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RESEARCH ARTICLE

URBAN MORPHOLOGY’S IMPACT ON PUBLIC REALM
SOCIAL COHESIVENESS IN ALMATY

A.E. Kozhakhmetov:*® A 7. Abilovi®  A.S. Seidakhmetoval @

Satbayev University, 050013, Almaty, Kazakhstan

Abstract. Since the notion of active public realm life was coined, more and
more scholars and researchers have been researching public realm life, transporta-
tion efficiency and related terms about why they are essential and how spaces can
incubate social cohesion. Yet, there is a limited investigation, particularly in Kazakh-
stan, of how urban morphology affects the core issues of the public realm’s role in
creating more socially cohesive communities. Thus, this paper seeks to find out
whether we can improve public realm life vitality in a case study of Republic Square,
which is considered to be one of Almaty's central, cultural, and political stages, by
evaluating the existing urban morphology and analysing the outcomes of the selected
site using a triangulation of morphological mapping, observation and survey meth-
ods. A connection will be extracted between public realm life vitality and use efficien-
cy by engaging with urban morphology, through which it is possible to examine the
synergy and determine if it is feasible to achieve these two and how we can mediate
them. However, the current urban planning of Republic Square hardly facilitates ac-
tive social life due to a lack of accessibility, low density, poor functional mix, blank
interfaces, and insufficiency of the nighttime economy. Still, further research is re-
quired to investigate the selected site's fast traffic concerning the city's transportation
system to propose perspective design strategies.

Keywords: urban morphology, public realm, street life, urbanism, Almaty.
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F'bIJIbIMHN MAKAJIA

AJIMATDBI KAJTACBIHJIAT'BI KAJIA MOP®OJIOT' UACBIHBIH
KOFAMABIK KEHICTIKTIH 9JIEYMETTIK
BIHTBIMAKTBIT'bIHA 9CEPI

9.E. Kosaxmerosr* ® | AJK. A6uinos' @ | A.C. Ceiinaxmeropal ©

! CorGaes yHuBepcuteTi, Anmatsl, 050013, Kazakcran

Angatna. bencenoi K02aMObIK KeHICMIK  MYHCbIPbIMOAMACHL  MAHbIMATL
bonzannan Oepi Kebipek 2anbiMOap MeH 3epmmeyuliiep Ko2amowlk KeHiCmikmepoi,
KOMIK mMuimMOinicin JicoHe 01apovly He YWliH Kaxcem eKeHOieli dicone Kenicmixmep
aneymemmik OIpikmipyee Kanau blKNal ememini mypauibl CO2aH OAUIAHLICMbL Y2bIM-
oapowl 3epmmetioi. Anavioa, Kkazipei mayoa acipece Kazaxcmanoa kananvix mopgho-
JIOCUSIHBIY 27IeyMemmiK mypebloan Oipmymac KayblMOAcmulKmap Kypyoagvl Ko2am-
ObIK KeHiCmikmiy poni mypanvl He2izel cYpakmapea Kalail acep ememini mypaibl
3epmmeynep wekmeyii o6onvin myp. Ocviraviwa, Oy makaia Aimamoiibly Opmabslx,
MAOeHU JcoHe casacu  HwvlcaHOapulHvly Oipi  Oonvin  mabviiamvin  Pecnybnuxa
Ananvinoazel Ko2amowlK OMipOiy omipuieyoicin Kazipel Kanianvlk MOpPGhoLocusiHbl
bazanay owcone mMayoan2aH 3epmmey AJIAHLIHLIY HIMUdICEIEPIH Maiday apKbulibl
oHcacapmyea 601amuiHblH aHbIKMayea mulpvicadsvl. Oan Kana Kypolivlcbl MOPQhOo-
2UACLIH Manday, OAKuLIAy HCoHe CAYalIHama 20iCMepiH MpUaHSYIAYUsIAy apKblivl
orcemkizinedi. bBencenoi Koeamovix Kenicmik nen naudanamy muimoiniei apacvlHOavl
batlnanvic Kananelx Mop@onocusimMer 63apa apeKemmecy apKblibl aAHbIKMALAObl,
OHbIH KOMe2IMeH CUHepeusnbl 3epmmeyze 001a0bl JHCIHe OCbl eKi MaKcamxa Kol
Jrcemrizyee 601a0bl Ma JcaHe 0i3 onapaa Kaai 0endandvlk xcacai anamvis. /lecem-
Mmen, Pecnybnuxa ananvinwiy Kazipei Kana Kypoliblcol KOAHCemMIiMOLNIKMIY HCOKMblbl-
Ha, momeH mblebl30bIKKd, (PYHKYUOHANIObIK apanacyObly HAUAPIbIEbIHA, HCAObIK UH-
mepgheticmepee HcaHe MyH2l IKOHOMUKAHBIY JHCeMKINIKCi30icine Oatiianbicmsl Oe-
CeHOI K02amoblK oMIpOi Kypyea MYMKiH Oonmat mxp. /leceHMmeH, nepcneKmuganviy
aHcobanay cmpameusnapvlH YColHy YWiH KAIAHbIY KOJIK JiCyleciHe KambiChbl
MAanyoanan yYackeHiy JHebli0aM KO32AIbICLIH 3epmmey YiH KOCbIMua 3epmmeyiep
Kascem eKeHiH Kopcemeoi.

Tyiiin ce3aep: xara mopghonocuscel, Ko2amovlk opma, kewe mipwiniei, ypoa-
Husm, Arimameol.
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BJIMSITHUE T'OPOJCKON MOP®OJIOT'UU HA COLIUAJTIBHYIO
CIVMIOYEHHOCTDb OBHIECTBEHHOI'O MTIPOCTPAHCTBA
B AJIMATDI

A.E. Koxaxveros™* ® | AJK. Aounos!® | A.C. Ceiinaxmerosal @

! Carnaes yHuBepcuteT, Anmarsl, 050013, Kazaxcran

AnHoTanusi. C MoMeHmMa NOnyaispuzayuu NOHAMuUs AKMUBHO20 0OWeCmEeH-
HO20 NPOCMPAHCmMBa 8cé 6obute U 60IblULe YHeHbIX U UCCIed08amenell U3yuam 2o-
POOCKUe obuecmeeHnble Mecma, 3phekmueHocms mpancnopma u Ceés3aHHwle ¢ Hu-
MU MEPMUHBL O MOM, NOYEMY OHU HEODXOOUMbL U KAK 20POOCKUE NPOCMPAHCMEA MO-
2ym cnocobcmeosams COYUANbHOU cniodenHocmu. Tem He MeHee, cywecmeyem
ocpanuuenHoe ucciedosanue, ocobenno ¢ Kazaxcmane, moeo, Kak 2opoocKkas Mop-
gonocus enusiem Ha OCHOBHBLE BONPOCHL POIU OOUWECBEHHO20 NPOCMPAHCIBA 8 CO-
30aHuu 601ee COYUAIbHO CHIOYEHHBIX 20POOCKUX coobwecms. Takum obpazom, 8
Mot cmamove 0enaemcs NONbIMKA BbIACHUMDb, KaKUe 803MOJNCHble NpodieMbl uMe-
IOMCsL U KAKUM 00pa30M VIAYUUUMb HCUZHECNOCOOHOCMb 00WeCME8EHHOU JHCUSHU HA
ITnowaou Pecnybauxu, 0OHOU U3 YeHMPATbHBIX, KVIbMYPHBIX U NOJUMUYECKUX N0~
WAook Anmamol, nymem oyeHKU cyujecmsyroueti 20poocKou Mopghonrocuu u aHaiuza
Pe3YIbmamos blOPAHH020 MeCma UCCIe008AHUS C UCNOb308AHUEM MPUAHSYISAYUSL
Memo008 20pOOCKO20 MOPPON02UUEeCKO20 Kapmozpapuposanus, Haba00eHus u 00-
cnedosanust. byoem evlsignena ceszb mexicoy akmuHvIM 00UECMEEeHHLIM NPOCIPAH-
cmeom U 3PGeKmusHOCmMbI0 UCTOIBL308AHUSA NYMEM 83AUMOOCUCMEUL C 20POOCKOLL
Mopgonoeueil, ¢ NOMOWbIO KOMOPOU MONCHO U3YYUMb CUHEPSUIO U ONPeOelumb,
BO3MOIICHO JIU OOCMUYb IMUX 08VX Yeell U KaKue UMEIOmcs Rymu ux onocpedosams.
OO0HaKo HblHewHsIsi 2pA0OCMPOUmMenbHAs NIAHUPOSKa nioujaou Pecnybruxu ne cno-
cobcmeyem aKkmusHoOU 0OWeCMBEeHHOU HCUZHU U3-3d HEOOCIMAMOYHOU 20POOCKOU 00-
CMYNHOCMU, HU3KOU NIOMHOCMU, NJI0X020 (DYHKYUOHALHO2O MUKCA, NYCHMbIX UH-
mepghelicoé u HeOOCMAamoyHOCMU HOYHOU dKOHOMUKU. Tem He meHee, HeoOX0OuMbl
OanvHeluue Ucciedo8anus OJisk U3YYeHUs CKOPOCMHO20 OBUINCEHUS BblOPAHHO20
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1 INTRODUCTION

This article aims to reveal the relationship between the public realm's vitality, urban design
morphology and urban transportation efficiency underlying today's cities. Almost all of the major
cities in the world are facing severe issues in the public realm as fast-growing urban high streets cut
people’s habitats into fragmented pieces, making social life segregated (Bingham-Hall, 2016). Af-
ter noticing the dominance of cars, people started experimenting with limiting cars and returning the
public realm to pedestrians. Especially after the importance of the public realm and primarily street
life was introduced to the general public at the end of the 1960s (Jacobs, 1961). Furthermore, one
of the critical aspects of car dominance is the morphology of urban patterns, which directly create
the public realm (Dovey et al., 2018).

However, almost all of the research papers focus on how specific methods or physical barriers
can limit cars, and urban transportation is also an essential part of the city, especially in today's ur-
ban lives. Most of the findings and implements are oriented to living areas known as home zones
(Purcell, 2013). With the issue of urban transportation efficiency and its relationship with public
realm life vitality not only in living areas but in mixed-used streets have also been overlooked and
insufficiently addressed, there is a gap existing in how we perceive the synergy between these two
factors and what is the feature of its public realm morphology beneath which made them the way it
looks today (Kamalipour & Peimani, 2019). Therefore, as a test-bed for the study, the authors se-
lected a public realm located in Almaty's central part in a cross-section of primary streets in Repub-
lic Square.

By engaging the notion of public realm life together with urban transportation, it has been a
thorough process to consider not only from a pedestrian perspective but in a broader scope to criti-
cally go over the previous research and fill out the missing part, which is a daily use performative
role of the public realm. By addressing this question correctly, the possible relationships between
urban morphology, public realm life and the nature of primary roads cut the space into fragmented
square parts. Moreover, the research makes it possible to mediate the conflicts between cars and
pedestrians and provides insights to improve and further implement in more shared spaces.

Three significant issues address being aware of the limited research on the balance between
spatial space and the public realm life of pedestrians. In car-oriented cities, communities advocate
for building streets and removing physical barriers to improve the efficiency and permeability of
cars. At the same time, pedestrians consistently think streets should belong to their nature, which is
serving people. Beneath the conflicts are the social, economic and political confrontations. It is, in
turn, essential to find out whether fast traffic will influence public realm vitality and, in turn, will
constrain it to boost and incubate public realm interactions directly.

Moreover, is it possible to simultaneously balance transportation efficiency and public realm
life vitality in Republic Square? As it is engaged with many different areas and cases of different
relationship patterns between cars and pedestrians, how do the urban design pattern and its mor-
phology affect the balance of these two, and is there a relatively better model emerging from ana-
lysing the existing urban model to learn and improve the current public realm of Republic Square?

2 LITERATURE REVIEW

For decades, urbanities witnessed the development of the discourse for whom the public
realm should be designed. With the concept of "eyes on the street" (Jacobs, 1961) and the activities
between buildings being coined and brought out, it also advocated for the diversity which can be
induced by the mix and overlap of functions (Brien & Cheshire, 2016). After which, it almost be-
came common sense that urbanists all agreed that the intensity and vitality are the most essential
parts that streets should have. Besides, intruding the open city which revealed the significance that
differences and conflicts are embraced by which everyone shared the same rights in utilising spaces
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(Carmona, 2015). At the same time, it has been argued that the public realms for citizens to interact
are streets and roads, where people tend to meet outside their private spaces (Inam, 2022). This is
also against the notion coined by modernists that streets are merely for transporting and mobility
which should be elevated and segregated from people's living area which has been proved in many
cities that is not an excellent way to improve the vitality of social life as it limits the possibilities
and separates living spaces (Kamalipour & Peimani, 2019).

The modernistic urban planning approach is part of a broader ideological shift in governmen-
tal policies, which has been highlighted as causing increased polarisation and tension in society
through the undermining of traditional social structures (Atkinson, 2003). Aelbrecht and Stevens
(2019) argue that as a result social cohesion has entered the discourse as a way of overcoming these
issues. Jeffries et al., (2009) highlight that cohesion has become troublesome to define as it cannot
be reconciled over different policy agendas it has been used in. Nonetheless, Carvalho and Netto
(2023) provide a broad definition that can be used to describe the social order of physical and non-
physical settings. Minton (Minton, 2012) emphasizes how social cohesion involves the community
coming together and tolerance in neighbourhoods. Dovey et al. (2018) build on this in the context
of urban morphology, stating that a public realm acts as a place of encounter where social cohesion
can take place, as it is essential to developing tolerance and understanding in this time of increased
polarisation.

The selected study area is located in the historical part of Almaty (Figure 1). D. Kunaev de-
veloped the area in the 1970s as a new central plaza for large-scale events (Figure 2a). The public
realm accommodated large-scale celebrations, festivals, military parades and other events. Initially,
the Republic Square was designed as a public realm to demonstrate the power of the Soviet Union.
There were state parades and meetings to show the political power of Soviet authorities (Ko-
zhakhmetov & Abilov, 2022). The Republic Square has been a place for political tensions since
the first protests in December 1986 rather than an everyday use public realm. It happened due to its
location next to governmental offices. However, since 1991st, the public realm has been installed
with different statues, installations and monuments for independence, victims of 1986 and political
repression during Stalin's time. Recently, d a memorial for the victims of January 2022 has been
installed. The public realm closed during the underground retail and entertainment complex con-
struction in 2007 (Khodzhikov et al., 2022). Reconstruction works included the removal of the So-
viet pedestal and an underground pedestrian link between the upper and lower sides of Satbayev
Street. While the square was fenced off, and traffic was restricted during construction works up to
2012 (Figure 2b), some citizens had a hostile reaction to it, firstly in terms of car traffic and sec-
ondly due to its contradictional background and history. The selected site has always been the cen-
tre of tension between local communities, drivers, state, and political groups.
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Figure 1 — The location of the selected investigation site (Google Maps, 2023)
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Figure 2 — Past and present view of the Republic Square
a) Republic Square during the Soviet Union (Tengrinews, 2017);
b) Republic Square after the reconstruction on top of the underground shopping centre (Ahmetova, 2020)

3 MATERIALS AND METHODS

The research methodology applied to the selected study is primarily urban morphological
mapping, observation and photography in the public realm. Morphological mapping was illustrated
on (Google Maps, 2023) and revealed the current urban design problems in Almaty. The relation-
ship between public and private realms, including the carway space proportion, distinguishes who
controls the public realm. Connectivity, permeability and accessibility illustrate the bond with the
neighbouring districts regarding social links. Analysis of interfaces illustrates if the buildings and
privately fenced public realm interact with street life. The ground-level night-time economy extends
our understanding of whether the existing buildings facilitate public realm vitality. Densities and
functional mix investigate to what extent the urban morphology facilitates a wide range of activities
and motivates people to use it. Greenery analysis reveals if the public realm is welcoming regarding
leisure and everyday usage for local communities and visitors.

Non-participant observation includes analysing people's public space perception within the se-
lected site. All findings in the public realm are photographed to illustrate the existing issues in ur-
ban morphology and design. The anonymous survey is used to backbone the urban morphological
map analysis and observation. The questionnaire approach was adapted from (Abilov et al., 2023)
and (Kozhakhmetov et al., 2023). The survey analysis intends to identify the users' perception of
the public realm in and around Republic Square. The questionnaire was conducted from the 17th to
the 20th of April, 2023. There were fifty respondents questioned during these days. The number of
respondents is sufficient to evaluate within the limited time constraints of the study. These findings
are used to sustain perspective design strategies, which might be applied in cohesion with citizens'
and local communities' vision for future improvements in the public realm.

4 RESULTS AND DISCUSSION

The connectivity analysis illustrates that the area is primarily car-oriented, with two to six car
lanes along Satbayev, Zheltoksan, Nazarbayev, Timiryazev, and Zholdasbekov streets. The investi-
gation site is well connected with other parts of the city (Figure 3). However, regarding pedestrians,
the public realm has a poor connection from North to South, and there needs to be a link between
the lower and upper sides of the highway, cutting Republic Square into fragmented parts. To go to
the opposite side of Satbayev Street, pedestrians should go 600 meters to Nazarbayev and Zhel-
toksan Streets or through an underground crossing way, which is currently closed. The public realm
is not walkable due to poor pedestrian connectivity and the broad highway. It negatively affects the

11
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daily use of the public realm by locals. Furthermore, there is no cycling lane connectivity or BRT
ways. Overall, connectivity analysis confirms that the selected study site’s public realm is separated
by comprehensive carways ignoring potential users such as local communities, people working
around, and children.

to the city centre

to East part

to West part

25m 100m

to Al-Farabi ave.

e Primary roads
e Secondary roads
|- .- BRTways
tsasssssanEs Cycling lanes
seesrsssnnnnens Pedestrian routes

Figure 3 — Connectivity analysis of the selected investigation site [author’s material]

Public and private realms analysis show that the selected site is dominantly publicly owned.
Particularly near Republic Square are many state-owned parks and landscaped green spaces
(Figure 4). There is a park for the Foundation of the First President, a square in front of the Central
State Museum of the Republic of Kazakhstan, and a square for Journalists. Still, the territory be-
yond the central part is privately owned by private companies or long-term construction, as well as
state educational institutions. There is InterContinental Almaty, as well as various other small en-
terprises and businesses. Even though the public realm is publicly owned, Republic Square is occu-
pied by asphalted carways and vehicles, where the illusion of publicly owned space vanishes with
dense traffic (Figure 5). Thus, potential urban design strategies should consider the limitations
through transportation efficiency while encouraging walkability.
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Figure 5 — Proportion of carways regarding public and private realms [author’s material]

According to the analysis of the functional mix, gigantic monofunctional buildings predom-
inantly occupy the selected site (Figure 6). Most of them are state office buildings, such as the
headquarters of local authorities, government organisations, educational institutions, shopping cen-
tres and museums. It implies that the area concentrates on work and visiting facilities. There are res-
idential buildings in combination with visit functions. However, such a large area still has a rela-
tively low percentage of residential buildings. Dovey and Pafka (2018) argue that the lack of live
functions might cause an abandoned public realm at a late time when offices close. Although the
proportion of grey-type buildings is large, these are long-term construction and restoration projects.
Even though this is one of the city's primary public realms, the percentage of visiting and enter-
tainment activities on the study site is exceptionally modest. Although the amount of public space is
high, most of these places are not used or developed considering daily visits and recreation, and the
affordability of such profit-oriented facilities may limit the public realm's performative role in fair-
ness. A lack of mix negatively affects both nighttime safety and the vitality of the urban environ-
ment. As a result, the public realm is occupied only by cars.
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Figure 6 — Functional mix of the buildings in the site [author’s material]

Figure 7 illustrates that many interfaces are edges of private and public realms, mainly pe-
destrian setbacks. Visually, the high proportions of pedestrian setbacks in front of the impermeable
interfaces cannot contribute to street life and can even threaten public safety in the selected study
site (Kamalipour & Peimani, 2019). Direct and opaque, impermeable, and car setback interfaces
are relatively even and very low. Moreover, there are no straightforward and transparent interfaces
which interact with pedestrians. There are low proportions of direct/transparent interface links to the
low possibility of goods display and exchange in Republic Square (Dovey & Wood, 2018). The
need for more people currently makes Republic Square deserted, resulting in an unused space. This
creates a sense of disconnect and will not become a lived-in. When this is coupled with the “Big
Box” monofunctional use of some buildings on the site, this disconnect is exaggerated further (Ste-

vens, 2007).

Direct/Transparent: 0.4 % Impermeable: 8.1 %
' Car setbacks: 12 %

Direct/Opaque: 9.1 %

Pedestrian setbacks: 70.4 %

Figure 7 — Analysis of interfaces [author’s material]
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The analysis of the ground-level nighttime economy illustrates that the active buildings until
6 p.m. are more than half the total number of facilities in the research area (Figure 8). It leads to the
fact that the main public realm is active only until the evening and needs to be more equitable for
nighttime walking alone, even though the south side of Republic Square and 19.2% of facilities
work until midnight. Still, more than the capacity to provide 'eyes on streets' is needed for the large
open area, mainly on Republic Square's south and east. It represents that there needs to be more
business and entertainment activity. Regarding ground security, the public realm depends on the
control of CCTV (Minton, 2012, p. 29) due to a lack of functional mix, and a significant proportion
of impermeable interfaces do not interact with a private inner realm at night. Furthermore, most of
the park's green spaces could be better lit at night, making the area psychologically insecure.

Figure 8 — Night activity [author’s material]

The Republic Square area’'s building footprint density analysis illustrates that most of the land is
open (Figure 9). While about half of the total number of buildings is a high rise, the FAR is signi-
ficantly low, which might lead to decreased liveliness in the neighbourhood (Dovey & Pafka, 2018).
Open spaces are primarily used for broad carways and green parks. It implies that, in terms of social
control, the area is heavily reliant on CCTV and state supervision. This urban morphology partially
does not provide "eyes on streets” to improve a feeling of invisible social security (Jacobs, 1961).
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Figure 9 — Analysis of urban densities; a) Buildings footprint; b) Buildings height [author’s material]
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Within the 200m radius, around a 3-5 minute walk, permeability is 85%. It is because of
Satbayev Street and the vast area of the square. Additionally, an analysis of the site connectivity
(Figure 10) demonstrates that the core area is highly car-dependent and fragmented by wide car
roads and parking spaces, which makes the public realm inequitable for pedestrians’ use. Analysis
of accessibility shows that the core public realm is not highly accessible for pedestrians and vulner-
able groups. For example, there is no direct connection between the large square in front of the City
Hall building and Baiseitov Boulevard. As a result, the public realm is fragmented and inconvenient
to use frequently and every day.

Figure 10 — Analyses of permeability and accessibility [author’s material]

Greenery analysis in the public realm shows a very rich proportion of greenery and trees in
the public realm (Figure 10). The area around the City Hall and the park for the First President's
Foundation is densely green. It facilitates the urban environment to be more equitable for daily use
while promoting social cohesiveness (\Wood et al., 2017). Despite high greenery, there has to be a
green belt connecting all of them. Moreover, there must be more vegetation in Republic Square's
large area. The square itself becomes inequitable during hot summer days when the asphalt heats
and melts. As a result, potential design strategies should consider how to maintain equity through
greenery. Almaty's weather condition is specific with a sharply continental climate. Over half of the
year is sunny, particularly in the fall, summer, and spring seasons. As a result, it may need to be
more equitable for various outdoor activities. Thus, the adaptability of the public realm for everyday
use in cohesion with the highways is vital for public life.

Paved and build area: 74 %

Figure 10 — Analysis of the site’s greenery [author’s material]
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The observation of the public realm reveals that primarily, there are two spots attracting
people to use (Figure 12). Firstly, the renovated plaza in front of the City Hall with cafes, street
food and a playground for children. Secondly, the fountains on the other side of Satbayev Street,
next to the Monument of Independence, are critical destinations for visitors. Unfortunately, there is
no direct link between the two attractive destinations. As a result, they could be more active.

Consequently, the perspective interventions could be to redesign the highway in between.
Noteworthy, public space users gather around entertaining facilities rather than historical reminders.
Although there are monuments and sculptures around Republic Square, people pass them, except on
memorial days such as Independence Day, December 1986 and January 2022 cases.

Figure 12 — Perceptions of the public in the area [author’s material]

Table 1 provides a picture of the respondent’s gender, age range and relation to the public
realm on the selected research site. The overall number of respondents is 50 users of the public
realm on the selected study site. Approximately similar quantities of males and females were will-
ing to answer the questionnaire. In the age range more active are 26-45 aged people. As the survey
was conducted during work days, a group of workers use Republic Square daily. During weekends,
locals use the renovated playground with their children and grandchildren. Random visitors also
were questioned as the public realm works for the whole city. There were received responses from
drivers using the parking along Satbayev Street to evaluate adequately.

Table 1

Profile of respondents [author’s material]

Demographic profiles Total Percentage
Surveyed amount of respondents 50 100%
Gender

Male 22 44%
Female 28 56%
Age Range

18-25 10 20%
26-45 19 38%
45-65 13 26%
>66 8 16%
Respondents relation

Workers in the area 12 24%
Local communities 17 34%
Random visitors 10 20%
Drivers 11 22%
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Table 2 represents the outcomes of the questionnaire. Respondents’ answers are designed to
support morphological mapping and observation results. Firstly, hardly half of Republic Square us-
ers are satisfied with the quality of architectural and esthetical views of buildings. Primary, it results
from the fire in January 2022 actions in City Hall and demolishing buildings around Republic
Square. However, satisfaction with Republic Square facilities, such as landscaping, playgrounds,
and sports equipment, is shallow among all groups of visitors. While workers in the area use the
public realm around 11 times per month on average, other groups rarely use it. Also, respondents
ticked the greenery of Republic Square to be unsatisfactory.

Secondly, only a few respondents who live in nearby areas had been acquainting in Republic
Square with strangers or people from the neighbourhoods within the selected study site. In addition,
the feeling of an open community is shallow. Most respondents assume that there is poor accessibil-
ity between different public spaces. Therefore, the public realm is dull in general. Incredibly late at
night, people avoid walking along, considered insecure due to the lack of “eyes on the streets”.

Thirdly, there are two main issues that inhibit using Republic Square. Workers in the area
complained about long distances, lack of affordable food, hot in the summer square, and being tedi-
ous to use daily. Local communities criticise the noise of passing cars, lack of daily use facilities,
and long distance from home. While random visitors mention political protests, lack of connectivi-
ty, and poor appearance of buildings as a point to be less attractive there, drivers believe there are
insufficient parking spaces and no attractions to stop.

Table 2.
Results of the survey [author’s material]
Research questions Respondents’ relation
Respondents' relation Workers in the Local . .
. . Random visitors Drivers
to the public realm area community
Satisfaction with architecture and urban 32% 45% 65% 56%

design of Republic Square (maintenance

of spacial space and architectural and es-

thetical view of buildings surrounding the

public realm).

Satisfaction with Republic Square faci- 38% 20% 45% 20%
lities (such as landscaping, playgrounds,

and sports equipment).

The average frequency of using everyday 11 times Four times None 1-time
facilities in Republic Square is monthly.

Satisfaction with Republic Square gree- 35% 29% 40% 19%
nery.

Frequency of acquainting in Republic None Low None None

Square with strangers or people from the
neighbourhoods within the selected study

site.
A feeling of open community. 25% 32% 5% 0%
Users who had difficulties with acces- 78% 86% 54% 38%

sibility and permeability in a public realm
within the selected study site.

Frequency of crossing to another side of Low Low None None

Satbayev Street in Republic Square.

A feeling of safety at night time (walking 50% 35% 29% 73%

along within the selected study site).

Main issues that inhibit using Republic Long distances, The noise of Political protests, Lack of

Square. Lack of affordable passing cars, Lack of connectiv- parking

food, Lack of daily ity, spaces, No
Itis hotin summer,  use facilities, Poor appearance  attractions
and Boring touse  Far away from of buildings to visit
the home
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The analysis of the selected site revealed that Republic Square is currently used as a high-
way for Satbayev Street rather than a public space for citizens. Several primary issues negatively
affect the efficient use of a transportation corridor and public space for pedestrians. There are both
spatial and non-spatial issues. Spatially, the urban morphology of the selected site does not facilitate
people to use the public realm:

1. Despite being well-connected in terms of transportation, there is a lack of accessibility in
the public realm. A car-oriented Satbayev Street separates Republic Square. The analysis of public
realm ownership proves that the public realm fundamentally belongs to vehicles, especially Repub-
lic Square.

2. The neighbourhood's density only allows a few local communities to use it daily due to
the distance to walk from their homes.

3. Although the public realm is relatively greener, they are not well connected, particularly
the plaza in front of the City Hall.

There are non-spatial issues that partially overlap with spatial outcomes of the public realm:

1. There need to be more direct and transparent interfaces that directly communicate with
pedestrians to motivate locals to come.

2. There must be more facilities in the selected study area, except the renovated plaza. The
lack of nighttime ground economy leads to an emptiness of space after 6 p.m. when all offices and
state buildings are left out.

3. The fact that there were several tragic riots and constant protests made the public realm
unattractive to visit frequently.

4. Car-oriented urban design and the lack of pedestrians in Republic Square caused big-
scale problems, making it more inequitable for daily visits.

5 CONCLUSIONS

The investigation of Republic Square illustrated that insignificant and minor urban design is-
sues created significant adverse outcomes in the long term. The initial project was primarily de-
signed to serve the Soviet urban planning system. After the independence, it was modified with
memorials and sculptures and later with an underground shopping centre, which is not functioning
currently. However, radical urban transformation still needs to be applied. As a result, current urban
morphology has caused inefficient use of spatial space, which is car-oriented.

The balance between fast traffic, such as the highway in Republic Square and the pedestrian-
oriented public realm might be found by reducing the speed and redesigning the material space into
a shared space. This is because the existing urban design of Republic Square is not facilitating ac-
tiveness in terms of social life and cohesion between local communities. Besides the wide street in
Republic Square, there are critical problems regarding the urban morphology, such as lack of acces-
sibility, low density, lack of functional mix, inactive interfaces, poor greenery, and lack of
nighttime economy.

Despite adverse outcomes, a considerable urban legacy could be improved and turned into a
more effective and active public realm. The public realm has significant space for redesign and be-
comes a more socially engaged and attractive daily-use destination. However, further research is
still required to investigate the fast traffic concerning the whole transportation system of the city,
and more design strategies should be applied to improve it. They should go beyond traditional ap-
proaches to urbanism and have to consider all social groups but primarily usage by pedestrians.
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Abstract. The purpose of this article is to present a methodology for determining
sufficiency of the wall thickness to protect patients from the non-therapeutic effects of
a medical source of ionizing radiation and calculating its increase in a way alterna-
tive to the use of the Monte Carlo method. The article is based on a case with a spe-
cific source of 8F activity of 4 Ci in a tungsten container with a wall thickness of 29.5
mm, which are used in the Center of Nuclear Medicine of the Republic of Kazakhstan.
The objectives of the study are the following: calculation of the exposure dose rate
from a radionuclide source of certain activity; calculation of the multiplicity of the
dose attenuation rate to ensure human safety and establishing the necessary thickness
of protection from the opted building material. The results of these calculations may
differ depending on the method of direct and reverse recalculation of various radia-
tion doses units, and therefore the conclusion suggests the most optimal of them in
terms of physical efficiency, economic feasibility and regulatory performance. Opera-
tional dosimetry solves the problem of implementing the ALARA principle, problems
of optimizing radiation safety are solved. Reducing the dose load on a person is
achieved by reducing the operating time, increasing the distance to the radiation
source and using a protective screen. The article describes the choice of protective
material and its thickness for protection against radionuclide sources.
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rate, attenuation rate, protective shield.

*Corresponding author
Dmitriy Kim, e-mail: dmitriy.kim@ukr.net

https://doi.org/10.51488/1680-080X/2023.4-03
Received 03 November 2023; Revised 13 November 2023; Accepted 20 November 2023

22


mailto:dmitriy.kim@ukr.net
https://orcid.org/0000-0001-7358-5490
https://orcid.org/0000-0001-9601-8077
https://orcid.org/0000-0001-7779-111X
https://orcid.org/0000-0002-7697-1327
https://orcid.org/0000-0002-8211-8904

QazBSQA Xat6apmbicel. Coyaer. Ned (90), 2023

O0XK 629.039.58: 614.876
MPHTMH 86.33
HOJIY MAKAJIACDBI

SIPOJIBIK MEJULIMHA OPTAJIBIFBIHIAFBI DT
PAJIMOHYKJWUJ KO3IHEH PAJUALUSAJIBIK KOPFAHBIC
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Angatna. byn makananvly makcamol HAyKAcmapowvl UOHOAYULbL CIYIleNeH)Oiy
MeOUYUHANLIK KO3IHIH Mepanusivblk emec caynelenyinen Kopeay oicone Monme-
Kapnoea 6anama 20ic 6otibinuia OHbIY Yi2al0biH  ecenmey YWiH Kabblp2a
KQaNbIHObIRIHBIY  HCEMKILIKMINIZIH AHbIKMAY MaceleciH weulyin Yculny. Ecenmey
yuiin 6acmanksl oepekmep peminde Kazaxcman Pecnyonuxaceinviy HA0ponvik meou-
YUHA OPMATbIZLIHOA NAUOATAHBLIAMBIH KOPRAHLIW KAOLIP2ACHIHbIY KATbIHObIebl 29,5
MM 6onbpam Kowmetinepinoezi 6encendinici 4 Ku 6oramoin BF paouonyknuomix
K63l Kapanovl. 3epmmeydiy MminOemmepi. Oencini 0enceHoinikmiy paouoHyKIUOmi
KO3iHeH IKCHO3UYUSILIK O03AHbIH KYAMbulH ecenmey, adam Kayincizoicin Kkammama-
Cbl3 emy YWiH OHbIH JNCIpey HCULNiciH ecenmey JHcoHe OYIl YUliH Kaxcemmi KYpPuliblC
MamepuanbiHan KOp2aHvlc KaniblOblblH anvikmay. byn ecenmeynepoiy namuoicenepi
caynenenyoiy apmypni mypJepiniy Oipaikmepin mikenel i caoHe Kepi canay adiciHe
batilnanvicmel  ©32epyi  MYMKIH, OCbl2aH OQUIAHBICMbL KOPbIMbIHObL  (DUSUKATBIK
MUIMOLNIK, IKOHOMUKATILIK OPLIHOBLILIK JHCIHE HOPMAMUSBMIK-KYKbIKIMGIK OpbIHOAY
MYPEbICIHAH 01apObly ey OHMAUILICHIH YCbiHaovl. Onepamugmi 003UMempusoaq
He2i3iHeH paouayusivlK Kayincizoikmi OHMAUIaHObpy KASUOAMbIH ICKe acbulpy
JHCOHIHOe2l Macenenep uiewlineoi, 0j1 HOpMAIayMeH JHCaHe He2i30eyMeH mblebl3 Oatiia-
HBICMbl, COHOAU-AK OHOA HCYMbIC YAKLIMbIH A3aumy, paouoakmuemi mamepuanzd
Oellinel KauwblKMulKmol YIAUmy MHCoHe UOHOAY ARbIHbIH 2JICipememin KOp2aHulul
9KPAHObL OpHAMY eceOiHeH UOHOAYWbl CayleNeHy KO30epiH nauddalany KesiHoe
aoamza mycemin O003ANbIK JHCYKMEMEHI ic JHCY3iHOe KON dcemepiik MaHee OeliH
azaumy yuzapwiiaosl. Onepayusnvly oozumempus ALARA npunyunin eueizy mace-
Jlecin weweoi dHcane paouayusivblk Kayincizoikmi oHmatilanovlpy Maceielepin ue-
weoi. Aoamea 003anblK HCYKMeMeHT a3aimy HCYMbiC YaKblmblH KblCKapmy, cayieneHy
KO3iHe OelliHel KaulbIKMbIKMbl YA2AUMY HCoHEe KOPRAHbIC IKPAHbIH NALIOANIAH) APKbl-
26l KON dcemkizinedi. Makanada paouonykiuomi ke30epoeH Kopeay YuliH KOpeauvic
Mamepuanbli mayoay HcaHe OHblH KAIbIHObI2bl CUNAMMATEAH.

Tyiiin ce3aep: sxcnosuyusnviy 003a, CiyipinteeH 003a, K8USAIeHmMmi 003d,
muimoi 003a, 003a Kyamwl, dacipey ecelici, KOpeaHvlC IKPAHbL.
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PATUAIIMOHHAS 3AIITUTA OT PAJUOHYKJIIMAHOI'O
NCTOYHHUKA IIDT B HEHTPE AJEPHOU MEJIUIITUHbI

H.C. leuechOl@ , JI1.C. Kum'*® PE. )l(yMary.J1013aZ~*‘]3 ,
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1 Akamemust rpaxaaHckoi aBuanuu, Anmatel, 050039, Kazaxcran
2 MexayHapoHas oOpasoBarenbHas Koproparus, Anmarsl, 050028, Kasaxcran

AHHOTanus. [lenv Oannoli cmamovu 3aKn04aemcs 8 NpedCmasieHuu Memoouxu
onpeoeierust 00CMAmMoOYHOCMU MOJWUHBL CIeHbL OJIsL 3auuUmvl NAYUEHMO8 OMm Hene-
panesmuyeckoeo oonydenus MeOUYUHCKUM UCMOYHUKOM UOHUSUPYIOWe20 U3TYYeHUs U
pacuemy ee ysenuueHusi no memooy, arvmepuamusnomy Moume-Kapno. B kauecmee
UCXOOHBIX OAHHLIX OIS pacYema paccmomper paouoHyKiuouwlli ucmounux BF ¢ ak-
muernocmvio 4 Ku 6 8onbhpamosom Koumelinepe ¢ MOMMYUHOU 3AUWUMHOLU CTEHKU
29,5 mm, xaxue ucnonvsyromes 8 Llenmpe soepnot meouyunvl Pecnyonuku Kaszax-
cman. 3aoauamu uccie008anus AIAI0MCA: paciem MOWHOCMU IKCHOSUYUOHHOU 00-
361 OM PAOUOHYKIUOHO2O UCMOYHUKA U36ECIMHOU AKMUBHOCMU, GbIYUCIEHUE KPAHO-
cmu ee ocnabnenus 071 obecnevenuss 6e30NACHOCMU 4el08eKa U YCMAaHOo8IeHUe Heoo-
X0OUMOIUL OJ1s SMO20 MOIUJUHBL 3AUUMBL U3 BLIOPAHHO20 CIPOUMETbHO20 MAMepUad.
Peszynomamot 0anHvlx blUUCIeHUL MO2YI 8APbUPOBAMBCSL 8 3ABUCUMOCU OM CHOCO-
ba npsamozo u 06pamHo2o nepecuema eOUHUY PasiuyHblX U008 003 00IVUEHUS, 8 C651-
3U € YeM bl800 npediazaem Hauboiee ONMUMATbHBIL U3 HUX C MOYKU 3peHus (husue-
cKoll 3hhekmuenocmu, IKOHOMUUECKOU Yeaeco0OPaA3ZHOCMU U HOPMAMUBHO-NPABOBOL
ucnoanumensrocmu. OnepamusHas 0o3umMempus pewiaem 3a0ayy peanu3ayuu npuH-
yuna ALARA, pewatromcsa 3adauu onmumuzayuu paouayuoHHOU 6e30nacHOCMmU.
CHudicenue 00306801 HAZPY3KU HA YelloseKa 00CMU2Aencsl COKpaujeHuem epemenu pa-
bomul, ygenruuenuem paccmosHus 00 UCMOYHUKA U3TYYEHUs U UCNOTb308AHUEM 3a-
wumuo2o sxpana. Cmamoes onucvléaem vlOOP 3aUUMHO20 MAMepuala u e2o moj-
WUHDBL OJIs 3aUUmMbl OM PAOUOHYKIUOHBLX UCIOYHUKOS.

KiroueBble ¢JI0Ba: 9KCNO3UYUOHHASL 003, NO2NOWEHHASI 003d, IKEUBANCHMHAS
003a, a¢hchexmuenas 003a, MOWHOCMb 003bl, KPAMHOCMb OCAAOIEHUS, 3AUUMHBLU
9KPaH.
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1 INTRODUCTION

According to the Hygienic standards (Giniat, 2022) and Sanitary and epidemiological re-
quirements for ensuring radiation safety (Tsoy, 2020), the main criterion for the safety of systems
used for storing and transporting ionizing radiation sources is not exceeding the radiation doses of
personnel (20 mSv) per 1700 hours for “A” group and 5 mSv per 2000 hours for “B” group) and the
population (1 mSv per 8800 hours).

The multiplicity of attenuation of the dose rate of ionizing radiation generated by the radionu-
clide source contained in the package is ensured by implementing the ALARA principle by using
the walls of the transport packaging set as a protective shield in 4x geometry. In accordance with
the requirements of hygienic standards (Giniat, 2022) %and sanitary rules (Tsoy, 2020) on radia-
tion safety, the acceptable equivalent dose rate when working with an ionizing radiation source, in-
cluding its transportation in a container, to ensure uniformity of occupational exposure of personnel
should not exceed 11.76 mSv/h under normal operating conditions or 117.65 mSv/h — in case of
emergency (based on the dose of the planned increased exposure equal to 200 mSv (Giniat, 2022).

In the simplest case, the protective material and its thickness for shielding from ionizing ra-
diation source is chosen taking into account the multiplicity of the half attenuation of the flow of
photons and ionizing particles. There is a directly proportional relationship between the thickness of
the protection and the density of the shielding material.

2 LITERATURE REVIEW

In the simplest case, the number of half-attenuation layers, depending on the required attenua-
tion multiplicity, is determined by the formula:

k=2" 1)

where k is the required attenuation multiplicity, and n is the number of layers of half attenuation.
In order to avoid irrational calculation of n through the logarithm of k by the formula:

_Ink
0,693 )
we can use approximate data from Table 1.
Table 1
Approximate relationship between the multiplicity (k) and the number of half-attenuation layers (n) [3]
k 2 4 8 16 32 64 125 250 500 1000
n 1 2 3 4 5 6 7 8 9 10

If it is required to attenuate the radiation intensity by 8000 times, i.e. 8000 = 2", then k can be
calculated by adding n layers necessary to provide 8- and 1000-fold attenuation:

n=3+10=13. (3)

To determine the effective thickness of protective shield when working with radionuclide
source of specific activity, we need to use the formula:

AxA
TR @

25



QazBSQA Xa6apumbicel. Cayaer. Ned (90), 2023

R x mCi

rae Py is the exposure dose rate (R/hr); 4 — is the decay constant (for 18F, = 6.95 hrx cm’ (Me-
likhova, 2023)); A4 is the activity of the source (mCi); R is the distance from the source (cm).

By calculating the equivalent dose rate (PH) or measuring its value using a dosimeter, it is
possible to calculate the attenuation multiplicity, which would allow to select the thickness of shield
according to the reference book (Melikhova, 2023).

The frequency of attenuation of ionizing radiation is calculated as the ratio of the effective
dose rate from a certain source to the permissible annual dose rate limit set for “A” group person-
nel:

per , (5)

where Kk is the multiplicity of attenuation of ionizing radiation, Pk is the effective dose rate from the
source of ionizing radiation, Pper is the permissible dose rate for the personnel of group A, B or the
population, depending on the category of protected persons. Pada. for the personnel of “A” group is
11.76 mSv/h, for the personnel of “B” group it is 2.5 mSv/h, and for the population — 0.11 mSv/h.

It is known that the activity of the produced source with the isotope ®F is 4 curies (A = 4,000
mCi). This means that the exposure dose rate from an unprotected source at a distance of 1 meter (R
=100 cm) would be:

6.95x 4,000
P, =———=278R
Y1007 Hr | (6)

To further determine the multiplicity of attenuation of the effective dose rate, it is necessary to
carry out a number of transformations that cannot be limited by the assumption that 1 Sievert is
equal to 100 roentgens (1 Sv # 100 R). If the exposure dose rate (Px) from 8F source out of protec-
tive container, measured at a distance of 1 meter (100 cm) or calculated by formula (4), is 2.78 R/hr,
then it should be taken into account that in the conditions of electronic equilibrium, when the total
energies of electrons leaving and entering a certain volume are equal, the following correlation is
established between the units of measurement of the exposure and absorbed dose in the air:

i.e., the exposure dose of 1 R corresponds to the absorbed dose in the air equal to 0.87 rad, however,
this value differs from the dose that a person would receive if exposed to radiation in the same field.
The dose in the air is caused mainly by the presence of nitrogen, carbon and oxygen, whereas bio-
logical tissue contains hydrogen (10.1% by weight), characterized by twice the absorption capacity
compared to other elements, therefore, the biological tissue exposure dose of 1 R corresponds to the
absorbed dose equal to 0.0095 Gy.

Since for X-ray, beta and gamma-radiation, the equivalent dose is equal to the absorbed one,
then 1 R/hr can be taken equal to 0.0095 Sv/hr, and the equivalent dose rate (PH) from the consid-
ered source 8F at a distance of 1 m would be:

P, =2.78x0.0095=26.41mSv/ hr (8)

The effective dose rate (Pg) of external irradiation is calculated by the formula:

PE:PHXKT’ (9)
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where K is the coefficient of transition from an equivalent dose to an effective one, which is equal
to:

1. 0.642 — due to the division of 0.7 by 1.09. The UN Scientific Committee on the Effects of
Atomic Radiation recommended to calculate the effective dose from all radionuclides in the envi-
ronment on the base of the absorbed dose in the air by using a conversion factor of 0.7 (Ata-
manyuk et al., 2023) to account for radiation shielding by various organs and tissues and its
backscattering, and indicated more accurate coefficients for converting the absorbed dose in the air
into an effective dose for ionizing particles and photons of various energies. When measuring the
absorbed dose with air equivalent dosimeters, it is required to translate the measured results into
units of equivalent dose in biological tissue, which requires knowledge of the ionizing radiation
spectrum. In the absence of data on the spectrum and small differences in the dose rate from the
background, the transition coefficient from the absorbed dose in the air to the equivalent dose in the
tissue can be assumed to be equal to 1.09 as a result of the ratio of the equivalent of an off-system
unit of the exposure dose (1 R) in biological tissue (0.0095 Gy) to a similar indicator in the air
(0.0087 Gy);

2. 1.903 is the maximum value of the conversion coefficient of the air KERMA into an equiv-
alent dose (Hp(6)/K) in a plate phantom according to Table Ill.1a (IAEA Safety Standards, 2015);

3. 1 —according to the definition of the effective dose in the sanitary rules (Tsoy, 2020), since
the sum of the weighting coefficients taking into account the radiosensitivity of various organs and
tissues is equal to 1.

In the first case, the exposure dose rate of 2.78 R/hr would be equal to the effective dose rate
of 16.96 mSv/hr, in the second case — 50.26 mSv/hr, in the third case — 26.41 mSv/hr.

The necessary multiplicities of attenuation of these dose rates, calculated according to formula
(5) for various categories of protected persons, would be respectively:

— for “A” group personnel — 1,442; 4,274 and 2,246;

— for “B” group personnel — 6,784; 20,104 and 10,564;

— for the population — 154,182; 456,909 and 240,091.

If we use the classical definition of the effective dose from the sanitary rules (Tsoy, 2020) as
the result of multiplying the equivalent dose by the sum of the weighting coefficients of the radio-
sensitivity of organs and tissues of the whole organism, equal to 1, and also take into account the
margin factor in the design of biological protection equal to 2, then according to the principle of hy-
perprophylaxis of potential radiation hazard, the calculation of the effectiveness of protecting per-
sonnel and population from the source 8F of 4 Ci activity in a tungsten container with a wall thick-
ness of 29.5 mm should be based on the following data:

— the effective dose rate (Pg) at a distance of 1 m from an unprotected source 8F of 4 Ci activ-
ity is 50.26 mSv/hr;

— the multiplicity of attenuation (k) of the effective dose rate from an unprotected source 8F
of 4 Ci activity is equal to 4,274 — for “A” group personnel; 20,104 — for “B” group personnel and
456,909 — for the population.

At first glance, the validity of the chosen calculation option is not confirmed by the dose
equivalents that had being measured for over 2 hours by means of the Harshaw 6600 Lite individual
dosimeters at various distances from 8F source with an activity of 4 Ci (Table 2).

Multiplication of the measured dose rate of 19.7 mSv/h by the maximum value of the conver-
sion coefficient of the air kerma into an equivalent dose of 1.903 equals to 37.49 mSv/h, which is
25% less than the conservative calculated value of 50.26 mSv/h. This is due to the fact that the
measurements were carried out by the Harshaw 6600 Lite instrument manufactured in the USA,
where a different approach to determine the individual equivalent of the whole body radiation dose
Hp(10) is used. According to the domestic standard, the entire ionization energy is converted into
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Hp(10), whereas the American colleagues attribute the Compton scattering energy of the charged
particles entering the limit of annual irradiation to the dose on the skin Hy(0.07) (Kim et al., 2019).

Table 2
2-hour individual dose equivalents by exposure to *®F radionuclide source with an activity of 4 Ci [author’s material]
Individual dose

N/a Distance from the source R, m . Dose rate, mSv/hr.
equivalent, mSv

1. 0.1 3.8 x10° 1.9 x 10°

2. 0.5 1.5 x 10? 75

3. 1 39.4 19.7

4, 5 1.6 0.8

5. 10 0.38 0.19

Considering that in order to determine the thickness of the protection in absolute terms by ap-
plying the data in Table 1, it is necessary to know the thickness of the layer of the deep attenuation
of the absorbed dose rate of brake-, X-ray, gamma- and beta-radiation, which is 0.3 cm (30 mm)
(Dreyzin et al., 2022) for tungsten with a density of 19.25 g/cm?. In this case, the tungsten protec-
tion thickness of 5, 6 and 8 cm, respectively, is required to protect the personnel of groups “A”, “B”
and the population at 1 m from the source 8F of 4 Ci activity during the full working day. However,
this is a very rough approximation, since these results were obtained using the express method of
choosing a protective material and its thickness, applicable only in an emergency situation.

Knowing the decay energy of ‘®F radionuclide (E = 0.25 MeV) and the necessary multiplicity
of attenuation of the created dose rate, it is easy to find the thickness of the tungsten wall, which
would be:

— 3.6 cm — to protect “A” group personnel at 1 m from the source 18F of 4 Ci activity during a
full working day;

— 4.2 cm — to protect “B” group personnel at 1 m from the source '®F of 4 Ci activity during a
full working day;

— 5.5 cm — to protect the population at 1 m from the source ®F of 4 Ci activity during a full
working day.

3 MATERIALS AND METHODS

Today, the cornerstone in calculating the thickness of shielding against ionizing radiation is
the determination of the effective dose, which characterizes the value of the risk of the long-term
effects of radiation exposure overall human body and its individual organs and tissues, taking into
account their radiosensitivity. The rule of calculation of the individual dose equivalent in the whole
body to the effective dose is of the fundamental importance, since the concept of effective dose was
introduced to assess the risk of stochastic effects of irregular irradiation of the whole body, and its
values are now normalized values of radiation exposure on the human body, established by
international and national standards. Calculation of effective dose according to the formula
proposed by the sanitary rules (Tsoy, 2020) is rather complicated task due to the lack of information
about the equivalent dose in organs, therefore, in practical work, there is used an approximate
method based on the additivity of the effective dose determined by the formula (5).

Radiation safety hygienic standards (Giniat, 2022), along with the main dose limits, also in-
dicate dose coefficients in terms of effective or equivalent dose per unit of external radiation flux or
1 Bq of radionuclide in the body through the respiratory organs or food tract for the most critical
age group and the most toxic chemical form of the radionuclide. Thus, if we include the multiplica-
tions of magnitudes of each monofactor effect on its dose ratio, then in sum, we obtain a value equal
to or greater than the actual effective dose received. This method became the basis of the methodol-
ogy for determining the maximum effective dose (Kudryashev & Kim, 2019).
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4 RESULTS AND DISCUSSION

Thus, the thickness of the tungsten protection of 29.5 mm is quite sufficient to ensure an ac-
ceptable level of radiation safety of “A” group personnel, especially if we take into account the
short half-life of 8F (T12 = 109.77 min) and the exponential decrease in the dose load from one
source per person over time.

If we assume that a tungsten container (wall thickness of 29.5 mm) with the source 8F of 4 Ci
activity is near an external wall or concrete partition adjacent to a permanent residence of popula-
tion, in which the equivalent dose rate should not exceed 0.03 mSv/hr according to the sanitary
rules (Tsoy, 2020), then it is necessary to assess the sufficiency of the concrete thickness of 20 cm
according to the project of the Center of Nuclear Medicine.

Calculated according to equations (6) and (8), the equivalent dose rate from the source ‘8F of
4 Ci activity is 26.41 mSv/hr. If the wall of the tungsten container with a thickness of 29.5 mm, cor-
responding to the thickness of the polymer attenuation layer (30 mm), reduces the initial dose rate
by half, i.e. up to 13.2 mSv/hr, then the additional attenuation multiplicity must be calculated by the
formula (5):

3
K= 13.2x10° uSv/ hr _0.44x10°
0.03u5v/hr _ (10)

Knowing the decay energy of 8F radionuclide (E = 0.25 MeV) and the necessary multiplicity
of attenuation of the created dose rate, we find that the required thickness of concrete protection is
70 cm (according to the reference book (Melikhova,2023)).

5 CONCLUSIONS

Thus, in order to comply with the requirements by maintaining the equivalent dose rate in a
room for population at the level of 0.03 mSv/hr, it is necessary to increase the thickness of adjacent
concrete walls and partitions up to 70 c¢m, if a tungsten container with ‘8F source of 4 Ci activity
stays near it. Depending on the method of determining the effective dose rate, its value varies by 3
times, which will certainly affect the magnitude of the attenuation ratio and, therefore, the shielding
thickness, which would be either insufficient or unnecessarily expensive. In the first case, it is pos-
sible, guided by the principle of hyper-prevention of danger, to take advantage of the equality of
effective and equivalent dose rate established by the sanitary rules. The choice of Kt equal to 0.642
would make it possible to heighten accuracy of calculation of the effective dose of internal irradia-
tion, since the above coefficient takes into account the screening of radiation by various organs and
tissues and its backscattering as well. In the second case, when the effective dose rate in corrobora-
tion with the requirements of the IAEA should be almost twice the equivalent, it is also reflected in
Kazakhstan's sanitary rules, according to which the permissible equivalent dose rate in premises of
permanent being of A group personnel is 6 uSv/hr, which is on average 1.9 times less than the quo-
tient of the ratio of the annual limit of the effective dose (20 mSv) to the shortened working time
(1,700 hr). The application of the third method, which implies the equality of the effective and
equivalent dose modules, is convenient in assessing the external effects of multifactorial chronic
exposure through instrumental 1IDC.
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Abstract. The article deals with the interpretation of regional specifics in ar-
chitectural and artistic forms. Special attention is paid to the order compositions. It is
shown how the images of plants characteristic of the region were reflected in the cap-
itals of the columns of various buildings from ancient times to the present day. The
originality of approaches to this problem is emphasized on examples from the archi-
tecture of the USA and the Kazakhstan. Examples of the use of regional themes in the
architecture of the USA and Kazakhstan show a significant difference. The architec-
ture of the United States since the 18th century, on the one hand, is a struggle for the
independence of territories from the colonial claims of England, France and Spain,
with a corresponding cultural and ideological opposition to European traditions. On
the other hand, it is a literal reproduction of European architectural styles from the
Middle Ages. In Kazakhstan, the emphasis on regional features of architecture is in-
deed constant. Special attention is paid to the interpretation of the motifs of the na-
tional ornament. The beginning of the 20th century led to the emergence of a special
trend of the national neoclassical style, which also spread and evolved into a post-
modern interpretation.
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Angartna. Makana caynemmik dcane KOpKemoiK popmanrapviHOaesbl almMakmolk
epexwenikmepoi mycinoipyze apuaneau. Tancvlpblc KOMNOZUYUANAPBIHA epeKule
Hazap ayoapuiiaovl. Aumakka maH ocimOikmepoiy cypemmepi edxcenci 03ayipoeH
Oyeinei KyHnee Oeliin apmypii sumMapammapobly 0a2ananibl ACMAHAIAPLIHOA KAlall
Kopinemini kepcemineen. byn macenece xo3xapacmapovly 63indix epexuieniei AKIII
nen Kasaxcman cayneminiy mvicanoapvinoa kepcemineen. AKIL nen Kazaxcman
cayneminde OHIpIIK MAKbIPLINMAPObL  NAUOANAHY MbLCAN0Apbl  AUMApIbIKMAat
aubipmawblibikmsl kepcemeoi. 18 2acvipoan bacman Amepuxa Kypama [lImamma-
poiHbly caynemi, 0ip Jcagvinan, Eyponanvix 0acmyprepee cavikec MaOeHU dcane udeo-
Jl02UANbIK Kapama-Katiuliviknen Auenus, @panyus sxcone Hcnanuanvly omapuivli-
ObIK MANANMAapvlHaH Meppumopusniapobly mayeicizoiei ywin xypecmi 6in0ipeoi.
Exinwi orcasvinan, 6yn opma 2acwipnapoagvl eyponanvik Cayiemmik cmuib0epoin
cosbe-co3 Kaumanauysl. Kazakcmanoa apxumexmypanvly 6HIpaiK epeKuilenikmepine
baca nazap ayoapy wblHbIMeH 0e MYpakmol. ¥IMmulK 010-6OpPHEKMIY MypmKilepin
mycindipyee epexuie Hazap ayoapuvliadsl. 20 eacvlpoviy 6acbiHOA YAMMmMblK HEOKIAC-
CUKANLIK CMUTLOIY epeKule bagvimvl nanoa 0010bl, 0J1 COHbIMEH Oipee NOCMMOOepH-
OiK UHmMepnpemayuaza mapaosl HaHe 0amblobl.

