ISSN (Print) 2616-7263
ISSN (Online) 2663-1261

JL.H. T'ymuiteB arpiagarst Eypasus yiaTThIK yHUBEPCUATETIHIH

XABAPIIBICHI

BULLETIN BECTHUK

of L.N. Gumilyov Eurasian EBpazniickoro HaluoHaJIbHOTO
National University yunsepcurera umenu JI.H. I'ymunesa

TEXHUKAJIBIK FBIJIBIMJIAP 2KOHE TEXHOJIOTUAJIAP cepusicbt
TECHNICAL SCIENCES AND TECHNOLOGY Series
Cepus TEXHUYECKVE HAVKU 11 TEXHOJIOI'A

Ne3(128),/2019

1995 kburmaH OacTall MILIFAIbI
Founded in 1995
Nz naercst ¢ 1995 rona

7Kouteiaa 4 per mIbIrabl
Published 4 times a year

BoixoguT 4 pasa B 1o

Hyp-Cyaran,2019
Nur-Sultan,2019
Hyp-Cynaran,2019



bac pedaxmopve. Mepzagunosa I'.T.
m.2.d, npod., JI.H . lymusres amwundazos EYY, Hyp-Cyaman, Kasaxcman

Bac pedaxmopdom, opuinbacaps 2 ycynoekos A.2K.
m.2.0, npod., JI.H . l'ymusres amwndazor EYY, Hyp-Cyaman, Kasaxcman

bac pedarxmopdvr, opvmbacapy. Torm3daesa B.B.
m.e.d., npod., JI.H . I'ymunes amwvimdazor EYY, Hyp-Cyaman, Kazaxcman

Bac pedarxmopdur, opvimbacapvs Capcembae B.K.
m.e.x., doyenm, Hasapbaes ynusepcumems, Hyp-Cyaman, Kazaxcman

Pedaxuus anxaco

Axwupa Xacerasa pod., XaunHOXe TEXHOJOTUSIBIK, HHCTUTYThI, XaduHoxe, 2KarmoHns
Axuronm Mounsyku upod., Tokycuma Yausepcureri, Tokycuma, 2Kamonuns

Bazapb6aes /1.0. PhD, JI.LH.T'ymunes aroinnarer EYY, Kazakcran

Baiinabekos A.K. T.¥.1., npod., JI.H.I'ymuner aroiagarer EYY, Hyp-Cynran, Kasakcran
Hdep Bsu Yaur npod., Tamkan Yuusepcureri, Taitosit, TaiiBanb

Kapaemon B.B. r.¢.1., JIL.LH.I'ymunes areigarer EYY, Hyp-Cyaran, Kazakcran
Kymarymaos M.T. PhD, JI.H.I'ymunes areragarer EYY, Hyp-Cynran, Kazakcran
ﬂomHHopH WUBacaku 1pod., leonorusiibik 3eprreyiiep nactutyThl, Ocaka, 2Kamnonust
Kanakna B.H. npod., Henapsp Yuusepcureri, Heroapk, AKIII

Tapgarcyry Tanaka upod., Tokuo Yuusepcureri, Toxkusi, 2Kamnorust

Xoe JIuaT npod. Komxymbust Yausepcureri, Heio-Uopk, AKIII

Yekaena P.Y. a.K., npod., JIL.LH.I'ymues areingarst EYY, Hyp-Cyiuran, Kazakcran
OTaxmos 2K.A. PhD, nonent., JI.H.I'ymuier arbingarst EYY, Hyp-Cyuran, Kazakcran
FOu Yyn Ilun upod., Unueon yarreik yausepcureri, Muueon, Ourycrik Kopes

Pedarxuusarvr, mexenorcatio: 010008, Kasakcran, Hyp-Cyiuran k., Corbaes k-ci, 2, JI.H. I'ymusen
aTblHarsl Eypasus yJITThIK yHuBepcuTeTi, 349 6.
Tem: +7 (7172) 709-500 (imki 31-428). E-mail: vest techsci@enu.kz

Kayanmoer xamwwt, xomnvromepde 6emmezen: A. Hypbosar

JIL.LH. T'ymunes arbiggarsl Eypasust yiaTTeiK yHUBEpcUTeTiHiH XabdapIibiChI.
TEXHUKAJIBIK FBIJIBIMJIAP 2KOHE TEXHOJIOTUSJIAP cepuscel

Memnrmmikrenyrmi: KP BxEM "JI.LH. T'ymunes areiparst Eypasus yarreik yausepcureri” ITI2KK PMK
Mepazimimiri: kbLibiHa 4 per

Kazakcran Pecriybiimkacbinbiy, AKIIapar »KoHe KOMMYHUKaIUsiiap MuHACTPIIIriHge 27.03.20182x.
Ne16991 -2k Tipkey KyoJiirimen Tipkesren

Tupaxsr: 25 nana

Tunorpadususiy mekemxkaiibl: 010008, Kazakcran, Hyp-Cyuran k., Kaxkbimykan x-ci 12/1

JILH. T'ymuses atoingarsl Eypasust yaTTBIK YHUBEPCUTETI

Tes: +7 (7172)709-500 (imki 31-428). Caiir: hitp://bultech.enu.kz

© JL.H. I'ymunes arsiagarsl Eypasust yaTTBIK yHABEPCUATETI



Editor-in-Chief Gulnara Merzadinova
Prof., L.N. Gumilyov Furasian National University, Nur-Sultan, Kazakhstan

Deputy Editor-in-Chief Askar Zhussupbekov
Prof., L.N. Gumilyov Furasian National University, Nur-Sultan, Kazakhstan

Deputy Editor-in-Chief Baglan Togizbayeva
Prof., L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
Deputy Editor-in-Chief Bayandy Sarsembayev
Assoc. Prof., Nazarbayev University, Nur-Sultan, Kazakhstan
Editorial Board

Akira Hasegawa Prof., Hachinohe Institute of Thechnology, Hachinohe, Japan

Akitoshi Mochizuki Prof., University of Tokushima, Tokushima, Japan

Daniyar Bazarbayev Assoc. Prof.; L.N. Gumilyov ENU, Nur-Sultan, Kazakhstan

Auez Baydabekov Prof., L.N. Gumilyov ENU, Nur-Sultan, Kazakhstan

Rahima Chekaeva Prof., L.N. Gumilyov ENU, Nur-Sultan, Kazakhstan

Der Wen Chang Prof., Tamkang University, Taipei, Taiwan (ROC)

Eun Chul Shin Prof., Incheon National University, Incheon, South Korea

Hoe Ling Prof., Columbia University, New York, USA

Viktor Kaliakin Prof., University of Delaware, Newark, Delaware, USA

Zhanbolat Shakhmov Assoc.Prof., L.N. Gumilyov ENU, Nur-Sultan, Kazakhstan

Tadatsugu Tanaka Prof., University of Tokyo, Tokyo, Japan

Yoshinori Iwasaki Prof., Geo Research Institute, Osaka, Japan

Bolat Zardemov Doctor of Engineering, L.N. Gumilyov ENU, Nur-
Sultan, Kazakhstan

Mihail Zhumagulov Assoc. Prof., L.N. Gumilyov ENU, Nur-Sultan, Kazakhstan

Editorial address:

2, Satpayev str., of. 349, L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan,
010008

Tel.: +7 (7172) 709-500 (ext. 31-428), E-mail: vest techsci@enu.kz

Responsible secretary, computer layout: Aizhan Nurbolat

Bulletin of L.N. Gumilyov Eurasian National University.

TECHNICAL SCIENCS and TECHNOLOGY Series

Owner: Republican State Enterprise in the capacity of economic conduct "L.N. Gumilyov Eurasian
National University" Ministry of Education and Science of the Republic of Kazakhstan

Periodicity: 4 times a year

Registered by the Ministry of Information and Communication of the Republic of Kazakhstan
Registration certificate Ne16991- from 27.03.2018. Circulation: 25 copies

Address of Printing Office: 12/1 Kazhimukan str., L.N. Gumilyov Eurasian National

University, Nur-Sultan, Kazakhstan 010008

Tel: +7 (7172) 709-500 (ext.31-428). Website: http://bultech.enu.kz

(© L.N.Gumilyov Eurasian National University



I'rasnvit pedaxmop Mepsaauuosa I.T.
d.m.n., npodp., EHY umenu JI.H. lymunesa, Hyp-Cyaman, Kazaxcman

3am. enasrozo pedaxmopa 2Kycynbekos A.2K.
d.m.n., npod., EHY umenu JI.H. lymunesa, Hyp-Cyaman, Kasaxcman

3am. enasnozo pedaxmopa ToruzdaeBa B.B.
d.m.n., npodp., EHY umenu JI.H. I'ymunesa, Hyp-Cyaman, Kazaxcman

3am. enasrozo pedaxmopa Capcembaen B.K.
K.T.H., jorent, Hazapbaes yuusepcurer, Hyp-Cynran, Kazaxcran

