JIs1 JIEBOTO M MpaBoro ysia KO omnpenensrorcs CKaIspHBbIM
MIEPEMHOKEHHEM 2-11 U 5-1 CTPOK MaTPUIIbI )KECTKOCTH KOHEYHOTO PJIEMEHTA Ha BEK-
TOP €ro Yy3J0BBIX IEPEMELICHUN:

Q) _we e
Q :chg.vi, (22)

rae K°.o, — matpuma sxectkoctu KD, B KOTOpO# BCe CTPOKH Kpome 2-il U 5-if Hy-
JIEBBIE.

o 2B} 6B}, 12:E] 6-EJ
, I° I’ A
che:
_12.EJ  6-EJ 12.E]  6-EJ
|3 |2 0 |3 - |2

(23)
OnycTuM janee s yaoocTsa HyseBble cTonoubl Matpuibl K., (23). TTomyunm
(23a) [3].
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12-EJ 6-EJ 12-EJ 6-HEJ

- 3 2
|3 IZ |3 I

K“’“:_lz-EJ 6-E] 12:E) 6-EJ
N N |3 2
(23a)
u0
VO
o6 _ (00
=y (24)
VI
b,
COOTBETCTBEHHO UCKITIOUNM 1-10 1 4-10 CTpOKH 1 B BekTope i (24a)
VO
= | P
hEly (24a)
b
6-EJ 2 200
Q(é)—lg 1-¢ ¢ |x AP v,
- (25)
WIH
Lo
N 6-EJ _,
Q(§)=I—3 2-4-& 1-2-1-& -2+4-&  1-2:&1 | v
(26)

Jlnst nanpHeiero ynpomeHus: GopMys BBEJEM MMapaMeTp CABUTOBOM KECTKOCTH
crep>xHeBoro KO Ko:

a6 El 12:a-(1+v)

°TPGA P A (27)
+6-EJ o
H=J|—3"—o KoLy Zi (28)

0

[Ipy NOCTOSIHHBIX pa3Mepax MOMEPEUYHOr0 CEYEHHUs U KECTKOCTH Marepuaia Mo
JUTMHE CTEPXKHS Mbl MOKEM BBIHECTH TapaMeTphl, OMUCHIBAIOIINE KECTKOCTHBIC Xa-
PAKTEPUCTUKH CTEP>KHEBOTO AJIEMEHTA 32 3Ha1< WHTErpana:

6-EJ v .,
Im==7= QILQ Ly Vil e (29)

139



1
WIN H=kJLQ-Vf-LQ-Vf-|d§’ (29a)
0
6-EJ
rne K= ¥ Ky (30)

Torpa maTpuila TeOMETPUYECKON JKECTKOCTH JUIsl TIONEPEUHbIX cuil Oyaer dop-
MHUPOBATHCS CIEAYIOIUM 00pa30M:

Kb, =k [ LD -L,-1-dE; (31)
Lo
2-4.¢
Lo
L 1=21.¢
T
H@f_kj x| 2-4.& 1-2-1-& | 2+4.& 1-2:1-¢ |-l dE.
’ —2+4-&
|-21-¢

(32)
T
B pesynprate MHTErpupoBaHMs MPOU3BENEHUS BEKTOpOB Lo m LgB (32) ¢ yua-
cTreM K rmosryaum Matpuily reoMeTpHYeCKON KECTKOCTH IS TIONEPEYHBIX CHIL:

4 21 _4 2-1
2-1 |2 2. |2
 _24-a-EJ°
Qi — I5.4
_4 —2-1 4 —2-1
2-1 |2 —2-1 |2
(33)
3akJroueHue

Teneps Mbl UMEEM BCE UCXOJHBIE MATPHIIBI, IOCTPOEHHBIE )i cTepHEBOro KO,
YTOOBI B COOTBETCTBUU C aJITOPUTMOM METO/a KOHEYHBIX 3JIEMEHTOB C(HOPMHUPOBATH
rJ100aJIbHbIE MATPUIIBI BCEH pacyETHOW MOJIETH, Y4aCTBYIOLIME B MOAU(PUIIMPOBAH-
HOI (hOpMyIHPOBKE MPOOJIEMBbl COOCTBEHHbBIX 3HAUEHUIA:
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(A, +E) K- d=K" - ®-A; (34)
(A +Aum +E) K- @= (K +K,, +Ko) @A (349

[TocTaHoBKa 3aa4ll yCTOMYHUBOCTH (4a) 1aeT BO3ZMOKHOCTb, B TOM YHUCJIE, YHUC-
JIEHHO UCCJIE/IOBATh BIUSHUE JUCCUIIATUBHBIX CUJI HA YCTOMYMBOCTh PaBHOBECHUS Me-
XaHUYECKUX CUCTEM Ha OCHOBE TeopeM, 000CHOBaHHBIX JopioM KensBuHOM [5].

damp

Oo6cyxaeHue

Crnemyer oTMETUTb, UTO y4actue B (4), (4a) napamerpa Ain 1 MaTpHll, yIYUTHIBAIO-
IIMX BKJIAJ Y3JIOBBIX MOMEHTOB M monepeyHbix cuil (K'y u KFQ), HE B3aMMOYBS3aHbI
MEXTy coO0oH. JIpyruMu crioBaMu, TMHAMUYECKUN XapaKTep Harpy3KH, MOJCIUPYEMBbIii
napaMeTpoM Agin, MOXKHO 3a/1aBaTh U 0€3 ydeTa BKJIaJa y3JIOBBIX M3THOAIONTNX MOMEH-
TOB U MOMNEPEYHBIX CUJI B MOTEPIO0 YCTOMUMBOCTU CTEPKHEBBIX 3JIeMeHTOB. 11 Ha000poT,
MaTpUIlbl BKJI/Ia Y3JIOBBIX M3TMOAIOIMX MOMEHTOB U MOIMEPEYHBIX CHJI BO3MOXKHO HC-
MOJIb30BaTh JUIA aHAJIN3a YCTOMYMBOCTU MEXaHUYECKHUX CUCTEM U TOJ ICHCTBUEM TOJIb-
KO CTAaTUYECKUX HArpy30K (TpU OTCYTCTBUH WHEPIIMOHHBIX U JJUCCUTIATUBHBIX CHIT).