Tyilin ce3mep: cayrem oHepindeci pecuonanuzm, cayiemmik opoepiep,
CoyIemmiK Ol-6pHeK MYpPmKILIepi, CcaYAemmiK UHMEepnpemayus, CcayiemmiK Hbl-
canoazvl cemanmuka, AKII caynemi, Kazaxcman caynemi.
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OCOBEHHOCTHU PA3BUTUSA PETUOHAJBHBIX KAIIUTEJEH
B APXUTEKTYPE CIHIA U KAZAXCTAHA
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AnHoTauusi. Cmamws nocésujena uHmepnpemayu pecuoHaIbHOU Cneyuduxu
8 apxumeKkmypHo-xyoodicecmgenHvlx gopmax. Ocoboe sHuManue yoensemcs KOMNo-
suyuam 3axaza. Ilokazano, Kak u3o00pasxcenus pacmenul, XapaKkmepHuix O0isi pecuo-
HA, OMPaxcanuco 8 Kanumesix KOJIOHH pa3IudHblX 30aHULl ¢ OpeSHeuuux 8pemMeér 00
Hawux OHeu. OpuecuHarbHOCMb NOOX0008 K 3MOU npodieme NnoouépKueaemcs Ha
npumepax uz apxumexkmypol CLLUA u Kazaxcmana. Ilpumepsl ucnonvszoeanus pe2uo-
Hanonvlx mem 6 apxumekmype CLIA u Kazaxcmana nokasulearom cywecmeenHyio
pasnuyy. Apxumexmypa Coedunéunvix Lllmamos c 18 eexa, ¢ 00HOU CcmMOpPOHDI,
npedcmasisiem coboil OopvOy 3a He3a8UCUMOCTIL MEPPUMOPULL OM KOJIOHUAIbHBIX
npumszanuil Anenuu, @Ppanyuu u Hcnanuu ¢ coomeemcmeyiouum KyJIbmMypHbIM U
uoeon02u4ecKuM npomueocmostuem eeponeiuckum mpaouyusim. C opy2ou cmoponbl,
Mo — OYK8AIbHOE 80CNPOU3Be0eHUe eBPONelcKUX apxumekmypuvix cmuiei Cpeone-
gexosvs. B Kaszaxcmane axyenm Ha pe2uoHANbHbIX OCOOEHHOCMAX ApXUMeKmypbl
OeticmseumenvrHo nocmosanen. Ocoboe sHUManue yoensiemcs: UHmepnpemayuu Momu-
806 HayuonarbHo2o opHamenma. Hauano 20-20 éexa npuseno k nosgnenuro ocobo2o
Hanpaenenuss HAYUoOHAIbHO20 HEeOKIACCUecK020 CMUs, KOmMopoe Mmaxdice pacnpo-
CMPAHUNOCH U IBOTIOYUOHUPOBATO 8 NOCMMOOEPHUCICKYIO UHMEPRPEemayuio.

KuioueBble ¢j10Ba: pecuonanusm 8 apxumexmype, apxumexkmypHvle opoepa,
MOMUBLL APXUMEKMYPHO20 OPHAMEHMA, APXUMEKMYPHAs UHMEPNPemayus, ceman-
muxa apxumexmypuou gpopmol, apxumexmypa CLIA, apxumexmypa Kazaxcmana.
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1 INTRODUCTION

The regional conditionality of shaping in architecture is its natural feature. The combination
of local natural and climatic conditions with the achieved level of technology development and
available building materials determines the features of basic shaping. The architectural and artistic
detailing of the forms is the result of the interpretation of the cultural and ideological orientations of
the local community. In each period of evolution, this generates peculiar forms that demonstrate, in
addition to regional, historical concreteness. The forms that have occurred as a result of such a syn-
thesis, for ideological, but more often for utilitarian reasons, are spreading in other regions and in
other socio-cultural conditions. The most striking example is the classic order compositions that
have gained global distribution. The peculiarity of the spread of this phenomenon is reflected, in
particular, in the studies of ( ). an analysis of the extensive practice of construction in
various regions has led to the conclusion that there is a commonality of architectural and artistic
shaping as a synthesis of national and international motifs. ( ) - the study of the con-
cept of historicism, which is constantly manifested in the architecture of various countries, allowed
us to conclude that the architectural process is cyclical both in individual countries and at the global
level, the role of the European architectural order in the processes of global architectural shaping is

comprehended. ( ) based on the critical analysis, the originality of the con-
stant appearances and disappearances of the classical architectural order in various creative con-
cepts is shown), ( ) using the example of the analysis of a particular city, the variety

of interpretations of the neoclassical architectural order idea is shown, which, despite the regional
specifics, corresponds to similar processes in other countries. It is significant that, while preserving
the similarity of architectural and plastic solutions, these forms have been reproduced in wooden,
brick, stone and metal structures for many centuries. At the same time, the artistic interpretation
varies in simplified, classical or fantasy versions. The interesting thing here is that the trans-regional
art form becomes part of the regional form every time. This phenomenon is constantly being studied
and remains relevant. Of particular interest is the process of formation of national architecture. It is
significant that in a number of countries, national architectural features are formed on the basis of
classical architectural heritage. Despite all the differences in the development of the United States
of America and Kazakhstan, the formation of the national architecture of these countries has a num-
ber of common features. This is considered using the example of order compositions.

2 LITERATURE REVIEW

Various aspects of this problem are a constant topic of research by various authors —

( ) the regionalism of specific architectural phenomena is presented as part of a gen-
eral cultural phenomenon that determines the formation of transcultural architectural phenomena,

( ) the specifics of architectural regionalism are presented as a synthesis of traditional
local customs, features of socio-cultural self-identification, which are transformed under the influ-
ence of modern cultural processes. ( ) in the architectural context, the coexistence
of trends of regionalism based on local traditions and transcultural postmodernism is analyzed,
moreover, critical regionalism, in fact, is itself part of postmodernism, opposed to the universalism
of modernism, , and ( ) based on a number of examples,
differences in the understandlng and mterpretatlon of regionalism are demonstrated either as a natu-
ral socio-cultural reaction to the universalism of modern culture, or as a dead-end retro-
manifestation with no creative prospects. , ( ) the analysis of a number of inter-
esting architectural examples and creative concepts allowed us to draw a number of original conclu-
sions about the specifics of the influence of cultural globalization on architectural regionalism,
which in its modern form, in fact, is a product of globalization. ( ) the differ-
ence in understanding the specifics of regionalism in various cultural communities is demonstrated,
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which determines some opposition between the desire to organically integrate into the world archi-
tectural process, on the one hand, and the tendency to preserve the architectural and artistic process
in order to preserve cultural phenomena, on the other hand. : and

( ) considers the half-century transformation of the concept of postmodernism,
which led to the dominance of multi-thematic metaphorism based on both global and narrowly re-
gional cultural phenomena. These are the most important studies in the context of the problem un-
der consideration.

The Kazakh specifics of this problem are considered from various sides in the studies of such
authors as and ( ) the formation of the phenomenon of regional ar-
chitecture of Kazakhstan in the context of urban development in various parts of the country is ana-
lyzed. The ornamental design of the medieval mausoleum in the south of Kazakhstan is presented as
the basis for the formation of cultural identity and regional specifics of the country's architecture.

( ) the analysis of the degree of prevalence of various
ornamental motlfs in Kazakh architecture of the end of the last century and the beginning of this
century has revealed interesting patterns of the use of architectural ornament in the regional aspect.
Using examples of the development of architecture in individual regions, the process of formation
of a regional architectural form as a synthesis of external and internal factors is formalized. Analy-
sis of the centuries-old development of architecture in Kazakhstan, which became part of the world
architectural process in the middle of the last century, revealed the specifics of this phenomenon.
An interesting aspect of regional architectural and artistic shaping is the shape of the capitals of col-
umns, which in Kazakhstan are represented by a number of peculiar varieties.

3 MATERIALS AND METHODS

The sequence of the problem research is based on the general scientific method of collecting
factual material, subsequent analysis and generalization. In the context of this method, the follow-
ing are applied: an integral-differential approach, which allows dividing the data array according to
the principle of similarity of elements characteristic of each period, combining them into directions
of formation reflecting the specifics of one or more stages; a formal approach that allows tracing the
development of various stylistic directions; a structural-semiotic approach that allows modeling the
further development of the topic.

A special place in the conducted research is occupied by the semantic approach, which allows
considering the difference of semantic content on the basis of similarity of form.

Since ancient times, the column has often been interpreted as a plant personifying fertility,
which was part of a mythologized worldview (the architectural interpretation of the world tree in
temple architecture is emphasized by ( ). Accordingly, its details, with varying de-
grees of abstraction, were given the appearance of a specific plant, usually characteristic of a given
region.

The columns of Egypt were the most diverse in the architecture of Antiquity. Columns repre-
senting the palm tree characteristic of the vegetation of the region were presented in numerous ver-
sions — a typical example of the column in the Sahure pyramid temple (

). A great variety is demonstrated by columns with forms of lotus and papyrus also common in
the region. Interestingly, there were both individual colonnades with lotus-prominent or papyrus-
prominent columns, and combination solutions — for example, the colonnade in the Khnum temple
( ). Moreover, in some cases, lotus-shaped columns had capitals both in the form of a
bud and in the form of a flower. At the same time, the trunk of the column was either abstracted to a
round column in cross-section, or imitated a bundle of stems.

In ancient Greece, the cult of the Tree was personified by a column of the Corinthian order.
In detailing the capitals, one or more rows of leaves of acanthus widely distributed in the region
were used — a typical example is the Agrippa's Odeon ( ). In the early periods, this
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column itself was the main semantic part of the altar. In later periods, the Corinthian column began
to be used in colonnades and pilasters. A type of Corinthian capital, which includes, in addition to
acanthus leaves and the leaves of palm trees also found in the region, is the capital in the Tower of
Winds (Athens — Andronicus of Cyrrhus, 50 BC).

2

Figure 1 — Regional capitals in the architecture of Egypt, Greece, Kingdom of the Romans, France,
England: 1 — The Capital with palm leaves (the Sahure pyramid temple, Abu Sir, Egypt — 2450 BC) [21];
2, 3 — Capitals with lotus leaves and papyrus (the Khnum temple, Esna, Egypt — 45 BC) [22; 23]; 4 — The Capital
with acanthus leaves (the Agrippa’s Odeon, Athens — 15 BC) [24]; 5 — Capital with palm and acanthus leaves
(the Tower of Winds, Athens, Greece — Andronicus of Cyrrhus, 50 BC) [25]; 6 — The Capital with thistle leaves
(the Church of the Holy Wisdom / the Hagia Sophia Mosque, Constantinople, the Kingdom of the Romans — Isidore
of Miletus and Anthemius of Tralles, 537) [26]; 7 — The Capital with peony leaves and flowers (the St.Stephen’s Cathe-
dral, Toul, France — 13™ century) [27]; 8 — Capitals with leaves and fruits of oak, maple, hawthorn,
hops and ivy (the Chapter House of Southwell Minster, England — 1288) [28].

The forms of Greek (by origin) architectural orders were canonized and became widespread in
the Roman era. Specifically, regional forms have become trans-regional. At the same time, the re-
gional conditionality of the plant forms used has ceased to matter. Almost the same set of architec-
tural forms was used throughout the State — from the Northern Britain to the Babylon, from the
Caucasus to the West Africa.

Later, in the Kingdom of the Romans (Byzantium), the monotheism of the worldview rejected
the Greco-Roman architectural and artistic forms as pagan. The detailing has changed accordingly.
For example, in capitals of the Church of the Holy Wisdom / now the Hagia Sophia Mosque (Con-
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stantinople — Isidore of Miletus and Anthemius of Tralles, 537) the image of a massively occurring
thistle is used.

In Medieval France and England, capitals with plants characteristic of the territories of these
countries became widespread. So there were capitals in the form of bouquets of peony (the
St.Stephen’s Cathedral, Toul — 13" century) or combinations of stems, leaves and fruits of oak, ma-
ple, hawthorn, hops and ivy (the Chapter House of Southwell Minster — 1288). These examples
are shown in Figure 1.

The ideological transformations of the Renaissance brought back the Greco-Roman orders to
the mass architectural and artistic formation of Europe, ceasing to consider them as the personifica-
tion of pagan cults. Accordingly, the use of regional plant species in the architectural and artistic
solution of capitals has significantly decreased. The Palladian concept of order architecture gradual-
ly developed into the widespread style of the Classicism and subsequently the Neoclassicism.

4 RESULTS AND DISCUSSION

The era of Great Geographical Discoveries led to the spread of European architectural and ar-
tistic specifics of shaping, including in North America. Paradoxically, these forms of European
origin turned out to be so attractive and consistent with the revolutionary spirit of the North Ameri-
can states that they essentially became the basis of the architecture of the United States that over-
came colonial dependence on European powers.

Figure 2 — Regional capitals in the USA’s architecture: 1 — The Corn Cob capital and bundled corn stalk columns,
the Senate Vestibule, the Capitol Building, Washington, DC — B.H.Latrobe, G.Franzoni, 1810 [29];
2 — The Corn capital, the Litchfield Villa, Prospect Park, Brooklyn, New York City, NY — A.J. Davis, 1857 [30];
3 — The Colonnade in the Small Rotunda, the Capitol Building, Washington, DC — B.H.Latrobe, 1817 [31].
The “Federal Style” based on Palladianism appeared and spread massively. As stated in the

resolution of the 111" US Congress (No. 259, dated December 5, 2010) “Thomas Jefferson called
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Palladio’s “The Four Books of Architecture” the “Bible” for architectural practice, and employed
Palladio’s principles in establishing lasting standards for public architecture in the United States”. It
is significant that even in the current century, a number of federal buildings (especially Courts) are
being built in Palladian (“Federal”) a style that is still positively perceived in the public conscious-
ness. However, the desire to emphasize regional specifics was also manifested in the context of neo-
Palladian American architecture. Examples of such solutions are few, but very revealing. For exam-
ple, corn-shaped columns are used in the lobby of the Senate (the Capitol Building, Washington,
DC — B.H.Latrobe, G.Franzoni, 1810). The shape of these columns goes back to the ancient Egyp-
tian lotus-shaped columns, which depicted bundles of lotuses with stems in the zone of the trunk of
the column and buds in the zone of the capital. In the columns of the Senate lobby, the trunk imi-
tates corn stalks, and the capital is corn cobs, personifying a plant characteristic of the region. In the
Small Rotunda, in capitals resembling the Corinthian order in shape, the image of the leaves and
flowers of another regional plant — tobacco — is used (the Colonnade in the Small Rotunda, the Cap-
itol Building, Washington, DC — B.H.Latrobe, 1817). Flowers and ears of corn are accentuated in
the capitals of the colonnade in the Litchfield Villa (Prospect Park, Brooklyn, New York City, NY —
A.J.Davis, 1857). These examples are shown in Figure 2.

Figure 3 — Regional capitals with plant and zoomorphic themes in the Kazakhstan’s architecture: 1 — the Aisha-Bibi
Mausoleum, Zhambul region — 11%-12'" centuries; 2 — the “KazPIVO” Trust Building, Almaty — V. Tverdohlebov, 1935;
3 — the Opera and Ballet Theater named after Abai, Almaty — N.Prostakov, N.Kruglov, P.Polivanov, V.Bychkov,
A.Shchusev, 1941; 4 — the Residential house / “House of Scientists”, Almaty — G.Bobovich, 1950; 5 — the Women’s
Pedagogical Institute, Almaty — V.Biryukov, V.Brandt, M.Mendikulov, M.Kudryavtsev, 1952; 6 — the Agricultural In-
stitute, Almaty — V.Biryukov, 1951; 7 — the Secondary school named after M.Mametova, Almaty — V.Kosov, 1946;

8 — the Portal colonnade of the First President of Kazakhstan Park, Almaty — A.Korzhempo, N.Ezau, 2004;

9 — The “Zhastar Mag” residential complex, Almaty, 2010.

However, despite the ideological orientation that emphasizes cultural identity, the emphasis

on regional features in the architecture of the United States has not been widespread. And these cap-
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itals, which literally illustrate regional specifics and aroused great interest at the beginning of the
19" century, remain unique examples to this day.

Unlike the previously considered examples of North American architecture, in the archi-
tecture of Kazakhstan, the regional specificity of capitals is manifested mainly in the use of plant
and zoomorphic ornaments rather than specific regional plants. Thus, one of the most ancient capi-
tals with floral ornaments is represented in columns of the Aisha-Bibi mausoleum (Aisha-Bibi villa-
ge, Zhamby! region — 11"-12™" centuries). The very shape of the capital resembles a blooming tulip.

In the 20th century, special attention was paid to the development of architectural ornament
and it was often used. This is reflected in numerous interpretations of ornamental motifs. The re-
gional interpretation of the theme of the classical Composite order is illustrated by the example of
the capital in the building of the Trust “KazPIVO” (Almaty — Tverdohlebov, 1935). In this capital,
volutes are made as a stylized ornamental motif “muiz” (“horn”). Barley ears are placed between
the large leaves, reflecting the specifics of the Trust's activity — beer production. In the capitals of
the Abai Opera and Ballet Theater (Almaty — N.Prostakov, N.Kruglov, P.Polivanov, V.Bychkov,
A.Shchusev, 1941) the upper part is made in the form of a series of small cavlicules (spiral stems).
In the lower part of the capital, acanthus leaves are replaced with a floral ornament.

An example of expressing not just regional specificity, but a specific city is the so-called
“Almaty capital” (Residential building / “House of Scientists”, Almaty — G.Bobovich, 1950). The
element is made in the form of a basket filled with apples of the Almaty Aport variety. In the build-
ing of the Women’s Pedagogical Institute (Almaty — V.Biryukov, V.Brandt, M.Mendikulov,
M.Kudryavtsev, 1952), the capital has a row of small acanthus leaves in the lower tier. The middle
part is formed by cruciform volutes with an inverted curl. On the balustrades of these volutes, a flo-
ral ornament is placed in two rows. On the cubic capital in the building of the Agricultural Institute
(Almaty — V.Biryukov, 1951), a stylized image of a doodle is placed under the Kazakh ornament (a
direct reference to the agricultural specifics of the educational institution). A large number of ex-
amples are related to the interpretation of the Corinthian order variety used in the previously con-
sidered Tower of the Winds in Athens. The most interesting example is the capital of the Secondary
School named after M.Mametova (Almaty — V.Kosov, 1946). On the outside of the palm and acan-
thus leaves, as well as on the abacus, there are patterns of the Kazakh floral motif.

The practice of the beginning of this century gives a much smaller number of examples of the
use of capitals with a regional theme. For example, in the colonnade of the Park of the first Presi-
dent of Kazakhstan (Almaty — A.Korzhempo, N.Ezau, 2004), developed angular follicles with a
paired spiral are used in the capitals, between which a plant-type ornament is located. The “post-
modern” capital in the “Zhastar Mag” residential complex (Almaty — 2010) is distinguished by the
originality of semantics. An abstracted spiral curl of the zoomorphic motif “muise” is placed on the
cubic capital in a square frame. These examples are shown in Figure 3.

5 CONCLUSIONS

A comparison of the considered examples of the use of regional themes in the architecture of
the USA and Kazakhstan shows a significant difference. The architecture of the USA since the 18"
century demonstrates a kind of collision. On the one hand, it is a struggle for the independence of
territories from the colonial claims of England, France and Spain with a corresponding cultural and
ideological opposition to European traditions. On the other hand, it is a literal reproduction of Euro-
pean styles in architecture, starting from the Middle Ages.

So, the Gothic style is used in such cathedrals as the St.Patrick’s Cathedral (New York City,
NY — James Renwick Jr., 1878) and Cathedral of Saint John the Divine (New York City, NY —
Christopher Grant LaFarge, George Lewis Heins, Ralph Adams Cram, build from 1892). And the
Palladian style was generally elevated to the absolute. It is illustrated not only by buildings of the
19th — early 20™ century in the Federal style, but also by such modern examples as the Federal

39


https://en.wikipedia.org/wiki/James_Renwick_Jr.

QazBSQA Xat6apmbicel. Coyaer. Ned (90), 2023

Building and the Courthouse (Tuscaloosa, AL — “HBRA Architects”, 2011) and the Supreme Court
of Nevada & Nevada Court of Appeals (Las Vegas, NV — Yohan Lowie, “EHB Companies, LLC”,
2017). In addition to the use of the image of regional plants in the structure of architectural orders in
the 1920’s and 1930’s, the “Mayan Revival” style, imitating the architectural and artistic techniques
of the cultures of pre-Columbian Mesaamerica and classified as a kind of Art Deco style, gained
some popularity. Interesting examples of this style — the Hollyhock House (Los Angeles, CA —
Frank Lloyd Wright, 1921), the Mayan Theater (Los Angeles, CA — Stiles O.Clements, “Morgan,
Walls & Clements”, 1927), the United Office Building / The Giacomo (Niagara Falls, NY — James
A. Johnson, “Amsterdam Building Co.”, 1929). However, the attempt to emphasize the regional
specifics of America in the architecture of the USA is considered as a very interesting, positively
perceived exotic.

In Kazakhstan, the focus on emphasizing the regional specifics of architecture is essentially a
constant. Particular importance is given to the interpretation of the motifs of the national ornament.
The orientation towards classical shaping in architecture that emerged at the beginning of the 20™"
century led to the emergence of a kind of National neoclassical style trend that has spread massive-
ly, which continues to develop even postmodern interpretation.

Thus, the following conclusions can be drawn. The interpretation of Neoclassicism at the
stage of the formation of national architecture differs depending on the country. Thus, in European
countries, Neoclassicism was applied practically only in the orthodox neo-Palladian version. In the
United States of America, with the general dominance of the neo-Palladian version, there are rare
examples of regional motifs. In Kazakhstan, almost only numerous regional motifs are used. This is
schematically shown in Figure 4.

ARCHITECTURE ARCHITECTURE ARCHITECTURE
OF EUROPEAN OF THE USA OF KAZAKHSTAN
COUNTRIES
NEOCLASSICISM | NEOCLASSICISM
IS THE IS THE
ORTHODOX ORTHODOX

VERSION

VERSION

NEOCLASSICISM

NEOCLASSICISM

IN THE IN THE
REGIONAL REGIONAL
VERSION VERSION

Figure 4 — Peculiarities of the Neoclassicism interpretation at the stage of the national architecture formation

in the Europe, the USA and the Kazakhstan.
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Styles based on classical forms of Renaissance architecture represent a peculiar phenomenon
of architecture. Starting from the epoch of its origin in the XVII — early XVIII century, the phenom-
enon transformed into neoclassicism in the late XVIII — early X1X century. Within the framework
of this style, many global and regional trends have emerged, which are characterized by the ideality
of forms and images abstracted from the original concrete historical content. Throughout the twen-
tieth century, this theme was very often used as a solid and reconciling alternative development
contradictions, the personification of the historical continuity of the stages of the architectural and
artistic process. The phenomenon remains relevant for the beginning of the XXI century, as evi-
denced by the abundance of buildings, a lot of research and constantly renewed architectural and
cultural discussions about this vivid phenomenon.

Actively involved in the world architectural process, modern Kazakh architecture demon-
strates the most interesting examples of interpretation of various stylistics. Moreover, if the archi-
tecture of the capital of Kazakhstan, Astana, is imbued with the pathos of innovative romanticism,
personified by the ideas of modernism, then the architecture of Almaty, guided by the outstanding
achievements of the architecture of the capital, but tending to romantic historicism, illustrates the
depth and inexhaustibility of classical stylistics in the mass of works. It is the emphasized solid or-
der theme that is gradually becoming an increasingly pronounced feature of Kazakh architecture, in
which, throughout the more than one and a half century history of development, the artistic forms of
orders originally “drift” between the polar versions of “simplifie”” and “classical” interpretations. At
the same time, both the degree of "simplification" and the canon of “classicism” have a historically
changing interpretation, including justifications for the need for appropriate transformation or ap-
proximation to the chosen “model”. A feature of the process is its pronounced undulation. However,
despite the massive spread of buildings, this phenomenon of Kazakh architecture remains poorly
understood. This opens up broad prospects for further research, especially in comparison with simi-
lar phenomena in other States.
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Abstract. This article is intended to analyze architectural changes in the resi-
dential development of the city of Karaganda in the period from 1930 to 1990 with an
emphasis on identifying regional identity. The work pays attention to the characteris-
tic features of the architectural style, taking into account the influence of natural, so-
cio-economic and cultural factors. The research methodology includes an analysis of
historical experience, a comparison of architectural approaches at different stages of
development, as well as a review of academic literature and projects. It is emphasized
that regional identity in architecture is considered as an open system capable of
adapting to changes in the environment and time, including local characteristics and
the individual style of architects. In the context of residential development in Kara-
ganda, regional identity is expressed through the creation of comfortable conditions,
taking into account contextual features and a critical look at traditions. Urban archi-
tecture combines elements of cultural heritage with modern approaches, making it
unique and expressive. The individual approach of the architects gives the city's land-
scape a special character. Ultimately, Karaganda's architectural identity reflects its
rich cultural heritage and ability to adapt to changes in environment and time, while
maintaining its uniqueness and character. This unique interaction of architecture with
history and modernity makes the city of Karaganda not only a place to live, but also a
valuable historical and cultural heritage that its residents and guests are proud.
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! Xansikapanslk 6i1iM 6epy KOpIOpaIHsCh,
050028, Anmatel, Kazakcran

A”parna. byn maxana 1930-1990 owcwvinoap apanvievinoaewt Kapasanowi
KQIACBIHbIY MYPRbIH Vil KYPbLIbICHIHOARbL CaVIemmIK e32epicmepoi atmakmulk Oipe-
eelnikmi amvblKkmayea baca mazap ayoapa omulpbin manoayza apuan2au. Kymvicma
maouau, aneymemmik-3KOHOMUKALBIK HCIHE MIOEeHU (Parkmopiapobly bIKNAIbIH ecKe-
pe ombipbln, CayIemmiK CmuibOiy 63iHe MaH epeKuleslikmepine Ha3ap ayoapbliaob.
3epmmey 20icmemeci mapuxu maxcipubeni manoayovl, 0amyovly pPmMypii
Ke3eHoepinoezi cayiemmik macindepoi canvicmuipyobl, COHOAU-AK AKAOEMUSLIbIK
a0ebuemmep MeH dHcobanapovl wionyovl Kammuovl. Caynem eHepiHOe2i auMaKmulK
Oipecetinik dicepeinikmi epeKutenikmep MeH CayAemuliiepoiy dceke CMUliH Kocd
aneamoa, Kopuiazan opma MeH yaKvlm eszepicmepine oOetlimoenyze Kabiniemmi auibiy
JHcytie peminoe Kapacmulpullamuliel aman emineoi. Kapazanovloa mypault yil Kypbl-
JIbICbL  KOHMeEKCmiHOe auMakmulk Oipecelilik KOHMeKCMmIK epeKuienikmepoi HcoHe
0acmypliepae CblHU KO3KApACmbl ecKepe OMbIpblN, KOJAUIbl HCAROAUNAD HCaACAy
apxulLibl Kepinedi. Kanranvlk cayiem MaOeHU MYpa 31eMeHMmepPin 3aManayy macii-
oepmeH yuiiecmipe omulpbin, OHbl Oipeeeli dcane maHepii emedi. Cayremutinepoiy
JlceKe KO3Kapacvl Kaia neusajxcbia epexkuie cunam Oepedi. Caiibin KenzeHoe,
Kapazanovineiy caynemmix epexwienici onviy 0ati Ma0eHU MYPACbIH JHCoHE O3IHIH
Oipecetinici MeH CUnamvlH CAKmail OMbIPLIN, KOPWAAH Opma MeH YaKblm o3-
2epicmepine Oeuimoeny xabinemin koepcemeoi. Caynem 6HepiHIH MAPUXNEH HCIHE
Kaszipei 3amamumeH epexuie e3apa apekemmecyi Kapa2anovl KaniacvlH mypeuliblKmbl
JHcep 2aHaA emec, COHbIMEH Kamap OHblH MYPEblHOapbl MeH KOHAKmapvl MAaKmau
MYmMamuiH KYHObl Mapuxu-maoeHu Mypaga auHanioblpaosi.

Tyiiin ce3nep: Onipnix Oipecetinik, oyipaik epexuwenikmep, Kapazanowl caynemi,
MYP2bIH YUl KYPLLIbICHL, CIYIem-KOPKEMOIK bagvimmap, apxemunmep.
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VIIK 728.1 (574)
MPHTH 67.07.01
HAYYHASI CTATBS

PEI'’MOHAJIBHAS HAEHTUYHOCTDb B APXUTEKTYPE
KNJIOU 3ACTPOUKH 1930-1990-X I'T. TOPOJA KAPATAHIA

AK. Tysikaesa! © 2. T. Tanuunoexosa* @, I.C. Aoapacunopal*®
10.B. Onnmenko'* ®

! MexaynapomHas obpa3oBarenbHas Koproparus, 050028, Anmatsl, Kasaxcran

AHHOTAUMSA. JlanHas cmamesi npeonazHavena OJisi AHANU3Ad aApPXUMEKMYpPHbIX
usMeneHutl 8 JHcunol 3acmpotixe 2opooa Kapaeanoa 6 nepuoo c¢ 1930 no 1990 200w ¢
AKYEeHMOM Ha BblsiGlleHUe PeCUOHAIbHOU udeHmuyHocmu. B pabome yoensiemcs 6Hu-
MaHue XapaKkmepHuviM Yepmam apXumekmypHo2o CMujis, V4umvléds npu 3Mom 803-
oeticmeue nPUPOOHbIX, COYUATbHO-IKOHOMUYECKUX U KVIbMYPHLIX (hakmopos. Memo-
007102Usl UCCTIe008AHUs BKIOYAem 6 Ce0sl AHANU3 UCOPUYECKO20 ONblmd, CONOCMAG-
JleHue apxXumexkmypHoiX no0xXo008 HA PA3HLIX IMAnax pazeumus, d makice 00630p
axkademuyeckol aumepamypvl u npoekmos. Iloouepkugsaemcs, umo pecuoHaIbHAA
UOEHMUYHOCTb 8 APXUMEKMYpe DACCMAMPUBAEMC sl KAK OMKPbIMAsl CUCMeMd, CNo-
COOHAsL A0ANMUPOBAMbCA K USMEHEHUAM 6 cpede U 8peMeHU, BKII0UAs MeCMHble 0CO-
OeHHOCMU U UHOUBUOYATILHBII CIMUTL APXUMEKMOPO8. B konmexcme dcunol 3acmpoii-
ku Kapaeanovl pecuoHanbHas uOeHMUYHOCHb BbIPANCAEMCs Yepe3 CO30aHue KOM-
Gopmubix ycnosutl, yuumvleédas KOHMEKCMYalbHble O0COOEHHOCMU U KPUMu4ecKuil
832150 Ha mpaduyuu. Iopoockas apxumexkmypa codemaem 1eMeHmbl KYIbMyPHO2O
Hacneous ¢ COBPEMEHHbIMU NOOX00AMU, Oeldsl ee YHUKATbHOU U 8blpasumenbHoul. HH-
OUBUOYANBbHBIU NOOX00 APXUMEKMOPO8 Npudaem 1aHouagpmy 2opooa ocoowvlll Xapax-
mep. B umoece apxumexmyprnas uoenmuynocmo Kapazcanovl ompasicaem ee 6oeamoe
KYIbmypHOe Hacleoue U CNOCOOHOCHb a0anmupo8amspcs K nepemenam 6 cpeoe u epe-
MeHU, COXPAHSSL NPU IMOM CE0IH0 YHUKATbHOCMb U Xapakmep. Dmo YHUKAIbHOe 83aU-
Mooelicmaue apxumexmypbl ¢ UCmopueti U co8pemenHocmyio oenaem 2opoo Kapazan-
0a He MONbLKO MeCmOM NPOANCUBAHUS, HO U YEHHbIM UCMOPUHLECKUM U KVIbMYPHbIM
Hacneouem, Ha KOmopoe 2opOAmcs €20 HCumenu u 20Cmu.

KiroueBble ci10Ba: pecuonanbHas UOEHMUYHOCb, PESUOHAIbHbIE 0COOEHHO-
cmu, apxumexmypa Kapaeanowl, cunas sacmpouxa, apxumexkmypHo-Xyoodicec-
MBEeHHble HANPAGIeHUsl, APXEeMUNbL.
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1 BBEJIEHHUE

Kaparanna — maxrepckas cronuia Kazaxcrana, uctopust koropoid Hadanachk 10 despans 1934
r. ( ). IlepBbie TOCENKU CIELIIEPECECHIIEB HaYalu CTpOuTh JietoM 1931 1., cpenu
koTophix Obutn HoBasi TuxonoBka, IlpumaxtuHck, Maiikyayk u Kommaneiickuii. B Hux Obuim
HA3HAYEHBI KOMEHJAHTHI, B 0053aHHOCTh KOTOPBIX BXOJMJI KOHTPOJIb 32 BBIOJHEHHEM COBETCKUX
3aKOHOB M PacHOpsDKEHUN MECTHBIX aJJMHUHHUCTPATUBHBIX OpPraHoB creurnepeceneHuamu. «Kaparan-
JIMHCKasi TPyTIa CIelnepecesieHYecKuX nocenkoB K koHiy 1931 r. nacuutsiBana 59 078 denoBex»
( ). ApXUTEKTYpa JKUJIbsl HAYaJlaCh C BPEMEHHBIX YKUJIHII TUTIA TIIHHO-
OUTHBIX MOJTY3eMJITHOK JIsl COCNIaHHBIX (packynadyeHHbIX) rpaxkaan CCCP u ux cemeil B cBsI3u BO3-
OOHOBJIEHHEM aKTUBHOHU 0ObI4M yrisi 1930 rogy. 3HauuTENTHHO BO3POCIO HACEIIEHHE B CTapbIX IO-
cenkax. [lepBoie renepanbhblie T1anbl MHOTHX TopogoB CCCP Obumn crnenansl B 1930-X rogax B CBS-
31 C TUIAHOM UHAYCTPUAIBLHOTO Pa3BUTHS. ABTOPOM MEPBOM CXEMBI IPaIOCTPOUTEILHOTO PA3BUTHSI T.
Kaparanna cuuraercs rpymmna apxuTeKkTopoB bayxayc, moa pykoBojacTBoMm JpHcta Maiis, npuria-
meHHbIX B CoBerckuit Coro3 B 1930-x romax ( ). OHu 1OMKHBI OBUTH pa3paboTaTh re-
HepalbHbIE MJIAHBI A TaKUX KPYIHBIX MPOMBIILICHHBIX TOPOAOB Kak Maruuroropck, YensOuHck,
Kemepoo, HoBoky3nenk u nip. 3aTeM a3cradera pa3padOTKH IeHIUIaHA TOpoja Mepernnia K MOCKOB-
CKUM KOHCTPYKTUBUCTAM — CIIeHUAIACTaM MOCKOBCKOTO HHCTUTYTa «MOCOOIIIPOEKT» — apXUTEKTO-
pam A.U. KysnenoBy, A.H. Kapuayxosy, O.I1. Kenne, I1.C. Lllymckomy, KOHCYJIbTaHTOM OBLT H3-
BecTHbIH apxutekrop A. MBanunkuii. K 1934 rogy renepaibHblii TU1aH ObLT yTBEpXkIeH (

). TlonyunB TakuM 00pa3oM IyTEBKY B JKH3Hb, TOPOJ 3a CBOKO 90-JICTHUIO HCTOPHIO BBIPOC JI0
KpynHerero ropoaa Kazaxcrana ¢ macenenuem 6osee 500 ThICSY YETOBEK.

Takum oOpazom, crenupuka HTHTEHCUBHOTO pa3BUTHUs ropofa Kaparanga 3a OTHOCHUTENBHO
HeOOJIBIIION TIEPHOoJT BPEMEHH OTIpeIeiIa TOPO/I KaKk OJ1aro1aTHyIo IMOYBY Il BHEAPEHHS CBOE0O-
pasHBIX ApPXUTEKTYPHO-TPAJOCTPOUTENBHBIX NMPHHLUIOB C WHTEPECHBIMH OOIIECTBEHHBIMH IpPO-
CTpaHCTBAMH, YHUKAJIbHBIMU 3OaHUSAMU WU KOMIIO3UIIMOHHO BBIBCPCHHBIMU KHWJIBIMHW MaCCHBaAMMH.
Kaparanna crana cBoeoOpa3HON JE€MOHCTPAIMOHHOM IUIOIMIAJKOW MOOUYEPEeaHO CMEHSIOMUX ApPYyT
Jpyra apXUTEKTYPHBIX CTHJIEH OT KOHCTPYKTHBHM3Ma J0 MOJAEpHU3Ma. ApxuTekTypa xunuima Ka-
3axcTaHa B CBOEM Pa3BUTHH MPOIUIA OOJBIION MyTh «OT MPOCTHIX OJHO/BYXITaXKHBIX HEKalUTalb-
HBIX COOPYKE€HUH 10 MHOTOKBAPTUPHBIX MOJTHOCTHIO OJIar0yCTPOEHHBIX AOMOBY (

). Cnoxwiiack coOCTBEHHast CBOe0Opa3Hasi HIGHTUYHOCTh TOPO/a, PEe3KO OTIMYAIOIAsi €ero OT
JPYTUX Ka3aXCTaHCKHMX IOCEJIEHUH, MOJIy4YMBIIasi OTPAKEHUE B apXUTEKType BOOOIIE U B KUION
3aCTpOiike B 4acTHOCTU. B ropoje HeT CTapuHHBIX JOPEBOJIIOLMOHHBIX 3/aHUI THUIA TMMHA3MH,
ACTCKUX NPHUIOTOB, KYIICYECKUX JOMOB M MAara3mHOB, XapaKTCPHLBIX AJId CEBEPHBIX IOPOAOB Kazax-
CTaHa WJIM JPEBHHUX CPETHEBEKOBBIX CTPOEHHUH Kak B IOXKHBIX pernoHax cTpaHbl. OCHOBHas Jies-
TEeITLHOCTh HACEJICHUS TOpoja B BHUJIE JOOBIYM U TepepabOTKH YIJIsl, Kak Tpagoo0pa3yroniuii dhak-
TOp, CIOCOOCTBOBaNa (POPMUPOBAHUIO ONPENEICHHBIX MPUHIUIIOB apXUTEKTYPbI )KUIION 3aCTpoii-
KA. AHaJIM3 U CHCTEMATH3allusl apXUTEKTYPHI )KAJION 3aCTPOHKH pacCMaTPHUBAEMOTO MEPUO/Ia TT03-
BOJISIOT BBISIBUTH PErMOHAJIbHBIE OCOOCHHOCTH (POPMHUPOBAHMS YHHUKAJIBHOM apXuUTeKTypsl Kapa-
raijipl, OOYCIIOBJIIEHHblE HCTOPHEH U KyJIbTYpOH, MPUPOAHO-KIMMATHUYECKUMHU, COILUAIBHO-
HKOHOMHYECKUMH U NOJIUTUYECKUMHU (PaKTOPAMH.

2 OB30P JIMTEPATYPHBI

Hayunas nuteparypa, mocBsiieHHas apxutektype r. Kaparanga B o01iem, u )KUJI0H apXUTEK-
Type, B YaCTHOCTH, JOCTAaTOYHA PAa3pO3HEHHA U BKJIIOYAECT HAIMPABJICHUS HCCIICIOBAHUS PA3TUUYHbBIX
aBTOopoB. Cpeau paboT, MOCBSIIEHHBIX UCTOPUYECKUM aCMEeKTaM Pa3BUTHS apXUTEKTYpPbl, MOXKHO
BBIETTUTH paboTel MennukynoBa M.M. ( ), Jlebenera C.A. ( ),
I'maynunoBa b.A., Ceiinanunaa, KapnbeikoBa A.C. ( ). B aTux pabotax pac-
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CMOTPEHBI BOIIPOCHI apXUTEKTYPbI KHUIbIX U OOIIECTBEHHBIX 3[aHUI BO BPeMsl CTAHOBJICHUS U pa3-
BUTHS TOPOJIA, a TAKXKE B MOCIIEYIOUIUE MTEPUO/Ib, BBISIBIICHBI IPUOPUTETHI U TEHJICHLIUU Pa3BUTHUS
B ompejcieHHble BpeMeHHbIe oTpe3ku (1930-1980rr.). B pabore I'nmayamnoBa Bb.A. u np.
( ) BOIIPOCHI Pa3BUTHUSL APXUTEKTYPHI )KUJIbIX 3[JaHUN OCBEIIEHBI B KOHTEKCTE
COLIMAJIbHO-9)KOHOMUYECKOTO Pa3BUTHS M Hay4yHO-TexHuueckoro nporpecca CCCP. OmpenesneHbl
MIPOTrPECCUBHBIE TEHJICHIIMU PA3BUTHSI MACCOBBIX CEPUH JKUJIBIX JOMOB, HOBbIC HAIIPABJICHUS apXH-
TEKTYPHO-TUIAHUPOBOYHON OpraHU3alluU KUJIOH 3aCTPONKH, BO3JABUTHYTON WMHIYCTPUAIBHBIM Me-
TOJOM C Y4ETOM MPUPOTHO-KIUMATHYECKUX YCIOBUN U TEXHOJOTUYECKUX HOBIIECTB.

PernonanbHbie OCOOCHHOCTH TPaJOCTPOUTEIHHBIX PEIICHUH, apXUTEKTYPhI KIIBIX U 00IIIe-
cTBeHHbIX 31anui [leaTpansHoro Ka3zaxcrana nsznoxensl Pea M.B. ( ) u KonoOpuikoit
EM. ( ). JlaHHBIE WCCIENOBATENId CBSI3BIBAIOT PErHOHAIBHBIE OCOOECHHOCTHU
apXUTEKTYphl B MEPBYIO OUepe/lb C COIHAIbHO-3KOHOMUYECKHUMH U MPUPOAHO-KIUMATHUECKUMHU
dakropamu. Takod MOAXON IOCTATOYHO ONPABIAH W IOMOTaeT MOHATH PNl APXUTEKTYPHO-
TUTAHUPOBOYHBIX OCOOCHHOCTEH KHWJION 3aCTPOWKH, CBSI3aB €r0 C KIMMATOM, MOJUTUYECKUMHU U
SKOHOMUYECKUMH TPOLIECCAMH, TTPOTEKAIOMMMHU B 001iecTBe. Pa3Hbie acreKkThl TOPOICKOTO pa3BH-
tusa 1. Kaparanga ocsemiensl B Tpynax Mununa B. ( ), KOTOPBIH MpOCienn 3Hauu-
TEJbHBIC BEXU B CTAHOBJICHHH T'OPOJIa B JOBOCHHBIN MEPUOJI, CBSA3aB ATO C UCTOPUUECKUMH U COIH-
abHBIMU (pakTopaMu. ['paiocTponTenbHbIe aclieKThl IPOCTPAHCTBEHHOTo pa3Butus r. Kaparanma —
ApPXUTEKTYPHO-TUIAHUPOBOYHASI CTPYKTYpa MPOMBIIUICHHOTO ropoJa B KOHTEKCTE T'PYIIOBON CH-
CTEMbI pacCeJIeHUs — pacCMOTpeHbI B TpyAax AyskaHoa H.I'. ( ). Macirab rpym-
MOBOM CHUCTEMBI PAaCCENICHHs] TTO3BOJIMJI YTOUHHUTHh HANpPABJICHHS AAIBHEUINEro pa3BUTUS TOPOJA,
OTIpEICNTUB OCHOBHBIEC AJIIEMEHTHI €r0 PACWICHEHHO! MIaHUPOBOYHON CTPYKTYpPHI M (PyHKIIMOHAIIb-
HBIE CBSI3U B CJIOXKUBILIEHCS aryiomepanuu. MccnenoBanue psijga )KuiablX U OOIIECTBEHHBIX 3/TaHUMN C
MO3UIMH OXPaHbl APXUTEKTYPHOI'O HACJIEIus pPaccMOTpeHbl B Tpynax ManuHosckoir E.I.
( ). OHU OTpaXKalOT pa3HbIE UCTOPUUYECKUE ACIEKTHl — «PENPECCUPOBAHHYIO
aApPXUTEKTYPy», KOHKYPCHBIE (JIyUIIHe) MPOEKThl COBETCKOTO MEPHO/ia, OCHOBBI METOJOJIOTUH OTIpe-
JIEJICHUS] TaMSATHUKA apXUTEKTYPhI U JIp. C TOUKHK 3pEeHUs aHANIM3a apXUTEKTYPHO-XYI0’)KECTBEHHBIX
pelIeHni U CTHUJIMCTUYECKUX HANpPaBIEHUH psa KUIBIX U OOIIECTBEHHBIX 3/IaHUN U KOMILIEKCOB
r. Kaparanga paccmotpenst B padotax Camorinosa K.H. ( ). OnpeneneHHasl UM Me-
TOMOJOTHS ISl KIacCCU(PUKALIMU apXUTEKTYPHO-XYI0KECTBEHHBIX PEIICHUN U MPHUEMOB IIPUHATA U
WCIIOJIb30BaHa aBTOPAMH B JJAHHOM pa0oTe B KaueCTBE MHCTPYMEHTOB B BBISBJICHUH PETHOHAIBHO-
CTH paccMaTpUBaeMOro ropoja.

Taxum 00pa3om, IUTEpPaTyPHBIN aHAJIW3 TIOKa3aJl, YTO Pa3HOACTIEKTHBIC HATIPABIICHUS UCCIIEI0-
BaHUS ApPXUTEKTYpPbI KHUIBIX 3aHUH aKTYaIU3UPYIOT HEOOXOTUMOCTh O00OOIINEHHs HAaKOIUIEHHOTO
OTIBITa ¥ OCMBICIICHHE €TO C TOYKU 3PEHHUs CETOIHAIIHETO AHS — Neproaa HezaBucumoro Kazaxcrana
U TIIO0ANBHBIX MPOIECCOB, UMEIOIIMX MECTO B COBPEMEHHBIN Meproj. B 3TOM cMbicie Ha mepBbIi
TJTaH BBIXOJIUT MTPOOJIEMa PErHOHAIBHOTO B apXUTEKType. PaHee uccienoBarensiMu He CTaBUIIHCH 3a-
JIaY¥ BBISIBIICHUS PETHOHALHBIX 0COOEHHOCTEH apXUTEKTyphl . Kaparanaa ¢ mo3uiMu COBpeMEHHO-
r0 MIOHUMaHUSI PETHOHAIBHOCTH, KOTOpasi BKIIFOUaeT B ce0s1 pazHble (DaKTOPbI, CPEeId KOTOPHIX OIpe-
JENAIONIUMHU SBIIIOTCS: CUHTE3 MUCKYCCTB; MPEOJIOJICHUE CTEPEOTUIIOB U KOMIIPOMHCCHBIN MYTh CO-
YEeTaHUS TPATUIMN U HOBATOPCTBA; MIPUHIIMIT CTAOMILHOCTA M U3MEHIEMOCTH; TIPUHIIUIT KOHTEKCTY-
QIBHOCTH; TBOPYECKUH B3TJIS[ apXUTEKTOpPAa HA MECTHBIE YCIOBUS Y€pe3 MHIUBUIAYATbHBIA MOYEPK
( ). OTUM 00BsCHSAETCSI BEIOODP HAIIPABJICHUS JAHHOTO UCCIICIOBAHMS.

3 MATEPHUAJIbBI U METO/IbI

B ocHOBe nccnenoBaHus JEKUT KOMIUIEKCHBIN MOAXO0] K U3yYCHUIO PETMOHAIBHBIX 0COOCH-
HOCTEW apXUTEKTYypbl kuioi 3actpoiiku 1930-1990rr.:

- aHAJIM3 HCTOPUYECKOTO OIbITa (POPMUPOBAHUS ApPXUTEKTYPHI JKUJIOH 3aCTPOWKN B KOHTEKCTE
peruoHaNbHBIX 0cOOEHHOCTEH ( ) JaeT BO3MOKHOCTh BBISIBUTH OCHOBHBIC NPHH-
IIUITBI APXUTEKTYPHO-TUIAHUPOBOYHOM OPraHU3aINH JKUIIOW Cpe/ibl B KOHTEKCTE HICHTHYHOCTH;
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PernonanpHOCTh paccMmarpuBaeTcs Ha (oHE OOmMX MpoOIEeM apXUTEKTypHOro (opMooOpa3oBa-
HUS, SBJISIOLIErOCsS OCHOBOM JUISl BBIPAXKEHUSI ICTOPUKO-KYJIBTYPHOM MAEHTUYHOCTH, PACCMOTPEHBI
MPUHIIMIIBI APXUTEKTYPHON IPEEMCTBEHHOCTH.

- COIIOCTABJICHWE M BBISIBICHHWE KOHILIENTYaJIbHbIX MOAXOJ0B M TEHAECHLUUN apXUTEKTYPHO-
TUTAHUPOBOYHBIX PELICHUM KUJION 3aCTPONKH paccMaTpUBaeMOro repuoja

- 0030p aKaJIeMHUYECKON JINTEPaTyphl, OTPACICBBIX OTYETOB, APXUTEKTYPHBIX MIPOSKTOB U Tie-
PUOINYECKUX U3JIaHUM;

- OIpEJIEIEHUE apXUTEKTYPHO-XY/10)KECTBEHHBIX IIPUEMOB U CTHIIMCTUYECKUX HAIpaBJICHUH,
HCII0JIb30BaHHBIX B IPAKTUKE MPOEKTUPOBAHUS KUIION 3aCTPOUKH ( )i

- BBISBJICHUE 3aKOHOMEPHOCTEH PETrMOHAIBLHOrO (POPMHUPOBAHUS APXUTEKTYPhI KUJION 3a-
CTPOUKH C yYETOM BIIMSHUS MPUPOIHO-KIMMATHUECKUX COLMOKYIbTYPHBIX, JKOHOMUYECKHX (hakK-
TOPOB, OCHOBAHHBIX Ha MPOCTPAHCTBEHHBIX PETHMOHAIBHBIX apXETHUIIAX Yepe3 MPOLECC HBOJIOLMU
[0 TPHUHIMUIY IPEEMCTBEHHOCTH U COBPEMEHHYIO TPAKTOBKY B apXUTEKTYpe >KWIbIX 3JaHUi

( ).

4 PE3YJDbTATHI U OBCYKAEHUSA

Maccosas 3actporika Kaparanasl — 0THOCUTENBHO MOJIOAOTO roposa B Kasaxcrane, Boinaia
Ha TIEpUO/1 CTAIMHCKOM 3MOXH ¢ MOATBEPKIeHneM odunnanbHoro cratyca B 1934 rony.

OcHoBa MJIaHUPOBOYHOM CTPYKTypbl HoBOro ropojga mmena KoMmakTHy(0 ¢Gopmy, OpsMo-
YTOJIbHYIO CeTh Aopor U Obuia chopmupoBana 3a nsaTwieTky (1932-1937 rr.). bouin npuHATHL OC-
HOBHbIE HaNpaBJIeHUs yIUu4HO-10pokHOM cetu: Cesep — IOr (mpocnekr Cranuna, ynunsl Kuposa,
lorons) m 3amang — Boctok (ynunsl Kaparannuuckas, xamOyna, Jlenuwna) (

). OCHOBHBIMHU 3aJla4yaM¥ TI€PBOHAYATHHOTO
sTana ObUTH CO3JaHHE MHIYCTPUAIBbHOM 0a3bl sl CTPOUTEILCTBA M OOBEKTOB KHU3HEOOECTIEUeHUS
ropoja — 0a3bl JUIsl OCIEIYIOIIET0 BO3BEACHMSI )KUIIBIX U OOILIECTBEHHBIX 3aHui. 9 deBpans 1939
r. CHK (Coser Haponubix Komuccapos) KazCCP u LK KII (6) Kazaxcrana yTBepauwin mpoekt
crpoutenscTBa (HoBoro) ropona Kaparanna. 3a kopotkuit cpok Beipoc HoBblIi ropos ¢ mmpokumu
yJINLIaMU, 3€JIEHBIMU CKBEpaMH, 1€CATKAMHA MHOTOATAKHBIX JOMOB, IIKOJIAMH, TOCTUHHUIIAMH, Mara-
3UHaMH, OOJNbHMIIAMH, OaHAMM, AAMHHHUCTPATUBHBIMU 3JaHUSIMH. MHOro BHHMAaHMS YAEISIOCH
6maroycTpoiicTBy ropoja. OCHOBHBIM I'paloo0pa3yrouM MpeanpusTieM ropoja 0si1 Tpect «Ka-
parasaayroiby ( ).

PasButre xunol 3aCTpOMKM B LIEHTPAJIBbHOM YaCTH IOpOJA HA4YajoCh C IOSBIICHUS IEPBOU
ymuibl — Jlockest (AnmumOaeBa), KOTopasi COSAUHSET MPOCeKT byxap-kbipay u ynuiy EpyOaesa.
Vnuna, Ha3BaHHAsA B 4YECTh HAPOAHOIO akbiHAa KaparaHsl, MpoKMBABILIETO 3/1€Ch HEMOAAIEKY HA Y-
ny ymuii Epyb6aeBa u CarmaeBa (OpiBime yi. Kupoa u yn. KaparanauHckas), moHadaty Obuta mpo-
CTO TMPOE3JIOM U Tomyuria umMs rmoarta Jlockes: Anmumbaena nmuiib B 1940 romy ( ). Cemb
OJTHOATAXHBIX JOMOB CTPOYHOM 3aCTPOMKH C OPSAAKOBOM HyMepalyen npeaHazHavyaaInuch A HHKe-
HEPHO-TEXHUYECKUX PabOTHUKOB M PYKOBOJMTENEH aaMuHMCTparmu ropoaa. B 1940-1950-e ros
3TH JIOMa HACEJSIN MEPBOCTPOUTENH U IIAXTEPhI YTOIbHOTo Oacceiina ( ).

