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

JL.H. I'ymunes ateiaarsl Eypa3ust yITTHIK YHUBEPCUTETIHIH

XABAPHIBICBI
BULLETIN BECTHHK

of L.N. Gumilyov EBpazuiickoro HalmOHAJIBHOTO
Eurasian National University yauBepcuteTa umenn JI.H. 'ymuieBa

TEXHUMKAJIBIK FBIVIBIMIAP ’)KOHE TEXHOJIOT' USAJIAP cepusicel
TECHNICAL SCIENCES AND TECHNOLOGY Series

Cepus TEXHUYECKHUE HAYKHN U TEXHOJIOI'MHN

Ne 3(140)/2022

1995 xpurman Oacrarl IBIFa b
Founded in 1995
Wzmaercsa ¢ 1995 roma

KbuibiHa 4 peT mbIFa bl
Published 4 times a year

Brixoaut 4 paza B roj

Acrtana, 2022
Astana, 2022
Acrtana, 2022



bac pedaxmopvr Tormsbaesa b.b.

m.z.0., npog., /1.H.I'ymures amwvindaeot EYY, Acmana, Kasaxcman

bac pedaxmopovir opvirbacapvr Kycynoekos A. K.

m.z.0, npo@., A.H.I'ymunres amuirdazor EYY, Acmara, Kasaxcman

Kayanmuvl pedaxmop 3akuposa A.b.

ILF.K. (KOMII. FBIABIMAQP), AoueHT, /. H.I'ymures amuvindazot EYY, Acmana, Kasaxcman

Axkwnpa Xacerasa
AxnTomy Mounsykn
Bbasap0Oaes 4.0.

Aep Box Yaur
Kymaryaos M.I.
Vommuopu MBacaku
Kaaskuu B.H.

Kyn C.

Caxamos P./1.
Taaarcyry Tanaka
Tyae6ekosa A.C.
Xoe /luHr

Ytenos E.b.

Yekaesa P.V.
IITaxmos JK.A

I0n Yya IMnu

Peoakuyus ankacot

mpod., XaumHOXe TEXHOAOTUAABIK MHCTUTYTHI, XaunHoxe, JKarmoHns
npo¢., Tokycuma Yausepcurerti, Tokycyma, JKaronus

PhD, A.H. I'ymuaes atsingarsl EYY, Acrana, Kasakcran

npo¢., Tamxan Yausepcureri, Tari6s11, Taitsanb

PhD, A.H. I'ymuaes atsingarsl EYY, Acrana, Kasakcran

npo@., 'eoaormsaarix seprreyaep mactutyTs, Ocaka, JKamonns
npo¢., Aeaassp Yuusepcureti, Heroapk, AKII

npo¢., Kpaxos texnoaornsaaslk, yunsepcureti, Kpakos, IToabIra
npo¢., Kasan meMaekeTTik coyaeT-KypbLabic yuusepcnteti, Kaszan, Pecerr
po¢., Tokno Yuusepcurerti, Tokno, JKaronnst

PhD, A.H. I'ymuaes atsingarsl EYY, Acrana, Kasakcran

npod., Koaymbus Yumsepcenreti, Hoto-Mopk, AKIII

PhD, A.H. I'ymuaes atsingarsl EYY, Acrana, Kasakcran

a.x., npod., A.H. I'ymnaes areingarst EYY, Acrana, Kasakcran

PhD, A.H. I'ymuaes ateiHgarsr EYY, Acrana, Kasakcran

npo¢., Vinyeon yrrhIK yHUBepcuTeTi, Hueon, OHrycrik Kopes

Peaaxknnsiaery meken >xaribl: 010008, Kazakcran, Acrana k., CotOaes k-ci, 2,

AH. I'ymnaesarsiHaars Eypasus yATTeIK yHUBepcnTeTi, 402 0.
Tea: +7 (7172) 709-500 (irki 31-410). E-mail: vest techsci@enu.kz

A.H.Tymuaes ateiHAarbl Eypasus yaTThIK yHUBepCcUTeTiHIH XaOapIIbICh
TEXHUKAADBIK FBIABIMAAP JKOHE TEXHOAOIUSIAAP cepusicot
Menmikrenytmi: KeAK "/1.H. I'ymnaes ateiaaarst Eypasnst yATTBIK yHUBepcHTeTi"

Mepsimgaiairi: xplabiHa 4 peT

Kasaxkcran Pecrry0ankaceiHbIH AKITapaT >KoHe KOMMYHUKalMsAap MUHUCTPAITiMeH TipKeAreH
19.04.2021>x. Ne KZ31VPY00034682 kaiita ecelike KOIO TypaAbl Ky9Airi

Tunorpadpnsansiy mekerskarisl: 010008, Kasakcran, Acrana K., Kasxsimykan x-ci 13/1

AH. T'ymnaes ateiHgars! Eypasnst YATTBIK YHUBEPCUTETI

Tea: +7 (7172)709-500 (imki 31-410). Carit: http://bultech.enu.kz

© A.H.Tymnaes aroiaaarsl Eypasnus yaTTeIK yHUBepcuTeTi


mailto:vest_techsci@enu.kz
http://bultech.enu.kz/

Editor-in-Chief Baglan Togizbayeva
Prof., L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
Deputy Editor-in-Chief Askar Zhussupbekov
Prof., L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
Executive editor Alma Zakirova
Assoc. Prof. (comp. sci.), L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Editorial board

Akira Hasegwa Prof., Hachinohe Institute of Technology, Hachinohe, Japan
Akitoshi Mochizuki Prof., University of Tokushima, Tokushima, Japan
Daniyar Bazarbayeva  Assoc. Prof., L.N. Gumilyov ENU, Astana, Kazakhstan

Der Wen Chang Prof., Tamkang University, Taipei, Taiwan (ROC)
Mihail Zhumagulov Assoc. Prof., L.N. Gumilyov ENU, Astana, Kazakhstan
Yoshinori Iwasaki Prof., Geo Research Institute, Osaka, Japan

Viktor Kalakin Prof., University of Delaware, Newark, Delaware, USA
Sabina Kuc Prof., Cracow University of Technology, Cracow, Poland
Rustem Sakhapov Prof., Kazan State University of Architecture and Engineering, Kazan, Russia
Tadatsugu Tanaka Prof., University of Tokyo, Tokyo, Japan

Tulebekova Assel Assoc. Prof., LN. Gumilyov ENU, Astana, Kazakhstan
Hoe Ling Prof., Columbia University, New York, USA

Yelbek Utepov Assoc. Prof., L.N. Gumilyov ENU, Astana, Kazakhstan
Rahima Chekaeva Prof., L.N. Gumilyov ENU, Astana, Kazakhstan
Zhanbolat Shakhmov  Assoc. Prof., L.N. Gumilyov ENU, Astana, Kazakhstan
Eun Chul Shin Prof., Incheon National University, Incheon, South Korea

Editorial address: 2, Satpayev str., of. 402,
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan, 010008
Tel.: +7 (7172) 709-500 (ext. 31-410), E-mail: vest techsci@enu.kz

Bulletin of L.N. Gumilyov Eurasian National University

TECHNICAL SCIENCS and TECHNOLOGY Series

Owner: Non-profit joint-stock company «L.N. Gumilyov EurasianNational University»
Periodicity: 4 times a year

Registered by the Ministry of Information and Communication of the Republic of Kazakhstan
Rediscount certificate No KZ31VPY00034682 from 19.04.2021

Address of Printing Office: 13/1 Kazhimukan str., Astana, Kazakhstan 010008

L.N. Gumilyov Eurasian National University

Tel: +7 (7172) 709-500 (ext.31-410). Website: http://bultech.enu.kz

© L.N. Gumilyov Eurasian National University


mailto:vest_techsci@enu.kz
http://bultech.enu.kz/

I'aasnviil pedaxmop Tornsbaesa b.b.

o.m.u., npop., EHY umenu A.H. l'ymunresa, Acmana, Kasaxcman

3am. zaasriozo pedaxmopa Kycynmoexkos A.K.

o.m.u., npop., EHY umenu A.H. l'ymunresa, Acmana, Kasaxcman

Omeemcmeennuiii pedaxmop 3akupona A.b.

K.IL.H. (KOMIL Hayku), goueHnt, EHY umenu /.H. I'ymunresa, Acmana, Kasaxcman

Axkwnpa Xacerasa
AxuTomy Mounsyknu
Bbasap0Oaes 4.0.

Aep Box Uanur
XKymaryaos M.T.
Vommuopu MBacaku
Kaasixknna B.H.

Kyn C.

Caxamos P./1.

Taaarcyry Tanaka
TyaeGexosa A.C.
Xoe AuHT

Yrenos E.b.
Yekaesa P.y.
IITaxmos JK.A

I0n Yya IMnu

Peoakuuonnan konnezusn

apod., TexHoaormaecknit MHCTUTYT XaunHOXe, XaunHoOXe, SmoHms

npo¢., Yausepcuret Toxycuma, Tokycuma, SrmoHns

PhD, EHY nmenn /.H. I'ymnaesa, Acrana, Kazaxcran

npo¢., Tamxanckmit Yuusepcuret, Tait6oi1, Tarisannb

PhD, EHY nmenn /.H. I'ymnaesa, Acrana, Kazaxcran

npo¢., VInctutyT reoaorndeckux mnccaegosannii, Ocaka, Snonms

npo¢., Aeaasspckuit Yansepcutet, Heoapk, CHIA

npo¢., Kpaxosckuit rexnoaorndecknit yuusepcuret, Kpakos, [Toabma
npo¢., Kasancknii rocyapcTBeHHBIN apXUTeKTyPHO-CTPOUTEABHEIN YHIBEPCUTET,
Kasann, Poccusa

npo¢., Tokmricknit Yunusepcuret, Tokno, Sonns

PhD, EHY mmenn /1.H. I'ymnaesa, Acrana, Kazaxcran

npod., Koaymbuiickuit ynusepcurer, Hpio-Mopk, CITIA

PhD, EHY nmenn /A.H. 'ymnaesa, Acrana, Kazaxcran

K.a., npod., EHY nmenn A.H. I'ymuaesa, Acrana, Kazaxcran

PhD, aonent, EHY nmenn /1.H. I'ymnaesa, Acrana, Kazaxcran

npoc., VIHIXoHCKMIT HalTMOHAABHBI YHUBepcuTeT, VHuxon, IOxHas Kopes

Agpec peagaknun: 010008, Kasaxcran, 1. Acrana, ya. Carmaesa, 2,

Espasuiickuii HanmoHaAbHbI yHUBepcuTeT umenn /. H. I'ymmuaesa, xka0. 402
Tea: +7(7172) 709-500 (8H. 31-410). E-mail: vest techsci@enu.kz

Bectnux Eppasmiickoro HanjmoHaabHOroO yausepcurtera umenu A.H. 'ymmnaesa
Cepusa TEXHMMYECKME HAYKHN I TEXHO/A0OI'IU

Co6ctsennuk: HAO «Espasuiicknii HalMoHaAbHEIN yHUBepcuTeT uMmenu /.H. I'ymuaesa»
ITepnogyuanocTs: 4 pasa B rog,

3apernctpmuposad MuHNICTepcTBOM MHPOpManNy 1 KoMMyHuKanuit Pecrrydankn Kasaxcran
CsugereancTBO O rocTaHoske Ha nepeyder No KZ31VPY00034682 ot 19.04.2021 r.

Aapec tuntorpadum: 010008, Kasaxcras, r. AcraHa, ya. Kaxksimykana, 13/1,

EBpasniickuit HaljoHaAbHbIN yHUBepcuTeT uMenu /1.H. I'ymuaesa

Tea.: +7(7172)709-500 (Bu.31-410). Cairr: http://bultech.enu.kz

© Eppasuiickmnii HaMOHaAbHbBIN yHUBepcuteT nmenn /A.H. 'ymmaesa


mailto:vest_techsci@enu.kz
http://bultech.enu.kz/

AH.TYMUAEB ATBIHAATEI EYPA3VIA YATTHIK YHVMBEPCUTETIHIH XABAPIIBICEHL

TEXHUMKAABIK FBIABIMAAP JKOHE TEXHOAOITISIAAP CEPVSCH

BECTHIK EBPA3MICKOTO HAIIMIOHAABHOI'O YH/UBEPCUTETA
VIMEH A HIYMMAEBA. CEPVIA TEXHVYECKIVE HAYKIM M1 TEXHOAOI' M

BULLETIN OF L.N. GUMILYOV EURASIAN NATIONAL UNIVERSITY
TECHNICAL SCIENCE AND TECHNOLOGY SERIES

No 3(140)/2022
MA3MYHbBI/ CONTENTS/ COAEP>KAHUE

Annckmu A., Mockaaosa K., Buaauxos 10./1., Coaao b. Dxcnepumenmmix depexmep Hezisinde mormvipy
adicimen KeAdeHeH CYyPAeM KbICLIMbIHLIE, MAPAAYbiH marday

Aniskin A., Moskalova K., Vynnykov Yu.L., Soldo B. Analysis of horizontal silo pressure distribution by filling
method based on experimental data

Anuckuu A., Mockaaosa K., Bunanxos 10.1., Coaao b. Anarus pacnpedererus dasreHus 20pusoHmarbHozo
CUAOCA MEMO00M SACLINKY HA 0CHO6E IKCNEPUMEHMAADHVIX JAHHBLX

Axaxanos C.b., Hyprosmesa A.JK. Keadener wvizvicy defopmavuscoin eckepzerdezi cepnimdi nAACHUHAHBL
ecenmey adici

Akhazhanov S.B., Nurgoziyeva A.Zh. The calculation method for an elastic plate with transverse shear deformation
Axaxanos C.b., Hyprosmuesa A.JK. Memod pacuema ynpyzoti nAacmumol ¢ yuemom dedpopmayuti nonepeurozo
cosuea

AxmeroBa A.M., IllasxmeroBa A.C., 3akuposa A.Bb., bakwiT:kamosa A. Epmepex eckepmyze apHaraan
ctimewis GSM xep ciakinicinin 0abvia xKytlecin xemirdipy

Akhmetova A.M., Shayakhmetova A.S., Zakirova A.B., Bakytzhanova A. Improvement of wireless GSM
earthquake warning system for early warning

AxmetoBa A.M., IllasixmeTosa A.C., 3akuposa A.b., bakbiT>kanosa A. Cosepuiercmsosarie 0ecnposooHoil
GSM-cucmemot onoseujenus 0 3eMAeMpACeHUAX OASL ParHez0 0noseuseHus.

baiixoxaesa b.Y., @aaees M.A. Kasaxcmar PecnyOauxacoinvity Mempor0ZUsAblK UHPPaKypulAbIMbi marday
Baihozhaeva B.U., Faleyev M.D. Analysis of the metrological infrastructure of the Republic of Kazakhstan
bariixoxaesa b.Y., @aaees M.A. Anarus memporozuveckoi undpacmpyxmypuvt Pecnybauxu Kasaxcman

bexxanosa C.E., Ypcaposa A K., Ab6xanbaposa A.)XK., daabsposa A.C. Kasakcmar Pecnybiuxacor memip
Koadapuindazor eHdipicmix kayincizdikmi dackapy ypoici

Bekzhanova S.Ye., Ursarova A.K., Abzhapbarova A.Zh., Danyarova A.S. Trends in industrial safety
management on the railways of the Republic of Kazakhstan

bexxxanosa C.E., Vpcaposa A.K. Ao6xambaposa A.K. Janmbsaposa A.C. Tendenyuu ynpasrerus
npou3600cmeeH ol 06e30nacHocmvio Ha xeaesHovx dopozax PK

Bexmanosa I'.T., Omap6exoBa A.C., 3yaxaxas A., Tuaeyxan A., Onama XK., Tumyp b. Cucmema pacuema
KAI04esbIX nokasameet: adexmusHocmu pabomHuKos yrHusepcumena

Bekmanova G.T., Omarbekova A.S., Zulkhazhav A., Tileukhan A., Onasha Zh., Timur B. The system for
calculating key performance indicators of university employees

bexmanosa I'.T., Omap6exkosa A.C., 3yaxaxas A. Tmaeyxan A., Onama XK. Tumyp b. Yuusepcumem
KblaMemkepAepi muimOIAiZiHIH He2iszi KepcemKiumepin ecenmey xyiieci

Ayiice6ain EK., Ayiicebait E.E. Ama-6abarap madenu mypacoina Hezisderzer Xawa KA3AK CaYAem OHepiHiH
KopKemOiK mini

Duysebay E.K., Duysebay E.E. The new artistic language of Kazakh architecture based on the cultural heritage of the
ancestors

16

32

43

62

70



Ayiice6ain EK., Ayiice6ait E.E. Hosvii xydoxecmeennolii A3bik KaA3AXCKOU ApXUmMexkmypul, OCHOSAHHBIL HA
KYADIMYPHOM HACAOUT] PedKOos

Mmnsau6ekos WM., Bex6ocwioB C., AbitkmHa A. Coamycmix Kasaxcmannviy, MAaumuHa-mpaxmop napkiuiy
Kazoatiotn maaday

Mizanbekov 1., Bekbosynov S., Lytkina L. Analysis of the state of the machine and tractor fleet of Northern
Kazakhstan

Musanoekos 1., bek6ocbinoB C., Abitkuna A. Anaaus cocmoanus mawurno-mpaxmoptozo napka Cesepriozo
Kasaxcmana

CapcembaeBa A.C., Mycaxanosa C.T., Carunmos 3.C., XKycynoekos A.JK. Hyp-Cyaman xaracvinoazol
KbICK bl YaKbimmazbl x0A0apovit, xkaz0ativii 6axbviAay

Sarsembayeva A.S., Mussakhanova S.T., Saginov Z.S. Zhussupbekov A.Zh. Monitoring of highways
structures of Nur-Sultan city in winter conditions

CapcembaeBa A.C.,, Mycaxanosa C.T., Carmnos 3.C., XKXycynbekos A.XK. Monumopunz cocmosus
a6MOMOOUALHVIX J0poz 6 SUMHUTL nepuod 6 zopode Hyp-Cyaman

Capun P.P., O6gipaman ©O.C., Hypymesa A.M. Aapamesa A.C. Axnapammuvik-KoOMMYHUKAUUIALIK
UHPPAKYPUIABIMOA AKNAPAMINbL KOpeay 20icmepit CAAbICIbIpY: Kondakmopvl aymenmuuxayus

Safin R.R., Abdiraman A.S., Nurusheva A.M., Aldasheva L.S. Comparison of information security methods of
information-communication infrastructure: Multi-Factor Authentication

Ca¢un P.P., 96aipaman O.C., Hypymesa A.M., Aagamesa A.C. Cpastieriue mermodos sauumvt unGopmayuu
UHPOPMAYUOHHO-KOMMYHUKAYUOHHOTL UHGPACHPYKIYPLL: MHO20PAKIMOPHAS aymermuduraus

Ceritkazenosa K.K., [Teuepckuii B.H., )Kymaanes b.b., Okim E.F., Kaamaxan C.b. Iposus xaprvindovirvizoit
memendemyodezi Ka0viHIAPOLIH POAL

Seitkazenova K.K., Pecherskiy V.N., Zhumaliev B.B., Akim E., Kalmakhan S. The role of coatings in reducing
erosion intensity

CernrkaszenoBa K.K., Ilewepckmii B.H., ) Kymaanes b.b., Axum EI., Kaamaxan C.b. Poiv noxpuimuii 6
CHUMKEHUU UHIMEHCUGHOCTIU IPOSUL

Tormsbaesa B.b., CasambaeBa b.T., Kumxebaesa A.C. KybOvipavt macnaivl xoweetiepdity yYmoimovl xKaHe
KOHCMpYKmMuemi napamempaepin Hezisdey xane ecenmey adicmemeci

Togizbayeva B.B., Sazambayeva B.T., Kinzhebayeva A.S. Methodology of justification and calculation of rational
and constructive parameters of a tube belt conveyor

Torusbaesa b.b., Cazam0baesa b.T., Kunxxe6aesa A.C. Memodukxa obocHosanus u pacuema pay,uOHAAGHUIX U
KOHCMPYKMUSHVIX NAPAMENPOs MpYOUamozo AeHmoHozo KoHeeiepa

IMlepos K.T., Carumtos A.A. Ycep6aes M.T. Illepos AXK. TycymbGexkosa I'M. Memarr wreckiui
KYpardapoviy mo3y2a me3imoirizin apmmolpy adici

Sherov K.T., Sagitov A.A., Userbaev M.T., Sherov A.K., Tusupbekova G.M. A method for increasing the wear
resistance of metal-cutting tools

Illepos K.T., Caruros A.A., Ycep6aes M.T., Illepos A.K., Tycymbexosa I'M. Cnocob nosviuierus
USHOCOCTNOKOCTIY MEMAANOPEXYULUX UHCTHPYMEHNIO06

79

89

104

114

125

134

141



TEXHUKAABIK FBIABIMAAP J)KOHE TEXHOAOTUSAAAP
THE TECHNICAL SCIENCES and TECHNOLOGY
TEXHUMNYECKME HAYKU M TEXHOA0I'MN

IRSTI 67.21.17

A. Aniskin™, K. Moskalova?, Yu.L. Vynnykov3, B. Soldo’

University North, Varazdin, Croatia

2Odessa State Academy of Civil Engineering and Architecture, Odessa, Ukraine
3Poltava National Technical Yuri Kondratyuk University, Poltava, Ukraine
(E-mail: aaniskin@unin.hr)

Analysis of horizontal silo pressure distribution by filling method
based on experimental data

Abstract. The work presents an analysis of the results of the fill-in condition influence of
particle inclination on horizontal silage pressure. Analyzed data were obtained from
experiments on a rectangular silo model with rigid walls in a different fill-in condition.
The filler was a composite mixture of sand and flat shell particles (2:1). The analysis of the
results concluded that the volume weight of the composite mixture depends on the fill-in
method, which affects the horizontal silage pressures. At filling of 0° and 45°, the pressure
is slightly different from Jansen's theory (max 19%) which can be neglectable. Horizontal
silage pressures are functionally dependent on the filling method (up to 44%), which
should definitely be taken into account.

Keywords: Lateral silage pressure, confined walls, non-coherent material, particle
orientation, fill-in method.

DOI: doi.org/10.32523/2616-7263-2022-140-3-7-15

Introduction

H.A Jansen [1] carried out a series of experiments on the silage pressure of wheat, corn, and sand
in a silo model with a square cross-section. The experiments and a theoretical study were carried out,
which is still used in current international codes and standards [2-8]. However, Jansen did not analyze
fill-in methods and their influence on the silage pressure. The influence of the fill-in method was noticed
much later by scientists such as J. Nielsen [9], M. Molenda and J.A. Horabik [10-11], G.K. Klein [12], A.V.
Shkola [13].

The effect of the filling method on the distribution of the lateral pressure in the grain silo was
studied by J. Nielsen [9]. Measurements of silage pressure were conducted in a real dimension silo with
a diameter of 7m and 46m in height, at seven different levels with four or more sensors on each level. The
experiments were carried out with eccentrically filling on wheat and barley, and with a central filling of
barley. The conclusion was that the type of grain and the fill-in method had a noticeable impact on silage
pressure [8]. The difference in the silage pressures on silo walls at the bottom varied from 12 to 48% and
averaged 30% depending on the fillin method. The conclusion was that the difference in fill-in method
with elongated grains caused a non-uniform distribution of silage pressure. The fill-in method caused
different orientations of particles which as a consequence leads to anisotropy and inhomogeneity of the
grain medium.

In the work of M. Molenda et al. [11] the impact of the fill in method on silage pressure was
investigated. The effect of the filling method and wall type on the radial distribution of vertical pressure
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on the bottom of a silo model was determined. The silo model was 0.61 m in diameter and 0.62 m high.
The coefficient of lateral pressure A was determined from experimental data. It was used three types of
fill in methods (Fig. 1) — from the top centrally (a), along the perimeter (b) and uniformly over the entire
surface through a sieve (c).

a) I

Figure 1. Different fill in methods: a) central, b) along perimeter, c) uniformly

Three filling methods and two wall types was used in experiments. The highest average silage
pressure (702 Pa) was obtained for the central method while the lowest silage pressure (579 Pa) was
obtained for the uniform fill-in method, with a significant difference of 21%. In the case of fill in along the
perimeter, obtained pressure was 668 Pa which is 15.4% in regard to uniformly filling. The authors [10]
explain the difference in value by the different bulk density at various ways of fill in conditions which
cause a larger angle of friction in the denser filling and leads to lover silage pressure. In conclusion, the
authors emphasize that the spatial arrangement of the grain particles which makes bedding, represents
the formation method, and mechanical characteristics depends on the geometrical structure.

Klein G.K. [12] researched many sources of literature on the topic. The final conclusion was that
the larger part of experimental results is consistent with Janssen’s theory qualitatively, but in some cases
differ by 2, and in some cases up to 5 times, sometimes the pressure was lower. Also, silage pressure
affects non-uniform pressure distribution in the cross sections and the rate of activation of wall friction.
Studies [13] show that the fill-in method affects the silage pressure on the walls.

In work [14] presented results of vertical and horizontal pressures measurements at a different
inclination of the particles in the sample. The biaxial compression tests on steel roads sample with
elliptical cross section (with a ratio of the principal axes of 1:2) were carried out in a rectangular sample
container. The dimensions of the container was 240mm x 120mm. The sample consisted of three kinds of
rods with their major axis length of 4mm, 2mm, and 1mm with mass ratio was 8:2:1. A sample was
composed at a different angle between the bedding plane and the plane of the major principal stress, 0°,
30°, 60°, and 90°.

In experiment vertical (o1) and horizontal (o3) stress and displacement was measured. Lateral
pressure was constant 200 kPa. At an angle of 0° the maximum ratio of o1/03 stresses was observed and
the minimum at 60° and 90° with the difference about 36%. The authors indicate that the rod orientation
substantially impact stress changes in the samples.

According to currently available literature, fill in methods should be considered in the calculation
and regulation of the construction work.

Experimental materials and methods
The medium used in experiment is composite mixture with a volume ratio of 70% of sand and

30% shell. The physical and mechanical characteristics are shown in Table 1. The material was tested in a
dry state.
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A. Aniskin, K. Moskalova, Yu.L. Vynnykov, B. Soldo

Table 1. Physical and mechanical properties of a composite mixture

Property Standard Value

Volume weight HRN U.B1.016 y =16,81 xkH/m3
Specific weight of particles HRN U.B1.014 ys = 27,00 xH/m3

Cu= 2,10

Cc= 0,85

Dio= 0,19

D30 = 0,32

Deo = 2,10

The experimental model construction of the silo is shown in Figure 2. Horizontal-pressure values
were measured on the middle of the foreground wall at 5 measuring places (Fig. 2a) using single-point
load cells — aluminum type-6530 by Xi’an Ruijia Measurement Instruments Co. Ltd. (Table 2.). The forces
were measured and recorded using a data acquisition system CATMAN Easy. The experiment was
carried out three times on three fill-in methods [15].

Table 2. Characteristics of used load cells
Xi’an Ruijia Measurement

Manufacturer Instruments Co. Ltd.
Type 6530
Capacity 10kg
Input resistance 406 QQ
Sensitivity 2.0+0.15mV/V
Accuracy 0,05 N

Calibrated of the system was carried out by hydrostatic water pressure measurements, 3 times.
The average difference between measured and theoretical pressures was 0,85%, with averaged variation
from the arithmetic mean + 0,86%.

The dimensions of cross section of the silo model was chosen so that the test results could be
observed and compared with the plane theoretical solution.

Electrical signals of the load cells were red using the 8-channel HBM Quantum X measurement
device. Measuring was carried out simultaneously on all five measurement places during the entire filling
procedure.

There were used three different fill-in methods. The construction was placed at a different angle
to the horizontal - 0°, 45°, and 90°, while filling was always done from above [15].

The angle of backfill 0° was achieved by filling from above while the model was in a vertical
position. Filling at angles of 45° and 90° was done when the model was at 45° and horizontal position.
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Section A-A
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Figure 2. The rectangular silo model (a) foreground wall and cross section
(b) detail of load cell mounts

Results and Discussion
Consistency of the measured results was achieved by repeating the test 3 times at each angle.
Furthermore, the sample weight measurement was carried out for each experiment, the measurement

results are shown in Table 3.

Table 3. The average volume weight of the samples at various conditions of filling

Angle of orientation, o Y =y4, [KN/m?]
0° 16,40
45° 14,83
90° 16,19

It was noted that due to the anisotropy of the material at different filling conditions, there are
obtained different horizontal silage pressure values. The average measurement results of the horizontal
pressure values at different filling conditions are shown in Figure 3.

Different filling conditions caused different average volume weight which impact pressures
values. The data in Table 3 shows that at angles 0° and 90° the difference was only 1.24%, but at angle 45°
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volume weight was lower than at angle 0° and 90° by 9.54% on average.

At a filling angle of 0° (Fig. 3, curve 1), the measured data is fits well with Jansen's theory to the
middle of the depth (a difference of only 4.9%). The results are similar and comparable to Reimbert [16],
Klein [12], Schulze [17], and Brown [18].

It was observed that the lower the mean depth of the model, the pressures are lower than the
theoretical. This fact can be explained by the influence of the rigid bottom.

0,00 0,20 0,40 0,60 0,80 1,00 120 &, KN/m?

0,00
7= 73 =16,40 KN/m3

0,10 w=0%

0,20
0,30
0,40

Janssen's
0,50 theory

0,60
0,70
0,80
0,90

z,m

Figure 3. Experimental distribution of the silage horizontal pressure at different fill in methods 1 -0°, 2
—45°,3-90°

As expected, pressure at 90° was the highest one, it is average deferens from 0° was 44.2%. [15].
Filling at an angle 0° and 45 °, relatively in close fit, difference up to 19%, which can be neglected for this
ratio of plane particles (30% shells in sand).

This differences in pressures can be explained by the inclination angles of the particles in space
(Figure 4.)
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Figure 4. Different inclination of the particles in structure of the massif a)0°, b)45°, ¢)90°

The remaining potential of the friction force is zero in the case of 90° (Fig. 4 c), so the pressure is
the highest, while the potential of the friction force at 0° and 45° is higher, so the horizontal pressure is
lower (Fig. 4 a and b). Furthermore, the vertical wedging of the particles produces additional lateral
pressure.

The volume weight of the samples changes due to the fill-in method which has a great impact on
45° filling with the lowest volume weight (Table 3.). Similar results were described in the works of
Molenda et al. [11] and Tong et al. [14].

Conclusion

1. Volume weight of the composite mixture depends on the fill in method, which affects the
horizontal silage pressures

2. For the given content of flat particles (30% of plane particles) filling at 0° and 45° is slightly
different from Jansen's theory (max 19%) which can be neglectable

3. Horizontal silage pressures are functionally dependent on the filling method (up to 44%), which
should be definitely taken into account

Analysis of experimental research showed that the fill-in methods substantially impact the value
of horizontal silage pressure. Therefore, the method of material fill-in should be considered and used for
economic benefit using the optimal fill technology.
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DKCIIepUMMeHTTIK AepeKTep Heri3iHjge TOATBIPY 34iciMeH KeaAeHeH CypAeM KbICBIMbIHDIH
TapaAybIH TaaAay

AnpaaTtmia. bya >KyMmbICcTa TOATHIpBLAFaH Kyligeri OeAllekTepAiH Kea0ey CUAOCTBIH KOAJeHeH
KBICBIMBIHA dCep eTy HoTMKeAepiH Taajay YcCbHbIAFaH. TaagaHFaH gepeKkTep 9p TYpAi TOATBIPY
>KaFJaiidapblHAa KaTThl KaObIpFachkl Oap TiKOYPBIIITHI CypAeM MogeAiHAeTi TaxKipubeaep HaTUKecCiHAe
aaAbIHABL. ATperaT KyM MeH Teric KaObIK OearekrepiHiH 2:1 KaTbIHACTBI KOMITO3MIIMSIABIK KOCIIaChl
6oaapl. Hatmoxeaepai Taagay KOMIIO3UTTIK KOCIAHBIH KO4eMAIK caaMarbl CHUAOCTBIH KOAJeHeH
KBICBIMBIHA 9Cep eTeTiH TOATHIPY dJiciHe OailAaHBICTBI Aell KOPBITBIHABI JKacayFa MYMKiHAiK Oepai. 0°
>KoHe 45° ToaAraH Ke3je KbIChIM flHceH TeopmschiHaH Oipinama epekiedeHeai (Makcumym 19%), oHbl
eaemeyre 00aaabl. CAOCTBIH KOAAEHEeH KbICHIMBI (PYHKIIMOHAAABI TYPAe TOATBHIPY d4iciHe OailaaHBICTBI
(44% aeiiin), OHBI eCKepy KaXKeT.

Kiat ce3aep: CypaemMHiH OyitipAiK KBICBIMEL, IIeKTeyAi KaObIpFadap, OailaaHbICCHI3 MaTepuad,
DealekTepAiH OAFBITHI, TOATBIPY dAici.
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Analysis of horizontal silo pressure distribution by filling method based on experimental data

A. Auuckun!, K. Mockaaosa?, 10./1. Buauukos?, b. Coaao?
Wrusepcumem Cesep, Bapaxoun, Xopsamus
20decckas zocydapcmesertas akademus cmpoumervcmsa u apxumexmypu, Odecca, Yxkpauna
S[Toamasckuti HAyUOHANDHYITL mexHuveckuil ynusepcumem um. 0. Kondpamioxa, [Toamasa, Yicpauta

Anaans paciipeaeaeHns1 AaBA€HNSI TOPM30HTA4bHOI'O CMA0Ca MeTOAOM 3aChIIIKM Ha OCHOBE
OKCIIepMMEeHTaAbHbIX AaHHDBIX

Annorammsa. B sToit paboTte mpeacraBieH aHaAU3 Pe3yAbTaTOB BAMSIHMS HaKJAOHA JacTHUIl B
COCTOSTHUI 3allOAHEHHOCTM Ha TOPM30HTaAbHOE JaBAeHue CUAOca. AHaAM3UpyeMble AaHHbIE OBLAK
II0Ay4YeHbl B pe3yabTaTe DKCIIEPMMEHTOB Ha MOAeAl IIPsSMOYTOABHOTO CHAOCa C KeCTKOW CTeHKO B
Pa3sAMYIHBIX YCAOBMAX 3allOAHEHMs. 3aIllOAHMUTeAeM CAYKMAa KOMIIO3UTHAs CMecCh Ilecka ¥ JacTull
I10CKOM 000A04YKM B cooTHOIIeHnu 2:1. AHaAM3 pe3yAbTaToB IO3BOANA CAeAaTh BBIBOA, O TOM, UTO
O0OBeMHBIN BeC KOMITO3UTHOM CMeCH 3aBUCUT OT CIIoco0a 3allOAHeHM s, YTO BANeT Ha TOPU30HTaAbHOe
Aasaenne cuaoca. [lpu sanoanennu 0° u 45° gaBaeHne He3HAUUTEABHO OTAMYAETCA OT Teopun flHceHa
(MakcumyM Ha 19%), yem MOXKHO IpeHeOpeub. I'opu3oHTaabHOE gaBAeHMe cuaoca (PyHKIMOHAABHO
3aBUCUT OT MeTOAa 3aroAHeHus (40 44%), 94T0 00s13aTeAbHO CAeAyeT IIPUHATH BO BHUMAaHUe.

Karouesbie caoBa: G0OKOBOe saBAeHMe CIA0CaA, OTpaHMYeHHBbIe CTeHKM, HeCBS3HBI MaTepuad,
OpMeHTaIM: JaCTUI], MeTO/ 3allOAHEeHIL.
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Keaaenen birpicy Ae(pOpMaIisIChIH eCKepreHaeri cepIiMAi IaacTMHaHbI
ecerrey aJici

AnpaaTna. Makadaga KeadeHeH BIFBICY AepOpMalUACBIH eCKepreHJeri I1AacTMHAHBIH
>KeTiaAipiATreH aKbIpABI 91eMeHTi ychiHbLAFaH. KeadeHeH bIFbICY AepopMaIiisIChl aKbIPABI
9A€MEeHTTiH TyMiHAepiHAeri >XblAKyAap apKblLAbl IIapaMeTp TypiHAe eckepiareH. AKbIpAbBI
DAeMeHTTep o4ici OOMBIHINIA KOAAeHeH BIFBICY JAeOpMaIMACHIH — eCcKepreHJeri
I1aCTMHAHbIH aKbIpAbl 9A€MEHTIHIH Herisri Toyea4iairi MeH KaTaHABIK MaTpUIIachl
tabprarad. TepT OypHINITH aKBIPABl DA€MEHTTIH KOAJeHeH BIFBICY AedopMalUaAChH
eCKepreHeri KOOPAMHATTHIK (PYHKIMSAApPhl aHBIKTaAFaH. AKBIPABI DAEeMEHTTep oddici
apKplAbl I1AaCTMHaAHBIH ecellTeyi TOABIFLIMEH aBTOMaTTaHAbIpbLAFaH. Mblcaa peTiHge
KO/AAEHEH  BIFBICY AeCl)OpMaLU/ISICbIH €CKepreHJeri CcepIiMAl IIAacTMHaHBIH —Miayi
KepceTiareH. YII >Karjaiigarbl CepHiMAl IAacTMHaAHBIH TYMHAIK TiK >KBLAXKYyAapsl,
Oypbiay OGypHIIIITaphl, Midy MOMEHTTepi, Oypaly MOMEHTIi >KoHe KoAJeHeH KyIITepiHiH
CaHABIK HOTIDKeJAepi aablHFaH. YII >Kafjaligarbl cepIiMAl I1AacTMHaHBIH a/AbIHFaH
menrimMaepi 6ip-0ipimen caarpicTeIpblAFaH. EceliTey HOTIDKeAepi KecTeAep MeH sIopajap
apKbILAbl KOpCETiATeH.

KiaT cesaep: naactuHa, akbIpABl DA€MEHT, K0AA€HeH BIFBICY AepopMalsChl, KoaJeHeH
BIFBICY TTapaMeTpi, MaibICy (PYHKITUACHL.
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Kipicne

ITaactuHasap MeH KaObIKIIIaAap FUMaparTap, Kellipaep, TOHHeAbJep, TipeK KaObIpFaaaphl JKoHe
Oacka MHPPaKYPHLABIMAAP CUSAKTHI KYPhLABIC KOHCTPYKIUAAAPABIH JKaAIlbl KYPBLABIMABIK DAeMeHTTepi
604bI11 TaObLAaABL. XKaAaIbl adFaHAa, ILAaCTHMHAABI KoHe KaOBIKIIIaAbl KOHCTPYKIIMAAaPABIH dpeKeTiH eKi
eAllleMAl IAacTMHA TeOpuslapbl HeMece YII ©AIIeMAl cepHiMAidiK Teopuschl apKblabl OOAXKayFa
6oaaapl. IlaactuHasapablH KaaccukaAablk, Teopusckl Kupxrod yceiHraH 0oakamgapra cyiieHeai [1].
Jerenmen, Oy Teopus BIFBICY AepOpMaIIMACBIHBIH ocepi I1aMaabl FaHa 0OJAaTBIH JKYKa IlAacTHHaAap
YLIiH FaHa KoaaaHblaaabl. Kaaccmkaablk Teopus OOMBIHINA KaAblH IlAdacTMHaJapAbl ecellTereHje
MalibICyAbIH MoHI TOMEHAETiAIN aHbIKTaAaAbl >KoHe OPHBIKTBLABIKTBI JKOFAATY KyKTeMeci MeH MEeHIIIKTi
JKMizikTep acbipa OarasaHaabl.

Blrpicy aedopMarusACHHBIH dcepaepiH ecKepeTiH KeIlTereH Teopusdap YCBIHBLAABL blrpicy
AedpOpMalMACHIHBIH aAFalllKbl TeopusdapbiHbIH Oipin Perichep [2] >kone Munaams [3] aHBIKTaAbl.
MuHAAMH TeopusACH IAACTMHAHBIH KaABIHABIFBI OOMBIHIINA JKBIAKYABIH CBISBIKTHIK ©3repici Typaabl
6oaxamra HerizgeareH. CoHabIKTaH, 04 OipiHIN peTTi BIFBICY AepOPMaIVCBLIHBIH TEOPWSCH Jell
aTaaaapl. bya 604>xam OOVIBIHIIA K©A4€HEeH BIFBICY depopMalisiaapbl MeH Ko.4/eHeH BIFBICY KepHeyaepi
KAa/ABIHABIFBI OOIBIHINIA TYPaKTBl 0oAasbl. YII eAmeMAl cepIiMAiaiK TeopuUsACBIHAAFBI TYPaKThI
’KaHaMaABIK KepHeyep MeH >KaHaMaAbIK KepHeyiH I1apa0041aabIK TapaAybl apachlHAAFbI COMKeCCi3AiKTi
ecerke aAy YVIIiH BIFBICYABIH TyseTy KoodduumenTi kaxer. Exinmi >karpiHaH, PericHep Teopmscel
KaABIHABIFBI OOJIBIHINIA Midy KepHeyAepiHiH CBI3BIKTBIK ©3repyi >KoHe KoJAJeHeH >KaHaMaAblK
KepHey/AepiHiH mHapa0oaaablK Tapaaybl Typaabl 0OoaXamgapra HerisgeareH. bya >xopamaagap
I1AaCTUMHAHBIH KaABIHABIFB OOMBIHINIA JKBLAXKYABIH CBISBIKTBI OOAyBI MiHAETTI emec >koHe MuHAAUH
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TeOPUSCH JKarAallbIHAAN BIFBICYABIH TY3eTy Koo PUITMEeHTiHiH Ka>keT eMecTirine akeaeai. bipinrmi perri
BIFBICY AepOopMaIisACh TeOPUACBIHAA BIFBICYABIH TYy3eTy KOD(PPUIIMEHTIH KOAAaHYAbl KOIO KoHe eTe
KaaAblH IldacTMHaJapAbl —ecenTeyje Aypbic OoAKaM >Kacay YIIIH JKOFaphl  peTTi  BIFBICY
AepopMaIIVICHIHBIH TeOpusAAaphl YCHIHBLAABI [4-10].

ITaacTHaAHBIH KAACCUKAABIK TeOPMSChIHAA ecKepiaMereH ¢akropaapAbl (KeAAeHeH bIFbICY,
KOA/€HeH KbIChLAY, KOA/JeHeH KbICBIM) eCKepy YIIiH aKbIPABl ®A€MEeHTTep 94iCiH KOAJ4AHBIII, KOIITereH
HaKTbLAaHFaH Teopusdap >KacaabiHFaH [11]. Oaapapr eckepy Maitbicy (YHKIIMACBIMEH KaTap >KaHa
yHKIIA eHridy apKbLAbI JKyprisiareH. Ocel TeopusidapAbl aKbIPAbI 91€MeHTTep 94iCiMeH Ky3ere acblpy
YIIiH aKpIpAbl DAeMeHTTepAiH epKiHAIK A9pesKeciH KaacCHKaAblK Teoplsfa KaparaHga aade Kallda
Ke0OeITy Al TaAall eTKeH.

Y CBIHBLABII OTBIPFaH MaKalaa MbIHA JKYMBICTAp 3ePTTeAMEK:

1. Tepr OyYpBHINTH aKbIPABI DAE€MEHTTIH KOAJ4eHeH BIFbICY JAedOpMallMsIChIH ecKepreHJeri
KOOPAVHATTBIK (PYHKIIMAaPbIH JKoHe KaTaHABIK MaTpUITachlH aHBIKTaY;

2. CeprmiMai TipeKTi ILAacTMHaHbBIH UiAyiHAeTi 9p TypAi paKTopaapAabl ecKepy;

3. AKBIpABI DAeMeHTTep 94ici OOMBIHIIA I11aCTUHAHBIH eCelTeyiH TOABIK aBTOMaTTaHABIPY;

4. KeaaeneH bIFpICy 4e(pOpMaIIUSICHIH €CKepTeHAeTi cepIiMAl TipeKTi M30TPONTEI I11aCTHAHBIH
MiAyiH eceriTey.

Marepuaagap MeH aaicrep

TepTOYpHIIITE I1AaCTMHAHBI KAACCUMKAABIK Teopus OOMBIHINIA eceNnTereHAe KOAJeHEH BIFBICY
Aedpopmanusce eckepiameniai. Ocsl gepopManusiHbl eckepy 6acka TeopusAapAbIH HeTidiHe >KaTaabl Aa,
0 >kKaHa (PYHKIV apKbLABI CUIIaTTalaAbl.

ITaacTMHaHBIH KAaCCUMKaABIK TEOPUSACBIHAAFBI >KaAllbldaFaH KOAJeHeH KYIITepAl aHBIKTallThIH
©PHEKTepAi KOAAaHBIII KOpeiK:

a 2 a'VllZ 0 1
Q =-D—VW+"2  Q=[Q,dy,
1 8X ay 1 ,([ 1
0 oM 1
=-D VW +—2, ? =[Q,dx, 1
Q, oy ™ Q; {Qz (1)
o'W o'W Eh®
VW ="+ D=
X oy 12(1-v?)

MYHJAa Q]_,Qz -X >XoHe Y ecrepiHJeri KoAAeHeH KyIITep, W(X, y) -I11aCTMHAHBIH MalbICy (PYHKIVIACHL,

M 12 -Oypaay MOMeHTi, VZW -/Alaniaac oniepatopsl, v -Ilyaccon koadduumenti, D -akpipast paementriy
UMAUHAPAIK KaTaHABIFbI, E -cepniMAaiaik MoayAi, h -rmaacTuHaHBIH KaABIHABIFEL.

ITaacTuHaHBIH HilTiH QYHKIMACBIH BEKTOPABIK TypAe Oblaalillia >Ka3aMblI3:

W(x,y)=q"-V, )

MYHAQ qT - [1AAaCTUMHAHBIH KOOPAMHATTHIK, (DYHKIMSAAPBIHBIH TPAHCIIOHMPAEHTeH BeKTOpHI, V -TyiliH
JKBIAXKYAaPBIHBIH BEKTOPHI.

ITimmiH QyHKIMSACBIHBIH MaHIH (2) KOAAaHBII, KOA4eHeH KyITepais popMyaadapbiH (2) aKbIPAbI
D/AE€MEeHTTiH TyWiHAepiHAeri >KBLAKYAaPBhI apKBLABI ©PHEeKTelMi3

(goi ->a,y;, > f,a—>a b-oa,, i:L2,3,4):
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Q =-D- 63W1+32051+11 63W+3052 ! B,
& & a3, & 8  aa
_:§’W3+a11a2 a2/5'3 z 4—a11a2a4+:22ﬁ4}+|3§1;2v)(a1 a, +a,-a,)

Ocbl KOAA€HEeH KYIITEpP KAACCUKAABIK eMec Teopyisi DOVIBIHIIA OblAarilia aHbIKTaAaAbl:
1 1
0 0

Q =-—GFvy, Q,=-—0GF-y, ©)

Hy Hy
MYHJQ ¥/, ¥ -KOAAeHeH bIFBICYAaH I1aiida O0AraH OypBIIITap, [, -KOAAEHEH bIFBICY 4epOPMAaLIVSICHIHBIH
©3repy 3aHABLABIFBIHA TOyeAAl ITapaMeTp (TypakTsl OoaraHaa £, =1, mapaboaa GoitsiHIIa ©3repreHae

Uy =12), GF - saemenTTiH K644€HeH HIFBICY KaTaHABIFBL.

Keaenen birpicy OypbIIITapblH aHBIKTay YIIIiH JKaHa OeAricizaep eHrizemis:

o =a;, +y, BX=6 +yx 1=1234 (6)
Ocnr Gearicizgepai eckepe oTwIphII, (3) skoHe (4) popMyaasapabl Keaeci Typae JKa3aMbl3:
6 3 v 6 3 14
Q =Dy W+ Sal+——p - W, +a) -——f) -
a; a/ a,a, a; a1 a,a,
6 3 6 3 v, 12
- W+ a +—/3 + W+ —~a,-—— B, - v
a, a/ a,a, a;’ a/ a,a, a;
6 v 3 ?)
Q) =-Dy W, +—— +—ﬁ +— y———ay +— -
a; a a2 a2 a; a,a, a,
6 14 3 6 v 3 12
—Wot——a + S B W - ——al + B -
a a,a, a a, a,a, a; a,

Ocpl  ©pHeKTiH coa >KaKTapblHa KOAJeHeH BIFbICY OypbimrapeiH (5) eHrisim MbIHaHAAi
Oearicizaepai

18 Ne 3(140)/2022 A.H. Tymunres amuintdazor EYY Xadapuvicor. Texnuxarvis 2biAblm0ap xate mexHoAOUSAAP Cepusichl
ISSN: 2616-7263, eISSN: 2663-1261



C.b. Axaxanos, A. K. Hypzosuesa

6 1% 6 1% 6
m=—W,+3a’+—B°——W, +3a) —— B ——W, +3a +
L m. "t g 2 m 2 3 3
0 1 0 1
1% 6 1%
+ B+ W, +3a, - B,
m, Q m,
6 0 0 6 0 0 6
n= W, +vmya, +38 + — W, —vmyar, +35, — W, +
mya, mya, mya, 8)
6
+imoa, +38; — W, —vmya, +34,,
oM
a
m,=—=
q
€HTi3y apKblAbl 0O4apAbl Keaeci Typae >Ka3aMbl3:
1 12 D
S GF .y +-YD=—-m,
Ho a, Q ©)
Lgr 4 2p D,
Ho 2 a
Kezaenen bIfpicy mapaMerpaepin:
Mo - D
g, = : D )
GF -a?|1+12 20"~
GF -a;
(10)
_ Mo - D
gZ - D ]
GF -a[1+12 K0 =
GF -a;
eHrizy apkplabl (9)-iHri popmyaasaH Kea4eHeH BIFBICY OYPHIIITapbIH aHbIKTalIMBI3:
v =0,-m
11)
X=0,-N

EHal aKpIpABI A1€MeHTTiH Malibicy (PYHKIMACBHIH aay YIiH (2) ¢popMyaaHsl XkaHa Oearicisaep (6)
apKbLABI JKa3aMbl3:

W (X, y)=aW, + 0,0’ +0, B0 + W, + Qs +0s B0 +0, W, + Qear? +
+ 0o 5 + oW, + Ay +dp B, —w - T (X Y) = 2 -9(xy),

f(X,y)=d, + s + s + Ay,

P(X,¥) =0y + g + g + 0y,

myHaa O; — 0y, xeaseHeH bIFBICYABI eCKepMereHAeTi KOOpAUHATTHIK GyHKImsiaap, W, — f5) KeaaeHeH

(12)

BIFBICYABI €CKepIeHAeri TyMiHAIK JKbLAXKyAap.
Keaaenen pirbicy Oypaimtapsit (11) eckepe oTeipsinl (12) epHeKTeH aKbIPAbI 91€MeHTTiH MaiibICy
(PYHKITUACBIH aHBIKTAITHIH (POPMYAaHBI a1aMBbI3:
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W(x, y)=0a2(x, YW, + 0% (x, y)a + a2 (x, y) B +
+05 (%, YW, + 05 (X, ), +ag (X, ¥)B; +
+ 07 (%, YW, +q; (X, Y)a; +a; (X, ¥) B, +
+a3 (X YW, +0° (X, Y)a| +a5, (X Y)B;

(13)

0 0 . .
myHaa 0 (X, y)— d,, (X,y) aKBIPABI 91€MEeHTTiH KeA/eHeH BIFBICYBIH eCKepreHAeri KOOPAMHATTHIK
dynximAAap. Sdran:

6
a; (% y) =0 +[91' f+ gzw}
& M

qg(x, y)=d, +(3gl —vm,g, '@)1
I, - f

qg(x,y)=q3+ +30, 9|,

0

6 .
e (X%, y) =0, +(—gl' fo9 q’],
a, m

0
qg (X,y) =05 + (391 —vm,g, '(/7)1 (14)

f
Qs (X, Y) =0 +{— Vgr; +30, '(0}

0

6 .
qs (x,¥) =0, —a(gl - f +92¢}

1 0
qé’(x, y) =0, +(391 -f+wmyg, '(0)'

Vgl'f

qg(xfy):qg‘*'( f +3gz'(p]’

1

6 g, o
S Y) =0y +—| g, F 22T,
Oy (X, Y) =0y al(gl mo]

qlol(X1 y)=0, + (391 —-vm,g, '¢’)’

_Vgl‘ f +3gz.¢j

0

qloz (X,¥) =0y, +(

(14) epuexren GF — (gl -0,0,— 0) OoaraH >Karailga, KeA4eHeH BIFBICY AepopMalVsAChIH
eCcKepMereH >KaFAailAaFbl HOTVIKE aABIHOAK.

