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TE3UCBI JOKJIAJOB KOH®EPEHIIUN

MEPEHOC HOCUTEJEM 3APSIJIA B TETEPOT'EHHBIX MATEPUAJIAX,
COJAEPKAIIUX SJEKTPOIIPOBOJAINUE HAHO YACTHUIBI B TIOCTOAHHBIX U
INEPEMEHHBIX ITOJISX

Caunxynos JI.P., Paxumosa .M., Boiimypatos ®.T.", Kamunos 111.X., Kapa6aea M., Y.A61ypaxmaHoB
Harmonansneiit YHuBepcureT Y30ekucrana uMeHn Mup3o Yiyroeka. TamkeHt, Y30ekucran
“Alfraganus University. Tamkenr, Y36ekuctan
e-mail: fhoymuratov78@gmail.com

I'ereporennbie MaTepuaibl, COAEPKAIIME HAHO YACTHIIbI, C MPOBOJSIIMMH BKIIOYECHUSIMU
UMEIOT OOJBIIONW NPUKIATHONW MOTEHLHUAN, YTO CTUMYJIUpPYET H3y4YeHHE IepeHoca HOCUTeNeH
3apsifa B TAKMX CUCTEMaX.

[lenb naHHOM paboOThI 3aKIOYAETCS B CPAaBHEHUU U aHAJIM3€ MOJYYEHHBIX PE3YJIbTATOB I10
HCCIICIOBAHUIO TEMIEPAaTypHOl 3aBHCHMOCTH TMPOBOJMMOCTH TETEPOrCHHBIX MAaTepUalOB Ha
OCHOBC IMUPOIOJIUMEPOB, a TAKIKEC KEPAMHUKH U ITOJIUMCPOB, COACPKAIINX HAHO YaCTUIBI MCTAJJIOB.

Panee aBTOopamu naHHOU paboThl OBLIO MOKa3zaHO [l], 4TO TUMUYHBIM TpPEACTABUTEIIEM
MUPOTIOIMMEPOB SIBIISIIOTCS TEPMOOOpadoTaHHbIe MPOAYKTHl mnonuakpwionutpmia (ITAH), npu
HI3KHX TeMIepatypax Tepmoobpoborku (TTO) < 200 °C, sBnsercs muanexTpukoM, a mpu TTO>
200 °C mpuobperaeT MOMYHNPOBOJHMKOBBIE CBOMCTBA. OTBETCTBEHHBIMH 3a OJIEKTPUUYECKHE
CBOMCTBA MOTYNPOBOAHUKOBOTO [TAH sBNISIFOTCS 00J1aCTH TTOJIMCOTIPSIKEHUS.

Hamu Takxe, METOAOM TEPMHUECKOTO Pa3iokeHHs ¢popMuaTa METaUIOB, ObLIM MOTYYEHBI
TeTepOreHHbIe MaTepHaibl, NPEACTABIIOMKE CcOo00i  MeTayuiconepKalue HaHOYACTHUIIBI,
CTaOUITU3MPOBAHHBIE B 00bEME MaTpPHUIl U3 KEPAMHUKHU U MOJIMMEPOB, UCCIEIOBAHBI 3aBUCUMOCTH MX
AJIEKTPONIPOBOAHOCTU (G) M IUAJEKTPUUYECKON MPOHUIIAEMOCTH (€) OT OOBEMHOTO COJEpKAHUS
Hanouactuil Metasuios (V) [2-3].

Ha ocHoBe cpaBHeHMsT M aHaidM3a IOJYYEHHBIX pe3yJbTaTOB IO TeMIlepaTypHOU
3aBUCHUMOCTH TPOBOJMMOCTHA MHUPONOIUMEPOB, a TaKkKe KEPaMUKH U TOJIHMMEPOB, COJEPIKAIIUX
HAHO YaCTHIIbl HUKENs, 3aKII0YEHO, YTO (OpMHpOBaHMS MHUPONOIMMEPOB, a TAKXKE KEPaMHUKU U
MOJIMMEPOB, COJEPKAIIUX HAHO YACTHIIHl HUKEJNS, B TIEPBOM MPUOIUKEHUH MOXKHO TMPEICTABUThH B
BUJIE ITPOLIECCa HANIOJHEHUS TUAJIEKTPUKAa HAHO JUCHEPCHBIMH «METAJUIMYECKUMU» YacTULIAMU —
M01I00HO JIETUPOBAHHBIM KOMITEHCUPOBAHHBIM MOIYIPOBOHHUKAM.

[Ipennoxkena sHepreTHyeckas MoOJENb CTPYKTYpbl, OOBSACHSIOLIAS IEPEHOC HOCUTENEH
3apsga B TaKMX TETEPOreHHBIX MaTepHalaxX, COJIEpXKallMX HAHO YaCTHUIBI C MPOBOISIIUMU
BKJIFOUYCHUSAMHU B TOCTOSAHHBIX U IECPEMCHHBIX IMTOJIAX.

Jlureparypa
1. V. AOGnypaxmanoB, A.I'.3a0ponckuit.,, M.A.Marpynos., A.B.Ymapo I[IpspkkoBas
IPOBOAMMOCTh W MEPEXO] METaul - JUAIEKTPUK B IOJIYIPOBOJHUKOBBIX IHPONOIMMEPAX.
OTT.1986.T.28.Ne12.C.3680-3686.

2. U. Abdurakhmanov, Sh. Sharipov, Y. Rakhimova, M. Karabaeva, M. Baydjanov. Conductivity
and Permittivity of Nickel-Nanoparticle-Containing Ceramic Materials in the Vicinity of
Percolation Threshold.// J. Am. Ceram.So0c.2006.V.89.Ne 9. pp. 2946—-2948.

3. U. Abdurakhmanov, F. T. Boitmuratov, G. I. Mukhamedov, A. S. Fionov, and G. Yu. Yurkov.
Electric Conductivity of Composite Materials Based on Phenylon Matrices and Nickel Particles.//.
Journal of Communications Technology and Electronics, 2010, Vol. 55, No. 2, pp. 221-224.
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PA3PABOTKA KOMIBIOTEPHOM ITPOI'PAMMBI 11O BBIGOPY XUMHAYECKOT' O
COCTABA U3HOCOCTOMKHNX MATEPHAJIOB

bepmues J1.M.*, Ymaposa M.A.
Tamkentckuii ['ocynapcTBeHHbIN Texundeckuil yausepcuteT uM. U. Kapumosa, r. Tamkent, Y30ekucran
*e-mail: berdiyev_mf@mail.ru

BBenenne. AOpasuBHOE M3HANIMBAHWE SIBJISICTCS OCHOBHOW MPUYMHON BBIXOJA M3 CTPOS
MeTaJUInYecKuX JeTaneil. M3roronenue aeranei u3 ObICTPOM3HAIINBAEMOIO MaTepyuaga 4acTo He
000CHOBAaHO M, Kak MpPaBHJIO, 00YCIIOBICHO HHEPTHOCTHIO Tpou3BojacTBa [1, 2]. B pemoHTHOM
IIPOM3BOJICTBE JJaHHAs TEHJCHLMS YacTO CBsA3aHA C OTCYTCTBUEM MIJIM HEJIOCTATKOM HEOOXOAMMBIX
M3HOCOCTOMKUX MapoK CTajeil, YTO MOXKET MPUBECTU K MPEKIEBPEMEHHOMY BBIXOJY U3 CTPOS IIPU
9KCIUTyaTallud OTPEMOHTHUPOBAHHBIX Y3J0B. BbIOOp cTanmeil [uisi M3roTOBIEHUS OTBETCTBEHHBIX
JleTajiel TOJHKEH OCHOBBIBATHCS Ha MOKA3aTEeNAX MX H3HOCOCTOHMKOCTH [3].

3aaud  HACTOSIIEr0 MCCIEJOBAHUA: BBIIOJHEHHWE IOATOTOBUTENBHOM TEPMHUUYECKOM
00pabOTKM Ha JKCTPEMAIBHBIX pEXHMax C 3aBeplIAlONIe TepMUYECKOH 00pabOTKOMH;
YCTAHOBJICHHE CBS3€M MeXay IapamMeTpaMHM CTPYKTyphl cTajled U uX aOpa3uBHOU
M3HOCOCTOMKOCTBIO; CO3/IaHHME€ IPOrpaMMbl BbIOOpa MaTepHaoB M CHOCOOOB YIPOUYHEHUS IS
JOCTH>KEHUS TpeOyeMOoil H3HOCOCTOMKOCTH U3rOTOBIISIEMbIX J€TaleH.

Metoabl. VccnenoBanu yriepoaucTble CTaid (OT TEXHUYECKOro Xeieza 10 Y8)
MaJIOJIETMPOBaHHY0 cTajb 650, [lid co3naHus B UCClIeyeMbIX CTalsIX Pa3HbIX CTPYKTYp 0Opa3ibl
MOJIBEprajii TepMUYeckoil oOpaboTke. B Xxozxe uccnenoBaHuil Npu M3y4EHUH KOMITO3ULMOHHOIO
KOJINYECTBA XMMUYECKUX 3JIEMEHTOB B CIUIaBaX U UX CTPYKTYpbl NPUMEHSUIUCh aTTECTOBAHHBIN
XUMHYECKH METOA ¥ CHEKTPaJbHBIM pPEeHTreHoBckwid aHamu3atop Shimadzu, woOHHBINA
xpomatorpadp Metrohm 850 Professional IC, (SEM-EDX) Zeiss EVO MA 10, a Takxe
CKaHUPYIOIIUE dJEKTPOHHBIE MHUKpockombl /Aztec Energy Advanced X-Act mns co3manus
OporpaMMbl  UCIOJB30BaJICsl  sI3bIK MporpammupoBanuss C++. HcnbltaHus MarepuangoB Ha
abpa3uBHOE U3HAIIMBaHUE OCYLIECTBIIIN Ha npudope [1B-7.

Pe3yabTaThl. Jns OTpeJIeNIeHUs 3aKOHOMEpPHOCTEHN CTPYKTYpOOOpazoBaHUs
IpeIBApUTENbHYI0 HOPMAIU3AIUIO CTajIel BBIMOIHSIINA IPU Pa3HbIX TeMIepaTrypax (Bbliie Ac3 (Wi
Ac1) + 30+50 °C no 1200 °C). Beina ycraHOBIEHa 3KCTpeMallbHasi TeMIlEpaTypa HOpMallU3aluu
(1100 °C), mpu xotopoit mocie (y-o)-mpeBpaiieHus Qopmupyercs GepputHas (daza ¢
MaKCUMaJIbHOHN MJIOTHOCTBIO AUCITOKAIUH.

CocTaBiieHbl KOJMYECTBEHHBIE B3alMOCBA3M MEXAY CTPYKTYPHBIMHU IIOKa3aTelsIMU U
3HaYeHUSMHU U3HOCOCTOMKOCTH CTajel U Ha OCHOBE 3TOro pa3zpaboTaHa KOMIIBIOTEpHAs MporpaMmMa
JUISL  ONpPENENeHHUs XHUMHUYECKOrO COCTaBa CTajd, OOECHEeYMBAIOIIEr0 H3HOCOCTOMKOCTh Ha
HEOOXOMMOM YypOBHE B TPaJUIMOHHOM, a TaKKe HETPAJAULMOHHOM pEXHMaxX TEPMUYECKOH
00paboTKH.

B pesynbTare BAMAHUS TeMIlepaTypbl HarpeBa YCTaHOBJEHO, YTO B CTAIAX (OPMHUPYIOTCS
«CUJIbHBIE» U «cladble» CTPYKTYpHBIE MapaMeTpbl, BIMSIONINE Ha BETUYMHY M3HOCOCTOMKOCTH, U
[0 O3TUM CTPYKTYpPHbIM (pakTopaM ompejaeieHa TepMUYecKas YCTOWYMBOCTb. Pa3paboTaHo
MaTeMaTHYECKOE BBIPAKEHUE CBS3M MEXKAY CTPYKTYpPHBIMH TIapaMeTpaMH ¥ BEITHYHHAMUA
U3HOCOCTOMKOCTH CTajiell py pa3M4yHbIX TeMIepaTypax HarpeBa, U3 KOTOPOrO MOKHO BBIOpAaTh
XUMHUYECKHHM COCTaB M PEKUM TEPMHUUECKONH 00pabOTKH cTanel, obecrneynBaroux TpedyeMyro
BEJIMYNHY U3HOCOCTOMKOCTH Ha OCHOBE COBPEMEHHOM KOMITBIOTEPHOU MTPOTrpaMMBl.

s onpenenenus pexxuMa TEpMOOOpPaOOTKH Ha COBPEMEHHOM KOMIIBIOTEPE TPAaIULIMOHHBIM
U HETPaJUIMOHHBIM CIIOCOOOM paszpaboTraHa mnporpamMma Ha s3bike C++, UYTO MOBBIIIAET
MPOU3BOAUTEIBLHOCTD JIETATICH.

BoiBoabl. C HCIONB30BaHMEM COBPEMEHHON KOMIIBIOTEPHOH MpPOTpaMMBbl OIpeaesieH
XUMHUYECKMM cocTaB crajed M pa3paboTaHa METOJMKAa OIpEAeNeHUs TPaJuLIUOHHOTO U
HETPaJULMOHHOTO PEKUMOB TEPMUUECKOM 00paOOTKH, OBBIMAIOIIMX CPOK CITYKOBI JeTaneu.
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AUTONOMOUS PHOTOELECTRIC AND PHOTOTHERMAL STATIONS
COMPARISON OF ENERGY EFFICIENCY

Tursunov M.N., 1Sabirov X., ZKholov U.R., *Eshmatov M.M.
Physical-Technical Institute, Academy of Sciences of the Republic of Uzbekistan
2Karshi engineering-economics institute, Karshi, Uzbekistan
*e-mail: uygunshams@mail.ru

Key words: photoelectric battery, electric energy, power, economic efficiency, thermal
energy.

Introduction. Improving the technical performance of devices in the production of electric
and thermal energy using photoelectric batteries. For the needs of the population research the
directions of effective application and cooling the back surface of a photoelectric battery with an
average nominal power of 340 W on the justification of use from the point of view of cost —
effectiveness and increasing the energy efficiency by directing the maximum amount of solar
radiation to the frontal surface, ensuring that the electric energy produced in autonomous use
increases by 20-50 % depending on the change of intervals. Electricity is mainly used for domestic
needs in rural households [1]. It is difficult to obtain electricity and hot water due to the limited
reserves of oil, gas and coal fuels[2]. Therefore, it is possible to cover the demand for continuous
electricity by autonomous use of photoelectric and photothermal batteries[3].

Research method. As a result of the conducted research, the volt-ampere and volt-watt
characteristics of 340 W photoelectric battery (PVB), the operating voltage, the short-circuit current
and the enviromental parameters were measured using modern measuring devices.

Experimental results. An improved heat collector (HC) was developed to increase the
efficiency of PVB [4]. The installation angle of the reflectors that increase the solar radiation
current density was adjusted with a difference of 2°-5° in the upper and lower angles compared to
the installation angle of the photothermal battery PVB. The temperature of the water coming out of
the HC was always kept at equilibrium at 40 °C in order not to drop the open-circuit voltage of the
PVTB. At this temperature, it was found that the daily the average open-circuit voltage of the
PVTB can be restored to 41 V in summer, 42 V in spring, 41.5 V in autumn, and 43 V in winter
when using a 340 W PVB.

Conclusion. In the article, it was researched that 0.7 tons of traditional fuel sources can be
saved for a year and nature can be saved from 3.1 tons of CO; released during combustion when
using 2 PVTB’s of 340 W for a family of 3-5 people. During the research, the advantages of
autonomous photothermal plants in providing continuous electricity and hot water to residents
living far from centralized energy networks were learnt[5].

References
1.M.N.Tursunov, X.Sabirov, I.A.Yuldoshev, U.R.Xolov.Evaluation of energy efficiency of
photoelectric heat batteries with mechanism of solar observation, Technical science and innovation,
Ne4(14), 2022, pp. 100-106.

2. R.Muminov, M.Tursunov, l.Yuldoshev, H.Sabirov, U. Kholov, T.Akhtamov.Features of
optimization of increasing the efficiency of an autonomous photo thermal installation for rural
regions, E3S Web of Conferences 216, 01146, 2020, pp. 2-6.

3. M.N.Tursunov, X.Sabirov, U.R.Xolov. Efficiency of electric and thermal energy of solar photo
thermal battery, 2022, International conference, DOI: 10.34660/INF.2022.39.81.128.

4. M.N.Tursunov, X.Sabirov, U. Kholov, M.M.Eshmatov. As an active method for efficient cooling
of a photovoltaic battery a new constructive photo-thermal battery, Fundamental and applied
problems of modern physics, 2023, pp. 179-183.

5. M.N.Tursunov, X.Sabirov, U.R.Xolov. protecting the environment from greenhouse gases using
an autonomous photothermal plant, alternative energy, Nel(2), pp. 22-27.

Anmamet, 15-16 pespans 2024, https://sci.kz/ 10


https://sci.kz/
mailto:uygunshams@mail.ru
https://scholar.google.com/citations?user=Jb53Xe4AAAAJ&hl=ru&oi=sra
https://scholar.google.com/citations?user=Tp-hp0IAAAAJ&hl=ru&oi=sra
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=jjDtqewAAAAJ&citation_for_view=jjDtqewAAAAJ:d1gkVwhDpl0C
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=jjDtqewAAAAJ&citation_for_view=jjDtqewAAAAJ:d1gkVwhDpl0C
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=jjDtqewAAAAJ&citation_for_view=jjDtqewAAAAJ:d1gkVwhDpl0C
https://scholar.google.com/scholar?cluster=11492491042754498042&hl=en&oi=scholarr
https://scholar.google.com/scholar?cluster=11492491042754498042&hl=en&oi=scholarr
https://www.researchgate.net/profile/Khusniddin-Olimov/publication/374914583_PROCEEDINGS_OF_THE_INTERNATIONAL_CONFERENCE_FUNDAMENTAL_AND_APPLIED_PROBLEMS_OF_MODERN_PHYSICS_DEDICATED_TO_80TH_ANNIVERSARY_OF_UZBEKISTAN_ACADEMY_OF_SCIENCES_UzAS_AND_PHYSICAL-TECHNICAL_INSTITUTE_OF_/links/653651925d51a8012b648835/PROCEEDINGS-OF-THE-INTERNATIONAL-CONFERENCE-FUNDAMENTAL-AND-APPLIED-PROBLEMS-OF-MODERN-PHYSICS-DEDICATED-TO-80TH-ANNIVERSARY-OF-UZBEKISTAN-ACADEMY-OF-SCIENCES-UzAS-AND-PHYSICAL-TECHNICAL-INSTITUTE-OF.pdf#page=179
https://www.researchgate.net/profile/Khusniddin-Olimov/publication/374914583_PROCEEDINGS_OF_THE_INTERNATIONAL_CONFERENCE_FUNDAMENTAL_AND_APPLIED_PROBLEMS_OF_MODERN_PHYSICS_DEDICATED_TO_80TH_ANNIVERSARY_OF_UZBEKISTAN_ACADEMY_OF_SCIENCES_UzAS_AND_PHYSICAL-TECHNICAL_INSTITUTE_OF_/links/653651925d51a8012b648835/PROCEEDINGS-OF-THE-INTERNATIONAL-CONFERENCE-FUNDAMENTAL-AND-APPLIED-PROBLEMS-OF-MODERN-PHYSICS-DEDICATED-TO-80TH-ANNIVERSARY-OF-UZBEKISTAN-ACADEMY-OF-SCIENCES-UzAS-AND-PHYSICAL-TECHNICAL-INSTITUTE-OF.pdf#page=179
https://ojs.qmii.uz/index.php/ae/article/view/445
https://ojs.qmii.uz/index.php/ae/article/view/445

ISBN 978-601-08-3798-0 Mamepuaner || Mescoynapoonoi kongpepenyuu namsmu axademuxa 2.1 5ooc

BBIPAIIIMBAHUE IOJYIPOBOJHUKOBBIX CJIOEB COEJIVWHEHUM 4285 HA
KPEMHHUEBBIX ITIOJAJIOKKAX

!Camaes B., Camaes 1.B.
!Alfraganus University. Tamkenr, Y36ekuctan
?HauunoHanbHbIH HCcile0BaTebCKMil yHUBepcUTeT, TallIKeHTCKUI HHCTUTYT MHKEHEPOB UPPUralluK
M MEXaHM3alliH CEILCKOTO X035 cTBay, I'. TamkeHT, Y30ekucran
e-mail: sapaev.60@mail.ru

BBegenne. OpHMM U3 TMPUOPUTETHBIX HAIPABJICHUNH Ppa3BUTHUS MOIYNPOBOJIHUKOBOTO
MaTepUaIOBEICHUS SBIISICTCS PACIIUPEHHE aCCOPTHMEHTA TUICHOYHBIX IMOJYIMPOBOAHHKOB MyTEM
CO3/IaHMsI HOBOT'O KJIacca MOJYNPOBOJHUKOB C 3apaHee 3aJlaHHbIMU (PU3NYECKUMHU CBOICTBaMH, B
TOM YHCJIE U HETIPEPBIBHBIX TBEPABIX PacTBOpoB. Mcxoast U3 3T0T0, HAMU ObLIA CIENIaHbI OMBITKA
BEIPAIIMBAHKE TUIEHOK coemuHennii A’B® Ha xpemumeBBIX momnoxkax. ITOCKONBEKY KpeMHHEBBIE
MOJIJIOKKH HAMHOTO JICHICBJIC MO CPABHEHUIO C IMOJJIOKKAMH, U3TOTOBJICHHBIMU W3 COCIUHEHUN
A®B°, A%B°.

DTO OYEHBb AKTYalbHO C MPAKTUYECKOW TOYKH 3PEHUsS, KPOME 3TOTO, HE MEHEE aKTyaJbHO C
(byHIaMEHTAIBHBIX COOOpaXKEHHH, TaK KaK U3y4YeHHs (PU3NUECKUX MEXAaHU3MOB, IPOUCXOJSIIINX B
reTeporepexoaax, Co3aHHbIX MEXKIY JEMEHTAPHBIM MOJYIPOBOJHUKOM KPEMHUS M COSIMHCHUN
A?B® nmaer TOMYOK IS CO3MAHMS HOBBIX TOKOJNEHMH COBPEMEHHBIX IOTYNPOBOIHUKOBBIX
npuOOpoOB.

