ISSN 2782-5981 Ural Federal

Universit
RUSSIAN JOURNAL
OF CONSTRUCTION SCIENCE
AND TECHNOLOGY

Ny 1Sy



NHCcTnTYyT
CTtpouTtensctea
N ApXUTEKTYPBbI

PYCCKUW s ypHan
CTPOUTE/IbHBIX HAYK
N TEXHONOT I

2022, ToM 8, Ne 2



Russian Journal
of Construction Science
and Technology

2022, vol. 8, no. 2
Scientific journal

Established in 2015
Published two times a year

Issued in Russia
© Ural Federal University, 2022

Founded by Ural Federal University
named after the first President of Russia B. N. Yeltsin
19, Mira st., 620002, Yekaterinburg, Russia

Editorial policy
Objectives:
- creation of an in-demand platform for specialists to

discuss the results of researches in the field of
construction sciences and technologies;

- distribution and development of the theoretical and
practical knowledge promoting progress in area of
construction and civil engineering education;

- promotion of the advanced scientific and technical
achievements in the field of structural sciences and
technologies.

Strategic tasks:
- informing scientific community and practical workers

about advanced theoretical and practical designs in areas
connected with production and civil engineering,
architecture and town planning, economy, engineering
support of construction, safety of structural critical
infrastructures, structural materials, computer model
operation, etc., and also with searching of new
technologies in the annex to structural branch and
architecture;

- analysis and development of the best international
experience of construction, design of civil engineering
objects, their building and operation;

- support of inter-disciplinal approach to problem
solving;

- cooperation of researches and engineers of practice
in order to improve the outcome of civil engineering
industry.

Pycckuia XypHaa
CTPOUTEAbHbIX HaYK
U TEXHOAOT UM

2022, Tom 8, N2 2
HayuHblii xxypHan
KypHan ocHoBaH B 2015 rogy

BbixoauT aBa pasa B rog

MN3paetca B Poccun
© Ypanbckuin hegepanbHblii yHUBepcuTeT, 2022

Yypedumens — Ypaneckul ¢hedeparibHbill yHUBEPCUMEM

umeHu nepsoeo [Npesudenma Poccuu 5. H. EnbyuHa
620002, Poccus, ExamepuHbype, yn. Mupa, 19

PepakunoHHaa nonutuka

Lenu:
- co3aaHue BOCTpeboBaHHOM crneumanmcTamm
nnoLw,aaKm ans obecyxaeHust pesynbTaToB

uccrieaoBaHUiA B 00MacT CTPOMTENbHLIX HayKk W
TEXHONOINIA;

- pacnpocTpaHeHne W pa3BUTME TeopeTUYecKUux wu
NpaKTUYeCcKUX 3HaHWi, cNocoOCTBYIOWUX Mporpeccy B

obnactu cTpouTenbCcTBa 7] CTpouTenbHOro
obpasoBaHus;
- nponaraHaa nepesoBbIX Hay4HO-TEXHUYECKNX

JOCTWKEHMIA B 06nacTM CTPOWUTENbHLIX Hayk W
TEXHONOINIA.

Cmpameauydeckue 3alayu.
- UH(popMUpoBaHue Hay4yHoro coobulecTBa 7

NpaKTUYecknx paboTHUKOB O HOBbIX TEOPETUYECKUX U
NpaKTUYecknx paspaboTkax B o6nacTsx, CBSA3aHHbIX C
MPOMBILMEHHBIM W TPAKJAHCKUM  CTPOUTENbCTBOM,
apXUTEKTYpPO U TpajoCcTPOUTENbCTBOM, 3KOHOMMKOM,

UHXXEHEPHbBIM obecneyeHnem CTPOUTENLCTBA,
6e30MacHOCTbIO CTPOUTENBHbIX KPUTUYHbIX
WHpacTpyKTyp,  CTPOMTENbHBIMM  MaTepuanamm,

KOMIMbIOTEPHLIM MOJENMPOBaHNEM U T. M., @ TaKkkKe ¢
MOUCKOM HOBBIX TEXHONMOMMA B NPUNOXEHUM K
CTPOUTENLHOW OTpPacy U apXUTEKTYPE;

—aHanus U pasBuUTUe MepeoBOro MUPOBOMO OMbiTa
CTPOUTENLCTBA, NPOEKTUPOBaHUS 06bEKTOB
CTPOUTENLCTBA, UX BO3BEAEHUS M SKCNyaTaLuu;
-nogaepxka  MEXAUCUMMIMHapHOro  noaxoja K
pelleHuIo 3ajay CTPOUTENbCTBA;

- B3aUMOJENCTBME YYeHbIX U WHXEHepOB B obnactu
COBEpLUEHCTBOBAHMS CTPOUTESIBHOTO NMPOU3BOACTBA.



RUSSIAN JOURNAL OF CONSTRUCTION SCIENCE AND TECHNOLOGY

2022,VOL. 8, NO. 2

EDITORIAL COUNCIL

Chairman of the Editorial Council
V.
Deputy Chairman of the Editorial Council

L.

Z200Z20<0<0n0>rn=s0>r>1T

N. Alekhin (Russia)

F. Boswell (United Kingdom)

. A. Akimov (Russia)

. T. Bekker (Russia)

. V. Dolgov (Russia)

. V. Mazaev (Russia)

. B. Permyakov (Russia)

. P. Postnikov (Russia)

. A. Starikov (Russia)

. A. Timashev (Russia)

. I. Travush (Russia)

. V. Ulrikh (Russia)

. Bianco (ltaly)

. D’ Mello (United Kingdom)
. Dawood (United Kingdom)
. Drochytka (Czech Republic)
. Lo Presti (ltaly)

. Kassem (United Kingdom)

B. Yahaya (Malaysia)

EDITORIAL BOARD

Editor-in-Chief

A. S. Noskov (Russia)
Deputy Editor-in-Chief
L. G. Pastukhova (Russia)
Z. V. Belyaeva (Russia)
Executive Secretary

S. S. Novikova (Russia)

Sections:

Education in Civil Engineering and Architecture
L. I. Mironova (Russia)

O. B. Naschetnikova (Russia)

N. P. Nikitina (Russia)

N. P. Shiryayeva (Russia)

Industrial and Civil Engineering and Economics
A. A. Antipin (Russia)

M. K. Kozhevnikova (Russia)

N. I. Fomin (Russia)

Engineering Systems
V. l. Velkin (Russia)

E. V. Migalatiy (Russia)
A. V. Nekrasov (Russia)
A. F. Nikiforov (Russia)

Architecture and Urban Planning
M. U. Ananin (Russia)

N. N. Kaganovich (Russia)

I. A. Tiganova (Russia)

A. V. Khrichenkov (Russia)

Safety of Building Critical Infrastructures and
Territories

E. S. Guryev (Russia)

L. V. Poluyan (Russia)

Construction Materials
S. V. Bednyagin (Russia)
F. L. Kapustin (Russia)

Digital Technology in Civil Engineering and
Architecture

V. N. Alekhin (Russia)

O. V. Mashkin (Russia)

S. V. Pridvizhkin (Russia)

O. U. Ushakov (Russia)



PYCCKWM XXYPHAA CTPOUTEAbHBIX HAYK U TEXHOAOTUK
2022,TOM 8, Ne 2

PEOAKLIMOHHbIV COBET

PEOAKLIMOHHAA KOJNNENMA

MpencepaTtenb peaakLMOHHOTO COBETA

B. H. AnexuH (Poccus)

3amecTutenb npegcenarens peaakLMOHHOTO
coBeTa

Jloypenc boseenn (BenukobputaHus)

M. A. AkumoB (Poccus)

A. T. bekkep (Poccus)

A. B. Jonrros (Poccus)

B. Masaes (Poccus)

B. NepmMskos (Poccus)

. MocTtHukoB (Poccus)

A. Ctapukos (Poccus)

A. Tumawes (Poccus)

W. Tpasyw (Poccus)

B. ¥Ynbpux (Poccus)
BbaHko (Utanus)

IO Menno (BenukobputaHus)
H. Daya (BenukobpuTtaHus)
P. OpoxbITkO (Mexus)

L. INo Npectn (MTanus)

M. Kaccem (BenukobpuraHus)
H. B. Maxana (Manaisusi)

r.

M.
C.
A
C.
B.
O.
B.
C.

FmaBHLIN pegakTop

A. C. Hockoe (Poccus)
3amecTuTenb rnaBHOro pegakropa
J1. T. MacTtyxoBa (Poccus)

3. B. bensesa (Poccus
OTBeTCTBEHHbIN CeKpeTapb

C. C. Houkosa (Poccus)

Cekumm:

O6pasoeaHue e cmpoumernbcmese U apxumekmype

J1. . MupoHoBa (Poccus)
O. b. HacueTtHukosa (Poccus)
H. IN. HukutuHa (Poccus)
H. N. Wupgaesa (Poccus)

TMpombilneHHOE U epaxdaHCKoe cmpoumenscmeo u

9KOHOMUKA
A. A. AHTunuH (Poccus)

M. K. KoxxeBHukoBa (Poccus)
H. . ®omuH (Poccus)

UHxeHepHoe obecrnedeHue cmpoumernscmea
B. . Benbkun (Poccusa)

E. B. MuranaTtun (Poccus)

A. B. Hekpacos (Poccus)

A. . Hukudbopos (Poccus)

Apxumekmypa u 2padocmpoumernbcmeo
M. 1O. AHaHbuH (Poccus)

H. H. Karanoeu4 (Poccus)

W. A. TuraHosa (Poccus)

A. B. XpuueHkos (Poccus)

BbesonacHoCmMb cmMpoumMesibHbIX KpUMUYHbBIX
UHppacmpykmyp u meppumopuli

E. C. l'ypbes (Poccus)

J1. B. MNMonysaH (Poccus)

CmpoumernbHble mamepuaribi
C. B. begHarun (Poccus)
@. J1. KanyctuH (Poccus)

L{ugbpoesie mexHonoauu 6 cmpoumenscmee u
apxumexkmype
B. H. AnexuH (Poccusa)

O. B. MawkuH (Poccus)
C. B. NMpuasmxkuH (Poccus)
O. 0. Ywakos (Poccus)



Implementation of Interdisciplinary Approach in the Process ofHigher Education Vol 8, Ne 2
Digital Transformation 2022

OBPA3OBAHWE B CTPOUTE/IbCTBE N1 APXUTEKTYPE

DOI 10.15826/rjcst.2022.2.001 YK 378.14

Mironova L. I.
Ural Federal University, Yekaterinburg, Russia
e-mail; mirmila@mail.ru

IMPLEMENTATION OF INTERDISCIPLINARY APPROACH IN THE
PROCESS OF HIGHER EDUCATION DIGITAL TRANSFORMATION

Abstract. The article deals with the problem of information and methodological support of
the educational process in universities in the context of the digital transformation of higher
education. An analysis of scientific publications on the topic of the article showed that this
process can be activated by applying an interdisciplinary approach. It can be implemented by
creating interdepartmental research teams at universities, the main participants of which will
be future IT specialists and their leaders from among the leading teachers of IT departments.
As part of the activities of these teams, digital educational resources will be developed by
order of university departments and other departments of the university. At the same time, IT
developers of educational resources will increase their skills in the field of creating various
kinds of software. As a result of the activities of such teams, the digital educational
environment of the university will be replenished with up-to-date digital educational resources
and their methodological support.

Keywords: interdisciplinary approach, digital educational environment, digital educational
resources, interdepartmental research team, educational and methodological support.
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BHELPEHWE MEXAVNCLMMNIMHAPHOIO MOAXOAA B
MPOLIECCE LIIdoPOBOW TPAHC®OPMALLW BbICLLEIO
OBPA30OBAHUSA

AHHOTaums. B cTaThe paccMaTpuBaeTcsi npo6neMa MHHOPMALMOHHO-METOANYECKOTO
obecrieyeHns 06pa3oBaTeNIbHONO NpoLiecca B By3axX B KOHTEKCTe LM(POBON TpaHchopmaLmu
BbICLLIEr0 06pa3oBaHMs. AHaNM3 HayuHbIX Ny6AMKaUWiA MO Teme cTaTbM MOKasan, uTo
aKTVBU3MPOBATb 3TOT MPOLIECC MOXHO, NPUMEHMB MEXAUCLUMMNINHAPHBIVA noaxod. OH MOXeT
ObiTb peanu3oBaH MyTeM CO3[4aHWs  MeXKadeapanbHbIX —HayuHbIX KOMMEKTUBOB B
YHUBEPCUTETAX, OCHOBHBIMU YUYaCTHMKAMI KOTOPbIX CTaHyT Gyayuiue | T-cneuuanmcTbl U nx
PYKOBOAMTENM U3 uMCna Befylmx npenogasateneil 1T-kadedap. B pamkax [AesTenbHOCTU
3TUX KOMNEKTVUBOB 6YyayT pas3pabaTbiBaThCs LM(POBLIE 06pa30BaTe/lbHbIE PECYPChI MO 3aKazy
YHMUBEPCUTETCKUX Kadedp W ApYrux noapasgeneHuin Bysa. Mpu sToMm UT-paspaboTumku
06pa3oBaTe/lbHbIX PecypcoB GyAyT HapallvBaTb CBOE MacTepcTBO B 06M1acTVi CO3[aHus
pasHOro pofa MPOrpamMMHOIO o6ecrieyeHVs. B pesynbTaTe AEATENbHOCTU TaKMX KOMaH[
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nudposast oOpasoBaTeNpHasi Cpeda YHUBEpPCHTETa OyAeT TOMNOJHSITHCS aKTyaJbHBIMU
U POBBIMU 0OPA30BATEIBHBIMH PECYPCAMH U UX METOIUYECKHM OOECTIedEHUEM.

KaueBble c10Ba: MEXIMCLUIUTMHAPHBIA moaxox, wudposas oOpasoBaTeNbHas Cpena,
ugpossle 00pa3oBaTENbHbIE PECYPChl, MeXKadenapanbHbli HAYYHBIH KOJUIEKTHB, Y4eOHO-

METOIUUECKOE ODecIieueHue,
1. Introduction

The development of informatization of
education is characterized by the active
and systematic use of digital technologies
at all levels of the education system.

According to the results of research
conducted at the Institute for the
Development of Education of the Russian
Academy of Education within the
framework of the scientific school of
Robert 1. V., the digital transformation of
education is understood as the result of
significant systemic changes that have
occurred and are occurring in the field of
education (both positive and negative), in
connection with the active and systematic
use of digital technologies and the
implementation in educational practice of
the results of the achievements of scientific
and technological progress of the modern
information society of mass global
communication [1].

In the context of the development and
functioning of the digital educational
environment of a modern university, the
process of creating digital educational
resources, information and methodological
support of the educational process,
information interaction, both between the
subjects of the educational process and
with interactive digital resources, are most
actively undergoing digital transformation.
The development of informatization of
education is characterized by the active
and systematic use of digital technologies
at all levels of the education system.

In the context of the development and
functioning of the digital educational
environment of a modern university, the
process of creating digital educational
resources, information and methodological
support of the educational process,
information interaction, both between the
subjects of the educational process and

with interactive digital resources, are most
actively undergoing digital transformation.

The relevance of the topic of the article
is determined by the insufficient
development of scientific and
methodological ~ foundations in  the
development and use of digital educational
resources focused on information and
methodological support of the educational
process in universities in the context of
digital transformation of higher education.

The purpose of the article is to develop
theoretical provisions in the field of
creating digital educational resources
based on interdisciplinary design.

To achieve the goal, it is necessary to
analyze the concept of "interdisciplinarity"”,
substantiate and formulate the goals of
interdisciplinary  design, as well as
organizational and technological issues in
the development of digital educational
resources.

Object of study: the process of
university training in the context of the
digital transformation of higher education.

Subject of research: implementation of
an interdisciplinary approach in the
development  of  information  and
methodological support of the educational
process (IMS EP) of a university in the
context of digital transformation of higher
education.

2. Literature review

Since the IMS EP is developed, as a
rule, for two or more subject areas, it is
advisable to use the project approach,
which was considered in the studies of
Gromyko Yu. V. [2], Kilpatrick W. H. [3],
Dewey J. [4], Polat E. S. [S] and others in
the context of interdisciplinarity (Franks D.
et al. [18], Margalef Garcia L. et al. [6],
Rabb R. et al. [7]), which initiates “the
development of close interaction between
representatives different  disciplines
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(including natural sciences: physics,
chemistry, biology, etc) and IT-
specialists” [8].

Researchers, students and teachers
involved in the problem of establishing a
connection and integration of two or more
academic disciplines, professions or
technologies with their methods and
perspectives, pursue a common goal.
Problems that seem complex or large-scale
to researchers belonging to the same
discipline are usually solved using
interdisciplinary  approaches. In the
educational field, the adjective
"interdisciplinary" is used  when
researchers from two or more disciplines
combine their approaches and transform
them so that they become acceptable for
solving certain problems.

According to the research of Bortnik
B. I, Stozhko N. Yu. [9, 10], Gendjova A.,
Yordanova V. [11], Grebenyuk 1. [12],
Konga S. K. [13], Mironova L. 1. [8, 14],
Naumenko M. [15], Sampson D. G. [16],
Chu H. S. [17], etc.), an interdisciplinary
project includes specialists from different
disciplines and professions who are
involved in the process of joint work as
parties interested in solving a common
problem. According to J. Berger, an
interdisciplinary group may consist of
persons trained in different fields of
knowledge, with concepts and concepts,
methods, material and terminology
characteristic of each. These individuals
are united to work together on a problem in
conditions of constant communication
between participants representing different
disciplines [18].

Based on the research of a number of
scientists (Margaret Garcia L. and Pareya
Roblin N. [19], Nikitina S. [16], Haywood
J. [20] and others), as well as based on the
understanding that the process of education
in higher education relies on the basic
principles of consistency and integration,
in the context of the digital transformation
of education, it was concluded that the
implementation of an interdisciplinary
approach provides new opportunities in the

field of organizing and improving
efficiency, in particular, engineering
education [21].

A number of works (Alshara O. K. and
Ibrahim M. [22], Rabb R. [7] and others)
describe the experience of joint training of
students of  different  professional
orientations. It is expedient to solve
complex social, engineering and other
problems is  the  formation  of
interdisciplinary teams of students (Da
Figueredo [23 16], Carpenter S. L. [24],
Piuno P. A. E. [25], Pooley S. P. [26],
Stetter R. [27], Shea K. [28], etc.). The
result of such activity of students in
interdisciplinary practical and research
activities is described in the works of
Haiter A. [29], Mac Goldrick N. B. [6],
Rahala I. [30], Richter D. M. [31], Tana J.
K. [32], Franks D. [33] and others).

The issues of developing
interdisciplinary projects in vocational
education are also considered in many
domestic studies (Bortnik B. 1. and
Stozhko N. Yu. [9], Gendjova A. [11],
Grebenyuk 1. [12], Kong S. K. [13],
Mironova L. 1. [14], Naumenko M. [15],
Stozhko N. Yu. [10], etc.).