Pedarxuyuonnas xornezusn

Axupa Xacerasa npod., TexHosorndecknit MHCTUTYT XadWHOXE, XaAUNHOXE,
HAnonns

Axuronmm Mounsyku npod., Yausepcurer Tokycuma, Tokycuma, fAmonns

Bazapb6aes .0. PhD, EHY umenn JI.H. I'ymunesa, Kazaxcran

Baiinabekos A.K. a.1.H., npod., EHY wmenn JI.H. I'ymuaesa, Hyp-Cynram,
Kazaxcran

ep Ban Hanr npod., Tamranckuit Yaupepcurer, Taii63i1, TaiiBanb

Kapnaemor B.B. a.1.H., EHY nmenn JI.H. 'ymunesa, Hyp-Cynran, Kazaxcran

Kywmarymnos M.T. PhD, EHY uwmenu JI.H. I'ymunesa, Hyp-Cynran, Kazaxcran

ﬂomnﬂopn NBacakn npod., MucTuryTr reosormueckux ucciegoBanuii, Ocaka,
Amonns

Kanakua B.H. npod., Henapspckuit Yuupepcurer, Hproapk, CIITA

Taparcyry Tanaka npod., Tokniickuit Yuusepcurer, Tokno, Anonus

Xoe JIuaT npod., Konymbuiickuit yausepcurer, Horo-Mopk, CIITA

Yekaena P.Y. k.a., npod., EHY wumenn JI.H. T'ymunesa, Hyp-Cynras,
Kazaxcran

IITaxmos 2K.A. PhD, nonentr, EHY wumenn JI.LH. I'ymunera, Hyp-Cynram,
Kazaxcran

FOu Yyn lun npod., MHIXOHCKUIT HAIMOHAJIbHBIN yHUBepcUTEeT, VHUXOH,

IOxnasa Kopes

Adpec pedaxyuu: 010008, Kazaxcram, r. Hyp-Cynran, yn. Carnaesa, 2, Espaguticknii
HarmoHabHbIN yHuBepcuteT umenu JI.H. ['ymusesa, kab. 349

Tem: +7(7172) 709-500 (Bu. 31-428). E-mail: vest_techsci@enu.kz

Omeemcemeennuitl cexpemaps, xKomnoromepHas eepemira: A. Hypbosar

Bectaruk EBpasuiickoro HanmuoHasibHOro yauBepcurera umenu JI.H. I'ymusnesa.

Cepua TEXHUYECKUWE HAYKUN 1 TEXHOJIOTUN

Cobcrsennuk: PI'TI ua ITXB "Eppaszuiickuii narmonaasubiii yausepcurer umenu JI.H. Tymunesa MOH PK

IlepuommanocTs: 4 pa3a B rof

SapeructpupoBan MunncrepcrBom nadopmMarmn u KoMmMmyHukarmii Pecrrybankn Kazaxcran

Perucrpamnmonnoe ceuzmerenberso Ne16991-x ot 27.03.2018 .

Tupax: 25 sx3emiysgpoB.  Ajpec Tunorpadpum: 010008, Kazaxcran, 1.  Hyp-Cymrran, yi.
Kaxkumykana, 12/1,

Espasniicknit nanmonasbusiii yausepcurer nmenn JI.H. I'ymunesa

Ten.: +7(7172)709-500 (Br.31-428). Caiir: http://bultech.enu.kz

© Espaswuiickuit HannonanbHblil yuusepcurer umenu JI.H. I'ymuinesa



JIL.LH. TYMNJIEB ATBIHIATHI EYPA3U A YJITTBIK YHUBEPCUTETIHIH,
XABAPIIIBICHI. TEXHUKAJIBIK FBIJIBIMJIAP 2KOHE TEXHOJIOTUAJIAP cepusicsl

Ne3(128)/2019

MA3MYHBI
|
Batixoorcaesa B.Y., Abenosa A.A. TaraMIblK ©HIMIEP/IiH calachbl MeH KayillCi3[iriH KaMTaMachl3 8
eTy MaHbBI3/IbI l\/lel\/IJIeKeTTiK TaHCprl\/Ia
Kaxynosa A.E., Kaamanosa .M., XKybanuszosa K.K., Abcanrsm K.A. Cummerpusiibl emec 15

mumernruapasuaniy, (CEIMI) 3bIMbIDAH-TACBIFBIIITAD CATHLIAPBIHBIH, KYJIAY aYIaHIAPbIHIAFbI
KOpIIIaraH opTara acepi

Kycunw B.T., Tyaspenxo A.A., Tatimanosa I©'K., Tytmebats A.C. Tombipax emHjey 22
MaIlIMHAJIAPBIHBIH KYMbIC OPTaH/IAPBIHBIH, O/IIPJIKT] KayillCi3/iriH 3epTTey 9j1icTeMeci
Samasrumounosa M.I., Travwesa H.II., Epeanues JI.C., Cetimxoorcuna A. Fapwim cyperrepin 32

naiinasany Herizimgme NDVI  eciMuik  uwHzpekcin KoajganybiMeH Apaj  TeHi3i afiMarbiHa
OCIMJIIKTEP/IiH, ©3repyiH 3epTTey

Kenamanos B.C., 2Kymazaaues E.Y., Capues O.P., A6dupawum A.M., Bypymbaes A.I. Fe-W- 39
Si-C xyiieciHiH TepMOJMHAMUKAJIBIK-IHAIPAMMAJIBIK, TAJIJIAY bl

Hypneucosa M.B., Jlesun E., Kupeusbaesa I.M., JJonenbaesa H.C. ANIbIK KoHE »KePACThI Tay- 45
KeH Ka30a/IapbIHbIH ©3apa 9CEPIHEH TYBIHIANTHIH INeOMEXaHUKAJIBIK, IPOIECTEP/l MATEMaTUKAJIBIK,
MOJIEJIBIIEY

Husasbexosa P.K., Héowcanosa A.A., Bepemeavnuxos H.B., lcanazmemos Y.K. Cabannan 51

JKacaJiraH Kara3JIblH TOCKAYBII KACUETTEPIH KOHE MUKPO YKoHE HAHOOOJIIIIEKTEPiHiH O TKi3rimTirin
3epTTey, YKaHa OHIMJII CTaH apTTay YIIH YCBIHBICTAP

Opasbaecs B.B., Cetimosa H.H., Opasbacsa K.H., Cepumbemos B.A., Maxamosa B.E. Kyxipr 57
OHJIIPY OJIOrbI HEri3ri arperaTTapblHBIH MATEMATHKAJBIK, MOJIEbIED KEIIeHIH XKYHesiK Tajigay
Heri3iHjie Kypy

Pamasanosa .M., Mycmaga JI., Epeasves J[., 2Kaxynosa A., Beticembaesa Bb. DiexTposaut 67
epiTiHJIIePiH/Ie MUKPOILJIA3MAJIbIK, €M/JIeY IIPOIIECIH 3EPTTEY

Ceunos III.2K., Bopanbaes C.H., Kacenosa M.H., Cetinoe A.A., Illuneucos /I.C. AKnapaTTbiK- 76
KOMMYHUKAIUSIIBIK, TPADUKTI HHTETIEKTYAJIBI TAJIAY

Cyses H.A., Ymenos E.B., Poom E.H., Illaxmos XK.A., Jlune X.HU., 2Kycynbexos A.2K. 88

O3/1irineH THIFBI3IATATHIH OETOHHBIH, KYPBUIBIC aJaH apbiHa dcepi

Tysenos A., Illotibekos B.2K., Ycunbaes Y.A., Koxaes V.II., A6dupaumos E.E. Apromobuian 98
KOJIIr KbLIKbIMAJIbI KYPAMbIH TEXHUKAJIBIK alijlajaHy HOPMATUBTEPIH OaraJiay

VYmenoe E.B., Kaskxees A.B., Kaaaxun B.H., 2Kycynbexos A.2K. KypbuiblCcTbI KocmapJiay yImiH 104
KEHEHNTiNTeH MIBIHIBIKTHIH MOHI

Hou A.Il, Asumxewosa A.X. Pepmamarbl CyTTI CAJKBIHAATYFa APHAJFAH JKEPJiH THIMI 111
COyJIeJIeHYIH Tl JaIaHATBIH KYPBIIFBI



BULLETIN OF L.N. GUMILYOV EURASIAN NATIONAL UNIVERSITY.
TECHNICAL SCIENCE AND TECHNOLOGY SERIES
No3(128),/2019

CONTENTS

Baikhozhayeva B.U., Abenova A.A. Quality assurance and food safety - an important State task

Zhakupova A.Y., Kalmanova D.M., Zhubaniyazova K.K., Absalyam K.A. Influence of asymmetric
dimethylhydrazine on the environmental condition in the falling areas of stages of rocket

Zhusin B.T., Guliarenko A.A., Taimanova G.K., Tuimebay A.S. To determination of wear-
resistance of working bodies of soil machining machines

Zamalitdinova M.G., Tkacheva I.P., Ergaliev D.S., Seitkogina A. Study of vegetation changes in
the Aral Sea zone based on satellite images using the vegetative index NDVI

Kelamanov B.S., Zhumagaliyev Ye.U., Sariyev O.R., Abdirashit A.M., Burumbayev A.G. Thermo-
dynamic diagram analysis of the system Fe-W-Si-C

Nurpeisova M.B., Levin E., Kirgizbayeva G.M., Donenbaeva N.S. Mathematical modeling of ge-
omechanical processes with the mutual influence of open and underground mining

Niyazbekova R.K., Ibzhanova A.A., Veretelnikov N.V., Dzhanakhmetov U.K. Studies of the barrier
properties and transmittance of micro-and nanoparticles of paper from straw and recommendations
for standardization of new products

Orazbayev B.B., Seitova N.N., Orazbayeva K.N., Serimbetov B.A., Makhatova V.E. Development
of mathematical models of the main units of the sulfur production unit based on system analysis
Ramazanova Zh.M., Mustafa L., Ergaleev D., Zhakupova A., Beisembayeva B. Investigation of the
process of microplasma treatment in electrolyte solutions