Ceritin, KeajeHeH BIFBICY gedopManncel Herisri napamerpaep (10) apkprasl eckepiaeai. Erep
Oy pBIH 94e01eTTe Ko1eHeH BIFBICY bl eCKepreHAe aKbIpABl DA1eMeHTTiH Oearicizaep caHsl 16-ra TeH 604aca,
YCBIHBIABIII OTBIPFAaH ogicre oaap 12-re Teny Ooamak. TaOblaraH Maribicy QYHKIVSICE Oeariai
KOOPAMHATTHIK QyHKIMsAap 0, (x,y) - 0y, (x,y) apKbLABI aHBIKTAAAAbI.

Enai TepTOyphINTHI NAacTMHagaH OeaiHinn aapiHFaH KaadTeiH akKbIpAbl  91eMeHTiHiH
K/AaCCUKAABIK Teopusl OOMBIHINIA aAbIHFAaH KaTaHABIK MaTPUIJACBIH KOAJaHa OTBIPHBII, ILA1aCTVHAHBIH
KO/A/€eHeH BIFBICYABl eCKepreHAeri KaTaHABIK MaTpHUIlachklH aayfa 0oaaapl. Oa YIIiH TOPTOYPBIIITHI
aKBIPABI DA€MeHTTiH Heri3Ti Toayeaaiairin (2.38) Koa4aHOAKIIbI3.

Ocsl ToyeaaiaikTiH | 5k0ABIH 3Ka3bIT a1aMBI3:

20 Ne 3(140)/2022 A.H. Tymunres amuintdazor EYY Xadapuvicor. Texnuxarvis 2biAblm0ap xate mexHoAOUSAAP Cepusichl
ISSN: 2616-7263, eISSN: 2663-1261



C.b. Axaxanos, A. K. Hypzosuesa

F. —K1W1+K a +K3ﬂ1+K W, +K. .o +K6ﬂ2

271 42 1572
+K7W3+K80¢3+K9ﬂ3+K10W4+KI11054+KI12ﬂ’4 (15)
i=112

Ecxki Gearicizaepai >xaHa 6eArici34epMeH 6) aAMaCTLIpLIH, (15)-1i MBIHA Typre KeATipeMis:

F = KI1W1+K|2a1 + K. 3/31 +KI4W2+K|5052 + K. 6/32

0 0
+KipW3 +Kigag + Kugﬂs +KigoWa Kip12g * K|1.2/34 — 3y bz, (16)

;=Ko +Kig +Kig +Kjpp0 By =Kig +Kjg + Kig + Ko,
i=112.

Keagenen wirpicy OypoimrapbiHel MaHAepiH (11) epnek (16)-ra KOIBII, yKcac MyleaepiH
>KIHafaHHaH KeliiH, OCbl ©pHEKTi MbIHa Typre KeATipeMis'

0 0O _0 0] 0O _0
F K1W1+K2 1+K3,6’1+K4W2+K5 2+K6ﬁ2

0 0 0 0 o _0,
+KW3 + Kigag + K|9ﬂ3 + KW t Ki1124 Ki12ﬂ4 ’
i =112,

KaTaHﬂ,bIK MaTpuLaCbIHbIH BAGMGHTTepi KO61A€HEH BIFbICY eCKepi/ll"eHﬂ,e MBIHa CI)OpM}UlaAapMeH
aHbIKTaAMaK:

(17)

K=Kyt~ (A"’ ij; K = Kip + (3A +ymB, ) Ki%:Kis'l_(:]Ai-l'?’Biji

Kiy = Kig+~ ( A+ j Kis = K +(3A —ymB, ) KiOGZKi6+[_:]A+3Bij’

6

Bi .
S L SN VR O YE ) S

a
A=-0,-&, B=-g,'h, i=112

Ocnl popmyaasapra KaTaHABIK MaTpUIIaHBIH 9JeMeHTTepiH KOVBIII MBIHaHAAM HITIKeAep

a/1aMBbI3:
D D( 6
A =-0, a(Gm); B,=-0, a(mzj,
Az :_391D(m); Bz :_gzD(V)a

K =K, +(3A +v-mB,)= K12+D(1891 m+vg, 6}, (19)

Ki(,)lo =Kis +6(A E:]J Ko =K 11+(3A1 _VmBi); Ki(,)lZ =Kip +(_:1Ai +38ij'

6 B D 6
K2 =K, Jra(A2 +mzj: K, + a(ngl ‘m+vg, mj.

Certrin keaaeneH biFbicy (10) popmyaacs! apKbLABI TAObLAATHIH HapaMeTpAepMeH eckepideai. bya
IapaMeTpAep TeK KaHa KaTaHABIK MaTpuIlachlHa 9cep eTill )KYK BeKTOpbIHA 9CepiH TUTi30enAi.
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HBTI/I)KEAep JKoHe€ TaaKblaay

JKoraprlga aabIHFaH HOTHEXeAepAi KOAAAHBIII, KOA4eHeH BIFbICY AepOpMaLVICHIH eCKepreHAeri
IAaCTUHAHBIH UiAyiH 3epTTey YIIiH TOMeHAeTi MbICaaAbl KapacThIPalibIK,.
bisre cepmimgiai TipekTi TepTOYpHINTH IlaacTuHa OepiareH. Ocbl IlAacTMHaHBIH OpTachbiHa

IIOFbIPAaHFaH KYIII P acep eTciH. IlaacTHaHBIH CMMETPUSACHIH eCKepe OTBIPHII, OHBIH INpeK 0e4iriH

1

KapacTeipaMbi3 (cypeT 1). Ocsl 0eiKTi 4x4 TOpMeH >kabaMBbI3 4a, KBaAPaTTHIK JKaFAalida KajaMAbl A= g

TYpiHAe aZaMBbI3.

Cyper 1. Ecenirey cp130achr

EHnai ocel ecenTi keaeci yII >karJaiiga 3epTTell Kopeaik:
1) maactmHara IIOFBIpAaHFAaH >KYKTeMe dcep eTKeHJeri, cepmiMmaiai Karay KaOblpradap 0OoamaraH
@p= O, W= O xe3aeri >xoHe Koa4eHEH BIFBICYABI ecKepMereHaeri G = O mremriMi asaaMbl3.
2) maacTuMHara CKailbIAFaH JKYKTeMe ocep eTKeHJeri, cepmimaiai kaTaH KaObIprasap OoaraH
Q= 0.2, W= 0.2 xe3geri >xoHe K014eHeH BIFBICYABI €CKepMeTeHeri G = 0 wemimin asampis.
3) maacTmHara IIIOFBIpAaHFaH >KYKTeMe ocep eTKeHJeri, cepIliMaiai kaTaH KaObIpradap OoaMaraH
@ =0, v =0 ke3zeri sxone koaseHeH wirbicy At eckeprerzeri G =1.14 memimin azamprs.

Ocpl  cepmiMAi TipekTi NAacTMHAHBIH KOAJ€HEH BIFBICY AepOpPMalUACEIH —eCKepreHJeri
AedpopManMAABIK KYWiH 3epTTell, HITVOKeCiH aady YIIH akKblpAbl 9JeMeHTTep o4iCiH KOAJAaHBII
Dargapaama Kypblaasl. bargapaamanely HaTVOKeAepi KecTedep MeH sII0Opadap TypiHAe KepceTiaai.

Kecte 1
Tyitiaaik Tik xb1axyaap (W)
Tyiin 1 2 3 4 5

1 0 0,006335 | 0,011638 | 0,015127 | 0,016327

6 0,006335 | 0,011733 | 0,016501 | 0,019781 | 0,020949

11 0,011638 | 0,016501 | 0,021052 | 0,024371 | 0,025599

16 | 0,015127 | 0,019780 | 0,024371 | 0,028008 | 0,029494

21 0,016326 | 0,020949 | 0,025599 | 0,029494 | 0,031426
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KecTe 2
TyiiHaAiIk Oypbiay OypbIIIbI (a)
Tyiin 1 2 3 4 5
0,051912 0,047827 0,036039 0,019163 0
6 0,043237 0,041892 0,033214 0,018380 0
11 0,037839 0,038834 0,032726 0,019134 0
16 0,035445 0,038041 0,034245 0,022241 0
21 0,035004 0,038070 0,035347 0,025894 0
Kecre 3
Tyitiaaik 6ypsiay 6ypoimst ([3)
Tyiiin 1 2 3 4 5
1 0,051910 0,043235 0,037837 0,035444 0,035003
6 0,047825 0,041891 0,038833 0,038040 0,038069
11 0,036038 0,033213 0,032725 0,034244 0,035346
16 0,019162 0,018379 0,019133 0,022240 0,025893
21 0 0 0 0 0
Kecre 4
Tyitinaix Tik peakumsiaap (R)
Tyiin 1 2 3 4 5
1 -0,151111 -0,003169 -0,005818 -0,007562 -0,016322
6 -0,003166 0 -0,000003 -0,000001 -0,000001
11 -0,005820 0 0,000003 0,000002 -0,000002
16 -0,007563 0 0 0 0,000002
21 -0,016326 0,000001 -0,000002 -0,000001 0,249999
Kecte 5
Tyiisaix 6ypaay momenti (M)
Tyiin 1 2 3 4 5
1 -0,110333 -0,079331 -0,041935 -0,013859 -0,002159
6 -0,079331 -0,050597 -0,019462 -0,001280 -0,000974
11 -0,041935 -0,019461 0,007519 0,021169 -0,001877
16 -0,013859 -0,001280 0,021169 0,047056 0,009395
21 -0,002159 -0,000975 -0,001878 0,009395 -0,039989
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KecTe 6
TyitiHgik Miay MOMeHTi (M X)
Tyiin 1 2 3 4 5
1 0,008290 -0,065565 -0,108357 -0,138019 -0,140246
6 -0,002398 -0,052931 -0,103555 -0,140308 -0,153862
11 -0,000318 -0,048493 -0,102565 -0,156547 -0,179860
16 -0,001262 -0,044420 -0,098459 -0,180885 -0,242865
21 -0,000341 -0,043833 -0,097348 -0,158438 -0,425857
Kecre 7
Tyiinaik miay momenti (M)
Tyitin 1 2 3 4 5
1 0,008291 -0,002395 -0,000319 -0,001263 -0,000345
6 -0,065565 -0,052930 -0,048491 -0,044419 -0,043831
11 -0,108353 -0,103554 -0,102564 -0,098459 -0,097346
16 -0,138015 -0,140304 -0,156543 -0,180882 -0,158437
21 -0,140239 -0,153859 -0,179857 -0,242858 -0,425853
Kecre 8
TyiiHAIK KeaaeHeH Kyl (QX)
Tyiin 1 2 3 4 5
1 -0,524061 -0,384590 -0,206691 -0,082736 -0,002790
6 -0,231406 -0,257294 -0,242907 -0,141580 -0,080527
11 -0,269303 -0,299063 -0,313713 -0,213539 -0,128473
16 -0,279774 -0,362568 -0,549359 -0,440101 -0,226846
21 -0,346367 -0,406518 -0,635668 -1,817515 -2,830361
Kecte 9
TyiiHAIK KeaaeHeH Kyt (Qy)
Tyitin 1 2 3 4 5
1 -0,524086 -0,231440 -0,269260 -0,279752 -0,346288
6 -0,384579 -0,257327 -0,299039 -0,362568 -0,406478
11 -0,206660 -0,242914 -0,313681 -0,549352 -0,635689
16 -0,082709 -0,141568 -0,213522 -0,440055 -1,817510
21 0,002830 -0,080522 -0,128501 -0,226791 -2,830310
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Ocn1 kecTeaep OOJibIHIIIA MBIHAHAAN TY>KBIPBIMAApPABI Kacayra 00AaAbl:

- YAKeH TiK XbIAXY 25 TyiiiHge (kecte 1) mmaitaa 60aaapl ans =0,03 1426P|§

- TOPM3OHTaAb OarbITTafbl YJAKeH OYPBINTHIK >KBLAXKY 1 TyliiHAe (kecte 2) maiiga 0Goaaabl

—0, 051912Pi
D

- BepTuMKaAb OarbITTarbl YAKeH OyYpBINTHIK >KbLAXKY 1 TyiiiHge (kecte 3) maiiga ©0o0aaabl
P
B =0 051910%

- YAKeH TiK peakrist 25 TyiiiHae (kecre 4) maiiga 6oaaast R25 = 0,2499997F;

- yaken Gypaay MomenrTi 1 Tyitinge (kecte 5) maitaa 6oaaasr M wmay = —0,110333Pa;

- TOpPM3OHTaAb OarbITTarbl YyAKeH wmidy MomeHTi 25 TyitiHge (kecte 6) maiiga 00aaabl
25

M X(max) = —0,425857Pa;

- BepTMKaAb OarbITTarbl YAKeH wuiay MomeHti 25 TyitiHge (kecte 7) maiiga 0o04aabl
25 .

M y(max) = —0,425853P3;

- TOpMU3OHTaAb OarbITTarbl YAKeH KeAJdeHeH Kyml 25 TyitiHge (kecte 8) maiiga ©oaaasl

Qf(‘r’max) —-2,830361P;

- BepTuMKaaAb OaFrbITTarbl YyAKeH KeaJeHeH Kymn 25 TyitiHge (kecre 9) maiiga 00aaabi

fo’max) =-2,830310P;

Exinmmi >xaraair OoiibiHING, Ochl ecenTiy 21-25, 5-25 kuMaaapsiHAa (cypet 1) ceprimaiai KaTag
kabbiprasap 6oaran @ = 0.2, iy = 0.2 xeszeri, maacruHara >KailbLAFaH XXyKTEMe dCep €TKeHAEri JKoHe
KO/J€HEeH BIFBICYABl eCKepMeTreHAeri G =0 mermimin azamsi3.

bya xaraaiiaa Herisri mapamerpaepain yAKeH MaHAepi TeH 004aabl:

- YAKeH TiK XbLAKy 25 Tyitinae maitaa 60aaapt Wi 5 =0 016812qg
3
- TOPM30HTaAb OAFBITTAFBI YAKEH OYPHIIITHIK SKbLAKY 1 TyiliHAe naiiia 60Aaabl Ky = 0,0392220‘[6;
- BepTHKAAb OAFBITTAFBl yAKeH OYPHIITHIK KbLAXKy 1 Tyitinae maitaa 60aaasr B, =0 039222q|aD
- YAKeH Tik peaknms 1 TyitiHge naiiga 004aapl ernax =-0,1720 17q a,
- yakeH Oypaay momenrti 1 Tyitinge naitaa 60aaasr M iy(max) =-0,1390234;
- TOPU30HTAAb OaFBITTAFRI YAKEH Mily MOMEHTI 5 TyIiHAe mariaa 601aabt M f(max> = —0,120696(1&2 ;
- BepTIKAAb OAFbITTAFbI YAKeH Midy MoMenTi 21 Tyitinge naiiaa 60aaapr M ¢ ymay = —0 120694qa’;
- TOPU3OHTAADb DAFbITTAFBI YAKEH KOAAeHeH Kyl 1 TyitiHae nariaa 604aabl Q xmax) = —0,434906q3;

.. N 1
- BepTUKaAb OaFbITTaFbl YAKEH KoA4eHeH Kyl 1 TyitiHAe maitaa 604aAbt Qy(max) =-0,43490%a.
Bipinmi >keHe eKiHIII >KaFAailAarbl aAbIHFaH IIenniMAepAi Oip-OipiMeH caAbICTBIPBII, CepHiMAili KaTaH
KaObIpFa 00AFaH Ke3Jeri MaHAepAiH Killli 00AaTHIHBIH KOpeMis.
Yurinmi >kargail IaacTMHara IIOFbIpJaHFaH >KyKTeMe ocep eTKeHJeri, cepHiMaiai Karay
KaObIpfasap OoaMaraH @ = O, v =0 «kesaeri xoHe KoaaeHeH BIFBICYABI eckeprergeri G=1.14

HIenriMid aaaMbI3.
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Kecte 10
TyitiHaiK Tik xbLaxyaap (W)
Tyiin 1 2 3 4 5
1 0 0,006953 | 0,012905 | 0,017104 0,018898
6 0,006953 | 0,013024 | 0,018479 | 0,022520 0,024385
11 0,012905 | 0,018479 | 0,023756 | 0,027902 0,000057
16 0,017105 | 0,022520 | 0,027902 | 0,032416 0,035149
21 0,018898 | 0,024385 | 0,030057 | 0,035149 0,038681
Kecre 11
Tyitinaik 6ypsiay Gypbimmst ()
Tyiiin 1 2 3 4 5
1 0,049291 0,045733 0,035091 0,019218 0
6 0,041409 0,040110 0,032191 0,018393 0
11 0,036775 0,037420 0,031306 0,018592 0
16 0,035069 0,037251 0,032730 0,020380 0
21 0,035458 0,038906 0,036452 0,026066 0
Kecre 12
Tyitinagix 6Gypsiay Gypsmmst ([3)
Tyt 1 2 3 4 5
1 0,049292 0,041410 0,036776 0,035070 0,035460
6 0,045734 0,040111 0,037421 0,037252 0,038908
11 0,035092 0,032192 0,031307 0,032731 0,036453
16 0,019218 0,018393 0,018593 0,020380 0,026067
21 0 0 0 0 0
Kecte 13
Tyiinaik Oypaay MOMeHTi (M Xy)
Tyiin 1 2 3 4 5
1 -0,097573 -0,071318 -0,038587 -0,012696 -0,002089
6 -0,071319 -0,047113 -0,020871 -0,002065 0,002336
11 -0,038587 -0,020871 -0,002934 0,009898 0,002808
16 -0,012696 -0,002064 0,009898 0,031679 0,002027
21 -0,002088 0,002336 0,002808 0,002028 -0,071537
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Kecre 14
Tyitizaix niay momenti (M, )
Tyitin 1 2 3 4 5
1 0,009463 -0,059590 -0,101106 -0,134667 -0,136410
6 -0,001428 -0,049699 -0,097047 -0,136115 -0,152221
11 -0,000632 -0,048349 -0,099688 -0,150976 -0,173883
16 -0,000623 -0,046093 -0,100824 -0,175495 -0,230648
21 -0,004096 -0,040334 -0,094106 -0,158445 -0,430555
Kecre 15
Tyiinaix niay momenti (M )
Tyiin 1 2 3 4 5
1 0,009464 -0,001428 -0,000634 -0,000626 -0,004093
6 -0,059592 -0,049700 -0,048348 -0,046092 -0,040337
11 -0,101107 -0,097051 -0,099690 -0,100825 -0,094106
16 -0,134670 -0,136120 -0,150980 -0,175498 -0,158448
21 -0,136418 -0,152223 -0,173888 -0,230654 -0,430560
Kecte 16
TyiiiHgiK KeaAeHeH Kyl (QX)
Tyiin 1 2 3 4 5
1 -11,854770 -11,303440 -10,263140 -8,613455 -7,452735
6 -11,268550 -11,056610 -10,574780 -9,435701 -8,566509
11 -10,865110 -11,107050 -11,634840 -11,879450 -11,838210
16 -10,407950 -11,018840 -12,576670 -15,135290 -16,746980
21 -10,432080 -11,425990 -14,043640 -19,403730 -23,140090
Ocn1 kecTeaep OOJibIHIIIA MBIHAHAAN TY>KBIPBIMAApPABI Kacayra 00AaAbL:
Pa’
- YAKeH TiK >XbLAKY 25 TyitiHAe (kecre 10) maitaa 601a4bt anix =0,03868 1T;
- TOPM30OHTaAb OaFbITTAFbl YAKEeH OYPBINITHIK >KbLAXKY 1 TyiiiHge (xecre 11) manga 6o0aaasr
Pa?
- BepTUKaaAb OaFrbITTarbl YAKeH OYpPBINTHIK >KbLAXY 1 TyitiHge (kecte 12) maitaa ©0oaaab
2
AL —0,04929272",
D
- yakeHn Oypaay momenri 1 Tyitinae (kecre 13) maitaa 6oaaasr M )l(y(max) =—0,097573Pa;
- TOpPMU3OHTaAb OarbITTaFrbl YAKeH uidy MoMeHTi 25 TyitiHge (kKecte 14) maitga ©Goaaabl
M 5y = —0,430555Pa;
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- BepTMKaAb OaFbITTarel YAKeH wmiay MomeHTi 25 TyiiHge (kectre 15) manga 604aasr

25 _ .
MZ ., =-0,430560Pa;
- TOPU3OHTaAb OarbITTaFrbl YyAKeH KeadeHeH Kymr 25 TyiiHde (kecre 16) maiiga 6oaaabt
Qf(smax) =-23140090P;

Hoatixecinge aaapIHFBI €Ki Xaraall MeH KOAJAEHEH BIFBICYABl €CKepTeHJEriHi CaAbICTHIPBII,
MalbICyAbIH OCETiHIH KopeMis.

Enai ocel ym >karganaer Mathcad mporpamMmaceiHza TOABIK IAacTMHAFa CaAbIll, MaMBICy
$yHKUMACHH TpadUK TYpiHAE KOpceTeltik:

E

(=41

-

[

1] d + L] q
= &

a — n3oamHMs, O — sII0pa
Cyper 2. Bipinmi xarganaarbl Marbicy GyHKIysicer \W

D d + L]

a &

a — n30amHMs, 0 — SHI0pa
Cyper 3. Ekinmii >xaraariaarsr mavibicy ¢pyskrmscer W
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(=41

-

[-=

D d + L] q

L] &

a — M30aMHMS; 0 — sHIIopa
Cyper 4. Yminmii >xaraaiiaarsl Mavibicy pyHKmsicbr W

CeriTin, aabIHFaH HOTVKeAep apKbLAbI KOA/eHeH bIFBICY AepOopMalsAChH eCKepreHJeri cepIiMai TipexTi
TOPTOYPBIIITH I1aCTMHAHBIH 1idy eceDiHiH IeNIiMiH TOABIK TypAe adyFa 00AaAbL.

KopsIThHABI

YCBIHBIABIIT OTBIPFAaH MakKadada aKblpAbl 9AeMeHTTep 9AiCiH KOAJAaHBIN, KOAJA€HeH bIFBICY
AedpopManMAChIH eCKepreHAeri I1aCcTUHaHbIH JKeTiAAipiATeH ecerTey Teopuschl aabiHAbL Kaaccukaabik
Teopusla KapacThIPhLAMANTHIH KOAAEeHeH BIFbICY AepOopMaIuAChl, aKblpAbl DA€MeHTTiH TyiiHAepiHAeri
KBIAXKYAap apKblAbl epKiHAIK agdpeskeciH KeTepMell ak eckepiagi. KeageneH birbicy AedpopmanmsachiH
ecKepreHJeri IlAacTMHaAHBIH aKbIpAbl DAE€MEHTI >KoHe KaTaHABIK Marpunacel TaObLagel. Illemryrmmi
TeHJeyAep >Kylieci TOABIFbBIMeH aBTOMaTTaHABIPBLAABL.

Mpicaa TypiHAe cepriMAi TipeKTi I1acTMHAHBIH KOAA€HeH BIFBICY AepOpMaIUsACHH eCKepreHAeri
AedpopMannabIK Kyiii seprreadi. Ecentey HoTiKeAepi KecTeaep >KoHe dIIIOpadap TypiHAe KepceTiaai.
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METOA pacaera ynpyroﬁ I11aCTUHBI C y9€eTOM Ae(l)opMaumZ IIOIIePpEevIHOrIo CABUTA

Annoramms. B cratpe InpegcraBaeH yCcOBepIIeHCTBOBAHHBI KOHEYHBINM 9A€MeHT ILAaCTUHBI C
yyeToM JedopMannii IorepeyHoro casura. Jedopmanysl IIONepedHOro cABMUIa YIUTHIBAETCA C
IIOMOIIEIO MapamMeTpoB. HaiigeHnsl 0ocHOBHas 3aBUCUMOCTD M MaTpHUIla JKeCTKOCTY KOHEYHOTO ®AeMeHTa
[IAaCTUHBl C y4yeToM JedopMalnii IIOIepeyHOro C/ABMIA C MCIIOABb30BaHMEM MeTOJa KOHEeUHBIX
9aemMeHTOB. KoopauHaTHbIe (PYHKIMI YeTHIPEeXyroAbHOTO KOHEYHOTO DAeMeHTa OIpejeleHbl ¢ yIeTOM
Aepopmannii monepedHoro casura. I[IpomsseseH aBTOMaTU3MPOBAHHBIN pacyeT IIAACTUHBI C
JICII0Ab30BaH/eM MeTO/a KOHeUHBIX 91eMeHTOB. B kauecTse ImpuMepa rokasaH U3ruo yIpyroi IAacTuHbL
c yuyeroM gedopMmaluii IIOoNepedHoro casura. IloaydeHpl umcaeHHbIe pe3yAbTaThl —y3A0BBIX
BepTMKAaAbHBIX IlepeMellleHni, YIA0B IIOBOPOTa, M3rMOAIOIX MOMEHTOB, KPYTAIIero MOMeHTa U
IIOIIepeYHBIX YCUAUI YIIPYIOM ILAaCTUHEL B TPeX caydasx. Pe3yAbTaTel pelleHns B Tpex cAydasx yIpyromn
I1AaCTUHBI, CPaBHUBAIOTCS MeXAy coboit. PesyabTaThl pacdeToB IIpe/cTaBAeHbl B TaDAMIIAX U DIIOPaXx.

KaioueBble caoBa: 14acTiHa, KOHEYHBIN 9AeMeHT, JedopMalus IIOIIepeyHOrO CABUIA,
IapaMeTp IOIepedHOro cABMTa, (PYHKIINS ITPOrnOOB.

S.B. Akhazhanov?, A.Zh. Nurgoziyeva?
IKaraganda Buketov University, Karaganda, Kazakhstan
2al-Farabi Kazakh National University, Almaty, Kazakhstan

The calculation method for an elastic plate with transverse shear deformation

Abstract. The article presents an improved plate finite element, taking into account transverse
shear deformation. The transverse shear deformation is taken into account using parameters. The main
dependence and the stiffness matrix of the finite element of the plate are found, taking into account the
transverse shear deformations using the finite element method. The coordinate functions of a
quadrilateral finite element are determined taking into account transverse shear deformation. An
automated calculation of the plate was made using the finite element method. As an example, the bending
of an elastic plate is shown, taking into account the deformations of the transverse shear. Numerical
results of nodal vertical displacements, rotation angles, bending moments, torque, and transverse forces
of an elastic plate are obtained in three cases. The results of the solution in three cases of an elastic plate
are compared with each other. The calculation results are presented in tables and epures.

Keywords: plate, finite element, transverse shear deformation, transverse shear parameter,
deflection function.
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EpTepek eckepTyre apHaaraH cbiMcbi3 GSM Xep ciakiHiciHIH 4a0bia
JKYJVieciH JXeTiaaipy

ABgarna. byriari kyni GSM aOoHeHTTepiHiH caHBI MIUAAVOH adaMHaH acThL
GSM craHAapTBIHBIH aTaybIHBIH 631 MOOMABAL OailaaHBICTHIH XXahaHABIK XKyiteci
(yaap1 OaliaaHBICTBIH >KaAIlbl >Kyileci) >kaHa MarbiHara ue 6oaasl. GSM
CTaHJapTeiHa OallaaHBIC XyleAepiHiH SBOAIONVSCHIHAAFBI HETi3Ti peadepaiH
6ipi TaraibiHAaaAbl. O OapABIK 3aMaHayy IMQPPABIK Keai cTaHAapTTapbIMeH,
ey aaapiMeH ISDN (Integrated Digital Network Communications) >xene IN
(MuTeasexryaaasl >xeai) ThIFb3 OarizaHeicThl. GSM Herisri (pyHKIMOHAAABIK
DaeMeHTTepi Kasipri yakpiTTa 9sipaenin xatkan UMTS (Universal Mobile
Telecommunications System) Mo0mapai OailAaHBICTBIH VIIIHIMI OyBIHBIHBIH
>kahaHABIK >KyTieciHiH XaAbIKapaAblK CTaHAApTHIHA eHrisiareH. JKyMbicTa ysAbI
Hariaanbic 60AMaraH >KepAepre ceHCOpAapbl OpHATBIAFaH KeIl (PyHKIIMOHAAABI
MyHapaJapAbl KOAJaHBIII KeJe JKaTKaH Kayill Typaasl ecKepTy yIiH Herizri GSM
CTaHIVACH apKBIABL Y4Bl TelepOHFa ABIOBICTHIK XaOapaaMa >Kibepy Mogeai
YCBIHBLAAQABL

Kiat cesgep: Jabn1a xyiiteci, xep ciakinici, GSM, gaTunk, cursaa

DOI: doi.org/10.32523/2616-7263-2022-140-3-32-42

Kipicnie

bykia ayHmexysiHge agamsar yHeMi TaOM¥M ararTap¥a YIIBIpaiiabl, OJAapAbIH KOIIIIiAiri
©3JepiHiH amaTThl caaJapbIlMeH >KeKeJereH aliMaKTapAblH HeMece TiIlTi JKeTKiAiKTi yAKeH eajepaiH
KeiHri JaMybIHa aifTapAbIKTal acep eTTi. MyHaal anlaTTapAbIH illliHAe >Kep ciakiHici 0acTel pea aTkapAbl
>KoHe, OKiHiIlIKe opaii, oiHal XaTsIp [1].

Kep ciakinici xplagap, oHAaraH >KblAdap, TinTi Facelpaap OOJMBI >KacaAfaHHBIH OapABIFBIH
caHayAbl CeKyHATapAa KMparTbIIl, OpacaH 30p SKOHOMMKAABIK IIBIFBIH oKeaedi. JKep ciakiHiciHig
SKaFrBIMCBI3 9A€YMETTIK CaA4aphl YAKeH. YAKEeH KapKbIHABLABIKTArbl JKOVKBIH JKep CiAKiHici KuparaH
TYPEBIH YiiAep MeH KYPBLABICTapABI, KMPaFaH SKOHOMUKAABIK >KoHe MH(PPaKyPhLABIMABIK HBICAHAAPABI
KaaAbIpajpbl, €H COpaKbICHI - KOIITeTeH adaMAapAblH o1iMi [2].

Kasakcran PecrryOankaceiHbIH reorpadpusAblK OPHBI OHBIH ayMarblHAa CEVICMMKAABIK KayiIlTi
aliMaKTapAblH OOAYybIH aHbIKTaAbl. CelicMMKaABIK aliMaKTap — >Kep KbIPTHICHIH KYPalThIH TEKTOHUKAABIK,
NAUTaAapABIH TYWicKkeH >Xepaepi. 1,2 MmaAMoH XaAkpl Oap Aamarbl Kaadachl CEMICMMKAABIK KayiIlTi
aliMakKa >kaTaapl. OHepKocinTik 6asacrl JaMbIFaH OacKa ga OipkaTap ipi Kadaaap TypaKThl >Kep CiakiHici
Kaytinge [3].

Ocprran OartaanbicTel Kasakcran PecriyOankaceiabiH TereHIne sxargaiiaapAblH alAblH aly JKoHe
oaapAbl >KOIOABIH MeM/EKeTTiK >KylieciHe >KoHe OHBIH OpPTaAblK aTKapyliel opraHbl - Kasakcran
Pecniybaukaceinpiy ToTeHle >xargaiiaap MUHICTPAITiHE XaABIKTHI JKoHe ayMaKTapAbl JKOVKBIH artaTTaH
KOp¥Fay MiHAETi XYKTeAal, Kep CiAKiHiCi >)KoHe OHBIH 3apJalTapbIH KO0 OOMBIHINA IIapaJap KaObLaaay.
Kayin TenreH >keHe >KOMKBIH Kep ciakinHici D0araH Ke3geri ic-IapaaapAbl, OHBIH illliHAe MHXKeHepAiK
KaMTaMachl3 eTyAl YMBIMAACTBIPY KoHe XKYPprisdy, cescis, TeTeHme kxarjaiiaap MMHUCTpAiri Oackapy
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OpraHAapbIHBIH cayaTThl >KoHe HaKThl OacIIblAbIFbIH Tadamn eredi. GSM [4] crangapThiHa eprepek
eckepTyre apHaJAfaH Kypaa, Kasipri keszge ysasl Teaeponra CMC xabapaamaaapsl faHa Keledi, coa
ceOerTi Oy >KyJieHi 4aMBITy 04 ©Te MaHBI3AHI [5].

Ocpl casa OoifbIHIIIA JKYMBICTapFa >KYPTi3iATeH IIOAy 3epTTeAeTiH TaKBIPBIITHIH ©3€KTiAiriH
kepcereai. Ocplaajiiia TallChblpMa KOWMBIABIMBI KeaAecCijell TYXbIpbIMJAalaAbl: epTepeKk ecKepTyTe
apHaaraH cbIMChI3 GSM >kep ciakiHiciHiH A4abbla KyJeciH AaMBITBIN, YAABI TeaeOHFa ABIOBICTBIK

xabapaama >Xibepy MoAeAiH YChIHAMBI3.

Ocpl MakcaTKa >KeTy YIIIiH Keaeci MiHAeTTepAi OpblHAAY KaKeT:

GSM craHAapTTeIH OaildaHBIC >KeAidepiHiH >KaOABIKTApbIHBIH KYPBIABIMABIK CXeMachl >KoHe

KYPaMBbIH aHBIKTay;

Eprepexk eckeptyre apHaaraH cbiMcbI3 GSM >kep ciakiHiciHiH 4a0bla XKYyTieciH 4aMbITyFa apHaAfaH

aATOPUTM KYPY;

Eprepek eckepryre apHaaraH ceiMcbi3 GSM xep ciakiHiciHiH 4a0b1a KylieciHiH MoeAaiH >Kacay.

Kympbicka ykcac sepTreyaep

Keit0ip MmeMaekerTepaiy [6] >Kep CiAKiHICIH aaAbIH ada ecKepTyre apHaJAraH 4aObla >KylieciHig

SKYMBIC iCTey aATOPUTMIiHIH apTHIKIIBIABIKTapbl MEH KeMIIIiAiKTepiHe caAbICTHIpMaAbl TaaAay >Kacaaabl

(Kecre 1).

Kecre 1. Jla0Ob1a >KyiieciHiH >KyMBIC icTey aATOPUTMIiHIH apTHIKIIBLABIKTaphl MEH KeMIIIiAiKTepi

KBI3BIKTEI AepeKTep Oap

Memaekertep APTBIKITIBLABIFBI Kemmriairi

Typxusa memaexerti [7] - ITaiiaasanyra oHan | -’KanaasiKTap KOVIBIHABICBI
uHrepderic OakplL1aHOAIABI,
- Erxeit-terxkeiiai akmapar, | aBTOMaTTaHABIPBLAFaH.
COHBIH iITiHAe KapKbIHABIABIK, | -KapTa Kenae AYPBIC
OpHaJacy, yaKbIT JKoHe | KepceTIeiai;
>KepAeri TepeHAiK. -beariai Gip >xep ciakiHiciH
- «Cratucruka» | Taby YyIIiH YAKeUTY >KoHe
KOVBIHABICBIHAA CeMICMOAOTMS | KilllipelTy — KaXkeT — 00y
9yeCKOlAaphl YIIiH KOIITereH | MYMKIH.

-baiiaanpic >KOK >Kepae Xxabap

Oepaamaiiapbl.
AKIIT [8] -XKep ciakinicine aarnbpiHABIK | - Tek ci3aiH HaKTHI OpHaJlacKkaH
TypaAbl TOABIK aKIapar. JKepiHi3 TypaAbl ecKepTyaep
-AKnaparTeIK, TINTI KeHiaal, | Oepeai, COHABIKTaH ci3
6iaim OepeTiH BUKTOpMHaJap. | TYPMalTBHIH Kep  ciakiHici
-Ogsigisre xoHe Oackasapra | 00Aybl MYMKiH aliMaKTapAbl
KeMeKTeCy Typaabl TepeH KoHe | OaKblaail aiMacaHbl3.
erKell-Terkerai aknapar. -Koasanbaaarsr Keroip
ciatemeaep, wmboicaapr, AKIII
Te0AOTUSIABIK, KBI3METiHiH
ecernTepine ciaTemeaep >KyMBIC
icremenai.
Peceri [9] -aipiaai  eamey  KyileciHge | -aipiaai  cpiHay — >KaOABIFBIH
HeMmece CeICMOAOTUAABIK, | TaiidadaHOail  OyKia —ealrey
KeIleHAe DacramnKbl
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TYpAEHAiprimI peTiHge
KOAAaHbLAaAbl;

-KOpFaAaTblH FUIMapaTTarbl
aybITKyAapAbIH IIeKTi

AeHTelliH OekiTyre;
-KellipaepAiy Hemece MeTpo
TOHHeAbAEPiHiH
ipretacrapbIHAaFbI Kayinri
Aipiaai 6akplaayra 60aaabl;
-KOpFaAaTbIH OOBEeKTIHIH
allHaJacblHAAFbl  IepuMeTpai
Oakblaay YIIH (Ta3 KYOBIPHI,
MyHail 14argpopmacsl, aToM
DAEKTP CTaHIIVICHI)

KOAJaHaAbl.

JKOABIH KaanuOpAeyAiH MyMKiH
eMecCTiri,

-TOMEH >KMiZiKTi  ayiMakTa
eAlleyAiH IIeKTeyai >KMiaik
AViaTla30HBI,

-TOMEH A9AAIK,

- 5AeKTPOMarHuTTiK
KeJepriaepre Te3imMaiairi
TOMEH.

apTHIKIIBIABIKTAPbl MEH KeMIidiKTepi KapacTelpblaabl. JKyprisiareH seprrey HoTMKecCi >XYMBICTa

YchIHBIAFAaH KecTe KOeMeriMeH op MeM/eKeTTeri A4albla >KylieAepiHiH >KYMBIC icTeyiHiH

YCBIHBLAATBIH 4a0blA JXKYJeCciHiH MoAeAiH KypyJda eckepizeai.

Marepuaagap MeH daicrep

JKorapriga xxyprisziaren taajay HoTUKeciHAe Keaeci 010K-cxeMa KYPBLAABL.
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EckepTy >KyHeciH
SCencenaipy

1

CnNyTHMKTIK akKnapar
SepyAai Kocy

1

CelcMmmMKanbiK
ceHCcopAabl KOOy

- ,

CepeepAi KOOy

|
+

CeHncopnapaaH |

aniHFaHd AaepekTepai
sHasy

Kayin Sapma~

MenimerTTepai
Sackapy
opTaneifeiHa XiCepy

!

ManimeTTepai

sHAasey

Cepeepre
MeniMmeTTepAi SXyKTey

I}

AuICuICTEIK
xatapnaHasipyabl

KOCYy
Push xatapnaHasipy

ApPKbLINbl YANb TenedoHFa
xatapnama xitCepy

I

XatapnamMmaHbl CNy THWMKE
ApKbInb XiCepy

!

Kayin typans:
axnapaT el moSuneai
KOCBHIMLLIAaFAa eHri=2y

Cypem 1. Aabvir xyiiecitit, OA0K-CXeMACHL

Eprepek eckepTyre apHaaraH ceiMcbid3 GSM >kep ciakiHiciHiH 4a0b1a XXyiieciH
AaMBITyFa apHaAfaH aATOPUTM Keleci KagaMAapAbl KaMTUABL:
Kaaam 1. Eckepry >Kyitecin OeaceHaipy.
Kagam 2. CriyTHMKTIK aKITapat Oepyai Kocy.
Kaaawm 3. CeitcM1uKaabIK CeHCOPABI KOCY.
Kaaawm 4. Cepsepai Kocy.
Kaaawm 5. CeHcopaapaaH aablHFaH AepeKTepai oHAey.
Kaaawm 6. Exi >xaraait KapacTeIpblaaAbl: Kayin Oap ma?, 60amaca

BECTHUK EHY umenu A.H. Tymunesa. Cepus mexruueckue HAyKu u mexHoAO2u Ne 3(140)/2022 35
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Epmepex ecxepmyze aprarean coiveois GSM xep ciaxinicinit 0a0viA XK yilecin Kemirdipy

Kagam 7. Cencopra cypay Kaiita xxibepiaeai.

Kagawm 8. Kayin 6oaraH >xargaiiaa, aknnapaT MaaimeTTepai backapy

Kazam 9. MaaimerTtepai eHaey XXy3ere acasbl.
Kaaam 10. Ongearen maaimerTepai cepBepre JKyKrey.
Kagam 11. An16bIcTHIK XabapaaMaaapabl KOCY.
Kaaam 12. Push xabapaaHasIpy apKblabl YA TeaedpoHFa Xxabapaama Xibepy.
Kaaawm 13. XabapaamaHbI CIIyTHUK apKbLABI XXiOepy.
Kaaawm 14. Kayin Typaas! akmapaTThl MOOMABAL KOCBIMIIIAFa €HIi3y.

opTaAbIFbIHa XXiDepiaeai.

AaropuTM HeriziHAe epTepek eckepTyre apHaaAraH ceIMcbI3 GSM skep ciakiHiciHiH 4a0bla KyTieciHiH

>KYMBIC icTey apXUTeKTypachl KYPBLAABI (2-CypeT ).

EckepTy xyiieci

Cepaep Genimi

f

t

v

Backapy opTanbifbl

- Ceiicmukanblk
CI'IyTHMKTIK CerMmeHT
dHbIKTay CeHcopnap
TR [bIObICTbIK Mobiinbai
xabapnama 6
xabapnama B, xabapnama
Kyieci =
Kyieci

S

Cypem 2. AabviA XKyiiecitit, KYMbIC icmey apXumeKmypacol

Mynga xabapaama cepsep OeaimiHeH Oackapy opTaablFbiHa Oapaabl. CIIyTHUKTIK XaOapaama
CITyTHUK apKbLABI 004a4Bbl, ABIOBICTHIK XabapAaMa KoHe MoOMAbAi XabapaaMa CeiicMUKaAbIK ceHcopAap

APKBbIAbI >KY3€Te aCbIpblaaAbl.

JKywmpic mporiecin >xysere acwipy yirin AnyLogic [10] 6aragpaamacsl KoagaHbLAAABL.

AHaANTHKaABIK MOJAeAbJey Ke3iHAe KaObladaHraH Oipaeir mapamerpaepmer IM QS M/M/5/2-ai
KapactoipainblK. XKyiegen 25 000 eriHiMAl aaplll TacTaraHHaH KelliH Mogeabdeyai asgxray. AnyLogic
Kyitecingeri QS M/M/5/2 KypBLABIMABIK YATici cypeTTe KepceTiareH (3-cyper).
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{

Cypem 3. AnyLogic xyiiecindezi QS M/M/5/2 kypuirvimovix yazici

Teaedonra xep ciakiniciHig 6acTaaraHbl Typaasl XxabapaaMa kabsra4ay [11] MakcaTbiHAA SKYMBIC
epicine TeaepOHABI KOCY KaxKeT (4-cyper).
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Cypem 4. Teredordvi Kocy

bizain >xaraaliga Tayaap Aa KapacThIpaTbIHABIKTaH, MaKeTKe TayAapAblH CypeTi Ae KOChblAaAbl.
JKyite >KYMBICBIHBIH YATIiCiH ysABI OallAaHBICHI JKOK Tayda aAaMHBIH OOAYBIHBIH MBICAABl apKBLABI
kopcereMis. KepceTki agaMHBIH Tayaapaarbl OpHBIH Kepceteai [12] (5-cyper).
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Cypem 5. Tayaapdvt kocy

Ysaapl OaitaaHbic OoaMaraHABIKTaH, 0i3 ceHcOpAapbl OpHATBLAFAH KOIl  (PYHKI[MOHAAABI
MyHapaZAapasl KoA4aHaMBbI3 (6-cypet). MyHapa 6ipaeH 2 QpyHKIIVHBI OpBIHAANABL.

1 - m1i MyHapa: celicMUKaAbIK OeACceHAiAIKTI KaOblagayIIbl OOABII TaObLAAABI.

2 - mi myHapa: Gsm 0a3aablK CTaHIIMACH], TayAarbl ajaMJapra KeJe >KaTKaH Kayill Typaabl
eCcKepTy Kacay.

Cypem 6. Ken pyHxuyusrot mynaparapovl Kocy

JepeKrepai eHaey cepsepiMeH CeHCOpAapAbIH KOChLAYbIH KaMTaMachl3 eTy YIIIiH pe3epBTeAreH
>XepcepikTi naiaasanbiaagpl [13]. MynapasapaaH cepsepre cMrHaajap OChl CHYTHUK apKbLAbI >KoHe
KepiciHIlle cepBepAeH MyHapaJapra XXibepiaeai.

Congaii-ak 0i3 gepexrepai KaOblajay >KeHe ©HAey HYKTeCiH KOocaMbl3. DaeMeHT KaOblagay-Oepy
aHTeHHaCbIHaH JKoHe JepeKTepai oHJey cepsepiHeH TypaAbl. AHTeHHa apKbLAbl CUTHaAAap KaOblLAAaHbIII,
CIIyTHMKKe >KiOepiseai. AHTeHHa TpaHCHBEp MOAYAi apKblABl cepBepre KOChbLAFaH, MyHJa MyHapaJapJaH
KaOblaJaHFaH CUTHaAAap ©HAeAeAl.

38 Ne 3(140)/2022 A.H. Tymunes amvindazor EYY Xabapuvico. Textuxarvi 2oiAvim0ap xate mexXHoAOZUSAAY Cepusicl
ISSN: 2616-7263, eISSN: 2663-1261



A.M. Axmemosa, A.C. [Hasxmemosa, A.b. 3axuposa, A. baxvimaxarosa

Erep myHapaaap ceiicMuKaAbIK OelceHAiAiKTi aHBIKTaca, cepsep Kayill TypaaAbl ecKepTy YIIIiH
curHaa Xibdepeai (7, 8 -cypetrep ).

TIYHKT Npiema it 06pasoTKit AaHHbIX

Cypem 7. ¥ar01 merepordapdvity 0ap->k02bit AHOIKMAY YULin aAyMaxmvl ckanepaey npoueci

EHAWAHNE!
B=ICORAR BEPORTHOCTE
SEMNETFPRCEVR

Y
Cypem 8. Kayinmi eckepmy?di xibepy

XKep ciakiHiciHiH aaAbIH aaa eckepTyi - OypbIHHaH O0AFaH OKUFajaH Oeariai Oip >kepae KaHAai
CiAKiHic KyTiaeTiHiH 60aKay [14]. OiiTKeHi, >Xep ciaKiHici ke3iHAe OHBIH KO3iHeH Cy¥a AaKTBIPbLAFaH Tac
CMSKTBI CEeICMUKAABIK TOAKBIHAAp Tapaliabl. bya ToakpiHaap ageTTe >kep ciakiHiciH epre Xxabapaay
KylieaepiMeH >Ka3blaabl.

HaTiokeaep XxaHe Taakblaay
ConbIMeH, >XYMBICTa Kep CiAKiHiCIH epeTepek eckepTyre apHaaAfaH chIMchI3 GSM >xyeciHig

TeOpUABIK acleKTidepi >KaH-KaKThl KapacThIPBIABII, Taalay XYprisiaai. Eprepek eckepryre apHaaraH
cemcb13 GSM kep ciakiHiciHIH 4a0b14 XKy1ieciHiH 610K-cXxeMachl KYPBIABII, aATOPUTMi KeATipiaai. Jabbia
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JKYMeciHiH >KYMBIC icTey apXUTeKTypachl KYPBIABII, MOJeadi >KacaaAbl. ¥cblHFaH Mogeab AnyLogic
OargapaaMachelHAA JKy3ere achlpblaabl. KypblaraH Mogean >kep CiaKiHici Ke3iHAe Y4Bl TeA0(OH KYMBIC
>KacaMaliThIH XXepae KaafaH agaMJapra alAblH-ala eCKepTy JKacayra oTe KOAallAbl.
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A.M. AxmeTtosal, A.C. [llassxmeToBal, A.b. 3aknposa? A. bakeIT)XKaHOBa'
T Kasaxcxuii HayuonarvHoli yHusepcumem um. aro-Papadu, Aamamot, Kasaxcman
2Mexdyrapoonuviii ynusepcumem Acmana, Acmana, Kasaxcman

CosepmieHcTBOBaHMe 0ecIIpoBOAHOVE GSM-c1cTeMbI OIIOBEIeHNs O 3eMAeTPACEHUAX A5
PaHHETO OIIOBelleHM T

AnnoTtamms. Ha cerogmsamnmii geHb Koamdectso aboHeHTOB GSM mpeBBICAO MIAAVIOH
geaosek. Camo HaspaHme craHgapta GSM, I'a06aapHas cucrema moomnasHo cBsasu (General System of
Cellular Communications), mpnobpeao Hosui cMmbica. Crangapty GSM oTBegeHa OgHa M3 IAaBHBIX
po2eit B 9BoAIOIIUM cucTeM cBaA3u. OH TeCHO CBsA3aH CO BCeMI COBPeMeHHBIMM CTaHAapTaMM I POBBIX
cereit, B nepsyo ouepedb ¢ ISDN (Integrated Digital Network Communications) u IN (Intelligent
Network). OcHoBHble (yHKITMOHaABHBIE D1eMeHThI GSM BKAIOUEHBI B MEXKAYHApPOAHBIN CTaHAAPT
r100aAbHOM  CUCTeMBI MOOMABHONM cBsA3u Tperbero mokodeHms UMTS (Universal Mobile
Telecommunications System), KOTOpBIiT B HacTOsIT[ee BpeMsl HaXOAMUTCS B CTaAyy paspaboTku. B pabore
IpeAAO>KeHa MOJeAb OTIIPaBKM 3BYKOBOTO COOOINeHNMs Ha MOOMABHBIN TeaeOH uepe3 Oa3OBYIO
cranimioo  GSM a1 mpeAynpeXxAeHus O — HaABUTAIOIIENCs — OMAacHOCTM € ITOMOIIBLIO
MHOTO(]PYHKIIMOHAABHBIX BBIIIIEK, YCTaHOBAEHHBIX C JaTYMKaMU B MecTaXx, I4e HeT COTOBOI CBA3M.
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A.M. Akhmetova', A.S. Shayakhmetova!, A.B. Zakirova? A. Bakytzhanova'
TAl-Farabi Kazakh National University, Almaty, Kazakhstan
2Astana International University, Astana, Kazakhstan

Improvement of wireless GSM earthquake warning system for early warning

Abstract. Today, the number of GSM subscribers has exceeded one million people. The very name
of the GSM standard, Global System of Mobile Communications (General System of Cellular
Communications), has taken on a new meaning. The GSM standard has been assigned one of the main
roles in the evolution of communication systems. It is closely related to all modern digital network
standards, primarily ISDN (Integrated Digital Network Communications) and IN (Intelligent Network).
The main functional elements of GSM are included in the international standard of the global system of
the third generation of mobile communication, UMTS (Universal Mobile Telecommunications System),
which is currently under development. A model for sending an audio message to a mobile phone via a
GSM base station is proposed to warn of impending danger using multi-functional towers installed with
sensors in areas where there is no cellular connection.

Keywords: Alarm, earthquake, GSM, sensor, signal.
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b.Y. banixoxaesa, M.A. ®aaees

Espasuiickuit HarmoHaabHbll yHUBepeuteT uM. .H. I'ymuaesa, Acrana, Kasaxcran
(E-mail: bajxozhaeva63@mail.ru, ekb.margulan@gmail.com )

Anaan3 MeTpOoa0rm4deckoy MHGppPacTPyKTyphl
Pecriy0ankm Kasaxcran

AnnpoTanmsa. 3HaYMMOCTL JaHHOM CTaThbU COCTOMT B TOM, YTO, K COXaJA€HUIO, B
Kasaxcrane He yJeasercs AOAKHOTO BHUMaHUA MeTPOAOTMM, €e 3HA4eHUIO, pOAM U
CHHEePTeTUYeCKOMY Pe3yAbTaTy B PasHBIX 004acTAX DKOHOMUKU. MeToA010Tuel cTaThn
ABASAIOTCA M3ydeHue CyTU IOHATHA MeTPOJOTMYecKOl MHQPacTPyKTYpHl, 3ajaum U
COCTaBASIONINE CTPYKTYPhl MeKAYHapOAHOTO OIBITa ¥ Te€PMUHOAOTHUM, TTPUMEHIeMOIi
Ha ypoBHe MeXXAyHapoAHOT OpraHu3ally 3aKOHOJaTeAbHON MeTpoaoruu. PesyapTatom
sapasercs SWOT-anaans wmuppacTpykrypsl Merpoaorun Pecnybamkm KasaxcraH, B
KOTOPOM YeTKO ITpeACTaBAeHbI CABHEIE U c1abble CTOPOHB, a TAKXKe BHITeKaIOIIVe 13 HIX
BO3MO>KHOCTM M yTPO3BI. YUUTHIBAs, YTO JaHHAs paboTa sABAAETCS OAHONM M3 IEPBHIX B
061acTy aHaAUTUKM MeTpoaormdeckoir cdepsl Pecriydbamkm KasaxcraH B KadecTse
00Cy>XAeHMs MpOBeJeH CTpaHOBOM 0030p B paMKax EBpasmiickoro SKOHOMUYECKOTO
colo3a IO  TIIOKazaTeAsM  aKKpPeAUTOBaHHBIX  IIOBEPOYHBIX  JAabopaTopuii,
aKKpeAUTOBaHHBIX UCIIBITaTEABHBIX II€HTPOB, aKKpPeAUTOBAHHBIX KaAMOPOBOYHBIX
aabopaTopuit. Kpome Toro, mpuseseHa cTaTUCTHKA Pa3BUTHIX CTPaH B METPOAOTUYECKOM
Mupe, Taknx Kak @panuns u Beankobpuranns. B sakaioueHnn 1o pesyapTaTaM aHaAM3a
Ipe/CTaBleHa IlepBoodepejHas pPeKOMeHJaIus, C KOTOpOI ¥ HeoOXOAMMO HadaTh
rporecc TpaHcPpoOpMaIUy MeTPOAOTMYECKON MHPPACTPYKTYPHl PecIyOAMKI C I11eABI0
rA1yOOKOTO COBEPIIIEHCTBOBAHMA B YCAOBMAX BBICOKOV KOHKYPEHIIMM Ha MIPOBOIT
METPOAOTUYECKON apeHe.