Mertoabl. B nannHolf paboTe u3iararoTcs pe3yJbTaThl TEXHOJOTHYECKHUX U HEKOTOPBIX
MeKTpO(U3MIECKUX MccilenoBanuii o cucteme A’B® (tenmypuma xangmus, cynbduua kagamus
cynb(duaa IUHKA) U KPEMHHUSL.

Hamu BwIpamieHsl clIoeB TeUTypuja Kaamus, Ccyibduma xaaMmus u cyidbduaa IHHKA Ha
MOJIM- U MOHO - KPUCTALTUYECKMX KPEMHHEBBIX MOJUIOKKAX METOAOM BAaKyyMHOTO HCHApeHUS.
OKCIepUMEHTAIBHBIM ITyTeM HAWJICHbl ONTUMATBHBIA TEMIIEPATYPHBIH WHTEPBAJ IOJIOKKH M
ONTUMATBHBIA TEeMIepaTypHbI HHTEpPBAl HWCHAPEHUs HCTOYHHMKA JUJIS BBIPALIUBAHUS TICHOK
BEIIIECKA3aHHLIX COEIUHEHUN AZBG, a TaKXe HAWJEHbl ONTUMAJbHbIC 3HAYEHUU IS JAPYTUX
TEXHOJOTHYECKHUX apaMeTpOB ATOTO Mpoliecca.

PesyabTaThl M BbIBOABI. OnpeneieH COCTaB XHMHUYSCKUX KOMIIOHCHTOB IUICHKH Ha
MOBEPXHOCTH U TIO CKOJY PEHTT€HOBCKHUM METOIOM IpH MOMOIIM MUKpoaHaiu3atopa “Jeol” JSM
5910 LV-Japan. Pe3ynbrarhl aHaM3a MOKA3bIBAIOT, YTO JEHCTBUTEIHHO OBLIO MONYYCHBI TICHKU
CdTe, CdS u ZnS Ha KpeMHHEBBIX MOJUI0KKaX puc.]l a), 6), B).

BT 6)_

Pucynok 1 - KpemHuessie HOI[JIO)KKI/I
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SYNTHETIC ZEOLITES AND NANOCOMPOSITES FOR REMOVAL OF MERCURY
AND METHYLENE BLUE FROM WASTEWATER

12*Zhandos Tauanov, “2Saule Zharylkan, **Madina Suleimenova, $?Shynggyskhan Sultakhan
'LLP “Scientific Production Technical Center “Zhalyn”, Almaty, Kazakhstan
Zal-Farabi Kazakh National University, Almaty, Kazakhsta
*email: tauanov.zhandos@kaznu.kz; tauanov.zhandos@gmail.com

Keywords: Synthetic zeolite, nanocomposite, mercury ions, adsorption, methylene blue,
silver nanoparticles.

Abstract This study presents the comprehensive synthesis and characterization of synthetic
porous silica (RHS) powder extracted from rice husk, achieving a high purity level of
approximately 96-99% [1]. The RHS was employed as a silica source and converted into a sodium
silicate solution using 2M NaOH, with NaAlO, as an alumina source for zeolite synthesis. The
ensuing hydrothermal reaction, conducted at 175°C for 8 hours in a stainless-steel autoclave reactor,
formed a zeolitic phase identified as Analcime. Following this, the zeolite (RHZ) underwent surface
modification with cysteine for targeted removal of methylene blue. Additionally, impregnation with
2wt.% silver nanoparticles (Ag NPs) via ion exchange and reduction reactions, producing a
nanocomposite denoted as RHZ-Ag, was employed to remove mercury ions from contaminated
water through physical and chemical sorption processes. Characterization through X-ray diffraction
(XRD) and X-ray fluorescence (XRF) spectroscopy confirmed successful synthesis and phase
formation. Microscopic analyses using scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) revealed spherical-like particles with an acceptable size distribution.
Nitrogen adsorption highlighted a high surface area with a microporous structure in both RHZ and
RHZ-Ag. The study underscores the successful synthesis, surface modification, and impregnation
of silver nanoparticles onto zeolite derived from rice husk, presenting multifunctional materials
with promising properties for the targeted removal of mercury and methylene blue from water
sources [1-2].
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METO/Ibl MATEMATHUYECKOM ®U3WKH B IPUMEHEHHUHU K
HUHTEI'PUPYEMBIM MOJIEJIAM CTATUCTUHYECKOU MEXAHUKHU U
KBAHTOBOM TEOPUH ITOJIS

booc I'epman DpHcTOBHY
Yuusepcuret Bynneprans, r. Bynneprains, [ epmanns

Te3uce! nokiana:

1. Yto Takoe MaTtemaruyeckas (pu3HMKa U YeM OHa 3aHUMAETCs?

2. Knaccuueckast uHTerpupyeMocts 1o Jinysuiio. [Ipumepst.

3. KBaHTOBO-MEXaHMYECKOE ONMCAHNE MHOITOYACTUYHBIX CHCTEM.

4. ®a3o0Bble Mepexobl U KPUTHUECKUE SBICHUS HA MpHUMEpe BOIbI U (heppoMarHeTrka. Brenenue
pELIETOK.

5. YHuBepcalbHOCTh U UHTErpupyembie monenu. CrnunoBble nenoduku l[eizendepra (XXX, XXZ
MOJICIIN )

6. Koppemsiunonnble (QyHKIMH JIOKaJbHBIX omnepatopoB. Dakropuszamusi KOPPEISIUOHHBIX
¢byuknwmii. CkpbiTas GepMUOHHAS CTPYKTYDA.

7. IlpumeHenne K KOHPOPMHBIM TEOPHSM OISl U MOAETH CuHYC-1 opoH.

ATOMIC STRUCTURE OF BULK METALLIC GLASSES AND SUPERCOOLED
LIQUIDS STUDIED BY TRANSMISSION ELECTRON MICROSCOPY, SCANNING
TUNNELING MICROSCOPY, SYNCHROTRON-RADIATION X-RAY DIFFRACTION
AND AB-INITIO MOLECULAR DYNAMICS SIMULATION

D. V. Louzguine
Advanced Institute for Materials Research (WPI-AIMR), Tohoku University, Aoba-Ku, Japan

The topological structure of bulk metallic glasses is studied in detail at atomic resolution
together with EDX chemical mapping by transmission electron microscopy (TEM) and ultra-high
vacuum scanning tunneling microscopy/spectroscopy (STM). These modern structural
characterization techniques reveal the details of atomic structure. Crystallization of metallic glasses
and supercooled liquids is also studied on heating in-situ in TEM. Moreover, structural changes in
bulk glass-forming liquid alloys on cooling from above the equilibrium liquidus temperature were
studied by synchrotron radiation X-ray diffraction and first-principles molecular dynamics (MD)
simulation. It is found that the structural changes are responsible for the fragility (non-Arrhenius
temperature dependence of viscosity) of the supercooled liquids. The direct atomic structure
observation supported by MD simulation was used to understand the observed structural and
electronic features.

PREPARATION OF COMPOSITE CARBON-CONTAINING ADSORBENTS BASED ON
TEXTILE CORD

Kozhamuratova U.M., Kazankapova M.K., Yermagambet B.T.
«Institute of Coal Chemistry and Technology» LLP, Astana, Kazakhstan

Keywords: adsorbents, textile cord, tire remnants, porous carbon materials, organic waste.

Introduction: The environmentally acceptable management of excess tires, which belong to
the category of solid waste, and which are discarded every year worldwide by more than three
million, is a problem worldwide [1]. When tires burn, harmful combustion products, including
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carcinogens, are released into the atmosphere [2]. In this paper, we consider the creation of a
domestic technology for the production of carbon materials, characterized in that the remnants of
recycling automobile tires-textile cord will be used as raw materials.

Materials and methods: The study used methods for obtaining carbon adsorbents
(carbonation and activation) in laboratory conditions, methods for determining their physico-
chemical and adsorption properties. Instruments were used: laboratory quartz reactor, rotary tubular
furnace BR-12NRT, thermogravimetric analyzer, gas chromatograph, scanning electron
microscopy, energy dispersion elemental analysis, SEM, etc.

Results: According to the results, the volatility and humidity of activated adsorbents from
textile cord decreased with increasing temperature from 300 to 800 °C, since heat treatment and
activation with water vapor led to the release of weakly bound volatile components in the sample,
resulting in the formation of porous materials, which increases the specific surface area from 2.26 to
197.86 m?/g.

The elemental composition of the initial textile cord (a) and activated textile cord (b) are
presented below. The results of the elemental analysis show that after the process of carbonization
and activation (800°C) of the textile cord, most of the heteroatoms are removed in the form of
gaseous products. Accordingly, the carbon concentration increases from 74.10 to 89.64 wt. %. In
Figure 1 (a), fiber particles with a diameter of 10 to 25 microns are clearly visible, the structural
elements take the form of fibrils — filamentous formations. The results of the analysis of
micrographs show (Fig.1 (b)) that after heat treatment, the surface structure changes with smaller
particle sizes, fine carbon nanoparticles with a diameter from 70 to 90 nm were formed, this may be
due to the fact that as a result of carbonization and activation, the forming reactively-capable
radicals interact with each other to form new substances.

Table 1 - Physico-chemical characteristics of the samples

Name of the W, ‘o d o Vs, 3 2
samples % A% | V4 % on3r p, T/cM pH Ao, MI/T | Sger, M%/T
Theoriginal | 651 | 549 | 7582 | 262 | 0,098 7,74 75 2,255
textile cord
Activated
Textile cord | 064 | 3598 | 943 | 1165 | 0326 9,01 53,5 197,865

Eleme | Original | Activate
nt d
C 74.10 89.64
O] 20.76 6.23
Na 0.32 0.86
Al 0.15 0.08
Si 0.29 0.20
S 0.60 0.29
Ca 0.34 0.49
Fe 0.90 0.05
Cu 0.62 0.30 a) b)
Zn 1.91 0.32

Figure 1 -Elemental composition and SEM images of the original (a) and activated (b) textile cord

Conclusions. The resulting porous-carbon material was processed for the purification of
iron, oil and gases, where the degree of purification of iron with an adsorbent based on textile cord
was 75-80%, oil - 80-90%, gases (%): H2-99.6; CO,-96.4; CH4-97.8; CO-99.3; H2S-84.4 Thus, the
proposed method of processing textile cord from the recycling of automobile tires by carbonization

Anmamet, 15-16 pespans 2024, https://sci.kz/ 14


https://sci.kz/

ISBN 978-601-08-3798-0 Mamepuaner || Mescoynapoonoi kongpepenyuu namsmu axademuxa 2.1 5ooc

and activation allows not only to recycle worn-out automobile tires, but also to obtain products that
can be used in various sectors of the national economy.

List of references
1. Resolution of the all-Russian Conference™ new state economic policy in the real sector of the
economy", 22.11.2005, Moscow, Kremlin.
2. Investigation of the process of oxygen-free pyrolysis of worn car tires / Yu.A. Novichok, T.V.
Petrenko, V.I. Bratchun // Bulletin of the Donbass National Academy of Building Architecture pp.
63-67.
The research was carried out with the financial support of the Science Committee of the MSHE RK
(Grant No. AR19577512. Development of scientific and technical foundations for the production of
microporous carbon nanomaterials for the separation and storage of hydrogen).

JHEPI'ETUKA HAHOKPUCTAJIVIMTOB IIOPUCTOI'O KPEMHUA

TriabimTeiKOaeB K.B.
Ousuko-Texunyeckuit HHCTUTYT CoTOaeB Y HUBEpCUTET, AIMaThI

PaccmoTpena  sHepretwka — 3d-HAaHOKPHCTAIMTOB — TOPUCTOrO  KpemHust  nc-PS
OPUMEHHUTEIbHO K IpoLlecCaM HU3KOTEMIIEPaTypHOrO CHHTE3a IUIEHOK IpadeHOorno100HbIX
HaHOKOMMO3uTOB. [loka3aHo, 4uTo 3HepreTnka nc-PS oOycioBieHa M30BITOYHONH MOBEPXHOCTHOU
SHeprueil HaHOKPUCTAIUTOB MOPUCTOrO Si M HaHOpa3MepHbIMH 3((eKTaMu, BOSHUKAIOLUMH Ha
JOKAJIBHBIX  ydacTKax  aroMapHo-liepoxoBatod  mosepxHoctu  PS.  Camoopranuzanus
HaHOPAa3MEPHBIX CHUCTEM IMOp C OO0pa30BaHMEM IEPUOANYECKH YHOPSJIOYEHHBIX CTPYKTYp Ha
peabHOM  TOBEPXHOCTH TOPUCTOTO Si  ONpENeNseTcs KBAaHTOBBIMH d(QeKTamMH, KOTOpbIE
00yCJIOBJIEHBI ILIEPOXOBATOCTbIO IOBEPXHOCTH B BHJE AaTOMHBIX CTyNEHEH, BBICTYNOB U
OIPEAEIISAIOT MOSABJIEHUE JAIbHOAECHCTBYIONINX, KAaIWUISIPHO-YIIPYTUX CHJI TOBepXHOCTU. [lomumo
JAIBHOACUCTBYIOIIUX MOBEPXHOCTHBIX KalWUIAPHO-YIPYTUX CHJI, BAXHYK pOJIb HIPAIOT
nedexkTHo-1eopMallOHHbIE CHJIBI TPAHUILIBI uHTepdeiica HaHOKpUCTaJI/MaTpHIia
MOHOKPHUCTAJININYECKOTO KPEMHMSI, KOTOpBIE SIBISIOTCS, IO CYIIECTBY, T'PAHMYHBIMHU YCIOBUSIMHU
MeTa-noBepxHocted aBymepHoro (2DM) u kBasuasymepHoro (Q2DM) marepuasioB, KOTOpbIe
PE3KO U3MEHSIOT (PU3NUECKHEe CBOMCTBA KPUCTAJUIMYECKUX PEIIETOK MAaTPUIIBI Si.

B nokmage paccMOTpeHbl OCOOEHHOCTM 3THX CHJI M WX BIMSHHE Ha JHEPreTUKY
HU3KOTEMIIEPaTypHOIO0  CHHTE3a  IpadeHONOJOO0HBIX  YIJIEPOJHBIX  HAHOKOMIIO3UTOB  Ha
MIOBEPXHOCTH MOPUCTOTO KPEMHHS U IIa3MOHHBIX cTpykTyp Me-PNP/PS.

SI SIC +SI —— Pristine Si
521em™ 970 cm—!

PS

500 1000 1500 2000 2500 3000
Wavenumber, cm~'

Pucynoxk 1- Cnextpst KPC 06pa3nos ncxoanoro c-Si, PS 1 kapOoHM3MpOBaHHOTO NTPU
temneparype 1050 °C PS <C> /Diamond and Related Materials, 2019. 92, 53—60/. Cnpasa: ¢oto
PS, suzneo: https://disk.yandex.ru/d/KQENPxA6Z4gWdw
Pabora ¢unancuposanace KH MOH PK BR21881954
Jlureparypa
1. Dnextponnas texuuka. Cepus 3 Mukpooanekrponuka. 2023, 2(190)76 — 94 DOI:
10.7868/S52410993223010098
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TEXHOJIOT' Sl XUMHUYECKOM OBPABOTKH IMTOJIYIIPOBOJJHUKOBBIX
JETEKTOPOB HA OCHOBE KPEMHUA

Mapwumnos U. U. , Otaboes C. K.
'®TU AH PV3, r. TamkeHt, Y30eKkucran

KuroueBble cjioBa: 1eTeKTOpa, raMMa-KBaHT, CIIEKTP, 3apsij, HJIEKTPOH

Benenmne. bruta paspaboTaHa TEXHONOTHS XHMHYECKOW 0OpaOOTKM IIACTHH, IeTayel
CIIOKHOU KOH(PUTypalluu 10 3aJaHHBIX TOJIIMH U MapaMeTPOB IIEPOXOBATOCTU MOBEPXHOCTH. J{ist
3TOr0 OBLTH M3YYEHBI CIEIYIONIUE TPOLECCHI:

Metoanl;

e xuMmuyeckas o0paboTka B CMeCH KHUCJIOT Ha YCTaHOBKE [MHAMUYECKOTO TPaBJICHUS C

TOYHBIM KOHTPOJIEM BEJICHHUS MPOIIECCa;

® XUMHYECKOC BBISBJICHHE Je()EKTOB KPUCTALIMYCCKOW CTPYKTYPHI TOIYIPOBOTHUKOBBIX
MaTepuasos;

e U3MEpEeHbI MTyOrHA U MIHpUHA TPOoUIIsl HA MUKPOCKOTIAX;

® T[PUTOTOBJICHUE CIOXKHBIX PACTBOPOB [UIsl TpaBJICHUS M XUMHYECKOH 00paboTKH,

AIIEKTPOJIUTOB,;

Jlyia TpaBiieHHs KPEMHHUEBBIX IUIACTUH HCIOIB30BATHCH (PTOPOILIACTOBBIE BaHHBI M ObLIa
BbIOpaHa onTtuMalibHas cMech KucioT: raBukoBo HF, azornoit HNO3 u ykcycHO#M KHCIIOTOM
CH30OOH B cootHomennn 1:5:1 coorBeTcTBeHHO. [lepen TpaBiieHreM MIaCTUHBI 00padaTHIBAIUCH
OpPraHMYECKUMH PACTBOPUTEISIMHU. B Tiporiecce TpaBiieHUs! MPOBOIMIACH U3y4Yaach 3aBUCHMOCTh
CKOPOCTH TpPaBIIEHUS OT TeMIiepaTypsl. UeM HIbKe TeMIlepaTrypa TeM MEHbIIE CKOPOCTh TPABJICHUS.
OnTuMabHON CUYUTAIACh CKOPOCTh 4MKM/MHH. 71 TIOMydYeHUS TOJIMPOBAHHOW MOBEPXHOCTH
TpaBJICHHE OPOBOAWIOCH B TeueHue 15+20 muuyT. PerynupoBaHue mpoliecca TpaBieHHs I10
3a/IaHHBIM peXUMaM omnucaHo B [1,2].

PesyabraThl. Ha puc.l mpeacraBimeHo u300pakeHHE IUIACTHHBI KPEMHHUS, IMOIYYCHHOE
CKaHUPYIOIINUM JJICKTPOHHBIM MUKPOCKOTTOM — SEM mociie TeXHOIOTHYECKUX MPOIIECCOB.

300 5000 100007
4009 8000

Pucynoxk 1 - a) mocrne pe3ku miIacTUHBI KpeMHHUS; 0) MOCIe MEXaHMUeCKOi 00paboTKu
IUTACTUHBIKPEMHHUSI; C) TIOCTIE XUMUYECKOH 00pabOTKHU IIIaCTUHBI KPEMHUS

W3 pucynka 2 (a) BHIHO, YTO IOCJIE€ PE3KHM HAa TOBEPXHOCTH IJIACTMHBI KPEMHHUS OOpa30BaHbI
HepoBHOCTH 250 HM; mociie MexaHudeckoil o0paboTku obpazoBansl HepoBHOCTH 200 HM - 2 (0) 1
MOCJIe XUMUYECKON Takxke oOpa3oBaHbl HepoBHOCTH 150 HM Ha pucyHke 2 (c).
BeiBoabl. Iloka3zaHo, 4TO MOC/IE BCEr0 TEXHOJOTMYECKOrO IIpOLEcca Ha IOBEPXHOCTH
KPEMHUS YMEHBIIAeTCsl IEPOXOBATOCTh. ['0TOBBIE KpeMHHEBBIE 00pA31bl TOMEIIATIN B KOPITYC.
Jlureparypa
1. Asumos C.A., Mymunos P.A., Hlamup3aes C.X., SAdacos A.f. “KpemHuii TuTHeBbIe JETEKTOPHI
sanepHoro uznydenus.” Tamkent: ®an, 1981. C.3-87.

2. N.A. Ciyannckasi // OCHOBBI MaTepHANOBEICHNE W TEXHOJIOTHH IOyIIPOBOJAHUKOB // MockBa-
2002. C. 283-319.
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STUDYING THE INFLUENCE OF AN ELECTRON BEAM ON CARBON MATERIALS

Kazankapova M.K., Yermagambet B.T., Kalenova A.M.
«Institute of Coal Chemistry and Technology» LLP, Astana, Kazakhstan

Keywords: carbon, electron irradiation, nanomaterials, PCM (porous carbon materials),
CNTs (carbon nanotubes).

Introduction. Irradiation with electron beams [1-3] is currently widely used to change the
properties of various carbon materials, including carbon nanotubes, by creating defects that can
improve the functional characteristics of devices formed on their basis. The physics of collisions of
high-energy electrons with carbon atoms in nanostructured materials is discussed in detail in the
works of Banhart and Krasheninnikov [4, 5].

Methods. In order to study the effect of the impact of an electron beam (on an industrial
electron accelerator) on carbon materials, JSC Nuclear Technologies Park carried out radiation
treatment of carbon PCMs based on Shoptykol brown coal on an industrial electron accelerator
ILU-10, according to the technical specifications. The absorbed dose was 400 kGy, the samples
were subjected to 4-fold passage of the subfascicular space.

carbon dioxide in a ratio of 1/1)

Results. According to the results of the analysis of PCM based on “Shoptykol” coal with
impregnated KOH (1:0.5), the initial specific surface area is 271.80 m?/g, after electron irradiation
the figure is increased to 376.75 m?/g, which may be due to additional activation by electron beam
in the presence of CO., which promotes the formation of a porous structure and an increase in the
internal surface of the material.

When analyzing the morphology of the surface of the samples, it was found that carbon
nanotubes were formed in the sample after irradiation (Figure 2 (b)) with a diameter of 144.2-160.3
nm, which are not observed in the original PCM (Figure 2 (a)), which further contributes to the
increase specific surface area of the sample. The formation of CNTSs is possible by gas-phase
deposition of carbon matrices on the surface of metal active particles (for example, titanium or iron)
present in the composition of the product, which can act as a catalyst; this can also be associated
with the formation of very high temperatures and pressures inside certain areas of the PCM, which
leads to the formation of new carbon formations.