Seilov Sh.Zh., Boranbayev S.N., Kassenova M.N., Seilov A.A., Shingissov D.S. Intellectual analysis
of information and communication traffic

Suzev N.A., Utepov Ye.B., Root Ye.N., Shakhmov Zh.A., Ling H.I., Zhussupbekov A.Zh. Impact
of self-compacting concrete for construction sites

Tulenov A., Shoybekov B.Zh., Usipbaev U.A., Kokayev U.Sh., Abdiraimov E.E. The technical
operation’s standards evaluation of the road transport’s rolling stock

Utepov Ye.B., Kazkeev A.B., Kaliakin V.N., Zhussupbekov A.Zh. Value of augmented reality for
construction planning

Coj A.P., Alimkeshova A.H. Setting for cooling milk on a farm, using efficient earth radiation

22

32

39

45

o1

57

67

76

88

98

106

111



BECTHUK EBPA3UNCKOI'O HAIIMOHAJIBHOI'O YHUBEPCUTETA
NMMEHN JI.HIT'YMNWUJIEBA. CEP4A TEXHNYECKHNUE HAYKIN 1 TEXHOJIOTUN

Ne3(128)/2019

COIJEP2KAHUE

Batixoorcaesa B.Y., Abenosa A.A. Obecrieuerne KadecTBa U 6€30MMACHOCTU IIPOLYKTOB IIUTAHUS —
BayKHOE T'OCYJIAPCTBEHHOE TIOPYYeHUe
Kaxynosa A.E., Kaamanosa JI.M., 2Kybanuszosa K.K., Abcanrsm K.A. BozzelicrBue 15
HecumMmerpuanoro aumermwiruipasuna (HIMI) ma cocrosame okpyzkaromieil cpelibl B pailoHax
NaJlecHus CTylIeHel paKeT-HOCUTeJel
Kycun B.T., TDyaspenxo A.A., Tatmanosa LK., Tyimebats A.C. K onpeneneruro 22
HU3HOCOCTOMKOCTU pabOunX OPraHOB MOYBOOOPAOATHIBAIONINX MAIIUTH
Samarumounosa M.I., Trauesa H.II., Epeasrues J.C., Cetimxoowcuna A. Wccnemosamnme 32
U3MEHEHUsI PACTUTEIBHOCTH B 30HE ApPaAJbCKOrO MOpPsl HA OCHOBE KOCMUYECKHX CHUMKOB C
MCIIOJIb30BAHNEM BeTeTalmOHHOro nHaekca NDVI
Keaamanos B.C., 2Kymazanues E.Y., Capues O.P., A6dupawum A.M., Bypymbaes A.T. 39
TepMmouHaMIIeCKH-HArPAMMHBI anajm3 cucreMbl Fe-W-Si-C

Hypneucosa M.B., Jlesun FE., Kuwpeusbaesa .M., Jlonenbaesa H.C. Maremarudeckoe 45
MOJIEJTUPOBAHNIE TEOMEXAHUIECKUX IPOIECCOB TPU B3aMMHOM BJIUSHUU OTKPBITHIX U MOJI3EMHBIX
TOPHBIX BBIPAOOTOK
Huasasbexosa P.K., Hboowcanosa A.A., Bepemeavnuros H.B., /locanazmemos Y. K. VccienoBannst 51
6apbEPHBIX CBONCTB M MPOIIYCKAEMOCTH MUKPO- U HAHOYACTHIL OyMary U3 COJIOMBI M PEKOMEHTATIH
JUIsl CTAHIAPTU3AIMNA HOBOM TPOIYKIIUT
Opasbaes B.5., Cetimosa H.H., Opasbacsa K.H., Cepumbemos B.A., Maxamosa B.E. PazpaboTka 57
MaTeMaTUICCKUX MOJIEJIel OCHOBHBIX arperaToB 6JI0Ka TPOU3BOJICTBA CEPbl Ha OCHOBE CHCTEMHOTO
aHa/In3a

Pamasanosa 2K. M., Mycmadga JI., Epeanrues /[., 2Kaxynosa A., Beticembaesa B. Wccienosanme 67
IIpoIlecca MUKPOILIa3MEHHOM 00pabOTKK B pacTBOPaX JIEKTPOJIUTOB
Ceunos III.2K., Bopanbaes C.H., Kacenosa M.H., Cetinoe A.A., Iluneucos JI.C. 76

UuresiekTyanbHbIi aHaIu3 HHGOPMAIMOHHO-KOMMYHUKAIIMOHHOTO Tpaduka

Cyses H.A., Ymenos E.B., Poom E.H., Hlaxmos 2K.A., Jlune X.U., Kycynbexos A.2K. ddbdekr 88
CaAMOYIUIOTHSIIOIIEr0Cst 6eTOHA, JIJTIsT CTPOUTENHHBIX IO IOK

Tynrenos A., Ilotbexos B.2K., Ycunbaes V.A., Kowaes Y.III., A6dupaumos E.E. Ouenka 98
HOPMATUBOB TEXHUIECKON KCILIyaTaIlluy MOBUKHOIO COCTaBa aBTOMOOUILHOIO TPAHCIIOPTA,

VYmenose E.B., Kasxees A.B., Kaasaxun B.H., 2Kycynéexos A.2K. 3HadeHue [IOMOJHEHHON 104
PeabHOCTH JIJIs TIJIAHUPOBAHUST CTPOUTETHCTBA

Hou A.Il., Asumrxewosa A.X. YcraHoBKa IS OXJIAXKJICHWsST MOJIOKa Ha (epMe, UCHOJIb3YIONast 111
3 HEeKTUBHOE U3JTyUEHHE 3EMIIU



CSCSTI 67.25.17
Ye.B. Utepov!, A.B. Kazkeev', V.N. Kaliakin?, A.Zh. Zhussupbekov '

L L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
2 University of Delaware, Newark, Delaware, U.S.A.
(E-mail: astana-geostroi@mail.ru, utepov-elbek@mail.ru, kaliakin@udel.edu, alizhan7sk@gmail.com)

Value of augmented reality for construction planning

Awnnoranms: This article discusses the potential value of augmented reality (AR) technology as
applied to decision making processes in construction planning. It is noted that the use of AR enables
the contribution of residents to the city development in a more interactive and efficient manner, thus
helping them interact with other stakeholders in the process. The AR technology performs best in
mobile devices. However, geo-located AR has certain issues with instability and accuracy of the GPS
which need to be overcome by creating different geo-strategies. Based on the knowledge gained, a
methodology to create an improved mobile application for joint planning using the AR is discussed.
The methodology suggests the development of stepwise workflow in which each step covers a certain
component of the future system. Some existing analogues of such systems are briefly reviewed and
their limitations identified in order to help improve the way in which future applications will be
developed.

Keywords: construction planning, public participation, augmented reality, decision-making,
transparency.
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Construction planning (CP) plays an essential role in the development of cities. It empowers the
economy and creates wealth within cities [1]. However, urbanism and the preservation of nature
are often contradictory pursuits. While designing new construction projects, construction planners
and decision-makers sometimes do not realize that they may damage the environment, landscape or
surrounding view for city residents |2]. The consideration of public opinion is thus very important
and may limit potential damage and enhance the construction planning decision-making process in
the cities [3]. In territorially organized societies, there exists a public domain and the possibility
of reaching public understanding of what, in certain cases, may be called “the common good”. For
several decades, this process almost exclusively involved politicians and planners, due to their power
and expertise in the field. The so-called “moral discourse” raises questions related to the public
participation in the decision-making process. However, involving the public in the planning and
decision-making process in a self-management manner often does not work.

Effective planning therefore should thus perhaps be a negotiable process among people with com-
mon interests. It has to do with people’s struggle for collective self-empowerment and participation
[5]. Currently, many people are paying attention to openness and transparency of the decision-
making process for residents in construction planning. Procedures on how residents can participate
in decision-making in construction planning are written in laws, rules or standards. However, such
procedures differ depending on the specific country under consideration. For example, in the Re-
public of Kazakhstan, sharing information or “intendment of building (re-planning) of territory shall
be carried out by the local executive bodies of districts (cities) through the mass media or by con-
ducting of public discussions, expositions and exhibitions” [6]. However, these formal procedures
are not always efficient due to the fact that relatively few people can physically participate in such
discussions. Therefore, the use of participatory tools involving all possible stakeholders including
authorities, planners and residents, could generate new ideas, rendering the decision-making process
in construction planning even more efficient, interactive and useful 7], [8]. Within the past decades,
mobile technologies have advanced rapidly. Adopting such technologies into the construction plan-
ning process may lead to a more productive and efficient manner in which planners, developers and
the community participate [4].

In this regard, augmented reality (AR) technology may play a significant role. Planners are
becoming increasingly more interested in AR; it can make a meaningful contribution to examine
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intended and unintended effects of projects in advance of their construction [9]. In AR, the real
world is supplemented with virtual objects generated and stored in the computer, yet existing in
the same space with the real world [10]. Thereby, through a suitable interface, a user’s actual
surroundings become augmented in real time [11]. Mobile platforms are becoming more and more
practical for building AR systems [12|. Continued improvement of Global Positioning System (GPS)
accuracy enables more accurate visualization in AR. Consequently, better and better georeferenced
models of buildings and infrastructure, underground structures, cables and pipes using mobile de-
vices, are available. Viewing full-scale future construction plans on site through a mobile device has
the potential of attracting more people to participate in the construction planning process. Planners
and decision-makers may benefit from collected information and public opinion so as to make en-
hancements of plans, thus spending less time and financial resources for the organization of physical
discussions.

