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Raw materials form the industrial basis of various products and applications used in modern
technologies and in daily life. Minerals, mineral concentrates, compounds and metallic semi-
products are among these raw materials which have to be used to sustain all activities by human
beings. Although economic importance and supply risk have been well-known features since the
time humankind passed from being hunter-gatherer to being agriculture-assisted, calculation of
those aspects have been a relatively new concept (last twenty years) to point out sustainable
development of the nations which utilize raw materials for industrial production. This concept is
called ““Critical Raw Materials (CRMs)’’. Critical raw materials are of great importance for the
European economy, growth and new technological jobs, but are also seen as a condition for
maintaining and improving the quality of life. The first CRMs list was released by the European
Commission in 2011 containing 14 raw materials and, the number of raw materials was increased
up to 30 in 2020 by the European Union. In this article, the historical development of the critical
raw materials list and the critical raw materials were shared together with the studies on critical
raw materials in the European Union. In addition, the calculation of the critical raw materials list
in the European Union perspective was given.

Keywords: Critical raw materials; Sustainability; European Commission

Introduction

Critical Raw Materials (CRMs) contain all raw materials except the raw materials for energy production and
agricultural products. They are very important for the sustainable production in mega sectors both conventional
and advanced such as green technology, space exploration, aviation, medical devices, transportation, defence,
telecommunications, microelectronics [1]. Due to the increasing raw materials need in direct relationship to
the advancing technology in the developed countries of the European Union (EU), many studies were carried
out in order to create future strategies, plans and determine what to do for the supply of these raw materials.
For a raw material to be defined as a critical raw material, it is not sufficient that the resources of the existing
raw material are scarce or limited [2, 3]. There are various conditions for a raw material to be defined as a
critical raw material. There are global trends suggesting that the demand for CRMs will increase significantly
in the near future because of the demand. It has been estimated that this increase will be approximately 250%
in the next 10 years. Therefore, CRMs cause concerns in the EU and around the World. For this reason, the
European Commission has released a list of CRMs for the EU that is subject to regular updating and review.
The initial CRM list published in 2011 had 41 candidates, of which 14 were selected as supercritical [4]. There
are 54 candidates on the list, which was updated in 2014, and 20 of them were selected [5]. 26 CRMs were
determined among 78 candidates to the CRM list in 2017 [6]. In 2020, the last CRM list was published and

7



BECTHUK KT1Y Ne 4 (39) 2022 2.
Pa3den 1. «Memannypausi»

there were 30 items in this list. In 2020, lithium, bauxite, titanium and strontium were added to the CRM list
for the first time, while helium was removed [7]. In Figure 1, materials listed as CRMs between 2011 and 2020
were given. The evolution of CRMs that took place in 2011, 2013, 2017 and 2020 was indicated by different
colours.

Critical Raw Materials (CRMs) for the EU

o Not included in CRMs list(s) all the time or in specified year(s) 18
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Figure 1. The evolution of critical raw materials in the 2011-2020 CRMs lists [4].

The CRMs list has been updated every three years according to the production amount, market share and
technological developments. While creating the CRMs list and report, EU established 212 trade
communications regarding critical raw materials and carried out this work with approximately 233
organizations. 72 organizations developed the methodology, while 58 organizations developed the CRMs list.
Research on CRMs has increased in the last decade. This is due to the growing concern about finding solutions
to problems related to raw material supply risk. The first publication on this subject was reported in 1975, and
the number of publications increased after 2012. Studies have been generally on recycling, circular economy,
rare earth elements and substitution [4].

The Selection Procedure of the CRMs

The concept of critical raw materials emerged out of concern for the supply of raw materials and the potential
negative effects of disruptions in this direction. Supply risk is a decreasing indicator when raw materials are
concentrated in countries with poor management, which increases if they can be recycled at the end of their
useful life and are easily substituted [1]. Geochemical abundance and interconnected production chains do not
affect supply risk. Economic importance is an indicator proportional to the size of the sectors in which the raw
material is used. The importance of the raw material in the sector does not affect the economic importance.
Import dependency is calculated in supply risk [5]. Some basic concepts and equations are required to be able
to define criticality. Criticality is defined as a function of estimates of the probability of supply disruption and
of the consequences of those disruptions. According to the European Commission, for a raw material to be
considered critical, it must meet with high risks in terms of access to the raw material, i.e. high supply risks or
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high environmental risks, and must be of high economic importance [1, 8, 9]. According to this definition, a
raw material is defined as critical when it exceeds certain thresholds of 'supply risk' and 'economic importance'
(Figure 2). The graphical representation of 2020 critical raw materials obtained in accordance with this
definition is given in Figure 3.
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supply risk and economic importance [10].
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The visualization and comparison of the estimations of the probabilities is performed on the risk matrix. On
the risk matrix, supply risk is plotted against vulnerability due to supply interruptions, which is interpreted as
a measure of the economic importance of a raw material. Since the supply risk and economic importance of a
raw material cannot be measured precisely, different indicators are also used to measure the two dimensions
of "supply risk and vulnerability" (Equation 1, Equation 2) [8].

Risk = Probability of occurrence X Consequence
= Likelihood X Vulnerability (1)

= Relative frequency X Severity

Raw material criticality = Supply risk X Vulnerability
)

= Likelihood of supply disruptions X Economic consequences

Classical risk definition is made in Equation 1. In Equation 2, raw material criticality is defined as the
probability of supply interruptions and their economic consequences (Figure 4). For a clearer interpretation of
the criticality function in Figure 4, another matrix is obtained in the form of contour lines of the criticality
function (Figure 5). With this matrix, a criticality level measure can be assigned to each raw material [8].
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Figure 4. Biaxial criticality function [8].
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Figure 5. Contour lines representing the criticality level of the criticality function [8].

Different combinations derived from the risk matrix in Figure 2 can be transferred to a uniform criticality level
with the contour lines in Figure 5. Also, in classical risk matrices the axes are usually logarithmically scaled,
while the matrix in Figure 5 uses linear contour lines with convex character. For these reasons, scaling with
contour lines is used instead of logarithmic scaling in current criticality studies.

Historical Background and Studies

The subject of raw materials and natural resources has always had a critical and strategic importance in the
course of history. As an example, it is known that the efforts to seize Alsace-Lorraine, one of the important
coal deposits of Europe, had an important place among the reasons for the outbreak of the First World War [2,
11]. George Friedman in his book "The Next 100 Years"; Mentioning the importance of raw materials, he
stated that developing and industrialized countries are dependent on raw material resources in order to protect,
develop and maintain their current situation, and being dependent on foreign sources in this regard poses a
great risk. He put forward a theory that if these countries' dependence on raw materials continues, it will not
be possible for them to continue their current situation and growth, and they are doomed to extinction in the
end. He compared China to a paper tiger, as most of its production depends on imported raw materials.
However, the recent measures taken by the Chinese government regarding raw materials are an indication that
they are aware of this situation [2,12]. In the face of the increasing importance of raw materials in the World
industry, many countries, especially EU countries, carried out studies to determine critical raw materials, to
create strategies for the future and to plan what to do. Especially recently, the problem of "rare earth metals"
between Japan and China has drawn attention to the studies on raw materials. The most important of these
studies are the "Critical Raw Materials for the EU" prepared by the European Union and the "Risk Lists"
prepared by the British Geological Survey (BGS). The first analysis for critical raw materials at EU level was
made in 2010 by the "European Commission - Critical Raw Materials Identification Group". This analysis;
conducted on 41 non-energy and non-agricultural raw materials and 14 of these raw materials were defined as
critical raw materials. The British Geological Surveys Council, on the other hand, examined 52 elements or

11
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element groups in 2011, created a risk criterion and published a list called "Risk List 2011", starting with the
elements with the highest risk criteria. In addition to this study, a separate study was carried out for industrial
minerals in 2012 and a different list was published under the name of "BGS Industrial Minerals Risk List
2012" [12]. In the study to identify critical raw materials, which was carried out again in 2013, 54 non-energy
and non-agricultural raw materials were analysed. Raw materials with high economic importance and high
supply risk were determined in the study based on the same important two criteria as the study conducted in
2010 [12]. The number of critical raw materials, which was determined as 14 in the first study (2011), increased
to 20 in the second study (2014). It has been decided to re-evaluate every 3 years in the determination of critical
raw materials. In the list of 2017, the number of CRMs increased to 26 and, in the current list as of 2020, the
number of the CRMs was determined as 30 [4-7].

The “EU Critical Raw Materials Association (CRM Alliance)” was created by industry to advocate for the
importance of critical raw materials for the European economy and to develop a strong European CRM policy.
The CRM Alliance represents almost all of the 20 critical raw materials listed and is growing. The main
suppliers of 20 critical raw materials for the EU are shown in Figure 6 with their supply ratios.
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Figure 6. Countries supplying critical raw materials to the EU and their supply rates (2020) [7].

Although China is the largest supplier of critical raw materials for the EU, there are different supplier countries
for many different raw materials. For example; Russia and South Africa are the largest suppliers of platinum
group metals (PGM). While Turkey is the primary source for boron and the USA for beryllium, the EU can
provide 9% of all critical raw materials. The vast majority of emerging economies reserve enough for their
own use; they follow industrial development strategies depending on taxation, trade and investment
instruments [12].

Future Prospective

CRMs have an important place in achieving the climate target of the European Green Deal. Because of the
revisions and efforts to be meet with zero greenhouse gas emissions by 2050, there will be a great demand for
raw materials. In addition to the CRMs list published in 2020, an additional report was published for a foresight
study of the EU that predict climate neutral scenarios for raw materials demand for 2030 and 2050. This report

12
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analysed nine technologies used in the renewable energy, e-mobility, defence and aerospace sectors (Figure 7)
[13].
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Figure 7. Raw materials used in selected technologies and their relative supply risk [13].

According to this report, 5 times more cobalt and 18 times more lithium will be needed by 2030 for batteries
for energy storage and electric vehicles. Of these amounts, in 2050, approximately 15 times more cobalt and
60 times more lithium are predicted. According to the same study, it is estimated that 120 times the current EU
demand for rare earth neodymium may be required to provide data storage for the global data domain by 2025.
It is also stated in this report that the demand for rare earths used in robots, electric vehicles or wind generators
could increase tenfold. Critical raw materials are important in shaping the digital future [13].

Conclusion

In the next 20 years, it is foreseen that there will be a significant increase in the demand for critical raw
materials and this situation will occur due to the increasing oil demand. The average annual growth rate in
current consumption for many raw materials in the World is between 3% and 5%. Efficiency in mining is
expected to increase to reduce the pressure on the production of primary resources. It is clear that the use of
secondary resources consisting of scrap and waste will increase even more compared to today. Recycling of
base and industrial metals such as iron-steel, copper, aluminium and lead is already carried out at high rates.
However, it is expected that higher rates will be achieved in the recycling of these base metals. It is also
predicted that metals such as beryllium, gallium, germanium, lithium, tantalum or rare earth metals used in
high-tech applications will be recovered at higher rates. For these reasons, it is important to list critical raw
materials and to carry out studies on this subject. As a result of the lists and studies made, a road map can be
drawn for future measures, new methods and revisions.
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Umay Cinarlil,*, Erman Car2, Ahmet Turanl, Onuralp Yiicel

EO cpinn mukizar Ty:keipbiMaamMacsina moJry (CRMS): Tapux, namy koHe 0os1amak
nepcrneKTHBAIap

[IukizaT 3aMaHayy TEXHOJIOTHIIAP/IA XKoHE KYHIETIKTI eMip/ie KOJIaHBUTIATHIH 9PTYPIIi OHIMIIED
MEH KOCBHIMIIAJIApABbIH OHEPKACINTIK Heri3iH Kypainel. Munepanmap, MHUHEpaNIbl
KOHIIGHTpATTap, KOCBUIBICTAp XOHE METall KapThliai (aOpukaTrap ajamMHBIH Ke3 KelTreH
OpeKeTiH KoJ/1ay YLIiH MaiAa’daHblIybl THIC OCHI IIMKI3aT MaTepHaIapbIHbIH KaTapblHa )KaTalbl.
OKOHOMHKAJIBIK MaHBI3IBUIBIFEl MEH JKETKI3y Kayli agam3ar aHIIbI-KHHAYIIbUIApJaH aybll
HmIapyambUIBIFBIHA — aybICKaHHAaH Oepi Oenrinmi  OomranbIMeH, bynl acmektinepai  ecentey
OHEPKACINITIK OHIIPIC YIIIH MIUKI3aTThl MaliaaJaHaTbIH eICPIiH TYPAKThl 1aMyblH KOPCETETIH
CaJIBICTBIPMAIIbI TYPAE XKaHa TYKbIpIMIaMa 0oJabl (COHFBI JKHUbIPMa KbUT). ByJ TyXKbIppIMaaMa
"coiam mukizaT (CRMS)" nen atanaasl. EH MaHbI3 /bl HIMKI3aT €ypOHAIbIK SKOHOMHUKA, 6CY JKOHE
’KaHa TEXHOJIOTHSUIBIK J)KYMbIC OPBIHJIAPhI YIIIH YJIKeH MaHbI3Fa ue, 0ipak COHbIMEH Oipre emip
CYPY calachlH CaKTay MEH aKcapTyAblH IapThl peTiHae KapacTeipbuiaabl. CRMS-TiH anFamks
TizimMiH Eyponansik komuccust 2011 Kbutsl xKapusiiaabl skoHe 14 MmMKi3aT TYpiH KaMTBLABL, al
2020 >xbiabl mmmKizaT TypiaepiH Eypomansik Opmak 30-ra neitin keOeiitti. Byn makaniaga
Eyponanblk omakrarbl MaHbBI3Abl IIHMKI3aT MaTepHaiaapbl OOWBIHIIA 3epTTeylepMeH Oipre
MaHBI3/Ibl LIMKI3aT IEeH ChIHU IIMKI3aT Ti3iMiHIH TapuXd AaMybl Typajbl alTbulabl. COHBIMEH
karap, Eyponansik Ofak nepcrneKTHBaChIHAaFbl MAHBI3/IbI IITHKI3AT TI3IMIHIH €ce0l KenTipiii.
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Tytiin0i ce30ep: CHIHM IUKI3AT; TYPAKTHUIBIK; Eypomaisik KoMuccus

Umay Cimarlil,*, Erman Car2, Ahmet Turanl, Onuralp Yiicel

0030p xoHmenuuu KpuTHIeckoro coipbsi EC (CRMS): ucropus, pa3Butue u
NnepCcneKTUuBbI HA Oyayluee

Celppe COCTaBISIET NPOMBIIUICHHYI0 OCHOBY pAa3JIMYHBIX IPOAYKTOB M HPUIOKEHHH,
WCIIONIB3YEMBIX B COBPEMEHHBIX TEXHOJOTHSIX W B TIOBCEJHEBHOM >KM3HU. MuHepasl,
MUHEpaJIbHbIE KOHLEHTPAThl, COCAMHEHHUs] M METaJUIMYecKue MoiaypaOpuKaThl OTHOCITCS K
YHUCIYy 3THUX CBIPbEBBIX MATEPUAIIOB, KOTOPbIE IOJDKHBI HCIIOIB30BATHCS Ul IOAJEPKAHUS
Mo00H NeATeNTbHOCTH YeNoBeKa. XOTS IKOHOMUYECKash BAKHOCTh M PUCK MOCTaBOK OBLIH
XOpOIIO HM3BECTHBI C TEX IMOp, KaK YeJOBEYECTBO MEpelrio OT OXOTHHKOB-cOOHMparenel K
CENIbCKOMY XO3SIIICTBY, pacueT 3TUX acleKTOB OblI OTHOCHUTEIbHO HOBOH KOHLEHIMEH
(mocnemHue nBanUaTh JIET), YKa3bIBAIOIICH Ha YCTOMYMBOE pa3BUTHE CTPaH, KOTOPHIE
HCIOJIB3YIOT CBIPbC [JIA IMPOMBIIIJICHHOI'O IIPOU3BOACTBA. Ota KOHIICIIIIUA Ha3bIBACTCA
‘Kputnueckoe ceippe (CRMS)’. BaxHeiilnee cpIppe HUMEET OrpOMHOE 3HAYCHHE IS
€BPONENHCKOM 3KOHOMHKHM, POCTa M HOBBIX TEXHOJOIMUECKMX pabOuMX MECT, HO TaKxKe
paccMaTpUBaETCs KaK yCIIOBUE IONJIEP/KAHUS U YIy4YlIeHUs KadecTBa KU3HU. IIepBrlil crincok
CRMS 6511 onyonukoBan EBponeiickoit komuccueit B 2011 roay u cogepkan 14 BUAOB ChIPbS,
a B 2020 romy KOITUYECTBO BHJIOB CHIPhsI ObLIO yBenmndeHo EBpomneiickum corozom 1o 30. B stoii
cTaThe OBUIO paccKka3aHo 00 MCTOPHYECKOM pAa3BUTUU CHHCKA BaKHEHIIUX CHIPHEBBIX
MaTepHraioB U KPUTUUCCKUX CBHIPHCBBIX MaTC€pHUaIaxX BMECTE C UCCICAOBAHUAMU 110 KPUTUUCCKUM
CBIPBEBBIM MaTepuanaM B EBpometickom coroze. Kpome Toro, ObT mMpuBEACH pacyeT CIUCKa
KPUTHYECKHX CHIPHEBBIX MaTEpUaNoB B IepcrekTuse Epporeiickoro corosa.

Krrouegvie cnosa: KpUTHYECKOE CBIPBE, YCTOMUHUBOCTD, EBpOIElicKast KOMUCCHUS
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A.K. AnteiaOacoBa
Nel5 mikona, r. Kezsutopaa, Kazaxcran
(E-mail.ru:altyn_neo@mail.ru)

HaHoTexHO0JI0IrHH MEHSIIOT MHUD

B nannO# cTaThe pacKpbITO BHEAPEHNE HAHOTEXHOJIOTUH B MUpE MPOMBIIIIIEHHOCTH. UTO Takoe
HAHOTEXHOJIOTHUS, KaK MEHIETCSl MUp Oyiaroaapsi HAHOTEXHOJIOTHH M BayKHBIE ATAIbl BHEAPCHUS
HaHOTEXHOJIOTUH, UMEHHO KaK HaykH. IIpuBoasTcst criocoObl MCIIONB30BAHNS HAHOMATEPHUAIOB
Ha TIpaKTHKe, & UMEHHO Kak W3 rpaduTa CHHTE3UPOBaTh rpad)eH, U3yuyuTh €ro CBOWCTBA, U
WCIIONIb30BaTh €ro Kak TEPMOIEKTPUK U 3JIEKTPONpoBOAHMK. CrenaH akIeHT Ha yxKe
CYIIECTBYIOLINX U AKTUBHO pa3padaThIBAIOLINXCSI BOBMOKHOCTSIX HAHOTEXHOJIOTHH KaK HAyKU B
MPOMBIIIJICHHOCTH. B craTthe ommcaHO O CyIIECTBOBAaHMM J[BYX IIOAXOJOB CO3JaHHUS
HAHOCTPYKTYP U JBYX OCHOBHBIX TPYIII METOIOB TOIY4YCHUSI HAHOUACTHUI] METAIIIOB, 00 HCTOPHH
CO3JIaHMS HCKYCCTBEHHBIX HAHOYACTHII, UMEIOIINXCSA B OCHOBE aTOMa YIJIepoa, U MOJIyYeHUS HX
B na0opaTopHbIX ycnoBusx. CTaTbd NMpEACTAaBISIET MHTEpEC Kak B 0Opa30BaTEIbHOM, TaK U
Hay4YHOM CMBICJIE.

Knroueswie cnosa: poOOTEl, HAaHOTEXHOJOIMH, TPEXMEPHOE NPOCTPAaHCTBO, IpadeH, Oymara,
HAHOTPYOKa, EKTPOIPOBOIUMOCTD, I'pauT, aimMas, HaHOC.

Bsenenune

HanoTexHonorun — 3T0 HOBOE HamNpaBieHHE HAYKW W TEXHOJIOTHH, aKTHBHO pa3BUBAIOIICECS B
nocjeHue ecsaTuineTus. HaHOTeXHOIOruy BKITIOYAIOT CO3/IaHNE M MCIIOJIb30BaHUE MAaTEPUAIIOB, YCTPOUCTB
U TEXHUYECKHX CUCTEM, (PYHKIMOHMPOBAHHE KOTOPBIX OINpPEAEISIETCS HAaHOCTPYKTYPOH, TO ecThb ee
yIopsiA0YeHHBIMH (pparmenTamu pazmepom oT 1 1o 100 HaHOMETpPOB.

B mMupoBoii nuTepaType 4eTKo OTIMYAIOT HaHOHAYKY (nanoscience) oT HaHOTEXHoJorHi (nanotechnology).
Jli1st HAaHOHAYKH UCIIOJIB3YETCS TAKXKe TEPMUH - nanoscale science (HaHOpa3MepHas HayKa).

Ha pycckoM si3plke M B IPAKTHKE POCCHHCKOTO 3aKOHOIATENHCTBA M HOPMATHUBHBIX JOKYMEHTOB TE€PMHUH
"HAaHOTEXHONOTUU" O0beqUHSAET "HAaHOHAYKY", "HAHOTEXHOJIOTHUH", W HHOINA JAaxe ''HaHOMHIYCTPHIO"
(nampaBieHust OM3Heca U MPOU3BOJCTBA, T UCTIONB3YIOTCS HAHOTEXHOJIOTHH).

Baxwnelimeli coOCTaBHOW YacThl0 HAHOTEXHOJIOTHMH SBJISIIOTCS HAHOMATEpUallbl, TO €CThb MaTepHallbl,
HEOObIYHbIe (DYHKIIMOHAJBHBIE CBOMCTBA KOTOPBHIX OIPEICISIOTCS YIOPSJOYCHHOW CTPYKTYpOH HX
HaHO(parMeHToB pa3zmepoMm ot 1 10 100 HM.

Hanocucremnass TexHHMKa - IOJHOCTbIO MM YaCTHYHO CO3JaHHbIE HAa OCHOBE HAaHOMAaTEepHaJOB U
HAHOTEXHOJIOTUH (YHKIMOHAILHO 3aKOHYEHHBIE CHUCTEMBl W YCTPOWCTBA, XapaKTEPHCTHUKU KOTOPBIX
KapJWHAIBHBIM 00pa3oM OTIMYAIOTCS OT MOKa3aTeslell CHCTEM M YCTPOWCTB aHAJOTMYHOTO Ha3HAYCHUS,
CO3JaHHBIX MO TPAAULIMOHHBIM TEXHOJIOTUSM.[5]

OcHOBHAaA 4acThb

B TeueHmm mocnemHMX JNET MHpP W3MEHWICA 10 HEY3HaBaeMOCTH Oiarojaps pa3BUTHIO
HaHOTEXHOJIOI M.

Pa3zpabotkn B 00NacTy HAHOTEXHOJOTHMH YK€ CEroJHs aKTHBHO TNPUMEHSIOTCS, HampuMep, B
MEJWIUHE U MPOMBIIUICHHOCTH. JlnaepamMu B 00JacTd MHBECTHLUH B HaHOpa3paOoTku sBisitoTcst CLLA,
SAnonus u Kurail. K coxanenuro nonst Kazaxcrana Ha MUpOBOM pbIHKE HAHOTEXHOJIOIM MUHUMAJIBHA.

Celiyac yueHble paOOTalOT HajJ TeM, 4YTOOBI C IIOMOIIBIO COBPEMEHHBIX pa3paboTOK B cdepe
HAHOTEXHOJIOTUH CO37aTh POOOTOB CTOJIb MAJIOTO pa3Mepa, YTO MX MOXKHO OyJeT 3amycKaTh B KPOBOTOK
yenoBeka. «JleTamm» takoro pobora OynyT OZHOMEPHBIMH M YeM MEHbIIE, TeM NMpovHee. Taxke MbITaloTCs
Onaroyapss HaHOTEXHOJIOTHSM CO3/IaTh POOOTOB, KOTOPBIX MOXHO OTIIPAaBUTh B KOCMOC HJIHM BHEIPUTh
B KPOBEHOCHBIE COCY/IbI, YTOOBI OHH JOCTAaBIISLTN JIEKAPCTBA K KIETKAM, TOMOTaJIl SPUTPOLIUTAM JIBUTATHCS
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B HY)KHOM HanpaBieHuu T. 1. OJHa HIecTepeHKa B TaKMX poOOTax COCTOMT W3 AecsATka naetaneir. OmHa
neTans — 3To oauH atom. lllectepenka — 3To gecatsh atoMoB, 10™° MeTpoB, To ecTh oauH HaHOMETp. Llenblii
POOOT — 3TO HECKOJIBKO HAHOMETPOB.CCIM CPABHUTb, TO OOBIUHBIH YEIOBEUECKHI BOJIOC MMEET pa3Mmep
npumepro 10 MeTpa. DPUTPOLUTHI, KIETKH KPOBH, CHA0XKAIOIIME HAIl OPraHU3M KHCIOPOJOM, MUMEIOT
pasMep OKOJIO CeMH MHKPOHOB, 5TO Toke mpubmusutenso 10° merpa. [1, 12]

Uro Takoe Tpexmepue, IBYMEpUE U OJHOMEpPHE M KaK OHM BIHUSIOT Ha MaTepHajibl U MX CBOMCTBA
B HaHoTexHouorusx? Bee Mbl 3HaeM, uto 3D — 310 Tpexmepue. Ectb 00buHbIN (huinbM, a ecTb kuHO B 3D,
rJIc Ha HAaC C 9KpaHa BBUICTAIOT BCSAKUE aKylbl. B maremarmueckom cmbicie 3D Beirsaut Tak: Y=f (X, Y, z),
rZie Y 3aBUCUT OT TPEX HM3MEPEHUH — AJIMHBI, MIMPHUHBI U BbICOTHL. IloMHHMTE, 3HAKOMBIH HaM W3 JETCTBA
Mapuo B TpexMepuu JOBOJIBHO BBICOKUN, IIMPOKUIN 1 TOJICTEHBKUHM.

[Tpu nepexone B nByMepHe ucuezHeT oxHa ock: Y=f (X, y). 31ech Bce HaMHOro mpoine: Mapuo Takoi ke
BBICOKHII 1 IIMPOKUH, HO HE TOJICTHIN, IOTOMY YTO B IBYMEPHUU HUKTO HE MOXKET OBITh ITOJIHBIM MJIH XYABIM.
Ecnu MBI IPOJOIKUM YMEHBILIATHCS, TO B OJHOMEPHH BCE CTAHET COBCEM IIPOCTO, OCTAHETCSl BCEro OJHA
ock: Y=f (). Mapuo B 1D npocTo [UIMHHBINA — MBI €r0 He y3HAeM, HO 3TO BCE €IIIE OH.

CambIif pacipocTpaHeHHBI MaTepHhal B HameM mMupe — yriepoa. OH MokeT 00pa3oBaTh /1Be aOCOIIOTHO
pasHble cyOCTaHIIMK — anMa3, CaMblil IPOYHBIN MaTepHuai Ha 3emiie, 1 rpadut, mpuyeM rpaut MOKET CTaTh
aJIMa30M MPOCTO MOCPEICTBOM BBICOKOTO AaBieHus. Eciu fake B HallleM MUpPE OJIMH 3JIEMEHT MOYKET CO3/1aTh
KapJWHAIBHO pa3Hble MaTepUAIIbI C MPOTHBONOJIOKHBIMU CBOMCTBAMH, TO UTO e Oy/AeT B HaHOMUpE?
I'paduT w3BecTeH B IMEpBYIO oYepeqb Kak KapaHJAIIHBIA Tpudenb. Pa3smep KoHYMKa KapaHpaalma —
OKOJIO OJIHOTO MMILTUMETpa, To ecTh 10~ Merpa. Kak Beirysut rpudens B HaHO? DTO IPOCTO HAGOP CIOEB
W3 aTOMOB YIJIepo/ia, 00pa3yIonuX CIOUCTYIO CTPYKTYpy. [loxoxk Ha cTonky Oymary.

Korga mbl numieM kapanaamom, Ha Oymare octaercs ciell. Eciau mpoBoauTh aHAJIOTHIO CO CTONKOM OyMard,
9TO KaK ecJd ObI MBI BHITACKUBAINA M3 HEE 110 OJJHOMY JIUCTOUKY. TOHKHIA cloii TpaduTa, KOTOPBIA OCTaeTCs
Ha Oymare, — 310 2D, ero TonrHa COCTaBISET BCEro OJJUH aTOM. UTOOBI OOBEKT MOT CUYMTATHCS IBYyMEPHBIM,
€ro TOJIINHA JJOJDKHA OBITh BO MHOTO, KAK MUHUMYM B JICCATB, pa3 MEHbIIIE, YeM IIMPHUHA U AJTUHA.

B 1930-x romax Jle Jlanmay u Pynonwd [lafiepnc mokaszamu, 9To JABYMEpHBIE KPHCTAJUTBI HECTAOMIHHBI
W pa3pylIaloTcsl W3-3a TEPMUYECKUX  (IyKTyanuid (coydaliHBIX OTKJIOHEHHH (U3MUECKUX BEITUYUH
OT UX CpPEeIHUX 3HaueHUI HM3-3a Xa0THYECKOr0 TEIUIOBOrO JABIKEHHs ydacTull. [lomyuaercs, 4yTo AByMepHBIH
IUIOCKUM MaTepuas He MOXKET CyLECTBOBAaTh U3 TEPMOIUHAMUYECKUX cooOpaxeHuil. To ectb Bpoae Obl Mbl
He MokeM  co3gatb HaHo B2D. Opnako Her! Koucrantun HoBocenoB u Anapeir  I'eiim
cuHTe3upoBayu rpadeH. ['padeH B HAHO HE TUIOCKUH, @ HEMHOXKO BOJIHUCTBIN U TIOATOMY CTAOMJIBLHBIM.
Ecnu B HameM TpexMepHOM MHpPE BBITAIIUTb M3 CTOIKKA OyMaru OJIMH JIMCT, TO Oymara octaHercsi Oymaromu,
ee CBOMCTBa He M3MeHsATcs. Eciu ke B HaHOMHUpe yOpaTh OJUH cJIOH rpadura, TO MONyYUBLINIcA rpadeH
Oyzmer o0nanaTh yHUKalIbHBIMU CBOHCTBaMH, HMUEM HE MIOXOKUMH Ha T€, YTO UMEET ero «IPapOHTENb
rpadur. I'paden mnpospaunsiii, Jerkuit, B 100 pa3 mnpouyHee cTaNu, OTIUYHBIA TEPMOIICKTPUK
1 3JEKTPONPOBOHHUK. OH HIMPOKO UCCIIEAYETCS M YK€ CTAHOBUTCSI OCHOBOH U1l TPAH3UCTOPOB.

Cerojus, Kor/ia BCe IOHUMAIOT, YTO JIByMEPHbIE MaTeprabl B IPUHIUIIE MOTYT CYIIIECTBOBATH, MOSABIISIOTCS
TEOPUHU O TOM, YTO HOBBIC CYIITHOCTH MOXHO TIOJYYUTh U3 KPEMHUS, Oopa, MOJIMOIeHa, BOJIb(ppamMa u JIp.

VY rpadena B 2D ectp mmpuHa u umHa. Kak xe cnpemats u3 Hero 1D um uyTto momyuutcst B urore? OxpuH
13 METOJI0B — IOPE3aTh €ro Ha TOHKHE JICHTOUKH. ECM nX MMpHHY yMEHBIIATH J10 MPEEIbHO BO3MOKHOM,
TO 9TO YK€ OyayT He MPOCTO JICHTOYKH, a €llIe OJMH YHUKAIbHBIH HaHOOOBEKT — KapOuH. Ero oTkpbun
coBerckue yueHble B 1960-e rospl. [2, 38]

Bropoii crioco0 caenaTh 0JHOMEpPHBIH 00BEKT — CBEPHYTH IrpadeH B TpyOOuKy, Kak koBep. TonmuHa 3Toi
TpyOOukH Oy/ieT HaMHOTO MEHbIE, 4yeM ee JuimHa. Ecnu Oymary cBepHYTh B TPYOOUKY MM Hapes3arh
Ha MOJIOCOYKH, OHa ocTaHercsi Oymaroil. Ecim rpadeH cBepHyTh B TpyOKy, OH TepeiieT B HOBYIO (GopMy
yriepoja — HaHOTPYOKY, KOTopas 00J1aaeT psiIoM YHUKAJIbHBIX CBOMCTB.

Bce 3HatoT, 4TO 37IEKTPONPOBOANMOCTD — 3TO TO, HACKOJBKO XOPOMIO WJIM IUIOXO MaTepuall MPOBOAMT
JNIEKTPUYECKHIA TOK. B HameM Mupe oHa ONMMCHIBAETCS OJHUM YHCIIOM IS KaXK/I0TO MaTepuaia U He 3aBUCUT
ot ero ¢opmbl. HeBaxxHo, cienaere M Bbl cepeOpsSHBIN HWIMHAPHUK, KyOHK WM IIApUK — €ro ynelbHas
MIPOBOJUMOCTD BCET1a OyIeT OANHAKOBOM.

B nanommpe Bce wnHave. M3MeHeHHs B IuamMeTpe HAHOTPYOOK MOBIHUSIOT HAa MX MPOBOAMMOCTh. Ecim
pasHoCTh N— M (TIe N U M — HEKOTOpPbIe WHJCKCHI, ONMUCHIBAIOIINE JUAMETP TPYOKH) JETUTCS Ha TPH,
TO HAaHOTPYOKHU MPOBOAAT TOK. Eciin He nenutcest, TO He MPOBOSIT.
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Mopyne FOHra — emie ofHO MHTEpECHOE CBOMCTBO, KOTOPOE MPOSIBISICTCS MPU CTUOAHWUU CTEPIKHS MU
npytuka. Momxyns HOHra moxaspiBaeT, HAaCKOJNBKO CHJIBHO MaTepHall COMPOTUBISAETCS aedopmaniu
Y HampsDKeHuo0. Hampumep, y aqfoMUHES 3TOT TMOKa3aTelb B JBa pa3a MEHbINE, YeM Y )Kele3a, TO eCTh OH
COMNPOTHBIISIETCS B ABa pa3a Xyxe. OMsITh e, aTIOMUHHUEBBIN MIAPHK HE MOXKET ObITh TPOYHEE AITFOMUHHEBOTO
KkyOmka. Pasmep u popma He IMEIOT 3HAYCHHS.
B Hanommpe BHOBB JApyrasi KapTHHA: 9€M HAHOMPOBOJ TOHBIIE, T€M BhIIIe y Hero Momayns Onra. Ecim
B HAIlIEM MHUPE MBI 3aXOTHUM YTO-HUOYIIb 1OCTATh C aHTPECOJH, TO BBIOEPEM CTYJ TIOKpemye, 4ToObl OH HAac
BbIIIepXkKall. B HaHOMHpE, XOTs 3TO HE TaK OYEBUIHO, HAM MPHUAETCS MPEANOYECTb CTYJ IIOMEHBIIE, IIOTOMY
YTO OH IIPOYHEE.
Ecnu B Hamem Mupe Hajenath B KAKOM-TO MaTepHale IbIPOK, TO OH IepecTaHeT ObITh MPOYHBIM. B HaHOMUpe
Bce HaoOopoT. Ecnu cienates B rpadeHe MHOTO IBIPOYEK, OH CTAHET B JiBa C IMOJIOBUHOW pa3a MpoyYHee, YeM
HenedexTHbIN Tpaden. Korma Mbl mpoTeikaeM IBIpKH B OyMare, ee CyIIHOCTh He MEHseTCS. A KoTra JejaeM
IOBIpKK B TpadeHe, yOupaeM OJIWH aToM, Oyarofaps 4YeMmy TIOSBISeTCS HOBBIH JIOKATbHBIN d(deKT.
OcraBmecsi aToMbl 00pa3yrOT HOBYIO CTPYKTYPY, KOTOpasi ¢ XUMHYECKOW TOYKH 3PEHHUS MpOYHEe, YyeM
HETPOHYTHIE 00JIaCTH B ATOM TpadeHe.
I'paden obmamaeT yHUKAIBHBIMH CBOWCTBAMH, HO KaK MX MPUMEHSTh B TOW VI WHOW OOJIACTH, TIOKA eIlle
Borpoc. Ceifyac OH MCHOJIB3YyeTCsS B MPOTOTHIAX IS OJHOAJIEKTPOHHBIX TPAH3UCTOPOB (TMPOIMYCKAIOMINX
CHUTHAJl POBHO B OJTUH 3JEKTPOH). CUUTaETCs, YTO B MIEPCIICKTUBE JIBYXCIOWHBIN Ipad)eH ¢ HAHOTIOPaMHU (JIbIPHI
HE B OJTMH aTOM, a IMOOO0JIBIIE) CMOXKET CTaTh HICATBHBIM MaTepPHAJIOM ISl CEIEKTUBHOM OYMCTKH Ta30B WIIN
xunakocreil. Jlns mpuMmeHeHus TpadeHa B MEXaHWKE HaM HYKHBl OOJIbIIME TUIOMAIU Marepuaa
6e3 1edeKToB, HO TaKOE MPOU3BOICTBO KpaHe CI0KHO TeXHOJOrH4YeckH. [3, 29]
C OHMOJIOTHYECKOM TOYKHM 3peHHs ¢ TpaeHOM TOXKe BO3HUKAET MpodieMa: MoMaB BHYTPh OpTaHW3Ma, OH BCE
OTpaBiseT. XOTd B MEAWIIMHE TpadeH MOXKET WCIONb30BaThCAd KaK CEHCOpP  «IUIOXUX»  MOJEKYI
JHK (MyTupyommx, ¢ IpyrdM XUMHUYECKHM 3JEMEHTOM | ap.). s 9TOro k HeMy NpPUKPEIUISIIOT J1Ba
ANIEKTPO/ia M MpomycKaroT depe3 ero nopbl JIHK — Ha kakIy0o MOJEKyly OH pearupyer OCOOCHHBIM
o0Opazom.

PezynbTaThl

B EBpore yxe npon3BoAsT CKOBOPOJKH, BEJIOCHUIIEIbI, IUIEMBI M O0YBHbBIE CTEJIBKHU € 100aBICHUEM

rpadena. OnnHa duHCKas GupmMa M3rOTaBINBAET KOMIOHEHTHI JUIS MAIlWH, B YACTHOCTH JIJIsi aBTOMOOMJICH
Tesla, B KOTOPBIX KHOTIKH, JICTAIH TPHOOPHOM MTaHENIN U SKPaHbI CJIIaHbl U3 JOBOJIBHO TOJICTHIX HAHOTPYOOK.
OTH TOBaphl NPOYHBIE U JIETKHE. [4, 8]
OO6nacTe HAHOTEXHOJIOTHH CIIOYKHA JJIs1 HCCIIEAOBAHMS KaK C TOUKH 3PEHUS SKCIIEPUMEHTOB, TaK U C ITO3ULNN
YHCJICHHOTO MOJIeNupoBanusi. Bce (dyHIamMeHTambHBIE BONPOCHI, TpeOyIolMe HEOOIBIINX MOUIHOCTEH
KOMITBIOTEPOB, yXKe pelieHbl. CerojiHs OCHOBHOE OTpaHMUYCHHE JUIS MCCIEAOBAHHNA — 3TO HENOCTATOYHAS
MOIIHOCTb CYIIEPKOMIIBIOTEPOB.
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Byn makanmajga eHepKocil olIeMiHAEC HAHOTEXHOJOTHSJIAPJbI €HTi3y amibulbl. HaHOTEeXHOJIOTUs
JIereHIMI3 He, HAHOTEXHOJOTHSHBIH apKachlHIA dJieM Kajal e3repei OHE HaHOTEXHOJOTHSHBI
EHT13y/iH MaHBI3/Ibl Ke3eHepi FhUTBIM peTinae. HanoMmaTepuanmaps ic )Ky3iHae KOMAaHy Tacimaepi
KeJTIplIreH, atamn aiTKanaa rpad@uTTeH rpaeH/Ii CHHTE3/1ey, OHbIH KaCHETTEePiH 3epTTey KOHE OHBI
TEPMOAJIEKTPUK JKOHE AIJIEKTP OTKI3TilI peTiHae mahmanaHy. HaHOTEXHOJOTHSHBIH ©HEpPKICITTeTi
FBUTBIM peTiHme OyphIHHAH Oap skoHe OCJICeHII MaMBIN Kelle YKaTKaH MYMKIHIIKTepiHe Oaca Hazap
aynapbuiel. Makaiaia HaHOKYPBUIBIMAAPAbI KYPYIBIH €Ki TOCUTIHIH )KOHE METaJlll HAHOOOJIIIEKTepiH
ay OICTEpiHIH €Ki Heri3ri TOOBIHBIH OOJybl, KOMIPTEK aTOMBIHBIH HETI3IHJEC KOJIJaH jKacalFaH
HAHOOOJIIIEKTEP/Il JKacay KOHE OJIapJIbl 3epTXaHAIIBIK JKaFIaiia ainy Tapuxbl CHIATTaaraH. Makaia
Ols1iM Oepy *oHE FhIJIBIMU MaFbIHA/A KBI3BIFYIIBUIBIK TYIBIPAIbL.

Tyuin co30ep.; poOOTTap, HAHOTEXHOJIOTHIIAP, YII OJIeM I KeHICTIK, rpadeH, Kara3, HAaHOTYTIKIIE,
ANIEKTP OTKI3TIMITIK, TpaduT, anMas, HAaHOYHTAK.

Altynbasova A.Z.
Nanotechnology is changing the world

This article reveals the introduction of nanotechnology in the world of industry. What is
nanotechnology, how the world is changing thanks to nanotechnology and important stages of the
introduction of nanotechnology, namely as a science. The ways of using nanomaterials in practice are
given, namely, how to synthesize graphene from graphite, study its properties, and use it as a
thermoelectric and electrical conductor. The emphasis is placed on the already existing and actively
developing capabilities of nanotechnology as a science in industry. The article describes the existence
of two approaches to the creation of nanostructures and two main groups of methods for the production
of metal nanoparticles, the history of the creation of artificial nanoparticles based on the carbon atom,
and their production in the laboratory. The article is of interest both in the educational and scientific
sense.

Keywords: robots, nanotechnologies, three-dimensional space, graphene, paper, nanotube, electrical
conductivity, graphite, diamond, nanopowder.
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Analysis of thermodynamic properties of compounds of the triple system Fe-Si-Al and Si-
Al-Mn

This article discusses the study of thermodynamic properties of triple systems Fe-Si-Al and Si-
Al-Mn. They are a complex alloy of silicon, aluminum, iron and manganese in various
combinations and are intended for processing ordinary and low-alloy steel grades, as well as as a
reducing agent for smelting refined grades of ferromanganese, ferrochrome and other alloys
obtained by the metallothermic method. The study of Fe-Al-Si and Si-Al-Mn metal systems is
one of the important tasks for obtaining silicon-aluminum alloys with specified properties and
characteristics, as well as for the correct understanding of the phase composition of complex
alloys.

Keywords: Fe, Si, Al, Mn, thermodynamic analysis, complex alloys, metal systems.

The author of [1] carried out a fairly complete review of the compounds of this system based on the data
of works [2-5]. Without repeating the selected compounds of work [1], we settled on five compounds,
according to the data of work [6] (updated TCAL database): Fe Al.Si, FeAl,Si, FeAlsSi, FesAl11Sis, FesAlsSis.

According to [1], the author gives three types of triangulation of the Fe-Al-Si system with the presence
of the FeAlsSi, compound, which the author confirms by X-ray phase analysis on an Empyrean diffractometer
from PANalytical (Netherlands). In fact, the author of [1] confirmed the presence of the FeAlsSi, compound
in the TCAL FesAl11Sis database, which almost coincides with FeAlsSi; in stoichiometry.

Thus, the analysis of literature data shows that in the Fe-Al-Si system there are stable ternary compounds
identified by microstructure and X-ray diffraction methods.

The value of AG°298 for ternary compounds of the Fe-Al-Si system is not available in the literature,
therefore, we calculated the values of the standard Gibbs energy of formation of ternary compounds based on
the known data AG°298 for compounds of the Fe-Si and Fe-Al systems. The calculation was carried out using
the method of thermodynamic additivity of the standard Gibbs energy of compounds of the same type.

For example, the compound Fe-Al,Si can be FeSi + FeAl,, the main thing is that the stoichiometry of the
equation is preserved. Below are thermodynamic calculations of unknown ternary compounds.

1)AG°298 (Fe,AlLSi) = AG°298 (FeSi) + AG°298 (FeAl,) =
(-76.58) + (-103.08) = 179.66 ki/mol 1)

2) AG°298 (FeAlsSi) = AG°298 (FeSiy) + AG®298 (FeAls) - AG®298 (FeSi) =
= 141.47 kIimol  (2)

3) AG®298 (FeAl,Si) = AG®298 (FeSiy) + AG°298 (rearz) - AG°298 (FeSi) =
=99.79 ki/mol  (3)

4) AG°298 (FesAl11Sis) = AG°298 (3FeSiz) + AG°298 (11FeAls) -
- AG®298 (11 FeAl2) =757.23 kJ/mol  (4)

5) AG°298 (FesAl1Sis) = AG298 (28 FeAls) + AG°298 (3FeSi) -
- AG®298 (14 Fe,Als) = 823.72 kiimol.  (5)
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A comparative analysis of the standard Gibbs energy of ternary compounds presented in Table 1 showed
that the thermodynamic additivity method is in good agreement with the experimental data of [7] and can be
used in thermodynamic calculations.

Table 1 - Calculated values of the standard Gibbs energy of ternary compounds of the Fe-Al-Si system
and the values of work [7] are given

Formula Ratio, mass % -AG°298, Source -AG°298,
Fe Al Si kJ/mol kJ/mol
addit.
method
Fe Al,Si 57.652 27.852 14.496 182.1662 [1] 179.66
FeAl,Si 40.501 39.132 20.367 123.6493 [1] 99.79
FeAlsSi 33.873 49.093 17.034 147.1874 [1] 141.47
FesAl11Sis 26.475 46.897 26.628 437.9044 [1] 757.23
FesAl14Sis 26.614 60.002 13.384 515.1363 [1] 823.72

The thermodynamic characteristics of the compounds presented in Table 1 show good agreement between
the calculated and experimental data. For more polyatomic compounds (FesAl11Sis, FesAl14Sis), the calculated
values of the standard Gibbs energy exceed the experimental ones; nevertheless, the calculations performed
using the source [7] and the additive method showed the same results in the final version of the calculation of
the standard Gibbs energy.

Information about the conditions for the formation and stability of ternary compounds is rather
contradictory, and the information on the structure of Si-Al-Mn obtained by various authors differs both in the
number of phases and in the nature of phase equilibria between them [8-9]. On the whole, seven ternary
compounds Mn4Si2AI3; Mn3Si9A|g; Mn38i4AI3; Mn38i2A|3; Mn4Si3AI9; (I-MnssiA|9;B-MnssiA|12. Of these,
according to [7], the Mn4Si>Al; compound can experience polymorphic transformations leading to metal
cracking after crystallization, but they do not give the recrystallization temperature and a possible mechanism
for the formation of new compounds.

The work [7] presents a literature analysis of ternary compounds of the Si-Al-Mn system. The authors of
the work draw attention to the fact that the structure of the already long-known ternary compounds of this
system has not yet been unambiguously established and data on the regions of homogeneity of the a-Mn;SiAlg
andB-MnsSiAly obtained by different authors do not agree with each other. Using the methods of scanning
electron microscopy, X-ray phase and electron probe microanalysis, the regions of homogeneity and crystal
structures of the triple phases a-Mn;SiAlg andp-MnsSiAls.

Thus, for this system, we chose three ternary compounds: Mn.Si,Als (so as not to fall into the region of
the crumbling alloy) and two a-Mn;SiAls andp-MnsSiAlg as well researched and confirmed.

The value of AG°298 for ternary compounds of the Mn-Al-Si system is not available in the literature,
therefore, we calculated the values of the standard Gibbs energy of formation of ternary compounds based on
the known data AG°298 for compounds of the Mn-Si and Mn-Al systems. The calculation was carried out
using the method of thermodynamic additivity of the standard Gibbs energy of compounds of the same type.

To calculate the standard Gibbs energy of the Mn.AlsSi> compound, we compose an equation for its
formation from simple substances:

MnsAlsSi> = MnAlsSi> + Mn,Si + MnSi. (6)
In this equation, the standard Gibbs energy of substances is unknown: MnAls; and Mn.Si, MnAls.
We derive the equation for the formation of MnAls;, Mn,Si and MnAls compounds through known

compounds. Let us compose the equations for the formation of these compounds:

MnAl; = MnAls + MnAls - MnAls, AG298 = - 152,53 kJ / mol;  (7)

21



BECTHUK KT1Y Ne 4 (39) 2022 2.
Pa3den 1. «Memannypausi»

Mn.Si = 0.5Mn3Si + 0.5MnSi, AG298 = - 92.33 kJ/mol;  (8)
MnAls = 0.5MnAls + 0.5MnAl4, AG298 = - 148.075 kJ/mol. 9)

The obtained intermediate calculation data AG298 of intermediate compounds (MnAls, Mn,Si, MnAls)
showed that the standard Gibbs energy of MnsAlzSi; is AG298 = -321.455 kJ/mol.

To calculate the standard Gibbs energy of the Mn;Al,Si and Mn3;AlsSi compounds, we also compose the
equation for the formation of simple substances:

MnAlg + MnsSiz + MnAls - 9MnSi = (X-anA|gSi,
AG = - 344.94 kJ/mol; (20)

MnsSi + MnAlg + MnAls— MnoAl = Mn3AI98i,
AG = -422,29kJ /mol.  (11)

Table 2 shows the calculated values of the standard Gibbs energy of ternary compounds of the Mn-Al-Si
system.

Table 2 - Calculated values of the standard Gibbs energy of ternary compounds of the Mn-Al-Si system

Formula Ratio, mass % -AG°298, kJ/mol
Mn Al Si addit. method

Mn4SirAls 57.652 27.852 14.496 321.455

MnAl; 40.43 59.57 - 152.530

Mn,Si 79.64 20.36 - 92.330

MnAls 28.94 71.06 - 148.075
a-MnSiAlg 40.501 39.132 20.367 344.940
B-MnsSiAlg 33.873 49.093 17.034 422.290

Thus, the values of the standard Gibbs energy of ternary compounds (Table 2) in the Mn-Al-Si ternary
system were calculated for the first time by the additive method. Binary systems (Fe-Si, Fe-Al, Fe-Mn, Si-Mn,
Si-Al, Mn-Al) and ternary (Fe-Si-Al, Fe-Si-Mn, Fe-Mn-Al, Al -Mn-Si) systems for the determination of stable
phases. Table 3 shows congruent and incongruent metal compounds in the Fe-Si-Al-Mn system and their
coordinates on the quadruple concentration simplex. Triangulation of the quaternary system Fe-Si-Al-Mn is
not the first time [1]. In this work, for the first time, triangulation is carried out taking into account ternary
compounds, which made it possible to correct the phase composition of the corresponding smelting of
aluminosilicomanganese with a high and medium silicon content and with a high manganese content.