With any approach to solving the
problem of interdisciplinarity, the project
approach is relevant, which in its essence
is of an oversubject nature and is
considered by methodologists within the
framework of activity and personality-
oriented areas of education [34].

At the same time, the computational
methods used in various subject areas
require the use of modern software. This
contributes to the development of close
cooperation between specialists in various
disciplines (including natural sciences:
physics, chemistry, biology) and specialists
in the information field.

One of the forms of implementation of
interdisciplinary cooperation is
interdisciplinary design (Project Based
Learning (PBL)). Barack M. and Dori Y. J.
described the experience of integrating
PBL in an IT environment when
implementing this technology in three
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undergraduate chemistry courses [35].
Students in the experimental group
developed IT-based individual projects,
while their peers in the control group
developed traditional chemistry projects.
Comparison of learning outcomes
convincingly  demonstrated the high
efficiency of the applied technology.

Dekhan S. and Tsoi M. Ya. [36]
presented a  peculiar model  of
interdisciplinary  interaction  between
students based on “business relations”:
students of the information direction of
study were “hired” by chemistry students
to develop software for designing mobile
applications for the organic chemistry
course in order to study the course more
effectively.

The given brief review testifies to the
relevance, relevance and significance of
various strategies and technologies of
interdisciplinary design.

3. Method

In the course of the study, a theoretical
analysis and generalization of the
provisions of pedagogical science on the
problems of professional training of
students were carried out; studied and
analyzed the experience of teaching
various university disciplines on the basis
of information and communication
technologies (ICT), the analysis of the
State Educational Standards and the
Federal State Educational Standards of
Higher Education in the IT direction of
training future programmers, curricula and
teaching materials for the preparation of
bachelors and masters in the field of
programming was carried out.

4. Results and discussion

The analysis of scientific publications
on the topic of the article suggests that one
of the ways to solve the problem of digital
transformation of higher education is the
development of interdisciplinary projects
by future IT specialists.

The subject-professional training of
students — future IT specialists is
implemented on the basis of blocks of

basic and major disciplines, the content of
which changes extremely dynamically due
to the rapid development of the scientific
and  technological  foundations  of
informatics as a scientific  field.
Informatics, being an interdisciplinary
scientific direction and performing an
integrative function in the system of
sciences, is reflected in the system of
higher education. The sharply increased
role of digital technologies should find a
response in pedagogical research to
improve the subject training of specialists
for various areas of the economy, including
in  combination with  project-based
learning. At the same time, educational
projects can be not only research, but also
reflect the patterns of technological
processes in the subject area, i.e., have the
features of professional projects, which is
typical for engineering, construction,
architecture,  economics and  other
specialties.

In modern universities, students are
trained for various sectors of the economy,
which, in the context of the digital
transformation of higher education,
requires the development of a distributed
educational resource (educational and
methodological materials in electronic
presentation formats, information and
communication  subject environments,
information and reference  systems,
knowledge control systems, the
implementation of simulation models in
subject areas, software and hardware for
organizing the educational process,
databases of subject areas, etc.). At the
same time, the qualifications of teachers
who provide training in these specialties
have a different focus. In addition, the
software that is freely available does not
always meet the requirements of the
educational process.

According to the Federal State
Educational Standard of Higher Education
(FSES HE), the objects of their
professional activity for future IT
specialists ~ are  mathematical  and
algorithmic models, programs, software
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systems and complexes, as well as methods

for their design and implementation in

interdisciplinary areas [21, 34].

Basic professional training of IT
specialists is traditionally a combination of
programming (Computer Science) and
engineering  (Computer  Engineering)
approaches to education. Such a symbiosis
of two areas of training allows students to
form simultaneously with the skills of
assessing, selecting, organizing and
processing information a creative approach
to creating new methods of information
processing and informatization tools. At
the same time, their basic professional
training forms their potential, which allows
them to solve problems related to the
development of services that provide
educational and any other university
processes under the guidance of teachers
and methodologists of departments where
future programmers study.

Thus, the basic training of future IT
specialists allows them to integrate
professional competencies in the field of
software development, regulated by the
FSES HE, into the interdisciplinary design
of digital educational resources in the
process of digital transformation of
education. This approach will allow future
IT specialists to solve problems related to
the development of digital educational
resources (DER) to support the educational
process of the university, which include:

— content and educational and
methodological support presented in
electronic format;

— automated means of monitoring
learning outcomes;

— means of forming knowledge and skills
in specific subject areas.

Then, under the interdisciplinary
design (IDD) of digital educational
resources (DER), we mean the activities of
future IT specialists, including the
following sequence of actions:

— development of an algorithm that
implements the content component of
the DER content;

— development of an algorithm that
implements the technological
component of the DER interface;

— development of the DER application
program code;

— debugging the DER code;

— experimental use of DER in the
educational process;

— adjustment of the DER based on the
results of trial use;

— the use of DER in the educational
process of the university;

— development of methodological
documentation for DER users;
— development of methodological

documentation for conducting a training
seminar for potential users of the
developed DER;

— registration of the results of
interdisciplinary design (presentation at
a  scientific  student conference,
publication of a scientific article,
obtaining a certificate of state
registration of a computer program,
preparing a report for presentation at a
scientific conference, participation in a
competition, a creative report, etc.) [34].

The purpose of interdisciplinary design
as part of the educational and
methodological process of training future
IT specialists simultaneously with the
propaedeutics of the preparation of final
qualification works is the formation of
their professional competencies in the
development of modern digital educational
resources and services in the course of the
digital transformation of education in order
to create a digital educational environment
of the university, in during which future
programmers develop design skills and
experience 1in assessing the quality of
software  products for  pedagogical
purposes.

The implementation of this approach
will allow more intensive creation and
expansion of the digital educational
environment, providing its participants
with up-to-date educational resources and
services.
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Organizational and methodological
management of the DER development
process within the framework of the IDD
should be carried out by teachers of the
graduating department, where future IT
specialists are trained, and teachers and
methodologists from the departments of
the university, for which the DER is being
developed within the framework of the
interdepartmental scientific team (IDST),
which includes students who wish to take
part in the development of the DER.

In the course of joint work within the
framework of the IDST, the students-
developers of the DER develop
competence in the development and use of
the DER, by which we mean the following
set:

— knowledge in the field of: theoretical
foundations for the development of
DER based on interdisciplinary design;
the use of algorithmic structures in data
processing; basic theoretical provisions
in the field of design for the application
of teaching methods; requirements for
the pedagogical and ergonomic quality
of the DER (supervised by the teacher
of the executing department and the
leading subject teacher of the customer
department);

— skills in the field: application of modern

programming technologies;
implementation of the stages of
interdisciplinary ~ design  in  the

development of DER; development of
the DER scenario; development of the
technological components of the content
and interface of the DER (supervised by
the teacher of the executing
department); determining the
compliance of the developed DER with
pedagogical, technological and
pedagogical-ergonomic  requirements
for organizing the educational process
(supervised by the leading subject
teacher of the customer department or a
representative of the customer unit);

— experience in the field of: determining
the pedagogical goal of using the DER
in the learning process; development of

10

a training scenario (supervised by a
leading subject teacher of the customer
department or a representative of the
customer  unit); content  design
(supervised by a teacher of the
executing department, a leading subject
teacher of the customer's department or
a representative of the customer's
department); development of
application programs for the
implementation of the content and
technological components of the content
and interface of the DER in accordance
with the terms of reference from the
customer unit (supervised by the teacher
of the executing department or a
representative of the customer unit).

5. Conclusion

The implementation of  the
interdisciplinary approach proposed in the
article is a factor in the successful
organization of independent work of
students at the university, which allows
you to form the cognitive activity of future
IT specialists and is aimed at their
professional self-improvement. At the
same time, the result of interdisciplinary
design, carried out within the framework of
the work of interdepartmental research
teams, will be relevant digital educational
resources to ensure the educational process
of the university, the development of its
digital educational environment, which
should ensure interaction with educational
resources in all areas of student training
carried out at the departments of the
university.  This mutually beneficial
activity is aimed at improving the quality
of learning outcomes by intensifying the
educational  process, enhancing the
cognitive activity of students, increasing

their efficiency and motivation for
learning.
The task of mastering digital

technologies for the digital economy of
Russia is interdisciplinary in nature, which
requires a clear understanding of
educational tasks in the field of
digitalization associated with the need to
form the competence of specialists in the
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development and implementation of digital
transformation projects in any applied
field, which directly depends on the level
of training of graduates of modem
universities. One of the directions for
activating the process of digital
transformation of higher education can be
the implementation of the interdisciplinary
cooperation of the departments of modern
universities proposed in the article.
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Abstract. The relevance of the article is due to the low awareness of the population about the
possible consequences of an earthquake, as well as ways to prevent and prevent it already at
the stage of designing a construction site. The article provides a comparative analysis of
Russian and European design standards, which made it possible to identify their advantages
and disadvantages. In addition, as a result of a review of Russian and foreign literature, an
analysis was made of the development of scientific ideas about the stress-strain state of the
geological environment as a result of seismic impacts. Based on the prerequisites set out in
the text of the article, options for adjusting the maps of seismic activity of the territories are
proposed. As a result of the analysis of the scientific literature, it was concluded that the
behavior of soils and structures of buildings and structures during strong earthquakes remains
poorly understood and is not always well described by existing mathematical models.
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AHANN3 BNINAHNA CEI7ICMI/I'4E§KI/IX BO3OENCTBUN HA
COCTOSIHVE COOPY>KEHU 1 TOPHbLIX MOPO.
OB30P HOPMATUVBHOW BA3bI

AHHOTaUMA. AKTYa/lbHOCTb CTaTbu 00YC/0B/IEHA HN3KON OCBEAOMIEHHOCTbIO HaceNeHusi o
BO3MOXXHbIX MMOCNEACTBMAX 3eM/IETPACEHMS, a TakKe crnocobax ero npegynpexnaeHus u
NpeaoTBpalLeHNs yXKe Ha CTagun MNPOEKTUPOBAHMA CTPOWUTENBHOrO 06bekTa. B cTaTbe
MpoBefeH CPaBHUTE/IbHLIA aHaIM3 POCCUMCKMX W €eBPOMENCKUX HOPM MPOEKTUPOBaHUS,
KOTOpbIA MO3BONWA BbISIBUTb MX AOCTOMHCTBA M HefocTaTKW. Kpome 3Toro, B pesynbTaTe
0630pa POCCUICKON W 3apybeXHON nuTepaTypbl MNPOBEAEH aHann3 pasBUTMS Hay4HbIX
NpPeAcTaBNeHNi A 0 HanpsXXeHHO-AehOPMMPOBAHHOM COCTOSIHUM Te0/I0rMYECKO cpeabl B
pesynbTaTe CEMCMMYECKNX BO3AENCTBUIA. cxoas M3 MpeanocbinoK, W3MOXKEHHLIX B TEKCTE
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CTaTbH, MPENJIOKEHBl BAPUAHTBI KOPPEKTUPOBOK KAapT CEHCMHUYECKOM aKTUBHOCTH
TeppuTopuil. B pesysnbrare NpOBENEHHOrO aHAIN3a HAYYHOW JIMTEPATyphl CAEJIAH BBIBOL O
TOM, 4YTO NOBEACHUE TIPYHTOB W KOHCTPYKLMH 30aHUNA U COOPYXKEHUNH IPU CHJIBHBIX
3eMJIETPACEHUSIX  OCTA€TCsl MAJOM3Y4YeHHbIM W HE BCEerga XOpOUIO  OMHUCBHIBAETCS
CYILECTBYIOIIUMH MaTEMATHIECKUMH MOJEISIMU.

KnwueBble ciaoBa:  3eMyeTpsCeHUE, CEICMHUYECKOe  BO3JEICTBUE,  CTPOHUTENbHAS
KOHCTPYKLUS, TOBPEXKACHUS, HANPsDKEHWs, CEHCMHMYeCKass BOJIHA, CEHCMOCTONKOE
MIPOEKTUPOBAHNE, [PYHT, 3[aHUE.

1. Introduction year on disaster management. The pie chart
(Figure 1) on the right shows the
distribution of various natural disasters.

Relatively little money 1is spent on

earthquake protection measures. This is

because not every generation experiences a

major earthquake. Despite this, the total

consequences and damage to property from
earthquakes can be orders of magnitude
higher than from floods, avalanches, etc.

This example is just one of thousands
around the world, but it also clearly shows
that there are serious shortcomings in
terms of measures taken to prevent
earthquakes, as well as an underestimation
of their possible consequences.

The search in the framework of this
review of the literature on the topics of the
influence of seismic impacts included
familiarization with the already studied
aspects of the chosen problem. 17 original
scientific sources related to the research
topic were found. The search was carried
out using ResearchGate, eLibrary and
other information retrieval services. The
following will be a description of the
results of the analysis of these sources. The
review within the framework of this article
is intended to raise awareness of the
existing scientific developments related to
the research topic, as well as to detect
"blind spots" in the study of this topic, to
assess the possibility of their improvement.

To achieve the goal of the article, it is
necessary to solve the following tasks:

— to find out the causes of earthquakes
and assess the possible damage from
them;

— to study developments in the field of
seismic resistance of building structures

For a long time, the danger of
earthquakes was considered natural. It was
assumed that the consequences of ground
movements for buildings simply needed to
be reconciled. Accordingly, measures to
prevent earthquakes were mainly limited to
preparations for the elimination of the
consequences of a natural disaster, but
already at the beginning of the 20th
century, preventive measures also began to
be proposed. In recent decades, intensive
research on this topic has been carried out,
and measures have been taken to reduce
the  vulnerability of buildings to
earthquakes.

Earthquake risk (earthquake
strength/probability of occurrence and
local ground conditions) is a hazard and
vulnerability factor for building structures.
New structures are constantly being added
to existing structures, which can be
extremely vulnerable to careless or
erroneous design. One of the reasons for
this may be the fact that the design of new
buildings does not always follow the
important principles of seismic design, as
well as the provisions of earthquake
standards. This happens either out of
ignorance or on  purpose.  This
circumstance unnecessarily increases the
risk of extremely destructive consequences
of earthquakes.

The purpose of this article is to review
scientific articles devoted to the analysis of
the results of research in the field of
earthquakes published by researchers of
this problem in Russia, Germany,
Switzerland and China.

For example, the Swiss public sector
spends about 600 million Swiss francs a
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and their maintainability after an prospects for their possible
earthquake; development;

to analyze the applicability of existing
regulatory documents and outline the

- to analyze the stress-strain state of rocks
and soils subjected to seismic impacts.

Figure 1. Diagrams of the probability of occurrence of a destructive impact and the amount
spent by Switzerland on their elimination [1]

2. Research methods

To achieve the goal of the article, the
essential-logical and comparative-
comparative  methods of theoretical
analysis were used, which made it possible
to comprehensively consider various
scientific views on the subject of the
article, reflected in scientific sources, as
well as in comprehending practical
experience; in addition, a system-structural
method was applied, which made it
possible to consider the studied phenomena
in all their diversity, interconnection and
integral unity of their components.

3. Results and discussion

H. G. Schmidt and S. Weissenburg in
the  publication  "Determination  of
frequency-dependent  coefficients  of
increase in rock movement due to local
ground conditions" [2] showed how much
influence the site conditions have on the
stability and safety of structures in
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seismically active areas. The authors refer
to the provisions of Eurocode No. 8 [3] and
point to areas of possible supplementation
of normative acts. As a result of the study
for different classes of the terrain, an
envelope of the spectral ratio was obtained,
which can be given as a frequency- and
soil-dependent magnification function for
normalized spectral values of rock
movement. The dependence of the soil
factor (soil coefficient) S on the magnitude
of the acceleration amplitudes and,
consequently, on the resulting
deformations was also noted. The authors
point out that the implementation of
generally applicable values for the ground
conditions of construction sites, which
should be set out in regulatory acts,
requires interdisciplinary  cooperation
between seismologists, engineers and
geotechnicians, namely it represents a
promising direction for the development of
activities.
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Tuskaeva Z.R., Kulov M. E. in the
article "Comparative analysis of Eurocode
No. 8 [2]" and SNiP "Construction in
seismic areas"" [4], [5] present an
overview of the regulatory seismic
framework of documents. The main idea of
the authors was the possibility of
introducing "Eurostandards" and "Euro-
codes" into Russian production in order to
reduce the material intensity and cost of
design and construction and installation
works, as well as to ensure interaction with
foreign partners on the basis of one or
similar  regulatory and  technical
framework.

Improving the safety of construction of
buildings and structures and bringing into
line the Russian system of building codes
and regulations (SNiP) without the
embodiment of national ideas, as well as
without the participation of domestic
designers, structural engineers, architects
and builders is impossible. Therefore, the
authors see an opportunity to use some
points of the Eurocode No. 8 as part of the
Russian seismic standard only after
processing and adjusting the points of the
European standard according to the local
conditions of Russia. It is possible to talk
about the reliability of construction on the
basis of such a "comprehensive" regulatory
document only after the integration of
Eurocodes into the Russian system of
standards, norms and rules. To do this, it is
necessary to  conduct  comparative
calculations for each of the standards and
analyze them.

J. Able and E. Keintzel also consider
in detail the comparison of design
standards in seismic areas, but on the
example of Eurocode No. 8 [3] and
DIN4149 [6]. The answer to the question
"What are the advantages of Eurocode
No.8 for the earthquake-resistant design of
massive buildings in earthquake-prone
areas of Germany?" can be found in their
study [7]. This article presents comparative
calculations that were carried out as part of
a research project that examines the
practical impact of the application of
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Eurocode No. 8 on the calculation and
design of massive buildings in the event of
earthquakes in Germany. Four standard
buildings were designed in accordance
with DIN 4149 and Eurocode No. 8. In
particular, these include:

— a single-storey structure with reinforced
concrete supports,

— multi-storey frame structure made of
reinforced concrete,

— multi-storey wall panel structure made
of reinforced concrete,

— two-storey stone building.

The seismic data required for
comparative  calculations have been
identified for three site options:

— accommodation option 1: seismic zone
1 according to DIN 4149, hard ground
as the most favorable option,

— accommodation option 2: earthquake
zone 3 according to DIN 4149, solid
ground;

— accommodation option 3: earthquake
zone 4 according to DIN 4149, loose
soil as the most unfavorable option.

The seismic loads included in the
calculations ~ were determined  in
accordance with the ratios specified in DIN
4149 and in Eurocode No. 8 with a
limitation of the basic component of
vibration.

Comparative calculations for the three
selected reinforced concrete buildings
show that the application of Eurocode No.
8 to reinforced concrete structures of
structures in earthquake-prone areas of
Germany with increased seismic loads
compared to DIN 4149 on the lower floors
of multi-storey buildings is decisive only
for design in zone 2 of Eurocode No. 8 and
unfavorable ground conditions. In the most
adverse cases, compared to DIN 4149, we
can expect an increase in  steel
consumption in components subject to
seismic loads (frames, wall panels) by a
maximum of 20 %.

