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Solving the Problem of Abrasive Machining in the Production of Rocket and Space
Technology Details

Abstract: details of rocket-space technology of complex geometry for ideal work require rough-
ness of the surface layer Ra = 0.09 - 0.31 pm, which is not achieved by the applied processing
methods and the requirements of the design documentation are not reached. The use of traditional
methods of finishing causes the unreliability of certain components and parts of rocket-space sys-
tems (RKS) are operating in extreme conditions. Abrasive-extrusion processing of parts provides
the conditions for design documentation on the surface roughness of parts of rocket and space tech-
nology. The best conditions for the treatment process were determined when using nitro lignin as
working mixture, and an economic analysis was made of this treatment method compared with the
methods used. The project demonstrates acceptable performance, net income and net present value
are positive.

Key words: finishing, abrasive, abrasive material, abrasive extrusion processing, roughness,
viscosity, defective layer.
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Received: 10.03.2020 / Accepted: 29.05.2020

Introduction. With the formation of space technology and the design of modern space, rocket
and aviation structures, the importance of technology has changed significantly. A special role in
improving and creating the latest designs relates to rocket technology. Rocket production itself is
precisely the industry in which new materials and technologies are being developed at an advanced
pace, which provide for the design and formation of aircraft characterized by the smallest mass
and dimensions with the highest possible stability and high quality of nodes, the highest reserve and
increased reliability in operation. To a significant extent, all these design requirements are guaranteed
by the selection of the necessary materials and the dignity of the construction production technology.

There are different technologies for producing complex profile parts that work under high static
and dynamic loads, in the zone of high temperatures and aggressive environments (turbines, rotors,
rotor blades, blade segments, impellers, nozzle and guide devices). This circumstance forces either
to reduce the requirements for the quality of their surface, or to use prefabricated structures, which
leads to an increase in the cost of production and a decrease in the reliability of the product as a
whole. The main direction that deals with solving these problems is modern, advanced technology,
processing of parts [1-3].

Analysis of modern aircraft structures (AS) shows that most of the blanks are made by investment
casting, the advantages of which are manifested to a greater extent in the manufacture of aircraft
parts from hard-to-work high-strength steels and heat-resistant alloys [4]. Using the technological
capabilities of this method, they obtain a large range of complex and highly resistant parts, even
from chemically resistant heat-resistant alloys with high dimensional accuracy and low roughness.

Statement of the problem. At the current level in the technology of rocket and space produc-
tion, the following trends are observed: the expansion of the range of parts with complex, curved
surfaces, including from hard-to-handle materials; increasing requirements for accuracy and quality
of manufactured products; maximum approximation of the shape and size of the workpiece to the
configuration of the finished part, an increase in the share of finishing operations in the total volume
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of technological processes of machining. Finishing (FP) of complex-profile surfaces by traditional
processing methods is practically not applied due to the difficult access of the tool to the surface to
be treated. Accordingly, this causes the unreliability of some components and parts of the aircraft
operating in extreme conditions [5].

Results. In this case, the solution paths are put forward in the first place, associated with the
use of non-traditional methods of finishing technology, which significantly expand the technological
capabilities of finishing operations of those parts that are not available for processing by traditional
methods, which can reduce the roughness or change the state of the surface defective layer in complex
spatial channels of parts.

Abrasive material - natural or artificial material capable of carrying out abrasive processing.
Abrasive material should have first of all high hardness (at least 30% higher than the hardness of the
processed material), high heat resistance, strength and at the same time some brittleness, as well as
chemical inertness to treat to the processed material and the environment in which processing [6-7]

Abrasive extrusion processing (AEO) is one of the progressive methods of finishing complex
profile parts, which consists in removing a layer of material from the surface of the processed channel
when the working medium is pressed under pressure through it, consisting of a viscoelastic base filled
with solid working elements (most often — abrasive or diamond grains). In this case, a directional flow
is formed, on the surface of which the abrasive grains are located. By tracking the inner surface of the
channel, the flow ensures that the micro-steps of the active grains interact with the micro-surfaces
of the surface. In this case, a wide range of types of contact is implemented, which determines the
nature of the surface treatment along its entire length. The pressure in this treatment method is
from 4-5 MPa [8].

The most promising from the point of view of technical and economic indicators are abrasive
extrusion processing (Fig. 1) because it is significantly superior in many parameters to other types
of treatments.
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PucyHok 1 — diagram of the abrasive extrusion process: 1) the workpiece; 2) the working environment feed cylinder; 3)
the working environment

ISSN 2616-6836 Bulletin of L.N. Gumilyov ENU. PHYSICS. ASTRONOMY Series, 2020, Vol. 131, Ne2

43



Solving the Problem of Abrasive Machining in the Production of Rocket and Space Technology Details

Currently, in the United States, where this process is called Abrasive Flow Machining, as well as in
some other countries, the AEO process is becoming more widely used, replacing waterjet processing.
In the world of mechanical engineering, 10-15% of Metalworking machines are grinding machines.
In mass production plants, the percentage increases to 50-60%. It is believed that the higher the
weight of the abrasive treatment, the higher the technological level of production (Fig. 2).

RUSSIA JAPAN CHINA FRANCE CANADA

"%

Pucvynok 2 — Abrasive application in foreign countries

For the practical implementation of this method, an installation for re-pressing the working
medium of a certain composition and a number of additional devices and devices for fixing the
part during processing and the formation of a medium flow through the part are necessary. An
important component of the AEO technological process is the manufacture of the polymer base of
the working medium and its uniform filling with abrasive grain, as well as the cleaning and washing
of the treated part.

A pilot industrial installation of bidirectional IEG-100 is widespread in the world (Fig. 3, 4).

The TEG-100 pilot plant has two hydraulic cylinders with working chambers 2 and 5, between
which a device 3 is installed that provides installation and a sealed connection of the part (sample)
between the working chambers. The upper hydraulic cylinder 5 is attached to the traverse 4, which
by means of built-in hydraulic blocks 1 has the ability to move up and down the guides. 10-
hydraulic control system, 6-electric control system. Control is possible in manual and automatic
modes. The hydraulic system provides the creation of oil pressure by the pumping station (9-12
MPa). 8-recording devices of the measurement system.

The speed of material processing depends on the following factors [9]:

e Feed rate of the working environment;

e Viscosity;

e The size of the abrasive particles;

e The concentration of abrasive;

e Particle density;

e Hardness of particles;

e Hardness of the workpiece.

Finishing with an abrasive extrusion method allows increasing the power of internal combustion
engines (ICE) by 20% and reducing fuel consumption by 30% by improving the aerodynamic char-
acteristics of complex parts. This improvement is caused by a change in the conditions of contact of
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PucvhHok 3 — General view of IEG-100

K-15 3

Pucynok 4 — Functional diagram of the IEG-100 installation

the air flow with the surface of the channels. Abrasive extrusion processing reduces the size of the
defective surface layer and reduces its roughness, forming a roughness direction that coincides with
the direction of the aerodynamic flow.

Compared with other non-traditional methods of finishing from the economic point of view, AEP
has the best performance, since it does not require additional treatments (Fig. 5).
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Drawing »  Technology »  Preproduction
Model » Foundry —  Blank production
*|  equipment
Technological
equipment > .
Abrasge » Assembly —| Product
processing
> Special tool >

Pucynok 5 — Stages of production of details with the use of abrasive processing

The abrasive capacity is characterized by the mass of the material removed during grinding in the
following order: diamond, boron nitride, silicon carbide, monocorundum, electrocorundum, emery,
flint.

One of the main features of the AEP process is the creation of a polymer base of the working en-
vironment and uniform filling with abrasive grain, washing and cleaning of the part after processing.
Synthetic heat-resistant rubber is used as a working environment (WE) for AEP [10].

In our work, we propose to use nitrolignin as a carrier of abrasive grains in the working envi-
ronment, which is obtained as a result of nitration of hydrolignin, which also contributes to solving
the environmental problem of waste disposal after hydrolysis production. Despite a 15% increase
in processing performance...20% when using nitrolignin as a carrier for abrasive grains, some neg-
ative aspects of its use should be noted. First, nitrolignin contains fatty acid residues that cause
unpleasant sensations and pigmentation when they come into contact with the skin. Second, there is
evidence that if the reaction is incomplete, it may contain small residues of prussic acid [11]. There-
fore, there is a need to use protective equipment, but the advantages of this working environment
are justified.

