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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asus axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAD Cepusicbly 2bliviMu dcypranvinviy Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRaHuscul Jcypranovl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwviioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei meH canacwin Ycvinaovl. KP YFA Xabapnapeo.
Teonocus scone mexunuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyi 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2e0n02usi JHeaHe MexXHUKAIbIK
EbLIBLIMOAD OOULIHUWA KOHMEHMKe adanoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCEeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY NO 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue2o coobuecmsa.
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Abstract. The trend of green energy development in Kazakhstan is gaining new
momentum and approaches to the transformation of the energy sector to a new
stage of its development are being comprehensively considered. This, in turn, is
attributed to climate change, environmental sustainability, and the transition to low-
carbon technology. The introduction of new, local energy nodes into the system
of integration of electric energy distribution in the Southern zone of the Republic
of Kazakhstan suggests solutions to the growing problems associated with the
imbalance of electric energy. The construction of new infrastructure facilities and
an increase in production capacities in the Turkestan region are gradually leading
to significant problems in providing the region with reliable, uninterrupted and
efficient electric energy. The regional electric grid company, local government
agencies and investors in the region are given the primary task of increasing the
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capacity of electric energy flows. This article fully describes potential locations and
provides their geographical coordinates for the construction and commissioning
of wind farms in the context of regions in the Turkestan region. Using the System
Advisor Module application program, dependencies of wind turbine generating
capacities on wind speed and atmospheric density are constructed, taking into
account the time and seasonal series of the proposed regions. As a result, a graph of
the distribution of electric energy generation was constructed.

Keywords: energy-independent country, wind farm management, systematic
monitoring of wind farms, kinetic energy, atmospheric density, wind load profile
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Annoramusa. JKaHa WHPPAKYpBUIBIMIBIK ~ OOBEKTUIEPIIH  KYPBUIBICHI,
Typxkictan oONmbICEI OOMBIHIIA OHIIPICTIK KyaTTapAblH YJIFAIObl OHIPII CeHIMII,
Y3IIKCI3 KoHE THIM/II AJIEKTP SHEPTUSACBIMEH KaMTaMachl3 eTyze OipTiHen eneyii
mpoOnemManapra ajbli KeJeli. OHIPIiK 3JIeKTP JKENIIIK KOMITAHUSHBIH, 0OJIBICTHIH
KEPrUTIKTI MEMJIEKETTIK OpraHaapbl MEH HHBECTOPJAPBIHBIH aJIJBIHA OSJIEKTP
SHEPTHSACH aFbIHIAAPBIHBIH KyaThIH apTTBIpy MIiHAETI XKYKTenreH. byn makamana
oJieyeTTi OpBIHIAp TOJBIK CUIATTalFaH, TypkicTaH OONBICHI OOMBIHIIA ©Hipiep
Oemninicinne XKXOC cany >xone maiinananyra Oepy YIIiH OJapAblH reorpadusiibK
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KOOPJIUHATTHIK Jiepekrepi kentipinreH. System Advisor Module kommanOams
OarapiaaMachlHBIH KOMET1MEH JKeJl KYObIpJIapbIHbIH TeHEPATOPIIBIK KyaTTapbIHBIH
KEJIIIH JKBIIIAMIBIFbI MCH aTMOC(EpabIK THIFbI3AbIFbIHA TOYENIUIIT YCHIHBUIFaH
aliMaKTap/bIH YaKbITIIA )KOHE MayChIM/BIK KaTapJiapblH €CKEPE OTBIPHIN KYPbUIIBI.
Hotmxecinae 31eKkTp 3HeprusicbIH oHA1pyi 061y kecTeci Kypbliabl. System Advisor
Module xongany OarmapiamMachIHIa allbIHFAH MAIMETTEP KAXKETTI mapaMeTprepii
€CKepe OTBIPHII, >KeJl 3JEKTP CTAaHUMSUIApBIH cajly JKOHE MNainanaHyra Oepyni
Tanaayra MyMKiHAIK Oepeni. 2000 M OMIKTIKTE aya THIFBI3/IBIFEI OpTallla eCEeNIeH
0,8 kr/m® kypaiiasl, an 15-25°C temmeparypa IHana3OHbIHIA JKEJT aFbIHBIHBIH
TtrimMai kospduurenti mamamen 40% kypaiinel. MyHaai MaiMeTTep Kel JIeKTp
CTaHUMSUIAPBIH CaJly VIIiH TEXHUKAJbIK, SKOHOMHUKAJBIK OHE T'€03KOIOTHUSIIBIK
KepceTKiTep OOMbIHIIA OHTAMIIBI O0NbIN caHasabl. 10 ke 3JIeKTp CTaHIUSICHIHAH
TYpaThIH KeJ 3JIEKTP CTAaHIMSIAPBIH T€OTEXHHMKAJBIK KYPbUIBIMAAD KaTapblHa
KATKpI3yFa OOJaapl, al TeOTEXHHUKAJBbIK MAJIIMETTEpAl HopMajay >Kell BJIEKTp
CTaHUMSUTIAPBIH CATyIaF bl MAHBI3IbI ACTIEKT O0JIbIT caHanaabl. Taburn Gpaxkropnapabt
Tajay XKOHE TEXHUKAJIBIK-SKOHOMHUKAJIBIK €CENTEYIIep el AEKTP CTaHLMsUIapbIH
caJlyFa apHaJIFaH yYacKeHiH CTaHIapTThl MHXCHEPJIIK KOpFay LIapajlapblH caKTai
OTBIPBIIL, KOIIKiH MEH DPO3UsFa TO3IM/II EKSH/IITIH pacTaiabl. Asi3 Ke3iH/Ie JKep YCTi
CyJapblHaH OHE TOINBIPAKTHIH BIKTUMAJ AepopMalysIapblHaH KOPFayFa epeKIie
Ha3zap ayaapy Kepek.