Although the creation of a friendly relationship between authorities, contractors and residents is
not an easy task, it has direct impact on the future development of cities [13]. Therefore, the ap-
plication of AR in CP can serve as an interface between aforementioned stakeholders. To facilitate
negotiations, a convergence of the transparency and openness from the authorities’ side and the
meaningful contribution from residents’ side is required [5]. The transparency and openness may
be created via provision of up-to-date construction plans through the intended mobile application.
These plans should have a sufficient level of detail and correct geo-location, which are sometimes
difficult to attain. Issues related to the level of detail are complicated by the fact that planning stan-
dards differ from country to country, thus affecting the realism of plans, as well as data modeling and
conversion issues. In addition, there are no blanket instructions for conversion of three-dimensional
(3D) models into AR formats [14].

To place construction plans in the correct geo-location it is necessary to develop geo-strategies
applicable for the AR mobile application, which support geographical coordinates such as latitude,
longitude and altitude. Unfortunately, GPS is not 100% accurate [15], so it is to be expected that
the 3D model may not necessarily occupy the correct geo-location. For that reason, it is necessary
to also develop a relative geo-strategy.

A meaningful contribution from the residents is also difficult to attain, since their proper en-
gagement implies the use of a mobile application. For this, a proper workflow in CP should be
developed. The workflow should be adaptable and independent of the country in which the CP
takes place. It should contain various CP scenarios for different countries. The participation of
users in construction plans should be interactive and straightforward. The results of participation
should be collected and stored in tabular form, and also automatically represented in a graphical
form. All of the aforementioned requirements are summarized in the methodology shown in Figure
1.

State-of-the-art and Conceptual Modeling Implementation Proof of the Concept
Literature Review -
Workflow of PCP ]—,_,[ Implementation of the ]
{__ construction Planning ¥ —— Mobile Application
.i. Systerm Design l
[ Participatory Planning L ] Data Processing ] V.
- I Data Workflow l l
| KB m— _ﬁ - -
] o i
l, Prototype Testing Workflow L) 0N PSETVY .
- o : ¥ i I am Evaluation
, ! Prototype Evaluation War!cl'lnw M Prototype Qualitative Testing I

Ficure 1 — Methodology to create AR application for participatory construction planning

The above methodology shows each step that must be taken during the development process.
During development, one needs to pay attention to the best practice examples and advancements
in the field. For example, among previous works related to the use of AR systems for construction
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planning, there is the integration and visualization of 3D building models in the augmented con-
struction site (Figure 2) using a lightweight mobile device, operating in either a stand-alone or a
client-server solution [16].

Ficure 2 — Building model visualized at two different locations [16]

A prototype of smart-phone-based AR system to visualize 3D models of potential new designs
of an existing building has recently been developed [17]. The idea behind this development was to
minimize functionality of the system, so that users can properly see the 3D model in a smart-phone
device. The system allows users to preview proposed designs (Figure 3). Members of the public
participated in the evaluation of the system were increasingly delighted in using smartphones, thus
participating in CP events in such an interactive way.

Ficure 3 — User’s smartphone view of potential building design [17]

[18] presented a mobile AR system for visualizing construction plans of an area reconstruction
project. Several new buildings were visualized among existing buildings (Figure 4). The system was
evaluated by participants, including decision-makers. According to their feedback, the weaknesses
of the system were mainly related to the design of the interface, and the 3D model representation.
Buildings were not distinguishable due to their homogenous semi-transparent surfaces. The details
shown in the building models were incomplete — they did not include important patterns such as
windows, planted trees, people and other smaller objects that would be useful and could make the
view more natural and realistic. Also, sometimes existing trees and flora interfered with models — it
was difficult to understand whether they were in front of the building or behind it. In addition, the
questionnaire for evaluation was not integrated into the system.

The mobile application “City 3D-AR” for CP, which allows for the merging of an actual city with
virtual 3D buildings (Figure 5) has also been developed [19]. The intent was to make the application
more user-friendly [17]. Associated with the implementation of City 3D-AR were such challenges
as depiction of large 3D objects in the real environment, and detection of a building’s position as a
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Ficure 4 — New buildings visualized among existing ones [18]

function of a user’s distance and viewing angle. The marker-based approach for 3D outdoor tracking
and positioning [20] is not suitable in this case. Therefore, GPS longitude and latitude coordinates
were used to position 3D objects. GPS coordinates were measured all the time to support a user’s
location considering his movement and automatic transformation of a 3D object. For detecting sight
direction and field of view calculations, a digital compass was used. A gyroscopic sensor was used
to orient the tablet. The database storage of the system supports such 3D object formats as OBJ
and OFF. The first version of the system was released in the Android tablet PC Asus Transformer
Pad TF300TG.

Ficure 5 — Bus station augmented with new building for UP and public discussions [19]

The aforementioned examples demonstrate possibilities and perspectives of how different methods
and tools can contribute to the present and future CP process. Although many issues have been
solved, there is still room for further improvement. Thus, the following limitations of best practices
have been detected:

1) Some AR systems do not provide functionality for the participatory CP process [16], [19].
In those systems that provide such functionality, public participation results are not combined,
structured and represented automatically.

2) In some AR systems the public participation is represented by only voting, and based on only
one qualitative criterion that is characterized as a general preference for the design [17].

3) Some AR systems have weak interface designs [18]. The mobile application is not user-friendly
because buttons obstruct the view on the screen. In addition, 3D features are not realistic and do
not contain such features as windows, doors, niches, etc. The color scheme is sometimes weak and

no textures are added.
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4) Real-world features as trees or slopes that stay at the same position or close to the visualized
3D object, interfere with the view. It is not clear whether they are in front or behind the 3D object
[18].

5) In the AR systems considered, no commenting functionality was available.

6) There is no possibility for users to upload local files into the AR system.

7) In the AR systems considered, the user interfaces were not multilingual.

Although not all the aforementioned limitations can be overcome, the main effort for further
development should be focused in the following areas: enhancing the functionality in supporting
CP process; making intuitive and simple applications that follow the main principles of mobile
user interface and system design; enhancing the data workflow; integrating voting and commenting,
as well as file sharing functionalities; automatically representing public participation results; and
making applications that are multilingual.
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E.B. Yrenos ', A.B. Kaskees ', B.H. Kanakuun 2, A.2K. XKycyn6ekos '
L JIL.H. Dymunes amomdaes. Eypasus yammo yHusepcumems, Hyp-Cyaman, Kazaxeman
2 llerasap ynusepcumemi, Huvroapx, Jerasop, AKIII

KypblabICThI >KOCIIapJiay YHIiH KEeHENTIJIreH HIBIHABIKTBIH MOHI

Annarmna. Byn makasiaza KypbUIBICTBI »KOCHapJay Ke3iHje Iremim Kabbuigay IpOLeciHe KeHEHTIIreH IMIbIHJBIK,
(KIII) TexXHOJOTUSACHIHBIH, BIKTUMAJ MoHI KapacThlpbuiaabl. KIII-Tbl KOJJaHy TYpPFBIHJApFa KAJAHBIH JAMyBIHA HEFYDJIbIM
MHTEPAKTHUBTI »K9He TUIMJ Typ/ie yJIec KOCyFa MyMKIH/IIK OepeTiHi, COJl apKpIJIbI OJIap/IbIH IIpoliecTe 6acka MyJIe/li TapanTapMeH
e3apa opekerTecyine MyMKiHIK Oeperingairi aran erinai. KIII TexHOMOrUsCH MOOMJIB/I KYPBUIFBLIAP/IA KAKCHI KYMBIC
icreiini. Jderenmen, reonokanusiblk KIIT GPS-tig Typakch3aprsl MeH maiiiringe Genriii 6ip npobiaemastap 6ap, ogapabl TypJii
reocTpaTerusijiap Kypy apKbLIbl KO0 Kepek. AJjbiaraH 6itimaepre cyitene orbipbin, KIII Kosimany apKbLIbl 6ipJeckeH »Kocrmapiay
YIIiH KEeTIIAipiJireH MOOUIIb/II KOCBIMIIIAHBI KYPY 9/IiCTeMECI TAJIKbLIIAHAIbI. O/IiICTEME KE3EH-KE3EHMEH YKYMBIC IIPOIECIH KyPY/Ibl
KO3Jei1i, OHJa op KaJjaM OoJialnak »KyheHiH G6esrijai 6ip KOMIOHEHTIH KaMTuabl. MyHzail >Kyiiesepis Keibip aHajgortapbiHa
KBICKAIIIa IIOJIY KaCaJIbIIl, OJIap/AblH KeMIIIKTepi 6osamak MOOMIIbIi KOChIMIIIAIapAbl YKacay 9iCTepiH KeTiaipyre KoMeKTecy
VIIH aHBIKTAJIFAH.

TyitliH ce3mep: KypPbUIBICTBI KOCIAPJIAY, KOFAMHBIH KATBICYbl, TOJBIKTHIPHUIFAH MIBIHIBIK, MIENIM KabbLIIay, AIBIKTHIK.