Table 3 - Congruent and incongruent metallic compounds in the Fe-Si-Al-Mn system and their
coordinates on the quadruple concentration simplex (tetrahedron)

Connections Coordinates, wt.%

Formula Fe Mn Si Al
1 2 3 4 5
Fe 100 0 0 0
Mn 0 100 0 0

Si 0 0 100 0
Al 0 0 0 100
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Mn3Si 0 85.49 1451 0
MnsSis 0 76.60 23.40 0
MnSi 0 66.27 33.73 0
MnnSilg 0 53.21 46.79 0
MnSi; 0 49.55 50.45 0
FesSi 85.68 0 14.32 0
FesSis 76.88 0 23.12 0
FeSi 66.61 0 33.39 0
FeSi, 49.93 0 50.07 0
Fe:Si 79.96 0 20.04 0
Fe2Sis 44.38 0 55.62 0
MnAl, 0 33.74 0 66.26
MnAlsg 0 25.35 0 74.65
FeAl 67.41 0 32.59
Fe:Als 45.28 0 0 54.72
FeAls 40.81 0 0 59.19
FesAl 86.12 0 0 13.88
FeAl 50.84 0 0 49.16
MnsSi 0 85.49 14,51 0
MnsSis 0 76.6 23.40 0
MnSi 0 66.27 33.73 0
Mn11Si1g 0 53.21 46.79 0
MnsAlsSi, 0 61.6 15.7 22.7
Mn.AlgSi 0 28.9 7.3 63.8
MnsAlgSi 0 37.8 6.5 55.7
FeAlSi 57.65 0 14.50 27.85
FeAl,Si 40.50 0 20.37 39.13
FeAlsSi 33.87 0 17.04 49.06
FesAl11Sis 26.48 0 26.63 46.89
FesAl1Sis 26.61 0 13.39 60.00

Further, according to the scheme of the triangulation method, it is necessary to find the largest tetrahedron,
which is responsible in composition for the smelting of the complex alloy of aluminosilicomanganese.
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I'.C. Epekeena, T.T. TonokonnuxoBa, C.O. baiicanos, O.B. 3askun
AHaIN3 TEPMOIMHAMMYECKHUX CBOCTB cOeTHHEHMIT TPoiiHo# cucTembl Fe-Si-Al u Si-Al-Mn

B nanHOl cTaThe paccMaTpUBAETCS HUCCICAOBAHUE TEPMOIUHAMUYECKUX CBOMCTB TPOHHBIX
cucteM Fe-Si-Al u Si-Al-Mn. Ouu nipeCTaBIIsIIOT CO00M CIOKHBIN CIUIAB KPEMHUSI, ATFOMHHUS,
JKEJI€3a U MapraHiia B pas3jiIMYHbIX COYCTAHUAX U NMPECAHAZHAYCHBI IJIA O6pa6OTKI/I OOBIYHBIX U
HHU3KOJICTHPOBAHHBIX MAapOK CTall, a TaKKe B KAa4eCTBE BOCCTAHOBUTENsS IPH BBIILIABKE
padbUHUPOBaHHBIX Mapok (eppomapraniia, (eppoxpomMa H JAPYrHx CIUIABOB, MONYYCHHBIX
METAUTOTEPMUYECKUM MeToJoM. HM3yuenwe wmetaumnueckux cuctem Fe-Al-Si u Si-Al-Mn
ABJISICTCA OIIHOf/i M3 BAXHBIX 3a4a4 JJId IOJIYy4YCHUA CIIJIaBOB erMHHﬁ'aHIOMHHHﬁ C 3aJaHHbIMHN
CBOWCTBAMH M XapaKTEPHCTUKAMH, a TAKXKe UIsl MPAaBHJIBHOIO MOHUMaHUS (ha30BOrO COCTaBa
CJIOXHBIX CIUIABOB.

Kniouesvie cnosa: Fe, Si, Al, Mn, TepMoanHaMHYECKUH aHAIN3, CJIOKHBIC CIUIABHI,
METAUIMYECKHE CHCTEMEI.

I'.C. Epekeena, T.T. Tonokonnukosa, C.O. baiicanos, O.B. 3askun

Fe-si-al ;koHe si-al-Mn ymTik skyiie KOCHLIBICTAPBIHLIH TEPMOIHHAMHKAJIBIK KaCHETTEePiH
Tagaay

byn makanana Fe-Si-Al sxone Si-Al-Mn ymrrik kyitenepiniy TepMOINHAMHKAIBIK KACHETTEPiH
3epTTey KapacTelpbutanpl. Onap opTypili KoOMOMHaLMsUIapaFbl KPEMHUH, aIFOMUHU, TEMIp XKoHE
MapraseuTiH KypAesi KOpbITIackl OOJBIN TaObLIa bl skoHEe OONATTHIH KapanaibM XoHE TOMEH
JETIPIICHTeH MapKalapblH ©HJEyre, COHJal-aK MeTaJUIOTePMUSUIBIK OJIICTICH  aJIbIHFaH
(dbeppomapraHenTiH, GpeppoXpOMHBIH XKoHE 0acka KOpBITHANAPIBIH Ta3apThUIFaH MapKajlapblH
OaJKpITy Ke3iHIEe TOTHIKCHI3MAHBIPFBINI peTiHae apHanraH. Fe-Si-Al xone Si-Al-Mn metann
JKYHenepiH 3eprrey OepuireH KacueTTepl MeH cumaTTaMajiapbl 0ap KpEeMHHM-aIOMUHHI
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KOPBITHAJIAPBIH aTYABIH OHE KYpJeii KOPBITIANAPAbIH (ha3aiablk KypaMbIH JYPHIC TYCIHYIIH
MaHBI3IIBI MiHACTTEPiHIH Oipi OOJBIT TaOBIIATEI.

Kinm cezoep: Fe, Si, Al, Mn, TepMOAMHAMUKAJBIK Tajjay, KYpAedl KOPHITIANAP, METasll
Kyienepi.
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Optimization of slag formation in the initial period of oxygen converter melting

The connection between the amount of oxygen entering the slag during the first melting period
and being in it in the form of iron and manganese oxides and the indicators characterizing the
degree of completion of refining processes - the coefficients of sulfur and phosphorus distribution
between metal and slag at the end of melting has been experimentally confirmed. The possibility
of such a dependence, in addition to the data of laboratory studies on the kinetics of lime
dissolution, is also due to the fact that in the second period of purging there is a continuous
depletion of slag with iron oxides, which means that the conditions of lime dissolution worsen.

Key words: oxygen converter, slag formation, lime dissolution, slag oxidation, silicon content in
cast iron.

Introduction

The known effective methods of intensification of slag formation in oxygen converters (injection of
powdered lime, the use of complex slag - forming materials) have not been widely used to date for various
reasons. Therefore, it is still an urgent task to optimize the slag melting mode while using the main slag-
forming materials - lime and small amounts of fluorspar (at its consumption of 1-3 kg / ton of steel).

Study on the wetting, treatment and dissolution of lime in laboratory conditions [1] have shown that the
rate of these processes is determined mainly by the ratio of the main components of the slag — by this
Si02/3 FeO+MnO option, and with a decrease in this ratio, the processes of wetting, treatment and dissolution
of lime intensify.

Figure 1 shows the effect of the SiO2/3 FeO+MnO option on the rate of lime dissolution in laboratory
conditions. The area is also marked here (it is shaded in Fig.1), in which the composition of primary slags of
converter smelting of various enterprises is located. It can be seen that the composition of primary slags in the
general case is in an area unfavorable for achieving a sufficiently high rate of lime dissolution (the ratio of
Si02 / Y FeO+MnO is 0.8 - 1.3).
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Figure 1 - The effect of the Si02/3 FeO+MnO option on the rate of lime dissolution in laboratory
conditions (the area characteristic of primary slags of oxygen converter melting is shaded)

However, it follows from the same figure that even a small change in the content of SiO2, Y} FeO+MnO
in primary slags, leading to a decrease in the Si02/> FeO+MnO parameter to 0,5 — 0,6, can sharply intensify
the process of lime dissolution.

Calculations show that a decrease in the silicon content in cast iron from 0,70 to 0,45% leads to an increase
in the lime dissolution rate by 2,4-2,6 times (while keeping the slag weight constant).

But in the real conditions of converter melting, the concentration decreases silicon in cast iron is also
accompanied by a decrease in the total amount of slag formed, which can lead to insufficient completeness of
sulfur and phosphorus removal.

Therefore, the value of the Si02/3 FeO+MnO option should be reduced by increasing the amount of iron
and manganese oxides. Considering that the content of silica and manganese oxide in primary slag is
determined mainly by the chemical composition of cast iron, as well as the fact that fluctuations in the
concentration of manganese in cast iron are significantly less than silicon, it is necessary to optimize the initial
period of slag formation only by changing the oxidation of slag. Moreover, with an increase in the
concentration of silicon in cast iron, the oxidation of slag should also increase (in order to maintain the
Si02/y FeO+MnO option at the lowest possible level), in other words, the duration of the initial melting period
with a high tuyere should be set depending on the silicon content in cast iron.

Experimental methodology

The series of pilot-industrial melts was carried out in the converter shop of JSC ArcelorMittal Temirtau
for practical verification of this position. The composition of the starting materials and the conditions for
purging the metal remained the same [2]. The aim of the work was to establish the influence of the conditions
for the formation of primary slags on the final indicators of the process. Since the concentration of silicon in
cast iron at the experimental smelters fluctuated slightly (0.7-0.9%), we searched for a connection between the
amount of oxygen bound in the slag of the first period with iron and manganese and the final distribution
coefficients of sulfur and phosphorus.

300-ton converters of JSC "ArcelorMittal Temirtau" are equipped with an automatic process information
collection system (ASSI). Under conditions of insignificant knocking out of exhaust gases into the workshop
and a small amount of air sucked into the gas purification, based on the data of the ASSI, it is possible to
reduce the material balances of melting at any time. The intensity of oxygen supply, composition, temperature,
pressure and amount of exhaust gases and other parameters were controlled by using the ASSI. According to
the equations of the material balance of carbon and oxygen with a quantization interval of 10 seconds. The
calculation of the rate of oxygen intake from the blast into the slag, the absolute oxygen content in the slag and
other melting characteristics were carried out. The calculations used the usual assumptions set out, for example,
in[3, 4].

Results and discussions

The characteristic change in the rate of oxygen supply to the slag and the total oxygen content in the slag
at two smelters is shown in Fig.2. It can be seen that the accumulation of oxygen by the primary slag occurs
during 30-55% of the melting time. Oxygen in the primary slag is bound to silicon, manganese, iron,
phosphorus. To calculate the amount of oxygen associated separately with each of the elements, it was assumed
that by the end of the first melting period (before the start of slag deoxidation), all silicon of cast iron and 50%
of scrap silicon, 55% of manganese contained in cast iron and 20% of phosphorus are oxidized. Since iron and
manganese oxides are the main solvents of lime, statistical methods were used to find a connection between
the amount of oxygen entering the slag during the first melting period and being in it in the form of iron and
manganese oxides, and indicators characterizing the degree of completion of refining processes - the
coefficients of sulfur and phosphorus distribution between metal and slag at the end of melting. The possibility
of such a dependence, in addition to the data of laboratory studies on the kinetics of lime dissolution, is also
due to the fact that during the second period of purging, continuous depletion of slag with iron oxides occurs,
i.e. the conditions for lime dissolution worsen. And, although in the third period of melting the most favorable
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conditions are created for the rapid assimilation of lime by slag, however, the short duration (in the conditions
of JSC ArcelorMittal Temirtau about 15% of the total duration of melting) does not allow us to hope for a
sufficiently full completion of refining processes.
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Figure 2 — Change in the rate of oxygen supply to the slag Voszlaq and the total oxygen content in the slag
0251“‘7 during melting (arrows indicate the end of the first melting period - the beginning of slag deoxidation)

Statistical processing of the results of observations on 23 melts, proceeding without emissions and
significant exhaust gas knocking, established the following dependencies:

s . L
L= =07:0,009(0,)5 .
r=053 s=1,38
L§= % = 1,57+0,11(04) ye uin @
r=046 s=27,6

where L¥ and L¥ - the final distribution coefficients of sulfur and phosphorus between the metal and
slag;
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(Oz)f,L“an - the amount of oxygen contained in the slag of the first period in the form of oxides
iron and manganese, kg;
r and s - the correlation coefficient and the standard deviation, respectively.

Conclusion
Checking the adequacy of the obtained equations by the Fisher criterion shows with a confidence
probability of 0.95 that these dependencies are not random.

Increasing magnitude (Oz)f,L“an from 300 to 800 kg leads to an increase in L% from 3.5 to 6.5, and L%
from 170 to 240 (Fig.3). Since the oxygen content associated with manganese in the primary slag is limited,
the main factor determining the high rate of dissolution of lime in the slag is the optimization of the blast mode
of the start of melting. At the same time, the duration of purging at the elevated position of the tuyere at the

beginning of purging should be regulated depending on the silicon content in cast iron.
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Figure 3 — Dependence of the sulfur and phosphorus distribution coefficients between metal and slag at
the end of melting on the amount of active oxygen accumulated by the slag during the first melting period.
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B.J. Copouxkuii, M.E. Caranu, C.A. CmaunoB
OnTuMu3anus MJIAK000Pa30BaHUs B HAYAJbHBIN NepHoj
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KHCJIOPOIHO-KOHBEPTEPHOIl IVIABKH

OKCIMEPUMEHTAIBLHO TIOATBEPIKICHA CBSA3b MEXKIY KOIUYECTBOM KHCIOPOJA, OCTYHAIONUM B
U1K 32 MEePBBIN MEPHO/ IIABKU U HAXOISAIIUMCS B HEM B BHJIE OKHCJIOB JKeJie3a U MapraHia, u
MOKa3aTeNsIMU, XapaKTePU3YIOIIUMH CTEIICHb 3aBEPIICHHOCTH PaQHHUPOBOYHBIX MPOIECCOB -
KkoadumenTaMyn  pacupeneneHus cepsl u ¢docdopa MexITy METADIOM H NUIAKOM B KOHIIE
IJIaBKH. BO3MOXKHOCTH CYIIECTBOBAHUS TaKOH 3aBUCUMOCTH, TIOMHUMO JIaHHBIX JIAOOPATOPHBIX
WCCJICIOBAHUN 110 KUHETUKE PACTBOPEHUS U3BECTH, 00YCIIOBIICHA U TEM OOCTOSTEILCTBOM, UTO
BO BTOPOU MepHO] NPOTYyBKH MPOUCXOAUT HEMPEPhIBHOE 00CTHEHUE IITaKa OKUCIIAMHU JKeesa,
T.€. YCJIOBUS paCTBOPEHUS U3BECTH yXYIIIAFOTCSI.

Knrouegvie cnosa: KUCTOPOMHBIA KOHBEPTEp, INIIAKOOOpa30BaHHE, PACTBOPEHHE W3BECTH,
OKHCIIEHHOCTb IIIJIaKa, COIepKaHne KPEMHHUS B UyTYHE.

B.J. Copouxkuii, M.E. Caranu, C.A. CmannoB
Ortreri-TypJieHaiprim 0aJKbITYIbIH 0acTANKBI Ke3eHIHIe KOXK TY3U1YiH OHTallJIaHABLIPY

BankpITy b1y OipiHII KEe3C€HIHJE KOXKFa TYCETIH OTTETiHIH MOJIIIepl MEH OHJArbl TEMIp JKOHE
Maprasel, OKCHUATepi TypiHjaeri OaillaHBIC JKOHE Ta3apTy NPOLECTEPiHIH asKTaly J9pPekeciH
CHITATTaMTBIH KOPCETKIIITEp - OAIKBITYIBIH COHBIH/IA METAII MEH KOXK apachiHIarsl KykipT meHn
tdbochopabiH Tapamy kodQHUIMEHTTEpi apachiHIAFbl OalIaHBIC AKCHEPUMEHTAIABl TYpHe
pactanabpl. MyHIall ToyeNAUTIKTIH OOJyBl OKTIH €py KWHETHKAachl OOMBIHINA 3epTXaHAJIbIK
3epTTeyNepAcH Oacka, YpJICydiH CKiHII KE3CHIHJC IUIAKTBIH TeMip OKCHUATEPIMEH Y3MIIKCi3
CapKbUTYBIHA OAMIaHBICTHI, SIFHU OKTi €pITY KaFaaiaphbl HallapIaiIbl.

Tyuinoi co30ep: OTTEri TYPJIEHAIPTiNI, KOX TY311yi, OKTiH €pyi, KOKABIH TOTBIFYBI, IIIOWBIH
KYPaMbIHIaFbl KPEMHHIA.
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Oco0eHHOCTH MPUMEHEHUs MeTO/Aa Posi AJIs MOMCKA IJ100aJIbHOT0 IKCTPeMyMa

B cratpe paccMoTpeH BoIpoc MporpaMMHOM peai3aliy IONCKa ri100asHOro 3KcTpeMyMa. /s atoro
WCIIONB30BAaH METOJ ITYeNMHOro pos. MccrmemoBaH BOMpOC BIUSHUS OCOOEHHOCTEH YIpaBiieHUS
TEXHOJIOTHYECKUM MpPOIeccOM Ha 3PQPEKTUBHOCTH pabOThl ATOr0 METOJa. YBeIUYEHHE JIUHBI POs
COTIPOBOXK/IA€TCSI TIOBBIIIEHUEM TOYHOCTH TOWCKa C OJHOBPEMEHHBIM YBEJIWYEHHEM JUIUTENbHOCTH
mpoliecca IMOUCKa. BaXKHBIM TPEUMYIIECTBOM PACCMOTPEHHOTO METOAA TOMCKA TJI00AIbHOTO
SKCTpEMyMa SIBJISIETCSl COXpaHEHHE ero paboTOCIIOCOOHOCTH Ha JIOCTATOYHO CIIOKHBIX TTOBEPXHOCTSIX
OTKJIMKA.

Kniouesvie crosa: Mmetos post, TIIO0ATBHBIH SKCTPEMYM, ONTHMH3AIINS, MHOTOAT€HTHBIC CHCTEMBI
Beeoenue

3amaya ONTHMANBHOIO VYIPaBICHHS B MaTeMaTHYeCKOH IIOCTAaHOBKE CBOJMTCA K OTBICKAHUIO
dKCTpeMyMa (YHKIMH MHOTHUX TlepeMeHHbIX. [IpakTudeckoe pelieHre Takoi 3aJadd CONPSHKEHO C PAIOM
CIIO)KHOCTEH, TaKMX KaK OTCYTCTBHE AHAJUTHYECKOIO MPEACTaBICHUS 1LI€JIeBOM (YHKUUH, HaIU4YHE
CIlyJyalHbIX COCTaBJLIIOLIMX Y LeleBoM (yHKumu u MHoroe apyroe. llostomy 3amada co3gaHust u
WCCIIC/IOBAHUS TIEPCIIEKTUBHBIX METOJIOB TJO0aJbHOM ONTUMH3AalIMU (DYHKIMM MHOTHUX TIE€PEMEHHBIX B
HacTosIee BpeMs SBISETCS aKTyalbHOM HAyYHO-TEXHHUUECKON POOIIeMOH.

Memoowvr u mamepuanst

HaunOonee wu3BeCTHRIMH METOJAMHM ONTHMHU3ALUMHM (QYHKIUM MHOTHX MEPEMEHHBIX SBISIOTCS
TpaJMeHTHBIC METOHI [ 1], IPOUCXOAIINE OT AaHATUTHICCKUX METOJIOB OTHICKAHHUS IKCTPEMyMa. DTH METObI
OKa3aJIUCh MII0X0 MPUCTIOCOOJICHHBIMU JIJIs TOUCKA TII00aFHOT0 IKCTpEMYMa, KOT/Ia 1iejieBast pyHKIMsI HMeeT
HECKOJIBKO JIOKAJIBHBIX 3KCTPEMYMOB B 00JIaCTH moucKa. [Iis pemenus 3agad Takoro poja ObUT MPeIIoKeH
P ANrOPUTMOB  CIIyYallHOrO TOMCKa (HEHANpaBJICHHOTO, HANpaBJICHHOTO, HANpaBICHHOTO C
camMo00y4eHreM) [2], reHETHYECKUE ¥ SBOJIIOLIMOHHBIC aJITOPUTMBI [3, 4], aITOPUTMbI UMUTALIMKA OTXKUTA [5].

ANTOPUTMBI CIy4allHOIO MOMCKAa M MMUTALMK OTXKHWra Ha KaXIOW WTepaluu paboTaloT ¢ OJAHUM
3HAYEHUEM BEKTOpa X, FTEHETUYECKUE 1 3BOJIIOLMOHHBIE aJITOPUTMBI - C HEKOTOPHIM MHOXECTBOM 3HAYEHUIN
{X} (nonynsimeit). 'eHeTHYECKHE 1 IBOIIOIIMOHHBIC AITOPUTMBI, aJITOPUTM UMHUTALIUH OT)KUTA C HEKOTOPOI
BEPOSITHOCTBIO JIOMYCKAIOT TIEPeXo]] B COCTOSHHE C Oojiee BHICOKMM 3HAYCHHWEM IEIeBOH (QYHKIMH, YTO
obecrieunBaeT 60j1ee BBICOKYIO BEPOSTHOCTD OTBICKAHUS ITI00aIBHOTO SKCTPEMYMA.

OpHOlt M3 HOBEHIINX PAa3HOBUAHOCTEW TE€HETHYECKHMX AalTOPUTMOB IOWCKA SIBISETCS aITOPUTM
MYEJIMHOTO pos, (B aHIJIOA3BIYHBIX CTAThIX TaK K¢ BCTpedaroTcs HasBanus Particle Swarm Optimization,
Artificial Bee Colony Algorithm u Bees Algorithm). Dtor anroput™m ais HaxoXAEHHS TIIIOOATBHBIX
HKCTPEMYMOB CJIOKHBIX MHOTOMEPHBIX ()YHKLHMI BOSHUK OTHOCHTENIFHO HelaBHO. B [6] BepBbIe M3I105KEHBI
ocHoBbl MeToza Particle Swarm Optimization. B [7] omucana cyTh airopuT™Ma MYEIUHOTO POsi, IPUBEICHO
CpPaBHEHHE aJTOPUTMA ITYENI C TEHETHYECKHUM aJTOPUTMOM U aJTOPUTMOM, MOJEIHPYIOUIUM ITOBEICHNE
MYpPaBbEB.

OpHaKo B M3BECTHBIX HCTOYHUKAX METOJ MTUEIHHOTO POsi PACCMATPHUBAETCSI B OCHOBHOM C TOYKH 3PEHHS
BBIYMCIUTEIFHON MaTeMaTuku. B HUX He paccMaTprBalOTCS OCOOCHHOCTH MPUMEHEHHS IMPEAIOKEHHOTO
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MeToJa K YHPAaBICHHWIO TEXHOJIOTMYECKMMH MpPOLECCaMM, TaKHe KaK OrpaHWYeHHs Ha H3MEHEHHUE
YIPaBISIOMIMX BO3ACHCTBHH B BHJEC CHCTEMBI JIMHEHHBIX HEPaBEHCTB, HAaJM4YHE CTOXaCTHYECKOH
COCTaBIISIIONIEH, 00yCIOBIEHHON, KAK MUHUMYM, OLIHOKAaMH JaTYMKOB M U3MEPUTEIBHBIX IPHOOPOB.

Llenpro paboOTHI SIBISIETCST MPOTpaMMHAsl peann3alys IOMCKa TII00AIBHOTO SKCTPEMyMa METOIOM
MUEJIMHOTO POSi M WCCIIEA0BAHHE BIMSHHS OCOOCHHOCTEW YNpaBIEHHS TEXHOJOTHYECKHM IPOLECCOM Ha
3¢ GEKTUBHOCTH pabOTHI TOr0 METOJA.

Peszynomamsr u 0bcyscoenue

Hcnonb3oBanue MeToJa MUYENMHOTO posi O0asupyeTcs Ha HACSIX MOJCIUPOBAHUS MHOTOAreHTHBIX
CHCTEM, MCIOJb3YEMBIX UISI MCCIENOBAaHUS IUHAMUKU JCLEHTPAIU30BAHHBIX CHUCTEM. ATEHT o0nazaeT
CaMOCTOSITEIbHOM aKTUBHOCTHIO, UMEET aBTOHOMHOE MOBEJCHHE B COOTBETCTBHHM C HAa0OPOM IPO-CTHIX
MIpaBUJI, MOXKET B3aMMOJAEHCTBOBATh C OKPY>KaIOLLEH Cpeoi U JPYTUMHU areHTaMH.

Kaxnas nuena B poe paccMaTpuBaeTcs Kak 4YacTHLA WM areHT. Bce yacTUUbl post JEHCTBYHOT
WHAVBHIYaJIbHO B COOTBETCTBHM C OJHUM YIPABISIOIIAM IPUHLOUIOM: [BHUTAaTbCd B HAlpaBICHHUU
HaWTy4Illeil mepcoHaIbHON M HaWIy4Ilei ri1o0aibHOM MO3KUINK, TIOCTOSIHHO TPOBEPSsS 3HAYCHUE TEKyIleh
MTO3ULNH.

[To3umys muensl sBIsAETCS KOOPANHATAMH B UCCIIeAyeMOM N-MEpPHOM MIPOCTPAHCTBE.

[Nepconanbhas nannyumas mozunus (I[THIT) — mo3unms ¢ HanOoNbIIUM 3HAYCHUEM LeNICBON (QYHKIIH,
oOHapykeHHas muenoit. Kaxxnas myena umeer coocrBennyro ITHII. B kaknoli Touke BIOJIb MyTH IBHIKEHUS
myenia CpaBHHUBAET 3HAUYCHHE IeleBord (QYHKIMHM B TeKymied no3umuu co 3HaueHueM [THIL. Ecnm texymias
MO3ULIMSI UMEET 3Ha4E€HUE MPUTOAHOCTH BhIIle, 3HaueHue [THII 3aMenseTcs Ha 3HaueHHEe TEKYIEH MO3UIIH.

I'mobanpHas wawnyumias no3unms (IHIT) ompenensercs kak mo3uIMs ¢ HAWOOJBIIMM 3HAYCHUEM
1eneBoit pyHKIuU, oOHapy)eHHas BceM poeM. MHbopmartus o 3Hauenun ['HII gocTymHa Kaxk01 OTAETEHOM
nuese. Ecnu B mpouecce ABMKEHUS 0JJHA U3 ITYeT 00HAPYKUT MO3HULIUIO ¢ 60JIee BBICOKMM 3HAYCHUEM 11€TIEBOM
¢ynkuuu, [HIT 3amensieTcst TeKyIiei mo3uimei 3Ton muelbl.

\

L S R I L

Pucynoxk 1 - Ilpumep TpaekTopuH MUesI B poIiecce IOMCKa MaKCUMyMa (yHKIMH XUMMeNboiay

Ornucanye anropuTMa MoMcKa ¢ UCMOIb30BAHIEM METOA MUSTHHOTO POsl.

[ar 1. Onpenenenue 00JIACTH TOMCKA ONTUMAJIbHBIX 3HAUCHHUM, 3aJlaHUe MapaMETPOB aJIrOPUTMA
MOVCKa, HATIpUMEp pa3Mep posl.

[ar 2. B o6nactu nmoucka ciiydaliHbIM 00pa3oM pacroiaraeM m4éji v 3a/1aeM HadalbHbIE CKOPOCTH HX
JBIDKEHMUS.

[Tar 3. s KaXa0¥ MUETbl B POE BBIMOJIHSIEM IEpEMEIICHIE B HOBOE I0JIOKEHHUE B COOTBETCTBUHU C €€
MOJIOKEHUEM U CKOPOCTHIO. [IpoBepsieM BBIXOJ| IMUENBI 32 TPaHUIBI UCCIEAYEMON O0JIACTU U BBIOJHIEM
HEO0XO0IUMBIC OIPAaHUYHBAIOIIUE ICHCTBYSL.

[ar 4. JIyst kaXk10¥ TYeInbl BEIYUCIISIeM 3HAaUSHUE 1eJIeBOH ()YHKIIMH B €€ HOBOI no3unmu. CpaBHUBaEM
910 3HavyeHue co 3HadeHueM [IHII muensl, u npu HeoOxommmocTu 3ameHsieM [THIT Te-kymeit mosurmeid.
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CpaBuuBaem 310 3HaueHue co 3HadenueM ['HII pos, u npu HeoOxommumoctu 3amenseM ['HII Texymieit
MO3ULMEH.
ITar 5. 115 kaxa04 muensl BBIMUCIISIEM HOBYIO CKOPOCTh IEPEMELIEHUS B COOTBETCTBUU C YPABHEHUEM:

V}]H':W-Vh +c1-W1-(Pp —Xp)+C2-¥Y2-(9n —Xpn)

rJie Vn' — CKOPOCTh ITYEJIBI 110 H3MEPEHHIO N Ha -0l UTEPaIUH;

W — HHEpIIMOHHBIH Bec, 3TO unciio (Haxonutes B uHTepBatie [0, 1]) oTpakaer, B Kakoi Mepe
YaCcTHULA COXPaHIET CBOKO [IEPBOHAYAIBHYIO CKOPOCTh;

Pn, On — 3HaYeHUe KoopauHaThl N cooTBeTcTBeHHO Jyuis [THIT muenst u nost ['HIT Bcero pos;

Y1, ¥> — cinyyaiiHas BelnW4rHA B Auanasone [-1, 1];

€1, C2 — TIOCTOSIHHBIE BECOBBIE KOIPPHUIMEHTHI, OMPENCNAIOIINE TPUTKEHHE K
cooctBennoii [THIT u x THIT post cooTBeTCTBEHHO.

Koaddunment c1 onpenensier, kakoe BIMSHUE Ha YacTUIly oka3biBaeT ee mamsth o [THIL a ¢
ONpPEACISIET, KAKO€ BIIMSHUE HA YAaCTHUILy OKA3bIBAIOT OCTAJIbHBIE YJIEHBI pPOS. YBEIWYEHHE C1
MPEAIIONaracT MCCIEA0BAaHUE IPOCTPAHCTBA PELICHUM IIyTeM JBWXKEHUS KaXIOW 4YacTULbl B
Hanpasienun cBoero I[IHII; yBenudenue ¢z mpeamnosiaraet MCCICIOBAHHUE MPEAINOIAracMoro
r1100anTbHOr0 MaKCUMyMa.

OTH KO3pPUIHUEHTHI HHOTIA paCCMATPUBAIOTCS KaK MO3HABATEIbHBIN U COIIMATBHBINA (haKTOPEHI.

Iar 6. ITpoBepka StOp — kpuTepus, €CIU MOUCK HE 3aKOHYEH, MEPENUTH K mary 3.

Takum 00pa3oM, IBIKEHME KaXKAOH IUesbl SIBISETCS KOMIIPOMHCCOM MEXKIy IBH)KEHHEM B
HaTpaBJICHUH TPEIINOoIaraeMoro riodaibHOr0 MakCMMyMa M JIBIKCHHEM B HaNpaBlIeHMH OOHApY:KEHHOTO
JIOKaJIbHOTO MaKCHUMyMa.

s pa3pabOTKH M HUCCIENOBaHMS IOBEICHHS MHOTOAr€HTHONW CHUCTEMBI IMUYEIHHOTO posi Oblia
paspaborana mnporpamma Ha sa3eike Object Pascal ¢ wucmonb3oBaHHEM  BIEMEHTOB  OOBEKTHO-
OpPUEHTHPOBAHHOTO MPOTrPaMMHUPOBAHUS.

Ha puc.l. npuBenen npuMep TpaeKTOPHUU OJHON M3 MUell B IpOLEcce OUCKa MakCUMyMa (pyHKIMN
Xummensomay z = 500 - (X2+y-11)%+ (x+ y>-7)>2

Tpaekropust SBISETCA CIOXKHOW JIOMAaHOW, MO BUAY HAIOMHMHAET TPACKTOPUIO YACTHIIBI,
y4acTBYIOIIEH B OPOYHOBCKOM JIBHIKEHHH.

B mpomecce mpoOHBIX 3allyCKOB MaTeMaTHUYECKOW MOAETM Ha pPa3IUYHBIX [OBEPXHOCTSIX
(moBepxHOCTh XMMMenb0say, Po3eHOpoka, mapabosion) ¢ pa3inuHbBIMUA pa3MepaMu posi ObLIH CJIeTaHbI
CJIEYIOIINE TPEABAPUTENLHBIE BHIBOJIBI:

- Ha MOBEPXHOCTSX Ooiiee CIOKHOW (hOpMBI M MpH OONBIIMX Pa3 Mepax posi JOCTATOYHO CIOXKHO
YCTaHOBUTH (PAKT 3aBEPIICHUS TIOUCKA;

- B TIpoIlecce TOWCKAa HU OJHA M3 IUeN POs MOXKET He HaXOIUThCS B HaWIEeHHOW TIi00abHOM
HaWIy4llei MO3UIINH;

- B IIpoliecce TOMCKa OJlHa M3 IMuell, Haxoxsmascs gocrarouHo Ommsko k I'HIIL, mpaktuuecku He
YYacTBYET B TIOUCKE M HE MEPEMEIACTCS, YTO CBSI3aHO CO CTPYKTYpoit ¢opmysl (1);

- eciu 3HaueHust ogHoi u3 koopauHat I'HIT post u ITHIT myensl coBnagatoT, TO NEpEMENIEHUE BIOJb
aToit koopauHaTh! B cTopony I'HIT mpekpariaercs, 9To cBs3aHO co CTPYKTYpoi dopmydsl (1).

Ha xapaktep mpomecca MoWcka 3HAYUTEIbHOE BO3JIEHCTBHE OKa3bIBaeT CcHOco0 00paboTKu
HCKITFOUATETIFHON CHUTYaIlnH, CBSA3aHHOW C BBIXOJOM ITUENBI 3a JIOMYCTUMEBIE TpaHUILL. B paspaboranHoi
nporpaMMe ObIJIO peain30BaHO Ba BapHaHTa 00pabOTKU TaKoil HCKITIOUUTEIBHOM CUTYalnu:

1.«ITornomatomme) rpaHuLBl — KOTJla YaCTUIIA TOCTUTAET TPAHUIIBI IPOCTPAHCTBA PEILICHUN B OJTHOM
W3 W3MEpPEeHHH, CKOPOCTh B 3TOM H3MEpPEHUH OOHYJISETCS, TPAHUIBI TMOTJIOMIAIOT JSHEPTHI0 YaCTHIIL,
MIBITAIONIUXCSA TPAHHUIIBI O0JIACTH TTOMCKA.

2.«OTpaxarolie» TpaHrIbl — KOT/Ia YacTUIla JOCTUraeT IPaHHIbl IPOCTPAHCTBA PELICHUH B OJTHOM
13 M3MEPEHUH, CKOPOCTh B 3TOM HM3MEPEHHWH MEHSETCS Ha MPOTHUBOIOJIOXKHYIO, @ YacTHIA MPOIOJIKAET
JBI)KEHNE BHYTPH 00JIaCTH MOMCKA.
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ABtop [8] yTrBepxkmaeT, uto Hanbomee 3(h(PEeKTHBHBIM pEIICHHEM OKa3aliCh «HEBHUAWMBIE CTEHBI».
YacTtuiia MOXKET CITOKOWHO BBUIETATh 3 MX MPEACIIbI, HO, HAXOIACh BHE pa3peII€HHON 00JIaCcTH, MTOTyICHHBIC
€10 3HAYCHUS HE YYMTHIBAIOTCS, JO TEX IOp, NOKAa OHA HE BEPHETCS OOpaTHO. DTOT MOJIXOJ MOXKET OBITh
WCTIOJIb30BaH B BRIYHCIUTEIHHBIX AJITOPUTMAX, HO B MMPAKTHKE YIPABICHHS TEXHOIOTMISCKUMU IPOIIECCAMH
OH HETIPHUMECHHM.

B kauecTBe OIIGHKM TEKYIIErO COCTOSHMS TIpoIlecca TOMCKa MPEIaraeTcs HCI0JIb30BaTh
YCpETHEHHOE JUIS POsI 3HAYCHUE IBKIIMIOBA PACCTOSHHS € OT KXKIOHN IMUYEITBI IO IIEHTPa TSHKECTH POst:

Pesynprarom moucka seisiercs 'HII post. 3nauenre GyHKIINHM OTKIMKA B TOW TOYKE 110 OTHOIICHHIO K
W3BECTHOMY 3HAYCHHUIO TII00aTBHOTO SKCTPEMyMa ONpeAessieT TOYHOCTh MTOMCKA.

J171s1 OLICHKH AJTUTEIBHOCTH MOMCKA UCTIONB3YETCs] KOMUYECTBO PacyeToB QYyHKLIUHU OTKIMKA, XOTS 3TOT
MoKa3aTenp JHMIIb KOCBEHHO YKa3blBaeT Ha 3aTpaThl BPEMEHHM HA IOMCK ONTHUMAJIBHOTO YHPABICHUS
TEXHOJIOTHYECKUM TPOIIECCOM.

MareMaTHyecKuil SKCIIEPUMEHT HPOM3BOAMIICS AJS JIBYX Pa3NWYHbIX (QYHKIMHA OTKIMKA — JUIs
MpocTeieit mapadobl ¥ U YIIOMSIHYTON BBIIIe (GPYHKIIMH XHUMMENb0Iay, UMEroIIel B obiacTu noucka 4
JIOKAJIbHBIX PAaBHO3HAYHBIX MaKCUMYyMa.

Jliis kaxaoi QyHKIIMY OTKIIMKA YCTaHABIMBAJICS HEKOTOPBIH pa3Mep IMUSITUHOTO POS ¥ TPOU3BOMIACH
cepusi IKCIIEPUMEHTOB, 110 PE3YJIbTaTaM KOTOPBIX ONPENeISIINCh CPeIHIE 3HAUEHHsI OTHOCUTEIILHOM OIMOKH
MIONCKA 0 U JUINTENIBHOCTD MpoLiecca MOUCKa. JIUTenbHOCTh IOMCKA OIIpeeNsiach Kak HoMep urepauuu N,
KOTJ]a TOYHOCTh TTOMCKa, OIIpe/elicHHAasi B COOTBETCTBHU ¢ (2), CTAHOBUIIACh MEHbIIIE 33IaHHOTO TIOPOTOBOTO
3HAYEHWsI, TPUHATOTO paBHBIM & = 0,5.

B Tabn. 1. mpuBeaeHsl pe3yabTaThl 3KCIIEPUMEHTAIBHBIX UCCIICAOBAaHUN BIUSHUS MeToga 00paboTKU
OTpaHUYEHHSI BXOJIHBIX BO3JIEHCTBHUI TEXHOJIOTMYECKOTO MpOoIecca Ha TOKa3aTesH MOUCKa.

Ta6m/1ua. 1. PeSyJ’IBTaTLI OKCIICPUMCHTAJIIbHBIX I/ICCJ'IGI[OBaHI/Iﬁ ITOMCKA TII00aIbHOTO 9KCTpEMyMa
MCTOAOM IMYCINHOT'O POsI.

) Jana post OmuodKa nmoucka, N

g 3 7,66% 256,38
3 5 1,20% 467,4
= 8 0,01% 733,45
g | [nuna pos | OmubOka noucka, % N

=

% 3 6,96% 244,81
B 5 1,35% 487,22
© 8 0,02% 809,55

[Ipu yBenmu4eHWW IUTMHBI POS MPOTHO3UPYEMO TOBBIIMIAETCS TOYHOCTH TMOWCKA C OJHOBPEMEHHBIM
YBEJIMUYEHHUEM €T0 JUTUTeNbHOCTH. [Ipr MabIx 3HAYSHUSX JTMHBI pOsl HAOIIOAAIOCh «3aCTPEBAHUE» POS U, KaK
cnenctBue, KpymHeie (10 15%) ommbku mpomecca norncka. CTaTUCTHYECKH JOCTOBEPHOE BIIMSIHHE METOJA
00pabOTKHN HAMMYMs OTPAHUYCHUN BXOAHBIX BO3JICHCTBUN YCTAHOBHUTH HE YAAIOCh.
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Hamnume croxacTudeckoil coCTaBisiomed B (GYHKUMM OTKIMKA TEXHOJOTMYECKOTo Ipolecca
MOJIETTPOBAIOCH T0OABJICHHEM pPABHOMEPHO paclpeiesieHHOW CIydaiHOW BEIWYMHBI 3a/IaBaeMOM
amruaTyel. Hammane 10% 1ryma yBeIM4IMBaeT ITUTENFHOCTD MOMCKA SKCTpeMyMa mpuMepHo Ha 50 — 70%.
OpnHako HaIM4Ke MyMa He OTPa3WiIoCh HA CXOAMMOCTD MPOLiecca TIOUCKA B LIEJIOM.

Baxnouenue

VYBenuueHue JJIUHBI POl COMPOBOXKIACTCS TOBBIIICHUEM TOYHOCTH IIOMCKA C OJHOBPEMEHHBIM
YBEIUYCHHEM JITUTEILHOCTH MPOoIlecca MoucKa. BaxkHBIM PEUMYIIIECTBOM PACCMOTPEHHOTO METO/IA MOUCKA
TII00aTHFHOTO AKCTPEMyMa SBJISIETCSA €ro po0acTHOCTE, T.€. OH COXPaHsIeT PabOTOCTIOCOOHOCTE Ha JOCTATOYHO
CJIOKHBIX TOBEPXHOCTSAX OTKIIMKA, & TAKXKE MPH HAIMYUUA CTOXACTUYCCKON COCTABJISIFOIICH B U3MEPSIEMOM
3Ha4YeHUM (QYHKIMU OTKIIMKA. He ycTaHOBIIEHO Kakoe-TMO0 3aMETHOE BIIMSHUE XapaKTepa TPaHuI] U3MEHEHUS
YOPaBISAIONINX BO3ACHCTBUI (TOTIIOMIAONIHe JHOO OTpaKalol[e) Ha TMOKa3aTelld IpoIecca ITOHCKa.
CyIleCTBYIOT aNTrOpUTMUYECKHE PE3ePBbl IOBBIIICHUS TIOKa3aTelicl KadecTBa IIOWMCKA, €CIIM HW3BECTHA
JOTIOJTHUTENIbHASL ~ anpuopHas HWHQOpPMalus O XapakTepe [eleBoi (QYHKIMH  ONTHMHU3HPYEMOTO
TEXHOJIOTHYECKOTO TpoIiecca.
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B.K. Tertiok, A.Il. Yepnsrii, B.B. bymiep
AKahanapik 3xcTpeMyM/bI i3/1ey YUIiH YHip 91iciH KOJIJaHy epeKieaikTepi

Makanaga skahaHIBIK JKCTpEeMyMIIbI i37ieyi OaFmapiamalblk  KamMTaMachl3 €Ty — Maceleci
KapacTeipburrad. O yHOIiH apa YHipiHIH omici KoimaHbUIanbl. TeXHOIOTHSIIBIK TMPOIECTi Oackapy
CPEKILETKTEPIHIH OChl QICTIH THIMALIITIHE acepl 3epTTeiai. YHIHII Y3bIHIBIFBIHBIH YIIFAIObI 137eY
MPOIIECIHIH Y3aKTHIFBIH Oip yakKpITTa apTThIpa OTBIPHIN, 137y IONJITIHIH KOFapbhUIAybIMEH KaTap
xypeni. XKahaHIbIK SKCTpEeMYMIBI 13A€YAiIH KapacThIPhUIFaH SiCiHIH MaHBI3/(bl aPTHIKIIBLIBIFI OHBIH
xayar Oepy[iH KEeTKUTIKTI Kypesi OeTTepin/e *KyMbIC icTey KadieTiH cakTay OO0JbII TaObUIaIbI.

Tyiiindi coe30ep: yilip 20ici, 2a1aMObIK IKCIMPEeMYM, OHMALLIAHOBIPY, KON a2eHmmiK Jcylenep.

V.K. Tytyuk, A.P. Chornyi, V.V. Busher
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Features of the application of the swarm method to search for a global extremum

The article considers the issue of software implementation of the search for a global extremum. To do
this, the method of a swarm of bees was used. The question of the influence of process control features
on the efficiency of this method is investigated. An increase in the swarm length is accompanied by an
increase in the accuracy of the search with a simultaneous increase in the duration of the search process.
An important advantage of the considered method of searching for a global extremum is the preservation
of its operability on sufficiently complex response surfaces.

Keywords: swarm method, global extremum, optimization, multi-agent systems.
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Ilouck ckomIeHnii TeMHOWH MaTepHu ¢ MOMOIIBI0O CBEPTOYHOI HelipOHHOM ceTH

JlanHas cTaTes JEMOHCTPUPYET pa3padO0TKy HEHPOHHON CeTH ISl NOWCKA TEMHOW MaTepHH
METOAOM KiacCUpHUKANUU N300paXeHUH, CoaepKalluX rpaBUTAIMOHHOE JTUH3UpoBaHue. Harra
HelipoceTh mcnoib3oBaga 2000 m300pakeHHWA CHILHOTO JIHMH3UPOBAHHUS CTEHEPHPOBAHHBIC
METOJIOM MAaIIWHHOTO 00ydeHusi kak maraceT, 200 W3 KOTOPHIX OBLTHM HCHOIB30BAHBI IS
TectupoBaHus. [10b3ysICh apXUTEKTYpOH MOJHOCTBIO CBepTO4YHOM HelpoHHOU cetu (Fully
Convolutional Neural Network), Mbr OGHIHCH TOBOJIEHO XOPOIIINX PE3YILTATOB KACATEIBHO KaK
(yHKIIMHE TIOTEpH, TaK M TOYHOCTH. B mocneqHux smoxax oOydeHws Halleld HeHpPOHHOW ceTh
OIPEACICHUA I'PAaBUTALITMOHHBIX JIMH3 Ha I/I306pa)KeHI/I$IX CTaJIn NpCACJIbHO TOYHBIMU. I[aHHLIﬁ
QITOPUTM MOKET OBITh UCTIOJIB30BaH B Oy IyIlieM B 3a/1a4ax, TPEOYIOMINX aHaIi3a n300paKeHni
C TPaBUTAIIMOHHBIM JIEH3UPOBAaHWEM TAaKMX KaK OOHapy)XeHHEe TEMHOW MaTepud M MPOBEPKU
Mozeneit ycrpoiictBa Beenennoit (ACDM).

Knrouesvie crosa: TemHas MaTepusi, TpaBUTAIMOHHOE JIMH3UPOBAHUE, CBEPTOYHBIC HEHPOHHBIC
ceTH, Kinaccuduranus n3oopaxennii, Python, kocMonorusi, rpaBUTallMOHHOE TI0JIe, MAITHHHOE
o0OyueHue

Beeoenue

B namieii Beenennoit 0onbiasi 4acTh MaTepuu — 3TO TEMHAs MaTepus, U OHA HEBHIMMA JUIA Hac. JTa
TE€MHas MaTepHsl B3aNMOJICHCTBYET € IPYroi MaTepren TOIbKO MOCPEACTBOM I'PaBUTALIMIOHHBIX CHII, TOATOMY
Uil ee OOHapyKEeHUsl yueHble HE MOTYT MCIOJb30BaTh CTaHJAPTHBIE METOMABI, TAKME KaK TEJIECKOIbI, UM
HY>KHO HCIIONb30BaTh KaKOW-TO JIpyroi KocBeHHBIH Meron [1]. B xocMomorun Monmens XONMOAHON TEMHOM
Matepun (CDM) ciyXuT cTaHZApTHON MapagurMoil Ijs KOCMOJIOTHUECKHX HCCIEIOBaHUM B MOCIEIHEE
necartwietre. HecMoTpss Ha yclieX YYeHHBIX B ONpEAEICHHH TEMHOW MaTepu OOJIbIIMX MaclTadax,
CYIIECTBYET HECKOJBKO MPOTHBOPEYMH B  MEIKOMAacIITaOHBIX (CyOrajakTHYeCKHX) CTPYKTYpax.
BeccTonkHOBUTENBHBIE MOJIENIN XOJIOIHON TEMHOM MaTepun ¢ N-TeJaMy MOKa3bIBaOT OOJbIIEe CYOCTPYKTYP
10 CPABHEHUIO C MOMYJISALUEH KapJIUKOBBIX T'aJJaAKTHK-CITy THUKOB, HAaOJII01aeMbIX B HAIlICH JIOKAJILHON IpyTmiie
[2]. UccnenoBanusi mokaszanu, 4ro OapuoHHas (usuka (Hampumep, 3Be3qHas oOpaTHas CBA3b M HHU3Kas
3G PEKTHBHOCTh 3Be3000pa30BaHMs), MOXKET IOMOYb CHH3UTh HE COOTBETCTBHUs. Jlpyrue yueHble
MPEANoNaralT, YT0 M3MEHEHHE NPHPOAbl TEMHOM Marepuu (HampuMmep, CaMOBO3JEHCTBEHHAas, HEYeTKas
TEMHass Marepus) TaKXKe MOXET NPUBECTH K YMEHBLICHUIO MOMNYJISILUM CyOramo TEMHOH MaTepHuH.
CrnenoBatenbHO, MOHUMAaHWE MOMYJISIMK cyOrajno TeMHON MaTepuu OyJleT UMeTh peliaroliee 3HaueHue JUis
MPOBEPKU CIIEHApHUsl XOJOJHON TEMHOH MaTepuu. B mocieaHue roisl cTajgo BO3MOXXHBIM OOHApYKHBaTh
OTAENbHbIE CyOrajo TEeMHOM MaTepuu BONM3M TaJlaKTHK NPOTsDKeHHoro ¢ona. OgHuM u3 HaumOonee
pacnpocTpaHeHHBIX CIIOCO00B 00OHAPYKEHUSI TEMHON MaTEpUH SBISIETCS] TPABUTAIIMOHHOE JINH3UPOBAHHE.

I'paBuTanonHas JMH3a — 3TO pacIpenesieHne MaTepuu (Hampumep, rajio TEMHOH MaTepuiu) MEXITy
yAaJeHHBIM HCTOYHUKOM CBETa U HAOJI0AaTeNIeM, KOTOPOE CIIOCOOHO OTKJIOHATH CBET OT UCTOUYHHUKA 110 Mepe
TOro, Kak CBET JBMXKETCs K HaOmogaremo [3]. B HacTosiee BpeMss HEMHOTO CIIOKHO HMAESHTH(OUIIPOBATH
TPaBUTAIMOHHbIE JINH3BI 0€3 MOIIHBIX BBIYHCIIUTENLHBIX YCTPOHUCTB M IPYIII YYEHBIX, pa0OTAIONINX BMECTE.
Byaymme Beraucnenus OyayT MMeTh Ha MOPSAAKK OOJbIe JaHHBIX M OOJbIe OObEKTHBOB AJIs moucka. Jlis
OJIHOTO 4YeJIOBEKa CTaHET HEBO3MOXKHBIM HANTH CKOIJIEHWS TEMHOM MaTepuu CTaHAApTHBIM nyTteM. Hama
cBeprouHass HediponHas cetb (CNN) gmemaer mepBble mIard B OTOM HaIpaBiICHUH. MBI CTpPEeMHMCS
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WCIIONB30BaTh HEHPOCETh IS KITaCCU(UKAIIUU TOTO, COACPKUT JIM N300paKeHNE CHIIbHOE TPaBUTAIIHOHHOE
JIMH3UPOBAHUE WIH HET.