[Tpu peanuzanuu nepBoro re’miana roposaa B 1930-e rozs! Obljla CHOIB30BaHA KBApTAllb-
Has 3aCTPOMKa C MPEUMYIIECTBEHHO MTEPUMETPAIIBHON PACCTAHOBKOM JKUJIBIX TOMOB. BHyTpHKBap-
TalbHas TEPPUTOpHUs ObUIA 3aHATA MaTUCAAHUKAMHU, HEOOJBIIMMHU CKBEPAMU MU XO3MOCTPOMKAM.
Oco0eHHOCThIO TUIAHUPOBOYHBIX PEIIeHUI OOJBIIMHCTBA KHUJIbIX 3JaHUN MEePBbIX KBApTaJIOB OblIa
OpHEHTAIMs NapaJHbIMU (acajgaMyu Ha CeBep, B CTOPOHY TOrja emie cyiecTBoBasmero Craporo
ropojia. 3To /1aBaj0 BO3MOXKHOCTb OOJIBIIMHCTBY KMJIBIX IMOMEIIEHUH 00eCreYnTh XOPOIIYyI0 HH-
COJSIIMIO B TMPHPOTHO-KIMMATHYECKUX ycioBusx T. Kaparannma. OnHOBpeMEHHO OBbLT 3a0)KeH
MIPUHIIMIT aHCAMOJIEBOCTH CO CTOPOHBI MarucTpaiu, KOTopas Mmo3xe ObLIa B3ATa 32 OCHOBY OpPIraHU-
3alUM JKWJION 3aCTPOMKHU BIIOJIb ITIaBHBIX TPAHCIOPTHBIX ApTEPUI BCEro IOPOACKOro LeHTpa. Me-
cTaMH Obljla MCIIOJIb30BaHA MOCAJKA KHWJIBIX 3JaHUM MEePHEeHIUKYISIPHO MarucTpaisiM, 4To ObUIO
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uneeir Opacra Mas (Lebedev, 2004): apxurekTop 3a00THIICS, YTOOBI IIIyM YJIHUIEI HE OSCITOKOWII
s)kuteneit. B xonne 1930-x rogoB B ropoje MOSIBUIIUCH TPEX-, YETHIPEXATAXKHBIE JOMa, HA CTPOU-
TEJNBCTBE KOTOPHIX paboTany 3aKiIoueHHbIC. B BOGHHOE BpeMs JKWIIbIC 3/1aHUSI BO3BOJWINCH CKO-
POCTHBIM METOJIOM, MEHEE YeM 3a JBa MECsIla B CBS3U C MOTPEOHOCTHIO B KWIbEe U O0BEKTaX ro-
ponckoii mH(ppacTpykrypsr (Malinovsskaya, 2017). JloObiBaromasi mMpOMBIIUICHHOCTh HaOWpaia
000poTHI At obecnieueHus Thiia GpoHTy. OJHAKO, HECMOTPS Ha TO, YTO ObLJIA OCBOEHA TEXHOJIOTHUS
OBICTPOTO BO3BE/ICHUS JKUJIbsI, CTPOUTENbHAS MHIyCTPHS UMella ele ca0blid TOTESHIIHAI.

AKTHBHO TMPAKTUKYEMbIC B 3TOT PAHHUH MEPUO]T KOHCTPYKTUBUCTCKUE UJICH BBIPAXKAIKChH B
TUTAHUPOBKE JIOMOB: MIPHOPHUTET OOIIECTBEHHBIX MPOCTPAHCTB HAJl TUYHBIMU C TpeobIaaHueM ra-
0apuTOB OOIIMX 30H. 3a/1a4K CO3AaHUS KIMMATHIECKOTO KOM(pOpTa IBOPOBBIX MPOCTPAHCTB JKUIIOH
Cpelbl PEIIaoch IMyTeM BBEACHHSI COOTBETCTBYIOIIUX APXHTEKTYPHO-TUIAHUPOBOYHBIX METOJIOB —
OrpaXkJICHUE TBOPOBON TEPPUTOPUHU OT MArUCTPAIBHBIX JEKOPATUBHBIX Orpaji ¢ BXOIAHBIMH IMPOe-
MaMH, OOraTo OpaMEHTHPOBAHHBIMH y30pOM Ha OCHOBE CHMHTE3a HAIMOHAJIBHBIX W KIIACCHYCCKHX
MotuBOB. Ha Pucynie 1 mokasaHbl (hparMEHThI OTPAXKICHUS JIEKOpa Orpajibl ¢ JIEMEHTAMH KJlac-
CHUYECKHX MOTHBOB, TaK M HAIIMOHAIBHBIM OPHAMEHTOM.

Pucynok 1 — [Ipumep cHHTE3a HALIMOHATIBHBIX U KIACCHYECKUX MOTHBOB B 0(DOPMIICHUH OTPaXKIAIOUINX CTCH
[MaTepuansr aBTOpoB]: A) — Bua ¢ pocniekta uM. Abas (OviBmI. Jlennna); b), B), I') — BunbI ¢ mpocmekra
Hazap6aesa (ObiBII. OynbBap Mupa)

AKTHUBHOE HCIIOJIb30BAaHUE TEILJIBIX OXPUCTBHIX M CBETJIO-)KENTHIX OTTEHKOB IIBETA JUIS IO-
KpacKy Hapy>XKHbIX CTEH B COUYETaHUM C OEJIbIM I[BETOM JEKOpa U SAPKOM Yepenulibl KpOBelb CTaI0
CBOETO poja MPUEMOM CO3JaHHs MCUXO(U3NOIOTHIECKOTr0 KoMpopTa KHUIOH cpebl, MPOTHBOBE-
COM BH3YyaJIbHOI TOMOTE€HHOCTHU Ccpe/ibl pabounX MECT HIaXTEPOB. DTOT MPHUEM 3aKpENUIICA U MOJY-
YUJT IPEEMCTBEHHOCTD.
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3acTpoiika IpOCIEKTOB U NPUMArHCTPAIBHBIX TEPPUTOPHIA HMEET BaXKHOE I'PaIOCTPOUTEIh-
HOE€ 3HAUYEHHUE B CHCTEME BCEro ropoja. ITOMY MPHIABAIOCH OOJIBIIOE 3HAUEHUE B XOJE pean3a-
UM TeHepanbHOro IuiaHa. [IpuHnnnsl ancamOIeBOCTH, BBHIPRKEHHBIC B HCIOJIB30BAaHUU CHMMeE-
PHYHBIX KOMITO3HMILIUH KUIBIX TOMOB, (POPMUPYIOIIUX MEPBBIA (PPOHT 3aCTPONKH, BBIIEISIOT LIEIIbIC
KBapTabl, mocrpoeHHbie B 1950-1960-x rogax. lleHTpaibHBIC CEKIIUU PsiJia TOMOB HECKOJIBKO BBI-
JIBUHYTHI BIEpe]l K yJIHIE, TAKKE KaKk U (IIAHKHPYIOIINE CEKIMH, OJlaroapsi 4eMy CO3JaeTCsl PUT-
MHUECKas IJIACTHKA B apXUTEKType A0Ma, HAIIOMHHAIOIIAs ABOPLIOBBIEC MOCTPOWKH. B apxurekTyp-
HO-XYJIO)KECTBEHHBIX ()OPMax 3TOro MEPHO/Ia, UCIIOIb3ys BBEACHHYIO npodeccopoM CaMOMIOBBIM
K.U. knaccudukanuto (Samoilov, 2004), MOKHO KOHCTaTUPOBATH MPEOOIaJaHue HAMOHAIBHO-
KJIACCHUYECKOT'0 HAINPaBJICHHUS, BBIPAKEHHOE B MCIOJIB30BAHNUU JICTANICH Pa3IMYHBIX OPAEPHBIX TEM:
OpPHAMECHTUPOBAHHBIE OPJCPHBIC JIETaIH, aOCTPaKTHO-(PUTypaTHBHBIC TAHHO U BCTaBKH. MecTaMu
BCTPEUAIOTCS OpHAMEHTHPOBAHHbIE (paHTa3HIHBIC Op/epa U B OoJiee MO3AHUI EpHO — YIPOIICH-
Hasl KJIACCHKA C JISTasIMU a0CTPAKTHOM COBETCKOI CUMBOJIMKH (CEpIl, MOJIOT, 3B€3/1a U TIp.).

B nenom, apxurtekrypa Kaparanasl moctpoeHa Ha CHHTE3€ C MOHYMEHTAJILHBIM HCKYCCTBOM
— «CKYJBITYPHOH, KUBOIIMCHOM M MO3aWYHOU JIETONIMCBHIO», MPEACTABIISIOLYI0 XPOHOJIOTHIO CTa-
HOBJICHUS TOPO/ia ¢ COOCTBEHHOMW TITyOOKOH McTOpueil. Prucynok 2 IeMOHCTPHPYET MpearnodnTae-
MbI€ COYCTAHUS IIBETOB, BBIOPAHHBIC MECTHBIMH aPXHTEKTOPAMH C LIEJIBIO CO3JAHUSI BU3YAIbHOIO
KoM(opTa KUIIOT0 MPOCTPAHCTBA TOPOJICKON CPEebl U HACEICHUS, B OCHOBHOIM Macce 3aHsATOro B
JOOBIBAOIICH MPOMBIIIICHHOCTH C BBIHY)XKJICHHBIM MpPEObIBAHUEM HUXKE OTMETKH 3E€MIIH, 4Yepe3
TETUTYI0 TaMMy OTTEHKOB B CYPOBBIX IIPHUPOTHBIX YCIOBHSX CTETICH.

b)

Pucynok 2 — OCHOBHOW I[BET 3IaHUI — JKEJITHIA B COYCTAHUU C OCIIBIMHU 3JIEMEHTaMH JICKOpa [MaTepHaibl aBTOPOB]:
A), b) — Buzpl ¢ npocniekra uM. AGast (ObiBIIL. JlennHa)

Bwmecte ¢ tem, nepuoay 1940-60 rr. xapakTepeH MOUCK BBIPAKEHUS, CBI3AHHBIM C MHTEP-
nperaiyell pernoHanbHbIX GopM. Ha Pucynke 3 mpoaeMOHCTPUPOBAH Psiji MPUMEPOB MCIIOJIB30Ba-
HUs Ha (acamax (POHTOHOB CTPENBYATHIX OYEPTAHHUI, apOYHasi OKAHTOBKA BXOJHBIX W OKOHHBIX
pOEMOB, OTCBHIIAIOIIMX 3PHUTENS K TPAIUIIMOHHOMY 3014ecTBY cTpaH Bocroka (Abdrassilova &
Danibekova, 2021). MeTpopuTMUYecKrii KOMIIO3UIIHOHHBIA Psii (DOPM M 3JIEMEHTOB TPaIUIHOH-
HOTO JIEKOPATUBHO-TIPUKIIATHOTO UCKYCCTBA — TMOKUX K PAa3JIMYHBIM aJIbTCPHATUBHBIM BapHAIlHsIM,
COCTaBHJIM OCHOBY CBOEOOPa3HOM OTIEeNKH (DacaioB MECTHON apXUTEKTYPHI.
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A)

Pucynox 3 — JlekopaTHBHbIE 2JIEMEHTHI XHJIBIX 31aHUH [MaTepHallbl aBTOPOB]:
A), b), B), I'), ) — BuzsI co npocnexra uM. Abas (ObiBI. JIeHnHa)

1950-¢ romapl KHUIMIIHOE CTPOUTENHCTBO IMOJYYHIIO HOBBIH WMIYILC, MPOAMKTOBAHHBIN
HEOOXOIMMOCTBIO 0OecrieueH s KaXKI0i CeMbH OTACTbHON KBapTUpoil. B 1959 r. BcTymun B cTpoit
JIOMOCTPOUTENbHBIN KOMOMHAT, U KUJIUIIHO-TPAXKIAHCKOE CTPOUTENHCTBO B Kaparanae moiy4uso
UHIycTpuallbHyI0 ocHOBY (Architecture, 2021). HoBslit ropoa cTai ObICTPO 3aCTpauBaThCs, HA €r0
TEPPUTOPUHU TIOSIBIIIUCH KPYITHBIE JKUJIbIE MACCHBBI C MHOTOITaXHBIMU OJIarOyCTPOCHHBIMH JIOMa-
Mu. Oco3HaHMe CBepUIMBIIEHCS MOOeIbl BIOXHOBIISIO apXUTEKTOPOB B IIOCIEBOCHHOE BPEMsI U T10-
BIIUSUIO HA BBIOOP apXUTEKTYPHO-TPAJOCTPOUTENHHBIX IPUEMOB: B JKWJIbEe ObLT UCTIOIH30BaH MPUH-
LU IBOPIIOBOM 3aCTPONKH — CUMMETpHSI, BBIABI)KEHNE LIEHTPAIbHBIX U NepU(pepuitHbIX 00bEMOB
JUIsl CO31aHMS pUTMA U TUIacTUKU. Ha rpaocTpouTenbHOM YpOBHE aKTMBHO MCIIOJIb30BAaHbl aHCAM-
OJieBble MPUEMBI — BbIIEJICHUE YIJIOBBIX OOBEMOB KUJIOW 3aCTPOMKHM Ha MEPEKPEecTKax YJHIl CUM-
METPUYHBIMH aKIIEHTaMH TI0 BBICOTE, TUIACTUKE, aKTUBHBIM HCIIOJH30BAHUEM IEPBBIX dTAXKEH MO
oOmiecTBeHHbIE (YHKIUH U JIP.

Peanu3ainus reHepalbHBIX TUIAHOB, pa3paboTaHHbX B 1960-e roasl, o60o3Haunnack B r. Ka-
paranjae nukBuganuend Craporo ropoja. JXXumas 3acTpoiika mpeacTaBieHa CEPUHHBIMU THITOBBIMHU
JIOMaMH, apXUTEKTYpa KOTOPBIX COXPAHSAET MPEEeMCTBEHHOCTh BBIpA0OTaHHBIM METO/1aM M IpHeMaM
10 YaCTU CTUJIMCTUYECKUX OCOOCHHOCTEH M TPajloCTPOUTENbHBIX TpueMoB. COXpaHEeH 1iar, MeTp U
MaciTad 3aCTPOWKH LEHTPAIBHBIX YJIHUL. APXUTEKTYPHO-XYA0KECTBEHHbIE ITPUEMbl OCHOBAHbI Ha
HOBOW HMHTEPHpPETAllMd OpPHAMEHTAJIBHBIX U TPAAMIIMOHHBIX MOTHBOB B CHHTE3€ C YIPOIICHHOMN
KJIACCUKOM. 3/1€Ch YMECTHO BCIIOMHUTBH M3BECTHOE IOCTAHOBJICHHE, HABS3BIBAIOLIEE OYEHb CHEP-
YKaHHYIO TIACTHUKY (acaaoB )UIbIx gomMoB (Decree No. 1871, 1955), koTopoe 3aBEpIIHIO JMOXY
COBETCKOTO MOHYMEHTAJIFHOTO KJIACCHIIN3MA («CTATMHCKOTO aMIMpa») B MPOSKTUPOBAHUU U CTPO-
UTENbCTBE.
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B 1968 r. Obl1 yTBEepKJeH HOBBIA T'e€HEpalbHBbIN TuIaH pasButHs Kaparanmer Ha 650—700
toic. xuteneil (HHWW rpagoctpoutenscrBa, r. MockBa, apxutekropbl B. IllkBapuxos, A. Xox-
noB). K aToMy BpemeHu Oblia pelieHa rnpobdiema TeppuTopruaibHOro pazsutus Kaparanjsl, 0oCHOB-
HBIM TPUHIIMIIOM KOTOPOTO SIBISIETCS pPa3MEIICHHWE MAacCOBOTO CTPOMTEIHCTBA HAa O€3yroJIbHBIX
teppuropusax. OcymecTsisiercs 3actporika FOro-Bocrounoro miaHupoBo4HOro paiioHa, rae Hame-
qaJochk co3naHve 1eHTtpa bosbmon Kaparangel. cnonb3ys IUIaHUPOBOYHYIO —CTPYKTYPY
A. Kysnenosa, apxutekropsl Kaparanner C. Mopasunne, M. XKannayneros, b. Koiimmbekos,
I'. Cokom0B co3/1aI1 CUCTEMY OOILECTBEHHBIX LEHTPOB, KOMIIO3ULIMOHHO HUCIIONb3Ysl IPalOCTPOU-
TeJIbHbIE TEHACHLIUU TEX JIET, COXPAHSSI MPU 3TOM IPEEMCTBEHHOCTh I'PaJOCTPOUTEIBHBIX UIEH B
apxuTeKkType ( ). ITo npocnexry byxap-Xsipay u OyinbBapHOMY MOTYKOJIBLLY
CO3JIaH Pl APXUTEKTYPHO-KOMITO3UIIMOHHBIX Y3JI0B, COCTABIISIOLINX OCHOBY CUCTEMBI OOIIETOPO/I-
CKOTO LIEHTpa. | 1aBHBIE KOMIIO3ULIMOHHBIE OCU FOPOJIA, BIOJIb OCHOBHBIX LIEHTPAJIBHBIX MarucTpa-
Jeil TOpOoJICKOro LIEHTpa MOAJEp’KaHbl IMIMPOKUMHU O1aroyCTpO€HHbIMU OyjibBapaMu, ajuIesIMH,
IUTOINAZKAMH JUIsl OT/bIXa, (POHTaHAMU, MaJbIMH APXUTEKTYPHBIMU (OPMaMH, CO3JAOIIUMU KOM-
¢dopt. iMeeT MecTO TEHIIEHIHS YKPYITHEHHS JKWIBIX KBAPTAJIOB, BRIPAKEHHASI B CTPEMIICHUH Opra-
HU3alM1 MUKPOPAHOHHOM 3aCTpOMKH, YTO SBUJIOCH OTPA)KEHUEM MPUOPUTETa OOLIECTBEHHOIO CO-
3HAHUA HaJl IMYHBIM, XapaKTEPHBIM ISl JAaHHOTO BPEMEHHU.

B cepenune 1960-x romoB ObuT pa3paboTaH MpOEKT Iu1aHupoBKH . Kaparanma. Xapakrep-
HOW OCOOCHHOCTBIO 3TOTO MEPHOAA CTAHOBUTCSI CTPOUTEIBCTBO Ha (JOHE MSATHITAKHOTO MACCOBOTO
KWIbsl 110 TUIIOBBIM IIPOEKTaM JKUJIBIX JOMOB IOBBIIIEHHOW 3TaKHOCTHU. 3acTpoiika ropona 1970-x
roJI0B HauMHaeT o0orauaTbCsi 3a CYET BBICOTHOIO CTPOUTEILCTBA. B KUIOM JNEBATUITA)KHOM Oa-
meHHoM gome B Kaparange cnapeHHbIE JIOJDKUM HaxXoIsATcs B cpeqHei yactu dacana. IToepx-
HOCTb CTEH PACWICHEHA KPYMHbIMU KBAJPATHBIMH IUIMTAMU OOJIMIIOBKH ( ). Apxu-
TEKTYpPHO-XY/10’)KECTBEHHbIE (DOPMBI MHOTO3TaXKHBIX KHJIBIX JIOMOB 3TOr0 IEPUOJIa MOXKHO OTHECTH
K UHAYCTpUaIbHO-UHTEPHALMOHAILHOMY HAIIPaBJICHUIO, BBIPA)KEHHOMY 4epe3 MACCUBHYIO IIACTH-
Ky C HEOOJIBIIIMMH BUTpakaMu Ha (hacasax.

B 1970-x rogax, B cBsI3u CO BCEOOIINM MOBBIIIEHUEM CTaHApTa KWIKIIA U C MOSIBICHUEM
IIPOrPECCUBHBIX MTPOEKTOB, B HEKOTOPBIX ropojax Kazaxcrana ycrapeBlIne CEpUn yCTYIUIN MECTO
6osee coBpemeHnHoi Ne 97-1 cepumn, pazpadorannoit B Cu63HMUMOBIIe (apxutexkropsl M. [Ipomuis-
koB, B. Ilecomun, T. XKypasckas). Cepust 97 B mpoliecce ee MpakTUYECKON peanu3aluy Haluia
IIPUMEHEHNUE B pailoHaX, CYLIECTBEHHO OTJIMYAIOIIMXCS MPUPOJHO-KIMMATUYECKUMHU U JIeMOrpa-
¢udeckuMu ycnoBUsIMHU. B yacTHOCTH, MPUMEHUTENHHO K ycioBUaM I. Kaparanna, B ee KOppeKTH-
POBKE MPOSBUIIOCH CTPEMJIEHHE K MHIUBUAYAIU3AIMH ICTETUYECKUX Ka4yeCTB MacCOBOM KHIIOH 3a-
crpoiiku. B r. Kaparanna BHeapeH Tak Ha3bIBaeMblil OJOK-KOMIUIEKTHBI METOJ MPOEKTHPOBAHUS
KWIbIX TOMOB (apxutekTopsl A. 'octeB, A. MopaBuHIEeB, HHkeHeps! J. ['ymmens, A. MenbHUKOB,
I'TIN Kaparanparopcensnpoekt, 1981 r.). 3ToT MeTOA mpearnosaraeT UCHOIb30BAHUE B KaYeCTBE
OCHOBHBIX CTPYKTYPHBIX €IUHHI], TaK HA3bIBAEMbIX OJIOK-KOMIUIEKTOB — «COCTABJISIFOIIMX YCJIOB-
HBIX JKWJIBIX CEKLMH, paCWJICHEHHBIX HA TPU YaCTH IO OCAM IONEPEYHBIX HECYIINUX CTEH, OTPAHU-
YUBAIOUINX JIECTHUYHO-TU(TOBOW y3€J W IMOMEIIEHUsI NMPOTUB HEro» ( ).
OTOT METOA JaJl BO3MOXHOCTb PACIIMPEHUS CO3JaHUS Pa3JIMYHBIX THUIIOB CEKLMH U JOMOB, OTJIH-
YaIONUXCs MO0 KOH(HUTypamuu ¥ COCTaBy KBapTHUp, IJIACTHKE (acagoB, CBOOOTHOW OpHUEHTAINH
BXOJIOB 0€3 YBEIMUYEHHs] HOMEHKJATYpbl MHIYCTPUAIbHBIX U3JENUH, BBITYCKAeMbIM JIOMOCTPOHU-
TeIbHBIMU MPEaNpUATHIMU 110 6a30Boii cepun Ne 97/1, npunsToii B r. Kaparanaa, kak nmokasaHo Ha

( ).
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Pucynok 4 — BIOK-KOMIUIEKTHBIN METO/I IPOSKTUPOBAHHUS: A) — OCHOBHBIC THITHI U IPUEMbI KOMIIOHOBKH
610K-KOMIUTEKTOB; B) — BubL, mianel 6mokoB (Glaudinov et al., 1987).

Ha py6exe 1970-1980 rogoB HabupaeT 000pOTHI MPOSKTHPOBAHUE U CTPOUTEIHLCTBO 00pa3-
I[OBO-TIOKa3aTeIbHBIX KOMIUIEKCOB TaKUX, KaK *uible Mukpopaionsl Ne 28 (apxurektop A. Epmo-
naeB, uHxk. A. Illeromuxun u nap.), «Opburta» (1982-1985 rr., apxurextopel A. Ilerpux,
M. JlxannayneroB, A. Epmonaes, H. TokaeB, A. BaiikoB) u «Crennoit» (apxurekropsl C. Mopa-
BuHIleB, A. Epmonae, A. ['octeB, A. Tutapes, P. HypGekosa, umxk. 3. ['ymens) B 1. Kaparanma
(Pucynox 5). BeipaboTanbl IpUEMbI PAIlMOHATBHBIX aPXUTEKTYPHO-TIIPOCTPAHCTBEHHBIX PEIICHUIN
KHJTBIX KOMIUIEKCOB (KBapTUP, CBOOOJHBIX MPOCTPAHCTB U KUIIBIX JOMOB), HanOOJ€e MOJHO OTBE-
YAIOIIUX OCOOEHHOCTSAM MPUPOTHO-KIMMATHYECKUX YCIOBUN. B yClOBUSX MOBBIIIIEHHON BETPOBOU
aKTUBHOCTH M COJHEYHOW paauanuyd OOBEeMHO-TNIAHUPOBOYHBIC PEIICHHS IPEIyCMaTpUBAIOT
(GYHKIIUU caMO3aIIUThl BHYTPUKBAPTUPHBIX MPOCTPAHCTB. JKMIIble U JIETHHE MOMEIEHUS! Pacioo-
KEHBI C MOJABETPEHHOM CTOPOHBI, B TO BpeMs Kak (acajbl, oOpallleHHble K HABETPEHHOW CTOPOHE,
JUIIEHB! OAJIKOHOB U JIOMKUH U MPEJICTABIAIOT cO00M MIOCKHE MOBEPXHOCTH € HEOOIBIIUMH TIPO-
emamu. Dacaj ¢ MOABETPEHHON CTOPOHBI UMEET XapaKTep FKHOTO KHIIbsl, 00JIee TIaCTHYHBIN, pe-
abeHbIH XapakTep, 3a cyeT OAlIKOHOB, JOMKHN U axypHbIX pemierok (Glaudinov et al., 1987).
ApPXUTEKTYPHO-XYI0’)KECTBEHHBIE TPUEMBI JKMJIBIX JIOMOB OCHOBaHBI Ha WHIYCTPHAIBHO-HAIHO-
HAJIbHOM HAIIPaBJICHUM: BBIPAXKEHHOM HCIIOJIb30BAaHUH IIBETO-pelbe(HBIX OpHAMEHTAIbHBIX BCTa-
BOK, MEJIKOMOJYJIbHBIX COJIHIIE3AIIUTHBIX PELIETOK, a0CTPAKTHBIE U CIOKETHBIX IMTAHHO Ha (hacajax.

A) e B)

I)

Pucynok 5 — Kaparanna. Kpynnonanensasie sxnibie joma: A) — MKp. «CTemHOMY, XKITbIe 1oMa cepui 97;
B) — mepBas yrioBas 6510K-cekuus 3 0JI0KOB-KOMIUIEKTOB, MKp. Opbura; B), I') — makeTs! Mkp. CTemHOM
(Glaudinov et al., 1987).
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K uncny Hanbosiee BaXKHBIX MEPONPHUITHH, PEaTU30BAHHBIX B JKUJIOM paiioHe «CTEmHOM»,
OTHOCHUTCSI TIOUCK pelieHui cepuu Ne85, HampaBlIeHHBIX Ha IMOBBIIICHHE YA00CTB M KoMopra
MIPOXKUBAHUS Ha MEPBOM M BEPXHEM STaXKax IMATU U JIEBATUATAXKHBIX A0MOB (Pucynox 6). s xu-
TeJe MEepPBBIX 3TaXel OpraHU30BaHbl IPUKBAPTUPHBIE YYACTKH, AJIS MIPOKUBAIOLIUX HA BEPXHUX
ATa)Kax — yCTPOMCTBO KBapTHp B ABYX ypoBHsx (Glaudinov et al., 1987).

AN B)

PucyHnok 6 — JleBITHATaXKHBIE MHOTOCEKIIMOHHBIE IoMa: A) — MHOTOCEKIIMOHHBIE I0Ma-3KpaHbl B MKp. Ne2§;
B) — 125-tu kBapTUpHBIi x)II0it oM cepun Ne85. O6mmmit Bug (Glaudinov et al., 1987).

B 1994 rony npousBeneHa KOppeKTUpOBKa reHmiaHa u paszpadoran IIJII1 (mpoekT neranb-
Ho maHupoBkH) FOro-BocToyHOro miaHMpoBOYHOTO paioHa, OJHAKO JAaHHBIN JOKYMEHT He ObUI
yTBepkaeH. HecMoTpss Ha 3TO, CTPOUTENLCTBO BEJIOCH OTIEJIBbHBIMHU IMSATHAMU M3 MHOI'O3Ta)KHBIX
KUJIBIX JOMOB, B IIEPBYIO Ouyepeab BJOJIb FOPOJCKUX Marucrpaieil, ¢popmupyrooummx (GpoHT 3a-
CTPOMKU. ApPXUTEKTYPHO-XYJO0KECTBEHHbIE IIPUEMBI JKUJIBIX JIOMOB 3TOT0 IEpPHOJia BhIPAXKAIOTCS
IIPEUMYLIECTBEHHO CHOBAa 4Y€pe3 HHIyCTPUAIbHO-UHTEPHALMOHAIBHOE HAIIPaBJIICHHUE, IPENCTaB-
JIEHHOE MCIOJIb30BAaHMEM NaCCUBHOM IIACTUKHM C BUTpakaMM, JEKOPOM U MaHHO Ha ¢acanax >Ku-
JIBIX 3JaHUH.

Oco0ast posib B CIOKEHUU PETHMOHAIBHON HIAEHTUYHOCTU OTBOJAMUTCS B3aUMOOTHOILEHUIO
MEX]y YeJOBEKOM M apXHUTEKTypoil. Bocmnpusrtue XynokecTBEHHOTO o0pa3a B KOHTEKCTE 3IOXU
norpedureneM o0yCIOBIEHO NTOHUMAaHUEM €ro 4epe3 KOHKPETHYIO COLMAIbHO-UCTOPUUYECKYIO CH-
TYyaluio, UHAUBHUIyaJIbHBIM WIM OOIIECTBEHHBIM YCTAaHOBKAM, 3CTETUYECKHMM HOPMaM, BOCIPUATH-
€M B acleKkTe (PyHKIMOHAIBHBIX TOTPEOHOCTEN U MPOLIECCOB.

XyI0XKECTBEHHAs! COCTABIIAIONIAs PETMOHATBHOIO 00pa3a — CHUCTEMa 3HAKOB U KOJIOB, OTChI-
JaroIas peUuneHTa K aHaJOTUH U aCCOL[MAaTUBHOCTU C KOHTEKCTOM MECTa, IPUYACTHOCTU K UCTO-
puu U KyjiabType. CUMBOJIBI M 3HAKU TakXke, HECYT MH(POPMATUBHYIO Harpy3Ky M CUTHAJIU3UPYIOT O
(GYHKIMOHAILHOW cocTaBsitomiell o0bekTa. Pa3nnynble cMMBOJIBI U 0003HAUEHUS, BBIPAXKAIOIIMECS
HE IIUTaTHO, a MeTa(OPHUECKH — CIIOCOOHBI BOCCO3/aTh PETMOHAIBHBINA TyX B I€JIOM, B pycje Halu-
oHaITEHOH (urocopun u KyapTypsl (Danibekova, 2023). B cBoro o4epe/b, CHMBOJIBI MOXKHO OTHECTH
K IPOCTPAHCTBEHHBIM PETHOHAJILHBIM apXETUIIaM, KOTOPbIE Yepe3 CBOe0OPa3HyI0 TPAKTOBKY MPSIMbIX
WM 00pa3HBIX OTCHUIOK BBIABISIOT CYTh 3TOM camoi naeHtunyHoctu. Hanpumep, o0pa3 TepprukoHa —
IIPUBBIYHOIO JUIS TUX MECT — KOHUYECKOr0 MPUPOIHOTO OTBAJIA U3 ITCTHIX OPOJ, NCIIOIb30BAHHBIN
B 00pase Tearpa, WK MPUEMbI IBOPLIOBON apXUTEKTYpbl, HHTEHCUBHO HCIIOJIb3yeMbIE B KHJION 3a-
CTpOMKE /715l MPUOOIIEHUsT Pad0UHX-IIIAXTEPOB K BHICOKUM HJieaiaM (KyJIbTYPHOMY Pa3BUTHIO) — 3TO
AJIEMEHTHI CUCTEMbI 3HAKOB C OTCBHUIKOW Ha UCTOPHIO U KYJIbTYpY, Ha KOHTEKCT. B 3TOM, HaM BUIUT-
Csl, OJTHO U3 BBIPQKEHHUI MPUHIIUIIA YHUKAIBHOCTH PETHOHAIBHOTO XY0KECTBEHHOIO 00pa3a U BU3Y-
aJIbHOW BBIpa3uTENbHOCTH (POpM B apxutekType ropoaa Kaparanza.

EsxeHeBHO yenoBek NpeObIBaeT B apXUTEKTYPHOH cpelle M BHU3YaJIbHO «CUMTHIBAET» WH-
dbopmaruio, TeM caMbIM B3aUMOJACHCTBYS ¢ Hell. dopMupoBaHUE Cpebl 00YCIOBICHO MPOIECCOM
JESTeIbHOCTH, IPOUCXO/SAIINM B HE U OCOOCHHOCTSIMHU €€ BOCHIPHUATHS. DTO MPOUCXOIUT IyTEM
CJIO’KEHHS] HEOOXOIUMBIX (PaKTOPOB, TAKUX KaK B3aMMOCBS3b U COINOAYMHEHHOCTb €€ JJIEMEHTOB,
TFapMOHMYHbIE BKJIIOYEHMSI HOBBIX 3JIEMEHTOB B CYIIECTBYIOUIMI KapKac M YMEJIO€ COYETaHUE C
OKpy’Karolien npupojoi u nanamapToM. ApXUTEKTypHasl Cpeia MOXKET BBIABUTh y 3pUTENs 3Ha-
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KOMBIE aCCOLMAlU U3 J)KMU3HCHHBIX IIEPEKUBAHUM, B TOXKE BPEMs BBI3BATh HOBBIC HEIPHUBBIYHBIC
OLIYIIEHUS. 3/1€Ch BayKEH OAIaHC LEJIOCTHOI'O BOCIPUATHS OKPYIKaIOLIEH CPe/ibl, BBIPAXKEHHOTO Ye-
pe3 cucTeMy XyJ0KECTBEHHBIX 00pa30B M aCCOLMALMM, U €IMHCTBA B COMOAYMHEHHOCTH U B3aUMO-
neiicTBUU (YHKIMOHAJIBHBIX U YMOLMOHAIBHO-00pa3HbIX 3JIeMEeHTOB. L{enocTHoe BocmpusaTue mpo-
CTpaHCTBa 00YCJIOBJIEHO IIyOOKMM BCEOOBEMIIOIIUM CHHTE30M — COBOKYIHOCTBIO HAKOIUIEHHOI'O
OIbITAa U TAPMOHMEN BCEX OCHOBHBIX JIEMEHTOB CpEAbl, UX KOOPAMHALMHU, IPUJIaBas TEM CaMbIM
CMBICJI, APXUTEKTYPHOMY IPOEKTUPOBAHUIO ( ). Ycnex U KM3HEHHOCTh PEruo-
HaJIbHOM HMJIEHTUYHOCTH B apXUTEKTypE€ BO3MOKHBI IIPU OJHOBPEMEHHOM YCBOEHUHM HCTOPHUKO-
TFEeHETUYECKOr0 KOHTEKCTa MECTa, TaK U BIMSIHUN MOTEHIMAJIbHBIX PECYypCOB BHEIIHEN cpensbl. [Ipu
TaKOM IOJXOJ€ Cpelia BCErla HaXOAUTCS B IIOCTOSHHOM IIPOLIECCE CaMOOPraHU3aluy — FapMOHHY-
HOM pa3BUTHUH.

B nenoM, KOMIIO3UIIMOHHAST BBIBEPEHHOCTh COCTABIIAIOIINX APXUTEKTYPHOIO IIPOCTPAHCTBA
KWION 3aCTPOMKH, 1IAr, PUTM, OIpe/IeIEHHbIE LIBETOBbIE COUETAHUS, BHUMATEIbHOE OTHOIIEHHUE K
JeTalsiM, BHOCAT BU3yallbHble PETMOHAIbHBIE NMPU3HAKM B CUIIYAIThI 3[aHUM, oOoramias naaurpy
MEPCIIEKTUBHBIX BUJIOBBIX HAINPABICHUN, PACKPBIBAIOIIMXCS 3PUTEII0 MO0 MEPE €ro JBUKEHHUS OT
OJTHOTO JKHJIOTO MacCUBa K JpPyromy.

5 BBIBO/IbI

B npouecce uzyuenust u aHanu3a apXuTeKTypsl kol 3actpoiiku 1930-1990 rogos r. Kapa-
ratijia ObUIO YCTaHOBJIEHO CIIEAYIOLIEE:

1. PeruonanpHas MIEHTUYHOCTH APXUTEKTYPHI KUJIOW 3aCTPOMKU BBIpAXKEHA Yepe3 UCIOJIb30Ba-
HUE OCHOBHBIX MPUHIIMIIOB: CO3JIaHUS KIMMATHYECKOTO (CAaHUTAPHO-TUTHEHUYECKOr0) U TICH-
xo(uznonorunyeckoro KompopTa; KOHTEKCTYaIbHOCTH; KPUTUYECKOTO OCMBICIICHUSI TPAAHUIIHIA
Y UHHOBALIH.

2. Co3zganue mcUXOoPHU3UOIOTHYECKOT0 KOMGOpTa apXUTEKTYPHO-TPOCTPAHCTBEHHOW Cpeabl Tro-
poJia pemanach 3a cyeT MPEIOMIICHUS TPaIULMi B HOBOM mapaaurMe rapMOHMYHOTO COCYyIie-
CTBOBAHMSI COBPEMEHHON apXUTEKTYPbl H TPAJAULIMOHHBIX (OPM, 3HAKOB, 3HAKOBOTO IIBETA U .
OnHuM 13 BaXXHBIX BhIpazuTesield KoM(GOPTHON Cpenbl SBISAETCS TEIUIbIE OXPUCTHIE OTTEHKH (a-
CaJIOB KWJIbIX 3/IaHUN B COUYETAaHUE C OETBIM [IBETOM, MPUHSATHIE KaK I[BETOBON KO/, MPOTUBOIIO-
CTaBJICHHBIN CEPOMY TOMOT€HHOMY BH3yaJIbHOMY IOJI0 HHAYCTPHAIBHOW 30HBI U MPaYHBIM
MO/I36MHBIM IIPOCTPAHCTBAM BBIHYKJIEHHOTO MPEOBIBAHUS IIIAXTEPOB.

3. Tlpum oprarm3anuu mcuxo(Gu3UIOrHIECKOro KoMpopTa TOPOACKOW cpebl OObIas Pojb OTBE-
JIEHA CO3/IaHHI0 CHCTEMbI O3€JICHEHHBIX TEPPUTOPUN BIOJIb TJIABHBIX KOMIIO3UIIMOHHBIX OCEH —
MPUMAaruCTaIbHBIX 30H, CKBEPOB, OyJIbBApOB, aJlJIEH U CUCTEM OTKPBITHIX TEPPUTOPUN — TLIO-
maie, SCIUTaHaabl IMEHTpa, TUIOMIAI0K OOIIEeCTBEHHBIX 3/aHUN M CHEIHATU3UPOBAHHBIX IICH-
TPOB U Jp.

4. Opranuzanus ncuxoPpu3noI0THIecKoro koMpopra myTeM co3faHusi 0e30nacHON, KOJIOPUTHOM,
JOCTYITHOM, 3CTETUYECKH MPUBJIEKATEIbHOW Cpebl Ha BCEX YPOBHSIX €€ BOCHPUATHS 4Yepe3
KOMILJIEKC ONPEIEIEHHBIX apXUTEKTYPHO-TPAJOCTPOUTENBHBIX TPUEMOB U METOJIOB: «TOPOA —
KBapTal — JIBOp — KBapTUPa» — COCTABJISET LIEHHOE CO/Eep KaHME KHUIION 3aCTPONKH, OTpaxkaro-
1iee e€ peruoHaJIbHBIA XapaKkTep.

5. Co3gaHue KIMMaTHYeCKOro KoM(opTa Cpeasl peranoch Ha IpOTsSHKEHUH BCEro paccMaTpuBae-
Moro nepuoza. [IpuHIMI KIMMaTHYecKoro KoMgpopTa UCIOIB30BaH MPH pa3padOTKe METOIOB
OOpBOBI C M3ITUITHEH WHCOJSAIMNEH, YCUIIEHHBIM BETPOBBIM PEKUMOM U TUCKOM(OPTHBIMHU TIO-
TOJIHBIMU YCIIOBUSIMH, BBIPA)KEHHBIMU B aKTHUBHOM HCIIOJB30BAHUM JOMOB-3KPAHOB, XapaKTe-
POM 3aCTpOMKHU (OTKPBITON M 3aMKHYTOM ), OPUEHTAIIMEH TI0 CTOPOHAM CBETA, CHUIYITOM 3JaHUH,
pazaeneHreM OOIUX ¥ MPUBATHBIX 30H JEKOPATUBHBIME orpagamu u Ap. [Ipu 3ToM, OCHOBHBIM
(YHKIIMOHATFHO-TIJIAHUPOBOYHBIM IPUEMOM SIBIISIETCS 3aMKHYTasi KOHGUTYypalust )KUIIbIX oOpa-
30BaHMi, C UCMOIB30BaHUEM Oy(QEepHBIX 30H MEXAY TEPPUTOPHSIMU OOIIETO M OTPAaHUYCHHOTO
MOJIL30BAaHUM U JIp.
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6.

YcuneHnrue peruoHanbHON UIEHTUYHOCTH 0a3UpyeTCsl HA MHCTPYMEHTAaX TPAHCISLMU TPaguliy
4yepes UCTOIb30BaHUE ayTCHTUIHBIX (DOPM, apXETUIIOB, AEKOPA, CAMBOJIMKHA. ITO CTAJIO JOCTH-
KUMO ITyTeM TBOPYECKOTO MEPEOCMBICTIECHUS, OCHOBAHHOTO Ha JUAJIEKTUKE COBPEMEHHBIX TCH-
I[GHL[I/Iﬁ B apXUTCKTYPEC U I‘HYGOKOFO IMOHUMAaHHA IICUXUYCCKOTO CKJIaga HAPOJHOI'O MBIIIIJICHUA,
3aKOHOMEPHOCTH U 11€71€c000pa3HOCTH, OTpa3uBIINXCA B (hopMax, OpHAMEHTaX U T.1.
CaMO0OBITHOCTH 00pa3a KWUJIOW 3aCTPOUWKH TOPOAA, CIOKHUBIICHCS Ha OCHOBE OMPEACIICHHBIX
MOJIXOJIOB K €€ OCMBICIICHHIO Yepe3 CUHTE3 MCKYCCTB, HOBOE IPOYTEHHE OpPHAMEHTa U Hapoj-
HBIX MOTUBOB B MHTEPIPETALNHU KIACCUYECKUX (OPM, COBPEMEHHBIN OOHOBJICHHBIHN THIT ayTEH-
TUYHOW apXUTEKTYphl B 00pa3ax HayKH M TEXHUKHU 3aCIy>KUBAIOT 0coboro BHMMaHwus. Tak, ap-
XUTEKTypa CIyXHWJIa B KaueCTBE UJCOJOTUYECKOT0 CPEICTBA U MHCTPYMEHTA BO3JCUCTBUSA Ha
O0IIECTBEHHOE CO3HAHUE.

PernonanbHas apxurtektypa Kaparanabl — 3TO rapMOHUYHBIA CUMOMO3 ayTEeHTUYHBIX (PopM,
TPAAUIUOHHLBIX JJICMCHTOB HAPOAHO-IIPUKIAJHOI'O0 HCKYCCTBA, TpaHC(i)OpMI/IPOBaHHI)IX 10
BIIUSIHUEM IPUBHECEHHBIX UJCH, COBPEMEHHBIX TPEOOBAHMM CTPOUTENHCTBA U JIMYHOTO BHUJE-
HHA aBTOPOB, OTXO0Aa OT KAaHOHOB U ITPOABJICHUS YHUKAJIbHOCTH.

BusyanpHas BBIPa3UTENBHOCTH (POPM KHIIOM 3aCTPONKHM uepe3 KOMITO3UIIMOHHBIE MPUEMbI —
CO3JJaHUE MHTEPECHOTO CHIYdTa 3[aHUNA M KOMIUIEKCOB, MACCHBOBAKTHMBHOE HCIIOIH30BAHHE
I[BETOBBIX COUETaHUI, MHPOPMATUBHOCTD U IIACTHYECKast MpopadoTKa (acamos, CBsI3b C OKPY-
JKaruimm HaHI[HIa(i)TOM N KOHTCKCTOM M ApP. BHOCAT CcBOU BKJIaJg B CaMO6I)ITHOCTI> FOpOI[CKOfI
Cpenbl ¥ BU3YalIbHBIH KOM(OPT TOPOACKOTO LEHTPA, SBISAACH JIEMOHCTpAIMeil e€ HEemOBTOPH-
Mou HHAWBUAYAaJIbHOCTH.

KOH®JIUKT UHTEPECOB

ABTOpBI 3adABJIAIOT, UTO KOH(I)J'II/IKTa HUHTCPCCOB HET.

BJIATOJAPHOCTU/MCTOYHUK ®UUHAHCUPOBAHUA

HccnenoBanne npoBoauiIoch B paMKax IpaHToBOro ¢puHaHcupoBaHus Komurera Hayku Mu-

HUCTEpPCTBa HayKu M Bbicuiero oOpasoBanus PecryOnmku Kaszaxcran IRN AP19680138 «Peruo-
HaJbHasl UJEHTUYHOCTh KaK (DakTOp yCTOWYMBOTO pa3BUTHs apXUTEKTyphl HezaBucumoro Kazax-
CTaHa B YCJIOBUSX ITI00AJIN3ALIUN.
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ANALYSIS OF RESEARCH RESULTS AND APPLICATION

OF PILES AS PART OF HYDRAULIC FACILITIES

I.1. Bekbasarov?, N.A. Shanshabayev!*®

M.Kh.Dulaty Taraz regional University, 080012, Taraz, Kazakhstan

Abstract. The review article analyzes the results of research and application of
various types of pile structures as part of hydraulic structures, including hammered,
bored, tongue-and-groove piles. The results of the analysis of the study of foreign and
domestic experts have shown the effectiveness of the use of piles in hydraulic engineer-
ing. The applications of piles as anti-filtration curtains of dams, for blocking riverbeds,
the base of trough channels, aqueducts, mooring, embankments, fencing, shore-
strengthening and other hydraulic structures are described. The features of the work
of various types of driven piles (prismatic, wedge-shaped, conical, tongue-and-groove)
and pile foundations of various hydraulic structures (trough channels, aqueducts,
mooring, embankments, fencing, shore-strengthening, etc.) are considered. structures).
The use of bored piles in the construction of the base of various hydraulic structures is
described. The overall dimensions of the well piles for the installation of drilling piles
are given. The distinctive features of various hydraulic structures on pile foundations
under the influence of static, dynamic and special loads are revealed. Methods for cal-
culating the parameters of immersion, deformability, stability and bearing capacity of
piles and pile foundations are considered, which allow taking into account the patterns
of their joint work with hydraulic structures. The analysis of the study shows a number
of positive examples of the use of piles as part of hydraulic structures: cost-effective-
ness, manufacturability, quickness and efficiency, etc.

Keywords: hydraulic engineering construction, bored pile, secant drilled pile,
driven pile, sheet pile, bearing capacity, energy intensity.
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HOJIY MAKAJIACDBI

I'MIPOTEXHUKAJIBIK KYPBLIBIMIAP KYPAMBIHJIA
KAJAJIAPABI MAWJIAJIAHY )KOHE 3EPTTEY
HOTUKEJIEPTH TAJIJIAY

U.M. Bexbacapos!, HA. lllanmagaesl* ©

M.X. Jlynatu arsianars Tapas eHipiik yausepcureti, 080012, Tapas, Kazakcran

Anparna. [lony maxanracvlHoa 2u0pomexHukaivly Kypaiimoapobly Kypambl-
HOA2bl KAOaNap KYpolibIMOAPbIHbIY dpMYPIL mypaepin 3epmmey Heane KoN0amy Homu-
Jrcenepine manoay xcacanovl, OHulY [WiHOe Kaoauap, OYpevliay, wnynm, Oypeviian-
Kecy Kaoanapwl. [llemendix scone omanovlKk MaAManOapovly 3epmmey Hamudxcenepi
2UOPOMEXHUKATILIK KYPbLIbICMA Kaodanapobl KOJIOAHYObIH MUIMOLNICIH Kopcemmi.
Kaoanapowvl 6ecemmepoiny cyseice Kapcvl nepoenepi peminoe, 03eH ApHAIAPbIH, HAYA
APHANAPBIHBIY, CY KYOLIPIAPLIHLIY, AULAK, HCARANAY, KOPULAY, Ha2anayObl HbI2Alm)
JHcoHe 6acKka 0a UOPOMEXHUKANBIK KYPbLIbICIMAPObIH He2i3iH #cady YuliH KOI0aHy Cu-
nammaneas. Opmypii 2UOPOMEXHUKANbIK KYPbLIbICMAapovly (Haya apuanapul, cy
KYObIpapul, auiak, Hcazanay, KOPUuiay, Hcaganayovl Hbleaumy dHcone m.0. KYpulibvl-
cmap) apmypai munmezi Ka0anapowvly (MpUsMamuKaibly, CblHa mapizoi, KOHYCMbIK,
minoik, mindiK) JHcoHe Kaoaiapovly ipeemacmapvlblly JHCYMbIC epeKulesikmepi
Kapacmuipbliean. Op mypii 2UOPOMeXHUKAIbIK KYPbLIbICMAapObly He2i3iH caly Ke3iHoe
Bypevinay xadanapvin xonoany cunammanzau. Bypaeinay kaoanrapeln opnamyea ap-
HAN2AH YHRBIMANAP KAOANAPbIHbIH HCANbL 6aulemoepi kenmipineeH. Cmamukanvly, Ou-
HAMUKAILIK JHCIHE epeKule dcyKkmemenepee YublpazaH Kezoe Kaodaiapobvly ipeemacma-
PbIHOGEbl dPMYPIL 2UOPOMEXHUKANBIK KYPbLIbIMOAPObIY AUPbIKUA epeKulenikmepi
anvikmanovl. Kaoanap men Kaoanapowvly ipeemacmapulHvly 0e@opMayusianybiH,
MYPAKMbLIbIRbIH JHCIHe Komep2iumicin bamvlpy napamempiiepin ecenmey 20icmepi
Kapacmulpsliaosl, OY1 01apobly 2UOPOMEXHUKANLIK KYPbLILIMOApMeH OiplecKel
HCYMBICHIHBIY 3AHOBLILIKMAPLIH ecKepy2e MYMKIHOIK bepedi. 3epmmeyoi manoay 2uo-
POMEXHUKANLIK KYPbLILICMAPObIY KYPAMbIHOA KAOAlapobl KOAOAHYOblY Oipkamap
HCARBIMObL HCAKMAPBIH KOPCEMeOi: YHeMOINIK, MeXHOLOUANBIAbIK, Me3 CAlbIHAMbIH
JHCOHE NePCneKmMuUBANbIK HCaHe m.o.

Tyiiin ce3aep: [ uopomexHuxanvix Kypulivic, Oypevliama Kadaiapul, OYpeuliay-
Kecy Kaoanap, KAagblIMaibl KAOAiap, WAYHMMMbIK Kaoauap, JHCyK Kemepeiumiei,
9Hep2UsL ColUbIMObLIbIEDL.
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VJIK 624

MPHTH 67.11.29
OB30PHAS CTATDBA

AHAJIN3 PE3YJIBTATOB UCCJEJOBAHUI U TPUMEHEHUSI
CBAH B COCTABE T'M/IPOTEXHUYECKHUX COOPY KEHUU

W.U. Bex6acapos!, H.A. llanmacaes’* ®

Tapasckuit pernonanbueiil yausepeuter uM. M. X. Jlynatu, 080012, Tapas, Kazaxcran

AHHOTAUMA. B 0030pHOll cmamve 8bINOIHEH AHAU3 Pe3YIbIMAmMO8 UCCLe006d-
HUSL U NPUMEHEHUS. PA3TUYHBIX 8U008 CEALUHbIX KOHCMPYKYUL 8 COCMABe UOPOMEXHU-
YeCKUX COOPYHCeHUll 8KA0YAs 3a0U6Hble, OYPOHADUBHbIe, WNYHMOBble, DYpOCeKywue
ceau. Pezynomamol ananuza ucciedosanutl 3apyOedicHbIX U OMeYeCm8eHHbIX Cneyua-
JUCMO8 NOKA3ANU IPPeKMUBHOCMb NPUMEHEHUS. C8All 8 2UOPOMEXHUYECKOM CIPOU-
menvecmae. Onucanvl NPUMeHeHUs C8all 8 Kauecmae npomusoPuibmpayuoOHHbIX 3a6ec
NIOMUH, OJ151 NePeKPbiMusL pycell peK, OCHOBAHUU JIOMKOBbIX KAHAI08, AK8EeOYKO8, NPU-
YANILHBIX, HADEPEIICHBIX, 02PAOUMENbHBIX, OePe2oyKPeniaouux U Opyeux 2UOpOmexHu-
yecKkux coopyscenuu. Paccmompenvl ocobennocmu pabomul paziudHulx 6U008 3a0Us-
HbIX C8all (NPUBMAMUYECKUX, KIUHOBUOHDBLX, KOHYCHbIX, WNYHMOBLIX) U CEAUHBIX (DYH-
O0aMEeHMO8 U3 HUX PA3TUYHBIX 2UOPOMEXHUYECKUX COOPYHCEHUN (TOMKOBbIX KAHANO8,
aK8eoyko8, NPU4AIbHbLIX, HAOEPENHCHBIX, 02PAOUMENIbHBIX, Oepe2oyKPEenaIaiouux u op.
coopyacenuit). Onucano npumerenue OYPOHAOUBHBIX C8All NPU YCMPOTICHEE OCHOBA-
HULL PA3IUYHbIX 2UOPOMEXHUYECKUX coopyicenull. IIpusedenvt cabapumuule pasmepol
ceauiu CK8aMNCUH OJisL YCMmpoucmea 0ypoHabuenvix céau. Buiasnenvt omauuumenvHvle
0COOEHHOCMU PA3TIUYHBLX 2UOPOMEXHUYECKUX COOPYIHCEHUIL HA CEAUHBIX (DYHOAMEHMAX
npu 8030eticmeuu CIMamu4ecKux, OUHaAMU4eckux u 0cobeHHvlx Hazpy3ok. Paccmom-
PEeHbL MemOObl pacuema napamempos nO2pYiHCeHusiss 0ehopmupyemocmu, yCmouiugo-
cmu u Hecywjell CHOCOOHOCMU C8all U C8AUIHBIX PYHOAMEHMO8, NO38OAAIOWUE VIUMbL-
8amMb 3aKOHOMEPHOCMU UX COBMECMHOU padompl ¢ 2UOPOMEXHULECKUMU COOPYICEHU-
Amu. AHanu3 ucciedo8anuli NoKaA3vieaem psao NOJOHCUMENTbHIX RPUMYUEeCmE npume-
HeHUsl C8all 8 COCMABe 2UOPOMEXHUYECKUX COOPYIHCEHUNL. IKOHOMUYHOCTb, MEXHOJL0-
2UUHOCMb, OLICMPOBO3B0OUMOCH U NEPNEKMUBHOCTID U OP.

KiroueBble ci10Ba: cuopomexnuieckoe cmpoumenbcmeo, 6ypoHabusHas ceas,
bypocekywas ceas, 3a0UBHAsL C8ASl, WNYHMOBASL C8Asl, HEeCYWdsi CNOCOOHOCMb, IHEP2O-
eMKOCMb.
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1 INTRODUCTION

Pile structures are widely used in the construction of hydraulic facilities for various purposes.
In many cases, this is the only possible rational solution for such structures erected in unfavorable
engineering-geological, natural-climatic and cramped conditions (

). In hydraulic engineering construction the most widespread are bored
piles, secant drilled piles, driven piles and tongue-and-groove piles. The results of studies and expe-
rience of their application for the construction of a number of hydraulic structures are considered
below.

2 APPLICATION OF BORED AND SECANT PILES

Research results and peculiarities of designing, calculation and arrangement of bored piles for
erection of hydraulic facilities are reflected in works of Kruglitsky N.N., Milkovsky S.I., Skvortsov
V.F., Sheinblum V.M., Fedorov B.S., Smorodinov M.I., Baranov A.E., Pridanova O.V., Vdovenko
A.V., Mityunina G.P., Unaibaev B.B. and etc.

