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Abstract. The article deals with the issues of developing a general plan of the
school grounds by creating a space with a green area and the use of ecological
materials. In large cities of Kazakhstan, including Almaty, there is a problem with the
architecture and landscaping of school buildings. There is a complete lack of
landscaped areas around educational institutions, which is a serious problem, not just
a lack of modern schools. Another problem is the shortage of places in pre-school
institutions, where sports stadiums at schools, if any, are transferred for the
construction of kindergartens or other institutions. This significantly reduces the school
grounds that should be used for the education, aesthetic development and health of
students. As a result of this study and the analysis of available experience, a key
principle in the development of general plans for school buildings has been identified:
the harmonious interaction of the context, the content of the learning process and the
learning process itself. Trends are outlined and variants of transformations in
architectural and planning solutions concerning functional zoning of the territory and
improvement of the space adjacent to the school are given. The example of the general
plan of the school “Terekti” in Alatau district of Almaty is considered. Based on the
obtained data, effective models of school space organization were proposed and the
taxonomy of territory formation around the school building was determined. As a result
of the study, three main concepts for the formation of a modern general plan were
identified, which meet the requirements of the latest approaches in education.

Keywords: School, landscaping, general plan, functional zoning, vertical layout,
landform organization.
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BAC JKOCHAPABI 93IMIEY KE3IHIAE MEKTEII AYMAYbIH
OYHKIHUOHAJIIABIK AUMAKTAPIA BOJ1Y KOoHE
ABATTAH/IBIPY

T.A. I'Bosaukosa' @ | A.C. Caiidyaarosa' @ | .M. Ocranenko™* @, O.J1. Banueposa?®

"Xansikapansik 6inim 6epy koprnopamuscel, Anmarsl, 050028, Kasakcran
’HauroHanbHbIH HccenoBaTeIbekiil MOCKOBCKHIA TOCYIapCTBEHHbII
CTPOMTEINIbHBIN YHUBEpCHUTET, MockBa, Poccust

Anparna. Maxanada KeeandaHObIPpuLIZAH AYMAKNEH KeHICMIK KYpy i#coHe
9KONIO2USLTILIK MAMepUanoapovl KoJiO0aHy apKblibl MEKMEN HCAHbIHOARbL AYMAKMblH OaAc
Jrcocnapuvin 23ipey macenenepi Kapacmipsliaovl. Kasaxemannwviy ipi kananrapeinoa,
COHblY  [wiHOe  Anmamvloa  Mexkmen — 2UMApAMMApbIHGIY — CIYlemi  MeH
abammanovipwliyvinoa npobnema oap. binim bepy mexemenepiniy aiinanacvlHoa
MONLIKMAU  HCAOOLIKMAIEAH AYMAK JHCOK, OYN Kaszipei 3amaHebl MeKkmenmepoiH
Jrcemicneywiniei eana emec, Kypoeni macene 6onvin mabdwvinaovl. Tazvl Oip macene -
Mekmenke OetiiHel Oananap mexkemenepinoe2i OpbIHOAPObIY MANUBLILIRbL, OHOA
MeKkmenmepoezi Cnopmmuly CmaouoHoap, ezep bap 6oica, barabaxwanap Hemece
backa mexemenep canyza Oepinedi. Byn 6inim Oepy, 3cmMemuxanvlk 0amy HCIHe
OKYUBLIAPObIHY OeHCAYIbIRIH CAKMAY YUIH NAIOAIAHBLIYbL MUIC MEKMeN HCAHLIHOARb]
aymakmapowl aumapivikmail  Kvlckapmaosl. Ocbl  3epmmey JicoHe Koaoa 0Oap
madcipubeni manoay Hamudcecinoe MeKmen eUMapammapulHuly 0ac HCOCNapiapviH
azipneyoeei Heei3ei KAUOAM  AHLIKMALObL:  KOHMEKCMMIY, OKY  NpOYecCiHiy
MA3MYHBIHbIY JICOHE OKY NpOYeciHiy Yillecimoi o3apa apexkemmecyi. Tpenomep
bencinenin, mekmenxe ipzeiec ayMakmol OYHKYUOHALObIK AUMAKmMapaa 6enyee dcoHe
KeHicmikmi abammanovipy2a KamvlCmbl — CIVIEM-HCOCNapiay uiemimoepinoeai
mpancopmayusanapovly Hyckaiapvl —KewmipineeH. Anmamel  Kanacel Anamay
ayoanvinoazvl "Tepexkmi” mexmeOiniy 6ac HcoCnapviubly MblCAlbl Kapanovl. AnviHean
ManimMemmep He2i3iHOe MeKmen KeHICmiziH YUblMOacmulpyovly muiMoi mooenboepi
YCHIHBLIObL JHCOHE MEKmen SUMapambvlHbly AUHANACHIHOA AYMAKMbl KATbINMACMbIDY
MAKCOHOMUACHL  AHLIKMANObL.  3epmmey Hamudicecinoe Oinim bepyoeei cana
macindepoiy — mananmapvlHa — calikec — Kelemin 3amanayu Bac  ococnapov
Kanvlnmacmulpyobly yul He2i3ei MYHCbipbMOAMACHL AHLIKMALObL.

Tyiiin ce3nep: Mexmen, abammanovipy, 6ac ococnap, @QyHKYUOHANIOb
aumakmapea 6oy, mik sdcocnapiay, pervedmi YublMOacmuipy.
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HAVYHASA CTATbBA

OYHKIINOHAJIBHOE 30O0HUPOBAHUE U
BJATI'OYCTPOMCTBO TEPPUTOPUM LIKOJ IIPA
PASPABOTKE I'EHEPAJIBHOTI'O IIJIAHA

T.A. I'bo3auxosa'! @ A.C. Caiigynarosa! @ HU.U. Ocranenko'* @ | O.J1. BaﬂuepOBa2

"Mesxnynaponas o6pasoBarensHas koprnopanus, Anmatel, 050028, Kasaxcran
2Y nTTHIK 3epTTey Mockey MEMIIEKETTIK KyphLIbIC YHUBepcHuTeTi, Mackey, Peceit

AHHOTaNUA. B cmamve paccmampusaromes 60npocsl pazpabomiu 2eHepaibHO20
NIAHA NPUWKOTILHOU MEPPUMOPUU, NYyMeM CO30aHUS NPOCMPAHCNEA C 03€/IeHEeHHOU
meppumopueti U NPUMeHeHUeM IKOJI02UHLEeCKUX mMamepuanos. B kpynuwix ecopodax
Kaszaxcmana, exniouas Anmamel, cywecmseyem npoonema ¢ apxumexkmypou u
O1a20yCmpoucmeom — WKOIbHLIX — 30aHuti. B noanoii  mepe omcymcmeyem
obycmpoenHas —meppumopuu  8oKpy2 00pa308ameNnbHblX  YUPEeHCOeHUull, 4mo
npeocmasisem cobotl cepbe3nyro npoonemy, a He npocmo HedOCMAmOoK CO8PEMEHHbIX
wxon. [lpyeou npobnemou sensemcs Oepuyum mecm 6 O0emcKux OOUIKOIbHLIX
yupesicOeHusx, 20e CHOPMUBHble CMAOUOHbL NPU WIKOLAX, eCclu maxogvle Oblil,
nepeoaomcsi 00 CMpoOUmMenbCmeo OemCKUX cado8 Uiu Opyeux yupexrcoeHui. Imo
3HAUUMENbHO COKpawjaem NPULUKOIbHbIE MEPPUMOPUY,  KOMOopble  OOJNHCHbL
UCNONB308AMbCSL 0N BOCNUMAHUSA, ICMEMUYECKO20 pAa3eUmus U Nnoo00epHICaHus
300p08bs yuawuxcs. B pezynomame 0aHH020 ucciedo8anus u auaiu3a UMeou,e2ocs
onvlma, Obll 6blOeleH KIYesol NPUHYUN 8 pa3pabomiKe 2eHepasbHbIX NIAHO8
WKONbHBIX 30AHULL: 2apMOHUYHOE B83AUMOOeliceue KOHMEKCMd, COOepAHCAHUS
yuebHOo20 npoyecca u camo2o npoyecca o6yyenus. O0OO3HaueHbl MeHOeHYuu u
npugedeHvl  8apuaHmevl  mMpancopmayuii. 8  APXUMEKMyPHO-NIAHUPOBOUHBIX
peulenusax,  Kacarouwuxcsi — @QYHKYUOHAIbLHO20  30HUPOBAHUS — MEPpUmopuu  u
brazoycmpoiicmea npocmpancmea, npuiezaloueco K wkoie. Paccmompen npumep
2eHepanbHoco niana wkonvl «Tepexmuy 6 Anamayckom paiione 2. Armamol. Ha
0CHOB€e NOYYEeHHbIX OAHHBIX ObLIU NPeOoAceHbl P PekmusHvle MOOeIU Op2AHU3AYUU
UKONIbHO20 NPOCMPAHCMBA U OnpedeleHd MAKCOHOMUS DOPMUPOBAHUS MEPPUMOPULL
B0Kpy2 30aHus wKonuwl. B pe3zynbmame uccnedosanus 6visigleHbl mpu 21AGHLIX
Konyenma Ol (OpMUPOBAHUS COBPEMEHHO20 2eHepalbHO20 NIAHA, KOmopbie
coomeemcmayom mpedo8anusM HOGeUUUX NOOX0008 8 00PA30BAHUU.

KaloueBble ciioBa:  wkona,  Ona2oycmpoiicmeo, — 2eHepalbHbll  NJIGH,
DYHKYUOHAILHOE 30HUPOBAHUE, 8EPMUKATILHAS NIAHUPOBKA, OpeaHu3ayus penvega.
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1 NTRODUCTION

Kazakhstan is a multinational country with rich traditions and unique customs. Historically,
Kazakh families tend to have several children, often more than four, which creates the need to choose
the best educational institution for their education. In such families, preference is given to educational
organizations that offer a continuum of learning from kindergarten onwards. There are such
institutions in Kazakhstan, however, most often they are private, which makes their cost unaffordable
for the majority of citizens.

Thus, it can be argued that one of the possible directions of development of educational
institutions in Kazakhstan could be complexes of continuous education, covering the entire cycle of
education - from kindergarten to higher education. It is important to note that the quality of these
complexes will depend not only on the architecture of buildings and structures, as well as the
improvement of the school grounds. The general plan of such complexes should take into account all
aspects of the educational process and orientation, including modern educational programs and highly
qualified teaching staft. Architectural solutions can certainly play a significant role in the successful
realization of this idea.

One of the most pressing problems in our country's residential neighborhoods is the lack of
social facilities, particularly educational institutions such as schools and kindergartens, especially in
new neighborhoods. A school is an important piece of infrastructure where children receive their
primary education. It is extremely important that the architecture of this building is not only safe, but
also comfortable for students and teaching staff. The process of designing a school is a multifaceted
and labor-intensive task that involves the development of a general plan for the future structure.
During this process, various technical requirements, architectural features and structural elements are
taken into account, which ensures the creation of a quality improvement of the educational space.

The lack of a properly landscaped area around educational institutions is a serious problem that
goes beyond the simple shortage of modern schools. In order to combat the shortage of places in
preschool institutions, sports stadiums located on the territory of schools are often given over to the
construction of kindergartens. This practice significantly reduces the school grounds that should serve
for the education, aesthetic development and health improvement of students. It is important to revise
architectural approaches and include in the general plan the development of infrastructure of
educational institutions with a focus on creating multifunctional and landscaped spaces conducive to
the full development of children.

According to the existing regulations and educational standards, sports are a key component of
the educational process, including the organization of outdoor physical activity. In this regard,
reducing the school area by removing the stadium and adjacent sports facilities will have a negative
impact on the quality of educational services provided. It is important to take these aspects into
account when developing architecture and landscaping based on the general plan of the school.

Based on the conducted research, it can be concluded that a school cannot be considered solely
as a physical building. In the process of learning, children spend a significant amount of time in the
educational institution, which implies the need to create a comfortable and diverse environment. The
architecture and landscaping of the school grounds play a key role in organizing walks, sports
activities and recess, which has a positive impact on the health of students. Modern international
educational programs include mandatory outdoor activities during the school day and in some cases
several times a day. This makes such programs more attractive to parents when choosing an
educational institution, where consideration of the general plan and quality organization of space
become priority factors.

Developing a universal general plan that could meet the requirements of all educational
institutions is an extremely difficult task. This is because the architecture and landscaping of schools
vary according to their structure and educational specificities. A general plan that takes into account
these differences would be a key element in developing effective and adapted solutions for each
educational school with its own structure and essence:
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1) General education schools are institutions where teaching is carried out in strict compliance
with state educational standards;

2) Boarding schools provide round-the-clock care for students, offering not only instruction but
also care during non-school hours;

3) Specialized schools focus on in-depth study of specific subjects, providing students with
more complex educational material and giving them priority;

4) Schools with an aesthetic bias emphasize art education, allowing students to develop their
creative abilities;

5) Schools of supplementary education offer a variety of programs that broaden pupils' horizons
beyond the core curriculum,;

6) Institutions for children with special educational needs provide education for pupils with
physical or mental difficulties. The professional approach to the architecture and improvement of the
school infrastructure is in line with the general plan aimed at creating a comfortable and safe learning
environment for all categories of students.

2 LITERATURE REVIEW

Amandykova (2010), Yakovleva (2016), Bogdanova et. al. (2024), Nikulshina (2011),
Novak et. al. (2023), Minina and Rehakkainen (2023), Beregovskikh (2019), Grakhov et. al.
(2014) were engaged in the development of general plans in Kazakhstan and the post-Soviet space,
including for educational institutions.

Buitelaar and Sorel (2010), Getimis (2012), Granqvist et. al. (2021), Liu and Wu (2022),
Nadin et. al. (2021) studied the influence and integration of policies on spatial planning in European
cities and research on urban spatial planning problems.

When designing schools, as well as when developing general plans of schools, the following
normative documents valid on the territory of the Republic of Kazakhstan are used.

Thus, the storey and basic requirements for structural solutions, materials of bearing and
enclosing structures are accepted, according to Table 9.2, SP RK 2.03-30-2017 “Construction in
seismic zones” and in accordance with SP RK 3.02-111-2012* “General education
organizations”.

The main requirements for the volume-planning solution of the building are adopted in
accordance with SP RK 3.02-111-2012%, SP RK 3.02-107-2014 “Public buildings and structures”.

Requirements for ensuring the living conditions of immobile groups of population are adopted
in accordance with SN RK 3.01-00-2011 “Instructions on the procedure for developing,
coordinating and approving urban development projects in the Republic of Kazakhstan” and
SP RK 3.06-101-2012*% “Design of buildings and structures taking into account accessibility
for people with limited mobility. General provisions”.

The area of the land plot should be adopted in accordance with the urban planning provisions
of SP RK 3.01-101-2013 “Urban planning. Planning and development of urban and rural
settlements”.

3 MATERIALS AND METHODS

When developing general plans of schools, if necessary, the following types of buildings and
structures can be provided:

-autonomous boiler house (if necessary);

-transformer substation (if necessary);

-canalization septic tank (if necessary);

-control and checkpoints;

-sports grounds;

-playgrounds for games and recreation;

-utility areas;
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-workout grounds;

-platforms for mass events.

The following recommendations should be taken into account when developing general plans
of schools:

-to apply modern solutions for the transformation of the territory of general education schools,
including for various events and active recreation;

-when landscaping, use local species of trees, shrubs, perennial flowers and grasses that
require minimal maintenance;

-functional small architectural forms should be designed according to the age group of
students;

-recreational areas for high school students can serve as a sports area;

- entrance to the school territory and a circular driveway around the building are provided.

- driveways can be paved with asphalt concrete, sidewalks can be paved with paving
bricks/paving stones;

- vertical planning ensures surface water drainage from the building and grounds;

- small architectural forms of stationary installation are provided;

- a system of automatic watering of plantings and lawns is provided.

To analyze the development of the general plan, let's take the working draft of the general plan
“Construction of a school in the Microdistrict ‘Terekti’ for 2000 students of Alatau district of Almaty
(without external engineering networks)”.

The school under consideration is a 3-storeyed secondary general education school for 2000
students, for classes in 1 shift. Providing the implementation of general education process in
accordance with the programs of three levels of education 1 level - primary education (from 0 to 4
classes); 2 level - basic secondary education (from 5 to 9 classes); 3 level - general secondary
education (10 - 11 classes).

The projected site is located in the north-western part of Almaty, Alatau district, Microdistrict
“Terekti”, north of Raiymbek Avenue and the intersection of Ashimov Street (Figure 1). The area is
bounded by projected local streets.

Near the territory of the school there are houses of private sector, in 290 meters from the
territory there is a gas station “Helios”, in 400 meters market “Zhibek Zholy”, in 320 meters car
dealership “Hyundai Qalgaman”, in 440 and 620 meters there are hospital number 7 and children's
infectious disease hospital.

Projected site of the SR
stheol

2 1.2 B \
dl)ﬂl}n )
-

| Childron's infoctious discases hospital

AV AL
.\.‘-

e
e Tashhent teack

Figure 1 — Situation diagram (www.etomesto.ru/map-mir)
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4 RESULTS AND DISCUSSIONS

Solution and composition of buildings and structures according to the general plan

The main task in designing the general plan of the school is to maximize the efficient use of the
allocated land plot. The area of the land plot is 3.0000 hectares.

Placement of the projected school on the site complies with the requirements of sanitary and
fire protection norms and rules.

Functional zoning of the plot

The land plot of the school is divided into functional zones:

(1) Entrance zone - located on the southeast side of the plot. The area near the main entrance is
intended for gathering students and holding school-wide events.

(2) Physical Education and Sports Zone - located on the northeast side of the site and includes
a soccer field and a combined basketball and volleyball court.

(3) Student Recreation Area - located on the northeast and north side of the site. Playgrounds
are equipped with playground equipment. Benches are provided along the pedestrian
sidewalks and in the quiet recreation area.

(4) Utility area - located on the north side of the site and designed to accommodate engineering
structures. Block-modular boiler house, Complete transformer substations and diesel
generator sets serve for uninterrupted power supply of the school building.

Places for temporary parking of cars and buses will be organized outside the school site on a

specially allocated area on the south-west side (T-2, area -0.87 ha.).

Complete transformer substations and diesel generator sets

Calculation of the required amount of playground area

According to SP RK 3.02-111-2012%;

(a) grounds for mobile games of elementary school students (from 2 to 4 classes) are accepted
at the rate of not less than 50 m? for each class (21x50=1050 m?), and for children of 6 years
of age (1 class) and pre-school classes - not less than 100 m? (4 m? per pupil) with small
game forms (350x4=1400 m?);

(b) areas for quiet recreation of the main school are accepted for 40% of students at the rate of
not less than 25 m? for each class (35x25=875 m?).

For high school students, the recreation area is the area of the sports zone.

A schematic of the school's general plan is presented on Figure 2.

Figure 2 — Schematic of the general plan (Conceptual design, 2023)
14
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Explanation of buildings and structures of the school general plan presented in Figure 2:
1. School for 2000 seats;

2.1 Sports ground (mini-football);

2.2 Combined sports ground (basketball, volleyball);

Playground for mobile games (1st grade and pre-school classes);
An area for mobile games (grades 2-4);

Quiet recreation area (grades 5-9);

Primary military training area;

An area for gathering students and holding school-wide events;
An area for MSW dumpsters;

. Block-modular transformer substation with a diesel generator sets;
10 Block-modular boiler house MBH-2,8;

11. Sewage pumping station (SPS);

12.1 Modular security post (checkpoint) - 1;

12.2 Modular security post (checkpoint) - 2.

©ooN s W

Vertical planning and relief organization

The relief of the site is simple, with a general lowering of the relief to the north-west.

Absolute ground surface elevations within the boundaries of the projected site vary from 772.18
to 769.61 meters (according to the topographic survey).

Vertical layout of the territory is made on the basis of topographic survey provided by the
customer. The project is made by the method of design marks with indication of direction of slopes
along the axes of roadways. The system of heights is Baltic.

The design solution is based on the principle of maximum preservation of the existing
landscape. For this purpose, the vertical layout is made with maximum approximation to black.

The minimum longitudinal slope of the projected asphalt concrete pavement is 4.5 %eo.

For the conditional mark 0.000 of the projected building is taken the floor level of the first floor
that corresponds to the absolute mark 772.55.

Site improvement

Driveways and platforms are designed from concrete tiles (paving stones) with curbs.

For pedestrian traffic, sidewalks are designed with a 1.5 m wide concrete tile covering.

Measures are provided to ensure unimpeded access and movement of low mobility groups.
Walkways and sidewalks designed for wheelchairs are at least 1.5m wide. In places of intersections
of driveways and walkways with sidewalks, curbs should be deepened with the device of smooth
adjacencies to ensure the passage of strollers, sledges, etc.

The whole territory free of buildings and road surfaces shall be landscaped with a lawn of
perennial grasses and planting of trees and shrubs of local species.

Planting of green planting on the territory is shown conditionally, will be clarified after the
laying of engineering networks, when planting seedlings to take into account the requirements of
Table 1-3 of SP RK 3.01-101-2013 “Urban planning. Planning and development of urban and
rural settlements” and to provide a distance: from power and communication networks, heating
networks, water supply and sewage networks to trees - 2 meters, to shrubs - 0.7-1 meters.

Garbage removal
Containers are provided for the collection of municipal solid waste (MSW) and are located on
the site in compliance with sanitary distances.

Fire prevention measures
Fire Department No. 2 of Alatau district is located at a distance of 2.6 km. from the projected
building.
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In the design of driveways and pedestrian paths provided the possibility of passage of fire trucks
to the buildings. The distance from the edge of the driveway to the wall of the building is taken 5 m.
In this zone it is not allowed to place fences, overhead power lines and to carry out a row planting of
trees. The driveway is provided suitable for the passage of fire engines, taking into account their
permissible load on the pavement or ground, width of 6.0 m.

Transport network

Entry and exit to the territory is organized from the southern part of the site in two places, there
is also a separate entrance to the utility zone.

Places for temporary parking of cars and buses will be organized outside the school site on a
specially designated area on the south-western side (T-2, area - 0.87 hectares).

Calculation of the required number of parking spaces

Number of employees according to the Technological Map:

1 floor = 65 people, 2™ floor = 60 people, 3™ floor = 45 people. Total = 170 people.

Required number of parking spaces according to SP RK 3.01-101-2013* “Urban planning.
Planning and development of urban and rural settlements” (Table 1)
- 170 people/8 =22 m/m.

Required number of parking spaces: 22 m/m + 1 MGN.

Total: 23 m/m (including 1 MGN) + 1 space for a bus.

The finished 3D model of the school is presented at Figure 3.

Figure 3 — 3D model of a school (Conceptual design, 2023)

Technical and economic indicators
The technical and economic indicators for the general plan are presented in Table 1.

Table 1 — Technical and economic indicators for the general plan

Ne Name Meaning Note
1 | Plot area according to State Act 3,0 ha 100 %
2 Total development area, including: 942468 m’ 31,41 %
- school development area 9196,5 m*
- checkpoint (in 2 places) 9,68 m’
- engineering structures development area 218,5 m’
3 | Road surface area 14952,93 m? 49,84 %
4 Greening area 5622,39 m? 18,75 %
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The wide territory of the school provides excellent opportunities for organizing leisure activities
for students both outside school hours and during breaks. Currently, schools that meet international
standards and educational programs are of the greatest interest to parents. This implies that when
developing general plans for new modern schools in Kazakhstan, it is necessary to take into account
not only state standards, but also international requirements concerning architecture, landscaping and
functional zoning of both internal and external space. It is important that the school grounds include
a variety of zones adapted for different age groups of students. Given the growing interest of parents
in institutions built in accordance with international standards, the design of buildings and structures
should be aimed at creating a competitive educational environment that promotes the comprehensive
development of students.

As a result of the analysis of the buildings and facilities required for the school general plan, as
well as the study of already implemented projects, three conceptual approaches were developed to
meet the requirements of the modern educational process. These approaches are presented in Figures
4-6.

In particular, Figure 4 presents the conceptual scheme of functional zoning, which includes the
layout of two blocks of educational facilities: junior high school and middle and high school.
Important attention is paid to the architecture and landscaping of the school grounds, which creates a
comfortable and functional learning environment.

01. SPORTS FIELD FOR
MIDDLE AND HIGH SCHDOL
STUDENTS

/

01. SPORTS FIELD FOR
PRIMARY SCHOOL
STUDENTS

Y

78
.o Pasketonl courct:
Bagkethe] cout
eilzyball court e oo
Tenne eatirt earbuils
Tresdmille Gyrrnestics 168
Toble terniscourt
02 PLAYGROUNDS 02, PLAYGROUNDS
Sprce foractive a2y 02
games and aciivities # - 4 . Children’s
A ‘- - . . N N . Egygmm:' _
- H * : AYEID or active
> Mlddle and 5 fiinlor Schbel \. games: Spaca for
*  High School : unior schoo $ active games and
D5. ZONES FOR . Block F Block o activities
TAANSPORT NEEDS . . .
Parking 3./ .. . \':
—— . 3 0 L . 05. ZONES FOR
e ) . ‘. . it TRANSPORT NEEDS
s ey e == e Parking
== ERlREEY 0 e Plek-up and drop-oft sress
05 o7 07 0s
06 —-
o, =] 07.MULTIFUNCTIONAL SITES
0. S*FE_" ZONES Venue for cultural and social events
Checkpoints Open stage or amphitheater

Exhibition argas

Figure 4 — Conceptual diagram No. 1 of the functional zoning of the school general plan (authors’ material)

The school territory plays a key role in creating a quality, comfortable and safe educational
space. When developing a general plan for the improvement of the school grounds, it is necessary to
follow the principles of sustainable architecture, which implies the formation of green spaces using
environmentally friendly materials. It is important to allocate on the school territory zones that
promote the all-round harmonious development of students, in addition to the main educational
process. These can be zones for self-education, sports and recreational areas, as well as various play
spaces for students of different age groups (Figure 5). It is also necessary to provide an area for
research activities which contributes to the comprehensive development of students.
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Middle and
High School
Block

%Sun SITES
SR EAEETERUNES Venue for cultural am‘] soeiaievanls

Checkpoints 0 o
o b

Junior School .'

Figure 5 — Conceptual diagram No. 2 of the functional zoning of the school general plan (authors’ material)

When designing the school grounds, it is important to ensure their safety. This can be
accomplished through proper landscaping that takes into account the architectural features of the
school and its surroundings. For example, the creation of a buffer zone separating the school territory
from outside buildings, using dense hedges of shrubs, serves as a fence and at the same time serves
as a noise barrier. In addition, the use of environmentally friendly materials such as paving tiles and
safe soft surfacing for playgrounds and sports fields not only creates a safe space, but also takes into
account environmental aspects, which is an important part of the general plan. Thus, through
thoughtful design and architectural solutions, it is possible to ensure high safety standards in the

school grounds as well as comfort for its users (Figure 6)

04. ECOLOGICAL AND

o : DUCATIONAL ZONES
‘03. RECREATION o

oA ‘School garden or
e e garden

Park area Botanical cormer

Alleys and sidewalks - Observation area

area tor walking

06. SAFETY ZONES A/ N

 Checkpoints

07.MULTIFUNCTIONAL SITES
Venuaforculmland suclalaumts

pen stage or ithea
E:thblﬁon am:sm

Figure 6 — Conceptual scheme No. 3 of functional zoning of the general plan of the school (authors’ material)
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5. CONCLUSIONS

The study of the world experience in designing school buildings allowed us to identify several
key trends in the transformation of architectural and planning solutions of modern schools.

1. The principle of block functional zoning, in which administrative, sports and leisure facilities
form an external block oriented towards the street, leaving in the depth of the site study areas for
different levels of education - junior, middle and high school. These blocks can be connected through
courtyards, warm or open passages, as well as common recreational spaces such as libraries, assembly
halls, design studios and workshops, which defines an integrated approach to the improvement of the
school grounds.

2. Creating a central creative space that plays an important role for both collective and
individual learning activities. The most common way of doing this is to use a hall layout, which
becomes an active learning space for students. This approach allows the space to be easily adapted to
future changes, using partitions, mobile furniture and mobile equipment.

3. The flexibility of the planning scheme, especially in the context of transforming individual
zones and blocks of the school into public socio-cultural facilities accessible to the local community,
represents an important aspect of modern approaches to the architecture of educational institutions.
Connections between different zones and blocks can be organized through courtyard recreations,
warm passages and information facilities such as a library. A combination of open and closed,
accessible and isolated spaces for play and learning activities is becoming characteristic of many
alternative schools abroad. This diversity promotes the free organization of students' learning and
leisure activities, which in turn fosters a sense of responsibility.

4. An important aspect is the application of new technologies, including energy-saving and
energy-efficient solutions, which not only can have a favorable impact on the economy, but also serve
as educational material for students and the entire local community.

5. Active implementation of green architecture principles, as well as integration of landscape
architecture elements into the design of the school grounds (depending on natural and climatic
conditions) can create additional opportunities for the educational process.

6. The informational content of recreational, communication and learning spaces, including
textures, colors and fonts, also has learning potential. Thoughtful interior design of school buildings
and facilities has a direct impact on students and community members, contributing to more effective
learning and interaction.

Thus, the general plan of modern schools is based on the principles of flexibility and
convenience, providing comfortable conditions for the educational process in new generation
buildings and facilities.
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Abstract: The article examines the relationship between architecture and cinema as
two different but complementary art forms that create spatial forms—real and virtual. An
analysis of buildings and films from 1960 to 2024 was conducted using Kazakhstani
objects as examples. The study was carried out taking into account social and cultural
changes in the country, as well as the transformation of artistic solutions and visualization
tools, in order to identify common points of contact. Significant architectural objects of
Kazakhstan— ‘Palace of the Republic’ (‘Lenin's Palace’) (1970), Palace of Independence
(2006), hotel ‘Kazakhstan’ (1977), and monument ‘Baiterek’ (2002)—were considered.
Stylistic features, semantic components, and cultural significance in the context of the
historical development of the country, along with spatial solutions, formed the basis of the
analysis for both architectural objects and films. In parallel with the architectural objects,
the development of Kazakhstani cinema was examined, from the first author's films,
‘Alpamys Goes to School’ (1978) to ‘Anel’ (2024). The visualization tools of Kazakhstani
directors have undergone a long evolutionary path: the frame space has increased, and
the aerial perspective has improved, allowing for the creation of deeper and more three-
dimensional images. Color and light became important elements of the narrative, carrying
meaning and increasing the emotional impact on the viewer. These changes have positively
influenced the creation of more expressive and rich images in both architecture and
cinema. The article addresses the tools of visualization and their evolution within the
framework of in-frame composition and artificially created reality. The role of the
architectural environment in the cinematographic one is analyzed, as the unique cultural
environment of Kazakhstan is being formed, which is reflected in the works of Kazakhstani
filmmakers.
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WELIIMIEPII TAJJIAY
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Xanbikapasbik 0i1iM 0epy koprioparusicel, 050043, Anmarsl, Kazakcran

Anparna. Maxanaoa coynem oHepi MeH KuHeMamozpagus apacblHOAzbl Kapbim-
KamulHAC KeHICMIKMIK opmanapovl Kalvlnmacmulpamsli eki mypni, Oipax Oip-0ipin
MONILIKMbIPAMbIH OHEep MYPI — HAKMbl HCIHE SUPMYANObl peminoe Kapacmulpulidobl.
Mbvican peminde Kazakcmaumowly HblcaHOapovl navoarana omouipuin, 1960-2024 sncvinoap
apanvlblHOAbl eumMapammap MeH @uibmoepee manoday Hcacaniovl. 3epmmey enoeci
aneymemmix Jicone MaldeHUu e32epicmepoli, COHOAU-AK KOPKeMOIK weuwimoep MeH
suzyanuzayusl Kypaioapvlh mypieHoipyoi eckepe omulpbin, opmak OAUIaHbIC HyKmenepiH
aHblKmay maxkcamelnoa oicypeizinoi. Kaszaxcmaunvly KepHekmi cayiem HblCAHOApbl
Kapacmuipwiiovl. Pecnyonuka capauivl (Jlenun capatint) (1970), Tayencizoix capativt (2006),
«Kazakcmany  xonax yui (1977), «batimepexy monymenmi (2002). Cmunvoix
epexulenikmep, CeMAHMUKAIbIK KOMHOHeHmmep, eniMizoiy mapuxu O0amy KOHmeKCiHOe2l
MAOEHU MIH, KeHICMIK wewimoepi cayiem HblcaHoapvl Yulin o0e, uibmoep YuiiH oe
mandayoely — He2izi  00n0bi.  Coyrem — HblcAHOApbIMeH — Kamap — Ka3aKCmAaHoblk
Kunemamoepaghusanwviy oamy npoyeci «Annamvic mekmenke oapaovly (1978 onc.) «Oueny
(2024) ammoer anzawkbl aémopivly @uivmoepine Oetiin 3epmmendi. Kazaxcmarnoulk
pedcuccepnepoiy  8U3YAIU3AYUSL KYpaioapvl 36010YUA0A Y3aK HCONOAH 6mmi: Kaop
Kenicmici Yneauovl, 2ye NePCneKMuBacvl MHCAKcapovl, OV MepeHipeK JicoHe Koaemoi
Oetinenepdi Jncacayea MymKiHOIK 6epoi. Tyc nen scapwix crodcemmi 6AsAHOAYObIH MAHBIZObL
onemenmmepi  0010bl, Ma&bIHAHLL Oepedi JicoHe KepepMmeHee IAMOYUOHANObL acepoi
Kyuweiimeoi. Byn eseepicmep caynem onepinde e, Kunemamoepagusaoa 0a mouepii api bati
Oetinenepliy Jcacanyvlna oy acepin mueizoi. Maxanada euzyanuzayusi Kypaioapvl MeH
011apObIH KAOp TWiHOe2i KOMNO3UYUSL MEH JHCACAHObL Mypoe JHCACANZAH ULIHObIKIbL KYPY
wenbepinoezi 38onoyuscsl Kapacmuipviiaovl. Cayiem opmacvlHbIH KUHeMamozpagusaoazul
peni manoanaowl, eumxeni Kazaxcmaumuwiy Oipeceti M20eHU OPMACHIHLIY KANbINMAC) bl
JACypin dncamolp, 011 KA3AKCMAHOBIK pexcuccepiepoiy enbekmepinoe Kopinic maoaowl.

Tyiiin co30ep: caynem, KuHemamoepagus, MaO0eHuem, eapvlil, U3yaIu3ayus,
KOMRO3UYUsl, A8aH2apo.
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HAVYHAA CTATBA

AHAJIN3 COBPEMEHHbBIX OBBbEMHO-
MMPOCTPAHCTBEHHBIX PEIIEHUI B APXUTEKTYPE U
KUHEMATOI'PA®E KASAXCTAHA

JI.A. Em0eprenoa™” ; A. T. Axmegosa ¥’ , E.M. CypoBa

MexyHapoiHoe oOpa3zoBatenbHas koprioparus, 050043, Anmarsl, Kazaxcran

AHHOTauusi: B cmamve paccmampusaemcs 63auUMoCei3b apXumekmypvl U
KuHemamozpaga Kak 08YX pa3HblX, HO 63AUMOOONONHAIWUX U008 UCKYCCMEa,
Gopmupylowux npocmpaHcmeenHvle @GopMvl — pedanvbHble U eupmyanvbHule. buln
npouseeden ananu3 30anuti u kunonewm c 1960 oo 2024 2o0a na npumepe KazaxcmaHcKux
06vekmos. Hccnedosanue npogeoeHo ¢ yuemom cOyuanbHbiX U KyJIbMypHblX UsMeHeHUll 8
cmpaHe, makxoice mMpancopmayuu  XyO0oHCeCmeeHHbIX peueHutl U UHCMPYMEHMO8
8U3YANU3AYUU, C YETbIO BbLABLEHUS 0OWUX MOYEK CONPUKOCHO8eHUs. Bvliu paccmompenul
3HaKosvle apxumexkmypHvle odvekmvl Kazaxcmana — «/[éopey Pecnybnruxu» («/{sopey
Jlenunay) (1970), sopey Hesasucumocmu (2006), cocmunuya «Kazaxcmany (1977),
monymeum «batimepexy (2002). Cmunucmuyeckue 0cobeHHOCMU, CEMAHMUYECKAS
COCMagnAwas, KyibmypHoe 3HaueHue 8 KOHMeKcnme UCmopuiecko2o paseumus Cmpambl,
U NPOCMPAHCMBEHHO20 peuleHus COCMAsUIU OCHOB8Y aHANU3A KAk 01 00beKmos
apxumexkmypul, max u 0na kuumonrewm. llapannenvno ¢ obvexmamu apxumexmypvl Obll
paccmompen  npoyecc pazeumusi Ka3axcmamckoeo KuHemamoepaga om  nepevix
asmopckux KapmuH, «Aanamvic udem 6 wkoayy (1978) 0o «Aunenvy (2024).
HUnempymenmol  guzyanuzayuu  Ka3axcmaumcKux — pelcuccepos  npouwiiu  00abuiou
960MIOYUOHHDILL NYMb. YEEIUYUTOCh NPOCMPAHCMBO KAOpa, VIYYUIULACL BO30VULHAS
nepcnekmusa, 4mo no3eonulo co30asams Oonee 2nyOoKue u 0OveMHble U300PAINCEHUS.
Llgem u ceem cmanu 8aMiCHbIMU dEMEHMAMU NOBECMBOBAHUS, HECYWUMU CMbICIO08)YIO
HA2py3Ky U YCUIUBAIOWUMU OMOYUOHANbHOe 6030elicmeue Ha 3pumens. [lanHvle
U3MeHeHUsl NOJIOJHCUMENbHO NOGNIUSAIU HA cO30aHUe bollee 8bIpa3UMeNbHbIX U HACHIUeHHBIX
006pa308 Kak 6 apxumexkmype, max u 6 KuHemamoepage. B cmamwve pazbuparomcs
UHCMPYMEHMbL BU3VATUZAYUU U UX IEONIOYUSL 8 PAMKAX NOCMPOEHUSI 8HYMPUKAOPOBOLL
KOMRO3uyuu U  UCKYCCMBEHHO  CO30aHHOU  pedalbHOCmuU. Ananusupyemcs poib
apxXumexkmypHol cpeobl 8 KUHeMamoz2paguueckou, max Kaxk npoucxooum ¢opmuposarue
VHUKANILHOU KYIbMYpHOU cpedvl Kazaxcmana, umo Haxooum ceoe ompadicerue 6 mpyoax
KA3AXCMAHCKUX PENCUCCEPO8.

KuroueBble cioBa: apxumexmypa, Kunemamozpag), Kyismypa, npoCmMpancmeo,
sU3YyanU3ayUsl, KOMNO3IUYUS, A8AH2APO.
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1 INTRODUCTION

Architecture and cinema are two fundamentally different but complementary art forms that create
a unique visual perception of the world. Architecture, being the most material and durable form of
creativity, embodies the ideas of society in space and time, creating an environment that reflects historical
and cultural processes. Cinema, on the contrary, is an art capable of capturing moments of life, conveying
emotions and thoughts, while remaining a flexible tool for expressing ideals and values. Modern
architecture in Kazakhstan is characterized by the expression of ideas of modernity, with measures being
taken to study and identify historically significant aspects in visualization. (Donchenko & Samoilov,
2020)

Kazakhstan, with its rich history and culture, is a good setting for exploring the dynamics of these
two art forms. Over the past 100 years, the country has gone through significant political, social, and
economic changes, which have been reflected in both the architectural environment and the development
of national cinema. Architectural designs have often combined elements of local traditions with the
predominance of architectural forms typical of Persian, Turkish, and Russian architecture, creating their
own unique style. (Abdrassilova et al., 2024)

In this article, we examine the development of architectural and cinematic objects in Kazakhstan
in order to analyze their path of development and influence on each other, to highlight common trends
and features of this interaction, and to identify key points that characterize the dynamics of change in
both art forms.

2 LITERATURE REVIEW

In preparing this article, various sources dedicated to different aspects of architecture and
cinematography in Kazakhstan during the Soviet and post-Soviet periods were used. These materials
provide a deeper understanding of the spatio-temporal characteristics, development dynamics, and
transformation of cultural codes, as well as the mutual influence of political and cultural factors on
architectural and cinematographic processes.

Research on Kazakhstan’s Soviet-era architecture is based on the works of several authors, notably
Posocco & Akhmedova (2020), Truspekova & Sharipova (2024), and Baidrahmanova (2024). These
authorsanalyze in detail how design and construction principles were formed, defining the stylistic
features of buildings and ensembles while emphasizing the monumentality and symbolism characteristic
of this period. Their research allows us to trace how architecture became an instrument for visualizing
the era and reflected the socio-political changes taking place in the country.

3 SOURCES AND METHODS

The study is based on a systematic approach: a system of comparative analysis of architecture and
cinema in Kazakhstan is proposed using key objects of art from its period, which represent the final level
of modern Kazakhstan. At the same time, the political and cultural causes for the emergence of certain
forms of key architectural objects in the cities of Kazakhstan — Almaty and Astana, as the two capitals of
the two republics — are considered. Volumetric and spatial figures in the geographical sense and the virtual
world of cinematography appear in a certain sequence. In the cinema of Kazakhstan during the Soviet
and independent periods, there is no concept of monumentality as it exists in the format of architecture.
Architecture and cinema create volumetric objects in their respective fields — if in architecture this
happens naturally, in cinema the volumes of space in intraframe composition became available only in
later times. Above all, depth composition in cinema manifested itself after the mastering of a number of
visualization tools. Certain political factors caused the development of the author's handwriting. The
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emergence and development of cinematography made it possible to see what was previously
unimaginable, and this radically changed the perception of the world. (Marusenkov, 2025)

4 FINDINGS AND DISCUSSIONS
4.1 Characteristics and Sequence of Formation of Modern Monumental Objects in
Independent Kazakhstan

The period of large-scale standardized construction of the country's territories coincides with the
initial stages of the formation of the creativity of Kazakhstani directors. New directions developed in the
conditions of the existing reality, relying on already existing solutions and models, which laid the
foundation for the structural composition of the entire architectural and construction complex. (Pisana
Posocco, Aizan Akhmedova, 2020) However, the era of the “thaw” is characterized by the emergence
of authorial approaches in both architecture and cinematography of the Kazakh SSR, which indicates the
desire for individualization and identity.

Architecture, as a science and practice of habitat formation, is inextricably linked to the changes
taking place in the socio-economic, cultural, and political spheres. Despite the systemic nature of design
and construction processes, researchers are constantly striving to predict certain trends in the
development of architecture. (Abdrasilova, Ayyhadieva, 2024) The Table 1 attempts to compare the

poetic development of architecture and cinematography in Kazakhstan.

Table 1

Analysis of stylistic and spatial solutions in the architecture and cinema of Kazakhstan in 1930-1960 based on the monograph
by K.I. Samoilov (Samoilov, 2004).

Architecture Direction Genergl . Direction Peculiarity

characteristics

1930s
Constructivism: The architecture is The film is | Early socialist
— utility; strict and rational. emotional,  with | realism,
— minimum decor; folkloric motifs. ethnographic
— focus on the future. cinema:
Simplified classics. — glorification

: of labor;

The image of — folk images.

the "new man"
Government House, | House of pra1.se.of Amangeldy, 1939
Almaty, 1931 Communications, soc1ahs_t

Almaty, 1934 construction.
:;A w —_—— i -
1940 — 1950
Stalinist Empire: Architecture  is Cinema is Socialist
— decorativeness; real construction. Idealization of mythologization, | realism of high
— imperial scale; reality ideological style:
— idealized facades. Emphasizing painting. — theatricality;
Change of priorities. the power of — monumental.
the state. of images.
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1960s

Opera and Ballet Academy of My dear doctor, Botagoz, 1958
Theatre, Almaty, 1941 Sciences, Almaty, 1957
1957

Mass construction, Architecture is Cinema is Poetic realism,
modernism: impersonal. individualized, humanism:
— simplicity; emotional — attention to
— minimalism. the inner world;
Neoclassicism. — local plots.
Hotel Alma-Ata, Cinema "Arman", Focus on the My name is Angel in a
Almaty, 1967 Almaty, 1968 person and Kozha, 1963 skullcap, 1969
freedom from ;
pathos.

The period of large-scale standardized construction of the country's territories coincides with the
initial stages of the formation of the creativity of Kazakhstani directors. New directions developed in the
conditions of the existing reality, relying on already existing solutions and models, which laid the
foundation for the structural composition of the entire architectural and construction complex. (Pisana
Posocco, Aizan Akhmedova, 2020) However, the era of the “thaw” is characterized by the emergence
of authorial approaches in both architecture and cinematography of the Kazakh SSR, which indicates the
desire for individualization and identity.

Architecture, as a science and practice of habitat formation, is inextricably linked to the changes
taking place in the socio-economic, cultural, and political spheres. Despite the systemic nature of design
and construction processes, researchers are constantly striving to predict certain trends in the
development of architecture. (Abdrasilova, Ayyhadieva, 2024)

Allusions and metaphors are frequent elements of both architecture and cinematography. The
facade of the Palace of the Republic, built in 1970 by architects Alle V.Y., Kim V.N., Ratushny Y.G.,
Ripinsky N.I., Sokolov A.G., and Ukhobotov L.L., is saturated with metaphors that have wide
geographical and temporal references, starting from the necropolises of Mangystau and ending with the
complex of administrative buildings in the city of Chandigarh. The forms of the Indian complex testify
to the continuity of ideas of the French Architect Le Corbusier, who revolutionized world architecture.

- monumentality: powerful and solid forms emphasize the importance of the destination as a
political and cultural center, while the scale of the building, with its large facades and colonnades, creates
a sense of grandeur and national importance;

- decoration: columns and arches create a sense of grandiosity, forming the strict lines of the
facades characteristic of classical architecture, which gives a traditional and imposing look, embodying
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stability and permanence. Spacious halls and staircases resemble palatial ensembles, maintaining the
status of art. Expensive materials—marble, mosaics, glass, and metal—give an imposing image.
Ornaments and decorative elements reflecting the cultural heritage of Kazakhstan emphasize the national
identity of the building.

- spatial considerations: Like many buildings of the period, the Palace is symmetrical in its shape
and has an imposing facade. Inside, the building is characterized by open spaces, wide staircases, and
halls, which emphasize the idea of openness to the people and the importance of cultural events. The
ambition is for the building to serve not only an administrative function but also a cultural function.

The Palace of the Republic (1970), an embodiment of the symbols of power and cultural heritage
of the Kazakh SSR, is a majestic structure combining traditional and modern elements of architecture. In
2006, the Palace of Independence was built in the capital to become an image-building and a symbol of
the new status of the country. This and other iconic buildings are symbols of independence as a desire to
find its own self through the spatial image of architectural solutions. Almaty has developed a unique
urban environment, humanistic in its essence, in which the natural environment, the scale of human
needs, and pedestrian accessibility, which reconciled many banal architectural solutions, played a
significant role and influence. (Akhmedova et al., 2022).

Table 2
Analysis of stylistic and spatial solutions in the architecture and cinema of Kazakhstan in 1970-1991 based on the monograph
by K.I. Samoilov (Samoilov, 2004).

Architecture Direction Gener?ll . Direction Peculiarity
characteristics
1970 — 1980
Soviet modernism, The architecture The cinema is Historical and
brutalism: is inaccessible. warmer and closer | philosophical
— scale; to the national cinema:
— expressive forms. culture. — symbolism;
Industrial direction. — visual
poetics.
Palace of the Republic, House of Space as a Kyz Jibek, 1972 The End of
Almaty, 1970 Friendship, Metaphor Ataman, 1973
Almaty, 1972 Artistic : B
Experiments
R
1980 — 1991
Postmodernism Architecture: Cinema: non- The author
. . . The space loses . . .
manifests itself in bolder forms, . . linear editing, gains greater
. its function as a .
specific places. postmodern « urban poetics, freedom. The
. . showcase of the .
There is a lot of eclecticism v visual metaphors. | space becomes
. . state” and .
modernist heritage. The metaphorical:
. becomes
space is often svehological the subway,
functional. psy sical, courtyards,
metaphorical, or .
.\ voids, steppes —
transitional (a .
space of as a reflection
P of the internal

28



QazBSQA Xa6apumbicel. Nel (95), 2025. Cayner

breakdown, state of the
disintegration). characters.
Hotel Kazakhstan, Hardware and July, 1988 Kairat, 1991
Almaty 1977 studio complex,
Almaty, 1983 LLnnbpe
DapexaH
Omup6aes

Independence Palace incorporates allusions to the pyramids of Egypt and the Louvre, seamlessly
combining historical and modern architectural motifs. The similarity is due to the architect's desire to use
universal symbols of grandeur and stability, as well as to follow modern trends in architecture aimed at
integrating historical and cultural elements into new projects. The construction of a new capital based on
the established environment of a provincial city has created a number of complexities affecting the
functional-planning framework of urban development, the features of the architectural image of the city,
and the qualities of its perception. (Kiseleva et al., 2024)

- monumentality: the monumentality of the building, characteristic of the Soviet period, is absent.
The massive base, which tapers to the top, should create a sense of lightness and upward aspiration,
symbolizing the dynamic development of the country;

- decoration: the massiveness of the building is softened by the choice of materials - glass and
metal - which give the building a modern look and provide optimal lighting for the interior spaces.
Granite and marble bring national accents and emphasize the connection with tradition, enriching the
architectural ensemble with a cultural and historical context. The use of a truncated pyramid as a building
form emphasizes the connection between past and present, culture and progress.

- spatial considerations: its monumentality and imposing size emphasize the significance of this
structure as the center of the cultural and social life of the country. This architectural approach is designed
to highlight the stability and power of the state, evoking a sense of admiration and trust in visitors and
spectators.

A comparative analysis of the two palaces reveals that each of the buildings serves as an
embodiment of its own era and current public demands. The monumentality of the buildings is preserved
due to their scale, but the choice of materials and forms transforms their semiotic meaning. Both palaces
play significant roles in the cultural and social life of Kazakhstan, reflecting different stages of its
historical development. The Palace in Almaty is associated with Soviet heritage and cultural traditions,
while the Palace in Astana symbolizes the country's independence, modernization processes, and
international ambitions. Today, there is widespread talk about the need to maintain the country's culture
and to improve the quality of architecture in the city; it is necessary to restore the organs of architecture
locally. (Rustembekov, Kapanov, 2005)

The versatility of Kazakhstan's cultural heritage is manifested in various significant buildings in
the country. The Kazakhstan Hotel, erected in 1977 by Soviet architects Y.G. Ratushny, L.L. Ukhobotov,
and A.K. Deyev, is an important example of late Soviet modernism in the country. The architecture of
the building reflects the characteristic features of this trend, such as laconic forms, functionality, and the
introduction of advanced construction technologies. The modernist style is expressed through the
following key elements:

- monumentality: the composition is based on clear geometric shapes and planes, with massive
vertical and horizontal lines adding expressiveness, creating a contrast with the facade elements that
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break the vertical plane. Large glass panels add an element of airiness, forming a harmonious
combination of heaviness and lightness.

- decoration: the varying heights of the floors and balconies give the facade dynamism and
plasticity, while the extensive glazed surfaces provide sufficient natural light to the interior spaces. The
crown on the facade of the hotel, symbolizing respect for peasant labor, is made in the form of a
monument to a sheaf of wheat, representing fertility and prosperity. This element, made of massive metal
plates, is directed vertically, emphasizing the upward movement of the observer's gaze;

- spatial considerations: the rectangular shape of the building with a vertical orientation
emphasizes the upward thrust, creating the illusion of lightness in the structure, despite its considerable
size. This solution avoids the visual weighting of the volume, which could arise from the use of parallel
straight lines that would contradict the concept of a dynamic and modern image.

The monumentality and scale of the building emphasize the ideas of prosperity and progress of the
socialist republic, illustrating the achievements of the Soviet construction industry. The vertical axis cuts
through the urban space, giving the building dynamics, and the pointed “crown” completes this
composition. The height of the hotel building reaches 102 meters, testifying to the triumph in construction
technology of its time. As a modern symbol of progress and integration into the world community, we
can consider the building “Baiterek™ (2002) in the city of Astana, which is 97 meters high and has become
a dominant feature of the urban landscape. New technologies influence the figurative expression of
traditional objects and the creation of non-linear forms in architecture. (Truspekova, Sharipova, 2024)

- monumentality: significant scale, profound symbolism, historical significance, and innovative
technical solutions. Vertical lines, gradually narrowing towards the middle and expanding towards the
top, give the building a sense of dynamism and upward aspiration. The golden sphere, 22 meters in
diameter, adds massiveness, simultaneously acting as a central compositional and semantic dominant
symbolizing the harmony of the past, present, and future.

- decoration: modern materials such as glass and metal are the basis of the building, ensuring the
durability of the structure. The shape of Baiterek harmonizes with the surrounding space, adding elegance
and grace to the city, while glass structures reflect the sky, giving lightness to the massive building. The
exterior of the complex, with its upward-pointing lines and golden sphere, symbolizes the pursuit of
progress and harmony. The interior space is filled with elements symbolizing the unity of nature and
man, the past and the future. The décor includes traditional ornaments and motifs that echo national
identity, creating an atmosphere that inspires reflection on cultural roots and future development.

- spatial considerations: The spatial solution of the building is based on its outstanding verticality,
which emphasizes its dominant role in the urban landscape of the city. The tall trunk ofthe tower pointing
upwards symbolizes the aspiration for development and progress, visually distinguishing the complex
among the surrounding buildings. The vertical composition of the building creates a powerful accent that
attracts attention and forms a visual dominant in the panorama of the city. Thanks to its height and unique
silhouette, it becomes a landmark that connects different parts of the urban space and organizes traffic
around it.

The Kazakhstan Hotel in Almaty and the Baiterek complex in Astana are iconic sites reflecting
different historical periods of Kazakhstan. The Kazakhstan Hotel, created during the Soviet Union,
embodies the principles of functionalism, aesthetics, and technical progress, remaining an important
monument of architectural heritage and an example of effective interaction between architecture and
public space. The Baiterek complex in Astana, on the other hand, symbolizes the independent
development and new horizons of Kazakhstan, combining modern design solutions with national
traditions. These two buildings demonstrate how the era dictates the rules, defining architectural styles
and approaches to construction.
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Table 3

Analysis of stylistic and spatial solutions in the architecture and cinema of Kazakhstan in 1990-2025 based on the monograph

by K.I. Samoilov (Samoilov, 2004).

Architecture Direction Generfnll . Direction Peculiarity
characteristics
1990 — 2000
The transition from Architecture is The emergence of | Finding your
Soviet architecture to more oriented the first own voice in
the first projects towards the independent the context of
reflecting new realities. creation of new Kazakh films. independence.
Construction of state symbols. Attempts to find
administrative buildings, identity, focus on
the first major historical and
residential and cultural themes.
commercial growth. Focus on
national
Central Mosque, Cinema City expression and | Cardiogram, 1995 Abai, 1995
Almaty, 1999 Club, Astana, cultural heritage. . . i
1999
2000 — 2010

Postmodernism,
eclecticism, beginnings
of futurism, integration
of traditional elements
into modern buildings.
Active construction in

Astana

In architecture,
the emphasis is on
monumentality
and scale.

The desire to
combine
national motifs

Baiterek, Astana, 2002

Palace of Peace

with modern

The emergence of
major Kazakh
films,
participation in
international film
festivals.
Popularization of
Kazakh cinema.

More focus on
drama and local
stories.

Nomad, 2005

Kelin, 2009

and trends in both
Reconciliation, cinema and
Astana, 2006 architecture.
A
5 . W
2010 — 2025
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Modern architecture, Architecture is
high-tech, futurism, eco- | oriented towards
design. physical reality
and long-term
projects. Active use of
modern
technologies.
Triumphal Arch, Astana, Dostyk Plaza, International Lessons of Poet, 2022
2011 Almaty, 2014 interaction. Harmony, 2012
Response to LECONS
global D’HARMONIE
challenges and
trends.

The experimental and demonstrative character of the Apparatus-Studio Complex (1983) testifies to its
high artistic, aesthetic, and engineering capabilities. The traditions of the East in modern architecture
were reflected by Korzhempo A.I., Pnin V.L., and Ezau N.V. The fully glazed facade of the building, the
minimalism of decorative elements, and the powerful semantic load—all of this creates a feeling of
human entrance into the bright, shining space of the sky. The architectural concept is based on the idea
that television reflects our reality. Therefore, we needed a concept that could simultaneously reproduce
this reality and demonstrate its multivalence.

- monumentality: the complex is manifested through a significant spatial arrangement, the
presence of wide facades, and the use of powertful cladding slabs. A peculiarity is the angled position of
the cladding slabs, which allows them to reflect different states of the sky - sunrises, sunsets, and
thunderclouds, creating a dynamic play of light and shadow. This technique gives the building majesty
and emphasizes its unique architectural identity.

- decoration: modern materials such as glass, metal, and natural stones provide the perception of
durability and reliability of the structure. The unique shape of the roof, designed unconventionally,
emphasizes the architectural grandeur of the building. Decorative elements in the form of stalactites,
characteristic of the interior decoration of traditional Islamic buildings, are taken outside and made in the
form of an “accordion” of mirrored glass, which further enhances the expressiveness of the facade.

- spatial considerations: the clearly defined vertical guideline and the dominant horizontal
structure, made with modern materials, give the facade a lightness different from the massive walls of
previous buildings made of marble or granite. Despite this, the building retains its stateliness and
grandeur. Its size emphasizes the gravity and monumentality, making the building a logical conclusion
and semantic dominant in the architectural ensemble of the avenue.

The TV Tower in Almaty is not only a technical marvel of its time, but also an important cultural
and historical monument. Its architectonic code reflects the principles of functionalism and
constructivism, as well as unique engineering solutions necessary for operation in extreme natural
conditions. The tower remains a symbol of progress and sustainability, recalling times of great
accomplishments and hope for the future. Today, as a symbol of progress and stability, we can talk about
the building of the business center “Nurly Tau” (2006), the author of which is Tokhtar Yeraliev. the
brightest representative of the high-tech style in the city, the massiveness and materials act as Western
symbols of freedom, stability and victory over the regime, leaving ambiguous questions.

- monumental: despite the large-scale spatial arrangement, it is not difficult to identify the vertical
as the predominant direction of the view. The facade plane consists of a large number of breaks in the
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facade and roof of the building, which complicates the perception of the building's integrity, as do the
glass facades reflecting the sky;

- decoration: the building's fully glazed facades embody the Western symbol of freedom, while
the broken roof lines of the buildings are associated with the peaks of the Zailiyskiy Alatau mountains,
echoing the motifs of many author's projects of the Soviet period in the city. The visual concept of the
building combines geographical features of the area and modern architectural trends;

- spatial considerations: vertical accents give the building a dynamic upward growth, while the
glass surfaces of the facade reflecting the sky visually lighten the volume of the building, preserving its
impressive size, but giving it a less massive and more accessible appearance.

The architectural appearance of the Nurly Tau building remains ambiguous: its scale and modern
design meet current social requirements, but the choice of glass and the shape of the building raise doubts
about its harmony with the surrounding development. At the same time, a large-scale building with
extensive glass surfaces on the facade, like the Apparatus Studio Complex, looks modern and harmonious
in the context of the overall ensemble, giving it a more representative appearance.

4.2 Formation of spatial model in modern cinematography of Kazakhstan

The development of the national cinematography and the creation of new films coexist in the
creative industries of Kazakhstan with a stable public interest in the Soviet cultural heritage. (Ippolitov,
2023)

The current state of architectural unity of Kazakhstan's cities calls into question the aspiration of
modern architects to search for originality and national identity. Many ensembles and individual objects
are perceived as borrowings or adaptations of samples of world architecture, which raises doubts about
their originality and authenticity. However, it is worth noting that the modern world is expressed not only
through architecture, but also through other forms of visual art, including cinema. Drawing analogies
between Kazakhstan's architectural landscape, especially in the cities of Almaty and Astana, and its
cinematography, one can identify certain parallels and points of contact. Any visual work of art requires
any considerations of an edifying nature. (Kracauer, 2024) Like architecture, national cinematography
has long been developing under conditions of familiarization with the field of activity and mastering the
tools. One of the first films that stands out for its authorial approach in the history of Kazakh
cinematography is “Alpamys Goes to School” (1978), directed by Abdulla Karsakbayev.

The “Alpamys Goes to School” film stands out for its bright national flavor, which is manifested
through the semiotic division of space into Soviet and national.

This dualism is expressed in the images of the protagonist Alpamys, who becomes a link between
the two worlds.National symbolism is present in almost all scenes and shots, but the compositional
structure of the film does not emphasize the issues of designing the play space as an element of non-
verbal narrative. Nevertheless, compared to the first works in the field of national cinema, there is a
significant development in the work with the object-spatial environment and camerawork techniques, the
filmmakers began to experiment more actively with visual means of expression - all this is the influence
of the works of the avant-gardists.

Almost 10 years later, Darezhan Omirbayev presents his film “Shilde” (1988), where the shots are
arranged in such a way that architectural and natural elements become an integral part of the narrative.

In this work, the influence of avant-garde ideas is noticeable: the composition of the frame serves
as an independent element of the narrative, the lines extending beyond the frame boundaries create a
sense of depth and airy perspective, and the locations themselves acquire a semantic character. In
Omirbaev D.'s subsequent films - “Kairat” (1992) and “Cardiogram” (1995) - the director continued to
develop a unique approach to the creation of play spaces, actively using light, shadows and contrasts to
convey both personal experiences and public moods, preserving the core of the conflict - two mentally
opposed worlds.Big and small worlds, the authentic atmosphere of the Kazakh people and the Soviet
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atmosphere of the urban dweller. In Figure 1 we have highlighted the main stylistic features of different
periods and indicated how architecture and cinema developed from 1930 to 1991 (fig.1). This period is
most clearly defined in style.

There are many directors working in independent Kazakhstan whose works have received
recognition from the international community and awards at various competitions and festivals. One of
the brightest representatives of the new generation is Emir Baigazin, who pays special attention to space,
rather than the subject environment. His trilogy, consisting of the films Harmony Lessons (2013),
Wounded Angel (2016) and River (2018), is characterized by an acute social focus and artistic
minimalism. The director's main tools are working with the camera, light, contrasts and spatial forms,
thanks to which semiotically rich shots are created.

In 2021, Darezhan Omirbayev releases the film "The Poet", continuing to explore the theme of
dualism expressed in the conflict of two worlds. The visual component of the film has undergone
significant changes: the camera work has become more dynamic, top views have appeared, creating a
sense of the "eye of God". The director maintains an interest in the interior, where every detail, including
the lines and planes of windows and walls, contributes to the formation of an aerial perspective in the
frame. The contrast between urban and rural locations is emphasized by the extensive use of a wide-angle
camera, allowing you to capture the endless steppes, and close-ups of the actors enhance the atmosphere
of the scene. Symmetrical construction of frames also plays an important role in creating an artistic
image.
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Figure 1 — Graph of the development of architecture and cinematography in Kazakhstan from 1930 to
1991.
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In 2022, Akan Satayev presented his vision of life in the 16th-century steppe in his film Dawn of
the Great Steppe. The use of a wide-format camera enhances the impression of the vastness of the steppe,
and the clear horizontal of the landscape is only occasionally broken by the vertical of the yurts. Shots
shot indoors create a sense of limited and closed space. For comparison, in 2005, Sergei Bodrov released
the film Nomad, which has similar dynamics to Satayev’s film, but has significant differences in the
approach to working with the camera and the spatial environment. Unlike Dawn of the Great Steppe,
Nomad does not convey the grandeur of the steppe and the contrast between open and closed spaces so
vividly. In his work on Dawn of the Great Steppe, Akan Satayev used the teal & orange technique,
popular among Hollywood directors, based on the complementarity of colors in the frame, which gave
the film additional dynamics.

Akan Satayev actively uses color and wide-format surfaces as means of visual expression in his
works. In recent adaptations of female characters, such as “She” (2017), “Tomiris” (2019) and “Anel”
(2024), these tools play a key role in creating contrast. Warm tones and panoramic shots taken with a
wide-format camera create a sense of comfort, while cool shades and close-up shots enhance the
emotional tension of the characters. In addition to experimenting with color and space, Satayev also
explores the images of characters, often making women the central figures of his films. The heroines are
placed in various spatial models that, through non-verbal means, contribute to the development of the
plot and the creation of tension.

Modern directing has made significant progress in terms of visualizing the intra-frame composition
compared to the beginning of its path. Particular attention is paid to working with the camera that captures
the final composition: its angle becomes an integral element of the director's concept. Large planes with
clear shapes and many guiding lines dividing the space play an important role. The subject-spatial
environment turns into an active participant in the narrative, becoming a full-fledged narrator, and not
just a part of the composition. The language of modern Kazakhstani cinema is in a state of constant
development. Based on the author's techniques of frame composition, directors introduce new solutions
that combine traditional approaches with modern trends, which allows them to meet current aesthetic
requirements and social demands of society.

Astana - a symbol
of the new state %
Influence of the
East and the West

. Questions

Symbolism Appeared Q;C) of Personality
Space Became a Metaphor From Realism
4{) to Poeticism

Identity as a Focus:
Who Are We Now?

Modern
Kazakhstan -
Visual Brand

Figure 2 — Formation of a new image in matters of visualization of the space of Kazakhstan.

Contemporary social moods are invariably reflected in art, which in turn has a significant impact
on the individual. Architecture acts as a mirror of collective self-awareness, conveying society's ideas
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about beauty and harmony. In feature films, space, presented through the subject-spatial environment,
forms a unique visual language of the film, conveying emotional states and deep meanings. Thus, art and
architecture not only respond to social changes, but are also capable of shaping worldviews and values,
influencing the perception of reality. The interaction between architecture and cinema in Kazakhstan
occurs within the framework of their mutual influence, which is reflected in the dynamics of public
consciousness and the broader cultural context (fig.2).

The development of cinematography and architecture in Kazakhstan is a process closely linked to
historical, social and cultural changes in society. Cinematography began to develop in parallel with
architecture, adapting to the current stylistic and thematic demands of the time. Modern directors and
architects strive for individual solutions, experimenting with form, space and color palette, which allows
them to create works with deep meaning and emotional impact. The interaction of architecture and
cinematography in Kazakhstan occurs in the context of their mutual influence, which is reflected in the
dynamics of public consciousness and cultural context.

5 CONCLUSIONS

Modern film directing has made significant advancements in the visualization of in-frame
composition compared to its early stages. Particular attention is given to camera work, which captures
the final composition—its angle becoming an integral element of the director’s vision. Large planes with
distinct shapes and multiple guiding lines that divide the space play a crucial role in shaping the visual
narrative. The material and spatial environment transforms into an active participant in storytelling,
functioning as a full-fledged narrator rather than merely a compositional element.

The language of contemporary Kazakhstani cinema is in a constant state of evolution. Building on
the principles of frame composition, directors incorporate innovative solutions that blend traditional
approaches with modern trends. This synthesis allows them to meet current aesthetic demands and
respond to the evolving social expectations of society.

Contemporary social sentiments are inevitably reflected in art, which, in turn, exerts a profound
influence on the individual. Architecture serves as a mirror of collective self-awareness, conveying
society’s perceptions of beauty and harmony. In narrative cinema, space—presented through the material
and spatial environment—shapes the film’s unique visual language, conveying emotional states and
deeper meanings. Thus, both art and architecture not only respond to societal changes but also have the
capacity to shape worldviews and values, influencing the perception of reality.

The development of cinema and architecture in Kazakhstan is a process closely intertwined with
the historical, social, and cultural transformations of society. Cinema began to take shape alongside
architecture, adapting to the stylistic and thematic demands of its time. Contemporary filmmakers and
architects strive for individualized approaches, experimenting with form, space, and color palettes,
allowing them to create works with profound meaning and emotional impact.
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Abstract. At the present stage, there are very complex modern requirements for the
architectural and artistic structure of the museum, concerning the implementation of
educational and educational functions through the improvement of museum exhibitions.
A new approach to the solution of the exposition of museum exhibition equipment is
based on the creation of a single emotional and imaginative artistic ensemble, which is
considered as an artistic work in the field of exposition design. Conducting research on
the artistic and compositional foundations of museum exhibition equipment, the lack of
a holistic scientific theory of exposure, the lack of research on the art history and theory
of the museum exposition as a whole, the lack of fundamentals of the artistic structure
of the exposition in its current state, which significantly complicates the work on
studying the multifunctional aspects of museum equipment. In this regard, the research
work was based on direct questions of attitude to common equipment from the problems
of the exposition. Many aspects that perform a direct and additional structural function
of museum equipment are considered, the basics of the relationship between the
exposition and architecture and equipment are determined, and the main features of the
tasks of the exposition equipment as a system-forming and constructive component
influencing the formation of the socio-cultural environment in local history museums
are determined. In this scientific work, in addition to identifying the main problems of
the artistic structure and the process of forming exhibition equipment in museums, the
design solution and architectural structure are also determined. The study and
presentation of these issues in scientific circulation is currently becoming increasingly
relevant.

Keywords: museum, artistic structure, design, exhibition, architecture, exposition,
composition.
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MYPAKANJIAPIAFBI KOPME JKABJIBIKTAPBIHBIH
KOPKEMJIIK KYPLLJILIMBI MEH KAJIBIITACY YJEPICI
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Anparna. Kazipei xezeHOe mypasxcaul 3KCHO3UYUSNAPBIH HCEMIiNOIpy apKblibl
Oinim bepy dHcone mapoue PyHKYUANapvit Hcyzeze acvblpy2a KamulCmbl, MYPaXCatiObly
cay1emmik-KOpKeMOIK KYpblIbLMbIHA KOUbLIAMbIH 3aMAHAYU 6me Kypoeli mananmap
myviHoayoa. Mypaosicail kopme HabObIKMAapblHblY IKCHOSUYUSACLIH UeUYOIH HCana
macini oipmymac SMOYUsIbIK-Oelineni KepKkem aHcamoOnvoi Kypyea Hezizoeneodi, o
IKCHOZUYUANLIK OU3AUH CALACLIHOAZbI KOPKEM MYbIHObl PemiHoe Kapacmbipblidobl.
Mypaoicaii kepme #abObIKMAPLIHLIY KOPKEMOIK-KOMNOIUYUSILIK He2i30epi mypaiivl
3epmmeyoi KHcypeizyze, IKCHOHAMMmMAayObly MYMAC bLILIMU MEOPUSACHIHbIH HCOKMbIEH,
HCANNBL MYPaAHCALl IKCNOZUYUACBIHBIY, KOPKEMOIK Mapuxvl MeH meopusicbl O0UubIHULA
3epmmeynepoiy a30vlavl, IKCNOSUYUAHLIY KOPKEMOIK KYPbLIbLMbIHbIY Ka3Iipel dcati-
KyUtinOe  Heciz0epiHiy  Ooimayvl,  My3ell  HCAOObIEbIHLIY — KONDYHKYUOHALOLL
acnekminepin 3epmmey JHCOHIHOe2l HCYMblcmbl OapblHWaA KublHOamaowl. Ocviean
Oatlnansbicmovl IKCNOZUYUAHBIY NPOOIEMANAPLIHAH HCATNbL HCADOLIKKA KAMbIHACbL
mikeneu Macenenepi  3epmmey  JHCYMbICIHOA — Hezizee  anblHObl.  Mypaoicati
HCabOLIKMApPLIHA MiIKeNell HCoHe KOCbIMUIA KYPbLIbIMObIK Kbl3Mem amKapamvit
Kenmez2eH acnekmiiep Kapacmulpolibin, IKCHO3UYUSL  MEH  CIVllem  JiCIHe
AHCAOOLIKMAapObly  63apa  OQAUIAHBICLIHLIY — He2i30epl  JiCoHe  MAPUXU-OIKemAaHy
Mys3ellnepinoezi a1eymMemmik-maoeHu OpMacbiibly KAIbINMACYbIHA dCep ememiH JHcylie
KYpayuibl Jcane KOHCMpPYKMuUemi KOMIOHEHM peminde2i IKCHO3UYUANBIK HcADObIKMbIH
amkapamulH MiHOemmepiHiy Hecizel bencinepi aukblHOanI0bl. byn 2vinvimu scymvicma
MYpasicainapoazvl Kepme iHadoblKmMapblHblY KOPKEMOIK KYPbliblMbl MEH KalbINMAacy
yoepiciniy Hecizei  Macelelepin amblKmaymeHn Kamap, OU3AUHObIK wlewimi MeH
cayIemmiK KYpoliblMbl 04 aUKbiHOANaovl. Amanean macenenepoi 3epmmen, &bliblMu
QUHABLIMRA YCOIHY KA3ipel mayoa e3eKminicin apmmulpa myceoi.

Tyiiin ce3nep: mypaosicail, KOpKeMOiK KYpblIblM, OU3ALH, KOpMe, CIVilenm OHepi,
9KCNO3UYUSL, KOMNOZUYUSL.
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XYIAOXKECTBEHHAA CTPYKTYPA U ITPOLUECC

OOPMUPOBAHUSA BBICTABOYHOI'O ObOPY/IOBAHUA B

MY3EAX
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AnHOTauMsl. Ha coepemenHoM smane GOZHUKAIOM OUEHb  CILONCHbLLE
cospemenHble mpeDOo8aHUsI K apXUmeKmypHO-XYy00HCECMBEHHOL CMPYKmMype My3es,
Kacaowuecs peamusayuu  00pa308amMenbHbIX U BOCHUMAMENbHbIX  QYHKYULL
NOCPeOCmBOM COBEPULEHCIBOBAHUSL MY3eUHbIX dKcnosuyutl. Hoevlili nooxod K
PeweHuI0 dIKCROZUYUL MY3eliHO20 BbICHABOYHO20 000PYO0BAHUL OCHOBLIBAENICS HA
co30anuy  e0UH020  IMOYUOHALHO-00PAZHO20 — XYOOHCECMBEHHO20 — aAHCAMONA,
KOMOPblll  PACCMAMPUBAEMCS KAK XYO0XHCeCmEeHHoe NnpoussedeHue 6 oonacmu
9KCHO3UYUOHHO20  Ou3atina.  Ilposedenue  uccnedosanuti  Xy00rHCeCMBEHHO-
KOMNO3UYUOHHBIX OCHO8 MY3€UHO020 BbICHABOYHO20 000PYOO0BAHUS, OMCYMCMEUe
YeNOCMHOU HAYYHOU Meopuu 3KCHOHUPOBAHUS, OMCYMCMEUe UCCLe008AHUL NO
XY002HCECMBEHHOU UCTOPUU U MeOPUU MY3EUHOU IKCROZUYUL 8 YELOM, OMCYMCMaue
OCHOB X)00HCeCMBEHHOU CIMPYKMYPbL IKCNOZUYUU 8 e€ COBPEMEHHOM COCMOAHUU, YMO
3HAYUMENLHO YCIIOJCHAem pabomy No U3y4eHuio MHO20QYHKYUOHATbHBIX ACNEeKMO8
My3etinoco 0bopyoosanus. B cesazu ¢ smum 6 ucciedosamenvckou pabome Ovliu
8351Mbl 3 OCHOBY NpSAMble BONPOCHL OMHOWEHU K 00ujemy 000py0osanuio u3
npobnem  skcnosuyuu.  Paccmompenwvi  MHocue  acnexkmovl,  8bINOAHANOWUE
HEeNnoCcpeoCmeeHnyl0 U  OONOIHUMENbHYIO  CIPYKMYPHYIO  (OYHKYUIO — MY3etiHO020
000pY008aHUs, ONpedeleHbl OCHOBbL B3AUMOCEA3U IKCNOZUYUU U APXUMEKMYPbl U
000py006aHUSL U OCHOBHBIE UYepmbl 3A0ay IKCHOZUYUOHHO20 000pYO008aAHUSL KAK
cucmemoobpaszyioujeco U - KOHCMPYKMUBHO20 — KOMNOHEHMA, — GIUAWe20 Ha
Gopmuposanue coOyuoKyIbmMypHOU Cpedbl 8 UCMOPUKO-Kpaeseoyeckux mysesx. B
OAHHOU HAYYHOU pabome, NOMUMO 8bIA6LEHUSI OCHOBHBIX NPOOLEM XY 00ACECBEHHO2O
cmpoenust u npoyecca QopMupo8aHusi 8bICMABOUHO20 000PYO0SAHUsL 8 MY3esX,
ONpeOensitomcs makKce NPOeKMHOe peuleHue U apxXumexkmypHas CmpyKmypa.
H3yuenue u npeocmasienue OAHHbIX 80NPOCO8 8 HAYUHBIU 0OOPOM 8 HACMOosujee
8pemsi npuobpemaem 6ce 6OILULYIO AKMYATbHOCHID.
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XKanns! my3eiiTanya KaapInTaCKaH FBUIBIMH TYXKBIPbIMIApFa CYHEHCEK, aTKapaThiH KOFaMIbIK
GbyHKIMsUIIapblHA Kapail Mys3ei, oJIeyMeTTIK HHCTUTYT pPeTiHAe — QJNCYMETTIK-MOIEHH OpPTaHbIH
KaJbIITaCyblHA oCEp €TeTIH IKYHe Kypayllbl J>oHE KOHCTPYKTUBTI KOMIIOHEHT pETIHJE
KapacThIpbIIAIbl.  OJEYMETTIK-CasiCh  JKOHE OKOHOMHKAJBIK  (akTopiap  Mypakaiimapra
KOJIJAHBICTAFBl TYKBIPBIMIaMANIap bl KaiiTa Kapay jKoHe KbI3METTIH OapIIbIK jKYyHeciH e3repTy, KaHa
uaessIapabl, OUTiM MEH TEXHOJIOTHSUIIAP/bl KAIBINTACTHIPY KQKETTUIINH TybIHIATa (bl MypaxaiiIbiH
KepMe KbI3METi OyJI Karnaiia MypakaiIplH SKOHOMHKAJIBIK THIMAUIINT MEH OHBIH Y3aK Mep3imMai
JaMybIH KaMTaMachl3 €TETiH OapiblK Mypakail (pyHKIMSIapBIH JKY3€re achlpyFa BIKHAJ €TeTiH
KYMBICTBIH MaHbBI3IbI OarbIThl OONBIN TaObUTa bl Kepmenep apKpUIbl Mypaskailiap aKmapaTThIK-
KOMMYHUKAIMSIIBIK JKYHE PEeTIHIE MYpPaKaiIblH TYPAKTBUIBIFBIH CAKTall OTBIPHIM, OJIEYMETTIK
TaICBIPBICKA JKEIEI XKayar Oepe amabl.

Kazipri 3amanrbl Kepmenepae Mypaxkail KOJUICKIUSUIAPBIH >KApUsJIayMEH IIeKTeIMEN I,
COHBIMEH Karap KaJlaHBIH, aiMaKTBIH, €JJIiH MOJIEHU MYPACHIHBIH OapIibIK CIIEKTPIH YCHIHAIHI.
MypaxkaliIblH KopMe KEHICTIrl OHIpAIH KOMMYHHMKATHBTIK aJlaHbl, OHIPIIK OlperenikTi
KaJBIITACTBIPy JKOHE MOJCHM JOCTYpIEpi KallblHA KENTIpy Kypajbl PETiHAE OpEeKeT eTell.
Mypaxail kepMmeci KepMere KO IIeKapachblHaH OTil, KOHIENTyaJlJbl HaesIapAbl, KOpKEeMIIK
WHHOBAIMSUTAP/BI, OJIEYMETTIK MaHBI3bl Oap akmusapael, OuUtiM Oepy >KOHE OWBIH-CaybIK ic-
mapajiapelH YIUIECTIpE OTBIPBHITN, OJEYMETTIK-MOACHH ko0a peTiHae mnakga Oonamel. Kepme
YKYMBICBIHBIH HET13T1 OaFbITHl My3€il KOp KOJUICKIMSACHIHIAFbI MAaTePHAIIIBIK J)KOHE PYyXaHH MOJICHUET
3aTTapblH KCIIO3UIHsIIAyFa OaFbITTaJFaH.

Mypaxail skcnozunuscbiH 3eprreymi T.II. Kamyruna skcno3unusinbl KypynblH —Kejeci
Typiepid ym Tomnka Oeineni: «IIpobmemMansik TonTay», «AKaAeMUSIIBIK Katap» xkoHe «DOKyCTarbl
aKcIIoHaT» Jien Kapacteipansl (Kalugina, 1989).

—«[IpobnemanbiKk TOmTay» - JEM KEKe KOpMe OTKI3LICEe, aBTOPABIH >KYMBICHI BHU3Yyasbl
TU3aHHBIH O1p Typi peTiHae KepiHic Tabambl. OHBIH KepkeM TUTiHIH Oenriuri Oip acmekTiiepiH
KBI3BIKTBIPATBIH: TEXHUKAJIBIK KO3KAPACTBIH OPTYPJUIIri, TYCTIK IICHIM, KOPKEMIIK CTUIIBILY
MPUHIINII, CYpPET SBOJIOIUICH KAPACTHIPbLIAIBI.

—«AKaJIeMUSIIBIK KaTap» - JIell KapacThIPbUIYbl KOMBLIBIM PETiHAE KOPMEHIH IOCTYpii Typi
Y3aK KOPKEM CaxXHaJIbIK XPOHOJIOTHSHBIH JOWEKTUIIrH ammajasl. MyHail npoiecte KapKbIHIbI KaciOon
ecyi Oaitkayra 00JaIbl.

—«®DoKycTarbl HKCHOHAT» - OSKCIO3ULUSHBI KAJIBINTACTBIPYIAbIH €peKilie KaruaaThl. by
JKarjaia Mypakall KEHICTIMH KaJBITITacThIpy OOBEKTUIEpIiH Oip Hemece OipHeme TOOBIHA
OarbITTAIAbL.

3eprreyae 013 Mypakailjarbl KopMe sKa0IbIKTaPbIHBIH KOPKEMIIK KYPBLUIBIMBI MEH KaJbIIITACy
YAEPICiH, OHBIH JKCIO3HUIHUSHBIH KOHCTPYKTUBTI-KEHICTIKTIK YHBIMAACTHIPYABI KY3€re achIpybIH,
OKCIIOHATTBHIH CaKTAybIH >KOHE OCKITUTYIH KaMTaMachl3 €TeTiH KYPBUIBIMIBIK SJIEMEHTTEp MEH
XaOJBIKTapAbIH KEIICHIH KapacThIP/BIK.

bi3 skcno3unusHbl KeN(yHKIIMOHATABI XKOHE alyaH TYpJi KeUIeH PeTiHle KapacTbhIpambi3,
OHBIH HETI3r KaFuJaJIapblHBIH Oipl 3KCIOHATTApAbIH KOpPHEKI e3apa OailIaHBICHIH, SFHH OHBI
KAJBINITACTHIPATBIH JKOHE O3IHIH JKeKe OeliHeciHe Me OOJaThIH IKCIO3MIHUSIBIK KOHTEKCTTI KYpy
00bI TaOBLIAEL.

JKympicTa sKcrioHaTTay TapuXbl MEH MYpa)kaliTaHy TEOPHUSIChI, Mypaskail SKCIIO3UIUSTIapbl MEH
COYJeTIH YHBIMIACTBIPY Typajbl MOJIMETTEp KeNTIpUIreH - Oyl eHep SKCHO3ULUSIAPHI
XKaOIBIKTapBIHBIH KaBITITACYbIHA TIKEIEH ocep eTei.

Amnaiina, Mypaxainapaarbl KopMe >KaOIbIKTapbIHBIH KOPKEMJIIK KYPBUIBIMBI MEH KAJBINTACY
yZlepici JKYMBICBIHBIH KeJieMiHe OaiaHbIcThl Oysl mpoOrieManap 3epTTeyliH Herisri oObekxTici -
Mypakall >kaO/IbIFbIH aHBIKTAN TYCIHAIPY KOHE CUIIAaTTayFa Ka)XeTTi TUIOTe3achl OOJBIT Kapaiabl.

by, 3eprTeyne eH anapiMeH, MypakailbIH OUTIM >koHe TopOue O6epy (QyHKUMSATIApBIH XKy3ere
achIPaThIH SKCIIO3UIUSTIAPBIH KETUAIPYre KaThICThl MAKCaT, MIHJETTEP KapacThIPBUIFaH; - Mypakan
XKaOIBIFBIHIAF bl MY3€H SKCIIO3UIUSICBIHBIH JaMYbl MEH KaJIBINITACYbIHBIH KbICKAIIIa TAPUXBIHA, - OHEP
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TYBIH/IBLJIAPBIH KOPMEre KOIOIBIH TEOPHSICHI MEH NMPAKTUKACHIHA, - SKCIIO3UIHSIIBIK Ka0/IbIKTapbIHA,
yJIriepine, OJKaJIbl AKCIO3WIUS KEHICHIHJAeri MopredeciHe, - My3edl FuUMaparTapbIHbIH
AKCIO3UIUSIIAY TOCUIACPIMEH KOHE COYJIETTIH ©3apa OaillaHbIChIHA OapbhIHIIA €KIiH Oepe OTHIPHIT
TaJIIAy JKacaJIbIIl KapacThIPbUIIBI.

