ISSN 1998-6688 (Print)
ISSN 2959-8109 (Online)

KASAKCTAH-BPUTAH TEXHUWUKAJIBIK
YHUBEPCUTETIHIH

XABAPLUbICDbI
HERALD

OF THE KAZAKH-BRITISH TECHNICAL
UNIVERSITY

BECTHUK

KASAXCTAHCRO-BPUTAHCROT'O
TEXHHYECROI'O YHUBEPCUTETA

Volume 20, Issue 3
July - September 2023




KA3AKCTAH-bPUTAH
TEXHUKAJIBIK YHUBEPCUTETIHIH

XABAPHIBICHI

HERALD
OF THE KAZAKH-BRITISH
TECHNICAL UNIVERSITY

BECTHHUK
KA3AXCTAHCKO-BPUTAHCKOI'O
TEXHUYECKOI'O YHUBEPCUTETA

AJIMATBI

Ne 3 (66) 2023

W3nanne 3apeructpupoBaHo MUHHACTEPCTBOM KyIbTYphI 1 HH(MopMannu Pecryonukn Kazaxcran.
CuzerenbcTBO 0 moctaHoBke Ha yueT CMU Ne 9757 — K ot 03.12.2008 .

Kypnan 3apeructpupoBad B MexlyHapOoJHOM IIEHTpPE 10 PErUCTpaluy cepraibHbIX n3ganuii ISSN
(FOHECKO, r. IMapmx, ®pantius)

B xypHaie nyOiIuKyOTCS HayYHbIC CTAThU HA QHITIMHCKOM, Ka3aXCKOM U PYCCKOM SI3bIKaX MO HAMPABICHUSIM:
KOMIIBIOTEPHBIC HAYyKH, MaTeMaTHYeCKIE HayKH, PU3NUECKUE HAyKH, HeTera3oBasi HHKEHEPHUS U T€0JIOTH,
SKOHOMHMKA M OM3HEC.

Tlonmucuout nagexkc — 74206

Wzmaercs ¢ 2004 roga. Berxoaut 4 pasa B roj.

YYPEJIUTEJIb
Kazaxcrancko-bpuranckuii TeXHUYECKUM YHUBEPCUTET

ISSN 1998-6688 (Print)
ISSN 2959-8109 (Online) © Kasaxcrancko-bpuranckuii Texanueckuii yausepcuret, 2023



bac penakrop — Kynnemon B.I11., ¢.-m.r.1., KP ¥FA xoppecnonaeHT-MyI11ECH,
npodeccop, «KKbTY» AK Komnnanbansl maremarnka mekte0i, AMats K., Kasakcran

PEJIAKIIMSI AJTKACHI

«Komnb1oTepJiik FelIbIMAAP» 06aimMi

AxxkanoBa AJK. ¢.-m.r.x, PhD, npodeccop, «KBTY» AK AKmapaTThlk TeXHOIOTHIIAP )KOHE HHKEHEPHsl MEKTeO1,
Anmarsl K., Kazakcras;

Mak A.A.Tr.K., KayeiMpacTeipbuFad npodeccop, «KBTY» AK AKmapaTThIK TEXHOIOTHSAIAD JKOHE WHXKCHEPHUS
MekTeO1, AnmMarsl K., Kazakcras;

Camuryauna 3.U., PhD, nmpodeccop, «kKKbTY» AK AKnaparTbIK TEXHOIOTHsLIAP )KOHE HHKEHEPHs MeKTeO1, ATMaThl
K., Kazakcran;

Ilyas Muhammad, PhD, npodeccop, «KKBTY» AK AKnapaTTbIk TEXHOJIOTHSIIAP JKOHE MH)KEHEPHsT MEKTeO01, ATTMaTh
K., Kazakcran.

«MareMaTHKAJBIK FBLIBIMAAP» 06J1iMi

Kanmyp3saes B.C., PhD, kaysiMaacteipsutrat mpodeccop, «KKBTY» AK Konnanbansl matemaTrka MeKTeO1, AMaTh
K., Ka3akcran;

Cynomnaaros C.B., ¢.-m.F.1.., npodeccop, PEFA Cb maremaruka HHCTUTYTHIHBIH Oac FBUIBIMU KbI3MeTKepi; HoBocibip
MEMIIEKETTIK TeXHHUKAIBIK YHUBEPCUTETI, Kadenpa MeHrepytrici, HoBocibip k., Peceli;

BaxenoB H.A., .-m.r.x.., PFA Cb maremarnka HHCTUTYTHIHBIH aFa FRUIBIME KbI3MeTKepi, HoBocibip k., Peceii.

«DPU3NKAIBIK FHUIBIMIAP» 00aimMi

BeiicenxanoB H.b., ¢.-m.r.1.., nexan, npodeccop, «KBTY» AK Marepuanrany joHE >Kachll TEXHOJIOTHsIIAp
MekTeO1, AnmMarsl K., Kazakcras;

9oaipaxmanoB A.P., PhD, «kKBTVY» AK 3usaTkepiik MEHIIIK KpI3METiHIH OacIIbIChl, ATMaTH K., Kasakcran;

BeiicenoB P.E., PhD, nexan, «KBTY» AK JKaparbuibicTany jxoHE 9J€yMETTIK FhUIBIMJAP MeKTeOi, AJMaThbl K.,
Kazakcran;

Hycynos K.X., ¢.-m.F.1., mpodeccop, «kKBTY» AK Marepuanrany xoHe Kachll TEXHOIOTUsIIAP MEKTEO1, AMaTh
K., Kazakcran.

«MyHaii ra3 HHKeHePHUsChI JKIHe reoorus» desimi

HUcemanaos A.A., T.r.k., nekaH, npodeccop, «KbTY» AK DHueprernka oHe MyHai-ra3 MHAYCTPHSCHI MEKTeOi,
Anmartsl K., Ka3zakcran;

Kopooxun B.B., reon.-munepairr.k., npodeccop, «<KbTY» AK T'eonorust MmexTeOi, Anmarsl K., Kasakcras;

TyprazunoB UK., PhD, accucrent-ipodeccop, «kKBTVY» AK DHepreTuka skoHe MyHail-ra3 HWHIyCTPHICH MEKTeO1,
Anmartsr K., Kazakcran;

Kan Banau, PhD, mpodeccop, MyHail KOCIMIITITIHIH XUMHAIBIK TeXHONOTHS (akynsTeTi, Kpitail myHait
yuuBepcureTi (ILbirbic Kpirait), Lnnanao k., Keiraii;

Capcen6exyanl b., PhD, kaysimaacteipsuiran npogeccop, «KBTY» AK Duepreruka sxoHe MyHal-ra3 HHy CTPUSICH
MekTeOi, AnMaThl K., Kazakcran;

Moana6aesa I.JK., Tex.r.n., mpodeccop, MmyHait nHxeHepuscs kadenpacsl, K. TyppICOB aThIHAAFBI TEOIOTHS JKOHE
MyHai-ra3 uHCTUTYThL., Kaz¥ TV, Anmars! K., Kazakcran.

«IKOHOMHKA KIHEe OM3Hec» 00JaiMi

Ko:xaxmeroBa A.K., PhD, accucrent-mpodeccop, «KbTY» AK busnec mekredi, Anmarsr K., Kazakcras;

Hap6aes T.C., PhD, mpodeccop, «KBTY» AK busrec mekTebi, Anmarts! K., Kasakcran;

Aapames A., PhD, nmpodeccop, «KKBTY» AK Xanmbsikapasislk s5koHOMHKA MeKTe01, AnMaTsl K., Kazakcran;

Barkees B.B., PhD, accucrent-ipodeccop, «kKKBTVY» AK Xansikapaibik 5KOHOMHKa MEeKTeO1, AniMaThl K., KazakcraH;
CeiiTkazueBa A.M., 3.7.11.., mpodeccop, , KKBTY» AK busnec mekrebi, Anmarsl K., Kazakcran;

Gabriel Castelblanco, PhD, accucrenr-nipodeccop, ®@nopuna yuusepcureri, Grnopuma, AKII



I'maBusrit penakrop — Kyanemos B.1., 1. ¢.-m. H., uieH-koppecnionaeHT HAH PK,
npodeccop, [lIkona npuknagnoit Matematuku AO «KBTVY», r. Anmatsel, Kazaxctan

YJIEHBI PEAKOJIJIEI' U

Paznen «KomnbloTepHble HAYKID

AxzkanoBa AJK. k. ¢.-m. 1., PhD, mpocdeccop, lIxona nadpopmannonssix TexHonoruit n nmxenepun AO «KBTVYy,
r. Anmarsel, Kazaxcran;

IMak A.A., K.T.H., acconnupoBaHHkIii mpodeccop, lllkona nadopmanmonusix Texuonorni 1 unxeHepun AO «KBTVY»,
r. Anmvatsl, Kazaxcran;

Camuryauna 3.1., PhD, npodeccop, Illkona nadpopmannorHubix TexHogorui u nmkeHepun AO «KBTVYy», . Anmarsr,
Kazaxcran;

Ilyas Muhammad, PhD, mpodeccop, [1Ikomna napopmanmonHsx TexHonornit u nmkeHepun AO «KBTVY», 1. AiMatsl,
Kazaxcran.

Pasnen «MaremaTuyeckne HayKu»

Kaamypsaes B.C., PhD, acconmupoBannstii mpodeccop, llIkona npuknannoit marematukn AO «KBTY», 1. Anmars,
Kazaxcramn;

Cynomnaros C.B., 1. ¢.-m. H., npodeccop, DIaBHbIA HaydHbId coTpyaHuk, MHcTuTyT Maremaruku CO PAH; 3aB.
kagenpoii, HoBocnOupckmii rocynapcTBeHHBII TeXHUYECKHH yHUBEpcHTeT, T. HoBocuOupcek, Poccwst;

Baxeno H.A ., k. ¢.-M. H., cTapuiii Hay9HBIH coTpyaHUK, MHCTHTYT MaTematnku CO PAH, . HoBocnbupck, Poccus;

Pazgen «®@usnyeckne HAyKm»

BeiicenxanoB H.B., 1. ¢.-M. H., nekan, npodeccop, [llkona marepuanoBeneHust U 3ej1eHbIx TexHoaoruii AO «KBTVYy,
r. Anmarel, Kazaxcran;

doaipaxmanoB A.P., PhD, pyxoBomutens CimyxOpl nHTEIIIEKTyanpHOH coocTBeHHOCTH AO «KBTVY», T. AnMmarsr,
KazaxcraHn;

BeiicenoB P.E., PhD, nekan, [lIkona ectectBeHHBIX 1 conuanbHbix Hayk AO «KBTVY», 1. Anmarer, Kazaxcras;

Hycynos K.X., 1. ¢.-M. H., mpodeccop, [lIkoma matepuanoenerns u 3eneHbIx TexHomoruit AO «KBTVY», . AimMarsl,
Kazaxcran.

Pasnes «Hedrerazopasi MHKeHepHsl M Ie0JI0TUS»

Hcemanaos A.A., K.T.H., 1ekaH, npogeccop, llIkona snepreruku u HeprerazoBoit unaycrpun AO «KBTY», . Anmars,
Kazaxcramn;

Kopookun B.B., k. reon.-munepai. H., mpodeccop, lllkona reonoruun AO «KBTVY», 1. Anmarsl, Ka3zaxcran;

Typrasunos UK., PhD, accucrent-npodeccop, Illkona suepreruxu n Heprerazoroid nuagycrpun AO «KBTVY», .
Anmarsl, Ka3axcran;

Kan Banmm, PhD, npodeccop, ®@akynbreT HEDTEIPOMBICIOBOW XHMHUYESCKOH TeXHOMOTHH, Kutalickuii He(TsIHOM
yuuBepcureT (Bocrounsiit Kurait), . Hunnao, Kuraii;

Capcendexyasl B., PhD, accommmpoBanssiii mpodeccop, [llkoma sHepretukn u HedTerazoBoil maIycTpun AO
«KBTVY», . Anmarsl, Kazaxcran;

Mouapnabaesa I.K., 1. Tex. H., npodeccop, kadenpa HePTIHON HHXKEHEPUH, IHCTUTYT Teosoruy 1 He()Tera3oBoro
nena uM. K. Typeicoa, KazHTYV, r. Anmarsl, Kazaxcran.

Pa3znen «9KkoHOMHKA U OM3HECH

Ko:xaxmeroBa A.K., PhD, accucrent-mipodeccop, busnec-mkona AO «KBTVY», r. Anmarsi, Kazaxcran;

Hap6aes T.C., PhD, mpodeccop, busznec-mkona AO «KBTVY», r. Anmarsl, Kazaxcran;

Aapames A., PhD, npodeccop, Mexaynapoaaas mkona skoHoMukn AO «KBTVY», . Anmarer, Kazaxcran;
BartkeeB B.B., PhD, accucrent-nipodeccop, MexxayHaponas ikojia skonoMuku AO «KBTVY», . Anmarsr, Kazaxcran;
CeiiTkazueBa A.M., 1.3.H., mpodeccop, buznec-mkona AO «KBTVY», . Anmarer, Ka3zaxcras;

Gabriel Castelblanco, PhD, accucrenT npocdeccopa, Yausepcurer @nopunsr, Ornopuma, CLIA.



MA3MY¥YHbI - COAEP’KAHHUE

KOMIIBIOTEPIIK FBUUIBIMIAAP — KOMIIBIOTEPHBIE HAYKH

Hyiicek b.E., Capcemoun /I./1., Adgypa3zak K.A.

COMPARISON AND ANALYSIS OF DIFFERENT MACHINE LEARNING METHODS

ON ASTEROID DIAMETER PREDICTIONS BASED ON THE NASA SMALL CELESTIAL

BODIES DATABASE ...ttt sttt she e s bt s bt e e bt e eb e e sh e e sheeehee s st e sbeesbeesbeesseesaeesneenbeenseas 7
Cenmxep Epanan, Jlaypa Aukona Jiu

GENERATIVE Al: CHALLENGES TO ACADEMIC QUALITY ...coiiiiiiieee e 17

MATEMATHUKAJIBIK FBIJIBIMJIAP — MATEMATUYECKHUE HAYKHU
HcaxoB A.A.,baiibarsipoBa K.E.
BJIMSSHUE TEIIJIO®U3NYECKUX CBOMCTB XXHUJKOCTEN HA KOHBEKTUBHBIN
TEIUIOIIEPEHOC B DJIEKTPOHHBIX YCTPOMCTBAX ....veveeteeeeeeeeeeeeeeeeeseeteeeeeeeeeseseeeeeee s e eeeseeneeeens 26
Beilicenbaii A.A.
ON AN ANALOGUES OF VAN DER CORPUT LEMMAS ...ttt 38
BepooBcknuii B.B., Epminremona A.Jl.
[IPUMEPBI JIMTHENHBIX [TOPSIIKOB C OITPEJEJINMOI OJHOMECTHON ®YHKIIMEN
N CBOMCTBO HEBABUCHMOCT ......c.ooteeoeeeeeeeeeeeeeeeee e eee e eeeeeeee et eeeeeseeseseeeeseseeseseeeseseeeesaenes 45
Cunnna A.B., Ilxaii FO.A., YkacoBa A.K., AuTonno Kanconu
MATHEMATICAL MODELING OF ACOUSTIC PROPOGATION THROUGH AURALIZATION
TECHNIQUES INSIDE ENCLOSERS WITH VARIATION OF BOUNDARY CONDITIONS.................... 51

OU3SUKAJIBIK FBIJIBIMJIAP — ®DUSNYECKHUE HAYKHA
Kaxkaraii A.b., Koiimuen T.K.
HIEJEK KOCAJIKbI CTAHIIMACBIHBIH JEPBEEC T¥THIHVYILIBUIAPBIH SHEPTUAMEH
KAMTAMACHBI3 ETYT'E APHAJIFAH K¥YPAMAJIbI KYH-XXEJI KOH/IbIPFBIJIAPBIHBIH,

XanmueB b.A., Meilipamoexyinl H., XanneBa A.K., AmmmpkyioB K., Beiicen O.H.
THE SENSING PERFORMANCE OF SURFACE-MODIFIED POROUS SILICON GAS SENSORS
FOR NON-POLAR GAS DETECTION......coiittiitiiiteetee ettt ettt ettt ettt ettt e ens 68

MYHAM I'A3 UHXKEHEPUSACHI )KOHE TEOQJIOT' A —
HE®TEI'A30BASA NHXKEHEPUSA U TEOQOJOI'UA

dsxonmacoB C.K., Adounnaes C.T., Tartubaes C.2K., Cap6acosa . A.
ON METHODS FOR DETERMINING THE ROUGHNESS COEFFICIENT OF CHANNELS ALONG
THE PERIMETER ... .ottt ettt ettt ettt et et e et e e te e bt ebe e beenbeenbeeneeans 76
kaiinranos C.H., Tynemucona K.C.
[IPSIMOE COITOCTABJIEHUE U3MEPEHNI TEO®U3UYECKUX ITOJIEMA
C JIMTOJIOTMYECKOM HEOJTHOPOJJTHOCTBIO FOPCKOI'O MHTEPBAJIA

HA MECTOPOXIAEHNU BY3AUNMHCKOI'O CBOIA.......ccoooiiieiiriinieeeieteieeeeeeeeeeee et 89
Cyaran C.

ANALYSIS OF THE INTERNATIONAL PRACTICE OF CO? INJECTION AS ONE OF THE EOR
IMETHODS. ...ttt h ettt b e e bt et b e bt et et bt eb e et et sbees b e be e bt ebe e st e beebe e st enae e 98

9KOHOMMKA )KOHE BU3HEC — SKOHOMMUKA U BU3HEC
AmanreasaueB A., Ecmyp3aeBa A., bubacaposa P.
ASSESSING THE PROJECT MANAGEMENT MATURITY LEVEL IN THE PRODUCTION
LOGISTICS FIELD.......otiiiiiiiee ettt ettt ettt e e e et e e e tte e e e e ata e e e eataeeeeaaeeeeeaaeaeeensseeeennreeeennses 105
Kamobia A., Ken:knoaena K., Hap6aes T., Kacrenomanko I
THE CHALLENGES OF USING THE AGILE APPROACH WHILE DEALING WITH SUPPORTERS
OF THE CONSERVATIVE APPROACH IN PROJECT MANAGEMENT.........coooiiiiiiiiieeeeeeeeeee 113




CONTENTS

COMPUTER SCIENCE
Duisek B.E, Sarsembin D.D, Abdurazak K.A.
COMPARISON AND ANALYSIS OF DIFFERENT MACHINE LEARNING METHODS ON ASTEROID

DIAMETER PREDICTIONS BASED ON THE NASA SMALL CELESTIAL BODIES DATABASE........... 7
Sencer Yeralan, Laura Ancona Lee
GENERATIVE Al: CHALLENGES TO ACADEMIC QUALITY ..uviiiiiieiieeee ettt 17

MATHEMATICAL SCIENCES
Issakhov A.A., Baibatyrova K.E.
THE EFFECT OF THERMOPHY SIZAL PROPERTIES OF FLUIDS ON CONVECTIVE HEAT

TRANSFER IN ELECTRONIC DEVICES......coiiiiiteitiee ettt ettt ettt s 26
Beisenbay A. A.
ON AN ANALOGUES OF VAN DER CORPUT LEMMAS ...ttt 38

Verbovskiy V.V., Ershigeshova A.D.

EXAMPLES OF LINEAR ORDERS WITH A DEFINABLE UNARY FUNCTION AND THE
INDEPENDENCE PROPERTY ..ottt s 45
Sinitsa A.V., Tskhay Y.A., Ukassova A.K., Antonio Capsoni

MATHEMATICAL MODELING OF ACOUSTIC PROPOGATION THROUGH AURALIZATION
TECHNIQUES INSIDE ENCLOSERS WITH VARIATION OF BOUNDARY CONDITIONS.................... 51

PHYSICAL SCIENCES
Zhakatai A.B., Koishiev T.K.
ASSESSMENT AND MONITORING OF THE WORKING MODE OF COMBINED SUN-WIND
UNITS FOR SUPPLYING INDEPENDENT CONSUMERS WITH ENERGY OF THE CHELEK
SUBSTATION......ccutiititiiitetene ettt ettt ettt st ettt s b e ettt b e et et e st e bt e et et e sheebeeste bt ebeess et e sbeeanentenaeeseensens 61
Khaniyev B.A., Meirambekuly N., Khaniyeva A.K., Ashirkulov K., Beisen A.N.
THE SENSING PERFORMANCE OF SURFACE-MODIFIED POROUS SILICON GAS SENSORS
FOR NON-POLAR GAS DETECTION........ccciiiiiiiiiiiiiiei e 68

OIL AND GAS ENGINEERING, GEOLOGY
Joldassov S.K., Abildaev S.T., Tattibaev S.J., Sarbassova G.A.
ON METHODS FOR DETERMINING THE ROUGHNESS COEFFICIENT OF CHANNELS ALONG
THE PERIMETER .......cootiiiiiee ettt ettt et e et eeate e e ateeeteeeeseeeeaseeeanens 76
Jailganov S.N., Tulemissova Z.S.
DIRECT COMPARISON OF MEASUREMENTS OF GEOPHYSICAL FIELDS WITH LITHOLOGICAL

HETEROGENEITY OF THE JURASSIC PERIOD AT THE FIELD OF BUZASHY VAULT..........cccccee... 89
Sultan S.

ANALYSIS OF THE INTERNATIONAL PRACTICE OF CO? INJECTION AS ONE OF THE EOR
METHODS ...ttt et ettt a e st a e s bt e ae e b e bt e e e ae b eaeennenne e 98
ECONOMY AND BUSINESS
Amangeldiyev A., Yesmurzayeva A., Bibassarova R. ... 105

ASSESSING THE PROJECT MANAGEMENT MATURITY LEVEL IN THE PRODUCTION
LOGISTICS FIELD ... ..ottt sttt sttt sttt st et sb e st b e she st sbe e ennenas 105

Zhambyl A., Kenzhibayeva Z., Narbaev T., Castelblanco G.
THE CHALLENGES OF USING THE AGILE APPROACH WHILE DEALING WITH SUPPORTERS
OF THE CONSERVATIVE APPROACH IN PROJECT MANAGEMENT.......cccoooviiiiiieeeeee e, 113




COMPUTER SCIENCE

UDC 004.852
IRSTI 20.53

https://doi.org/10.55452/1998-6688-2023-20-3-7-16
Duisek B.E*, Sarsembin D.D, Abdurazak K.A.

Kazakh-British Technical University, 050000, Almaty, Kazakhstan
*E-mail: be_duisek@kbtu.kz

COMPARISON AND ANALYSIS OF DIFFERENT MACHINE LEARNING METHODS
ON ASTEROID DIAMETER PREDICTIONS BASED ON THE NASA SMALL CELESTIAL
BODIES DATABASE

Abstract. The database of small celestial bodies NASA is provided by the Jet Propulsion Laboratory and represents the
collected information about asteroids and comets, describing their parameters available for observation and determination,
including physical ones, as well as their classification and data on the number and duration of observation. Many of these
celestial techs have an incomplete description of their properties, which makes it difficult to predict their behavior and
potential interaction with other objects in space, including man-made ones. This study proposes a solution to a certain
part of the problems of asteroid exploration by finding a prediction of the diameter of asteroids based on information from
the NASA database and the results of machine learning methods on processed data from the source. For this research,
some of the most commonly used algorithms for implementing such prediction models have been selected, such as
KNN, linear regression, random forest, decision trees, and gradient boosting. Applied machine learning algorithms were
evaluated based on the results of diameter prediction accuracy, speed of training and prediction process, and square mean
error rates. The study will help to choose the most optimal approach for predicting this feature of asteroids, describe the
process of data pre-processing, while achieving the best performance of the model, and analyze the correlations between
the properties of these celestial bodies.

Key words: machine learning, asteroid, prediction model, KNN, linear regression, random forest, decision tree, gradient
boosting.

Introduction

The Solar System and space beyond are inhabited by plenty of small body objects that float in different
directions and collide with other objects, which may result in the creation of potentially hazardous situations
for our planet[7]. Hence numerous researchers track and collect data about asteroids to identify those objects
that are the most threatening to the Earth. In 2009, the University of Glasgow proposed a paper “Multicriteria
Comparison Among Several Mitigation Strategies for Dangerous Near-Earth Objects” with properties of
objects that may help to evaluate and assess effective methods of identifying such. This paper contains about
90 variables that are taken into account to predict and define mathematics models for identifying dangerous
near-Earth objects[16]. None of the proposed strategies used machine learning algorithms. In another article
“Parameter estimation for optimal asteroid transfer trajectories using supervised machine learning” the authors
used supervised machine learning techniques such as differential evolution algorithm, gaussian process
regression to evaluate the trajectories of asteroids[17].

Our research is based on the current database of small celestial bodies presented by the Jet Propulsion
Laboratory of California Institute of Technology consists of hundreds of thousands of asteroids and comets,
and while some of them are well studied, some objects miss many valuable parameters, which can describe
their future interactions with other bodies, while also assisting in prediction possible behavioral patterns[11].
Correlation with several attributes, such as categorical values of Potentially Hazardous Asteroids (PHA)[3] or
semi-major axis, may help researchers to predict possible threats of previously unknown or under-researched
asteroids or generally identify characteristics of their orbits[20]. However, it is worth considering that an
asteroid's diameter also has a direct correlation with its mass. Mass is not one of the features we are taking
into account in our study, but the distribution of masses of asteroids is a more complex topic due to the nature
of mass measurement techniques, but the various mass distribution prediction methods have been applied for
closely located asteroids for many decades now[9].
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Table 1 — The embeddings for each column

name Name of asteroid

a Semi-major axis, in AU

e Eccentricity

i Inclination, in degrees

om Longitude of the ascending node, in degrees
Argument of perihelion, in degrees

q Perihelion distance, in AU

ad Apbhelion distance, in AU

per y Orbital period, in years

data_arc Number of days spanned by the data arc, in days

condition_code Orbit condition code

n_obs_used Number of observations used

H Absolute magnitude parameter

neo Near-Earth Object flag, yes or no

pha Potentially Hazardous Asteroid flag, yes or no

diameter Object diameter, in kilometers

extent Object tri-axial ellipsoid dimensions, in kilometers

albedo Albedo

rot_per Rotation period, in hours

GM Product of the mass (M) multiplied by the gravitational constant (G)

BV Color index B-V magnitude difference

UB Color index U-B magnitude difference

IR Color index I-R magnitude difference

spec B Spectral taxonomic type (SMASSII)

spec T Spectral taxonomic type (Tholen)

G Magnitude slope parameter

moid Earth minimum orbit intersection distance, in AU

class Orbit class

n Mean motion, in degrees/days

per Orbital period, in days

ma Mean anomaly, in degrees

Literature review

Basu(2019) used the Multilayer Perceptron algorithm to predict the diameter of asteroids[21]. It analyzed
its performance, utilizing other machine learning methods on the same dataset, as in this paper. It appears that
the methods that were used for comparison differ from the methods that will be used in this paper.

Recently Hossain & Zabed(2023) produced a comparison of machine learning algorithms for the
classification and diameter prediction of asteroids[22]. For the task of diameter, predictions used the same
machine-learning algorithms. However, only parameters of absolute magnitude H and albedo were used as
inputs and it seems that no proper process of finding data correlation between parameters was conducted, for
the task of diameter prediction.

It is clear that a thorough analysis of the dataset features correlation is needed for a more accurate forecast
of asteroid diameter and comparison of the performance of machine learning algorithms. Moreover, studies
involving this particular NASA dataset and forecasting models for diameter prediction are not that frequent
and mostly set their objectives in other areas.

Main provisions

The main goal of the analysis of this particular dataset consists of data preprocessing [1] and feature
identification through the profound examination of the correlation between the diameter and each of the
columns.
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Data

The dataset has 839736 entries and 27 columns. Out of all columns and their descriptions, which are
depicted in Table 1., initially we dropped only 3 features: name, data_arc, and n_obs_used because all these
fields will either result in overly biased results, in the case of data_arc or n_obs_used or just be useless in
prediction since they are manually assigned names, in case of name. n_obs_used column represents the total
number of observations of the distinct asteroid. At the same time, the data arc feature refers to the total
amount of days between the first and the last observation of an asteroid. Even though both fields have a high
correlation with diameter, shown in Figure 1. for data_arc, and in Figure 2. for n_obs_used, they represent
historical human activity. They will not contribute to predictions for newly discovered celestial objects.
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Figure 3 — Correlation heatmap for all numerical and categorical features

After this step, we began analyzing other numerical and categorical attributes by plotting the correlation
heatmap for all features in order to find the most appropriate features for diameter prediction, depicted in Figure 3.
To plotthe correlation heatmap we used Pandas built-in .corr method which can use Pearson(standard) correlation
coefficient [12], Kendall Tau correlation coefficient [15], and Spearman rank correlation [8]. According to
this data, 11 out of 24 columns have a pairwise correlation between -0.1 and 0.1, which demonstrates their
insignificance for the forecasting process, thus they were dropped alongside. Those fields are e (Eccentricity),
ad (Aphelion distance), i (Inclination), om (Longitude of the ascending node), w (Argument of perihelion),
per_y (Orbital period), rot_per (Rotation period), G (Magnitude slope parameter), per (Orbital period), pha
(Potentially Hazardous Asteroid) and ma (Mean anomaly). Low correlation values for the aforementioned
attributes may be related to the nature of asteroid formation or events that occurred before measurements were
taken. Nonetheless, those features were excluded from further testing, improving overall prediction accuracy.
Furthermore, we dropped all items with unidentified diameters, since in this research we are trying to train
models with predefined desired prediction parameters for testing, resulting in dropping 702100 rows from the
initial dataset, leaving 137636 items in the final iteration of a dataset.

Table 2 — Number of asteroids with missing values for given attributes

Column Rows with NaN value
a 0

q 0

747

UB 136671

BV 136631

GM 137622

moid 0

10



KOMIIBIOTEPHBIE HAYKH

diameter 0
albedo 1230

n 0

IR 137635

During the next phase of preprocessing, we counted all the asteroids with missing values for all remaining
features. As demonstrated in Table 2., UB (Color index U-B magnitude difference), BV (Color index B-V
magnitude difference), GM (Product of the mass (M) multiplied by a gravitational constant (G)), and IR
(Color index I-R magnitude difference) fields have only 965, 1005, 14, and 1 non-missing values presented,
correspondingly. While we may fill empty UB, GM, and BV cells with mean values of these columns since
they have at least some amount of rows filled with data, it will negatively impact the mean square error during
prediction, which is shown in Table 3. Thus, we are removing these columns from further processing and
testing, alongside rows, which contain NaN values in remaining attributes, which means out of 11 columns,
the resulting dataset only includes 7. After the deletion of all items with missing values, the total number of
removed rows reached 1230, which is a maximum between H and albedo.

Correlation between features in cleaned dataset

Figure 4 — Correlation heatmap for all numerical and categorical features after optimization

Outliers deletion is the final step in data standardization to achieve the most optimal accuracy rates for
all the models this research uses as prediction models for the diameter of asteroids. Outliers were identified
by calculating Z-score for every value inside the features and using list-wise deletion [10] with an absolute
Z-score exceeding the value of 3, which equals 5333 deleted rows, and 130800 left after this step. Number
3 was taken as an arbitrary value, often used by models to find unusual entries in datasets. Z-score can be
described as a statistical measurement, which depicts the connection between a value and a set of values mean
[2]. Standard deviations from the mean are used to measure Z-score. Score formula:

Z=(x—-uw /o, (D

where is the standard score, is the observed value, is the mean of the sample, is the standard deviation of
the sample. In this case, the mean of the sample represents the average data on the column, while the standard
deviation of the sample is the root-mean square of the difference between the given observation and the sample
mean [14].
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The new correlation heatmap depicted in Figure 4. shows far greater pairwise correlation values for diameter,
implying our preprocessing had a significant effect on the prediction capabilities of our model.

Methods

During the training and prediction phases of this study, we were able to test several popular machine
learning techniques as regressors, such as K-nearest neighbors (KNN) [4], linear regression [13], decision tree
[5], random forests [6], and gradient boosting [18].

KNN: the KNN algorithm is a supervised learning classifier that utilizes proximity by producing
classifications or predictions about how a particular data point will be grouped. It is non-parametric.

Linear regression: as for linear regression, and its application as the classifier, it can be characterized as
a method, in which a variable's value can be predicted using linear regression analysis based on the value of
another variable. The dependent variable is the one you want to be able to forecast. The independent variable
is the one you're using to predict the value of the other variable.

Decision Tree: by constructing a decision tree, the decision tree classifier [19] develops the classification
model. A test on an attribute is specified by each node in the tree, and each branch descending from that node
represents one of the possible values for that property.

Random forests: as an ensemble learning technique for classification and regression, random forests build
a large number of decision trees during the training phase. The class that the majority of the trees choose is the
output of the random forest for classification problems. The mean or average forecast of each tree is returned
for regression tasks. The tendency of decision trees to overfit their training set is corrected by random decision
forests.

Gradient boosting: this estimator allows for the optimization of any differentiable loss function and
constructs an additive model in a forward stage-wise manner. A regression tree is fitted on the negative gradient
of the provided loss function at each level.

Table 3 — R2 score, Root MSE (Mean Square Error), and execution time for each method (UB, GM, and BV)

Method (Regressor) R2 R2 score, Root | Root MSE, Execution | Execution time,
score | outliers removed | MSE | outliers removed| time, in ms | outliers removed, in ms
Linear regression 0.55 | 0.78 6.90 | 1.39 6.30 4.06
Decision tree 0.92 | 0.93 291 | 0.77 127.65 105.53
KNN 0.77 | 0.95 498 | 0.63 1357.18 72.94
Random forest 0.94 | 0.96 2.53 | 0.57 9528.88 7997.67
Gradient boosting 0.93 | 0.96 2.58 | 0.57 3057.80 2934.02

Table 4 — R2 score, Root MSE (Mean Square Error), and execution time for each method

Method (Regressor) R2 score Root Mean Square Error Execution time, in ms
Linear regression 0.78 1.39 4.06

Decision tree 0.93 0.77 105.53

KNN 0.95 0.63 72.94

Random forest 0.96 0.57 7997.67

Gradient boosting 0.96 0.57 2934.02

Results and Discussion

In order to achieve a better understanding of per-model performance we conducted 3 separate sets of testing,
in which predictions were made based on datasets with both UB, GM, and BV features removed and remained,
then there was a removal of any outliers with Z-index score higher than 3. In this study, the authors use the
R2 score as an indicator of accuracy. Authors can observe the difference between forecasting results of data
before and after outlier removal with UB, GM, and BV attributes in Tables 3 and 4. Outliers had a significant
impact on R2 score, which is calculated as the R2 score, which is a coefficient of determination, used as a
regression score function, for some methods, such as linear regression and KNN, while other techniques only
had improvement in root mean square error. Also, we have a major improvement in execution times. The most
noticeable execution time inequality is represented by the difference in KNN execution times before and after
outlier removal, from 1357.18 ms to 72.94 ms, which can be explained by a significant reduction in the total
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number of rows. Overall, as shown in Table 3, with given initial input data, the decision tree and KNN have the
best R2 score per execution time ratio, while gradient boosting and random forest both demonstrate very high
R2 score and execution time, but lower root square mean error in comparison with other algorithms.

On the other hand, as Table 4. depicts, removing UB, GM, and BV columns, which almost fully consist of
mean sample data values of the initial few items, resulted in a comparable performance, but a significantly
better root mean square error indicator. Comparing all the methods in our final testing, all the methods except
linear regression had a great R2 score in forecasting asteroid diameters. Linear regression, while being the
least accurate one, still has the acceptable root mean square error value, and substantially lower execution
time. KNN achieved the best overall performance, reaching a value of 0.95 for R2 score, which is 0.01 lower
in comparison with random forest and gradient boosting, and had a reasonable execution time of 72.94, while
the aforementioned random forest and gradient boosting exceed 2500 ms each.

Conclusion

This paper presented a profound description of building a model for forecasting asteroid diameters based
on NASA's small body database. The main idea of the research was to identify pairwise correlations between
dataset features and diameter and analyze several approaches to diameter prediction with the help of various
machine learning algorithms.

With the given results, we may potentially forecast the diameters of many currently understudied asteroids
and newly discovered ones. Applications to such predicted data can improve the identification of potentially
hazardous asteroids, and generally enhance our understanding of the behavior of many small bodies we can not
study due to technological limitations.
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KIIIT ACITAH JEHEJIEPI TYPAJIBI NASA JEPEKKOPBI HET'I3IHAE ACTEPOUATAPIBIH
JUAMETPIH BOJIZKAY YIUIH 9PTYPII MAIIIMHAJIBIK OKBITY 9IICTEPIH CAJIBICTBIPY
7KIOHE TAJIIAY

Anparma. NASA ximmi acnian neHenepiHig aepekkopsiH Jet Propulsion Laboratory ychiHaIBI )KoHE 01 aCTEPOUATAP MECH
KOMEeTanap Typaibl )KUHAIFAH aK[aparThl, ONap/bl 0aKbUIdy KOHE AHBIKTAY YIIIH KOJI JKETIMJII TTapaMeTpliep/ii, COHbIH
immiHge (QU3UKaIBIK apaMeTpIIepIi, COHIai-aK OJapAbIH KIKTelyi, OaKplIay CaHBI MEH Y3aKTBIFBI TYPaJbl IEePEeKTepIl
KaMmTuabl. Byt acman neHenepiHiH 0achIM KOMIIUTITHIH KACHSTTEP1 TONBIK CHIIaTTaIIMaFaH, Oy OJapIblH MiHE3-KYJIKbIH
JKOHE FapBIIITaFbl 0acka OOBCKTUICPMEH, COHBIH IMIiHAC KONIAaH KacallFaH 3aTTapMCEH ©3apa OpeKeTTeCyiH OOKay/Isl
KMBIHAATa bl by 3eprTey actepounrapasl 3eprrey Macenenepinin oenrii 6ip 6emirin NASA nepekkopblHaH albIHFaH
aKrapar rneH 0acTarKbl KO3/IeH OHJICNIIeH JAePEKTep Il Mak/1anana OThIPbII, MAIIUHAIBIK OKBITY 9JIICTEPiHIH HOTIKEIEePi
HETi31H/Ie aCTepOUATAPIbIH THAMETPIiHIH O0KaMbIH Taly apKbUIBI MICITY/II YCHIHAIBL. Byir sKyMbICTa OChIHIAM OoIKay
MOJIENTBACPIH JKY3eTe achlpy VIIiH eH kui KomnaneuatelH KNN, linear regression, random forest, decision tree »xoHe
gradient boosting cusKTBI arOpUTMIEP TaH 1A AbL. [aii1anaHbUIFaH MAIIUHATIBIK OKBITY AITOPUTMIEPI AUaMeTp/Ii O0InKay
TOIIITIHIH, )KYMBIC XBUITAMIBIFBIHBIH KOHE OpTalla KBAaJIPaTTHIK KAaTENIK KOPCETKIMITEPiHIH HOTIXKeNepi OOMBIHIIA
OarayaH/bl. 3epTTEy acTepOHITAPIBIH OCpLIreH KOPCETKINIIH OOJDKayIbIH CH OHTAIIIBI TOCITIH TaHIayFa KOMEKTECEi,
MOJICITBIIH CH KaKChI KOPCETKIMITePiHe KO KETKI3Y YIIiH IepeKTepIi aJIIbIH aJia OHJIEY IIPOICCIH CHITATTalIbI KOHE OCHI
acraH JICHEeNIePiHiH KaCHeTTepl apachlH/arbl KOPPEISIUSHbI TallIaiIbL.

Tipek ce3mep: MamMHAIBIK OKHITY, acTepoun, Oomkay moxeni, KNN, linear regression, random forest, decision tree,
gradient boosting.
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CPABHEHHUE U AHAJIN3 PASJIMYHBIX METOJOB MAILIMHHOI'O OBYYEHUS
HA IMPEACKA3SAHUAX TUAMETPOB ACTEPONJI0B HA OCHOBE BA3bI JAHHBIX MAJIBIX
HEBECHBIX TEJI NASA

Annoranus. ba3a nanapix Maneix HeOecHBIX Ten NASA mpenocrasisercs Jet Propulsion Laboratory u mpeacrasmisier
coboii coOpaHHyI0 HH(pOopMAIHIO 00 acTeponIax U KOMETaX, OIMCHIBAs MX JOCTYITHBIC [T HAONFONCHUS U ONPEICIICHIUS
apaMeTphl, B TOM YHCIIE PU3NIECKUE, TAKIKE NX KIaCCH(UKAIINIO U TAHHBIC [T KOJIMYCSCTBY U JUTUTEIIEHOCTH HAOTFOICHUH.
MHOKeCcTBO ITHX HEOSCHBIX TEX UMEIOT HEIMOJTHOE OITMCAHHUE WX CBOWCTB, UTO JENIACT 3aTPYAHUTEIBHBIM MIPECKa3aHme
WX MOBEJCHHUS W TIOTCHIHAIBHOE B3aMMOJCHCTBUE C IPYTUMH OOBEKTaMU B KOCMOCE, B TOM YHUCIIC W PYKOTBOPHBIMH.
JlaHHOE WCCIeOBaHKE IMpeUlaracT PeIICHUE OMPEHCICHHON 4YacTh MpoOIeM IO HCCIICAOBAHHUIO aCTCPOHIOB ITyTEM
HAXOXKJICHUSI TIPEICKA3aHus JUaMeTpa aCTePOUIOB, OCHOBBIBAsICH Ha HH(OopManuu U3 6a3sl qaHHBIX NASA u pesynsraTax
paboTBl METOJIOB MAIIMHHOTO OOYYeHHUsS MO 00pabOTaHHBIM JaHHBIM W3 M3HAYAIBHOTO MCTOYHHUKA. J[1s1 3TOW paboThI
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ObUTH BBHIOpAHBI HEKOTOPHIC W3 HamOOJIee YacTO WCIOIB3yeMBIX AJITOPHUTMOB IS pealln3alliil MOJXOOHBIX MOICINeH
npenckazanus, Takue kak: KNN, linear regression, random forest, decision tree u gradient boosting. Vcrons30BaHHbIC
QITOPUTMBI MAIIMHHOTO OOYYEHHUsS OBUIM OLICHCHBI IO pe3yJbraTaM TOYHOCTU IMPEICKA3aHUH JAHAMETpPa, CKOPOCTH
paboTHI M TOKa3aTesiM CPEIHCKBAJAPATUYHBIX OMIMOOK. lccinenoBaHue MOMOXKET BBIOpaTh HAaMOOJEe ONTHMAJBHBIN
MTOJIXO/ JUTSL TIPEICKa3aHus TaHHOTO IOKA3aTeisi aCTEPOUIOB, OIUILET MPOLECC MPEIBAPUTEIFHON 00paOOTKH TaHHBIX
JUTSL TOCTHKCHUS Y UIIUX ITOKA3aTeJIe MOJICIIH U IPOAHAIN3UPYET KOPPEISAIUH MEKIY CBOMCTBAMHE 3TUX HEOCCHBIX TEI.