Paboma ewvinonnena npu noodoepoicke Poccuiickoeo nayumnozo ¢honoa (npo-
exm Ne 25-11-00140).
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PA3PABOTKA PECYPCOCBEPETAIOIIEN TEXHOJIOI'MHA OYUCTKH
CTOYHBIX BOI NPEANIPUATUA MOJOYHOMU ITPOAYKIINHU
HA ITPUMEPE IIMHCKOI'O ®UJINAJIA OAO «CABYIIKHUH ITPOAYKT»

E. A. Ypeukuﬁl, B. B. M0p032, H. B. Hukonenxko®

! Kopnopayus Hoffland Enwironmental Inc. (USA) 10391 Silver Springs Road
Conroe, TX 77303. Environmental technology and equipment,
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2Y0 «bpecmckuil 2ocyoapcmeennwiti mexHuueckuil ynusepcumemy, bpecm,
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3 Unemumym Guoxumuueckux mexnono2us, skonoeui u gpapmayuu, Pecny6uka
Kpwvim, Cumpepononw, yin. Kuesckas, 181, e-mail: nikoshi@mail.ru

Pedepar

[IpoBeneno aeranbHOE 0OCIE0OBaHUE 00Pa3yIONIUX CTOYHBIE BOJbI MPOU3BOJICTB
U CYIIECTBYIOIIUX JIOKAJIbHBIX OYHMCTHBIX COOPYKEHUN MPOMBIILIIEHHBIX CTOYHBIX
BoJ [Tunckoro ¢unuana OAO «CaBymikuH npoaykt». Ilo pesynpraram obcienoBa-
HUN pa3pabOTaHbl MEPOTPHUATHS TIO COBEPIIICHCTBOBAHNIO 00Pa3yIOIIUX CTOYHBIC BO-
JIbI TIPOU3BOICTB 10 HAIPABJICHUIO YMEHBIIICHUSI TOTPEOJICHHS BOJIbI HA TEXHOJIOT U-
YECKUE HYKJIbI M BBIHOCA TOKCUYHBIX HHTPEUEHTOB CO CTOYHBIMU BOJIAMHU.

CosmectHo ¢ ¢pupmoit HYDROMATIC GmbH (I'epmanus) [1] pazpaborana pe-
cypcocbeperaroias TEXHOJIOTUSI OYUCTKU CTOYHBIX BOJ 3TOTO MPEIIPUITHS C BBICO-
K03((PEeKTUBHBIM anmapaTypHbIM 0(DOPMIICHHEM.

Kuarwuessie caoBa: pH, XIIK, BIIKS, pearenTtsi, ocagok, 6uoras.

Bsenenne

CTOYHBIE BOJBI NPEANPUATHI MOJIOYHOW IPOMBIIIJIEHHOCTH OTHOCATCS K KaTero-
pHH BEICOKOKOHIICHTPUPOBAHHBIX 110 OPTAaHHYECKUM 3arpsisHeHUsM [ 1-5].

OnHu, Kak NpaBUJIO, COAEpPKAT OOJIBIIOE KOJIMYECTBO OPraHMYECKUX 3arpsi3He-
HUN — OETIKH, dKUPBI, YTIEBObI, @ TAKKE 3arPSI3HEHUS OT MBIThsI Tapbl, 000PYI0BAHUS
u niona. [Ipu 5ToM KOHUEHTpanus IUMUTUPOBAHHBIX UHIPEINEHTOB B CTOYHBIX BOJAX
OPEeINPUITHI MOJIOUYHOM MPOMBIIIJIEHHOCTH B ISATh pa3 U 0oJiee MPEBbIIIAET 3arpsi3-
HEHUS OBITOBBIX CTOUHBIX BO/I.

OcTpast HEOOXOJUMOCTh B CTPOUTENBCTBE JIOKAIBHBIX OYUCTHBIX COOPYXEHUU
CBSA3aHO U C T€M, YTO HACTOsLIEE BpeMs MpPOABMKEHUE NpoAyKiuu Pecnybnuku be-
Japych Ha PHIHKU JAIBbHETO 3apy0exkbsi BOSMOXHO TOJIBKO MPH BBIMYCKE MPOAYKIINU
¢ 0JIaromojay4yHOM 3KOJIOTMYECKOW CHUTyalMed Ha MpeanpusaTud. ITo TpeOoBaHUE
oroapuBatot M1CO 9001 u MCO 1401.

eas craTbn

OOcnenoBaHre TMPOU3BOJACTBA MOJOYHOM mpoxykuuu [luHckoro  dumnmana
OAO «CaBymKUH TpPOAYKT» W HA OCHOBAaHUM PE3YJIbTaTOB COBMECTHO C (PHUPMOIA
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HYDROMATIC GmbH (I'epmanusi) [1] pazpaboTtaTh peKOMEHIAIUH AJIs1 CO3aHUS pe-
cypcocOeperaroIiei TEXHOJIOTUU OYUCTKYA CTOYHBIX BOJT MOJIOYHOTO TIPOM3BO/ICTRA.

1 O0masi xapakTepUCTHKA U 00¢/1eJ0BaHNEe BOIHOI0 X0351HCTBA NpeINnPUsITUSI

Oo6mwee Bogonotpednenne Ha OAO «CaBymikuH npoaykr» I1® B r. IluHcke 3a
MOCIENHAE TOABI COCTaBHIO 267840 w°/rox. OOGbEIMHEHHEBIH XO3SHCTBEHHO-
NUTHEBOM M MPOU3BOACTBEHHBIM BOAOMPOBOJ MPEANPUATUS TPUCOCTUHEH K TOPO/I-
CKOMY BOJIOITPOBOJTY B IBYX TOUKaX.

B mpomiecce obcnmenoBaHust MpOU3BOICTB, 00Pa3yIOMIUX CTOYHBIC BOJBI, C TIPOBE-
JICHUEM COBMECTHO C XMMHKO-TEXHOJOTUYECKOHN JabopaTopueit mpeanpusTus cooT-
BETCTBYIOIIMX aHAIN30B ObLIO YCTAHOBJIIEHO, YTO HA MPEINPUIATAA UMEET MECTO Ipe-
BbiieHus [1JIK Ha BbITyckax B FOpOACKYIO XO3SIMICTBEHHO-OBITOBYIO KaHAJIU3aLUIO
(cm. Tabmuty 1).