2 MATEPUAJIIAP MEH 9ICTEP

FruIbIMU JKYMBICTBIH aliFa KOMBUIFaH MaKcaTTapbl MEH MIHICTTEpiHE KOJI JKETKi3y YuIiH 0i3
TapUXHU-OJIKETAaHY MY3CHJIepIHACT] QIEYMETTIK-MOJICHH OPTACBIHBIH KAJBINTACYbIHA OCEep E€TETiH
KYHe Kypayibl )KoHE KOHCTPYKTHBT1 KOMIOHEHT PETIHAET1 KCITO3UIHSIIBIK KAOABIKTHIH aTKapaThIH
KopMe KaOIBIKTaphIHBIH KOPKEM[IK KYPBUIBIMBI MEH KaJbIIITacy YICpICIHAE SKCIO3HIUSHBIH
aTKapaTbhlH POJIH KAapacThIPABIK. «DKCIO3MUIUS» TEPMHUHI JIaThIHIIA «€Xpositio» (Kepcery), KeH
MarblHaJa Ke3-KEeJIFeH 3aTTap JKUBIHTBIFBIH apHailbl KepceTy YFbIMBIH Oepeni. ByriHri kyHi
My3€iTaHy FBUIBIMBIHJIA KOJJAAHBUIBIN KYPIeH SKIMO3ULMSIHBIH KapanaiblM aHBIKTaMachl: My3ei
YKUHAFbIHBIH KOpCeTyre apHajfraH Oeiri. Byrinri mysel SKCHO3MIUACHL A€M My3eW 3arTapbl MEH
0acka /a SKCIO3ULMUSIBIK MaTepHallJapbIHBIH TYXKbIPBIMABI (FBUIBIMH KOHE KOPKEMJIK) oiiay
TYPFBICBIH/IA OIPIKTIpLIYIHIH OIpTyTac 3aTTHIK-KEHICTIKTIK JKyHect aen Tycinyre oonansi» (Ibraeva,
2013). Xanmbel Mypakailnapaarbl KepMme YHWBIMIIACTBIPY MOJEHHETIH KapacThlpy OapbIChIHIA
Mypaxkail TopOue oIlIarbl, TAPUXU-MIJCHH OpTa €KeH1 alKbIHAANAbl. ATalfaH TaKbIpbIN asChIHAA
aKmaparThl 137ey JKOHE KUHAY SAICTEPIH TApPUXH LIOJTY, CAIBICTBIPMAJIbI-CUIIATTAY 9ICTEP1 KONTETeH
FaIBIMJIAP/IbIH €eHOCKTep1 Heri3nene ypri3ural. CoHbIMEH KaTap, Mypaxaiiapaarbl SKCIIO3UIIHASIIAD
MEH >Ka0JIbIKTap/bl YHBIMAACTBIPYFa COYyJET IU3alHBIHBIH 9cepl, OHEep KOJIEKIUSIapbIH FhUIBIMU
3epTTeNyl, OJapbl XKYHeney >KoHEe Taljay, 3aMaHayd Mypakail MEH SKCHO3WIMSHBIH YHJIeCIMII
OpTachIH KYpY Typajbl FaJbIMIapAbIH jKa3FaH TY>KbIpbIMaMalapbl KapacThIPBLIbII CaIbICTIPMAIbI
aHBIKTaMasap oepuieni.

3 HOTU/KEJIEP ')KOHE TAJIKBIJIAY

Kanmer Mypaxkaiyiap — MOJCHU, TapHXd KOHE FBUIBIMH KYHIBUIBIKTAP/bI, MBIHJIAFaH
KOJUICKIIMSUTAp MEH IIBbIHAHBI TApHXTHl CaKTayllbl OpTa O00jbIn TaObuTaasl. OHBIH EpeKIIeIiri
MY3EHITIK 3aTTap apKbLIbl MAJIIMETTEP/l )KHHAKTAI TapaTyblHa OaiIaHBICTHI €JJIeT1 YITTBHIK PyXaHu
eMIp/Il JKaHFBIPTY, YpIIaKKa aTa-0a0aMbI3[laH KajdFaH Mypajap >KOHIHIE ToliM-TopOue OepeTiH
OPTAJIBIK YKOHE OOBEKTUBTI TapaTyra bIKMaJ eTe/li. XaJIbIKThIH TAPUXU CAHACBHIH HBIFAMTa OTHIPHII,
JTYHHUETAaHBIMBIHBIH JaMybIHA BIKIIAJ €Tyre apHaJIFaH TAPUXU KAIBIIITACKAH KO KbIPJIbI dJICYMETTIK
aKraparTap opJackl HeMece Mypakaiaapaarbl KOpMe KaOIbIKTaPbIHBIH KOPKEMIIK KYPBLIBIMBI MEH
KaJIBINTAacy YAEPICIHIH HHCTUTYTHI Jiece OoJabl.

byriari Tapma mysed jkoHE MypakalIapAblH KepMe KaOIbIKTaphIHBIH KOPKEMJIIK KOHE
KYPBUIBIMJIBIK €PEKIIETIKTepiHIH KOpiHICl OHep 3epTTeyIIiiepinin 6acTel Ha3apbiHaa. Cebeli, Ka3ipri
OHEp TYpJIEpIHIH KepMe 3allJapblHIa YCHIHBUIYBI, OHBIH KOPKEMIIK JKOHE KYPBUIBIMJIBIK
epEeKILIEeNIriHiH JCTETUKANBIK, KOPKEM SKCIPECCHUBTLIIN, (YHKIMOHAIABI TEXHOJOTHUSIIBLIBIFBI
Macerneci e3ekTi 0ona Tycyae. OckiFaH 0aiaHbICTBI KOPME )KYMBICHIHBIH HET13r1 OarbIThl MYy3€il Kop
KOJUICKIIMSICBIHIAFEl  MarepHalJblK JKOHE PYyXaHM MOJEHHET 3aTTapblH  AKCIO3UIMATAyFa
OarpITTanFaH. My3ell KOpbIHAA CakTaylbl OKCIOHATTApIABIH OapibIFbIH My3ed 3algapblHa
OKCTIO3UIMSAFA KOIOFa OPbIH OOIMaMTHIHABIFBI Oenrini. OchiFaH opail, My3eil callachlHlIa YaKbITIIA
AKCIO3UIHS KYPY SFHU KOpMe KYpy ToKipruOeci KalabIlTacKaH.

N, MypaxaiinapablH yakbITIIa SKCIIO3UIIMS KYPY SIFHU KOpMe KypyJa aTKapaThlH PeIliH
KYPBUIBIMJIBIK E€pPEKIIENIKTepiH TanjayFa YJIKeH MYMKIHIIKTEp amafibl Jen ecenteiiMiz. OHBI
3aMaHayl KepMe MOJCHHETI KarJaWbIHIa 3epTTey KaXeTTUIrl TyslHmaiapl. Herizinme mypaxkaii
VKBIMBIHBIH KOpPME 3allblH JKa0JbIKTATylapblHa Kaparl, 3aTTapAblH, BUTPHHAJAPIBIH KOHE
mKaTapIblH PETCi3 KUHAKTATYbIHAH SKCIO3HMIMSIBIK KOPCETYAIH KaHAai Ja Oip JIOTHKAchIH
aHBIKTay OapbIChIH/IA KOWBUIFAH 3aTTap apKbUIbI Mypakail YKBIMBIHBIH ACTETHKAIBIK TYCIHITIHIH
KaNMbl JeHredin kepyre Oomanmel. An, XX faceIpIbslH OackiHAa OyKinpeceimik KoHdepeHmusaa
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MypakaiiIaFbl KOpMe KbI3METIHIH KeJCHIeTriHIeri 30p mpobiieManbl Oip co30€H aTam KOPCETKEH:
Mypaxainap OemiminiH meHrepymrici IL.IT. MypatoB «Mys3eil kepMeci KapamaiibiM MoceJie eMec.
By, FanmeiM MeH cypeTIni apachIHAaFkl OIPIECKeH 13/ICHICTI, €HOCKTI KaXKET eTelli» JereH OOIaThiH
(Polyakov, 2018). Mys3eiini gambITy opOip MEramoJjiMC CTPATErUsChIHBIH MIHICTTI IAPThl ACYyre
6omagsl. Ochl TYpFBIA KOPMENEPiH AU3aiHbl OipbIHFA, KYpPBUIBIC MPHHIMII aBTOMATHU3MI€C
XKeTKi3UIl. bipHeme KyHae HeMece cararTa Ke3 - KEJNeH 3KCIO3HIMS MOAYIBIIK KyHelnepaeH
KUHANIaAbl. JIaKOHU3M, pallMOHAIN3M, TEXHUKAJIBIK aKIAPATTHIH KOIITIrl, CAHABIK TEXHOJIOTHSIIApIbI
KoJmany Oip >KarblHaH, OWBIH-CAYBIK JKOHE OUTIM Oepy SJEMEHTTEpIHIH XOHE OHEPKICINTIK
SKCTIO3HUIUSAHBI KYPY TYKBIPbIMIaMachl €KiHII KaFbIHAH, asKTaJFaH JU3aifH xKo0ackl KepMmenepi
KaparaibIM KeJTynIijiep FaHa eMec, MaMaH/1ap YIIiH JIe KbI3bIKTHI €TETIHAITH KOITEereH 3epTTeyIIIep
CHIIaThIHA Kapall KepMesepre aHbIKTaMa OepreH.

Myzetitanymsl T.}O. FOpeHeBaHbIH K0FapFbl OKY OpbIHIapblHA apHAJIFaH OKYJIbIFbl OOMbIHIIIA
«Myselie OTKI3UIETIH KoepMmesep CHIaThblHA Kapall KeJecijeriien Typriepre OesiHemi: —
TaKbIPbIObIHA, COHAAN-aK ASKCIIO3UIUSUIBIK MaTepUallIapAblH Ma3MyHbl MEH CHIIAThIHA Kapail —
MepPEHTOMIIBIK, MEMOPHAIIIBIK, JKEKe, XalIbIKapaIbIK, TYcayKecep Kopmenep, GoToKepMenep, TapuxH,
KOPKEMOHEPIIIK, JKeKe Oip 3arka apHalFaH KepMmelep, KoepMe-)XKopMEeHKelep, Oanamap
IIBIFAPMAITBUIBIFBIHBIH KOpPMEJIepi; — OpHaJIaCyblHAa Kapail — My3€i/IeH ThIC, JKbUDKBIMAJIBI KOHE
KOINTeNl KopMelep JKOHE MYy3eWJe AKCIIO3UIUSIIBIK-KOPME JKYMBICBIHBIH €Ki YJIKeH Calachl —
YaKpITIIIa KOPMeEJep KOHE TYPAKThl SKCTIO3UIIUS KYPY KYMBICTAPhI aJlJIBIH ajla OeNTUTeHTeH Kocmap
OOMBIHIIIA >KAOABIKTANIBITT KYprizutea» aen xaszpurrad (Yureneva, 2004). Herizi mypaxkaiina
IKCITO3UIMSITBIK-KOpME OCHHETI-CIOKETTIK d/1iCc OOUBIHIIIA OPBIHAAIBIT, KOPMENIEp KYyHeml Heri3zie
yipiMacTeipeliaabl. Kepmenep Kypy kes3iHae «OMEHHase» 3aMaHayd JW3aiiH QMICTepiH KOJJaHy
OappICbIHAA TAaKBIPBINITHIK KOPME HETI3IHJE OpbIHJAIFAaH JKYHell OSKCIO3UIMIFa KOpPKeM
Mypakaiylapra mpoOJeManblK O0achIMABUIBIK Oepeni. MymbTUMEAMSUTBIK — JTOCTYPIl  MY3bIKa
OPTAJIBIFBIHBIH FRUIBIME KbI3MeTKepi H. JlocbiMOeToB ©31HIH «TaKbIPBINTHIK KopMeIepai KYpyIablH
omic-Tocuizepi» arThl 3eprrey MakamachiHAa «CoylneTTIK-KOPKEMIIK TY)KbIpbIMAaMa FBIIBIMHU
TYKBIpBIMIaMa HETBIHAEC JKacajlblll, OHJA KOPKEMIIK uJes, KOpPKeMJIK OeiHe TybIHAAl,
AKCITO3UIMSAHBI KYPY KEHICTIr1, HET13T'1 )KaphIK MICIIIMI, XKJIrepiep, cy10a-MakeTTep/ii OpHATIACTBIPY
KaruaarTapbl KapacTelpbliaabpl. Keneci ke3eHae My3eWIIH FbUIBIMM KbI3METKEpJIEpl 3KCHO3UIIMSI-
HBIH «KEHEHTUIreH TaKbIPBIITHIK KYPbUIBIMBIHY, CypEeTIILIEP «IKCIIO3ULUSIIBIK KO0AChIH JKacai b
JIETCH aHBIKTaMaChIH JICKTPOHIBIK CalbITTaH fa oKyra 6omansl (Dosymbetov, 2019).

Ocbl O1p aliTBIIIFaH CypeTIILIep «IKCIO3ULMIIBIK )K00aChIH jKacailibl» 1ereH aHbIKTaMachblHa
KOHLUI 0eJiceK, aJIeMAIK My3ell MpakTHUKachlHAA OOJIbII JKaTKaH MHTETpallUsIbIK IIPOLECTEPIl eCKepe
oTeIpeIn, Kazakcran My3eisepiHiH KbI3METiH TyOereini KaiTa Kapam 3epTTey, JKHHAKTay >KoHE
FBUIBIMHM-AKIIapaATThIK JKYMBIC calacblHOa OIpJecKeH >xo0anapibpl 93ipiiey JKoHE Ky3ere achipy,
Mypa)kalIap/bIH XaJlbIKapaiblK (GopyMIapblHa KaTbICY, )KAKbIH KOHE aJIbIC IIET eNACPAiH KEeTeKII1
MypakaiIappIMEH ajaMmacy KepMeJepiH YHbIMAAcCThIpy, MaMaHJIapblH TaFbUIBIMJaMachl MEH
aJIMacysbl, peciyOIMKaMbI31aFbl Mypakailsiap alIeMIIK MOJCHUET JKETICTIKTEpiHEe Kapai bUDKYbIH
Te3mereml.

My3zeil — >xanmbl agaM3ar 6aJachblHbIH OMIPIHJIE 3aTTHIK JKOHE PyXaHU MOJECHUETT] TaHBITY/A,
3epITey MEH HacuxarTayja YJIKeH pejl aTKapaThIHIbIFbIH MomiMiaereH A.M. Pasron e3iHiH
«Myzeiitany. Tapuxu mypaxkailiap» aTThl OKy KYpaJIbIHJIa «3KCHO3HUIMSFa» Kelecl aHbIKTaMacChlH
Oepeni: «Herisri ¢opma Outim Oepy *koHe TopOHMe MakcaTTapbl YHBIMIACTBIPBUFAH Mypaxaii
3aTTapblH KOPCETYy apKbUIbl JKY3€re achlpblIajbl, FBUIBIMH Mypaxaiifa coiikec o3ipieHin
TYCIHAIpUITE€H JKOHE OPHAIACTBIPBUFAH COYNETTIK-KOPKEM/IIK IMIeHIIMIep TYKbIPhIMIAaMAaChIH
Kypaiine»y nen kasraH (Razgon, 1961). bByn, aHbIKTamMaaa TaKbIPHINTHIK KOpMe KYpPY
SKCTIO3ULUSAHBIH ©31HJIIK epeKUIeNiriMeH Karap COyNeTTIK-KOpPKeMJIIK TY)KbIpbIMJaMa FbUIBIMU
TYKBIppIMIIAMa HETI31HE >Kacallblll JKOHE JAM3aiiHbIHAa Oaca Hazap aynapyabl KapacThIpaJbl.
MypaxaitapJja YChIHBUIFAH SKCIO3MLUS KYPBUIBIMBI JKaFbIHAH TOJBIKTAM yilleciMILTIKTEe OO0IybI
KaXKeT JIEN eCEenTen .

Mypaxkail SKCHO3UIMACH! AIEYMETTIK KOHE HICOJIOTUSIIBIK ©3TrepiCTep/iH YHIeciMIiri MeH
KOFAMHBIH KOPKEMIIK JKaHAJIBIKTApbl MEH FBUIBIMU-TEXHUKAIBIK JKETICTIKTEPIH KepceTei.
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DKCHO3MUIMS KYPbUIBIMBIHBIH JAW3aliHBI Mypaskail KbI3METiHIH OaFbIThI PETIHAE Mypaxail cajgachlHIa
FaHa eMec, COHbIMEH Oipre Mypakail ailMarbIH/Ia Ja OOJIBII KaTKAH YKaJbl KOFaMJBIK ©3TepicTepre
xayar Oeperi. OpOip yakpITKa COWKEC KENETiH ©31HJIK CTHJIMCTUKAIBIK WHHOBAIWSIBIK, OHIMII
TOCUIIEP, COHABIKTAH YHEMi OOJIBIN KaTKaH jKarnaiinapra OalIaHBICTBI KETUIIIPY-OyJI €H jKaHa
TEXHOJIOTHSUIBIK d3ipJeMeNiep HeMece KaHa BU3yadu3alus dJicCTepi KOHE OJapiAbl AKCIIO3UIIHSIFA
KOCY MYMKIH/Ir, KeHICTIKTI 3epTTEy CYpaKTaphl KOHE €H KbI3BIKTHI JKOHE AM3AMHIAFbl 3aMaHayH
YpIICTEep OpKAaIllaH ©3eKTi O0IaIbI.

T. ManbaoHa0 TYKBIppIMIaMachl OoibIHIa «Mypakail KeHICTITH/E TU3alHIBIK IICITIMHIH
MaHBI3BI 30D. «IU3aiiH (MIOCOMUICH — Oy OpPTYpIIi OpHEKTIH KOPIHICi, dIeMre KeKe Ke3Kapac.
Comnpaii-ak, 013 aJleM/Ii TU3aHCHI3 Kalai TyCIHEeMi3» JIeyiHiH 631 YIKeH oil Tyabipans! (Maldonado,
1964).

Wo, «/luzaita» yFBIMBI Ka3ipri 3aMaHFbl TEXHOJIOTHS, O3BIK MaTepuaigap, *KaHa aFbIMIBIK
yFbIMJapMeH OaitnanbicThl. /{u3aiin kepMesnepAlH MaHbI3Ibl (PYHKIUSUIAPBIHBIH O1p1 — MypakailJIbIH
HEri3r1 3KCIO3MIMACHIH JKaHFBIPTY Mypaxkail KepMelepiH opTypil KOMIIO3WLHUSIBIK IIEHIIMJIEeri
KOPIHICTEp apKbUIbI KOPYyre MYMKIHAIK Oepeni. AJ, KepMe >KYHeCiHIH KaOUIeTT1 KYMBIC iCTeYi,
Mypaxkail SKCIO3UIUACBIHBIH epeKiie (opMmara aifHany Heri3iHe OailanbicTbl. Mypaxaiinarsl kepMe
XKaOJBIKTApbIHBIH KOPKEMJIIK KYPBUIbIMBI MEH KalbIITACy yJepici KOFaM YIIiH, Ka3lpri 3aMaHFbl
Mypaxkail KepHIC1 MEH KOpMECIHIH TapThIMbI O0IYbl KepeKTiriHe xayanThbl. OcbiFaH OaillaHbICThI
epekie kepMmenepiH (yHKIUACBIHBIH MaHbI3bl MypaXkaiiFa KeJyluiepAl TapTy, oJapAblH KypaMbIH
YKOHE OPTACHIH KEHEMUTY.

«Ke3-kenreH Mypaxkail SKCTO3HWIMUSACBIHBIH CEMHUOTHKAJBIK CHITAThl Keeci KOMOHWHAIUsIa
KepiHeli: TabUFaT KyObUIBICTaphl Typalibl TYCIHIKTEPMEH TYCIHAIPreHe, Ka3ipri 3aMaHFbl Mypakait
allaHJapbl TeK MMAacCUBTI FaHA eMeC HbICAaHAApAbl IOy, COHBIMEH KaTap KeNyIIUIepIiH TaHbIMIBIK
OCJICeHIUTIK KOPIHICIH apTThIpy. Mypakail SKCIIO3HUIUSACH — OYJ1 FBUIBIMH HETI3ACNTEH Mypakai
JKUBIHTBIFBI, FBUIBIMU-TYCIHIpME *)a30amapMeH OalIaHBICThI KO30€H KOpY YIIIH KOWBLIFaH JKOHE
Oenrimi 61p TaKBIPBINTHI alllyFa OaFbITTAIFAH MOTIHHIH TU3AHBI.

DKCHO3UIUSHBIH OapibIK OesikTepl Oip-OipiMeH OalIaHBICTHI KOHE OJIap/bl TaKBIPHIITHIK
KYPBUIBIM KYpaWIibl. AJl, «TaKbIPBINTHIK KOpPMeENEepAi Kypyaa My3ed KbI3MeTKepiiepi Oenrim Oip
MpUHIMIKE cyiieHenil. My3elTaHy cajachblHIa KaJjbIITaCKaH TYPAKThl SKCIO3UIUS KOHE KepMe
KypyabiH OipHemie OacThl mpuHIMNTEpl Oap. EH 0acThl NMPUHLMI PETIHIE — FBHUIBIMH MPUHIUII
anbiHaabl. On opOip My3el SKCIOHATHIHBIH AKCIO3UIUSAFa KOMBbUIFaHFa JIEHIHT1 FHUIBIMU OHJCYICH
OTyl Ha3apFa ajJbIHAIb» Jen o3 3epTTeyiepinae Hakreuaiael (Kaulen, 2010). Meicanbl, HHTEpbEp
JM3aiHBIHA SKCIIOHATTAp >KOHE OJapblH KOJUICKIMSIIAphl, Mypaxail 3aTTapblH (KeIlipMelepiH)
KOOEHTYy, FBUIBIMU-KOMEKIII MaTepuaijgap, KepMe ©OHEpiHIH apHaibl jkacaliFaH OOBEKTLIEpI,
MOTIHJIEP, aKIAPATTHIK TEXHOJIOTHJIAP JKOHE TaFbl OacKaja Kipe/ii.

XKyprizinren 3eprrey *KyMbICTapbl OOMBIHIIA KOPBITHIH/BI JKacay apKbUIbl KapacThIPCaK:

«KanpIinTackan oNeyMETTIK JKOHE OJIEyMETTIK Ke3KapacTap MEH MOJCHUETTIH KYHIBUIBIK
OargapriapblHbIH e3repyiHe OalIaHbICThl MYpaXaiblH TapUXU-MOJACHH KYObUIBIC PETIHIIE IaMybl
MEH KaJIbIIITaCybIHBIH Y3aK XKoHE KYp/eii MPOoIecTe KYPETIHIITH Kopyre 001abl.

Astop, HM. Jlpyxunun «lIpamyseit» nen arajarblHHAH - CAJITTBIK 3aTTap/AblH KOHMMAachl -
JaMYJIbIH Y3aK KOJbIHIa MypaXkail ©31He TOH JaMy 3aHJIbUIBIKTaphl, Ka3ipri KOFAMHBIH MOJICHU JKOHE
UJICOJIOTUSUTBIK OMIpIHAET1 ©31H/IK pesi 0ap Ken (YHKIHUSIbl HHCTUTYTKA afHaTaabl» JIeN >Ka3aJlbl
(Druzhinin, 1931). ©Hep TybIHIBUIAPHI, KYHCTKAMeEp, capail KOJUIEKIMAIAPBIHBIH KOWMAaChIH/IAFbI
KOpPKEeM Mypaxailllap KeH ayKbIMJbl KbI3MeT Oarmapiamachl Oap 3aMaHayH ipi OpTalbIKTap MEH
KelleHepre aiHatyaa.

Kepkem MypakailmapAblH 3KCIIO3ULHUAIBIK OPTAChIH KANBINTACTHIPY MEH YHBIMIACTBHIPYIBIH
COYJETTIK-KOPKEMIK ~ aCHeKTUIepiH JaMbITy TMpOLECiHAe FHUMapaT COyIeTIHIH ©3repeTiH
apakaThIHACHI AlIKBIH KOPIHET1.

Komekuusimap (9KCnoHaTTay) J>KOHE Mypakail >kaOIObIKTapblH —OpHajacTelpy. bizaix
OMBIMBI3IIA, OHEP MYpaKalJapblHbIH JaMyBIHAAFbl €H MAaHbI3/AbICHI-OJap/bIH COYIETTIK >KOHE
KOPKEMJIIK KYPBUIBICBIHBIH YIII Heri3ri kezeHi Kecre 1.
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Kecre 1
CoynerTik jxoHe KOPKEMIIK KYPBUIBICHIHBIH HETi3T1 Ke3eHi (aBTOPIIBIK MaTepHai)
Kesen Cunarrama

DKCTo3uLMsIIap MEH JKa0AbIKTap bl YHBIMAACTBIPYFa COYIIETTIK 9CEPIMEH CHIIaTTalaThIHABIFHI.
OHep KOUIEKIMSUIAaphl aWKbIH COHAIK MaKcaTKa He JKOHE 3aJlIapAblH CoyleTiHe colikec

I xe3en OPHAIACTHIPBUIBIN OACTHI OENTIepi-KOPKEM TYBIHIBUIAP JEKOPALUSIHBIH aTpUOyTTaphl peTiHe
KBI3MET €TETIH «COyIeT-CoH/IK» JKCIIOHATTay Typi Oap MHTEphepre, CoylaeT oHEpiHe TONBIK
OarpIHATHIH YieciM/Ii KepMe aHcaMOJTiH Kypy OOJBIIT TaObLIa bl

OHep KOJUIEKIMSUIAPBIH FRIIBIMU 3€PTTEYAIH 0acTailybl, OJaplbl XKYHesey KoHe TaHBIMall eTy
Mypakaipl KopllaraH oOpTaHbl «OelTapanTaHIbIpyFa» YMTBUIFAH Ke3[e OKCIIOHATThIH
SKCIIO3MLIMSIIAFBl  POINIIH  YCTeMJIK eTy TeHaeHuusicbiHa okeneni. Ocbl  ke3eHaepae

IT xe3en 9KCIIO3ULIUSIHBIH COY/IEeTI MEH JKaOIbIKTapbl SKCIIOHATKA YCTEM >KarJalabl YChIHA OTBIPHIIL,
afiTapibIKTall apTTa Kanaabl. « AKQJIEMHSIIBIKY JKOHE «IKCIIOHATTHIKY THIITET] 3KCIO3UIMSIIBIK
MIPUHIMOTED MEH Tociijepnae. DKCIO3MLIMUIAp TayChUIFaH KapaHFBUIBIK MEH aCKeTU3MMEH
CHIIATTaJIAThIHBI KAPACTHIPBUIFaH.

Kaszipri ke3eH Mypakail MeH SKCIIO3ULIUSIHBIH YHIECIMl OpPTaChIHbIH KYpPBLTYBIMEH, Mypaxkai
9KCIIO3HULUSICHIHBIH, €peKIlIe OHEp JKAaHPBIHBIH JIaMyblHA COMKeC, JKETEKII pes HeriziHue —
9KCIOHAT - OHEP TYBIHIBICHIHBIH TYIHYCKAChl, 3KCIIO3MIMAHBIH OapJIbIK KOMIIOHEHTTEpPiHIH
111 xe3en KaTBICYbIMEH CHIaTTaJica all, MypaKaWablH Ka3ipri 3aMaHFbl 3KCIO3UIMACHI IKCIIOHATTHIH
TaOUFAaThl MEH EpeKILUENIriH, COYNeTTIK >KaFriaiIbl jKoHe SKCIO3UIMSAHBI JKacayllbUIapIIbIH
IIBIFAPMAIIBIIBIK ~ HUETTEPIH  JKY3€re  achbIpyAbl €CKepe  OTBIPBIN,  CEMaHTHKAJIBIK
TYXKBIPBIMJIAMAITBIK COYIIET-KOPKEM/TIK IIeNIIMHIH OipiiriHje yiHbIMIacThIpy KapacThIPbUIFaH.

Kazipri 3amanfsl MypakaisiapibIH ska0apIKTapbl OpTYPIILTIKKE, JapalibIKKa )KOHE Olperenmikke
JIETeH OapiIbIK YMTBUIBICBIMEH 3aMaHayd MaTepHalaplaH JKacajFaH >KOHE OHEPKOCINTIK eHJIpic
HETI31HJ1e, AKCIO3UIMSIHBIH KAl COYIET-KOPKEM/IIK HUETIMEH KOHTEKCTE >KacaiFaH OipTyrac,
MOAYABIK HWKEeMJII JKYHWeJepHi SKCIO3WIUS IIeKapachlHAa Kypy TCHACHIMSAChIHA OaFbIHAIIBI.
CoHbIMEH Karap, My3ed au3aiiHepiiepiHe, DKCIOHEHTTEp MEH CYpEeTHIUIepre, COHBIMEH Karap
YHHUBEPCUTETTE OKUTHIH OakanaBpuaTr neH maructpantrapra apHairad T.I1. TlonskoBThIH yChIHFaH
MOHOTpausIChl J1a HEri3ri KepMme oicTepl MEH KOJAAHBUIATBIH TEXHOJIOTHSUIAp/bl TallJayFa,
KIKTEyTe JKoHE JlaMy TapuxbiHa apHanraH. O, «Peceinik MmypaxkaiaapaslH Ka3ipri TOKipuOeciHe
KYpIN KaTKaH FBUIBIMH-3€pPTTeY, jKo0anay yKoHE OKBITYLIBUIBIK KbI3METi, OHBIH OYPBIHFBI FBIIBIMU
Makajajap MeH KiTanTapja jkacaraH OipKaTap TEOPHSUIBIK JKOHE MPAKTUKAJIBIK TYXKbIPBIMJIAPbIH
YKUHAKTAI, )KaHAPTY KOHE MYpaKaiAblH KOMMYHUKAIUSIIBIK MYMKIHIIKTEPIH KOPCETy 0acThbl MIHJIET
0O0JIBINT TAaOBLIATHIHABIFGI aJl, Mypa)Kali KepMelepi — TYITHYCKA PETIHIE «CO3MIKTEP» IMOHIHEH JKOHE
FBUTBIMU-KOMIIUTIKTEH IIBIKKAH MOTIHIAEP TYMHYCKAa ©HEp TYbIHABUIAPHI, WILIIOCTpalusiap,
MYpPaXXaWNIbIK ASKCHO3UIMUIAD MEH KoepMmelep >KoOalapblH MOIEHHUETTIH HaKThl TUIl peTiHae
kapacteipanel» (Polyakov, 2018). JKa3putFaH FBUIBIMH KYMBICTapAbl 3€pTTey OapbichIHAA
Mypaxkainapiarsl KepMme KaOAbIKTapbIHBIH KOPKEM/TIK KYPbUIBIMBI MEH KaJbIIITACy YAEPIC Mypakait
AKCHO3UIUACH] KOPKEM HIBIFapMalIbUIBIKTHIH 1epOec skaHpiapabl KYpacTblpy (CUHTETUKAIBIK JKaHP)
peTiHae OeKITUIreHAIrH TYCIHIIK.

ConbIMeH KaTap, Ka3ipri 3aMaHfbl KepMellep KYpPhUIbICBIHBIH TeHICHIUATIApbl OHEP TapUXbl
HET131HJIe TEOPUSUIBIK TYCIHIKTE KapacThIPbUIATBIHBI TYpajbl, KOPMEHIH >KETEKIIl CypeTLIUepiHiH
6ipi peceinik, K.M.PoxnecTBeHCKuIIH ©3 ToXipuOeciHeH MaM3aiiH eHepi Typaibl Oeprex
MaJTiMIeMeci KbI3BIKTBIPAIbL: « TeOPHUSIIBIK KOHE FHUTBIMU OM-TIKIpIIep 9711 KYHT€ IeHiH KopKeMIeyIi
JM3aifiH eHepiH o3 MpobieMalapblHbIH KaTapblHa KOCKAH JKOK, OyJ1 Macenesnepal Lienryni Keiinre
KaJipIpyFa OonMaiiabl. Al Ka3ipri 3aMaHfbl Mypaxkail KepMeJepiH Kypy Ke31H/1e TybIHIaiThIH Her13ri
Mocenenepiy Oipi KepMe OpTachlH COYIETTIK-KOPKEMIIK YHBIMIACTBIPY >KOHE OHBIH Heri3ri
Kypamaac OesikTepiHiH Oipi — OHBIH Ken (YHKIMOHAIIbl KYPBUIBIMBIHBIH OapiblK alyaH
TYPJUIriHAE KapacThIPbUIATBIH KepMe >KAOIBIKTApbIHBIH pPOJiH aHbIKTay Moceneci OOJIbII
TaObIIaAb Aen alThin oThip (Maistrovskaya, 1987).
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@®.M.JloctroeBckuii  arpiHAarbl  OMOBI ~ MEMJIEKETTIK  YHUBEPCUTETIHIH  ATHOJIOTHS,
AHTPOTIOJIOTHUS, APXEOJIOTUS KOHE MypaxailTaHy kadenpacslHblH acriupanTel CarybannuH Alait
Kopimraityneiabeig «KazakcTan Mypaxaii aniemi: KbI3METiHIH Heri3ri OarbITTapbl» aTThl MaKaJlaChIHIa
KazakcranHbIH Mypakaiapbl eNiMi3liH Tapuxd, MOACHHU JKOHE TaOMFU MYpPACBIH JKMHAKTayFa,
3epITeyre, CakTayra )KoHE HacUXaTTayFa apHaJFaH HETi3T1 QJIeyMeTTIK-MOICHH HHCTUTYTTap Typajibl
aiiteiFad. OcwIFaH OailyIaHBICTBI My3€H iCIHIH Ka3ipri Jamy >KarqaibliH 3epeliey skone Kazakcran
Mypa)kaiapbl KbI3METIHIH HETi3T1 OaFbITTapbIH Taj1ay Maceesepi 3¢KTi OO TaObUIAThIH IBIFbIH
kepceTkeH. Kazakcran PecryOnukacslHAarsl Mypakail iCiHIH KaJIbIIITaCybl MEH JaMYBIHBIH KeHOIp
Mocelenepin OyphIH KEKeIereH Ka3aKCTaH/IbIK KOHE IIETEINIIK FalbIMIap KapacThIpraHbl. JKarbl,
Kazakcranmarsl Mypakaii iCiHiH Ka3ipri *arJailbiH OUTiM JSHIeHiHIH KETKUTIKCI3AIriMeH CHITaTTayra
0onaaeDy aeninred (Satubaldin, 2020).

OKiHIIIKe opaii, OYTiHI1 KYHI ecenl Oepy KepceTKilTepl Ka3ipri 3aMaHFbl Mypaxai sicrepi
MEH TEXHOJOTHUSIAPBIHBIH QJEYMETTIK TUIMAUIriHE OaiaHbIcThl. OHBI alllaThlH MYpa)kalJIbIH
TYpaKThl KOPMECIHIH ocepl KalTaraHOac HbICAaHIAP IbIH, ©31H/IIK COYIETTIK-KOPKEMIIK KYpaJIapIbIiH
yineciMai Oipiiri apKpuibl Oenruti Oip »epiH (KajJaHblH, OOJMBICTBIH) HET13I1 TaKbIphlObl HEMECE
OpeHal >KOHE 3aMaHayM MWHTEPAaKTHBTI TEXHOJOTHsuIapabl apTTeipy. Kepme xobanmapblHBIH
aBTOpPJIAPBIHBIH KaOUIeTl ailMakThIK (KepruUIIKTi, KaJlalbIK, OOJBICTHIK) OpEHITI «UIrepiieTy» FaHa
eMec, COHBIMEH OIpre OHBI ©3TepTy, KeIYIIUIePIiH Ha3aphlH )KaHa KeHIMKepaepre Hemece KaHa 03€eKTi
TaKbIpHINITapFa ayaapy.

byn makanmaHbIlH MakcaThl — MOCTKEHECTIK ke3eHaeri Kazakcran mypakaimapbIHBIH Ka3ipri
Ke3/1eT1 KhI3METIHIH HET13T1 OarbITTapblH aHBIKTAy jkoHEe cumartay. Ochl MakKajlaHbI JKa3yJa aBTOp
KOJIJAaHFaH QJICTEp cayallHaMa >KOHE aJIbIHFaH HOTIDKENEPIl Tanaay OOJmbl. 3epTTey HOTHIKECIHIEe
pecIyOIuKaIbIK, OONBICTHIK KOHE ay/IaHBIK JICHTEHIeT1 My3eIepiH KpI3METIHE Ta1ay *KacaraH.
Kympicra Kazakcrangarbl MypakaliapAblH KOpPbI, FBUIBIMU-TaHBIMJBIK, KOPMEIIK >KOHE
AKCKYPCHSUTBIK KBI3MET1 cumaTTainrad. Kasakcranmarsl Mmypaxkaidiap KbI3METIHIH HETi3r1 OarbITTaphl
a alKbIHOAJIFaH.

Amnaiina, Peceitnik xkepme cypermici K.M.PoxaecTBeHCKHIIH KOTEpin OThIpFaH Moceneci
ANUTBUIMANIBI, MYpaXkail >KaOJBIFBIH aHBIKTAY >KOHE CHIMArTay YIIH KaKeTT1 acleKTiiepae FaHa
Ko3rayianel JkoHe Kazakcranmarbl Mypaxkail ICIHIH Ka3ipri >KkaFgaiiblH  OUTIM  JCHTeriHiH
KETKUTIKCI3MIrIMEH CUIIATTail OTBIPBIN TEOPUSIIBIK XKOHE FHUIBIMHU O -ITIKIpIIEp QJI11 KYHT€ JICHiH My3ei
KOpME JKaOIBIKTapBIHBIH KOPKEMIIK-KOMITO3HMIIMUIBIK JACHTeHIH IICIy YIIIH JU3aiiH Mocelnesnepi
TypaJibl 3epTTEYNIepIe AUThIMANIbI.

Herizinen 3eprrey marepualigapblHAa MYy3eHTaHy TEOPHSCHl MEH MPAKTHUKACBIHBIH KaJIIIbI
JaMybl JKOHE KOPKEMJIIK YAEpICTeri HETi3rl CTUIMCTUKAIBIK ©3repiCTep KOHTEKCIHIE KOPKEMJIIK
Oeilingeri My3ed SKCHO3UIUSACHIHBIH JaMybl MEH KaJlbIlITaCybIHBIH KbICKAIlAa TapHUXbl OHBIH
TYPJIEPIHIH AKCHO3MIMSIIBIK JKAOJBIKTAPbIHBIH YITUIEPIHE, JKAJIIbl JKCHO3UIMS KEIICHIHLT1
MapTebeciHe, CoOHai-aKk My3eil FUMapaTTapblHbIH SKCHIO3UIMSIIAY TOCUIIEPIMEH KOHE COyNeTIMEH
e3apa OallaHbIChiHAa OapbIHIIA €KMIH Oepe OTBIPBIN JKOHE Taljay ’kacar, JU3ailH MoceseciHe
0aliIaHBICThI KONITETeH CYPAKTap TYBIHIAUTHIHBI MOIIIM.

Myzeii MekeMenepiHae KepMmenepi, OHKYHAIKTEp/l, MOICHUET KYHIEPiH, (ecTHBAIbACP/II,
OaiikaynapApl >KOHE MIBIFAPMAIIbUIBIK iC-IIapalapblH, *XKYMBICTAp MEH KbI3METTepliH Oacka aa
TYPJIEPIH  OTKI3yre  QJeyMeTTIK-IIbIFapMalllbUIBIK  TalChIPhICTApAbl  KOHKYPCTBIK  HETi3ze
OpHAJIACTHIPY IMPAKTUKACBHl CypeTIli-An3aiHepiepAiH *Ko0achIMeH KOJNJaHbUIybl THic. Mypakait
KeIIeHepiH jxo0anay >KOHE cally Ke3iHAe oJylapJa KeTyHIUIep[iH JeMaliblc alMaKTapblH, KHHO
KOpCEeTy oHE KOHILEPTTEp, KEIITep MEH Ke3Zecylep YHWbIMIACThIpY YIIIH 3ajaapibl KapacTbIpy
KaxeT. byn perre wmypaxkailapasl Myreaekrep apOachlHIaFbl ajamaap YLIiH — apHaiibl
KipeOepicTepMeH, OTy >KOJIAaphl MaHAyCTapMeH JKoHe JHU(TUIepMeH KaOAbIKTay Typaslbl alThUIBII
otelp. ConbiMeH Karap Kazakcran PecnyOnukachIHBIH My3ei KOpbl MEH My3eilliep/i cakTay >KoHe
JAMBITY OHIHAETT MEMJIEKETTIK OpTraHbl peciyOonnkaaa My3eil iciH JKeTUIipy MakcaTbiHAa My3eil
MaMaHJIapbIH Jaspliay, KaiTa aaspiay >KOHE OJapIblH OUTIKTUIINIH apTThIpy KYHECIH, TapuX >KOHE
MOJIEHUET €CKEePTKIIITEPIH KAJIMbIHA KEJITIPY OPTATIBIKTAPIH KYPY MAceseNepiH enry 0acTbl Mocele
peTiHe KapacThIpy KEPEeKTIriH, *aJlbl KOFam/a OOJbIN jKaTKaH QJIEYMETTIK OHE HJCOTOTHSUIBIK
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e3repicTepl, KOPKeM/IIK KaHAJIBIKTap MEH FhUIBIMU-TEXHUKAJBIK JKETICTIKTEepre, My3el cajachlHIa
na OOJBIN JKAaTKaH e3repicTepre KOpKeMmjeylli AW3aiiH eHepi e >kayarm OepeTiHAIrH eCTeH
IIBIFapMaFraH JyphIC.

Mpicanel, Ka3ipri yakpITTa emiMi3ieri «AKbULABI Yi», OarmapiaMachl COyIeT-KYPBLIBIC
caJlaChIHJA COYJIETII Au3aiiHepiIep OpPBIHJAI KATKaH >KoOanap MaBUIBOHAAP, MOJCHU OpPbIHIApFa
QIJBIHFBI  KaTapiibl TEXHOJOTHSUIApPAbl KOJIJAHBIN 3aMaHayd FBUIBIMA HWHXKEHEpNIK JKOHE
KOHCTPYKTOPJIBIK SJIiCTEpli 13A€CTipy apKbUIbI KAIFAChIH TaybIN XKaTKaHbl Oenrini. Kazakcranma na
Ka3ipri CajbIHBIN JKaTKaH MOJCHHU KOHE OM3HEC-OPTABIKTap MEH OW3HeC-NapKTepAiH JaMyblH
JKOCIapiiay kKoHe KaIBITaHABIPY epeKIIeTiKTepiHne 0aca Ha3ap ayAaphlll 3aMaHayd YpIicTe Ou3Hec-
OPTAIBIKTAP/ABI TOJIBIKKAH/IBI JJAMBITY YIIIH KOKETTI (YHKIUSUTAPIBI KAPacTHIPHII 3epTTeIl Kobamap
JKacar JKaTKaH JKYMBICTApIbIH Oapibirbl. OChl MakKamaaarbl 0acThl MakcaT — COYJETII Ju3aiHep
CTYICHTTEpPre 3amMaHayd FHUMapaTTapibl >kob0anay oaiCTeMECiHIEe KapayaThlH 0acThl KaXETTUIIK
TEOPUSUIBIK TYKBIphIMIaMalap MEH HAesUIapIbl 3epTTeyle MUAICKTHKAIBIK JKOHE JKYHWell Taijay,
abcTpakuusiay KoHE CaJbICTBIPY 9ICTEPIHE KOHE CTATHCTUKAJIBIK Tajjay 9JICI CHSIKTBI opTYpil
3epTTey 9/1ICTEPIiH UTEePTE OTHIPHINT MAMaH IbIKKA OeiiMien TaHbITy KepekTirid Tycineciq (Uzakbayev
et al., 2023).

Kazipri 3amanfbl Mypakail CcoyJaeTi KOFaM VIIIH TapTeiMabl koHe Ka3zakcran
PecnyOnukachbIHBIH My3€il KOpbl MEH MY3eUJIepiH ICIH JKeTULIIpY MaKCcaThIHIa My3el MaMaH1apblH
nasipiay, KahTa Jaspiay *oHe OJIapblH OUTIKTUIINH apTThIPY JKYHECIH, TapuX >KOHE MOJICHUET
€CKEPTKIIITEPIH KallblHA KENTIpin Olp OpTaJbIKTapblH KYpy MacelelepiH Hiemy 0acThl Macene
peTiH/e KapacThIPy KEPEKTIriH, >KaJIbl KOFaM/la OOJIBIM KaTKaH OJIEYMETTIK YKOHE HCOJIOTHSIIBIK
e3repicTepal, KopKeMIIK KaHAIBIKTap MEH FhUIBIMU-TEXHUKAJIBIK KETICTIKTepre, My3el cajachlHa
Jia GOJIBII J)KaTKaH e3repicTepre SKCMO3UIMSHBIH TU3aliHbI Ja kayan 0epeTiH 601y kepekTiri. OcsiFran
OailJTaHBICTBI MYpakail COyJeTi MEH OHBIH BH3yalJibl JAW3alHBI JKOHE KepMesepiH (YHKITUSICHI
MypaKkaiFa KemymiIep/i TapTy, oJapIbl KYpaMbIH KOOSHTY OacThl MOcelie eKeH TN H TYCIHYI.

Mypaxaiiiarsl KepMeJep/iH MaHbI3Ibl (QYHKIUSIIAPBIHBIH Oipl — MypakaiablH HeEri3ri
AKCITO3HIIMACHIH JKAHFBIPTHIN >KAaHAPTY apKbUIBl MypakaiiFa TaObIC KO3I1H oKelayre My3ei iCiH
KETULAIPY MaKcaThIHa My3€l MaMaHIapbIH Jaspiay, KaiiTa qaspiay *oHe oJIapJblH KopMe TU3aiHbI
Typalibl OUTIKTUIINH apTTBIPBIT MYMKIHAIK Oeprizy. Mypaxail TYKbIpbIMIaMaChIHBIH, MaHBI3IbI
Macenesepinia 0ipi, 6oamnak TypaKThl SKCIIO3UIMSHBIH TU3aMHBIH OHIACTHIPY.

«Mypaxkail TuT» KepMmenepal OalbITyFa >KOHE opTapanTaHIbIpyFa KEIYIIUIEPMEH IrUajor
XKyprizyre MyMkiHaik Oepeni. Kebinece mypaxkaiijarbl KopMeliep KOHTPACTKA COMKEC OpbIHAAIA b
HETI3T1 AKCIIO3UIUAFa KAaThICTHI 9JIIC: Mypa)Kaii/la, OHBIH HET13T1 SKCIIO3HUIUSACH OCHHEII-CHKETTIK
ozic OoibIHIIA OpBIHIANIFAH, KOpMeep >KYyHelnl Heri3ae YHbIMIACThIpblIaabl. TaKbIPBIITHIK KOpMe
Heri3iHAe cajblHFaH KeleHAEp >KYHesl JKCIO3MIMIFa KOpKeM Mypaxkailiapra mnpoOieMalbiK
O6aceMabUTBIK Oepeni. Kepmenep Kypy ke3iHze «OueHHasney 3aMaHayu AU3aiiH 9MIICTePiH KOJIaH yIbl
KapacTbIpy 0acThl OaFbIT EKEHAIrH TYCIHY KePEKTIrl.

Mypaxkail SKCHO3UIMACHIH KYPY — FBUIBIMU KbI3METKEPIIEp MEH CYpEeTIIUIepAiH Au3aiiHepiep
MEH MH)KEHepJIep/IiH OPTaK KYIIIMEH KacalaThlH KYP/EIi 3epTTeY, LILIFapMAaIIbLIBIK XKOHE OHIIPICTi-
TEXHUKAJBIK YPIICTI KakeT eremi. Mypaxkail SKCHO3UIMSCHIH Kypy alJIbIH-alla OHBIH JXKyiiere
TYCIpUIT€H FBUIBIMH Ma3MYHBIHAH JKOHE COYNETTIK-KOPKeMJIK IIelIiMi MEH TEeXHHKAJIbIK
*abapIKTaynaH Oactanaapl. Mypaxkail Tu3aiiHbI Typajbl Ka3ipri yakeITTa TYCIHIK OIpTiHAEN Jamysna.
CoynerTik FUMaparTapibl xKoHe MypaskaiIbl YHBIMIACTBIPYFa apHaIIFaH AU3aitHEepIIiK xKolanap MeH
miemimMep, KopIlaraH OpTaHbl, Mypa)kaili MEH OHBIH KOJUICKIHUSACHIH KOPEPMEHIe YCHIHY HETi3ri
Makcar OoJbIT TaObUTabl. AWTa KTy KepeK, Mypaxkail TU3aiiHbI-OyJ1 KeH YFbIM, op TYPil KbI3MET
TYPAEPIHiH KUBIHTBIFBI OOJIBIN TAOBUIATHIH MYPaXKalIbIH CTHIIMCTUKANBIK TYTAC KYPBUIBIM PETIHAET1
OeiiHeciH  KamblnTacTbipazbl. COHBIH  IOIHJIE  «OKCHO3UIMSA  JAM3alHBDY  YFBIMBI  Ka3ipri
MYy3eHTaHYIIBIIBIKTA Makga OoNabl. DKCHO3WIMS (DYHKIIMOHANABIK, COHIA-aK 3CTETUKAJIBIK
cunarTaMaiapAblH JKUBIHTBIFBI, TYTaC KEHICTIK-3aTTHIK SKCIO3UIUSUIIBIK OpTa. O KeHICTIK-COYIEeTTIK
OpHajacy peTiH/e KOCy dKCIO3UIUSIIBIK MaTepuaiaap, COHIai-aK KYpPbUIBIMIBIK KYPBLUIBIC, COHAAM-
aK KeCKIHJ KaJbINTacThIpy, TYC >XOHE JKapbIK IIEHIMiH KapacTelpaabl. CypeTuriiHiH Mypaxan
AKCTIO3UIMSICHIH OpBIHJIAyFa OeJICeH 1 KaThICybl OipTe-0ipTe KambIMTacThl. DKCIO3HIUSIBIK AU3alH
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OOWBIHINIA KYMBICTAFbI €H OaCTBICHI — CYpeT KopMellep: Mypaxkail YIliH SKCIO3UIUS MOJICHUETI 00C
Mmacene emecy (Zaks, 1987). byt >kyMbIC icTEHTIH YKBIMHBIH Koci0U eHreiinig kepceTkimi. Kazipri
yaKpIT apajbIFbIHIA MYpaKaiiap KOpKeMIIriH >k00anay MPaKTUKAChl AKCTO3UIMUIBIK KOpMe
KbI3METIHIH ’KaHa KaFuJaTTapbIH 33ipiey OYphIHFBIAAH Ja aca KaKETTIrl TybIHAaIbI.

Mypaxaitnapaarel KepMe >Ka0IbIKTapbIHBIH KOPKEM/IK KYPbUIBIMBI MEH KaJlbIITacy YAepici
KOpMeETEpiH KOPKEMJIIK XKoHE KYPBUIBIMIBIK CPEKIIeTIKTepi Mypakail KeHICTITH, KOJIJaHBICTAFbI
WHTEPBEPIIEPli, EKOP JIEMEHTTEPIH KaMTHUABL. 3epTTey OapbIChIHAA DKCIO3WIUS TU3aHHBIHBIH
epeKIIeNikTepiHe Ha3ap aylAapblHbI3, KOPME SKCIO3UIMIIAPEl - Mypakaimapasl sko0anayra JiereH
Ke3KapacTap/blH albIpMaIIbLUIBIFBIH aTall OTKeH KOH. bipae-0ip Mypaxkail OHChI3 00ia amMaiibl.
TypakTbl SKCTIO3UIMS, OYJI «TYPaKTBD» CO31 JKOHE Tarbl Oip TEPMHH, MY3€0JOITap KOJIJaHATHIH
«CTAIMOHAPIBIKY, SFHH JU3aiH J3ipJey.

Kaszipri 3amaHfbl 5KCIO3ULMS - 9pKalllaH Oonamakka OarbITTainFad. Mypaxailisik xobanap 10-
30 bl OOHBI ©3€KT1 OOJIBIN Kaldybl KEpEK, oJap ASCTYpal OIPIKTIpYl IYyphIC YHIECTIpE OTHIPHII,
Oomarrak e3repicTep/ii €CKepe OTHIPHII JKacallFaH KIAaCCHUKAIBIK TOCUIIEP JKOHE JKaHa TPEHATEp 00y
KEepeK.

Kepme xaOabIKTapbIHBIH KOPKEMIIK KYPBIIBIMBIH YHBIMAACTHIPY JH3AMHEPIIEP YIIIH MaHbI3IbI
XKyMbIc. Mypaxkail — 3Kcro3unusiiaap MeH KoJIeChlil eHIMIepiH Oe3eHipyaeH OacTan BU3UTKaJlapra
Nei1H, KapTouKajap MeH Kipy OuiieTTepi, CoHlaii-aK KepMe KaObIKTapbIH TYPBIC KYPacThIpY.

Mys3eli apanblKk KOMMYHUKAIUS JKOHE TOKIpHOE aimacy TaKbIpbIObIH JaMbITa OTHIPHIMN, Oi3re
KOpPMEHIH jkaHa ¢GopMachlH atan Ty MaHbI3nbl. EH annpiMeH, OMeHHane KepMeciH Mypaxaiina
YUBIMIaCTBIpYMEH OalJIaHBICThI JKaHA MJESUIapAbl JKapusjaay MIHJETI kKOHE KEeHICTIK-TYPaKThl
OKCIIO3UIMSUTApAAH YaKbITIIA KepMesepre JediH. bueHHami KepMmeciHIH MOHI JKaHa OuTiMai
KUHAKTal, KOMMYHHUKAaTUBTI Oonaapl. Toxipube anmacy yIIIH MaMaHAApAbl KUHANUTBIH Mypakai
JIM3aifHBI CaJIaChIHIAFbI JKaHA JKETICTIKTEep i KopceTy 0ok Tadbuiaasl. COHFBI OH YKBUIIBIKTAp/a
AKCITO3HITHS OHEP1 KBI3METIHIH HET13T'1 )KOHE KOPIHETIH Mypakai >KYMBICBIHBIH O1p 06T HIH ToyeIICi3
TYpi peTiHae Oepik OPHBIKTHI. JKCIIOZUIMSIHBI KYPY 9JICTEMEC] — KapKbIH/IBI JaMbIT KeJie KaTKaH
oMIC Ka3ipri My3eoJIoTHsl canachl. AFBIMIAFbl KOPME JK0OaJIaphl, MaFbiHAJIAp MEH TYCIHIIPYIEPAiH
©3TeprilliTIriHAer1  alIbIKTBIK, OJap IIBIFAPMAIBUIBIK >KOHE KeOiHece KepepMmeHAl OerceHl
no3unusra urepmeneiinai. KeprennepiHe KaTbICTbl, OHBbI LIBIFApMalIbUIBIK IPOLECKE KOCA[bl,
maxelpagpl. JlereHMeH, jkaHa allbUIBIMAAp, TAXKIpHOenep MeH OKCHEPUMEHTTEp 3aMaHayu
AKCITO3MIMSIIAPABI JKacay TEOPHUSIIBIK d3IpieMesIepre >KOHE YaKbIT oTe Kejle OCKITUIreH >koOayiay
NpPUHIMNOTEpIHEe BIKOAT erefl. Mypaxail SKCIO3ULMICH OJIEYMETTIK JKOHE UACOIOTHSIIBIK
e3repicrepal kepcerei. Mypaxkaii canacblHla FaHa eMec, COHbBIMEH Oipre Mypakail aiimMarbIHIa J1a
OOJIBIT JKaTKAaH e3repicTepre kayar oepe/.

Kasipri yakpITTa Mypaxailllap MEH KepMme 3ajJapbIHbIH SKCHO3UIMUIBIK KOHE KepMme
KbI3METIHIH OeJICeH/Il JaMYBIH aTam eTyre 00iabl. DKCIO3UIUS CUSKTBI MOJICHU KYOBLIBIC Ka3ipri
aJaMHBIH OMIpiHJAC MaHbI3ABl PO arkapaasl. O OUTlIM Ke3i, ACTETUKAJIBIK KaHOHJIAPIbIH
ayJapMalibIChl, dJIEyMETTIK KOMMYHHKAITHSI.

byn aHpIkTamMa OSKCHO3HUIMSHBIH ©31HIIK E€peKIIeNIriHeH OYpBhIH COYJIEeTTIK KOPKEeMIIIK
epeKienikke, nau3aiinra Oaca Hazap aymgapansl. CoOHABIKTAH, Mypaxailnapia YChIHBUIFaAH
OKCMO3UIUSA, KYpPbUIBIMBI JKaFbIHAH TOJIBIKTAW YijeciMauiikre Oonybl KaxeT. OHAAFbl ©HEp
TYBIH/BIIAPbl HEMECEe S3KCIIOHATTap, OpHajlacy epeKIIeNiri, COYNeTTIK AM3alHIBIK KYPbUIBIMBI
KarplHaH OIp-OipiMEH TOJBIKTal YyijeciM TamnkKaHJa FaHa KOMIO3MLUSIBIK KYPBUIBIMBI KOPIHIC
tabanel. Ockiran KateicThl O. M. MaTioleHko MypaxailiblKk KOMMYHUKAIUSHBIH MaHbI3IbLITBIFbI
KalbIHa TKip OUTAIPIN, OHBI «KepEepMEHIEp IiH O0enrii 6ip KeHICTIKTe OpHaTacKaH AKCIO3UIUSIIBIK
MaTepHanaapAbl KOpHEKi KaObLIAaYhl apKbLIBI JKy3ere achpbliaably nen cunattarad (Matyushenko,
2018).

OKCMO3UIMSIAPBl KYPYy/Aa KAl KCIIO3UIUSIIBIK MIE0SpIIKTI KANbIITACTHIPY OaphIChIHAA
O3IpJICHreH TEOPWSUIBIK HETI3Ziep MEH KaFuaaTTap iCKe achlpbUIajbl. beiHemnmi-TakbIpbIITHIK
KOMIO3UIUSIIBIK KYPBUIBIMJIBI LIENTy TOCUIAEPIHAE, SKCHO3MIMAIBIK OPTaHbl ApPXUTEKTYpaJbIK-
KEHICTIKTIK YHBIMJIACTBIPYJBIH OPTYPJl SMICTEPIHJE KOHE SKCIO3ULIMSAIBIK M3aiHHBIH Carajbl
JICHI'eHiH apTThIpy/a 3aMaHayu Ke3kapactap 6ackiM Oouysl mapt. KazakcTanaplk Mypaxaiaapaarsl
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XKaOJBIKTApIBIH KOPKEMIK KYPBUIBIMBIHA OalIaHBICTBl OTaHABIK FanbiMaapablH imriage K.K.
ADpBIHOBTHIH «ACTaHa KaJIACBIHBIH MYpaKailllappl MEH KepMe KelleHAepiHiH coyneTi» xone b.K.
KoxaxmeroBTsiH «XXI raceipaarsl Kazakcran mypaxaitnapsl. XKaraai sl Taniay» aTTbl eHOGKTEpiH
3epaenen kepenik. Mocenen, K.K. ApbIHOB COHFBI >KbUIAAPHI €TIMI3AIH TYpil MypakaiiapbiHia,
COHBIH IIiHAe ACTaHaJa XacajaFaH Mypakail SKCIO3UIHSIIAPhI COYIIET KOHE AU3aliH IeiMACPIHIH
KEH CIEKTPiH KaMTBIFaH JIETCH TYKBIPBIM IIbIFapynaa. On0erTe, ipi MeranojucTepae OpHaiIacKaH
OpTaJBIK Mypaxkailap >korapbl emmmemmaptrapra caii kememi. OnbiH ycriHe K.K. ApbIHOBTBIH
KYMBICBIHJIAFbI 3epTTey 00bekTiciHe aitHaFaH Ka3akcran PecryOmukachiHbiH OpTalIbIK MypaXkaiibl
apXHUTEKTypa MEH JW3aliHHBIH COHFBI JKETICTIKTEpPIH KOJJIAHBIN TYPFBI3BUIFAH FHUMapaTTapMeH
xaOapIKTana 6acTapl.

[erennik Mypakaiiimapaa KepMe KeHICTIriH KaimbsimTacTeipy Maceneci FO.C.Puzennin «Kepme
XKaOJBpIKTapblH KoOayayra KoWbulaThlH Tanantap», A.C.JlertsapestiH «Ka3ipri 3amaHfbl eHEp
MypakalllapplHJIaFbl KOpMe€ KEHICTIMH JKapbhIKTaHIBIPYAbIH Herisri npuHuunrepi», K.C.
KopHuiioBanblH «MapKeTHHITIK KOMMYHUKaLUsAIap *KyHeciHIer: Mypaxaii-kepMe KbI3MeTi», [u
XynbiH «MypaxaiiblH CaHIbIK KOpMENIK KEHICTITIHIH AU3aiH HIEIIIMIH 3epTTey», *KoHe OacKa
aBTOpJIAp KYMBICTAPBIHIA MYpaXkaiaparbl KopMe KaOIbIKTapbIHBIH KOPKEMIIK KYPBUIBIMBI MEH
KaJIBITITACy YAepici KoTepuIii.

OTaHIBIK JKOHE TIETENIIK MypaxainapAelH OyTiHri KyHI MeH OoJiamiarbiH 3epraesey
OaphIChIHAA MYpaXkaliJaFbl KopMe >Ka0IbIKTapbIHBIH KOPKEMIIK KYPbUIBIMBI MEH KaJIBIIITACY YAEPICiH
3epTTeyACH JKMHAKTaJNFaH TXKIpUOEH! KOJNJaHy HEri3iHAe MYpaailsIbIK AKCIO3UIMIIAP/IbIH
TapTHIMJIBUTBIFBIH aPTTHIPHITI, KOPEPMEHIEp CAaHbIH YIIFaWTyFa CENTIriH TUTI3€TiH OJIIMEeMIIapTTap bl
93ipJiey FhUIBIMH KYMBICTBIH TYHIHI.

Mpicansl, TypaH yHHBEPCUTETIHIH Xabapuibl KypHalblHIa «3amMaHayd TEXHOJIOTHUSIApIbIH
Mypaxaitnap Kei3Mmertine ocepi» (Yeshenkulova et al., 2021) artel mMakajgaceIHAa MY3EUIIEPIiH
OYPBIHFBI KBI3METIHIH Kal-KYW1 3epTTein, eneri Oip peTTiK ic-mapalapAblH KeIyliijiep caHbIHA
ocepi curmaTTanabl.

CoHbIMEH KaTap KbI3METKE *aHa TeXHOJOTHsUIap/bl SHI131M MaijaianyablH MaHbI3AbLIbIFbIH
auTy MeH Kartap ojemzeri ourimi 10 y3mik 3amaHayld MypaKaWjgapIblH KaTapblHAa KIPETIHIH
KapusuTaiapl. 3aMaHayd TEXHOJIOTHSIIAP/bI )KOHE KeHEUTUINeH BUPTYaAbl IIBIHABIKTHI Taiiganana
OTBIPBIN, OIpHEIle MIETENJIIK >KOHE OTaHIbIK Mypakaiigap meH kepmenepre 3D dopmarbiHaarsi
BUPTYaJIbl TypJlap MypaxkaiiFa Kelymiiep[iH OHJaiH jkoHe o¢uIaiiH peXHUMIHIE apThIl Kele
JKaTKaHBIH Kepcereni. Emimizmeri jkarmail MypakaiiFa Kedyliiep CaHblH KOOCUTy YIINiH, aTar
ailfTkaHAa, >KaHa TEXHOJIOTHSAJIAP/bI, JKAKChl >KapHaMaHbl, TYpJi AYHHUENEpIl KOJIAaHY apKbLIbI
OalbINTHI KYMBIC jKacay KepPEeKTIr'iH KOPCETIN OThIPFaH IbIFbIH KapHsIIaiIbl.

Kanmer Gonamakra Oyyl camaHbl JaMBITy KaXET €KEHIH KOpCETEeTiHI, OYpBIH MOJCHH
OpbIHIapra OapyFa MYMKIHAIM JKOK aJaMJapra ©HepAl KepceTyliH YJIKEeH MYMKIHAUIIri
alIbUTATBIHBIH Ka3azipl. CasxarTam, aTakThl Mypaxaillapabl apajay MYMKIHAIN OoimaraHaap
ONIEMHIH TYKHIP-TYKITIpIHJIETT Mypakaijaapaarbl V3K KOJUISKIMsIapFa OHJAWH KOJDKETIMII
OONATBIHIBIFBIH, MY3€HIepaeri BUPTYalIbl TypJaplbl THIHAAWTHIH agamMaapAblH OeJICeHAUTIrH
apTTHIPATHIH/IBIFBIH, MYHBI OJIAp MYPaKalIIbLIaAP/IbIH 631 KeTylIiiepiH oduiaiH KeTiciMeH KbU1aam
KbI3MET KOpCeTy iciMeH Ji¢ OalIaHbICThIPAIbI.

FrutbiMu 3eprTey O6apbIChIHIa Mypaskail SKCIO3HLUACH KOPKEM ILbIFapMalllbUIBIKTBIH AepOec
CHUHTETHKAJIBIK )KaHPBI PeTiHJIe OeKITUIreHAIriH TyciHaik. Ka3ipri 3aMaHfbl My3el SKCIO3ULUACHIHBIH
KaJbIITacyblHa ocep eTeTiH (akTopiap KelIeHIH KapacTblpa OTBIPBIN, OJapAblH HEri3riiepi
aHBIKTAIFaH/ABIFBIH Oalikaaslk Cyper 1.

Kazipri yakpITTa 3aMaHaydn Mypaxaigap MeH KepMeslep SKCIO3MLUSIAPBIHBIH COYJIeT-
KOPKEMJIK MocesieliepiHe apHaifaH OipkKarap TEOpHsUIBIK JKyMmbIcTap Oap. Anaiia, My3eHTaHyna
HKCTIO3ULUSIIAD MEH Oe3eHAIpY OHEpPiHIH COYIeTTIK-KOPKEMIIK LIeIIiMIep] calachlHIa TEOPUSIIBIK
KEH KeJIeM/li apHaibl 3epTTeynep oK. TeopusuIbIK 3eTTeylepeH Mypakaid SKCIIO3UIMSICHIHBIH OHEp
caJlachlHa apHaJIFaH ’Ka0JbIKTay CYpaKTaphl Ja 63 OpHBIH Taba ammanabel. Mypaxaii )KaOIbIKTapbIH,
aTamn alTKaH/a SKCIIO3ULUSIIBIK sKa0IbIKTap bl Kypy Macenenepi a3 3eprrenyze. KaOabIKThIH Kepme
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TaKbIPBHIOBIMEH, DKCIOHATTHIH CHUIIATBI MEH TYpIMEH OalIaHBIChl, HHTEPbEPMEH CTHUIMCTHKAIBIK
OaifIaHbIC XKOHE KOPKEMIIK 0OBEKT PETIH/E KYMBIC iCTey Macenesnepi )KEeTKLTIKCI3.

/— . BeitHeney xaHe KonaaHGank! eHep
|[\-’|o ) MypaxainapbiHbiK, THNONOMMACK, NPUHUMATEP
==

//"' MEH 3KCMOHATTaY agicTepi

| Konnekumanapasiy KepkemAik KyHAbbIFbI,
| Kypambl MeH epexiuenikTepi

Kasipri 3amaHfbi My3ei
3KCMO3NUMACHIHBIH
wababiKTanybiHa acep
eTeTid thakTopnap

/ 3 CayneT warnanb! (Kasipri 3amandrbl, Tapuxu,
b | 1 ambeban waHe GeliMoenreHd cayneT, MaoeHu
: ’ eckepTKiwTep)

BKCNO3NUMAHBIH TUMONOTUACK! MEH
Kenywinepaid, kabbingay opTackiH KYpy
Mongapel

Cyper 1 — My3eii 5kcrIo3ULHACHIH KAJIBINTACTHIPY (akTopiaapsl (aBTOPIIBIK MaTepHraln)

bipak, 2024 xpuiaeiH 30 KenTOKCAaHBI KyHI MOJEHHET >KOHE aKmapar MHHHUCTPIIT KbUT
KOPBITBIH/IBICHIH 1IbIFapy O0apbicbinaa 2025 xpuibl Kazakcranna MmypaxainapIplH BUPTYaIabl JKelici
ICKe KOCBUIATBIHBIFBI Typanbl «Profit.kz» caliTeiHan xaGapnap erymen kartap, 2024 >Kbul MOJIEHU
Mypara KOJDKETIMAUTIKTI KeHEHTY/ll JKaJiFacThIpaThlH Ka3ak eJiHIH MypaskalaapblHBIH JaMYBIHBIH
MaHbI3/1bl Ke3eH1 0oaFaHbIH xoHe KazakcTanma 275 mypaxail TaObICTBI dKYMBIC ICTEHTIHAIN, OHBIH
IIHAEe PeCmyOIUKaIbIK KOHE OONBICTBIK MYpakaijiap, coHaail-ak 12 pecmyOmuKalblK Mypakai-
KOpbIK, 200-7€H acTaM pecmyONUKaIbIK MaHBI3BI Oap TapuUXU JKOHE MOACHHET ECKEPTKIIITep
Kopranyna jaen canMmeH kepceriiredH. CoHbiMeH Karap, «OTtwipap, Yubitay, TanOambl, Capalmibik
CUSKTBl Mypakaijap HHQPPAKYPbUIBIMIBI 3aMaHayW O€JICEHJ1 KENYIIUIep OpTaJbIKTaphlH Kypa
OTBIPBII, JAMBITHIT KaTbIp. Ecik, Opnabackl, Caypan, ["ayhap-ana, bo3ak cHsSKTHI TaFbl 0€C BU3UTTIK
OPTANBIKTBIH KYpPBUIBICHI JKYpIl KaTblp. My3eil-KopbIKTap 3amaHayd Kypan->KaOIbIKTapMeH —
AyIUOTHATEPMEH  JKOHE  CCHCOPJIBIK  OJKpaHIapMeH  KaOJbIKTalFaH, KeWOip  Kemymriiep
OpTalbIKTApbIHA YHUBEPCUTETTEPIH OKY (uiInaiaapbl ambUiFaHablFbl aiteuiagsl» (Profit.kz,
2024).

O6inxan KacreeB aTbIHIaFbl MEMIICKETTIK OHEP MYpakaiibl, MEMJICKETTIK OPTaJIbIK Mypakaiira
XKOHE YITTBHIK My3eire « ¥ ATTBIK» MopTede Oepy »KocnapiaHFaHbl» Typajbla XxabapiaHraH.

2025 oxbutel  Kazakcran PecnyOnmukachlHBIH — YJITTBIK MYy3€HIHIE eliMizaeri  OapiibIk
Mypakaiylap ~ Typajbl  aKmaparka KOJDKETIMIUTIKTI — KamTamachl3  ereTiH  «Kazakcran
MypakaiIapbIHbIH BUPTYaJIIbI XKEIIC1» OlpbIHFal MOPTasbl icke KOCHUIATHIHBI TYpasbl Ja Ka3blIFaH.
[Natigananymeimap MeMJIEKeTTIK KaTajorKa EHTI3UINeH YITTHIK MOICHM Mypa HbICaHJIapbIMEH
tanbichil, 3D dopmarbingarel Oipereit apredaktiiepai kepe amaapl. byn OGactamanap MoaeHU
MypaHbl cakTayFa »oHe KaszakCTaHHBIH XalblKapajiblK apeHaJarbl TYPUCTIK TapTHIMIBLIBIFBIH
apTThIpyFa OarbITTAIaThIHABIFBI Typalibl Xabapiama OepiireH.

Mypaxaiinapaarsl kepMe KaOAbIKTapbIHBIH KYPBUIBIMBI MEH KaJBINTACy YAEpICIHAE Herisri
cumnarraMmaiapra MOIYIbIUTIK, S)PrOHOMHKA, IIaFbIH ©JIIIEM/Il SKCTIOHATTapFa oMOe0anThIK >KaTaIbl.
3amaHayu meTeNIiK Mypaxail >kaOIbIKTapbl 3aMaHayd TU3aiiH, MaTepuaiiap >KoHE IKCIO3UIIUSHBIH
1K1 KepiHiCIHE COKeC OMIACThIPBIIFAH KYPhUIBIMAAPMEH €peKIIeIeHE].

AN, OTaHIBIK MYpaxaimap KeOlHe ecKIpreH [u3ailiHapl BUTPUHAJAPMEH, JOCTYpIi
MaTepuaniap/aH jkKacalFaH COpeliepMEH, MypaKaiJIblH HHTEphepl MEH JKCIO3HUIMSICHIHA CHPEK
ColiKkec KeNeTiH CTaHAapTTalfaH KaOAbIKTaphIMEH >KOHE YCHIHBUIFAH JKCIIO3UIUSFA COMKec Kele
OepMeNTIH Tu3ailHMEH epekieneHenl. Ocipece, Ke3lHJe ©TKEH Fachlpia eMip CYpPreH, KHbIHABIK
OHE KYFbIH KOPTeH TYJIFalapAblH TYThIHFaH OYWBIMIAPBIHBIH CaKTaaMaybl OyTiHIe MEMOPHUATIbIK
KepMenepi Kypyaa KHUbIHIBIK TYIbIPAaThIHABIFEL. OTaHIIBIK MypaXkaimapaarel KopMe xKaOapIKTapbiH
BHUPTYaJIJIBI KETTIC1 APKBLIBI, OJIApFa KOMBUIFAH SKCTIO3UISUIAPIBIH KOPEPMEH YIIIiH KbI3BIFYIIBIIBIFBIH
TaHBITIAUTHIHABIFEI Oenrimi. Mypakall 3aMaHayu yAepICTeH KajbIClay YIIiH JKOFapblia aTaifaH
KpUTepuiinepre coiikec kenyi Tuic. KoWbUIFaH SKCHO3MUILUIAD KOPEPMEHHIH  KBI3BIFYIIBUIBIFBIH
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apTTHIPYHI YILIH KOpMe KaOAbIKTapbIHBIH KOPKEMIIK KYPbUTBIMBI MEH KAJIBIITACY YACPICIH KYpyAarbl
Tarbl Olp KOWBUIATBIH Tajanm — OOBEKTUBTUIIK HEMece WIBIHAWBLIBIK naeyre Oonaabl. Kepme
AKCIO3UIMACHIH Kypy OapbIChiHIAa My3eil MamaHIapbl JKCIIOHATTApABIH Oepuly TociaiHe ©3iHIH
UAESACHIH KOCa ajia/ibl, OipaK TapuXH MIBIHIBIKTHI OypMaayFa KaKbIChl )KOKTBIFbI aiThl1aabl. Kepme
OKCTIO3ULMACHIH KYPY OapbIChIHIA IIBIHANBUIBIK 3aTTHIK MPUHIMITIH OacThl KaFruaachl TYIHYCKA
3aTTapra CYyHeHy Typajbl aWThuIafpl. 3epTTeylli FajdbIMIApIbIH aHBIKTaMachlHA CYHEHCEK
«MYMKIHJIIT'HIIIE TYITHYCKAJIBIK 3aTTap OepeTiH aKmaparka HYKCaH KelTipMey, acipeieMey, FhUTBIMU
OOBEKTHBTLIIK MPHUHLUIIH cakTay O0oibn TaObutagspl. COHFBI Ke3lepAe Kom KOJAaHblIa OacTaraH
WHCTAJUIALINSA, MYJSDK, KOJUI&X, KOMITO3UIMSI CHSAKTBI SKCIO3WLMSUIAYABIH TYpJIepi SKCIOHAT
KETICTICYIIUTIreH TybIHJIaFaH opeKeTTep 00JbIn Tadbutaael» neminren (Kauman, 2001).

Byrinri Tanma Mmypaxaiinapiarbl KopMe KaOabIKTapbIHBIH KOPKEMIIK KYPBUIBIMBIH KaJIBIIITACY
YAEpICIHEH Mypaxkaillap[blH - ©HEp OpTaJbIKTapbl pPETIHIEr1 KOFaM 6MIpIHJeri pesliH KalTa
KapacTblpy KaXeTTUIIr TYbIHJAAM, €JAIH TYHKIP-TYNKIPIHAET1 MypakallapAblH SKCHO3ULHUSIIBIK
aJlaHJapbIH XKaHAPTy YIIIH MHHOBALMSJIBIK *KoOanappl KaJblITaCThIpy Maceseci OIpiHIl OpbIHFa
LIBIFBIN OTHIP. 3aMaHayH KaOAbIKTApMEH KaMTaMachl3 €TUINeH Mypakail SKCTIO3ULIMSIIAphl SAETTErl
KaObplIAayAblH Tap IIeHOepiHEeH IIbIFbIN, TYbIHIbIFA XKaHA Ke3KapacleH Kapay MYMKIHIINH
KaJBINTACThIpy KyulliHe ue. On yuIiH Mypaxaill KepMme >KaOIbIKTapbl JW3ailH MEH 3proHOMUKA,
KOJIJIaHBIIATBIH TEXHOJIOTUsI OOMBIHINA 3aMaHayd TeHACHLHUsANIapra coiikec kemyl Ttuic. Kepme ne
Mypakail KaOIbpIKTapbIH jk00aiay Ke31He KONTereH (pakTopiapsl eCKepy KakeT. MypakailmapapiH
KOpMe KaOABIKTapBIHBIH JU3aWHBIHIAFRl JKaHA TEHACHIUSIIAPIBI  AHBIKTAYIBIH  ©3€KTUIIr1
Mypakailnap/blH ©3 JJyiplHEeH KaJbICliail 3amMaHayd >KOHE O3bIK MOJCHM OpTaJbIKKa aiHaly
YMTBUIBICBIHAH TYBIHIAHTBI.

3amaHayd KepMe IKaOIBIKTAphl OSKCIO3UIUSAIAFBl TYBIHABI MOHIHIH ©3TeprillTiriMeH
epekmeneneni. Onap kpeartuBTi O601a Typa, KepepMeHACPAiH NIBIFAPMAIIBIIBIK JTaPbIHBIH OSTAIIbI,
OeiiTapan KyiaeH OeinceHal Kyire kemryre Imakbipaibl. COHIBIKTAH, FBUIBIMU JKYMBIC aJIJIbIH]IA
Mypaxkail xaOJbIKTapblHa KOMBIIATHIH ©JIIIeMIIapTTapAsl KallTa aHbIKTAIl, KopMe >KaOabIKTapblHa
KOWBUIATBIH TalanTapFa coiikec KaObUIaHFaH [W3aiiH HIeMIIMAEpPiH KOJJaHa OTBIPHIN, KepMme
KEHICTITH KeIIeH/ 1 )ko0aay MiHAeT1 Typ.

DKkeno3uius KenyHKIHOHANIBI )KOHE allyaH TYpJIl KeIleH OOJFaHJIbIKTaH, KCIIOHATTaP IbIH
KOpHEK1 OalJIaHBICBIH JKOHE 63 OCHHECIHe Me IKCIMO3UIMUIBIK KOHTEKCTTI Kypy MaHbI3abl. Kazipri
3aMaHFbl Mypakailjap 3aMaHayd MaTepHallJlapllaH >KacajlFaH, OHEPKACINTIK OHIIPIC HET3IHIeTi,
MOJTYNbIIK MKeM/I1 )KyHesIepAl KOJIAaHabl, 0Jlap SKCIO3UIUSHBIH apXUTEKTYPAJIBIK )KOHE KOPKEMIIK
HUETIMEH YHecei.

Mypaskail SKCIIO3UIHACHI OAPIIBIK TajanTap MEH epexesiepre coilkec Kenyl YIIiH O FhUIBIMU
KBI3METKEPIEPIIH, CypeTIIUIepIiH, COYICTIIVIEPAIH,  JTU3alHEpIeP/IiH, WH)KEHEPIIeP/IiH
IIBIFAPMAIIBUIBIK  OIpIecTIriHAe KajblNTacThIpbUiafbl. OTaHIBIK KoHE WISTENAIK Mypaxailinap
AKCHO3UIMSIIAPBIH 3epAeliey OapbIChiHAa Mypaxkail jkaOibIKTapblHa KOMBLIATHIH Kellecl TajamnTap
anbIKTanabl Cyper 2.

by tanantapablH KataH cakTaldybl Mypakail dKYMBICBIH aJIJaFbl OHXKBUIIIBIKKA JKOCIIapiayra,
OHJIaFbl DKCIIOHATTAPMABIH TAPTHIMABUIBIFBIH apTTHIPYFa, KOPEPMEHIAEPIl TapUXH KOHE MOJECHU
KOJIrepiepMeH TAaHBICTBIPY AapKbUIBl PyXaHH MOJEHHUETIH OaibITyFa MYMKIHIIKTED allajbl.
Mypaskail TaHBIMAJABLIBIFBIH KOTEPY JKOJIBIHAA OHJAFBI Ka0IBIKTAP/IIH KOPKEMIIK KYPBUIBIMBI MEH
3aMaHayd TEeXHOJIOTHsUIapMeH YHIeCIMILTIKTE OPbIHATYbl MAHbI3/1bl OPbIH alajbl.
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Cypet 2 — Mypaskaii )xa0IbIKTapbIHa KOWBUIATHIH TANaNTap (aBTOPIIBIK MaTEpUa)

4 KOPBITBIHABIJIAP

Kazipri 3amaHFbl MypakailTap/IbIH Ka0IBIKTaphl OPTYPIIUTIKKE, TapajIbIKKa KoHE Oipereilikke
JIETeH OapiIbIK YMTBUIBICBIMEH 3aMaHayd MaTepHhalaplaH >XKacajFaH >KOHE OHEPKOCINTIK eHJIpic
HETI31H/Ie, DKCIO3UIMSIHBIH KAl COYIET-KOPKEM/IIK HUETIMEH KOHTEKCTE >KacalraH OipTyrac,
MOJYIBIIK HKEM/I1 )KYHeTep/Ii KYpy TeHECHIIUAChIHA OaFbIHA b (SKCITO3HITHS IIEKAPaChIHIA).

3amaHayd My3ed FHUMapaTTapbIHBIH apXUTEKTYpaChIHAAa KOPIHIC TAO0AThIH KaJMbl YPAICTEpre
COMKeC IKCIIO3UIUSITBIK JKa0/IBIK:

a) PKCTIO3HIIMSTHBIH JKAJIITHI IIETIM1 KOHTEKCIHE OJIAPABIH €PEKIIEIIriH €CKePe OTHIPHIT, HAKTHI
KOJIJISKIIMSUTAp YIIIIH KYPBUIFaH Oipereit, apHaibl ®aObIK KyHenepi;

0) My3eil opraimbIKTapbl MEH KepMe aiMaKTapblHA apHaJFaH SKCIO3UIUSUIBIK KaOIBIKTHIH
om6e0art, OIpi3ACHIIPUITCH UKEM/II KYHemepi;

B) KCH 931pJICHTeH HOMEHKJIATypaJIbIK OaFraapiaManap HeTi31He WHIYCTPHSUIBIK TalbIHIaIFaH
YATUIIK TalbIH XKa0IbIK OOJIBITT O6ITIHET].

Kazipri ke3eHie Mypaxaii 3KCIO3UIHICH KOPKEM IIBIFapMaIIBUIBIKTHIH AePOEC CHHTETUKAIIBIK
xaHpbl peTiHae oexitinal. Ka3ipri 3aManfel My3eil 3KCIIO3ULUACHIHBIH KaJIbIITACYbIHA dCEP €TeTiH
(dhakTopiap KemeHiH KapacThlpa OTBIPHII, OJapbIH HETI3rIepi aHBIKTAJIJIbI:

a) MYpaKaiJIapblHBIH THIOJOTHUSIIBIK CHIIATTaMalIapbl, OJIAPJABIH MPHUHIMITEP], MIHACTTEpPI
MEH PKCIIOHATTAay ToCUIepi;

0) KOJUTEKIMSITApbIH KOPKEMIIK MaHbI3ABLIBIFbI, KYpaMbl MEH €PEKIIIe epeKIIeIiKTepi;

B) COoyleT arjailbl (Kasipri 3amMaHfbl My3el FUMapaThl, TapUXH KaJlblNTackaH, omOeoOar,
OediMIeNreH CoyJeT, Tapux »OKOHE MOJIEHUET eCKEepTKilli), OJapAblH CTUIUCTHUKAIBIK,
(YHKIMOHAIBIK KoHE KOJIEMIK - KEeHICTIKTIK CUITaTTaMalaphl;

I') OKCIO3ULHUSHBIH THUIOJOTHSIIBIK CHUIATTaManapbl, KeNyIIUIEpAIH OpTYpJil TONTapbiHA
€CeNTENIreH HKCHO3MIMS, COHIAl - aK TYpaKThl, TYPAKThl XOHE yakpITIIa (KepMme) >XKoHe T.O.,
KeJTYIIUIep/IiH SKCIO3UIUSHBI KaObUIay MPUHIMITEPi-KaObUIIay/IbIH KaliIbl OPTAChIH KYDY.

CoHbIMEH KaTap, Mypaxainapaarbl KepMe >KaOObIKTapbIHBIH KOPKEMIIK KYPBUIBIMBI MEH
KaJbIITacy yJepiciHe ILIeT eJJIK »KoHe OTaHJIbIK OipHelle Mypakailnap MeH kKepmenepiiH 3D
(dbopMaTTarel BUPTYaNJbl KENIHIH TEXHOJOTHSUIAPbIH KONJaHy apKbUIbI, MypakaiiFa OHJAlH [a,
oddnaitnaa KemymIiiep CaHblH apTaThIPYIbl KAPACTHIPY.
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LIVING ENVIRONMENTS: FROM XX™ CENTURY THEORY
TO XXI®T CENTURY PRACTICE
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International Educational Corporation, 050043, Almaty, Kazakhstan
2 State University of Land Use Planning, 103064, Moscow, Russia

Abstract. Identifying the main environmental problems and the need to adapt
housing to the conditions of the urban lifestyle, is an urgent task for the theorists,
architects and urbanists. The desire to combine comfortable spaces for life and the
advantages of a large city was reflected in the attempts of researchers of the city
dwelling of the twentieth century to «look into the futurey» and present the world with
the most optimal habitat for the life of an urban person. The main aim of this review is
to analyse theoretical studies of urban housing and the residential environment of the
twentieth century, to identify perspective areas that now, in the 21st century, have
become relevant trends in design and have found a practical objectification in the
organization of spaces of modern multifunctional residential complexes. Based on the
analysis of the study of theoretical works and Internet resources in the form of
conference materials, interviews with architects and urbanists on the research topic,
problems of the residential environment of cities of the XX-XXI centuries were
identified. Special attention was paid to the generalization and synthesis of sources,
which is reflected in the identification of the characteristics of the residential
architecture of cities in particular, the citizens’ needs, and also in determining modern
trends in the organization of a residential environment focused on improving the
comfort of living.