KiroueBble cioBa: MalmHHOE O6y‘lCHI/Ie, acTepoul, MOACIb IMpCACKa3aHud, JIMHEHHAS perpeccus, cnyqaﬁﬂmﬁ JIeC,
ACPEBO pCHIeHPIfI, IMOBBIIIICHUE I'PAIUCHTA.
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GENERATIVE Al: CHALLENGES TO ACADEMIC QUALITY

Abstract. This study explores the intricate relationship between Generative Artificial Intelligence and Academic Quality,
two domains that have robust technical and historical underpinnings. Originating from divergent research fields, an
understanding of the impact of one on the other necessitates a foundational familiarity with both. We offer a comprehensive
review that serves as a bedrock for future scholarly dialogue. We articulate key insights into how emerging generative
technologies are anticipated to influence academic quality. Concurrently, we note that these technological advancements
are emerging at a time of significant transformation and diversification within higher education. While it is premature
to proffer definitive predictions, we argue that the impact of these technologies will be institution-specific, contingent
upon the unique mission and vision of each educational entity. Our analysis and reflection suggests that institutions
emphasizing critical thinking and innovation stand to gain more from the integration of Generative Artificial Intelligence
technologies than those primarily focused on career preparation for students.

Key words: Al, Generative Al, academic quality, Higher education, ChatGPT

Introduction

Generative Artificial Intelligence (GAI) has rapidly expanded its presence within edu- cational institutions,
finding acceptance among students, faculty, and staff alike. This technology exhibits the capability to engage
in sustained interactive dialogues and pro- duce reasonably meaningful written content. Unsurprisingly, it is
now a routine tool for faculty to generate questions and assignments, for students to submit assignments and
facilitate self-directed learning, and for administration to craft manuals, memoranda, and policy documents.
With its potential to drive significant social innovation, teetering on the brink of becoming a disruptive force,
it appears highly improbable that it will fade into obscurity without becoming deeply integrated into nearly
all facets of academic and pedagogical activities. While it is premature to precisely determine the role of this
technology in education, we offer insights to assist in deliberations and provide a con- cise overview of the
opportunities and challenges it presents. Our primary focus is on examining the impact of GAI on academic
quality.

The concept of academic quality is inherently multifaceted, with various interpretations and ambiguities.
Furthermore, definitions of academic quality are formulated differently by different institutions, each shaped
by their distinct philosophies regarding higher education. These institutional philosophies can span a wide
spectrum, ranging from traditions rooted in Humboldtian ideals to those of vocational schools, from an
emphasis on job-oriented STEM disciplines to nurturing the social and emotional development of students.

Main provisions: Al Technology in Brief

Among all others, Artificial Neural Networks (ANN) serve as the foundational framework for contemporary
commercially widespread use of Al. They originated in the mid-20th century with the aim of emulating the
intricate structure of the human brain. The human brain comprises numerous interconnected neurons linked
by synapses, facilitating the transmission of electrical signals. This observation gave rise to the notion that
a similar network could generate electrical activity capable of manifesting various aspects of intelligence,
including perception, cognitive processes, consciousness, self-awareness, and intellect.

In their nascent stages, these circuits featured as a building block a single neuron with multiple inputs and a
single output. This was easily build upon the existing technology of analog computers in which input and output
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voltages at each terminal represented the value of a system variable. All input signals underwent modification
through their input function, often as simple as a multiplicative weight, before reaching a summer (Yeralan,
2023). The summer then aggregated the weighted voltages to yield a solitary output that passes through an
activation function. Here, the neuron fires or not based on the strength of the output. Note that while some
inputs strengthen the output, some may act as inhibitors, weakening the output. A single neuron constructed as
such was referred to as a perceptron. While individual neuron units were developed as building blocks, they
could be interconnected to create more intricate networks, encompassing a multitude of inputs and outputs.
Typically, neurons are grouped into layers, representing stages. Then, a successive series of layers form a
network. In this topology, while the inputs of the initial layer and the outputs of the final layer are available to
communicate with the outside world, multiple hidden layers improves performance and accuracy. Such inside
layers are referred to as “hidden layers” and networks employing potentially may hidden layers are called deep
neural networks. From a mathematical viewpoint, each signal weight and each threshold function adds to the
degrees of freedom of the system. The number of such parameters grows with the number of neurons. It is
conjectured that the perceived intelligence of the entire network increases superlinearly with the total degrees
of freedom, or the total number of independent parameters.

To employ the neural network, one must represent the input for the application as a vector containing specific
values that encode its features. Consider, for instance, a facial recognition application that distinguishes cats
and dogs. Initially, a set of features are extracted from a provided image, through image processing techniques.
These features may include measurements like the normalized distance between the eyes, between the eyes and
nose, and so forth. These feature values are then fed into the neural network, each as an input to a neuron. Each
output of the network represents a different type of animal (dog, cat, other). The network’s task is to identify
the closest match and present its selection as the output.

The proper functioning of a neural network hinges on two key factors: the determination of input weights
and the activation function. This determination process bears a resem- blance to curve fitting through the
application of the least-squares method (Holland, 1992). It involves estimating parameter values to establish
the most effective relation- ship between the network’s output and input. Typically, the activation function
form is set a priori while its parameters are free to change. With a large number of neurons, the number of
parameters grows quite rapidly. It is not uncommon to have the size of the parameter space to exceed hundreds
of millions of parameters. It is reported that (Open Al, 2023) ChatGPT versions 2, 3, and 4 had 1.5 billion,
175 billion, and 1.7 trillion parameters respectively.Determining the best values of system parameters poses
a formidable challenge. How- ever, this task can be accomplished through an iterative procedure involving
the pre- sentation of inputs and observing the corresponding outputs within the neural network. Internal to the
network, a mathematical search process is employed to identify the system parameters that best establish a
relationship between the provided inputs and outputs. This essential procedure is known as “training the neural
network,” and at its core, it resembles a curve-fitting endeavor whose mathematics are hidden within.

The logic underpinning ANNSs is inherently straightforward. Individual neurons are not imbued with
intelligence. Rather, intelligence is conceived as an emergent property arising from the interactions of a
multitude of neurons. This perspective recognizes that each perceptron does not embody intelligence but
contributes to the emergence of it. Notable thought experiments, such as the 1960s Game (Dneprov, 1961) and
the 1980s Chinese Room (Searle, 1980), illustrate this concept brilliantly.

We conclude this brief overview reiterating the key point: Al in its most commonly imple- mented form
relies on emergent behavior acquired through a vast parameter space. The practicality of its mathematical
parametrization is done indirectly through input-output pairs (training), thereby removing the burden of
directly solving for model parameters. The vast number of parameters provide extensive flexibility, allowing
the network to be trained in any application. Notwithstanding the theoretical and philosophical implica- tions
of the mathematical structure, we simply accept the technology to a/most pass the Turing test (Turing, 1950).

GALI relies heavily on Natural Language Processing (NLP). It involves the deployment of a relatively
extensive neural network featuring an extensive array of hidden layers. Until a short while ago, there was
uncertainty regarding whether such a network could successfully emulate human language skills or facilitate
authentic interactions through natural language inputs and outputs (Solaiman et al., 2019). The training
process for contemporary NLP networks, particularly the Large Language Models (LLM) that have become
commonplace, demands substantial computational resources, a considerable neural network size, and amultitude
of hidden layers. Nevertheless, the fundamental logic behind this endeavor remains quite straightforward.
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OpenAl’s ChatGPT (Open Al, 2023), as detailed on their website, represents an ambi- tious endeavor
involving the development of an LLM through extensive human trainer collaboration. GPT, an acronym for
Generative Pre-trained Transformer, characterizes a neural network that evaluates words to select the most
suitable continuation for an incomplete sentence. This description, though simplified, highlights the complexity
in- herent in this process. Notably, it must navigate diverse potential conclusions for an initial sub-sentence,
necessitating a decision on how to complete the sentence. Further- more, the system scrutinizes each word
within a sentence for overall coherence with the entire statement. Despite this intricacy, the system chooses
words and phrases to generate textual output. In a manner akin to conventional grammar and spell check- ers,
this neural network is equipped with rules and the capacity to ensure grammatical correctness and proper
punctuation of its output.

Another noteworthy and advantageous feature that sets ChatGPT apart from conven- tional search engines
is its utilization of the “Open Session” concept, which incorporates previous interactions into its generation of
new text. Consequently, ChatGPT is not limited to a mere query-and-response process, as is typical with search
engines. Instead, it can be employed iteratively, involving a cycle of requesting information, submitting queries,
reviewing responses, and refining queries. For instance, one might initially re- quest ChatGPT to provide
a recipe for a dish and subsequently refine the request byasking for a more spicy version. This interactive
episodic search experience creates the impression of communicating with a human being, heightening the
perception of Chat- GPT as a collaborator or co-pilot.

Materials and Methods

Academic Quality

The study of the effects of GAI on academic quality holds as a prerequisite a clarification of the notion of
academic quality itself.

The Merriam-Webster Dictionary defines the adjective “quality” to refer to “high qual- ity”, i.e., having a
large degree of “quality”. As a noun, the dictionary provides several entries. Of those, we list the ones that are
most relevant to academic quality (Table 1).

Table 1 — Academic quality

Nature, Property | peculiar and essential character, e.g., “a disturbing quality of on-line education”
2 | Characteristic, distinguishing attribute, e.g., “the tonal quality con-
Timber, Vividness | tributed to the overall success of the band”
3 | Grade, Rank degree of excellence, superiority in kind, e.g., “the quality of the cafeteria food was a determining
factor”

A common source of confusion and miscommunication in academia is due to the various different definitions
of “quality”. At the simplest level, do we speak of “characteristics” or of “rank™? That is, are we focused more
on “what attributes are appropriate for education” or “’the level of our excellence”? Moreover, if the latter, to
what do we compare our level? Is it our past performance, or that of other institutions? Given that there are
different determinants of “excellence” and that no single institution is a non-dominated superior in all such
factors, which factors do we prioritize, and why? Presumably, the “why” must be related back to the national
and regional needs of the community the institution is serving, which in itself is a demanding task.

The confusion is highlighted in an OECD study (H enard & Leprince-Ringuet, 2008) regarding teaching
quality.

But quality teaching lacks a clear definition, because quality can be regarded as an outcome or a property,
or even a process, and because conceptions of teaching quality happen to be stakeholder relative.

At the onset, we must also note that there are interrelated concepts, often associated and sometimes confused
with quality, such as faculty performance or student achievement.

As we contemplate “academic quality”, we are mindful of existing literature. Typically, the literature
classifies academic quality issues under a few domains.

*  Course design, development, and deployment

*  Course resources (laboratories, library, etc.)

* Faculty competency and well-being

*  Student support
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» Institutional and administrative support

* Evaluation and assessment

This is by no means an exhaustive set, but rather what one encounters the most in the literature. Nonetheless,
these aspects are useful in developing an operational definition of the concept.

Moreover, the flurry of activity during the past few decades has led to the notion of the “quality culture”. As
it applies to higher education, much have been debated as to how and why such a culture must be established,
and what factors have positive or negative effects on such an institutional culture of quality. A good summary
is from Bendermacher et al. (Bendermacher et al., 2017). A radicalization of the notion of “quality culture” is
also present in the literature. For instance, DeMarco and Lister use the term the “cult of quality” (DeMarco &
Lister, 1999).

Bendermacher et al. (Bendermacher et al., 2017) submit that the quality culture, while may have the
intention and potential to promote clear policies, people-oriented shared values, a climate of trust and shared
understanding, and the clarification of responsibili- ties, it also may result in a hierarchical divided structure,
top-down management, a rigid control-oriented culture, act as communication gatekeepers, and discourage
sharing best practices among competing divisions. An immediate derivative of this view is that the benefits of
the quality culture are more easily achieved in a liberal and inclusive envi- ronment compared to a more rigid-
control oriented one predisposed to more autocratic practices.

A Definition of “Academic Quality”

There may be a myriad of definitions of academic quality. Of the few definitions enter- tained, perhaps the
best is represented by that from the University of Glasgow. The University of Glasgow (“Academic Quality
Framework”, 2021) defines academic quality as

Academic quality is a way of describing how well the learning opportunities available to students help them
to achieve their award. It is about making sure that appropriate and effective teaching, support, assessment
and learning opportunities are provided for them.

This definition proposes that the academic environment is responsible for the establish- ment of favorable
conditions for learning. The onus of learning is on the students. If some students succeed in learning then
the academic environment should be declared as being of sufficient quality. An immediate corollary of this
definition is that any measure- ment of quality is not contingent on the success of all students. It is entirely
possible that the institution is of sufficient quality (i.e., is providing a fertile environment for learning) but the
students chose not learn. After all, the student has the legal right to take a class and fail if she so desires'.

This notion is often openly declared, for instance, as illustrated by the Atlanta Metropoli- tan State College
(AMSC, 2023) website, which gives students advise on academic success.

Remember that you alone are responsible for your academic achievement. Your instructor is your guide
and your classmates may help you to under- stand your assignments, however, you are responsible for your
own success.

Some posit that quality improvement starts with the students. This notion has even prompted discussion on
how to empower students as agents of change (Kay et al., 2010).

Itis clear from even a cursory review of the literature that the concept of academic quality lacks a sufficiently
universal definition that would allow a rigorous evaluation of any potential effects of GAI on quality. Such a
quest may proceed by selecting a set of definitions and developing an understanding based on that contingency.
However, it may be best to view such lack of a common understanding as an indication and invitation to
further scrutinize pertinent components of the phenomena with hopes to develop alternative contemporary
conceptualizations of education and academic quality as a larger system.

Indicators of “Academic Quality”

Academic quality is almost always measured by a set of performance measures or in- dicators. These
are typically quantitative measures, whose values are easily treated as statistics. One could perform many
arithmetic operations, such as computing averages, standard deviations, ranges, modes, medians, etc. The
numerics also allow for the values to be compared to past performances, to extract trends, and to set flags when
thresholds are breached.

On a more general survey (Strang et al., 2016) regarding the factors that influence academic excellence,
a pre-pandemic study lists about two dozen indicators grouped under three categories: student experience,
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teacher performance, and institution. Most indicators seem to be weak in their predictive power. Only a few
seem to have a moderate value in determining and assessing teaching quality. This is quite troublesome, as
quality is often quantified and measured so that its improvement could be tracked and reported. While all
indicators fare rather poorly, the somewhat marginally relevant indicators fall under the category “institution”.
This may be a revealing result, as it seems to point to the notion that the primary function of a university is
the physical infrastructure that allows students and teachers to interact. This may seem as a departure from
the notion that students as interested agents and teachers as mentors constitute the primary component of
education. Any such a departure may also be evaluated by entertaining the notion that education in general has
been experiencing a shift in focus, modalities, purpose, and outcome.

The Changing Landscape of Higher Education

One must also be mindful of the changes in higher education. These are affected by technological
developments as well as social, political and economic processes.

The universities and professors are no longer seen as the only reservoir of information. One can learn from
many sources. A response to this fact has manifested itself in the concept of the flipped classroom. However,
it could be argued that the ample availability of knowledge outside the university would have to be addressed
by more substantial modalities than a simple flipping.If students do not come to the university for knowledge,
then what exactly is the attrac- tor? Below is an incomplete list.

*  Social skills

»  Future professional networking

» Facilities, e.g., laboratories

»  Team work, interdisciplinary work

* Belonging to an exclusive society

* Adiploma

* Access to industry/professional institutions

If indeed the function of the university is in flux, then so must the approach to academic quality. In fact, one
could argue that the determination of the specific function or functions of the university is a prerequisite for the
way academic quality matters are to be structured.

A strong case is made in the literature regarding the effects of neo-liberal pressures on higher education
(Brown, 2015; Marginson, 2016; Slaughter & Rhoades, 2004). While there is much criticism regarding the
perceived overreach of neo-liberalism into education (Readings, 1996), others see the influence as a component
of the change to knowledge- based economies (Olssen & Peters, 2005).

The end of the Cold War served as a pivotal moment, not just in geopolitics, but also in the conceptual
framing of higher education’s role and structure (Harvey, 2007). Neo- conservatives interpreted the collapse of
the Soviet Union and the end of the ideological battle between capitalism and communism as a definitive victory
for free-market capital- ism. This interpretation led to the belief that the principles underlying competitive,
open markets were universally applicable and should be adopted by all institutions, including higher education
(H. Giroux, 2002).

This ideological shift further accelerated the corporatization of higher education. The logic of the market
was increasingly imposed on academic institutions, reinforcing the view that they should operate like corporate
businesses to be efficient, profitable, and ostensibly, more effective. The neoliberal and neo-conservative
ideologies converged in their influence, intensifying the focus on vocational training, commercialization,
brand- ing, and market orientation. This exacerbated the existing trends of privatization and fundamentally
altered the ethos of higher educational institutions, diverting them further from their original missions of
broad-based, liberal education and critical inquiry.

The triumphalist interpretation of capitalism’s “victory” over communism or even all other forms of social
structures (Fukuyama, 2006; Barber, 1996) not only impacted eco- nomic and political spheres but also had a
profound and lasting influence on the many industries including the academic world. The evolving corporate
philosophies and oper- ational strategies during the late 20th century in Western economies can be interpreted
as a strategic response to the emergence of new economic powers, primarily in Asia, during the 1970s. Existing
management frameworks such as Total Quality Management (TQM) (Deming, 2018), ISO 9000 standards
(Hoyle, 2009), Lean Manufacturing (Wom- ack et al., 2007), and Six Sigma (Singh & Rathi, 2019) appear
to have facilitated a seamless transition for Western corporations into the neoliberal economic model, which
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gained prominence during this period (Harvey, 2007). With this background, neolib- eral views justified and
intensified the application of market principles to educational institutions, cementing the shift towards a more
commercialized, market-driven model of higher education (Slaughter & Rhoades, 2004; Marginson, 2011).
Typical claims include students seeing themselves as a customer and their diploma as a commodity (H. A.
Giroux, 2014; Bok, 2009). This fits well with the view that university education is for the purpose of acquiring
the skills and knowledge for the workforce. As a departure from the Humboldtian principles of enlightenment,
this view emphasizes the “vocational school” aspect of education. These developments have been received by
much dismay among much of the established academic community (Readings, 1996; Nussbaum, 2016).

Results and Discussion

Uses of Al in Higher Education

The utilization of Al in the realm of higher education is not a recent occurrence (Amershi et al., 2014;
Belda-Medina & Calvo-Ferrer, 2022; Kuhail et al., 2023). It has given rise to certain apprehensions, primarily
centered on the concern that students may exploit Al-driven tools to complete their academic assignments with
minimal genuine effort. Additionally, educators might employ such tools to generate multiple-choice quizzes
or presentations for their courses. Such a scenario may spiral down to the instructors’ Al communicating with
the students’ Al, nullifying the exercise from any trace of learning or intellectual growth.

While Al-powered tools can prove valuable in the initial stages of brainstorming and drafting, there exists
a valid worry regarding the potential for academic dishonesty. Plagiarism detection systems have grown
increasingly sophisticated in identifying content generated by Al systems. Nevertheless, it remains conceivable
to submit Al-generated output as original work. As is customary, the progression of technology for creation
and detection evolves in tandem, with each feeding off and influencing the development of the other.

On one hand, the potential for the misuse of GAI exist, potentially short-circuiting the pedagogical process
by allowing students to produce output without intellectual growth. On the other side of the debate lies the fact
that GAI can serve as a valuable asset in streamlining many of the cognitive processes, the least of which is
writing. One can request GAI to produce alternative responses and multiple iterations of an initial draft, thereby
enhancing and simplifying the initial brainstorming phase and enriching the thinking process. Therefore, the
proposition that universities summarily should ban the use of GAI must be carefully reviewed not to result in
an erroneous reflex response.

Al in Future Higher Education

With the complex historical tapestry of pertinent technological, social, political, and economic constructs,
it is clear that any future use of Al in higher education will be a heterogeneous, case-dependent proposition.
Accordingly, any ethical or normative considerations will be varied. In short, the implementation of Al as well
as the wide range of educational modes and structures will inevitably lead to a very wide range of dissimilar
uses, implementations, regulations, and views.

A case in point, an educational institution that has centered itself as a resource to prepare students for their
careers and jobs may discourage the use of GAI by its students. The justification is clear: these schools focus
on skills that must be learned and exercised by graduates. Using Al tools to pass check-points that verify that
such skills are acquired clearly undermines the mission of the school. Here, one may expect a shift towards the
use of oral examinations or presentations in front of a panel of instructors to pass such check-points.

On the other hand, schools that have taken upon themselves the mission to provide the fertile grounds
for students to reach further enlightenment through their individual path choices, schools that prioritize
creative and innovative thinking beyond job-skill acquisition, are likely to find GAI a useful too that promotes
brainstorming while reduces some of the tedium in the process by undertaking the routine aspects of the work.

The discourse surrounding the impact of Al on employment is complex and multi-faceted, often framed by
polarized narratives. One assertion posits that Al will not directly displace workers but will empower a single
individual to accomplish tasks traditionally requiring multiple persons. Implicit within this is the concern that
this singularly enabled individual becomes the agent of job displacement for others.

This viewpoint aligns with the concept of “skill-biased technological change,” which sug- gests that
technological advancements often disproportionately benefit skilled workers while making unskilled workers
redundant (Autor et al., 2003). By amplifying the capa- bilities of a skilled individual, Al serves as a force
multiplier that enables that individual to execute functions previously requiring a team, thereby rendering
others in the team expendable.
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The notion that one person, amplified by Al, will be the agent of job displacement also resonates with
theories related to economic inequality. For instance, the “winner-takes- all” market phenomenon (Frank &
Cook, 2013) can be seen as extended into the realm of employment by Al, where the *winner’ is the individual
most adept at leveraging Al technologies to their advantage.

However, it is crucial to also consider counterarguments. The “complementary” nature of human-machine
interaction suggests that while certain tasks may be automated, new roles that require human creativity,
emotional intelligence, or domain-specific expertise may emerge (Agrawal et al., 2018). After all, this pattern
has been repeated over the last millennium as new disruptive technologies emerged, from steam to electricity,
to information, etc.

GAl is unlikely to act as a monolithic force that invokes a uniform response from academia. We do submit,
thought, that those universities whose mission better aligns with skill transfer will tend to suppress the use of
Al and GAI, while those institu- tions that align more with innovation and enlightenment will tend to find a
useful place in their work, potentially leveraging the new technology to develop new modalities of instruction.

Conclusion

The effects of Al on higher education on academic quality is subject to still evolving phenomena whose
diagnosis requires the preponderance of many technological, social, political, and economic factors. Defining
and improving “quality”, whatever that may entail for the specific institution, is a good place to start the soul-
searching effort towards institutional identity, character, culture, purpose, and effectiveness. In this respect, the
institution may benefit from intensive and continuous discussions on the subject matter. While this brief report
leaves much to be desired, at the least, institutions may recognize that the field is yet to be fully developed and
established to provide grounds to seek a robust long-term worldview. The recognition that the phenomena is
multi-faceted and far from a monolithic proposition will be of benefit in any quest.
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TF'EHEPATHUBTI ’KN: AKAJEMUSAJIBIK CAITA MOCEJIEJIEPI

Anparna. by 3eprTey reHepaTHBTI JKacaH (bl HHTEIUIEKT MIEH aKaJeMUSUIBIK carla KMbIIbICBIHA TOKTaa b1, by exi cana
Jla TEXHUKAJIBIK )KOHE TapuxXu 9eOueTTep/ie KEHIHEH YChIHBUIFaH. 3epTTey callayiapbl opTYpIIi OOJIFaH/BIKTaH, OipiHiH
SKIHIIICIHE 9cep €TyiHe MaFbIHABI JKayall Oepy YIIiH Ke3 KeJITCH 13[ICHIC KEM JICTeHIC dPKANChIChIHA 9Cep STyl KAaMTYbI
kepek. bi3 KochIMIa TaKpLIayIap/abl )KEHULIETY JKOHE JKaHa TeXHOIOTHSIHBIH aKaJIeMUsUIBIK carlara acepi Typajibl THICTI
OMTap/Ibl YChIHY YIIIIH OCHI callajiapFa KbICKala moiy/s! yeeiHambl3. Conpaii-ak Makanasia reneparusti JKW-1in sxorapbl
OiiMre OH BIKMAJbI TAJIKbIIAHA/IBI )KOHE OOoaniak KOMMYHHUKALUIA, YKBIMIBIK skyMbicTa JKH-111 KonpaHy sy 6onarax
OarbITTapbl KOPCETLIE/I.

Tipek co3nep: KU, reneparusri XKU, akagemusiibIk cana, sxorapbl 0itim, ChatGPT.

Cenmxep Epanan*', Jlaypa Ankona Jiu

"Vausepcurer ADA, 1. baky, A3zepOaiimkan
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TEHEPATUBHBII UU: IIPOBJIEMbBI AKAJTEMUYECKOI'O KAYECTBA

AuHoTanusi. J[aHHOE WCCIEIOBAaHUE IOCBAIIEHO TEPECEUCHUI0 TEHEPATUBHOTO HCKYCCTBEHHOIO HWHTEIJIEKTA U
aKaJeMu4eckoro kauecrsa. O6e 3TH 00JIACTH HMIMPOKO MPEACTABICHBI B TEXHUYECKOW M HMCTOPHUYECKOW JIUTEpAType.
[TockomnbKy 001acTH UCCIIE0BAHNE PA3HOPOIHBI, JTF000H MOMCK 3HAYUMOTO OTBETA HA BIMSHUE OHOM Ha JAPYTYIO TOJDKEH
BKJIFOYATh KaK MHHUMYM BO3JIEHCTBUE KaKIOM M3 HUX. MbI 1aeM KpaTkuii 0030p 3TuX o0nactei, 4ToObl 00IeryuTh
JanbpHeiIee 00CyKICHHE U MPEACTABUTh COOTBETCTBYIOIINE MBICITH 00 0XHMIA€MOM BIUSHUH HOBOM TEXHOJOTHH HA
aKaJIeMUYeCKOe Ka4yeCcTBO. B TOKyMeHTE Takxke 00CYKIaeTCsl MOJOKUTEIbHOE BIHsHIEe reHeparuBHoro MU Ha Beiciiee
o0pa3oBaHKe U IEMOHCTPUPYIOTCS Oyylire HampasieHus ucroib3oBanus MW B OyayiiuemM oOIIEHUN U KOJUICKTUBHON
pabore.

KuaroueBsbie cioBa: 1, reneparuBHebiii MU, akageMudeckoe KauecTBo, Boiciiee oopazoBanue, ChatGPT.
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BJIUSHUE TEIJIO®U3NYECKHUX CBOUCTB JKUJKOCTEN HA KOHBEKTUBHBIN
TEIUIONEPEHOC B DJIEKTPOHHBIX YCTPOMCTBAX

AHHOTaNusl. BIUsSHHE COOTHOIICHUS CTOPOH KOPIyCa M PAa3IMYHBIX TEIIO(GU3NYCCKHX CBOKMCTB JKUAKOCTCH Ha
TeIuIonepeaqy ObLTO UCCIICIOBAHO B IPSMOYTOIBHOM KOPITYCE C MACCHBOM MHKPOCXEM pa3MepoM 3X3, yCTaHOBICHHBIX
3aIoUTMI0, PAa3MEIICHHBIX Ha IIePEIHCH BEPTHKAIBHON CTEHKE C IOCTOSHHOW TEMIIepaTypod W OXJIAXKIaeMbIX
TIPOTHBOMIOIOKHONW CTEHKOH. I M3ydeHUs Terutonepenadn BHYTPH KOpITyca OBUIO MPOBEACHO MOACTHPOBAHHUE IS
YeThIpeX COOTHOIICHUH cTopoH kopmyca (A=1.0, 5.0, 7.5, 20.0) u nsatn pa3nuyHbIX cpen (Bo3nyx, Boxa, FC-40, FC-72,
FC-88). Uncnennbie pe3yapTaThl MOKA3BIBAIOT, YTO CAMBIE BBICOKHE CKOPOCTH HAOIIONAIOTCS B BO3AYXE, B TO BpeMs Kak
HU3KHC CKOPOCTHU OBLIHM 3aMEUCHBI B BOJIC U B TPEX AMANIEKTpruccKuX xuakoctsx FC-40, FC-72, FC-88. MakcumainbHbie
CKOPOCTH BO3/yXa JUIsl KOMIOHeHTa W IMoJIy4eHbl Ha BbicoTe Z= 5.5. 3aMeUeHO, YTO MPHU YMEHbIIEHUU COOTHOIICHHUS
CTOPOH KOpITyCa CKOPOCTh IIOTOKA JKUIKOCTH yBEeIHUUBaeTCs. MakcuManbHOe Yrciio Nu ObUT0 00HaApYKEHO, KOT/Ia KOPITYC
OBLT 3aIOTHEH JUAJIEKTpUIecKiuMA KuakocTsMu FC-72 u FC-88, a MuHnMansHOEe — B BO3ayxe. UTOOBI yOemuThes B
TOM, YTO BEIOPaHHBIC YNCIIEHHBIC METO/IbI, KOMITBIOTEPHAS IIPOrpaMMa OBUTH peain30BaHbl KOPPEKTHO, ObLIa BEIITOJHEHA
TecToBas 3a1a4a. Mexay pe3yasraTaMu 0OHApYKEHO XOpOIIee COOTBETCTBHE.

KiaioueBnie ciaoBa: Teruionepeaada, MUKpOCXEMbI, COOTHOLICHUC CTOPOH, Ter[no@mnqecm/le CBOIiCTBa )KHZ[KOCTeﬁ,
JAUDJICKTPUYCCKHUE KUKOCTHU.

Bgenenne

B coBpemenHOM Mupe, TJ€ MHOTHE TPOIIECCH aBTOMATH3MPOBAHBI, TEXHOJOTUH CTAJM HEOTHEMIIEMON
4acThI0 Hamied Xu3HH. Bo MHOTHX ycTpoWcTBaX, KOTOPHIE HAC OKPY)KAIOT, MCIIONB3YeTCS HWHTETpasbHas
cxema. llpn muTensHON W BRICOKOMIPOU3BOIUTENHFHOM paboTe B MUKpPOCXEMaxX IMOBBIIIAETCS TEMIIepaTypa U
BBIJIETISIETCS TETUIOBOM MMOTOK. OTHAKO HY>KHO OTMETHUTb, 9TO O€30TaCHBIH MPeieN TeMITepaTyphl B MEKPOCXeMax
— 85 °C [1]. CooTBeTcTBEHHO, BOTPOC 00 A(HEKTUBHOM OXJTKICHUH B DIIEKTPOHHBIX YCTPONCTBAX OCTACTCS
aKTyaJIbHBIM U CETO/IHSA, TaK KaK €CTh BO3MOKHOCTB IMTOBBICUTH JIOJTOBPEMEHHYIO Ha/IEKHOCTh COSTMHEHMS Ha
50% mipu xakaoM cHmkeHnu Temneparypsl Ha 20 °C [2]. [IpuctanpHoe BHUMaHNE YAETAETCS €CTECTBEHHON
KOHBEKITHH B KOPITyCax M3-3a TOTO, YTO OHA HAXOAWT MPUMEHEHNE B OXJIAXKICHUHU AJIEKTPOHHBIX YCTPOICTB.
W3-3a mpakTH4ecKoil 3HAYUMOCTH JaHHOW TeMBI OBLIO PAacCMOTPEHO MHOMKECTBO OJKCIIEPHMEHTATBHBIX,
YUCIIEHHBIX W TEOPETHUYECKUX UCCIIEIOBaHUH.

Chu et al. [3] mpoBen AByMepHOE UCCIIEIOBAaHUE B TOPU3OHTAILHOM KaHaJe, IIe Ha BEPTHKAIBHON CTCHE
pacmoiokeH UCTOUYHUK TEIUla, a IMPOTHBOTIONOKHAS CTeHA OXJTaXKAalack. B Xoje mcciaenoBaHus M3ydajaoch
BIIMSTHAC U3MEHEHHUH PacITOIOKEHUs, pa3Mepa, COOTHOIICHUS cTOpoH nctounnka Terura. Chadwick et al. [4]
B BEPTHKAJIFHOM KOPITyCE WCCIEOBAJIN €CTECTBEHHYIO KOHBEKIIMIO C OJHUM M HECKOJIBKHMH JABYMEPHBIMU
WMCTOYHWKAMH TEIUIa, YCTAHOBJICHHBIMH 3aTO/TUII0. B cBoeM mccienoBanny OHM Opaiy BO BHUMaHUE TaKHe
rapaMeTpsl, Kak COOTHOIIIEHHE CTOPOH, Tnarna3oH uncen [ pacroga u pacronokeHre nCTOUHNKOB Teruia. Ahmed
Refai and Yovanovich [5] paccMmoTpenn 3amomHEHHBI BO3MyXOM KBaJpaTHBIA KOPITYC, TIEe MEXKIY HIDKHEH
Y BEpXHUMH YaCTSIMH BEPTHUKAJIHHON TPAaHUIBI M3MEHSETCA pPACHojOKeHHE WCTOYHHWKA Teruia. Bapwupys
MECTOTIONIOKEHHE HarpeBaTesiell M TpaHNYHBIC YCIIOBUS, OHW W3YyYWJIH BIMSHUE HA CKOPOCTH TETUIOTIepEeIadn
B auamasone Ra ot 0 mo 10°. B xBamparHoit momoctu Shuja et al. [6] mpoBenn ucciemoBaHue ¢ pa3IdnIHBIMA
COOTHOILIEHUAMHU CTOPOH 0T 0.25 10 4 B BBICTYIAIOIIEM UCTOYHHKE TEIUIA. BBUIO BBIICHEHO, YTO COOTHOIIECHUS
CTOPOH B BRICTYTAIOIIEM HCTOYHHKE TETIIa IMEIOT BHY U TEBHOE BIMSHIE HAa XapaKTePUCTHKH TETUIOTIEPEHOCa.
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Ogut [7] uccnenosan B AByMEPHOM HAKJIIOHHOM KBaIpPaTHOM KOPITYyCE C ICTOUHUKOM TeIljIa, JTOKaIU3UPOBaHHOM
B LIEHTPE Ha JIEBOI BEPTHKAJILHOW CTOPOHE, U OXJIAKAAIOIIEHCS MPaBOH CTOPOHON C MCIOIB30BAHUEM IIATH
HAHOXHJKOCTEH Ha OCHOBE BOJbl. C yueTOM IrOpU30HTAIBHON M BEPTUKAILHONW OpUEHTAlMHK I1acTuHBl Kang
and Jaluria [8] skcriepMMEHTaIbHO M3YYWIHM BIUSHHE Pa3HbIX (AKTOPOB Ha KOI(D(UIMEHT KOHBEKTHBHOM
Terionepeaadn u TemioBoe none. Fujii et al. [9] paccmorpenu B BepTHUKaIBHBIX HNapalleTbHBIX IJIACTUHAX
C BBICTYNAIOUIMMH HCTOYHMKAMHU TEIJIa €CTECTBEHHYI KOHBEKLMOHHYIO Temonepenady. C HECKOIbKUMHU
BBICTYIAIOIIMMH HarpeBaTelisiMH B MPSIMOYTOJIBHOM KOpITyce ¢ OXJa)Kaarouiencs: BepxHeil crenkoit Desai
et al. [10] cmomenmupoBanu 4uCIeHHO ecTecTBeHHYI KoHBekImio. Afrid and Zebib [11] B cBoeli pabote
HCIOIB30BAIN JBYMEPHYIO COINPSDKEHHYIO MOZENb JAMHHAPHOTO TEYEHMs] M YHCIEHHO CMOAEIUpPOBAIIN
BO3AYILIHOE OXJAKAEHHE OAMHOYHBIX U HECKOJIBKHUX PABHOMEPHO HArpeThIX YCTPOMCTB, pacMOIOKEHHBIX Ha
BEPTUKAJILHOW CTEHE, C HCIIOJIb30BaHUEM €CTECTBEHHON KOHBEKIIUU.

HWccnenosanne c ATHIO BEICTYAIOIMMU HAarpEBATENSIMU, PaCIIOJIOKEHHBIMU BEPTUKAIBHO HAa BEPTHKAIbHON
CTEHKE B IPsAMOYToiibHON moyocty, nposenu Keyhani et al. [12]. OuenuBanock BIMsIHAE HA €CTECTBEHHYIO
KOHBEKIIHIO Pa3JIMYHBIX COOTHOIIEHHH cTopoH monoctd. Chuang et al. [13] BbImoOTHUI MCCieOBaHUE, T
aHAJIM3UPOBAIIOCH U3MEHEHUE TEMIIEpAaTyphl B TPEX YUMaxX MpPH MATH PANINYHBIX MO3ULUSAX B TPEXMEPHOM
JJAaMUHAPHOM ITOTOKE €CTECTBEHHON KOHBEKIMH. B MpsIMOyrosibHOM KOpITyce, 3alI0JTHEHHOM AUJIEKTPHUUECKOM
xuakocthio FC-75, Wroblewski and Joshi [14] paccmoTpenu BIHusiHAE pa3IHYHBIX Pa3MEPOB BBICTYITAOIIIX
YHUIIOB M KOpITyca Ha MaKCHMaJbHYIO TeMIlepaTypy uuma. bbula m3ydeHa ecTecTBeHHas KOHBEKLUs Sezai
and Mohamad [15] B ropu30HTaIBHOM KOPITyCE C OJHMM HMCTOYHHUKOM TEIlIa, KOTOPBIH OBbLI pacloiIoKeH B
HIDKHEH JacTH KopIyca U oXjaxzaancs cBepxy. Liu et al. mpoBenn HECKOIBKO HCCIEI0BAaHUN C TPUMEHEHUEM
CONPSKEHHOM TETIONPOBOIHOCTU-KOHBEKIIMU Ha MOMJIOKKE B Kopryce [16], B uununape [17], B nogzeMHOM
MPSMOYTONbHOM Bo3ayxoBoze [ 18]. Mi3MeHsis pacrionokeHne Tpex UICTOYHUKOB Teria, Liu et al. [16] mpoenu
MOJICTTMIPOBAaHUE CONPSHKEHHON TEIIONPOBOAHOCTH-KOHBEKIIMU. Bricokas Temneparypa Obliia 0OOHapy)keHa Ha
BEPXHEM UHIIE MIPU BEPTUKAIBHOM U IIAXMATHOM PAaCIOJIOKEHUH TPEX YUIOB. B ropu3oHTaIbHOM KaHaje ¢
MaccuBOM 0X3 HarpeBaTessIMU, PacloIOKEHHBIMU Ha BepTuKanbHoi ctene, Gavara and Kanna [19] uucnenno
M3YyYUIIM TPEXMEPHYIO €CTECTBEHHYIO KOHBEKIHIO.

CymiecTByeT psij padoT, KacalomKXCsl MOACIUPOBaHUS €CTECTBEHHON KOHBEKLIMH B KOPITyCaX ¢ MacCHBOM
JUCKPETHBIX MCTOYHMKOB Teruta 3x3. Takoe mozpenupoBanue Obuio mpoBeneHo Joshi et.al. [20] B xopmyce
C MPSAMOYTOJBHBIMH BBICTYNAMH, TJAE€ OHHM H3YyUWIH HKCIEPUMEHTAIBHO E€CTECTBEHHOE KOHBEKLIMOHHOE
OXJIAXJICHUE C MCIIONIb30BaHUEM JAUAIeKTpudeckoil sxuakoctu FC-75. Mukutmoni, Joshi, Kelleher [21] (1995)
JUTSl MACCHBa BBICTYITOB pa3MepoM 3x3, KOTOpbIE OXJIaXKIaIHCh ITOrpyKeHueEM B )kuakocts FC-75, uccnenosanm
BJIMSIHUE TEIUIONPOBOAHOCTHU MOUIOKKH Ha €CTECTBEHHYIO KOHBeKIHI0. Tou et.al. [22], ncnonb3ys noxoxee
pacrono)KeHHE HCTOYHHMKOB TEIUId, HW3YUYWIN €CTECTBEHHYI0 KOHBEKLHUIO B IPSMOYTOJIbHOM KOpITyCe,
3aIOTHEHHOM Pa3JIMYHBIMU KuIKocTMU (Boma, FC-72, FC-77, srtunenrnukons). Tou and Zhang [23],
MIPUMEHMIIH Ty K€ TEOMETPHIO, YTO U B padboTe [22], OHM MOBOPAYUBAIN KOPITYC, 3alIOJHEHHBIA KUIKOCTBIO,
BOKPYI TOPHM30HTaJIbHOH ocu X, 4YTOObI OLIGHUTH BIMSHHE HAKJIOHA Ha MPOLECCHl TeMIOoNepeHoca.
Tso et al. [24] mpoBenu moxokee MCCIEIOBAaHUE B HAKJIOHHOM NPSMOYTOJBHON MOJOCTH C HarpeBaTeNs MU
3x3, T aHATU3UPYIOT CIO0XKHBIE B3aMMOECHCTBUS TEIUIOBBIX MOJIEN U MOJIEN BHYTPEHHETO MOTOKA XKHIKOCTH.
C menplo MCCIenoBaTh OXJAXKACHUE HJICKTPOHHOrO OOOPYIOBAaHHS C HMCIIONB30BAHMEM HAHOXKHIKOCTEH
Purusothaman [25] BbIOpanu TpeXMEpHBIH NPSMOYTOJBHBIA KOPIYC C E€CTECTBEHHOH KOHBEKLHUEH U
HMCTOYHHMKAMU TeIlIa, pacloIOKEeHHBIMU 3X3 Ha OIHOM U3 CTEHOK.