In his publication, Doctor of Technical
Sciences F. Mayer considers
"Experimental repair studies of severely
damaged reinforced concrete supports after
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a dynamic load" [8]. The research program

presented in the article has two goals:

— classification of the damage index;

— investigation of the effectiveness of
various repair measures and materials
for reinforced concrete columns under
static and earthquake-like loads.

Tests  have shown  that a
mathematically determined degree of
damage for different levels of damage can
be very well classified visually based on
the nature of the damage (cracking,
condition of concrete and reinforcement).
The classification of damages can be used
as a first approximation in order to draw
conclusions about the degree of damage
and related repair measures based on the
damage pattern of the corresponding
reinforced concrete columns.

Restoration of the bearing capacity and
deformation behavior of load-bearing
elements, such as supports, severely
damaged or destroyed by high loads
(earthquake, collision of vehicles, etc.), is

of great economic importance. For
countries in regions with high seismicity,
the economic damage would be

immeasurable if every serious damage to a
structure as a result of a medium-strength
earthquake led to complete destruction.

The author notes that a small number
of researchers are engaged in the
discussion of the problem of the article.
His article proposes approaches to the
classification of damage to reinforced
concrete columns as a result of dynamic
loads, the implementation of appropriate
repair measures and the development of
the influence of various repair materials
(cement mortar, polymer cement concrete
PCC and steel fiber concrete).

In addition, it is concluded that for
purely static loads it is preferable to use
cheaper monolithic concrete. At dynamic,
and, in particular, earthquake-like stresses,
test poles with various repair materials
behave in proportion to the price of these
materials. An expensive steel fiber sealant
has shown the best test results and is
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recommended from a technical point of
view for high requirements.

In conclusion, it is noted that it is
possible to restore the original bearing
capacity and deformation behavior of
severely damaged and destroyed reinforced
concrete columns with the help of
appropriate repair measures and materials.
However, special care should be taken in
the selection of measures and materials and
attention should be paid to precise
execution.

G. Grunthal and V. Minkley in the
article "Seismic activity caused by mining
as a source of seismic stress" [9] share the
results of their study. The authors recall
that seismic events caused by mining have
repeatedly reached structurally destructive
proportions in the past in the territory of
the Federal Republic of Germany in
villages above the affected mining areas.
Consequently, in the subsequent version of
DIN4149, the relevant areas near Cali
Verra were designated as earthquake
hazardous areas.

Probabilistic consideration of seismic
hazard, as required by the new version of
DIN  4149:2005-04, induced seismic
events, according to the authors, is
insufficient or not available at all. They
argue that the map of earthquake zones of
the standard does not contain information
about man-made events.

In this paper, the types of non-tectonic
induced seismic events are considered on a
national scale. Of particular importance to
German conditions are induced events in
the mining areas with the strongest seismic
events in the Saale Cali area and in the Cali
Verra area. For the latter, a detailed
description of the strongest events that
have occurred so far is given, and the
danger of future events with devastating
consequences 1s assessed.

In the article "Seismic Risk Mapping
based on EMS-98: A Practical Example of
Eastern Thuringia", J. Schwarz, M.
Raschke and H. Maiwald formulate
methodological principles for assessing
realistic potential damage based on the
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European macroseismic scale EMS-98 for
the testing area in Eastern Thuringia on the
example of the city of Schmolln [10]. The
authors note that the quality of seismic risk
mapping depends to a large extent on the
available baseline data, which should be
processed in a form suitable for GIS, to the
extent that models are available to

characterize the potential of local
fortifications and the actual stock of
buildings. Based on the available

geological maps and borehole data, a
spatial depth profile is created. By
modeling on depth profiles, spectral
accelerations are determined for the period
ranges in which the major periods of the
building groups prevailing in the target
area are located.

On the basis of aerial photographs and
cadastral data, the actual stock of buildings
is updated and mapped using on-site
records. At the test site itself, about 3,000
objects were sorted by building type,
purpose, condition, etc. and classified by
vulnerability class according to EMS-98.
Based on this data, earthquake scenarios
are simulated, which imply a "normal
case" (a repetition period of about 500
years) and other, "optimistic" or
"pessimistic" events with a very low
probability of occurrence. Results are
available for a wvariety of earthquake
scenarios that are based on both intensity
and location-specific magnitude-distance
conditions. A perspective on current work
has been developed in which local
expected ground movements can be
directly taken into account, and the
behaviour of the structure can be predicted
depending on the local stress level.

The seismic risk maps obtained in this
way show the degree of damage to existing
structures and allow a realistic assessment
of potential damage. However, the results
can be presented with varying degrees of
detail (for example, in the form of the
degree of damage to individual objects or
the average degree of damage to the
boundaries of specific sites). The related
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need for coordination with local authorities
is being discussed.

The article  "Earthquake-resistant
buildings" [11], published by the Frauhofer
Society in the journal "Research compact"
(06.2017, issue 3), deals with the use of
innovative torque converters to ensure the
seismic stability of buildings.

Experts attribute the fact that
earthquakes lead to numerous deaths, with
the lack of precautions, but above all - with
the construction of houses with non-
compliance with the standards of
earthquake-resistant design.
Representatives of the Center for Easy and
Environmentally Friendly Construction of
the Institute for Wood Research named

after that decided to influence this
situation. Fraunhofer, Wilhelm-Kloditz-
Institut (WCI). Together with the

Department of Organic Building and
Wood-Based Materials of the Institute of
Building Materials, Capital Construction
and Fire Protection at the Technical
University of Braunschweig, as well as
with entrepreneurial partners such as Pitzel
Metallbau from Altheim, researchers are
developing solutions for the construction
industry that could protect thousands of
lives from the devastating effects of
earthquakes. The article says that
Fraunhofer VKI engineers are currently
working on high-performance torque
converters that help make tall buildings
earthquake-resistant: sensor-controlled
steel joints are highly rigid and at the same
time elastic enough to hold the house under
strong fluctuations. In numerous tests, the
flawless functioning of torque converters
has been confirmed. Among other things,
the researchers studied the type of stress
state in static, cyclic and dynamic
application of forces; the service life of the
structure was tested using simulated
environmental tests.

The article "Damage to non-load-
bearing building elements and structures
caused by storms and earthquakes" by G.
Berz and A. Smolka [12] draws attention
to the fact that numerous natural disasters
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in recent decades, damage by storms and
earthquakes to non-load-bearing
components, the contents of buildings, as
well as installations and machines are
becoming increasingly important compared
to other damage to the structure of the
building and increasingly exceed the total
damage. The authors note that despite this,
measures to prevent damage have so far
been largely ignored, although in general
they can be implemented with a much
more favorable cost-benefit ratio. They
argue that damage from earthquakes and
storms is often associated with secondary
effects, such as debris flying away, fires,
rainwater ingress and disruption of
production and services because of it,
which can drastically increase the damage.
On the basis of a typical case of
destruction, particularly frequent or critical
weak points of buildings are presented and
appropriate precautions for damage are
discussed. The authors believe that much
more attention needs to be paid to
measures to protect against earthquakes
and destructive effects, which has not yet
been done. With extensive experience in
the field of losses, the insurance industry
can provide disaster assessment engineers
with the basic information needed to
develop effective measures to reduce the
level of destruction.

In the article by Y. V. Semenova
"Modeling of soil reaction in seismic
microzoning of construction sites" [13]
approaches to determining the resonant
properties of the upper part of the
geological medium section under the
construction site for earthquake-resistant
design are considered. The development of
scientific ideas about linear and nonlinear
models of the geological environment is
analyzed. The author concludes that there
is no program that works well in all
situations. In cases of manifestations of
strong nonlinearity, there is sometimes a
discrepancy between the registered and
calculated accelerationograms due to the
fact that the behavior of soils during strong
earthquakes remains poorly understood
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and is not always well described by
existing models. However, with very
intense seismic influences, the most
acceptable results can be obtained by
nonlinear modeling.

The article presents and analyzes the
results of linear, equivalent linear and
nonlinear modeling of the reaction of a real
soil stratum under a real construction site
in Kiev to earthquakes of different levels.
Based on the comparison, the author
concludes that with seismic microzoning in
weakly seismic areas, it is permissible to
use both nonlinear and equivalent linear
modeling of the reaction of soils to seismic
influences, because with relatively small
deformations, the results of these methods
give comparable results.

Sedov B. M. in the author's abstract to
the dissertation for the degree of Doctor of
Geological and Mineralogical Sciences on
the topic "Seismic properties of the
cryolithozone" [14] gave a solution to the
fundamental problems of the complex
scientific problem of seismic properties of
the cryolithozone, establishing the
relationship of seismic characteristics with
geocryological parameters, and their
display in the wave fields of elastic
oscillations. In particular, the author
obtained the characteristics of the seismic
properties of the cryolithozone, established
their dependence on geocryological
parameters; it has been established that the
wave fields of elastic oscillations reflect
the horizontal and vertical heterogeneity of
the cryolithozone, and with surface and
close-surface sources on the permafrost,
the main carriers of energy are Rayleigh
waves. Typical multidimensional
seismoheocriological models have been
developed for the most characteristic
permafrost sites. The practical significance
of the work also lies in improving the
geological efficiency of  seismic
exploration, including by expanding the
range of geocryological problems to be
solved on the basis of new methods using
exchange and reflected Rayleigh waves,
reverberation oscillations. In addition, the
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result of the study was an increase in the
geological and economic efficiency of
seismic exploration in permafrost areas.

Aleshin  A.S. in the article
"Macroseismic foundations of seismic
microzoning" [15] considers the current
norms of earthquake-resistant construction
in Russia, based on macroseismic
assessments using the concept of "seismic
score". The author describes various
aspects of seismic microzoning, in which
the use of a macroseismic approach has led
to advances in anti-seismic construction.
Emphasis is placed on the practice of
Western countries, primarily the United
States, where new approaches based on
mass instrumental measurements of the
parameters of strong movements were
intensively developed, which was due to
the rapid development of microelectronics,
means of obtaining and processing seismic
signals. A. Aleshin notes the lag in this
respect  of  domestic  engineering
seismology and believes that the analysis
of the achievements of foreign engineering
seismology, based on an instrumental
approach, and ways to overcome the lag of
domestic science should be the content of
further work of Russian scientists in this
direction.

The results of unique measurements of
the reaction of rock massifs to the passage
of seismic waves initiated by high-intensity
and weak influences are investigated by E.
Gorbunova in the article "Changes in the
properties of a rock mass under the
influence of seismic oscillations" [16]. In
this paper, variations in geophysical and
hydrogeological parameters (values of
longitudinal wave velocities, depth of the
structural boundary, level and intensity of
water inflows) confirmed the change in the
mechanical properties of the mountain
range under intense exposure. As an
example of the intense impact of seismic
waves on the geological environment, one
of the sites of the Semipalatinsk test site
was chosen, within which a large-scale
explosion was carried out in the
experimental well. The results of unique
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full-scale measurements demonstrate that
irreversible changes in rock massifs
associated with the passage of seismic
waves can occur not only under intense
influences, as in the above example of a
large-scale explosion, but also with
relatively  weak  disturbances.  The
considered examples of registration of
deformations in field experiments and
under the influence of earthquakes in the
range of soil displacement velocities from
0.1 to 100 mm/s show that irreversible
changes can occur in this range of
oscillation amplitudes, of course, if the
array 1is ready to '"react" to such a
disturbance. Given that with repeated
exposures, small deformations can
accumulate, as a result, there may be a
significant increase in the fissile
permeability of the array with the
accumulation of the effect with prolonged
exposure. Changing the number of open
cracks and increasing their effective
permeability can lead to migration of
fluids, variations in pore pressure, and,
consequently, the entire range of
mechanical characteristics of the local
section of the array — E. Gorbunova comes
to this conclusion.

Chinese researchers Zhongxian Liu,
Jiagiao Liu, Qiang Pei, Haitao Yu,
Chengcheng Li, Chengqing Wu in their
study "Seismic reaction of the tunnel near
the fault zone under the waves SV" [17]
studied the influence of deformation
factors on the dynamic reaction of a nearby
linear tunnel during the fall of plane
reflected transverse waves SV using the
method of indirect boundary elements. The
study examined the effect of a number of
critical parameters, such as the frequency
of collisions, the degree of inclination of
the fault, the distance between the fault and
the tunnel on the voltage of the hoop of the
aligned inner and outer walls. Numerical
results showed that the malfunction can
significantly change the stress distribution
on the inner and outer surfaces of the
tunnels. In general, for vertically acting
seismic waves, when the tunnel was
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located in the wall of the foot (under the
fault), the voltage inside the tunnel was
significantly greater than that of tunnels in
the half-space without a closure, with a
gain of up to 117 %. The amplification
effect became more pronounced as the
angle of incidence increased. However,
when the tunnel was located above the
fault, the fault could have a significant
shielding effect on the dynamic response
of the tunnel under the high-frequency
impact of waves. At the same time, the
voltage reduction was up to 81 %.
However, low-frequency waves can cause
the tunnel voltage to increase by up to
152 %. The results of the described studies
can be a guide in the seismic design and
protection of underground structures at
fault sites.

4. Conclusion

The analysis of foreign and domestic
scientific publications carried out in the
article showed what consequences may
arise for structures and rocks as a result of
seismic impacts. In addition, shortcomings,
opportunities, boundaries and prospects for
the development of the development of
national design standards were identified
while maintaining the current level of
safety and increasing it. It is shown that
there are some gaps related to the topic of
seismic impacts on buildings and rocks. At
the same time, in some of the sources
under consideration, the authors give a
direct indication of a promising direction
for further research. These include the
following:

— study of the feasibility of applying the
points of seismic regulatory documents
and proposals to reduce the safety
factors incorporated in them;

— study of the possibilities for the
restoration of building structures after
earthquake damage and the choice of a
restoration method depending on the
degree of damage.

At the same time, the idea has been
repeatedly expressed that the widespread
introduction of seismic protection systems
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is currently constrained by the lack of data
on the actual behavior of such systems
during strong earthquakes, as well as the
widespread myth that seismic protection
included in the cost at the design stage will
lead to a significant increase in
construction costs. In fact, the increase in
cost will be no more than 1-3 % of the cost
of construction.

It should also be noted that there is still
no map of seismic zones, compiled taking
into account the likelihood of earthquakes
as a result of "induced" activity - mining
operations, which are a source of seismic
stress along with natural causes. In
addition, the results of a comparative
analysis of the rationality of applying one
or another method of seismic protection
with reference to specific natural
conditions and territories in terms of
intensity have not been found. These
questions are relevant from the point of
view of labor costs applied when creating
computational models in software systems
at the design stage, and therefore are
expressed in monetary terms.

Summing up the review article, it
should be said that the goals set at the
beginning of the study have been achieved,
the tasks have been completed, and the
result 1s the plurality of identified
unexplored areas that take place in the
study of topics of seismic impacts on
buildings and rocks. Some of these gaps
will be further explored by the authors of
this article.
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CBOPHO-MOHOJINTHASA KAPKACHAA CUCTEMA
MEKBUJOBOI'O IPUMEHEHUA «MKC»

AnHoTauusi. COOPHO-MOHOJIMTHBIE KAPKACHBIE CHCTEMBI MMEIOT HAMIYYIIHE MMOKA3aTeIH 10
pacxony OeToHa U apMaTyphl Ha KBaAPATHBIN MeTp OOIIe miomany 30aHus 0 CPAaBHEHHUIO C
MaccoBO  BO3BOJMMBIMM  CErOAHS  MOHOJUTHBIMM  KapkacamMu.  DKOHOMHYECKas
3¢ (EeKTUBHOCTD JOCTUTAETCSl 3a CYET HCIONb30BAaHUS B COOPHO-MOHOJHUTHOM KapKace
NPEIBAPUTENIEHO HAMPSKEHHBIX JKEJIe300€TOHHBIX 3JIEMEHTOB 3aBOACKOIO M3rOTOBJICHUs. B
HACTOSIIIEE  BPEeMsl HOBBIE TEXHOJIOTMM  IPOW3BOJACTBA  KOHCTPYKLHMHA  CIIocoOOM
Oe3omany0ouHOro (pOPMOBAHUSI HA JJIMHHBIX CTEHAAX MACCOBO 3aMELIAOT TPATULIMOHHBIN
CHocO0 M3TOTOBJICHUS MPETHANPSDKEHHBIX H3IENUN arperaTHo-moTOYHbIM criocobom. Ilpu
pa3paboTKe KOHCTPYKTHUBHBIX PEUICHHH COOPHO-MOHOJUTHOW KapkacHO# cucteMbr «MKC»
HCTIOJIb30BAINCH BO3MOXKHOCTH TEXHOJIOTHH HETPephIBHOTO Oe3onaxyOodHoro ¢popMoBaHuUs
KENE300€TOHHBIX M3AENHI, B KOTOPBIX NMPETyCMOTPEHO YCTPOWCTBO BBIPE3OB, OTBEPCTHI,
yrayONeHNi A MIITOHOK, TETJEBBIX BBITYCKOB, BBIYCKOB MPEIBAPUTENIBHO HANPSKEHHON
apMaTypsl Ha TOPIAX 3JIEMEHTOB, NOOAaBJIEHHE CETOK KOCBEHHOTO apMUPOBAaHHUS B 30HE
PacnoNIOKeHUs] HUXKHEH NPEeABApPUTENIbHO HANPSDKEHHOW apMaTypbl. Bce KOHCTpyKTHBHBIE
y37bl U OTAeNbHble 3jeMeHThl B cuctemMe «MKC» MOXHO 3ampoeKkTHpOBaTh Ha OCHOBE
CYLIECTBYIOIIUX HOPMAaTUBHBIX NOKYMEHTOB. OJJHAKO OTAENbHbIE HOPMAaTUBHbIE TOKYMEHTHI,
MO0 KOTOPBIM OCYIIECTBIISIETCS TIPOEKTHPOBAHNE COOPHO-MOHOJUTHBIX KOHCTPYKLUH, HOCST
100 PEeKOMEHAATENbHBIH XapakTep, JUOo ycrapenn. HekoTopble cOBpeMEHHbIE METOIUKU
pacdyera y3J0B cOOpHO-MOHONUTHOrO Kapkaca «MKC» He oTpakeHbl B HOPMAaTHBHBIX
JOKYMEHTaX, UYTO CIEPKUBAET MacCcOBOE MpUMeHeHue, kak cucreMel «MKC», Tak u cOopHo-
MOHOJIUTHOT'O JOMOCTPOEHHS B LIEJIOM

KaueBbie cyioBa: cOOPHO-MOHOJMTHBIA KapKac, MEXBHIOBAass KOHCTPYKTHUBHAs CHCTEMA,
xKene300eToH, Oe3zomnanybounoe GopMoBaHHE.
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PRECAST-MONOLITHIC FRAME SYSTEM OF INTERSPECIFIC
APPLICATION «MKS»

Abstract. Prefabricated monolithic frame systems have the best indicators for the
consumption of concrete and reinforcement per square meter of the total area of the building
compared to the monolithic frames being massively erected today. Economic efficiency is
achieved through the use of factory-made prestressed reinforced concrete elements in a
prefabricated monolithic frame. Currently, new technologies for the production of structures
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by the method of formless molding on long stands are rapidly replacing the traditional method
of manufacturing prestressed products by the aggregate-flow method. When developing
structural solutions of the prefabricated monolithic frame system «MKSy, the possibilities of
the technology of continuous formless molding of reinforced concrete products were used, in
which the device of cutouts, holes, recesses for dowels, loop releases, releases of prestressed
reinforcement at the ends of the elements, the addition of indirect reinforcement grids in the
area of the lower prestressed reinforcement is provided. All structural components and
individual elements in the «MKS» system can be designed on the basis of existing regulatory
documents. However, some regulatory documents, according to which the design of
prefabricated monolithic structures is carried out, are either advisory in nature or outdated.
Some modern methods of calculating the nodes of the prefabricated monolithic frame «MKS»
are not reflected in regulatory documents, which constrains the mass application of both the
«MKS» system and the prefabricated monolithic housing construction as a whole.