Keywords: comfortable living environment, cities of the future; modern trends,
multifunctional residential complex.
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TYPI'BIH OPTA: XX FACBIPABIH TEOPUACBIHAH XXI
FACBIPABIH ITPAKTUKACBIHA
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Angarna. JKono2usnvlK Macenenepoi AHblKmay Hcane mypavlH yuoi Kaiaiblk oMip
cypy acazoaunapuvina beuimoey Kaxcemminici meopusubliap, apxXumeKmopiap HcoHe
ypoanucmep ywin o3ekmi MinOem 6o0nvin maobwiiaosl. TypevlHoapea Konauivl oMip
CYpy KeHicmikmepin JiCoHe YIKeH KalaHbly apmulKUbLILIKMAPblH Oipikmipyee
ymmoinvic XX 2acelpoagvl KalanivlKk mMypeulH yi 3epmmeyuliiepiniy «0onaumakka K3
Jrcy2ipmy» apexemmepinoe KOPIiHiC manmol, o1ap Kald A0aMblHbIY OMID CYPYi YUliH eH
oymaiibl opma ycvinyea moipvicmol. byn wonyowiy nezizei maxcamol XX eacvipoassi
KANAnblK MYpaulH Yi MeH MYpPblH OpMAaza KAmvlCmvl MeOpUsnblK 3epmmeynepoi
manoay, XXI 2acvipoa e3exmi mpenomepee auHaI2an nepcnekmueansvlk Oazulmmapoul
AHBLIKMAY, COHOAU-aK Kazipeli 3aMaHebl KONGQYHKYUOHANObL MYPEbIH KeuleHOepoiy
KeHICMIKmepiH YublMoacmulpyodebl NPAKMUKAILIK JHCy3e2e dAcyblH 3epmme)y 0O0Jbin
mabwvinadvl. Teopusnvlk Hcymvlcmap MeH UHMEPHEm-pecypcmapovl, KoHpepeHyus
Mamepuanoapvli, apXumexkmopiap mMeH ypoaHucmepmet xHCypeiziieer cyxoammapobl
manoay nezizinoe XX-XXI 2acvipnapoazel Kananaposiy mypavlH OpmacbiHa KamviChbl
Macenenep amblKmanovl. TYp2vlH —apXumekmypacvlHblY —epeKulelikmepiy, Kald
MYPELIHOAPLIHLIY, KANCEMMIIIKMEPIH JHCIHEe MYPEbIH OpMAausbl YUbLMOACMblpyOdebl
Kazipei 3amaungvl  mpeHomepli aMblKmayed epekuie Hasap ayoapuliovl, Oy
MYPELIHOAPObIY OMID CYPY KOMBOPMbIH apmmbipy2a OAbIMMAIEAH.

Tyiiin ce3nep: xonaiiibl mypevln opma, 6orawlax Kaiaiapul, Kazipel 3aMAaHebl
mperomep, KONQYHKYUOHANObL MYPEbIH KEUleH.
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KUJIAA CPEJA: OT TEOPUHU XX BEKA K ITPAKTUKE
XXI BEKA
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1 INTRODUCTION

The prediction of the living environment for the future is the «answer» to those prerequisites
and problems that were characteristic of a particular urban environment at a certain historical stage.
Perhaps the most complete human requirements and preferences can be traced to the transformation
of the living environment, according to the results and ways of decisions, including the example of
futurological predictions of architects and urbanists of the world.

The analysis of the urban environment is distinguished by multifaceted research: an apartment,
a building, a group of buildings and the external and internal spaces that unite them. The living
environment is directly related to the person, their lifestyle and behavior, including the social aspect
and its subjective perception. The interaction between the architectural and spatial components of the
living environment and the subjective sensations of a person is conditional. Along with this, each
element of the habitat acquires a specific emotional significance for an individual person, and can
«be somehow lived in by someone» (Kaganov, 1984). Therefore, the whole spectrum of
environmental properties is important to consider, and is most fully reflected in the multilateral study
and prognostic studies of the living environment of the future in the theoretical works of the twentieth
century.

In this review, a residential complex was chosen as the architectural object, as the most
perspective form of organizing the residential space of a modern city dweller. The emergence of a
residential complex at the beginning of the twentieth century aimed to provide residents with the
necessary services and spaces for more comfortable living. The modern multifunctional residential
complex is a complex urban planning facility, which includes various groups of premises with
different but complimentary purposes and functions: residential, public and administrative
institutions, garages and parking lots, united by a single composition and planning scheme. The role
of a multifunctional residential complex in the rational organization of spaces is to improve the life
of a modern person and the most complete realization of the necessary needs for housing, work,
relaxation, communication.

The purpose of the study: A review of theoretical studies regarding the organization of the
residential environment of the cities of the future and an analysis of modern trends in the organization
of multifunctional residential complexes, as a reflection in the modern practices of prediction of the
twentieth century.

2 LITERATURE REVIEW

The appearance in scientific areas in the late 1960s of the concept of the «living environment»,
«space» and «image of the city», determined the main elements of the medium approach, arose in
attempts to solve the problems of our cities in the process of rapid technical development and social
transformations of the twentieth century.

The main trends in the organization of the urban living environment from the 1960s to the 2000s
are presented in Table 1.

Table 1
Main tendencies of XX century in residential environment design (author’s material).
Complex Building Yard and territory Appartment
Homogenity of (iﬂ?lt 1(2) iﬁlcéudz(:t% 1}2132 Slliiizrs Transit yard and availability of The impossibility of
the external on g;e ﬁrs;g ﬂ’olz) oS of resiéien tialy “common” spaces transformation in
image Presence of house territory time and space

buildings)

The tendencies in the organization of the residential environment (especially in the Soviet
Union: homogeneity of the external image, limit of included public spaces, transit yard and
availability of «common» spaces, the impossibility of transformation in time and space) were not
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diverse. In the design process, there was a restriction on sanitary standards, the need to create standard
solutions taking into account the method of standardization and industrialization, and a «state» order
when the design was completely regulated by the authorities. Over time, the trends began to be
perceived as tasks, demanding to solve the issues which were becoming increasingly reflected in
urban theoretical studies and futurological predictions.

Conditionally all representations can be divided according to the following criteria:

- Synthesis of housing and public spaces and premises. Researchers saw this kind of combination
of functions in a residential building by the wide introduction of public spaces: a) for more active
communication: for example, architectural theorist Ikonnikov notes that the unification of people into
collectives, who are not related, to working in a residential environment will be reflected in the
development of multifunctional public spaces that will ensure the possibility of communication
between people (Ikonnikov, 1983); 2) Glazychev determines the importance of collective service
spaces for saving the territory of the city: «The most promising search direction - is the formation of
«residential structuresy of variable storeys, which easily allow you to integrate those public premises
which today» eat «huge areas in the centre of the micro district» (Glazychev, 1987).

- Synthesis of architecture and design. The authors of the mid-XX century emphasized the unity
of architecture and design in future project work. By the techniques and means of design as the
creativity of the future, the use of new technologies, and the introduction of scientific developments,
the creative capabilities of designers will expand (Khan-Magomedov, 1985). According to
Ryabushin — «all structural and functionally significant elements of the dwelling will merge into a
holistic object-spatial unity» (Ryabushin, 1973).

- «Greeny architecture. The call of the «Green Guru»: American architect B. Fuller stressed to
architects and colleagues at the 1961 World Congress of Architects the need to take into account the
natural component in the design; he was supported by the architectural community (Konferentsiya
DLD, 2007). The newly designed living environment became a response to the environmental
problems of cities. Among Soviet architects, Ikonnikov, Gutnov, Glazychev and others paid attention
to the ecopolis as a city of the future through the pages of their works. They represented the ecopolis
as a holistic city, with a densely developed space, all underground, intended for engineering systems,
transport, communications, and terrestrial, given entirely not only for the life of people, but also for
plants and animals too (Ikonnikov, 1983). At the same time, «a subtle transition from the cultured
nature in the interior to the naturalness of the external environment will be created in the dwelling»
(Perspektivy, 1975). A change in the attitude towards nature in the future should entail «its inclusion
in the dwelling, its reflection in architecture and display in art» (Perspektivy, 1975), which will help
the emergence of as yet unknown architectural images and forms

The team of authors the monographs «Perspectives for the development of house,» written
about the research of the Central Research Institute of Housing (1975 and 1981) focusing on the
following aesthetic aspects of the residential environment:

- creation of ensemble development: «The principle of the ensemble will be the guiding
aesthetic feature» (Perspektivy, 1981), in which the residential building will be designed, not as an
isolated object, but as an artistic element of a group complex development;

a) variety of architectural images: the limitation of the standard solution of facades will
disappear, in which «the plane and the right angle will no longer be the only elements of architectural
formation» (Perspektivy, 1975). The spatial solution of residential complexes will also be enriched,
causing «complex structures with developed plastic volumes to be used more widely» (Perspektivy,
1975); b) individuality of the house: «The dwelling will regain the previously lost art of aesthetic
expression», but already at a new level «as the art of self-expression of a single social collective»
(Perspektivy, 1975), by establishing a connection between the artistic decision of the house as a
social order of society and the individual features that residents will bring to its image.

Taking into account the aesthetic characteristics as listed above will strengthen the social
significance of the house so its sphere will cover not only purely utilitarian needs, due to a harmonious
combination of internal and external spaces of the living environment.
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- To human scale. Ikonnikov, determines that a person's environment should be large-scale to
them: «A person in the future should remain a «measure of all things» «that he creates as a shell for
his life» (Ikonnikov, 1983). Such a principle will require more technical equipment, but it should
become a promising focus in the design of a residential environment. «Giant multi-storey buildings»
(Gutnov & Glazychev, 1990) cannot in the future be a promising direction in the construction of
residential buildings, which was associated mainly with the psychological problems of the city
dweller, such as the «separation» of a person from the natural environment, «skyscraper disease»,
difficulty in orientation in space, and the implementation of territory control.

- The ability of the living environment to be transformed according to human needs. The living
environment of cities of the future in the representations of architects of the West (Candilis, Friedman)
define a common feature expressed in the concept of «functional» mobility (Yargina, 1968). This
concept means the need to search for answers by means of architecture to changes that are
characteristic of a person, family and society in the process of life, communication or from the side
of psychology. The search is reflected in the concepts in the creation of a flexible «mobile solution of
any room and structure related to the stay of a person «that fully meets their rapidly changing needs
and tastes (Yargina, 1968). According to Candilis: «There will be a day when there will be no more
traditional apartments. They will be replaced by life-supporting spaces in which residents themselves
will be given the opportunity to equip them to their liking, taking into account their personal
preferences» (Kandilis, 1979).

Soviet architects also paid attention to issues of dynamic space. For example, Ryabushin,
Bogdanov and Paperny based analysis of the existing model of the apartment environment and
determined its failure in designing in the future. The authors saw an important feature of the housing
model of the future in the possibility of reusing space. For this, the dwelling in the future will have
to be dynamic and adaptable to transformations, where functional zones will be characterized by
alternation and deployment «in time», due to «the technization of the house and the development of
built-in and transformable equipment» (Ryabushin et all, 1972).

- The importance of the dialogue between the architect and the inhabitants. Summing up the
«final line» under the comparative analysis of the cities of the future in the concepts of architects and
urbanists, the authors Gutnov and Glazychev focus on their differences in spatial, planning solutions
and ideas about a high-quality residential environment. A common feature of these theories is the
absence of the right of the citizens themselves in the decision to organize their future place of
residence: «the idea of dialogue with the citizens did not even occur to those who overcame the
stereotypes of the past and found a bright image of the future» (Gutnov & Glazychev, 1990).

The change in the situation can be traced back to 1960-70. Perhaps the most significant and
well-known work is the book by American J. Jacobs «The Death and Life of Great American Cities»
(Dzhekobs, 2011). The author of the publication, from the position of an ordinary citizen, revealed
to the world the problems that are characteristic of the urban residential environment are evident in
her hometown. Her work raised the questions of huge empty and unsafe spaces between residential
buildings, in which «own» and «not owny territory cannot be distinguished. There are also issues of
loss of communication between neighbours as a characteristic of old city streets. «Boredom and
stagnation» in the organization of residential territory are the precursors of slums. J. Jacobs tried to
pay attention to simple and familiar things and circumstances that play a significant role in the
formation of the residential environment.

It can be noted that architects and urbanists of the XX century were concerned not only with
the organization of the space of the living environment (Ryabushin, 1986), but also with
environmental, visual and aesthetic aspects: the influence of the living environment on a person, the
perception of comfort conditions, its psychological and emotional impression. Designers increasingly
have chosen an approach, where the implemented project most fully corresponds to the needs of the
urban community.
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3 MATERIALS AND METHODS

By determining that the «environment is richer than architecture», Kiyanenko notes that the
environment has the ability s to accumulate socially significant meanings, preserve them in time and
broadcast them through «special qualities of architecture as the most stable durable element»
(Kiyanenko, 2015). The prediction of the living environment for the future is the «answer» to those
prerequisites and problems that were characteristic of a particular urban environment at a certain
historical stage. For example, the living environment of the «Radiant City», Le Corbusier provided
each citizen with an equal amount of light, air and greenery in the vertical «garden city» and had to
take into account the role of road transport. The approach and introduction of the service sector into
urban housing was defended by Soviet constructivists, which was a reflection of ideological
prerequisites in the form of generalization of life and the introduction of collective use spaces into
the housing structure; the ideas of P. and A. Smithsons were aimed, in addition to creating
comfortable conditions for housing elements, at communication expressed in the projects of
residential complexes with «streets in the sky». Many of the ideas remained as utopian ideals. Perhaps
the most complete human requirements and preferences can be traced to the transformation of the
living environment, according to the results and ways of decisions, including the example of
futurological predictions of architects and urbanists of the world, where «the environment closest to
the ideal is real experience gained at different times» (Glazychev, 2011).

The article can be divided into two main but interrelated parts. The first part examined mainly
the literary works of Soviet and foreign authors - researchers of the urban living environment and
architects - of the past, XX century, from the perspective of futuristic forecasts concerning the
architecture of housing, its spatial planning solutions, and technical content. The methods of analysis,
synthesis and generalization of the considered works made it possible to identify a number of criteria
in the organization of the residential environment of the future, which became the main directions of
the second part of the article.

In the second part of the article, based on the analysis of the study of theoretical works and
Internet resources in the form of conference materials, interviews with architects and urbanists on the
research topic, trends of the residential environment of cities of the XXI century were identified.
Special attention was paid to the generalization and synthesis of the considered sources, which is
reflected in the identification of the characteristics of the residential architecture of cities in particular,
the citizens’ needs, and also in determining modern trends in the organization of a residential
environment focused on improving the comfort of living.

As a result, the assumption was confirmed that a comfortable living environment as seen in the
representations of the past is a reflection in modern trends of the design of a multifunctional
residential complex, which today is a kind of standard of quality of life for the urban population,
where «Although fantasy, a dream is a special form of awareness of an overdue or brewing need, and
sooner or later, in one form or another, it will become a reality» (Perspektivy, 1975). Confirmation
of this thesis can be traced to the example of the process of introducing functional spaces and zones
for communication, service institutions and the need to create dynamic spaces that can change over
time in accordance with the needs and interests of society (Akhmedova, 2016).

4 RESULTS AND DISCUSSION

In the modern world, the attitude towards the quality of the living environment is changing.
Decent infrastructure and improvement of the residential complex are also profitable and demanded
by residents. Architect Poroshkin believes: «People evaluate many considerations while buying the
house: parking facilities, local educational and preschool institutions, a yard with or without cars,
parking typology, infrastructure, recreational areas, distance from harmful industries» (archi.ru,
2019). It is worth noting that new trends are not limited only to just one segment of a house, according
to architect D. Baker, who specializes in the construction of residential buildings by social order:
«Today, market housing has become competitive, since developers of elite housing have realized that
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people want to live in beautiful buildings with a full range of services» (Mikhaylova, 2016). So, the
theoretical forecasts of the last century are gradually being implemented and, as they adapt to the
modern conditions of urban life and the real needs of society, they become relevant directions in
design.

An integrated approach. 1t is worth mentioning the trend of an integrated approach in the design
and organization of the space of a residential complex, in which design becomes one of the main
conditions for project activity. «An integrated approach is a design that begins with the design of a
«door » in the courtyard», from private spaces to public spaces, where «the environment is the fabric
that connects everything into a single residential complex» (Furman, 2021). It becomes more
difficult to determine «where the architecture ends and the design begins that creates the aura of the
inhabited space» (Aronov, 2009). Dense, but at the same time large-scale residential development
allows for the optimal use of the space of the site, freeing up the maximum amount of the land for
recreation and leisure. The condition for an integrated approach is the «ensemble» of development
and the uniqueness of the appearance of residential buildings, where each house has «its own face,
its own image».

The integrated approach takes into account the combination of integrating the requirements of
functional, urban planning, and stylistic parameters, requirements for the comfort of the living
environment and the improvement of the territory of the residential complex, which is shown in
Figure 1.

- . e g, L
Modern trends in the Er E ah Y an
organization of the & B ‘_ M o
living environment of ‘ : - S— i
residential complexes 5 Autonomy and self-  |Combining housing I-I_ealthy
P Organic geometry sufficiency , and work ‘, environment
’( o
o8 = = =) =
ol = i Taking into account ctibiriation s Application of green
: > b‘! {q— | thecontext integration of Coworking within tech;glg::lssand
RESIdE?tIa| 53 Q,. & | Creating a unique various functions the structure
compiex Q‘:}b% building identity Ecology of the area
i Thoughtful
. ‘ Synthesis of open, Walking Creation of "quiet" organization of the
Yard and B A semi-open, and accessibility zones in the yard adjacent territory
adjacent e | closed spaces
territory e Car-free yard
Incorporation of
Replacement of green spaces into
[ Comfortalb{_e cerFaln mduwdua! Apartment-offices the structure of
planning solutions functlona'l areas with the building and
public ones apartment

An integrated approach to the formation of the external and internal
environment of a residential complex

Figure 1 — Modern trends in the organization of the living environment in residential complexes [author’s material].

Inclusion of third places and services. Walking accessibility, maximum proximity of
workplaces, areas for training, recreation and green spaces are a priority in modern planning.
Changing the labour processes and lifestyle of modern citizens entails the need to design and include
in the residential environment the so-called «third places» (Ol'denburg, 2014), that is, such public
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places that contribute to the unification, communication and creative interaction of people. The
diversity of public spaces affects the «multifunctionality» of the complex and is undoubtedly
associated with the ideas and ideals of modern society. Considering the public spaces of the city and
dwellings, Gale (Geyl, 2012) determines that the most comfortable public space is a space with
integrable functions, corresponding to the lifestyle of various categories of people, accommodated
functional zones characteristic of a particular «house» (communication and hobbies) and large-scale
for a person.

An important point in the research is the need to adapt housing to the pandemic and its
consequences, which requires some adjustments to the relevance and demand for residential spaces:
«the issue of urbanization of large areas and overpopulation, public transport, cramped apartments,
remote work, equipment of working areas in a house... It is likely that there will be a need to live in
a community, in a commune, because together it is easier to cope with such crises» (Eymar, 2020).

Combining housing and work. Social and labour relations in a modern large city are becoming
more flexible. This is due to the development of the Internet and increased mobility of the population,
which allows people to become less attached to a certain place of residence, find like-minded people
faster, communicate and work without paying attention to territorial borders (Karatseyeva &
Akhmedova, 2022). This space rightfully encourages coworking. Despite the fact that home and
work are not included in the concept of the «third place», coworking is a modern trend, increasingly
included by architects in residential complexes: places where you can negotiate and discuss things,
essentially remaining a «step away from home».

The following example is related not so much to a public place as to the combination of housing
and work, directly in a residential cell. «The emergence of office apartments is a reflection of the
tendencies of the modern economy: the state relies on small and medium-sized businesses, more
freelancers are appearing, and now, during the pandemic period, even those who are usually tied to
the office are working at home» (Sinarevskaya, 2020). A feature of apartment-offices is the division
of internal space into residential and working areas, accommodation on the first floor of a residential
building, a separate entrance from the street.

Places for sports. The introduction within the structure of the residential complex of sports
premises and spaces, is more associated with the «cult of a healthy lifestyle». Such spaces include
sports and fitness halls, open areas with simulators and cycle ways.

Inclusion of parking spaces. The increase in the number of cars and the need for parking spaces
affects the creation of a cosy courtyard of a residential complex (Haikal et all, 2024). According to
the accepted standards, the design of parking lots in the structure of the residential complex today is
a prerequisite.

Environmental direction of design. This trend can be traced to the inclusion in the residential
complex, on the one hand, of the natural component. Green areas located in the structure of a modern
multi-storey building can have different functions. They can be intended for the personal use of
apartment owners, for example, as their own mini-garden on a balcony or terrace, or have a public
purpose, in the form of places for meetings, communication, games and sports, or perhaps simply
serve as places of passive recreation and the love of wildlife. The second aspect of environmental
greening may be the conscious preference of modern citizens in choosing a house built using
environmentally friendly materials or with the introduction of alternative energy sources.

The introduction of green zones in the structure of the dwelling allows you to visually «erase
the border» between the first and last floors, in some cases between the city and the village, allowing
a person to enjoy greenery, living high above the ground, in a cleaner air environment enriched with
oxygen (Karatseyeva & Akhmedov, 2021).

The inclusion of nature in the structure is a peculiarity of the modern residential environment
as it is trendy to have access to such features. Thus, green areas can be private when placed on a
personal balcony or terrace, semi-private or semi-public when intended for the use of residents of a
section or complex (in the form of a winter garden or a playground), as well as public, for residents
of the city.
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In a multifunctional residential complex, according to Danilidi, all elements of the residential
environment «work for each other»: housing, office spaces, kindergartens and schools, household
infrastructure, sports facilities and recreation spaces, create different types of life activity (MUF,
2019), where «multifunctionality helps people unite and turn houses from a «place to sleep «into a
space for establishing relationships between neighbours» (Bushukhin, 2018). The introduction of
additional public spaces and functions in a residential building contributes to the development of
social ties and the harmonious development of the territory.

Creating a residential environment taking into account the physical and psychological
characteristics of a person (Figure 2):

Creation of universal (Stepanov & Starikov, 2012) and gender-sensitive (Dolgaya, 2019)
environments, which implies a comfortable stay of citizens, needs to consider people’s physical health
and age. It is worth noting that the design of a universal environment is aimed mainly at taking into
account ergonomic indicators, and gender-sensitive is more related to social aspects which includes
safety (both physical and psychological). The design of such environments includes the consideration
as consumers of all segments of the population, for example, a small population of elderly people
who are difficult to move due to age or young parents with a wheelchair. The answer could be to
create ramps and lifts with entrances to the building and directly to the apartment from the «zero floor
mark», designing a safe «viewed space», creating places that can be called «theirs» by various
categories of residents, regardless of age, aimed at a comfortable stay, safe movement and
communication.

The maximum orientation of the living environment needs to align to the perception of the
users, that is, the design of an environment where the quality characteristics of the area will be
available, if not to everyone, then to the maximum number of residents of the complex. This takes
into account not only the unique characteristics of the terrain, but also the «user's point of view» from
the position of movement as they approach the building, etc. (Furman, 2021);

The application of innovation and technology to housing. The ubiquitous penetration of modern
technologies can no longer be avoided as they allow the user to be, constantly online, and to keep the
dwelling under control at any time of the day and from a great distance. Today, «digitalization is an
important aspect that connects layers of architecture. This is the idea of integrating time and the user
of the modern world», said O. Hauser (BMW MINI LIVING) (MUF2019 Mini, 2019);

Creating a residential environment taking into account the physical
and psychological characteristics of a person
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Figure 2 — Trends, functions, and techniquas of organizing the living environment, taking into account the physical and
psychological characteristics of a person and computer technologies (author’s material).
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The variability of apartments and the transformation of living space. In order to adapt to the
changing needs of residents, this trend can most clearly be traced to the distribution of «free-planning
apartments» and the design of apartments in which the function of redevelopment of living space is
originally laid down (through the separation of any part of the space (Sylejmani, 2020; Kemper &
Lohrberg, 2024). «Each apartment should meet the requirements of residents, create different
layouts, lead to heterogeneity of buildings and neighbourhoods and contribute to the development of
close relations between people and their own home» (Bushukhin, 2018). So, a residential cell will
be convenient for living only when it will be considered in conjunction with the organization of a
housing estate and a favourable environment: public spaces, infrastructure and objects of a residential
quarter as a whole (MUF, 2012; Falagan, 2012).

Ideas about a comfortable living environment are associated also with the provision of the
opportunity to manage or make joint decisions with the civil community at the stage of the project
and improvement of the territory, called «co-participating design». Sanoft sees the main advantage
of co-participating design «in its potential to overcome the usual boundaries between different
professions and cultures» (Sanoff, 2015), and compares it with the «key» necessary to form
communities aware of their rights and opportunities. He calls it democratic, since the approach takes
into account the interests of all groups of citizens and urban institutions and defines the co-
participating design as one of the main areas of social sustainability. The society of people gradually,
in making decisions on the organization of the residential environment, becomes a community for
which the created territory acquires some value. It is this territory that residents identify with
themselves, with their lifestyle and can fully call «ours», or «theirsy», as «the spirit of property affects
morality» (Sanoff, 2018).

The above trends reflect the ability of the living environment to evolve with residents by
adapting to often changing living conditions, developing with a person, taking into account their
lifestyle and responding to changes. Asadov singled out «seven basic principles of modern
architecture: 1) maximum autonomy, 2) self-sufficiency; 3) organic geometry; 4) intermediate spaces;
5) figurative beginning; 6) flexibility and 7) transformation. This should result in a healthy
environment and an integration with nature» (Zmeul, 2020). Designed in accordance with these
principles, the development enriches the environment and helps the development of a person's
personality, and is therefore «living and developing» (Zmeul, 2020).

5 CONCLUSIONS

Comparing the futurological predictions of architects and urbanists of the XX century with
modern tendencies in the design of the living environment, it can be seen that most of the forecasts
are reflected in the architectural and spatial mode of multifunctional residential complexes, which
every year can be more and more called modern eco-policies, that is, places «where the spiritual
potential of the human community can be revealed with the greatest completeness» (Gutnov &
Glazychev, 1990). Similar features include the relative autonomy of the complex from the city - a
kind of city in the city; extensive use of underground space, while above-ground space is organically
inscribed in the natural environment, on a scale and safe for humans; inclusion of a natural component
intended for comfortable living not only for humans, but also for preservation of the natural
environment and biodiversity. From year to year, the «modern standard of a house» (MUF, 2012),
coming «from the consumer», expressed in the convenient location of the residential building, in
combination and integration of various public functions, as well as made in interesting architectural
solutions with the inclusion of green and landscape components, is increasingly reflected in the design
of modern urban housing on a global scale. We can only hope that modern trends will be developed
in the future, despite all the urban problems, political and economic changes, and the standards of
modern housing become accepted around the world.

67



QazBSQA Xa6apumbicel. Nel (95), 2025. Cayner

10.

11.

12.

13.

14.

15.

16.

17.

18.

REFERENCES

Kaganov, G.Z. (1984) Consumer perceptions of typologically different environments
[Predstavleniya potrebiteley o tipologicheski razlichnykh sredakh.]. VNIITE: Moscow, Russia.
(in Russ.).

Ikonnikov, A. (1983). Architecture of the future trends and forecasts. Architecture and
materials of the future [Arkhitektura budushchego tendentsii i prognozy. Arkhitektura i
materialy budushchego]. (pp. 44-52). Moscow, Russia. (in Russ.).

Glazychev, V.L. (1987). About our home [O nashem zhilishche]. Moscow: Stroyizdat.
Khan-Magomedov, S.0. (1985). On the question of the specifics of the art form in design [K
postanovke voprosa o spetsifike khudozhestvennoy formy v dizayne]. (pp. 14-25). VNIITE:
Moscow, Russia. (in Russ.).

Ryabushin, A. (1973). Futurology of housing abroad. 60-70s [Futurologiya zhilishcha za
rubezhom 60-70gg.]. VNIITE: Moscow, Russia. (in Russ.)

Konferentsiya DLD (2007). Norman Foster and his green agenda [Norman Foster i yego
zelenaya povestka dnya]. Retrieved from
https://www.ted.com/talks/norman_foster my green agenda for architecture?language=ru#t
-223491

Prospects for the development of housing in the USSR (1975). [Perspektivy razvitiya
zhilishcha v SSSR]. Stroyizdat: Moscow, Russia. (in Russ.).

Prospects for the development of housing in the USSR (1981). [Perspektivy razvitiya
zhilishcha v SSSR]. Stroyizdat: Moscow, Russia. (in Russ.).

Yargina, Z.N. (1968). City of the future [Gorod budushchego]. Znaniye: Moscow, Russia. (in
Russ.).

Kandilis, Zh. (1979). Become an architect [Stat' arkhitektorom]. Stroyizdat: Moscow, Russia.
(in Russ.).

Ryabushin A., Bogdanov Ye., Papernyy V. (1972). Living environment as an object of
forecasting [Zhilaya sreda kak ob"yekt prognozirovaniya]. Materialy k eksperimental’'nomu
proyektirovaniyu oborudovaniya zhilishcha, Moscow: VNIITE. (in Russ.)

Gutnov, A.E., & Glazychev, V.L. (1990). The world of architecture [Mir arkhitektury].
Molodaya gvardiya: Moscow, Russia. (in Russ.).

Dzhekobs, D. (2011). The Death and Life of Great American Cities [Smert' 1 zhizn' bol'shikh
amerikanskikh gorodov]. Novoye izdatel'stvo: Moscow, Russia. (in Russ.)

Ryabushin, A.V. (1986). The humanism of Soviet architecture [Gumanizm sovetskoy
arkhitektury]. Moscow: Stroyizdat. (in Russ.).

Kiyanenko, K.V. (2015). Society, environment, architecture: social foundations of the
architectural formation of the residential environment [Obshchestvo, sreda, arkhitektura:
sotsial'nyye osnovy arkhitekturnogo formirovaniya zhiloy sredy]. VSU: Vologda, Russia. (in
Russ.).

Akhmedova, A. (2016). Conceptions about the comfortable components of dwellings in
Kazakhstan. 3rd International Multidisciplinary Scientific Conference on Social Sciences and
Arts SGEM, Book 4, Vol.2, P. 189-196. -DOI: 10.5593 / SGEMSOCIAL2016 / HB42 / S07.024.
(in Eng.).

Glazychev, V.L. (2011). City without borders [Gorod bez granits]. Territoriya budushchego: ,
Russia. (in Russ.).

Archi.ru (2019): 2019: what the architects say. We are seeing off the old year with memories
from professionals, heads of architectural bureaus [2019: chto govoryat arkhitektory.

68


https://www.ted.com/talks/norman_foster_my_green_agenda_for_architecture?language=ru#t-223491
https://www.ted.com/talks/norman_foster_my_green_agenda_for_architecture?language=ru#t-223491

QazBSQA Xa6apumbicel. Nel (95), 2025. Cayner

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Provozhayem staryy god vospominaniyami ot professionalov, glav arkhitekturnykh byuro].
Retrieved from https://archi.ru/russia/85321/-chto-govoryat-arkhitektory

Mikhaylova, Y. (2016). David Baker: «Architecture of social housing can communicate respect
and caring» [Devid Beyker: Arkhitektura sotsial'nogo zhil'ya mozhet vyrazhat' uvazheniye i
zabotu ob obitatelyakh doma]. Retrieved from https://archi.ru/world/70189/devid-beiker-
arkhitektura-socialnogo-zhilya-mozhet-vyrazhat-uvazhenie-i-zabotu-ob-obitatelyakh-doma
(in Russ.).

Furman, N., & Sokolova, K. (2021). Lecture by N. Furman and K. Sokolov: Swedish design:
from idea to sustainable architecture [Shvedskiy dizayn: ot idei k ustoychivoy arkhitekture].
Retrieved from https://architime.ru/video/swedish design.htm (in Russ.).

Aronov, V.R. (2009). Modern Design Theory. Design problems. [Sovremennaya teoriya
dizayna. Problemy dizayna.]. (pp. 7-25). Artproyekt: Moscow, Russia. (in Russ.).
Ol'denburg, R. (2014). Third place: cafes, coffee shops, bookstores, bars, beauty salons and
other places of "hangouts" as the foundation of the community [Tret'ye mesto: kafe, kofeyni,
knizhnyye magaziny, bary, salony krasoty i1 drugiye mesta «tusovok» kak fundament
soobshchestva]. Novoye literaturnoye obozreniye: Moscow, Russia. (in Russ.).

Geyl, Ya. (2012). Life among buildings: the use of public spaces [Zhizn' sredi zdaniy:
ispol'zovaniye obshchestvennykh prostranstv]. Al'pina Pablisher: Moscow, Russia. (in Russ.).
Eymar, S. (2020): what awaits the world of architecture after the pandemic? [Sebastian Eymar:
chto ozhidayet mir arkhitektury posle pandemii?]. Arkh Moskva. Retrieved from
http://www.archmoscow.ru/novosti/sebastyan-ejmar:-chto-ozhidaet-mir-arxitekturyi-posle-
pandemii-.html

Karatseyeva, T., & Akhmedova, A. (2022). Modern tendency of development of architectural
typology on the example of micro-apartment for Almaty city, Engineering, Construction and
Architectural Management, Vol. ahead-of-print No. ahead-of-
print. https://doi.org/10.1108/ECAM-01-2022-0080

Sinarevskaya, A. (2020). The concept solves: the main trends in the architecture of modern
residential complexes [Kontseptsiya reshayet: osnovnyye tendentsii v arkhitekture
sovremennykh zhilykh kompleksov]. [PDF file]. Retrieved from:
https://www.domostroynn.ru/statyi/oni-stroyat-gorod/koncepciya-reshaet-osnovnye-tendencii-

v-arhitekture-sovremennyh-zhilyh-kompleksov (in Russ.).

Haikal A. N., Ardianti A., Ohan F., Hariani M. L. (2024). Integrated Parking Spaces
Arrangement in Commercial Areas (Case Study: Cirebon City). Jurnal Sosial Teknologi 4(7):
485-500. DOI: 10.59188/jurnalsostech.v4i7.1306

Karatseyeva, T.Y., & Akhmedov, A.T. (2021). Green zones in structure of modern urban
dwelling [Zelenyye zony v strukture sovremennogo gorodskogo zhilishcha]. Chelyabinsk.
Retrieved from http://www.aud-journal.com/images/AGD28/AGD28.pdf (in Russ.).

MUF 2019: Mixed Use. Mixed-use neighborhoods as a recipe for a sustainable cit [Kvartaly
smeshannogo ispol'zovaniya kak retsept ustoychivogo goroda y], MUF 2019. Retrieved from
https://stroi.mos.ru/news/kapitalizatsiia-kvartir-v-kvartalakh-rienovatsii-vyrastiet-na-21-
kuznietsov

Bushukhin, I. (2018). «Place to sleep»: what foreign architects say about Russian hous
[«Mesto dlya sna»: chto govoryat o rossiyskom zhil'ye inostrannyye arkhitektory ing].
https://realty.rbe.ru/news/5b5ea0109a7947bc1{00856¢

Stepanov, V.K., & Starikov, A.S. (2012). Universal habitat. Basic principles. Vestnik MGSU,
Moscow: MGSU, pp. 39-42. [Universal'naya sreda obitaniya. Osnovnyye printsipy]. (in Russ.).
Dolgaya, Ye. (2019). Cities will be more sustainable if adapted for women [Goroda stanut
ustoychiveye,  yesli  adaptirovat’ ikh  dlya  zhenshchin]. = Retrieved  from

69



https://archi.ru/russia/85321/-chto-govoryat-arkhitektory
https://archi.ru/world/70189/devid-beiker-arkhitektura-socialnogo-zhilya-mozhet-vyrazhat-uvazhenie-i-zabotu-ob-obitatelyakh-doma
https://archi.ru/world/70189/devid-beiker-arkhitektura-socialnogo-zhilya-mozhet-vyrazhat-uvazhenie-i-zabotu-ob-obitatelyakh-doma
https://architime.ru/video/swedish_design.htm
http://www.archmoscow.ru/novosti/sebastyan-ejmar:-chto-ozhidaet-mir-arxitekturyi-posle-pandemii-.html
http://www.archmoscow.ru/novosti/sebastyan-ejmar:-chto-ozhidaet-mir-arxitekturyi-posle-pandemii-.html
https://doi.org/10.1108/ECAM-01-2022-0080
https://www.domostroynn.ru/statyi/oni-stroyat-gorod/koncepciya-reshaet-osnovnye-tendencii-v-arhitekture-sovremennyh-zhilyh-kompleksov
https://www.domostroynn.ru/statyi/oni-stroyat-gorod/koncepciya-reshaet-osnovnye-tendencii-v-arhitekture-sovremennyh-zhilyh-kompleksov
http://dx.doi.org/10.59188/jurnalsostech.v4i7.1306
http://www.aud-journal.com/images/AGD28/AGD28.pdf
https://stroi.mos.ru/news/kapitalizatsiia-kvartir-v-kvartalakh-rienovatsii-vyrastiet-na-21-kuznietsov
https://stroi.mos.ru/news/kapitalizatsiia-kvartir-v-kvartalakh-rienovatsii-vyrastiet-na-21-kuznietsov
https://realty.rbc.ru/news/5b5ea0109a7947bc1f00856c

QazBSQA Xa6apumbicel. Nel (95), 2025. Cayner

33.

34.

35.

36.

37.

38.

39.

40.

https://greenbelarus.info/articles/04-12-2019/goroda-stanut-ustoychivee-esli-sdelat-ih-
genderno-chuvstvitelnymi (in Russ.).

MUF2019: Mini housing - trend or necessity? Presentation of solutions from BMW Mini
Living [MUF2019: Mini zhil'yo — trend ili neobkhodimost'? Prezentatsiya resheniy ot BMW
Mini Living]. Retrieved from https://www.youtube.com/watch?v=D17Sis-gfrU

Sylejmani, M. (2020). Transformation of living spaces — Changes in functional aspect. Pollack
Periodica Vol.15(1):241-247. DOI: 10.1556/606.2020.15.1.23

Kemper, F., & Lohrberg, F. (2024). Transformation of the Built and Lived Environment. In:
Letmathe, P, et al Transformation Towards Sustainability.  Springer, = Cham.
https://doi.org/10.1007/978-3-031-54700-3 13

MUF 2012 (2012): Day 2. Modern housing standard for the city. Retrieved from
https://www.youtube.com/watch?v=KRWHDv70a8U

Falagan, D.E. (2012). MUF: The modern housing standard for the city [ Sovremennyy standart
zhil'ya dlya goroda]. Retrieved from https://www.youtube.com/watch?v=KRWHDv70a8U
Sanoff, G. (2015). Participatory design. Practices of public participation in shaping the
environment of large and small cities [Souchastvuyushcheye proyektirovaniye. Praktiki
obshchestvennogo uchastiya v formirovanii sredy bol'shikh i malykh gorodov]. Vologda:
Proyektnaya gruppa 8. (in Russ.).

Sanoff, G.(2018). Lecture «Participatory design: finding the best solutions from the bottom
up» [Lektsiya «Souchastvuyushcheye proyektirovaniye: poisk luchshikh resheniy snizu
vverkh»]. Urban Forum Kazakhstan. Retrieved from https://urbanforum.kz/henry sanoff
Zmeul, A. (2020). Andrey Asadov. Principles of living architecture [ Andrey Asadov. Printsipy
zhivoy arkhitektury], Archspace, Media pro sovremennuyu arkhitekturu i tekh, kto yeye
sozdayet, Retrieved from https://archspace.info/article/andrej-asadov-printsipy-zhivoj-

arhitektury (In Russ.).

70


https://greenbelarus.info/articles/04-12-2019/goroda-stanut-ustoychivee-esli-sdelat-ih-genderno-chuvstvitelnymi
https://greenbelarus.info/articles/04-12-2019/goroda-stanut-ustoychivee-esli-sdelat-ih-genderno-chuvstvitelnymi
https://www.youtube.com/watch?v=D17Sis-qfrU
http://dx.doi.org/10.1556/606.2020.15.1.23
https://www.youtube.com/watch?v=KRWHDv7oa8U
https://www.youtube.com/watch?v=KRWHDv7oa8U
https://urbanforum.kz/henry_sanoff
https://archspace.info/article/andrej-asadov-printsipy-zhivoj-arhitektury
https://archspace.info/article/andrej-asadov-printsipy-zhivoj-arhitektury

QazBSQA Xa6apmbicel. Nel (95), 2025. Cayaer

UDC 711
IRSTI 67.07.01
RESEARCH ARTICLE

THE FLOODED TERRITORIES OF THE NURA DISTRICT IN
ASTANA CITY URBAN DEVELOPMENT PROSPECTS

V.A. Mussabayeva! ' | O.N. Priemets?” ¥ B.U. Kuspangaliyev! * ,
K.I. Samoilov! * , G.K. Sadvokasova?

IThe Institute of Architecture and Construction named after T.K.Basenov, Satbayev
University, Almaty, 050000, Kazakhstan
International Educational Corporation, 050028, Almaty, Kazakhstan

Abstract. Urban construction in flooding areas has a centuries-old history. Of
the various flood protection systems used, the canal system proved to be the most
effective. In most cases, the channels allow solving some problems in the field of
passenger and freight transportation, complementing or duplicating land
transportation by waterways. The best examples from world practice show the
possibility of organizing commercially attractive spaces in areas where there are
automobile and water-channel communications. The intensive growth of the city of
Astana has led to the development of the left bank of the Yesil River, which has many
water bodies and a high groundwater level. This, combined with flood waters and
precipitation, periodically leads to flooding of vast territories. Sporadically carried
out measures to drain overflowing reservoirs, build wells and drainage outlets only
partially solve the annually escalating problem. In these circumstances, it seems
advisable to use the experience of the United States, where a developed canal system
has been formed in the city of Miami. The proposed canal system for the Nura district
of Astana has a spiral-arc configuration. This is due to the peculiarities of the terrain
and the location of existing water bodies. The canals connect to the riverbed of the
Yesil River and ensure the diversion of excess water outside the city. As a result, there
are areas with convenient street-road and water-channel connections to the existing
urban transport infrastructure. This makes them suitable for active urban
development.
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Auparnma. Cy Oackaum owcepiepoe Kaia KYpbulibiCbl eacvipiap  6otivl
kanvinmackan. Cy mMAacKblHbIHAH KOp2ayobly 2pmypii KOAOAHBLAZAH JCYUenepiHiy
iwinoeci ey muimdici apnanrap oicyieci 6on0vl. Ken owcagoatioa apuanap
HCONAYWBINAD MEH JHCYK MACLIMATbL  CAlACLIHOAbL  Keubip macenenepoi cy
HCONOAPLIMEH KYPIbIKMARbL MACLIMAIOAPObl MONLIKMbIPY Hemece Katumaiday apKblibl
wewyee MYMKIHOIK Oepedi. OneMOiK maxCIipubeHiy ey MHCaKcvl MbulCaioapbl
A8MOMOOUNL JHCIHE CY-KAHAL KOMMYHUKAYUANApsl O6ap yuackenepoe KOMMeEPYUSIbIK
mapmuimMovl  KeHICMIKmepol  YUblMOAcmvlpy MYMKIHOIZIH Kopcemeldi. Acmana
KalAculHbIY KAPKbIHObL ocyi Ecin e3eHiniy con dcazanaybinbly KYpblIblCbIHA ANbIN
Kenoi, OHOa Cy 0OveKminepi Kon Jicane Jicep acmul CYIapbIHbIY 0eneelll Jco2apul. by
MACKbIH CYIAPMEH JHCIHE IHCAYbIH-UAUBIHMEH Dipee me32in-me32il Key ayMakmapobl
cy bacyea oxenedi. Tonvin ocamkan cy auoObIHOAPbLIH A2bI3Y, YHRLIMALAD MeH
OPEHaMCObIK WUbIRAPLIHOLLIAP CATLY DOUBIHWA Me32i-Me32il OMKI3ilemiHn ic-uapanap
JHCHLL  CAlbIH  WUENeHICIn  Kelle JcamKan npoodniemanvl iwinapa wewedi. bByn
acazoaiida Matiamu kKanaceinoa [amviean apuanap oicytieci xanvinmackan AKI
maxcipubecin nauoanany opwvlHObl Oonvin Kepinedi. Acmana Kanacwvimely Hypa
ayoamvl  YUWiiH  YCOIHGUIBIN —~ OMBIPAH — ApHAIAp  Jcylieci  CrupaibOi-002avl
Koughueypayusiza ue. byn ocep 6edepiniy epexuienikmepine diane Kor0aHblCmagsl Cy
obvexminepiniy opuanacyvina oatinanvicmol. Kananoap Ecin e3eniniy apHacvimen
batinanvlcadvl JHcoHe apmulk CYOblH KAldOaH MulC A2VblH KAMMAMACHl3 emeoi.
Homuoicecinoe konoanvicmagvl Kananwlx KoK UHOPAKYPbLIbIMGL 0ap bIHAUIb
KOWLe-JiCON  JICOHE CY-KAHA KOCblLabicmapvbl 06ap yuackenep nanoa 6Oonaowl. bByn
onapovl bencendi Kana KYpoliblCblH 0AMbINY2A HCAPAMObL enty2e MyMKIHOIK 6epeoi.

Tyiiin ce3nep: Kaia KYpuliblcol, TAHOWADMMAapOvl CIYIemMmIK YUblMOaAcmulpy,
cy backaun aymakmap, cyivl-Oamnakmul xcepiep, cy Kouizi, UHmezpayusiaHean KeuiK
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AHHOTanus. [opodckoe cmpoumenbcmeo HA NOOMONIAEMbIX MEPPUMOPUAX
umeem MHO208eK08YI0 ucmopuio. M3 paziuunvlx nPUMeHAGUUXCS CUCTNEM 3auumbl
om noomonjeHus Hauboaee 3IppekmueHol oxazarace cucmema Kawaios. B
OOnbUWUHCINBE CYHaAe8 KAHAbL NO3BOIAION  Peuums HeKomopvle npoodiemMvl 6
obracmu  nAccaNCupcKux U 2py308biX Nepeo3oK, OONONHAA UAU  O0YOaupys
cyXonymHule nepeso3Ku 600HbIMU nymamu. Jlyyuiue npumepsl u3z MUupogou npaKmuKu
NOKA3bIBAIOM  803MOJICHOCMb — OP2AHU3AYUU — KOMMEPYECKU  NPUBLEeKAMETbHbIX
NPOCMPAHCMSE HA YY4ACMKAX, 20e ecmb aABMOMOOUNbHbIE U B8000-KAHAIbHbIE
KOMMYHUKayuu. Mnmencusnwviti pocm 2opooa Acmana npueén K 3acmpotiKe 16020
bepeca pexu Ecunb, 6 xomopom MHO20 600HBIX 00BLEKMO8 U BbICOKUU YPOBEHb
2PYHMOBBIX 600. DMO 8 COUemAaHuu ¢ NA80OKOBbIMU B00AMU U AMMOCHepHbIMU
ocaokamu NnepuooudecKu npusooum K 3amMONIeHU0 OOWUPHBIX MePPUMOPULL.
Onuzoduyecku nposoouMble MEPONPULMUSL NO OCYULEHUIO NePENnOIHEHHbIX 8000EMO8,
CmMpoumenbcmeay Koaooyeé U OPEeHAdNCHbIX BbINYCKO8 JUWb YACMUYHO Deulaom
edce200H0  obocmpsawwyocs npooremy. B osmux  ycnoeusx npedocmasnsiemcs
yenecoodopasuvim ucnoawvzosame onvim CIIA, 20e 6 2opode Matiamu cpopmuposana
passumas cucmema kauanos. Ilpeonacaemas cucmema kananog ons pauora Hypa
2opooa Acmamnvl umeem CRUPAIbHO-0Y208YI0 KOHGuUeypayuio. Imo 00ycio6neHo
ocobeHHOCmAMU pelbeda U pacnonoNHCeHUeM CYWeCmeyIouux 800HbIX 00beKMOa.
Kananvr ceasviearomes ¢ pyciom pexu Ecunv u obecneuusaem omeoo u30ublmoyHou
8006l 3a mnpedenvl 20poda. B pe3ynbmame noaeiawomcsa ydacmiu ¢ YOOOHbIMU
VIUUHO-O0POICHBIMU U 8000-KAHATLHLIMU ~ COCOUHEHUAMU C  CYujecmsyrouel
20pOOCKOU MPAHCNOPMHOU  UHpacmpykmypou. Omo no3eonsiem coeramv uUx
NPU20OHBIMU OJI5L AKMUBHO20 2PAOOCHPOUMENbHO20 OC8OCHUS.

KiroueBble cjioBa:. 2opoockas 3acmpoiika, apXumeKkmypHdas OpeaHu3ayus
aanowagpmos, noomonjsemvle Meppumopul, 800HO-00I0MHbIE V200bs, B0OHbBIU
MPAHCROPM, UHMESPUPOBAHHBIU MPAHCOPM..

* ABTOP-KOPPECIIOHIEHT
Oxkcana Ilpuemen, e-mail: oksana22.01.1973@gmail.com

https://doi.org/10.51488/1680-080X/2025.1-04

[octynuna 17 oktsa6pst 2024; Ilepecmotpeno 10 nekadps 2024; Ipunsato 23 susaps 2025

73


mailto:oksana22.01.1973@gmail.com
https://doi.org/10.51488/1680-080X/2025.1-04
https://orcid.org/0000-0002-5527-1225
https://orcid.org/0000-0003-4869-3718
https://orcid.org/0000-0003-1821-7139
https://orcid.org/0000-0003-0615-6295
https://orcid.org/0000-0002-6206-5796

QazBSQA Xa6apmbicel. Nel (95), 2025. Cayaer

ACKNOWLEDGEMENTS/SOURCE OF FUNDING

The authors express their gratitude to: the National Library of the Republic of Kazakhstan, the
Library of Congress of the United States, the British Library, the “disserCat” Scientific
Electronic Library of Dissertations and Abstracts, whose funds were used to select literature;
the “Google” Internet resource used to search for texts and images; reviewers who reviewed
our work and recommended the article for publication.

The study was conducted using private sources of funding.

CONFLICT OF INTEREST

The authors state that there is no conflict of interest

AJITBIC / KAPKBIUTAH/IBIPY KO31

Apropnap: Kazakcran PecnybnukaceinblH —¥ATThiK KiTanxaHaceiHa, AKII Konrpecc
KiTalxaHachIHA, bpuran KiTalxaHachIHa, “disserCat” JTUccepTanusiap MEH
aBTopedeparTapIblH FHUIBIMHU AJIEKTPOHJIBIK KiTalxaHacblHA, KOpJIapbl 9eOueTTepl ipiKTey
YIIiH TaiJanaHblIFaH; MOTIHAEpP MEH cypeTTephi i3dey yuiH maiganansurran “‘Google’
HuTepHeT-pecypcebiHa; 013/11H )KYMBICHIMBI3/IbI KaparaH >KoHE MaKajaHbl KapusiayFa YChIHFaH
PELEH3EHTTEPre ANFBICTAPBIH OLTIIpesi.

3epTTey )Keke Kap KbUIAHIBIPY KO3JEPiH KOJIaHa OTHIPHII KYPTi3iii.
MYIAEJEP KAKTBIFbICBI

ABTOpap Myenep KaKThIFbICHI KOK €T MATIMAEH .

BJIATOJAPHOCTU/UCTOYHUK ®UHAHCHUPOBAHUSA

ABTOpBI BbIpakatoT OnaromapHocTh: HanmonanbHoil O6ubmmoreke PecnyOnmuku Kasaxcraw,
bu6muotexe Konrpecca CIIIA, Bpuranckoii 6ubnuoreke, HayuHoii aneKTpoHHOM 6HOIHoTeKe
nucceprainuil U aBropedeparoB «disserCaty, ybu (HOHABI ObUIM MCIONB30BaHbI Ui oad0pa
auteparypsl; WHTepHeT-pecypcy «Google», HCIOnb30BaHHOMY JJIsi MOMCKAa TEKCTOB U
n300paKeHNI; pEIleH3eHTaM, KOTOPhIE PAaCCMOTPENH Hamry padoTy U peKOMEHIOBAIN CTAThIO
K IMyOJIMKaIHH.

HccnenoBanue IMPOBOAUJIOCH C UCIIOJIb30BAHUECM YACTHBIX HCTOYHUKOB (I)I/IHaHCI/IpOBaHI/IH.

KOH®JIUKT UHTEPECOB
ABTOpBI 3asIBIISIIOT, YTO KOH(IMKTa UHTEPECOB HET.

74



QazBSQA Xa6apmbicel. Nel (95), 2025. Cayaer
1 KIPICIIE

AcTaHa KaJachIHBIH Ta0BICThI )KYMBIC 1CTE€Yl MEH TYPAKThI JaMybIH KaMTaMachI3 €Ty Oipkarap
TaOWFU JKOHE AaHTPOIOTeHMIK mpoliemanapasl Oapabap eTeyre TypakThl Hazap ayaapyasl
aHbIKTalIbl. OnapaplH IIIHIC XKEp acThl CYJIAPBIHBIH JKOFAphl ACHreli (OHBIH IHIiHJIE XKep OeTiHe
IIBIFY MYMKIHJIIT 0ap), cy OackaH koHE CYIbI-0aTHakThI skepiiep Ae O6ap. Kamanbslk aymakTap/isl Cy
0acy KypbUIBIC Ke3iH/1e KUBIHJIBIKTApP TYFbI3aJIbl, COHBIMEH Karap AcTaHa KaJaChbIHBIH KOJIOTHSIIBIK
KAFJaibIHBIH ~ HAIlapliayblHA OKem COKThIpaabl. COHBIMEH Karap, as3IblH KOTepilyiMeH
CHUIIATTaJaThIH TONBIPAKTHIH MAayChIMJIBIK KaTybl JKaFJaibIHIa ipreractapibl cajdy Maceselepi
©3eKTi Ooibin TabbuTIagel. KexTemae kKap epireH Hemece XKaHOBIp OacTainfaH Ke3ZIe TOIBIPAKTHIH
OpeKeTiHe epeKIle Ha3ap aydapbUIajbl, OUTKEHI OV yaKbITTa TOIMBIPAK BUIFAJIIBIH KOI MeJIIIepiH
anajel, Oy ipreTacTaplblH NaianaHy cuIarTamaliapblHa KaKChl ocep erneyi MyMKiH. COHbIMEH
Karap, JKep acThl Cyjdapbl (XMMHSJIBIK KypaMblHa OalJIaHBICTBI) METaUT JKOHE OCTOH
KOHCTPYKIIMSUIAPBIHBIH KOPPO3USCHIH TYAbIpaabl. Kanagarel KOJJaHBICTAFBl HOCEPIl KOpi3 Kykeci
Oap MocelieHl TOJBIK Ierre aamaiiabl. KeiOip aiiMakTapabl skep acThl CyJaphl Ja, TACKbIH CyJIapbl
Ja ME3TUI-Me3rin Oacelll Typaabl. AcCTaHaHBI Cy TAaCKbIHBIHAH KOpFay — KallaHbl OJaH opi
JaMBITYIbIH €H MaHbI3Abl MiHAeTi. JKep YCTi cymapblH JApeHaXkJIap apKbUIbl arbI3y TaxipuOeci
KETKUTIKCI3 THIMJII OOJIBIN IIBIKTHL. bap MoceseHi menryaiy jkaHa menrimMaepi, jkaHa sKoJijaphl aca
KaKeT.

Iller enmmepaiH TokipuOeci KOPCETKeHIEH, OaTMakThl XoHE Cy OacKaH aMakTapIbl UTepy
(AcTaHa KaJjachlHBIH ayMarblHa YKCac) OJEMHIH KONTEreH KalajlapblHIa JXyprizitymze. MyHman
ayMaKTapJarbl Kajaimap Faceipiaap OOWbI COTTI eMmip cypai. MyHmail Kajajiapaarbl Mocelenepai
eIy KaHaJl JKYHENIepiH E€HTi3y apKbUIbl ICKe achIpbULAbl. By TeXHOJIOrHsi Facwipiap OOMBI
KOJIJAaHBUIBII KeJIe/li )KOHE 1€ ©3€KTi O0JbI Kana 6epesi. ApHanapIblH OOITyBI KOJIAYIIbI )KOHE JKYK
TachIMallbl KYHeCiHJeri Kelip Mocenenepi mienryre MyMKiHIIK Oepeni. YKamimbl, cy TacKbIHBI
allMarbIH/Ia OpHAJNIACKAH Kajajiap MEH aylaHJapJblH >KOOANBIK EPEeKIICTIKTepiH 3epTTEreH
aBTOPJIAPIBIH Ti3iMi aiTapibikTaii Kerml. JlereHMeH, Oy MocelieHIH Ka3aKCTaHIBIK FhLIBIM MEH
TOXKIpUOene >KaHaNbIK EKEeHIH aran OTKEeH >XoH, oWTkeHi Kas3aKkcTaHHBIH TaOWFHU-KIMMATTHIK
epeKILeTiKTEPl MOCeIeHIH TybIHAaybIHA HETi31HEeH OeiliM emec, Oyl xaraiina AcTaHa KanachbiHAA.
An 6y KyOsLeIc OypbiH KazakcTanma COHIIANBIKTH TEPEH 3€PTTEIIMEreH.

2 9JIEBUETKE IOJIY

Kamanpl cy ©Oacy moceneci yHeMi opTypil eep[iH MaMaHJapbIHBIH Ha3zapbiHAa. by
moceneni K.II. Koupan (Konrad, C.P., 2016) xone A.Kokxopuuk-Muna, T.K.x.MakaepMoTm,
I"Maiixn3, ®@.Payx (Kocornik-Mina, A., McDermott, Th. K.J., Michaels, G., Payu, ®., 2020)
KapacTelpraH. Heamonb MbicanbplHIa KamanmapAblH Cy TacKbiHbiHA Te3iMaiuririn K. Burane, C.
Meitepunk xone @.J[.Mouua (Vitale, C., Meijerink, S., Moccia, F. D., 2023) 3eptreren. OpranbIk
Eypomagarsr 2021 xbpUIFBI  cy TacKelHbIHBIH  cangapelH  D.Jlemkyns, X.IroTTpymm,
JLx. MIBapoaysp, K.bpron, M.Jlutne, Il.Jlermar, K.®onkep xone X.Xomrept (Jlemkyms, @.,
[yrrpymnd) xoperteinasiiansl, (H., Schwarzbauer, J., Briill, C., Dietze, M., Letmathe, P.,
Vilker, C., Hollert, H., 2022). JI. IOnrep, C. Xoxencunnep, K. [lIpomn, K. Baraep xone B. 3exep
(Junger, L., Hohensinner, S., Schroll, K., Wagner, K., Seher, W., 2022) epekmenikrepin
AycTpus MBICANIBIHAA MEP3IMJIi Cy TAaCKbIHBI allMaFbIHIA KEep/l TMaiagany apKbUIbl KapacThIPIbI.
KanOwip cynmapeinbig epekmeniktepin JI.I[3oy, 3. Baunr, K. Jly, C. By, JI. Yen, 3. lHuns (Zou, L.,
Wang, Z., Lu, Q., Wu, S., Chen, L., Qin, Z., 2022) tangarad. byJ TypFbi1aH Cy TaCKbIHBIHBIH KO
nH(paKypBUIBIMBIHA 9CEPiH 3epTTEY MaHbI3AbI emn canaranaap: [lanumnoyn, T., PotmucGeprep, B.,
Jlopern, C., Keiinep (Papilloud, T., Rothlisberger, V., Loreti, S., Keiler, M., 2020).

Cy TackbiHbiH 3eprreyaeri mporpecti K.Aronadup, T.Jlakxankap, P. XaunOGunsapaw,
H.Kpakaysp, [.Pamenn xome H.JleBunenu (Agonafir, C., Lakhankar, T., Khanbilvardi, R.,
Krakauer, N., Radell, D., Devineni, N., 2023) KOpBITBIHIbLTA]TBI.
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Bipkarap 3eprreynep cy TacKbIHBI KaymiH Oarajiay MEH OacKapyFa apHalifaH, MBICAJIbI,
N.3ckynep-bysno, Jx.T.Kactunbo-Ponpurec, C.Llexunep, K.[xob6ctne, C.Ilepanec-Mommnapiep,
I'Ilerauda (Escuder-Bueno, I., Castillo-Rodriguez, J. T., Zechner, S., Jobstl, C., Perales-
Momparler, S., Petaccia, G., 2012), ®. Knuiin, I1. Camyanc, A. B. Oc (Klijn, F., Samuels, P., Os,
A.V.,2008).

Toyekenni Oaranay Herizinme Kanaga men ClioBakusi ayMakTapblH CY TaCKbIHBIHAH KOpPFay
mapanapsl E.A. borman, M.A. bekku, K.J[x. Keiin (Bogdan, E.A., Beckie, M.A., Caine, K.J.,
2022) xone JI. Conun (Solin L., 2015) 3 eHOeKTepiHIe KaparaH.

by mocesne kKTuMaTTBIH ©3repyi JKaFaaibiHIa MaHbI3ab! s)koHe OyHbI J[.-X . Kan, /[.-X.Hawm, C.-
Jix.UYxyn, b.C.Kum (Kang, D.-H., Nam, D.-H., Jeung, S.-J., Kim, B.-S., 2021) epekuie aran
oTKeH. TeppuTopusiapbl OaTmakTany Maceneciniy optypu acnekriiepin C. Anuxanu, [1. Hymmu,
A. Oxana (Alikhani, S., Nummi, P., Ojala, A., 2021), ®. JIny, X. Jro, T.Cro, I'.fIn, FO.Uxao (Liu,
F., Liu, X., Xu, T., Yang, G., Zhao, Y., 2021), P. [lroans, M.JIro. , M. Jly, JI. Uxan, /x. Ban, C.
Cro (Urawb, P, JIro, M., Jly, M., Uxan, JI., Ban, Ix., Cwo, C., 2010) e3 eunbOekrepinmue
KapacThIPFaH.

MoceneHiH KbI3BIKTBI epeKIelniri — OarmakraHy MYMKIHAITIHIH Kaia JaHamadThIHbIH
KypbUIbIMbIHA Toyenainiri — Jk.By, B.1la, I1.Uxan, 3.Ban (By, Ixk., llla, B., Uxan, I1., Banr, 3.,
2020). Makanaga KapacThIPhUIATBIH MOCENIe MOHMOTIHIH/E KalTajblK KOJAYIIbLUIAp KOHE KYK CY
KOJITiHIH epeKIIEeNIKTepiH 3epAeNiey KbI3bIFYIIBUIIBIK TYAbIpaabl: Kyie peringe (X.Uumakyprtu,
M.Tanko, K.I'apme (Cheemakurthy, H., Tanko, M., Garme, K., 2017), OpHBIKTBI J1amy
canaceiaa (3.A3us, U.Paii, C.Ilon (Aziz, Z., Ray, 1, Paul, S., 2018), b.C.Xoiin (Hoyle, B.S., 1993)
xoHe soructuka (O.JuBbeco, O.@ountec Jluma Ixynuop, X.K. ne Onuseiipa) (Divieso, E., Fontes
Lima Junior, O., de Oliveira, H.C., 2021), Il.fImtpakyn, W.Paynrparana Ammnopsn, J[x.Kneitnu
(Iamtrakul, P., Raungratanaamporn, ., Klaylee, J., 2018), M./[)xaneBuu, A.b.Hnuaiie
(Janjevic, M., Ndiaye, A.B., 2014), I.M.Ytomo, N.Mareo-babuano (Utomo, D.M., Mateo-
Babiano, L., 2015), P.Bepranu (Vergnani, R., 2022) »xoHe O6ackamap. ABTOKOIIIK )KOHE Cy KOJIK
KYHeJepiHiH iliHapa e3apa ic-KkuMblibl Maitamu >xoHe Jly6aii C.E.ConimbaeBanbiH (Salimbayeva,
S.E., 2017) MbIcanbIH1a Kapaiibl.

byn 3eprreynep AcraHa KamachlHIarbl MPOOJIEMamnblK JKargaiiipl Oaranayra KOHE OHBI
HIenyre MHHOBALUSJIBIK TCLT YChIHYFa MYMKIHIK Oepeni.

3 MATEPUAJIJIAP MEH 9AICTEP

3epTTey onmicHaMachl HAKThI MaTepUaIap/bl KUHAYIBIH, aFbIMIAFbl KaFJaiIbl TaJIay/IblH,
Heri3ri mpoOrieManap/bl aHBIKTAyIblH, OCBIHIANH Moceneslepil IIEHIYAiH oJMeMIIK ToxipubeciH
€CKepe OTBIPHII, OJapAbl IIENly >KOJJAapbhlH ANKBIHAAYIBIH KEH TapajFaH oJiCiHe HeTi3JelNTeH.
Ocbiran colikec AcTaHa KaJachIHbIH JaMybl Typajbl ayKbIMJbl MaTepuaiap >KMHAJbIM, TalgaH bl
Kana imiHzeri aykpIMIbl ayMakTap[blH O€JICeHAl KajalblK JaMyblH IIEKTEUTIH ayMaKTap/bl
MayChIMIBIK ¢y ©OacymeH OaiaHblcThl  Mocenenep — aHbIKTaiabl. CoHpaii-ak,  Keik
MH(QPaKYpbUIBIMBIHBIH  J1aMy JIEHTeHIHIH JKEeTKUIIKCI3AIriHEe Ha3ap ayJaapbulibl. bynm  Keik
arbIHBIHBIH eloyip OasynayblHa, JIOIMCTHKA CallaChIHAAFbl THICTI BICBIpanTapra >KOHE oye
OacceliHiHIH endylp JlacTaHyblHa anbin keneni. Cy OackaH aynaHjapia KYPBUIBICTBIH QJIEMIIK
TOXKIpUOECIH 3epJeniey JKOHE apajiac Cy-apHa JKOHE KOIe-KOJ KeJIK MKeNiCiH KaJlbIITacThIpy
Heri3iHae AcTaHa KaJIaChIHBIH EpEKIIeNiriHe COWKeC KeJIeTIH YCBIHBIC Kacaiabl. AcTaHa
KaJIaChIH/IAFbl aFbIMIAFBI JKaFIaiiIbl 3epeliey jKoHe ¢y OackaH ayMaKTap/AblH Ka3ipri MacesenepiH
HICIIYAIH BIKTUMAaJ JKOJIJApblH aHbIKTAay YUIIH Oanamanapibl 1piKTEYIiH, >KOOAJbIK >KOHE 1CKe
achIPBUIBIN KaTKAaH ic-IIapajapibl TaJJaylblH >KOHE aFbIMIarbl jkarjaiira Oapabap memiMaepai
TaHIayJIbIH KSH TapaJiFaH JKaJITbl FRUTBIMHU diCi Maliaanansiiabl. JKep acTel cylmapsiHaH KOPFayIbiH
KOeNTereH ojicTepi Oap, onap ApeHaXxX >KyHenepiH, Tycipy 3KpaHIapblH >koHe Oacka /Ja KeNTereH
HycKanapabl KamMTuabl. KyaelKTapbl MeH ApeHak KyObIpiapbl Oap JpeHax Kyilenepi jailiaHaibl
KOHE Mep3iMJIi TEXHOJOTUSUIBIK KypAeni Taszamayabl Tajan eteni. Cy Oypy SKpaHaapbl LIaFblH
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ayMaKkTap YIIiH FaHa THIMJI. AJaiiia, erep CyJbl-OaTIaKThl )KepJIep/IiH KaHbIHAH ©3€H, KOJI HeEMece
TEHi3 araTbIH 0oJIca, apHaNap YJIKEH ayMaKTap YIIiH HEFYPJIbIM THIM/I HIEHIiM OOJIbIT TaObLIa bl

R

1-cyper — Maiiamu KanaceiabsiH (Prnopuna, AKII) cy-apna xylieciMeH Kypbuibic pparmMentrepi, 2024

Awmcrepnam, banrkok, Cankr-IlerepOypr Kanamapsl KaHAJIBIK KYHe 9Jici Facelpiap OOWBI
KYMBIC 1CTEN KeJe >KATKaHBIHBIH KapKbIH MbICAJbl OONBIN TaObTanspl. Alaiija eypomalbIK
KaJlajap/a JKoJI-KeJnK WHGPaKYphUIBIMBI JKarajay OOWBIH/IA, IIBIH MOHIHJE, apHaIapsl KakTaran
OTBIPBIN YUBIMAACTHIPBUTFaH. THICIHIIE, MBICATBI, TYPFBIH Y KEIICHJEPIHIH CY KOJAapblHA JKEKe
KOJDKETIMIUTIT JKOK. baHTKOKTa apHayiapAblH aepOec KoiKTiKk MoH1 Oap. bacramkpiga omap skaHa
KoK OarbpITTapblH KYPY MaKcaThIHAA CaNbIHABI, aj MaifanaHy mpolecinae 0ipre-0ipTe karamay
OOMBIMEH CcaJbIHATBIH OOJIIbI. AJaiia, Kasipri yakbpITTa KajlaHbl Kecil OTETIH KaHaJAapJbIH
KOIIIIUIIr aBTOMarucTpaibaap caty YIIiH ka0sutran. 1928 sxputel [oHOMyyFa canbiaFan Ana-Baii
KaHaJIbI OATIAKTHI KOUBITI, OIpHEIIe ©3€HHIH aFbICHIH PETTEM, OJap/Ibl TIKEICH MYXUTKA OaFbITTa IbI.
byn Baiikukumig ipi TypHUCTIK OpTalbIFblHA alHAJIFaH IMEPCHEeKTHBANBI Kala KYPBUIBICH YIIiH
KYpFaK ayMaKTapJbl allyFa MyMKIHAIK Oep/i. ApHaHBIH ©31H JKePrUTIKTI TYPFBIHIAP MEH TYPHUCTED
BIHFAMJIBI €CKEK KaWbIKTapAbl TachIMalAay YINIH kUi maijganaHanel. JlyOalasiH OipHere
MepCIeKTUBAJIbI aylaHJapblHAa Kaja KypbUIbICHI YIIIIH ©TKEH FAChIPJIbIH asFbIH/Ia TYpJl cedenrepre
OaliTaHBICTBI JKep acTbl CYJIAapbIHBIH JeHreii exdyip ecti. bynm wmacene Oipre-0ipre oOCHI
KemeHaepiH iminae (meicainsl, Jxymeitpa Anb Kacp, Dmupeiitc X3 sxone Jxymeiipa AinenHc
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ayaHIapbl) KO3FaJlyFa KOCBIMIIIA MYMKIHAIKTEp OCpeTiH apHaJbl TUITETl OKIIAyJIaHFaH Cy
KolimManapel 0ap TYpFBIH YH JKOHE KOFaMIBIK KEIIEHAEPIiH KYPBUIBICHI apKbUIbl Ienriami. by
macene 2010 >xpiimaper JlyOait cy apHAcChIHBIH KYpPBUIBICBIMEH TOJIBIFBIMEH IIenriai. Maiamu
KaJlachl OFaH ipresiec enai MEKeHJEpMEH ipl aroMepaunusHbl Kypailabl. AynaHaapablH KOTIIiIir
0aTIaKkThl JKOHE JKMI Cy OacaTblH Kepiieplie OpHajdacKaH. OTKEH FachIpIbIH OachlHIa OipHeIe
apHajap cajxy ayMaKThl OHTAWIbl Kajia KYPBUIBICTBIK IaMbITy MocenenepiH memre Oactamsr (1-
cyper). byn memiM kemienep MEH CYy apKbUIbl KaJIalbIK TapTYIbIH HETI3r HYKTEJIepiHe
KOJDKETIMIUIITT Oap eTe BIHFAMIbl €Ki KOMIIOHEHTTI TOYeJNICi3 KeNiK HWH(QPAKYPBUIBIMBIH KYpyFa
MYMKiHAIK Oepai. OHBIH YCTIHE, KONTEreH aydaHjapla «Cy JKOJJapbl» J>KyHeciH maijanaHa
OTBIPHIT, KOIIe-KOJ KEJTICIHEe KaparaHJa, Kaja OpTalbIFbIHA HEMece KaJlaJlbIK JKaraaigapra Te3
xKeTy MYMKiH Oosanpl. COHBIMEH Karap, >KeKe TYPFbIH YHJIEpIiH CHIPTKbl IIeKapajapblHaa
KopLiaylnap cajly KaXeTTIIiri ic Ky3iHJe >KOWBUIFAHABIKTAH, Xasy >KYPTiHIIUIEPAIH MKEKe Xep
HeJeHy aliMaKTapblHa PYKCaTChl3 KipylH IIEKTey Maceneci miemiiai. Fumapar MHBECTHIUSIIBIK
TapTHIMIBUIBIFB TYPFBICBIHAH TEPCIEKTHBAIBI CHIPTKBI KeJlOeTKe e Oonapl. Op ydackene cy
YKOJIapbIHa IIBIFY JKOJIBI Oap. bynan Oacka, cy GacceliHiHIH kail-KyH1 TYpFbIH ayJaHHBIH TiKeIeH
YKaHBIHJIA )KEKE HEMECE TONTHIK CY OMBIH-CAybIFbIH YHBIMIACTBIPYFa MYMKIHIIK Oeperi. ¥ ChIHbUTFaH
KYMBICTBIH MakcaTbl Hypa aymaHbIHBIH ayMarblH KajlaHbl O€JICeH[l JaMbITy MepCleKTHBalapbl
TYPFBICBIHAH a0aTTaHABIPy XKOHIHAET] YChIHBIC 00JbIN TaObUIaabl. By aynan sxep acThl CynapbIHBIH
KOFaphl JCHIeHIMEH epeKIIeNieHe/ll KoHe Mep3iMl MayChIMABIK Cy Oacyfa YIIbIpaiasl. ApHanap
KYHECIH KaJbINTaCThIPy PETCi3 TAOMFU aFbIHABI peTTeyre MyMKiHAIK Oepeni. COHbIMEH Kartap, Oy
OCHI aylaH MEH ACTaHa KaJIaChIHBIH OPTAJIBIK 06T apachlHIaFbl KOJIAYIIBUIAP MEH KYK TaChIMasbl
KYHECIH JKaKcapTaIbl.

4 HOTU/KEJIEP )KOHE TAJIKBIJIAYJIAP

AcTtaHa Kayachl J1ana >Ka3bIKThIFBIHIA OPHAJIACKAH, OJ1 aJbIl OTHIpFaH ayMakThIH Oexepi Ecin
©3€eHIHIH OMiK emMec KallblIMalbl TeppacaiapbiHaH Typajsl. KamaHblH Ka3ipri aymarbl Kajga 3UpaThl
MeH IlanTeonra OesliHIeH KeKe OKIIayJlaHFaH ydackesepi Oap »aObIK aifHaiaMa >KOJJIbIH 1IIIHJE
opHanackad. JKaHa bac »ocmapablH HEri3Ii COyleT oHE Kajla KypbUIbIChl uaescel Eypasus
KYPJIBIFBI €J17Iepl apachlHJaFbl bIHTBIMAKTACTHIK JKOHE ©3apa 1C-KUMbLI OpTaJbIKTapbIHbIH O1pl, eMip
Cypyre >kainbl Kaja peTiHae AcTaHaHbIH MoHepil OelHeciH KalbIITacThIpy OOJbIN TaObliabl
(General’ny’j plan goroda Astany do 2035 goda, 2023). KanansiH O6esceH/Il TaMbITT KeJie JKaTKaH
OeunikTepiHiH Oipi KypJesi I'MIpOIOTUSIIBIK XKaFaainapra 6aliaHbICThl OeJICEeH 11 KalallbIK KYPhUIbIC
alimarpiHa aiiHanmMaraH Hypa aynanbr 605b1m TaObuIa 6! (2-Cyper).

AcTaHa KanachlHJaFbl cy OOBEKTUIEPIHIH Ka3ipri 3aMaHfbl KeIleHI TaOUFH >KOHE *KacaH[bl
KOJIMEH WIBIFapbUIFaH TYPAKThI, YaKbITIIA Cy aFbIHIAphl MEH Cy KOWMamapblHaH Typansl: Ecin,
Hypa, Kapacy, Kozbikom, Capkbipama e3enzaepi; AxOyiak, CapbiOysiak Oyinakrapsl; MaiiOanbIk,
by3bikthl, Kymarsin, Tanasiken xenaepi; Tannpiken Oec KiwiripiM kejiiHeH TyparbiH Tor; Hypa-
Ecin kananbl; AcTaHa cy KOMMAachl; JApeHaXAbIK pe3epByapiap — >kaHObIp cybl. Kama immnsperi
aKBaToOpHsUIapAblH kanmbl aygaHel 5808,6 ra kypaiasl (2035 xbutFa Kapaih 5512,2 ra neiiin
KbICKapTy nepcrektuBacbiMeH (General’ny’j plan goroda Astany do 2035 goda. (2023(a)).
AcTaHa KaJackIH/a K€p acThl CYITAPBIHBIH OpHAJIACy JeHreiiHe OallaHbICThl ayMaKThIH YII THII1
Oap: >kep OeTiHEH eki MeTpre JAEHiHI1 *ep acThl CyIapbIHBIH JeHreili Oap cy OacaTbiH aymak
(KamaHbIH KYPBUIBIC CaJIbIHFAaH ayMarblHBIH 75%); OarmakTel aymak (cy OackaH aymakThiH 10%);
xep OeriHeH 2,0 M acTaMm Kep acThl cyilaphl JAeHreuinaeri aymak. JKep acTel CylapbIHBIH Maiiaa
00JTybl HeEri3iHEeH KbICKbI-KOKTEMI1 >KaybIH-IIAIIBIHABI Cy3y eceOlHEH >KOHEe IilIHapa YyaKbITIa
aFbIHIAPbIH JKep OeTiHAeT] aFbIHAAPBIHBIH MHPHUIBTPALUACH eceOiHeH Ooabl.

Ecin e3eHiHiH ankaOblHIa aUIIOBHAJIbJbI TOMEHI1 MIMPEK-3aMaHayd MIeriHAUIEPIIH CYIbI
Kabarel keH TapairaH. OHBIH YCTiHe, coi aranayna Hypa men Ecin e3eHaepiHiH apasibIFbIH aJlblIIl
xatbip. OH jkarajayaa oJl aHaFypJIbIM a3 TapajiFaH skoHe Ecin e3eHiHiH xaranaysiaaa edi 0,5-1,0 km
xKoyakneH Oaiikanmanpl. Kekremri cy TacKbIHBI Ke3iHAE JKep YCTI CyJapbhlHbIH JEHredi KypT
KeTepiieni, Oy1 Kep acThl CYJapbIHBIH AJUTIOBHAIIBI CYIBl KOKXKHEKKE TYCyiHe OailllaHBICTHI
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oJIapABIH JICHTCHiHIH KeTepinyiHe okenenl. byn perre iprenec KaTkaH »Xa3blK YyJacKeJIepl Cy
Oacanpl. Kamamarbl skep acThl Cy/lapblHBIH HETi3ri KoJjulekTopiapbl: Eci e3eHi aHFapbIHBIH
nubdepeHanysianOaraH  aJUTIOBUAIBI  KYM-KHUBIPIIBIKTAC IIUPEK IIOriHAUIepIHACT] CYIbI
KOK)KHEK; OPJIOBHK >KbIHBICTAPBIHBIH CYJIbI KaOATHIHBIH ChIHY aiiMarbl. Kama ruaporpadusichlHbIH
epeKIIe epeKIIeyiri Kap KOKTeM/Ie epireH Ke3/e FaHa KOJJIAaHBLIATBIH YaKbITIIA CY aFbIHIIAPBIHBIH
CaJIBICTBIPMANIBI  TYpA€ Kem Oomybl Oonbill TaObuIaabl. ©O3€H arblHBl HETi3IHEH OynnaHyra,
AJUTIOBHAJIIBI MIOTTHAIEP Il KaHBIKTBIPYFa KOHE KOJIJIep KOPbIH 1lIiHApa TOJIBIKTHIPYFa KyMcaabl.

Kana aymarbiHIaFbsl THAPOJIOTHSIIBIK Karaaid Ecin e3eHiHIH Cy peXHMIMEH aHBIKTAIaabl, OJ
KeOiHece Kap/blH epyiHe skoHe Hypa e3eHiMeH KOchbulyFa OaillaHBICThI, OJlaH >KepacThl (apHaJIbIK)
cynapsl exire OeniHimn, Ecit e3eHiHIH KallbUIMAaChIHA TYCE/I.

2-cypert — ActaHa KaJnachiHbIH KypaMmbIHIarsl Hypa aynansl (General’ny’j plan goroda Astany do 2035 goda, 2023).

Ecin e3eH1 Kanara OHBIH IIBIFBIC OOJIITIH/IE KYA/IbI, OApIIBIK aynaHaap MEH KaJlaHbIH OPTaJIbIFbI
apKbIJIBl  aFajibl, COJITYCTIK-O0aTeic OemiriHAe araapl. ©O3€HHIH OKIMIIUTIK IIeKapachIHAaFbl
Y3BIHABIFEL 59158 ™M Kypaiinel. Oprama tepenairi — 3,0 M. Kana merinae e3eH jkacaHibl
KaJIBINITACKaH apHaHBIH yYacKeJIepiMeH TOMEH CYIBUIBIKIIEH CUTATTaIaibl, OHBIH aFbICHI XKbLT OOMBI,
KOKTEMT'1 CY TaCKbIHBI K€3CHIH KOCIIaraH1a, ACTaHa Cy KOWMAChIHAH Cy Ki0epy eceOiHeH YCTalabl.
Kanauwig Oatbic aynansiana e3eHHiH eHi (80,0-men 150,0 M-re neiiiH) MeH KalalubIKTapIblH Kaia
IIIHAE JeMalybl YIIIH KaXEeTTI TePeHIIrH yCTalm TYPaThlH TIpEeK THUIPOTEXHUKAJBIK KYPBUIBIC
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caneiHIbl. Hypa e3eHl yJIKeH MaHbI3Fa ue, olTKeHl Eci e3eHIMEH KOCBhUIATBIH aymaHjaa cy Ecin
©3CHIHIH YCTIHII OeTiMeH (Cy TACKBIHBIH/AA) JKOHE €XeNri apHamapMeH (KbULIBIH Oacka
Ke3eHepinae) araapl. KyMbl meriHaiepIiH CyJIbl TOPU30HTHI OOMBIHIA Ca3laKTap.IblH acThIHIa
Hypa e3eHiHiH KBICBIMABI CYJIapbIH arbI3y jKOHE KOJIep KOPBIH TOJIBIKTBIPY JKYPIIl XKAThIP.

2018 xputra aeitin Tanaplkea Kejli KaJdaHBIH CApKBIHIBI CYJIapbIHBIH PE3epBYaphbl PETiHAC
naiinananpuiapl.  TazapTy KypbUIBICTApbIH KaiiTa Kypybl asKTaJfaHHAaH KeWiH Ta3apThUIFaH
capkbIHIbl cynap Ecin e3eHiHe kaiiTa OGarbiTTaniel. Kesigl KopiuaraH >kep KeNTEreH Kels-Oarnak
oimarTapbl 0ap KeN-aJUTIOBHANIBl >Ka3bIKTHI Ourmipeni. Kaszipri yakeiTra penbeTiH TeMeEH
ydackenepi OarmakTel. Tanmasikes cy Koimachkl opHaiackaH Ecin e3eHiHIH jKaWbUIMAachIHIA KEp
acThbl CyNapbIHBIH JCHICHIHIH KOTepiTyiH TyablpaTeiH Taburu ¢axkrop Hypa eszeninen Ecin ezenine
JKEP acThl KOHE KEp YCTI CyJapbIHBIH arybl OOJbIN TaObLIaAbI, ©WTKeHI Hypa e3eHiHiH meTiHaer
6enepain abcomrorTik Oenrici Ecin e3eningeri cy nenreitinen 10-14 m sxorapbl. Anmaiifa, Ka3ipri
yakbiTTa 2023-2024 >KkpUIIaphl KbICTA >KAybIH-IIAIIBIHHBIH Kol OoyblHa OaiylaHBICTBI OYpBIH
KYpFaTbUIFaH Cy KOMMajapblHA JKEp YCTI OHE >KEp acThl Cylapbl KalTa TONTBIPBUIBIN KaTbI.
Tyracraii anranna, ActaHa KajachIHbIH *koHe ocipece Hypa aynaHbIHBIH rUAporpadusiibK jKOHE
THJIPOJIOTUSUTBIK JKaFIaiIapbl Kaia KYpBUIBICH JKYMBICTapbl MEH KOTaJIJaHIBIPY/bI KYPrizy Ke3iHae
TyOereisii TeHrepiMi TOCUIAl Tanmanm erefi. Meicanbl, KallaHbl JaMbITy OOWBIHINA >KOcCHapiap
[IIaMaMEeH XUbIPMa MBIH TeKTap aJlaH/aa )Kep acThl CyJapbIHbIH JEHICiiH TOMEHAETY OONBIHIIA TYPIIi
ic-mapanapiel 6oswkaiinbl. JKublpma O6ec MbIHHAH acTaM TreKTapAbl ¢y OacyldaH KOpray KesJemill
otelp. KopraHbIC KYPBUIBICTAPBIHBIH Y3BIHABIFEI 64,1 KM Kypaiasl. bac »ocmapaplH sxo0achiHia
(General’ny’j plan goroda Astany do 2035 goda. (2023(a)) MbIHagal >KYMBICTap/Ibl JOHEKTI
OPBIH/AY KOJBIMEH JKePaCThI CYJIapbIHBIH JCHTeHiH TOMEHAETY KOHE MOHUTOPUHTIH YHBIMAACTBIPY
KO3/IeJIIeH: HKCIEPUMEHTTIK COpY AapKbUIbl HHXKEHEPIIK-T€OJIOTUSUIBIK YHFBIMANapabl OyprblLiay
xoneiMeH Hypa-Ecin e3eHapaiblk ¢y TYTKBII KaOaThIHBIH KYMapbIHA THIPOTE€OJIOTHSIIBIK 3€PTTEY
KYprizy; Cy TOMEHIETETIH YHFbIManapibl Oypfbuidy; Cylbl TOPU30HTTAPABIH KHUBUIBICHIHA
IpEHAXKIBIK OpiapAbl Ka3y J>KOHE eXenri KaHajnaap OOHBIMEH IpEHAXIBIK OpJiapibl Kaszy;
MOHUTOPHHITIK YHFbIManapzsl Oyprbutay. COpbUIaTBIH Cy JKachbUl JKeJIEKTepai cyapy koHe Ecin
e3eHIHE Oypy YIIiH naiaanaHeiatelH Oomanel. Cyael yHeMi copy, JaillaHFaH JpeHa)KIbIK
KYOBIpiIap/ibl ME3ril-Me3ril Ta3apTy — OChl ic-IIapanap/blH OapiblFbl KapacThIPbUIBIT OTHIPFaH
ayMaKTbIH MHKEHEPIIIK-TEOJIOTHSUIBIK KOHE TUAPOJIOTUSIIBIK MOCETIeNIepiHIH KeIeHIH Ieneai.