Figure 2 — Electron microscopic images of the activated adsorbent “Shoptykol:KOH” (1:0.5):
a — before irradiation; b — after irradiation
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PCMs were tested for gas purification at Sorbents of Kuzbass LLC (Kemerovo, Russia).
According to the specific retained volume of gases and the selectivity coefficient of gas separation,
PCMs showed the best performance in purifying carbon dioxide, sulfur dioxide, nitrogen dioxide,
propane, methane, which allows them to be used for purifying flue gases. PUM “Shoptykol
impregnated with KOH” (irradiated) in comparison with the untreated initial sample showed the
highest retention volume for carbon dioxide (159.9 cm®/g), propane (14 cm®/g) and butane (46.5
cm?/g) .

Conclusions. Thus, a carbon nanocomposite can be obtained using a one-stage technology
as a result of the simultaneous formation of carbon nanoparticles and the carbon matrix connecting
them with the formation of a nanocomposite of the carbon-carbon system in the same reactor by
impergation with alkali, heating at high temperature (800-900°C) and by electronic irradiation.

The research was carried out with the financial support of the Science Committee of the
Ministry of Science and Higher Education of the Republic of Kazakhstan (Grant No. AR19577512.
Development of scientific and technical foundations for the production of microporous carbon
nanomaterials for the separation and storage of hydrogen).
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BAPU30HHBIE TBEPJBIE PACTBOPBI (Ge2)1-«(ZnSe)x

A.Pa33oxkoB, [].Komuanosa, P.Oraxxonoa, C. AMan0oeB
Yprenuckuii ['ocyiapcTBeHHbIN YHUBEPCUTET, T. Y preHy, Y30eKUCTaH

KuroueBble cioBa: Bapu3OHHBIE, TBEpAble pPACTBOPBI, HNUTAKCHAIBHBIX  CIIOEB,
JMCIIOKAIYH.

Beenenue. BapuszOHHbie TBepAbple PACTBOPHI JAFOT BO3MOXXHOCTH BAapbUPOBATH OCHOBHBIMU
ANEKTPOPU3NIECKUMHU U (HOTORIEKTPUUECKIMH TTapaMeTpamMH MOJIYNPOBOIHUKOBBIX MATEpUAIOB B
MIMPOKHUX TpeaeNax Npd HM3MEHEHHWH WX XUMHUYeCKuX COCTaBOB [1]. OmuHak0 m0 HACTOSMIIETO
BpeMeHU MOp(dOnoruyeckue UCCIeAOBaHUS, OOyCrnaBiuBaroume  (GOTOINEKTpUUECKUE U
anekTpOpusndeckre CBOMCTBA (Ge2)1x(ZNSe)x 3MUTAKCHATBHBIX CII0EB, W3yYeHBbI HEAO0CTATOYHO.
Jedextsl u AMCIOKALMU HA TpaAHMIE pazfesa MOMIOXKKA-TUIEHKA CIyXaT JAOMNOJHUTEIbHBIMU
HEHTpaMU peKOMOMHALINY, YTO YXYJIIaeT WHXKEKIMOHHbIE CBOMCTBA B rOMO- U reTepornepexoaax
CTpykTypbl. II05TOMY mOnO60p KOMIOHEHTOB M XWMHYECKHUX COEJMHEHUH, O00pasyromux
HEOOXOauMBbIe TBEpAble PACTBOPHI, CBSI3aH CO MHOIMMM HapaMmerpamu, KOTOpble 00s3aTeabHO
HY>KHO YYUTBIBATh: JOCTATOYHON paCTBOPUMOCTBIO KOMIIOHEHTOB B PACTBOPHUTEIE IIPU 3aJaHHOMI
TEMIEpaType; HE3HAYUTEIbHBIM pACCOrIaCOBAHMEM MapaMeTpOB pemieTkd U KO3 (duineHTOBa
TEPMUYECKOr0 pACIIMPEHUsT KPUCTALIO00pA3YIONMX XUMHYECKUX COEIMHEHUH U IOAJIOKKH,
KpUCTUUIMYECKUX OPUEHTALUH.
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Metoabl u pe3yabTarbhl. B 3T0ii padboTe ObutM WCCIENOBAHBI yCIOBUS OOpa30OBAHMS
TBEpPIBIX paCTBOpPOB HA Oaze CoemuHeHuin ZnSe, GeGe m OCOOEHHOCTH WX CTPYKTYpPHI, TaK KaK
U3BECTHO, YTO TBEpJbIe PACTBOPHI HA OCHOBe CuCTeMbl Ge-ZnSe, B 3aBUCUMOCTH OT XUMHYECKOTrO
cocraBa, TMO3BOJISIIOT BAPbUPOBATH OCHOBHBIMU  SJEKTPODU3MUECKUMU U ONTHUYECKUMU
napaMerpamMu MOJyNpOBOAHMKOBOrO Marepuaia B IMUPOKUX mpenenax. KpuCraumueCku
COBepiIcHHBIC OSnuTaKCHanbHble Ciou  (Ge2)1x(ZNSe)x BeIpaluBaINCh, W3  OrpaHUYEHHOrO
OJIOBSTHHOTO paCTBOpa-pacIuiaBa C MpUHYIUTEIBHBIM OXJIaKICHHEM (CO CKOpOCThIO 1-1.5 K/MuHYT)
B Temreparypuom uatepsaie ot 1023 K 10 803 K na momnoxkax Ge(100), Ge(111), GaAs(100),
GaAs(111). HeranpHOe OmmCaHue HMCMONB30BAHHOW METOIMKH MpeacTaBieHO B [2], @ COCTaB
pacTBOpa-paciuiaBa, uCrnoib3yeMOoro B padoTe, OnpeessyiCs ONbITHBIM IyTeM HA OCHOBE AUarpaMm
cocrosiausi. [lomydeHHBIE SMUTAKCHATBHBIC CIIOW SIBISUTUCH MOHOKPHUCTAJUIMYECKUMH M HMMETHU
pemietky THna cdanepura, 4yro noxareepxknaoT XRD-uccnenoBanus. BsaumnHoe 3amenieHue
KOMITIOHCHTOB B PEIIETKE HE NMPUBOIMIIO K €€ 3aMeTHOH nedopmaruu. To ecTh, mpu 3aMemeHun
pacMoJIOXKEHHBIX PSAOM B pelieTke aToMoB ZN U Se aToMaMH TepMaHus, SHEprus YIPYrux
UCKOKCHUH KPUCTAUTMYCCKOW PEMIETKH ObUla MHHUMAIIBHOM, CJIEIOBATEIbHO peain30Balach
BO3MOXKHOCTh 00pa30BaHMs HEMPEPHIBHOTO Psijia TBEP/IBIX PACTBOPOB 3aMEIIEHHUS, KOTOPBI MOXKHO
0003HauuTh Kak (Ge2)1-x(ZnSe)x.

BoiBoabl. OnpeieneHbl ONTUMAaIbHBIE PEKUMBI, KOTOPhIE MOTYT OBITh MCIIOJIB30BAHbI MPU
nonaydeHun TBEPHABIX pacTtBOopoB (Ge2)1x(ZnSe)x nHa momnoxke Ge, GaAsS ¢ 3adaHHBIMU
3MEeKTPOU3NIECKUMHU TapaMeTpaMH JUI U3TOTOBIEHUS IPUOOPOB HA UX OCHOBE.

Jlureparypa
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efficient photocatalysis //Journal of Physics and Chemistry of Solids. — 2019. — Vol. 130. — P. 41-
45.

2. Saidov A. S., Razzokov A. S. Obtaining and morphological studies of epitaxial layers of the Sii-
xGex solid solution //Siberian Physical Journal. — 2020. — Vol. 15. — Ne. 2. — P. 84-91.

SYNTHESIS AND RESEARCH OF CARBON NANOMATERIALS USING THE
ELECTRIC DISCHARGE METHOD

Malgazhdarova A.B., Kazankapova M.K., Yermagambet B.T.
«Institute of Coal Chemistry and Technology» LLP, Astana, Kazakhstan
Email: maira_1986@mail.ru

Key words: Electric discharge method, graphite, carbon nanomaterial, pyrolysis gases, CNT.

Introduction: Currently, all areas of carbon nanotechnology are being intensively developed,
which can lead to the development of reliable methods for producing carbon nanotubes (CNTSs)
with certain specified properties and reproducibility of results [1]. Electric discharge method is
widely used to produce good quality carbon nanotubes (CNTSs) because it is performed at very high
temperature [2].

Materials and methods: Nanomaterials were obtained using the electric arc discharge
method (100 A, 75 B). Pyrolysis gas (COz, propane+propylene, O2, H2) was used as a carbon
source, graphite was used as an electrode and a copper plate was used as a substrate. The
instruments used were a laboratory carbonization furnace, gas chromatograph and scanning electron
microscopy, Raman spectroscopy.

Results: SEM images of nanomaterials obtained from the electrode show the formation of
flakes and small spherical agglomerates with particle sizes of 38-53.5 nm. Raman results of a
sample show the formation of few-layer graphene or CNT. The Raman spectra show the well-
known D band at 1360 cm™ and the G band at 1575 cm™. The degree of graphitization is 88.98%.
The ID/IG intensity ratio is widely used to evaluate the quality of carbon materials. The intensity
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ratio 12D/1G is 0.39 (12D/1G of single-layer graphene >1.6), and the ratio of the intensities of G and
2D peaks (IG/12D = 2.54) can be used to judge the low-layer nature of the carbon nanomaterial .
The ratio of the intensities of the D and G peaks (ID/IG = 0.86) indicates a small number of defects
in the material under consideration (fig. 1).
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Figure 1 —SEM imagines and Raman spectrum of a nanomaterial obtained by the electric
discharge method (100 A, 75 V)

Conclusion: Thus, as a result of experiments based on graphite and pyrolysis gas,
nanomaterials were obtained using the electric discharge method, which is the most promising
method for producing nanomaterials and ensures the production of a product of relatively high
purity with a small defect.

List of references
1. A. M. llyin, V. E. Messerle, A. B. Ustimenko Formation of carbon nanotubes on copper
electrodes under electric arc discharge conditions //High Energy Chemistry.2010. No. 4. pp. 354
2. E. Z. Khamdokhov, R. Sh. Teshev, Z. M. Khamdokhov, A. Z. Khamdokhov, Z. Kh. Kalazhokov,
Kh. Kh. Kalazhokov Preparation of carbon films by the method of electric arc sputtering of graphite
in a magnetic field // Surface, X-ray, synchrotron and neutron studies. 2014. No. 12. pp. 68-72.
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Development of scientific and technical foundations for the production of microporous carbon
nanomaterials for the separation and storage of hydrogen).

OBTAINING NANOMATERIALS FROM ACTIVATED BOGATYR COAL BY
ELECTRIC ARC METHOD

Samatkyzy A., *Mendaliyev G.K., Kazankapova M.K., Yermagambet B.T.
«Institute of Coal Chemistry and Technology» LLP, Astana, Kazakhstan

Key words: coal, nanomaterial, electric arc method, graphene, CNTSs.

Introduction: Based on several studies published in the literature, it is noted that storing
hydrogen in solid form is a more suitable option to solve problems such as its storage and
transportation. In this form, hydrogen can be stored by absorption (metal hydrides and complex
hydrides) and adsorption (carbon materials such as activated carbons (AC), graphite, carbon
nanotubes (CNTSs) and carbon nanofibers (CNFs). It is observed that the adsorption of hydrogen on
carbon materials according to compared to absorption, it is more favorable in terms of accumulating
capacity [1, 2].

The purpose of the work is to develop carbon materials with a porous microstructure and high
specific surface area for the separation and storage of hydrogen.

Methods: A synthesis of nanomaterials from coal «Bogatyr» deposits (Kazakhstan) was
carried out. Nanomaterials were obtained by the method of electric discharge metod at a constant
voltage of 75 V and a current of 100 A in a quartz reactor, carbon from the Bogatyr deposit
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obtained at 1173 K in a nitrogen environment was used as electrodes. The physicochemical
characteristics and surface morphology of the samples under study were studied. The electrical
resistance (R), electrical capacitance (C) and dielectric constant (¢) of a graphene-containing
material in the temperature range 293—483 K were determined for the first time.

Results. Elemental composition (%) of the carbon material formed on the surface of activated
"Bogatyr" coal after the electric arc method: C-77.82; O-8.43; Na-0.15; Mg-0.19; Al-2.05; Si-5.49;
S-0.11; Ca-0.17; Fe-5.58.

The results of scanning electron microscope analysis of the carbon material formed in the
reactor showed the formation of flocculent carbon particles, possibly CNTSs, with particle sizes 90,7
—612,0 nm.

G~ 65 %

Intensity, arb.u

|

aman shtu;,)cm
Figure 1 —SEM imagines (a) and Raman spectrum (a) of a nanomaterial obtained by the
electric discharge method (100 A, 75 V)

The Raman spectrum of the sample shows a signal with characteristic peaks D and G (1353
cm™ and 1584 cm™). The D band is a disordered band associated with structural defects and
amorphous carbon, while the G band represents the stretching of sp2 C—C pairs. In addition, the
Raman spectrum of the sample shows a 2D peak, which indicates the formation of CNTSs, observed
at 2728 cm-1. The ratio of the intensities of the D and G peaks (ID/IG = 0.1) indicates a small
number of defects in the material in question. The ratio of the intensities of G and 2D peaks
characterizes single- and multilayer graphene. In our case, IG / 12D is 0.6, which confirms the
formation of single-layer graphene (for single-layer graphene the ratio is 0.6-1). The degree of
graphitization is 65 %.

The electrical properties of the sample were studied. The dielectric constant of material has a
gigantic value already at 293 K and 1 kHz, equal to 3,7-10" and which reaches a colossal value at
483 K - 2,88-108<. The values of ¢ decrease when moving from 1 kHz to 10 kHz, while having
quite high values: 7,09-10° (293 K, 10 kHz) and 1,0-107 (483 K, 10 kHz).

Nanomaterial exhibits semiconductor conductivity throughout the entire temperature range
studied (293-483 K). The band gap of nanomaterial in the range 293-483 K is 0.38 eV and it can be
classified as a narrow-gap semiconductor. The material is of interest for semiconductor and
microcapacitor technology.

Conclusions. The use of graphene as electrodes for batteries, capacitors to replace lithium-
ion batteries, as well as to obtain high-strength composite materials by adding small amounts of
graphene in the electronics and construction industries will solve environmental problems.

References
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CHUHTE3 BHOYTJISI HA OCHOBE OTXO/IOB EJTOYHBIX UTPYIHIEK COCEH
JKEJITBIX IEPEBLEB METOJIOM IIUPOJIU3A

TypabmxanoB C.M., Paxumona JI.C., Apunos A.X.
TamkeHTCKHi TOCyTapCTBEHHBIM TeXHUYeCKU yHUBepcuTeT uMenu Vcnama Kapumosa,
kadeapa “Dxonorus 1 oxpaHa oKpyskaromieil cpensr”’, r.TamkenT

BBenenne. OCHOBBIBasiCb Ha MHPOBOM OMBIT€ (DYHKIIMOHHPOBAHUS TPOMBIIUICHHBIX
BOJIOOYHMCTHBIX TEXHOJIOTHI, BeCbMa IEPCHEKTHBHBIM Ul Y30eKkucTaHa, OCOOEHHO B CBETE
crparernyeckux ycraHoBok IIpesmpmenta PVY3 Mupsuéesa II.M., BUAUTCA CTaHOBJICHHE
a/IcCOpPOLIMOHHBIX TEXHOJIOTUH Ha OCHOBE MECTHOI'O MUHEPAJILHOIO U MUHEPaIbHO-OPraHUYECKOro
Chipbsi. Ha cerogHsmHUN JE€Hb PacHpOCTPAaHEHHBIM U  BBICOKOA(P(PEKTHBHBIM  METOIOM
BOJIOOYMCTKHA U BOJOIOATOTOBKU SABISETCS aacOpOLUs Ui OYUCTKU IPOMCTOKOB M3 MECTHBIX
agcopoentoB. CoBceM HENaBHO, OMOYTOJib BBI3BAI 3HAYMTEIBHBIA HMHTEPEC B OOJACTH OXpPaHBI
OKpY>Karollen cpefipl, U3-3a ero 3((HeKTUBHOCTH B YAAJICHUH KaK HEOPIraHUYECKUX U OpPraHUYECKUX
3arpsi3HUTENEH M3 TMOYBBI M BOJHOIO pacTBopa. bHOyrosp MOCTENEHHO paccMaTpUBAETCs Kak
JIbTEPHATUBHBIN areHT AJIS BBIACICHUS TSOKEIIbIX METAJUIOB B TEXHOJIOIMU OYUCTKH CTOYHBIX BOJI.

Matepuanabl U MeToAbl. OTXO/BI OMABIINX EOYHBIX UTPYIIEK COCEH KENTHIX JICPEBHEB
BOBpPEMSI OCEHHETO Ce30Ha, SABJISAIOTCS MPOJAYKTaMH JKU3HEAEATEIbHOCTH PACTEHUN coJepiKalue B
COCTaBe B OCHOBHOM KIIETYATKH, 3(PHUPOB KHUPHBIX KHUCIOT, (EHONBHBIE COCTUHEHHUs. Takoi
XMMHYECKUI COCTAaB MO3BOJIMII HAM HCIOJb30BaTh PiNUS ponderosa B kadyecTBE MECTHOTO ChIPhS
IPY TOJTYYECHUU OUOYTIIS MUPOIU3HBIM METOJIOM IIPH PA3HBIX TEMIIEpaTypax.

PesyabTaThl. B3Beniennble npuMecH ObLIM yAaJ€HbI IyTEeM MHTEHCHUBHOTO IPOMBIBAHUS
BOJIOIIPOBOAHON BOJIOW, @ 3aT€M BBICYIIMBAJIUCH Ha COJIHIIE B TE€UYEHUE yeThlpeXx JIHed. CylieHble
€JI0UHBIe UTPYLIKH IPECCOBAJM, 3aT€M HECKOJIbKO pa3 MPOMBIBAJIM JUCTHIUIMPOBAHHON BOJOH,
cymmm nipu 50-60°C. Tlocie mobGaBnsui ompenereHHOe KoinmdecTBO Oenszona wimm 10%-Horo
pactBopa KOH B kauyecTBe mnopooOpas3oBarens. 3aTeM IOPOIIOK EIOYHBIX WIPYyIIEK ObUIH
npeoOpa3oBaHbl B OMOYroJib B Oeckuciopoanoi cpene B 450+5°C B Teuenne 3-4 yacoB (PUCYHOK).
ITpu BbIcokux TemmepaTypax a0 500°C MOXHO MOJNydyuTh OMOYronb (TBepAas 4yacTh MUPOJIN3A)
HU3KUM BBIXOJOM (10 16%) mponykra. OHAKO KOJMYECTBO MUPOKOAEHCATa BOBPEMS MUPOJIM3a
yBenuuuBaercst 10 50%. B 3to ke Bpems mpu HM3KuX Temmeparypax 350-395°C Ouoyrons
MOJIy4aJIi C BBICOKUM BBIXOA0M (58%) mo cpaBuenuto 500°C. Hamo oco0o moguepkHyTh TO, UTO B
uHtepBasie 2,5-3 wyacoB B mpenenax 400-450°C TtemnepaTypbl OHOYToJib TOMyYaad C
YJIOBJIETBOPUTEIHHBIM BBIXOJAOM M OTH IMapaMeTphbl SBISIOTCS ONTHMAJIBHBIMHU TIPH TOTYyYSHHH
OMOYTJIA B Ka4eCTBE aJICOPOEHTA.

3akirouenue. [IpeaBapurenbHble SKCIIEPUMEHTANIBHBIE TAHHBIE 110 MOJyYEHUIO0 OMOYIJI Ha
ocHoBe Pinus ponderosa c 1enbo yaaBiuBaHus 3arpsi3HUTENCH OPraHHYeCKOro 1 HEOPTaHUIECKOTO
NPOMCXOXKACHUSI  SIBIISFOTCS TEPCTIEKTHBHBIMHA. Hamm  fganpHeimme wccienoBaHus OyayT
HalpaBlIeHbl Ha U3yYeHHE MEXaHHW3Ma H30TepMbl M KHUHETUKHM aJCOPOLUM TOJy4YEeHHBIMH
amcopbeHTamu Ha ocHoBe Pinus ponderosa.
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SYNTHESIS OF NANOFIBERS BASED ON HUMIC ACIDS USING ELECTROSPINNING
METHOD
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Introduction. Carbon nanofibers are a material consisting of very thin fibers made of
carbon nanotubes or graphene. They have unique properties that make nanomaterials promising for
use in a wide range of applications[1-2]. Carbon nanofibers have high strength and stiffness at very
low weight. One of the main advantages of carbon nanofibers is their high electrical conductivity.
Due to this property, they can be used in a variety of electronic devices, including sensors, batteries
and capacitors, as well as in solar panels and other devices that require efficient energy transfer.
Carbon nanofibers also have excellent chemical resistance and thermal stability. They are corrosion
resistant and can withstand very high temperatures without deformation or decomposition [3-4].

Methods. In order to obtain carbon nanofibers, the electrospinning method was used. An
electric voltage of 20 kW is supplied to the solution with the help of a pump syringe. The high
voltage induces eponymous electric charges in the solution, and as a result, this coulomb
electrostatic interaction attracts the thin stream of the solution. The flow of polymer under the
influence of electrostatic force contributes to the formation of ultra-fine fibers. In this process, the
solvent evaporates and a nanofiber polymer mat is formed on the surface of the collector. 10g of
urea dissolves in 20 ml of dist water. Then add 2g polyvinyl alcohol and mix at 70°C on an electric
stove. After dissolution, 2g of humic acid is added and treated for 15 minutes at 70°C in an
ultrasonic bath. The resulting solution is poured into a syringe and passed through an
electrospinning unit. The study of the elemental composition, structure and dimension of CNFs was
carried out using energy-dispersive X-ray spectroscopy on an SEM device (Quanta 3D 200i) with
an attachment for energy-dispersive analysis from EDAX.

Results. The elemental composition and SEM image of the nanofiber obtained by the
electrospinning method are given in Fig. 1.