Keywords: precast-monolithic frame, interspecific frame system, reinforced concrete,
formless molding.

1. BBegeHue COOpHO-MOHONMTHAS KapKacHasl CH-
creMa MEKBHIOBOTO NPUMEHEHHs
«MKC», xotopast siBIsI€TCsI KOHCTPYKTHB-
HbIM paszButueM cuctembl «YC», paspa-
00TaHa Ha OCHOBE NMPUHLUIMHAIBHBIX KOH-
CTPYKTHBHBIX pELIEHUN CUCTEMBI «PEeKOn».
Crnenyer oTMETUTB, UTO cucTeMa «Pekon»,
B CBOE Bpemsi, Obuta pa3paboraHa crierua-
muctamMu B YeOokcapax Ha OCHOBE KOH-
CTPYKTHBHO-TEXHOJIOTUYECKUX  PELICHUH
dpanHIy3ckoii cCOOPHO-MOHOJUTHOH  CH-
creMmsl «Saret» [1, 7].

Cucrema «MKC npennaszHaueHa nais
UCTIONB30BAHUS B JKMJIBIX, OOINECTBEHHBIX
U TPOU3BOJICTBEHHBIX 34aHusAX. Kapkac
cucrembl «MKC» (puc. 1) cocrour u3 cie-
OYIOIUX 3JIEMEHTOB. COOPHBIX JKee300e-
TOHHBIX KOJIOHH, HAapallMBa€MbIX IO BbI-
COT€ C UCIONb30BAHUEM IITETICEIBHOTO
CTBIKA, COOPHO-MOHOJIMTHBIX Kene300e-
TOHHBIX pUTeJel, COOPHBIX Kene300eTOH-
HBIX MPEABAPUTENILHO HAMPSIKEHHBIX MHO-
TONMYCTOTHBIX IUTUT MEPEKPBITHS, COOPHO-
MOHOJINTHBIX JKeJIe300€TOHHBIX aAnadparm
KECTKOCTH.

OcoOblli  uHTEpEC B Kapkace
NPEACTABISsIET KOHCTPYKTHBHOE pELICHHE
cbopHo-MoHONMUTHOTO purens. COopHas
4acTh  pHUresisi  TNPEACTaBIsieT  COOOH
NPEABAPUTENIPHO HANPSDKEHHYIO  IETalb
2. Oco6enHoctu "MKC” NOTKOOOpa3HOil  (opMel.  MoHONUTHAs
9YacTh pUTesl NPEAyCMOTPEHAa B BHUIE
KeJe300eTOHHOW OajKu MPsIMOYTOJIBHOTO
CeUeHMs,  HWKHSAS  4YacTb  KOTOPOH
pa3MeleHa B JIOTKe COOPHOH eTau.

KOHCTPpYKTHBHO U  TEXHOJOTMYECKH
pa3paboTaHbl U YCIENIHO MPUMEHSIOTCS B
OTE€YECTBEHHOM  CTPOUTENBbCTBE DAL
cOOpHO-MOHOJIUTHBIX KapPKaCHBIX CHCTEM,
cpenn kotophix: «Pexon» («Uebokcapckast
cepusi») [1], «YHuBepcanbHash OTKpBITas
APXUTEKTYPHO-CTPOHUTEIbHAS cucreMa
MHOrosTaxHbIX 3maHuii — APKOC» («be-
Jopycckast cepusi») [2, 3], «YHHBepcasb-
Hasi cucreMa COOpPHO-MOHOJIUTHOTO Oe3pu-
reqpbHOrOo Kapkaca — KVbB-2.5» (Gonee
NO3/IHUE €€ PAa3HOBHUAHOCTH TaKHe, Kak
KVB-3V, KBK), «YHuepcambHasi JOMO-
cTpouTtenbHas cucrema — YJIC», cOopHo-
MOHOJIUTHBII KapKac ¢ HECHEMHOH >Kene-
300€TOHHOH OnanyOKOi CTeH U MepeKpbI-
TUH C TPOCTPAHCTBEHHBIM aPMAaTypPHBIM
kapkacoMm «®@unurpan» [4] u ap., KOTOpbIE
OTJIMYAIOTCSI KOHCTPYKTUBHBIMU CXEMaMH,
KOHCTPYKLHUSIMHU Y3JIOB, CIOCOOaMH H3ro-
TOBJIEHUs] COOPHBIX KOHCTPYKLIUH.

AHanu3 JaHHBIX CHCTEM, MPEICTaB-
JeHHbId B pabotax [2, 5, 6, 7] mokasan
HEOOXOIUMOCTh B pa3pabOTKe HOBBIX
cOOpHO-MOHOJIUTHBIX CHCTEM, ITO3BOJISIO-
mux 00eCrneunTh CKOPOCTHOH MOHTaX
OCTOBa 3[JaHUsI C BBICOKUMH 3KCILUTyaTaly-
OHHBIMHU XaPaKTEPUCTUKAMH.

Paccmotpum cxemy oOrpaxaeHust KOT-
JIOBaHA KOHCOJIbHOTO THIIA.
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Pycckuii >kypHan
CTPONTENbHbIX HAYK N TEXHO/OMU

Puc. 1. TpexmepHas MOAEIN XXUNoro foma
B C60PHO-MOHONUTHOW cucTeMe «MKCx»:
A - cO60pHO-MOHONUTHBIN KapKac; B - knagka
Hapy>XHbIX cTeH; C - yTensieHMe Hapy>XHbIX CTEH;
D - 3allNTHO-AeKOopaTnUBHaA OTAETKa
(aBTOp Mogenu LLy6uH A.A.)

Mocne Habopa MOHOMUTHLIM GETOHOM
Heo6X0AMMON NPOYHOCTU COOpPHas U Mo-
HONMUTHbIE YacTW purens paboTatT COB-
MeCTHO (puc. 2). B mecTax npuMbIKaHWs
purenei K KoMoHHe TeNo KOMOHHbI NnLLIe-
HO 6eTOHa (BbINO/IHEHA MPOCEYKa B 3aBO/1-
CKMUX YCNOBMSX) A1 BO3MOXHOCTW Mpo-
nycka 4epe3 Hee AOMNOMHUTENbHOW apMa-
TYpbl MOHO/IMTHOW YacTX pUrens u nocne-
[YIOLLEr0 OMOHO/MYMBAHUSA, B pe3ysbTare
4ero 0bpasyeTcs XECTKUIN y3en Conpse-
HWS1 purenst ¢ KoNoHHoi (puc. 3). Purenn B
cucteMe COOPHO-MOHO/IMTHOTO — Kapkaca
pasMeLLaloTcs MexXay KOMOHHamu B ABYX
B3aVIMHO MepneHANKYNApHbIX Hanpas/e-
HMSIX NPU OPTOrOHa/IbHOIM B NNMaHe CXeme
Kapkaca, 00pa3ys 3aMKHYTble SYENKW.
MOHONNUTHbIE YYaCTKN pureneii 06pasyoT
BMECTe CO COOPHOI YacTbO pureneil nepe-
KPECTHYI0 3aMKHYTYH 0anouHyt0 Hepas-
PE3HYHO CUCTEMY, B fUeiiKaX KOTOPOW pac-
nonararoTcs C60pHbIE NANTbI NEPEKPbITUS.
Hannuve MOHOMMTHOrO >Xene3obeToHa B
COOPHO-MOHO/IMTHOM  KapKace MOBbILLIAET
ero CONpPOTMBASEMOCTb  CEACMUYECKUM
Harpy3kam 1 obecrne4ymBaeT BO3MOXHOCTb
npuMeHeHns cuctembl «MKC» B paitioHax
C MOBbILLIEHHON CENCMUYHOCTLIO [8].
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MakapkuH C B, LLy6uH A. A,
®domuH H. N, Konwa C I

Puc. 2. CeueHne c60pHO-MOHOMNTHOIO

purens (pasmepbl faHbl CNPaBOYHO):

1- cbopHas yacTb purens (geTaab N10TKO06pa3Hol
(hopMbl); 2 - MOHONUTHAA YacTb purens; 3 -
BHYTPEHHSA NMOBEPXHOCTb AeTanun (BNaguHbl 1
BbICTYMbI) A58 06ecnevyeHnsi COBMeCTHOW paboTbl;
4 - npefBapuTeNIbHO HaNPsHKeHHas apmartypa
purens
(aBTOp YepTexxa MakapkuH C.B.)

B ocHoBy nto6oii C60PHO-MOHOUTHOW
CUCTEMbI 3a/10KEHA BO3MOXHOCTb MaKCu-
Ma/IbHOrO UCMOb30BaHNUSA COOPHbIX 3fe-
MEHTOB, W3roTaB/IMBAaEMbIX C BbICOKUM
KayeCTBOM B 3aBOACKMX YCNOBUAX, A1
CHVXXeHUA 06bemMa NOCTPOEYHOr0 PyYHOro
TPyAa, a UMeHHO paboT Mo apMMpPOBaHUIO
N OGETOHVMPOBAHWIO OTBETCTBEHHbLIX KOH-
CTPYKUMIA Hecyuwlero octoea. Mpu atom B
COOPHO-MOHO/IUTHBIX KapkKacax NpuUMeHs-
0T MOHO/IMTHOE COMPSDKEHWE KOJIOHHbI Y
purens, no3BoNSAOLLEE HE BbINOMHATL KOH-
CO/IN KOJIOHH, Kak 3TO [eflaeTcsi B MOJIHO-
cOopHbIX Kapkacax (cepua 1.020-1/87).

Kak u3BeCTHO, UCMONb30BaHNE B
COOPHO-MOHO/IMTHOM  KapKace npefBapu-
Te/IlbHO HAMNPSHKEHHBbIX COOPHBLIX 3/1EMEH-
TOB MO3BOJISIET CYLECTBEHHO COKpPaTUTb
yOeNbHbIN pacxof 6eToHa MU apMaTypbl Ha
1 M2 obwein nnowaan 3gaHus [2, 9]. B
cucteme «MKC» TakMMuU  3feMeHTaMm
ABNAOTCA NPeABapUTEIbHO HanpsXKeHHble
MHOTOMYCTOTHbIE M/IUTbI MEPEKPbLITUA U
npeLsapuTesibHO
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Puc. 3. TpexmepHast MOAe/b COMNpPsXKeHWsi COOPHOI YaCTu pUrens 1 KONOHHbI, Ha COOPHYHO
4acTb pUrens yCTaHoB/MEeHbI NPeABapUTENbHO HamMpPsXKeHHbIe MYCTOTHbIE MAUTbI MEPEKPbITUSA
(aBTOp Mogenu LLIy6uH A.A.)

Kak WM3BeCTHO, WCMoNb30BaHMe B
COOPHO-MOHO/IMTHOM KapKace npeasapu-
TENbHO HanPsHXEHHbIX COOPHbIX 3M1EMEH-
TOB MO3BO/ISIET CYLLUECTBEHHO COKpPaTUTb
yAenbHbIA pacxof 6eToHa 1 apmaTypbl Ha
1 kB. M. 06uler nnowaan 3naHus [2, 9]. B
cucteme «MKC» TakuMu 3nemMeHTamu
SABNAKTCA NpeABapuUTE/IbHO HaMNPSHKEHHbIE
MHOrOMNYCTOTHbIE MANTbI MEPEKPLITUS ©
npeaBapuTesibHO  HanpshKeHHble  AeTanu
purenei.

OnbIT MPOEKTUPOBAaHUS TPaXKAaHCKMX
3[aHuii B yCnoBusix r. EkaTepuHbypra no-
Ka3bIBaeT, YTO MPU paunoHabHOM MPOEK-
TUPOBaHUM pacxog apMaTypbl 1 6eToHa Ha
1 KB. M. 0OLLIEN KOHCTPYKTMBHOM NoLaam
MOHO/IMTHOIO 3f4aHus C y4yeToM (hyHAa-
MEHTa, CTEH LWAaXT NUGTOB U NECTHUYHBIX
KNETOK, MAUTbI NOKPbITUS COOTBETCTBEHHO
paBHbl 40...43 kr n 0,4...0,43 m3. Onqa
COOPHO-MOHO/IMTHOIO KapKacHOro 3AaHus
C ucnonob3oBaHnem cuctembl «MKC» Te
e MoKasaTenn pacxoja apmaTypbl U 6e-
TOHa COCTaBsT COOTBETCTBEHHO
23.26 kr/mM21n 0,3.0,33 m3ImM2

B Tekywmx LeHax C60pHOr0 M MOHO-
NMTHOTO  )Kene3obeToHa Ce6GeCTOMMOCTb
COOPHO-MOHO/IMTHOIO KapKacHOro 3AaHus
MOXET ObITb MeHbLUe Ce6ecTOMMOCTM MO-
HOMIMTHOTO 34aHuns Ha 25 % u 6oree.
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B HacToslee BpeMsi HOBble TEXHOMO-
r’MM MpoM3BOACTBA MAUT CnocoboMm 6e3-
onaslybo4yHoOro (hopmMoBaHUS Ha [/IMHHbIX
CTeHAax CTPeMUTENbHO 3aMeLlaroT Tpaau-
LMOHHBIA CNOCO6 M3roTOBMEHUS Mpef-
Harnps»KeHHbIX n3nenni arperaTHo-
MOTOYHbIM CrMoco60M. CyLLIECTBEHHO Me-
Hee  3HeproeMkuMe  (CHWXeHMe  Ha
50.70 %) TexHonmormmM MNpPOM3BOACTBA
MyCTOTHLIX NAWMT MeToaoM 6Ge3onany6ou-
HOro (hopMOBaHUsi CO34arT NPEANOChIIKM
ANS LWMPOKOro  BHeApeHusi  cBOpHO-
MOHO/IMTHBIX  KApKaCHbIX CUCTEM  Mpw
CTPOUTENLCTBE 30aHUA U  COOPYXXEHWIA,
MMEILWMX B CBOEM COCTaBe Mpeasapu-
TeNbHO Hanps>KeHHbIe HecyLme
3NIEMEHTbI.

Pa3BuTne 6e30nanyboyHOro Mpous-
BOACTBA KOHCTPYKUMIA, BK/IKOYEHUE 3TOrO
NPOM3BOACTBA B COCTaB €4UHOM LenoYKu
CO3JaHNsi KOHEYHOro NpoAyKTta - 3[aHus
Ha OCHOBe KnactepHoro nogxoga [10] nos-
BO/IUT He TOMbKO CYLECTBEHHO CHU3UTb
MOHOIMO/IbHOE []aB/IEHNe W 3aBUCUMOCTb
3aCTpOMLLUMKa OT KOHKPETHOro 3aBofa-
N3roTOBUTENSI  XKENE300ETOHHbIX  KOH-
CTPYKUMI, HO TakXe YMeHbLWUTb CTOM-
MOCTb COOPHbIX KOHCTPYKUMIA 3aBOACKOIr0O
N3rOTOB/IEHNS.



Pycckuii xcypran
CMpoumenbHuIX HAYK U mexHoA02ull

Maxkapkuu C. B, llly6uH A. A,
bomun H. U, Konwa C. I1

Pazpabotka OezonanybouHoro gopmo-
BaHUS, KaK TEXHOJIOTMU COOPHOTrO JOMO-
CTPOEHUS, B COBPEMEHHOM €€ TPE/ICTaBIIe-
HuH, Hadanack B benopyccun B «MHCTHTY-
Te CTpouTeNnbCTBa U APXUTEKTYPBD» €Ile B
cepenuHe mpomioro Beka. IIpodeccop
H. H. AxsepnoB pa3paboTan HOBYIO Tex-
HOJIOTHIO TIPEIBAPUTENBHO HANPSIKEHHBIX
IUTIT MHOTOITyCTOTHOTO HACTHJIA HA JIMH-
HoM cteHne koHcTpykuuu Lleddep (Iep-
MaHMs), KOTOpas TMOJydyWsa Ha3BaHUE
«TexHOoJoThsl KombaitH-HacTI». B 1959
rony Axsepaos U. H. 3amarenroBan nByx-
COolHy0 (OpMOBOUHYO MammuHy [11]
non HasBaHueM «CaMoxonHblli OeTOHHU-
pyromuii  komOaiiH» (ABTOpPCKOE CBHUAE-
tenbcTBO Ne 63277/29 ot 01.07.1959 r.).
Hecmotpst Ha TO, yTO NaHHOE M300peTEHNE
ObLIO  OpUIHATBHO  3apPETHUCTPUPOBAHO,
pa3paboTaHHass MalllMHA HE HAIJIa MpaK-
TUYECKOTO NMPUMEHEHUs. TOJIbKO B Havdaie
70-X TOOB yCOBEPIIEHCTBOBAHHAS TEXHO-
aorus  Oe3omanyOouHOro  (opMOBaHUS
¢upmbr «Makc-Por» Oblma 3akyruieHa B
I'epmaanu (®PI) u ycTaHOBJIE€HAa Ha Of-
HOM U3 3aBOJIOB B I'. MHUHCKE.

C 1980 mo 2018 roxer 15 unOCTpan-
HbIX (pupMm-m3roroButenei 3 10 crTpan
noctaBmiid B Poccuro Gonee 300 pasmuu-
HBIX TEXHOJIOTUYECKHX JIMHUI Oe3zomany-
OouHoro QopmoBaHus KeIe300€TOHHBIX
U3JIEUN. Poccuiickue bupmbI-
U3roToBuTEeNM 00OpyHOBaHUs Oe3omay-
oounoro ¢opmosanus: AO «Crtpourenb-
Hble Texnomorum u Mamuuey — CTM»
(CaparoBckass obOmacth, T. XBaJIbIHCK),
000 «HayuyHO-IpOU3BOACTBEHHAs KOM-
nanus «'esur» (r. Tyna).