XKep actel cynmapblHaH maiina OoFaH KeJIZIEpAIH HEri3ri Moceneci, erep Oysl Keijepai
TOTIBIpAKIIeH kaly apKbUIBI, COJI JKarajlayAarbl KbICBIMIIBI Kep acThl CYITapbIHBIH JCHIeli KoTepiie
Oactaca, OyJl olaH Ja YJIKeH ayMakThl cy OacyblHa aiblll Keneni. AcTaHa KanachlHbIH Hypa
aylaHBIHJAFbl aFbIMAAFBI JKaFJAlIbl Tal/ayFa CYWeHEe OTBIPHIN, jKep OETiHe HIBIFAThIH XKep YCTi
CylapblHaH, COHJai-aK aTMoc(hepalblK >KayblH-IIalIbIHHAH Maiifa OoMFaH OapIbIK KOJIJaHBICTAFbI
Cy KoiMamapbl MEH OWyJIaKTap/aH Cy allyabl KaMTamachl3 €TeTIH TapMakTapbl Oap apHa caiy
OpBIHABI OOJNBIN TaObUIAIbl. ¥CHIHBUIBII OTBIPFAH apHaHBIH JOFAa TOpI3Al KOH(UIYpaIUsChI
KOJIJIaHbICTaFbl Oesiepre OaillaHBICTBI JKOHE COHBIMEH Oipre Oenriai Oip ICTETHKAJIBIK MOHIE HE.
ApHaHBIH TY3Y ChI3bIKTBI KOH(UTYpaALUCHI JKep Oe/lepiHiH epeKIIeNiKTepiHe )KoHe Tyl KeJemieri
KOITETEH Cy KOWMMAaJIapbIHBIH ©3apa OpHajacyblHa OalIaHBICTHI MOCEJICHI MISHIyre MYMKIHIIK
O6epmeni. ['paduxanblk Tanaay KaHaJIbIH TIK CBI3BIKTBI KOH(UIypauusicel MaceseHi Oapabap
HICIINENTIHIH KOPCETTI, ©UTKEeHI TIK CBI3BIKTHI apHajapblH Y3bIHABIFBI OIp >KapbIM-€Ki e€ce Kol
Oonanpl. bynan Gacka, KOJIJaHBICTarbl >kep OelepiH ©3repTy KOHIHJAET1 JKYMBICTApIbIH €1dyip
YJIKeH KeJieMi Tajam eTijeli. ApHa KaJlaHbIH OaTbic OeJriHAeri Kejjep aylaHblHAa >Kep YCTi
arMocQepabIK JKoOHE JKep acThl CyJapbIHbIH PETTENIN aFyblH KaMTaMachl3 eTeli. ATMoc(epabiK
JKOHE JKep acThl CyJapbIHBIH OackiM 0ediiri ochl Kenaepre Tyceai. byn kenaep taburu typae Ecin
©3eHIHe Kyibutansl. TuiciHIe, Kamajgarbl >OHE Kajla MaHbBIHJAFbl KOJJIAHBICTaFbl KeJ-03€H
KYHeCiHiH cy OanaHchl Oy3bUIMaibl.

AcTaHa KaJacblHBIH ayMarbIHIAFbl Cy OOBEKTUIepiHiH KoHTekciHae Hypa aynaHbIHAAFbI
’obanaHaThIH apHa 3-cypeTTe KepceTiireH. Hypa aynaHbIHBIH HIBIFBIC OeJlirine opHanackan Kimi
Tanapiken keJaepiHiH TOObI YChIHBUIBIN OTBHIPFAH apHaiap KyileciHiH 6eiri 6obin TadbbuIManbl.
Koramapik Tankeuiaynap, Kazakcrtan PecnyOnukacel bacuibuibiibl MeH AcTaHa — Kaslachl
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OKIMIITITiHIE THicTi memiMaepi Herizigae Kim Tamasiken kenmepi ToOBI ©31epiHIH TaOWUFH
[IeKapalapblHIa CaKTaJFaH. AyMakTbl cy 0Oacy MYMKIHZINiH OonabipMay, OHOJOTHSIIBIK
OPTYPJILUTIKTI CaKTay JKOHE IKOJOTHUSIIBIK MaHBI3bI Oap JTaHAmadTThl cakTay YIIH TajlabIKeIT maFbH
KeJJepiHiH amblK cy OeTiHiH >kanmbl aymansl 130 rextap neHreitinme ycramaasl. Ocbl cy
KONMACBHIHBIH aifHajachlHJa cas0aK aiMarbl KajbllTacaasl. KamaHblH OHTYCTIK-IIBIFBIC OOMIriHIC
opHanmackan Hypa — Ecinm kaHamel 1a KamalblK KEKe, KOFaMIBIK JKOHE JKYK KeJiri xyieciHe
KOCBLITYbl MYMKIH.

Kanan caracel AcTaHaHBIH OHTYCTIK-IIBIFBIC Oeiriaaeri Eci e3eHiHIH COJ KaralaybIHJa
opHanmackad. Kama imriHZe y3bIHIBIFBI OH  INAKBIPBIMFAa JKYBIK. AJjaiija oJ  YIIiH
aBTOMAruCTpalibJapMeH KUBLIBICTAFbl KOIIpIIep i KaiTa xacay KaxeT Oonaapl (MyHIall Oec OpbIH).
KonpanbicTarel Kemipiaep/IiH OWIKTIT >KEHLJT MOTOPJIbI KalbIKTapa J1a OJapIblH acThIHAH JKY3yTe
MYMKIHJIIK OepMeni.

3-cyper — AcraHa KaJachlHBIH ayMarbIHJarbl Cy 00bEKTiIepi (KoK KOHTYp) KOHTeKCiHaeri Hypa aynanbsiHiarbl
»o0aslaHaThIH apHa (KYJriH KOHTYp) (5kachblUl KOHTYp — KaJjla IIeKapachl) (aBTopJjap MaTepuajaaphl).

Y CBIHBUIBITT OTHIPFaH j>KaHAa KaHANABIH Heri3ri Oemiri GereT aymaHbiHAarbl Ecin e3eHiHIH
apHachlHa jkanFacalbl. byl AcTaHa KaldachbIHBIH KeIE-XKOJ JKeJIiCiHE KOJIK >KYKTEMECIH enayip
TOMEHJIETE OTBIPHIN, Kaja OOMBIHIIA JKEKE JKOHE KOFaMIBIK JKOJIAyIIblIap MEH XKYK Cy KOJITiHiH
KO3FaJIbICBIH YHBIMIACThIpYyFa MYMKIH/IK Oepei. AcTaHa KaJlachlH JaMbITy xobackl (General’ny’j
plan goroda Astany do 2035 goda, 2023; General’ny’j plan goroda Astany do 2035 goda.
(2023(a)) e3enaepaeri kKeMe KaThIHACHI yYacKeJEPIHIH Y3aKTHIFbIH Ka3ipri 6,0 kM-meH 19,5 kM-re
NeWiH YJIFaWTyapl Ke3feWi. YChIHBUIATBIH apHa OyJl mapaMeTpii alTapibIKTaid KakcapTaJbl.
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Kekeneren cexknusiapaa aa, Kajga OOWBIHINIA Ja CY-MOTOPJBI CIIOPT TYpJiepi MeH ecy OOWBIHIIA
JKapbIcTap OTKI31LTyl MYMKIH.

TapmakTapsl 6ap YCHIHBUIBIN OTHIPFaH apHa ©3€H apHACBHIHBIH OTKI3y KaOUIETIH YIFalTy jKoHE
JKarajaylapasl KOpPFaHbIIl OereTTepiMeH HBIFAlTy KeHIHAET] jk00aHbIH Oip Oeiri 60yl MyMKiH.
O3eH apHaChIH TY3€TY apKbUIbl alTapibIKTall xKakcapy KamTamachl3 eTiieni. by aymakTsl cy 6acy
KayniH aiTapibiktail Temenaereni. Eani cy Gacyra ymsipamMallThiH aymakTap OelceHIl KajlaJbIK
JlaMy YUIIH — opTYpJl TYPFBIH Y )KoHE KOFaMbIK FUMaparTap caiy, OelceH Il xoHe OelceH i eMec
JIEMAJTBIC YIIIH cassiOaKTap MEH peKpealisuIbIK allMaKTap KaJIBIITACTHIPY YIIiH jKapamIbl 00JIabl.

Hypa aynanbIHBIH THICTI %aHa Kellle-XkOoJ jkelicli ACTaHa KalachbIHbIH iprejiec ayJlaHAapbIHbIH
KOJIJAHBICTAFbl KOILE-XKOJ JKeNiCiMeH Oipiece OTBHIPBIN, OHBIH JKaJFachl >KOHE JaMybl OOJIBII
Ta0ObuTaIEI (4-Cyper).

4-cypet — Hypa aynaHbIHBIH jkaHa KeIIe-K0J1 (’KachUl KOHTYP) JKoHE cy-apHa (KYJTiH KOHTYp) JKeJici
AcTaHa KaJachIHBIH ipreiiec ayAaHIapbIHBIH KOJJaHBICTAFbl KOIIe->K0J XKeJliciMeH (KBI3bII KOHTYP)
OipIiece OTBIPHII, OHBIH KaJFachl XKoHe naMybl 0omsin TadbiIans! (Google Earth Pro, 2024).

Bomxamapl apHa GOMBIHAAFBI AyMaKThl JKOCTIApiay oHE KYPbUIbIC caly (PKalIlbl Y3bIHJIBIFbI
29,0 kM) TYHBIKTaIFaH KOJAAPALI OIPIKTIPY >KOJBIMEH TYPFBIHIAPIBIH JKEKE >KOHE KOFaMJIBIK
aBTOKOJIIK JKOHE Cy KOJIIKTepiHe epKiH KOJ KeTKi3ylH KaMTamachl3 eTyni ke3zaeiai bac kemienen
(eni 10,0 m) 6ypbuIbIc cakuHaIapbl 6ap (auamerpi 45,0 m) (eHi 45,0 M) xoHE aitHanMa 1eHOepIepl
6ap TyifbIK cy Tapmakrapsl (eHi 38,0 m) (nuamerpi 60,0 M), Heri3ri apHameH KoceutFad (eHi 60,0-
80,0 m). OpHayrackaH epiHe Kapail KaHaJ MEH MarucTpajbbIK KolleJIep/IeH TapalThIH TapMaKTap
optypii y3biHabIkTapra ue (100,0-gen 1100,0 M-re apeifin). CekuusiaapablH *Kaumsl caHbl — 231.
Kanan >xaramapsl MEH TapMmakTapbl TaOMOHIApAaH jkacaiFaH. byn au3aiiH TaOWFU TOMBIPAK
JKarJIalbIH CaKTayFa jKOHE Kep acThl CyJapblH KaHAJIFa KeAePTici3 cy3yre MyMKIHIIK Oepei.
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KonpaneicTarel Kajla KYpPhUIBICKI HOPMaJIAPhIH €CKepe OTBIPHIN, KYPBUIBIC JKEICl KaHaJl MEH
TapMaKTapJblH jKaranaynapbiHaH 35,0 M JKOHE OfaH Ja KON KAIIBIKTBIKTa OopHamxackad. Herisri
apHaJIaH Cy TapMaKTapbIHBIH OJIIeMIepl KalbIKTap YIIIH JKarayjaynap OOMbIHIA anjaKTap/Ibl
KaJBINTAaCTBIPy JKOHE TapMak oOci OOMBIHIIA €pKiH €Ki MaKThl KO3FaJIbIC MYMKIHJITIH ecKepe
OTBIPBINT aJIbIHAABL. AHAJOT peTiHae MaliaMmuae JKy3ere achlpbUIFaH IIennM Koimaneliaasl (1-

cyper).
KocpiMIna peTiHae op TapMaKThIH COHBIHJIA KAaHBIKTAp YIIIIH OYPBUIBIC jKacay YChIHBLIAABI (5-

cyper).

MABHAA YIIULIA

YNNYHBIV TYMUK C PASBOPOTOM

TYNMUKOBbLIA KAHAIT C PASBOPOTOM
rMABHbIA KAHAJ

N
38.0m 450 m

4560 ™

5-cyper — Hypa aynaHbIH/a KypbUIBIIT )KaTKaH JKOJ, Cy XKOHE Kapi3 KeJliepiHe apHaFaH
nIenriMHiH pparMeHTi (aBTopJIap MaTepuaiaaphbl).

Xeke TypreIH Vi KYpBUIBICHI aiiMaKTapblHAa Op y4YacKele OTKEIIiH JKaFbIHIA Tapax »XKoHE
©3€H JKarachlHAA >KeKe IIAFblH KalbIKTapFa apHaJfaH >KeKke aiinak KapacTelpbuiraH. COHBIMEH
Karap, MaruCTPalibJIbIK KaHAJIa KoJIaybuIap Kpyu3IiK KeMelepine apHainrad aiakrap 6ap. Kere
OolibIHAAa TypakK KanTaJapbl MEH KOFaMJbIK KeJlik asuigamanapel Oap. CoiikeciHine, ©TKeIiH
COHBIHAH MaruCTPaJIbIbIK KaHAJIBIH JKaralayblHa jKasy JKYPTIHIIUIEp OTKeMl, al ©3€HHIH COHbIHAH
6ac kele OOMBIMEH Kasy >KYPTiHIIUIEp >K0JIbl KapacTelpbUiraH. llemiim 60KTaIFaH TYpFBIH Yillep
(TayHxayctapbl) 0ap KYpPBUIBIC aJlaHJIaphl YIIIH yKcac Ooubin Tabbuiaapl. Kenmorepii, kKenkadaTTh
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CBI3BIKTBI JKOHE MYHApasbl TYPFbIH YHJIEPIIH Y4YacKeNepiHJe OTy >KOJAaphl, op YydYackere oTy
JKOJIBIHAH KIpY JKOHE iprejiec ayMakka IIBIFY ©3¢H OOMBIHAAFBI KEKe MIaFbIH KOJEeMJIi KeMelepre
apHaJFaH JKeKe aiJlakTapra »KoHE >KOoJjaylIbllap KPYH3IIK KeMeJepiHIH OpTaK aiyarbiHa JAediH
MarucTpaibIblK KaHAJIbIH OOHBIH/A.

2

6-cyper — Cy »oHe aBTOKOJIIK KOJITiH Mai/jalaHaThblH a3aMaTTap bl KOJDKSTIM/UIITH KaMTaMachl3 €TeTiH
AcTaHa KaJIachIHaFbl )KaHA apHAHBIH OOWBIHIA TYPFHIH KOHE KOFaMJIbIK FUMapaTTap/ibl OPHAIACTHIPY MBICAJIIAPHI:
1 — xeke TYPFbIH Yilsiep; 2 — OJIOKTaJIFaH TYPFBIH Yilliep; 3 — Kol MaTepiii TYPFbIH Yilliep; 4 — MyHapajbl TYPFbIH Yiliep;
S5 — aylaHIBIK OKIMIIUIIK FUMapaThl; 6 — MEKTEIIKe JeHiHri Oananap Mekemeci; 7 — CTaHoH;
8 — cayma opTayIBIFBL; 9 — KOFapsl OKY OPHEI (ABTOPJIAP MaTepHAJIAAPbI).

Kipme »omnmaslH €Ki KaFblHAa Ja Typak opbiHAapbl Oap. Typak KanTamapbl MEH KOFaMIIBIK
KOJIK asuijamaiapsl OacTbl KelleHiH OoiibiHna opHanackaH. ColikeciHme, 0ac KaHaJIIbIH
JKaraJlayblHa OTIIe JKOJIIBIH COHBIHAH JKasy >KYPTIHIIUIEp OTKeNl KapacThIpbUIFaH, ajl OacThl
KOIIeHIH OOMBIHAAFEI TPOTYapFa OTIIE JKOJ MIBIFAaHAK COHBIHAH KapacThIpbutFaH. TYpFeIH YHAIH 11K
ayJachl 0ac KaHaJJIBIH TapMarbl JKaFblHaH KapacTeipbUirad. OraH abaTTaHABIPY DJIEMEHTTEPiHIH
CTaH[IAPTTHl JKUBIHTBIFBL: JEMallbic aliMakKTaphl, OanamapAblH OWBIH alaHIapbl, CIOPTTHIK >KOHE
TMMHACTHKAJIBIK ajlaHIap, KOCAIKBl YiH-kaimap Kipemi. TYpMBICTBIK KaJABIKTapIbl >KHHAyFa
apHaJFaH alaHaap KOKBICTHI aBTOKOIIIK KOJIriMeH Je, Cy KOJIriMeH Jie MbIFapyFa OonaTeIHal eTin
opHasackaH. JKorapsl KabaTThl MyHapajbl YiJep CallbIHFaH Ke3/le KelleHTe 0ac Kelle >KarblHaH
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OpHAaJlaCKaH KON JEHIreil MapKUHTTEepIIH OJIOKTaphl Kipemi. TyprbIH Yijepi Oap ydackenepie
KYpbUIBIC caiy cxeMachl 6O-cyperrte (1-4-cxemamap) KepceTuIreH. OpTypii (QyHKIMOHAIIBIK
MaKCaTTarbl )KOHE TUIITErl KOFaMJIbIK FUMaparTap aBTOKOJIIK *oHE Cy KOJIIriH MaiijanaHa OThIPHII,
epKiH Kipy MYMKIHJITIH €CKepe OTBHIphIN OpHanackaH (6-cyper, 5-9-cxemanap). Meicansl, aynaH
OKIMIIIUIITIHIH FUMaparhl YIITApbl KOCBUIFAH €K1 KipMe JKOJIJIBIH apachIHAAaFbl y4acKe/e OpHaJacKaH.
arpiH mapk alMakTapbl OCHI KipMe Xongapasl Oac kaHanmpaH Oexin Typaasl. Cy Kediri
naiaJaHaThlH a3aMaTTap/bIH HET13r1 Kipyl Tikeneil 0ac apHa MEH aifHajMa IIbIFaHBIK aiIaKTapaaH
KYy3ere achIpbUIajbl. ABTOKOJIKTI MaliJalaHaThIH a3amMarTtap FUMapaTr ajIblHAarbl ajnaHra Oac
KelleHIH OolblHIa OpHAalacKaH KOFaMBIK KOJIIK TYpakTapbl MEH asijaMalapblHaH Kipesi.
OcpiHaii KOJIMEH epeceKkTepliH Oanamapiapl MEKTENKe ACHIHTT MeKeMere ajbll 0apy Typaibl
Mocesieci 3 IIeNnMiH TanThl. byl MeKeMeHiH KelleHI KOCBUIATBIH KipMe JKOJap apachIHIaFbl
OKIIayllaHFaH KOpIIaJIFaH ayMaKTa OpHalackaH. byn kemeH opOip Oamamap TOOBI YIIIH JKeKe
KipeTiH eciri 6ap Mekeme FUMaparblH, opOip TON YIIIH IIAFbIH MaBHJIBOHIAPHI Oap alllbIK ONBIH
aJaHJApbIH, KOCAJKbI KOHE IIAPYyallbUIBIK KYPBUIBICTapIbl KaMTHABL. AcC Yi# MeH ac OJorblHaH
HETi3r1l FUMaparka »XeKe Kipy €ciri KapacThIpbUIFaH. Ic JKy3iHJIE CTaJMOH TOJIBIK aIllbIK ayMaKTa
OpHaacKaH, OYJI CIOPT apeHACHIHBIH KAObIK MiHOEJEepiHe KIpETiH aiThl €CIKTIH OpKalChICHIHA
epKiH Kipyal KaMTaMmachl3 eTeli. ApeHaaa >KeHUT aTineThkaaan ¢yrOooia MaTuTapbl MEH jKapbIcTap
OTKI3y MYMKIHIITT KapacThIpbUIFaH. ApPEHaHBIH IOHTeJeK MHilliHi TpuOyHaJIapaslH OHTANIIBI
OpHANAaCyblH JKOHE aJaHHBIH Ke3 KeNreH KEHICTIKTIK >KaFJalblHAa epKiH Kipydl Oakpuiayra
MYMKIiHIIK Oepeni. bac kananaeiH OOBIMEH ajJaHHBIH OApIIBIK Y3BIHIIBIFBI OOMBIHIIA CYy KOJITiMEH
KAHKYHeplepAiH >Kammail Kedyl MeH JKOHENTUTyl Ke3iHJe NHUPCTI bIHFaWiIbl Maigananyiabl
KaMTaMachl3 €TETIH JKEPrUTKTI KeHeWTy KesmenreH. Kok KypanmapblHa apHalIFaH Typak
OpBIHAAPHI 0ac KeIIeHIH 0OMbIHIA THICTI KaiTanapaa opHanackaH. CoH/Ial-aK, TOJBIFBIMEH JACPIIiK
alllbIK ajaHJa cay/la OpTaJbIFBIHBIH FUMaparhl OpHAJACKaH. bac kaHainbiH OOMBIMEH ydYacKEHIH
OapJ bIK Y3bIHIBIFBIHA CYy KOJITIMEH CaThIN amylIbUIapbIH JKamnai Kelyl MEeH XKOHENTUIyl Ke3iH/e
allJTaKThl BIHFAMIIBI MalJaTaHybl KAMTAMACKI3 €TCTIH JKEPTUTIKTI JKarcapiac KYpPbUIbIC KO3JIEITeH.
ABTOKeJIIKTepre apHajJFaH TYpaK OpPBIHIApPhI 0Oac KeIleHIH OOWBIHIArel THICTI alMakTapaa
opHanackaH. FuMaparteiy Oyitipiaepine KochIMIIIa TYpaK OpbIHIAphI KapacThIpblirad. bac kipy 6ac
KOIIeIeH JKy3ere achlpbliafbl. Tayapiapisl THEYre KoHE KOKBICThI IIBIFApyFa apHajIFaH
mnargopMmanap aimakTapiblH OYHipiHIE OpHaacKaH, Oipak oJjlapFa >KYK aBTOKOJIKTEpl YIIH e
epKiH Kipy MYMKIHJIT1 6ap.

backa korambIK FUMapaTTapAbl (SKIMIIUIIK KOHE MEMOPUAJABIK FUMapaTTapAbl, MEKTENTEp
MeH OananapAblH AeMalbic OpTalbIKTapblH, eMXaHallap MEH aypyxaHalaplbl, OHBbIH-CAybIK KOHE
0ak-casi0aK KEHICHJIEpIH >XoHE T.0.) OpHANACTBIPY Typasibl IICNIM OYpBIH KapasiFaH MbICajaap
Heri3iHje KaObUIIaHybl MYMKIiH.

S KOPBITBIH/IbI

XKep acTel cynapblHbIH *ep OeTiHe MIBIFYbIHBIH JIEHT el )KOFapbl ayMaKTap »KoHE e3€HAep MEH
KOJAEPIH AYPKIH-IYPKIH Ccy 0acy alMakTapbl KapKbIHIbI Kaja KYPBUIBICHI aylaHJIapblHIAa KEH
TapaigraH KyObuielc Gonbin TaObuianel. Cy 6acy MocesneciH WIeIyAiH KeH TapajfaH oicTepl cy
JICHTCIH TOMEHJETY >KOHE OereTTep cainy OoJbim TaObUIafbpl. MalaMu Kajmachl el MEKeH]l
KaJblTacTeIpyFa ©Oapabap Kajla KYpPBUIBICTBIK TOCULIIH CHUPEK MbICAIAApbIHBIH Oipi  OOJBII
TaObLIa/IbI, OJ1 JKOCHapiay >KoHEe MHQPPAKYPBUIBIM TYXXBIPhIMJIAMalapblH €CKepenl jKOHE OHIPAIH
TaOUFU-KIIMMATTHIK JKaFIaiinapeiHa OeHimMaeini, coHmai-ak Ka3ipri HHKEHEPIIK-TeONOTHSITBIK
KHUBIHJIBIKTApAbl OPHBIKTHI JAaMydbl KON acIleKTiuT HeTi3AenreH KaMTaMmachl3 €Ty (aKTopbIHA,
HEFYPJIBIM OSKETUIIIPUIreH KalajblK JKocmapiay jKyiecine aiHanmabipansl. HoTwmkecinzae kerue
OolbIHIIIA XoHE Olp apHajbl XkKelijae KailTa OeIIHETIH KeJIK aFbIHbl eMIp CYPYAlH >KOFaphl Kailsibl
KaFIalIapblH CaKTail OTBHIPBIIN, KOpIIAaFaH OpTara JIaCTayllbl 3aTTap LIBIFAPBIH/BUIAPBIHBIH €19YIp
a3 KeJIEMIH KaJbITacThipaabl. MaliaMu-CuTuIiH TOKIpruOeCiH maiiaiana OThIphIN, ACTaHa Kajaackl
KaFmalblHOa op Typial Kesiemzaeri yHeMi Oeiftapam KanblITacaTblH Cy  albIHAApBIH
MH(QPaKYpPbUIBIMBIK JKOHE KOJIKTIK Mocelielep/l LIelly oHe KajalblK abaTTaHablpy Typasibl
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JEHreWal apTThlpy VIIIH MAakKcaTThl KaJlbIITACATbIH apHajlapra alHaJIIbIPy MKOJIBIMEH Kaja
ayMaKTapbIHBIH  epeKIIeTiKTepiH Oapabap CoynmeTTik, JaHImadThIK, TEXHUKAIBIK > KOHE
TEXHOJIOTHSUIBIK ~ TMaijiajJjaHy MYMKIiHIiri maiga Oomanmbl.  bynm  o3ipiieHy  TYpFBICBIHAH
MEPCIEKTUBAIBI, KYIMUSUIBUIBIK TYPFBICBIHAH BIHFAMIbI KockiMima 200 amaHabl anyra MYMKIHAIK
oepeni. Cy Kemiri HHTErpalMsUIaHFaH KaJlalbIK KOJIK JKyHeciHiH Oip OesiriHe alHaiajbl.
YCBIHBUIBIIT OTHIPFaH IIEIIIM Kajla TYPFBIHIAPBIHBIH OMIpiH JKakKcapTy, Kaja ayMarbIHBIH
THJIPOJIOTUACHl JKOHE MAHBI3/Ibl SKOJOTMSUIBIK ACHEKTUIep calachlHIaFrbl KEHIeHJ1 MIHIETTep.l
[IenuIyre MYMKIHIIK Oepeni. ABTOKOJIK JKOJIAapbl MEH Cy apHAJapbIHBIH YHJIECIMIHEH KYpbUIFaH
KoMK  HMHOQPaKypbUlbIMBI ~ AcCTaHa  Kajachl OOMBIHIIA  KO3FajbIC  cajachlHza  Oanama
KaJBINTACThIpaabl, OyJl HaKThl JKarnaiila KOFaMIblK HEMece J>KeKe KOJIKTIH BIHFAMIbl TYpPIH
TaHJayFa MYMKIHIIK Oeperi. AcTaHa KajachlH/Ia aBTOKOIKTEHIIPYIIH KOFaphl JACHICHl JKOHE €H
KOFapbl KE3CHJE KOJI-KOJIIK MHPPAKYPhUIBIMBIHBIH JKETKIUIIKCI3 aMybl HOTHIXKECIHJIE KOIIe-XKOoJl
KEJICIHJe alTapibIKTall KYKTeMe KajbllTaca/bl, Oyl KeJdiK aFbIHbIHBIH OpTallla >KbUIIaM/bIFbIH
carateiHa 10 KM geifiH TeMeHaeryre anbin Kenemi. OchiFaH OalIaHBICTBI CY KOJJIAPBIH KOca
alraHga, AcTaHa KaJIaChlHbIH KeJIIK KaHKAChIH KAJBINTACTBIPY e€JIopa >OJJapblHIa KeJIKTIK
KOJUIATIC BIKTHMAJJIBIFBIH OOJIIBIpMayFa MYMKIHIIK Oepeni oHE TYPFBIH YW KeIeHAepi MeH
QJIEyMETTIK OOBEKTUIEP/IiH KOJIKTIK KOJKETIMILIINH KamTamachi3 ereai. Tpadukriy Oip Oeirid cy
apHaNapblHa ayBICTBIPY apKBUIBI JKOJAYIIBUIAP MEH KYK KOJIIK aFbIHIAphIH KaiiTa 0eiy KajJaHbIH
KOJI JKeJliCiHe TYCETIH JKYKTeMeH1 a3zaiTanael. byn AcrtaHa KajiacelHAa Keluelepie YHemi maiina
00JIaThIH KOJIIK KENTEeTICTePiHIH eIoyip KbicKapybiHa okeneni. COHBIH cajiapblHaH Kajda OOWBIHINIA
KOJI KYPY YaKbITBIHBIH AaHTapibIKTal KbICKapybl JKOHE aBTOKOJIKTepAe ILITeH JKaHy
KO3FAJITKBIIITAPBIHBIH JKYMBICHI K€31HE 3USHIBI KAJIABIKTAPIbIH a3al0bl OPBIH alyna. ¥ CHIHBLIBII
OTBIPFaH apHaiap >kyieci cyablH KO3FaJbIChIH TeHAeCTIpyre sxoHe Hypa aynaHbIHIaFbl KONTEreH cy
aliIbIHIAPBIHA OHBIH KOJEMIiH YIIFaTyFa MYMKIHAIK Oepeni. byn aymakTel MaychIMIBIK Cy Oacy
KOHE epireH CYJIbIH XaOTHKAJBIK KO3FaJIBICBIHAH Cy KOMMaJapblHbIH JacTaHyblHAa OailaHBICTHI
KHbIH KaFaalaapAbIH TybIHIAybIHA KO OepMen .

bonamakra Kana merinae opHainackad Hypa — Ecisl kaHaJIBIHBIH OH KMJIOMETPIIIK y4acKeci Jie
AcTaHaHbIH Cy KeJIIT1 )KyHeciHe eHri3iryl MyMKiH. bipak on yuiiH 6y apHa aBTOMarucTpaibJapMeH
KHUBUIBICATBIH O€C HYKTEAErl Kemip KYpBUIBICTapblH ilIiHapa Kaiita camy kKaxer Oomansl. Ecin
©3CHIHIH apHachblH TY3€TYy, )KarajayjaapJbpl HbIFalTy, ApeHax XKyheciH aambITy (Oyi1 AcraHa
KaJIaChIH JIaMBITY/IbIH 0ac KOCHapblHa KO3/eIreH) oHe apHajap >KYHeciH JambITy (MaKaJlaHbIH
aBTOpJIApbl YCHIHFAH) XKOJIBIMEH ayMaKThl MayChIMJIBIK Cy 0acy KayIiH OO >KeHIHET1 MiHIeTTepIl
KEIIEeH/I1 IeNly ayMaKThl TYPAaKThl JaMbITY MACeJIeJIepiH IIEUIyTre OH acep €Te/l.
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Abstract. The article discusses the features of the formation of Baku city housing
architecture. During the study, the influence of new socio-economic and technological
factors on the residential architecture of the capital of Azerbaijan was determined.
The objective of this article is to examine the architecture of Transcaucasia's largest
residential complex, "Port Baku Residence," to identify current trends in the
construction of modern housing in Baku, and to evaluate future directions for their
growth. The phenomena of multifunctionality in housing, its origins, evolution,
current state, sources of formation, and benefits are discussed. It compares the
concepts and substance of multifunctional residential formations in Azerbaijan with
advanced foreign housing theory and practice. The quickly developing capital, in
keeping with the times, has proven that the architecture of the house is a response to
the socioeconomic and aesthetic needs of the inhabitants, and it sets relatively high
standards for planning, novel technology incorporated, and building quality. The
example of the Port Baku Residence residential complex shows the architectural and
planning features of a modern luxury dwelling in the rapidly developing largest city
of Transcaucasia.
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WHHOBANMAJIBIK TOCLULIEP )KOHE BAKY KAJTACbIHbIH
3AMAHAYU TY¥PI'bIH YU KELHEHJEPIHIH CIOVYJIETI

K.E. Ta6binoaesa’* @ | @. B. Mycragpaepa?®

X anerkapansix 6iniv 6epy kopropauuscs!, AnmMatsl, Kazakcran
203ipbaiixkan coyneT skoHe Kypblisic yauBepcuteti (93CKY), Baky, O3ipbaiixan

Anparna. Makanaoa baxy Kanaceinbly mMYpeblH YU apXumeKkmypacblHblH
Kanblnmacy epexuenikmepi KapacmulpblieaH. 3epmmey OapblcbinOa O3ipOaiidican
ACMAHACLIHLIY, MYPRLIH Vil ApXUMEKMYPACbIHA HCAHA dNeYyMemmiK-9KOHOMUKANbIK
JHCOHe  MEeXHONO2UANLIK — (hakmopnapovly — acepi  aHblKmanovl.  Maxcamvr -
3axasxazveoeci ey ipi «Port Baku Residence» mypevin yi  KeuleHiHiH
apxumexkmypacwli Kapacmulpy, baxyoeei samanayu mypavlH YU KYpblIblCbIHbIY
a2bIMOA2bl MEHOCHYUNIAPLIH AHLIKINAY HCIHE ONapOblH OAMYbIHbIH NEPCHeKMUBANbIK
baseimmapuvin O6aganay. Typzvin yioiy Ken @OyHKYUOHANOLLILIK KYObLIbICHL, OHLIH
wuley — meei, 260NIOYUACHL,  KA3ipel  ocazoaivl,  KAIbInmacy - Ke3oepi  MeH
apmMulKWbLILIKMAPLL  KApacmulpulidovl.  O3ipoauicanoasbl  KONQYHKYUOHALObL
MYPbiH Vi KYPbIIbIMOAPLIHLIY MYHCLIPLIMOAMANLAPLL MEH MA3ZMYHbl MYpPeblH Vi
KYDUUILICOIHbIY —~ O3blK  WemeloiK — MeOpUsACbIMeH — JiCoHe  madcipudecimen
canvicmulpuliadvl. Kapkeinowvl damvin Kene dcamyan acmana 3amMaH agblIMblHA inece
omulpvln, YU  caynemi  MYpRbIHOAPOLIH — 2]1eYMEMmIiK-I9KOHOMUKANBIK — JHCIHE
ICMEMUKATbIK Kadcemmilikmepine d#cayan ekeHin 0271el10en, HCoCnapiayovly, #Caya
MEexXHONI02UANapObl eH2I3V0IH JHCOHe KYPBLIbIC CANACHIHbIY AUMAPIblKMAall HCOApbl
cmanoapmmapuln  Oencinedi. Ilopm baxy pesudenyuscvl mypeviH Yi KeuleHIiHiH
MblcanblHOa 3aKa8Ka3beHiy KAPKbIHObL O0aMbln Kele JHCAMKAH ipi KaldcblHOAebl
3aMaHayu CcoHOi MypeviH YUiepOiy CayiemmiK JHCoHe IHCOCNApaday epexuienikmepi
Kepcemiicen.

TyiliH ce3nep: 0Kkc mYpaviH YU KeuleHi, 3aMaHayu mYpRblH Vil cayieni,
samanayu mexronozusnap, baxy xanacvlnvly caynemi, mypeviu yil.
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NMHHOBAIIMOHHBIE IMTOAXO/AbI U APXUTEKTYPA
COBPEMEHHBLIX KHJIBIX KOMIIVIEKCOB, I'OPOJA BAKY

K.E. Taobin6aesa’* @ | @.B. Mycragaepa?®

"Mexnynapoanas o6pazosarensHas kopropanus, 050043, Anmatsl, Kasaxcran
2 AsepbaiiKaHCKUI apXUTEKTYpPHO-CTPOUTENbHBIH yHuBepcuTeT (A3ACY) Baxy, Asep6aiimkan

AHHOTAUMA. B cmamve paccmampugaromcs o0cobeHHOCmU Gopmuposanus
acunol apxumexmypwl 2opooa baxy. B xode uccnedosanus onpeodeneHo enusiHue
HOBbIX COYUAILHO-IKOHOMUYECKUX U MEXHOLOSUYECKUX (DAaKmopos Ha HCUTVIO
apxumexkmypy cmoauyvl Azepbatioxcana. Llenv Ooawnoti cmamvu - paccmompems
apxumexkmypy KpynHetiwezo 6 3akaskazve dcunoeo Komniekca «Port Baku
Residencey», eviaeumv akmyanivhvie MeHOEHYUU 8 CHMPOUMENbCHEe COBPEMEHHO20
acunvsi 6 baxy u oyenums nepcnexmugHvie HanpaeieHus UX — PA3GUMUSL.
Paccmampusaemces  ¢henomen  MHO2OQYHKYUOHATbHOCMU  JHCUTLA, €20  UCHOKU,
960I0YUSL, COBPEMEHHOe COCMOSIHUE, UCOYHUKY (HOPMUPOBAHUS U NPEUMYU eCMEd.
IIposooumcsi cpagHeHue KOHYenyutl U cOOepHCAHUs MHO2ODYHKYUOHANbHBIX HCUNIX
obpazosanull 8 Azepbatiddcane ¢ nepedosoll 3apyOexcHol meopuell U NPaKmuKol
AHCUTUWHO20 cmpoumenvcmed. bvicmpo paszeusarowascs cmonuya, uosa 8 Hozy co
8pemeHeM, 00KA3ald, Ymo apXumexkmypa 0OMa S8NSemcs Omeemom Ha COYUAIbHO-
9KOHOMUYECKUEe U dCmemuyeckue nompebHocmu xcumenetl, u 3adaem OOCHMANMOYHO
8bICOKUE CMAHOAPMbL NIAHUPOBAHUS, BHEOPEHUST HOBbIX MEXHOLO2Ull U KA4ecmed
cmpoumenvcmea. Ha npumepe scunoeo xomnnexca Port Baku Residence noxaszamwvi
APXUMEKMYPHO-NIAHUPOBOYHbIE OCOOECHHOCMU COBPEMEHHO20 NMUMHO20 JHCUTbSL 8
Ovlcmpo pazeusaroujeMcs Kpynueuulem 20pooe 3aKaskasvsi.

KiroueBsble c10Ba: cuol KOMIIEKC KAACCA NHOKC, APXUMEKMYPA COBPEMEHHO20
JHCUTUWYA, COBPEMEHHbIe meXHOL02UU, apxumekmypa 2. Baky, socunuwe.

*Corresponding author
TaosinoaeBa Kapasiram, e-mail: tabynbaeva.k@mail.ru

https://doi.org/10.51488/1680-080X/2025.1-05
[Moctynmiio 05 oxTs6ps 2024; [lepecmoTpeno 25 nosiops 2024; [Mpunsito 27 despans 2025

91


https://doi.org/10.51488/1680-080X/2025.1-05
https://orcid.org/0000-0002-3522-3904
https://orcid.org/0000-0001-8829-1911

QazBSQA Xao6apmsicel. Nel (95), 2025. CoyJier

ACKNOWLEDGEMENTS / SOURCE OF FUNDING
The study was conducted using private sources of funding.
CONFLICT OF INTEREST

The authors state that there is no conflict of interest.

AJITBIC / KAPXKBIJIAHABIPY KO3I1
3eprTey Keke KapKbUIaHIbIPY KO3/EPIH Maiianana OThIPBIN KYPrizuial
MYIIEJEP KAKTbBIFbICHI

ABTOpIAp MYIENEP KAKTHIFBICHI )KOK JET MAJIIMICH/TI.

BJIATOJAPHOCTHU / UICTOYHUK ®PUHAHCUPOBAHUA
HccnenoBanue mpoBOANUIIOCH C MCMOIB30BAaHMUEM YaCTHBIX HCTOYHUKOB (DMHAHCHUPOBAHUSI.
KOH®JIUKT UHTEPECOB

ABTOpBI 3asIBJISIOT, YTO KOH(IMKTa HHTEPECOB HET.

92



QazBSQA Xao6apmsicel. Nel (95), 2025. CoyJier
1 INTRODUCTION

New socio-economic and technological conditions contribute to the development of
Azerbaijan's housing architecture in a new way. The existing functions of the political, industrial
and cultural capital provoked a powerful migration of the young population, as well as specialists
and foreign companies. 40% of the country's population lives in the city of Baku and its suburbs,
making the capital the largest city in the Caucasus, which owes its prosperity over the past ten years
to the development of oil and gas resources. In this connection, a rapid expansion of the housing
stock began in Baku. The quantitative growth of the population is accompanied by changes in the
qualitative structure of the population of the capital. The changed qualitative composition of the
residents affected the supply and demand in the housing market: from standard apartments to high
comfort class (Berna Yaylali Yildiz, Fatma Ipek EK, Isin Can, 2018).

The rapidly developing capital, keeping up with the times, has shown that the architecture of
the dwelling is a response to the socio-economic and aesthetic needs of the population and forms
quite high requirements for planning, innovative technologies introduced and the quality of
construction.

Also the primary goal of architecture is to organize living spaces for individuals, irrespective
of their citizenship, social rank, age or physical ability. The quality of settlements’ architectural and
spatial environments is determined by variety of factors one of which is the need to consider the
interests of specific groups of the population and seek architectural and planning solutions that
ensure accessibility (safety and convenience) for immobile groups of the population, including
senior citizens and parents with children in a pushchair (Abdrassilova G., Murzagaliyeva E.,
2020).

The purpose of the article is to analyze the architecture of the largest residential complex in
Transcaucasia - "Port Baku Residence”, to identify current trends in the construction of modern
housing in Baku and to determine the directions for their further development. The phenomenon of
multifunctionality in housing, its origins, evolution, current state, factors of formation and
advantages is considered. It compares the concepts of multifunctional residential formations and
their content in Russian and advanced foreign housing theory and practice. The link between the
forms of multifunctionality and market prerequisites forming them (supply and demand) is
established (Kiyanenko, K., 2018).

2 MATERIALS AND METHODS

In the process of studying the features of the modern architecture of Baku residential
complexes, based on the study of statistical data, field survey materials and design and graphic
materials, we analyzed the architectural, planning, structural and technical characteristics of the Port
Baku Residence residential complex built in the capital of Azerbaijan (Abdrassilova G.,
Tabynbayeva K, 2022).

3 RESULTS AND DISCUSSION

The idea of combining different functions in a residential environment has its roots in the
traditional structure of cities, where housing, trade, crafts and social life existed in close
interrelation. In eastern cities, including Baku, this was expressed in the organization of mahallas -
compact residential formations with shops, baths, mosques and workshops within walking distance
(Baku Urban Development Plan 2020-2040).

In contrast, XX century modernist architecture sought functional zoning, separating housing, work
and leisure (Koolhaas, 2014). However, as cities grew and became more complex, there was a
renewed need for integrated residential formats.
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The second half of the twentieth and early twenty-first century saw a shift from mono-
functional housing to mixed-use complexes in response to changes in lifestyles, urbanization and
societal needs. The evolution has gone through several stages:

1. The first mixed-use projects in the US and Europe (1970-90s) with the integration of
housing and offices.

2. Integration of commerce and leisure (2000s), especially in Asian megacities. 3.

3. New post-COVID formats: flexible spaces, home offices, shared services (European
Commission, 2021).

Today, multifunctionality of housing is perceived as a key to sustainable and flexible urban
development. In Baku, this is facilitated by ‘city within a city’ developments, where residents have
access to all major services within one complex, from shops and gyms to kindergartens and cafes
(Pasha Construction, 2022).

Mixed-use projects are becoming particularly relevant in the context of high density, land
scarcity and the desire to reduce transport dependency (Gehl, 2011).

The phenomenon of multifunctionality is shaped by many factors: economic - optimization of
development, increasing the profitability of facilities (UN-Habitat, 2020); social - changing habits
(flexible schedules, remote working, and demand for ‘everything nearby’); technological -
introduction of BIM, digital services and smart infrastructure; cultural - return to the traditional
urban structure with rich local life (Bartenev, 2018).

The advantages of multifunctional housing are:

1. Saving time and resources: residents get access to basic functions within one environment.

2. Livable urban environment: activity during the day, development of public spaces.

3. Environmentally friendly: reduced need for transport, compact land use.

4. Social sustainability: building of communities, reduced isolation.

5. Architectural expressiveness: the diversity of functions requires a thoughtful architectural
approach.

One of the key trends of recent years in Baku is the active densification of the city centre
districts and the formation of new high-rise residential complexes. This is caused by population
growth, expansion of the megacity and limited land in historical zones (Baku City Development
Plan 2020-2040).

High-rise buildings and multi-storey complexes allow efficient use of the territory, but require
new approaches to transport accessibility and infrastructure.

New-generation housing is increasingly being designed according to the principle of
multifunctionality: residential, commercial, public and recreational functions are combined in one
complex. The Port Baku Residence, White City, Neftchilar Towers and other projects are prime
examples. (Pasha Construction, 2022). This approach not only increases the level of comfort, but
also contributes to the formation of an urban environment with round-the-clock activity (Gehl,
2011). Modern residential buildings in Baku are increasingly being equipped with smart home
systems, digital security systems, automated parking and climate control systems (European
Commission, 2021). This improves energy efficiency, safety and living comfort.

There is a trend towards sustainable building solutions - thermal insulation, solar panels,
rainwater harvesting systems and green roofs (UN-Habitat, 2020). Although this is still
predominantly in the luxury housing segment, interest in sustainable construction is growing.

Modern construction in Baku seeks to combine international architectural trends with
elements of national identity. The use of traditional ornaments, forms and materials becomes an
important part of the architectural concept (Domus, 2022). This emphasises the uniqueness of the
Baku residential landscape.
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Comparing the concepts and content of multifunctional residential formations in Azerbaijan
with advanced foreign theory and practice, it was revealed that:

The architectural and planning concepts of Azerbaijan are designed according to the principle
of ‘vertical city’: the lower floors are allocated for trade, public services and offices, the upper
floors - for residential flats. The architecture emphasises prestige and visual expressiveness (Pasha
Construction, 2022).

Overseas practice in developed countries, especially in Scandinavia, Japan and the
Netherlands, actively applies horizontal mixing of functions - residential clusters integrated into the
urban fabric with a priority on pedestrian accessibility and small-scale architecture (Gehl, 2011;
European Commission, 2021). The principles of the ‘15-minute city’ are utilised, where all
necessary functions are available within walking distance.

The social orientation and accessibility of residential complexes in Azerbaijan and its
multifunctionality is characteristic mainly of premium segment properties. Affordable housing, as a
rule, is designed according to traditional schemes without integration of additional functions
(Ministry of Urban Development of Azerbaijan, 2020).

Whereas foreign practice shows that multifunctional approaches applied in social housing
allow for the creation of balanced neighbourhoods in terms of functions and population (UN-
Habitat, 2020).

The use and integration of technologies in housing construction in Azerbaijan occurs mainly
within the framework of premium complexes (smart home systems, digital access control, video
surveillance) (Pasha Construction, 2022).

Foreign practice shows that BIM modelling, digital design, automated building management,
applications for tenants, digital platforms for the management of housing and communal services
even in budget construction allow for much more efficient management and provision of quality
housing operation, and this works in the long term. (UN-Habitat, 2020).
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Figure 1 — Comparison of the level of multifunctionality.
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Table 1

A comparison of the characteristics of mixed-use housing (explanation of the graphl)
Parameters Port Baku Residence Medium level Middle level (Asia)

(Azerbaijan) (Europe)

Integration of commercial and 5 4 5
residential
Availability of public spaces 4 5 5
Infrastructure development 5 5 4
Flexible layouts 4 5 4
Energy efficiency 4 5 5
manufacturability 4 5 5
Architectural expression 5 4 4

Table 2
Comparison of concepts and content of multifunctional residential formations in Azerbaijan with advanced foreign
theory and practice

Parameters Azerbaijan Best foreign practices

Approach to zoning Vertical Horizontal, 15-minute city

Spread In premium segment In all segments

Eco-friendliness Basic solutions Systemic green standards
Technological efficiency Implemented in luxury housing Implemented in all —types of housing
Integration into urban environment  With some limitations Organic

Social inclusiveness Medium High

Baku is the capital of the Republic of Azerbaijan, the largest industrial, economic, scientific
and technical center of the Transcaucasus, as well as the largest port on the Caspian Sea and the
largest city in the Caucasus.

The housing sector of Azerbaijan is one of the sectors of the economy, the main and general
purpose of which is to provide living space for the citizens of the Republic of Azerbaijan. This
branch of the economy is closely connected with the construction sector of the country.

Azerbaijan's construction sector is experiencing significant growth, both through the opening
of new industrial and service facilities and through the renovation of the housing stock, being the
second largest investment after the oil sector. The increase in the housing stock is one of the main
indicators of the socio-economic development of the country. In 2019, the volume of new housing
commissioned amounted to 2.230.784 sg.m. Also, for the first six months of 2020, the figure has
already amounted to 2.586.000 sg.m., of which 1.228.778 sg.m. goes to housing.

The architectural and construction experience of the capital has become a leading element in
the development of Azerbaijan: socio-economic transformations, the implementation of the Decree
of the President of Azerbaijan Ilham Aliyev on simplifying the issuance of permits for the
commissioning of a number of multi-apartment buildings dated February 19, 2019. The
introduction of new international standards in design and construction have made numerous
adjustments and affected the quality of architecture in all regions of the country (Abdrassilova G.,
Kozbagarova N., Tuyakaeva A., 2017).

Requirements and demand in the housing market determine the introduction of the latest
technologies in construction, which is what the largest commercial and state developers offer in
various projects of the now popular multi-storey residential complexes.

According to the current world trends of housing development, the following points of
prospective development directions could significantly improve and accelerate the development and
achievement of clear progress in the housing sector of Azerbaijan.

1. Expansion of affordable mixed-use housing: introduction of principles multifunctionality

in economy and comfort class projects.

2. Sustainable design at all levels: environmental standards, certification of buildings

according to international systems (LEED, BREEAM).
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3. Development of the micro-district approach: creation of autonomous residential clusters
with kindergartens, schools, offices and public spaces.

4. Digitalization of residential building management: housing management systems, digital
document management, applications for tenants.

5. Regeneration of old housing stock: modernization of Soviet quarters using modern

architectural and technical solutions (Ministry of Urban Development of Azerbaijan,

2020).

Developing standards for flexible layouts.

Using BIM for design.

Development of public spaces in existing residential areas.

Formation of functional neighborhoods rather than individual buildings.

©ooNo

The luxury residential complex "Port Baku Residence", from the leading developer engaged
in the construction of commercial and residential buildings of international class in Azerbaijan - the
construction company Pasha Inshaat. The company has completed a number of exceptional projects
with a prestigious location, which are distinguished by excellent architecture and quality of
construction. Pasha Inshaat designed and built such facilities as «Dinamo» hotel, «Boulevard
Hotel», «Four Seasons», «JW Marriott Absheron» hotel, «Ganjlik» shopping malls, «Port Baku
Mall», «Caspian Waterfront», residential complexes "Knightsbridge”, "Nizami Residence",
"Absheron Apartments”, sports and recreation centers, restaurants and business centers (Griz, C.;
Amorim, L., 2015).

The unique prestigious multifunctional residential complex "Port Baku Residence", which
offers a beautiful view of the Caspian Sea and the seaside boulevard, is located on Neftchilar
Avenue, in an area with excellent infrastructure (Figure 2).
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Figure 2 — Port Baku Residence multifunctional residential complex.
(Electronic resource: http: www.portbaku.az)

The complex has become a symbol of the new urban vector of the capital of Azerbaijan,
where housing is considered not only as a place of residence, but also as an element of the urban
ecosystem (Bartenev, 2018). In Azerbaijan, there is a close interaction of the residential function
with prestigious retail and office formats, which forms high standards of comfortable living for
certain segments of the population.
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One of the challenges is the insufficient prevalence of such solutions in the segment of
affordable housing. In this aspect, international practice, in particular the Scandinavian model of
mixed-use development, can serve as an example of a more socially oriented approach (UN-
Habitat, 2020).

The residential complex features such indicators as: closed territory with controlled access;
high density of building with preservation of visual space due to the vertical structure; developed
system of parking and services; as well as the use of advanced engineering solutions and sustainable
technologies.

In the immediate vicinity there is a large business center with restaurants, supermarkets,
hospitals, a gymnasium, a secondary school and a kindergarten, branches of various banks,
development and educational centers for children.

Located within the business part of the city, a residential complex with a total area of 382,300
sg.m. consists of 3 floors of commercial premises, including a sports and recreation complex,
multifunctional halls for events, various shops and offices. Green podium with an area of 15,000
sg.m. with recreational areas, gazebos, playgrounds, as well as a vast walking area is located on the
3rd floor, where families can spend their free time and relax in the shade of gardens with modern
landscape design (Hermoso, V., Moran-Ordoiez, A., Lanzas, M., & Brotons, L., 2020). (Figure
3).
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Figure 3 — «Port Baku Residence» multifunctional residential complex.
(Electronic resource: http: www.portbaku.az)

The living spaces consist of three buildings, the number of storeys of which decreases from
twenty-eight to nine storeys towards the sea. The complex has a monolithic frame structure, has
good seismic resistance and high energy efficiency. During the construction of the facility,
environmentally friendly materials were used, innovative technologies were introduced, thanks to
which the dwelling has high ergonomics and comfort.

Additional functions of the residential complex are guest parking; underground parking for
residents, designed for more than 2000 parking spaces [11].

From the side of Uzeyir Gadzhibekov Street, the buildings of the complex are surrounded by
shops, cafes, restaurants, offices, a private club with a cinema and other infrastructure facilities.
There are numerous bus routes around the complex. The metro station is within walking distance
from the complex (Sakharova A., 2019).

The three residential towers of the complex house 800 apartments and luxury penthouses,
with different planning structures and area from 83 sg.m. up to 259 sg.m., designed in accordance
with strict international standards (Figure 4 (a, b, c, d)).
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Figure 4 — (a) «Port Baku Residence» multifunctional residential complex. Apartment plans. (Electronic
resource: http: www.portbaku.az); (b) Plan of the penthouse of the residential complex «Port Baku Residence»
[Electronic resource: http: www.portbaku.az]; (c) «Port Baku Residence», terrace. [Electronic resource: http:
www.portbaku.az]; (d) «Port Baku Residence» multifunctional residential complex. Residential floor plan (Electronic
resource: http: www.portbaku.az)

The residential complex with a great location includes not only a club for residents of the
complex, but also an atrium for receiving guests, designed by the world famous interior designer
David Collins (Figure 5)

For the first time in the real estate market of Azerbaijan, modern approaches of Western
management in housing construction were introduced: apartments appeared, completely ready for
living, which included designer renovation; smart home system; built-in and controlled air
purification equipment, 2.92 m high ceilings; installed and configured mechanical, electrical and
plumbing equipment.

All apartments are provided with satellite TV, ADSL connection and wireless broadband
internet.
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Figure 5 — «Port Baku Residence» multifunctional residential complex. Interiors of public spaces of the
residential complex. (Electronic resource: http: www.portbaku.az)

The residential complex has an extensive security system: video surveillance in elevators,
playgrounds, access control system for cars, emergency call buttons, modern intercoms with digital
locks, etc. The engineering equipment of the residential complex includes advanced technological
developments in the field of ensuring the comfort and safety of residents. Thus, the residential
complex "Port Baku Residence” demonstrates a qualitative breakthrough in architecture, based on
new technologies for understanding the internal and external environment of the home (Khalid, R.,
& Sunikka-Blank, M., 2020).

The complex is located next to the largest recreational area in the central part of Baku, the
seaside boulevard. For the large-scale development of luxury residential complexes, it is necessary
to pay attention to the details of the design of recreational areas in the structure of the city.

To ensure the process of sustainable development of the recreational areas of the city of Baku,
which includes the ancient architectural heritage and modern architectural criteria that currently
attract the attention of tourists from all over the world, it is necessary to pay special attention to
planning issues. These recreational zones will enrich not only the architectural and compositional
solution and environmental indicators of the given territory, but also the architectural, planning and
urban planning solution of the city as a whole. At the same time, one should take into account the
statistics of population growth in megacities and take into account proposals aimed at dynamic
development for the sustainable development of these recreational areas (Mustafayeva F.V., 2020).

5 CONCLUSIONS

An analysis of multifunctional residential developments in Azerbaijan compared to leading
international theories and practices indicates that the architectural and planning strategies in
Azerbaijan follow the ‘vertical city’ concept. The social accessibility and multifunctional nature of
residential complexes in Azerbaijan are primarily evident in higher-end properties. Typically,
affordable housing is developed using conventional designs without the incorporation of additional
features. The application and combination of technologies in residential construction in Azerbaijan
are predominantly found in premium complexes, which include smart home technologies, digital
access systems, and video surveillance.

However, the study of the modern residential complex of Baku "Port Baku Residence™ shows
that the architecture of the dwelling is a response to the socio-economic and aesthetic needs of the
population and forms quite high requirements for planning and quality of construction. The
architecture of the considered residential complex is distinguished by a high level of technological
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solutions, the use of innovative elements in providing an accessible, safe environment, and the
environmental friendliness of building materials and systems.

Innovative technologies have become widely used in the practice of housing construction (the

"smart house" system, video surveillance of the adjacent territory, air purification system and other
automated systems and technologies.) (Zu Ermgassen, S.O.S.E., Drewniok, M.P., Bull, J.W.,
Corlet Walker, C.M., Mancini, M., Ryan-Collins, J., & Serrenho, A.C., 2022).

The design and high-quality construction of new residential complexes in the capital of

Azerbaijan are focused on the introduction of environmentally friendly and energy-saving
principles (air purification control system, energy saving, water collection and reuse).
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RESEARCH ARTICLE

ARCHITECTURAL ENVIRONMENT AS A FACTOR OF
COMFORTABLE LIVING BY THE EXAMPLE OF ASTANA CITY

S.I. Chaly ®

S.Seifullin Kazakh Agro Technical Research University, 010011, Astana, Kazakhstan

Abstract. The presented article discusses the problems of the architectural
environment of residential buildings in the city of Astana. Currently, the city of Astana
is being intensively built up. The construction is based on preferential mortgage lending
programs that stimulate the growth of housing construction throughout the country,
including in the northern cities of the country. At the same time, problems arise in
optimizing the design and shaping the architectural environment, which entails
difficulties in the improvement of the city. The current architectural environment of
Astana is focused on serving the population primarily traveling by private vehicle.
These factors lead to problems with pedestrian movement within the city. When
designing the architectural environment, the climatic conditions of Northern
Kazakhstan are not sufficiently considered, which leads to problems with the movement
of pedestrians. The main emphasis of the organization of the architectural environment
is on movement in personal vehicles. A large amount of space in adjacent spaces is
allocated to parking spaces. The purpose of the work is to determine the optimal
conditions for the formation of the architectural environment of residential formations,
in the natural conditions of Northern Kazakhstan, to identify the relationship between
climatic conditions and the formation of the architectural environment, as well as to
determine the vector of development of architectural formations towards walking and
a barrier-free environment. In the process of conducting the research, the following
work was carried out: a retrospective analysis of the architectural environment of
residential neighborhoods built in the 20th century was carried out, an analysis of the
architectural environment of the adjacent spaces of residential complexes built in the
21st century in the city of Astana was carried out. Climatic conditions affecting the
architectural environment of residential structures have been identified. Based on an
analysis of the architectural environment of the city, recommendations were formulated
for the formation of a comfortable architectural environment of residential buildings,
considering the climatic conditions of Northern Kazakhstan.

Keywords: climatic conditions, architectural environment, factor, residential
formations, landscaping, architecture, comfortable conditions.
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COVIIETTIK OPTACBI ACTAHA KAJIACBHI YJTI'ICIHIAE
KANJIBI OMIP ®AKTOPDBI PETIH/AE

C.H. Yanp @

Celidymnn atbiHgarbl Kazak arpoTexXHUKaNIbIK 3€pTTey YHUBEPCUTETI,
Acrana, 010011, Ka3akcran

Anparna. ¥colimwviizan maxanada Acmauma KanacbiHOagbl MYpPEblH Yllepoiy
CaylemmiK OpmMAchiHblY Npobaemanapvl mankvlianaovl. Kaszipei mawoa Acmana
Kanacol KapKblHObl mypoe canvlibin scamulp. Kypwviavic pecnybnuka O0ublHuIA, OHbIH
iwinoe endiy conmycmik KalanapblHOa MYpeblH Vi KYPbLIbICLIHbIY — OCYIH
bIHMANAHOLIPAMBIH ~ HCEHINOemiieeH UNOMeKAIblK Hecueney 6agoapiamanapvina
neeizoencen. CoHviMen Kamap OU3auHObl OHMAWIAHOLIPY MeH CIYIemmiK OpMmAaHbsl
Kanelnmacmlpyoa Maceneiep  MyblHOAuovl, OY1 Kalambl abammanowvlpyod
KUbIHObIKMAp myevl3aobl. Acmananvly Kaszipei cayiemmik opmacwvl He2i3iHeH JiceKe
KOJLIKNeH HCypemiH XanvblKKa Kbizmem Kopceniyze bazeimmangawn. byn paxmopnap xana
iwinoe scasy HCypeinuiiiep Ko32anblCblH KUbIHOAMAObl. ApXumexkmypanvlk opmansl
acobanay  kesinoe Conmycmixk  Kazaxcmannoly — kaumammuolk — cagoailiapvl
JIcemKinikmi  mypoe — eckepiimeuoi, OYn ocasy JCypeiHwiinep  Ko32aiblCblHA
batinanvicmol Mmacenepee aKeneli. Apxumexmypanvlk Opmansl YublMOACmblpyOblH
Heei3el exniHi JceKke Kejikmepoeci Ko3eanvlcka apranead. Ipeenec xeyicmixmepoeei
yaKken konemoi opvin agmomypaxmapaa oenineet. Kymvicmoiy maxcamor Conmycmix
Kazaxcmannvly mabuzu orcagoativinoa mypevlH i KYpblIbIMOAPbIHbIY C2V1emmiK
OpMACLIH  KANLINMACMBIPYObIY  OHMAIIbl  WAPMMApPbIH  AHBIKMAY,  KIUMAMMbIK
acazoaunap MeH Ccayiemmik OpPMAHbIY KANbINMACybl apacblH0agvl OailaHbiCbl
AHbIKMAY, COHbIMEH Kamap Ccaylem KYPuLIbIMOAPbIHbIY cepyeHze JcoHe Kedeplici3
opmaza oamy 8ekmopul. 3epmmeyoi Hcypeizy 0apvicbiHOa Keneci Hcymvlcmap
arcypeizindi: 20 2acvlpoa canviHean MYpeblH YU KEaApmanoapbiHbly CIVIemmiK
OpMAcCvIHA pempocneKxmusmi manoay sxacanovl, 20-ubl 2acvlpoa CalblHEAH MYPEbIH
YU KeweHOepiHiy ipeenec KeHiCMIKMepiHiy cay1emmiK OpmacvblHa maioday Heacaiobl.
21 eacvlp Acmana xanacviHoa dicyseze acvipbliovl. TYpviH Yil KYPbLIbICMAPbIHbIY
cayNIemmiK OpmacvlHa acep ememin KIUMAmMmulK #ca20aiiap aHblkmanovl. Kananviy
caynemmixk opmacein manoay Heeizinoe Conmycmixk KazaxcmaHHbly KIUMAMMbIK
AHCAR0AUNAPLIH ecKepe OMbIPbIN, MYPeblH YUNepoiy Hcalilbl C2)1emmiK Opmachbii
Kanvlnmacmuolpy OOUbIHUA YCOIHbICIAD MYHCLIPLIMOANObL.

Tyiiin ce3nep: xnumammolx dcagoailiap, apxumexmypaivl opmd, Gakmop,
mypevin popmayusnap, 1aHouiadhmmoix OU3AlH, cayiem, KOAaulvl sHcagoainap.
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APXUTEKTYPHASA CPEJA, KAK PAKTOP KOM®OPTHOCTH

HHPOXUBAHUA HA IPUMEPE I'OPOJA ACTAHbBI

C.A. Yanp ©

Kazaxckuit arporexHnueckuii uccnenonarenbckuil yausepeuteT umenu C.Celdynimnna,

Actana, 010011, Kazaxcran

AHHOTAuusl. B npedcmasnennoli cmamve paccmampusaromcs npooremvl
apxXumexkmypHou cpeobl HCUbIX 0Opazosanuil 2opooa Acmana. B nacmoswee epems
20po0 Acmamna ummencuno 3acmpausaemcs. B ocnose cmpoumenvcmea nesxcam
JIb2OMHbBlE  UNOMEYHble NPOSPAMMbL  KPeOUMOBAHUA,  CIMUMYIUPYIOWUE  POCH
CMpOUmMenbCMBa HCUNbSL NO 8Cell CMpaHe, 8 MOoM YUCTIe U 8 CEEPHBIX 20POO0AX CMPAHDL.
Llpu smom eo3nuxarom npoodnemsvl 8 ONMUMUIAYUU NPOEKMUPOBAHUSL U YOPMUPOBAHUU
apxXumexkmypHou cpeosl, Ymo 6ieuem 3a coOou mpyoHocmu 6 0Orazoycmpoicmee
2opoda. Huvinewnsas apxumexkmypnas cpeda 2. Acmauna opuenmupoeaHa Ha
obcnydcuganue HAceleHusi NpeumMyujeCmeeHHo, nepeosu2aruiemMcs Ha JUYHOM
asmompancnopme. Jlanuvie ¢haxmopvl npusoosm K npobremam neuexooHo20
nepeosudiceHuss 6 uyepme 2opooa. Ilpu npoexmuposanuu apxumexkmypHol cpeobl
kaumamuydeckue ycnosus Cesepnoco Kazaxcmana nedocmamoyHo yumewsl, 4mo
gedem K npobremam nepeogudxcenus neuiexo0os. OCHOBHOU YNOp Op2aHu3ayuu
apxumexkmypHulii cpedvl COelaH Ha Nnepeosudcerue 6 JTUYHOM asmompaHcnopme.
bonvwoe ronuuecmseo niowaou 6 npuoomosvix npocmpaHcmeax 6bloensiemcs Ha
napkosounvie mecma. Llenv pabomwvl — onpedenenue onmMUMANbHLIX YCLOBUU NPU
Gopmuposanuu apxumexkmypHou cpeobl HCUNbIX 00pA308aHULL, 8 NPUPOOHBIX YCIOBUIX
Cegeproco Kazaxcmana, e6viagienue 63aumMocesasu Mexdcoy —KIUMAmMuyecKuMu
yenoguamMu U GopmuposaHuem apxXumexkmypHol cpeobl, a maxdice OonpeoeieHue
8eKmMopa pazeumusi apXumeKmypHsix 00pa308aHuil 8 CMopoHy neuie2o nepeosUICeHUs.
u bezbapvepnoll cpeovi. B npoyecce npogedenuss ucciedo8auus Ovblia nposedeHda
credyrowas paboma: nposeoeH pempoCHeKmuGHbull AHAIU3 aApXUMEKMYpPHOU cpeobl
HCUNBIX MUKPOPALUOHO8, nocmpoenHbvlx 8 2() 8exe, NposedeH anaius apxumexkmypHou
cpeovl NPUOOMOBBIX NPOCMPAHCIE HCUNBIX KOMNIEKCO8, NOCMpoeHHbIX 8 21 gexe Ha
meppumopuu 2opooa Acmana. Buvlasnenvl kiumamuueckue yclosus, GuuAuue Ha
apxXumexkmypHyro cpeoy Hcunvlx oopazosanuil. Ha ocnose ananuza apxumexmypHou
cpedvl  2opoda, Ovbliu  chopmyrupoeanvl  pekomenoayuu O POPMUPOBAHUSL
KOM@OPMHOU ~ apXUMeKmypHoU  cpedbl  JCUIBLIX — 00pA308aHUL, C  YYemom
knumamudeckux ycnoguti Cegeprnoco Kaszaxcmana.

KuroueBble cioBa: kiumamuueckue yciosus, apxumekmypHas cpeoda, ¢axkmop,
JHCUbIe 00PA30BAHUS, O3€/leHeHUe, APXUMEKMYPd, KOMGbOpmHbLe YCIL08USL.
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1 INTRODUCTION

The general plan of Astana developed and formed during the 19th-21st centuries. In the pre-
revolutionary period, it was a small town built up with typical two-story houses of that time. The city
developed according to the general plan and strictly with the approved project. In the Soviet period,
the city had a predominantly rectangular street grid, formed during the years of economic
development during the first and second Stalinist five-year plans.

The development of virgin lands led to a large-scale housing and public works construction and
improvement in the city. In 1957, the «Kazgiproselstroy» Institute developed a city planning and
development project with an estimated completion date of up to 1980 and a population of 160,000
people. According to the project, the residential part of the city occupied the most picturesque areas
and was oriented towards the river and the park. The city planning structure was based on the desire
to improve residential areas, accurately define characteristic highways, create a city center and
connections between remote parts of the city.

The next impetus in the development of the city was the transfer of the capital of the Republic
of Kazakhstan. The research group of the Japanese Agency for International Cooperation «JIAC»
began work on the general plan of Astana in February 2000. Kisho Kurokawa headed the «JIAC»
group. It was envisaged to build a new capital on the bank (right and left) of the Ishim River, flowing
through the entire city. The modern direction in the development of the general plan of Astana was
determined by the conclusion of the international expert commission dated September 12, 2007. The
concept of development of the general plan until 2030 was determined. At the same time, urban
development problems of the 21st century were solved.

At the present stage, the composition of the city is characterized by spaces of various scales
with varying degrees of openness in relation to the environment, the use of contrast and nuance in the
formation of architectural ensembles and the urban environment as a whole.

However, over time, the city was divided into two parts - the old part (right bank) and the new
part (left bank). Currently, active construction (mainly residential areas) is carried out along the banks
of the Ishim River, as well as in the right part of the city. On the right bank there is mainly micro-
district development with typical houses of the Soviet period, on the left bank there are the newest
residential complexes with various types of development.

Figure 1 — courtyard space in an old housing stock
(author’s material)

Micro-district development is represented by large formations — micro-districts:
«Molodezhny», «Vostochny» and «Tselinny». During their construction, all the requirements of
SNiPs of that time were taken into account and on the territory, there were: schools, kindergartens,
consumer services centers, department stores, and clinics, equipped children's and sports grounds
within walking distance. Currently, on the territory of these micro-districts, moral obsolescence of
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houses is observed, while the adjacent spaces in most cases have been reconstructed. Modern small
architectural forms and sports grounds have been added. However, only cosmetic repairs are carried
out in residential buildings, which entails a deterioration in the standard of living of citizens living in
the right-bank part of the city. At the same time, it is necessary to emphasize the lack of a barrier-free
environment for movement, which affects the comfortable stay in the adjacent and street spaces of
the city. Figure 1 shows the courtyard space on the right bank of the city.

The residential development of the left bank of Astana is represented by large districts: Yesil
and Nura. The development of the city consists of: block and mixed planning. In the architectural
environment of the new city, many problems can be traced: the scale of city streets and sidewalks
does not correspond to a comfortable living environment for a person, the largest streets of the city -
Tauelsizdik Avenue and Saraishyk Street have 10 and 8 traffic lanes, which makes it difficult for
pedestrians to move along these busy streets Figure 2.

Figure 2 — Sarayshyk Street and Tauelsizdik Avenue
[author’s material]

Giant small-scale pedestrian spaces without landscaping, which has a negative effect on wind
and gas-noise conditions. In rare cases, coniferous plantings are located along the perimeter of roads,
which do not cope with gas and noise pollution. Sidewalks in front of busy building facades are dotted
with car driveways and parking spaces, thereby interfering with comfortable pedestrian walks. The
architectural environment of residential buildings on the left bank of Astana is not adapted to the
climatic conditions of Northern Kazakhstan, a large emphasis is placed on the development of parking
spaces and convenient driveways for cars, the pedestrian environment of the adjacent spaces is very
poor and does not correspond to the parameters of the climatic conditions of the region.
Environmental standards and rules are ignored by developers. Figure 3 shows the courtyard
architectural environment of a residential complex on the left bank of the city.

Instead of deciduous trees that absorb dust and noise, they plant sparse coniferous plantations
that are unable to filter the air and as a result die from the gas pollution of large streets. Thus, using
the example of Lake Maly Taldykol, which was filled in and drained for the construction of residential
complexes, it can be noted that the pristine landscape is not used as a recreational space, but on the
contrary, is destroyed for commercial gain.

In the course of the conducted research, the foreign experience of cities located in identical
sharply continental climatic conditions was analyzed. For example, the cities of Canada, Finland,
Sweden, the USA (Minnesota). The design of the architectural environment of cities in these regions
is carried out taking into account climatic features, as well as with the support of the zero emission
policy. Cities are transformed into a pedestrian-friendly environment and less tolerant of personal
automobile transport. This is facilitated by the development of comfortable public transport, a barrier-
free pedestrian environment, as well as the adaptation of pedestrian streets to the harsh climate.

The research problem is the lack of due attention to the organization of the architectural
environment of the city and its adaptation to the climatic conditions of Northern Kazakhstan. First of
all, this is a problem in the organization of the landscape and architectural appearance of the profiles
of streets, courtyards and squares. Secondly, extremely high and low temperatures are not taken into
account, in which it is impossible to organize free pedestrian movement during rush hours. Thirdly,
the scale of squares, streets and park areas is not taken into account, a city resident gets lost in the flat
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urban wastelands, which look great only from satellite maps. Also, in the architectural environment
there are no elements that would shelter pedestrians from wind loads. In the organization of the
landscape architectural environment - instead of using natural resources, they are partially destroyed,
subsequently leading to environmental problems.

Figure 3 — improvement of the residential complex «Bagystan» on the left bank of the city.
(author’s material)

An analysis of domestic and foreign experience, as well as an analysis of literary sources and
field research, allowed us to formulate the leading hypothesis: comfortable living conditions for the
population are achieved through the formation of an architectural environment taking into account all
climatic and regional features of the area.

2 LITERATURE REVIEW

At present, a huge amount of knowledge and information in the field of designing a comfortable
urban environment has been accumulated in world literature.

The theoretical aspects of the formation of the architectural environment in cold regions of the
globe were revealed in the works of Alvar Aalto (Aalto, 1978), who in his works describes the design
of residential and public buildings in the cold regions of Finland, he also devoted many years to the
adaptation of environmentally friendly materials to the harsh conditions of the northern regions. In
his works, he emphasized the comfort and organization of lighting in regions where it quickly gets
dark.

In the works of Jeffrey Ellis Aronin (Aronin, 1959) the main climatic conditions of the northern
regions are considered, favorable and unfavorable conditions of the region and how they affect human
life and architecture in general are described in detail. Foreign examples in construction practice are
described and how the climate affects the planning of streets and cities

Christopher Alexander (Christopher A., 1977) succeeded in the issues of organizing
topological requirements and further development of trends in the architecture of northern regions;
his works developed typological templates that will help organize a comfortable architectural
environment at all levels of design. The issues of adapting architecture to climatic conditions are in
the first place.

Yudin A.l. (Yudin, 2013) in his work reveals the historical background of landscape design
development, offers effective ways for urban landscape development. Tyulpin V.F. (Tyulpin, 2011)
in his research reveals the problems of urbanization and the city's ecological system. Ways to solve
environmental disasters through forecasting and the use of sustainable technologies are proposed.

On the adaptation of the architectural environment to the sharply continental climatic conditions
of Northern Kazakhstan, the following works can be noted: Kornilova A.A., Mamedov S.E.O.,
Karabaev G.A., Khorovetskaia E.M. Shlyakhtich E.V. (Kornilova et.al., 2023) This article touches
upon the problems of the harsh climate of Northern Kazakhstan and the adaptation of the architectural
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environment through the construction of spatial structures that resist precipitation, wind loads and
excessive solar radiation.

3 MATERIALS AND METHODS

In connection with the goal and hypothesis put forward, in the process of carrying out work on
this topic, various research methods were used, which are based on a comprehensive and detailed
examination of the problem, the study of objects and their features in a variety of relationships and
relative independence.

The methodological basis is a comprehensive study of the development of the architectural and
planning structure of Astana. The comprehensive study is based on principles such as socio-economic
conditionality, the sequence of historical interrelationships between the various stages of
development of the master plan and the architectural environment, national traditions and progressive
development.

The complex nature of the research is also characterized by the phased nature of the work:
collection and study of historical materials, field study (measurements, sketches, photographing,
documenting), systematization and generalization of collected materials, conducting historical and
theoretical analysis, the formation of theoretical positions and conclusions.

1. Field study is a method by which it is possible to study the object under study in real urban
conditions without direct intervention. This method is useful because it can be used to obtain objective
and undistorted data about the object of research. In a real urban environment, the field method is
characterized by observation, measurement, and visual collection of information in the form of photo
fixation.

2. Historical data analysis — this method is based on the study and interpretation of information
from the past in order to understand and develop processes over time. This approach will help create
a predictive model that can be used to analyze and predict future processes. This method also allows
for a comparative analysis and assessment of the dynamics of the development of processes in the
architectural environment of the city. The historical context, which was described earlier, is also
important for creating a complete picture and subsequent objective assessment.

The following methods were used in the work: the system approach, the analytical method, the
method of time and expert forecasting, the method of architectural design, as well as methods of
economic, mathematical and abstract logical modeling.

All analytical conclusions are based on the collection of archival and historical materials, as
well as on the study of existing solutions. Archival research was conducted in the museums of the
Republic of Kazakhstan.

Architectural design methods were used in the formation and reconstruction of the architectural
environment of residential communities in Astana, taking into account national and historical features
in accordance with the wishes of the population and economic feasibility, and taking into account the
results of technological scouting. Abstract-logical methods and computational-variative methods
were used throughout the work.

The research methods are based on field studies of Astana city, analysis of the urban situation
and individual districts of the city, micro-districts of the old city, as well as new districts of the left
bank were studied. The study analyzed the adjacent spaces of new residential complexes, as well as
courtyards and parking areas of the old city. More than 20 objects of residential complexes and the
old housing stock of the city were photographed.

The documents and information about the general plan of Astana of the Soviet period were also
analyzed, the buildings and recreational areas of the city, which were subsequently built up, were
studied.

The transport situation of the city was studied in detail, and it was also analyzed: more than 5
major avenues of Astana, including Tauelsizdik Avenue and Saraishyk Street. The data of the field
study were captured using photo fixation.

4 RESULTS AND DISCUSSIONS
4.1 Gardening problems.

After conducting a full-scale survey of residential formations and pedestrian street profiles, the
main problems can be identified:
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1. Developers are exclusively engaged in planting coniferous trees that die and do not open in
urban polluted conditions; deciduous trees are planted exclusively by seedlings that are younger than
5 years old. As a result, the green spaces cannot withstand high wind loads and die without opening.
(Kikimbayev, M. 2023)

2. The harsh climate and the lack of fertile soils affect the green spaces. Natural soils in the city
area are often unsuitable for landscaping and require the import of chernozem.

3. Also, in many cases, there are no irrigation systems, such systems are provided mainly in
park areas, in turn, green spaces located near roads and streets do not receive proper watering.

4. Construction in the city is in full swing and with the pace of urbanization, there is an increase
in buildings, roads and parking lots, in turn, developers are not engaged in landscaping adjacent
territories. The principles of formation of the architectural environment are presented in the Figure 4

Design taking into account
climatic conditions

Barrier-free pedestrian
environment

COMFORTABLE Large number of green spaces
CITY

Advanced public transport
network
Environmental sustainability

Figure 4 — The model for creating a comfortable architectural environment [author’s material]

4.2 Problems of transport accessibility and organization of pedestrian zones in the city

1. In an urban environment, there is a lack of a sufficient number of comfortable pedestrian
streets with a human scale, along which it would be pleasant to move. Such large avenues as Turan,
Kabanbai Batyr and Saraishyk St. have turned into huge empty spaces, which are mainly focused on
personal transport. Mangilik Avenue, crossing Syganak St., is a motorway interchange that does not
take into account the movement of pedestrians.

2. The climatic conditions of the northern region do not allow for full movement along the
streets of the city, it is cold in Astana for 8 months of the year, and living in the city without personal
vehicles becomes uncomfortable. Ice forms on the sidewalks, pedestrians are exposed to wind loads
and extremely low temperatures. (Abdrasilova G.S., Aukhadiyeva L.M.2024)

3. The city's transport systems do not adapt to rush hours; public transport consists only of buses
that run at different time intervals. During rush hours, pandemonium is created in public transport,
bus line systems on the roadway are not as efficient, they are occupied by private vehicles or
completely covered with snow in winter, which prevents buses from running.

4. The problems of organizing a barrier-free pedestrian environment are related to the fact that
the main service points for the low-mobility population do not fully comply with the regulations, and
there are many elevators and ramps in the city that are designed so that they cannot be used.
(Amirbekova A. et.al., 2023)

For comparison with the foreign experience of organizing the architectural environment of the
city, we can consider the experience of Canada and the northern cities of the USA. Montreal is home
to the RESO system, which is also known as the underground city. The concept of the city is simple,
in view of the harsh climatic conditions of the region, tunnels were built underground in the business
center with a total length of 32 kilometers, which connect business centers, hotels, entertainment
centers and metro stations. (Ermgassen et.al.,, 2022) These underpasses are well lit and the
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temperature in them is much warmer than outside. Thus, the local population can move around the
city center at any time of the year without going outside. Figure 5.

Figure 5 — Underground square in RESO. Canada, Montreal [author's material]

5 CONCLUSIONS

In the course of the research, the main problem areas of the city in the field of organization of
the architectural environment were studied. With the help of field studies, a sociological survey, and
a study of modern literature in the field of organizing a comfortable architectural environment, the
main research issues were identified. The ways of solving problems in the field of organization of the
architectural environment of the city are proposed.

A model of a comfortable architectural environment at the level of urban space organization
has been developed. Optimal conditions have been identified that contribute to improving the well-
being of society. Using the developed concepts in practice will help to achieve success in organizing
urban spaces in the local regional conditions of Astana city.

Based on the results of the conducted research, it was concluded that the architectural
environment of Astana is not designed for the climatic conditions of a sharply continental climate. It
is necessary to review the methods of designing the architectural environment and make a bias
towards creating comfortable conditions for the population.

1. There is a windproof green belt within the city of Astana, an arboretum with green spaces
should be created in this area, which would be used in further tree planting directly in the city. It is
also necessary to organize automatic watering of green spaces in all green areas of the city. In terms
of the number of green spaces, it is necessary to reach the WHO recommended mark of 50 m2 per
inhabitant.

2. It is necessary to organize a sufficient number of public transport, to make public transport
more comfortable and mobile. Organize proper care of warm stops and increase their number.
Increase the number of public transport and its frequency during rush hours.

3. A lot of work is required in adapting the architectural environment to the harsh climatic
conditions of the city. It is necessary to organize wind protection from green spaces and small
architectural forms in the form of canopies that would protect from snow and wind. It is necessary to
adapt foreign experience in the form of the organization of covered structures for free movement in
winter conditions.

4. The central heating system can serve to create warm sidewalks that would help in the fight
against ice.

5. It is necessary to introduce an assessment of the actions of developers and oblige them to
work in the field of organizing a barrier-free travel environment for low-mobility citizens of the city.
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As well as in the field of landscaping and organization of courtyard spaces, courtyard spaces should
be adapted to the harsh climatic conditions of the city.

Continuing the study of the architectural environment of the city will help to study in great

detail the synergy of a person and the surrounding space, synthesize new directions in the field of the
architectural environment of residential formations in the regional conditions of Northern
Kazakhstan.

In the future, the creation of a comfortable architectural environment of the city in the harsh

conditions of Northern Kazakhstan should be developed with the help of modern conceptual projects
that can be implemented in design and construction organizations.
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Abstract. The introduction of additive technologies into the educational process of
design opens up new horizons for improving the training of new specialists after
graduation. Technologies such as 3D printing and modeling can significantly expand
the opportunities for training young specialists in the field of industrial design. The
article discusses the key aspects of integrating additive technologies into design
curricula, including technical and methodological approaches. Particular attention is
paid to practical classes that help develop students’ design thinking, design and
prototyping skills. The advantages of additive technologies, such as waste reduction,
the ability to create complex geometries and resource savings, are considered.
Examples of the successful use of 3D printing in educational institutions, such as the
laboratory at KazGASA, are given and real projects made using this technology are
demonstrated, which confirms its effectiveness in industrial design, and the benefits
associated with their use in the educational environment are analyzed. In conclusion,
it is concluded that additive technologies not only enrich the educational process, but
also prepare students for the modern requirements of the labor market, where the
skills of working with the latest technologies are becoming increasingly in demand. In
conclusion, the article highlights the need for further research and integration of
additive technologies into educational programs to prepare highly qualified
specialists capable of solving problems corresponding to the challenges of the future.
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Anparna. /[uzaiinnuly Oinim Oepy npoyecine aoOumuémi mexHOA02UANAPObL
eH2i3y OimipeeHHeH KeliH Haya MamManoapovl 0aspirayobl HeaKkcapmy YUuliH Hcana
KoKdcuexmep autaovl. 3D 6acvin wivleapy sH#aHe mMooenboey CUsaKmvl MexHOI02UsIap
OHEePKACINMIK OU3AUH CANACLIHOAEL HCAC MAMAHOAPObL O0AApPAAY MYMKIHOIKMepIH
e02yip Keyetimyee MYMKIHOIK Oepedi. Maxanada mexHuxkanivlk dcaoHne aodicmemenix
macinoepdi Koca an2aHoqa, aooumuemi MexHOI02UANapobl  OU3AUHEPTIK  OKY
bagoapramanapvina  Oipikmipyoiy — Hecizei  acnekminepi  Kapacmulpwiiaobi.
Cmyoenmmepoiy Ou3auHeprix ounay, #obanay xcame npomomunme)y 0a20bLIAPLIH
0amMblmyaa bIKNal ememin NPAKMUKAILIK cabaKkmapea epekuie Hazap ayoapuliaobl.
Kanovikmapowr — azatimy, «xypoeni [eomempusnapovl Kypy MyMKiHOI2I —JicoHe
pecypcmapobl yHemoey cusKmol aooumuemi MexXHO02UANaAPObIH
apmulKubLisikmapul Kapacmoeipuliaovl. Ka3sbCKA owcanvinoazel sepmxana cusikmol
Oinim bepy mexemenepinde 3D-bacvin wwieapyovbt madvlcmuvl NAUOALAHY MbICANOAPbL
Kenmipineoi J#caHe 0Cbl MEXHONIO2USHbL NAtOALAHA OMbIPbIN OPLIHOANEAH HAKMbl
Jrcobanap xepcemineodi, OY11 OHbIY OHEPKICINMIK OUZAUHOAbI MUIMOINIZIH pacmaiiobl,
coHOau-aK ~ onapovl  Oinim  bOepy  opmacvlHOa  KONOAHyed — OAUIAHLICMbL
apmuIKWbLILIKMAp maioanaovl. Kopvimuvinoviiaii xene, a0oumuemi mexHoiocusiap
0Ky npoyecin Oaublmuln KaHA KOUMAUObl, COHbIMEH Kamap cmyoenmmepoi Hcana
MEXHONO2UANIAPMEH  JHCYMbIC [cmey 0agovliapbl 0apeaH caibliH CYPamvicKa ue
bonamvln  eyOeK HAPBISLIHLIY 3AMAHAYU  MALIANMAPLIHA  0AUbLIHOAUObl  0e2eH
KopbimbiHObiea Keledi. KopvimuinOvinail kene, Mmaxana OO1QUAKMbIY — CblH-
Kamepiepine calikec Kelemin MiHOemmepoi uiewe aiamvii AHco2apsbl OLniKkmi
MAMAHOapObl 0asApaay YWiH KOCLIMULA TMEeXHON02UANApObl 00aH api 3epmmey JHCIHe
oinim bepy bagoapramanapvina 6ipikmipy Kasxcemminicin kopcemeoi.