Table 1
Comparison of processing methods
Comparison indicator Processing method
Electro erosive pro- | Laser processing Abrasive  extru-

cessing sion processing
Type of material to be pro- | Conductive Materi- | Materials with low | Any material
cessed als Only reflectivity
Maximum cutting thickness | 25...50 10...20 200. . .400
for steel, mm
The achieved accuracy, mm 40,0025 40,025 40,025
Cutting speed Low High Moderately high
The quality of the edge High Low Average

Pre-treatment

Prepare holes for in-
sertion of the wire

No requirement

No requirement

Further processing

Removing a defective

Removing a defective

No requirement

layer layer
Cost of processing Low High Average
Heat affected zone exist exist exist

Despite the relatively high cost of equipment and operating costs, with a sufficiently large equip-
ment load factor and 23-shift operation, AEP technologies are cost-effective with an acceptable
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payback period for investments. This is achieved due to a high level of automation, flexibility,
reduced pre-production times, high productivity and quality of the surface layer.

AEP technologies are used in the manufacture of elements of spatial shell structures in the pro-
duction of rocket and space technology. Manymanufacturers complete machines for AEP with robot
manipulators. This isnot only reduce the weight and size of the work pieces, but also increases the
processing performance by 20-40%.

Specialized CNC systems are used for AEP installations that calculate the processing speed de-
pending on the curvature of the trajectory and take into account changes in the direction of movement
in the angular sections.

At the moment, AEP is the most optimal and cost-effective method for the manufacture of complex
and high-precision products. AEP technology has a number of significant advantages in comparison
with other traditional processing methods.

e The method of abrasive extrusion processing can be applied to absolutely any materials;

e the material to be processed is not exposed to heat;

e no dust or harmful gases (the water jet stream carries the dust with it);

e the cutting tool (PC + abrasive) does not need to be reworked;

e low tangential force on the part (in General, no clamping of the material to be processed is
required);

e high cutting speed;

e ability to process complex contours on shaped surfaces;

e rational consumption of materials;

e quick response to production needs.

There is every reason to believe that the area of technological application of AEP will expand.

Conclusion. The market for metal finishing is one of the most promising today. The development
of new architectural forms, high-strength steels, and combined metals require a qualitatively new
approach to finishing the surface of finished products.

To date, the issues of ensuring the quality and performance of channel processing in complex-
profile parts of aircraft, as well as parts made of high-strength alloys by casting on investment
models have not been fully resolved, which significantly reduces the technological capabilities of the
processing methods used.

The extrusion-abrasive method is used for finishing small holes (less than 6-8 mm) in diameter,
non-circular and complex-profile holes, Windows, grooves in dies and molds, as well as in other
parts. This method is especially effective for deburring and rounding edges in intersecting holes.
The machine processing time is from 2 to 20 minutes. the surface roughness parameter Ra - 0.08
- 0.12 microns is Obtained with the initial parameter Ra-1-1.5 microns. You can process multiple
holes at the same time.

Abrasive-extrusion processing allows to improve the surface quality of complex and hard-to-reach
channels in the RCT details, as well as the comparative analysis has shown superiority over other
types of processing in terms of production and economic efficiency. This method deserves special
attention in the parts processing market.
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3bIMbIpaH-FAPBIII TEXHUKACBIHBIH OeJilIeKTepiH eHaipyae abpa3uBTti enaey npobieMachbiH ISy

AnsoTauusi. Kypjeii reoMeTpusiibl 3bIMBIPAH/IBIK, YKOHE FAPBIIITHIK TEXHOJIOIUSIJIAD TOJIBIK >KYMBIC »Kacay YIIH 6eTTik
KabaTTeiH KeAip-6yapipel Ra = 0.09 - 0.31 MKM 60J1ybIH TaJ1all eTefi, 01 KOJIIaHbalibl OHJIey d/1icTepiMeH KaMTaMachI3 eTijMei i,
COHJIBIKTaH »KODaJIBIK Ky’KaTTaMaHbIH, TaJanTapbl OpbIHgaaMaiabl. COHFBI IMIEHIYIN OHJEY JAICTYPJI 9IICTepiH KOJIaHY
TOTEHIIIE YKarAaiiapaa »KyMbIC iICTeHTIH 3bIMbIpaHbI-FApBIITHIK, Kyhenepaiy (3F2K) keitbip kommonenTrepi Men Gesikrepinin
CeHIMCI3IiriH TyapIpaabl. Besmekrepai abpa3suBTIi-9KCTPY3USIBIK, OHIEY 3bIMBIDAHJIBIK YKOHE FAPBIIMITHIK TEXHOJIOTHUSIAD
OestikTepiHiH 6eTTiK Keaip-Oy/IbIPJIBIFBIH 2KObaJlay KyKaTTaMacblHa coiikec Kejeli. HuTposmrHuHIl »KYMBIC KOCIACHI PETiHe
KOJIJAHY apKbLIBI OHJEY IIPOLECIHIH €H KaKChl IapTTapbl aHBIKTAJIbI YKOHE KOJIIAHBLIFAH OJICTEPMEH CaJbICTBIpFaHma Oyl
OHJIey O/liCiHE SKOHOMUKAJIBIK, TAJIay KacajAbl. Byl ojic TaMalina HOTUXKEJIEP MEH »KYMBIC THUIMIIJIINH KepceTei.

Tyitin ce3mep: opJey, abpasusTi, abpaswBTIK MaTepuaj, abpasuBTI-3KCTPY3USIBIK OHJIEY, KeIAip-Oy/blp, TYTKBIPJbIK,
aKayJIbl Kabat.

A.E. 2Kakymnosa, A.B. Onapucos, M.2K. Kanacdun, H.K. AykaroBa, B.H. Kypmanbek
Espasutickutl HayuoraabHoll yHusepcumem umeny JI.H. lymunesa, Hyp-Cyaman, Kazaxcman

Peruenne npobiemMbl abpa3uBHOl 00pabOTKU IIPU NPOU3BOACTBE JI€TAJIEN PAKETHO-KOCMUYECKOU TEeXHUKM

Annoranus. leranun paKeTHO-KOCMHYECKON TEXHUKH CJIOXKHON N€OMETPHH IS UIeAJIHLHON paboThl TPEOYIOT MIEPOXOBATOCTH
noepxHocTHOro cjiost Ra = 0.09 — 0.31 MKM, KOTOpasi HE JIOCTUTAeTCsi IPUMEHSIEMBIMUA METOJaMu 0OpabOTKU, CJIeJ0BATEJIBHO,
TpebOBaHUs KOHCTPYKTOPCKOI JOKYMEHTAIMN He BBINOJIHSAIOTCA. lIpuMeHeHne TPa uIMOHHbBIX CIIOCOO0B (PUHUIITHON 06paboTKNI
BBI3BIBAET HEHAIEKHOCTb HEKOTOPBIX y3JIOB W JeTaseil pakerHo-kocMudeckux cucrem (PKC), paGoraiomux B 9KCTpeMaJIbHBIX
ycaoBuAX.  AGpPa3sUBHO-IKCTPy3MOHHAs OOpaboTKa meraseil obecrneduBaeT yCIOBHS KOHCTPYKTOPCKOW JOKYMEHTAIMH 110
IIEPOXOBATOCTH IOBEPXHOCTU JleTajlell PAaKeTHO-KOCMHYECKOUW TexHUKU. OIpesesieHbl HAWIyYIIne YCJIOBHUs JJIsl IIPOIECCa
06paboTKHU, IIPH UCIOJIH30BAHUN HUTPOJUIHUHA B KadyecTBe paboueil cMecu U ObLI MIPOU3BEJIEH SKOHOMUYECKUN aHAJIN3 JTAHHOI'O
MeTofa 06paboOTKU 10 CPABHEHUIO C IMPUMEHSIEMBIMU MeTogaMu. JIaHHBIA METOJ JEMOHCTPUPYET OTJIUYHBIE PE3YJIbTaThbl U
3¢ dekTuBHOCTL PabOTHI.

KuaroueBbie cisioBa: unumHas obpaborTka, abpa3uB, abpas3uBHBIN Marepuaj, abpasuBHO-IKCTPY3UOHHAsi 0OpabOTKa,

IIEPOXOBATOCTD, BA3KOCTD, JedEKTHBIN CIIOM.
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2Kypran pedaxyuaco, a8mopaapea ocvl HY CKAYABIKNEH MOABLE MAHBICHIN, HCYPHANLA MAKAAG 23ipAeYy MeH 0atTviH MAKAAAHDL
orcypHanza  orcibepy kesinde OACWHABIKKG aAYdvl YCbiHadvl. Bya HYCKAYALE Maianmapbiiolt, 0pbiHOaAMayb, Cci30in
MAKAAAHDBIZObUH, HCAPUAAAGHYBIH KIDTpMED].
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TYIHYCKAJbl CTHJIBIIK (aiabiablH, MiHZeTTI KosjanbickiMen LaTeX 6Gacna Kyiecinne paiibiaganaran Tex- men Pdf-
daltbiHaarsl XKyMbICTAp YChIHbLIaAbL. Cruabaik daitnaer bulphysast.enu.kz >xypHas caiiTbIHAH KYKTEI ajgyra Oosamsl.
ConbiMeH KaTap, aBrop(s1ap) ijiecme XaT yCbIHYbI KEepeK.