Tabamua 1 — Cpegnue 3Ha4eHUs1 COCTaBa CTOYHBIX BOJ Ha BBIITYCKE B TOPOJICKYIO
X031 CTBEHHO-OBITOBYIO KaHAIU3AIIUIO

Pe3ynvmamut uccnedosanuit
Hocnednue pesynsmmant 1K
Haumenosanue 3acpaz- | Eo. uzm. YIT «ITunckeodoKanam.)
HeHUs 1 2 3 4

B3eewennvie eewecmea M/OM® 151 1o 500
BIIK; mz0,/om | 860 550 800 390 10 400
pH 7,6 7,5 11,9 9.7 6,5-8,5
XTIK M20,/0m° 1638 710 1000
Kupoi M2/OM° 49 1o 50
Cyxoii ocmamok m/om® | 1666 | 999 | 3428 | 999 1o 1000
Xnopuowt me/om’ 9 10 300
Cynvghamot Mme/om’ 66 1o 100
Dochamut me/om® | 11,5 6,1 47,2 8,9 1o 4,5
A3om ammonuiinbLil mr N/oa® 4,7 10 35
CIIAB(anuon.) m/om’ 0,7 10 2
Keneszo M/OM® 2,3 10 3
Hegmenpoodyxkmut M/OM® 1,0 10 1,0

2 Pa3paboTka TeXHOJIOTHMM OYUCTKH CTOYHBIX BOJ MPOU3BOJACTBA MOJIOYHBIX
NPOAYKTOB

B cootBercTBUU ¢ 3aaHKEM, HA NIPOCKTUPYEMbIE OUUCTHBIE COOPYKEHHS TTOCTY-
MalT MPOU3BOJICTBEHHBIE CTOYHBIE BOJBI U KHCIAsg CHIBOpOTKA. OOIas mpou3BOIu-
TEJHOCTh OYUCTHBIX COOPYKEeHUI cocTaBisieT 350 MS/CYT. XapakTepuCTUKa UCXOM-
HBIX CTOYHBIX BOJ MpuBejeHa B Tadauie No 1.

[Ipensnaraemass aBTOpaMHu CTaTbUM TEXHOJIOTUUYECKAs] CXE€Ma OYHMCTHBIX COOpYXKe-
HUHW TIpeIycMaTpUBaeT CIIEAYIONNe OCHOBHBIC CTAUU 00PaObOTKH CTOYHBIX BOI.
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Mexanudeckass ouncTka. CTOUHBIE BOJBI OT MPOU3BOJICTBEHHBIX LIEXOB U aIMU-
HUCTPAaTUBHO-OBITOBOTO KOpIlyca mocTymaioT Ha cymiectByromryio KHC, otkyna
HacocamH M MojaroTcsa Ha 6apabaHHylo penieTky Rotomat.

bapabannoe cuto Rotomat, ¢ mpo3opamu 1,0 MM mpegHazHaueHO Uil 3aJiepKa-
HUSI TBEP/BIX OTXOJI0B, B3BEILICHHBIX BEIIECTB pazMepamu Oozee 1,0 Mm.

MexaHUYeCKH OYHUIIEHHBIE CTOYHBIE BOJABI TOCTYMalOT B  pe3epByap-
ycpenHuTenb. B pesepByape cTOUHBIE BOABI YCPEAHSIOTCS MO pacXoAy U KOHUEHTpa-
IUU. YCpPEIHEHHBIE CTOYHBIE BOJbI PABHOMEPHO MOAAKOTCS MOTPY>KHBIMU HACOCAMHU
Ha (PU3UKO-XUMHYECKYIO OYUCTKY.

DOu3NKO-XUMUYECKass 04YNCTKA. PU3NKO-XUMUYECKAas OYMCTKA CTOYHBIX BOJ
BKJIIOYAET B ce0s CHeUaIn3upOBaHHOE TEXHOJOTUYeCcKoe o0opyaoBanue (QioraTo-
pBI, IJTJAMOCOOPHUK, NUIAMOHAKOIMUTENIb 000pYJ0BAaHUE MO MPUTOTOBIICHUIO, JO3U-
POBaHUIO peareHTOB ((JIOKYIISIHT, KOATYJISIHT, U3BECTKOBOE MOJIOKO).

[Tpunsitas haoTalMoHHAast yCTaHOBKA 00ECIICUUBAET:

1. I'my©Gokoe HaChIEHHE YNCTOM WIIM CTOYHOMN BOJBI BO3TyXOM.

2. ®opMupoBaHHUE ONTUMAIBLHOTO CIIEKTPa BO3AYIIHBIX MY3bIPHKOB.

3. OTII0€eHUE ra30BbIX My3bIPHKOB HA TBEPBIX YACTUIIAX.

4. Ynanenus: u3 BoJibl TUApO(OOHBIX 3arpsi3HEHUN: Maces, He(TenpoayKTOB, He-
KOTOPBIX SMYJIBI'MPOBAHHBIX KUJIKOCTEH, MOJIMMEPOB.

Kpome storo, ¢uorarop obecrieunBaeT yJajieHUE B3BELICHHBIX BEIIECTB, B TOM
quciie B TOHKoaucrepcHoM coctosinuu, [TABwI u psna npyrux 3arpsizaenuit. O6pa-
3yloIascs MeHa MEXaHUYECKHU yNasieTcs B MIJIaMOCOOPHUK, OTKY/Ia HaCOCOM Tiepe-
KauMBaETCsl B IINITAMOHAKOIUTEIb.

CrouHble BOJIbI, OYHUIIICHHBIE HA (JIOTATOPE, XUMUYECKUN COCTAB KOTOPBIX OJIH-
30K K XO35SHCTBEHHO-OBITOBBIM CTOYHBIM BOJaM, HAMpPAaBJISAIOTCS HA CTyHeHb OMOJIO-
TUYECKON OYUCTKHU.

Bbuosornueckasi ouncTka. biiok OMOJIOrMYECKON OYUCTKU MPEJICTABIEH CIETy-
IOIMMH COOPY>KEHUSMH: JTEHUTPUPUKATOP, adPOTEHK-HUTPUPHUKATOP ABYXCTYMECH-
YaTblid, BTOPUYHBIA OTCTOMHMK. CTOYHAs BOJIa IMOCJEI0BATEILHO MPOXOIUT COOPY-
KEHUsI OMOJIOTUYECKON OUUCTKHU.