Element Wit% At%
C 47.17 54.06
N 22.62 22.24
o0 25.33 21.80

Na 0.14 0.08
Al 0.25 0.13
Si 0.29 0.14
Cl 1.99 0.77
K 2.01 0.71
Ca 0.19 0.06

Figure 1 - Elemental compiti and cnning electron irscope image of nanofibers
based on urea, PVA, humic acid

According to the research, 47.17 % of carbon is due to the presence of carbon-forming
organic matter in the composition, while 2.01 % of potassium may be due to humic acid, because
humic acid is derived from humate potassium salt. 22.24% of nitrogen is due to the presence of urea
and humic acid. Based on SEM results, fibers with a diameter of 291 nm to 1.77 pum were formed.
The obtained material is further oxidized and carbonized. The physico-chemical, adsorption
properties of the synthesized carbon fibers are studied, and it is planned to use them in hydrogen
gas storage.

Conclusions. The study uses available materials such as humic acid from oxidized brown
coal, polyvinyl alcohol and lactic acid. We used the electrospinning method to produce CNFs,
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which is a versatile and efficient method for producing continuous nanofibers from submicron
diameters to nanometer diameters, the technology can be easily used in the laboratory and can be
scaled up to an industrial process.
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PAJIMOMETPUYECKOE YCTPOHCTBO HA OCHOBE
BbICOKOYYBCTBUTEJIbHbIX KPEMHHUEBBIX IETEKTOPOB JIUIs1 U3YUEHUSI
JAE®OPMANMOHHBIX ITPOHECCOB 3EMHOU KOPBI

Pamxanos C.A., *Mymnaramuesa @.I'., 2Hyp6oes K.M., *Pamxanos B.C.
1®TU AH PV3, r. Tamkenr, Y36ekucTan
?Hasomiickoe otaenenne AH PV3, Y36ekucran

KuroueBsble ci10Ba: KpEMHHM, paJoH, paIMOMETP, FAMMa U3JIyYEHUE, SKCXAIIALMS PaloHa.

Beenenne. JlehopMaiioHHbIe MPOLECCHl MOCTOSHHO MPOTEKAIONME B 3EMHOM Kope
BBI3bIBAIOT M3MEHEHHE MHTEHCUBHOCTU MOCTYIUICHUS pajioHa B aTMOc(epy, YTO MOXKET SBISATHCS
NpeAnochlIKaMu  Ie(pOPMALIMOHHBIX TpoleccoB B Heapax 3emid. MccnenoBaHue BCIUIECKOB
00BEMHONM aKTUBHOCTH paZOHa B IIOYBEHHOM BO3AYXE MOXKET MPUMEHSThCS s MPOTHO3a
ne(OpPMALMOHHBIX MPOLECCOB 3eMHOW Kophl M 3emierpsceHuid. CoznaHue yCTpoiicTBa ¢
JETEKTOpaMH JUIsl U3MEPEHUSI HOHU3UPYIOIIMX H3JIyYEHUH SBISETCS aKTyalbHOU 3aJauei.

Metona. bbuto pa3paboTaHo painoMeTpUyecKoe YCTPOWCTBO, COCTOSAIIEE U3 JIBYX MU TPEX
paauoMeTpoB. B kaxkaoM W3 paglOMETpPOB  HCIOJB3YETCS  ONPENENICHHBIM  THI
BBICOKOUYBCTBUTEJIbHBIX JIETEKTOPOB OJJHOBPEMEHHO U3MEPAIOIINEe 00bEMHYIO aKTUBHOCTh PaJJOHA
B IIOYBEHHOM BO3/lyX€ M AKTHUBHOCTh I'aMMa HU3Jy4Y€HHUS, a TaKXKe TEeMIIepaTypy M BIIaXHOCTb.
Y CTpoicTBO TakKe MOXKET OJHOBPEMEHHO U3MEPSITh 0OBEMHYIO aKTUBHOCTh PaJIOHA B BOJIE, [TOYBE
U Bo3jayxe. TexHOoIorus M3roToBi€HUs pa3paOOTaHHBIX JAETEKTOPOB U CTPYKTypa yCTpOMCTBa Ha
OCHOBE BBICOKOUYBCTBHUTEJIBHBIX JIETEKTOPOB ONKcaHa B padore [1].

Pesyabrar. bBeutn mpoBeneHbl u3MepeHUs OObEMHON aKTHBHOCTH pajioHa Ha CTaHIUU
®uznko—rexuuueckoro nHcturyra AH PVY3 r. TamkenTa. Pe3ynbpTarsl HcciaenoBaHuil mokasaiu,
YTO B nepuo JehopMalMOHHBIX MPOLIECCOB 3€MHOM KOpBI HAOJIOIaeTCsl aKTUBHOCTD ICKXAJIALUN
pazoHa U Kak ciecTBue uepe3 6-40 4acoB IpOUCXOANT 3EMIIETPSICEHHUE.

Ha puc.l mpencraBieHa [guHaAMHKa OJKCXaJNSIUU paZioHa Tepe]] TEKTOHWYECKUMU
3emisieTpsceHuaMu. 3a mnepuon ¢ 01.01.24r.-31.01.24r npoumsomno 15 3emueTpsiceHHid ¢
MarHutyaamu 4-7 Ha Tepputopun Mexay Adranucranom, Tamkukucrad, Kupruscran, Kurail u
Kazaxcran(Anmarsl). PaccTosiHMe 10 30UIEHTPOB 3emiieTpsceHuit coctaBisieT A0 650-900km.
BpeMsi Mexay akTMBHOCTBIO KOHILIEHTpAlMH pajOHa M 3€MIIETPSCEHHEM COCTaBWIO OT 6 1o 14
4acoB. cM [2].
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AMW“)WWM :

O6béMHan aKTMBHOCTL papoHa, Br/m®

Pucynoxk 1 - tuHamuka skcxansiuu pajoHa

Puc.1. [Jlunamuka »skcxansuuu paaoHa 3a nepuoa ¢ 01.01.24r.-31.01.24r. nepen
3EMJIETPSICEHUSIMU CM.[2].

1-o0beMHast aKTUBHOCTh PaJIOHA,

2-TemMneparypa, 3-BIaKHOCTb.

BoiBoa. B janHO#il paboTe TPOBENECHBI HCCIEIOBAHUA DPAAUOMETPaAaMU M IOJYUYEHBI
AHOMAJIbHBIE BCIUIECKM KOHIIGHTpAallUM paJoHa nepen nedhopMalusMU U CONOCTaBICHHBIE B
MOCJIEJICTBUH 3eMiIeTpsiceHneM. Peannzanuu nporuosa 3eMseTpsiceHUui TpeOyeT CO3/1aHUs CUCTEMBI
MOHHMTOPHHTA MO0 BCEH CEMCMOAKTUBHON TEPPUTOPHUHU.

Cnucok JinTeparyphbl.
1.Hyp6oes K.M., MymnnaranueBa ®.I"., Otaboes C.K., Mapunos M.U. Pa3paboTrka MHOTOKaHaIHHOTO

paanuoMeTpa Ha OCHOBE KPEMHUCBLIX NCTCKTOPOB 6OJ'H)HH/IX pPasMEpOB IJId SKOJIOTMYCCKUX I/ICCJ'ICI[OBaHI/Iﬁ
// Topusiii BecTHUK Y30ekucTana. Ne 4 (95) 2023.—72-74c. DOI:10.54073/GV.2024.4.95.018.
2.ds.iris.edwseismon/index.phtml. [Tocneqaue 3emnerpsicenus B peruone LlenTpansHoi A3un.

SYNTHESIS OF CARBON NANOMATERIALS BY CVD METHOD

Mendaliyev G.K., Samatkyzy A., Kazankapova M.K., Yermagambet B.T.
«Institute of Coal Chemistry and Technology» LLP, Astana, Kazakhstan
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Introduction. CVD methods are constantly being improved and expanded in new directions.
It is CVD, due to its simplicity and low cost, that is currently a promising technology for the mass
production of CNTs and graphene, the cost of which on the market for 1 kg ranges from 20 to 100 $
and from 100 to 450 $, respectively, from the purity of the product. Chemical vapor deposition
makes it possible to obtain nanoparticles through high-temperature decomposition reactions or the
interaction of gaseous precursors on a sample or substrate (production of films) or in the volume of
a reactor/chamber (production of powders).

Methods. In the work, experiments on CNTs synthesis were carried out by chemical vapor
deposition on copper substrates at atmospheric pressure. Methane was used as a precursor gas, and
copper foil with a thickness of 30 um was used as a substrate. The formation of graphene on copper
is much simpler: a carbon-containing gas decomposes into carbon and hydrogen atoms, and carbon
falls on the surface of the metal and forms a graphene film. In addition, carbon atoms are not
distributed in the copper volume, because the solubility of carbon in copper is very low (1000 times
lower than in nickel). In addition, the formation of the second layer of graphene on copper does not
occur, because copper acts as a catalyst in gas decomposition, and copper is covered by graphene
and its catalytic activity decreases sharply.

Results. The experiment was conducted at a temperature of 900°C in a tube furnace BR-
12NT, the composition of the gas mixture is Ar+H2+CHs4 . According to the results of the SEM
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study, it can be seen that carbon nanotubes of d~40-80 nm were formed on the surface of the copper
plate (Fig. 1 (a)). The contact AFM method allows one to study the morphology of solid-state
samples and evaluate roughness. It is possible to obtain both a 2D 1-figure (b) and a 3D 1-figure (c)
AFM image.
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Figure 1 — SEM (a) and AFM (b-2D, c-3D) images of CNT

Conclusions. Synthesis of CNTs on copper surface, process parameters and properties of

obtained product were studied by CVD method using methane as carbon source, argon and
hydrogen as buffer gases on a large scale. To synthesize CNTs, we used the method of gas-phase
chemical deposition (CVD) of gases (CH4), which allows us to utilize greenhouse and acid gases,
which will have a beneficial effect on the environmental situation.
The research was carried out with the financial support of the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. AR19577512.
Development of scientific and technical foundations for the production of microporous carbon
nanomaterials for the separation and storage of hydrogen).
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BBenenne l3yueHne MHOrOYACTUYHBIX KOPPEIANMH W (QIIyKTyaluil pacrpeneseHus
BTOPUYHBIX YaCTHUIl YacTO HCIOJIb3YETCS JUIsl IMOMCKAa KBapK-TJIIOOHHOM IUIa3Mbl, IOCKOJIBKY
o0Opa3oBaHUe BTOPMYHBIX 4YacTHIl M3 (haiiepOoia HOCUT KOJUIEKTHBHBIA Xapaktep. TpyAHOCTb B
uAeHTU(PUKAIMK 00pa30BaHUs KBApK-TJIIOOHHOW IUIa3Mbl 3aKJIH0YaeTcs TJIaBHBIM 00pa3oM B TOM,
4TO OHa o0pa3zyeTcs Ha OOMIMPHOM (hOHE M3-3a OOBIUHBIX MPOILIECCOB CUIBHOIO B3aUMOJICHCTBHUS.
HauanpHoe cocTostHME, O KOTOPOM OOBIYHO MMEETCS OYE€Hb MaJlo MPSIMOW SKCIEepHUMEHTAIbHOMN
UHOpPMAalIUHY, TPUBOJIUT K 3HAUYUTENIBHBIM (DIYKTyallMsiM B paclpe/ieleHUd BTOPHUYHBIX YacTHIl U
¢parmenToB. [lpm 1EHTpaIbHOM CTOJKHOBEHHH B3aMMOJEHCTBYEeT MAaKCHMalbHOE YHCIIO
HYKJIOHOB. EciM cronkHOBeHHe mepudepuitHoe, TO MEpPEeKpbITHE SAep SBISAETCS HEMOJHBIM, U
KBapK-TJIFOOHHAs TJIa3Ma T€HEPUPYETCs TOJIBKO YaCcThI0 MMPOTOHOB U HEUTPOHOB M3 KaXKJOTO sIpa.
CrnenoBarenbHo, (paliepOoi1 paciIupseTcss aCUMMETPUYHO.

Taxum 00pa3oM, B 3aBUCUMOCTH OT '€OMETPUU CTOJIKHOBEHHUS JOJKHBI OBITh OOHAPYKEHBI
GuyKTyaluu CpeAaHero 3Ha4YeHHs paclpesielieHus] MCeBIO0ObICTPOThl BTOPUYHBIX YacTull. Jlis
U3Yy4eHHUsI 3TUX (QIUIyKTyaluil ObUTH MpoaHaAIM3UPOBaHbl B3aUMOACHCTBUS siI€p 30JI0Ta C dHEpruei
10,7 I'>B u snep kpemuus c sueprueit 14,6 [3B ¢ sapamu ¢porosmynscun. B kaxxaom coObITuu
Obula paccudTaHa CpenHss ICeBIOOBICTpOTa <n> s MOHMCKA BO3MOXHOIO OTKJIOHEHUS
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HalpaBJICHUA MCIIYCKaHUs BTOPHUYHBIX 4YaCTUL H3-3a T'COMCTPHUH CTOJIKHOBCHUS WM OPYTrux
NpUYHMH. 3aTeM OBUIO MOCTPOCHO pacIpeiesieHue CpeaHeil MCeBIOOBICTPOTHI, PAaCCUNTAHHOE IS
Ka)XJIOT'O OTJICJALHOI'O COOBITHS.

beino ycranoBiieHO, 4TO pacmpenenacHue <n> s B3ammojerctBuii AU + Em siBisercs
ACHMMETPUYHBIM THIIOM M TpEACTaBiIsieT co00il IBYropOOBOe pacmpenesieHHe €O CpPEIHUMHU
3HAYEHUSAMHU MUKOB <n> ~ 235 m <n> ~ 2,85. JIns cpaBHEHHUS TO K€ pacrpeieieHue s
HKCIEPUMEHTANBHBIX JaHHBIX Si+Em He nMMeeT XapakTepHOIo BBHITYKJIOCTH B OOJACTH OOJIBIIOrO
<r|>_

Ha ocHoBe anammusa IIOBC€ACHUA NHACKCA XepCTa CcOOBITHS OBLIN pa3aciiCHbl Ha HCCKOJIBKO
TUIIOB: HCKOPPEINPOBAHHEBIC, C KOpOTKOHeﬁCTBYIOIHHMH KOopp€isinusiMu, C ,I[aJIBHO,Z[efICTBYIOHIHMH
KOoppCiiinuiaMu U cmemadueiii  THn. CoObITHS Pa3HbIX THUIIOB CYIICCTBCHHO PpPa3jIMvarOTCAa
(bpal"MeHTaI.[HefI AApa-CHapsaaa, MHOXCCTBCHHOCTBIO BTOPHYHBIX YaCTHL H HCCB,Z[O6BICTpOTHbIM
pacinpeaciCHucM. CoObITus CMCIIaHHOI'O THUIlIa HUMCHOT «aHOMAaJIBHOC» pacupeaciiCHUC
HCGB,Z[O6I>ICTpOTZ O6p8.3y}OTC5I ABC I'PYIIIIbl BTOPUYHBIX YaCTHLl € CYIIECCTBCHHO Pa3JIM4YarOIIUMHUCH
nceBgo0bpicTpoTaMu. CoOOBITHSI B OCHOBHOM COOTBETCTBYIOT ILIEHTPAJIbHBIM B3aUMOJICHCTBUSAM
TsokensiX saep Au ¢ nerkumu sapamu CNO. Bo B3ammopelcTBusSX cpeaHux suep Si ¢ sapamu
($OTOAIMYJIBCUN «aHOMAJIbHBIE)» PACIIPENETICHHS NCEBIOOBICTPOT HE OOHapykeHbl. Bompoc o Towm,
MoYeMy aHOMAJIbHOE paclipe/ie]ieHHe MCceBI00bICTPOT (0OHApYKEHHOE BO B3aUMOJeHCTBUAX AU +
CNO) ne nabGmomaercss Bo B3ammoneiictBusix Si + CNO, TpeOyeT TIIATETBHOrO H3YyYCHHS.
BepOHTHO, 9TO CBA3daHO C CYHICCTBCHHO pa3H0171 CTCIICHBIO aCMMMCTPUHU BBaHMOﬂeﬁCTBYIOMHX
SAEp.

HccnenoBanue BBIMONHEHO NMPU (UHAHCOBOM mopanepkke MunucrepctBa OOpa3oBaHus U
Hayxu Pecniy6nuku Kazaxcran (rpant Ne AP14869032).
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BJIMUAHUE TEMIIEPATYPbBI HA D®OPEKTUBHOCTDb IPEOBPA30OBAHUA
COJIHEYHOT O 3JIEMEHTA HA OCHOBE INOJIUKPUCTAJIVIMYECKOI'O
KPEMHUA

KaGynos P.P.
Ouznko-rexandecknit THCTUTYT AH PVY3, r.Tamkent, Y36exucrtan

krr1982@bk.ru

KiroueBble €J10Ba: COJIHEUHBIM 3J€MEHT, MOJIMKPUCTANINYECKUN KpeMHUH, K03 UIUEeHT
MOJIE3HOTO ACUCTBUSL, CUMYJISITOP COJTHEYHOTO U3ITy4EHUSI.

Beenenne: VccnenoBanue OTOIIEKTPUUECKUX XAPAKTEPUCTUK COJIHEYHOro 3seMeHTa (CD)
Opd  pa3IMYHBIX TEMIepaTypax OKpYy)Kalolled cpenbl JacT BO3MOXHOCTh  yCTaHOBHTH
SHepreTuyeckue norepu, umeromue mMecro B CO M yCTaHOBUTh TEMIIEpPATypHBIA JuUana3oH, Iae
spdexktuBHO OyayT GYHKIUMOHMpOBATH (oToMomynu cocrosmme w3 CD ¢ 3aJaHHBIMU
napaMeTpamH.

Metoabsl: B nanHoil pabGoTe OBUITM TMPOBENEHBI HKCIEPUMEHTAJIBHBIC HCCIICOBAHUS
HArpy304HBIX BOJBTAMIIEPHBIX XapakTepucTuk (BAX) CD mnomambio 2 cM? Ha OCHOBE
HOJMKPUCTAIUIMYECKOr0 Kpemuusi (pc-Si), npu pasnuunbix temmeparypax (T) B ycioBusix
HOPMAILHOTO OCBELIEHUs Puopw = 80 MBT/cM?, OT cHMyNSTOpa CONHEYHOro u3Iydenus. O6pasen
TIPH «CTaHIAPTHBIX TecToBble yciouax» - Standard Test Conditions (STC), P = 1 KBt/M?,
T=25°C) [1], umen xoaddunuent nonesnoro aevcteus (KILJI) = 17.0£0.2%. DxcnepuMeHTaIbHbIE
UCCIIeIOBaHMs MPOBEICHBI Ha uccienoBaTenabckoM komiuiekce Oriel Sol 3A kmacca AAA ¢
MCIIOJIb30BAHUEM CHUMYJISITOpPA COJIHEUHOTO M3itydeHuss Monens - 94043 A.

PesynbpTarel: DKCHepUMEHTATIbHBIC HCCIIEIOBaHMsA ToOKazanu, uyto ¢ poctom T KIIJ pc-Si CO
(puc.1) ymenbiiaercs auHeitHo ot =~ 17% gm0 = 13%.
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Puc.1. Temneparypnas 3asucumocts KI11 (Efficiency) monu-Si CD

BoiBoabi: M3BecTHO, 4yTO B oTianMuue oT wuaeanbHoro CO, peansHbli CO XapakTepusyercs
HAIMYUEM TO0CIe10BaTeNbHOTO (Ruoc) 1 myHTHpyromero (Ruw) comporusnenuii [2]. Habmogaemoe
nosenenue KIIJ[ (puc.l) ¢ poctrom T ¢ usmenennem Ruoc U Rw mox neiictBuem P [2]. U3
HKCIEPUMEHTOB YCTAHOBIEHO, YTO Ruoc pacter ¢ poctom T, a Ry ymenbmaercs. Poct Rpoc 1
yMeHbIlIeHNEe Ry IPUBOJUT K HEXeNaTeabHbIM oTepsM (poToreHeprupoBaHHoi MommHocTH CO.
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IHHOJYYEHHUE AJIMA3HBIX INIEHOK C HAHOKPUCTAJIIAMH 15R-SiC
METOAOM I'A3O0®A3HOU JIIUTAKCHUH
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e-mail: kutlimratov5401@mail.ru

KuroueBble cjioBa: ruieHka anmasa, metoq CVD, snurakcusi, HaHOCIIOM, KapOua KpeMHUs

Anma3, KpoMe TBEpPAOCTH, XMMHYECKOH M TEPMOCTOMKOCTH, MPEICTaBIsEeT emie OOJbIIoi
MHTEPEC KakK IOJIyIPOBOJHUKOBBII Marepual C LIMPUHOM 3amperieHHod 30Hbl ~5.5 3B [1]. B
CO3/1aHUM MPHOOPOB JIEKTPOHUKU HCIOJIB3YIOTCS €r0 MUTAKCHAIBHBIC TUICHKH, BHIPAIICHHBIC Ha
Pa3IMYHBIX MOMJIOXKKAX. AJIMa3HbIe IUIEHKU MOJYyYarOT Pa3JIMYHBIMU METOJAMH, CPEOu KOTOPBIX
ocoboe mecto 3anumaet metog CVD [2].

Hamu anma3zHble MIIEHKU BBIPAUIMBAJIUCh HA KBAPLEBBIX U KPEMHUEBBIX MOJIOKKAX, TAK KAK
KBapIl MPEACTABISIIOT OONBIION MHTEpEC KaK MaTrepuall, YCTOMYMBBIM K BO3JIEHCTBHIO BBICOKHX
temneparyp (o 1000°C) u arpeccuBHO# cpene, a KpeMHUM, Hanboyiee U3YUYEHHBIM MaTepual c
TexHoNornueckoil Touky 3perns. KTP kpapua (0.57-1.32)-10° 1/K, a KTP anmaza (0.9-1.45)-10°
1/K, 4TO mO3BOJSIET MOMYyYaTh IUICHKH, HMPUTOAHBIE JUISI CO3JaHUs NMPUOOPOB ONTO3IEKTPOHUKH.
Poct anmasnbix mieHok ocymectisics CVD MmeronoM B cpele cMecu MapoB BOAOPOA-METAHOI
(H-CH30OH-NH3) ¢ no6aBnenuem Hexkotoporo konmyectBa ammuaka (NHs). [Ipu 3ToM HEKOTOpHIE
TEXHOJOTMYECKHE OCOOCHHOCTH OBLIM 3aMMCTBOBAaHBI U3 JHUTEpaTypbl [3], a TakkKe Yy4YTEHBI
pe3yNbTaThl HAIUX MPEKHUX UCCIeT0BaHUN [4].