3. ABTOpAbIH KoJI>ka30aHbl penakuusra >kibepyi makananbiy, JI.H. 'ymuaeB arbiagarsl Eypasusi yiaTThIK
yHuBepcuTeTiHig xabapiubIicblHaa Gacyra KeJjiiciMiH, 1eres TijliHe ayaapbliblll KaiTa 6achbliyblHA KeJiciMin
6inaipeni. ABTop Maka/JlaHbl peOakKIusAra >ki6epy apKbLIbl aBTOP TypPaJibl MOJIMETTIH JAYyPBICTBIFBIHA,
MaKaJia Keluipiiimerenzirine (mJiarmaTTbiH »KOKTBIFBIHA) >KoHe 6acka [a 3aHChI3 KelllipMeJepAiH >KOKTHIFbIHA
kenijsigeme Gepeni.

4. Maxasanbiy KesieMi 18 6erren acnayra Tuic (6 6erren Hacran).

FTAMPK hitp://grnti.ru/

Aemop(nap)dviy, amuvi-scont

Mexemenin, MoavK, amayst, KaAachl, memaexems (erep aBTopyap opTypJli MEKeMeJe *KYMBIC YKacalThiH 6oJica, OHJA
Op aBTOP MEH OHBIH, )KYMBIC MeKeMeci KachlHa Gipzeit Gesri KofbLLy Kepek)

Aemop(nap)dur, E-mail-v

Maxana amayse

Andamna (100-200 ces; xypmemni dopMyIanapcy3csr3, MaKaJaHbIH aTayblH MeHIHIIe KafiTaJamaybl KasKeT; oaebuerrepre
cinremesiep GoIMay bl KarXKeT; MaKaJIaHbIH KYPbUIBICHIH (Kipiclie MakaIaHblH MakcaTbl/ MiHAETTEP] /KapacThIPbUILII OTHIPFAH
CYPaKTBIH TapUXBbI /3epTTey /o/icTepl HOTHKEIEP/ TAJIKBLIAY, KOPBITBIHABI) CAKTail OTHIPHII, MAKAJIAHBIH KBICKAIIA MA3MYHBI
Gepinyi Kaxer).

Tyitn coesdep (6-8 ces He ce3 Tipkeci. TyiliH cesmep Makalga MasMYHBIH KODPCETIN, MeHJIHIIE Makajga aTaybl MeH
AHHOTAIUSIAFBl CO3/Ep/l KaliTasaMail, Makala MasMyHBIHIAFBI CO3/AepIl Koamany KaxkeT. COHbIMEH KaTap, aKIapaTTbIK-
i3necripy Kyilesepinge MakaJaHbl XKeHiJI TabyFa MYMKIH/IK GepeTiH FBIIBIM CajlajapbIHbIH TEPMUHIEPIH KOJIJAHY KarXKeT).
Hezizei momin MakajaHbIH  MaKCaTbl/ MiHIETTepi/ KapacThIPBUIBII OTBIPFaH CYPAKTBIH TAPUXbI, 3€pTTEYy dicTepi,
HOTHIKeJIEP / TAJIKBLIAY, KOPBITBIHABI GOIIMIAEPIH KAMTYbI KaXKeT.

5. Tabauua, cypemmep — 2KyMmbICTBIH, MOTiHIHIE Ke3jeceTiH Tabiunajgap MOTIHHIH imliHge »Keke HOMIipJieHin, MOTiH
KejeMiHze ciaremesiep Typinme kepcetinyi kepek. Cyperrep men rpadukrep PS, PDF, TIFF, GIF, JPEG, BMP, PCX
dbopMaThIHIAFBl CTAHIAPTTAPTA cail 60y bl Kepek. Hykresik cyperrep keneirinimi 600 dpi kem 6Gommaysr kaxker. Cyperrepiiy
GapJIbIFBI 1a afiKbIH Opi HAKTHI OOJIybI KEPEK.

Maxkasagarsl pOPMYAAAGD TEK MITIHIE OJapra ciareme Gepijice FaHa HOMEDJIEHE/I].

2Kanmel Kosimanbicra 6ap abbpesuamypaiap MeH KbicKapmyaapdar GacKajiapbl MIHIETTI Typ/le aJiFall KOJJaHFaHa
Tycinaipinyi 6epinyi Kaxker. Kapotcoinat Kemex mypaas, akinapar 6ipinmi 6eTre Kepcerinemi.

6. ZKymbicTa KOJIJJAHBLIFAH 9e0MeTTEp TEK YKYMBICTa ClITeMe »KacajFaH TYINHYCKAJbIK KOpCeTKilke cail (ciireme Gepy
TopTibiHge Hemece arbLINbH oinbui TopTibi Herisinge TONTHIPBLIAABI) GOIYybl KepeK. BacmaJaH MbIKIAraH »KyMBICTAPFa
ciireme Kacayra TYHBIM CaJIbIHAJIbL.

CisnteMeni Gepyne aBTOp KoOJIJaHFaH o/1e0ueTTiH GeTiHiH HOMIpiH KepcerTmeil, Kejleci HyCKara CyWeHiHi3 IypbIC: TapaylblH
HoMepi, GeiMHIH HOMEDI, TapMaKTBIH HOMEDI, TeopaMaHbIH, (JIeMMa, eCKepTy, (pOpMyJIaHbIH »KoHe T.0.) HOMepi Kepceriyesi.
Mericanbr: Kapaupi3 [3; § 7, memma 6]», «..kapaHbI3 [2; 5 Teopamagarel eckepry|». Bys Tasan opbHIaaMaraH xKarmaiina
MaKaJIaHbl aFblIIIBIH TiJIiHE ayJapraH/a claTeMesepae KaTeJiKTep TybIHAaybl MyMKIH.

Oaebuerrep TiziMiH pacimiey Mbicasiapbl

1 Bopouun C. M., Kapany6a A. A. Izera-bdyukuua Pumana. —M: @usmariaut, —1994, —376 crp. — Kitan

2 Bamnos E. A., Cuxos M. B., Temupramues H. O6 obmemMm ajaropurme UNCICHHOIO WHTETPUPOBAaHUS (PYHKIUNH MHOIHX
nepemerHbIx // 2KypHas BbIMUCINTENIBHON MaTeMaTWKU U MareMaTudeckoil dusuku —2014. —T.54. Ne 7. —C. 1059-1077. -
MakaJsa

3 ZKy6anbimesa A.2K., Abukenosa III. O HOpMax npousBOAHBIX (DYHKIWMH C HYJIEBBIMA 3HAUYEHUSIMH 3aJaHHOTO Habopa
JMHERHBIX (DYHKIMOHAJIOB U MX IPHUMEHEHHs] K [IOIEPEYHUKOBBIM 3ajadaM // DyHKIMOHAJIbHbIE IPOCTPAHCTBA U TEOPUS
npubsmkenuss oyukiuii: Tesucer 1okianoB MexxayHapoaHoit KoHdepeHny, MocBAIeHHoi 110-1eTuio co JHS pOXKIEHUST
akagemuka C.M.Hukonbckoro, Mocksa, Poccus, 2015. — Mocksa, 2015. —C.141-142. — koundepennusa enbexkrepi

4 Hyprasuna K. Peinmaps maremaruku un uadopmaruku. —Acrana: Kaz.nmpasna, 2017. 19 anpesns. —C.7. — razeTTik MmakaJsa
5 KeipoB B.A., Muxaiinmaenko I.I. AnasuTndecknil MeToJ| BJIOXKEHHs CHMIUIEKTHYecKoil reomerpun // Cubupckue
3JIeKTPOHHBIE MaTeMarudeckue wusBectua —2017. -T.14. -C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (mara obpamenusi: 08.01.2017). - 3JIEKTPOHABI >Ky PHAJI

7. Opebuerrep TisiMiHeH COH aBTOp ©3iHiH GHGIHMOrpadUKaIBbIK, MaJIIMETTEPIH OPBIC *KOHE aFbLIIbIH TiaiHge (erep Makasa
Ka3akK, TiJIH/Ie OPbIHIAJICA), Ka3aK, }KoHe aFblIIIBIH TiIiHge (erep Makajia OpbIC TiiH/Ie OPBIHJAJICA), OPBIC XKOHE Ka3ak TiIiHIe
(erep MaxkaJia arbUIIIBLIH TUIIHAE OpbIHAAJICA) XKa3y KaxkeT. COHbIHAH TPAHCAUTTIK ayJapMa MEH arbLIbIH TiTiHIe 6epiaren
o/ebueTTep Ti3iMiHEH COH Op aBTOPABIH, KeKe MajiMerTepi (Ka3ak, OpbIC, aFbUIIIbIH TIIEPIHIe — FBIJIBIMU aTaFrbl, KbI3METTIK
MeKeHXKalbl, Tesiedonsl, e-mail-b1) Gepinesi.