Tyiiin ce3nep: adoumuemi mexunonoeusnap, 3D modenvoey, 3D bacvin wwieapy,
NpaKmMuKanvlk cabakmap, 0inim bepy, oKkbiny2a acep emy.
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AHHOTaNUA. BHedpeHue adoumuHblX mexHoso2ull 8 006pa308ameibHblll NPoyecc
ou3alHa OMKpbleaem HOBble 2OPU3OHMbL OISl VIYYULEHUSI NOO020MOBKU HOBbIX
cneyuanucmos — nocie  @ulnycka. lakue mexwonozcuu, Kax 3D-neuamv u
MoOenuposarue, NO3BOJAOM  3HAYUMETbHO  PACUUPUMDL  BO3MONCHOCU  OJls
NO020MOBKU MOJIOObIX CHEYUATUCTNO8 6 00aacmu NPOMbIULIEHHO20 Ou3atiHa. B
cmamebe  paccmMampusaromcs  Kuouesvble  ACneKmvl UHmezpayuu  a0OUmueHbIX
MeXHONo2Ull 8 YueOHble NpocpamMMvl N0 OU3AUHY, 6KIIOYAs MexXHu4YecKue Uu
Memooono2uieckue nooxoovl. (Ocoboe eHUMaHue YOensiemcs NPAKmuyeckKum
3AHAMUAM, KOMOPble CHOCOOCMBYIOM pPA36UMUI0 Y CMYOEHMO8 HABLIKO8 OU3AUH-
MblUIeHUs, — NPOeKMUpo8anusi u  npomomunuposaunus.  Paccmampusaromces
npeumywecmea a0OUMUGHbIX MEXHONO2UU, MAKUX KAk CHUJCeHUe Omxo008,
BO3MONCHOCMb CO30AHUS CTIONCHBIX 2eOMempPUull U IKOHOMUsL pecypcos. [Ipusoosmcs
npumepbl YCnewHo20 UCnoab306anus 3D-neuamu 6 00pa308amMenbHbIX YUPEeHCOCHUSX,
maxkux xax aabopamopus npu KazI'’ACA, u demoncmpupytomcs peanivHvle NpoeKmeol,
BbINOJIHEHHblE C UCNOIb308AHUEM OAHHOU MEXHON02UU, YMO noomeepaicoaem eé
aghhexmueHocmb 6  NPOMBUUAEHHOM — Ou3dliHe, a MaKdice AHATUUPYIOMCSL
npeuMmywecmed, Ce;A3aHHble ¢ UX NpUMeHeHuem 6 o00pazosamenvHoll cpede. B
3aKIIOYeHue 0enaemcs 6bl600 O MOM, YMO AOOUMUBHbIE MEXHON02UU He MOJIbKO
oboeawaom YueOHblll npoyecc, HO U 20MOBIM CMYOEHMO8 K COBPEMEHHbIM
MmpeboBaHUAM PbIHKA mpyod, 20e HABbIKU pabdomvl ¢ HOBEUUUMU MEXHOLOSUAMU
CMaHossamesl 6ce boiee 80cmpebo8anHbiMu. B 3axmouenuu, cmamos noouepxusaem
HE0OX00UMOCMb  OalbHele20  UCCIe008aAHUs U UHmMespayuu  A0OUMUBHBIX
mexHono2ull 8 obpazosamenvible npocpammol ons no02omosKu
8bICOKOKBANUDUYUPOBAHHBIX — CREeYUAIUCMO8,  CHOCOOHBLIX — peulamsv  3a0ay,
coomeemcmayioujue 8b1308am Oy0yue2o.

KuroueBble cjioBa:. aodoumusHvle mexnonocuu, 3D-moodenuposanue, 3D-neuams,
npakmuieckue 3aHamus, oopazoearue, elusHue Ha 0OyueHue.
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1 INTRODUCTION

Modern tasks that appear in the market of consumption and production require more and more
technically complex objects in a short time. In order to be in a leading position in the world, it is
necessary to introduce new ideas for the world of design and production as quickly as possible.
Such needs are caused by reforms in the educational system in the training of specialists for new
working conditions and the development of innovative design thinking. One of these emerging
technologies is additive manufacturing, which is one of the best solutions for the speedy
implementation of new ideas.

Today, additive technologies are often used in various spheres of our life, such as: medicine,
construction, outer space, renewable energy sources, in the food industry and others (Armashova-
Telnik et al., 2020). They help in the creation of three-dimensional objects, models, and various
prototypes. Its principle of operation is based on the use of layer-by-layer superimposition of
material, such as: metal, plastic, ceramics, paper, composites, polymer.

2 LITERATURE REVIEW

Usually, the manufacture of one complex part may require a lengthy technological process
that includes many stages. Often, it requires a number of certain equipment, labor costs, time and
finances. Thus, additive technologies make it possible to replace not only an entire production line
with a single unit, significantly reducing the time for manufacturing complex parts, but also to save
resources, especially metal.

M.A. Zlenko, A.A. Popovich and I.N. Mutylina in their work "Additive Technologies in
Mechanical Engineering™ consider various aspects of the additive technologies application in this
industry. They analyze the advantages and disadvantages of these technologies, as well as their
impact on production processes and end products. Thus, by describing a simple sequence of
additive manufacturing (Figure 1).

This methodology ensures that students not only grasp theoretical concepts but also acquire
practical expertise, making them industry-ready upon graduation. In the work of M.A. Litvinova,
there is an emphasis on the use of additive technologies in the learning process. Research is being
carried out within the framework of the specialty in engineering graphics, which ultimately
confirms the effectiveness of using 3D printers. According to the experiment, these technologies
increase motivation to study, improve academic performance and develop artistic and design
thinking (Litvinova, 2023). Similarly, Vishnevskaya et al. (2019) explore the environmental
benefits of 3D printing, noting its potential to minimize production waste and support sustainable
design practices.

The literature emphasizes the need for structural integration of additive technologies into
design curricula. While numerous studies highlight its benefits, there is a research gap regarding
optimal learning strategies that would maximize its educational impact.

CAD-model AF-machine Detail

Figure 1 — General diagram of the process of creating a 3D model
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The popularization of 3D printers began relatively recently, 17 years ago, after the global
financial crisis in 2008. After the economic recovery, entrepreneurs began to actively increase the
purchase of 3D machines, thereby reducing the cost of equipment. Because they understood that
the future belongs to additive technologies (Makarov, 2018). Thus, over the past decade, 3D
printing has begun to be actively implemented in various spheres of life. At present, they are
actively used in industrial design. They allow you to create complex and unique projects that
contribute to prompt work in design. The integration of such technologies into the educational
process in the field of industrial design will contribute to the opening of new opportunities for
students and teachers, developing their creative and practical skills. If earlier 3D printers were
bulky and expensive machines that were available only to large enterprises, now they have
significantly decreased in size and price. Modern printers are able to fit on a desktop, and their
cost has become several times cheaper, which has expanded the range of potential users,
especially for the education sector.

There are many types of 3D printers that work on different technologies, use different
printing methods, and use a variety of materials. The most common type of printer is Fused
deposition modeling (FDM) (Figure 2).

The filament is fed
to the extruder

Spool of
material

The extruder uses a roller and
gripper system to feed and

discharge precise amounts of
material

The heating unit melts
the material to the
required temperatures

The selected material is
placed on the model at
the desired locations

Heated material is pushed
through a heated nozzle,
which has a smaller
diameter

. The printhead and/or table
I move in the X/Y/Z axes to

deposit the material at the

specified coordinates

Figure 2 - Fused deposition modeling (FDM) method

The principle of the technology is that when the extrusion nozzle and the plastic filament
on the spool are heated, the filament is melted, after which it goes in a given sequential
trajectory to the surface of the platform in the form of thin filaments, creating a three-
dimensional object (Figure 3) (Yakushev, 2018). The extruder has a 3-axis system that can be
moved in the direction of X, Y, Z. When the layer is complete, the platform is lowered down (or,
in some printer models, the extruder is lifted up) and a new layer is applied to the already
hardened one. This process, based on deposition deposition technology, is repeated until the
model is fully printed (FDM technology. How it works, 2019). The layer-by-layer deposition
process begins with the creation of a 3D computer model. The software downloads the model in
STL format, then analyzes it across all cross-sections and calculates the layer-by-layer
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deposition algorithm (Yakushev, 2018).

1) Basic material
2) Print head

3) Detail

4) Platform

3

Figure 3 — Diagram of the FDM printing process

Additive technologies have a number of advantages:

— The predominance of digital production over traditional production. Since additive
manufacturing minimizes the human factor for errors, allows you to create an innovative and unique
product, and has a relatively low cost of finished products. The difference between traditional and
additive manufacturing can be seen in the diagram (Figure 4).

Traditional production Additive production

“ Drawing J v 3D-model

u Technology J u Additive process
7

. | B | )

Productl_on Technol'oglcal Assembly
preparation b I tooling
Modelling J [N Finished product
tooling =
Mechanical J l
Foundry machining
production
Blank Products
production
Assembly J

Figure 4 — Schematic difference between traditional and additive design

— Reducing waste. Since the material is added only where it is needed, additive technologies
significantly reduce the amount of waste compared to the traditional approach, where excess
material is often removed and discarded. For the environmental situation in the world, this point is
of great importance. Production processes and their material surpluses have a detrimental effect on
all aspects of human life, and the reduction of this waste has a positive effect on nature.
Environmental issues contribute to the development of sustainable design, which is implemented
not only in all workshops, but also in social and political processes (Vishnevskaya et al., 2018).

— Ability to create complex geometries. Unlike traditional manufacturing methods such as
casting or milling, additive manufacturing creates objects by adding material layer by layer. This

120



QazBSQA Xa6apumbicel. Nel (95), 2025. Cayner

allows for the creation of complex geometries that are impossible or difficult to produce by other
methods.

— Flexibility in design. Additive manufacturing gives designers and engineers a lot of
freedom to create unique and complex designs. This is especially useful in fields such as
architecture, medicine, and jewelry.

— Rapid prototyping. Additive technologies allow for rapid prototyping and testing, which
speeds up the process of developing and introducing new products. This is especially important in
competitive industries where speed to market is critical (Kolesnikov et al., 2017). One of the most
successful areas of application of additive technologies is medicine. In particular, it is actively used
in the training of neurosurgeons, traumatologists and orthopedists, where it is necessary to hone the
skills of manual therapy. The development of 3D technologies allows doctors to reduce the time of
surgery, tissue structures, surgical instruments and create high-precision implants suitable for each
patient. In neurosurgery, the technology is more often used to treat patients with skull defects and
various spinal pathologies. In 2021, I. S. Brattsev and his colleagues studied the results of the
treatment of skull defects, which involved 50 patients. They compared the two approaches, dividing
the patients into two groups: the first was 3D printing individual mock-ups and the second was
traditional modeling. As a result of the treatment, the first group had less time to operate, the
implants were more accurate, and the risk of complications was reduced. The active use of these
technologies proves their effectiveness and the further development of innovative approaches in
medicine (Yarikov et al., 2022).

— Personalization and customization. The ability to create custom products makes additive
manufacturing ideal for the production of medical implants, prostheses, and other personalized
products. These methods are particularly suitable for optics design, where personalization for the
selection of glasses is the main aspect. Compared to traditional eyewear manufacturing, 3D
modeling and 3D printing allow the model to be adapted to individual human parameters (width,
thickness, weight, position of the frame and nose pads). It also helps to optimize the operation of
optical products in production and introduce new capabilities of microelectronics and microoptics
(Ivanov, 2023).

— Cost-effectiveness for small batches. For the production of small batches of products,
additive technologies can be more cost-effective than traditional methods, since they do not require
the creation of expensive molds and tooling (Yuliya, 2022). In recent years, higher education
institutions have been experiencing changes in approaches to the evaluation of term papers and
theses in the field of industrial design. Traditional design includes manual production of models,
which is the basis for the professional training of future specialists. Prototyping is studied from the
first lessons and throughout almost all years of study (Knizhnyak & Pilyugin, 2019). However,
thanks to the introduction of new technologies, the layouts can be improved, and students will
receive a ready-made, or maybe working product, which can be promoted on the market in the
future.

A big plus is that students can easily transfer electronic files with 3D models on the
university's educational portal and conduct discussions remotely. This technology can be used not
only by students, but also by teachers, thereby improving their qualifications and teaching methods
(Kolpakova, 2024).

3 MATERIALS AND METHODS

To successfully implement additive technologies in design education, a structured approach to
practical learning is needed. The organization of practical classes plays a key role in the integration
of additive technologies (Table 1). They allow students to receive not only new theoretical
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knowledge, but also to apply it in practice. Such methods make it possible to improve the quality of
training and the level of training of specialists.

Modern education is increasingly focusing on practical learning, and this is no coincidence.
Theoretical knowledge is the foundation, but it is practical training that turns it into a solid and
reliable building, ready to withstand the trials of the real world. Let's figure out why practical
classes are not just an addition to the educational process, but its integral and, perhaps, the most
important part (Dresvyannikov et al., 2018).

Table 1
Example of the organization of practical classes
Stages and content of lessons Practical task
1 Introduction to 3D Printing -
Introduction to Design Principles.
2 Theoretical foundations. Students must complete
The first classes can be devoted to familiarizing students with the several versions of sketches.

theoretical foundations of 3D modeling and printing. In the introductory
lesson, students learn about different types of 3D printers, what programs
are best used to work with for prototyping a model, and what materials can
be used for printing.

3 Design and modeling. In the practical task, the result
At this stage, students learn more about the design process. They learn is the creation of a simple 3D
techniques for creating complex shapes and functional design objects ina | model and the creation of a
variety of object modeling software. Here they will study the construction | visualization in the selected

of three-dimensional models on a PC, work in 3D programs (Blender, program.
3DsMax, Sketch Up, Shapr, etc.) and visualization of the idea.
4 Preparation for 3D printing. Self-preparation of the model
Students learn how to work in special programs and adjust print settings. for printing.
Choosing the right material for your project.
5 Printing process. Monitor the printing process

Students learn to create prototypes of their own projects and test them for and solve problems.
compliance with specified requirements.

6 Post-processing of the product. Testing the object for use in
At this stage, having received the finished product, the student proceeds to | finalizing your layout.
its post-processing (sanding, painting, etc.).

7 Analysis and evaluation. Presentation of finished
Evaluate print quality and its effectiveness in creating a layout. projects and discussion of their
application

This methodology ensures that students not only grasp theoretical concepts but also acquire
practical expertise, making them industry-ready upon graduation.

First and foremost, students develop their design and prototyping skills. They gain practical
experience that allows them to better understand the process of manufacturing products and conduct
an analytical analysis of their product.

Development of design and prototyping skills: from an abstract idea to a real product. Theory
explains principles, but practice forms the ability to apply them. Practical classes allow students to
go through the entire cycle of creating a product - from the idea to the finished prototype. This is
not just assembling a model according to the instructions; This is immersion in the design process,
taking into account technical limitations, finding optimal solutions, dealing with unforeseen
difficulties and, finally, the satisfaction of creating something with your own hands. In the process
of work, students master various software tools (3DsMax, SolidWorks, Blender and others,
depending on the specialty), learn to work with various materials, analyze the results and make
adjustments to the project. This forms critical thinking, the ability to make decisions in conditions
of uncertainty and, importantly, develops teamwork skills, especially when implementing group
projects (Zhuykova & Akhmedzyanov, 2019).

Increasing motivation: interest as an engine of progress. Passive perception of information
often leads to a decrease in motivation. Practical classes, on the contrary, turn learning into an
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exciting process. Students see the results of their work, receive immediate feedback, and feel
involved in creating something new. This evokes positive emotions, builds self-confidence and
stimulates further study of the subject. The student's interest directly affects the depth of mastering
the material, so practical classes contribute not only to the development of skills, but also to a
deeper understanding of the theoretical foundations.

Touching upon the issue of improving the effectiveness of learning, we can give an example
of the experience of 2nd year students of the Pedagogical Institute of VIGU. As part of the
discipline "3D modeling in technical creativity"”, students performed the task of creating a map-
layout "Hero Cities of the Great Patriotic War", studying and applying 3D technologies. During the
implementation of this project task, students mastered the skills of 3D graphics, learned how to
create three-dimensional models and work in specialized programs for 3D printing (Khrustaleva et
al., 2022).

Preparation for real working conditions: a bridge between the university and the professional
environment. The modern labor market places high demands on specialists. Knowledge of theory is
only part of success. Employers value candidates who have practical experience, are able to work
with modern technologies and quickly adapt to new conditions. Practical classes significantly
increase the competitiveness of graduates. They learn to work in a team, solve problems in a short
time, present the results of their work and interact effectively with managers. This experience is
invaluable and greatly facilitates the process of adaptation to a new workplace.

Practical classes are not just an additional activity, but an integral part of quality education,
providing not only the development of practical skills, but also an increase in motivation,
preparation for real working conditions and, ultimately, a successful career of graduates. Investing
in practical training is an investment in the future, an investment in high-class professionals.

4 RESULTS AND DISCUSSION

The examples of successful use of 3D printing: 3D printing activities are beginning to gain
momentum in the educational system. In particular, we can mention the laboratory at KazGASA
University, which was opened in 2023 (Figure 5). It contains laser, milling, vacuum machines, 3D-
Scanner, FDM 3D printer and other working tools. The lab has been successfully favoured by
architecture students and industrial designers.

Figure 5 — Laboratory at KazGASA (academic pedagogical internship, photo by the author)

This workshop is an integral element of the technological support of the process of training
designers. In the workshop, students acquire skills of layout modelling and plastic work on surfaces
(plastic, metal, wood). The application of modern technologies in practice plays an important role in
the professional status of graduates not only in domestic universities, but also abroad. A large room
on the basement floor of the university has been allocated for the layout workshop, which can be
accessed by pre-arranging a visit with the head of the laboratory, who helps students in realising
their ideas for course projects. The University's Layout Workshop assists in organising the
university events, exhibitions and project presentations, as well as enhancing the teaching facilities.
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Such modern approaches to teaching visually demonstrate to students the phenomena and objects
studied, which will help them in the future to work with the production process.

The next example is the work of Aziz Abdulmazhitov, a graduate of the International
Education Corporation KazGASA, the founder of the company ART GUILD. This company was
founded in 2012, which develops and produces non-standard products from metal, wood, plastic for
interiors and public spaces. One of his works is the production of cachepots for Mega centre
(Figure 6). The main body is made of steel and the white flower-lights are 3D-printed. To be more
efficient, the framework of the lights was printed simultaneously on 8 printers, as each flower takes
about 15 hours to print. This work clearly demonstrates the effectiveness of 3D technology. It made
it possible to eliminate human errors and optimise the production process for the delivery of the
object.

—

Figure 6 — Part of the project using a 3D printer by ART GUILD founder A. Aziz, a graduate of
International Education Corporation KazGASA. Source: https://goo-gl.com/yzm

Another striking example is Sofia Mun, a graduate of KazGASA, specialising in Industrial
Design. She is one of the best students of the university and an example for many of her fellow
students. Her work has always been characterised by quality elaboration of all details and creation
of working prototypes and models for coursework. After completing her Master's degree at La
Sapienza University of Rome, she started her own production of lighting fixtures under the name
‘Lumi Lampa’ (Figure 7).

Figure 7 — author-developed lamps “Tulip”; additively created by Sofia Mun, a graduate of the educational
program “Industrial Design”, International Educaton Corporation KazGASA). Source: http://surl.li/ghktsi

These successful graduate projects highlight the transformative impact of 3D printing on
career development. The integration of 3D printed components in Aziz's projects into large-scale
interior design projects and Sofia's application in customized lighting solutions serve as examples of
how design students can use these technologies to succeed in entrepreneurship.
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5 CONCLUSIONS

During the research, it can be found that the use of 3D technology in the educational process
for designers has significant advantages such as: improving the perception of information,
stimulating creativity and developing visualisation skills. Also, we have clearly seen how 3D
printing is already applied in real production. The increase in innovative tools is directly related to
design education. The study of 3D design is especially important for industrial design professionals.
Since they create a product directly for people and prototyping is the most important step before
production. However, their effectiveness in the educational process is still under investigation and
requires continuous research in this matter.

It is becoming obvious that such a rapid pace of additive technologies development inevitably
requires their integration into educational programmes in design. By providing students the
opportunity to work with modern equipment, the university prepares a new generation of innovators
and creators capable of solving complex technology problems (Lipnitsky & Pilgun, 2018).

In general, 3D-technologies can be effectively used in the educational process for designers
under certain conditions and recommendations. It is advisable to apply them in the practical part,
regardless of the classes, in competitive events and so on. Therefore, the introduction of 3D-
technologies into educational programmes contributes to the training of highly qualified specialists
ready for the challenges and opportunities of the future.
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Abstract. This article addresses the construction of high-rise buildings on loess
collapsible soils stabilized with reinforcing elements. The primary objective of this
study is the scientific and methodological justification of the effectiveness of reinforcing
the base of a slab foundation for a multi-story building with vertical elements. The
novelty of this research lies in the enhancement of the subgrade reaction coefficient
through the design of the reinforcement grid parameters and the reinforcement length
within the soil mass to ensure load-bearing capacity and reduce the settlement of the
slab foundation. The design methodology is based on the requirements of Eurocode 7.
Numerical simulations were performed using the finite element method (FEM) in the
PLAXIS 3 software, employing the Hardening Soil model to simulate soil
strengthening. As a result of increasing the subgrade reaction coefficient by
incorporating rigid vertical reinforcing elements, the load-bearing capacity of the
foundation was doubled. The findings substantiate the efficiency and reliability of the
vertical reinforcement method for creating artificial foundations, significantly
reducing both construction time and costs.
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Anparna. byn makana apmamypanvlk snemMeHmmepmen OeKimineeH neccansly
We2iHOi monvipakmapoa OuiK eumapammapobl Ccaiy Macenecin Kapacmulpaobi.
3epmmeyoiy b6acmul  makcamvl — miK 21emeHmmepOi  NaAuoaiaHa OMbIPLIN,
Kenkabammol UMApammapobly —NAUMANbL  IP2emacbinbly He2i3iH  Kyuietimyoin
eblIbIMU-20icmemenik He2izoemecin dcacay. Kymvicmouiy Hananvlebl apmamypanvlk,
Mop napamempiepin HcaHe Mmonvlpax MAccacblHOa2bl ApMAmMypaiblK d1eMeHmmepoiy
Y3bIHOBIEbIH HCOOANAY aAPKbLIbL He2i30iH CepniMOiliK Kodg@uyuenHmin apmmuolpyoa
arcamuip. Byn 20ic ipeemacmuly dcyxk kemepy Kabinemin KaMmamacwyli3 emin, OHulH
weeyin azaumyea bazvimmanean. Kobanay adicmemeci Eurocode 7 mananmapuvina
necizoencen. PLAXIS 3 6agoapramanvly sHcacaxmamacolHOa axulpibl daeMenmmep
a0ici (FEM) xonoamnwinwin, Hardening Soil moodeni Ootivinwa monvipakmol Hul2atimy
npoyeci modenvoenodi. Tik Kammvl apmMamypanvlk d1emMeHmmepoi eHeizy apKblivl
ipeemacmuly JiCyK Komepy Kabinemi eki ecece apmmol. AnviHeaH Hamuoicenep
Jrcacanovl Hez2izoepdi dcacay Ywlin miK apmamypanay 20iciHiy muimoiniei meH
CeHIMOINIcIH 0a1eN10etiol, COHbIMEH Kamap KYPuliblC VAKblMbl MeH Wbl@bIHOADLIH
€02yip azanmaovl.

Tyiin ce3nep: naumanvl ipeemac, mik apmamypaiay, J1eccanvlk WOciHOL
monvipakmap, axwvipisl snemenmmep 20ici (FEM), PLAXIS 3, nezi30iy cepnimoinik
Koaghpuyuenmi, Eurocode 7.
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AHHOTanus. B dannoii cmamve paccmampueaemcs cmpoumenbcmeo 8blCOMMbIX
30aHUli HA J1ecCO8bIX NPOCAOOYHBIX 2PYHMAX, VKPENAeHHbIX apMamypHulMu
onemenmamu.  OCHOBHOU — Yenblo  UCCIe008AHUA — ABNAEMCS  HAYYHOe U
Memodonocuieckoe 000CHO8aHUe IPPeKkmusHocmu apmMupo8aHus OCHOBAHUS
NAUMHO20 (YHOAMEHMA MHO20IMANCHO20 30AHUSL 8EPMUKATLHLIMU INEeMEHMAMU.
Hosusna pabomwi 3axnouaemcs 6 nosviueHuu Kodghguyuenma nocmenu 3a cuem
NPOEKMUPOBAHUs NAPAMEMPO8 APMAMYPHOU CemKu U OJUHbL aAPMUPOBAHUS 8
maccuge 2pyHma, 4mo Ccnocoocmeyem YeenuyeHuro Hecyujeti CnocoOHOCmu u
CHUDICEHUIO 0CAOKU NAUMHO20 (hyHOameHma. Memoouka npoekmupoeanus oCHO8aHA
Ha mpebosanusx Eurocode 7. Yucnennvie pacuemol 8b1noIHeHbl MEMOOOM KOHEUHbIX
anemenmos (FEM) 6 npoepamme PLAXIS 3, ucnonv3ys mooenv ynpounsoue2ocs
epyuma (Hardening Soil). B pe3yrvmame yegenuuenus kosgguyuenma nocmenu
nymem GKIIOUEeHUs. JHCeCMKUX BEPMUKANbHLIX APMAMYPHBIX INEeMEHMO08 Hecyujas
cnocobHocms  pynoamenma 6o3pocia 6 0ea pasa. Ilomyuennvie pesynrbmamol
noomeepycoarom 3POeKmusHOCMb U HAOEHCHOCb Memood 8ePMUKAIbHO2O
apMupo8anus Npu CO30AHUU UCKYCCMBEHHbIX OCHOBAHULL, YMO 3HAYUMENbHO
CcoKpawaem epems CmpoumenbCmed u 3ampamal.
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1 INTRODUCTION

The In civil engineering, an increasing number of high-rise buildings are being constructed on
previously undesirable sites, such as loess collapsible soils and reclaimed land. The construction of
such structures poses complex geotechnical challenges related to the stress-strain state of
superstructures interacting with the soil foundation. One of the alternative solutions for constructing
high-rise buildings on loess collapsible soils is the vertical reinforcement of the foundation soil
(Usmanov, 2014), which aims to enhance load-bearing capacity and reduce foundation settlement
(Popov, 2015).

The regulatory document NTP RK 07-01.3-2011 on the design and implementation of
foundation reinforcement with vertical reinforcing elements, adapted to Eurocodes (SP RK EN 1997-
2:2007), recommends the use of vertically deployed reinforcing elements to improve the engineering
properties of foundation soils (NTP RK 07-01.3-2011). An important advantage of improving the
physical and mechanical characteristics of the foundation soil with reinforcing elements is the
increase in compressive and tensile stresses within the foundation or geomass. Such reinforced soil
can withstand differential deformations of buildings and structures under complex geotechnical
conditions. Additionally, this method reduces the labor intensity associated with soil compaction or
replacement, enhances structural safety, and shortens construction timelines (Simdes, 2020).

A distinctive feature of vertical bar reinforcement, compared to conventional pile foundations,
is the load transfer mechanism: loads from the superstructure are transmitted through the soil cushion
onto the vertical reinforcement elements and the surrounding soil via frictional forces. In this case,
the performance of the reinforcing element within the soil is ensured through lateral confinement and
frictional resistance. The reinforcement element absorbs the load through its upper part at the contact
surface with the soil or foundation and transfers it to the underlying layers via its lower section and
lateral friction forces.

Experimental and theoretical studies have demonstrated that the stress-strain state of a slab
foundation reinforced with vertical elements depends on the adopted soil model (Marinichev, 2016),
the structural configuration of the reinforced foundation (Makovetsky, 2021), and various other
influencing factors.

2 LITERATURE REVIEW

Computational and experimental studies on geotechnical structures are commonly conducted
using two well-established elastoplastic models: the Mohr-Coulomb model (Popov, 2015) and the
Hardening Soil model (Semet, 2023). Numerical simulations using PLAXIS have allowed for a
comparative assessment of these models, guiding design objectives and recommendations (Arjun,
2017). The Hardening Soil model is preferred for analyzing the stress-strain state of geotechnical
structures under construction (Lina, 2018), while the Mohr-Coulomb model is typically used for
evaluating ultimate stress states (Amjad, 2019).

Modern software packages enable the consideration of nonlinear soil properties when solving
geotechnical problems (Golubev, 2010). Advanced computational tools such as MIDAS GTX, Plaxis
3D, and others facilitate comprehensive analysis of slab foundations in complex geological conditions
(Samorodov, 2016). These tools not only account for foundation deformations but also assess the
overall stress-strain behavior of the entire structural system supported by the slab foundation.
Additionally (Gilemhanov, 2016).), they provide solutions for spatial interaction between
superstructures and three-dimensional soil mass models (Botalov, 2019).

Despite the availability of regulatory guidelines for designing reinforced foundations, numerous
challenges persist in engineering practice. These include accounting for soil heterogeneity over time,
determining the stress-strain state of reinforcing elements and the spaces between them, optimizing
the quantity and dimensions of reinforcing elements, assessing their optimal placement, predicting
load-bearing capacity and deformability, and selecting cost-effective (Ter-Martirosyan,2010),
reliable, and environmentally sustainable construction methods (Mirsayapov, 2005).
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The objective of this study is to provide a scientific and methodological justification for the
effectiveness of reinforcing slab foundation bases of high-rise buildings with vertical elements, using
a real-world construction project as a case study.

3 MATERIALS AND METHODS

The reinforced geomass as a whole represents a composite system, which is characterized by
the equivalent properties of the geomass—namely, the deformation modulus (E-:) and the design
resistance (R2). In this model, the load from the building is redistributed across the entire stabilized
soil mass, thereby preventing the formation of localized stress concentration zones.

A key advantage of this method lies in the fact that the engineer essentially designs the
foundation, creating the required physical and mechanical properties tailored to address specific
practical challenges.
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Figure 1 — Diagram for the calculation of a foundation reinforced with vertical elements.

Design standards recommend considering the reinforced foundation as a transversely isotropic
medium and performing calculations based on ultimate limit states, including both critical failure
conditions and serviceability criteria. In this approach, foundation calculations are conducted by
assessing whether the ultimate state is reached due to failure or excessive deformations (GEO) under
the given conditions.

aR, + (1 —a)R, =P (D
Sap = Sy 2)
where

o = Va/Vg — coefficient characterizing the proportion of reinforcing elements within the
volume of the stabilized soil (Var — volume of reinforcing elements, Vg — volume of soil);

R1 — design resistance of the unreinforced soil beneath the foundation base, kPa;

R> — design resistance of the reinforcing material, assuming the replacement of natural soil
with reinforcement, kPa;

P — average pressure beneath the foundation base, kPa;

Sar — settlement of the reinforced foundation section;

Su — ultimate allowable deformation of the foundation-structure system.

The settlement of the reinforced foundation section (Sir) is calculated using the layered
summation method according to the following formula:
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Izp,ili
Sap = ?=1 :—3 (3)

where

h; — calculated thickness of the i-th soil layer within the compression zone of the reinforced
foundation, determined by the condition 0.2i h = b (b — foundation width), m;

n — number of layers into which the compressible thickness of the reinforced soil is divided;

op,i— average additional vertical stress in the i-th reinforced layer, equal to the arithmetic mean
of'the stresses at the upper (Zi-1) and lower (Z;) boundaries of the layer along the vertical axis passing
through the center of the foundation base, kPa;

Es — deformation modulus of the reinforced soil in the direction perpendicular to the soil
surface, kPa.

The deformation characteristics (E, E3) should be determined experimentally, and in the absence
of test data, they can be estimated using approximate formulas:

Nd/n=Fd/yd 4)

where

Ng — design load, kN;

n — number of reinforcing elements (vertical reinforcing elements);

va — safety factor for soil;

Fq4 — load-bearing capacity of the reinforcing elements (vertical reinforcing elements) based
on soil (material), kN.

3.1 PROBLEM STATEMENT

The analysis considers the interaction between the foundation, the slab, and the superstructure
under the assumption that the building and the foundation undergo identical displacements only in
the vertical direction. The slab thickness is considered constant, and friction forces between the slab
and the foundation are neglected. The soil foundation beneath the slab is characterized by a stiffness
coefficient.

When designing a reinforced foundation, it is necessary to determine the required length of the
reinforcing elements to ensure the load-bearing capacity of the deformable geomass. Another
important aspect is defining the optimal spacing between reinforcing elements to minimize slab
foundation deformations, as well as assessing the influence of the reinforcement percentage on the
foundation stiftness coefficient.

Engineering practice suggests that a gravel cushion (buffer layer) with a thickness of 50 cm,
compacted in layers, is commonly used to ensure an even distribution of loads on the reinforced soil
foundation. The installation of vertically reinforcing elements is recommended using the borehole
rolling technology, as it is considered a more efficient and practical method for improving foundation
stability.

The settlement calculation of the reinforced foundation is performed using the PLAXIS 2D
software package, which is based on the finite element method and employs the traditional Mohr-
Coulomb soil model.

As the computational model, a nine-story residential building with a monolithic structure is
used. The building has a rectangular shape in plan with overall dimensions of 29.6 m x 16.4 m, as
shown in Figure 2.
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The foundation is a monolithic slab with a thickness of 80 cm, resting on a 50 cm thick gravel

cushion.

The primary output parameters of the calculation, based on the finite element method, include
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Figure 2 — Structural Scheme of the Residential Building.

displacements and internal forces at the nodal points of the foundation and the slab foundation.

The soil characteristics according to engineering-geological elements (EGE) are presented in

table 1.

Table 1

Physical and Mechanical Properties of Soils

Soil Type

Main Soil Characteristics

Additional Parameters for the HSS Model

EGE-1 Silty sandy

loam, gray, with plant

remains and sand
interlayers, fluid
consistency
EGE-2 Silty clay
loam, gray, faintly
layered, with plant
remains, fluid
consistency
EGE-3 Silty sandy
loam, gray, with
gravel, pebbles, and
clay loam interlayers,
plastic consistency
EGE-4 Silty sandy
loam, gray, with
gravel, boulders, and
clay loam interlayers,
stiff consistency

v =18.8 kN/m? v=0.35, c =7 kPa,

¢ =21°, E = 5400 kPa

v=18.9 kN/m?, v=0.35, c =4 kPa,
¢ =17°, E =5000 kPa

y=21.4 kN/m*, v =0.35, c = 20
kPa, ¢ = 21°, E = 12000 kPa

y=21.8 kN/m* v=0.35,c=21
kPa, ¢ = 30°, E = 16000 kPa

E50 = 5400 kPa, EoedE_{oed}Eoed = 5400
kPa, EurE_{ur}Eur = 16200 kPa, KOK_0KO =
0.642

E50 =5000 kPa, EoedE_{oed}Eoed = 5000
kPa, EurE_{ur}Eur = 15000 kPa, KOK_0KO =
0.708

E50 = 12000 kPa, EoedE_{oed}Eoed = 12000
kPa, EurE_{ur}Eur = 36000 kPa, KOK 0KO =
0.642

E50 = 16000 kPa, EoedE_{oed}Eoed = 16000
kPa, EurE_{ur}Eur = 48000 kPa, KOK 0KO0 =
0.5
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Figure 3 — Geological model in PLAXIS software.

Plate - DynaameritHaa navta C20/25

i,
Property Unit Value
Material set
Identification ®yraamerTHas nanTa C20/25
Comments
Colour RGB 251, 255, 0
Material type Blastic
Properties

d m 1,000
¥ kNjm3 25,00
Isotropic
E 1 kN/m2 30,60E6
E; kN fm?2 30,60E6
Via 0,1500
Gy kiN/m2 13,30E6
Gy3 kN fm? 13,30E6
Gys kiN/m= 13,30E6
Rayleigh a 0,000
Rayleigh B 0,000
Prevent punching =

Figure 4 — Foundation slab with a thickness of 1.0 m (Concrete B25).
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Figure 5 — Foundation cross-section.

Figure 6 — Average pressure of 20.0 t/m?.
4 RESULTS AND DISCUSSION
During the step-by-step loading process of the foundation with the weight of the foundation

slab and the superstructure, the deformation pattern of the geomass was obtained (Fig. 7) along with
the settlement diagram (Fig. 8), indicating a settlement of 97.8 mm.
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Figure 7 — Deformation pattern (Mohr-Coulomb model).
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Figure 8 — Settlement according to the Mohr-Coulomb model without foundation reinforcement (max 97.7 mm).
In this case, the subgrade reaction coefficient (sometimes denoted as C), determined using
Equation (1), is 205 t/m?.

K=P/s, (3)

where:

P — pressure applied to the soil surface;
s — settlement at the point of pressure application;
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K — subgrade reaction coefficient (sometimes denoted as C).

The foundation settlement results under the applied load, as shown in Fig. 7, indicate that the
deformation of the foundation slab is at the limit of allowable values (65—100 mm). In design practice,
an increase in the subgrade reaction coefficient is considered in such cases by utilizing the
characteristics of a reinforced geomass, strengthened with Deep Soil Mixing (DSM) concrete
reinforcing elements made of B12.5 concrete.

The preliminary spacing of the reinforcing elements is assigned within a range of 7 to 11d,
where d is the diameter of the reinforcing element. This spacing is determined based on the
deformation modulus of the surrounding soil or the requirement for ensuring the composite behavior
of the reinforced soil mass, as well as achieving the necessary load-bearing capacity of the compacted
foundation.

In this case, the spacing between the centers of the boreholes is determined using the following

formula:
[ = _ Pdc
ek = 0'95d\/ (Pac=Pa) ©)
where:

pd — dry density of the natural soil, t/m3;

pdas— average dry density of the compacted soil mass, t/m?.

During the borehole drilling process using a rolling compactor, the soil surrounding the
borehole is compacted to a certain diameter.

For preliminary calculations, the diameter of the compacted zone (ds), which can be achieved
after the rolling process, is determined using the following formula:

= __Pdc
ds = yed (Pac—Pa) )

where:

d — diameter of the rolling compactor (RC), m;

pds — dry density of the compacted soil, t/m?;

pd — dry density of the natural soil, t/m?,

ve — soil working condition coefficient, assumed to be greater than 1.

The reinforcement of the geomass with DSM concrete column elements is simulated using
Plaxis 3D software. According to structural calculations, the diameter of the vertically reinforcing
element is @100 mm, with a length of L = 9.5 m and a grid spacing of 3 X 3 m between axes.

L

Figure 9 — Spatial model of the reinforced geomass.
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In this case, when reinforcement is applied beneath the slab foundation, the load from the
superstructure is transferred to the soil mass through the reinforcing elements via frictional forces. In
the presented computational model (Fig. 8), the performance of the reinforcing element within the
soil is ensured by lateral confinement and frictional forces. The reinforcing element, through its
contact surface with the soil or the slab foundation, absorbs the load at its upper section and transfers
it to the underlying layers through its lower section. Here, the vertical concrete reinforcing elements
serve to withstand compressive stresses (Fig. 9).

Output Version 21.1.0.479

Envelope of Axial forces N (scaled up 5,00*10-2 times)
Maximum value =-24 86 kN (Element 548 at Node 24479)
Minimum value = -622,6 kN (Element 2128 at Node 25384)

S PLAXIS® 3 Hardening Soil o 15.02.2024
@) connect edion Packatka_HS 10 e

Figure 10 — Axial force N, Hardening Soil model (max 622.6 kN).
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Figure 11 — Foundation. Axial force N, Hardening Soil model (max 184.7 kN/m).
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Figure 12 — Foundation. Bending moment M, Hardening Soil model (max 197.4 kN-m/m).
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Figure 13 — Deformation of the foundation slab, Hardening Soil model (max 39.9 mm).

As aresult, the structural solution for the vertically reinforced foundation of the slab foundation
of a high-rise building includes reinforcing element spacing of 3 x 3 m, length of 9.5 m, diameter of
100 mm, and material—B12.5 concrete. Under these conditions, the maximum calculated settlement
of the slab foundation is S = 3.99 cm. Consequently, the subgrade reaction coefficient has doubled,
reaching K = 501 t/m?.

The increase in the load-bearing capacity of the foundation is also attributed to the borehole
formation process, which involves drilling with a special rolling drill bit. This method ensures soil
compaction around the borehole walls during drilling. A key factor is the doubling of soil density
around the borehole wall, which significantly enhances pile shaft resistance due to lateral friction.
Additionally, it is important to account for the elimination of the technological gap that may arise
during the pile installation process.

5 CONCLUSIONS

1. Numerical modeling performed in PLAXIS 3 has demonstrated the effectiveness of
reinforced foundations on highly compressible soils. The study confirmed that the implementation of
rigid reinforcing elements with predefined geometric dimensions and physical-mechanical and
deformation characteristics significantly enhances the foundation's load-bearing capacity. The
numerical analysis allowed for an in-depth assessment of stress distribution, settlement reduction,
and structural stability improvements in reinforced foundation systems.

2. The results indicate that the subgrade reaction coefficient is highly dependent on the
structural configuration of the vertically reinforced foundation beneath the slab. Variations in
reinforcement spacing, length, and material properties directly influence the stiffness and settlement
behavior of the foundation. An optimized reinforcement design leads to a more uniform load
distribution, reducing the risk of excessive differential settlements and enhancing the overall stability
of the foundation system.
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3. The length and spacing of vertical reinforcing elements were found to be critical parameters

in improving the load-bearing capacity of the foundation. The optimized arrangement of
reinforcement elements led to a threefold reduction in foundation deformability, significantly
enhancing structural performance. This, in turn, results in substantial reductions in construction time
and cost by minimizing the need for extensive soil stabilization measures and expediting the process
of creating artificially reinforced foundations for high-rise buildings.
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DEVELOPMENT OF TECHNOLOGICAL SCHEMES OF WATER
SUPPLY FOR SMALL SETTLEMENTS
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Abstract. This study examines the challenges associated with water supply in
small settlements, using the village of Shatyrbai in the Zhetysu region of the Republic
of Kazakhstan as a case study. Particular attention is given to the transition from
surface water sources to groundwater, which generally exhibits a more stable chemical
composition and lower susceptibility to contamination. The research focuses on
assessing the benefits and limitations of groundwater use for drinking water supply and
the necessity of employing advanced purification technologies. The methodological
approach includes an analysis of the initial water quality, the selection of an
appropriate technological scheme for water treatment, and an evaluation of the
purification efficiency of a block-modular water treatment system (BMWTS). The
proposed system integrates sequential treatment stages, including coarse (mechanical)
filtration, aeration, clarification, fine filtration, demineralization, and ultraviolet
disinfection. The findings indicate that groundwater in Shatyrbai contains elevated
concentrations of iron, nitrates, and other contaminants, necessitating a multi-stage
purification process. The implementation of the BMWTS system effectively reduces
turbidity, removes excess salts and organic compounds, and ensures compliance with
sanitary standards for potable water. The discussion evaluates the effectiveness of
various water treatment methods and their adaptation for small settlements.
Additionally, the study explores the technological and economic feasibility of BMWTS
implementation and its role in ensuring a sustainable regional water supply. The
conclusions emphasize that transitioning to groundwater, in conjunction with block-
modular purification technologies, represents a viable strategy for providing high-
quality drinking water in small settlements.

Keywords: small settlements, drinking water supply, groundwater, water
purification, block-modular water treatment system
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WIAFBIH EJIII MEKEH/IEPAI CYMEH KABJABIKTAY/BIH
TEXHOJOTUSJIBIK CXEMAJIAPBIH O3IPJIEY
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Anpatna. Maxanaoa Kazaxcman Pecnyonuxacvinoiy XKemicy obavicvinoa
opuanacxau Illameipbail ayviivinely HeiziHOe wagblH endi MeKeHOepOi aybl3 CYyMeH
Kammamacels —emy  Mmacenenepi  Kapacmwipvliaosl. Kepycmi ¢y kesoepin
natoanamyoaH, aoemme, MyYpaKmol XUMUSLILIK KYpambl 0ap JicoHe n1acmauyza asz
Yublpaumoll Hcepacmol KO30epiHe Koeuilyee epeKkuie HA3ap ayoapwliadbl. 3epmmey
ayvl3  CyMeH #aboblKmay MaKcamvlHOA Jcepacmsl CYIapblH  NAtuoaiaHyoblH
ApMBIKUWBLILIKMAPLL MEH ulekmeyiepin manoayed, COHOAu-axK 3aManayu masapmy
MEeXHONIO2USANAPBIH KOLOAHY Kadcemminiein Hezizoeyze 6agblmmanean. O0iCHAMANbIK
macindeme cyobly OACMANKbL CANACHIH HCAH-IHCAKMbL 0AANAYObL, CYObL OAUBIHOAYObLH
OHMAUIbL  MEXHONO2UANLIK CXeMACLIH MAaHOayobl JicaHe ONIOKMbl-MOO0YIbIIK  CY
oativinoay scyuiecin (BMCIK) natioanana omeipoin, mazanay muimoiniein manoayovl
Kammuowl. byn oicyiie epecken (mexanukanvlx) masanayovl, adpayusnsl, Moa0ipieyoi,
Cy3y0i, MUHEPAaNCuI30AHObIPYOblL HCIHE YIbMPAKYALIH CaYIeMeH 3apapcbi30anoblpyObl
KaMmumulH cyO0bl KON camulivbl 6HOeyOl Kapacmulpaowvl. 3epmmey Hamudicenepi
Hlameipbai  ayvinvinoagvl s#cepacmovl KO30epiHeH ANblHRAH CYOblH KYPAMbIHOA
memipOiy, HUMpammapowvly AHcoHe 0ackKa 0a J1acmayuibl 3ammapovly AHCOAPbL
Menuepin kopcemeoi, Oy Kon camwiivl mazapmyosl Kaxcem emeoi. BMCIK konoamny
JAUAAHYObl  aumapielkmai memeHoemyee, apmvlK My30ap MeH Op2AHUKALbIK
KOCbLIbICMAapobl Kemipyee, COHOQU-aK CYObll Candacvli OencileHzen CaHumapivlk-
2UCUEHATIBIK CIMAHOApMmMAapaa Hcemkizyee MyMKiHOIKk 6epedi. Tankvinay ascvinoa cyovl
ma3zapmyovly apmypii a0icmepiniy muimoiniei, onapovl wia2vih endi MekeHOepoiH
arcazoaiivina betiimoey, CoHOati-ak cyobl 0aubIHOAYOblH OI0KMbI-MOOYIbOIK JHCyUenepit
€H2I3Y0IH MEXHONOSUANLIK IHCIHE IKOHOMUKANLIK OPLIHOBLIbIRbL KAPACMbIPLLIAOYL.
Convimen kamap, OY1 mexHono2usapobly auMakmsl mypaKmsl CyMeH KamMmamacol3
emyze bIKnauwl mandanaovi. KopvlmeinOvlioa — O10KMbI-MOOYILOIK — MA3APmMy
MEXHONO2UANAPLIH  KONOAHYMEH — YIUMACMblpad — OMbIPpbin, — JHcepacmsl  CYIapblH
natoanamy2a Keuty ulazeli enoi MeKeHoepol 3amMaHayu CAHumapivlk maianmaped
callKec KellemiH canauvl aybl3 CYMeH KaMmamacsl3 emy MacelleCiiiy nepcnekmuansiy
wewimi 601N MAOBLIAMBIHLL AMAN KOPCEMINCeH.

Tyiiin ce3nep: wasvin endi mexenoep, aybvl3 CyMeH HaDObIKMAY, dHcepachivl
cynapwl, cyovl mazapmy, cyovl 0AuUblHOAYObIH ONOKMbL-MOOYIbOIK HCylleci
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PASPABOTKA TEXHOJTOI'MYECKUX CXEM
BOJOCHABXEHUS 115 MAJIBIX HACEJIEHHBIX ITYHKTOB
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AHHOTamUsl. B cmamve paccmampuearomes 8onpocvl  obecnevenus
NUMbesol B0OOL MAIbIX HACENEHHLIX NYHKMOo8 Ha npumepe cena [llamwvipbail,
pacnonodcennozo 6 emvicyckou oonacmu Pecnyonuxku Kazaxcman. Ocoboe
BHUMAHUe Yoensemcs nepexooy om UCHONb308AHUS HNOBEPXHOCHHBIX BOOHbBIX
UCMOYHUKOB K NOO3eMHbIM, 001a0aiowumM, Kax npasuno, oOonee CcmabduibHbIM
XUMUYECKUM COCIMABOM U MEHbULEL NOOBEPHCEHHOCIbIO 3acpsa3Henuto. Mcciedosanue
HAanpaeieHo Ha aHaIu3 npeuMyuecmas U 02paHuyeHull UCNoa1b308aHUs NOO3EMHBIX 600
07151 yenell numveso20 8000CHADICEHUS, A MAaKICe HA 0OOCHOBAHUE HeOOX00UMOCTU
NPUMEHEHUSL COBPEMEHHBIX MeXHONIo2Ull ouucmku. Memooonoeuuweckuii noo0xoo
BKIIOYAEM 8CECMOPOHHION OYEHKY UCXOOHO20 KA4eCmed 800bl, 8b100p ONMUMANbHOU
MEXHON02UHeCKOU cXembl 8000N0020MOBKU U AHANU3 IPHexmuUeHoCmuU OHUCTIKU C
ucnonv3osanuem O104YHO-MOOYIbHOU cucmemsbl 6o0onooecomosxku (BMCB). /lannas
cucmema npedycmampusaenm MHO20CMYNeHYamyr 00pabomiy 600bl, GKIIOUAIOULYIO
MEXAHUYECKYIO OUUCMKY, adpayuio, oceemieHue, Quibmpayuro, 0eMuHepaiu3ayuro u
yivmpaguonemosoe obeszzapadcusanue. Pesynomameoi uccneo08anus
CBUOEMEeNbCMBYIOM O  NOBbLUEHHOM COOEPHCAHUU 6 NOO3EMHbIX 800aX cend
Hlamuipbaii  dceneza, HUmMpamog u Opyeux 3acpsA3HAIOWUX Geuecms, Umo
ooycrasnueaem HeoOX0OUMOCMb KOMNIEKCHO20 Nnooxooa K oyucmke. llpumenenue
BMCB nossonsiem sagpghpexmusno crusrcams MymHocms 600bl, YOaisAmy Uz0blMouHble
comu U opeamuyecKue CcoeOUHeHUs, a makxdice 00800uUmMb €€ Kauecmeo 00
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1 INTRODUCTION

Water is an essential resource for life and plays a crucial role in the development of humanity.
For centuries, people have settled near water sources, which have consistently remained fundamental
to life and well-being, often venerating them as sacred sources of sustenance.

At present, due to rapid population growth, economic expansion, environmental challenges,
and other factors impacting natural resources, the issue of ensuring access to high-quality drinking
water has become one of the most urgent global concerns. Goal 6 of the UN’s “17 Goals for
Sustainable Development” aims to provide safe drinking water to all people and, recognizing the
significance of a favorable environment, places particular emphasis on the sustainable management
of water resources, wastewater, and ecosystems.

The issue of supplying the population with environmentally safe drinking water is also pressing
in our country. The primary water resources in the Republic consist of surface water, with an average
annual volume of 101 kmé3. Of this volume, 56% is generated domestically, while the remaining 44%
originates from transboundary rivers flowing from China, Uzbekistan, Russia, and Kyrgyzstan
(National report, 2022).

According to data from the Bureau of National Statistics of the Republic of Kazakhstan
(Monitoring of Sustainable Development Goals. Goal 6.), over the past five years, the proportion
of the population utilizing organized water supply services that comply with safety standards has
gradually increased. However, the issue of ensuring a reliable supply of high-quality water to small
settlements remains unresolved: out of the 7.5 million people residing in rural areas, approximately
450,000 face shortages of clean water. The primary causes of this issue include the absence of water
sources in small settlements or their contamination, deterioration of sanitary and epidemiological
conditions, and the unsatisfactory technical state of water supply infrastructure. In nearly all small
settlements, surface water sources serve as the primary means of meeting the population’s needs.
However, the quality of these waters remains suboptimal, particularly in the context of anthropogenic
influences and climate change.

Given the challenges associated with the depletion and contamination of surface water,
numerous experts advocate for transitioning to the use of groundwater, which is classified as a
renewable mineral resource and exhibits relatively stable quality. Groundwater is less susceptible to
seasonal fluctuations and anthropogenic impacts than surface water sources, and natural filtration
through soil layers significantly reduces contamination levels.

Currently, more than four thousand artesian water sources have been studied in Kazakhstan.
Experts estimate that the volume of available groundwater in the country exceeds 15.7 km3. To
facilitate the study and efficient utilization of this natural resource, a specialized service has been
established under the Ministry of Water Resources and Irrigation of the Republic of Kazakhstan,
tasked with overseeing hydrogeological research, as well as monitoring and analyzing the condition
of groundwater.

The purpose of this research article is to substantiate the transition to the use of groundwater to
ensure the supply of high-quality drinking water to small settlements, such as the village of Shatyrbay.
Groundwater is characterized by stable quality indicators and lower levels of contamination compared
to surface sources, which is particularly significant in the context of environmental instability and
increasing river pollution.

The study involves an analysis of the physical and chemical properties of groundwater in the
village of Shatyrbay, with the identification of key pollutants that exceed the maximum permissible
concentration (MPC). It also provides a rationale for the implementation of a block-modular water
treatment system (BMWTS) as an effective method for purifying groundwater to meet sanitary
standards. The research describes the stages of the water treatment process, including mechanical
filtration, aeration, clarification, demineralization, and sterilization, and evaluates their effectiveness
in reducing pollutant concentrations. Additionally, an assessment of the economic feasibility of
utilizing a block-modular system in remote settlements is conducted, highlighting its potential for
ensuring a sustainable water supply.
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2 LITERATURE REVIEW

There is no clear and universal definition of the concept of a "small settlement™, as its meaning
may vary depending on the context and country. Common characteristics that allow distinguishing
small settlements include population size, economic structure, functional characteristics,
infrastructure, and type of settlement.

The law «On the Administrative-Territorial Structure of the Republic of Kazakhstan» states:
«A settlement is a part of the territory of the Republic of Kazakhstan with a population of at least 50
people, formed as a result of economic and other public activities of citizens, registered in accordance
with the procedure established by the laws of the Republic of Kazakhstan, and managed by local
representative and executive bodies. Settlements are divided into urban and rural» (Law of the
Republic of Kazakhstan, 1993).

By comparing other definitions specified in this document, the category of «small settlement»
includes a city of district significance and a village. Therefore, the settlement of Shatyrbay in the
Zhetysu district, which is being considered in this study, is classified as a village, as according to the
aforementioned document: «A village is a settlement with a population of at least 50 people. »

The population of Shatyrbay village is 520 people. The village has a secondary school with a
capacity of 620 students, where 96 students are currently enrolled, as well as one post office, one
medical center, one cultural center, and more than 20 economic entities operating within the village.

Characterizing a small settlement based on the aforementioned common features, Shatyrbay
village is a regional rural settlement with a small population, an economy primarily based on
agriculture and small businesses, specialized functions in a specific sector, and a low level of
infrastructure development.

In any locality, several key factors contribute to the safety, comfort, health, and development
of human life:

1) Physical safety — the absence of threats to human life and health from external factors (crime,
natural disasters) and the social environment.

2) Sanitary and epidemiological safety — environmental cleanliness, access to water supply
systems, compliance with hygiene and sanitation standards.

3) Provision of clean and high-quality drinking water.

4) Food security — access to food that ensures proper nutrition and satisfies the body's need for
essential nutrients.

5) High-quality and safe housing — availability of necessary living conditions (water, heating,
electricity).

6) Environmental well-being — air, water, and soil quality.

7) Educational and cultural development — access to educational institutions, sports, and
recreational facilities that foster intellectual and cultural growth.

8) Access to medical care — availability of hospitals, clinics, pharmacies, and other healthcare
facilities.

9) Economic stability and employment — access to jobs that fulfill economic needs and provide
material well-being.

10) Social integration and support — availability of social benefits (pensions, allowances,
assistance centers) to aid people in difficult circumstances and opportunities to participate in public
life.

11) Infrastructure — roads, public transportation, utilities (electricity, gas, sewerage), internet
access, and other facilities necessary for the normal functioning of the settlement.

An analysis of these factors reveals that more than half of them are directly linked to water. The
quality of drinking water is determined based on a comprehensive evaluation of physical, chemical,
biological, and microbiological parameters, which assess its suitability for human consumption.
These parameters are established by sanitary standards and are regulated by both international and
national regulations.
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Currently, many countries adhere to international guidelines established by the World Health
Organization (WHO), such as SanPiN 2.1.4.1074-01, when determining drinking water quality
standards. Additionally, in Kazakhstan, the quality control of drinking water in terms of sanitary and
epidemiological well-being is conducted in accordance with the «Sanitary and Epidemiological
Requirements for Water Sources, Catchment Areas for Economic and Drinking Purposes, Economic
and Drinking Water Supply, and Cultural and Domestic Use of Water and Safety of Water Bodies»,
as approved by Order No. 26 of the Ministry of Health of the Republic of Kazakhstan, dated February
20, 2023 (Sanitary rules, 2023).

The hygienic requirements and quality standards for drinking water outlined in these documents
are presented in Table 1.

Table 1
Requirements for controlled indicators of drinking water

Indicator Unit of measurement Standards (MPC), no
more
Organoleptic indications
Taste score 2
Smell score 2
Color degrees 20
Turbidity mg/dm? (on kaolin) 15
Chemical indicators
Hydrogen index (pH) - 6-9
Total mineralization (dry residue) mg /| 1000 (1500)
Total hardness mg-eq/l 7,0 (10)
Permanganate oxidation capacity mg /1 5
Petroleum products, total mg /1 0,1
Su_rfa(_:e-active substances (EPZ, mg /1 05
anionic) ’
Chlorides mg /1 350
Sulfates mg /1 500
Total iron mg/1 0,3
Manganese mg /1 0,1
Fluorine mg/1 15
Aluminum mg/1 0,5
Copper mg/1 1
Zinc mg /1 5
Nitrates (by NOs) mg /1 45
Nitrites (by NO) mg /1 3

As shown in Table 1, organoleptic indicators such as odor and taste of drinking water should
not exceed 2 points, turbidity should not exceed 2 mg/L, and hardness should be within the range of
7-100 mmol. A low concentration of calcium and magnesium salts, which determine the hardness of
drinking water, can lead to increased bone fragility in humans. Therefore, according to sanitary
standards and regulations, drinking water should be chemically safe. Additionally, the quantity of
reagents used for disinfection and the concentration of natural substances that pollute water must
comply with established standards.

To address the challenges of water resource conservation and rational utilization for ensuring
access to high-quality drinking water, the «Concept for the Development of the Water Resources
Management System of the Republic of Kazakhstan for 2024-2030» was adopted. Based on a
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comprehensive analysis of the current state of water resources and international best practices, the
document outlines seven key strategies for effectively tackling these issues. It emphasizes that «The
study, protection, and sustainable use of groundwater are essential for adapting to climate change and
meeting the needs of a growing population» (Concept, 2024).

The challenges associated with groundwater use for industrial purposes and public water supply
have been extensively examined by scientists and hydrogeologists. Giordano (2009) provides a
comprehensive analysis of global groundwater issues and solutions, exploring the formation,
movement, and utilization of groundwater for various purposes. His research highlights the
fundamental role of groundwater in ensuring a sustainable water supply, particularly in regions
experiencing surface water shortages. Furthermore, Giordano discusses management strategies aimed
at optimizing groundwater use while mitigating the risks of overextraction and contamination. His
findings remain highly relevant today and continue to be refined through ongoing advancements in
hydrogeology and water resource management.

Foster, Chilton, Nijsten, and Richts (2013) emphasize the necessity of transitioning from
surface water sources to groundwater, highlighting its strategic significance for water security. The
authors argue that groundwater serves as a vital local resource with global implications, providing a
more stable and resilient supply compared to surface water, which is highly susceptible to seasonal
fluctuations and anthropogenic influences. Their study underscores the importance of sustainable
groundwater management, particularly in regions where surface water sources are unreliable or
insufficient. Moreover, they present case studies demonstrating that groundwater utilization has
proven to be an effective long-term solution for addressing water supply challenges in both rural and
urban areas.

Dillon (2005) investigates advanced groundwater treatment methods, including aquifer
recharge, aeration, and biochemical filtration, as approaches to improving water quality. His research
demonstrates that these techniques significantly reduce the concentration of contaminants in
groundwater, ensuring compliance with sanitary drinking water standards. Furthermore, the author
highlights that managed aquifer recharge can serve as an effective tool for enhancing groundwater
sustainability.

Carrard, Foster, and Willetts (2019) conducted a multi-country analysis on the use of
groundwater as a drinking water source in Southeast Asia and the Pacific, emphasizing the necessity
of a comprehensive approach to resource management. The authors highlight that excessive
groundwater extraction and pollution pose significant threats to water security, reinforcing the need
for robust management and regulatory frameworks to ensure the long-term sustainability of these
resources.

Howard (2015) examines the governance challenges associated with groundwater and its role
in ensuring sustainable urban and rural water supply. His research highlights the significance of
decentralized water supply systems, particularly in small settlements, where modular treatment
facilities offer an efficient solution for improving groundwater access. The author also emphasizes
the necessity of well-developed infrastructure and continuous monitoring of well conditions to
maintain water quality and reduce operational costs. His findings suggest that well-managed
groundwater resources can enhance water security and serve as a cost-effective solution for remote
communities, aligning with modern principles of sustainable water management.

The issue of groundwater availability and its sustainable use has been widely studied in the
context of climatic and geographical challenges. Famiglietti (2014) highlights the global
groundwater crisis, focusing on the depletion of groundwater reserves due to overextraction and
inefficient management practices. His research emphasizes regional disparities in groundwater
availability and the necessity of adaptive strategies to ensure long-term sustainability. Additionally,
Famiglietti underscores the importance of scientific assessments of slightly mineralized groundwater
reserves, particularly in arid and semi-arid regions, where groundwater serves as a crucial resource
for drinking water supply. His findings provide valuable insights into the rational use of groundwater
and the development of policies aimed at improving water security in vulnerable regions.
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Ensuring access to safe drinking water in rural areas remains a critical challenge, necessitating
effective management of local groundwater resources. Wada, Van Beek, and Bierkens (2012)
examine the challenges associated with groundwater use in agricultural and rural regions,
emphasizing the risks of unsustainable extraction and its long-term consequences. Their research
highlights the importance of localized water management strategies, particularly in areas where
groundwater salinity poses difficulties for drinking water supply. The authors explore modern
desalination techniques, such as electrodialysis, as viable solutions for improving groundwater
quality in remote and water-scarce regions. Their findings suggest that integrated water resource
management approaches can significantly enhance the sustainability of groundwater use, ensuring a
stable and reliable drinking water supply for rural populations.

Based on an analysis of studies focused on the use of groundwater as a drinking water source,
several key advantages of its use as an alternative for providing the population with high-quality water
have been identified. Groundwater naturally undergoes filtration as it percolates through layers of
soil, sand, and clay, which serve as natural purification barriers. These layers remove suspended
particles and numerous contaminants, making groundwater often cleaner than surface water from
rivers and lakes. Unlike surface water, groundwater is less exposed to anthropogenic pollution, such
as industrial emissions, sewage, and agricultural runoff, thereby reducing the risks associated with
chemical pollutants, including pesticides and heavy metals.

In remote and arid regions, groundwater frequently represents the only permanent water source,
particularly in areas where precipitation levels are insufficient to sustain surface water bodies. Unlike
rivers and lakes, which are subject to seasonal fluctuations, underground aquifers provide a consistent
water supply, making them a more reliable resource. Additionally, geological formations surrounding
deep aquifers protect groundwater from most pollutants present at the surface, reducing the risk of
contamination by microorganisms, chemicals, and heavy metals. These natural protective
mechanisms make groundwater less vulnerable to climate-related threats such as droughts and floods,
ensuring long-term water security.

Groundwater often requires minimal treatment compared to surface water, making it a cost-
effective solution for many rural communities. In most cases, simple purification methods such as
disinfection, aeration, or sedimentation are sufficient to meet sanitary standards, reducing the need
for complex and expensive treatment technologies. With proper management, groundwater reserves
can provide a stable and sustainable water supply, as aquifer recharge, though slow, ensures long-
term availability. The use of groundwater also minimizes environmental impact on surface
ecosystems, as it does not require modifications to natural rivers and lakes, thereby preserving
biodiversity and ecological balance.

Despite its numerous advantages, groundwater use is associated with certain risks, including
aquifer depletion, ecosystem degradation, and landscape alterations. Addressing these challenges
requires the development of efficient water use systems and monitoring programs to track
groundwater levels and quality. For the present study, particular attention is given to the challenges
associated with the purification of groundwater with high mineralization and the presence of natural
pollutants.

In recent years, block-modular water treatment technology has emerged as a promising solution
for improving water supply in remote and sparsely populated areas where centralized water
distribution is impractical. This modern approach is based on modular blocks, each designed to
perform specific purification functions, ranging from coarse mechanical filtration and aeration to
advanced filtration and disinfection. The modular nature of this system allows for adaptability to
different water sources, ease of transportation, installation, and maintenance, making it particularly
suitable for use in rural and hard-to-reach regions.

Block-modular treatment systems provide flexible and efficient solutions for both surface and
groundwater purification. Their scalability, ease of operation, and adaptability to local conditions
make them an optimal choice for ensuring safe drinking water access in rural settlements such as
Shatyrbay. The ability to implement such systems with minimal infrastructure investment further
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supports their potential for addressing water supply challenges in remote areas, reinforcing the
viability of groundwater as a sustainable source of high-quality drinking water.

3 MATERIALS AND METHODS

On the first task of the study, first of all, we conducted a survey among the population of the
village of Shatyrbay. The questionnaire lists the main conditions that ensure the health and safety of
a person, comfort of life, and it is proposed to assess their level established in the village as «high»,
«mediumy», «low». As a result, out of 200 people who participated in the empirical study, 141 (70,5%)
rated «low» on the indicator of «clean and high-quality drinking water». Then, through an interview,
we tried to find out the reasons for this situation. The results of a survey of rural residents are shown
in Figure 2.

10 - 5%

59 -
24,5%

141 -
70,5%

u Average ®Low mHigh

Figure 1 — The results of a survey of rural residents

The analysis of the responses of the villagers made it possible to draw the following
conclusions: the Terekty River is used as a source of water supply in the village; although the village
is provided with centralized water supply, the water quality is low in terms of visible physical
indicators (transparency, smell, taste, temperature). «<ALIMA AGRO» LLP, a large enterprise
engaged in mixed agriculture in the village, uses groundwater to meet its needs.

Comparative indicators obtained as a result of laboratory analysis of samples from the two
listed types of water used as drinking water are shown in Table 2.

Table 2
Comparative indicators of surface and underground water
Ne Indications Unit of MPC Determined concentration Type of
s/n measurement water
15 2,5 - MPC 1,67 times more surface
1 Turbidity mg/I (2’0)
' 1,78 — MPC 1,2 times more underground
) 75,5 — MPC 1,68 times more surface
Nitrate
2 nitrogen mg/| 45
g 69,65 — MPC 1,55 times more underground
12 - MPC 1,2 times more surface
Total
3 hardness mg-eq/I 7 (10)
33 — MPC 4,7 times more underground
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4 Dry residue mg/| 1000 | 4100- MPC ,1 timgs more surface
(1500) | 3870 — MPC 3,87 times more underground
1400 — MPC 4 times more surface
5 Chlorides mg/l 350
1270 — MPC 3,63 times more underground
. 0,65 — MPC 2,17 times more surface
6 Total iron mg/l 0.3 0,45 — MPC 1,5 times more underground

As can be seen from the table, the main pollutants of surface and underground water exceeding
the maximum permissible concentration (MPC) are: water turbidity, hardness, nitrate nitrogen in the
water, chlorides, iron, dry waste. A comparative analysis of these indicators showed that the quality
of surface water is much lower than that of underground water. This circumstance confirms our
assumption about the effectiveness of groundwater use.

However, groundwater also requires purification in terms of its physical and chemical
indicators. To bring the water in line with sanitary standards, a block-modular water treatment system
was used, the plan of which is presented in Figure 2.

Pips putiet 81 #F5536

Figure 2 — Plan of a block modular water treatment system

The scheme of water purification in a block-modular system is given in Figure 3.
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Figure 3 — Scheme of water purification in a block-modular system: @¢ I-mechanical
(coarse) cleaning filter; Ce -water meter flow meter; Al, A2 — aeration columns; K1, K2 —
compressors; @1-d5 — pressure filters; Y@ — sterilizer; YOO — reverse osmosis unit; KHC — brine

collection tank with pumps.
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The water obtained in accordance with the technology was treated with the following stages
of water preparation, as shown in Figure 3:

1) Coarse (mechanical) cleaning — removal of coarse particles and water surfaces (sand, silt,
clay) using a mesh corner filter (dc 1 in Figure 3).

2) Water aeration — the process of oxygenating water to remove hydrogen sulfide, excess
carbon dioxide, as well as dissolved metals, such as iron and manganese (Al; A2 in Figure 3).

3) Water purification, removal of oxidized precipitates (iron, manganese) in pressure filters.
(P1-D5 in Figure 3)

The pressure filter has a three-layer load:

- Filter-AG® top filter load («<AG»). Large impurities, oxidized organic impurities precipitate;

- Medium load «Birm». In the chemical analysis of well water, special requirements for
determining the exact content of iron and manganese are often not considered. If the iron content is
higher than 0.1 mg/L, it negatively affects the operation of reverse osmotic membranes. In this well,
the iron content is higher than MPC. Therefore, loading «Birm» is included in the composition of
filter fillers;

- lower load (25%) - crushed stone with grain sizes of 3-10 mm.

4) desalination (demineralization) of water, reduction of hardness, removal of excess chlorides
in the reverse osmosis unit. (YOO in Figure 3).

The essence of the reverse osmosis method is to filter water under the influence of osmotic
pressure through semiconductor reverse osmotic membranes created as roller elements. Reverse
osmosis is usually purified by homogenized (homogeneous) systems - true solutions, which imposes
certain requirements on the quality of water for a reverse osmosis unit.

5) disinfection of purified water. (Y® in Figure 3) disinfection of purified water is carried out
with the help of ultraviolet lamps before transferring it to a clean water tank.

4 RESULTS AND DISCUSSION

The integrated approach to water treatment implemented in the block-modular water treatment
system has significantly improved the quality of primary underground water in the village of
Shatyrbay. The water quality indicators following all treatment stages within the block-modular
system are presented in Table 3.

Table 3. Results of underground water purification through a block-modular system

Ne Indications Unit of MPC Initial values | After cleaning
s/n measurement

1 | Turbidity mg/l 1,5 (2,0) 1,78 1,0

2 | Nitrogen nitrate | mg/I 45 69,65 35

3 | Nitrate nitrogen | mg/l 7 (10) 33 5

4 | Dry residue mg/l 1000 (1500) | 3870 850

5 | Total hardness mg-eq/| 350 1270 320

6 | Total iron mg/I 0,3 0,45 0,15

The initial and post-treatment data provided in the table demonstrate a substantial improvement
in water quality, ensuring compliance with relevant sanitary and epidemiological standards. The
effectiveness of the purification process within the block-modular system was confirmed through
water quality analyses conducted after each stage of treatment.

Coarse (mechanical) filtration, implemented at the initial stage, effectively removes suspended
particles, including sand and floating debris. This preliminary treatment minimizes the pollutant load
on subsequent filtration stages, thereby enhancing the overall efficiency of the system and extending
the service life of filtration equipment.
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Aeration, which involves the addition of oxygen to the water, facilitates the oxidation of
dissolved iron and manganese compounds, transforming them into insoluble forms that subsequently
precipitate in the filtration units. At this stage, the removal of carbon dioxide and hydrogen sulfide
enhances the taste and odor of the water while also protecting reverse osmosis membranes from
excessive contamination in the later treatment stages.

Clarification (sedimentation) and pressure filtration, carried out using a three-layer filtration
media, ensure the effective removal of oxidized sediments and organic substances. The upper layer
of Filter-Ag® captures coarse impurities, while the middle layer of Birm® selectively retains iron
and manganese ions. This multi-stage filtration process enhances water transparency and improves
organoleptic properties, making it suitable for consumption.

Demineralization via reverse osmosis membranes has proven to be effective in reducing water
hardness and overall mineralization, which is particularly critical in regions with elevated levels of
dissolved salts. The reverse osmosis process efficiently removes excess chlorides and nitrates, thereby
improving overall water quality and ensuring its safety for drinking.

Ultraviolet sterilization provides a high level of bacteriological safety, effectively eliminating
the risk of microbiological contamination. As an environmentally friendly disinfection technology,
ultraviolet (UV) treatment does not require the addition of chemical reagents, making it particularly
advantageous for small settlements where reducing operational costs and minimizing potential side
effects is essential.

Thus, the combined application of mechanical filtration, aeration, sedimentation,
demineralization, and sterilization has successfully removed the primary pollutants characteristic of
groundwater in this region.

The implementation of a block-modular water treatment system for water supply in small
settlements, such as Shatyrbay, not only ensures high treatment efficiency but also provides notable
economic advantages. A key benefit of this system is its modular structure, which allows adaptation
to specific operational requirements and local conditions. This flexibility results in reduced capital
expenditures and optimized operational costs, as modules can be added or replaced as needed,
facilitating system upgrades with minimal investment.

The system is also characterized by low energy consumption and minimal use of chemical
reagents, primarily due to the incorporation of mechanical and physical treatment methods such as
aeration and UV sterilization. These factors contribute to environmental sustainability, making the
system particularly suitable for application in remote and rural areas.

Additionally, the block-modular system offers operational flexibility and requires minimal
maintenance personnel. The ability to adapt treatment modules to local water conditions and to
incorporate technological upgrades ensures that this water purification technology remains viable for
long-term use. As a result, it provides a reliable and stable water supply, meeting all necessary
sanitary and drinking water standards while maintaining cost efficiency and environmental
sustainability.

S CONCLUSIONS

Surface water sources, such as the Terekty River, have historically been utilized for water
supply in many rural areas of Kazakhstan. However, research indicates that surface waters are highly
vulnerable to contamination due to agricultural runoff, wastewater discharge, and precipitation-
related pollutants. For instance, a study conducted by the Kazakh Research Institute of Water
Management revealed that river waters contain elevated concentrations of nitrates, iron, and other
contaminants, necessitating the use of complex multi-stage treatment systems to ensure water safety.

In contrast, the quality indicators of underground water sources, such as artesian wells,
demonstrate greater stability. These sources are significantly less susceptible to biological and organic
contamination, thereby reducing the treatment burden on water purification systems. Research in the
field of Kazakhstan’s hydrogeology, along with numerous studies conducted by domestic and
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international scientists, confirms the high efficiency of groundwater sources in providing safe
drinking water to remote settlements.

To explore effective solutions for ensuring drinking water accessibility in small settlements,
groundwater in the village of Shatyrbay, located in the Sarkan District of Zhetysu Region, was treated
using a block-modular purification technology. As a result, water quality was significantly improved
through a comprehensive treatment process, including mechanical filtration, aeration, pressure
filtration, clarification, demineralization, and ultraviolet sterilization. Notably, the turbidity of the
water decreased from 1.78 mg/L to 1.0 mg/L; nitrate nitrogen levels were reduced from 69.65 mg/L
to 35 mg/L; chlorides from 1270 mg/L to 320 mg/L; iron concentrations from 0.45 mg/L to 0.15
mg/L; and total dissolved solids (TDS) were reduced from 3870 mg/L to 850 mg/L, significantly
softening the water.

Thus, based on the comparative analysis of primary and treated water, the implementation of
the block-modular water treatment system effectively reduced pollutant concentrations to meet
sanitary and epidemiological standards. This purification technology ensures the safety of drinking
water and improves water quality for domestic use, making it a suitable and efficient solution for rural
water supply systems.
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WATERLOGGING RISK MANAGEMENT, DEVELOPMENT
PROSPECTS
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Abstract. Waterlogging, a consequence of rising groundwater levels exacerbated
by climate change and urbanization, poses a mounting challenge. This review provides
an in-depth exploration of contemporary waterlogging risk management strategies,
spotlighting the pivotal role of geographic information systems (GIS) and associated
technologies. The introduction underscores the problem's gravity, citing its intricate
nature and adverse effects on urban settings. The article covers diverse risk mitigation
approaches like vertical and horizontal drainage, automated monitoring, and artificial
surface elevation. The focal point is on GIS's transformative impact, delving into recent
research demonstrating its efficacy in hazard mapping, exposure assessment,
vulnerability analysis, and crafting risk management plans. Noteworthy is the use of
Landsat 8-9 and Sentinel 1 satellite imagery for monitoring and modeling waterlogging
effects. Conclusions stress the integration of multi-criteria analysis and GIS for precise
risk mapping. The article advocates innovative techniques like three-dimensional
visualization in GIS and enhanced forecasting methods. It underscores the importance
of technological advancements for bolstering urban resilience against waterlogging in
various scenarios. Future directions involve refining forecasting techniques in a
changing climate, integrating artificial intelligence and machine learning for more
accurate predictions, and leveraging 3D visualization in GIS for detailed
representations. The piece also highlights the potential of loT-based automated
monitoring systems in providing real-time information for proactive responses to
potential waterlogging threats.

Keywords: waterlogging, GIS, risk management, hydrodynamic modeling, spatial
analysis.
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CY BACY KAVYIIIH BACKAPYT'A APHAJIT'AH 3AMAHAYMHU I'AXK-
TEXHOJIOI'USAJIAPBIHA IOJY, JAMY HEPCIIEKTUBAJIAPDBI

A.T. Myxamenxkanosa'> @ | JI. Kasumkanyasl>* @ | E.B. Yrenos'? @,
A.C. Tynedexosa'? @ | C.A. Kapayos!

'«Solid Research Group» XKIIIC, 010000, Astana, Kazakhstan
2J1.H.I'ymunes atbiaaarsl Eypasus ynTTeik yausepcuteti, 010008, Astana, Kazakhstan

Anparna. Knumammely o32epyi men ypoanusayusoan mywblHOAAH HCEP ACHbl
CYapuitbly 0eH2eUIHIH HCORAPBLIAYLIHLIY Canoapbl 001bIN MAOLIIAMbBIH C)Y MACKbIHb]
bapzan cauvln Kypoeni macene 0Oonvin madwvliadvl. Byn wonyoa cy oacy xayniu
backapyovly 3amaHayu cmpameuslapvl — e2dceli-mezdcelni  Kapacmlpuliaobl,
eeoepaghusnvly,  aknapammulx scyuenepoiy (IAXK) ocone onapmen o6aiinanvicmol
mexHon02usANapovly Heeizel poni kepcemineen. Kipicne maceneniy ayvipivizvina baca
Hazap ayoapaovl, OHbIH KYpOeli Cunamvl MeH KAlalblK Opmaza mepic acepin
kepcemeodi. Makanaoa mixk JicoHe KolOeHeH OpeHaxdc, asmoMammaHObIPbLIZAH
baxvliay dcone Hcacanovbl bemmi Komepy CUsAKMbvl mayekenoi azaumyovly apmypii
macinoepi  Kkapacmuipvinaovl. [TAXK-nviy mpancpopmayusaneiy  acepine  Hazap
ayoapuvliaosl, Kayinmepoi xkapmasa mycipy, acepoi Oaz2anay, 0caioblKmvl Manoay
JicoHe mayekenoepoi backapy Hcocnapiapvlh asipiey KeziHoe 0napobly MUiMOiniciH
KepcememiH conavl 3epmmeyiep Kapacmuipuliaosl. Cy macKblHbIHbIH ICEPiH 6aKbliay
Jicone mooenvoey yuin Landsat 8-9 owconme Sentinel 1 cnymuukmix cypemmepin
navoanauy Hazap ayoapapiwlx. Homuoicenep mayexenoepoi 0an kapmaza mycipy yutin
ken eawemoi manoay men 1AXK Oipixmipy kaxcemminiein kepcemeoi. Maxana IAXK-
oa yw emuemoi Oelineney dwcaHe dicemindipineen Oondicay adicmepi CUsKmMbl
UHHOBAYUANLIK  20icmepdi  Konoawyovl Koadauoel. On apmypni cyeHapuiiiepoe
Kananapovly Cy MACKbIHbIHA MO3IMOLNIcIH  apmmulpy  YWliH — MeXHON02USIbIK,
Jrcemicmikmepoiy, MaHvl30bLIbIEbIH Kopcemedi. bonawax 6azvimmapea o3eepmeni
Knumammeuix  Oonoicay aodicmepin  dcemindipy, Oanipex 0O0a4CaAy YWIH HCACAHObL
UHMEILIeKM NeH MAUUHANBIK OKbIMYObl OIpIKMIpY JHcaHe e2oicell-mezdicelli KopiHicmep
any ywin IAXK-oa 3D o6eiineneyoi naiioanany xipeodi. Comnoaii-ax, maxanaoa cy
MACKbIHBIHBIY bIKIMUMATL Kayinmepine anioblH-and apeKem emy YuliH HAKmvl YaKvlm
pesicuminOe axnapam 6Gepyoe IloT mecizinOezi asmomammanovipwvlizan OAKbLIAY
Jcyenepiniy aneyemi Kopceminen.

Tyitin ce3nep: cy 6Oacy, [AK, mayekendepdi backapy, euopoOUHAMUKANBIK
MoOenboey, KeHICmIKmiK manoay.
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OB30P COBPEMEHHBIX I'MC-TEXHOJIOT UM /1151 YITPABJIEHU S
PUCKAMMU INIOATOIVIEHUA, NEPCIHEKTUBbI PA3BBUTUA

A.T. Myxamexkanosa'> @ | I, Kasumkanyasl>* @ | E.B. Yrenos'? @,
A.C. Tyaebexosa?® | C.A. Kapay.1os' ®

I'TOO «Solid Research Group», 010000, Astana, Kazakhstan
’Epasuiickuil HalMoHanbHeli yauBepcuteT umenn JI.H. T'ymunesa, 010008, Astana, Kazakhstan

AHHoTauus. /loomonnenue, asnsoujeecs credcmeuem no8bIUEHUs YPOBHS 2PYHIMOBbIX
800, YCY2YOIsIeM0o20 UIMEHEHUEeM KIUMAama u ypoanuzayuet, npeocmagisem coooli 6ce bonee
cepvestylo npoonemy. B Oannom ob630pe noopobHo paccmampusaromcsi cospemeHHble
cmpamezuu  YNpaeieHusi pUCKaMu NOOMONIEHUS, NOOYEPKUBAEMCSl  KIIoYesasl poilb
2eoepaghuveckux ungopmayuonnvix cucmem (IUC) u ceszannvix ¢ Humu mexnonoauti. Bo
86€0eHUU  NOOYEPKUBAEMCSL  CEPLESHOCHL  NPODTIeMbl, VKA3bIBAEMCS HA ee  CIOJNMCHbILL
Xapakmep U He2amusHoe GIUSHUE HA 20pOOCKYI0 cpedy. B cmamwve paccmampusaromcs
PpasnuuHble noOX00bl K CHUINCEHUIO PUCKA, TMAKUe KAK GEPMUKANIbHLIL U 2OPUSOHMAIbHBIL
OpeHadxc,  asMoMamu3UpPOBAHHbIL — MOHUMOPUHZ U UCKYCCMBEHHOe  8038bIULCHUE
nogepxnocmu. OcHo8Hoe 6HUMaHue Yyoensemcst npeoopasyioujemy 6ozoeticmeuro [ UC,
Paccmampuearomcs NOCJIeOHUe UCC1e008aHUs, 0eMOHCIpUpyowue ux sggekmusHocmos npu
COCMAgNEeHUL Kapnm OnacHocmeli, OYeHKe 8030elCmaUsl, anauze YsI36UMoChiu U paspadbomke
NIAGHO8 YNPAGNEHUsl DUCKAMU. 3aciyxcusaem GHUMAHUS UCNONb308AHUE CHYMHUKOBbIX
cHumkoe Landsat 8-9 u Sentinel 1 ons monumopunea u MoOenUpoBaHUs. NOCIeOCMBULL
noomonnenus. B evlodax — noouepkusaemcsi  HeOOXOOUMOCMb — UHMeSPAyUU
MHo2oKpumepuanoroeo avanuza u TUC ona mounoeo xapmuposaus puckos. Cmamvs
8bICmMynaem 3a UCHONL3068aHUE UHHOBAYUOHHBIX Memo008, MAKUX KaK mpexmMepHas
susyanuzayus 6 IHUC u ycogeputeHcmeosanHvle Memoobl NpPOCHO3UposaHus. B Heil
NOOYEPKUBAEMCsL  BANCHOCHL — MEXHONO2UYECKUX — OOCMUdCeHUull Ol NOBbILUEHUS
VCMOUMU80Cmuy 20p0008 K NOOMONTIEHUIO 8 paIudHblx cyeHapusx. byoywue nanpaenenus
BKIIOUAION COBEPUIEHCIMBOBAHUE MEMOO08 NPOSHO3UPOBAHUSL 8 VCILOBUSX MEHSIOUIe20Cs,
Kumama, UHmezpayuro UCKYCCMeeHH020 UHMEUIeKMA U MAWUHHO20 00yuerus ons bonee
MOYHBIX NPOCHO308, A Makdce ucnonvzosarue 3D-suzyanuzayuu ¢ 1UC ona nomyuenus
OoemanvHblx npedcmasneHuti. B cmamve makoice  noouepkusaemcs — nomeHyuan
ABMOMAMUUPOBAHHBIX CUCTEM MoHUmopuHea Ha 6ase loT 6 npedocmasnenuu ungopmayuu
8 pedcume peaibHo20 8peMeHU Ol YHpexrcoaroue2o peazuposaniisi Ha NOMEHYUATbHbLE
V2p0o3bl NHOOMONLEHUSL.