AHanu3 paMaHOBCKOrO CHEKTpa BBIPALIEHHOM aJIMa3HOM IUIEHKW MOKa3all, 4TO Ha CHEKTpe
BUJIHBI OJlee MIMPOKUE TIHKH ¢ 1eHTpamu okono 1351 em™ u 1603 cm™?, o6ycnosnennsie anmazom
1 TpadguTOM (HEYNOPSAHOYEHHBIM YIJIEpPOAOM SP2), COOTBETCTBEHHO, M OTHOCHTENHHO HM3KHH M
IAPOKHUI MUK ¢ IEHTPoM okono 1570 cml, cooTBeTcTBYIOMMIT MoMMTHITY Kapbuaa kpeMuus 15R-
SiC. Bupa sroro muka mokasbiBaeT, uyTo moiutun 15R-SiC HaxoauTcss B MOJMKPHUCTAIUTHYECKOM
aJIMa3HOW MJIEHKE B BMJIE HAaHOKPHCTAJUIMYECKUX YacTULl. Bce 3TO MmokasbIBaeT, 4TO B aJIMa3HBIX
IUIEHKaX MPHUCYTCTBYIOT Kak HaHOKpUCTawIbl onutuna 15R-SiC, Tak 1 rpadUTOBBIC BKIIOYCHUS.
[Tpu 3TOM cieayeT ydecTb, YTO TOHKAsl CTPYKTypa HE MOXKET OBITh JIETKO OMNpE/esieHa M0 CIEKTpPY,
CHSITOMY TIpM KOMHATHOM Temrieparype. Kpome Toro, Mbl mpejmnoyiaraem, 4To MOJUTUII KapOuia
kpemuus 15R-SiC pacronoxkeH emie ¥ B BHAE TOHKOW IJICHKH, WTPAOLICH pPOJIb MEPEXOIHOTO
Oy(epHOro HaHOCIOS MEX]y HOJUIOKKON M alMa3HOW IJICHKOW, O YeM CBHJIETENbCTBYIOT Oolee
y3KHe U HU3KHE 110 BhIcoTe muku pu 770 e 1 795 em, a Taxxke mpu 980 e,

Pabora BhIMONHEHa B paMKax (pyHIaMEHTAIbHBIX MCCIEIOBAHUHN MO MPOEKTY J1abopaTOpuu
«PoCT MomynpoBOHUKOBBIX KpUCTAILIIOBY DU3uko-TexHudeckoro nHcTutyTa AH PY3
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IOJIYYEHME 3MUTAKCHAJIBHOI'O CJIOSI TBEPJIOTO PACTBOPA (GaAs)1.y-
2(Ge2)y(ZnSe); C HAHO KPUCTAJJIAMM U3 ) KUJKOH ®A3bI, U UCCJIEJOBAHUE
UX CBOMCTB

Caugos Al, Kananos M?, Yemonos 111, Canapos 11, Dmonxomxkaes JI°
Ydusnko —Texunuecknii macturyr AH PV3,
2MucrutyT speproit gusuku AH PY3, r.Tamkenr, noc. Yiyroek
8 AHAMXaHCKHI MAlIMHOCTPOUTENIbHBI MHCTUTYT
E-mail: eshonxojayevdilmurod34@gmail.com

KiawueBble cioBa: TBepaplii pacTBOp, HAHOKPHUCTAIUIBI, KHAKO(pAa3HAs SIHUTAKCHUS,
criekTpanbHas (poTouyBcTBUTENBHOCTh, ACM n300pakeHue.

BBenenmne: BripanmmBaHue IOTYIPOBOJAHUKOBBIX TBEPABIX PACTBOPOB TPEICTABIISCT
HECOMHEHHBIN UHTEpeC ISl pa3BUTHS COBPEMEHHOTO MOIYNPOBOJHUKOBOTO MPUOOPOCTPOCHHUS, TaK
KaK TBEPJIbIA PACTBOP, CHHTE3UPOBAHHBIN U3 HECKOJIBKUX TOTYIPOBOJHUKOB KOMIIOHCHTOB, MOYKET
00BeAMHUTDH B ce0e TOCTOMHCTBA Ka)XJI0ro U3 KOMIOHEHTOB [1,2]. TBepaslii pacTBOp, COCTOALIUI
u3 komroHeHTOB GaAs, ZnSe m Ge mpencraBisieT HECOMHEHHBIM WHTEpEC, TaK KaK CyMMa
KOBaJCHTHBIX PAJNYyCOB aTOMOB MOJIEKYJ 3THUX MOJYIPOBOJHHUKOB OY€Hb ONM3Ka, a 3HAYECHUS
HMIMPHUHBI 3alpeHIeHHBIX 30H B HUX (Eg) pasnuuarorcs 3HauntenbHO (Eg, caas = 1.43 9B, Eg, znse =
2.68 5B u Eg, ce = 0.673B).

Metoabl: Bo3MOXXHOCTE 00pa3oBaHHsS TBEPAOrO PAcTBOpa MOJIEKYJIIPHOTO 3aMEUICHHUS
Mexay komrnoHneHtamu GaAs, Ge u ZnSe Oblia OlleHeHa Ha OCHOBE KPUTEPUEB, MPUBEIACHHBIX B
dopmyinax (1) u (2).

Az=(z,, +2,)—(z, +2,)=0 (1)

Ar :‘(rm + I‘V)—(I’” + 1, )‘ S()-:I-'(r||| + |§/) (2)

CoriacHo 3THUM KPHUTEPHSM, BAJICHTHOCTh B3aWMO3aMEUIAIONIUX KOMIIOHEHTOB JOJDKHA OBITH
OJIMHAKOBOHM M Pa3HOCTh KOBAJIEHTHBIX PAJMYCOB MOJEKYIN He Jo/bkeH mpesbimaTth 10%. Tak kak
CyMMa KOBaJEHTHBIX PaJIMyCOB aTOMOB MOJIEKYJI 3TUX MOJIYIPOBOJHUKOB O4YEHb OJnM3Ka (FGa + lAs
=244 A, rzn + rse = 245 A u rge + rge = 2.44 A), 1 BaJEHTHOCTHU OJIMHAKOBBI U PaBHBI 8, TO
KpUTepUn 00pa3oBaHUs TBEPAOrO pacTBOpa 3aMELIECHH BBIMOJHAIOTCSA. CleanoBaTeNbHO MOXKHO
cKa3aTh, 4To KoMIoHeHThl GaAs, Ge n ZnSe moryT o0pa3oBaTh TBEPbI PacTBOP 3aMEIICHUS C
XOpOIIeH KpUCTAITOTpauuecKoi CTPYKTYpOH.

PesyabTaTbl: [I0BEepXHOCTh MOMYYEHHBIX SMUTAKCHAIBHBIX TUICHOK OBLIO MCCIIEOBAHO HA
cKkaHupymomeM 30HI0BoM Mukpockone SPM  9700HT (Shimadzu). Ilpu wuccienoBanum
MOBEPXHOCTU TUICHOK ObUTM OOHApYyXEHHH HAaHOKPHCTaUIbl  BbIicOTOM 6,5-7,5HM. Illupuna y
OCHOBaHUSl HAHOKPUCTALIOB cocTaBisia ~ 120-150um. KoHueHTpamusi HaHOKPUCTAIOB Ha
TIOBEPXHOCTH UTAKCHATBHOM TeHKH coctasuseT 2,5-108cm?. Jlnanazon poTodyBCTBHTEILHOCTH
n-GaAs-n+(GaAs)1-x-y(Ge2)x(ZnSe)y cTpykTypbl oxBaThBaeT 00JacTh SHEPruu (GoToHOB OT 1,35B
1o 2,5 3B, ¢ makcumymamu tipu 1,63B , 2,05B u 2,43B.

BeiBoabl: Tsepapiii pactBop, cocTtosmuii kKoMroHeHTOB GaAs, ZnSe u Ge wumeer
COBEpPILEHHYIO CTPYKTYPY U IIMPOKUH auana3oH (OTOUYBCTBUTEIBHOCTH, YTO JTAET BO3ZMOXKHOCTD
M3TOTOBJICHHE UTMPOKO30HHBIX (DOTONPUEMHHUKOB.

Jluteparypa:

1. Matteo Lusi. Engineering Crystal Properties through Solid Solutions. Crystal Growth & Design. 2018,
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2. A. S. Saidov, Sh. N. Usmonov, and D. V. Saparov. Structural Studies of the Epitaxial Layer of a
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INOJIYYEHME IVIEHOK ITO MOJAN®PUITNPOBAHHBIM METOJ1OM CVD

CauyioB A.C.1, Xaxuen M.V .12, Kytimumparos A L, XKypaes X.H.12
YDusuko-rexunueckuii nactuTyT AH PY3, r.Tamkent, Y36ekuctan
2HNY « TalIKeHTCKUI MHCTUTYT MHKEHEPOB MPPUTALIMK U MEXAHU3AIIMHU CENTBCKOTO X03sicTBa» I. TallKeHT
E-mail: knjuraev@uzsci.net

Kuarouebie cioBa: muieHka ITO, momudumnupoBanusii CVD-mMeTon, KucaopoaHas cpena,
CUHTE3, YIEJIbHOE COIIPOTUBIICHHE.

[Tnenku ITO (okcuabl MHAMUS U 0JIOBA) B HACTOSIIECE BpEMs HMIMPOKO MCCIEAYIOTCS C IENbIO
UCIIOJIb30BAaHUSI MX B KAuecCTBE MPO3PAYHBIX SJCKTPOIMPOBOISIIMX CIOEB B TOHKOIUICHOYHBIX U
MOJIMMEPHBIX coJIHeUHbIX 3neMeHTax (CD) [1], B opranuueckux cBeronuonax (Cl), momyuaeMbix
Ha crekie [2], a Takxke B ra3oBeix ceHcopax [3]. Iloromy uro, marepuan ITO sBisercs
BBIPOXKICHHBIM MOJYIPOBOAHUKOM N-THUIA C HU3KUM YCIbHBIM COITPOTUBIICHUEM [4].

Martepuan ITO kak moixynpoBOJHUK UMEET OOJBIIYIO MUPUHY 3anpenieHHoON 30HbI (Eg ~3,5-
3,6 3B), Onaromapss 4eMy OH TPO3pa4eH B BUIAMUMOW OOJACTH CIEKTpa 3JICKTPOMArHHUTHOTO
manyyenuss [1, 5]. On nponyckaer no 80-85% mnanmaromiee Ha HHUX CBETOBOE H3JIyYEHHE B
ontuieckom auamna3zone 450—1100 um u cHmkaetr GoTooTpakeHre B CrieKTpaibHON obmactu 310-
1048 uM, crieoBaTeNIbHO, CIIOCOOCTBYIOT MOBBIIICHUIO KBAaHTOBOM 3 dexktuHocTr CI [5].

CyIecTBYIOT pa3iudHble crocoObl mosiydeHus: mieHok [TO, HO B OCHOBHOM MOJydaiu
METOJIOM BBICOKOYACTOTHOI'O MarHeTpOHHOTO HambuteHHs [5]. Bee 3Tu MeTobl TPEOYIOT CIIOKHBIX
U TPOMO3JKUX 000pYyIOBAaHUH, a MOyYCHHBIC TUICHKH UMCIOT HEOOIbIIINE pa3Mephl, U 3TH METOJIbI
HE TMO3BOJISOT ofy4yaTs mieHoK [TO 6onpmmx pa3mepos.

Hamu mnenkun ITO momywanuce momudpuimpoBanHbiM CVD-mMeTonoM B KBa3W3aMKHYTOM
o0Beme, Iie MPOoLeCcC OCAXACHUS MJICHOK MPOUCXOIUT MPU HOPMAILHOM aTMOC(HEPHOM J1aBICHUU
0e3 yuyacTus raza-HocuTelssd. B 3ToM MeTo/ie peareHThl [01at0TCs Ha MOBEPXHOCTD MOAJIOKKH, TIe
MCIIApUBIIKECS MOJEKYIbI BelecTB, cocTaBusomumx IN203 u SnO2, TepMudecku pacnaiarTcs U
BCTYIasi B PEaKII0 CHHTE3UPYIOT Ha MOBEPXHOCTH MOUIOKKHU cioeB ITO, cocrosmux u3 cMmecu
IN203 u SnO,. Pacman peareHTOB MPOUCXOAWT TpH Temieparypax Bbime 160 °C um mporecc
ocaxzaenus |ITO mpousBoauTcs B BO3AyXe, TaK KaK MPOIYKT OCAKICHHS SBISETCS OKUCIIOM, U
MOATOMY KHCIIOPOJHAsI Cpe/la He momexa mporeccy ocaxaeHus. [lomyyennsie mienku [TO umenun
yzienbHoe conpoTusienue p ~ (2,0-2,5)-10% Om-cm.

Jlureparypa
1. Yu-Hsiang Huang et al. Method for making a thin-film poly-crystalline silicon solar cell on an
ITO substrate. Feb.23 2010, USA patent US7666706
2. Malik O., Grimalsky V., De la Hidalga W.J. Spray deposited heavy doped indium oxide films as
an efficient hole supplier in silicon light-emitting diods. J Non Cryst Sol, 2006 -V.352, -P.1461-
1465
3. C. Jeong, C. Shin, D. Kim, J. Chae, Y. Kim. An ITO/AU/ITO thin film gas sensor for methanol
detection at room temperature. Trans. Electr. Electron. Mater., 2010, -v. 11, N 2, pp. 77-80.

4. lIsiyaku A.K., Ali AH.,, Abdu S.G., Tahan M., Raship N.A., Bakri A.S., Nayan N.
Characterization and Optimization of Transparent and Conductive ITO Films Deposited on n and p-
types Silicon Substrates. Journal of Theoretical & Applied Physics. / Phys. Memoir vol. 2, no.1, pp.
15-24, 2020. https://physicsmemoir.online

5. Kpsuios I1.H., 3akuposa P.M., ®enoroBa N.B. Ontuueckue coiicta mieHoK ITO, moimyyeHHbIX
BBICOKOYACTOTHBIM MarHeTPOHHBIM HAMbUICHUEM C COMYTCTBYIOLIEH HOHHON 00padoTkoii. du3nka
U TEXHHKA MOJTyTPOBOAHUKOB, 2013. Tom 47, Beim. 10, ctp. 1421-1424, 2013.
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MOJEJUPOBAHUE PEAJIMCTAYHBIX CUCTEM C NCITIOJIb3OBAHUEM
METOAOB ®YHKIIMOHAJIA 9JIEKTPOHHOMU IIVIOTHOCTH

Bbyxsanos /.
College of Science, Nanjing Forestry University, Nanjing 210037, China
2Satbayev University, Institute of Physics and Technology, A25A1G8, Alma Ata, Kazakhstan

Teopernueckoe omnucaHHe U MpeAcKazaHue (U3NYECKUX W XUMHUYECKUX CBOWCTB
MaTEpUAJIOB SBISIETCS BaXXHOW COCTABHOM YacThl0 COBPEMEHHOIO IOAXOJAa K HCCIECIOBAHHIO
CYUIECTBYIOIIUX MaTepUaloB U pa3paboTke HOBBIX MarepuaioB. OmHuM u3 Haumbosee
pacnpoCTpaHEHHBIX IMOAXOAOB Ul TEOPETUYECKOIO0  ONHUCAHMs MaTepUaIOB  SIBISETCS
UCIIOJIb30BaHUE METOJ/IOB, OCHOBAHHBIX Ha (PyHKIHMOHANE 3MeKTpoHHOH iotHOocTH (DOII). DT
METO/Ibl TIO3BOJIAIOT CUMYJIMPOBaTh aTOMHYIO CTPYKTYPY PEajbHBIX CHUCTEM, KaK YHUCTBIX, TaK U
coaepKanmx 1eeKThl, MOACIHPOBATh KOH(DUTYPALMU HECKOJIBKUX JIe(PEKTOB, TaK K€ BO3MOKHA
CUMYJISILIUS MacCuBa M TOBEPXHOCTH, OIIEHKAa XMMHMYECKON CTaOMJIBHOCTHM M KaTaIUTUYECKUX
CBOICTB moBepxHOCTe. B naHHOM J0Kiazne Ha mpuMepe psaa padoT C ydacTHEM JOKJIaT4uHMKa
Oyzer moOKa3aHO, Kak MeToJbl, ocHoBaHHble Ha @DOIl Moryr OBITH MCIONIB30BaHBI IS
MOJIEJTUPOBAHUS PA3JIUYHBIX CUCTEM.

B ocHoBe Meronos, ucnonb3yromux DOOII nexuT nepexox OT ONUCAHUSA COCTOSHHUS
K)KJ0r0 3JIEKTPOHA IPU MOMOIIM BOJHOBOM (DYHKIMU, K OMMCAHUIO B3aUMOJEHCTBUS IEKTPOHA
C 00JaKOM »HJIEKTPOHHOM IUIOTHOCTH, CO3/1aBaeMOi BCEMM JJIEKTpoHaMH. Takol moaxon
MO3BOJIIET CBECTM MHOTOYACTUYHYIO 337a4y K OJHOYACTUYHOM, YTO J€JIA€T BO3MOXKHBIM PACUET
CHCTEM COJIEepKalllUX MHOXECTBO aToMOB. CrenyromuMm NpUOIMKEHUEM, HCHOJIb3YEMbIM B
COBPEMEHHBIX IporpaMmax i MozenupoBanus merogamu OOIII sBisercs ucnojp30BaHUE
IICEBJIONOTEHIMANOB. B 1aHHOM mnpuONIMKEeHUH, BCe BHYTPEHHME 3JIEKTPOHHBIE OpOUTAIN
paccMaTpuBalOTCA Kak 4acTb si1pa, U MPOU3BOAMUTCS ONUCAHHE TOJIBKO BAJIEHTHOrO ciiosi. Takoi
MOJIXOJ TO3BOJISIET ONMUCBIBATH CBOMCTBA CUCTEM, COAEPXKAIIMX HECKOIBKO COTEH aTOMOB C
MCIIOJIb30BaHUEM OJHOIO HWJIM HECKOJBKHUX CEpPBEPOB, 0€3 HCIOJIb30BaHUS CYNEPKOMIIBIOTEPOB
WIM JIPYTMX MOIIHBIX BBIYMCIUTEIbHBIX LIEHTPOB.

Jnsg  ocyuiecTBieHHs pacu€ToB  METOJAaMH, HCHOJb3yHOIMMH npubamxenne OII1
JIOCTaTOYHO MMUHUMAJIbHOM MH(OpMAIMKM O XMMUYECKOM COCTaBe MCCIIEyeMOro MaTepuana U ero
NpUOIU3UTENBHON CTPYKType. OTa HaudaiabHas MHGOpMaus MOKET ObITh MOJyuy€Ha METOJaMH
PEHTI€HOBCKOW TU(pakuuu (s yIOpSA0UEHHBIX CTPYKTYP), PEHTT€HOBCKOM (hOTO-3JIEKTPOHHOMN
CHEKTPOCKONUU 1 BUOpalMoHHOM cnekTpockonuu (PamanoBckue u nHppaxpacHsle cnekTpsl). Ha
OCHOBaHUU DKCIEPUMEHTAJIbHBIE JAHHBIX CTPOUTCS HadajabHasl aTOMHAasi CTPYKTypa UCCIIELYEMOT0
MaTepuaia. Tak e B KauecTBE HayalbHOW CTPYKTYypbl MOXET ObITh HCIOJIb30BaHA
TUIOTETUYECKas CTPYKTypa MaTepuaa Wik KOHUrypauu 1epeKToB B peaabHoM Marepuaie. Ha
OCHOBaHUU 3TOW MH(OPMALIUU TPOU3BOIUTCS PACUET SIIEKTPOHHOMN IUIOTHOCTH BCEH CTPYKTYpHI U
JBYDKEHUS BAJICHTHBIX OSJIEKTPOHOB, IOCJIE YEro BO3MOXKEH pacyér Ooyiee 3HEpPreTHYecKu
BBITOJTHOM aTOMHOHM CTPYKTYpbl U Ha OCHOBAaHWH ONTHMAJIBHOW aTOMHOW CTPYKTYPBI BO3MOYKEH
pacyér MOJHOM PHEPrUU CUCTEMBI M (PU3UYECKUX CBOWCTB MaTepHasioB (MarHUTHBIX MOMEHTOB,
SHEPruil BaJICHTHOW U MPOBOJASIIUX 30H U T.II).