0630p numepamypsi U NOCMAHOBKA 3A0aAYU

B HacTosIee Bpems acTpOpU3NKU UCXOIAT U3 YAUBUTEIBHON FUIIOTE3bI, YTO BUAMMas HaMu BeeneHHast
- 3TO JUIIb BepminHa aiicoepra. [loTpeboBaioch MHOXKECTBO JOKA3aTENbCTB M3 MHOKECTBA HE3aBHCHMBIX
HaOIO/IEHNH, YTOOBI MOATBEPAHUTH, YTO, XOTSA «CTAaHAAPTHAS MOJENb» (DM3UKH YaCTHI] MOXKET YCIICITHO
OIMCHIBATh KBAPKH, JICTITOHBI U 0030HBI, OHA YITyCKaeT M3 BUIY CAMYyIO paclpocTpaHeHHYI0 (OpMy MaTepuu.
[TepBbIM MOKA3aTEIHLCTBOM STOM MPOBOKAIIMOHHOMN MO3UIIMK CTAIM HEOXKUJIAHHO BBHICOKUE CKOPOCTH
TaJlakTUK B cKoruteHun Koma u ckorureHnu J{eBbl. DTH CKOIUICHHS KaXXyTCsl TPAaBUTAIIMOHHO CBSI3aHHBIMU, HO
BCE CBETsAIIEECS BEIISCTBO BHYTPH HHUX HeE oONajgaeT JAOCTaTOYHOM Maccod, YTOOBI yAepkaTh OBICTpPO
JBWOKYIIMECS TAIAKTUKH BMECTE. B OTIEIBHBIX TalaKTUKaX 3BE3/Ibl BPAIAIOTCS CIUIIKOM OBICTPO, YTOOBI
ceTsmeecs BemecTBo Auapomensl, NGC3115 u apyrux cnupaibHBIX TaJaKTHK MOTIIO yIEPKaTh HX BMECTE.
Ceersmiasicss MaTepus B OTHUX TallaKTUKaX COCPEAOTOYCHA B IIEHTPAIBHBIX OONACTSIX, MOITOMY YTIIOBOE
BpallleHne 3Be37 JODKHO 3aMeUIAThCS Ha OONBIIMX pajlycax, HO Mbl BHIUM, YTO 3BE3]bI HA OKpanHax
BpAIalOTCS C TOH YK€ CKOPOCTHIO, UTO U 3BE3bI BOIHM3H IIEHTPA. Y YUTHIBAs BLICOKHAE CKOPOCTH COCTABIISIOINX
WX KOMIIOHEHTOB, W TAJAaKTHKW, W CKOIUIEHHUS TaJakTHK JOJDKHBI pasfenuThes. s coxpaHeHHsS 3THX
camMopacaJaroIIMXcs CUCTEM HEOOX0IUM IPaBUTALIMOHHBIN KJICH B BUIe HEBUIIUMOW «TEMHOW MaTtepumn» [4].
OKCIIEpUMEHTHI [0 HETMOCPEACTBEHHOMY OOHapy)KEHHIO TEMHOH MaTepud I[I0Ka HE Halli
yOeUTEeNbHBIX JIOKa3aTelIbCTB U OOBSACHEHWH ATON Teopud. TakuMm o0pa3oM, acTPOHOMHS OCTaHETCS
KU3HEHHO BaKHOW JUIS pEIIeHHs HadaToll ero HepelieHHoi mnpobnembl. Kak m B ciydae ¢ TEpBBIMHU
OTKPBITUAMU, JTYUIIUM CHOCO6OM N3y4YCHUA TEeMHOM MAaTCpUH ABJIACTCA €€ I'PABUTAIIMOHHOC BO3I[CI>1CTBPI€ Ha
0ojiee JEeTKO pazmuuMMble 9acTUIBl. CaMbIM TPSIMBIM METOJOM [JISl 3TOTO SIBISETCS «TPaBUTAIMOHHOE
nuH3UpoBaHue» (puc. 1) - oTkiIIoHeHHe (POTOHOB TP MPOXOKACHUN Yepe3 UCKPUBJICHHOE TPaBUTAIIIOHHOE
T10JIe IPOCTPaHCTBAa-BPEMEHHU.

galaxy
galaxy cluster

distorted light-rays

Pucynok 1. MeTon rpaBUTalIMOHHOTO JIMH3UPOBAHUS

CHCKTpOCKOHI/I‘IeCKHe IOMCKM JIMH3 TaJlaKTMYECKOro Maciirada Takxke IMPOBOJMIIMCH IIYTEM ITOMCKa
3BC3IHBIX JIMHHUHI ¢ OONBIINM KpaCHbIM CMCIHICHHUCM B CIICKTPAX KPYIHBIX I'dJIAKTUK C MCHBIINM KpPaCHbIM
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cMmenienreM. B wactHocTH, 3T0 ObUTO caenano B CrnoyHoBckoM 0030pe nmuH3 ACS, B pe3yibTaTe 4ero Oblia
MOJIy4€Ha OTHOCHUTEIBHO YETKO OIpEAETICHHas W YMCTas BBIOOpKA KOJBLEBBIX JMH3 ONHIITelHa. HoBble
cnektporpadsl, Takue kak DESI Dark Energy Spectrograph u Subaru Prime Focus Spectrograph (PFS), moryT
3HAYUTENIFHO PACHIMPHUTh TIOMCK CIEKTPOCKOMUYECKUX JUH3. OOHAKO CHEKTPOCKOMHS OTHHUMAeT MHOTO
BpPEMEHH y TeJecKoma, W BpsAJ JIU B 0003pHMMOM OyaylieM MBI CMOXKEM MPOBECTH CIIEKTPOCKOITUYECKHUE
0030pBI, OXBaTHIBAIONINE CTOJHKO K€ OOBEKTOB, CKOJBKO 3allNTAHUPOBAHHBIE 0030pHI M300pakeHUH. B
NpOILIOM OBUIH pa3paboTaHbl HEKOTOpPhIE aBTOMATHYECKHE ANTOPUTMBI AJsl OOHApYXKEHHS JHMH3 10 HX
Mopdosoruu Ha uzo0paxeHnusix. OHu ObUTH pa3paboTaHbl 11 00HAPYKEHUST TyrooOpa3HbIX 0COOEHHOCTEH.
Onu OBUTH IPUMEHEHBI K TAHHBIM CHEMKH U TTO3BOJIMIIN 00HAPYKUTEH 0K0i10 200 1HH3.

Kak BugHO, TpamunMOHHbIE METOABI OOHApY)KEHUs CyOrajo TEMHOH MaTepud B CHIBHOM
IPaBUTALMOHHOM JIMH3UPOBAaHUH, B IIEPBYIO OUEpeb OCHOBAHHBIEC HA METOJIE MAKCUMaIbHOTO COOTBETCTBHS,
TpeOYIOT TOYHOTO MOAEIMPOBAHMS JHMH3 M3-3a TOTO, YTO MBI HE 3HAEM HCTUHHOIO IOTEHLMada JIMH3 U
MOpGOJIOrUN UCXOOHBIX TalaKTHK, ITO3TOMY IJIsl IOMCKa cyOrajgo TEMHOH Marepuu HaMm MoTpeOyercs
CMOZENHNPOBaTh TIAAKYI0 MOJenb (CHIbHOE JHH3UpOBaHHE Oe3 CyOCTpYKTYp TEMHOW MaTepuH) Hu
HCIIOJIB30BaTh MCETOA IMPOHUKHOBCHUA [JIA TMOCTPOCHUSA BOSMYHICHHOI\/'I MOJCIN (HI/IH?:I/IpOBaHI/IG Cc
CyOCTpYKTypamm).

OnHako, ecii CUCTeMa JIMH3UPOBAHUS COJIEPIKUT HECKOJIBKO CyOrano, 3T0 MOXKET 0Ka3aThCs IOBOJBHO
3aTPaTHBIM C BBHIYMCIUTENBHONW TOUKU 3pEHHS U3-32 POCTa MapaMeTpoB Mojenn. KpoMe Toro, Mel oxxuiaem,
gyto B Oymymem ¢ momomipio LSST u Euclid 6yner obnapyxeno okxomo 170 000 cuibHO THH3UPOBAHHBIX
ranaktuk [5]. W3yunmts pmeranmm KaxAoW OTAETHHOW CHCTEMBI OyAeT NpPaKTUYeCKH HEBO3MOXKHO.

CrnenoBaresbHO, aBTOMAaTHUECKUE CIIOCOOBI aHAIN3a JaHHBIX OYAyT UMETh peliaroliee 3HaueHue 115
W3y4YeHHsI CYOCTPYKTYp TeMHOW Mmarepuu B Oynymem. MamumHHOe oOy4yeHHe, B YacCTHOCTH TIyOOKoe
o0ydeHune, CTaHeT UeaIbHBIM HHCTPYMEHTOM AJIsl peLIeHus 3ToH 3afauu [6]. UTo kacaeTcst HayKH O CUIBHOM
JIMH3UPOBAaHWU, O6y‘IeHHI>IC HeﬁpOHHLIC CECTU MOACIUPOBAIN I/I306pa)KCHI/I$1 CUJIBHOI'O JIMH3WPOBAaHUA,
MPpUYCM BLBIXOJ KaXI0ro I/1306pa)KCHI/ISI CUJIBHOI'0 JIMH3UPOBAaHWA COOTBCTCTBOBAJI IIATH IIapaMETpaM
CUHTYJISIPHOM M30TEPMHUYECKON AIIUNICOMAATBHON Moaenu. FIX MeToa NpOoEMOHCTPUPOBAIL, YTO HEHPOHHBIE
CeTH MOTYT OBbITb MOIIHBIM HMHCTPYMEHTOM il OBICTPOrO M aBTOMAaTH3MPOBAHHOIO aHAJIM3a CUJIBHOTO
T'paBUTAllMOHHOT'O JIMH3WPOBAHMA.

B nanHo#t paboTe MbI IPOIOIKAEM HCCIIEI0BATH BO3MOXXHOCTD MCIIONB30BAHUS INTyOOKHX HEHPOHHBIX
ceredl Ansl OOHapyXeHHsl cyOrajgo TEMHOM MaTepuH B CHJIBHOM TPaBUTALMOHHOM JIMH3UPOBaHWUHU. MBI
OOHApYXHIM, YTO HEHPOHHBIE CETH CIIOCOOHBI OOHAPYKUTh HECKOJLKO CyOrallo TEeMHOW MaTephuu Ha
CMOACIIUPOBAHHBIX TaHHBIX oes3 JOIMOJHUTECIIBHOIO MOACIIUPOBAHNS JIMH3UPOBAHMA.

Jlannvie 0151 00yuenus HeUpoHHOU cemu

MogenupoBanne wu3o0pakeHMH ¢ 3¢dekTaMu €1aboro rpaBUTALMOHHOTO JIMH3UPOBAHUS
WCTIOJIb30BAJIOCH JIUIsl HOHUMAaHUS STHX OIIMOOK U UX MCIIPABIICHHUS C TOYHOCTBIO, HEOOXOIUMOM IS TEKYIIHUX
u Oyaymux skcriepuMenToB. CIUIONIHOE MOJAEIMPOBaHKHE OBIJIO CO3/IaHO Uil OOBEIWHEHHUS COOOIIecTBa
CHELUAIUCTOB MO cJIadOMy JIMH3MPOBAHHMIO Ui peIleHHs TaKuX 3ajgad, kak nporpamma Shear TEsting
Program (STEP) u GRavitational lensing Accuracy Testing (GREATS). JlanpHeiiie urepanuu 3THX 3a1ad
nst Beero coodmectsa (GREAT10 u GREAT3) ¢okycupoBamch Ha MOJIETUPOBAHNUH, B KOTOPOM MOYKHO
OBUIO YIpPaBJISITh OJHUM TapaMeTpoM B KOHBEWeEpe MOJICIMPOBAHMS, YTO TO3BOJIWIO OoJiee JeTaIbHO
paccMOTpeTh KaXAbliH MIar B Ipouecce H3MEpeHus: (OpMBI TrajlakTHK s KOCMHYECKOTO CHBHUTA.

WucTpymentsl mogenvupoBanus n3oopaxkenuii B GREAT3 naxonaTcss B OTKPBITOM JIOCTYIIE B BHJE
MOJYJIBHOTO KOJIa MOJEITHUpOBaHUs n300pakeHuit GalSim, KOTOPHIH MHUPOKO MUCIIOIB30BANICS IS U3YUCHUS
BIIMSIHUS] CUCTEMaTHYeCKUX 3((HEKTOB Ha H3MEPEHUsI C1ad0ro JTMH3UPOBAHMS WM KaK 4acTh KOHBEHEPOB ISt
CO3JIaHHMs MAaKeTOB M300pakeHHMH, Irae (YHKUUS BBIOOpAa CHCTEMbI HEIOCPEACTBEHHO H3MEpSAETCS IIyTeM
BCTaBKH CMOJICTTHPOBAHHBIX O0OBEKTOB B peajibHbIC JaHHbIE [7]. MoiennpoBaHue TakKe UrpaeT NeHTPATbHYIO
poJIb B pa3paboTKe, TECTHPOBAHUY M BATHJAINH METO/IOB OIIEHKH cABUTa. B KoHTeKcTe Oymymieit mporpaMMel
no ciabomy auH3upoBanuio WFIRST Tpokcens u ap. nucnonb3oBanu Galsim amst peHnepruHra u3o00paxeHuit
Uit Habopa CUMYISIHA, pa3paboTaHHBIX IS TIIATEIHHOTO M3YYEHUS CHCTEMATHYECKUX OIIMOOK CJIaboro
JUH3UPOBAHUSI, OTHOCAIINXCS K 0030py u3o0paxenuit WFIRST B BEICOKMX MIMPOTaX.
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Jns Hammeit paboThI OBLITN BEIOpAHBI CTEHEPUPOBAHHBIC H300PaKCHHS CHIIFHOTO JIMH3UPOBAHHS METOIOM
MalInHHOTO 00yueHus. Janubie Obutn 3arpykensl ¢ Bologna Lens Factory [8].

OToT HabOp AaHHBIX UMHTHUPYET KOCMHUYECKYI0O CheMKy B oaHOM auanazone. OH coxepxut 2000
m3o0pakennid. TecToBeIir Ha0Op cocTouT U3 200 M300paKCHHIA.

JlBa m300paXkeHUsI ¢ TPABUTALMOHHBIM JMH3UPOBAaHHEM M 0€3 HEro, BHI3BAHHBIM OPEOJAMH TEMHOMN
MaTepHH, Ioka3zaHbl Ha Pucynke 2 u PucyHke 3 cOOTBETCTBEHHO.

EUC_

Pucynok 2. U300paxkeHns ¢ rpaBUTallMOHHBIM JTHH3UPOBAaHUEM

EUC_

Pucynok 3. U300paxenus 0e3 TpaBUTAIIMOHHOTO JTMH3UPOBAHHUS

Aneopumm pabomvl u mecmupoaHue HeUPoOHHOU cemu

MBI HCnOIB30BaNH SA3BIK IpOrpaMMmupoBanus Python u padoranu B cpene Google Colab nis pemenus
creayromux 3aaad. YToObl HauaTh 0OpabOTKY H300pakKeHWH JIMH3UPOBAHUS, KOTOphlE MBI Oyaem
ucnonb3oBaTh A o0ydenus: Hameld CNN, bl 3arpy3win nansaeie ¢ Bologna Lens Factory. Dtor Habop
JAHHBIX HMMUTHPYET KOCMHUYECKYI0 ChEMKY B OmHOM nauanazoHe. OH coxepxur 1000 nzobpakeHHH.
OOyuaromuii Habop conepxut 200 H300paKCHHIA.

B Hawanme MBI NpUCTYNWIM K CO3/aHHIO Hamled HEWPOHHOH CeTH, WMIOPTUPOBAB HEOOXOUMEIC
o6ubimorexu: PIL, Random, Glob u T.1. B nononxnenne k Matplotlib 1 Numpy, Mb1 ncnions3osaiu Pytorch st
BCEX BBIYHCICHUH TIIyOOKOrOo OOydYeHHs, a 3aTeM HMIIOpTHpoBaiu Torchvision, KOTOPBIH COAEPKUT
MHOJKECTBO TOMYJISIPHBIX HAOOPOB MaHHBIX M MOJEJEH, MOJIE3HBIX IS M3MEpPEHHs MPOU3BOIUTENBHOCTH
Haleil COOCTBEHHOM MOJIENH M0 CPaBHEHHIO C MPEIbIAYIINM YPOBHEM TEXHUKHU. Bce naHHbIE TOMKHBI OBITh
MPaBUWIBHO TOATOTOBJIEHBI, NPEXkKAE YeM Mbl HauHeM uxX oOydaTb. OHH ObuIM MpeoOpa3oBaHbI B TEH30DBI,
3aTeM MBI OIIPEJICITUITN KJIacc, KOTOPBIN MOMOT HaM MPaBHIBHO pa3eiuTh JaHHBIC U BEIOPATh UX CIy4YallHbIM
o0pa3zoM. 3aTeM jJaHHbIE ObUIM pa3[esieHbl Ha IApTHHU, pa3Mep MapTUH COCTABIISII 32 eIMHUIIBI.

[locne monrotoBku ganHbIX MbI moctpomsin CNN, ncnonb3ys ciion cBeptku Conv2D. Y Hac ObUI0 TpU
KaHaJa, HO Mbl MOTJIM U3MEHSATH UX JIJIS IPYTUX THIIOB H300paKeHHIA, a pazmep M300pakeHuit 0pu1 64 Ha 64.
[locne noGaBneHMs MEPBOTO CBEPTOYHOTO CJIOS Mbl HAYWHAIHM C KOJMYECTBA BXOISAIIMX KaHAJOB, a 3aT€M
BBOJIMJIM KOJTMYECTBO KaHAJIOB MM KOJIMYECTBO CJIOEB, KOTOPHIE MBI XOTUM BBIBECTH. UHCIIO KapT MIPU3HAKOB
MMeNo pasmMep sapa 4, cTpailapl 2 1 MOACTaHOBKY 1. B WTore MBI XOTeNH MOMYyYUTh YHCIIO KapT MPU3HAKOB
pazmepom 32 Ha 32. 3aTeM MBI IPUMEHWIH AKeTHYI0 HopManu3anuio u ReLU k HammM KapTaMm MPU3HAKOB.
B crenyromieM KOHBOIOLIMOHHOM CJIO€ MBI YMHOKHJIM BBIXO/ Ha J1Ba AJ1s1 O0JbIueil riryOuHBI BCeH ceTH, BCe
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ocTalbHBIE MapaMeTpbl OCTATUCh Hen3MeHHbIMH. [Ipomecc moBTOpsics 5 pa3, moka He ObIT TMONTydeH
TEeH30pHBIN cioit 1x1x1 ¢ Berxomom B Buze gucen ot 0 go 1.

Tectuposanne anroputma. Mel Beiopamu 50 srmox o0y4uenns, Adam B kadectse ontummzaropa, BCELoss
B 17151 criterion u ucnosib3oBanu CUDA sinpa B kauecTBe m1aThopMbl I TapauIeNbHBIX BEIYUCICHHN. 3aTeM
BCE JIaHHBIC ObUTM pa3JienieHbl Ha MuHMOaTuu. Hakonerr, Hama CNN Obuta o0yuyeHa myTeM WTepaiuii 4epe3
3TH MUHUOATYH B 00y4aroeM MHOXKECTBE U Yepe3 MUHIOATIH B TECTOBOM MHOKecTBe. O0yUueHrne Ha9aaoch
C OYCHb BBICOKMX NOTEpPh B Hayajle W OYEHb OBICTPO cHu3WIOCh Ao omubku menee 0,1. Ilo rpaduky
MpeJCTaBJIeHHOMY Ha PUCYHKE 4 MOXHO MpOCIequTh (DYHKLIHIO MOTEpH OT KOJMYEeCcTBa UTepaluii, a Ha
pucyHke 5 n300paxeH rpaduK TOYHOCTH MO/IEIH.

CNN Loss Graph

—— CNN Train Loss
CNN Test Loss

6

Pucynok 4. I'paduk GyHKINM TOTEPH OT KOJUYECTBA UTEPAIIU

CNN Accuracy Graphs

10 ————
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Pucynok 5. I'paduk GyHKIMH TOYHOCTH OT KOJIMYECTBA UTEPALIUI
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Hanee, Mpl OOy4niM NaHHYIO MOJENb C MCIIOJIb30BAaHHEM [pYyroro Habopa TUIEpHapaMeTpoB M
MPOTECTUPOBATM CKOPOCTh Pa0OTHl JaHHBIX HEHPOHHBIX ceTel. Pe3ynbTaTbl M3MEHEHHs TUIEepIapaMeTpoB
npeacTaBieHsl B Tabmuie 1.

Tabmuma 1. PesynpraTel n3MEeHEHUS TUTIEPIIAPAMETPOB

32 50

0.021 95.8% 50
64 50 0.017 98.2% 54
128 50 0.033 94.3% 82
32 100 0.026 95.2% 100
64 100 0.012 98.7% 110
128 100 0.011 98.9% 152
Bui6oowt

[Tpu geranbHOM paccMOTpEHHH IpadUKOB, MPEACTABICHHBIX HA PUCYHKAX 4 M 5, MOKHO 3aMETHTb, 4TO
B II0JI KOHEI BBIYMCIICHHUS TOTEPH CTAIH OYE€Hb MaJCHbKHMMHM, OHU NMPUOIU3WINCH OYEHb OJIM3KO K HYJIIO,
rpaduku GyHKIMN CTAIN TOBOJIBHO IMIAJIKMMH, TOTOMY YTO B HAIIMX JAaHHBIX H3HAYAJIBHO OBIJIO MaJio IIyMa,
00BIYHO, KOTJa JaHHbIE C OOJBIIMM KOJWYECTBOM MHHH-0aT4ell MMEIOT MHOTO IIyMa, OY€Hb CIOXHO
ONPEAENNTh, €CTh JIN TIEPEHACHIIIICHUE MOAEIN WU HET.

B namem ciydae, BOSMOXXHO, €CTh HEOOJIBILIOE MEPEHACHIILICHHE MOJEIN H3-32 HEOOJBIION pa3HULIBI
MEX]y 3HaUeHUSIMH IMOTEPb MpHU 00yYEHHH U TPU TECTHPOBAHUH. JTO KOHEUHO HE SIBISICTCS aO0CONOTHON
HOPMOW, HO HM3-32 TOI'0, YTO Y Hac ObUI HE OYCHb OOJBIION HAOOpP MCXOJHBIX JAHHBIX, TAKOE MOBEICHUE
MOJIEJIN CUUTAETCS B Mpeesiax HOpMbI. Takoe cirydaeTcs eciii Habop aHHbBIX OIpPaHUYEH, KaK TOT, KOTOPBIi
MBI HCTIOJIB30BAIN 3[€Ch, HO HE3aBUCHMO OT 3TOTO MBI BCE PABHO IOJIyYMJIM JOBOJIBHO XOpoILINe (hyHKIUH
notepb M TOYHOCTH. Kak BUIIHO M3 TaOmuIpl 1, Mydinidi HaYadbHBIA pa3Mep CBEPTOYHOTO CIOS SIBIISETCS
paspemenue 64 Ha 64. [Ipy MCTIONIB30BaHNN TAKOTO Pa3peLICHMs], MBI ITOJIy4aeM ONTUMAIBHOE COOTHOILIEHNE
BpEMEHH 00yUeHHS U KOJIMYECTBA ITOTEPb.

Taxke, MPU HMCHOJIB30BAHUH OOJBIIETO KOJWYECTBA WUTEpalii MBI MOJy4aeM, 3a4acTyro, JYy4IIHi
pe3ysbTaT, HO 3aMETHO YBEITMUMBACT BpeMsi Ha 00yUYeHHUS] CBEPTOYHON HEHPOHHOH CETH.

B Oynymux paGoTax Mbl IUNIAHUPYEM HCIIOJIb30BaTh PACIIMPEHHbIE HAOOpPBI AAHHBIX C PA3THYHBIMU
THTIAMU JINH3, UCIIOJIB30BATh APYTUE THUIBI HEHPOHHBIX CETEH U CPABHUTH MX PE3YJIBTATHL.
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K. Kaiibacosa, A.b. Kaoaues, B. Jluraii, A. OpsinOacapos
KonBorouusiiblK HelipOHABIK KeJli apKbLIbl KAPAHFbI 3aTTAPAbIH KJACTepJIepiH Ta0y

By Makanana rpaBUTalMSUIBIK JIMH3ACH! 0ap KECKiHIEPi )KIKTey apKbUIbl KapaHFbl MaTePUsHBI
i3/1eyre apHaIFaH HEUPOHBIK JKEIiHIH AaMybl KepceTinreH. bi3miH HeHpOHIBIK JKeMi KOJMIaH bl
kymri muH3anayasH 2000 cyperi MammHanbIK OKBITY apKbUTHI ykacanFaH dataset, oHbIH 200-1
TECTIIey YIIH NainanaHbuiael. TOJBIK KOHBOJIOIMSUIBIK HEHpoHIbIK skeniHiy (Fully
Convolutional Neural Network) apxuTekTypachlH naiianana OTbIpbII, 013 KOFAITY (QYHKIHACHI
MEH [NJITI Typalbl ©T€ >XaKChl HOTIDKENepre KON KETKi3MiK. bi3miH HeHpoHIBIK KemiHi
OKBITYBIH COHFBI JI9YipJiepiHe CypeTTep/eri IPaBUTALMSUTBIK IMH3AIAp/IbIH aHBIKTaMaIaphl 6Te
1ot 6osipl. byt anroputmi OoJaniakTa TpaBUTALUSIIBIK JICH3UPICHTCH KECKIHAEP I Talay Ibl
Ka)XXeT eTeTiH Macelnenepe Konganyra 0omasl, Mbicaibl, KapaHrbl MaTepusHbI aHBIKTAY JKOHE
FaJIaMHBIH KYPBUTFBI MOJIenbaepiH Tekcepy (ACDM).

Kinm ce30ep: xapaHFbl MaTepusl, TPABUTANMSIBIK JIMH3ANAy, KOHBOJIOIMSIIBIK HEHPOHIIBIK
XKeJiep, Keckid kimaccudukarmsace!, Python, kocMosorust, TpaBUTAMSUIBIK ©pic, MaliHaIBIK
OKBITY

D.J. Kaibasova, A.B. Kabdiev, V. Ligai, A. Orynbasarov
Search for dark matter clusters using convolutional neural network

This paper demonstrates the development of a neural network for dark matter search byclassifying
images containing gravitational lensing. Our neural network used 2000 images of strong lensing
generated by machine learning as dataset, 200 of which were used for testing. Using the Fully
Convolutional Neural Network architecture, we have achieved quite good results with respect to
both the loss function and the accuracy. In the last epochs of training of our neural network, the
detection of gravitational lenses on images has become extremely accurate. This algorithm can
be used in the future in tasks requiring gravitational lensing image analysis such as dark matter
detection and verification of universe structure models (ACDM).

Keywords: dark matter, gravitational lensing, convolutional neural networks, image
classification, Python, cosmology, gravitational field, machine learning
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Bo3moxHocTH ucnioib3oBanue ANSYS npu MoJe1MpOBaHUM NAPAMETPOB YIPOUHEHHUsI HEYCTOHYMBOM
KPOBJIM B OYMCTHBIX 320051X YTrOJIBHBIX IIAXT

OpHOW M3 OCHOBHBIX 3a/a4, KOTOpble HEOOXOOUMO pEIINTh TPU COBEPIICHCTBOBAHUU
TEXHOJIOTHYECKUX CXEM HarHeTaTeIbHOr0 MHbEKTUPOBAHUS TIOTMMEPHBIX CMOJI B HAPYIICHHBIH
TOPHBII MacCHB SBIISIETCS pa3pabOTKa TEXHOJIOTHU M MOJECITHPOBAHNE TTaPAMETPOB YIIPOUHECHHUS
U CBS3BIBAHUS HAPYNICHHBIX BMEMIAIONIMX YIVIE-TIOPOJAHBIX MAacCHBOB C YYeTOM HX
T'€OMEXaHNYCECKOI'O TCXHOI'CHHOT'O COCTOAHUA AJIs ITOBBINICHUE YCTOI\/'I‘II/IBOCTI/I u CTa6I/IJII/I3aHI/II/I
TOPHOTO MaccHBa MPH MMPOU3BOJICTBE TEXHOJIOTHIECKHUX MPOLIECCOB.

B cratbhe nmpuBeneHBI pe3yabTaThl HCCISIOBAaHUN B 00JACTH KOMITBIOTEPHOTO MOJICITUPOBAHHS
MPU3BaHHOTO MOMOYBL B TPEAOTBpAILCHHN BHIBAIOOOPa30BaHH HEYCTOWYMBBIX BMEIIAIOIINX
mopoa B JIaBC U UX YINPOUYHCHHU B 30HC O6PYHICHI/ISI KpPOBJIK B CJIOXXHBIX T'OPHOTECXHUYCCKUX
YCIIOBUSX pa3pabOTKH..

Kniouesvie  cnosa: wonenupoBanne, ANSYS, ropHble BBIpaOOTKH, HCCIEIOBaHUE
neOpMaIOHHBIX ~ MPOLIECCOB, MapaMeTpPhl KPEIUICHUS, T'€OMEXaHHYECKHE MPOLECCHI,
NPOSIBJICHUS] TOPHOTO IABJIEHHS, YCTOHYMBOCTH MOPOIHBIX OOHAKEHWH, TOPHOTEXHHUYECKHE
(haKTOpBI, CXEMBI Pa3BUTHS TOPHBIX PabOT, HAMPSKEHHO-IEPOPMHUPOBAHHOTO COCTOSHIE, JaBa,
MacCHB.

Beeoenue

JoObIua yriis U3 OYUCTHBIX W TOPHO-TIOATOTOBUTENFHBIX 3200€B IIAXT B YCIOBUSIX TPEIMHOBATHIX
HEYCTOMYMBBIX YTJIETIOPOJHBIX MAaCCHBOB COIPSDKEHA C OMACHOCTBIO TpaBMaTu3Ma TopHopabouux. llpum
OOpYIIEHNN MTOPOJT KPOBIIH, OT’)KUME U BHICHITIAHHSI YTIISI HAPYIIAeTCsS PUTMHUYHAs paboTa OUMCTHBIX 3a00€B,
CHIDKAETCs T0ObIYa, TEMIThI IPOXOJIKY BEIPA0OTOK, YXYAIIAETCS Ka4eCTBO yriisl. BeIHY)I€HHOE TPUMEHEHNE
MEXaHWYEeCKUX CIOCOOOB TMPENOTBpPAIICeHUH BBIBAJIOOOPA30BaHWA TIOPOJ W YAEpXKaHUS KPETUICHUS
MTO/IBOSIIINX BBHIPAOOTOK IyTEM YCTAHOBKH IITAHTOBBIX KpeMel, BRIKIAJKHA KIETe W MPUMEHEHUs IPYTHX
Mep TpeOyeT OMOJHUTENBHBIX PAacXOJ0B MAaTEepPHalIOB WM CBSA3aHO C TPYIAOEMKHMH, COMPSIKEHHBIMH C
OTIACHOCTBIO TPaBMaTH3Ma rOpHOPa0OYHX paboTamu.

Hns obecnieueHnss 0€30MacHOCTH TPH BhIPAOOTKE HCHOJB3YIOT KpPENH, HO 3a4acTyI0 MPaBHILHO
YCTaHOBUTh HMX CJIOXKHO M JaXX€ 3TO He TrapaHTUpyeT TMOoJIHOM Oe3zomacHocTH. [[ns aHanm3a ypoBHA
0€30I1acHOCTH UCTIONB3YIOT KOMIIBIOTEPHOE MOZieNpoBanue. Hampumep, oanH U3 HanboJsiee 4acThIX clyvyaeB
- MOJISTMPOBaHNE KpeIieHus (PUCYHOK 1).
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Pucynok 1 - [Ipumep MomenupoBaHus Kpenu

HecmoTpst Ha uMeromuiics MoJ0KUTENbHBIM OMBIT 3al0JHEHHS KYMOJOB U YKPETJICHUs! YTOJIBHOTO
MaccHBa CHHTETHUECKHMHU CMOJIaMH, BBIOOP MapaMeTPOB TEXHOJOTHH YKPEIUICHU TI0Ka eIlle HeJ0CTATOYHO
000CHOBaH.

[To xapakTepy mpecieayeMoi el MPUMEHEHHE MTPEBAPUTEIHHOTO CTI0c00a YITPOUHEHHS BO3ZMOYXKHO
C IIETIbIO0 MOBBIIICHHSI YCTOMYMBOCTH TOPHBIX OOHAKEHHH.

[Io TOpPHO-TEOJIOTUYECKUM M TOPHOTEXHHYECKUM OCOOCHHOCTSIM YIPOUHSEMBIX OOBEKTOB
aHANM3UPYIOT MEepeceYeHNe YYaCTKOB C TEKTOHWYECKMMH HapyLIICHUSMH; MpPU IJIacTaX C KOJIeOaHUSIMH
MOIITHOCTH, KPOBJISI KOTOPBIX CIOXEHBI CIA0bIMH HEYCTOWYHMBBHIMH TOPOJHBIMH TPOCIOMKAMHU; a TaKkKe
MEPEeceueHne YYacTKOB, TOPOABI KOTOPBIX HMMEIOT MENKOCIOHCTYI0 TEKCTypy M pPa3OUTBl CHCTEMOit
Pa3NUYHBIX TPEIUH (PUCYHOK 2).

- S _fa;_mg_aﬂ TN~ e — m— |

= &=

Pucynok 2 — [IpomonbHBIN pa3pe3 ydacTKa JIaBbl C KYIIOJI00Opa30BaHUSIMU MPH €€ OTpaboTKe 1O
mtacty k10 B ycnoBusix maxtel «CapaHckasi» KaparaHanHCKOTo yroibHOTO Oacceiina

FopHomexHuquKue YCI06UA NPUMEHEHUA MEXHOTI02cUU

[ ynpodHeHHs TOPHBIX MOPOJ HEOOXOIUMO BBIOpAaTh MaTepuan sl YIPOYHEHHUS. DTO MOMXKHO
cAenarth MPHU TOMOIM KOMBIOTEPHOTO MOJAETHPOBaHUs, (u3ndeckne mNapamerpbl Kpemd MOTYT OBITh
W3MeHEHBI, pr HeoOxoauMocTu. ANSY'S npeioctaBisieT HIMPOKKUE BOZMOKHOCTH ISl aHAIN3a TTOIXOISIITIX
MaTepHaJIOB.

B pesynbrare TEOpeTHMUECKOrOo W MNPAKTHUECKOro aHajiu3a ObUIO ONpeneieHo, 4TOo Haunboiee
MEPCIIEKTUBHBIM MAaTEPHAIIOM I YIIPOUYHEHHS MAaCCHUBA TOPHBIX MTOPOJL ABISAIOTCS MOJIMYPETAHOBBIE CMOJIBL.
O6nanas BBICOKOH NPOHUKAIOIIEH CHOCOOHOCTBIO, YIIPOUHSAIOLIMH COCTAB, IPY HAarHETAHUH €0 IT0]] BHICOKUM
naBiieHreM, 3anoiHseT 90 - 95% Bcex HMEroIUXCsl B MACCHBE TPELIHMH. 3aTBEPACBILUM TOINypeTaH o0nagaer
OCTAaTOYHOM IIACTUYHOCTBIO, YTO JaeT BO3MOXHOCTH YHPOUYHSEMOMY MaccuBy zAedopMupoBatbesi 0e3
pa3pyLeHNs U BBIIEPKUBATh HAPY3KH TOPHOTO AaBieHus. BenennBasice (B cooTHouenuu 1:4), nonnyperan
CO3/1aeT JOMOJHUTENIbHBINA paciopHbIid 3P deKT, 4TO MOBBIIAET CBA3M MEXKAY OJIOKaMH MaccHUBa M YJIy4llIaeT
€ro MPOYHOCTHBIE CBOMCTBA.
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K Hacrosimemy BpeMeHH pa3paboTaHO OOJIBIIOE KOJWYECTBO CKPEIUISIOIIUX COCTABOB IS
YIPOYHEHUS HEYCTOWYMBBIX MOPOJ. J[0cTaTOYHO MIMPOKO MPUMEHSIOTCS COCTaBbl HA OCHOBE KapOOMUIHBIX,
(hbeHONMBHBIX, (heHOIDOPMAITLICTUIHBIX, AKPUIOBBIX, MOTUI(UPHBIX U STOKCHIHBIX CMOJI, TTOJTUYPETAHOBBIX
Y OPTaHO-MUHEPATBHBIX COCIUHCHUHN, MArHE3UATBHBIX U IIEMEHTHBIX BSIKYIIIHX.

HaunGonee HajexHBIC CKPEIUISIONINE COCTABBI Il YIPOYHEHHUS TOPHBIX MMOPOJ OCHOBaHBI Ha
BCIICHUBAIOIIMXCS MOJIMYPETAHOBLIX cucTeMax. [IpoyHOe M HaJEeKHOE CBI3BIBAHUE OTACIBHOCTEH TOPHBIX
MOPOJI TPOMCXOIUT BCJCACTBUE BBICOKOW aJIre3ud MOJUMEPU3YIONIEroCs —IEHOMONIMYypeTaHa, KOTOPOe
obecrieurBaeTcs Kak B CTAOMIILHOM COCTOSTHHH, TaK U MPH U3MEHEHUU HAIIPSHKEHHO-1e()OpPMUPOBAHHOTO CO-
CTOSTHUSI YIIPOYHSAEMOT0 MaccuBa. biarogapsi CBOWCTBY BCIICHUBAHUS TOJIMYPETaH MO0 OKOHYAHUH IpoIiecca
€ro HarHeTaHUs B YIIPOYHSEMBIA MaCCUB IMTPOHUKAET B MTOPHI M TPEIIUHEI 32 c4eT camonarHeTanus (10 1300C).
KpatHOCTE BCIieHUBaHHS TOCTHTACT 3 - 4, aATe3NOHHAS IMPOYHOCTH K TTopoae uepe3 6 yacos coctasisieT 0,4 -
0,7 MIla.

JIOCTOMHCTBOM XMMHYECKUX CBSA3YIOIINX COCTABOB SIBISICTCSI BO3MOXKHOCTh PETYIUPOBAHHS BPEMEHH
Hayayia OTBEPXKICHUS B IIMPOKUX MpejesiaX MyTeM U3MEHEHHUS KOJMYeCTBA KOMIIOHEHTA — OTBEPAUTENS, YTO
0COOEHHO BaXKHO NPH YIPOYHEHUH 0OBOJHEHHBIX TOPHBIX IOPOJ — PUCYHOK 3.

YnpouHeHne  MOpOJN  HArHETaHWsS  CKPCIUIIONIMX  COCTABOB ~ OCHOBaHA HA  CO3JIaHHH
JIByXKOMITOHEHTHBIX PACTBOPOB XHMHUECKUX KOMIIO3WIMHA, COCTUHEHHE W TEPEMEIIUBAHHUE KOTOPBIX
MPUBOJIUT K 00Pa30BAHUIO OTBEPIKICHHOTO BEIECTBA C BHICOKOW are3ueil K TOPHBIM MOPOJaM U JPYTHMH
(1)I/I3I/IKO'XI/IMI/I‘-ICCKI/IMI/I u MEXaHNYCCKUMU CBOfICTBaMH, OTBCHarOIIMMH Tpe6OBaHI/I$IM TopHOro
MIPOM3BO/ICTBA.

Pucynoxk 3 — CkpermieHre yBeIMUEHHBIX U YMEHBIIICHHOHN YacTel HEyCTOMYMBOTO MacCHBa
MOJIMYPETAaHHOBOM CMOJION (2) M pWIIMTIaHKe K MeTaiuty (0); MOTy4eHHbIE CKIICCHbIE YCTONYMBBIC TIOPO/IbI

(8)

TexHOIOTHYECKHE CXEMBbl CMOJIOYIPOYHEHUS OCNabIeHHBIX TOPHBIX MAacCHBOB TPHU BeJISHHUH
OYHCTHBIX H MOJITOTOBUTEIBHBIX PA0OT B YTOIBHOM OTPACIH MOTYT OBITh PA3HBIMH.

BrI00Op TEXHOIOTHYECKUX CXEM YKPEIUIEHHS] MacCHBa TMOPOJ U CIIOCOOOB HAarHETaHUS PacTBOPOB B
KaXKIOM CITydae OIpeNesieTCs TOPHO-TEOJIOTUIECKIUMHU YCIOBHSAMHU U TOPHO-TEXHUYECKUMH (PaKTOPAMH.

CrnemyeT y9uThIBaTh, YTO HAUOONMBIIHN 3D (PEKT JOCTUTASTCS TIPH OTIEPEIKAIOIIEM YITPOUHEHUU TIOPOJT
KPOBJIM M COMPSDKCHUN JIaB C AKCIUTYaTallMOHHBIMHU IPUMBIKAIONUME BbIpa0OTKaMi. OCHOBHBIE CXEMBI
PacoIOXKeHHsI UHHEKITMOHHBIX CKBXHH (IIITyPOB) JUIS YKPETJICHHUS MTOPOJT IPUBEICHBI Ha PUCYHKE.

Ilo mepBoii cxeme OypeHHE CKBOKWH NPOW3BOAUTCS C BEHTWISAIMOHHON ¥ KOHBEWEPHOH
MIPUMBIKAONINX BBIPa0OTOK. [Ipn 3TOM CyMMapHas [UTHHA KaKJOW Mapbl CKBaXXUH OOJIbIIE ATUHBI JaBbI JUIS
CO3JIaHUs 30H «IEPEKPBITUS», a IPOJOJIBHBIE OCU CKBa)KUH HE COBIAJAIOT. JTa CXE€Ma PEKOMEHIYEeTCs MPU
KPEIUICHUH JIOKHOM CHUJIBHO TPEIIMHOBATON, OOPYIICHHOH, IJIOXO CIICKUBAIOIICHCS KPOBIIM XUMUYSCKUMH U
HEMEHTHBIMH pacTBOpaMu. J[OCTOMHCTBaMHU ee SIBISIOTCS: OTHOCHUTEIbHO HEOOJbIIas JJIMHA CKBaXKHH,
MPEIOYTUTEbHASL H3-32 CJIOKHOCTH WX HANpPaBICHHOTO OYpEHHS; CO3J[aHue ONaromnpHusITHBIX YCIOBUM JIJIs
VKpeIUIeHUs] TIOpPOJA  KpPOBIH, HauOoJiee HEYCTOMYMBBIX B CpENHEH YacTW JIaBbl; COKpalleHHe
MIPOJODKATENHHOCTH HarHETAaHUS CKBKHH 32 CYET OJHOBPEMEHHON pabOTHI IBYX YCTAHOBOK; BO3MOXKHOCTD
MIPUMEHEHUS CXEMBI ITPH OTHOCUTEIHHO OOIBIINX UTMHAX JIABBI.

ITo BTOpOI1 cxeme OypeHne CKBaKUH OCYLISCTBIICTCS MJIM C KOHBEHEPHOM MM C BEHTUISLIMOHHON
BBIPa0OTKH. DTa cXeMa PEKOMEH IyeTCsI TpU HeOObIION JITTMHE JIABBI M CIOKOHHOM 3aJieraHuH TOPO/I.

Pa3HOBHIHOCTBIO BTOPOM CXeMBbl SBIsIeTCA TpeThsd cxema. OHa MPUMEHAETCS NpPU CIIa0BIX HIN
MOJTypa3pyIIeHHBIX MOPOAax B 00KaxX BEIPA0OTOK, B KOTOPHIX FepMETH3AIM CKBAXIH BBI3BIBAET 3aTPYAHEHNE
WIN TPaKTUYeCKH HeocymecTBUMa. [lo3aToMy MNpOWM3BOAMTCA IOCIENOBATEIbHOE KpeIuleHne OOKOB
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BBIPa0OTKH ITyTeM HAarHETaHWs OBICTPOTBEP/CIONINX PACTBOPOB IMpH MOHIKEeHHOM naBiernn 0,5 — 1,0 Mlla
Yepes MImypsl AuHOH 10 5 M. Co3/laHue YIPOYHEHHO! 30HBI B 0OKaX BBIPAOOTKH MO3BOJISET B AabHEHIIIEM
BECTH HOpPMaJIbHOE HarHeTaHWE PacTBOpa Yepe3 MIMHHBIC CKBXKHHBI IpH padodem mapiennu 3,0 - 6,0 MIIa.

OcCo0EHHOCTBIO YETBEPTOW CXEeMBI SIBISETCS TO, YTO C YYETOM JAMAarOHaJbHOTO HaIpPaBICHUS
TPEIWHOBATOCTH TOPOJ KPOBJIH CKBAXHHBI OPHUEHTHUPOBAHBI IO YIIOM K o4rcTHOMY 3aboro. [Ipm sTom
HauOoONMbIUi 3PQPEKT YNPOUYHEHHS KPOBIH [IOCTHTAeTCAd TPH PACHOJIOKEHHUH CKBRXHH HOPMAIBbHO K
OCHOBHOMY HampaBleHHIO TpemuH. Jlomyckaercss OypeHHWe CKBaKWH, KaK C KOHBEHEpHOW, Tak M C
BEHTWISIIMOHHON OKOHTYPHBAIOIICH JIaBy BHIPAOOTKAM HJIH C JIBYX CTOPOH.

[1aThIli BapuaHT SBISETCS PA3HOBHIHOCTHIO YETBEPTOM CXEMBI C MPEABAPUTEIIBHBIM YKPEIUICHUEM
OOKOB BBIPAOOTKH.

[lo mectoii cxeme HampaBicHHE OYPEHHS CKBaXKUH BBIOMPACTCS C YYETOM YA0OCTBa HarHETaHUS
pacTBopa B HapylIeHHYIO 30HY. [Ipu 3ToM OypeHne MpOHM3BOAMTCS C BBHIPAOOTKH, PACIIONIOKEHHOW K 30HE
HapYIICHUS.

ITo cenpMoOit cxeMe MPOU3BOIUTCS YKPEIUICHUE CI1a0bIX, HAPYIIEHHBIX TTOPO]T KPOBJIU Yepe3 KOPOTKUE
IIIypPbI, MPOOypEeHHBIC HEMOCPEICTBEHHO U3 JIaBbl. [IpM 3TOM pPEKOMEHAYETCSl OCYLISCTBISATh OypeHHE
LIMMYpOB M HAarHeTaHWe PacTBOpPa B PEMOHTHO-TIOATOTOBHTENBHYIO CMeHYy. DJTa cxema 3(h(deKkTUBHA TpH
HEOOXOJUMOCTH JIOKQJIBHOT'O YKPEIUICHUS IMOPOA KPOBIU (IIPH KOPOTKUX M MENKUX TeOJOTHYCCKHUX
HapYIIEHUSIX, OPUEHTUPYEMBIX MEPIIEHANKYIISIPHO WK TIO/ OONBIIMM YTIIOM K OYMCTHOMY 3a0010.
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Prcynok 4 — OcHOBHBIE CXEMBI PACIIONIOKEHUSI MHBEKIIMOHHBIX CKBXHH (IIITYPOB) SIS yIIPOYHEHHS
MOPO/J] KPOBIH B JUIMHHBIX OYHCTHBIX 320051X

prO‘lHeHI/IC nopoa ¢ moOMOIIbIO aHKepHOﬁ Kpenu OCyHIECTBIACTCA HECKOJIbKUMU CII0CcO0aMH: oyTeM
CO3aaHuA HOpO,I[HOﬁ 68.J'IKI/I, IIOABCIIMBAaHHNA CIadbIX mnopoa K Ooree MMPOYHbIM, HEPCPACHPCACTICHUA
HaHpﬂ)KCHI/Iﬁ. 3aKp€HJ'IeHI/I€ aHKEpa C MOMOLIbIO CUHTCTUYCCKUX MATCPUAJIOB MOKCET OCYHICCTBIIATHCA IIO
BCEH €ro JJIMHE WJIN B ,I[aHHOﬁ JaCTyu Limmypa. BBI60p KOHKPETHOT'O PACIIOJIOXKCHUA MNPOU3BOAUTCA C
HCIOJIb30BAHUEM MOJCIIMPOBAHUA U ONIPCACIICHUS TapaMCTPOB yCTOf/JI‘II/IBOCTI/I KpeIiu.

Baknrouenue
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OnHOM U3 OCHOBHBIX 3aj1a4, KOTOPbIE HEOOXOAMMO PEIIMTH MPH COBEPIICHCTBOBAHUU TEXHOJOTHUU
WHBCKTUPOBAHUSI MOJUMEPHBIX CMOJI B HAPYIICHHBIN TOPHBINA MaCCUB SBJISICTCS MOBBIIICHUE YCTONYUBOCTH U
cTaOuiu3ali TOPHOTO MAacCUBa MPHU IPOU3BOACTBE TEXHOJOTHYCCKHX IPOIECCOB C BHEIPCHUEM B
MTPOU3BOICTBCHHYIO METOMKH PacyeTa, TEXHOJIOTUU U 00OOCHOBAHHE MAPaMETPOB YIIPOUHCHHMSI, CBSI3bIBAHUS
Y CTaOMNIHM3alMi HAPYIICHHBIX BMEIIAIONIUX YIJIC-MIOPOJHBIX MAaCCHBOB C yYETOM HX T'€OMEXaHHYECKOTO
TEXHOTCHHOTO COCTOSHUSI.

[IpuBeneHbl pe3ynbTaThl HAYYHO-TPUKIAJAHBIX PA0OT JJIS MPEIOTBPAIICHUS BHIBAIOOOPA30BAHUS
HEYCTOWYMBBIX BMEINAIOIINX TTOPOJI B JIABE U WX YIPOYHEHHE B 30HE OCIAOJICHUS IO MPOYHOCTH KPOBJIU B
CJIOKHBIX TOPHOTEXHUIECKUX YCIOBHUAX Pa3pabOTKH, MPEATIONKESHBI METOBI 110 €€ YITYYIICHUIO TIPU IIOMOIIN
MO/JICJTUPOBAHHSI.

PexkoMeHI0BaHA TEXHOJIOTHSI 110 YITPOYHEHHIO HEYCTOWYHMBEIX MOPOJ] B 30HE 0OpHIBA KPOBJIU B JIaBe,
KOTOPAsi TO3BOJIMT MOBBICHThH YCTOWYUBOCTh MOPOHBIX OOHAKEHHUH ¢ YIETOM TOPHO-T€OJIOTUIECKUX YCIIOBHI
Y TOPHOTEXHUYECKUX (PAKTOPOB IKCILTyaTaIHH.

B crarpe npeacTaBineH mopsaoK BeIOOpa criocoba obecredeHnss YCTOMIMBOCTH TTOPOI KPOBIIH U €ro
OCHOBHBIX MTAPaMETPOB B CIIOKHBIX TOPHO-TEOJIOTHUECKUX YCIOBUAX MPU HATNYHUN HEYCTOWYNBBIX MACCHBOBR.
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KeMip maxranapbIHbIH KYMbIC 0eTTepPiHAe TYPAKChI3 IIATHIPALIH KATAIOBIHBIH
napaMeTpJiepin MoJeJibeyie ansys KoJJIaHy MyMKiHaiKTepi

[Momumepni  miadeipiapabl  Oy3bUIFaH SKBIHBIC MaccachblHa —aljayablH TEXHOJOTHSIIBIK
chI30ANaphIH KETUMIPY Ke3iHIe MIeNTyli KaXKeT eTETiH Heri3ri MiHaeTTepaiH Oipi Oy3burraH
KOpIIAJIFaH KOMip-Tay MBIHBICTAPBI MaccaIapblH KATAWTY yKoHE OaIaHBICTRIPY MapaMeTpiepiH
TEXHOJIOTHSHBI 93ipliey JKoHE MOjeibley OONbI TaObUIAAbl. OHAIPY Ke3iHIEe TayKbIHBIC
MaCCaChIHbIH TYPAKTHUIBIFBIH JKOHE TYPAKTaHYbIH apTThIPY YIIIH OJIApJbIH I'€OMEXaHUKAJIBIK
TEXHOTCHJIIK KYHIH €CeIKe any.TeXHOJIOTHSIIBIK MPOIECTED.

Makasazia TypaKChI3 HETi3T1 KbIHBICTAP/IBIH JIaBaaFbl KYJIAybIH )KOHE Tay-KeH OHAIPYIiH KUbIH
JKarJaiblHAa INATBIPJBIH KyJiay aiMarblHIa OJIap/blH KaTaroblH OOJJIbIpMayFa apHaJiFaH
KOMITBIOTEPITIK MOJIENB/IEY CATACHIHIAFbl 3ePTTEYIEP/IiH HOTHXKeNepi OepinreH.

Tyuin co3oep: mopenbiey, ANSYS, ke kazbanapsl, ieopmaius MpoLecTepin 3epTrey, OeKiTy
napaMeTpIiepi, reOMeXaHUKaIbIK MPOLECTEp, Tay >KbIHBICTAPhl KBICHBIMBIHBIH KOPIHICTEpi, Tay
KBIHBICTAPBIHBIH LIBIFYJIAPBIHBIH TYPAaKTBUIBIFBI, Tay-K€H WHXEHEpIiK (akTopiapbl, Tay-KeH
OHJIIpY cXeMallapbl, KepHeYJTi-Ie(GopMausuIbIK KYH, JIaBa, MAaCCHB.

Kisselyov M.S., Demin V.F., Yavorsky V.V., Umbetov U.U.