B ocHOBe OMOJIOTMYECKONM OYMCTKH CTOYHBIX BOJ MCIOJIb30BaHa SB-TexHoOrus
[1], kOTOpas MO3BOJSET MOIYYUTh Psil MIPEUMYLIECTB MEpe]l “KIACCHUECKON~ TEXHO-
JIOTHEHN OYMCTKU aKTUBHBIM HUJIOM:

— OYHCTKA CTOYHBIX BOJ| O€3 UCTOJb30BAHUS AKTUBHOTO UJIA;

— cra0uipHas OYMCTKA MPU MOHUKEHHBIX TeMIepaTypax cTokoB (10 +4 °C);

— CcTaOuiIbHAs OKUCIIUTEIbHAS MOUTHOCTD 10 HArpy3Ke;

— COXPaHEHHE OKHCIUTEIBbHOW CMOCOOHOCTH MPH OTCYTCTBUHU DIICKTPOINUTAHUS
710 24 9acoB;

— WJCaTbHBIN BapHAHT 11 0OBEKTOB C MEKCE30HHBIMU TIEpephIBaMU B paboTe.

OtpaboTanHasi OMOIIJIEHKA OCEAaeT BO BTOPUYHOM OTCTOMHHUKE, OTKYJ/la HACOCOM
nepeKayrBaeTcs B IJJAaMOHAKOIUTEb. bHosornuecku ouuiieHHasi CToyHas Bojia ca-
MOTEKOM TIOCTYIIAeT Ha TIECYAHBIA CAMOTIPOMBIBAIOIIUNACS (PUITBTP.

JI00YHCTKA CTOYHBIX BOA. buosornyecku ouMileHHasi CTOYHAsA BOAA MPOXOIUT
JIOOYHCTKY Ha caMoIipoMbIBatoiieMcst puibtpe rnecuanom auHamudeckom JCT [1].

OunbTp paboTaeT B aBTOMaTHYECKOM PEKUME, HE TpeOys MOCTOSHHOIO BMeEIlla-
TEIHCTBA 00CITY>KHBAIOIIETO MEPCOHAIA.
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O6e33apaxuBanue. O0e33apakuBaHie OYUIIEHHOW CTOYHOM BOJbI OCYIIECTBIIS-
ercss Ha YD-ycTranoBkax. Y®-ycraHoBku oOecreunBaoT 100 % obe33apakuBaHme
CTOYHBIX BOJI.

OO0paboTka ocaaka. OOpasyrolyecs B pe3yJibTaTe OYUCTKU CTOYHBIX BOJ OTpa-
OortaHHas rmeHa ot ¢uiotaTopa (M30BITOYHAS TUICHKA), & TaK )K€ CTaOMITM3UPOBAHHBIN
0CaJoK OT OMOTa30BOM yCTaHOBKH, MOJAIOTCS B IIIAMOHAKOMHUTENb, OTKY/a YIIOT-
HEHHBIH 111J1aM ToJIBepraeTcsi 00€3BOKUBaHUIO B KamepHOM (uibTp-tipecce tuna KF.

HlaamonakonuTeab. B mmaMmoHakonuTene MNPOUCXOAUT MPEIBAPUTEIHHOE
YIUIOTHEHHE OWOIIEHKH 3a CUET ee ocelaHus mpu HepaboTatomiem cmecurene. OT-
CTOSIBIIASICS OCBETIIEHHAsI BOJIa MEPUOJUYECKH OTBOAMUTCS W3 BEPXHEHM 30HBI pe3ep-
Byapa Ha BXOJ| CTaHIIMM OYUCTKH, a 3aryIICHHBINA 1IJJaM HaKaIllJIMBAaeTCS B €ro HUXK-
Helt uactu. lllnamonakomutens 0OOpYIOBaH MEIIANKOW, HAacOCaMU M JTaTYUKOM
ypoBHsl. [lepen oTkaumBaHuWeM IjlaMa OH MOJBEPTacTCsl HHTCHCUBHOMY IEPEMEIIIN-
BaHUIO MPOMNEIEPHBIM CMECUTEIIEM.

buora3zoBasi ycranoBka. Konimenmusi mocTpoeHuss OHOra3oBOM YCTaHOBKH
MpeayCMaTpUBAET 3aMKHYTBIA O€30TXOJHBIN MPOU3BOJACTBEHHBIN UK. B €€ cocras
BXOJUT OuopeakTop (hepMeHTED), Ta30HAKOMUTEIb, YCPEAHUTEIb, Ta3rojbaep U da-
KeJ JUIsl CKUTaHusi n30bITouHOro 6uorasa [1]. YcranoBku 000pya0BaHUs KOMILICK-
TyeTcsi OMra30BbIM TYPOMHHBIM T€HEPATOPOM.

YcranoBka npenycMmarpuBaeT MUHU-TOC, KOTOpass COCTOUT M3 IBYX ra30NoOpI-
HEBBIX YCTAaHOBOK, Pa0OTAIONIUX MMapasuIeIbHO.

Kamepnslii ¢puabTp-npecc 3akpbiToro tuna. Kamepnbiii ¢GuiabTp-mipecc co
CTaHIIMEW TMPUTOTOBJICHUS TOJUMEpa MpeAHa3HaueH sl 00e3BOKMBAHUS OCAAKa, C
oOpa3zoBanueM keka. KamepHsblil (uimbTp-nipecc 1mo3BoiigieT ObICTpO U 3PHEKTUBHO
pa3aenaTh GUILTPAT U KeK oOecreurBas 00e3BoxkuBaHue keka 65—70 % [1].

BriBoabI

1. TIpoBeneHb! AeTabHBIE UCCIEAOBAHUSI COCTAaBa CTOYHBIX BOJ| CTOKOOOpa3yro-
IIUX TPOU3BOJICTB, KOTOPHIC TMO3BOJIMIN YCOBEPIICHCTBOBATh WX B HAINpaBIICHUS
YMEHBIIICHUS TMOTPEOJICHUS MUTHEBOW BOJBI Ha TEXHOJIOTHYECKUE HYXKJbI U BBIHOCA
TOKCHYHBIX XUMHUKATOB CO CTOYHBIMH BOJIAMH.

2. Ha ocHOBaHMM MPOBENEHHBIX MCCIEIOBAHUN COCTaBa CTOYHBIX BOJ U BBIMOJI-
HEHHBIX 00CJIeOBaHUM, 00pa3yIONUX CTOYHBIC BOJIBI MPOM3BOJCTB, MOATOTOBIICHO
TEXHUYECKOE 3aJaHUC Ha MPOCKTUPOBAHHE COBPEMEHHBIX OYHUCTHBIX COOPYKCHHM
00pabOTKHM CTOYHBIX BOJ MOJIOYHOTO TPOW3BOJICTBA.