B kauectBe wmtocTpauuMii IpUMEHeHUs MeTooB Ha ocHoBe ®OII g onumcanus
PEATMCTUYHBIX CTPYKTYpP, OyJeT paccCMOTpPEHO J1Ba Tuma 3ajaad. [lepBblit THUI 3a/1a4y BKIIIOYAET B
ce0s MOJEeNUpOBaHHE B3aUMOJEHCTBHS MEXIy AedekramMu (IMpUMECSIMH M BaKaHCHSMM) B
MacCcHBE M Ha MOBEPXHOCTH MOJIYIPOBOJHUKOB (KPEeMHHMsS, AMOKCHJA TUTAHA U OKCUAA I[MHKA).
Pe3ynbpTaTsl pacu€ToB M SKCIIEPUMEHTAJIbHBIE JTaHHBIE TIOKA3BIBAIOT, YTO B3aUMOJICHCTBUE MEXKIY
nedexraMu TPUBOAUT K (POPMHUPOBAHUIO CTAOMIBHBIX JIOKAIBHBIX CTPYKTYp C XHMHUYECKHUM
COCTaBOM M CTPYKTYpoHM OJM3KUMH K peaJbHbIM BemecTBaMm. Jlpyrum mpumepom
WUTIOCTPUPYIOIIUM BO3MOXKHOCTH MeTO/I0B Ha ocHoBe @Dl sdBnsercs MojaeauMpoBaHueE
XUMHUYECKON CTAOMIIBHOCTH U KaTAIUTHYECKUX CBOMCTB JIByXMEPHBIX MOHO- U TUXaJIbKOT'€HU/IOB.
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Ha ocnoBanum comoctaBienus pacu€toB metogamu DOl u maHHBIX PEHTTEHOBCKOW (HOTO-
AIEKTPOHHOU CHEKTPOCKOIMUHU MOKa3aHa CKIOHHOCTh OOJBIIMHCTBA MOHO- M IUXAJIbKOTCHHUIOB K
OKHCIICHUIO TMOBEpPXHOCTH. Ha OCHOBaHMM pacu€roB IOKa3aHO, KaK COOTHOILLUEHUE 3HEPTHH
3K30TEPMHUYECKOr0 MPOLECCa OKUCIEHUS U SHAOTEPMUYECKOIO MPOLecca UCKAKEHUS IBYXMEPHOU
MeMOpaHbl Ha HAYAJIBHBIX CTAIUAX OKUCJICHHS BIUSET HAa CTAOMIBHOCTh XaIbKOTEHUIOB. Tak ke
OylneT TMOKa3aHo, Kak C ucrosib3oBaHueM wMeToqoB OOl MOXHO ONUCHIBATH BIUSHUE
(GbOpMUPOBAaHUS OKCHIIHOTO TOBEPXHOCTHOTO CJIOS HA KATAJTUTHYECKHE W CEHCOPHBIC CBOMCTBA
XaJIbKOT€HUIHBIX MaTepuanoB. Tak ke MpeacTaBieH METOJ Ul OLUEHKH BKJIaJa OT SHTPOIHH B
SHEPrUI0 HEKOBAJIEHTHOM aJCOPHUMU Tra30B Ha IIOBEPXHOCTH, YTO SBISIETCS BaXXHBIM IS
OMMCAHUS KaK XUMUYECKOM CTaOMIIBHOCTH IMOBEPXHOCTHU, TAK M CEHCOPHBIX CBOMCTB.

[IpencraBieHHble  pe3yJbTAThl, JEMOHCTPUPYIOT BO3MOXXHOCTH  3(PPEKTUBHOTO
UCIIOJIb30BAaHUS MOJEIIMPOBAaHUA MeTonaMH ucnonb3yrommMu OOl g onucanus
GUBHYECKUX M XUMHYECKUX CBOWCTB pPEATbHBIX MATEPUAIOB, COJEPIKAIIUX COOCTBCHHBIE
nedeKThl U IPUMECH, XPAHSAIINXCSA U UCTIOTIb3YIONINXCS B 33JaHHBIX YCIOBHSIX.

HCCJEIOBAHME IIEPMEBBIX TBEPABIX HOCUTEJIEM JJISI TOJIYUYEHUA
BOAOPOJA B COJTHEYHbBIX PEAKTOPAX

Axaros XK.C., 3ydapos M.A.*, Typaues JK.III
OU3HKO-TEeXHNYECKUH HHCTUTYT AKaJleMun Hayk PecrryOnuku Y30ekucTan

*E-mail: marsuz@mail.ru

KiroueBble ¢j10Ba: OKCU LIEPHs, BOJOPO/I, PACIICTUICHHE BOJIbI, YHEPTETHKA, TOPUCTOCTD.

BBenenne. B Hacrosimee Bpemsi akTUBHO pPa3padaThIBAIOTCS allbTEPHATHBHBIC WCTOYHUKU
sHeprud. OJHMM U3 TaKUX HWCTOYHHKOB SBIISCTCS BOAOPOA. VIcmonb3oBaHHWE CHCTEM
npeoOpa3oBaHUsl COJTHEYHOM 3HEPruu JUIsl MMPOU3BOJACTBA BOJOPOJA, SBISETCS MHOTOOOEIIAIOINM
COJTHEYHBIM TOTUTMBOM. TE€PMOXUMHYECKHE Kbl PACIIETUICHHS BOJBI B COYETAHUHN C HCTOUHHKOM
COJIHEYHON PHEPTuu MpeACTaBIAI0T cOOOW OJMH M3 BapHaHTOB IMPOU3BOJCTBA BojxOpona. B Takux
TEPMOXUMHYECKUX MPOIECCAX YACTh COJIHEYHON SHEPTHH COXPAHACTCS B XUMHUYECKUX MPOJIYKTaX C
y4eToM T00anbHON Y3 PEeKTUBHOCTH Ipoliecca.

B kayecTBE OKHMCIMTENIBHO-BOCCTAHOBUTEIBHOTO MaTepualla, Hapsay ¢ JApyruMy,
ucnonb3yercss okcun uepus CeOz. JlaHHBIH MaTepuan HCHONb3YeT IBYXCTAJUHHBIN crocol
HOJTy4YeHUs BoZopoa 1o cienyromeit cxeme: CeO2 <> CeOz, + [1/2*02 (T>1300°C) — mepBas
craaust u CeOzr - + [TH20 <> CeO; + [1H2 (T = 700 -1000°C) — Bropas crausl.

Cpenu pa3iMYHBIX BHUJOB MOPUCTON KEpaMMKH ceTdaras MOpHCTas KepamMHKa MpHUBJIEKAeT
3HAYUTEIHHOE BHUMAHHE U3-3a CBOEH UpE3BBHIYAifHO BHICOKOW MOPHCTOCTH M MOXKET MaKCUMAaIbHO
UCIIOJIb30BATh MPEUMYIIECTBA 3TOTO Kiiacca Martepuaios. [1-2]

Metoasl u pe3yiabTaTbl. OOpas3ipl TOTOBHJIM METOAOM PEIUTHKAIMH TIOJHYPETAaHOBOU
matpunibl (RPC). B xauectBe marpuisl Obimu uicnionb3oBanbl [IITY ¢ pasmepom sueex 20,30,40
ppm, B pe3yibTaTe W3TOTOBIECHBI OOPA3Ibl STYCUCTHIX KEPAMUYECKHX MATEPUAIOB C JTHAMETPaMH
coobmraromuxcs nop 0,2—1 mm. [nukepHble CycrieH3MH TOTOBMIIMCH HA OCHOBE BOJJHOTO PacTBOpa
Ce0, + ZrOCls + xuakoe CTeks0 ¢ 00ObEMHBIM COOTHOIICHHEM TBEpAOH W kuakoi (asz 40:60,
UMEIOIMX TMPEUMYIIECTBEHHO KOaryJsHOHHBIE KOHTAKTHl MEXIy YacTHLIaMH TBEPABIX (a3.
[MonyyeHHble 0Opa3IBl MPOXOAMIN TEPMOOOPaboTKy mpu Temmeparypax 1200 - 1400°C. Beum
npoBeieHbl uccnenoanus (azosoro cocraBa (XRD), repmuueckux (DSC) a Takxke mpoYHOCTHBIX
CBO#CTB. Pe3ynbraThl Mokasaiu, 4yTo CriekaHue o0pasioB HauwHaercst mpu 950-1000°C, oGpasibl
KpUCTATU3YI0TCA B Kyonueckoi mogudukanuu CeOz, B 3aBUCUMOCTH OT TEMIIEPATyphl CIIEKAHUS
pasMepsl 3€peH CTPYKTYpPHI cocTaBisuid oT 1 g0 3-4 MukpoH. Ha ganHOM 3Tamne pemaiach 3ajada
BbIOOpa ONTUMAIBHBIX PEXXUMOB JUIS MOJYUYEHUS MOPHUCTHIX 00pa3loB TpeOyeMoil MOPHCTOCThIO U
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npeaesioM MpPOYHOCTH Ha cxartue. IIpenen mpounoctu Ha cxkarue coctasisi 0,4 — 0,9 Mlla, B
3aBUCUMOCTH OT TEMIIEpATypbl CIIEKaHUs U IOPUCTOCTH UCXOTHON MaTPHILIBL.

BeiBoabl. Kepamuueckue Marepuansl, MOJyYEHHBIE IPONUTKONW KapKAacOB ONTHUMAaJIbHBIMU
CyCIeH3UsIMH, 00J1a1aii OTKPBITOM MmOpucTOCThi0 A0 85% u mpouHocThio npu cxkatuu 0,4 - 0,9
Mlla. Ins mocTiXeHus: HAMOONBIINX 3HAUYECHUH MPOYHOCTH TpeOyeTcs NalbHeHas OnTHMHU3ALNs
cocTaBa IUIMKEPOB MyTeM Moj0o0pa MIacTU(UKATOPOB, MO3BOJSIOUIUX YBEIUYUTh B CYCIIEH3USIX
00BEMHYIO JOJI0 CIEKAeMbIX IIOPOIIKOB IPU COXPAaHEHUH IPUEMIIEMBIX PEOJOIMUECKHUX
XapaKTEPUCTHK.

Jlureparypa:
1.Pullar, R.C.; Novais, et al. Review of Solar Thermochemical CO; Splitting Using Ceria-Based
Ceramics With Designed Morphologies and Microstructures. Front. Chem. 2019, 7, 34.
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Applied Energy 2017, 188, 620 - 651.

NEPUPEPUYECKUE B3AUMOJENCTBUS SIIPA KUCJIOPOJA 0 C IPOTOHAMMU
IIPU UMITYJIBCE 3.25 A I'3B/c

Omumos A. K.
Ouzuko-Texanueckuii HHCTUTYT Akagemun Hayk pecrryonuku Y36ekucras, r. TamkeHT

KuroueBble cioBa: my3bpIppbKOBasi Kamepa, KUCJIOPO, 0-4acTULa, SAPO yriiepod-12, npoToH
OTJauu, IPOTOH-(PAarMeHT, 1u(ppaKLus, CeUeHUEe, KBa3UyNpyroe BbIOMBaHUE.

[IpencraBieHbl 3KCIEPUMEHTAIBHBIE PE3yNbTAaThl U3YUEHHS pa3Bajia siipa KUCIopoa Ha 2-X
U 6-Tu 3apsaHble (parMeHTbl, Ha OJHO- U CEMHU3aps/iHble (parMeHTbl, a TaKXKe Ha 4YeTbIpe
JBYX3apsIHBIX (parMeHTa BO B3aUMOJCHCTBUSAX C mpoTroHamu mpu 3.25 A [»B/c. Dkcnepu-
MEHTAJIBHBII MaTepuaj MOJy4YeH € MOMOIIBI0 OJHOMETPOBOM BOJAOPOJHOM Iy3BIPBKOBOM KaMepbl
JIBD OUAU, obmydueHHOU simpamu Kuciopoaa Ha JyOHEHCKOM CHHXpO(ha30TpoOHE W COCTOUT W3
6ornee 10 000 MOMHOCTHIO M3MEPeHHBIX °Op-coObiTnii. CpeaHsas OTHOCHTENbHAS TOTPELIHOCTH
M3MEpEHUS UMITyJIbca OHO- U MHOT03apsIHbIX (hparMeHTOB He npeBbiaeT 3.4 %. OTHocuTenbHas
IOTPEIIHOCTh M3MEPEHHs MMITyJbCa IPOTOHA OTAAa4d B cpeiHeM coctaBisier 5 %. [pyrue
METOIMYECKHE 0COOEHHOCTH IKCIIEPUMEHTA MTpUBEIEHBI B [ 1].

B pesynbprare mM3ydeHus pasBaja sapa KHUCIOpoAa Ha 2-X W 6-TU 3apsiiHble (parMeHTHI
onpesieieHo cedeHne MUMPAKIMOHHOTO pasBaia sapa KHCIOpoAa Ha o-dyacTHiy M -2C, KOTopoe
okazasnoch paBHbIM 3.01 + 0.36 M6H. Takxke nmokazano, uto 27% (1.12 + 0.22 mOH) kaHana pa3Baia
A7pa KUCIOPOAa Ha o-4acTHIy U “2C OCYIIECTBIAIOTCS B Pe3yNbTaTe MEXaHHM3Ma KBa3HyHPyTrOro
BbIOMBAHMSI TPOTOHOM-MUIIIEHBIO OJTHOTO U3 0-KJIACTEPOB sijipa Kuciaopoza [2].

W3yden kaHan pa3Baiia sipa KMUCIOpO/1a Ha siApo a30T -15 v npoToH-PparMeHT. Y cCTaHOBIIEHO,
yTO cedyeHHe AM(PAKIMOHHOIO pasBaja sAApa KHUCIOpOJa Ha TMPOTOH-pparMeHT M sAapo N
coctaBnsier 1.90 + 0.28 mOH. CeueHue KBa3HyIpYyroro BbIOWBAaHUS OJIHOTO W3 MPOTOHOB sjpa
KHCJIOpOo/ia oKa3asioch paBHbIM 3.39 + 0.38 mOH [3].

WuTepecHble pe3ynbTaThl ObLIM TMOJY4YEHBl IPU aHAIM3€ pa3Baja sjapa KUCIOpoJa Ha
YyeThlpe JBYyX3apsiHbIX (parmeHTta. OCHOBHAas 4YacTh pas3Baia siapa KUCIOpOJa Ha 4YeThIpe
IByX3apsaaHbIX (pparmenta (89 + 9%) cocTouT U3 5-TU JIydeBbIX (BKIIOYAs YETHIPEX 2-X 3apsiAHBIX
¢parmenTa). B 76 + 8% coObITHAX comepkuTcs IpoToH oTnauu. [Ipu pasBane siapa Kucaopoaa Ha
YeThIpe JBYX3apsIHbIX (parMeHTa YuciIO COOBITHI C MPOTOHOM-()ParMEHTOM OKa3aloCh PaBHBIM
qUCITy COOBITUI C T -Me30HOM. UHCIIO COOBITHI COBMECTHOTO 0Opa3oBaHus MPOTOHA-(PparMenHTa ¢
T'-ME30HOM, WM K€ NPOTOHA-()parMeHTa C 7 -ME30HOM HIIM K€ TT'-ME30HA C OTPHUIATEHHBIM
MMUOHOM OKa3aJIuCh OJIMHAKOBBIMH [4].

Omnpeneneno ceyeHue NU(PaKUMOHHOIO pa3Baia sfapa KHUCIOpPOJa Ha YEThIPE O-4aCTHUIIBI,
KOTOpoe OKazajoch paBHbIM 1.42 + 0.25 MOH. B pesynbTare anmpokcumali WHTETPaIbHOTO
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CIIEKTpA I10 KBaJpaTy MOIEPEYHOr0 MMITYJIbCa MPOTOHA OTAauM B peakuuu °0 + p — 4a + p Mol
BIIEPBBIC ONPEACIIMIN 3HAYCHUE pajuyca MPOTOHA, KOTopoe okazaynock paBHbIM 0.84 + 0.05 ¢dwm,
4TO B Ipejeiax CTaTUCTMYECKUX IOTPELIHOCTEH COBMANaeT C 3KCIEPHUMEHTAIbHO HaNJEHHBIM
3HAYEHHEM JJIEKTPUUECKOT0 paanyca npotoHa, paaoro 0.83 +0.01 ¢m [4].

Jlurepartypa
1. Glagolev V.V. et al. Eur. Phys. J. A, 2001-V.11, —p.285-296.
2. Kosim Olimov et al., Intern. Journ. of Modern Physics E, 2016. —\ol.25,—.1650023-34.
3. Kosim Olimov et al., Intern. Journ. of Modern Physics E 2016. —Vol 25, p.1650060-73.
4. Kosim Olimov Intern. Journ. of Modern Physics E 2022. —Vol. 31, p.2250088-98.

OKCHEPUMEHT NEWSdm

Canpixos K. T.
TOO «Puzuko-Texunueckuit Muctuty Anmarsl, Kazaxcran
zhakansadykov@gmail.com

KiroueBble  cioBa: TeMHas  MaTepus, HaHOpasMepHas  slepHas  OMYJIbCHI,
cJ1a00B3aMMOJICHCTBYIOIIME  MAcCCHBHBIE YaCTHMLbl, ONTHYECKHE CKAHUPYIOLIME CTaHIIUH,
aCTPOHOMUS

BBenenne: B HacTtosmiee Bpemsl CylIeCTBYeT OOJIbIIOE KOJUYECTBO KOCBEHHBIX
OKCIIEPUMEHTAJIbHBIX YKa3aHWM Ha CyIIeCTBOBaHME TeMHOM Marepuu [1-3]. DkcnepumeHT
NEWSdm [4] ocHOBaH Ha ¢uKkcanuu HampaBlIeHUI TPaeKTOpUH sifep OTIa4yu, 0Opa30BaBIINXCS B
pe3yibpTare ynpyroro B3aMMOJECHCTBHS sIIEp MHUIIEHM C YaCTHLIAMM TEMHOW MAaTepUHu H3
rajjlakTU4eckoro rano, uro ominyaeT NEWSdm oT crangapTHbeIX HU3KO(OHOBBIX 3KCIIEPUMEHTOB
II0 MOMCKY YaCTHIl TEMHOM MaTepuy, OCHOBAaHHBIX HAa aHAJIW3€ I'OJOBBIX MOIYJILUN KOJIWYECTBA
3aperuCTPUPOBAHHBIX COOBITHI.

Metoabl: DKCIIEPUMEHT UCIOIB3YET TBEPAOTEIbHYIO MUILLIEHD JIJISl IPSMOI0 IOUCKA YaCTHII
TEMHOM MAaTE€pUH C MOMOILBIO BBICOKOUYBCTBUTENBHBIX SIIEPHBIX AMYJIbCHI C HAHOPA3MEPHBIMU
3epHaMu C MPUMEHEHHUEM JJIsl X 00paOOTKU CKaHUPYIOIIMX MHUKPOCKOIIOB C YHUKAJIBHO BBICOKUM
IIPOCTPAHCTBEHHBIM Pa3pEIICHUEM.

SnepHast SMyJlbcUs MPEACTABISAET COOON CYyCHEH3UI0 Ha OCHOBE JK€IaTHHAa C PaBHOMEPHO
pacripe/ie/IeHHbIMU 110 00beMY CBETOUYBCTBUTEJIBHBIMU KpHCTANIaMH rajlonjHoro cepedpa AgBr,
ABIIAIOIIMMUCS  “‘CeHCOpaMu’” TPOXOXKICHHS 3apsDKEHHBIX dacTull. BceneacTBue HoHM3aluu,
IIPOU3BOJUMON TPOJIETAIONIEH 3apsDKEHHOM YacTULEH, NMPOUCXOAUT BOCCTAHOBJIEHHE KaTHOHOB
Ag+ Ha moBepxHOCTH KpucTaIoB AgBr, m mocie oOpaOOTKH TPOSIBUTENEM ‘‘TIOBPEKIEHHBIE
KpUCTaNIbl O00pa3ylOT KOHIJIOMEpaThl aTOMOB METAJUIMYECKOro cepedpa, pa3lIuuyuMble O[]
MHUKPOCKOIIOM B BHUJE YEpHBIX 3€peH. B pe3ynpTaTe BO3HMKAET LENOYKA IMPOSIBICHHBIX 3€PEH
cepebpa, KOTOpast BOCIIPOU3BOJUT TPAEKTOPHUIO IBUKEHHUS YaCTHIIBI.

Yto0b! 3apUKCHPOBATh HANIPABICHHOCTh TpaekTopuil yactull TM, neTexkTop M0KEeH UMETh
MOCTOSIHHYIO MPOCTPAaHCTBEHHYIO OPUEHTAIIMIO B HANPaBJICHUHU co3Be3us Jlebens, Bl1oJIb KOTOPOTro
Conneynas cucrema aBuxercs B ['amaktuke. C 3TOHM 1enbio 3MynbcHOHHBINA AeTekTop NEWSdm,
coOpaHHBI U3 siAepHbIX dMynbcuii NIT, Oyaer ycTaHOBIEH Ha CTaHJAPTHBIA SKBATOPHAIIbHBIN
TeJECcKoIl, U, ciaeaoBatenbHo, BUMII-uacTuiel 6y1yT NpuxoauTh Ha IETEKTOP

Pesynabrarnl:  IlocTpoeHHas cucremMa CUMTBIBAaHMA JAaHHBIX [5]  JI€MOHCTpUpPYET
NPUHLIMIIAAIBLHO HOBBIM MOAX0A K 00paboTKe SKCIEpUMEHTa B HAHOMETPUYECKOM JHara3oHe,
COBMeIIIas MOILITHYIO HU(POBYIO anepTypy 0ObEKTUBA MUKPOCKOIIA CO CBETOBBIM MOJISIPU3ATOPOM, U
o0ecreunBaeT BbICOKOE MPOCTPAHCTBEHHOE U MUKCEIBbHOE pa3pelleHne, a Tak)ke KOHTPACTHOCTh U
SAPKOCTh H300pakeHUs,, HEOOXOOUMBbIE MJIs HaIeXKHOH pErucTpallud HaHOPa3MEpPHBIX TPEKOB,
00pa30BaHHBIX 3€PHAMU METAJIMUYECKOr0 cepedpa B A1epHON SMYIbCHH.
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BeiBoabl: B pe3ynbraTe SKCIepUMEHTa MpemnoiaraeTcs 3a(UKCHpOBaTH HAIPaBJICHHBIC
TPAEKTOPHHU SIJICP OTAAYM B PE3YJIbTATE YIIPYTOro B3aUMOJICUCTBUA C YaCTUI[AMU TEMHON MaTEepUH C
AQHAJTM30M TOJOBBIX MOJYJISIMHA KOJMYECTBA 3apErHCTPUPOBAHHBIX CcOOBITHH. llopsimox mmH
0KUJAEMBbIX TPEKOB SIACp OTJAa4d B SIACPHOM 5SMYJIbCUM COCTABUT HECKOJBKO JECATKOB
HaHOMETPOB.
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KOHBEKTUBHOE CMEHIEHHME B I'A30BbIX CMECAX, COAEPKAIIIUX
ITAPHUKOBBIE I'A3bI

1 2 2
Kocos B.H, ®enopenxo O.B., Ceiinaz T.M.
1
KasHITY um. AbGas, Anmatel, Kazaxcrtan

2
Ka3HY um. ans-dapadu, Anmatsl, Kazaxcran
e-mail: seydaz.talgat@mail.ru

KawueBble ciaoBa: nuddysus, KOHBEKIUS, NApHUKOBBIC Ta3bl, JIMHEHHBIA aHaIW3 Ha
YCTOMYMBOCTH, yncna Pames.