OCHOBHBIE IT0JI0KEHHA
Jiis mpoBeIeHnsT YUCIICHHOTO MOJISIIMPOBaHUs OBLIN UCTIONB30BaHbl ypaBHeHUs HaBhe-CTokca:
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MarepuaJjibl 1 METObI

B nanHo# pabote ncciieayeTcs TeIIoNnepeHoc B IPSIMOYTOJIFHOM KOPIYCe ¢ UCTIONB30BaHUEM Pa3ITUIHBIX
KUAKOCTEH. [l MomenmpoBaHHS €CTECTBEHHON KOHBEKIIMH B TPSMOYTOIBHOM KOPITyCE C M3MEHEHHEM
COOTHOIICHUH CTOPOH W TPH Pa3lUYHBIX XKUAKOCTSIX OblIa BBIOpaHa cXeMa, OCHOBaHHAs HAa M3MEHEHUH
TABJICHUS B CBSI3U C JJAMHHAPHBIM MTOTOKOM. | paBUTalMOHHOE YCKOpPEHHE OBIJIO HAMPaBIEHO OTPUIATEIIHHOE
T10 Z-HarpaBJIeHUI0. AHAIIN3 CETKH OB BBHITIOIHEH IS TIOBBIICHUSI TOYHOCTH BBIUYMCIICHNH, Ha OCHOBE 3TOTO
aHaim3a ObLTO0 00OHAPYKEHO, 9TO pazMep 1eMenTa 0.4 MM MOIXOANT JTydIie BCero. BeIle yka3aHbl rpaHUIHbBIE
YCIIOBHSI, KOTOPBIE MPUMEHSINCH. Terropu3ndecKkue CBOMCTBA KUAKOCTEH, KOTOpble OBUIH HCIIONE30BaHbI
TIPY BBIYHCIICHUSX, YKA3aHBI B TAOIHIIE 2.

l'eomeTpus uccnemyemoit obnactu uzoOpakeHa Ha pucyHke 1. [lapameTpsl U pazMepsl reoMeTpur ObUTH
HCITOJIB30BaHBI T€ ke, uTo U B padore Tou et.al. [22]. Ha BepTukanbHON TIepeIHEl CTEHKE PAaCIIONOKEH MaCCUB
3x3 gnmoB. Pa3mep Bcex YHUITOB ONMHAKOBEIN, M OHU UMEIOT KBajpaTHyto ¢opmy (12.7x12.7 mm). B manaOM
WCCIIEJIOBAaHUH TEMIIeparypa CTONT UMEHHO Ha YWIaX, KOTOPBIE PACTIONOKEHBI Ha TepeiHel CTeHKe, TaK Kak
MMEHHO OHHU HarpeBaroTcs. [IpoThBoTONOXHAS CTEHKa SBISETCS XOMOAHOW. OCTaIbHBIE CTEHKH OCTalOTCS
aanabarnyeckuMu. Bo BpeMs MOIENMpoBaHUS WM3MEHsJIACh TOJNBKO IIMPHUHA KOPITyca, BCE OCTaJbHBIE
rapaMeTpsl TEOMETPHH OCTABAINCH HEM3MEHHBIMH.

g pemenns TpexmepHbIX ypaBHeHU HaBbe-Ctokca 6611 BBIOpaH anroputm SIMPLE. Jlns mepemMeHHbBIX
KOHBEKTHBHO-N()(DY3HOHHOTO TIEpeHOCAa WCIIONB3yeTCsS CXeMa CTEMEeHHOTO 3akoHa. bblla mpuMeHeHa
cTaHJapTHas MHULManu3anus. Pacdersl Benuck ¢ marom 1o Bpemenu 0.1 u BeimonHeno 10 000 unTeparuii.
UTo0bI OBITH YBEPEHHBIM B ITPABIIILHOCTH BRIOPAHHBIX YUCIEHHBIX METOIOB U YOSIUTHCS, YTO KOMITBIOTEPHAS
mporpamMma Oblla peaji30BaHa MPaBWIIBHO, CHadala Oblla pelieHa TecTOBas 3a/iada, pe3ysbTaThl KOTOPOU
CpaBHHBAJNCH ¢ pe3ynbraramu Tou et.al.[22].

Cold wall

Hot chipsf*

——»Walls

L S N N
W
. MWW

y

Pucynok 1 — I'eomerpust uccnenyemoii odnactu

Tabmuma 1 — Pa3meps! reomeTpun kopiyca

[Hupuna (Mm) Bericora (MM) JiuHa (MM) COOTHOIIICHUE CTOPOH (MM)
95.25 95.25 57.2 1.0
19.05 95.25 57.2 5.0
12.7 95.25 57.2 7.5
4.7625 95.25 57.2 20.0

Tabmuia 2 —Terumodusmueckue cBoiicTBa
CaoiicTBa Boznyx Bona FC-40 FC-72 FC-88
p(kq/m?) 1.225 998.2 1870 1680 1640
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[Mponomkenue TadbauLbI 2

CP(I/qu) 1007 4184 1050 1050 1050

k (W/m K) 0.02476 0.5674 0.067 0.059 0.056

v(kq/ms) 1.802e-05 0.00123 0.0041 0.00064 0.0005
B (K*) 0.0035 0.0001523 0.0012 0.0016 0.0016

I'panununblie ycnoBus:

Ha ypnnax: § = 358.15K,u=v=w =20

Ha xonognoii creHke: § = 288.15K,u=v=w =0
L

Ha crenkax: F Obu=v=w=0

Z=1.0, A=7.5 at timestep 1000s Z=3.0, A=7.5 at timestep 1000s
0 ! : . : 6 T T T Touetalx=1.0 —
5t Pr.work x=1.0 —— |
o1l % o i Touetalx=1.5— =
: & - 4+ Pr.work x=1.5 — -]
A ’;/ Tou et.alx=1.625 = = = =
. Pr.work x=1.625 = = = |
0.2+ N, ';/ i 3 r.work X
> N ey o2 1
-0.3r A "... ‘_"" E 4T e — 1 |
g CeeEEEee * P Pr.work x=1.0 ——
Touetalx=1.5— - 6 R
041 S .= Prwork x=1.5 — ]| L /.
Tou et.alx=1.625 - = - - DY SRS 1
05 , : . | Pr.work x=1.625 - - - - Vo
- 0.2 0.4 0.6 0.8 1 12 P E—— ' ' ' '
L . . . ¥ 0 0.2 0.4 0.6 0.8 1 1.2
Y Y
Z=1.0, A=7.5 at timestep 1000s Z2=3.0, A=7.5 at timestep 1000s
0.2 T T T T 10 T T T T
0 bt .
5k ]
-0.21 J
-0.41 4 0F 1
-0.6F 4 -5 ]
> 0? [ i >-10 1
- ..+ Touetalx=1.0 =]
-12p 1 15 Wi Pr.work x=1.0 ——
-1.4+ B 20+ = Tou etalx=15 — -]
-1.6 [Tou et.alx - AN . o Pruork =15 —
i -25F N~ - Tou et.al x=1.625 - - = ~{
-1.8 Prwork x=1.625 - - - - b Pr.work x=1.625 = - - -
2 . . . . . . -30 L L 1 L L
0.2 0 0.2 0.4 0.6 0.8 1 L2 0 02 04 0.6 0.8 1 12
Y Y
Z=1.0, A=7.5 at timestep 1000s Z=3.0, A=7.5 at timestep 1000s
6 T T T 500 T T T T r T
Touet.al x=1.0 ——
4t 4 400 Pr.work x=1.0 ———
Touetal x=1.5 — =
2r b 300 F Prvork x=1.5 — = |
Touet.al x=1.625 - - - -
0 1 200 - Pr.work x=1.625 = = = -
s -2r E 2 100 1
Tou et.alx=1.0 =—— L i
“4r Pll:l.wurk :=1.o — 7 g
| Touetalx=15— - B L b 4
I pruokxe1s — - 100
-g |-Tou et.alx=1.625 - - - - 2} -200 i
Pr.work x=1,625 = = = -
-10 I I 1 L L 1 -300 L L L L L L
-0.2 0 0.2 0.4 0.6 0.8 1 1.2 -0.2 0 0.2 0.4 0.6 0.8 1 1.2
Y Y
Z2=6.5, A=7.5 at timestep 1000s Z=6.5, A=7.5 at timestep 1000s
2 T T T T T T T T T
Touet.alx=1.0 ——
] >
4t Touetalx=1.0 —— N ]
Pr.work x=1.0 == ~
5} Touetalx=15— = ~ / B
Prwork x=15 — = ™ w
-6 [Tou et.alx=1.625 - - - - - 7
_7 L Prwork x=1.625 - i ‘ i
0 0.2 0.6 0.8 1 1.2
b
7=6.5, A=7.5 at timestep 1000s
600 " ' ) Tou et.al x=1.0
u et.al x=1.0 ——
500 Pr.work x=1.0 —— |
400 - Touetalx=1.5 — - -
300 Tovetaner 6 -]
200 Pr.work x=1.625 - - - - |
100
£ 0
-100
-200
-300
-400
500 , . . \
0 0.2 0.4 0.6 0.8 1
¥i

Pucynox 2 — Ipodwumu ckopocreit U, VW na Z=1.0, Z=3.0, Z=6.5
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Pe3yabTarnl M 00CyxKaeHHE

Ha pucynke 3 npencraBieHbl pe3ylbTaThl BIUSHUS CBONCTB KUAKOCTU HA MOBEACHHUE MOTOKA JKUIKOCTEH.
ITonyuennsie pe3ynapTaThl Nokazaiu, 4ro cpeau U, V, W KOMIOHEHTOB CKOPOCTEN BO BCEX COOTHOLUEHHUSX
U TPU Pa3IMYHBIX KUJKOCTSIX MMEHHO KOMIIOHEHThI MO0 W HMEIOT BBICOKHE CKOpOCTH. [lo3atomy ObLIO
PEIIeHO paccMaTpuBaTh Pe3yJbTaThl TONBKO MO0 W-koMroHeHTy. Ha pucyHke 3 m300paskeHbl CKOPOCTH IO
W-KOMITIOHEHTY B pa3HBIX Cpefax mpu cooTHomeHusx ctopoH A=1.0, 5.0, 7.5, 20.0 u B3sITbIC Ha Pa3IUYHBIX
BoicoTax Z=1.0, Z=3.0, Z=5.5, Z=6.5. CpaBHUBAas 3HaUCHHE CKOpOCTel 0 W BO BCEX COOTHOIICHUSX CTOPOH
U BBICOT, ObIJIO OOHAPYKEHO, UTO UMEHHO B BO3/[yXe CaMbIe MAKCUMAJIbHBIC ITOKA3aTEIIU CKOPOCTH, HEKEIIU B
npyrux xuiakoctsax. B Boge, FC-40, FC-72, FC-88 HaOm0Mat0TCs HU3KHE CKOPOCTH. DTO MOKHO OOBSICHUTh
TEM, 4TO BS3KOCTh JKUJKOCTEH OOJIbIIE, YeM BSI3KOCTh BO3JyXa. Tak Kak 3TO JaMHHAapHOE TEYCHHUE, TJC B
JIBUKCHUU KHUJKOCTH MPE00IIaJIaf0T CHIIbI BI3KOCTH, TO C YBEJIMUECHUEM BSI3KOCTH JKUKOCTH YBEIIMYMBACTCS
€€ COIMPOTUBJICHUE MOTOKY, & 3TO MPUBOIUT K CHIKECHUIO CKOPOCTH KUAKOCTU. Takke HHU3Kas IUIOTHOCTH
BO3/yXxa 00eCIeUnBaET JITKOCTh TEUCHUS, 4 3HAUUT, YBEIMUNBACTCS CKOPOCTh.

OpHako He Ha BCEX BBICOTaX CKOPOCTH 0 W-KOMITOHEHTY Beicokue. Hanpumep, Ha BeicoTe Z=1.0 ckopocTu
HU3KHE TI0 CPaBHEHHUIO C TMOKa3zaTeJsiMH Ha BbeIcoTax Z=3.0, Z=5.5, 7Z=6.5. MaxkcumanbHble MOKa3aTelu
CKOPOCTH BO3JlyXa 10 W-KOMIIOHEHTY MOJIy4€Hbl UMEHHO 110 BbICOTE Z=5.5, HO IPpU NPUOIHUKEHUH K ITOTOJIKY
kopryca (Z=6.5) CKOpOCTH HAauMHAIOT CHIDKAThCS. DTO O3HAYaEeT, 4TO, MPHOJIMKASICh K XOJOJIHOW CTEHE,
MTOJTHUMAFOIIUICS TIOTOK (DIFOMIOB HAYMHACT 3aMEIIISThCSL.

C yBeJMueHUEM COOTHOIIICHUS] CTOPOH KOPITyca MOXKEeM HaOJIo/1aTh (PUCYHOK 3), Kak MoKa3aresiy CKOPOCTH
W cHmxaioTcs naxke B BO3AyXe, TaK KaK YMEHBIIAETCS TONIIWHA KOPIyCa, B CBA3U C YE€M IPOUCXOIUT
OrpaHUYCHHE TIOTOKA CTCHKOW M Y )KUJIKOCTH MEHBIIIE IPOCTPAHCTBA, YTOOkI iepeMeriathesi. C yMEHbIIICHUEM
COOTHOIIICHUS CTOPOH KOpITyca CKOPOCTh >KHUIKOCTH YyBenuuuBaeTcs. CremoBaTenbHO, MOXKHO CHAENaTh
BBIBOJI, YTO YBEJIMYCHUE IIUPUHBI KOPITyCa MPUBOIUT K TOMY, YTO JBUKCHUE KUJKOCTH CTAHOBUTCS OoJiee
CJIIOKHBIM U 00Pa30BBIBAIOTCSI MHOTOBUXPEBBIC CTPYKTYPHL. Takke yBeNIMUEHUE MUPUHBI B MPSIMOYTOJIEHOM
KOPITyCe CIIOCOOCTBYET YMEHBIIICHUIO TIOTPAHUYHOTO CJIOS, M TEIJIOBBIC IIICH(BI CTAHOBSITCS O0Jiee Y3KUMU
U KOHLICHTPUPOBAHHBIMU, 3TO MPUBOIUT K BBICOKUM CKOPOCTSIM KHJKOCTU BOJIU3U IEHTpa KOpIyca, TJe
TEIUIOBBIC TTIOTOKH HanboJIee HHTCHCUBHBIE,

Pesynbrarel (pucyHOK 4) MOKa3bIBAIOT, YTO COOTHOLICHHWE CTOPOH M TeMIO(U3UYECKHue CBOMCTBA cpen
HUMEIOT OOJIBIIIOE BIMSHUE HA TEIUIONIEPEHOC BHYTPH Kopiyca. Hampumep, Ha pucyHke 4 (a) BUIAHO, YTO TpU
cooTHomeHnu ctopoH A=1.0 uucno Hyccensra MHUHHUMalbHO, HO C YBEIMYEHHEM COOTHOILIEHUIN CTOPOH
MOYKHO 3aMeTUTh, Kak uuciio Hyccenbra Toxe yBenuuuBaercs, npu A=20.0 (pucynok 4(d)) Haubombiiee
yucio Hyccenbra mo cpaBHEHUIO ¢ IPYTUMHU COOTHOIIEHUSIMU CTOPOH. DTO MO3BOJISIET CAENATh BHIBOI, YTO C
YBEJIMYCHUEM COOTHOIIICHHSI CTOPOH MOXKeM HaOIroaTh yBenndeHue yncia Hyccenbsra. DTo 00bsCHICTCS TEM,
YTO MIPHU YBETUUCHUH COOTHOIICHHS CTOPOH YMEHBIIIAETCS ITUPUHA KOPITyCa, 3TO, B CBOIO OUEPE/Ib, TPUBOIUT
K YMEHBIICHUIO TJIOMAAN MOBEPXHOCTH, TEIUIO, UCXOJSIIEe OT MUKPOCXEM, PACIIPOCTPAHSIETCS aKTUBHEE B
MEHBIIICH IUIONMAJN TOBEPXHOCTH, YeM B OoJiblei miomaau. Korma cooTHOIIEHHE CTOPOH yMEHBIIAeTCs,
IIPOUCXOUT HA0OOPOT: CTEHKA, Ha KOTOPOU PACIONIOKEHBI YHITbI, U XOJIOHAS CTEHKA CTAHOBSITCSI BCE JIaJIbIIIe
U Jaibllie APYT OT IPYyra, COOTBETCTBEHHO, TEIIO, MCXOMAIIEE OT MHKPOCXEM, PACIpOCTPAHSETCS HE TaK
AKTHBHO.
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Pucynox 3 — IIpodumu ckopocreit mo W Ha pas3sbix Z, korna X=1.0: (a) A=1.0; (b) A=5.0; (c) A=7.5; (d) A=20.0
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IIponomxenue pucyska 3
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Pucynox 3 — Ipodwmu ckopocreit mo W Ha pa3ubix Z, korma X=1.0: (a) A=1.0; (b) A=5.0; (c) A=7.5; (d) A=20.0

Ha pucynke 4 (a) npu coorHomennn ctopoH A=1.0 makcumanbpHOe uymcio Hyccenmbra nHaOmomaercs
IPU UCHOJB30BaHUU AMAJIEKTpUuecKor xuakoctu FC-72, a MuHumaneHoe — B Bo3ayxe. llpu ocrambHbIX
COOTHOIICHHUSAX CTOPOH CUTyamus aHajorudHas. OTcCrofa cieayeT BBIBOJ, YTO TEIUIOU3NYECKUE CBOWCTBA
JKUJIKOCTH OKa3bIBalOT OoubIoe BiHssHUE Ha 4ucio Hyccenmsra. Manennpkoe uncino Hyccenbra B Bo3myxe
yKa3bIBaeT Ha TO, YTO B BO3IyXe Iioxas KoHBeknus. Hebonbmoe yncno Hyccenbsra B Bo3myxe 10 CpaBHEHUIO
C JIPYTHMH KHJIKOCTSMHU CBSI3aHO C HHU3KOW TEIUIONPOBOIHOCTHIO M HU3KOW TUIOTHOCTBIO BO3/yXa, 4YTO, B
CBOIO O0Yepelb, PUBOUT K CHIKCHHUIO CKOPOCTH TEILIOTIEPE/Iadn 3a CUYET eCTeCTBEHHOW KOHBEKIUH. Takke
B BO3/[yX€ BBITAJIKUBAIOIINE CHIIBI ClIa0dee, YeM B )KHJIKOCTSX, IIOATOMY ATO MPUBOAUT K MeHee dPPEKTUBHON
KOHBEKTHBHOMU Terutonepenade. CaMmble BRICOKME 3HaYeHN s unciia Hyccenbra HaOmoaaroTes B AMIEKTPUIECKUX
xuakocTsx FC-72 u FC-88, 310 cBsi3aHO ¢ 0COOBIMU TEIUIO(U3NIECKUMHI CBOMCTBAMH ATHX JKUAKOCTeH. 13
ATOTO CIIEYET, YTO ITH JIBE KHUJIKOCTH CIIOCOOCTBYIOT 3((EKTUBHON KOHBEKTUBHOM TEILIONEpeIaye.

32




MATEMATUYECKHUE HAYKH

Nu at A=1 time 1000s
3000 T T T

T T T
airx=0.5 —+
airx=1.0
air x=1.5
air x=2.25 -
water x=0.5
water x=1.0
water x=1.5
water x=2.25 4
fc40 x=0.5
fc40x=1.0
fc40 x=1.5
fc-40 x=2.25
fc72x=0.5
fe72x=1.0
fc72x=1.5
fc-72 x=2.25
fe88 x=0.5
fc88 x=1.0
fc88 x=1.5
fc-88 x=2.25

2500

2000

=

1500

NU

1000

LR NN IR S A o

500

I &
%
! :

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Z

Nu at A=5 time 1000s

4000 T 1 ' T ' ' T arxcbs o«
? air )(:l:ﬂ
L =15 o
3500
water x=0.5
L ter x=1.0 i
3000 W LS
water x=2.25
- fcd0x=05 & _|
2500 f§40 ::1,0 A
5 fcd0x=15 &
fcd0x=2.25 &
= 2000 + ferrncos e ]
fe72x=10 #
fe72x=1.5 #
1500 B I:—:72x:2,ﬁ 7
peres
c- x=1.
1000 + fc88x=15 &
fc-88x=225 @
500 [ .
0 1

0 001 0.02 0.03 0.04 0.05 006 0.07 0.8 0.09 0.1
z

Nu at A=7.5 time 1000s

5000 T T T T T T T T
airx=0.5 Eua
ir x=1.0 ¥
4500 TR
air x=2.25
- ter x=0.5 -
4000
3500 | water x=1.5 i
water x=2.25
fc40x=05 &
o fcd0x=10 &
_, 3000 it
fcd0 x=2.25 &
= 2500 fc72x=05 & |
- fo7rx1d o
2
- fc7zx=15 *
000 I:—E72 xiz.?j -
fc88x=05 @
1500 f288:=1.0 o 7
c88x=15 @
f
1000 | fc88x=2.25 & |
500 - .
0

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
zZ

Nu at A=20 time 1000s
7000 T T T T T T T

air x:lD.S *:

airx=1.0 ¥
6000 * airx=15 +  _|

air x=2.25
water x=0.5 —++
water x=1.0

water x=1.5 —
water x=2.25
fc-40 x=0.5
fe40x=1.0
Pe, fc40 x=1.5
. ’-." fe-40 x=2.25
ey 72 x=0.5
fc72x=1.0
fc72 x=1.5
fc-72 x=2.25
fe-88x=0.5
fc88 x=1.0
fc88 x=1.5
fc-88 x=2.25

5000

4000
3000

NU

2000 |

LN N IR S A o A S

/

1000

0 , | i .‘" i, | ,
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

Pucynox 4 — Yuciio Nu B pa3ubix cooTHouieHusx cropos: (a) A=1.0; (b) A=5.0; (c) A=7.5; (d) A=20.0




BECTHUK KA3AXCTAHCKO-BPUTAHCRKOI'O
TEXHNYECKOI'O YHUBEPCUTETA Ne3 (66), 2023

3akrouenne

HCJ'H)}O HCCIICA0BaHUA 6I)IJ'[O BbIICHUTDH, KaKO€ BJIMAHHNEC OKA3bIBAKOT TAKHUC q)aKTOpI)I, KakK COOTHOLICHUEC
CTOPOH KOpITyca W YKHJIKOCTH C Pa3iMYHBIMH TeIIO()U3NYECKUMHU CBOMCTBAMM, Ha TeIUIONepenady, Koraa
TEeMIIepaTypa YHUIOB AOCTHraeT muka. J{iast 3Toro mccienoBaHusl Oblla BhIOpaHA TEOMETPHUS C MacCHBOM
MHUKpocXeM pa3zmepoM 3x3, pa3MeLIeHHBIX Ha TMepelHell BEepTHKAJIbHOM CTeHKe, W OXJaKJaroIiencs
IIPOTUBOIIOJIOKHON CTeHOM. Jlyis wuccinenoBaHus TEIUIONEpeaud BHYTPH KOpIyca OBUIO TPOBEICHO
MOJICIMPOBAHUE JUIsl YETBIPEX COOTHOLIEHMH cTopoH koprmyca (A=1.0, 5.0, 7.5, 20.0) u nsatu xugkocren
(Bo3myx, Boma, FC-40, FC-72, FC-88). B kaduecTBe TeCTOBOro 3aJlaHusl paccMarpuBaiiack padora Tou et al.
[22]. OOHapyx)eHO XOpolliee COOTBETCTBUE MEXK]y YHCICHHBIMH Pe3yJibTaraMu B pabore [22] U HACTOAIIMM
rccaenoBaHueM (pUCYHOK 2). AHaNMU3 YUCIECHHBIX PE3yIbTaTOB IMOKA3al, YTo:

- Terou3nYecKkre CBOMCTBA JKUAKOCTEH OKa3bIBAIOT 3HAUUTEIBHOE BIHMSHUE HA CKOPOCTH JIBHYKECHHS
)KI/II[KOCTCI\/'I BHYTPU KOpIIyCa, 4Y€M HUIKE BA3SKOCTH KUAKOCTU, TEM BbIIIC CKOPOCTb ABUKCHUSA KUIAKOCTH,
BO3/IyX 00JIalaeT caMoil HU3KOH BSI3KOCTBIO M IJIOTHOCTBIO, ONarogapst 5ToMy HaOJIOaIuCh caMble BRICOKHE
CKOPOCTH; BBICOKAsI BSI3KOCTh MPUBOIUT K BEICOKOMY COTNPOTHBIICHHIO IOTOKA M CHIYKEHUIO CKOPOCTH;

- 4eM OOoJIbllIe COOTHOIIEHNE CTOPOH KOPIyCa, TEM HIKE 3HAYCHHUS] CKOPOCTH TEKYUHX CPEM; YBEINUYCHHUE
COOTHOLICHHUSI CTOPOH KOpITyca O3Ha4aeT, YTO IIMPHHA CTAHOBHTCS MEHBIIE U MPOUCXOIUT OTPaHUYCHUE
MOTOKa CTEHKOW, y TOTOKa OCTaeTCsl MEHBIIE MPOCTPAHCTBA JUIs MEPEMEIEHHs; U3 3TOr0 CIEAYeT, YTO
COOTHOLICHUE CTOPOH OKa3bIBAET CYIIECTBEHHOE BIHMSIHAE HAa CKOPOCTD KUIKOCTH;

- ObUIO OOHApPYXEHO 3HAYMTENILHOE BJIMSHUE COOTHOLICHHSI CTOPOH KOpITyca Ha TeIUIoNepeaady; yem
0oJIbIIIe COOTHOLIEHUE CTOPOH KOpITyca, TeM 0oJbiiie yuciio Nu; 3 ekt 00bsCHIeTCS YMEHBIICHUEM INUPUHEI,
YTO O3HA4YaCT YMCHBIUICHNUEC PACCTOAHUA MCKIAY CTEHKOM C TropsA4YruMU YrullaMu U XOHOZ[HOﬁ CTCHKOP'I; TCIJIO OT
YHITOB MPU HEOOJBIION IIMPUHE KOPITyca pacrlpocTpaHsiercs ObIcTpee, YeM MPH OTJAJIEHHH CTEHOK JPYT OT
Apyra;

- BO BCEX MOJCIMPOBAHUAX CaMbI€ BBICOKHEC 3HAYCHUA YUCTIa HYCCCJII)Ta Ha6JIIOILaJ'II/ICI) B JUBJICKTPUYCCKUX
xuakocTsx FC-72 u FC-88, a MuHNMaIbHbIC ObLIIH 00HAPYKEHBI B BO3IYXE; crieiiuduueckue TeroGu3nieckue
CBOMCTBA AMANIEKTPUUECKUX KHUIKOCTEH OKa3bIBAIOT OOJIBIIOE BIMSIHUE HA TEIUIOTepeaady.
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CYMBIKTBIKTAPIBIH KbLTY®N3NKAJIBIK KACUETTEPIHIH DJIEKTPOH/IBIK
KYPBUIFBLIAPIAFBI KOHBEKTHUBTI KBLTY TACBIMAJIIAYFA OCEPI

Anpgarna. KopmycTsIH apakaTbIHACKI MEH CYWBIKTBIKTAPIBIH OPTYPIi KBUTY(PH3UKAIBIK KACHETTEPiHIH JKbUTyTaChIMaII-
JayFa dcepi aIBIHFbI TIK KaOBIpFachIHA TYPAKThI TEMITEpaTypaa 3x3 ememM1i MEKpoCcyiI0arap MacCHBi OPHATBUIFAH KOHE
KapaMa-Kapchl KaObIpFaMeH CaJIKbIH/IaThIIATHIH TIKOYPBIIITHI KOpITycTa 3epTTeai. Kopmyc imminaeri ®eurysiH Oeplryin
3epTTey YIIiH KOPIIayIbiH TOPT apakareiHacel (A=1,0, 5,0, 7,5, 20,0) men Oec Typuii optara (aya, cy, FC-40, FC-72, FC-88)
MoeIbaey JKyprizinai. CaHIbIK HOTHIKEIIEPre COMKEC SH )KOFaphl XKbUIIAMIBIKTAP aya/ia, ajl TOMCH KbUIIaM/IBIKTap Cyaa
JKOHE YII TUAJIeKTPik cydbIkTeIKTapaa FC-40, FC-72, FC-88 Gaiikanampl. W sKbUTIaMIBIK KOMIOHEHTiIHIH MaKCHMAIIIBI
KBUIIAMBIFEL ayaga Z=>5.5 OWIKTIriHAe aHBIKTaNAsl. KOpIycThIH apakaTbIHACKH a3aiiFaH CallblH CYHBIKTHIK aFbIHBIHBIH
KBUIIAMBIFBl apTaThiHBl Oalikanmanbel. KopmycTteiH Nu makcuMmangsl caubl kopimyc FC-72 xome FC-88 mmamexrprik
CYWBIKTBIKTAPMCH TOJITBIPBUIFAH KE37IC, aJl MUHUMYM ayajia OOJFaH Ke3/¢ aHBIKTANIbL. TaHIaFaH CaHBIK o/IiCTCP/iH,
KOMIIBIOTEPJIIK OaFaapiiaMaHblH AYPHIC OPbIHIATFaHbBIHA KO3 )KETKI3y YIIIH TeCT TarchlpMachl OpbIHAaIbl. HoTmkenep
apachIHA KAKChl COUKECTIK aHBIKTAIIBI.

Tipek ce3aep: >XpUlyTackMaiiay, MHKPOCYJIOa, >KaKTapAblH apaKaThIHACHI, CYHBIKTBIKTAP/BIH IKbLTY()DHU3HKAIBIK
KacHeTTepi, JUINEKTPIIK CYUBIKTBIKTAP.

36



MATEMATUYECKHUE HAYKH

Issakhov A.A."2, Baibatyrova K.E.!

'Kazakh-British Technical University, 050000, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, 050040, Almaty, Kazakhstan
*E-mail: al.isakhov@kbtu.kz

THE EFFECT OF THERMOPHYSIZAL PROPERTIES OF FLUIDS
ON CONVECTIVE HEAT TRANSFER IN ELECTRONIC DEVICES

Abstract. The impact of enclosure aspect ratio and different thermophysical properties of fluids on heat transfer were
investigated in rectangular enclosure with 3x3 array of flush-mounted chips placed on the front vertical wall with constant
temperature and cooled by the opposite wall. To study heat transfer inside the enclosure simulations were done for four
enclosure aspect ratios(A=1.0, 5.0, 7.5, 20.0) and five fluids(air, water, FC-40, FC-72, FC-88). Numerical results show
that the highest velocities are in the air while low velocities have been noticed in the water, FC-40, FC-72, FC-88. The
maximum air velocities for the W component are obtained precisely at a height of Z= 5.5. It is observed that when
enclosure aspect ratio decreases, the fluid velocity increases. Maximum Nu number was when enclosure was filled with
dielectric fluids FC-72 and FC-88, and minimal was found in the air. To ensure that chosen numerical methods, computer
program was implemented correctly test task were completed. Good agreement is found between the results.

Key words: convective heat transfer, IC chips, enclosure aspect ratio, thermophysical properties of fluids, dielectric
liquids.
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ON AN ANALOGUES OF VAN DER CORPUT LEMMAS

Abstract. The article deals with analogues of the van der Corput lemmas involving Mittag-Leffler functions. In fact, the
classical estimates for the oscillatory integrals was obtained by the Dutch mathematician Johannes Gaultherus van der
Corput and named in his honour. Various generalisations of the van der Corput lemmas have been investigated over the
years. The general statement is that we replace the exponential function with the Mittag-Leffler-type function, to study
oscillatory integrals appearing in the analysis of time-fractional partial differential equations. For a particular purpose, the
present paper focuses on the integral of the form

I p(A) = fR Eq (3¢ () (x)dx,

in the case = a, for the range 0 < o < 2. This make wider the variety of estimates obtained in the work [1], where integrals
with functions Eqp(i*A¢(x)) have been studied. In this paper we interested in the behavior of the integral laz(4)
when 1 is large. We realize that the decay rates of the integral which, we have been considered, depend on the ranges of
parameters o and f. Further studying Van der Corput lemmas will reveal new insights and applications in mathematics
and beyond.

Key words: Van Der Corput lemmas, Mittag-Leffler function, inductive hypothesis, estimate, smooth function, oscillatory
integral

Introduction

In this paper we will expand the study of oscillatory-type integrals involving Mittag-Leffler functions E, g
initiated in [1]. In the case of a =B =1, we have E1,1(Z) = e”?, thus reducing the integral to the classical
question of decay of oscillatory integrals. Indeed, the estimate obtained by the Dutch mathematician Johannes
Gaultherus van der Corput [2] and named in his honour, following Stein [3], can be stated as follows:

Van der Corput lemma. Suppose ¢ is a real-valued and smooth function in [a;b]: If 3 is a smooth function
and ¥ (x) v> 1,k > 1 forall x € (a,b), then

|12 e=26@y(x)dx| < €A71/%,2 — oo, (L1)

fork=1and ¢’ is monotonic, or k > 2. Here C does not depend on A.

Various generalisations of the van der Corput lemmas have been investigated over the years [3], [4-10].
Multidimensional analogues of the van der Corput lemmas were studied in [11-17], while in [18] the multi-
dimensional van der Corput lemma was obtained with constants independent of the phase and amplitude.

We consider the generalized oscillatory integral defined by

Iog() = [, Eqp(d2¢p(x))(x)dx, (1.2)

where 0 <a <2,>0,{ €C,¢isaphaseand 1 is an amplitude, and A —is a positive real number that
can vary. Here Eqp (¢2¢(x)) is the Mittag-Leffler function defined as (see e.g. [19], [20])
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© k
A
Fep(i90) = Y SO (s open,
k=0

with the property that
E11(S29(x)) = e, (13)

Since the function Eqpg ((Mb (X)) has a set of real zeros [20], the integral (1.2) is oscillating.

The main goal of the present paper is to obtain van der Corput-type estimates for the oscillatory integral
(1.2) in the form

| I Ea,a((,1¢(x))lp(x)dx| < CAT, ) — . (1.4)

It is one extension of (1.1) in view of (1.3), namely, an extension (in Theorem 3.5) to the range 0 < a -
<2,,for k=1 and ¢’ is monotonic, or k > 2.

This present paper is a generalization of [1], where a variety of van der Corput type lemmas were obtained
for the integral defined by

g (D) = [, Eqp(i%(x))ih(x)dx. (1.5)

As we see above, the integral (1.5) is different from the integral (1.2), since in (1.5) there is a purely
imaginary number i* before the phase function, and in (1.2) the complex number, i.e. {. As in the case of
(1.5) studied in [1], we find that the decay rates of (1.2) when, f = a, as A1 — oo depend on the ranges of
parameters and . We also obtain more results in the case of in finite intervals.

Main provisions. Material and methods
Proposition 2.1 ([Pod99]). If 0<a <2, f is an arbitrary real number, p is such that ma/2 <
u < min{m, wa}, then there is Cy, C; > 0, such that we have

|E,p (G40 (00)| < C1(1 + 184 DB @exp (m (GAg0)"” “)) F s (1.6)

1+[32¢ (Ol
where, { € C, |arg((/1¢(x))| <pu
We are interested in particular in the behavior of Is,g(4) when X is large, as for small A the integral is
just bounded.

Results and discussions
In this section we consider integral (1.2) in the finite interval [a,b] € R, —0 < a < b < +, as well as
we are interested in a particular case of the integral (1.2), when 0 < ¢ < 2,8 = a, i.€.

Ia,a()') = fl Ea,a(c/l(p(x))lp(x)dx- (2.1)
Since Ia,a (/1) is bounded for small A, further we can assume that 4 > 1.

Theorem 2.1. Let —w<a<b<+4oand [ =[a,b]cR Let 0<a<2 andlet ¢ be a real-valued
function such that ¢ € C¥(I),k = 1. Let ¢p*(x) V=1 forall x € I, and { € C,v { V# 0, then

) Faa(S20(0)dx| < M AT, 221 (22)

for k=1and ¢’ is monotonic, or k > 2. Here M, does not depend on A.

We note that the classical van der Corput lemma (1.1) is covered by (2.2) with o = 1.

Proof. First we will prove the case k = 1. Let 0 < @ < 2, 2> 1 and let ¢ has one zero c € [a,b]. Let us
consider the integral

J, Eaa($A(x))dx.
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Then integrating by parts gives
a d
[ Baalroi =5 [ s (Baalso0) ax

l ﬁj—x(lsa,l(w(x))) dx

a1 (20 (1) 2 = = Ea ((29(@) 7

¢(b) Z ¢()

- d 1
] Eea@e) g (5)
thanks to property —Eq,1(2) =—Eqq(2) and Then we get

f |Ea1(€/1¢(x))||dx( (x))|d

| ] Eo (20 ()) dx

+a
— |Eaa (229 (0))| W

+a|

2 |Eq (329 (@)|

1
¢’ (@I

As @’ is monotonic and ¢'(x) =1 for all x € [a,b], then % 1s also monotonic, and
sign.
Hence estimate (1.6) and ¢(c) = 0,c € [a, b] gives

C -a
|| Eeatsroenar| <5 [ a+apen's
1 1

C - C -a
TEA+ AN T + A+ @D T

2Ca
<|¢(x)|>o | ( )|d cta
o \g /T
| ( ) +2Ca
dx \¢'(x) A
C_a 1
=7 TGRS (b)| = A’

thanks to fixed sign diﬁ. Here M, does not depend on
X X

We prove (2.1) for k = 2. Let for d € [a, b] satisfies 1¢'(d)| < 1¢'() for all x € [a, b].
Then |¢'(x)| = ¢ on [a,b]d — &,d + . Hence

[ Eearpnas=([""+[H[" ) palepena

Then |¢'(x)| = ¢ on [a,bld — ¢,d + &, we obtain estimates

|87 B (029 () dx| < My (e1),

b
L Ea,a ((/1¢(x))dx

< M;(eA) L.

| d+e

J128 Eaa(§2G0)dx| < 2,

it is evident that

|f¢f Ea.a(a¢(x))dx| < 2M, () + 2.
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Taking ¢ = A7 we obtain the estimate (2.1) for k=2.
We prove the case k > 2 by induction method. Let (2.1) is true for k, and suppose [p*+V(x)| = 1, for all
x € [a,b], we prove (2.1) fork + 1.
Let for " d € [a, b] satisfies |p*(d)| < |¢p*(x)| for all x € [a, b].
Then on |[¢*(x)| = € on [a, b]c — &, ¢ + . Therefore
As

| BaclcrpGa)ix =
I
By inductive hypothesis, we infer that

|7 Eaa(02 () dx| < Mic(e)

and |7 Eea(020G0)dx| < M (D),
d+e AS
f Eqo(QAd(x))dx| < 2,
d-¢
we have b .
f Ea,a((/l(,b(x))dx < 2M, (eA) & + 2e.
a

Taking . — ,1k__+11 -we obtain the estimate (2.1) for k+1.

Below we show that if ¢’ is not monotonic, then to obtain estimate (2.1) when k = 1, it is necessary to
increase the smoothness of function ¢.

Theorem 2.2. Let —co <a<b<+o0 and [ =[q;b] c R- Let 0 <a <2 and let ¢ be a real-valued
function such that ¢ € C2(I). Let |¢p'(x)| = 1 forall x € I,and ¢ € C, then

<MALAx>1,

j Eq (32 (x))dx

I

where M does not depend on A.
Proof. Suppose that ¢ € C*(I) and |¢'(x)| = 1 for all x € I, then from (2.3) we have

| fl Eqo(020(x))dx s% jl |Ea,1(<z¢(x))||:_x(ﬁ)‘ .