KaroueBble caoBa: MerTpoaorus, WHPPACTPyKTypa, aHaAM3, MeTpOJorudecKast

nHQpacTpyKTypa, 0030p

DOI: doi.org/10.32523/2616-7263-2022-140-3-43-61

BBeaenne

ITonaTne MmeTpoaormdeckol MHPPACTPYKTYpBl TaK WAM MHade IIogpasdyMeBaeT HeKYIO
COBOKYITHOCTb Y4pPeXKAeHUI, CUCTeM ymnpaBAeHMs, cBsa3y u T. 11, oOecneumpBaioniyio AeATeAbHOCTh B
obaactm merpoaorun. Oanako B 3akoHe Pecriybamkm Kasaxcran «O06 oOecriedeHnn eaAmHCTBa
usMepenuii» [1] orcyrcrsyer onpegeseHne AaHHOTO TepMuHa. bes merpoaormm 1 MeTpoaormdeckon
MHQPaCTPYKTyPHl HEBO3MOKHO TOYHOE I eAMHOO0pa3HOe U3MepeHne KaKoi-A1u00 Be AMYMHEL

Ileas mpaBuTeALCTBA B cpepe MeTpOAOTnN BKAIOJaeT cebs1 oOecriedeHrie HEOOXOAMMBIX YCAOBUIA
AAsI IOCTPOEHILSI COLIMAABHOTO AOBEPSI K MI3MEPUTEAbHBIM pe3yabTaTaM [2].

Aas peaamsanuy JaHHBIX Iledell HeOOXOAMMO IPUHATHE IIPaBUTEeAbCTBOM HEOOXOAVMBIX
AEVICTBUII, Halle/eHHBIX Ha CTaHOB/AeHIe MeTPOAOIUM, IIOCTPOeHNe COOTBeTCTBeHHON MHPPACTPYKTYPEI,
IIOAAEP>XKKY HaydHBIX PaOOT B cdepe MeTpPOAOTMHM U 3aIINUTy HOTpeOuTesell, CyObeKTOB Om3Heca,
rOCyAapCTBeHHBIX YUPeXXAeHMI, HeKOMMepPYeCKUX OpraHM3alyii OT BEpOsTHOTO 3A0yHOTpeOAeHNs,
cBsaA3aHHOTO ¢ u3Mmepenusamu. Caeayer OCyIIeCTBUTh JaHHYIO pabOTy B 11e4sX BOILAOIIEHI:
BCEOXBATHIBAIOIINIX M IIOOYEPEAHBIX ITOAUTUYECKUX PEIIeHNI, OCYIeCTBAeHIe KOTOPLIX HAaCTOATeABHO
HY>X/a€eTcsl B INPUHATAM 3aKOHa O MeTpoAOoruu. B Hammeir crpaHe HOpMaTMBHBIM IIPaBOBBIM aKTOM B
npeAcTaBaeHHON cdepe cumraercss 3akoH Pecnybamxu Kasaxcran «O0 obecrieyeHun eaMHCTBa
nsMepeHuii» or 7 mions 2000 roaa [1].
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OcobeHHO akTyaAbHBIMU IIpODAe€MaMI B CCTeMe CO3JaHMs M DKCIIAyaTalluy KadyecTBeHHOM U
KOHKYPEHTOCIIOCOOHO! MPOAYKIIUN SBASAIOTCA COBEpIIeHCTBOBaHNMEe HOPMAaTUBHBIX, METOAMYECKUX U
TeXHIYECKIX OCHOB CMCTeMBI OOecIiedeHNsl eAMHCTBa U TpeOyeMOoli TOUHOCTU M3MepPeHNI, BOCCO3AaHue
Ha COBpEeMEeHHOJ1 OCHOBEe MeTPOA0IMYEeCKOI CAY>KObI 1 pa3BUTIe OTeYeCTBeHHON TpUOOPOCTPOUTEABHON
IPOMBIIIA€HHOCTH [3].

B Hacrosmiee spemst paOoTBHI, CBsI3aHHBIE C I3MEPEHNSIMU U VX METPOAOTMIECKIM OOecIIedeHIIeM,
COCTaBAAIOT 3HAUUTEABHYIO 40110 OT OOIINX TPyA03aTpaT Ha pa3dpaOdOTKy, MCIBITaHUS U ITPOU3BOACTBO
npoayxuun [3].

IIpn mpoaoa>keHMM HeraTMBHBIX TeHAEHLMII (COKpallleHue 3aKa3OoB, HEeBOCIIOAHMMAs IOTepsi
KBaAnpUIPOBaHHBIX KagpPOB, MOpaAbHOe 1 (PU3NUeCKoe CTapeHNe U3MepUTeAbHOTO 000pyAOBaHNS U
T.4.) COXPAHATH CYIIECTBYIOIIYIO MeTPOAOTMUIeCcKyIO 0a3y, a TeM 0o/ee HapaIluBaTh ee CTAaHOBUTCS Bce
caoxHee. K TakiM HeratuBHBIM SBA€HMSAM OTHOCUTCA TE€HAEHIVs K HapyIIeHMIO OCHOBOIIOAaraoIiero
MpUHIINIIA, COaAaHCHPOBAHHOTO C TOYKM 3peHN:sT (PMHAHCUPOBAHIL 1 OIIePeXKalOIlero ¢ TOUKU 3PeHNs
TeXHNYeCKUX XapaKTepUCTUK pa3BuTuA [4].

YunreiBas, 4TO MeTpoAOIMs KaK HayKa pasdeAseTcsl Ha TPU HaIlpaBAEHII: TeopeTmdeckas,
3aKOHOJAaTeAbHas U IpUKAaAHasl, METpOAOTHYecKas MHPPacTPyKTypa CO34aeTcsl B IIepBYIO odepeab Ha
OCHOBe 3aKOHOJAaTeAbHOI MeTpoaoruu. ITo ganHOI npudnHe HEOOXOAMIMO YeTKO OIpeAeANUTDb TPaHUIIbI
1 004acTb IIpPUMeHEHNsI 3aKOHOAATeABHON MEeTPOAOIUM, MCXOAS U3 IPUMEHsSIeMON TePMMHOAOTUN
Me>xayHapoaHol opraHu3anuy 3aKOHO4aTeAbHO MeTPOAOTUHA.

3aKkoOHOJaTeAbHasT MeTPOAOIUS — AeATeABHOCTb U IIPOIlecCyaabHble HOPMBI IIPUMEHEeHNs
CHICTeMBI HOPMATUBHBIX I PETYAMPYIOIIUX IIPaBUA U MX 00513aTeAbHOTO BHIIIOAHEHISI B MeTpoaorun [2].

3aKoHOJaTeAbHasl METPOAOINSI BKAIOYAeT:

- YCTaHOB/A€eHNe 3aKOHOAaTeAbHBIX TPeOOBaHMIA,

- KOHTPOAB/OLIEHKY COOTBETCTBUSI PeryAUpyeMoll MPOAYKIIUNM U PeryAupyeMbIX BUAOB
AesITe ABHOCTY,

- Ha430p 3a peryAupyeMoil IpoAyKIMel 1 peryAupyeMbIMI BIIAaMI AesTeAbHOCTH,

- oDecrteyeHne HeoOXOAMMOI MHPPACTPYKTYphl AAsd  peaau3aliuyl  POCAeKUBaeMOCTU
3aKOHOAATeAbHO KOHTPOAMPYEMBIX U3MepeHNil 1 CpeACTB u3MepeHuit kK Mexxaynapognoii cucreme SI
MAY HalTMOHAABHBIM HTaZ0HaM [2].

B cdepy 3akoHOosaTeaAbHON METPOAOTUM OOBIYHO BXOASAT:

- 3alll1Ta MHTePeCoB OTAEABHBIX TPpakAaH U IIPeAIIpUITIIN;

- 3alll1Ta HaIlMOHAAbHBIX HTEPeCoB;

- 3alllMTa 340pOBbsI 1 O€30ITaCHOCTH AI0AEN, U CBsI3aHHbIE C HTVIM BOIIPOCHI OXPaHbl OKPY>KaloIlien
CpeAbl I MeAMIIMHCKOM CAY>KOBI;

- YAOBAeTBOpeHIe TpeOOBaHMIT KOMMepUecKoll AesTeAbHOCT U TOpropau [2].

3aKOHOJATeABHBII MeTPOAOTMYECK!I KOHTPOAbL B CBOIO oOuyepeAb SBASETCA COBOKYITHON
AesATeAbHOCTBIO B 001aCTU 3aKOHOAATeAbHON MeTPOAOINM, KOTOpasl BKAIOJaeT:

- 3aKOHOAATeAbHBIII KOHTPOAD CPeACTB 3MepPeHMIt;

- MeTpOAOIMYecKIii HaA30p;

- BCe OIlepalini C 11eAbl0 MccAeAOBaHNs U AeMOHCTpaIiy, HallpuMep, AAs CBUAEeTeAbCTBOBaHI
B Cy/e, COCTOSHMIS CpeACTBa M3MepPeHMII 1 yCTaHOBAEHIs eT0 MeTPOAOTHYECKUX XapaKTepUCTHK, B TOM
q11cAe CO CCHIAKON Ha COOTBeTCTBYIOIINe IIpeAlicaHHble TpeOoBaHmA [2].

OcHOBHasI YaCcTb

Tepmun  «Mmerpoaormyeckass ~ MHPPaCTPyKTypa»  IPUMEHSETCA  IIPUMEHUTEABHO K
MEeTPOAOTMYECKMM MOIIHOCTSIM TOCyJapcTBa MAM K€ permoHa M IpeariolaraeT IIPUCYTCTBUE
KaAOpOBOYHBIX M ITOBEPOUYHBIX CAY>KO, METPOAOIMYECKMX BY30B 1 Aa00OpaTOpMii, a elle KOMIIaHUIO U
yIIpaBAeHne MeTPOAOTMIeCKON crcTeMbl cooOpa3Ho VIHTepHalOHaAbHOMY CA0BapIO ONpejeAeHuIt 110
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b.Y. baiixoxaesa, M.4. @axrees

3akoHogaTeapHON MeTpoaornu (VIML): obecrieunBanme BakHOI MHQPPACTPYKTYpBl AAs peaAn3aliuy
IIpOCAEXKMBAEMOCTI  3aKOHOAATeABHO KOHTPOAMPYEMBIX M3MEpPeHMII U CpeACTB M3MepeHuil K
VnTepHanmoHaabHOI cucTeMe Sl 1AM >Ke rocyAapCTBeHHBIM 9Ta/l0HaM OTHOCUTCA K 3aKOHOAaTeAbHOM
MeTrpoaorun [5].

B HpIHemmHeM clieHapuy IPOM3BOACTBO YPE3BLIYAIHO CAOXKHBIX U3AeANI TpeOyeT BbICOKOTO
KOHTPOAs KadecTBa AAs COOTBETCTBIUs IPOEKTHBIM cIlenrpUKaIuaM, KedaeMbIM (YHKIIMOHAAbHBIM
pesyabTataM U COOAIOAEHUIO HOPM. B IpOMBIIIAEHHOM IPOM3BOACTBE OCHOBHON I1€ABIO0 SBASETCS
KOHTPOAb KadecTBa IIyTeM YyCTpaHeHMs OIIMOOK ¥ YyAydIlleHMs IIpoljecca C ITOMOIIBIO TOYHBIX
MeTOAOB/YCTPOJICTB U3MEePeHNsl pa3MepOoB I cOOAI0AEHIs CTaHAAPTOB U PEKOMEeHAYeMbIX PYKOBOASIITIX
npuHuuIos. TouyHas u oTcaexxuBaeMasi MeTPOAOTHS pa3MepoOB YA0BAETBOpsIeT IMOTPeOHOCTI OTpacan,
HauMHasg OT MaKPOMHKEHePHBIX IPUAOXKEHMI M 3aKaH4MBas HAHOTEXHOAOIMsAMM, U IIOMOraeT B
AOCTVIKeHMM IIeAU «CAeAaTh Bee IIPaBIABbHO C IIepBOro pasa», CAeA0BaTeAbHO, OHa CTala HeOTheMAeMOl
JacThIO ITepe0Boll oOpabaThIBaOIIell IIPOMBIIIAEHHOCTH [6].

IIpoGaema paspaOOTKM METOAOB OLIEHKU BAMSHUSA MeTPOAOTMM Ha DKOHOMUKY M OOIIeCTBO
CTOUT Ilepes MHOIMMU cTpaHamu. Ha cerognsmHmit 4eHb BBICOKYIO 9(pPeKTUBHOCTD IOKa3ald MeTOJ,
OCHOBaHHBIN Ha OIleHKe J40AM 3aTpaT Ha MeTPOAOTUIO B 400aBA€HHON CTOMMOCTH KaK Ha ypOBHe CTPaHB,
TaK 1 Ha ypOBHe OTAeAbHbIX BI/A0B DKOHOMIYECKOI AesATeAbHOCTH [7].

I'ocysapcTBeHHasi MeTpoaormyeckas WHQPPACTPyKTypa AOAXKHa HMMeTh YeTKYIO CTPYKTYpYy.
Mogeas cTpyKTyphl, pekoMeHAyeMas MeXayHapoAHON OopraHu3alnyell 3aKoOHOAaTeAbHOM MeTPOAOTUHA,
IpejcraBaeHa Ha Tabautie 1.

TabGamnmia 1.
CTpyKTypa MeTpOoa0Ti4ecKo MHpPpacTpyKTypbl

1 2 3
Ne KommoneHtT TpebGoBanis
n/1x

1. BOILAOIIEHME B >KM3Hb HAIlMOHA/ABHO ITOAMTUYECKOI IIeAl B
004acTy MeTpOAOTUN

2. rapaHTIsI KOOPAVHALNY PaOOTHI MHBIX OPTaHOB, CBS3aHHBIX  C
Opran B cocrase

1 BOIIPOCaMU MEeTPOAOTUN
IIPaBUTEAbCTBA
3. KOOpAVHAIIVS co BCeMU 3aMHTePeCOBAHHBIMU
IPaBUTEALCTBEHHBIMUA YIPpEeXACHUAMU n MECTHBIMU

JICITIOAHNTEAbHBIMU OpraHaMll, KOTOPbI€ 40/KHbBI €€ peaan3oBaThb

1. onipeaeaenne M3MepeHNI U CpeACTB U3MEPEeHNI, IOAAeSKaIlX
rOCy4apCTBEHHOMY KOHTPOAIO

2. ompedeaeHne TpeOOBaHUI, IPeAbsIBASEMBIX K JaHHBIM
M3MepeHIsIM U U3MepUTeAbHBIM YCTPOIICTBaM

3. ompeaeseHue IIOAOXKEHUN TOCYJapCTBEHHOTO KOHTPOAS
M3MEPEeHNI 1 CPeACTB M3MepPEeHN

2 3aKoOH O METpOoAOInmn 4. orpejgeaeHne OpraHoB, OTBETCTBEHHBIX 3a BbIIIOAHEHIE
KOHKPETHBIX 3aJay, CBsI3aHHBIX C TOCy4apCTBEHHbIM
KOHTpOA€EM, I Tpe6OBaHI/II7[, KOTOPBIM OHU AOA>KHBI
COOTBETCTBOBATh

5. COOTBETCTBUE MeKAyHapOAHBIM n pernoHaAbHBIM
o0s3aTeAbCTBaM, BBITEKAIOIIVIM M3 TaKMX COTAAIleHuit U
A0roBopoB, Kak Metpuyeckast konseHuns, Konsenrss MO3M,
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Bcemupnoin TOPTOBOL OopraHmM3anum, Eppasuiickoro
DKOHOMIYECKOIO COI03a 1 AP.

Hannonaasupin
MeTPOAOTUYECKUI
VHCTUTYT

1. OTBETCTBEHHOCTh ~ 3a XpaHEeHIe I CePBUC  T'OCYAapCTBEHHBIX
DTaJA0HOB U ODecrleueHne IIPOCAeKMBaeMOCTI B COT1aCOBaHIN
c VlntepranmonaapHO  cucreMoint  eauHun (CH)

2. OTBETCTBEHHOCTH 3a ITpOBe/JeHNe U KOOPAMHAIIUIO — M3yYeHUIt
B 001acTil  MeTPOAOTUU

3. OTBeTCTBEHHOCTh 3a BONJAOLIEHME ¥ KOOPAMHAIMIO
KOHKPEeTHOI 001aCTy 3a4a4 B 3aKOHOAATeAbHON  MeTPOAOTUN

4. IpoXOXXJAeHMe aHaAmn3a, KOTOPBII IMeeT BO3MOXKHOCTb
rogpasymeBaThb B ceOe  DKCIePTU3y U aKKpeAUTaIio

I'ocyaapcTseHHBIE 9TaA0HBI
U CTaHAAPTHBIE 0Opa3IIbI

1. obecrieyenne mpocaexyuBaeMocTH K VIHTepHalMoHaAbHOM
clucTeMe e AVIHUIT (CH) u MHTepHalVIOHAAbHOM
COIIOCTaBMMOCTY U TPUHATHA (YTBepKAeHN)

Jo0OpoBoabHas cucteMa
aKKpeAUTan
KaAnOPOBOYHBIX I
VICITBITaTE AbHBIX
Aaboparopuii,
VHCITEKIIVIOHHBIX U

1. rapanTma npodeccmoHaan3Ma U OecIpuCTpacTys
AabopaTopuii, OpPTaHOB IO IMOATBEP>KAEHUIO  COOTBETCTBUS

2. HE3aBUCUMOCTD OT UbMX-A100 MHTEePEeCOB I, KaK IIpaBnAao0, He
CUUTAIOTCA AOXOAHBIMU MAN Ke HeKOHKypeHTOCHOCO6HLIMI/I

3. rapMOHM3MPOBaHa 11 KOOPAVHUPYETCs Ha MHTepHAIIMOHaAbHOM

yposHe I/1AK (MexxayHapoaHOe  COTPYyAHMYECTBO B 00AacTu
akkpeantanuyu  Aaboparopuii) u MMA® (MexayHapoAHBIN
dopyM 1o axkpeAuTalum) B COrdacoBaHMUM C MX paboOTOIl IO
aKKpeAUTaIu

4, IIpoBegeHNne 3SKCIIEPTHBIX OLIEHOK OPraHOB I10 aKKpeauTannmn

B COOCTBEHHBIX pernoHax Ha permoHaAbHOM ypOBHe ¢
cepTpUKaIIOHHBIX 3 3
KOOpAMHAIMell ¥ rapMOHM3anuen B corpyaumdectse ¢ VIZAAK u
OpTaHOB VA®

5. MeXXayHapoAHbBIe — COTJAallleHMsI O OOOIOAHOM — NIPU3HAHUU

OPTaHOB I10 aKKpeAuTaIuu, KOTopble 04aroloAy4yHO  ITpOIIAU
DKCIIEPTHYIO OLIEHKY M OTBeYaloT YCTaHOBAEHHBIM

KpUTepUsIM

1. moakaiodaer Beayliye MeTPOAOTMYECKME KOHLIeIIUM B

oOpasoBaTeabHbIll  IPOLIeCC, TeM 0oAee B HayYHO-TeXHIYecKue

AVICIIUTIAVIHBI

2. repejaeT COOTBETCTBEHHYIO MH(POpPMaLMIO U OObICHEHUs II0

MeTPOAOIMYEeCKUM 3a4adyaM COLUMyMY

3. moAKAIOYaeT MHeHMe IIPaKTUIECKOTO CMbICAa IO

U3MepPEeHNIO, KaAuOpOBKe 1  IIPOCAEXMBAEMOCTU B

Pacripocrpanenne

IIO3HAHMI M CTAaHOBAEHIe
KOMIIETEeHIINI B 004aCcT
MeTpPOA0TUN

11popeCcCUOHAaAbHYIO  ITOATOTOBKY

4. ypeanunBaeT  KBaAM(QUKAIMIO  METPOJOTOB  Pa3HOTO
3HAYeHMSI  AAs  TPeJHa3HAYeHHBIX  WCIBITATeABHBIX U
KaAMOPOBOYHBIX Aa00paTOPMIT U MHAYCTPUM

5. MoTMBUpYyeT Hay4yHBle W3Y4eHNs M TeXHUMIEeCKIil Iporpecc
B 004acTi  MeTPOAOIUMA

6. TrocygapCTBeHHbIE KCIIEPTH], CIIOCOOCTBY ST
pacpoCTpaHeHNIO CaMBbIX IlepeaOBBIX IO3HaHUI B CTpaHe,
MOCTOSIHHO U AEeVCTBEHHO Y4acTBYIOT B HaAAeXXaIlnx
VMHTEpPHAIMOHAABHBIX MeTpOAOorm4eckux ¢opymax
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7. ycCTaHaBAUBaeT IIapTHEpPCKue OTHOIIIeHNsI B 004acTh
METPOAOTMM ~ MeXAY BBICIIMMM  y4eOHBIMM  3aBeAeHNIMI,
AabopaTopysIMI M MHAYCTpUeN

Metpoaornueckne
7. HpeAAOXKeHNs AA5
VHAYCTPUU ¥ 9KOHOMUKMU

1. npeaaoxeHus KaAMOpOBKU  AAsl  oDecIiedeHIs
npocaexxusaeMmoctt CV

2. mpeAAOXKeHMsI IO TeCTUPOBAHMM, IIpeAocTaBAseMble
UCIIBITaTeABHBIMM  Aa00paTOpUAMU

3. IIpeAAOXeHUs II0 TEeXHUYECKOMY 00CAY>KMBaHUIO
U3MEepPUTEALHOIO  00OpPYyAOBaHM

4. aKKpeAnTanmsl KaAI/I6pOBO‘—IHI)IX 48 JICIIBITaTe€ AbHBIX
/la60paTOpI/II7I I OpTaHOB ITO IIOATBEP>KAECHNIO  COOTBETCTBISL

5. KOHCYyAbTaTMBHBIC  ITPE€AA0KEHIT AA5 IIPOMBIIITAEHHOCTIU

6.  KOHCyAbTalM He3aBMCHMBIX DKCIIEPTOB  IIO
yperyAnpoBaHMIO  CIIOPOB

Corpyannuectso B
8. METPOAOINYIECKON

nHPpPaCTpyKType

1. rapanTms B3alIMOAEVICTBISL MeXKAYy IIpaBUTeABCTBOM,
UHAYCTPUeI, VICITBITATEAbHBIMII AabopaTtopusiMn 1
IOTpedUTeASIMU

2. co3gaet TEXHOAOTMYEeCKIe naatopmsl Aas cOopa u

pacrnpocTpaHeHns:  OIIbITa Y 3HAHWI

CoTpyaHnuecTso B
8. MeTpOAOTUYeCKON

nHQpacTpyKType

3. moompser COTPYAHMYECTBO IIO MCCAEA0BaTeAbCKUM
npoekTtaM  (TeMaMm), B  KOTOPBIX y4acTByIOT  BCe
3alfHTepeCcOBaHHbIE CTOPOHBI

4. moompser paspabOTKM OOOCHOBaHMI, IOAAEP>KUBAIOIIUX
COrJacoBaHHBIE  U3MepPeHNUs U DTaAOHHBIE  IIOKazaTeAu AAs
VICITBITAaHU

5. opraHmsyer  BCTpeuu CO BCeMM  3alHTepPecOBaHHBIMU
CTOpOHaMMI

HeoOxoauMO OTMeTUTD, 4TO IpOBepKa KBaAM(PUKaIMM - XM3HEHHO Ba>KHBINI KOMIIOHEHT AAs

oOecItedeHNsI KauecTBa MCIIBITAaHNI 1 KaAnOPOBOK. B yacTHOCTH, B 3aKOHOAATEABHON METPOAOTVN OOBEeM

AesATeAbHOCTU, Tpe6y101ue171 akKpeAuTanuy, IIpeAaliodarae€r IIpOBedeHINe CIIelMaAdbHbIX IIPOBEPOK

KBaAMPUKAIUIL.

Kak moyumreAbHBINI OIBIT MOKHO IIPeACTaBUTh pe3yAbTaThl IPOBEPKM KBaAMPUKAIIUN

cpurmomanomeTpos, niposegerHoit B 2019 roay B bpasuann, npudopa, oOBIMHO MOAITAAAIOMIETO IO

AEﬁCTBME 3aKOHOZATE€AbHBIX METPOAOIMYIECKIIX HOPM, M3MEPEHNST KOTOPOTO UMEIOT ITPSIMOE BAMSIHVIE Ha

KAMHNYECKYIO AVMarHOCTUKY M JA€4eHIe B COOTBETCTBUM C PeKOMEH,ZI,aLU/IfIMI/I Me)KAYHapO,ZLHOﬁ

Opranmsanum SaKOHO,ZI,aTEAbHOﬁI METpOAOIUN. VicrierTaEnst BKAIOYAAU IIepBOHa4YalAbHYIO ITPOBEPKY,

BKAIOYAIOIIYIO OOLIMII  OCMOTP,

6LICTpI)II7I BbIHyCKHOI?I KJdalmaH " MaKCMMaAabHO AOITyCTUMYIO

IIOTPEIHOCTD AA5I TeCTOB WMHAUKAIVN MaHXeTbl C MCIIOAb30BaHIIEM Z — Score Xak Kp]/[TEpI/H?I

Pe3yAbTaTUBHOCTY YJ9aCTHMKOB. B mposepke KpaamuKkaruy OpUHAAN ydacTue IIATh AabopaTopuii B

bpasnanu, akkpeanrosanHeix 1o crangapty ISO/IEC 17025. PesyabTaTel ITOKa3bIBAIOT, YTO BCE IIATDH
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AabopaTopuil IOAYYNAU YAOBAETBOPUTEAbHbBIE Pe3yAbTaThl DKCIIPeCcc-TecTa BhIITyCKHOTO KaarnaHa. OaHa
AabopaTopus MoAaydnada COMHUTEABHBIN pe3yabTaT B OAHOM M3MepPeHMM AAsl TecTa Ha MaKCHMaabHO
AOTIYCTUMYIO IIOTPeITHOCTh. Bee 2abopaTtopun noayunan HeyA0BA€TBOPUTEAbHBIE Pe3yAbTaThl 0OIIIe
nposepku. I1ockoapKy TpeOoBaHMs 3aKOHOAATeALHON METPOAOIMM BKAIOYAIOT BCe TPU MCIIBITaHUS, BCe
AabopaTopum IIOAYYMAN HeyAOBAeTBOpUTeAbHble pe3yAbTaThl. PesdyabTaTsl ITOKa3aau HeOOXOAUMOCTD
KOPPEKTUPYIOIINX AVICTBUI AAsl YAYYIIIEHUs IIPaBOBOTO KOHTPOAsA cpuUrMoMaHOMETpoB B bpasmann.
OT1oT  KBaAM(UKALMOHHBINA  DK3aMeH Takke Obla  BKAIO4eH B 1aatrgopmy  Espomnerickoit
nHdopmanmonnoi cucremsl PT (Eptis) [8].

B 11€40M MOXHO OTMETUTB, YTO MeTpoAormyeckas MHPPACTPYKTypa COCTOUT U3 8 OCHOBHBIX
COCTaBASIOIINX, YTO IIOKA3aHO Ha PUCYHKe 1:

WHdpacTpyk-
Typa

Opran
npaBuTeNbCT-

AKKpeauTauma

HauuoHnans-
Hble 3TasoHbI

CotpyaHu-
4YecTBO

Pucynok 1. MeTrpoaorndeckast mHQpacTpyKTypa

PesyapTaThl

3aKAI0YNTEABHBIM HTaIllOM JAAaHHON pabOTHl B paMKaX M3ydeHMs U 0030pa MeTpPOAOTrMYecKoi
nHppacTpykTyphl Apasercs SWOT-anaans Mmerpoaornyeckoii cucremsr Kazaxcrana, KOTOpEIN IpuBeAeH
Ha Tabaurie 2.

Tabamriia 2
SWOT-anaan3 MeTpOaOIrM4ecKoyi MHPPpacTpyKTypbl
Pecnny6ankn Kasaxcran
1 2
CuapHBIE CTOPOHBI Caa0ble CTOPOHBI
v DraaoHHasA Oasza Pecriybanxn | v He  wmmeerca  4erkoil  eAMHOI
Kaszaxcram Ha cerognst cocroutT wu3 101 | coraacoBaHHOV  HOAUTUKM B 0DAacTu
€AVHUIIBL 9Ta/0HOB u DTaAOHHOTO | oDecriedeHNs] eAMHCTBa M3MEpPEeHUII — HeT
000opyA0BaHMS, B TOM qlciae:
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58 eauHmnir - rocysgapcTBeHHbIe 9HTaAOHBHI,

TE€CHOTIO COTpyaHII4eCTBa Me>Xay

22 eauHHy -  pabOoume  DTaAOHBI, | OTPACAEBLIMU IOCYAapCTBEHHBIMI OpraHaMu
21 eauHNIIA - DTaA0HHOE 0OOPYJOBaHIe. v ITosepuTteabHble U KaAMOPOBOYHBIE
v KaanbOposounsle 1 1oBepodHBIe | Aa0OpaTopuy, Kak YacTHbIE OpraHM3aly He
AabopaTopum  rOCyJapCTBEHHOTO Hay4yHO- | MOAOT4eTHH rocydapcrsy B auie KIPM, a
Merpoaormyeckoro nenrpa (I'HML) PITI | rocyaapcrBeHHsIit MeTpPOAOIMYeCcKUI
«KasaxcraHcknil MHCTUTYT CTaHAApTMU3alUUM | KOHTPOAbL OIpaHMYeH IIpoBepKaMm IO
U MeTPOAOTUN» aKKpeAUTOBAaHbI KaK B | AOKas3aHHBIM (aKTaM HapyIIeHuit uAu
Me>KAYHapOAHOII CUCTeMe - Ha COOTBETCTBMe | HeIlOCpeACTBEHHO I10 JKal00aM.
tpebosanmssm MC VMICO/MBK 17025:2005.

v Uzen MexrocysapcTBeHHOro coseta | v/ HeaocraTounas aKTMBHOCTD "
110  CTaHAapTU3alluy,  MeTPOAOIMM U | BOBAEUEHHOCTh, a TakXe caaboe ydactue
ceprudukanym (MI'C) YroanomoyeHHOro opraHa B oOaactu
v Pecnnybamka Kasaxcran — siBaseTcs | oDecriedeHIst eAUHCTBa U3MepeHNnit
IIOAHONIPaBHBIM 4JeHOM MexxayHapoaHoii | Komurera TexHmMyeckoro peryAmpoBaHNs
OpraHms3anumn 3akoHogareapHoit | (KTPM) n PITI «KasCrangapTt» B mporieccax
MeTtpoaoruu, MO3M 00pa3oBaHIsl B BHICIINX YUeOHBIX 3aBeAeHMsIX
v Pecnnybamka Kasaxcran sBasercs | (By3ax) u IIOATOTOBKEe MOAO0ABIX
IIOAHONIPaBHBIM 4Y4eHOM MeXXAyHapOgHOTO | CIIeInaAucTOB MeTPOAOIOB.

610po Mep 1 Becos (BIPM) v PITI «KasCrangapt» He BeayTcs
v TOO HanmonaasHueiin LIeHTp | pabOTBl IO y4eTy  MeTpOAOTMYecKOil
aKKpeAMUTaIun HIIA CUMTaeTCsd | MPOCAEXMBA@MOCT OT  TOCYAapCTBEHHBIX
IIOAHOIPaBHBIM 4YJ€HOM MeXXAYHapOAHON | ®TaA0HOB A0 pabouMX CpeACTB M3MepeHMIt
opranmsanuu 1o akkpeauranuu ILAC | (CM), 49rtO TrOBOPUT O HEAOCTaTOYHOM
(International =~ Laboratory  Accreditation | corpyanmnuecrse ¢ HITA

Cooperation) v Caabblil ypOBeHb U HU3KUE TEeMIIbI
v HIJA corpyaHuYaeT C¢ peTMOHaAbLHONM | pasBUTHSA 1P poBOI (92€XTpPOHHOI)
opranusanueir 1o akkpeautanuu PAC | merpoaorum, oreuvectseHHblli mapk CU B

(Pacific Accreditation Cooperation)

v IIpeacrasutean PITI «KazCrangapr»

yyacte B pabore 12-tn
KOMUTETOB  OpTaHM3aLiyy

NPUHUMAIOT

TexHmIeckmx
COTPYAHMYECTBa rOCyAapCTBEHHBIX
Y4IPeKAESHIIT

Bocrounoin

METPOAOIMIECKUX CTpaH

LenTtpaapnon  u Esporint
KOOMET 1o caeayomuM HaIlpaBAeHUAM:
K 1.1 TK 1.3
«DaexTpudyectBO 1 MarHetusm» TK 1.4

«Pacxogomerpus» TK 1.5 «anna u yroa» TK

«O0mas  MeTpoAoTm»

1.6 «Macca n cBsI3aHHBIE C Hell BeAndnHe TK
1.8 «®usuko-xumust» TK 1.10 «Tepmomerpust
n tenaodpusnka» TK 1.11 «Bpems n yacrora»
TK 1.12 «Cranaaprtabsle oOpasusr» TK 2
«3akoHogareapHas Merpoaorus» TK 3.1 «TK
®opyma Kauecra» TK4 «VIudpopmanusa n
oOyueHme»

v Kasaxcran siBasercs moAHOIIpaBHBIM
4y21eHOM pernoHaabHoN opranmsanyuy APLAC

OCHOBHOM COCTOUT IIPENMYIIECTBEHHO U3
HelM(POBBIX  CPeACTB
oHAalH-n3MepeHnii nam nosepku Cl Oes

0e3 BO3MOXKHOCTU
OCTaHOBa ITPOM3BOACTBA
v HegocraTounass  mpo3padHOCTh B

LIEHTPOB 1o

I104T0OTOB KE/HepeHOArOTOB Ke ¥ IIOBBIIIIEHIUI

y4eOHBIX

AeATeAbHOCTU

KBaAUQpUKaIINI KaApOB B obaactu

obDecrieueHIsI €AMHCTBA W3MepeHNil, 4YTO

co3zaeT  COMHEHUsIT B  OOBEKTUMBHOCTU
KOHTpO/l}I 3HAHUI II0 OKOHYAHUM YTEeHUSI
KprOB 1 KOMIIETEHTHOCTI CIIenIMnaAalCTOB,
OKOHUYMBININX AaHHbIE KprI)I

4 Maasrit

IIPOMU3BOACTBA

o0beM
cl,
004bIION OTTOK (PMHAHCOBBIX CPeACTB U3

OTEYECTBEHHOIO
9T0  O0ycAaBAMBaET
CTpaHbl Ha 3aKyll U3MEPUTEABHBIX CPEACTB U
000pyA0BaHMS A5l Hy>KA TOCyAapCTBEHHBIX U
YACTHBIX IIPeANPUATUN U YIPEKACHUIL
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CoTpyAHNYeCTBO OpTaHOB 110 aKKpeAuTaluu
B A3naTcKko-TrxooKeaHCKOM permnoHe

v ABycroponnee cotpyanmdectso PITI
«KaszCrangapr»
CAeAyIOINMU

OCYIIIeCTBASIeTCs co
HamnnonaasHbeiMu
MeTpPOAOTIECKIMI VHCTUTYTaMU

3apyOe>KHBIX CTpaH:

- DeaepaabHbIi PpusuKo-TexHMIeCKIIT
nHctutyT l'epmanun (PTB)

- HanumonaapHBII MHCTUTYT MeTPOAOTUU
Typuuu (TUBITAK UME)

- HanumonaapHBII MHCTUTYT MeTPOAOTUU
Kwuras (HVIM Kuras)

- Mucruryr  Merpoaorumn
I'epuerosunsr (IMBIH)

- VccaeaoBaTeabckmit MIHCTUTYT CTaHAAPTOB U
Hayku IOxxnon Kopen (KRISS)

- PectybamkaHcKoe yHUTapHOe IpeAlpUsTIe

bocunu u

«beal VIM» Pecrtybanku beaapycs
- VInctutyT merpoaornn Yexnu (CMI)
- Vnctutyt merpoaornn Caosakun (SMU)

- HarjmonaapHbI METPOAOTMYECKIIA IIeHTP
rocyaapcrseHHoro Komurera no
CTaHAApPTU3aIUN, METPOAOTUN U ITaTeHTaM
AsepOaiiaxaHckoit Peciybankm u ap.

Bo3smoxHOCTIL Yrposnt
v BzanmMuoe npejcraBaeHue | v’ CAO0XHOCTD B OIIpeseAeHnN 00AacTu
HOPMAaTUBHBIX U CIIPABOYHBIX 4OKYMEHTOB II0 | TOCyAapCTBEHHOTO MeTpPOAOTIYECKOTO

MeTpOAOTUM C HaIMOHAABHBIMU
MeTPOAOTMYECKIMU UHCTUTYTaMMU
3apyOe>XHBIX CTpaH Ha COr4aCOBaHHBIX
YCAOBIIX;

v BsauMmogaerictBue ¢ HallMOHaABHBIMU
MeTPOAOTMYEeCKUMU UHCTUTYTaMU
3apyOeXHBIX  CTpaH B CO3JaHUM U
COBEepILIeHCTBOBaHNU TOCyAapCTBEHHBIX
HTa/10HOB;

v ITpoBeaeHMe COBMECTHBIX Hay4HBIX
MCCAeAOBaHUM C HaIIMIOHAABHBIMI
MeTPOAOTMYEeCKUMU UHCTUTYTaMU

3apyOeKHBIX CTpaH I10 CO3AAaHMUIO HOBBIX
DTaA0HOB, pa3pabOTKe Y BHEAPEHMIO TOYHBIX
METOAOB CAMYEHNIT DTAAOHOB;

v CoTrpyAHMIECTBO u OKasaHte
[IOMOIIM HAIIOHAABHBIX METPOAOTMIECKIX
UHCTUTYTOB  3apyOe>KHBIX

CTpaH  Hpu

IIpoBeAeHUNn KAIOYEBBIX CAMYEHUN 48

IIPOCAEKMBAEMOCTN BDTaA10HOB,

KOHTPOA B CBJ3N C HEIMOAHOTOM OTpacAaeBbIX
CymecTByeT
BEPOSITHOCTD, YTO M3MEPEHNI, HE 3aHECEHHbIE

repeyHein U3MepeHNit,
B IlepedeHb M3MepeHMI, MOTYT HaXOAUTLCS B
OTpacAeBbIX HOPMAaTHUBHO-IIPABOBBIX —aKTax
(HITA)

v ITpaBuTeancTBoO B Anrie
ynoanoMmodenHoro oprana KTPM ne moxer B
IIOAHOV Mepe o0ecreduTh IPO3PadyHOCThb
YacCTHBIX

AesITeAbHOCTU opraHusanuii,

OKa3bIBalOIINX METPOAOTMMIECKNE YCAYTU.
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v OOMeH OIBITOM C HalMOHAALHBIMU
METPOAOTNIECKIMU VMHCTUTYTaMU
3apy0eXXHBIX CTpaH IO IIOATOTOBKE U
TIOBBIIIEHNIO KBaApUKALINN CIIELIAAVCTOB B
001aCcTyl MEeTPOAOTHUH;

v Craxknposka " oOyuenne | v’ DopmaabHbIIL Xapaxrep
cnenaancros 'HMII paGote ¢ TaaoHaMI B | OT€4eCTBEHHOTO  BBICIIIETO  OOpa3oBaHNA
HaIlMOHAAbHBIX MEeTPOAOTMYECKMX | MeTPOAOIUM, HelOoCTaTOuHasl KBaAu(puKarms
MHCTUTYTaX 3apyOe>KHBIX CTpaH BBIITYCKHVKOB BY30B, UTO HETaTMBHO CKa>KeTCs
v baarogapst waencrsy HITA B ILAC, | Ha KOHKYpPEHTOCIIOCOOHOCTM OTeueCTBeHHOI
AabopaTopun AN OpTaHbI 10 | MEeTPOAOTMYECKON MHPPACTPYKTYPhI

ceprudukanny, noamnucas gorosop ¢ HIIA, | v HeBo3MOXXHOCTB paccMoOTpeHns

1I0Ay4alOT ~ HIpaBO Ha  NCIIOABb30BaHMe | OOIIEero  COCTOAHMS M MacIITaOHOCTHU
/laboparopHoro cosMeleHHoro 3Haka ILAC | MeTpoaormueckoin MHQPPacTPyKTypbl co

MRA Ha HpOTOKOAaxX MCIBITAaHUII U | BCeMU II0Ab30BaTEASIMU u obbpeMa
KaAnOpOBKI oreyectBeHHoro mapka Cll, caeagosareanHO,
v Yzaencrso B BIPM jaeT HageXXHyIO | HECIIOCOOHOCTh — ITPOTHO3MPOBaHUA — HYXKJ,
KOAMYECTBEHHYIO nHpOpManuIo o | oreyectsenHoro napka CVl aas aaapHeriero
CPaBHUMOCTHU HaIIMOHA/ABHBIX | Pa3BUTHSA

METPOAOTMYECKUX ycaAyr u obecreunsaer | v/ 3aBUCUMOCTh rocyAapcrsa oT

TEeXHNYECKYIO OCHOBY A4 Doaee IIINPOKMX | PIHOYHBIX OTHOIIEeHUI u HeH Ha
COFAaH_IeHI/Iﬁ, 3aKAIO4YEeHHBIX B obaacTu BBIITYCKaeMbI€ 3a TpaHI/IL[ef/] CM, TeM CaMbIM
Me)KAYHapO,Zl,HOIZ TOpProsay, KOMMepLUM U | HE MICKAIOYAETCsI I BO3SMOKHOCTD ITPUBA3KU K

3aKOHOTB opquKoﬂ AesATeAbHOCTI VMHOCTPaHHBIM ycayrogareAasam Ha
ocymecTBAaeHne TEeXHINMYeCKOIOo n
METPOAOTMIECKOIO O6C/ly>KI/IBaHI/I}I

MBMEPUTEAbHOTO O60pyAOBaHI/I}I " cucremM

Pecnnybauka Kasaxcran siBasgercst yaeHOM EBpasmiickoro ®KOHOMIYECKOIO COI03a HapsAgy C
Poccmiickoit ®Peaepanmerr, Pecriyoamkoir beaapycs, Keipreisckoit Pecriybamkonn mn  Pecrybamkoit
Apmenns. B pamkax EADC Hammm cTpaHsl cTpeMsATCs K TAyOOKOM MHTerpaIiuy B TOM 4icle U B 004acTu
oOecriedeHsI eAMHCTBA M3MepeHuil. B 9Toil CBA3M HMIKe IpuBeJeH KpaTKMUII CpaBHUTEABHBIN 0030pD
yaeHos EADC. Taxoxe crout yuects, 9to Keipreisckas Pecriybanka n Pecriy0anka ApmeHns B HacTosIIIee
Bpems He aBasiorca noanmcantamyu CIPM MRA man acconmmposanHbIMM 4aeHaMu ['eHepaabHOM
KOMIMCCHMI IIO MepaM M BecaM, a TakKe He MMeIOT IpaBa ucrnoab3oBaHusa aororuna CIPM MRA.
CpaBHNTeABHBIN aHAAM3 110 HEKOTOPBIM MO3UIIMAM MeTPOAOTMYeCKOl MHPPaCTPYKTYphI IIpeAcTaBAeH
Ha pUCyHKax 2-8.
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Pucynoxk 2. AKKpeAanTOBaHHBIE VICTIBITaTe AbHBIEC IIEHTPHI

354 320

Pecnybauka Poccuiickas Pecny6auka
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Pecny6anka Poccuiickas Pecny6aunka
KasaxcraH depepaymn Benapycb

Pucynok 4. AKKpeAnTOBaHHBIe KaaMOpOBOYHbBIE 1a00paTOpUn

25

Pecny6auka Poccuickas Pecny6auka Kuprusckas
KasaxcraH depepaumsa benapycb Pecnybnuka

Pucynoxk 5. 'ocyaapcTrBeHHbIe IepBUYHbBIE 9TaA0HbDI
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Pucynox 8. KaanGposodHble 1 M3MepuUTeAbHbIe BO3MOKHOCTI

Coraacno gannbsM Ppanirysckoro komutera 110 akkpeauTanyuy COFRAC no cocrosanmio Ha 2021

roa Bo ®panHnunm akkpeautosaHo 393 KaanOpPOBOYHBIX Aa0OpaTOPMIL:

1.

S e S e Y S G Y
Sk W= o

0 P NN

aKce/epoMeTp, CKOPOCTb I IlepeMelieHne — 5;

aKyCTHKa U yAbTPa3ByK — 4;

pasmep — 48;

9AeKTPUYECTBO ITOCTOSIHHOTO TOKa U HU3KOM 4acTOTHI — 32;
pacxog xuakoctu — 30;

cuaa 1 KpyTAImii MOMeHT — 19;

BBICOKOYACTOTHOe AeKTpuyectso — 10;

rurpomerpus — 13;

MOHM3UpYIoIue usaydenus — 11;

Mar"HeTnsMm — 1;

Macca 1 oobeM — 54;

OITUKA — §;

AaBAeHUe U BaKyyM —43;

CTaHAapTHBIe 0Opa3usl — 16;

TemIeparypa — 69;

Bpems 1 yacrora — 30.

Coraacno gaHHbpIM cay>kObl akkpeanTanuy Beankodpurannu UKAS no cocrosanmio Ha 2021 rog,

B Beankobpuranum akkpeAnToBaHo 689 KaAnOpOBOYHBIX Aa00OpaTOPMIL:

1. akceaepomerpus —9;
2. akycruka - 10;
3. xmmwus—21;
4., TIAOTHOCTH — §;
5.  pasmep - 88;
6. »aexkrpoobopyaosaHue — 128;
7. BOAOKOHHAs OIITMKA — 2;
8. pacxogomeps! — 32;
9. cnmaa-29;

10.  TBepaocts —12;

11. BaaxxHOCTB — 35;

12. macca - 50;
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13. omrTuka-13;

14. aaBaenue —78;

15. paamoaormu: - 10;

16. Temmeparypa -117;

17. MaImmHbI A4S UCOBITAHNUS TEKCTUAS — 3;
18.  kpyTsmuii MomMeHT — 28;

19.  yabrpassyk - 10;

20.  BSI3KOCTb — 2;

21. obwvem —4.

IIponieaypa mosepkm Kak BO PpaHIly3cKOil, TaK U B MeTPOAOTMYECKON MHPPacTpyKType
BeaukoOpuranum orcyrcrByeT. PaccmaTpuBas OT4eTHble JaHHBIE OpPraHOB IO aKKpeAUTaluu U
HaIlMIOHA/AbHBIX METPOAOIMYECKMX MHCTUTYTOB BhIIIIEIIepeUMCAEHHBIX CTPaH, MOXHO yOeAUThCs, 9TO B
Pa3BUTBIX CTpaHaX MOHMTOPMHI BeJeTCs CUCTeMaTudecku Ha 0oJee JeTaAbHOM YpPOBHE M B KaXKAOM
oIpejeAeHHO cpepe DKOHOMIIECKOI AeATeABHOCTH. TaKoBOiI CCTeMHBINT MOHIUTOPVIHT BO3MOXKEH IPI
OpTaHM3alMI YeTKO BBICTPOEHHO 5(PPeKTUBHOI METPOAOTMIECKON MHPPaCTPYKType.

OOGcyxaeHne

K coxasennio, aHaa0rMYHBIX 1CCA€A0BaHUI MEeTPOAOTMYecKol MHppacTpyKTyphbl PecrryOankm
Kaszaxcran He mpoBogauaoce. B cBsi3um ¢ yem OblaM M3ydeHBI COBpeMeHHBIe ITPOOAeMBl POCCHUIICKON
MeTpoaorun [9].

YunrteiBas, 4TO HaIlM TOCyAapcTBa SBASIOTCA OAUBKUMU COCeAs MM C OOIeil McTopuen
sapoxaenns Merpoaorun B Coserckom Coiose, aHaaM3 HOpoOAeMaTUKM MeTpPOAOTMYeCcKOl
nn@pacrpykrypsl Poccuiickoit Peaepariun sBAaseTcsl BecbMa aKTyaAbHBIM.

Astop Aradonos O.B. B csoei1 paboTe BblgeasieT caeAyIoIiie OCHOBHbIE IIPO0AeMBbl POCCUIICKON
MeTpOAOTUM:

— yCTapeBaHIe DTaA0HHOJ, HOPMaTUBHO-ITIPaBOBOI ¥ HOPMaTUBHO-TEXHIYECKOI Oas;

— Hepa3BUTOCTh CUCTeMbl MOHMTOPMHIA U aHaAmu3a CTPYKTYphl U oObema IlapKa CpeACTB
M3MepeHNil, DKCIIAyaTUPyeMBIX B CTpaHe;

— OTCYTCTBI€ MeXaHI3Ma IIPOTHO3MPOBaHMs ITIOTpeOHOCTell O0IIecTBa B M3MePeHMsX;

— HeONTUMAaAbHOCThL Pa3BUTUsA OPraHM3AlMOHHONM CTPYKTYphl yIIpaBA€HUs CUCTeMOI1
oOecrieueHNsl eAMHCTBa M3MepeHMI;

— He0CTaTOK KBaAM(pUIIMPOBaHHBIX KaApOB;

- CHVDKeHIe ¢ PpexTuBHOCTI roCyAapCTBeHHOTO MeTpPOAOTNYECKOTO
Haaszopa [9].

Cpasams  pesyasratsl SWOT-anaamsa MeTpoaormueckoit wuHPpacTpykrypsl PecrryOankm
Kasaxcran ¢ nmpo6aemamn, onmcaHHeIMI B paboTte AradpoHosa O.B. MOKHO OTMETHTE, ITO ITPOO.AEMBI C
MOHUTOPMHIOM ¥ aHaAM30M CTPYKTypBl M OObeMa MapKa CpeACTB M3MepeHuil U BhITeKaloIlei
1po0AeMoll C IPOTHO3MPOBAHMEM IIOTPeOHOCTel TIoCyAapcTBa, HeJ0CTaTOYHasl KOMIIETEHTHOCTD
MOJAOABIX CHeINaAMCTOB-MeTPOAOIOB, a TakXXe HusKas 9PQPeKTUMBHOCTh I'OCYyAapPCTBEHHOTO KOHTPOAS
SBASIOTCST OOIINMMU 4451 OOOMX TOCYAapCTB.