8. Pejakiusra TycKeH MakaJsa »KaOblK (aHOHHMII) Tekcepyre kibepiseni. Bapiblk penensusiap aBropiapra »kibepijesi.
ABrop (peleH3eHT MakajJaHbl TY3€Tyre YCHIHBIC OepreH »KarJaiifja) OH KyH apaJjbIFblHAA KaiiTa Kapal, KOJKa3OaHbIH
TY3€TIITEH HYCKAChIH peJlakiusara KaiTa xkibepyli Kepek. PenenseHT kapaMcChI3 el TaHbIFaH MakKaJjla KaiTapa
KapacThIpblIMaiibl. MakalaHbIH TY3€TIINeH HYCKACHl MEH aBTOP/IBIH, PEIeH3EHTKE »KayaObl peJlakIusira »Kibepinei.
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A. CetitbaeB, B. Ckyparos, A. AkuibexkoB, A. /layinerbekoBa, M. 3gopoBer;

9. Tesemakpl. BacbuibiMPa pyKcaT eTIJIPEH MaKaJia aBTOpJIapblHA TeJIEM 2Kacay TypaJibl eckepriseni. Tesem kesiemi 4500
Tenre — EYY kbizamerkepJiepi yiiin »xkoHe 5500 TeHre 6acka yHbIM KbI3METKepJIepiHe.

PexBusursrn:

1)PI'II ITIXB "Espasuiickuii Hanmponanbuslii yausepcurer umenu JI.H. I'ymunesa MOH PK

AO "Bank IlearpKpemur"

BUK 6anka: KCIBKZKX

NNK: KZ978562203105747338

Ké6e 16

Knu 859- 3a crareio

2)PI'II [IXB "Eppasuiickuii nanmonanbubiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "Bank RBK"
Buk 6anka: KINCKZKA

NNK: KZ498210439858161073

Ko6e 16

Kuu 859 - 3a craTbio

3)PI'II IIXB "Espasuiickuii Harmonanbublii yuusepcurer umenu JI.H. 'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NUK: KZ599650000040502847

K6e 16

Kun 859 - 3a crareio

4)PT'II IIXB "Espaswuiickuii nanunonansubii yausepcurer nmenn JI.H. Iymunesa MOH PK AO "Haponmeiii Bank
Kazaxcran"

BUK Banka: HSBKKZKX

NUK: KZ946010111000382181

Ké6e 16

Kun 859.
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National University.
Physics. Astronomy series"

The journal editorial board asks the authors to read the rules and adhere to them when preparing the articles, sent to the
journal. Deviation from the established rules delays the publication of the article.

1.Purpose of the journal. Publication of carefully selected original scientific.

2. The scientific publication office accepts the article (in electronic and printed, signed by the author) in Tex- and Pdf-
files, prepared in the LaTeX publishing system with mandatory use of the original style log file. The style log file can be
downloaded from the journal website bulphysast.enu.kz. And you also need to provide the cover letter of the author(s).
Language of publications: Kazakh, Russian, English.

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

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

The text of the article begins with the IRSTI (International Rubricator of Scientific and Technical Information, defined
by the link http://grnti.ru/), then followed by the Initials and Surname of the author (s); full name of organization, city,
country; E-mail of the author (s); the article title; abstract. Abstract should consist of 150-250 words, it should not contain
cumbersome formulas, the content should not repeat the article title, abstract should not contain references to the text of
the article and the list of literature), abstract should be a brief summary of the article content, reflecting its features and
preserving the article structure.

Potential authors of the journal should adhere to the following rules on the structure of the article point by point with
headings:

- The necessary notation and definitions to ensure understanding of the text of the article;

- Statement of the problem, the solution of which the article is devoted to;

- Historical information on the statement of the problem - by whom and when the results were obtained that preceded the
topic of the article with the corresponding full links;

- Justification of the necessity and relevance of the task of the article, as the most critical part of any scientific work;

- The exact wording and description of the solution to the problem presented in the article;

- A detailed justification of the novelty of the result (s) of an article in the context of a previously known one;

- The solution to the problem should be provided with detailed justifications (evidence).

If at least one of these requirements is not observed, the article is not accepted for consideration. Tables are included directly
in the text of the article; it must be numbered and accompanied by a reference to them in the text of the article. Figures,
graphics should be presented in one of the standard formats: PS, PDF, TIFF, GIF, JPEG, BMP, PCX. Bitmaps should be
presented with a resolution of 600 dpi. All details must be clearly shown in the figures.

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

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

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

6. The list of literature should contain only those sources (numbered in the order of quoting or in the order of the English
alphabet), which are referenced in the text of the article. References to unpublished issues, the results of which are used in
evidence, are not allowed. Authors are recommended to exclude the reference to pages when referring to the links and guided
by the following template: chapter number, section number, paragraph number, theorem number (lemmas, statements,
remarks to the theorem, etc.), number of the formula. For example, "..., see [3, § 7, Lemma 6]"; "..., see [2], a remark to
Theorem 5". Otherwise, incorrect references may appear when preparing an English version of the article.

Template

1 Bopouun C. M., Kapamy6a A. A. Izera-dpyuknus Pumana. -M: @usmariur, -1994, -376 crp.-book

2 Baunos E. A., Cuxos M. B., Temupramues H. O6 obmemMm ajaropurme UHCIEHHOIO MHTETPUPOBAHUS (PYHKIIUNA MHOIHX
nepeMeHHbIX // ZKypHaJl BBIUACIATEILHOM MarTeMaTUKH M MareMaTudeckoi dwusukm -2014. -T.54. Ne 7. -C. 1059-1077. -
journal article

3 KybGansmmesa A.2K., Abukenosa III. O HOpMax NPOU3BOAHBIX (PYHKIUNA C HyJEBBIMH 3HAYEHUSIMU 3aJaHHOTO Habopa
JINHEWHBIX (DYyHKIMOHAJIOB U WX NPHMEHEHHUs K IOINEePEYHUKOBBIM 3afadaM // PyHKIMOHAJIbHBIE TIPOCTPAHCTBA U TEOPUS
npubsimkenust GpyHknmii: Tesucsl nokmanoB MexkyHaponHOW KOH(MEPEHIHH, MOCBAIeHHON 110-IeTHio o JHS POXKIEHUs
axagemuka C.M.Hukosbckoro, Mocksa, Poccust, 2015. - Mocksa, 2015. -C.141-142. - - Conferences proceedings

4 Hyprasuna K. Peinaps maremaruku u undopmaruku. -Acrana: Kas.npasna, 2017. 19 anpens. -C.7. newspaper articles
5 KeipoB B.A., Muxaiuimaenko [.I. AHajuTH9ecKmil METOJ| BJIOKEHUsS] CHMIUIEKTHYeCKOi reomerpun // Cubupckme
9JIEKTPOHHBbIE MaTemarudeckue wu3Bectuss -2017. -T.14. -C.657-672. doi: 10.17377/semi.2017.14.057. - URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (mara obpamenus: 08.01.2017). - Internet resources

7. At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and English
(if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh languages (if the
article is English language). Then a combination of the English-language and transliterated parts of the references list and
information about authors (scientific degree, office address, telephone, e-mail - in Kazakh, Russian and English) is given.
8. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial office)
are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the proof of the article
within ten days. Articles that receive a negative review for a second review are not accepted. Corrected versions of articles
and the author’s response to the reviewer are sent to the editorial office. Articles that have positive reviews are submitted
to the editorial boards of the journal for discussion and approval for publication.
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A. CetitbaeB, B. Ckyparos, A. AkuibexkoB, A. /layinerbekoBa, M. 3gopoBer;

Periodicity of the journal: 4 times a year.
9. Payment. Authors who have received a positive conclusion for publication should make payment on the following
requisites (for ENU employees - 4,500 tenge, for outside organizations - 5,500 tenge):
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KuHeTuka HOHOJIIOMUHECHeHUUU KpuctasioB LiF

ITosio>keHMEe O PYyKOIMCSIX, IIPEACTABIISIEMBIX B >KypHaJs «Bectuuk EBpasuiickoro HanmoHaJIbHOIO
yauBepcurera umenu JI.H.I'ymunesa. Cepusi: @usuka. AcrpoHOMUs»

Pedaxyusa otcyprana npocum aemopos 03HAKOMUMBCA € MPLEUAAMY U MPUIEPIHCUBADBCA UT NPu nodzomoske pabom,
HANPABAAEMBLT 8 dHcypHas. OMKAOHEHUE OM YCTNAHOBAEHHBIT NPABUA 3a0ePIAHCUBAEM NYOAUKAUUIO CMAMDU.