% |Ea1 ($200 (D))

2 Eaa((20(@))]

Since ¢ € C?(I) and |¢'(x)| =1 for all x € I, then the function will be continuous and bounded, and

- A I ,( )

Ca
77

’f Eqa ((/1¢ (x))dx
I
<

a . .
where M, = ”3(ﬁ)”mo’ € > |E,1(2)|, and M is a constant independent of A.
Conclusion
We could show the behavior of I,z(1) when A is large, and we obtain variety of van der Corput type
lemmas for the integral (2.1).
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BAH JEP KOPIIYT JJEMMAJIAPBIHBIH AHAJIOI' TAPBI TYPAJIbI

Anparnma. byn makamaga Murrar-Jlepduep dynkuusiaapeiven Ban gep KopryT jaemManapblHbIH aHAIOrTaphl
KapacTeipbutanbl. LLIbIH MoHiHe, Gy Garamay eH alnFall peT rojmanj Maremaruri Moxamuec XonsTepyc BaH jep
KopnyTnen anmsiHIBI XKoHE OHBIH KypMeTiHe Ban mep Kopmyt emmack! gen atannsl. Ban nep KopnyT nemManapbsIHBIH
TYPITi JKaJIbUIaMaaphbl OipHEIIe JKbIUT OOWBI 3epTTeIiM Kee . JKanmpl MakcaThIMBI3 OCH KYMBIC OapBICHIH CHIIATTANTHIH
6oncak: 6i3 Ban nep Kopmyt nemmaceinnarsl skcrioneHnnanasl GyHkuustael Murrar-Jledduep tunti gyHkuumsiMen
ayBICTBIPAMBI3, SIFHU YaKbITTaH Toyesci3 auddepeHnnanaplk TeHISYASpAl Tanaay Ke3iHae naina 0onareiH Tepoeamerti
HMHTETPaJIap/Ibl 3ePTTCHMI3. ApHalibl OChI MaKcaT YIIiH Oy Makaiaaa auana3onsl 0 < o < 2 OoaThiH

s = | Eap(G390)GIx,
R

HMHTETPAJIbIH = 0 *KaFaalibIiHa Ha3ap ayaapbiiasl. by Ea,p(ialqb (x)) (yHKUIUSUTAPBI KATBICKAH TepOeIMelTi HHTerpaiaap
[1] >kyMBICBIHA 3€pTTEIIlN alblHFaH Oarajaylap/blH OPTYPIUIriH KeHeireni. byn mMakanaza 01341 A mamacel yJIKeH
Gonran xaiirnaiinarsl 1, (1) TepGenMerni MHTErpaIbIH ©3repy OpeKeTi KbI3bIKTEIpasl. bi3 KapacTsipran TepOenMeni
HWHTETPAJIBIH KEMY JKbULIaMIBIKTAPHI 3 )KOHE oL TapaMeTpIIepiHiH Auana30HaapbiHa OaiIaHbICTEI eKeHIH TyciHemi3. Ban
nep KopryT stemmanapbsIi oiaH opi TepeHHEH 3epTTey MaTeMaTnKa/ia )KaHe OfIaH e3re cajajap/a jkaHa TYCIHIKTep MEH
KOJITaHOATap IbIH alllbLTybIHA MYMKIHIIIK Oeperi.

Tipek ce3nep: Ban nep Kopmyr nemmanapsi, Murrar-Jledduep GyHKIMsCH, MHAYKTUBTI TUNOTE3a, Oaranay, Teric
¢byHknus, TepOenmeni HHTerpanaap.

Beiicentaii A.A
HNucTuTyT MaTemMaTuku 1 MareMaTudeckoro moaenupoBanusi, 050010, r. Anmarer, Kazaxcran
KaszHY um. Anp-®apadu, 050040, r. Anmarsl, Kazaxcran
E-mail: beisenbay(@math.kz

Ob AHAJIOTAX JIEMM BAH JEP KOPIIYTA

AnHoTanus. B nanHOl crarbe paccMarpuBaroTcs anajoru JiemMm Ban aep Kopmyra ¢ ¢pynkuusmu Murrar-Jleddiepa.
Ha camom pnienie sta oneHka Oblia BIIEpBbIC TOJIy4eHA TOJUIAHACKAM MaremarikoM loxanHecom XosbrepycoMm BaH
nep Kopnyrom u HazBaHa B ero uectsb JieMMoil Ban nep Kopryra. Ha nmpoTsbkeHHH MHOTHX JIET M3Yy4aJIUCh pa3iudHbIe
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0006menus iemm Ban nep Kopnyra. Ecim onmcars Hanny o01Iyo 1eits ¥ X011 padoThI: MbI 3aMEHsIEM IKCITOHCHIIMAILHY IO
¢ynkumio B iemme BaH aep Kopryra dynkuueii Tuna Mutrar-Jledduepa, To ecTh M3yuaeM OCHMILIMPYIONINE HHTETPaIb,
BO3HHUKAIOIIHE NPH aHann3e quddepeHmanbHbIX ypaBHeHUH, He 3aBUCIINX OT BpeMeHHU. CrienuaibHoO ISl 9TOH 1eH B
HACTOsIIIEH CTaThe OCHOBHOE BHUMAHUE Y/EISIETCsl MHTErpainy GopMbl

ILp) = | Eqp(32¢(x))(x)dx,
R

st quanasoHa 0 < o < 2, B cirydae B = o. DTo pacmmpsieT pazHooOpa3ue OLEHOK, MOIyYeHHBIX B padore [1], Tie
u3yuanuch uaTerpanst ¢ dynkmuamu Eqp(i%A¢(x)). B aroii crathe Hac muTepecyer mosenenue muterpama lap(d)
npu GoibIIMX A. MBI IOHMMaeM, YTO CKOPOCTH YOBIBAHUSI PACCMOTPEHHOTO HAMM MHTErpaja 3aBUCAT OT JHalla30HOB
napameTpoB o u [3. JlanpHelimee nzydenne temM Ban nep KopmyTa oTkpoeT HOBBIE HIASH W NPUIOKEHHS B MAaTEMaTHKE
U 3a ee MpeeIaMH.

KuroueBble cioBa: nemmMsl Ban nep Kopmyra, dynkuns Murrar-Jledduepa, rumnoreza WHIYKIUH, OLEHKA, TJIA/IKas
(YHKIMS, OCIMILTMPYIOIINE HHTETPAJIBI.

44



MATEMATUYECKHUE HAYKH

YIK 510.67
MPHTU 27.03.66

https://doi.org/10.55452/1998-6688-2023-20-3-45-50

Bep6oBckmii B.B.*!, Epmuremona A.J1.2

'Kazaxckuii HAIIMOHATIBHBIA UCCICI0BATEIbCKUN TEXHUICCKUN YHUBEPCUTET
uMm. K.M. Carnaea, 050013, . AinmaTel
*YVuusepcuret uM. Cyneiimana Jlemupens, 040900, r. Kackenen
*E-mail: v.verbovskiy@satbayev.university

HPUMEPHI IMHEMHBIX MOPSIIKOB C OIPEJAEJIUMON OJHOMECTHOM
®YHKIHUEN U CBOMCTBO HE3ABUCUMOCTH

Annoranusi. [locrne mosBiIeHUsI MOHATHA O-MHHHUMAJIBHOCTH, KOoTOpoe Obuto BBemeHo JI. BaH meH [lpuecom uist
o0oraiieHnii yHopsaOYeHHOTO MOJS BELIECTBEHHBIX YHCET M OOOONIEHO Ha IPOM3BOJIBHBIC JIMHEHHBIC MOPSIIKH
A. Tnnnaem u Y. CTallHXOpHOM, TMHEHHO YHOPSAOUEHHbIE CTPYKTYPhI IPOYHO BOLLIU B KPYT HHTEPECOB CIIELUAINCTOB
T10 TeopHH MoJjiesield. B paboTax pasHbIX aBTOPOB MOSIBUIINCH MHOTOUNCIICHHBIE 0000IEHHNS TOHATHS O-MUHUMAJIBHOCTH,
TakKue Kak cyadasi 0-MUHUMAaIbHOCTh, KBa3H-0-MHUHUMAJIBHOCTB, cl1a0ast KBa3H-0-MUHUMAIEHOCTb, II-MUHUMAIIbHOCTD 1
ynopsitoueHHas cradbmibHocTh. b.C. baibkanossiv 1 B.B. BepOoBcknM ObIII0 0Ka3aHO, YTO YHOPSJ0UCHHAS CTAOMIBHOCTh
0000mIaeT Bce BBIIICTICPCUHCICHHBIC TMOHATHA JUIS JIMHEHHO YIOPSIOYEHHBIX CTPYKTYp M YTO YHOPSIOYCHHAsS
CTaOMIIBHOCTB BJICUET OTCYTCTBHE CBOWCTBA HE3aBUCUMOCTH. Takke MMH OBLIIO JI0Ka3aHO, YTO JIF000H JTMHEHHBIH ITOPSIIO0K
HUMEeT yNOpsA0UeHHO cynepcrabmibHylo Teoprio. B.B. BepOoBckuM ObuM HMCCIIeIOBaHBI YIOPSIOUCHHO CTAOMIIbHBIC
YTIOPSI0YEHHBIE TPYIITBI, B YACTHOCTH, UM OBUIO JOKa3aHO, YTO OHH SIBJISIFOTCSI KOMMYTAaTHBHBIMU. B tanHOM paboTte Mbl
HaYMHAEM HCCIICIOBAaHHUE BOIPOCA, HACKOIBKO CIOKHON MOXKET OBITh TEOPHs IMHEHHOTO MOPSIIKA C OTHOH OHOMECTHON
¢byHKIueir. Mel cTpouM npuMep 00OTalleHus JIMHEHHO YIIOPSAOUYCHHON CTPYKTYpPBI OIHOW OTHOMECTHOHM (DYHKITHCH,
KOTOPBIN 00J1ajaeT CBOWCTBOM HE3aBHCHMOCTH.

KiaroueBble cjoBa: JIHHEHHO YHopaaA0O4€HHOEC MHOXKECTBO, CBOMCTBO HE3aBUCUMOCTH, YHAp, YHNOPAAOYUCHHAA
CTa6I/IJ'IBHOCTB, O-MHHHUMAJIBbHOCTD.

Beenenue

O06001mas moHsATHE TOTanbHO TpaHcueHaeHTHOW Teopun, C. lllemax B pabore [10] BBenm mnoHsATHE
CTaOMIILHON TEOPUHU, KOTOPOE OKa3alio KOJOCCAILHOE BIHMSHHE Ha JANbHEUIIee Pa3sBUTHE TCOPUH MOJIEICH.
B 1984 1. A. [Munnait u Y. CraliHxopH 0000IIMIN TOHSITHE O-MHHUMAaJIHHOTO 00OTaIIeHUs YIOPSA0YEHHOTO
MOJI BELIECTBEHHBIX uuces, kotopoe BBen JI. Ban gen Jlpuec. OHM BBEIU MOHSATHE O-MUHUMAJIbHOU
CTPYKTYPBHI [7]. DTO MOHATHE OKa3aJI0Ch HE MEHEE HHTEPECHBIM, YeM MOHITHE CTA0OMIBHON TEOPHUH, U CTAJIO0
ITOBOPOTHBIM B JJAJIbHEHIIIEM Pa3BUTUU TEOPUU MOJIENEH, TENePh CIIEIUAIICTHI TI0 TEOPUU MOJIETIeH 00paTHiin
CBOE MPUCTAIbHOE BHUMAHUE Ha KJIACChl TCOPUH JIOTUKU MPEAUKATOB MIEPBOT0 MOPSIIKA, B CUTHATYPE KOTOPBIX
HMMEETCS] CAMBOJ , KOTOPBIN HHTEPIPETUPYETCS KaK TMHEHHBIN MTOPSIOK, TO €CTh TH TEOPUHU BKIIIOYAIOT B Ce0s
AKCUOMBI JINHEHHOTO nopsiKa. [IoHATHE 0-MUHUMAIIBEHOCTH HE MOTJIO HE TIOBJIEYb 32 COOOM MOSIBIICHUE CAMBIX
pasnuuHbIX 00001eHNH. [lepBoe 13 HUX — MOHATHE CIIa001 O-MHUHHMAaIbHOCTH, KOTOPOE OBLIO BBEJIEHO B paboTe
. Makdepcona, JI. Mapkepa u U. Craitnxopsa [6]. [lanbHeliiee pa3Butue Teopun caadboil O-MUHIMAaITbHOCTH
MIOJTYYHIIO CPEIM CIIEIUAIMCTOB 0 Teopuu Mozeneit u3 KazaxcraHa, Mbl He OyJieM MepeyuciisaTh BCe pabOThI,
OTMETHUM JIMIIb HeKoTopsle: padoTy b.C. baitxkanosa [4], B koTopoii oH pewan npoodiemy I. Uepnuna, 1 paboThl
Bb.1II. Kynnemosa [8, 9]. Janblie moABUIOCH MOHSITHE KBAa3U-O-MUHUMAIbHOCTH, AN-MUHUMAJIbHOCTH, Ha
KOTOPBIX MBI IIOJIPOOHO OCTaHABIMBATHCS He OyaeM. [loHsTHE KBa3U-0-MUHUMAIILHOCTH IS YIIOPSIOYSHHBIX
TPYMIT 0Ka3aJI0Ch YKBUBAJICHTHBIM TIOHSATHIO KOCET-MUHUMAIBHOCTH. Cpeair paboT 1Mo KOCeT-MUHUMAaIbHBIM
IpyTIIaM MOXHO OTMETHUTB CTaThiO [5]. HEKOTOpBIM HTOTOM 3 THX 0000IIIEHUH KITACCOB TEOPUH YITOPSTOYSHHBIX
CTPYKTYp CTaJIO MOHSTHE YIOPSIOYCHHON CTAaOMIBLHOCTH, BBeleHHOe B pabote [1]. Kimacc ymopsimoueHHO
CTaOMJIBHBIX TEOPHH BKIIOYAeT B ce0S W O-MUHUMAJbHBICE TEOPHH, W CIa00 O-MHHUMAIIbHBIC, KBa3U-O-

45



BECTHUK KA3AXCTAHCKO-BPUTAHCRKOI'O
TEXHNYECKOI'O YHUBEPCUTETA Ne3 (66), 2023

MUHHMAaJbHBIE U clab0 KBa3W-O-MUHHMMAalbHBIE [1], a Takke AN-MHUHUMAJIbHBIC TEOPUH C ONPENeIMMBIM
JIMHEHHBIM nopsiikoM [2]. JlanpHelinee cBoe pa3BUTHE TEOPUS YHOPSIIOYEHHONH CTaOMIBHOCTH HONy4YMiIa B
paborax [11-16]. B craree [1] b.C. baiixanoBeim 1 B.B. BepOoBckuM ObLIO J0Ka3aHO, YTO JIEMEHTapHAS
Teopus Jr000ro YUCTOro JMHEHHOTO MOpsAKa SBJISIETCS YIOPSIOYeHHO cynepcTadbunbHoil. [losTomy mepen
CHELMAIINCTAMU B TEOPUHM MOAEJICH BCTAE€T €CTECTBEHHBIH BOIPOC: a YTO MOXHO 00aBUTb B CHUT'HATYDPY
YHCTOrO JIMHEHHOTO TOpAKa, YTOOBI MOJy4YeHHBIE anreOpanvyeckue CTPYKTYphl ObUTH OBl JOCTAaTOYHO
xopomMu? CaMbIM €CTEeCTBEHHBIM ObIIIO 100aBUTH CUMBOJI IBYMECTHOH ONepanny, KOTOPBIA yAOBIECTBOPSII
Obl akcuoMaM rpynisl. bonee Toro, ectecTBeHHO OBLIO MOIOKUTD, UTO TaKas IPyIIa SBISIETCS YHOPSII04eHHOH.
B pabGore [3] Obuio [0Ka3aHO, YTO YNOPSAOUYEHHO CTaOWIIbHAs YNOPSAOUCHHAs TpyMIa SBISIETCS
KOMMYTAaTUBHOH, KPOME TOTO, OBbLIH MOJTYYEHBI U APYTHe HHTEPECHBIE CBOMCTBA YIOPSIOYEHHO CTaOMIBHBIX
YHOPSIIOUEHHBIX TPYIL.

Tenepp MBI pPELIMIM PacCMOTPETh, YTO OyAET, €CM K S3bIKYy YHCTOrO JIMHEWHOTO MOpsaKa JA00aBUTDH
OIHYy OIHOMECTHYIO (DYHKLHMIO — YHap. B manHoi# paboTe MBI HOCTPOMM HMpPUMEP JIMHEWHO YMOPSAOUCHHOH
CTPYKTYPBI C OJHOH OAHOMECTHOH (yHKIHMEH, KOTOpast 001aaeT CBOWCTBOM HE3aBUCUMOCTH, TAKMM 00pa3oMm,
MOTyYaeM, YTO IEMEHTAPHAs! TEOPHsI STOM CTPYKTYPHI HE ABJSIETCS] YHOPSIOYEHHO CTa0MIBHOM.

Lenbto nanHo# paboTHI SBISIETCS NPOABIKEHHE K TPOOIeMe HAXOXKICHHUS YCIOBHUH, KaK HEOOXOIUMBIX, TaK
U JOCTaTOYHBIX, KOTOPBIE OBl 00eCTIeUnBaIIN YIIOPSA0UECHHYIO CTA0MIBHOCTH O0OTaLIEHUS YHCTOTO IMHEHHOTO
MOPsIJIKa OTHOM OTHOMECTHOU (DYyHKITHEH.

Ha nanHoM 3Tane Mbl 10Ka3aiu, 4TO 3TH YCIOBHS HE MOTYT OBITh TPUBUAIBHBIMH, TOCKOJIBbKY CYLIECTBYET
IIPUMEP TAKOT0 00OTaIIeHUS, Ubsl SIIEMEHTapHas TEOPHs He SIBIsIeTCs YIOPJ0ueHHO cTabuinbHoi. bonee Toro,
9TOT IpuMep 00Ja1aeT CBOHCTBOM HE3aBUCHUMOCTH.

OcHOBHAfA 4aCTh

B pabore HayaTo uccnenoBaHue TEOPETUKO-MOIEIBHBIX CBOMCTB aareOpandecKux JMHEHHO yHOpsI0YeH-
HBIX CTPYKTYP C OIHOW OgHOMECTHOH (yHKuMed. Eciu uyucTbie auHeiHble MOPSAKA U JIMHEWHBIC TOPIIKU
C MPOM3BOJBHBIM YMCIIOM OIHOMECTHBIX MPEIMKATOB JTOCTATOYHO XOPOILO H3YYeHBI, U3 TeopeMbl PyOuHa
clIelyeT MOJIHOE ONHMCaHue |-TUIOB HaJ MOJEINBIO, TO CBOMCTBA JIMHEHHBIX MOPSJIKOB C OHON OJHOMECTHON
¢dyHKIMeH eme He ObUIM MCclenoBaHbl. TakuM 00pa3oM, B HEKOTOPOM CMBICIIE TEeMaTHKa SIBISETCS HOBOH.
Yro ke KacaeTcs HCCIEJOBAHUHN JIMHEHHO YMOPSAJOYEHHBIX CTPYKTYpP C TOYKH 3pPEHHS YHOPSIOUYEHHOU
CTaOMIIBHOCTH, TO UX COBCEM HEMHOTO, PAKTUYECKH BCE PE3YBTATHI IT0 STOH TEMaTHKE CollepkKaTcs B padoTax
[1-3, 11, 13, 16]. OCHOBHBIM pe3yabTaTOM CTaTbU SIBISETCS MMOCTPOEHUE NIPUMEPA TUHEWHO YIOPSAI0UEHHOM
CTPYKTYPBI C OJHOI OMHOMECTHON (yHKIMEH, KoTopasi 001agaeT CBOICTBOM HE3aBUCUMOCTH.

MarepuaJibl H METOAbI

B pabote ncrnonb30Baquch W3BECTHBIE METOIBI TEOPUH MOJENEH MOJHBIX TEOPUH JIOTMKHM MPEAMKATOB
MEpBOro MOPsIKA, B YACTHOCTH KAaCAlOIIUECs] CBOMCTBA HE3aBHCUMOCTH M IOCTPOCHHS (POPMYIBHBIX
MOJMHOXKECTB JaHHON anreOpanyecKoil CTPyKTYpHI.

Pe3yabTarsl HeclieioBaHuSA M HX 00Cy/KIeHHE

[IycTh s — HEKOTOPBIN YaCTHYHBIA 7 - TUI, A — MHOXeCTBO, A — ceMEWCTBO (OpPMyYIT OT N CBOOOAHBIX
MIEPEMEHHBIX, T1€ CBOOOIHBIE IEPEMEHHbIE, BMECTO KOTOPBIX OYIyT MOCTABICHbI apaMETPhl, B CUET HE UIYT.
Torna

Sys(A) € {p € Sf(A):p U scoBMeCcTHO}

Ecmu A = L, To Oyznem omyckaTb 3TOT MHICKC M MUCATh MPOCTO S5'. BaMeTM, 4TO S He 0GA3ATENBHO
SABIIACTCA YACTHYHBIM THIIOM Haj MHOxectBoM A. Ecmm xe 4 = {@}, To 6ymnem mucars S(p (A) Bmecto
Spy(A).

Omnpenenenne 1. [Tycte M — Hekotopast crpykrypa, A € M. [lycte Au V — cemeiictBa hopmyn BHIa
oY)

1. Crpykrypa M Ha3bIBaeTCsl CTAOMIBLHOW C TOYHOCTHIO 10 A B (A, V'), eciu a7t T000T0 TOAMHOKECTBA
A € M, takoro uto A V< A, mist moboro A-tuna p Han M cymiectByeT camoe Oonbliee AV -TUIIOB HAJ A,
KOTOPBIE COBMECTHBI C p, TO €CTh Spp(A) V< A,
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2. Teopuss T Ha3pIBaeTCsl CTAOWIBHOW C TOYHOCTBIO 10 A B (A, V), eciu Kaxkaas ee MOJeNb TakoBa. B
HEKOTOPBIX ciIydasx OyaeM nucarb, uto Teopust T (A, V )-cTabuinbHa ¢ TOYHOCTHIO 10 A.

3. Ecim V =L, To Gyaem omyckaTb 3TOT HHIEKC U MUCaTh, YTO Teopus T cTaObuibHA B A, WK -CTa0MIIbHA
C TOYHOCTBIO 10 A.

4. Teopus T Ha3piBaeTC CTaOMIBHOM C TOYHOCTBIO A0 A, €CIH CyIIECTBYET OECKOHEUHBIH KapAnHAal A, B
KoTOpoM Teopust T crabuibHa ¢ TOUHOCTBIO 10 A. Bynem nmucare, uyto Teopust 7 crabuiIbHA ¢ TOYHOCTBIO /10
@, IOJpa3yMeBasi, 4YTO OHA CTA0MIIbHA C TOYHOCTHIO 10 A = {p}.

5. Teopus Ha3bIBaeTCs CynepcTaOWIBHON C TOYHOCTBIO 10 A, €CIIM CYIIECTBYET KapJHHAT A, TAKOH, YTO
teopust T crabuiibHa ¢ TOUHOCTBIO 10 A BO BCeX [ > A.

6. Mycts @(x;y) ¥ x <y, ateopus T cONEpKUT AKCHOMBI JTHHEIHOTO MOPsAKA [Uis ipenuKaTa. Ecim
teopus T crabuibHA C TOYHOCTBHIO A0 @, TO T Ha3bIBaeTCA YHNOPSIOYEHHO CTAOMIIBHOM.

Ormpenenenue 2. Byaem roBoputs, 4to Gopmyna ¢ (X;y) obnamaet CBONCTBOM HE3aBUCHMOCTH, €CITH JUTs
Ka’KJIOTO HAaTypaJIbHOTO MOJOKHTEIBFHOIO YUCIa CyHIECTBYIOT KOPTeXH a1, ---» An W KOPTEXH b, ae T

npoberaer MHOxkecTBO Beex (ynkumit u3  {1,...,n} B {0,1}, Takue, uTo M1 KaXKHAOro MHAEKCA SABIAETCA
WUCTUHHOH (opmyiia

i = 1ng®(b,; @)

31ech MBI HCTIONB3YEeM CTaHAAPTHYIO 3aIHCh, 4TO @' 0003HadaeT ¢, a ¢° 0003HAYaeT —¢.
B pabore [1] ObIO mOKa3aHO, YTO YMNOPSIOYEHHO CTAOMJIBHBIE TEOPUM HE OO0NAaJalOT CBOWCTBOM
HE3aBHUCHMOCTH.

IocTrpoenne npumepa

MBeI OyJ1eM UCIIOJIB30BaTh TOT (DAKT, 4TO MHOXKECTBO HATypaIbHBIX YHCE] BMECTE C OTHOIICHUEM JACITUMOCTH
00agaeT CBOMCTBOM HE3aBUCHMOCTH. 37iech b V @ mHTeprpeTnpyercs Kak 4ucio o JEIuT b umcio 6e3
ocrarka. JleficTBUTENBHO, OymeM Oparh B Ka4eCTBE O MPOCTBIC YHCHa P1 = 2,P2 = 3,P3 =5, ..., Pns - -
Sadukcupyem unciao n > 1 u Gynkuuio T. B kauecTse uncna by  Mbl BO3bMEM CIEYIOLIEE YUCIIO:

n
[ [
i=1

Iycts ¢ (b, ) 6yner bV a. OueBnano, 4o 1151 MOGOTO T SABIAETCS UCTUHHON (opMyIa
i = 1np* O (b, p)

n T()

I[CﬁCTBHTeHLHO, MMPOU3BECACHUC YHCCIT Hi=1 p; JACIINUTCSA Ha 4YUCIIO pj TOrga W TOJIBKO TOTIJa, KOrjga

nokasarenb crenenn T(j) MHOXHTENs Pj B paccMaTpuBaeMOM MPOM3BEIECHUU OONbIIE HYJIA.

B kadecTBe HOCHUTENS Halled anreOpanyueckoil CTPYKTYpbl MBI paCCMOTPHM MHOKECTBO PallMOHATBHBIX
ancen Q. To ectb MbI pacemoTpum ctpykTypy @ = (Q, <, f), e V — ecTecTBEHHBII MOPAIOK HA MHOKECTBE
palMOHAIBHBIX YUCEN, a GYHKIHUIO f MBI OTIPEICIINM HUXKE.

Ecmu g € Q Gombliie HYJISI U SIBISICTCS TISITBIM YHCIIOM, TO ' fl@=1,

Ecnu  q € Q Gonbliie HyIs, HO He SIBISICTCS LIEIBIM YHCIOM, TO  f(q) = 0.

ITycTh MHOKECTBO A, CONEPKUT BCE TMOJNOKUTEILHBIE YUCIIA, KOTOPBIE JENATCS HA MPOCTOE YHUCIIO p..
[MonyunTeprain (-1,0], kak TOAMHOKECTBO MHOKECTBA PAIIMOHATBHBIX UUCETI, SIBISICTCS] CYCTHBIM MHOXKECTBOM,
TOYHO TaK XK€, KaK U MHOKECTBO A IMOJIOKHMTENBHBIX LENBIX YUCEN, KOTOPBIE JENATCS HAa P, = 2 (TO €CTh
YEeTHBIX YKCelN). 3HAYHT, CymiecTByeT Oneknus g,: (—1,0] = A;. Onpenenum dpyuknuio f Ha muoxectse (-1,0]
TOXJIECTBEHHO PaBHOW (QYHKIIUH J1.

AHaNOTUYHO NoTyuHTEpBai (—n, —n + 1], KaKk MOAMHOKECTBO MHOYKECTBA PAITHOHAILHBIX YHCEJ, SIBISIETCS
CUETHBIM MHOKECTBOM, TOYHO TaK K€, KAK M MHOXKECTBO A TOJOKHUTENBHBIX IIEIbIX YUCEN, KOTOPBIE JETATCS
Ha n-T0€ mpoctoe 4ucio p . CrenosarenbHo, CYMECTBYET Ouekuus g,:(—n,—n+ 1] - A,. Onpenenum
($yHKIHO fHA MHOXKECTBE (—n, —n + 1] TOXKIECTBEHHO paBHOU (QYHKIIUU Y.

Takum oOpazom, QyHKIHMS fSBISETCS BCIOMY OMPEICICHHOM.

[ToxaxkeM Tenepp, 4TO MHOXKECTBO A (HOPMYIBHO B CTPYKTYpE Q =(Q,<.f). JleiictBurensro, X € A,
TOT/Ia ¥ TOJIBKO TOT/IA, KOTa

y(-n<y<-n+1Ax=f(y)
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0603HaunM mocaenHow Gopmyny kak ¥ —n,—n+ 1) OueBnamo, 4TO 1O MOCTPOCHHIO MHOXKECTBO
Bcex peanmsanuii popmynsr P (x, —n,—n + 1) B cTpykType Q COBIATACT C MHOXKCCTBOM A _, KOTOPOE, B CBOIO
o4epesib, COBMAJIaeT C MHOKECTBOM BCEX peanu3anuii (GopMyIbl »(x,pn) B CTPYKTypE, €CIIM paccMaTpUBaTh
N Kak MoJMHOXECTBO MHOKeCTBa Q.

Orcrona oueBuHO, 4TO (popmyna P(x;y,z) obiagaeT CBOWCTBOM He3aBHUCUMOCTH. ClieloBaTEeIbHO,
aNIeMEHTapHAas TeopHst anreOpandeckoi CTpYKTYpbl Q He SBISIETCS YIIOPS0YEHHO CTAa0HIIBHOM.

3ak/rouenme

O6orareHus TMHEHHBIX TOPSAKOB OTHOMECTHOM (PyHKITHEH MOTYT UMETh JOCTATOYHO CIIOKHYIO TEOPHIO,
B YaCTHOCTHM OHHU MOTYT 00JIajjaTh CBOMCTBOM HE3aBUCUMOCTH. Llenb manpHEHIINX MCCIeI0BaHUN — HAUTH
YCIIOBUSI, KOTOPBIE ObI 00ECIIEUNBAIIN YHOPSIOYCHHYIO CTA0MIIBHOCTD MOJJOOHBIX 000TallCHUH.
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AHBIKTAJIATBIH BIP OPBIH/IbIK ®YHKIUSIChI BAP ChI3BIKTBIK PETTEPIIH,
MBICAJIJIAPBI JKOHE TOYEJCI3AIK KACUETI

Anpmarna. Haktel cannapablH perTenreH epicin Oaiipity ymin JI. Ban gen Jlpuec enrisren sxone A. Ilmmnaii men Y.
CralilHXOpPHHBIH €pIKTi CBHI3BIKTBHIK PETTepre >KaJMbUIAaHFAH O-MHHUMAJJIBUIBIK TYXKBIPbIMAAMachl Naija OoiFaHHaH
KEHIH CBI3BIKTBIK PETTENITeH KYPBUIBIMAAP MOJEIbJEP TEOPHICH MaMaHAAPBIHBIH KbI3BIFYIIBUIBIKTAP LICHOEpiHAe
OCpiKk OPHBIKTBL. OPTYPJi aBTOPIAPAbIH C€HOCKTEPIHIC OJICi3 O-MUHHMMAIJIBIK, KBa3H-O-MUHHMAJJIBIK, OJICi3 KBa3u-
O-MHHUMAJIJIBIK, JII-MHUHUMAJJIBIK JKOHE PETTENTeH TYPAKTBUIBIK CHSKTHI O-MHHUMAJJIBIK YFBIMBIHBIH KONTEreH
Kambuiaynapsl naiiaa 6omapl. b.C. Baibxkanos nen B.B. BepOoBckuii peTTenreH TYpPaKTBUIBIK CHI3BIKTBIK PETTEITCH
KYPBUIBIM/IAp YIIIH )KOFapblia aTajiFaH O0apIiblK YFBIMIAap/Ibl KaIBUIAHTBIHBIH )KOHE PETTENTeH TYPAKTBUIBIK TOYEICI3IIK
KAaCHETIHIH JKOKTBIFBIHAH TYBIHAAUTHIHBIH Janenaeni. Onap coHzmai-ak Ke3 KENreH CHI3BIKTHIK PETTIH PETTEIreH
CYIepTYpaKTbl TeopHsickl Oap ekeHiH nanenzeni. B.B. BepOoBckuii perTenreH TypakThl PeTTi TONTapiabl 3epTTeli,
aran aiTKaHzia, OJapiblH KOMMYTATHBTI €KeHiH Janenjeai. bys skymbicta 613 Oip OpBIHIBI (YHKIUSIMEH CBHI3BIKTHIK
TOPTIN TEOPHSICHI KAHIIAJBIKTHI KYPAei O0dybl MYMKIH JIer€H CypakThl 3epTTeydl OacTailMbl3. ChHI3BIKTBIK PETTEIreH
KYPBUIBIMJIBI TOYEINCI3IK KackeTi 6ap Oip OpbIH/IbI PyHKIUSMEH OaibITy MBICAJIBIH KYPACThIPaMBI3.

TipeK €O3/1eP: CBHI3BIKTBHIK PETTEIIICH KUBIH, TdeJ’ICi?:I[iK KaCI/IeTi, YHap, pETTCIrCH TYPAKTbUIbIK, O-MUHHUMAJIJBIK.

Verbovskiy V.V.", Ershigeshova A.D.2
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“Suleyman Demirel University, 040900, Kaskelen
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EXAMPLES OF LINEAR ORDERS WITH A DEFINABLE UNARY FUNCTION
AND THE INDEPENDENCE PROPERTY

Abstract. After the appearance of the concept of o-minimality, which was introduced by L. van den Dries for expansions
of the ordered field of real numbers and generalized to arbitrary linear orders by A. Pillay and C. Steinhorn, linearly ordered
structures became firmly established in the circle of interests of specialists in model theory. Numerous generalizations
of the concept of o-minimality have appeared in the works of various authors, such as weak o-minimality, quasi-o-
minimality, weak quasi-o-minimality, dp-minimality, and o-stability. B. S. Baizhanov and V. V. Verbovskiy proved that
o-stability generalizes all the above concepts for linearly ordered structures and that o-stability entails the absence of
the independence property. They also proved that any linear order has an o-superstable theory. V. V. Verbovskiy studied
o-stable ordered groups, in particular, he proved that they are commutative. In this paper, we begin the study of the
question of how complex the theory of a linear order with one unary function can be. We construct an example of an
expansion of a linearly ordered structure with one unary function, which has the independence property.

Key words: linearly ordered set, independence property, unar, o-stability, o-minimality.
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MATHEMATICAL MODELING OF ACOUSTIC PROPOGATION THROUGH
AURALIZATION TECHNIQUES INSIDE ENCLOSERS WITH VARIATION
OF BOUNDARY CONDITIONS

Abstract. Registration of acoustic properties and auralization of enclosed spaces is becoming increasingly important.
In today's world, when designing or renovating historic buildings such as opera houses, churches and concert halls, it is
important to simulate sound propagation in order to preserve the original acoustic properties. In our article, we consider
the process of propagation of a sound wave in an internal three-dimensional non-stationary area, namely, the modeling
of acoustics in a concert hall. To do this, according to the given input parameters, initial and boundary conditions, the
distribution function of sound pressure in a given area over a period of time was determined. In the course of calculations,
we use a computing platform to implement the finite element method, as well as the finite difference method using an
explicit scheme as an example. On the basis of numerical results, we draw conclusions about the effectiveness of closed
space auralization methods, and also describe aspects of optimization and use of methods.

Key words: Mathematical model, acoustic propagation, boundary conditions, environment simulation, numerical analysis.

Introduction

Auralization is a powerful technique that allows us to experience and understand sound in a simulated
or virtual environment. Similar to visualization, which creates visual representations of data or scenarios,
auralization focuses on creating accurate auditory representations. By leveraging advanced acoustic modeling
and signal processing techniques, auralization provides a means to perceive and analyze sound in various
contexts.

The applicability of auralization spans across multiple domains, offering valuable insights and benefits in
several fields. One of its primary applications is in architectural and environmental acoustics. Architects and
designers can utilize auralization to predict and evaluate the acoustic properties of buildings, rooms, or public
spaces before they are constructed. By simulating sound propagation, reflections, and absorption, auralization
enables professionals to optimize the acoustic design, minimize noise pollution, and create immersive auditory
experiences.

In the field of audio engineering and sound production, auralization plays a vital role. Sound engineers can
use auralization techniques to simulate the acoustics of different recording spaces, such as concert halls or
studios. This enables them to make informed decisions during the production process, including microphone
placement, audio mixing, and effects design. Auralization also facilitates the evaluation of audio processing
algorithms and audio equipment by providing a realistic auditory representation of their performance.

Auralization finds significance in the realm of virtual and augmented reality (VR/AR) as well. By accurately
modeling sound propagation and spatial audio cues, auralization enhances the immersive experience in virtual
environments. It enables users to perceive sounds as if they were present in a particular location or scenario,
contributing to a more realistic and engaging VR/AR experience. This technology has applications in gaming,
training simulations, architectural walkthroughs, and other interactive virtual experiences.

Furthermore, auralization plays a crucial role in noise control and environmental planning. It aids in assessing
the impact of noise sources, such as transportation systems or industrial facilities, on surrounding areas. By
simulating and analyzing the propagation of noise, auralization helps policymakers and urban planners to
develop effective noise reduction strategies, optimize urban layouts, and create more livable environments.
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In summary, auralization offers a powerful tool for simulating and analyzing sound in diverse contexts. Its
applicability ranges from architectural and environmental acoustics to audio engineering, virtual reality, and
noise control. By leveraging auralization techniques, professionals can make informed decisions, optimize
designs, and create more immersive and pleasant auditory experiences in various fields.

Various phenomena are studied throughout the cross-relation of research areas. For instance, the authors
in [1] investigated the aural comfort which is negatively affected during a train’s passage through various
tunnel environments. In their study a middle ear finite element model was constructed in order to simulate
the dynamic responses with the pressure transients, and three indicators were analyzed to assess the severity
of aural sensations. Meanwhile, the authors in [2] discussed a new technique to produce fast and reliable
auralization methods with a computer code for room acoustics simulation using binaural room impulse
responses generation classic method. Authors successfully demonstrated a new technique using radial
basis functions type of artificial neural networks. Another recent study [3] presents a method derivation
for delivering a binaural auralization technique of the noise generated by a moving vehicle to response of
arbitrarily located moving listener (pedestrian). Authors integrated in a novel way a dynamic auralization
engine, enabling real-time update approach of the acoustic cues in the binaural signal delivered via headphones,
assuring that the reproduction of the synthesized signal is perceptually similar to one occurring on pedestrian/
vehicle interactions during situations of street crossing. Auralization methods continue to improve, becoming
one of the main elements for predicting the propagation of sound in space [4]. To simplify calculations and
improve visualization, acoustic modeling programs are developed and used, which contain algorithms for
auralization methods [5, 6]. Another work [7] provides insights into the fundamental concepts and techniques
of auralization. It discusses various auralization methods, such as geometric acoustics, wave-based methods,
and statistical models. The paper also highlights the applications of auralization in architectural acoustics,
virtual reality, and soundscape design. Some interesting insights could be found in [8], study that delves into
the theoretical and practical aspects of auralization. It covers the fundamentals of acoustics, sound propagation
models, simulation techniques, and algorithms used in auralization. The authors explore the applications of
auralization in architectural and environmental acoustics, room acoustics design, and audio engineering. At the
same time, authors of [9] presented a virtual sound environment system that combines measured and simulated
room impulse responses for auralization. The authors demonstrate the effectiveness of the system in creating
realistic auditory experiences in virtual environments. The paper discusses the integration of auralization
techniques in architectural and soundscape design. Focusing on urban sound planning and soundscape design,
the research paper [10] explores the use of auralization in analyzing and improving the acoustic environment
of urban areas. The authors discuss the integration of auralization with soundscape mapping and perception
studies to develop effective noise control strategies and create pleasant urban soundscapes. Some useful results
could be found in [11], where authors investigate the auralization of wind turbine noise to assess its impact
on the soundscape. The authors develop auralization models that accurately simulate the complex acoustic
behavior of wind turbines. The research highlights the importance of auralization in soundscape assessment
and its potential for informing noise mitigation strategies. Some findings that authors presented in [12] also
could be useful on the application of auralization in room acoustics design. Authors explore the integration of
auralization with virtual reality (VR) technology. The authors also propose a VR-based auralization system
that allows designers to experience and evaluate different room acoustic scenarios in an immersive virtual
environment. The study demonstrates the effectiveness of auralization in optimizing room acoustics.

Main provisions

3D modeling is used to create high quality models for cinema, video games, architectural visualizations,
design, and many other areas. Building 3D models can be done using various programs and tools such as
SketchUp, Blender, 3Ds Max, Autodesk Revit, and others. The 3Ds Max platform was chosen for our work. It
has a wide range of modeling tools such as primitive creation, polygon, mesh and surface manipulation, object
modification tools and others. In our case, simple objects were used to create a model to save computational
resources and simplify the process of building a computational grid. The model is shown in figure 1.
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Figure 1 — Visualisation of concert hall model

We have optimized our model shown in figure 1 for this computing platform in drawing format. The final
result of the model, to which the finite element method was applied, is shown in figure 2.

Surface: Total acoustic pressure (Pa)

Figure 2 — Model for the finite element method at the initial time

The direct problem consists of determining the pressure field in domain Q = [0,L,] x [0,Ly] x [0,L,] X

X [0, Trnax]. Further for setting up a mathematical model, we are implementing the equation of the plane wave
through the parametrized radius vector r(t):

P(#,t) = Pycos(wt — (E, 7) + @) (1)

Further we use the differentiation and take the partial derivatives with respect to all spatial variables,
obtaining the following mathematical model:

92P(Ft) _

= —w?2Pycos(wt — (k, %) + @) = —w?P (7, ). )
azgg,t) = —k2Pycos(wt — (k, 7) + @) = —kZP (7, t). 3)
E200 = —igPocos(wt — (K,7) + 9o) = —k3P 0. )
TEED — —k2Pycos(wt = (K.7) + po) = ~KZP(F,0). 5)
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We combine the equations (3), (4) and (5) obtained by the system into the following form:

32P(#t) | 32P(#t) |, 92P(#b) - \2 -
it ot = —(kZ+ ki +k2)PF ) = —(k) - P# D). (6)
From the equation (2) we note that:
-1 0%P(7,t) _ >
= T = P(7,t). (7)

By substitution the equation (7) to the resulting sum (6)
and replacing % = ¢, we get:

02P(Ft) . 3%P(#t) azP(F,t)_i 92P(#t) ®)
0x2 dy? 9z2  ¢2 otz

The following interpretation of the equation allows us to determine the value of the sound pressure at the
point (X, y, z) of the selected area at time t:

2 2 2 2
ZTIZ=CZ(ZT€+2—;+ZTZ),(x,y,Z)EQ. )

Here p(x,y,z,t)— the sound pressure, ¢ — speed of the sound.