The most widespread application of bored piles in hydraulic engineering construction is their
use as an impervious dam barrier. For the first time such a barrier drilled was arranged in 1948 during
the construction of the Haleys Dam in the California, USA (

). A similar method of dam impervious blanketing was developed in the former USSR by the
Gidrospetsstroy Trust. This method was implemented by Soviet specialists in 1959 during the ar-
rangement of the foundation of Sherubai-Nurinsk (Churubai-Nurinsk) reservoir of Karaganda State
District Power Station-Il. In subsequent years the impervious curtains from bored piles were also
successfully erected in the foundation of the dams of the Yerevan HPP (Armenia) and Sion HPP
(Georgia) ( ).

Pile structures of these first impervious curtains are arranged by preliminary drilling of holes
with diameter of 0.6-1.0 m and their subsequent filling with concrete. In order to form a continuous
pile wall, the works were carried out in two stages ( ). The first
phase of works included preparation of wells at a certain distance and their concreting. In this case,
the distance between the wells of the first phase was taken no more than their diameter. The second
phase of works consisted in drilling wells between the prepared piles and concreting them. As a result,
a solid wall of bored piles of the required length and depth was made. So the length of the pile wall-
curtain of Sherubay-Nurinsk dam made 950 m, and its depth - 23 m. The curtain under the dam is
arranged in sandy-pebble soils with a thickness of 7-40 m. At the Yerevan and Sion hydropower
plants the depth and length of the impervious curtains were smaller.

Drilled piles are often used as foundation structures for a number of hydraulic facilities. So
foundations made of two rows of bored piles are arranged under the supports of the Zaragskaya HPP
water pipeline. The length of the water pipeline is 649 m, and the inner diameter of the pipes is 7.5
m. Each 40-meter long section of the water pipeline weighed 150 tonnes. The use of bored pile foun-

dations helped to reduce uneven settlements of the structure ( ).
Bored piles were also arranged at the base of the foundation slab of the head of the bottom
spillway - the outfall of the Yumaguzinsky waterworks ( ). At this site, piles

with a diameter of 0.5 m and a length of 20 to 44 m were used, which increased the bearing capacity
of the foundation and eliminated the appearance of uneven settlements of the foundation.

( ) during the construction of Yumaguzinskiy waterworks along with the devel-
oped anti-cast measures to ensure stability and durability of the tower water inlet, it was proposed to
install redundant bored reinforced concrete piles in its base. This design proposal implemented at this
site was aimed at increasing the level of safe operation of the structure in conditions of karst mani-
festations. The results of the relevant monitoring have confirmed the effectiveness of the adopted
solution.
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Traditionally, bored piles used in the construction of buildings and structures are made of con-
crete and reinforced concrete. Pridanova ( ) performed experimental and theoretical assessment
of the possibility of using bored piles made of ash-and-slag mixtures as part of hydraulic structures.
The use of ash-and-slag mixtures as the material for bored piles gives them undeniable advantages in
comparison with traditional concrete piles. Indeed the increase of ash-and-slag material durability in
the course of 15-20 years increases the bending (by 30-35%) and compressive (40-50%) strength of
pile structures. This in turn improves the carrying capacity of piles. It is also significant that in the
manufacture of these piles is not required the use of traditional building materials such as sand and
gravel. The bored piles made of ash-and-slag mixtures are recommended to be used to reduce the
active pressure of backfill soil on the quay embankment walls. The research showed that the arrange-
ment of pile rows in the backfill back body (in the reversal prism area) relieves the quay sheet wall,
reducing the efforts in its anchor rods by 14%, deflections - by 27% and displacements of the wall
top - by 17 mm. Thus, the use of ash-and-slag bored piles reduces the stress-strain state of the quay
walls and contributes to improving the environmental safety of areas with ash-and-slag wastes.

Specialists ( ) recommended to use a diaphragm made of bored
piles instead of concrete bored piles, but of bored piles made of clay-cement concrete for the arrange-
ment of the impervious element of the rock-fill cofferdam. Such decision is substantiated by the re-
sults of the studies on the stress-strain state of the concrete diaphragm under the action of seismic
forces. It is established that the effect of horizontal seismic load increases bending deformations of
concrete diaphragm and causes the appearance of tensile stresses in it, which may exceed the tensile
strength of concrete piles. The most dangerous (vulnerable) place of the diaphragm under the action
of seismic load is the conjugation zone between the piles and the rock foundation. For this reason,
the authors have proposed to increase the slip resistance of the diaphragm by means of a special
"cushion™ of glycement concrete to connect it with the rock foundation.

In the practice of hydraulic facilities construction and research there is an experience of using
bored piles for overlapping river channels, providing preservation and stability of slopes, banks,
hillsides, etc. For example, 25 cm diameter bored piles were used to cover the Huanhe River bed
(China). The pile row is arranged for the whole length of the river bed with the length of 28 m. The
lower ends of the piles were sunk 2.0 m into the bedrock. The piles have been strengthened with metal
chocks and anchored into the river bank to increase their settling ability (

( ) presented a variant of anti-slide structure from bored piles.
The peculiarity of this design is that the bored piles are interconnected by two tiers of inclined slabs
that perform unloading functions. To ensure stability, the piles are anchored with steel ties embedded
in ground anchors at the bottom of the slope. At the top of the slope, the piles are secured with wedge-
shaped anchors. Unloading plates are threaded onto the piles through holes in the piles and fastened
to them by means of embedded parts. In contrast to the driven pile structures, bored piles as part of
the landslide prevention and shore protection structures can be arranged in cramped conditions, with
the exclusion of industrial noise and shock and vibration effects on the subgrade and nearby objects

( :
( ) are described the results of studies on the arrangement of bored piles
in the base of the retaining wall, erected on the Koktobe mountain (Almaty). Piles with a length of 4
m and a diameter of 0.4 m are arranged with a protective silicate shell in saline soils. Comparative
experiments revealed that the bearing capacity of piles with a protective silicate shell in 2.5-3.2 times
higher than the bearing capacity of conventional bored concrete piles. It is also found that the process
of moistening of saline soils causes a decrease in the bearing capacity of bored piles under the static
indentation load. Furthermore, for piles with a protective silica casing the share of bearing capacity
reduction is 8.9%, and for the conventional pile - 27.7%. The bored piles with a protective silicate
shell, giving a higher bearing capacity, are recommended for use in saline silt-clay soils.
Along with the traditional bored piles in hydraulic engineering construction, for the erection of
impervious barriers and elements, secant piles are also successfully used, which can be referred to
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their varieties. Secant drilled piles, like bored piles, are arranged in two technological stages, but
differ in size and are made with a partial overlap of the cross sections of the neighboring piles. The
reinforcement of such piles can be volumetric or rigid (from profile elements). Both concrete and
other materials are used as pile filler.

( ), ( ) the first experience in the
use of bored piles in Russia is outlined. So, in 2016, for the arrangement of the impervious element
in the form of a diaphragm of the stone-and-earth dam of the Nizhne-Bureisk HPP, the bored piles
were used. When constructing the diaphragm, 417 main wells and 47 additional wells were drilled
and filled with clay-cement concrete. The height of the bored piles from the specified filtration-re-
sistant material, within the dam, was 37 m. The thickness of the diaphragm was 1.2 m. The lower
ends of the piles were sunk into the rocky soils. The piled diaphragm was arranged instead of the dam
core of loamy soil.

The effectiveness of using clay-cement concrete as a material for pile impervious diaphragm is
confirmed by studies of ( ). The authors found that the type and proper-
ties of the diaphragm material have a significant impact on its resistance to bending under the action
of hydrostatic pressure. It was found that in the bored pile diaphragm made of clay-cement concrete
tensile stresses at its bending are not manifested (at the strain modulus of clay-cement concrete less
than 1000 MPa). At the same time, this ensures reliability and stability of the dam's impervious ele-
ments.

The use of bored piles in construction, including hydraulic engineering construction, is known
to have limitations, which are primarily related to the depth of their installation. So the depth (length)
of bored piles traditionally does not exceed 30-40 m. At greater depths it is difficult to ensure the
integrity of the pile shaft. Therefore, the use of bored piles for impervious elements of high dams is
a great risk, which often leads to rejection of their use. Considering this circumstance, the specialists
of JSC "Gidrospetsproekt™ suggested to arrange a multilevel impervious diaphragm during the con-
struction of Gotsatlinsk HPP (Russia) with a height of 69 m ( ). According to
the idea of experts, such a diaphragm should consist of several pile tiers (rows) in height. The lower
tier of bored piles is sunk into the soil base, and each subsequent pile tier is arranged with the surface
of a monolithic slab that is laid on top of the underlying pile tier. The height of each yard should not
exceed 30 m. Both bored piles and the slabs between them are proposed to arrange of clay-cement
concrete. Researches ( ).

Specialists (

), including numerical modeling, established that the use of multilevel and one-tier imper-
vious elements of bored piles made with the use of soil-cement concrete increases their reliability.
The closer the material of bored piles is to the ground of the dam in terms of deformability, the higher
the operability of impervious diaphragms.

The dependence of deformability and hence the serviceability of pile impervious elements on
the properties of clay-cement concrete led to the conduct of ( ) a set of tests of
samples of different composition of clay-cement concrete, called by them composite materials. Stud-
ies were carried out to select the optimal composition of composite material for bored piles according
to its physical and mechanical characteristics exhibited in the design of Gotsatlinsk dam. It was found
experimentally that the composite material which includes sulfate-resistant Portland cement 400,
crushed stone with a fraction of 5-10 or 5-20 mm, washed sand with grain modulus 3.32, bentonite
clay powder PBN, powder sodium lignosulfonate and superplasticizer C-3 is the most rational for
bored piles. The cement consumption should be 180 kg/m3. To verify the results of studies, as well
as to refine the technology of manufacturing bored piles, experts have also carried out pilot works.
The results of the works showed a good borehole filling with the optimal composition of the compo-
site material as well as its sufficient density and strength.

The results of studies on the composition and properties of clay-cement concrete for pile and
trench impervious elements of dams are presented by ( ). Based on the analysis of
experimental results and data of some foreign specialists, the author states that the amount of cement
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used to produce clay-cement concrete piles should be not less than 100 kg/m® and not more than 200
kg/m?, and the amount of bentonite clay - not less than 15-20 kg/m? and not more than 100 kg/m?3. It
has been revealed that instead of bentonite clay, ordinary clay, or its mixture with bentonite clay, can
be used. It is also noted that with stronger compositions of soil-cement concrete in piles there is an
increase in vertical operating stresses, almost 5-7 times. This is caused by a higher deformation mod-
ulus (100 MPa and higher) of strong pile material compositions. The results of the study show that
for large values of the filtration coefficient of foundation soils it is advisable to use bored piles.

Secant drilled piles, in addition to the arrangement of the impervious elements of dams, are also
used for the construction of protective structures of hydro-technical facilities (Rus Hydro Dagestan
branch). Thus, during the construction of the Zaramagskaya HPP-1 in the Republic of North Ossetia,
the bored piles are used for the construction of the enclosing wall. This pile wall is designed to protect
the excavation of the HPP building from filling with water during construction and installation works.
The wall was erected as an integral structure of 580 concrete piles ranging in length from 9 to 40 m
(Fig. 1). During the construction of the mentioned HPP the bored piles were also used as foundation
structures of the retaining wall. More than 500 piles with a length of 24 m were installed under the
retaining wall. The retaining wall was erected as a protection structure of the hydropower plant build-
ing from rockfall.

Figure 1 — Installation of secant drilled piles to protect the excavation of the Zaramagskaya HPP-1 building https://ose-
tia.rushydro.ru/hpp/zaramagskaya-ges-1/

Secant drilled piles used as the main load-bearing structures of dams' impervious elements may
be damaged during operation in the form of cracks, spalling, etc. This may be caused by changes in
the temperature regime of dams, the impact of seismic loads and a number of other natural and man-
made factors. Kotlov et al. (2014) and Orishchuk (2019) present the results of studies on self-healing
of secant drilled piles of impervious diaphragms of soil dams. It is proposed to fill inclined and hori-
zontal cracks in the shaft of piles by means of a special protective (healing) layer of sand along their
lateral surface. When opening a crack in the pile, sand from the healing layer gets (washed) into the
crack and moving inside it fills its cavity. On the reverse side, the crack is closed by the material of
the downstream transition zone of the dam. As a result of field experiments, facts of washing out
(filling) of holes in the body of diaphragm piles to the depth of 33-44 cm were fixed.
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Drilled secant piles in hydraulic engineering construction are used not only in the construction
of new facilities, but also in the liquidation of emergency situations of operating structures.

( ) the peculiarities of arrangement of an impervious diaphragm made of bored piles at
the emergency section of the Kureyskaya HPP dam are considered. At this section, the core of the
dam was in extreme cracking condition, which was the reason for repair works. Works on clay con-
crete piles were performed from the crest of the dam. Piles 35 m long crossed the core of the dam,
cut through mesko-grained sands at the base of the dam and were sunk 3-5 m into dense loamy and
sandy loam soils. Piles were built using casing pipes. The length of the constructed diaphragm was
140 m. The impervious diaphragm made of bored piles was made without reducing the water head
acting on the dam.

In the whole on the basis of the results of researches of Russian and other foreign scientists the
specialists of “Vedeneev VNIIG” JSC together with the specialists of JSC "Lengidroproekt" devel-
oped recommendations for design, calculation and construction of impervious elements of clay-ce-
ment concrete bored piles ( ( ). The publication of these recommendations
allowed to systematize and regulate the issues related to the use of bored piles as part of ground dams.

3 APPLICATION OF DRIVEN PILES AND TONGUE-AND-GROOVE PILES

The issues of research and application of driven piles and foundations made of them for hy-
draulic facilities in different years were dealt with by many scientists, among them it should be noted
Kovalev V.A., Abdul Karim S.R., Kaganov G.M., Kubenov R.T., Kadirov O., Glagovsky B.B., Bakh-
tin B.M., Bekbasarov I.I., Usmanov R.A, Salimov S.V., Korovkin V.S., Rakharinusya A.P., Ko-
stromin F.S., Sosnin S.A., Shekhovtsev V.A. A brief overview of their research results is presented
below.

( ) considers the issues of improving the reliability, as well as reducing material
costs and reducing the duration of construction of flume channels and network HS constructed on
subsident loess soils, through the use of pile foundations of piles of different longitudinal shape. The
prismatic, wedge-shaped and cone-shaped reinforced concrete piles with a length of 3-5 m were the
object of research. Experimental piles were tested for the action of vertical indentation and horizontal
loads. The author conducted a total of 27 experiments with twofold repetition, which indicates the
sufficient reliability of the results. Experimental studies have shown that the bearing capacity of piles
in subsidence soils largely depends on the compaction of soil around the pile during its driving. This
is how, when driving a prismatic pile, the width of soil compaction zone in the upper part reached
10-15 cm and in the lower part - 35-40 cm. The maximum width of the soil compaction zone was 150
cm under the pile tip. The dimensions of compacted soil zones around the lateral surface of wedge
and cone piles were larger than those of prismatic piles. Based on the results of static testing of piles,
it was found that the resistance on the lateral surface of wedge and cone piles is up to 50% greater
than the same resistance of the prismatic piles. Considering the identified features of the behavior of
piles of different shapes, developed and proposed a method for calculating their carrying capacity in
subsidence soils.

In addition to the experimental assessment of the carrying capacity of piles of different forms
Kovalev V.A. conducted systematic long-term observations (over 15 years) of deformations of pile
foundations of water-conducting flume channels. It was found that deformations (settlements) of
flume structures on traditional supports are more than 20 cm, and on pile foundations - less than 3-4
cm. These data testify to the reliability of pile foundations. The author proposed a methodology for
calculating the deformations of flume channels and network HS on pile foundations. The method
allows to take into account the joint work of piles with the surrounding soil. The reliability of pile
foundations in subsidence soils is shown, as well as the possibility of saving construction materials
and reducing the construction period due to the use of pile foundations.

66



QazBSQA Xa6apmbicel. Kypeuisic. Ned (90), 2023

( ) studied the behavior of piles and pile foundations of hydraulic facilities
in subsidence soils, taking into account the negative friction that occurs along the side surface of piles
during their settling due to soaking of the soil with water. On the basis of theoretical studies the
author has developed a generalized method of calculating the carrying capacity and settlement of
piles, taking into account the forces of negative friction. To match the calculated and experimental
results, coefficients characterizing interaction of the pile with the surrounding soil have been intro-
duced into the method. We have obtained tabular values of these coefficients that allow to perform a
preliminary calculation of piles bearing capacity. The developed method was tested as applied to the
pile foundation of an aqueduct prohibited in loess subsidence soils.

( ), ( ), ( ) presents the results of
studies of the operation of pile foundations, which he considers as foundations of multi-arched low-
pressure dams. Studies carried out on the models allowed to reveal that the strength of piles and strain-
strain characteristics of soils of nonrock foundation of dams affect the carrying capacity of piles and
the fractibility of pile cross-sections. Thus, it was found that under the action of horizontal load, the
strength of the pile material has a significant impact on the bearing capacity of the flexible pile. It
was found that an increase in the tangent angle of internal friction of loose sand by 60% (due to the
addition of a rubber crumb) causes an increase in the bearing capacity of piles with a free head by
25%. A similar pattern is typical for a pile with a pinched head. However, the bearing capacity of the
pile with the pinched head part is 25-30% higher than the bearing capacity of the pile without pinched
head part. The experiments revealed a qualitative picture of the failure process of piles in the rooftop.
Failure of piles in the rooftop occurred with the formation of more often two and less often one "plas-
tic joint" along their length. The first joint was formed in the area of pile embedding in the ridge, and
the second - at some depth from the bottom of the ridge. And the collapse of all piles in the dike
occurs simultaneously. Based on the minimum values of horizontal, vertical and angular displace-
ments, it was found that the more preferable of the pile foundations are foundations in which the piles
are not arranged vertically and not inclined, but according to the gantry scheme, when the lower ends
of the piles are spread in opposite directions.

( ) presented the fact of unsuccessful application of driven piles in subsidence
soils under the network hydraulic structures of South Kazakhstan. Since the author points out that as
a result of unexpected subsidence occurring in the medium subsidence soils of the Kzyl-Orda region,
there was a massive destruction of the flume irrigation network built on driven piles. The flume struc-
tures, built in 1984, almost a year later turned out to be unusable due to excessive uneven subsidence
deformations of pile supports. At the same time, the maximum subsidence was 20-40 cm. Costs of
repair and restoration of flume structures almost 1,5 times higher than the cost of new construction
of similar structures. Proceeding from the described negative fact it has been suggested to consider
subsidence in the design of structures on subsidence soils as one of the mandatory design situations
of the first group of limiting states.

( ) carried out studies of combined dams on models in which the head is arranged
through from driven piles-shells, united by a rostrum. It is noted that combined dams, due to the
presence of through part (of piles), in comparison with deaf dams have a smaller depth of erosion
during operation. This is due to the passage of some water through the through part of the dam
(through the space between the piles). Another important advantage of such dams is the use of pre-
fabricated piles, the use of which reduces construction time and improves the quality of works. The
optimal ratio of the size of the blind part of the combined dam to the size of its through part was
established by the author.

( ) developed and proposed methods for static and dynamic calculations of
foundations of power and hydraulic structures. The author has developed a technique for determining
displacements and rotation angles of shell piles in stratified soils. On the basis of this technique, a
program for calculating similar parameters of piles has been compiled. The results are obtained on
the basis of the theoretical solution of the problem about the deformation of the pile-shell under the
action of the horizontal load considering the elastic-plastic model of the foundation soil. A method
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for calculating the load-carrying capacity of drawn piles widely used for securing offshore hydraulic
structures has also been developed. Estimated effect on the bearing capacity of drawn piles of such
factors as the size of piles, the depth and direction of application of the load on them, as well as the
heterogeneity of soils of the base has been carried out. In addition, based on the results of the studies
performed, a method of calculating the deformations of the pile foundation of a turbine unit, which
allows taking into account its stiffness in the upper part, as well as the pile interaction features in the
foundation.

( ) presents the results of studies on the dynamic interaction of non-soil
and soil elements of hydraulic structures erected on piles in seismic areas. The issues of optimal
modeling of piles are considered in the studies. New criteria for modeling of pile structures allowing
to increase reliability of research results are offered. The hypothesis describing the character of work
of the system "pile-soil" under the action of dynamic load is also offered. The correctness of the
hypothesis is confirmed by the results of tests of natural and model piles. It was found that the ratio
of pile length and diameter has a direct impact on the accuracy of the results obtained. The optimum
ratio of these pile parameters is determined, in which the discrepancy between the calculated and
experimental data does not exceed 25%.

( ) reviewed the issues of piling and pile foundations for linear hydraulic struc-
tures such as aqueducts, mudflows, pipelines, flume structures, etc. The author took as an object of
research the driven reinforced concrete prismatic piles of continuous section. On the basis of experi-
mental and theoretical studies the author has developed and implemented a methodology of rational
arrangement of reinforced concrete prismatic piles and pile foundations of them for supports of water
and mud structures. The use of the method allows to design the pile foundations of structures taking
into account the integrity of concrete piles when driving them, achieving their required carrying ca-
pacity and depth, as well as the sufficient capacity of hammers used for pile driving and a number of
other important factors. The technique includes calculation methods, allowing to determine such pa-
rameters of pile-driving process as compressive stress in their head part during hammer strikes, ham-
mer impact energy during pile immersion, the height of the protruding surface of the near-pile soil
during pile-driving and a number of other parameters. The economic analysis of designs of a founda-
tion part of water conducting hydraulic structures is carried out, by the results of which the correlation
dependences are offered, allowing to carry out an operative estimation of cost of arrangement of pile
foundations for such constructions. The main results of researches are included in some republican
normative-technical documents on pile foundation construction.

Pile structures are also widespread in port construction, due to the extraction of energy re-
sources from the seabed and the intensive development of logistics in the field of water transport. In
port construction, driven wooden, steel and reinforced concrete piles are used for the construction of
hydraulic structures ( ). In studies (

), the results of research and experience
in the use of piles in this area are presented.

( ) shows the results of studies to assess the load-carrying capacity of eccentrically
compressed two-layer tube-cement piles under short-term and long-term loads. The piles were used
as anchors and were intended for supporting marine hydro-technical structures. Along with the theo-
retical studies the author conducted and full-scale experiments using 38 samples of two-layer pipe-
cement piles. Samples of piles were made of two pipes, external and internal. The diameter and thick-
ness of the outer tube was respectively 159 and 6 mm, while the diameter and thickness of the inner
tube was respectively 114 and 7 mm. The length of the pile samples was taken to be 1.0, 2.6 and 3.4
m. Two-layer pipe-cement pile specimens were filled with tamped Portland cement in two variants
(in the first variant completely, and in the second variant - only the interpipe space). Off-center
longitudinal and transverse loads were applied to the piles. The processing and analysis of experi-
mental results show that in case of large eccentricity of load application the deformation covers the
compressed and stretched zone of piles. On the basis of the obtained data the method of calculation
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of bearing capacity of two-layer tube-cement piles under short-term and long-term loads has been
proposed.

( ) considered the issues of improving the strength and durability of port hydraulic
structures on a pile foundation. To assess the effect of soil moisture, as well as its freezing and thaw-
ing on the state of the piles, the author conducted seminatural studies on the territory of the embank-
ment of the Volga Reservoir. On the basis of the research results a calculated method of predicting
the reduction of bearing capacity of the pile base of quay structures, which takes into account the
physical and mechanical characteristics of soils, was proposed.

The author also performed an examination of the Tyumen embankment structures, which re-
vealed that their pile bases of reinforced concrete piles-shells 60 cm in diameter with wall thickness
of 10 mm had multiple cracks of different nature. At the time of the survey the proportion of piles
with cracks reached 70% of their total number. It was determined that the main causes of cracking in
the piles were temperature changes and freezing of aggregates (hydrophobic mixtures) of the shell-
piles during the winter period.

( ) outlined the features of the use of steel tubular piles with open bottom end
for the construction of port hydraulic structures. It was found that the height of the soil core, which
is formed in the cavity of piles during their immersion, for steel tubular piles is greater than for rein-
forced concrete pile-shells, and can reach their immersion depth. The influence of pile diameter, pile
wall thickness and soil density on the formation of soil core in its cavity has been evaluated. The
coefficients of soil conditions under the lower end and on the side surface of the piles to calculate
their carrying capacity using the design resistance of soils have been suggested. It is recommended
to use non-traditional Mises-Botkin strength parameters to determine the carrying capacity of piles
using the strength characteristics of soils. In addition, we obtained dependences which allow us to
determine settlements of steel tubular piles by constructing "settlement-load™ diagrams both with and
without using the results of static tests.

( ) presented the results of theoretical and experimental studies aimed at devel-
oping methods for calculating hydraulic structures of gravity-pile type taking into account their in-
teraction with the soil base. A physical picture of the operation of a gravity pile foundation in soils of
different moisture content has been established. The parameters necessary to assess the interaction of
the foundation and the base under the force impact have been determined. On the basis of studies
using various modifications of models of foundations of structures, recommendations for the assign-
ment of optimal parameters of the pile field, stiffness, conditions of fixing and location of piles under
the foundation slab have been developed. Overall, the conducted research allowed us to form the
basic principles of designing ice-resistant gravity-pile platforms for the joint action of external force
factors under nonlinear soil conditions, as well as to make an algorithm for their calculation, with
consideration of the mutual influence of the slab and piles.

The work performed by ( ) includes studies on the development of a methodology
for calculating the bearing capacity of steel tubular piles used to secure offshore hydraulic facilities
on the shelf. The studies consider several types of anchor-type piles used to secure platforms in the
Arctic shelf of Russia. Using flat models of piles, the influence of pile diameter, their immersion
depth, places of cable fastening and the direction of force on their carrying capacity was studied. The
results of FEM calculations have revealed a 1.7-fold increase in the carrying capacity of the pile being
sucked, if the cable is fixed in its lower part, as compared to fixing it in the upper part. This effect
can be attributed to the movement of the pile in the soil without turning it around its axis. The exper-
imental and numerical research results testify to high carrying capacity of the drawn piles and possi-
bility of their application in marine hydraulic engineering construction. An author, on the basis of
research results, has proposed a methodology for calculating the carrying capacity of single piles and
pile clusters under the influence of combined loads.

( ) presents the results of studies to determine the strength and stability of
pipe-concrete structures and support blocks of offshore stationary platforms under different loads.
Static and dynamic calculations of TP-4 platform with dimensions of 46x18x0.8 m were performed.
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The platform is built on a pile foundation consisting of 28 vertical and 16 inclined piles of 1.22 m
diameter. Piles made of tubular concrete filling, and immersed in the soil to a depth of 27.25 m.

The results of calculations show that TP-4 platform structures are designed with a large carry-
ing capacity reserve. The author presents design features and examples of suction piles application
for permanent or temporary securing of offshore hydraulic structures at great depths.

A methodology has been developed to assess the carrying capacity of the suction piles. The
possibility of using retractable piles for fixing on the seabed platform designed for one of the deep-
water fields of the Arctic shelf of Russia was substantiated. The influence of pile sizes, the magnitude
of the pile load application point, the direction of the load, as well as heterogeneity of soils on the
carrying capacity of piles has been revealed. The influence of the suppleness of the bearing layer
under the lower ends of the piles on the deformation of the pile foundation of the platform was also
studied. A method of assessing deformations of the pile foundation taking into account the interaction
between the piles and the upper structure is proposed.

Along with driven piles, tongue-and-groove piles are widely used in hydraulic engineering con-
struction. The main purpose of sheet piles is to be used as boundary constructions to hold back ground
movement or prevent the ingress of moisture. They are also widely used to strengthen the banks of
water bodies embankments and wharfs, as well as to build a number of other hydraulic engineering
facilities (

).

Tongue-and-groove piles are made of metal, reinforced concrete, PVC and composite materials.
The most effective among the reinforced concrete sheet piles are flat reinforced concrete sheet piles
with overall section dimensions of 50x45 ¢cm and wide-striped sheet pile of T-section width of 1.6 m.
The height of these sheet piles can reach up to 24 m ( ). Composite sheet piles
are less common in practice. Composite sheet piles are close to PVC sheet piles in terms of quality
characteristics. The experience of the successful application of composite sheet piles is presented by

( ). For example, the 22.0 m long anti-filtration diaphragm of the White River
Dam (USA) was built with composite sheet piles, and the breakwater at the Marina in Austin (USA)
was made of composite sheet piles.

On the whole, metal tongue-and-groove piles are the most common of all sheet piles. Their share
in the total volume of tongue-and-groove sheet piles used is more than 50% ( ). For ex-
ample, during the construction of the VVolgograd hydroelectric power station on the VVolga River, 34,000
tons of metal sheet piles were driven ( ). Steel sheet piles of flat and trough types
(Larsen type) are manufactured in lengths from 8 to 22 m, which allows their use at hydroelectric facil-
ities. For example, in the area of Pavshinskaya floodplain on the left bank of the Moskva-river in Kras-
nogorsk, Russia. Krasnogorsk (Russia) a sheet piling embankment was built (Fig. 2 (a)). The sewage
collector is coupled with the embankment to ensure water outlet. The junction of the collector with the
embankment is accepted in the form of sheet piers made of Larsen 5 UM sheet piles. The openings are
covered with a reinforced concrete slab. The overlap is supported by both sheet piles and steel pipes
(426 mm in diameter, 10 mm thick and 10-10.5 m long). The piles are sunk into the soil backfill of
sheet pile openings ( ).

Larsen-5 sheet piles were also used to build a pier at the seaport in Zarubino village (Primorsky
Krai of the Russian Federation) located on the shore of the Pacific Ocean. The wharf with a total
length of 650 m was erected in the form of a shanked metal bolver made of sheet piles 12-15 m deep
( ).

In Kazakhstan, steel sheet piles of the Larsen-5 type were used during the construction of a pier
at the Kazakhstan Offshore Industries (KCOI) Ltd production base in the Akshukir village on the
eastern shore of the Caspian Sea ( ) (Fig. 2 (b)). The sheet piles were used to strengthen
the shoreline of the wharf structure. The piles were driven by the domestic company "UnexStroy" to
a depth of more than 5 m. Similar sheet piles were used in the reconstruction of the river port in
Atyrau.
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Figure 2 — Installation of tongue-and-groove piles on the left bank of the Moskva River embankment in Krasnogorsk,
Russia (a). Krasnogorsk (Russia) (a) https://arcticgs.ru/stati/stroitelstvo-prichalov and on the shoreline

of the Kazakhstan Offshore Industries production base in Akshukir (Kazakhstan) (b) https://www.insta-
gram.com/p/CU7AfBXILKT/?img_index=1

The issues of improving the design of sheet piles are reflected in the works of Nosenkov O.P.,
Novak Yu.V., Nemololotnov A.G. and others.

Nosenko (2016) developed the "U" shaped profile of the Larsen type sheet pile of increased
carrying capacity. The author proposed a new concept of designing bending sheet pile profiles. In
accordance with this concept, the steel sheet pile profile "Larsen-7H" was patented. Numerical inves-
tigations on prediction of the strength of U-profiles of sheet piles in bending under load have shown
their efficiency in comparison with Larsen-5S steel sheet pile designed in accordance with Euro
standards. It was found that 1 m of the new profile sheet pile wall provides 1.62 times higher moment
resistance.

Novak et al. (2018) conducted work to assess the technical conditions and economic feasibility
of using metal sheet piles as load-bearing elements of hydraulic structures. Analysis of the research
results showed that beam and sheet piles have high strength and their use as elements of hydraulic
structures is a rational solution.

Nemolochnov (2019) presented the results of comprehensive research on the improvement of
sheet piles made of composite material. Laboratory tests of composite sheet piles bending bearing
capacity were carried out. The results of semi-informational tests of the sheet piles as a part of the
retaining wall of the shore protection structure showed that the movement of the sheet pile top under
the horizontal impact reaches up to 4,39-4,47 cm, exceeding the admissible norms. Test vibro-dipping
of sheet piles 8 and 12 m long has defined the limits of their defect-free sinking as well as the possi-
bility of their use as a bearing structure. The analysis of the stress-strain state of composite sheet piles
under load has determined the permissible stresses in them and the values of their material elasticity
modulus, at which their safe operation is ensured.

4 CONCLUSIONS

The presented analysis of research experience and application of pile structures for erection of
hydraulic structures allows drawing the following main conclusions:

1. Bored piles piles in hydraulic engineering constructions are used as impervious blankets for

dams, for overlapping riverbeds, providing safety and stability of slopes, banks, slopes, etc.

In addition, they are successfully used for construction of bases of hydraulic structures. In
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addition, they are successfully used in the construction of bases of hydraulic structures. The
diameter of the piles used is 0.6-1.0 m and the depth is up to 40 m. In recent years, in addition
to bored piles, bored piles are actively used as an impervious blanket for dams, as well as
for the construction of protective structures of hydraulic structures. Such piles are arranged
with a diameter of up to 1.20 m, and a depth of 40 m or more.

2. The secant-drilled piles are widely used in hydraulic engineering construction, which are
characterized by such qualities as efficiency, manufacturability, fast construction and relia-
bility. The features of various types of driven piles (prismatic, wedge-shaped, cone-shaped)
and pile foundations for construction of a number of hydraulic structures (flume channels,
aqueducts, sea and river piers, embankments, fencing, shore protection structures, etc.) are
studied. Methods of calculating parameters of piles and pile foundations immersion, deform-
ability, stability and bearing capacity, which take into account the regularity of their joint
work with hydraulic structures, have been developed and used.

3. Along with other pile structures, tongue-and-groove sheet piles made of different materials,
including composite ones, are effectively used in hydraulic engineering construction. Steel
sheet piles of different profiles and lengths are most commonly used. Research is underway
to develop new sheet piles that provide high carrying capacity and reliability of erected struc-
tures in the form of piers, embankment fences, slope protection, etc.
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Abstract. Among the sources of internal pollution one can point to dust, breath
products of passengers, various emissions from finishing materials of trains and metro
stations, etc. This problem is usually solved in two ways: wet cleaning of tunnels and
stations and using powerful tunnel vacuum cleaners. Both of these methods have com-
mon disadvantages. Firstly, dust removal can only be carried out at night, when there
are no trains on the line. Secondly, the dust removal installations themselves are ex-
pensive and are effective only at low speeds of dust movement through the tunnel. All
metros in the world have a problem with dust removal. Research methods include an-
alytical and computational studies of air distribution in the metro ventilation network
using mathematical modeling methods using graph theory and flow algorithms, as well
as experimental studies of air flow parameters in natural conditions of the Almaty
metro.This article proposes an innovative method for dust removal of tunnel air based
on the use of piston action of trains and labyrinth filters installed in station ventilation
joints. The parameters of the calculation model of the metro line are substantiated on
the basis of a decomposition approach to the mathematical modeling of aerodynamic
processes by moving from a linear model of the metro line to a periodic open-loop
model. Computational aerodynamics methods were used to determine the patterns of
changes in air speed through the ventilation vent and the available pressure drop de-
pending on the speed and mode of trains passing through the station.

Keywords: metro, ventilation, dust, numerical simulation, piston effect, air dis-
tribution, ventilation failure.
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METPONOJUTEHJEPJE AYAHBI INAHCBI3AAHABIPY IbIH
SHEPTHS TUIM/II TEXHOJIOTUSICHIH O3IPJIEY

T.W. Uprudaes’* ® | JLA. Kusnuua?® | U.B. JIyrun?® | A.M. Kpaciox?®

' K.M. Cor6aes aTsiHaarsl Kazak YITTHIK 3epTTey TEXHHKAIBIK YHHBEPCHTETI,
050013, Anmatsl, Kazakcran

H.A. Uunakasa aTblHAarbl Tay-KeH ici uHCTUTYTH CB PTA,

630091, HoBocubupck, Peceii

Anparna. [wxi racmany Ke30epiHiy apacblHOa Wayowl, HOAAYUBLIAPObIY MbIHLLC
any OHiMOepiH, MemponoaumeH Kypamoapsbl MeH CIMAaHYUsIApbiHbIY apiey Mamepuanod-
pylHaH apmypii 6enikmepoi scane m.o. kepcemyee 601a0bl. byn macene a0emme exi macin-
MeH uiewinedi; mOHHeNboep MeH CIMAHYUSLLAPOb bLI2AN0bL HCUHAY HCIHE Ky MYHHeNbOI
warncopeviumapovly komecimeH. byn macindepoin exeyinoe oe opmax kemwuiinikmep oap.
bipinwioen, wan-mo3zany wvizapy stcenioe novi3 HcoxK myHel YaKkblmma 2aHa Hey3ee Achi-
PoLIybl MyMKIH. EKIHWIOeH, way-mo3ay weléapy KOHObIPEbLIAPLIHbIY 631 KbIMOAm, MOH-
Helb OOUbIMEH ULAH HCbLIOAMObIRbL a3 0018AHOA aHa MUIMOIL. OJleMHIH O6apblK Mempono-
JumeHoepinoe way-mo3ay wwvi2apy npobiemacsl bap. 3epmmey adicmepi epagpmap meo-
PUSAICHIH JHCIHE ARbIHObL ANeOPUMMOEPOL KOJIOAHA OMbIPbIN, MAMEMAMUKATILIK MOOelboe)y
a0icmepimer MempOnOIUMEHHIH HCeNiNiK dHcenicinoe aya mapamyobl Mai0aManblK HCIHe
ecenmey 3epmmeyiepin, COHOau-aK Aimamvl MemponoIumeHiniy mabueu Ha20atblHoda
aya azvlHbl napamempiepin dKCnepumeHmmix zepmmeyoi Kammuowvl. Makanaoa noiivi-
30apOobly NOPULEHbOIK dPEKeMiH HCIHE CIMAHYUSHBIY HCeN0emKil mopanmapulHod OpHa-
MbLIZAH 1AOUPUHMMI Cy32i1epoi KOI0anyea Heci30eleeH MyHHelb dYaACblH WARHAH ma3ap-
myOobly UHHOBAYUSIBLIK 20iCT YCbIHbLIZAH. Mempononumen dceniciniy ecenmey MOOENIHIH
napamempiaepi MemponoIumeH JHCeiCiniy Cbl3bIKMblK, MOOENIHEH NepuoOmbl AUblK KOH-
MYpPIbl MOOENb2e KOULY APKbLIbL AIPOOUHAMUKATILIK NpoyecmepOi MamemMamuKaivlk mMo-
oenvoeyoiy 0eKOMNO3UYUAILIK MACiline Hezizoenzen. JKendemkiu canviiay apxviivl aya
HCBLLOAMOBIELIHLIY 632€P) 3AHObLILIKIMAPbIH HCIHE CIAHYUSL APKbLIbL OMemiH noubi30ap-
ObIH JHCHLLIOAMOBIEbL MEH PeNCUMIHe DALLIAHbICMbL KOl HCeMiMOl KblCOIMHbIH MOMEHOEYIH
AHBLIKMAY YUK eCenmik a3poouHamura 20icmepi Ko10aHbliObl.

Tyidin ce3aep: mempononumer, scerdemy, uiay, CAHObIK MOOenIbOey, NOPULEHbOIK 3¢h-
hexm, ayanvly mapanyvl, dxcendemy Kenmeiic.
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PA3PABOTKA DQHEPIO®®PEKTUBHOM TEXHOJOI'MU
OBECIBIVINBAHUSA BO3/1YXA B METPOITIOJIUTEHAX

T.A. Uprudaesl* ® | JLA. Kusnuna?® , U.B. Jyrun?® , A.M. Kpaciox?®

"HAO Ka3zaxckuif HaMOHaNbHBIH HCCIIEN0BATENBCKHI TEXHUUECKNI YHUBEPCHTET
nM. K.H. Carnaesa, 050013, Aamatsl, Ka3zaxcran
2I/IH(:TI/ITyT ropuoro aena uM. H.A. Unnakama CO PAH, 630091, HoBocubupck, Poccust

AnHoTtauusi. Cpeou UCMOYHUKO8 6HYMPEHHe20 3Aa2PA3HEHUS MOJCHO YKA3ambv HaA
nbLIb, NPOOYKMbL ObIXAHUSL NACCANCUPOS, PA3TUYHBLE BbLOCTEHUS O MAMEPUATIO8 OMOETKU
€cOCMaso8 u cCManyuil Memponoaumena u m.n. Ima npoodiema o0blYHO peutaemcs 08yMs
cnocobamu: 81aiCHOU YOOPKOU monHeRel U CMAHYULL U ¢ NOMOWbIO MOUWHBIX MOHHETbHBLX
noiiecocos. Oba smu cnocoba umerom obwue Hedocmamku. Bo-nepewvix, nwineyoanrenue
MOdicem 0CYWecmensimvpCsi MoIbKO 8 HOUHOE 8peMsl, Koeod Hem noe3008 Ha aunuu. Bo-emo-
PbIX, camu YCMAaHO8KU NbLIEYOdeHUs 00po2ocmosiuue, P Gekmushsvl moabKo npu Maiou
CKOpOCmU nepemeujenus nuliu no mowuHenio. Bo ecex mempononumenax mupa cyue-
cmeyem npobnema nwiieyoaneHus. Memoowl ucciedosanus 8KI0UAIOM NPOGeOeHUe AHAIU-
MUYECKUX U BbIYUCTUMETbHBIX UCCIE008AHUL 8030YXOPACHPedeNeHUs 8 6eHMUNAYUOHHOU
cemu MemponoIumeHa Memooamu Mamemamuyeckoeo MoOeIupo8anus ¢ NPUMEHeHUeM
meopuu 2pagos u NOMOKOBLIX ANCOPUMMO8, A MAKICE IKCNEPUMEHMATbHBLE UCCTe008AHUS
napamemposg 6030yUiH020 NOMOKA 6 HAMYPHLIX YCA08USIX AIMAMUHCKO20 Memponoiu-
meHa. B 0annotl cmamve npeonodicer UHHOBAYUOHHBIU CHOCOO 00eCnblIUBAHUSL MOHHE b~
HO20 8030YXd HA OCHOBE UCNONb306AHUSL NOPUIHEB020 OeUCMEUsT N0€3008 U NAOUPUHIMHBIX
Dunbmpos, ycmanoeieHHbIX 8 NPUCIMAHYUOHHBIX 6eHMUTAYUOHHBIX cOolikax. OO0CHOBaAHbL
napamempbvl pacuemuol MoOeIu TUHUYU MeMPONOIUMEHA HA OCHOBE OeKOMNO3UYUOHHO2O0
nooxo0a Kk Mamemamu4eckomy MOOeiUpOBaAHUIO A3POOUHAMUYECKUX NPOYECCO8 NYymeM ne-
pexooa om TUHEUHOU MOOenU TUHUU MEMPONOIUMEHA K NEPUOOUYECKOL PA3OMKHYMOU MO-
oenu. Memooamu 6bluucIUMeNbHOU A3POOUHAMUKU ONpedeleHbl 3aKOHOMEPHOCIU U3Me-
HeHUsl CKOPOCMU 8030yXa uepe3 6eHMCOOUKY U pacnoazaemvlil nepenao 0asieHus 6 3a6u-
CUMOCTU OM CKOPOCIU OBUICEHUSL U PEHCUMA CIe008AHUSL N0e3008 Yepe3 CIMAHYUIO.

KiroueBble cji0Ba: mempononumer, 8eHMUIAYUSA, Nbllb, YUCIEHHOE MOOeiuposa-
Hue, nopuiHesoll d¢hghexm, ozoyxopacnpeodenenue, 8eHMUIAYUOHHAS COOUKA.
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1 BBEAEHHWE

B nmoazeMHBIX TOMEIIEHHUSX METPOIIOJIUTEHOB CKAIIUBAETCS MbUIb. CyHIECTBYET HECKOJIBKO €€
HCTOYHUKOB: MEJIKOANUCIIEPCHAS MbUIb BCIEICTBUE UCTUPAHUS TOPMO3HBIX KOJIOJOK METPOIOE3/10B;
3aHOCHUTCS Ha IIaT(GOPMBI CTAaHIUH ¢ 00YBbIO TACCAKUPOB, 32 CUET BHIBETPUBAHUS KEJIE€300€TOHHBIX
TIOOMHI'OB TOHHEJEHN U T.II.

[Toe3axu Ha METPO MOTYT OBITH BPEIHBI Ui 30POBBS, YTBEPKAAIOT OpUTAHCKHUE yUeHbIE U3
yauBepcutera Cayrremnrona (BemukoOpuranus). DKcnepTsl 0OHAPYKUIH, YTO MEJIKHE YaCTHIIBI
IIBUIY, IPUCYTCTBYIOIIKE B BO3AYXE «IIOA3EMKH», OTIMYAIOTCS 110 CBOEMY COCTaBY OT IIbLJIU B IPYTHX
MecTax. OHM OKa3aluch 60raThl MeTauIaMU, OCOOCHHO JKeJIe30M U Me/Ibl0. BBIBOJT yUEHBIX OCHOBaH
Ha aHaJIM3e YacTHIl MMbUTM, COOpaHHOW Ha OJHOMW M3 cTaHui MeTpo B EBpome. B xome paboTsr crie-
[UATUCTHl YCTAHOBWIIM, YTO OHU CIIOCOOHBI MPOHUKATH B OPraHU3M, B TOM YHCJIE B JIETKUE, [ICYCHb
¥ MO3T. YUeHbIE BBISICHIIIU, YTO MBLIb CIIOCOOHA T€HEPHUPOBATh PEAKTUBHBIC MOJEKYJIbI, KOTOpPHIC
MMEIOT OCHOBOIIOJIAraroiiee 3Ha4eHue B CO3JaHuM Tokcuueckoro sddexra. Ilpuuem omacHoOCTh
3TOr0 BO3JICHCTBUS BO3PACTAET C YMEHBIIEHUEM pa3Mepa YacTHULL.

Crnenyer OoTMETUTB, UTO B HacTrosulee Bpems B MeTpononureHax crpad CHI', nanpumep, Ha
MOCKOBCKOM METPOIIOJIUTEHE JIJIsl 3alIUTHI TEXHOTEHHON aTMOC(hEepbl METPOTIONIUTEHA OT IBUIN TPH-
MEHSIOT pa3inyHbie GUIBTPHI, CIOCOOCTBYIONIHNE (D (DEKTUBHON OUMCTKE BO3AyXa B BATOHAX METPO-
nosinteHa. OIHAKO CHEUAIUCThl JAHHOTO MPEANPUATUS OTPAaHUUYMINCh YCTAHOBKOW OYHMCTUTEINb-
HBIX CCTEM B BarOHaX METPOIOIHUTEHA. PeleHa TobKo JIMIIb JoKallbHas mpobiema, Tor/ia Kak 3Ha-
YUTEJIBbHOE KOJIMYECTBO MbUIM PA3HOCUTCS 110 CTAHLUSAM METPO.

2 OB30P JIMTEPATYPbI

2.1 CymecTBylomue MeTObl 00ecTIbLITUBAHUS BO31yXa B MEeTPONOJINUTEHAX

K merpomonuTenam, Kak K 3JIEMEHTY TPAaHCIIOPTHOW MH(PACTPYKTYpPhI U MECTY NMpeObIBaHUS
JHOIH, IPEIBABISIIOTCA TPEOOBaHMS [0 00ECTIEUSHUIO PEKOMEHIYEMBIX YPOBHEH COZep KaHus M-
KOJMCIEpPCHBIX YacTull B Bo3ayxe. Tak, cormacno (WHO, 2021), pekomeHayemble 3HaU€HUsI HAX0-
nATCs Ha ypoBHe: s PM2.5 cpenneronosas koHnenTpamus 10 Mkr/M?, cpeiHecyTouHas 25 MKr/M>;
ns PM10, 25 u 50 Mxr/m® cooTBeTcTBEHHO. Pesynbratsl uccnenopanuii (Sazanova, 2016; Ji et al.,
2021; Roy et al., 2019; Font et al., 2019; Park et al., 2012; Mugica-Alvarez et al., 2012; Kappelt
et al., 2022; Hugo Russel et al., 2022) noka3pIBaroT, 4To (haKTHUECCKHUE KOHIICHTPAIUH METKOHC-
NEPCHON MbIIM B METPOIIOJIMTEHAX 3HAYUTEIHHO MPEBBIIIAIOT 3TH PEKOMEHAALINH.

B kauectBe Mep OOpPHOBI C MEITKOIUCTIEPCHOM MBUTBIO B YCIOBHUSIX METPOTIOJIUTEHOB U3BECTHO
HECKOJIbKO peIIeHU, HalpuMep, UCIOIb30BaHNE BO3AYIIHBIX 3aBEC CIIEIIMATbHON KOHCTPYKLIUH, KO-
TOpBIE MO3BOJISTIOT CHU3HUTH IMOCTYTIUICHUE YaCTHUII TBIJIH BO BHYTPEHHHUE COOPY KEHHUSI METPOIIOJINTEHA
npumepHo Ha 40% (Chen et al., 2021). 1nst 60opbOBI ¢ JTOKAIBHBIMA HCTOYHUKAMH IBIIH HA T1acca-
KHUPCKO# maaropMe HCIONB3YIOTCS, HAIIPUMeEp, MarHUTHbIC TrHOpuaHble GuibTpel (Son et al.,
2019), ahhexTHBHOCTH KOTOPBIX MOXKET octurath 47,2%. B pabdore (Juraeva M. et al., 2016) npex-
Jaraetcs Mo JUIMHE TEPETOHHBIX TOHHENEH NeNaTh MUPKYJSIMOHHBIE Oaimmackl, 000pyI0BaHHBIC
(GUIBTPOM U BEHTWISTOPOM, C ABM)KEHHEM BO3JyXa B 3THUX Oaifracax Mo HalpaBlICHHUIO JBMXKEHUS
nmoe31oB. OJHAKO TaKoe pemieHne TPeOyeT YCTAaHOBKH JOTIOJIHUTEIBHBIX BEHTHIIATOPOB, YTO CHH-
&KaeT FHepro’pPeKTUBHOCTh CHCTEMBI MblIeYyIaBIuBaHus. B aBTopckoM cBuaerensctse (11) mpen-
JIOXKEH CII0CO0 CYXOH OYMCTKU CTEHOK TOHHEIS OT ITBUIH TP TOMOIIIN PACIIONIOKEHHOTO Ha MTOIBUXK-
HOM Tu1aTdopme KoMmpeccopa ¢ popcyHKaMH, KOTOPBIH 10 IMyTH CJIe0BAaHUS COMBAET MBUIH CO CTe-
HOK TOHHEJIEH, U TYT € 3aCachIBacT BO3AYyX B KOBII, paOOTAIOIINI MO pa3psbKeHHEM. Takxke u3-
BECTHO, 4TO 3()(peKTUBHOCTH MbLICYIABINBAHI MOXKHO 3HAUUTEIBHO TTOBBICUTH, HCIIOJIB3YSI MOKPBIN
CIOCO0 MbUICYJIAaBIMBAaHUS — OpoOLIas BO3AYyX BOAOH, YTO IIMPOKO IPHUMEHSETCS B TOPHOM Jeie
(Arhipov, 2014).
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B nenom, Bce paccMOTpeHHbIE BBILIE CITOCOOBI OOPHOBI C MBUTbIO UMEIOT YAaCTHBIHN, JIOKATbHBIN
XapakTep U MPUMEHSIOTCS HecucTeMHO. OJIHAKO YYUTHIBAsA, YTO B METPOIOJIUTEHE HECKOIBKO HC-
TOYHHUKOB I'€HEepalluy MBI — KOJECHBIE Mapbl U TOPMO3HBIE KOJOJKH MOE30B, 3P0O3Us OETOHHOM
o0nenku (TFOOMHTOB), O/1CKIa U O0YBb TEpCcOHaIa U MACCAKUPOB, TO JOJKHBI OBITH TPUMEHEHBI
KOMIUIEKCHBIE CUCTEMBI MTbIICOUYNCTKU M BO3yXOMOATOTOBKH, oOecneunBaromiye 3pheKTuBHOE yaa-
JICHUE MBUIA OT BCEX YKa3aHHBIX BBIIIE HCTOYHHUKOB.

B cBsi3u ¢ BhIlIECKAa3aHHBIM, HCCIIE0BAaHKE MPOLIECCOB U pa3paboTKa SHEpProdPpPeKTUBHBIX Me-
TOJIOB MbUICYJIABJIMBAHUS B METPOIIOJUTEHAX SBIISETCS BEChMa aKkTyalnbHOU. [l mocTHKeHUs 1enn
UCCIIeIOBaHMs, HEOOXO0IUMO:

1. IIpennoxxuTk ciocod OYUCTKH BO3yXa METPOIOIUTEHA OT MBUIH.

2. Pa3pabortarh pacueTHYIO KOMIbIOTEPHYIO MOJIEb JTUHUU METPOIIOIUTEHA, IIPOBECTH €€ Ba-
JTUAALNIO U OTPEIeNIUTh TapaMeTphl BO3AYIIHOTO IOTOKA — CKOPOCTh, PacX0]] BO3yXa, eperna/ JaB-
JICHUS Yepe3 BeHTUIISIIUOHHYI0 COOMKY JUIsl MCIIONIb30BaHMUs MX B KAUeCTBE T'PAaHUYHBIX YCIOBHH MTPH
MOJIETTUPOBAHUY TbIICYyIaBIuBaHus B punbTpax. [I[poBecTr Bamuaauio NOTyYSeHHBIX TaHHBIX.

3. Ompenenuth Hanbosiee PallMOHATBHYIO KOHCTPYKIHMIO (GUIBTPOB Ui OYMCTKH BO3AyXa B
METPOMOIUTEHAX.

B kadecTBe MCXOJIHBIX NAHHBIX JI MOJICIUPOBAHUS a3POJMHAMUKU 3albUICHHOTO BO3JIYIII-
HOTO MOTOKA B (PUIBTPOAIIEMEHTAX, UCIIOIb30BaHbI PE3YJIbTAThI UCCIIEIOBAHUSI TTBLITH, TPOBEICHHOTO
aBTOpaMH HaCTOALIeH cTarbu Ais ycnoBuil HoBocuOupckoro u ATMaTHHCKOTO METPOIIOIUTEHOB.
[110THOCTB TAaKOM MBUIM COCTaBMIIA B cpeaHeM 2359-2463 kr/m>, 4To XOpOILIO KOpperupyer ¢ pabo-
tamu (Huang et al., 2015; Xie et al., 2021).

2.2 Cnioco0 04MCTKH BO31yXa B METPONOJUTEHE OT MEJIKOAUCIIEPCHOM NMbLJIN

Haubonee noaxoasuyM MeCTOM Ul YCTaHOBKU (DUIBTPALIMOHHOIO 00OpYJIOBAaHUS B YCIIO-
BHAX JKCIUIyaTallMd METPOIOJUTEHOB SBJIAIOTCS MPUCTAHLIMOHHBIE IIPOTUBOYTHEBBIE BEHTUIISILIM-
OHHBbIE cOOMKHN. OHM HAXOUTCS B IUPKYJISALMOHHOM KOJIbLIE, BKIIIOYAIOIIEM TaKXKe TOHHENIHU U IIaT-
(bopMeHHBbI€e 3alIbl CTAHLIUH, U Yepe3 HUX IepeMelaeTcs 3HaUuTeIbHOE KOJIMYECTBO BO3/yXa OT KaxkK-
JI0r0 IIPOX0/1a Moe3/10B 1o ToHHeNo. [Ipu 3ToM pacnosnoxeHne B HUX (PUIBTPOB HE BIUSET HA JBU-
KEHHE MTOE3/0B.