Hauunas ¢ 2010 r. «CTM» noctassi-
€T TOJIHOKOMIUIEKTHbIE TEXHOJIOTHYECKHE
auaMK - Oe3onanybouHoro  (opMoBaHMSA,
pa3paboTaHHBIE POCCHICKUM KOJUIEKTHUBOM
WH)KEHEPOB M MPOEKTUPOBIIHUKOB. TexHO-
qoruss «CTM» oTnu4aeTcs OT UCMAHCKHUX
TEXHOJIOTUYECKUX JINHUHA (OZHOTO U3 MH-
POBBIX JIUAEPOB B AAHHOW OOJIACTH) KOH-
cTpykuneii (OpMOBOYHOH W APYruUX Ma-
IIIMH, TMO3BOJIIOIIMMH HCIOJb30BaTh Oe-
TOHHBIE CMECH MEHbIIEH MOABIKHOCTH, a
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TaKXe PacIIMPEHHOW HOMEHKJIATYPOU BbI-
MyCKAEMBbIX U3IEITHMN.

IIpn  paspaboTke  KOHCTPYKTHUBHO-
TEXHOJOTMYECKHX  peleHuil  cOopHo-
MOHOJUTHOHN cuctemel «MKC» ucnomnpzo-
BAJIMNCh BO3MO)KHOCTH TEXHOJIOTUH HEMpe-
peiBHOTO Oe3omanyboyHoro ¢GopMoBaHUs
KeNe300€TOHHBIX H3JeNIUH Ha JIHHHBIX
creanax AO «CTM»: yctpoiictBo B op-
MYEMBIX H3JEIHSIX BBIPE30B, OTBEPCTHUH,
yrayOJieHuil [l IIIMOHOK, TETJIEBbIX BbI-
NYCKOB,  BBIYCKOB  IPENBAPHUTEIBHO
HANPSDKEHHOW apMaTypbl Ha TOPIAX 3Jie-
MEHTOB, JOOAaBJIEHHE CETOK KOCBEHHOIO
apMHUPOBAHMSI B 30HE PACIIOJOKEHHS HIK-
Hel MpeABapUTENIbHO HAIMPSKEHHON apMa-
TYpBL

IToMMMO OCHOBHBIX COOPHBIX 3JIEMEH-
TOB (PANOBBIE IUIMTHI, CBS3€BBIE TUINTHI
PSIIOBBIE, CBSI3EBbIE TUINTHI TOPLIEBBIC, JE-
Tanu cOOPHO-MOHOJIMTHBIX pUTENIEeH, nera-
a1 cOOPHO-MOHOJIUTHBIX AuadparM kect-
koctu) B cucreMe «MKC» Obutnm KOH-
CTPYKTHBHO pa3palOTaHbl M  YCIIEHIHO
anpoOUpPOBaHBI. MEXIUTUTHBIE BKJIAIBIIIH,
NPUMEHSIEMBIE 111 HCKIFOYEHUST MOHOJIHT-
HBIX YYaCTKOB B MEPEKPBITUSIX, BEHTHIIS-
IIUOHHBIE KAaHAJbL, CIEHHANbHBIE OJIOKU
IUTSA TIPOMYCKa KOMMYHHKAIIHH, IIOKOJIbHBIE
MAHENH, TMEePEMBIYKH, JKeJIe300eTOHHbIE
CBaW, MEXXKBAPTHPHbIC MEPEropoAKH, a
TAKJKe 3JIEMEHTHI OJIaroycTpoiicTa.

Takum obpa3om, OOIIMPHBIE BO3MOXK-
HOCTH  TEeXHOJOTHH  Oe30manybodHoro
(dbopMOBaHUsT KENe300ETOHHBIX  W3IEITHIA
OTIPENENSIOT BO3MOXKHOCTb TPOEKTHPOBA-
HUs1 COOPHO-MOHOJIUTHOTO Kapkaca C BBI-
COKHMMH, 3apaHee OINpeNeeHHbIMH 3KC-
IUTYaTallMOHHBIMUA KaueCTBAMH, OpPUEHTH-
pPOBaHHBIMH Ha CaMble BBICOKHE TpeOoBa-
HUS.

Kak s MOHONMTHOrO, Tak W IUis
cOOPHO-MOHOJIUTHOTO KapKaca MPUHLHIITH-
aNbHBIM BOIMPOCOM, OOYCJIABIMBAIOIIUM
€ro HAJEKHOCTb, SBISIETCS TMPOCTPaH-
CTBEHHass T€OMETpPHYECKass HEeH3MEHse-
MOCTb, & TaK)K€ HaJM4YHe JKECTKOTO JNCKA
NEPEKPBITHS], TO3BOJSIIOLIETO BKJIIOYATh B
paboTy BCe 3IEeMEHTHI KapKaca npu Jeil-
CTBHH BHELIHUX HArpy30K M BOCHPUHHMA-
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IOLIEr0 B CBOEH IUIOCKOCTH MEMOpaHHBIE
HanpspkeHusl. Eciam B MOHOJMTHOM Kapka-
ce BOCTIpUSTHE MEMOPAaHHBIX HANPSKEHUH
BBITTOJIHSIETCS «aBTOMATHUECKH» 3a CUeT
CIUIOLTHOTO apMHPOBAHUS IO BCEH ILIOC-
KOCTU TEPEeKPBITHs, TO B COOPHOM WIJIH
cOOpHO-MOHOJINTHOM BapHaHTE KapKaca

111 pabOThI IEPEKPBITHS KaK €IHHOTO Le-

jgoro TpeOyeTrcst BBINOJHATHL PSR KOH-

CTPYKTHUBHBIX MEPOTIPUSITHH.

K TakuM KOHCTPYKTHBHBIM MEPOTIPHSI-
THSIM OTHOCSITCSI:

— YCTaHOBKA CBSI3€BBIX IUIUT IO OCSAM
KOJIOHH B HAIpaBJICHUU
NEePIEHANKYIIPHOM HATPaBJICHUIO
MOTIEPEYHBIX paM B COOPHOM BapHaHTE,
KaKk nOpenycMoTpeHo B cepuu 1.020-
1/87, ¢ mocnenyroluell CBapkod uepes
3aKJIQHbIE IEMEHTHI,

— YCTaHOBKa CBSI3€BOH apMaTypbl B IIBAaX
MEXAy IUINTAMH, CBSI3€BBIX COOpHO-
MOHOJTUTHBIX purenei 120031
MOHOJIUTHBIX ~ BCTaBOK-PAaCIlOPOK B
cbopHo-mMononutHOM Bapuanrte (Y 1C),
CBSI3€BbIX COOPHO-MOHOJMTHBIX IUIAT
(MKC).

Kongurypamust  OOKOBBIX  rpaHeit
cOOpHBIX TUIUT, & TAK)KE HATHIHE Ha OOKO-
BOU MOBEPXHOCTH IUTUT yriryOneHuit obec-
NEYNBAIOT, MOCIIE 3aMOHAIMYNUBAHUS CThI-
KOB MEXOy IUIUTaMy, (OpPMHUpPOBaHUE
IITTOHOYHOTO COEAMHEHUS, HCKIIOYaroIie-
ro BO3MOJKHOCTb B3aUMHOI'O CIBHTA IUIUT
KaK B CBOEH IIOCKOCTH, TaK U U3 IIOCKO-
CTH.

B03MOXHOCTD BBITTOJIHEHHST HA JIMHUSX
6e3onany0ouHOro GopMOBaHUS MpenBapH-
TEJBHO HANPSDKEHHOHN NETali pures JoT-
KOBOH (opmbl (cM. puC. 2) TMO3BOJIMIO
BKJIFOYHUTh B COCTAaB apMHUPOBAHHS COOPHO-
MOHOJIUTHOTO PUTENsI KAPKACHOH CHCTEMBI
«MKC» mnonepeunyro apmatrypy B BHIE
3aMKHYTBIX XOMYTOB B BapHaHTE BS3aHHO-
ro Kapkaca MOHOJUTHOTO CEepIAeYHHUKA.
DTO SBISAETCS CYLIECTBEHHBIM OTJIMYHEM
OT KOHCTPYKTHBHOT'O PEIIEHUs] «IIPOTOTHU-
na» — cucteMbl «PekoH», B KOTOPOM Iorie-
peyHOe apMHPOBAaHUE NPEAYCMOTPEHO B
BU/I€ PA3OMKHYTHIX II-00pa3HbIX BBITyC-
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KOB M3 COOpPHOH 4YacTW NPSMOYTOJBHOM
(bopMbL

Hcnonp3oBanre cOOpHOI AeTanu JoOT-
KOBOH (hOpMBI, HMEIOIIeH XapaKTePHYIO
BHYTPEHHIOIO TOBEPXHOCTb (BIAAMHBI U
BBICTYTIbI), CYLIECTBEHHO IOBBICHIIO CIIETI-
JeHue COOpPHOH M MOHOJIMTHOH 4acTH pH-
rejs. JTO MO3BOJWIO B KOHCTPYKTHBHBIX
pacuderax paccMaTpuBaTh cbopHoO-
MOHOJIMTHBIN pUreb Kak €IUHYIO Lesb-
HYK0 KOHCTPYKLMIO, JJi1 KOTOpPOM crpa-
BEIJIUBA TUIIOTE3a IUJIOCKUX CceueHun .
bepHymnn, sBASIOLIECNCS METOANYECKOMN
OCHOBOH pacuera >XeJe300€TOHHBIX KOH-
CTPYKLMH IO MEepBOH W BTOPOW TIpymnmne
MPEeAEIbHBIX COCTOSIHU.

HeoOxoguMo OTMETHUTB, YTO B LEJIOM
BCE€ KOHCTPYKTHUBHBIE Y3JIbI U OTAENIbHBIE
snemeHThl B cucteMe « MKC» moxHO pac-
CUMTATb W 3alpPOEKTHPOBAaTb HAa OCHOBE
CYLIECTBYIOIIUX HOPMATUBHBIX JIOKYMEH-
TOB. BMecTe ¢ 5TUM, OTAENbHbIE AOKYMEH-
ThI, IO KOTOPBIM OCYILECTBJISIETCS] MTPOEK-
THpPOBaHUE COOPHO-MOHOJHTHBIX  KOH-
CTPYKUUN, JUOO HOCST PEKOMEHAATEe b~
HBIA Xapakrep, JUOO yKe yCTapenu, 4TO
CHEePKUBAET pa3BHTHE cbopHo-
MOHOJIMTHBIX KapKaCHbIX CHUCTEM, B 4acT-
HOCTH U pazsurue cucrembl «MKC», B
CBA3U C HENOCTATOYHONM HOPMATHUBHOMU
00ECTIeYeHHOCTbIO TIPOLEcca MPOEKTUPO-
BaHMs KOHCTPYKLIUI KapKaca.

Tak, CTBIKM CEKLHI KOJIOHH, yCTpau-
Ba€Mble Ha Yy4YacTKax C MHUHUMAaJIbHBIMU
U3ru0aromnMu MOMeHTaMHu («Oe3MOMEHT-
HBbIE» 30HBI), TPOEKTUPYIOTCS B COOTBET-
ctBun ¢ Pexomennmauusmu [12], paspabo-
tanHbiMu B HUMKD eme B 1985 1.

IIpp nOpoexkTUpOBaHUM KOJOHH H
cOOPHO-MOHOJIUTHBIX PHUTeNiell HUCIOJb3Y-
roTcst kak nojoxkenus CIT 63.13330.2018
[13], Tax u CII 337.1325800.2017 [14].
ITonaTtnuBOCTh MM HEOOXOAUMOCTDb y4eTa
MOJATIIMBOCTH OJJIEMEHTOB CTBIKOB pac-
CMaTPHUBAIOTCS € y4eTOM PexomeHaauuil
[15], paspaborannpix OAO IHUU-
IIpomsnanwmii B 2002 r. (Ha OCHOBE HCCIIe-
nosanuii HH. Tpexkuna u apyrux orede-
CTBEHHBIX YUCHBIX ).



Pycckuii >kypHan
CTPOUTENbHBIX HAYK U TEXHONOT NI

CnepyeT OTMETUTb, YTO Ha AeTann 3a-
BOZCKOro N3roTOB/EHWS (cbopHo-
MOHONUTHble purenn) HUMDXKE um. AA
FBo3deBa OblM paspaboTaHbl TY 5825-
276-3655401-09, yTBepxaeHHble HWL],
«CTpontenscTeo» B 2009 T.

[ns npeofoneHns CNOXHOCTEN Hop-
MaTMBHOrO obecrneyeHns eaepasibHble
3aKOHbI MO3BONAOT NOMUMO TpeboBaHWiA
CBOZOB NpaBw/, 06s3aTe/lbHbIX K MpuMe-
HeHWO (nepeyeHb perynupyetca [lMocTa-
HoBeHuaMK lNpaBuTenbcTBa PP), Takke
NPUMEHATL  «arnpobupoBaHHble MeToAU-
K», K KOTOPbIM MOXHO OTHECTM HOpMa-
TUBHbIE AOKYMEHTbI (PeKOMeHZauum), yKa-
3aHHble Bblwwe (cMm. n. 6, cT. 15, rn. 3 dene-
panbHOro 3akoHa Ne 384-®3 «TexHuye-
CKWIA pernameHT 0 6e30MacHOCTY 3[aHWNn 1
COOPYXKEHWIA®).

HecmoTps Ha 31O, MpW NPOeKTMpOBa-
HAW Y3/710B  COMPSXKEHUS]  KOMIOHH  KOH-
CTPYKTOpaM MPUXOAUTCA MO0/b30BaThLCA He
TONbKO anpobupoBaHHON METOAMKOW, W3-
NOXKeHHo B PekomeHpaumsix [12], Ho
TaKKe MeTOAMKON pacyeTa MPOYHOCTU U
MOAAT/IMBOCTM LUTENCE/NbHbIX CTbIKOB KO-
NOHH, pa3paboTaHHOW npodgeccopom Co-

MakapkuH C B, LLy6uH A. A,
®domuH H. N, Konwa C I

konosbiM b. C. [16] u NOATBEPXKAEHHOM
MHOTOYMUCNEHHbIMU 3KcrepumeHTamu [8],
MOJIOXKEHNS KOTOPOI, K COXa/EHUIO, MOoKa
He HaLIM OTPaXXEHUA HX B OAHOM HOpMa-
TUBHOM [OKYMEHTE.

N3-3a yKa3aHHOro HefoCTaTOYHOrO
HOPMaTMBHOIro 06ecrneyeHns paccMmaTpu-
BaeMas KapkacHas cucTemMa (KOHCTPYK-
TUBHOE pa3BuUTUe cucTeMbl «YC») nmeet
OTHOCUTE/IbHO HW3KYI0 BE/IMYMHY MHHOBa-
LMOHHOro noTeHumana [5, 7] cpean Takmx
COOPHO-MOHO/IUTHBIX CUCTEM, Kak «AP-
KOC» «KYb-2,5» 1 gpyrux.

HecmoTpsi Ha W3BECTHble OrpaHude-
HUSA, NPaKTUYecKoe MNpPUMeHeHWe COOpPHO-
MOHONMTHOW cucTeMbl «MKC» nprnobpeno
[0CTaTO4YHO MacLTabHbI XapakTtep. Tak,
3a nocnefHve rogbl B AaHHOW cuUcTeMe
OblN0 3aNPOEKTUPOBAHO M MOCTPOEHO He-
CKO/IbKO XXW/bIX KOMIJ/IEKCOB, BK/IHOYas
TakoW KPYMHbIA KOMMNJIEKC Kak «bakos-
CKUIA», . EKaTepuHoypr (puc. 4).

Obuaa nowaib MOCTPOEHHOr0 XKu-
nbs B cucteme «MKC» cocTtaBuna 6ornee
150 TbIC. M2

Puc. 4. )Knnoi komnnekc «baxkosckuii» B r. EkatepuHbypre (hoTo Ky3bMuHa E.A.)

3. 3aK/itoueHue

B PacCMOTPEHHOM cbopHo-
MOHO/IUTHOM KapKacHON CUCTEME MEXBMU-
foBoro npumeHeHnss «MKC» uMCnonb3y-

tOTCA MpenMyLLecTBa TEXHOMOrMM 6e3ona-
Nny604yHOro (HopMOBaHWA, MO3BOMIAOLLME
YCTPaHWTb CYLLECTBYHOLME KOHCTPYKTVB-
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HO-TE€XHOJIOTHYECKUE HEIOCTATKH MpHMe-
HSIEMBIX COOPHO-MOHOJIMTHBIX CHCTEM.

BO3MOXHOCTE pacIIMpEeHHsT HOMEH-
KJIaTypbl COOpPHBIX M3IENUI, U3rOTOBJIEH-
HBIX [0 TEXHOJOTUU Oe30manyOodHOro
¢dopmosanus, B cucreme «MKC» mo3Bossi-
€T CHU3UTh PAaCcXOJ] MaTepUaJIOB NMPHU BO3-
BE/ICHUH KapKaca 3/1aHus ¥ €r0 CTOMMOCTb.

Jns  BO3MOXKHOCTH  MacmTabHOro
BHeNpeHuss  pa3paboTaHHbIX  COOpPHO-
MOHOJIUTHBIX CHUCTEM HEOOXOIUMO COBEp-
IIEHCTBOBAHUE CYILIECTBYIOIIEH HOpMa-
TUBHOH 0a3bl HA OCHOBE HOBBIX METOIHMK
pacdera COOPHO-MOHOJMTHBIX KOHCTPYK-
L.
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MATHEMATICAL MODELLING OF THE VENTILATION SYSTEM
OF A RESIDENTIAL BUILDING IN CONDITION THAT DIFFER
FROM STANDARD

Abstract. The natural ventilation systems of multi-story residential buildings are designed to
meet the requirements for maximum air exchange. Their calculations under conditions
significantly different from the standard, usually do not carry out and therefore do not provide
measures to prevent their unstable operation. The article presents the results of the analysis of
the ventilation system of a two-room section of a ten-story residential building using a
mathematical model. To supply air to the apartment, ventilation valves are used. The air is
removed from the apartments through two ventilation ducts. All apartments, except the last
two floors, are connected to them via satellite channels. The system of equations of the model
is based on the graph of the hydraulic network. It includes equations of the balance of air flow
in the nodes of the graph and equations of pressure change in the links. In this case, the data
presented in the catalogs of equipment manufacturers was used. The calculation results for
conditions that differ from the design ones are presented, such as: significant differences in
the supply air flow in individual apartments, the use of exhaust fans in some apartments, low
outdoor temperature. The model under consideration allows us to explain the observed in
practice air penetration through ventilation ducts from one apartment to another. It is shown
that the main causes of this phenomenon are the low air transmission of modern window
structures and the high hydraulic resistance of the supply valves, the use of ventilation ducts
with various hydraulic resistances. The proposed approach allows already at the project stage
to quantify the operation of the ventilation system in conditions that differ from standard and
to optimize its design.