Beenenne: OnbITBl 0 M3YYEHHIO MHOTOKOMIIOHEHTHOTO CMEUIEHMsST B Traszax IpH
NOBBIIEHHOM JaBieHuu [1], nuddy3un napos pacTBOpOB B MHEPTHBIN ra3 [2] 3aperucTpupoBaiu
KOHBEKTHBHbBIC TEUEHHs, TPUBOJAIIME K CHHEpreTuueckomy 3¢Q¢ekTy, CBSI3aHHOMY CO
3HAUUTENbHBIM YBEIMYEHUEM CKOPOCTH CMELIEHUS KOMIIOHEHTOB CHCTEMbl U WHTEHCHUBHOCTHU
MacCOIlEpeHOca, KaK IMPaBHJIO, CaMOT0 TSDKEJIOr0 IO IUIOTHOCTH KOMIIOHEHTa CMecH. Takom
NEPEeHOC He TUMIMYEH Ui quddy3un.

MeTononorusi uccjieaoBaHus: Bo3Hukaromuii B MHOTOKOMITOHEHTHBIX T'a30BbIX (KHJIKHX)
cMmecsX 3P PexT MperMyIIeCTBEHHOTO MEPeHoca ONpeAeIEHHOT0 KOMIIOHEHTa CMECH MOXET ObITh
UCMOJIBb30BaH NPU OYHMCTKE MHPUPOJHOIO M IOMYTHOrO HE(PTAHOrO ra3oB OT KOMIIOHEHTOB,
BBI3bIBAIOIIMX MapHUKOBBIA 3(PexT. [loaTomMy packpbiTHe MEXaHU3MOB BIMSIHUS AUPPY3HOHHBIX
CHOCOOHOCTEM MapHUKOBBIX Ta30B HAa MHTEHCU(UKAIMIO KOHBEKTUBHOIO CMEIIEHHUS B PEXUME
IPUOPUTETHOTO MEPEHOCa KOMIIOHEHTA C 33JJaHHBIMU CBOWCTBAMU SIBJISIETCS AKTYaJIbHOW 3a/jauei.

Pe3yabTaThl ucciaenoBanms. Mccnenosanus npoBoauiauch ¢ cucremoi Hz + R12 — Ar B
Jrarna3one KoHIeHTpamuii ppeona-12 ot 0,058 1o 0,319 monpHBIX mosneit pu p = 0,29 MIlaun T =
298,0 K. Koa¢ppunmentsl B3aumMHol 1uddy3un KOMIOHEHTOB MPU HOPMAIBHBIX YCIOBHSIX UMEIOT
crenytomue 3Haqenns: Dy, = 0,725-10* mM?/c, Dy gy, = 0,365-10* M?/c, Dy, = 0,101-10 MP/c.

B pacuerax ObUI MCIOJIB30BAaH IMIMHIPUYECKHH KaHal CO CIEAYIOUMMH TE€OMETPUYECKUMU
xapaktepuctukamu: d = 6,1-10° m u L = 70,05-10 m. ITo pesynsTatam pacdera ObLIH TIONydYEHBI
pacripesie/ieHus] KOHIIEHTPAlluii KOMIIOHEHTOB M IUIOTHOCTH CMECH MO0 JiIHHE Iu(Py3HOHHOTO
KaHajla, a TaKke KapTa ycTOWYMBOCTH Ha riockoctH (Rai, Raz) C B3auMHBIM pacrojioXeHUeM
JMHUM YCTOWYMBOCTH U HYJIEBOI'O IPaueHTa INIOTHOCTH U NapLHaIbHBIMU YKciIaMu Pases.
BbiBOABI: AHATU3 MOJTyYEHHBIX JaHHBIX CBUJETEIBCTBYET O TOM, 4TO B cucteme Hz + R12 —
Ar HaOmroaeTcsi HeJIMHEHHOE pacrpesiesieHne KoHIeHTpanuu R12, a B 1uama3zoHe KOHIEHTpAIHi
¢peona-12 ot 0,2 mo 0,319 mMonbHBIX Aonel MPoUIb MIOTHOCTH UMEET MHUHHUMYM, T.€. B ATOH
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o0acTi peanusyercs KOHBEKTHBHBI pEXHUM NPUOPUTETHOro ImepeHoca ¢peona-12. Pabora
BhITIOJIHEHA 1Tpu (puHaHcoBor noaaepxkke KH MHBO PK (rpant AP14870237).

JIureparypa:
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Vol. 2150, No. 1. — 012014.
2. DiI’'man V.V., Lipatov D.A., Lotkhov V.A., Kaminskii V.A. Instability in unsteady-State
evaporation of binary solutions into an inert gas // Theor. Found. Chem. Eng. — 2005. — Vol. 39, No.
6. —P. 566-572.
3. Budroni M.A., Lemaigre L., De Wit A., Rossi F. Cross-diffusion-induced convective patterns in
microemulsion systems // Phys. Chem. Chem. Phys. — 2015. — Vol. 17. — P. 1593-1600.

CPABHUTEJIbHBIN AHAJIN3 XAPAKTEPUCTHK 3APSIKEHHBIX IIMOHOB B p'2C-
U n2C-COYIAPEHUAX IIPU 4.2 I'3B/c

Xynoiibepaues .Y ., Onumos K.
OU3NKO-TEXHUYECKUH HHCTUTYT AKaJIeMUH HayK pecryOnuKku Y30ekucraH, TamkeHT

KutoueBble ciioBa: my3bIpbKOBas Kamepa, HEyInpyras Iepesapsiika, IpOTOH, HEWTPOH, O-
qyacTuua, yriaepoa-12, cpenHss MHOXECTBEHHOCTb, IIOJHBIA UM IIONEPEYHBIA HUMILYJIbCHI,
napuualbHeIA K03 GUIMeHT HeypyrocTu

B mnacrosimeit pabote mnpencTaBiieHbl 3KCIEPUMEHTAJIbHBIE JaHHBIE 10 CPABHUTEIBHOMY
aHaNM3y XapaKTePHCTUK 3apsKEHHBIX MuoHOB B pr?C- m n'?C-coymapenmsx mpu 4.2 I'sBlc.
OKCHEpUMEHTAJIBHBIE  PE3yNbTAaThl  CHCTEMAaTHYECKH  CPaBHUBAIOTCA C  NPEACKa3aHUsIMU
moaudunmpoBannoit mogenu FRITIOF [1,2].

OKCIEpUMEHTAJIBHBIII  MaTepual TOJy4YeH C I[OMOILIBI0 2 METPOBOM NPONaHOBON
y3bIpbKOBOIl Kamepbl Jlaboparopuu BbICOKMX 3HEepruil OOBEIMHEHHOTO WHCTUTYTA SAECPHBIX
UCCIIeIOBaHMM, 00Ty4eHHON IyYKaMH ITPOTOHOB, IEMTPOHOB U ai-yacTUll ¢ uMitysiscoM 4.2 A I'3B/c
Ha JlyOHeHckom cuaxpodazorpore. CpeHsisi OTHOCUTENIbHAS MOTPEITHOCTh U3MEPEHUSI UMITYJIbCOB
3apsOKEHHBIX NHOHOB cocTaBisieT 11%, uisi MpoTOHOB 3Ta BenuMYMHA He mnpesblmaer 6%. B
IPOIaHOBOM My3BIPHKOBOM Kamepe MPOTOHBI W 7T -ME30HbI BU3YaJIbHO HIEHTUQHIM-PYIOTCS B
oOmacti ummynbeoB p < 750 MaB/c. Iponenypa paznenenus ObICTpbIX MPOTOHOB (p > 750 MaB/c)
u n*-Me30H0B TpuBeneHa B [3]. HeiiTpon-yrieponssie coynapenus Beiienens u3 d2C- u “He'?C-
B3aMMOJEMCTBHUI B COOTBETCTBUH C IIPOLEAYPOM, IPUBENEHHON B [4].

Cpenssisi MHOXKECTBEHHOCTh OTPULATENIbHBIX (TIOJIOKUTENIbHBIX) MUOHOB, 00pa30BaHHBIX B
HEUTPOH-YIVIEPOJHBIX COYJApEHHUsAX, OKa3ajachb OJMHAKOBOM CO CpENHEH MHOXKECTBEHHOCTH
MOJIOKUTEIBHBIX (OTPULIATENbHBIX) MTHOHOB, POKJICHHBIX B IPOTOH-YTJIEPOIHBIX COYAApEHUSX.

PazHocTH  cpeHMX ~ MHOMKECTBEHHOCTEH  OTpULATEIbHBIX  (MOJOKUTEIBHBIX) U
MOJIO)KUTEIBHBIX  (OTPULIATEIBHBIX) MHOHOB B HEHUTPOH-YIVIEPOIHBIX (IIPOTOH-YTIEPOIAHBIX)
COyJapeHus X OKa3aJuchb OJuHAKoBbIMM M paBHbiMH 0.28 + 0.02. Dra pa3HuMma cBsi3aHa C
JIOTIOJTHUTEIbHBIM 00pa30BaHUEM OTPHUIATEIBHBIX (ITOJIOKUTEIBHBIX) MTHOHOB 3a CYET HEyNpyrou
nepe3apsiIku  MCXOJHOro HeHTpoHa (IMpOTOHA) B HEUTPOH-YITIEPOAHBIX (MPOTOH-YIIEPOIHBIX)
COyJapeHusiX.

CriekTpbl MOJHOTO M MPOJOJILHOTO HMITYJIbCA OTPULIATEIbHBIX (ITOJIOKUTEIbHBIX) IMHOHOB
OKa3aJuch 0oJiee KECTKUMH, YEM TaKOBbIE MOJOKHUTEIbHBIX (OTPUIIATENIbHBIX) TMOHOB B HEUTPOH-
yIAEpOIHBIX (TIPOTOH-YIJIEPOJHBIX) COYJapeHHsX. OJTO OOCTOATENbCTBO TaKKe CBSI3aHO C
o0pa3oBaHHEeM OBICTPHIX OTPULIATENBHBIX (IIOJIOXKUTEIbHBIX) THOHOB 3a CYET HEyInpyroi
nepe3apsiiIki UCXOIHOTO HEHTpoHa (MPOTOHA) B T - (7+)-MEe30H.

Momudunmpoannas moxens FRITIOF [1,2] mepeorieHuBaeT cpeqHue MHOXECTBEHHOCTH
3apsSUKEHHBIX MHOHOB B N*2C- n pt2C-coymapenusx npu ummyisce 4.2 T9B/c, 4T0 B CBOIO 0uepenb

Anmamet, 15-16 pespans 2024, https://sci.kz/ 37


https://sci.kz/

ISBN 978-601-08-3798-0 Mamepuaner || Mescoynapoonoi kongpepenyuu namsmu axademuxa 2.1 5ooc

CBs3aHA C TIEPEOICHKON BHYTPHSACPHBIX KACKATHBIX TIPOIECCOB B O0O0JIACTH (PparMEHTAIMH
MuilieHu. B Toxke Bpems sTa mozenb [1,2] Xopolio OnmMChIBa€T HKCHEPU-MEHTATIbHbBIE 3HAYEHUS
NapUUaIbHBIX  KO3(PUIMEHTOB HEYNPYrOCTH 3apsHKEHHBIX IHOHOB B  pacCMaTPUBAEMBIX
COyIapEHUSX.
9KCHepI/IMeHTaHBHO MNOATBCPKACHO BBIIIOJIHCHUC THMIIOTC3bI H30TOIINYECKOU HWHBAPUAHTHOCTb
CHUJIBHOT'O BBaHMO,HeﬁCTBHH.

Jlutepartypa
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KHNHEMATHYECKHUE CIIEKTPbI OTPUIATEJIBHBIX IIMOHOB ITPAMOI'O
POXKJIEHUA 1 OBPA3OBAHHBIX OT PACITAZIA A°- U A-U30BAP B d*?C-
COYJAPEHUSAX ITPU 4.2 A I'3B/c

Omumos K., I'ynamos K.I'., Cysanos A.1., OnumoB A K.
DrKo-TeXHIHeCKWH MHCTUTYT AKazniemin Hayk pecrtyOnvkw Y 30exvcTas, T. TarkeHt

KuroueBble cioBa: my3bIpbkoBas Kamepa, u300apa, IPOTOH, T -ME30H, HEyIpyras
nepesapsizika, aJipoH, 11po, JIeUTPOH, YIIepo.

[IpencraBieHsl HOBBIE AKCIEPUMEHTAJIbHBIE JAHHBIE O Pa3JIMUHBIX KHHEMaTHYECKHX
XapaKTepUCTHKaX OTPHUIATENIbHBIX MMHOHOB MPSIMOT0 POKICHHUS U OOpa30BaHHBIX OT HEYNPYron
nepe3apsaKu HEMTpOHa siipa-MHILIEHU U CHapsAJa, a TakKe T -ME30HOB, 00pa30BaHHBIX OT pacraja
A~ u A%um306ap B coymapeHusx meiiTpoHOB c smpamu yrimepoda mpu 42 A IdBle.
OKCepUMEHTaJIbHbIE HCCIIEeI0BaHUsl oOpa3oBaHMs A-pE30HAHCOB B aJpPOH- M SIPO-SAEPHBIX
COyJapeHusX NpU MNEPBUYHBIX SHEPrusiX B HecKoubko [9B Ha HykioH mokaszanu, uro Oosee
TIOJIOBUHBI 3apsUKEHHBIX MHOHOB 00pasyroTcs B pesymbraTe pacmaga A’ u A™-m306ap. Taroxe
MOKa3aHo, YTO HIMPHHA Macchl A-pe30HaHCOB, 00Pa30BAHHBIX B a/IpOH-S/IEPHBIX COyAapeHusx B 1.3
paza MeHbllle, yeM TakoBas A-u300ap, POKICHHBIX B CTOJKHOBEHHSX CBOOOJHBIX HYKJIOHOB.
Illupuna maccer A% u A" -u306ap, pokIeHHBIX B 007acTH (parMEHTAIMM SApA-MHIIEHH,
OKazajach, B cpeaHeM 2.4 pa3za MeHbule [1,2] mmpuHbl Macchl A-pe30HaHCOB, 0Opa30BaHHBIX B
CTOJIKHOBEHUSIX CBOOOTHBIX HYKJIOHOB.

OKClepUMEHTAJIbHBIM  MaTepual IMOJIydeH C TOMOUIbI0 2-METPOBOM  IPONAaHOBOU
ny3sippkoBOil kamepsl (A TIIK-500) JlaGoparopuu Beicokux sHepruit OUSAN (dy6na, Poccus),
00JTydeHHOW TydykamMu JeWTpoHOB mipu ummyibce 4.2 [2B/c nHa Hykimon Ha JlyOHeHCKOM
cuaxpodazorpose u coctout u3 7071 d?C-cobpiruit. Kpurepun pasnenenus d2C-coynapenus ot
MOJIHOTO aHCaMOJIsl B3aUMOJIEHCTBUS IEUTPOHOB ¢ MosiekyJoi rpomnana (Cs3Hg) mpuBenensi B [3].

B oskcnepumeHTe CpeAHsSs OTHOCHTENbHAs TOTPEIIHOCTh HW3MEPEHHUs] HMMITYJIbCOB
3apsKEHHBIX TMOHOB He npeBbimaeT 11%. Bee oTpunatenbHble YaCTUIIBI CYUTATUCH T -ME30HAMM.
[Tpumecs 3nexTpoHoB U K™-Me30HOB He npeBbImaeT 4% ot o0I11ero yuciaa OTpUlaTeIbHbIX YacTHlI,
OTHECEHHBIX K T -Me30HaM. [IpOTOHBI ¥ 7T -ME30HBI BU3YAIbHO HIAECHTU(DUIIUPYIOTCS JI0 UMITYJILCOB
npotoHoB p < 750 M»B/c. Ilponenypa craructudeckoro paszaeneHus ObicTpeix (p >750 M»aB/c)
IPOTOHOB M T -ME30HOB IpHUBeaeHa B [4].

OnpeieNennbl 10U OTPUIATENFHBIX THOHOB, 00pa30BaHHBIX OT pacnana A’- u A~-u306ap, a
TaK)Ke T -ME30HOB MPSMOT0 POXKJIEHUS B Mape C MOJIOKUTEIbHBIM MTMOHOM B pe3yJibTaTe HYKJIOH-
HYKJIOHHOTO B3aMMOJEHUCTBHS U OOpa30BaHHBIX OT HEYNPYrod Imepe3apsaKd HEWTpoHa sapa-
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MHUIIEHU U CHapsJa, KOTOPhIE OKa3aJIMCh COOTBETCTBEHHO paBHbIMU 61.2 + 2.0%. n 38.8 £ 1.0% ot
o0miero uucia m -mMe30HOB. CHEKTphl MO IMOJHOMY U TONEPEUYHOMY HMITYJIbCaM OTPHIATENbHBIX
IHOHOB, 00pa30BaHHAEIX OT pacnaga A% 1 A™-n306ap UMEIOT OTHOMOJANBHYIO (POPMY, B OTIHYHE
OT CHEKTPOB OTPHUIATENbHBIX IHOHOB MPSMOT0 POXICHUS U O0Opa3oBaHHBIX OT HEYNpPyroi
nepe3apsaKku HEUTpOHA CHapsga W HEUTpOHA sApa-MUIICHH KOTOPhIE HMMEIOT OMMOIALHYIO
dbopmy.

[[lupuHa CHOEKTPOB BCEX PACCMOTPEHHBIX XapPAKTEPUCTUK OTPULIATEIBHBIX IMHOHOB,
o6pa3oBaHHBIX OT pacmaga A%~ u A™-u306ap M MX cpelHHe 3HAYEHMS 3aMETHO MEHBIIE, YeM
TaKOBBIX JIJISl OTPULIATEIBHBIX ITUOHOB MPSMOTO POXKIACHHS B Mape C MOJOKUTEIBHBIM MTHOHOM H
00pa30oBaHHBIX OT HEYIIPYTroW Nepe3apsa ki HEeHTpoHa CHapsAa U HEHTpOHa s/ipa-MUILECHU.
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OINNPEJAEJIEHUE OCHOBHBIX TAPAMETPOB IIIAJI HA BBICOTE 3340 M

L2Maxmer X K., *CampikoB T.X., *[Tuckans B.B., 'Onmenosa A.M.
1Satbayev University TOO «®u3nko-TeXHUYECKHI UHCTUTYT», AnmaTel, Kasaxcran
2KasHY um. anp-Dapabdu, nokropant, Anmartel, Kazaxcran
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Beenenune. Illupokue atmochepusie nuBau (ILIAJI) mosBisitorcs B atMmocdepe 3eminu B
pe3ysbTare pacceuBaHuUsl NEPBUYHON YaCTUIIBI KOCMUYECKOTO U3JIyYE€HHUs B BUJE MOTOKA SJIEPHBIX
kackanoB. KommekcHas ycraHoBka «AnpoH-55» Ha TsHb-lllanckol BBICOKOrOpHON Hay4yHOU
craniiuu (TIIBHC) mno3Bosnsier mpoBOAuTH HaOMIOAEHUS HaA aTMOochepHbIMH JUBHAMH. K
OCHOBHBIM XapaKTEPHUCTUKAM JIMBHS OTHOCATCS: MOJHOE YHCIO JeKTPOoHOB NE, KOOpauHATHI OCH
auBHA X0 ¥ Y0, a TakKe 3eHUTHBIN 0 M asumyTaiabHBIA @ yribl HakioHa ocH [l]. Pacuer Bcex
napaMeTpoB MPOU3BOIUTCS MPOTPAMMOii, HaTUCaHHOHU Ha si3bike CH.

Mertoapl. [lonaHoe uncno 3nexkTpoHOoB NE, OCHOBaHHOE Ha U3MEPEHUAX CLUMHTUIUISIIIMOHHBIX
JMATYUKOB, PACCUUTHIBACTCS METOJIOM OJKCTpamonsauuu. Jljis BBIYMCICHUS KOOPAMHAT IEHTpa
TSKECTH W YMCJIa YACTHI] JIMBHS HCIOJIb3YEeTCS] KOBEP CUMHTUIUIALMOHHBIX CUETUYHUKOB, KOTOPBIH
pa30uBaeTcs Ha 5 pAOB MO 6 CUETYMKOB B KaXAOM psiay. Jlanee HaxomuTcs psa ¢ HanOombliei
CpPEeIHEH TUIOTHOCTHIO MOTOKA YAacTHIl. A 3HaueHUs KoopAuHAT XO U YO OCH JIUBHS HAXOJIATCA
METOJIOM LIEHTPA TAKECTH.

Vbl O ¥ @ HaxoaATCS MO pa3HOCTU BpeMeHU npuxoaa gponta LIIAJ] B CHMHTUIUISIIMOHHBIE
neTekTopel 20 M TYHKTOB, W3MEPEHHOW BPEMEHHBIMU KaHAIaMU CHCTEMBI «XPOHOTPOHY.
Onucanye NpUHIMUIOB paboThl «XPOHOTPOHA) MPHUBEAEHO B [2].