Tyiiin ce3nep: sHEProTayenci3 MEMIICKET, XKeJ AIICKTP CTaHIMSIApBIH OacKapy,
KeJ 2JIEKTp CTaHIMSAJIapbhlH JKyHeni Oakpliay, KMHETHUKAJIBIK YHEPrHsl, KEIIiH
poUIIB Il KYKTEMeECH
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AnHotanusi. Pazsutne uHQPACTPyKTyphl ¥ yBEIHUYCHHUE MPOU3BOACTBEHHBIX
MotgHocTel B TypkecTaHCKo# 0011acTH MOCTENEHHO TPUBOASAT K POCTY TIOTPEOHOCTH
B HaJeKHOM, Oecriepe0OHHOM U S(P(GEKTHMBHOM 3JEKTPOCHAOKEHHH pPErHOHa.
Ilepen pernoHanbHON AIEKTPOCETEBOM KOMIIAHUEW, MECTHBIMU OpraHaMU BJIACTU
1 UHBECTOPAaMHU CTOMT IIEPBOOYEPEIHAS 3a/1a4a TOBBIIIEHUS MOIIIHOCTH MEPETOKOB
AEKTPUUECKON 3Hepruu. B crarbe mnpencTaBieHbl MOTEHIUAJIbHBIE IUIOIAIKU
JUISL CTPOMTEILCTBA M BBOJIA B JKCIUIyaTaluio BeTpodiekTpocTaniuii (BOC) mo
peruonam TypkecTaHckoli o0nacTd, a Takke NMPHUBEICHBI HUX reorpaduueckue
koopauHarel. C HCIOJIB30BAaHUEM MPHUKIATHONW mporpamMMbl System Advisor
Module (SAM) mocTpoeHbI 3aBUCHMOCTH T€HEPUPYIOIIEH MOIIHOCTH BETPOBBIX
TypOUH OT CKOPOCTH M IUIOTHOCTH BO3/AyXa C YYETOM BPEMEHHBIX M CE30HHBIX
W3MEHEHUH KIMMaTH4ecKux yciaoBuil. Ha ocHoBaHuu pacuéToB cocTaBieH rpaduk
pacrpeneneHus BBIPAOOTKH 3JIeKTpHUYecKod sHepruu. [lomydeHHble B Momyne
System Advisor gaHHbBIE TO3BOJISIOT MPOBOAUTH TEXHUKO-3KOHOMUYECKYIO OLICHKY
1eJ1eco00Pa3HOCTH CTPOUTENLCTBA M AKCIITyarauu BOC ¢ y4€ToM KITMMaTHYeCKUX
u reoskoioruueckux mnapamerpoB. Ha Beicore 2000 M IUIOTHOCTH BO3ayXa
cocraBisier B cpenHem 0,8 xr/m?, mpu Ttemmeparype 15-25 °C sddexruBHbII
KO3(GUIHMEHT BETPOBOro MOTOKa jocturaer okono 40 %. Takue mokazarenu
CUHTAIOTCS ONTUMAJIBHBIMU JIJIS Pa3MEILEHHUs] BETPOIHEPIeTHUECKUX YCTAaHOBOK C
TOYKHU 3PEHUSI TEXHHUUYECKOW, IKOHOMUYECKOH M IKOJOrHuecKoi 3(h(HEeKTUBHOCTH.
PaccmoTpeno BnusiHMEe TPUPOAHBIX (HAKTOPOB HA YCTOWYMBOCTH IUIOIIAA0K
g BOC. Pe3ynbrarbl MHKEHEPHO-TEOJIOIMYECKHUX PACUETOB MOKA3bIBAIOT, YTO
BbIOpaHHBIE TUIOMIAJKA YCTOMYMBBI K OMNOJ3HSAM M SPO3UU HPU COOIIONCHHUU
CTaHIApPTHBIX MEp HWHKEHEepHOH 3ammTel. Oco0oe BHUMaHHE PEKOMEHJIYETCs
YACIHTH 3alIUTE OT MOBEPXHOCTHBIX BOJ M BO3MOXKHBIX Jie(OpMalii rpyHTa MpU
MOPO3HOM IYyYEHHH.