3. Ha cragumn OGnojornueckoil OYMCTKU CTOYHBIX BOJ NMPHUMEHEHA BBHICOKOA(DPEK-
TUBHas SB-TEXHOJOTHA, KOTOpas pealu3yeTcs 0e3 MCIOIb30BaHMs aKTHBHOTO HJIA.
OnHa mo3BOJISIET CTAOMIM3UPOBATh OYKMCTKY IMPHU MOHKEHHBIX TeMIlepaTypax CTO4-
HbIX BOJ (o +4 °C), COXpaHUTh OKUCIUTEIBHYIO CIOCOOHOCTHh MPU OTCYTCTBHUH
AJIEKTPONUTAHUSA 10 24 4acoB.

4. Cosmectnoit ¢ pupmoit HYDROMATIC GmbH (I'epmanusi) aBTopaMu cTaThu
pa3zpaboTana BhICOKOA((PEKTUBHASI TEXHOJIOTHSI OUUCTKU CTOYHBIX BOJ] TPOU3BOICTBA
MOJIOUHBIX MPpoaykToB st [Tunckoro ¢ummana OAO «CaBymikuH TpOIyKT», obec-
MEYMBAIOIIAsl TaApAaHTUPOBAHHYIO OYKMCTKY CTOYHBIX BOJ JO YPOBHS TpeOOBaHHA,
YCTaHOBJICHHBIX KOHTPOJHMPYIONUMHU opraHu3anusmu r. [TuHcka, mist cOpoca ux B
TOPOJICKYIO KaHATU3AIIHIO.
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Pedepar

Ha ocHoBaHuuM aHanm3a JUTEPATypHBIX HMCTOYHUKOB ITOKa3aHO, YTO CTaJbHBIC
HHEPTOMOTJIOTUTENN, HCIOJB3YIONINe PabOoTy aKTUBHBIX JJEMEHTOB B YIPYroIuia-
CTUYECKOM M IMIACTUYECKOMN CTaausX pabOThl, MOTYT OBITh IPUMEHEHBI VISl 3aITUTHI
MAaCCHBHBIX MOCTOBBIX COOPYXEHUH. B craThe mpemtokeHbl MecTa PacroOKCHHS
YOPYTOIUIACTUYECKUX CTAIBHBIX SHEPTOMOTIIOTUTENCH B MPOJIETHBIX MOCTOBBIX KOH-
CTPYKIHSX M TOKa3aHa WX sHepreTuyeckas 3PpGHeKTUBHOCTh. DKCIEPUMEHTAIBHO, C
MCIIOJIb30BaHNEM J1a00paTOPHBIX 00pa3loB U3 MaJOyTIEPOANCTON TUIACTUYHON CTa-
JU JTIOKA3aHO, YTO B OKPECTHOCTH KOHCTPYKTHBHO-TEXHOJOTHYECKUX Je(hEeKTOB (OT-
BEpCTUS, BBIPE3bI) B PACTSIHYTHIX M CABUTAEMBIX dJeMeHTaxX KOHCTpykumii D11 mpo-
UCXOAUT JoKanmu3amus aedopmainuii, 0COOEHHO TIPHU YHPYTo-TIaCTUYECKON | Tiia-
CTUYECKOM CTaausiX pabOThI CTaIM, C TIOBBIIIEHUEM CpPEIHEH TeMIepaTryphl MOBEpPX-
HOCTH CTajM Ipu JAe(GOPMHUPOBAHUM Ha HECKOJILKO IeCATKOB rpamycos (mo 90 °C),
YTO TMO3BOJISIET B PSKMME MOHHUTOPHHTA IO TEMIIEPATYPHOMY TIOJIFO aKTUBHOTO dJie-
MEHTa KOHTPOJIMPOBATh PabOTOCIIOCOOHOCTH 3JIEMEHTOB CTaJBHBIX TPOJICTHBIX CO-
OPYKEHUU MOCTOB U SHEPTOIOIJIOTUTENEH.

KiroueBble ci1oBa: celiCMOCTOMKOCTh, YHEPIONOIIOTUTENH, AedopMaIiui CIBHU-
ra, dJHEProeMKOCTh, TEIJI000pa3oBaHue.
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BBenenue