Sound pressure is the force acting per unit area, arising in an elastic area in which an acoustic wave
propagates. It is measured in pascals (Pa).

The speed of sound is a constant value that determines the propagation speed of elastic waves in a certain
environment. The unit of measurement is the meter divided by a second (m/s). Thus Equation 9 is the final
equation for the model under consideration.

Next, we describe the initial conditions.For the pressure amplitude, we take the maximum value of sound
pressure that an orchestra can create. This value is calculated as follows:

L = 20log,, <%). (10)

Where: L = 100 dB is the maximum volume of the orchestra, Pspl = 20 uPa is the sound pressure level,
which advises the hearing threshold of a sinusoidal sound wave. Solving this equation with respect to P, we
obtain the value of the amplitude for the initial condition:

L
Py = Py, - 1020 = 2Pa. (11)

The angular frequency can be expressed in terms of the frequency of the sound of musical instruments (v)
using the formula:

w = 2mv. (12)

For our model, we used the balanced value of the frequency range of each instrument, which is presented
in Table 1, as the frequency. The phase shift for the wave oscillation equation is zero. Thus, the general form
of the initial conditions at these points are described by the following formulas at considered for various
frequencies according to the further Table 1:

P(x,y,2,t) =g = 2sin(2mvt) |i=o. (13)
aP(xy.z,
% li=g = —4mvcos(2mvt) |eo- (14)
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Table 1 — Initial conditions for instruments.

Instrument Frequency (Hz) P(x,v,2,0) dP(x,y,z,0)
—
Violin 1505 0 —6020m
Cello 1722,5 0 —68901
Flute 1270 0 —50807
Tube 1825 0 —73007
Piano 2136 0 —8544m
Xylophone 2000 0 —8000m

As noted earlier, the initial conditions are one of the main parts of the mathematical model since the
calculation starts from these values.

Materials and Methods

Boundary conditions can be represented in three different ways. Conditions of the first kind are represented
in the form of the Dirichlet problem, which determines the solution on the boundary of the domain, the second,
in the form of the Neumann problem, which determines the derivative of the solution at the boundary points,
and the third kind, Robin, which specifies the relationship between the desired function and its derivative.

In our case, using the absorption coefficients of building materials, we can determine what part of the sound
will be reflected from the boundary and remain in the system, and what part will be absorbed. Gypsum plaster
on walls absorbs 24% of sound, a concrete ceiling only 2%, and a carpeted concrete floor 27% [13].

In general, boundary conditions play an important role in mathematical models and make it possible to take
into account the influence of the boundary on the solution of the problem. Approximating our mathematical
model using an explicit scheme of finite difference method, we obtain the following expression:

n+1 n n—-1
ik — 2P+ Pl
At?
n n n n n n n n n
2 Pi+1jk_2Pijk+Pi—1jk+Pij+1k_2Pijk+Pij—1k+Pijk+1_2Pijk+Pijk—1
Ax? Ay? Az? ’

(15)

The indices "i, j, k" denote the coordinates of the grid nodes, and "n" represents the time step. After
transferring all unknown components to the right side of the equation, it becomes:

n n n
Piy1jk=2Piji+Pi—qji

Pl ak—2P P +P 1 —2P AP
j+1k ijkTij-1k ijk+1 ijkTVijk—1 _
+ + ,n=0. (16)

n+tl _ opn _ pn-1 2.2
Pjjx~ = 2P, — Pl + At°c ( Ax? 2 272

The procedure described above is carried out until the following condition became true:
|Phet — Pl | < e. (17)

L L

Stability condition:

CZAt?Z  c2At? . c2At?
< 18
IR 7 +—— =<1 (18)
Truncation error:
0(At?, Ax?, Ay?, Az?). (19)

For finite element modeling, we set a mathematical model that describes wave processes in the area where
sound propagates. Various parameters were considered, such as air temperature, sound speed, absorption
coefficients, as well as parameters of sound sources. For example, the amplitude and frequency of sound
vibrations. With this module, you can simulate a wide range of problems related to sound: sound propagation,
acoustic isolation, noise isolation, and so on.
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Thus, the use of a computing platform can be an effective tool for the analysis, optimization of structures
and systems related to acoustics, and visualization of sound propagation in three-dimensional space.

Results and Discussion

A small time step allows you to get results with greater accuracy. The initial conditions were set on the sixth
layer in height (stage height) and depended on the location of the instruments. Figure 3 shows the sixth vertical
slice at the initial time t=0. The scheme reached stability in 923 iterations (t=0.4615s). This method does not
take into account that the auditorium is an amphitheater. Also, the materials of the scene were not considered,
respectively, in the direction of the stage, the sound propagates with the same velocity as through the air. In
figure 4, you can see a graph showing the sound pressure at the end time in the sixth layer in height.
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0 5 10 15 20 25 0 5 10 15 20 25

Figure 3 — Sixth layer in height at t=0s Figure 4 — Sixth layer in height at t=0.4615 s

As can be seen in these figures, at the initial moment of time, the instruments that are sources of sound
concentrate the sound pressure in themselves. Then the instruments stop playing, the sound propagates from
the stage to the end of the hall, where condensation can be observed due to the fact that there is a reflection of
the sound, given by the boundary conditions. The graphs show pressure results in micro pascals [uPa].

The finite element method is a powerful tool for solving acoustic problems. The advantage of this method
is that it allows solving problems of complex geometry and inhomogeneous media. In addition, it allows one
to take into account various factors, such as reflection and refraction of sound waves at the interfaces between
areas. Let's consider the further propagation of sound in different periods of time until the moment when the
sound reaches the opposite stage boundary, shown in figures 5, 6.

Surface: Total acoustic pressure (Pa
P (Pa} Surface: Total acoustic pressure (Pa)

Figure 5 — Sound pressure at 0.02 seconds Figure 6 — Sound pressure at 0.06 seconds
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The figures show the wave-like nature of the sound, which is demonstrated by the color map. The blue areas
show the propagation of sound against the considered axis, and the red ones, on the contrary, in the direction.
After the waves reach the boundary, part of the sound is reflected, the pressure gradually spreads over the entire
area under study. In this case, the waves act on each other, forming areas with higher and lower pressure. This
is reflected by the intensity of the color in certain areas. Fragments with a brighter color reflect the highest
values, and dim - low values of acoustic pressure, as shown in figures 7, 8.

Surface: Total acoustic pressure (Pa) Surface: Total acoustic pressure (Pa)

Figure 7 — Sound pressure at 0.07 seconds Figure 8 — Sound pressure at 0.12 seconds

These mathematical methods can be widely used for auralization, allowing you to select materials for
construction, the location of sound sources and take into account all the interactions of waves with surfaces.
Judging by the graphs, we can say that the results of the methods are similar, but the finite element method
considers the direction of sound at a certain point, and the finite difference method considers only the sound
pressure value at this point. Numerical values in both cases give close results, which allows us to conclude that
both of these methods are accurate enough to be used as auralization methods and study the wave equation.
Based on the features of the approaches, we conclude that the finite element method allows taking into account
more factors, but at the same time spends more computational resources, while the finite difference method is
less accurate in terms of aspects that affect the behavior of acoustic waves, but it spends significantly less time.
The choice of one of these two methods depends on the objectives of the work to be achieved.

Conclusion

The use of mathematical and computer methods in the auralization of acoustic modeling of enclosers is an
effective and promising direction in the field of sound design and acoustic engineering. In the work, various
methods of auralization were considered, such as the finite element method, finite difference method. The
advantages and disadvantages of each method are described, as well as examples of their application in the
auralization of a closed space. It has been shown that the use of computer methods can significantly increase
the accuracy and speed of auralization techniques implementation, as well as reduce computational costs.

Based on the data obtained, we conclude that the simplest implementation is one of the finite difference
methods - an explicit scheme. This method allows you to get sufficiently accurate results applicable to sound
modeling, with minimal time. The finite element method is also a good tool for acoustic problems, but it
requires more time and computational resources.

In this work, only a part of the mathematical methods was studied, and the results obtained require further
study and practical application. Thus, it can be concluded that mathematical and computer methods are an
integral part of the auralization of closed spaces, and their implementation allows achieving high accuracy and
efficiency in solving problems of sound design and acoustic engineering.
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INEKAPAJIBIK INAPTTAPABIH O3I'EPYIMEH IHEKTEY IINTHAEI'T IbIBBICTBIH
TAPAJIYBIH AYPAJIN3ALUSA KYPAJIIAPBI APKbIJIbI MATEMATUKAJIBIK MOJAEJIBAEY

Anmarna. AKyCTHKaJIbIK KaCHETTEp/l TIpKey >KoHE >KaObIK OpbIHXKaWIapbl aypaiu3anysuiay MaHbI3Ibl Oona Tycyze.
Kasipri ke3ze orepa Tearpiapsl, MIpKeyJIep KoHE KOHLEPT 3aj1apbl CHAKTHI TApUXHU FUMaparTap/bl xobaay Hemece
KalTa Kypy KesiHjae OacTamnkpl aKyCTHKaJbIK KaCHETTEePJi CaKTay YIIIH JbIOBICTBIH TapasyblH MOJEINbACY MaHbI3/IbL.
biznin makanaaa 613 JbIOBIC TOJKBIHBIHBIH IIIKI YIII ©JIIIEM/Ii CTAMOHAPIIBIK eMeC aliMaKTa Tapajly MpOoLECiH, HaKThIpaK
aliTKaH/la KOHLEPT 3ajbIHIarbl aKyCTHKaHbI MOAEJbIACYAl KapacTblpambi3. O yiiiH OepiireH Kipic mapamerpiepi
OoifbIHIIa OacTanKpl JKOHE LIeKapalblK INapTTapibl NaljaiaHa OTBIPHIN, Oenrii Oip yakblT apaiblFblHIa OeplireH
afiMaKTarbl JIBIOBICTHIK KBICBIMHBIH Tapaily (GyHKUUsCHl aHbIKTa bl Ecenteynep Oapbichinaa 0i3 akbIpibl 2JIEMEHTTED
QJIICIH JKY3€ere achIpy YIIiH ecenTey maropMachiH, COHIai-aK aliKbIH CXeMa MBICAJIbIH 1A aKbIPIIbI Al bIPBIMIBUIBIK S11CIH
KonnaHaMbl3. CaHIBIK HOTHIKENEpre CyHeHe OTBIPHIN, 0i3 jkaOblK KEHICTIKTI aypajau3auysuiay oJIICTEPiHIH THIMIUIIT
TYpaJjibl KOPBITBIH/IBI )KacaiMbI3, COHBIMEH KaTap 9/iCTep/i OHTaWIaHAbIPY MEH KOJIIaHy acleKTiJIepiH CUIATTaiMBI3.

TipeK co3aep: MaTeMaTI/IKaJ'II)IK MOJCIJIb, aKYCTUKAJIBIK Tapally, HICKapaJblK MIapTTap, KOpularal OopTaHbl MOACIBIALY,
CaHJBbIK TaJiaay.

Cununna A.B.", IIxaii }0.A.!, Ykacosa A.K.!, Autonuno Kanconu?

'Kazaxcrancko-bpuranckuii rexanueckuii ynusepcutet, 050000, r. Anmatsl, Kasaxcran
? [lonurexunyeckuii yHuBepcuteT Munana, Munan, Utanus
*E-mail: a.sinitsa@kbtu.kz

MATEMATUYECKOE MOJIEJIMPOBAHUE PACIIPOCTPAHEHMUS 3BYKA C IIOMOIbIO
CPEJICTB AYPAJIM3ALIMU BHYTPHU OT PAHUYEHUS C BAPHALIMSIMUA T'PAHUYHBIX
YCJOBUU

AHHOTalIl/ISI. PeFI/ICTpaHI/IH AKYCTUYCCKUX CBOICTB U aypaju3alnunsd 3aKpbIThIX HOMeHIeHI/Iﬁ npnoGpeTaloT Bce Oosblee
3HaucHue. B COBPEMCHHOM MHPE MPU IMMPOCKTUPOBAHUUN UJIN PEKOHCTPYKIIUU UCTOPUUCCKUX BHaHHﬁ, TaKUX KaK OICPHbIC
TCaTpbl, HEPKBU U KOHUCPTHBIC 3aJIbl, BA)KHO CMOACIMPOBATH PACIIPOCTPAHCHHUE 3BYKa, YTOOKI COXPAaHUTDb IICPBOHAYATIBHBIC
AKyCTUYCCKUC cBoiicTBa. B Hamiell crarbe Ml paccMarpuBacM IMpoHeCcC pacHpoCTpaHCHUA 3ByKOBOﬁ BOJIHBI BO
BHyTpeHHeﬁ TpeXMepHOﬁ HeCTaHHOHapHOﬁ O6J'IaCTI/I, a UMCHHO MOJCJIMPOBAHNEC aKyCTUKHU B KOHIICPTHOM 3aJIC. ,Z[J'ISI 9TOro
0 3aJaHHBIM BXOJHBIM IapaMeTpaM, Ha4YaJIbHbIM U I'PaHUYHBIM YCJIOBUAM OblIa orpeacicHa (byHKI_[I/IfI pacrnpeacicHus
3BYKOBOT'O JaBJICHHS B BaﬂaHHOﬁ obnactu 3a nepuog BpEMCHHU. B XO0AC€ pacye€TOB MbI HUCIIOJB3YEM BBIYUCIWUTCIILHYIO
rmaT(bopMy UTA pean3aliui METOAa KOHCUYHBIX 3JIEMCHTOB, d TAKKE METOJ KOHCYHBIX paBHOCTeﬁ Ha OpumMepe SIBHOM
cxeMbl. Ha ocHOBe YMCIIEHHBIX PE3YyIbTATOB MBI 1€JIa€M BBIBO/bI 00 3(1)(1J€KTI/IBHOCTI/I METOHOB aypaln3aliu 3aMKHYTBIX
OPOCTPAHCTB, a TAKKE OIMUCHIBACM ACIICKTHI ONITUMU3ALNU U UCIIOJIB30BaHUA METOOB.

KuroueBble ci10Ba: MaTeMaTH4YeCcKasi MOJEIb, aKyCTUYECKOE PACIPOCTPaHEHHE, TPAHUYHBIE YCIOBUS, MOJCIUPOBAHNE
OKpY>KaroIllel cpeJibl, YUCIECHHBIN aHaIu3.
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HIEJIEK KOCAJIKbI CTAHIIUACBIHBIH AEPBEC TYTBIHYIBIJIAPBIH DOHEPT USSIMEH
KAMTAMACBI3 ETYI'E APHAJIFAH K¥YPAMAJIbI KYH-KEJI KOHABIPYBIJIAPBIHBIH
KY¥MBIC PEXKUMIH BAFAJIAY )KOHE BAKBIJIAY

Anpnarna: [TapaGonoIIHHAPIIIK KYH KOHIICHTPATOPbI )KOHE TOPHU3OHTAIIB/IBI JKEJI TEHEPATOPBI CEKLIII OPTYPIIi TYPJIepiH
OIpIKTIpeTiH KypamaJibl aHFBIPTHUIATHIH SHEPrHsl XKyHeJIepiH MaiijianaHy apKbUIbl KyaTThUIBIKTBI apTThIPY, XKYHEHIH
TYPAKTBUIBIFBIH JKAKCAPTY JKOHE CEHIMJLTIKTI apTThIPy TYPFBICHIHAH KONTEreH apThIKIIBLIBIKTAp/bl KaMTaMachl3 €Te
anaznpl. KyH MeH ken pecypcTapbiHbIH OipiH-0ipl TOJIBIKTBIPATHIH CHIIATBIH MaiilaniaHa OTHIPBIN, MYHJAAH Kypamaibl
JKylenepl apKpUIbl TYpaKThl JKOHE CEHIMII KyarT Ke3iH KaMTaMachl3 €T€ ajaThIHbIMbI3 aHBIKTaNaibl, OyJI JereHimMi3
TYPaKThl DHEPIeTHKAIBIK OONAIIaKKa BIKMAT €Tei. OJIEM SHEPrHsi OHIIPICIHAC HEFYPJbIM TYPAKThl JKOHE KachUl
SHEPrHsl KO3KApachlHA KOIIKEH CailblH, Kypamaibl KYH-)KeJ KOH/BIPFbIIAPHI 1epOec TYThIHYIIbIIAP/IbIH SHEPreTHKAIBIK
KQKETTUTIKTEPIiH KaHaraTTaHAbIpy YIUIIH MHHOBALMSUIBIK IHeuriMre aiHaiael. Kypamanbl KyH-)Keil KOHABIPFbLIAPHI
JOCTYPITI DHEPrUsl Ke3[AepiHe KOKETIMAUIIK IICKTeY/ Il HeMece CEHIMCi3 0OMybl MYMKIH aBTOHOMJBI HEMECE IIaiFai
aylaHjiap YIIH eTe KOJaiibl. ABTOHOM/bI HEPreTHKAJIBIK JKYHENepl JIEKTP PHEPrUsChIMeH KaMTaMachl3 eTy YIIiH
oJapiabIH Oipereil epeKIeTiKTepiH, apThIKIIBLIIBIKTAPBIH KOHE QJICYSTTI KOJAaHOalapblH 3€pPTTEi OTHIPHIN, aepbec
TYTBIHYIIBLIAP YILiH apHaibl 93ipJCHIeH Kypamaibl KYH-)KeJl KOHBIPFbUIAPBIHBIH TYXKBIPhIMAAMAChl KaPaCThIPBUIIbI.

Tipek co3nep: Kypamalibl )KaHFbIPTHUIATBIH SHEPTHsl KO3/Iepi, NapaOoialMIIMHPIIIK KYH KOHIIEHTPATOPbI, TOPU30HTAIIbIbI
JKeJl TeHepaTophbl

Kipicne

JKaHFBIPTHIIATEIH SHEPTUS KO3JEpPiHE CYPaHBIC JKbUIAAH JKbUIFA apTHIN KeJlie KaTKaHABIKTaH, KypaMaibl
KYH-KeJT KOHABIPFBLIApEl aBTOHOMBI TYTHIHYIIBIIAPABIH SHEPTETUKAIBIK KOKETTIIIKTEPiH KaHAFaTTaHIbIPY
YIIH NEpCIEeKTUBANbBI MISIIIM Heri3iHae KaOobuimanabl. KakeTTi KoHAbIpFbIIapaAa napadooluInHAPIIK KYH
KOHIIEHTPATOPJIAPBIMEH JKWHAIFaH KYH YHEPTHACHIHBIH KyaThIH KOJIJCHEH JXeJl TeHepaTopaphl MIbIFapaThiH
KHHETUKAJIBIK YHEPTUAMEH OipiKTipesi, HOTIKECIHAE eKi KO3/l AEeKTPMEH JKaOIbIKTay KyHeci THIMII jKoHe
CeHiMai Oomabl.

Kypamansl KyH-Kenm KOHIBIPFBUIAPBIHBIH OipKaTap apTHIKIIBIIBIKTApEl 0ap, COHBIH IMIIHAE JHEprus
OHJIIPYAl apTTHIPY, JKYWEHIH TYPAKTBUIBIFBIH apTTBIPY >KOHE IOCTYPHIl DHEpPrus Ke3AepiHe ToyelIimiKTi
azaiity. [lapabomommmuHAPIIK KYH KOHIIEHTPATOpIaphl MEH KOJJIEHEH el TeHepaTOPJIApBIHBIH Oipereit
epeKIIeNKTepiHe, COHIali-aK OJapIblH aBTOHOM/IBI HEMECE IajFail ayTanaapAsl SJIeKTPMEH KaMTaMachl3 €Ty
YIIIiH 9JIeyeTTi KOJIIaHbITybIHA Ha3ap ayJapa OThIPHIIT, aBTOHOM/IBI TYTHIHYIIBUIAP/IBI SHEPTUAMEH KaMTaMachl3
eTyre apHaJFaH KypaMaJbl KYH-KeJl KOHIBIPFbUIAPBIHBIH TYKBIPBIMIAMAaChl KapacThIPBLIA B

JKaHFBIPTHIIATEIH YHEPTHS KO3/EPi CEKTOPBIHBIH 6Cyl MEH JaMYBIHBIH HET13T1 MiHE3/IeMenepi:

* JKaHFBIPTHUIATHIH SHEPTUS OHIpici PU3UKANIBIK KOHE TAOUFU OpTara a3 acep eTel, SpTyp:i JanamadT-
Tapra OeifiM/Iere 1l JKoHe KOMIp IEKTpP CTaHIHUSIapbIMEH CANTBICTRIPFaH/a HHQPAKYPBUIBIMFA TOMEH TalanTap
KOSITIBI;

* OPTaJBIKCHI3AAH/BIPBIIFAH KAHFBIPTHUIATBIH SHEPTHUS OHIPICI CEHIMII KOHE 3KOJOTHSUIIBIK TYPAKTHI
TYPAE MI6Jl XKOHE Taylbl alMaKTap/bl, TAOUFH KOPBIKTAP/AbI JKOHE epeKIe KOpPFajJaThblH ayMaKTapasl Koca
aJFaH/a, MajFai )KoHe a3 KOHBICTAHFaH ayAaHJapAarbl aybUTABIK XKOHE [IaFbIH KOCITOPBIHIAPIBIH YHEPTHSFa
JIETeH KOKETTUTIKTEePiH KaHAFaTTaHIBIPyFa KOMEKTECEeIi;
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* JKaHFBIPTHUIATHIH DHEPTHUS CallaChIHAAFBI JKOOAIAPbl iCKEe achlpy QJIEYMETTIK JKOHE ayMaKTHIK JamyFa
acep erei, acipece aybUIIBIK Kepiep/ie JKYMBIC OPBIHIAPhIH KYpyFa, 0acka /1a YKOHOMUKAJIBIK, TTali1a oKeryi
MYMKIiH;

* JKaHFBIPTHUIATHIH PHEPTHS OHIIPETIH HbICAHAP JSCTYPIIi SHEPTUsl TeHePaTOpIapbIMEH CabICThIPFaHIA
TEXHHUKaJIBIK KbI3MET KOPCETY IIBIFBIHIAPBIH a3 Tajar eTeli.

3eprreyaid MakcaThl. Kypamaisl KyH-Kell KOHIBIPFBUIAPHI apKBUTBL AepOec TYTHIHYIIBUIAP bl SHEPTUSIMEH
KamTaMachi3 ety, Nasa Power Data Access Viewer Oarnapiamachl asiCbIH/Ia 3€pTTEY

3eprreyaid HeicaHbl. Lllenex KocanKpl CTAaHIUSACHIHBIH IepOeC TYTHIHYIIBLIAPHI.

3eprTeyaiH TeopusIbIK KyphUIbIMBL. lllenex aiimarbiHIarbl jaepOec TYTHIHYIIBUIIAPABI YHEPTHSIMEH
KaMTaMachI3 €Ty YIIIiH JKeJI )KOHE KYH SHEPTUSCHIH OHIIPY/AiH JI€yeTi, KOJIaHyAbIH TEXHUKAIBIK MYMKIHIIKTEepi
KapacThIPBLUI/IBL.

MarepuaJjgap :xoHe dicrep

NASA-ub1H Xep Typaibl FEUTBIM CalaChIHIaFbl MAKCATHI — JKep KyHeciH 0alKay, TYCiHy )KoHE MOICIBCY,
OHBIH KaJaii e3repeTiHiH 01Ty, e3repicTepi )kaKkchl O0IpKay jKoHE kKep OeTiHeT TiPIITIKTIH calJapblH TYCiHY.

«OJEeMIIK SHEPreTUKAIIBIK pecypcrapasiH 0omkxaMbn (POWER) sxo06achl KaHFbIPTHUIATBIH SHEPT Usl KO3/1epi
OolibIHIIIA aFBIMIAFb] IEPEKTEP KUBIHTBIFBIH JKaKCaPTy JKOHE JKaHa CITyTHHUKTIK JKyHeep/ieH KaHa AepeKTep
JKUBIHTBIFBIH KYPY YIIIH 0acTaMambuiblk xacanrad. POWER jko0acer ymn maiimanaHymisl KaybIMAACThIFbIHA
OarprTTanFad: (1) >KaHFBIPTHUIATHIH PHEPTHS KO3/1epi, (2) TypakThl FUMaparTap >koHe (3) arpoKIMMaToIoTHs

(1-cyper).

® @ Marmcrpant| X % POWER|DataAc Google Mepesox # Apxus bosoBHon, X

C @ powerlarc.nasa.gov/data-a

i Cepowcn M Gmail = YouTube € Map wnete BB Annexc P METOAVMECKMEY... HI® IHAN - OPY... [} Kak swinenuro npuc.. @ Kaprat B Mepesecm

Enbekshikazakh skiy
tayon
Talgarskiy ;

Almaty

@ POWER Single Point - B X
1. Choose a User Community

Renewable Energy v

2. Choose a Temporal Average
Daily ~

3. Enter Lat/Lon or Add a Point to Map

9 433

& 24°C Cloudy

Cypert 1 — lllenex aitmareia Nasa Power Data Access Viewer OarmapiaMaceIHIa 3epTTEy

Nasa Power Data Access Viewer (DAV) Be6-kapra Ko1aHOAChIHA )KaHFBIPTHUIATBIH SHEPT U KYHeJIepin
Oaranay >koHe o0anay YIIiH TYKbIPbIMJIAIFaH KYH SHEPTUsAChIHA, METCOPOJIOTHSIFA KOHE OYIITTapFa KaTbICTHI
TeOKEHICTIKTIK mapameTpiep Oap. Power gepextep myparaThl BeO-KapTa KoJaHOAChIHAH THIC KCHEUTINIETIH
KOHE aKpIpaMac Oipkarap KpI3METTEp apKbUIbl KospkeTimai 0osnaasl. POWER op Typii MoTiHAIK, KECTEiK,
TEOKCHICTIKTIK JCPEKTEp KUBIHTBHIFBIH KOHE MaiaNaHyIIbuIap Of1aH 9pi eHAeY, Talaay KOHEe BU3YyaTH3aLus
YIIiH Maigananyisl OaraapiaMaiblK jKacaKTaMachl MEH KOCBIMIIANAPbIHA KYKTEeH koHe OipiKTipe ajaThlH
(aiinmapap! YChIHAIBL.

Ocpsl aranran OarmapinaMaza ainsiaFa HoTmkenep MathCAD opraceiH/ia 1a @HIene .

Horunxesiep MeH TajakblIay

Nasa Power Data Access Viewer Oarmapiamachkl apkbuibl [llenex aliMaFbIHBIH KYH JKOHE JKEJ DJIEKTP
CTaHIMSIIApbI OOMBIHINA ©31Mi3re KaXeTTi ManiMeTTepre rpadukrep (2—3-cypeTTep) ®KoHe KecTelep albIHIbL.
Conbimen Karap Lllenek alimarpina cansicTeipmansl Typae Kenray aiimars! (TypkicTan o0bickr) MeH XKananarr
aitmarsl (Kp13pmmopia o0OIIbICk!) MOTIMETTEPIH CalbICTRIPY 1, 2-KecTenep Heri3iHe KOPCeTU .
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2 METPp KallbIKTBIKTAaFbl MAKCUMYM TEMIICpATypa

40 40
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Cypert 2 — Illenex aiiMa¥rbl YIIiH aIbIHFAH MAIIIMETTEP

Kecre 1 — Aiimakrap OOifBIHIIIa OpTaIIa MOHAEP1

Aiieie oprama kyraepi | 15.01.21]15.02.21]15.03.21 [ 15.04.21 [ 15.05.21 [ 15.06.21 [ 15.07.21 [ 15.08.21

Ilenex atimarsl

Oprama moni (kBrcar/m¥kyn) | 0,36 | 12,66 | 3,15 | 2127 | 1396 | 268 | 29,54 [ 19,75

KenTay aiimarsl

Oprama moui (kBrear/M¥kyn) | 2,51 [12,79 | 7,13 | 194 [ 23,73 [ 29.82 | 27,72 | 25,19
JKamaranr aiiMarsl
Oprama moui (kBrear/Mkyn) | -3,01 | 1,08 | -1,16 [ 19,61 [ 2929 [ 3504 | 28,86 | 2848

Kecre 1 (xanracer) — AliMakTap OOMBIHIIIA OpTaIIa MaHAEPI

A¥izibIH opTama KyHepi 115.09.21]15.10.21 [ 15.11.21 | 15.12.21 [ 15.01.22 | 15.02.22 | 15.03.22
[lenex aitmarbl
Oprama MoHi (kBrcar/M*/KyH) | 2973 | 193 | 146 | 089 | 866 | -371 | 565
Kenray aitmarsl
Opranra MoHi (kBrcar/M*/kyH) \ 30,73 \ 17,14 ‘ 1,8 ‘ 2,2 ‘ 4,2 ‘ -3,84 ‘ 7,53
JKanaram aiiMarsl
Oprana moHi (kBrcar/m¥/kyH) | 30,58 | 1831 | -0,12 | -047 [ -1,09 | -163 | 274

10 MeTp KaIIBIKTBIKTAFbI e KbIIIAMIBIFbI

mfs
(Days)

Cyper 3 — Illenex aiiMarpl YIIiH aJbIHFAH MOJIIMETTEP

Kecre 2 — Alimakrap 0oiibIHIIIa opTaiia MoHEpi

AifIpIH OpTama KyHuepi [15.01.21 [15.02.21 [15.03.21 [15.04.21 [ 15.05.21 [15.06.21 [ 15.07.21 [ 15.08.21

Ienex atiMarsl

2,57 [245 2,99

Oprama moni (kBrear/m¥/kyn)  [5.81  [334  [328  [291 2,69

KenTay aitmaret

Oprama moni (kBrear/m¥/xyn)  [11,26 232 [519  [514  [1244 [1051 [475 |76

JKamaram aliMarel

552 [2,73 5,05

9,54 3,51 1302 7,05

Oprara moHi (kBtcar/M?/kyH) 7,27
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Kecre 2 (xanracer) — Aiimakrap OOWBIHIIIA OpTaIla MOHICPI

Aiieie oprama kyraepi | 15.09.21[15.10.21 [15.11.21] 15.12.21 [ 15.01.22 | 15.02.22 | 15.03.22
[lenex aitmarsbl
Opramra moHi (kBrcar/M*/kyH) ‘ 3,32 ‘ 2,63 ‘ 4,62 ‘ 3,0 ‘ 4,67 ‘ 4,63 ‘ 4,34
Kenray aitmarbl
Opramra maHi (kBrcar/M*/kyH) ‘ 3,26 ‘ 7,11 ‘ 4,55 ‘ 4,2 ‘ 5,91 ‘ 3,14 ‘ 4,85
JKanaram aiimarbl
Oprama moni (kBrear/m¥xym) | 293 | 575 | 332 | 316 | 577 | 348 | 382

Barnapiama apKplIbl CalbICTBIPY HOTHKEC JKY3€re achIpbUIIbL.
NASA POWER ACCESS Oargapnamachkl apKplibl anbiaFad Jepektep OoiibiHma MathCAD opraceizna
4-cyperTe ecenTey KYMBICTaphl )KYPri3isii.
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Cyper 4 — MathCAD oprackiaia ecentey 6apbiChl

Hormxkenep 6oiipiama NASA POWER ACCESS 6arnapiamacel apKeuiel ansiaran aepekrep MathCAD
OPTACBIH/A AJIbIHFAH JEPEKTEPMEH COHKEC Kei.

KopbITbIHABI

3epTTey KYMBICHI OapBICBIHIA 3JIEKTP dHEPTeTHKACHIHIAFBI Ka3ipri yaKbITTarsl HETI3r1 Macenenepain Oipi
— JKaHFBIPTBIIATHIH HEPTHSA KO3/epl apKbUIbl 3JEKTP SHEPTUSACHIH THIMII OHAIPY, COHBIMEH Karap aepoec
TYTBIHYIIBUTIAP/IbI SHEPTUSAMEH KaMTaMachl3 €TyTe apHaJiFaH KypaMaibl KyH-KeJl KOHIBIPFbUIAPBIHBIH )KYMBIC
pexuMiH Oarajay 3epTTeNIi.

Kypamanbsl KyH-Kel SJeKTp CTaHIUSIIApBl SJIEKTP HSHEPTHsICHIH OHIIPYOIH CEHIMII JKOHE TYPaKThI
JKYHWECIH KaMTamachl3 eTeTiH OipHelne Ke3Aep/AeH albIHAThIH >KAaHFBIPTHIIATHIH HEPTUSHBI NaiiiaJaHyIbIH
TIepCTIEKTUBAJIBI TIeTTiMi 00T TabbiIanbl. KyH MeH ke SHepTHACHIHBIH KOCHIHBICHI 0ip-0ipiH TOMBIKTHIpA
aajbl, YHEPTHA OHJIIPICIH OapbIHINIA ApTTHIPAIBI.

Bipinmri 3amMaHay¥ )KaHFBIPTBUIATHIH SHEPTHS KO37epiHe Moy KoHe coHbIMeH Karap Lllenex aliMarbIHIars!
nepOec TYTHIHYIIBIIApABI YHEPTUAMEH KaMTaMachl3 €Ty YIIIH JKeJ JKOHE KYH SHePTHICHIH OHAIPYIiH SJIeyeTi,
KOJTAHYIIBIH TEXHUKAJBIK MYMKIHIIKTEepi KapacTeIpbuiael. Nasa Power Data Access Viewer Oarmapiamacsl
asiceiaga lllenex aliMarbIHBIH KYH JKOHE JKeJl OOWBIHINA SHEPTHs OHJIpYre Ka)XeTTI MAIIMETTepi aibIHIbI.
barmapnama "Herizinae KazakcTranHbIH 3 aitMaFbIH CATBICTRIPY HET131H/IE KYH aFBIHIAPHI )KOHE OFaH OaIaHBICTHI
OapiBIK MapamMeTpiep, OpTypil OHIKTIKTETI KyH TeMIleparypaiaphl KoHE T.0. mepektep eoHaemndi. AJbIHFaH
nepekrep oovipama MathCAD opTtaceina ecenTey >KyMBICTaphl KYPTi3ii.
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KopbiThiHabLIaR Kene, Kypamalibl KYH-Kell SJIEKTP CTaHIMSIapbl KyaT Kod((HUIMEHTIHIH KOFapbulaybl,
KEJIHIH MHTETrpalusChIHBIH KaKcapybl )KOHE KOpLIaFaH OpTaFa a3 9Cep €Tyl CHSKTBI apThIKIIBLIIBIKTApAbI

¥CbIHA aJ1aJbl.

KYH MCH JKCJI TCXHOJIOTHUAIAPbIHBIH Y3,Z[iKCi3 HWHHOBalUAJIapbl MCH UHTCIrpaliusAChL I‘I/I6pI/I,Z[Ti myﬁenepz[iﬂ
AaMybIHA JKQHC OJIapAbIH sneyeTiHe Ta3a JKOHC TYPAKThl SHCPIrus eHz[ipyre bIKIIAaJI €TC OTBIPBHIIIL, 6onama1<
OHEprus Ka)KeTTiJ'IiKTepiH KaHaraTTaHAbIPpyda MaHbI3AbI POJI aTKapa ajJa/bl.
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ASSESSMENT AND MONITORING OF THE WORKING MODE OF COMBINED SUN-WIND
UNITS FOR SUPPLYING INDEPENDENT CONSUMERS WITH ENERGY OF THE CHELEK
SUBSTATION

Abstract: The use of hybrid renewable energy systems combining various types of renewable energy technologies, such
as a parabolocylindrical solar concentrator and a horizontal wind generator, can provide many advantages in terms of
increasing power, increasing the stability of the system and increasing reliability. By leveraging the complementary nature
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of solar and wind resources, we discover that we can provide a stable and reliable source of energy with such combined
systems, which means that we are contributing to a sustainable energy future.

As the world has moved towards a more sustainable and environmentally friendly approach to energy production,
combined solar and wind installations have become an innovative solution to meet the energy needs of autonomous
consumers. Combined solar wind turbines are ideal for autonomous or remote areas where access to traditional energy
sources may be limited or unreliable. Having studied their unique features, advantages and potential applications for
providing electricity to autonomous energy systems, the concept of combined solar and wind installations developed
specifically for individual consumers was considered.

Key words: hybrid renewable energy sources, parabolacylindrical solar concentrator, horizontal wind generator.

Kakaraii A.B.*, Koiimuen T.K.

Kazaxckuit HanMOHANBHBIA YHUBEPCUTET UMeHH anb-Dapadu, 050040, r. Anmarsl, Kazaxcran
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OILIEHKA Y KOHTPOJIb PEXKUMA PABOTHI T'MBPUIHBIX COTHEYHO-BETPOBBIX
YCTAHOBOK, NPEJJHA3SHAUEHHBIX JIJISI SHEPTOOBECIIEYEHUSI ABTOHOMHBIX
NOTPEBUTEJIEN INEJEKCKOM MOJACTAHIIMA

AunHoranust. Mcrosp30Banne THOPUIHBIX BO30OHOBIISIEMBIX SHEPTETHUYECKUX CUCTEM, COUYETAIONIMX B ceOe pasinvHbIe
TUIB TEXHOJOTHI BO30OHOBISIEMOM SHEPrUM, TAKMX KaK MapaOONOMIHHPUUECKUI COTHEUHBIH KOHIEHTPATOP
U TOPHU30HTAIBHBI BETPOTEHEPATOP, MOXET OOECHEeYUTh MHOKECTBO MPEUMYIIECTB C TOYKH 3PCHUS YBEIUUCHHUS
MOII[HOCTH, TOBBINICHHS YCTONYMBOCTU CHUCTEMbI U TOBBIIMICHUS HAJEKHOCTH. VCMONB3ys B3aMMOIOMOIHSIFOLIMN
XapaKTep COJIHEYHBIX M BETPOBBIX PECYPCOB, MbI OOHAPYKUBAEM, YTO MOXKEM O0ECIICUHTh CTAOMJIBHBIA U HAIEKHBIN
HUCTOYHUK YHEPTUH C MOMOIIBIO TAKUX KOMOMHHPOBAHHBIX CUCTEM, 3TO 03HAYAET, YTO MbI CIIOCOOCTBYEM yCTOHUHUBOMY
9HEPreTHYECKOMY OyIyILEeMYy.

IMo mepe TOro, KaKk Mup mepeuien K 0ojee yCTOWYMBOMY U DKOJOTHYHOMY MOJAXOAY K IMPOHM3BOJCTBY IHEPTHUH,
KOMOWHHMPOBAHHBIC COJIHEYHbIE W BETPOBBIE YCTAHOBKM CTalM HMHHOBAIIMOHHBIM PEIICHUEM JUIS YAOBIECTBOPEHHUS
9HEPreTUYECKUX MOTPEOHOCTEeN aBTOHOMHBIX MOTpeduTenel. KoMOMHUPOBaHHBIC COJHEYHBIC BETPSHBIE TYPOHUHBI
UJICATIBHO MOJAXOJSIT JUISl aBTOHOMHBIX WIJIM YIAJIEHHBIX PAOHOB, Tl AOCTYI K TPAJAUIHOHHBIM UCTOYHUKAM DHEPIHU
MOXET OBITh OrPAHUYCHHBIM HJTH HEHAJIEKHBIM. VI3yunB X YHUKATbHBIE 0COOCHHOCTH, PEUMYIIECTRA U TIOTEHIHATEHOE
[IPUMEHEHHE [T 00ECIIEUeHUsI DIEKTPOIHEPrHell aBTOHOMHBIX SHEPIeTHUECKUX CUCTEM, ObLJIa PACCMOTPEHA KOHIICIIIIHS
KOMOWHHMPOBAHHBIX COJIHEYHO-BETPOBBIX YCTAHOBOK, pa3paboTaHHas CIICIUAIBLHO JUTS HHMBUAYAIbHBIX TOTPEOUTEICH.

KiaioueBbie cioBa: FI/I6pI/I}_'[HBI€ BO300HOB/ISIEMBIE HMCTOYHUKHU OHEpruu, Hapa60ﬂaHPIJ1PIHHpI/I‘leCKHﬁ COJIHEYHBII
KOHIOEHTPATOop, FOpH3OHTaJ’ILHHI71 BETpOreHeparop.
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THE SENSING PERFORMANCE OF SURFACE-MODIFIED POROUS SILICON
GAS SENSORS FOR NON-POLAR GAS DETECTION

Abstract. Gas sensors are important devices in various industrial and environmental monitoring applications. Toluene
and chloroform are harmful non-polar gases that are produced in various combustion processes and are associated
with air pollution and respiratory diseases. Porous silicon (PS) has shown promising results as a material for ammonia
and ethanol gas sensing applications. However, there is potential for further improvement by optimizing their surface
properties for non-polar gas sensing applications. Chemical treatment has been widely utilized to modify the surface
characteristics of materials, including semiconductors, for various applications. We have deposited nickel (Ni) layer on
PS surface using chemical treatment. In comparison to the PS sample, it was discovered that the Ni-deposited PS sample
was more sensitive to 0.1 ppm concentrations of non-polar toluene and chloroform vapours, increasing from 1% to 39%
and 32.6%, respectively. This study provides valuable insights into the surface modification techniques for enhancing the
performance of gas sensors, which can have a significant impact on the development of advanced sensing technologies
for environmental and industrial applications.