B TO xe BpeM:a mMmeIOTCA M mO3NUIMM, IO KOTOphiM Pecmybamka Kaszaxcran mpesocxogut
Poccuiickyio ®egepanmio, K HpuMmepy, TOCYAapCTBOM BhbljeaseTcsl OIOAXKeT Ha MOJAepPHU3AINIO
®TaAOHHON 0Oa3bl B paMKaxX HaIMOHAABHOTO IIPOEKTa «YCTOMYMBBEI HKOHOMUYECKUI POCT,
HalpaBJAeHHBII Ha IIOBBIIIIeHNMe O4arococTOsIHMS KasaxcTaHies» [10], B koTopom IpeAyCMOTPEHO
MeponpusTHe 10 0OecIIeyeHNIO MeKAYHapOAHOIO IIPU3HAHNS M3MePUTeAbHBIX BO3MOXKHOCTEN CTPaHBI,
IpeAycMaTpuBalolliee HayJHbIe MICCAeAOBaHIs, MOAEPHM3AIINIO M/UAU JOOCHaIIleHNe, CO3JaHye HOBBIX
DTaA0HOB 4451 AaAbHENIIero UX INPUMeHeHNs B IPOU3BOACTBeHHBIX OTpacAsX.
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Taxoxke cTOUTH 3aMeTUTh, YTO IIOA3aKOHHBIE HOPMAaTMBHO-IIPABOBBIE aKThl IEPUOANYECKN
COBEepIIIeHCTBYeTC:, 40Ka3aTeAbCTBOM CAY>KUT P:J IIPUKa3oB, IPUHATHIX B 2018 rogy:

- IIpukas Munncrpa 1o nasectuniusam u passutuio Peciydankn Kasaxcran ot 27 aexkadps 2018
roga Ne936 «OO0 yTeep:KaeHUM mHpaBua (POPMUPOBAHNS IIepedHell U3MepeHUI U MeTPOAOTMIeCcKIX
TpeOOoBaHMIl K HM, OTHOCSIIIUXCS K TOCYAaPCTBEHHOMY PeryArpOBaHIIO»;

- IIpukas Munucrpa 1o nasectuniusam u passutuio Peciydankn Kasaxcran ot 27 aexkadps 2018
roga No 935 «O0 yrBepxaenymm Ilpasma mpoBegeHms aTTecTalny, IlepeaTTecTallil ¥ OT3bIBa
cepTUKaTOB ITOBEpUTeAell CPeACTB 3MePeHNT, a TakXKe KBaapUKaIOHHBIX TPeOOBaHNIT K HIM»;

- IIpukas Munucrpa 1o nasectuniusam u passutuio Peciydankn Kasaxcran ot 27 aexkadps 2018
roga Ne934 «O6 yrsepkaenun IlpaBna mpoBeaeHMs! IOBEPKU CPeACTB M3MepPeHMIl, YCTaHOBAEHUs
IIeprOANIHOCTY ITOBEPKU CPeACTB U3MepeHuit 1 GpopMbl cepTuduKarta O IHoBepKe CpeACTB U3MepPeHUIT»;

- IIpukas Munucrpa 1o nasectuniusam u passutuio Peciydankn Kasaxcran ot 27 aexkadps 2018
roga Ne 933 «O0 yTsep>kAeHnN IIpaBuA yTBep>KAeHIs TUIIa M PerucTpaliy B peecTpe rocyapCTBeHHOM
cHCcTeMBbI oOecITeueHNs e AMHCTBA U3MepPeHnI CTaHAapPTHOTO 0OpasIia M OKa3aHMsI TOCYAapCTBeHHBIX yCAYT
«Jomyck K TIpUMeHeHMIO CTaHJapTHOro oOpaslia 3apyOeXKHOTO BBIIIyCKa», «YTBep>KAeHue
roCyAapCTBeHHOTO CTaHAapTHOIO 0Opasia»;

- I[Ipuxas Munucrpa 1o unsecturiusaM u passutuio Pecriyoankn Kasaxcran or 27 gexabpst 2018
roga Ne 932 «O0 yrsepxaennn Ilpasna paspaboTKy, MeTPOAOTMYECKON aTTeCTalluy, YTBep>KACHUS U
perucTpanuum B peecTpe IOCyAapCTBEHHON CUCTeMBl OOeclledeHMs] eAMHCTBa M3MEepeHUil MeTOAMK
BBIITOAHEHNs U3MepeHMiI 1 pedepeHTHBIX MeTOAUK BBIIIOAHEHMS W3MEpPeHMII M OKa3aHUs
rocyaapcrBeHHol ycaymu «Perncrpanms s peectpe I'ocyapcrBeHHOI cuicteMbl n3Mepennii PecrryOankm
Kazaxcran MeToAMKM BBIIIOAHEHUS U3MepeHuil, pa3paOOTaHHON U aTTeCTOBaHHOM B CTpaHax
Coapyxecrsa Heszasucumpix I'ocysapcrs»;

- IIpukas Munucrpa 1o nasectuniuam u passutuio Peciydankn Kasaxcran or 27 aexkadps 2018
roga Ne 931 «O6 yrsepxaennn [IpaBna yrsep>kAeHns TUIIa, UCIILITAHUI A5 11eAeil yTBep>KAeHIs TUIIa,
MeTpOAOIMYeCcKOil aTTecTalluil CPeACTB M3MepeHUil M OKa3aHWUs TOCyAapCTBeHHBIX ycaAyT «Bplgaua
ceprudukaTa 00 yTBep>KAEHUM TUIIa CPeACTB U3MepeHni» 1 «Brlgada cepTidurkara 0 METPOAOTMIECKON
aTTecTallM CpeACTB U3MepeHuit», GOpMBbI cepTuduKaTa 00 yTBepP>KAHUN TUIIa CPeACTB M3MepPeHNI»;

- IIpukas Munncrpa no nusectuniuam u passutuio Peciybankn Kasaxcran ot 27 gekadbps 2018
roga Ne929 «O0 yrBepxkaenun Ilpasnua mpoBegeHNUs MeTPOAOIMYECKON DKCIIEPTU3BI HOPMAaTMBHBIX
IIPABOBBIX aKTOB, TEXHMYECKUX peradaMeHTOB, a TaKXKe MeXXIOCyJapCTBeHHBIX I HaIlMOHaAbHBIX
CTaHAApPTOB B 00acTy OOecIieueHN sl eAVHCTBa M3MepeHMIT»;

- IIpukas Munucrpa 1o nusecturiusam u passutuio Pecriyoankn Kasaxcran ot 26 aekadOps 2018
roga Ne923 «O0 yrepkaeHun IlpaBma BegeHus peecTpa rocyAapCTBEeHHON CHCTeMBI oOecredeHus
€AMHCTBA U3MEePEeHNI».

YunTeiBast BRIIIEN3A0KEHHOE, MOXKHO 3aKAIOUUTh, YTO HECMOTPsI Ha Psi4, CXOXMX ¢ Poccniickoii
Degepariueit 1podaeM B METPOAOIMYECKOil MHPPACTPYKType, B Ka3aXCTaHCKON CcucTeMe IIPUCYTCTBYIOT
U ®AeMeHTHl C IIOAO0XKUTEeAbHON AMHAMMKOI, 4TO, Oe3yCAOBHO, 3aKAaAbIBae€T OCHOBBI AAs Pa3BUTIS
oTpacan.

BuiBoaBI

IToapiTOXMBAsL ~ pe3yAbTaThl aHaAM3a MeTpoAorndeckor wHpacTpykrypsl PecryOamkm
Kaszaxcran, HecMOTpsI Ha psi4 MOAOXUTEABHBIX CTOPOH, CAeAyeT OTMETUThL OTCYTCTBHME CTPaTeTM4ecKoro
MAaHUPOBAHUS B 40ATOCPOYHON IepcreKkTuse. MeTposormyeckas crucreMa yCHeIIHO HaIlpaBAeHa Ha
rogep>kanue ceds B paboyeM COCTOSHMUM M Ha OTHOCUTEABHO HeDOABIINE yAYYIIeHUS B eXKerogHoN
oryetHocTH. OAHAKO CUCTeMa AOAKHa OBITh OpPMEHTMpPOBaHa He TOABKO Ha caMoO IOAJep KaHue, HO U
YUUTBIBaTh HOTPEOHOCTY IPOMBIIILA€HHON MHAYCTPVM ¥ MHBIX cpep DKOHOMIIECKOI1 gesaTeapHocTu. He
VIMeeTCs YeTKOM MPUBA3KM MHPPACTPYKTYPHI IO aATOPUTMY «M3MepuTeAbHas BO3MOXKHOCTD — DTaA0H —
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BUA M3MEepPeHNII — 001acTh IpUMeHeHNs — cdepa AeATeAbHOCTH — ITIOTPeOHOCTh SKOHOMUKII».

B TexymieM moaoXXeHMM Bellell OCTPO BO3HMKaeT HEOOXOAMMOCTh BHeJApeHMs IIpMHIINIIA
«00paTHOIT ~ IPOCAEXMBAEMOCTM»  IPM  IIOCTPOEHMM  OTE€UYeCTBEHHON  MeTPOAOTMYeCKOil
nHQpacTpyKTypHl. ITpoie ropopsi, CTpOUTh IPOCAEKMBAEMOCTh He C I1eAbI0 (POPMaAbHOTO AOBEeAEHII
MeXAYHapOAHON eAVHMIIBI BeANYMHBI A0 HTAAOHOB PeCcIyO0AMKu Aas (POPMUPOBAHMA CBOETO Poda
«METPOAOTIYECKOTO aBTOPUTETa», a 3aBMCMMOCTL BBIXOJa Ha YPOBEHb MeXAYHApOAHOTO ITPU3HAHILA
pe3yAbTaToOB M3MepeHNnil OT IIOsABA€HNUs TaKOBOM HEOOXOAVMMOCTM B COOTBETCTBYIOIIEN OTpacAm
HDKOHOMMKI.

B To ke Bpems BHe 3aBUCMMOCTM OT YPOBHs HallMIOHA/AbHOJ 9TaAO0HHON 0asbl, B CAydyae ecAu
eAVHMIIA M3MEpeHMsl TepsieTcs B Ipollecce Iepejadyy IIyTeM IIOBepKM U KaAMOpPOBKM CyObeKraMu
aKKpeAUTalny, DYKOHOMMIYeCKMI dP@PeKT MeTpOAOTMIecKoil MHPPaCTPyKTyphl YMEHBIIaeTCsl B Pasbl.
AAas pereHNst 4aHHON HIPOOJeMBbI IpeaJaraeTcs BBIBECTU MeTpOAOoIrMdecKue ycayrum Ha Iugposoe
IIPOCTPAHCTBO I10 TeHAEPHOMY TUILy C IIMQPOBKON CBeJeHuil 3akazumka M Aaboparopuu. JaHHoe
BBeJeHI1e II0CIIOCOOCTBYeT CO0AI0AeHMIO ITpuHINIa OecripucrpactHoctu coraacio I'OCT ISO 17025 [11].

B measx wumIioprosamelneHus CpeAcTB M3MEPEeHMI POCCHUIICKOTO ITPOM3BOACTBA HU3KOTO
TeXHO/AOTMYeCKOTO YpOBHA IIpejJaraeTcsl OpraHM3alys HaydyHOIO I DKCIIEPTHOTO COIPOBOXKAEHUs
OTeUeCTBeHHBIX M3rOTOBUTeAel TIOCYyAapCTBEHHBIM Hay4HBIM MEeTPOAOTMYECKMM IIEHTPOM C
00513aTeAbCTBOM ~ €XKeTOAHOTO YAYYIIIeHUs TeXHMYeCKMX U MeTPOAOTMYECKMX XapaKTepUCTUK.
[TapasaeapHOe BHeceHMe M3MEHEHMII B 3aKOHOAATeABCTBO O TOCYAApPCTBEHHBIX 3aKyIIKax B 4acTu
TpeOOBaHMII 110 YCTaHOBAEHMIO XapaKTepUCTUK He HIKe YPOBHs CpeACTB M3MepeHNil OTe4eCTBeHHOTO
IIPOM3BOACTBA, YTO IIOAOXKUTEABHO CKakKeTCsl Ha o0CAa0AeHMM MeTPOAOTMYEeCKON 3aBUCHMOCTU
pecryOAMKIL.

Taxxe 445 COBEpPIIIEHCTBOBAHNUsA CUCTEMbI ITOBBIINIEHUs KbaaAupUKauu KalpoB B 004acTu
oOecItedeHNsI e AMHCTBa M3MepPeHNI1 peKOMeHAyeTcsl 00s13aTeAbHOe yJacTye yIIOAHOMOYEHHOTO OpTaHa 1
roCyapCTBeHHOI'O HayYHOI'O MEeTPOAOIMYECKOTO IIeHTpa B aKKpeAUTaIluM BBICIINX YIeOHBIX 3aBe]eHNi
1o crrerimaasHoCcTy «CTaHAapTHU3aIns, cepTUUKaINsA 1 METPOAOTHs» C ITOCAeAYIONINM COT1acoBaHIeM
y4eOHO-MEeTOAMYECKIX ITPOrPaMM.

BrlmmeriepeurnicaeHHbINT  KOMIIAEKC Mep AacT cuHepretmdeckuit  ®p¢deKkT B  pasBUTUN
MeTpoaorndeckon nagpacTpykrypsr Pecrrybankn Kasaxcran.
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KaSaKCTaH PeCHy6AI/IKaChIHbIH MEeTPOAOIUSIABIK I/IH(l)paK¥prAbIMbIH Taaaay

Angaarna. bya MakasaHbIH MaHBI3ABIABIFRL, OKiHiIIKe opali, Kazakcransa MeTpoaorusara, OHBIH
MaHBI3ABLABIFBIHA, POAiIHE JXoHe DKOHOMUKAHBIH 9pTYPAi cadaldapblHAAFbl CMHEPIeTUKAABIK, HTIDKeAep
TUICTI KeHia OeaiHOenTiHAiriHAe. MakadaHblH o4icHaMachl MeTPOAOIMAABIK MHQPaKYpPLLABIM
YFBIMBIHBIH MOHiH, KYPBIABIMHBIH MiHAeTTepi MeH Kypamaac 0eaiKTepiH, XaablKapaAblK ToxXipude MeH
XaapIKapaablK 3aHHaMaAblK, MeTPOAOTMS YUBIMBL AeHreliHAe KOAAAHBIAATBIH TePMIMHOAOTVSHBI
sepaeaey 00ABIII TabbLAaABI. Hortuxeci Kazakcran Pecriy6GAmKachIHBIH MeTPOAOIVASA
nH$pakypsLaIMbIHBIH SWOT-Taasays! 604b11 TabblaaAbl, OHAA KYIIITi JKoHe 9ACi3 XKaKTaphbl, COHAali-aK,
oJapaaH TyBIHAAWUTBIH MYMKIHAIKTep MeH KayillTep aHBIK KepceriareH. bya >xympic Kasakcran
PecriyOaAMKachIHBIH MeTPOAOIMSABIK calachlH Taaday cadacblHAa aAfalllKblAapAblH Oipi  060AbII
TaOBLAQTBIHBIH eCcKepe OTBIPBI, EypasusaablK 9SKOHOMUKAaABIK OJakK IleHOepiHAe aKKpeAUTTeAreH
CaABICTBIPBIIl TEKCEPY 3epTXaHalapbIHbIH, aKKpeJUTTeATeH ChIHAaK, OpPTaAbIKTapbIHBIH, aKKpejUTTeAreH
KaanOpaey 3epTXaHaJapbIHBIH KOpCeTKiIlTepi OOVbIHINA eAAiK 104y >Kyprisiaai. CoHsIMeH Katap,
@pannys >koHe YABIOpUTaHMUS CUAKTBI METPOAOIVAABIK dAeMJeri AaMbIFaH eAAepAaiH CTaTUCTHMKachl
keaTtipiareH. Taaaay HoTIKeaepi OOVibIHIIIA KOPBITHIHABIAA 9A€MAIK METPOAOTUAABIK apeHala >KOFaphl
DacekeaecTik >KaFjaliblHAa TepeH >KeTiaAipy MakcaTblHAa pPeciyOAMKaHBIH —MeTPOAOTUABIK
MHPPaKYpHLABIMBIH TpaHcdopMaluslay MHpoleciH ©Oacray KakeT OipiHIII Ke3eKTeri YCBIHBIM
YCBIHBIAABIL.

KiaT ce3aep: merpoaorus, MHPPaKyphIAbIM, TaaAay, METPOAOTUAABIK MHPPaKYPBLABIM, IIIOAY.

B.U. Baihozhaeva, M.D. Faleyev
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Analysis of the metrological infrastructure of the Republic of Kazakhstan

Abstract. The significance of the article lies in the fact that Kazakhstan does not pay attention to
metrology, and its role in various fields of the economy. The methodology of the article is the study of the
concept of metrological infrastructure, tasks, and components of the structure, international experience,
and terminology used at the international level. The result is a SWOT analysis of the metrology
infrastructure of the Republic of Kazakhstan, which clearly presents the strengths and weaknesses, as
well as the opportunities and threats arising from them. Considering that this work is one of the first in
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Amnarus memporozuuecxott urdpacmpyxmypor Pecnyoruxu Kasaxcman

the field of metrological analytics of the Republic of Kazakhstan, a country review was conducted as a
discussion within the framework of the Eurasian Economic Union on the indicators of accredited
verification laboratories, accredited testing centers, accredited calibration laboratories. In addition, the
article presents statistics of developed countries in the metrological world, such as France and the United
Kingdom. In conclusion, based on the results of the analysis, a recommendation is presented with which
it is necessary to begin the process of transformation of the metrological infrastructure of the republic
with a view to deep improvement in conditions of high competition in the world.
Keywords: metrology, infrastructure, analysis, metrological infrastructure, overview.

References

1. The Law of the Republic of Kazakhstan N 53-II "On ensuring the uniformity of measurements".
—2000. - 25 p.

2.0IML D1:2012 «Considerations for a Law on Metrology», - 2012. 54 p.

3. Malahova YU. G., ZHirnova E. A. Sibirskij gosudarstvennyj universitet nauki i tekhnologij
imeni akademika M.F. Reshetneva [Siberian State University of Science and Technology named after
Academician M.F. Reshetnev.]. — Metrologicheskoe obespechenie tekhnologicheskih processov i
proizvodstv [Metrological support of technological processes and productions]. - 2017. — P.113.

4. Abanin V.A., Abanina E.A., Horohordin A.YU., Loktev M.YU. O povyshenii roli metrologii i
izmeritel' no-informacionnyh tekhnologij v smk promyshlennyh predpriyatij [On increasing the role of
metrology and measurement and information technologies in the QMS of industrial enterprises],
Upravlenie kachestvom obrazovaniya, produkcii i okruzhayushchej sredy: materialy 9-j vserossijskoj
nauchno-prakticheskoj konferencii. Pod redakciej A.G. Ovcharenko [Quality management of education,
products and the environment: materials of the 9th All-Russian scientific and Practical Conference. Edited
by A. G. Ovcharenko]. Biysk, Russia, 2015. P. 65-67.

5. International Organization of Legal Metrology. - International Dictionary of Legal Metrology
Terms (VIML) - 2013. - P. 57.

6. Girija Moona, Mukesh Jewariya, Rina Sharma. Relevance of Dimensional Metrology in
Manufacturing Industries // MAPAN - 2019 - Ne 34 - P. 97-104.

7. A.P. Chirkov. Assessment of the Impact of Metrology on the Economy: New Methodology //
Measurement Techniques — 2020 - N263 — P. 660-666.

8. Bruno Amado Rodrigues Filho, Rafael Feldmann Farias, William Escaletti dos Anjos. Evaluating
the Performance of Laboratories Testing Sphygmomanometers in Legal Metrology due to Proficiency
Testing // MAPAN —2020. - Ne 35 - P. 447-456.

9. Agafonov O.V. Sovremennye problemy rossijskoj metrologii [Modern problems of Russian
metrology] // Mezhdunarodnyj simpozium «Nadezhnost' i kachestvo» [International Symposium
"Reliability and Quality"] — Penza, Russia, 2012. - P. 54-55.

10. Resolution of the Government of the Republic of Kazakhstan dated October 12, 2021 No. 730
"On approval of the national project "Sustainable economic Growth aimed at improving the welfare of
Kazakhstanis".

11. GOST ISO/IEC 17025-2019 "General requirements for the competence of testing and calibration
laboratories". —2019. 32 p.

Ceedenus 06 asmopax:

baiixoxaesa b.Y. — AOKTOp TexHM4ecKux Hayk, ITpodeccop Kadedpnl CTaHAApTU3ALUN
ceprudukanum u merpoaoruy, Eppasuiickuit HarmoHaapHbI yHuBepcuteT uM. A.H. Tymnaesa, ya.
Kaxxpimykana, 13, Acrana, Kazaxcran.

@®arees M./. - maructpanT Kadeapsl CTaHAAPTM3alMM CepTUPUKAIUU U METPOAOTUN,

60 Ne 3(140)/2022 A.H. Tymunres amuintdazor EYY Xadapuvicor. Texnuxarvis 2biAblm0ap xate mexHoAOUSAAP Cepusichl
ISSN: 2616-7263, eISSN: 2663-1261



b.Y. baiixoxaesa, M.4. @axrees

EBpasuiickuii HallMoHaAbHBIN yHUBepcuTeT, yA. KaxxbiMykaHna, 13, Acrana, Kazaxcras.

Baiixoxaesa B.Y. — Doctor of Technical Sciences, Professor of the Department of Standardization,
Certification and Metrology, L.N. Gumilyov Eurasian National University, 13 Kazhymukan str., Astana,
Kazakhstan.

Faleyev M.D. - Master's student of the Department of Standardization Certification and
Metrology, L.N. Gumilyov Eurasian National University, 13 Kazhymukan str., Astana, Kazakhstan.

BECTHVK EHY umenu A.H. lymunresa. Cepus mextiuneckue HAYKU 1 mexHOAOLUY Ne 3(140)/2022 61
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



MPHTWN 73.29.17

C.E. bexxxanosa', A K. Ypcaposa!, A.K. Ad:xant6aposa? A.C. danbsiposa’

TAxademus rozucmuxu u mpancnopma, Aamamol, Kasaxcman

2Axademus I'paxodarickoii Asuayuu, Axmamet, Kasaxcmarn

3Eepasutickuil nayuonaronvti ynusepcumem um. /A.H. I'ymuresa, Acmana, Kasaxcman

(E-mail: s.bekzhanova@inbox.ru, ainur_ks@mail.ru, Ainur.abzhapbarova@mail.ru, d__b@bk.ru)

TeHaeHIIM yIpaBaeHMsI IIPON3BOACTBEHHON 0€30acHOCTBIO Ha

)Xeae3HbIx goporax PK

Annoranms. CospeMeHHBle YCAOBUS 9DKOHOMUYECKON AeATeAbHOCTM IIOCTOSTHHO
TPeOYIOT COBEpPIIIEHCTBOBaHMS TPAHCIIOPTHBIX TEXHOAOIMIA AAs YBeAUYEHN: KadecTBa I
YCKOpeHMs1 AOCTaBKM TIPY30B >KeAe3HOAOPOKHBIM TpaHcIopToM. JI3BecTHO, 4TO
>KeAe3HOAOPOKHBIM KOMIIAHVIM HEOOXOAUMO ITOCTOSIHHO aHaAM3MpPOBaTh IIOKa3aTeAN
KOHKYPEHTOCIIOCOOHOCTM CBOMX VCAYT ¥ BbIpabaThIBaThb MepPHl IO €€ IIOBHIIIEHUIO.
CoBpeMeHHas KyAbTypa 0e30I1acCHOCTH UTpaeT OCHOBHYIO POAb B M3MEHEHNM CO3HaH K
rmoAxoJaM 1o GezaBapuiiHO paboTe. B TOI CBA3M HEOOXOAUMMO CO3J4aTh U Pa3BUBATh
MIpaBUABHYIO aTMOC]epy, TAe OCHOBHOM aKIIeHT OKOHYaTeABHO MepenAéT C IOoA03PeHNs
U HaKa3aHMs BUHOBHBIX Ha aHaAM3 M yCTpaHeHMe IIPUYMH AOITyCKaeMBbIX HapyLIeHUI 1
Jake TIpeAIIOCHIAOK K HMM. B gaHHOI craTtbe paccMOTpeHBI IdaBHBIE aKTyadbHbIe
NpobAeMBbl YXYALIEeHUsS COCTOSHMSI Oe30IacHOCTM ABIVKEHMsI Ha MarucTpaabHON
JKeAe3HOAOPOXKHOoM ceTu. ITpejaoskeHo pelleHne B BUAe CUCTEMHBIX MepPOIPUSTIIL,
HallpaBA€HHBIX Ha IpeAylpeXXAeHNe BO3HMKHOBEHMS CUTyalUli UM IIPUYNH, KOTOpBIE
MOIYT BBI3BaTh TPaHCHOPTHBIE IIPOVCIIECTBMS, CBA3aHHBIE C HapyILIeHMeM IIpaBuA
0e30macHOCTM  ABVDKEHMSI 1 9KCIAyaTalluM — >KeAe3HOAOPOKHOIO — TpaHCIOpTa.
Ilpeaaoxennas cuctemMa oOecreduT KyAbTypy ©Oe30IacHOCTM Ha BCeX YPOBHAX
yOopaBAeHMs KaK JeVICTBEHHBINI UMHCTPYMEHT TIOBBIINIeHMs 9D(PPeKTUBHOCTU B
OrpaHMYEHHBIX YCAOBMSAX MaTepHuaAbHBIX PECypPCOB.

KaiogeBble caoBa: TpaHCIIOPT, >KeA€3HOAOPOKHBI  TPaHCIOPT, yIIpaBAeHMe
ABIKeHIeM, 0e3011aCHOCTL Ha TPaHCIIOPTe, TPaHCIIOPTHOe IIpeApusiTye

DOI: doi.org/10.32523/2616-7263-2022-140-3-62-69

BBeaenne

laaBnonm 3agavert >KeAe€3HOAOPOJKHOIO TPaHCHOPTa Ha CETOAHSIIHUIL A€Hb  SBASETCS

oOecrtedeHne 6e€301TaCHOCTI ABVIKEHII:, BBIIIOAHEHIe KOTOpoil OyAeT 9 PeKTUBHBIM PV IPUMEHeHNI

CHICTEMHOTIO I104X0Ja. Kaxk 3BECTHO, CUCTEMHbBbIE MEpPOIIPMIITIUS HallpaBA€HBI Ha IIPEAYIIPpEeXAEHIe

BO3HIMKHOBEHIIST CI/ITyaI_II/IﬁI 1 IIpMYNMH, KOTOPbBIE Yallle BCETO BbI3bIBAIOT TPAaHCIIOPTHBIE ITPOMCIIECTBILI,

CBsJI3aHHbIE C HapylleHreM IIpaBiAad U TeXHUKN DesoracHOCTU ABVIDKEHUMA WU BKCHAyaTaL[I/Ieﬁ

KeAe3HOAOPO>KHOTIO TpaHCIIopTa.

ITo aanHbpIM MuHNCTEpCTBAa MHAYCTpUM U MHQPPACTPYKTypHOro passutusa PecryOaukn

KasaxcraHn [1], uncao npouciiectsnit Ha >keAe3HOAOPO>KHOM TPaHCIIOpTe 3a IocAedHee BpeM: BBIPOCAO

daxTueckn MHOrokpatHo (tabamija 1). CaeaoBaTeAbHO, AaHHBIN POCT TOBOPUT OO YXYAIIEHUN

COCTOSIHU S DEe30IMaCHOCTI ABVIDKEHISI Ha MaFI/ICTpaAbHOﬁ )KEAESHO,Z],OPO)KHOI?I CeTn.
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Tabana 1
Yncao npoucIecTsnit Ha >Ke/1e3HO40POKHOM TpaHCIIOpTe B padpese pernoHoB Pecriy0amkn
Kaszaxcran®

2015 2016 2017 2018 2019
Pecniyoanka Kasaxcran 118 124 154 5 925
AxKMoaMHCKas 8 10 12 - 90
AXTIOOMHCKAST 8 7 7 - 113
AamaTtuHcKas 14 12 23 - 106
ArtnIpayckas 2 1 3 1 22
damaano-Kasaxcranckast 5 5 3 - 36
JKambbrackas 8 14 10 2 77
Kaparanamnnckas 14 13 14 - 123
Kocranarickas 6 6 7 - 69
Kri3p1a0panHckas 5 10 13 - 54
Manrucrayckas 3 1 9 1 18
IOxHo-Kazaxcranckas 13 14 22 - -
ITaBaogapckasn 2 2 1 1 64
Cesepo-Kasaxcranckas 7 8 6 - -
Typxecranckas - - - - -
Bocrouno-Kazaxcranckas 9 13 12 - 98
r. Hyp-Cyaran - - - - -
r. Aamarsl 12 8 8 - -
r. [llermMKeHT 2 - 4 - 55

* Io darnvim Munucmepemea undycmpuu u undpacmpyxmyprozo passumus Pecnyoruxu Kasaxcman

MeToa0a0rMsI

Kax Bumgano ms rtabamupl (mo AaHHeiM 3a 2019 r.) [2], OCHOBHBIMM HpUYMHAMM YXYAIIEHUS
COCTOsAHIS 0€30MaCHOCTH KeAe3HOAOPOSKHOTO ABVIKEHIIS SIBASIOTCS:

1. He cooTseTCTByIOIllee TeXHUYECKOe COCTOsHIEe JAOKOMOTMBOB M €IO TeXHMYeCKNX CpeACTB
(cocraBaster 56% OT 00IIETO KOAMYECTBa HECOOTBETCTBUIT O€30ITaCHOCTI ABU>KEHW);

2. VIrnopupoBaHye TeXHOA0TMYeCcKIX Ipoiieccos (coctabaseT 35 % ot obiiero koandecrsa HbA);

3. VYBeamdeHme 4YacTHBIX IIpedlIpMHMMaredeil Ha >KeAe3HOAOPOXKHOM IIPOCTPAHCTBe,
OPMEeHTUPOBAHHBIX Ha IIOAy4YeHue IpUObLAK B yIiepO 0e301acHOCTH.

C KaXABIM TOJOM IIOBBIIIAETCA IIOKa3aTeAb HapyIleHNMs Oe30IacHOCTM — ABVIKEHII
Ke/1e3HOAOPOKHOTO TpaHcopTa, koTopoe He BxoAnT B coctaB AO «HK «KT)K». Takum obpaszom, B 2019
roay 24 % ot o01ero Koamdectsa HecoOAI0AeHNs Mep Oe3omnacHOCTI ABKeHyst gomyteHsl B AO «HK
«KTXK» 1 ee gouepHMX KOMOaHMAX, U 76 % HapyIIeHU IPUXOAUTCS Ha IMPOYMX YIaCTHIUKOB, KOTOPBIe
SIBASIOTCSI TAaBHBIMY HAPYIINTEASIMY Oe30I1aCHOCTH.

Crout orMeTuTs, 4YTO HapyureHnst O6esonacHoctu AsvkeHus (HB/) gare Bcero mosBasiorcs B
pesyabTaTe OAHOI HPUYMHBI MAM B COBOKYIIHOCTM Cpa3y HeCKOAbKNMX HpUYMH. B coorsectsmu c
MccAeJ0BaHUAMY, OOHApy>XeHO TO, 4YTO Ha KeAe3HOAOPOXKHOM TPAHCIIOPTe BCe HapyIIeHUs
HesomacHOCTN ABVKeHILsT cOCTaBAAIOT 40% - He cooTBercTBIe TexHoAormit; 10 % - OTKa3 caMOll TEXHUKN
1 50% cBsI3aHEBI ¢ Yea0BedecKM ¢gakropom [1].
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Tendenuyuu ynpasaenus npoussodcmeeroii Oesonacrocmoio Ha xeiesrvix dopozax PK

I[Ipnuunsr HB /I

Hencnp asaocTH Buenmne gpaxTopsl YemoneueckHl
TEXHHYECKHX C] elCcTE darTop
IlogBireHOr 0 cocTaBa Heb nar orpratHsie XamatHoe
—» TI0TOJHBIE VCIOBHA OTHOILEHIE K
*| ¢omyke0HBIM
TopMoioB 00 A3AHHOCTAM
Hed nar orpratHbIe
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LIEHT paIT3aLi 1
OMOKITP OBKI
TexHor eHHBIE Ormb aHeHITE
| BO3JeICTBHA (I0KAPBL, L
Iyt B3PbIBBI)
ITexyccTBeHHBIX Teppopirsm
COOPYIR EHITT

Pucynox 1 — IIpyanns BozHukHOBeHUs: Hb/|

B pesyaprare onpoca padotHukos ¢puanaios AO «HK «KTK», B Tom uncae «AaMaTuHCKOTO
orgeaenusa ITl» (HOA-7), «AamaTtuHcKoro orgeaeHus MmarucrpaabHoi cetm» (HXKC-7), a Taxke
PabOTHUKOB IMOAOTYETHBIX UM CTPYKTYPHBIX IIOApa3eAeHuii B MAeHTU(UKaLMM OIIaCHOCTell U OLIeHKe
PUCKOB BBISIBA€HBI I1aBHBIEe IIpUYMHEI Ipoucxoxaenn:a HB/ (pucyHok 2).

HeobecneyeHHOCTb 06pyA0OBaHMe cpeacTBaMm Tpyaa

HapyweHwne NMTH 35,10%

HaxoxaeHue nnu paboTta B onacHol 30He 21,60%
ABapuiiHble cUTyaLum

Mcnonb3osaHue HecunpasHbix KUTM

Bosbluan nepepaboTka M paboTa B HOYHOE BpeMSs 24,30%

BHes3anHoe yxyalweHue 340p0BbA

Pucynok 2 — OcHOBHbIe IPUYMHBI BOSHVKHOBEHN I BBICOKIIX PYMCKOB (I10 pe3yAbTaTaM IIPOBeAeHNs
UAeHTU(UKAIIY OTIIaCHOCTEN U OIIeHKI PUCKOB)

O6cyxaenne

Ha amarpamMme (pucyHOK 2) IIOKa3aHbl OCHOBHble IIpUMYMHBI BO3HUKHOBeHus HbB/ Ha
’Keae3HoA0poxkHOI MarucTpaan. Caeayer orMeTuTs, uto noMmumo Hb/ Brigeaens! u gpyrue npudmHel,
TaKye Kak: HeoOecIledeHHOCTh 00Opy/JoBaHMeM, CpeACTBaMIU TPyJAa, MHCTPyMeHTOM (cocTaBaser 27%),
004b11yI0 TIepepabOTKy 1 paboOTy B HOUHOe BpeMms (cocTaBaseT 24,3%), HaxoXAeHMe uAu paboTa B
ormacHoi1 30He (21,6%), ncnoanzosanue Hencrpasabix KUIT (cocrasaser 20,2%) u T.4.
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Anaauzupys aHKeTHbIe JaHHbIe, MOKHO 3aMeTHUTh, YTO KpOMe 4licAa MPUIIH, ITPeIATCTBYIOIIX
oOecriedeHNIO Ge30I1aCHOCTU ABVKEHI:], TI0 CA0BaM CaMIX PeCIOHAEHTOB, MMeIOTCSl IPUYMHBL B BUje
HeJ0CTaTOYHOTO MaTepMaAbHO-TEeXHIYECKOTO CHaOKeHIs, HeCOOTBeTCTBMe KadecTBa 3aKyIlaeMoll
IPOAYKIIUM, KOTOpoe cocTaBasieT oKoao 50%; 46% cocTaBAsiOT IPUYMHBI KaK HeCOOTBeTCTBIe
(He40yKOMILAeKTalNs) KagpOB A4 BBIITOAHEHN s pabOThI C HaAAe Kall[IM KadecTBOM I B IIOAHOM o0beMe;
11 36 % OIPOIIIeHHBIX CYUTAIOT, YTO yPOBEeHb II0AyJaeMbIX 3HaHUI 1 YPOBEeHb CaMOTO OOyUYeHIST HU3KUM.
Hapsay ¢ TuMm, Obiam BbIsABAEHBI Takyue (PaKTOpPbI, KaK OTCYTCTBUE BO3MOXKHOCTM OOy4yeHMs, Tak Kak
paboOTHUKM He MOTYT OBITh 3aMeHeHbI Ha CMeHe B Ilepuo/ ero orcyrcrsus — 30%; 3aMmedyeHO HeXeAaHue
00y4JaThCs B CBSI3M C AOIOAHUTEABHON Harpyskoil Ha padore — 20%, n ocraapHble 14% ykaszaanu, 4To He
OCBEeAOM/EeHBI O IIPOBOAMMBIX OOydeHusAX. 'oBOpsi 0 KayecTse 0Opa3oBaHIs, CTOUT 3aMeTUTh, 4YTO CAMMU
oOy4arommecsi, TouHee 33% OIPOIIEHHbIX ITOCeIAIOT JaHHbIe 3aHATUS AUIID AAS «TaA0YKIU», IIPU HTOM
COBepIIIEHHO He 3alHTepecoBaHbl B COJep KaHuMM OOydeHus, IoAydeHHass MHQPOPMAIUI AeTKo
3a0pIBaeTCsl, I10CAe Yero IoAy4JeHHble 3HaHUsA Jake He IIPUMEeHSIOTC Ha npakTuke. ITpuanHoit saHHOM
CUTyalluy sIBASIeTCSl CKygHOe oQopMAeHNne M CAOXKHas AeMOHCTpalusa MHPOpMaluy, KOoTopas IT0
caoBaM 18% oTBeTMBIIMX, TPYAHO ycBamBaeTcs oOydamommmucs. HeoOxoaumMo oTMeTuTh, 9TO TakKe
OTMeYeH HU3KUII ypOBeHb MOPAAbHOIO ¥ MaTepuaAbHOTO CTUMYAMpPOBaHUSA pabOTHUKOB. 30%
OIIPOIIIeHHBIX OTMeJalOT HeCOOTBETCTBYE KyAbTYPhl O€30I1aCHOCTY, B TOM 4MCAe CHVKeHMe 3Ha4MMOCTI
npodeccun B raazax pabOTHUKOB. 32% OTBETUBIINX 3aMedaloT HeA0CTaTOYHOe oOecIledeHne CpeacTBaMm
KOMMYHMKAI[UIil, TOYHee: CBs3b, MHTePHEeT, AeKTPOHHAsI I109Ta U 4.

boaee 60% pecrioHA€HTOB OTMETIAN, YTO pa3Mep 3apabOTHOI I1AaThl HE COOTBETCTBYET VX OITBITY,
BBITTOAHSIOT OOs3aHHOCTH, He MMeIOIIe K HUM IIPsIMOTO OTHOIIEH.

B cpeanem 83% pecrIOHAEHTOB OTBETMAM, YTO HEOOXOAVMO YAYYIIUTH CaHUTapPHO-OBITOBEHIE
ycA0BUs Ha paboumx MecTax M KaXKAblil TpeTuii ydyacTHUK (35%) oTMedaeT cormaiabHbIe YCAOBUS AAs
paboraNMKOB. CaeAyeT OTMETUTH, UTO Ha BOIIPOC «Bamser au rpeAocTaBAsieMBblil COIMaABHBI ITaKeT Ha
pemreHne paborath B KomImanmm?» y4acTHMKM aHKETHMPOBAaHUA AaAW ITOAOKUTEABHBIE OTBETBHI, UTO
coctapna0 50% pecrioHAeHTOB.

Oco0y10 TpeBory BbI3bIBaeT Haanume (pakTOB COKPHITIS HapyIIeH! I 0e3011acHOCTI ABVIKeHMS U
OXpaHBI TpyJa. B cpegHeM 5T0 0T™MewaroT 22% y4acTHUKOB.

Taxoke HeEOOXOAMIMO OTMETUTH, YTO OCHOBHOI IIPUYMHON He BBICKAa3blBaTh CBOe MHEHHE U
IpeAAOXKEHNST PYKOBOACTBY, 10 MHEHMIO 25%, SBASETCs CTpax IOTepsTh padoty, 17% pecrioHAeHTOB
OTMeYalOT HeKeJaHe BhIAeASAThC B KOAAeKTUBe, 1 13% oTMeTnAn He40CTaTOK AOKa3aTeAbHO OasHl.

PesyabTaThl

Haaoxus ocHosHble pesyabTarthl Ha Modeab SHEL, MoxeMm yBMAeTh HarasgHoO pe3yAbTaTbl
anketuposaHusA. Kak BuaHo n3 agmarpammsl (pucyHok 1.3) paborHukm KommaHmm cumraior, 4To BCe
KOMIIOHEHTBH MoJeAM TpeOylOT CyIIecTBeHHOIo yaydmlenus. IIpu sToM Hamboaee KpUTUYHBIM
KOMIIOHEHTOM, II0 MHEHMIO pabOTHMKOB, sBAseTCA oOeclleyeHue ycAOBUII Tpyda (HajaexKalras
IIpOM3BOACTBeHHas cpega), 83% peclioHAeHTOB OTMeTUAU HeOOXOAMMOCTb YAY4YIlIeHUs CaHUTapHO-
OBITOBBIX YCAOBUIA.

BECTHVK EHY umenu A.H. lymunresa. Cepus mexruueckue Hayku u mexHoA02uu Ne 3(140)/2022 65
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Tendenuyuu ynpasaenus npoussodcmeeroii Oesonacrocmoio Ha xeiesrvix dopozax PK

i H Hepocrarouxoe
€0CTaTOuHOe W3KanA SaGTED
mar-Tex. TeXHUYeCKan 3aKynaemod
cHabmeHne  OCHAWEHHOCTD
50% 38% RESRY
\ 46% /
(L-H) (LE) o
"~ Hanexnan Mawmns, Haanexauwas
“ NpoussoacTeexKan H MOXIHMIMBI, NPOMABOACTBEMHAR HepocraTtok
HQADCTBTOUHMM MNDPACTPYKTYDA ¥ OpyauA
2 HHCTPYMOHTSI cpeqa ycnosuit ans
YPOBEHb 3HaHUK, Tpyaz (ycnosus Tpyna)
\ paborHukos
obyueHun kagpos
35%
36%
MNpoueaypsi, ) ¥ NponasogcTeeHnan
ELDTER pepa
«®opmanbHbied Heobxoaumocts
TEXHUYECKME \ YAYYLLEHUA
3aHATHA CaHUTapHO-
32% Kwn&fnjmw (L-4) BbiToBbIX yCAOBMIA
Opranusaums
nepcowan 83%
~ o TpyAa o8
[ Hexeatka Hegocratourbiv BoinonHexune \
wTaTos B YPOBEHD HeCcBOWCTBEHHOM
Heobxoaumom CTUMYAMPOBAHMA pabotbl
KONuuecTse 40% 37%
46%

Pucynok 3 — PesyapraTsl ompoca paOOTHUKOB B paspese mogean SHEL

Aas cucremMarusanuy yrpapAeHus Ipou3BOACTBeHHOM Oe3orracHOCThIO B 2017 1. JenaptamMeHTOM
npoussoAcrseHHoi 6ezonacHocT 1 9Koaorun AO «HK «KT)K» 6p110 paspaborano «PykoBoacTso 110
ClCTeMe yIpaBAeHNsI IIPOU3BOACTBEHHON 0e30IacHOCTBIO B aKIoHepHOM obmlectse «Harmonaapnas
kommaHus «Kaszakcran TeMip K0AB» U B €T0 AOYePHUX OpraHM3auusax». B gannom pykosoactse ObLan
IIpeACTaBAeHbl TpeOOBaHM K ILAaHMPOBaHNIO, Peaan3alii, MOHMTOPUHIY U IIOCTOSIHHOMY YAYYIIeHIIO
CHCTeMBl yIpaBAeHMSI IPOU3BOACTBeHHON OesomacHocTtpio [3]. Cama cucrema ynpasaeHMs
IIPOM3BOACTBEHHOM ©Oe30I1aCHOCTBIO BKAIOYaeT B ceOsA BCIO COOTBETCTBYIOIIYIO MeTOAO0AOTHUIO
KaaccupUKalUM  IIPOUCIIECTBUI, IIOAHOM OTYETHOCTHM, paccaejoBaHus I AeTaAbHOTO aHaAu3a
I POKOTO CIIeKTPpa IIPOMCIIeCTBII B pOpMe HapyIlleHNI, TOTeHITaAbHO-OIIaCHBIX IPOMCIIIecTBIit 6e3
KaKMX-A10O0 I10CAeACTBUII, TEXHOAOTMYECKMX ITPOMCIIeCTBUII, HEeCYaCTHBIX CAydaeB, DKOAOTUMYECKIX
aBapUITHBIX CUTYyaIuii ¥ IPOMCIIECTBUII C MaTepuaabHbIM yijepOooMm. CTOUT OTMETUTh, YTO CHUCTeMa
COOTBETCTBYeT TpeOOoBaHMAM MeXKAyHapoaHbIX craHgapTos OHSAS 18001:2007 «CucreMbl MeHeAKMeHTa
npodeccuoHaAbHOIO 340pOBbsl U Oe3oracHocTu Tpyda. Tpebosanmsa» 15014001:2015 «Cucremsr
DKOAOTMIECKOTO MeHeAkMeHTa. TpeOoBaHUsA M PYKOBOACTBO IIO MX IPUMMEHEHMIO», HOPMaTUBHBIX
npaBoBbIX akTOB Pecniybanku Kasaxcran, HOpMaTHBHO-TEXHITIECKO OKYMEHTAIUM 1 A0KaAbHBIX aKTOB
Kommanumn B o61actyit Ipon3BoACTBEHHO 0e30I1aCHOCTIL.

BriBog

Ha cerogusamHmii AeHb 445 HpeAOTBpallleHUs] ¥ MUHMMMU3auny (PpakTOpOB, BANMAIOMINX Ha
cocrostane 6esoracHocTy ABvkeHns AO «HK «KTXK» mposogsrcs caeayrormme paboTsr:

e BHeJpeHa cucTeMa OIIeHKM Pe3yAbTaTUBHOCTU M 9PPeKTUBHOCTU BHYTPEHHErO KOHTPOAS 110
IpeAyIpeXAeHNIO IIPOsIBAEHNUs «JeA0Bedeckoro ¢pakropa» U MCKAIOYEHMS CAydaeB HapyIIeHI]
paboTHUKaMy TpeOOBaHMII AO0KaABHBIX aKTOB, peraaMeHTHUPYIOIINMX BBIIIOAHEHMEe TeXHOAOTMYeCKIX
IIPOIIeCCOB;
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® yCTaHOBAEHBI HOPMAaTUBBI A5 PYKOBOAMUTEAeN BceX YpOBHel yIpaBAeHNs], HallpaBAeHHble Ha
KOMILAEKCHBIN I10AXO0J, K PellleHMIO 3aJad, obecrednBaroniux 0e30acHOCTh ABVKEHMS B KypUpPYyeMBIX
110ApasAeAeHIsIX;

® yCTaHOBAEHBI 00s13aTeAbHbIe TPeDOBaHN:I IO I1.1aHOBOMY PEMOHTY Bar'OHOB, A5 CODAI0AeHIS
TeXHOAOTMYeCKUX ITPOIIeCCOB 1 HOPMAaTUBHO-TEXHIYECKON AOKyMeHTalMy, TakXKe aKTyaAu3UpOBaHBI
TeXHOAOTMJecKye IIpoIjecchl MojpasieleHnii BaroHHOTO XO3s1CTBa, IepepaboTtanbl ITpasnaa aorycka
IPY30BBIX BarOHOB Ha MarucTpaAbHble >KeAe3HOJOPO>KHBIe CeTl;

® 3aIlAaHMPOBaHbBI ¥ IIPOBOASATCS KOMILAEKCHbIEe IIPOBEPKM COCTOSIHIS Oe30IacHOCTI 1 OXPaHbI
TpyJa Ha HNpeANpUATUIX AUHENHOTO YPOBHs, BMeCTe C TeM Y KeCcTOuyeHa OTYeTHOCTb B BOIIpocax
©e30I1acHOCTM ABVKEHNs 110 YPOBHAM YIIPaBAeHMs M 4eTKO OIlpejeleHbl IepuoANYHOCTD U IOPsIA0K
OTYeTHOCTH;

® IIOCTOSIHHO IIPOBOAUTCA MOAEpPHU3aIusA TeXHMYeCKMX CPeACTB U  TeXHOAOTMYEeCKOIOo
000pyA0BaHMSL.

KpaeyroabHeiM KaMHeM, KOTOpPBII JOAeH Aedb B OCHOBY paOouero Iiporiecca, sBASeTC
BHeJpeHe KyAbTYphl 0e30I1acHOCTM Ha BCeX YPOBHSX YIIpaBAeHMs KaK JeliCTBeHHOTO MHCTpyMeHTa
noBbIIIeHNsT D(PPEeKTUBHOCTM B OTPaHMUYEHHBIX YCAOBMAX MaTepMaabHBIX pecypcos. CopemeHHasd
KyAbTypa 0e30I1acHOCTM UTpaeT OCHOBHYIO POAb B M3MEeHEeH!M CO3HaHNs K IT0AX04aM I10 Oe3aBapuitHOM
pabore. B 9101 CBsI3M HEOOXOAMMO CO34aTh U pa3BMUBaTh ITPaBUABHYIO aTMOC(epY, I4e OCHOBHOMN aKIIeHT
OKOHYATe/AbHO IIepeiigéT ¢ IOJO3PeHMsI M HaKa3aHMs BMHOBHBIX Ha aHaAWU3 ¥ yCTpaHeHUe IIPUYNH
AOTIIyCKaeMBIX HapyIIIeHNII 11 AaKe IIPeAITOCHLAOK K HUM.

V1, HakoHel, KyaAbTypa 0e30ITacHOCTM IIpejlioAaraeT MCIIOAb3OBaHME COBPEMEHHBIX MeTO/O0B
MOTVBALIVIN V1 BOB/A€UeHIs paOOTHUKOB B pellleHre BOIIPOCOB, CBA3aHHBIX C O0ecIIedeHreM 0e30TI1aCHOCTI
ABVDKEHIIS, IIPaBUABHOTO IT0A00pa 1 pacCTaHOBKM KaApOB, IIOBBIIIIEHNS X KBaAU(UKALIY, Pa3BUTU Y
HUX TpeOyeMBIX KOMIIETEHLIMII, a TakXe OTKa3OM OT aJMMHNCTPaTMBHO-PEIIPeCCUBHBIX MeTOJ0B
yIIpaBAeHU.
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KP TeMip )xoaaapbIHAAFbI ©HAIPICTIK Kayilci3AikTi 6ackapy ypdaici

Anpaarmia. DKOHOMMKAABIK KBI3METTIH Kasipri 3aMaHFBl IIapTTapbl TeMmip K04 KeaAiriMeH
XYKTePAiH caIlachlH apTThIPY >KoHe OAapAbl >KeTKi3yai >KegeadeTy VIIH KOAiK TeXHOAOTUsAAapBIH
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KeTiazipyAi yHeMi Taaan ereai. TeMmip>koa KoMmITaHMsAaphl ©3 KbI3MeTTepiHiH Oacekere KadiaeTTiaik
KOPCeTKIIITepiH yHeMi TaaJall, OHBl apTTHIPY IIapadapblH >Kacaybl Kepek ekeHAiri Oeariai. Kasipri
3aMaHFBl KayiIlCi3ZiKk MaAEHMeTi aIlaTChl3 >KYMBIC icTey TociajepiHe caHaHBIH ©3TepyiHJe HeTidri pea
atkapagpl. OcpiraH 0OallaaHBICTBI — KiHA9AlAepAiH  KyAiri MeH KadachlHAaH K04  OepieTiH
Oy3YIIBLABIKTapABIH ceOenTepiH, TilTi 0AapAblH aAFpllIapTTapbhlH Taljay¥a >KoHe >KOIOFa OacThl Haszap
ayJapblAaTelH AYpPBIC aTMOcdepaHBl Kypy >KoHe JaMBITy KaxeT. bya MaKasaada MarmcrpaabAblk
TeMip>Ko4 >KeaiciHAeri KO3FaAbIC Kayillci3Airi >KarAalibIHbIH HalllapAayblHbIH HeTi3Ii ©3eKTi Maceleaepi
KapacTelpbLarad. Kosraabic Kayimcizairi skeHe TeMip>KoaA KeAiriH maiigasaHy epexkelepiH Oy3ymMeH
OarlAaHBICTHI KOAIK OKMFaAapBIH TYABIPYBI MYMKIH JKafaiidap MeH ceOenTepAiH TybIHAAYBIHBIH aAAbIH
aayra OaFpITTaAFaH >Kylleai ic-Illapadap TypiHAe IIeIiM YCBIHBLAABL ¥ CBIHBLAFAH JKYyile MaTepuaAAbIK
pecypcrapAbliH IeKTeyAi >KafaaiiaapblHia TUIMALAIKTi apTTBIPYABIH TMiMAL Ky paasl peTiHAe OacKapyAbIH
OapabIK AeHreiiaepiHae Kayilci3gik MaAeHMeTiH KaMTaMachI3 eTeai.
Kiar ce3aep: keaik, TeMip:K04 Ke4iri, TpapuKTi 6acKapy, KOAiK KayincizAiri, Keaik KaciltopHsbI.
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LAcademy of Logistics and Transport, Almaty, Kazakhstan
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3L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Trends in industrial safety management on the railways of the Republic of Kazakhstan

Abstract. Modern conditions of economic activity constantly require the improvement of
transport technologies to increase the quality and speed up the delivery of goods by rail. It is well-known
that railway companies need to constantly analyze the competitiveness of their services and develop
measures to improve them. Modern safety culture plays a major role in changing the consciousness of
approaches to trouble-free work. In this regard, it is necessary to create and develop the right atmosphere,
where the main focus will finally shift from suspicion and punishment of the perpetrators to the analysis
and elimination of the causes of violations, and even the prerequisites for them. The article discusses the
main topical problems of the deterioration of traffic safety on the main railway network. The article
proposes a solution in the form of systemic measures aimed at preventing the occurrence of situations
and causes that can cause transport accidents related to violations of traffic safety rules and the operation
of railway transport. The proposed system will provide a safety culture at all levels of management, as
an effective tool for improving efficiency in limited conditions of material resources.