KaroueBble  cuaoBa:.  noomonnenue, IHUC,  ynpasienue  puckamu,
2UOPOOUHAMUYECKOEe MOOeNUPOBAHUe, NPOCMPAHCMBEHHbIN AHAU3.
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1 BBEJIEHUE

[Toaronnenue — 3TO ciaenCTBUE MOBBIIEHUS YPOBHS HOA3EMHBIX BOJI, UTO MOXET IPUBECTU K
Pa3IMYHBIM HEraTUBHBIM MOCIEICTBUSAM /71l TOPOJICKUX TEPPUTOPHUIL. DTO SIBIIEHUE MOXKET BbI3BATh
aBapUitHO-KaTacTpo(UUecKrue, AaHTUCAHUTAPHO-IAUCKOM(POPTHBIE W 3KOHOMHYECKH YOBITOUHBIC
COCTOSIHUS 3JIaHHH, COOPY)KEHHH, KOMMYHHKAIIUH M JAPYTUX AJIEMEHTOB MH(PPACTPYKTYpHI TOpona
(Hammond et al., 2013).

[lon TepMUHOM «IIOATOIJIEHUE TOPOACKUX TEPPUTOPUI» MOHUMAETCS SIBIIEHUE CKOIUICHUS
MOBEPXHOCTHBIX BOJ, OOYCJIOBJICHHOE HEIOCTAaTOYHON JPEHAKHOW CHOCOOHOCTBIO TOPOJCKHX
TEPPUTOPHIA. ITO MPOUCXOAUT B CIydae, KOrja CTOK HE MOXKET OBITh CBOEBPEMEHHO JINKBUIHMPOBAH
13-3a MPOAOIDKUTENbHBIX ocalkoB (Zhang et al., 2020; Tang et al., 2018; Zhang et al., 2018).
[Togromnnenue, sBISAACH OJHUM W3 MPUUMH ropojckux HaBogHeHud (Hammond et al., 2013),
MIPEJCTaBIISIET COOON CUTYaIUIO, TPU KOTOPOU MHTEHCUBHBIE T0KIM WK KPATKOBPEMEHHbIE ITEPHOIbI
CWJIBHBIX OCAJIKOB MPEBBIIIAIOT BO3MOXHOCTH TOPOJCKON CHCTEMBI BOJOOTBeNeHUS. B pesynbrare
BO3HUKAIOT KaTacTpo(pUUeCKUe MOCIEICTBUSA, CBSI3aHHbBIE C TOJAHATHEM YPOBHS MOA3EMHBIX BOJ (Xue
et al., 2016).

BBuny miobanpHOTO M3MEHEHUs KiIMMara UM OBICTPOro Mmpoliecca ypbaHu3zanuu, mpoodiiema
MOJTOTJIEHUS] TOPOACKUX TEPPUTOPHUIl MpHOOpeTaeT 3HAUUTENbHBIN XapakTep B Pa3IMYHBIX
ropojickux peruonax mupa (Akter et al., 2017; Li, 2012). DTOT SIBISIONTAICS CISACTBUEM COYCTaAHUS
(akTOpOB TMpollecC MOPOKAAET CEPhE3HbIE COLMATIBLHO-IKOJIOTUYECKUE TPOOIEeMbl, TaKhe Kak
paspyllieHne HMYIIEeCTBa, OrpaHWYEHHE MOOWIBHOCTH, 3arpsi3HEHHE BOJHBIX PECYpPCOB H
skoHOMHYeckue yObITKH (Quan et al., 2010; Salvadore et al., 2015; Zhang et al., 2016), ocobeHHO
B CTPEMHUTEIILHO pa3BUBArONIMXCS cTpaHax (Xue et al., 2016).

[IpynunHEl 1 UCTOYHUKH NOATOIUIEHHs HAa Pucynke 1 moapasaensrorcs Ha €CTECTBEHHBIE U
TEXHOTEHHbIE (aHTPOMOTECHHBIE), KOTOPbIE MOTYT HPOSBIATHCS MO OTAEIBHOCTH WM KOMILIEKCHO,
BIIWSIS HA 3aCTPOUKY To-pasHomy (Sologayev, 2020).

CrnenoBarenbHo, pa3paboTka dS(O(PEKTUBHBIX CTpaTeruid MO MPEOJOJICHUIO MPOOIEMBI
MOATOIUVIEHUS] TOPOJOB CTAHOBMUTCS HACYIIHOM 3ajadedl i MPABUTEIbCTB M  YIPABISIOMINX
JIMBHEBBIMH BOJIaMU TOPOJIOB areHTCTB.

Cpenu cylecTBYIOIMX PEIICHUN IS 3aIIUThl TEPPUTOPUI OT MOATOIIIEHUS MOXKHO BBIJEIIUTh
CIIeIyIOLIHE:

— C HCHOJb30BAHUEM BEPTUKAIBHOIO APEHAKHOTO 3JIEMEHTAa U TOPU30OHTAIBHOIO JApPEHa)a
IPaBUTAIMOHHOTO THIA C MAaJOHAKJIOHHBIM M HEHAKIOHHBIM JpeHaxkoM (Romashchenko et al.,
2022);

— aBTOMAaTU3WPOBAHHOE peIleHHe (JaTYUK C aBTOMATHYECKO CHCTEMOil MOHUTOPHUHIA BOIbI
WE, xoTopblif mpoBepsieT 1 PUKCHPYET YPOBEHb BOBI C MOMOIIBI0 kKamepsl) (Laxmi et al., 2022);

— METOJl IPOTHO3UPOBAHUS TEPPUTOPHUH, KOTOPBIE MOTYT OBITh MOABEPKEHBI MOJTOIIICHUIO B
OyayuieM (MOXeT MOMOYb B IUTAHUPOBAHUHU TOPOAOB U MPENOTBPALICHUH pucka noaroreHus) (Lin
et al., 2022);

— HCKYCCTBEHHOE  IIOBBIIIEHUE  [OBEPXHOCTH  TEPPUTOPUM 1O  HE3aTOILIIEMbIX
IUIAHUPOBOYHBIX OTMETOK (HAmpuMep, CO3/aHWE HACBHIMM TOJ 3alUIIAEMBIMH COOPYKEHUSMU)
(Makarov et al., 2015; Brown et al., 2019);

— oOBasoBaHUE TeppUTOpUU (co3laHue Jam0, HAChIEW WM JAPYrUX OTPakAAIONIUX
KOHCTPYKIIMH, KOTOPBIE MPENATCTBYIOT pacrpocTpaneHuto Bojbl) (Romashchenko et al., 2022);

— YCTPOMCTBO PYCIOPErYIUPYIOLUIUX COOPY)KEHUH M COOPY)KEHUH IO PEryIMpOBAHUIO U
OTBOJy MOBEPXHOCTHOTO cToKa (Shaad, 2018);

— YCTPOMCTBO CHCTEMAaTUYECKHX JAPEHAKHBIX CUCTEM U JIOKAJIBbHBIX JIPEHaXeW Uil 0TBOJA
BOJIBI (BKIJTFOUAsI MEPOTIPUATHUS 1O BogoNOHMKeHUI0) (Gormley et al., 2021);

— YCTPOHCTBO NPOTHBO(QMIBTPAIMOHHBIX 3aBec M dKkpaHoB (Kalybekova et al, 2023;
Razuvaeyv et al., 2022);

— 3al[UTa BOJOHECYIINX MHKEHEPHBIX KOMMYHUKAIIUH (TP TEXHOTEHHBIX puckax) (Bremer
et al., 2021).
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ITonsém ypoBHS BOTOEMOB

HcTtounuku — Mops, 03€pa u
peku

OmyckaHre MOBEpXHOCTH
TIPUOPEXKHBIX TOPOJIOB

HcTounuku — Mops, 03épa u
peKH

EcrecTBeHHbBIE NPUYUHBI
NnoATOIJICHUS

HUctounuk — atmocdepHas
BJara

|| T{ukiel koneOaHus KiiuMaTa

HUcrounuk — atmochepHast
BIIara

Ce3onnble konedanus YI'B

I'mpporexnuyeckoe
— CTPOUTETHCTBO
BOJIOXPAHWIIAII ¥ KAHATIOB

HapymeHHe €CTCCTBCHHOI'O
TMMOBEPXHOCTHOT'O 1
MMOA3EMHOI'0 CTOKOB

TexHOreHHbIE NMPUYINHBI
NMOATOIVICHUSA —

YTeuku U3 BOJOHECYIINUX
— KOMMYHHUKALIAN

Pucynok 1 — [Ipuunssl u ucrounuky noarormieHus (Sologayev, 2020)

B nocnennue nexansl Bce Oosbliiee npumeHeHHe obpenu ['eomHboOpMalliOHHBIE CHCTEMBbI
('NC), criocoOcTByOIIME PEMICHUIO PA3IMYHBIX POOIEM, UMEIOIINX MPOCTPAHCTBEHHBIN XapaKTep,
K KOTOPbIM B TOM uuciae oTHocuTcs mnoxarorienue. ['MIC mpencraBnser coOoi OBICTPBIA M
3¢ dEeKTUBHBIN MOIXO0M K aHAINU3Y MPOoOJieM, CBSI3aHHBIX C MOJTOIJICHHEM, a Takke 00ecreynuBacT
aBTOMAaTH3AIMIO Tpoueayp mnporHo3upoBanus (Andreev, 2019). OauH 13 crmoco0OB MPUMEHEHHS
I'MC npns npenoTBpalieHUs MONTOIUICHHH — 3TO HCIOJBb30BAHME KOCMHMYECKUX CHHUMKOB IS
MOHUTOPHHIA W MOJEITUPOBAHUS YpPOBHSA TAaBOJKOB BOJHM3M pEK, 03€p, MOpeil, OKeaHOB,
OTCIIe)KMBAHME OCAJKOB B PETHOHE Mpu TmoMomu crenuanudupoanHeix [MC mporpamm.
OCHOBHBIMM ~MCTOYHHKAMHU HCHOJB3YeMbIMH CIHYTHUKOBBIMM CHUMKAaMH ISl OLEHKH U
MpeOTBpaIeHHs TaBOJKOBOM CHUTyalluu MOTYT siBJIsThCs Landsat 8-9 u Sentinel 1, ¢ paspemiennem
ot 15 o 30 m/miukcens (Dao & Liou, 2015). MonenupoBaHue B CIICHAIU3UPOBAHHON IMPOTpaMMe
JaeT TOHMMAaHHUE TOBEJCHHS BOJAbI B TOW WMJIM MHOM MECTHOCTH, TaKKe MPUMEPHOTO IMOJICYeTa
HaHeceHHoro yiepoa (Andreev, 2019).

Ilenpto maHHOUW pabOTHI sABNsETCS packpbiThe moTeHnuana npumeHenus [MIC B pemeHuun
poOieMbl OATOTUICHHUS ITyTeM 0030pa HEAaBHHUX MCCIIE0BAaHUN MUPOBOI HayKH M MPAKTUKH. J{71s
0030pa MOAOMpaNMCh HAy4HbIE CTaThbH JKCIEPUMEHTAIBHOTO XapakTepa, OMyOIMKOBAaHHBIE 3a
MOCIIEAHNUE 5 JIET B pEUTUHIOBBIX MEXAYHAPOJHBIX KypHaIaXx.

2 MHTET'PUPOBAHHBIE I'MC TEXHOJIOI'MHU

B pa6ote (Oumaima et al., 2019) npoBeneHo cpaBHEHUE ABYX LU(PPOBBIX MOJENeH penbeda
(LIMP): LIMP ASTER c¢ npocrpanctBenHbIM paspemienuem 30 m u LIMP, noixyueHHON Ha OCHOBE
crepeockonuyecknx cHUMKOB Pleiades ¢ paspemenuem 4 M. C UCNONB30BaHUEM THIPABIMYECKON
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mogaenu (HEC-RAS) u o6enx LIMP Obutn co3ianbl MOJIENH U IPOAHAIM3UPOBAHBI 30HBI 3aTOIIIICHUS
JUI Pa3MUYHBIX MEPUOJOB Bo3Bpara. s omenku obeux [IMP BeiOpaHbl pa3iudHbIe pallOHBI C
pPa3HbIMH XapaKTEPUCTHUKAMHU: TYPUCTHUYECKHE pallOHbl C BBICOKOM IOCEIAeMOCTbIO BOJIN3H
PErHOHAJIIBHONM JOPOTH U CEIbCKOXO3SMCTBEHHBIE PaliOHbl Ha AJUIIOBHAJIBHBIX Teppacax, Ie
MIO/JIBEPKEHBI BO3/ICHCTBHIO BO3/IEIBIBAEMbIE MOJIS M UH(PACTPYKTypa. Pe3ynbraTsl moKka3sIBatoT, YTO
LIMP c BeicokuM pa3zpemieHueM Pleiades oGecneunmBaer TOYHOE KapTrorpaupoBaHUE MOWMBI B
CIIOKHBIX PeTbe(HBIX YCIOBHSIX, TAK KaK OHA PEATHMCTUYHO OTOOpakaeT Tonorpaduio 1 mo3BojseT
KOPPEKTHO  MOJEJHMPOBaTh HAONIOAaeMble yPOBHM BOABL. OJTa paboTa  IMOJYEPKUBAET
JOTIOJIHUTENbHYIO II€HHOCTh JMCTAHLMOHHOIO 30HIMPOBAaHUS BBICOKOTO pa3pellieHus Mpu
MOJICTUPOBAaHUH HABOJAHEHHUI B PETHOHAX C OTPAaHUYCHHBIM 00HEMOM JJAHHBIX.

B uccnenoBanuu (Afifi et al., 2023) npumeHsMch METOIbI AHATUTUUECKOTO UEPAPXUUECKOTO
nporecca (AHP) u crincok cymiecTBeHHBIX (paKTOPOB, BIMSIONIMX HA TOPOJCKHWE HaBoaHEHUA. Jliis
Kaxa0ro (akropa UCHOIb30BAINCH JaHHbIE, [OJIYYEHHbIE METOJaMU JUCTAHLMOHHOTO
3oHaMpoBaHus. KonmmuecTBEeHHBIM aHaMM3 ¢ ucrnosib3oBaHueM mertoga AHP Ovinm mpoBenmen s
OTIpEIETICHUs] OKOHYATENbHBIX BECOB KaxJ0ro ¢aktopa. IIpocTpaHCTBEHHBIN aHaAIN3 JaHHBIX MPU
nomoutn I'MC wucrnonb3oBaicst A BBISIBICHUS pa3iMYHBIX (DAaKTOPOB Ha KapTe YA3BUMOCTH.
Pesynbrarel mokazanu, 4Tro (PAKTOp KOJIMYECTBA OCAJKOB HMEET HAMBBICIIYIO BEPOSITHOCTH
HABOJIHEHUS C MPUOPUTETHBIM BecoM 38%, 3a KOTOPBIM CIIEAYIOT pacCcTOsiHUE N0 pyubs (26,3%) u
yKi10H MecTHOCTH (13,4%). PacTuTenbHbIi OKPOB-3eMJIENIOIB30BaHIE U BBICOTA HAJl YPOBHEM MOPS
oKazaiuch MeHee 3HauuMbIMU ¢ Becamu 11,5% u 10,8%, coorBercTBeHHO. Pa3zpaborannas kapra
YSI3BUMOCTH KJIaCCU(QUIMPYET 30HBI Ha TPU YPOBHS PUCKA TOPOACKHUX HABOJHEHUMN: BBICOKHIA,
yYMEpEeHHBIH U HU3KHI. JTa Kkiaccupukanus HarpaBlieHAa Ha TOJJEPKKY MPHUHATHS pelleHudl u
MOJITOTOBKY K CMSITUEHUIO MOCIJIEACTBUI HaBOHEHUH.

B pa6ote (Natsuaki & Nagai, 2020) npumeHeHrne KOCMUYECKOTO pajapa ¢ CHHTE3UPOBaHHON
aneptrypoii (SAR) s oOHapykeHHsT HABOAHCHHM OKa3aloch 3(PQPEKTHBHBIM HHCTPYMEHTOM B
YOPaBJICHUH JIMKBUIAIMEH TOCIEACTBUA CTUXUUHBIX OencTBuil. TOYHOCTH OOHApY)KEHUS
MOBBIIIAETCS MPU HAKOTJIEHUU HAONIOACHUN TIepe]] HACTYIUICHHUEM COOBITHS, OJTHAKO UCTIOIb30BaHHE
HECKOJIbKUX PEXHMOB HAONIOACHUS MOKET MPUBECTU K HEIOCTATOUHOMY OXBATy JaHHBIX B OJHOM
pexuMe C OTHOM U ToM ke opOouThl. [locnenaue uccnenoBanms B 007aCTH 0OHAPY)KEHUST HABOAHCHU I
COCpPEIOTAauMBAIOTCA Ha MpPEeuMylIecTBaX OOUIMpHOro Habopa HAOMIONCHU, BBIMOIHEHHBIX C
WCIIOJIb30BAaHUEM OJTHOW OPOUTHI U B OJHOM U TOM XKe pexume mnepen coobitueM. OnHAKO B ATHX
UCCIIEIOBAHUSX HE YYUTHIBAECTCSA MOTEHIIMAILHOE UCIOJIb30BAaHHE HECKOJIBKUX OPOUT U PEKHUMOB.
Hccnenoanue HarIpaBlIeHO HA aHAIHU3 BIUSHUS U3MEHEHUS OpOUTHI UK PEXXUMa HaOIIOIeHUs TTepe
coObITHEM Ha pPE3yJbTaThl. DKCIEPUMEHTAJIbHBIE JaHHBIE MOKA3alld, YTO B TaKUX HEHJICATbHBIX
YCIIOBHUSAX CYIIECTBYET BEPOATHOCTH YIYHICHHS 30H 3aroruieHus. OIHAKO TOYHOCTh OOHAPYKEHUS
MOKET OBITh BOCCTAHOBJICHA MyTeM OOBEIUHEHHs pe3yJIbTaTOB aHall3a pa3IHYHbIX HAOOpOB
JAHHBIX, YTO JIEJIAET €€ CONOCTABUMOM C UACAIbHBIMU CLICHAPUSIMHU.

B pamkax uccnenoanus (Alawadi et al., 2023) qis aHanuM3a U3MEHCHHH Ha 3aTOIJICHHBIX
TEPPUTOPUSAX U B BOJOXPAHUIIMIIAX HCIIOIB30BATUCH METOJIbl JAMCTAHIIMOHHOIO 30HJIMPOBAaHUS,
OCHOBaHHBIE Ha CIEKTPAIbHBIX HHIEKCaX. JlJig 3TUX 1eseil ObUIM MPUMEHEHBI JBa CIIEKTPATbHBIX
MHJIEKCa: HOPMAJIM30BaHHbBIN pa3HOCTHBIN MHAEKC Boabl (NDWI) u HOpMann30BaHHBIN pa3HOCTHBIM
uHaekc BraxxHoctu (NDMI)., CBs3aHHbIE ¢ HABOJHEHUSIMU HEU3MEpPEHHbIE IOTOKU B OOJIOTO ObUIH
TaK)Ke OLIEHEHBI C UCIOJIb30BaHUEM BOJIHOTO OanaHca. [IpoBepka TOUHOCTH omnpeaesneH s UIoMaan
BOJIHOHM MOBEPXHOCTH, MOJIYyYEHHOU C MCIOJIB30BAaHUEM MHAEKCOB IUCTAaHIIMOHHOTO 30HIMPOBAHUS,
IIPOAEMOHCTPUPOBAJIa IPUEMIIEMBIN YPOBEHb TOUHOCTH, YTO MOJIOKUTENBHO CKa3aJI0Ch Ha pacyeTax
IIPUTOKA BO/IbI. Pe3ynbTaTsl BOJHOrO O6ajgaHca nokasaliu, 4To B TEYEHHE 5 MECSI1IEB 110 CJI€ HAaBOJHEHUS
IIPUTOK BOJBI B 00JI0TO cocTaBmil npubau3utenbHo 41,2% ot ob1iero o0bemMa NoCcTynuBIIEH BObI B
TaHHO€E 00JIOTO.

B uccnenoBanuu (Yang et al, 2023) mpoBeneH KOMIUJIEKCHBIA aHAIU3 OMAcCHOCTEH OT
BHE3amHbIX oOpymeHui nenHukoBbix o3ep (GLOF) ¢ ucnonb3oBaHMEM MHOTOMCTOYHHUKOBBIX
JAHHBIX JUCTAHIIMOHHOTO 30HIUpoBaHus. Pa3zpaboTaHa Mojendb HABOJHEHWH, YUMTHIBAIOLIAS
pa3nuyHbIe IITYOUHBI IPOPHIBA U 00bEeMBbI BEIOPOCOB. C MCIOIB30BaHUEM ONTUYECKUX M300pakeHU I
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BBICOKOTO paspelieHus Obljia ONpeeieHa IUIOIMaab U 00beM PACHIUPSIOMINUXCS JIEAHUKOBBIX 03€p.
Hcnone3ys uHTepdepoMeTpudecKuii pamap ¢ cuHTe3upoBaHHOU ameprypoit (SBAS-InSAR),
OTCJIEKUBANIACh CKOPOCTH e(OpPMAaLIMU U JTOITOCPOYHbIE BpeMEHHBIE Psijibl JedopManny B paiioHe
IUTIOTHHBI 03epa. TeHAeHIUs MCTOHYCHMS JIeJHHKa ObLia BbIsABIeHA No pasHuue B LIMP. Ilyrem
oObeaMHEHUsT Tomorpaduyeckoro ykiIoHAa H  H3MepsieMod JegopManuu ObUIM  BBIIEJICHBI
MOTEHLIMAIbHbIE HCTOYHUKY JIaBUH. 3aTeM ObLIO MPOBEIEHO MOJEINPOBAHNE HABOJHEHUH IS TpexX
pa3IMYHBIX CLIEHAPUEB C HMCIOIb30BaHueM ruaponnHamudeckord moaenu HEC-RAS. Tlomyuennbie
pe3ynbTaThl CBUJAETENBCTBYOT O TOM, 4YTO BO BCEX CLEHapHUsIX peka I[0/Bepraercs
BBICOKOMHTeHCHUBHOMY Bo3zaeicTBuio GLOF. VYBenunuenue miyOMHBI MOTOKA M MHUKOBOTO pPacxoja
HaOmonaeTcst mpu OOJIBIIEH TTyOMHE MpopbhiBa U oObeMe cOpoca. B o0mieM, pa3iaudHbIe METOIBI
JUCTAaHIIMOHHOTO 30HAMPOBaHUS MOTYT OBbITh NPUMEHEHBl K JPYTMM JICIHUKOBBIM O3€paM, a
MOJICJTMPOBAHUE MOXKET CIIY’KUTh OCHOBOM Jytst cmsiruenust nocneactsuit GLOF.

B uccnenosarensckoit pabore (Annis et al., 2020) BpiOpanu LIMP LiDAR B kauecTBe 3Tanona
JUIS CpPaBHEHHUS XapaKTEPUCTUK OecnMIIOTHBIX JieTaTenbHbIX annapatoB (BITJIA) ¢ HaunoHanbHON
IOMP Bricokoro pazpemenusi (TINITALY) npu wmonenupoBanum tomnorpaduu BoAocOOpHOM
IJIOMIAM NIl aHallh3a MOTEHIMANIbHBIX HaBoAHeHWH. Pasmuunsie [IMP Obumn oOpaboTanbl ist
MOJIy4YEHUS] HUCXOAHBIX JIAHHBIX, MCIIOJIB3YEMBIX B IIEMOYKE TUAPOJIOTO-TUIAPABINYECKOTO
MOJIETMPOBaHMs. JTa IIEMOYKa BKJIIOYAET B ce0s cUCTEeMy THUIPOJIOTHYECKOr0 MOJEIMPOBAHUS
EBA4SUB (Event-Based Approach for Small and Ungauged Basins), ocHoBannyto Ha [IMP, mis
OLICHKM pacyeTHOro ruaporpada B HErpaJlyHpOBaHHBIX BOJOCOOpax, a TakXKe JIByMEPHYIO
ruapasanyeckyro moaens FLO-2D ama monenupoBaHus MapiipyTa MaBOJKOBBIX BOJH M CO3IAHMS
KapT OmacHOCTU. B pe3ynbrare MpoBEIEHHOTO HCCIENOBAHUS ObLI BBITOJHEH KOJIWYECTBEHHBIH
aHan3, KOTOPBII MOATBEPANI YCTOMUHMBBIE XapakTepucTuku [IMP, mosydeHHBIX ¢ HCOJIb30BAHUEM
BITJIA, w monmnepkan BO3MOXKHOCTH A((EKTHBHOTO JAUCTPUOYTUBHOTO  MOJICITHMPOBAHUS
pacrnpocTpaHeHHsl U TITYOMHbI HABOJHEHUH.

B wuccnegoBanuu (Muthusamy et al., 2019) npemioxeH KOMIUIEKCHBIM KOHIETITyadbHbIN
MO/IXOJ, OCHOBAaHHBIM Ha JMCTAHIMOHHOM 30HIUPOBAHWM, Ul YCOBEPUIEHCTBOBAHUS TEKYILEH
OIlEHKH MacmTaboB u ymiepda OoT HaBogHeHHW. B pabore wucmonwizoBamu [IMP c BeicOkuMm
paspelleHrueM, CO3JaHHYI0 Ha OCHOBE IM(POBOM MOJENM TMOBEPXHOCTH U LU(POBONH MOAETH
nanmmagTa. C 310l Mozenbio Obl1a pazpadborana 2D moaens HaBogaHeHus B mporpamme HEC-RAS
(vS) nmns um3yyaemoil oONacTH, YYMTHIBasS KaK pE4YHble, TaK U IUIIOBUAJIbHbIE HABOJHEHUS.
OtkanuOpoBaHHbIE MOJETH 3aTeM NPUMEHSUIUCh JUIsl CpaBHEHUs yiiepda OT peYHbIX U
KOMOMHUPOBAaHHBIX HABOJHEHUN Ha pa3IUYHBIX THUIAX 3EeMJIENONB30BaHUA. Takke Obun
COIMOCTAaBJIEHbl KOJMYECTBO MOCTPAAABIIUX JKUJIBIX OOBEKTOB C MCIIOJIb30BAHUEM PE3YJIbTaTOB
MOJICTIMPOBAHUS U JJaHHbIE, TOJy4eHHbIE ¢ moMolbio BITJIA. ABTOpBI yTBEPKIAtOT, UTO ATO MEPBbI
ciydaif, Korga OOBEAMHEHBI JaHHbIE AMCTAHIMOHHOTO 30HIUPOBAHUS, THAPOJIOTHYECKOTO
MoJlenupoBaHus U uH(popMmaius o0 ymepOe OT HaBOAHEHUH Ha ypOBHE OOBEKTa JUIs aHaau3a
MacmTaboB U MOCIEACTBUI PEUHBIX U IUIIOBUATBHBIX HABOJHEHHUN B OJJHOM COOBITHUHU. Pe3ynmbrarhl
[OTYEPKUBAIOT BAXKHOCTh Y4€Ta IIFOBUAIBHBIX HABOJHEHUMN, AK€ €CIIU PEYHbIE MTABOJKHU SIBIISIOTCS
OCHOBHOHM NpHYMHON ymiepOa. Pe3ynbsrarsl uccieqoBaHUl MOKa3add, YTO IUIFOBUATIbHBIC MMaBOAKU
YBEITUYMBAIOT KOJIMYECTBO MOCTPAJAaBIIUX OOBEKTOB Ha 25%, a Takke YyDIyOJsioT 3aTOIICHHBIE
TEPPUTOPUH, TOMYEPKHUBAST HEOOXOIMMOCTh YydeTa (IrOBHAIbHBIX HABOJAHEHUN B CTpaTeTUsX
yIpaBieHHUsT puUcKaMu. bonblas 4acTe OaHHBIX IS 3TOTO HCCIENOBaHUS ObLla MOJIyueHa C
WCIIOIb30BAaHUEM METOJIOB AUCTAHIMOHHOTO 30HAMpoBaHus, BkItodas BIIJIA, yto momuepkuBaer
BaXHOCTh Pa3BUTHS TAaKUX CHUCTEM JJsl YIYYIIEHHUS MPAKTHK OLIEHKH MaciuiTaboB M yiiepba ot
HaBOJHEHUH.

B wuccnenoBanuu (Albano et al., 2020) npeanaraercs OMOMKETHBIH METOJ] OOIIUPHOTO
KapTorpadupoBaHUs HEMOCPEACTBEHHOTO SKOHOMUYECKOro yiiepOa OT HaBOIAHEHHH B YCIOBHSX
OTPAaHMYEHHOCTH JAaHHBIX. MeTOoAMKa BKIIOYAE€T TPU OCHOBHBIX dTama: CO3JaHHE KapThl TITYOWHBI
BO/JIBI C TPUMEHEHHEM TeOMOP(OIOrHUECKOr0 METOIa, OCHOBAHHOTO Ha KOHTPOJIMPYEMOM TMHEHHON
OuHapHOW  knmaccudukanuu;  (GopMupoBaHHE  KapThl  3eMJICMIONB30BAaHHMS  HAa  OCHOBE
MHOTOCHEKTPANbHBIX CIHYTHUKOBBIX H300pakeHuit Landsat 8 ¢ wucnonmp3oBaHWEM alroOpUTMAa
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KJaccu(uKaly, OCHOBAaHHOTO Ha MAIIMHHOM OOY4YEeHWH; M TPOBEACHUE OLEHKH yiiepda ot
HaBOJHEHUH ¢ ucnonp3oBanueM [ MC-uHCTpyMeHTa, OCHOBAHHOTO HAa METOZEC KPHUBBIX YSI3BUMOCTHU
(tmyouHa-ymiep6). [IpemnokeHHbIH KOMIUIEKCHBIA TOIX0J ObLT MPUMEHEH Ha BCEH TEeppUTOpPUU
Pymbinum 3a nepuog 100 net ¢ pazpemenueM 30 meTpoB Ha Pucynke 2. Pe3ynbraThl okasainu, 4To
NPEIIOKEHHAsT SKOHOMUYHAS MOJAETh MOXET S(PQEKTUBHO BBHIMOJHATH OOIIMPHBIA aHAIN3 B
YCIIOBHSIX OIPAaHMYEHHOCTH JAHHBIX, YTO OCOOCHHO Ba)KHO JUIS OLIEHKW pUCKa HaBoAHeHWH. Takoin
MOJIXOJ MOXKET OBITh TOJIE3CH MPH MPOBEJICHUN W OOHOBIICHMH OLEHOK PUCKA M YIPABICHUU MM,
YUUTBIBAST BPEMEHHBIE W TIPOCTPAHCTBEHHBIC HM3MEHEHHUS B OINACHOCTH, IIOJBEPKEHHOCTH U
YA3BUMOCTH.

Legend
Damage (euroim2)

Value
am’

o

Pucynok 2 — Kapra ymep6a mist (A) Pymbiauu ¢ paspemenueM 30 M ist coObitust co 100-JIETHUM MIEPUOIOM BO3BpaTa
u 111 (B) u (C) aByx KpymHBIX TopoqoB PyMbIHNH, TOCTpadaBIIMX OT MPOUUTHIX HaBonHeHui (Albano et al., 2020)

B uccnenosanuu (Dao & Liou, 2015) npeacrarineH 00bEeKTHO-OPUEHTUPOBAHHBINA MOIAX0O K
KapTorpadupoBaHUIO 30H HaBOJHEHUH U OlieHKe yiepOa. B pamkax 3Toro moaxona mpou3BoAUIACH
00paboTKka cerMeHTaluu U300paKeHUH C ONTHMAJIbHOM OIICHKOM MacHTaOHBIX MapaMeTpoB Ha
OCHOBE H3MEHEHUH JIOKAIbHBIX Bapualuii OO0bEKTOB. BbIsBIEHHE 3aTOMJICHHBIX TEPPUTOPUI
OCYIIECTBIISJIOCh Ha OCHOBE aHanu3a cHUMKOB Landsat 8 c¢ oOmieit TouHocThio Gonee 95% mo
CPaBHEHHMIO C JaHHBIMH, TIOJIYyUYEHHBIMH C HCIIOJIb30BAaHUEM CHHUMKOB C 0oJiee BBICOKHM
MIPOCTPAHCTBEHHBIM pa3pelieHreM. [IpoaykTel BereTaMOHHOIO HMHJIEKCA CIEKTpOopajauoMeTpa
MODIS ucnons30Baiuch s BbIIEICHUS TIOJIeH Ha OCHOBE C€30HHBIX KoJeOaHU Mexk 1y BererTanuei
U BOIHBIM UHAEKCOM B TMepuoj Tnepecankd. [lomyueHHBIE pe3yiabTaThl KapTorpapupoBaHUsS
HABOJIHEHUH M OLIEHKHU yiiepOa pUCOBBIM MOJSM MPEACTABIIN LIEHHYIO HHPOPMAITHIO JJTsI MECTHBIX
BJIACTel, oOyerdas yrpaBlieHHE MOCIEACTBUSIMHI HAaBOJIHEHUH, a Takke oOecreynBas OCHOBY IS
KOMIIEHCAllU{ U BOCCTAHOBUTEIBHBIX MEPOTIPHUSITHIA.

B pa6ore (Muhammad Amin & Othman, 2018) npuMeHsAI0Ch NporpaMMHOe obecrieyeHue
InfoWorks RS nmns mpoBemenuss mopenupoBanusi. CoOpaHHbIE JaHHBIE OBLUTH TEpENaHbl B
COOTBETCTBYIOILIIME MpoLeAypbl MojaenupoBaHus. [lodydeHHbIE pe3ynbTaTbl CBUAETEIBCTBYIOT O
CIIOCOOHOCTH MOJIENH C BHICOKOM JTOCTOBEPHOCTHIO UIMUTHUPOBATH TIIYOMHY HAaBOJIHEHUS M CO3/1aBaTh
KapTy naBojikoB. ChopMHUpOBaHHAs KapTa HaBOJHEHUI MOXET OBITh MOJIE3HBIM HHCTPYMEHTOM JIJIst
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MECTHBIX BJIACTEH M HACEJIECHUs IIPU IUIAHUPOBAHUM M IPOECKTUPOBAHMH, HAIIPABICHHBIX HAa
MUHUMH3ALNIO TOCIEICTBUH 1 yiepOa OT HaBOJAHEHHH.

B pesynbrate 0030pa uCCIeNOBaHUMN, MOCBSIIEHHBIX MOIEIHPOBAHUIO M OIICHKE pUCKA U
MaciITabOB HABOJHEHMH, BBIABICHBI KIIOUEBBIE TEHICHLWH, MOAYEPKUBAIOUINE Ba)KHOCTD
WHTETpallii COBPEMEHHBIX TeXHOJIO0TUN. BrisiBiieno, uro ucnosnb3oBanue BIIJIA u LIMP ¢ Beicokum
paspelieHneM YIydniaeT TOYHOCTh OLIEHKH PHCKa, a KOMOWHHPOBAHHBIA IOJXOM, BKIIFOYAIOLIHI
JaHHBIE TUCTAHIMOHHOTO 30HAMPOBAHUS, THAPOJIOTHYECKOTO MOACIMPOBAHUSI U HH(POPMAIUIO 00
yiiep0Oe, TT03BOJISIET OoJIee MOJTHO OIIEHUTh MacITaObl HaBoAHEHUH. ['eoMopdoIornyecKkie u METO IbI
MAIIMHHOTO OOY4eHHS IEMOHCTPHUPYIOT MOTEHIIUAI T OIODKETHOTO KapTorpadupoBaHus yiepoa.
B nemoM, 3TH wuccienoBaHus IOJYEPKHUBAIOT HEOOXOAMMOCTh uHTerpanuu HoBedmmx [MC
TEXHOJIOTH B OLIGHKE W YNPABICHWW PHCKaMU HABOJHEHHH, YTO CIIOCOOCTBYET I(PPEKTHUBHOMY
IUTAHUPOBAHUIO U MIPUHITHUIO PELICHUH 11 MUHUMU3aLUU TOCIEICTBUI.

3 COBPEMEHHBIE TEHJIEHIIUN

B pabote (Luchnikov et al., 2023) Obu1 mpoBeneH KOMIUIEKC TOJEBBIX M3BICKAHUN C
HCIIOJIb30BAaHUEM COBPEMEHHOIO TeoJie3uyeckoro oOopynoBaHus, BKItouas bBIIJIA, koTopslit
MpUMeHeH Juia co3aanus noapoOHsix LIMP u oprodoTomnnanoB HaceneHHbIX MyHKTOB. [lomyueHHbIE
JaHHBIE OBLIM HCIIOJB30BAaHBI B THAPOJIMHAMHYECKOM MOJCIUPOBAHUHU IIPOIECCa TMOJIOBOAUNM C
pa3IUyHOMN cTeneHblo obecrniedeHHOCTH. KOoMOMHUpOBaHHBIC HATYpHBIC HCCIEIOBAaHUSI, BKIIIOYAS
ucnions3oBanue BITJIA, obecrneumny BBHICOKOKAYECTBEHHBIE BXOJHBIC JaHHBIC I pa3paOOTKH U
Bepu(HUKAIIUN TUAPOAMHAMUYIECKON MOJIEIH y4acTKa, a 3aTeM JUIsl pacueTa TPaHuIl 30H 3aTOTUICHUS
HaceJeHHbIX MYHKTOB. C HCIOIb30BaHUEM MOAPOOHBIX OPTO(POTOIIAHOB OBLIIM COCTABIEHBI CIIMCKU
KHUJIBIX OOBEKTOB, 0ObEKTOB KOMMYHAIBHOTO XO3SIIICTBa W MHPPACTPYKTYPHI, MOANAJAIOIINX O]
BO3JIEMCTBYE 30H 3aTOIUICHUSI.

(Shugulova et al., 2022) npoBeneHO HCCeIOBaHUE IO METOIUKE TCOMH(POPMAIIMOHHOTO
MOJICJIMPOBAHUS TEPPUTOPUI, NOJBEPTAIOIINXCS MEPUOINYECKUM 3aTOIUICHUSIM B PEYHOW JIOJIMHE.
Pazpaborana anumarnmonnas ' MC-monens 3aTomieHnst 00beKTa NCCIEI0BAHMS, KOTOPBIN €XKEeT0THO
[O/IBEPraeTcs MHTEHCUBHBIM 3aTOIUIEHHSAM. MoJennpoBaHue CLEHAapus MPOBOJAWUIIOCH HAa OCHOBE
TUIPOJIOTHYECKUX JAHHBIX, HHPOPMAIMK O MOJHSATUU YPOBHS BOJbI B OINpENEICHHbINH MEepuol, a
TaKXke penbedHBIX JaHHBIX C MCMOJb30BaHHEeM HMHCTpyMeHTOB ArcGIS ArcScene na Pucynke 3.
[IpuMeHeHHbIE METOJbl BKJIIOYAIOT CPaBHUTENBbHO-TeorpaduyecKuil aHanus, Kaprorpaduyeckue
METO/1bl, I0JIeBbIE uccienoBanus, u apyrue ' MC texnomoruu. MccnenoBanue BKIIOUaE€T HECKOIBKO
3TaroB, B TOM 4Hcle cO0p U 0000IIeHHEe aHATUTUYECKUX JAHHBIX O THAPOJOTHYECKOM PEXHUME,
BECECHHEM IOJIOBOJIbE, ITaBOAKOBBHIX sBICHUAX, co3zmanue 1IMP nHa ocHOoBe manHbpix SRTM mu
pa3paboTKy IpOorHO3HOU Mojienu 3aToruieHus. [lomydeHHbie pe3yabraTbl MOTYT OBITh UCIIOJIB30BaHBI
IIpU TUTAHUPOBAHUU U PEATM3aLUKU MEPONPUITHI MO MPEAOTBPALICHUIO UYPE3BbIYAHBIX CUTYALlUH,
CBSI3aHHBIX C [TABOJKOBBIMU SIBJICHUSIMU Ha TAHHOM pEKe.

Pucynox 3 — Monens noaromenus 110 ¥ nocie B ArcScene (Shugulova et al., 2022)

B uccnenosanun (Xie et al., 2022) nns onpeneneHusi BECOB HHIAEKCA ObUT MPUMEHEH METO/T
B3BEIICHHON KOoMIUIeKCHOW oneHku (AHP), a nuama3oH 3aromieHust MOKIEBOTO CTOKAa MPH
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Pa3NUYHBIX CHEHAPHUAX JUBHS OBLI OMPEIEICH C UCIOIB30BAHUEM MOACTH (POPMUPOBAHUS CTOKA OT
Cyx0651 oxpansl ouB (SCS) 1 MoieTMpPOBaHUS TACCUBHOTO 3aTOIJICHUS B JIOKasIbHOM cucteme [ IC
C paBHBIM 00BbEMOM. Pe3ynbrarel CBUETEIBCTBYIOT O TOM, YTO MPH KOJUYECTBE ocaakoB Meree 100
MM 3a 2 yaca IUJIOIIa/b 3aTOTUICHHs YBeTMunuBaeTcs Ha 3,4 kM2 3a kaxpie 10 MM, a IIPU KOJIMYECTBE
0cajKoB, mpeBblmatomeM 100 MM 3a 2 yaca, MIOWIAAb 3aTOIIEHUs yBeJIUuMBaeTca Ha 18 kM 3a
kaxabie 10 mm ocaznkoB. OOLIas MIOMIA b 30H CPETHETO U BBICOKOTO PUCKA 3aTOIIEHUS] COCTABIISAET
441,3 xm>.

B pa6ore (Andreev, 2019) ocBemraercsi TEKyIee MOJIOKEHUE W MEPCTICKTHBBI MPUMEHEHUS
reouHpopmanioHHbix  TexHonoruit  (I'MC-rexnonormm, [MC-makeTsl) ¢  HCHONIB30BaHUEM
KapTorpau4eckoro MOAXOAa Ui TPOTHO3MPOBAHHMS W MOJECIMPOBAHHMS OIHON W3 Hamboiee
aKTyaJbHBIX IIPOOJIEM B 00JaCTH 3KOJIOTUM U YPE3BbIYANHBIX CUTYallMi. AHAIM3UPYIOTCS TEKYILUE
Macmtabbl ucnonb3oBaHus ['MC-texHomornii u 3rTambl pa3pabOTKH €JUHONW KOPIOPAaTUBHOM
MH(OPMAIIMOHHON CUCTEMBI I BOJAHBIX 0OBEKTOB M BOJHOrO x03sicTBa. [logpoOHO onuckIBatoTCs
koMmnoHeHTsl ['MC-makera, wucnonb3yeMoOi i TPOTHO3MPOBAHMSI HABOJHEHUH, a TakKxke
uHcTpyMeHThl ' MMC-TexHonoruii, npeaHa3HadyeHHble JUIsl PpellieHns IPOTHOCTUYECKUX 3aa4, TaKUX
KaK armapaTHO-IPOTPaMMHbBIE KOMIIJIEKCHI, oOecreunBaronue coop, 00paboTKy, OTOOpaKeHUE H
pacnpocTpaHeHHE MPOCTPAHCTBEHHO-KOOPAMHUPOBAHHBIX JIaHHBIX. BblJeneHsl MpeumyliecTBa
I'MC-texHonornii TpU CO3JaHWM MOJIEICH 3aTOTUICHHBIX OO0NacTei, BKIIOYash HMX TPOCTOTY
MCIIOJIb30BAaHUS U BO3MOXHOCTb MOJICIUPOBAHUSI ABMKEHUS BOJBI U €0 MOCIECTBUI B KOHKPETHBIX
ClieHapusx (HampuMmep, B 3aBUCUMOCTHU OT IMOTOAHBIX ycioBuit). Taxke oOCyxknaeTcss TEKylmIui
Henocratok  OompmmHcTBa ['MC-makeToB, Takoil Kak oOrpaHuyeHHas HWHGOPMaTHUBHOCTH
KapTorpauyecKux JaHHBIX MOJEIMPOBAHUS, NMPEACTABIECHHBIX B JBYMEPHOM IMpOCTpaHCTBe. B
CBSI3M C OSTHUM aBTOpaMHU IIpe/ylaraeTcss Hcrnojib3oBaHue 3D Bu3yanuzauuu ¢ NPUMEHEHHEM
nporpaMMHBIX cpeAcTB ArcGIS it momydeHus: 6ojiee TOYHOTO M JIETAJBLHOTO TPEACTABICHUS O
3aTOTIEHHBIX TEPPUTOPHUSIX.

W3 mpoBeaeHHoro 0030pa HcciaenOBaHUN B 00JacTH MOAETUPOBAHUS C HCIOJIB30BaHUEM
reonH(OPMAIIMOHHBIX TEXHOJOTHI BBLAETSIOTCS HECKOJIIbKO OoOlmuX TeHaeHui. Bo-mepBbix,
WCIOJIb30BAaHUE COBPEMEHHBIX T'€O[e3WYECKUX METOJOB, BKJIOUas OECHHJIOTHBIE JieTaTelbHbIe
armmapartsl (BI1JIA), u co3nanne moapoOHBIX UPPOBBIX MoIeNeH penbeda MO3BOJIAIOT 60JIee TOYHO
OIICHUBATh TUJIPOAMHAMUYECKHE TPOLIECCHI U pa3padarbiBaTh 3(PpPEeKTUBHBIE CTPATETUH YIIPABICHUS
pUCKaMH B 30HAX 3aTOIUICHUA. Bo-BTOpBIX, MpuMeHEeHHE reOnH()OPMALMOHHOTO MOJACTUPOBAHUS U
aHaJlM3a JaHHBIX B COYETAHWU C TUAPOJOTUYECKUMH MOJENSMHU CHOCOOCTBYeT Oosiee TOYHOMY
BBISIBJICHUIO YA3BUMBIX TEPPUTOPUN U TMPEAOCTABISET LEHHbIE HHCTPYMEHTHI IJIsi TMPUHATHS
peumieHuid B OOJIaCTH MPENOTBpAIEHUS Ype3BbIYAMHBIX cuTyauuid. HakoHel, mepcreKTUBbI
WCIIOJIb30BaHUS TPEXMEPHON BU3yaIU3al[ii, 0COOEHHO B KOHTEKCTE MPOrpaMMHBIX cpelcTB ArcGIS,
MPEIOCTABISIIOT BO3MOXXHOCTh MOJy4eHHs] Oojiee JEeTalbHOTO MPEICTABICHUS O 3aTOIUICHHBIX
obmnactsax. B nenom, 3T¥ Moaxo/1bl U MHCTPYMEHTHI MOTYT 3HAUUTENBHO YITYUIIUTh 3)(PEeKTUBHOCTD U
TOYHOCTH MPOTHO3UPOBAHUS U YIIPABICHHS pUCKAMU HABOJHEHUH B PA3TUYHBIX CIICHAPHUSX.

B pabote (Duan et al., 2022) npemiaraeTcss METO OLIEHKH PUCKa MOJATOIUICHHUS TOPOOB,
KOTOPBIN 00beauHsieT MHOTOKpUuTepHanbhbiil ananu3 pemenuit (MKAP) u 'MC. Cuctema oneHku
pUCKa TOATOIUIEHUS TOPOJOB BKJIIOYAET YETHIPE OCHOBHBIX KOMIIOHEHTAa: OMACHOCTb,
MIOJIBEP’)KEHHOCTh, YA3BUMOCTb M BO3MOYKHOCTb JKCTPEHHOIO PEAarupoBaHHs U BOCCTAHOBJICHHS.
Anamutnueckuit npouecc uepapxuu (AHP) npeacrasnser co6oi MIMPOKO MCIONB3YyEMBIH METO.
MKAP, mnpumeHseMblii Ul BBIYMCIEHUS BECOB M CO3LAHMUS KapT pPE3YIbTAaTOB ONACHOCTH,
MOJIBEPKEHHOCTH, YA3BUMOCTH, a TaKXe CIOCOOHOCTH K Upe3BbIYAMHOMY pEarupoBaHHUIO U
BOCCTAHOBJIEHUIO. B COOTBETCTBMM C MPUHILMUIAMU OLEHKH PUCKA NMPU CTUXUIHBIX OCICTBHSX, B
JTAHHOM HCCIIeJOBaHUU ObUIO yUTeHO 18 mapaMeTpoB, BKIIIOUasi IPOCTPAHCTBEHHbIE  aTpUOYTHBHBIE
naHHble. Pe3ynbTarbl MoJenupoBaHHs OBUIM CONOCTaBIEHBI C 3apPErMCTPHUPOBAHHBIMU TOYKAMU
MIOJTOTUIEHHS], U OHU YKa3bIBAIOT Ha 00Jiee BHICOKYIO HAI€KHOCTh ITaHHON MOJEIH.

B pa6ore (Jun, 2019) Obiia pa3zpaboTaHa MOJIENIb OLEHKM HHJEKCA pHCKAa MOATOIUICHUS B
ropofax ¢ MCIOJb30BAHMEM IpOCTpaHCTBEHHOro aHanmu3a B ArcGIS. Ilpu koMIekcHON OleHKe
pHUCKa M MPOBEACHUN PETHOHAIBHBIX MCCIENOBAHUN BEC Ka)KJIOTO MHJIEKCA PUCKa ONpPENEINseTcs ©
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npumeHenreM AHP, a HeueTkast olieHKa IpUMEHSETCs K pacTPOBBIMH JaHHBIM HHAekca pucka B ' YC.
3T0 MO3BONMIO APPEKTUBHO YIMPABIATh AAHHBIMU MHIEKCA PUCKA, OOBEANHSS MPOCTPAHCTBEHHBIN
aHaIM3 C BH3YaJbHBIM THpeacTaBieHueM. llodydeHHbIe pe3ylnbTaTbl KJIACCH(PHUKALUU |
pEerMOHANM3alMK OLICHKH PHUCKA MPEJOCTABISIOT TEXHUUYECKYIO MOMJICPKKY U WH(POPMALUIO IS
MPUHATHUS PELICHU B IPEAOTBPAIICHUH PHCKA ITOATOIUICHHUS TOPOJIOB, a TAKXKE B Pa3pabOTKe IIIaHOB
CHUKCHUS PUCKA CTUXUIHBIX OCICTBUM.

B uccnenosanuu (Roy et al., 2021) npoBeneHo nepBoHayaJIbHOE I0JIEBOE UCCIIEIOBAaHUE C
LENbI0 CO3JJaHMsI MHBEHTApU3allMOHHOW KapThl 30H MOJTOIUIEHMs. B mpouecce MCHoNb30BaIUCH
CEMHA/ILATh JOMOJHUTENIbHBIX [1apaMeTPOB, BKIIKOUasi IPOCTPAHCTBEHHbIE U aTpUOYTUBHbIE JAHHbIE
U3 BTOPUYHBIX MCTOYHUKOB. llenpio ObUIO ONpenesieHue YPOBHS OINACHOCTH IOJITOIUICHMS,
YSI3BUMOCTH K IAaHHOMY SIBJIEHUIO M COCTaBJIEHHUE KapThl PUCKOB C IPUMEHEHHEM HHTETPUPOBAHHOTO
AHP u wmeronos, npeacrasineHHblx ['MC. Pe3ynbraTsl TecTHMpOBaHMsI PELIECHUS BBIIBWIH, YTO
npuOIu3uTENbHO 46% TEPPUTOPUU HUCCIEAYEMOTOo OOBEKTa IMOJANAAAI0T IMOJ BHICOKMM M OYEHb
BBICOKHI pHCK mojaToryieHus, a 38% TeppUTopuu SBISETCS OUYEHb YSA3BUMBIM K JIaHHOMY SIBJICHUIO.
CocraBneHHasi Kapra pHUCKOB IIOKa3bIBaeT, 4yTo npuMepHo 35% wucciegyemoil Tepputopuu
0JIBEP>KEHA YTPO3€ MOITOIIICHUS], IPEUMYIIIECTBEHHO B IIEHTpalIbHOU YacTu o0bekTa. Jlocturnyras
TOYHOCTH cocTaBmia 78,2%. OO01mas cTpaTerusi TaHHOTO MCCIICIOBAaHUSI MOXKET ObITh MPUMEHEHA B
IUTAHUPOBAHUM U CMATYEHUU MOCIEJCTBHUI C LIE€TbI0 YMEHBILIECHUS YMCiIa CIy4yaeB MOATOIIEHUH B
OyAyllleM B pa3IM4HbIX PETHOHAX MUpA.

W3 mpencrTaBieHHBIX HUCCIIEAOBAaHUNA B OONACTH OLIEHKM PHUCKAa MOATOIJIEHHUS TOPOJIOB C
HCIOJIb30BaHUEM T'€OMH(GOPMAIIMOHHBIX TEXHOJIOTUN BBIJENSIETCS TEHJEHIUS K KOMOMHHPOBAHUIO
MKAP u I'C. Ilpumenenue AHP ans pacuera BecoB M CO3aHMs KapT Pe3ylbTaTOB OMAaCHOCTH,
MOJIBEP)KEHHOCTH, YA3BUMOCTH, a TaKXe CIIOCOOHOCTM K YpEe3BbIYAIIHOMY pearupoBaHHUIO H
BOCCTAHOBJICHUIO JAEMOHCTPHUPYET 3((HEKTUBHOE UCIOIB30BAHUE TEXHOJIOTUH JIsi OLIEHKHU PHCKOB
CTUXMHHBIX OexcTBuil. HMccnenoBaHus Takke MOMYEPKUBAIOT  3HAYUMOCTb  MHTETPaLUU
IIPOCTPAHCTBEHHOIO aHAJIM3a M BU3yalM3alluM JAaHHBIX C LENIbI0 IIPEJOCTaBICHUs Oosiee TOUHON U
HanIAJHONH MHGpOpPMALUU JJIsl MIPUHATHS PELICHUH B 00JacTH yIpaBIeHUsS PUCKAMM MOATOIICHUS
roposioB. Iloaxonpl, OCHOBaHHbIE Ha WHTEIPUPOBAHHBIX METOAAX OLIEHKH, MOTYT 3(PQPEKTUBHO
CIIyXKUTh OCHOBOH Ul pa3pabOTKH IJIAHOB CHUXKEHUS PUCKOB U MPENOTBPAIIECHUS YpPEe3BbIUaHBIX
CUTyallMi B Pa3JIU4HbIX TOPOACKMX PETMOHAX MHpA.

5 BbIBO/IbI

WuTerpanusi mnepeqoBeIX T'eOMH(GOPMAIIMOHHBIX TEXHOJIOTHM, BKIIOYas OECIUIOTHBIE
JeTaTeNbHbIe amnmnapaTbl U THIPOAMHAMUYECKUE MOJIENH, CYIIECTBEHHO MOBBIIAET 3PPEKTUBHOCTD
OIICHKH W YIPAaBJICHUSI PUCKaMU MOJTOIUICHUN, oOecreunBas TOYHBbIE JAaHHBIE IS pa3paboOTKu
CTpaTeruii MpeoTBPAIICHUS U CMSATYEHUS UX TTOCIIEACTBHIA.

Muorokpurepuanbhbiii ananu3 pemenuii (MKAP) B coueranuu ¢ reonH(OpManmOHHBIMU
cucremamu (['MIC) ycremHo MpUMEHSIOTCS MPU OLIEHKE PUCKA MOJTOIJICHHUS] TOPOJIOB, MO3BOJISS
MIPOBOJUTH KOMIUIEKCHBIE OIICHKM OMACHOCTH, IOJABEPKEHHOCTH, YA3BUMOCTH W BO3MOXKHOCTHU
SKCTPEHHOTO pearupoBaHMsl, YTO MOBBIIIAET TOYHOCTh U JI0CTOBEPHOCTh MOJIEICH.

[IpuMeHeHre METOOB aHaiu3a W OLEHKHU PUCKAa MOJATOIUIEHWH ¢ ucmoisib3oBanuem ['MC-
TEXHOJIOTHH TpedyeT MHTErpaluu AAHHBIX O TUAPOJWHAMUKE, T€0JIE3UH U METEOPOJOTHH, UYTO
MOTYEPKUBAET BAKHOCTh PAa3BUTHUS KOMIUIEKCHBIX METOAOJOTHM [ YIyYIIeHUs CTpaTeruit
yIpaBICHUS] © MUHUMU3AIIUN BO3ACUCTBUS CTUXUMHBIX OJICTBUI.

B cBere JMHAMHYHBIX KJIMMaTHYEeCKMX WM3MEHEHMH U  yBEJIWYHUBAIOMICHCS  yrpo3bl
MOJTOTICHUH, Oymaylee pa3BUTHE METOAOB OIEHKM U YIPABICHUS PUCKAMHU JOJKHO aKTHBHO
BKJIIOYaTh B Ce€0S MPOTHOCTHYECKHE MOJENH, HCIOJB3YIOIINE COBPEMEHHBIE TEXHOJOTHU U
HCKYCCTBEHHBIH MHTEIJIEKT, YTOOBI A()()EKTUBHO MPENCKa3bIBaTh 1 MHHUMH3UPOBATH IMOCIEICTBUS
HaBOJHEHUH B Pa3IMYHbBIX 3KOCHUCTEMAX U HACEIEHHBIX TEPPUTOPHUSIX.
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Abstract. The article presents a model for the change in thermal pollution in large
cities, caused by the impact of solar radiation and traffic flow. Two main regimes are
considered: laminar and turbulent, which characterize different heat exchange
conditions in the urban atmosphere. Special attention is given to the analysis of air
pollution caused by changes in the thermal balance in the urban environment. Unlike
traditional sources of pollution, such as transportation and industry, heat exchange
processes occurring in road surface materials have a significant impact on thermal
pollution. The model is focused on studying heat and mass exchange processes
occurring in the layers of road structures, as well as heat dissipation from these
structures into the urban air environment. The key aspects of the study are heat
transfer by convection and thermal conductivity of the air medium, which play an
important role in the spread of thermal energy and, accordingly, in the formation of
thermal pollution. The proposed model allows for a deeper understanding of the
mechanisms that influence the temperature regime in cities and assessing their impact
on environmental quality. The article discusses both theoretical and practical aspects
of thermal processes in the urban atmosphere, opening opportunities for more effective
management of thermal pollution and minimizing its impact on the health of city
residents.
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FbIJIBIMI MAKAJIA

YJKEH KAJAJAPJIAFBI )KbUTYJBIK TEHJAECTIPY MOJEJI
"KOHE OHBIH IMAIJIA BOJY KO3JEPI
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Anoamna. Maxkanada ipi Kananapoazel MHCbLIYILIK J1ACMAHYObIY 632epViH KYH
PAOUAYUACBIHBIY, acepi MeH KOJIK KO32ANbICbIHbIY JCEepIiHeH KalblNMAcKan MOoOelb
yevinvinizan. Ocvliauiwa, makaiaoa Oyn macele eKi pexcumoe Kapacmulpblidobl:
JNAMUHAPILIK  JtcoHe  mypOynenmmi. Ammocgepanviy nacmaunyvina OQAUIAHBLICHbL
HCHLIYNILIK — Oananc — e3z2epicmepin  manoayea — e2aceli-me2xceini  moKmanaovl.
Kananapoasvl nacmanyowiy ke30epi mek Kok Hemece OHEPKICIn KaHA emec, COHbIMEH
Kamap JHCON  AHCAOBLIHOAPBIHbIY —~ MAMEPUATOAPLIHAH  JCLLTY — aaMacy acepi  oe
aumapnvikmai  acep  emedi.  MooenvOiy  Heci3l  HCON  KYPbLILIMOAPBIHbIY
KabammapulHOa HCblly MeH MAcca aimacy npoyecmepin 3epmmeyze dHcoHe 01apoaH
ayaHuly KAlanelk opmaza xcvliy Oepyin sepmmeyze 6azveimmanzan. byn owcepoe
AYaHbIH JHCHLTY OMKiz2iumicin eckepe Omvlpbln, HCLTYObIH KOHBEKYUSIbIK aYblCbLMbl
KeHIHeH Kapacmulpuliaobl. ¥CbiMblIZaH MOOelb Kald ammoc@epacblHOagvl HCbLIy
anmacy mMexaHusmoepin mepeyipex mycinyae JHcaHe o1apobly KOPUIAEaH opmasa aCcepin
bazanayza MymKiHOIK Oepedi. Maxkanaoa xananelx ammocghepaoazvl — HCbly-
MEXHUKANLIK — npoyecmepoiy, — MeOPUsIbIK — HCoHe  NPAKMUKANILIK — acnekminepi
Kapacmuipblibli, JHCHLIVILIK 1ACMAHYObl 6ACKapy MeH OHblH Kald MYpP2blHOADLIHLIH
OEHCayIblablHA  2CepiH  azaumy OOUblHWA mMUiMOi wapaiaposl Jicyseze acblpy
MYMKIHOIKMepi ManKbliaHaobl.

Tyilin ce3nep: owcoLnyiblK mene-meHoiK, JHCbLIYObIY KOHBEKYUSIbIK MAPAIbIMbL,
JHCHLIYOMKIZZIUMIK,  JHCHLLY — Oepiny, JNAMUHAPIbIK KO32AbIC, MYypOYIeHMmIiK,
Kananwlk acghaiom Oemonoi.
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MOIEJb UBMEHEHUA TEIIJIOBOI'O BAJTIAHCA B KPYIIHBIX
I'OPOJAX U UCTOYHUKHU UX ITOABJTEHUA

A.K. Hypaxosa* @ | C.H. Kusin6aii®

Kazaxckuii aBTOMOOMIILHO-TOPOXKHBIM HHCTUTYT, AniMatel, 050061, Kazaxcran

AHHOTAuusA. B cmamve npeocmasiena Mooenb USMEHEHUs Meni08020
3a2psA3HeNUs 8 KPYNHBIX 20p00ax, 8bl36AHHO20 8030€UCMBUEM COIHEYHOU paouayuu u
08uUdICeHUeM MPAHCNOPMHO20 NOMoKa. Paccmampusaiomes 086a 0CHOBHBIX pexcuma:
JIAMUHAPHBIL U MYPOYIeHMHbIL, KOMOpble XapaKkmepusyiom paziuyHvle YCl08us
menioobmena 8 2opoockou ammocgepe. Ocoboe BHUMAHUE YOENeHO aHAIU3Y
3a2psA3HeHUss ammoceprHo2o 6030yxa, 00YCI08NIEeHHO20 UBMEHEHUAMU MeNn108020
bananca 6 2opoOockou cpede. B omauvue om mMpAOUYUOHHBIX UCMOYHUKOS
3a2psA3HenUs, MAKUx KaKk mpaHcnopm u npoMblULIeHHOCMb, CYUeCmeeHHoe 8IUsHUe
Ha menyiogoe 3azpsA3HeHue OKa3vl8aiom meniooOMeHHble NPOYecChl, NPOUCXooauue 8
mamepuanax OopodCHbIX Nokpvimuu. Modenv opuenmuposana Ha u3yueHue
MenioMaccoOOMEeHHbIX NPOYECcco8, NPOUCXOOAUUX 8 CLOAX OOPONCHLIX KOHCMPYKYULL,
a makodice Menioomoadu Om MUX KOHCMPYKYUUL 6 B030VUIHYI0 Cpedy 20pood.
Knrouesvimu acnekmamu uccnedoeanusn sA61110mcsa nepeHoc menia KoHeeKyueu u
Menionpo8OOHOCMb  8030YUIHOU Cpedbl, KOMopble USPam GaAdCHYI0 pOolb 8
PACNPOCMPAaHeHUuU Menaio8ol dHepeUuu U, COOMBENCMEEHHO, 6 QOpMUPOBAHUU
mennogoco 3azpazHenus. lIpeonoscennas mooens nossonsem 6oinee 21yO60KO NOHAMb
MEXAHU3Mbl, KOMOpble GIUAIOM HA MeMNEepaAmypPHblll PeXCUM 8 20poo0ax, U OYeHUms
UX 8nUAHUE HA KAuecmeo oKpycaroujell cpedvl. B cmamve paccmampusaromes kax
meopemuieckue, maxK U NPaAKMudecKue acnekmvl MmeniomexHudecKux npoyeccos
20POOCKOU ammocghepe, YUMo OMKPbLEAen 803MOAICHOCIU OJisl boee d¢hhexmusHozo
YNpasieHusi Menio8blM 3A2PA3SHEHUEM U MUHUMUSAYUU €20 B030eUCMBUsL Hd 300P08be
20POJHCaH.

KiroueBble cjioBa.. mennogol 0Oananc, KOHBEKYUOHHLIN NEPeHOC menid,
Menionpo8oOHOCMb, Menio0moaud, 1amMuHapHoe O8udiceHue, mypoOy1eHmHOCMb,
20po0cKoe acghanbmobemonnoe noKkpwvimiue.
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1 INTRODUCTION

The growth of urban areas has led to their noticeable effect on atmospheric phenomena. The
significant density of urban settlements and industrial facilities, as well as the increase in the area of
transport highways, led to the appearance of an extensive heat zone within the city.

In rural flat areas, the sun's rays are mainly reflected; in the city, roofs and walls of houses,
dark asphalt surfaces of roads and sidewalks absorb solar radiation to a much greater extent than the
soil and vegetation outside the city, and then emit it. The increase in air temperature in the city is also
due to heat loss by industrial enterprises and thermal power plants.

The increase in the thermal balance of cities is significantly influenced by the conditions of
movement of vehicles, the thermo physical properties of road surfaces and squares, as well as their
geographical location. Due to the low ventilation, the volume of the aerosol thermal dome over the
city increases, which is formed at an altitude of 200-300 m and prevents vertical ventilation. Such
phenomena are especially strong in the atmospheric environment of Almaty, Tekeli, Zaisan, Ust-
Kamenogorsk, etc., because they are surrounded on all sides by mountains, which contribute to a
sharp change in the microclimate of the air environment. For example, Table 1 shows that the
microclimate of city streets, measured in Almaty and Ust-Kamenogorsk, differs significantly from the
microclimate outside the city. The temperature difference between inside and outside the city in
summer is +5-7 ° C, and in winter - +3-5 ° C.

Table 1
Microclimate of the Almaty and Ust-Kamenogorsk road network [15]

Air temperature
Cities The intersection of streets Temperature difference
in summer, +°C in winter, -°C
1 2 3 4
Almaty Abay-Dostyk 42/+7 +4/+6
Abay-Furmanova 41/+6 +4/+6
in the region: Abay-Mate Zalka 41/+6 +3/+5
in summer= +35°C Raimbek—Furmanov 42/+7 +3/+5
in winter=-2°C Raimbek—Mate Zalka 40/+5 +3/+5
Tole bi—-Furmanova 41/+6 +3/+5
Tole bi—Saina 40/+5 +4/+6
Verp-KameHoropek Abay-Lenina 34/+4 -10/-6
Abay-Voroshilova 35/+5 -10/-6
in the region: Abay Bazhova 35/+5 -11/-5
in summer =+30°C Karbysheva—Vinogradova 34/+4 -12/-4
in winter =-16°C Lenin—Belinsky 34/+4 -12/-4
Lenin—Metallurgov 35/+5 -13/-3

The mechanism of heat transfer is caused by the movement of microstructural elements of the
body (from building materials) and depends on the physical properties of the medium.

In urban air, energy transfer is carried out due to chaotic molecular motion, diffusion of
molecules, the intensity of which is proportional to temperature (Sakhin, 2014). Due to the effect of
the air flow during the movement of transport, the kinetic energies in the gas (air) atoms increase,
which leads to a change in the thermal balance.

2 LITERATURE REVIEW
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The issue of changing the heat balance in large cities is relevant in the context of global climate
change and urbanization. Thermal pollution in cities is a complex process involving both natural and
anthropogenic factors. This review examines key studies on heat balance models in urbanized areas,
as well as various sources of heat pollution. (Matveev, 2001).

Models of heat balance in cities: classical and modern approaches

One of the first studies in the field of heat balance in cities is the work of Oke, who introduced
the concept of an «Urban Heat Island» (UHI). According to his model, the heat balance in cities is
disrupted by the concentration of building materials such as concrete and asphalt, which absorb solar
radiation and then release heat into the atmosphere. Oke describes how various components of urban
infrastructure (roads, buildings, green spaces) affect the microclimate in the city, creating a
temperature difference between the city and its suburbs. (Oke, 2002)

Sailor, D.J. and Amir Baniassadi developed a model of thermal balance. They complement it
with an analysis of the impact of climate change on the urban environment. Research shows how an
increase in temperature in the urban environment caused by anthropogenic activity enhances the
effect of global warming. The models developed by the researchers include not only traditional heat
sources (transport, industry), but also the influence of solar radiation and heat exchange processes in
road surface materials. (Sailor et al., 2019)

Transport and industry are traditionally considered sources of heat pollution in cities, but
recent studies have indicated the need to take into account other factors, such as heat transfer in
urban coating materials.

Brian Stone, Jason Vargo, and Dana Habeeb focused on the effect of covering streets and
buildings on the heat balance, showing that asphalt and concrete have a high absorption coefficient of
solar radiation and slowly release it as heat into the atmosphere, thereby creating elevated
temperatures in the city. (Stone et al., 2012) In this context, Lili Somantril and Shafira Himayah
proposed a new method for assessing thermal pollution, taking into account changes in the heat
capacity and thermal conductivity of various types of coatings. Research also shows that in cities
where black coatings are actively used, the effect of the "urban heat island" is particularly
pronounced. (Lili et al., 2024)

Modeling of thermal processes in an urban atmosphere

Phelan Patrick and Keil Kalush focused on heat transfer models, including convective heat
transfer and thermal conduction processes in the urban atmosphere. Their work has significantly
expanded the understanding of the impact of vertical air flows on the distribution of thermal energy
in cities, as well as how changes in traffic and energy supply affect the microclimate. Another
important point in the research is the influence of turbulent flows in cities, which significantly
increases the exchange of heat between different layers of the atmosphere. (Phelan et al., 2016)

Chuhui Shen,, Hao Ho, Yaoyao Zheng, Yuji Murayama, Ruci Wang, Tangao Hu conducted a
comprehensive simulation of the heat balance in large metropolitan areas, taking into account both
laminar and turbulent heat exchange modes. They showed that in larger cities with high density of
buildings and traffic flows, the intensity of turbulent heat exchange increases, which leads to a more
uniform temperature distribution, but at the same time increases the local phenomena of thermal
pollution. (Chuhui et al., 2022)

Innovations in heat balance models

With the development of computing technologies in recent decades, heat balance models have
become more complex and accurate. Qiao X, LiL, Di, Y L Gen, and A Y Hoy proposed new
approaches to modeling heat balance using satellite observation data and machine learning
algorithms. These models make it possible to more accurately predict temperature changes in cities,
taking into account all possible sources of heat pollution and their interaction with climatic
conditions. (Qiao et al. 2018)

Rosa Cafaro, Barbara Cardone, Valeria D'Ambrosio, Ferdinando Di Martino, Vittorio Miraglia
used methods of geographic information systems (GIS) to model thermal pollution at the level of
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individual city blocks. In their study, attention is paid not only to the materials of road surfaces, but
also to the nature of urban development, as well as interaction with natural ecosystems. (Rosa et al.,
2024)

Forecasting and minimizing the effects of thermal pollution

Amid the growing interest in issues of sustainable development and adaptation to climate
change, Shanshan Chen, Dagmar Haase, Salman Qureshi, Mohammad Karimi Firozjaei have
proposed new strategies to minimize thermal pollution. Among their proposals are the improvement
of thermal insulation of buildings, the introduction of "green roofs"”, the increase of green areas in
cities, as well as the use of innovative materials for covering road and sidewalk surfaces. (Scherer et
al., 2020)

Thus, studies of changes in the heat balance in large cities show that thermal pollution is a
complex and multifaceted process in which both traditional heat sources (transport, industry) and the
materials from which road surfaces and buildings are built are important. Modern heat balance
models include integrated approaches using satellite data, GIS, and machine learning methods, which
allows for more accurate consideration of all factors affecting the urban microclimate. The topic of
thermal pollution requires further research and the development of effective solutions to improve the
urban environment and resilience to climate change.

3 MATERIALS AND METHODS

The process of heat exchange in the air environment of large cities is closely related to the air
temperature, the total area of urban roads and squares, traffic flow, etc. In the air, the process of
substance transfer is carried out by moving microparticles of gas (for example, exhaust gases from
vehicle exhaust pipes) and dust from the road surface. This process, which often occurs at
intersections of the urban road network, is called convection heat transfer in gases. This process
differs from thermal conductivity in that the heat carriers here are the macroscopic elements
themselves, whose dimensions are many times greater than the free path of the gas (dust) in the air.
Heat transfer by convection is always accompanied by thermal conductivity of the medium. The heat
flow in the air is carried out in two modes: laminar and turbulent.

In the laminar regime, all particles of gas (or liquid) move parallel to each other, without
mixing along the normal direction of motion. Therefore, heat transfer in this direction is carried out
only due to thermal conductivity (A). Therefore, when calculating heat transfer processes, the Fourier
equation is used. (1-2 formula):

Q=/qdF =—[y(5)dF = =y (5)F, ()

_dQr Ay .
9= Gra. = y(&n) = —ygrad-t (2)

where Q — the amount of heat, W;
y — coefficient of thermal conductivity of the medium, W/(mK);
F — surface area, M°;
q — heat flow density, W/m?.
Formulas (1) and (2) determine the coefficient of thermal conductivity in pavement materials:
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As the temperature increases, the heat flow in the urban environment increases. Among them,
helium and hydrogen stand out sharply, the thermal conductivity of which is 5-10 times greater due
to their low molecular weight and, consequently, a higher rate of molecular diffusion, which
contributes to a dramatic change in the microclimate of the city.

Building materials with a porous structure, such as bricks, concrete, curbstones, and others,
have low thermal conductivity coefficients (0.02-3.0 W/(mK)), which makes them good thermal
insulators. However, this indicator largely depends on the ratio of the mass of the skeleton of the
material and the air pores, and therefore on its bulk mass. When using such materials in cities, it is
important to take into account that as the temperature rises, their thermal insulation properties
deteriorate. In addition, the degree of moisture content of the material significantly affects the
thermal conductivity. With increasing moisture in the material, thermal conductivity increases, since
the coefficient of thermal conductivity of water is 25 times higher than that of air filling the pores of
the material. As a result, when the water in the material is moistened or frozen, its thermal
conductivity can increase by almost 100 times, which significantly changes the thermal balance in the
urban environment. (Kiyalbai et al, 2022)

A high degree of development and asphalting (up to 50% in some cities of Kazakhstan) leads
to an increase in water runoff, even with light rains. These hydrological changes are caused by
changes in the meteorological regime. During the periods between rains in cities, the amount of
moisture required for evaporation is lower than in rural areas, which leads to the accumulation of
thermal energy in the air, which is usually consumed by the evaporation process (600 calories per 1 g
of water).

In areas of heavy traffic, the air is saturated with dust and exhaust fumes. Although dust
reflects the sun's rays, it also makes it difficult to transfer heat to the atmosphere, contributing to the
accumulation of heat in the city. In addition, in cities, unlike the surrounding areas, there are changes
in the aerodynamic regime. This is partly due to the presence of tall buildings that change the vertical
profile of air flows, reducing wind speed near the ground, but at the same time accelerate the flow of
air along the streets, especially in the surface layer.

If we consider Ust—Kamenogorsk, the main industrial city of Kazakhstan, with a total area of
over 203 km? as an example, then industry and warehouse areas occupy about 27 km? (about
13.3%) on its territory. The length of the city's backbone network is 116.6 km within the city limits.
The density of streets and roads is 1.84 km per 1 km? of the area. The planning structure of the road
network is a mixed type of rectangular and radial layout. The main industrial pollutants of the city's
air are TMK, CCS, condenser plant, motor transport enterprises, boiler houses of thermal power
plants, etc. They emit about 200 thousand tons of emissions per year into the city's air environment,
which is a source of energy pollution of the urban environment. As a result, an artificial stratospheric
layer is created over the city, which in turn leads to a significant change in the thermal balance.

The Russian physicist G. Richman was the first to comprehensively analyze the cooling
processes of heated objects (for example, cooling road surfaces in the air) and demonstrated that
they depend not only on the temperature difference, but also on the surface area and volume of the
object. It has been proven that in the process of heat exchange, the amount of heat transferred from
or to an object is directly related to the surface area of the body F, the temperature difference
between the body and the environment, the characteristics of its movement, as well as the shape of
the object and its geometric parameters. (Lazarev, 2005)

For elementary area and elementary time, the process is described by the equation (formula 4):
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where (t,—t.;) — temperature pressure;
o — heat transfer coefficient, W/(m?-K).
For a stationary heat exchange process at the UDS of cities at a constant ambient temperature
and surface area, the heat flow is equal to:

Q =a(t; — t)F, (5)
and the density of the heat flow:
Q
q=5 = alty — t). (6)

From equations (5) and (6) we have:

_ q
C= et )

The heat transfer coefficient determines the degree of intensity of heat transfer between the
surface of the body and the environment, taking into account the specific conditions in which this
process occurs. Since a depends on the velocity of motion of the medium o, the shape of the surface
of the body F, its linear dimensions, and the temperature pressure (t,—t.;), ambient temperatures t,
and etc. The most significant influence on a is exerted by the thermo physical properties of materials
used in the construction of urban roads, territories, buildings and structures: thermal conductivity
coefficient A, specific heat capacity C, density p, dynamic viscosity u and coefficient of volumetric
expansion B. (Kiyalbaev et al., 2004)

Currently, entrepreneurs are carrying out various construction works in order to open retail
outlets and other services. For the construction of such structures within the city, they acquire
various building materials with different thermophysical properties, for example, for:

reinforced concrete — A=1,5 W/(m-K)., C=0,84 kJ/(kg-K), p=2,2 t/m?;

asphalt concrete —A=0,64-0,72 W/(m-K), C=1,7 kJ/(kg-K), p=1,2-1,4 t/m®;

gypsum concrete — A=0,37-0,56 W/(m-K), C=0,80 kJ/(kg-K), p=1,0-1,3 t/m?;

loamy soil — A=1,49 W/(m-K), C=1,15 kJ/(kg-K), p=1,96 t/m®;

silicate bricks — A=0,81 W/(m-K), C=0,84 kJ/(kg-K), p=1,9 t/m?;

quartz sand — A=0,44-0,81 W/(m-K), C=0,75-0,92 kJ/(kg-K), p=1,32-1,52 t/m?,

coarse-grained river sand — A=0,28-0,51 W/(m-K), C=0,80-1,02 kJ/(kg-K), p=1,46-1,50 t/m?,

cinder block — A=0,67 W/(m-K), C=0,75 kJ/(kg-K), p=1,5 t/m?,

rubble stone — A=1,28 W/(m-K), C=0,88 kJ/(xr-K), p=2,0 t/m® and etc.

However, they do not pay the necessary attention to how heat exchange processes occur in
these materials and how they affect the disturbance of the thermal balance in the habitat.
(Pshembayev et al., 2023)

In large non-industrial cities (this is especially true in Almaty), the level of heat balance
changes significantly depends on the intensity, composition, density and traffic conditions of traffic
flows.;

geometric parameters, type of road surfaces, territories of squares, their landscaping and street
layout; the quality of the contents and the level of their cleaning;
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locations along the transport network of various kinds of industrial, commercial and service
points.

4 RESULTS AND DISCUSSION

The results of the theoretical calculation of the thermal effects on changes in the microclimate
of the roadside environment will be presented at the next stage of these studies (in 2022), and the
methodology for assessing changes in the microclimate of the roadside environment from exposure
to thermal (solar) energy is included in the sections.

To measure the temperature in the layers of the pavement, diodes were placed at different
depths of the pavement. Measurements were carried out every hour, therefore, with the help of a
rheostat, it was necessary to maintain a constant current. Based on the measurement results obtained,
a calibration curve (graph of the dependence of voltage variation on temperature) was constructed,
which was used in field experiments to determine the temperature of the road surface at different
depths and the air temperature above the road surface at different heights using a semiconductor
diode. The calibration curve is shown in Figure 1.

—1=0,1IMA

200,0 +
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100,0 A

50,0 A
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0 10 20 30 40 50 60 70 80 90 100

0,0

Figure 1. Is a graph of the dependence of the voltage at the ends of the diode on the
temperature at a current of 0.1, 0.2 and 0.3 MPa (author's materials).

As can be seen from Figure 2, when a 0.1 mA current flows through a semiconductor diode, it
can only be used in the temperature range from 0 to 40 ° C, at a current of 0.2 mA —up to 60 ° C and
at a current of 0.3 mA — up to 100 °C. Therefore, when conducting field experiments to determine the
temperature in the layers of pavement, it was necessary that a constant current of 0.3 mA pass
through the diode.

Based on the overall measurement results, a graph of changes in pavement temperature
depending on air temperature is constructed (Figure 1) and a map of heating of road surfaces in the
hot season by regions of Kazakhstan (Figure 2).
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The graph shows that as the air temperature increases, the coating temperature increases in
direct proportion. This is especially noticeable in the coating body (curve 1). At the same time, the
temperature difference ranges from 3.5 ° C (at an air temperature of +20 ° C) to 22 ° C (at an air
temperature of +53 ° C). There is also a significant increase in the temperature difference on the
coating surface (curve 2): from 2 °C to 10.2 °C in the same temperature range.

The heating temperature of the coatings also has a significant effect on the human condition.
At an altitude corresponding to the breathing level of the passenger car and truck driver above the
pavement, i.e. at an altitude of 1.0 m (curve 3) and 1.5 m (curve 4), the temperature difference is 0.9
and 1.2 °C at an air temperature of +20 °C and 2.3 and 4.1 °C at an air temperature of +53 ° C.
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Figure 2 — Temperature change on asphalt concrete pavements depending on the air temperature: 1 —at a
depth of 4-5 cm in the coating body; 2 — on the surface of the coating;
3 —at a height of 1.0 m above the coating; 4 — at a height of 1.5 m above the coating (author's materials).

5 CONCLUSIONS

During the construction of areas and territories, limit the occupied areas covered with materials
with a high degree of porosity, such as asphalt concrete, cement concrete, etc.

On sidewalks laid in squares, parks, etc. in cultural and recreational areas, coatings can be laid
from fine homogeneous crushed stone, no higher than 3-5 mm in size, or from stone seeding. The heat
transfer of such materials is low due to the non-monolithic nature of the product.

It is impractical to locate retail and service outlets in the area of congested intersections. As a
result, the mode of movement of vehicles becomes more complicated and the turbulence of the air
flow increases dramatically.