E.B. Yrenos !, A.B. Kaskees !, B.H. Kanakun 2, A.2K. XKycyn6ekos !
I Eepasutickuti nayuonarvhodi yrusepcumem umery JI.H. Dymunesa, Hyp-Cyaman, Kasaxcman
2 Jlenassperuti yrusepcumem, Horapx, Jeaassp, CIIIA

3HayeHue AOIIOJIHeHHOﬁ peaJIbHOCTHU JId IIJIAHUPOBaAHUA CTpOUTEJIbBCTBa

AnHoTanus. B jgaHHO#l crarbe 00CYXKIAeTCs IOTEHIMAIbHOE 3HAUYeHHe TEXHOJIOTMH JIONOJHEeHHOH peansHocTH (JIP)
B IpOIleCCax NPUHATHUS PELIEHUs [IPH I[LUIAHUPOBAHUM CTpouTeabcTBa. OTMmedaercss, 4To wucmosb3osanue /[P mossosser
JKHUTEJISIM BHOCHTB BKJaJl B Pa3BUTHE ropojga Oojee MHTEPAKTHBHBIM U 3M@EKTHBHBIM 00pPa3oM, TeM CaMbIM IIOMOrasl HM
B3aUMOJEHUCTBOBATL C APYTUMH 3aMHTEPECOBAHHBIME CTOPOHAMHU B Iporecce. Texuosorus /JIP sywume Bcero paboraer B
MOOHIIBHBIX ycTpoiicTBax. OpHako reosiokanmonHasi JIP umeer onpesesieHHble MPOGJIEMBI C HECTAOUIBHOCTBHIO M TOYHOCTBHIO
GPS, xoropble IO/KHBI ObITH IPEOJOJIEHBI IIyTEM CO3LAHHUSA PAa3IUIHbIX reocrpareruit. Ha ocHOBe moOIydeHHBIX 3HAHMIT
06Cy>K1aeTCsl METOIOJIOTHsl CO3JAaHHs yCOBEPIIEHCTBOBAHHOI'O MOOHJIBHOIO IIPHJIOXKEHH [JIi COBMECTHOI'O IIAHUPOBAHHUSA C
nucronb3oBanneM JIP. Mertomosnorus mpezmosiaraeT pa3paboTKy MOSTAIHOIO pabodero mpomecca, B KOTOPOM KaXKAbIA Imar
OXBATBIBAET OIIPEJEJIeHHbII KOMIIOHEHT Oyaymieil cucreMbl. [IpencraBiien KpaTKuii 0630p HEKOTOPBIX CYIIECTBYIOIINX aHAJIOTOB
TAKMX CUCTEM H BBLISBJIEHBI UX HEJOCTATKHU B IIEJISIX CONEHCTBHUSI COBEPIIEHCTBOBAHUIO CIIOCOO0B pa3paboTKu OyAymux MOOUIBLHBIX
IPUJIOXKEHU.

KurodyeBble cjloBa: ILIAHHPOBAHHE CTPOHUTEILCTBA, YUACTHE OOMIECTBEHHOCTH, [JOIOJHEHHAS PEAJbHOCTD, IPUHSITHE
pelIeHHil, IPO3PavIHOCTh.
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«JI.H. 'ymuniseB arpinmarsl Eypasusi yaTThIK yHUBepcuTeTiHiH Xabapuibicbl. TeXHUKAJIBIK FBIIIBIMAAD >KOHE
TEXHAJIOTUSJIAP CEePUSIChI» >KYPHAJIBIH/A MaKaJIa >KapusJjay epe>keci

1. 2Kypnan makcarbl. TexHuka »KoHe TEXHAJIOTUSIHBIH OapJIblK GarbITTarbl (ecenTey TEeXHUKACHI, KYPBLIbIC, COYJIeT,
reOTeXHUKA, TIEOCHHTETHKA, KOJIK, MAIIMHAKYDPACTBIPY, SHEPreTuKa, cepTuduKaTTay »KOHE CTaHIApTTay) CaJaaapbIHBIH
TEOPUSJIBIK, >KOHE IKCIIEPUMEHTAJIIbl 3epTTey/iepi OOUBIHINIA MYKHUSAT TEKCEPYIEH OTKEH FBIIBIMHU KYHIBLIBIFBI Oap Makajajap
KAPUSLIAY.

2. ZKypnanjga mMakaja »KapusiylayIlibl aBTOP MaKaJaHbIH KOJI KOHbLIFaH Oip JaHa Kara3 HYCKAcChIH I'bLIbIMU 6acChLIBIMIAD
Gemimine (pemaxknusra, mexkemxkaibr: 010008, Kaszakcran Pecny6imkacer, Hyp-Cynran kanacer, K. Cornaes kemeci, 2, JI.H.
Fymunes areingarsl Eypasusi yarTeik yHusepcureri, Bac rumapar, 408 xabuner) kone wvest techsci@enu.kz 971€KTPOHIBIK
nomraceira Word, Tex, PDF ¢dopmarrapoingarsl HycKajgapblH Kibepy kaskeT. Makasia MoTiHIHIH Kara3 HYCKAChl MEH
JIEKTPOHIBI HYCKaJIapbl Oipzeit Gosymapel kKaxker. COHBIMEH KaTap, MakajaMeH Oipre pelakiiusra aBTOpJap ijecme XaT
TanceIpaasl. Makanamap Ka3ak, OpbIC, aFbUIIIBIH TiIAEpiHae KaObLIaHaIbL.

3. ABTOpAbIH KoJika3baHbl pegakuusara »>kibepyi makasaubid, JI.H. 'ymuaeB arbiHaarbl Eypasusi yiTTbIK
yHuBepcurerinig XabapuisicbiHAa bacyra KediciMmin, mieres TinmiHe ayaapbeuibin KaiiTa OachliaybIHa Kedsricimin
Ginaipeni. ABTOp MakaJlaHbI pelakIusira >Ki6epy apKbLIbl aBTOP TypPaJibl M3JIMETTIH AYPbICTBIFbIHA, MaKaJjia
KewlipisMerenairine (myarnarThiH >KOKTBIFbIHA) >KoHe 6acKa [1a 3aHCBI3 KelllipMesepAiH *KOKThIFbIHA Kemijgeme
Gepeni.

4. Maxkasanbig kesemi 18 Gerren acmayra tuic (6 6erren Gacram).

5. MakaJiaHbIH KYPbIJIBIMbI

FTAMPK http://grnti.ru/

Aemop(nap)dvir, ambvi-Hcons

Mexemenir, moav, amaysvt, Kaaacv, memaexemi (erep apTopsap o9pTYpJl MEKeMene »KYMBIC XKacaliThH 6osca, OHZa
Op aBTOP MEH OHBIH, )KYMBIC MeKeMeci KacblHa Gipzeit 6esri KoMblLy Kepek)

Aemop(aap)dvr, E-mail-v

Maxana amayst

Annomayus (100-200 ces; dopmysiacss, MaKaIaHbIH aTayblH MeliHIIe KaliTasaMmaybl KaxkeT; osgebuerrepre ciiremesep
GosMaybl KarkeT; MaKaJaHbIH KyPbUIBICHIH (Kipicie /MakajiaHblH, MakcaTbl/ MiHIETTepl /KapaCThIPbUIBII OTHIPFAH CYDPaKTbIH
TapUXbl, 3€PTTEY OIICTEP], HOTUKEJEP/TaJKblIay, KOPBITBIHIBI) CaKTall OTBHIPBIN, MaKaJAHBIH KbICKAIla Ma3MyHbl Gepiiyi
KAKer).

Tytitn ce3dep (6-8 ce3 me ce3 ripkeci. TyiliH ce3zgep Makajga Ma3MyHBIH KOpCeTil, MeHiHIIE MakKaJja araybl MeH
AHHOTAIUAAFBl CO3/Ep/l KalTanaMmail, MakajJa MasMyHBIHIAFB CO3ep/i KoJsmaHy KaxeT. COHBIMEH KarTap, aKIapaTThIK-
i3mectipy »Kyiesepinie MaKaJaHbl XKEHIJ TabyFa MYMKIH/IK GepeTiH FBUIBIM CajlajapblHbIH TEPMHUHJEPIH KOJJAHy KaxKer).

Hezizei wmomin MaKaJaHbIH MakcaTbl/ MiHZeTTepi/ KapacTHIPBUIBII OTBIPFAH CYPAKTBIH TapUXbl,  3€pTTEy
9JIicTepi,HoTHUIKEIED / TATIKBIIAY, KOPBITBIH/BI 6OIIMAEPIH KAMTYbBI KaXKeT.

Tabauua, cypemmep — aTaJFaHHAH KeiliH OPHAJIACTBIPbLIA/Ibl. Op Tab/IuIA, CyPeT KAaChIH/a OHBIH aTajlybl O0JIybl KaXKeT.
Cyper aflKbIH, CKAaHEP/IEH OTIEreH OOIybI KEPeK.

Makanagarsl popmyaaaap TEK MOTIHIE oJlapra ciiteMe Gepijice FaHa HOMEDJIEHEI].

2Kasmnbr KosiianbicTa 6ap abbpesuamypanap MeH KblcKapmyaapoar 6ackajapbl MIHIETTI Typ/e ajFall KOJIIaHFaHIa
Tycinaipinyi 6epinyi kaxer. Kapotcviaali komex mypaas, aknapar Oipiniii 6erre KkepceTiiesi.

Odebuemmep Mmizimi

Moringe oaibuerTepre ciremesniep TiKKakara ajabiHa pl. MoTingeri opebuerrep Tizimine cisrremesniep/ i HOMEpJIEHY1 MOTiH e
KOJIZIAHBLIY bIHA KATBICTBI XKYPrisiijie: MoTiH/e Ke3/jecKeH d1ebieTKe ajralikpl ciireMe 1] apkpuibl, ekinmi cinreme [2] apKbLibt
T.C.C. XKYprisinemui.