Tepputopust Y306ekucTtana moJBep)KeHa BO3JEHCTBUIO Pa3pYIIMTEIBHBIX 3eMIle-
TPSICEHUHN, KOTOPbIE MPOUCXOAMIN B TITyOOKON JPEBHOCTH M BOZHUKAIN OTHOCUTEIb-
HO HeAaBHO [1]. 3eMieTpsceHrsi MHTEHCUBHOCTBIO 0oJiee ceMHu 0asioB MPUBOIUIH K
3aMETHBIM HapYMIEHUSM PaO0TOCTIOCOOHOCTH HCKYCCTBEHHBIX COOPY)KEHUU Ha Ke-
JIE3HBIX U aBTOMOOWIBHBIX Joporax. OCOOEHHO 3TO MPOSBISIETCSA MJII MACCHUBHBIX
KOHCTPYKIIMH, HA 3JI€MEHThI KOTOPBIX NEHCTBYIOT OOJbIINE MHEPIIMOHHBIE CUJIbI MPU
celicMuyecKkux BoznieHcTBUAX. [IoBpexieHUs O1op, *Keae300€TOHHBIX U CTajexkele-
300€TOHHBIX OAIOK MOCTOB BO3HHKAIOT, B OCHOBHOM, B OTIOPHBIX U MPOJIETHBIX CTPO-
SHUSX U MPOSBIIAIOTCS B TPEIIMHOOOPA30BAHNH, CMEIICHUSIX, OCaIKaX U Pa3pyIICHUH
OTIOp; pa3pylIEHUU OMOPHBIX YACTEW MPOJIETHBIX CTPOCHHM, CMEIICHUU W MaJICHUU
MPOJIETHBIX CTPOCHUM, pa3pylIEHUU COCAMHUTEIBHBIX AJEMEHTOB U Jip. [2]. [1oBbI-
IIECHUSI YCTOMYMBOCTHU TMOJIOKEHUS MPOJETHBIX CTPOCHUM MOCTOBBIX KOHCTPYKIUA
IPU 3€MIIETPACEHUSAX AOCTUTAIOT YCTPOWCTBOM PA3JIUYHBIX OIPAHUYMUTENEH MepemMe-
LIICHUM BJOJIb U TIONEPEK OCEU COOPYKEHUS, CIICLUATIBHBIX AHTUCEUCMUYECKUX
YCTPOMCTB, HE JOMYCKAIOUIMX PACKPBITUSA I€POPMAlMOHHBIX MIBOB U 1p. [2]. CHuU-
KEHUS HA3BaHHBIX TMOBPEKJIEHUNH MOXKHO JIOCTUYL YCTAHOBKOW JeMI(DUPYIOIIUX
YCTPOUCTB B COMNPSDKEHUAX MEXKIY OINOpaMH MOCTOB M TMPOJETHHIMU OalKamH.
Jlemridepsl MOTJIOMIAIOT SHEPTUI0 CEUCMHUUECKUX YAapOB, CHUXKAIOT MEpeaatoImecs
Ha MPOJIETHBIE KOHCTPYKIUU cericmuyeckue yckopeHus [4-9]. Takue sHepromnorio-
IIAIOIIHNE YCTPOMCTBA pa3paboTaHbl ISl COOPYKEHUHN pa3uaHoi Macchl [5, 6]. Ceii-
CMOIIOTJIOTUTENHN, AKTUBHBIE AJIEMEHTBI KOTOPBIX BBIMOJHEHBI U3 MJIACTUYHOM CTaJH,
HCIIONB3YIOT paboTy MaTepualia B YIPYyTro-miaCTUYeCKON U MIACTUYECKON CTaauu U
HAJISKHO 00ecreunBaloT paboOTOCIIOCOOHOCTh MACCHUBHBIX 3JaHUN M COOPY)KEHUU
(MHOTOATa)KHBIE KHUIIBIE ¥ MPOU3BOJICTBEHHBIE 3/ITaHUs, PA3JIMYHbIE COOPYXKEHUs) [6,
7]. DHEpPromnoriaomarolme 3IEMEHTbl B 3JaHUSAX U COOPYKEHUSIX B KaXJIOM MOJIY-
LMKJIE KOoJeOaHui mpeoOpa3yroT MEXAHMUYECKYI0 SHEPIHIO 3€MJIETPSICEHMs, Mepeaa-
IOIYIOCS HAa CTPOMUTENIbHBbIC KOHCTPYKIIMHU, B JPYTHE€ BUJBI DHEPTUU (B OCHOBHOM,
TEIUIOBYI0) U MPEIOTBPALIAIOT Pa3pylIeHUsI OCHOBHBIX HECYIIMX KOHCTPYKLHU MpHU
BO3MOJKHBIX MUKOBBIX IMEpErpy3kax BO Bpewms 3emueTpsicenuil. [lormomennas suep-
rusi IpeoOpa3yeTcsi B TEIUIOBYIO U OTBOJUTCS B OKPYXaIoIIylo cpeay. Temmeparypa
CTaJIbHBIX AKTUBHBIX AJIEMEHTOB, MPEOOPa3yIONIUX MEXaHUYECKYIO0 IHEPTUI0 B TEIl-
noByto, nocturaer 120-150 °C [9].

DHEPronorjioTUTENW TOr0 TUIA MOTYT OBITh MPUMEHEHBI IS 3alIUThl MACCHUB-
HBIX MOCTOBBIX COOPYKEHUW. B HacTosIen cTaTbe pacCMOTPUM CXEMBbI IPUMEHEHUS
YIOPYTOIMJIACTUYECKUX CTAIBHBIX SHEPTONOINIOTUTENEH B MPOJETHBIX MOCTOBBIX KOH-
CTPYKLMSX U UX SHEPreTHUECKYIO 3(P(HEKTUBHOCTD.

OcHOBHaAl 4YaCTh

Knaccuduxkanuto snepronornorureneit (ganee — 311) npousBoasaT ucxonsa u3 gu-
3UYECKUX MPHUHITUIIOB pabOTHI CEMCMO3AIIUTHI COOPYKEHUN, KOHCTPYKTHUBHBIX OCO-
OCHHOCTEH MOTJIOTUTEICH CeHCMHYECKON YHEPTHH, MaTepHalia U CTaauu ero aedop-
MHPOBAHUS, CONPSIKEHHS YHEPTOMNOTIIOTUTEIIEN € 3aIMIIAEMbIM COOPYKEHUEM U JP.
[5]. B kaduecTBe aKTUBHBIX MOTJOTUTEIEH YHEPTUHM HMCIOJIB3YIOTCS aeMIdepbl pas-
JIMYHBIX TPUHLIMIIOB ACHUCTBUS, aJAlITUBHBIC CUCTEMBI, CUCTEMBI C TACUTEIIMHU KOJIE-
OaHuil, celicCMMYeCKHUEe SKPaHbI, 3aBECHI U JP.
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[IpocThIMU MO KOHCTPYKIIMH, HAJIEAKHBIMU B paboTe M 00J1a1al0IIUMHA BBICOKUMU
IeMTI(UPYIOITUMU CBONCTBAMH SIBJISIOTCS TIOTJIOTUTENH CEMCMHYECKOW JHEPIuH,
OPUHIUI ACHCTBUS KOTOPHIX OCHOBAH Ha MOBTOPHO-TIEPEMEHHOM YIIPYroriacTuye-
CKOM J1e(hOpMHUPOBAHUN HU3KOYTJIEPOAUCTOM cTanu (pucyHok 1). Ux adexTuBHOCTH
JI0Ka3aHa 0oJjiee 4yeM MOJYyBEKOBOM HA/IEKHOM pabdOTON MHOIO3Ta)XHBIX 3JaHUN U
MpOMBINUICHHBIX coopyxeHuit ¢ DIl B Kazaxcrane, npyrux rocyaapcrBax Cpenneit
Azun [5, 6]. Takue D11 mpucnocoOieHb! AJIs1 U3TOTOBJICHUS HA 3aBOJIaX METalIHye-
CKHX, B T. Y. MOCTOBBIX KOHCTPYKIIHH.

a — KOJIbIIEBOM; O — TpyOUaThIii; B — OIIOYHBIN; T — CIBUTOBOM
PucyHnok 1 — Ynpyromiactuueckue sHEpronorioTuTenu [9]

OpnHako B MOCTaxX, pacloi0KEHHBIX B CEMCMOONAacHbIX paiioHax, 3Ty J11 He npu-
MeHsUMCh. [IpoekTtupoBanne Takux Ol MOXKET BBINONHATHCA MO JACHUCTBYIOIIMM
Hopmam PecnyOnuku Kazaxcran [9, 10].

OcHoBHbI€ TUIIBI yIpyroractuueckux D11 nmpeacTaBiieHbl Ha pUCYHKE 2.