Keywords: ventilation system; aerodynamic calculation; network graph; mathematical model.
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Ypanbckuii thefiepasibHblil yHUBEpCUTET, EKaTepuHbypr, Poccus
e-mail: a.v.nekrasov@urfu.ru

MATEMATUYECKOE MOAE/IMPOBAHWE BEHTUNALMVNOHHON
CUCTEMBbI XXINJ10I'O AOMA B YCNOBUNAX, OT/IMUHbIX OT
CTAHOAPTHbBIX

AHHOTaumsA. CuctemMbl eCTeCTBEHHOW BEHTUMIALMM  MHOTO3TaXKHbLIX XXWbIX  [OMOB
NPOEKTUPYIOTCA C Y4eTOM TpebOBaHWA MakCUMa/lbHOro BO34yxoo6meHa. VX pacyeTbl B
YCNOBUAX, CYLLECTBEHHO OT/IMYAIOLLMXCA OT HOPMATMBHbIX, 0ObIYHO He NMPOBOAAT U MO3TOMY
He npefycMaTpyBalOT MePONPUATWIA MO MPeAoTBPaLLEHNIO UX HeyCTOMYMBOA paboTbl. B
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CTaTb€ NPEACTABIEHBbI PE3YJbTAThl AHAJIN3A CUCTEMbl BEHTWJIALMU JBYXKOMHATHON CEKLIUH
JECSATUITAXKHOIO >KWJIOTO AOMA C MCIOJb30BAHMEM MaTeMaTU4ecKoH moxenu. i nmopadm
BO3/lyXa B KBapTUPy WCHOJB3YIOTCA BEHTUJSILUOHHBIE KjanaHel. Bo3gyx w3 KkBapTup
yAanseTcs: depe3 [Ba BEHTUSILMOHHBIX KaHajla. Bce KBapTUpBIL, KPOME ABYX HOCIEIHHUX
STakel, MOAKIIOYEHbl K HUM Yepe3 CIyTHUKOBble KaHanbl. CucremMa ypaBHEHUN Mozenu
OCcHOBaHa Ha rpade runpasnudeckoil cetn. OH BKIIIOYAeT ypaBHEHUs OanaHca pacxona
BO3MyXa B y3max rpada W ypaBHEHHs HM3MEHEHHUs MaBJIEHUs B 3BEHbsX. llpu 3TOM
UCTIONb30BAINCh JTAaHHBIE, MPEICTABICHHbIE B KaTaJorax NpPOH3BOAUTENECH OOOPYIOBaHUS.
IIpuBeneHs! pe3yabTaThl PACYETOB I YCJIOBHM, OTJIMHYAIOIIUXCS OT MPOEKTHBIX, TAKUX KaK:
CYLIECTBEHHBIC PA3JIMYMsl pacCXOda MPUTOYHOIO BO3AyXa B OTHAEIBHBIX KBapTUPAX,
IIPUMEHEHNUE B HEKOTOPBIX KBAapTHUPaxX BBITSKHBIX BEHTUJISITOPOB, HU3Kas TeMIIepaTypa
HApY>KHOTO BO3ayxa. PaccmarpuBaemass MOneNnb MO3BOJAET OOBSICHUTH HaOIIOaeMoe Ha
MIPaKTUKE MPOHMKHOBEHUE BO3AyXa MO BEHTWIALMOHHBIM KaHAalaM W3 OJHON KBapTHUPHI B
apyryro. lloka3aHo, 4YTO OCHOBHBIMH MPUYMHAMH JTOTO SBJICHMS SIBIIAIOTCS HU3Kas
BO3IyXOIMPOHULAEMOCTb COBPEMEHHBIX OKOHHBIX KOHCTPYKLUI U BBICOKO€ TMAPABIMYECKOE
CONPOTUBJIEHWE MPUTOYHBIX KJIANAHOB, NPUMEHEHHE BEHTUJIALIMOHHBIX KAaHAJIOB C
Pa3INYHBIMHA THAPABIMYECKUMHU CONPOTUBIIEHUAMH. [IpeanaraeMelii MOAXOA MO3BOJISIET YXKe
HAa CTaJMU TPOEKTa KOJUYECTBEHHO OLEHUTh paboTy CHCTEMBbl BEHTWISILMU B YCJIOBHSIX,
OTJINYHBIX OT HOPMATUBHBIX, U ONTUMU3UPOBATH €€ KOHCTPYKLIHUIO.

KaueBble cj10Ba: BEHTWIILMOHHAS CHCTEMA, a>POAMHAMHYECKHH pacuer; rpad cery;
MaTeMaTUYECKast MOJIENb.

1. Introduction sections of the wventilation system is
significantly lower than the project.

Their calculations under conditions
significantly different from the standard,
usually do not carry out and therefore do
not provide measures to prevent their
unstable operation. One of the most
noticeable = manifestations  of  such
instability is the overturning of ventilation,
when odors, dust and possibly viruses from
neighboring  rooms  penetrate  the
apartments [5]. Unfortunately, these
problems are usually detected after putting
the facilities into operation.

The development of a ventilation
system that could work stably with any
combination of the parameters of the
external and internal air is not an easy task,
which in our opinion can be solved only

Natural ventilation systems of multi-
storey residential buildings are the
cheapest, and therefore very often used in
practice. Their constructions based on the
requirement to ensure standardized air
exchange in individual apartments. In
accordance with the regulations, its value
must be at least 110 m3/h [1]. The
necessary air flow is provided through the
air vents, supply valves, etc. It is well
known that, due to the difference between
the actual parameters of the external and
internal air, the actual values of the air
flow in different parts of the ventilation
system can differ significantly from the
standard ones. One of the ways to verify
the correctness of the project is

mathematical modelling of the h thematical model
aerodynamics of the ventilation system [2- With a mathematical modet.
4] Models that take into account the

totality of factors affecting the operation of
a particular natural ventilation system can
be very complex [6-8], which practically
excludes their use in everyday design
work. At the same time, under certain
assumptions and limitations, the model can
be significantly simplified. Of course, such
a model is not accurate, but recognize with

Too low or high outdoor temperatures,
street noise and dust are some of the most
common reasons why residents are forced
to minimize the supply of fresh air to their
apartments. If we take into account the fact
that modern windows and doors have low
air transmission, the air flow in individual
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it the features of a particular ventilation
system and prevent the occurrence of a
number of problems is quite possible.

2. Materials and Methods

When designing various ventilation
systems (including natural), the air density
inside the system is considered constant.
Thus, when constructing its mathematical
model, thermal processes can be
eliminated by limiting ourselves only to
the aerodynamic part in the stationary
formulation of the problem. With this
assumption, it is advisable to consider the
building ventilation system as a hydraulic
network with lumped parameters and
present it in the form of a connected graph.

The graph is a computational scheme
for the movement of air flows and is used
in the preparation of the system of
equations of the mathematical model. It is
a system of equations for the balance of
mass flow rates and mechanical energy of
air (Kirchhoff equations).

Next, for definiteness, we consider the
ventilation system of one-room apartments
of a ten-story residential building (Fig. 1).
For ventilation of apartments of 2-8 floors,
two vertical channels and satellite channels
are provided. Air removal from the
apartments of the two upper floors and the
premises of the 1st floor is carried out
through independent channels. The scheme
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of ventilation ducts with an indication of

the main dimensions is shown in Fig. 2.

All channels are combined in the volume

of the technical floor (warm attic), from

which air is removed through common
ventilation duct 2 m high with a cross

section of 1000x1000 mm.

The following assumptions are made:

- the air temperature in all rooms and
ventilation ducts is the same (accepted
+20°C);

- each apartment and attic are separate
volumes, inside which the speed of air
movement is negligible;

- minor resistance coefficients do not
depend on the direction of air
movement;

- air inflow into each apartment is carried
out due to infiltration through windows
with a given value of the air
transmission and  through  two
ventilation valves;

- wind pressure is not taken into account.

The graph of any hydraulic network is

a structure consisting of elements of two

types - nodes and links (branches). Each

node i is characterized by three parameters:
height zi (m), pressure pi (Pa) and air
inflow into the system from outside qt

(kg/s). For hydraulic networks, two types

of nodes are considered: boundary and

internal.

Figure 1. Schematic plan of an ordinary section of a multi-storey residential building
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Figure 2. The circuit of the ventilation ducts

Boundary nodes are located in the
environment  (outside the building).
Through them, the air enters the system or
leaves it. In such nodes, z and p must be
specified, and q is a definable quantity.
The inflow is conditionally considered
positive if air is removed from the node,
and negative if it enters the node. In Fig. 3
presents a graph for a separate apartment.
In this case, the boundary nodes are 1 - 3.

In the internal nodes, the known values
are the inflows (in ventilation systems they
are usually zero) and heights, and the
determined pressure. The internal nodes
correspond to the individual premises of
the task (flat, attic, etc.), as well as to the
points of confluence or separation of flows
(tee, crosspiece).

For each node i, the condition of
expenditure balance is satisfied

n m
A fiw—"N " Ly —ai = 0, @)
WEW yi

where L - the air flow, W - the set of
nodes located downstream and adjacent to
node i; Yi - the set of nodes located
upstream and adjacent to node i.
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In Fig. 3, the internal nodes are 4-6.
The node 4 corresponds to the volume of
the apartment, and in nodes 5 and 6 the
satellite channels are connected to the
vertical collecting channels.

Figure 3. A fragment of the graph for
apartments of 8 floors

Relations between a pair of nodes i and
J describe the nature of the change in air
pressure Apij as it moves with a constant
flow rate Lij in a given branch. In relation
to the considered example, they represent
all kinds of hydraulic resistance:
ventilation ducts, supply valves, vents, etc.
For example, in Fig. 3, link 14
corresponds to windows, and links 2-4 and
3-4 to supply air valves.
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In such links the pressure change is class A (Russian classification) windows
described by the functions: was calculated by the formula:

APi = Ryifif) * shn (A1) ) L = sign(Ap) *1.504 «10-4(Ap)0758.  (4)

] Their air transmission at Ap = 100 Pa

As you can see, these expressions take is 3m3(h *m2)
into account the possibility of changing the '
sign of Ap with a change in the direction of

For windows of the air transmission
class B, the calculation was carried out

flow, which can occur when the ventilation according to the formula:
IS «turned over».
To close the system, it is necessary to L =sign(Ap) *1.504 «10-4(Ap)0758. (5)
establish the ratio between the pressures at
the boundary nodes: Their air transmission at Ap = 100 Pa
iIs 9 m3(h «m2).
Pi =Pj + Poutg(4 - ), ©) For definiteness, KIV valves are

adopted as supply valves (Fig. 4). Using

Wwhere pot - the air density in the the manufacturer's data (Flaktwoods,
environment; g - grawtatlonal_acceleratlon Finland) with the valve regulator fully
constant. Hereinafter, the heights of the open, function (2) can be represented as:
nodes are counted down from the general
horizontal plane, which coincides with the L =sign(Ap) #2.08 +10-3(Ap)06. (6)
output sections of the prefabricated
ventilation ducts. The calculation of the pressure change

When modeling infiltration through in the ventilation channels and satellite
windows in this work, their area was taken channels was carried out according to the
equal to 6 m2 and for the air transmission formula:

o o v t
(P +Pint9z) - (A +Pint9z) Pint i 1V + i - sign(Lu), ™

where | - the length of the channel; d - its diameter; Q1 - the total coefficient of the minor
resistances; X - the friction factor; S - the sectional area of the channel.

factors to account for the surface material
[9, 10]. In this work, the formula was used
to calculate the friction factor [11, 12]:

1.325
2 ®

Figure 4. Supply valve KIV _
where A — equivalent sand roughness; Re

- Into satellite channels take into account - Reynolds number.
minor resistances caused by the Formula (8) is an approximation of the
ventilation grille (Z = 2); rotation with a widely used in the international practice of
change in cross section (Z = 1.03); and hydraulic calculations of the implicit
the entrance to the collecting channel Colebrook-White equation in the range of
with aturn (Z= 1.2). Reynolds numbers from 4103to 108 The
The traditional method of calculating possibility of its use in the case under

friction losses into ducts is based on the consideration may raise doubts, especially

use of special nomograms and correction for small Re. However, it must be taken
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into account that the contribution of the
linear resistances inside the ventilation
ducts to the total pressure loss in the
system is negligible compared to the losses
in the minor resistances.

Preliminary calculations showed that
in the wventilation system  under
consideration, the change in the total air
flow rate with a roughness of the walls of
the satellite channels and prefabricated
channels A =2 + 1 mm is less than 2 %.
When building the model, A = 2 mm was
taken.

Another variety of links of the graph
are fans. In such branches, air pressure
increases.). The dependence of the pressure
change on the flow rate in the working area
of the characteristics of many centrifugal
blowers can be described by a function of
the form [13]:

Ap =a—bLS, 9)
where a, b and ¢ are some coefficients. For
example, for a fan like Vents 100 MS
turbo: a=36,5; b=3590; c=1,4.

The total number of equations of the
system describing the operation of the
network is equal to the sum of the number
of nodes and branches of its graph

(excluding expressions (3)). Even in the
case of relatively simple ventilation
networks, the total number of equations
can reach many tens, which leads to a
number of problems when solving it. This
is due in particular to the fact that in the
general case it is impossible to predict the
direction of gas motion in some branches
of the graph in advance.

The methods for solving the
considered system of Kirchhoff equations
with a constant fluid density p:» can be
different. As applied to water supply
networks, they are considered in many
scientific papers [14 —20]. We used the
gradient solution method (Global Gradient
Algorithm) [21]. It is used in particular in
the freeware Epanet application [22].
Although it is intended for calculating
water supply networks, it can also be used
for calculating the flow of gases [23].

3. Results and Discussion

Table 1 shows the results of
calculations of air exchange in individual
apartments at an outside temperature of
+5°C with fully open and closed supply
valves and class A windows.

Table 1.

Estimated air consumption removed from apartments (m? / h) through ventilation
ducts VN-1 and VN-2

Floor KIV valves are open KIV valves are closed
VN-1 VN-2 VN-1 VN-2
2 49.5 28.9 34 1.8
3 46.7 254 33 1.5
4 45.8 213 3.1 1.2
5 41.5 21.1 2.7 1.2
6 335 25.7 2.0 1.5
7 315 213 1.9 1.2
8 31.6 14.9 1.7 0.9
9 22.1 22.1 1.0 1.0
10 16.4 164 0.8 0.8

Due to the fact that the ventilation
ducts for apartments from the 2nd to the
8th floor have different geometry, they also
have different hydraulic resistance. In our
case, at the corresponding floors, the
pressure at the point of attachment of the
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satellite channels to the VN-1 channel is
less than at the point of attachment to the
VN-2 channel (in Fig. 3 ps < ps). This
explains the differences in the flow rate of
air removed from a separate apartment
through these channels.
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Suppose that in all apartments except
one, the supply valves are open. In this
case, as calculation shows, the ventilation
will "turn over" in it. In particular, when
closing the supply valves on the 8th floor,
the air flow into the apartment through the
VN-2 channel will be about 14 m*/h. When
closing the valves in the apartment on the
2nd floor, the supply air flow will be 17
m3/h.

In the case of using windows with
higher breathability (class B), the supply
air costs in apartments of different floors
will decrease by 30—-40%.

Apartments on the 9th and 10th floors
have individual ventilation ducts of the
same geometry. Therefore, the air flow in
them is the same, and ventilation does not
roll over.

Of course, it is difficult to imagine a
situation where in all apartments during the

transitional or cold periods of the year the
supply valves will be fully open. It is much
more likely that the wvalves in the
apartments will be closed, but in any of
them there will be a need for ventilation. In
this case, the picture of the current will
change: air will flow into the apartments of
the nearest floors, mainly through the VN-
2 channel. Table 2 shows the air flows
coming in or out of the apartments, with
the supply air valves fully open on some
floors (outdoor temperature + 5°C).

As you can see, the influx of air
(negative flow) into the apartment can
occur on all floors.

With a decrease in the temperature of
the outdoor air due to an increase in
gravitational pressure, air consumption
increases (Table 3). The nature of the
distribution of flows does not change.

Table 2.

Estimated air flow (m® / h) with fully open supply valves in one apartment
(outdoor temperature +5°C)

Valves are open on the Valves are open on the Valves are open on the
Floor 2nd floor 5th floor 8th floor

VN-1 VN-2 VN-1 VN-2 VN-1 VN-2
2 45.0 43.0 6.2 -1.1 3.7 14
3 11.9 -7.3 6.3 -1.7 3.6 1.1
4 8.0 -3.7 7.1 -2.8 3.7 0.6
5 4.6 -0.7 36.6 354 3.6 0.4
6 -0.8 43 0.9 2.6 3.6 -0.1
7 1.0 2.0 1.9 12 3.7 -0.7
8 3.7 -1.2 3.7 -1.1 26.1 25.6
9 1.0 1.0 1.0 1.0 1.0 1.0
10 0.8 0.8 0.8 0.8 0.8 0.8

Table 3.

Estimated air flow (m® / h) with fully open supply valves in one apartment
(outdoor temperature —15°C)

Valves are open on the Valves are open on the Valves are open on the
Floor 2nd floor 5th floor 8th floor

VN-1 VN-2 VN-1 VN-2 VN-1 VN-2
2 78.6 75.0 12.0 -1.7 73 3.0
3 21.0 -11.7 11.9 -2.5 7.0 2.5
4 15.0 -6.4 13.1 -4.5 7.1 1.6
5 9.0 -1.2 63.7 61.7 6.8 1.1
6 -1.0 8.0 2.5 4.5 7.8 -0.3
7 2.0 4.1 38 2.3 7.8 -1.3
8 73 2.1 7.2 -2.0 46.1 45.0
9 2.1 2.1 2.1 2.1 2.1 2.1
10 1.6 1.6 1.6 1.6 1.6 1.6
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In order to reduce the likelihood of
overturning ventilation, it is necessary to
ensure the equal hydraulic resistance of all
ventilation ducts and satellite channels. In
this case, the supply air flow in each
apartment is divided evenly between both
ventilation channels without overturning
the ventilation, which is confirmed by
calculations. The calculations were carried
out for air ducts with constant sections of
380x140 mm and 270x140 mm. In the first
case, a significant change in air flow
compared to the original project (see Table
1) does not occur. In the second case, the
reduction in air flow does not exceed 10 %.

In practice, it is practically impossible
to ensure the equal hydraulic resistance of
the channels, even if this is taken into
account in the design process. Already
during the operation of the system,

residents themselves can upset the balance
of the system if they restrict air access to
the channel. To do this, they just need to
tightly close the door to the room from
which the air 1is vented (kitchen,
bathroom). Balancing may also be
disturbed due to clogging of the ventilation
grilles in any apartments, especially those
equipped with mosquito nets.

The most powerful influence on the
operation of the ventilation system is
exerted by exhaust fans installed by
residents themselves. This paper describes
the operation of Vents 100 MS turbo fans
connected to satellite channels of the VN -
1 duct. It was assumed that only one fan
was running and all the supply valves were
closed. The network corresponded to
Fig. 2. The calculation results at an outdoor
temperature of + 5°C are shown in Table 4.