Taxum 00pa3zom, MOKHO HE UCIOIb30BATh JOMOJIHUTEIbHBIE BEHTUIISITOPBI, @ BOCIIONIb30BaTHCS
TOJIBKO JJTaBJIEHHEM BO3/yXa, CO3[IaBa€MbIM JBUTAOIIMMHUCS roe3namu. [Ipu 3Tom GpuiibTpanrionHoe
00opy/10BaHUE JOJKHO MMETh JOCTaTOYHO Majoe a’pOJAMHAMUYECKOE CONPOTHUBIIEHUE, YTOObI HE
OKa3bIBaTh BJIMSHUE HA BO3JyX000OMEH Ha yyacTKe JTUMHUHU MeTporonuTeHa. [loatomy Haubosee moa-
XOJSIIMMH TUIIAaMU QUIIBTPOB Oy YT SIBIATHCS MHEPLIMOHHBIE U 3JIEKTPOCTATHUECKHE (DUITBTPBHI.

Taxoif cnocod 0UNCTKH TOHHENBHOTO BO3/AyXa OT IbLIN (PUIBTPaMHU, paCIONI0KEHHBIMH B IIPU-
CTQaHIIMOHHOW BEHTWJIAIMOHHON cOoiike, 3ammiied marentom (Krasyuk et al., 2022)
(Pucynox 1). ToHHEIbHBIN BO3IyX OT HOPIIHEBOIO JEHCTBUS MOE30B MPOXOAUT Yepe3 JTaOUPHUHT-
HbIE€ BO3/IYIIHbIE (GUIBTPBI, UMEIOLINE KaHANbI C IIMIIMHIPUYECKUMHU TOBEPXHOCTAMHU CTEHOK, 00pa-
3yIOILME KOTOPBIX HaIpaBJIEHbl BEPTUKAIBHO B CTOPOHY JIOTKA, YCTPOCHHOIO noja ¢uibTpamu. B
BEPXHIOIO YacTh KaHAJIOB (MIbTPa NEPUOAMYECKU MOAAIOT BOAY Ul YJAIECHUS MbUIH C UX MOBEPX-
HOCTEH, a 3arpsA3HEHHYIO BOY OT (GUIIbTpa YIAISIOT 10 JIOTKY B KaHAIHU3AIHIO.

Takoe perieHHe HCKIIOYaeT HEOOXOAUMOCTbh HCIOIb30BaHUS (UIBTPYIOIIUX 3JIEMEHTOB
(S19EeNKOBBIX, BOJIOKHUCTBIX, PYJIOHHBIX U T.II.), UMEIOLIUX BBICOKOE a3pPOJUHAMUYECKOE COITPOTUB-
neane (Shtokman, 2007) u uckimo4aeT HEOOXOAMMOCTh MEPHOIMUECKON 3aMEHBI 3aIbLICHHBIX
GUIBTPYIOMIMX 3JIEMEHTOB. A3POJMHAMHYECKOE COMPOTUBIICHUE TAOMPUHTHBIX BO3IYIIHBIX (HIIb-
TPOB MPAKTUYECKU HE U3MEHSETCS B mporiecce padoThl. OcaxaeHHas MbUIb JIETKO YJIAISIETCs U3 Ja-
OMPUHTHOTO BO3AYIIHOTO (PUIBTpA MYyTEM €€ CMbIBA BOJOM C LIUIMHAPUYECKUX ITOBEPXHOCTEN CTe-
HOK KaHAaJIOB U Jlajiee MO0 JIOTKY yTUIM3UpYyeTcs B KaHanu3auto. [Ipu 3ToM He TpebyeTcs ncnomiab3o-
BaTh JIIOJICKUE pecypchl. [l nbuieyaBInBaHus HE TPEOYIOTCS TOTOJIHUTENbHBIE 3aTPaThl S3HEPTUH,
T.K. 3TOT MPOLECC OCYILECTBIIAETCS 3a CUET MOPLUIHEBOTO JEHCTBUSA MOE3/0B, YTO MOBBIIIAET SHEP-
rod(peKTUBHOCTb BCEH CHCTEMBI TIbLICYJIABIMBAHUS B LIEJIOM.
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Pucynox 1 — Crioco6 ynaBiuBaHusI bUTH B BEHTHIAIMOHHO#M coOoiike [Oschepkov & Kiyanitsa, 2021]:
a — pacnosiokeHue QUIBTPalMOHHOTO 000PY/JOBaHUS B BEHTWIALIMOHHOH COOMKE METPOIIOIUTEHA,
6 — cxema oponieHus GpruIbTpo3aeMeHToB. Ha pucyHkax 1 — TOHHEINb, 2 — BEHTWISIIIMOHHAS COOMKa,
3 — moe3n, 4 — punbTp, 5 — haker, 6 — TOTOK I YHOCA TBUICBOTHON SMYIbCUN

B BEeHTHJISIIIMOHHBIX COOMKAX, TOMUMO (PHIIBTPOB, MOKET Pa3MEIIATLCS TaKKEe 000pyT0BaHUE
JUISL pETYJIMPOBAHMS pacxojia Bo3ayXxa (KJIanaHbl BEHTHIISIIUOHHBIC) U aBTOMATUYECKUE CUCTEMBI €TI0
YBIIQXHEHUS, UTO TaKKe OyJIET CIIOCOOCTBOBATH arjOMepaliiy IbUIH B O0siee KPYIHbIe (Ppakiium, 4To
Oyxer noBwImath 3G GEKTUBHOCTD MX MbUICYJIABINBAHKS B HHEPIIMOHHBIX QHIbTpaxX. To eCTh BEHTH-
JSIMOHHAS COOMKa SBJIACTCS BAKHEHIIIUM 3JIEMEHTOM KOMIUIEKCHON CHCTEMBI TIOATOTOBKU BO3/1yXa
B METPOIIOJIUTCHAX.

Cremyer OTMETHTB, YTO OCHOBHBIM Ha3Hau€HHEM BEHTHIIIIUOHHOW MPUCTAHIIMOHHON COOMKH
ABJISIETCSA CHUKEHUE 3P deKTa AyThs Ha cTaHIMU. PaKTHUECKH, 3TO 0OBOJIHON KaHal, 110 KOTOPOMY
HaNpaBJsIeTCs] U30BITOUHBIN MMOTOK BO3yXa OT IBHIKYIIMXCSI TIO€3/I0B B 00XO0/] My TeH ABMKEHUS Tac-
caxupoB. [ToaToMy BaxkHO, YTOOBI PUIBTPALIIOHHOE 000PYI0BaHKE, pa3MEIIEHHOE B BEHTHIIALIMOH-
HOW cOOKe U SIBIISIONIECECS JOTIOTHUTEIBHBIM a3POIMHAMHYECKIM COTIPOTUBIICHHUEM, HE BIIHSJIO HA
BO3yX000MeH Ha cTaHuuu Ooinee ueM Ha 5-10%. B padote (Oschepkov & Kiyanitsa, 2021) moxka-
3aHO, YTO U3MEHEHHE PAcX0ja BO3yXa Ha CTAaHIIMHA METPOTIONUTEHA MPH YCTAHOBKE (DMIIBTPAIIMOH-
HOro 000py/10BaHUs C KOA(PHUIIMEHTOM a3pOIMHAMUYECKOTO CONPOTUBIICHUS, pPaBHBIM 18, B BEHTH-
JSUUMOHHOM cOolike He npeBbimaeT 5%. IloaToMy ycTraHoBKa GUIBTPOB B BEHTUJISLIMOHHOM cOOliKe
JOMyCTUMa U He MPUBOAMT K MOBBIIIEHUIO CKOPOCTH BO3/yXa Ha MyTSIX ABUKEHUS MACCAXKHUPOB.

3 MATEPHUAJIBI U METO/IbI

AHanu3 pe3yIbTaTOB UCCIIEI0BAaHUNA, MPOBEACHHBIX aBTOPAMHU HACTOSIIEH CTAThU JIs1 YCIOBUI
HoBocubupckoro u ATMaTHHCKOTO METPOMOIUTEHOB, TTOKA3bIBAET, UTO MEPONPUATHS IO O0pbOe ¢
MIBUTBIO JIOJDKHBI OBITH MPEyCMOTPEHBI HETIOCPEACTBEHHO BOJM3HM MCTOYHHKOB T€HEPAIIUU THLUTH U
MPEIOTBPATUTH PACIPOCTPAHEHUE NIBUIM BO3YIIHBIMU TOTOKAMH OT ITOPIIHEBOIO IEUCTBUS IBUXKY-
nuxcs moe3ios. [Ipy 3ToM nopiHeBoe AEMCTBUE MOE3/10B CIEAYET HCIOIb30BATh I IEPEMEILICHUS
3aMbUICHHOTO BO3/AyXa uepe3 puimbTp.

3.1 Onpenenenne CKOpOCTEH BO3AyXa U Nepenajaa JaBJeHUs NPH NPOX0KICHHH BO31ylI-
HOT'0 MOTOKA Yepe3 NPUCTAHIMOHHYIO BEHTH/ISIHHOHHYIO COOIKY

Jlnst onpeneneHus Hanbosiee palnoHaIbHON KOHCTPYKIMU (PUIBTPALIMOHHOTO 3JIeMEHTa Heo0-
XOAMMO M3YYHTh ITapaMeTpbl BO3AYITHOTO IMOTOKA, MPOXOASIIETO Yepe3 BEHTWISIIIMOHHYIO COOUKY
OT MOPIIHEBOT'0 AEHCTBHUS MMOE30B, TAKHE KaK CKOPOCTh BO3/1yXa U MOTEPH JaBJICHUs. DTH 3HAUCHUS
OyIyT SIBIATHCS TPAHUYHBIMHU YCIOBHSIMH MPHU HUCCIAeAOBaHUU d(HPEKTUBHOCTH pabOTHI (PUIHTPOB
pa3nuyHON KOHCTpYKIuH. [Ipu 3TOM mpeacTaBiseT MHTEPEC HE TOJNBKO CPEAHSS IO CEYCHUIO
BEHTCOOMKH CKOPOCTh BO3/yXa, HO U €€ JIOKAIbHbIC 3HAYCHHUS B Pa3JIMYHbIC MOMEHTHI BPEMCHH.
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JUig onpenesieHns 3TUX apaMeTPOB IIPOBEJEH BBIYUCIUTEIbHBINA SKCIIEPUMEHT. [ 'eomeTpuue-
CKHE ITapaMeTpbl paC4eTHOW MOJIEIM U T'PaHUYHbIC YCIIOBU IT0Ka3aHbl Ha Pucynke 2.
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Pucynok 2 — PacuerHas cxema Jiis HCCIICIOBaHUS BO3YXOPACIPECIICHHS OT MOPIIHEBOTO ACUCTBHS ITOE3I0B
Ha JIMHUU METPOIOJIUTEHA — TEOMETPHUYCCKHE TTapaMETPhI M TPAaHIYHBIC YCIOBHS [MaTepHaIbl aBTOPOB].
Ha pucynke: | — crannmonHsIii kominiekc, 11 — meperoHHsril ToHHENb, 1 — moe3, 2 — Manasi BEeHTCOO#iKa,
3 — craHIMOHHAS BEeHTKaMepa, 4 — Goipias BeHTCOOMKa, 5 — meperoHHast BeHTCOOMiKa, 6 — BEIXOBI HAPYXKY,
7 — meperoHHas BeHTKamepa, 8 — atdopma, P, — aTMocdepHoe naBieHue, v — CKOPOCTh Toe31a
Pacuetrnas Monenp mpencTaBisier co0oii JIMHUIO METPOTIONUTeHa B MacmTade 1:1, BkiItouaro-
IIy0 B €051 5 CTAaHIIMOHHBIX KOMIUIEKCOB. MOIeNb peann3oBaHa B HECTAIlMOHAPHOM, JIMHEHHOM, Tie-

PUOINYECKON TIOCTAHOBKE — MPOQHIN CKOPOCTU VA(X,),Z,T)=0c(X,V,2,T) U VA(X,),Z,7)=0c(X,),z,T) Ha
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BXOJIaX M BBIX0JIax MOPTaIoB ToHHENEH (A, B, C, D Pucynok 2) pacyeTHoil MOIeNIM COBIAAAIOT, UYTO
MO3BOJISIET KOPPEKTHO YUECTh COMPOTUBIICHUE OCTABIIETOCS yYaCTKa JMHUMA METPOIIOJIUTEHA, HE BO-
menueit B Mmosienb. CoeIuHEHHs C JHEBHON MOBEPXHOCTHIO (BEHTUJISILIMOHHBIE KaMephbl, MacCaxup-
CKHUE MYTH U T.J.) UMEIOT a3pOIMHAMHUYECKOE CONPOTUBIICHHUE, pAaBHOE (PAKTUYECKIM 3HAYCHUSM IS
JICHCTBYIOIIEr0 METPOIIOJINTEHA. B kauecTBe OMyieH s, A1l SKOHOMHUH BBIYUCIUTEIBHBIX PECyp-
COB, 33/1a4a pelieHa B U30TEPMUUECKOM MMOCTAaHOBKE (peIaeTcs ypaBHEHHE COXPAaHEHHS TOJIBKO Me-
XaHUYECKOM IHEPruu), U Moe3aa MOJCIUPYIOTCS HE TBEPAOTEIbHBIMU MOJICISIMU, & BUPTYAJIbHBIMU
(Meton «morpyxeHHoro» Tena — «Immersed Solid»). DTOT MeTO 3HAYUTENHHO YIPOIIAET MOATO-
TOBKY pacyeTHOM MoJenu M yckopsier pacuyer. K HemocTtarkaM MOXKHO OTHECTH HEBO3MOXKHOCTD
oTpesieNIeHUs] HEKOTOPBIX TapaMeTPOB Ha MOBEPXHOCTH Moe3/a (Hanpumep, nasienue). Ho ans nan-
HOM 3a/1a4¥ 3TO HE TpeOyeTcs.

YucneHHoe pellieHue 3a7aud BO3yXOpaclpeesieHrs OT MOPIIHEBOTo JACUCTBUS MOE30B Ha
JMHAY METPOTIONINTEHA 0a3upyeTcsi Ha pelIeHUH YPaBHEHUI COXpaHEeHUs (MacChl, HMITYJIbCa, MEXa-
HUYECKOH SHEPrur) COBMECTHO C K-&¢ RNG Mo1ebi0 TypOyJIEHTHOCTH METOIOM KOHEUHBIX 00BEMOB,
peanuzoBanHOM B nporpamMHoM komiuiekce ANSYS CFX (2016). Illar mo Bpemenu pasen 0.025 c.
PacuetHoe Bpemst BKJIIOYAeT B ce0s1 BpeMsl MPOXoa JECATH MOe3/I0B OT OJHOI0 MopTaia MOJAETH 10
JPYTroro B 000MX HAIPABIICHUSX.

[IpuHsATHIE COUETAaHUSI MAKCUMAIIbHOM CKOPOCTH MO€3/1a Ha TIEPErOHEe U YaCTOThI JIBUKCHHUSI T1I0-
e3710B npusezeHsl B (Taduaume 1):

Taoauna 1
Martpwuia 9uCIeHHOTO YKCIIEPIMEHTa

YacToTa ABMKEHUS I10E€310B

Cxkopoctb oezfia 40 map/dac (Mexay no- 24 map/gac (MexIy 12 nap/4ac (MexIy
e3mamu 90 c) roezgamu 150 ¢) noesgamu 300 ¢)
90 kM/g Ja Ja Jla (ToapKOo I BaTUAAITHH)
70 kM/4 na Ja Her

Pacuer Ha yacToTy ABM>keHUs 12 map/yac IpoBeeH AJIs BATUAALNY PE3yIbTaToOB, HOTYyYEHHBIX
MyTE€M BBIYUCIUTENBHO SKCIIEPUMEHTa, C pe3yJbTaTaMU HaTYPHBIX 3aMEPOB, IPOBEIEHHBIX B yCIIO-
BUAX JeiicTByromero HoBocuOupckoro MmerpononuTeHa Ha ctanuuu Metpo Ctyaenueckast. [lpu npo-
BEJICHUH HATYPHOI'O SKCIIEPUMEHTA 3aMEPSIIACh CKOPOCTh BO3AYIIHOIO IIOTOKA TEPMOAHEMOMETPOM
TMM-2-01. MecTo npoBeieHHs 3aMEPOB B BEHTUJISIIUOHHOM cOolike noka3aHo Ha Pucynke 3a. [1a-
paMeTpbl IPOBECHUS HKCIIEPUMEHTA: YacTOTa JBMKEHUs oe3/10B 12 map/yac, mupuHa BEHTHIISALU-
OHHOM cOolku 20 M, B TIONIEPEUHOM CEUEHUHU HAXOSATCS PacoyIOKEHHbIE paBHOMEPHO 3 KOJIOHHBI.
[Toe3na y BEHTUIIAIIMOHHON COOMKHM COOTBETCTBEHHO JIMOO PA3rOHSIOTCS, TUOO 3aTOPMAKHUBAIOTCHI.
CKOpOCTb X JIBH)KEHUS 3HAUUTENILHO MEHbIIIE KpeHcepckoil 1 HaxoauTes B nuanasone 20-30 km/4.
[Ipu mpoBeneHUM SKCIEPUMEHTa CKOPOCTh BO3yXa 3aMepeHa B TeUeHue 2-X IUKJIOB MpHUXoja U
yXoJla oe3zia Ha/co cTaHIuu. Pe3ynbpTaThl H3MEpeHUs: CKOPOCTH BO3/yXa B 3aMepHON Touke 1 BeH-
TUJISIUOHHOM cOOMKM yka3aHbl Ha PucyHnke 36.
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Sy ="
2 1
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PucyHok 3 — DKceprMeHT IO MCCIIEIOBAHMIO CKOPOCTH M HAIIPABJICHHS ABHXEHUS BO3/LyXa B BEHTHIISILIMOHHON
cOoiike Ha craHnu MeTpo CryzaeHueckass HOBOCHOMPCKOTO METPOIIOINTEHA [MATePHAJILI ABTOPOB].
a — cXeMa CTaHIMH ¢ YKa3aHHEeM MecTa IIPOBeACHUs 3aMepoB (Touka 1),
0 — CKOPOCTb BO3/JyXa B 3aMEPHOI TOUKe

[IpoBeneHa Banuaanus YUCICHHON MaTeMAaTUYECKOW MOJENU JTUHUU METPOMNOIUTEHA IIyTEM
CpaBHEHUS PE3YJIHTATOB, MOTYUYEHHBIX ITyTEM YUCIEHHOTO U HATYPHOTO KCIIEpUMEHTA. Pe3ynbTaThl
cpaBHeHHUs nokazanbl Ha Pucynke 4. Kak BUIHO, CKOPOCTh BO3yXa B BEHTCOOWKE MO pe3yibTaTaM
YUCJICHHOTO M HATYPHOTO SKCHEPUMEHTA JOCTATOYHO XOPOIIIO COBMAJAET KaK KaueCTBEHHO, TaK U
konmyectBeHHO. Koo duruent koppemsiiuu cocraBui k=0,851.

CKopocTh, M/C
e

-5
(=] S S (=] S (=] S S (=] S S S S (=] S
v S hal (=] v (=] v S v S el S el (=] e
on < < v v O O >~ o~ o] >o] (o)) N (=] S
— — — — — — — — — — — — — o o
Bpewms, ¢

Pucynok 4 - CpaBHEeHHE CKOPOCTH BO3yXa B BEHTHJIIIMOHHOI cOOliKe, MOJlydeHHOH B pe3yIbTaTe MPOBEICHUS
BBIYMCIIUTENFHOTO M HATYPHOTO SKCIIEPUMEHTA [MaTepHaJibl AaBTOPOB].
@ — YUCIICHHBIN 3KCIIEPUMEHT, O — HATYPHBIH SKCIEPHUMEHT

4 PE3YJBbTATHBI U OBCYKJAEHUSA

Ilo pe3yjibTaTaM BBIYUCIIUTCIBHOI'O SKCIICPUMEHTA OIMPEACIICHBI U3SMCHEHUA 110 BPEMCHH CKO-
pPOCTH BO3/IyXa B BEHTUJISIIMOHHOMN MPHUCTAHIIMOHHOMN cOOliKe. Pe3ynbTaThl sl 4aCTOThI ABM)KCHUS
noe3n1oB 40 map/gac ¥ MaKCUMaJIbHOM (KpercepcKoit) CKopocTH 1moe3ioB 90 kM/4ac MpUBEICHBI HA
Pucynke 5, yTo OyzeT SBIATHCS HanOoJee SKCTPEMAIbHBIM PEXUMOM 3KCILTyaTaluu 11 GUIIbTpa-
IIUOHHBIX YCTPONCTB, HAXOIAIINXCS B BEHTHJIAIIMOHHON COOMKE.
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Pucynok 5 - Pe3ynpTaTsl BEIYHCIUTEIBHOTO SKCIIEPUMEHTA TSI BEHTIIIIIHOHHOM cOoMKe ATHMHOM 26,5 M: 4acToTa
nBrKeHus moe3noB 40 map/gac 1 MakcuManbHast (Kpercepckas) CKopocTh Toezna 90 kM/4 [MaTepuajbl aBTOPOB]:
a — abconroTHAs BeTMYrHA CKOPOCTH (1) M pOEKIHst CKOPOCTH HA OCh X, OCPEIHEHHBIE 0 MOTIEPEUHOMY CEUCHHIO
BeHTCOOMKH (2), 6 — IPOEKIHNs CKOPOCTH Ha OCh Y, OCPETHEHHAS TI0 TIONEPEIHOMY CEUCHUIO BEHTCOOUKH (2),
6 — TO K€, MPOCKITNS Ha OCh Z (2), 2 — mepenan ctarmdeckoro (1) u mosHoro (2) maBieHnid Ha BEHTHISIIMOHHOK
cooiike (1 — crarnueckoe aBiieHne, 2 — MOJIHOE JAaBJIEHKE), O — 00BEM BO3/yXa, IepeMeIaeMblii 32 OAUH LIUKJI
JBIDKCHUS 110€3/1a , € — OOLIMIA BHJI MOJICJIMPYEMOH BEHTCOOMKH U MOJIOKEHUE KOOPAMHATHBIX OCEH, IPUHSATOE
B YHCJICHHOM 3KCIIEpUMEHTE
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Kaxk BugHO 13 PucyHnka 5a-B, ojie CKOpOCTH UMEET CIIOKHYIO IPOCTPAHCTBEHHYIO CTPYKTYPY,
XapaKTEPU3YIOLIYIOCS U3MEHEHHUEM MPOEKIMM CKOPOCTH B JIBYX HaIpaBJICHUSAX MOTOKAa BO3[yXa B
BEHTHJIAIIMOHHOW COOMKeE, ¢ U3BMEHEHUEM HamnpapyieHus. [Ipu 3TOM 1Mo BbICOTE BEHTCOOMKU KaKO¥-
00 3aMETHOMN CTpaTH(HUKAIIUN CKOPOCTH HE BBISBIICHO, TAK KaK MPOEKITUS CKOPOCTH HA BEPTUKAIIb-
HyI0 ocb Y Kosebmetcst okoso 0 mM/c. BeisiBiIeHO, 4TO pacmoiaraeMblid Tieperal 1aBJIeHUH, COOTBET-
CTBYIOIIUN TOTYYEHHBIM YKa3aHHBIM PAacX0JiaM BO3/1yXa, M0 a0COIFOTHON BETUYHHE HE MPEBBIMIACT:
st ctatuueckoro nasnenust 21 Ila, g noanoro nasinenust — 40 [Ta. DTo mo3BosigeT onpeaeanTh
TpeboBaHUs K (GPUIBTPAM 110 MAKCHMAIILHO JIOITyCTUMOMY a3pOIMHAMUYECKOMY COTPOTHBIICHUI0. Ha
Pucynke 50 mokazanbl 00bEMbI BO3AyXa, KOTOPBIE MPOXO/IAT 32 OJMH ITUKJI IPUXO0/Ia M yX0/1a Moe3/1a
Ha CTaHIMI0. DTOT 00BEM BO3yXa OyIeT ABIATHCS, TPEOYyEeMOH BO3IyIIHON HArpy3KOW Ha GUITBTP H
cocTaBiseT ais auanaszona 12-40 map/uac ot 31168 10 22678 m>/mukn.

[TomyueHHbIE TPY MOJECITUPOBAHUU CKOPOCTH M TIEPENabl JAaBJICHUS BO3AyXa IS Pa3IuIHBIX
YacCTOT JBUXKEHUSI U CKOPOCTEH MOE3/]0B UCIOJIb30BaHbl B KAUECTBE MCXOHBIX JAHHBIX IS ONpee-
JICHUS ONITUMAILHOW reOMETPHH (PUIBTPOITIEMEHTOB.

S BBIBO/IbI

[IpoBeneHo obOocHOBaHWE IS pa3pabOTKH HEProdP(EKTUBHON OE3ITIOTHOW TEXHOJIOTHUU
o0ecnbLITMBAaHUS BO3yXa B METPOIIOJIUTEHE.

B xadgecTBe MecT YCTaHOBKU d)HHBTpaIII/IOHHOFO 06OPYI[OBaHI/I$I npeajararoTCsa BEHTUIIALUOH-
HbIE IPUCTAHLIMOHHBIE COOMKH, T.K. OHM HAXOJSATCS B T.H. KIIUPKYJSIIUOHHOM KOJIBIIE», YTO CIIOCO0-
CTBYCT MHOT'OKPATHOMY IMPOXOKACHUIO 3HAYUTCIIbHBIX 00BEMOB BO31yXa 4€pe3 HUX, U PaCIIOJIOKE-
Hue GUIBTPOB B HUX HE MEIIAET JBUKCHHIO MOC3/I0B.

Jliig uccnenoBaHus a3poJMHAMUYECKUX ITPOLECCOB B METPOIOJIUTEHAX pa3paboTaHa KOMIIbIO-
TepHas YUCICHHAs! MOJIENb, YUYUTHIBAIOLIME TTOPITHEBOE IEUCTBHUE OT ABMXKYILIMXCS noe3a0B. [Ipose-
ACHa BajlnJanus pe3yJIbTaTOB IO CKOPOCTH BO3AYyXa, MOJYUCHHBIX ITYTEM YHCJICHHBIX PAaCUCTOB, C
pe3yapTaTaMy HaTypHOTO SKCIIEPUMEHTA.

HYTGM YU CJICHHOTO MOJACINPOBAHHNA OIIPCACIICHBI ITapaMCTPhl BO3AYIIHOT'O ITIOTOKA B BEHTUJIA-
[IMOHHOM COOMKE ISl pa3TMYHBIX YACTOT JIBIXKEHUS U cKopocTel moe3aoB. [lonydyeHHbie pe3yabTaThl
6YIIYT HCITOJIB30BAHbBI B KAYECTBC NCXOOHBIX TAaHHBIX (l"paHI/ILIHBIX yCJ'IOBI/II\/'I) JJIs1 IIOUCKa OIITUMAJIb-
HOM reoMeTpuH (PUIBTPOITEMEHTOB.

KOH®JIUKT UHTEPECOB

ABTOpBI 3asBJISIIOT, YTO KOH(DINKTAa HUHTEPECOB HET.

BJIATOJAPHOCTU/MCTOYHUK ®PUHAHCUPOBAHUS

HccnenoBanue npoBoaMWIOCh B paMKax IpaHToBoro ¢uHaHcupoBaHus Komurera Hayku Mu-
HUCTEPCTBA HAayKH U Bbiciero oopazoBanus Pecrybmuku Kazaxcran IRN AP09260842 «Mccneno-
BaHUe, pa3paboTKa U BHEAPEHNE HHHOBAIIMOHHOM TEXHOJIOTUY MbLIEYTaJIeHHs B METPOIoJuTeHe AJl-
MaThl HA OCHOBE MCIIOJIb30BAaHUS LUPKYJSILIMOHHBIX MTOTOKOB OT MOPIIHEBOTO JEHCTBUS JIBUTalO-
IIUXCS TOE310BY.
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ANALYSIS OF PROSPECTS FOR THE USE OF LOCAL RAW
MATERIALS FOR THE PRODUCTION OF SELF-SEALING CON-
CRETES IN THE REPUBLIC OF KAZAKHSTAN
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International Educational Corporation, 050028, Almaty, Kazakhstan
2Central Laboratory of Certification tests of Building Materials, 050058, Almaty, Kazakhstan

Abstract. Initiation of production and application of self-compacting concrete
(SCC) in Kazakhstan requires not only local research within the framework of solving
technological problems in one agglomeration under active construction, but also an as-
sessment of potential opportunities for the development of the raw material base of SBC
and processing industries in different regions. Taking into account that the raw material
possibilities for these purposes in the regions of Kazakhstan differ to a great extent, and
the considered type of concrete is economically feasible only when using local raw mate-
rials in the composition, the conceptual approaches to the selection and evaluation of raw
materials for SCC, known in the world scientific practice, were analyzed and summarized.
as well as the results of the development of SCC in KazGASA with the use of raw materials
relevant for a number of regions. Studies of local raw materials have shown the prospect
of using high-silica furnaces in high-strength substations; fillers from the screenings of
stone crushing of local rocks, represented by hydrothermally and metasomatically altered
porphyrites of medium-major composition and porphyries of decrystallized quartz-feld-
spar composition; granites and hybrid rock of quartz diorite in composition with zeolite,
microsilica. Issues requiring study were identified in the application of certain types of
raw materials, which differ in mineralogical and other characteristics from those previ-
ously studied, issues in the development of own technology for the synthesis of organic
modifiers for SCC.

Keywords: high-functional concrete, local mineral resource base, efficiency, com-
position, cement, superplasticizers, modification.
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KA3AKCTAH PECITYBJIUKACBIHJA O3AII'THEH TbhIF'bI3/IA-
JIATBIH BETOHIAP AJ1Y YHIIH KEPT'IJVIIKTI HIKKI3ATTbBI
MAVJAJIAHY NEPCIIEKTUBAJIAPBIH TAJIJIAY

1.B. Koaecnnkosa! @ | A.C. Cysopos?® , H.E. Bexrypranosal*®

! Xanwixapansix 6inim 6epy kopropanuscel, 050028, Anmatsl, Kazakcran
2 KypbUIbic MaTepuaIapbiH CepTU(HUKATTAY ChIHAKTAPHIHBIH OPTANIBIK 3epPTXaHACHI,
050058, Anmmatel, Kazakcran

Anparna. Kasaxcmanoa e30icinen nvievizoanamoin bemonovt (OTH) endipy men naii-
oananyowl bacmay 6enceHOi CAnbiHbIN HCAMKAH OIp a2nomepayusdagbl MexHOL0SUSIbIK
Macenenepoi weulyoiy 6enici peminoe dicepinikmi 3epmmeynepoi 2aHa emec, COHbLMEH
Kamap wuxizam 6a3acvli natuoaianyovly aieyemmi MyMKIHOIKmepin Jcainsvl 6aeaniayovl
manan emeodi. dicone OTE Ooameimy ywin apmypiai atmakmapovly 6HOey 6HepKaCiO.
Kasaxcman atimakmapueinoa ocel makcammapea apuaniean wukizam MymKinoikmepi ati-
MapIvIKmail 032epeminin JHcaHe Kapacmulpolibln OMbIPeai OemoH mypi mek JHcepiiikmi
WUKI3ammul KYpamHuly Oip Oonici peminoe naudalaHean Kezoe aHa IKOHOMUKAILIK
Mypavloan muimoi exeHOieiH eckepe omwvlpbvin, IpiKmeyoiy 2NeMOIK bLIbIMU MIAHCIPU-
becinoe Oeneini myxcvipimoamanviy macindep scone OTH wuxizamvin 6azanay man-
O0aHRAH JICOHe JICANBLIAHEAH, COHbIMEeH Kamap Oipkamap 6Hipaep YwiH o3exmi
wukizammol naudarana omuipwvin, KasbCKA-0a OTE a3ipney nomuoicenepi OepinceH.
Kepeinikmi wuxizammul 3epmmey bepikmizi scozapbi OTE -0a kpemnezemoi onokana-
PObL KONOAHYObIH Y20eCiH Kopcemmi, opma He2i30i KYpamovl 2UOPOMEPMUSLILIK-MEMOCO-
MAMUKAnwlK 632epeeH NnopoupummepmeHr JHCoHe KPUCMANIOAHRAH KE8apY-OalanblK
KYpamowvl nopupummepmen YColHbLIAH HCEPRLNIKMI MAy HCbIHbICIAPLIHbIY, MACMapObl
ycakmay cKpuHuHemepineH moimvlpebluimap, cpanummep MeH Keapy OUOpumiHiy yeo-
JIUMNEH, MUKPOKPEMHULL MOmMblebl O6ap 2ubpuomi Hcwinbicobl. Bypvin 3epmmencenoepoen
MUHEPANO2USLTILIK HCIHE OACKA 04 CUNAMMAMAanapsl 60UbIHULA epeKulesieHemiH WUKI3am-
MblY HceKene2en mypaepin natuoaiamy2a KamvlCmsl 3epmmeyol Kadxcem ememin mMacene-
aep, OTH ywin opeanuxanvlx MOOUPUKaAmMopaIaposl cuHme30eyoiy 03iHOIK MexXHOI02U-
ACHIH dHcacay macenenepi aHblKmanobl.

Tyiiin ce3aep: scozapvl hyHKYUOHANObI OEMOH, JHcepinikmi MuHepandvl-uuKizam oa-
3acvl, MuiMoiniel, , yemenm, Cynepniacmupukamopiap, mMoougukayus.
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AHAJIN3 NEPCIHHEKTHUB UCITIOJIB3OBAHUA MECTHOI'O
CbIPbA JIA ITOJYYEHUA CAMOYIUVIOTHAIOHINXCSA
BETOHOB B PECIIYBJIUKE KAZAXCTAH

1.B. Konecnnkosa! @ | A.C. Cysopos?® , H.E. Bekrypranosat*®

"Mesxynaponunas o6pasoBarenbHas koprnopamus, 050028,

Anmarel, Kazaxcran

2 llentpanbHas JlaGopaTopus cepTH(HUKALNOHHBIX UCIIBITAHUN CTPOMTENLHBIX MATEPUATIOB,
050058, Anmartel, Kazaxcran

AHHoOTaUMA. MHuyuuposanue npouzeo0cmed u npumMeHeHus: CamoyniomHII0OUUxXcsl
bemonos (CYbB) ¢ Kazaxcmane mpebyem He moavKo JTOKATbHbIX U3ICKAHULL 8 PAMKAX pe-
WeHUsl MeXHON0SUYeCKUX 3a0aiy 8 OOHOU AKMUBHO CMPOAWeUcs a2iomepayul, HO U
OYEHKU 8 YeTIoM NOMEHYUANbHBIX 803MOICHOCMEN UCNOIb308aHUs 01 pazpabomku CYE
coipbesoll bazvl U nepepadbamvl8auux NPoU3B00CMs PA3IUYHBIX PE2UOH08. Yuumvleas,
YUMo culpbesvie BO3IMONCHOCMU O IMuUX yeiel pecuonos Kaszaxcmana 6 snauumenvHou
cmeneHu pasHAmcs, d paccmampueaemvlil 8u0 6emoHa IKOHOMUUECKU YenecooopaseH
MONbLKO NPU UCHOTIL30BAHUU 8 COCMABE KOMNOZUYUU MECHHbIX CbIPbeBbIX MAMEPUAILOs,
ObLIU NPOAHATUUPOBAHBL U 000OUIeHbl U3BECMHbLE 8 MUPOBOU HAYYHOU NPAKMUKE KOH-
yenmyanvHble NOOX00bL 8b1O0OPA U OYeHKU Chipbesblx mamepuanos oas CVb, a makace
npusedenvl pezyrvmamul paspabomox CVE ¢ Ka3l'’ACA ¢ npumenenuem akmyanibHo2o
0713 pi0a pe2uonos coipbsi. Mcciedosanuust MECMHO20 CblPbsi NOKA3ANU NePCNEeKMUBHOCTb
NpUMeHeHUsl BbICOKOKPEMHE3eMUCMbIX ONOK & 8bicokonpounbix CVB; nanonnumenei uz
omces08 KaMHeOpoOIeHUss MeCmHubIX NOPOO, NPeOCMABIEeHHbIX 2UOPOMEPMATIbHO-MEMO-
comamudecku U3MeHeHHbIMU NOPHUPUMAMU CPeOHe-0CHOBHO20 COCMAsa U nopgupamu
PACKPUCMANIUZ08AHHO20 KEAPY-NOe80UNANO20 COCMABA, SPAHUMAMU U 2UOPUOHOL NO-
POObL KBAPYEBO20 OUOPUMA 8 KOMIOZUYUU C YEOTUMOM, MUKPOKpeMHe3eMoM. Buliu 6bi-
A6IeHbl Mpedyrowue uU3yueHus. GONPoCbl N0 NPUMEHEHUIO OMOETbHBIX 8UO0E CbIPbL, OM-
JUYAIOWUXCA MO MUHEPATOSUYECKUM U OPYSUM NPUSHAKAM OM paHee U3Y4eHHbLX, BONPOCHl
paspabomku cOOCMBEHHOU MEXHONO2UU CUHME3Ad OPSAHUYECKUX MOOUDUKAMOPO8 0/is
CVF.

KiaoueBble cJI0Ba:. 6blCOKOQYHKYUOHANbHBIU OEMOH, MUHEPANIbHO-CbIPbesas
baza, 3¢hghexmusrnocmns, KOMNO3UYUsL, YeMeHm, CYNepuIacmuuramopol, MOOUDUKAYUSL.
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1 BBEJIEHHUE

BricokodyHnkimonanbupie 6eToHbl (BOB) mmpoko npuMeHSIOTCS B CTPOMTENIBCTBE 3a pyOe-
xoM (Cazacu N., 2016). B Pecriybnuke Kazaxcran, HeCMOTpsi Ha 3HAUUTENbHBIA HHTEPEC MECTHBIX
MIPOU3BOIUTENIEH TOBAPHOTO OETOHA, OETOHHBIX KOHCTPYKLUN M CTPOUTEIBHBIX KOMIIAHUH, B HACTO-
A11ee BpeMsl OIbITa MCIOJIb30BaHUS TAKMX OCTOHOB MPaKTHUeCKU HeT. OCHOBHOM 00BEM MPOU3BO/I-
CTBA U3JICJIUN U KOHCTPYKIMI 13 BOb B MUpOBOI paKTHUKE MPUXOIUTCS HA CAaMOYTUIOTHSIOIINECS
6eronnl (CYB). CYbB obecrieunBaroT nojy4eHne U3eNuil ¢ BRICOKUMHU KaueCTBEHHBIMH XapaKTepH-
CTHKaMHU, B TOM YHCJI€ U C HETUIIUYHBIMU J17151 00bIYHOTO OeToHa cBoiicTBaMu. Takue 6eToHbI 2P dek-
TUBHBI Ul U3TOTOBJIEHUS I'YCTOAPMHUPOBAHHBIX KOHCTPYKIUH, 111 TOHKOCIOWHBIX KOHCTPYKIIH,
JUIS. KPUBOJIMHEHHBIX HECYLIUX U OTPaXKAAIOIINUX JIEMEHTOB, JJis 00ecreueHUs] KOHCTPYKLUSAM BbI-
COKHX IOKa3aTelsieil Hecylel ClIoCOOHOCTH, B KOHCTPYKIHMAX CIIEHUAILHOTO Ha3HAUCHHS, a TAaKXKe
MO3BOJISIFOT MPOIIECCHI M3TOTOBJICHUS KOHCTPYKIIMIA, B TOM YHUCIIE OOIECTPOUTENILHOTO HA3HAUCHHUS,
c/IeNaTh MEHEe TPYIOEMKUMHU U MEHee SHEproeMKUMH. CaMOyIUIOTHSIOLINECS] OETOHBI MOTYT U3r0-
TaBIIMBATHCS C PA3HBIMH 33JJaHHBIMHU XaPAKTEPUCTUKAMU: 10 TNIOTHOCTH JIETKUMH U TSXKEJIBIMH; KaK
CO CPEAHMMH XapaKTEPUCTUKAMHU IPOYHOCTH, TaK M BEICOKOIPOUYHBIMU; C YIIyYIICHHBIMHA Ae(opma-
[IMOHHBIMU XapaKTEPUCTHKAMHU 0€3 MUKPOAPMHUPOBAHUS U C €T0 MCIOJIb30BAHUEM; UMETh BHICOKHE
[I0KAa3aTeIu KOPPO3UOHHOM CTOMKOCTH U APYTHE YIIyUIlIEHHbIE SKCILTyaTalliOHHbIE CBOMCTBA; XapaK-
TEPHU30BaThCs CIIELMATBHBIMU CBOMCTBAMH (CaMOOUHMIIAIOIINECS, IEKOpAaTUBHBIE U Ipyrue) (Person
B.,2001; Subhan Ahmad et al., 2017; Abdullah Alshahrani a,b , Sivakumar Kulasegaram, 2023;
Celik, Z., & Bingol., 2020). Takum obpazom, CYD Becbma akTyaneH B KOHTEKCTE BO3MOXKHOCTEH
KaK JUIsl TOBBILLIEHUS] KaUeCTBA CTPOUTEILCTBA, IPAKTUUECKON peann3alii HOBBIX apXUTEKTYPHBIX
pelIeHni, BHEAPEHUS B POU3BOICTBO HOBOTO BBICOKOA((EKTUBHOTO 000PYI0BAaHUS CO 3HAYUTEIb-
HBIM pacuiipeHueM (QyHKIHOHAIBHBIX BO3MOXHOCTEH U IPOU3BOJUTENBHOCTH, TaK U AJIs 3asiBJICH-
HOMW KOHIIENIUH 110 nepexoy Pecybnuku KazaxcraH K «3e1eHOM SKOHOMHKE.

CrepxuBaromumu hakTopaMu BHEAPEHUs U UCTIONb30Banus TexHomoruit CYb 1o HacTosiero
BpeMmeHH B KazaxcraHe sBIsIIOCH OTCYTCTBHE (PMHAHCOBOM MOAJIEPKKU UCCIeI0BaHUN B 3TOM 001a-
CTH, OTCYTCTBHE IOCYJapCTBEHHBIX CTAaHAAPTOB Ha 3TOT BUJ1 O€TOHA (pErIaMeHTHPYIOTCS TOJIBKO Me-
TOJIbI ONPEIETICHUs] CBOUCTB), IPOI0JIKAOMIAs ObITH C1a00M CBsI3b HAYKU M TPOM3BOICTBA.

B nocneanee Bpemsi OTHOLIEHHE K IpoOJieMe U3MEHWIOCh, HO OMBIT HccienoBaHuil B Kazax-
CTaHe B 00J1aCTH MOJTyYEHUs CAMOYIIJIOTHAIOIINXCS OETOHOB HA OCHOBE MECTHOT'O CHIPBSI BCE K€ MOKA
HE3HauyuTeNleH. 3acily’KMBalOT BHUMaHUs pa3paboTku Kazaxckoil rojoBHON apXUTEKTYPHO-CTPOU-
tenbHOM akagemun (Kas[TACA) MexayHaponnas oOpasoBatenbHas kopropamus (MOK) wu
HUHNCrpomnpoekTa, BenyTcst pa3paboTku yueHbIMH Satbayev University. OgHako npu pazpadboTke
CVYD Ha OCHOBE MECTHBIX CHIPbEBBIX MAaTEPHAIIOB HE pacCMAaTpPUBaIach BO3MOXHOCTb MOJYUUTh JJIS
MIPUMEHEHHUS B UX COCTaBaX OTEUECTBEHHBIX OPTaHUYECKUX, OpraHOMUHEPAIbHBIX MOIN(UKATOPOB,
ABJIAIOILMXCS HAa CErOHALIHUM AeHb B KazaxcTaHe UCKIIOYUTEIbHO UMIIOPTUPYEMBIM IPOITYKTOM.
Takas 3a7auya BrepBbIe MTOCTABJIEHA B UCCIIEOBaHMX, BbINMoNHsAeMbIX B MOK B pamkax mpoekTta c
rpanToBeIM puHancupoBanueM MHBO PK «Pa3paboTka MHOTOQyHKIIMOHATBHBIX HAHO 1 MUKPOMO-
TU(PUKATOPOB AJIs1 TEXHOJIOTUH BHICOKO(YHKIIMOHAIBHBIX OETOHOBY.

20B30P JIMTEPATYPBI

XapakTepHoit 0COOEHHOCTHIO COCTaBa BRICOKO(MYHKIIMOHANBHBIX 0eToHOB (BDB) u, B uacTHO-
CTH, CAMOYTUJIOTHSIIOIIKUXCSI OETOHOB, SIBJISIETCS MHOTOKOMIIOHEHTHOCTb, KOTOpasi TpeOyeT CUCTEeM-
HOTO MOJIX0/a K BEIOOPY CHIPBEBBIX MAaTEPUAJIOB C YYETOM UX BIUSHHS HA (YHKIMOHAJIBHOCTD MPH-
MEHSIEMBIX MOAN(PUKATOPOB, a TAK)KE B3AUMOBIIUSHUS B COCTaBe KOMIO3UIMHU NIpU (HOPMUPOBAHUU
CBOWCTB OETOHHOM cMecH U OeToHa pa3nuuHoro HazHaueHus. Konuenus BOB npennonaraet nomy-
YEHUE KOMITO3UIIMM, OTIMYAIOIIMUXCSA YacTO IMOBBIIMIEHHOW BSDKYLIEEMKOCTBIO, NPUMEHEHHEM HE
TOJIBKO 3allOJHUTENEH, HO U KOMIO3UIMM TOHKOANUCIIEPCHBIX MMHEPAIBbHBIX MAaTEpPUATIOB (BIIHAIO-
IIUX Ha PEOJIOTMYECKUE XapaKTEPUCTUKU OCTOHHOH CMecH, 00ECIeUMBAIONINX BMECTE C IPYTUMHU
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COCTaBJISIOUIMMH CaMOYIIJIOTHEHNE KOMITO3UIIUU TIPU CTPYKTYpOOOPa30BaHUH), & TAKKE TIOPOTOCTO-
SIUX OPTaHUYECKHUX, OPraHO-MHUHEPATBHBIX MOIU(PHUKATOPOB.

MuorokomnoHeHTHOCT BDb u coBpeMeHHbIE TOAXO/IbI K OLIEHKE 3KOJI0Tr0-3KOHOMUYECKOM
3¢ (HEeKTHBHOCTHU MPOU3BOACTBA OETOHOB 00YCIIOBWIIM MOJIYICHHUE ITOTO BUA OETOHA C UCIOJIb30Ba-
HUEM BO3MOKHOCTEH MCKIIIOYUTENILHO MECTHOM ChIpbeBOM Oa3bl.

VYuursiBas TeppuTopuro KazaxcraHa, JOKaIU0 MECTOPOKICHUN PA3IMYHBIX TOPHBIX MMOPOJA U
MHUHEPAJIOB JUIs TOJIyYEHUS IPUPOJIHOTO ChIPhS U TPOU3BOJICTB, OTXO/bI KOTOPBIX IPUMEHSIOT B TEX-
HOJIOTUM OETOHOB, a TAK)KE 0COOEHHOCTH XUMUIECKOTO, MUHEPATIOTHYECKOTO COCTaBA ChIPHEBBIX Ma-
Tepuanos, 3¢ pexTuBHbIe cocTaBbl BOD Taxke OyayT npeanonats otauuus. [pu stom, cocraB BOB,
0e3ycII0BHO, OyJIeT ONpeAensaThCs U 3aJaHHbIM (DYyHKIMOHAIBHBIM HazHaueHneM. COOTBETCTBEHHO,
s¢dextuBHbIe cocTaBbl BOB B paznuunbix pernonax Kazaxcrana OyayT 3HAYMTEIBHO pa3iIMyaThCs.

B cBs13u ¢ 3TUM, NpeCTaBIIs€T HUHTEPEC OLEHKA MEPCIIEKTUB MHULIUUPOBAHUS U PA3BUTHS TEX-
HOJIOTHH HanOoJee akTyaabHOro u BoctpedoBanHoro Buga BOb - CYb B Pecny6inke Kazaxcran ¢
TOYKH 3pEHUS aHAlIM3a ChIPHEBOTO MOTEHIMAIA U OIICHKHU BIHUSHUS CHIPEBBIX MaTepUaioB Ha PYHK-
[MUOHAJILHBIC XapaKTePUCTHKU MOTU(UKATOPOB.

B Mupe npoBeieHbl MHOTOUMCIIEHHBIE UCCIIEI0BAHMS 110 BIMSHUIO PA3JIMYHbBIX COCTABIISIOINX
Ha popmupoBanue cBoiictB CYB. HekoTopsie BUABI CHIPBEBBIX MaTepuanoB B koMmo3umusx CYb
JIOCTATOYHO XOPOULIO UCCIEA0BaHbl U BKIOUEHBI B COCTABbI IPAKTUYECKH BO BCEX CTPaHAX, PAKTH-
kytomux npumeHeHre CYb. Opaako He0OX0IMMO YUUTHIBATh, YTO TI0 XUMHUYECKOMY, MHHEPAJIOT -
YECKOMY COCTaBY OJMH U TOT K€ BHUJ ChIPbSl MOXKET HECKOJIBKO OTJIMYAThCS B PA3HBIX CTPAHAX, a
onHa U3 ocooeHHocret CYb — sipko BeIpak€HHAsE «IyBCTBUTEIHHOCTH» K TAKOM BapUATUBHOCTH.

Hekortopsie MecTHbIe pupoaHbIE MaTepuaibl KazaxcTtana B MpOrHo3e UMEIT XOPOLIYIO Iep-
CHEeKTUBY Hcnoib30Banus B CYD, HO Malon3y4eHsl B CHITY, BO3MOXKHO, OTCYTCTBHS B JOCTATOYHBIX
0o0beMax aHAJIOTMYHBIX MAaTEPUANIOB B CTpaHaX, SBISIOIUXCS TUAEpaMU B 00JIaCTH UCCIEIOBAHUS U
npumenenust CYb.

Jns nonyuenust CYB B MUpOBOHM NPAaKTUKE, KaK MPaBUIIO, UCIIOJIB3YIOTCS BHICOKOMApOYHbIE
neMeHThl. OIHAKO, 3TO MPUBOJIUT K MOBHIIICHUIO CEOECTOUMOCTH OETOHA, YUUTHIBAsI, PAKTOP MOBHI-
IIeHHOH BspKyIIeeMKocTH kommnozunuii CYb. [Ipuanmast Bo BHUMaHHE, YTO OCHOBHbBIE 00BEMBI HUC-
nosb3yemMoro B Kazaxcrane 6eToHa Jisi KOHCTPYKIIMM 00IIECTPOUTEIILHOTO Ha3HAYCHHS XapaKTepu-
3ytoTcst Mmapkamu B20-B30, npencrasnser unrepec nonydeHuss CYb B 3ToM AnanazoHe NPOYHOCTH.
He uckirouaercs menecoodpa3HoCTh pa3pabOTKH COCTABOB BHICOKOTIPOYHBIX OETOHOB ISl YHUKATb-
HBIX 00BbEKTOB M 00BEKTOB CIIEIUATBHOTO Ha3HAUCHUS. Y JOBIETBOPSIOIINM STH LIEJTH SBISETCS MPH-
meHenue nementa [IEM [ 42,5 (TOCT 31108-2020). Takxe BaxXHOE 3HAUEHUE UMEET MUHEPAJIOTH-
YeCKUil COCTaB IIEMEHTOB, BIUSIONUI Ha (PyHKIMOHATBHYIO 3(()EeKTUBHOCTH CcynepriacTuukaTo-
POB U CPOKU TBEPJACHHSI OCTOHOB, TPEOOBAHUS K KOTOPHIM OTIUYHBI JIJISI U3TOTOBJICHUSI COOPHBIX
KOHCTPYKUUNA U MOHOJMTHBIX TexHonorui. Panee nposenennsie B Kas'’ACA skcneprMeHThI MOKa-
3aJId BO3MOKHOCTH TIosTydeHus: 6eToHoB kiacca B30 - B55 ¢ ucnons3oBannem 6€3/100aBOYHBIX I1e-
MeHToB LIEM I 32,5 ka3zaxcTaHCKOro MpOM3BOJICTBA 3a CUET ONTUMHU3AIMHU BUJIA U KOJUYECTBA MIPU-
MEHSIEMBIX MECTHBIX HHEPTHBIX U aKTUBHBIX MUHEPATLHBIX TOHKOIUCIIEPCHBIX TTPOTYKTOB B KOMITO-
3UIMH, @ TAK)KE€ TEXHOJIOTUU MOATOTOBKH M BBEICHHS B KOMIIO3UIIMIO MaTeprasioB. B kauectse mo-
IU(PUKATOPOB NMPUMEHSUIUCH MOJUKApOOKCUIIATHBIE CYNepIuIacTU(UKATOPbl U YCKOPUTENIN Ha OC-
HOBE HETUPATUPOBAHHBIX CUIIMKATOB KaJIbIIMs, XOPOIIIO COBMECTUMEBIE U (D(PEKTUBHBIE B COCTaBaX
Ha OBICTPOTBEPCIONINX [IEMEHTAaX.

BaxHBIM MOJOXKUTENBHBIM (akToOpoM HHHUIMHUpOoBaHus BHeApeHUuss CYD B mpakTuky crpou-
TENbCTBA ABJSIETCS OTCyTCTBUE B Kazaxcrane aeduinra 1ieMeHTa «JIMHEUKN akTyalbHbIX 111 CYDb
Mapok. Bcero niemeHTHas mpoMBIIUIEHHOCTh 10 AaHHbIM Komurera no cratuctuke 2021 r. mpous-
BOJUT OKOJIO 13 MJTH. TOHH B TOJ (IIPOM3BOJICTBEHHAS] MOIIIHOCTh COCTABIISET 17 MJITH TOHH) M TIPe/I-
CTaBJICHA NPEANPUATHAMU IPAaKTHUUECKHU BO Bcex permoHax Kazaxcrana: TOO «KacnuiinemeHnT»,
AO«IpMkenTiement, TOO «aprement», TOO YKamObuicKas eMeHTHas! TTPOU3BOICTBEHHAS
kommanus» TOO «Kokuie nementy, «PynHenckuil nemeHTHBIN 3aBoy», TOO «CranmapTueMeHT,
TOO «byxTtapmuHckas nementHas komnanus», TOO «IIpon3BoacTBeHHAs KOMIAHUS IEMEHTHBIN
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3aBox Cemei», TOO «Cactobe Texromomkucy, TOO «Amnamnem» (BBeaeH B 2020 r., ct. Capri-O3ex
AnMaTuHCKON 005acTh). AHAIN3 HOMEHKIIATYPbl IPEANPUATHI LIEMEHTHON MPOMBIIIJICHHOCTH T10-
Ka3aJl BO3MOKHOCTb yJIOBJIETBOPEHHUS crpoca /uig mpousBozcTBa CYb Ha npencraisioniie nHTEpec
nemeHTsl Mapok o 'OCT 31108-2020 LIEM 132,56, ITEM 142,56, HEM I 32,5H, [1TEM 142,56 no
I'OCT 22266-2013 HEM I 32,5H CC, HEM 1 42,5H CC, o I'OCT 10178-85 IILI 400-110, ITL{ 500-
J10. Ilpeamnonaraercs Takke H3y4YUTh BO3MOXKHOCTD U 11eJiecoo0pazHocTh nonyueHust CYb Ha niemen-
Tax ¢ J00aBKaMU, yUYUTHIBasl CJIOKHOCTD [10100pa MHOTOKOMITIOHEHTHBIX kKoMmo3uiuit CYb.