Possibilities of using ansys in modeling the parameters of hardening of an unstable roof in
the working faces of coal mines
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One of the main tasks that need to be solved when improving the technological schemes for the
injection of polymer resins into a disturbed rock mass is the development of technology and
modeling of the parameters of hardening and binding of disturbed enclosing coal-rock masses,
taking into account their geomechanical technogenic state to increase the stability and
stabilization of the rock mass during production. technological processes.

The article presents the results of research in the field of computer modeling designed to help
prevent the fallout of unstable host rocks in the lava and their hardening in the roof collapse zone
in difficult mining conditions.

Keywords: modeling, ANSYS, mine workings, study of deformation processes, fastening
parameters, geomechanical processes, manifestations of rock pressure, stability of rock outcrops,
mining engineering factors, mining development schemes, stress-strain state, lava, massif.
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Methodology for building a basic incident registration system at the enterprise

The problems of ensuring occupational safety in industry are one of the most urgent in
Kazakhstan. The state of labor protection at the enterprises of the republic is a permanent form of
supervision by the government and authorized state bodies. The safety of the phenomena
associated with accidents at work is largely due to the insufficiency of the regulatory framework
in the field of occupational safety and health, its lag, and not lagging behind the pace of economic
reforms. Therefore, one of the main tasks in the field of labor relations regulation is the
development and implementation of an effective labor protection management system.

Key words: human factor, Flash Sender, Property Damage, Near miss-activities

The automated information system allows you to get rid of the reasons that have the main negative impact
on the document flow in the institution, reduce the time spent on searching, processing data and provide high-
quality customer service. The goal is to create a basic system for registering life-threatening incidents at the
Aksu Ferroalloy Plant [1].

The reasons that had a negative impact on the activities of the department "occupational safety and
industrial safety" of the Aksu Ferroalloy Plant:

— itshould be noted that the document flow of the enterprise, carried out not only by external institutions,
but also by mutual internal structures, is conducted in the form of handwritten paper documents;

— excessive number of internal intermediate documents, for example: different folders, logs, statements,
undesirable inclusion of the same data in several intermediate documents over and over again;

— keeping reports, registration logs and other documents in handwritten form leads to slow preparation
of documents and, as a result, to an increased probability of a large number of errors (human factor);

— the use of obsolete computers and information systems in the activities of the center, the use of
computers without a network.

The introduction of a computer data processing system into the activities of the department "occupational
safety and industrial safety” will get rid of the above unpleasant reasons.

The use of electronic document management technologies, modern computer data processing and storage
facilities will increase the reliability of data storage, increase their relevance, speed of operational search for
the necessary data, and most importantly-expand the functionality of the institution.

This software product was created for the purpose of conducting timely investigation, research,
registration, analysis, accounting and statistics of life-threatening incidents that occurred at the enterprise,
according to the terms specified in the procedure (procedure). In addition, the program is designed to provide
a single fund (database) of all dangerous incidents at the Aksu ferroalloy plant.

Managers (line managers of the LR) and technical specialists (technical specialists of the vehicle) can use
the program to view or print on paper information about incidents, statistics, the composition of the incident
investigation commission, primary data about the incident and events [2].

Currently, the registration of dangerous incidents at the Aksu ferroalloy plant is conducted as follows:

- the responsible person (responsible person) of the territory where the incident occurred registers
the first data and transmits them to higher-ups through the "Flash Sender";

- the composition of the commission is determined and an order on the composition of the
commission is issued;
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- members of the commission investigate the incident and fill out the form "report (report) on internal
investigations;

- The forms "newsletter" and "monitoring of events" are filled in about all completed events;

- summarizing all the data, the "Journal of Registration of cultural indicators (cultural
indicators)/PD" is filled in word format.

The "Journal of Registration of cultural indicators (cultural indicators)/PD" can be downloaded in this
program. Similarly, you can view reports (reports) about events in the program. He answers the following:

- incident statistics;
by type of event;
- depending on the severity of the crime incidents;
by risks (risks) ;

- managers (line managers of the LR) on accident registration statistics.

We can connect by entering the login and password to log in to the program, and then clicking "log in".

The main menu of the program. After the implementation of the developed project, working with it does
not require additional computer skills, since the interface connecting the user and the system is built in a clear
and convenient way. When working with this program, an employee of the department of labor protection and
industrial safety is given the opportunity to quickly and efficiently perform their usual actions. The main thing
is the main menu of the software product.

The main page shows the sections included in the program, which are:

- basic information (primary information);

- orders (rasp);

- incident investigation report (report);

- newsletter;

- monitoring the implementation of measures for;

- list of documents (listing of documents).

The basic information window presents the earliest information about life-threatening incidents that
occurred at the enterprise.

To register the basic information, first fill in the following cells:

1.  event number.
the department where the incident occurred.
did the event occur on the territory of the enterprise? Yes/no.
date of the incident.
time (hours, minutes) of the event.
Date of the incident report.
Time (hours, minutes) reports of the incident.

8 weather conditions (weather conditions), for example: t=10 degrees, sunny.

9. specify the site, workshop or unit where the event occurred, after which it is necessary to fill out the
following forms:

- PD-Property Damage-production with material damage-events causing material damage;

- Nm-Near miss-activities without causing harm to health and without material damage-events that
do not harm human health and do not cause material damage;

- other events (other) - from the event classification section-events in the classification section.

10. PD-clarification of the event causing material damage:

- fire;

- road accident (road accident);

- railway accident (GDTP);

- , ambulance call;

- the incident.

11. Clarification of the classification of events:

- Fatality-fatal accident-fatal incident;

Nooakwn
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LTI-case of loss of working days-case of loss of working days;

MT]1 — refusal of medical care-refusal of ambulance assistance;

FAI-first aid refusal-refusal to provide first aid,;

occupational disease is an occupational disease.

Determining the type of high-risk fatal injury: Yes/no.

It is necessary to specify the types of events (for example, breakage of rivets — breakage of rivets).
Then proceed to the following forms by clicking the "Next given" button.

In the section "order" ("description™), an order is given by the head of the enterprise on the appointment
of a sub-commission to investigate the incident.

1.
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A.Cepra3bIKbI3bI
Kacinopbinaa 00s1iraH OKbIC OKMFaJapabl TIPKEHTIH 0a3aJIbIK KyieHi Kypy aaicremeci

OHepkacinTe eHOCK KayilCi3iriH KaMTaMachi3 eTy npoonemanapel — KazakcraHia Kekehkecki
MacenenepAiy 0Oipi. PecnmyOnnkaHBIH KoCINOPBIHAAPBIHAAFE €HOEKTI KOpFaymblH >Kah-Kyii
YKIMETTIH *OHE OKUICTTI MEMJICKETTIK OpraHIaplblH TYPaKThl Kajaranay HBICAHBI OOJIBII
TaObUIAABl. OHIIpicTeri Ka3aTailblM OKHFallapFa KaThICThl KYOBLIBICTApIIBIH CAKTaTybl KOl
XKaraitnapna eHOoeK Kayimnci3miri MeH eHOEKTI KOpFray cajachlHAarbl HOPMAaTHUBTIK- KYKBIKTBIK
0a3aHbIH JKETKUTIKCI3MITiHEe, OHBIH SKOHOMHKAIBIK pedopManap KapKbIHBIHA iecrieil, aprra
KaJIbIN KOFObIHA Ja OaiyiaHbICThI. COHJBPIKTAH €HOCK KaThIHACTAPBIH PETTEY CaJIaChIH aFbl HET13T1
MiHIeTTep/iH 0ipi — eHOeKTI KOpFayAblH THIMJII OacKapy jKyHeciH a3ipJiey KoHe Ky3ere achlpy
OOJIBIIT TaOBLIAIBI.

Tytiin co30ep: anamu GaxTop, GIBII-KIOEepyII, MaTepUAIIBIK 3aJ1ajl, KaTEIK-9pEKETTep.

A.Cepra3bpIKbI3bI
MeTtonuka nocrpoeHusi 6a30B0ii cCTeMbl PeriCTPAIMU HHUMIEHTOB HA NPeINpPUsiTHA

[Ipobnembl oOecrieueHusi OE30MACHOCTH TPYIa B MPOMBINUICHHOCTH-OJHA M3 aKTYaJIbHBIX B
Kazaxcrane. CocrosiHue OXpaHbl Tpyla Ha MPEeINpUSTHAX PECIyOJIHKH SBISETCS MMOCTOSIHHON
(hopMoii Ha/130pa MPABUTENBCTBA H YIIOJTHOMOYEHHBIX TOCYIaPCTBEHHBIX OpraHoB. COXpaHHOCTh
SIBIIGHUH, CBS3aHHBIX C HECYACTHBIMH CIy4asMH Ha IPOHU3BOJICTBE, BO MHOI'OM OOyCJIOBIIEHA
HEI0CTaTOYHOCTHIO HOPMATHBHO - TPaBOBOM 0a3bl B 00JacTh 0€30MaCHOCTH M OXpaHbl TPYAa, €€
OTCTaBaHWEM, a HE OTCTaBaHWEM OT TEMIIOB 3KOHOMHYeckux pedopm. Ilosromy oxmnoii u3
OCHOBHBIX 3a7iad B cdepe peryJHpOBaHMs TPYJOBBIX OTHOUICHUH SBIISETCS pa3paboTKa
peanuzanys 3QpPeKTHBHON CHCTEMBI YIIPaBJICHHUs OXpaHOU TpyJa.

Knrouesvle crosa: yenoBedeckuit pakTop, BCIBIIIKA, MATEPHUATBHBINA yiiepO, MpoMax-aeHCTBHS.
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Karanutunyeckoe rugpupoBaHue pacTUTEJIbHBIX MaceJl

B onaHHOW craThe MpeACTaBICHA HAYYHO-HCCIIEIOBATENbCKas paboTa «THIPUPOBAHHE
MOJICOJTHEYHOrO Maciay. [ MIpHUpOBaHUE PaCTUTEIILHBIX Macell SBISIETCS OYEHb BOYKHOM 4acThIO
JUISl TIMILIEBOM, a TaKke XUMHUYECKOW MPOMBIIUICHHOCTH. CeNeKTHBHOCTh KaTaIUTHYECKOTO
mporecca ONpenenseT XUMUYECKHe W (DU3UUSCKHE CBOWCTBA TMPOIYKTOB THIPUPOBAHHS,
onpenessis MOTCHIMAT NPUMEHEHHS H, CJICAOBATENbHO, LEHHOCTh MPOAYKTa. I[IOCKONBKY
CBOICTBA KaTalIn3aTopa B 3HAUUTEIILHOW CTEHCHH BIHSIOT Ha CEICKTUBHOCTh IMAPUPOBAHMS U
o0pa30BaHKE TPAHCH30MEPOB, IIOMCK KATATUTUUCCKOI CHCTEMBbI UIMEET PELIAIOIIee 3HAYCHHE IS
HOJIy4eHHs] TPOAYKTOB, AEMOHCTPHPYIOIINX MPEBOCXOIHYIO (DYHKIMOHAIBHOCTh, TO €CTh
XOpOIIYK CTaOMIBHOCTh, MOIXOJsIIne (Qu3nyeckie CcBoiicTBa. B crathe comepikuTCs
TEOPETHYECKUE TMOHATHS O KATAIMTHYECKOM THIPUPOBAHMM Macell, KaTalu3aTropax,
UCIIONIb3YEMbIX TPH THIAPHUPOBAHUU Macesl, a TaKkXkKe JKCIICPUMEHTalbHAas 4acTh, TJe OBLIO
HPOBEJICHO THUIPUPOBAHUE TOJCOTHEYHOIO Maciia ¢ UCIIONB30BaHUe KatanuzaTopa Pt Ha
nHepTHOM Hocutene AlxOs.

Kuroyegvie cnosa: KaTamuTHYeCKOe THUAPUPOBAaHUE, BOAOPOA, IIOJCOIHEYHOE MAacIo,
KaTajau3aTop, yriIeBOJOPOIbI, THAPOT CHU3AIIHSI.

Beenenune

B KazaxcTane ecTb MHOTO CBIPBS JUISI KATATUTHYECKOTO THIpUpoBaHus mMaceln. [logbop katanuTuueckon
cHCTeMBbl HEOOXO0ANUM ISl yydIeHus cepbl THAPUPOBAHUSL.

Kartanutnyeckoe THAPUPOBaHUE OXBATHIBACT OOJNBIIYIO TPYIILY PEeakuui MPUCOSAWHEHHS BOAOpPOIA TIO
HeHachlmeHHbIM cBa3siM C=C, C=0, C=N, C=C u T.A., a TaKkXke peakIuH THIporeHonusza (paspeiBa U
BoccranoBienus) ceseir C-C, C-O, C-S u ap. [2] ['maporenmszanus — 310 0o0mmii mporecc o6pabOTKH
BOJIOPOJIOM, NPEICTABISIOMNI cO00H XUMHUYECKYIO PEAKLHUI0 MEXIY MOJEKYIApHbIM BopoporoM (H2) u
IpYyTUM COEJIMHEHHEM 17031 3JIEMEHTOM, 00BIYHO B MIPUCYTCTBUU KaTajgu3aTopa.
OTUMH dIIEMEHTAMHU SBIISIOTCS. HUKEIb, Maiaanii win miatuHa. JIlo0ol U3 HUX MOXKET ObITh UCIIONIL30BaH B
KadecTBe Karanuzaropa. Kartanmmzatop obecreurBaeT anbTE€pHATHBHBIA IMyTh ¢ Ooyiee HU3KOHM 3Heprueit
aKTHBAIMU. JTO TIO3BOJISIET PEAKIIMH MPOXOIUTH MpU OoJjiee HUIKUX TeMIlepaTypax. ITOT Mporecc 0OBIYHO
WCIIOJNIB3YeTCA /U1 BOCCTAHOBIICHUS MJIM HACHIIIEHUS! OPraHUYeCKUX COEAMHEHUH.

I'mapupoBaHre pacTHTENBHBIX Macel OOIIMPHO paclpOCTPAaHEHHBIH TEXHOJIOTMYECKUI mpolece
MOJTYYEHUS! CHIPhS JUISl POM3BOJICTBA MaprapuHa, MOIOIIMX CPEICTB, KOHAUTEPCKUX >KUPOB, MbLI, CTEapUHA
W Jpyrux MpOAYyKTOB. Bo Bpems THApOreHW3alMu pPacTHTENBbHBIE Maclla pearupyroT ¢ ra3zoo0pa3HbIM
BOZIOpPOJOM Iipu Temreparype okoso 60°C. IMeHHO ruzporeHu3anus pacTUTENIbHBIX Macesl UMeeT 0obLIoe
3Ha4YEHHUE, T.K. YBEJIMUMBAET 0OBEMBI POMU3BOACTBA MUIIEBBIX MPOLYKTOB. [ MonenupoBaHus mpouecca
J000T0 XUMUKO-TEXHOIOTHYECKOTO MPOoIiecca He0OXO0MMO YUUTHIBATh KHHETHYECKUE, TEPMOINHAMHYCCKHE
Y THIPOJUHAMHMYECKHE acleKThl. | MApupOBaHUE JKUPOB W Macel SBISETCS OYeHb Ba)KHOM omepanuel B
MIPOMBIIIIEHHOM TIPOLIECCE MOJIYYEHUS! PaCTUTENBHBIX JKUPOB, MAPrapuHOB U UCXOJHBIX KOMIIOHEHTOB AJIS
KOCMETHYECKON M XMMHYECKOW MPOMBIIUIEHHOCTH, TAKUX KaK dMYJIbIaTOPhl, MbIJIa, KPEMBI, TACTHl H TOMY
noJIo0Hble  BemiecTBa. ECTh JIBeé OCHOBHBIE MPUYHMHBL, 1O KOTOPBIM THAPOTCHU3AIMS BaKHA ISt
MPOMBIIIJICHHOCTH. BO-NIepBbIX, 3TO NOBHIIIEHWE CTAOMIBHOCTH Macjia. BBICOKO HEHACHIIEHHOE Macio
MO/IBEP’)KEHO CaMOOKHCIIEHHIO, TEPMUYECKOMY DPA3JIOKEHHIO W JIPYTHMM PEAKIMSIM, BIMSIOIIMM Ha BKYC.
CrnenoBaTenpHO, JKEJIAaTeIbHO YAaCTHYHO THAPOT€HHM3MPOBATH MAciio Ui YBEJIMYEHHUS CpPOKa XpaHEHHS.
Bropad mpuumHa 4YacTMYHOrO THUAPOTEHU3ALMM PACTUTENBHOIO Macia 3aKII0YaeTcs B IOBBIIIEHHH €ro
noJyie3HoCTH. i GOJBIIMHCTBA MPOIYKTOB, TAKUX KAaK MaprapuHbl WIM KOHAWTEPCKUE >KUPBI, JKEIaeMble
XapaKTePUCTUKH Pa3MSITYeHHs U TUIABJICHHUSI COOTBETCTBYIOT YACTHYHO THIPOTCHU3UPOBAHHBIM MacyiaMm. [1]
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Peakiun ruapupoBaHusi OOBIYHO MPOBOAAT B PEAKTOPaX C MCIONB30BAaHHEM MEIIAIOK B MPHUCYTCTBHH
CYCIIEHANPOBAHHOTO MENKOIMCIIEPCHOTO KaTajln3aTopa, a TakXKe B almaparax C HEMOJBIXHBIM CIOEM
KaTajgn3aTopa W BOCXOMSIIUM IIOTOKOM Ta30KHAKOCTHOW cMmecu. CyIIecTByeT aBa THIIA PEAKTOPOB C
HETIOABIKHBIM CIIOEM, 3TO: KOJOHHBIH (c AnamerpoMm kopmyca 0,8—1 M), B KOTOpOM AJisi CHATHS TeIia U
MTOBBIIIICHAUS CENIEKTUBHOCTH PEAKIIUH XOJIOAHBIN BOJOPOA MOJACTCA HETOCPEICTBEHHO B KaTATUTHYECKUHA
CJIOH, ¥ TPyOUaTHIH, T/Ie KaTaTM3aTop pa3MeIiaeTcs B TpyOHoM npoctpaHcTse (auametp Tpyook 0,03-0,05 m),
a OXJIKJAIOIIUI areHT MmojacTcsi B MeXTpyOHOe mpocTpancTBO. [Ipyu MCHONIB30BaHUM JaHHBIX ANIapaToB
Yale BCEro CO3Aal0T YCJIOBHSA, B KOTOPBIX KHIKas (asza sSBIsSeTCs CIUIOLIHOM, a Tra30Basi TUCIEPCHOW. DTO
HE00XOMMO AJISI TOTO, YTOOBI YaCTHIIBI OBLTH TIOJTHOCTHIO CMOYEHBI, M BCA ITOBEPXHOCTH KaTau3aTopa Oblia
Wcronp30BaHa. [JIs BOCXOMAIIETO NBIKEHHS Ta30’KUAKOCTHOTO TOTOKA 4Yepe3 HEMOJBMIKHBIN 3€PHUCTHIN
CIIOH C YacTHIIaMH pa3MepoM 10 3—5 MM, B TpyOkax nuamerpom ot 0,07 1o 0,7 M B 3aBUCIMOCTH OT CKOPOCTH
ra3a HabJogaeTcss Kak MUHIMYM TPH THAPOIMHAMUYECKUX pexkumMa. [ my3bIpbKOBOTO peXIMa XapaKTePHBI
MaJIeHbKasi CKOPOCTh Ta3a M €ro ABIDKEHHEM MEX 3€pHOBBIX KaHAJOB, 3aMlOJHEHHBIX CIUIOIIHOW XUIKON
(ha30ii B BUIE OTJCIBHBIX My3bIPHKOB. 1Ipu MynbcallmOHHOM peXHMe ra3 ABUraeTe B BUC KPYITHBIX My3bIpeH,
KOTOpbIee 3aloHsIOT Bech 00beM. [lpu cTpylHOM pexumMe ra3 IBHXKETCS CIUIOIIHON (a3oi, KUAKOCTh —
IUIEHKOM 110 TTOBEPXHOCTH TBEPABIX YacTHil.[3]

[Tpu npoBeaeHUN peakluy THAPUPOBAHUS MOKHO BOCIOJIB30BaTHCS MIMPOKUM HAOOPOM KaTajIu3aTOpOB.
Uto OB COKOHOMUTH CpeCTBA OBLTH MPEUIOKEHBI HeJparoleHHbIe METaIUIbl TAKUe KaK: HUKENb (AJIOMUHAT
unukens (I11)), menp, koOaneT 1 MonmOAeH. ['uapupoBaHre PY HU3KOM JABICHUU MPOBOIST B MPUCYTCTBUU
CKEJIETHOTO HUKeNs (TBEPIABI MHUKPOKPHCTAIIMYCCKAN TMOPUCTHIA HUKEIEBBIH KaTaln3aTop), IUIATHHEL.
JlanHbple MeTayUIbl 00J1a/Ial0T CIIOCOOHOCTRIO COPOMPOBATH OJHOBPEMEHHO CyOCTpaT M BOAOPOJ, oOJieryas
PEaKINI0 MEXTY HUMH.

[Ipu mpoBeneHNH peakuy THIPHPOBAHNSA, KATAIN3aTOPHI ENAT Ha IBE TPYIIIIHL:

-TEeTePOreHHBIE KaTallM3aTOPbI, KOTOPBIE SBIAIOTCS TBEPABIMU BELIeCTBAMH U 00pa3yloT OTACIbHYIO a3y B
KUJKON pEaKLIMOHHON CMECU
-TOMOT€HHBIE KaTallU3aTOPBI, KOTOPHIE PACTBOPSIOTCS B KUAKOU Cpere.

[InaTuHOBBIE KaTAIU3ATOPHI

W3navanbHO TipeAnioKEeHHBbIE BUIbI IUIATHHBI MCYEPNAId CBOIO aKTyalbHOCTh, HA CMEHY WM MPHILTA
KaTajau3aTopbl C HAWIydImmuMH cBoicTBamu. Okcup mnatwHbl PtO2 (katammzaTop Anmamca) MpelcTaBiseT
€000 CTaOMITBHBIN KOPHYHEBBIN TOPOIIOK, KOTOPEIH MPH MPOBEACHNN PEAKIIUU THIPHPOBAHIH YBEITUINBAET
CBOIO aKTHBHOCTh. ETO MOXXHO HCIOJIB30BaTh MOYTH BO BCEX PEAKUUSIX THAPHUPOBAHMS, OH AKTUBHPYETCS
HEKOTOPBIMH COJISIMU METAIIJIOB, JIE3aKTUBUPYETCS CEPOH U IPYTUMH KaTaTUTHYECKUMHU SIAMH, BRIIEP)KHBAET
CWJIBHBIE OpPTaHIYECKUE U MUHEPAIbHBIE KUCIIOTHI.

KaranuzaTop Anamca TOTOBST CIUIaBICHHEM IUIATHHOXJIOPHUCTOBOAOPOIHONW KHCIOTBHI MM XJIOPHCTOTO
MaJIausl C HATPATOM HaTpusl. [Ipu 3TOM Moy4aroTcsi KOpHYHEBbIE OKHUCIIBI METAJIIOB, KOTOPBIE TPOMBIBAIOT
BOJIOH, CyIIAT U J1ajiee UCTIOIB3YIOT 1o Mepe HaioOHocTh. K pacTBOpy rufjpupyemMoro BemiecTsa mpruoaBIstoT
HEOOJIBIIOE KOMMYECTBO TakoW okwicH. [Ipw BCTpAXMBaHMM CMECH B TOKE BOJIOpOJIa YacTh €r0 BHAYale
pacxojyeTcss Ha BOCCTaHOBJICHHE OKHCH JI0 YEpHOH CYCIEH3MH TOHKO W3MEILYEHHOTO MeTajlla, KOTOPBIH
3aTeM KaTaJu3upyeT MPUCOSTUHEHHE BOAOPOAa MO JBOWHON CBs3W. POIIb HHEPTHOTO HOCUTENS COCTOUT B
YBEIMYEHUH TIOBEPXHOCTH KOHTaKTa MeTalla WJIH JPYroro akKTHBHOTO KOMIIOHEHTa KaTaliu3aTropa c
pearupyomuMy BerectBaMi. [103ToMy ylienbHas TOBEPXHOCTh CAMOTO HOCUTENSI U €T0 CTPYKTYpa BIUSIOT
Ha aKTUBHOCTH KaTaJIn3aTopa.

[InatrHOBBIE KATATU3ATOPBI MOTYT CIYXKHTH JIJISl THAPUPOBAHUS Pa3HOOOPa3HBIX BENIECTB IPU KOMHATHOM
TeMIiepaType 1 HeBbICOKOM naBieHnu (1—4 atm). [4]

Coneprxanue >KUPHBIX KUCIOT B MOJCOTHEYHOM Maciie : creapuHoBas 1,6—4,6%, mansMutuHoBas 3,5—
6,4%, wmupuctuaoBas ao 0,1%, apaxwroBas 0,7—0,9%, onewnoBas 24—40%, nuHomeBas 46—62%,
nHOoJIeHOoBas 10 1%. JInHoeBas KUCI0Ta — OJHOOCHOBHAS KapOOHOBask KMCJIOTA C ABYMSI M30JUPOBAHHBIMHU
neoitabME cBs3siMu CH3(CH2)3—(CH2CH=CH)2(CH2)7COOH. JlnHoneHOBasg KHCIOTa — OJHOOCHOBHAA
KapOOHOBasi KHUCIIOTA C TpeMsl M30JUPOBaHHBIMU OBOWHBIMHU cBsizamu, CH3(CH2CH=CH)3(CH2)7COOH.
Omneunnogas kucinora CH3(CH2)7CH=CH (CH2)7COOH — HeHachbIIlIeHHAs )KUPHAs KUCIIOTA.

3KC1’[epI/IMeHTa.]'II)Haﬂ HacTb

OGopynoBanue: Pearentsr:
-I'enepartop Bomopona I'B-1 -IToaconHeuHoe Macio
-Tpexropmnas konba -IInporammon
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-Konnueckas xonba -Bona
-OnexTpudeckas IInTa -Karammzatop (Pt)
-DNeKTPOHHBIE BECHI
-BepxuenpuBogHas norpyskHasi MeIanka
B tpexropiyto xoi0y, cHa0KeHHYO MEIITAIKOH 1 ITOJKITIOYEHHYIO K TeHepaTopy BOIOPOAA, 3arpyKatoT
0,3 r. karanu3atopa (tnaruHa Pt Ha naepTHOM HOcuTenmu Al;O3). 3aTtem B konOy HanmuBaroT 150 M

HOJICOJTHEYHOI0 MaciIa.

[apannensHo ¢ STUM B KOHWYECKYI0 KonOy HanuBaeM 100 r nuporammona u 500 M1 BoAbI, 1Jist
HOTJIOMEHHs Kucaopoaa. CTaBUM TpeXropiryto Koja0y Ha 3JIeKTPHIECKYIO TUTUTY M HAaYMHAeM I'PETh
OopOoTHpys Yepe3 peaknnoHHYI0 Maccy BoJopo. CITyCTs BpeMsi pacTpOB C MHPOTAIIONIOM IIOTEMHEET, a
pacTBOp C MOJACOTHEYHBIM MacjiOM MyTHEET, TOTOMY YTO MPOPearupoBal ¢ BogopoaoM. [Ipu runprupoBaHuu
MCYE3al0T IBOWHBIE CBSI3H, HENPEIEIbHbIE )KUPBI IPEBPAIAlOTCs B TIpeieabHbIe. VITOroBbIi IpOIyKT
peakuu Ha puCyHKe 3.

Puc.1 YcranoBka 1jisl THAPHPOBaHUS
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.

Puc.2 Peaknmnonnas cMech

Puc.3 IlpoaykT peakuun
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BriBozbI
Takum 006pa3oM OBLIO MPOBEICHO KATATUTHICCKOE THAPHPOBAHHE IOICOHEYHOTO Macia, B pe3yibTaTe
KOTOPOTO TOJYYHIICS MPOAYKT Ha puc.3. C XUMUYIECKON TOYKH 3pEHHS THIPUPOBAHUE MPEACTABISIET COOOH
PeaKIUI0 IPUCOSTUHEHHS Ta3000pa3HOr0 BOJIOPO/Ia K HEHACKIICHHBIM (JIBOMHBIM WM TPOWHBIM) CBSI35IM B
MOJIEKYJIax KHPOB B MPUCYTCTBUH KaTaIn3aTopa. B pesynpraTe moimy4yaeTcs TBep bl WM TOJTYTBEPIbIH KHD.
OcBoeHa TEXHOJIOTHS THUAPHPOBAHUSA, a TaKKe 3aKPEIUICHBI TEOPETHUECKHE 3HAHUS O KATAIUTHICCKOM
ruapupoBaHun. PaboTa nmpoaomkaercs, BeIETCs MOUCK KaTAIMTUICCKON CHCTEMBI.
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B.B. Mepkynos, C.M. Apmus, A.1. Anmasos
OciMik MallJIapbIH KATATUTHKAJIBIK THAPJIEY

byn makamama «KyHOarbic MailblH THAPIIEY» 3€pTTEY KYMBICH OepinreH. OciMaiKk MalIapbiH
THIpIEY TaMaK >KOHE XUMHSA OHEPKOCiOiHIH eTe MaHbI3Abl Oefiri Oosbin  TaObUIaibL.
KaranutukaibiK MPOLECTIH CEICKTUBTUIIN THAPIICY OHIMACPIHIH XUMHUSIIBIK JKOHE (PU3UKAIBIK
KACHUETTEpiH aHBIKTANABl, KOJJAHY TMOTEHIMAJbIH JKOHE JEMEK OHIMHIH KYHIbUIBIFBIH
aHBIKTalapl. KaTanm3aTopaslH KacHeTTepi THAPOTEHU3AIUSHBIH CEJCeKTUBTLIITIHE )KOHE TpaHC
W30MEpIIEPiHiH TY3UIyiHEe YJKEH 9cep eTeTiHAIKTEH, KaTalu3aTop >XYHeciH i3aey Tamalia
(YHKUMOHANIBUIBIKTBI, SFHU JKAKChl TYPAKTBUIBIKTBI, KOJalnbl (DU3MKANBIK KacHeTTep.i
KOepCeTeTiH eHIMAepi ally YILiH eTe MaHbI3/1bl. Makasana Maiaapapl KaTaIUTHKAIBIK THAPIIEY,
Mainapapl THIApJIeyAe KOJJIAHBUIATBIH KaTaln3aTopiap, COHbIMEH KaTap KyHOarbic MalbIH
rugporenmzanusuiay  AlI203  wHepTTI TaceIManaymibichiHAa Pt KaTamu3aTopbl  apKbLIbI
KYPTi3UIreH TaxipruOenik 0eiM Typabl TEOPHSUTBIK TYCIHIKTEp OepiireH.

Heezizei  co30ep: KaTaIWTHUKAIBIK THAPJICY, CyTeri, KyHOarbiC Maibl, KaTaJu3aTop,
KOMIPCYTEKTep, THIPOTCHU3AIIUS.

V.V. Merkulov, S.M. Armia, A.l. Almazov
Catalytic hydrogenation of vegetable oils

This article presents the research work "hydrogenation of sunflower oil". The hydrogenation of
vegetable oils is a very important part of the food and chemical industries. The selectivity of the
catalytic process determines the chemical and physical properties of the hydrogenation products,
determining the application potential and hence the value of the product. Since the properties of
the catalyst greatly affect the hydrogenation selectivity and the formation of trans isomers, the
search for a catalyst system is critical to obtain products that exhibit excellent functionality, ie
good stability, suitable physical properties. The article contains theoretical concepts about the
catalytic hydrogenation of oils, catalysts used in the hydrogenation of oils, as well as the
experimental part, where the hydrogenation of sunflower oil was carried out using a Pt catalyst
on an inert carrier AlI203.
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Key words: catalytic hydrogenation, hydrogen, sunflower oil, catalyst, hydrocarbons,
hydrogenation.
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Comparison of Controlled/Living Radical Polymerization Techniques
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(e-mail: gaziza.zhumanazarova@mail.ru)

This paper describes a modern method of polymerization, which has developed very progressive
in recent years. Living polymerization is a chain polymerization that proceeds without chain
transfer and termination steps. In such polymerizations, the polymerization continues until all of
the monomer is consumed. It also explained the mechanisms and techniques ATRP system, NMP
technique and RAFT polymerization.

Key words: living polymerization, controlled polymerizations, ATRP system, NMP technique,
RAFT polymerization.

The discovery of living anionic polymerization and subsequently other living/controlled
polymerizations (Living/controlled polymerization, LP/CP) has had significant effects on polymer and
materials science. This situation, which is effective in polymer physics, has opened a new way in synthetic
polymer chemistry, preparing well-defined polymers and creating polymer types with nanostructured
morphology. Obtained polymers; It has been successfully commercialized in many applications such as
binders, personal care products, medical industry and thermoplastic elastomers.

Living polymerization is a chain polymerization that proceeds without chain transfer and termination
steps. In such polymerizations, the polymerization continues until all of the monomer is consumed. Thanks to
this property, polymers with predictable molar mass and narrow molar mass distribution can be obtained with
copolymers with perfect structure. With the living polymerization method, well-defined block and graft
copolymers, comb-macroring polymers and polymers with functional end groups can also be synthesized [1].

The term living was coined by Szwarc in 1956 with the discovery that the polymer chain grows until
all of the monomer in the medium is consumed during the anionic polymerization of styrene in a
tetrahydrofuran (THF) solvent [2,3]. This is described in the description of anionic polymerizations without
side reactions. With this work by Szwarc, great progress has been made in the field of living polymerization,
and living cationic and living free radical polymerizations have been developed [4]. There is no termination or
chain transfer in this polymerization system, and the polymerization process continues in a controlled manner
until the monomers are exhausted. Block copolymer formation is provided with the addition of monomer,
respectively. The molar mass of the polymer formed depends on the initial monomer/initiator ratio. Thanks to
this method, polymers with controllable molar mass, low polydispersity index (P) and end groups can be
synthesized.

In a study conducted in 1987, controlled-living radical polymerization brought a different perspective
in polymer preparation [5]. From this point of view, polymers with different properties such as linear, star,
comb, ring, etc., having end functionality in structure, statistical, periodic, block, graft, and gradient
arrangement could be synthesized [6].

Controlled polymerizations may not always be living. At the same time, living polymerizations may
not be controlled [7]. For a system to be living, the initiation step must be much faster than the progress step.
When the opposite happens, the first chains to be formed will be longer than the chains formed in the next
step. Classical living polymerizations usually require an initiator and a monomer (e.g. anionic polymerization
of ethyleneoxide, styrene and dienes), while living polymerizations (cationic, atom transfer radical) require an
extra reagent as a catalyst.

Living polymerization;
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* Formation of polymers with narrow molar mass distribution (Mw / Mn < 1.3),

* The mean degree of polymerization and [Monomer]o/[Initiator]o ratio increase linearly with
monomer conversion,

* Ki >>> Kp, that is, chain elongation does not occur until the start is complete,

* Active centers have sufficient stability to allow sequential addition of monomers,

* Obtaining (co)polymer with narrow molar mass distribution,

It differs from classical polymerizations due to its superior properties.

The main living polymerization techniques are Atom Transfer Radical Polymerization (ATRP),
Reversible  Addition-Fragmentation Chain Transfer Polymerization (RAFT), Nitroxide-Mediated
Polymerization (NMP).

Atom transfer radical polymerization (ATRP)

ATRP is a new approach to controlled radical polymerization involving the transfer of a halogen atom
between the transition metal complex and the polymer chain end [8]. ATRP can generally be applied in solution
or in anhydrous environment. It is a method that allows all chains to grow simultaneously and is based on the
dynamic balance between the dormant and active parts [9,11].

The polymers obtained by this method have a significantly narrow polydispersity (Mw/Mn<1.5). In
addition, the polymerization rate depends on the structure/activity of the initiator, catalyst activity, solvent
polarity, functional groups of the monomers, and temperature [12]. This method, which can polymerize a wide
range of different types of monomers, is tolerant to traces of water, oxygen and impurities, and can also be
easily applied in industrial processes [13].

An ATRP system; It consists of initiator, ligand complex of Cu(l) halide and monomer. ATRP can be
successfully adapted to the controlled/living polymerization of styrene, acrylates, methacrylates, acrylonitrile
and other monomers (Figure 1).

Initation:
R—X+ Cu(I)/Ligand — —— R+ XCu(I)/Ligand
d

K [+M

[E——

R—M—X-+ Cu(I)/Ligand R—M' + XCu(I)/Ligand

kp [+DM,
Equilibrium with dormant species
R—M;—X+Cu(l)/Ligatnd ——————— R—M; + XCu(II)/Ligand
R o
Kp

Propagation

R—DM; + R—N\I, R—NM,.,— R + R—MH/R—M
Figure 1. General mechanism of ATRP [14].

Nitroxide-mediated polymerization (NMP)

NMP technique is one of the versatile techniques of living/controlled polymerization. NMP is based
on polymerization using nitroxyl radicals (nitroxides) or alkoxyamines. Initiators that can be easily attached
to the surface are used to perform the NMP technique on a substrate in a controlled manner [15]. The initiators
used in NMP consist of three parts. Part I is the part containing the active group that tends to bind to the surface.
I1. The part is the part that contains the group that can split into two in the face of any effect and form a radical
end. I1l. The part is the part containing the active end that will initiate the polymerization.

Reversible addition—dissociation chain transfer radical polymerization (RAFT)
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RAFT, which is the most preferred polymerization among living/controlled free radical polymerization
methods, is radical polymerization applied in the presence of thiocarbonylthio compounds [ZC(=S)SR] giving
chain transfer reaction. It was developed by the Australian Government Scientific and Industrial Research
Organization (CSIRO) in 1988 [16]. A polymerization with a similar mechanism, called “macromolecular
design by xanthate exchange (MADIX)” using Xanthate type compounds as RAFT agent, was developed by
another group of researchers in France [17]. In the early 1970s, the first radical coupling-dissociation
mechanism was observed in organic chemistry. Its direct use in molar mass control and end group functionality
with additive-segregation transfer agents in polymers was found in the mid-1980s [18]. Zard et al., in 1988,
saw xanthate ester and reversible chain transfer as a suitable source for alkyl radicals and used this synthesis
for single additions to the monomer [19]. RAFT polymerization is based on degenerative chain transfer, which
is a fundamentally different mechanism compared to NMP and ATRP, and there is no continuous radical action
to maintain control.

Figure 2. General mechanism of RAFT polymerization technique [20].

Controlled radical polymerization techniques are the methods used effectively today. These methods
have advantages as well as weaknesses or limitations. Comparison of these methods is shown on four main
features.

These;

* Reaction conditions (temperature, time, sensitivity to impurities, etc.),

* Monomer types used in polymerization,

* Structure of transferable end groups/atoms,

* Various additives such as catalyst, accelerator, etc.

The most important advantage of NMP is that no metal is used in the system and it does not require
the use of any catalyst. One of the weaknesses of this method is that polymerization is carried out at high
reaction temperatures. Although the NMP method can be successfully applied to styrene and copolymers, it
produces unsaturated oligomer/polymers or poorly controlled polymers when used for acrylate and
methacrylate. The use of RAFT polymerization for all radically polymerizable monomers is an important
advantage. ATRP and NMP systems have only long chains at sufficient conversions and therefore terminate
more slowly. Polymerization can be performed in a wide monomer and temperature range in the ATRP
method. The production of low molar mass polymers is of interest because of the cost of end groups and easier
catalyst removal. This technique is also very useful for the synthesis of block copolymers and hybrids with
terminal functionality. The catalyst in the reaction medium must be able to enter the reaction medium.
Recycling or removal of this catalyst used in the reaction system is the most important weakness of the ATRP
technique [21]. It is clear that RAFT, ATRP and NMP systems have their own weaknesses. The most suitable
system for obtaining high molar mass polymers and using low reactivity monomers is the RAFT technique.
ATRP, on the other hand, is suitable for the synthesis of low molecular mass polymers with special functional
groups and some block polymers that cannot be synthesized by other methods. The most ideal technique for
the absence of metals and some elements such as sulfur is NMP.
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bakbL1aHATBHIH MOJIMMepJIey JAiCTepiH Tipi paauKaagapMeH CaJabICThIPY

By Makanmama COHFBI JKBUIAAphl ©T€ MPOTPECCHBTI JaMbIFaH MOMUMEPICYAIH 3aMaHayHd oici
cunatTainFad. Tipi monumepney-0y Ti30eKTi TackIManay KoHe TOKTaTy Ke3eHepiHCi3 KYPETiH
Ti30ekTi monmMepney. MyHpaaldl monuMMeplieHy Ke3iHAe moinuMmepiey OyKinl  MOHOMep
JKyMcalrFanra neiin sxkamracanpl. On cormaii-ak TRP xyiieciHiH MeXaHU3MIEpi MEH 9JIICTEPiH,
NMP xomne craft momumeprey 9icTepiH TYCIHIIPII.

Tyitia ce3aep: Tipi momuMepIey, OacKapbUIaTHIH MoIuMepiey, atrp xyieci, SNMP omici, EFT
MOJIUMEPIIEY.

E.Yildirim, I'.M. )Kymanazaposa

CpaBHeHHMe MeTO/10B KOHTPOJIHPYEeMOii NOJIMMepPH3aliH € ;KUBbIMU PAIHKAJIAMU

B nanHOl cTaThe OMUCHIBAETCS COBPEMEHHBIM METOJ MOJKMMEPU3ALHNH, KOTOPBIA B MOCIEIHNE
roJpl TOJMY4YHJI OYEHb IPOrpeccUBHOE pa3BuTHe. JKMBasg mNoJuMepH3alys - 3TO UemHasd
MOJIMMEpH3alus, KOTopast MpoTekaeT 0e3 CTaauii nmepeHoca W mpekpameHus nend. [Ipu takux
MOJIMMEPHU3aLUAX TOJIMMEPHU3aLKs IPOA0IIKAETCS 10 TEX TOP, [TOKa He OyAeT N3pacxol0BaH BeCh
MoHOMep. B HeM Taxke 00BACHSIIMCh MeXaHU3Mbl U MeTo bl cucTeMbl ATRP, Texuuku NMP u
nonuMepusarua RAFT.

Krroueguvie cnosa: xuBas noauMepu3alus, KOHTPOJIUPYEMble onuMepusanum, cuctema ATRP,
texHonoruss NMP, nnoToBast monumepusausi.
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CuHTEe3 NPOU3BOIHOI0 8-0KCUXHHOJMHA

B nmaHHOW cTaThe paccMaTpHBAaeTCSd CHHTE3 MPOM3BOIAHOTO  8-OKCHXUHOIHMHA.OTHCAHbBI
XUMUYECKHE CBOMCTBA BEILIECTBA, YCIOBHS IIPOBEJCHUSI CUHTE3a MPOU3BOIHBIX §-OKCUXUHOIMHA.
[Tocme mpoxoXxaeHne BceX JTAoOB CHHTE3a, BEUIECTBO OBLIO HAMPABICHO I HICHTH(DUKAIIH
UCTPYKTYpel MeronoM SMP-cnekrpockonuu. B pesynprares CTpykTypa MOATBEpAWIACH,
CUHTE3MPYEMOE BEIIECTBO HA3hIBACTCS - AllCTATXWHOJUH. 8-OKCHXWHOJIMH 00JIaZacT pa3HbIMH
OMOJIOTMYECKUMU CBONCTBAMH, IPH MOJTyUYECHUE MTPOU30BIAHBIX OBUIH CIIEKTP €r0 OMOJIOTHYSCKUX
CBOWCTB  pacmmpsuiick.ViccnenoBanue  HampaBiIeHBI B CTOPOHY — QHTHOKCHAAHTHOW
akTuBHOCTU. 1151 3TOTO MIPOBOIUITUCH MHO>KECTBO pabort 1o OCBOEHUIO
BoJbTammepomerpuaeckoro komiuiekca CTA. CrneayrommuM IIaroM MCCIEIOBAaHUS SIBIACTCA
M3yYeHHE aHTHOKCUIAHTHOW aKTHUBHOCTH aIleTaTXHMHOIIMHA.

Knrwouesvie cnosa . 8-OKCHXWUHOJMH, NPOU3BOJAHBIC OKCUXHUHONWHA, SAMP-cnexrpockonuu,
BoJbTamMIepoMeTpuueckuil komruieke CTA, 3eKTPOXUMUYECKUIA METO.

Beeoenue

B nanHOe BpeMs TeTepOLUKINYECKHE OPTaHWYeCKHUE COCAMHEHHsI COCTABISIOT OOJIBLIYIO YacTh BCEX
CHUHTEP3UYEMBIX JIEKApCTBEHHBIX BEIECTB. P51 MpOU3BOAHBIX XMHOJIMHOBOTO Psiia SIBISIOTCS] OMHUMU U3 HUX.
[IpousBoagHbIle XMHOJMHOBOIO psAa IIUPOKO HCIONB3YIOTCA MJsl MOJYYEHHUS] BBICOKOII(P(PEKTUBHBIX
AQHECTE3UPYIOIIUX ¥ aHTHOAKTEPHAIbHBIX MPETapaToB.

B 3aBucMMOCTH OT CTpPOEHHSI YIJIEPOJHOIO OCTaTKa MPOHM3BOJHBIC §-OKCMXMHONMHA O00JIafaroT
Pa3TMYHON OMOJIOTMYECKON aKTHBHOCTBHIO. BermiecTBa, B CTPYKTYpYy KOTOPBIX BXOJUT XWUHOJIHMHOBBIA P,
okazanuch 3QpPeKTUBHBIMU TP JicueHNH MH()EKINH MOYEBBIBOISIINX MyTel, pacCTPONCTBE MUIIEBAPEHUS,
callbMOHeIIe3a, IMCcOaKTepruo3a.

B ckopoii mepcrektuBe 0€3 MOCTOSIHHOTO HM3YYEHHUS M BOBJICUEHHS B Pa3jIMYHbIE PEAaKLUH HOBBIC
OpTraHNYeCcKHe COSAMHEHHE TPYHO MPEICTABUTh NANbHEHIee pa3BUTHE OpraQHUUIECKOH XUMUH.

B kadecTBe 00BeKTa UCCIIEIOBAHUS HCIIOIb30BAIH IPOU3BOJIHOE 8-OKCHXMHOJINHA.

8-OKCHXHMHOJIMH — reTepOLMKINIECKOe OpraHMuecKoe coelnHeHre, nmeroniee opyrro coctaB COH7NO,
MOJIEKyJIsipHasi Macca coctaBusger 145,15 1/momb. U3BecteH Kak OaKTepHaNbHBIA  WHTUOHUTOD,
MPEIIECTBEHHUK MPOTHBOMAIISPUHHBIX W TPOTHBOPAKOBBIX JIEKAPCTB. B OYMIICHHOM BUjE MMEET BH]I
OECLIBETHBIX MI'OJIbYATHIX KPUCTAJUIOB CO CHEIU(PUIECCKUM 3a11aXxoM.

OOnazaer TOCTOSHHBIM COCTaBOM, XOpOLIO KPUCTAIM3YETCS M HE pas3jlaraeTci Ha BO3IYXe.
TemmepaTypa IIaBICHHS B 3aBHCHMOCTH OT YHCTOTHI BEIIECTBA JISKUT B uHTepBasie 71.85 — 76,85 rpagycoB
o Lenscuto. Temneparypa kumnenus — 266,45 rpagycos no Lleascuto (752 MM pT. ct.). [T10X0 pacTBOpHM B
Boze, xiopodopme (381,7 1/m), 6enzone (319,3 r/m), uzoammnanerare (174,1 v/m), nustunoBom 3¢pupe (95,8
1/11), ©30aMHIIOBOM criupTe (56,6 r/11). B BoTHOM pacTBOpe BelleT ce0si Kak ci1aboe OCHOBaHUE M KpaiiHe ciabast
KucinoTa.PacTBOpbl Ha OCHOBE 8-OKCHXHMHOJIMHA TEMHEIOT Ha CBETY, IIOATOMY MX CIIEAYET XpPaHUTh B TEMHOM
U TIPOXJIQJIHOM MECTe.

OcHoenas yacmo
[lupokoe mprMeHeHHe S-OKCUXHHOJIMH MPUOOpEN 3a cueT (DYHKIMOHAIBHON TPYMIIUPOBKH, KOTOPAS

crocoOHa BCTymaTh B peakiuio. /laHHas TpynmupoBKa BKJIIOYAET B ce0S THAPOKCHIBHYIO TPYHIy H
rerepormkiuaeckuii azor (Puc. 1.). U3yueHo B3aumoneiircBue 8-okcuxuHoIMHA OoJiee YeM C MOJOBHHON
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3JIeMEeHTOB Tepuoauydeckoi cuctemsl JI.M.Menaeenesa. bnaronaps Hanumuuio B Mosekyne gpenonsHoi OH-
IPYNIEl 8-OKCUXUHOIMH MO>KHO OTHECTH K THIPOKCHIICOAEPIKAIIMM OpraHNdecKuM peareHram tuma R-OH.

8-OKCHXMHONMHA CHHTE3UPYETCS B HPOMBINUICHHBIX MAacCIITa0aX HarpeBaHUEM COJITHOKHCIOTO O-
aMHHO(EHONIa U 0-HUTPO(EHONA C TIMICPUHOM U KOHICHTPUPOBAHHON CEPHOM KUCIIOTOM.

a) 6)

N C
) =/ =
) |

OH OH

Pucynok 1. a) monekyna 8-okcuxuHONMMHA 0) GYHKIIMOHATBHAS TPYIIA

Cunres unet uepes coequrennss CHz;= CH — CH — C — (O)H , xoTopoe obpasyeTcs u riniiepruHa mpH
motepe 2 MojieKysl Boabl. K 0€3BOAHOMY TIIMIIEPUHY ITOCTEIIEHHO NMPHOABISIOT MOJOBUHY TpeOyeMoro
KOJIMUYECTBA CEPHOM KUCIOTHI, 3aTeM mpu 80 rpamxyco no Llenscuro cmech 2 moneit amuHodenona u 1 momns
HUTpo(eHoNa Ha 3 MOJS TIHMIEPHHA MOCTENIEHHO HarpeBaroT 10 135 rpamycoB mo Llenbcuto, mocie yero
JOOABJISFOT BTOPYIO IMOJIOBUHY CEPHOM KMCIOTHI M HarpeBaroT 70 142 rpamycos no L{enbcuto B TeueHUH yaca.
B pesynpraTe KOHAEHCAMK aKposienHa ¢ amMuHO(peHonIoM 1o peakuun Ckpaymna oOpa3yeTcsl CepHOKHCIas
COJIb, Ha3bIBa€Masi XMHO30JI0M. I10Ty4eHHBIH ChIpOH MPOIYKT HEUTPAIU3YIOT CHAYAJIa €IKOU IIEI0YbI0, 3aTEM
COJIOM W  OTIOHAKOT  CBOOOJHBIM  paauKal  8-OKCHMXUHOJMHA  JUIS  AHAIUTUYCCKUX  IIeNieH
MEePEKPHUCTAILTN30BBIBAIOT U3 criupTa [ 1]

Onucad HECKOJBKO BUIOU3MEHEHHBIN crioco0 1abopaTopHOTo MoMy4eHus §-okcuxuHonuHa. [Ipu aTom
BBIXO/J] TOTOBOTO MpoaykTa 45-47%.

8-OKCHXHMHOIMH JIETKO BO3TOHSIETCS W IEPETOHSETCS C BOJSHBIM mMapom. s O4YHMCTKH OOBIYHO
MPUMEHSIOT BO3TOHKY. sl moiy4eHus: §8-OKCMXMHOJIMHA OCOOOWM YMCTOTHI Ul CBEPXTUOHBIX AHAIN30B
Jknuiarepa 1 Apyriux peKOMEHAYIOT TPUMEHSTh BO3TOHKY B BaKyyMe WJIM JK€ 30HHYIO TUIaBKy. [locnemHsis
naer Haubosiee YHUCTHIH NMPOIYKT. M3 OTXOMOB 8-OKCHXMHOJIUH MOXET OBITh PETCHEPHPOBAH OCAXKICHHEM
OKCHXHMHONIMHAaTa Meau. Motrona u Ppeiizep NEpeKpUCTAIUIM30BBIBATN NPOJAKHOW OKCHXMHOJIMH U3
abCOJIOTHOTO 3TaHOJIa M BBICYLIMBAJIM B BaKyyM-dKcHUKaTope. llomydeHHBIH NPOIYKT UMEN TeMIeparypy
maBieHus 72,5 — 73,5 rpagycos no Llenbcuro.