1. IHeas >kxypHagaa. [Tybiukanus TmareabHO OTOOPAHHBIX OPUIHHAJIBHBIX HAYIHBIX paboT IO aKTyaJbHBIM IIPOGIeMaM
TEOPETUIYCKUX U IKCIEPUMEHTAJIbHBIX UCCIEJOBAHNN B 001acTH (DU3UKH U ACTPOHOMHUH.

2. B pemaknuio (B GyMaKHOM BHZE, HOANUCAHHOM BCEMH ABTOPAMU M B 3JIEKTPOHHOM BHJE) NpEACTaBIsioTCs Tex- u
Pdf-daiinbl paboTsl, MOAroTOBJIEHHBIE B M31aTeIbcKOi cucreMe LaTeX, ¢ 06s3aTe/IbHBIM HCIIOJb30BAHUEM OPUTMHAJIBLHOIO
crusieBoro daiiya xypHasna. CruieBoil dailn MOXKHO ckadaTh co cafita KypHasa bulphysast.enu.kz. Aropy (aBropam)
HEOOXO/IMMO PEJOCTABUTH COMPOBOAUTEIBHOE NUCHMO.

As3bik myOsuKanuii: Ka3axcKuil, pyCCKuil, aHIVIMACKUIA.

3. OTmpaBiieHue crTaTell B pPeJAKIUIO O3HAYAaeT corJjlacue aBTOPOB Ha mnpaBo Wsnaresnsi, Espasuiickoro
HanpoHaJbHOro yHusepcurera uMmenu JI.H. I'ymunesBa, n3nanusi crareil B >KypHaJie U Iepen3JaHus UX Ha
a1060M mHOcTpaHHOM s3bike. IIpeacraBisisi TekecT paGoThl s MyGANKALUA B >KYypPHAJIe, aBTOP FrapaHTUPYeT
[pPaBUJIBLHOCTH BCEX CBeAeHUl o cebe, OTCyTCTBHE ILIAruaTa u ApPyrux (popM HEIpPaBOMEPHOro 3aNMCTBOBAHUSA
B pyKomucu, HajaJjeXkaiiee opopMiieHre BCeX 3auMCTBOBAHUN TEKCTa, TabJIUIL, CXeM, UJIJIIOCTPALUAM.

4. O6beM cTaTbu He JOJKEH NpeBblnaTh 18 crpanun, (oT 6 cTpaHu).

Tekcr paborbl HauuHaercsa ¢ pybpukaropa MPHTU (MexayHaponHblii pyOpUKATOp Hay9HO-TEXHHYECKON MHMOpPMAIWN;
onpegessiercs 1o cceliike http://grntiru/), 3arem cieayroT uHUIMANb ¥ (GaMuiaus aBTopa(oB), IOJHOE HAMMEHOBAHWE
opranm3anyu, ropol, CTpana, e-mail aBropa(oB), 3aryiaBue CTaTbU, aHHOTAIMA. AHHOTAIMS JOJKHA COCTOATH u3 150-250
CJIOB, HE JOJIXKHA COZEPKaTh IPOMO3IKHE (POPMYJIbI, HE JOJI?KHA IOBTOPSATH IO COJAEPKAHUIO HAa3BaHUE CTATbHHU, HE JOJIKHA
COepKaTh CCBUIKM HAa TEKCT pabOThI U CIUCOK JINTEPATYPBI, MOJKHA ObITh KPATKHM H3JIOKEHHEM COIEPXKAHUS CTaTbH,
oTparkast €6 OCOOEHHOCTU ¥ COXPAHsS CTPYKTYPY CTaTbU.

Ilorennpanbable aBTOPHI 2KypHAJa HOJKHBI B COOTBETCTBHU C 3arojIOBKaMU IIPUAEPXKUBATLCH CIEAYIOMIUX IMIPABUJI IO
CTPYKTYpE CTaTbU:

- Heobxomumble 0003HaY€EHUsT U OIPE/IEJIEHUS JIJIs O0eCIIeYeHns] TIOHUMAaHUsS TEKCTa CTaThU;

- ITocranoBKa 3a/ja4n, PEIIEHUIO KOTOPOI MOCBSIIIEHA CTAThI;

- Ucropudeckue cBesieHUs IO IOCTAHOBKE 3a/1a49U C COOTBETCTBYIOIIMMHY IIOJTHBIMU CCBLIKAMHU - KEM M KOI/1a ObLIM II0JIy 9€HbI
pe3yJIbTaThl, IPEAIIECTBYIOIINE TEME CTATHH;

- ObocHOBaHME HEOOXOAUMOCTH U AKTYaIbHOCTU 3aJa<i CTATHU KaK CaMasl BaKHasl YacCTh JIIOOOH HayIHOHW pabOThI;

- Tounasi GPOPMYIMPOBKA U OMKCAHKE [IPEJCTABIECHHOIO B CTATHE PEIIEHUs] IIOCTABICHHON 3a/1a4H;

- Ilonpo6Guoe 060cHOBaHUE HOBU3HBI Pe3ysbraTta (OB) CTATHH B KOHTEKCTE PAHEE U3BECTHOIO;

- Pemenne 3aza4n 10/12KHO GbITH CHAGXKEHO NOAPOOHBIME OOOCHOBAHUAMY (JJOKA3ATEIHLCTBAMH).

ITIpu mecobmmogeHun X0Tst OB OLHOrO U3 ITUX TPEOOBAHUI CTATHS HE MPUHUMAETCS K PACCMOTPEHUIO.

Tabauupbl BKIIOYAIOTCS HEMIOCPEICTBEHHO B TEKCT pabOThI, OHU JIOJ?KHBI OBITH IPOHYMEPOBAHBI U COIPOBOXKIATHCS CCHLIKOMN
Ha HHAX B TEKCTe paborel. Pucynku, rpaduku HOSKHBI OBITH IPEICTABICHEI B OQHOM U3 CTaHZApPTHBIX dopmaros: PS, PDF,
TIFF, GIF, JPEG, BMP, PCX. Todeunble pucyHKH HEOOXOAUMO BBINIOIHATE ¢ pa3pemenunem 600 dpi. Ha pucyHkax J10KHbBL
OBITH SICHO IIE€PEIAaHbI BCE IETAJIH.

B crarbe HyMepyiorcs nuib Te DOPMYABL, Ha KOTOPBIE TI0 TEKCTY €CTh CCHLIKU.

Bce abbpesuamypsr u coxkpauwerHus, 3a UCKIIOYEHUEM 3aBEJIOMO OOIIEU3BECTHBIX, JIOJI?KHBI OBITh pacindpoBaHbl U
[IEPBOM YIOTPEOJIEHUN B TEKCTE.

Ceezienust o puraHcosot, noddepotckre paboThl YKA3bIBAIOTCS HA IEPBOI CTPAHUIE B BUIE CHOCKH.

6. Crumcok JITepaTypbl JTOJKEH COJEPXKATh TOJIBKO T€ MCTOYHUKHU (IIPOHYMEPOBAHHBIE B IODSJKE IUTHPOBAHMS HJIA B

HOpsiIKE AHTVIANCKOrO asihaBUTa), HA KOTOPBIE HMEIOTCS CCBIIKU B TeKCTe paborel. CChUIKH Ha HEOILyGJIMKOBAHHBIE pabOTHI,
pPe3yJIbTaThl KOTOPBIX UCHOJIB3YIOTCH B JOKA3aTEIbCTBAX, HE JIOIYCKAIOTCH.
ABTOpaM pEKOMEHIyeTCs IpU O(MOPMIIEHHN CCBLIOK HCKJIIOYHTH YIOMHHAHWE CTPAHUI] U PYKOBOICTBOBATHCS CJIEILYIOIIIM
mabJI0HOM: HOMEp IVIaBbl, HOMep mnaparpada, HoMep IIyHKTa, HOMEp TeOPeMbl (JIEMMBI, yTBEDK/ICHUsI, 3aMEIaHNsl K TeOpeMe
n T.11.), HOMep dopmynbl. Hanpumep, "..., cm. [3; § 7, memma 6]"; "..., cM. [2; 3amewanue k Teopeme 5|". B npotusHOM citydae
[IPY TIOJIFOTOBKE AHTJIOA3BITHON BEPCUU CTATHU MOTYT BO3HUKHYTH HEBEPHBIE CCHLIKH.