Keywords: transport, railway transport, traffic management, transport safety, transport
enterprise.
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Cucrema pacdeTa KAI04eBbIX TOKa3aTeael 9(PpPeKTUBHOCTY paOOTHIKOB
yHUBepcuUrTeTa

Annortarmsa. CraTbs ONMCHIBAaeT CHCTeMYy pacdeTa KAIOYEBBIX —ITOKa3aTeael
s¢PexrnsHocTy (KPI) mpodeccopcko-mperiogaBaTeabCKOrO  COCTaBa,  3aBeAYIOIIUX
Kadpeapamu m JekaHoB (aKyabTeTOB EBpasmiickoro HaIlMOHaABHOTO YHUBEpPCHUTETa
nmenn /1.H. I'ymuaesa. B cratbe mokasaHbl OM3Hec-IIpoliecc, OHTOAOTHYECKasT MOJeAab,
ocHoBHBIe GOPMBHI cucTeMbl. PaspaboranHas nHOpMaIMOHHas CHCTeMa ITPeAO0CTaBAsSeT
BO3MO>KHOCTb BeCTU aHaAU3 AeATeAbHOCTU PabOTHUKOB YHUBepCHUTeTa, (POPMUPOBATH
pacdyeT peliTMHIA TIO AOAXKHOCTAM, CTPYKTYPHBIM IIOApa3JeleHNsM, MpOocMaTpUBaTh
OTYeT IO CTeleH!U 3allOAHEHHOCTM JAaHHBIX, PacCYMTHIBATL pasMep BO3HATpakKAeHN.
Cucrema 103BOASIET TIOBBICUTH BKJAad Ka’XAOTo pabOTHMKa B AOCTUKEHUe
CTpaTernJecKIX Iie/1e¥l YHUBepCUTeTa, ITOBbIIIIaeT YPOBeHb MOTHBAIINI, OTBETCTBEHHOCTH
1 5PPEeKTUBHOCTU AeATeABHOCTU PaOOTHUKOB, a TaKKe COAEMCTBYeT ITOBBIIIIEHNIO
npodeccroHaabHbIX KoMmeTeHUnii. Crucrema QpyHKIuoHupyet ¢ 2016 roga, siBAseTCs
IIOCTOSIHHO ~ HaKallAMBalommeiicst  0as3oifl  AAaHHBIX — AOCTIDKEHMII  IIPOgeCcCopCKo-
IIperiojaBaTebCKOTO COCTaBa, IT03BOASET aHAAM3MPOBATh Pe3yAbTaThl AeATeALHOCTH
PpabOTHMKOB, BU3yaAM3UPOBaTh OTYETEL

Karouesbre caosa: Key Performance Indicators, onTos0rnueckas Mmoaeas, 6asa sHaHMIL,
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BBeaenue

Karouessie nnokaszarean sgpdpexrnsaoctu (anra. Key Performance Indicators, KPI) — nokasarean
AesITeAbHOCTU TI0Apa3/eAeHNs], KOTOpble ITOMOTaloT OpTaHM3alluy B JOCTVKEHUM CTpaTermyeckmux 1
TaKTHYeCKnx Ileaeil. VIcroab3oBaHMe KAIOYEBBIX IIOKasaTeaell ®(PQPeKTUBHOCTM AaéT OpraHu3aruu
BO3MO>KHOCTb OLIeHUTh CBOE COCTOSIHME U IIOMOYb B OIIeHKe peaAn3aliiy CTpaTerun.

ITeapio BHeApeHNsI aBTOMATU3MPOBAHHO MH(OPMaIOHHOM crcTeMnl (gaaee -AVIC) KPI EHY
SBASETCs  TIOBBIIIIEHMe OOIell pe3yAbTaTMBHOCTYM — yHMBEpCHUTeTa B  JOCTVKEHUM OCHOBHBIX
KOPIIOPaTUBHBIX I1eAeil. 3ajaun: pa3padOTKa KpUTepHeB 4451 OLIEHKU pe3yAbTaTUBHOCTY AesATeAbHOCTH
[IIC, saBeayromux Kadeapamy, JeKaHOB (PaKyAbTeTOB; oOOecIleueHre OOBEKTUBHON OIIEHKU U
CaMOOIIeHKM CTerleHu pesyabraTusHOCTU JesteapHocTn IIIIC, saBeayiomux kadeapamnu, JeKaHOB
¢daxyapTeToB; QOpMUpPOBaHME CUCTEMBI MaTepHaAbHOTO ¥ MOpPAABHOTO CTUMYAMPOBAaHU: pPOCTa
KBaAM(pUKAIUM, TPOAYKTUBHOCTM I1€AarOrM4ecKoll ¥ HaydHOI paOOThl, pasBUTHUSA TBOPUYECKON
VHUIMATUBE paOOTHMKOB; IIOBBIIIIEHNE YPOBH: MOTHUBAI[UM, OTBETCTBEHHOCTH U 9(PQPeKTMBHOCTU
AesiTeApHOCTH; (POpMIUPOBaHMe KadpOBOro roTeHnmasa [1].

Pazpaborannas AVIC mo3BoasieT BBOAUTH gaHHBIe coraacHo KaptaM KPI kaxkao1 404’KHOCTH,
3arpy>Kath IIOATBEep KJalollye JOKYMEHThI, BeCTM YdeT, aHaAu3 JaHHBIX, pacyeT peNTHMHIA IO
AOAKHOCT:IM, KadpeapaMm, PpaKyabTeTaM, HaIIpaBAEHIAM AesATeAbHOCTH, POpMIPOBaATh OTYET 110 CTeTIeHN
3aI10AHEeHHOCTY JaHHBIX, PaCCYUTRLIBATEL pasMep IIPpeMUM.

Cucrema paspaborana Ha ocHose Iloaoxxenms o KPI mpodeccopcko-mpernogaBaTteabcKOro

BECTHUK EHY umenu A.H. Tymuresa. Cepus mextuueckue HayKu u mexHoAOZU Ne 3(140)/2022 70
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series


mailto:bekmanova_gt@enu.kz
mailto:omarbekova_as@enu.kz
mailto:zulkhazhav_a_4@enu.kz
mailto:berikboltt@gmail.com
https://search.crossref.org/?q=10.32523%2F2616-7263-2021-136-3-67-73+&from_ui=yes

I.T. bexmanosa, A.C. Omapbexosa, A. 3yrxaxas, A. Tureyxan, X. Onawa, 5. Tumyp

cocraBa, 3aBeaylomux Kapeapamu 1 gexkaHos (axyabretop HAO «Eppasuiickuii HaIMOHaAbHBIN
yausepcuteta nmenn /A.H. I'ymmaesa». Iloaosxenme pacrpocrpassercs Ha pabOOTHUKOB (dazee —
PaboTHukM), 3aHNMAIONITNX 40AXKHOCTH:

- IIperiojasaTeAs, CTapllero Iperojasareas, JOlleHTa, Ipodeccopa, pabdOTalONUX B INITaTe
YHusepcurera Ha crasky 0,75 u 6oaee;

- 3aseAyommx KadelpaMy, B TOM 4YucAe 3aBeaylomero kadeapoit Accambaen Hapoga
Kazaxcrana;

- AeKaHOB (paKyAbTeTOB, B TOM 4lcAe HauaabHMKa Boennoir kagpeapsr.

busHec-mponecc cucTeMbl

AAropuUTM AeNCTBUIL IIpeAcTaBAeH Ha pUcyHKe 1.

Bsog kapT Jily | TOPMUPOEAHM
PaBoTHKKOB € 0T4eTa
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Pucynoxk 1. busnec-tiporjecc paborsr AVIC KPI

AaHHble
KOppPekTHEIT

YneH paboueii rpynnbt

Omnncanne 6usnec-portecca padotsr AVIC KPI:

1. Corpyanux LlenTpa orjeHKn KadecTsa BBOAUT KapThl PaOOTHIMKOB B CHCTEMY.

2. PaBOTHUKM BBOAAT CBOM AaHHBIE IO pe3yabTaTam padoThl 3a nepuod c 01 cenradps mo 31
aBTyCTa TeKylIllero roga. /lanHble 1o pesyAbTaTaM Hay4dHOM AeATeAbHOCTU M OTAEABHBIX IIOKa3aTeael
sHOcsATCs B AVIC KPI 3a nepnog, ¢ 01 AnBapst 1o 31 gekaOpsi IIpOIILA0TO Toda.

3. Tlocae sakpmITist AOCTylla B AMYHBIN KaOMHeT B TedyeHue Ity padbounx Axeir 3 AVIC KPI
ocyllecTsAsercss mpoueaypa Bbictabaenus oneHok IIIIC, szaseayommm kadedpamm U JekaHam
daxyabTeTOB.

4. 3aseayromme KadeapaMy BBICTaBASIOT OIleHKM ITperiogasareasM coraacHo Kapram KPI
IIIIC.

5. Jekannl (paKyAbTeTOB BBICTABASIOT OLIEHKN 3aBeAylomum Kadegpamu coraacHo Kapre KPI
3aBeAyommx Kadeapamiu.
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6. Yaensl IlpaBaenusa-ITpopeKToOpsI BHICTABASIOT OIJeHKM 3aBeAyIomnM Kadeapamu 1 JeKaHaM
¢JaxyanreToB.

7. llentpom oneHku kadecrsa (opmmpyercss Pabouas rpymnma. YaeHs! pabodeir TpyIIITEI
1peaocTaBAsIoOT LleHTpy OlleHKM KauecTBa CIMCOK OTBETCTBEHHBIX COTPYAHUKOB, KOTOPbIE B IIpejeaax
CBOMX KOMIIETEHI[MII OyAyT OCYIIeCTBASATh IIPOLIeAYPHl ITOATBEP>KAEHI/OTKAOHEHUs JaHHBIX,
BBeAeHHbIX PaboTHmKoM B Kapter KPI, n paccmorpenns ux 3asBaeHnit Ha aneaasiuio. OTBeTCTBeHHbIe
COTPYAHMKH B IIpejeaax cBoux KommereHnuii coraacHo Kapram KPI ocyiecTBAs10T IPOBepKYy A4aHHBIX,
BBeA€HHBIX PaborHmkamm B csom Kaprer KPI, m ux mnoaTsepKaeHMe uAM OTKAOHEHHe C
COOTBETCTBYIOIINM OOOCHOBAHMEM.

8. Ilpu nHecoraacum c orkaoHeHueM Aemapramentamu u OtgeaaMy BBeAEHHBIX JaHHBIX
PaboTHMKN 1MeIOT IpaBo MOJaTh 3asiBAeHle Ha alleAAsIINIO.

9. Aenapramentsl u Orgeabl B Ipedelax CBOMX KOMIIETEHIIMII OCYILECTBASIOT ITPOBEPKY
3as1BJA€HUI Ha alleAAsINIO U MOATBEP>KAAIOT MANM OTKAOHSIOT MX C COOTBETCTBYIOIIVIM OOOCHOBAHMEM.
PesyabTaThl aneaaAum ocae MX pacCMOTpeHNs AOCTYITHBI B AMIHOM KaOuHeTe PaborHmka 8 AVIC KPI.

10. ITocae 3asepmenusa Adenapramentamu u OTgeaamu npoLeaypbl pacCMOTPEHNS arleA A
B AVIC paccunTsiBaiotcst utorossle 6aaast o Kapram KPI Paborauxos [2].

OHTOAO0TMYECKAsS MOJeAab

JaHHas cucrteMa peaans3oBaHa Ha OCHOBe OHTOAOIMM KapT PaOOTHMKOB, ITpeAcTaBAeHHON Ha
puCyHKe 2.
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Pucynoxk 2. OHTO10TM9€eCKast MOAeAb KapT PaboTHMKOB

Kaxxap1it 0ObeKT B OHTOAOTMN COOTBETCTBYeT KOHKpeTHOMY IToKaszatearo Kaprel. Kaskapmi
IIOKa3aTeAb IMeeT CBOVICTBO «/MeeT 0aAad», IIpUCBaMBaeMble 3HaYeHIs 40AKHBI OBITh YMCAOBBIMMU.
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Pucynok 3. CoiictBa 0ObeKTa

ITpumeHeHne OHTOAOTUM TI03BOAsIeT cpOpMUpPOBaTh 0a3y 3HaHMIL, ITPOBOAUTH MOHUTOPUHT U

aHaAn3 AaHHBIX.

INoacucrema PaborHuka

VIC KPI EHY ycnertno gpynkimonupyert c 2016 roaa, pasmerriena 1o ccelake http://kpi.enu.kz.

R URASIAN
. NATIONAL
2 UMIVERSITY

ABTOMATU3WUPOBAHHAA UHHOPMALIMOHHAA CUCTEMA KPI

Aptopusosarees  KOHTAKTBI

Xabapnanabipy
Kypmerti oxuirywsinap!
1) KPI AAXK-He okpiTywsinap 2020 xeinasiH 1 KelpKyierines Gactan, 2021 XbinasiH 31 TambiasiHa A8FiH XyMbIC HaTWXenepi GOMbIHWA 83 ManiMETTEpiH eHrizeai.
2) KPI AAXK-He kepceTxiwTepal TOATHIpY ywin Kipy Mymxinaif 2021 xburs 31 Tameiana carar 18:00-ne xaBeuans.
3) AnenaumAra eTiHILTI Kei3ueTkep xeke 83i KaMUCCUA Taparackiia GexiTinren dopwa Gofikinwa xasags. OTikiwrep 2021 xeunrsi 15 Keipkyrex ywi car. 9-00 Gactan car
16-00 pediin KabinaaHa k!
Ob6baBneHne
Yeamaemuie npenogasarenn!
1) B AVIC KPI npenoaaBaTent BEOAAT CBOM AaHHBIe N0 pe3ynsTaTam paboTsi ¢ 1 cenTaBpA 2020 rosa no 31 aerycra 2021 roga.
2) floctyn B AVIC KP| AnR 3anonHenmA nokasatenedl 3axpuisaerca 31 asrycra 2021 roaa e 18-00 uacos.

3) 33RENEHUE HA ANEANALMK MOAAETCA Ha HMA NPEACEAATENA KOMHKCCUM MUHO PaBOTHUKOM N0 YTEEPKARHHOR GOPME, pasueliEnHoi & AWNC KPL 3ananenua
npuHuaioTca 15 centabpa 2021 roaa ¢ 8-00 u. 40 16-00 uacos,

ABTOMaTM3WPOBaHHaR MHPOPMaLMOHHaR cucTema KPI

OTtaensl

DaKynTET UHACPMAUNOHHEIX TexHonorud (154)
®axynsTeT coumanbHbix Hay (168)

DaxynsTer ecrectaeHHsix Hayk (113)
DaKyNETET KyPHAACTHKK W NOAUTONOMAH (60)
HOpuanuecku darynstet (51)
TpaHenopTHO-3HepreTHHECKWA GakynsTeT (62)
MexaHuko-maremataueckii paxyaster (87)
APXHTEKTYPHO-CTROTENBHBIA hakynsTeT (110)
WcToprueckui dacyaster (44)
DUSHKG-TEXHHUECKWR BakyAsTeT (110)
Dunonormueckui dakynstet (225)

@aKynETET MEXAYHAPOAHELX OTHOWEHH? (88)

SroHoMmMeckid GakyabTeT (120)

Pucynok 4. CraproBas cTpaHuIla CHCTEMbI

ITocae ycnemmnoit ayrenTugukanyuy PaboTHIK IIepexoAnUT B CBOV AMYHBIN KaOMHeT.

AsTOoMaTUaUpoBaHHas MHGOPMaUWoHHaR cuctema KPI

Mowu aokymeHTbI

~ @ammana Wms Daxynsrer KPI kapra M 6ann Gann

Nocne sxcnepTize:

Buinonnenwe KPI & wHvepsane, %

Pasmep BOIHATPMKAGHNS, TeHre

AsmomamusuposaHHan uHgopmayuoHHan cucmema KPI

Pucynoxk 5. Anansii kabuxet PaboTHnka.
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HeoOxoa1Mo HakaTh KHOIIKY «3aIrl0AHeHIe HOBOTO 4OKYMeHTa», ITOABUTCS (popMa BEIOOpa THIIa
kaptsl KPI, coorsercrByromeit kadeape corpyanmka, seioopa xputepus kaptel KPI. ITocae spiGopa
KOHKpeTHOTo ITyHKTa KapThl KPI mpesocraBasiercs BO3MOXKHOCTb BBOAa KPaTKOIO OIVCAHMS U 3aTPy3KN
IIOATBEP>KAAIONINX AOKYMEHTOB. B HasBaHym 3arpy>kaembIX ¢aila0B He AOAKHBI ITPUCYTCTBOBATh
CIIeI[MaAbHbBIE CUMBOABI («.», «,», «#» 1 T.A.)

Hosas 3anuce X
Bibepure Kapry KPI Buibepue kpuTepuA
Kaprs KPI npencaseatean wa 2020-2021 yueBnuid rog v KpuTepuil 1 "BRASA B NPOABANEHHE YHMBEPCHTETA B MEXAYHAPOAHMIX PeRtuHrax (QS. THE)" (Makcauym 250 Ganros) v|

Buibepure noxasatens

shetn (70 anson)

MoATBEpXAAIOLINR ACKYMENT NOK83aTENR: BeB-CCunKD W3 SCOPUS WA NPOGHAL YUEHOTD

KpaTKoe Onucanme (CCoiAKa Ha MHTEPHET PECYpCst W T.1)

https://www.scopus.com/authid/detailuri?e

$93110900&z0ne =
3arpy3uTL QAN (ECTH y BAC MHOTO GAANOB, BIM HYXHO WX 3AAPXUBHPOBATY )
BuGepwre Sl WA NepeTALATE COAM

OBPATHTE BHUMAHKE, KONMNECTBO AT PYXKAEMBIX AOKYMENTOB OTPAHMNEHD

KOAUUECTBO NOKASATENER, KOTOPHIE HYXHO BBECTH N0 KPUTEPUIG: 3
KOANNECTBO BREACHHBIX MOKa3aTEned: O

Coxpannrs | Ormena

Pucynok 6. BBoa gaHHBIX ITOKa3aTeAs.

B obaacty, BbIA€AEHHOJ 3€A€HBIM IIBETOM, BBIBOAUTCA MHQPOpMAIuUs O IOATBEPKAAIOIINX
AOKYMeHTax ITOKa3aTeAsl.

s mpocMOTpa BCero CIycKa BBe4eHHBIX IT0KazaTeell HeoOXOAMMO HaKaTh Ha KHOIIKY .

ABTOMATHIMPOBaHHAA MHGOPMaLWMOHHaA cucTema KPI

Mon AoKyMeHTsI

JananHewwe HOBOS OKYMENTS

Buinoanesme KPl 8 Pazmep sosHarpaxcaenun,
Damunun Wun axynurer KP kapra Maxcumaneweid 6ann  Bosmowweid Gann  Mocne skenepTuasl  Wrepsane, % Teure
[~] owmapsexosa Acens Kapra KPI npenoaasatens wa 2020-2021 1000 70 a
yuebHbiA roa
Kateropmm aokymenton
~ Hassanue xateropus M Gann [ Bann Mocne sucnepTuast Anenanyyn
D Kpurepwd 1°Bknaa 8 v pedranrax (QS, THE)" (Maxcamyn 250 Gannoe) 250 0 0
Crucok AokymeHTOn
CTpyKTYpHOE NOApAIAEAEHNE, Bosmowwwid  Moche
Haumenosanme nokasatenn NOATREPKAAIOWE NOKAIATENS  CCUUIKA AN NOATEEPHASHIA 1 AOKYMEHT Gann senepTvan  Anenanuwa  fedcrana
1.1 Mnaeke Xipiua no P YKOMETPMuECKOR Base o Hayxw (OTaen hitps://www.scopus.com/authid/detail uri? 70 0
BANHBIX SCOPUS 33 NOCAEAHME NATE NeT 2016-2020 T, (6e3 HayKi) igir I 1
CAMOUMTHPOBANHMA): > »h=1 W Buiwe<< (70 Garnos)
CoepHyTs.

Pucynok 7. IIpocMOTp AaHHBIX ITIOKa3aTeAell.
Kpome BBOga 1TOKasaTeaeit HEOOXOAMM BBOJ MOATBEPIKAAIOIINX JOKYMEHTOB.

Iloacncrema agMyHIMCTpaTOpa
AAMVHICTpPATOP CHCTEMBI IMeeT BO3MOXKHOCTD YIIPaBAeHNsI CIIIICKOM OTAe40B, II0Ab30BaTeAelt,
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OOBEKTUBHOCTH,

TPaHCIIaPEeHTHOCTN, AOCTVIKMMOCTI U u3MepsieMocti. PaspaboraHHas crcremMa MO3BOAsIET ITOBLICUTD
BKJa/, Ka’k4o0ro PaboTHMKa B AOCTMIKeHNe cTpaTerndecKuXx Iieaeil YHIUBePCUTeTa, BHIIIOAHAET PYHKII
MOTMBAIIUN ¥ CTUMYAMpoBaHNs PaOOTHIKOB, OII€HKN pe3yAbTaToB AesATeAbHOCTN PabOTHIKOB COTA1acHO

Kapram KPI, popmuposanms 6assl 4aHHBIX IO pe3yAbTaTaM JAesATeAbHOCT PabOTHMKOB, MOHITOpPMHTA
u anaau3sa pesyasraros KPI [3].
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I''T. bekmanosa, A.C. Omap06exoBa, A. 3yaxaxas, A. Tnaeyxan,
XK. Onama, b. Tumyp
A.H.I'ymures amorndazol Eypasus yammuix yrusepcumemi, Acmana, Kasaxcman

YHuBepcuTeT KbI3MeTKepAepi TMiMAiairiHiH Heri3ri KepceTKilITepiH ecenTey Xyieci

Anaarma. Makaaaga /.H. I'ymunaes ateingarer Eypasus yATTHIK yHUBepCUTeTiHIH mpodeccop-
OKBITYIIBLAAP KypaMbl, Kadeapa MeHrepyiriaepi MeH ¢akyaAbTeT JeKaHAAapbl TUiIMAiAiriHiH Herisri
kopcetkimrepin (KPI) ecenrey >xyiteci cumnarraaraH. Maxasaga OmsHec-IIpollecc, OHTOAOTUSAABIK,
MoOJeAb, KYMeHiH Herisri ¢opmasapbl KepceTiareH. O3ipAeHreH akHapaTThIK >Kyile YHUBepPCUTeT
KbI3MeTKepAepiHiH KbI3MeTiHe Taajay >Kyprisyre, aayasbiMAap, KYPBLABIMABIK OeaiMIiesep OoiibIHIIIA
PeMTUHITIH eceOiH KaABIIITACTHIPYFa, AepeKTepaiH TOATBIPBIAY Adpexkeci OONbIHINIA ecelTi Kapayra,
ChbIllakbl MOAIIlepiH ecelTeyre MYMKiHAIK Oepeai. JKyite opOip KbI3MeTKepAiH YHMBEpPCUTETTIH
CTpaTerusAbIK MaKcaTTapblHa KOA JKeTKi3yeri yAeciH apTThIpyFa MYMKIHAIK Oepedi, KpIsMeTKepAepAiH
BIHTaAaHABIPY —AeHTeliH, >KayalKepIIiAiriH >KoHe TMIMAIAIriH apTThIpagbl, COHJAAl-aK —KociOm
KY3BIPeTTiAiriH apTThIpyfa KeMmekreceai. JKyite 2016 >xblagaH OacTam >KyMBIC icTeiigi, mpodeccop-
OKBITYIIIbLAAP KYPaMBbIHBIH JKeTiCTiKTepiHiH YHeMi JKMHaKTaAaThIH JepekTep Oasachl 00AbII TabblAaAb,
KbI3MeTKepep KbI3MeTiHiH HoTI>KeAepiH TaljayFa, eceiTepai BU3yaansanmslayFa MyMKiHAIK Oepeai.

Kiar cesaep: Key Performance Indicators, oHTOA10TUAABIK MOAeAB, OiaiM Oa3achl, yHUBEPCUTET
CTpaTerusChl, KepceTKimrTepai 6aKplaay.

G.T. Bekmanova, A.S. Omarbekova, A. Zulkhazhav, A. Tileukhan,
Zh. Onasha, B. Timur
L.N.Gumilyov Eurasian National University, Astana, Kazakhstan

The system for calculating key performance indicators of university employees

Abstract. The article describes the system for calculating key performance indicators (KPI) of the
teaching staff, heads of departments, and deans of faculties of the L.N. Gumilyov Eurasian National
University. The article shows the business process, the ontological model, and the main forms of the
system. The developed information system provides an opportunity to analyze the activities of the
University Employees, generate a rating calculation for positions, and structural divisions, view a report
on the degree of data completion and calculate the amount of remuneration. The system allows for an
increase in the contribution of each Employee to the achievement of the strategic goals of the University,
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increases the level of motivation, responsibility, and efficiency of the Employees, and also contributes to
the improvement of professional competencies. The system has been functioning since 2016, it is a
constantly accumulating database of achievements of the teaching staff, and it allows you to analyze the
results of employees' activities and visualize reports.

Keywords: Key Performance Indicators, ontological model, knowledge base, university strategy,
performance monitoring.
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ATa-6abasap MageH MypachblIHa HeTi3geATreH )KaHa Ka3ak cayaeT
©OHepiHiH KOpKeMAiK Tiai

Angarna. byringe, XXI raceIpAblH OachlHAa coyAeTTiH OeliHeCiHiH HeMece KOPKeMAiK
TiZiHIH MarbIHaABl ©pHEKTeAyi - >KahaHABIK 91eMJe el MeH MeMJeKeT MoJeHMeTiHiH
Oocekere KabiaeTTiiriniH Herisri kepceTkinti. JKakcel, acipece Gipereri coyaeT, opacaH 30p
MHTeAAeKTyaAAbl >KoHe IIbIFapMalllblABIK KYII-Kirepai Taaar eTeai.

Pecniybamkaga >xysere acelpblaraH «MaaeHU Mypa» ipreai rpapiMm Oafgapaama
HoTIKeaepi Kasakcran apXUTeKTypachIHBIH 4aMybIHAA TUICTi JKaAFfachlH Tayblll, COyAeT
OHepiHiH >KaHa >KOJAbIHAa OaFrbIT 6011y1>1 tuic. JKacaHgpl Tipmiiaik eTy oOpTachlH
KaABINITacTEIPy (PUAOCOPWACEIH >KoHE COyJAeT OHepiHiH VATTBIK BSCTeTHKara caif
KOHLIEIIIMACBIH AaMBITY — JKaAIIBIXaAbIKTHIK ayKbIMAAFbl MiHAET.
bya mMakasasa >kapusiaaHbIIl OTBIPFaH FBIABIMU 3epTTeyJep HoTyoKeAdepi MajeHMeT IeH
IIbBIFAapMalllblABIKKA MHBECTUIIMA: >KaHa apXUTeKTypara Y3A4iK YATTBIK A9CTYpAaepai,
DCTETUKAABIK TpedepeHIsalapabl yiideciMAi €HTrisy apKbIABI KOFaMABIK CaHaHBI
SKaHFBIPTy ©OO0ABIT TaObLAaabl. YATTHIK TpapUKaAblK CeMaHTHMKa —COyAeTTiK TiaAiH
TeopusiablK Aamybl XXI Facelpgarbl Kaszak, coydeT eHepiHiH KepkeMm OeliHeciH >Kacayra
>KoHe 91eMJe ©3iHiH AalbIKTBl OPHBIH aAyFa MYMKIiHAIK Oepeai.

TerapiMu i3 aeHicTiH HOTIDKeC — COYAETTIK KopKeM OelfHeHiH STHOMoAeHN KOHIIETIIIVICHI
STHOMdAEHU IpapUKaAbIK 49CTypAep MeH TEXHMKAABIK JKoHe IIUQPPABIK TEXHOAOIVIAAP
JKeTICTIKTepiH  cMHTe3gey apKblAbl Ky3ere acadbl. JKaHa Kasak coyaeT oHepiHJe
OelfHeTY3y >KoHe KYPbLABIM KOMIIOHEHTTep CKU(Tep OHepiHiH apXxauKaablK OpyTaabai
KOMITO3UIIVSICHI MeH Ka3aKThIH OI0-0pHEK OHepiHiH OMOHMKAABIK I1AaCTUKACH 00AaJbl.
3amaHaym cayaeT eHepiHig >KaHa MHTepHpeTalisIChl cayaeTuIiaepre
IIBIFAPMAIIBIABIKTEIH, ~KOPKeMAIK MiHAeTTepiHe JKaHallla Ke3KapaclleH Kapayra
MYMKiHAiK Oepeai. KoraMHBIH 5CcTeTHKaABIK, AyHUETaHbIMBI MeH KOPKeMAiK TaAFaMbIHBIH
AeHreiliH KeTepeai. ©OMip cypy OpTachIHBIH callachlH OalibITy, CoyAeT ©HepiHiH ©3iHAIK
epeKIeAiri MeH TaHbIAybIHa BIKIIaA €Ty, KaAalapbIMBI3ABIH SCTeTUKAABIK KeADeTiHiH
YATTHIK Ma/eHIeTKe cali 00AybIHa BIKIIaA eTeai.

Kiat ce3aep: Kaszax coyaeti enepi, KopkeMAiK Tidi, ceMaHTHKa, Mypa, CTUAD, 91eyMeTTiK
KeHICTIK MoJeAl, PTHOMa/AeH! A3CTypAep, DCTeTUKa, CUHTe3, OHep

DOI: doi.org/10.32523/2616-7263-2022-140-3-79-88

Kipicne

JKobGanbIH Herisri MAesCHI — FBLABIM, TEXHUKA SKOHE TEXHOAOTUAAAP KETiCTIKTepiMeH YATTHIK
Ma/eHMeT CHUHTe3iHiH CoyAeTTiK TY>XKbIpbIMJAaMachlH oa3ipaey. TyIlHycka ceyaeT TybIH/AbLAapPbIHbBIH
KOPKeMAiK-KOMIIO3UIIMAABIK IIelliMAepiHiy NpUHIIUIITEPiH 93ipaey YIIiH Kasipri 3aMaHFbl 94e€MAIK
KOPKeMAiK arbIMAapAbl Oily FaHa eMec, COHbIMeH Oipre YATTBIK MdAeHMeTTiH TeHe3NCiH 0iay, XaAbIKThIH
Ma/€eH) MYpPachlH TYCiHy >XoHe urepy kaxer [1,2].

¥ATTBIK MaAeHUEeTTiH KBUHTCCEHIIVACH PeTiHAe Ke3-KeATeH e4 apXUTeKTypachlHbIH KopKeMAiK
CeMaHTMKaChl XaABIKTBIH HCTETUKAaABIK Oli-CaHACBIHBIH JaMy JAeHreiiiH Oiagipeai. FoiabimMu TypreigaH
aaraH/Aa, Ka3aKCTaHABIK AaMy MoOJeAiH XeTiagipy ymiiH CayaeT yakeH pea aTKapadbl. bya Typrbiga
KaszakcranuplH 0Ooaalnak coyaeTiHiH KopkeMAiK OeiiHeci MeH imKi OOAMBICEI KazaK MoJAeHMeTiHiH
epeKIleAiriH aAeMre TaHBITaTbIHAAN AdpeKee OOAYbI MaKcaT >KoHe YATTBHIK CaHaHBIH MaFbIHachIHA cail
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>KacaKTaaraH 00aysl ab3aa [2, 3].

3epTTey >KYMBICTApbIHBIH MakcaThl — Arta-O0abasapAblH MoaJeHNU MYpPachbIHBIH STHOTeHe3iH
FRIABIMUM  Taajay, TYCiHy >KoHe TepeH WuIepy HeTi3iHge Kas3aK CoyAeT DCTeTMKAChIHbIH >KaHa
TY>KBIPhIMAAMachIH a93ipaey. boaamak apXxuTekrypaHbl KYPYAbIH TEOPUAABIK IIPUHIUIITEPiH CUHTE34LY
>KoHe Oipereil coHAiK OeliHeci Oap YATTBIK DCTeTMKAABIK TaAFaMAapfa call COyAeTTiK IIbIFapMadap
TYBIHAQY.

3eprrey MiHgeTTepi MakcaTka Koa >KeTKi3y yuriH KasakcraH MageHneTTepiHiH STHOreHesi MeH
cabaKTacTBIFbIH, KOpKeM-Tpa(pUKaablK MoJeHMeTiHiH DCTeTMKachlH >Kyliedi 3epaeaey >KoHe OCBIHBIH
Heri3iHAe MBbIHajall MiHAeTTepAl LIelTy KaskKeT:

- apXeoAOTUABIK MaTepuaajap MeH 94e0u gepekkesaep OoVibIHINA «CKU( aH CTUAI» AdYipiHiH
KopKeM-TpapUKaAbIK TidiH 3epTTey >KoHe Taljay;

- eXeaAri Typki MaTepuaaablK MOJACHMETIHIH eCKepTKIIITepiH, Ka3aKTapAblH KaAbIIITacy
Ke3eHiH/erl MoAeHN-DCTeTUKAABIK YPAiCTepAiH AMHaMUKAChIH 3epTTey;

- KeHICTiKTiKk (QopMmasapAbl MogeAbjaey KOHTeKCiHAe Ka3aKTapAblH OIO-6pHEK ©HepiHiH
CeMaHTMKaChl MeH I11aCTUKaChIH TaaAay;

- 9THOMdJeHU JdCTypAep KaszaKTapAblH OI0-opHeK eHepi MeH IMQPABIK A9YipAiH 3aMaHayn
KeTICTIKTepiHiH CMHTe31 HerisiHAe )KaHa TypIlaTTarsl FiIMapaTTap MeH KellleHaepaiH 3D sKcnepuMeHTTiK
MO/JeAAepiH JalibIHAQY;

- Eypasusablk FbLABIMU KeHICTIKTiH aliHaabIMbIHA XXI Facelpaarbl Kasak, CoyAeTiHiH allblayAapbl
MeH >KeTiCTiKTepiH eHrisy.

Kahangany goyipinge OapablK XaABIKTap ©3 MoJeHUETiHIH Heri3jgepiH 3epTreiii, e3AepiHiH
M3AeHU ASCTYpAepiMeH yIiaeciMAl eMip CypyAiH >KaHa Ty piH KaABIIITacThIPy¥Fa ThIpbICaAbl >KoHe OAapAbl
TYpAi coyaeT TypiHae TyOereiiai xysere acbipabl. bizain 6abasapbIMbI3 941 KYHIe AeliiH ©3iHiH ackaH
KOpPKeMAiriMeH TaMcaHABIPaTBIH aca >KOFaphl AeHTeiiJeri KopkeM agyHueaep >KacaraH. OFaH HaKThI Kyo,
Ecik kKopraHbiHaH TaOblLAFaH «AATBIH ajaM». JKaybIHrepaiH aATBIHMEH amTalfaH KuiMgepi esxeari
mebepaepain AYHMETaHbIMAapPhl MeH DCTeTUKAABIK TadFaMAaphl JKoHe aAThIH OHAeY TeXHMKAChIH JKaKChl
MeHrepreHAirin kepcetin orelp. CoHbIMeH Oipre Oya >KaHaablk /ala epKeHUeTiHiH 30p KyaTbl MeH
DCTeTUKAChIH drideiiTin Oait MudoaorusaHsl nam erri[4, 5, 6]. bisain MageHn mypa coa cak agayipiHeH
Oacray aaaTbIHBIH Jd4eAJell, OChbl OaFra >KeTIeC BDCTeTUKaAbIK KYHABIABIKTapAbl C9yAeT ©HepiHiH
KOpPKeMJiK Tial HerisiHAe MaligaaaHy¥a K04 KOPCETill OTHIp.

Atan aifTcak, aceM coyJeT, acipece Oipereil YATTHIK CoyJAeT, YAKEH 3MUATKEPAiK IIeH 30p
IIBIFAaPMaIIBIABIK TaAarl eH KyII-KirepAi >koHe YAKeH Kap>KblABIK IIBIFBIHAAPADI TaAall eTeTiHi Oeariai.
ConabIKTaH, JaMblfaH eajepAe OHBIH MaJeHUeTiHIH AaMy AeHTelliH KepceTeTiH Oipereil apxuTeKTypara
apHa/AfaH 30p Kap>KbLABIK IIBIFBIHAAP eAre YAKeH 2AeyMeTTiK acep MeH YAT MaJeHMeTiHe Dara >KeTriec
AUBUAEHATEp Oepeai >KoHe yAKeH Kap:Kblaap OeT-9AIeTci3 FuMapaTTap KypyFa bichIpan 00AMaliAbl.

JKacanap! Tipriaik eTy opTachlH KaAbIIITaCTBIPYABIH FBLABIMU HeTi3eareH (pua0copUChIH JKoHe
JKaHa apXWUTEKTyPaHbIH KOPKeMAIK-KOMIIO3ULIMAABIK >KYMEeCiHIH ®CTeTUKAABIK TY>KbIPHIMAAMaChIH
’Kacay — YATTBIK ayKbIMAAFbl MiHAET.

3eprTey caaachl

ATta-0abasapbIMBI3ABIH KOpKeM MaAeHMeTiHiH 9THOTeHesi - Kasak XaAKbIHBIH TapUXM - MdAE€HN
MYPachIHbIH CoyAeT OHepiHAeri OPBIHEbL;

3epTTey HBICAHbI Coy/AeT OHepPiHiH STHOMIAEHM TeOPUABIK LIelliMAePAiH TyblHAAY; CIyAeT
eHepiHAeTi KopKeM OeliHe Ty3yJeri MoAeHI Mypa MeH AdCTypaep;

3eprTreay aopexeci. JKahanaany aoyipiHge KenTereH XaAbIKTap C9yAeT ©HepiHAeri
Ma/EHMeTTiH TeHe3lci MacelelepiH 3epTTell, 0Japabl ic >KYy3iHAe >Kysere acblpyfa ThIPbICAABL.
XaarpIkapaaslK acriektige ¢uH (A.Aaprto) >xoHe >KartoH (K.Tanre, K.Kypokasa, K.Ceasnma,P.Prcessasa
K.0.) coyaeTniiepi coyaeT eHepiHiH YATTBIK CeMaHTMKACBhIH JAaMBITYy MaceaeciHae OeaceHAl >KYMBIC
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icreitai [5,6]. MyHaait >KyMBIC 91eMHiH KemTereH eajepiHge xyprisiayae (Y. Axenxc, C.O. Xan-
Maromeaos, A.B. Mxonnnxkos, 4. 4. Omypaanes, O. B. Boanuenko, IO. C. /lebeaes >xone T. 6.) [7,8,9,10]
Op ea e3iHiH MdjgeHN MoH MOTiHiHe cylleHeAl JKoHe COyAeTTiH KepKeMAiK OeliHeciHAe ©3iHIH YATTHIK
cTuAiH Kepceteai [2, 6, 9, 10,].

KasakcraHABIK coyaeTIIiAep HeTidiHeH coyAeT TapMUXBIHBIH calachl KoHe FMapaTTap CoyAeTTiK
TUIIOAOTUACHIHBIE 9pTypAl aclekridepiMeH IekTeain Xyp. bya AamaTbigarbl oIlepa TeaTpbIHBIH
rumapatsl (apx. T.K.bacenos >xone T. 0.), oHAa

97

Al T /‘“/

Cypem 1. Buonuxanvix cayrem. Mexmen, cmyoeummik scooa, 1984ic.

COHJIK 010 Oe3eHAipy TeTiri peTiHAe KeHiHeH KOAJ4aHBIAABL. OTKeH FachIpAbIH 70-II1i SKbLA4apBl YATTBIK
apXUTeKTypaHbl KaABIITACTHIPY dpeKeTTepi 00a4pl: AaMatbidarsl Teaectyaus (apx Kopsxkemmo A.n.)
>koHe M.OyesoB aTbiHAarbl Kasak JApama Teatpnl (apx. O.Kbaiimobipsaes, A.C.Kaitnapbaes). Kasax
XaAKbIHBIH Oall MaJeHI-DCTeTUKaABIK MypaJlapblHa OargapAaHraH 3aMaHayl coyAeT oHepi MeH OeliHeai
CTUANCTUKa Maceaeaepi OovibiHIIa Keke AnccepTanusiap (A.P. Coouros, E.M. bartenos, K. K. ApsiHos,
H. K. Kosbaraposa) MmeHn maxaaaaap Oap [11, 12]. Bya xeseHgepae yATTBHIK CoyAeT TaKbIPhIObIHA JKeKe
IIBIFAPMAIIBIABIK i34eHicTep MeH CTyJAeHTTiK KpeaTusTi >kobaaap 0oaawl (cyper 1). bya seprreyaep
KaszakcranHbIH Kasipri >KoHe acipece Ooallak coyAeTiHiH Mpo0eMalapblH TepeH KaMThIMa bl

Bipereit coyaer TybIHABLAQPBIHBIH KOPKEMAIK-KOMITO3UIVAABIK IIeITiMAepiHiH OTPUHIMIITePiH
93ipJey YIiH Ka3ipri 3aMaHFbl 91€MAiK KOPKeMAiK aFbIMAapAbl TaaJay FaHa eMec, COHBIMEH KaTap Kasipri
3aMaHFBI FBLABIM, TEXHMKA MEH TeXHOAOIMSAAAp KETiCTIKTepiMeH YATTHIK MoJeHMeT TeHe3NCiHiH TepeH
CcUHTe31 KaxkeT 00AaAbl.

Herisri 0eaim

byrinae Kasaxcras >kaHFBIPYABIH MaHBI3AbI Ke3eHiHe KagaM OacThbl, OHBIH HeTisri KypamMaac 6eairi
KOFaMABIK CaHAaHBI J>KaHFBIPTY, ©3 MOJEHMETiH, ©3iHiH YATTBIK KOABIH cCakKTay OOABII TaOBLA1aAbl.
PecniyOamkaja >Kysere achIpbIABIIT OThIpFaH «PyxaHu >KaHFBIPY» ipreai OargapaamMa KOMIIOHEHTTepi,
undpAbl ©pKeHMeT 3aMaHbIHAa Oi3AiH OabaaapbIMBI3ABIH KOITFACBIPABIK MYPAachlH aKTyalAbl >KoHe
Ka>KeTTiAiriH arkbiHAan oteip. [1,2,4] Ocel MaFbIiHaAa, XKacaHABI TipIITiAiK eTy OpTackl - apXUTeKTypaHbl
KaABIIITaCTBIPYABIH FRIABIMU  puaocopuschiH >KoHe KasakcTaHHBIH >KaHa CoyAeTTiK DCTeTHKachIH
KaABIITacCThIPY - VATTBIK ayKbIMAarsl MiHger [3,4,7,10,11,12].
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Coyaermii MamaHJAapra Tapuxyu KepKeM-TpapUKaablK AdCTypAaepai, >koOaaayAblH FBLABIMU-
TeXHMKAABIK Tial MeH 3aMaHayM KOMIIBIOTePAiK TeXHOAOIMsAJAAp JKEeTiCTIKTepiMeH YIiAecTipy YIIiH
Oipereil 3uATKepAiK oaeyeT IIeH KpeaTuBTi oiiday JeHreiti kaxeT. Ocbl Typrblga, ApXHUTeKTypa
KadpeapacbIHBIH FaABIM-CoyAeTIIiAep YKbIMBI (KeTtekii mpod. Ayricebart E.K.) screTnkaabK MypaHbI
3aMaHayM apXUTEKTYpaablK IIeNliMAepMeH CUHTe3Jey HoTVDKeCiHAe CoyAeTTiH >KaHa CeMaHTMKachIH
YCBIHBIII, YATTBIK M3JeHMeTKe cail ey MyMKiHAIKTepiH 3epaeaeyae (cyper 2).

Teopusiaslk TyprbldaH Eypasus XxaabIKTapbIHBIH caK AdyipiHeH OyTiHri KyHre JemiiHri
MoJeHMeTTep cabaKTaCTHIFB Ka3aK MoJeHMeTiHiH allphIKIla MOAeAiH KaapTacTeipasl [4,11,14]. Bizain
OHip esiHe ToH CKM( — caK ModJeHMeTi DTHOTeHe3iHiH, epekille Oearizepi Oap oOpTaracBIpABIK TYPKi
XaABIKTapBIHBIH Tajiga 0OAybl MeH ®BOAIOLMSICHI OPBIH aAfaH EypasusaHbIH ayKbIMABI aliMaKTapbIHbIH
0ipi Ooabint Tabbl1aabl. CaKTap MYpPachIHBIH €H KapKbIH KypaMbl, KOPKeMAIK epeKIleiriHiH aliKblH
KOPHICi >KoHe pyXxaHN OallABIFBIHBIH MaFaHAChl «aH CTUAL ©Hepi» 00AbII TaOblaaAbl. JKaambl, «aH cTHUAI»
JenoMeHi - 91eMAiK ©HEpAiH eH >KOFapFHI IIIBIHBI caHaaaAb1[4, 8,13].

\\
N Wy

v

Cypem 2. Anmuln OytiviMoap niwtiHin cayiemmik oetineze
mparncpopmayusnay sxcondapsl. Caynem-uvl2apMauivlisblk i30eHic

Ocspl TYpFBlga, COyAeT >KoHe Kada KYPBLABICHI FBIABIMBI YIIIiH >KacaHABI TipIIiAiK eTy opTachl -
Coy/AeTTiH KaAbllTacy epeKlleaikTepiH TaajayAblH (PUAOCOPUAABIK KoHe KOPKeMAIK NPUHIINUIITePiH
aHBIKTay MaHBI3ABI. bipereit koHe THOMdAeHM Heri3jeri ea apXUTeKTypachl OYTiHI KYHHiH MaHBI3AbI
9/eyMeTTiK CypaHbICH], >)KahaHABIK MageHNeTe 3aMaHayM Ka3aKCTaHHBI H AalibIKThl KOPCeTKIITTi.

Harp1z coyaer ysak Tapuxm Ke3eHre, Kelide MBIHXKBIAABIKTap¥a apHaAfaH XaABIKTBIH MaJeHU
KOABIH OpBIHAANABL, COHABIKTaH OHBIH KOpKeMAiK Tial (ceMaHTMKachkl) XaAblK MaJeHUeTiHiH
TachIMaAAayIIbIChl JKoHe Tapyxy Mmyparepi. Ocbl peTTe aTall ©TeTiAyTe THICTi AepeK, 04 Ka3aK ©pHeriHiH
(komKap Myiti3 o0 OeliHeci) cakTap 3aMaHbIHaH OacTay aAaTBIHABIFBI apXeOAOTMAABIK JepeKTepMeH
aliKbIHAaAraH (cyper 4). bya xarmaa HeriziHge HaKTBl MaTepuaAAbIK-KeHICTIKTIK >KoHe KOpKeMAiK-
DCTeTUKAABIK ITPOIlecTepAi KaiiTa Kypa OTBIPBIII, apXeOAOTUAABIK AepeKKe3aep TapTy HOTVKeciHAe XKaHa
COy/AeTTiK DCTeTHKa TY>KBIpbIMAaMachIH TybIHAAY ©3€KTi ic 00ABIIT TaObLAaABbl.
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Cypem 3. Ow-caynemmik betine. IcKu3

Bipereii >xoHe ®THOMa4eHN HeTi3aeTi ea apXuUTeKTypachl 0i3AiH MajeHeTKe KaTbIHACThHI op A3Yip
DCTeTUKAChIHAAFDI IIIIIIiH KaAbIIITacy IPUHITUIITEPIiH allly, CoyAeTTiK KoOaJayra KOMIIO3UITUAABIK HeTi3
002aThIH KOpKeMAiK OachIMABIKTapAbl TaHAayaH Oactasaabl. bisaiH sepTTeyaep MeH HIbIFapMallblAbIK,
i3aenicrep:

1) "ckud an crmai” gsyipiHgeri aaTeiH OyBIMAApPABIH KOpKeM-TpaduKaAbIK TidiH S5THOMaAeHN
apXUTEKTypaabIK OeliHe peTiHAe KOMIIO3UIAABIK TpaHCcpOopMaluslay IPUHINIITEPiHe HeTizaeaeai;

Kana  apxumexmypanvir; 0acmvl  NiWiH  KAADINMACHBIPYULL  XKaHe KYPOIABIMODIK-KeHICMiKmiK
Kypayuil KomnoHnewmi ckudmep oHepinit apxauxarvi oOpymarvdi  komnosuyuscor (cypem 2). «Cxud ar
CMUAD  ZPAPUKANDIK MIAIHIH  Hezi3iHde apXumeKmypa-KOMNOULUIAbIK Kaudarap mysy MeH 3cKu3dix
MO00eAbOep MeH AAZbl K00AAAP KOMNOSUUUACHIHA APHANAH MAKAA 0ACKA 0ACHIALIMOA MOAbIK Oepirzet.

2)Ara-6abaaap Mypacs! - OI0-OpHeK OHePiHiH CTUANCTUKAABIK epeKIIeAiKTepiH IbIFapMaIllbLAbIK,
uUrepy Kasak CoyAeTiHiH KepKeMJiK OeliHeCiH MoJeabAeyAe DTHOMdAEH! KOMIIO3UIIVAABIK MOTHUB JKoHe
NPUHIOVITI 11aCTUKAABIK Tia peTiHAe KapacThIpbLAAAbL;

JacTypai Kasak OIO-epHeri eKi KOOpAMHATTBI >Ka3blK OeTTe >KailFachlll ChI3bIAFaH OeliHe-
KOMITO3MITNA HeridiHe KypblaraH rpaduka. Tapuxu coyaeTTiK eckepTKilurep OOACHH, 3aMaHayu
KYpBIABIC ToKpuOeci 604CpiH Oeaepai 010 TeK Ka3blK OeTrepJe OpHajdackaH Oe3eHAIpyIIi TeTikK -
COHJRYIIl peTiHJe FaHa NaligadaHblabll Keadi. Ocwl 3epTTeyaepaiH HeTisri FRIABIMU >KaHAABIFBI MeH
IITBIFAPMAIIBLABIK, JKETICTir — KasaK OI0 ©HepiHiH COHAIK-Ka3bIK IpapUKachIH COyAeTTiK HBICAHBIHBIH
KO1eMAI-KYPBLABIMABIK, KOMIIO3UIIVICBIHA alfHAAABIPY HPUHIOUITEPIH KAABIITACTBIPY.
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Cypem 4. Kazax opHe2iniy niacmuxkacsl cayiemmix
KeHicmik Oetine KypyoulH He2i3l. ICKuU3

Kasipri 3amaHga 24eMAiK JeHreiige AaMBIIl OTBIPFaH COyAeTTiK OOHMKa CTMAI TaOMFaTTBIK
HiliHAepre YKCalThIH KOMIIO3uIMsAapra KypblaraH. Ocpl casaHbl TepeH 3epTTell Kapacak, Ka3aKThIH
OIO-OpHEeK ©HepiHiH OMOHMKAABIK CeMaHTMKAachl MeH CBI3BIKTBI eMeC - KeHiCTiKTiKTi IlaacTyKachl
TaOMFaTTHIK (popMasap HeriziHeH TybIHAaFaHbl Oeariai 0oaaaw (cypet 4).

bisaiH >xaHa FBLABIMU i34eHicTepiMi3 OeH DKCIlepMMeHTaAbAl JKOOAAbIK, YCBIHBICTaPBIMBI3 Ka3ak
OIO-OpHeTiHiH >Ka3blK OeTTe KypblAFaH rpadUKachlH KaHa TeXHMKAABIK >KoHe IIMQPPABIK TeXHOAOT
JKeTICTIKTepiMeH CoyAeTTiK HBICAaHBIHBIH VI ©AIIeMAl KOeAeM-KYPBIABIMABIK ~KOMIIO3UIIMACBIHA
alfHaAABIPY NPUHIIUIITEPiH JKy3eTre acblpy MaKcaThIH KO34eMAi.

FrrapiMu sepTTeyain HOTIDKeCI Ka3aKCTaHABIK OpeHATi 6iaaipeTiH >kaHa yATideri TYPFBIH Vil JKoHe
KOFaM/BIK, FIMapaTTapAblH 9KCIIEPUMEHTTIK cayAeT )Kobaaaphl TypiHAeri oHiM 00AaAbI.

Tyiiin

HarpIa coyaer y3ak Tapuxu Ke3eHIe, Keiide MBIHXKBIAABIKTapfa apHaAfaH XaAbIKTBIH MoJeH!
KOABIH OpBIHAANABL, COHABIKTAaH OHBIH KOPKeMAIK Tidi (CeMaHTMKAachl) XaAblK MoJeHMeTiHiH
TachbIMaAAayIIbICH )KoHe TapMUX) Myparepi.

JaMblraH eazepde apXUTeKTypara apHaAfaH 30p Kap>KbLABIK IIBIFBIHAAP OHBIH MaJeHMUeTiHiH
AaMy AeHTelliH KepceTe OTBHIPBHIIL, eATe YAKEeH 91eyMeTTiK TMiMALAIK IIeH yAT MajeHneTiHe Oara >KeTIiec
AUBUAEHATEp Oepeai, OeT-9AIIeTCi3 FMapaTtTap Kypy¥a bIChIpan 00AManAbl.