8-OKCHXMHONMUH cab0 pacTBOpPUM B CHHUPTaxX, HO NPU BBEICHUE ALETWIBHOW TPYIIBl B MOJIEKYITY
CHOCOOCTBYET MOBBILIEHHIO PACTBOPUMOCTHU peareHTa B cnupTax. CoenneHne aleTaTXuHOINH, 00pasyeTcs
MPU B3aUMOJICHCTBHH MOAOOPAHHBIX YCIOBHUSAX 8-OKCHXMHOJIMHA C YKCYCHOW KHCIIOTOW B IENIOYHOW cpejie
KOH (Puc.2).

Beixon mpoxykra oueHb Mana, B OyxaymieMm OyayT BBINOJHSTCS PAaOOTHI MO YBEIMYEHUIO BBIXOA
MPOIYKTA.

VYkcycHasi kucjaoTa OeclBeTHasi OpraHuuecKas KUAKOCTh ¢ xumuueckoit ¢popmynoir CH3COOH. Ero
(opMynbl 10CTaTOYHO, YTOOBI MOHATH, YTO OH 00pa3oBaH oObeauMHEeHHeM MeTwiabHOU rpynnsl (CH3) u
kapOokcunbHOM rpynmel (COOH). UroOpl ncnaputh YKCYCHYIO KHCIIOTY, HEOOXOAMMO OO€CHeuuTh
JIOCTaTOYHYIO SHEPTUIO, YTOOBI Pa30pBaTh OTH B3aWMOJICHCTBUS; MMEHHO MOITOMY 3TO JKHJKOCTh C
TEMIIEPAaTypO KUTIEHHs BBIIIE, 9eM y Bonbl (mpubmusutensHo 118 °C). PacTBopuM B 3TaHONE, STHIOBOM
a¢upe, anerone u Oenszone. OH TaKKe paCTBOPUM B YETHIPEXXJIOPHCTOM YTIIEpOJIE.
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Pucynok 2. Peakums oOpa3oBaHue arieTaTXMHOINHA

DKcrieprMeHTalIbHAS YacTh. ANapaTtypa JjIsi IPOBEJICHHUS CUHTE3a COCTOUT U3 Tpexropio koiosl (0,5
1), CHAOKEHHOW MEIIaIKOi, 0OpaTHBIM XOJOIWIBPHUKOM, KalelIbHOW BOPOHKOM W TPYOKOW IUIA TMOJayH
areTuicHa. ANETHIICH U3 0aJUTOHA MPOIMYCKAIOT Yepe3 CKIsHKY Tumienko ¢ koHi. H2S04. Konerr o6patHoro
XOJOAWIBHUKA TaKKe COCAMHACTCA CO CKIISIHKOW THINEHKO WM CHYETYHKOM Iy3BIPHKOB, 3aIlOJTHEHHBIMHU
H2S04, gro 3amumiaer cucreMy OT IMOMaIaHUS BIard U MO3BOJSET CIEANUTH 32 TIOTTIOMIEHHEM alleTHIICHA.

B Ttpexropayto kondy emkocteio 0,5 1., CHaOXKEHHYI0 MEXaHHYIECKOW MEIIAKON C PTYTHBIM 3aTBOPOM,
XOJIOAWIBHUKOM, KalleJIbHOW BOPOHKOHM M TpyOKoO# JUisl BBoAa anleTuieHa 3arpyxkaercs 30r mopomka KOH,
250 M1 6eH3omna 25 T 8-0KCMXUHOJIKMHA PacCTBOPEHHOTO B AMATHIOBOM 3dupe (Puc.3 ). [locie B peakpoHHyo
cMech npubaBisoT 150 M ykcycHON KUCIHOTHL. OpraHUYecKuil CJI0B OTAAISIIOT C MMOMOIIBIO IETUTEIHHON
BOpOoHKH. CMeCh OTIIPaBIISIOT B aTMOC(HEpHYIO Teusb [2]

Pucynok 3. YcraHoBKa CHHTE3a IPOU3BOAHOIO 8-OKCUXHUHOIMHA

Jns upeHTHUKAIIE U YCTAaHOBJICHUS! CTPYKTYPBI TTOJTYYEHHOTO BellecTBa ObUH CHATHI SIMP criekTphr
¢ paboueli yactoTod Ha sapax Bogopona 400 MI' u aHamu3MpoBaHbI OAHOMEPHBIM MeTonoM SIMP-
CIIEKTPOCKOIHNH.

SIBIleHME SJEpHOTO MAarHUTHOTO pPE30HaHCa SBISIETCS CETOJHS OJHHUM W3 CaMblX WH()OPMATHBHBIX
METOJIOB HCCIIEZIOBAaHUS CTPYKTYpPBHl M TNPEBpAIIEHHN MOJEKYJ, MEXKMOJEKYISIPHBIX B3aUMOJECUCTBUN U
KOJINYECTBEHHOI0 aHaliM3a BewecTB. [IpocToTa NpUroToBiieHHs OOpa3LoOB, OBICTPOTa HMCCIEAOBAHHUS M
BBbICOKasi HTHPOPMATUBHOCTH crieKTpoB SIMP crenanu 3TOT Buj CIEKTPOCKONINH OJHUM U3 HanOosee BaKHBIX
JKCIIPECC-METOOB aHANN3a OPraHMYECKUX M HEKOTOPBIX HEOPTaHMYECKHUX COEAMHEHMH XMMHKHU BCE dallle
MPUXOJAT K BBIBOJY, YTO B HACTOSILIEE BpeMs METOJ SAAEPHOTO MAarHUTHOTO pe30HAaHCa MpU H3YYEHHU
CTPOEHUS OPTaHMYECKUX COeANHEHNH A PeKTHBHEE YIbTpa(roaeToBo! Nk HHPpaKpacHON CIEKTPOCKOIIHH.
BwMmecTe ¢ TeM 3TOT MeTo]1 He 3aMeHsIeT 0oJiee CTapbIX METOJIOB; OHH B3aUMHO JIOTIONHSIOT ApyT npyra [3].

AUETaTXWHOJMH TPEJICTABIISIT COOOW MToJbuaThle KPHCTAIIBI OEJIOro I[BETa, XOPOIIO PACTBOPUMBIN B
CIIUpPTax MMOKa3aH Ha pUCYHKE 6.
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Pucynoxk 4. Cnextp 13C SIMP anerarxuHonuna
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Pucynoxk 5. Crextp 1H SIMP anerarxunonunna
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PucyHok 6. AlleTaTXUHOJIMH UTOJIbYATHIC KPUCTAIUIBI OJIOTO IIBETA.
Raxnouenue.

8-OKCHXMHOJHUH SIBJISETCS CaMbIM YAAYHBIM BapUaHTOM ISl IPOBEICHUS CUHTE3a €r0 NMPOU3BOIHBIX.
CrpykTypa MO3BOJISIET BCTYNaTh B PEAKIMIO C Pa3HBIMH BEIIECTBAMH. 8-OKCHXWHOJIMH HMMEET IIUPOKHE
OMOJIOTHYECKUE aKTHBHBIE cBoiicTBa. CHHTE3UMpysS €ro NpPOHM3BOAHBIC, MOXKHO pPACIIMPUTH CIIEKTP
OMOJIOTUUECKON aKTMBHOCTH BELIECTBA.

Takxum 00pa3zom, CHHTE3 IIPOU3BOTHOTO 8-OKCHXHUHOJIMHA C YKCYCHOW KUCIIOTON B IPUCYTCTBUH U30BITKA
aneTwiieHa mporien ycnemHo. CTpykTypa YCTaHOBIeHa W WACHTU(UIMpoBaHa MeTogoM SIMP-
CHEKTpOCKONUHU. B nanpHeliemM Haj BemecTBOM OyayT MPOBOAMTCS MCCIEOBaHUE HA AHTHOKCHIAHTHYIO
AKTHBHOCTbH BOJIbTAMIIEPOMETPUUECKUM MeTOA0oM Ha koMiuiekce CTA.
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Abnpacunos b. C., Kabuesa C. K., Mepkynos B. B., EpkunoBa I'. A.
8-0KCHMXMHOUH TYBIHABICHIHBIH CUHTE31

Bbyn wmakanmaga 8-OKCHXMHOJNHH TYBIHIBICHIHBIH CHHTE31 KapacThIPBUIAJbI. 3aTThIH XHUMHSIIBIK
KacueTTepi, 8-OKCUXWHOIMH TYBIHABUIAPBIH CHHTE3/Iey MIapTTapbl cunartanraH. KeliH CHHTE3/iH
Oapiblk  Ke3eHjaepiHeH oTy, 3ar SIMP CHekTpoCKONHUsChl apKbUIBI KYPBUIBIM/IBI aHBIKTayFa
OarbITTaN Bl HoTrkeciHIe KYphUIbIM pacTalibl, CHHTE3ICITeH 3aT alleTaTHHOJIMH JIeN aTanajbl. 8-
OKCHUXUHOJIMHHIH OpTYp/i OHMOJIOTHUSJIBIK KacHeTTepi 0ap, TYbIHIbLIAPIALI ajly KE3iHJE OHBIH
OMOJIOTHSUTBIK ~ KACHETTEPIHIH CIEKTpl KeHEHmi. 3epTrey aHTHOKCHIAHTTBIK OCJICEHITIKKE
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OarprTTasiFad. OJ YIIIH BOJBTaMIIEPOMETPHUSIIBIK KEIIEHIH UTrepy OOWBIHINA KONTEreH KYMBICTap
KYpri3uimi. 3epTTeyaiH Keneci KaaaMbl alleTaTXWHOJIMHHIH aHTHOKCHIAHTTHIK OCICEHITITIH 3epTTey
OOJIBIIT TaOBLIAIBL.

Tyuinoi coz0ep. 8-OKCUXMHOIWH, 8-OKCHXMHONHMH TybIHABUIAphl, SIMP cnekrpockonwmsicel, CTA
BOJILTAMIIEPOMETPHSIIBIK KEIIEHi, SIEKTPOXUMHUSIIIBIK dJIIC.

Abdrasilov B.S., Kabieva S.K., Merkulov V.V., Yerkinova G.A.
Synthesis of 8-hydroxyquinoline derivative

This article discusses the synthesis of a derivative of 8-hydroxyquinoline.The chemical properties of the
substance and the conditions for the synthesis of 8-hydroxyquinoline derivatives are described. After
passing through all stages of synthesis, the substance was sent to identify the structure by NMR
spectroscopy. As a result, the structure was confirmed, the synthesized substance is called
acetatequinoline. 8-oxyquinoline has different biological properties, and the range of its biological
properties was expanded when it was produced.The research is directed towards antioxidant activity.For
this purpose, many works were carried out on the development of the voltammetric complex STA. The
next step of the study is to study the antioxidant activity of acetatequinoline.

Keywords : 8-oxyquinoline, derivatives of oxyquinoline, NMR spectroscopy, voltammetric complex
STA, electrochemical method.
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OnbIT NPOEKTUPOBAHUS, CTPOUTEIHCTBA U IKCILUIYATAIMH XBOCTOXPAHMIUI TENJI0BBIX
JIEKTPOCTAHIUI

B craThe paccMaTpuBaeTCs MIPUMED aBAPUITHOM CUTYAITUH, BOSHHUKIIICH HA OTpaTuTeIbHON 1ambe
3omootBania Kapl'POC-1 u ee mocienctus. OMUCHIBACTCS YCTPOHCTBO OTPagUTEIILHON TaMOBI.
[IpuBoasTcs maHHBIE (QHU3UKO-MEXAaHUYCCKUX CBOWCTB TPYHTOB, WCIIOJIB30BAHHBIX IMPH
MPOBEICHNH CTPOUTENLHBIX PabOT Ha JaHHOM THIPOTEXHHYECKOM oOBekTe. PaccMaTpuBaercs
Croco0 HapaIuBaHUS OTpaguTebHON maMObl 30ooTBasia Kapl'POC-1. Haspana ocHoBHas
MpuuMHa npousowmeameil apapuu. CrenaHsl BBIBOABI O BO3MOXKHOCTH  JajbHEWIIeH
9KCIUTyaTalluy OrpaJuTeNbHON 1aMOBI 30J100TBaIA.

Kuroyegvie cnosa: TPOMBINUIEHHBIE TPEANPUATHS, OTPAJAUTENBbHBIE IaMOBI, 30JI00TBAI,
aBapuiiHbIC CHUTyallMH, oOcienoBaHue, ne(eKThl M TOBpeXIeHUs, aedopmanuu, crnocod
HapamuBaHusl.

[Ipu pabGoTe TOPHOAOOBIBAIOLICH MMPOMBIIUICHHOCTH M TEIUIOBBIX 3iekTpoctanuui (TOL) wu
o0oraTUTeNbHBIX (PadpHUK B MUPE €XKEr0HO 00pa3yIOTCsl MIJUTHAPAbI TOHH OTXOJIOB, MIJIM TaK Ha3bIBAEMBIX
XBOCTOB. JTH OTXOJBI, B CBOIO OY€pE/lb, XPAHATCS B OTPAXKAEHHBIX 1aMOaMHi XBOCTOXPAaHWINIIAX, KOTOPbBIE
OTHOCATCS K OJHUM U3 CIIOXHBIM HHXKEHEPHBIM COOPY>KECHUSIM.

OTH THAPOTEXHUYECKHE COOPYIKEHHS ITOCTOSHHO TIOJIBEPTAIOTCS PUCKY Pa3pylIeHUs U3-3a (hU3HMUECKOTO
JABJICHUS C BHYTPEHHENW CTOPOHBI, OKa3bIBAEMOT0 JKUAKUMU U TBEPABIMU OTXOAaMU, IPEACTABIIAS CEPHEIHYIO
yrpo3y Ajs O1Iu3neKanyx HaceIEHHBIX MyHKTOB, HHPPACTPYKTYPHI 1 OKPYKAIOMICH CPEIbI.

OcHOBHBIMH (paKTOpaMH OIACHOCTH W TPHUYMHAMH Pa3pyIICHUs XBOCTOXPAHWIHIL SBISIOTCS
YCTOHYMBOCTh OTKOCOB, IIPOYHOCTHBIE U Je(QOpPMAIMOHHBIE XapaKTePUCTUKH OCHOBaHHUS JaMOBbl,
NepenojHeHue, a Takke Gopc-MakopHbIe 00CTOSATENHCTBA U HEKOHTPOJIMPYEMbIe BHEIIHHE (PaKTOPbI, TAKUE
KaK 3eMJICTPSCEHUS M TMpOCauuMBaHHE. DTH TMOTEHIHMAJIbHBIC (DAKTOPBI T'€OJIOTHUECKOTO PHCKa TPEOYIOT
LIETICHAIIPABJICHHOI'O BBISIBJICHUS M KOMIUIEKCHOW OIICHKHU KaK Ha ATare CTPOUTENIbCTBA, UCIOIb30BAHUS TAK U
Ha CTaJINM BBIBEJCHHS JaMOBI M3 dKCIuTyatanuu. [IporpamMmma HempepbIBHOTO MOHUTOPHHTA 0OE301MacCHOCTH
JIOJDKHA JISHCTBOBAThH Ha MPOTSHKEHUH BCETO KU3HEHHOTO IIUKIIA OTPaIUTEeIbHON JaMOBbI.

Hecmotpss Ha uMeEIOIUICS ONBIT MPOEKTUPOBAHMS, CTPOUTENBCTBA U HSKCIUTyaTallMd YKa3aHHBIX
XBOCTOXPAaHHIUII 3a mocienHue 50 JeT Ha 3TUX 00BEeKTax MPOM30NLIO OOJIBIIOE KOIUYECTBO aBapuil U
aBapUIHBIX CUTYALMH.

[ToMmumo oOrpoMHOrO0 pHCKa O€30MaCHOCTH HACENEHHBIX PallOHOB M BPEIHOIO BO3JEHCTBUS Ha
OKPYKaIOLIYI0 Cpeny, KOTOpbIe MPEACTABIAIOT aBapUHd XBOCTOXPAHWIIULI, TAKXKE HEJb3sl HE YYUTHIBATH
CYIIECTBEHHBIE 3aTpaThl Uil KOMIIAHHM TOpPHOAOOBIBAIONIEH M IepepadaThiBalonieli MPOMBIIIICHHOCTH,
BKJTFOYAsi BEICOKHE KOMITEHCAITMOHHBIC BBHIIIATHI M MAcIITa0HBIE pabOTHI 110 BOCCTAHOBICHUIO OKPYKaIOIIeH
Cpenpbl.

Kpome TOro, XBOCTOXpaHWIWIIA JUHAMHYHBI 110 CBOSH HPHUPOJE, YaCTO TPEOYIOT PaCIIMPEHUs WIH
YBEJIUYEHHSI BEICOTHI OTPKAAIONINX HX JaMO.

[loaToMy oOueHp BaXXHO IIOCTOSIHHO BECTH HAyYHO-TEXHHYECKOE CONPOBOXKACHUE M OTCICKHUBAThH
COCTOSIHME 3THX AaM0, Uil oOecredeHusi BBICOKOTO ypoBeHs ux Oe3omacHocTH. OOIIEU3BECTHO, YTO Ha
TEPPUTOPHUSIX PACTIONIOKEHHBIX BOIHM3U ropoja TeMupTay HaXOISTCs OTBAIBI IPOMBIIIICHHBIX TPEATIPHSITHA,
00BEMBI KOTOPBIX HCUUCIIAIOTCS MIJIJITHOHAMY TOHH, BPEIHBIC HHIPEAMEHTHI KOTOPHIX MOMaas B BO3AYIIHYIO
Y BOJTHYIO CpEly HAaHOCST HEMOMPaBUMBIN Bpe]] OKPYXKAroIIeh cpeie, Hapymias MPUPOIHbIE IPOIIeCChl (hIoph
1 (dayHBbI.

72



BECTHUK K'Yy Ne 4 (39) 2022 e.
Pa3den 3. «TexHU4Yeckue HayKu u mexHosio2uu»

U3 onblTa 3KCIUTyaTaliuy OrpaguTedbHbIX JaMO XBOCTOXPaHMIIUIL H3BECTHB MHOTOUMCIICHHBIE IIPHYUHBI
BO3HHKHOBCHUS aBapWii M aBapUUHBIX cUTyanuid. OCHOBHOW TPHYNHOW MPOU3OIMICAIINX aBapUi SBIISCTCS
HapyIIeHNE TIPAaBIII IKCILTYaTalliy OTPAKAAIOIINX 1aM0O THAPOTEXHUUECKUX COOPYKEHHUH 1, KaK CIEICTBHE,
(dhopmupoBaHue B Tee JaMObl BOJOMPOBOISIINX KaHAJIOB, CIIOCOOCTBYIOLINX K UX pa3MbIBY [1].

3oxootBan teroanekrpocTannnu Kapl'POC-1 B r. TemupTay npenactaBiseT co00i THAPOTEXHHYECKOE
COOPYXEHHE, KOTOPOE COCTOUT U3 MPYAa-OTCTOMHIKA M PACIIONIOKEHHBIX IO €T0 TIEPUMETPY OTPaXKTaoITIX
Jam0 ¥ TpeHa3HauaeTCs Ui CKIaAUPOBAHMSI U XPaHEHUS 30JI0ILIAKOBBIX 0TX0A0B. Haxomutes oH B 5 kM
Ioro-3amnajHee ocHoBHOTo mpou3BoactBa Kapl'POC-1 (puc. 1).

JlaHHBIN THIPO3000TBaN OBLIT MPUHAT B dKcIuTyaTanmio B 1991 r. Ero mpoekTHas eMKOCTh COCTABIISCT
— 4,725 mn. M. [IpoekTHas mwIomans coopyxenus — 63,4 ra.

BepxoBast yacTh NmepBUYHON AaMOBI 30JI00TBaJa BHIOJIIHEHA U3 CyriMHKa. Hu3oBas 4acTh — U3 mecka.
Jlamba mosipycHOr0 OOBAlIOBaHUSI TaKXKe BBIMOJIHEHA W3 CYIIHHKA. KperieHHe OTKOCOB MO MPOEKTY
BBHIMOJIHEHO: BEPXOBBIX — KaMEHHOW HaOpockod TonmuHoi 0,3M W3 MECTHOTO Kapbepa, HH30BBIX —
pPacTUTENBHBIM IPYHTOM C ITOCEBOM TpaB TOMIUHOM 0,15M.

[IpoTuBoduUIBTpaliOHHAsT 3aBeca BBHIOJHEHA M3 TJIMHUCTBIX TpPyHTOB. s TpeaoTBpalleHHs
MOBBINICHHON (QHUIBTPAlMM W COCJUHEHUS C BOJOHEMPOHHIIAEMBIM OCHOBAaHHWEM JaMObl BBITIONHEHA
KOHCTPYKIUS B BUJE 3y0a, KOTOPBIN Mpope3aeT Tolmly mecka 1 Ha 1,0 M 3aX0JUT B BOJOYTOPHBIN TIIMHSHBIN
CIIOM TpYyHTA.

Pucynok 1 — XBocroxpanunuiie KapI'POC, cHUMOK co cITyTHHKa

B 2018-2019rr. ObLIO NPOUM3BEACHO HapalBaHKue 1aMObI 30;100TBaja 110 TpoekTy TOO «[ unpoBoax03»
o 3akazy TOO «Bassel Group LLS». B kauecTBe 0CHOBaHUS ISl JIOIOJHUTEIHLHON OTpaJuTeIIbHOM 1aMObI
MOCTYKUJIM PaHee yJIOKEHHbIE B pe3yJbTaTe HaMbIBa 30J0111akoBbie oTxoasl Kapl'POC-1 (puc. 2)
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Pucynok 2 — Ilonepeunsiii pa3pe3 orpaguTensHON JaMOBI 307100TBajIa

Pucynok 3 — O0muii BuJ1 TeNa TOTOHATENBHON orpaanTenbHOi n1aMmObl 30mooTBana Kapl ' POC-1 noce
MIPOBEIEHHBIX PabOT

Ou3NKO- MEXaHUYECKUE CBOICTBA TPYHTOB NEPBUYHON J1aMObl oOBanoBaHus 3os00TBana Kapl'POC-1
npuBeAcHbI B Tabnuue 1.

Tabnuna 1 — ®uznko-MexaHHYECKHe CBOWCTBA TPYHTA

HanmeHoBaHne XapakTepUCTHKH O6o03HaueHHe Iloxa3zarens En. namepenus
VY nenpHbIN BEC MPUPOAHOTO IPyHTA Yo, 22,5 kH/m®
VYV nenbHbINA Bec TBEPABIX YaCTUL TPYHTA Ys» 26,9 kH/™m®
[Ipuponnas BIaXHOCTH o, 20 %
BraxHOCTH Ha TpaHUIIE TEKYYECTH I, 26 %
BnaxHOCTB Ha rpaHHIlEe pacKaTbIBAaHUS r, 17 %
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Ymcno maacTHaHOCTH Jp, 9 %
[okasarenb TeKydecTH Ji, 0,33

Koad¢uruent nopucroctu e, 0,42

VYT071 BHYTPEHHETO TPEHUS 0, 22 rpan.
VnensHOE CLeIIeHue C, 0,015 MlIla
Monynb ynpyroctu Eynp, 23,7 MIla
Monynb obrielt nedopmanum E,, 5,63 MlIla

B nrone 2022 roxa na 3o0100t1Bane Kapl'POC-1 npousonia aBapusi, B pe3yabTare KOTOPOH MPOU3OIILIIO
4acTHYHOE OOPYIICHHE HU30BOTO OTKOCA IaMObI (puc. 4).

Pucynok 4 — Yyacrok oOpymeHus 1amMOb

B pesynbraTe npoBeIeHHOT0 0CMOTpa OBLIO BBISIBIICHO CIIEAYIOILEE:

OO0py1IeHre HU30BOTI0 OTKOCA MEPBUYHON M YaCTUYHO HAPALIEHHOW AaMObl Ha ydacTKe IUPUHON 20M.

Paspymienue mynprnonpoBo/ia Ha JAHHOM y9acTKe.

ITo Hen3BeCTHON NMpHUYUHE ObUI JEMOHTHUPOBAH KOJUICKTOP (PUC. 5) HEOOXOAMMBIH JIJIs cOpOca BOJIBI.
Takoxe py BU3yaTbHOM O0CIIEIOBAaHHH YYaCTKOB OOPYIIIEHHS OTKOCOB ITEPBUYHON HECYINEH OrpakIaroiiei
JnamMOBbI 30J100TBaa OBLT YCTaHOBIEH (DakT JJUTENBHOrO cOpoca 0O0pOTHOW BOJBI BJIOJIL OCHOBAHUS Tella
OCHOBHOM J1aMOBI, UTO SIBJSIETCS OJTHON M3 MPUYHMH aBaPUHHBIX CUTYAIUI, BOZHUKAIOIINX MMEPHOJINICCKH Ha
ceBepHoli cropone xBoctoxpanunuia TOO «Bassel Group LLS».
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Pucynoxk 5 — Komiektop copoca Bojpl (0KTss0pb 2021T.)

Ornenka paboTOCIOCOOHOCTH TUIOTHHBI U B TIEPBYIO OYEpelb PacueThl YCTOWIMBOCTH OTKOCOB OOBIYHO
MTPOM3BOATCS Ha OCHOBE YITPOIICHHBIX WH)KEHEPHBIX MprueMoB. OTHAKO B HACTOSIIEE BPEMS TAKYIO OIICHKY
HE00X0IUMO JIeJIaTh Ha OCHOBE aHAJIM3a HAIIPSHKEHHO-AC(POPMUPOBAHHOTO COCTOSIHUS OTPAJAUTEIBHBIX 1aMO
B TIPOIIECCe MOAETUPOBAHUS M pacueTa B TEOTEXHUYECKUX MPOTPAMMHBIX KOMIDIEKcax, Takux kak PLAXIS,
MIDAS, GEOS5 u ap [2].

B nanHOM ciiy4ae Juis U3y4€HHUS MPOIECCOB HANIPSHKEHHO-1e()OPMHUPYEMBIX COCTOSIHUN OTPaIuTEIILHOM
JaMOBbI OBUT TPUMEHEH CIIOCO0 MOJICIIMPOBAHUS M pacueTa Ha OCHOBE pacYeTHOTO MPOrPaMMHOTO KOMITIIEKCa
PLAXIS.

JlanHast mporpaMma MOKeT MPOU3BOAMTE pacieT B TPEXMEPHOM IOCTaHOBKE HANPSHKCHUS U 1e(hOpMaIiuf
B IPYHTE, a TAK)Ke MOXKET ONPEICIINTh 0CaIKY, YCTOHUNBOCTD, HECYIYIO crtocobHocTh. B PLAXIS 3D mMokHO
pemate (GuabTpanioHHbIe W AuHaMudeckue 3amaun. PLAXIS 3D mnpoms3BomuT Takke COBMECTHBIHM
¢GuIBTpaMOHHO-aepOPMALIOHHBIN pacyeT [3].

Pucynok 6 — 3D mMojenb orpaauTebHOM qaMObl

Pacuer mpowusBoamics MOATaNHO, TO ecTh Mo (azam crpouTenbcTBa. [lepas (aza — BO3BeneHHE
OCHOBHO# 1aMObI 305100TBasIa. BTOpas (a3a — HaMBIB 30JI0IIIAMOBBIX 0TX0/0B. TpeThs (aza — Bo3BeAcHUE
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JIOTIOJTHUTEIIBHOM OorpaauTenbHoM 1aMObl. UeTBepTas paza — 3amonHeHue yammm oBana orxogamu. [stas daza
— HAITOJIHEHHE Yallh BOJOH.
IToce 3amoTHEHNS Yald OTXOAaMH IIPHUPAIICHHS TIEPEMEITICHII COCTABUIIH:

*10 3 m]
14,00

13,00

1 11,00

[— 10,00

1,00

0,00
8

Incremental displacements |Au|

Maximum value = 0,01305m

Pucynok 7 — IIpupaiienue nepeMenieHnit ocie 3arnoiaHeHus yamu orxonamu (cyriauaok 0,01305m)
Pacuer Ha Ge3onacHocTb. [Ipu pacuere Ha 6€30MACHOCTH CAMBIM aBapUITHBIM Y4aCTKOM OKa3anach
OpoBKa TpebHS HU30BOTO OTKOCA.
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Pucynok 8 — [Ipupaienue nepeMenieHnii ocye 3amoTHSHUS Yalli 0TX0IaMU TIPU pacdere
6e3onacHocTH (cyriauHOK 0,5837M)

BriBOA

Pazbopka cymecTByrmero KoJieKTopa st cOpoca 0OOpPOTHOW BOIBI HE CHOCOOCTBYET 3aIuTe
OKpY>KaroIlel cpenibl OT pa3HOCa TOHKOANCIIEPCHBIX YACTHIL CKIaUPYEMBIX OTXO0/I0B B OKPYXKAIOIIYIO CpEny.
st mpeaynpexaeHusi HeTaTUBHOTO SIBICHUS HEOOXOANMO MPUHSITHE CHENHUANBHBIX MEp, BBIMOIHSIEMBIX 110
OTJEBHOMY TIPOEKTY.

Heopranm3oBaHHBII BOAOCOPOC Yy OCHOBaHHS HECyImIeH TEPBUYHONW OTPagUTEeNbHOW JaMOBI
CHOCcOOCTBOBAJ MOBBIIICHUIO BOAOHACHIILICHHS TPYHTOB OCHOBAaHHS AaMOBI 1, KaK CIIACTBUE, CHIKEHHUIO €T0
MIPOYHOCTHBIX U Ae(POPMAIMOHHBIX XapaKTEPHUCTHUK.

Oty HapymeHus ObUTH BBIABICHBI TIOCJE BH3YAIBHOTO OCMOTpPA OTPaJUTENHHOMN 1aMOBI 30JI00TBaA.

Jns Gonee TOYHOTO YCTaHOBJICHUS MPUYMH OOPYIIEHHS OTKOCA OTPagUTelbHOH AaMOBl 307100TBaja
KapI'POC-1 HeobxoaumMo mpoBecTH AeTaabHOE HHCTPYMEHTAIBHOE TEXHHYECKOe 00caeJoBaHe 00BEKTa.
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®unaroB A. B., Kyzemuues C. C., [Tyxxuxun A. 1., CakenoBa K.K

ZKbL1Y 2J1eKTP CTAHIMAIAPBIHBIH KAJIBIK KOMMAJapbIH k00aJ1ay, cajly KoHe naiaaaiany
TIxipHbdeci

Anparna: Makanaga KapMADC-1 kyn yHiHOiciHIH Kopiuay OereTiHae TYbIHIaraH TOTEHILE
JKarJlaiiJbIH MBICANIbl J)KOHE OHBIH cajiapbl KapacTelpbuiagsl. Kopmiay GereTiHiH KypBUIBIMBI
cunattanfad. Ocbl TUIAPOTEXHUKANBIK OOBEKTiJie KYPBUIBIC KYMBICTApPBIH JKYPri3y Ke3iHIe
nailanaHbUIFaH TONBIPAKTHIH (H3MKAa-MEXaHUKABIK KACHETTEPIHIH JIepPeKTepi KeNTipiireH.
KapMADC-1 kxyn yHiHaiciHiH Kopiay OereTiH caily Tocili KapacThIpbUIyAa. ANATThIH HETi3ri
cebebi aramran. Kyn yHiHzmiciHiH Kopmay OereTiH ojaH opi maijanaHy MYMKIHAIT Typajbl
KOPBITBIH/IBLIAP KACaJJIbI.

Tytiin co30ep: ©HEPKASCINTIK KOCIMOPBIHAAp, Kopinay Oererrepi, KyJ YHiHJICI, TeTeHIe
KarJainap, cayaqHama, akayjiap MeH 3aKbIMIaHyap, Aedopmarusiap, Kypy oici.

Filatov A.V., Kuzmichev S.S., Puzhihin A.l., Sakenova Zh.K.

Experience in design, construction and operation of thermal power plant tailings dumps
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Abstract: The article considers an example of an emergency situation that arose on the protective
dam of the KarHES-1 ash dump and its consequences. A barrier dam is described. Data on
physical and mechanical properties of soils used during construction works at this hydraulic
facility are given. The method of building up the protective dam of the ash dump of KarHES-1 is
being considered. The main cause of the accident has been named. Conclusions were made about
the possibility of further operation of the ash dump barrier.

Keywords: industrial enterprises, protective dams, ash dump, emergency situations, examination,
defects and damages, deformations, method of growth.
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«I[I/IpeKT-KOCTHHF», KaK CUCTEéMAa UBMEPECHUSA U3AECPIKEK U IPUMEHECHUE €€ TaHHBIX VISl YIIPABJICHUA

B OBICTpO MEHSIOMMXCA PHIHOYHBIX YCIOBUSX yrpaBiieHHe 3(Q(eKTUBHBIME CHIOCO0aMu
XO3AHCTBEHHON NIESITENbHOCTBIO MPEANPHSTUS SBISIETCS YPOBEHb MHPOPMATHBHOCTH KOMITAHHH.
B 3apyOexHOll mNpakTWke BeJleHHS OyXTraJdTepcKOro ydera B MPOW3BOJICTBEHHOW cdepe
MOMYJIIPHOCTBIO  TIOJB3YETCsS CHUCTEMa ydeTa 3arTpar <« JIUpPEKT-KOCTUHT», OCHOBaHHas Ha
KaJbKYJISIIMK CHUKEHHON ce0eCTOMMOCTH U3JICNN U pacyeTa Map>KUHAITBHOTO JI0X0/1a.

B crarbe u3yueHbl akTyalibHas Te€Ma ydeTa 3aTpaT M pa3padoTKa KabKyJSIUH ce0eCTOMMOCTH
MBI ¢ TIPUMECHEHHEM CHCTEMBl «IMPEKT-KOCTUHT». PacCMOTpEHBI MOJOXHUTENbHBIE H
OTpHIIATENIbHBIE  CTOPOHBI  METOJIa »AUPEKT-KOCTHHD NP KaIBKYJSALIUH  ceOeCTOMMOCTH
MPOU3BOJIMMEIX H3JIENIUi, YTO JaeT BO3MOXKHOCTH TJYOOKOTO H3YYEHHUS BONpOca yueTa
MPOU3BOJICTBEHHBIX 3aTpaT M MPHHATHS MPEIIPHHAMATEIBCKAX PEIICHHH TI0 YIpaBICHHUIO
KOMITaHUEH. MeTOT «IMPEeKT-KOCTHHT 3P PEKTHBEH MIPU OCYIIECTBICHUH ONIEPATHBHBIX PEIICHUH
TI0 YIIPaBJICHUIO KOMITAaHWEH, HO KpaifHe HepeHTa0eleH MpH PUHATAN YIIPABIEHYECKUX PEeIIeHHUH
Ha JOJITOCPOYHON MHEpCIEeKTHBE, MOCKOJIBKY B COCTaB JAHHOIO METOJAa HE BKIIIOYAIOTCS BCE
3aTpaThl, OKa3bIBAIONIHE 3HAYNTEIILHOE BIUSHAE Ha CE0ECTONMOCTh MPOU3BEACHHBIX U3JICITHIA.

Kniouesvle crosa: xanbKynsiys, KaTbKyJIHPOBaHKE, TIPOU3BOICTBEHHBIC 3aTPAThl, IEPEMEHHbIC U
MOCTOSIHHBIC PAcXOJIbl, TPSMbIC U KOCBEHHBIC 3aTPaThl, TUPEKT-KOCTUHT, OTYET O MPHOBLISAX H
yOBITKaX, BRIpYUYKa, CEOECTOMMOCTD, MaPKUHATBHBIN JOXO]I, IIPUOBLITE.

Beeoenue

AKTyalbHOCTBIO TEMbI UCCIIEIOBAHUS JAHHOW CTaThbU SIBJISIETCS TO, YTO KOMIIAHMS JI€JIAeT BBIBOJ O TOM,
KaK OPraHN30BaH YIPaBIEHYECKUI Y4€T, B YACTHOCTH, OT XOPOILO COCTaBJICHHOM M OCMBICIEHHON CHCTEMBI
ydeTa 3aTrpar 3aBHUCUT 3KOHOMHUUYECKast 3(p(heKTUBHOCTH MPOM3BOACTBEHHOIO MPEANPHATHS, a TAKXKE UTOrOBast
cymma mpuOsDIH. Croco0 KOHTPONS 3aTpar, ONTUMH3AIUs 00beMa M COCTaBa JaeT UM MaKCHMalbHO
BO3MOXHYIO OTZady, KOTOPYIO MOXKHO CUMTATh BAXKHBIM KPHUTEPHEM B CHCTEME YIIPABICHUYECKOIO yuyera
KOMITaHUH.

Ienp HamucaHusi CTaThbU — M3YYMUTh IUIIOCHI U MMHYCBHI IIPUMEHEHHSI CUCTEMBl «JUPEKT-KOCTHHI» HpPHU
ydeTe 3aTpaT, BKJII0YaeMbIX B CE0€CTOMMOCTh U3rOTABIMBAEMbBIX U3CIUMH.

[lepBoe ynmomunHanme o cucreme «Jupekr-koctunr (Direct costs), kak 06 000c0OIEHHOM CIIOco0e ydera
3arpat, nosisuioch B CIIJA Bo Bpems Benukoil nenpeccuu. IloacnopbeM st 3TOr0 MOCITY>KUIIM OCHOBHBIE
MPOSIBJICHUS] NEPHOAMYECKOT0 craga o0beMa pealn3aliy NPOU3BOAMMBIX M3AEIMH M POCTa OCTATKOB Ha
CKJIaJiax MPOM3BOJACTBEHHBIX 3amacos [1].

B TOT mepron mmpoko NpUMEHSUICS METOJ «a030PMILEH-KOCTUHI», TP KOTOPOM CYIIECTBEHHAas J0JIs
MIPOU3BOJICTBEHHBIX 3aTpaT ObliIa OTHECEHA HAa MaTepUaJIbHBIC PECYPChl Ha CKJIajax, a Majasi — Ha IPOJaKYy.

Komnanusim npruxoaninoch oriaquBaTh HAIOTOBbIE IUIATEXKH Ha MPUOBLIb, TP MUHUMAIIBHBIX IPOJaKaXx,
YTO OBIJIO OYEHB 3aTPATHO B TO/IbI BCEMUPHOTI'O CI1a/1a S3KOHOMHKH.

B 1936 rony amepukanckuii 3xoHomuct JI. Xappuc BBEN COBEPIICHHO HOBYIO CUCTEMY M Ha3Ball €€
«IUPEKT-KOCTUHI», KOTOpas paclpelessier 3aTparbl MEXIY Ppeai30BaHHBIMH HM3ACIUAMH M OCTaTKaMH
TOTOBBIX M3Jenuil Ha ckiane. B 1953 rogy sta cucrema ydera MpOM3BOJICTBEHHBIX 3aTpar Oblila MpU3HaHA
HaumonanbHoil acconnanueit OyxraaTepos, TIATEIBHO H3yUeHA U OTPaskeHa B MX OTYETE.

OmnpeneneHHas KaTeropysi 3KCIEpTOB OTMEYAIOT TO, YTO HAa3BAHUE «IUPEKT-KOCTHHI» HETOUHOE, I0TOMY
KaK 3aracbl MaTepUalbHBIX 3aTpaT HE TOJBKO BKIIOYAIOTCS B CEOECTOMMOCTb T'OTOBBIX H3ICIHH, HO H
OTHOCATCS Ha MW3JIEPKKH TNPOU3BOJACTBA, HE SBJSIOUIMECS MOCTOSHHBIMH, IPEIUIaraloT HCIONb30BaTh
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MIPHUCTABKY «BEPUOI» BMECTO «IUPEKT», TO €CTh O3HAYAIOIINHN «IIEPEMEHHBIN», TAKUM 00pa30M, yUHTHIBAIOTCS
HE IpsMBbIe, a IEPEMEHHBIE 3aTpaThl.

JIMpEKT-KOCTUHT — OJIUH U3 COBPEMEHHBIX MPUEMOB pacueTa KaJbKyJALHUH MPOU3BOACTBEHHBIX 3aTparT,
OCHOBBIBaroIUiica Ha U PepeHINPOBAHUM U3AEPIKEK IO CIOCOO0Y OTHECEHHS Ha Ce0ECTOMMOCTh — Ha IPSMBIC
U KocBeHHBIC. JlaHHBI cnoco0, mpu OoJbIIMX 00beMax oOcCTaTKax TOTOBBIX M3JENUH, MPEeIOCTaBIsEeT
BO3MOYXHOCTh MUHUMH3UPOBATh HAJIOTOBBIE MJIATEXKH Ha TPUOBLIH [2].

Memoowl u mamepuansi

HpI/IHHI/IH CUCTEMbI «IUPCKT-KOCTHUHI» COCTOUT B TOM, YTO ICPEMCHHBLIC 3aTpPaThl O6T>CI[I/IH}IIOTC)I 10
BHJIaM TOTOBBIX U3JICNINI, a KOCBEHHBIC — OOpa3yrOTCS Ha CIHCIHMAIbLHOM CYETE M MEPEHOCSITCS Ha OOIIuid
(UHAHCOBBIM pe3ylbTaT TOTO OTYETHOTO TOAa, B KOTOPOM OHH BO3HUKIH. B 3ToM ciydae mnpuOBLIb
($hopMHUPYIOTCS CIEIYIOIUM 00pa3oM: M3 OOIIeH CyMMBI BBIPYYKH BBIYMTAIOTCS MEPEMEHHBIC 3aTpaTrhl 10
KaxaoMy uzaenuro. OOmias BemMurMHa MPUOBLTN PACCUHUTHIBACTCS B pe3yJIbTaTe CyMMHPOBAHUS MTPUOBUIN 110
BCEM BHUaM H3JCIUi, KOTOpasi B CBOIO OUepelb, IEPEKPHIBACT OOIIYI0 CyMMY MOCTOSIHHBIX 3aTpart.

BakHO¥ 11e/IbI0 UCIIOJIb30BAHUS CUCTEMbI «IUPEKT-KOCTHHIY» SIBJISIETCS «OYMCTKa» CEOSCCTOMMOCTH OT
ITOCTOSTHHBIX 3aTpat, CHU3HUB €€ YPOBEHb, a TAKIKE MPOU3BECTH HEOOXOAUMBIN pacyeT MapKUHAJILHOTO J0XO0/a.

Ha YU4€T U ILIaHUPOBAHUC HpOI/ISBOJICTBCHHOﬁ Ce6eCTOI/IMOCTI/I M3roTOBJICHHBIX W PCAJIN30BaHHBIX
W3EIUN BO3JICHCTBYET BIIMSHHUE TOJIBKO IIEPEMEHHBIX ITPOM3BOJCTBEHHBIX 3aTpaTr, KOTOPBIE HAIPSMYIO
3aBHCAT OT OpPraHM3alMU TEeXHHUYECKOTO IMpolecca MPor3BoAcTBa. HesapepiiieHHOe MPOM3BOJCTBO M OCTATKU
T'OTOBBIX I/I3}IC.]'II/II7[ Ha CKJIagaX Ha Ha4YaJIO W KOHECI[ OTUCTHOI'O II€proJa TAKKE IMPU3HAKOTCA IO NMEPEMCHHBIM
maepxkam [3].

[MocrostHHble pacxoabl He Au(OEPEHIHUPYIOTCA [0 BUJAM MNPOAYKIUM M HE BKIOYAKOTCS IPU
KaJIbKYJIMPOBaHUN CCGCCTOHMOCTI/I TOTOBBIX HSHCHHﬁ. Ounn CO6I/IpaIOTC$I Ha OTACIIBHOM CHETEC U 110 OKOHYaHUU
OTYCTHOTO I€pHUoZa CIIMChIBAIOTCA HA YMCHBIICHUEC HpI/I6BIHI/I.

HpI/I ACJIICHNHU 3aTpaT Ha MMOCTOAHHBIC U IICPEMECHHBIC, IIPUMCHAIOTCA CIICAYIONE METOABI:

— METOJ] aHAJIN3a CUCTOB;

— METOJ MaKCHMyMa U MHHHMYMa (MEeTOJ aDCOFOTHOTO MPUPOCTA);

— METOJ] TEXHOJIOTUYECKOTO HOPMUPOBAHHUS;

— METOJ| KOPPEISIIHH;

— METOJ] HANMEHBIINX KBaJ[PATOB.

B HacTosiiee BpeMmsi TpU ydeTe 3aTpaT B CHCTEME («JIMPEKT-KOCTHHI» BBIICISIOTCS CIICAYIOIIUE
COCTABIISIFOIIUE:

— yderT 10 BHJIaM 3aTparT;

— ydYeT 1Mo HOCUTEISAM 3aTpart (pacueT ce0eCTOMMOCTH Ha €ANHUILY U3/ICIHS);

— yd4eT pe3yJbTaToB 110 HOCUTEISIM 3aTpPaT;

— yder 110 MecTaM BO3HHKHOBCHHUS 3aTPar;

— yd4eT pe3yJbTaToB 3a MEepUO/I.

Beliie iepednciieHHbIe KATEropyuy MPUMEHSIOTCS TP YYETe MOJHBIX W MEPEMEHHBIX PACXO0JIOB, T.€. MPH
pPa3NIMYHBIX BHJAX OpraHW3allik ydYeTa 3aTpaT W pe3ynbTaroB. [IpM OTHECCHWH W3JCPKEK Ha
MPOU3BOJICTBEHHYIO CEOECTOMMOCTh T'OTOBBIX W3JICTHH, JAaHHBIC SJEMEHTHI YaCTUYHO MEPEHOCATCS JTHO0
BOOOIIIE HE MEHSFOTCA.

Kanpkyssiniust 3aTpar TP METOJE <«JIUPEKT-KOCTHHI» XapakTepeH B TOT IMEPHOJ BPEMEHH, KOTJa
HEOOXOIMMO MPUHSATH PEIICHUE O CHUKCHUU WU YBEINYCHUH 00HEMOB MPOU3BOJICTBA TOrO WJIM HHOTO BUA
nzaenusi. OOCTOATEIbCTBOM /IS IOJOXKUTELHOTO PEIICHUS JUTS YBEIUYCHUS TPOU3BOJICTBA FOTOBBIX U3CITHI
MOJKET MOCTYKUTh — MEPEKPHITHE MaPKHUHATLHBIM JIOXOIOM IMOCTOSIHHBIX pPacxoioB [4].

B Tabnuie 1 npencTaBieHbI MOJIOKUTEIbHBIC U OTPUIATEIbHBIC MOMEHTHI IPUMEHEHHUST METO/a yuéra
3aTPaT «AUPEKT-KOCTHHIY.

Tabnuna 1 — ITmrochkl 1 MUHYCHI IPUMEHEHHS METO/Ia YUETA 3aTPaT «IUPEKT-KOCTUHIY
MeTog, Direct Costing (AMPeKT-KOCTUHT)
‘ Mntocobl (+) | MwuHycbl (-)
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1 | AKTyanbHble AaHHble MOTYT BbITb MOAYYEHbI CNnoKHOCTb B pacnpeneneHmnm HEKOTOPbIX
13 Tekyuen puHaHCoBOM OTYETHOCTU He3 pacxoa0B Ha NepeMeHHble N NOCTOAHHbIe
y4yeTa AO0NoJAHUTENIbHON YYETHOM 3aTparthbl.
nHdopmaymm.

2 Ecan meHAoTCA OCTaTKM 3anacoB Ha CKnaje, Yaenaetca He3HaunTesibHOe BHUMAHME K
TO NPUBLIIL NEPMOAA HUKAK He 3aBUCUT OT MOCTOAHHbIM PACXo4aM.

OCTaTKOB MOCTOSIHHbIX HAaKNAAHbIX PAaCXOA40B.

3 | YMeHbLlaeTcA CA0KHOCTb pa3geneHms HepoctoBepHble pe3yibTaTbl GUHAHCOBOW
HaKNa4HbIX 3aTpaT, BO3HUKAET OEeTaNIbHOCTM KOMMNAHWUK, B CBA3M C TEM, YTO
HeobxoaMMOCTb onpeaeneHna BKAaaa 3aHUXKEHbI AU YBEANYEHDbI LEHbI HA paHee
KaXK[oro BMAa usgenua Ha obpasoBaHue npounssefeHHbIe U3genna
npubbIAK NpeanpUsaTUS.

4 | HaxoAAacb B TECHOM B3aMMOCBA3N CO Bo3HuKaeT noXHoe npeacTaBieHne o
CTaHAapTHbIM CNOCO60OM KanbKynaUUM gaet NPUBbIIBHOCTU TEXHOJIOFMYECKN TPYLOEMKUX
BO3MOXHOCTb Y/Y4LINTb NPOrpammy nporpamm, KoTopble TPebyT HeMasblIxX
NpPOW3BOACTBA FOTOBbLIX U34ENWIA, WMHBECTULMIA.
nocsefoBaTe/IbHO YCTaHAB/INBaAA LLEH Ha
HOBble nsgenns, o6ocHoBbIBas
HeobXxoAMMOCTb UM OTKA3 OT HOBbIX 3aKa30B.

5 | JaeT BO3MOXHOCTb aLeKBATHO OLLEHUTb Pe3ynbTaTbl MEHee TOYHbI, YeM MPU KanbKynaumm
CUTYaLMIO: 3aHMMATbCA NPOU3BOACTBOM TOMO WHbIX METOLO0B.

WU UHOTO u3genus, inbo ee npnobpectu.

6 | Camblin npocTenwmin cnocob Kanbkynaumm no | MponcxoguT UTHOPUPOBAHUE

CPaBHEHMUIO C APYTMMU METOLAMMU. MEKBEA0MCTBEHHbIX YCAYT, YTO 3HAYUTENIbHO
WCKa*KaeT CTOMMOCTb U3aenunii (ToBapos, paboT u
ycayr).

OcHOBHasE (PYHKILHUS CHCTEMBI «IUPEKT-KOCTHHI» — 3TO ObITh HH(POPMAIIMOHHON 0a30# MPH MPUHITHH
MPEeNNPUHAMATENICKAX ~ yIPaBIEHYECKHX  pemieHuid. PemeHns 1Mo  ympaBieHHIO — KOMIaHHen
KJIaCCU(PUIMPYIOTCA HA CTpaTeTHYeCKHe, TO €CTh MPH pacyeTe Ha MEePCHEeKTHBY U TEKYIIHUE — OTNepaTHBHbIE,
KOTOpBIE IPUHUMAIOTCS B 3aBUCIMOCTH OT IMIOTPEOHOCTH B OIpEeNICHHBIN MPOMEKYTOK BPEMEHH, B Ipeeax
KaJICHIApPHOTO Toa. «MeTox «IUPEeKT-KOCTHHT» OPUEHTHPOBAH HA OTIEPATHBHBIE PEIICHUS MO YIIPABICHUIO
MIPOM3BOJICTBEHHBIM TIPOIIECCOM M peann3anvell m3menwii (ToBapoB, paboT u ycmyr). |maBHas 1enp B
yIpaBlIeHNH KOMIIAHUW ¥ IPUHATHS TAKUX PEIICHUH — IMOyYeHNe MaKCUMaIbHON MPHOBLTH TPH HAUMEHBIITNX
3arpatax [5].

IIpumep 1: KommaHusi M3roTaBIMBAaeT HECKOJIbKO BUIOB H3ACIUN, NPOU3BOJICTBEHHBIC HAKIAJIHBIE
pacxonbl (manee — ITHP) cocrasmsaror 207 000 tenre, B cocraB KoTophix 50% — 3TO MOCTOSIHHBIE 3aTPAThI.
JlaHHbIE 0 TPOM3BEACHHBIX U3ENUAX MIPEICTaBIeHa B Tabmmie 1.