Table 4.

Estimated air flow when exhaust fans are turned on in one apartment
(outdoor temperature + 5°C)

Floor The fan on the 2nd floor The fan on the Sth floor The fan on the 8th floor
VN-1 VN-2 VN-1 VN-2 VN-1 VN-2
2 111.0 -104.0 -11.0 16.2 02 54
3 -28.6 334 -11.9 16.6 -1.1 58
4 -19.8 242 -16.0 204 2.5 6.9
5 -12.0 16.6 114.2 -108.7 -4.8 8.7
6 53 8.8 -10.9 14.4 -10.5 14.0
7 -39 7.0 -8.0 11.1 -12.1 152
8 2.5 5.0 =55 8.1 114.8 -110.5
9 1.0 1.0 1.0 1.0 1.0 1.0
10 0.8 0.8 0.8 0.8 0.8 0.8

First, we note that the inclusion of fans
in any apartment to one degree or another
has an effect on the operation of ventilation
in all others. An exception, as before, are
apartments on the 9th and 10th floor,
connected to separate channels.

Secondly, turning on the fan allows
you to remove the required amount of air
from the apartment. However, due to the
relatively high hydraulic resistance of the
supply valves, the proportion of fresh air
entering the apartment is relatively small.
Most of it comes through the VN-2
channel from other apartments and from
the technical floor (warm attic). Prevent
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the flow of air into the apartment allows
the installation of check valves.

4. Conclusion

One of the reasons for overturning
natural  ventilation in  multi-story
residential buildings is the difference in the
hydraulic resistance of the ventilation ducts
serving the same type of apartment. In this
regard, it is advisable to use channels
having the same configuration and size.

It is advisable to use prefabricated
ventilation ducts with a constant cross-
section of constant height, the value of
which should be determined by the
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calculation, and not by the recommended
normative documents, of the air speeds.

In order to equalize hydraulic
resistance during the movement of air
flows inside the apartments, it is necessary
to provide ventilation openings between all
rooms.

Every modern apartment building
ventilation system is a collective use
system. At the same time, the regulation of
air exchange in an apartment (airing the
room, the inclusion of individual exhaust
fans, etc.) affects the air exchange in other
apartments. Thus, it is advisable to
minimize the number of apartments served
by one channel.

The use of low breathability windows
increases the likelihood of the ventilation
tipping over.

Using the proposed modeling
technique allows even at the project stage
to quantify the operation of the ventilation
system in conditions that differ from
standard and thereby optimize the design
of the system.
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PEHOBAUWA SEJIEHBIX TIPOCTPAHCTB AHCAMBJ14
OBOPAHCKOE NHE34O B EKATEPUHBYPI'E

AHHOTauMsl. B cTaTbe aBTOpbl aHa/IM3MPYHT >KWMION KBapTan [BOPSHCKOE rHe3[o,
pacrosioXKeHHbIN B pailoHe YpasiMall ropoga EkatepuHbypra v npuneratoLlyo TeppuTopuio
C TOYKM 3PEHUS1 YCTOMUMBOIO pasBuTusA. Mcnonb3ys METOAMKY AATCKOro apxmuTekTopa HAHa
lelina, BbISBAAKOT NPOGNEMbI KOMMEKCA MO [ABeHaAuaTV KpUTEpMsIM U npeanaratoT
BapWaHTbl X PeLUeHniA. B cTaTbe NpeanoXeHo KOHLUENTyanbHOE pelleHne 61aroycTpoiicTea
npunerawoLwe TeppuTOpUM C Yy4YeTOM AOCTYMHOCTM [ANd BCEX [Pynn HaceneHus. B
3aK/HYeHMe AaHbl PEKOMeHJaUNN 1 NPeAIoKEHNS, HEOOX0ANMbIE 415 MOBbILIEHWS KayecTBa
XKN3HN Ha TEPPUTOPUN XKNOFO KOMMJIEKCA 1 BAXKHOCTb COXPaHEHUs XMNoro oHga nepeomn
NoNOBMHbI XX BeKa.

KntoueBble crioBa. [IBOPSHCKOE HE30, XXWMOW KOMM/EKC, Ypanmall, COLIropof, ABOPOBOe
MPOCTPAHCTBO, CKBEP, YCTONUMBOE PasBUTYE.
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RENOVATION OF THE GREEN SPACES OF THE DVORYANSKOE
GNEZDO (NOBLE NEST) ENSEMBLE IN YEKATERINBURG

Abstract. In the article, the authors analyze the Dvoryanskoe Gnezdo residential quarter,
located in the Uralmash district of the city Yekaterinburg, and the surrounding area from the
point of view of sustainable development. Using the methodology of the Danish architect Jan
Gale, the problems of the complex are identified according to twelve criteria and options for
their solutions are proposed. The article proposes a conceptual solution for the improvement
of the adjacent territory, taking into account accessibility for all population groups. In
conclusion, recommendations and proposals are given that are necessary to improve the
quality of life on the territory of the residential complex and the importance of preserving the
housing stock of the first half of the 20th century.

Keywords. Dvoryanskoe Gnezdo (Noble nest), residential complex, Uralmash, social city,
yard space, public garden, sustainable development.

1. BBeaeHue AVBLUNECS TEPPUTOPUK 3acTpamBaTb MHO-
FO3TaXHbIMW AOMaMW. YpanMmall He WC-
KMHOYeHne. Ypanmall W3BeCTeH 6oraroi
NCTOPVEN, KOTOpasi OTPaXkaeTcs B ero ap-

B nocnegHve rofbl CTapblil XKWMOW
(hoHa EkaTepmHOypra B pasHbIX palioHax
ropofa CTan akTMBHO CHOCWTb, & 0CBO6O-
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Pycckuii >kypHan
CTPONTENbHbIX HAYK N TEXHO/OMU

XUTEKTYpe. OTO pailoH C YHUKa/bHON 3a-
CTPOMKOWM, BOMNIOWAIOLLEA 3MOXY KOH-
CcTpykTmBuama 1930-x rogos, Knagesb ap-
XUTEKTYPHbIX LUEeLEeBPOB TOro BpeMeHn. K
MUX YWUCY OTHOCUTCSH >KWIOW KOMIJIEKC

LLikona

to 22

50-neTne
Y3TM

KyapuHa T. A,
Manbuesa . H

[BOpAHCKOE THE3A0, PacrnoOXEHHbIA B
rpaHuuax: npocnekt  OpmXOHUKMA3e-
ynnua baHHMKoBa-ynuua KpacHbix napTu-
3aH-0ynbBap KynbTypsbl (puc. 1).

Ypanmal

Toprosbii
LeHTp
CO BCTPOEHHOM
aBT OCTOSIHKOIA

niowagb
1-i MAaTUNeTKNn

»Y3TMruii EKaTeonH

Puc. 1. CuTyauMOHHbIN NNaH XMoro Komnnekca AsopsHckoe rHespfo, 2022 r.

Puc. 2. leHnnaH coyropoga Ypanmaw, 1933 r. Apxutektop I. B. OpaHcKui

B 1929 rogy apxutektopom [1. B.
OpaHckum 6bl1 paspaboTaH reHnnaH 6y-
ayulero couropoga Ypanvaw (puc. 2). B
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MMPOBOI NPaKTUKE He YacTO BCTpevaroTes
NpVMepbl BO3BEJEHNS TOPOAOB W/ 3HAYU-
Te/bHbIX - KakK MO TeppUTOpPWK, TakK K Mo
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HACEJICHUIO — PAaliOHOB [0 €IUHOMY IUIAHY
B TE€UEHUE €1Ba JIU HE ONHOrO NECATUJIEe-
TAs.. DTO W JeNaeT couropoa Ypaamarl
OIHMM U3 3HAYUTENBHBIX TPATOCTPOU-
TEJIbHBIX MaMATHUKOB B crtpaHe [1-3]. 3a-
CTpoOiika, (popMUpPYIOIIAs MJIOUIAb U MPH-
jgerarome K Hed ynuubl, pemena II. B.
OpaHCKUM U €ro KoyjeraMud B COLTOpojie
KaK €UHBbII aHCaMOJIb B CTUJIE KOHCTPYK-
TUBHU3MA [4].

JIBOpsIHCKOE THE3A0 — TONOHUM, IpPH-
OyMaHHBIM kuTensiMu  Ypanmama. OH
oObenuHAEeT OIWH KBapTall 3acCTPOUKH
couropofia. 3aech XKWIH PyKOBOAUTENU
3aBO/Ia, WHOCTPAHHBIC CIELUATUCTBI, OT-
BETCTBEHHBIC WH)KEHEPBHI — OTCIOJIa U €r0
APUCTOKPATHYECKOE HA3BaHHWE. JTO ObUIH
«IOMa TIOBBIIIEHHOTO Ka4iecTBa CTPOU-
TenpcTBa»y [1]. JIBOpOBOE NPOCTPaHCTBO
JIBOpSIHCKOrO THe3Ja — 3TO CKOpee He
MPUBATHAS TEPPUTOPHUS JUIsl JKUTENIeH, a
OobLION MapK.

PexoHCTpykIIMsi W BOCCTaHOBJICHHE
MaMSATHUKOB apXUTEKTYypPbl METOJIOM PEHO-
Baluu 0e3 CHOCa aKkTyajibHa B HAIU JTHU
[5, 6]. B xaxxgom ropoae Poccun ects mo-
Ma CTQJIMHCKOW 3IOXH, IOCTPOCHHBIE B
nepBoil nojosuHe XX BEKa, KUIIbE B KO-
TOPBIX BOCTPEOOBAHO M MOJB3YETCS MOMY-
JSIPHOCTBIO. Ba)XXHO COXpaHUTH KOMILJIEKC
JIBOpSIHCKOE THE30 B IMEPBO3JAHHOM BH-
1€, B TOM YHUCJIE ITyTeM PEHOBALINH TMpUJIe-
raieil TEPPUTOPHUH, TIOCKOJbKY 3TO HC-
TOpUYeCKUi (QOHA Tropoma, HacTb €ro
KYJIbTYPbI, YTO UMeeT OOJIbIIOe 3HAYCHUE
B Pa3BUTUU  TYPUCTHYECKOW  cepsl
ropona [7].

B Hacrosiiuee BpeMsi OOHUM M3 aKTy-
aJbHBIX HAMNpPaBJEHUN HCCIEIOBAHUN HE
TOJIBKO B Poccuu, HO U 3a pyOekoM SIBJISI-
€TCsl BBISIBJIEHHE MPOOJIeM PeHOBALIMU Je-
MPECCUBHBIX PAaliOHOB rOpoONia W 3aCTPOEH-
HBIX TOPOACKHX TEPPUTOPUN KaK OCHOBBI
nmpouecca mpeodpa3oBaHUs, PA3BUTHUS U
afanTalvu CJIOXKUBILIEHCS TOPOACKOMN cpe-
Obl K HOBBIM TpeOOBaHUAM OOeCTEeYeHHS
Oe3omacHoCTH *)u3HeAesTenbHocTH [8-10].

Llens uccienoBanusi — BBISIBUTH MPO-
OJleMbl  CYINECTBYIOIIEH TEPPUTOPUH |
PacCMOTpPETh BApUAHTBI CO3JAHUA KOM-
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¢bopTHON M AOCTYMHOW Cpenbl Ui BCEX
rpynn Hacenenus. HeoOxommmo mpoanHa-
JU3UPOBATh KOMIUIEKC JIBOPSTHCKOE THE3I0
U ero MHQPACTPYKTypy, C TOUKH 3PEHUS
yCTOHYMBOTO Pa3BUTHS, KauecTBa M yH00-
CTBA CKBEPa U JBOPOBOTO MPOCTPAHCTBA.

JlaHHas TeMa aKTyaJbHA, TOCKOJIBKY O
couropoze Ypaamam HamucaHO MHOIO
crarefi U MoHorpaduii, HO B HUX HE pac-
CMaTPUBAIOTCA KPUTEPHH  YCTOWYHBOTO
Pa3BUTHS APXUTEKTYPHBIX OOBEKTOB, HE
UCCIIENYIOTCS BXOMSIINE B UX COCTAB JKU-
Jble KBapTalbl U MX 3€JEHbIE NMPOCTPaH-
CTBA C TOYKH 3PEHHsI KAUE€CTBEHHBIX 001I1e-
CTBeHHBIX Teppuropuii. Hanpumep, M.
UnpueHKO pacckas3bplBaeT MPO HCTOPHIO
CTPOMTENBCTBA COLIOPOAa, NMPOEKTHPOBA-
HHUE €r0 OCHOBHBIX aPXUTEKTYPHBIX O0BEK-
TOB, (popMHupyrOIUX OONMK roponka [11].
B nyGnukammu onrosa A. B., Kypamosa
10. 0. u Muxaiinosoit JI. I'. paccmarpu-
BaeTcs MCTOpUsl (HOPMHUPOBAHMS 3TAHUN U
JKHJIBIX ~ KOMIUJIGKCOB, IIOCTPOEHHBIX B
Csepnnoscke B 1920-1930-x romax B CTH-
Ji€ KOHCTPYKTHBHM3Ma, B TOM YHCIIE HCTO-
pust  CTaHOBJIEHUs pabdodero mocenka
Ypanmail ¥ NpOEKT €ro MJIaHUPOBKH, HO
HE 3aTParuBarOTCs 3€JICHbIE POCTPAHCTBA
[12]. Arees C. C. Tak:ke pacKpbIBaeT HC-
TOPHUIO TEPPUTOPHHU IO TIOCTPOHUKH 3aBOJIA-
T'MTaHTa, €r0 CTPOUTENBLCTBE U O TOM, KaK
NPOEKTHPOBAIN U 3aCTPAUBAIHU COLITOPOJ
[13].

2. /IBOpSIHCKOE THe3 /10 KaK 06'beKT
YCTOMYUBOI0O pasBUTHUSA

JIBOpSIHCKOE THE3I0 — 3TO KOMILIEKC,
UMEIOLTUN CTaTyC NaMSTHUKA apXUTEKTy-
pBL, U ceiluac OH 3aMEeTHO BBIJENseTCS Ha
¢dboHE COBpEeMEHHOM 3acTpoiiku Y panimaia
CBOEH BBIPA3UTENBHOCTBIO U Oyaropon-
CTBOM apXHUTEKTypHOro odpasa (puc. 3).

Hecmotps Ha TO, UTO 3TOMY KOMILIEK-
cy okoso 100 ner, ero MOXXHO OXapakre-
pU30BaTh KaK YCTOHYMBBIA apXUTEKTYp-
Hbelii 00bekT. K mpemmymnecTBaMm 3maHmid
KOMIUIEKCA MOXHO OTHECTH WX paluo-
HAJIbHOE OOBEMHO-TIIAHWPOBOYHOE peLIe-
Hue. B KkBapTupax BBICOKHME IIOTOJIKH,
OoJpIINe OKHA, YTO CO37aeT KOM(pOPTHBIE
yCJIOBUs NPOXKHUBAHMSL C TOUKH 3PEHUS



Pycckuii >kypHan
CTPONTENbHbIX HAYK N TEXHO/OMU

eCTECTBEHHOIO OCBELLEHUS U VHCONSLWN.
CTeHbl BbIMO/HEHbI 3 BbICOKOKAUYECTBEH-
HOrO KMpnuYa - HaTypasbHOro ¥ 3KOMoru-
Yecky uMcToro matepuana. [ns OTAENKU
hacaioB MPUMEHUMN LIBETHYH LLUTYKATYp-
Ky, TOrfla €e UCMno/b30Basn Brepsble [14].
Takke 34aHMs OT/INYAKOTCS  AeTaNbHOM
NPopaboTKOl [1eKOPAaTUBHBLIX 3MEMEHTOB
HApPYXXHbIX CTEH - JIeMHbIX KapHM30B,
OrpaXkeHWin 13 YyryHHOro nuTbs. JlecT-
HUYHYIO KNEeTKY YKpallalT GeTOHHble
CTYNEeHU C MpPaMOPHOIi KPOLLKOW. [oma ¢

KyapuHa T. A,
Manbuesa . H

TaK/MWN XapaKTEPUCTUKAMN HaHOCAT MMU-
HUMa/IbHBIA  Bpef, OKpY)Xarollen cpeae
CBOVMM MPUCYTCTBMEM, YTO MOATBEPXKAAET-
ca [ONTMM CPOKOM KX 3KcnayaTauun. Ho
30aHVUA  KOMMNJeKca YAOBMETBOPSAIOT He
BCEM KpMTEPUSIM YCTOMYMBOrO PasBUTMS.
Hanpvmep, A06MTLCA MOBLILIEHWS 3HeEp-
roagpeKTUBHOCTM - OAHOIO M3 TNaBHbIX
KPUTEPMEB, MOXHO MyTEM YCTaHOBKM Npw
PEKOHCTPYKLMK 3HEProa(eKTUBHbIX
OKOH, u306exaB npuv 3TOM U3MEHEHUS
BHeLUHero o6nvka 3paHus [15].

Puc. 3. XKunoit gom Ha 100 kBapTup, EkatepuHoypr, 1945 r. ApxuTekTop 1. B. OpaHcKuii

3. [1BOpAHCKOE rHe3fo - gerpagupy-
lowasa Tepputopua

B 3acTpoiikax 1920-1930 rogos rnas-
HOW Gblna naes ropoda-caga. [JBopsiHCKoe
FHE3L0 - APKWIA NpvMep 3TON BOMJIOLLEH-
HOW B XW3Hb naewn. Mpunerarowas K xXu-
NbIM  fOMam [JBOpoBas Tepputopus -
60/bLLIOM CKBEP, CMPOEKTUPOBAHHLIN Kak
MECTO KOJIIEKTUBHOIO OTAbIXa. [BOp HU-
Korga He Obln MpYBaTHLIM, 3TO ObINO 10-
Ka/lbHOE MECTO NPUTSHXKEHUS XKUTENeR BCe-
ro paioHa - 60bLas napkoeas TeppuTo-
pus, Kyga npuxoaunn norynstb U no-
CMOTPETb Ha (JOHTaH - [AOMUHAHTY KOM-
M/eKCa, BbIMNOMHEHHbLIA B CTUAE CTa/MH-
ckoro 6apokko (puc. 4). Ha tepputopumn
CKBepa OblNn BbICAXKEHbI MHOTOUMC/IEHHbIE
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[lepeBbs, X Be3n c NoBO/MKbA - 3TO /K-
Mbl, KMEHbl, ICEHW W AEKOPAaTUBHbIA Ky-
CTapHuK [9].

Mocne 1980 roga ckeBep aHcamb6ns
[BOpsSiIHCKOE  rHe3go M3 06pasLoBo-
nokasaTe/lbHOro npeepaTuica B 3abpo-
LUEHHYIO W 3anyLleHHY0 TeppuToputo.
dPoHTaH cTan 6Ge3NMKON Knymbonm u Mme-
CTOM Ans «rpadut», a NaBouKn ybpanu
camm XXWUTeNn, YToObl He HabnAaTh Mbs-
HbIX MapruHanoB y cebs nog OKHaMu
(puc. 5).