Kasakcran y11iH g9yipaik >KaHa Ma4eHIeTTi KaAbIIITacThIPy POLleciHAe, XaAbIKTIH e>XKeArl >KoHe
Kasipri 3aMaHFBl MdJeHMeTiHiH cabaKTacCTBIFBIH KOpCeTyAe, ©3iHAIK YATTBHIK MarbIHAChl Oap KepKeM-
OeliHeAi cOyAeTTiK IIBIFapMaJap IIEMIyIIi pea aTKapaAbl.

Kasak coyaer eHepiHiH IIbIFapMalllbIABIK KaFAaAapbIHbBIH TeOPUsAABIK HEri3iH a3ipaAey >KoHe
YATTBIK-KOPKEM CeMaHTUKAaHBl — IpaUKaAbIK TidAl KaABIITACTBIPY KOHIIENIVIACBIH TaXKipmbeaik
MeHTepy A9CTyp MeH 3aMaHayl >KeTiCTiKTep cuHTe3iHe Herizdeaeai. Kertepiaren maceaseaep 0i3ain
AYHUETaHBIMBIMBI3ABI, XaAKBIMBI3ABIH OTKEHi MeH OYTiHiHIH >XoHe 0o/alllarbH KaH-KaKThl O eAeTiHeH
OTKi3iII, TepeH 3epaeaeyai Taaal eTeai.

JKana apxmuTeKkTypaHbIH Karuaarrapsl 0i3AiH coyaeTiidepre ScTeTUKaAbIK MiHAeTTepiHe XKaHallla
Kapayra, Ka3ak CoyAeTTiHiH ©3iHAIK KOpKeMJiK epeKIeairi MeH TaHbIMaa 00AyblHa, KaAaAapbIMbI3AbIH
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DCTETUKAABIK OelfHeCiHiH YATTBIK MajeHMeTKe call 00AybIH KaMTaMachl3 eTeAl.

bisain reIABIMU 3epTTeyAepAiH TY>KbIpbIMJdaMadapbl HOTVIKeCiHAe 93ip/AeHIeH >KoHe 3aMaHayl
UMQPPABIK TeXHOAOTUsFa HeridgeAreH coyadeT — OyA MaJeHUeT IleH IIbIFapMalllblAbIKKa CaAbIHATBIH
VHBECTUIIVS: STHOMaJeHM MeKeHJey OpTachIHbIH >KaHa TYpPIaThIH KaABIITaCTRIPY apKbLAbl KOFaMABIK
CaHaHBl >KAHFBIPTY >KoHE Y34iK YATTBIK J9CTypAepai, SCTeTUMKAABIK apTHIKIIBIABIKTApABI >KaHa
apXmUTeKTypara yliaeciMai eHrisy.

Bya >xyMbIcTBIH HoTyKeci OoribiHIIa EypasusiabIK FRIABIMU JKoHEe MdAeH! KeHIiCTiK alfHaAbIMBIHA
’KaHa 3aMaHAarbl Kas3aK CoyAeTiHiH FBLABIMM >KaHaABIKTapbl MeH KepKeMJiK >KeTicTikrepi eHridileTiH
6oaaapl. Kasax coyaeriniH XXI racelpgafrbl KepkeMAiK OeliHeciH >Kacayfa >KoHe 91eM XaABIKTaphbI
MoJeHMIeTi iIlliHAe AaliBIKTHI OPBIH adyfa MYMKiHAIK Oepeai.

KopsIThIHABI

Eaain coyaer eHepiHiH OoaalllaKk JaMy BEeKTOPBI XaABIKTBIH MBIHJAfaH >Kbladap OOVIbI
KaABIIITACKaH TapUXM MdJEHMETiHiH STHOTeHe3iHe HeTi3aeAyi Kepek;

aTa-O0abaAapBIMBI3ABIH OCHI 3aMaHFa AeiliH caKTaIl KeATeH Ka3akK OI0-opHeK eHepiHiH rpaprKaabIK
Tiai "ckud ayg crmuai" goyipineH Oacray azaabl AereH TeOPUABIK IMrore3aslap apredakridap HerisiHae
A2AeAAeHAL;

DCTeTUKAABIK CaHa CabaKTaCTBIFBI JKoHe KOPKeM-MdJeHM ASCTYp >Kaarachl peTiHAe "ckud ay
ctuai" A9yipiHiH KepKeM-rpaduKaablK ceMaHTHKaChl Ka3aK CoyJeT eHepiHiH JKaHa TiAiH KaABIITaCTEIPY
INPUHIUIITePiHe HeTi3 00AyBI THIC;

ASCTYpAi KasaK OIOBIHBIH COHAIK-Ka3bIK IpapMKachlH apXUTEKTypPaHbBIH KOAeM-KYPbLABIMABIK,
KOMIIO3MIIUACH PeTiHAe Urepy Taciai 0i3AiH coyaeT eHepiHe STHOMJAEHU KOPKeMAiK Tia Oepeai.

Kasakcranubly 0Ooaalllak coyAeTiHiH apXauKaablK OpyTaabai KOMITIO3UITUSICHI HeMece
KeHICTIKTIKTI OIO-OpHeK I1J1acTMKachl >KaHa SCTeTUKAABIK CeMaHTMKa KaABIITacCTBIPBIIT  YATTBIK
apXUTeKTypa TYbIHAAABL;

Yapl gana eckepTKilTepiHiH KepkeM-rpaduKaablK MYpachlH CoyJAeT ©eHepiHAe urepy Kasak
coy/eT eHepiHiH KepKeM OellHecCiH >KacayFa >KoHe 91eMAiK MdeH) OpTala ©3iHiH AalibIKThl OPHBIH aAyFa
MYMKiHAIK Oepeai.
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E.K. Ayrice6art, E.E.AyiiceGai
Espasuiicxkuii nayuonaronvii ynusepcumem um. /A.H. I'ymuresa, Acmana, Kasaxcman

HoBbIi1 Xy A0KeCTBEHHBIN A3bIK Ka3aXCKOVI apXUTEKTYPbl, OCHOBAaHHLIN Ha KyAbTYPHOM
HacaeAW IIpeaKOB

Annoramms. Ceroans, B Hadaae XXI Beka, cogeprKaTeabHOe BhIpakeHyue oOpas3a apXUTeKTyphI
UAU XyAOXKeCTBeHHOTO sI3bIKa ABASETCsA KAIOYeBBIM ITOKa3aTeleM KOHKYPEeHTOCIIOCOOHOCTM KyABTYPBI
CTpaHBI U TOCyJapcTBa B r100aabHOM Mupe. Xopolas, OCOOeHHO YHMKaAbHas apXUTeKTypa TpeOyeT
OTPOMHBIX MHTEAAEKTYaAbHBIX ¥ TBOPYECKUX YCUANIA.

PesyapTaTel peaamsyemorl B cTpaHe pyHJaMeHTaAbHOI HaydHOI mporpammsl «KyasrypHOe
HacaeAue» AOAXKHBI OBITh y4YTeHBl B pa3paOOTKe KOHIIEIIIMM STHOKYABTYPHOM 9CTETMKM Hallei
ApXUTEKTYPHI.

Ony0amkoBaHHBIE B JaHHOI CTaTbe pe3yAbTaThl MCCAeJOBaHUII IIPeACTaBASAIOT COOOM
VHBECTUIIUN B KyABTYPY U TBOPYECTBO: BO3POKAeHUe OOIIeCTBeHHOTO CO3HaHUsA depe3 TapMOHUYHOe
BHeApPEHIEe B HOBYIO apXUTEKTYPY AY4IIMX HAaIMOHAABHBIX TPAAULINIL, DCTETUYECKUX IIPeATIOUTeHNIA

PesyabpTaT Hay4yHOTO MCCA€AOBaHUA - STHOKYABTYypHasl KOHIIENIINs apXUTeKTypHOro oOpasa,
KOTOpas peaausyeTcs depe3 CUHTe3 DTHOKYABTYPHBIX M300pasUTeAbHBIX TPAAULIMI C TeXHNYECKUMU
AOCTVKeHMSAMU U I POoBOIL TexHoAorner. PopmMooOpasyommnMu 1 CTPYKTYPHBIMU COCTaBAAIONINMU
HOBOJI Ka3aXCKOJ apXUTEeKTyphl CTaHyT apXandHas OpyTaabHas KOMIO3UIMA CKM(PCKOTO MCKYCCTBa U
OuoHmMJeckas IL.AacTiKa Ka3aXxCKoro OpHaMeHTaAbHOTO MCKYCCTBa.

HoBas mHTepmperanys COBpeMeHHON apXMUTEeKTYphl IIO3BOAsET apXMUTEKTOpaM IO-HOBOMY
B3IASIHYTh Ha XyAOJKeCTBeHHble 3agaun TBopyectBa. CaMOOBITHOCThL UM Yy3HAaBaeMOCTb apXUTEKTYpPhI
IIOBBIIIAIOT YPOBEHb DCTETUYECKOTO MUPOBO33PEHMSI M XyA0>KeCTBeHHOIO BKyca OOIecTsa, MpUAAIOT
aApecHOCTb HCTeTMYECKOMY 00AMKY HaIllMX TOPOAOB.

KaroueBble ca0Ba: KasaxcKasi apXUTEKTypa, Xy4O>KeCTBEHHBIN S3BbIK, CeMaHTMKa, HacaeAue,
CTUAB, MOAEAD COIIMAABHOTO IIPOCTPAHCTBA, DTHOKYABTYPHBIE TPAAULIUY, DCTETUKA, CUHTEe3, UCKYCCTBO.

E.K. Duysebay, E.E. Duysebay
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

The new artistic language of Kazakh architecture based on the cultural heritage of the ancestors

Abstract. Today, at the beginning of the 21st century, the meaningful expression of the image of
architecture or artistic language is a key indicator of the competitiveness of the country’s culture and the
competitiveness of the state itself in the global world. A unique architecture requires great intellectual
and creative efforts.

The results of the fundamental scientific program "Cultural Heritage" should be taken into
account in the development process of the ethnocultural aesthetics concept of our architecture.
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The research results published in this article represent an investment in culture and creativity
such as the revival of public consciousness through the harmonious introduction of the best national
traditions and aesthetic preferences into the new architecture.

The result of scientific research is the ethnocultural concept of the architectural image, realized
through the synthesis of ethnocultural pictorial traditions with technical achievements and digital
technology. The archaic brutal composition of the Scythian art and the bionic plasticity of the Kazakh
ornamental art will become the formative and structural components of the new Kazakh architecture.

A new interpretation of modern architecture allows architects to take a fresh look at the artistic
tasks of creativity. The originality and recognizability of architecture raise the level of the aesthetic
outlook and artistic taste of society and makes the aesthetic appearance of our cities more targeted.

Keywords: Kazakh architecture, artistic language, semantics, heritage, style, model of social
space, ethno-cultural traditions, aesthetics, synthesis, art
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Analysis of the state of the machine and tractor fleet of Northern Kazakhstan

Abstract. The article presents an analysis of the state of the machine and tractor fleet of
agricultural enterprises in the North Kazakhstan region and the pace of its renewal for
2015-2021, which showed a positive trend. According to the literature review, the solution
to the problem of achieving food security in Kazakhstan is directly related to the level of
technical equipment of farmers, the modernization of agricultural machinery, and the
formation and development of the agricultural machinery market. Despite the successful
implementation of various government programs, there are still many unresolved
problems in updating the agriculture infrastructure and developing the agro-industrial
complex's material and technical base. The study of the fleet of the main types of
agricultural machinery in Northern Kazakhstan made it possible to determine the positive
dynamics. For 2015-2021, the machine and tractor fleet of agricultural enterprises in the
North Kazakhstan region was updated with 15,517 pieces. Thus, the total number of main
types of agricultural machinery for farmers in the North Kazakhstan region at the
beginning of 2022 is 155,275 units.

Keywords: agricultural machinery, machine and tractor fleet, North Kazakhstan region,
grain production, granaries

DOI: doi.org/10.32523/2616-7263-2022-140-3-89-103

Introduction

According to the Ministry of Agriculture (Figure 1), the sown areas of the main crops (cereals,
including legumes and rice, oilseeds, and fodder) were systematically decreasing from 1990 to the
beginning of 2000. In subsequent years, the increase in sown areas did not exceed the maximum point (in
1990), and the expansion of areas was replaced by the intensity of their use [1].
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Figure 1. The cultivated area of main agricultural crops

Compiled by the author based on the source [1].
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Analysis of the state of the machine and tractor fleet of Northern Kazakhstan

According to local executive authorities, a forecast structure of sown areas for 2022 has been
formed. The total sown area will be 23.1 million hectares, which is 105 thousand hectares more than in
2021. The area of fodder crops has significantly increased and amounted to 3.6 million hectares [2]. The
increase in sown (planting) areas and the expected increase in the production of the main types of crop
production against the background of a decrease in the availability of agricultural machinery contributes
to the rise in the load per unit of equipment and creates risks of a reduction in the level of agricultural
mechanization [3].
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Figure 2. Gross harvest of main agricultural crops for 1990 — 2021

According to the national statistical authorities, the gross harvest of the main agricultural crops
for 2021 decreased significantly compared to the same period in 2020. The average yield for Kazakhstan's
main types of agricultural produce fell in 2021. Thus, the yield of grain crops amounted to 10.4 c/ha,
oilseeds - 8.3 c/ha. At the end of 2021, Kazakhstan continues to grow in agricultural production, which is
due to a slight increase in grain production by 1.44% compared to 2020.

Figure 3 shows that a significant proportion of grain-receiving enterprises is concentrated in the
North Kazakhstan, Akmola, and Kostanay regions.
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Figure 3. Map of the location of gfa;in;recéivihg ehférprises in Kazakhstan
Compiled by the author based on the source [3].

According to Table 1, Akmola, North-Kazakhstan, and Kostanay regions are leaders in terms of
granaries. At the beginning of 2022, the load of granaries in the East Kazakhstan region was 20%, and the
current load of the North Kazakhstan, Akmola, Kostanay, and Pavlodar regions took less than a quarter
of the total [4].

By the statistical data, Atyrau, Zhambyl, Mangystau, Turkestan regions, Almaty city, and
Shymkent city at the beginning of 2022, they did not have granaries. In the North Kazakhstan region, 71
grain-receiving enterprises are registered, of which 47 have an active status, and 24 have a license
revoked/returned.

Table 1. Statistics on the workload of granaries

Territory Total volume of Current work load, Free volume
granaries kg.
Akmola region 4 456 500 000 599 294 220,00 3 857 205 780,00
13%
North-Kazakhstan 3114 900 000 434 557 860,00 2 680 342 140,00
region 13%
Kostanay region 2 887 300 000 209 736 538,00 2 677 563 462,00
7%
West-Kazakhstan 602 800 000 16 016 158,00 586 783 842,00
region 2%
East-Kazakhstan 495 200 000 103 918 123,00 391 281 877,00
region 20%
Aktobe region 391 800 000 19 008 512,00 372791 488,00
4%
Pavlodar region 301 300 000 40 804 207,00 260 495 793,00
13%
Nur-Sultan 243 000 000 18 442 928,00 224 557 072,00
7%
Alma-Ata's region 174 600 000 11 506 927,00 163 093 073,00
6%
BECTHUK EHY umenu A.H. Tymunesa. Cepus mexrueckue HAYKu 1 mexHOAOZUY Ne 3(140)/2022 91

BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Analysis of the state of the machine and tractor fleet of Northern Kazakhstan

Karaganda region 108 500 000 903 546,00 107 596 454,00
0%

Kyzylorda region 40 000 000 0,00 40 000 000,00

In Kazakhstan 12 815 900 000 1454 189 019,00 11 361 710 981,00
11%

Compiled by the author based on the source [4].

An essential condition for effective agricultural production is the optimal formation and rational
use of agriculture's material and technical base. The primary task at present is to carry out the harvesting
of the grown crop without losses and create conditions for ensuring high-quality storage. The Ministry is
constantly monitoring the preparation of elevators for the acceptance of a new crop. The total grain
storage capacity in the country in 2021 was 27.5 million tons, including 12 million tons at grain-receiving
enterprises (Table 1) and 15.5 million tons at agricultural producers[3]. It is necessary to consider the
volume of storage capacities and the technical equipment of granaries sufficient to store the forecasted
crop, taking into account the carry-over residues of past years. The use of elements of the material and
technical base of agricultural enterprises and the timely placement of crops in granaries affect the
implementation of high-quality technological processes for its safety.

The solution to the problem of achieving food security in Kazakhstan is directly related to the level
of technical equipment of farmers, the modernization of agricultural machinery, the formation and
development of the agricultural machinery market [3].

The development of agriculture and related industries is one of the priority areas of the state's
socio-economic policy [5].

The state has adopted and is implementing several programs affecting the development of the
agro-industrial complex and rural regions:

- "Kazakhstan-2050" Strategy;

- Strategic Development Plan of the Republic of Kazakhstan until 2025;

- "Digital Kazakhstan" State program [5].

Despite the successful implementation of priority programs and the achievement of target
indicators, there are still many unresolved problems in updating the agriculture infrastructure and
developing the agro-industrial complex's material and technical base [5].

Today, both the standard of living and the well-being of the population largely depends on the
degree of development of agricultural production; in this regard, it is necessary to identify the most
critical problems of the agro-industrial complex and find ways to solve them.

The purpose of the study is to determine the state of the machine and tractor fleet of agricultural
enterprises in the North Kazakhstan region and technical support based on the analysis of the fleet of the
main types of agricultural machinery.

In the Republic of Kazakhstan, the formation of agribusiness industries has a territorial and
regional character. The level of their development depends on many factors: the proximity of deposits
and resources; availability of relatively inexpensive energy sources; infrastructure development;
provision of labor, material, and other resources necessary for production activities. The level of
management in the regions also plays an important role [5].

There are economic disproportions in the country since the extractive segment of the industry
plays a dominant role in the financial system of particular regions. At the same time, agriculture,
transport, and infrastructure services are experiencing difficulties, and a high degree of monopolization
remains. The basis of the economic structure of the regions is their territorial location, agro-climatic
conditions associated with natural and climatic zones, asymmetric placement of cities, financial centers,
deposits, favorable areas for agriculture, and so on [5].

There is no doubt that for the stable economic development of the regions; it is necessary to create

92 Ne 3(140)/2022 A.H. Tymunres amuintdazor EYY Xadapuvicor. Texnuxarvis 2biAblm0ap xate mexHoAOUSAAP Cepusichl
ISSN: 2616-7263, eISSN: 2663-1261



1. Mizanbekov, S. Bekbosynov, L. Lytkina

conditions for ensuring the competitiveness of agricultural products and support the timely sale,
processing, and export of products. This, in turn, spurs a set of measures related to creating favorable
conditions for long-term business lending and tax administration. Furthermore, it is necessary to support
and stimulate industries and economic entities that use innovative technologies that invest in research
and technical development [5].

The North Kazakhstan region is divided into 13 districts; the regional center is the city of
Petropavlovsk. The area includes five towns, 11 settlements, and 204 rural (village) communities. As of
January 1, 2019, the population amounted to 554.5 thousand people or 3% of the republic's total
population. The urban population is 251.8 thousand people or 45.4%; the rural population is 302.7
thousand people or 54.6% [7].

The main sectors of the region's economy that have the most significant impact on the volume of
GRP (gross regional product) are agriculture, industry, trade, transport and warehousing, and real estate
transactions. According to the results of the first half of 2019, the volume of GRP per capita amounted to
706.1 thousand tenges [7].

Kazakh wheat is in great demand. The main markets for North Kazakhstani wheat are the
countries of Central Asia (Uzbekistan, Tajikistan, Kyrgyzstan, Afghanistan), which account for 2/3 of
wheat exports. This is the closest market and the most convenient for grain supply in terms of overland
logistics with transportation mainly by rail. The leading importer of barley is Iran, which accounts for
about 90% of barley exports. Oilseeds are exported mainly to European countries such as Poland,
Belgium, Germany, Italy, and others. Of the Asian countries, oilseeds are mainly exported to Mongolia,
Afghanistan, and Uzbekistan, increasing imports [7]. Consequently, the economic well-being of this
region depends on the timely harvesting and preservation of the crop.

Research methodology

In the course of this study, a set of methods of scientific analysis was used: the statistical method,
the method of comparison, and forecast. Using the collection of statistical data and the growth dynamics
of the main types of equipment, it is possible to identify the main problems of the state of the machine
and tractor state of agricultural enterprises in the North Kazakhstan region. The most crucial issue is the
unfavorable state of the farming machinery fleet. The depreciation of agricultural machinery in
Kazakhstan is about 80%. According to the Ministry of Agriculture of the Republic of Kazakhstan, the
average age of more than 70% of combine harvesters and tractors is 13-18 years old, with a normal
operating life of 8-10 years. In addition, the presence of a decommissioning of more than 70% of combine
harvesters, about 80% of tractors, 75% of harvesters, and 80% of seeders [5].

Results and discussion

Currently, the main focus is on the supply of universal mechanized complexes based on tractor
units to agricultural producers, which allows for minimizing agrarian production costs, effectively
implementing the entire cycle of agricultural operations, and reducing the payback period of purchased
equipment [3].

According to the Ministry of Industry and Infrastructure Development, in 2020, Kazakhstani
factories produced 6,272 units of agricultural machinery worth 93 billion tenges. The annual production
growth in physical terms amounted to 98.2%; in terms of value, output increased immediately by 2.5 times
[6].

According to the Ministry of Industry and Infrastructure Development, the production of tractors
in Kazakhstan is carried out by the Kostanay plants Agromash Holding KZ and the Kostanay Tractor
Plant (Lovol and Kirovets), the KAIK plant (Belarus and RSM brands) in the Akmola region and SemAZ
"(brand "Belarus") in the East Kazakhstan region. Combines are assembled by AgromashHolding KZ
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(Essil brand), KAIK (Acros), and Kazrost Engineering Ltd. (VECTOR 410 and ACROS 550) [6].

According to the Ministry of Agriculture of Kazakhstan Republic, in 2021, the agricultural
equipment fleet in Kazakhstan amounted to 143 thousand tractors and 37.6 thousand combines; in 2019,
farmers purchased about 3.4 thousand units of tractors and 1.2 thousand combines, and in 2020 about 4.8
thousand tractors and 1.2 thousand combines were purchased [6].

The study of the fleet of the main types of agricultural machinery in Northern Kazakhstan made
it possible to determine the positive dynamics. As a result, for 2015-2021, the machine and tractor fleet of
agricultural enterprises in the North Kazakhstan region was updated with 15517 units (Table 2). Thus,
there is a gradual level of development of the technical support of agriculture, supported by the leasing
of agricultural machinery. Leasing as a source of financial support for the investment activities of
enterprises is one of the most important mechanisms for their technical re-equipment, the introduction of
new equipment and technologies, and increasing the level of innovation and financial results of
production [5].

Table 2. Dynamics of renewal of the fleet of the main types of agricultural machinery and equipment in

the North Kazakhstan region (as of January 2022)
Name of equipment 2015 | 2016 | 2017 2018 2019 2020 2021
Tractors of all brands: 211 197 216 256 338 408 531
Wheeled 206 192 214 254 334 400 524
Other 14 8 8 15 14 56 71
Tracked: 5 5 2 2 4 8 7
Other 2 1 0 0 3 8 6
Harvesters 271 253 202 160 199 291 273
Grainhar vesters 269 249 195 156 192 281 265
Other 13 4 29 37 19 35 19
Forage harvesters 2 2 6 4 4 10 8
Corn harvesters 0 0 0 2 0 0
Potato harvesters 0 1 1 0 1 0 0
Beet harvesters 0 1 0 0 0 0
Roll reapers 118 101 77 86 69 90 79
Trucks 64 61 41 24 30 28 20
Tractor trailers 47 43 45 36 34 25 52
Tractor plows 13 12 9 15 21 49 34
Subsurface cultivator 11 18 6 4 12 6 8
Cultivator 38 22 18 15 39 35 33
Hoeing plough 11 5 4 5 1 5 15
Harrows 352 402 254 146 192 132 317
Seeders 157 238 311 270 362 433 444
Seeding complexes 52 38 25 44 61 64 91
Grain loaders 19 16 16 23 31 41 37
Seed protectors 12 16 12 15 8 14 9
Sprayers and pollinators 48 34 32 46 63 77 66
Irrigation machines total 1 0 0 0 0 0 0
Mowers 22 29 24 27 59 52 44
Tractor rake 17 21 17 17 36 20 17
Bale presses 43 41 38 39 84 71 52
Stackers 16 10 9 6 11 16 17
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Car weights 1 2 2 1 2 3 4
Mechanized thresting-floor 4 5 3 4 2 0 0
Compiled by the author on the basis of data from the Department of Agriculture and Land Relations of
the Akimat of the North Kazakhstan region.

In 2021, the agricultural enterprises of northern Kazakhstan purchased a total of: tractors - 548
units, grain harvesters - 262 units, seeders - 456 units, forage harvesters - 6, tractor trailers - 49, storage
hoppers - 4, trucks - 12, baler - 63, loaders - 122, plows - 26, hoeing plough - 1, cultivators - 20, harrows -
231, grain throwers - 27, grain cleaning complexes - 18, grain dryers - 6, seed dressers - 10, others - 325,
other agricultural equipment - 72 (Table 3).

Table 3. Acquisition of agricultural machinery by enterprises of the North Kazakhstan region in 2021

Name of equipment Purchased total
Quantity Amount, million
tenge
Tractors of all brands
wheeled 543 18412,0
including;:
"John Deere" 25 2905,2
"Buhler Versatile" 46 3962,8
"Case 425" 11 1552,6
"XERION " 13 19224
"CLAAS" 1 34,1
"Axion" 2 92,6
"New Holland 425" 2 343,0
"Kirovets" 39 1982,8
"Foton" (China) 43 651,4
"Foton-1454" (China) 0 0,0
K-744 19 1008,1
K-700 2 95,9
MTZ-80 11 92,4
MTZ -82 107 927,5
MTZ -892 86 880,1
MTZ -920 14 126,7
MTZ -952,960 37 382,0
MTZ -1221 64 956,7
HTZ -17221 4 125,1
Other 17 370,6
Tracked: 5 500,6
Other 5 500,6
Total 548 18912,6
Combine harvesters
"JohnDeere" 26 3996,7
"CLAAS" 22 3507,5
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"NewHolland" 6 462,7
"Case6066" 2 368,0
"ACROS" RSM -530 57 3292,8
"ACROS" RSM -580 46 3084,5
"Vector" 34 1881,6
KZS-740 "Essil" 21 1040,1
KZS-760 "Essil" 43 2950,4
Other 5 383,0
Total 262 20967,2
"DonMar" 18 1477
ZhVZ-10.7 (Gomel) 5 41,8
"MacDon" 15 1033,5
ZhVN-6 9 68,8
Other 27 619,8
Total 74 1911,7
"John Deere " 11 1170,1
"Bourgault" 15 1546,4
"Flexi-Coil" 2 193,8
"Amazone" 1 29,5
"Horsch" 19 1763,7
"Amity" 74,0
"Kuzbass" 66,0
"Agrator-8500" 0,0
Other 41 1298,4
Total 91 6141,9
Seeders
SKP-2.1 203 354,8
"John Deere" 0 1,0
575-2.1 183 308,2
Other 70 470,5
Total 456 1134,5
Forage harvesters 6 1275,0
Forage harvester KSK-600 1 63,0
Tractor trailers 49 455,2
storagebunkers 4 82,5
Trucks 12 250,4
Baler 63 439,1
Loaders 122 2703,3
Plows 26 98,3
Hoeing plough 1 7,5
Cultivator 20 361,0
Harrows 231 1303,8
GrainThrowers 27 140,5
Grain-cleaning complexes 18 2432
Graindryers 6 416,8
Seedprotectors 10 19,7
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Other 325 4304,8
Total 2352 61232,1
Other agricultural equipment 72 6222,5
Total for the region 2424 67454,6

Compiled by the author on the basis of data from the Department of Agriculture and Land Relations of
the Akimat of the North Kazakhstan region.

Thus, the machine and tractor fleet of agricultural enterprises in the North Kazakhstan region at
the beginning of 2022 is: tractors of all brands - 12909, wheeled - 11430, including: Kirovets -2990, T-150 /
KhTZ -316, Case -116, Valtra -3, Challenger -23, New Holland -24, Lamborghini -6, CLAAS - 101, John
Deere -502, Buhler Versatile -452 , MTZ (total) -5192, YuMZ (total) -352, T-40 - 264, T-25 - 132, other
wheeled tractors -957; tracked: -1479, including: - DT-75 (75M, 75P) - 766, T-130 - 10 units, T-4 - 622, T-95.4
- 20, T-70 - 8, other tracked tractors -53, combines - 7488; grain harvesters -7365, John Deere -838, CLAAS
-339, Challenger -28, New Holland -113, Case 6066 - 67, ACROS RSM-530 - 325 units, " ACROS" RSM-580-
192, "Vector" -733, "Niva-Effect" -105, KZS-740, "Essil" -367, KZS-760, "Essil" -459, "Yenisei" -1200 - 2139,
"Yenisei" -950 (Ruslan) -181, SK-5 "Niva" -1009, "Don" -1500-184, "SAMPO" -SR 2010 - 54 units, other grain
harvesters - 232, forage harvesters -84, corn harvesters - 31, potato harvesters-7, beet harvesters-1. Roller
reapers- 4756, trucks - 5800, tractor trailers - 9375, tractor plows - 1956, subsurface cultivator - 1945,
cultivator - 2572, hoeing plough- 1239, harrows - 41823, seeders - 15068, seeding complexes - 1388, grain
loaders - 1260, dressers seeds-625, sprayers and pollinators -1676, sprinkling machines total-9, mowers -
958, tractor rakes-929, balers-937, stackers-640, truck scales-554, mechanized current-688.

To preserve the quantity and quality of the harvest, the technical equipment of granaries is
considered important. The number of large grain-receiving enterprises of the North Kazakhstan region
includes: "Bread base No. 2" LLP, "AGRIMER" LLP, "Beskaragai" LLP, "Dostyk elevator" LLP, "Kzyltu
flour mill" LLP, "Mamlyut flour mill" LLP, LLP "TALSHIK ASTYK LTD", "Timiryazevsky elevator", LLP
"KhPP "TNS-Export", LLP "Elevator Smirnovsky" (Table 4). From the data obtained, it can be seen that
grain-receiving enterprises have the necessary equipment for receiving, drying, processing, storing, and
shipping grain.

Table 4. Equipment of the most significant large grain enterprises in the North Kazakhstan region

Indicat | LLP AGRI | LLP LLP LLP LLP LLP "Timir | LLP LLP
or "Bread | MER | "Besk | "Dost | "Kzylt | "Mam | "TALS | yazevs | "HPP | "Eleva
baseN | LLP aragai | yksky |u lyutfl | HIK ky "TNS- | tor
0.2" " elevat | Flour | ourmi | ASTY | elevat | Export | Smirn
or" Mmill" | 1" K or" " ovsky
LTD" "
Locatio | Rural | Bulaev | Rural | aul Kishke | Maml | aul rural | G. Smirn
n distric | o, st. distric | distric | nekol | yutka, | distric | distric | Musre | ovovil
t Vostoc | t t rural | st. t t povstr | lage,
Novoi | hnaya, | Aman | Kazan | distric | Skach | Talshy | Timiry | eet, st.
shims | buildi | dyksk | sky, t, aul kova, | ksky, azevsk | 38G Elevat
ky, aul | ng.4 y,aul | aul (villag | 37 aul y, aul ornay
(villag (villag | (villag | e) (villag | (villag a, 32
e) e) e) Kishke e) e)
Novoi Ilyiche | Nikols | nekol, Talshy | Timiry
shims vka, koe- Elevat k, azevo,
koe, Beskar | Burluk | ornay S.sadv | Lenin
Zerno agay skoe, | a akaso
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vaya street, | station | street, va street,

street, 24 St.Yan | 2 street, |1

14 ko, 1 6B
Grain 142,80 | 160,00 | 145,00 | 102,50 | 202,00 | 145,40 | 209,20 | 158,10 | 120,00 | 100,00
storage
capacit
y
(thousa
nd
tons)
Partner yes | undefi | undefi | undefi | yes yes yes | undefi | undefi | undefi
of Food ned ned ned ned ned ned
Corpor
ation
Trustra A X 0 0 0 0 B 0 0 X
ting (reliab | (undef | (unreli | (unreli | (unreli | (unreli | (accep | (unreli | (unreli | (undef

le) ined) able) able) able) able) | table) | able) able) ined)

Elevato | 70,40 | 100,00 | 33,00 | 63,50 | 115,00 | 118,90 | 170,00 | 143,00 | 120,00 | 100,00
r
(thousa
ndtons)
Wareho | 72,40 | 60,00 | 112,00 | 39,00 | 87,00 | 26,50 | 39,20 | 15,10 - -
use
(thousa
ndtons)
Wareho - - - - - 3,20 3,00 - - -
use,
incl.
intende
d for
storage
of
seeds
(thousa
nd
tons)
Grain 6/218 | 6/238 | 6/220 | 5/210 | 7/266 | 6/295 | 4/166 | 5/324 | 2/100 | 2/114
drying
equipm
ent
(pes/to
n/h)
Graincl 7 6 8 6 8 17 6 6 9 6
eaning
machin
es (pcs)
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Asphalt - - 30,00 | 15,00 - 3,20 0,50 - 12,50 -
sites
(thousa
nd m?)
Activev - 20 17 14 - 16 1 - 48 2
entilati
onequi
pment
(pes)
Autom 2 2 6 2 4 4 2 2 2 1
obilesca
les*
(pes)
Carriag 1 1 2 1 1 1 1 1 2 1
escales*
(pes)
Mobilet 9 24 27 5 9 15 6 3 32 1
ranspor
tequip
ment
(pcs)
Handli 13 11 3 4 16 34 8 2 23 2
ngequi
pment
(pes)
Installa 1 - 17 2 1 2 1 2 24 2
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for
remote
control
of
temper
ature
and
humidi
ty of
grain
during
storage
(set)
Equip 1 144 30 2 20 2 30 11 216 -
ment

for
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and
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e
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control
of grain
during
storage
(pcs)
Loadin 5 4 6 - 10 20 3 9 7 4
g and
unloadi
ng
devices
(pes)
Compiled by the author based on the source [4].

Conclusion

The study of the fleet of the main types of agricultural machinery in Northern Kazakhstan made
it possible to determine the positive dynamics. For 2015-2021, the machine and tractor fleet of agricultural
enterprises in the North Kazakhstan region has been updated with 15,517 pieces of equipment. Thus, the
machine and tractor fleet of agricultural enterprises in the North Kazakhstan region at the beginning of
2022 is: tractors of all brands - 12909, wheeled - 11430, other wheeled tractors -957; tracked: -1479, other
tractors -53, harvesters- 7488; grain harvesters - 7365, other grain harvesters - 232, forage harvesters - 84,
corn harvesters - 31, potato harvesters - 7, beet harvesters - 1, reapers- 4756, trucks - 5800, tractor trailers
- 9375, tractor plows - 1956, subsurface cultivator- 1945, cultivator-2572, hoeing plough-1239, harrows-
41823, seeders-15068, sowing complexes-1388, grain loaders-1260, seed dressers-625, sprayers and
pollinators-1676, sprinklers total-9, mowers-958, tractor rakes-929, balers - 937, stackers - 640, truck scales
- 554, mechanized current — 688.

It is necessary to create mechanisms for updating the agricultural machinery fleet. In order to
provide means of mechanization of agricultural production, it is essential to find solutions to the
following problems:

provide economic and financial support to agricultural enterprises for the purchase of all types of
agricultural machinery, for the renewal of the machine and tractor fleet;

ensure the creation of competitive models of equipment that meet modern operating requirements
by stimulating the innovative development of agricultural engineering;

create favorable financial and organizational conditions for the production and development of
exports of agricultural machinery;

ensure the production of modernized agricultural machinery.
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. Muszau6ekos!, C. bek6ocbiHOB!, /1. /IBITKMHA?
1Kasaxckutl HAUyUOHAALHUILL UCCACD06AMEeAbLCK UL azpapHblil yHusepcumem, Aavamol, Kasaxcman
2BopoHexckutl 2ocydapcmeeHotil YHueepcumem uHxeHepHvix mexrorozuii, Bopornesx, Poccust

AHaan3 coOCTOSTHUS MaIMHHO-TPAaKTOPHOTO I1apKa CeBepHoro Kaszaxcrana

AnHoTtamms. B crarbe  mpeacraBaeHbl  OIleHKa — MAalllMHHO-TPAKTOPHOIO  IapKa
CeAbCKOXO3MCTBeHHbIX ITpeanpuaTuii CepepHo-KaszaxcraHckoit 0064acTy U TeMII ero OOHOBA€HUs 3a
2015-2021 roapl, ITOKa3aBIINii IT0AOXKUTEABHYIO AMHaMMKY. COraacHO 4aHHBIM AUTepaTypHOro ob3opa
peleHne mpoOAeMbl AOCTVKeHN s ITPOAOBOAbCTBeHHOM De3onacHocTy B Kasaxcrane HanpsMyIo CBsA3aHO
C ypOBHEM TeXHMYeCKO} OCHaIlleHHOCTM arpapueB, MOAEpHM3allell CeAbXO3MaIllMHOCTPOeHI,
CTaHOBJAEHMEM M pa3BUTHEM pPBIHKa CeAbCKOXO3AJMCTBeHHON TexHuku. Hecmorpss Ha ycremHyio
peaamnsaluio pasAMYHBIX TOCYJapCTBEHHBIX IIPOTpPaMM, OCTaeTCsl MHOTO HepellleHHBIX IIpoDJeM B
OOHOBAEHIUM MHPPaCTPYKTypPhl CeAbCKOTO XO3sICTBA M Pa3BUTUM MaTepuaabHO-TeXHIYeCKO Oasbl
arpoIIpOMBIIIIAeHHOTO KoMmIldekca. VlccaegoBaHme mapka OCHOBHBIX BUAOB CeAbCKOXO3SIICTBEHHOM
TexHuky B CepepHoMm Kasaxcrane 11o3BoAmnao oIpeseAuTh IMOAOKUTEABHYIO AHaMuKy. 3a 2015-2021
roAbl MaIllMHHO-TPaKTOPHBIN ITapK CeAbCKOXO3sAMCTBeHHbIX npeanpuAtuii B Cesepo-Kazaxcranckor
oOaacty 6611 0OHOBAeH Ha 15517 eaunuiy Texuuku. Takum o6pa3om, oO11iee KOAMIeCTBO OCHOBHBIX BUAOB
CeAbCKOXO3SIICTBeHHON TexHUKM arpapues B CesepHo-Kasaxcranckoit obaactu Ha Hadaao 2022 roga
HacuuTbIBaeT 155275 eauHuii.

KaroueBble caoBa: ceabCKOXO3AMCTBEHHAs! TeXHMKa, MaIllMHHO-TPaKTOpHBIN mapk, Cesepo-
Kasaxcranckas 004acTs, IpoU3BOACTBO 3e€pHa, 3epHOXPaHIANIIIA.

. Mu3auo6ekos!, C. bekbocbrHOB!, /1. ABITKIIHA?
; .
Kasax yammork sepmmey azpapavix ynusepcumemi, Aamameot, Kasaxcman
2Boponex Memaekemmik uHxeHepAIK mexHoAozusAap yHusepcumemi, Boporesx, Peceii

Coarycrik KasakcraHHBIH MallIfHA-TPaKTOp NapKiHiH XXarAalibIH Taajay

Angarna. Makasaga oH AnHamukaHbl kepcetkeH Coarycrik KasakcraH 0OABICBIHBIH aybla
IIapyallbIABIFEl  KOCIITOPBIHAAPBIHEIH MalllMHA-TPAKTOP MapKiHiH >XKal-KyliHe >xoHe oHbBI 2015-2021
KbLAAapAaFsl )KaHapTy KapKbIHBIHA TaaJay OepiareH. ©4e0m oAy AbIH JepekTepiHe corikec Kasakcranaa
a3bIK-TyAiK Kayilcidairine Koa >KeTKi3y IpoOJAeMachblH IIelly arpapuiiiepAid TeXHUKaABIK
>KapaKTaHABIPBIAY JA€HTeliMeH, ayblA IIapyallbLABIFEI MaIlMHAAAPBIH >KacayAbl SKaHFRIPTYMEH, ayblLd
IIapyallbLABIFbI TEXHMKACh! HAPBIFBIHLIH KaAbIIITaCybIMeH JKoHe JaMybIMeH Tikeaell OaitaanblcThl. Typai
MeMJAeKeTTiK OarjapaaMadapAblH TaOBICTBI iCKe achIpblAyblHAa KapaMacTaH, ayblAd IapyalllblAbIFbI
MHQPaKyPHLABIMBIH JKaHapTya >KoHe arpOOHEePKICIIITiK KeIlleHHiH MaTepraaAbIK - TEXHMKaABIK Oa3achlH
AaMbITyJa Ilenriameren npobaemasap kem. Coarycrik Kasakcrangarel aybla — IapyalllbLABIFBI
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Analysis of the state of the machine and tractor fleet of Northern Kazakhstan

TeXHMKAaCBIHBIH HeTi3ri Typaepi IapKiH 3epTTey OH AMHaMIKaHbI aHbIKTayFa MYMKiHAIK Oepai. 2015-2021
kp1agapbl Coarycrik Kasakcran 00ABICBIHAAQFBI ayblA HIApyalllbLABIFEI KoCiTOPBIHAAPBIHBIH, MallllHa-
TpakTop mapki 15517 Oipaik TexHmkara >kaHapTsiaAbl. Ocblaariia, 2022 xeraaeiy 0aceiHAa CoATYCTIK
Kaszakcran o00abICBIHAQFBI arpapuiliepaiH aybla IapyalllblABIFbl TeXHMKACBIHBIH HeTi3ri TypAepiHiH
>Kaarsl caHbl 155275 GipiKTi KypanAsL.

KiaT cesaep: aybla mapyalblABIFel TEXHUKAC, MalnHa-TpakTop napki, Coarycrik Kasakcran
00.4BIChI, aCTHIK, O©HAIPY, aCTHIK caKTay KOolMaaaphl
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Capcem0baeBa A.C.*1, Mycaxanosa C.T.!, Carunos 3.C.2, )Kycynoekos A.K.3

1EBpasniickuii HalMoHaAbHbI yHusepcuter uM. /L. H. I'ymmnaesa, Acrana, Kazaxcran

2PTTI Ha ITXB «HanmonaapHbIi 1IeHTp KayecTsa AOPOKHBIX aKTHBOB», AcraHa, Kasaxcran
3Cankr-IlerepOyprckuit rocyAapCTBeHHBII apXUTeKTypHO-cTpouTeabHblil yausepcuret, C-TletepOypr, Poccrsa
(E-mail: assel enu@mail.ru)

MOHNUTOPVHI COCTOSIHNMSA aBTOMOOMABHBIX AOPOT B 3MIMHMIA
nepuog B ropoae Hyp-Cyaran

Annortarmsa. B Hacrosmeir paboTe BBIITOAHEH aHaAU3 (PU3MYECKMX U MeXaHMJIeCKIX
CBOJICTB TPYHTOB OCHOBaHMII Ha yyacTKe aBTOMOOMABHONM AOPOIM B T€OKAMMAaTUYeCKIX
ycaosusix ropoda Hyp-Cyaran. ITpo6sl IpyHTOB 3€MASHOIO ITOAOTHA OBIAM UBBATHL B
3MMHMII IIepUOA AAsl OIlpejeAeHNs NAOTHOCTY, IHNPUPOAHON BAaXKHOCTU, a TakKe
[AaCTNIECKMX CBOJICTB TPYHTOB B AabDOpaTOpHBIX YCAOBUAX. lIpouHOCTHBIE 1
AedopMaIIOHHbIEe XapaKTepUCTUKY OBIAM ONpeJeAeHbl IIyTeM WCIBITaHMIT Ha
KOMIIPEeCCMOHHBIX ¥ CABUIOBBLIX Ipobopax. OgHOBpeMeHHO IIPOBOAMACA MOHUTOPYHT
TeMIlepaTyphl B 3MMHUIA I1epMOJ, IIpU ITOMOII YCTAaHOBKI CEHCOPOB B CAOSIX AOPOKHOI
OA€XABl U 3eMASHOIO IIOAOTHA aBTOMOOMABHON Joporu. bplaa omnpejeseHa rayOnHa
IpoMep3aHus B 3MMHee BpeMs, a TakXke IIpOaHaAM3MPOBaHO paclipejeleHue
TeMIIepaTyphl B IAyOMHE JOPOKHOI O4eXABI ¥ IPYHTOB OCHOBAHMUs. YCTaHOBAEHO, 4TO
CAOM JOPOXKHOM OAEXABl OCTalOTCS B CTaDMABHO MepP3A0OM COCTOSTHUU IIpU
KPpaTKOCPOUYHBIX ITOBBIIIEHNIX TeMIlepaTyphl 40 +6,6 °C 3a cueT cyOKOMIIeHcalluu Telraa
(Terraomepegaun) IoAJeXKalluX CAOeB M MMEIOT AOCTaTOUYHBIN 3arac IIPOYHOCTH. A
HanbOABIINM TeMIIepaTypPHBIM BO3AeMCTBIAM II0ABEepraioTcs CA0M Ha rayonHy 25 cM oT
IIOBEPXHOCTM AOPO>KHOIO MOKPBITHUA. JA5 IIpes0TBpallleHNs] HeTaTMBHOTO BO3AeNCTBIS U
HepaBHOMepPHOI1 AepopMaLi 3eMASHOTO IIOA0THA BCAeACTBIE CE30HHOTO IIPOMep3aHIs
IpejJAaraeTcsl yCTPOMCTBO AOTIOAHUTEABHON TapOMU30AAIM Ha rayouHe 57 cM, HICKe -
IIOACTUAAIOLIETO CAOS IPaBUITHO-TIECYaHON CMEeCH.

Kaiogesble caoBa: aBTOMOOMABHBIE JOPOIM, IIpOMep3aHUe JOPOXKHOIM OAeXKAbl,
MOHMTOPVHI TeMIlepaTypbl, 3eMASIHOe II0A0THO

DOI: doi.org/10.32523/2616-7263-2022-140-3-104-113

BBeaenne

OrpunareapHble TeMIIepaTyphl, a TakKXKe AMHaMI4eCcKOe BO34elICTBIe OKa3hIBalOT CyIeCTBeHHOe
BAMsAHNE Ha JedOpMallMiOHHBIe I IIPOYHOCTHBIE CBOJCTBA MaTepualoB JOPOKHOM OAeXKABI,
coAep KalllX OpraHMJecKoe BsDKyIlee (acaabTOOETOHBI; TPYHTHI, OOpaOOTaHHBIE OpPTaHMYECKIIMU
BsoKymmmn) [1,2]. dedopmalinoHHble ¥ IIPOYHOCTHBIE XapaKTePUCTUKU TAMHMCTBIX TPYHTOB TakKe
CUABHO 3aBUCAT OT BaaxkHocTtu [3]. ITpm HM3KMx Temmeparypax 49acTb BOABIL, COAep KaIelics B TPYHTe
3eMASHOTO I10A10THa aBTOMOOMABHON AOPOIH, TIEPeXOAUT U3 JKUAKOTO COCTOSHUS B TBepjoe (aea) [4].
IIpomepsanue BpeMeHHO yaydinaeT Je(pOpMaIlVIOHHBIE U IIPOYHOCTHBIE XapaKTePUCTUKM TIPyHTa
3eMASJHOIO MHOAOTHA [5,6], 0AHAKO MOXET IOBAMATH Ha YIIPYIOILAaCTIYeCKOe COCTOSHME AOPOXKHONI
OAEXABI, KOTOpas IIOABEP>KeHa BO3AENCTBMIO TeMIIEpaTypHOIO pacCIIMpeHus ¥ AVHAMUYeCKUM
Harpy3kaMm IIpU SKcIIAyaTalluy B 3uMHee BpeMm:. Haxomaenme Baaru 1o aBTOMOOMABHON AOpPOToOi
SBASETCS OCHOBHON IIPUYMHON €e pa3pyILIeHMs BO BpeMs TasHWU:A B BeCceHHUI Iepuod. Ilonmmanne
IIpOLIeCCOB  IIpOMEep3aHMA-OTTaBaHMUSA M MOHMTOPUHI TIAyOMHBI IIpOMep3aHus  CIIOCOOCTBYeT
YCOBEpPIIIeHCTBOBAHMIO ~KOHCTPYKIIMM aBTOMOOMABHBIX AOpPOT Ha CTaduM IIPOEKTUPOBAaHUM U
PEKOHCTPYKIIMM, a TakXKe yBeAMYEHMIO Hecylell CIIOCOOHOCTM ¥, CAeAO0BaTeAbHO, YAYUIIEHUIO WX
npomyckHoit crocooHoctu. Tak, B 2010 roay OblAM ycTaHOBAEHBI AAQTYMKM B KOHCTPYKIIMIO
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aBTOMOOMABHON Aopornm AcraHa-boposoe Ha yuactke 76xm+30 [2], B 2013-2016 rr. OBLA IIpOBEJeH
MOHMTOPMHI TeMIIepaTypHO-BAa>XHOCTHOI'O pe>kiMa Tpacchl Aamatsl-buiiikek Ha yuacrke 58xkm+895 [7],
B 2017 r. - Kesbaopga-llleimkent 297xkm+00 [8], Atpipay-Acrpaxans 598km+50 [9], B 2013-2015 rT. -
Ockemen-3orpsaHoBck 0km+75 [10].

C 11€4DI0 U3yYeHNs: COCTOSHIS aBTOMOOMABHBIX AOPOT U OIIeHKM MX HecyIleil ClIOCOOHOCTU Ipu
BO3JENCTBUIM OTpUIIaTeAbHBLIX TeMmIlepaTyp OblAd McCAeAOBaH YYaCTOK aBTOMOOMABHOM AOpPOTU B
ycaosusx ropoga Hyp-Cyaran. Jas 9Toro mposoauacs MOHUTOPUHI TeMIIepaTyphl A0POSKHONM 04eXKAbI
U 3eMASTHOTO I1040THa B TedeHne 31 KaaeHgapHOTO AHs 3uMHero nepuoja 2021-22 roaos, a TakKe ObLAN
U3BSITH OOpa3Ifel TPyHTa 4451 604ee MogpOoOHOTO Aa00PaTOPHOTO MCCAeA0BaHIA.

MeTtoapb1 nccaeaoBanvst
Vccaeayemplili yuacTOK aBTOMOOMABHON AOpOTM paciiodaraercs Oamsu aspomropra . Hyp-

Cyaran, B parione mocce Kapkapaasl, B 8 KM 0T 00be34HOI goporu B cropoHy 11. Kocrisr. KoHerpykiis
AOPO>KHOM OAeKAbI U TOAIIIMHA CA0eB IIpejcTaBAeHa B Tabaniie 1.

TaGamria 1
KoucTpykinis 40p0o>XHO 04eKABI M C10€B OCHOBAHISA
Caon dakTyyeckass KOHCTPYKINS U TOAITMHA KOHCTPYKTUBHBIX ToammHa caost, cMm
CA0€B, CM
1 BepxHuii ca071 TIOKPBITUS U3 rOpsYeil IIAOTHOM 5cm
acdaarrodeToHHOI cMecy Tuna b, mapkn I
2 Huxamii 207 TOKPBITUA U3 TOpsYeli KpYITHO3e PHUCTOM 10cm
ropucroir acpaabToOeTOHHOI cMec, MapKu |
3 BepxHuit ca0¥1 OCHOBaHIS 13 TOpsTIelt BRICOKOITOpuUCToi a/o | 12cm
cMecn
4 Huxanit caoit ocHOBaHUS 13 111e0eHOYHO-TIeCIaHO CMeCU 15cm
C-4
5 [ToacTmaarommit cA0M U3 TpaBUITHO-TIeCIaHO CMeCH 15cm
TOAIITVHOM
6 I'pyHT OCHOBaHMSA — CYTAMHOK AeTKuii rmecyanucToiit. 1o 243cm

I10/1€BOMY OMMCAHUIO CYTAMHOK CBETA0-KOPUYHEBOIO I1BETa,
TBEPABIIA, C IPOCAOSAMU TAMHBI Ha TAyOuHe 2.4M ¢

MOIIHOCTBIO 40 0.2M.