Tabmuia 1 — Madopmarmst 06 M3roTOBICHHBIX H3ICIHIX

U3penune Ob6bem YaenbHble YaenbHble CebecTtoumocTb LeHa
npousBeaeHHbIX npamble NPOM3BOACTBEHHbIE | €AMHULbI, TEHFE | peanunsaumm
nsgenui, en,. 3aTparThbl, HaKNagHble pacxoabl 3a eAnHULY,
TeHre (MHP), TeHre TeHre
1 2 3 4 5 6
A 1500 500 100 600 750
B 1000 600 120 720 800
C 2000 450 90 50 575
D 1250 800 160 960 975
E 2750 700 140 840 800
LeHa peannsauymmn nsgenna «E», TeHre 800
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YaenbHble nepemMeHHble NpAMble 3aTpaThl, TeHre (700)
MNepemeHHbie MHP, TeHre (70)
MaprKMHaNbHbIN A0X04, TEHTe 30

CocraBuM OTUET O MPUOBUIAX U YOBITKAX:

Urak, m3nenue «E» Bnusier Ha GopMupoBaHue NpUObLIN B pasMepe 6 TEHTe, HO B CBOIO OYepeib MPH
pacuere 550 emunui: (30 x 2750) = 82500 tenre. Ilpeanonokum, 4TO NMpH KaJbKyJIMPOBAHWUHU IOIHOM
ce0ecTOMMOCTH MPOU3BOICTBEHHBIX 3aTpaT usaenue «E» Oyner uckiodena u3 mpou3BOACTBEHHOTO Tpoliecca,
a cTaBKa paclpeesIeHHs HaKJIaIHbIX PacXoJI0B U3MEHHTCS 1 u3aenue «Dy cTaHeT HepeHTa0eIbHBIM.

[IponsBoacTBeHHbIe HakIaaHble pacxoibl Mo u3aenuio «E» coctasar: (2750 x 140) = 385000 Tenre.
[pennonoxxuMm, uro uznenue «E» OyneT UCKIOYeHa ¢ TMPOM3BOICTBEHHOrO Ipolecca, To coBokymnHbie [THP
CHHU3ATCSl Ha CyMMY HaKJIQJHBIX PacXoJI0B, OTPAXKAIOUIMX M3TOoTOBIeHHE naHHoro uznenus: (50%x 77000) =
38500 Tenre; mepeMeHHbIE IPSAMBbIE 3aTpaThl Toke yMeHbiIarcs: (2750x70) = 192500 tenre.

CrnenoBaTtenbHO, MPOIEHT HAKIIAIHBIX PACX00B K IIEPEMEHHBIM 3aTparaM COCTABHT:

HaxknajHble pacxo/bl _207000—(50%x77000) _ 168500
[lepeMeHHblIe NpsAMbIe 3aTPaThbl 1035000—-385000 650000

=25,9%

sze, 061].[351 CyMMa HNEPpEMCHHBIX 3aTpar 110 BCEM IMPOU3ZBCACHHBIM IIATHU HU3ACIHUAM COCTaBJIACT =
[(1500x500) + (1000x600) +(2000x450) +(1250x800) +(2750x700)] =1035000 Tenre.

Pesynmprar mo m3nmenuio «Dy», paccunTaHHBIA Ha 0a3e MEPEMEHHBIX 3aTpar IOCe HCKIIOUEHUs W3
IIPOU3BOJICTBEHHOI'O Tpolecca usnenus «Ey, Toraa:

LeHa peanunsaummn nsgenma «D», TeHre 975
YaenbHble nepeMeHHble NpAamble 3aTpaThbl, TeHre (800)
25,9% HaknagHbix pacxoaos oT 800 TeHre (207,2)
Y6bITOK, TeHre 32,2

HckimounB 13 MPOU3BOJICTBEHHOTO Tpoliecca u3ienue «Dy», KoMIaHus B CIeyIONeM OTYETHOM ITepPHOJIe
JOIDKHA OyJeT OTKa3aThCs OT HM3TOTOBICHHS Mpojaykra «C», 4TO NpUBENET K HYJIEBOMY pe3yJIbTaTy
MPOU3BOJICTBEHHYO JIMHHIO BBIIIIE TEPEUUCICHHBIX U3JICITHH.

[pumep 2: Kommanus «SPORT» 3aHMMaeTCs MNPOM3BOACTBOM CIIOPTUBHOIO OOOPYIOBAHMS: MSYH,
xiromku 1 ap. Kommnanms «FAKEL» mMmeer B cOOCTBEHHOCTH CeTh CIIOPTHBHBIX CyliepMapkeToB. KoMmanus
«FAKEL» cnenana cenuanbHOE MpeaioxkeHne Ha 3aka3 koMmrnanuu «SPORT» npouseoacteo 440 000 enuHuUIL
30 000 xirorek ¢ yrnakoBkoi, mo 500 equHuIl B KOPOOKe. 3a Kaxk Iy KopoOKy kimomiek komnanus « FAKEL»
npeaaraer neHy 2,45 Tteic.tenre. byxrantep kommanuu «SPORT» mpenocraBuina wHOpMaIumo 00
M3TOTOBIICHUH KITIONICK U M3JIEPXKKAX Ha UX MPOU3BOJICTBO.

bromxkerHbrit 00peM nponsBojicTBa Kmrornrek — 400 000 emuHuUIl, hakTHIECKH 00bEM IMPOM3BOICTBA B
TeueHuH KajaeHmaapHoro roga — 410 000 kirromek; MakCHMalIbHAsI TPOU3BOACTBEHHAS MOIITHOCTh OTpaHUYEHA B
npenenax 450 000 kirormek. imeetcs ciemyromas gononautensHas nHpopmanus (Tadbmuma 2).

Tabmuma 2 — lonomauTensHas nHbopMaIus 06 n3epKKax Ha M3TOTOBJICHUE W3/IeNHiA (ThIC. TEHTe Ha e]1.)

1. OcHOBHble maTepuansol 0,9
2. OcHOBHOWM TpyA, 0,6
3. NMepemeHHbie MMHP 0,5
4. NocTtosiHHble MHP (13 pacyeta 400000 ea.) 0,25
5. MepemeHHbIe 3aTpaTbl Ha YNaKOBKY 0,3
6. MocTosiHHbIE 3aTpaT Ha peknamy (13 pacyeta 400000 ea.) 0,15
7. Mpoumre NocTosiHHbIE KOMMEpPYECKME N agMUHUCTPATUBHbIE pacxoabl (M3 pacyeTa 400000 ea.) 0,3
UToro 3aTpatbl 3,0
LleHa peanunsauuu 3a eguHuLy 4,0
3aTpaTbl Ha YNakoBKy KatowekK no 500 e, B KopobKe 250 Thic.TeHre

Ha ocHoBammu mnpezicraBieHHONW HH(OpPMAIMU TPOBEAEM aHAIW3 JBYX BAPUAHTOB: KAJIBKYIISIIHS
MIPOM3BOJICTBEHHBIX 3aTpaT 0e3 ydera cliel3akasa u ¢ ydeToMm crierzakasa (Tabmmma 3).
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Tabmuna 3 — Otyer 0 NpHOBIISX M YOBITKAX MO0 METOAY «IUPEKT-KOCTHHI»

Ne MNokasatenu 1 BapuaHT 2 BapuaHT
n/n (6e3 cneusakasa), (co cneusakasom),
B pacyeTte Ha 410 000 ega. B pacyeTte Ha 440 000 ega.
BbipyyKa, TbiC.TEHTE 410000 eq. x 4 TbiC.TeHre= 1640000 TbiCc.TeHTE
1640000 Tbic.TeHTe +(30000 en.x2,45
1 Tbic.TeHre) = 1713500
TbIC.TEHTE
lNepemeHHble 3aTpaT:
- OCHOBHble maTepuarnsbl 410000 eg.x 0,9 TbiC.TeHTE 440000 egn,.x0,9 Tbic.TeHre=
=369000 TbiC.TeHre 396000 TbIC.TEHTE
2 | -ocHOBHOM TpyA, 410000 ep, x 0,6 Tbic.Tr 440000 epn,.x0,6 Tbic.Tr =
=246000 TbIC.TF 264000 TbiCc.Tr
-nepemeHHble MHP 410000 epf,.x0,5 TbIC.Tr = 440000eg. x 0,5 TbIC.Tr=
205000 TbIC.TF 220000 TbiCc.TT
- nepemeHHble  3aTpaTbl  Ha 410000 epf,.x0,3 TbIC.TT = (410000ea. x 0,3)+250
YNaKoOBKYy 123000 Tbic.Tr TbIC.Tr=123250 TbIC.TT
NToro nepemeHHble 3aTpaThbl 943000 TbIC.Tr 1003250 TbIC.Tr
3 MapUHaNbHbIN [OXOA, TbiC.TEHre 697000 710250
MocTosiHHbIE 3aTpaThl:
-NHP 400000 ea.x 0,25 400000 ea.x 0,25
TbiCc.Tr=100000 TbIC.TT TbiC.Tr=100000 TbIC.TT
4 | -peknama 400000 eq.x 0,15 400000 eg.x 0,15
TbIC.Tr=60000 TbIC.TT TbiC.Tr=60000 TbIC.TF
-KOMMepYecKkue n 400000 eg,.x 0,3 400000 eg,.x 0,3
AAMUHUCTPATUBHbIE TblC.Tr=120000 TbIC.TT TbiC.Tr=120000 TbIC.TF
MTOro NnoctosAHHbIe 3aTpaThbl, TbiC.TEHIE 280000 280000
MpubbiNb, TbiC.TEHTE 417000 430250

Kak BuaHo w3 kambkyisiuu, ecau kommanuss «SPORT» chemaer cmernzakas, TO OHa TMOJXYYHT
JOTIOJTHUTENBHO TPUOBLTHL B pasmepe 13250 Tteic.Tenre. Kak W3BECTHO, IMOCTOSIHHBIC 3aTpPaThl SBIISIOTCS
HEpEJEeBaHTHBIMH, TIO3TOMY OHH HE MEHSIOTCS NMPH Pa3InYHbIX 00beMax MPOM3BOJICTBA M3Jenuii. Perenue
OTHOCHUTEIHHO CIEIHATIBHOTO 3aKa3a MPUHUMAIOTCS TOJBKO Ha 0a3e mepeMeHHbIX 3aTpaT. B pesynbrare 3Toro
— crenzaka3 Oyaer npuHAT [6].

Pezynemamut u 06cyscoenue

Takum 00pa3om, MOXKHO CHENaTh BBIBOJ, YTO CaMO€ BKHOE IMPH KANBKYJISIUH MO CHCTEME «TUPEKT-
KOCTHHT» — 3TO0 AuddepeHIpoBaHre 3aTpaT Ha MEepeMEHHBIC W ITOCTOSHHBIC 3aTpaT UM MPUMEHEHHUE ero
MTO3UTUBHBIX MOMEHTOB B IIEJISIX ONTHMH3ANUN YPPEKTUBHOTO YIPABICHAS KOMITAaHHEH.

Boisoowi

OCHOBOIIOJIATAIOIIUM MOMEHTOM IPUMEHEHHS] CUCTEMBI «IUPEKT-KOCTHUHIY SIBJIACTCSA KAJIbKYJIUPOBAHUE
ce0ecTOMMOCTH M3JeNusl 0e3 ydyera IOCTOSIHHBIX 3aTpaT, TAKMM ITyTeM IOBBILIAETCS POCT MapKUHAJIBHOIO
JI0X0/1a TIPU peaau3alnuy U3Aenni.

KitoueBbIM  pakTOpoM cCHUCTEMBI SIBISIETCS TO, YTO OH MPENOCTABISET BO3MOKHOCTb TI'PAMOTHO
MIPOaHAIM3UPOBATh LIENOYKY «3aTpaThl — 00bEeM — NPHOBLILY, PACCUMTHIBAs 3HAYCHUS MOKa3aTejed — Touka
0e3yObITOUHOCTH, 3armac (UMHAHCOBOW MPOYHOCTH U Apyrue. [loaToMy Ha COBpEMEHHOM 3Tare CHCTeMa
«IUPEKT-KOCTUHI» OTHOCUTCS K YMCITY 3HAUNTENbHO 3((EKTUBHBIX METOIOB yueTa 3aTpar. «{upeKT-KOCTUHT»
OTHOCUTCA K 4YHCIy THMOKMX HH(OPMALMOHHO-aHAJUTUYECKUX CHCTEM, Ha OCHOBE HEro CTPOMTCS
yIpaBJIEHYECKUH yUeT Ha NPeIIpUATHH.
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Henoctarkom  cuUCTEMBI  «AMPEKT-KOCTUHI»  SBIACTCS  HEAOMYCTUMOCTb  OTPa)KEHUS  MOJHOM
ce0ecTOMMOCTH u3aenus [7].

WneanbHBIX CHUCTEM WM METOJOB yueTa 3aTpaT HE CYIIECTBYET. Y PAa3MYHBIX CHUCTEM U METOAOB
HMMEIOTCSI CBOM TMOJIOKUTEIbHBIC U HETaTUBHBIEC CTOPOHBI.

OcHOBHas 3ajiaya — OIICHUTh CUCTEMY M METOOB JUIsl TOTO, YTOOBI CTJIaJIUTh UX HETaTUBHBIC MOMEHTHI,
3(1)(1)6KTI/IBHO MMPUMCHATD IMOJIOKUTCIIBHBIC U OCYIIECTBUTL B HUX UX JOCTOMHCTBA.
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O.K. Hypramena, T.K. Hypranuena

«Direct Costing» mBIFBIHAAPABI 6JIIIEY KIHE OHBIH AepPeKTepiH 6acKapy yuiH
naiganany ;kyieci perinae

Kapkpiaapl e3repeTiH HapbIK KaFdalblHAa KOCIMOPHIHHBIH IMAPYallbUIBIK KBI3METIH THIMIL
TacinmepMeH 0ackapy — KOMIIAHUSHBIH aKITapaTThIK Ma3MYHBIHBIH JICHTei. OHJIey CEeKTOPBIHIAFbI
Oyxrantepilik eCemTiH MIeTeNaiK TKIpuOeciHne OHIMHIH TOMEHJIETUITeH O3IHAIK KYHBIH
ecernTeyre JKoHe IIEKTI KipiCTi ecenTeyre HEeTi3IeNTeH «AUPEKT-KOCTUHTY IIBIFBIHIAP/Bl €CETIKe
ay Jkyieci TaHbIMal.

Maxkanana msIFEHIAP €ceOiHIH ©3€KTi TaKbIPHIObI JKOHE «IHPEKT-KOCTHHTY KYWECiH KOIIaHy
apKBUTBI OHIMHIH ©31H/1IK KYHBIH KATbKYJISIMSIIAY 3epTTeNe/i. OHIIpUITeH OHIMHIH 631H/IIK KYHBIH
KaJTbKyISAIUsIayJa «IAPEKT-KOCTHHT» OMICIHIH OH JXOHE Tepic JKaKTapbl KapacThIPBUIFaH, Oy
OHJIIPIC IIBIFBIHAAPBIH €CEMKe aly >JKOHE KOCIMOPBIHABI Oackapy OOWBIHIIA KOCITKEPIiK
menriMaepal Kadbuiiay MoceleciH TepeH 3epTTeyre MYMKIHIK O0epeni. «{upexT-KocTuHT» dici
KOMIIaHUSHBI Oackapy OOWBIHINA >Ke[eN MIenrmaep KaOburmayna Thimmii, Oipak y3aK Mep3imii
MepcrieKTrBaaa 0ackapy MmenrMIepiH KaObliaaya eTe THIMCI3, OUTKEH1 OYIT oficke KipMeHi.

Tyuiinoi co30ep: KanbKyISIMs, KaTbKYJSIIMsIAY, OHAIPIC IBIFBIHAAPDI, aHBIMAIIBI )KOHE TYPAKTHI

NIBIFBIHIAP, TIKENeH jKoHe KaHama IIBIFBIHAAD, JTUPEKT-KOCTUHT, KipicTep Typajbl ecell, Kipic,
©31H/IIK KYH, IIeKTi TaObIC, Maiiia.
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A.K. Nurgaliyeva, T.K. Nurgaliyeva

«Direct Costing» as a system for measuring costs and using its data for management

In a rapidly changing market environment, managing the economic activity of an enterprise in
effective ways is the level of information content of a company. In foreign practice of accounting
in the manufacturing sector, the direct costing cost accounting system is popular, based on the
calculation of the reduced cost of products and the calculation of marginal income.

The article examines the current topic of cost accounting and the development of the calculation
of the cost of products using the «direct-costing» system. The positive and negative aspects of the
direct-costing method in calculating the cost of manufactured products are considered, which
makes it possible to study in depth the issue of accounting for production costs and making
entrepreneurial decisions on company management. The direct-costing method is effective in
implementing operational decisions on company management, but it is extremely unprofitable
when making management decisions in the long term, since this method does not include all costs
that have a significant impact on the cost of manufactured products.

Keywords: calculation, calculation, production costs, variable and fixed costs, direct and indirect
costs, direct costing, profit and loss statement, revenue, cost, marginal income, profit.
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HccnenoBanue (l)aKTOPOB MOTHUBAllUMA CTYACHTOB IKOHOMHUYECCKUX CenuAaJbHOCTEN KaK
HeOﬁXO}IHMOC YcdiioBU€ MOBBIICHUA KaYeCTBa oﬁyqe}mﬂ

B craTthe mpoBeaeHO HcclieIoBaHKE C 1IETbIO BBISIBUTH, KAKHE MOTUBBI OOYYEHHS TOMUHHPYIOT Y
CTYICHTOB OKOHOMHUYECKUX CIelHanbHOCTell TeXHUKO-SKOHOMHYECKOTO KOJUI/KAa TpH
KaparanguHckoM — WHIyCTpUAIbHOM —yHHBepcuTeTe. [Ipu  oOpraHm3alud W MPOBEICHUH
WCCIICIOBAHUSI ~ TPUMEHSJIMCh  TaKWe  TEOPEeTHYECKHE  METOAbl  Kak aHaiW3, CHHTES3,
00001IeHHEe TaHHBIX, )KOHOMHKO-CTATHCTHYECKHE METOIbI cOopa u 00paboTku nHpopmanuu. s
MPOBE/ICHNS aHKETHPOBAHMSI MCITOIB30BAJICS OIPOCHUK, COCTABJICHHBIN 110 MeTonke A.A. Peana
u B.A. SIkynuna, Bkimtouatonuii 34 Borpoca. Takxke MpoBEeNeHO MCCIETOBAHNE MOTHBAIIMOHHOM
ocHOBBI BbIOOpa mpodeccun mo Meroguke C.C. ['puninnyna. BreinosHeHa orieHka (hakTopoB,
BIHSIFOIINX HA Y4eOHYIO MOTHUBAIIMIO CTYJICHTOB. ABTOpaMH JIaHbl PEKOMEHJAIIMH 110 MTOBHIIICHHTO
3aWHTEPECOBAHHOCTH OOYYAIONIMXCS B IMOJNYYCHUH KAaueCTBEHHBIX 3HAHWHA W HaBBIKOB. Takxke
MPEJIOAKESHBI METOBI M MPUEMBI JIJISl TOBBIICHHUS YYeOHOH MOTHBAIMM CTYIECHTOB CO CTOPOHBI
HpenoiaBarenei.

Kniouesvie crosa: kadecTBO 3HAHUH, KOMIIETEHIMN, 00pa3oBaTenbHas cpeaa, npoheccuoHaIbHas
MOATOTOBKA, y4eOHas MOTHBAIMs, (PAKTOPHl MOTHBALMH, MOTHBAIMOHHBIN TPOQWMIb, MOTHBBI
BbIOOpa mpodeccuu.

Bsenenne

B coBpeMeHHBIX yCIOBUAX 3HAYUTENIFHO BO3pPACTalOT TPEOOBAaHUS K KaUeCTBY 3HAHUN, (POPMUPOBAHUIO Y
OyIymuX CIEIHAIUCTOB MPO(ECCHOHANBHBIX KOMIICTEHINH, aHATUTHYECKUX CIIOCOOHOCTEH, KPeaTHBHOCTH
MBILICHUS, YMEHUS BBIIBUIaTh albTE€PHATUBHBIE PEILCHUs U IPUMEHATH [10JyUYCHHbIE 3HAHUS HA NPaKTHUKE.
OcHOBO# ycrienHOW y4eOHON AEITENBFHOCTH JIFOO0OTO CTYICHTA SIBISETCS BBICOKHM YPOBEHH MOTHBAITMH K
JAHHOMY BHUIY AEATEIbHOCTH.

Hecmotpst Ha nuaupyronye NO3UIUM B PEUTHHIE BOCTPEOOBAHHOCTH HA PBIHKE TPyAa CIELHMAINCTOB
Takux obmacred kak  «byxramrepmsay, «YmpaBiueHUeckud — yder», «DWHAHCH — MPEATIPUATHI,
«AIIMUHUCTpATHBHBIN mepcoHam» (puc. 1), mperomaBaTenssMd OTMEYAaeTCs CHW)KEHHE y CTYIEHTOB JTHX
CIELUAIBHOCTEH 3aMHTEPECOBAHHOCTH B IOJIyuYe€HWH 3HaHWH. IloBbIIeHHME MOTHBALMM K OOYyYEHHIO
CTaHOBMTCSI OAHOW U3 OCHOBHBIX IPOOJIEM COBPEMEHHOI'O 00pa30BaHUsl.

Nzydyennem moTuBamum K oOy4eHHIO 3aHUMaMCh Takne ydeHwle kak: JIL.U. boxxoBuu, A.K. Mapxkosa,
IL.M. fxo6con, H.B. Ky3zpmuna, A.b. Opmnos, B.I'. AceeB, B.U. Kosanes, H.B. Copokuna, A.H. JIeoHThEB,
b.®. Jlomos, B.JI. llanpukos, I1.4. I'anenepun, U.A. lensrac, A. Macnoy u MHorue npyrue. B nauane 20
BEKa M3y4eHHE MOTHBOB JESITEIbHOCTH CTAJIO0 OTACIbHBIM HAIIPABICHUEM HCCIIECAOBAHMS JINUHOCTH, a K Hadary
21 cronmeruss TEOPUM MOTHBALMU YK€ OKOHYATENbHO O(QOPMUINCH B CaMOCTOSITEIbHYIO 00IacTb
MCUXOJOTHYECKHX W TEJarornveckux 3HaHuii o jmuHoctd [1]. Ho B coBpemeHHO# Hayke 1O CHX TOp
MOTHUBALMA UCCIIEIOBaHA HE B IOJIHOM Mepe, He CPOPMUPOBATIUCH EANHBIE METObI €€ NU3yUCHUS], yUCHBIMU HE
MOJTyYEeHbl OKOHYATENbHBIE PEILICHHS BCEX BOIIPOCOB, CBA3aHHBIX C TAHHOW MPOOIEMOT.

Tak, Hanpumep, MapkoBa A.K. momnaraer, 4To MOTHBOM y4eOHOM IESTEIBHOCTH HEOOXOIUMO Ha3bIBATh
HAIpaBJICHHOCTh YYaIlIerocsi Ha OTJENbHbIE CTOPOHBI yueOHOW paboThl, CBSI3aHHYIO C BHYTPEHHHM K HEH
otHomeHnueMm [2]. BobkoB O.b, mox yueOHO-podeccHoHaTbHON MOTHBALMEH, MpeliaraeT MOHUMATh
«COBOKYITHOCTb B3aMMOCBSI3aHHBIX OCO3HABAEMBIX IOOYKICHUH, ONPEACISIONMX NPOdEecCCHOHANbHYIO
HANpaBICHHOCTh W CTUMYJMPYIOIIMX AKTUBHOCTh OOy4yaeMbIX Ha pa3Hble CTOPOHBI Oynymied cBoei
npodeccuoHaIbHOM IEITETFHOCTH B IIpoliecce 00y4yeHus B yueOHOM 3aBenerum» [3]. Xamenosa [.H. cunraer,
4TO «y4eOHasi MOTHBALMS — 3TO OINOCPEIOBAHHBIH BHYTPEHHUMH M BHEHIHUMH (HaKTOpaMH HPOLECC
noOy»X/IeHHUs CTYICHTOB K Y4eOHOH IesTeIbHOCTU Ul JOCTHKEeHUs1 00pa3oBaTeibHbIX Lenei» [4]. [opaeesa
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T.O. paznensier yueOHbIe MOTHBBI Ha BHEIIHUE U BHyTpeHHHE. K BHYyTpEeHHMM MOTHBaM OTHOCHT MOTHBAIIHIO
MO3HAHUS, JOCTH)KEHHSI U CaMOPa3BHUTHUS, K BHEIIHHNM MOTHBaM — CaMOYBa)KCHHE, WHTPOCHUPOBAHHYIO U
SKCTepHAIbHYIO0 MoTuBalMio [5]. CuBpukoBa A.M. ompenenser y4eOHYI0 MOTHUBAIHIO, KaK «COBOKYITHOCTb
OTIpEIeNICHHBIX (PaKTOPOB, COCOOCTBYIOIINX MOBBIIICHUIO HHTEpeca K y4eOHOH IesTeIbHOCTH B BY3€», TAKUX
KaKk MHIMBUAYaJbHOCTb CTYAEHTa, Y4eOHBIH Mpolecc, B3aMMOOTHOMIICHHE C MpenojaBaTreiieM, KOJUICKTUB
rpynnsl [6].

Byxrantepms, y4eT, GpuUHaHCBI
AZMWHHUCTPATUBHbIH NepcoHan

IT, UHTEpHET, TENEKOM

TpaHcnopT, NOrMCTUKA
CTPOMTENLCTBO, HEABUUMOCTL
MpownseoAcTBO, ceNbCKOE XOSANCTBO
Pabouuii nepcoHan

MapkeTtuHr, peknama, PR

BaHKK1, MHBECTHULUK, TUSHHT

Mpodobnacrts

I
I
I
[
=
==—1
|
—
—
TypUsM, TOCTUHHLbI, PECTOPaHbI -
MeguuuHa, papmauesTka -
Hayka, o6pasoBaHue E
YnpaBneHWe NepcoHanom, TPEHUHIH
CnopTtueHble Knybbl, pUTHEC, canoHbl KpacoTsl
BbiCLIMii MEHEeAMMEHT

WcKyccTBO, passnedyeHus, macc-meaua

Pucynok 1 — BocrpeboBanHbie podeccroHabHbIE 001acTH
B PecniyOnmke Kazaxcran B 2022 rony
(Ucrounuk: PeiHok Tpyaa B Kasaxcrane: uroru I kBaprana 2022 roxga. «hhy. — URL:
https://hh.kz/article/30166)

HccnenoBarenssiMu BBIZICTISIFOTCS CIIETYOIIE 0a30BbIC MOTHBHI:

- M03HABATENILHBIC, TO €CTh CTPEMJICHUE K MIO3HAHUIO Y€T0-TO HOBOT'O;

- IparMaTU4HbIe — )KEJTaHUE UMETh BBICOKHE JIOXOJIbI, OBITh COTPYIHUKOM KPYITHOI N3BECTHOH (hUPMBEI,

- COLMATbHBIC MOTHBBI, TIPEAIONIATAIONINE MTPEXKJIC BCETO YyBCTBO JIOJTA MEPE]] POAUTEISIMHU, BHICOKYIO
CTETICHbh OTBETCTBEHHOCTH 3a CBOE Oy IyIIee, JKelaHie CAMOYTBEPIKIICHUS B COITIYME;

- KOMMYHHUKATHBHBIC MOTHBBI HAIIPaBJICHBI HA PaclIUpPEHUE KPyTra 3HAKOMCTB;

- mpodeccuoHambHBIE — CTPEMIJICHHE Y3HATh BBIOPAHHYIO CIIEHHAIBHOCTh HA HOBOM YpPOBHE, Oolee
TITy00KO.

Mertojibl U MaTepuanbl

[TpoBeneHO wHcCnenOBaHWE C IIETBI0 BBIIBHTH JOMUHHPYIOIIME MOTHBBI OOYYEHHS Y CTYACHTOB
SKOHOMHYECKHX  CIEUANbHOCTeH  TeXHWKO-dKOHOMHYECKOro  Kojuie[pka rnpu  KaparanauHCKOM
MHIyCTPHAJIBHOM yHUBepcuTere. [Ipy opraHu3anuy ¥ TPOBEACHHH HCCICIOBAHUS NMPUMEHSUTNCH TaKHe
TEOPEeTHYECKHE METObI KaK aHalIN3, CHHTE3, 0000IIeHNe TaHHBIX, 9KOHOMUKO-CTaTHCTUIECKHE METOIBI cOopa
u 00paboTku nHpopManuu. s mpoBeIeHUs] aHKETUPOBAHHS MCIIOIB30BAIICS OTNPOCHUK, COCTABICHHBIH 110
meromnke A.A. Peana m B.A. flkyauwna, Bkmiowaromuii 34 Bompoca. Takke NpOBENEHO HCCIECIOBAHME
MOTHBAIIMOHHON OCHOBHI BbIOOpa mpodeccuu o metouke C.C. ['puHmmTyHa.

OcHOBHas 4acTb
[IpoBenenHOE HAMU HICCIIEIOBAHKE CPEI CTYIEHTOB BTOPOTO M TPETHET0 KypCOB MOKA3allo, YTO BEIyIIee
MECTO B MOTHBAIIHOHHOHN CTPYKType CTyJIEHTOB 3aHUMAIOT NPO(HECCHOHANBHBIE MOTHBbI, HO OCO3HAHUE 3THX

LeJieil HyK/1aeTcsl B [OIKPEIVICHUH TPOLiecCyaIbHONM MOTHBALKEH, KOTOpasi COPOBOXKAAETCS SMOLMOHATBHBIM
OTHOLICHUEM CTYJCHTOB K Ipoleccy NpodecCHOHAIbHOM NOArOTOBKH (pHUC. 2).
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VYoexnenune, uro gaHHas mpodeccuss UMeeT BBICOKHH NpecTHk B oOmiecTBe xapaktepHo aist 17%
OTIPOIICHHBIX. TPeTbHMHU N0 3HAYMMOCTH SIBJISIFOTCSI MOTHBBI TBOpUECKOii camopeanu3auu (16%), crpemienue
MOTYEPKHYTh COOCTBEHHYIO YHHMKaJbHOCTb. MIMEHHO Ha S3TH MOTHBAaTOPHI CIEAyeT OPHEHTHPOBATHCS
MpenojaBarensiM Npyu MOCTPOCHUH yUeOHBIX 3aHSATHH, MCIOJB30BaTh METONBI MPOEKTOB, NIEIOBBIC UIPBHI U
JpyTHe aKTHBHBIC METOABI OOYYeHHS, MO3BOJSIIONIME pa3BUBATh TBOPUYECKOE MBILIUICHHE — HE00X0oAnMoe
YCIIOBHE yCII€Xa CETO/IHS B JIIOOOM BUJE JIeSITeNbHOCTH. KOMMYHHKaTHBHBIE MOTHBEI OKa3aJIlCh BaKHBI TOJIBKO
JUIsS OTHOTO cTryaeHTa (2%).

6% 2% 6%

41%

= KOMMYHUKaTUBHbIE MOTMBbI = MoTuBbl u3beraHus
= MoTuBbI NpecTuKa MpodeccroHanbHble MOTUBbI
= MOTWBbI TBOPHYECKOM CaMopeanim3aLmm = Yye6HO-N03HaBaTe /IbHble MOTUBbI

- COLI,VIaﬂbH blé MOTUBbI

PucyHok 2 — MOTHBBI yueOHOH IEATSIbHOCTU CTYJICHTOB 9KOHOMHUYECKUX CIIeI[HAIbHOCTEH

Ha pucynke 3 mpejicTaBieH MOTHUBAIIMOHHBIA MPOGWIb CTYIEHTOB Ha dTare oOyueHws. [lo kaxmpomy
MOTHBHpYIOIEMY (aKTOpy pacCuMTaHa CPEeIHss OLEHKA M0 MATHOAIbHON Iikane. Beicokuii Oamn uMeroT
npodecCHOHANbHbBIE, y4eOHO-TIO3HABATENbHbIE MOTHBBI M  MOTHBBI TBOPYECKOH caMopealu3allyH.
Haumenbinnii — MOTHBBI H30€TaHMSL.

3,5

3
2,5

N

1,5

[EEN

0,5

Pucynok 3 — MoTuBaInmioHHBIA TPOGMITE CTYJICHTOB Ha dTare 00yJIeHus

Cpeny MOTHBOB, ONPEACIMBILIMX BBIOOP CHELUATBLHOCTH MPU HNOCTYIUIEHHMH HauOOJBLIYIO OO UMEET
CTpeMJICHHE HalTH yAa4HbIH ciocob 3apadatsiBaTh (30%). Ciaemyer oTMETHTD, uTO it 25% CTYeHTOB BakHa
BO3MOXKHOCTh TBOPUYECKOHM peaiu3aluy B TpyJe. MOTUBBI JEIOBOTO XapaKTepa CTAIH ONpPeNeSIOIUMH IS
24%. 3ansaTbes B OyAylleM HayqyHOH AESTEIbHOCTBIO IO CIEIHAIbHOCTH IUIaHUpYeT Bcero 12% cTyneHToB
TPETHEro Kypca, a Ha BTOPOM Kypce Takux yxe 32%, (puc.4).

3T0, €CTECTBEHHO HE BECh IIEPEUCHb MOTHBOB, HO UMEHHO I1€PEUHCIIEHHBIE ONPECIISIIOT caM (akT BeIOOpa
yueOHoro 3aBepeHus. [lamee, B mporecce oOyueHHs, CTYIEHT, PYKOBOJCTBYSICb CBOMM OTHOIICHHEM K
KOHKPETHOMY IPeIMETY, CBOEH 3aMHTEPECOBAHHOCTBHIO U MOTHBHPOBAHHOCTHIO, PACCTABIISIET IPUOPUTETHOCTh
pasHbIX MPEeAMETOB B yueOHOM Kypce. Ha 3ToT nmokasaTens npernosaBaTeib YK€ MOXKET [TOBIIHUSIT.

J1st IOBBILICHUS 3aMHTEPECOBAHHOCTH OOYYAIOMIMXCSl B TOTYYEHUN KAUeCTBEHHBIX 3HAHUHM U HABBIKOB
MO>KHO BBIJEIIUTD CIIEAYIOLINE PEKOMEHJAlNN!

90



BECTHUWK Ky Ne 4 (39) 2022 e.
Pa3den 3. «CoyuanbHO-2yMaHUMapHble HayKu QKOHOMUKa»

Bo-niepBbIX, rpaMOTHO OpraHM30BaHHAs, UMEIOIIAsi CUCTEMHBIN XapakTep, BOCIUTATEIbHAs padoTa B By3e
crocoOCcTByeT (OPMUPOBAHUIO Y CTYACHTOB HEOOXOJUMBIX MOPAJIbHBIX IleHHOCTeH. [laTpmornyeckue,

oOyyaroliye, pa3BieKaTelbHbIE MEPONPUATHS OOJKHBI CHOCOOCTBOBAThH POCTY 3aWHTEPECOBAHHOCTH Y
CTYJCHTOB K U3y4aeMOMY IPEAMETY.

25% - 21%

24%

30%

= MoTtusbl NPEeCTUXHOCTN = MoTuBbl mMaTepuranbHOro 6}13FOI'IO!1y“|MH

MoTuBbI €N10BOro XapakTepa MoTH1BbI TBOPYECKOM peannsaumnm B Tpyae

Pucynox 4 — MotuBsl BeiOOpa npodeccuu

Bo-BTOphIX, 0OJBIIOE BIMSHUE HA YCHEINTHOCTh Y4eOHOW JESTENLHOCTH OKa3blBaeT oOpa3oBaTebHAs
cpena y4eOHOTO  3aBeJieHHs, B KOTOpOH  (OPMHUPYIOTCS  MpOoQecCHOHAIBLHBIE KOMIETCHIMH U
poeCCHOHANBHOE CTaHOBJICHUE MOJIOJIBIX JIIOJIei. By3 JomkeH cofeldcTBOBaTh PACKPBITHIO UHTEPECOB H
CHOCOGHOCTeﬁ ydamuxcs, CTUMYJINPOBATh aKTUBHOCTb o6yqa}oumxc;1 B UX HpO(i)eCCI/IOHaJ'[I)HOM N JIMYHOCTHOM
Pa3BUTUKU W CaMOpPa3BUTHH, CTUMYJIMPOBATH BSaHMOHeﬁCTBHe MCXKAYy CTYACHTaMU W TPCrIoaaBaTCIIAMU,
padBuUBaTb COTPYAHUYUCCTBO MEXKAY CTYACHTAMH Pa3HBIX CHeHI/IaIIBHOCTeI‘/'I, Pa3HBIX KYpPCOB, IOOIIPATH
AKTUBHOE 00yUYeHHE.

He menee 3HauMMBIM U151 TPO(GECCHOHATBHON MMOATOTOBKH OYYIIMX CIEIUAITUCTOB SBJISICTCSI Pa3BUTHE
y CTYIICHTOB HAaBBIKOB caM000Opa3oBartenbHOW aesTenbHOCTH. C 3TOW IIenbio 00pa3oBaTeNbHBIA IMpoIece
JIOJDKEH OPUEHTUPOBAThCS Ha (POPMHUPOBAHUE Y 00yYaeMbIX MOOMIILHOCTH, YMEHHS aJal THPOBATHCS K HOBBIM
WH(OPMAITMOHHBIM U 00pa30BaTENbHBIM TEXHOJIOTHSIM.

3amaua y4eOHOTO 3aBeJICHHsI — CO3/IaTh MAaKCUMalbHO ONarompHsTHbIE, KOM(MOPTHBIC YCIOBUS IS
BCECTOPOHHETO MPO(eCcCHOHATBHOTO Pa3BUTHS JUYHOCTH ¥ TTIOCTPOEHUS Ha ATOM OCHOBE 0a3uca ISl YCIenTHON
Kapeepbl M camouaeHTH(uKanuu. llpn Hanmuumm TakWxX yCIOBHM BCETAa OTMEUYaeTcs BBICOKHI YPOBEHb
MOTHBAIIMH U TIPOSIBJICHHE aKTHBHOCTH CTYICHTOB B y4EOHOM M HAYIHO-HCCIICIOBATEIbCKON eITSIbHOCTH [7].

B memsax obecrieueHus 3(h(QEKTUBHOCTH TaKOW 00pa30BaTENbHON Cpeasl HEOOXOIMMO HCIIOIL30BAThH
CHCTEMHBIH MTOAXO0/I, B KOTOPOM OyJIET BBIpayKe€Ha BBICOKAsI TOTPEOHOCTH B MTOIYI€HUH 3HAHUH Y CTYJCHTOB U
npoeccrnoHanbHast TOTOBHOCTH MPEToaBaTeleil K HHHOBAIMSAM B MTPEM01aBaTebCKOM NeATebHOCTH.

Co cropoHBI TpemnojaBaTeNeil JUIA TOBBIMICHHWS y4eOHOW MOTHBAIlMM CTYACHTOB MOXKHO YKa3aTb
HECKOJIbKO PEKOMEH 1IN,

HeobOxognmo ompenenuts 0a30BBIE MOTHB oOOydaromierocs. llmaHuwpysi HWCIONB30BaHWE pPa3IHMIHBIX
TeXHUK W MPHEMOB MOTHBAIlMM B 00Opa30BaTENHLHOM IIPOLIECCE, CIEAyeT MOMHUTh, YTO OHU CTOJb )K€ HE
YHUBEPCaIbHBI, CKOJIb MHOTOOOPa3Hbl CAMU MOTHBBI K OOYUEHHIO Y CTYIeHTOB. IHBIMU cITOBaMH, JTydIIle BCETO
paboTtaer WHIUBUIAYyalnbHBIN Tomxoxa. llpenomaBarens momKeH yOemWTh CTYyIEHTOB B BOCTPEOOBAHHOCTH
KOMIIETeHIINH, KOTOPble (JOPMHUPYET €ro AUCIHUILINHA, B BO3MOXHOCTH MTPUMEHEHUS MOJTYYSHHBIX 3HAHUN H
HaBBIKOB B TpodeccuoHanbHON mpakTuke. HeoOXoqmMo HILTFOCTPUPOBATh 3TO HAa KOHKPETHBIX KU3HEHHBIX
mpumepax. [IpermomaBarenn nOMKHBI BIAJETh COBPEMEHHBIMH (OpMaMH ¥ TEXHOJOTHSMH IPOBEICHHUS
3aHATHH. JIeKIuH KenaTeasHO CTPOUTH B popMe skuBoi Oecenbl. J{s hopMupoBaHuS MPAKTHUICSCKUX HABBIKOB
Y YMEHHI HCTI0NIb30BaTh KPEATHBHBIE TEXHUKH, KEHCHI, JETIOBBIE UTPHI, TECTHI PA3IMYHBIX YPOBHEW CIIOKHOCTH.

AKTHBHBIE METOJBI OOY4YEHHS, TaKhe KaK TPEHWHTH, KPYTJble CTOJBI, 1e0aThl, «MO3TOBOH IITYpM»,
MOJISTMPOBaHNE, HHTEPBBIO, IIO3BOJIAT CTY/ACHTAM OKa3aThCs B cpele Oyaymed mpodeccuu, OyayT
MIPOSIBIISATHCS. MHTEPEC, MHUIMATHBA, TBOPYECKHH TMOJXOM U KaK CIEJACTBHE YCIeX B pe3ylbTarax ydeOHOUH
JesITeTbHOCTH. JlaHHbIe METOBI CITOCOOCTBYIOT Pa3BUTHIO OPTAHN3aTOPCKUX, KOMMYHHKATHBHBIX, TBOPUYECKUX
CHOCOOHOCTEH ydYaluxcs, YMEHWI0 HaXOJIWUTh CBOW TOJXOA K PEUICHHIO 3a1add, (OPMHUPYIOT HaBBIKU
CaMOCTOSITENIbHON pabOThl M HE3aBHCHMOCTh COOCTBEHHBIX CyxjaeHuil [7]. CTymeHThl yd4arcs Iymarth,
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OLICHMBATh, IPUHAMATh PEIICHHE U HECTH OTBETCTBEHHOCTH, a TaKkKe paboTaTh B MOCTOSHHO MEHSIOLIMXCS
YCJIOBHSIX.

Jnst ykpemiieHHs MOTHBAIlMM BAXKHO C€O3/1aTh arMoc(epy HOBEPUTEIBHOTO COTPYAHHYECTBA MEXKIY
mpernojaBaTeNeM M CTYACHTOM, KOTOpas OyAeT crnocoOCTBOBATh PACKPHITHIO BHYTPEHHEro MOTEHLHAla
oOyyaromierocs. st cTyieHTa Ba)KHO BHJETH B MpENoaBareiie HaCTaBHUKA, K KOTOPOMY MOYKHO OOpaTuThCS
3a TIOMOILbI0, 00CYAUTH MPOOJIEMBI, OCIIOPUTH, MOTYYUTh ogo0peHue. IIpenogaBaTens JOMKEH MOOIIPATS,
OILO6p51TI) yCexu CTyACHTOB, XBAJIMTH 3a XOPOIIO BBIMIOJIHCHHOC 3alaHUEC, ACMOHCTPUPOBATH UX JOCTHKCHHA.
Takast ycTaHOBKA, KaK «YCIEIIHOCTEY», (DOPMHUPYET MO3UTUBHOE OTHOLICHHE CTYACHTA K IPEAMETY.

Bnusior Ha YPOBECHb MOTUBAIIUM CTYACHTOB JIMYHOCTHLIC KadCCTBa IIPEIoJgaBaTeyid, TaKHUE KakK
TaKTUYHOCTh,  YPaBHOBEUIEHHOCTb,  WHTEJUIMTEHTHOCTb,  JOOPOXKENaTeNbHOCTh,  CHPABEIIHBOCTD,
OTBETCTBCHHOCTD, YBAXKXUTCIBbHOC OTHOUICHUEC K CTYICHTAM. OnrumMusm neaarora nepeaacTcda OKpyKarolum 1
CO37a€eT O3UTUBHBIA HACTPOU.

Ka)KIII)IfI mnpenojaBareiib JOJIKEH CTPEMUTHCA 3aBOCBATH ABTOPUTCT CBOUX CTYACHTOB, 3TO BO3MOXKHO
TOJIBKO OJ1aroiapst YeCTHOMY U KPOIOTIIMBOMY Tpy1y. Kor/ia y4eHuK CTaHOBUTCSI CBUJIETEIIEM TOTO, HACKOJIBKO
YBJIEYEH CBOUM IIPEIMETOM YUHTENb, KAK OH CTPEMHUTCSI PACKPBITH CEKPETHI MPo(ecCHOHaTIbHOTO MacTepCTRa,
3Ta YHEPTUs NEPEJACTCS] U YUCHUKY.

21.]'[5[ OJJHHX 06yqa}01u1/1xc;1 MMOJIYYCHHBIC OLICHKM HE€ BaXHbI, JId APYTUX, HAIOPOTHUB, ABJIAIOTCHA
camorenpio. Cieayer OpueHTHPOBATh CTY/ICHTOB Ha pe3yJIbTaT O0yUYEeHHs], TO €CTh T€ KOMIIETEHIINH, KOTOphIE
OHU JIOJDKHBI Tprobpectr. Hanpumep, ecim gaxke CTyICHT HE CIPaBUIICS M3HAYAIBHO C KAKUM-THOO 3a/IaHHEM,
HY>KHO TIOKa3aTh €My Ha JPyroM MpUMepe, Kak 3TO MOXKHO CJIIeNaTh, YTOOBI JOOUTHCS pe3yJibTara.

BriBob!

B 3axirodenue ciemyeT OTMETHTh, 9TO MOTHBAITUS — 3TO OJWH W3 Hanboiiee d3(OPEKTUBHBIX CIIOCOO0B,
BIIMSIFOIIIX Ha 00pa30BaTENbHBIN MPOIIECC U Pe3ybTaT O0y4YeHUsI.

3aJI0roM yCHemHoro o0y4eHruss ¥ MOTHBAIIMA K CAMOCTOSATEIBHON MpOodecCHOHATBLHON AESITEIbHOCTH
SIBJIIETCS. OCO3HAHHBIN BEIOOP Oymyineit mpodeccuu.

Ha yueOHy!0 MOTHBAIIMIO BJIMSIIOT ICUXOJOTHUYECKHE OCOOCHHOCTH MOJIOJBIX JIFOJIEH, a Takke (OpPMBI
OpraHm3anuy o0pa30BaTENBHOTO IMpolecca, CHenuduka y9eOHOro IpeaMera, MpUMEHsSeMble METOAWKH U
TEXHOJIOTHH, TUIHOCTHBIE Ka4eCTBa MPETOAaBaTeisi, CTUIIb NEIarOrMUecKO AeITeNbHOCTH TIPETOIaBaTelNs ’
npyrue GhaKkTophL.

KomrekcHoe MCmonbp30BaHNE ONMMCAHHBIX BBIIIE METOJOB W MPHEMOB C YYETOM CHUTYallMOHHBIX H
MICUXOJIOTO-TIEJIATOTHYECKUX  OCOOCHHOCTEH 00yYarommxcsli TO3BOJIMT CPOPMUPOBATH IOJIOKHUTEIBHYIO
MOTHBAIIHIO.
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[oarypckas T.O., Cunaesa O.B.

IKOHOMUKAIBIK MAMAHABIKTAP CTYACHTTEePiHiH MOTHBanMs (aKTOPJAPBHIH 3ePTTEY OKY
canachbIH apTTBIPYIbIH KaKeTTi IapThI peTiHae

Makanana Kaparanapl WHIyCcTpUaIpl Y HOBEPCUTETI )KAHBIHIAFbl TEeXHUKAIBIK-9KOHOMUKAIBIK
KOJUISJDK/IIH SKOHOMUKAIBIK MaMaH IbIKTApbIHBIH CTYJEHTTEPIH/Ie OKBITY/bIH KaHJaii MOTHUBTEPI
0achIM €KCHIH aHBIKTay MaKCATBhIH/A 3€PTTEY KYPTi3iiai. 3epTTeyai YHBIMIACTHIPY JKOHE KYPri3y
Ke3iHJe Tajljay, CHHTE3Nley, JEepeKTeplli JKalIblIay, akmaparThl >KHHAY MEH OHJEY/iH
9KOHOMHUKAJIBIK-CTATUCTUKAIIBIK JIICTEPi CHUSKTBHI TEOPUSIIBIK d/icTep KoimaHbuiasl. CayanHama
xyprizy ymia A. A. Pean men B. A. SIkynunHiH omictemeci OolibiHIIa 34 cypakTaH TypaThIH
cayarrHama Kosjganeuiael. CoHjaii-ak, S. S. greenspoon oici GONBIHIIA MaMaHIBIK TaHJAYIbIH
MOTHBAILUSJIBIK HETi31HE 3epTTey KYprizimmi. CTYIeHTTEpIH OKYy MOTHBAIIUACHIHA 3CEP €TETIH
(dakropiapapl Oaranay >Kypriziami. ABTOpjap CTYACHTTEpPIIH camajibl OUIIM MEH Jarabliapra
JIETCH KBI3BIFYIIBUIBIFEIH apTTRIPY OOWBIHIIA YCHIHBICTAp Oepeni. CoHmai-aKk OKBITYIIBLIAP
TapanblHaH OKYIIBUIAPABIH OKY YOKIEMECIH apTTHIPY YIIIiH JMIICTEP MEH TOCUIACD YCHIHBUIABI.

Tyiiin ce3mep: OimiM camacel, KY3BIPETTUIIK, OiIiM Oepy OpTachkl, KOCIMTIK MaspIIbIK, OKY
MOTHBAIHSCHI, MOTHBAIUS (PAKTOPIAPhl, MOTUBAIMSIIBIK OeliiH, MaMaHIBIK TaHay MOTHUBTEPI.

Podgurskaya T.O., Silaeva O.V.

Research of motivation factors of students of economic specialties as a necessary condition
for improving the quality of education

In the article, a study was conducted in order to identify which learning motives dominate among
students of economic specialties of the Technical and Economic College at the Karaganda
Industrial University. When organizing and conducting the research, such theoretical methods as
analysis, synthesis, generalization of data, economic and statistical methods of collecting and
processing information were used. To conduct the survey, a questionnaire was used, compiled
according to the methodology of A.A. Rean and V.A. Yakunin, including 34 questions. A study of
the motivational basis for choosing a profession according to the S.S. methodology was also
conducted. Grinspoon. The assessment of factors influencing the educational motivation of
students was carried out. The authors give recommendations to increase the interest of students in
obtaining high-quality knowledge and skills. Methods and techniques are also proposed to increase
the educational motivation of students on the part of teachers.

Keywords: quality of knowledge, competencies, educational environment, professional training,
educational motivation, motivation factors, motivational profile, motives for choosing a profession.
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CTyneHT xacTapAbIH MOTOPJIBIK KY3bIPeTTiJIiri,
npodJeMaaphbl jKIHe KAJBINTACY KOIJAPBL

Makanana CTyACHTTEp/IiH KO3FaIbICHIH KAIBIITACTBIPY OHE OoJlapMeH OailflaHbICTBI Macelelnep
KapacThIPbLIA/IBL.

ABTOp CTYIEHTTIK OpTajia JieHe HIBIHBIKTBIPY, OMIPIIK MaHbI3/Ibl KAMBUI-KO3FAIBIC JIaFABLIAPEI
MEH OJIeTTepi Typaibl OimiMaep XKyiHeciH KalbIITACTHIPYJbIH €peKIle MaHBI3bUIBIFBIH aTall
KepceTeli. ABTOPJABIH OWBIHINA, CTYASHTTEPAIH JKEKEe KUMBLI-KO3FAJIBIC KaOIJICTTEPiH AaMBITY
JKOHE JICHE TAWbIH]IBIFBIHBIH JICHT €HiH apTTHIPY, TYPAKTHI JICHE KATTHIFYJIapbl MEH TaHaFaH CIIOPT
TYpiHE KXKETTUIITH KAIBIITACTBIPY, aAaMTepIILTIK-ePIKTIK KACHETTepl TopOueney, JaMbITy.
TYJIFaapaiblK KapbIM-KaThIHAC TOKIPUOECi MaHBI3/IbI 1€ CAHAMIBI.