KuioueBble ciioBa: »HEpreTUdeckas HE3aBUCUMOCTh, ympasieHue BOC,
MOHUTOPUHT paboTel BOC, kuHeTHueckas dHEprusi, aTMocgepHasl IUIOTHOCTD,
npo¢ b BETPOBOW HATPY3KH

Introduction. Today, the entire global community is striving to become
an energy-independent country by building new directions in the field of green
energy development. One of the main tasks in this matter is to assess the territorial
features of the selected regions for the construction and commissioning of new
alternative energy hubs. In their research work (Qolipour et al, 2018; Bale zentis
et al, 2017), foreign scientists propose effective modeling methods for conducting

304



ISSN 2224-5278 5.2025

systematic monitoring of wind farms, followed by a reduction in operating costs,
as well as an increase in its reliability and technical and economic efficiency. In the
author's work (Petersen et al, 2020), the methods of optimal design of wind power
plants by scaling and integrating wind farms are considered. As a result, the data
obtained confirmed that the expected annual energy production can be increased by
4% due to the integration of wind farm management.

In the research paper (Kornilova et al, 2023; Wu et al, 2011; Mangara et al,
2019), the key issues of modeling and numerical investigation of the atmospheric
boundary layer in combination with a wind turbine are considered. During the
creation of the mathematical model, issues such as multiscale, consideration of
a highly rough, inhomogeneous surface, wind unevenness in amplitude, direction
and frequency, and turbulence generation were taken into account.

Today, the digitization of static and dynamic data in real time plays an important
role in creating optimal management of wind farms. Large energy companies,
planners, as well as local government agencies are interested in creating a common
computing network (Hewitt et al, 2018; Xia et al, 2019; Faiz et al, 2024) to obtain
accurate analysis of potential strategic planning locations in the construction and
commissioning of new large wind farms. In the course of such research, one of the
main aspects is the creation of cloud, geographic information platforms and remote
zanding platforms to obtain the necessary climatic and meteorological factors.

The data obtained in the System Advisor Module application program makes
it possible to analyze the possibility of building and commissioning wind farms,
taking into account the necessary parameters. At an altitude of 2000 m, the air
density averages 0.8 kg/m3, while in the temperature range of 15-25°C, the effective
wind flow coefficient is approximately 40%. Such data is considered optimal for
the construction of wind farms in terms of technical, economic and geoecological
indicators.

Wind farms consisting of 10 wind farms can be classified as geotechnical
structures, and the rationing of geotechnical data is considered an important aspect
in the construction of wind farms.

The analysis of natural factors and technical and economic calculations confirms
that the site for the construction of wind farms is resistant to landslides and erosion
while observing standard engineering protection measures. Special attention should
be paid to protection from surface waters and possible soil deformations during the
frost heave.

Materials and research methods. The following districts of the Turkestan
region were taken as the studied objects: Chulak — Kurgan, Suzak and Tulkubassky
districts. These areas have favorable characteristics in the construction and
commissioning of new wind power plants. Wind gusts in these areas reach 20-25
m/s, which makes it possible to efficiently convert the obtained kinetic energy into
electrical energy.
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Chulak-Kurgan is a locality (class P — locality) in the Turkestan region,
Kazakhstan (Asia). It is located at an altitude of 466 meters above sea level, the
population is approximately 10,836 people.

The geographical coordinates of the Chulak — Kurgan region are given below:

43°45'54" n.1 (north latitude)

69°10'53" e.l (east longitude)

The standard time zone for Chulak Kurgan is UTC/GMT+6

The geographical location of the Chulak — Kurgan region was obtained using
Google Earth. A geomaps with a satellite image of the Chulak —Kurgan region is
shown in Figure 1.

Figure 1 — Geomaps with satellite image of Chulak — Kurgan region

Suzak is a locality (class P —locality) in the Turkestan region, Kazakhstan
(Asia) with the regional font code of Eastern Europe. It is located at an altitude of
585 meters above sea level, with an estimated population of about 61,512 people.