Kiranka »kacaJaTblH CliTeMesep/ie KOJJaHbUIFaH GeTTTepi Je KepceTinmyl kepek (Mbicassl, [1, 45 Ger|). 2KapusnanGaran
enbekTepre cinremernep kacaimaiipl. COHBIMEH KaTap, PeleH3UsilaH OTIENUTIiH O6acbLIbIMIApFa J1a ClareMesep KacajMab bl
(omebuerrep TisiMiH, saebueTTep TIZIMIHIH AFBUIMIBIHIIA d3ipJIey Yy/rijepiH TOMeHIeri MakaaaHbl POCIM/IEY YIriCiHEH KapaHbi3).

Makasia coHpIHIArBI daebuerrep TiziMiHeH Keilin 6ubauoepaPuasviy MaAtMeMMEDP OPBIC XKOHE aFbLUINIBIH Tulinge (erep
Makaja Ka3ak TiTiHIe Ka3blica), Kasak »KoHe arblIIbIH TiaiHge (erep Makasa OpbIC TiMiHIE »Ka3bliIca), OPBIC YKOHE Ka3ak
Tiniage (erep MakaJsa aFbUIIBIH TiMiHAE *Ka3bLIFaH Gosica) Gepinexi.

Asmopaap mypaavt Maaimem: aBTOPIBIH ATbI-?KOHI, FBIIBIMU aTarbl, KbI3METI, YKYMbIC OPHBI, YKYMBIC OPHBIHBIH MEKEH-
2Kaifpl, TeesdoH, e-mail — Ka3aK, OpbIC 2KOHE AFBUIMIBIH TiTAEPIHAE TOJTHIPBLIALEL.

6. Kokazba MYKHAT TeKcepinreH 0osybl KaxkeT. TexHUKaJIBIK TajalTapra cail KeJMereH KoJskasbaJsiap KaiiTa eHIeyre
Kafitapsuiansl. KosrkasbaHbly KafTapblIybl OHBIH 2KypHAaIAa 6acbuIyblHa Kibepityin 6inmipmeiini.

7. Pejnaknusra TyCKeH MakaJja KaOblk, (aHOHMM/JI) Tekcepyre »Kibepineni. BapJsbik perensusiiap aBrop/apra »Kibepiiei.
ABTOD (pereH3enT MaKaIaHbl Ty3eTyre YChIHBIC GepreH XKarFaaiiia) il KyH apasibIFbIHIa KaliTa Kapall, KOJKasoaHblH Ty3eTIreH
HYCKACBIH peJlaKkiiusira Kaira »Kibepyl Kepek.

PerenzentT >kapaMChI3 eIl TaHBIFAH MaKaJla KaiTapa KapacThbIpbLIMaiiael. MakaIaHbIH Ty3eTiINeH HYCKAChl MEH aBTOPABIH
peleH3eHTKe Kayabbl peakiusra Kibepiiemi.

8. Tesiemakpl. BacbuibiMFa PYKCAT €TLITeH MaKaJia aBTOPJIapbIHA TOJIEM YKacay TypaJibl eckeprisieni. Temem kenemi 4500
Tenre — EYY kpi3Merkepiiepi yirin »koHe 5500 TeHre 6acka yilbIM KbI3METKEpPJIEPiHE.

PekBusuror:

1)PT'TI IIXB "EBpasuiickuii Hanuonaubublii yausepcurer umenu JIL.H. I'ymunesa MOH PK

AO "Bank IlearpKpenut"

BUK 6anka: KCJIBKZKX

NUK: KZ978562203105747338

Ko6e 16

Kunu 859- 3a crarsro

2)PT'II TIXB "Espasuiickuit Haigmonabubiil yausepcurer umenu JI.H. 'ymnnesa MOH PK AO "Bank RBK"
Buk 6anka: KINCKZKA
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NNK: KZ498210439858161073

Ko6e 16

Kuu 859 - 3a crarbio

3)PI'II IIXB "Espasuiickuit nHarmonanbubiii yausepcurer umenu JI.H. 'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NNK: KZ599650000040502847

Ké6e 16

Knn 859 - 3a crareio

4)PT'II IIXB "Epaswuiickuii nannonanbusiii yausepcurer umenn JI.H. Tymuinesa MOH PK AO "Hapoanbiit Bank Kasaxcran"
BUK Banka: HSBKKZKX

NNK: KZ946010111000382181

Kb6e 16

Kun 859.

"3a nybaukamuio B Becrauke EHY @O asropa"

124



Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National University.
Technical Science and Technology series"

1. Purpose of the journal. Publication of carefully selected original scientific works devoted to scientific issues in all areas
of engineering and technology: construction, architecture, geotechnics, geosynthesis, transport, engineering, energy, certification
and standardization, computer technology.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version) in one copy,
signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan, Nur-Sultan, Satpayev
St., 2. L.N. Gumilyov Eurasian National University, Main Building, room 408) and by e-mail wvest techsci@enu.kz in Word,
PDF and Tex format. At the same time, the correspondence between Tex-version, Word-version, PDF-version and the hard
copy must be strictly maintained. And authors also need to provide the cover letter of the author(s).

Language of publications: Kazakh, Russian, English.

3. Submission of articles to the scientific publication office means the authors’ consent to the right of the
Publisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and the re-publication
of it in any foreign language. Submitting the text of the work for publication in the journal, the author
guarantees the correctness of all information about himself, the lack of plagiarism and other forms of improper
borrowing in the article, the proper formulation of all borrowings of text, tables, diagrams, illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).

5. Structure of the article

IRSTI http://grnti.ru/

Initials and Surname of the author (s)

Full name of the organization, city, country (if the authors work in different organizations, you need to put the same
icon next to the name of the author and the corresponding organization)

Author’s e-mail (s)

Article title

Abstract (100-200 words, it should not contain a formula, the article title should not repeat in the content, it should not
contain bibliographic references, it should reflect the summary of the article, preserving the structure of the article - introduction/
problem statement/ goals/ history, research methods, results /discussion, conclusion).

Key words (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from the article,
as well as terms that define the subject area and include other important concepts that make it easier and more convenient to
find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research methods,
results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should be followed by an
inscription. Figures should be clear, clean, not scanned.

In the article, only those formulas are numbered, to which the text has references.

All abbreviations, with the exception of those known to be generally known, must be deciphered when first used in the
text.

Information on the financial support of the article is indicated on the first page in the form of a footnote.

References

In the text references are indicated in square brackets. References should be numbered strictly in the order of the mention
in the text. The first reference in the text to the literature should have the number [1], the second - [2], etc. The reference to
the book in the main text of the article should be accompanied by an indication of the pages used (for example, [1, 45 p.]).
References to unpublished works are not allowed.

Unreasonable references to unreviewed publications (examples of the description of the list of literature, descriptions of the
list of literature in English, see below in the sample of article design).

At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and English
(if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh languages (if the
article is English language).

Information about authors: surname, name, patronymic, scientific degree, position, place of work, full work address,
telephone, e-mail - in Kazakh, Russian and English.

6. The article must be carefully verified. Articles that do not meet technical requirements will be returned for revision.
Returning for revision does not mean that the article has been accepted for publication.

7. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial office)
are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the proof of the article
within three days.

Articles that receive a negative review for a second review are not accepted. Corrected versions of articles and the author’s
response to the reviewer are sent to the editorial office. Articles that have positive reviews are submitted to the editorial boards
of the journal for discussion and approval for publication.

Periodicity of the journal: 4 times a year.

8. Payment. Authors who have received a positive conclusion for publication should make payment on the following
requisites (for ENU employees - 4,500 tenge, for outside organizations - 5,500 tenge):

PexBusutsr:

1)PT'TI IIXB "Espasuiickuii Hanponaubublii yausepcurer umenn JI.H. M'ymunesa MOH PK

AO "Bank llearp Kpeaut"

BUK 6anka: KCIBKZKX

NUK: KZ978562203105747338

K6e 16

Knnu 859- 3a crareio

2)PT'II 1IXB "Espaswuiickuit narmonanbubiii yausepcurer umenu JI.H. T'ymunesa MOH PK AO "Bank RBK"
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Buk 6anka: KINCKZKA

NUK: KZ498210439858161073

K6e 16

Kmu 859 - 3a crarsio

3)PI'II [IXB "Espasuiickuii nanmonanbubiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NNK: KZ599650000040502847

Ko6e 16

Kuu 859 - 3a crarbio

4)PT'II IIXB "EBpaswuiickuii HannoHanbublil yausepcurer umenn JI.H. Tymunesa MOH PK AO "Hapoansiii Bank Kaszaxcran"
BUK Banka: HSBKKZKX

NUK: KZ946010111000382181

Ké6e 16

Kun 859.

st corpyauukoB EHY - 4500 Tenre, mjist croponaux opranu3anuii - 5500 Tenre

"3a nybaukamuio B Becrauke EHY @O asropa"
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A.Il. Iloii, A.X.AsumMmKeIioBa

ITosoxkeHne 0 PyKONUCSX, IPECTABIsIeMbIX B >KypHaJ «BectHuk EBpasmuiickoro HaigmoHaJIbHOIO YHUBEPCUTETA
umenu JI.LH.I'ymuaeBa. Cepusi Texnndeckue HaAyKu UM TE€XHOJIOTHH»

1. IMenp >xypuagsa. Ilybaukanus TiiaTesbHO OTOOPAHHBIX OPUIMHAJIBHBIX HAy4YHBIX pPaboT B 0OJIACTH TEXHUKHU
U TEXHOJIOPUU: CTPOUTEJBCTBO, AapPXUTEKTypa, TIEOTEeXHUKA, DEOCHHTETHUKA, TPAHCIOPT, MAIINHOCTPOEHUE, SHEPreTUKa,
cepruduKaus ¥ CTAHAAPTH3AIMs, BEIYUCIUTEIbHAs TEXHUKA.