Tyuinoi ce30ep: Ky3bIPETTUIIK, KUMBUI-KO3FaJIbIC KY3BIPETTLTIK, CIOPT MOJACHHETI, ©3iH o3I
JAMBITY,ICHCAYJIBIK JICHT €M1, CajlayaTThl OMIp CaJIThI.

Kipicne

JKyMBICTIeH KaMTy cajachlHIAFbl TYPAKCHI3 JKaFmaaiira, 0OCEKENECTIKTIH KYIICIoiHEe JKOHE JKYMBIC
OepyIIiIepaiH TajanTapbliHbIH AeHreiine Kazakcran PecmyOmukach! sxkorapsl OiTiM Oepy KyHeciHiH IeH KO0
KOKSTTUIII KOFaphl KociOu OinmiM OepydiH Ma3MyHBl MEH KypbUIBIMBIH pedopmanayra okeinmi. Ocbl
e3repicTepaiH Oapibirbl KyiH3emicKe TO3IMl, KpeaTHBTI, KayalThl, OCNTICI3AIK KargalblHAa eMip Cypyre
KaOiJIeTTi, COHBIMEH KaTap eMipIiH OpTYPl TYPJICPIHIE CHIHAAPIIBI KOHE CayaTThl OPEKETTEp JKaca alaThiH
TYJIFaHBI KATBITITACTRIPY KOKETTLIITIH Tamamn eTeni. KoFaMHBIH MOJIeHHET AcHTeli KoOiHece alaMHBIH JKeKe
KaOiJeTiHIH JaMybl, AaIlbUTYhl JKOHE TMaijamaHy JopekeciMeH aHbIKTanmansl. CoHbIMEH Oipre,
JKaITIBIaIaM3aTTRIK MOACHH KYHIBUIBIKTAp JKYHECIHIe HeTi3ri Kypammac OesikrepmiH Oipi OOdBIT OYKiT
XaITBIKTHIH JACHCAYJIBIFBI MEH JIEHE IIBIHBIKTHIPY AAWBIHIBIFEI OOJBIT TaOBUTATHIHBIH €PEKIIIE aTall OTKEeH KOH.
Op TYpiai Kac Ke3eHzaepi, ocipece eMipmiH OipiHIN XapTHICBIHAA, Oy OapiblK Oacka KYHIBUIBIKTAPIbI
MEHTepy MYMKIHITiH aHbIKTaiias! [1,2] .

Kagipri yakpITTa ieHe MIBIHBIKTHIPYIbI SJIEYMETTIK JKOHE JKeKe KYHIBUTHIK PETIHe TYCIHY KYIIeH i,
Oyl KOFaMIpBIK TiKipAl AaMBITYABIH >KaHa TEHACHIWUIApPBIH JKOHE opOip agaMHBIH JEHE IIBIHBIKTHIPY
KYHIBUTBIKTAPBIH MEHT€pYyiHE KeKe MOTHBAIMIIAPIbl KA TACTRIPYFa MYMKIHAIK Oepe/ti.

JKorapel OKy OpbIHAAphIHAA apHAWBI MOHJEpMEH Katap «JleHe TopOmeci» OKy MoHI KOHE KEKe
TYJIFaHbBIH JKaH-)KaKThl TaMybIHBIH €H MaHBI3/Ibl Kypamaac OeJiri peTiHie YChIHBUIFaH.

Kazipri cryneHTTep KOFaMHBIH KociOM, €HOEK eTy, PempOmyKTHBTI, WHTEIUICKTYyalABIK >XOHE
aIaMTepIIUTIK CHSIKTBI 0ACBIM 9IIEyMETTIK ()YHKIHMSITAPBIH XKY3€ere ackIpybl Kepek. Onap »KoFapbl ICUXUKAIBIK
KyHsemicrepre Oeiflimmeny VOIH KymTepAi aWTapibIKTail KYMBUIABIPYIBI, TYJIFaapaiblK —KapbIM-
KaThIHACTap bl KABIITACTHIPY/IBI, JKaHA OKY JKaFIaiIapbiH JKoHE KU1 OMIp CYPYIiH jKaHa TalarTapbl Taiar
eremi [3,4].

FrumpiMu-toxipuOenik oitliay MoJIeHHETiH MEHIepil KaHa KOiMaid, 3 iCiHiH KociOr MaMaHBI OOJIBIIT
KaHa KoWMai, anmraH OLTIMIH KociOM [eHrelfe KoigaHa aiaThlH, 3 MIKIpiH JYpPBIC KETKi3e aaThiH,
TYKBIpbIMJIaii anaTelH OoJNalllak MaMaHIApJblH KHAMBUI KO3FaJbICBIH KAaJbIITACTHIPYFa, Macenenepi
TIOTIENJIEYTe KOHE IIENTyTe, COHBIMEH KaTtap (DM3UKAJIBIK KOHE TICHXUKABIK JIEHCAYIBIFBIHBIH XKaKChl 00ITybIHA
KeIT KoHLUI OemiHemi [5].

95



BECTHUWK Ky Ne 4 (39) 2022 e.
Pa3den 3. «CoyuanbHO-2yMaHUMapHble HayKu QKOHOMUKa»

Hezizei bonim
KysiperTinik — >korapsl camnajibl OHIMII ic-opeKeTKe KaKeTTi 00beKTiIep MeH MpoLecTepaiH Oenrifi 6ip
meHOEepiHe KAThICThI OCITIICHTeH TYJIFAHBIH 63apa OaillaHbICThI KacueTTepiHiH (OiniM, KaOlieT, AaFmubl, ic-
OpeKeT dAicTepi) JKUBIHTHIFBL.
Kysbiper — angaMHBIH THICTI KY3bIPETTi, OHBIH IMIiHJIE OHBIH OFaH OHE KbI3MET CYOBEKTICiHE AereH
JKEKE KaThIHACTHI HeJIeHY1, UTepyi.

BiniM Ma3MyHBIHBIH >Kallbl MeTamoHAIK (OapiblK MmoHAep OOWBIHINA), MOHAPANBIK (TOHACP LMK
HeMmece OUTiM Oepy OarbITTaphl YIIiH) KOHE MOHIIK (9P aKaJIeMUSUIBIK ITOH OOHBIHIIA) OOJIBIN OJIiHyiHE COKeC
YII IeHreiTi Ky3bIpeTTep CaThIChl YChIHBIIAIBL:

Herisri xy3biperTep — OiniM OepyAiH >kaimbl (METaIoHAIK) Ma3MYHBIHA CIJITEME JKacay;

Kanmeimonik Ky3slperTep — Oenrisi 6ip moHaep MeH OiiM Oepy cananapblHa KaTa/ibl;

[ToHaiK Ky3bIpeTTep - KY3IPETTUTIKTIH aJIJIbIHFBI €Ki IEHrefiHe KaThICThI )KeKe OO0JIBIN TaObLIaIbl, HAKTHI
CUIIATTaMachl )KOHE OKY MoHJIepi mIeHOepiH/Ie KalbIITacy MyMKIHIIT1 6ap [6].

Ocpunaiiia, Herisri OiniM Oepy Ky3bIpeTTimiKTepi OumiM OepyiiH opOip aeHreii yuriH OutiM Oepy
OarpITTaphl MEH MOHACP] ICHIeHiHe HAKThLIAaHA b,

Heri3ri 6iiM 0epy Ky3bIpeTTUTiKTepi MbIHATIAP:

1. KyHIBUTBIK-CEMaHTUKAIBIK KY3BIPETTED.

2. XKanmbl MoJIeHN KY3BIPETTUTIKTED.

3. OKy-TaHBIMJIBIK KY3bIPETTLTIKTED.

4. AKmapaTThIK Ky3bIpETTEp

5. KOMMyHHKaTHBTIK KY3bIpETTED

6. OJIeyMETTIK-CHOCKTI

7. TysraHbIH ©31H-031 KETIAIPY KY3bIpeTTepi.

JleHe MIBIHBIKTHIPY MAHIHAE 1 jkoHE 2 Kype CTYACHTTEPI HEri3r1 KY3bIPETTUIKTEPAl MEHIepYi Kepek:

1) [leHe WIBIHBIKTHIPY MEH CIIOPTTHI J€HE KAaCHETTepiH IaMbITyJa, IEHCAYJIBIKTHI CaKTayaa >KoHE
OHTaMJIbl KOCINTIK KOPCETKIIITEP I caKTayaa MaiaajaHy Typaybl FhIBIMA HETI3ICITeH HEri3ri OLTiMI urepy..

2) Heri3ri pusukanbik KacuerTep i KopceTy (KyI, KbUIIaMIIBIK, TO3IMILTIK).

3) «IIpe3uaeHTTIK ACHE IIBIHBIKTBIPY ChIHAFbI»; CIIOPTTHIK KbI3METTE aMOeOall )KaTThIKTBIPY 9pEKETTEPiH
KOJIJIaHy.

4) OpTypi XKapbeICc TYpJiepiHe KaThICY, ACHE IIBIHBIKTHIPY, CAYBIKTHIPY JKOHE KOFaMIBIK IMpaKTHKara
KATBICY JaFAbUTAPBIH KETUIIIPY.

5) XKexe xaHe kocibu Oacekere KabimeTTiNriH Kopcety [7].

By ky3eiperTep TYpakThl OaCIIBUTBIKCHI3 KYMEIC icTeyre, OacKamapiaH cypamaii, ©3 OacTaMachIMeH
YKAyarKepIIUTiKTI amyFa MyMKiHAIK Oepexi. Omapaa mpoOneManapapl Oaiikan KaHa KOWMail, oNapiabl HIenry
YKOJIAAPBIH 1371eCTipy, JKaHa JKaFJaiiapasl Tagaid Oiry, omapaa 6ap Oimimai KonmaHa Oiry, GacKamapMeH Till
Tabpica Oimy, 63 OacTamackl OOWBIHINIA >KaHa OLTIMIII amyFa BIHTA, OJApIBIH TIXiprOeci MeH OacKalapIbIH
MIKipJepiH ecKepe OTHIPHII, KOFaphI JEHTEHIer] CIIOPTIIbIIAP/Ia KaHa KaOblIIay MYMKIH/IT] KaJTBIITACa IbI.

KapHV neHe WIBIHBIKTBIPY TMISHIHIH OKBITYIIBUIAPH CTYIEHTTEPAIH AYHHETaHBIMBIH, a3aMaTThHIK-
aJIaMTepIIUTiK TO3UIHUACHIH KaIBINTACTHIPYMEH TOJBIK aiHAaNBICANbl, cajayaTThl eMip CanThlHa, ©3iH-e31
KETUTIIpyTe KOHE KciOn TaObICKa JKeTyTre OarbITTaFaH.

bipak, exiHimke opai, HeTri3ri KUMBUI-KO3FAIBIC KY3BIPETTEPiH KAIBINTACTHIPY Ke3iHAe JeHe
IIBIHBIKTHIPY TIOHIHIH OKBITYIIBUIAPBI MEH CTYICHTTEPIiH ©31epi Kypleli OOBeKTHBTI XoHEe CyOBhEKTHBTI
Macenenepre Tam 0oJaIbl:

1) CrymeHTTepaiH COMAaTHKAIBIK ICHCAYIBIFBIHBIH JCHIeldi ToMeH. BipiHI Kypc CTyIeHTTepiHiH
OakplIay TECTUICYiHIH HOTMXKecl TaH Kanaelpanel. CtyaeHTTepliH 5% raHa Oakpliay HOPMAaTHBTEPIH «eTe
Kakcb, 10% «wKkakcb, 5% «KaHaraTTaHAPIBIK» AEM OpblHAaiAbl, Kanrad 80% MyaeM opbIHAal anMaibl.

Otken 2021-2022 oKy XbUIBIHAA [E€HE IIBIHBIKTHIPY IOHIHIH OKBITYyIIBLIapel 1 oHE 2 Kypc
CTYICHTTEPiHIH JIeHe AaMYBIHBIH HETI3Ti KOpCeTKIITepiH ChIHAKTaH oTKi3mi. CtymeHTTepmiH 76% KXypek-
KaHTaMBIpP JKoHE THIHBIC ATy KYWECIHIH jKaF/Iaibl Kapllikke colikec keieni — 70 xac.

Keii0ip cTyneHTTEp YIIiH KapanaibiM JieHe )KaTThIFyJapblH OPBIHIAY KUBIHIBIK TYFBI3albl, KO3FAJIbIC
JAFIBUTAPBI MYJIIE KAJBIITACTIAN IbI.
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2) CrypeHTTepaiH o3 OeTiHIle JAeHe KaTTHIFyJapblH XKacayFa JardbUuiaHOaybl, AeHE IIBIHBIKTHIPY MEH
CIIOPTIICH XYieni alHaibICyFa BIHTACHIHBIH OOJMAaybl, ACHCAYJBIK MOACHUETIH KAJBIITACTBIPY OOWBIHIIA
KaFalblHAa TaMUTBHIH MACCUBTUTIKKOHE aTa-aHajap TapamnblHaH CallayaTTbl eMip CAITHIHBIH TapIbIHAH J1a
KYHeEI )KYMBICTHIH )KOKTBIFBI;

3) Oky >kocTiapbIHBIH TAIANTapbl MEH MaTepualIbIK 0a3a sKkaFIaibl apacklHIarbl COMKecci3mik, 1,2 Kypc
CTY/ICHTTEpi FaHa aifHaNbICATBIH JICHE MIBIHBIKTHIPY ca0aKTapbIHBIH CaraTTapbIHBIH KBICKAPYBI dCEp €Tei.

MyHnaii xaFjaiia CTyIeHTTEp JCHE IIBIHBIKTHIPY JKOHE ©31H-031 KETUIIIPY, CHOPTTHIK iC-9peKeTTep
MpoIleciHe TapTybl KaXKET, COHJIAa FaHa OyJI MiHIETTEp/Ii IIeNIyre bIKIMal eTy MYMKiH O0Ja/ibl.

Xorapsl OKy OpBIHBIH HAaKThl KaFJaillapblH €CKEpyMEH, JCHE IIBIHBIKTHIPY JKOHE CHOPTTHIK ic-
mapagapabl YUBIMAACTHIPY KOHE THIMAUIITIH KaMTaMackl3 eTy (hopManapbiH Nalijanany Kaxer.

By neHe MIBIHBIKTBIPY MalbIHABIFBIHA, TCOPUSJIBIK OUTIM HETI3JIepiHe, MaMbITAThIH JKOHE KaJIlblHA
KeJTIpY JKaTThIFyJIapbl MEH KEeIIEH IEPiH, AJICipereH OKyIIbUIAP YIIIiH KBl JeHE IIBIHBIKTHIPY TOIITAPBIHIAFbI
cabaKTap/ibl, aJl IAbIHIBIFBI )KOFApBIIAPHl YIIIH CIIOPTTHIK cabakTapabl 63 OSTiHIIe KYpacThIpy KoHE KOJIaHy
KaOlJIeTiH apTTHIPY.

JleHe TopOHeci mpoleciHae CTYACHTTEP/IIH JKeKe 0acTaMachliH bIHTAJIAHABIPY apKbUIbI FaHA 63 OCTIHIIE
OKyFa KaThICTBI OKY YPICIH ¥Yy3€ere achIpyIbl KAMTaMachl3 €Tyre 00aIbl.

AnamubIH Oenrii Oip ic-opeKeTiH BIHTANaH/IBIPY YIIiH OOBEKT YIIiH MaHbI3Ibl OipHEIIe Mapaienb/ii
KOJIZIaHy KaXkeT, OYJI OHBIH ©31HiH JeHCAyJIBIFbIH HBIFaiTyFa OaiilaHbICTHI OipKaTap TarchlpManap/ sl OpbIHAAY
KOKSTTUIITHE CeHAIpei.

Bipak TypakThl ofieTTep li KB TACTHIPY OTE KOI YAKBITTHI KAXKET ETETIHIH eCTe YCTaraH )KoH, OUTKeHI
Oyt GipTiHzen xypetiH npoiecc. COHIBIKTAaH aJaM OPEKETiHIH bIHTATAHBIPY JOMEKTI TYp/E, SFHU «JTalbIKThI
TYpAe», KarjaiiFa colikec, CTYJCHTTIH iC-9pPEKeTi MEH iC-OpEKEeTIHE TOJBIK COUKeC KOJIAHBUTYhI KEpEK.

blatananapipy JKyleciH KallbIITACTBIPY/IbIH HETI3rl (QakTopiapbl OHBIH JKHUIrT MEH opTypii
JICHI'eWJIeT] J)KOHE TYP/IET1 bIHTAIAHIBIPYIAPMEH OHTANIIbI KAHBIKTHIFBI OOJIBINT TaObLTA B

MyHali MponecTiH Heri3ri MiHAETTepiH JieHe UIBIHBIKTBIPYFa KBI3BIFYIIBUIBIKTEL OelceHaipyre
JKATKBI3Y KEPeK, OUTKEHI IICHUXOJOTHSIIBIK MEXaHU3MCI3 aJlaMHbIH (DU3UKAJIBIK OCJICCHILTIKTE MOTHBALUSIIBIK
’KOHE HYMOIMOHAIIBIK CalaJapblH JaMBITY MYMKIH eMec.

Kopvimuinowi

By mocerneHi menry yiriH CTyASHTTEPAl KOCiOH ic-opeKeTKe JalbIHIay JKOHE 63 OSTIHIIE oMip CYpyai
yIBIMIaCTBIpYMEH OaiiIaHBICTBI MiHACTTEP I KAPaCThIPy KaXeT:

1) cTymeHTTepIiH caHACBIHJIA OJapJAbIH OOJjamlarbl YINIH JIeHE MIBIHBIKTHIPY JKATTHIFYJIapbIHBIH
MaHBI3/IBUTBIFBIH alllyFa 0apIIbIK MYMKIHJIIKTEp apKbIIbI BIKIAI €TY;

2) neHe MBIHBIKTRIPY OOWBIHIIIA aTFaH OUTIMIEPiH epKiH MEHTepyTe, ICKEPJIiK ITeH AaFaplIapIbl eMipae
ICKE achIpyFa KOMEKTECETIH JCHE JKATTHIFYJIAPBIHBIH OapJibIK KYPBUIBIMJIBIK KYpaMJIacTapblHa JaWbIKThI
KATBIHACTHI BIHTAIAH/IBIPY KOHE KOJJIAY;

3) CtymeHTTepai AcHE MIBIHBIKTRIPYMEH alHAIBICYFa OayiIyFa BIKITAl €TETiH JeHe TOpOHeci MpoIeciH
OHTAMIIaHIBIPYABIH MaHBI3/IbI IAPTTAPhIHA MAHBI3bI KKETTUTIKTEP, MOTUBTED, KbI3BIFYIIBIIBIKTAp JKYHECIH
©3EKTUICHIIPY JXKoHE cab0aKk Ma3MYHBIHBIH IWIAKTHKAIBIK Ma3MYHBIHA TyOereini keskapac »kataipl. by
OKBITYIIIBI MEH CTYJICHT apachIHJIaFbl THIFBI3 )KEKE BIHTHIMAKTACTBIK YKaFIalbIHa MYMKIH OONajIbl.

JleHe IIBIHBIKTHIPY JKOHE CHOPTTHIK ic-TMapajapisl TapTy KoHe Oackapynma sMoIusiap Oipaei
MaHBI3IBL. FRUTBIM YITiH dMOIHsIap MacelIeci oIl KYHTe IeHiH xKyMOaK JKoHe TYCiHiKCi3, Oipak olapIbslH agaM
MiHE3-KYJIKBIH OacKapymaarsl PejIi 6Te MaHbI3Ibl. DMOMHMIIAP, CE3IMIEP OPTYPI QYHKIUIAPIBI OPBIHIAN b,
aZaMHBIH MIiHE3-KYIKBIH Oackapyra IIIEKTeyCi3 KOMIIOHEHT peTiHIAe KaTbIcaipl, JKaFgaiapl Oaranmay
KOKETTLIITIH TYCiHY Ke3eHiHAe e, MeNIiM KaObu1aay sKoHe KOJI JKEeTKI3UITeH HOTWKEHI Oaranay Ke3eHiHIe Jie
apanmacagpl. COHIBIKTAH JCHE MIBIHBIKTHIPY JKOHE CIIOPTTHIK iC-OpEeKeTTI Oackapy MeXaHH3MICPiH TYCiHy
aJIaMHBIH 3MOIIMOHANJIBIK JKOHE CEHCOPJIBIK CAJlaChlH, OHBIH OChI 0aCKapyIarbl PONiH TYCIHYAI Talam eTeli.
CryneHTTep YIIiH J€HE KaTTBIFYJIapbl MPOIECIHIH SMOIMOHAIABIK JKaFbl MaHBI3BI OOJBINT TAaOBUIAIBI, O
KapbICTap/ia JKEHICKe kKeTy OOJICBIH HeMece ©3iH-031 a3 FaHa JKeHy OOJICHIH, JKATTBIFY IbIH HAKThI OH dCepiHe
KaHaraTTaHy Ce3iMiH ToXipubecinie kepiHeni [8].

CryneHTTepai JIeHe LIBIHBIKTRIPY OOMBIHIIA ©3iHIIK >KyMbIcTapra Oayiy »KoHE OoJapAblH OenceHnl
JlAMyFa JKOHE OKY TPOIIeCiHE KATBICYFa JETeH BIHTACBIH OSTY VIINIH OKBITYIIBI OYPBIH KOJJAHBUIFAH JKOHE
OYTiHT1 KYH1 KOJIaHFBICHI KEJIETIH TOPOUE 9JIICTEPiH MYKHST TAJIJayhbl KEpEK.
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A.B. Tpyc
K npo6aemam ¢popMHpoOBaHNs KJIOYEBbIX IBUIATEIbHBIX KOMIIETEHLMI CTYICHTOB

B cratse paccmarpuBaioTcsi BOMpOCh ()OPMHUPOBAHUS IBUTATEIBHBIX KOMIIETEHIIMH CTYAEHTOB U
MPOOIIEMBI c HUMHU CBSI3aHHBIE.

ABTOp MOTYEPKUBAET 0COOYIO 3HAYMMOCTh (JOPMUPOBAHUS B CTYJCHUYECKOM Cpejie CHCTEMbI 3HAHUH 0
(bU3mIeCKO KyIbType, >KU3HEHHO BRKHBIX IBUTATEIBHBIX YMEHWH W HaBBIKOB. Oco0o0i 3amaucii, o ero
MHEHUIO, BBICTYNAaeT pa3BUTHE WHAVWBHUIYaTbHBIX JBUTATEIBHBIX CHOCOOHOCTEH W IOBBIIICHHE YPOBHS
(hm3uUecKo TOATOTOBIEHHOCTH CTYJIEHTOB, (OpPMHpPOBaHHE TOTPEOHOCTH B PETYISPHBIX 3aHATHSIX
(bM3HUECKUMH yTIPaXKHEHUSIMH W M30pPaHHBIM BHIOM CIIOPTA, BOCITUTAaHHE MOPAIBHBIX W BOJEBBIX KadecTB,
Pa3BUTHE OMBITa MEKIMYHOCTHOTO OOIIEHIISL.

KitoueBsie crnoBa: KOMTIETEHITHS, JIBUTATENbHBIE KOMIIETEHIINH, CIOPTHBHASA KyJIbTypa,
caMOpa3BUTHE, YPOBEHB 3I0POBBS, 3I0POBBIA 00pa3 JKU3HU.

A.B. Trus
On the problems of formation of key motor competencies of students

The article deals with the formation of students' motor competencies and the problems associated with
them.

The author emphasizes the special importance of the formation of a system of knowledge about physical
culture, vital motor skills in the student environment. A special task, in his opinion, is the development of
individual motor abilities and increasing the level of physical fitness of students, the formation of the need for
regular physical exercises and the chosen sport, the education of moral and volitional qualities, the development
of interpersonal communication experience.

Keywords: competence, motor competencies, sports culture, self-development, health level, healthy
lifestyle.
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/leHe HIBIHBIKTHIPY K9HE CHOPTIIEH IYFBIIAAHY, CTYICHT KACTapAbIH
MOTHBAIUSICBIMEH OLTIKTLIIriH apTTHIPY

Maxkaya aBTOpbI ©CKEJICH YPIIAKThl CaJIayaTThl OMIpP CaJThIHA TapTYJIbIH MaHBI3IbLUIBIFbIHA JKOHE
MaHpI3BI OlTiM Oepy, TOpOMeliK, CaybIKTBIPY, YIKOHOMHUKAIBIK, OUTIM OepyaiH >KalIlbl MOJCHU
acrieKTicl OOJIBIN TaOBUIATHIH J€HE NILIHBIKTHIPY MEH CIIOPTKA JIeT€H BIHTACHIH KEHIHEH apTThIpy
KQXETTUITHE TOKTAIFaH.

TaKpIpBINTHIH ©3EKTLIIN CTYICHTTIH JKEKEe TYJIFACBIH KaJbIITACTHIPYAa JCHE IIBIHBIKTHIPYIbI
Kazipri OutiM Oepy K yHeCiHIH KypaJibl PETiH/E MMalJajlaHyIbIH MaHbI3IbUIBIFBIMEH aHBIKTAJIAIbI.

Tytiin0i co30ep: NeHe MIBIHBIKTHIPY, CTYJACHTTEP, MOTHUBAIIHS.

JleHe WIBIHBIKTBIPY Cca0aKTapbl JKOFapbl KOCIMTIK OLTIM OepyJiH TyYMaHUTApIIbIK IOHJAEP KeIlleHiHe
Oipikripinren. JKaHa Tanmanrtapipl ecKepe OTBHIPBIN, Oojialllak MaMaH JIeHe IIBIHBIKTHIPY JKOHE CIIOPTTHIK ic-
miapajgapabl OHBIH HMHTEIUIEKTYaJIbIK KaOUIETIH, NIBIFApMAIbUIBIFBIH, PYyXaHH-aJaMIepIliliK KYIITEepiH
JAMBITYJIBIH THIM1 KypaJibl 00JaThIHAAN eTil )KYpri3inyi kaxer [1].

SrHU, OKy-TopOHMe MPOIECiHIH 0acThl MaKCaThl — JKaJIMbl MOHIAIK OUTIM, OUTIKTUIIK, JaFibl KELICHIH
MEHTepy FaHa eMec, COHBIMEH KaTap CTYACHTTIH ©31HiH KaOUIeTTepiH JKy3ere ackpyMeH, OJI apKbUTBI ©31H-031
JAMBITYFa, MILIFApMAIIbUTBIK Ka01IETIH TAHBITYBIHA XKaFiai xacay. JlereHMeH, Ka3ipri Ke3zie IHe MBIHBIKTHIPY
TIOHIH OKBITY1a KUMBUT OpEKETiHIH Kypamaac 0elliriae, OKbITYIIB MEH CTYACHTTIH alTOPUTMIIK OpEKETTEpiHE
KeIl MoH Oepijie/li: OKBITYIIbI alTaIbl )KOHE KopceTel — OLTiM alyIisl KaTananas! [2].

CTyneHTTiH JeHE IIBIHBIKTHIPY KYPBUIBIMBIHIAFBI HETI3TI KOMIIOHEHT BIHTAIAHIBIPY KOMITOHEHTI
0o0mbIT TaObLIaabl. KaKeTTiTiK HeTi31H1e TyBIHIANTHIH MOTUBTEP TYJIFAaHBIH OaFBIT-0aF 1aphIH aHBIKTAM 61, OHBI
OCIICEHIUTIK TAHBITYFa BIHTAIAHIBIPAIBI JKOHE KYMBUIIBIPAITB.

JleHe IIBIHBIKTHIpYFa JETE€H KAKETTIIIK aJaMHBIH MiHE3-KYJIKBIHBIH HETI3r  BIHTAJIAHABIPYIIH,
OarpITTAyIIBl JKOHE PETTeyIl KYmli OOJNBINT TaOBLIaAbl, OHBIH ayKbIMbl KEH: KO3FajbIC IMEH (PH3MKAIBIK
OenCceHIUTIKKe, KapbIM-KaThIHACKA, YMOIMOHAIIBl PElTaKcaluara, TaHBIMBIH/AA, ©31H-031 AAMBITYyFa, ©3iHIH
«MeHn» YCTaHBIMBIH HBIFANTYFa, JCHE IIBIHBIKTHIPY JKOHE CHOPTTHIK ic-TIapaliapblH CalachklH apTTHIPYa,
JKaAMIBUIBIKTA JKOHE T.0. JereH KaXKETTUTIK.

KaxerTinik Heri3iH/e TYbIHIAHTHIH MOTHBTED JKYHEC! TYJIFAHBIH ACHE TOPOUECi CaachIHAarbl OarbITHIH
aHBIKTANBI, OHBI JIeHe OeNICeHITITIHIH KOPiHyiHe BIHTATAHIBIPAIbI JKOHE JKYMBLIIBIPAIBL.

Keneci MoTHBTEp aXBIpaThUTaAbl: J€HE IIBIHBIKTHIPY, JOCTHIK BIHTBIMAK, MIHAETTLTIK (cabakka
KaThICY), 09CEKENECTIK, eTKTey, CIOPTTHIK, IPOIECCyaIbIK, OWBIH [3].

3epTTeyAiH MaKcaThl — IeHe TOPOUECiHIH MOTUBAIIMACHH KAIBIIITACTRIPY €PEKIIeNiKTepiH Talaay.

3eprreymid omictepi MeH yHbIMmacTeippurybl. Ocbkl  MoceneHi 3epaeney yimiH Kaparaumsr
WHIYCTPHUSIIBIK YHHBEPCUTETIHIH OKBITYIIBIIAPHI | Kypc CTyAEHTTEepiHE cayallHama >XYPri3fi, cayarHamara
302 CTyOEeHT KaThICTHI.
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B Hakcw Tepic ke3Kapac Hemeypaiine ¥ Backacw

4%

Huarpamma 1. KapHV okpbiThutaThin «/JleHe TopOueci» cabarbiHa JIEr€H Ci3Jep/IiH Ko3KapacTapbiHbI3?

Juarpamma Ne 2. JKorapbl OKy OpbIHA TYCKEHTE JICHIHTI Ci3ep IiH KO3FAIIBIC TOPKUPOEIepiHi3?

Brmewrenteri CNopTNEH TEKR gapicTep Backacs
cabakTap WYFBINAaHA b

5%

Huarpamma Ne 3. Ci3 neHe TopOueci jKoHe CIIOPTIIEH HE YLIIH aifHaJIbICachl3, MAKCATHIHBI3 KaHJai?
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B Hecwe any

6%

DeHcaynbIKTE HBIFaNTY,
CanMaK MoFanTy

HaH-aKTbl PUMKAnNBIK
MyKTeme any

38%

36%

PazpagTel opeiHAaTY

Backacel

JHuarpamma Ne 4. Bonamak MamaH peTiH/ie )KOFapbl OKY OPHBIH/IA OKBIT )KYpPreH i€ IeHE IBIHBIKTHIPY
JKOHE CIIOPTIICH HIYFBUIaHy KaXeT re?

3epTTey HOTHKECIHIE Kapama-KaWIIbUIBIKTAD AaHBIKTAIBI, Oip jKarbiHAH, cTynaeHTTepaiH 80%
(mmarpamma Nel kapaHbI3) JeHE TOpOHECiHE OH KO3KapacIeH Kapaiiibl — oyiapja 0aia Ke3iHeH JIeHe TopOueciHe
OH MOTHBAIIUS )KYHEeCl KaJIbIITaCKaH.

Bipak onap cTyaeHTTEpIiH *Kalibl CaHbIHBIH 68%, cTyneHTTepain 16%, kanran 16% cryneHTTepe,
MOTHBAIIMS XKYyHecl KalblinTacy ke3eHinae (auarpamma Ne2 KapaHbl3) €KeHI aHbIK OalKasabl.

CTyaeHTTep apachlHIa JKYPri3iIreH cayalHaMa oJiapiblH MEKTEN >KachlHIa KeM JereHae Oip-exi
CEKIUsIFa KAaThICyFa ThIPhICKAHBIH, OipaK >KapThl )KbUIAH aclIalThIH HOTHXKEr'e KOJI JKETKi30e€reHiH KOpCeTTi:
«Ci3 Here TacTaJbIHBI3?» JIET€H CYpaKka, oleTTe, oyap Obuiail jgem kayam Oepiii: «KUbIH OOJIbI» HeMece
«yHaMaipl». JleMek, YHUBEpCHTETKE Tycep ajlJIbIHIa CITOPT OJIap IbIH JKaH-KAKTHI TYJFa OOJIBIT KB TACY IaFbI
0acTbl MIHICTTEPIIH KaTapblHa KipMereH.

MiHe, COHIBIKTZH J€HE NIBIHBIKTHIPY TOHIHIH OKBITYIIBUIAPEI CTYACHTTEPIIH (YHKIIMOHAIIBIK
JAMYBIHBIH, TEOPHSIIBIK TAHBIHIBIFEI MEH JeHe OCICEHIUTITIHIH HalapiblFbIHA Tam OOJIambl. COHJAM-aK
CTaHAapTTap HOTIIKEJICPIH Kaaraiay Ke3iHae - CTaHaapTTapaad OipHele anaM FaHa eTe/l, IeHe IMBIHBIKTBIPY
MaMaHJapblH TalbIHIAUThIH YHUBEPCUTETTED i€ abIpMAIIbLIBIK KO EMEC.

CTyneHTTep/IiH JeHEe IBIHBIKTBIPY ca0arbliHa JIETeH BIHTACHIH «/IeHe MIBIHBIKTHIPY» HeMece CIIOPTIICH
aifHaIBICY MaKCaThIH/Aa KapacThIpFaH/a, CTyAeHTTepaiH 16% cabakka Tek «0aFay ajy YIIiH OapaThIHBIH, OJIapFa
©31H-631 JKeTUImipy, e3iH-e31 TaHy KakeT eMmec (cayaqHamMa aHOHMMII OOJNIBI) JAem xayan Oepmi,
KaThICyIIbUTIapAbIH 36% canMarblH JKOFAITKBICH KEJIETIHIITT KoHE COJI apKBUTBI ICHCAYIIBIFBIH JKaKCAPTKBICHI
muarpamma Ne3 KapaHbI3) KeNeTiHAIr Typasisl xxayan Oep/ii.

Tex crynmenrrepnin 44% raHa opi Kapail ©31H-631 XKEeTUIAIpyTre JalblH, BIHTATAHIBIPY — Pa3psia aly
HeMece KaH-)KaKThl IeHe OeNCEHUTITIH TaMBITy MaKCaThIHa ca0aKKa KaThICATBIHIBIFBI aHBIKTAIIJIBL.

«bonarrak MamMaH peTiHJe YHUBEPCHTETTE OKY KE3iHJC JICHE MIBIHBIKTHIPY KOHE CIIOPT KAKET Te?»
JIeTeH Cypakka OipiHIi Kypc cTyIdeHTTepiHiH Tek 61% (auarpammaNed xapanbpI3) oH kayam Oepai. Hemek, 1
Kypc CTYISHTTEPiHIH KOIMIUIITiHAe afaM JIeHe IIBIHBIKTHIPY JKaTTHIFyJIapbIHBIH MalidackliH OlTy JKETKITIKCI3,
OJl KO3FAIlbIC KAKETTUNIH IIYFBUT KAKETTUTIK pEeTiHAe Ce3iHyi KepeK AETeH TYCIHIK KaJlbITaCThIPHIT
yirepMeni.

XKein OacklHAa CTYNCHTTEpP apachlHAa TaHBIMAN JICHE IIBIHBIKTBIPY JKOHE CIOPTTHIK ic-IIapayap
TYpJIEPiH aHBIKTAY HOTIKECIHAE CTyIEHTTEeP/iH 0aChIM 06JIiTi CIIOPTIIEH MIYFBULIAHY/ B YHATCA, JKAPBIC JJIiCiHE
74% GachIMIBIK OepiTeHi aHbIKTAIbI.

Ic-apexker nporiecine KaHaFaTTaHyFa HETI13/IeNTeH 1K1 BIHTANAHBIPY/IbIH iMTiHAE TeHe OeICeHIITITIHIH
CBHIPTKBI aTpHOYTTaphIMEH, OKY OPEKETiHIH BIHTANIAHABIPYMEH, KO3FAlIbIC OPEKETTEPiHIH KaHA TypJiepiHe
YMTBUTYMEH, cabaKTaphbl 1a TaHBIMAJ CYHIKT1 KaTTHIFYJIap bl OMipJie KOJIaHyMEH OaiIaHbICThI bIHTAIAH/IBIPY
€H MaHbI3/bl OOJIAJIBI.

Kenemiekke OGaiiiaHBICTBI BIHTATAHABIPY TOOBIHIA JCHCAYJIBIKTHI HBIFAUTY JKOHE JIEHE KAaCHEeTTepiH
JAMBITYFa YMTBUTYy CTYICHTTEp >KeTeKmn Ooibim Tabbiianel. KeOiHece MyHIail BIHTaNaHABIPY OoJalak
QJIEYMETTIK KoHE KociOM KhI3MET YIIIiH Oenrisi Oip OiniM IeHreline )KeTy peTiH/e KaKeT eKeHi KepceTiie .

KopTeiaaet
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AJIBIHFAaH HOTHXKENIEP OKY-TOpOMe NPOIECIH AYPHIC YHBIMAACTBIPY CTYACHTTEPAIH BIHTAIAH]BIPY
OCHIMIUTIKTEPIHIH KYPBUIBIMBIH OHTAWJIaHABIPYyFa KOMEKTECE/Ii: CIIOPTKA 1IIKI BIHTAHbI HBIFAHTY, TAHBIMJIBIK
BIHTAHBI KAJIBINITACTHIPY JCTEH KOPBITHIHIBI )KacayFa MYMKIHJIIK Oepe/ti.

By prHTaNmap b1l AKy3ere achlpy VIIH BIHTATAHBIPY TONTAapbIHA HA3ap ayAapy Kepek.

Bipinmi Tonm eHOekke KaOUMEeTTiLNIKTI apTThIpyFa, AeHe OiTiMiH, TO3IMAUTIKTI, ajmbl 9l-ayKaTThIH
JMHAMHMKACHIH JKaKCapTy CHSIKTHI ACHCHIH (PM3UKAIBIK KACUCTTEPiH KaKCapTyFa OaFrbITTaIFaH.

Exinmi Torka keseci TapMakTap Kipesi, op TYpJli KypAeNUTiKTeri TarchlpManapbl KO0, KeKe ToCIi
KOJIJJaHa OTBIPBIN, COHBIMEH Karap TalChIpMaHbl COTTI OpBIHJaFaHHAH KEHIH KOPBITHIHIBLIAY, CIIOPTTHIH
opTYpJIi TypJiepi OoibIHINIA (haKyJIbTETTEP MEH TONTAP apachliHaa TyPHUPJIEP OTKI3Y, COJaH KeiiH eH OesceH i
KaThICYIIBUIAP bl TUIUIOMAAPMEH, MEAAIbIaPMEH JKOHE Oarabl ChIAIBIKTaPMEH. MapamnarTay.

Y1iHmn Tom oKy MpolieciHae MEeHrepiiren 0ackapy, ©3iH-031 YUBIMAACTHIPY, KaTBICY JaFrAbUIaphl icKe
aCHIPBIIATHIH KYIITI KOHE TaTy CTYJEHTTEP YKBIMBIH KypyFa OarbITTanra. blHTanansIpyAbIH TOPTIHIII TOOBI
CTYJCHTTEP/IIH JeHE TOpOHECi MPOIECiHAer] XKETICTIKTEPl YIIIiH Mapanartay/ibl KOJIJIaHyMEH CHITaTTaJIajbl.

CoHbIMEH, JKOFapbllia aWThUIFAHIAPBl KOPBITHIHABLIAK Kejie, OuUriM Oepy VHbIMIApbIHAA JEHE
IIBIHBIKTHIPY TIOHIH OKBITY JKOMBLICA, OCKEJICH YPIAKThIH JICHCAYJIBIFbIHA KAyl TOHETIHIH aTan eTyre 00Jiabl.
CTyleHTTepAiH  JICHE INbIHBIKTBIPYMEH aiHajbiCyFa Oayiy oJiap/blH (U3UKAIBIK OCJICCHALTITIHE e,
QJIeyMETTIK OeJICeHAUTIrIHE JIe )KaKChl acep eteni [4].

JleHe MIBIHBIKTBIPYMEH JKOHE CIIOPTIICH OCJICEH Ii aifHAJIBICAThIH, JCHECIH CAyBhIKTBIPATHIH CTYICHTTEP
CTPECCTIK JKaFjaijlapra Kakchl TeTen Oepesi, cabakra anfaH IarabUIapbl OJIAPJABIH KOCIOM KBI3METIHIE
KeMEKTeceIi, OyJ1 oytapibl 0aceKkere KaOJIeTTi KoHe eHOCK HapBIFbIH/IA CYPAHbICKA He 00TybIHA KOMEKTECE/I.
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E.B. IlansneBa

3ansaTuii Gpu3MYecKOoi KyJbTYPOil U CIOPTOM, CTY/ICHYECKOH MOJI01esKH
NOBbILIEHUE KBAIN(UKALUM ¢ MOTHBaLM el

ABTOp CTaThb OAYEPKHYJI BXKHOCThH BOBJICUEHHS IIOAPACTAIOIETO TIOKOJICHHS B 30POBBII 00pa3
XKHU3HH U HEOOXOIMMOCTh IIMPOKOTO MOBBIIIEHUSI MOTHUBALUHU K (PM3HUUECKON KYJIbTYpE U CIIOPTY,
YTO  SIBJISICTCA ~ B@KHBIM  OOpa30BaTENbHBIM,  BOCIMUTATEIbHBIM,  O3JOPOBUTEIBHBIM,
9KOHOMHMYECKHUM, OOLIEKYIbTYPHBIM aCIIEKTOM 00pa30BaHMS.

AKTYyalnbHOCTb TEMbl ONPEAEISIETCS BaKHOCTHIO MCHOJIB30BAaHUS (PU3MYECKON KyJIbTYyphl Kak
WHCTPYMEHTa COBPEMEHHOM CHCTEeMBI 00pa3oBaHusl B (GOPMUPOBAHUY JIMYHOCTH CTY/ACHTA.

KitoueBbie ciioBa: (pu3uueckast KynbTypa, CTYACHTbI, MOTHBALIHSL.
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E.V. Paltseva
Physical Culture and sports, student youth professional development with motivation
The author of the article focused on the importance of involving the younger generation in a healthy
lifestyle and the need to widely increase motivation for Physical Culture and sports, which are the

most important educational, educational, health-improving, economic, and general cultural aspects
of Education.

The relevance of the topic is determined by the importance of using physical culture as a tool of
the modern education system in the formation of the student's personality.

Key words: physical education, students, motivation.
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/leHe HIBIHBIKTHIPY 7K9HE OHBIH dJIeyMeTTIK Macesesepai meuyre dcepi

JleHe WIBIHBIKTHIPYABIH aJaM eMipiHAeri peniH Oaramamay MYMKIH €MeC, ©WTKEeHi OHBIMEH
OalmaHBICTHIPMANTBIH alaM KbI3METIiHIH canachkl oK. CIOpPT TeH JIeHE IIBIHBIKTBIPY PyXaHH
ONIEYMETTIK KYHJIBUIBIK OHE MaTepHa/IbIK, COHBIMEH Oipre Ke3 KelreH ajaM YIIiH MaHbBI3IbL.
EniMizne XKbUIIaH-)KbUIFAa J€HE MIBIHBIKTHIPYAbl KOFaMHBIH KYOBIIBICH JKOHE aJaMHBIH IKEeKe
epeKIIeNiKTepl peTiHae aiTarbiHaap keoekin keieni. CoHbIMEH Oipre, IMCUXOJIOrTap, MeIarorrap
MeH Quiocoprap Oyl KYObUIBIC aJamaaplblH Y3aK YakbIT OOHbI JCHE MOJICHHETIHE Hazap
ayJapraHblHa KapaMacTaH, 9JIi )KEeTKUTIKTI TypJie 3epTTeJIMEreH JIereH IMiKip/e.

Tyuin co30ep. CIOPT, MEMIIEKET, CIOPTHIBLIAPABI KOJaay, KYKBIKTHIK 0Oas3a, KasakcTaHmarsl
CIIOPTINBIIAP, CIOPTINBIIAPABI KOPFay, CIIOPT MEMIIEKETKE HE YIIiH KaXKeT, CIIOPT CaachbIH/Iarbl
eHOeK KaThbIHACTaphl.

XKarreiry sxoHe eMip. AjiaM eMipiHIeri JeHe TopOreciHiH pestiH Oaranai OTBIPHII, a7aM aF3achbIHbIH YiIeciMIi
JaMy KaXeTTLIIriHe Haszap ayaapy Kepek. byraH neHe TopOHeci apKbLIbl KOJDKETKI3yre O0oJjia/ibl, COHBIH
apKachlHIa ajJaM J>KaH-)KaKThl Jamuibl. Ke3-keiareH amamra enTuliK, KYII, XbUIIAaMIBIK, KUMbUIIAPIbI
yinecTipy KabiieTi KaxxeT. ATaMHBIH MaHbI3IbI KACHETTEPi-TO3IMILIIK ITeH eHOCKKE KaOUIeTTIIIK, KaTaro XKoHe
KepeMeT JIeHCayIbIK. ByJl MOCTymaTThIH HETi3T1 Joelti OoIoTHsAIaH KeJleli: aHATOMUSIaH JICHE CaIMaFbIHBIH
JKapTHICBIHA JCHIH TipeK KaHKa OVIIIIBIK CTTiHIHIE OOJATBIHBI OCNTifi, SFHU OJIAPABIH JKATTBIFyJIaphl ©TE
MaHBI3IBL.  JleHeHIH JKaFdaibl KATBITITE OOMyBl YIIiH OV OYJIIIBIKETTEPIiH OapIBIFBl TYPAKTHI KYKTEMEH1
anybikepek. JleHeHiH OWIIIBIKETTEpiHEe JKoHEe Oacka IIIKI JKyielaepre OChIHIAW OH ocep eTedi. ByJIIibIK
CTTIHIHIH TYpaKThl OEICEHAUIIr OpPTANbIK JKYHKE KYHECIHIH >KYMBICHIH TY3€TEIl, THIHBICATY >KYHECIHIH
(hyHKIIMOHAIABIFBIH OCIICEHIIPE/T.

ConbIMeH KaTap, CHOPTTHIK OENCEHAITIK JeHeHIH (U3UKAIBIK KaFJaibiHa OH acep erexi. JKaTThIFy KesiHzae
OYJIIIBIKETTEP KO YHEPTHAHBI KAKET €T/ JKOHEe JeHE

Mait xacymmmamapbl MEH Kalopwsuiapasl keOipek skaryra MakOyp Oomanpl, Oysl IEHEHIH aKChl CarachlH
CaKTayFa J>KOHE caJMakK >KOFalTyFa oKeJemi. benmcennmi ¢u3mKanplk OENCeHIUTIK TeH OYKin IeHeHiH me,
MUTIHIEPIHIH J1e )kKaHapybIHA BIKIIAJ €TETiH JiH KacylIaTapbIHBIH OHAIPIC carackl apTapbl.

Kan dynxmusutapeiaa o ocep Oaitkamansl. Toxipubenep kepceTkeHAeH, erep agamaap TOObI eKi Killll TOmKa
Oemince, omapapH Oipeyi Oenrim Oip akmaparThl KATTHIFy Y3UTiCTepiMEH, all eKiHIIICi eMalry y3lmicTepiMeH
ecTe cakTaca, OHJa JKaTTBIFy Killi TOOBI KOFaphl HOTIKE Kepcereni. MyHmail HOTWXenepai (U3UKAIBIK
OETICeH TUTIKIIEH JKYPEK COFy KHULTITIHIH )KOFapbUIaybIMEH TYCIHAIpyTe OoNaabl, Oy KaH KeJeMiHiH YIFalobIHa
okeneni, Oy OyIIIBIKeTTepre FaHa emec, MHUFa na OarbITTanansl. KoHmeHTpamust neHredi (u3uMKaibIK
OeNCeH TUTIK )KHUITITIHIH dKOFapbUIaybIMEH JIE apTaJlbl.

Criopt meHeHi ChIpTTail FaHa eMec, IIIKi KaFblHaH Na e3repTelni. JleHeHiH KYpeK-TaMmbIp KOHE THIHBIC alry
Kyheci KaH alHAJIBIMBIH JKOHE KAHHBIH OTTETIMEH KAHBIKTBUIBIFBIH KaMTaMachl3 eTeni. byi ikyiienep
(bM3HUKaABIK OEJICeHIUTIK Ke3iHJe «KYIISUTLIemi», Oy aKpLI-OH OENCeHITIr YIIiH A6 KaKeT, OMTKeHI MH
KYpPEKKe HeMece OYIIIIBIKeTKe KaparaHya OipHellle ece Ko OTTeTiH KaXKeT eTel.

YHeMi JieHe IIBIHBIKTBIPY KacTapiblH JCHCAYJBIFBIH CAKTayFa JKOHE €HOCK JKOHE KOFaMJIBIK OeNCEHITIKTI
JAMBITyFa KOMEKTece/li. bonamakra cTy/IeHTTep aHa Ke3eHre OTil, eMipJeri KociOn YCTaHBIMIAPBIH AJBII,
QNIEYMETTIK POJICPIH OpBIHJAAFaH Ke3[e OJapJbIH JEHCAYJBbIFbl MEH (H3UKAIBIK JaibIHABIFBI KOPIHE/II.
CanayaTTBUIBIK TI€H JKOFaphl (PU3UKAIBIK OENCEHUTIK JeHEeHIH OHIMIUIriHe, peaknus >XbUIJaMJIbIFbIHA,
COHJIaii-aK y¥Ke xyieciHe acep ereni. COHBIMEH Kartap, JIEHe IIBIHBIKTHIPY OKYIIBIHBIH 631H-631 TAHBITYIBIH
JKOHE TYJIFAIBIK 1aMyBIHBIH KOIT (DYHKITHOHAIIBI TOCLITI OOIBIT TaOBIIA B,
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Kosranbic sxoHe AeHcaynblK: JleHe IIBIHBIKTHIPYIBIH aJaM eMipiHAeri MaHbI3AbUIBIFBIH TYCIHY YIIIH XKYPEK
KOHE KaH TaMbIpJIapbl aypyJapblHbIH CTATUCTHKACHIH KOHE MYHAAH >KaFJaiIapAblH KUUTITIHIH aJaMHBIH AeHe
Oencenainirimen OainaHbICBIH TanaayFa 6onaabl. by opranaap maTogorHACHHBIH 6Cyl SJKOHOMHKAJIBIK JaMy
JCHTell JKOoFaphl enaeple OalKanaThIHBI aTanm OTUAL. byl TunoguHaMusiFa, KYMBIC MPOLECTEPiH
MeXaHUKaJlaHIbIpyFa OalaHbICThI. Y Al KYTIN yCTayFa KYLI caly Ja aJaMHaH KeIl KO3FaJIbICThI KaKeT eTIei i,
aybUIIbl apalalThIH KOFaMJbIK KeJiktep ne Oap. Kenreren amamumap >KaTTHIFYABIH aJaM YIIiH KaHIIATBIKTHI
MaHBI3/IBl eKeHIH YMBITHIN KeTeni. Onapra eMip/iH Ke3 KeJreH CoTiHe KaKeTTink Oap. bananapna, sxacrapaa
MYHJIall JKaTTBIFyJIap JCHEHIH aJeKBaTThI, OIpKEJKi JaMyblHa KeMekTeceai. JleHeHiH ken (yHKIMOHAIIBIFbIH
JKaKcapTy, Kyi3enicke Toren Oepy KaOUIETiH apTThIPY YIIiH €peceKTep alHaNbICYhl KepeK. J{eHe ®KaTThIFyiaphbl
JICHCAYJIBIKTBI Y3aK cakTayra kemekTeceai. KapraiiraH ke3e TYpakThl QU3UKAIBIK KaTTHIFyIap.