The geographical coordinates of the Suzak region are given below:

45°09'02" n.1 (north latitude)

68°63'93" e.1 (east longitude)

The standard time zone for Suzak is UTC/GMT+5

The geographical location of the Suzak district was obtained using Google

Earth. A geomaps with a satellite image of the Suzak district is shown in Figure 2.
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Figure 2 — Geomaps with satellite image of Suzak district

Tulkubas is a locality (class P — locality) in Turkestan province, Kazakhstan
(Asia). Itis located at an altitude of 823 meters above sea level, and has a population
of approximately 115,000 people.

The geographical coordinates of the Tyulkubassky district are given below:

42°2924" n.1 (north latitude)

70°1724" e.1 (east longitude)

The standard time zone for Tulkubas is UTC/GMT+5

The geographical location of the Tyulkubassky district was obtained using
Google Earth. A geomaps with a satellite image of the Tulkubassky district is
shown in Figure 3.

Biopo
TronbkyGac

T KyOaC,

Keuepbacray

Figure 3 - Geomaps with satellite images of Tyulkubassky district

A generalized wind map for the Turkestan region is shown in Figure 4.

307



ISSN 2224-5278 5.2025

Figure 4 — A generalized wind map for the Turkestan region

Results and discussion. During the calculations in the System Advisor Module
environment, geographical coordinate data of the estimated area was entered.

In turn, when obtaining the necessary data, they were based in the NET
environment, which allows the development of technologies and strategies for
improving the efficiency and placement of wind turbines, as well as its integration
into electric grids.

The dependence of the wind turbine power on the wind velocity distribution
P=f(¥) is shown in Figure 5

Turbine power curve

2000+

g

=
2

Turbine Power (kYY)

5001

0 5 10 15 20 25 30 35 40
Wind Speed (m/s)

Figure 5 — Dependence of wind turbine power on wind velocity distribution P=f(v)
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The dependence of wind turbine power on the distribution of wind speed and
atmospheric density for the month of January is shown in Figure 6

January 0.79
-0.78
60000 - t
—H0.77
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Figure 6 - Dependence of wind turbine power on the distribution of wind speed and atmospheric
density for the month of January

The dependence of wind turbine power on the distribution of wind speed and
atmospheric density for the month of February is shown in Figure 7.
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Figure 7 - Dependence of wind turbine power on the distribution of wind speed and atmospheric
density for the month of February

The dependence of wind turbine power on the distribution of wind speed and
atmospheric density for the month of April is shown in Figure 8.
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Figure 8 - The dependence of wind turbine power on the distribution of wind speed and
atmospheric density for the month of April

The dependence of wind turbine power on the distribution of wind speed and
atmospheric density for the month of November is shown in Figure 9.
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Figure 9 - The dependence of wind turbine power on the distribution of wind speed and
atmospheric density for the month of November

The dependence of wind turbine power on the distribution of wind speed and
atmospheric density for the month of December is shown in Figure 10.
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Figure 9 - The dependence of wind turbine power on the distribution of wind speed and
atmospheric density for the month of December

The annual wind load profile is shown in Figure 11
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Figure 11 - The annual wind load profile

Allowable electrical losses, environmental losses, operational losses, and
emergency losses are shown in Figure 12.
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Figure 12 — Allowable electrical losses, environmental losses, operational losses, and emergency
losses
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The graph of the electric power generation system is shown in Figure 13
: P \NM" }‘ ‘V
M I w” i
il
il

\ I
il

Figure 13 — The graph of the electric power generation system

The data obtained in the System Advisor Module application program makes
it possible to analyze the possibility of building and commissioning wind farms,
taking into account the necessary parameters. At an altitude of 2000 m, the air
density averages 0.8 kg/m3, while in the temperature range of 15-25°C, the effective
wind flow coefficient is approximately 40%. Such data is considered optimal for
the construction of wind farms in terms of technical, economic and geoecological
indicators.

Wind farms consisting of 10 wind farms can be classified as geotechnical
structures, and the rationing of geotechnical data is considered an important aspect
in the construction of wind farms.

The analysis of natural factors and technical and economic calculations confirms
that the site for the construction of wind farms is resistant to landslides and erosion
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while observing standard engineering protection measures. Special attention should
be paid to protection from surface waters and possible soil deformations during the
frost heave.

Conclusion. The creation of an expert analysis system based on climatic,
meteorological and geographical data will make it possible to create optimal sites
for the construction of wind farms.

In this article, the calculation and selection of the location of wind turbines in
the proposed area is implemented using the application software product System
Advisor Module.

The data obtained confirms once again that the assessment of data in the
construction and commissioning of wind farms makes it possible to make accurate
forecasts in real time.
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