IIpuMmepbl opopMIIEHNSI CIUCKA JINTEPATY PbI

1 Bopouun C. M., Kapany6a A. A. Izera-dyukuusa Pumana. -M: @usmariuur, -1994, -376 cTp. - KHuUra

2 Baunos E. A., Cuxos M. B., Temupramues H. O6 obmemMm ajaropurme UHCICHHOIO WHTETPUPOBAaHUS (PYHKIIUNA MHOIHX
nepeMeHHbIX // ZKypHaJ BBIMACIATEILHOM MaTeMaTUKU M MareMarudeckoi dbwusukm -2014. -T.54. Ne 7. -C. 1059-1077. -
CTaThbsI

3 Kyb6anbimesa A.2K., Abukenosa III. O HOpMax npou3BOAHBIX (DYHKIHH C HYJIEBLIMA 3HAYEHUSIMH 3aJaHHOTO Habopa
JINHEWHBIX (PYHKIMOHAJIOB U WX NPHMEHEHHUs K IOINEePEYHUKOBBIM 3afadaM // PyHKIUOHAJIbHbIE TPOCTPAHCTBA U TEOPHUS
npubsmkennss oyakiumii: Tesucer 1okianoB MexxayHapomaHoit KoHdepeHnn, MocBAIeHHoi 110-1eTuio co JHA pOXKIEHUST
akagemuka C.M.Hukonbckoro, Mocksa, Poccusi, 2015. - Mocksa, 2015. -C.141-142. - Tpyabl KoHdepeHIun

4 Hyprasuna K. Pomaps maremaruku u nndopmaruku. -Acrana: Kaz.mpasga, 2017. 19 anpesns. -C.7. - razeTHast cTaTbs
5 KeipoB B.A., Muxaiinmaenko [.I. AnasuTndeckuil MeToJ, BJIOXKEHHsI CHMIUIEKTHYecKoit reomerpun // Cubupckue
9JIeKTPOHHBIE ~MaTemaTmdeckue wusBectust -2017. -T.14. -C.657-672. doi: 10.17377/semi.2017.14.057. - URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenusi: 08.01.2017). - 9JIEKTPOHHBIN >KYPHAJI

7. Tocsie cumcKa auTEpaTyphl, HEOOXOAUMO yKa3aTh Gubinorpaduvueckue JaHHbIE HA PYCCKOM M AHIVIMICKOM s3bIKax (ecuu
craTbst 0POPMIIEHA HA Ka3aXCKOM s3bIKE), Ha KA3aXCKOM U aAHIVIMHACKOM f3BIKaX (€C/U CTaTbs 0pOpPMIIEHa Ha PYCCKOM SI3BIKE)
U Ha PYCCKOM M Ka3aXCKOM #A3bIKax (ecim crarbs odopMmieHa Ha AHIIMICKOM dA3bIKe). 3aTeM HPHBOIUTCH KOMOWHAIS
AHIJIOSI3BIYHON U TPAHCIINTEPUPOBAHHON YacTell CIMCKA JINTEPaTyPhbl U CBEJEHUS 110 Ka’KJOMy U3 aBTOPOB (Hay<IHOE 3BaHUE,
cary»kebHbli aapec, TesedoH, e-mail - Ha Ka3aXCKOM, PYCCKOM U aHIVIMACKOM s3bIKaX).
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A. CetitbaeB, B. Ckyparos, A. AkuibexkoB, A. /layinerbekoBa, M. 3gopoBer;

8. PaGoTa ¢ 3;1eKTpOHHOI KoppeKTypoii. Crarbu, nocrynusmue B OTaes Hay IHbIX U3JaHuil (pelakiys), OTIPaBIIAIOTC
Ha AHOHUMHOE pelleH3UpOBaHue. Bce pelneHsun Mo CTaTbsIM OTIPABJSIOTCS aBTOPY. ABTOpaM B TedYeHHWE JeCSTH JIHel
HEOOXOIMMO OTIIPABUTH KOPPEKTYPY cTarbu. CTaTb, HOJIYYUBIINE OTPUIATE/IHHYIO PEIEH3UIO, K HOBTOPHOMY PACCMOTPEHUIO
He NPUHUMAIOTCs. lVcrnpaBjieHHble BapUaHTBI CTAaTefl M OTBET aBTOPA PEIEH3EeHTY IPUCHUIAIOTCA B pemakiuio. Crarbu,
MMEIOIINE IIOJIOKUTEJIbHbIE DEleH3UU, IIPEJCTABJIAIOTCS PEIKOJUIETHH KypHaJa JJjs OOCYXKIEHUsl M yTBEPXKJEHUS JJIs
myGiuKaIuu.

IlepuomuyHOCTh >KypHaJa: 4 pa3a B Iof.

9.0miara. ABTropaM, MOJIYYHUBIIUM IIOJIOXKUTEJIHHOE 3aKJIIOYEHNE K OIyOJIUKOBAHUIO, HEOOXOIMMO MPOU3BECTU OILJIATY IIO
caemyomuM peksusutaM (i corpyaaukos EHY — 4500 Tenre, mys croponaux opranusanuit — 5500 renre): PexBusursr:

PexBuszurnr:

1)PT'II IIXB "Espasuiickuii HannonansHelilt yausepcurer umenn JI.H. Tymunesa MOH PK

AO "Bank learpKpeaur"

BUK 6anka: KCIBKZKX

NNK: KZ978562203105747338

Kb6e 16

Kuu 859- 3a crarsio

2)PI'II IIXB "Espasuiickuii Harmonanbublii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "Bank RBK"
Buk 6anka: KINCKZKA

NUK: KZ498210439858161073

Ké6e 16

Kuu 859 - 3a crareio

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

NNK: KZ599650000040502847

Kb6e 16

Kuu 859 - 3a crarbio

4)PT'II IIXB "EBpaswuiickuii HannoHanbublil yausepcurer nmenn JI.H. T'ymunesa MOH PK AO "Haponusiii Bank
Kazaxcraun"

BUK Banka: HSBKKZKX

NUK: KZ946010111000382181

Ko6e 16

Kuan 859.

"3a nybaukamuio B Becrauke EHY @O asropa"
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KuHeTuka HOHOJIIOMUHECHeHUUU KpuctasioB LiF

PekTopy
EHY umenu JI.H. I'ymuiaesa

COIMIPOBOJUTEJIBHOE ITMCBMO

Hacrosiium mucbMoM aBTOPBI TapaHTUPYIOT, 4TO pa3Merrenne Hay4Hoi craren "HASBAHUE CTATBU" (IIpoussenenue)
asropo @110 ABTOPA(OB) B xypuase "Becruuk Eppaswuiickoro nanuonasbaoro yausepcurera umenn JI.H.ymunesa.
Cepusi ®Pusnka. AcrpoHoMusi" He HapylIlaeT HHYbUX ABTOPCKHUX IpaB. ABTOPBHI IIPEJOCTABJAIOT H3IATEII0 KYypHAJA,
Espasuiickomy manuonanbaomy yausepcurery umenu JI.H. ['ymunesa uckimounTepbuble IpaBa Ha HEOTPAHUYEHHBIA CPOK:
- mpaBo Ha BocnpoussejieHue IIpoussenenus (omy6iaukoBanue, oOHApOLOBaHUE, AyGJINPOBAHUE, THPAKUPOBAHNUE WJIM WHOE
pasmuoxkenue IIponssenenust) 6e3 OrpaHUYeHUs] THParXKa SK3EMILISPOB, IPaBO Ha pacupocrpaHenue [Ipousseenns JoGbIM
crioco6oM. ITpu 9TOM KarK/blii 9K3eMILISIp MPOU3BEIEHUs JOJKEH CoJepKaTh uMs aropa (oB) IIpoussenenus;

- IPaBO HA BKJIIOUEHHE B COCTABHOE TIPOU3BEJICHUE;

- IpaBoO Ha JOBEJEHHE O BCEOOIIEro CBEICHNUST;

- paBO Ha HCIIOJb30BAHUME METAJAHHBLIX (Ha3BaHWe, UM aBTopa (mpaBoobiagaress), aHHOTanuu, Gubimorpaduueckue
MarepuaJibl, MoJHbIA Tekcr ITpoussezenusi u np.) IlpoussBeneHusi ImyTeM pacHpOCTPAaHEHUsI U JOBEJEHUS JIO BCEOOLIEro
cBesieHusl, OOPabOTKH U CUCTEMATH3AINN, 8 TAKXKE BKJIIOUCHUS B PA3JUYHDBIE 0A3bl MAHHBIX U MH(MOPMAIMOHHBIE CUCTEMBI, B
TOM YHCJIE ITOJIHOTEKCTOBBIX BepCHil omybaukoBanHoro IIponssenenus.

Teppuropusi, Ha KOTOPO# JOIIyCKAaeTCs UCIOJb30BaHue npas Ha [Ipoussesenusi, He orpanuveHa.