Key words: gas sensor, porous silicon, nickel, chemical treatment, sensitivity.

Inroduction

Nowadays, the development of industrial technologies and automation of processes, increasing requirements
for human health and environmental protection have led to a significant increase in the demand for gas
sensors [1]. Control and monitoring systems used to analyze the composition of air in the environment and to
accurately determine the concentration of a certain type of gas mainly consist of a gas sensor, an analog-to-
digital converter, a microprocessor used for digital processing of information on the composition of air, and
an electronic display. In addition, if necessary, such systems can be equipped with wireless communication
systems for remote control and monitoring. The main areas of application of these devices include industrial
enterprises, factories, mines, industrial security services and crowded places [2].

The primary measuring element of the electronic gas sensor is the sensitive element. As the primary
sensitive component of gas sensors, metal-oxide semiconductors like ZnO, Sn0O2, TiO2, In203, and MoS2
are frequently utilised. [3]. In addition, many works have been published to study the possibilities of gas
sensors based on organic compounds, optical sensors, materials based on carbon nanotubes and conductive
nanostructures as various gas sensors. However, gas sensors based on metal-oxide semiconductors, which
are widely used in practice, usually operate at high temperatures between 150-300°C, and therefore require
high energy consumption and low selectivity and sensitivity to some types of gases [4]. In addition, poor
compatibility with contemporary silicon-based electronic gadgets and increasingly complex manufacturing
techniques. Thus, it can be considered a difficult task to monitor harmful gases using gas sensors based on
metal oxide semiconductors at room temperature [5].

The large surface area due to the fractal structure, the chemical activity of the material surface, the
uncomplicated production technology, as well as the unique optical, electrical and structural properties
make porous silicon (PS) a promising material for use as a sensitive element in gas sensor technology [6].
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In addition, another advantage of using silicon nanostructures as a gas sensor is compatibility with modern
electronics. Although PS is highly sensitive to certain types of gases, it is less stable due to rapid acidification
of its surface. Therefore, the sensitivity and selectivity characteristics of electronic gas sensors for difficult-to-
detect gas species can be increased by using a surface-modified PS for solid-state electronics manufacturing
applications [7]. The results of the experimental study showed that the tested samples can detect harmful gases
at a concentration of 0.1 ppm at room temperature. These results demonstrate the possibility of developing
highly sensitive and cost-effective electronic sensors for various harmful and hazardous gases. High-tech tools
and processes of radio engineering and electronics were used to obtain sensitive elements and study their
electrical, morphological and optical characteristics.

In this work, we investigate the impact of chemical treatment on the morphology of PS as well as on the gas
sensing performance of surface modified PS-based gas sensors towards non-polar gases such as toluene and
chloroform in order to enhance the device performance.

Main provisions
For the first time, surface-modified porous silicon with a nickel layer was used to detect non-polar gases
with concentrations up to 0.1 ppm.

Materials and Methods
During the experiment, nanoscale PS samples were used as the research subject. By electrochemically

etching p-type silicon wafers with a resistance of 10 Ohm/cm and a crystal orientation of 100, PS samples were
produced. Fig. 1 shows a schematic illustration of the electrochemical etching procedure [8].

4
5

EX
[ 6 |

Kl

Figure 1 — Electrochemical etching procedure: 1 — platinum cathode; 2 — electrolyte; 3 — Teflon-like fluoroplastic
cell; 4 — sealing ring; 5 — porous silicon; 6 — silicon; 7 — metal layer; 8 — anode [8].

In the beginning, thin films of PS were created by electrochemical etching in a 1:1 HF:C2H5OH solution
electrolyte. Before being rinsed with deionized water, silicon wafers were first cleaned in HF solution. A metal
layer needs to be deposited on the silicon wafer's bottom surface before it can be placed in the cell used for
the electrochemical etching procedure. For this, a silicon wafer must be kept pre-covered in a nickel solution
that has been heated to between 50 and 60 oC for five to seven minutes. The silicon wafer is placed in a cell
constructed of fluoroplastic Teflon and an electrolyte is poured over it after the metal layer has been applied
to the bottom surface. On the silicon's bottom surface, a sealing ring is put in place to prevent the electrolyte
from passing through. Because platinum is one of the metals that does not change when exposed to the HF
solvent acid, platinum is employed as the cathode. Anode is attached to the silicon surface where nickel has
been deposited. Such a structure has an edge over other technologies due to its ease of use and affordable cost.
At a current density of 5 mA/cm2, the electrochemical etching process was conducted for 40 minutes.

The gravimetric method was used to determine the porosity of the obtained PS sample in accordance with
the expression (1) below. [9]:

69



BECTHUK KA3AXCTAHCKO-BPUTAHCRKOI'O

TEXHNUYECKOI'O YHUBEPCUTETA Ne3 (66), 2023
m, —m
P=—""2x100%, 2.1
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where m, — mass of the sample before the PS layer is fabricated, m, — mass of the sample after the PS layer
has been fabricated, m, — mass of the sample after the PS layer has been stripped off.

PS samples generated by electrochemical etching were placed in a nickel solution heated to a temperature
of 50-60 °C for 5-7 minutes in order to deposit a nickel layer on the surface.

A scanning electron microscope, the Quanta 2001 3D, was used to examine the morphology of the materials.
A 473 nm laser was used to excite the photoluminescence, which was examined using the NT-MDT Solver
Spectrum system. In order to obtain electrical properties, two ohmic contacts of InGa alloy in a coplanar
configuration were thermally installed on the surface of the samples. The samples' sensitivity to vapours of
toluene and chloroform was determined using the formula in [10].

Results and Discussion

The PS substrate had a porosity of 72.7%.

Fig. 2 shows the cross section and top view SEM images of the obtained Ni/PS material. As shown in
the figure, the Ni layer is deposited on the PS surface as a porous structure and a metal-conductor contact is
formed.

Figure 2 — SEM images of PS (A) and Ni/PS (B): 1 — top view; 2 — cross-section view.

Figure 3 shows that, as compared to PS, the Ni/PS sample's normalised photoluminescence (PL) intensity
is displaced to the green area of the spectrum at wavelengths of 520 nm and 535 nm, respectively (photon
energies are 2.38 eV and 2.32 eV).

Photoluminescence signals of semiconductor materials are generated by photoinduced recombination of
charge carriers [10]. It is seen that the spectrum of the given material has the ability to radiate from the blue to
the red region.
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Figure 3 — Photoluminescence spectra of PS and Ni/PS samples

The defect states created from oxygen vacancies are responsible for the material's emission at various
wavelengths. As the efficiency of electron transport at the border between the adsorbed molecule and the
material's surface rises, such oxygen vacancies enable materials to be more sensitive.

Let's now think about the electrical properties of the Ni/PS sample under various gas exposures. The current-
voltage characteristics of the PS sample with a Ni layer modification are shown in Fig. 4. The figure illustrates
how the sample's current-voltage characteristics have a rectifier character under both ambient circumstances
and gas impact. Additionally, when exposed to all of the gas utilised for the test, the current of the Ni/PS
sample increases.

- air

- toluene
- chloroform
- ammonia

- ethanol

1,5 II.G 1|.7 118 ll.9 2.0
u,v

Figure 4 — Current-voltage characteristics of the Ni/PS-based gas sensor under different gas exposures

Figure 5 depicts diagrams of the Ni/PS sensitive element's sensitivity to vapours of ammonia, ethanol,
toluene, and chloroform. The sensitivity is greater than 30% for all gas types.

Table 1 provides a summary of the examined properties of the materials employed as gas sensors. The table
makes it evident that adding a metal layer to the PS surface can enhance the features of gas sensors.

60

504 0,1 ppm

0.1 ppm

40+

30+

Sensitivity

20+

NH, CHO CH, CHClL
Gas types

Figure 5 — Diagrams illustrating the gas sensors' sensitivity to various gas molecules based on
PS modified with a Ni layer
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Table 1 — Comparison of PS and Ni/PS-based gas sensors

No. |Sensitive Sensitivity Response time / recovery rime, sec

material NH, CHO C,H, CHCI, |NH, CHO C.H, CHCI,
1 PS 33.25 5.75 - - 3/270 - - -
2 Ni/PS 47.97 46.3 39 32.68 |3/360 15/15 20/ 10 50/ 60

As a result, as compared to the original PS, the Ni/PS gas sensor's sensitivity to non-polar toluene and
chloroform vapour concentrations at 0.1 ppm ranges from 1% to 39% and 32.6%, respectively.

Conclusion

In this work, the non-polar gas sensor was constructed from a surface-modified porous silicon sample and
given a chemical treatment to improve its performance. SEM analysis and PL spectra were used to examine
the structure and morphology of the etched and sputtered nanomaterials, and they supported the deposition of
Ni on the PS surface. According to the results of the gas sensing, Ni/PS outperformed PS in terms of toluene
and chloroform sensitivity at ambient temperature. As a result, the Ni layer's alteration of the PS surface
increased their sensitivity to vapours. This study demonstrates that a highly sensitive, low-cost gas sensor
device based on a Ni/PS structure is feasible for detecting toluene and chloroform vapours at room temperature
in concentrations up to 0.1 ppm.
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BEHUITOJISIPIIBI TA3/IbI AHBIKTAYFA APHAJIFAH BETI ©3TEPTLITEH KEYEKTI
KPEMHWIAJII TA3 CEHCOPJIAPBIHBIH CE3Y OHIMALIITT

Angarna. ['a3 maTgukTepi — OHEPKACINTIK JKOHE IKOJNOTHSIIBIK OaKpUIAYIBIH OPTYPI KOCHIMIIATAPBIHAAFEl MAaHBI3IHI
KypburbLTap. Tomyon MeH XiopodopM — opTypii JKaHy MpOIeCTepiH/e malaa OONaTelH KOHE ayaHbBIH JIaCTaHYBIMCH,
TBIHBIC ATy OpTaHIAPBIHBIH aypyJapbIMeH OaiIaHBICTHI 3USHABI Ocimonsapisl razmap. Keyekri kpemumii (KK) ammuak
IIEH JTaHOJN Ta3blH aHBIKTayFa apHAIFaH Marepual PETIHJC IEPCIEKTUBANBI HOTIKENEpAi KopcerTTi. [lereHmeH,
OCUTIONSIPIBIK Ta3[bl CE31HYy KOJMAaHOAmaphl VINH ONapIbslH OCTTIK KaCHETTEPiH OHTAWIaHIBIPY apKbUIBI OHBI ONAH
opi JkaKcapTy MYMKIHZIri Oap. XUMISITBIK OHICY MaTepHaIIapiblH, COHBIH INIHIE XAapThUIal OTKI3TimTepaiH OeTKi
CHUIaTTaMaJapblH dPTYPIi KoJmaHOaIap yIliH e3repTyne KeHIHeH KoIIaHbUIIbL. bi3 xuMusiieik eHuey apkeuisl KK Oertine
Hukenb (Ni) kabatera KouapIK. Ni-tyHasipeuran KK ynriciHie 6efmonspiisr Tonyor MeH xiopodopMm Oymapsrasiy 0,1
ppm KoHIIEHTpaIwsichiHa ce3iMmTanasirel KK-MeH canpicThipranma tuiciame <1%-man 39%-ra xoHe 32,6%-Fa neifin
JKOFapbUTaFaHbl aHBIKTAIABL. Byl 3epTTey KOpmiaraH opTa MEH OHEPKOCINTIK KOJJaHOamap YIMiH aJIbIHFBI KaTapiibl
30H/TAy TEXHOIOTHSIIAPHIH JaMBITyFa alTapibIKTall acep €Tyl MYMKIiH Ta3 JaTYHKTePiHiH OHIMIUTITIH apTTHIpy VIIiH
0eTTi MomupUKaIHATIAY dAICTEPi Typalibl KYHIIBI TYCIHIKTEpAi Oeperti.

Tipek ce3mep: ra3 CCHCOPHI, KEYEeKTi KPEMHUH, HUKEITb, XUMHSITBIK, OHIIEY, Ce31MTaJIbIK.
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U3MEPUTEJIbHBIE XAPAKTEPUCTUKH MOJAU®UIIAPOBAHHBIX TIOBEPXHOCTEM
I'A30BBIX CEHCOPOB HA ITOPUCTOM KPEMHUWU JIJIs1 OBHAPYKEHUS HEITOJISIPHOT'O
T'A3A

AnHoTanusl. Jlatunkn rasa SIBISIOTCS BaXKHBIMU YCTPOWCTBAMM B Pa3iIMYHBIX TNPHIOKCHUSX MPOMBIIIICHHOTO U
9KOJIOTMYECKOTO MOHUTOpUHTa. Toiyonm u XjopodopM — BpenHbIE HEMOJSPHBIE ra3bl, 00pa3yomnecs: B Pa3iIMyHbIX
rpoleccax ropeHHs M CBsI3aHHBIE C 3arpsS3HEHMEM BO3JyXa M PEeCHHpaTOpHBIMU 3a0oneBaHusiMU. [TopHucThlii KpeMHUIA
(ITIC) mokazan MHOrOOOECIIAIONINE PE3YJIBTAThl B KAUECTBE Marepuasa Juisi i3MEpPEeHHs ra30B aMMHaKa 1 3Tanoia. OxHako
CYIIECTBYET MOTEHLIUAI JUIs JaJIbHEHIIEero yaydIIeHHs 32 C4eT ONTUMU3AaIUY CBOWCTB UX MOBEPXHOCTHU AJIS IPUIIOKEHUH,
CBSI3aHHBIX C M3MEPEHUEM HEMOJSIPHOrO rasa. XHMHUYecKas o0paboTKa IIMPOKO HCIOJIB3YeTCs Ul MOAM(UKALNN
XapaKTEePUCTUK TOBEPXHOCTH MAaTEPHAJIOB, B TOM YHCIIE MTOJTYIPOBOIHUKOB, JUISl pa3JIMUHbIX IPUMEHEeHNI. Mbl HaHecn
cinoit Hukenst (Ni) Ha moBepxHOCTh [IK ¢ mOMOIIBI0 XUMHUECKONH 00pabOTKHU. YCTaHOBICHO, YTO YYBCTBUTCIHHOCTH
obpasua I1C, ocaxaennoro Ni, k koHuentpanuu 0,1 ppm napoB HENMOJISIPHOTO TONyoJa U XJIopodopma yBeInIniIach
c <1 % o 39 % u 32,6 % coorBeTcTBeHHO 10 cpaBHeHuto ¢ [1C. D10 nccnenoBanue naet HEeHHYI HH(OpMaIHUIO O
MeToJax MOAU(UKAIMN TTOBEPXHOCTH JUIsl TIOBBIIICHHS MTPOM3BOIUTEIBEHOCTH I'a30BbIX JaTYMKOB, YTO MOXKET OKa3aTh
CYIIECTBEHHOE BIIMSIHHE Ha Pa3pa0OTKy MepeqOBbIX CEHCOPHBIX TEXHOJOTHMH ISl DKOJOTMYECKHUX M IPOMBIIUICHHBIX
MIPUMEHEHUH.

KiaroueBrble cjioBa: ra3oBblit CCHCOp, HOpPICTLIﬁ erMHHﬁ, HHKCJIb, XUMHWYCCKas 06pa60TI<a, YYBCTBUTCJIIBHOCTD.
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ON METHODS FOR DETERMINING THE ROUGHNESS COEFFICIENT OF CHANNELS
ALONG THE PERIMETER

Abstract.The scientific article deals with the issues of uniform movement of the riverbed and the determination of the
roughness coefficient of the riverbed (roughness coefficient). The analysis of existing methods for calculating the difference
in the roughness coefficients of channels along the perimeter, methods for determining the roughness coefficient of the
slopes of channels consisting of two or three parts along the perimeter, well-known scientists - P.N.Belokon, G.K.Lotter,
N.N.Pavlovsky are given.There are a some varieties of calculation methods assigned for hydraulic calculations of water
flow along the perimeter of a soil channel in the field of hydraulic engineering. A number of researchers states that the
roughness of the channel bed imitates the motion of the flow in diverse channels with the movement of the flow under the
ice layer. Nevertheless, it should be taken into account that the roughness of the channel bed has its own characteristic
(specific) features of the movement of water in different open channels and below the ice cover. The common formulas
proposed by number of authors for channels with different roughness along the perimeter cannot be used directly in
hydraulic calculations of the flow under the ice cover, and vice versa, the equations of motion of water flow beneath the
ice cover are not applied even for channels with various roughness along the perimeter. Therefore, the corresponding
choice of methods for determining the roughness coefficients of the canal flow along the perimeter will be the key point
to its long-term functioning.

Keywords: canal, uniform motion, roughness coefficient, steady motion, average speed, channel perimeter, channel
cross-section, hydraulic radius.

Introduction

Majority of canals used in hydraulic engineering have same roughness coefficient on bothonslopes and on
bottom.Due to the long term exploitation there is a possibility of change in roughness coefficient of canal along
the perimeter caused by effluent change during the vegetation period.

Changes in roughness coefficient of slopes and bottom in canal also depends on water permeability and
filtration features on the basic layer. Purpose of our primary research was the common defining of roughness
coefficient by perimeter of canal [1].

Small part of efflunt’s cross-section is key term for the appearance of canal’s considered roughness
coefficientfrom resistance along the canal’s length and formation of bottom while planning flows passing
through confirmed canal. Currently there are few proposed ways of calculated ratios for dealing with hydraulic
accounts for water flows along the perimeter of our canal.Many researchers found similarity between flows in
canals with various roughness level and flows beneath icy layer.Still, we have to emphasize the fact that they
both have some unique features by themselves. Regular calculation formulas proposed by many authors for
the canals with various roughness level never can be used in hydraulic accounts for flows under icy layer, as
well as equations for flow beneath ice can not possibly be used for canals with different roughness indexes.
Modifications made while generating this formulas can not be allowed.

Methods and materials
Method of the research is theoretical, materials in usage was accurately processed. According to the
information we have, hydraulic circumstances of flow get more complicated in cases where canal cross-

76



HE®TETA30BAA NHXXEHEPUS U TEOJIOT' A

sectionhave different roughness because of formation of new zones, and so it leads to the fact that planar and
vertical distribution of velocities along the cross-section are experiencing sharp changes. To generalize main
calculating ratios we make this note - despite of the different states of canal roughness the smoothness of flow
remains steadily, that is roughness of canal sides keeps constant along the all considered areas.Moreover, we
accept measurements allowed by general hydraulics: magnitude of the slope which could somehow impact
to the movement on different partsof flow is same, velocities on separate surfaces of any rectilinear regions
of cross-section are same for the first and second parts of the flow and this equals to the maximum velocity.
In general, area of canal’s cross-sectionapproximately divides to evaluate average index of canal roughness
coefficient on bottom and on sides, we assume moisture perimeters X1 X22X3 and roughness coefficient
Ny ,Ny...Ny ofcanal like that.During calculations of this well-known scientists as Horton and Einstein made
this proposal [2] — velocities on considered areas are same and equal to the average speed on any point, about
roughness coefficient we are defining it can be determined in this way:

2/3

1,5 L5 1,512/3
z(llnl + X0 ot yny)

g 1,5
D (xuny)
_ 1
- 2/3

4 X

(1

n

Pavlovsky, Mulkhofer, Einstein and Bank [2] are recommending this equation for defining canal’s roughness
coefficient:

/2

1/2

v 1
(Xwny)
_ Z o :(?Cln12+7(2”22+---+XNn12v) )

1/2 1/2

4 X

n

Another scientist Lotter proposed this way of solution [1],

R573 R5/3
NN = 3)
z XnRy R +752R2 +W+ZNRN
1 ny n n, ny

There are R,,R,,..R,-hydraulic radiuses of considered sectors. In the any section
R, =R, =...= R, = R will remain.

Canals roughness can be changed due to the ice formation on the surface of our canal. To explain
this phenomenon Lotter[2] came to the conclusion that definitions of roughness for deep canals with
icy surface can be determined in the following way.

Chart 1 — approximately taken measures for roughness coefficient for deep canals with icy surface

Formation of icy layer Velocity in the canal, cm/s Roughness coefficient
With smooth surface:
Without ice floes 0,39-0,6 0,01-0,012
0,6-high 0,014-0,017
With ice floes 0,39-0,6 0,016-0,018
0,6-higher than 0,017-0,02
With ice floesandwithroughsurface - 0,023-0,025

For instance, nlandn2are roughness coefficients for the canals with and without icy layer. Using first and
second equations above we can find roughness coefficient for icy layer. Although coefficient defined in that
way sometimes can be negative but is has no importance [1].

According to the Pavlovsky [2] to approach to the genuine solution of the equationwe should accept that
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the full resistance for liquid motion equals to the sum of resistances formed by canal’s bottom and icy layer,
so we will have

kv*ly = ko’ly, +k,v’ly, 4)

There 1 and 2 indexes arerespectively related to the canal bottom and icy layer.

If current and roughness of canal are known, then according to Menning’s formula[3] we can find the slope
of flow in prizmatic canal in steady motion by using given averagevalue.Slope defined in that way is known
as regular slope. Steady surface flow with regular slope could be turbulent or laminar depending on factors
like flow, slope, viscosity and roughness of surface. If velocity and depth of flow are relatively low, then
viscosity will be dominant factor and flow moves in laminar regime. We certainly can notice thatit is not simple
processfrom one glance to the details of flow movement with roughness coefficient.

Results and discussions

In general finding the main calculating ratios lays down on defining moisture perimeters and areas entering
to individual sections with roughness.Defining moisture perimeters of individual section is not hard at all,
moreover they are determined as relevant edge of geometric figure. It should be noted that edge of rib has to
lay on the considered bottom space of canal.

However, finding areas of figures adjoining to sides with individual roughness is really complicated.
Methods of P.N.Belokon, G.K.Lotter, N.N.Pavlovsky, E.E.Shiperko which are known in scientific literature
are directed to the significant allowances in flow’s phenomenon and equality of radiuses of separated parts and
of the whole riverbed, and in equality of average velocities on different parts and in the whole flow, but they
never have been approved in practical way.Current laborotoric measuresmade by us and other authors shows
that they are significantly distinguished in max values and they have considerable mistakes in accounts. So, we
came to solution that attempt of evaluating the problem of roughness coefficient by using standard methods not
allowed to obtain results necessary for us: using only equation of steady motion is not enough, so according to
that we have to consider another ways of dealing with this problem.We believe that dealing with equations for
canals with different roughness is the most typical way which is used by all authors.

There can be negative effects caused by roughness. In practices this interaction creates following kinematics
of flow’s motion which can afford minimum walkthrough of considered cross-section amongst all possible
conditions. In canals and open riverbeds with steady motion we can define water’s velocity in this way [1, 2]:

v=CR"I” (5)

therev — average speed, m/s; C — coefficient of Shezi; R — hydraulic radius, m; i —1 hydraulic slope; x and y — degree’s
index.

According to the famous scientist Shnekenberg[4]— main formula whencanal has spiral flow has to contain
following options: area of canal’s cross-section, average velocity of water flow, max speed of water, moisture
perimeter of canal, hydraulic radius of canal, depth, slope of flow’s free surface, roughness coefficient on
cross-section, effluent of major and minor loads in water, dynamic viscosity and temperature of water.

Defining roughness coefficient[2] while solving coefficient of Shezi by formulas of scientists Kutter and
Menning in equation of steady motion is really hard.

Main provisions

There was the research of rise of roughness coefficient in field conditions during 1 year in the process of
determining the canal’s roughness coefficient in natural conditions at university of Illinois and it’s measure
grew from 0.33 to 0.55 in one season. There shown the methods for defining roughness coefficient in below.

Method for roughness taken by all along the average canal perimeter

Meaning of this method is - measures of private parts along the canal’s perimeter we write (nl and n2)
then appropriate to that moisture perimeters written like this X1> X2, knowing that we can define roughness
coefficient of that type of canal by following way:

(nIXI +n2}(2)
n,=—F—"- 6
"+ 2) ©
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This method is too rough. Considered roughness coefficient of canal is more dependend on hydraulic radius
rather than canal’s moisture perimeter.

Method of G.K. Lotter. G.K.Lotter [1-5] uses method of account of composite canal while calculating
canals with different roughness along the canal’s perimeter.

Effluent of composite canal will be:

Q:Ql +Q2 (7

there: Q) and Q, — effluents of first and second parts of the flow.
We resolve effluent of water by formula of Shezi:

®-C, NR-J=0,-C,-[R-J, +o,-C,\[R,-J

there:—areaofcross-section; —hydraulicradiusofwholecross-sectionarea;—appropriatecoefficientofSheziforwholecross-
section; and—cross-sectionareasofflowpartsinfluencedbyzoneswithsteadyroughness; and—hydraulic radiuses of first and
second parts of cross-section;and—Shezi coefficient of first and second parts of cross-section; J - piezometricslope.

® = R - ¥ in first and second parts of canal’s cross-section and because of motion affected by slope are
equal, we can write previous equation in this way:

Cpr%RS/z = C1%1R13/2 + Cz%2R23/2 3

there: X -moistureperimeterofwholecross-section; X1 and X2 -moisture perimeter of first and second parts
of cross-section.
We divide both part of given equation by X; then we write X,/ X1 proportion like (a):

c - C,R** +aC,R}"”
pr R3/2(l+a) (9)

From equation(9) we can see that to solve we need both - moisture perimeters of parts with different
roughness and hydraulic radiuses of cross-section’spersonal parts. In this situation hydraulic radiuses of cross-
section’s personal parts are defined exactly like for composite canal. For very wide canals moisture perimeter
can be equal to width of canal, about hydraulic radius - it equals to depth of considered place. In this case
equation (8) will be written in the following way:

0=(Chn"™*+Cbn > NI (10)

There b, and b, - relatively width of 1 and 2 parts, /, and #, - depth on first and second parts.
G.K.Lotter believes that hydraulic radiuses of flow’s private parts are equal to the hydraulic radius of whole
flow for canals with ice formation:

R =R, =R ()

Because of moisture perimeter of canal - X1 and of ice- X2 are equal, then hydraulic radius of whole section
is equal:

w
R =—— (12)
X1t X2
In this case equation(9) will be written in the following way:
LiraG (13)
P (l + a)
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Then independent on eachother methods of P.N.Belokon and N.N.Pavlovsky are published[1,6].
Method of P.N. Belokon

We consider canal’s cross-section with any shape, then roughness of moisture perimeter on first part will
be n,and in the second is 7,

We define fall along the length of canal by next formula
F
J=— (14)
Yy
There: F' - sum of fictitious friction forces on canal sides(walls. We mark average friction force falling on
Im?of canal’s side in first part like and in second one

F=t0+7%,%, (15)

Then we can write equation(14) in following way:
TXi  Taks _ .
14 4
If take them as X1 = 94X and X, = dX, then we get this:

T T ()
a—L+a,2=—J=RJ
/4 Vo
In turbulent steady motion it will look like this:
2 2
St U_12 and T2 _ Vs
2
Ci y G

there: U, and U, - average velocity in first and second parts of flow. Then previous equations will look
like that:

2 2

L L

alc—12+azc—22=RJ (16)
1 2

If and solved in Menning’s way, then equation(16) will be like this:

2,2 )
1o, n,v,

a 1/3 2 1/3
Rl Rz

=RJ (17)

n
If take this ratio like that —= = W we will see this:
n,

2 2
v v
nl{a1 R11/3 +yla, —2 ]: RJ (18)
1

1/3
RZ

Moreover P.N.Belokon says that: if ratios for areas of cross-section relatively to zones with different
)
roughness equals to 6, then we get this L — g
0,

6 0
Then @, + ®, = @ will be when @ and - -
1, TE 1 0 o, i ®

P.N.Belokon finds answers of R andR from next equations:
R=2-_ 0% paap-22_-_9
X a1(1+9) X2 a2(1+9)
Full effluent willbe: Q, + 0, = 0.

(19)
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We resolve effluent by Shezi-Menning formula:

1
QI :ia)lRf/.’)Jl/Z and Q2 :_w2R22/3J1/2 (20)
m 1y
We divide first part of equation(20) by second part because the slopes of them are equal: or we put answers
2/3
of ®,,®, and R, R, into this O _m R12/3w1
0, n Ry’ o,

2/3
o (o s
0, a

If we convert that equations, roughness coefficient will be:

n—nl(a1+a2l// )

21

Method of N.N. Pavlovsky

According to N.N.Pavlovsky [1,7-20] definition of considered roughness coefficient is taken from equation
of steady motion for open canals written below:

RI=Z 22)

14
If sides of canal are distinguished from eachother then we have to exchange this equation with another
one, for that we need todivide liquid between cross-sections, direct impacting forces to direction of flow, then
construct new motion equation for released part.
Then we get this equation(22):

T, +ar
RJ=-1——"2 (23)
y(l + a)
there:and-respectively average special friction in sides ofcanal, — ratio of moisture perimeters on two sides
7y
X1

When sides are same average special friction in sides of canal is equal to the average depth in this
2

T
subsequence — =
14

According to that we can write and like this:

5 *

n_v T, v (24)
y C?

Before getting binders N.N.Pavlovsky takes that the average velocity of each part is equal -, = v, =0,
We put this equation(24) to another one(23): )

v’ 1 a | followsto v = 1+a o
_ = .« |, v=CC, |————-vJRJ (25)
i 1+al C} " C; " VaCt +C

N.N.Pavlovsky counts measure before v/ RJ as “coefficient of Shezi”, then marks it like Cpr , because of

that we can write equation(25) in next way:

v=C, VR 26)
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1
Here ¢ _¢ic, |—=32 .
aC/{ +Cj

To find C, andC,we have to know measures of and . To determine them Pavlovsky proposed to count areas
of private cross-section parts of canal and moisture perimeters as proportional, then

ﬂ:ﬁ,afterthatﬁzﬁ, @y, _X2 (27)
W, X O X o 4
Then we get:
R=2-2_R R=22_-2_p 28)
Y AT 4 X2 X
Then, R, =R, = R (29)

We can get next equation while solving coefficient of Shezi, of course by knowing measure of hydraulic
radius, using this formula and define necessary equation for considered roughness coefficient:

Cp = Ry,/% 30)
n; +an,

Applying information about considered roughness coefficient,Pavlovsky reforms equation(30) into this
sight:

nf +a-n§
there: n =, ———= (1)
1+a

If sides of canal are from three different parts and relatively moisture perimeters of three parts are not same,
then equation for considered roughness coefficient will be like this:

pr

. :\/nlz+a-n§+a-n32’ (32)
l1+a
there: o' =42
X
By concluding, N.N.Pavlovsky writes this - method for defining roughness coefficient might be changed
from anticipated extra researches in future [1,2,15-23].

Conclusion
Many factors influent to roughness coefficient of canal’s bottom in field conditions, by considering them,
famous scientist Covan proposed this way to deal with considered roughness coefficient [2]:

n= (”0 +n, +n, +n, +n4)m5 (33)

there, n,— measure of roughness coefficient for canal’s bottom with natural, smooth soil; 7, — coefficient
for bottoms with different soil; 7, — coefficient for measuring and finding canal’s cross-section; n,— coefficient
for measuring possibility of barriers in the canal; n ~ coefficient for describing regime of flow in the canal and
for impact of resistance caused by plants outgrowth; m — coefficient for measuring aftereffectof winding for
considered water canal.

According to results of calculations,we get formulated measure ofn:

(x_l)h]/6

n=——t—— (34)
6,78(x +0,95)
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By concluding equation directed on determining of roughness coefficient we get this (34)equation. To approve
reality of this equation were taken experimental results of works onconnectionsbetween canal roughness and
average depth. Analyze of data taken from results of research shows that there is a some connection between
coefficient of Menning and distribution of velocities along the canal’s cross-section. To find out how much
taken equation can be applied on manufacture, there would be needed data taken from researches occurred in
laboratory and natural conditions[1-8,23-30].
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MEPUMETPI BOMBIHIIIA KAHAJIJIAPIBIH KEJIP-BY IbIPJIBIK
KO®POUIMNEHTIH AHBIKTAY 9IICTEPI TYPAJIbI

Anparna. FrulbiMu Makanana apHaHBIH OipKaJbIITHl KO3FAIIBICEIH JKOHE apHAHBIH KeIip-OyAbIpibIK Kod(duiueHTin
(xemip-OyapIpibIK K03 (OUIMEeHTI) aHBIKTay Macenenepi KapacTeipbuiaabl. [1.H. benokons, I'K. Jlorep, H.H. [TaBnoBckuit
CHSIKTBI aTaKThl FaJbIMIApIBIH IEPUMETpi OOHBIHINA KaHANAPIBIH CKi-YII OeINriHeH TYpaThlH KeIip-OyIbIPITBIK
k03O (OUIMECHTIH aHBIKTAay OMiCTEepiHe, MepuMeTpi OOMBIHIIA apHAJapAbIH Kemip-OYIbIPIBIK KOd(QPHUINCHTTEPiHIH
afBIPMALIBUIBIFBIH  €CENTEYNIH KOJIAHBICTAFbl QMICTEpiHE Tajjay »Kacajabl. [ MIPOTEXHMKA calachlHIa KEp acThl
KaHAJIBIHBIH MepUMETpi OOMBIHIIA Cy aFbIHBIHBIH THIPABIMKAIBIK CCENTeylepl YIUiH YChIHBUIATBIH OipKarap ecentey
omicrepi 6ap. Bipkarap 3epTreyIiisiep apHaHBIH KeIip-OyIbIPIIBIFBI My3 KaOAThIHBIH aCTHIHIAFBI aFBIHHBIH KO3FAJIBICBIMCH
OpTYpIIi apHaJapAaFbl aFbIHHBIH KO3FAJIbIChIHA YKCAWIBI el MamimMueii. bipak kaHam apHACBIHBIH Keaip-OYIbIPIIbIFbI
OpPTYPIIi aIIbIK apHATIapAa )KOHE MY3 KaOaThl aCTHIHIAFHI CY KO3FAIBICHIHBIH 031HE TOH (CeNU(UKAIBIK) SpeKIIeIiKTepiHe
He eKeHiH ecKkepy KaxeT. KenrTereH aBTopiapablH YChIHFAH MEpUMETPi OOMBIHIIA p TYPIi KeAip-OyIbIpIbl apHaIapabl
ecenTey (opMysaiapblH My3 KaOaThIHBIH aCTBIHAAFbl THAPABINKAIIBIK aFbIHIbI €CeNTeyIepae TiKeleH KOIIany MYMKiH
eMec, TIITi KepiciHIe My3 KaOaThIHBIH aCTHIHIAFHI CY aFBIHBIHBIH KO3FAIIBIC TCHACYICPIHIH MePUMETPi op TYpIi KeIip-
OyBIpIIBI apHAIAP/BI ecenTey/e Ae Koiaanbumaiael. Cos cedenti Taban nepruMeTpi OOHBIHINA Cy apHATapbIHBIH Keip-
OYABIPITBIK K0P PHUHALICHTTEPiH aHBIKTAY AICTEPiH AYPBIC TAHIAY, OHBIH Y3aK MEP3iM/Ii )KYMBIC iCTEYiHiH KeIrii O00Iabl.

Tipek ce3mep: apHa, OipKAIBIITH KO3FAIBIC, KeAip-OYIBIPIBIK KO GUIIHEHTI, TYPAKTHI KO3FaJIbIC, OPTaIla JKbULIAMIBIK,
apHa MepUMeTpi, apHAHBIH OTIM (KOJJICHEeH) KIMacHI (TI0TIePEYHOe CCUCHHE), THIPABIHKAIBIK PaInyC.

MxonmacoB C.K., Adunnaes C.T.%, Torridaes C.JK., Capbacosa I A.

Tapa3zckuii pernonannbsiil yausepcuteT uMenu M. X. [lynary, . Tapas, Kazaxcran
*E-mail:sultan_feb@mail.ru

O METOJAX OINPEJAEJEHUA KOOOPUILHMUEHTA INEPOXOBATOCTHU KAHAJIOB
O NEPUMETPY

AHHOTanusi. B Hay4yHOW crarhbe paccMaTpuBarOTCs BOIIPOCHI PAaBHOMEPHOTO MABWXKEHHS pyclla M ONpEICIICHHS
KO3 PHIIEHTA IEPOXOBATOCTH pyciia (koddduirenTa mepoxosarocty). [I[puBoaUTCS aHAIHN3 CYIIECTBYIONIMX METO0B
pacdera pazHOCTH KO3((HUIMEHTOB IIEPOXOBATOCTH KAHAJIOB IO IEPUMETPY, METOIBI onpeieieHus Koddduimenra
IIEPOXOBATOCTH, COCTOSIIIUX M3 JABYX-TPEX YacTeH OTKOCOB KaHAJIOB 10 MEPUMETPY, TAKUX M3BECTHBIX YUCHBIX, Kak
I[L.H. Benoxons, ['K. Jlortep, H.H. IlaBnoBckux. B o0macTu THIPOTEXHHUKH CYMISCTBYET PSI PACYCTHBIX METOIOB,
TIpeIaraeMbIX JUIsl THIPABINYECKUX PACUETOB Pacxojia BOAKI 110 IIEPUMETPY I'PYHTOBOTO KaHana. Psan mccienosareneit
YTBEPXKJIAIOT, YTO IIEPOXOBATOCTh PYCIIa KaHAIa HIMUTHPYET JIBH)KCHHE TTOTOKA B Pa3HBIX KaHAIaX C JIBH)KCHHEM ITOTOKA
oz cioeM sbaa. Ho cienyer yanThIBaTh, 4TO MIEPOXOBATOCTD pycClla KaHaa MMEET CBOM XapaKTepHbIe (crieruaecKue)
0COOCHHOCTH JIBMDKCHUS BOIBI B PA3IMYHBIX OTKPBHITHIX KaHAJIaX M I10J JIEJSHBIM IOKPOBOM. PacueTHbie (opmyisl,
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IPE/TIOKEHHBIE MHOT'MH aBTOPAaMH ISl KAHAJIOB C Pa3HOH IEPOXOBATOCTHIO I10 IEPUMETPY, HE MOTYT OBITh HCIIOIb30BaHbI
HETIOCPE/ICTBEHHO IPH T'MAPABIMYECKUX pacuyeTax IMMOTOKa IO JIEASHBIM TOKPOBOM, U, HA00OPOT, YPaBHEHHUS JIBHIKCHHUS
MOTOKA BOABI MOJ JIEASHBIM ITOKPOBOM HE IMPUMEHSIIOTCS Ja)ke Ul KaHAJIOB C Pa3HOH IMIEPOXOBATOCTBIO IO MEPUMETDY.
[TosToMy IpaBMIIBHBII BEIOOP METOAOB ONpeseieHns] K03(Q(GHUINEHTOB IIEPOXOBATOCTH Pyclla KaHAJIOB IO TMEPUMETPY
OyzieT 3aJI0TOM €ro JUTUTEIEHOTO (DYHKIIMOHUPOBAHUSL.

KiaioueBbie ciioBa: KaHaJl, paBHOMEPHOC BUKCHUC, KO3(1)(1)I/IIII/IGHT mIepoOxXOBaTOCTHU, YCTAHOBHUBIICCCA JIBUKCHUC,
CpeaHss CKOPOCTh, ICPUMETP KaHalia, MONEPEIHOC CEYCHNUE KaHaJlla, FI/I}_'[paBJ'H/I"ICCKI/If/'I paguyc.
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MPSIMOE COINOCTABJIEHUE U3MEPEHUI T'EQO®U3NYECKHUX ITOJIENA
C JIUTOJOTMYECKOM HEOJHOPOJIHOCTBIO IOPCKOI'O HHTEPBAJIA
HA MECTOPOXJIEHNU BY3AUNHCKOI'O CBOJA

AHHOTanusl. 3a4acTyl0 NPOMBICIOBas Ireo(H3HUKa SBISAETCS OCHOBHBIM M IIMPOKO PACIPOCTPAHEHHBIM METOJIOM B
HedTerazoBoit orpaciu. Hanbonee monayto xapaktepuctuky kpusble [ IC UMEIOT, KOTJJa OHM OCHOBaHBI Ha U3yYCHHUU
MPSMOTO MaTepHasa, KaKOBBIM SBISETCS KepH. J[aHHBI Hay4dHBIH NPOEKT B OCHOBHOM HAIpAaBICH HA HM3y4eHHE
B3aUMOOTHOIIICHUH KOJUIEKTOPOB Pa3HbIX T€HEpalui W MX (aluanbHON TPHHAIICKHOCTH, KOTOPBIE CIIOCOOCTBYIOT
Oosiee TIPaBUILHOMY IIOHMMAHHUIO CTPOCHUSI OOBEKTOB AKCIUIyaTalldM C YYETOM JIMTOJIOTHYECKOH HEOJHOPOIAHOCTH
U PACHJICHCHHOCTU IMPOAYKTUBHBIX T'OPU30HTOB. HpI/IMeHeHI/Ie MMPAKTUYCCKOTO 3HAYCHUA 3HAHUA OCO6CHHOCTeﬁ n
3aKOHOMEPHOCTEH 00pa30BaHMs IECUYaHBIX TN NPH JalbHEHIIeH pa3paboTKe MECTOPOXKACHHS C IEIbIO IOBBIICHUS
KO3 PUIIMEHTOB H3BICYCHUS He(dTH. B 1aHHOW CTaTbe CONOCTaBUM KOJUIEKTOPCKHE HHTEPBAJIbI, CIOKEHHBIE Kak
CpenHe-, TaK M KPYIHO3CPHUCTHIMU IE€CYAHUKAMHM, C JAHHBIMH TeO(QHU3MUECKHX HCCICAOBAHMM CKBAXHH, a TaKKe
paccMOTPUM HX IMPOCTPAHCTBEHHOE PACIPOCTPAHEHHE IO JaHHBIM CEHCMO-aTpHOyTHOrO aHainu3a, OCHOBAaHHOIO Ha
3/1-ceiicMOpa3BeOYHbIX JaHHBIX. Jlamee 1o pe3ynbraTaM IIPOBEIEHHOIO CHEKTPOMETPUYECKOr0 IaMMa-KapoTaka
Ha KepHe ObUla BBINOJHEHA yBs3Ka kepHa u I'MC ¢ nenblo Gosee TOYHOrO omnpereneHus NeTpo(GU3MIECKUX CBOMCTB
o nutodanusM. B 3akmoueHne MOIBOAATCS KpPAaTKUE BBIBOJBI MPAKTUYECKUX M JTA0OOPATOPHBIX PaboOT M JenaroTcs
OKOHYATEJIbHBIC BBHIBOJIBI.