CerogHa  TeppuTOpUIO  KOMMJeKca
MOXHO OXapaKTepu3oBaTb, KakK [erpaau-
PYIOLLYHO, N OTHECTU K KaTEropum HeKoMm-
(hOPTHBIX FOPOACKMX MPOCTPAHCTB.
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Puc. 4. ®parmeHT Bopa aHcamb6na [BopsHCKoe rHe3fo, 1956 r.

Puc. 5. «®oHTaH» Ha TeppuTopumn [BOPSAHCKOro rHesga, 2022 r.

4. MeToauKa oUueHUBaHUA TeEPPUTO-
pun

Jatckuin apxutekTop AH ein ctop-
My/nvMpoBasl 12 KpuTepueB KayecTBa ro-
POACKOro naHAawagra, KOTopble CTau
OCHOBOM [11 OLEHKN KayecTBa FOpOACKUX
npocTpaHcTs [17]:

- | rpynna - 6e30nacHOCTb:

OLLYLLEHNS; MPeCTYNHOCTb;
- Il rpynna - KomdopT: BO3MOXXHOCTb

CUAETb; BO3MOXHOCTb CTOSAATb; BO3MOX-

HOCTb BWAETb; BO3MOXHOCTb XOAWTb;

BO3MOXXHOCTb 06LLATHCS; BO3MOXHOCTb

nrpartb;

- Il rpynna - y#oBOMbLCTBUA: MOroAa;

[IN3aliH; YeNoBEeYECKNIA MacLUTab.

MaLLUWHbI;
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Tom 8, Ne 2

2022

OueHum  TeppuTOpUIO KBapTaia

[IBOpsAHCKOe  rHe3mo, MOoJb3yACh  3TOWA
METOAMNKOIA:

1 MalumHbl - 3awmuTa nogen oT

TpaHcnopTa ¥ NpPouUCLUeCTBWA. [BuKe-
HVe MalUWH JOCTaTOYHO aKTMBHOe. Teppu-
TOpWSA KBapTasia HacuMTbiBaeT 6 BbLE30B
BO ABOp. Jopora npoxoAauT no nepumMeTpy,
eCTb CKBO3HOI Mpoe3s, He UMEKLUin Tpo-
Tyapos.

2. OuwyuleHns - s3awuTa 0T Lyma,
Mbinn, rPA3n, XONoAa WK >Kapbl U ApYrux
HEMPUATHbLIX PaKkTopoB. YT06bI YKPLITLHCA
OT JOXAA WY NaALWero CosHua B CKeepe
HET HWYero, KpoMe HEKOTOPOro Kosunye-
CTBa Pa3pOCLUMXCA [epeBbeB, KOTOPble



Pycckuii xcypran
CmpoumebHuIX HAYK U mexHo/102ull
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TpeOyIOT KPOHHPOBAaHUS BETBEH WU Jede-
HUSI.

3. Ilpecmynnocme — 0751 uenoeexa
BAJHCHO, YMOOBL NPOCMPAHCMEO ObLIO 0e3-
onacHvim, Oe3 uszuueckoil yeposvl Kak Oist
€20 JHCU3HU U 300P08bsl, MAK U OPY2UX 110-
oeti. TlpumomoBasi TEPPUTOPHUS KUIIOTO
KOMILJIEKCA HE OrOpOKeHa, UMeeT CBOOO.I-
HBII JOCTYN IJIA BCEX JKEJNAKOLUX C pas-
HBIMH LIEJISIMU TTOCELIEHHsSI B JII000e BpeMsi
cytok. OcpemeHne BO JBOpe ciaboe —
TEPPUTOPUIO PA3MEPOM HUETBIPE TeKTapa
OCBEIIAET Mapa YINIHbIX (POHAPEH.

4. Bosmooicnocms cudems — Hanuyue
80 0sope nasouex, becedok, kauenel, 2oe
ModcHo, nocudems, omooxuyme. Ha Tep-
PUTOPUHU HCCIIEAYEeMOro ABOpa BCEro 3
CKaMeWKkHN Oe3 CIMHKHU: JIB€ M3 KOTOPBIX
pacmojioxkeHbl y (yTOONBHOIO KOpTa U
onHa Ha merckoi rmomanke. Kauemn, Oe-
CEIIKH, CTOJIMKU OTCYTCTBYIOT.

5. Her ynoOHBIX M NpHBIEKATENbHBIX
MECT BO JIBOPE, I'7I€ XOUETCs] OCTAHOBHUTHCS,
MIOCTOSATD, MTOOOINATHCS C COCESIMU.

6. Bozmoorcnocms eudemsv — c680600-
Hbulil 0030p HA PA3YMHBIX PACCMOANUSX,
B03MOJACHOCH® HAOIIOOAMb 30 AKMUBHO-
cmsamu 100eli U 110006aMbCsl NPUGIEKA-
menbHeIMU, UnmepecHvimMy sudamu. Bos-
MOYKHOCTh HAaOJIOJIaTh 32 MPOUCXOAAIIUMU
CO BCEX CTOPOH AKTUBHOCTSIMHU JIIOAECH U
npocTo modoBaThCs (pacagaMu SMOXH CTa-
JMHCKOTO aMITupa BO IBOPE OTCYTCTBYET.
O0630p 3aKkpbIBAIOT TYCTO Pa3pOCLINECS
nepeBbs. BakHeWuii 3JIEMEHT JBOpa,
KOTOpPBbIi MOTr Obl TPUTSTUBATH B3TJISAABI
nmroaeit — (OHTAaH, HA CETOAHSIIHHUNA JeHb
obe300pakeH.

7. Bozmoorcnocms xooums — 6e3onac-
Hoe, 0OCmYyNHoe, KOMOpmMHoe nepemeye-
HUe U3 OOHOI MOYKU 080paA 8 Opyeylo 0e3
Npensimcmeuti Ha nymu U ¢ B603MOJNUCHO-
CMBI0 CB0OOOHO20 UCNOIL30BAHUSL MEPPU-
mopuu 1100bMU PAHBIX KAME2OPUTL, 8 MOM
yycne ¢ O2PAHUYEHHBIMU BO3MONCHOCTIAMU
300p06bs. Her COOTBETCTBYIOIIHMX YCIIO-
BHUI BO ABOPE Al AETEH U UX POAUTENEH,
BEJIOCHITEANCTOB, MOXKMIIBIX JIFOJEH, MOJIO-
nexxu u cobakosonos. Ha Teppuropun uc-
CJIeyeMOro OOBEKTa €CTh IMepernaabl BbI-
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COT, CTYNIEHbKH, YTO OIPAHUYNBAET AOCTYII
VA MaJIOMOOMJIBHBIX TPYII HaceJIeHUs
(puc. 6).

8. Bozmoowcnocms obwenus — obuye-
cmeenHvle NPOCMPAHCMEd, 20€ MOICHO
cyuwame u 2060pums  6e3 NOCMOPOHHUX
omenekaiowux axmopos. Ha uccnenye-
MOW TEpPPUTOPHHM HET MPOCTPAHCTB ISt
OOIIEeHHUS C HU3KMM YPOBHEM IyMa.

9. Bosmoxcnocme uspams u  3aHu-
MAmecst CHOPMOM — HANUYUe 60 080pe
CHOPMUBHBIX U OeMCKUX NIOWAOOK, Kaye-
netl, mpeHanicepos u NpoyUx Mansix apxu-
mexmypHuIxX opm 015 uzuueckoil ak-
MUGHOCMIU, UX UCHNONB306AHUE PAZHBIMU
Kame2opusmu  2pancoan Kpy2iocymounoe
u odocmynmoe 6 nodoe epems 200d. JIBo-
pPSTHCKOE THe3mo 00opynoBaHO (yTOOIB-
HBIM KOPTOM, 0ackeTOONBbHON TUIOImaaKoi
U AK€ €CTb HACTOJBHBI TEHHHUC, HO OT-
CYTCTBYIOT OOBEKTBI [UIsI Urp Aereid
IIKOJBHOTO M JIOIIKOJBHOTO BO3pacTta
(puc. 7).

10. Ilocooa — nanuuue 60 0sope npo-
XAAOHBIX, 30AMEHEeHHbIX Mecm, 20e MOIICHO
VKPBIMbCsL 6 JICAPKULL OeHb U 3AKPLINbIX
om 002cos, eempa, CHe2d 6 XOJ0OHbIII.
MecTta ans 3amuThl OT HEMOronsl B J[Bo-
PSITHCKOM THE37I€ OTCYTCTBYIOT.

11. Jluzaiin — xpacussie 080posvie G-
Obl, HANUYUE YXOICEHHBIX 0epesves, 03ee-
HeHue, 2a30Hbl, K1yMOvl U (honmanvt, apm-
00vexkmovl U 00vbeKMbl  AAHOUADMHO20
UCKYCCMGA,  8bI3b16AIOUUE  NONONACUMETb-
Hble OWYIeHUsL U IMOYUU, KAYeCMBEHHOe
HpOCMPANCMEo ¢ XOPOUWUM HPOOYMAHHBIM
ousaiinom. Vccnenyembiii 00bekT Tpedyer
pasneneHuss TEPPUTOPUU Ha (PYHKLIHO-
HAJIbHBIE 30HBI C MOCIEAYIOIUM Ojaro-
YCTPONCTBOM U O3€JIEHCHHUEM.

12. Yenoseueckuii macuimab — ommuo-
wenue pasmepos 30anus U OKPYICAIOUIe2o
NpOCMpancmea K napamempam 4eio6exd,
snusIOuee Ha e20 NCUXOIMOYUOHATLHOE
cocmosnue. 110 TaHHOMY KPUTEPHIO MOXK-
HO CKa3aTb, YTO ISITHATAXHBIC 3IaHMUSA,
PACIIONIOJKEHHBIE 10 NIEPUMETPY, HE AABSIT,
HE BO3HUKAaeT YyBCTBO CTpaxa, Kak B
OOJBIIOM IyTraroIeM TOopone, 3acCTPOCH-
HOM BBICOTHBIMH 3JIaHHSIMH.
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Puc. 6. NpenatcTene ana
NHBaINAOB Ha TEPPUTOPUN
KBapTasa [1BopsAHCKOe rHesno,
2022 T.

EcTb ewé [Ba KpuTepus, KOTOpble
MOXHO NPUMEHUTb MNpU HabngeHnn 3a
nccnefyeMbiM NPOCTPaHCTBOM, MOCMOTPEB
KaK/MW aKTUBHOCTAMW 3aHUMatOTCA NOAN.
K HUM oTHOCATCS 0643aTeNibHble U [06po-
BO/IbHble aKTMBHOCTU. Ob6sA3aTesNbHble ak-
TUBHOCTMW - 3TO Te AeNCTBUSA, OT KOTOPbIX
Ye/IOBEK OTKA3aTbCs He MOXeT U Oyaer
BbIMO/HATL UX HE3aBUCUMO OT KayecTsa
npocTpaHcTBa. MOXHO UX Ha3BaTb TpaH-
3UTHBIMK, K HWM OTHOCATCS MepeceveHmne
[iBopa Mo Jopore Ha paboTy 1 JOMOM, Npo-
rysKu ¢ cobakamv. BTopoi BUf aKTUBHO-
CTU - [0BPOBO/IbHbIE, OT KOTOPbIX YeN0BEK
MOXET OTKa3aTbCsi €C/IM OHW ero He npu-
B/leKaloT. K HMM MOXHO OTHECTU OTAbIX
Ha NlaBOYKe, KayaHWe Ha Kauensx, COB-
MECTHbIE Mrpbl, CNOPT. YeM nydlle ABOPO-
BOe NPOCTPaHCTBO OPraHM30BaHO W 3anon-
HEHO Ma/IbIMU apXUTEKTYPHbIMU (hopMa-
MK, C YYETOM MCMO/b30BaHUA MX PasHbIMU
KateropusMu nwogeid, Tem 60/blle OHO
npuBneKaeT BHUMaHua [18].

UYToObl CKBEP OTHECTU K TeppuTopuu,
oTBevarLLlen TpeboBaHNAM YCTONUMBOCTY
N PENTb BbISBEHHbIE NPO6/EMbI, HEO6-
XOAMMO TMPOBECTU PEHOBaLUMIO TeppuTo-
pun. PeHoBauusi TeppuTopuM - 3TO UC-
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Puc. 7. [leTckaa nnowagka Ha TeppuTopun Keaptana

[BopsiHCKOe rHe3A0, 2022 T.

no/sib30BaHNe TePPUTOPUIA Npyu 0BHOB/EH-
HOM, BOCCTAQHOB/IEHHOM, a TaKXe Ynyu-
LLUEHHOM, 3eMefilbHOM Yy4yacTke 6e3 paspy-
LUEHNA LIeNOCTHOCTU CTPYKTYpbl TOpOA-
CKOM cpefbl, HanpaBneHHOe Ha MoBblILLe-
HVe ero npuBfeKaTeNlbHOCTN A/1A ero mno-
Tpebutenein [19, 20].

BaXKHO NOHATL, ANA KOro npegHasHa-
YeHa aTa ropofckas cpefa, YTo XOTAT Bu-
[eTb Ha 6naroyctpavBaeMon TeppuTopum
NPOXMBaKLLMe TaM fIAN, Yem XOTAT 3a-
HUMaTbCA BO [BOpe pasHble BO3paCTHble
rpynnel [21]. XXutenei, NpoXxmsaroLimx B
[BOPAHCKOM rHe3fe, MOXKHO pa3fenuTb Ha
ClieflytoLive KaTeropuun: MoXunble NOAN,
POAMTENN C Ma/blllaMKn, MOMOAEXb, LeTu
LLIKO/IbHOrO BO3PacTa, /IH0AN C OrpaHuyeH-
HbIMW BO3MOXXHOCTSMWU 3[,0POBbSi U BeNO-
cunegucTbl. CTOMT 3alyMaTbCsi, KakK OHU
OyayT cebs 4yBCTBOBaTb Ha 6/1aroyctpo-
eHHOW TeppUTOPUN, N KakK B pamMKax CylLle-
CTBYHOLLUMX HOPMAaTMBOB CfAeflaTb MaKkCu-
Ma/ibHO Y06HbIN 418 HUX ABop [22, 23].

MepBoe, UTO BaXXHO A/11 6e30MacHOCTH
N COXPaHeHUs TeppuTOpuKn, HeobXOAMMO
3aKpbITb JOCTYM BO ABOP A/19 MOCTOPOH-
HUX. BTopas 3agaya - BOCCTAHOBUTbL (DOH-
TaH. B-TpeTbux, nNpoBecTM WHBEHTapu3a-
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IIUIO 3€JICHBIX HAaCaKNEHWH, pa3padorarhb

maHamapTHRIA TU3aiH  3€JeHBIX MpPO-

CTPaHCTB, YTOOBI IEpEeBbS U HEKOTOPBIE

BUAbl KYCTapHMKOB IIpU  OTCYTCTBUU

JOJDKHOTO yXO[a He HaHeCHHu ymepd mo-

CTpOMKaM U WHXKEHEPHBIM ceTsiM. YUeTsep-

Tas 3amada — HEOOXOOUMO TEPPUTOPHUIO

IBOpa Pa3feNTb HA TPH OCHOBHBIE (PYHK-

[{UOHAJIbHBIE 30HBI JJis1 KoMdopTa u ynod-

CTBAa WCIIOJb30BaHUs JIBOPOBOTrO  IpoO-

CTPAHCTBA KUTEJIIMH KOMIUIeKca [24]:

— 30Ha THXOro OTAbIXa (pPEeKpealioHHbIE
IUIOIIAKU C HU3KMMU LIYMOBBIMHM Xa-
paKkTepucTUKaMu: OECenKH, yIaJeHHBIC
JTABOYKH, CTOJIUKN);

— 30Ha aKTUBHOIO OTAbIXa (OETCKHE U
CIIOPTUBHBIE IUIOIIAKH, BEJOCUTIEIHbIE
TOPOXKKH);

— 30Ha NPUIOMOBON TEPPUTOPHH (BXOA-
Has 30HA).

Crnenyromasi 3amada — HEOOXOAUMO
nojo0paTh SKOJIOTHYHBIE M Oe30macHbIe
MaTepuaibl HOKPBITUHM TPOTYapoB, IUIOLIa-
JIOK, BeJIOCUIeNHbIX aopoxek. Eie oxgHa
3a/a4a 3aK/II04aeTcs B COBPEMEHHOM pe-
LIEHUU BEYEPHEro OCBELIEHUs] TepPpPUTO-
pun. BbeIMogHUTE cBeTOAM3aliH (pOHTaHA,
OCBETUTb JJOPOKKH, YCTAHOBUTH CBETSLIN-
ecsi mapbl B 30HaX neproj u decemok [25].
BHoeapeHne yMHBIX TEXHOJIOTUH MO3BOJIUT
copmupoBaTh KOM(POPTHYIO, JOCTYIHYIO
u 0e30macHyr Cpeny, COOTBETCTBYIOIIYIO
KPUTEPUSAM YCTONYMBOIO KOMIIJIEKCHOTO
Pa3BUTHA TEPPUTOPHUH, C y4eTOM MOTped-
HOCTEH BCEX KaTEeropui NpO>KUBAIOLIUX.

5. 3akiaoueHue

JIBOpSIHCKOE THE3I0 — 3TO YHHKAJb-
HBIi HCTOPHYECKUIl OOBEKT CTaJMHCKOHN
3TOXH, KOTOPBIN TpeOyeT OOHOBIEHMSI, TaK
KaK 3TO 4acThb HUCTOPUHU TOpOAA, BIOXU U
COOBITHI TOrO BpEeMEHHU. 3amada apXHUTeK-
TOPOB U TPAAOCTPOUTENICH B TOM, YTOOBI
BOCCTAHOBUTh HCTOpHUecKuil obpa3 [{Bo-
psiHCKOro rHe3fa. Ilpu peHoBanuu Teppu-
TOpUHU aHcaMOJil HEOOXOAMMO COXPaHHUTh
UJICI0 «rOpONa-caa» ¢ OONBIINM 3€JICHBIM
CKBEpOM, IOMHHAHTONH KOTOPOIO CTaHET
BOCCTaHOBJIEHHBINH (poHTaH. Ilpu 3TOM HO-
MOJIHUTD JKWJIONH KBapTall COBPEMEHHBIMU
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ACTCKUMHU U CIOPTUBHBIMHU IUJIOLIAAKaAMHU,
yIOOHBIMU TPOTyapaMu M BEJIOAOPONKKA-
MU, CHOPMHUPOBATH MPOCTPAHCTBO, KOTO-
poe Oynmer oTBe4aTh TpPeOOBAaHUSM BCEX
TPy HACETICHHUSI.
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