Tpebyercst onpoOoBaHue U onpeeneHne cpaBauTenbHOM dhdekTuBHOCTH B CYD 11IeMeHTOB
pa3HBIX KOMIIAHWH, TPUHUMAast BO BHUMaHHE BIMSHUE 0COOCHHOCTEH MUHEPAIOTHYECKOT0 COCTaBa U
IpaHyJIOMETPUU Ha POsIBICHHE (PYHKIMOHAIBHBIX CBOWCTB IPUMEHAEMbIX B OeTOHAX MOJAU(pUKATO-
POB, B TOM UYHMCIIE OT€YECTBEHHBIX, pa3zpabarbiBaeMbiX B Kaz3['ACA. M3BecTHO, 4TO ancopOLnOHHAs
crocoOHOCTh cymnepruacTuduuupyronmx 106aBok (CII) ruapodunu3upyronero AeHcTBUsS MEHs-
ercst o cxeme: C3A>C4AF>C3S>C,S, uto nemaer ux Hambonee d3hHEKTHBHBIMU B «OKUPHBIX» Oe-
TOHHBIX CMECSX Ha BBICOKOAIIOMHUHATHOM IIEMEHTE, a IPH IIPHU BOJOLEMEHTHOM OTHOILIICHHH MEHEe
0,4 a3pdextuBHOCT MIacTudumupyromero aeicteust CII pe3ko magaetT 1 KOHCUCTSHIUS TuTacTU(U-
[IUPOBAHHOT'O PACTBOpA B 3HAUUTEIHHON Mepe OIpeiesieTcs] KOIMYECTBEHHBIM COJIEP>KaHUEM B 11e-
MmeHTe 3epeH ¢ppakuun 20—40 mxM. [Ipu 5TOM HaO OTMETHTH, YTO PE3YIIBTATHI H3BECTHBIX HCCIIE-
JIOBaHMI 1O BIUSHUIO CYNEPILIACTH(PUKATOPOB Ha Mpoliecchl ruaparanuu C3A u rumnca oT4acTu mpo-
TUBOPEYUBBI, T.K. BIMSHUE OKa3bIBAIOT TAKXKE T03UPOBKH, BOJOTBEPJI0€ OTHOIIEHHUE, COOTHOLIEHMS,
C3A:CaS042H,0, TemnepaTtypa cMecu npu TBepAeHuH, MoaekyisapHas macca CII (Ymepos-Map-
mak A.B., 2020). Kpome TOro, COOTHOIIEHHS] KOMIIOHEHTOB B UCCJIEYEMBIX CMECSX U UX CBOMCTBA
pa3IMYHbI, HEOJMHAKOBBI U METOJIbI UCCIIEIOBAHUS, YTO 3aTPYAHIET CpPaBHEHHUE JNaHHBIX. MuHepa-
JIOTUYECKHI COCTaB IIEMEHTA MOXKET U3MEHATh 3HAUYEHUS MPSMOT0 WM OIOCPEJOBAHHOIO BIIMSHUSA
CII Ha cKOpOCTh CTPYKTYypOoOOpa3oBaHHsI U MOP(OJIOTHUIO, pa3MEPbl KPUCTAJUIMYECKUX MPOIAYKTOB
ruapaTalnyy neMeHTa. Tak, B IeJIOM CyNepIiacTU(UKATOPhI 3aMEIISAIOT IIPEBPALLICHUE ITTPUHTHUTA
B MOHOCYJIb()OATFOMHHAT KaJIbIMsI BCJIEACTBUE afcOPOIIUK J0OaBKH Ha MPOLyKTax rujparanuu C3A.
Bgenenue CII B pa3HbIx 103aX NPUBOJIUT K 3aMEAJIEHUIO IIporieccoB rupaTtanuu CsS, npuueM ¢ po-
CTOM KOHLIEHTpalMK J0OABKH YCUJIUBAECTCS U €€ TOPMO3sIliee THpaTaluio JeHCTBUE, U3MEHSAETCS U
cootHomenune mexay CaO u Si0; B C-S-H. 3amemstomee aeiictBue CII OyaeT 3aBUCETh HE TOJIBKO
OT MUHEPAJIOrMYecKOro cOCTaBa LIEMEHTa, HO M OT XUMHUYECKOI0 cOCTaBa JI0OAaBKU, HAIWYMS B HEl
HEKOTOPBIX KaTHOHOB. Mop(doiorust KpucTamioruApaTHeIX 00pa30BaHUN, XUMUYECKHI cocTaB 00-
pa3oBaHuM, KaK CIE/ICTBUE, CBOMCTBA IIEMEHTHOIO KaMHs OyIyT TaKKe 3aBHCETh OT OCOOCHHOCTEH
YCIIOBUSI TBEPACHMSI LIEMEHTOB Pa3IM4YHOI0 MUHEpalbHOTo coctaBa B nmpucyrctBuu CII, ycnoBuii
BBeaeHus CII.

CVYb nonyyaroT Kak ¢ HCIOJIb30BaHUEM TOJIBKO MEJIKOTO 3alIOJIHUTENS (IIECKOB) (MTOPOILIKOBBIM,
MIeCYaHBbIi), TaK U C UCIIOJIB30BaHHEM KPYITHOTO 3anoiaHuTens (ppakiun 5-10 mm, 5-14 MM (B cooTBET-
CTBHH C 3apyOeXHBIMU cTaHapTamu). Kazaxcran 3HaunTeNbHbIE 3aMachl 00JIOMOYHBIX (TIECKOB, MEC-
YaHO-TPaBUHHBIX CMecei ¢ OONBIIUM CoJepKaHUEeM MIeCKa) U CKaJIbHBIX TIOPOJI JJIsl TPOM3BO/ICTBA 3a-
nonHuTenen 6erona. Ho pazmernienue nx HepaBHOMepHO. Harprumep, orpaHnyeHo oOecrieyeHsl 3amna-
caMM IOJMMHHEPAIBHOIO CTpouTeNnbHOro necka Bocrouno-Kaszaxcranckas, CeBepo-Kasaxcranckas,
XKamoObuickas, AkMonIMHCKas, AnmaTtuHckasi, Typkectanckas obnactu (Hu B.B., 2018). B unren-
CHBHO pa3BHBaroleiics 3anagHo-Ka3axcranckoi, Harpumep, 001acTH 11e0eHb BBO3UTCS B OCHOBHOM
13 AKTIOOMHCKON 00J1aCTH, IPU 3TOM €CTh 3HAYUTEIbHBIE PECYPCHI ISl TOJTyYEHUS 3€PHUCTBIX MaTe-
pHaoB JuIsg O€TOHA U3 U3BECTHIKOB, HCKYCCTBEHHBIX 3alIOJHUTENCH N3 MECTHBIX OMOK. MecTopoxie-
HUS KBapLEBOTO MECKa MaJOYHMCICHHBI, UX MPUMEHEHHE JO0JDKHO ObITh 000CHOBAaHO 3KOHOMUYECKH,
T.K. OHU SIBJISIFOTCS LIEHHBIM ChIPBEM JIJISl IPOM3BOJICTBA CTEKIIA, KepaMUKU. Takue 0cOOEHHOCTH peru-
OHAJILHOM CHIPhEeBOM 0a3bl mpeamnoaratoT pazpadbotky CYb ¢ ucnonb3oBaHueM pa3ITudIHBIX 10 MUHE-
paJIbHOM MPUPO/IE MECTHBIX HEAC(UIIUTHBIX IECKOB U IIEOHSI.

TpeOyembie peonornueckue cBoiictBa CYD (BbicOokas 3amosHsIONMAs ClIoCOOHOCTh, CIOCO0-
HOCTb IIPEO0JI0JIEBATh MPETSITCTBUS U YCTOWUMBOCTD K PACCIOEHUIO) JOCTUTAIOTCA IJIOTHOM YIIaKOB-
KOH IIEMEHTHOM MaTpullbl IyTeM O0OecleyeHHs] HENpepbIBHOM TIpaHyJIOMETpPUH CcOCTaBa U
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3¢ (HEeKTUBHBIM COOTHOIIEHUEM COCTABJISIONINX MHHEpPAIbHBIX KOMIIOHEHTOB M J00aBOK B OETOH.
Hapsiny ¢ BsoKyImuM 00s13aTenbHBIM SIBJISIETCS BBEACHHE TOHKOAUCIIEPCHBIX MUHEPATBHBIX TPOIYK-
TOB (HAMOJHUTENIEH, MUHEPAJIbHBIX 100aBOK). B cuiIbHO mutacTu(UIMPOBAHHBIX OETOHHBIX CMECSX
CVYb st KpynmHOTro 3aroJIHUTEN, KaK MAaKPOCTPYKTYPHOIO 3JIEMEHTA, PEOJIOTHUYecKasi MaTpuiia —
3TO CJIOXKHAs AMCIIEPCHS, COCTOSIIAs U3 MecKa, LIEMEHTa, MyLI0JIaHOBOM (4acTo B KOMIIO3ULIUU C
WHEPTHOH) 100aBKK U BOAbL. OJHAKO, POJIb TOHKOAMCIEPCHBIX (DpaKIUii MUHEPATHLHOTO CHIPhS B
dhopmupoBannu cBoictB CYD HeonHo3HauHa. [Ipu BEIOOpE HAOJHUTENIEH U3 TOPHBIX MOPOJT U TEX-
HOTEHHBIX MPOAYKTOB OLIEHUBAETCS UX PEOJIOTMUECKas, MyL1I0JaHOBasi aKTUBHOCTh, COBMECTHMOCTD
C IPYTUMH COCTAaBIISIONIUMHU KOMIIO3HIINH, BIUSHUE Ha n3MeHeHne pH cpenbl B 6eToHE, BIUSIOMICH
Ha KOPPO3UOHHYIO CTOMKOCTh OETOHA M apMUPYIOUINX K3/eiuid. ONTUMAIbHBIM SBJISETCS BBEACHUE
TOTO Marepualia, KOTOPhI B COUYETAHUH C TEM WJIA UHBIM CYNEPIUIaCTU(UKATOPOM B BOJAHO-MHUHE-
paJIbHOM CyCreH3UH 00eCneYnT HauMEHbIIee COMPOTHUBIICHUE ITPH IPABUTALMOHHOM pacTeKaHUH Oe-
TOHHBIX CMECEH ¢ MUHUMAJIBHBIM KOJIMYECTBOM BOJIBI U 00ECTICUUT TPEeOyeMy O IPOYHOCTh H JOJTO-
BEYHOCTH KOMIIO3UTY.

O PeKkTUBHOCTD MPUMEHEHHSI TOHKOAMCIIEPCHBIX MUHEPATBHBIX KOMIIOHEHTOB OIPEICIISICTCS
TaK)ke BO3MOXKHOCTBIO 3aMEHBI YaCTH 1IEMEHTA B OTIUYAIOIIEHCS BEICOKOH BskKyIeeMKOCThio CY b,
CHIKAIONICH yCTOHYMBOCTH (suitability) 6etonnsix cmeceit (Urban M., 2018) u 3KOHOMHYECKYIO
3¢ (HeKTUBHOCTH B CPAaBHEHUU C 0OBIYHBIM O0eTOHOM. B cBsizu ¢ 3TuM CYD ¢ moHM>KEeHHBIM CoJiepKa-
HueMm Bsokymiero (SCC with low-cement) siBnsieTcst OJHOM U3 aKTyaJIbHBIX 33124 TAIbHEHIIINX HCCIIe-
noBaHuii. Micrionp30BaHue MUHEPAIbHBIX HAIIOJHUTENEH B3aMEH YacTHU LIEMEHTA MPHU JAOCTHXKEHUU
TpeOyEeMBIX XapaKTEPUCTHK KPOME SKOHOMHYECKOH 11eJIeCO00Pa3HOCTH BaXKHO M B KOHTEKCTE perie-
HUS MPOOJIeM IKOJIOTUU: YMEHbIIAeTcs NOTpebIeHue SHEPTun, BbIOpoc mapHUKoBbIX razoB (CO2) B
atmoctepy (Jepenko C. H. & Huxudoposa U. A., 2015)

B kadecTBe HamoiHHTENEW, MUHEPATbHBIX T00AaBOK B M3BECTHOH mMpaktuke monydeHuss CYb
HanboJIee MIMPOKO MCIOJIB3YIOTCS JOCTATOYHO XOPOIIO M3ydeHHbIe 30ia-yHoc (Leung H.Y. et al.,

2016; Nuruddin M.F. ), mukpokpemueseM (Shobana K.S. et al., 2013; Kubens S. et al.,
2018), TonkomsmenwvueHHbIi gomeHHbli nwiak (Wang H.Y. & Lin C.C., 2013) u wu3BecTHIK

(Kalashnikov et al., 2014), ecTb cBefieHHS 110 TPIMEHEHHIO TOHKOM3MEFUEHHOI MyITIOIAHb! U3 TO-
PO BYJIKAHUYECKOTO MPOUCXOKAEHUA. [Ipr 3TOM psiJi MyILII0JIaHOBBIX U MHEPTHBIX HAIMOJHUTEEH
(MuHepanbHBIX J00ABOK) MCCIIEI0BaHbl Mallo, B YaCTHOCTH: BYJIKAHWYECKas MeM3a, MEepJuT, OIOKa,
LIEOJIUTHI, KAMEHHAasi MyKa U3 1epepabOTKH OTCEBOB IJIOTHBIX MarMaTH4eCKUX FTOPHBIX MTOPO/I.

ITpumeHeHue 307bI-yHOCA B HEKOTOPBIX pernoHax Kazaxcrana B 6nukaiiiieil nmepcrneKkTruse no-
TepsieT aKTyallbHOCTh BBUIY nepexona TOL| oT TBeproro Tominsa Ha ras, OJHaKO HEUCIOIb30BaH-
HBIMHU OCTAIOTCs O0JIbIINE 00BEMBI OTBATIOB ATOI'0 TEXHOTEHHOTO ChIpbs. I3BECTEH OMBIT MPUMEHe-
Hus B coctaBe CYB B koMIuiekce ¢ MukpokpeMmeneseMoM CVYD 30i1bl CKUTaHUS PUCOBOM HIETyXH.
Beenenne ux B cocraB CYb obecnieunBaeT MOBBIICHHE Mpeesia IPOYHOCTH Ha cxarue a0 70%,
MOBBILIEHUE MOTYJIs yIIpyroctu 6eToHa 110 15%, 3Hauenue mepsl nonzydyectu 6erona ot 0,44 no 1,19
MEPBI MOJI3YYECTH PABHOIPOUHOTO OeToHa 6€3 MOIU(PUKATOPA, CHUKEHUE KOHTPAKIIMOHHOM yCcaaKku
110 30%, 9TO TIOJIOKHUTEIBHO BIMSET HA PAHHIOI TPEIIMHOCTONKOCTD JKelle300€TOHa, TPAKTUYECKH
HE BIIMSET Ha ycaaky npH Beicbixanuu (Ta Ban ®an, 2013). DTOT ONBIT MOXKET OBITh UCIOIB30BAH
B KbI3bUTOpIMHCKOM 001acTH, rie MpoU3BOANUTCS NepepaboTKa 0TX0/I0B pPUCOBOTO MPOU3BOJICTBA.

[IpencraBiseTcst HHTEPECHBIM PACCMOTPETH BO3MOKHOCTh HUCIIOJIB30BAHUS MOJIOTBIX IIJIAKOB
JIOMEHHOTO ITPOM3BO/ICTBA, UMEIOIINXCS B 3HAUUTENbHBIX 00beMax B KazaxcraHe, HO epCreKTHUBbI
MPUMEHEHHS 3TOT0 BH/1a TEXHOTEHHBIX OTXO0/I0B IPOOIeMaTHYHbI, yUUThIBas HECTAOMIBHOCTD HX CO-
CTaBOB B OTBAJIAaX J1a)K€ OJTHOTO MPEATPUATHSI.

HIupoxo nmpumMeHsiemMblit B Mupe B TexHodorusx CYb mukpokpemueseM (Mukpocuinka) B Ka-
3axctane nonydaroT Ha AO «Tay-Ken Campyx», r. Kaparanna.

Bo MHOruX pa3BHBAIOIIMXCS CTpaHaX BBUIY pOCTa MPOU3BOJCTBAa O€TOHA HAOIOJACTCS BO3-
pacTaromas TeHIACHUMUs CIpoca MPUPOIHBIX MYIIIOJAHOBBIX HAIIOJHMUTENEH, TOCKOJIBKY HE BE3Je
MMEETCs AOCTYI K IMYLII0JIaHOBBIM OTXOJaM MPOMBIIUIEHHOCTH. CBOWCTBA IPUPOIAHOIO ChIPbs pa3-
JUYHBIX MECTOPOXKIACHUN I IOJYYEHHs ITyLLOJIAHOBBIX HAINOJHUTENEH MOTYT 3HAYUTEIBHO
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oTin4arhbesa. Kak mpaBuiio, B Ka4eCTBE UCTOJb3yeMbIX B KoMno3ulinu CY b npupoaHbIx myiioaaHoB
HMMEIOT BYJIKAHUYECKOE MPOUCXOKACHUE, BOZMOKHO, B OCHOBHOM U3-3a ITUPOKOT'O PACTIPOCTPAHCHUS
3TUX MOPOJI BO MHOTHX cTpaHaxX. Tak, MUpOKJIacTHUYEeCKHE MaTepraibl, 00pa3yIoluecs B pe3yibTare
B3PBIBHOT'O U3BEPKEHUSI, TAKWE KaK BYJIKaHUUYECKHH TEMes, eM3a U MepIuT, TPOSIBISIIOT BHICOKYIO
MYyILI0JIaHOBYIO0 aKTUBHOCTH Oyarojapsi 0ojiee BBICOKOMY COJEP)KaHUIO aMOP(QHOro KpeMHe3eMa U
BBICOKOIIOPUCTOM, BE3UKYJIsIpHOU npupojie. [locie ocaxaeHus MUpOKIaCTUYECKOTO MaTepuaa npu
OTIpEeICTICHHBIX YCIOBUSX OKpY)KaIOIIeH cpeibl MPOUCXOAUT T'eHEeTHYECKOoe MpeBpalieHne amopd-
HOTO MaTepuala B KpUCTAJUIMYECKUe 11eonuThl. [lomyyaronuecs: B pe3ysabTaTe LEOIUTCOIepKaIlIne
MOPO/IBI YAaCTO MPEACTABISAIOT CO00M KOT€pEeHTHBIE Ty(PBl U IPU U3METBYEHUH IO JJOCTATOYHOU TOH-
KOCTH 00JIaJJal0T BRICOKOH MYII0JIAHOBOM aKTUBHOCTHIO. Takum 00pa3oM, TpyIina MpUpPOIHBIX BYJI-
KaHUYEeCKHUX HAIOJHUTENIEH MOKET OBITh mojpasaeiena Ha moarpymmsl (Juenger M. et al., 2012):
HEU3MEHEHHBIE MTUPOKIACTUYECKUE, TAKME KaK BYJKaHUYECKasl MemM3a U Ternes; U3MEHEHHbIE MU POo-
KJIACTUYECKHE — IEOJIUTU3UPOBaHHbIE Ty(bl. M3BeCTHO MpUMEHEHHE LIEOIUTU3UPOBAHHBIX TY(OB
(11I€OJTMTOB) B KAUECTBE ChIPhS B IEMEHTHOM NpoMblnuieHHocTH Kutas, ['epmanun, Utanuu, Poccun,
Typuuu, CIIIA, Upana, Ucnanuu u apyrux crpad. OqHako, UCCIIETOBAaHUM 110 TPUMEHEHUIO 1I€0IHU-
TOB Kak MUHepaibHOH 100aBku B CYb, mpaktuuecku HeT. Tak, U3BECTEH ONBIT U3YUYEHUS BIUSHUS
nem3bl U 1eosinuTa Ha cBoiictBa CYD B arpeccuBHBIX cpenax. 3aMenieHre BsKyIero coctapuio 10 u
15 ot maccel nemenTa. OTMEUaEeTCsl, YTO COCTABBI, COAEPIKALIUE NTEM3Y, IEMOHCTPUPYIOT IPOYHOCTh
Ha C)KaTHe, IPaKTUYECKH PaBHYIO MPOYHOCTH KOHTPOJILHOTO 00paslia B paHHEM BO3pacTe U BHIIIIE,
YeM B JIOJITOCPOYHOM nepuojie. Toraa Kak COCTaBbl € LIEOJTUTOM MOKA3bIBAIOT JIYUIIIHE COMPOTUBIIE-
HUE PACCIOCHUIO M3-3a OoJbIei mopuctoir Mopdomoruu. [Ipu ucnbITaHUM CTOMKOCTH B arpecCuB-
HBIX CpeJlaX, COCTaBbI C IICOTUTOM MOKA3aJIH JTyUIIHe Pe3yJbTaThl, B CPABHEHUH C 1eM30i. B padote
(Najimi M. et al., 2012) usygaics xapakTep BIUSHUS MyLIIOJAHOBBIX HATOJHUTE/ICH Ha PEOIOTHYe-
CKHeE CBOMCTBA OETOHHOI cMecH, IPOYHOCTHBIE CBOMCTBA 3aTBEPICBIIETO OETOHA, TAKIKE MX MUKPO-
CTpyKTypa. OCHOBBIBasCh HA MUHEPAJIOTMUYECKOM COCTaBE 1I€0JIMTA, & UMEHHO OOJIBIIOTO Co/lepKa-
HUS KITUNTOJOIUTA, aBTOPHI MPEATIOIOKUIHA €r0 OOJIBIIYIO MYIIIOTAHOBYIO aKTUBHOCTh. OJHAKO 10
pe3yapTaTaM UCIBITAHUI COCTaBbI C IIEOJUTOM MOKA3aJIM MEHBIIYIO TPOYHOCTh, AAXKE YXYILIMIN €€
B PaHHMI MEPHOJ] 10 CPAaBHEHUIO ¢ KOHTposIbHBIM. Hanpotus, npouHocTs Ha cxatue B CYDB, conep-
JKaIleM MeM3y YBEJIMUYNIIOCh KaK B PAHHEM, TaK U B JOJITOCPOYHOM MEPUOE C 3aMETHBIM yBEIUYe-
HHUEM B JIOJITOCPOYHOI mepcnektuse. B BHyTpennelt crpykrype CYbD ¢ neonurom O6b110 3aMeueHO
00JIbIlIe KaMWUISPHBIX TIOP B CPAaBHEHUU C MEM30H, OIMSTh TaK U 0OBSICHUMOE OPUCTOCTHIO CTPYK-
Typsl HanoJsHUTened. [Ipu 3TOM, CONIPOTUBIICHUE PACCIOCHUIO KAaK B PAHHEW, TaK U JOJITOCPOYHON
MepCreKTHBE ObUIH JTyYllle y IE0JIUTa, TOTAa KaK y MeM3bl 3arymaromas CiocOOHOCTh MPOSBIIAIOCH
JUIIH TI0O UCTEYCHHUIO BPEMEHH. B Pyrux M3BECTHBIX pab0Tax HCCIENOBATEId OTMEYAIOT yBEIUde-
HHE TPOYHOCTHBIX CBOMCTB M A0JroBedyHOCTH CYD npu npuMeHeHnH 1Ee0IMTOCOAepKAIUX HAOJI-
HuTened. bpllo yCcTaHOBIEHO, B YaCTHOCTH, YTO BBEACHHUE MPUPOIHOIO IIEOJUTA B KOJIMYECTBE 5 U
10% oT Macchl IeMeHTa He MPUBOAUT K MOBBIIIEHUIO BOJONOTPEOHOCTH CMECH; YBEIIMYMBAET MPOU-
HOCTB TIPU C’KaTHH, COOTBETCTBEHHO, 37- 28%, mpouHocTh npu u3rude — Ha 19%. Bricokast 3arymia-
I0II[ast CIIOCOOHOCTB IIe0IMTa Obl1a oTMedeHa B psaae pador (Milovié T. et al., 2015). ABropsI cpas-
HUBaIH () (PEKTUBHOCTH Pa3HOTO POJa XUMUIECKHX MOTU(MUKATOPOB BI3KOCTH U IIEOJIUTA M3-32 BbI-
cokor croumocTH nepBbix. CornmacHo @enry HalksHy, HE€OIUTHI JOCTATOYHO aKTUBHO MPHUMEHS-
10TCsl B OeToHHOM Mpou3BocTBe Kutae. Onpenenenne noraomaroleil CriocOOHOCTH MOKa3alio, YTo
OHa O4YeHb BbicOKa u mpeBbimaeT 150 mr CaO/r, a B cinyyae KIMHONTHIONIUTA U3 HEKOTOPHIX OTIIO-
xernit naxe 200 mr/r. [Ipu TOM [IEONUTHI MOTIOMIAIOT B ¢€0s 4acTh BOJBI, BOJIA SBIISIETCS HOCUTE-
JIeM TIaCTU(PUKATOPOB, PACTBOPEHHBIX U YACTUYHO BCTpeyaroumxcs B (hopMe moIBECKH, Oiaroaaps
TOMY METOJy JeiCTBHE IUIacCTU(PHUKATOPA MPOIJIEBACTCA U PEOJOrMYECKHe CBOMCTBA OETOHHOU
CMECH COXPAHSIOTCS IPHU TPAHCIIOPTHUPOBKE, PA3MEILICHUE U JJaXKE OTKAuKe.

B 1ienoM, HEMHOTOYHMCIIEHHBIE UCCIIEJOBAHUS 110 LIEOJIUTCOAEPKALUM I1OPOJaM U LEOJIUTaM
MMEIOT IPOTUBOPEUUBBIEC PE3YIbTATHL.

UccnenoBanust npumeHenus neoiuta s mectHbix CYb Kazaxcrana, akTyanbHbl, B 4aCTHO-
CTH, JUI1 TPOW3BOJACTB B AJmMaruueckod oOnactu, B Boctouno-Kazaxcranckoit oGmactu, T71e
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pacIooXeHbl, COOTBETCTBEHHO, YaHkaHalickoe M TalKy3reHCKoe MECTOpPOXKIECHUE LEOIUTOB. B
Ka3["ACA Obutu mpoBeieHbI 3KcTiepuMeHTH 1o noaydenuto CYb s npou3BocTBa COOPHBIX KOH-
CTPYKLUN U MOHOJIUTHBIX TEXHOJIOTUH C BBEJICHUEM B Kaue€CTBE MUHEPAIbHON (DYyHKIIMOHAIBHOM J10-
0aBKH 11e0JMTa MecTopoxaeHus: Yankanail. PesynbraTsl nmokaszanu 3QpQeKTUBHOCTh TPUMEHEHHUS B
cocraBax 0e3 MUKpokpeMHe3ema 1eonuTa 10 15% oT macchl leMeHTa B KOMIIO3HUIIMUA C UHEPTHBIM
HATOJIHUTEJIEM JIJIsl IOJyueHUsI 0ETOHA C TIOHUKEHHOH BSHKYIIeeMKOCThIO (420 Kr Ha Ky0.M), TpeOy-
eMoH peosiorueit u npouHocTeio B30.

Oco0eHHO aKTyallbHBIM SBJISETCS TOJydeHue moporikosoro, necyanoro CYb B 3anangno-Ka-
3aXCTaHCKOM 00JIaCTH ¢ OrpaHHMYEHHBIMH PeCypcaMH CKaJIbHBIX MOPOJ U, COOTBETCTBEHHO, IPOU3-
BozcTBa 11e0HS. [lepcrieKTUBHBIMU MOTYT OBIThH IPOBE/ICHHBIE UCCIEAOBAHUS IO BO3MOKHOCTH IIPU-
MeHeHus B CYDB MecTHBIX BBICOKOKPEMHE3EMUCTBIX OIOK, C UCII0NIb30BaHUEM KOTOpbIX (I1Iunosckoe
MECTOPOXCHUE) MoydeHbl BbicokonpouHbie CYB BS55. 3amexu BO3MOXHOH K HCIOJIB30BAHUIO
OTOKH €CTh B AKTIOOMHCKOM, KbI3bU1OpAMHCKOI 001acTH.

[IpencraBisieTcs, MOXET OBITh LieJIecO00pa3HbIM IPUMEHEHUE ITYHTUTa, MECTOPOXKIEHUE KO-
Toporo uMerores ToiabKo B Kazaxcrane (Kokcyckoe MectoposxieHne AaTMaTHHCKOM 001acTu, MECTO-
poxxknenne «bakpipunk» Bocrouno-Kazaxcranckoit obmacti) u Poccuiickoit @enepanuu. [Ipumene-
HUE LIYHTUTa B KAYECTBE YIIIEPOACOEpKAIIEro HaHOMOAU(PUKAaTOpa B OETOHAX M3Yy4alloCh B psJie
pabot, Ho pa3paboTok CYD c ero ucnonb3oBaHueM HET. ITO 0OBACHAETCS OTCYTCTBUEM PECYpPCOB
3TOr0 MUHEpAJa B CTPAaHaX JAIbHETO 3apy0exbs, SIBISIOIINXCS JUAepaMu B pa3paboTKe U IpUMEHE-
Huu CYb. YuuteiBas, 4To ppIHOYHAS CTOUMOCTD BBIJIEJIEHHBIX (DYJIJIEPEHOB BHICOKOTO KauecTBa CO-
crasiyiger B HacTodwee Bpemst 900-1000 nomtapos CIIA 3a 1 rpamm, npuMeHEHHE IPUPOAHOTO Chl-
PBsi, UMEIOUIETO TaKKe CTPYKTYPHBIE COCTABIISIOIINE, MOXKET 3HAUUTEIHHO CHU3UTh CTOMMOCTh HaHO-
MouduKau 0eToHa. B 9Toii CBS3M MHTEpEC YUEHBIX K IIYHTHTOBBIM MOPOAAM IPOSIBISETCS U B
nanbHeM 3apyOexbe. Cero/iHsa B HEOCTaTOYHOM CTENEHH HCCIeI0BaHa M UCIIONIb3YIOTCS OCOOEHHO-
CTH OPTaHWYECKOM MAaTPHIIbl IIYHTUTOBOM MOPO/Ibl B O€TOHAaX: OUIOISIPHOCTH, Oy1aroaps yemy Io-
pOJla MOKET JIETKO CMEIIMBATHCS C BEIIECTBAMHU KAK OPraHMYECKOM, TaKk U HEOPraHWYECKOW IMpH-
PO/JIbI, IPOSIBIISASI BBICOKUE ar€3MOHHBIE CBOMCTBA U 00YCIIOBINBAsi BO3SMOYKHOCTH CO3JJaHUs HAMoJ-
HEHHBIX OETOHHBIX KOMIIO3UTOB C Pa3IMYHBIMU CBA3YIOLUIMMHU; 3JIEKTPONPOBOAHOCTD, SKPAaHHUPOBA-
HUE 3JEKTPOMAarHUTHBIX U3IYYEHHUH; BO3MOXKHOCTh 00OECII€UEHHs] KOMIIO3UTaM BBICOKOM MEXaHHU-
YECKOW IPOYHOCTH U MAJIOM HCTUPAEMOCTH; TOBBIIIEHUE KOPPO3UOHHOM CTOMKOCTH; SKOJIOTHUECKAs
YHCTOTa, OAKTepUIMAHOCTD. [Ipy 3TOM HEKOTOpbIE YUeHbIE OTMEUAIOT, YTO Ui OOecreueHus 1ene-
co00pa3HOCTH NPUMEHEHHUS IIYHIMTOBOTO ChIPhSl B TEXHOJIOTUAX OETOHOB CJeIyeT UCKIYUTh HC-
MOJIb30BaHUE CHIPhs C cofiepkanureM yriepoaa meHee 10%. Takum oO6pa3om, BOIIPOCH TPUMEHEHUS
IIYHTUTOB B KauecTBe HaHOMo U (pukatopoB B coctaBax CYb BechMa akTyanbHBI U EPCIIEKTUBHBI
(Troasnun B.A., 2015).

B cocraBax nerkux CYb npezacrasiser untepec uccieaoBanue 3h(HeKkTuBHOCTH TPUMEHEHUS
ATFOMOCHJIMKATHBIX MUKpoc(ep sHepreTHueckux 307 (30i1-yHoca). OnbiTa IPUMEHEHUS B COCTaBax
CVYb 3T0ro BHJ1a TEXHOI'€HHOTO CBHIPhsI MPAKTUYECKH HET. AJTIOMOCHIINKATHBIE MUKpOCc(heps! Kak To-
BapHBINA MPOIYKT MPOU3BOJATCS B T. Dkubactys, r.I1aBnogap u ap.

B orimume oT mynionaHOBBIX HAMOJHUTENEH, OTXO/AbI KaMEHHBIX pabOT MMEIOT TaKylo e
YAEIbHYI0 MOBEPXHOCTh, KaK U IEMEHT, TaKHe KaKk U3BECTHSAKOBasi MyKa, TOpHasi IblJIb, XBOCTHI IIAXT,
OTXO/Ibl paKyIIEK U Ipyrrie UHEPTHBIE TBEPBIE OTXO/BI, 10 CBOEH CYTH HE SBIISIOTCSA LIEMEHTUPYIO-
mmmu. Tem He MeHee, ObUIO OOHAPYKEHO, YTO BKIIIOUEHHE TAaKMX TOHKUX HATOJHHUTENEH MOXKET
OIpeJIeIeHHBIM 00pa30M MOBBICUTH y1000YKJIaIbIBA€MOCTh OETOHHOM cMecHu. Borpoc ucnosnb3oBa-
HUS OTXOJI0B JOOBIYU U MepepabOTKH KaMEHHBIX MaTepUasoB, 32 UCKIIIOUEHHEM KapOOHATHBIX IO-
pOJl, B KaUECTBE MHEPTHBIX HAIOJHUTENEH B JIMTEpaType BCTpedaeTcsl KpaiiHe peako. MHepHThIe
HAIOJIHUTEIN BBIOIHUSIOT POJIb «pa30aBUTENEID IEMEHTA - TO3BOJIIOT MOJIYYUTh OETOHBI HU3KUX
Y CPEJHMX KJIACCOB IO MIPOYHOCTH MPH MOHKEHHBIX BOAOIIEMEHTHBIX oTHOIeHusX (B/L1), uro obec-
MEYUBAET BHICOKYIO MOPO30CTONKOCTh, BOJIOHENPOHUIIAEMOCTh U KOPPO3ZHOHHYIO CTOMKOCTh TaKHX
6eToHoB. [IpuMeHeHre HHEPTHBIX MUHEPAIbHBIX HAITOJHUTENCH, CHUKAIOIIUX MPOYHOCTH OETOHA 32
cuet 3¢ dexTa pazdaBiIeHUA, ONPaBAAHO IJisi OETOHOB, M3TOTABIMBAIOIINXCS C MCIIOJIH30BAHHEM B
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KOMITO3UIIMU BBICOKOAKTUBHBIX HanoiaHuTeneld. CoBmecTHOE nenonb3oBanue ¢ CII u gpyrumu KoM-
MO3UIIMOHHBIMH COCTABIISIOIIMMU MOXKET MPOSBIATHCA CUHEpreTHdeckuil ek, mo3BOISIOMMN
HOBBICUTH 3P HEKTUBHOCTH TpUMeHeHHs. Kpome Toro, 3ti 100aBKH 11€51€c000pa3HO MPUMEHSTh AJIs
MIPUTOTOBIICHHSI OETOHHBIX CMECEH C BHICOKOM MOIBHKHOCTHIO MPH MOHMKEHHOM PacXo/ie LIEMEHTA.

BBeneHye HHEPTHBIX HANIOJHUTENEH B 3aBUCUMOCTH OT KOJIMYECTBAa MOTYT cHIbKaTh B/L, uto
HECKOJIbKO YMEHBIIAET MOTEPI0 MPOYHOCTH MPH 3aMEUICHUU IIEMEHTa, YTO OOBSACHSIETCSA yBeInye-
HUEM 00bEMHON KOHLIEHTPALMHU [IEMEHTUPYIOIUX MPOAYKTOB THAPATALUU BXKYLIETO U YMEHbIIIE-
HueM obwvema nop npu camwkenuu B/Ll. Kpome toro, a¢dexT pazdbaBieHus ieMeHTa HHEPTHBIMU Ya-
CTHULIaMHU MOKET CHUKATHCS 3a c4eT AU Ppy3noHHOTO nepeHoca eMEHTHPYIOIIETO BEIeCTBA B 30HY
KOHTaKTa MHEPTHBIX YaCTHI], KOTOPBIA ycTaHoBieH B padote (Kalashnikov 1.V. & Kalashnikov
S.V., 2004) nns Bsoxymumx cucteM ¢ Hu3kuM B/LL. J{ns ymeHbIIeHHs] HETaTUBHOTO BIMSHUS UHEPT-
HBIX MUHEPAJIbHBIX J00ABOK Ha IPOYHOCTH IPU CHMYKEHUH BOJIOLIEMEHTHOTO OTHOILICHHSI MX UCIIOJb-
30BaHME B OOJIBIICH CTETIEHU ONPAaBJaHO IMPU COBMECTHOM NMPUMEHEHHHU C CYNEePBOJOPEIyIHPYIO-
IIMMU XUMUYECKUMU To0aBKaMu. B CBs3U ¢ 3TUM, OCHOBHBIMU KPUTEPUSMH BbIOOpA MaTepuaia s
MOJTyYSHHUS] HHEPTHOTO HATIOJIHHUTEJS SIBJISIOTCS €r0 BIMSHUE HA BOJOMOTPEOHOCTH IEMEHTHOTO Te-
CTa C CyNepIIacTU(UKaTOpOM, a TAKKE pa3MOJIOCIIOCOOHOCTS (3a UCKITFOUEHUEM IPUMEHEHUS TbUIN
KaMHeoOpabaThIBAOIIUX MPOu3BOJACTB). OMuH U3 GaKTOpPOB, KOTOPBIE OyIyT CIIOCOOCTBOBATH IIH-
POKOMY HCIOJIb30BAaHUIO MHEPTHBIX MUHEPAJIbHBIX HanojaHuTenei B TexHonorun CYb — Gonbiiue
00BEMBI OTCEBOB JIPOOJICHUS 1EOHS, KaMHE0OpabaTHIBAIOIIETO MTPOU3BO/ICTBA, COIEPIKAIINE 3HAUH-
TEJIbHYIO JIO0JIIO MBIIEBUIHBIX (paKLUii, KOTOpbIE B HACTOsILEE BpPeMs HE HAXOIAT NMPUMEHEHUs U
HAKaIUIMBAIOTCS B OTBaJIaX. B psize paboT 3apyOeHBIX YUSHBIX HCCIICAOBAICS BOIIPOC 3aMEHBI YaCTH
LIEMEHTa MHKPOHAIOJIHUTENEM, MTOJyUYeHHBIM NPU KaMHEOOpaboTKe TOpHBIX MOPOJ — U3BECTHSIKA,
MarMaTHYECKUX TOPHBIX TIOPO U AP.

B vacTHOCTH, OTMeuaeTcsl, uTo (pU3nUYecKoe BIMsHUE Ha CBOMCTBA cMecell U OeToHa KapOoHaT-
HOTO HAITOJIHUTEIS] CBSI3aHO C MaJIbIM pa3MEpOM YacTHUI[ H3BECTHSAKA, KOTOPBIE MOTYT HE TOJIBKO yBe-
JIMYUTH TUIOTHOCTh YNAaKOBKU HAIIOJHHUTENS M YMEHBUINTh KalWUIPHYIO IIOPUCTOCTh, YBETUUNBas
BOJIOHETIPOHUIIAEMOCTh. XUMHUECKUE (PaKTOPBI MOAPAa3yMEBAIOT BIHMSIHAE WOHOB M3BECTHIKOBOTO
HaTOJHUTENS B LIEMEHTHOM cucTeMe, U3MEHssl KHHETUKY THApaTalud U MOPQOJIOTHIO MPOIYKTOB
ruapatanun. B pabdore (Sadek D. et al., 2016) ycraHOBIIEHO, YTO PH UCTIOIH30BAHUH U3BECTHSIKA B
Ka4yecTBE MUHEPAJIbHOM JOOABKHU K LIEMEHTY B pe3yJibTaTe THApaTaluy 00pa3yroTcs B OCHOBHOM BbI-
COKOIIPOYHBIE HU3KOOCHOBHBIE (TI0 oTHOLIEHHIO K Ca0) coeanHEeHUs, KOTOpbIE NMPU YMEHbIIEHUU
KOJINYECTBA IIeMEHTa 00eCIeYnBaOT BEICOKYIO IPOYHOCTh LIEMEHTHOTO KaMHs. XMMHUYECKHE XapaK-
TEPUCTUKHU U3BECTHSKA, KOTOPHIE BIUSAIOT Ha ero 3()(HEeKTUBHOCTD, CBSI3aHBI C IIPUMECSIMH, BKITFOYAst
TJIMHY, KBapll, T0JIOMUT U Jipyrue MuHepaibsl. ConepkaHue IIIMHbI yBETMUUBAET MOTPEOHOCTH B BOJIE
M3BECTHIKOBOTO HAITOJIHHUTENS U, COOTBETCTBEHHO, CHUKAET MOIBIYKHOCTB CBEXKETO PacTBOpa. Y HH-
BEPCATBHOCTh THAPOKCH/IA KabIIMs MPOSBISAETCS B MOBBIICHUN arperaTUBHON YCTOMYMBOCTHU CycC-
MEH3UN M3 «TPSI3HBIX» AMCIEPCHBIX M3BECTHAKOB ¢ mpumecsiMu Si02, Al,O3 u Fe;Os. Ilpu stom,
HauOOoJIbIIIas arperaTuBHasl yCTOHYHMBOCTb 00ECTIEYMBAETCS B CYCIEH3USIX 0COOOYUCTHIX KPUCTAIIIH-
YEeCKHUX M3BECTHSIKOB MTPH HCITOJIb30BAaHUN CYNEPIUIACTH(PHUKATOPOB KaK Ha HAPTATMHCYIb()OHATHOM,
TaK ¥ Ha NOJMKapOOKCUIATHOW OCHOBAX.

PesynbraThl MiccaenoBaHUN TIOKA3alll, YTO U3BECTHIKOBAs W MpaMOpHasi MyKa, BBEJICHHAS B
kayecTBe HanoiHUTeNsd B CYD, 3HaUNTENIbHO CHUXKAET COJIEpKAHKUE LIEMEHTA U B TO K€ BpeMsl yBe-
JMYUBAET IPOYHOCTD, IOJITOBEYHOCTh M CTA0OMIIEHOCTh COCTaBOB OeToHa. [lepes MHOTHMHU TpeATIpH-
ATUSAMU 110 TPOM3BOJICTBY LIEOHS M3 TpaHUTA U APYTUX MAarMaTHYeCKUX IUIOTHBIX TOPHBIX MOPOJ
CTOUT MpoOJIeMa MOUCKA PBIHKA OTCEBOB JIPOOJICHISI MITH TPOJAYKTOB UX NepepadoTku. Tak, Komde-
CTBO TPaHUTHON MYKH, 0Opa3yromerocss B kaMHeoOpabaThIBaroe MPOMBIIIJIEHHOCTH COCTABIISIET
0K0JI0 65% 0T 00111eTO 0OBEMA TPOU3BOACTBA. D(H(PEKTUBHOCTD UCITOIH30BAHUS TOHKOIUCTIEPCHOTO
HATOJHUTENS U3 OTCEBOB KaMHEIpoOIeHHus u3ydanoch B psge pador (Ilanukun /LA., 2015; Ka-
cropubix JI.U. et al., 2017). ITpu BBenenuun ero 20-50% OT Macchl [EMEHTA U, KaK YCTAHOBJICHO
UCCIIeIOBAaHUSIMU, OETOHHAsI cMech 00Ja/laeT BHICOKOH BOJOYAEPKUBAIOIIEH CIIOCOOHOCTBIO, JIJIH-
TEJIBHOM COXPaHIEMOCTbIO, TOCTUTaEMOM 3a CUET ONTUMAIbHON JO3UPOBKH TMIEPIUIACTUPHUKATOPA
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U BOJIOYJIEP’KUBAIOIEH J1O0aBKU.

W3BecTHBI HEKOTOPBIE PE3yJIbTaThl U3YYEHUsI BO3MOKHOCTH 3aMEHBI YaCTH IIEMEHTAa TPaHUT-
HOM MYKO#i, ee BIUSHUS Ha CTAOMIBLHOCTh OETOHHON CMECH U J0JITOBEYHOCTh OETOHA, OJJHAKO, BO-
pOC MaJjio u3y4eH. B 4acTHOCTH, M3BECTHO, YTO BBEACHHE I'PAHUTHON MYKH B KaueCTBE 3aMEHBI
MACThl MOYKET CHUKATh COZiepKaHue eMeHTa 110 25%, CyIIeCTBEHHO YJIYYIIUTh COIPOTUBJICHHUE Oe-
TOHHOM CMECH PACCIOCHHIO, YMEHBIIUTh NMPEACIbHYIO Ae()OpMAIMIO U CHU3UTh CKOPOCTh YCAaJIKH,
IIPU 3TOM MPOYHOCTH YBENUUYMIOCh Ha 12%. B npyrux paboTtax onTumalibHOE 3aMElICHHE [IEMEHTa
IPaHUTHOW MYKHU yKa3aHO B fuana3oHe 10 5%, yBeIu4eHne NpUBOIMIO K CHUKEHUIO TPOYHOCTU. B
psizie paboT mokazaHa BO3MOXXHOCTh MCIIOJIb30BAaHHS OTXOJ0B FOPHOAOOBIBAIOIIET0 KOMIUIEKCA MPH
COBMECTHOM I1OMOJI€ KJIMHKEPA C IIeJIbIO MOJTy4YeHUs IUCIIEPCHO-HATIOJHEHHBIX [IEMEHTOB U OETOHOB
Ha MX OCHOBe. PaccMarpuBamuch 0TXO0/1bl KaMHEAPOOICHUS IITyOUHHBIX U U3JMBIIUXCS TOPHBIX MO-
PO/l MAarMaTHYECKOT0 MMPOUCXOXKACHUS — 11a0a30B, 0a3abTOB, IPAHUTOB, TAOOPO-TUOPUTOB, U3BECT-
HSIKOB, JOJIOMUTOB, KOTOPBIE MOJIBEPTaJIi COBMECTHOMY ITOMOJY C IIEMEHTHBIM KITMHKEPOM J0 MOJTy-
yeHHs yIebHOM moBepXHocTu 400 M?/KT, YTO, COTNIACHO PEHTreHO(a30BOro aHANIN3a JAUCIIEPCHO-
HATOJHEHHOTO IIEMEHTHOTO KaMHsI 00eCIeYMBaeT MX BBICOKYIO PEaKIIMOHHO-XUMHYECKYIO aKTHB-
HOCTh. ONTUMAaNIbHAS TO3UPOBKA TOHKOM3MEIBbUEHHBIX TOPHBIX 1OpoA cocTaBisia 30%, 4To mo3Bo-
JISUTO TIOJTYYUTh BBICOKOIPOUYHBIE OETOHBI C TIOBBIIICHHBIMH SKCIUTYaTallMOHHBIMUA CBOWCTBAMH.

B pabotax KanmamnukoBa B.I., aBTOpa KOHIIENIIMK MOPOLUIKOBO-aKTHBUPOBAHHBIX OETOHOB
(MOXXeT paccMaTpHuBaThes Kak ouH U3 BuaoB CYB), oTMevaercsi, 4To Ype3BbIYAITHO BaKHO UCTIOIb-
30BaTh MOJIOThIE TOPHBIE MTOPOIbI C 3aJaHHBIM JIUANIa30HOM Pa3MEPOB YACTUIL, IPH KOTOPOM CYCII€H-
3un ¢ CII nmpu Manom cosep>kaHuu BOJBI TOJDKHBI 00J1a/1aTh TPAaBUTAIIMOHHON PACTEKAaeMOCTBIO MO
neiicTBreM cOOCTBEHHOTO Beca. ['paBUTAalIMOHHAS PACTEKAEMOCTh BOJIHO-MHHEPAIbHBIX CYCIIEH3HM
3aBHCUT OT MHUHEPAJIBHOI'O COCTaBa TOPHBIX MOPOJI, TUCTIEPCHOCTH TOPOIIKA U 0OBEMHON KOHIICH-
Tpauuu TBepaoi ¢assl. [Ipu ncciaenoBaHUN pacTeKaeMOCTH CYCIIEH3UN 1 OETOHHBIX cMeceil, ycTa-
HOBJICHO, YTO OOJBIIMHCTBO TMOPOIIKOB M3 IUIOTHBIX TOPHBIX TOPOA 00pa3yloT arperaTHBHO-He-
ycroitunBeie cycriensun (remu) (Kalashnikov, 2018). Ilpu yaenpHOM NOBEPXHOCTH MOPOIIKOB C
Sya=300-500 M? /KT cycHeH3HH pacTeKaloTCs 0 IeHCTBHEM COOCTBEHHOTO BECA IIPH BOJOTBEPIOM
otHomenun B/T=0,38-0,60, T.e. mpu 00beMHOI KoHIIeHTpaluu TBepAo (azsl CVT=38-46 % 00b-
eMHoe conepkanue TBepaou ¢assl (T) mensine, uem Bobl (B). 3T0 mporcXoauT MOTOMY, 4TO B ar-
peraTMBHO-HEYCTOMUMBBIX CYCIEH3MSIX YACTULbI CBS3aHBI B arperatbl, B KOTOPBIX HAXOAMUTCS CBO-
0o/Hast BOJIA, HE YYACTBYIOIIAs B YBEITMUCHHH PACTEKAEMOCTH CYCIIEH3UH M3-3a TIOBBIIIIEHHOTO TIpe-
nena tekyuectu (Kalashnikov, 2016). Cycnen3uu niemMeHnTa u ropHsix mopon rnpu Beeaenun CII npe-
BPAIAIOTCS B arperaTHBHO-YCTOWYHMBBIE CYCIICH3HH. DTOT MEPEX0]] B arperaTHBHO-yCTOMYNBOE CO-
CTOSTHUE (30JI1) MPOUCXOAUT MPH 3HAYUTEIHHO MEHBIIEM COJEP>KaHUM BOJbI, HO C YMEHBIIEHUEM
npejesna TEKy4eCTH U C TIOBBIIIEHUEM BSI3KOCTH B MOMEHT PacTEeKaHUs U COIYTCTBYIOIIETO pa3pylie-
HUS C1a0BIX CTPYKTYPHBIX cBsi3eil. OHM MPHOOpPETaOT MOIMMEPHO-NIOJOOHBIN XapakTep TeUEHUs ¢
(bopMHpOBaHHEM TOHKUX CTPYH B OTJIMYHE OT arperaTHBHO-HEYCTOWYHBBIX, KOTOPHIE BBITEKAIOT C
KaruieoOpa3oBaHUEM BCIIEACTBUE HEJOCTATOYHOCTH CHJI IPAaBUTALIMU JJIsl IPEOJOJICHUS IIpeeria Te-
KYYeCTH | MPENETbHOTO pa3pyIIeHUs] CTPYKTYPHI B IOTOKE. PacTekaeMOCTh IIEMEHTHBIX CYCIICH3HI
obOecrieunBaeTcs TMpU OOBEMHOW KOHIEHTpauuu TBepaoi daszer 46-49% (B/11=0,38-0,50)
(Kalashnikov et al., 2014).

AHanu3 TEXHUYECKOW JTUTEpaTyphl 1O MOPOIIKOBO-aKTUBUPOBAHHBIM OE€TOHAM IMOKa3all, YTo
MHOTHE MPOBEACHHBIE NCCIIEI0BaHMS IPECIIEIOBAIIH 1I€Ib UCIIOIb30BaHMsI IPU IPOEKTUPOBAHUHU CO-
CTaBOB OETOHOB B Ka4€CTBE TOHKOMCIIEPCHBIX MUHEPAIBbHBIX 100aBOK KBapIEBbIE MECKH, OJIHAKO,
HA/I0 YUUTHIBaTh HU3KOE 3HAYCHHE UX PA3MOJIOTOCHOCOOHOCTH. ArperaTuBHO-HEYCTOWYHUBBIE CyC-
MEH3UHM MUKPOKBaplia, MUKPOKBapLUTa, MUKPOKBapIIEBOr0 MECUYaHUKa ¢ CylepIiacTuuKaTopaMu
MIPEBPAILAIOTCS B arperaTuBHO-yCTOMYUBBIE ITPH 100aBIeHNN MaibIX 103upoBok Ca(OH), wium nopt-
JIaH/LIEMEHTA.

B nenom, npupona arperaTuBHOM yCTOMYUBOCTH CYyCIIEH3UM, COCTOSLIUX U3 YACTULL PA3JINYHON
MUHEPAIOTUYECKON IIPUPOBI C PA3IIMYHBIMH 3apsiIaMu IOBEPXHOCTEN, MaJIo U3y4eHa. B yactHoCTH,
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YTO TIIyOMHHBIE KBapIICOIEprKalle MOPObl, BKIIOYAIOIINE B CBOEM COCTaBe CBOOOAHBIN KBapIl, 0y-
AyT MOTEHIIMAIBHO PEaKIIMOHHO-aKTUBHBIMH B JUIUTENIbHBIE CPOKU TBEPJEHUS, UTO TpEOyeT u3yye-
HUS U3MEHEHUHN (PU3NKO-TEXHUYECKUX CBOMCTB BO BpeMs TBepeHUs OeTOHA.

MecropoxaeHust U3BECTHSAKOB ecTh B 3anagHo-Kazaxcranckoi, CeBepo-Kazaxcranckoi, K-
3bUIOPAUHCKOM oOnactsax. Kak orMeuanoch, 0COOEHHO aKTyallbHO paccCMaTpUBaTh BOZMOKHOCTh HC-
I10JIb30BAHUS U3BECTHAKOB JUIsI IIOJyUEHUS HAIIOJIHUTENEH B 3al1aJHBIX PETHOHAX, I/1€ HET IPOU3BO/-
cTBa 1eOHs. Marmaruyeckre II0THbIe TOPHbIE OPOJIbl UMEIOTCSA BO MHOTHX oOnactsx. [Ipenmpusi-
THS TI0 TIOJYYCHHUIO MIEOHS U3 CKAIBHBIX MOPOJ 3aHUMAIOTCS ePepaboTKON MECTHBIX MECTOPOKIE-
HUH, TOPOBI KOTOPBIX 3HAUUTENIBHO PA3HITCA IO MUHEPAJIOTUYECKOMY COCTaBYy, COOTBETCTBEHHO,
HAIOJIHUTENN U3 OTCEBOB ApOOJieHUsI TpeOYIOT HCCIeA0BaHUsA Ha MpeaMeT ux 3(pPexkTUBHOCTU B
CVb. Tak, HanpuMep, NEPCIEKTUBHbBIE PE3YJIbTAThl NoKa3anu nposeneHHble B Kas['ACA uccneno-
BaHMs 110 ucnoyib3oBaHuio B CYD oTceBoB kamHenpoOieHus kapbepa banrabaii-1 AnmatuHcko# 06-
nactu B coctaBax CYbB. [Ipeobnamarommmu mopogaMu B HeM SBISIOTCS 3(py3UBHBIE TOPHBIE T10-
ponsl (88%) 1 M3BEPKEHHBIE UHTPY3UBHBIE TOpHBIE TOpoabl (12%): Dddy3uBHBIE - MpeaCTaBICHBI
THIIPOTEPMATEHO-METOCOMATHYECKH HW3MEHEHHBIMH MOPGUPUTAMH CpPEIHE-OCHOBHOTO COCTaBa U
nopdupamMu pacKpUCTAIUIM30BAHHOTO KBAPI[-TIOJIEBOIINATOIO COCTaBa; HHTPY3UBHBIE — I'PAHUTAMHU
U TUOpUIHON MOPOJBl KBApIeBOro AMOpUTa. HamomHuTenb U3 0TXO0A0B KaMHEAPOOJIEHHUS UCIIOJIb-
3oBajics B coctaBax CYb B KOMIIO3UIINY C aKTUBHBIMU JO0aBKaMU — LIEOJIUTOM, MUKPOKPEMHE3EMOM.
bbun nostydeHsl KOMIIO3ULIMH, oOecneunBarolue noiayyeHue 6erona B30 ¢ peosornueckumu cBoii-
CTBaMH U CPOKaMH TBEPJEHUS U1l U3TOTOBIECHUS KaK COOPHBIX KOHCTPYKIUH, TaK 1 MOHOJIUTHBIX
texHosoruil. [loteHuuaneHas ceipbeBas 0aza i nonydenus komnosuuii CYb B Kazaxcrane ¢ ne-
JBI0 pa3paboTku YPGEKTUBHBIX COCTABOB U CPABHUTEIBHON OIICHKU €€ BEJIMYHHBI MPEICTABICHA B
tabmume 1.