PaccmoTpum ocobenHocTu mnpoektupoBanHuss Ol caBuroBoro tuma (manee —
OIIC) [6]. AktuBHBIM 351eMenToM DIIC, BocipuHUMAIOIIUM U TPEe0Opa3yIoIUM Cei-
CMHYECKYIO HEPIHIo, siBsieTcs cTeHka. Ee TpeOyemast miomniaap nomnepeyHoro ceve-
HUS ONIPEEISAETCS U3 YCIOBHM pabOThl HA C/IBUT:
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Ay =2 (1)

- 0,507y

2
O-Tybftf

w

rae T, = 2Ncosa — — ycuine, capuratomiee creHky OIIC BAoJib TOpU30H-

TaJbHOH OCH;
N — ycunue, aeiictByromiee Ha DIIC (pucyHok 2r);
o = 1,4Ry, Ry — pacyeTHOE CONPOTUBIIECHUE CTAIIH.

0

e
i

H-

e

PucyHok 2 — Buj 3HepromorioTUTENs CIBUTOBOTO TUIIA, YCTAHOBJICHHOTO B CBSI-
3€BYIO0 CHCTEMY MHOTO3TaKHOTO 34aHus [9]

OxkoHYaTEeNPHO TONIIWHY CTEHKH Ha3HAYAIOT M3 YCIOBHS OOECIICUCHUS €€ MECT-
HOI1 ycToitunBocT He Menee 1/30 h,.

Tonuuy t; KaXKI0M U3 YEThIpEX IJIACTHH, MEpPEalouX CABUTOBBIC YCUIIUS Ha
AKTUBHBIN JIEMEHT TOJIIUHON t,,,, HA3HAYAIOT U3 YCIOBUS MPOYHOCTH:

t; =Ncosa/(br0,8c,y), (2)
rae 0,8 — ko3 duimeHT ycinopuit padboThI.

O¢ddexTuBHOCTh TOTIONIEHUs JHEpruu 3emuerpsicenuit OIl, paboTtarommx B
YOPYTOIJIACTUYECKON CTaJMM Ha TIEPEMEHHBIE HAarpy3Kd OT 3emuieTpsiceHuid. OmbIT
AKCIUTyaTallil MHOTOATAXHBIX 3JaHHA CO CTAJIBHBIM KapKacoM B CEHCMOOITACHBIX
paiioHax mokaszaj, 4To 3a MepUOJ IKCIUTyaTallud OHU BOCIIPHHUMAIOT 0KOJI0 80 HHUK-
JIOB 3HAKONEPEMEHHBIX CEMCMHYECKUX HArpy3ok [6]. CpaBHUTh SHEPrOEMKOCTh pa3-
muaHbIx DIl mpu 3HaKOMIepeMEHHBIX HArpy3Kax MOKHO IO YACIBHOW YHEPToIoriio-

waromen cnocodnoctu W,. B kayectse kpurepus I'. M. OCTpUKOBBIM IPEIIOKEHO
paccMaTpuBaTh MOIVIOIIAOLIYIO CIIOCOOHOCTh €IMHHULIBI MAaCChl aKTUBHOTO JJIEMEHTA
OIl, «onpeneneHHyo nNpyu OJMHAKOBOM YPOBHE MAaKCHUMAaJIbHBIX OTHOCUTENBHBIX J€-
dbopMaruii MaTepuaa 3a mpereaoM YIpyrocTH» U OTHECEHHYIO K OJJHOMY UKy Iie-
pPEMEHHOI Harpy3k# [6].

[TornmomenHass mMpu IUJIACTUYECKOM J1€(OPMUPOBAHUU AKTUBHOIO JIJIEMEHTA

yaenbHas sHeprus W, onpeznenserca paboTol BHYTPEHHMX HANPSKCHUN HA COOTBET-
CTBYIOIIUX MUIacTUYeckux aedopmarusax. B padote [6] mpemnoxkensl GOpMybl aiis
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pacuera yaenbHOM dHepruu W, mornomaeMoi akTUBHBIM ILUIACTUHYATBIM DJIEMEH-
toMm Ol 32 0uH ITUKIT )KECTKOTO HATrPyKEHHS MPU €ro padore:

— Ha pacTshKeHHE
p W, ~ Zo'sz(e —1)/Ey; (3)
— Ha U3rud :
Ha U3ru VVup ~ 1'150-T2y(e - 1)2/eEy; (4)
— CJHIBUT W = 1,7301,2y(e —1)/Ey, (5)

rae e = £/&, — ypoOBEHb IJIACTHYECKOTO JIe(hOPMUPOBAHHUS; Y — YTOJI CIIBUTA.

[Tpu BBIBOZE (OopMyI MpenArnoiaraioch, 4To akTUBHBIE 3ieMeHTsl DIl He conep-
KaT KOHIICHTPATOPOB nedopmaiuii, a IiacTU4Yeckue aeGopMalud OMpPeestoTCs
ycioBUEM actTuyHocTy ['enkn-Museca.

N3 3aBucumocrteit (3) — (5) ciemyer, 4T0O HAUOOJIbIIEH YIEILHON HYHEPrOEMKO-
CThIO OOJIAJAIOT aKTUBHBIE 3eMeHThl Oll, BBIMOTHEHHBIE U3 TUIACTUYHBIX CTalleh
BCt3cn$, 091'2C u noaBep:KeHHbIE B IIpoliecce padoThl eopMalusaM pacTsKeHUs -
cxatus U casura. [I[puMeHeHne ux B MOCTOBBIX KOHCTPYKIMSX JJIsl TOBBIIIICHUS CeM-
CMOCTOMKOCTH IPOJIETHBIX CTPOEHUN MOCTOB U 30H MX CONPSDKEHHUN C OIIOPAaMH I10-
TpeOyeT COOTBETCTBYIOIIEH TOpaOOTKH KOHCTPYKTUBHBIX GopM DIl u nomnonHuTe b-
HBIX UCCIIEAOBAHUM UX PabOTHI.

[Tons temnepatyp noBepxHocTu o6pasuoB JIIC. Obuwme Buasl oOpasuos IIIC
MoKaszaHbl Ha pucyHke 3a. Pasmepsl oOpasnoB — 220 x 220 mwm, TOJIIMHA JIUCTOB —
10 mm. Matepuan — BCr3nc6. Harpyxenue npou3BOAMIOCH B UCHIBITATEILHON Ma-
muHe P-100 ¢ 3ammcero quarpamMMmbl «Harpy3ka — yJJIMHEHUE» KBAa3UCTATHYECKU,
pPACTATUBAIOIIMM yCWIMEM 10 paspyuieHus. Vcnbitanus U o0paOoTKa JaHHBIX BbI-
MoJHSUIUCh B cooTBeTcTBUU ¢ TpeboBanusimu ['OCT 1497. Ipouecc nedopmupona-
HUS 00pa3IoB 0TOOpaXkasics B TePMOPMIbMaX C MOMOIIbIO KOMITBIOTEPHOTO TEPMO-
rpada «MMPTUC-2000», a 06paboTka pe3yJbTaTOB BeJlaCh MPOrPAMMHBIM MaKETOM
IRTIS.