During very warm periods of the year, when maintaining roads and streets, the technological
operation should not include washing the carriageway and sidewalks with ordinary water. In such
cases, it is advisable to spray air 2-3 times during the day on the green areas of the adjacent road area.
As a result of such technological operations, the movement of atoms in the gas composition is sharply
reduced and heat transfer to the city's air environment is significantly reduced.
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Abstract. This article provides recommendations for enhancing geodetic
monitoring methods for deformation processes at the Kapshagay Hydroelectric Power
Station (HPP), a key component of Kazakhstan's energy infrastructure. In this context,
improved methodology for geodetic surveys incorporating modern measurement
instruments is proposed. The article explores various methods and approaches to
geodetic monitoring of hydraulic structures at the HPP, with a particular focus on
leveling and cross-section measurements. These techniques are essential for analyzing
sedimentation and displacement, ensuring high accuracy in determining changes in
plan-height coordinates. The paper details geodetic network utilized, which includes
fundamental rock benchmarks, soil marks, and forced centering points, along with the
measurement techniques applied. Additionally, key aspects of instrumental surveys -
such as ultrasonic testing and ground-penetrating radar - are examined, as these
technologies aid in detecting hidden defects and enhancing structural safety. The study
confirms that leveling and cross-sectional measurements enable reliable monitoring of
both vertical and horizontal deformations. Furthermore, integration of fundamental
rock benchmarks, soil marks, and forced centering points ensures a high level of
measurement accuracy while minimizing errors. The novelty of the proposed methods
and means of monitoring are confirmed by Patents and Author's Certificates of the
Republic of Kazakhstan.
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Annparna. Makanaoa Kawaza COC oeghopomayusinwix npoyecmepiniy 2e00e3usiivlk,
MOHUMOpuUH2l 20icmepin dHcemindipy OolblHWA YCblHbicmap Kenmipineen. Kanwaeaii cy
anekmp cmanyuacel (COC) Kazakcmannoly sHepeemukanvlk UH@OPaKYpuLIbIMbIHOA
MaHvI30bl HLICAH 00abIN MabbLIA0bl. Ocblean OAUIAHBLICIbL 2€00e3UAIBIK HCYMbICIMAPObL
JAHCYP2I3YOIH JHCIHe 0Napoa 3aManayu eauley Kypaioapbli Nauoaianyobly HeeminoipiieeH
a0icmemeci ycovlHblIObl. Maxanaoa cy 21ekmp CMAHYUANApbIHbIY 2UOPOMEXHUKALBIK
KYPbIILICMAPBIHbIY ~— 2€00€3UIbIK  MOHUMOPUHRIHIY — 20icmepi  MeH  macinoepi
Kapacmulpvliaovl. [lnan-ouikmix KOOpOUHAmMAanapelHoagel o32epicmepoi aublKmMmayoa
JHco2apvl  02N0IKMI  KAMMAMACLL3 ememin  KYPblIbIMHbIY W2yl MeH  OpPHbIHLIH
aybImMKYLapbli manoay yuliH HUGEIupiey HCaHe HCapMauvlK eauiey a0icmepine epexuie
Hazap ayoapwvinaovl. llatioananviiamvin 2e00e3UsnblK JHCeNiHiy CUNammamacsl, OHbIH
iwinoe ipeeni may MHCbIHbICMAPLIHLIY SMATOHOAPLL, Jicep Oeneinepi dHcone MaHcOypii
OPMANbIKMAHOLIPY HYKmenepi, COHOali-ak o1apovl eautey a0icmepi kenmipineen. Kacvipoin
akaynapovl aHbIKMAy JHCoHe KYPbLIbIMOApPOblY KAayincizoieih Kammamacwvl3 emy YuliH
KOJIOAHBLIAMBIH YIbMPaoblOblCIMbLK, CLIHAY HCIHE Hcepae eHemin paoap CUSKmMbl ACNANmMblK
mexcepyOiy Hezizei acnekminepi Kapacmulpviiaosl. Hueenupnix owcone kendeHey
Kumanaposl eauiey 20icmepin KoadaHy oOepopmayus JHceliCiHiy MIK JHCIHe KOJ0eHeH
napamempiepiniy e32epyin ceHiMOi OaKbliayea MyMKIHOIK Oepemini aHblIKmaiowl. An ipeeni
may  JHCLIHLICMAPLIHLIY, — IMAIOHOAPbIH,  MONLIPAK — Oenciiepin  dcane  MaxcOypii
OpMANLIKMAHObIPY HYKmenepin naudanany enuey 0210I2IHIH Hco2apbl OeH2eUiH JHCoHe
Kamenepoi azatmyosbl Kammamacwvlz emeoi. Kaneinmackan 2eo0e3usiivlK diceii mypaKmol
Oakvliayovly cenimOi Helisin Kammamacwlz emedi, an Il Odapexceni 0Oandikmeei
2eoMempusLIblK, HUgenupieyoi KoNoamy KoJl0eHey JHcane mik KOOpouHamaiapoazvl minmi ey
as ayblmyniapowvl dcedell AHblKmay2a MYMKIHOIK Oepedi. ¥CbinblieaH MOHUUOPUHSMIH
a0icmepi MeH HcabovIKmapviHbly dHcayanvizbl KP namenmmepi dcane agmopnvl KYKblK
KyaaiciMeH pacmaiea.

Tyitin ce3nep: Kanwaszai I'9C, zeo0e3usnvi MOHUMOPUHZ, 2UOPOMEXHUKALBIK
KYpulibiMoap,  Huseiupiey, 0eqopmMayunvl  mopan,  yiempaovbiObicmul — OaKbLiay,
KYpulaibiMOapobly Kayincizoiei.
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MOHUTOPUHI'A TNAPOTEXHUYECKUX COOPY’>KEHUU HA

IIPUMEPE KAITIIIATAMCKOM I'C
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AHHOTauusl. B cmamwe npusedeHvl pexomMeHOayuu Nno COBEPULEHCIOBANHUIO
Memo008 2e00e3uyecko20 MOHUmMopuHea oegopomayuonnsix npoyeccoe Kawaeatickoi
I'DC. Kanwaeaiickas euopoanexkmpocmanyusn (I'2C) sensemcs 8axcuvimM 00beKmom
9Hepeemuyeckou unppacmpykmypsl Kazaxcmaua. B ceéazu ¢ smum npeonodsceHa
COBEPUIEHCIMOBAHHASL MEMOOUKA NPOBEOeHUsl 2e00e3U1ecKUX pabom U UCnoNb308aHUsL 6
HUX COBPeMEHHbIX cpedcms usmepeHul.  Paccmompenvr memoovl u nooxoovl K
2eo0e3uteckomy MoHumopuney euopomexruyeckux coopyxcenuti 1 9C.  Ocoboe
BHUMAHUE YOeNeHO Memooam HUBENUPOBAHUs U CMBOPHbLIX UMepeHUull Ol aHaiu3a
0CaoKo8 U cmeujeHull, Komopvle 006ecneyusarom 6biCOKYI0 MOYHOCMb ONnpeoeleHus
U3MEHeHUli NIAHO0B80-8bICOMHBIX KoOopounam. Ilpusedenvl onucanus uUcnonib3yemou
2eooe3udeckoli cemu, Kayaouell QyHoameHmanbHvle CKAlbHble penepbl, 2PYHMOsble
MapKu u NYHKmMbl NPUHYOUMENbHO20 YEeHMPUPOBAHUS, A MAKHCE MEMOO08 UX USMEPEHUS.
Paccmompenwi knouegvle acnekmvi UHCMPYMEHMANbHO20 00C1€008AHUSA, MAKUe KAK
VIbMPA38YKOBOU KOHMPOIb U  2e0paouonoKayus, Komopvle NPUMEHAIOMcs O
8bIAGNICHUSL  CKPLIMBIX Oeghekmosd u obecneyeHus OE30NACHOCMU  COOPYIHCEHULL.
Yemanoeneno, umo Hcnonvzosanue memo0oos HUenuposanus U CMEOPHLIX UMepeHuUll
N0360/1em HAOENHCHO KOHMPOIUPOBAMb UIMEHEHUs KAK 6epPMUKAIbHbIX, MaK U
20pU3OHMATILHBIX — napamempog  oegpopmayuonuwon  cemu. A npumeneHue
dyHOaMEeHMANbHBIX — CKANbHBIX — penepos,  2PYHMOBbIX  MApOK U NYHKMOS
NPUHYOUMETbHO20 YEeHMPUPOBAHUs obecneyugaem 6biCOKUNl YPOBEHb MOYHOCHU
usmMeperuti u MuHumuzayuro noepewnocmeti. Croxicusulascs 2eooe3uyeckas cemv
npeoocmasisien HAOEHCHYI0 OCHOBY O/ pe2YlsiPHO20 MOHUMOPUH2A, d NpUMeHeHue
2eomempuyecko2o Husenuposanus Il knacca mouHocmu no3eonsiem OnepamuHoO
8bIAGNAMb  0ANCE MUHUMATbHbIE OMKIOHEHUS 8 NIAHOB0-8bICOMHBIX KOOPOUHAMAX.
Hosuzna npeonoosicennvix memooos u cpedcme MOHUMOPUH2A HOOMBEPIHCOEHbL
Hamenmamu u asmopckumu Ceuoemenscmeamu PK.
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1 INTRODUCTION

The Kapchagay Hydroelectric Power Plant (HPP) plays a crucial role in Kazakhstan's energy
infrastructure. Its reliable operation depends on the condition of its hydraulic structures, making
regular monitoring essential for ensuring both safety and operational efficiency.

Hydropower plays a key role in Kazakhstan's strategy to diversify its energy sector. In this
context, the Kapchagay Hydroelectric Power Station, named after Sh. Chokin, holds particular
significance as the only hydroelectric power plant on the Ili River. Construction of the main structures
began in 1966, and the station was fully completed by 1980. The Kapchagay HPP was built to supply
the growing city of Almaty and its surrounding satellite towns with affordable electricity (Figure 1).

Figure 1 - General view of the Kapchagay hydroelectric power station

Today, the Kapchagay Hydroelectric Power Station remains a key factor in the development of
the city of Konayev, supporting the growth of its communal, educational, medical, and cultural
infrastructure. The city's rapid expansion, marked by changes in urban planning and the emergence
of large new structures, alongside the safe operation of strategic engineering facilities like the
Kapchagay HPP, is ensured through geodetic monitoring.

2 LITERATURE REVIEW

Geodetic monitoring of engineering structures, including hydraulic facilities, involves a wide
range of measurement methods and tools. GPS technologies, electronic and laser instruments, ground-
penetrating radar devices, and various sensors are effectively used to track horizontal displacements
(Genike et al., 2010; Nikonov et al., 2013, Hiller et al., 2015). Construction of hydroelectric power
plants, like any other large structures, requires the establishment of reference geodetic network. This
network must be created within a unified coordinate system and ensure high positioning accuracy.
Reference points of geodetic network should be strategically placed, considering configuration of
observed structures. Crucial aspect of this process is the use of modern instruments and diverse
control methods to enhance monitoring accuracy (Skripnikov, 2010; Salnikov et al., 2018;
Nurpeissova et al., 2020).

According to the rules approved by the order of the Ministry of Agriculture of the Republic of
Kazakhstan dated March 31, 2015 Ne. 19-4/286, hydraulic structures that have been in operation for
more than 25 years are subject to mandatory annual multifactorial inspection. These activities are
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aimed at identifying potential risks and maintaining safe operation of facilities. The main areas of
such inspection include:

1. Detailed assessment is conducted on structural parameters that may affect stability and
strength. Key focus areas include changes in loads and external impacts, the occurrence of
deformations and displacements, as well as the deterioration of surface layers due to corrosion or
cavitation.

2. Evaluation of operability and reliability of mechanical equipment, including valves,
gratings, embedded elements, and fittings. Inspection process also includes quality control of welded
joints and metal structures of lifting mechanisms.

3. Assessing technical condition of underwater structural components through underwater
video filming, which helps identify damage and evaluate the integrity of structural elements.

4. Performing emergency surveys following extreme natural events or accident.

Analysis is also conducted to evaluate adequacy of measures taken by the owner to prevent
emergency situations. This enables timely adjustments to facility management strategy and helps
prevent the escalation of critical situation.

Hydraulic structures (HS) of the Kapchagay HPP comprise numerous components, the
condition and functionality of which are crucial to the overall safety and reliability of station. Since
the completion of the HPP in 1980, passage of time has significantly affected condition of these
structures (Order of the Minister of Agriculture of the Republic of Kazakhstan; Kuznetsov,
2007).

The primary causes of defects and deterioration in structural elements include:

e Physical wear and tear of materials and aging of structures;

Seasonal temperature fluctuations, which further impact materials;

Seasonal variations in water levels in the reservoir, leading to changes in load,
Landslides and avalanches in the reservoir area, resulting from changes in soil strength
characteristics;

Erosion of slope linings and fastenings due to wave action;

Damage to dam and embankment slopes caused by precipitation;

Ice load effects on the upper slopes of the dam;

e Damage to concrete structures due to leaching, filtration, and other factors;

e Deterioration of metal and concrete elements due to cavitation and corrosion;
Non-compliance with regulations for the maintenance and operation of hydraulic structures
(Nurpeissova et al., 2023).

In accordance with regulatory documents and procedures, surveys are conducted at specified
intervals to analyze and identify deviations of the structure from its «normaly» state. Survey process
is carried out in multiple stages, including both visual and instrumental inspections.

Visual inspections help identify external signs of processes that lead to changes in the condition
of'the objects being studied, which can only be partially monitored through instrumental observations.
Due to the precision of visual control, visual inspections remain the most efficient and effective
method for assessing the condition of these objects (Salih et al., 2016; Sholomitsky et al., 2023).

Visual inspections focus on identifying external signs that indicate changes in the condition of
structures and their components. The following activities are performed during these inspections:

e Inspection of the earth dam: condition of the soil is evaluated to detect subsidence, heaving,
sinkholes, landslides, gullies, and the effects of rain and meltwater. Additionally, the nature
of the vegetation, signs of seepage such as spots, springs, and ice on the downstream slope,
as well as the presence of longitudinal and transverse cracks, are also considered.

e Checking control and measuring equipment: inspection of technical devices used to monitor
condition of the dam is carried out.

o Examination of the junction zone between the dam, foundation, and side abutments: signs

of subsidence, gullies, cracks, seepage, and soil erosion are identified.

o Inspection of adjacent areas from downstream side: particular attention is given to the side
abutments to detect landslides, areas of collapse, bulging, erosion, weathering of slopes,
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waterlogging, the release of muddy seepage water, and other defects that may indicate structural
instability.
Instrumental examination methods:

e  Ultrasonic testing is used to measure the thickness of metal walls of structures such as
embedded parts, gratings, water inlets and guide structures. Special ultrasonic devices are used
that provide high measurement accuracy. For example, ultrasonic thickness gauges of the
«TUZ-5» type allow for detailed analysis even in difficult operating conditions.

e  Methods of georadar and geoacoustic sounding are based on principles of electromagnetic
and acoustic tomography. They are used to study underwater and underground parts of
structures, which allows for detection of hidden cavities, cracks and destruction. Instruments
such as «OKO-2» provide ability to construct detailed models of internal state of soils and
structures.

o Stress and deformation monitoring systems. Control and measuring devices are used to
continuously monitor changes in the design of dams, locks and other parts of the hydraulic
structures. These devices allow critical deviations in parameters to be identified in real time
(Penman, 1999; Arvindan et al.; Operational Documentation of the Kapshagai HPP).

3 MATERIALS AND METHODS

Safe operation of such strategic engineering structures is ensured through comprehensive
monitoring, utilizing GPS technologies, electronic tacheometers, ground scanning, and automated
observation methods, all while adhering to strict operational conditions.

4 RESULTS AND DISCUSSION

Geodetic deformation monitoring is one of the key instrumental methods used to determine
settlements and shifts in hydraulic structures. This technique allows for high-precision recording of
positional changes at individual points, revealing the dynamics of deformation caused by both
external and internal factors (Author's certificate for a scientific work of the Republic of
Kazakhstan Ne. 39036).

At the Kapchagay Hydroelectric Power Station, geodetic monitoring is conducted on the
channel and ravine dam, as well as on the station site with the 220 kV outdoor switchgear. Monitoring
work on these sites includes leveling of ground and surface points to measure settlements, and cross-
section measurements using a tacheometer to determine structural displacement.

Result of these works is determination of changes in planimetric and vertical coordinates of
deformation network, which consists of both deep and surface marks. Previously established geodetic
network, including forced centering points (FCP) (Figure 2a), points of fundamental rock
benchmarks (Figures 2b and 2c¢), and soil marks (Figures 2d and 2e), serves as a control leveling
network for determining vertical deformations. Supporting vertical benchmarks are installed on the
rock base, with the center accessible for reference. In contrast, the observed marks are placed within
the dam body and are protected by an external pipe. These marks are positioned at a depth of 0.5
meters, making them convenient for staff installation. Measurements are carried out using the
geometric leveling method with class II accuracy, between the supporting fundamental benchmarks
and the control soil and surface marks. Horizontal displacement is determined through alignment
measurements from the base line points.
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[- ]

Figure 2 - a - FCP, b and c - reference leveling network points; d and e- soil marks

To monitor the deformation of the Kapchagay Hydroelectric Power Station, a new geodetic
point of forced centering (PPC) was proposed as a permanent reference, in accordance with
regulatory standards (Patent of the Republic of Kazakhstan Ne 35798). Monitoring was conducted
using a GPS system, with results cross-verified by a Leica Geosystems TCR1201 electronic
tachometer. The geodetic base coordinates were determined in the local system, while altitude
coordinates were referenced to the Baltic system. Benchmark elevations were established using the
alignment method. During alignment, the planned positions of control ground and surface
benchmarks were monitored. The alignment diagram is shown in Figure 3, and the subsidence graph
along alignment line I-1 is presented in Figure 4.
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Figure 4 - Graph of benchmark subsidence along the I-I alignment line (observation date
/25/042024)

Use of leveling and cross-sectional measurements allows for reliable monitoring of changes in
both vertical and horizontal parameters of the deformation network (Nurpeisova et al., 2021;
Myngzhasrov et al., 2024).

5 CONCLUSIONS

Geodetic monitoring is essential for ensuring the safety and efficiency of engineering structures.
It enables real-time tracking of deformations and movements, allowing for the early detection of
potential risks and structural threats. This proactive approach helps prevent emergencies by
facilitating timely intervention and maintenance.

Integration of fundamental rock benchmarks, soil marks, and forced centering points ensures
high measurement accuracy while minimizing errors. Established geodetic network serves as a
reliable foundation for continuous monitoring, while geometric leveling of the II accuracy class
enables the prompt detection of even minor deviations in plan-height coordinates.

As a result of the research, geodetic reference point for forced centering was developed and
implemented in practice, enhancing both the accuracy and efficiency of observations.

Practical significance of this work lies in its application in master's and doctoral dissertations,
as well as in the educational process at the Kazakh National Research Technical University named
after K.I. Satpayev and the International Educational Corporation (IEC). Additionally, results can
contribute to improving industrial safety at other construction sites.
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Abstract. The main purpose of the article is to study and analyze the seismic
insulation of buildings. The effectiveness of reducing seismic impacts transmitted to
the building through seismic insulation. During the study, experimental studies were
conducted to evaluate the behavior of the rubber-soil mixture under seismic impacts.
The method involves mixing recycled rubber with soil to create a cushion that
absorbs and dissipates seismic energy. This method not only increases earthquake
resistance but also offers an eco-friendly solution by using waste materials such as
car tires. The effectiveness of the mixture was tested using standard compaction
methods and instruments such as SOYUZDORNY and ZETLAB to measure the
difference in accelerations. The results showed a significant reduction in the
transmission of seismic waves, while the rubber-soil mixture showed lower
acceleration values compared to conventional soil. In addition, this method is cost-
effective and affordable, which makes it suitable for use in regions with limited
economic opportunities and prone to earthquakes. The method also minimizes the
complexity of construction and allows for faster implementation in various soil
conditions. Its environmental benefits include reduced waste and minimal
environmental impact, which contributes to the achievement of sustainable
development goals. The rubber primer method, which reduces seismic impact and
uses readily available materials, is a promising alternative to traditional seismic
insulation methods. Thus, this approach provides a double advantage - increased
safety, environmental friendliness and long-term sustainability of construction
projects, providing an innovative solution to modern earthquake-resistant
construction challenges.

Keywords: Seismic isolation, seismic waves, rubber-soil method, earthquake
engineering, sustainable construction, ground vibration, seismic resistance.
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PE3EHKE-TOINBIPAK DJICIH KOJIJAHY
TUIMJLITTH 3EPTTEY

M.C. Canayat ¥ A.K. Anaurazuesa¥ | A A. bamaeBa

Corbaes ynuepcureti, 050013, Anmartel, Kazakcran

Anparna. Maxananoly Hecizei makcamvl — UMApammapobly CeucCMUKaniblk
oKwaynanyvln 3epmmey oicone manoay. CelcMukanvlk OKWAyIay apKblivl
eumapamka  Oepinemin  CEUCMUKANLIK  acepaepoi  azaumyovly — muimoiniei
Kapacmuipbliobl.  3epmmey  OApbIcblHOA — pe3eHKe-MONbIpaK — KOCNACLIHLIH
CeliCMUKANbIK acepiep Ke3inoecl Kacuemmepin 0Oa2anay YuwiiH SKCHepUMeHmmiK
sepmmeynep Jcypeizinoi. Byn aoic xanumanama eHOenceH pe3eyKeHi MONbIpaKneH
apanacmuipuln, CeUCMUKANLIK SHEPSUSAHBL CIHIPIN, mapamyea Kaoiiemmi H#acmulKua
Jrcacayea Heeizoeneen. Amanzam a0ic dcep CiNKiHICIHe MO3IMOLNIKMI apmmuvlpyMeH
Kamap, asmomooOUunb WUHALAPLL CUAKMbL KALObIK Mamepuanoaposbl Natoaiamy
ApKbLILL IKOJIOCUANILIK HCARLIHAH MUIMOI wewliM YcolHaowl. Kocnanvly muimoiniei
cmanoapmmosl muievizoay adicmepi swcone SOYUZDORNY men ZETLAB cuskmoi
Kypanoap apkvlivl  yoeyiepoiy — aublpMACblH — OJuley  HCONbIMEeH  MeKCepiloi.
Homuoicenep ceticmuxanvly moakblHOApOwbly Oepinyi aumapavikmai a3aueaHbiH
Kepcemmi, an pe3eHKe-monvlpaK KOCHAcbl KaOiMei MONbIPAKKA KApaaHod meMeH
yoey manoepin kopcemmi. CoHviMen Kamap, OYn 20iC ubleblH MYPEbICOIHAH YHEMOL
api Kondcemimoi, COHObIKMAH IKOHOMUKALBIK MYMKIHOIKMeEPI ueKmeyi JHcane icep
CIIKIHICIHe Oellim aumakmapoa KoNOaHyed Koaauivl. Q0iC KYpPuliblc YOepiciH
JIceninoemin, apmypai Monvipax Heaz0auIapblHoa mesipex icke acvlpyed MyMKIHOIK
bepedi. IKON02UANBIK APMBIKULBLILIKIMAPLIHA KATOLIKMAPObIY A3al0bl MeH KOPUIAAH
opmaza 3UsAHHbIY MOMeHOeYi dHcamaovl, OY1 MYpaKmsl 0aMy MaKCammapvlia Kol
agicemkizyee wviknan emeodi. CellcMuxkanvlk acepoi azaumeln, OHAU KOANCEMIMOI
mamepuanoapovl naudalaHamvll pe3eHKe He2izinoezi a0ic 0aCMypii CeUCMUKANbIK
oxwayniay macinoepine muimoi oarama 6ona anaovl. Ocelratiwa, Oyn macin
Kayincizoikmi — apmmulpymMeH Kamap, JKOJ0UANbIK MA3ANblK NeH  KYPblLiblC
2HCOOANAPBIHBIY Y3AKMEP3IMOI MYPAKMBLILIZbIH KAMMAMACHL3 emin, Kazipei 3aManabl
celucMOmypaKmol KYpoulLiblC MiHOemmepiHe UHHOBAYUSIbIK UWLeUIM YCbIHAObI.

Tyiin ce3gep: CelicMHUKaNbIK OKIIayJiay, CEHCMHUKAIBIK TOJKbIHIAP, PE3CHKE-
TONBIPAK 9JiCi, JKep CUIKIHICI TEeXHUKAChl, TYPAKThl KYPBUIBIC, JKE€p Iipiii,
CEMCMUKAIIBIK TO3IMIILIIK.
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AnHOTanusA. OCHOBHOU yYelblo CMamvu AGIAemcs U3VUeHUue U aHAIU3
ceticmouzonayuu 30anHutl. IPhekmusHoCmb CHUNCEHUSL CEUCMUYECKUX 8030eUCmEull,
nepeoasaemvix Ha 30aHue ¢ NOMowbo ceticmouzonayuu. B xoode uccredosanus oOviiu
NnpoBeOeHbl IKCHEePUMEHMANbHble UCCIe008aHUs OISl OYEeHKU NO8eOeHUsl Pe3UHOB0-
2PYHMOBOU CcMecU npu celucmudeckux eo3oeticmsausx. Memoo 3aknouaemcs 6
cMeuusanuy nepepabomaHtol pe3unsl ¢ 2pYHmMom Ol CO30aHUs NOOYUIKU, KOMOpas
noenowjaem u pacceusaem cCeuCMU4ecKyro sHepauro. Imom Mmemoo He MOAbKO
nosvluiaem ceucMOCmotuKoCmy, HO U npeodiazaem 3KON02UYHOe peuleHue 3d cuem
UCNONIb308AHUSL OMX0008, MAKUX KAK a8momMooOunvhsle wuHvl. Ihghexmusnocms
cmecu Oblia nposepeHa ¢ UCNONIb308AHUEM CMAHOAPMHBIX Memo008 YNJIOMHEHUs U
npubopos, maxux xkak SOYUZDORNY u ZETLAB, ona uzmepenus pasnuyvt 6
yckopenusax. — Pesynemamvl — nokazanu — 3HauumenvbHOe — CHUJICEHUe  nepeoadu
celiCMU4ecKUx 60JIH, 8 MO 8peMs KAK pe3sUH0B80-2PYHMOBAs cMecb NoKasania oOojee
HU3KUe 3HAYeHUs YCKOPEeHUsi N0 CPAGHeHUl0 ¢ 00blyHbIM 2pyHmom. Kpome moeo,
9MOM Memoo A6AAemcsi IKOHOMUUECKU IDDEeKMUBHbIM U OOCMYNHBIM, YO Oendem
€20 NpUu20OHbIM OISl UCNONb308AHUSL 8 PELUOHAX C 02PAHUYEHHBIMU IKOHOMUYECKUMU
B03MONCHOCHAMU U NOOBEPHCEHHBIX 3eMIEMPACEHUAM. OMOm Memoo MmaKice
CBOOUM K MUHUMYMY CIIOHCHOCMb CIPOUMENbCMEad U no380.sem ovicmpee 6Hedpsms
€20 6 pa3lUYHLIX NOYGeHHbIX ycaosusax. Eeo axonocuueckue npeumywecmsa
BKIIIOYAIOM COKpAWeHUe OMmX0008 U MUHUMAIbHOE B030€lCeUue HaA OKPYHCAIOUL)IO
cpedy, umo cnocobcmeyem OO0CMUdICeHUulo yeneu ycmouuusozo pazeumus. Memoo
DE3UHOBOU  2PYHMOBKU, KOMOPbIL CHUdMCAem celicMuyeckoe 6osoelicmeue U
ucnonvyem — 1€2KOOOCMYNHble — MAmepuanvl,  A61aemcs  MHO2000ewarouel
anbmepHamugolti. MpaouyUoOHHbIM Memooam ceticmousonayuu. Taxum obpazom,
maxol  noo0xo0  obecneyusaem — O0BOUHOE  NPEUMYUECNBO -  NOBLILUEHHYIO
bezonacnocmo, 9KONOSUYHOCINL U OO0JI2OCPOYHVIO YCHOUYUBOCMb CMPOUMETbHbIX
npoekmos,  obecneyueas  UHHOBAUUOHHOE  peuieHue  3a0ad  COBPEMEHHO20
CetCMOCMOUKO20 CMPOUmeibCmad.

KuiroueBble cji0Ba: celicmMousonayus, celcmMuyeckue 0Hbl, pe3suHo-nOY8eHHblU
Memoo, celicMOCmOotiKoe CIMpoUmeibCmeo, YCmoudugoe cmpoumenbcmeo, eubpayuu
2PYHmMA, CetucMOCmMOUKOCH
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1 INTRODUCTION

Currently, the main issue in construction is enhancing the seismic stability of buildings.
Specialists are conducting numerous studies to address this problem. Today, there are several new
methods for improving seismic stability. One of these methods is the rubber-soil method for
reducing seismic effects. This article aims to understand the effectiveness of the rubber-soil method.
During the research, soil was studied both individually and in combination with rubber, leading to
conclusions and analyses. The research was conducted using the 'ZETLAB' device and software.

Seismic Waves.

There are two methods to protect buildings from seismic effects and external vibrations:

1. Protecting the structures from the entry of surface waves, which carry the main part of the
seismic energy, by using isolation methods.

2. Constructive solutions aimed at creating earthquake-resistant buildings.

As a financially inefficient alternative to many seismic isolation methods, the soil-rubber
method can be considered. This approach has been practically implemented in foreign countries,
showing good results. For example, according to Zornberg's research, mixing 35-40% rubber with
soil increases the strength of the mixture during displacement.

w=40m
Oooooooooojoon
Oo00ooooooojoon
Dooooooodojooo]  10-Storey
COUOO0DO0OUO0 L] Building
Oo0oooooooojoon
o0 oocoogojpoou
Oooooooooojoon
noOonoooonoojonn
ODooooooooooon
— IR RN
ta|’ |
3
t=10m Rubber / Soil Mixture
Original Soil

Figure 1 - Schematic drawing of the proposed seismic isolation method using a layer of rubber-soil mixture (RSM)-the
cushion.

2 LITERATURE REVIEW

Among the many notable benefits are the capacity to lessen both vertical and horizontal
ground vibrations as well as the significant consumption of the massive global stockpile of scrap
tires. A number of parametric studies and numerical simulations have been run to show the
resilience and efficacy of the suggested approach. It can, on average, reduce ground accelerations
by 60-70% in the horizontal direction and 80-90% (Fundamentals of the Theory of Seismic
Stability of Structures) in the vertical direction.

Five key concerns have been recognized with respect to the idea and practicability of the
suggested approach: (1) nonlinear site response; (2) soil resonance effects; (3) liquefaction; (4)
ground settlement; and (5) environmental consequences. (Hing Ho Tsang & Nelson Lam, 2007).
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A inexpensive and easy seismic isolator that can shield low-rise buildings from earthquake
disasters is the rubber-sand mixture (RSM) cushion. Examining how isolated systems behave
seismically under various site circumstances is crucial. (Energy dissipation capacity of rubber-
soil systems under cyclic loading) The main purpose of the article is to study and analyze the
seismic insulation of buildings. The effectiveness of reducing seismic impacts transmitted to the
building by means of seismic insulation. In the course of the study, experimental studies were
conducted to evaluate the behavior of the rubber-soil mixture under seismic influences. The method
involves mixing recycled rubber with soil to create a cushion that absorbs and dissipates seismic
energy. This method not only increases earthquake resistance, but also offers an eco-friendly
solution by using waste materials such as car tires. (Rationing in earthquake-resistant
construction)The effectiveness of the mixture was tested using standard compaction methods and
instruments such as SOYUZDORNY and ZETLAB to measure acceleration differences.
(Designing earthquake-resistant structures) The results showed a significant reduction in the
transmission of seismic waves, while the rubber-soil mixture showed lower acceleration values
compared to conventional soil. In addition, this method is cost-effective and affordable, which
makes it suitable for use in regions with limited economic opportunities and prone to earthquakes.
This method also minimizes the complexity of construction and allows for faster implementation in
a variety of soil conditions. Its environmental benefits include reduced waste and minimal
environmental impact, which contributes to the achievement of sustainable development goals. The
rubber primer method, which reduces seismic impact and uses readily available materials, is a
promising alternative to traditional seismic insulation methods. Thus, this approach provides a
double advantage - increased safety, environmental friendliness and long-term sustainability of
construction projects, providing an innovative solution to the challenges of modern earthquake-
resistant construction.Site classification by utilizing 195 ground motion records with various
response spectrum characteristics, notwithstanding the actual site's complexity. (Mengtao Wu &
Wenhui Tian, 2023).

This technique is very much cost effective in comparison with  other conventional
techniques. Besides, the installation process of this technique is also very much easier. So,
this technique can be used in economically backward yet earthquake-prone countries. So, using this
type of seismic isolation can be very cost effective and a simpler alternative to earthquake hazard
mitigation than conventional base isolation techniques. (Radhikesh P. Nanda & Sayantan Dultta,
2018).

3 MATERIALS AND METHODS

"The equipment for testing soil using the standard compaction method includes the
following components: a device for mechanically or manually compacting the soil, (Seismic
isolation using rubber-soil mixtures: concept and feasibility) a mold for the soil sample, and a
SOYUZDORNIY device. Looking at the images provided, we can observe the differences in
acceleration. During the research, clay and rubber were first mixed in a 60/40 ratio and tested. The
prepared rubber-soil mixture is compacted using the 'SOYUZDORNIY"' device. (Seismic safety of
buildings and structures) The prepared mixture is placed into the device. The soil sample
examination was conducted in the following order:

- The sample was transferred from the desiccator to a metal cup and thoroughly mixed.

- Soil was placed into the mold to a thickness of 50-60 mm, compacted by hand, and excess
soil was removed.
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- Compaction was carried out by dropping a weight 40 times from heights of 10 cm, 20 cm,
and 30 cm onto the soil.
- Each time the weight was dropped from different heights, results were recorded using

'ZETLAB'" (Seismic performance of rubber-sand mixture cushion under varying site
conditions)

7

P HI7477.

X2z

Figure 1 — Device “SOYUZDORNIY”

4 RESULTS AND DISCUSSION

The differences in accelerations within the mixture were identified using the device shown
below.

Figure 2 — Device “ZETLAB”
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Using the provided device, we determined the effectiveness of the rubber mixture. First, we
examined the results by testing only the soil. Then, we conducted research by combining rubber and
soil. We noticed the differences between the two. (Earthquake-resistant structures of buildings)

Figure 3 — Results of using clay in the ZETLAB

Figure 4 — Results of using the rubber and soil method in the ZETLAB program

In addition to the observed reduction in acceleration values, it was noted that the rubber-soil
mixture exhibited enhanced energy absorption characteristics (GOST 22733-2016). This indicates
that the mixture not only dampens seismic waves but also dissipates a significant portion of the
energy, thereby protecting the structure from sudden shocks. The rubber component, due to its
elasticity, contributed to reducing both vertical and horizontal ground motion, as confirmed by the
data obtained through the ZETLAB system (Construction in seismic zones).

Moreover, the stability of the mixture under repeated cyclic loading was tested, simulating
aftershocks. The results showed that the rubber-soil mixture maintained its structural integrity
without noticeable degradation in damping capacity. This resilience suggests its potential for long-
term use in seismic isolation applications, particularly in regions experiencing frequent seismic
activity (Soil behavior during earthquakes).

Furthermore, field modeling and small-scale structural simulations demonstrated consistent
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performance across varying moisture contents in the soil, which is a critical factor in real-world
conditions. The mixture's adaptability to different site environments further enhances its practical
value (Dynamic properties of tire-derived aggregates for seismic applications).

5 CONCLUSIONS

In the last two to three decades, the global scientific community's attention to ensuring the
seismic stability of structures using seismic isolation methods has significantly increased. Dozens of
articles and reports of both theoretical and practical nature have been published, and international
conferences are being held. In the Republic of Kazakhstan, several initiatives have also been
established on this topic, and the work of domestic scientists plays an important role in this field;
however, the scope of practical application is significantly lower compared to foreign countries.

To summarize the research conducted, we observed differences in the values of
accelerations. The results demonstrated the effectiveness of the method of adding rubber to clay. As
the acceleration values decreased, the effects of seismic waves also diminished. Therefore, the
method of combining clay and rubber is effective in reducing seismic effects and is also
economically beneficial.
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ENVIRONMENTALLY FRIENDLY SOUND INSULATION
MATERIAL FOR DOOR STRUCTURES

AK. Sambetbayeva s R.B.Bolatova @ , E.B. Kurmanbekova ¥’ , S.T. Shaltabaeva

International Educational Corporation, 050028, Almaty, Kazakhstan

Abstract. In modern conditions, an important requirement for door structures
is to ensure high sound insulation characteristics while maintaining the
environmental friendliness and lightness of the construction. The problem lies in
developing door panels capable of absorbing a wide range of sound waves with
minimal weight and the use of environmentally friendly materials. As part of the
research, a two-chamber wooden door panel structure with a filling of basalt wool of
different densities was developed and tested. Acoustic testing methods were used to
determine the effectiveness of sound absorption at different frequencies. Special
attention was paid to selecting the density and thickness of basalt wool layers for
optimal sound absorption while preserving the lightness of the structure. The
experimental results confirmed that basalt wool of varying densities has high
efficiency in absorbing sound waves of different frequencies, allowing the door to
effectively reduce both medium and high-frequency sounds as well as low-frequency
noises. The two-chamber door structure with a combination of basalt wool layers of
different densities demonstrated a significant increase in the sound absorption
coefficient compared to traditional solutions. The achieved sound absorption and
energy efficiency indicators make the developed structure a promising solution for
modern construction projects, including administrative, public, and residential
buildings. The use of environmentally friendly materials, such as basalt wool, meets
modern requirements for sustainability and safety in construction. In addition, this
design improves the acoustic environment of indoor spaces, enhancing living comfort
and creating favorable conditions for work and relaxation. The use of basalt wool not
only helps reduce noise but also ensures the durability and stability of sound
insulation properties. The developed two-chamber wooden door with improved sound
insulation properties is an innovative and eco-friendly solution for creating
comfortable soundproof spaces. Additional benefits include increased energy
efficiency by reducing heat loss through door panels, which contributes to lower
heating costs and improves the environmental performance of buildings.

Keywords: basalt wool, two-chamber construction, door panel, sound
absorption, energy efficiency, sound insulation
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ECIK KOHCTPYKLUUAJIAPBIHA APHAJITAH
IKOJIOI'MAJIBIK AbIBbIC OKIHAYJIAT'BII MATEPHUAJI
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XaunbIkapanbIk 6i1iM Oepy kopriopanmsicel, AnMartel, 050028, Kazakcran

Annarna. Kasipei 3amaneel dcagoaiinapoa ecik KOHCMPYKYUALAPLIHA KOUbLIAMbIH
MaHvI30bl MALANMAapobly OIpi — dKONOSUANLIK MA3AILIK NeH HCeHILOIKMI Cakmail Omulpuln,
JHco2apul  OblOLIC OKWLAYIAY CUNAMMAMALAPLIH KAMMAMAChl3 eny 0onvin maodwliaobl.
Moacene apmypni 0blObIC MONKLIHOAPLIH MUHUMATIObL CATIMAKNEH HCIHE IKONOSUSLIIK MA3d
Mamepuanoaposbl nauodalana Omulpbin CiHipe alamvlH eciKk NOJIOMHONAPbIH 23ipreyoe
ocamolp. 3epmmey aacelHOA apmMypli Mulebl30bIKMAebl 0A3aNbIM MAKMACLIHAH HCACANEAH
Monmulpebiuibl Oap exi Kamepanvl a2aul ecik KOHCMPYKYUACHL HCACANbIN, CbIHANObL.
Jlbibbicmel apmypni srcuinikmepoe CiHipy MuiMOiniciH aHbIKMAY YliH aKyCMUKAIbIK CblHAY
a0icmepi Konoanvliowl. Hezizeli nazap 6azanom maxmacwinvly OblObIC CIHIpY MUIMOLNICIH
apmmulpeln, KOHCMPYKYUAHBIY JHCeHINOIZIH caKkmai Ombvlpbin, OHbIY Mblebl30blebl MeH
Kabam KaniblHObIZbIH MaHOayea ayoapsliovl. DKCNepUMeHm Hamuoicenepi apmypii
MobI2bI30bIKMAgbl 0A3AILM MAKMACHL IPMYPIL HcUinikmezi 0blObIC MOIKbIHOAPLIH CIHIpYOe
JHcoapvl  MUIMOLNIKKE Ue eKeHiH, Oyl eCiKKe Opmaula JHCoHe HCo2apbl dHcuinikmeei
OvlObicmapmen Kamap memeH MCULNIKmi wyovl 0a Mmuimoi memeHnoemyze MYMKIHOIK
bepeminin  pacmadvl. Opmypili Mulebl30bIKMAcbl OA3ANbM  MAKMAChl KAOAmMmapvlHaH
JHcacangan exi Kamepanvl ecik KOHCMPYKYUACHl 0ICMYpIi weuiMoepmer Ccanblcmulpeanod
O0blObIC CiHipYy KOIhPuyuenminiy edayip ynzawovin kepcemmi. Kon oicemxkizineen Ovlovic
CIHIpY JicoHe dHepeusi muimoiniei kepcemkiumepi a3ipileHeeH KOHCMPYKYUSHbL IKIMILLTIK,
KORAMObBIK JCIOHE MYPRbIH UMAPAmMmapobl Kocd ai2aHod, Kazipei 3aMaH2bl KYpoliblC
Jlcobanapel  ywin 6onawiagel 6ap wiewim peminoe Kapacmulpy2a MYMKIHOIK Oepedi.
bazanem makmacer cusikmol 29Kk0102UANBIK MA3a Mamepuanoaposvl Naudaiany Kypolivlcma
IKONOUSNILIK MA3ANILIK NeH KayIncizoikke KOUbLIAMbIH 3aMAHAYU MAlanmaped caukec
kenedi. byoam Oacka, Oyn KoHcmpykyus —6Oeamenepliy  aKyCMuKauiblk — OpMmMAacbliH
JHcakcapmoin, MyYpeblHOAPObIH HCAUIBLIBIZIH APMMbIPAObL HCIHE HCYMbIC NeH O0eManyed
Konaunwl scazoaunap odkcacaiovl. bazanem maxmacvln nauvdanany uiyovl azaumya 2aHa
emec, COHbIMeH Kamap OvlOblC OKwaynay Kacuemmepiniy Oepikmici MeH mypaKmblibleblH
Kammamacwelz emedi. JKaxcapmulizan OblOblCc OKWAYIAy CcUunammamaniapsl 6ap exi
Kamepanvl agaui ecik cailivl, O0blObIC OKWAYIAHEAH Kenicmikmepoi Kypyed apHAleau
UHHOBAYUUANLIK — JICOHEe  JKOMO2USNLIK — wlewim — O6onvin  mabsiiaovl.  Kocvimuwa
APMBIKWBLILIKMAPEAd eCIK HOJLOMHONAPbL  APKLLIbL JiCHLLY WLIRLIHbIH  a3aimy eceDiHeH
SHepeuss MuiMOinicin apmmulpy Kipeodi, OYN JHCLIbIMY2A HCYMCANAMbIH UbIRLIHOAPObL
asaumyza HcoHe UMApammapobly IKOLOUSIbIK KOPCEMKIUMEPIH AHcaKcapmyaa blKnal
emeoi.

Tyiiin ce3uep: Oazanvm maxma, exi xamepanvl KOHCMPYKYUs, ecik mecemi, ulyobl
CIHIpY, dHepaust MUiMOINIK, OblObLICMbI OKUAYIAY
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3KOJOTI'MYHBIN 3BYKOU3OJISALIMOHHBIN MATEPHAJI
JIJIS1 ABEPHBIX KOHCTPYKIINHA

A.K.Camber0aeBa¥ , P.b.bosarosa ¥, J.b.Kypmantexkosa ¥ , C. T.lllanrabaeBa

MexynaponHas oOpa3oBarenbHas kopriopanus, Anmarsl, 050028, Kazaxcran

AHHOTAUMA. B co8peMeHHbIX YCIOBUAX BANCHLIM Mpebo8aHuemM K OBEpHbIM
KOHCMPYKYUAM A615emcs obecneyenue 8biCOKUX 38YKOU30NAYUOHHBIX XAPAKMEPUCTUK NpU
COXpaMmeHuu IKONO2UYHOCIU U JAé2Kocmu KoHcmpykyuu. Ilpobnema 3axniouaemcs 6
pazpabomke 08epHbIX NOJOMEH, CHOCOOHBIX NO2LOUAMb WUPOKULL CHEKMP 38VKOBbIX BOIH C
MUHUMATLHBIM 8€COM U UCHONb30BAHUEM IKOLOSUYECKU YUCMbIX Mamepuanos. B pamkax
uccneoosanusi Oviia pazpabomana U HPOMECMUPOBAHA OBYXKAMEPHAS OepeBIHHAs
KOHCMPYKYUsL 08EpHO2O NOJOMHA C HANOJIHEeHueM U3 0a3aibmosol 8amvl PAa3HOl
niomuocmu. HMcnonw308anuce mMemoosbl aKyCmuyeckoeo mecmuposanus Ojisi Onpeoenenus
appexmusenocmu  wiymonoanowenuss Ha pasuvix uacmomax. Ocoboe 6HuUMaHue ObLIO
yoeneHo noooopy nioOmMHOCMU U MOIWUHBL CIOE8 OA3ANLIMOBOU 8amMbl Ol ONMUMATLHO20
38YKONO2NIOUeHUsL U COXPAHEHUsl J1e2KOCmU KOHCmpyKyuu. Pesynvmamvl 2Kcnepumenmos
noomeepounu, umo 0a3aibmosas 6ama ¢ pa3luyHOU NIOMHOCMbIO 0011adaem BblCOKOU
appexmusrHocmvio 6 NO2NOWEeHUU 36VKOBbIX 80IH PA3HOU YACMONMbL, YMO NO36015em 08epu
CHUJICAMb  KAK CpeOHUe U BblCOKOYACMOMHblE, MAK U HUZKOUACMOMHbIE UWYMbL.
Jeyxxamepnas KoHcmpykyus 0epu ¢ KoMOumayuell cioeg 0a3anbmogou 6amvl PA3HOU
NIOMHOCMU NOKA3AA 3HAYUMENbHOE Y8eludeHue Kodphuyuenma uymonocnowjerus no
CPABHEHUIO C MPAOUYUOHHBIMU peuleHUsMU. [Jocmuchymole NOKA3amenu uyMono2ioujeHus
U SHep2odIPhGexmueHoCmuU NO360NAIONM PACCMAMPUBANL PA3PADOMAHHYIO KOHCMPYKYUIO
KaK nepcnekmuenoe peuieHue Olisi COBPEMEHHbIX CMPOUMENbHbIX NPOEKMO8, GKII0YAs.
AOMUHUCPAMUBHblE, 00WeCmBeHHble U Jicuable 30anus. [lpumeneHue dKonouvecKu
YUCNBIX MAMeEpUanos, makux Kax 6a3anemosdas 6amd, COOMEEMCHEYen COB8PEMEHHbIM
mpeboBaHusM K IKOLOSUYHOCMU U Oe3onacHocmu 8 cmpoumenvcmee. Ilomumo smoeo,
OAHHAsL KOHCMPYKYUsL VIYYUAem aKyCmuydeckyo cpedy NoMewjeHutl, nouluids KoMgopm
NPOACUBAHUS U CO30A8as1 OIALONPUSIMHbLE YCL08UsL 015t pabomul u omovixa. HMcnonvzoeanue
0a3anbmoeoll 6amvl He MOAbKO CNOCOOCMBYem CHUICEHUI0 wiyMd, HO U obecneuugaem
00/I206€YHOCMb U CMAOUILHOCIb — 38YKOUBOTAYUOHHBIX — ceoticme.  Paspabomannas
08YXKAMEPHASL OEPeBAHHASl 08ePb C VIVYUIEHHBIMU 368VKOU3OISAYUOHHBIMU CEOUCMBEAMU
npeocmasisiem coboll UHHOBAYUOHHOE U IKOLOSUUHOE peuleHue OJisk CO30aHUsE KOMpOPMHbBLX
38YKOU30IUPOBAHHLIX —~ NPOCMPAHCME.  JJONOIHUMENbHbIE — NPeUMyWecmed  GKIIOUAIOM
nosvluenue HEPeoIPHEKMUBHOCIU 30 CUEM YMEHbUICHUSL MENTONOmePb uepe3 O8epHbLE
HOJOMHA, UYMO CNOCOOCMBYEem CHUNCEHUI0 3ampam HA OMONJeHUue U YIYYULeHUIO
9KONLO2UYECKUX noxazamenel 30anull.

KuaroueBble cioBa: oOazanvbmosas eama, 08YXKAMEPHAs KOHCMPYKYUs, O08epHOe
HOJLOMHO, WYMONO2TIOULeHUE, IHEPLOIPPHEKMUBHOCMb, , 36VKOUZOISAYUSL
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1 BBEJEHUE

C poctoM ypOaHHM3alMHM 1O BCEMY MHPY Ba)KHOCTh 3aIUTHI OT 3BYKOBOTO 3arpsi3HEHHUS
YBEIMUYMBACTCS, MOCKOJbKY IIyM HEraTMBHO BJIHSET Ha 3J0pOBbE UelOBeKa. D(pPeKTHBHAS
3BYKOM30JISIUS 3/1aHUSl TpeOyeT HE TOJIBKO MCIIOJIb30BaHMS aKyCTUYECKMX MATE€pHalIOB JUIsl CTEH,
HO U TIIATEJIbHOI'O 3alOJIHEHUS OKOHHBIX M JBEPHBIX MPOEMOB KaK CHApYXH, TaK U H3HYTpU
(Basner et al., 2014).

HccnenoBanus U30JMPOBAaHHBIX KOHCTPYKLUM, BKJIIOYas JBEpHbIE OJIOKM, aKTUBHO BEAYTCS
3a pyOeXoM, Tak Kak IBEpH YacTO SBIISIOTCS OCHOBHBIM HCTOYHHMKOM INPOHUKHOBEHHUS IIIyMa,
HECMOTpPSI Ha MCIOJIB30BAaHUE LIYMOIOTJIOIIAIINX MAaTEepUalOB B CTEHAaX M IEPEropojkax.
W3BectHble nepeBsiHHbIE 1BepH BKtoyatoT TpHu ciost JACTlIl (npeBecHO-CTpyKeuHbI€ IUIUTHI), JIBE
M/I® (apeBeCHOBOJOKHHUCTAsI IUIMTA CPEIHEH IMJIOTHOCTH) HE CUUTas HaKJIaAKu U (QypHUTYpY,
BECAT B cpestHeM 65—70 Kr, 4TO TspKeIee METaNInYECKHX.

Mojens ABYyXKaMEpHOTO JBEPHOTO IMOJIOTHA M3 TOHKUX MJI® IHUCTOB HAOMHWHAET OKOHHBIN
CTEKJIONAKET, TJI€ KaMepbl 3all0JIHEHbl JIETKUMM IOPUCTHIMM MaTepHallaMd, TaKUMH Kak
MIEHOMOJIMCTUPOJ, MHUHEpajibHas BaTa WJIM AaKyCTUYECKMH BOMJIOK, HCIOJb3yeMble B
aBTOMOOMJIbHBIX JBEPSIX.

Cy1iiecTByeT MHOKECTBO BHUJIOB KOHCTPYKIMH ITYMOMNOTJIOMIAIOMIMX U 3BYKOU3OISIIMOHHBIX
nBepeil. Jlydineil KOHCTpYKIMEH SBJSETCS METaJuIM4ecKas JBEph, MMEIOIas B HAIMOJIHEHUH
COYETaHWE MHOKECTBO MaTepHUasoB, ¢ MokazaTeneM 3Bykonzossiuuu 32-42 nb. Ho MeTtamimdeckyro
JIBEPb HE OSCTETHUYHO YCTAHABIMBATh BHYTPU 3JaHUS aJMUHUCTPATUBHBIX, OOILIECTBEHHBIX H
y4eOHBIX KOpHycoB. [l 3TOro NPHUHSATO HCIIOJIb30BATh JIEPEBSHHBIE IBEPU C IOKa3aTeleM
3Bykomzomsnuu 27 nb. HemocTtaTkoM BceX CYHMIECTBYIOLIIMX 3BYKOM3OJSAIMOHHBIX JEPEBSHHBIX
JIBEpEH SIBIISIETCS MaCCUBHOCTb, OOJIBIION BEC U TONIIMHA MOJIOTHA, 0Opa3yeMasi h3-3a HaclauBaHUs
MHOYECTBA MaTE€pPUaJIOB.

[ToaToMy HccnenoBaHMsl, MOCBALICHHbIE pa3pabOTKE OTHOCHUTEIBHO JIETKUX M OE30MacHBIX
KOHCTPYKIUH JBEPHBIX MOJOTE€H C 3((EKTUBHBIM MOKa3aTeleM 3BYKOMOTJIOMICHHUS, SIBISIFOTCS
aKTyaJbHBIMHU.

2 OB30P JIMTEPATYPbI

AMepHUKaHCKUE MPOU3BOAUTENN BUIAT B JBEPHON KOHCTPYKIHMH OaphepHYIO TEXHOJIOTHIO,
KOTOpasi JOJDKHAa HMMEThb Maccy. Llenpro KOTOporo sBISI€TCS HECKOJIbKO CJIOEB MAaTepUalioB,
PacMoJIOKEHHBIX TaKMM 00pa3oM, uTOObl YMEHBIIUTH BUOpainuio. Tum marepuana, crnocod ero
COOpKM M KOJMYECTBO HCIOJB3YeMOTO Marepuaia 3aBHCAT OT 4acToThl M amruiuTymsl (Rindel,
2010). IpeBeCHOBOJIOKHMCTasi IUIMTa CpeaHei miotHoctTh MJIP obecreunBaeT KOHCTPYKIHEO
Maccoil, HeoOXoauMOM I Havaja MPOU3BOJACTBA JBepeil. Takke CUMTalOT, YTO MpPH BBIOOpE
MaTepuaga BakHa HE TOJBKO Macca, HO M pa3Hble MaTepHalbl ¢ Pa3HOW IUIOTHOCTHIO, YTOOBI
3aMeUIsITh BUOpaluu, MpOXOAsIIre uepe3 JBepb. BuOpauuu TepsarOT WHTEHCUBHOCTb, €CIH UM
MIPUXOJUTCS CTAJIKUBATHCS C PA3JIMYHBIMU THUIIAMU MaTEPUATIOB C Pa3IU4YHOM IUIOTHOCTHIO. Ecin
ucnosbzyercss MJI®, To MOXHO coequHUTH ero ¢ (anepoii. daHepa MMEET MHOXKECTBO CIOEB,
KOTOPBIE COEIUHSIOTCS BMECTE B €IMHBIM KyCOK MaTepuana. JTO IPHUMEp TOro, Kak COUETarTCs
pa3IMYHbIe MaTepHaIIbl C pa3HO# IoTHOCTHIO (Safin, 2024).

JHemrnupoBaHue Macchl OTPaHUYEHHOTO CJIOS BKJIIOYACT COEJUMHEHHE pPa3sHOOOPa3HbBIX
MaTepUAJIOB PAa3JIMYHOM IUIOTHOCTU C HCIOJB30BAHUEM aKyCTUYECKOTO Kies I CO3JAaHMs
MHOTOCJIOMHON CTPYKTYpPbI, KOTOpas yMEHbIIAeT BUOpalMio, yaydylllas 3BYKOU3OJALHIO 32 CUET
YBEJIMUEHUsS] KOJIWYECTBA MPENATCTBUM 3BYKOBBIX BOJH. M/I®D, danepa u wieit — 310 yxe Tpu
MaTepuala, yepe3 KOTopble JOJDKHA MpoiTH BHOpanus. CoueTaHue BBINIEYKa3aHHBIX MaTepHajoB,
OCHOBaHA Ha 4acTOTE M aMIUIMTYZAE IIyMa, CO3JaBacMOro BHYTPH KOMHAThl, WM IIymMa CHapyXH
KOMHATbl, MPUXOAAIIET0 BHYTPb KOMHAThl. BbIOOp MaTepuasoB M UX PpacHOJIOXKEHHE B
KOHCTPYKLIMH JIBEPU HAUWHAETCS C U3MEPEHUs LIymMa, YTOObI KBaJIM(PUIIUPOBATh U KOJIMYECTBEHHO
ONPEIETUTh YaCTOThl U aMILTUTY bl myma. Kaxaast yactoTa M aMIUIMTy/1a IIyMa CBSI3aHbI C TUTIOM
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Marepuaia, KOJUYECTBOM M IOJIOKEHUEM 3TOr0 Marepuana B KOHCTPYKIMU JBEPHOro Oapbepa
(Lukash et al., 2022). JIrobast cTpykTypa JOJKHA OCHOBBIBATHCS Ha ONPEICIICHHON 4acTOoTe WU
amruTye sHepruu. bornee HHU3KME 4acTOTHl TpeOylOT ApPYyrod OapbepHOW TEXHOJOTHH, YeM
CpPEIHHUE U BHICOKHE YACTOTHI.

Taxxke, mpocTas 3BYKOHENpPOHUIIaeMas JBEPb MOXET OBITh H3TOTOBJICHA ITyTEM
MPOCTIAaMBAHUS TSDKEIBIX CWJIMKATHBIX IUTAT KaJbI[Us MEXAYy TpaHsMU (aHEepHOTrOo IININOHA, B
KOTOPOM HAHOCHUTCS ACMITI(PUPYIOMINN KOMITAYH]I, TAKOH KaK 3€JICHBIN KJICH, MKy CIIOSMHU, YTOOBI
YIYYIIUTh MOTEPH MPH Tepeaayde. 3areM JJis 3aBEPIICHUS KOHCTPYKIIMU MOTYT OBITH JOOABIIEHBI
AKYCTHYECKHE YIUIOTHEHHUS XOPOIIEro KayecTBa. XapaKTEPUCTUKH 3BYKOHEIPOHMUIIAEMBIX JBEpE
BapbupytotTcs oT 34 1b 1o 56 nb. TonuHa IBEpHOTO MOJOTHA BapbUPYETCs OT 55 MM 10 95 MM, B
3aBUCHMOCTH OT TpeOyeMbIX XapaKTepUCTUK ABepH. HoMuHanmbHbIE 3HaueHUs Bbie 56 1b moryr
OBITh JIOCTUTHYTHI TyT€M YCTAaHOBKU JIBYX JIBEPEH MOCIEIOBATEIBHO C TMOIXOSAIIUM 3a30POM
MEXy HUMH. UeM 00JIbIIe MpoCTPaHCTBO MEXTY ABYMSI IBEPSIMH, TEM JIyUIIIE.

B wuccnemoBanmu  (Smith & Jones, 2020) mpoBedaeH aHaIUW3  COBPEMEHHBIX
3BYKOU3OJISIIIUOHHBIX MAaTepUaJioB, UX CBOMCTB M TMPUMEHUMOCTH B KOHCTPYKLHMSIX JIBEPHBIX
MoJIoTeH. JleMoHCTpupyeTcs, 4TO MPUMEHEHUE HOBBIX KOMITO3UTHBIX MaT€pPHUAIOB U MHOTOCJIOMHBIX
CTPYKTYp CITOCOOCTBYET 3HAYUTEIHLHOMY YCHUJICHUIO 3BYKOHM3OJISIITAOHHBIX CBOMCTB JBepeit. TeM He
MEHEEe, BOTPOCHI JOJTOBEYHOCTH M CTOMMOCTH JAHHBIX MaTEpHAJIOB, a TaK)Ke CIOKHOCTH HX
WHTETPAIUi B TPAJAUIMOHHBIE KOHCTPYKIIUU OCTAIOTCS OTKPBITBIMUA. DTH TPYTHOCTH MOTYT OBITh
00YyCJIOBJICHBI BBICOKHMH 3aTpaTaMy Ha pa3pab0TKy M TECTUPOBAHUE WHHOBAIIMOHHBIX MaTEPHAIIOB
1 HEOOXOJUMOCTHIO 3HAUYNTEIBHBIX WHBECTHUIINH JIJIT MACCOBOTO MPOU3BOJCTBA, UYTO JIEIACT TAKUE
HCCTe0BaHUsI SKOHOMUYECKH HetlenecooOpa3HbiMu. OMH U3 MyTeH MPeoI0JICHHsI 3TUX TTPOOIeM —
pa3paboTKka W HCIIOJIB30BaHUE OO0Jee TOCTYIMHBIX AJIbTEPHATUBHBIX MATEPHAIOB U YIPOIICHUE
IIPOU3BOICTBEHHBIX ITPOLECCOB.

B pa6ote (Lee, 2019) npeacraBieHbl JaHHBIC O TOCIEIHUX JOCTHKCHHUIX B 00JIACTH JTU3aiiHa
nBepeid ¢ (PokycoM Ha 3BYKOM3OJSIIMOHHBIE TEXHOJOTUU. ABTOPHI JEMOHCTPUPYIOT, UTO
IIPUMEHEHHE HOBAaTOPCKUX MAaTEpPUAIOB M KOHCTPYKIMM 3HAYUTEIBbHO IIOBBIIIAET YPOBEHb
3BYKOU3OJISIIUM, OJHOBPEMEHHO COXPAHSSI ACTETHUYECKHE M (YHKIIMOHAJIbHBIE XapaKTePUCTUKU
m3genui. OOHAKO, BO3HUKIIME BOMNPOCHI O WHTErpallud TaKUX MHHOBAllMM B MaccoBOE
IIPOU3BOJICTBO U BIMSHUU HA CTPYKTYPHYIO YCTOMYHMBOCTH BEPEH OCTAIOTCS HE PEIICHHBIMH. JTH
po0IeMbl MOTYT OBITH 00YCIIOBIEHBI BEBICOKUMHU 3aTpaTaMy Ha HOBbIE MAaTepHallbl U TEXHOJIOTUH, a
TaKK€ HEBO3MOXXHOCTBbIO MX HMCIOJIb30BaHUSI B CTAHJAPTHBIX pa3Mepax ABEPHBIX MOJIOTEH, YTO
JieNlaeT UCCIIEIOBaHMs HEelleJIeCOO0pa3HBIMU C SKOHOMUYECKOW TOUKH 3peHus. B kauecTBe pemieHus
npearaercs pazpadoTka 6osee 3PPEKTUBHBIX U IKOHOMUYECKU JTOCTYIHBIX MPOU3BOIACTBEHHBIX
TEXHOJIOTUH, a TaKKe NPUMEHEHUE MOIYJIbHBIX IU3aiiHOB, MO3BOJISIOLIMX aJalTUPOBATH HOBBIE
MaTepuaabl U TEXHOJOTMHM K Pa3UYHbIM THUMaM JBepeid. JlaHHbI moaxond ObLT peaan3oBaH B
pamkax uccienoanus (Lee, 2019), Ho BOIpOC 0 CPaBHEHHUHU JOJITOBEYHOCTH TAKUX KOHCTPYKIIUH C
TPaJAULIMOHHBIMU JABEPSIMU TpeOyeT AalbHEHIIIero aHamu3a.

Astop (Patel, 2018) ananu3upyeT 3ByKOH3OJIALHOHHBIE CBOMCTBA Pa3IHYHBIX MATEPHAJIOB,
HCIIOJIb3YEMBIX B IPOU3BOACTBE ABepeil. OTMEUEHO, YTO MaTepHUAJIbl 3HAYUTEIBHO PA3IMYAIOTCS 1O
CBOCl CHOCOOHOCTM K 3BYKOM3OJSIIIMM, UYTO CYIIECTBEHHO BIMSET Ha AaKyCTHYECKHe
XapaKTEPUCTUKU KOHEYHOro uszaenus. OAHako, BOMPOCH ONTHUMAJIBHOIO COYETaHUSI MaTE€pUaJIOB
JUIs JOCTWIKEHHS HAealbHOrO OallaHCca MEXIy 3BYKOU3OJSIUEH, CTOMMOCTBIO U JAPYrUMHU
SKCIUTyaTallAOHHBIMM  XapaKTEPUCTUKAMM, TaKUMHU KaK BEC M JIOJITOBEYHOCTb, OCTAKOTCS
OTKpPBITBIMU. [IpoOeMbl CBsI3aHBI ¢ pa3snuYUsIMH B (PU3MUECKUX CBOMCTBAX MaTepUalOB, a TAKXKe
HEOOXOIMMOCTBhIO 3HAUUTENHHOTO YBENUYEHHUS 3aTpaT U CIOKHOCTH TPOM3BOJCTBA IS
JOCTH>KEHHSI BBICOKOTO YPOBHSI 3BYKOM3OJIALIMM, JENasl JTaHHBIE HMCCIEIOBAHHUS 3KOHOMHYECKH
HEOTPaBJaHHBIMU B HEKOTOPBIX clydasX. B KadecTBe pemieHuss STUX MpOoOJIeM MPeasioKeHO
HCIIOJb30BAHUE KOMIO3UTHBIX MAaTE€pUalOB M BHEJPEHHE HOBBIX TEXHOJOTMYECKHX IPOIECCOB,
KOTOPbIE MOTYT YJIYYIIUTh aKyCTHUECKUE XapPaKTEPUCTUKHU, COXPAHSS MPU STOM JPYTHe BaKHbIE
rapamMeTphl.

212



QazBSQA Xa6apmbichl. Nel (95), 2025. Kypbuibic

B wuccnenoBanusix, mpeacraBicHHbx B padore (Gomez & Fernandez, 2021), ocerieHbl
BOIPOCHI IPUMEHEHUS SKOJIOTHYECKH YHUCTHIX 3BYKOIOTIIOMAIONIUX MATEPHAIIOB, & TAKIKE aCTICKTHI
NM3aiiHa IBEPHBIX MMPOEMOB C TOYKHU 3PEHUS WX BIUSHUS HA aKyCTUYECKYIO M30Jiu0. OTMEUeHO,
YTO HCIOJIb30BAaHUE DSKOJOTMYECKH O€30MaCHBIX MAaTepUaloB CHOCOOCTBYET — YIYUIICHHIO
AKyCTUYECKUX CBOMCTB IIOMEILEHUN, B TO BPEMsI KaK ONTUMHU3UPOBAHHBIA AU3alH IIPOEMOB MOKET
3HAYUTEIIBHO MOBBICUTH 3(PPEKTUBHOCTHh 3BYKOM3OJISIIIUA. TeM HEe MEHEe, BOIPOCHI JIOJTOBEYHOCTH
TaKUX MaTePUAIIOB U CTOMMOCTH MHTET'PAIMYA WHHOBAIIMOHHBIX JIN3aHOB B CYIIECTBYIOIIHNE 3/IaHUS
OCTafOTCA aKTyaTbHBIMUA. OCHOBHBIMU TPOOJIEMaMU SIBIISTIOTCS BBICOKHE 3aTpaThl HA aJlalTaIlHIo
CTaHJIAPTHBIX TPOEMOB ¥ CJIOXHOCTH MOIUQPUKAIMKA HEKOTOPBHIX THUIOB KOHCTPYKITUH.
[IpemnoxkeHo pernieHne B BUAC Pa3pabOTKU YHUBEPCAIBHBIX, JIETKO UHTETPUPYEMBIX B pa3InIHbIC
ApPXUTEKTYpPHBIC M KIUMATHUYECKUE YCIIOBUS KOHCTPYKIMH, a TaKKe MPUMEHCHHE MOJIYJIBHBIX U
QIaNITUBHBIX JU3aHHOB, KOTOPHIE HEe TPEOYIOT 3HAUNTEIBHBIX H3MEHCHHUI B CTPYKTYPE 3JaHHM.

B uccnenosanuu (Chen, 2022), nocsinieHHOM aHAIM3y BIUSHUS JU3aiiHa JIBEPHBIX IPOEMOB
Ha aKyCTHYECKYIO H3OJIAINIO, TPEJCTABICHBI JIAHHBIC O TOM, KaK KOHCTPYKTHBHBIC H3MCHCHWSI,
BKJIFOUYasi BBHIOOP MATEpUAIIOB U CTPYKTYPY, MOTYT 3HAUUTEIBHO YCHJIMTH 3BYKOH3OJISAIIMOHHBIE
cBoiictBa. OJHAKO, WHTETpAlHs TaKUX IW3AaHHOB B CTAHJIAPTHBIC CTPOUTENBHBIC MPAKTUKH U
OIlEHKa HX OHKOHOMHUYECKOW A(P(HEKTUBHOCTU OCTAIOTCS CIOXKHBIMU 3amadamMu. (OCHOBHBIE
MIPETSITCTBHS CBS3aHBI ¢ HEOOXOAMMOCTRIO /AN TAIliU HOBIIECTB K JICHCTBYIOIIUM CTPOUTEITHHBIM
HOpPMaM W BBICOKHMH 3aTpaTamMH Ha MOJU(UKAINIO CYIIECTBYIOMIMX 3/IaHUH, YTO ¢ TOYKH 3PEHUS
(GUHAHCOB JeJaeT ASTH WCCICIOBAHMUS HEBHITOJHBIMH. B KauecTBe pemIeHus NpPeIIoKEHO
WCIIOJIb30BaHNE MOJYIBHBIX M JIETKO aJalTUPYEMBIX KOHCTPYKIMH, KOTOpPhIE MOTYT OBITh
WHTETPUPOBAHBI B Pa3HOOOpPa3HBIC ApXUTEKTYPHBIC CTHIIM 0€3 CYIIeCTBEHHBIX H3MeHeHHH. OHaKo
JUTS. OTITHUMAJTFHOTO MCIOJIb30BaHUSI YHUBEPCAIBHBIX 3BYKOU3OJISAIIMOHHBIX MAaTePHAIOB TPEOYIOTCS
JOTIOJTHUTEIIBHBIE MCCIICIOBAHUS, HAlpaBJICHHBIC HA aalTaIli0 dTHX MaTEPUANOB K Pa3IMYHBIM
AKCIUTYaTAIMOHHBIM YCIIOBHSIM.

Astop (Murphy & O'Connell, 2021) uzydaer ucmoib30BaHHEe MHOTOCIONHBIX CTPYKTYP IS
VIy4YIICHUs] 3BYKOM3OJSIMK JBepedl. [lokazaHo, 4YTO BKIIOUEHHE pPa3IMYHBIX KOMOWHAIMHA
MaTepUAIOB B MHOTOCJIOWHBIE KOHCTPYKIIMH 3HAYHUTEIBHO TMOBBIIIAET MX 3BYKOM3OJSIIHOHHBIE
cBoiictBa. HO ocranmmch HEpeHmIeHHBIMH BOTIPOCHI, CBSI3aHHBIE C ONTHMHU3ALWCH TOJIIMHBI M
MaTepUAILHOTO COCTaBa CJOEB Ui Pa3jMYHBIX THUIIOB JBEPEH M YCIOBUH OKCIUTyaTallHH.
TpyaHOCTH MOTYT BO3HUKATh M3-3a PAa3HBIX aKYCTHUECKUX TPEOOBAHUH B 3aHUSX, HEBO3MOYKHOCTH
CO3/IaTh YHUBEPCAJbHBIA JM3allH M BBICOKMX 3aTpaT Ha IPOU3BOJICTBO CICIHATU3UPOBAHHBIX
MHOTOCJIOWHBIX JIBEpEH, Jiesiasi MCCICIOBaHMUS HEIeIecO00pa3sHbIMK Ul IIMPOKOTO BHEIAPEHHS.
BapuanToOM NpeooNeHnsT COOTBETCTBYIONIUX TPYAHOCTEH MOXET OBITh pa3paboTKa MOIYJIBHBIX
CHCTEM, KOTOPBIC TO3BOJISIFOT HACTPAWBATh CTPYKTYPY CIIOEB B 3aBUCHMOCTH OT KOHKPETHBIX
aKyCTUYECKUX U IKCIUTyaTaIIHOHHBIX TPEOOBAHUH.

B pa6ote (Wang & Liu, 2020) npuBeneHbl pe3yibTaThl HCCICIOBAHUI HCIOJIB30BaHUS
THOpPHUIHBIX MAaTEPUANIOB ISl CHW)KCHHUS IIymMa B 37aHusAX. [loka3aHo, YTO KOMOWHHpPOBAaHHE
Pa3IMYHBIX MATEPUAIIOB C YHUKAIBHBIMH 3BYKOU3O0JUPYIOIIUMHU CBOMCTBAMHU MOYKET 3HAYUTEIHHO
yAYYIIUTh OOIIYI0 aKyCTHYECKYH H30JISIHMI0 CTPOUTENBHBIX KOHCTpyKuuid. Ho ocranmch
HEPEIICHHBIMUA BOIIPOCHI, CBSI3aHHBIC C YKOHOMHYECKOW 3(P(PEeKTHBHOCTHIO MPOHM3BOJCTBA TAKHX
MaTepHUaIoB U MX JIOJITOBEYHOCTHIO B PA3IMUHBIX SKCITyaTallMOHHBIX yciaoBuUsX. [IpuunHoii aToro
MOTYT ObITh OOBEKTHUBHBIE TPYAHOCTH, CBS3aHHBIE C BHICOKMMHU 3aTpaTaMU Ha ChIPhE U TEXHOJIOTHH
MIPOM3BOJICTBA, MPUHIUITUAIbHAS HEBO3MOXXHOCTh YHUBEPCAIU3AIUU ITHUX MaTepUajoB ISl BCEX
BUJIOB 3/IaHUH, UTO JIeJaeT COOTBETCTBYIOIINE HCCIEAOBAHUS HELleJIeCO0Opa3HbIMU C TOUKU 3pEHUs
MaccOBOTO MMPUMEHEHHSL.

B uccnenosanuu (Roberts, 2019) npencrasieH aHain3 COBPEMEHHbBIX TEXHUK U TEHICHIMN B
obmacT  CTPOUTENHHOW  aKyCTUKH,  JCMOHCTPUPYIOIIUN  3HAYUTEIBHOE  YIIYYIlIEHUE
3BYKOU3OJSIIUOHHBIX CBOMCTB KOHCTPYKIIMI Onarojaps HOBEUIINM pa3paboTkaM B MaTepuaiax u
Meronax. OjHaKo, BBICOKHE 3aTpaThl Ha BHEAPEHHE JTUX TEXHOJOTMH U MX HMHTErpaius B
YCTOSIBIIIMECS CTPOUTEIbHBIE CTAHAAPTHI OCTAIOTCS MPOOJIEeMATHUYHBIMU. OTH TPYAHOCTH
00yCIOBJIEHBI HEOOXOAUMOCTBIO CHEIHATN3UPOBAHHOTO 00OpPYIOBaHUS U TOJATOTOBKH KaJpoB, a
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TaK)Ke SKOHOMHUYECKOM HEeleneco00pa3HOCThI0 MAaCCOBOIO MTPUMEHEHHSI HEKOTOPBIX MHHOBAIIUI U3-
3a WX BBICOKOH crtommocTH. B pabore (Roberts, 2019) npemioxeHsl MeTo[pl pa3pabOTKU H
BHEApeHHsT 00Jiee JOCTYMHBIX M YIPOINECHHBIX TEXHOJOTHM, a TaKXKe MEpPbI IO MOBBIIICHUIO
OCBEJIOMJICHHOCTH U OOYYCHHMIO B HMHIYCTPHH, YTO MOYET CHOCOOCTBOBATH 00JI€E MIUPOKOMY
pacrpoCTpaHECHUIO HOBBIX METOJOB. Takoil MOJIXO/ yXe HaIlel NMPUMEHEHHE, OJHAKO Tpedyer
MIPOJIOJDKEHHSI UCCIICAOBAHMM IS YIYUIICHNS U ONTUMHU3AIMH CTPOUTEIBHBIX MPAKTHK B 00JaCTH
aKyCTHKH.

Bce 310 1m03BOJISIET YTBEPKAATh, YTO LEIECOOOPA3HBIM SBIISETCS MTPOBEICHNUE UCCIICOBAHMS,
HaIpaBJIEHHOTO Ha Pa3pabOTKy JA€PEBSIHHON IIyMOTOTJIONMIAIONICH JBEPHON KOHCTPYKITUH.

3 MATEPHUAJIBI U METO/IbI

JJ1s U3rOTOBJIEHUS IBEPHBIX MOJOTEH MCIOIb30BAIUCH CIEIYIONINE MaTepUabl.

MJI®D (Opesecnogonroknucmas nauma cpeoHeli NJIOMHOCMU) - WHXEHEPHBIM Martepual,
CO3JaHHBIIl METOJIOM TPECCOBAHMS JPEBECHBIX BOJIOKOH C J00aBJIEHHEM CHHTETUYECKHX CMOJL
M/JI® mupoko HMCHOIB3YEeTCs B CTPOUTEIBCTBE M MEOEIbHOM MPOM3BOACTBE Osiarojapsi cBoei
MIPOYHOCTH, YHUBEPCAIBHOCTH M JIerKocTu oOpaboTku. OH obecrneuyuBaeT yMEpEeHHbBIE
3BYKOU3OJISIIUOHHBIE CBOMCTBA M CTPYKTYPHYIO CTaOUIBLHOCTb, YTO JI€NA€T €ro MOMYJISAPHBIM s
IIPOM3BOJICTBA ABEPEH, aKyCTUUECKUX MaHelel 1 MeOemu.

basanemosass eama - BUA MHHEpPAIbHON BaThl, W3BECTHBIA CBOMMH OTJIMYHBIMU
M30JIAIIMOHHBIMU CBOMCTBaMU. biarogapst mopucToit M BOJOKHUCTON CTPYKType, Oa3aibToBast BaTa
crioco6Ha A(pGEKTUBHO MOTJIOLIATH 3BYKOBBIE BOJIHBI, pa3pyllas UX U YMEHbIIasg OTPAKEHUE U IXO
B nomenieHusx. OHa 0COOEHHO MOJIe3Ha /s IIIYMOIIOTJIONIEHHUS B CTYAUAX, KWHOTeaTpax u oducax.

Ilenononucmupon (noaucmupon, nenoniacm) - JETKANW TJIACTUYHBIA MaTEpHall, TOJTydaeMbli
B pe3yinbTaTe noJuMmepuzanuu ctupoia. OH o0nagaer BBICOKMMHU —TEIUIOM3O0JISLIMOHHBIMU
CBOWCTBAMM M TAK)KE€ UMEET YMEPEHHBIE 3BYKON30JISLIUOHHBIE XapaKTEPUCTUKH.

l'oppokapmon - ynmakKOBOUHBIH MaTepHall, COCTOANIMNA W3 CJIOEB Oymarw, B TOM 4YHCIIE
rIIagKkuX o0JOKEeK M BOJHHMCTON Oymaru Mexay HUMU. BosayiiHble kapmMaHbl B TOQpPUPOBAHHOM
CJI0€ TMO3BOJISIIOT €My YJIaBIMBATh 3BYKOBBIE BOJIHBI M YAaCTHUYHO Morjoniate 3BYK. OpjHaxo,
roppokaproH MeHee d((eKTUBEH KaK 3BYKOM3OIHMPYIOIIUNA MaTrepuan MO0 CpPaBHEHUIO CO
CHELUAaIU3UPOBAHHBIMU AKYCTUYECKUMH MaTepUaIaMu.

JUis co3maHust W U3MEpEeHHs] 3BYKOBOTO JIaBJICHHS ObUIM 3aJeHCTBOBAHBI CIEAYIOIINE
npuOOpHI: TeHepaTophbl IIyMa, TPETbOKTaBHbIE (UIBTPHI M 3BYKOBBIE KOJOHKH C pPaboOuuM
nuanazoHoM yactoT oT 50 mo 5000 I';; MukpodoHBI IEpBOTO Kilacca, YCHIUTEIH U U3MEPUTEIIbHbIE
yCTpOIiCTBa, OTKATUOpOBAaHHBIE aKYCTHUECKUMU KajauOpaTopamMu Mepel HadyajJoM HCHbITaHU,
JOTIOJIHUTENBHO Hucnonb3oBasica 1mymomMep MASTECH MS6701 npns TO4HOrO uM3MepeHus
3BYKOBOTO JaBJICHUSI.

HcnpiTanus 0pOBOAMIUCH, B aIMUHUCTPATUBHOM OJIOKE CTOJSPHOTO TMPOU3BOACTBA H
COCTOSUIU U3 JIBYX ATaIlOB:

Jlabopamopuvie ucnvimanus: belin  BBIOpaHBI JBE CMEXKHBIE KOMHAThl C XOpoliei
IIYMOM30JISIIUEH CTEH, pa3lMyarollrecs IO YPOBHIO 3BYKOBOTO JaBjieHHs. B mabopaTopHbIX
YCIOBHSIX HCCIEAOBAINCH [JBEPU NPU PA3IWYHBIX YPOBHAX JABJICHHUS I OLIEHKH UX
3BYKOU3O0JISIIUOHHBIX XapaKTEPUCTHUK.

Hcnoimanusa 6 peanvuvix ycnosusax: Jns npoBepku 3(PQPEKTHUBHOCTH JBEped B YCIOBUAX
BHEIITHEro IIyMa Oblja 3aMEHEHa BXOJHAs JBEPh HAa TECTHpPyeMble JBepHbIe Onoku. VcmbiTaHus
MIPOBOJIUIINCH B YCIOBUSX €CTECTBEHHOTO IIyMa OT MPOMBIIIJIEHHBIX TEPPUTOPUHN, TPAHCIOPTHBIX
MarucTpaiei, »Kele3HOJOPOKHBIX myTed u aBuanuHuid. Kaxmoe ABepHOE TMOIOTHO OBLIO
YCTaHOBJIEHO ¢ 3a30poM B 10 MM Mo mepuMeTpy, KOTOpbI OBbLI 3ajieslaH BHOPO-aKyCTUYECKUM
repmeTukoM. Ilepen HauaaoM W3MEpEHUM JBEPH OTKPBIBAIMCH M 3aKPBIBAJIUCH MSATh pa3 s
MPOBEPKU PabOTHl MEXaHU3MOB U (DYPHUTYPBHI.

Jlns u3MepeHuss 3BYKOBOTO JaBJCHUS MCIHOJIb30BAINCH TPU PA3IUUYHBIX TOJIOKEHUS
MukpohoHoB: [lepBbiii MEeTOI BKIIOUAT YCTAaHOBKY MUKPO(OHOB B TpeX (DUKCHPOBAHHBIX TOYKAX,
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BO BTOPOM CIly4ae OJUH MHUKPO(OH MONEPEMEHHO MEepeMeIacs Mo 3alaHHbIM TOYKaM, B TPEThEM
METO/Ie HCIIOIH30BAJICS BPAIIAIOUINICS MUKPO(DOH, OMUCHIBAIOIINIA OKPYKHOCTh BOKPYT' HCTOUYHUKA
3ByKa. JIBepHbIe OJIOKM TECTHPOBAIHMCH B JBYX CMEXHBIX peBepOepallMOHHBIX KOMHaTax (c
BBICOKMM W HU3KHM YPOBHEM JaBJICHHA), yCTaHOBJICHHBIX 1o cTangapTam ['OCT. O0bemMbl KOMHAT
pasznuuanuchk Ha 10%, a BpeMs peBepOepaliiy COCTABISUIO TPH CEKYHJIbI B KaXKIOW TPEThOKTABHOM
nosoce. M3aMepenus nmpoBOAMIIMCH B 4aCcTOTHBIX mojiocax oT 100 mo 3150 I'n ¢ ucnonbp3oBaHueM
TPEeThOKTaBHBIX (puiabTpoB. s KanMOpOBKM BCEX YCTPOWCTB HCIIOJIB30BAIHMCH MEXIyHApOIHBIE
cragmaptel (IEC 61672-1:2014, IEC 60942:2003 u ISO 3382-2:2008), uyto obecreuynBaio
TOYHOCTh M HAJEKHOCTh HaHHBIX. [l omeHku (oHA M3MEpPSUICS YpOBEHb (POHOBOTO IIyMa B
KaX/JIOM HCIBITAaHUH, W CO3JaBATUCh YyCIOBHUA JU(PPY3HOTO 3BYKOBOTO TIOJSI C YYETOM
pacroyioKeHUs] ~ MCTOYHMKA 3ByKa WM yCTAHOBKM  quddy3opoB. s  omnpeneneHus
3BYKOM3OJISIITUOHHBIX ~ XaPaKTEPUCTUK JBEPHBIX OJOKOB OT BHEIIHEr0 IIyMa HM3MEPEHUs
MPOBOIMIIUCH Ha (pacaHOW CTOpOHE 3/1aHus, OOpalieHHON K 0xuBJIeHHOU ynuie. [Ilymomep Obut
YCTaHOBJIEH Ha BBICOTE 1,5 M OT 1oJ1a B TpeX TOYKAX HA PACCTOSIHUU OJHOTO METpPa OT CTEH.

4 PE3YJIBTATBI U OBCYKJAEHUA
4.1. PazpaboTka JepeBsIHHOI IBYXKAMePHO# KOHCTPYKUMH IBepH

EBpornelickiie Mpou3BOIMTENN HAIUIA CIOCOO CO3/aTh JIETKYI0 KOHCTPYKIUIO JIBEpeu: uis
YIIy4IIEHUS 3BYKOU30JIALINN JIBEPU MCTIONIB3YIOT OMYCKAIOIIUECs TIOPOTH U CHEIHATbHBIM COTOBBIM
HaIOJHUTENb C IBOMHBIMHU IEPETOPOAKAaMH, YTO obecreunBaeT d3PGEeKTUBHYIO 3BYKOU30JAINI0. [10
00pa3y 3TOro HamoOJIHEHUS B JEpEeBO0OpabaThIBAIONIEH MTPOU3BOCTBEHHON KOMITAHUW W3TOTOBWIIU
IBepb AByXKamepHoi koHcTpykuuu (Pucynox 1). KoHcTpykius mojapasyMeBasia pa3HOPOIHOCTb
MaTepHUaJoB HECKOJbKHX TOJIIHMH, SYEUCTOCTh, MEMOPAHHOCTb, @ TAKXKE€ ICTETUYHOCTH JBEPH.
D¢} PeKTUBHOCTh HCHBITATN MPOCTHIM METOJAOM CTYKa B CpaBHEHHMU ¢ OObIYHOU JBepbio. CTyK C
00paTHO¥M CTOPOHBI MPOCTOM JABEPH M3/IaBall 3BYKH YETKOTO y/apa, a CO CTOPOHBI JBYXKaMEPHOU
JIBEPU 3BYK MCXOWJ MPUTITYIIEHHBIN.

N300pereHne OTHOCHUTCA K LIYMOIOTJIOUIAIONIMM JEPEBSHHBIM JIBEPHBIM KOHCTPYKIIHSIM,
KOTOpPO€ OTHOCUTCS K JIBEPSIM CIIELMATbHOTO Ha3HAYEHHUSI JUIsl BHYTPEHHEH AKCIUTyaTallK B OTENIX,
rOCTUHUIAX, IIKOJaX, OonpHuIax. CoueTaHWe JHMCTOBBIX MATEPUAIIOB pPa3HOM TOJIIHUHBI B
MHOTOKaMEpHOW KOHCTPYKIIMH U 3aIll0JIHEHUE Kamep OyMaKHbIMU COTaMHU CO3/1aeT MEMOpaHHYIO
MOJIOCTh, 3aTYXaIONIyI0 3BYKOBBIE BOJIHBI 33 CUET Pa3HbIX AaKyCTHUYECKHX CBOICTB MaTepHasoB.
Pe3ynbTar mymMOnoryomeHusi 3aBUCUT OT TOJIIIMHBI BO3AYLIHOTO MPOCTPAHCTBA BHYTPU Kamep,
yeM OOJIblIIE PAcCTOSHUE MEXAY HapyKHOM HaKIaJKOW M BHYTPEHHEH Ieperopojkon, Tem
sbdekTuBHEee OyneT pe3ynbTar. Takke pa3sHUIly B HECKOJIbKO 1b oKkas3biBaeT otrhenka asepu. K
puMepy, HaKJIaJKa, OTAeNaHHas MOPUCTHIM IIMOHOM WJIM ACKOPATHBHOW KOXKEH, MOKET OKa3aTb
JIOTIOTHUTEIHHO MOJIOKUTEIbHBIN pPe3yNbTar.