Bce rpynTm, BCKpBITBIE Ha IIAOIadKe, IO pe3yAbTaTaM  M3BICKAHMI,  SABASIOTCS
BOAOBMEIIAIOIIMMHI  OTAOXKeHUsAMM. PeXMM TIPYHTOBBIX BOJ IIOABEpP>KEH CEe30HHBIM KOJeOaHMAM:
MMHMMAaAbHOE CTOsIHME OTMedaeTcs B (peBpade, MaKCMMaAbHOe IIPUXOAMUTCS Ha KOHell Mast. AMIIAUTYAa
KoAe0aHMsl YPOBH: IIOA3eMHBIX BOJ cocraBaseT 1,0-2.0 m. Iluranme rpyHTOBBIX BOJ ITPOMCXOAUT B
OCHOBHOM 3a CYeT MH(UAbTpalum aTMocpepHbIX ocaakob. O04acThiO IUTaHUA CAYXKUT 00AacTh
pacrpocTpaHeHns BOAOHOCHOTO TOPU30HTa.
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Monumopunz cocmosmus asmomoourvbHolx dopoz 6 summuii nepuod 6 20pode Hyp-Cyaman

Q\ -

Pucynok 1. /labopaTopHble 11CcAeAOBaHIsI TPYHTOB OCHOBaHMsI: a) OTOOP M MapKMpOBKa
KepHOB; ©0) omnpejeleHMe IIAaCTUMYeCKMX CBONMCTB; B) ompejeleHNe IIPOYHOCTHBIX WU
¢MALTpaIIOHHBIX XapaKTePUCTUK Ha KOMIIPeCCMOHHOM npubope (oaomeTpe)

B amBape 2022 r. boran u3BaedeHsl KepHBI TPYHTa OCHOBAHUS A4Sl MCCA€AOBaHNS (PUBMYECKMX U
IIPOYHOCTHBIX XapaKTePUCTUK B AabopaTOpHbIX ycaoBusx (pucyHok 1). Ilpupognas BaakHOCTb
CYTAMHKOB Oblaa OllpejeAeHa IyTeM BBICYIIMBaHUA B Ileun pu TeMnepatype ot 105 20 107 rpagycos 40
IIOCTOSIHHOTO Beca. BaaxHocTh Ha mpegeae TeKydecTu U pacKaThbiBaHU: onpegedeHa coraacHo I'OCT
20522-2012 [11]. YaeapHoe clieniaeHue M yroa BHYTPEHHOTO TPeHMs HaXOAMANCH IIyTeM MCIIBITaHM: Ha
04HOOCHBIN casur. Kosdpduument ¢uasrpanyu Obla omnpeseleH KOMIIPECCHMOHHBIM MCIIBITAaHMEM B
JK€CTKOM MeTaAAM4ecKOM KOblle KOMIIPeCCHMOHHOTO pubopa (ogomerpa).

Habaroaenms temmiepaTyphl BeAMCh IyTeM aBTOMaTUIECKOTO 3aMepa CceHCoOpaMH, 3aA05KeHHBIMI
B MeTaAAM4ecKIX Karcyaax, ycraHoBaeHHbIMM Ha rayouse 0,05; 0,2; 0,4; 0,6; 0,8;1; 1,4, 1,8; 2,2, 2,6 1 3,0 m
OT IIOBEPXHOCTHU 3e€MAM, a TaK>Ke TeMIIepaTypbl BO3AyXa IIPUHATOM 34€Ch KaK TeMIlepaTypa IOBepXHOCTI
3eman 0 cM (pmcyHOK 2).
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5cMm

PycyHOK 2. YcTaHOBKa TeMIIepaTypPHBIX 4aTUMKOB: a) PacroA0>XeHe CeHCOPOB B CA05IX

AOPO>XKHOM 0AeKABI I OCHOBAaHMSIX aBTOMOOMABHBIX A0POT; 0) OO BIJ TeMIIepaTypPHBIX
AATYIMKOB B METAaAAMIECKMX Karcyaax

PESyileaTbI ccaea0BaHsI

/labopaTOpHBIMI MeTOJAaMM MUCCAeAOBaHUsA Obla ompejedeH KO9QOPUITUMEHT QUABTpaIu
TPYHTOB AAs yeTBepTU4HbIX cyrAnHKoB — 0,01-0,13 m/cyT. [pyHTOBEIE BOABI Ha AAaHHOM Y4YacTKe JOpOru
XapakTepu3yloTcsl KaK XAOPUAHO-HaTpueBble, OYeHb >KeCTKue, caabolleaodHble, coaoHoBatbie. Ilo
OTHOIIeHMIO K OeroHam Mapku W4 Ha mOpTaaH/lleMeHTe TIPYHTOBBIE BOABI HearpeccuBHble U

CAaGOaneCCI/IBHbIe, IO OTHOIIIEHUIO K >Ke1e300€TOHHBIM KOHCTPYKLVISIM

CpeAHearpeccuBHEIe.

Kopposuonnas arpeccMBHOCTb TPYHTOBBIX BOZ4 II0 OTHOIIEHMIO K CBMHIIOBOM U aAlOMMHMIEBON
000a04KaM Kabeas — BbIcOKas. Ilog3eMHbIe BOABI IO OTHOIIEHMIO K CTaAbHBIM KOHCTPYKUMAM (11O
[Itabaepy) koppoaupyioiye. OCHOBHbIE (PpU3MUECKUe XapaKTePUCTUKI TPYHTOB OCHOBAHI S IIPYBeeHbI

B TabAuIE 2.

TaGamria 2
PesyabTaThbl 2a00paTOpPHBIX aHAAM30B IPYHTOB OCHOBaHMsI
HamnmMenosanme nmokasaresein Eaunuiia ITokasarean
U3MepeHns

1 2 2 3

1 ITpupogHas BAa>KHOCTh % 20,2
2 BaaxxnocTs Ha mpegeae TeKydecTu % 26,5
3 BaaxxnocTs Ha mpegeae pacKaThlBaHIS % 15,1
4 Uncao naacrumaaoctt % % 11,6
5 Koncucrenmms 0,5
6 ILaoTHOCTB TpYHTA r/cm3 2,00
7 ILaoTHOCTH YacTUI] IpyHTa r/cm3 2,70
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8 Kos¢dunment nopucrocrn AOAM 4. 0,700
9 CTrerreHb BAa>KHOCTHU A0AU eA. 0,800
10 Moayas aepopMariun MITa 6,50
11 YaeabHOe crieriaeHne klla 23,5
12 Yroa BHyTpeHHero TpeHus rpaayc 22

AHaan3 MexaH4eCKIX CBOVICTB TPYHTOB OCHOBaHMII IpuBeJeH B Ta0AuIle 3. YacTHbIe 3HaUeHU
XapaKTepPUCTUK ITPOYHOCTHBIX M AepOPMaIVIOHHBIX CBOJCTB YeTBEPTUYHBIX CYTAMHKOB I104Bepraanch
cratuyeckoit oOpabotke coraacHo Tpebosanuamy I'OCT 20522-2012 m B pesyabrare MHOAYYeHBI
HOpPMaTVBHBIE U pacuyeTHbIe 3HaUeHIsI XapaKTepICTHUK, IpuBeeHHble B Tabauite. Moayas gepopmanm
cocrasaset 6,50 MITa. 3a pacueTHOe 3HaueHNEe MOAY A AepOpMaIUV peKOMeHAYeTCs IIPUHSTH 3HaYeHIe,
pasnoe 6,0 MIIa.

TaGauiia 3
Mexannueckne n gepopMaliiOHHbIE XapaKTePUCTUKV TPYHTOB OCHOBaHMSI

HanmenoBanue Eannniia SHaveHIs o 1o Hecy11en
XapaKTepUCTUK U3MepeHns xapakrepuctu | gepopManusaM | CIIOCOOHOCTU
K a=0,85 o=0,95
1. Yaeapnoe cireriaenne | xlla 23,5 13,0 6,5
2. Yroa BHYTPEHHETO | rpaayc 22 21 20
TpeHus
3. Moayan MIla 6,50 6,00 -
AedpopMarum
4, ITaoTHOCTB TPyHTa r/cm3 2,00 1,98 1,97

MonuTopuHT TeMIIepaTyphl OCYIIECTBASACS B 3MMHIIN ITepnog, ¢ 19 aekabp: 2021 r. o 18 sauBaps
2022 r. Kak mokaszaHO Ha pUCyHKe 3, CpejHee 3HaueHUe TeMIlepaTyphl Bo3ayxa Obio —5,5 °C, mpu
MaKCMMaAbHBIX 3HaUeHIIX TeMIlepaTypsl, 4ocTurasimx +6,6 °C, MuHnMaAapHbIX 40 -25,5 °C. B neaom
AAHHBIN I1epMOJ OXapaKTepu3oBaaAcs 0oJee BBHICOKMMM CpeAHMMM 3HadeHMSAMHU II0 CpaBHEHUIO C
AAHHBIMU TIPeABIAYIINX roloB. Hamboasmmm TemneparypHeIM (AYKTYalVsaM OBLAV TOATBEPIKAEHBI
BEpXHIE CAOM AOPOKHOI OAeXABl ¢ HamboJee TIIAOTHON CTPYKTypoil. bBwrao ormeueno 13
KpaTKOBpeMeHHBIX Itepexo0B yepe3 0°C 1o Temrieparype Bo3ayxa, OAHAKO CAOU AOPOKHOM OAEKAbI
OCTaBaAMCh B 3aMOPO>K€HHOM COCTOAHMM M TaK M He Iepecekan oTmerky 0°C, odeBnaHO, 3a cueT
KOMIIeHCally Teraolepejaun MoAAexXKallux cA0eB ¢ 0oaee HMU3KONM TeMmepaTypoil. OTHOCUTeAbHas
crabmamsanmsi TPYHTOB OCHOBaHI: AOCTUTAa Ha TayOuHe -1.2 M IIpy OoTpullaTeAbHBIX TeMIlepaTypax B

npegeaax -5 -2°C.
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Temnepatypnbie koaebanus 19 gex 2021 - 18 aup 2022
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Pucynoxk 3. TemriepaTypHble KO1€0aHNA B CA05IX AOPOKHOM O4eXXAbl I OCHOBaHMSX
aBTOMOOMABHBIX A40POT B 3uMHee Bpems I. Hyp-Cyaran
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Pucynoxk 4. PacnpegeaeHune TeMmiiepaTypal IO r1yOuHe

Ha pucynke 4 mpeacrasaeHsl rpapuKy paciipejeleHnss TeMIepaTyphl 110 IAyOuHe OT Bepxa
AOPO>KHOI OA€XABI 40 3 M I'PYHTOBOTO OCHOBaHM:I. 3aMephl OBLAM BBIIIOAHEHBI Ha 8 yTpa yKa3aHHBIX
AHer1. 'aybuHa mpomMepsaHns OCHOBaHM: aBTOMOONABHON AOpOTM Ha AAQHHOM ydJacTKe paBHa -2.2 M C
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,ZI,aAI)HeIZH_II/IM YMEHLH_IeHI/IeM A0 2 M BCAeACTBIIE ITOBBIIIIEHI ST Cpe,ZI,HeCYTO‘{HOfI TeMnepaTprI BOS,ZI,YXa.
Hp]/[ ITIOBBIIIIEHU I TeMnepaTypr Bo3z1,yxa 1104, BO3,ZI,eI7[CTBI/IeM OKa3bIBAIOTCSI TOABKO 25 CM OT Bera
40p0>KHOI71 OA€XAbI, UTO COOTBETCTBYET BEPXHEMY CAOI0 OCHOBAHWUS U3 ropﬂqeﬁ BLICOKor[opI/ICTOIZ
aCCl)aAbTO6ETOHHOI7[ cvecn. Huokumii caoimm ocHoBaHmMs 13 IIeOEHOYHO-IIECYaHOM CMecu MeHee
IOABEP>KEH BO3JeMCTBUIO CYTOYHBIX KOAebaHmT BO3AyXa.

3akaouenue

1. I'pyntel  ocHOBaHM:A OblAM  KAacCM(UIIMPOBAHBI KaK YeTBePTUYHBIE CYTAMHKM C
koo Ppunmenrom puasrpanuu 0,01-0,13 m/cyT 1 uncaom naacruasoctu 11,6 9T0 COOTBETCTBYET AETKUM
CYyTAMHKaM.

2. 'pyHTOBBIE OCHOBaHMS aBTOMOOMABHBIX AOPOT, KaK U CAOU AOPOXKHONM OAEXAbl, OCTAIOTCA B
CTaOMABHO MEeP3A0M COCTOSHUM IIPU KPaTKOCPOUYHBIX IIOBBIIIEHNX TeMIlepaTypsl 40 +6,6 °C 3a cuer
cyOKOMITeHcalluy Terda (Teraonepejaun) IIOAAeXKaIllMX CAOeB U MMeIOT JOCTaTOYHBIN 3ariac
IIPOYHOCT.

3. ITpu KpaTKOCPOUYHBIX ITOBBIIIEHIIX TeMIlepaTyphl BO3AyXa 1104 BO3AelCTBIeM OKa3hIBAIOTCs
TOABKO 25 CM OT Bepxa AOPOKHOI OA€KAbI, YTO COOTBETCTBYeT BepXHeMY CAOI0 OCHOBAHMS U3 TopsJyent
BBICOKOTIOPUCTOM acpaabTOOETOHHOI CMECH.

4. CyrouHble KoaAeDaHM:S TeMIlepaTyphl B BepXHEM IIOKPHITMM W3 TOpsdeil I1A0THOM
acaabTOOETOHHOI CMeCU COCTaBASIOT B cpegHeM 2-5 °C npu ¢payKTyanym TeMIiepaTyphl Bodayxa 6-12
°C.

5. Alasa ipeAOTBpaIIieHIs] HeTaTVBHOTO BO3AEICTBIS 1 HepaBHOMEepHOI gepopMaliun 3eMASHOTO
I1010THa HEOOXOAUMO IIPelyCMOTpeTh AOIOAHUTeABHYIO MapOM30AAlMIO Ha raydouHe 57 cM, mepeg,
YCTPOJMCTBOM HOACTUAAIOIIETO CA0S IPAaBUITHO-II€CYAHON CMECH.
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Hyp-CyaTan KaaacbIHAAFbI KbICKDI YaKbITTaFbI JKOAAAPABIH XaFaarblH OaKblaay

Anpaarma. bya sxymeicta Hyp-Cyaran KadachlHBIH TeOKAMMATTHIK, >KaFjaliblHAA Tac >KOA
y4yacKeciHAeTi iprerac TOIbIpaKTapbIHBIH (QU3MKa-MeXaHMKaAblK KacueTTepiHe TaaJday >KacaaAbl.
3epTXxaHaAblK, >KaFAalijda TOIBIPAKTBIH THIFBI3ABIFBIH, TAOMFU BIAFaAABIABIFBIH >KoHe I1AacTMKaABIK
KacueTTepiH aHBIKTay YIIIiH >Xep acThl KaOaTLIHBIH TOIIBIpaK yAridepi KbICTa aAblHABL. bBepikTik men
AepopMalMAABIK CUIIaTTaMadap KbICYy >KoHe BIFBICY ChIHaKTapbIMeH aHbIKTaaAbl. COHbIMEH Karap Tac
JKOAABIH >KaOBIHAApPBl MeH >KepacThl KaOaTTapbIHBIH KaOaTTapbhlHa AaTYMKTEp OpHATy apKbIAbI KBICKBI
TeMIlepaTypaHbl Oakblaay KYypriziaai. Keic Mesriaingeri KaTty TepeHAiri aHBIKTaABII, >KaOBIHHBIH >KoHe
HeTi34iK TOIbIpaKTapAbIH TepeHAiri OoiibIHIIIa TeMIlepaTypaHbIH TapaAyblHa Taaday >KacaaAbl. Temenri
KabaTTapAbIH KbIAyAbl CyOKOMIIeHcanmsaay (Kblaly Oepy) eceOiHeH KbICKa Mep3iMAi TeMnepaTypa +6,6
°C aeitin KeTepiayiMeH >KaObIH KaOaTTaphl TYpaKThl My3JaThlAFaH Kylide KaAaTBIHBI JKoHe KeTKiAiKTi
KayiIcizaik mreri 0ap ekeHi aHBIKTaAAbl. A >K0A TeceMiHiH OeTiHeH 25 cM TepeHJikTeri KabaTTap eH
YAKeH TeMIlepaTypaAablK acepre YIIbIpaniAbl.

KiaT ce3aep: aBToMOOMAD >KOAAaPBl, 5KOA TOCEMiHIH KaTybl, TeMIlepaTypaHbl ODaKblaay, Kep acThl
KabaThl.
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Monitoring of highways structures of Nur-Sultan city in winter conditions

Abstract. The article analyzes the physical and mechanical properties of foundation soils on a
section of a highway in the geo-climatic conditions of the city of Nur-Sultan. Soil samples of the subgrade
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were taken in winter to determine the density, moisture, and plastic characteristics of soils in laboratory
conditions. Strength and deformation characteristics were determined by compression and shear tests. At
the same time, temperature monitoring in winter was carried out by installing sensors in the layers of
pavement and subgrade of the highway. The authors analyzed the depth of freezing in winter and the
distribution of temperature in the depth of the pavement and base soils. It has been established that the
pavement layers remain in a stably frozen state with short-term temperature rises to +6.6 °C due to heat
subcompensation (heat transfer) of the underlying layers and have a sufficient margin of safety. And
layers to a depth of 25 cm from the surface of the road surface are exposed to the greatest temperature
effects.
Keywords: highways, road pavement freezing, temperature monitoring, subgrade.
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Abstract. Sensitive information was always one of the big trade-offs we always exchange
big secrets for small ones. On one hand, memorization of small secrets on the other hand
tons of services requires a dedicated secret for each one. And when one of the services will
be compromised it affects all services with the same password and credential. The main
purpose of this article is to discuss multiple factors and increase security trade-offs
differently. We will try to compare MFA (Multi-Factor Authentication), 2FA (Two Factor
Authentication), 25V (Two-Step Verification), and 1FA (One Factor Authentication) and
investigate the password-free future.
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Introduction

We now live in a reality where a password is not a guarantee of security and protection of
information. Most passwords can be cracked in a few minutes (hours, days, but anyway less than
eternity). No one wants to face stealing identity or some private information like accounting, financial,
personal (PII), or health data. [1, 2]

Usually, users don't want to memorize small secrets (in this context we mean passwords) and try
to write them on stickers and place them on their monitor.

For this situation, a solution might be a password manager to trade off a few small secrets with
one. For some workflow, we can protect this password manager with biometric protection like a
fingerprint or via face recognition. And this solution might work in the world without phishing attacks.
[3, 4]

To prevent this type of attack we can implement website address verification, and it might work
for attacks on the password autocompletion mechanism. But this doesn't work for social engineering
attacks.

Also, some experts recommend 2FA with mobile applications and TOTP (Time-based one-time
password) [5, 6] or HOTP (HMAC-based one-time password) [7, 8] one-time passwords. But this solution
doesn't work with spear-phishing in couple with social engineering [9].

We can try to improve our MFA application with push notifications and send push notifications
to verify user activity.

But this method doesn't work with multistep attacks and bombing users via push notification to
indulge and press accept access in pushes.

The rapid development of the IT sector leads to accelerated application and introduction of digital
innovations, and these innovations require highly qualified engineers who can implement those
innovations and build modern infrastructures and services.

As we all know in the world high demand for highly skilled engineers, but Universities can't
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provide enough qualified specialists. Based on this statement we can predict a fast growth of consulting
companies and contractors who supports this growth for market makers [10].

The Cybercrimes landscape moved from standalone hackers to highly motivated teams targeted
to destruct companies' and governments' infrastructures, including critical infrastructure. Those actors
communicate and use different tactics and tools. Many of those tools is a legitimate tool for daily
automation and configuration duties. So that big part (in that case we can say that all of today's available
antivirus or endpoint detection and response tools) can't prevent those attacks.

In that article, we try to provide ways to avoid these risks and improve the security of companies'
infrastructure.

Methods

This article described the reasons and purposes for implementing a multi-factor/multi-step
verification process. And some pieces of historic information about the changes in the authentication
process.

As a starting point, we considered the article [11] about the Time-Based One-Time Password
(TOTP) Algorithm. This document describes the specification of TOTP (Time-based one-time password)
and HOTP (HMAC-based one-time password), in this document we saw a description of two types of
one-time password notation. A big part of this document describes generating one-time passwords from
predefined secret keys based on a time vector or event-based vector to verify accounts.

The most challenging task of describing this technology was the method of generating a strong
one-time password and trust’s legal provisioning relationship. This term means if I have something, and
I know something, and it means I am an authorized/identified person. This fact depends on something
that has physical nature for example hardware token or some smartphones (in that case mentioned
smartphone with some specific application. This application should not have access to the internet and
should run in an isolated environment to prevent leakage of secrets from this application), or smartcard;
but this something changes depending on time or usage factor.

For time-based secrets recommended time frame is equivalent to 30 seconds, this parameter was
chosen based on the security and usability equation. To decrease the effect of time drift issues (when
server and token have different time and requires synchronization) in most cases allowed to use two one-
time passwords earlier than the current which meant that we increase the time frame to 90 seconds.

As for HMAC-based one-time passwords, it synchronizes one-time passwords based on ticks and
allows only incremented one-time passwords from the generation vector.

For that case we can use a simple example of TOTP realization:

import (
«time»

)

totp := gotp.NewDefault TOTP([Jbyte(«secret key»))
timestamp := time.Date(2022, 05, 20, 11, 28, 13, 0, time.UTC)
code := totp. At(timestamp)

if totp.Verify At(code, timestamp) {
panic(fmt.Error(«invalid OTP code»))
}
In this example, we can configure the number of digits used for generation TOTP and this code
propose ways to correct time frames by VerifyWithinWindow(OTP, timestamp, validationWindow)
To provide a more detailed view of TOTP and HOTP realization, let’s deep dive to reference
realization of this algorithm in golang.
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HOTP:

type HOTP struct {
oTP

}

func NewHOTP(secret string, digits int, hasher *Hasher) *HOTP {
otp := NewOTP(secret, digits, hasher)
return SGHOTP{OTP: otp}

/

func NewDefaultHOTP(secret string) *HOTP {
return NewHOTP(secret, 6, nil)

/

func (hs *HOTP) At(count int) string {
return h.generateOTP(count)

/

func (hs *HOTP) Verify(otp string, count int) bool {
return otp == hs.At(count)

/

TOTP:
import «time»
type TOTP struct {
OTP
interval int
/
func (tm *TOTP) At(timestamp int) string {
return tm.generateOTP(tm.timecode(timestamp))
/
func (tm *TOTP) Now() string {
return tm.At(currentTimestamp())
/
func (tm *TOTP) NowWithExpiration() (string, int64) {
interval64 := int64(tm.interval)
timeCodelnt64 = time.Now().Unix() / interval64
expirationTime := (timeCodelnt64 + 1) * interval64
return tm.generateOTP(int(timeCodelnt64)), expirationTime
/
func (tm *TOTP) Verify(otp string, timestamp int) bool {
return otp == tm.At(timestamp)
/
func (tm *TOTP) timecode(timestamp int) int {
return int(timestamp / tm.interval)
/
In this part of this article, we discussed ways to provide ways to generate one-time passwords to
mitigate stealing user accounts attacks.

Results

As a result of the previous step, we prepare the two most popular variants of one-time password
algorithms. These algorithms provide us with ways to generate strong one-time passwords. In this
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paragraph, we move forward with the logical realization of these algorithms.
Figure 1 shows a generic architecture of generation time-based one-time passwords. This works
without any additions to the piece of code from the previous paragraph.

Client Time Shared Secret Shared Secret Server Time

t Cryptographic hash J t Cryptographic hash J

l l

Time-based OTP Time-based OTP
»{_ Is Equal
—
Authentication _— .
Allowed lAuthentication Denied|
Client Side Server Side

Figure 1. Architecture diagram generation TOTP

As we can see, all parts work independently and don't depend on others. One vulnerability is the
exchange of shared secrets, but in most cases, we can accept this risk because we do not simply exchange
secrets but verify the first generated one-time password after exchange. This simple algorithm provides
a big step to improve the security of the authentication process. We can stop worrying about stealing
passwords because without shared secrets and time stamps it is impossible to verify user identity and
access to a protected part of an application.

But as with every solution, a time-based one-time password has a weak side. For our case, it is
time synchronization, because with a different and not precise time on both sides we can't generate these
codes. In case when we don't want to worry about time synchronization, we need to move forward with
a hmac-based one-time password. This algorithm is provided in Figure 2 and is based on code from the
previous paragraph.
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Figure 2. Architecture diagram generation HOTP

Flow with HOTP looks better because we don’t affect by time synchronization issues, but at the

same time we need to count our security codes and save the counter to generate valid tokens.

Simple use of MFA mitigates phishing [12] and spear phishing [13] attacks those attacks provide

a possibility to steal login and password but MFA/2FA tokens prevent this risk.

chain.

The diagram in Figure 3 provides one of the possible examples of a multi-phase phishing attack
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Figure 3. Multi-phase phishing attack chain

For sure most phishing and spear phishing attacks for most users look like legitimate mails, for
example, phishing DocuSign mail in Figure 4.

BECTHWK EHY umenu A.H. Tymunesa. Cepus mexnurecxue HayKu u mexHoA02u Y Ne 3(140)/2022 119
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Comparison of information security methods of information-communication infrastructure: Multi-Factor Authentication

Please DocuSign: Payment.pdf

€ Reply & Reply All —> Forward
e @ S Reply D Reply Al Forward 73
(&) 1 there are problems with how this message is displayed, dick here to view it in a web browses

sent you a document to review and sign

@

Please sign the attached
Powered by DocuSign

Do Not Share This Email
This email contains a secure link to DocuSign. Please do not share this email, link, or access code
with others.

Figure 4. First-stage phishing email spoofing DocuSign

End-user followed by the link in the email will be faced with a login page for example as provided

in Figure 5.

Outlook

=" Microsoft

&« h g

Enter password

Because you're accessing sensitive info, you need to
verify your password,

sword

Forgot my password

Figure 5. Phishing page with username prepopulated

And after this step attacker moves forward and tried to attack new victims inside the organization.
An example of the email is in Figure 6.
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shared "Payment.pdf" with you.

@ . & . 0SS S =S @
Te 28/09/203

(i) If there are problems with how this message is displayed, click here to view it in a web browser.

=g

shared a file with you

Here's the document that shared with you.

Payment.pdf

[ Jml ]
This link only works for the direct recipients of this message.

= Microsoft Privacy Statement

Figure 6. Second-stage phishing email spoofing SharePoint
Discussion

There was described a few methods of MFA and 2FA authentication, all companies move forward
to the password-free future. As we can see the world has a few ways to propose MFA for every user, but
we need to remain a difference between MFA/2FA and 2SV (two-step verification) because in many cases
25V looks very similar, but it is different.

Many banks forced their clients to use SMS as a second factor, but the realization of this second
factor provided flow to reset user password with only access to SMS and knowledge something about a
user for an example ID number (this number not private information and has simple and well-known
generation rules). With these two components, we can reset passwords for all bank accounts in all ex-
USSR countries without any exception.

And as we discussed before, this is not a true way of using MFA.

Based on these statements and knowledge investigated earlier in this article we have enough knowledge
to check and prove the security of each service provided or don’t provide multifactor authentication
possibility.

Conclusion

This article describes a few realizations developed to provide secured access and minimize the
risks of phishing attacks. As described above lack of security awareness among users or employees
shouldn't affect the security of their and company data. New reality provides us with an opportunity to
work from home, to make our work-life reality more flexible and faster than was before, but new
challenges and threats make some changes to our daily routine and habits. That's not insane that's just
our new reality and we need to evolute in this new reality, like the first people in the stone age we need
to improve our habits, including new methods, and continuously move forward to the new challenges to
the new achievements.
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Poan HOKPIJITI/If/I B CHVIK€HNNM NMHTEHCUBHOCTV 5p0O3UN

AnnoTanms. [IpeasosxeH cr1ocoO MOBBIIIEHNS SPO3MOHHON CTOMKOCTH AeTaAeil IIyTeM
HaHeCeHIsI Ha MX paOoule IOBEPXHOCTM ITOKPBITUI, KOTOPBIE IIO3BOAST 3HAYMTEABHO
YBeAWYIUTH UX CPOK CAY>KOBI B ITpoIiecce DKCILAyaTaliym.

Ilokasana poab TraabBaHMYECKOTO XPOMUPOBAHMUS A4S U3AEAWUI, MCIIBITBIBAIOIIUX
SPO3MOHHBIN M3HOC B IIpoljecce paOOThL. YCTaHOBAEHO BAMSHUE IIAOTHOCTU TOKa Ha
cTerleHb M3HOCA, Ha MUIKPOTBEPAOCTb TIaAbBaHMYECKOIO IIOKpbITH:A. BbLiBaeHo, uTO
[IAOTHOCTh TOKa, paBHyIO 60 a/aM2, cAeAyeT CUMTaTh ONTMMAABHON, TaK KaK DTOMY
AG min

PeXMMY COOTBETCTBYeT MUHIMMAaAbHBIA U3HOC k
IlpuBesena TexHoAOIMs 3aIIMTHl LUAMHAPOBBIX BTYAOK JBUTaTeAell I11a3MeHHO-
HaITblA€HHBIM (IIOPUCTBIM) HOKpbITHeM. IToKazaHo, 4To HocaeayIomias IIPOINTKa A4aKOM
(bakeauTusamus) CHU>KaeT IIOPUCTOCTh I11a3MEHHOIO IOKPHITUS. BhlsABaeHa ToAIMHA

N1a3MeHHO-HaIIbLAeHHOTO TTOKPBITIS, oDecriednBaroItas ONTUMAaABHYIO
M3HOCOCTOMKOCTh, M yCTaHOBA€Ha ONTHMMaJAbHas IIepOXOBAaTOCTh ITOBEPXHOCTEI!
RoMM _

a 0,16 Mxm. IIposepena 5¢{¢eKTUBHOCTb 3aIUTHl  BOAOOXAa’KAA€MBIX

IIOBEpPXHOCTEel BTYAOK IIOKPBLITMEM B HaTypHBIX ycaoBmsx. [Ipuseaensl pesyabraThl
VICITOAB30BaHMSI 3alIUTHOTO HeMeTaAANIeCKOTo ITOKPBITHS AAst BTYAOK,
obecrieunBaOIIMX YCTOMUMBYIO pabOTy CHCTeM OXAaXKAeHUs ABUTaTeAell NIpHU Bcex
Harpyskax.

KaioueBble ca0OBa: M3HOC, BDPO3MOHHAs CTOMKOCTb, IIOKPBITME, XPOMMpPOBaHIUeE,
II1a3MeHHOe HallblAeHNe, MUKPOTBepPAOCTDb, CTEKAOIAACTUK, TOAIMHA.

DOI: doi.org/10.32523/2616-7263-2022-140-3-125-133

BBeaenne

HeCMOTpﬂ Ha TO, 4YTO COBpeM€HHasI HayKa U TexXHNYeCKNe AOCTVM>KEeHN pacliiodaraior
MHOTO4YICA€HHbBIMI CpeACTBaM1, npo6/1eMa TIOBBIIIEHU ST IBHOCOCTOMKOCTU _AeTalen MallinH, II0-

IIpe>KHEeMY, OCTaeTCs aKTyaAbHOI. /A5 MOBBIIeHN I HaAe>KHOCTU U 40ATOBEYHOCTY MaIllMH MICIIOAB3YIOT
pa3An4HBIe  TEXHOAOTMYEeCKVMe  MeponpuATH, K  KOTOPBIM  MOXKHO  OTHeCTU CAeAVIOIIye:
OpUMeHeHle COBPEMEHHBIX BBICOKOIIPOYHBIX MaTrepuasaoB AAS Pa3ANYHBIX YCAOBUN
DKCIIAvaTayy MallliH U IOAy4YeHle 13 HIX 3aTOTOBOK BEICOKOTO KadecTBa, IpMMeHeHle COBPeMeHHBIX
TEeXHOAOIUI, ODecreuynBaonIMX U3rOTOBACHIEe AeTaAell 3a4aHHO TOYHOCTM M CTaOMABHOCTM Kak IIO

pasmepaM, TakK U IIO d)I/IBI/IKO-MEXaHI/I‘IECKI/IM CBOMCTBaM, CO3gaHIE HaAe>XXHOW _CUCTEMBbI cMa3KW,

MN30AA1TNST TPYLIMXCII HOBerHOCTEﬁI oT 3arps3HeHN:s1, KOMIIeHCaIll M3HOCa, IIpMEeHeHne
6LICTpOCM€HHbIX AeTasen u y340B 11, HaKOHEIl, MCII0OAb30BaHE€ 3alllMTHBIX HOKprTMﬁ. SamI/ITHble
IIOKPBITVI AeTaselnl  MallluH MCIIOAB3YIOTCA  AAsl TTOBBIIIEHUST U3HOCOCTOMKOCTU WU MOIyT PpelnThb
HpO6AeMy IIOBPEKAAEMOCTI AeTazen OT BHEITHIX CpaKTOpOB B pa3ANM9IHbIX YCAOBVAIX M3HAIIVIBAHSI.

ITocTaHOBKa IpOOAeMbI

OTBeTCcTBEHHbBIE AeTaany pa3AM4dHBIX TEXHMYECKUX CpeACTB B IIponecce 3BKCIIayaTanuu
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Poav ﬂOKpblleﬁ 6 CHUXEHUU UHTMEHCUSHOCMU IPOSUU

II0ABEPTaloTCsl HPO3MOHHOMY BO3AEMCTBIUIO CO CTOPOHBI HEOAHOPOAHBIX XXUAKIUX Cped, U 9Ta IIpodaeMa
elje Jaleka A0 CBOETO 3aKOHYEHHOTO pelleHus. VIHTeHCUBHON IMAPODPO3UM IOABEPraloTcs AeTaau
TUAPOTYpPONH, A0IIaTKM BAa>KHO-TIAPOBBIX TYPOMH aTOMHBIX DHepTeTUYecKX YCTaHOBOK, pa3HOOOpa3Hoe
HacoCHOe 00OpyAOBaHIe, IMAMHAPOBbIE BTYAKN ABUTaTeAel, OAIIMIIHUKY CKOABXKEeHNs U KadeHMs U
MHOTO agpyroe obopyaosaHue. Cpok cay>kObl 4100010 000py40BaHNs OTPaHNYMBAETCS OIpele1eHHbIM
codeTaHMeM HarpysKu, CKOpOCTU U TeMmIlepatypsl. /as GecriepeOoitHOM pabOThI MX HYy>KHO OOeCIIednTh
M3HOCOCTOMKOCTD, DPO3MOHHYIO CTOMKOCTh, HaJe>KHOCTh MeXaHM3MOB, Y340B U AeTalell, BXOAAIINX B
cocras 00OpPyAOBaHMUSL.

B nacrosiee Bpems 13BeCTHO 40CTaTOYHOE KOAMYECTBO HayYHBIX HAaIIpaBAeHU, ITepCIIeKTUBHBIX
AAsl OTpaHMYEeHMUs WUAM CHVDKeHUs MHTeHCHMBHOCTUM Bpo3un obopyaosaHusA. Hekoroprie us Hux
peaans3oBaHbl Ha IIpakTHKe. DTO yIIpaBAeHle MeXaHIU3MOM 3aMbIKaHU: I1y3bIpbKa, M3MeHeHle CBOJICTB
KMAKOCTHM, CO3JaHMe  crennduyeckoro peanredpa TmoBepxHOCTell M T.A. IlepcreKTuBHBIM
MaTepualoBeAuecKM pellleHrieM MOXKeT ObIThb  HaHeceHMe Ha paOoune ITOBEepXHOCTM JeTaleir
Pa3AMYIHBIX ITOKPBITUIL, KOTOpble IIO3BOAAT 3HAYMTEABHO YBEAMIUTb MX CPOK CAYKOBI B ITpoIjecce
DKCILAyaTanuy 0e3 n3meHeHns [1-5].

METOAIJI nccaea0oBaHmsI

OaHMM 13 CIIOCOOOB ITOBBIIIEHMS DPO3MOHHON CTOMKOCTU AeTadeil sSBASeTCs MCII0Ab30BaHue
raapBaHnyecknx Mokpeituii [6]. OOpasmer u3 craanm 38XMIOA, XpomupoBaHHBIE IIO Pa3ANIHBIM
TeXHO/AOTMYEeCKUM pe>KMMaM, UCITBIThIBAaAY Ha MaTHUTOCTpUKITMOHHOM BuOpaTtope (MCB). Temneparypa
DAEKTPOANUTa BO BpeMs OCaKAeHUs XpoMma II0AJep>KMBadach IIOCTOSIHHONM B mpeaeaax 55-65°C,
IIAOTHOCTH TOKa M3MeHsaAach oT 20 40 70 a/0m? cTynieHAMU AAsl IIeCTH TPy 00pasioB. JAnuTeAbHOCTb
Ipoljecca XpoMIpoBaHus 00pasros MeHsaach ot 150 40 43 mun 1Ipy M3MeHeHUM IIA0THOCTY ToKa oT 20
20 70 a/om?, aTro obecIieunao NpuMepHO OAMHAKOBYIO TOAIIMHY IOKPHBITIS Ha Bcex 0OpasIjax B Iipejeaax
30-45mx. Jas TIOKPHITUS MCIOAL30BAACA CaMOPEIyAMPYIOIIMICS HAKTPOAUT, COCTOAIUI U3
xpomosoro anrnapuaa, 250-300 2/a; kpemuepropucroro kaams 18-20 2/A, ¥ CepHOKMCAOTO CTPOHIINS B
KoAm4decrtse 5,5-6,5 z/A.

McnplTaHnss NpoBOAMANCh B OTCTOSIHHOM BOAOIIPOBOAHON Boge mpu 55-65°C Ha IaccmBHBIX
oOpasIiax, paclioA0KeHHbBIX Ha pacCcTossHuU 1,2 MM OT BUOPUPYIOIIETo XBOCTOBMKA MarHUTOCTPUKTOpA.
Beanunna nsHoca 00pas1ios olpejeasiaach BECOBLIM METOAOM I1ocae 1,2 1 3 9acoB MCITBITaHUIA.

OOcyxaeHne pe3yabTaTOB

XapakTep M3MeHeHNs M3HOCa IIPY Pa3ANIHbIX ILAOTHOCTSX TOKA OKa3aACsl OAMHAKOBBIM 4451 BCexX
KPUBBIX, IIOKa3aHHBIX Ha puc.la.

OOpas1ipl ¢ TaabBaHUMYECKMM ITOKPBITHEM, TIOAYYeHHBIM IIPY ILAOTHOCTM TOKa, paBHOM 60 a/0m?,
MMeAl HaMeHbIINII u3HoC. VI3aMepeHue TBepA0cTy II0Ka3aA0, 4TO 00pasiibl C MUHMMAaABHBIM 3HOCOM

max
NMEIT HEe MaKCIMaAbHYIO MUKPOTBEPAOCTb ITOKPBITISI, HO 40CTaTOYHO 6AI/I3KYIO k H P 4YTO MO>KHO

OOBACHUTD CAeAYIOIIM 00pa3oM.

C yBeanveHmeM IIAOTHOCTM TOKA yBEAMYMBAETCS YACTOTa BO3ZHUKHOBEHMs IIEHTPOB
DAEKTPOKPUCTAAAN3ALINI, Pa3Mep 3epHa XPOMOBOIO ITOKPBITVSI YMEHDIIIAETCS, a MIUKPOMCKaXKEHIS
KPUCTaAAMIECKON PEIIeTKN yBeANINBAIOTC. MUKPOTBEPAOCTh IIOKPBITUSL IIPY DTOM HEIPEpPHIBHO
BO3pacraeT, IpU YKa3aHHBIX PEeXMMaX DAEKTPOAU3a 3aBUCUMOCT Hﬂ = f(5,) mnpoxoaur uepes

MaKCUMyM IpU 5i = 70-80 a/om?. YBeanyeHne IAOTHOCTU TOKa IIPMBOAUT K HEIIPePLIBHOMY POCTY

nopuctoctTu NOKpbeITHsA. Hambosee peskoe yBeanueHme HOPUCTOCTU MAU TPeITMHOOOPa3OBaHIS
Ha0A104aeTcs TP IIAOTHOCTSIX TOKa, IpeBbImaomniux 90 a/dm?.
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IIpy wmsMeHeHMM TIAOTHOCTM TOKa IHIPU DAEKTPOAM3e MHTEHCUMBHOCTb KaBUTAllVIOHHO-
9PO3MOHHOIO pa3pyIlIeHNs XPOMOBBIX ITOKPBLITUIL OIpejeAseTcsl COOTHOIIeHeM MUKPOTBEPAOCTH, C
yBeAudeHueM KOTOPOM CTOMKOCTb ITOKPBITUs BO3pacTaeT, M CTeleHU IOPUCTOCTU MAM TyCTOTBI
MMKPOTpeIlNH, a TakyKe BeANYMHBI OCTaTOUHBIX HAIIPSIKeHNUI B CA0€, CHUZKAIOIIMX CTOMKOCTD IIOKPBITUI
(pucynok 10). OgHOBpeMeHHOe BAMSHIE STUX (PAKTOPOB NPUBOAUT K IOSBAEHMIO IIpeicKa3aHHOTO
Teopueli, MMHMMYyMa I3HOca (PUCYHOK 1a) B AaHHBIX YCAOBMAX M3HAIIMBAHINA.
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PI/ICYHOK 1. PeSYAbTaTbI MICIIBITAHUM raabBaHMYECKN XpOMI/IPOBaHHbIX
oOpasnos u3 craan 38XMIOA

IIpu reMniepaType saexTpoanta B mpegeaax 55-65°C maoTHocTh TOKa, paBHyIO 60 a/0m?, caeayet

N . min
CYNTATh ONITUMAaAbHOY, TaK KaK 9TOMY pPe>XXMUMY COOTBETCTBYeT MUHUMAaAbHBIV U3HOC AGk B HECKOABKO
pas OTAMYAIOIIUIICS OT AG K IIPpU HEOIITUMAABbHBIX peXUMaX 9A€KTPOAUTNIECKOTO OCaXKAeHU A XpoMa.

Pecypc 1MAMHAPOBBIX BTYAOK CpeAHe- 1 BLICOKOOOOPOTHBIX ABUTaTeAell B OOABIIMHCTBe CAydaeB
OTrpaHMYMBAaeTCsl  KaBUTAIJMOHHO-DPO3VMOHHBIMM  paspyLIeHMSIMM  HapYy>KHBIX  OXAa’KAaeMbIX
ropepxHocreil. OCHOBOI TeXHOAOTMH 3alIUTHI ITOBEPXHOCTU BTYAOK ABUTaTeAell OT KaBUTAI[MOHHO —
DPO3MOHHBIX pa3pyIIeHNI ITOCAYKIA0 TeopeTuieckoe MoJeApoBaHNe DPO3VMOHHBIX ITPOIIecCoB IIpu
KaBUTalU 1 Hay9YHO OOOCHOBAHHBIN BLIOOP MaTepuaAoB AAs 3alllMTHBIX ITOKPBITHUIA.

AAs 3aITUTBL BTYAO0K OT KaBUTallIOHHO-DPO3MOHHOIO pa3pyIlleHNs 1CII0Ab30BaAl HUXPOMOBLIe
I1A1a3MeHHble TOKpBITUsA. TexHoAorus HaHeceHMs MOKPBITUII Ha ITOBEPXHOCTb BTYAKM I11a3MeHHBIM
CIIOCOOOM ~ BKAIOYAeT CAeAyIOIIe 9Tambl: IIOATOTOBKY IIOBEPXHOCTM; HaHeCeHUe ITOKPBITIS;
MexaHIUYecKyI0 00pabOTKy OKPBITIS (Ha II0CaA09HBIX I105CaX); AOTIOAHUTEAbHYIO 00pabOTKY ITOKPBITIS
(bakeanTtusanmio). [Toarorosky (akTmBaIuio) rmosepxHoctu BTyaku us craan 38XMIOA npoussoauan
KapOuaoM KpeMmHusa KpynHocTbio 450-550 wmikm. Hamblaenme mnopomkooOpa3HOTO HUXpOMa Ha
IIOBEPXHOCTh IIPOBOAMAN B cpede asoTa u aproHa. HambGoaee BbICOKas M3HOCOCTOMKOCTL TOKPBITHS
AOCTHUTaeTCs IIpY HallbLA@HUM HMXPOMa B cpeJe a3oTa. VI3HOC MOKpBITUA IpU 5TOM HPUMepPHO B 4 pasza
HIKe B CpaBHeHMM C M3HOCOM HMXPOMa, HallbLA€HHOTO U3 IIpyTKa 1,2 MM B cpese aproHa.

PesyabpraTel ~ MHOXeCTBa  9KCIIEpPUMEHTAAbHBIX  MCCA€AOBaHMII UM HaKOILAEHHBIN
IIPOU3BOACTBEHHBIN OIBIT IIPY BOCCTAaHOBACHUM JAeTadell IOKPBITUeM CBUAETeALCTBYIOT O TOM, YTO
ONTMMaAbHasl TOAIIVHA SPO3MOHHOCTOMKIX I11a3MeHHO — HallbLA@HHBIX ITOKpbITUIl coctaBaser 300-600
mxm. TlosTOMY A4S IMAMHAPOBLIX BTYAOK Oblda IPUHATA TOAIIMHA HMXPOMOBOIO ITOKPBITUS AAs
©oKoBOI MoBepXHOCTH (De3 ITocaeAyIoNIell MeXxaHM4ecKol 00pabOoTKI) U 4451 IIOCaA0YHOTO osIca (I1ocae
mandosannst), pasHas 400 mim. Ilepes HambLAeHNEM ITOKPBHITHUS YIIPOYHsAEMbIe ITOBEPXHOCTY BTYAKM
nponiAn¢OBHIBAIOT Ha AMaMeTp MeHbIIle HoMMHaAbHOTO Ha 0,8 M.

Bansnme 1mepoxoBatocT I1a3MeHHO-HaIIBLA€HHOTO  (IIOPMCTOIO) IOKPBITMA Ha  ero
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KaBUTallMIOHHO-5PO3MOHHY IO CTOMKOCTD He SIBASIETCS CyII€CTBEHHBIM. UncroBoe H_IAI/ICl)OBaHI/Ie IIOBBIIIIAET
M3HOCOCTOMKOCTD ITIOPYMICTOIO ITOKPBITISI BCETO Ha 20%. C 1€AbI0 YMEHBINEHIST OTPULIaTeAPHOTI'O BAVISIHIISL
IIOop 1Ipon3Bean IMMpONMUTKY ITOKPBITUL 0aKeANTOBBIM JAaKOM, YTO yBeANINAO €T0 M3HOCOCTOMKOCTbD I10CA€e
YVICTOBOIO H_IAI/I(l)OBaHI/I}I INpuMepHO B ABa pa3a. A/UI yC/lOBI/HZ BI/I6pOKOHTaKTHOI'O B3aI/IMO,ZI,EI7ICTBI/I}I
IM1a3MeHHO-HaIIbIA€HHOTO IIO0sICa BTYAKM C YYT'YHHBIM 6ypTOM Ha ITIOBEpPXHOCTUN 0a0ka yCTaHOB/A€Ha

. onm
OITMMAaAbHasl IIEPOXOBATOCTh IIOBEPXHOCTEN Ra ~0,16 mxm. Ilpu mepoxoparoct OOAabIle UAU

MeHbIlle ONTUMAaAbHOM OTHOCUTEAbHas M3HOCOCTOMKOCTL OCIIOPUCTOrO MOKPHITUS yMeHbIaeTcs. Ha
OCHOBaHMI Pe3yAbTaTOB BLIIIOAHEHHOTO aHaAu3a IpeaycCMOTpeHO IAuQoBaHue IIOKPHITUSA Ha

IIOCaZOYHBIX IIOsACKAX 4O IIepOXOBAaTOCTHU Ra=0,16 MKM C TIOCAeaylolel OakeAUTHU3alell Bcex

I1a3MeHHO-HAITBLA€HHBIX IIOBePXHOCTEN UANHAPOBO BTYAKMN.

ITpoBepka 5pPeKTMBHOCTH 3aIIUTH BOJ0OXAAKAAEMBIX ITOBEPXHOCTEN IUAMHAPOBBIX BTYAOK
ITOKPBITHEM B HAaTYPHBIX yCAOBMSIX IIPOU3BOANAACH B ABa 9Tanla. Ha mepsom sTarne GOKOBbIe TOBEPXHOCTU
ONBITHBIX BTYAOK ObIAM HOKPBHITEL HuxpomoMm X20H80 m3 mpoBOAOKM TIOBBIIIEHHON YMCTOTHI
HanblaeHreM. OcBlAeTeAbCTBOBaHME OIBITHBIX BTyA0K 1ocae 3 Teic. VI 5 thic. Yacos skcnayaranym
AM3eas TIOKa3aA0 BBICOKYIO HaAe>KHOCTD 3allJTHBIX ITOKPBITUIN: TPEIMHbI, OTCAOCHMS M DPO3MOHHBIE
TOBPEXAEHMS B HUX OTCYTCTBOBAAM.

Ha BTOpOM ®Tame mcropITaHuii II€CTh BTYAOK C HOKPBITUAMMU IO OOKOBBIM I ITOCaJO0YHBIM
ropepXHocTAM (Tpu — nnoporkom ITX18HIT u tpu — nopomkom ITX20H80 B cpeae azoTa) ¢ mpornmTKoi
IIOKPBITUII Ha 4YeThIpeX BTyAKaX OaKeAUTOBBIM JAaKOM OBbIAM yCTaHOBAEHBI Ha ABurareab. Ilocae
DKCIIAyaTanum asurateast B TedeHue 1200 4 OplayM mpomsseAeHbI €ro pa3dopKa M OCMOTP OIIBITHBIX
BTyA0K. Ha Bcex mrectu BTyAKax BMAMMBIX CA€AOB KaBUTAIMIOHHO-DPO3MOHHBIX IOBPEXAEHUII Ha
OOKOBOI1 ITOBEPXHOCTH, I1IeAeBON Dpo3un U PPeTTUHI-KOPPO3NI Ha MOCaA0YHBIX IT0scaX, OOHapy>KeHO
He Op110. OIBITHBIE BTYAKY ObLAM OCTaBAE€HBI B ABUTaTeAe A4S AaAbHeIIIell DKCIlAyaTalium.

B mocaeaHee Bpems aKTMBHO MCIIOAB3YIOTCSI CHMHTeTMYecKle 3allliTHble ITOKpbITHA. [Ipm mx
JICIIOAB30BAaHNI HEOOXOAVMO PeIInTh CAeAyIOoIue 3ajadll — YCTaHOBUTHh ONTUMAABHYIO TOAIIVHY
3aIIMTHOIO IIOKPBITM, WCXO4As M3 Tpex KpUTepueB: KaBUTAIMIOHHO-YPO3MOHHON CTOMKOCTH,
TEILA0M30AUPYIOIIEeN CIIOCOOHOCTY ¥ MaKPOIIPOYHOCTIA.

B pabGore mncroap3oBaam MOKpBITHME W3 CTEKAOIAAcTMKa (SIIOKCUILAACTA, apMMPOBAHHOIO
CTEeKAOXIYTOM), A4 KOTOPOIO HKCIIePUMEHTaAbHO ObLAV yCTaHOBAEHBI CAeAYIOINe 3aBUCMOCTIA:

a) 3aBUCUMOCTb KaBUTAIIMIOHHOTO M3HOCA OT TOAIIMHBI CA0S J,

AG =3, 10 exp (1, 159) (1)

coraacHoO KOTOpOﬁ C pPOCTOM TOAINVHBI ITIOKPBITIISI MI3HOC YBEANYINMBAETCS IO DKCIIOHEHTE,
6) 3aBUICMMOCTD ITPOYHOCTY IIPpU paCTsI>KEeHNN OT TOAIIVIHBI IIOKPBITIT

or=42,08%%, (2)
YTOAILIeHNE ITOKPBITUN YBeANYMBAET UX PeAeAbHYIO IIPOYHOCTE;

B) U, HAKOHell, Ha AAMHe BTYAKU MeXXAy BepXHell U HVKHell MePTBRIMU TOYKaMM IPU 3apaHee
00yCAOBA€HHOM (AOIlyCKaeMbIM) IOBBIIIEHUM TeMIepaTyphl «3epKada» BTYAKU IIPpU HaXOXAEHUM
nopmHa B BMT Toamuba mOKpBITHS, KaK ITOKa3bIBAIOT pacdeThbl, AAs BLIPABHMBAHMS TeMIIepaTyphl
AOAKHa BO3pacTaTh 110 Mepe npudarskenns K HMT 1o crenennoit 3asucumoctu [7]

C (y) = 0,125 /3°%, 3)

rae C (y) — koopanHaTta Ha OOKOBOI ITOBEpXHOCTHU BTYAKH, BO3pacTaiomias B HanpasaeHny BMT.
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3asucumoctu (1)-(3), coBMerieHHble Ha 0OAHOM rpaduke (PUCYHOK 2), YKa3bIBalOT Ha TOAIVHEI
HOKPBITUIL J, AeKalue B npegeaax ot 0,8 20 1,5 MM, Kak Ha onrtuMaabHble (110 AG 1 6b), ecay IIpU 9TOM
He TpeOyeTcs 604ee TOACTBIX ITOKPLITUIA 110 YCAOBUAM TeILAOU30AALINN.