Tabéauua 1
CoipbeBbie MaTepualsl s usrotosienus CYb B Kazaxcrane [Marepuaiibl aBTOpOB]

Buner 6etona/ Tsoxensie Jlerkue
Matepuaer uist U3roTOBIEHNS Caepx- Beicoko- Cpenneit Beicoko-Tipou- Cpenneit
CVb TIPOYHBIC TIPOYHBIC TIPOYHOCTH HBIE TIPOYHOCTH
Bszkymme BemecTBa
HEM I 32,56 + + + + +
LHEM 142,56 + + + + +
HEM II 32,5H - - + — +
HEM 11 42,5H — - + — +
Hanonnurens
IIpuponHbie AKTUBHBbIC MUHEPATbHBIE:
Huatomur - - + - +
Tpenen — — + — +
Omnoka - + + + +
Bynkanuueckuii Ty - - + — +
lynrur + + + + +
Ieosmut - - + R n
HckyccTBeHHBIC AKTHBHbIC MUHEPAJIbHbIE:
MuxkpokpeMHeseM + + + + +
3omna-yHoca + + + + +
JloMeHHBI 111aK - - + + +
ATIOMOCHIINKATHBIE MUKPO- + + - + +
cepbl

HNHepTHBIe MUHEepanbHbIe (MIHepaIbHbIC HOPOLIKH, MOJIy4YaeMble IOMOJIOM H3 TOPHBIX MOPOJ):
W3BecTHsK + + + + +
Homomur - - + - +
KBapuesblii mecok — + — + —
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OTceBbl IpobicHus MEeOHs U3 + + + + +
CKaJIbHBIX OO

3anmoHUTENb

Meaknii (Mx= 1,6-2,5)

ITecok cTpouTtenbHBINH + + + - _

[Tecok kBapueBbIit + + _ ¥ _

[Tecok kapOoHATHBII - - + _ _

Ilecok nerkuii, ICKyCCTBEHHBIN | — - - + +
(KepaM3HUTOBEIH, TEPMOIUTOBBIH

u Jp.)

Kpynuplii 3anonnurens* (Mx=5-20, 5-10)

[I1eGeHb 13 M3BEPIKEHHBIX + + + — _
IUIOTHBIX TOPHBIX MOPO/I

MuxpoapMupyLue MaTepUaJibl

CranbHas Gpudbpa + + + _ _

CrexisiHHas1, 0a3ajabTOBAas. 110- - — — + +
muMepHas Gudpa

DOYHKUMOHAJIbHBIE 100aBKU (MMIOPTHPYIOTCSH)

Cynepmnactudu

KaTOpbI

T'unpododbuzaToper**
Yckoputenu tBepaeHus** Cra-
OmIM3aTope** U Ipyrue

* He ucnonp3yercst npu nosydenun necuanbix CYB, mOpoikoBo-akTHBUPOBAHHBIX OETOHOB.
** BBOISTCS IIPU HEOOXOAMMOCTH 00CCIICUCHHUS TOTIOTHUTEIBHBIX 3P PEKTOB.

3 BbIBO/IbI

MusnepanbHoO-chIpbeBas 6a3a Kazaxcrana ans npousBojctBa CYb nocratouno paznoobpasHa,
Mpe/ICTaBjlIeHa KaKk MarepuaiaMu, 3p(eKTUBHOCTb KOTOPBIX B KOMIO3HUIUAX JIOCTATOYHO M3y4€Ha
HCCIJIEI0BATEISIMU U UCTIOJIb3YETCSl B MUPOBOM MPAKTHUKE, TAK MaTepHallaMi, UMEIOLUMU B TIPOTHO3€
XOPOILINE NePCIEKTUBBI IPUMEHEHHU S, HO MAJIOM3Y4YE€HHBIMU I TPEOYIOMMU U3YUEHHUS. Y YUThIBas
O0JIBIITYI0 BApUATUBHOCTh MMHEPAJILHOI'O COCTABa O/IHOM U TOM k€ TOPHOI MOPObI B pa3HBIX MECTO-
POXKIEHUSIX U TEXHOTEHHOTO ChIPhs, @ TAKXKE HEPABHOMEPHYIO JIOKallMI0 Ha Tepputopun Kazaxcrana,
CBIPbEBbIE MaTepHalIbl JOJDKHBI To10MpaThes A1 nonydeHuss CYb B KOHKpETHOM ropojie, perioHe.

B pamkax nepcnekTuBHBIX uccienoBanuil, punancupyembix MHBO PK «Pa3paborka mHO-
ro(yHKIIMOHAJIbHBIX HAHO U MUKPOMOIU(PHUKATOPOB JJIs1 TEXHOJIOTMH BBICOKO(PYHKIIMOHAIBHBIX Oe-
ToHOB» B Ka3['TACA OyneTt npoBeieH KOMIUJIEKC UCCIIETOBAHNI CHIPhEBBIX MAaTEPHUATIOB ISl OTIEIb-
HBIX PETMOHOB Ha MpeaAMET 3()(PEKTUBHOCTH MX MCIIONB30BAaHUS B KOMITO3UIIMH C OPTaHUYECKHM MO-
nuKaTopoM, KOTOpbIN BriepBbie B KazaxcTane mpUHAT K pa3paboTke AJisg oOecreyeHus UMIOpPTO-
3amMerieHus. Ha ocHOBe MpoBelIEHHBIX HCCIEIOBAaHUN Ipernonaraercss pa3padboTka 3pPpeKTUBHBIX
COCTaBOB BBICOKO()YHKIIMOHAJILHBIX OETOHOB C UCIIOJIB30BAHUEM MECTHOT'O ChIPhSI.

KOH®JIUKT UHTEPECOB

ABTOpBI 3asBJISIIOT, UTO KOH(DINKTAa HUHTEPECOB HET.

BJIATOJAPHOCTU/MCTOYHUK ®PUUHAHCUPOBAHUA

HccnenoBanue mpoBOIMIIOCH B paMKax IpaHTOBOTO (puHaHcHpoBaHus Komurtera Hayku Mu-
HUCTEPCTBA HayKH W Bbiciiero odpa3zoBanusi Pecryommku Kazaxctan UPH AP 19679906 «Paspa-
00TKa MHOTO(YHKIMOHATIBHBIX HAHO ¥ MUKPOMOJU(HUKATOPOB Uil TEXHOJOTHH BBHICOKO(DYHKIIHNO-
HaJbHBIX OETOHOBY.
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Abstract. In the modern construction industry of Kazakhstan, to ensure the
needs of the market, there is an urgent essential to improve the quality of concrete and
expand its functional purpose. To a large extent, this is achieved by designing concrete
as composite materials with different structures, quantities and nature of components.
The multicomponent composition makes it possible to effectively manage the structure
formation processes of the concrete cementing matrix and obtain concretes with the
required properties. This article presented the effect of plasticizing and air-entraining
admixtures on the properties of heavy concrete. The compositions of concrete mixture
with plasticizing and air-entraining admixtures were selected. The results of study of
plasticizing and air-entraining admixtures effect on average density, workability, com-
pressive strength of concrete samples are presented. The effectiveness of introduction
of a complex admixtures was evaluated in order to further improve operational prop-
erties of concrete. The plasticizing effect makes it possible to increase workability of
concrete mortar while by reducing water-cement ratio from 0,5 to 0,38. Due to this,
density and strength of concrete increased while improving operational characteris-
tics. The combined effect of plasticizing and air-entraining admixtures had a positive
effect on mobility of concrete mortar and its strength of concrete samples. The signifi-
cant strength of 47,2 MPa was achieved with the combined introduction of a plasticiz-
ing and air-entraining admixtures in the amount of 1,2% and 0,5% of the cement
weight, thereby increasing the strength of concrete samples by 32% compared to the
control sample.

Keywords: concrete mortar, admixture, strength, density, air-entraining, slag-
portland cement, plasticizers.
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AnpaTna. Kazaxcmaunvly Kazipel 3aMaHebl KYPblIblC OHEPKICIOIHOe HAPLIK-
MblY KA’CeMMINIKMePiH KAMMAamMacyl3 emy yulin 6emoHoapovly canacvlh apmmaolpy
JHCoHE ONAPObIY PYHKYUOHALObIK MAKCAMBIH KeHelmy Kaxcemminiei myvlHoauovl. byn
KebOiHece 6emoHOapovl Kypamoac 66nikmepoiy KYpPblibIMbIMeH, CAHbIMEH JHCIHE CUNA-
MbIMeH epeKuleleHemiH KOMNOUYUAIbLIK MAMepuailoap peminoe iHcobanay apkbiivl
arcyzeze acvlpwvliaosl. Komnozuyuanvly ken KOMNOHEeHMMmIiNiel OemoHHbIY YeMeHmme)
MaAmpuyacviHbly KYpbliblMblH KATbINMACMbIPY Npoyecmepin muimoi backapyaa jHcone
Kasicemmi Kacuemmepi 6ap 6emonoapovl anyea MyMKiHOIK 6epedi. bByn maxanaoa nia-
CMUKMeHOIpemin JicaHe aya mapmamuli KOCNanapowvly Oipiecker acepiniy ayvip oe-
MOHHBIY Kacuemmepine acepi Kapacmulpuliadsl. Ilnacmuguxayusnatimsin sdcane aya
mapmamvlH KOCnaiapvl oap 6emoH KoCnacviHbly Kypamvl mayoanowsl. Iliacmugpuxa-
YUANAYWbl JHCOHe aAYaHbl MApmamvlH KOCHANApObly OemoH yacilepiniy opmauia
MbIEbIZObIRLIHA, HCYMBICKA HCAPAMOBLILIEbINA, KblCy Oepikmizine acepin 3epmmey
Hamudcenepi kenmipineen. bemonnviy naioanrany Kacuemmepin 00an api apmmulpy
MaKcamvlHOa KeuleHol KOCNaHvl eHeizy muimoiniein bazanay opuvlnoanowl. Ilnacmugu-
Kayusanay acepi cy-yemenm gamoinacvin 0,5-men 0,38-ce Oetiin momendemy Kezinoe
OemoH KOCNACbIHbIY HCYMbIC Kabinemminiein apmmulpy2a MYMKIHOIK 6epedi, COHbIY
apkacwvinoa OemoHHblY Mblebl30bl2bl MeH Depikmici apmaosl, coHbiMeH Oipee natioa-
Jaamy cunammamanapsl sHcakcapaovl. llnacmuguxayuaniaywel dxcone aya emkizeiu
KOCnaHuly Oipiecken acepi OemoH KOCNACbIHbIY KO32AISbIUMBbIEbIHA HCIHE OHbIH Oe-
MOH yaeinepiniy bepikmizcine oy acep emmi. 47,2 Mlla ey srcozapul bepikmixkke yemenm
maccacvinvly 1,2% owcone 0,5% menwepinde niacmupukayusiayuivl dcaxne aya
emkizeiu Kocnaul Oipaecin eHeizy apKulibl KO4 JHCemKizindi, Oyn 6axKbliay yacicimen
canvicmuipeanoa bemon yaeinepiniy oepikmiciniy 32% - ea apmyvina axenoi
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AHHOTAUMA. B cospemennoli cmpoumenvhou npomviuiiennocmu Kazaxcmana
07151 0becneyeHuss NOmMpeOHOCMell PbIHKA 803HUKAEm 0Cmpas HeoOX00UMOCMb NOBbl-
weHus Kavecmea 6emoH08 U pacuupeHus ux QyHKYUOHAIbHO20 Ha3HavyeHus. B 3ua-
YUMeNbHOU Mepe MO 00CMU2Aemcst nymem NPoeKmuposanust 6emoHo08 KaxK KOMno3u-
YUOHHBIX MAMEPUALOs, OMIUYAIOWUXC CIPYKMYPOLL, KOIUYEeCMEOM U XAPAKMepoM
KOMNOHEHMO08. MHO2OKOMNOHEHMHOCMb COCMABA NO360Jslem IPHEKMUSHO YNpaes-
JISIMb npoyeccamu CmpyKmypooopazoeanus yemeHmupyrowelu mampuysl 6emona u
noxyuams 6Gemonsvl ¢ HeoOX0OUMbIMU C8OUCMBaMU. B dannoii cmamve paccmompero
BIUSHUE COBMECH020 0eUCMBUs NIACMUDUYUPYIOWUX U 8030YX0808IEKAIOUUX 000a-
80K Ha ceolicmea msaiceno2o bemona. Io0obpanvl cocmagvl 6emonHOU cMecu ¢ nia-
cmuguyupyrowumu u 8030yxosoeiekaowumu 0ooaskamu. Ilpusedenst pe3yrvmamol
uccne0o8anus BIUAHUL NAACMUDUUUPYIOWUX U 8030YX0B08IEKAIOWUX 000ABOK 00-
0asKu Ha cpeoHIo NIOMHOCMb, YOOOOYKIAObIBAEMOCTb, NPOYHOCMb HA Cocamue be-
MOHHBIX 00pa3yo8. Beinonnena oyenxa s¢hghexmusnocmu 68edeHuss KOMNIEKCHOU 00-
0asKu ¢ yenvro 0anbHelue20 NO8bIULEeHUS IKCNILYAMAayuoHHbIX ceoticme bemona. Ila-
cmuguyupyrowui 2¢hghexm no36osem nogulcUums Y0000yKIaA0bI8AEMOCHb OEMOHHOU
cMecu npu CHUdCeHUuU 8oooyemenmuo2o omuoutenusi ¢ 0,5 oo 0,38, 3a cuem uezo npo-
UCX00UmM NOGbLUUEHUE NIOMHOCMU U NRPOYHOCHU DEMOHA ¢ 0OHOBPEMEHHBIM YIyUULe-
Huem sKcniyamayuonnulx xapakmepucmuk. Coemecmuoe delicmaue niacmuuyupy-
rowel u 8030yxososieKkauell 000asKu OKA3aL0 NOJONCUMENIbHOE GIUAHUE HA NO-
O0BUNCHOCMb DEMOHHOU CMeCU U ee NpOYHOCMb OemoHHbIX 00pa3yos. Haubonvwasn
npournocmo 47,2 Mlla 6viia docmueHyma npu co8MecmHoM 68e0eHUU NIACMupuyu-
pyiowell u 8o30yxososiexaioweti 0obasku 8 koawecmae 1,2% u 0,5% om maccot ye-
MeHma, mem NPoU3OULIO yeeaudeHue npoyHocmu 6emonuwvix obpasyos Ha 32% no
CPABHEHUIO ¢ KOHMPOIbHBIM 00PA3YOM.

KiroueBble clioBa: OemonHas cmecwb, YO0OOYKIAObIBAEMOCHb, NPOYHOCHIDb,
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1 INTRODUCTION

In Kazakhstan, monolithic construction is one of the most promising technologies applied in
the construction of various buildings and structures for different needs (Tolegenova, 2021). Nowa-
days, concrete is one of the main building materials. Modern building materials are being developed
to improve their characteristics, rapid construction, efficient energy saving, lightweight, and above
all they must be environmentally friendly (Lian et al., 2018). One of the main technical and techno-
logical tasks of production is to improve the composition of concrete, quality and reduce its cost
(Beste, 2022). At the same time, modern materials should have important characteristics: strength
and durability, which are the main factors when using a certain technology. At present, the use of
complex chemical admixtures is an effective way to improve the quality and properties of ordinary
heavy concrete. Admixtures improve the technological, rheological properties and technical indica-
tors of concrete (Strelenko et al., 2020).

2 LITERATURE REVIEW

Numerous research have proved that an increase in the water and cement ratio leads to a de-
crease in the strength and durability of concrete (Anisimov & Chikin, 2015). The use of superplas-
ticizers can reduce the water and cement ratio and improve the workability of the concrete mortar. In
addition, plasticizers contribute to the homogenization of the concrete mortar and, as a result, its
workability increases. Due to these characteristics, superplasticizers are the main elements for pro-
ducing high-performance concrete (Tarasov et al., 2018). An important effect of using superplasti-
cizers is the possibility of increasing the kinetics of concrete strength growth, which is a mandatory
requirement for monolithic concrete.

Attract attention to the aspect of our research work issue the study of the effect of air-entraining
admixtures on concrete mortar. The addition of air-entraining admixtures to the concrete mortar
causes the formation of small and stable air bubbles, thereby improving the workability of the con-
crete mortar (Lori, 2021). When the fresh mortar begins to harden, the bubbles in it exposed miner-
alization and become an integral part of it. Therefore, an additional space is formed inside the concrete
structure, in which the freezing water expands. The uniform distribution of pores with air over the
entire volume of concrete increases its freezing-thawing resistance (Yang et al., 2022).

The study aims to compare the kinetics of heavy concrete's strength set and the workability of
a concrete mortar modified with plasticizing and air-entraining admixtures.

3 MATERIALS AND METHODS

The technological properties of concrete modified with air-entraining (CHRYSO Fliud 423)
and plasticizing (Master Air200) admixtures were investigated in the research laboratory.

The slag-Portland cement of the Standard Cement LLP CEM III/A-Sh 32H plant appropriate to
ST RK EN 197-1-2011 was used as a binder. The composition of cement clinker, the chemical com-
position of electrothermophosphoric granular slag and the chemical composition of slag-Portland ce-
ment, including its physical and mechanical properties are presented in Tables 1, 2, 3 and 4. Granular
electrothermophosphoric slag is used as the main component of cement. This material is used as an
active mineral additive in cement, moreover, slag is the main component in the production of slag-
alkaline binders and products based on them (Gryizlov et al., 2014).
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Table 1
Composition of cement clinker [author’s material]
Name of components Amount,%
The total content of tricalcium and bicalcium silicates (CaS, CaS) 75
Mass ratio of calcium to silicon oxide (CaO/Si0») 2,8
Magnesium oxide (MgO) 1,6
Table 2
Chemical composition of electrothermophosphoric granular slag [author’s material]
Name of components Amount,%
Silicon dioxide (SiO») 40,3
The total content of calcium oxide and magnesium oxide (CaO, MgO) 47,2
Phosphorus pentoxide (PsO) 1,1
Chloride-ion (CI") 0,03
Table 3
Chemical composition of slag-portland cement [author’s material]
Name of components Amount,%
Mass loss during calcination 0,7
Insoluble residue 1,4
Sulfur oxide (SO2) 2,2
Magnesium oxide (MgO) 1,6
Chloride-ion (CI") 0,05
Table 4
Physical and mechanical properties of slag-portland cement [author’s material]
Properties Properties
Compressive strength, at the age of 7 days, MIla 18
Compressive strength at the age of 28 days, MIla 34,2
Setting time of cement paste: beginning, min, not earlier 81
Uniformity of volume change (expansion), mm, no more 6

Dolomite crushed stone of a fraction of 5-20 mm with a crushing mark of M1000 and a bulk
density of 1,310 t/m® was used as a coarse aggregate (Table 5). This aggregate responds to the re-
quirements of ST RK 1284-2004. The standard defines the basic requirements for crushed stone from
dense rocks used as a coarse aggregate for heavy concrete.

Table 5
Grain composition of coarse aggregate [author’s material]

Sieve sizes

Quarry dmm 0>(dD), D,20mm 125D, 25 mm
12,5 mm

5-20 Test 97,4 66 2,4 0

Fractions of crushed
stone

Natural fine-grained quartz sand with a grain size modulus equal to Mk = 2,4 and a bulk density
of 1,450 kg/m? responding to ST RK 1217-2003 was used as a fine aggregate. The grain composition
of the sand is presented in Figure 1.
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Figure 1 — Grain composition of sand [author’s material]

Drinking water was used to prepare concrete mortar. Water confirms the requirements of GOST
27732-2011, standard ST RK 1015-2000 «Water. Gravimetric method for determining the content of
sulfates in natural wastewater».

The plasticizer CHRYSO Fluid 423 (PCE) was used as a plasticizing admixture to improve the
workability of concrete. The chemical and physical properties of the admixture are presented in Table
6.

Table 6
Chemical and physical properties of CHRYSO Fluid 423 [author’s material ]
Name Properties
Colour Brown
Consistency Liquid
Density 1,180 g/cm’

Master Air 200 (AIR) was used as an air-entraining admixture (Table 7). Admixture was in-
jected into the mortar together with the mixing water. The content of admixtures is indicated as a
percentage of the cement mass based on the dry agent of the admixture.

Table 7
Physical and chemical properties of Master Air 200 [author’s material]
Name Properties
Colour Light brown
Consistency Liquid
Density 1,02 £ 0,02 g/cm?
Chlorine 10on content <0,01%

The composition of concrete mortar and density (determined according to GOST 27006-2019)
are presented in Tables 8, 9 and 10. Specimen C1 was prepared as a control specimen. The first four
specimens were mixed with a plasticizer and designated as PCE1, PCE2, PCE3 and PCE4. In speci-
mens with a plasticizer, the main difference between the mixtures is a different water and cement
ratio, which varies from 0,45 to 0,38. When the water and cement ratio changes, the amount of cement
and water remains unchanged. In the case of a mortar with an air-entraining admixture, the water and
cement ratio were equal to 0,4 for all specimens.
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Table 8
Compositions of concrete mortar with a plasticizing admixture [author’s material]
Crushed stone

Name of : Plasticizer
specimen Cement,g Sand, g Water, g fracgosn_sz,omm, W/C (PCE), %
Cl 460 670 230 1100 0,5 -
PCEI 460 670 207 1100 0,45 0,6
PCE2 460 670 184 1100 0,4 0,8
PCE3 460 670 175 1100 0,38 1
PCE4 460 670 175 1100 0,38 1,2
Table 9
Compositions of concrete mortar with an air-entraining admixture [author’s material]
Crushed stone
Name of Water, . Master AIR
specimen Cement,g Sand, g fractlcgrg,omm, g W/C 200 (AIR) %
AIR1 460 670 185 1100 0,40 0,2
AIR2 460 670 185 1100 0,40 0,3
AIR3 460 670 185 1100 0,40 0,4
AIR4 460 670 185 1100 0,40 0,5
Table 10
Compositions of concrete mortar with plasticizing and air-entraining admixtures [author’s material]
Crushed stone - Master
SNZIQ?;E:] Cement, Sand, Water, fractions, mm, g W/C IZ’IID%'E():lz;r AIR 200
P g g g 5-20 7 (AIR) %
(PCE+AIR)1 460 670 185 1100 0,4 0,6 0,2
(PCE+AIR)2 460 670 185 1100 0,4 0,8 0,3
(PCE+AIR)3 460 670 185 1100 0,4 1 0,4
(PCE+AIR)4 460 670 185 1100 0,4 1,2 0,5

The workability of the freshly prepared concrete mortar for each specimen was determined
using a cone in accordance with GOST 10181-2000 «Concrete mortar. Test methodsy.
For strength testing, cubes of 100x100x100 mm in size were made, four samples for each spec-

imen. When reaching the age of 7 and 28 days, compression tests were carried out in accordance with
GOST 10180-2012 by the following formula :

R=a-F/a-K, (1)

where F — destructive load, N;

A — working cross-sectional area of the sample, mm?;

a — scale coefficient for reduction of concrete strength to the concrete strength in samples of
basic size and shape;

Kw — correction coefficient for cellular concrete, considering the humidity of the samples at
the time of testing.

The results of tests of samples for compressive strength at the age of 7 and 28 days are shown
in Figure 2 and 3.
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4 RESULTS AND DISCUSSION

The results of determining the workability of concrete mortar with different content admixtures
are presented in Table 9.

The cone sediment of freshly prepared concrete mortar of the control specimen was 13 cm.
With the injection of admixtures, the workability of concrete mortar is significantly improved. Table
10 shows that all investigated admixtures increased the mobility of the concrete mixture by 10-30%.
At the same time, the maximum value is observed in specimen Nel3 and is 22 cm, which is 36% more
than in the control specimen C1. When determining workability after 120 minutes, the maximum
result of cone sediment -19 cm was also recorded in specimen Nel3. In specimens with air-entraining
and plasticizing admixtures the largest cone sediment was observed in compositions Ne4 and Ne 9,
which is 15% and 30% more than in the control composition C1.

Table 10
The effect of plasticizing and air-entraining admixtures on the workability of concrete mortar [author’s mate-
rial]

Cone sediment, cm

Ne Name of specimen Density, kg/m?

After 15 min. After 120 min.
1 Cl 14 8 2440
2 PCEl 15 12 2470
3 PCE2 16 13 2400
4 PCE3 18 16 2360
5 PCE4 20 17 2350
6 AIR1 13 10 2360
7 AIR2 14 12 2345
8 AIR3 16 13 2240
9 AIR4 17 15 2355
10 (PCE+AIR)1 15 13 2355
11 (PCE+AIR)2 17 15 2336
12 (PCE+AIR)3 19 16 2308
13 (PCE+AIR)4 22 19 2285

When using the PCE admixture in comparison with the control sample (Figure 2), an increase
in strength was observed at the ages of 7 and 28 days from 37,2 MPa to 38,4 MPa and from 46,8MPa
to 48,2MPa.

The increase in strength indicators is related to a result of the action of the plasticizing additive
in the cement paste, the volume of the intergranular space decreases. Thereby providing closer contact
between the shells of hydrated products on the surface of adjacent cement grains, which promotes
combining them into a denser and more durable conglomerate. From the diagram presented in Figure
2, with the injection of PCE, the water and cement ratio of the mortar decreased by 10-24%. At the
same time, a significant reduction is achieved with the injection of a plasticizing admixture in the
amount of 1,2% by weight of cement.
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Figure 2 — The effect of the water and cement ratio on the compressive strength of concrete
[author’s material]

When modifying the concrete mixture with plasticizing and air-entraining admixtures, a gradual
increase in strength was observed at the ages of 7 and 28 days from 21,2 MPa to 34,5 MPa and from
38,0MPa to 47,2MPa, as a presented on Figure 3.

The maximum strength at the age of 28 days was obtained with compression R = 47,2 MPa,
using PCE and AIR admixtures in the amount of 1,2% and 0,5% by weight of cement. These complex
admixtures make it possible to obtain a strength of 32,62% higher than the strength of the control
specimen. The density of the concrete mortar at the age of 28 days was 2440-2285 kg/m>. This phe-
nomenon is due to the fact that the combined action of admixtures causes the uniform formation of
small and stable bubbles throughout the volume of concrete, thereby increasing its frost resistance.
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Figure 3 — Effect of plasticizing and air-entraining admixtures on concrete density
[author’s material |

5 CONCLUSIONS
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5 CONCLUSIONS

To date, the use of complex admixtures is an effective way to improve the quality of heavy
concrete. Admixtures improve the technological properties of the concrete mortar and the construc-
tion and technical indicators of concrete.

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

1. Due to the formation of the appropriate structure of capillary pores in the hardened cement
mortar, the durability of the cement-based material depends on the ratio of W/C. The water-cement
ratio can be reduced by using plasticizers and increasing the air content in the mortar. An increase in
the amount of plasticizing admixture from 0,6% to 1,2% led to a decrease in water demand in the
concrete mortar to 23,9%.

2. The use of air-entraining admixture significantly increased the workability of the concrete
mortar and increased the stability of the air-entrained mortar. An additional effect of the use of air-
entraining admixture is a decrease in the actual density of the concrete mixture by 6,35% of the con-
trol specimen.

3. The injection of plasticizing and air-entraining admixtures into the concrete mortar has a
positive effect on the strength set of concrete. Plasticizer CHRYSO Fliud 423 in the dosage range
from 0,8% to 1,4% by weight of cement increases the strength of concrete at the age of 7 and 28
days by 74,5% and 51,5%. The combined action of CHRYSO Fliud 423 and Master Air200 in the
dosage range of 1,2% and 0,5% by weight of cement increases the strength of concrete at the age of
7 and 28 days by 56,8% and 48,4%.

Modern building materials require the use of technically and economically reasonable
materials with high operational and technical characteristics, therefore, the use of composite
materials is more actively included in the field of construction and has prospects for widespread use.

CONFLICT OF INTEREST
The authors state that there is no conflict of interest.

ACKNOWLEDGEMENTS / SOURCE OF FUNDING

This research is funded by the Committee of Science of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. BR21882292 — “Integrated development of sus-
tainable construction industries: innovative technologies, optimization of production, effective use of
resources and creation of technological park™).

REFERENCES

1. Tolegenova, A. K., Akmalaiuly, K., Skripkiunas, G. (2021). Study of the effectiveness of the
use of complex additives master rheobuild 1000 and master air 200. Series of geology and tech-
nical sciences, 6(450), 141-146. https://doi.org/10.32014/2021.2518-170X.130

2. Lian, R., Ou, M., Guan, H., Cui, J., Piao, J., Feng, T., Ren, J., Wang, Y., Wang, Y., Liu, L.,
Chen, X., & Jiao, C. (2023). Facile fabrication of multifunctional energy-saving building mate-
rials with excellent thermal insulation, robust mechanical property and ultrahigh flame retard-
ancy. Energy, 277, 127773. https://doi.org/10.1016/j.energy.2023.127773

3. Ajabli, H., Zoubir, A., Elotmani, R., Louzazni, M., Kandoussi, K., & Daya, A. (2023). Re-
view on Eco-friendly insulation material used for indoor comfort in building. Renewable and
Sustainable Energy Reviews, 185, 113609. https://doi.org/10.1016/j.rser.2023.113609

115


https://doi.org/10.32014/2021.2518-170X.130
https://doi.org/10.1016/j.energy.2023.127773
https://doi.org/10.1016/j.rser.2023.113609

QazBSQA Xa6apmbicel. Kypeuisic. Ned (90), 2023

4.

5.

10.

11.

12.

13.

Nilimaa, J. (2023). Smart materials and technologies for sustainable concrete construction. De-
velopments in the Built Environment, 15, 100177. https://doi.org/10.1016/j.dibe.2023.100177
Beste, T., & Klakegg, O. J. (2022). Strategic change towards cost-efficient public construction
projects.  International  Journal of  Project = Management, 40(4), 372-384.
https://doi.org/10.1016/].ijproman.2022.04.006

Strelenko, V. A., Kosenok, Yu. G., Gurova, E. V. (2020). Investigation of concrete properties
using a complex additive, Education. Transport. Innovation. Construction: Collection of materi-
als of the I1I National Scientific and Practical Conference, Omsk, 626-630 [Issledovanie svoystv
betona s primeneniem kompleksnoy dobavki. Obrazovanie. Transport. Innovatsii. Stroitelstvo:
Sbornik materialov III Natsionalnoy nauchno-prakticheskoy konferentsii] https://eli-
brary.ru/download/elibrary 43970103 _19436929.pdf (in Russ.)

Khayat, K. H., Meng, W., Vallurupalli, K., & Teng, L. (2019). Rheological properties of ultra-
high-performance concrete—An overview. Cement and Concrete Research, 124, 105828.
https://doi.org/10.1016/j.cemconres.2019.105828

Anisimov, S.N., Kononova, O.V., Minakov, Yu.A., Leshkanov, A.Yu., Smirnov, A.O.
(2015). Investigation of the strength of heavy concrete with plasticizing and mineral additives.
Modern problems of science and education, Ne2-1, 1-8. [Issledovanie prochnosti tyazhelogo
betona s plastifitsiruyuschimi i mineralnyimi dobavkami. Sovremennyie problemyi nauki i obra-
zovaniya]. Retrieved from: https://science-education.ru/ru/article/view?id=21276 (in Russ.)
Chikin, A.V. (2015). Technology for increasing the durability of concrete with modern additives.
Ecology and construction, 3, 8-13. [Tehnologiya povyisheniya dolgovechnosti betona s sov-
remennyimi dobavkami, Ekologiya i stroitelstvo]. Retrieved from: https://cyberleninka.ru/arti-
cle/n/tehnologiya-povysheniya-dolgovechnosti-betona-s-sovremennymi-dobavkami/viewer (in
Russ.)

Tarasov, V.N., Gusev, B.V., Petrunin, S.Yu., Korotkova, N.P., Garnovesov, A.P. (2018).
Evaluation of the effectiveness of the use of polycarboxylate superplasticizers for the production
of concrete. Bulletin of Science and Education of the North-West of Russia, 1, 1-11. [Otsenka
effektivnosti primeneniya polikarboksilatnyih superplastifikatorov dlya proizvodstva betona,
Vestnik nauki 1 obrazovaniya Severo-Zapada Rossii] https://cyberleninka.ru/article/n/otsenka-
effektivnosti-primeneniya-polikarboksilatnyh-superplastifikatorov-dlya-proizvodstva-
betona/viewer (in Russ.)

Gorbunov, S.P. (2012). Optimization of heavy concrete compositions using fine additives. Bul-
letin of the South Ural State University. Series: Construction and Architecture, 17(276), 30-35.
[Optimizatsiya sostavov tyazhelyih betonov primeneniem tonkodispersnyih dobavok, Vestnik
Yuzhno-Ural'skogo gosudarstvennogo universiteta. Seriya: Stroitel'stvo 1 arhitektura]. Retrieved
from: https://cyberleninka.ru/article/n/optimizatsiya-sostavov-tyazhelyh-betonov-primeneniem-
tonkodispersnyh-dobavok/viewer (in Russ.)

Huzin, A.F. & Ibragimov, R.A. (2015). Physico-mechanical properties of high-strength con-
crete modified with a complex additive. Proceedings of the Kazan State University of Architec-
ture and Civil Engineering, 4(34), 30-35 [Fiziko-mehanicheskie svoystva vyisokoprochnogo
betona, modifitsirovannogo kompleksnoy dobavkoy, Izvestiya Kazanskogo gosudarstvennogo
arhitekturno-stroitel'nogo universiteta]. Retrieved from: https://cyberleninka.ru/article/n/fiziko-
mehanicheskie-svoystva-vysokoprochnogo-betona-modifitsirovannogo-kompleksnoy-dobav-

koy/viewer (in Russ.)

Izotov, V.S. & Ibragimov, R.A. (2009). Investigation of the effect of hyperplasticizer additives
on the physical and mechanical properties of heavy concrete. Proceedings of the Kazan State
University of Architecture and Civil Engineering, 2(12), 1-4. [Issledovanie vliyaniya dobavok
giperplastifikatorov na fiziko-mehanicheskie svoystva tyazhelogo betona, Izvestiya Kazanskogo
gosudarstvennogo arhitekturno-stroitel'nogo universiteta)]. Retrieved from:

116


https://doi.org/10.1016/j.dibe.2023.100177
https://doi.org/10.1016/j.ijproman.2022.04.006
https://elibrary.ru/download/elibrary_43970103_19436929.pdf
https://elibrary.ru/download/elibrary_43970103_19436929.pdf
https://doi.org/10.1016/j.cemconres.2019.105828
https://science-education.ru/ru/article/view?id=21276
https://cyberleninka.ru/article/n/tehnologiya-povysheniya-dolgovechnosti-betona-s-sovremennymi-dobavkami/viewer
https://cyberleninka.ru/article/n/tehnologiya-povysheniya-dolgovechnosti-betona-s-sovremennymi-dobavkami/viewer
https://cyberleninka.ru/article/n/otsenka-effektivnosti-primeneniya-polikarboksilatnyh-superplastifikatorov-dlya-proizvodstva-betona/viewer
https://cyberleninka.ru/article/n/otsenka-effektivnosti-primeneniya-polikarboksilatnyh-superplastifikatorov-dlya-proizvodstva-betona/viewer
https://cyberleninka.ru/article/n/otsenka-effektivnosti-primeneniya-polikarboksilatnyh-superplastifikatorov-dlya-proizvodstva-betona/viewer
https://cyberleninka.ru/article/n/optimizatsiya-sostavov-tyazhelyh-betonov-primeneniem-tonkodispersnyh-dobavok/viewer
https://cyberleninka.ru/article/n/optimizatsiya-sostavov-tyazhelyh-betonov-primeneniem-tonkodispersnyh-dobavok/viewer
https://cyberleninka.ru/article/n/fiziko-mehanicheskie-svoystva-vysokoprochnogo-betona-modifitsirovannogo-kompleksnoy-dobavkoy/viewer
https://cyberleninka.ru/article/n/fiziko-mehanicheskie-svoystva-vysokoprochnogo-betona-modifitsirovannogo-kompleksnoy-dobavkoy/viewer
https://cyberleninka.ru/article/n/fiziko-mehanicheskie-svoystva-vysokoprochnogo-betona-modifitsirovannogo-kompleksnoy-dobavkoy/viewer

QazBSQA Xa6apmbicel. Kypeuisic. Ned (90), 2023

14.

15.

16.

17.

18.

19.

20.

https://cyberleninka.ru/article/n/issledovanie-vliyaniya-dobavok-giperplastifikatorov-na-fiziko-
mehanicheskie-svoystva-tyazhelogo-betona/viewer (in Russ.)

Tunstall, L.E., Ley, M.T., & Scherer, G.W. (2021). Air entraining admixtures: Mechanisms,
evaluations, and interactions. Cement and Concrete Research, 150, 106557.
https://doi.org/10.1016/j.cemconres.2021.106557

Yang, B., Wang, X,, Yin, P., Gu, C,, Yin, X, Yang, F., & Li, T. (2022). The Rheological
Properties and Strength Characteristics of Cemented Paste Backfill with Air-Entraining Agent.
Minerals, 12(11), 1457. https://doi.org/10.3390/min12111457

Shah, H.A., Yuan, Q., & Zuo, S. (2021). Air entrainment in fresh concrete and its effects on
hardened concrete-a review. Construction and Building Materials, 274, 121835.
https://doi.org/10.1016/j.conbuildmat.2020.121835

Gryizlov, V.S., Fomenko, A.l., Fedorchuk, N.M. (2014). Electrothermophosphoric slags as the
basis of binding composites. Construction materials, Ne10, 66-69. [Elektrotermofosfornyie shlaki
kak osnova vyazhuschih kompozitov, Stroitelnyie materialyi]. Retrieved from: https://cyber-
leninka.ru/article/n/elektrotermofosfornye-shlaki-kak-osnova-vyazhuschih-kompozitov/viewer

(in Russ.)

Shintemirov, K.S., Urazova, S.S. (2014). Concretes based on phosphorus-slag binder activated
by salts of alkaline and alkaline earth metals. Science and education, 4, 110-114. [Betonyi na
fosfornoshlakovom vyazhuschem, aktivirovannom solyami schelochnyih i schelochnozemelnyih
metallov, Nauka i1 obrazovanie]. https://globalf5.com/Zhurnaly/Selskoe-lesnoe-i/Nauka-i-obra-
zovanie/vypusk-2014-3 (in Russ.)

Akmalaiuly, K., Akhmetov, D., Jetpisbayeva, A., Kim, K.-D. (2023). Effect of fine fillers
from industrial waste on the quality of self-compacting concrete. Bulletin of Kazakh Leading
Academy of Architecture and Construction, 87(1), 140—153. https://doi.org/10.51488/1680-
080X/2023.1-14

Tolegenova, A., Skripkiunas, G., Rishko, L., & Akmalaiuly, K. (2022). Both Plasticizing and
Air-Entraining Effect on Cement-Based Material Porosity and Durability. Materials, 15(13),
4382. https://doi.org/10.3390/mal15134382

117


https://cyberleninka.ru/article/n/issledovanie-vliyaniya-dobavok-giperplastifikatorov-na-fiziko-mehanicheskie-svoystva-tyazhelogo-betona/viewer
https://cyberleninka.ru/article/n/issledovanie-vliyaniya-dobavok-giperplastifikatorov-na-fiziko-mehanicheskie-svoystva-tyazhelogo-betona/viewer
https://doi.org/10.1016/j.cemconres.2021.106557
https://doi.org/10.3390/min12111457
https://doi.org/10.1016/j.conbuildmat.2020.121835
https://cyberleninka.ru/article/n/elektrotermofosfornye-shlaki-kak-osnova-vyazhuschih-kompozitov/viewer
https://cyberleninka.ru/article/n/elektrotermofosfornye-shlaki-kak-osnova-vyazhuschih-kompozitov/viewer
https://globalf5.com/Zhurnaly/Selskoe-lesnoe-i/Nauka-i-obrazovanie/vypusk-2014-3
https://globalf5.com/Zhurnaly/Selskoe-lesnoe-i/Nauka-i-obrazovanie/vypusk-2014-3
https://doi.org/10.51488/1680-080X/2023.1-14
https://doi.org/10.51488/1680-080X/2023.1-14
https://doi.org/10.3390/ma15134382

UDC 711
IRSTI 67.07.11
Type of article (REVIEW ARTICLE, RESEARCH ARTICLE)

THE TITLE OF THE ARTICLE SHOULD BE SHORT AND
INFORMATIVE (NO MORE THAN 10 WORDS)

A.A. Kornilova! @ | S_E. Mamedov?* ©
(Authors should include their ORCID ID hyperlink into the green logo next to their name. Follow the instructions:

select the logo that you want to display as a hyperlink click on the right mouse button, select “Hyperlink”,
insert the link in the appeared window)

International Educational Corporation, 050028, Almaty, Kazakhstan
?Azerbaijan University of Architecture and Construction, 1148, Baku, Azerbaijan

Abstract. The abstract (in the language of the article) should briefly outline the
main idea and content of the article and comply with the IMRAD structure. The
IMRAD structure is the typical organization of a scientific article in scientific
journals. Introduction: In this section, the authors present the context and motivation
of their study, justify its relevance, formulate the purpose of the study, and provide a
review of the literature related to the research topic. The introduction should
introduce the reader to the context of the work and interest him. Methodology: This
describes the methodology used in the study. This includes a description of data
collection methods, equipment, materials, procedures, and statistical methods for
data analysis. It is important that the methodology be described in detail and
accurately so that other researchers can replicate the study. Results: The actual
results of the study are presented here. This may be numerical data, graphs, tables or
other forms of information presentation. Results must be presented objectively,
without interpretation or discussion. Discussion: In this section, the authors analyze
the results obtained, their significance and connection with the hypotheses and
purpose of the study. They can also discuss the limitations of the study and possible
practical applications of the results. Conclusion: The conclusion provides a brief
summary of the work and summarizes the results of the study. Here the authors can
highlight the importance of their findings and possible directions for future research.
The recommended abstract length is within the range of 200-250 words in English.
Other languages must correspond to the translation from English.

Keywords: acceptable number: 5-7 keywords and phrases (no more than two
words).

*Corresponding author
Sayan Mamedov, e-mail: mamedovs@mail.ru

DOI of the article (https://doi.org/)
Received 09 April 2023; Revised 17 June 2023; Accepted 24 September 2023

(IMPORTANT: Keep the formatting of the title page, including the colors and font sizes.
The title page of the article should not exceed 1of A4 layout page. If necessary, shorten or
extend the abstract text within the range of 200-250 words in English)

118



MAKAJIA TAKBIPBIBBI KbICKA KOHE AKITAPATTHI BOTY
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AHnarna. Auwomayus (Makaia miniHOe) MAKAIAHLIY He2izeli Udescbl MeH
mazmyHulH Kbickawa cunamman, IMRAD kypoiiviveina catikec kenyi kepex. IMRAD
KYPbLIbIMbL MEOUYUHANBIK JHCOHE EbLIbIMU JHCYPHALOAPOARbl EbLIbIMU MAKANAHbIY
munmik yuvimsl 6oavin madwiiaowvl. Kipicne: Byn benimoe asmopaap 03 3epmmeyiniy
MOHMIMIHIH JHCIHE MOMUBAYUACHIH YCbIHAObL, OHbIH 63eKMINiciH He2i30eudi, 3epmmey
MAKCAmvlH MYACIPLIMOAUObL JHCIHE 3epmme)y MAaKblpblOblHA KambiCmbvl 20ebuem-
mepee wony dcacaudvl. Kipicne oxblpmanovl wvl2apmManvly MIOHMIMIHIMEH MAHbL-
CMbIPbIN, OHbL KbI3LIKMbIPYLL Kepek. Oodicmeme: Byn 3epmmeyoe KoN0aHbLIAMbIH
a0icmemeni cunammaiiovl. byn depexmepdi scunay adicmepiniy, HcabOblKmviy, mMa-
mepuanoapobiy, npoyeodypaiapobly JHeaHe oepekmepoi mandayovly CMamucCmuKaibly
a0icmepiniy cunammamacuvln Kammuowl. backa 3epmmeywinep 3epmmeyodi Katimanat
anamelHoall 20icmemeni e2oiceli-mezicelili JHcane 0l cunammay Mayvi3ovl. Homu-
acenep.: 3epmmeyoiy HaKmMvl Homudicenepi ocvinoa depineen. Byn canovix depexmep,
epaguxkmep, Kecmenep Hemece aKnapammvl YCblHYOblH 0ACKA HbICAHOAPbL 00Ybl
MymKiH. Homuowcenep mycindipyciz Hemece mankwpliaycol3 00beKmusmi mypoe Ycbol-
HuLIybl Kepek. Tanxwinay: Byn 6enimoe aemopiap anvinean Homudicenepoi, onapovly
MaybI30bLILIEbIH HCIHE 2UNOME3AMEH JHCIHe 3epmmey MaKcamviMeH OaulaHblCblH
manoatiovl. Onap conoau-ax 3epmmeyoiy WleKMeynepin JHcoHe Hamudicenepoiy
MYMKIH NPAKMUKANbIK KOJIOAHBLLYbIH MAKbLIAU anadsl. Kopvimuinosl: Kopeimbvinovl
HCYMBICMBIY  KbICKAUIA MA3MYHUIH Oepedi JicoHe 3epmmey HIMudicenrepin Kopbl-
MulHObLIAUObL. MyHOa asmopaap 63 mysiCbipblMOAPbIHbIY, MAHBIZObLILIEbIH HCIHE 00-
Jawax 3epmmeyiep Yulin bIKMumanl 6ageimmaposvl Kepceme anaovl. ¥CblHbIIAMbIH
anoamna agvluubin mininoezi 200-250 ce3 ayxvimvinoa. backa mindep aevinubin
mininen ayoapmaea caiikec 601ybl Kepex.
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(exi co30eH apmulK emec).
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AHHOTaNUsA. A6cmpakm (Ha s3blKe CMamvll) O0NNHCEH KPAMKO U3LONCUMb OCHOB-
HOU 3amvicenl U codepiicaHue cmamou u coomseemcmeosamo cmpykmype IMRAD.
Cmpykmypa IMRAD — smo munuunas opeaHu3ayus HAYYHOU CMAmvu 6 MeOUyuH-
CKUX U HAYYHBIX dcypHanax. Beedenue: B smom pazdene asmopvi npedcmasiaom
KOHMeKCm U MOMUBAYUIO C80€20 UCCLe008aHUsl, 0OOCHOBBIBAIOM €20 AKMYAIbHOCMb,
Gdopmynupyrom yeinb ucciedo8anus, a maxice npedocmasisaom o030p 1umepamypol,
CBA3AHHOU C MeMOou uccieoosanus. Beedenue O0ondxcno esecmu wumamens 6 KOH-
mekcm pabomsl u 3aunmepecosams e2o0. Memooonozcus: 30ecv onucvigaemcs memo-
007102Usl, UCNONb3YEMAsl 8 UCCIe008aAHUU. DMO BKIOUAem 6 ceOs ONUcCanue mMemooos
coopa 0anuwix, 000PYOOBaAHUE, MAMEPUATLL, NPOYEOYPbL U CIMAMUCTIUYECKUEe Memo-
Obl ananuza 0auHvix. Basicno, umoovl Memoooioeus Oblia ONUCana noOPooOHO U Mou-
HO, umo0Obl Opyaue ucciedosamenu Mo2iu 80Cnpouzsecmu ucciedosanue. Pezynoma-
mol: 30ecb npedcmasisiomcs pakmuueckue pesyibmamvl UCCied08anus. Imo mo-
2ym 6vbimb YuUCI08ble OaHuble, epaghuxu, mabauysl unu opyeue gopmsl npedcmasie-
Hus ungopmayuu. Pezynomamol 0012CHbL OblMb npedcmasieHvl 00beKmMusHo, Oe3
unmepnpemayuu unu oocyxcoenus. Qocyxcoenue: B amom pazoene asmopvl aHanu-
3UpYIOm NOJIyYeHHble pe3yIbmamol, UX 3HAYUMOCHb U C853b C 2UNOME3AMU U YElblO
uccneoosanusi. OHU makdxice Mo2ym 00CyOUmsd 02paHUYeHUs UCCLe008AHUS U B03-
MOJACHBIE NPAKMuUYecKue NpuMeHeHus pe3yibmamos. 3akiouenue: 3axnodenue co-
oepocum Kpamxoe pestome pabomul u no080OUM UMO2U UCCIe008aHus. 30ecb asmo-
Dpbl MO2Ym NOOYEPKHYMb BAHCHOCMb CEOUX PE3YIbMAMO8 U 603MOMCHbIE HANpAGTe-
Hus O0y0ywux ucciredosanull. Pexomenoyemsili 06vem annomayuu ykiaovleaemcs 8
ouanason u3z 200-250 cnos na auenuuickom Azvike. OcmanbHule A3bIKU OO0JHCHBI
COOMBEmMcme08ams nepesody ¢ AH2IULCKO20 A3bIKA.
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MY/IEJEP KAKTBIFBICHI

ABTOpIap Myenep KaKThIFBICHI KOK eI MOTIMICH .

BJIAT'OJAPHOCTU/MCTOYHUK ®UHAHCUPOBAHMUS (npu Hanu4duu)

Hanpumep:

HccnenoBanue mpoBOAMIIOCH B paMKax I'paHToBoro (¢mHaHcupoBaHus Komurera Hayku Mu-
HUCTEPCTBAa HAayKH U BbIciiero odpaszoBanus Pecnyonmuku Kazaxcran IRN 000000001 «Ha3Banue
HAyYHOTO IPOEKTa».

B MMPOTHUBHOM CJIy4dacC aBTOPbI NOJIKHbI YKAa3aThb, UTO «HUCCICAOBAHHUC NPOBOAUIIOCH C UCIIOJIb-
30BaHHUEM YaCTHbBIX HCTOYHUKOB (i)I/IHaHCI/IpOBaHI/IH».

KOH®JIUKT UHTEPECOB

ABTOpBI 3asIBJISIIOT, YTO KOH(IMKTAa HHTEPECOB HET.
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(This is a template for the article, please follow the instructions and guides given below. This document will be used in
future correspondence with reviewers, hence delete all personal information and use the title and the abstract in the
main article’s language.)

THE TITLE OF THE ARTICLE SHOULD BE SHORT AND
INFORMATIVE (NO MORE THAN 10 WORDS)

Abstract. The abstract (in the language of the article) should briefly outline the
main idea and content of the article and comply with the IMRAD structure. The
IMRAD structure is the typical organization of a scientific article in scientific
Jjournals. Introduction: In this section, the authors present the context and motivation
of their study, justify its relevance, formulate the purpose of the study, and provide a
review of the literature related to the research topic. The introduction should
introduce the reader to the context of the work and interest him. Methodology: This
describes the methodology used in the study. This includes a description of data
collection methods, equipment, materials, procedures, and statistical methods for
data analysis. It is important that the methodology be described in detail and
accurately so that other researchers can replicate the study. Results: The actual
results of the study are presented here. This may be numerical data, graphs, tables or
other forms of information presentation. Results must be presented objectively,
without interpretation or discussion. Discussion: In this section, the authors analyze
the results obtained, their significance and connection with the hypotheses and
purpose of the study. They can also discuss the limitations of the study and possible
practical applications of the results. Conclusion: The conclusion provides a brief
summary of the work and summarizes the results of the study. Here the authors can
highlight the importance of their findings and possible directions for future research.
The recommended abstract length is within the range of 200-250 words in English.
Other languages must correspond to the translation from English.

Keywords: acceptable number: 5-7 keywords and phrases (no more than two
words).
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1 INTRODUCTION (font style: Times New Roman, size: 12, bold, with a newline)

[Text]

(font style: Times New Roman, size: 12, not bold, with a newline, additional formatting throughout the
text is not acceptable (bold, italic, other colors, underlines, crossed etc.) The references to Figures, Tables
and Formulas throughout the text are exceptions. Lines in the paragraph should have 1,0 points spacing,
Each paragraph should start with a newline of Icm indent)

The introduction is crucial for capturing the reader's interest. It should provide a concise
background, identify gaps in knowledge, and present your study's purpose. Start by summarizing
what's known about the topic and highlighting areas of uncertainty, citing relevant sources. This
leads to the identification of the knowledge gap your study addresses. State your hypothesis,
objectives, and briefly outline your strategy.

Ensure your reasons for conducting the research align with existing scientific knowledge,
referencing pertinent publications. Avoid unnecessary details and tailor the background to your
target audience (specialists or non-specialists). The introduction should logically lead to the value
your study adds — whether it changes the practice or resolves controversies. Use this section to
effectively promote your work.

2 LITERATURE REVIEW

[Text]

In this section of the article, comprehensive and concise summary of the existing research and
knowledge relevant to your study's topic should be provided. Briefly discuss the historical
development of the field, leading up to the current state of knowledge. Highlight the fundamental
concepts and theories that underpin the topic. Highlight any ongoing debates, controversies, or
differing viewpoints in the field. Discuss the various research methods and approaches used in
previous studies and their strengths and weaknesses. Clearly identify the gaps in the existing
literature that your study aims to address. Explain why these gaps are significant. Connect the
existing literature to your research by explaining how it informs your research questions, objectives,
or hypotheses. Organize the review chronologically, thematically, or in a way that makes the most
sense for your research and your readers. Be succinct and to the point. Avoid unnecessary details
and focus on what's directly relevant to your research.

In summary, the Introduction is a brief section that sets the stage for your study by explaining
its importance, while the Literature Review is a more comprehensive and detailed examination of
the existing body of knowledge related to your research topic. The two sections work together to
provide context and rationale for your study, with the Introduction leading into the more detailed
information presented in the Literature Review.

All references should be cited following the format bellow.

In case of 1 cited author, example:

As the Figure 2 shows the examples of overlaying the compress and the area of salt cleared
with a compressor method using the solution of Trilon B (Adenon, 2019), it is possible to
conclude...

In case of 2 cited authors, example:

Exploring the potential for renewable energy sources, such as solar (Schmidt & Summerson,
2018) and wind power...

In case of 3 and more cited authors, example:

Exploring the potential for renewable energy sources, such as solar (Schmidt et al., 2018) and
wind power...
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3 MATERIALS AND METHODS

[Text]

The Methods section aims to provide a clear, replicable account of the study. Each result must
have a corresponding method. Previous published procedures require brief summaries and
references.

Begin by specifying the study design and justifying any unconventional methodology with
references or contextual explanations. Describe the study population, detailing inclusion/exclusion
criteria and methods for cases identification.

For retrospective studies, start with source data description, including criteria and the selected
case records.

Math formulae. Please submit math equations as editable text and not as images. Present
simple formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. Additionally you can insert formulas using
Microsoft Word function “Insert - Formula”. Each formula should be numbered.

For example:

k = aCyDy (1)
or
porosity (%) = (1 — Du/Dw) x 100 2)
n
(x+a)t = zk_o(ﬂ)xkan‘k (3)

4 RESULTS AND DISCUSSION

[Text]

The Results section should present your observations without commentary. Methods don't
need repeating; readers should refer back to the methods section for details. Results should
correspond with methods presented earlier.

Present results in the same order as methods with appropriate subsections. Use tables for
concise data like baseline characteristics or outcomes. Figures are useful for complex or graphical
data, but don't overuse them. Avoid repeating data already in tables or figures in the text.

The Discussion is where you interpret your results and their significance. Start with a brief
recap of the main findings. Avoid overinterpretation and maintain a factual tone. Compare your
results with existing literature, diplomatically acknowledging discrepancies, and suggesting
explanations.

Discuss any surprising findings and their implications. Consider how multiple analyses or
interventions collectively impact your results. When referring to other studies, be diplomatic in
criticism and emphasize your work's strengths. Avoid altering the emphasis when paraphrasing.

Lastly, have co-authors, mentors, or publication department staff review your work for clarity
and correctness.