JleHe TopOMeci MEH CIOPTTHIH ajJaM eMIpiHAETI MaHbBI3ABUIBIFBIH TYCIHE OTBIPHII, aJiaM MYHJAi OCIHap.IbiH
KATTBIFYJIapbl MEH OPTYPJIl OpeKeTTepiH >KHi KOJAaHyFa THIPHICYBl Kepek. Kes-kenreH opekeT OYJIIIBIKET
KYMBICBIMEH, KUBIPBUTY IMPOIECTEpIMEH XOHE TIHJEPAiH peiakcalisichiMeH OainanpicThl. Tarmceipmanap
JKUBIHTBIFBIH KYPACThIPY Ke3iHJe OYJIIIBIKET OENCeHIUIIriHIH opTypii (GopMaliapblH TEHECTIpY KakeT. by
TIHAEP/iH KYMBICHI yCTayFa, HeMJeHYTe, )keHyre Oemineai. benrini 6ip opekeTtep Ke3iHae OYIIIbIKET KepHeyi
TOCKAybUIJAH OTyre MYMKIHIIK Oepezi. backamapbl »ykreme ocepiHEH CO3bUIyFa OaFrbITTalFaH, all
Keibipeynepi OYIMBIKET KepHeyl MeH KapChUIBIKTHIH TeIe-TeH K KYHiH eIKaHIail KO3FaIbICChI3 YChIHA/BL.
Ocepunaiiina, camayaTTsl eMip CalThl KYHABUIBIKTAPbIH KaJbIITACTBIPYFa JKYHENl Ke3Kapac el XalKbIHBIH
JICHCAYJIBIFBIHA KOHE OHBIH OPTYPJi SJEYyMETTIK TONTapblHA dcep eTeTiH (akTopiapAbl €CKepe OTHIPBIT
KYpBUTYbI Kepek. MyHiail (akTopiapra epekile aJieyMeTTiK, SKOHOMHKAJIBIK JKOHE SKOJIOTHSUTBIK, JKaFjaniap;
OUTiM aiy TpOIECiH/Ee KYMBIC OPHBIHJA OPBIH aJaThlH Kayill (aKkTopiapbl; KUBIHTBIKTAPJIbI, SJIETTEP MEH
MiHE3-KYJIBIK epeKeNIepiH KAIBINTACTHIPY KaTaJIbl.

OcbIFaH 0alIaHBICTBI, callayaTThl OMIp CANTHI MOJICHUETIH KAJIBINTACTHIPY YIIIH KOFAMHBIH JIaMybIH/Ia OipHele
aCTIEKTUIEeP/Il YCTaHy MaHbBI3JBL: aJ]aM JICHCAYIIBIFbIHA 9CEP €TETiH KarbIMIbl (DaKTOpIIap TYpalbl UiesIapbl
KaJIBINTACTRIPY, JKEKe THUTHEHAa epeXkeJepiH OpbIHAayFa YHpETy; IYphIC TaMaKTaHy Typajbl HIesiap/bl
KaJBINTACTBIPY; KYHHIH JYPBIC PEXUMI )KOHE OHBI CaKTay KYHJIBUIBIFBI TYpallbl WACSIIapIbl KaJIbIITaCThIPY;
JICHCAYIIBIK MOACHHUETIHIH HET13r1 KOMIIOHEHTTEP] Typalbl HACSIApAbl KATBIIITACTRIPY JKOHE cajayaTThl eMip
canTbl. ByJ1 KbI3METTI JKy3ere acelpy Toyeni emec. Kbl calfblH JIeHe MBIHBIKTHIPY KUBIHAAN TYCEi, KBI3bIKTHI
O6omampl. CrnopTka KbBIBBIFYIIBUIBIK TAHBITATBIH agamaap caHbl YHeMmi eocim kenemi. Jlemek, meHe
IIBIHBIKTHIPYABIH TYJIFAHBIH XKaH-)KaKThI JJAMYybIHA dCepi Jie )KYHeIi TypJie apThIl Kele/i.

byn >KyMBIC A€HE IIBIHBIKTHIPYABIH OJICYMETTIK MOceleNepAl IIeNIyre ocepiH KepceTenmi. MakKaaaHBIH
Ma3MVYHBIHBIH ©3€KTUIITi-KOFaMIBIK OMipe THICTI Ha3ap ayJapbUIMaraH opTYpi KeI3MeT Typiepi 6ap. Koram
MYIIENIepiHiH caHachlHOa OYJI >Kai FaHa MalJachl3 OpPEKET JKOHE YaKBITTHI BICHIpal €Ty NEreH TYCIHIK
KaJbIlITacKaH. MeKTel oKiMIIJIiTi MeH ara-aHanap OHep, My3bIka ®oHe CIIopT cabaKTapblHa KETKITIKCI3 KOHIT
Oeneni, eiiTkeHi Oy MoHAEp OOMBIHIIA OKY TIPOIIECiHIH COHBIH/IA MIiHIETTI KOPBITHIH/IBI TECTITIEY OTKI3IIMEHIi.
MaxaraHbIH FBUIBIMH KaHAIBIFBI-OYIT QJIEyMETTIK MaceJeNep/Ii ey YIIiH JeHe TOpONeCiHiH MaHbI3IbIIBIFBIH
cunattaiiapl. COHFBI JKbUIIAPH! OHBIH POITi agaM OOJIMBICBIHBIH, OApIIBIK aCIIeKTUIePl: ICUXUKAITBIK, MOPATBIBIK
HeMece (PU3MKATBIK apachIHIAFbl TeNe-TeHIIKTI Kypy/Aa apThI KeJei.

JleHe IIBIHBIKTBIPY MaTepHAIJIBIK JKOHE PYXaHH KYHIBUIBIKTAP/bl KATBINTACTRIpYFa bIKnan ereai. CropTieH
NIYFBUIIaHyFa apHAIFaH Kypangapibl, acmantap MeH Kypai-caiiMaHaapbl jkacayra, KYpacThIpyFa >KOHE
KaKcapTyFra, TYPJi KYPhUIBICTAp CallyFa MaKbIPaIbl.

Jlene TopOueci agaMHBIH AHATOMUSUTBIK KYPBUIBICHIH, JIEHE YKATTBHIFYJIAPBIHBIH aJaMHBIH (DH3UKAIBIK KOHE
TICUXHKAIBIK JKaFIalibIHa 9cepiH, OHBIH Oolapra OeHiMIenyiH »oHe OpraHu3MHIH OHONOTHSIIBIK pe3epBTEpPiH
3epTTel OTBIPHIN, agaMAapIbIH OUTIMIHIH «KOTHIKACHIH» TOJBIKTHIpansl. JleHe WIBIHBIKTRIPY OipKaTap
(GYHKIUSIAPIBI OPBIHAANIBL: TOPOUENTIK, KOJIaHOAIbI, CIOPTTHIK, CAYBIKTHIPY, CAyBIKTHIPY.

Kacimopeiamapna, ¢upmanapna >xoHe OimiMm Oepy MekeMmesepiHIe Ke3-KeNTeH JKacTaFrbl agaMIap.IbIH
(M3UKaANBIK OENCeHMAIITiH CaKTayFa, OfaH opi TaOBICTBI XYMBIC TIEH OKY VIIH JIOCTHIK Y)KBIM KypyFa
OarpITTAFAH CIOPTTHIK ic-lIapanap y#bIMIacTeipbuiafpl. CoHOal-ak, MYHJAAM ic-mmapanap XajlbIKThIH
SMOIMOHAIIBI QNcipeyiHe MyMKiHAIK Oepemi, Oynm Oenrimi Oip YKBIMHBIH JKOHE TYyTacTail aiFaHza
KOCIMOPBIHHBIH TYPAKTBUTBIFBIH KAMTAMACHI3 ETE/Ii.

OJeyMETTIK JaMy >KaFbIHAH CIIOPTTHIH CHITATTAMACHI JICHE IIBIHBIKTBIPYIBIH SKOHOMUKAIBIK MAHbI3AbLTBIFbIH
na kepcereni. CoOpTThI JAMBITYFa KOFAMHBIH MATEPHAIJIBIK CATBIMIAPhI, €H AJJIBIMEH, OHIMIUTIK JCHIeHiH
apTTBIPy, JCHCAYJIBIKTHI HBIFANTY JKOHE Y3aK eMip cypy apkpuibl OipHemie per otenedi. CHOPTTHIK
WaOBIKTAPIbI CATyJaH, CIIOPTTHIK FUMApPATTAP/Ibl, CIIOPTTHIK OWBIH-CAYBIKTAp/Ibl MalaaHyaaH, COHIak-aK
FBUIBIMU 9/ieOreTTep OacnachlHaH allbIHFAH KapKbUIBIK KipiCTEp/iH MaHbI3bI 30P.
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JleHe IUBIHBIKTBIPY aJaMHBIH OJIEYETTI MYMKIHIIKTEpiH alajabl, XKEKe KAaCHUETTepiH TopOueneiai xoHe
KaJIBIITACTBIPYFa BIKMAN eTeli. MbIcanbl, KapbIM-KaThIHAC, TO3IMIUTIK, KOpLIaFaH OPTaHBIH >KaFbIMCHI3
(bakToprapeiHa TO3IMIUTIK, ©31HE JeTeH CEHIMJIUIIK, IIESIIIM/IUTIK, KHBIHABIKTap/Ibl JKeHy KaOiieTi. O3iH-e31
JaMBITyFa JIereH YMTBUIBIC TICH eMipre JiereH cyWiCleHIIiIiK Te naiina Oomamsl.

KanpmTel xyMmpic icTeyi yuriH agamra Oenrisi Oip (U3MKANBIK >KOHE ONICyMETTIK KOMIIOHEHTTED KaXerT,
MBICAJIBI, TAMaK, aya, KYH coyJieci, AeMalbiC, KO3FaJIbIC JKoHE T.0. Bip KbI3BIFBI, KO MCHXUKAIBIK CTPECCTEH
KeliH, a3aan (u3nKaibiK OCJICSHIUTIK, IEHE MIBIHBIKTHIPY IapIiaybl )KEHUIACTYTe KOMEKTECE/I.

JleHe MIBIHBIKTBIPY MEH CIOPT aJIaMHbIH JCHE LIBIHBIKTBIPY, NCHCAYJBIFBIH HBIFAUTY, YaKbITBIH AYPBIC OOy
JoHe 00C YaKbITBIH TUIM/II ©TKI3y KypaJibl FaHa eMeC, aJJaMHBIH KOFaMFa JICYMETTIiK OeHiMIey Taciai OOk
TaObLIa/Ibl, COHBIMEH KaTap ajaM eMipiHiH 0acka jkKakTapblHa Ja 9cep eTelli, eHOSK OeNCeHAUTIriH apTThIPaIbl.
, 7IAMT'ePIITIK XKOHE MHTCIUIEKTYaIBIK KacCHeTTep. AaMIapAblH 631H-031 TaHyFa, 631H-631 TOpOHEIIEYTe KOHE
1IIKI MYMKIHJIIKTEPiH JKY3€Tre achlpyFa JIereH KOKETTUTIKTePiH KaHaFaTTaHAbIPaJIbl.

[Nalfinananpuirad aepeKke3aep Tizimi

1 Speech by V. V. Putin at the founding congress of the Association of Student Sports Clubs (June 2013)
[Electronic resource]. - Access mode: 96-6et

2 Boukapesa C.1. CoBpeMeHHOE COCTOSIHUE M TPOOJIEMbI pa3BUTHS PU3HUECKOM KyIbTyphl B By3e / C.H.
Boukapesa, T.I1. Beicorikas, A.I'. PocteBanoB // BectHuk Poccuiickoro 3koHOMHUYECKOTO YHUBEPCUTETA UM,
I'.B. [Tnexanosa. — 2017. 146-06et

3 banbscesnu B.K. ®usndeckas KynbTypa Juist Bcex u kKaxjaoro. — M: @uC, 2014 84-6er

O.B. Mernemiko
du3nyeckasi KyJbTypa H ee BJIUsIHME HA pellieHne COIUATbHBIX MPodJieMm.

Henp3s HEmoorneHNBaTh poib (PU3MUECKOW KyJIBTYPHI B JKU3HU UYENOBEKa, TaK Kak HET cdepbl
YEIIOBCUECKOM NEATCIIbHOCTH, He CBsI3aHHON ¢ Hed. CrmopT u (u3uveckas KyJlIbTypa HMEIOT
JIYXOBHYIO COIMAIBHYIO IEHHOCTh M MaTepUANIbHYIO0 IIEHHOCTh, & TaKKe BaXKHBI LIS JTFO0O0TO
yenoBeka. M3 roma B TO B CTpaHe Bce OOJIBINE JIFOICH TOBOPAT O (PU3UIECKON KYJIBType Kak O
SIBIIGHUH 00IIIeCTBa M IMTHOCTHBIX OCOOCHHOCTSIX YeoBeKa. B TO jxe BpeMs ICHXO0JI0TH, IeJaroru
1 (rnocodsl MPUAEP)KUBAIOTCS MHEHHS, YTO 3TO SIBIIEHUE €IIle HEJOCTATOYHO U3YIEeHO HECMOTPS
Ha TO, 9TO JIOAH JOJTOE BpeMsl YIeISIIN BHUMaHUE (PH3HIECKON KYIbType.

Kniouesvie cnosa: cnopt, rocy1apcTBo, MOJJIEPKKA CIIOPTCMEHOB, MpaBoBasi 0a3a, CIIOPTCMCEH B
Kazaxcrane, 3ammra ClIOpTCMEHOB, 3a4€M TOCYAapCTBY CIIOPT, TPYJOBbIE OTHOIICHUS B chepe
criopra.

0.V. Meleshko
Physical culture and its impact on solving social problems.

The role of physical culture in human life should not be underestimated, since there is no sphere
of human activity unrelated to it. Sports and physical culture have a spiritual social value and
material value and are also important for any person. From year to year in the country, more and
more people talk about physical culture as a phenomenon of society and personal characteristics
of a person. At the same time, psychologists, educators and philosophers are of the opinion that
this phenomenon has not yet been sufficiently studied, despite the fact that people have been paying
attention to physical culture for a long time.
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BECTHMK KUY Ned (39) 2022 .
lMpasuna ogpopmneHusi u npedocmaesieHusi cmamedu

MunucrtepcTBo oOpazoBanus U Hayku Pecriyonuku Kazaxcran
KaparanauHcknii ”HAyCTpUaIbHbIN YHUBEPCUTET

NH®OPMAIIMOHHOE ITUCBMO
YBaxkaemble KoJu1ern!

Jo 15 ¢epans 2023 roga ocymecTBiIsieTCs IPUEM HAYYHBIX CTaTed B CIEAYIOIIUH BBITYCK
Ne 1 (40) 2023 roga PecnyOiimkancKkoro HaydHoro >xypHaia «Bectnuk KaparanamHckoro rocy-
AAPCTBEHHOI0 MHAYCTPHAJIBLHOI0 YHHBEPCHTETa», KOTOPbI 3aperucTpupoBaH B MexIyHapo-
HOM IIeHTpe 1o peructparuu cepuanbHbix n3nanuii ISSN (FOHECKO, r. [Tapux, @pannus) ¢ npu-
cBoeHueM MexayHapoaHoro Homepa ISSN 2309-1177. Tepputopus pacnpoCTpaHEHHUs >KypHaua:
Pecniy0Onmka KaszaxcraH, cTpaHbl OJMKHETO U JAIBHETO 3apy0exkbsl.

B skypHaJjie npeaycMOTpeHbI cJieAyIolue pa3aebl

Merautyprus.
WHubopMannoHHO-KOMMYHHUKAIIMOHHBIE TEXHOJIOTHH.
TexHnuyeckue HayKu U TEXHOJIOTHHU.
ConuaibHO-TYMaHUTapHbIE HAYKH U DKOHOMHUKA.

el A

IPABIJIA O®OPMJIEHUS U ITPEJOCTABJIEHUS CTATEN

B pecnybnukanckoM HaydHOM XypHale «Becmuuk Kapacanoumnckozo zocyoapcmeennozo
UHOYCMPUATILHO20 YHUGEPcUmemay MyOIuKyIOTCS Pe3ybTaThl aKTYalbHbIX padOT, UMEIOLIUX HC-
CJIEIOBATENBLCKUN XapaKTep, 00JaJaroINX HAyYHOW HOBU3HOM U MPAKTUUYECKOW 3HAYUMOCTHIO.

SI3bIKM MyONMMKaUK: Ka3aXCKUM, PyCCKUN, aHTJIMUCKUH.

Crarbs npencrasisiercs B JlenmapTaMeHT HayKu, MHHOBAIIUM M MEXIYHAPOJAHOTO COTPYAHUYE-
CTBa B OJIHOM JK3EMILISIPE.

K TekcTy cTraThH, MOAMUCAHHOMY aBTOPOM (-aMHM), IPUIAratlOTCsl aHHOTAIUS Ha PYCCKOM, Ka-
3axCKOM W aHrimiickoM si3bikax (100 ciioB), BHEIIHSSE ¥ BHYTPCHHSIS PEIICH3HMH, aHKETa aBTopa (-
OB).

TekcT pelaKTHPOBAHUIO He MOJIEKHT, IOITOMY BCe MATEPHAJIbI J10JIKHbI ObITh 0(hopM-
JIeHbl B_COOTBETCTBHHM € TPeOOBAHMAMM W TIIATEJbHO OTPEeJAKTHPOBaHbL. MaTepuajbl, He
COOTBETCTBYKIIIHE BbIIIEYKA3AHHBLIM TPeOOBAHUSIM, HE PACCMATPHBAIOTCH M 00PATHO He BbI-
ChLIAOTCH.

TpeGoBanust K 0pOPMIICHHIO CTATEH

O06vem cTaThu, BKIOYasg Oubnuorpauio, He AODKEH NpeBbIIaTh 15 CTpaHMIl TEKCTa,
HabpaHHOro Ha KoMmImbtotepe (penakrop Microsoft Word), MmuHuManbHblil 00beM cTaTthu - 4 cTpa-
HULBI.

[Tonst pykomnucu AOKHBI ObITh: BEpXHEE U HIDKHEE - 25 MM, JieBoe U npasoe - 20 MM; mWpuQT -
TimesNewRoman, pa3smep - 11 nT; MeXCTpOUYHBIN MHTEpBAJ - OJAWHAPHBINA; BEIpAaBHUBAHUE - IIH-
puHa; oTcTym ab3ama - 0,8 cm.

Martepuan crateu odopmieH B cootBeTrcTBuu ¢ 'OCT 7.5-98 «Kypnansi, cOopHuku, uapop-
MaluoHHbIe u3fanus. Mznatenbckoe opopmiieHrne myOoInKyeMbIX MaTEpPUaIOBy.

B cTpykTypy cTaThu BXOAAT CIEAYIOIIME Pa3eiibl:

* 3a201060K: BKIIFOYAET OTJEIBHYIO CTPOKY ciieBa oT uHaekca Y JIK, nandopmarmo o6 aBTopax
(vHUIMANEl U (aMUIUs, Ha3BaHUE YUYPEXKJICHHUS WIM OpraHM3alluu, ropoJ, cTpaHa, e-mail aBTopa,
OTBETCTBEHHOTO 32 MEPENUCKY C PEIaKTOPOM), Ha3BaHUE CTAThU;
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* Pegpepam: opopmien B coorBerctBum ¢ 'OCT 7.9-95 «Pedepar u pedepar. Obmue Tpedo-
BaHUs». OOs3aTeNnbHbIE KOMIOHEHTH aHHOTAUUU: HHPOopMaTuBHOCTH (00BeM - 100 cioB); opuru-
HaJIbHOCTH (HOBU3HA CTaThH); COJIepKaHue (OCHOBHOE COJIEpP:KaHUeE). CTaThbU U PE3yJIbTaTOB UCCIIE-
JIOBaHU ); CTPYKTYPHUPOBAHbI; BEIBOABI. AHHOTALIUS IPEOCTABIISCTCS HA aHTIIMICKOM, Ka3aXCKOM U
PYCCKOM $I3bIKAX;

* Kntouesvie cnosa: He Menee 8-10 OCHOBHBIX TEPMHHOB HJIM KOPOTKUX (hpa3, KOTOpBIE HC-
MOJIb3YIOTCA B cTaThe. KitroueBble cioBa MPeIoCTaBIAIOTCS Ha aHTJIMHCKOM, Ka3aXCKOM M PYCCKOM
A3bIKaX. AHHOTAIMSA U KJIIOYEBBIE CIIOBA HA SI3BIKE CTAThU MPEAIIECTBYIOT OCHOBHOMY TEKCTY CTa-
ThbU, aHHOTAIIMU U KJIFOUEBBIE CJIOBA HA JIPYTHX SI3bIKaX pa3MelaoTcs rnocie oudiuorpaduyeckoro
CIIHMCKA CTAaThU;

* Beeoenue: 000CHOBaHNE aKTYaJIbHOCTH U CTEIEHU PA3BUTHSA T€MbI (BO3MOXEH KpaTKuil 00-
30p HAay4YyHOH JMTEPATypHl IO TEME MCCIECIO0BAHMs); TOCTAHOBKA 3a/1a4M MCCIIEOBAHUS; ONMCAHHE
0o0BbEKTa U MpeAMETa UCCIECIOBAHMS, LIeJeH U 3a/1a4 CTaThU; KPATKOE OMHCAHKE €r0 CTPOCHUS.

* Memoowl u mamepuanvl (FKChepumMenmanbHsle): ONIUCaHNE METOA0B U MAaTEpPUAIOB, UCIIOJIb-
30BaHHBIX B HCCIIEJOBaHMM, BKJIIOYas MeETOAbl cOopa, 00pabOTKM H aHaluW3a JaH-
HBIX; XapaKTEPUCTUKU BBIOOPKH (€CIIN MCIIONIb3YETCsl BRBIOOPOYHOE HCCIIEIOBAHNE);

* Pe3ynomamsl u 06cyscoenue: ONIMCAHUE U UHTEPIIPETALNS MOJTYYCHHBIX PE3yIbTaToOB C IO-
MOIIBIO PUCYHKOB, TAOIUII, TPaUKOB U PUCYHKOB;

* Bv1600b1: HOpMYIHUPOBKA BHIBOJIOB HA OCHOBAHUU IMOJIYUEHHBIX PE3yJIbTaTOB; CPABHEHHE T10-
JYYEHHBIX PE3yJbTATOB C CYIIECTBYIOMIMMHU PE3yJIbTaTaMH IO ATOH TEME; OI[EHKa HAyYHOH HOBH3-
HBI U IPAKTUYECKON [IEHHOCTHU MOJYyYCHHBIX PE3yJIbTaTOB.

* bacooaprocmu: IpU HAJMYUU MCTOYHUKA (PMHAHCHUPOBAHMS WCCIIEAOBAaHUS (TPaHTHI, TOC-
OIO/>KETHBIE TPOrPAMMBbI) YKa3bIBAETCS HHPOPMAIUS O HEM;

* Cnucox 1umepamypul. Oubnuorpadudeckuii CuCOK COCTABISAETCS IBAXKbI:

- «CnucoK JIUTepaTyphl» - Ha S3bIKE OPUTMHANIA HCTOYHUKOB (Ka3aXCKUHM, PYCCKUN U Ipyrue
HeaHrnuickue s3b1kn) opopmisiercss B coorserctBur ¢ ['OCT 7.1-2003 «bubnuorpaduueckas 3a-
nuck. bubmmorpaduyeckoe onucanue. OOnHe TpeOOBaHUS U MpaBWIIa cOCTaBiIeHUs». CChUIKHA Ha
WCTOYHUKHU Ha A3BIKE, UCTIOIB3YIONIEM KHUPUILIUILY, HEOOXOAMMO TPAaHCIUTEPUPOBATH JIATUHCKUMU
OykBamu;

- «CIucoK IUTepaTypbl» - Ha aHIVIMHCKOM sI3bIKe (0OPMIIEH B COOTBETCTBUU C MEXIyHAPO/I-
HbIM OuOHorpaduueckum crangaprom APA (http://www.bibme.org/citation-guide/ APA/book).

ITepBast ccbuiKa B TEKCTE HA JINTEPATYPY AOJKHA UMeTh HoMmep [1], BTopas - [2] u 1. . Ilo no-
paaky. OOparmasch K pe3yibTaTy W3 KHUTH, YKOKUTE €r0 HOMEp M3 CIUCKA JINTepaTyphl U (depe3
TOYKY C 3alsITOil) HOMEp CTpaHHUIbl, HAa KOTOPOW 3TOT pe3ynbTaT omyoOiukoBaH. Hampumep:
[8; 325]. Cchinku Ha HEONMyOIMKOBAaHHBIC PaOOTHI HE JOMYCKAIOTCS;

* Ungpopmayuss 06 asemopax: BKIIOYACT CIEIYIOIIUE 3JIEMEHTBI: MMs, OTYECTBO U (amu-
JIMIO; YIEHOE 3BaHWE, y4YeHas CTEeNeHb; TOJDKHOCTh WM Tpodeccus; MecTo paboThl (Ha3BaHHUE
YUPEXIECHUS WIN OpraHU3alluy, HACeIEHHBIN MYHKT); Ha3BaHUE CTPaHbl (111 HHOCTPAHHBIX aBTO-
POB); ajpec dIEKTPOHHOM mouThI (e-mail).

Paznensl ctaTbu JODKHBI OBITH COTJIACOBAHBI MEXAY COOOM, M3 TEKCTa CTaThbU JOJKHA OBITH
SICHA MCCIIEIOBATENbCKas THIOTe3a (BOMPOC MCCIIEAOBAHMS), METOAOIOTHS M METO/bI MCCIeI0oBa-
HUS, pe3ybTaThl UCCIEAOBAHUS M UX BKJAJ B PAa3BUTHE OTPACIH COLIMOJIOTHYECKOTO 3HAHUS, B
paMKax KOTOpOi HcciieoBaHue OBbIIIO TIPOBEIEHO.

Bce cokpaiieHust U COKpalleHus, 32 MCKIIOYEHUEM OOIIEU3BECTHBIX COKPALCHUM, JOJKHBI
OBITh pacuI(pPOBaHbI, KOTJIa OHHU BIIEPBBIC HCIIOJIB3YIOTCS B TEKCTE.

B aprtukyne HymepyroTcs TOJIBKO T€ (POPMYIIbI, HA KOTOPBIE €CTh CCBUIKH B TEKCTE.

Tabmuibl, pucyHKH ¥ HOPMYIIBI HE JOJDKHBI COAEPIKAaTh HETOYHOCTEH B 0003HAYEHUU CHMBO-
JIOB U 3HAKOB. PUCYHKHU NOJKHBI OBITh YETKUMHM, YUCTHIMUA U HE CKaHUPOBAaHHBIMH. CCBUIKHM Ha pH-
CYHKH ¥ TaOJIUIIBI B TEKCTE.

111



BECTHMK KUY Ned (39) 2022 .
lMpasuna ogpopmneHusi u npedocmaesieHusi cmamedu

[Tepen momayeit ctaThu B KypHaI HEOOXOIMMO THIATEIHHO MPOBEPUTH 001IyI0 opdorpaduro
MaTepHuaioB, opdorpapuio COOTBETCTBYIONIEH TEPMUHOJIOTMHA U (OPMATUPOBAHHE TEKCTA U CCHI-
JIOK.

[IpenocTaBinsiss TEKCT Ui MyONIMKAaLMK B JKypHAJe, aBTOp TapaHTUPYET MPaBHIIBHOCTH BCEX
CBelleHU 0 ceOe, OTCYTCTBUE IJIaruaTta u Apyrux (GopM HE3aKOHHBIX 3aUMCTBOBaHMI B PYKOIUCH
MIPOU3BECHNUS, MPAaBIIIbHOE O(pOpMIICHHE BCEX 3aMMCTBOBAaHHMM TEKCTa, TAaOJHII, CXEM, MIUIIOCTPa-
K.

Jluteparypusbiii uctounuk odopmisiercs B coorBerctBun ['OCT 7.1-2003. Cpenenust o0 uc-
TOYHHUKAX CJIEAYeT pacrojaraTb B MOPSJIKE MOSBICHUS CCUIOK HA HCTOYHMKH B TEKCTE U HyMeEpO-
BaTh apaOCKUMH I(pamMu 0e3 TOUKU M meyaTath ¢ ad3anHoro orcryna. CChUIKM HA MCHOIB30BAH-
Hbl€ UCTOYHUKHU CIIeyeT NPUBOIUTH B KBaJApPaTHHIX CKOOKax. bubamorpaduyeckasi 3anuch BbI-
MOJIHSIeTCS Ha si3bIKe OPMIHHAJIA.

Kypnaibl

1 TperbsikoB FO./l. IIpoueccsl caMoOpraHu3aliid B XUMHHA MaTepUaioB // Ycrexu XUMHH. —
2003. —T. 72, Ne 4. — C. 731-763.

2 ITak H.C. Conunosioruueckue mpooOieMbl S3IKOBBIX KOHTAKTOB // BectHuk Ka3VMOuMS um.
Ao6binait xana. Cepus «@unonorus». — Anmatser, 2007. — Ne 2(10). — C. 270-278.

Kuuru

1 Hazap6aeB H.A. B noroke ucropuu. - Anmatel: Atamypa, 1999. — 296 c.

2 Hanupos I1K. BricokoBsizkue He(hTH U IPUPOJHbIE OUTYMBIL: B 5 T. — Anmatsl: Freusim, 2001.
—T.4.-369c.

3 I'emOunukmii E.B. HeliporupkynsaTopHasi TUIIOTOHHS M TUIIOTOHHYECKHE (THIIOTCH3HBHBIC)
COCTOSIHUSI: PYKOBOJICTBO 10 Kapauosioruu: B 5 T. / mox pen. E.W. Hazosa. — M.: U3n-Bo Meaununa,
1982. - T.4.-C. 101-117.

4 Tloptep M.E. MexayHapoaHasi KOHKypeHIus / niep. ¢ anriL.; noj pexn. B.JI. lllenuna. — M.:
Mexnynapoansie oTHoweHus, 1993. — 140 c.

5 [1aBnos b.I1. baryes CII. [loaroroBka BoJoMa3yTHBIX SMYJIbCUM ISl CXKUTAHUS B TOIIOYHBIX
ycrpoiictBax // B kH.: IloBbimeHne 3((eKTUBHOCTH HUCHOIB30BAHUS I'a3000pa3HOrO U >KUIKOTO
TOIUIMBA B MI€YaX U OTOMUTENbHBIX KOTiIax. — JI.: Heapa, 1983. - 216 c.

CoopHuKH

1 3umun A.W. BausiHue cocraBa TOIUIMBHBIX 3MYJIbCUH Ha KOHIIEHTPALMIO OKCHJIOB a30Ta U
ceppl B BbIOpOCax MPOMBIIUIEHHBIX KOTEIbHBIX // DKOJOrWYeckas 3alluTa TOpOoAOB: Te€3. JIOKII
Hay4Y.-TCXH. KoH(. — M: Hayka, 1996. — C. 77-79.

2 IlapxxanoB XK.A., Momunos X., Xurutexko T.A. ToBapHble CBOWCTBa Kapakyis MpH pas-
HOM crioco0e KoHcepBUpoBaHus // HayuyHO-TeXHUYECKUI MPOrpecc B MyCTHIHHOM XHUBOTHOBO/ICTBE
U apuJHOM KOPMOIPOM3BOJICTBE: MaTep, MEXAyHap. Hayd.-pakT. KoH(., moeB. 1500-netuto T.
Typxkecran. — [IsimkenT, 2000. — C. 115-120.

3akoHoOZaTEJBHBIC MATEPHAIBI

1 Tlocranosnenue IlpaBurenscrBa PecnyOnuku Kazaxcran. O Bompocax KpeIuTOBAaHMS ar-
papHoro cektopa: yTB. 25 ssHBaps 2001 rona, Ne 137.

2 Crparernueckuii miaH pasputus Pecryommkn Kazaxcran mo 2010 ronma: yrB. Ykazom Ilpe-
suzeHTta Peciyonuku Kasaxcran ot 4 nexadpst 2001 roma, Ne 735 // www.minplan.kz. 28.12.2001.

3 IlmaH mepBOOUYEPENHBIX JEWCTBHA TIO OOECHEYEHHI0 CTAaOMIBHOCTH  COIMAIBHO-
sKOHOMHUYecKoro pas3Butus PecnyOnuku Kaszaxcran: yrtB. IloctanoBienuem IIpaBurtenbcTBa
Pecniyonmuku Kazaxcran ot 6 Hosiops 2007 roga, Nel1039//www.kdb.kz.

4 Pecnyonuka Kazaxcran. 3akon PK. O rocynapcrBeHHbIX 3akynkax: npusat 21 uromns 2007
roja.

5 Crparernueckuii 1uan ArentctBa PK 1o jgenam  cTpouTenbcTBa W KHIIUIIHO-
KOMMYHanpHOTO X03siictBa Ha 2010-2014 roxer: yrB. nocranosienuem lIpaBurenscrBa PK ot 3
mapta 2010 roga, Ne 17.

IlaTenTHBIE AOKYMECHTBI
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1 A.c. 549473. Cnoco6 mepBuuHON 00pabOTKM KOkeBeHHOTO chipbsi / P.U. Jlaynmakac, A.A.
Ckopopstauc; omy6st. 30.09.1989, bron. Ne 34. —2 c.

2 Ilar. 2187888 Poccuiickas denepamuss, MIIK 7 H 04 B 1/38, H 04 J 13/00.
[Tpuemonepenaromue yctpoiictea / Uyraesa B.IL.; 3asBurens m marentoobnanatens BopoHex.
Hayd.-uccaen. uH-T cBsizu. — Ne 200131736/09; 3aaBn. 18.12.00; ony6a. 22.08.02, broa. Ne 23 (1l
4.). — 3c.

I'azern1

1 BaiitoBa A. IHHOBalIMOHHO-TEXHOJIIOTUYECKOE PA3BUTHE — KIFOYEBOH (PaKTOP MOBBILICHHUS
KOoHKypeHTocnocooHocTH // Kazaxcranckas npasaa. — 2009. — Ne 269.

2 Ha peammszanuio mpoekra «Axrtay-Cutu» Oyaer Hamparieno 36 mupa. tr // Tlanopama -
2009, okTs16pb — 16.

3 Ky3pmun Hukonaii. YuuBepcanbhbiii conpar. «Jxcrept Online» http://www.nomad.su
13.10.2009.

Pecypcnr Internet

1 OGpa3oBaHue: UCCIIENOBAHO B MUPE [ DIEKTPOHHBIN pecypc]|: MeXIyHap. Hayd. MeJl. UHTEp-
HET KypHas ¢ OubimoTekoit neno3urtapueM / Poc. akan. Obpaszosanus ; ['oc. Hayd. e, 6-ka um. K.
JI. YumHcKoro. - DieKTpoH, KypH. — M., 2000. — Pexxum moctymna k xkypH.: http: // www.oim.ru,
CBOOOTHBII.

2 npuni, JleB. Knura xynoxHuKa: OT MIJUTHOHHBIX THPaXei — K €IMHUYHBIM SK3EeMIUISIpaM
[Dnextponnslil pecype] / JI. lnpuHi. — DIEKTPOH. TEKCTOBBIC JaH. — Mocksa: [0.1.], 2000. — Pe-
xuM noctyna: http://atbook.km.ru/news/000525.html, cBOGOIHBIIA.

Heony0mukoBaHHBIE JOKYMEHTBI
OT4eTsl 0 HAYYHO-HCCIEA0BATEIBCKON padoTe
1 ®opmupoBanue U aHanu3 (HOHIOB HEMYOIUKYEMBIX JOKYMEHTOB, OTPAXKAIOIIUX COCTOSIHHE
Hayku PecniyOnuku Kazaxcran: oruer o HUP (3axmountensHbiit) / AO «Har. 1ieHTp Hay4HO-TEXH.
unpopm.»: pyk. Cyneiimenos E. 3.; ucrions.: Kynbesckas 0. I'. — Anmvatser, 2008. — 166 c. — Ne I'P
0107PK00472. — 1uB . Ne 0208PK01670.

duccepranumn
1 Xamunbaes K.S. Kapakynbckue cmymku Kazaxcrana wu  HekoTopble  (DakTOpHI,
oOyClTaBIHMBaIONIEe MX W3MEHUYMBOCTH: aBTOped. ... KaHAa. c.-X. Hayk: 06.02.01. — Anma-Ara:

ATtamypa, 1968. — 21 c.

2 W3baumpor A.K. HerpamumuoHHbIe HCIaMCKHAE HAMPABIICHUS B HE3aBUCHMBIX TOCYAapCTBAX
LlentpanpHoit Asum: auc. ... gok. ucr. Hayk: 07.00.03 / HMuctutyr BocTtokoBeneHus um.P.b.
CyneitmenoBa. — Anmartsel, 2009. — 270 c. — M. Ne 0509PK00125.

JlennoHMpPOBaHHBIC PYKOIIHCH

1 PasymoBckuii B.A. YnpaBineHre MapKeTUHTOBBIMH HCCIIEI0BaHUSAMHU B peruone / UHCTUTYT
skoHOMUKH. — Anmatsl, 2000. — 116 c. — Jlen. B KazrocMHTH 13.06.2000. — Ne Ka00144.

S3bIKKN MyOIMKALMK: Ka3aXCKU, PYCCKUN, aHTTIMHACKHUI.

TekeT perakTHPOBAHMIO He MOVICHKHT, IOITOMY BCEe MaTePHAJIbI 10JKHbBI ObITH 0)OPMIICHBI B
COOTBETCTBUHU C TPeOOBAHMSIMHM U TIIATEJILHO OTPeJaKTHPOBaHbI. MaTepnajibl, He COOTBETCTBYIO-
e BBILIEYKA3aHHBIM TPeOOBAaHUSM, HE PACCMATPUBAKOTCH U 00PATHO He BBICHLIAIOTCS.

Crartbst ipeocTaBisiercs B JlenapraMeHT HayKH 1 MHHOBAIMK B OJIHOM 3K3EMIUISIPE U Ha 3JIEKTPOH-
HOM HOCHTEJIE.

Omutata 3a myOIMKaluio cTaThu B xypHase 3500 TeHre.

B3Hoc ¢ nomerkoit «Onrama 3a nybnukayuio 6 pecnyoiukanckoM HAy4HOM JicypHane «Becm-
Huk Kapazanounckozo 2ocy0apcmeennozo uH0yCmpuanbHo20 YHUGepCUmemayy NepeuncisieTcs mo
anpecy: 101400 r. Temupray, np. Pecnny6nuku, 30; Kaparananackuii rocyjapcTBEHHbIN HHTYCTpHU-
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anpHBIA yHHBepcuTeT, BIH 060940005033; MUK KZ278560000006666996, AO «bank IlenTp
Kpenut», BUK KCIBKZKX, BUH 060940005033.

(ITPUMEP O®OPMIJIEHHA CTATBN)

MPHTHU 53.31.19

E.K. Kyar6aii!, }0.W. Iumkunt, C.T. BaksiT?

'Kapazanounckuii undycmpuansuviii ynusepcumem, 2. Temupmay, Kazaxcman
2@IAOY BO «FOYpI'Y (HHY)», kagpedpa Iupomemannypeuueckue npoyeccot,
2. Yenabunck, Poccutickaa @edepayus
(E-mail: ye.kuatbay@tttu.edu.kz)

Bo3Mo:kHOCTH MOJIYyYCHHUSA KOHBepTepHOﬁ CTAJIM ¢ HUBKHUM COJACPKAHUEM CEPbI

Ha ocHoBe 00pabOTKH JIHUTEpaTypHBIX JAHHBIX W MIPOMBIIUICHHBIX IIABOK KOHBEPTEPHOIO IIeXa
AO «ApcenopMurran Temupray» MokazaHa MEPCHEKTHBHOCTh BHEMEYHOTO pPadUHUPOBAHHS
YyTr'yHa OT CEpBl.

HOKa?:aHO, 4TO B PCAJIbHBIX YCIOBHAX KOHBCpTCpHOﬁ IJIaBKH HEBO3MOXXHO CT36I/IHI)HO I[oJIy4aThb
cojiepkanue cepbl B roroBoM Metaiuie Hwke 0,01%, naxe npu yciaoBum 00pabOTKH €ro Ha ycTa-
HOBKe moBomku Mmetammia (YM). OxucnuTenbHble NUIAKKM CTaJETUIABIIIBHBIX IPOIIECCOB
SIBJISIIOTCS CITA0BIMU JIeCYNIb(ypaTopaMu M3-3a BBICOKOTO COJICPIKaHUS B HUX 3aKUCH ejie3a (J10
20% u Oonee). CreneHp ynaneHus cepsl (1s) B Tyumem ciaydae coctaBisieT 20-30%, B To Bpems
KaK 3TOT HOoKa3arenb A1 Gpocdopa coctapiseT 6oee 90%.

Huskoe u ocobo Hu3Kkoe copepikanue cepnl B craiu (10 0,0005%) obecrieunBaeTcs 3a CueT BHE-
MevyHoit necynbdyparnun uyryHa. [Ipu BHeneuHol 00paboTke dyryHa co3matoTcs Oosee Omaro-
MPUATHBIC YCJIOBHA Ui YAAJICHUSA CEPbI, YEM B KHCJIIOPOAHOM KOHBEPTEPE. HpPI‘II/IHOfI 3TOTr0
ABJIACTCA MPUCYTCTBUEC B 3HAYUTCIIBHBIX KOJIMYCCTBAX 3JICMCHTOB, IMOBBIIIAIOIINX KOS(i)(i)I/IHI/I-
€HT aKTUBHOCTH CEpBI, MPEKIE BCEro, Yriepoll, a TAKKe HU3KUH OKUCIMTEIbHBIM MOTEHINAI
gyyryHa. C y4eToM TOro, YTO YIJIEPOA M KPEMHHUH, COIEepXalluecsi B UyTyHE, HOBBILIAIOT
AKTUBHOCTL CEPbI, TO JJId IOJIYYCHUA CTaOMIILHO HU3KHX KOHIIeHTpa]_[I/Iﬁ CCPhI B TOTOBOM CTaIu
LeJIeco00pa3HO MCIOIb30BaTh COBPEMEHHBIE METOABI Aecyib(ypanuu uyryHa, a He cranu. [lo-
Ka3aHo, YTO U3 BceX Jecynb(dypaTopoB uyryHa HanOosnee 3(pGEeKTHUBHBIM MaTEpPHAIOM SIBIISETCS
Maraumu.

Knrouegvie cnosa: cranb, 4yryH, necyibypaius, akTHBHOCTb CEpbl, pearecHt, paguHUpOBaHUE,
K03 (QUIMEHT pacnpeieieHus], MarHui.

Beseoenue
VY nanenue cepbl U3 METaula — OJJHO M3 IJIaBHBIX YCJIOBUM MPOW3BOACTBA KAYECTBEHHOW crtaynu. BHen-
pEeHHE HENPEPHIBHOW PA3IUBKU TPEOYEeT CHIDKEHUS COJIEPKAaHUS CEpPhl JaKe B METaJllIe MacCOBOI'O Ha3Haue-
HUS [T 00SCTIEUCHHUS KAUeCTBEHHOM CTPYKTYPhI U TIOBEPXHOCTH HEMIPEPBIBHO-TUTOTO ciisida [1].
KucnopoiHO-KOHBEPTEPHBIN MPOIIECC Mao MPUCIOCOOJICH IS IIyOOKO#M ecyiabdypaluy Meraia.

Crernenp yaajieHust cepbl B jrydiniem cirydae cocrasisier 20-30% [2].

Memoovr u mamepuans
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C y4eToM TOTO, 9TO OCHOBHHIM KOMITIOHCHTOM KHCIJIOPOIHO-KOHBEPTEPHOU IUIABKH SIBIIACTCS UYTYH,
JIOJIS1 KOTOPOTO MOXKET cocTaBiATh 75-100%, ero paduHUpOBaHUE OT CEPHI ABIACTCS MPEOYTHTEIIHHEE.

TexHonmornyeckue BO3MOXKHOCTU yNAJEHUS CEpbl HA CTAIUAX MOJITOTOBKH M MPOU3BOJACTBA MeTalljia
TP CYIIECTBYIOIIEH TIyOMHe OOOTaIleHus JKeIe30PYIHOTO CHIPhSI KpaiHe OTpaHWYeHBl U COMPSDKEHBI C
0OJIBIIMMU 3aTpaTaMU TOIUIMBA, (IFOCOB, a TAKXKE CHIDKEHHUEM IMPOU3BOJUTEIBHOCTH METAJUTYPTHUSCKUX
arperatoB. DTO 0OCTOSATENBCTBO 3aCTABJIICT BHUMATEIHHO OIICHUBATH BO3MOXKHOCTU BHEIEYHBIX CIIOCOOOB
necynb(Qypamnun IyTryHa.

W31105%keHHOE BBIIIIE TOATBEPKIACTCS JaHHBIMU prcyHKa 2 [3].

512 IS

N\
005 |—— =
’ . IS 77
002 RS Ak

P> 72

001 002 003 004 005 [Sly,.,%

q01

| - omHoNUTaKOBEIH Mpotiecc; 11 - ABYXIIIaKOBBIN TIPOIIECC

Pucynok 2. BriusiHue copepkaHus cepbl B uyryHe [S]u.yr Ha copepikaHne ee B cTanu [S]

Tabmuma 1

W3meHenue nokasareneil KUCIOPOJHO-KOHBEPTEPHOI IIJIaBKU MPY CHIKEHUH COIEpP)KaHus S

B uyryse Ha 0,01%
Crans CHuKeHue pacxoga Ha 1 T crtanum YBennyeHme nponsBoaANTENbHOCTHU
N3BECTU, Kr 6OKcUTa, Kr Kucnopoga, m T/MUH %
CBO8A 15,0 0,3 2,0 0,25 12,1
35IC 21,0 0,3 2,0 0,32 13,7

Pezynomamot u 006cysxcoenue

PesynbTaTel 00pabOTKM JaHHBIX OMBITHBIX IUIABOK MOKAa3ajiH, 4YTO JaXKe MPH JBOWHOM CKAYMBAHUH
MIPOMEKYTOYHOI'O [IUIAKA CPEeIHssl CTENEeHb yIaleHHs Cephl, Ms cocTaBisieT 38,6%, B TO Bpems, Kak s
tdocdopa ne = 97,3% (Tabimna 3), 9TO MOATBEPKAAET HEOOXOAUMOCTh BHETIEYHOH 00pa0OTKA YyTyHA.

Bwi600wi

Hcnonp3oBanue Jecynbdypannuy 4yryHa TapaHTUPYeT MPH MPOU3BOJCTBE TPYOHBIX MAapOK CTalH CO-
nepxxanue cepsl B Metayuie 0,002-0,005%, yto mo3Bonser o0ecnednTh 3afaHHble MOTPEOUTENbCKHUE CBOM-
CTBa MPOKATA.

B cnyyae HeoOXOMMMOCTH MIPH JAHHOW TEXHOJOTHH Jiecylb(ypainuyd 4yryHa BO3MOXHO JIOCTHKEHHUE
YIBTPAaHU3KUX KOHIEHTpaluid cepbl nocie oopadotku BIuioTh 10 0,0005%, He3aBHCUMO OT MCXOIHOTO €€
COJIepKaHusl.
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E.K. Kyarb6aii, FO.W. umkun, C.T. bakeit, H.b. Maxu6aes, H.)K. Aiiken6aeBa
TemeH KyKipTi KOHBepTepJlik 00JaT aMy MYMKIHIIri

Opnebu nepekrepni eHuey skoHe «ApcenopMurran Tewmipray» AK KoHBepTep LEXBIHBIH
OHEPKACINTIK OalKBITYNaphl HETI3IHAE IMIOWBIHABI KYKIPTTEH MEIITeH THIC Ta3apTy KeJemleri
KOPCETIUITCH.

Konseprepmik OankpITyIbIH HAKTHI XKaFAainapeiHaa JaliblH MeTanaarsl Kykipt Memmepid 0,01%
- IaH TOMEH TYPaKTHI ally MyMKiH €Mec, TIlITi OHbI METAJABI XKeTiaipy KoHasIprichiHaa (MKK)
OHJETeH JKarmaiAplH o3iHae. bomar OankpITy yHaepicTepiHIH TOTBHIKTBIPFBIII — KOXIAapHhI
KypaMbIHIa TeMip TOTBIFBIHBIH >KOFaphl 0omybIiHa OaimanbIicThl (20% - Fa AeliH oHE OJaH Aa
JKOFapBI) AJICI3 KYKipTci3meHaiprim Oonbi Tabbumaasl. KykipTTi ko0 mopexeci (Ns) €H JKaKChI
xarmaiaa 20-30% kypaiinel, ann ¢pochop yuriH 6y1 kepcerkim 90% - naH acaipl.

Bonattarel KYKipTTiH ToMeH xoHe oTe ToMeH Kypambl (0,0005% - ra geiin) MONBIHIIBI MEMITeH
THIC KYKIPTCI3JeHIIpy eceOiHeH KamTamachki3 erinesi. LIoHpHABI MemTeH ThiC OHIeY Ke3iHfe
OTTEKTI KOHBEpTEpre KaparaHja KYKIpPTTi JKOK YIIIH KOJAMIIbI JKkaFmaiiap skacaiapl. MyHBIH
cebebi  KYKIpTTiH OenceHAumK KOd(QQUIUEHTIH apTTHIPaThIH 3JIEMEHTTEp MOJIICPiHiH
alTapiplkTall Kem OOJMyBl, €H aJIbIMEH KOMipTeri, COHBIMEH KaTap LIOHBIHHBIH TOTBHIFY
MMOTEHIIUAIIBIHBIH TOMEH O00mybl. II0oWBIH KypaMmbIHIAFbl KOMipTeri MeH KpEeMHHUH KYKIPTTiH
OeJICeHLTIriH apTTHIPATHIHABIFBIH €CKEpe OTHIPBIN, NaiblH OonarTa KYKIPTTiH TYPAaKThl TOMEH
KOHIICHTPAIMSACHIH ally VIIH OONaTThl eMec, IIOWBIHABI KYKIpTCI3AEHAIPYIiH 3aMaHayH
omicrepiH KojimaHraH xoH. LIIOWBIHIB KYKIpTCI3ACHOIpTiITep imiHAETI €H THIMJI MaTephal
MarHui eKeHJIIrT KOpCeTIreH.

Tyuiin ce30ep: 6onaT, MONBIH, KYKIPTCI3ACHIIPY, KYKIPT OSICeH LTI, peareHT, Ta3apTy, Tapary
ko3 HUIMeHTi, MarHui.

Ye.K. Kuatbay, Yu.l. Shishkin, S.T. Bakhyt, N.B. Mazhibayev, N.Zh. Aikenbayeva

The possibility of producing converter steel with a low sulfur content

Based on the processing of literature data and industrial smelting of the converter shop of JSC
"ArcelorMittal Temirtau", the prospects of out-of-furnace refining of cast iron from sulfur are
shown.

It is shown that under real conditions of converter melting, it is impossible to consistently obtain
a sulfur content in the finished metal below 0,01%, even if it is processed at the metal finishing
installation (MFI). Oxidizing slags of steelmaking processes are weak desulfurizers due to their
high content of iron oxide (up to 20% or more). The degree of removal of sulfur (ns) is at best
20-30%, while this indicator for phosphorus is more than 90%.

Low and particularly low sulfur content in steel (up to 0,0005%) is provided by extra-furnace de-
sulphurization of cast iron. In the out-of-furnace treatment of cast iron, more favorable conditions
are created for the removal of sulfur than in an oxygen converter. The reason for this is the pres-
ence of significant amounts of elements that increase the activity coefficient of sulfur, primarily
carbon, as well as the low oxidative potential of cast iron. Given that the carbon and silicon con-
tained in cast iron increase the activity of sulfur, it is advisable to use modern methods of desul-
phurization of cast iron, rather than steel, to obtain consistently low concentrations of sulfur in
finished steel. It is shown that of all cast iron desulfurizers, magnesium is the most effective ma-
terial.
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Key words: steel, cast iron, sulfur removal, the activity of sulphur, reagent, the refining, distribu-
tion coefficient, magnesium.
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