ABrop(bI) TaKXKe NPEJOCTABISIOT M3JATENI0 YKypHAJa [IPABO XPaHEHWs U O0OpabGOTKM CBOUX IIE€PCOHAJIBHBIX JAHHBIX 6e3
orpanmueHus 1Mo cpoky (dbamumnms, uMms, OTUECTBO, CBeZeHUsA 00 OOpa30BAHWM, CBEJCHUS O MeCTe paboThl W 3aHUMAECMON
nosizkHOCTH). [lepcoHasbHBIE JaHHBIE NPEJIOCTABISIOTC ISl MX XPaHeHHsl M o6pabOTKU B Da3jIM4YHBIX 6a3ax JAaHHBIX
nHAMOPMAIMOHHBIX CHCTEMAaX, BKJIIOYCHUS UX B AHAJIATUYECKHE M CTATUCTUYECKHE OTUYETHOCTH, CO3JaHUA OOOCHOBAHHBIX
B3aMMOCBsI3€il OObEKTOB NMPOU3BEIEHUIN HAYKH, JINTEPATYPHI U UCKYCCTBA C MEPCOHAIBLHBIMY JaHHBIMU ¥ T.II.

Aemop(bt) B moaHOM 00bEMe HECyT OTBETCTBEHHOCTH 3a HEIPABOMEPHOE WCIIOJIb30BAHUE B HAYYHOW CTAaTbhe OOBLEKTOB
WHTEJUIEKTYaJIbHON COGCTBEHHOCTH, OOBEKTOB AaBTOPCKOIO IIpaBa B COOTBETCTBUM C JEHCTBYIOIIMM 3aKOHOIATEIbCTBOM
Pecny6sinkn Kazaxcram.

Hacrostium nmicsMoM aBTop(bl) JAIOT CBOE corviacue Ha IIpoBepky IIponsBeieHus Ha IpeIMeT IIaruaTa u3/1aTeIeM XKy PHAJIA.
Aemop () moaTBEpKAAIOT, UTO Hanpasasemoe [Iponsseienne Hure panee He GbUIO OIyOJMKOBAHO, HE HAIPABJISIIIOCH U HE
OyZeT HAPABJIATHCS JJIsl OIyOJINKOBAHUS B APYTHUe HAyYIHbIE U3AHUSI.

*Conposodumenvroe NUCOMO 0POPMAAECMNCA HA OPUUUANLHOM OAGHKE OP2AHUSAUUY U MOONUCHIEAETNCA PYKOS0OUMENEM
opeanusayuy (0Af 8Y308 - KYPUPYIOUUM NPOPEKMOPOM NO HAYUHO-UCCAEI08aMENbCKOT pabome,).

** Conposodumenvroe nucomo a6mopos, asasrowuxca compyoruxamu EHY umenu JI.H. I'ymunesa, sacepaemca dexarom
Pparyrvmema.

HUen.: @®HUO asmopa(os)
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MakaJjiaHbI paciMaey YJIrici
MPHTU 535.37

2K.T. Kapun6aesn, A.Y. A6yosa, I'K. AmmbicoBa, K.M. Capcenraiuesa ',

K.A. Baiixkomnos, A.B. Kykenosa, M.B. 3nopoBserz

1 Espasutickuti nayuonasvnuti yrusepcumem um. JI.H. Dymunesa, Hyp-Cyiman, Kasaxcmar 12 Tomcrud
noaumexnuueckuls ynusepcumem, Tomck, Poccus
3 Unemumym adeprnoti gusuru, Hyp-Cyaman, Kasaxcman
(Email: Fatika 82@mail.ru)

JIromuHecuienus kpuctasiioB ZnWO 4 ¢ BBeJeHHbIM KHUCJIOPOAOM

JL.H. I'ymuies aroiagarel Eypasus yarteik yauBepcurerinig xabapiibicel. Pusnka.
Acrponomus cepusicer, 2020, Trom 131, Ne2, 117-109 6errep
http://bulphysast.enu.kz, E-mail: vest phys@enu.kz

MPHTWU: 539.534.9; 621.039.542.34
A. Ceiit6aes 12, B. Ckyparos?®, A. Akuibexos ', A. Tayer6exosa ' , M. 3noposers >4

! Bepasutickuti navuonarvroiti yrusepcumem um. JI.H. Dymunesa, Hyp-Cysman, Kazazcman
2 Unemumym adepnoti gusuru, Hyp-Cyaman, Kasaxcman
3 O6sedunervni unemumym adeprvix uccaedosanudi, Jybna, Poccus
4 Vpanvcerudi dedeparvroni ynusepcumem, Examepunéype, Poccus
(E-mail: Seitbayevaibek@gmail.com)

KuHeTuka noHo/roMuHecHeHnuu Kpuctanios LiF !

Awnnoramusi: llpuBeneHbl pe3ysibTaTbl UCCIIEIOBAHUS CHEKTPAJIBHBIX XapaKTepPUCTUK (HOTO-
U KATOJOJIIOMUHECIEHIINA KPUCTAJIOB BOJibpaMaTa IIMHKA, [OABEPIHYTHIX TEPMUUIECKON
06paboTke B arMocdepe KUCIOPOJa MU ODJIYUEHUIO MOTOKAME BBICOKOIHEPIETHYECKUX HOHOB
KUCJI0pojia. Brejienne KucIopoia MpUBOJINT K CHUKEHUIO 3(HeKTUBHOCTH (DOTOJTIOMUHECTICHITUN.
Kpome Toro, BBejeHme MOCPEICTBOM TEPMUYECKONW 0OpabOTKM MPUBOJUT W K U3MEHEHUIO
crekTpa BO30y:KIeHusA. l[Ipeamosaraercs, dYTO HaOIIOIaEMOe WM3MEHEHWE XapaKTEPUCTUK
POTOIOMUHECTIEHITUN OOYCJIOBJICHO pas3pyIlleHneM c(hOPMUPOBAHHBIX MPH CHHTE3e KPHUCTAJLIA
KOMIIJIEKCOB, BKJIIOYAIOMINX B CBON COCTaB TEHTPBI cBedeHus. [lpm Tepmmueckoii obpaborke
B arMocdepe KHUCIOPOJa pa3pylleHre MU3JIyYIaloNuX KOMILIEKCOB IPOUCXOJUT Ha TITyOuHe,
COTIOCTAaBUMOM ¢ TJIyOMHON NPOHUKHOBEHMsT BO30yzKIaiommx (HOTOHOB. Pe3koe cHUKeHMe
3P PEKTUBHOCTU BO3OYXKIACHUsT JIIOMUHECIIEHIIMA C POCTOM SHEPrUuM BO30YyKIaionux (hOTOHOB
00bsICHSIETCS HAMUYUEM TpaJMenTa KOHIEHTpaIuu Botreanero nuddysneil Kucaopoma w,
COOTBETCTBEHHO, PA3PYIIEHHBIX 3Ty IAIOMNX KOMILIEKCOB. Creana OmeHKa TTyOnHBI BXOK ICHUST
KHCJIOPOJIA, XapaKTEPUCTUIECKasi TIyOWHa BXOXKIeHWsT cocTasiaser 20 HM mpu obpaboTke B
teuenne 7 dacos mpu 900°C.

KuaroueBbie cioBa:  Bojgbdpamar IUHKA, (OTO U KATOJOJIOMUHECIEHIIN, KUCJIOPOI,
KOMILJIEKCHBIE JIe(PEKTHI.

OCHOBHOI1 TEKCT CTaTbH JIOJIZKEH OBITh PasdUT Ha YEeTKO OINpEe/ICHHbIE U IPOHYMEPOBAHHBIE
pasnensl  (moxpaszenst). I[logpasaensr momkHBl ObITH mpoHyMmMepoBanbl 1.1, 1.2 mw T .
Pexkomenmyembie pasmesbl CTaTbu:

BBenenme. Beommas wndopMmainsi, KacaiolasiCsi TeMbl CTaTbH. PasbsiCHeHMe Ie/In
MIPEINPUHSATOTO UCCIETOBAHMSI.

Marepunansl u Meronbl. Onmcanue I0CJIEA0BATEILHOCTY BBIIOJIHEHUs] WCCJICIOBAHUSA U
0060CHOBaHUE BBIOOPA MCIIOJIB3YEMbBIX METO/IOB.

PesynbraTsl u 06cyxaenus. Ouucanue pe3yIbTaToB 9KCIIEPUMEHTOB. B 1aHHO# YacTn cTaTbu
JOJIZKEeH 6bITI) npeacTraB/IeH aBTOpCKI/Iﬁ aHAJINTUYECKU MM CTATUCTUYIECKUN MaTepuaJl.
Bakaouenue. Kparkast (opMyaupoBKa pe3yabTaToB wucciaenoBanus. (CikaToe IMOBTOPEHHE
[JIABHBIX MBICJIE!l OCHOBHOI YacTu PabOTHI.

lpagora BLmomena B pamkax rpantoBoro npoekra MOH PK AP 05134257.
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KuHeTuka HOHOJIIOMUHECHeHUUU KpuctasioB LiF

Takake aBTOpPBI MOI'YyT yKa3aThb MCTOYHUK (pUHAHCHUPOBaHUS JMOO (DUHAHCOBOW IMOJJIEPKKH,
OKa3bIBAEMOIl B paMKax WUCCIeI0BaHus. bBiaromapHocTh JI0/KHA OBITh BBIpaXKeHa KpPATKO,
JIAKOHUYHO.