Marmmunnabie nuarpammsl aegopmupoBanus oopasios IIIC npeacraBieHs Ha pu-
cynke 4. Kaapel Tepmoduiapma ob6pasia 0e3 KOHCTPYKTUBHBIX JEe(PEKTOB B CTEHKE
MIPUBEJEHBI HA PUCYHKE 5, U3 KOTOPOrO CIEAYEeT, YTO TEMIIEpaTypHOE MOJE B YIpY-
roil craauu pabOThl Marepuaja CTEHKH paBHOMEpHOe, 0e3 aHoManuil. Takke Her
aHOMAaJIMiA TIpU paboTe MaTepuasa CTEHKH B IUIACTUYECKOW cTaauu. B cramum camo-
VOPOYHEHUs] MEeTajula HEOJHOPOJHOCTh MOSBISETCA MpU OOpa30BaHUM BOJIHBI B
cTeHKe (pUCyHOK 30).

B o0pa3max ¢ KOHCTpYKTUBHBIMH JilehekTaMu (OTBEPCTHS, BBIPE3bl) TEMIIEPATYP-
HbI€ aHOMAJIMU MPOSBISIOTCS MPU MEPEX0/e OT yHpyroi pabOThl CTajau K YIpyro-
MJIACTUYECKOM U COMPOBOXKIAIOTCA HEMPEPHIBHBIM POCTOM TEMIIEPATyphl B MECTE 3a-
POXKICHUS U Pa3BUTHUS TPEUIUHBI.

Bosmoknoe pacnonoxkenue DI B MOCTOBBIX OanouHbIX coopykeHusix. [Ipemmno-
Jaraem, 4To YCTOM MOCTa U MPOMEKYTOUHBIE OMOPHI BHIIIOJHEHBI B COOTBETCTBUU C
TpeOOBAHUSIMU HOPM MPOEKTUPOBAHUS CECMOCTOMKNX MOCTOB. Toraa 3Hepromnorio-
TUTEJH 11eTIECO00Pa3HO YCTAHABINBATH B MECTaX COMPSIKEHUM MPOJIETHBIX CTPOCHHIMA
C Oropamu, KOHCTPYKLHHA MPOJIETHBIX CTPOCHUM MEXKY COOOM.
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a — obpastpl DI1C nepen ucnpitanueM; 6 — Bua oopasia tumna IIIC ¢ akTUBHBIM
AJIIEMEHTOM 0€3 KOHCTPYKTHUBHBIX KOHIICHTPATOPOB; B — BUI 00pasia tuma JI1C
C OTBEPCTHEM B CEpeMHE aKTUBHOTO dJIeMEHTa; T — BuJ1 0Opasiia tumna II1C ¢ 6oko-
BBIMU BBIPE3aMU B AaKTHUBHOM DJIEMEHTE
Pucynok 3 — DkcniepuMenTanbHble sHepronornotutenu JI1C u ux Bua B craauu
npeapa3pyueHus

151



-1
-2

\
= =

Yenaue, kH

50 60
YiJuHeHHue, MM

PucyHnok 4 — JluarpaMMbl «yCHUJIHE — YUTMHEHHUE» 110 JaAHHBIM PACTSKCHHS DKCIIe-
PUMEHTAIIbHBIX CABHUIOBBIX 00PA3I0B ¢ KOHCTPYKTUBHBIMH JeeKTaMu U 0e3 HUX
B maiuuue P-100

Kanp 27. Bpemsa 63 cex  Kaxp 50. Bpemst 116 cex

Pucynok 5 — Kaapsr Tepmoduniema nedopmaimoHHoro HarpeBa odpasiia
0e3 1epeKToB B CTCHKE
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3akioueHue

1. Ha ocHOBaHMM OIBbITa CTPOMTENBCTBA M JKCIUTyaTallud MHOTIOJTAKHBIX CEU-
CMOCTOMKHX 3[IJaHUI, OCHAIIEHHBIX YHEPTOINOIVIOTUTENIIMU C AKTUBHBIMU CTAJIbHBIMU
AJIeMEHTaMH, pabOTalIMMMHU B YIPYroOIUIACTHUECKOW U IJIACTUYECKON CTaausix,
peaIoKeHo oTaenbHble u3 HUX (OIIC u np.) npUMEHSTh JJI MOBBIIEHHS CEcMO-
CTOMKOCTH IMPOJIETHBIX CTPOCHUM MOCTOB M 30H UX CONPSIKEHUHM C OIIOPAMH C COOT-
BETCTBYIOIIEH 10pabOTKON KOHCTPYKTUBHBIX (hopMm D11 u 1oNmOTHUTEILHBIMU UCCIIE-
JIOBaHUSIMU UX paOOTHI.

2. DKCNEpUMEHTAIBHO, ¢ MCIOJIb30BAHUEM JIa0OPATOPHBIX 00OPa3lOB U3 MaJlo-
YIIEPOAUCTON IUIACTUYHOM CTaldM JI0KA3aHO, YTO B OKPECTHOCTH KOHCTPYKTHUBHO-
TEXHOJIOTUYECKUX J1e(PEeKTOB (OTBEPCTHS, BBIPE3bI) B PACTSHYTHIX U CIIBUTA€MbIX
aneMeHTax KoHcTpykuuii D11 mpoucxoauT nokanuzamus aedopmainii, 0COOEHHO Tpu
YOPYTro-TJIACTUYECKOW M TUIACTUYECKOW CTaausiX paldOThl CTalM, C MOBBIIICHHEM
CpellHel TeMIepaTypbl MOBEPXHOCTU CTalu MpH AehOpPMUPOBAHUN HA HECKOJIBKO JIe-
CSITKOB I'PAlyCOB, YTO MO3BOJISIET B PEKUME MOHUTOPHHTA IO TEMIIEPATYPHOMY IOJIFO
AKTUBHOTO 3JIEMEHTa KOHTPOJIMPOBATh Pa0OTOCHOCOOHOCTH 3JEMEHTOB CTaJbHBIX
IIPOJIETHBIX COOPY’KEHHUI MOCTOB ¥ YHEPTONOIIIOTUTENIEH.
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