2. ABTOpy, KeJAIEMy OIlyOJIMKOBATH CTATHIO B KypHajie HEOOXOAUMO TPEJCTABATL PYKOIUCHh B TBEPAOH KOMAU
(pacneuaraHHOM BapuaHTE) B OJHOM 9K3eMIUIApE, IOAIMCAHHOM aBropoM B Otiesn HaydHbix u3fganuii (mo agpecy: 010008,
Kazaxcran, r.Hyp-Cymnran, ya. Carnaesa, 2, EBpaswuiickuit namumonampubiii yumsepcurer uM. JIL.H.I'ymumesa, Ywuebuo-
aIMUHICTPATUBHBIA Kopiyc, kab. 408) u no e-mail vest techsci@enu.kz B popmare Tex, PDF u Word. ITpu sToM m10/12KHO GBITH
CTPOrO BBIIEP?KAHO COOTBETCTBHE MexkIy Tex-daittom, Word-daittom, PDF-daiiiom n TBepmoit konwmeit. Takxke aBropy(am)
HEOOXOIMMO MPEIOCTABUTL COIPOBOAUTENBLHOE MUCHMO B PEIAKIIMIO YKyPHAJIA.

sk myOGauKamuii: Ka3axCKuil, pyCCKuil, aHIVIMACKAN.

3. OrnopasjsieHme crareil B peJaKIUi0 O3HA4YaeT coIjlacue aBTOpoB Ha mnpaso Msnaresnsi, EBpasmuiickoro
HaluoHaJIbHOro yHuBepcurera umenu JI.H. I'ymuneBa, m3maHusi crareili B >KypHajle U Nepeu3JaHUs] UX Ha
Jgr06oM mHOCTpaHHOM #s3bike. IIpencraBisisi TeKcT paborsl ajs myGauKanuyu B >KypHaJie, aBTOpP rapaHTUpPyeT
IpaBUJIBLHOCTH BCEX CBeAEHUi 0 cebe, OTCyTCTBHE ILJIArUaTa U APYrux (popM HENPaBOMEPHOI'O 3alIMCTBOBAHUS B
pyKoImucu, HajJiexkarnee opopMJIeHE BCEX 3aMMCTBOBAaHUM TEKCTa, TaGJINI], CXeM, UJLJIIOCTPALUNA.

4. O6beM craTbu He JOJZKEH NpeBmarh 18 crpanun (ot 6 crpaHum).

5. CxeMa mOCTpPOEHUsI CTATbU

I'PHTMH http://grnti.ru/

Hnuyuans, v Pamuauto aemopa(os)

IToanoe naumenosarue opzarudayuy, 20pod, cmpara (ecau aBTOPbl paGoTAIOT B PA3HBIX OPTAHU3AIUAX, HEOOXOIUMO
[IOCTABUTH OJIMHAKOBBII 3HAYOK OKOJIO (haMHUJIMKM aBTOPA M COOTBETCTBYIONIEH OpraHn3alyn)

E-mail aBropa(os)

Hassanue cmamovbu

Annomayus (100-200 cios; He OJKHA COAEpKaTh (DOPMYJIbI, He OJIZKHA ITOBTOPSITH 110 COIEPXKAHUIO HA3BAHWUE CTATHU; He
JOJIZKHA COZIEPKATH 6UbIMorpaduyuecKue CChUIKY; TO/PKHA OTPAXKaTh KPATKOE COJIEPXKAHUE CTATbHU, COXPaHss CTPYKTYPY CTATbU
—BBeJleHHe,/ IOCTAHOBKA 3aJa4dn,/ 11ejIi,/ UCTOPHsl, METOABI UCCJIEIOBAHUS, PE3yJIbTaThl/00Cy K ICHNAE, 3aKIIOUCHUE /BBIBOJBI).

Karouesvie caosa (6-8 cios/cioBocoderanuii. Kiodyesble €10Ba JOJDKHBI OTParkaThb OCHOBHOE COJEPKAHUE CTATbH,
HCIIOJIb30BATh TEPMUHBI M3 TEKCTA CTATBHH, & TaKyK€ TEPMUHBI, OIPEIEJISIONNe IPEIMETHYIO O00IacTh U BKJIIOYAIOIINE IPyTHe
BasKHDBIE TIOHATHS, IO3BOJIAIONIME OOJErYUTh U PACIIUPUTH BO3MOXKHOCTH HAXOXKIEHWUS CTATbU CPEJICTBAMHM MHMOPMAIUOHHO-
[IOUCKOBOW CHUCTEMBI).

OcHoeHOT MeKem cmambu JT0JIZKEH COJlePKaTh BBeZieHne,/ MOCTAHOBKY 3aJiadu,/ 11eJii/ HCTOPHIO, METO/bI UCCIIE[OBAHUS,
pe3ysbTaThl/00Cy XK IeHNE, 3aKJIIOYEHUE / BBIBOJIBL.

Tabauudbt, pucyHKy HEOOXOAMMO PACIOJIAraTh IOCJIe yIOMHUHAHUS. KarkI0f W/IIOCTPAIUU JOJRKHA CJIeJ0BATh HAIINCH.
PucyHnkn nosKHBI 6BITH Y€TKUMU, YUCTHIMU, HECKAHHPOBAHHBIMU.

B crarbe mymepyiorcs b e POPMYADBL, HA KOTOPBIE 110 TEKCTY €CTh CCHLIKH.

Bce abbpesuamypvt u COKpallieHUsI, 3a HCK/IIOYEHHEM 3aBEJOMO ODOIIEM3BECTHBIX, JOJIXKHBI OBITH pacIIudpOBaHbl IIpU
[IEPBOM YIOTPEOICHUN B TEKCTE.

Ceenenust o purarcosot noddepacre paboThl yKA3bIBAIOTCS Ha MEPBOM CTPAHUIIE B BUJE CHOCKH.

Cnucox aumepamypo.

B Tekcre ccpuikm 0603HAYAIOTCS B KBaJAPATHBIX CKOOKax. CCBUIKHM JOJIXKHBI ObITH IIPOHYMEPOBAaHBI CTPOrO IO IMOPSAKY
YIOMHMHAHUS B TEKCTe. llepBasi CChUIKA B TEKCTE HA JIMTEPATYPY JO/KHA uMeTh Homep [1], Bropas - [2] u T.1. Ccbuika Ha KHHTY
B OCHOBHOM TEKCT€ CTATbH JIOJIPKHA COIPOBOXKJATHCS yKa3aHHEM HCIOJIb30BaHHbIX cTpaHul] (Hampumep, [1, 45 crp.]). Cebuikn
Ha HeONyOIMKOBaHHBIE PA0OTHI HE JOIyCKAIOTCA. HerKeslaTeabHbl CCUIKU Ha HEPEHEH3UPYyeMble U3JaHus (IPUMEpPbI OIUCAHUS
CIIMCKA JIATEPATYPbI, OIUCAHUSI CINUCKA JIATEPATYPbl Ha aHIVIMACKOM sI3bIKE CM. HUXKe B 06pasie odOpMIIEHUsI CTaThH ).

B komme craTbu, mocie cnucka JuTepaTypbl, HEOOXOOUMO yKa3aTh bubauozpapureckue daHHble Ha PYCCKOM U AHTTIHHACKOM
sa3blKaxX (ecau craTbs 0dOPMIICHA Ha KA3aXCKOM fA3bIKe), Ha KAa3aXCKOM M AHIVIMACKOM sI3bIKax (ecsiu crarbs odopMiieHa Ha
PYCCKOM sI3BIKE) W Ha PYCCKOM M Ka3aXCKOM s3bIKax (ecyu craTbs odOpMIICHa Ha AHIVIMHACKOM SI3BIKE).

Ceederuss 06 aemopax: damunus, UMs, OTYECTBO, HAyIHAs CTENEH, JOJPKHOCTb, MECTO PabOTHI, ITOJHBIA CJIyKeOHBII
azpec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHIJIMHACKOM SI3bIKAX.

6. Pykonuch moszkHa ObITH TIATEJILHO BbIBEpeHa. Pykomucy, He COOTBETCTBYIOIIME TEXHUYECKUM TPeOOBaHUAM, OyIIyT
BO3BpallleHbl Ha JopaboTky. BosBpamenne Ha nopaboTKy He O3HAYAET, YTO PYKOIUCH IPUHATA K OIIyOJIMKOBAHUIO.

7. Pabora ¢ 251eKTpOHHOM KoppeKTypoii. Crarbu, nocrynusiue B OTies HaydHBIX n3aHui (pelakiys), OTIPABIISIOTCS
Ha aHOHMMHOE DeleH3MpOBaHHe. DBce pelneH3uHu [0 CTaThbsM OTIPABJISIOTCS aBTOPy. ABTOpaM B TedeHHe Tpex JHei
HEOOXO/IMMO OTIPABUTH KOPPEKTYpy craTbu. CTaThby, MOJIyYUBIINE OTPULIATEIBHYIO PEIEH3UIO, K MOBTOPHOMY DaCCMOTPEHUIO
He IPUHUMAIOTCs. VcmpaBiieHHbIEe BAPUAHTHL CTaTell U OTBET aBTOPA PELEH3EHTY MIPUCHIIAIOTCA B pegaknuio. CTaTbu, MMEIOe
[IOJIOYKUTEJILHBIE PEIEH3UHY, [IPEICTABIISIOTCS PEIKOJUIETUN YKYPHAJIA JIJIsl OOCYKI€HUsI U YTBEPXKICHUS JJIsl IIyOJIMKAIIH.