Jlyis ipoBeNieHUs] UCTIBITAaHUSI OBLIIO M3TOTOBJICHO 5 JABEPHBIX MOJIOTEH Pa3HON KOHCTPYKIUU:
mpocras, MEXKKOMHAaTHas CTaHJIapTHas JBEpb, JABYXKaMEpHass KOHCTPYKIHS C COTOBBIM
HaIOJIHEHUEM, JIBYXKaMepHasi KOHCTPYKIUS C HAIOJHEHHEM U3 MEHOMOJIUCTUPOIIa, TPEXKaMepHas
KOHCTPYKI[USI C COTOBBIM HANOJHEHHEM, JBYXKaMepHas KOHCTPYKIHS ¢ 0a3ajibTOBBIM
HaMoJIHEHUEM pazHOi mIOoTHOCTH. OOpa3Ibl IBEPHBIX MOJNOTEH NpuBeAeHbI B Tadaume 1.

Taoauna 1
OO0pa3IIel JBEpHBIX MOJOTEH.
Ne obpasma Haumenosanue TommuHa,
MM
1 CranyapTHasi MeKKOMHATHasl IBEPb 42
2 JIByxkaMepHas JBEpb C COTOBBIM 3al0JTHEHUEM 50
3 JIByxkaMepHas ABepb 3aIll0JHEHHAas! IEHOIIEKCOM (IIEHOMOJIIMCTHPOIOM ) 55
4 TpexkamepHas ABEPh C COTOBBIM 3aI0HEHUEM 50
5 JIByxkaMepHas JBepb 3all0JIHEHHasi KAMEHHOW BaTOM 55
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VcnpITanne mpoBOIMIIOCH B aIMUHUCTPATUBHOM OJIOKE CTOJIIPHOTO IPOM3BOJICTBA, /i€ ObUIN
M3TOTOBJICHBI OOPA3IIBL.
Konctpykiusi crangapTHod mMexkomHatHO# nBepu (Pucynok 1). TIpocras MexkoMHATHas

IBEPb, OOBIYHO €€ Ha3bIBAIOT ITyCTOTENAst ABEPh C COTOBBIM HamnoiHeHHeM. COCTOUT U3 COCHOBOTO
Kapkaca u pyoamku u3 MA® ToamuHoi 6 MM.
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Pucynok 1 — KoHcTpyKIHs CTaHIAPTHOH MEKKOMHATHOM JIBEPH.

JIByxKkamepHass KOHCTPYKIMSI ¢ cOTOBbIM HamosiHeHHeM (Pucynox 2). KoHcTpykiust 3Toi
nBepu Obuta m3o0pereHa B 2018 romy. KoHcTpykmus oTinmdaercs OT OOBIYHOM JIBEPU TEM, UTO
BHYTPEHHEE MPOCTPAHCTBO JCIUTCS Ha JIBE€ KaMmepbl meperopoaxod MJ®D TtommuHONH 3 MM.

TonmmuHa aBepu yBenuyeHa JUid CO3/aHUs OOJBIIOTO BO3IYITHOTO MPOCTPAHCTBA M 3allOJIHEHA
COTaMH.
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Pucynok 2 — JIpyxxkamepHasi KOHCTPYKIHS C COTOBBIM HAIlOJTHEHUEM.

JIByxkaMepHass KOHCTPYKIMsSI C HaloJHEHHeM u3 mneHonojuctupona (Pucynok 3).
KoHcTpykiusi cooTBeTCTBYeT 00pasily, TNokazaHHOMY Ha Pucynke 2, HO TONIIMHA Kamep

YBCJIMYCHA Ha TOJHIUHY IICHOIIJICKCA. HCHOHJ’IGKC, HOpHCTBIﬁ TCHHOH3OHprIOHIHﬁ Marepuall,
4acTO OIIMOOYHO MMPUIIHNCBIBAIOT CBOMCTBaA 3BYKOU3OJISAIUH.
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PucyHnok 3 — J/[ByxkamepHasi KOHCTPYKIIUS C HAITOJTHEHHEM U3 TIEHOMOIMCTHPOIA.

55

TpexxkamepHass KOHCTPYKITUS C COTOBBIM HamojHeHueM (¢ rodpokaptonom) (Pucynok 4). B
paMKax 3KCIepuMeHTa ¢ oOpasloM, Moka3aHHbIM Ha Pucynke 4, OymeT HCCIEIOBAaHO BIIHMSHUE
KOJIMYEeCTBA IIEPETrOPOJIOK Ha 3BYKOU3OJSIITMOHHBIC CBOWCTBA JIBEPH TPH COXpPaHCHHH €&
MMOCTOSTHHOW ~ TOJIIWUHBI. ITOT TOJXOJ TO3BOJUT OIEHWUTh, HACKOJIBKO 3()PEKTUBHOCTH

3BYKOMU3O0JIALNUH 3aBUCUT OT KOJIMYECTBA CTPYKTYPHBIX 3JICMCHTOB B JIBEPHOM IIOJIOTHE, B OTINYHNC
OT Ka4€CTBA HUCIIOJIB3YEMBIX MAaTCPUAJIOB.
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Pucynok 4 — TpexxkamepHasi KOHCTPYKIIHS C COTOBBIM HAIIOJHEHUEM (C TOPPOKAPTOHOM).

JIByxkaMepHasi KOHCTPYKIUS ¢ 0a3aabTOBbIM HarosHeHHeM (PucyHok 5) siBisieTcst TIaBHBIM

B HCCIICOAOBAaHMH, TaK KakK CBOMCTBA KaMEHHOM BaThI IIpyu IIPaBHIJIBHOM IIOAXOAC AAKOT XOPOHIHC
pE3yiIbTaThI.
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Pl/IcyHOK 5- HByXKaMepHaH KOHCTpYKI U C 0a3aJLTOBLIM HAITOJTHEHHEM.

B nmanHOM 00pasie HCMob30BaNach 0a3aqbToBas BaTa INIOTHOCTBIO 65 m 156 xr/m®. C
YBCIUMUYCHHUEM IUIOTHOCTH BaTbl PACTET 3BYKOIOITIOMICHME Ha HHU3KUX 4YaCToTax MW HIagacT
3BYKOTIOTJIONIEHNE HA CPEJHMX M BBICOKMX uyacToTaXx. OJHA Kamepa 3aroiHEHa BaToi 65 Kr/m®,

BTOpas 156 xr/m°. Jlns 3amonHeHWs BaTa ObLa TojeNeHa Ha TommuHy Kamep (CambOerdaesa
&Bbousarosa, 2022).

4. 2. OnpeneneHue 3ByKOM30JISIIUH IBEPHBIX J€PEeBAHHBIX KOHCTPYKIM

Pe3ynbrathl 1a00paTOPHOTO WCCIICIOBAHHMS CO CTOPOHBI KOMHATBl BBICOKOTO YpPOBHS
npeacrasieHsl B Taduauie 2.

Tabauna 2
Pe3ynbTaThl 7a00paTOPHOTO UCCIIEAOBAHUS CO CTOPOHBI KOMHATHI BEICOKOT'O YPOBHSI.
PesyabraT Pesyabrar PesyabTat 1 O T ——
Hcxonnbrii HCNIBITAHUSI B HCOBITAHUSI BO  HCIBITAHUSA B 1
Ne oOpazua . . . 3BYK (cpeaHee
3BYK, 1b nepBoii ToUuke, BTOPOIl TOUKe, TpeThell TOUKe, snauenue), 1B
ab ab nb ’
I11 77 65,5 65,6 65,1 11,6
112 77 56,3 57 56,9 20,26
13 77 68,1 67,1 67,7 9,3
114 77 61,1 61,8 61,1 15,6
15 77 50,1 50,3 50,1 26,83

W3 Tabauubl 2 BUIHO, YTO CO CTOPOHBI KOMHAThl BBICOKOI'O ypoBHs oOpaszer [12 umeer
pasHMIly IOYTH B JIBa pa3a B CPaBHEHHUHU C 0ObIYHOM JBepblo (oOpaszen II1) m cooTBeTCTBEHHO
pe3yibTaThl MOYTH B JiBa pas3a Bbime. B oOpasue I13 meHomnexkc cnocoOCTBYeT CO3JaHMIO
pe30HaHCa BHYTPU KaMep, H3-3a 4Yero 3BYKOIOITIOLIEHHE CHMU3UIOCH, HECMOTPS Ha TOJILHMHY
noyiotHa. Pe3ynmprar Tperbero obOpasla okaszaics Huke oObluHOM ToHKOW asepu. O6pazen I14
JI0Ka3bIBaeT FPPEKTUBHOCTH TOJIIMHBI BO3IYIIHOTO MPOCTPAHCTBA, YeM OJIMXKe Meperopoiku, TeM
HIDKE M0Ka3aTelb 3BYKOTIOTJIOIeHHs. 3BYKOBasi BOJIHA CBOOOJHO MEPEHOCUTCS U3 OJJHON KaMephl B
JPYryl0 ¢ MajJbIMH TOTEpSAMH HHTEHCHMBHOCTH. Ecim Obl B oOpasue [14 yBenn4uTh TONIIMHY
M0JIOTHA, HE YMEHbIAs PacCTOSTHUE MEXAY IeperopojkaMu, TO Pe3ysbTaT BO3MOXKHO ObLIT Obl
spdextrBHee obOpasua I12. OOpazen IS mnoxazan 3HAUMTENbHBIM YITYYIICHHBIH pe3ybTar.
bazanbpToBas BaTa onpaBabBaeT 3PGEKT LIYMOMOITIOUICHHUS.

Pe3ynpTaThl 71a00paTOpPHOTO HCCIEAOBAHUS CO CTOPOHBI
npencrasiensl B Tadaune 3.

Taodauna 3
PeByJ'IBTaTBI na60paT0pH0r0 HCCIICAOBAHNA CO CTOPOHBI KOMHATBI HU3KOI'O YPOBHA.

KOMHATbl HHU3KOI'0 YpPOBHMA
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PesyabTaT PesyabTaT PesynbraT .
. IMorsomeHHbIH
Hcxonnblii HCNBITAHUS B WCNBITAHUSI BO  MCOBITAHHS B
Ne o6pasua . . . 3BYK (cpennee
3BYK, 1b NnepBoil TOUKe, BTOPOI TOYKe, TpeThei
3HauyeHmue), 1b
nb ab TOuKe, b

1 77 65,6 65,9 65,1 11,46
112 77 56,5 57,2 57,1 20,06
113 77 69,1 68,9 67 8,66
114 77 61,7 61,9 61,8 15,2
I15 77 50,1 50,5 50,3 26,7

W3 nmanHbIX, npeactaBieHHBIX B Tabjmie 3, MOXHO CcIelaTh BBIBOJ O 3HAYUTEIBHBIX
pa3NMYMAX B aKYCTHUYCCKMX XapaKTEpUCTHKax oOpas3mnoB. B wactHoctm, o6Opasenm 12,
PaCTIOJIOKEHHBI CO CTOPOHBI TIOMENICHHSI ¢ HU3KHUM YPOBHEM IITyMa, IOKa3ajd YJIBOCHHOE
CHIDKCHHUE 3BYKOIIPOHMIIAEMOCTH TI0 CPaBHEHHIO ¢ KOHTPOJBHOU nBephio (oOpasem I11) B xoxe
nepBoro TectupoBaHus. [lo pesynapraTam wucnbeiTanus oOpasua [13, comepikaiiero IEeHOIUIEKC,
HaOIOAaNICd 3HAYUTEIBHBIN PE30HAHCHBIN MWK, YKAa3bIBAIOIIUM HA YBEIMYCHHE MPOHHUKHOBEHUS
IyMa W3 MEHBIIEH M0 pa3Mepy KOMHATHI B OOJIBIIYIO B CPAaBHEHUU C TPEIBITYITUMHU JTAHHBIMH.
[ToBenenne oOpa3ma I[14 ocramock CcTaOMIBHBIM W HE TIOKa3aj0 3aMETHBIX OTJIWYUN OT
MPEJIBIIYIIETO WUCIBITAHUS, PE3YJIbTaThl OKA3aJIMCh MMOYTH HUICHTHYHBIMH. AHAJOTHIHBINA 3(dekT
JEMOHCTPHUPOBAN U TIOCIICTHUI 00pa3ell, MOATBepkAast JaHHBIC TTPEIbIIYITUX H3MEPESHUN.

Pe3ynbTaTthl HWCCIeOBaHHWS B HATYPHBIX YCIOBHSX CO CTOPOHBI NMPUEMHOW KOMHAThI
npeactasieHsl B Taduuie 4.

Tadonuua 4
Pe3ynbTaThl HCCIE10BaHNS B HATYPHBIX YCIOBHSAX CO CTOPOHBI IPUEMHON KOMHATHI.
PesyabraT PesyabTar Pesyabrar .
. HoromennbIit
Hcxonnbrii HUCTILITAHUS B HCNILITAHUSA BO HCNIBITAHUS B
Ne oOpazua . . . 3BYK (cpeaHee
3BYK, 1b nepBoi ToukKe, BTOPOIii TOUKe,  TpeThbell TOUKe, snauenue), 1B
ab ab ab i
13 77 69,01 68,5 67,1 8,79
114 77 61,9 62,1 61,91 15,03
I15 77 50,2 50,3 50,4 26,7

N3 Tabauubl 4 BUIHO, YTO HUCIBITAHHE B HATYPHBIX YCJIOBUSIX MPOBOJAUIOCH MOCIEIHUMU
Tpems oOpasuaMu, BBUAY TOro uto obpasen 111 xkomHaTHas ABeph Hemouiexalas i HApyKHOTO
ucnosib3oBanus. O6paszen [12, Toxxe n3HayanbHO pazpabaThiBajica B KaUeCTBE BHYTPEHHEH TBEPH.

CpaBHHTEIIBHBIN aHATIU3 110 UTOTaM TPeX U3MEPEeHHH npeacTaBieH B Tabduuire 5.

Taoauna 5
CpaBHHUTENBHBIN aHAJIN3 TI0 UTOTaM TPEX U3MEpPEHHH.
Cpennee Cpennee Cpennee
. 3HaYeHHe HroroBas onenka
Hcxonnbrit 3HaYeHHe 3HaYeHHe
Ne oopasua NepBoro (cpeanee
3BYK, 1b BTOPOro TpeThero
HCTIBITAHUS, 3HavyeHue), 1b
1B ucnbiTanus, Ab  HcnbITaHus, 1b
I11 7 11,6 11,46 - 11,53
112 77 20,26 20,06 — 20,16
113 77 9,3 8,66 8,79 8,91
114 77 15,6 15,2 15,03 15,27
15 77 26,83 26,7 26,7 26,74

CornacHo naHHBIM, NpuBeASHHBIM B Tabuauime 5, ObLJIO MPHUHSTO PEIIEHUE O MPOBEICHUU
AKCIIEPUMEHTAJIbHBIX HUCIHBITAHUI C HCIOJIb30BAHUEM MOCIEAHUX TPEX ABEPHBIX KOHCTPYKLIMM.
HecmoTpss Ha TO, uTO JaHHBIE OOpa3lbl W3HAYATBHO HE NpPEIHA3HAYAIWCH IS HapyKHOU
IKCIUTyaTaIlii, ¥ UX KOHCTPYKIHMS HE COOTBETCTBOBAJIA 3TOMY (DYHKIIMOHATBLHOMY Ha3HA4YEHUIO,
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OHM OBUTM BBIOpAHBI TSI OICHKH MX aKyCTUYECKUX CBOWCTB B €CTECTBEHHBIX yCIOBUsX. Llenbro
WCIBITAHUN OBUIO M3y4EHHE IMOBEJCHUS 3BYKOM3OJISIIMOHHBIX XaPAaKTEPUCTHK B KOHTEKCTE Kak
HUCKYCCTBEHHO CO3JaHHOTO IIlyMa, TaK U IlyMa, BO3HHUKAIOMIETO B PEATBHBIX YCIOBHUSIX
JKCIUTyaTarui. BeIOOp AaHHBIX 00pa3oB ObUT OOYCIOBICH WX HOBU3HOW M KOHCTPYKTHBHBIMU
OCOOCHHOCTSIMH, YTO JIeNAaeT WX aHaJIN3 OCOOCHHO 3HAYMMBIM JIJISl OTPEACIICHUS] BO3MOKHOCTH UX
MIPUMCHCHHSI B YCIIOBUSX BHEITHEH CpEIbl.

Kak mokasayio wccieoBaHie B HATYPHBIX YCJIOBHSIX, TOBEACHUE OOPA3IOB K BO3IYITHOMY
IyMy OBLJIO CXOXKHUM C IEPBBIM HCIBITAHUEM, TJI€ U3MEPEHHE MPOBOIMIIOCH CO CTOPOHBI KOMHATHI
BBICOKOTO YpOBHS. TpeTuil oOpasel] mo-mpeKHeMY PE30HHUPOBAT M BbIaBal HU3KUU pe3yNbTar.
Pe3ynbTar 4eTBepTOTO HE3HAYUTEIHLHO U3MCHHII PE3YJIBTATHI C TICPBBIM U BTOPBIM HCIbITaHuEM. 1o
OKOHYAHUIO TPEX HCIBITATCIbHBIX HM3MEPECHUN, pPEe3yNIbTaThl OBUIM TIOMEMICHBI B OT/CIIbHBIC
Ta0JIMIBI, Te Pe3YNIbTAThl YCPETHSUIUCh O 3HAYCHHWsIM. B Kaxaod Tabmmie mocnemsss rpada
MMOKA3bIBACT CPEAHHMM pe3yJbTaT MO TPEM OIpeaessomuM TodkaM. [lo utory mocnemnss rpada
CpPaBHHMBACT CPEJHUE PE3yJIbTaThl W BBIBOJUT IOKa3aTellb A(PPEKTUBHOCTH IIyMOIOTIIONICHUS
KQXKIBIM TTOJIOTHOM.

Pesynbrarel mokaszamu, uro oOpaserr [12 mMeeT pa3HHWIly TIOYTH B JIBa pa3a B CPaBHCHHH C
00b1yHOM 1Bepbi0. B oOpasie [13 meHomiekc cnocoOCTBYET CO3aHUI0 pPEe30HAHCA BHYTPU Kamep,
M3-32 Yero 3BYKOIOTJIONICHHE CHU3HWIOCh HECMOTPS Ha TOJIIIMHY TOJOTHA, CO CTOPOHBI MaJIOTO
MoMeIIeHus 3TOT PQEKT TUITH BO3pacTaeT B OTpHUIATeNIbHO HampaBieHun. O6pazen [14 eme pa3
noka3an 3((HEeKTHBHOCTh TOJIIWHBI BO3JYINTHOTO IPOCTPAHCTBA, YeM OJIMDKE TIEPErOPOJIKH, TEM
HIKE TIOKa3aTellb 3BYKOIOTIIOMICHUS. 3BYKOBAasi BOJIHA CBOOOIHO ITEPEHOCUTCS U3 OJHON KaMephl B
JPYTYIO ¢ MAJIBIMU TIOTEPSIMU MHTEHCUBHOCTU. Ecim B oOpasiie 114 yBeIwunTh TOJIIHUHY MOJIOTHA,
HE YMEHBINAsl PacCTOSHUE MEXKIY IeperopojkaMu, TO pe3yiabTaT OyneT 3(deKTHBHEe BTOPOTO
obpasma. C maTeiM oOpa3moM ObLT, JOCTUTHYT JKEJAeMbI pEe3yNIbTaT, COOTBETCTBYIOIIHUMA
€BPOTIEHCKOMY CTaHJIAPTy OTHOCHTEJIPHO BHYTpeHHHX ABepeil. Konctpykuus obpaszmna I15 umeer
OTHOCHTEIIBHO JIETKYI0 H  0O€30MacHyl0 KOHCTPYKIHIO C 3((PEeKTUBHBIM  MOKa3aTelieM
3BYKOIIOTJIOIEHUSI.

HccnenoBanus mokaszainu, 4yTO KOMOWHAILMS MAaTepHalioB C DPA3IUYHBIMU AKYCTHUYECKHUMH
CBOMCTBaMHM CHOCOOCTBYET CO3JaHUI0O KOHCTPYKIMI € YHHUKAJIbHBIMH 3BYKOIOTJIOLIAIONIMMU
xapakrtepuctukamu. Pesynbrarel, mnpeacraBieHHble B Tabuaume 5, AeMOHCTPUPYIOT, YTO
MPaBUJIbHOE COYETaHHE IUIOTHOCTEW 0a3aJbTOBOWM BaThl M JBYXKaMEPHOTO pa3/elieHuss BHYTPHU
JIBEPHOTO TIOJIOTHA CYILIECTBEHHO YIYYIIaeT LIYMOMU3OJSIMOHHBIE IOKa3aTeiau. OTH JaHHbIE
KOPPEIUPYIOT C TEOPETHUYECKUMH TMPEINOJIOKEHUSIMHU, KOTOpas OIKChIBAET 3aBUCUMOCTD
3BYKOIIOTJIOIICHHS OT IUIOTHOCTH U CTPYKTYphI Matepuaia (Beranek, 2012).

[IpennoxeHHass METOAUKA HUCHOBITAHUA W pe3ylAbTaThl 3aMETHO  OTJIMYAIOTCA  OT
TPaJAMLIMOHHBIX TI0X00B, onKrcaHHbIX B padore (Carvalho, M. L. de Ulhda, 2018). B oTiimune ot
PaccCMOTPEHHOTO HMCCIEA0BaHUS, KOTOpoe (HOKycHpyeTcs Ha OJHOPOAHBIX MaTepuanax, B JaHHOU
paboTe HCIMOoJIb3yeTcsT KOMOHMHAIMS HECKOJBKMX MaTepHalioB, YTO IO3BOJISIET JOOUTHCS OoJee
BBICOKOU 3(ppekTUBHOCTH HIyMOToTIoueHus. Takke CTOUT OTMETUTh IPUMEHEHHUE TBYXKaMepHOM
CTPYKTYPBI, YTO SIBIISIETCS HOBATOPCKHUM IOJIX0JIOM B JAaHHOM 00JIaCTH UCCIIeI0BaHUM.

HccnenoBanue uMeeT psili OrpaHUYCHHM, BKIIIOUAs OTPAaHUYEHHOE KOJMYECTBO MUCHBITAHHBIX
00pa31oB U crneuupuKy yCIOBHI TECTUPOBAHUS, KOTOPbIE MOTYT HE MOJHOCTHIO COOTBETCTBOBATh
pEeabHBIM YCIOBUSAM JKCIUTyaTalliu. Takke METO/IMKA 3BYKOM3MEpPEHUI MOKET ObITh MOJIBEpIKEeHA
BIIUSIHUIO BHEUTHUX (DaKTOPOB, TAKUX KaK TeMIepaTypHbIe KOJIeOaHus U BIaXKHOCTh, UTO MOTPEOyeT
JIOTIOTHUTEIHHOU KaTHOPOBKU 000pYIOBAaHUS B OYAYIIUX HCCIEAOBAHUSIX.

OgHuM W3 HEIOCTAaTKOB SIBISIETCS HCIOJB30BaHME CTAaHAAPTHBIX METOJOB OIICHKHU
3BYKOIIOTJIONIIEHUSI, KOTOPbIE MOTYT HE TOJHOCTBIO pacKpblBaTh MOTEHIMAT  HOBBIX
KOHCTPYKTHUBHBIX pelleHuid. B mepcnekTuBe mpemiaraercss pazpaboTaTh 0ojiee TOUHBIE METObI
W3MEpeHUusi, BO3MOKHO, BKIIOYas KOMIBIOTEPHOE MOJICTHPOBAHUE, YTO TO3BOJUT YTOYHHUTH
peallbHbIE aKyCTUYECKHE CBOMCTBA MATEPUAJIOB B PA3IMUHBIX YCIOBUSIX.

JlanbHeliiee pa3BUTHE WCCIEIOBAHMS MPEAyCMATPUBAET aHAINU3 BIMSHUS PA3TUYHBIX
BHEITHUX YCJIOBHA Ha aKyCTHYeCKHe CBOIicTBa MaTepuaioB. OCHOBHBIE TPYAHOCTH MOTYT
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BKJIFOYAaTh HEOOXOIMMOCTh CIIOKHOTO CTATHCTUYECKOTO aHalW3a JaHHBIX U pa3pabOTKy HOBBIX,
Ooyiee  CIIOXHBIX OKCIICPUMEHTAIBHBIX YCTaHOBOK. Kpome Toro, mortpedyercs TecHOE
B3aMMO/ICHCTBHE C MTPOU3BOJIUTEIIIMU MAaTEPUAIIOB Il MCIIBITAHUS HOBBIX 00Pa3lloB B Pa3JIMIHbIX
KOHOUTypalusx, 4YTO TMPEABbIBISCT BBICOKHE TPEOOBAHUS K TOYHOCTH M BOCIIPOU3BOIMMOCTHU
pe3yabTaTOB.

S BBIBO/IbI

1. Jlns moBbimenuss 3((GEKTUBHOCTH 3BYKOM3OJSIIUHM OblIa pa3paboTaHa JepeBsHHAS
JBYXKaMepHasi KOHCTPYKIIHMS JBEPH ITyT€M HAIOJHEHHUs 0a3albTOBOW BaTOW pPa3HOM IMIJIOTHOCTH.
Takas KOHCTpPYKLUSI BEPH NO3BOJIMIA JAOCTHYb CHMXKEHMs YpoBHs myma Ha 30%, uro nenaer eé
MIPUTOTHOM JIJTsl IPUMEHEHUS B YCIIOBHSIX TPEOYIOIINX BEICOKOH 3BYKOHM3OJISIIHH.

2. TlpoBemeHO KOMIUIEKCHOE W3YyU€HHE 3BYKOM3OJIAIMOHHBIX CBOWCTB pa3paboTaHHON
KOHCTPYKIIMU JIBEPH TIOCPEACTBOM JaOOpAaTOPHBIX WCHBITaHWH. M3MepeHus TOKas3ald, dTo
0a3aIbTOBOE HAMOJIHEHHUE C Pa3HOH MNIOTHOCTBIO B KaMepax CIOCOOCTBYET MOIJIOIIEHUIO 3BYKOBOH
BOJIHBI Ha pa3HbIX yactoTax u umeer RW=27 nb.
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STUDY OF PROPERTIES OF MULTILAYER REFLECTIVE
THERMAL INSULATION MATERIALS FOR IMPROVING
ENERGY EFFICIENCY OF BUILDINGS

A.Z. Tukhtamisheva! @, D.A. Adilova'* ®©

International Educational Corporation, 050028, Almaty, Kazakhstan

Abstract. The article examines the characteristics of multilayer reflective thermal
insulation materials, which are increasingly used in the construction of energy-efficient
buildings. These materials include highly reflective layers capable of reflecting up to
97% of thermal radiation and spacer elements that prevent dust accumulation and
create stable air gaps, significantly improving their thermal insulation properties. The
study investigates their ability to reduce heat transfer through a combination of
reflection, convection, and conduction mechanisms, as well as their role in preventing
condensation. The production of such materials is described as a technologically
complex yet highly efficient process. The article reviews international standards, such
as EN I1SO 22097, and methods for measuring thermal insulation parameters, including
the use of devices like the "guarded hot plate” and "hot box." Practical applications of
multilayer materials in construction are analyzed, focusing on their use for insulating
roofs, walls, and floors in both new buildings and renovation projects. The findings
confirm the high efficiency of multilayer reflective thermal insulation in various
climatic conditions. These materials help to reduce building overheating in summer,
minimize heat loss in winter, improve indoor thermal comfort, and decrease energy
consumption. Their use contributes to achieving the goals of sustainable construction,
making them a key component of modern building practices.
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Anpatna. Maxkanaoa Kenkabammbsl WARLLIOLIPELIUL HCHLTY  OKULAYAASbIUL
mamepuanoapovly CUNAmMmMamanapel Kapacmlpuliaosl, Oaap JIHepaus Mmuimoi
eumapammapovl  canyoa KeyiHeH Koloauvliyoa. bByn mamepuanoap  orcwiny
coynenenyoiy  97%-na  OelliH  WARLIIBICMBIPAMBIH — HCO2APLI  ULARBLIObIPELIUL
Kabammapovl  JHCOHe  WAHHBIY  HCUHATYbIH  OONObLIPMAUMbBIH, MYpakmoel aya
CAHBLIAYIAPBIH KAMMAMACHI3 ememin 0012iul diemeHmmepoi Kammuowl, OY1 01apobly
JHCHLLY OKWAYAAY Kacuemmepin aumapavikmai scaxcapmaowvl. 3epmmeyoe OV
mMamepuanoapovly uazvlioblpy, KOHBEKYUs JHCIHe OMKIZCIUMIK MeXaHU3MOEpIiHiH
Yilnecimi apKblibl HCbLLY 6MKIZY0i momMeHOemy Kabinemi, cOHOAl-aK KOHOEHCAYUSHbIY
naioa 60nybiH 6010bIpMayodagsvl poii mandarnaosvl. Mynoaii mamepuanidapovi 6HOIpY
MEXHONIO2UANLIK  MYPEblOan Kypoeni, 0Oipak Hcozapbl OHIMOI npoyecc peminoe
cunammanaovl. Maxkanaoa EN ISO 22097 cuskmul xanelkapanvlk cmanoapmmap
JHCIOHE JHCHLLY OKUIAYAAY Napamempiaepin enuey 20icmepi, COHblH UWiHOe «blCMbIK
NIUMA» JHCIHE «bICMBIK KOPANY KYPbLIRbLIAPbIH KOLOAHY Kapacmulpuliadvl. CoHoati-
ak, Kenkabammuvl Mamepuaioapobl KYpbliblC CANACHIHOA - HCAHA UMAPAmmapowvl
OKWAYNAY JHCIHE KOJLOAHLICMARbL UMAapammapobl Kauma Kypy YWiH KOJIOAHYObIH
NPAKMUKAanelK  acnekminepi  manoanaovl. AnviHean Hamudicenep KonKkabammol
WARBLIOLIPELIUL  HCHLTY — OKWAYIARbIUL  MAMEPUANoapobly pmypii  KIUMAMmslK
Jrcazoaunapoa  Jcozapvl  muimoiniein - pacmauovi. bByn mamepuanoap cazoa
aumapammapobly Kbi3bll KemyiH a3aumyad, KblCmda JHCbLLY WbIRbIHbIH OapblHuLa
asaumyaa, [WKi MUKDOKIUMAMMbL HCAKCAPMYEA JHCIHE OSHEpeUus UbIRbIHOAPbIH
Kvlckapmyza kemexkmeceoi. Onapovl nauoaniany mypakmel KYpbliblc MAKCammapulHa
KOl dcemKizyze bIKnal emeoi JHcaHe 01apobl 3aMaHAyU KYPbliblC UHOYCPUSLCLIHBIH
Maybl30bl 1eMeHmine aHATABIPAIbI.

Tyiiin ce3nep: Keonxabammul wagvliovipebiis OKWAYIAY, UMApammapobly
9Hepaus MUIMOLNII, HCHLIY OMKIZY, HCHULY OMKIZ2IUMIK, MYPAKMbl KYPbLIbIC.
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AHHOTAUUsA. B cmamve uccredyromes Xapakmepucmuku MHO2OCLOUHbIX
OMPadfCarowux Meniou30IAYUOHHbIX MAMEPUAIOs, KOMopble HAX00sm éce 0obulee
npuUMeHeHUe 8 CMpOUmeibCmsee IHepeodIPPekmuenvlx 30anuil. JJanHvle mamepuaisl
BKIIOUAIOM  8bICOKOOMpAdCalowue ciou, ompadxcaiowue 00 97% meniosoco
uznyuenus, u pazoeaumenvhvle dIeMeHmbl, npeoomepaujarouue CKonjienue noliu u
cozoarouue cmadubHble B030VUIHbIE 3A30pbl, YMO 3HAYUMENIbHO YIyUuldem ux
MenIou3oNAYUOHHble  c8olicmeda. Hccredyemess ux — cnocoOHOCMb — CHUJCAMb
menionepeoayy 3a cuem KOMOUHAYUU MeXAHUIMO8 OMPAXCEHUs, KOHBEKYUU U
nPOBOOUMOCU, A MAKHCE UX POJib 8 NPeOOmspaweHuU 0Opa3068anus KOHOEHCama.
IIpou3600cmeo maxkux mamepuailos ONUCLIBACMCs KAK MeXHOL0SUYECKU CIONCHDBLIL,
HO  8bICOKONPOU3B00UMENbHblll  npoyecc. B cmamve  paccmampusaromces
MexncOyHapooHvle cmanoapmol, makue kak EN ISO 22097, u memoowvl usmepeHus
MENTOUZONAYUOHHBIX NAPAMEMPOS, BKIIOUASL UCNONb308AHUE YCIPOUCME (20PSAYasL
niacmuna» u «eopauas Kopobkay. Taxoice amanuzupyemcsi npaxmuyeckoe
npuUMeHeHue MHO2OCIOUHBIX MAMEPUANO8 8 CIPOUMeNbCmee - O MenioU30AaYUl
Kpblid, CIeH U N0I08, KaK 8 HOBbIX 30AHUSIX, MaK u npu pekoncmpykyuu. Ilonyuennvie
pe3yibmamsl  HOOMBEPAHCOAIOM  BbICOKYIO  Ihekmusnocms — MHO2OCAOUHOU
ompadcarowel MeniousoNAYUY 6 PA3TUYHBIX KIUMAMUYECKUX YCA08UAX. Dmu
MAmepuaibl NOMO2AOM CHU3UMb Nepecped 30aHUll J1emoM, MUHUMUSUPOBANb
menionomepu  3uMol, VIAVYWUMb GHYMPEHHUL MUKPOKIUMAM U COKPAMUMDb
9Hepeozampamsl. Mx npumenerue cnocoocmeyem 00CmudlCeHuro yeiell yCmouiugo2o
cmpoumenscmea, umo  Oendem  UxX — KIUYeBblM  JIEeMEHMOM  COBDEMEHHOU
CMpOUmenbHOU UHOYCIMPU.

KawueBbie [ 01):7: Mnoeocnoiinas ompadcarouas uzonAYUs,
9Hep203hhexmusnocms 30anuli, menionepeoaia, menionpo8OOHOCHb, YCIMOUUUBOE
CMpOUmebCmaso.
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1 INTRODUCTION

Improving the energy efficiency of buildings and reducing energy consumption are among the
key priorities outlined in Kazakhstan's state programs, such as the «Concept for the transition of the
Republic of Kazakhstan to a Green Economy» and the State program for industrial and innovative
development. These programs aim to reduce energy costs and promote the adoption of sustainable
construction technologies that meet international environmental standards.

One of the effective tools for achieving these goals is the use of innovative thermal insulation
materials. In particular, multilayer reflective thermal insulation materials demonstrate significant
potential due to their ability to reduce heat loss through the reflection of thermal radiation and
minimize heat transfer.

This article examines the characteristics of multilayer reflective thermal insulation materials,
their structural features, and methods for their application in construction. The study aims to identify
opportunities for improving building energy efficiency through the use of these materials, enhancing
thermal protection, reducing energy costs, and lowering the carbon footprint.

Thus, the purpose of this work is to study the properties of multilayer reflective thermal
insulation materials and to develop recommendations for their effective use in construction to
improve building energy efficiency under the conditions of a sharply continental climate.

2 LITERATURE REVIEW

New thermal insulation materials are continually being developed globally, offering innovative
solutions for energy efficiency. While the thermal properties of these new materials are often
comparable to conventional ones, advancements focus on optimizing performance. Studies have
highlighted that the thermal conductivity of air within the pores, voids, and loops of any material is
0.024 W/(m-K), with the overall material conductivity slightly higher due to its structural framework.
However, materials achieving a thermal conductivity of 0.03 W/(m-K) are already within reach.
Furthermore, incorporating gases with thermal conductivities of 0.012-0.013 W/(m-K) can enable
materials to achieve conductivity values as low as 0.026 W/(m-K), even if a significant portion of the
gas escapes during operation. These materials, often termed "future materials,"” are at the forefront of
thermal insulation innovation, with technologies emerging to reduce thermal conductivity, thickness,
and weight (Gailius & Véjelis, 2012).

Multi-foil thermal insulation stands out as an advanced composite material for building
applications. It consists of multiple thin foil layers made of low-emissivity materials, capable of
reflecting significant portions of solar radiation. Between these foils, spacer layers of low-
conductivity materials prevent dust accumulation and maintain consistent spacing. Common spacer
materials include mineral, vegetable, or animal wool; metal-reinforced polyester layers; polyester
wool; polyethylene foam; and air bubble films. Reflective layers are typically made from aluminum,
capable of reflecting up to 97% of radiant heat due to its low emissivity (0.03-0.05) and high
reflectivity (0.95-0.97). These features enable multi-foil insulation to retain heat efficiently by
reflecting radiant energy, leading to improved U-values with thinner layers (Pruteanu et al., 2011).

3 MATERIALS AND METHODS
3.1 Material structure analysis

Reflective surfaces play a crucial role in improving the thermal efficiency of insulation
products. They work by minimizing heat transfer caused by thermal radiation, particularly in
materials that are partially or fully transparent to infrared radiation. Additionally, they help reduce
radiant heat transfer across any air gaps present in the system. In some cases, these air gaps are integral
to the insulation structure, while in others, the insulation is designed and installed to create deliberate
air gaps between the reflective surfaces and the surrounding structure (LST EN ISO 22097, 2023).

Reflective multi-foil insulation is composed of multiple layers of thin metallic foils or
metallized polymer films, each featuring a low emission coefficient for long-wave radiation. These
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layers are separated by spacer materials that maintain a consistent gap of 2—8 mm between the foils.
Common spacer materials include closed-cell polymer foam, polyester wool, or bubble foil.
Additional thin layers of polyethylene film or polyester fleece may also be incorporated to enhance
performance. The total thickness of these multi-foil systems typically ranges from 10 to 30 mm. Due
to the low emission properties of the reflective foils, the transmission of radiant heat through the
material is significantly reduced, allowing for exceptional thermal performance, as claimed by many
manufacturers.

Heat-reflective insulation, often a combination of aluminum foil and air bubble layers, creates
voids that trap stable, motionless air, maximizing insulation effectiveness. Originally developed by
NASA for lightweight, thin thermal systems adapted for astronaut suits, this technology has since
found widespread application. Aluminum foil, known for its high heat-reflective properties, is widely
used in specialized applications such as firefighter gear and building insulation. In Europe, heat-
reflective insulation has been used effectively for over 40 years and accounts for about 8% of the
thermal insulation market in France (Tenpierik & Hasselaar, 2013).

Reflective products are classified in 4 types. Examples of reflective insulations materials are
given in Figure 1,2.

a) Type 1. It has a regular geometry with parallel faces. 1 insulation core

/ g 2. low enissivity surface or surfaces
= b

Insulation material of polymer foam (like PIR or EPS), glass woo (MWG) or rock wool (MWR) with
on one or two sides a low-emissivity foil or coating.

b) Type 2. It has a regular geometry with parallel faces. 1 insulation core
TR ) 2. low enissivity surface or surfaces
TR

This product has a thickness of less than 2 mm and consist typically of a bubble foil with on one
or sometimes two sides a metal foil or metallised polymer film with low emissivity, as a result
increasing the thermal resistance of the adjoining air spaces; The product itself hardly has any thermal
resistance.

Figure 1 - Different types of reflective insulations a) type 1, b) type 2 (Tenpierik & Hasselaar,
2013).
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¢) Type 3. It has irregular thickness geometry and does not have flat parallel faces

1. insulation core
2. low enissivity surface or surfaces

Multi-foil consisting of layers of metal foil or metallised polymer film, spacer material (for instance PE film of polyester
fleece) and closed-cell polymer foam or polyester wool. In practice the number of layers varies between 5 and 20. The
first and last layers consist of a (reinforced) coated aluminium foil.

—

d) Type 4. Itisthin film or sheet, less than 2 mm thickness, using single or in multiple layers, which makes use of a low
emissivity surface to increase the thermal resstance of adjacent or enclosed air spaces, but which has no significant
thermal ressitance of its own.

I ._\Q_
T 53 .
PN 1, 2, 3 foil layers
P ‘\\ -
3 /', N
/ AN
s T\\ /\\\‘
N AN
/,-'// //// //'///x'// ////// ,'//// /'/////,'/ // //.'/;/ /’r

Reflective foils and thermos cushions consist of air cushions of metallised polymer film; thermos cushions are a foldable
insulation material in which one or two air layers are trapped.

Figure 2 - Different types of reflective insulations c) type 3, d) type 4
(Tenpierik & Hasselaar, 2013).

Figure 3 - Manufacturing of multifoil insulation
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3.3 Analysis of body transmission through material

Reflective thermal insulation operates based on a fundamentally different physical mechanism
compared to conventional thermal insulation. It relies on highly reflective surfaces with low
emissivity placed adjacent to air gaps to impede heat transfer into or out of a building. Unlike
traditional insulation, where thermal resistance primarily depends on the thickness and thermal
conductivity of the material, reflective insulation achieves its performance through the combination
of low-emittance materials and airspaces, which play a critical role in its effectiveness (Lee et al.,
2016).

Multilayer reflective insulation products are suitable for use in both cold and hot climate zones.
In cold climates, these materials significantly reduce heat loss, while in hot climates, they mitigate
overheating by reflecting radiant heat. However, the performance of radiant barrier systems varies
throughout the year due to differences in climatic conditions and the direction of heat flow. During
the summer, the primary mode of heat transfer is radiation from the roof to the conditioned space
below. A radiant barrier installed in the attic can effectively block the majority of this radiant heat,
which constitutes the largest component of total heat transfer. Conversely, in winter, heat transfer is
primarily driven by convection due to buoyancy effects, as warm air rises from the conditioned space.
Since radiation accounts for only a small portion of total heat flow in winter, the effectiveness of
radiant barriers is reduced. Moreover, radiant barriers block solar heat gain during daytime in winter,
which is counterproductive for heating needs, further limiting their performance during the colder
season Figure 4 (SuperFOIL Insulation, 2021).

Reflective thermal insulation not only reflects radiant heat but also reduces conduction and
convection heat transfer. Materials with low thermal conductivity are incorporated to minimize heat
flow between surfaces. Additionally, depending on the specific type and quality, some insulation
products address other challenges, such as moisture accumulation, fire hazards, and noise reduction,
making them versatile solutions for various building applications.

st WINTER | SUMMER
N

Air conditionned

<Heater

=l

]

Figure 4 - The impact of reflective thermal insulation on heat loss of the building

3.4 Analysis of standards for determining the thermal properties of materials and
practical measurements in the laboratory

The thermal performance of the reflective insulation products are determined according to the
standard EN ISO 22097. This standard allows to determine the thermal resistance of reflective
insulation products by few methods: guarded hot plate apparatus (Method A) according to the
standards 1SO 8302, EN 1946-2, EN 12664, EN 12667, heat flow meter apparatus (HFM) (Method
B) - according to the standards 1ISO 8301, EN 1946-3, EN 12664, EN 12667, hot box apparatus
(Method C) - according to the standards EN 1SO 8990, EN 1946-4, Method D provides for
measurement of surface emissivity and calculation of airspace thermal resistance (LST EN ISO
22097, 2023).
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M. J. Tenpierik and E. Hasselaar (Tenpierik & Hasselaar, 2013) made a review of the methods
of the determination of the thermal performance of the multilayer reflective insulation products and
explained the main reasons for different results between methods: an existence of the air cavities and
a ventilation type of them, a direction of the heat flow, a possibility to control environment conditions
during the measurement, an air tightness of testing structure, an influence of thermal bridges.

In practice the most often used multilayer reflective insulation (product Type 3 according to
EN ISO 22097), is investigated using the hot box apparatus. The hot box is expensive and complex
equipment that is usually used by accredited or notified laboratories, or by the scientific institutions.
However, the standard EN 1SO 22097 does not specify the procedure and requirements for installation
and fixing of multilayer reflective insulation products in the opening of the hot box surround panel
when measuring their thermal resistance. The standard EN 1SO 22097 draws attention on the
similarity of emissivity’s values of reflective insulation product’s surfaces and tape’s surfaces, which
stuck the thermocouples on the reflective surface. However, there is not clearly identified, how much
these values can vary and what influence this difference has for final measurement result of thermal
resistance. The difference between emissivity values of the reflective insulation product’s surfaces
and tape’s surfaces can lead to significant impact on the measured thermal resistance of the reflective
insulation product, because heat transfer through such insulation products takes place also by
convection and radiation, which are dependent on the temperature difference and emissivity of
surfaces.

The research on the multilayer reflective insulation products is constantly performed in
Building Physics Laboratory of KTU. The long-term measurement practice showed that the quality
of specimens’ preparation works, the installation procedure of testing specimens into orifice or
surround panel of the GHB and the attaching of thermocouples on specimens’ surfaces have a
significant influence on the final measurement result of specimen’s thermal resistance. The
measurement practice of the reflective insulation products in the laboratory also revealed a few
significant factors, which have influence on the thermal resistance measurement result for these
products:

- for maintaining the exact thickness of the specimens, it is necessary to use a frame with known
dimensions and materials’ thermal properties;

- then should be evaluated the effect of such the frame on the overall measurement result;

- the thermal resistance of air gaps should be calculated according to the standard procedure;

- the influence of difference between emissivity values of reflective insulation product’s surface
and surface of tapes, which stuck the thermocouples on the reflective surface on accuracy of thermal
resistance measurement result should be determined.

Consequently, the design of multilayer reflective products, searching for the best combinations
of product dimensions, materials and surface emissions finding the most optimal parameters,
manufacturing of the products executing the created design and the procedure of measurement of
thermal properties are equally important for the development of multilayer products (Stonkuviené et
al., 2022).

The hot box method is one of the most reliable ways to determine the thermal properties of
building envelopes or fragments under laboratory conditions. The hot box is a laboratory device
designed to replicate the normal boundary conditions between a sample and two different
environments. This apparatus consists of the hot and cold chambers at different temperatures between
which a sample is placed. Scheme of climate chamber ,,Hot box“ (GHB) is shown in Figure 5.
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Figure 5 - Scheme of climate chamber Hot box

1. Warm side guard box:

- internal dimensions 2800 x 2800 x 1100 mm;

- wall thickness 130 mm, total thermal resistance about 3 m2-K/W.

2. Guard air flows deflecting screen.

3. Electrical heater, power 660 W, controlled according to a set point temperature in metering box(6).
4. Electrical heater of metering box, power control from 13W to 660 W.

5. Warm side baffler (of metering box) with surface and air temperature sensors.

6. Metering box - internal dimensions 2400 x 2400 x 360 mm.

7. Surround panel: 200 mm thick, core material EPS polystyrene (faced with 3 mm thick cellular PVC
plastic sheet on either side), thermal resistance about 6 m2-K/W, 1484 x 1234 mm aperture for
specimen mounting.

8. Cold side box:

- internal dimensions 2800 x 2800 x 1100 mm;

- wall thickness 130 mm, total thermal resistance about 3 m2-K/W.

9. Cold side baffler with surface and air temperature sensors.

10. Cold side box controlled

11. Cold side controlled cooling air unit, max. cooling power up to 3 kW.

12. Cold side air cooling box with 5 speed motor fan. electrical heater, max. power 2 kW (Liu et al.,
2023).

3.5 Analysis of the use of materials in building projects

Multifoil insulation effectively reduces heat transfer through all three mechanisms: conduction,
convection, and radiation. By utilizing low-emissivity foil layers, the transfer of heat via radiation is
minimized. The thermal layers further inhibit conduction, while multifoil insulation acts as an air
barrier, controlling air leakage. This air leakage control is crucial for enhancing energy efficiency and
mitigating heat transfer caused by convection.

The reflective properties of foil layers make multifoil insulation highly versatile, suitable for
use in various building components such as roofs, walls, and floors. It can be applied independently
in single or dual configurations or combined with traditional non-reflective insulation materials. This
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flexibility allows multifoil insulation to be utilized across diverse construction projects, from new
developments to renovations, meeting U-value requirements efficiently.

Multifoil insulation can be installed externally by wrapping it around the building as a protective
envelope to block air transfer or internally in applications such as cavity walls, floors, pitched roofs,
and angled ceilings. Reflective insulation is most effective when integrated during the construction
phase, as retrofitting can be challenging. A minimum air gap of 25 mm between the reflective side
and adjacent materials is essential to maintain thermal performance; without this gap, the insulation
loses its thermal efficacy. The orientation of the reflective surface is critical: downward for roofs,
upward under floors, and inward for walls (Kou et al., 2020).

For roofs, reflective insulation should be installed at a downward angle to minimize dust
accumulation, which can diminish its reflective properties. When used under floors or above ceilings
and joists, precautions are necessary due to the foil's electrical conductivity, requiring non-conductive
fasteners for safe installation.

Foil-faced insulation also provides excellent fire performance. It is fully non-combustible, and
the aluminum foil enhances safety by offering additional fire protection, making it a reliable choice
for modern construction practices.

4 RESULTS AND DISCUSSION
4.1 Roof/Ceiling

The roof is a critical element of a building's envelope, as it is highly exposed and significantly
impacted by solar radiation. It plays a major role in a building's overall thermal performance,
accounting for substantial heat gain and loss. With rising energy costs and the increasing demand for
energy efficiency, reducing heat gain during hot summers and minimizing heat loss during cold
winters has become imperative.

Thermal insulation serves as an effective passive solution to mitigate heat transfer through the
roof. Its primary function is to slow or prevent the transfer of heat via convection, conduction, and
radiation. The choice of appropriate insulation depends on several factors, including climatic
conditions, architectural constraints, cost, durability, ease of installation, material availability, the
predominant mode of heat transfer, and the overall performance of the insulation.

An example of roof insulation using reflective materials is illustrated in Figure 6. The R-value
for such a roof system, incorporating standard boundary resistances, typically falls within the range
of 1.7 to 2.1 m?-K/W.

Given the diverse properties of insulation materials, their selection and installation should
adhere strictly to the manufacturer’s guidelines to ensure optimal performance.

F~ air cavity
roof tiles
laths

tile laths

roof boarding

air cavity

reflective multi-foil insulation

gypsum board

Figure 6 - Example of a roof construction with reflective multi-foil insulation
(Tenpierik & Hasselaar, 2013).
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4.2 Wall

In existing buildings, the potential to enhance the thermal performance of external walls
depends largely on the structural characteristics of the wall. In many cases, the viable options are
limited to applying insulation either to the external surface or internally on the inner side of the wall.

The type of construction - whether it involves traditional block or brick, steel, or timber framing
- plays a significant role in determining the appropriate insulation approach. External wall insulation
is a widely used solution for solid walls and is often the only feasible option when internal insulation
would lead to a substantial reduction in usable floor space.

In retrofit scenarios, insulating the external wall is frequently the most practical solution.
However, for new constructions, a combination of both external and internal insulation can be
effectively implemented to achieve or even exceed the desired thermal performance.

An example, as shown in Figure 7, illustrates a timber frame wall incorporating both reflective
multi-foil insulation and 60 mm of mineral fiber insulation. The R-value for this wall system,
including standard boundary resistances, typically ranges between 3.7 and 4.1 m?-K/W.

Given the varying characteristics of insulation materials, their selection and installation should
strictly follow the manufacturer's guidelines to ensure optimal performance and durability (Zhong &

Asad, 2021).
. B V8. O

air cavity

- air cavity

> reflective multi-foil insulation

plywood

<

mineral fibre insulation

vapour barrier

gypsum board

Figure 7 - Example of a timber frame wall with both reflective multi-foil insulation and
mineral fibre insulation (Tenpierik & Hasselaar, 2013).

4.3 Floors

Insulating solid floors is essential for reducing heat loss and maintaining stable indoor
temperatures. However, traditional insulation methods for solid floors often lead to a reduction in
usable space due to limitations in floor depth. Adding a vapor-proof membrane can further complicate
installation. If the insulation lacks vapor resistance, warm and moist air can degrade its thermal
performance over time, potentially causing long-term damage to the building structure. An example
of a solid floor insulated with reflective multi-foil materials is shown in Figure 9.

Suspended timber floors, common in older houses, consist of timber boards supported by joists
just above the building's foundation. These floors are prone to significant heat loss, particularly if
there are gaps between floorboards that allow draughts. Insulating suspended timber floors is strongly
recommended due to their vulnerability to moisture and air leakage. Effective insulation and draught-
proofing of these floors can improve thermal comfort and lead to noticeable reductions in energy
costs. An example of a suspended timber floor insulated with reflective multi-foil materials is
illustrated in Figure 8 (Tape University, 2022).

Given the diverse properties of insulation materials, their selection and installation should be
performed in strict accordance with the manufacturer’s guidelines to ensure optimal functionality and
durability.
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Figure 9 - Example of a solid floors insulation with reflective multi-foil

4.4 HVAC

Reflective foil insulation is also effective for insulating HVAC systems by wrapping ductwork
to minimize radiant heat gain and loss. This helps enhance the performance of the HVAC system and
improves overall energy efficiency in buildings. By reflecting radiant heat emitted by the ducts back
onto their surface, reflective insulation maintains the temperature of the ductwork, thereby preserving
the temperature of the air within the system. This improves the system's efficiency, enabling it to
maintain the desired indoor temperature for extended periods without additional energy
consumption(Kravvaritis, 2011).

One of the primary advantages of reflective insulation is the cost savings it provides through
enhanced energy efficiency. By allowing the HVAC system to heat or cool spaces more rapidly and
maintain the target temperature, reflective insulation reduces energy usage, resulting in lower utility
bills. Homeowners and business owners often report significant energy cost savings, particularly if
the HVAC system was older or less efficient prior to the installation of reflective insulation. An
example of HVAC system insulation utilizing reflective multi-foil materials is presented in Figure
10.

To ensure reflective insulation performs optimally, proper installation is critical. This includes
maintaining air gaps and using specialized HVAC tape designed to withstand year-round
unconditioned environments (Insulation Less, 2022).

Figure 10 - Example of a HVAC system insulation with reflective multi-foil (Lee et al., 2016).
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5 CONCLUSIONS

In summary, it is crucial to remember that foil-faced insulation is one of the most modern forms
of home insulation, serving dual functions. Its insulating core protects against cold, while its
aluminum foil reflects heat back to its source. This ensures that the insulation is always effective and
fulfills its purpose. The aluminum foil on the upper part of the insulation can, under specific
conditions, act as a Vapor Control Layer (VCL) and provide additional protection against rodents,
for whom the foil may be irritating.

The reflective technology integral to multi-layer insulation can assist in reducing thermal losses
from buildings. Given this alternative approach to thermal performance, specifiers now need to
consider surface emissivity and thermal resistance when specifying thermal insulation products.
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Abstract. The fly ash derived from Ekibastuz HEPS-2 has a unique
combination of physical and chemical properties, making it a highly suitable
mineral additive for use in the production of Portland cement CEM II/A-Z. Its
specific surface area of 290 m#/kg ensures a high degree of fineness, which is
essential for achieving optimal particle packing and promoting efficient
hydration reactions when mixed with cement. The true density of 2.1 g/cm?3
indicates that the fly ash particles are relatively light yet dense enough to
integrate well with cementitious materials. By mechanically blending carefully
calculated proportions of Portland cement CEM | 32.5 or CEM 1 42.5 with this
fly ash, it is possible to achieve significant improvements in the performance and
sustainability of the resulting CEM 11/A-Z cement. The blending process takes
into account the specific chemical properties of the fly ash, such as its pozzolanic
activity, which refers to its ability to react with calcium hydroxide to form
additional cementitious compounds. This reaction enhances the strength and
durability of the cement over time, making it particularly advantageous for long-
term applications in construction. Through precise mechanical blending with
Portland cement CEM | 32.5 or CEM | 42.5, it is possible to achieve enhanced
performance, improved sustainability, and cost efficiency, making it a valuable
component in modern cement production.
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KYJIII KOCY KE3IHJE MOPTJAHALEMEHT LEM I 32,5

KIOHE LIEM 1 42,5 KACUETTEPIHIH O3I'EPYI1
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Peceit

Annatna. Exioacmyz ['POC-2-Oe anvinzan Kynoiy QUIUKATBLIK JHCIHE
XUMUANBLIK  Kacuemmepiniy Oipeeei yunecimi oap, oyn owwt LJEM 1I/A-111
nopmaanoyemenm OHOIpICiHOe KoN0aHy2a eme KOAdulbl MUHEPAlobl KOCNadd
avnanovipaowvl. Onviy 290 m%/ke menwixmi Oeminiy ayoaHvl OoIuLeKmMepOiH
OHMALNbl OPAMACHIHA KOl HCEMKI3Y HCIHe YeMEeHMNEeH apaniackanoa muimoi
2uopamayusi peakyusiapblHa HcaPOeMOecy YIULiH KaHCem HCOAPbL HCYKATbIKNbL
gammamacwlz emeoi. [llvinatiet mwvievizoviy 2,1 2/cm® Oonzanovikman Kyn
Oonwekmepi  JHceHin, con cebenmi yemeHmmi Mamepualoapaa KocKaHod
auopamayus peakyusacvlna sHcaxcol acep emeoi. LIEM I 32.5 nemece [IEM I 42.5
NOpMIAHOYeMeHMINIY —~ MYKUAmM  ecenmeniceH  NPONOPYUANAPLIH — KYAMEH
MexXaHuKkanwlx aparacmulpy Homudxcecinoe anvinean L[EM II/A-1II yemenminiy
OHIMOLNIc] MEH MYPAKMBLIbIZbIH AUMAPAbIKMAU HCAKCAPMY2A MYMKIHOIK Oepeoi.
Apanacmuipy npoyeci 6apvicblHOa Kyn0iH epeKuie XUMUANLIK Kacuemmepi,
MbICATbL, OHLIH NYYYOILAHOLIK OelceHOiniel eckepinedi, OY1 OHbIH KOCLIMULA
yemenmmi KOCbLIbICMAP MY3Y VWH Kalbyull 2UOPOKCUOIMEH 2peKemmecy
Kabinemin 6in0ipedi. Byn peakyus yakeim eme Keie yemenmmiy bepikmici MeH
Y3aK mep3imOinicin apmmulpadsl, OV OHbI acipece Y3aK Mep3iMOi KYPuliblC
Konoaunbanapvl ywin naudarvl emedi. I[EM [ 32.5 nemece I[EM I 42.5
nopmianoyemMeHmimeH Mexanukaibly mypoe Kyaoi OYpvic apaiacmuipy apKblivl
OJl JCAKCAPMDBLIZAH OHIMOLNIKKE, IKOJIOSUSLILIK MA3ANbIKKA HCIHE YHeMOLIIKKe
KOJL dIcemKize anaovl, OY1 OHbl 3aMaAHayu yemernm eHoIpicinoe2i KYHObl KYpamoac
emeoi.
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HAVYYHAA CTATBHA

U3MEHEHUE CBOMCTB MOPTJAHALEMEHTOB LIEM | 32,5 U LIEM |

42,5 ITPU JOBABJIEHUMU 30JIbI-YHOCA

K. CblHIlapﬁeKOBal* ,3.A. Ecremecos’ @ .M. Paxumoa! @ B.y. EpKeﬁaeBa3 M.B.

Hypnencosa’®@ | E. H. Moranosa® @

1“KaparaHz[HHCKI/H71 TexHu4yeckui yauBepcuteT umeHu A.Carunosa”, Kaparanna, Kazaxcran
2I_IeHTpaJILHzm JlabopaTtopust cepTu(PUKaAITMOHHBIX UCIIBITAHUI CTPOUTEIBHBIX MAaTEPHAIIOB,

Aamarsl, Kasaxcran
SHayuHO — TeXHUYECKHi HHKeHepHBIA 1enTp, AmMathl, Kazaxcran
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®Poccuiickuii XMMHKO — TeXHOJIOTHYecKuii yausepcuter umenn JI.1M. Menpeneesa, Mocksa, P®

AHHOTanus. 30J1a-yHOC, TOJydeHHas oOT Okubacty3ckoit I['POC-2,
00J1ajaeT YHUKAIHHBIM COYETaHUEM (PU3MUYECKHX U XUMHUUYECKHX CBOMCTB, YTO
nemaer e€ BechMa MOAXOMANIECH MUHEpPaTbHOW M00aBKOW JJi MPOU3BOJICTBA
noptinananementa Mapku [IEM II/A-I11. E€ ynenpHas mOBEPXHOCTh COCTABIISIET
290 m?/kr, 4TO 0O€ECIIEeYNBAET BHICOKYIO CTEIIEHb TOHKOCTH MOMOJIa — Ba)KHBIN
(dakTop UIsI ONTHMANTBHOW YMAKOBKH YacTHI] U 3()(PEKTUBHOTO TPOTEKAHUS
TUpaTallMOHHBIX PeaKIUil IPU CMEIIMBAHUU C IeMEHTOM. VIcTHHHAS IIOTHOCTh
301161, paBHas 2,1 r/cM?, yka3pIBaeT Ha TO, YTO YACTHUIIbI JOCTATOYHO JIETKHE, HO
IPU 3TOM JIOCTATOYHO IUIOTHBIE JJISi XOPOIIeH WHTErpanuu C LEMEHTHBIMU
Marepuanamu. [lyréM MexaHMYecKOro CMEUIMBaHHUS TOYHO pPacCUYUTAHHBIX
nponopiuid nopriaanauementa LIEM 1 32.5 wim LIEM 1 42.5 ¢ nanHo# 3051011
BO3MOXHO  JOOUTHCS  3HAUUTEIBHOTO  MOBBIMICHHUS  OSKCILTyaTallMOHHBIX
XapaKTEPUCTHK U HKOJOTHYHOCTH IMoJIydaeMoro remenrta Mapku LIEM 11/A-I11.
[Ipu cMemmBaHUM YYUTHIBAIOTCA CrieU(PUUECKUE XMMUYECKHE CBOMCTBA 30JIbI,
B YAaCTHOCTH IMYIIOJAHOBass aKTUBHOCTh — CIIOCOOHOCTH pPEearupoBath C
TUAPOKCUAOM KajblMsi ¢ 0Opa3oBaHUEM OMOJHUTENBHBIX IIEMEHTHPYIOIIUX
COoeMHEHUN. DTa peakius CHOCOOCTBYET MOBBIIIEHUIO MPOYHOCTH U
JOJITOBEYHOCTU IIEMEHTAa C TEYEHHWEM BPEMEHH, YTO OCOOCHHO BaXKHO JUIf
JOJITOCPOYHBIX CTPOUTENBHBIX MPOEKTOB. TOYHOE MEXaHNYECKOE CMEIIMBAHNUE C
nopmianainementoM IEM 1 32,5 wom LHHEM | 42.5 no3Bonsier no0uThCS
YIYUIIEHHBIX AKCIUTYaTallMOHHBIX MOKa3aTelNel, MOBBIIICHUS YCTOMYUBOCTH U
SKOHOMHYECKON A(PPEKTUBHOCTH, JieNasi 30]y-YHOC II€HHBIM KOMIIOHEHTOM
COBPEMEHHOTO [IEMEHTHOTO MPOU3BO/ICTBA.

KiroueBble cjioBa: 305a-yHOC, IEMEHT, BSDKYIEe, BOJOMOTPEOHOCTH,
MIPOYHOCTb.
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AJIFBIC

Bbyn 3eprrey xxymbicsl 3.A. EcremecoB Kypbuibic MaTepuaniapblH cepTUQHUKATTay ChIHAY OPTabIK
3epTXaHachiHIa. ABTOpPJIap YHUBEPCUTETKE JKOHE 3epTXaHANIBIK TOTIKA OaFa >KeTrec OacIIbUIBIFHI,
MYMKIHIKTEP1 %KoHE 3epTTey OapbIChIHA KOJIJay KOPCETKEH] YIIIIH MIEKC13 aJFbIChIH OUTIIpei.

MY JUIEJIEP KAKTBIFBICHI

ABTOpIap Myzienep KaKThIFbICHI XKOK JIeN MM 1.

BJIATOJAPHOCTH

JlaHHO€ ucclienoBaHuE MPOBOAWIOCH Mo pykoBoAacTBOM 3.A. EcteMecoBa B lleHTpanbHOI
nabopaTtopur CepTU(PUKAITMOHHBIX UCTIBITAHUN CTPOUTEIBHBIX MAaTEPHAIOB. ABTOPHI BHIPAKAIOT
TTYyOOKYIO 0JIaroJapHOCTh YHUBEPCUTETY U KOMaH/IE JIa0OpaTOPHH 32 HEOIIEHUMOE PYKOBO/ICTBO,
OCHAIICHHE | MOJICPXKKY Ha MIPOTSHKCHUH BCETO UCCIICIOBAHMS.

KOH®JIUKT UHTEPECOB

ABTOpBI 3asBJIAIOT, YTO KOH(bJ'II/IKTa HHTEPCCOB HET.
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1 INTRODUCTION

One of the major environmental challenges in Kazakhstan is the accumulation of fly ash and
ash dumps from thermal power plants (TPPs). These volumes are increasing annually and are
expected to reach 1 billion tons in the coming years. Globally, the problem is growing faster, as
countries like China and India generate thermal energy by burning coal in TPP boilers (Kurgankina
2019).

Over 300 technologies for utilizing fly ash can produce various materials such as
aluminum, iron, silica, rare metals, white carbon black, and many others. However, the
construction and road industries are the largest fly ash consumers, accounting for over 80% of
global fly ash usage (Derepko 2015).

One of the most promising applications of fly ash is as an additive in cement types CEM
Il and CEM V, where its content can range from 6-35% and 18-49% by mass, respectively, as
specified by GOST government standard 31108-2020 "Common Construction Cements.
Technical Requirements” (Government standard 31108-2020). In this context, studying the
changes in the properties of Portland cement with fly ash additives is highly relevant.

Purpose and Object of the Study

This study aims to examine the specific effects of fly ash on the properties of Portland
cement CEM 1 32.5 and CEM 1 42.5.

« Object of the study: Fly ash from Ekibastuz HEPS-2.

« Subject of the study: Physicochemical and physico-mechanical properties of CEM |
cements with the addition of fly ash.

2 LITERATURE REVIEW

About 5-7 million tons of fly ash waste are generated annually in Kazakhstan. These
wastes are mainly formed in the process of coal combustion at TPPs, SDPPs and industrial
boilers (Maikonov 2023). At present 100 million tons of fly ash waste are accumulated in the
country, in some estimates one can find figures of several billion tons, if we take into account
the accumulated waste for the whole period of operation of coal-fired TPPs (Zhanikulov 2023).
These wastes represent a significant environmental problem, as they occupy large storage areas
and can have harmful effects on the environment if not properly disposed of. However, they
also represent a valuable raw material that can be utilized for various purposes such as the
production of Portland cement, building materials or other industrial additives, thus improving
the load resistance as well as solving the disposal problem (Reis 2021).

The use of fly ash as an additive in the production of Portland cement has several
important advantages and can improve the properties of the final product (Chen 2010). Fly ash
is a by-product of coal combustion that often contains calcium, silicon, aluminum, and iron
oxides, making it potentially useful in the cement industry (Klassen 2024).

The chemical composition of fly ash contains oxides of calcium (CaO), silicon (SiO-),
aluminum (ALOs) and other components that are active in reaction with calcium hydroxide
(Ca(OH).) formed during cement hydration. In particular, silicon and aluminum in fly ash can
stimulate the formation of calcium silicates, which are the main components that determine the
strength characteristics of cement.

Fly ash can be used as an active additive in the production of Portland cement to improve
its hydraulic properties. The active components of fly ash (e.g., SiO2 and ALOs) react with
calcium hydroxide during hydration to improve the strength and durability of the material. This
promotes the formation of additional silicate and aluminocalcium phases that improve the
mechanical properties of cement (Taimasov 2015).

Effect on thermodynamic processes. When fly ash is added to the raw mix for Portland
cement firing, changes in thermodynamic processes may occur:
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- Reduction of firing temperature: Fly ash can reduce the melting point of the mixture and
optimize the firing process, improving the energy efficiency of production.

- Formation of new phases: New calcium-silicate and aluminosilicate phases can be formed
during the firing process with the addition of fly ash, which improve the durability and strength of
cement.

Advantages of using fly ash:

- Improved cement strength: Mixing fly ash promotes the formation of additional active phases
such as calcium silicate (C-S-H), which improves the strength characteristics of cement, especially in
the later stages of curing.

- Reduced raw material costs: Fly ash is a by-product that can be used instead of some of the
traditional input materials (e.g. clay and limestone), thus reducing the cost of cement production.

- Environmental benefits: The use of fly ash promotes the utilization of coal industry waste,
which reduces the amount of waste and the negative impact on the environment.

- Reduction in CO: emissions: Fly ash can reduce the amount of clinker required for cement
production as it can partially replace it in the raw material mix. This helps to reduce the carbon dioxide
emissions that are generated during the cement clinker firing process (Green economy 2013).

Potential problems and limitations:

- Low fly ash activity: Fly ash may not always be active enough to have a significant effect on
improving cement properties if it has not been pretreated.

- Change in cement properties: Excessive addition of fly ash can lead to a reduction in early
cement strength as it can slow down the hydration process and increase curing time.

The use of fly ash as an additive in Portland cement production has many advantages including
improved cement strength, reduced environmental impact and savings on raw materials. However, it
is important to properly dose the fly ash into the raw material mixture as excessive amounts can
adversely affect the properties of cement (Zhanikulov 2022).

Thai researchers Panumas Saingam et al. (Panumas 2024) investigated the production of self-
compacting concrete using bulk fly ash and calcined calcium carbonate with Portland cement.
Various experimental data such as workability, mechanical properties, durability and microstructural
characteristics were obtained. The results of the workability tests showed that all mixtures met
satisfactory conditions in terms of flow times ranging from 2.50 to 4.55 seconds and cone settlement
values ranging from 650 to 800 mm. The optimum compressive strength is 73.8 MPa at 91 days,
which is 7.7% higher than that of the control group. The high replacement ratio, up to 20% fly ash,
provided a compressive strength of 58.9 MPa at 91 days. This clearly shows the prospect of
significantly reducing cement consumption while maintaining structural integrity. These results
indicate the possibility of reducing cement consumption in concrete production, which again defines
low carbon emissions and waste management in line with international Sustainable Development
Goals.

Belgian scientists Shiju Joseph et al. (Shiju, 2019) studied Portland cement by blending with
large amount of fly ash and using Na>SOas. Increasing the rate of replacement of Portland cement
clinker with additional cementitious materials such as fly ash, strategies to reduce the environmental
impact of cement and concrete industries. Although fly ash is widely available, especially in
developing countries where most construction activities are projected to take place in the near future,
in practice replacement rates are limited to about 25-30% due to its low reactivity. This paper studies
the effect of sodium sulfate on the activation of Portland cement mixed with 50% by weight of class
F fly ash. Activation of Na>SO4 with fly ash promotes a significant increase in strength at both early
and later ages.

Erik Stoltenberg-Hansson (Erik Stoltenberg-Hansson 2011) was tested with class F fly ash
used to produce cement with 20% fly ash. Unground and ground fly ash were mixed with reference
Portland cement of high fineness and tested for strength in mortar (ISO/CEN method). The fly ash
was also tested for chemical composition, bulk density and specific gravity, fineness (Blaine) and
particle size distribution (laser method). There is considerable variation in the specific gravity of the
delivered fly ash. It is shown that even a small amount of grinding significantly increases the specific

241


(Green%20economy%202013)
(Zhanikulov%202022)
(Panumas%202024)
(Shiju%202019)
(Erik%20Stoltenberg-Hansson%202011)

QazBSQA Xa6apmnbichl. Nel (95), 2025. KypbLibic

gravity and improves and homogenizes the particle size distribution, resulting in higher strength. The
increase in strength corresponds to a decrease in air void content. Grinding fly ash and clinker together
in large scale mills reduces energy consumption, providing the same strength after 28 days as mixed
cement with fly ash with higher fineness.

3 MATERIALS AND METHODS

The binders used in this study were Portland cement of grades CEM | 32.5 and CEM |
42.5 A comparative analysis of the physico-mechanical properties and chemical characteristics
of these cements was conducted, based on the technical requirements outlined in government
standard 31108-2020. The comparison, shown in Tables 2-5, demonstrates that the properties
of these cements meet the regulatory standards. Thus, they can be effectively used as a

benchmark for evaluating the suitability of fly ash as an additive for cements grade CEM 1.

Table 1

Phase Composition of CEM | cement types

Phases Compositions (%)

CEM 1325 CEM 1425
Alite (3Ca0-SiOy, C3S) 55.3 63.7
Belite (2Ca0-SiOy, C2S) 18.8 10.4
Aluminate (3Ca0O-Al;03, C3A) 3.8 5.1
Ferrite (4CaO-Al,O3Fe;03, C,AF) 12.7 11.4
Gypsum (CaS042H,0) 6.8 6.2

Table 2

Comparative Data on Physico-Mechanical Properties of Standard Requirements and Cement CEM | 32.5
(Note: If data from Table 1 needs to be included, please provide the table content or structure.)

Indicator Name Unit of Test Method Standard Actual Value Note
Measurement Standard Requirement
Fineness by passage government
through the sieve % standard 30744- Not standardized 97.0
No. 008 2001, Section 5.1
government
; 0 standard 30744- .
Normal consistency % 2001, Section Not standardized 27.5
6.2.1
government
. o . standard 30744- Not earlier than
Initial setting time minutes 2001, Section 75 210
6.2.2
. government
zgiluargsigﬁi)blllty mm standard 30744-  Not more than 10 No changes
P 2001, Section 7
. government
g?jr:p;resswe strength at MPa standard 30744- Not less than 16 17.0
4 2001, Section 8.2
government Minimum value
Compressive strength at MPa standard 30744- _ 32.5 41.0
28 days . Maximum value
2001, Section 8.2 505
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Group |
: government "
Compressive strength MPa standard 30744-  More than 25.5 28.0 effective
after heat treatment . ness for
2001, Section 8.2
CEMI
The specific effective government
activity of natural Ba/kg standard 30108- Up to 370 103.1
radionuclides 94, Appendix A
Table 3
Comparative Data on Chemical Indicators of the Standard Requirement and Cement CEM | 32.5
Determined Units of Standard A.?g;?' Test Method Uncertaint
Characteristics Measurement Requirement values Standard y
Lo % government standard
Loss on ignition Not more than 5.0 2.34 5382-2019, Section 7 -
Mass fraction of % government standard
insoluble residue Not more than 5.0 1.96 5382-2019, Section 8 B
Sulfur (VI) oxide % government standard
content Notmorethan35 142 5385 9019, Section 14
Mass fraction of % government standard
magnesium oxide Not more than 5.0 1.14 5382-2019, Section 10
Chloride ion % Not more than 0.018 government standard
content 0.10 ' 5382-2019, Section 21
Table 4
Comparative Data on Physico-Mechanical Properties of the Standard Requirement and Cement CEM 1 42.5
Unit of
Indicator Name Measurem Test Method Standard Actual Note
ent Standard Requirement Value
Fineness by passage government standard
through the sieve No. % 30744-2001, Section Not standardized 97.4
008 5.1
government standard
Normal consistency % 30744-2001, Section Not standardized 28.0
6.2.1
minutes government standard
Initial setting time 30744-2001, Section  Not earlier than 60 220
6.2.2
. government standard
Volume_ stability mm 30744-2001, Section Not more than 10 No
(expansion) 7 changes
Compressive strength at government standard
MPa 30744-2001, Section Not less than 10 29.7
7 days 8.2
Compressive strength at MPa government standard Mmm}in; value
28 days 30744-2001, Section Lo 45.3
8.2 Maximum value
' 62.5
Compressive strenath government standard Group |
P g MPa 30744-2001, Section More than 27.0 29.3 effectiveness
after heat treatment
8.2 for CEM |
The specific effective government standard
activity of natural Bg/kg 30108-94, Appendix Up to 370 100.7
radionuclides A

Table 5

Comparative Data on Chemical Indicators of the Standard Requirement and Cement CEM | 42.5

Determined Units of Standard Actual Test Test Method Uncertaint
Characteristics Measurement Requirement Values Standard Y
Loss on ignition % Not more than 251 government standard B

5.0

5382-2019, Section 7
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Mass fraction of % Not more than 187 government standard 3
insoluble residue 5.0 ' 5382-2019, Section 8
Sulfur (VI) oxide % Not more than 185 government standard
content 3.5 ' 5382-2019, Section 14
Mass fraction of % Not more than 111 government standard
magnesium oxide 5.0 ' 5382-2019, Section 10
Chloride ion % Not more than 0.035 government standard
content 0.10 ' 5382-2019, Section 21

The fly ash from Ekibastuz HEPS-2 was used as a mineral additive with the following
chemical and mineralogical characteristics (Tables 6-8).

Table 6
Chemical composition (%)
Unspecified
Component Si0;  AlLO; (FeO3+FeQ)  CaO MgO SO3 K20 Na,O (loss on
ignition)
Percentage (%)  56.7 28.6 6.4 1.1 0.35 1.3 0.03 0.52 3.0
Table 7
The phase composition (%, rounded):
Mineral Phase Mullite a-quartz Sillimanite Hematite Glass Unburned
(3Al205-Si0y) (Si0y) (Al,03-Si0y) (Fe203) phase carbon
Percentage (%) 38 32 12 5 10 3
Table 8
Grain size distribution of ash particles (%):
Grain Size (mm) Particles up 0.45 0.25 0.1 0.09 0.08 0.06 0.05 0.045 0.04
t0 0.5 mm mm mm mm mm mm mm mm mm mm
Distribution (%0) 0.14 2.26 3.6 25.8 084 1212 4.5 21.46 21.38 7.9

Unburned carbon is mostly found in larger particles, while the glass phase is in smaller
particles. The minerals are evenly distributed across all fractions.

Activity modulus: Basic modulus (CaO+MgO) /(SiO2+Al203) ~ 0.02, and the hydraulic
activity modulus (CaO+Al>03+MgO) /(SiO2+ TiO2) is 0.53. This indicates that the fly ash is
highly acidic and thus it has low activity.

Specific surface area — 290 m#/kg;

True density — 2.1 g/cmg;

Bulk density — 780 kg/mé.

As seen from Table 9, fly ash can be used as a mineral additive for CEM | and CEM V
cement types, based on its chemical characteristics.

Table 9

Comparative Data of Chemical Indicators of the Standard Requirement and Fly Ash

Units of Standard Norm Actual
Indicator Name Measurement Testing Standard according to government  Value of Fly
standard 31108-2020 Ash
Alkali oxide content (R20) 0 government standard
calculated as Na,O & 5382-2019, Section 12 Not more than 2.0 0.54
0 government standard
MgO content % 5382-2019, Section 7.3 Not more than 5.0 0.35
Loss of mass upon 0 government standard
calcination (ppp) & 5382-2019, Section 4 Not more than 5.0 3.0
VVolume uniformity (cement mm government standard
expansion with fly ash 30744-2001, Section 7 Not more than 10 9.0
addition)
government standard
Reactive SiO, content % St A, el No less than 25 26

(X-ray fluorescence
analysis)
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Mass fraction of reactive % government standard

Ca0 5382-2019, Section 7 Not more than 10 05
Mass fraction of free % government standard

calcium oxide CaO 5382-2019, Section 13 Not more than 1 Absent
The specific effective government standard

activity of natural Ba/kg 30108-94 Up to 370 72

radionuclides

The phase composition of cement and fly ash was determined using the modernized DRON-
3M diffractometer with CuKa radiation, along with accompanying software. X-ray diffraction
patterns were obtained in the 26 angle range from 10 to 70°. The chemical composition of the fly ash
was determined using the energy-dispersive X-ray fluorescence spectrometer EDX-8000.

The physical-mechanical properties of cement and fly ash were determined by the technical
requirements of government standard 30744-2001 (Government Standard 2001) and government
standard 8736-2014 (Government Standard 2014). The specific effective activity of radionucides
was measured following government standard 30108-94 (Government standard 1994).

The effect of fly ash contents on the strength of Portland cement CEM | was determined using
samples with dimensions of 2x2x2 cm, made from a mixture with normal consistency. The samples
were steam-cured at 90°C following a 3+10+3 hour schedule (rise + isotherm + fall).

The strength of the samples was tested after one day of autoclave curing. The strength of the
autoclaved samples after water storage was tested in 7, 14, and 28 days. The fly ash content in the
binder composition was 5%, 10%, 15%, and 20% by weight.

The compressive strength of the samples was tested using the hydraulic press with software,
which allowed the obtained data to indicate their grade strength.

3 RESULTS AND DISCUSSION

Table 10 shows the influence of the fly ash content on the normal consistency and setting times
of Portland cement CEM 1 42.5, from which the following can be concluded:

e Fly ash increases the water demand for cement, the higher the ash content, the greater the
increase in water demand. For example, the normal consistency of pure cement is 28.5%, but adding
5%, 10%, and 15% fly ash rises to 29.5%, 30.5%, and 31.5%, respectively. As a result, under the
same conditions, the strength of hardened fly ash-containing cement will be lower during the early
setting periods compared to cement without ash. This is because the increased water content raises
the porosity of the cement paste, which in this case reduces its density and strength.

« Fly ash delays both the initial and final setting times of cement, and the higher the content,
the more the setting times are delayed in the fly ash-cement paste. For example, the initial and final
setting times of pure cement paste are 165 and 200 minutes, respectively. While with the addition of
15% ash, they reach 205 and 250 minutes, respectively.

« The fly ash from the Ekibastuz HEPS-2 increases the water demand of Portland cement CEM
| 42.5 and delays the setting times of the cement paste.

« Based on this, it can be inferred that ultra-acidic fly ashes, (e.g. fly ashes from Ekibastuz coal),
generally possess these properties in the cement-fly ash-ultra-acidic-water system.

Table 10
Influence of fly ash content on normal consistency and setting times of cement paste
Sample Cement CEM 1425 N Fly Ash (%) N_ormal Setting Times (hour-minute):
No. (%) Consistency of start end
Cement Paste (%)
1 100 0 28.5 165 210
2 95 5 29.5 180 230
3 90 10 30.5 190 240
4 85 15 315 205 250

The increased water demand for fly ash-containing cement, which also causes a delay in the
setting times of the cement, can be attributed to the following factors:
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« The presence of unburned carbon (coke) in the fly ash, which has a high-water demand
(up to 50%);

« The abundance of hollow particles in the fly ash, which absorb additional water due to
their porous structure.

Table 11 provides data on the strength change of autoclaved samples:

« Without the addition of fly ash.

« With fly ash added in the range of 5-20% by mass.

e The strength of cement and fly ash-cement stone after one day of curing under
hydrothermal conditions and after 7, 14, and 28 days of further curing in water.

The following can be concluded based on the strength synthesis data of cement and fly
ash-cement stone:

e Pure cement stones achieve standard strengths of 45.7 MPa after one day of
hydrothermal treatment and 53.3 MPa after 28 days of curing in water. Hydrothermal treatment
significantly enhances their strength compared to natural curing conditions.

o Fly ash-cement stones exhibit lower strength than pure cement stones even after
undergoing hydrothermal treatment and 28 days of curing.

« Furthermore, as the fly ash content in the binder increases, its negative impact on the
strength of the fly ash-cement stone becomes more pronounced.

« However, the rate of strength gain in fly ash-cement stone surpasses that of pure cement
stone. For instance, the strength of pure cement stone made from CEM 1 42.5 is 46.5 MPa after
one day of hydrothermal treatment and increases to 53.3 MPa after 28 days of water curing,
showing a gain of 6.8 MPa. In contrast, cement stone with a 5% fly ash addition has strength
values of 33.8 MPa and 45.3 MPa, with a gain of 11.5 MPa over the same period. These results
suggest that at 90 days and even at 360 days the strength of fly ash-cement stone will likely
exceed that of pure cement stone.

Table 11
Influence of fly ash content on the strength of autoclaved cement stone
Binder Composition (%) Strength of autoclaved samples (MPa)
Cement Fly ash Age of Specimen (days) The difference in
CEMI CEM I strength between 1
325 425 1 7 14 28* and 28 days of curing
100 - - 36,0 42,7 43,4 45,7 9,7
- 100 - 46,5 47,8 49,5 53,3 6,8
95 - 5 33,8 38,3 41,3 45,3 11,5
90 - 10 30,5 35,4 38,9 42,4 11,9
85 - 15 28,7 33,3 37,5 40,8 12,1
80 - 2,0 25,6 29,8 33,8 38,3 12,7
- 95 5 36,7 45,5 47,8 48,7 42,0
- 90 10 33,8 43,7 45,5 46,5 12,7
- 85 15 32,3 40,8 43,8 44,8 12,5
- 80 20 32,0 39,8 41,7 43,5 11,5

Note: Some of the samples will continue curing in a water environment. Testing will be conducted after 90, 180, and
360 days.

This trend, where cement stone with ash shows relatively low strength at early ages but has the
potential for greater long-term strength development, has been previously observed by the authors of
studies. It can be attributed to the following combined factors:

« The relatively low strength at early ages is primarily attributed to the reduced cement content
in the hardening system.

« The prolonged strength development in ash-containing hardened systems is attributed to the
active participation of fly ash components in the hydration process. These components include:

 Glass-crystalline particles serve as nuclei for the crystallization of new phases.
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« The glass phase possessing pozzolanic and hydraulic properties, interacts with lime, reducing
its content in the hardening system and forming additional cementing substances.

« The reactive surface of silica, which reacts with lime and other new aqueous compounds to
create a strong contact zone.

e These physicochemical processes collectively enhance the long-term strength of the ash-
cement-water system.

4 CONCLUSIONS

According to chemical indicators, the fly ash from Ekibastuz HEPS-2 meets the technical
requirements of government standard 25818-2017 and government standard 31108-2020 as a mineral
additive for Portland cement CEM 1II.

Despite its significantly higher growth rate (approximately 11-12 MPa compared to 7-10 MPa
for pure cement), the strength of fly ash-cement stone during the early stages of hardening remains
lower than that of pure cement stone. This is primarily due to the highly acidic nature of fly ash and
its low glass phase content (10%).

The study of Portland cements CEM | 32.5 and CEM 1 42.5 with the addition of fly ash has
demonstrated significant changes in their physical and mechanical properties. The incorporation of
fly ash influences the hydration process, leading to modifications in setting time, compressive
strength, and overall durability.

Additional mechanochemical technological treatments are strongly recommended to increase
the activity of acidic fly ashes, and the authors of this article are currently working on these methods.

Overall, the use of fly ash as a supplementary cementitious material offers economic and
environmental benefits by reducing clinker consumption and lowering CO2 emissions. The optimal
dosage of fly ash should be carefully considered to balance strength development and durability
requirements for specific construction applications. Future research should focus on optimizing fly
ash content and evaluating its effects under various curing conditions and environmental exposures.
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