4.1 [SUBSECTION HEADING] (if one exists)

[Text]
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4.2 [SUBSECTION HEADING] (if one exists)

[Text]

Example for figures representation and caption. All figures (illustrations, schemes, graphs,
Gantt charts, pie charts, etc.) should be numbered and formatted as shown in example. Note that
while referencing figures through the article’s body use formatting below, highlighting it with the
bold text and the blue color.

For example:
As the Figure 2 shows the examples of overlaying the compress and the area of salt cleared
with a compressor method using the solution of Trilon B, it is possible to conlude...

s L

Figure 2 — Example of overlaying the compress (a) and the area of salt cleared with a compressor
method using the solution of Trilon B (b) [author’s material].

Table 1
Main reps used for deformation control [author’s material]
Ne PP 12010 RP1 RP2 RP3
X 7802.8877 7779.3818 7791.6069 7783.4682
Y -996.2399 -1013.5767 -1004.6966 -985.3698
H 692.633 692.693 692.715 692.730
Table 2
Optimal Solar panel tilt angles by month. [18]
> > - 5 o b b
= ] 172) D =
= £ T & ¥ & & & = 2 E
El 5 < < = = = z 2 S 4 g
= = o) © z 8
%)
41.4°  36.4° 314° 264° 21.4° 16.4°  214°  26.4° 31.4° 36.4° 41.4° 46.4°

All tables should be numbered and formatted as shown in example. Tables should be indicated
by numbers in the text. Place the title centered by the left side above the table. The data should be
placed in separate cells of the table to prevent the displacement of text and numbers when
converting the table for publication on the Internet. Empty cells can be inserted to create an interval.
Tables should not duplicate the information provided in the text. Instead, tables should be used to
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provide additional information that illustrates or expands on the specific point that the author wishes
to highlight. Note that while referencing tables through the article’s body use the formatting below,
highlighting it with the bold text and the blue color.

For example:
Exploring the potential for renewable energy sources, such as solar (Table 2) and wind
power...

All figure and table captions should be written using 10 points font size (2 points smaller than
the main text).

5 CONCLUSIONS

[Text]
A conclusion summarizes your main findings, with perhaps a short elaboration with the
implications for future research.

REFERENCES

All sources, regardless of the language, must be translated into English and presented together
with the transliterated title.

Example:

1. Nalimov, V. V., & Mulchenko, Z. M. (1969). Naukometriya, the Study of the Development of
Science as an Information [Naukometriya, izuchenie razvitiya nauki kak informacionnogo]
Process. Nauka: Moscow, Russia. https://doi.org/10.1007/s42452-022-05262-y (In Russ.).

2. Aubakirov N.P., Sainova G.A., Anarbekova G.D (2020). Cubic monitoring of groundwater of
Q.A. Yassawi and Arystanbab mausoleums. Bulletin of the State University named after
Shakarim of Semipalatinsk, 14(1), 117 [Q. a. Iassaui jine Arystan Bab keseneleriniii jer asty
sularynyfl tekse monitorifit. Vestnik Gosudarstvennogo universiteta imeni Shakarima goroda
Seme;j] https://doi.org/10.1007/s42452-022-05262-y (In Kaz.).

When quoting a source in Kazakh/Russian languages, after the DOI link it is necessary to
indicate the original language in brackets as follows: (in Kaz.), (in Russ.). When quoting articles
from scientific publications, it is necessary to indicate the DOI, otherwise the editorial board
reserves the right to reject the publication of the manuscript. The required number of sources for
writing an article is starting from 15 and more.

Reference to a journal publication example:
Thomas, J. C., & Carroll, J. M. (1979). The psychological study of design. Design Studies
1, 5-11. https://doi.org/10.3390/sul4010117

Reference to a book example:

Cross, N. (2006). Designerly Ways of Knowing. London: Springer.

Reference to a chapter in an edited book:
Jones, J. C. (1984). A method of systematic design. In N. Cross (Ed.), Developments in
Design Methodology (pp. 9-31). Chichester: John Wiley & Sons.
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[98)

Reference to a Website:

Author, C.C. & Author, D.D. (Date of publication). Title page [file extension when
necessary]. Retrieved from https://www.someaddress.com/full/url/.

Eco, U. (2015). How to write a thesis [PDF file]. Retrieved from:
https://www.researchgate.net/How -to-write-a-thesis/.../Umberto +Eco-How-+to+Write/

Example:

. Lopez-Medina, T., Mendoza-Avila, 1., Contreras-Barraza, N., Salazar-Sepulveda, G., &

Vega-Muiioz, A. (2021). Bibliometric mapping of research trends on financial behavior for
sustainability. Sustainability, 14(1), 117. https://doi.org/10.3390/sul4010117

. Nalimov, V. V., & Mulchenko, Z. M. (1969). Naukometriya, the Study of the Development of

Science as an Information Process. Nauka: Moscow, Russia. (In Russ.).

. Bureau of National Statistics. (2021). [cited November 30, 2021]. URL: http://www.stat.gov.kz
. Ejidike, C. C., & Mewomo, M. C. (2023). Benefits of adopting smart building technologies in

building construction of developing countries: Review of literature. SN Applied Sciences, 5(2),
52. https://doi.org/10.1007/s42452-022-05262-y
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(Byn makananeiy yazici. Temenoeei nyckaynapowl opsinoansl3. Byn Kyocam donawax peyenzenmmepmer
xam anmacyoa Kon0auvliaobl, COHOLIKMAH OAPIbIK dHceKe aKnapammaol HColsin, He2izei MaKaiaHbly
miniHOe Maxvipvin new AHHOMAYUAHbL KOTOAHbIHbI3.)

MAKAJIAHBIH ATAYBI KbICKA JKOHE MA3ZMYH/IbI
BOJYBI KEPEK (10 CO3JIEH ACIIAYBI KEPEK).

Anaarna. Agoamna (maxania mininoe) MaKaianviy Hezizeli uoesiCbl MeH MA3MYHbIH
koickawa cunamman, IMRAD kypuvinvimeina caiikec kenyi kepexk. IMRAD Kypoiivimovl
MEOUYUHATBIK HCIHE EbLIBIMU HCYPHAIOAPOA&bl bLIbIMU MAKANAHBIY MUNMIK YUbIMb]
bonvin madwviniaowl. Kipicne: Byn 6enimoe aemopnap 63 3epmmeyiHiy MOHMIMIHIH
JHCOHEe MOMUBAYUACHIH YCHIHAOBL, OHbIH O3eKMINIcIH He2i30elidl, 3epmmey MaKCambit
MYIACHIPLIMOALLObL JHCIHE 3epmmey MAKbIPblObIHA KAmblCbl 20ebuemmepae Wory Hca-
cauovl. Kipicne 0KblpMaHObl wWbleAPMAHbIY MIHMIMIHIMEH MAHLICMbIPLIN, OHbL
Kbl3bIKMbIpYbl Kepek. Qoicmeme. Byn 3epmmeyoe K010aHbIIamblH 20icmeMeHi cCunam-
matiovl. byn 0epexmepoi srcunay adicmepiniy, HcabObIKMulY, Mamepuaioapobly, npo-
yeoypanapowvly xcane depekmepoi maioayovly CMamucmuKkaIblk 20iCmepiniy cunam-
mamaceln Kammuowvl. backa 3zepmmeywinep sepmmeydi Kaumanau anamelHoOal
a0icmeMmeHi e2oiceli-me2acellli Hcane 0l cunammay mauvizovl. Homuowcenep: 3epm-
meyoiy HaKkmvl Hamuoicenepi ocvlHoa Oepinyi kepek. byn canovix depekmep, epaghux-
mep, Kecmenep Hemece aKnapammul YCbIHYOblY 0ACKA HbICAHOAPbL O0TYbl MYMKIH.
Homuoicenep mycindipyciz Hemece mankuliaycols 00bekmusmi mypoe YCblHblIYbl Ke-
pex. Tangovinay: bByn 6enimoe aemopaap anvii2an Hamuoicenepoi, 01apobly MAHbL30bl-
JILIEbIH JICOHE 2UNOME3AMEH JICIHe 3epmmey MAKCamviMeH OallaHblCblH Manodatiowl.
Onap couoaii-ax 3epmmeyo0iy WeKmeyiepin Hcone Hamudxceiepoiy MyMKiH NPAKmuKa-
JIbIK  KOJIOAHBLIYbIH MAaiKbliat anaovl. Kopwvimuinovl: Kopvimsinowvl scymbicmoly
KbICKAUWA MA3MYHbIH Oepedi dicone 3epmmey HaMudicenepin KOopblmblHObLIAUOYL.
Mynoa asmopaap 63 mysHculpbiMOApPbIHbIY MAHBIZObLILIZLIH HCIHE DONAUAK 3epmme-
yiep YwiH bIKMuMan 0aeimmapovl Kepceme andobl. YCbIHbLIAMbIH aHOAmna
agvlnubin mininoeei 200-250 ce3 aykvimvinOa. backa mindep agvinwvin mininen
ayoapmaga cau-kec 60/1ybl Kepex.

Tyitin ce3nep: Pyxcam emineen camvi: 5-7 mytiin co30ep MeH co3 mipkecmepi (exi
CO30€eH apmbiK emec).
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1 KIPICIIE (kapin cmuni: Times New Roman, enwemi: 12, Koo, sxcana scon)

[MortiH]

(xapin cmuni: Times New Roman, enwemi: 12, koo emec, azam sicon, OYKii MomiH OOUbIHULA KOCLIMULA
niwiimoeyee dcon depinmetioi (Kauvly, Kypcus, 6acka mycmep, dcmvli Cbl3y, Cbl3blizan Jicone m.0.) Momin
boubIHWa colzDanapaa, kecmeiepee JHeane hopmyranapea ciimemenep epexuie Hcaoaunap 60avin maodwviiaobwl.
Azam ocondap apacvinoagvl Humepesan 1,0 mapmaxmel Kypayvl Kepex, ap azam ol 1 cm weziHicnen dcana
JIc0N0an bacmanyvl Kepex)

Kipicne okpIpMaHIbI KBI3BIKTHIPY YIIIH ©Te MaHbI3AbI Oemnim Oombim Tabbutanbl. Kipicrene
KBICKAIlla aKnapar OOybl KepeK, OUTIMAET! ONKBUIBIKTAp/bl aHBIKTAI, 3€PTTEY MAKCAThIH KOPCeTyl
kepek. TakpIpbin OOWBIHIIA OCT1I HOPCEHI KaNIMbLIayaH XKoHE THICTI IEPEKKO3Aepre CiaTeMe xKa-
caif OTBIpHII, OeNrici3mik alMaKTapblH OeseKkTeyneH 0actanbi3. by ci3iH 3epTTeyiHizae memiaeTin
OLTIM aNIaKTHIFBIH aHBIKTAYFa OKelle . [ MmoTe3aHbI3abl, MaKCaTTaPBIHBI3IBI OSNTiIeH]3 )KOHE CTpa-
TETUSHBI3IbI KbICKAIIa CHITATTAHbI3.

TuicTi )kapusiiaHbIMAapFa CUITEME jKacail OTBIPHII, 3€PTTEY XKYPTri3y YIIIH Ci3/11H AJENIEPiHI3
0ap FBUTBIME O1JTIMTe COlKeC KelleTiHIHe K03 XKeTKi3iHi3. KaxkeT emec OenmekTepaeH aynak OOIbIHBI3
koHe (OHIBI MaKCcaTThl ayIUTOpHUsAFa (MaMaHIapra HeMmece KapamaibIM ajaMaapra) OediMIeHis.
Kipicnie ci3aiH 3epTTeyiHi3AiH KaHIal KYHIBUIBIK KOCAThIHBIHA KUCBHIHIBI TYPHE OKENyl KepeK-0J
TOXKIpUOEH] o3repTe/l Me, dfie KaHIIbUIBIKTapabl memeai Me. JKYMBICHIHBI3AB THIM/I KBIDKBITY
YIIIiH OCBI OOJIM/Ii Al 1aJaHbIHbI3.

2 9JIEBMETKE IOJY

[MoriH]

MaxkananblH OCbl OeJiMiHAE CI3/IIH 3epTTey TAaKbIPHIOBIHBI3FA KAaThICKI 0ap 3epTTeyiaep MeH
OUTIMAEPIIH TOJNBIK XKOHE KBICKAIlla Ma3MYHBI YCBIHBUTYHI KepeK. Kazipri OuniM jkarnaiibiHa OKeNTeH
OCBI CaJIaHbIH TApUXH JIaMybIH KbICKAIIIa TaJKbUIAHbI3. bepiireH TaKbIPBINTHIH HET131He KaTKaH ip-
rell YFeIMIAap MEH Teopusutapasl Oemin kepceTiHi3. Ochl canafarbl Ke3 KeJITeH JKaJFachlll JKaTKaH
miKipTanzacTap/bl, KAalIIbUIBIKTApIbl HEMece SPTYPIll Ke3KapacTap/ sl 06JIeKTeHi3. AJIBIHFHI 3epTTe-
yaepae KOJJaHBUIFAH OPTYPJIl 3€PTTEY 9AICTEpl MEH TICUIIEPiH, COHIAM-aK OJIApABIH KYIITI KOHE
QJIC13 JKaKTapbIH TaNKbUIaHbI3. Ci3/1iH 3epTTeyiHI3 Ielyre OarbITTalIFaH KOJIIaHBICTaFbl 9/1e0ueTTep-
JeTi OJIKBUIBIKTapAbl HAKTHl AHBIKTAHBI3. DY ONKBUIBIKTAPABIH HETIKTEH MAaHBI3/Ibl EKeHIH
TYCiHIIpiHi3. bap omebuerrepi 3epTTey cypakTapblHbI3Fa, MaKcaTTapblHbI3Fa HEMece TUIoTe3aa-
PBIHBI3Fa KaJjlall jkayar OepeTiHIH TYCIHAIPY apKbUIbl 3epTTeyiH130eH OailnaHbICThIpbIHbI3. LIlomyas
XPOHOJIOTHUSUTBIK, TaKBIPBIIITBIK HEMECE Ci3IiH 3epTTeyiHi3 OCH OKbIPMaHIAPBIHBI3 YIIIH €H Marbl-
HaJIbl €TIN YHBIMAACTHIPBIHBI3. KbICKa jkoHE HaKThI 00JbIHBI3. KaxeT emec OemexTepieH ayiak 00-
TIBIHBI3 ’KOHE CI3]IIH 3epPTTEeYiHi3Te TiKeJIel KaThIChl 6ap Hopcere Ha3zap aylaapbIHbI3.

ConbimeH, Kipicne — Oyt Ci3fiH 3€pTTEYIHI3AIH MaHbI3AbUIBIFBIH TYCIHIIPE OTBIPHIN, OHBIH
HET131H KaJTalThIH KbICKaIIa 06J1iM, ajl 9eOueTTepre Moty Ci3/iH 3epTTey TaKbIPhIOBIHBI3FA KATHICTHI
Oap O111M KUBIHTBIFBIH KaH-KaKThI )KOHE €rKeH-TerKenIl Tanaay 0obin Tadbbliaabl. by exi 6emiM
Ci3/1iH 3epTTeyiHI3/1iH KOHTEKCTI MEH HeT13/IeMeCiH KaMTaMachl3 €Ty YLIiH Oipre KyMbIC iCTeH/ I XKoHe
Kipicme oneduerTepai moiyaa OepireH erKe-TerKenl aKimaparka oKeme/i.

Bapnsik ciaremenep TeMeHeri popmarka coiikec 6epistyi Kepek.

1 xkenmipineen asmop Hcaz0ablHOA MbICAN:

2-cyperte TpunoH epitiamicin (Adenon, 2019) KonaaHa OTIPBII, KbICY 9/iCIMEH Ta3apThUIFaH
KOMIIpECC TIeH Ty3 alfMaFblH KOJIaHy MBICAIIAphl KOPCETIITeHMIKTEeH, KOPBITHIHIBI XKacayra 0o0-
Janel. ..

Kenmipineen 2 asmop scaziaiivlnoa mvica:

Kyn suepruscel (Schmidt & Summerson, 2018, 2018) »xoHe el 3HEPIUsICHl CUAKTHI
YKAHAPTHUIATBIH YHEPTUS KO3/IEPIHIH dJIEyeTiH 3EPTTEY. ..
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3 Hemece 00amn 0a ken 0aiieKco3 Kelmipiieen agmopap HeazoaublHOAd MbICAL.
KyH cuSKTBI jKaHApTHUIATBIH SHEPTHUs Ke3AepiHiH aneyeTiH 3eprrey (Schmidt et al., 2018)
JKOHE KEJT SHEPTreTUKACHI. . .

3 MATEPUAJIIAP MEH 9AICTEP

[MoriH]

"Marepuangap MeH ojictep" OesiMi 3epTTEy Typaibl HAKThl, KalTajgaHAThIH ecen Oepyre
OarpITTa]FaH. OpOIp HOTWKEAEC THICTI oiic Oonybl Kepek. BypwIH >kapusiaHraH mporeaypaiap
KBICKAIlla Ma3MYH/IaMa MEH ClITeMeNepl KaKeT eTel.

3epTTey NM3aliHBIH aHBIKTAy[IaH JKOHE Ke3-KENTeH JOCTYPIIi eMec dIiCTEMEHI CiITeMelepMeH
HeMece KOHTEKCTIK TYCIHIIPYJIEpMEH HETi37ey/IeH OacTaHbI3. 3epPTTEy MOMYISIUICHIH KOCHITI/aIbI
TacTay KpUTEPHIJIEpl MEH KaFAaiaap/bl aHbIKTay SIICTEPIH erKEH-TErKeiTi CHITaTTaHbI3.

PeTpocnekTuBTI 3epTTEyNep YIIiH KPUTEPHUIIEp MEH TaHIAFaH MarepHaiapibl Koca, Oa-
CTaIKbI IEPEKTEP/Ii CUIIATTayJaH OacTaHBbI3.

Maremarukanbslk hopMmynanap. MareMaTukaiblK TEHACYICPAl KECKiH PEeTiHAe eMec, OHICIETIH
MOTIH peTiHje KioepiHi3. MyMKIHIITiHIIEe KapanaiblM MOTIHTe COHKec KaparmaibiM GopMyranapsl
YCBIHBIHBI3 J)KoHE X / Y CHSKTBHI IIAFBIH OOJIIICK MYIIENIep YIIiH KOJIJICHSH ChI3bIKTHIH OPHBIHA COJIU-
nycThI (/) KOMIaHbIHEI3. OpOip hopMyra HOMIpIEHYI KepeK.

Muicanwer:
k = aCpDp (1
or
porosity (%) = (1 — Du/Dw) x 100 )
n
(x+a)t = Zkzo(ﬁ)xka“‘k (3)

4 HOTH/KEJIEP ')KOHE TAJIKBLJIAY

[MoriH]

Hotwxenep Oemiminae ci3aiH OakbliayldapblHBI3 TYCIHIKTEMENEPCI3 YCBHIHBUIYBI KEpEK.
Opicrepai KalTanayIblH KaXKeTl JKOK; OKbIpMaHJap TOJIBIK aKmapar ainy yIIiH "oxmictep" OeiiMiHe
KaiiTa opanysl kepek. HoTmxkenep OYpbIH YCHIHBUIFAH 9/IICTEPre COMKEC Keyl KEPEeK.

Hotwxenepai tuicti Oenimaepi 6ap onictepMeH Oipzieit peTnieH YChIHbIHBI3. bacTankp! cunar-
Tamajiap HeMece HOTHXKeJep CHSKTHI KbICKAllla MOJIIMETTEp aly YIIIH KecTelep/i MaiiiaaaHbIHbI3.
Ce36anap xypaeni Hemece rpadUKalbIK JepeKTep YIIiH Maiaaisl, Oipak ojlapAbl Tepic maiinanaH-
0aHpI3. MOTIHAETI KECTENIepIe HEMece CypeTTepie OyphIHHAH Oap JepeKTep Il KalTasaMaHbI3.

Tankpinay - Oy Ci3AiH HOTHXKEIEPIHI3/1 JKOHE OJIapJIbIH MaHbI3AbUIBIFBIH TYCIHIIPETIH JKep.
Heri3ri Ty>XpIppIMIapAbIH KbICKaIlIa Ma3MYHBIHAH OacTaHbl3. [1laManan ThIC TyCIHAIpYAEH ayiak 0o-
JIBIHBI3 KOHE HAKThI TOHJIBI YCTaHBIHBI3. HOToKeIepiHi3Ii KOJIJaHBICTAFbl 91e0METTEPMEH CaIbICThI-
PBIHBI3, COMKECCI3MIKTEP/II JUTUIOMATHSUIIBIK TYPAEC MOMBIHAAHBI3 )KOHE TYCIHIKTEME OepiHi3.

Ke3 kenren KyTHereH oypkajgap MEH OJIapIblH CalJapblH TalKbUIaHbI3. bipHerie chiHakTap
HeMece apaJiacyiap Ci3/IiH HOTIKEJIEPIHI3re Kajlaid ocep eTeTiHI Typalibl oisiaHbIHbI3. backa 3eprre-
ylepre cuiTeMe *KacaraH/1a, CbIHFa IUTUIOMATHSUIBIK OOJIBIHBI3 KOHE KYMBICBIHBI3/IBIH KYIIITI KaKTa-
puIH aran oTiHi3. [Tapadpas xacay ke3iHe eKImiHAl 63repTyIeH ayliaK O0IBIHbI3.

Conpinza, OipJecKeH aBTOpiaplaH, TAJIMIepiepAeH Hemece OachUIbIM KbI3METKEepJIepiHEeH
Ci3/1iH KYMBICHIHBI3/IBIH aHBIKTHIFBI MEH TYPBICTBHIFBIH TEKCEPY/Ii CYPaHbI3.
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4.1 [KIIOI BOJIMHIH TAKBIPBIBbBI] (ecep 6ap 6osca)

[MoriH]

4.2 [KIIII BOJIMHIH TAKBIPBIBbBI] (ecep 6ap 6osca)

[MoriH]

CyperTep/i YChIHY JKOHE oJlapFa atay 0epy MbIcaibl. bapibik cypeTtep (WITocTpanusiap, 1ua-
rpammainiap, rpadukrtep, ['aHT muarpaMmanapbl, JOHTEJICK auarpaMmainap jKoHe T. 0.) MbIcanaa
KOpPCETUIreH el HeMiplieHin, mimiMaenyi kepek. Makana MoTiHIHAeri chi30ajapra ciiTeme jka-
caraHJia, OHbI KOIO oHE KOK TYCIIEH 06JIeKTey apKbUIbl TOMEHAET] MIIIIM/IEY Il KOJITaHbIHbI3.

Muvicanor:
2-cypetre Trilon B epiTinaicid naigananbin KOMIPECCHUSUIBIK 9/1ICTIEH Ta3apThUIFaH KOMIIPECC

II€H TY3 aiiMarbIH KOJIAaHY MbICAJIAAPbI KGpCCTiJ’IF CHI[iKTeH, KOPBITBIHABI Kacayra 60.]'[&,[[51. ..

Cypert 2 — Kommpeccri (a) xxone Tpunon B (0) epiTiHAiICiH KOJIaHa OTHIPHII, KbICY 9iCIMEH Ta3apThUIFaH
TY3/bI KOJIJJAHY MBICAJIbI [aBTOPJIBIK MAaTePHa].

Kecre 1
Jedopmannsiapl 6akpuiay YIIiH KOJIaHBUIATBIH HETi3r1 KalTaaynap [aBTOpIIbIK Marepual |
Ne PP 12010 RP1 RP2 RP3
X 7802.8877 7779.3818 7791.6069 7783.4682
Y -996.2399 -1013.5767 -1004.6966 -985.3698
H 692.633 692.693 692.715 692.730
Kecre 2

At OOWBIHINA KYH MaHEIbACPIHIH OHTaNIbI OyphiTapsl. [ 18]

Y
=

December

January
February
March
April
June
July
August
September
October
November

414°  36.4°  314°  264° 214° 16.4°  214°  264° 31.4° 36.4° 41.4° 46.4°
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bapnplk KkecTenmep MbIcayila KOPCETUITEHACH HOMIpieHIn, mmiMaenyl kepek. Kecremep
MOTIH/IC CaHIaPMEH KOPCeTinyi KepeK. TaKbIpBINThl KECTCHIH COJI JKarblHA TypaiaHbl3. IHTepHETTE
Kapustay YIIiH KECTeH1 TYpAeHIIpY Ke31He MOTIH MEH CaHAapbIH aybICYbIH OOJIIBIpMAy YIIIiH Je-
pEKTEep/Ii JKEKe KeCcTe YAIIBIKTaphIHA OPHANACTHIPY KepeK. boc yAIbIKTap sl HHTEPBAI JKacay YIIiH
eHrizyre Oonaapl. Kecrenep MoTiHme OepiireH akmaparThl Kaitamamaybl Kepek. OHBIH OpHBIHA,
KecTeJiep aBTOP/IbIH 0aca Ha3ap ayJaprbIChl KeJICTiH HAKThl HYKTCHI OCHHENCHTIH HeMece KCHEUTeTiH
KOCBIMIIIA aKmapar Oepy YIIiH KOJJaHBUIYbl Kepek. Makajia MOTIHIHJIET1 KecTenepre cliiTeMe Ka-
caraH/ia, OHbI KOO JKOHE KOK TYCIIeH 0eJIeKTey apKblIbl TOMEH/IET] MilTiMIeY Il MaianaHbIHbI3.

Muicanwvi:
KyH sHeprusicel (2-kecTte) )KoHE el JHSPTUSIChl CHSKTHI )KaHAPTHUIATHIH SHEPTHUS KO3/IEPiHiH
QJIEYeTIH 3epPTTEY...

Cypertep MeH kecTenepre 6apiblk KonranOanap 10-1Ibl KapinieH ®a3buTybl Kepek (Herisri
MOTIHHEH 2 MyHKTKE a3).

S KOPBITBIH/IBIJIAP

[MoriH]
KopbIThIHIBIA CI3/I1H HETI3T1 TY)KBIPBIMIAPBIHBI3 KbICKaIla OasHmaa b, MYMKIH OoJalrak
3epTTEYICPIiH cCaIaphbl TYpaibl KbICKAIIa MAJIIMET Oepiiei.

O/IEBUETTEP

Tinre kapamactan 6apIIbIK 1€PEKKO3/Iep aFbUIIIBIH TIJIIHE ayAapbUIbI, TPaHCIUTEpALUsIIaHFaH
arayMeH 0ipre YChIHBUTYBI KEpEK.

Mevican:

1. Nalimov, V. V., & Mulchenko, Z. M. (1969). Naukometriya, the Study of the Development of
Science as an Information [Naukometriya, izuchenie razvitiya nauki kak informacionnogo] Pro-
cess. Nauka: Moscow, Russia. https://doi.org/10.1007/s42452-022-05262-y (In Russ.).

2. Aubakirov N.P., Sainova G.A., Anarbekova G.D (2020). Cubic monitoring of groundwater of
Q.A. Yassawi and Arystanbab mausoleums. Bulletin of the State University named after Shakarim
of Semipalatinsk, 14(1), 117 [Q. A. Iassaui jine Arystan Bab kesenelerinifi jer asty sularynyfi tekse
monitorifit.  Vestnik Gosudarstvennogo universiteta imeni Shakarima goroda Semej]
https://doi.org/10.1007/s42452-022-05262-y (In Kaz.).

Kazak/opbic TinmepiHzeri Jnepekkes3re cuireMme acay ke3iHae doi ciiTeMeciHeH KeHiH
TYIMHYCKAHBIH TUTIH jKaKIIaga Obutaidiia KepceTy KakeT: (Ka3 TiumiHae.), (opbic TimiHAe.). FrutbiMu
OachUIBRIMIApAaFhl MaKaJIaJlapra CUITEME JKkacay Ke31He TePEKKO3/l KOPCETY KepeK, JUTIece pelak-
1M KOJbKa30aHbl sKkapusiiayiaH 6ac TapTy KYKBIFBIH ©31He Kalablpaasl. Makana skasy YIIiH KaXeTTi
JIEpEKKe3/Iep caHbl 15 HEMece OJlaH J1a Kerl.

KypHanoa scapuananzan a0ebuemke ciimeme MblCaabl:
Thomas, J. C., & Carroll, J. M. (1979). The psychological study of design. Design Studies
1, 5-11. https://doi.org/10.3390/sul14010117

Kimanma Heapuaianean 20ebuemke ciimeme Molcaibl.

Cross, N. (2006). Designerly Ways of Knowing. London: Springer.
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Onoencen Kimanmaevbl mapayaa ciimeme MbiCabl:
Jones, J. C. (1984). A method of systematic design. In N. Cross (Ed.), Developments in De-
sign Methodology (pp. 9-31). Chichester: John Wiley & Sons.

Beb-catimka cinmeme:

Author, C.C. & Author, D.D. (Date of publication). Title page [file extension when neces-
sary]. Retrieved from https://www.someaddress.com/full/url/.

Eco, U. (2015). How to write a thesis [PDF file]. Retrieved from: https://www.re-
searchgate.net/How -to-write-a-thesis/.../Umberto +Eco-How-+to+Write/

Muvican:

. Lopez-Medina, T., Mendoza-Avila, 1., Contreras-Barraza, N., Salazar-Sepulveda, G., &

Vega-Muiioz, A. (2021). Bibliometric mapping of research trends on financial behavior for sus-
tainability. Sustainability, 14(1), 117. https://doi.org/10.3390/sul4010117

. Nalimov, V. V., & Mulchenko, Z. M. (1969). Naukometriya, the Study of the Development of

Science as an Information Process. Nauka: Moscow, Russia. (In Russ.).

Bureau of National Statistics. (2021). [cited November 30, 2021]. URL. http://www.stat.gov.kz
Ejidike, C. C., & Mewomo, M. C. (2023). Benefits of adopting smart building technologies in
building construction of developing countries: Review of literature. SN Applied Sciences, 5(2),
52. https://doi.org/10.1007/s42452-022-05262-y
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(Omo wabnon ons cmamou. Cnedyiume UHCMPYKYUAM U PYKOBOOCBAM, NPUBEOECHHBIM HUDICe.
Dmom 0okymenm 6yoem ucnoib308amuvcs 8 Oyoyujell nepenuucke ¢ peyeH3eHmamt, no3Momy yoaiume
6CI0 IUYHYIO UHPOPMAYUIO U UCNOAb3VIINE 3A201060K U AHHOMAYUIO HA S3bIKe OCHOBHOU CIMAMbU.)

HA3BAHHUE CTATBHU JOJJKHO BbITh KPATKUM N
NHOOPMATUBHBIM (HE BOJIEE 10 CJIOB)

AHHOTaNUsA. AOcmpaxm (Ha s3blKe CmMamovlu) OO0NNHCEH KPAMKO UBLONCUMD
OCHOBHOU 3aMblcell U coOoepicanue cmamvi U COOMEEmMcmeo8ams CmpyKmype
IMRAD. Cmpykmypa IMRAD — smo munuunas opeanuzayusi HAY4YHOU CMamovu 8
MEOUYUHCKUX U HAYYHBIX OJicypHanax. Beedenue: B smom pasdene asmopwi
npeocmasiam KOHMeKCm U MOMUBAYUIO C80e20 UCCe008aHUsA, 000CHOBbIBAIOM €20
AKmyanbHOCMy, GOPMYIUPYIOM Yelb UCCIe008AHUS, a4 MAKHce NPedoCmMAasaaom 0030p
JUMEPamypwvl, C6A3AHHOU ¢ meMou ucciedoeanus. Beedenue oondcno esecmu
yumamens 6 KowmeKkcm pabomvl u 3auHmepecosamv e2o. Memoodonozus: 30ecs
onucvl8aemcs mMemooo02us, UCNOIb3YemMas 8 UCCIe008anuu. Imo eKadaem 8 ceos
onucanue Mmemooos cbOopa OAHHBIX, 000PYO08aHUe, MAMEPUATbL, NPoYeoypvl U
cmamucmuyeckue Memoovl aHaIu3d OaHHwuIX. Baowxcno, umobvl memooonocus Owviia
onucana noopobHO U MOYHO, 4MOObL Opyaue UCCIe008ameny MOl 80CHPOU3BECU
uccnedosanue. Pezynomamol: 30ecy npedcmasnsaiomces gaxmuueckue pes3ynvbmanol
uccne0o8anuss. Imo mo2ym Oblms YUCLo8ble OaHHble, 2PAdUKU, MAOTUYbL UU Opyaue
Gopmel npedcmasnenusn ungopmayuu. Pezynomamovl 00adcHbl ObIMb NPeOCmasieHbl
0bvexmueno, be3 unmepnpemayuu uiu oocyscoenus. Qocyscoenue: B smom pazdene
asmopwvl  AHAIUZUPYION  NOJYYEHHble pe3ylbmamvl, UX 3HAYUMOCMb U C8A3b C
eunomesamu u yenvio ucciredosanus. OHU maxdce mMozym 00Cyoums 02paHudeHus
UCCIe008aHUs U BO3MONCHBLE NPAKMUYECKUe NPUMEHEHUS. pe3yIbmamos. 3aKiodenue:
3axnouenue codeparcum Kpamroe pe3rome pabomsl U NOOBOOUN UMOU UCCTE00B8AHUSL.
30ecvy aemopuvl Mo2ym ROOYEPKHYMb BANCHOCMb CEBOUX PEe3VIbMAMO8 U B03MONCHbIE
Hanpaeienuss  Oyoywux — ucciedosanuil.  Pexomenoyemsvlii 00vem aHHOMAYUU
ykaaowieaemces 6 ouanazon u3z 200-250 cnoe na anenuiickom azvike. Ocmanvhvie A3bIKU
OO0JICHBI COOMBEMCMBOBAMb NEPEBOOY C AH2IUUCKO20 A3bIKA.

KuroueBble ciaoBa:. /[lonycmumoe koauvecmeo 5-7 KIlOUeBblX CI08 U ClOBO-
couemanutl (He bosee 08yx CJl08).
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1 BBEAEHME (cmune wpugpma: Times New Roman, pasmep. 12, nonyxcuphplil, ¢ HO80U CIMpPOKOLL)

[Tekct]

(cmunv  wpugpma: Times New Roman, pasmep: 12, He NOAYHCUPHBLU, ¢ HOBOU CHIPOKOL,
dononnumenvhHoe Gopmamuposanie no 6cemy meKcny HeOONYCMUMO (AICUPHLIL wpugm, Kypcus, opyeue
yeema, noouepkuganus, sauepkHymole u m.0.) CCbliKu HA PUCYHKU, MadIuybl u Gopmyivl no mexcmy
A6IAOMCSL UCKOUeHusMuU. Mumepsan medxcoy cmpoxamu 6 abzaye Oondicen cocmasnams 1,0 nynkma,
Kaxcowlil ab3ay 00diceH HAYUHAMbCSL C HOBOU Cmpoku ¢ omcemynom 1 cm)

BBenenune nMeer pemiaromiee 3HaYECHUE JJIs TOTO, YTOOBI 3aMHTEpECcOBaTh uuTarens. B Hem
JOJDKHA COZCPKAThCS KparTkas CIpaBoYHAs WHQGOpPMAIIUS, BBISBISTHCS MPOOENIBI B 3HAHUAX U
M3JIaraThCsl IeJIb Balllero McciieqoBaHus. Haunute ¢ 0000IIEHUS TOTO, YTO M3BECTHO IO TEME, U
BBIJICJICHUST 001acTeil HEONMpeAeNCHHOCTH CO CCHUTIKOM Ha COOTBETCTBYIOIIME HCTOYHHKH. OTO
MPUBOIUT K BBIABICHHUIO MpoOesa B 3HAHUSAX, KOTOPBIM yCTpaHSETCS B BallleM HCCIICIOBaHUM.
N3moxkuTe CBOIO THIOTE3Y, IIEIH U KPATKO OOPHCYITE CBOIO CTPATETHUIO.

YOenurech, 4YTO Ballld JOBOALI B TOJb3y MPOBEACHUS UCCIEAOBAaHUS COOTBETCTBYIOT
CYIIECTBYIOIUM HAyYHBIM 3HAHUSIM, COCIIABIINCH HA COOTBETCTBYIOIIWE ITyOiuKanuu. M30eraiite
HEHYXXHBIX JIeTalel M aJanTUpyHTEe MPENbICTOPHUIO K Ballel IeJIeBOM aynuTOopuu (CreruannucTaM
WIM HecHelHnanucTaM). BBeleHHe MOMKHO JOTHYECKH MOABOAUTH K TOMY, KaKylO ILIEHHOCTh
n00aBIIseT Ballle UCCIECIOBAHUE — HE3aBUCUMO OT TOTO, U3MEHSIET JIM OHO MPAKTUKY WJIU pa3pelraet
npotuBopeuns. Mcnomp3yiite 3TOT pasaen 1ist 3h(HEeKTUBHOTO MPOIBUKEHHS CBOEH paOOTHI.

2 OB30P JIMTEPATYPbI

[Teker]

B 3ToM pasnene cTarby 10JIKHO ObITh IPEACTABIEHO UCUEPIIBIBAIOIIEE U KPATKOE U3JI0KEHUE
CYLIECTBYIOIIUX HCCIIECJOBAHUN M 3HAHMMH, UMEIOIINX OTHOLICHHE K TEME Balllero MCCIEIOBaHUS.
Kparko obcyaure ucropuyeckoe pa3BUTHE 3TOM 00JIaCTH, IPUBEIIEE K COBPEMEHHOMY COCTOSIHUIO
3HaHuil. Beigenute GyHaaMeHTalbHble KOHLEMIUN U TEOPHH, JeKallue B OCHOBE JaHHOU TEMBI.
Boigenute mo0ble mpopoipkarouiecs: 1edarbl, TPOTUBOPEUUs WIM PA3JIMYHbIE TOUYKH 3PEHUS B
naHHOM ob6mactu. OOcynuTe pasziIMyHble METONbl MCCIEJOBAHUS M INOAXObI, UCIOJIb30BaHHBIC B
MPEIbIIYIINX HCCIEOBAaHMUIX, a TaKXKe WX CUJIbHbIE M cialOble CTOpOHbI. UeTko ompenenute
po6ebl B CYLIECTBYIOIIEH IUTEpaType, Ha yCTPaHEHUE KOTOPBIX HAIIPABJICHO Ballle UCCIIC0BaHHE.
OO0BbsicHUTE, 1MOYEMY 3TH NPOOEsbl 3HAYUTEIbHBI. CBYKUTE CYILECTBYIOUIYIO JUTEPATYpy C BalllUM
UCClieIoBaHUEM, OOBSICHUB, KaK OHAa OTBEUAET Ha BalllM HCCIEIOBATEIbCKUE BOMPOCHI, LIEIH WIN
runore3bl. Opranuzyiite 0630p B XpOHOJIOTMYECKOM IMOPSIIKE, TEMAaTHUECKH WM TaKuM 00pa3oM,
4TOOBI 3TO MMEJIO HauOOJBIIMN CMBICT JUIS Ballero MCCIeJOBaHUS M BalIMX 4duTareiei. bynsre
KpaTKH W MO cyliecTBy. M30eraiiTe HEHYXHBIX ACTaJe M COCPEIOTOYHTECh HAa TOM, YTO HMMEET
HENOCPEACTBEHHOE OTHOILIEHUE K BaIlIEMY HCCIIE0BAHUIO.

Takum o0pa3om, BBenenue - 310 KpaTkuil pasien, KOTOPbIA MOArOTABIMBAET IMOYBY JJIS
BAIIIETO MCCIICI0OBaHMS, OOBSICHSIS €ro BXXHOCTb, B TO BpeMs Kak 0030p JUTEpaTyphl MPEACTaBIISAET
coOoii 0oyiee BCECTOPOHHUUA W JACTAIBHBIM aHAIN3 CYIIECTBYIOIIEH COBOKYITHOCTH 3HAHUH,
OTHOCAIIMXCS K TEME Ballero HCCIeNOBaHUSA. OTH JBa paszzena padoTaloT BMECTE, YTOOBI
o0ecrneynTh KOHTEKCT M OOOCHOBaHME BAIllErO MCCIEJOBaHUS, a BBEICHHE BeleT K Ooiee
noApoOHON HHPOPMAINH, IPEACTABICHHON B 0030p€e TUTEPaTyphl.

Bce ccbuiky JOKHBL OBITH IPUBEJEHBI B COOTBETCTBUU C IPUBEICHHBIM HUXKE (POPMATOM.

B cnyuae 1 yumupyemozo asmopa, npumep:

[Tockonbky Ha PucyHke 2 moka3aHbl NMPUMEpPbl HAJIOXKEHHS] KOMIIpecca M OO0JIaCTH COJIH,
OYMIIIEHHOM KOMIIPECCMOHHBIM METOJIOM C UCMOJIb30BaHHeM pacTtBopa Tpuiiona B (Adenon, 2019),
MO>KHO CJEJATh BBIBOI. ..

B cnyuae 2 yumupyemvix agmopos, npumep:
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[Tockonpky Ha PucyHke 2 moka3aHbl MPUMEphl HAJOXKEHHsI KOMIIpecca M OO0JIaCTH COJIH,
OYMILIEHHON KOMIIPECCHOHHBIM METO/OM C HCIOJIb30BaHMEM pacTtBopa Tpuiona B (Schmidt &
Summerson, 2018), MOXXHO cZienaTh BHIBOI. ..

In case of 3 and more cited authors, example:

[Tockonpky Ha Pucynke 2 moka3zaHbl NMPUMEpPbl HAJOXKEHHsS KOMIIpecca M OOJIACTH COJIH,
OYMILIEHHON KOMIIPECCMOHHBIM METOIOM C MCHOJib30BaHUEM pacTtBopa Tpuiiona B (Schmidt et al.,
2018), MOXKHO C/IeJIaTh BBIBOI. ..

3 MATEPHUAJIBI U METObI

[Texrc]

Paznen "Metoapl" HampaBlIeH Ha MPEJOCTABICHUE YETKOTrO, BOCIPOM3BOAMMOIrO OTYeTa 00
uccnenoBanuy. Kaxiplil pe3ynbTar JOKEH HMETh COOTBETCTBYIOUIMH Meron. Panee omyOnu-
KOBaHHBIE MPOLIEAYPHI TPEOYIOT KPATKOTIO U3JIOKEHUS U CCHIIOK.

Haunurte c ompeneneHusi nu3aiiHa MCCIENOBaHUS M OOOCHOBaHMS JIO00W HETPAJAUIIMOHHON
METOJIOJIOTUM CCBUIKAMU WJIM KOHTEKCTYaJIbHBIMU OOBsICHEHUsMHU. OMNHUIIMTE HCCIeAyeMYIO
MOIMYJISIIHAIO C TOAPOOHBIM ONMCAHWEM KPUTEPUEB BKITIOUCHUS/MCKIIIOYEHUS U METOIOB BBISBICHUS
CIIy4aeB.

JU1s peTpOCNEeKTUBHBIX HCCIIEOBAHUN HAYHUTE C OINKCAHUS HMCXOAHBIX JTAHHBIX, BKJIIOYAst
KPUTEPHUH U BIOpaHHBIE MaTepUAIIbI.

Maremarnueckue popmynsl. [loxanyiicra, ucnonap3yiite MareMaTHueCKUE YPAaBHEHUS B BUJIE
pelaKTUPyeMOro TEKCTa, a He B Bujae u3o0paxeHuil. IlpencraBnsiite mpoctbie (GopMysbl B
COOTBETCTBHH C OOBIYHBIM TEKCTOM, IJI€ 3TO BO3MOXHO, M HCHOJB3YyHTE 3HAaK Ipodw (/) BMecTo
TOPU30HTAJILHON JIMHUU JUIsl HEOONBIIUX APOOHBIX 4JICHOB, Hampumep, X/Y. JIONOJIHUTENBHO BB
MOYKETEe BCTABIATH (hOPMYIIBI, UCTIONB3ys QyHKIHIO Microsoft Word “BceraButs hopmyny”. Kaxmas
(opmyna 10KHA ObITH IPOHYMEPOBAHA.

Hanpumep:
k = aCpDp (1)
or
porosity (%) = (1 — Dv/Dw) x 100 (2)
n
Goray =) (xant 3

4 PE3YJIBTATBI U OBCY KAEHU A

[Teker]

B paznene "Pesynmbrarhl" AODKHBI OBITH MPEICTABICHBI Balllk HAOMIOACHHUS 0€3 KOMMEH-
TapueB. MeToabl HE HYXKIAIOTCS B IOBTOPEHUM, YHUTATENISIM CJIEIYyeT BEPHYThCS K pazlieny
"Metonpl" st modydeHus mnoapoOHoW uHGopMmanmu. Pe3ynbraThl JTOJDKHBI COOTBETCTBOBATh
METO/1aM, TIPE/ICTABICHHBIM paHee.

[IpeacraBbTe pe3yabTaTbl B TOM K€ IMOPSJAKE, YTO W METOABI C COOTBETCTBYIOIIMMH
nonpasaenamu. Vcronp3ylite TabauIbl 4719 TIPEICTABICHUS KPATKUX JAHHBIX, TAKUX KaK UCXOHBIE
XapaKTEPUCTUKU WIN PE3YJIbTaThl. PUCYHKHU TOJE3HBI JIs1 CIIOKHBIX WM IPaQUUYECKUX JTaHHBIX, HO
HE 3J10ynoTpebmsaiite umu. M30eraiite MOBTOPEHUST JaHHBIX, YK€ COACPKAIIUXCS B TaOIHMIIAX WIIHA
PUCYHKaX B TEKCTE.
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OO6cyxaeHuss — 3TO TO, IJ€ Bbl MHTEPIPETUPYETE CBOU PE3YIbTAaThl U HUX 3HAYUMOCTD.
HaunuTte ¢ Kparkoro M3j0XKEHHUS OCHOBHBIX BBIBOAOB. l30eraiite upe3MepHOro TOJKOBAaHUS U
npuaepKuBaiTech (Qakrojgoruueckoro ToHa. CpaBHHUTE CBOM pe3ylbTaTbl C CYHIECTBYIOLIEH
JUTEePaTypou, TUIJIOMAaTUYHO MPU3HABAs PACXOXKICHUS U Mpeaaras 00bsCHEHUS.

OO6cynute n00Oble HEOXKUIAHHBbIE HaXoAKW M ux mocieactsus. [lomymaiiTe o ToMm, Kak
HECKOJIbKO aHAJIM30B WJIM BMEIIATEeNIbCTB B COBOKYIMHOCTH BIIMSIOT HA BalllM pe3yibTarbl. Korna Bbl
CChUIaeTeCh Ha JpYrue HCCIeAOBaHUs, OyabTe IUIUIOMAaTU4YHbl B KPUTHKE M TOAYEPKUBANTE
CUJIbHBIC CTOPOHBI Baliei paboThl. 30eraiiTe n3MeHeHus akIeHTa mpu nepedpasupoBaHmH.

Hakonen, momnpocute coaBTOpPOB, HACTABHUKOB WJIM COTPYIHUKOB OT/EJa MPOBEPUTH Bally
paboTy Ha MpeAMET SICHOCTH U KOPPEKTHOCTH.

4.1 [BAT'OJIOBOK NOAPA3AEJA] (npu nanuuuu)

[TekcT]

4.2 [BAT'OJIOBOK NNOAPA3NAEJIA] (npu naruuuu)

[Texcr]

[Ipumep mpencraBieHrss pUCYHKOB M MOAMUCH K HUM. Bce pucyHKkH (MIUTIOCTpaIluu, CXEMBI,
rpaduku, nuarpamMmbl [aHTa, KpyroBble AWarpamMmbl U T.J.) JOJDKHBI OBITh MPOHYMEPOBAHBI U
oropMaTHpoBaHbI, KaK MOKa3aHo B mpumMepe. OOparutTe BHUMAHKE, YTO TIPU CCBUIKAX HA PUCYHKHU
B TEKCTE CTarbM HCIONb3YHTEe NPUBEICHHOE HUXKE (POPMATUPOBAHUE, BBIACISIS €ro >KUPHBIM
mprU(TOM U CHHUM IIBETOM.

Hanpumep:

[Tockonpky Ha Pucynke 2 moka3aHbl MPUMEpPHl HAJOXKEHHs KOMIIpecca M OONACTH COJH,
OYMIIIEHHOW KOMIIPECCHOHHBIM METOOM C HCIIONIb30BaHMEM pactBopa Trilon B, wMoxHO
3aKIIIOYUTh. ..

Pucynoxk 2 — [IpumMep HanoxxeHHs KoMmmpecca (a) 1 00JacTH CONY, OUNIIEHHON KOMIPECCHOHHBIM
METOJIOM C UCTIONBh30BaHUEM pacTBopa Tpuiona B (0) [mMarepuais! aBTopal].
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Tadnauuna 1
OCHOBHBIE TIOBTOPEHUSI, CTIOJIB3YEeMBbIE IJIsi KOHTPOJIIS JeopManiy [ MaTepHajbl aBTopa]

Ne PP 12010 RP1 RP2 RP3

X 7802.8877 7779.3818 7791.6069 7783.4682

Y -996.2399 -1013.5767 -1004.6966 -985.3698

H 692.633 692.693 692.715 692.730
Tao6anma 2

OnTrManbHBIC YITIHI HAKJIOHA COJTHEYHBIX MaHeseH mo mecsanam. [18]

4 = r = 2 2 2 A

= = a S

= & = =z = = 2 : & = 2
41.4° 36.4° 31.4° 26.4° 21.4° 16.4° 21.4° 26.4° 31.4° 36.4° 41.4° 46.4°

Bce Tabmuipl A0MKHBI OBITH NPOHYMEPOBaHBI M OT(OPMATHUPOBAHBI, KaK IOKA3aHO B
npumepe. TaOmuiel TOMHKHBI OBITH 0003HA4YEHBI IHM(PpaMH B TEKCTe. Pa3MecTuTe 3aroioBOK IO
LEHTPY C JIEBOM CTOPOHBI HaJl Tabnuuei. JlaHHble JOIKHBI ObITh OMEILEHBI B OT/JEJIbHBIE STYCHKU
TaOHIIBI, YTOOBI MPEIOTBPATUTh CMEIIEHUE TEKCTa W LU(p NpU MpeoOpa3oBaHUM TAOIHIBI IS
nyonukanuu B VHTepHere. IlycThle stuefiku MOryT OBITH BCTaBJIEHBI Ul CO3JAaHUS MHTEpBaa.
Tabnuupl He JOKHBI AyOnupoBaTh MH(GOpPMAIUIO, MPEICTaBICHHYIO B TekcTe. Bmecro 3Toro
CllelyeT HCIOJb30BaTh TAOIMIBI JJIS MPEIOCTABICHUS IONOJHUTEIbHON HMH(OpMalLMU, HILIIOC-
TPUPYIOLEH WIM PACIIMPSAIONICH KOHKPETHBII MOMEHT, KOTOPBIM aBTOpP KEJAeT NOJYEPKHYTH.
OOparuTte BHMMaHHUE, YTO MPU CChUIKAX Ha TAOIMIBI B TEKCTE CTaTbU UCIOJIb3YHTE NMPUBEICHHOE
HIKe (POPMaTHPOBAHNUE, BBIIEISISI €T0 JKUPHBIM IIPU(TOM H CHHUM I[BETOM.

Hanpumep:
Hcnonb3oBaHue MOTEHLMANa BO300OHOBISEMBIX HCTOYHMKOB SHEPIUH, TAKMX KAaK COJHEYHas
sHeprus (Tabnuuna 2) u sHeprus Berpa. ..

Bce nmoamnucu k pucyHkaMm M TaOJWIIaM JOJDKHBI OBITH HamucaHbl mipudTom pazmepoMm 10
MYHKTOB (Ha 2 MyHKTa MEHBIIIE YeM OCHOBHOM TEKCT CTaTbH).

S BBIBO/IbI

[Teker]
B 3akmroueHuMM KpaTKO W3/IararoTcs Ballldi OCHOBHBIE BBIBOJbI, BO3MOXHO, C KpPaTKUM
U3JI0’KEHUEM TOCIEeICTBUM A1 OyAyIIMX UCCIIEIOBaHUM.

CIHHUCOK JIMTEPATYPbI

Bce ucTouHmkHM, HE3aBUCHMO OT SI3bIKA, JIOJDKHBI OBITh TEpPEBENCHbI HA AHTIMHUCKUNA W
MPEJCTABIEHBI BMECTE C TPAHCIUTEPUPOBAHHBIM HA3BAHUEM.

Hanpumep:
1. Nalimov, V. V., & Mulchenko, Z. M. (1969). Naukometriya, the Study of the Development of
Science as an Information [Naukometriya, izuchenie razvitiya nauki kak informacionnogo]
Process. Nauka: Moscow, Russia. https://doi.org/10.1007/s42452-022-05262-y (In Russ.).
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Aubakirov N.P., Sainova G.A., Anarbekova G.D (2020). Cubic monitoring of groundwater of
Q.A. Yassawi and Arystanbab mausoleums. Bulletin of the State University named after
Shakarim of Semipalatinsk, 14(1), 117 [Q. a. Iassaui jine Arystan Bab keseneleriniil jer asty
sularynyfi tekse monitorifit. Vestnik Gosudarstvennogo universiteta imeni Shakarima goroda
Seme;j] https://doi.org/10.1007/s42452-022-05262-y (In Kaz.).

HpI/I OUTHPOBAHUKU HCTOYHHUKA Ha KaSaXCKOM/pYCCKOM s3pIkaXx mocie cceuiku  DOI

HEOOXOIMMO yKa3aTh S3bIK OPUTHHANa B CKOOKax cieayrouM obpasom: (Ha kas.), (Ha pyc.). Ilpu
LUTUPOBAHUM CTaTed M3 HAay4yHBIX W3JaHUI HeoOxoaumo ykaspiBarh DOI, B mpoTHBHOM cilydae
pelakuus OCTaBisieT 3a CoOOH IpaBO OTKJIOHWUTH IyOnukamuio pykonucu. Heobxonumoe
KOJIMYECTBO MCTOYHHMKOB JIJIsl HAIIMCAHUS CTaThH - OT 15 u Oosee.

(98]

Ccblika Ha nyonukayuu 8 JcypHane:
Thomas, J. C., & Carroll, J. M. (1979). The psychological study of design. Design Studies
1, 5-11. https://doi.org/10.3390/sul4010117

Cevika Ha kHu2U:

Cross, N. (2006). Designerly Ways of Knowing. London: Springer

Ccblika Ha 2nagy 8 ompedakmupo8aHHOU KHuU2e:
Jones, J. C. (1984). A method of systematic design. In N. Cross (Ed.), Developments in
Design Methodology (pp. 9-31). Chichester: John Wiley & Sons.

Ccblika Ha OHAQUH UCmMoYHUK (website):

Author, C.C. & Author, D.D. (Date of publication). Title page [file extension when
necessary]. Retrieved from https://www.someaddress.com/full/url/.

Eco, U. (2015). How to write a thesis [PDF file]. Retrieved from:
https://www.researchgate.net/How -to-write-a-thesis/.../Umberto +Eco-How+to+Write/

Hanpumep:

. Lopez-Medina, T., Mendoza-AVila, I., Contreras-Barraza, N., Salazar-Sepulveda, G., &

Vega-Muiioz, A. (2021). Bibliometric mapping of research trends on financial behavior for
sustainability. Sustainability, 14(1), 117. https://doi.org/10.3390/su14010117

. Nalimov, V. V., & Mulchenko, Z. M. (1969). Naukometriya, the Study of the Development of

Science as an Information Process. Nauka: Moscow, Russia. (In Russ.).

Bureau of National Statistics. (2021). [cited November 30, 2021]. URL: http://www.stat.gov.kz
Ejidike, C. C., & Mewomo, M. C. (2023). Benefits of adopting smart building technologies in
building construction of developing countries: Review of literature. SN Applied Sciences, 5(2),
52. https://doi.org/10.1007/s42452-022-05262-y
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