KiaioueBblie cioBa: reojiorus, KCEpH, ceﬁCMopa3Bem<a, anH6yTHBIﬁ aHaJin3, 4YacToTa, HaJeopycia, I[MCCHAHUK,
TJIMHUCTOCTD.

BBenenne

ATpuOYTHBII aHaIU3 — 3TO PE3yJbTaT HEKOTOPBIX MaTEMAaTHYECKUX IMPeoOpa3OBaHM CEHCMUYECKHX
JAHHBIX, HAICJICHHBIX Ha W3BJICUCHHE OMOJHHUTEIbHON HH(pOPMAIMKA O JIaTepaJbHON HEOIHOPOIHOCTH
B Tpezienax wuccienyeMoir rmomaan. OJHAKO TYT CTOMT OTOBOPHTHCSA, YTO CeHCMHuecKas Tpacca B
MIPOCTPAHCTBEHHOM AKBHBAJICHTE sIBIsieTCsl ojHOoMepHoU (1[1) u mpencraBiser coboii HAOOp clemyromien
nH(pOpMAIMK; YacTOTa, aMIUINTY/Ia, H3MEHEHHE YacTOTHOIO Juara3oHa, ¢popma KpuBoi. B cBow ouepenp,
00BEMHBII MACCUB CECMUYECKUX TAHHBIX, KOTOPBIA COCTOUT U3 CyMMBI OOJIBIIIOTO KOJTMYECTBA CEHCMHIYECKUX
Tpacc, TpeACTaBIsieT co00M MPOCTPAHCTBEHHOE pACIPE/CIICHUE BBINICYIIOMIHYTHIX MapamerpoB (3]1)
U XapaKTepU3yeTCs TMOTPYKEHHUEM, a3UMyTalbHBIM W3MEHCHHEM, IPEPBHIBUCTOCTHIO, CXOKECThIO U
KpUBOJIMHEHHOCTHIO [1].

[lepeuens ceficMuyecKux aTpuOyTOB OYCHB BEIIUK, MTOCKOIBKY KK bl U3 HUX UCIIOIB3YETCS JUIS PEIICHUS
TeOJIOTHICCKUX 3a/1a4. Hrrke MpuBeeHO OMMCcaHne JTUITh HEKOTOPHIX M3 HUX, KOTOPBIE HETIOCPEIACTBEHHO TIPHU-
MEHSUIHCh B paMKax TJaHHOW paOOThI, a TAKIKE IOKAa3aJIHd CBOIO HH()OPMATHBHOCTH B ITPOIIECCE TECTUPOBAHUS [2].

Sweetness

Januenii ceficMudeckuii aTpuOyT sBIseTCs cMmechio Envelope m Instantaneous Frequency, dopmyma
KOTOPOTO BBIPAXKAETCS B CICAYIONIEM BHJIE:

Sweetnecc = envelope/SORT(Instantanious Filter)
RelAclmp
dusnyeckuii arpudyT, KOTOPBIA OTPaKaeT KOHTPACT (PU3MUSCKUX CBOMCTB M OOECIEUUBACT JYUIIYIO
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MIPHUBSI3KY CO CKBaXMHHBIMH JaHHBIMH JJIs TE€OJOTMYECKOro aHamu3a. [eHepupyercs IyTeM WHTerpaiuu
ceiCMUYeCKOW Tpacchl M MOCIEAYIOImEero (UIbTpa HHU3KUX YacTOT JUIS YAAJICHUS MPOHM3BOJBHBIX
JUTMHHOBOJTHOBBIX TPEHOB [3].

OcHOBHBIE MOJIOKEHUS

[Ipu paccMOTpeHNM KOJIEKTOPCKUX MHTEPBAJIOB 110 JaHHBIM CEWCMO-aTpHOYTHOTO aHalln3a BBITIOJIHEHA
MpoIieypa CHEKTPAILHOTO MPeoOpa3oBaHusi CEHCMHUYECKUX KYyOOB C IIETbIO ITOJITOTOBKHM BXOIHBIX JAHHBIX
JUIsl BBITIOJTHEHUSI ceficMOo-aTpuOyTUBHOTO aHanu3a. [IpeodpasoBanne mpon3BOHIOCH HA OCHOBE TEXHOIOTUU
eXchromaS‘, ocHOBaHHO# Ha CHEKTPAIbHOM PA3TIOKEHUH CEHCMHUYECKHX aMIUIUTY/ Ha Pa3HbIe 4aCTOTHBIC
cocTasJsronue [4].

B nawsane mpormecca mpeoOpa3oBaHHUS 3aqacTCs HAa BXOA CEMCMHYECKHUN MAacCHUB JaHHBIX. MeTomuka
npeobpaszoBanust Gapped u pacueTHbIE MapaMeTphl IPUCBOCHBI 10 YMOJIYaHUIO B COOTBETCTBUHU C BXOIHBIMHU
CEHCMMYECKMMHU IaHHBIMH. B pesynprate mosyuyeHbl TPU CEHCMHYECKHMX MAacCHBa, HA3BaHHMSA KOTOPBIX
COOTBETCTBYIOT OykBaM ab0peBuatypsl RGB:

* R — HU3KOYACTOTHBIN CEHCMUYECKHIT KyO;

* G — cpeaHeuacTOTHBIN CeCMHUUECKUI KyO;

* B — BBICOKOYACTOTHBIN CEHCMHUYECKHI KYO.

Pesynbrarer cniextpaipHON mexkommno3unuu eXchromaSG BO3MOXKHO BH3yalW3WPOBaTh IMPH MOMOIIN
crangaptHoro RGB-mmmrocTparopa.

B nocnenyroieM pe3ynbTUpYOIIUe CeHCMO-CIeKTpaibHble KyObl RGB coemnHeHbI B €IUHBIN CeCMUYe CKUT
ky0 npu nomomu onuur BOX PROBE nporpammuoro obecnieuenus Pertel. B pesynbrare o0benuHeHHBIN
ceficMuuecknii KyO IOABEprcsl CIPSIMICHUIO Ha IOBEPXHOCTh, B TMpeleNiaXx KOTOPOW IUIaHMPOBAIOCH
JIOKaJIM30BaTh OOBEKTHI C OTIIMYUTEbHBIMU TIOTHOCTHBIMH XapaKTEPUCTHKAMU HITH JKe cTpaThrpaduueckie
HEOJHOPOAHOCTH, BBIACIISIFOIIUECS B TIOJIE YIIPYTuX Konebanui [5].

MarepuaJjibl 1 METOAbI

Ha aTpuOyTHBIX cpe3ax Mo MpPOJYKTUBHOMY TOPH30HTY HAOIIOAAETCs MHOXKECTBO CTparurpaduyeckux
TeJ, KOTOpbIEe HampsSMYI0 KOPPETHPYIOTCSl C PYCIOBBIMH KaHallaMH IMOTpeOeHHBIX peKk (pucyHku 1 u 2).
BonpmuHCcTBO pycen HampaBiIeHbl Ha 3amal, JHUILIb HEKOTOPhIE U3 HUX HAIPAaBICHBI HA I0r0-3anaj. BuzyanbHo
najgeopyciia MO>KHO TOAEIUTh Ha 2 KAaTeTOPUH: KPYIIHBIC U MENKUe [6].

Pucynox 1 — Cpes B mpezenax npoayKTHBHOTO TOPU30HTa aTpHOyTHOTO Kyba Sweetness

Pucynox 2 — Cpes B npezienax mpoJyKTHBHOTO ropru3oHTa arpuOyTHOTrO KybOa Relative Acoustic Impedance
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B pesynsrupyromeil kapre CHEeKTpaJbHOM AEKOMIIO3MIMH BBIICIWIA PYCIOBBIM KaHasl (PUCYHOK 3).
JlaHHbIl 00BEKT ObIT BCKPHIT HECKOJIBKUMHU CKBaKUHAMH, HO BHIOpaNIM 8 CKBaKHMH B MPE/IEax BBIICICHHOTO
MOJINTOHA U OJJHY CKBaKHHY 3a npezaenamu (ckBaxuHa Ne2) (pucyHok 4). OCHOBHBIM KPUTEPHEM IIPU BBIOOpE
CKB@KMH OBIIM KadeCTBEHHBIC KapOTakKHble KpHuBble. Ha prcyHKkax 5 u 6 mpuBeAeHB! KAPOTAXKHBIC KPUBHIC
raMmma-KapoTaxa 1 Ko QuIeHTa NMHNCTOCTH B TIpe/ieIax MPOAYKTHBHOTO TOPH30HTA.

Kak noka3aHo B KOppesILIMOHHON CXeME, PyCIIOBbIE KaHAJbI MOATBEPKAAIOTCS CKBAXKMHHBIMH JTaHHBIMU.
MoiHOCTh naneopycia B CKBaKMHaX u3MeHsiercst ot 12 m go 19 m [7].

Pucynok 3 — Cpes Ky0a CIieKTpalbHOM JEKOMIIO3UIUH 110 TexHOoIorun eXchromaS® B mpejienax mpoayKTHBHOTO
TOPU30HTA

CTpYKTYpHan KapTa No NPoAyKTMBHOMY FOPU3OHTY

Pucynox 4 — CtpykTypHas KapTa 1O IPOILyKTHBHOMY TOPHU30HTY

91



BECTHUK KA3AXCTAHCKO-BPUTAHCRKOI'O
TEXHNYECKOI'O YHUBEPCUTETA Ne3 (66), 2023

. - - - - @S NDI e
MD GR VSH MD GR VSH MD GR VSH MD GR VSH
1:309 |1.62 gAPI 20.68(-0.0380 % 0.8218| 1:309 |0.36 gAPI 13.43|-0.0247 % 0.8122] 1:309 |1.52 gAPI 27 98|0.0009 % 0.8099| 1:309 |1.14 gAP| 20.12|-0.0293 % 0.8208]
ay ay ¥ Ay
8437 | 9113 ‘ ‘
915
955
820 —
980
925
285 J
930
970
935
ors J
a4p | |
Top F—ss0—= ="
a5 | |
955
o0 el
870 —

Pucynox 5 — Koppensaunonnas cxema
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PesyabTathl u 00cy:KaeHHE

Jlutomornyeckue TMOPOABI B Tpelenax H3ydaeMOl 3aleXd TpeACTaBICHbl IeCYaHUKaMH CpeaHe-,
KPYITHO3EPHUCTBIMU C PA3IMYHBIM COJIEPKAHWEM aJeBPUTUCTOM W TIMHUCTOM cocTaBiswomied. Takxke
B M3Y4aeMOM pa3pe3e HMMEIOTCsS yIJIOTHEeHHble nopoabl. Ha pucynke 7 mpencraBneHo (OTO IecHaHUKa
N3y4YaeMOM 3aJIeHKH.

Ha pucynke 8 mpencraBieHa 3aBUCUMOCTb MPOHHUIIAEMOCTH OT IMOPHUCTOCTU IO H3Yy4aeMOW 3aJIeXU.
3aBUCHMOCTh XapaKTepHU3yeTcsl BHICOKMM IOKa3areseM amrnpokcuMaiuu nopsaka 90%, 4ro yka3blBaeT Ha
XOPOIIYIO KOPPEISIHIO NETPO(YU3NIECKHX CBOMCTB B 3aBUCUMOCTH OT JINTOJIOTHH [§].

Pucynox 7 — @0T0 mmecyaHrKa M0 CKBaKHUHE 2

10000

1000

100

=
°

HiaeMocts, 103mrm?
o

8.® &
°
°

0.1

B Y
0.01

0.001
0.00 0.10 0.20 0.30 0.40

MOPHCTOCTH, 1.€1

Pucynok 8 — CooTHoIIEHHE «TIPOHUIIEMOCTH — TOPUCTOCTH) 0 U3Y9aeMOH 3aIekKH

Ha pucynke 9 mpesncraeneHa ckBakuHa Ne2, Haxopsmiasicss BOJM3HM TOJUIOHA Tallepyciia M KOTOpas
MOATBEPKAACT HAIUYUE MECYAHOTO Tela, OJHAKO OTIMYAETCS MO CBOEH TONIIHMHE B CTOPOHY YMEHBIICHUS
3¢ (QEKTUBHONW TONIIUHBI, TMOATOMY HE MOXET OBITh OKOHTYpeHa IO JaHHbIM ceficmuku [9]. Kparkas
reou3ndeckas XapakTepUCTHKA TIpencTaBiieHa B Taomuie 1. [MTMANCTOCTS M3ydaeMon 3aieKu BapbUPYETCS
ot 0,17 n.en no 0,23 n.ex u B cpennem cocrtasisieT 0,20 n.ex. [Topuctocts uzmensiercs ot 0,25 n.eq g0 0,31
n.en u B cpenneM coctanisiet 0,28 g.el., npoHUIIaeMocTh B cpeaHeM cocrasister 220 m/1 [10].
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Tabmuua 1 — I'eopuznyeckas xapakTepucTUKa U3y4aeMoH 3aIesKu

CkB. BK, Om*m | I'K, MmxP/g I'TKm,
r/em’

Tonmuna, M

AK,
MKC/M

K,
A.€1

K,
A.C1

Kup, m]]

8,6 5,52 12.6

0,23

0,29 273

9,6 2,61 7,2 2,19

324 0,22

0,29 315

18,6 9,02 12.3

0,22

0,28 243

14,4 6,02 10.8

0,18

0,31 372

14,5 6,55 7.2 2,21

316 0,22

0,25 128

11,6 10 7,4 2,25

327 0,17

0,25 128

19,3 10 6,3 2,25

329 0,19

0,26 134

R Q[ NN || W~

15,8 2 7,6 2,22

356 0,19

0,26 169
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3akarouenmne

[lo pesymbraraM MPOBEJAECHHBIX CEIUMEHTOJOTHYECKHUX pabOT MOJIY4YeHO IMOHMMaHWE BEPTUKAIHLHOTO
¥ IUIOMIAJHOTO pacmpeneieHns Qanuid W yCIOBHH OCaJKOHAKOIDICHWS B M3y4aeMbIX CKBa)KHHAX.
WHuTepripeTrpoBaHsl (anuaibHble THUIBI TOPO, 0OCTAHOBKH OCAJKOHAKOIUICHHS KaK B MHTEpPBAIAaX KEpHA,
TaK U B MecTax ero orcyrcTBusi. CoCTaBieHbl JIETaJbHbIC CEIUMEHTOJOTUYECKHUE MIIAHIIETHl U MPUBEACHbI
(oTtorpadun, KOTOpbIe IETAIFHO WIUTIOCTPUPYIOT Pa3HOOOpa3ue U XapaKTePUCTUKHU BBLACSICMBIX (paluaibHBIX
TUTIOB OPOJ. I10 COBOKYITHOCTH BBISIBJIEHHBIX XapaKTEPUCTHK CIEJIaHbl BHIBOIBI O MOJIENIN OCAIKOHAKOTITICHHSL.
ITo xapoTaxHbBIM JaHHBIM IIPOBeIeHA HOopMmupoBka kpuBod I'K v mHTepnperanus KpUBOW INIMHHMCTOCTH B
eIMHOM KITIOU€ IS T1eiell (parraibHOTO aHaln3a B MHTEpPBaIax OTCYTCTBHUS KepHa.

Taxxe OBUTH BBIMOJHEHBI padOTHl TPHUB3KKA KepHa 1o gaHHeIM CI'K, mpoBemeH meTaabHBIHA
ceficMoaTpuOyTHBIN aHAIN3 TIO TIPOYKTUBHBIM TOPU30HTaM C BBITIOJTHEHHEM CTPYKTYPHOW MHTEPIIPETAIINU.
BrizeneHo 6oibiioe KOJIMUECTBO Majieopycell B LIEIEBOM MHTEPBAJE M COMOCTAaBICHBI C JAHHBIMH CEHCMO-
(danmaabHON MOJETH, a TaKXKe aTpHOyTHOTO aHAIU3a.
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Byt ¥euibIMH k002 HEri3iHEH JIMTOJOTHSUIBIK I'eTepOreHAUTIK MTeH OHIMIlI TOPU30HTTAP/bIH OOiHYIH €CKepe OTBIPBIIL,
naianany oObeKTIEPiHIH KYPhUIBIMBIH HEFYPIIBIM JIYPBIC TYCIHYTE BIKIIAJI €TETIH SPTYPJIi FeHepalusIapMeH oJlap/iblH
(anusuapbIHbIH OalTaHbICKIH 3epTTeyre OarbiTTanraH. COHBIMEH Karap, MyHailifa KaHBIKKAH JCHENICPIiH KaJbIlITacy
epeKIIeNiKTepi MEH 3aHABUIBIKTAPhI TYPaJIbl OLTIMHIH MPAKTUKAIBIK MOHIH, )KOHE JIe KeH OPHBIH OJaH 9pi Urepyre, MyHait
Oepy KodpQHUIUEHTTEpiH apTTHIPY MaKcaThIHAA OPBIHAAIBII OTHIP. bynm Makamama 6i3 opramma jkoHE ipi TYHipmIiKTi
KyMTacTapJaH TYpaTblH KabaT MHTEePBAJIapbIH, YHFBIHBI reO(QU3UKAIBIK 3ePTTEY IePEKTepiMEH CalIbICTBIPAMBbI3 JKIHE
3D ceiicMUKaIBIK JepeKTepre HEeTi3AeIreH CeHCMUKAIIBIK aTpHOYTTHIK TajjlayFa COKeC OJIapAbIH KEHICTIKTe TapaTyblH
OeJIIEKTIK TYpAe KapacThIpaTblH Ooiambl3. ©Opi Kapai, JurodanusiapislH NeTpopHU3UKaIbIK KaCHETTEPiH IdJipeK
AHBIKTAY YIIIH SPOAAFhl CIIEKTPOMETPHSIBIK TaMMa-KapOTaXK/IbIH HOTHKeJIepi OOMBIHINA KEPH MEH YHFbIMa KapOTaxbl
JKocrmap OoibrHITa OalIaHbICTRIPBILABI. COHFBI KOPBITHIHIBI 06TiM/I€ TPAKTUKAIIBIK KOHE 3ePTXaHAIBIK JKYMBICTAPIbIH
KBICKAIIIa 9pi HAKTHI CHIHAK HOTIDKENEPi KUHAKTAIBII, COHFBI TalIay >KYMBICTApBI JKYPTi3iii.
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DIRECT COMPARISON OF MEASUREMENTS OF GEOPHYSICAL FIELDS WITH
LITHOLOGICAL HETEROGENEITY OF THE JURASSIC PERIOD AT THE FIELD OF
BUZASHY VAULT

Abstract. Often, production geophysics is the main and widespread method in the oil and gas industry. Well logging
curves have the most complete characteristics when they are based on the study of direct material, which is the core.
This scientific project is mainly aimed at studying the relationship of reservoirs of different generations and their facies
belonging, which contribute to a more correct understanding of the structure of exploitation objects, taking into account
lithological heterogeneity and dissection of productive horizons. Application of the practical value of knowledge of the
features and patterns of formation of sand bodies in the further development of the field, in order to increase oil recovery
factors. In this article, we compare reservoir intervals composed of both medium and coarse-grained sandstones with
well logging data, and consider their spatial distribution according to seismic-attribute analysis based on 3D seismic
data. Further, based on the results of the spectrometric gamma logging on the core, the core and well logging were linked
in order to more accurately determine the petrophysical properties of lithofacies. In conclusion, brief conclusions of
practical and laboratory work are summarized and final conclusions are drawn.

Key words: geology, core, seismic, attribute analysis, frequency, paleochannel, sandstone, shale.
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ANALYSIS OF THE INTERNATIONAL PRACTICE OF CO? INJECTION
AS ONE OF THE EOR METHODS

Abstract. CO? flooding is currently a popular method employed for enhanced oil recovery (EOR). The initial mention
of utilizing CO? as an injection gas to enhance oil production dates back to 1916, although its economic feasibility was
not established until the 1950s. Initially, alternative gases such as propane, liquefied petroleum gas, and natural gas
were utilized, but CO? emerged as a more cost-effective and efficient option. The first CO? flooding project commenced
in 1964, followed by a larger-scale project in 1972. Subsequently, successful CO? flood implementations have been
witnessed in diverse regions including the United States, Canada, Hungary, Turkey, Trinidad, and Brazil. Among these,
the United States stands out with 67 operational CO? flood projects, while other countries face challenges such as limited
infrastructure and sources. To date, over 100 EOR projects involving CO? flooding have been recorded. This publication
presents a comprehensive overview of international experiences and methodologies pertaining to the application of CO?
flooding for enhancing oil production efficiency. Furthermore, it emphasizes the potential projects and applications of this
technology within the context of Kazakhstan.

Key words: EOR, CO? injection, oil recovery, miscible mode, immiscible mode, Kazakhstan.

Introduction

In the 21st century, the volume of hard-to-recover reserves is increasing. With the development and
discovery of new fields, the percentage of hard-to-recover reserves has increased markedly, and a significant
number of large deposits have approached the withdrawal threshold from the initial recoverable reserves of
70%, which is the boundary after which the residual reserves become hard-to-recover. In this regard, one has
to deal with an increasing number of problems in oil production, the solution of which by applying classical
methods of enhanced oil recovery becomes impossible.

A possible extended-term solution to alleviate the adverse impacts of global warming is a technique of
infusing CO? into geological structures in oil fields, which serves the dual objective of capturing CO? and
concurrently improving oil retrieval (EOR). This article presents a summary of worldwide investigations and
field initiatives concerning EOR-CO? procedures.

Oil extraction operations are conventionally divided into primary, secondary, and tertiary phases, as
depicted in Figure 1. The primary stage entails initial oil production facilitated by the inherent displacement
energy within a reservoir. When primary recovery diminishes, secondary recovery techniques come into play,
including gas injection, water flooding, or water-alternating-gas injection. Tertiary recovery, also known as
enhanced oil recovery (EOR), is employed to augment oil production beyond what conventional methods can
achieve. Traditional oil production typically recovers approximately 35-45% of the original oil reserves, while
EOR methods are typically implemented towards the later stages of an oil field's lifespan. These methods
involve the utilization of miscible gases (e.g., CH* CO?), chemicals, and/or thermal energy to displace
additional oil, typically ranging from 5-15% of the original reserves [1].
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PRIMARY SECONDARY TERTIARY
Recovery: up to 15% Recovery: 20% to 40% Recovery: up to 60%
Reservoir's internal pressure | Water or natural gas push Chemicals, heat or
pushes oll out more of the oll out microbes thin out the
remaining oil
Ol pipe Injection well

Production well Thinning agent

Figure 1 — Oil recovery stages

The injection of CO? into oil fields is one of the methods for improving oil recovery, which uses mixing
and immiscible displacement. In mixing displacement, CO? is introduced into the field, mixes with the oil
and increases its mobility, which makes it easier to drive it to the well. In immiscible displacement, CO? is
introduced into the field without mixing with the oil and pushes it to the well with the help of pressure. In both
cases, the injection of CO? helps to increase oil production, because. it provides additional pressure, which
helps drive the oil to the well. In addition, CO? injection can also increase the volume of recoverable oil due to
the additional solubility of oil in CO?, which is the basis of the CO? injection method for recovering additional
oil. (Figure 2. Scheme of EOR-CO? operation) [2].

ENHANCED OIL RECOVERY

Caprock

CO; injection R Provided by the Globai CCS Institute

Figure 2 — Scheme of EOR-CO2 operation

The scholarly publication examines the technique of carbon dioxide injection (both miscible and immiscible
modes) and evaluates global initiatives associated with this methodology. The potential application of this
approach in the oil and gas sector of Kazakhstan will be explored, considering its current relevance and

extensive discourse.
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Main provisions

The injection of carbon dioxide into oil reservoirs is one of the strategies for increasing oil recovery, using
both mixed and immiscible modes. The CO*EOR process allows the recovery of residual oil from the reservoir
after primary and secondary production by stimulating volume sweep (Ev) and displacement efficiency (Ed).
Depending on the pressure, temperature and characteristics of the oil in the reservoir, the injected CO? can
either mix with the oil or remain immiscible. The miscible CO?*-EOR mode is the preferred choice as it often
provides higher recovery rates than the immiscible method [3].

Miscible Mode.

The minimal miscibility pressure (MMP) represents the threshold pressure for achieving miscibility. The
MMP corresponds to the pressure level at which over 80% of the original oil-in-place (OIP) is recovered
during the breakthrough of CO? as stated by Holm and Josendal (1974). Despite being more recent, a general
guideline for assessing the MMP is an oil recovery rate of at least 90% when injecting 1.2 HCPV (hydrocarbon
pore volume) of CO?, according to Yellig and Metcalfe (1980). Figure 3 demonstrates the rapid increase in oil
recovery with increasing pressure, followed by a plateau once the MMP is reached.

Slim-tube Qil Recoveries at Increasing Pressure
CO; Thermodynamic MMP
100
e
E 9,
£ 90 |
T 80 !
> ! _ -
o] | O Multiple-Contact Miscible
= [
N 70 O immiscible
®
%‘ 60
&
a
; 50 : .
900 1,000 1,100 1,200 1,300 1400 1500 1,600 1,700
Test Pressure, psia

Figure 3 — Oil recovery rates in slim-tube experiments were measured at various pressures, with a constant oil
composition and temperature (adapted from Yellig and Metcalfe, 1980). CO?, referred to as carbon dioxide; psia,
representing pounds per square inch absolute; % indicating percent

Three mechanisms of hydrocarbon miscibility are identified, as outlined by Stalkup (1983). The initial
mechanism is referred to as first-contact miscibility, where solvents can mix with oil in any proportion and
remain as a single phase. However, certain solvents, including CO?, may not exhibit miscibility upon initial
contact but can develop dynamic miscibility with repeated interactions, resulting in a significant enhancement
in oil recovery. The second mechanism is the vaporizing gas-drive process, also known as high-pressure gas
drive, which achieves dynamic miscibility by vaporizing intermediate-molecular-weight hydrocarbons from
the reservoir oil into the injected CO? or gas. Lastly, the condensing gas-drive process, or enriched gas drive,
achieves dynamic miscibility by transferring intermediate-molecular-weight hydrocarbons or CO? (in the case
of CO2-EOR) into the reservoir oil.

In CO*-EOR, dynamic miscibility occurs when the reservoir pressure exceeds the minimum miscibility
pressure (MMP) and displacement takes place. During this process, the intermediate and higher molecular weight
hydrocarbons present in the reservoir oil vaporize into the CO?, a phenomenon known as the vaporization gas-
drive process. Additionally, a portion of the injected CO? dissolves into the oil, referred to as the condensation
gas-drive process. This exchange of mass between the oil and CO? leads to complete miscibility without any
discernible interface, resulting in the formation of a transition zone that exhibits miscibility with the oil in the
front and the CO? in the rear, as depicted in Figure 4 (Jarrell et al., 2002; Merchant, 2010).
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Figure 4 — The transition zone between the injection and production wells is depicted in the schematic of the CO?
(carbon dioxide) miscible process. (Modified from Jarrell et al., 2002.)

The MMP is measured using slim-tube tests, which are seen to be more trustworthy than mathematical
models or correlations. Since slim-tube tests are pricey, there are still two more ways to evaluate MMP:
mathematical models and correlations.

Mathematical models, unlike correlations, offer superior findings by utilizing equilibrium data and equation-
of-state (EOS), providing a more precise approach to calculating the minimal miscibility pressure (MMP).
While correlations are easier to implement, they come with certain limitations and should be relied upon only
in the absence of mathematical models or slim-tube tests.

Immiscible Mode.

If the reservoir pressure falls below the minimal miscibility pressure (MMP) or if the composition of the
reservoir oil is not conducive to miscibility, the CO?-oil miscibility will not be attained. However, the presence
of CO? can still yield positive effects on oil recovery through its dissolution in the oil, resulting in viscosity
reduction and oil swelling. These factors contribute to improved sweep efficiency and additional oil recovery.
Similar to hydrocarbon gases, the solubility of CO? in oil increases with increasing pressure and decreases with
decreasing temperature, as depicted in Figure 5, based on research conducted by Simon and Graue (1965) and
Welker and Dunlop (1963) [3].
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Figure 5 — Solubility of carbon dioxide (CO?) in crude oil from the Moran field in Kansas is dependent on pressure
and temperature, as observed in studies conducted by Welker and Dunlop (1963). The solubility is measured in units of
pounds per square inch absolute (psia) and standard cubic feet per stock tank barrel (SCF/STB), while the temperature

is indicated in degrees Fahrenheit (F).
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Through the process of mixing and non-mixing regimes when CO? is injected into the fields, oil production
can be improved. the non-mixing method gives fewer production figures because a CO*-EOR mixing method
which, by achieving a minimum mixing pressure (MMP) and obtaining dynamic miscibility, gives higher
recovery. Thin tube tests, mathematical models or correlations are used to determine the MWD. Dissolving in
oil, reducing viscosity and swelling oil, CO? will still have a positive effect on oil recovery, even if the reservoir
pressure is below the MMP or the composition of the reservoir oil is not suitable. The amount of oil that can
be recovered from reservoirs can increase dramatically as a result of CO*-EOR [3].

Materials and methods

To analyze the international practice of CO? injection, data from scientific articles, oil company reports and
other open sources such as the official website were used. Analyzed the experience of injection of CO? into oil
reservoirs in several fields in different countries, including the United States, Norway and Canada.

Results and discussion

In the 21st century, the surge in carbon dioxide (CO?) emissions poses a significant challenge to humanity.
In this context, globally, initiatives are underway to explore deep reservoir CO? infusion as a method to combat
climate change and enhance oil recovery. This section examines various CO? injection projects and technologies
employed to augment oil recovery, including prospects in Kazakhstan.

The Northern Lights venture in Norway commenced in 2020 with the objective of establishing infrastructure
for the capture, conveyance, and deep reservoir CO? infusion at a depth of 2.5 kilometers. The project leverages
refrigeration techniques to attain a stable liquid state of CO?, subsequently transporting it to deeper strata.
Furthermore, a monitoring system has been developed to oversee the process of CO? infusion into profound
formations. Northern Lights has secured funding from the Norwegian government and anticipates commencing
CO? injection by 2024 [4].

In Canada, the Quest project, initiated by Shell in 2015, stands as one of the world's largest CO? infusion
endeavors. Situated in the province of Alberta, the project encompasses CO? collection from an oil platform,
its transportation, and injection into deep layers at a depth of 2 kilometers. Employing refrigeration technology,
CO?is liquefied and transported 80 km to the injection site. A monitoring system is also employed to ensure the
safety and control of the injection process. The deep reservoir injection of CO? has led to a significant decrease
of 35% in carbon dioxide emissions [5].

The Petra Nova project in the United States was launched in 2017 as the world's first commercial carbon
dioxide separation and storage facility. It is a joint project between NRG Energy and JX Nippon Oil & Gas
Exploration, to be installed at the W.A. Parish in Texas.

The project involved the implementation of equipment that effectively separates carbon dioxide from the
emissions of a coal-fired power plant. The captured CO? is then transported through a pipeline to a designated
disposal site located deep underground. As a result, the project has the capacity to annually separate and
securely store up to 1.6 million tons of carbon dioxide.

The project implementation involved the utilization of technologies for carbon dioxide liquefaction,
compression, well drilling, and gas injection into deep layers. The outcomes of the project indicate its successful
operation and its capability to effectively reduce carbon dioxide emissions into the atmosphere. It is important
to highlight that the Petra Nova project stands out as one of the world's largest and most triumphant initiatives
focused on carbon dioxide separation and storage. Furthermore, it serves as a compelling demonstration of the
potential application of similar technologies in various power plants and industries [6,7].

In Kazakhstan, work has also been carried out to inject carbon dioxide into oil and gas deposits to increase
their production. The Tengiz Sour Gas Injection project by Chevron was launched in 2008 and was the first
large-scale CO? injection project in Kazakhstan. It was based on Enhanced Oil Recovery (EOR) technology,
which allows for enhanced oil recovery through the introduction of various substances, including CO?.

The project included the construction of a compressor station for gas compression, as well as a pipeline
system for transporting CO? from the source to the injection site. According to data obtained from Chevron,
CO? injection resulted in a 3-5% increase in production and a reduction in greenhouse gas emissions by 3-4
million tons per year [8].

In addition to the Tengiz Sour Gas Injection project, research and development activities in the field of CCS
and EOR are being carried out in Kazakhstan. For example, the Kazakhstanmunaigas company is planning to
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launch a project to inject CO? into a field in the Kulsary region, which could potentially result in an increase
of 8-10% in production. It is also worth noting that in 2020, the Kazakhstan CCS Association was established,
which is responsible for coordinating research and development in the field of CCS in Kazakhstan.[9]

Thus, the analysis of international practice shows that the injection of carbon dioxide into oil and gas
deposits is an effective way to increase oil recovery and reduce greenhouse gas emissions. Various projects
in Norway, Canada, USA and Kazakhstan show that CCS and EOR technologies can be successfully applied
in different conditions and fields. However, it is important to carry out more research and development to
improve the efficiency and economic feasibility of these technologies.

Conclusion

In conclusion, the analysis of international practice has shown that CO?injection is an effective method of
increasing oil recovery. This technology will also help increase production rates at the fields of Kazakhstan.
However, the successful implementation of CO? injection projects requires taking into account many factors
and additional research. Despite this, the prospects for using CO? as an injection fluid to increase oil recovery
remain high and require further research and development. With the economic benefits of CO?>-EOR proven by
many active CO*-EOR projects, further expansion of its application in oil fields around the world is expected.
This indicates the significance and prospects for its use in the future.
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MyHaii 6eprimTikTi apTTBIPY dicTepiHin 0ipi petinge
CO? kepi aiinay xaJbIKapaJbIK TOKipuoecin Tamxgay

Annarma. Kasipri yakeirra CO? kepi aiiay MmyHail OeprimrikTi skorapbiiaty (EOR) yImiH KoJIaHbLIATHIH
TaHBIMall omic OoibIm TabbUIagsl. MyHaii GeprimTikTi apTTBIpy YHIiH Kepi afimay rasel petiame CO?-
HI TaiijanaHy Typaibl ajFamKel TYXbBIpeIMAap 1916 x. Oacramanmer, Oipak 1950 xbimFa nediH OHBIH
9KOHOMUKAJIBIK TYPAKTBHUIBIFBl AHBIKTAIFAH JKOK. bacTamkeiga MpomaH, CYWBITBUIFAH MYHAi rasbl KoHE
TaOWFM Ta3 CHIKTHI Oanmama rasfaap mnaiimananeiiael, Oipak CO? yHemai JKoHE THIMII HYCKa peTiHIe
maitma 6onapl. Bipinm CO? kepi aiimay sxobackl 1964 k. 6actanmeim, 1972 . ayKpIMIbI jK0Oara alHaIIBI.
Hormxecinne AKII, Kanana, Benrpusi, Typkusi, Tpuaunay xone Bpasunmusi CHSIKTBI opTYypili aiiMakrapia
CO? kepi aiimay CoTTi JKy3ere achHIpBUIABL. backa emmep ImexTeyidi WHOPaKYPHUIBIM MEH KO3IEp CHSAKTHI
KUBIHABIKTApMeH Ke3mecce, Amepuka Kypama Illtarraper 67 Oencenmi CO? kepi aiimay »xkobachiMeH
epekureneri. byrinri kyni CO? kepi aiinaymen Oaitmanbictel 100-1eH actaMm MyHail OeprilUTiKTi apTThIpy
xoOanapsl Tipkenai. byn makamaga myHail OepriTikTiH THIMALTCIH aptTeipy ymin CO? kepi aiijayasl
KOJIJIAaHYJIBIH XaJIbIKapaJIbIK TOXKIpUOEIepi MEH 9/licTeMeJIepiHe TONBIK M0y jkacaia ibl. COHBIMEH KaTtap, OChl
QJIeYeTTi yK00amap/ibl )KoHEe TEXHOIOTHsIHBI KazakcTaH KOHTEKCTIHE KONJIaHyFa epeKIlie Ha3ap ayaapbLiajibl.

Tipek ce31ep: MBAO, CO? kepi aiinay, MyHail OHIIpY, apaacThIpy pexuMi, apanacray pexumi, Kazakcran
Cyaran C.

Kazaxcrancko-bpuranckuit Texunueckuit yauepcutet, 050000, . Anmatsr, Kazaxcran
E-mail: s_samat@kbtu.kz

AHaJIN3 MeKIyHAPOAHOIi mpakTuky 3akauku CO? Kak 0OMH U3 METOI0B yBe/InYeHus: HeTeoTaaun

Aunnoranusi. 3akauka CO? B HacTosiIiee BpEMs SBISETCS MOMYJISIPHBIM METOIOM, HCIOIb3YEMBIM JUIS TTOBBIILIEHHMS
nedreornaun (EOR). [eproe ynomunanue 06 ucnonb3zoBannd CO? B KaueCTBE 3aKaYMBAEMOIO ra3a JUisl YBEIUUCHHUS
n00bran HeGTH OTHOCUTCS K 1916 I, XOTS ero SKOHOMHYECKasl 1eecoo0pa3HoOCTh He Oblia ycTaHoBiaeHa A0 1950-x rr.
[TepBoHaYaIBFHO MCIONB30BAIKCH AJBTCPHATUBHBIC Ta3bl, TAKUE KaK MPOIAH, CXKIKCHHBIH He(DTSIHOW ra3 U MPUPOIHBINA
raz, Ho CO? craj 60Jiee SKOHOMUYHBIM 1 2 PEKTUBHBIM BapraHTOM. I1epBbiii mpoekT 3aBoanenust CO? nayancs B 1964 r.,
3a HUM IocIe1oBal 6onee MaciutabHbIi mpoekT B 1972 1. Bnocnencteun ycnennsie peanuzanuu 3aBogHenus CO? Obutu
3aCBHU/ICTEIILCTBOBAHBI B Pa3IUYHbBIX pernonax, Brirouas CIIIA, Kanany, Benrputo, Typuuto, Tpununan u bpazunuto.
Cpenu Hux Boaensitores Coequnennbie LTaTel ¢ 67 nelcTBYOIMME npoektamu 1o HaBomHeHHo CO? B TO Bpems
KaK JIpyTHe CTpaHbl CTAJKMBAIOTCS C TAaKUMH MpoOIeMaMH, Kak OrpaHHYeHHas MH(pacTpykTypa W HCTOuHHKH. Ha
CErOJHSIIHMI AeHB 3aperucTpupoBaHo 6onee 100 MPOEKTOB MOBBILICHHS HEPTEOTIauH, CBI3aHHbIX ¢ 3aBonHeHHeM CO?.
B nanHO#W myOnuKanmuy MpencTaBieH BCECTOPOHHHMH 0030p MEXAYHAPOIHOTO OIBITa U METOAOIOTHH, KaCAIOIIMXCS
npuMeHeHus 3aBopHeHus CO? st moBbilieHus dddextuBHOCTH 100bMH HedTH. KpoMe Toro, B HeM MOJYepPKHBAOTCS
TTOTEHIMAJIFHBIC TPOEKTHI ¥ MPIMEHEHHE 3TOH TeXHOJIOTHH B KOHTeKcTe Kasaxcrana.

KaroueBblie ciioBa: MOAO, 3akauka CO?, 100b19a HE(PTH, CMENIMBAEMBIN PEKUM, HECMEIMBAEMBIH pexuM, Kazaxcran
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ASSESSING THE PROJECT MANAGEMENT MATURITY LEVEL
IN THE PRODUCTION LOGISTICS FIELD

Abstract. This study examines the practice of implementing project management standards in production logistics. The
goal of the study is to evaluate the maturity level of PM at the company engaged in the field of production logistics. The
research was conducted on the materials of the company "Mehelektromontazh" LLP for the period of 2020-2022 through
the analysis of key performance indicators and data from interviews. The study employed comparative and statistical
analysis to assess the company's position. Standards in the field of project management, such as PMBOK, ISO, P2M,
SSPM, etc. were compared. Research methodology is based on using the OPM3 model which helped to evaluate the PM
maturity in logistics company. According to the evaluation results, the most developed areas in LLP "Mehelektromontazh"
are procurement and scheduling management (100%), cost management (90%), and human resources management (75%).
The least utilized project practices in this company are content management (25%), stakeholders management (50%),
senior management (60%), and integration management (55%). The analysis conducted allowed for the formulation
of recommendations for the implementation of project management standards to optimize logistics in the company's
production process.

Key words: project management, production logistics, project maturity level, PM standard, OPM3 standard.

Introduction

In conditions of high competitive struggle, companies strive to optimize the work of all components of the
production process. The logistics approach allows for the development of an open system for the formation
and management of material, informational, and financial flows during order fulfillment, as well as ensuring
coordination of work among all departments and units involved in the movement of materials from source to
consumer.