Ecan xe mo TemaosoMy pacdery TpeOyeTcsa Toammua & > 1,5 MM, To caeayeT HpMHMMAaTb
KOMITPOMICCHOE pellleHre, TOAUMHAACh P HTOM DKOHOMMUYECKMM COOOpa’keHMsIM, T.e. BRIOMpaTh
TOAITUHY ITOKPBITIS II0 9KOHOMIYECKOMY KPUTEPUIO.

Ecam xe ToAlMHA MOKPBITUA, YCTAaHOBAEHHAs TEILAOBBIM pacyeToM, IpuBejeT K yAydIIeHMIO
pabouero mpoliecca Au3eAs, yMEHBIIIEHNIO pacxoda TOIIAMBa U Macaa, 4TO B UTOre IepeKkpoeT oTepu,
CBsA3aHHBIE C M3HOCOM M Ilepepacxo4OM MaTepuada IIOKPBITUA, TO OHa (TOAIIMHA) OKaXKeTcCs
oIlpaBAaHHO (ONTMMAaAbHOII) 10 S KOHOMIYECKOMY KpUTEPHUIO.

JanHble 0oJee NIPOAOAKUTEABHON DKCIAyaTallMU AM3eAeil C IMUAUHAPOBBIMU BTyAKaMI,
3alIMIIEeHHBIMU  CUHTETUMYEeCKUM ITOKPBITHEM (PUCYHOK 2), IOATBePAUAN pe3yAbTaThl CTeHAOBBIX

UCIIBITAaHUIA.
AG, mr 80
80 T |
60 |- N
AG=3,1fexp(1,155)
o C(y) = 0,125/8° :
y)=0, o
C(y) p
0,2 o
2 20
MTla
—| 60
10 —
0,1 - 40
0,08 8 ]
0,06 6| N
7 no AG — 20
0,04 4 | I R R e |
02 04 06 08 1,0 2.0 4  8wmm

Pucynok 2. 3aBucuMocThb n3HOca (1) 1 nipegeaa MpOYHOCTY CMHTETUYECKOTO ITOKPBITIS
(2) oT ero ToAmMMHBL; M3MeHeHNe TOAIMHBI IIOKPBITUS IO BBICOTE BTYAKM (3) mpm ycaosum
Hamboaee paBHOMEPHOTIO paciipejeaeHns TeMIepaTyphl

IIpuMeHenne KOppO3MOHHO-KaBUTALIMOHHOCTOMKMUX —TeIAOM3OASIMOHHBIX —CUHTETUYeCKIX
IIOKPBITUI (PUCYHOK 2) He TOABKO IPeAOTBPaTHAO DPO3UI0 OXAa’KAAaeMBIX ITOBEPXHOCTEN BTYAOK U
o0ecI1e4na0 BrIpabOTKY ITOAHOTO PacyeTHOIO pecypca AeTaau IO U3HOCY «3epKada», HO TaKXKe IIpUBeao
K 9koHoMuM 5% Tonausa (Kpusas 1 Ha pucynke 3) u 5,9% macaa (kpusasi 2 Ha pUCyHKe 3).
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Pucynok 3. VIsmeHeHMe KOaudecTBa COKOHOMAEHHOTO Toransa (1) m macaa (2) B riporjecce
9KCIIayaranmum ABI/II‘aTeIIEf/I C BTyAKaMI IINAVTHAPOB, 3allINIITeHHBIMI IIOKPbITVSIMIL.

Kak y>ke Obla0 OTMeueHO, pecypc UMAMHAPOBBLIX BTYAOK CpeAHe- U BHICOKOOOOPOTHBIX CYAOBBIX
ABuUrateaell B OOABIIMHCTBE CAydaeB AUMUTUPYETCS KaBUTALMOHHO-®PO3UMOHHBIMU PaspyIIeHNsIMU
HapY>KHBIX OXAa>KAaeMbIX IIOBEPXHOCTEN U IIMKANYECKOi 40ATOBEYHOCTBIO MeTaala B raaTeAu OIIOPHOTO
Oypra. B uncae meponpusaTuii, mossoasiomux Haudoaee dPpEGeKTUBHO OOPOTHCS C HPO3NeN JeTaleil, B
JacTHOCTU, IMAUHAPOBBIX BTY/AOK, Ha CETOAHSIIHMII A€Hb OCTAIOTCS TEXHOAOTMYeCKNe: HaHeceHye Ha
BOA0O0XAaKAaeMble IIOBePXHOCTY pa3AMYHBIX IIOKPHITUI pasHbIMM CIIOCOOaMIA.

BuiBOABI

1. CymectseHHOe CHVDKEHME MHTEHCUMBHOCTU DPO3UM AeTadell AOCTUTaeTcsl MCIOAb30BaHUeM
IOKPBITHUI, HAaIIpUMep, raabBaHNIeCKIX, HeoOX0AuMasl TOAIIMHA KOTOPBIX oOecriednBalach BBIOOPOM
ONTMMAaAbHOM ILAOTHOCTHU TOKa.

2. Hamboaee »PdexTuBHO OOPOTHCA C DpO3MeN IMANHAPOBBIX BTYAOK ITO3BOASIOT Te JKe
TEeXHOAOTMYECK/e MepONpUATHA: HaHeceHue Ha BOJAOOXAa’KJaeMble IIOBEPXHOCTU MeTaAANdecKMuX
nokpbITuit. I1aasmennsle mokpertus nopomkamu ITX20H80 u ITX18HIT nosepxHocTel MAMHAPOBBIX
BTYAOK ABMTaTeAell MCKAIOYalOT caeAbl ®po3umn nocae skcrayaranum ABC, uto moarsep>kaaercs
VICIIBITAHVSIMU B IIPOM3BOACTBEHHBIX YCAOBIX.

3. Pecypc nuaMHAPOBLIX BTYAOK CpeJHe- UM BBICOKOOOOPOTHBIX ABUTaTeAell B OOABIIMHCTBE
cAyJaeB AVMUTHUPYETCSI He M3HOCOM «3epKada», a KaBUTAI[MOHHO-DPO3VIOHHBIMI pa3pyIIeHMIMI
Hapy>KHBIX OXAaXKAaeMBIX IIOBePXHOCTEeN M IMKANIECKON 40ATOBeYHOCTBIO MeTaAla B TaATeAN OIIOPHOTO

Oypra.
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4. 3ammra BOAOOXAAXKAAEMBIX ITOBEPXHOCTEN IMAMHAPOBBIX BTYAOK CYAOBBIX ABUTaTeAen
KOPPO3MOHHO-KaBUTALIVIOHHO-DPO3MOHHOCTOMKIMY ITOKPBLITUAMY Ha METaAAMYECKOM U IOAMMEPHON
OCHOBe oDecIleunBaeT paBHYIO J0ATOBEYHOCTDh (PaBHOM3HOCHOCTH) BTYAK!U C HApy>KHOM U BHyTpeHHell
cTOpOH, uTo 1103B04s1eT Ha 100% BrIpabaThIBaTh pacyeTHHIN pecypc IO M3HOCY «3epKada».
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Dpo3ust KapKBIHABLABIFBIH TOMEHJeTY Aeri )KaObIHAapAbIH peai

Anpaarma. beamexrepaiy sposusira Te3iMAiAiriH oaapABIH >KYMBIC OeTTepiHe >KaOBIHAAPABI
KOAJaHy apKbIABI apTTBIPY 94ici YChIHBLAaABL, OYA 0AapABIH KbI3MeT eTy Mep3iMiH e4ayip apTThIpasbl.

JKympic OapbicbIHAQ DpO3MUAABIK TO3yAbl OacTaH KellipeTiH eHiMJAep YIIiH ralbBaHMKAaABIK,
XpoMaayablH peai kepceriareH. TOK TBIFBI3ABIFBIHBIH TO3Y Jope’KeciHe, raAbBaHMKAABIK >KaOBIHHBIH
MMKPOKATTBIABIFBIHA 9Cepi aHBIKTaAAbL. 60 a/aAM?-Te TeH TOK THIFBI3ABIFBI OHTAVIABI A€Il CaHAAYBI Kepex,

N . min . .
OITKeHi OyA pesKM MUHIMAaAABI AGk TO3Y¥a ColiKeC KeaeAi .
KosraaTKpIITapABIH INANMHAPAL TOAKeAePiH 111a3MaAbIK-TO3aHABI (KeyeKTi) >KaObIHMeH KopFay

TeXHOAOTHUACEI KeAaTipiareH. KeitiHHeH aakmeH ciHAipy (OakeanTmsamus) I11a3MaAblK >KaOBIHHBIH
KeyeKTiAiriH ToMeH eTeTiHi kepceTiareH. OHTallAbl TO3y¥fa TO3IMAiAIKTI KaMTaMachl3 eTeTiH I1.1a3MaAbIK
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onm . o .
IIaITBIPaThLAFaH >KaOBIHHBIH KaABIHABIFBI aHBIKTAAAbI JKOHE Ra ~ 0,16 MxM OeTTepAiH OHTaILABI Keaip-

OYABIPABIFB aHBIKTaAAbl. TeaKeaepAblH Cy caaKblHAATaThIH OeTTepiH TaOurM >Karjaiiga >KaObIHMeH
KOpFayAblH THUIMALZiri Tekcepiagi. bapablk >Xykremeaep Ke3iHAe KO3FaATKBIIITAapAbl CaAKbIHAATY
KylieAepiHiH TypakKTbl >KYMBICBIH KaMTaMachl3 eTeTiH TeAKelep VIIiH KOPFalTBIH MeTaAld eMec
>KaObIHABI ITalijalaHy HOTVU KeAepi KeATipiareH.

Kiat cesaep: TO3y, ®posmsara Te3iMaidik, >KaObH, XpoMmJay, I11a3MaablK TO3aHAATY,
MUKPOKATTBIABIK, IIBIHBI 11aCTUK, KAAbIHADBIFBI

K.K. Seitkazenova, V.N. Pecherskiy, B.B. Zhumaliev, E.Akim, S.Kalmakhan
M.Auezov South Kazakhstan University, Shymkent, Kazakhstan

The role of coatings in reducing erosion intensity

Abstract. The article proposes a method for increasing the erosion resistance of parts by applying
coatings on their working surfaces. It will significantly increase their service life while in operation.

The article considers the role of electrolytic chrome-plating for workpieces experiencing erosive
wear on stream. The effect of the current density on the degree of wear and on the microhardness of the
electroplated coating. It was found that the current density equal to 60 A / dm? should be considered

optimal since this regime corresponds to the minimum wear AGLn m.

The article presents the technology of protection of engine cylinder bushings with a plasma-
sprayed (porous) coating. It is shown that the subsequent impregnation with varnish (bakelitization)
reduces the porosity of the plasma coating. The authors have revealed the thickness of the plasma-sprayed

coating, which provides optimal wear resistance, and the optimal surface roughness is Rgnm ~0.16

microns. The authors have tested the effectiveness of protection of the water-cooled surfaces of the
bushings with a coating in natural conditions. The article presents the results of using a protective non-
metallic coating for bushings, which ensures stable operation of engine cooling systems under all loads.

Keywords: wear, erosion resistance, coating, chrome-plating, plasma spraying, micro hardness,
glass reinforced plastic, thickness
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Methodology of justification and calculation of rational and constructive parameters of
a tube belt conveyor

Abstract. The article considers the methodology of justification and calculation of rational
and constructive parameters of a tube belt conveyor (TBC), which allows to transport bulk
cargo safely.

At the same time, there was noted the need for a harmless impact on the environment,
especially when transporting routes with vertical and horizontal bends over long
distances.

The considered TBC design, unlike the existing ones, is formed with a closed belt tray due
to support devices placed along the perimeter of the bulk cargo transportation line.

It is revealed that the main advantages of conveyor transport are a high level of labor
productivity achieved by automating the operation of equipment and low production
costs. And the problems inherent in them are the need for crushing the transported cargo,
precise alignment of transition sections, coordination of drives and synchronization of
movements, easily adjustable during operation, subject to certain initial design conditions.
Keywords: bulk cargo transportation, conveyor belt, tube belt conveyor, roller supports,
design parameters.
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Introduction

Currently, at some foreign processing plants and chemical plants, there is carried out the
movement of materials of environmentally harmful goods mainly by transporting tube belt conveyors
(hereinafter TBC). The tube belt conveyor has advantages over the belt conveyor of the traditional design.
It is environmentally safer due to the tightness of the belt closed in the pipe throughout the entire route
of cargo transportation, prevents dust from entering the environment without the construction of
complex shelters, protecting the transported cargo from the effects of various natural factors such as
precipitation and wind; there are excluded spills of the transported cargo, and therefore, there are reduced
operating costs associated with cleaning spills. From the station on various sections of the route, it is
possible to create a spatial route with vertical and horizontal bends. Thus, there are eliminated additional
transshipment points that reduce the reliability of conveyor lines; the contact of the sides of the belt with
the supporting metal structure is eliminated and the service life of the belt increases; due to less sagging
of the belt between the roller supports, dynamic effects on the transported cargo are reduced and its
grinding is reduced. TBC allows you to implement the shortest transportation routes that do not depend
much on the terrain, and also provides the possibility of simultaneous transportation of goods on the
upper and lower branches (Figure 1).
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Figure 1. Tube belt conveyors

Determination of the main components of the total force of resistance to movement for various
design and design parameters of the TBC and justification of the method of calculating the distributed
forces of resistance to movement on the cargo and empty branches.

To achieve this goal, it is necessary to establish the values of the main components of the total
resistance force to the movement of the belt, namely, the resistance force to movement from deformation
of the load and the belt, from rotation and pressing of the rollers into the belt of the tubular conveyor.

The article considers the components of the total resistance force to the movement of the TBC belt
on single roller support.

The calculation of the TBC proposed by us is carried out by the contour bypass method as for
traditional conveyors. Due to changes in the structures of the staves, the distributed forces of resistance
to movement arising on the cargo and empty branches of the linear part of the TBC differ significantly
from similar forces arising on traditional belt conveyors, where the belt rests on grooved roller supports.

The traction calculation is based on the contour bypass method as for classical conveyors, but
taking into account the forces of resistance to movement from the rotation of the rollers by the belt, their
forces of resistance to movement from the pressing of the rollers into the lower lining, the forces of
resistance to movement from the deformation of the load and the belt between the rollers. The belt with
the load is deformed when moving inside the annular roller supports, which leads to the appearance of a
force of resistance to movement and vice versa. Analytically, it is extremely difficult to solve the problem
of deformation of a tube-shaped belt with sides connected by an overlap and loaded with an uneven load
along and across. There is also a second task to determine the force of resistance to movement from the
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indentation of the supporting rollers into the lower lining of the tube-shaped belt and vice versa, because
this is due to finding the contact line of the tube-shaped belt. The force of resistance to the movement of
the belt:

W,=(a+bv) -9(0)+c, P+cp Fp, N 1)

where P and F - radial and axial loads, N;

¢p, ¢5 — radial and axial load coefficients, ¢, = 161075, ¢, = 1,5- 107> (c; the minimum value is
not taken into account in further calculations);

U(0) — ambient temperature coefficient when rotating the rollers;

a, b — coefficients that consider the design of the sealing unit and the amount of lubrication [1].

For the 204 bearing: a = 0,6 — 1,1 N; b = 0,2 — 0,8 Ns/m. For the 205 bearing: a = 0,6 — 10,7 N;
b = 0,2 Ns/m; For the 305 bearing: a = 0,7 — 0,8 N; b = 0,2 Ns/m.

The TBC support roller support consists of six rollers forming a ring. The roller bearing is affected
by loads from the pressure of the transported soil, the weight of the rotating parts of the rollers, the weight
of the belt and its bending on the roller support. The pressure from the load across the cross section is
distributed as follows:

p'(p,a)=R-p-g[C(a)da, Pa )

Where function C(a) = (cos 2¢ + cosa) - (cos?a + %) — for passive pressure;
C(a) = (cos2¢ + cosa) - (cos?a + m - sin?a) — for active pressure;

@ — the angle characterizing the degree of filling of the cross section of the belt;
m — load mobility coefficient;

a — the current angle of inclination of the site in question to the horizontal;

p —bulk cargo density, kg/m3;

R —radius of the tube-shaped belt, m.

Each pressure acts on half of the span Iy, so the specific pressure of the distributed load is equal

to:
Ppasive (@) = Phassive 2 = TRoglY [ Cpassive(@da, N/m — (3)
Pactive (@) = Phetive 2 = 2RPGl) [ Cactive(@dat, N/m (4)
Then the total load equation is:
PY()=p2(@) = Ppassive (@) + Pactive (@) = 3 ROGL, [ (Cpassive (@) + Cactive(@))der, N/m (5)

And an equivalent concentrated load acts on the roller from the load within the angle Aa, which
is on the section of the belt along the width AB=RA« (Figure 2), the force acts on the lower roller:

u =
Ppl =2- % “R*- p g ;pfos(cpassive (a) + Cactive (a))da N (6)
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Py =2 R%p-g 2. 0112 16— 98- 228 _

mTte TP e P IeTT TS
T 6

=2 g +0,0075- . Cpassive(a) + Cactive(a)) da =

s
T 6 sina
= ZE- 0,0075 - f (cos2¢ + cosa) (cosza + T) + (cos2¢ + cosa)(cos?a + msin?a) =
0

T

6 a a a
- 2 24 2 & a 2 2N
= -[o (cosZ > + cosa) (cosa + sin m) + (cosZ(x > + cosa) (cos?a + msin“a)
% sina
= f (cosa + cosa) (cosza + T) + (cosa + cosa)(cos?a + msin?a) =
0 L3 .
6 sina
= f (2cosa) (cosza + T) + (2cosa)(cos?a + msin?a) =
0
—f%(z )(11'2+1+1 21 )(2')(11'2+
= cosa) (5 —Zsin2a + 2+ cos2a - Inm | (2sina) (5 — 7 sin2a
11 ,
+(—+—0032a)m ) =

2 4
T
6 4 —sin2a + cos2a — Inm ) 2 —sin?2a + 2m? + m?cos2a
= f (2cosa)( ) + (2sina)
. 4 4
4 —sin2a + cos2a — Inm + 2 — sin?2a + 2m? + mZCOSZCZ)
4

= 2sin2

sina
= ——(6 — 2sin2a + cosZ2a - Inm + 2m“ + m“cos2a) =
> (6 — 2sin2 2a-1 2m? 2 2a)
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—Sin”/6(6 28in2 % + cos2 = - Inm + 2 - 0,065 - cos2 7T)—
= 2 Sin 6 CoS 6 nm , COS a6 =

2
=0,25(6 —1,73-0,215 + 0,845+ 0,2112) = 1,27

1 V3 1 1
= 6—2—+§-(—0,43)+2-o,4225-E =

Y

6 a
f (cos2¢ + cosa) (cosa2 + sin? —) + (cos2¢ + cosa)(cos?a + msin?a) =
0 m

T
=2P, =2 i 0,0075-1,27 = 0,00996 kH = 9,96 H

The forces of resistance to movement depend on the deformations of the belt both on the roller
supports and between them, therefore, the main task that was set during the development of the model
was the possibility of determining the values of various deflections of the belt, the radius of curvature of
the belt near the roller and the size of the contact area of the belt with the roller depending on the tension
of the belt, the degree of filling of the cross section of the belt and the distance between roller supports for
three sizes of conveyor belts. When the belt with the load moves immediately behind the roller support,
due to some collapse of the belt, the relationship between the cargo particles and the belt decreases, and
the transported cargo - conveyor belt system is in an active stressed state. Therefore, at high transport
speeds, the active phase can be ignored.

The technical and economic advantages of this conveyor for closed bulk cargo transportation over
the design of a traditional belt conveyor are obvious.
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KyObIpabl TacIiaabl KOHBeliepAiH YTBIMABI )XKdHe KOHCTPYKTHUBTI MapaMeTpaepiH HeTi3aey XoHe
ecenTey aaicTremeci

Anaatmia. Makazaga cycbIMaAbl XKYKTepAi caKTay¥a TacbiMaljay¥fa MyMKiHAIK OepeTiH KyObIPAbI
TacraAbl KOHBeepAiH YThIMABI JKoHe KOHCTPYKTUBTI IapaMeTpAepiH Heri3gey JKoHe ecellTey aicreMeci
KapacThIpbLAFaH.

Bya perre, ocipece Tik koHe KeaAJdeHeH muizici Oap TpaccasapAbl aAbIC KaIIBIKTBIKTapFa
TaceiMaaay Ke3iHJe KOplllafaH opTaFa 3MsHCBI3 9cep eTy KaKeTTiAirl aTall eTiaal.

KapacTplpbiapil OTBIpFaH KYOBIpABI TacIlaabl KOHBeepAiH KOHCTPYKLMSACHI, KOAAAHBICTAFbI
KYPBLABIMJapAaH allbIpPMaIIbLABIFE, CYCBIMAAbI XXYKTepAi TachiMaaAay >KeAicCiHiH IepumeTpi OoiibIHIIa
OpHaJacKaH TipeK KYpblAFbLAaPBIHBIH apKachlHAa TacllaHbIH >KaObIK HayachIMeH KaAbIIITacasbl.

Komnpeitepaik k©AiKTiH 0aCThI apTHIKIIIBLABIFHI - Ka0ABIKTBIH JKYMBICHIH aBTOMaTTaHABIPY apKbLAbI
KOA >KeTKi3iaeTiH eHOeK ©HIMAiAiriHiH >KOFaphl AeHreili >KoHe TOMeH OHAIPICTIK IIBIFBIHAAP €KeHAIri
anbiKTaaApl. Oaapra TeH mpoOAeMajdap-TachiMaljaHaThIH >KYKTi ycaKray KaKeTTidiri, eTmneai
ydackeaepdai 491 TeKCepy, JKeTeKTepAl YilaecTipy KoHe KeltOip OacTalKbl AM3aiiH >KaFAalidapblH ecKepe
OTBIPBIIL, SKYMBIC OaphICBIHAA OHall peTTeAeTiH KO3FaAbICTapAbl CMHXPOHAAY.

KiaT cesaep: cychiMaabl XYKTepAi TackiMaljay, KOHBeliep Tacrachl, KyOBIpABI KOHBeliep,
POAMKTI TipeKTep, KYPBLABIMABIK, ITapaMeTpaep.

b.b. Torm3oaesa, b.T. Cazambaena, A.C. Kua:xebaeBa
Espasuiickuti nayuonarvnvii ynusepcumem um. A.H. I'ymunresa, Acmana, Kasaxcman

Metoanka 000CHOBaHMS M pacdeTa paliiOHaAbHBIX ¥ KOHCTPYKTVMBHBIX IIapaMeTpPOB
TpyO4YaTOro 2eHTOYHOTO KOHBeliepa

Annortamms. B cratee paccMoTpeHa MeToAMKa OOOCHOBaHMA M pacyeTa paliiOHaABHBIX U
KOHCTPYKTUBHBIX IlapaMeTpoB TpyOuatoro JaeHtoyHoro Kkonseitepa (T/K), mosBoasiomiero
TPaHCIOPTUPOBATH CBHIITy4Ylie IPy3bl B COXPaHHOCTI.

IIpn »TOM OTMeyeHa HEOOXOAUMOCTh Oe3BpPelHOTO BO3JAENICTBMS Ha OKPYKaIOIIyIO cpeay,
OCOOEHHO MHpM TPaHCHOPTUPOBKE Ha OO0AbIIMe PacCTOAHMS TpacChl C BepTUKAaAbHBIMU U
TOPU30HTaAbHBIMU U3IMOaMIA.

Paccmarpusaemas koHcrpykums TAK, B oramume ot cymiectsyomux, cpopMupoBaHa C
3aMKHYTBIM /AOTKOM A€HTBl 3a CYeT OIIOPHBIX YCTPOJNCTB, pa3MeIleHHBIX II0 IepuMeTpy AMHUN
TPaHCHOPTUPOBAHNUS CBIITYYMX IPY30B.

BrisiBaeHO, uYTO TaAaBHBIE AOCTOMHCTBA KOHBEIIEpHOTO TpaHCIIOpTa - BLICOKUI YpOBEHb
IIPOU3BOAUTEABHOCTU TPyAd, AOCTUIaeMBbIil IyTEM aBTOMaTU3alluM pabOThl OOOPYAOBaHMS UM HU3KMUX
IIPOU3BOACTBEHHBIX 3aTpar. A mpobaeMamy, MPUCYIIUMI UM, SIBASIOTCSI HEOOXOAUMOCTh APOOAeHIs
TPaHCIIOPTUPYEMOIO IPy3a, TO4YHAs BbIBEpPKa IIepPeXOJHBIX Y4YacTKOB, COrJacoBaHUe IIPUBOAOB U
CUHXPOHM3aLVs ABUKEHIII, A€TKO peryAmpyeMsle B IIporjecce paboOTEI Ipu coOAIOAEHN HEKOTOPBIX
IepBOHa4YaAbHBIX KOHCTPYKTUBHBIX YCAOBUIA.

KaroueBble caoBa: TpaHCIOPTUPOBKa CBIIYYNMX IPYy30B, KOHBeVepHasl JAeHTa, TPyOdaThIi
/IeHTOYHBII KOHBellep, POAMKOOIIOPHI, KOHCTPYKTVBHBIE ITapaMeTpBHL.
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Crioco0 noBBIIIEeHN ST I3HOCOCTOMKOCTY MeTaAA0PeXXyIMX MHCTPYMEHTOB

AnHOTanms. B oTeuecTBEHHBIX MAaIIMHOCTPOUTEABHBIX ITPOMU3BOACTBAX CYIECTBYIOT
po6.1eMbl pacxoAa MeTalA0pe>KyIlero MHCTPYMeHTa IIpY MeXaHI4ecKoll 00paboTKe 13-
3a M3HOCa peXXymux KpoMok. OcoGeHHO 9TO HaOAIOJaeTCsl IPU M3TOTOBAEHUN JeTaleir
13 TpyAHOODpabaThIBaeMBIX MaTepualos. Ha perrenne gaHHOI 1po0.eMbl HallpaBAeHa
peaamsanus npoekra AP14972884 «IlosblmeHne M3HOCOCTOMKOCTU MeTaAAOPEXKYIIUX
MHCTPYMEHTOB METOA0M IPUPabOTKIL».

IlpeaBapureapHast mpupaboOTKa KaK MeTOJ, IOBBIIIEHUs CTOMKOCTM U HaAeKHOCTHU
MHCTPYMeHTa ©SKOHOMMYECKM OIlpaBjaHa IIPUMMEHUTEABHO K AOPOTOCTOAIIEMY
VMHCTPYMeHTY, paboTa KOTOPBIX CONpsKeHa C OOABIINMMY MaTepyaAbHO-TeXHIIeCKIMI
sarpatamn. IIpuBOAATCA pe3yabTaThl MCCAeAOBaHMSA IIPU BDKCIIAyaTaIlUM YePBIIHBIX
¢pes u3 P5M5P a5 o6paboTku 3y069aThix Kodec m=6,0 MM u3 craan 12XI'CA. A taxxke
SKCIIepMMEeHTaAbHbIe Pe3yAbTaThl, OTpaskalolue BAVSHIE CKOPOCTU IIpejBapuTeAbHON
npupabOTKI Ha CTOMKOCTh MOAYABHOI 4epBsaHO ¢pesbl 3 P6M5®, m = 10 MM npu
obpaboTke 3ybuaToro koaeca u3 craau 40X. PesyabTaTsl McCAeA0BaHUS CBUAETEABCTBYIOT
O TOM, YTO MeTOJ IIpeJBapUTeABHOV TpUpPabOTKM MeTaAAOPeXKYINero MHCTPyMeHTa
MOXXHO paccMaTpuBaTh KakK OAMH 13 DPPEKTUBHBIX CITOCOOOB ITOBBIIIEHNS CTOMIKOCTI
MHCTpyMeHTa.

KaroueBble caoBa: U3HOC, HaAeXHOCTb, WM3HOCOCTOVMKOCTh WUHCTPyMeHTa, MeTOJ
HpeABapUTEeAbHON IPUPaOOTKY, BTOPUIHAS CTPYKTYypa

DOI: doi.org/10.32523/2616-7263-2022-140-3-141-149

BBeaenue

DPPeKTUBHOCTL MaIIMHOCTPOUTEABHOIO MPOU3BOACTBA ONpeleaseTcs MHOIMMHU (aKTopaMl,
Cpeau KOTOPBIX Ba’kKHOe MeCTO 3aHMMaeT MeTaAAOpeXXyIIuil MHCTpyMeHT. boapinas yacrb OTKa3oB
MHCTpYMeHTa (40 75 %) IIpOoMcXoauT BCAeACTBIE M3HOCA PeXXYIINX KPOMOK [1].

Ocobenno »T0 HabaAr0AaeTcsl IIpu 0OpabOTKe TpyAHOOOpadaThIBaeMBIX MaTepuaslos, KOTopas
IIMPOKO MCIIOAB3YeTCsl BO BCeX OTPACASAX ITPOMBIIIAEHHOCTY, TOCKOABKY AAsl DTUX MaTepualos
TPYA0eMKOCTh 00pabOTKM 3arOTOBKM COM3MEPUMEI C pecypcoM MHCTPYMeHTa [2].

I'r00aabHas mHTerpamus OTeYeCTBEHHBIX I 3apyOe>KHBIX IIpOM3BOAMUTeAell IpuBeda K
yBeAMYeHNIO UCII0Ab30BaHNs B OTedeCTBeHHOI IIPOMBIIIIAeHHOCTY 3apyOesKHOI TeXHUKMN. B cBsa3u ¢ 9Trm
B IIPOM3BOACTBAX BCe OO/blllee IMpPUMeHEHMe HaXOASAT HOBble MaTepuadbl, OTAMYAIOIINecs II0
XMMIYECKOMY COCTaBy M MeXaHM4YeCcKUM cBoiicTBaM. MexaHmnuyeckass oOpabOOTKa TaKuMX MaTepualoB
TakKke OTpHUIlaTeAbHO BAUsAeT Ha pPacxol MeTalA0peXYIIMX MHCTPYMeHTOB. Tak Kak OIIMOKH,
AOITyCKaeMble IIpY Ha3HaueHN! Pe>XKIMOB pe3aHIs U BBIOOpe MaTepuada peKyIlell 4acTy MHCTpyMeHTa,
U3-3a OTCYTCTBUsA COOTBETCTBYIOIIUIX peKOMeHAallMii B MMEIOIIUXCS  CIPaBOYHO-TeXHIYeCKIX
MCTOYHMKAX, IPUBOAAT K IIpeKAeBpeMeHHOMY M3HOCY UAU ITOAOMKe PeXKyIeil KPOMKI.

IToaoxxenne ermje Ooablie yCcyryOAsieTcsi TeM, YTO AAs CTpaH (B YMCAO KOTOPBIX OTHOCUTCS
Kasaxcran), KoTopble He UMEIOT COOCTBEHHBIX WMHCTPYMEHTAABHBIX ITPOM3BOACTB ITPUXOAUTCS
MeTaAA0pe>XyIlyie MHCTPYMEHTHI 3aKyIaTh C BBICOKOM (3aBBLIIIEHHOI) CTOMMOCTBIO OT 3apyOe KHBIX
npoussoAuTeaeil. Bce 9To mpmMBOANUT K yBeAMdeHMIO ceOecTOMMOCTY MeXaHIMJecKOl ollepanny, a B
KOHEYHOM HTOTre yBeANYeHNIO ceDeCTOMMOCTY BBIITyCKaeMOI ITPOAYKIIVIL.
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Cnocob nosotuieHus U3HOCOCHOTKOCHU MEMAANOPEXYWUX UHCMPYMEHTNOE

B cBsa3u ¢ »TuM nmpobaema MOBHIIIEHNsT CTOMKOCTU (pecypca pabOThI) peXKyIero MHCTpyMeHTa
npu odpaboTke TpyaHOOOpabaThIBaeéMbIX MaTepuaAoB sABAAETCSI OAHONM U3 KPYIHBIX HPaKTUYeCKMX
11po0AeM COBpeMEeHHOIO MaIlIMHOCT POEeHASI.

PemtenneM aaHHOVM IpoOAeMBI MOXKeT OBITh paspaboTKa TaKOIO CrHocoOa ITOBBIIIEHNS
M3HOCOCTOVIKOCTI PeXyIIUX  MHCTPYMEHTOB, KOTOPBIN o0dajgaeT  YHMBEpPCaAbHOCTEIO,
A€TKOAOCTYITHOCTBIO M HPM HTOM oOOecreurBaeT BBICOKYIO CTOMKOCTh M M3HOCOCTOMKOCTD. Takmm
CIIOCOOOM SIBASIETCSI MeTO/, IIpeABapUTeAbHON NPUpabOTKM PeXXyIIUX MHCTPyMeHTOB. VI3BecTHO, 4TO
npejaBapuTeAbHas IIpUpaOOTKa KaK MeTOJ IIOBBIIIEHNUs CTOMKOCTM M HaAeXHOCTM WUHCTpyMeHTa
DKOHOMMYECKM OIlpaBjaHa IIPUMEHUTEeAbHO K AOpPOIOCTOSAIeMYy MHCTPYMEHTY, paboTa KOTOPBIX
colpspKeHa ¢ 00ABIIIIMY MaTepraAbHO-TeXHIIeCKUMH 3aTpaTamu [3,4].

OcHOBHasI YaCTh

IIpnpaboTKy MHCTpyMeHTa MOXKHO pacCMaTpMBaTh Kak ITPOIecC IPUCIIOCOOAEHMS MCXOAHOI
ITIOBEPXHOCTHOV CTPYKTYPhI K YCAOBMAM KOHTaKTHOTO B3amMmogelctsusa. Ha pesxumax panmoHaabHOM
DKCIAYyaTalyy MHCTPYMEHTA STOT IIPOLeCC COITPOBOXKAARTCS YIIPOUYHEHNEM, KOTOPBI C DHEPreTU4eCcKon
TOYKM 3PEHMsI MOXHO IIPeACTaBUTDL KaK YBeAMYEeHIs XMMIYECKOIo MOTeHIala KOHTAKTHBIX CTPYKTYP
AO HEKOTOpPOro 3HadeHMs. Kaxgomy peXmmy KOHTaKTHOTO B3aIMOAEVICTBMSI COOTBETCTBYET CBOE
MaKCUMaAbHOE 3HaYeHVe XUMIIeCKOTO IOTeHIala, KOTOPOe AOCTUTAeTCs IIOBePXHOCTHONM CTPYKTYPOIL
K KOHIly mlepmoga mpupabotku. Ilpu gaapneiimen skcriayartanuy cpOpMMUPOBaHHON BTOPUYHON
CTPYKTYpPOI 3HaUYeHMe € XMMUYIeCKOTO ITOTeHIIMaAa MPAaKTUIeCK) He MEeHSIeTCsl B TeUeHNe BCero repuoaa
yCTaHOBUBIIIETOCs M3HOCA, OIpesesss padOTOCIIOCOOHOCTh U Hag€XKHOCTL MHCTpyMeHTa. PaccmoTpum
mporjecc TpaHcpopManmy ITOBePXHOCTHOM CTPYKTYpBl MHCTpyMeHTa B IIepuOJ HavyaAbHOIO, MAK
IpUpPabOTOYHOTO M3HOCA.

Ha pucynke 1 nokazaHbl SIIOPBEI XMMMIYECKMX ITOTEHIINAA0B YIIPOYHEHHBIX IIOBEPXHOCTSIX
CTPYKTYp 3yOOpe3HOTO MHCTPYMeHTa.
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PI/ICYHOK 1- BHIOpr XMMNIYECKUX ITIOTeHI11aA0B prO‘{HéHHbIX IIOBEPXHOCTIX CTPYKTYP
3yOOpe3HOro MHCTPYMeHTa

YrpouneHns o6ecrieanBalOTCs TOABKO 3a CIET ITOBBIIIIEHNS ILIOTHOCTY AVICAOKAIUINNL. DTOT
cAy4ail OTHOCUTCS K TEXHOAOTVISIM YIIPOYHEHN s, OCHOBAaHHBIX Ha 4MCTO A4e(pOPMALIVIOHHBIX SIBAEHILIX,
KOIJa B yIIPOYH:IEeMOII 30He OTCYTCTBYIOT MCTOUYHMKY aKTMBHBIX XMMIUIECKIX D/1eMeHTOB (Harpumep
ITOKPBITHUSA AU TIAEHKI), KOTOPBIe MOTAM OBI BCTYIIaTh B MeTaAAorpapuiecKiie B3auMOAeCTBIS C
BO3pacTaloIIell II10THOCTBIO Ae(PeKTOB KPMCTaAANIeCKOTO CTPOeHN s, OA0KMPYs ITOABMKHOCTD
nocaeanux [5]. KuneTuky 5Toro npormecca, OTHeCEHHOIO K CAMOMY BePXHEMY CA0I0, MOXKHO
IIpeACTaBUTD TMIIOTETIYECKIMY 3aBUCHMOCTAMY, rpadpraecKky n300pa>keHHBIMI Ha PUCYHKe 2.
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Pucynok 2 - I'mnoreTnyeckue KuHeMaTndeckye XapakTepyCTUKY ITpoliecca IpupadbOTKu
MHCTpyMeHTa

VM3meHeHne XMMMYECKOTO MNOTeHIMala IPeACTaBAeHO Ha puc. 2. 4, TA€ Wu U Lyer — BEAMYMHEI
XMMMYECKMX ITOTEeHIIMaA0B MCXOAHOM U BTOPMYHOM KOHTAaKTHOM CTPYKTYPHI, tup — IPOAOAKUTEABHOCTD
nepmuoga npupadorku. Ha pwuc. 2,0 npuseieHO WM3A0XKeHMe MHTEHCHMBHOCTM WM3HOCA B II€pUOA
NpupabOTKM U BBIXOAA B 30HY YCTaHOBUBIIETOCA M3HOCA. Ou M Oycr- IIPEACTaBASIOT MHTEHCUBHOCTD
M3HOCA MCXOAHON 1 anpa60TaHH0171 KOHTaKTHOV CTPYKTYPBL.

OcobeHHOCTh NTpUPabOTKM YIIPOYHEHHOTO MHCTPYMeHTa 3aKAIOYaeTcsl B TOM, UTO ero paboune
IOBEPXHOCTU y>Ke MMeIOT IOBBIIIIeHHOe 3Ha4eHNe XMMIYeCKOTO ITOTeHI1aAa IO CpaBHEHMIO C OCHOBHBIM
MHCTPYMEHTaAbHBIM ~MaTepuaaoM, o0JAajas IIpM DTOM M MeHbIell ®HeproloraollareAbHo
CIIOCOOHOCTBIO MAY ITOAHBIM OTCYTCTBME€M TaKOBOTO. VIHTeHCMBHOCTh HauaAbHOTO M3HOCa Oy4eT B TaKOM
cAy4ae, ecTeCTBeHHO, Hypke. CaM Ipoliecc mpupabOTKI B 9TOM cAydae MOXKeT IMeTh TpU Pa3HOBUAHOCTU
B 3aBMICMMOCTH OT BHYTPEHHETO DHEePTeTIUYECKOIO COCTOSIHMUS YIIPOYHEHHON IIOBEPXHOCTHOM CTPYKTYPBI
[6]:

1. YnpouneHHast IHOBepXHOCTHasl CTPYKTypa ellle MMeeT IIOTeHIMaAbHble BO3MOXKHOCTU K
IIOTAOIIEHMIO YIIPYTOM BHYTPpEeHHeN SHePINI.

2. YnpouHeHHas IOBEPXHOCTHas CTPYKTypa HaXOAUTCA B COCTOSIHMM TePpMOAVHaMMIYeCK!
YCTOMYMBOTO IIpeeAbHOTO HaChIIIIeHNsI 1 He CIIOCOOHA K IOT/AOIIeHNIO YIIPYTOll BHyTPeHHell PHePINUL.

3. YmnpouHéHHas IOBepPXHOCTHas CTPYKTypa HaXOAUTCA B COCTOSIHUM TepMOAMHaMMUYeCcK!
HEyCTOIYMBOIO IIpe4eAbHOIO HACBHIIIEeHNs, OHa He TOAbBKO HEeCIIOCOOHAa K IIOTAOIIEHHUIO YIIPYIoi
BHYTpEHHell DPHepINN, a CTPEMUTCS K 130aBAEHNIO OT Heé.

Brram mposeeHs! ccaeA0BaH ITPU DKCIIAyaTaliuy YepBadHbIX ¢ppes 13 PSM5® npu oopaboTke
3yOuaThIX Koaec m = 6,0 MM u3 craan 12XI'CA [4,7,8,9].

Ha pucynke 3 ripeacTraBaeHbl CBOAHbIE pe3yAbTaThl MCIIBITAHMNIA.
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Pucynoxk 3 - VsHoc yepsstanoit ¢pessr n3 POM5® 9 (m=10 mMm) mpu 3y6ooOpaboTKe ItectepeH n3
cr. 12XT'CA Ha V=42,5 m/min; So=0,2 mm/06; t=10 mm; m=6 mm. 1-oOsr4Has1 yepBaaHast ppesa, 2-Pppesa
¢ TiN noxpsrrnem (KVB), 3-06s1uHas ¢ppesa ¢ mpupadboTkoii Ha V=28 M/MuH; 4-ipupadoranHas ¢ppesa ¢

TiN nokpsrtuem Ha V=28 M/MuH;

OOGcyxaeHne

CTOMKOCTh MHCTpyMeHTa OIleHMBaJdach II0 KOAMYeCTBY OOpabOTaHHBIX IIeCTepPeH, KOTOphIe
Mea CAeAylolye IapaMeTphl: Uica0 3yOpeB Z = 72; MoAyab m = 6 MM; IIMpuHa BeHIla B = 40 mwm.
Pe>xyMpl pe3aHnst COOTBETCTBOBAAM YCAOBUIO ITOAYYUCTOBOIO 3yDodpesepoBaHs 1 cocTapasan: V = 42
M/MuH; So = 2,01 Mm/06; t= 12 MM. CKOpOCTh IIpegBapUTEeAbHON NMPUPaOOTKM IIpMHMUMAaAach Vu = 28

M/MUH.

9KCHepI/IMeHTaAbHLIe pe3yabTarsl,

OTpakalollye BAMSHUE CKOPOCTM IIpejBapuTeAbHON
IpUpabOTKM YePBSYHOM (Ppessl 445 Pa3AMUHBIX PEKMMOB 9KCILAyaTaluy IIpeAcTaBAeHbl Ha PUCYHKe 4.
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Pucynok 4 — BansiHue Ha CTOMKOCTb MOAYABHOM depBssyHoi ¢ppesst n3 POM5®, m = 10 mm
CKOPOCTH pe3aHus Ipy 00paboTKe 3yOuaToro Koaeca us craan 40X: 1 — TpaAMITMOHHBIIT; 2 —
npupaboTKa IIpoBoAnaach Ha V=32 m/MuH; 3 — npupaboTKa IpoBoanaach Ha V=42,5 M/MuH

ITpnpaboTka MHCTpyMeHTa ITOBBIIIAeT KaK CTOMIKOCTD, TaK M €T0 HagEXKHOCTD U CTAOMABHOCTD, 9TO
MPOsBASIETCS Ha TaKMX IapaMeTpax, Kak MOJa BepOsATHOCTU pacIipeAeAeHNsI CTOMKOCTY, 0e30TKa3HOCTH
paboThl 1 AManasoH paccenpaHus croiikoctu. [IpupaboTka yepssaunbix ppes Ooaee 1,6 pas cHIKaeT ero
paauaapHOe OMeHMe, YMeHbIlalollee AMHaMMYecKye BO3MYIIeHNs CI/AOBBIX IlapaMeTpoB Ipoliecca
pesaHms.

PesyabTaThl mccael0BaHMS MOKa3bIBAIOT, YTO MeTO/ IIpeABapUTEeALHON HMpUpabOTKM MOKHO
IPUMEHUTD U AAs APYTUX MeTaAA0PeXKyIINX MHCTPYMeHTOB. /45 9TOro HeoOX0AMMO pa3BUTHIE 4aHHOTO
Hay4JHOTO HallpaBAeHNs U IpOBeJeHNe cepuil DKCIlepMMeHTaAbHBIX MCCAeA0BaHMII 110 KaXKAOMY TUITY
MeTaAA0peKyIero MHCTpyMeHTa, KOTopble OyAyT peaAn30BaHbl B paMKaxX IPaHTOBOTO (pMHaHCHPOBaHI
1ccAe0BaHIS MOAOABIX YUEHBIX IT0 TpoekTy «Kac raapim» AP14972884 «IloBbllIeHre M3HOCOCTOMKOCTH
MeTaAAOpPEeXYIIUX MHCTPYMEHTOB MeTOAOM HpUpabOTKm». AAs AOCTVKEHUs IleAu MccAeAOBaHUsA
HeOoOXOAMMO pellleHle CAeAyIOINX 3alad:

- aHaAM3 M UCCAeAOBaHME COCTOSAHUsA IIpo0AeMbl MHCTPYMEHTaAbHOTO OOecredyeHns
IIPOU3BOACTBA B YCAOBMAX MAaIIMHOCTPOUTEABHBIX IipeanpusATtuit  Pecnybamkm Kazaxcrah.
MccaepoBanne CyIiecTByIONIMX CIIOCOOOB UM MeTOAOB IIOBBIIIEHMs M3HOCOCTOMKOCTU PeXKyIINX
MHCTPYMEHTOB. /luTepaTypHBIN U ITaTeHTHBIN IOMUCK;

- TeopeTuyecKoe HCCAeAOBaHMe M pacKpbITe MexaHM3Ma IIOBBIIIEeHMS M3HOCOCTOMKOCTHU
PeXyIIUX MHCTPYMEHTOB MeTo4oM  IpupaOorku. OcCHOBHBIE 3aKOHOMEPHOCTM  ITpoliecca
¢popMupoBaHUsA BTOPUYHBIX KOHTAKTHBIX CTPYKTYp HpHu pe3aHnu. TepMoauHaMMyecKue acreKThl
YIIpOYHEeHNsI pabouMX ITIOBEePXHOCTell MHCTPYMEHTa B ITpoliecce IIpeABapUTeAbHO IpUpadOTKY;

- DKCIIepUMMeHTa/lbHOEe  JCCAeAOBaHMe  IIOBBIIIEHUs  M3HOCOCTOMKOCTM  pa3dAMYHBIX
MeTaAA0PeXyIIUX MHCTPYMEHTOB (TOKApHBIX pe3loB, 3yOOpe3HBIX PpeXYIINX WHCTPYMEHTOB,
PeXXyIIUX MHCTPYMEHTOB A5 (ppe3epHOIi oIlepalium) MeToA0M IpeiBapuTeAbHON MpupadbOTKIL;

- UCCAeAOBaHMEe 3aKOHOMEPHOCTM BAMSIHMS PeXUMOB HpUpadOTKHM, Marepuasda pesKyllero
MHCTPyMEHTa M 3aTOTOBKM Ha CTOMKOCTD U M3HOCOCTOVIKOCTh MHCTPYMEHTOB;
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- KOMIIBIOTEpHOE MOJeAMpOBaHMe Mpolecca CTPYKTYPHO IIPUCIIOCaOAMBA@MOCTH PesKYIINX
MHCTPYMEHTOB;

- MeTaaaorpaduyeckoe U CTPYKTypHbIe JICCAe40BaHMsI KOHTaKTHBIX ITOBEPXHOCTEN PeXKYIIIX
MHCTPYMEHTOB I10CAe NpupabOTKIL;

- paspaboTka pekOMeHJaluy II0 MCIOAb30BAaHMIO MeToda HpUPAOOTKM  PeXKyIIMX
WHCTPYMEHTOB.

BerBoabl

1. Meroa mnpeaBapuTEAbHON IIPUPaOOTKM SIBASETCS YHUBEPCAABHBIM, A€TKOAOCTYITHBIM
CIIOCOOOM  ITOBBIIIEHNST M3HOCOCTOMKOCTY METaAAOPeXYIINX WHCTPYMEHTOB U IIPU STOM MOKEeT
00ecCITednTh MX BBICOKYIO CTOMIKOCTB M MI3BHOCOCTOMKOCTB.

2. Metoa mpeaBapUTEABHOV NPpUPabOTKM METaAAOPeKYIIMX MHCTPYMEHTOB IIOBBIIIAeT Kak
CTOVIKOCTB, TaK M VX HaAEé>KHOCTh M CTaOMABHOCTH, UTO IPOSIBAAETCSA Ha TaKUX IapaMeTpax, Kak MoJa
BEpOSITHOCTH pacIipeeAeHIisl CTOKOCTH, 0e30TKa3HOCTY PabOTHI I Aualla30He pacCceMBaHIs CTOKOCTI.
[Ipupabotka uepssuHbIX (Ppe3 Oosee 1,6 pa3 cHUKaeT ero pajguaapHoe OMeHMe, yMeHbIIaloIee
AVHaMIJecKyie BO3MYIIIEHNs CIAOBBIX ITapaMeTpoB IIpoIjecca pe3aHus.
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Metaaa xeckil KypaagapablH TO3y¥a Te3iMaiairin apTTeIpy agaici

AnpaaTtma. OTaHABIK MalllMHa >Kacay cadaJapblHAa KecCy >KMeKTepiHiH TOo3yblHa OaillaHbICTBI
OHJeY Ke3iHge MeTaaa KecKilll Kypaadapabl TYThIHY Maceaeci TyblHAanAbl. bya acipece engeyre KubiH
MaTtepuasajgapaaH OealekTepAai >Kacaysa Oarikaaaarpl. bya maceaeni memnry ymrin AP14972884 «Mertaaa
KeCKiIll KypaaAapAblH TO3yFa TO3IMAIAITiH KaABIIITaCTHIPY 94iCiMeH apTTBIPY» KOOACBIH JXKYy3ere acblpy
OarpTTaarad. Kypaaaby OepikTiri MeH ceHIMAIAIriH apTTHIPY 94ici peTiHAe aaAblH-ala KAaABIIITaCTHIPY
JKYMBICBI >KOFaphl MaTepuaaAblK-TeXHMKAABIK IIBIFBIHAApMeH OallaaHbICTBI KbIMOAT KypaaJapra
KaTbICTBl DKOHOMUKAABIK, HEri3AeAreH.

12XI'CA 0Ooaatran >xacaaraH m=6,0 MM TicTi AOHFadaKTapAbl ©HJeyre apHaaraH P5M6®
MaTepuaAblHaH >KacaAFaH YePBSIKTH (Ppe3aHbIH >KYMBICHL Ke3iHAeri 3epTTey HOTVKelepi KeATipiareH.
Congait-ak, 40X 6oaaTTaH >KacaafaH TiCTi 4OHFalaKTHI ©HAey KesdiHge PSM6®, m = 10 MM MoAyabAik
4epBsIKTEl (Pppes3aHbIH OepikTiriHe aaAblH ada KaABIITACTBHIPY >KBLAAAMABIFBIHBIH 9CEpiH KepceTeTiH
ToXXipnOeaik HoTIDKeaep OepiareH. 3epTrey HOTIKeAepi MeTaaad KecKilll Kypaaasl aAAbIH ada
Ka/BIIITaCTBIPY dAiCIH KYpaaAblH KBI3MET eTy Mep3iMiH apTTHIPYyABIH THiMAl 94icTepiHiH Oipi periHge
KapacTelpyFa 001aTLIHBIH KOPCeTeAi.

Kiat ce3aep: Tosy, ceHiMAiAIK, KYpaAAblH TO3yFa TO3iMAiAiri, aaAbIH ada KaABIIITACTBIPY d4ici,
KOCa/AKBI KYPBLABIM.

K.T. Sherov, A.A. Sagitov, M.T. Userbaev, A K. Sherov, G.M. Tusupbekova
S. Seifullin Kazakh Agro Technical University, Astana, Kazakhstan

A method for increasing the wear resistance of metal-cutting tools

Abstract. In domestic machine-building industries, there is a problem with the consumption of
metal-cutting tools during machining due to the wear of the cutting edges. This is especially observed in
the manufacture of parts from difficult-to-machine materials. The project AR14972884 "Improving the
wear resistance of metal-cutting tools by the running-in method" is aimed at solving this problem.
Preliminary running in as a method of increasing the durability and reliability of the tool is economically
justified in relation to expensive tools, the operation of which is associated with high material and
technical costs.

The article presents the results of the study during the operation of worm cutters made of RSM5F
for processing gears m=6.0 mm made of steel 12KhGSA. As well as experimental results, reflecting the
effect of the speed of preliminary running-in on the durability of a modular worm cutter made of R6M5F,
m =10 mm, when machining a gear made of steel 40X. The results of the study indicate that the method
of preliminary running-in of a metal-cutting tool can be considered one of the effective ways to increase
tool life.

Keywords: Wear, reliability, tool wear resistance, pre-running method, secondary structure.
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