ITepuomuyHOCTh >KypHaJia: 4 pa3a B TOI.

8. Omuiara. ABropaM, IOJYYHBIIUM TOJIOXKUTEIBHOE 3aKJIIOUEHUE K OIyOIMKOBAHUIO, HEOOXOAMMO MIPOM3BECTH OILIATY IO
caemyomuM pexpusuTaM (s corpyaaukos EHY — 4500 Tenre, misa cropoHHnx opranusanuii — 5500 Tenre).

PexBusutsr:

1)PT'II IIXB "Espasuiickuii Hanuonaubublii yausepcurer umenn JI.H. D'ymunesa MOH PK

AO "Bank LenrpKpemur"

BUK 6anka: KCJIBKZKX

NHNK: KZ978562203105747338

Koe 16

Kmn 859- 3a crarsio

2)PT'II 1IXB "Espaswuiickuit nHarmonanbueiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "Bank RBK"
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Buk 6anka: KINCKZKA

NNK: KZ498210439858161073

K6e 16

Knn 859 - 3a crareio

3)PI'II [IXB "Espasuiickuii nanmonanbubiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NNK: KZ599650000040502847

Ko6e 16

Kuu 859 - 3a crarbio

4)PT'II IIXB "EBpaswuiickuii HannoHanbublil yausepcurer umenn JI.H. Tymunesa MOH PK AO "Hapoansiii Bank Kaszaxcran"
BUK Banka: HSBKKZKX

NUK: KZ946010111000382181

Ké6e 16

Kun 859.

"3a my6aukanuio B Becrauke EHY ®UNO asropa"
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A.Il. Iloii, A.X.AsumMmKeIioBa

MakaJjiaHbI paciMaey YJIrici
MPHTMU 27.25.19
A K. XKy6ansimesa ', H. Temupranues?, A.B. Yrecos?

L Miemumym meopemumeckoti mamemamuru u nayumoir evucaenuti Eepasutickozo
HAYUOHAALHO20 YHusepcumema umenu J1. H. lymunesa, Hyp-Cyaman, Kasaxcman
2 Axmaobuncruti pecuonasvoli 2ocydapemeenmoni yrnusepcumem umenu K. Xybanosa,
Axmobe, Kazaxcman
(Email:azaulezh@mail.ru, ntmathl0@mail.ru,adilzhan_ 71 @mail.ru)

Yucnennoe nuddepenimpoBanne pyHKINiT B KOHTeKcTe KoMnbioTepHOTO
(BBIYMCIINTEILHOIO) IIONEPEeYHNKA

Awnnorarus: B  pamrax KOMIBIOTEDHOrO (BBIYHCIUTEILHOTO) MOMNEPEYHHUKA  IIOJHOCTHIO
perteHa  3ajada  MPHOJIMKEHHOrO guddepeHnnpoBannsd (QYHKINA, TPUHAIEKAITIX KJIACCaM
CobosieBa 110 HETOYHON wuHMOPMAIUH, [OJYYEHHON OT IPOU3BOJHLHOIO KOHEYHOIO MHOYKECTBA

rpuronomerpuieckux koabdunuentos Pypoe-Jlebera muddepennupyemoii dynkuuu... [100-200
cJioB|.

KuaroueBbie cioBa mnpubmmkennoe aud@epeHInpoBaHe, BOCCTAHOBIEHNE II0 HETOTHOM

uHGOpMAIUH, IIpejesbHast IOIPENIHOCTb, KOMIBIOTEPHBIH (BLIMUCINTEIbHBIH) nonepedHuk. [6-8
CJIOB/ CJIOBOCOYETAHMIA| .

BBenenune

TekcT BBeEHUA. ..
ABTopam He ciefyeT HCHOIB30BaTh HecTaHnapTHble makerTol LaTeX (mcmosbsyiite mx Jumb B
cirydae Kpaifaeil HeoOX0IIMOCTH )

3aroJioBOK CeKIuu

1.1 3arojioBOK HOJCEKIIU
OkpykeHus.

Teopema 1. ...

JlemmMma 1. ...

IIpennoxkenue 1.

Omnpegenenne 1. ...

Ciaeacrsue 1. ...

3ameuanmue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.
JlokaszaTenbcTBoO. TekcT moka3aTelbCTBA.

2. ®opmyJibl, TAGIUIBI, PUCYHKU

reni )y ST = 0 b (o (o)),
e Oy (e (I, on))y = dn(ens T5 F; (1Y), o) )y =
= s [7rO —en (0 ()01 () 80|
feF v
MV” <1(r=1,...,N)

Tabsmibl, pUCYHKH HEOOXOUMO pacioJiararh nocje yrnomuHanus. C KaxKJio# WILTIOCTpanueil J0KHa
cJIeJOBaTh HAJIINACh.
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Tabnuua 2 — Hazsanue Tabiuibt

IIpoctrie He mpocteie
2,3,5,7,11, 13, 17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

Pucyhok 11 — Haspanue pucyHska

3. Cchuiku u 6ubsmorpadus

st cchUIOK Ha yTBepKeHus, (DOPMYJIbI U T. II. MOYKHO HCIIOJIb30BAaTh MeTKH. Hampuwmep, Teopema 2,
Dopmyia (1)

s pykoBojicTBa o INTEX u B KadecTBe mpuMepa 0hOpMIIEHHS CChLIOK, CM., Hartpumep, JIpBosckuit C.M.
Habop u Bepcrka B makere WTEX. Mocksa: Kocmocurdopm, 1994.

Crucok JurepaTypbl 0(OPMIISETCS CJIEILYIONIM 00Pa30M.

Criucok smreparypsbl

1 Jlokyumesckuit O.M., l'aspukos M.B. Hauana ynciaennoro anamuza. —M.: TOO "dryc", 1995. —581 c. - kHura
Temuprasues H. KoMubioTepHbiil (BBIYUCIUTEIBHDLI) IONEPEYHUK KAK CHMHTE3 M3BECTHOIO M HOBOTO B YUCJEHHOM
ananuse // Becruuk Eppaswmiickoro nanmonanbaoro yausepcurera umenn JI.H. Dymmiaesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (upu HasMUNM) - CTATHS

3 XKybGaunbrmesa A.2K., A6ukenosa 1. O nHopmax npou3BoaHbIX DYHKIUH C HyJIEBBIMYA 3HAYEHUSIMU 3aJJaHHOTO HAbOPa
JINHEAHBIX (DYHKIMOHAJIOB U UX IPUMEHEHHs! K IIONEPEIHMKOBBIM 3ajadaM // OyHKIHMOHAIbHBIE IPOCTPAHCTBA
u Teopusi npubsmKenust yaknmit: Tesucbr moxmamos MexayHapomHoit KoudepeHun, nocesimennoit 110-geturo
co aus poxjenuns axajgemuka C.M.Huxosbckoro, Mocksa, Poccusi, 2015. — Mocksa, 2015. —C.141-142. - Tpyasl
KOHdepeHIuii

4 KypmykoB A.A. AHMHONIPOTEKTOPHAS U TUIOJUNUAEMUIECKasi aKTUBHOCTD jieykomusuta. —Anamarsr: Bacray, 2007.
—C. 3-5 - raszerHble cTaTHU

5 Ksipo B.A., Muxaiismaenko I.I. AHanuTudeckuii METOJ] BJIOKEHUS CUMILIEKTUIeCKOH reomerpun // Cubupckue
9JIEKTPOHHBIE MarTemaTudeckue mspecrust —2017. —T.14. —C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenns: 08.01.2017). - 9JIeKTPOHHBIN Ky pPHAJI

A.2K. XKy6ansimesa ! , H. Temiprasues ! , A.B. Yrecos 2

L JI.H.Nymunes amuvimdazo, Bypasus yammork yHu6epcumeming, meopuaiblk MamemamuKa HCoHe 2olablMU eCEnMeYieD
uncmumymaot, Hyp-Cyaman, Kazakeman
2 K. 2Ky6aros amomdaeo, Axmebe onipaix memaexemmir yrusepcumemi, Axmobe, Kasaxcmar

Kowmnsiorepiik (ecenreyium) guamerp MoHMOTIHIHAe DyHKUMsIapabl caHAbIK auddepeHnuanaay

Annoranus: Komnbiorepsik (ecenteyim) quamerp monmoTiHiage Co6oJIeB KIACHIHA YKATATHIH (DYHKIMIAD/ Bl OJIAPIBIH,
TpuroHomerpusiiiblik Pypbe-Jleber koaddunmeHTTEPiHIH, aKBIPJIbI >KUBIHBIHAH aJIbIHFAH J19JI eMeC akKlapaT OOMBIHIIA XKYBIKTAY
ecebi ToubrbiMen mmentizai [100-200 cesuep.

Tyiin ce3pep: Kybikran auddepeHnuaiay, I2J eMec aklapaT OOMbIHINA YKYBIKTay, HMIEKTIK KarTeiaik, KoMmmborepsik
(ecenreyim) nunamerp [6-8 ces/ces Tipkecrepi.

A.Zh.Zhubanysheva ! , N. Temirgaliyev ! , A.B. Utesov 2

1 Institute of theoretical mathematics and scientific computations of L.N. Gumilyov Eurasian National University,
Nur-Sultan, Kazakhstan
2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200 words]

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical) di-
ameter, massive limiting error. [6-8 words/word combinations|
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