2. ®opmyJsibl, TaOJIUIBI, PUCYHKU

) — .. R — ; (V)
Sw(ew: D)y SOn(EwTiFi D)y = inf oy (e (1™ 0m)) - 1)
e O (en; (1M, on)), = dnlen; T; F; (1Y), o) )y =
= s 1O —en (10 0V 0 () a0 |-
fer Y
|71(\;-) <1(r=1,...,N)

Tabymmrpl, puCyHKH HEOOXOJMMO pacroJjararh mocie yrmomuHauus. C KaxkJ0# WLTIOCTpanueil JoJKHA
cJ1e10BaTh Ha/IIUCh.

Tasnuna 1 — Hassauue Tabiauiinbt

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

Pucvyhok 1 — HazBauue pucynka

3. Cchpliaku u 6ubsimorpadpus

Jlisi cChLIOK Ha yTBepKIeHUs, (OPMYJIBI U T. II. MOXKHO HCIIOJIb30BaTh MeTKu. Hampumep, Teopema 77,
Dopmyma (1)

g pykosogcrsa o KTEX u B kagecTBe mpumepa 0OPMIIEHAs CChLIOK, CM., Hartpumep, JIpBoBckuii C.M.
Habop u Bepcrka B makere KTEX. Mocksa: Kocmocundopwm, 1994.

Crucok jureparypbl 0POPMIIAETCS CJIELYIONTIM 00pa30M.

Cnucok aureparyphbl

1 Jlokymmesckuit O.M., l'aBpukos M.B. Hagama auciennoro ananuza. —M.: TOO "duyc", 1995. —581 c. - kHUra

2 Crenanenko B.®., Duumo C., Kanpun A.Jl., Msano C.A., Kamxumoro T., Tamaka K., Kosbirkenkon
T.B., Ileryxos A.Jl., Axmenosa VY.A., Borauésa B.B., Koporkos B.A., Xommu M. OnslT WHCTpYyMEHTAIBLHON
OIIEHKV HAKOILJIEHHBIX JI03 BHEIITHErO O0JIyYeHUsI C UCIOJb30BAHUEM METOA PETPOCIEKTUBHON JTIOMUHECIIEHTHOMN
JO3UMETPUU 110 €JMHUYHBIM MUKPOKDPUCTAJIAM KBaplia U3 KBAPICOJEPXKAIIUX 00pa3IoB, OTOOPAHHBIX B
npederrype Pykycuma, fnonns // Paguanus n puck. - 2018. — T. 27. - Ne 3. - C. 79-90. doi: ... (upu Hamu4nm)
- craTbs

3 Kyb6aunbimesa A.2K., Abukenosa III. O HopMax npou3BOIHBIX (DYHKIWIA C HYJIEBBIMU 3HAYEHUSIMU 33JIaHHOTO
Habopa JIMHEHHBIX (DYHKIMOHAJOB ¥ UX IPUMEHEHHsI K IIONEPEYHUKOBBIM 3azadaM // DyHKIMOHAJILHBIE
npocTpaHcTBa u Teopus upubnmkenus dyuknuii:  Tesucw poxkmanoB Mexaynapoguoit kondepeHuy,
nocesmenHas 110-jgeruio co qusa poxzaenus axajgemuka C.M.Huxkosbckoro, Mocksa, Poccusi, 2015. — Mocksa,
2015. —C.141-142. - Tpyapl KoundepeHuit

4 Kypmykos A.A. AHrHOmpoTeKTOpHAS W TUMOJUANUAIEMUAICCKAT AKTUBHOCTH JieyKoMusuHa. —AJyiMaTel: Bacray,
2007. —C. 3-5 - ra3eTHbBIE CTATHU

5 Dovesi R., Saunders V.R., Roetti C., Orlando R., Zicovich-Wilson C.M., Pascale F., Civalleri B., Doll K., Har-
rison N.M., Bush I.J., D’Arco P., and Llunell M. CRYSTAL14 User’s Manual University of Torino, Italy. [Elec-
tronic resource|. Available at: http://www.crystal.unito.it (Accessed: 20.01.2019). - 3JI€KTPOHHBII >KypPHAJI
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A. CetitbaeB, B. Ckyparos, A. AkuibexkoB, A. /layinerbekoBa, M. 3gopoBer;

2K.T. Kapun6aes "2, A.V. A6yosa !, I.K. AympicoBa !, K.M. Capcenranuena ' , K.A. Baiixosos ! , A.B.
Kykenosa ! , M.B. 3xoposen ?

L JI.H. Dymunes amomdaeo. Eypasus yammow yrusepcumemi, Hyp-Cyaman, Kasaxeman
2 Tomex noaumexnuraiv yrusepcumems, Tomck, Pecet
3 oporws Pusura uncmumymo, Hyp-Cyaman, Kasaxeman

Orreri enrizisires ZnWO 4 KpucTajggapbIHbIH, JIIOMUHECLEHIIUSIChI

Annoranms: Orreri arMocdepachblHia TEPMUSIIIBIK, OHJEYAEH OTKEH HEMeCe KOFapbl SHEPIHUsIbl OTTErl HOHIAPBIMEH
CoyJIeJIeHyre YIIbIpaFaH MBIPBIII BOJb(MPAM KPUCTAJIIAPBIHBIH (POTO K9HE KATOIOJIOMUHECIEHIUSICBIHBIH, CIHEKTPJIK
cunaTTaMaJapbiH 3epTTey HoTu:Kejepi kKenaripisren. Orrerinig eHriziayi dpoToOIOMUHECIIEHIIASA TUIMIIITNIHIH TOMeHIeyiHe
JKoHE TEPMUSIJIBIK OHJIEYIiH eHri3iayl Ko3y CchekTpiHiy esrepyine okesemi. POTONIOMUHECHEHIUS] CHIATTaAMAJIAPBIHBIH
OGaifikaJiraH e3repici KpucTasul CUHTe31 Ke3inje mnaiijia GoJsifaH KEIIeHJAEP/IiH, COHBIH INIHJE >KapKbll OPTaJbIKTapPbIHbIH,
Oy3bLIyBbIMEH OallyIaHBICTHI Jlen GosnkaHaabl. OTreri arMocdepachliHIa TEPMUSIIBIK, OHJIeYy Ke3iHJe MIbIFapaThblH KeIleHIePIiH
OY3BLIYybl KO3IBIPFBIIN (DOTOHIAPMABIH, €HY TepPEeHJIriMeH CaJIbICTBIPBLIATHIH TEPEHIKTe »Kypeni. JIIoMHHEeCHEHTTIK KO3y
TuiMaimirinig kypT Temenzeyli anddy3usara eHeTiH OTTeriHiH INOFLIPJIAHY I'PDAIWEHTIHIH KoHe COHKeCiHIIe KOMBLIFaH
SMUTEHTTIK KOMILJIEKCTEPiH 60oybIiMeH Tycinaipineni. OTrerinin Kipy TepeHzirin 6aranay »Kyprisiii, cumarraMaJblk Kipy
Teperairi 900 °C remneparypasga 7 carar 6oiibl oHjiereH Ke3ue 20 HM OOJIIHL. .

TyiiiH ce3aep: MBIPHIIT BOJILMPAMACh], (DOTO YKOHE KATOJOJIOMUHECIICHIINS, OTTEr], Kyp/aesil akayJiap.
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Luminescence of ZnWO 4 crystals with oxygen introduced

Abstract: The results of studying the spectral characteristics of the photo- and cathodoluminescence of zinc tungstate
crystals subjected to heat treatment in an oxygen atmosphere or irradiation with high-energy oxygen ions are presented.
The introduction of oxygen leads to a decrease in the efficiency of photoluminescence. In addition, the introduction by heat
treatment leads to a change in the excitation spectrum. It is assumed that the observed change in the characteristics of
photoluminescence is due to the destruction of complexes formed during crystal synthesis, including glow centers. During
heat treatment in an oxygen atmosphere, the destruction of emitting complexes occurs at a depth comparable to the
penetration depth of exciting photons. A sharp decrease in the efficiency of luminescence excitation with increasing energy of
exciting photons is explained by the presence of a concentration gradient of oxygen entering the diffusion and, accordingly,
of destroyed emitting complexes. An assessment was made of the oxygen entry depth; the characteristic entry depth was 20
nm when processed for 7 hours at 900 °C.

Keywords: zinc tungstate, photo and cathodoluminescence, oxygen, complex defects.
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