The effective application of the logistics approach can be enhanced through the implementation of project
management. By developing project management within a company, it is possible to reduce costs, increase
efficiency, improve interaction with customers and company management, and gain more competitive
advantages. According to research by Economist Intelligence, 80% of company executives worldwide consider
project management a key competency that helps them remain competitive during economic recessions. Some
authors found that on average, higher levels of project management maturity are associated with better cost
and schedule results [1, 2]. However, in most organizations, expenditures on project management do not have
direct impacts on revenue or profits [3]. Even when an economic downturn is followed by an upturn, there is no
doubt that mature project management applied to all company activities contributes to achieving better results
and obtaining long-term business advantages. However, managers of domestic companies are not rushing to
implement project management standards in their company management, one of the reasons being a lack of
sufficient knowledge in this area, indicating the need for this research.

The goal of the study is to evaluate the level of implementing project management standards at the company
engaged in production logistics.

To achieve this goal the following research questions have been defined:

What standards are applicable to measure the PM maturity at the logistics companies?

What is the level of PM maturity at the chosen logistics company?

What the company should do to increase its PM maturity level?
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Main provisions

The implementation of TSR PT across the entire production program ensures the optimal utilization of
resources, enabling the organization to establish a smooth, unidirectional flow of materials.

LLP "Mehelektromontazh" excels in procurement management and time management (both at 100%),
cost management (90%), and human resource management (75%). In contrast, scope management (25%),
stakeholder management (50%), high-level management (60%), and integration management (55%) are arcas
where project practices are less utilized.

Scope management's lower percentage is attributed to the infrequent changes in initial customer
requirements, even though unique requirements emerge during the initial order formation, necessitating a
more comprehensive approach.

The quantitative utilization and qualitative implementation of project practices are assessed, revealing that
while quality management has a 70% utilization rate, its qualitative implementation is at 45%.

Streamlining material flows through project management practices offers several benefits, including a
tenfold reduction in interdepartmental routes, fewer internal links between production areas, and simplified
production planning and management.

Literature Review

PM evolution

The historical origins of project management can be traced back to the development of human civilization,
as evidenced by the great projects of the past such as the Egyptian pyramids, the Great Wall of China, the Taj
Mahal, and many others.

Project management is associated with the works of classics such as Gantt, Fayol, and Taylor. For example,
the American engineer H. Gantt developed the technique of calendar planning, which later became a project
planning tool. Henri Fayol is the creator of classical management theory, which established the functions of
management and became the foundation of project management.

The project management was established as a knowledge field in 1950s. In 1959, NASA proposed a systemic
approach to project management based on the project life cycle stages.

In 1966, the GERT system was introduced, which represents a probabilistic method of network planning.
This method is used to assess the probability of event occurrence based on statistical data obtained through
modeling. It is applied when it is not possible to determine the exact sequence of work to achieve the project's
goal.

In the 1970s, a systemic approach to project management was actively developed, taking into account
external project factors. Conflict management methods were developed and implemented, and project
organizational structures were formed with the definition of each participant's role.

Project management as a professional field was formed in the 1980s. Concepts such as resource management,
risk management, and quality management emerged within project management. Significant attention was
given to team formation.

The widespread adoption of project management methods in various industries began in the 1990s. During
this period, the process of unification and standardization of project management methods began, leading to
the introduction of international and national project management standards.

Production Logistics evolution

In foreign literature, "logistics" is considered a management function associated with planning. American
scholars view logistics as a planning structure, a mechanism for cost savings.

English scholars perceive logistics as "the study and prediction of the market, production planning,
procurement of raw materials, materials, and equipment, including inventory control and a series of operations
related to the movement of goods."

Therefore, logistics allows for the optimization of production and information flows both within and outside
the company. In the subsequent years, logistics began to be based on the integration of all spheres of economic
activity into a system.

Using PM standards for the assessment of PM maturity in the Production Logistics field

There are many international standards of PM that can be applicable in different fields of economy. They
specifically differ from each other depending on particular criteria. Table 1 presents a comparative analysis of
international project management standards.
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Table 1- Comparative Analysis of International Project Management Standards

Criteria / standards PMBOK P2M PRINCE2

Approach Used process systemic process

Project review in isolation Organization context Organization context

Composition of project| Management of integration, | Management of strategy, project start, initiation,

management subject content, timelines, finances, systems, project planning, project

areas cost, personnel, risks, organization, tasks, resources, management project stage
communications, quality, risks, project IT, relationships, control, product delivery
contracts, and deliveries project value and communication | management, completion

Availability of No No Yes

management document

templates

Availability of an Yes Yes Yes

individual certification

system

In addition to that, the simplified PMBoK model, known as SSPM (Small and Simple Project Management),
is actively used. This model consists of four stages that a project must go through: initiation, planning, control,
and closure. The difference from the full model lies in the consolidation of two process groups, namely the
"executing" group and the "monitoring and controlling" group, into a single group.

The discussed standards are integrated into a unified system of standards that allows for diagnosing and
improving the maturity of an organization in the field of production logistics.

Different models are used to determine the level at which project management is implemented in a
particular company. The organizational Project Management Maturity Model (OPM3) is a model that guides
organizations to find solutions that bridge the gap between strategy and the realization of their projects [4].
This model includes tools and methods that allow continuous evaluation, through diagnostic techniques that
identify potential problems and deficiencies with projects. At the same time, it identifies improvements to
be implemented [5]. These standard benefits different organizations in terms of dimension, complexity, and
geography. Silva et al stated that this model is one of the suitable tools for measuring PM maturity in the field
of logistics. That’s why the study uses the mentioned model in the analytical part of the research.

Materials and methods

The study uses statistical data from official internet resources, constituent and financial documents of
"Mehelektromontazh," as well as publications from open sources.

The research methods used include logical-structural analysis, comparative and statistical analysis, and
graphical analysis method. Data was collected by using the interview method for building an OMP3 model to
assess the PM maturity at the chosen company. Respondents were 26 PM managers and project team members
at "Mehelektromontazh" experienced in managing projects in the field of production logistics.

Before using the project management evaluation procedure, it is necessary to specify the constraints used.
The assessment of project maturity was conducted by compiling a list of project-level questions. The weights
of the questions were considered equal, and the process groups and knowledge areas were defined based on
theoretical knowledge.

The main method used was in-depth interviews with the director of LLP "Mehelektromontazh" to assess the
implementation of project management in the enterprise. The interview questions were derived from the OPM3
model, and the interpretation of the results was carried out by quantitatively calculating the number of project
management processes used in the enterprise out of the total number of processes in the considered category.
The questions are presented in Appendix A. When using a process in the enterprise, its implementation level
was determined on a 4-point scale, where each subsequent category included the previous one:

Standardized process: observed in the company, possibly formally regulated.

Measurable process: quantitative or qualitative analysis is conducted on this process.

Controlled process: controlled to achieve planned results, deviations are promptly identified.

Improved process: negative practices identified in this process are analyzed, and a continuous procedure

for their elimination is carried out.
At the end of this interview, a report was generated with a percentage determination of the quantity and

107



BECTHUK KA3AXCTAHCKO-BPUTAHCRKOI'O
TEXHNYECKOI'O YHUBEPCUTETA Ne3 (66), 2023

quality of the project management processes used. This percentage represents the level of utilization of only
those project practices listed in the questions and may not take into account certain processes.

The interpretation of the results was performed using MS Excel software, whose capabilities allowed
achieving the set goal.

Results and discussion

In LLP "Mehelektromontazh" the orderliness of material movement in production is achieved through the
design of a typical scheme for the movement of work items in production (TSR PT). Designing TSR PT for
the entire production program ensures the utilization of all potential capabilities of organizing unidirectional
material flows.

The logistics department, while ensuring the flow of materials, must participate in decisions regarding the
launch of production.

Below is a graphical representation of the results of the conducted in-depth interview.
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Figure 1 — Diagram of the implementation of PM processes by knowledge areas

As shown in the presented radar chart, the percentage of overall implementation of project management
processes is displayed by knowledge areas. The most developed areas in LLP "Mehelektromontazh" are
procurement management and time management (100%), cost management (90%), and human resource
management (75%). The least utilized project practices in this company are scope management (25%),
stakeholder management (50%), high-level management (60%), and integration management (55%).

The low percentage of scope management is due to the formation of initial customer requirements, where
the order structure rarely undergoes significant changes. However, during the initial order formation, unique
requirements are established, and a more comprehensive project approach for managing the scope is clearly
necessary.

Time management and procurement management have demonstrated the highest level of implementation of
project practices. This is due to the specific nature of production activities, which operate on a "just-in-time"
principle, as well as the serious penalties in case of order delays. Similarly, there is a well-planned distribution
of human resources for the same reason.

An important point for the analysis was the visual determination of the percentage of project practice
utilization, as well as the cumulative percentage of project management implementation, which was calculated
as the ratio of the current indicator of used project practices in production to the total number of project practices
from the questions. The percentage of project management implementation in LLP "Mehelektromontazh" is
74%.

As mentioned above, questions were asked about the quality of the utilization of these practices in the
enterprise during the interview. In comparison to the level of practice utilization, the percentage of qualitative
implementation showed lower results, as presented in the figure.
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The most developed areas in the enterprise, after determining the qualitative level, are time management
(53%), cost management (50%), quality management (45%), procurement management, and human resource
management (44%). The least utilized project practices in this company are scope management (13%),
stakeholder management (17%), high-level management and communication (21%), and risk management
(22%).

Although the percentage of project management utilization in quality showed an average indicator of 70%,
the level of qualitative implementation of project management demonstrates high performance at 45%. The
quality management is also crucial to detect and eliminate defects; otherwise, the produced goods may become
unsuitable for use.
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Figure 2 — Diagram of the qualitative implementation of PM processes by knowledge areas

Among the low indicators, new weaknesses have emerged in LLP "Mehelektromontazh", specifically in
stakeholder management, communication, and risk management. Project communication management among
employees is carried out in an informal manner, and there are only rare procedures for clarification calls with
stakeholders. Thus, the administrative staff does not see the need for thorough communication planning, which
was confirmed during the analysis of the company's project activities and the identification of only clarification
call procedures with major clients. Risk management processes are considered without due attention, as the
management perceives the occurrence of risks as completely unpredictable.

The OPM3 model itself serves as an excellent tool for a comprehensive understanding of the extent and quality
of project management practices in all knowledge areas of project management. The developed questionnaire,
consolidated table, and graphs will be provided to the management of LLP "Mehelektromontazh", allowing them
to conduct a re-evaluation of their activities when necessary. However, this model has significant limitations,
including unintentional overestimation of results since managers of their own enterprises potentially believe
that the practices mentioned in the questions are used in their enterprises, although significant work is still
required for their full implementation. Another drawback of this model is the lack of specific recommendations
for improving project activities due to the nature of continuous and petal maturity models.

The weaknesses of LLP "Mehelektromontazh" lie in stakeholder management, communication, and risk
management. Project communication management among employees is carried out in an informal style, and
communication with stakeholders is limited to rare clarifying phone calls. This indicates that the administrative
staff does not see the need for thorough communication planning, which was confirmed during the analysis
of the company's project activities, where only clarifying phone call procedures were identified for major
clients. Risk management processes are considered with insufficient attention, as the management perceives
the occurrence of risks as unpredictable.

To increase the sales of services (products) at LLP "Mehelektromontazh" and expand the geographical
scope of deliveries, it is necessary to implement new technologies used by foreign companies, both in terms
of manufacturing techniques and materials management, i.e., the implementation of logistics management
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systems. In a more advanced form of the "Kanban" system, it is possible to reduce material costs related to
maintaining the staff and reduce the non-rational use of materials. Additionally, it can shorten the turnover time
of materials into products, products into monetary funds, monetary funds into materials, and so on.

The logistical approach to managing material flows in the enterprise allows for the maximum optimization
of a complex set of logistical operations, which can be achieved through the implementation of project
management. Therefore, the use of design in LLP "Mehelektromontazh" provides the following advantages:

More than a tenfold reduction in the number of different interdepartmental technological routes.

Reduction in the number of internal links between production areas.

Reduced complexity and labor intensity of production planning and management.

Conclusion

Thus, the study results helped to answer the research questions put forward before. Based on the evaluation
results of the project management level in LLP "Mehelektromontazh", it can be noted that the company is
at an initial level of project maturity, characterized by the following features: limited support for project
management, minor implementation of project management practices, the management's lack of awareness
about the benefits of project management due to fear of change, decision-making driven by personal interests,
lack of project management knowledge, and absence of investment in staff training. Despite the relatively
high percentage of implemented project practices in the company and the management's willingness to learn
new knowledge, the absence of confident knowledge of project methodology by the management prevents the
transition to a higher level of the project management implementation assessment model. The implementation
of project management in production logistics will ensure the timely fulfillment of obligations by LLP
"Mehelektromontazh", which means delivering supplies on schedule without delays. The research limitation
is the fact that the study covered the activity of only one company engaged in production logistics. Therefore,
future research can expand the topic by adding new companies or additional fields as an object of the research.
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KA3AKCTAH KOCIMOPBIH/IAPBIHJIAFBI TYPAKTHI MHHOBALIUSIIBIK,
JAMYJIbI BAFAJIAY

Angarma. byn Makamaga eHMIPICTIK JIOTUCTHKara >KOOAJbIK MCHEDKMEHT CTaHAApPTTapblH CHII3y Taxipuoeci
KapacTeipeiianel.  3eprrey 2020-2022 sxx. «MexanekrpomonTaxky JKIIC Marepwanmapbl HETIi3iHAC KBI3METTIH
HETI3r KOPCeTKIITEpiH Taniay oHe cyxOar AepeKTepiH eHJey apKbUIbl KYPri3uial. OpeOduerrepre LIONy Ke3iHzae
allIBIK aKMapaTrThlK pPecypcTapia OpHAJIACTBIPBIIFAH OTAHIBIK JKOHE MICTEIIIK FaJbIMAAPIBIH FHUIBIMH ESHOEKTEepi
naiananbuIbl. 3epTTey OapbIChIHAA KOMIAHUSHBIH JKaraailblH OarajayFa MYMKIHZIIK OEpeTiH cajbICThIPMAlIbl JKOHE
CTaTUCTHKANBIK Tannay Koimausuinel. PMBOK, ISO, P2M, SSPM xone T.0. 00aJbIK MCHEKMCHT CallaChIHIAFbI
cTanaaprTap Kapactelpbuiabl. Cyx0ar oiici apKbUIbl 3epTTENETiH OOBEKTIHIH JKOOAJBIK KeMENJeHy JeHreline Oara
Oepineni. JKyprizuireH Ttannay KOMIIAHUMSIHBIH ©OHAIPICTIK MPOLECIHJE JOTMCTUKAHBI OHTAMIAHIBIPY MaKcaTbhIH/A
YKOOAJIBIK MEHE/DKMEHT CTaHAAPTTapbiH €HIi3y OOMBIHIIA YCHIHBICTAP KAJIBINTACTBIPYFa MYMKIHAIIK Oepi.

Tipek ce3mep: 00aTBIK MCHEDKMEHT, OHITIPiC, JIOTUCTHKA, )KOOAJIBIK JKETUTY JACHICHi, cyX0aT, cTaHmapTTap.
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OLIEHKA PA3BUTHS YCTOMYUBBLIX MHHOBALIMIA
B KA3AXCTAHCKUX KOMIIAHUSIX

AnHoTanusi. B naHHOW crarbe paccMarpuBaeTcsl NMpakTUKa BHEIPEHHs CTaHAAPTOB NMPOEKTHOIO MEHEIKMEHTa B
MIPOM3BOJICTBEHHYIO JIOTHCTHKY. MccnenoBanue nposeneHo Ha marepuanax TOO «MexaneKTpoOMOHTaXK» 3a MEepHoJ
2020-2022 rT. MOCPEACTBOM aHalIM3a OCHOBHBIX ITOKa3aTeled NEesTeNbHOCTH M 00pabOTKM JNaHHBIX WHTEpBbIO. [Ipn
0030pe JMTeparypbl ObUIM HCIOJIB30BaHBl HAyYHBIC TPY/Abl OTEUECTBEHHBIX M 3apyOC)KHBIX YUYECHBIX, Pa3MEILCHHbIC B
OTKPBITHIX HH()OPMAIIMOHHBIX pecypcax. B xoze vccienoBanust ObIIM HCIONIB30BaHbl CPABHUTENBHBIN M CTAaTUCTUYECKUI
aHaJ M3, KOTOPBIH IIO3BOJIMJI OLIEHUTH IIOJIOXKEHHE KOMIAHMH. PaccMOTpeHBl CTaHAapThl B 00JAcTH IMPOEKTHOTO
MeHekMeHTa, Takue kak PMBOK, ISO, P2M, SSPM u nip. [Ipu orieHke ypoBHS IPOEKTHOIO MEHEPKMEHTA B KOMIIAaHUN
OblTa MCII0Ib30BaHa MOJIEIIb 3pENIOCTH ypaBieHus mpoekramu Kepunepa. [TocpenctBoM MeToja MHTEPBBIO 1aHa OLICHKA
YPOBHIO IPOEKTHOI 3peoCcTH UccieayeMoro oobekra. [IpoBeieHHbINH aHaIN3 O3B0 COPMHUPOBATH PEKOMEHIAINN
10 BHEIPEHHWIO CTaHJApTOB IPOEKTHOTO MEHEKMEHTa C b0 ONTUMH3ALUM JIOTUCTHKA B IMPOHM3BOJCTBEHHOM
IIPOLIECCE KOMITaHHUH.

KuroueBble cj10Ba: MPOEKTHBIM MEHEIKMEHT, POU3BOJCTBO, JIOTUCTUKA, YPOBEHb MPOEKTHOM 3pENIOCTH, UHTEPBBIO,
CTaHJapTHI.
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THE CHALLENGES OF USING THE AGILE APPROACH
WHILE DEALING WITH SUPPORTERS OF THE CONSERVATIVE
APPROACH IN PROJECT MANAGEMENT

Abstract. Project management (PM) is one of the most important aspects of modern business and society. Successful
completion of projects can ensure the growth and development of organizations, as well as the social well-being of society
and the country. As businesses continue to operate in a dynamic environment, the need for a flexible and responsive
PM approach has become increasingly important. This led to the popularity of Agile methodology, which emphasizes
collaboration, continuous improvement, and customer satisfaction. While Agile has proven successful in many projects, it
also comes with its challenges and risks. Therefore, understanding the success and risk factors associated with using Agile
is crucial for project managers to plan and manage Agile projects effectively. The aim is to understand if the implementation
of Agile is vital to revolutionize PM or if Agile has a placebo effect by presenting numerically represented proofs. The
aim of the study is also to identify risk and success factors influenced by the Agile methodology. To achieve this goal,
theoretical study of other countries and the practical part. The theoretical part considers the project concept, risk factors
and project success. In the empirical part, a questionnaire was used among PM experts to collect primary information.
To analyze the results of the questionnaire, the following methods were used: Cronbach’s Alpha and Manna Whitney.
As a result of the study, risk and success factors were identified in projects positively influenced by Agile. Namely, it
increases the probability and influence of success factors and reduces the likelihood and influence of risk factors. These
recommendations are for future research. The results of the study can be used to decide on the implementation of Agile
methodology and further improve the practical experience of implementing Agile methodology.

Key words: Agile, Project Management, Success factor, Risk factor.

1. Introduction

The relevance of research lies in the increasing popularity of Agile in Project Management (PM) and the
need for a clear interpretation of the factors that impact its success and risk attributes. This study can be
valuable for project managers and organizations to make a more precise approach when adopting Agile and
can improve project outcomes. Additionally, it can aid in identifying areas that require improvement and
developing strategies to mitigate potential risks. With the growing demand for Agile, this research is crucial in
ensuring organizations have the knowledge and skills to successfully implement Agile methodology. PM is an
urgent topic in the modern world, as it allows you to manage resources and achieve your goals effectively. No
matter what industry an organization works in or what type of project it leads, PM is necessary for completing
tasks and achieving results. Now, Kazakhstan is actively developing in this direction. Firstly, Kazakhstan is
actively developing in various fields, including economy, industry, transport and communications, and social
infrastructure. To ensure the effective execution of these projects, it is essential to oversee them optimally,
reducing potential risks and maximizing achievements. Secondly, Kazakhstan is working to improve the
investment climate and attract foreign investment. To use these investments effectively, it is necessary to conduct
projects that will be successful and profitable. Finally, Kazakhstan is a member of international organizations
such as the World Trade Organization and Organization for Economic Co-operation and Development and
participates in international projects. This study can help in the areas mentioned above.

This research aims to explore the factors contributing to the achievement and potential risks related to
the utilization of Agile methodology in PM, specifically in multinational corporations. The investigation will
analyze the crucial elements that facilitate the effective implementation of Agile methodology and the possible
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difficulties and hazards that may emerge during the adoption phase. Additionally, the research will assess the
influence of Agile on significant factors influencing both success and risk.

To achieve the research objective, we must answer the following questions. Do companies that use Agile
in projects have more success rates than companies with traditional project approaches? Are the factors of risk
less in companies practicing the Agile approach than in companies with the traditional approach? How the
level of resistance against Agile methodologies can be evaluated? To what extent do project managers find it
challenging to implement Agile in projects for traditional companies?

In the research, firstly, the literature review will be done to study the use of Agile in PM thoroughly. Then,
the proper questionnaire will be done among experienced project managers to identify the level of Agile in
PM in Kazakhstan. Later, the data will be analyzed, and the effects will be discussed based on numerical data.

The paper is organized as follows. We provide the main provisions including the literature review, materials
and methods, and the discussion of the main results and findings. The last section concludes the study
highlighting its limitation and future research directions.

2. Main provisions

2.1. Literature review

One challenge identified in the literature is resistance to change. The supporters of a conservative approach
may resist Agile methodology as it requires a significant shift in mindset and work practices. According to
Eklund and Wilson (2018), change resistance can manifest in many ways, including lack of engagement,
skepticism, and outright opposition to the Agile approach. This resistance can stem from the fear of the unknown
or the belief that the traditional approach has worked in the past and, therefore, should continue. [1], [2], [3]

Another challenge highlighted in the literature is a lack of trust. Conservative supporters may not trust the
Agile methodology or the team responsible for implementing it. According to Conboy et al. (2016), trust is
essential to implement Agile successfully. Without trust, stakeholders may not believe in the project’s goals or
the team’s ability to deliver, leading to project failure. [4], [5], [6], [7], [8],

Different goals and priorities can also present a challenge when implementing Agile with conservative
supporters. According to Hazzan and Dubinsky (2013), the goals of Agile, which prioritize customer value
and adaptability, may conflict with the conservative approach, which prioritizes adherence to the plan and
minimizing risks. The differing goals can lead to a lack of alignment between stakeholders, which can cause
significant problems in project implementation. [9], [10], [11],

Communication is another critical factor identified in the literature that can affect the success of Agile
implementation with conservative supporters. According to Beigbeder and Picard (2016), communication
issues can arise due to language, terminology, and approach differences. Conservative supporters may not be
familiar with Agile terminology, leading to misunderstandings, delays, and other communication issues. [12],
[13], [14], [15], [16],

Finally, a lack of understanding of the Agile methodology can pose a significant challenge when
implementing it with conservative supporters. According to Boehm and Turner (2013), adopting Agile
methodology necessitates a notable shift in mindset and work practices, which can pose challenges for
individuals accustomed to more traditional approaches. To address this challenge, organizations may need to
invest in training and education to help stakeholders understand the Agile approach and its principles. [17],
[18], [19],

The reviewed literature suggests that implementing the Agile approach while dealing with supporters
of a conservative approach in PM can be challenging. Resistance to change, lack of trust, differing goals,
communication issues, and a lack of understanding are some primary challenges that can arise. Organizations
that wish to implement Agile successfully with conservative supporters must address these challenges through
effective communication, collaboration, and education. [20], [21], [22], [23], [24].

2.2. Materials and methods

This section focuses on the methodology used to obtain the data for the research. The first part of this
section focuses on the methodology to gather the data, and the second part focuses on the interpretation of the
numerical data. The analysis is conducted using the data analysis methods and tools.

The data is collected by sending a questionnaire to the top managers of companies who practice the Agile
approach from the IT, telecom, governmental, and construction companies. The questionnaire has three
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sections and twelve questions are asked. Each question has two parameters for probability and impact values,
where six out of twelve questions are related to probability factors and six out of twelve are related to risks.
The questionnaire questions include the factors indicated in Table 1. The collected data will later be processed
with Excel calculations.

There are three methods used for the research. Firstly, for the study of secondary information - literature
review and analysis using the program VOSViewer. As well as a summary table by articles. The next method
includes a survey, and qualitative interviews were used to prepare the primary information. Finally, analyzing
the results were analyzed using different parameters.

Two methods were used for data analysis: Cronbach’s alpha and the Mann-Whitney method. The reliability
of the questionnaire was assessed using Cronbach’s alpha method. To directly analyze the questionnaire data,
we used the Mann-Whitney method. Based on a survey conducted among companies using Agile and not using
it, data was obtained that allows us to analyze the impact of Agile on risk factors and success in PM. There
were twenty respondents in total. The data obtained were divided into two groups: companies using Agile and
companies not using Agile. For each risk or success factor, the U value and the p-value were calculated. The
Excel tool was used to calculate, and the following steps were performed. Consider the example of a success
factor such as an adequate budget for planning and design projects (impact). The first step is the ranking of the
data. The results were ordered in ascending order, and each value was assigned ranks. The second step is the
calculation of the sum of ranks. We calculate the sum of the ranks for each company. Let us denote the sum of
the ranks of a company using Agile as U1 and the sum of a company not using Agile as U2, where Ul=172 and
U2=38. The third step is the calculation of U statistics. Calculate U statistics using the formula:

U = min(U1, U2), (1)

The fourth step is the calculation of the expected value of U. We determine the expected value of U using
the following formula, where nl and n2 are sample sizes for a company using Agile and a company not using
Agile, respectively, where E(U)=42:

E(U) = (nl *n2)/2, (2)

The fifth step is the calculation of the standard deviation (SD). We calculate the SD for the U statistic using
the following formula, where SD=12.12:

SD =sqrt[(nl * n2 * (nl +n2 + 1)) / 12], 3)

The sixth step is the calculation of the Z-statistic value. We calculate the value of the Z-statistics using the
following formula, where Z=-2.06:

Z=(U-E))/SD, “)

The seventh step is determining the p-value. Using the standard normal distribution Excel formula, we
determine the p-value associated with the resulting Z-statistic value, p-value=0.019. The eighth step is deciding.
We compare the obtained p-value with the selected significance level (0.05). If the p-value is less than the
selected significance level, we reject the null hypothesis and assume that there is a statistically significant
difference between the companies. Otherwise, the non-null hypothesis is not rejected, and it is accepted that
there are no statistically significant differences between the samples. 0.019<0.05 - we reject the null hypothesis
and assume that there is a statistically significant difference between the companies.

2.3. Results and discussion

The results obtained for all factors are presented numerically (Table 1) and graphically (Table 2) below.
Green indicates alternative hypotheses confirming the differences between companies using and not using
Agile. Red marks companies where null hypotheses are accepted, which confirm the absence of differences
between companies with and without Agile. According to data analysis (Mann-Whitney U test), companies
using Agile have a greater impact and probability of success factors such as Adequate budget for planning and
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designing projects, Clear goals and technical requirements of the project, and Support from stakeholders. Also,
according to data analysis (Mann-Whitney U test), companies using Agile have less impact and probability of
such risk factors as poor time management and financial risks (including inflation and currency exchange rate
changes).

Table 1 — Results of the analysis by the Mann-Whitney method. Numerical values:

Success | Values | Adequate Experienced | Adequate Clear goals Support from Strict project
factors budget for and qualified |financing and technical stakeholders planning and
planning team requirements of control
and design the project
projects
Im- |Proba- |[Im- |Proba- |Im- Proba- | Im-pact | Proba- | Impact |Proba- | Impact | Proba-
pact |bility |pact |bility |pact |bility bility bility bility
Results |a 0.05
U-total |17 |24.5 [34.5 |22.5 |28 27.5 |0 16.5 |0 19 22.5 |39
sig yes |no no |no no no yes yes yes yes no no
U-crit |21.56
p-value |0.02 [0.07 ]0.27 [0.05 ]0.12 |0.12 ]0.00027]0.02 ]0.00027 |0.03 |0.05 0.40
sig yes |no no |no no no yes yes yes yes no no
Risk Values | Political Financial Legal risks Lack of Poor time Reputational
factors instability risks: procurement management risks
inflation and materials
currency
exchange
rate changes
Im- |Proba- |[Im- |Proba- |Im- Proba- | Im-pact | Proba- | Impact |Proba- | Impact | Proba-
pact |bility |pact |bility |pact |bility bility bility bility
a 0.05
U-total |40.5 |35 28 |21 39 40 31 39.5 |21 23 34 20.5
sig no |no no |yes no no no no yes no no no
U-crit |21.56
p-value | 0. 0.2819 |0. 0.043210.4023 [ 0.4345 | 0.1821 |0.4183 |0.0416 |0.0585 |0.2547 | 0.0580
4508 1241
sig no |no no |yes no no no no yes no no no
Table 2 — Results of the analysis by the Mann-Whitney method. Graphically values:
Success factors Impact Probability
Adequate budget for planning and design projects Yes No
Experienced and qualified team No No
Adequate financing No No
Clear goals and technical requirements of the project | Yes Yes
Support from stakeholders Yes Yes
Strict project planning and control No No
Risk factors Impact Probability
Political instability No No
Financial risks: inflation and currency exchange rate | No Yes
changes
Legal risks No No
Lack of procurement materials No No
Poor time management Yes No
Reputational risks No No
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To summarize, the collected data shows that the success factor with the Agile approach application in
projects positively affects the success rate, and the risk factors correspondingly decrease. The results’ analysis
demonstrates that the minimum requirements for the correct level of data are met.

0.7 is commonly regarded as a benchmark value for Cronbach’s alpha by analysts. When the coefficient
reaches this threshold or higher, it suggests that the items in the measure exhibit sufficient consistency, indicating
reliability. Values close to 0.7 are considered minimally acceptable but fall short of ideal. Nevertheless, it is
worth noting that different fields and industries may have varying minimum values for Cronbach’s alpha based
on their specific requirements and standards. The benchmark results show that success rates for factors 4, 5 and
6 are highly affected by implementing the Agile approach in projects, whereas they are decreased significantly
for factors 1, 2 and 6.

3. Conclusion

According to the study results, the success and risk factors positively influenced by the Agile methodology
are identified, as well as the main obstacles companies face when implementing Agile. Thus, this work will be
useful for companies that doubt the need to implement Agile. For future researchers, there is ground for further
consideration of the impact of Agile on other risk and success factors that were not reflected in this work.

The analysis of the conducted research and practical examples allows us to draw the following conclusions.
Firstly, Agile methodology helps to reduce risks in projects. Thanks to an iterative and incremental approach,
Agile allows early identification of problems and change of plans based on feedback. This helps to reduce the
likelihood of critical risks and improve project control. The study determined the impact of Agile on reducing
risks such as Poor time management and financial risks (including inflation and currency exchange rate
changes). Secondly, Agile increases the probability of project success. Agile’s flexibility and adaptability allow
teams to respond more effectively to changes in requirements, the market, and the competitive environment.
Agile contributes to creating more relevant and successful products through regular demonstrations of interim
results and interaction with stakeholders. During the study, the influence of Agile on the increase of such
success factors as Adequate budget for planning and design projects, Clear goals and technical requirements of
the project, and Support from stakeholders. Thirdly, Agile methodology changes the approach to PM. Instead
of rigid planning and consistent execution, Agile offers incremental product development and active interaction
with the team and stakeholders. This requires a change in the culture and processes in the organization, as well
as the active support of management.

However, it should be noted that implementing Agile methodology may also face certain obstacles and
difficulties, such as lack of trust, different goals, and priorities, as well as communication problems. However,
these problems can be overcome by improving communication processes, training, and creating trusting
relationships. As a result, Agile methodology significantly impacts risk factors and success in PM. It helps
to reduce risks, increase the likelihood of success, and provide a more flexible and collaborative PM. The
introduction of Agile requires changes in processes, working methods, and the organization’s culture and
management approach. Successful implementation of Agile methodology can bring significant benefits and
improve project results. Due to the scale, time duration, expertise and other reasons, several limitations restrict
the scale of the research. The first recommendation is that it is required to consider the limits of this current
research. A wider sample in terms of quantity of respondents, wider area of professions, and wider geography
is recommended. The second recommendation is to consider the questionnaire. It is recommended to increase
the sample size and ask people with distinct roles, workplaces, and departments to understand the common
trends rather than derive the answer from the limited areas of fields. The third recommendation is to dedicate
more time to getting more responses, which solves the problem of busy seasons. The fourth recommendation is
that the risks were not fully covered because there was insufficient data for the Mann-Whitney U test analysis.
More data is needed, and deeper research on types of risks can be done.
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"KOBAHBI BACKAPYJIA KOHCEPBATUBTIK TOCLLAEPAI KOJJIAYIIBIIAPMEH KYMBIC
KE3IHJET'T AGILE TOCLIJII MAVIAJIAHY/ILIH KUbIH/IBIKTAPBI

Annarma. YKoGanapasl Oackapy Kaszipri OW3HEC NEH KOFAMHBIH MaHBI3Ibl aCMEKTUICPiHIH Oipi OONbINT TaObLIAIbIL.
Kobanapapl coTTi askray YWbIMAApIbIH ©Cyi MEH JaMyblH, COHJAH-aK KOFaM MEH eJIJiH QJeyMETTIK oJ-ayKaThlH
KaMTaMachl3 ere anajpl. KocimopslHaap AWHAMUKAIBIK OPTaja JKYMBIC iCTEY/l KaJFacThIpFaH CalblH, MKEMJI JKOHE
JKayarThl JKo0anapasl 0ackapy TOCLTIHIH KaKeTTiiri OapraH cailblH MaHbI3/bl O0na O6acTaipl. Byl BIHTHIMAKTaCTBIKKA,
Y3IKCi3 JKETULIIPYTre KOHE TYTHIHYIIBUIAPIBIH KaHAFATTAHYIIBUIBIFBIHA Oaca Hasap aymapartbiH Agile omicTeMeciHiH
TaHBIMAJIJIBIFBIHBIH apTybIHa okenni. Agile kenTereH >xobanapaa TaObICTBI OONFaHBIMEH, OHBIH ©31HJIK KHBIH/BIKTapPhI
MeH Tayekenaepi ae Oap. ConabikraH, Agile maiinananymeH OaiyiaHBICTBI TaOBIC TIEH ToyeKed (hakTopiiapblH TYCIHY
»oba MeHepKepIiepi yuriH Agile jxo0anapbiH THIMII JKocmapiay jkoHe Oackapy YIIiH eTe MaHbI3ibl. Makcar Agile-Hi
enrizy PM-zie TeHkepic jkacay YIIiH MaHbI3[bl Ma, )€ CAHJBIK TYPAE YCHIHBUIFAH JIAJIENIACP/l YChIHY apKbuUibl Agile
mianebo ocepi 0ap Ma eKeHiH TYCiHy. 3epTTeyIiH MaKcaThl COHbIMEH Katap Agile omicTeMeci ocep €TETiH TOyeKell MEH
COTTLIIK (pakTOpIapbiH aHBIKTAy OOBIN TaObuIaabl. OChl MaKcaTKa JKETY VIIiH 0acKa euep/i TCOPHSUIBIK 3ePTTCY MCH
MPaKTHKAJIBIK OeiMae KapacThlpbluLibl. Teopusuiblk OesiMe x00a TYCIHIr, Toyeken (akTopiiapbl jKoHE jK00aIapaarsl
TabbICTap KapacThIpblIa/ibl. DMITUPUKAIIBIK OeiimMze OacTankpl akaparTsl )KUHAy YiniH PM capamnmbiiapbl apacsiiia
cayaiHama JKypriziani. CayaqHama HOTWOKENIEpIH Tanjay YIIiH Keneci amicrep Konmaneliael: KponOax Aunbga xkoHe
Manna YurtHu. 3eprrey HoTHKeciHe Agile OH acep eTeTiH jxo0atapaa TOyeKeN )KoHe COTTUIIK (pakTopIapbl aHBIKTAJIIbI,
aran alWTKaH/a, O COTTUIIK (haKTOPIapbIHBIH BIKTUMAIIBIFBl MEH 9CEPIH apTTHIPAJbl KOHE TayeKell (haKTOpJIapbIHbIH
BIKTUMAJIJIBIFBI MEH dcepiH a3aiTanbl. byn yceiHbICTap Oonamiak 3eprreyiepre apHajiraH. 3epTrey HaTkenepi Agile
9J/liCHaAMAaChIH EHTI3y Typasibl HIemIiM Kaobuiay skoHe Agile oicTemMeciH eHri3y/IiH MPaKTHKAIBIK TOKIpUOeCciH o1aH api
JKETUIIIPY YIIiH MaiianaHburybl MYMKiH.

Tipek co3nep: Agile, xo0anbl Oackapy, )KeTiCTIK (GakTopbl, Toyekes GpakTopbl, TPOIKEKT MEHEPKMEHT.
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MNPOBJIEMbI UCITOJIB30BAHUS AGILE-ITIOAXOJA ITPU PABOTE CO CTOPOHHUKAMMU
KOHCEPBATHUBHOI'O ITIOAXOJA B YITPABJIEHUU ITPOEKTAMMU

AOCTpaKT. YpaBiieHHEe TPOEKTaMH SIBIISICTCS OJHUM M3 BaKHEUIIMX acleKTOB COBPEMEHHOI0 On3Heca M o0IiecTsa.
VYenemHoe 3aBepiieHue IPOEKTOB MOXKET 00€CIIEUUTh POCT U Pa3BUTHE OPraHU3aLHiI, a TAKXKE COLUAIbHOE OIarononydue
ob1ectBa u crpanbl. [lockonbKy IpeIIpUsITHS IPOJOIDKAIOT padOTaTh B TMHAMUYHOM cpejie, He0OXOIUMOCTb THOKOTO U
OIIEPaTUBHOTO TOJIX0/Ia K YITPABJICHHIO IIPOEKTAaMU CTAHOBHUTCS BCe OoJiee BaKHOM. DTO MPUBEIIO K POCTY MOITYJISIPHOCTH
MeTtojosioruu Agile, KoTopast ienaeT yrop Ha COTPYAHUYECTBO, MOCTOSIHHOE COBEPILICHCTBOBAHNE U YIOBJIECTBOPEHHOCTh
kieHToB. XoTa Agile noka3zana cBO 3(QEKTUBHOCTb BO MHOTUX IPOEKTaX, OHA TAK)KE UIMEET CBOM IIPOOIEMBI M PUCKH.
[TosTomMy nmoHumanue pakTopoB ycIexa 1 pucKa, CBSI3aHHBIX C HCIIONIb30BaHHEeM Agile, MMeeT pelaroriee 3HaueHNe JUist
MEHEKEPOB MPOEKTOB st 3 (heKTHBHOTO IIIaHUPOBaHUS U yrpasieHus Agile-npoexramu. Lleab cocToUT B TOM, YTOOBI
TIOHSITh, B)KHO JIM BHe/IpeHue Agile U1 peBOIIOIMY B yIIpaBICHUH NMPOeKTaMu 1tk ke Agile umeet s dexr miaredo,
IyTeM TIPEJCTABICHHS JOKA3aTeIbCTB B YHCIOBOM BHJE. L{esIblo nccaeJoBaHus TaKKe SIBJISICTCS BBISIBICHUE (haKTOPOB
pHCKa M ycrexa, Ha KOTopble BimsieT meroponorust Agile. J{ns mocTvkeHnst 9TOH 1eIM MPOBOIMUTCS TEOPETHYECKOES
W3y4YeHUE APYIMX CTpaH M MpakTHYecKas 4YacTb. B TeopeTndeckodl 4acTH paccMaTpUBaeTCs KOHLEHIHMS IMPOEKTa,
(baxTOpBI pUCKa U YCIEHIHOCTh ITPOEKTOB. B amMmupuueckoit yactu it cOopa nepBHYHON MH(OPMAIK HCIOIB30BATIOCh
AQHKETHPOBAHME CPEU SKCIEPTOB YIpaBieHUs poeKkTamMu. [ aHami3a pe3ybTaToB aHKETHPOBAHUS HCIIOJIb30BAJINCH
cienyrone meronsl: Anbda Kponbaxa n Manna Yutau. B pesysnbrare nccieioBanns ObIIH BBISIBICHBI (PAKTOPBI pHCKa
U ycriexa B NMPOEKTax, Ha KoTopble Agile oka3bIBaeT MOJIIOKUTEIBLHOE BIMSHNAE, @ UMEHHO YBEJIMYHBACT BEPOSITHOCTh U
BIIMsIHHUE (DAKTOPOB ycCIieXa M CHIKAET BEPOSTHOCTD U BIMSIHNE ()aKTOPOB PUCKA. DTH PEKOMEH IAINH TIpeTHA3HAYCHBI [Is1
Oynynmx ucciieoBaHui. Pe3yabTarsl nccae0BaHnsI MOTYT OBITh MCIIOJIB30BaHbI IS IPUHATHS PELICHHS O BHEAPCHUN
MeToJoJIoTHH Agile 1 najbpHEHIIero yayqieHus pakTHYECKOro OIbITa BHEAPEHUS MeToonorun Agile.

KuaioueBble ciioBa: Agile, ynpasnenue npoekramu, Gpakrop ycrexa, pakrop pucka, NPOIKEKT MEHEDKMEHT.
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