Pe3yabTaThl M BBIBOABL. Brimeonncannbie xapakrepuctuku I[IIAJl namm BO3MOXXHOCTH
cleNaTh TEPBbIC BBIBOJBI W3 OKCICPUMEHTAIBHBIX JIAHHBIX. BTOPUYHBIM OaHK JaHHBIX
chopmupoBan mpu oMoy nporpammsl A3_bank2_graf.cpp. B stor 6ank 3anucan 8717 nuBHel ¢
Ne > 6.4 - 10*, ocu KOTOPBIX JeKaT B Kpyre paguycoM 18 M, 3aperiucTpHpOBaHHBIX 3a Bpems 485
yacoB. IIpu ocMoTpe coObiTuii M3 BTOpHYHOro OaHka ObUTO OOHapykeHo, uTo 90% sepHOro
COCTaBa JMBHEHN — JIETKHE 3JEKTPOHBI U (DOTOHBI, KOTOPBIE MOTJIOMIAIOTCS CBUHIIOM YK€ B MEPBbIX 3
CIIOSIX KajopumeTrpa. TspKenple 4yacTHIbl, IPOXOAIINE YEPE3 BCE CIOM KAJIOPUMETPA JTOCTATOYHO
penku. IlpocnexuBaeTcss Takas CTATUCTHKA: MUK YacTOThl COOBITHH OOHapyX eHO C YHCIOM
anektporoB ot Ne = 1.9 - 10° 710 5.2 - 10°. Bosee meTanbHO O MEPBUYHOM aHaAIM3€ JaHHBIX C
TIIHBC u3noxeno B padote [3].
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INVESTIGATION OF SURFACE NANOCLUSTERS AND PARAMAGNETIC CENTERS
OF ZnO/POR-SI STRUCTURES AS THE BASIS OF SENSORY PROPERTIES

1Zhapakov R.Zh., 2Zhaysanbayev Zh.K., *Murzalinov D. O., Dmitriyeva E. A.
YInstitute of Physics and Technology, Satbayev University, Almaty, Kazakhstan.
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Keywords: paramagnetic particles; ZnO; light-emitting clusters; photoluminescence; porous
silicon.

Introduction: One of the most important trends in modern materials science is the transition
from traditional methods of obtaining layered and film nanostructures to an active atomic-molecular
design combining several hierarchical levels [1-4]. Such structures, due to synergetic effects and
developed interfaces, will have new unique properties.

An example of a cluster material is porous silicon (Por-Si), which, in comparison with
monocrystalline Si, has a more effective photoluminescence (PL). This material is obtained via the
electrochemical processing of crystalline Si plates, as a result of which, the structure of nanoscale
clusters and filaments is formed.

Deposition of thin films of ZnO on porous silicon substrates makes it possible to
significantly expand the radiation spectrum. Studies of photoluminescence of a ZnO/Por-Si
nanocomposite excited by a He Cd laser with an energy of 3.81 eV that confirms the presence of
peaks of red (1.69 eV), green (2.34 eV) and blue (2.88 eV) radiation in the spectrum with high
intensity in the range from 1.4 to 3.3 eV [9].

Photoluminescence and photosensitivity of zinc oxide may be associated with the transfer of
charges from the conduction band and valence band to oxygen vacancies with their subsequent
ionization. Such a formation of zinc oxide particles can have a wide range of properties depending
on the local spatial orientation. In particular, there may be an isotropic or anisotropic interaction
between the paramagnetic particles. On the other hand, the resulting field depends on the types of
particles and the number of neighboring atoms. These factors lead to the formation of unique types
of surface structures, which affects the individual characteristics of the EPR spectra.

The aim of the work was to investigate the synthesis of ZnO particles on a porous-
hierarchical surface, as well as their distribution and energy stability, which affect the sensitivity of
ZnO/Por-Si structures. As a result of the formation of a homogeneous coating at the pore
boundaries when depositing 25 layers of ZnO, a significant increase in photoluminescence was
achieved, probably associated with saturation of the surface structures with charges.

Methods: The Por-Si layers were obtained via electrochemical anodic etching of
monocrystalline silicon in an electrolyte based on an aqueous solution of hydrogen fluoride with the
addition of isopropyl alcohol.

Substrates on the heating element were sprayed with liquid solutions using a pneumatic
airbrush. The distance between the airbrush nozzle and the substrates ranged between 20 and 30 cm.
The spray solution flow was most consistent when the pressure was adjusted to 1.4 bar.
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The substrate’s temperature ranged from 350 to 400 °C. At this temperature, the solvent
evaporated before the aerosol droplets were deposited on the surface. In this case, zinc oxide films
with spherical and hexagonal cell structure were obtained. The deposition of 20 and 25 layers of
ZnO is due to the formation of the thinnest layers, in the photoluminescence spectrum of which
there are characteristic peaks for zinc oxide.

Photoluminescence (PL) was measured using an Cary Eclipse (““Agilent”, Santa Clara, CA,
USA\) spectrophotometer in the spectral range from 200 to 800 nm. The spectral width of the slit for
this device is variable and is on the order of 0.5-2.4 nm. The optical scheme of the
spectrophotometer is based on a monochromator with a concave holographic diffraction grating
having 1023 lines/mm. A tungsten-halogen lamp for measurements in the visible region of the
spectrum and a deuterium lamp for UV measurements are applied as a radiation source.

Results: The resulting structures contain particles of various substances. During the
formation of ZnO layers on the Por-Si surface and an increase in the number of layers, the
properties of the substance, in particular the light-emitting ones, change. With a decrease in the
number of ZnO layers, to less than 20, characteristic peaks of zinc oxide PL were not observed.

The spectrum of the initial sample has a low intensity. Further, when ZnO layers are
deposited, the spectrum shifts to the region of peaks typical of zinc oxide—380 nm and 520 nm.
The complex spectrum of PL after deposition is associated with the presence of structures with
different sizes. The highest intensity and the most characteristic peak for zinc oxide crystals at 380
nm is noticeable in the spectrum of a sample with 25 layers. Its nature is related to the
recombination of excitons. The band at 400 nm is caused by radiative transitions near the edge of
fundamental absorption. The peak of PL at ~520 nm has been observed by many researchers in ZnO
nanocrystalline films. The nature of PL in this case is due to the capture of charges on oxygen
vacancies.

At the same time, an increase of only five layers of zinc oxide significantly increases the
intensity of the peak at 380 nm in comparison with a slight increase in the intensity of the peak at
520 nm. This is due to the aggregation of nanocrystals into a continuous layer on the boundaries of
pores. This is confirmed by SEM studies.

Conclusion(s): Using the method of electrochemical etching of silicon, with a decrease in
the anodizing current density followed by the deposition of ZnO layers, a hierarchical structure of
the sample surface was formed, including macro, micro and nanoscale objects. Deposition of ZnO
layers allowed a fractal and more homogeneous surface structure to form. With an increase in the
number of deposited ZnO layers from 20 to 25, the intensity of PL increases, mainly for the peak
associated with the recombination of excitons, while the peak associated with the formation of ZnO
nanocrystals increases with a lower intensity. The deposition of 25 layers of ZnO on a Por-Si
substrate with electronic conductivity leads to a significant (more than 40 times) increase in the
intensity of PL compared to samples with other substrates.

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (PTF No. BR21881954).
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KitoueBble ci1oBa: 3JIEKTPOXHMMHYECKOE TpPAaBJICHUE; YPOBHU MOPUCTOCTH; OCAXKICHUE
nokpeITus ZnO; ppakTalIbHOCTB; KIacTEPhl BEIIECTBA.

BBenenue: Ilopuctbie MOBEpXHOCTH KPEMHHMsI TMPEACTaBISAIOT Oombiioi uHTepec. OHH
MOTYT OBITh TOJYYEHBI TYTEM OJJICKTPOXUMUYECKOTO TpaBIeHUS KpeMHHUs. Takoil MOpHCTHII
KpPEMHUII MOXET HMETh HECKOJbKO YypoBHEH wuepapxuu. I[IpuHIUN CTPYyKTypHOH HepapXxuu
03HAYaeT CJIeAYIONIee: CTPYKTYPhl OJHOTO TUIIA SBIISIOTCS MOAYJISIMHU, "CTPOUTEIBLHBIMU OoKamu',
U3 KOTOPBIX (OPMHUPYIOTCS CTPYKTYpbl BTOPOro ypoBHs. CTPYKTypbl BTOPOTO YPOBHS UMEIOT
3HAUUTENbHO OOJBIIME MPOCTPAHCTBEHHBIE pa3Mepbl U OOBEAUHSAIOTCS B CTPYKTYPbl TPETHETO
YPOBHS U T. I. ITO MPUBOJUT K TOMY, YTO MOJYJIU, COEIUHSSACH B CTPYKTYpY, EPEJAI0T €l 4acTh
cBoux (pyHKIMiA, creneHed cBoOoabI [1]. BaxkHBIM acrekToM (pakTaIbHBIX CTPYKTYP SBISETCS
WHBAapHAHTHOCTh WX pa3MepoB IpU U3MeHeHUHU MmacmTaba. Tak jke BaKHBIM 3JIEMEHTOM SIBIISIFOTCS
CTPYKTYpBI, CO3[1aBaeMble Ha TIOBEPXHOCTH BXOJC HAaHECEHHs IMOKpPbITUS Okcuia ImHKa (ZnO).
OcoOblif HHTEpeC MPeICTaBISAET UX BIUSHIE Ha (hpaKTAIbHBIE CBOMCTBA TTOBEPXHOCTH.

Metoasl: Mopdonoruss TMOBEPXHOCTH  HM3ydyalach C  TIOMOLIbI0  CKaHUPYIOIIETO
anekTpoHHoro Mukpockomna (COM) (JSM-6490LA (“JEOL”, Akishima, Japan).

st ompeneneHuss (PpaKkTaIbHBIX Pa3MEpPOB H300paXKCHHWHM HUCHONb3yeTcss Meton "Box
counting" . OH sBASIETCS CaMbIM MPOCTBIM U IMHPOKO HCIOJIB3yEMbIM METOIOM IS OMpPEeAeICHHUS
(dpakTagbHBIX CBOWCTB u300paxkeHUd [2-5]. DTOT METOH mMpenrosaraeT Cco3JaHue CEeTKU
KBaJIPATHBIX SYEEK C 3aJJaHHOW JJTMHOW CTOPOHBI O, KOTOPHIE MOKPHIBAIOT YaCTh M300paKEHUS, a
3aTeM mnojacyer koiuuecTBa siueek N(O). dpakranbHOCTH ompejaensercss mo u3MeHeHHto InN(d)
OTHOCHUTEIBHO Ind.

Pe3yabtarsl: boutn nomydenst COM u300paskeHUs] TOBEPXHOCTH 00PA3IOB 10 HAHECEHUs
MOKPBITUS. U mocie HaneceHUs 20 u 25 crnoeB mokpbITHs. CHUMKU TOKa3aiH, 4To Mopdoiorus
MOBEPXHOCTU UMEET HECKOJIBKO YPOBHEN UEpapXUU.

['ucrorpammel Ha ocHOBe COM CHUMKOB MOKa3ajiu, YTO KOJUYECTBO MUKCENEH JOCTUTAET
MaKkCHMyMa MHT€HCUBHOCTH IpH 3HaueHuu 0,4. JlaHHOE 3HaueHue Mbl BEIOpAJIM B KaueCTBE TIOpOra.
Boeigenniy nukcenu, MHTEHCUBHOCTh KOTOPBIX MPEBBIIAET MOPOTOBOE 3HAYEHHE. DTH IMUKCENIH
MPEJICTaBISIIOT COOON MHTEPECYIOIIME HAC CTPYKTYpbl. DTO MOJMHOKECTBO OBLIO HCIIOJIB30BAHO
JUTSI OIIEHKHU (hpaKTaIbHON pa3MepHOCTH.

[TomyuyeHHBIN rpaduK AEMOHCTPUPYET JUHEHHYIO 3aBUCUMOCTD. [Ipu moporoBoM 3HauE€HUU
WHTEHCUBHOCTH TmuKcesei, paBHoMm 0,4, dpakranbHas pa3MepHOCTb H300pakeHus oOpaslia ¢
nokpsiTueM U3 20 cnoes B Macuitade 100 M cocraBuiia D = 1.

Hannune ¢pakranpHocTn ns obpasna ¢ 20 closMH TOKPBITHS, OBUIO TMOATBEPXKIACHO
MIPOBEJICHUEM HCCIIEAOBAaHUS MPH PA3IUYHBIX IMOPOrOBHIX 3HAUEHUSX MHTEHCHUBHOCTH IHKCEIEH.
W3MeHeHne MHTEHCUBHOCTH MHKCENEeH NPUBOAMT K BBIACICHUIO pa3IUYHBIX JIeTajedl u
OCOOEHHOCTEH CTPYKTYpBI, UTO OTpa)kaeTcsi B H3MEHEHMM (pakTalibHON paszMmepHocTU. Jlis
oOpa3ua 6e3 MOKPBITH 3aMETHO M3MEHEHHE pa3Mepa CTPYKTYphl P U3MEHEHHHU MacuiTaba. DTo
yKa3bIBaeT Ha TO, YTO OOBEKT HE UMEET (PpaKTalbHOUN mpupoasl. B oTinume ot sToro, obpaszer ¢
HaHECeHHBIMU 20 CIOSMU TIOKPBITHSI PU U3MEHEHUU MaciiTadba Mmo3BOJIHI COXPAHUTh Pa3MEPHOCTh
CTPYKTYpbI. DTO OOBSCHSIETCS HaTM4YUeM (ppakTalbHBIX CBOMCTB y JaHHBIX 00pa3ioB. PpakTanpHas
CTPYKTypa MOBEPXHOCTH HAOII0JaIach TaKkKe U JUIst 00pasiia ¢ 25 closiMU OKCHJIa ITUHKA,

BbiBoabl: MeTOOM 3NEKTPOXMMHUYECKOTO TPABICHHMS KPEMHHA U MOCIEAYIOUIUM
ocaxeHneM cioeB ZnO Oblia cOpMHpPOBaHA MEpApXUUECKasi CTPYKTypa MOBEPXHOCTH 00Opasla.
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OcaxxaeHue CII0OEB OKCHIAa LHMHKAa MO3BOJIMIO copMUpOBaTH (PpPaKkTAIbHYIO CTPYKTYpPY
HOBEPXHOCTH.

HccnenoBanue BBHIMONIHEHO Tpu  (uHAHCOBOM monaepxkke Komurera mo Hayke
MuHucTepcTBa HayKu U Bbiciiero oopazoBanus Pecnyonuku Kazaxcran (ITL® Ne BR21881954).
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INVESTIGATION OF ZINC OXIDE NANOSTRUCTURES FORMED ON POROUS
SILICON BY EPR SPECTROSCOPY

! Murzalinov D. O., 2 Zhaysanbayev Zh.K, ! Dmitriyeva E. A.
YInstitute of Physics and Technology, Satbayev University, Almaty, Kazakhstan
2 Border Academy of National Security Committee of the Republic of Kazakhstan, Almaty, Kazakhstan
dan_collaps@mail.ru

Keywords: electrochemical etching; porosity levels; ZnO coating deposition; EPR
spectroscopy; paramagnetic centers.

Introduction: Variable properties of porous silicon obtained in the course of
electrochemical etching allow to create devices for various purposes. Por-Si based sensors are
promising types of devices [1-3]. Obviously, this is due to the process of electrochemical etching of
silicon, which leads to the intensive formation of clusters, with a high concentration of particles
with dangling bonds on their surface. Metal oxide coatings improve the properties of porous silicon.
Nano clusters of zinc oxide can have many different configurations, so zinc oxide can be classified
as a new material with a wide range of potential applications. The properties of zinc oxide particles
in the form of clusters can exhibit a wide range of properties depending on the local spatial
orientation. In particular, isotropic or anisotropic interactions can exist between paramagnetic
particles. This leads to the formation of unique types of surface structures, which affects the
individual characteristics of EPR spectra. Determination of the peculiarities of the interaction of
paramagnetic centers leads to an understanding of the defect formation process of matter.

Methods: Surface morphology was studied using a scanning electron microscope (SEM)
(JSM-6490LA ("JEOL", Akishima, Japan) and an atomic force microscope (AFM) (Japan, "JEOL"
JSPM-5200).

Electron paramagnetic resonance (EPR) spectroscopy was performed on a "JEOL" (JES-
FA200, Akishima, Japan) machine

Results: SEM and AFM images of the surface of the samples before coating and after the
deposition of 20 and 25 coating layers were obtained. The SEM images showed that the surface
morphology has several levels of pore hierarchy. The localization of the coating nano clusters is
along the pore boundaries where there are a large number of dangling bonds. AFM study showed
the presence of evenly distributed micropores, between which there are nano clusters of substance.
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The formation of the defect structure at the pore boundaries occurred in several stages. The
deposition of 20 layers led to the formation of individual ZnO particles, which increased the
concentration of defects and the intensity of the EPR signal. This is confirmed by SEM images,
which show that the pore boundary structure becomes more developed in this sample. In addition,
the deposition of 25 layers led to the formation of a more ordered structure, which affected the
decrease in EPR signal intensity. The SEM images of this sample show a smoother pore boundary
structure.

In the study of the complex EPR spectrum, a signal component of lower intensity in the low-
field region was detected when the measurement parameters were changed. The central signal of the
spectrum is related to bond breaking, whereas quasi-symmetric doublets can be attributed to
negatively charged vacancies formed at the pore boundaries.

An increase in the signal intensity of the central component of the complex spectrum after
annealing is associated with the diffusion of atoms and the formation of more ordered structures. At
the boundaries of zinc oxide nanoparticles there is a large number of broken bonds. The instability
of the defect region has a favorable effect on the process of aggregation of particles into clusters
and the increase in grain size during annealing. Thus, the crystallinity is improved during annealing,
which leads to an increase in the intensity of the EPR signal

Conclusions: A hierarchical structure of the sample surface including pores and nanoscale
objects was formed by the method of electrochemical etching of silicon and subsequent deposition
of ZnO layers. In the EPR spectra for all types of samples, numerous manifestations of the
hyperfine structure due to charge trapping on PMCs were detected. Varying the measurement
parameters of the EPR signal allowed us to effectively isolate its useful component. The intensity of
the hyperfine structure of the EPR signal increased significantly after annealing the sample at 300
°C in an air atmosphere. This is due to the increase in the degree of crystallinity of the sample.

This research has been funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (PTF No. BR21881954).
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NOVEL METHOD TO REDUCE INDOOR RADON LEVEL
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KawueBbie caosa: radon, radiation, radioactive gas, polyethylhydrosiloxan,
alkyltriethoxysilane

The adverse health effects of radioactive gases present in the environment have become one
of the most pressing issues of the day. Radon, a product of natural decay of uranium contained in
rocks, is one of these gases. It is an alpha-radioactive gas that comes from the ground and easily
penetrates any construction materials, including concrete, bricks, cement, gypsum, all paints,
coating materials, etc [1,2]. Radon is able to enter dwellings and accumulate there, thus causing
serious respiratory illnesses by prolonged exposure to the organism. Its concentration is especially
high in tectonic zones and areas with higher concentration of uranium, i.e., almost the whole
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territory of Uzbekistan [3]. The problem of protecting the underground structures and on-ground
dwellings from radon is relevant in many countries, including the USA, UK, France, Germany,
Finland, Russia, Korea, Israel, etc [4-5]. The usual recommendation for lowering the radon
concentration is frequent air change. But under the extreme continental climate, that increases
energy consumption on heating in winter and cooling in summer. This is the reason why
internationally, a productive and cost-effective method for preventing radon from penetrating the
buildings and underground structures is to treat the floor/walls/ceilings of cellars with chemical
substances penetrating deeply and thereby filling the micropores of construction materials, thus
preventing radon atoms from seeping inside.

In this paper we present a novel compound that is a product of interaction of
polyethylhydrosiloxane and alkyltriethoxysilane hydrolysate. The developed organic compound is
designated for filling very fine pores in widely used building materials to reduce indoor radon level.
We have also developed a device for determining the gas impermeability of concrete specimens.
The optimal quantity and method of treating the concrete surface have been determined for the
compound. Impermeability coefficients of treated specimens have been determined in dependence
of various factors and holding time (up to a year). Recommendations have been developed for use
of the polymer compound produced in the reaction of polyethylhydrosiloxane with
alkyltriethoxysilane in the presence of isopropyl alcohol and a catalyst.
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SYNTHESIS OF CARBON NANOSORBENTS FROM SHUBARKOL COAL

Kenzhekara P.G., Kalenova A.M., Kazankapova M.K., Yermagambet B.T.
«Institute of Coal Chemistry and Technology» LLP, Astana, Kazakhstan;
maira_1986@mail.ru
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Introduction: Activated carbon is cheap and available for industrial purposes, for this
reason it has attracted the attention of several researchers [1-3] for hydrogen storage applications.
The ability to store carbon in this form is determined by the microstructure of the material. The
Langmuir adsorption isotherm represents a mechanism for hydrogen accumulation through physical
adsorption. The storage capacity can be increased through chemical treatment and alloying. Thomas
[4] experimentally observed a storage capacity of 5 % at 77 K and 0.5 % by weight at room
temperature.

Materials and methods: The paper presents methods for producing carbon nanosorbents
from coal from the Shubarkol deposit. The synthesis was carried out by grinding coal, impregnating
coal with alkali and salt at a coal/alkali, salt ratio of 1:0.5 and 1:1 then carbonization was at 900°C.
The adsorption characteristics of adsorbents were studied using the Brunauer-Emmett-Teller (BET)
method. To calculate the pore distribution, the theoretical model of hydrogen sorption DFT HS H>
Carbon, heterogeneous was used, taking into account the heterogeneity of the carbon surface.

Results: The results of the physicochemical properties and adsorption characteristics of the
samples are presented in Tables 1 and 2.
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Table 1- Physico-chemical properties of sorbents
Ne Name of

carbonized | V°, % | Wi | A% | P, c>n/§/' pH rﬁmf’ ﬁm'/b' Anifdi/um’
adsorbent g g 9/9 /9 a/g
1 | "Shubarkol":
KOH = 1:0.5 39,79 | 9,90 | 31,82 0,49 0,79 7,2 30,61 50,1 429
"Shubarkol":
2 KOH = 11 37,98 | 17,90 | 13,68 0,57 0,66 | 8,0 28,6 39,0 29,5
"Shubarkol":
3 NaOH = 46,28 | 8,81 | 12,43 0,55 0,75 | 8,1 28,95 48,8 36,6
1:0.5
"Shubarkol":
4 NaOH = 1-1 43,46 | 13,80 | 16,19 0,63 0,84 | 75 24.6 30,0 40,7
"Shubarkol":
5 | K;COs= 42,37 | 12,57 | 13,16 0,58 0,73 | 7,0 33,0 34,8 33,01
1:0.5
"Shubarkol":
6 K,COs= 1:1 37,05 | 9,40 | 13,01 0,50 0,64 | 8,0 30,0 37,5 35,2

Table 2- Adsorption characteristics of the samples

Ne Total Total Micros
Total . neorgani Total pore | pores [Mesopo | Macropo
Name of the | ..}, | Organic c SBZET" volume, , res, res,
samples n, % Carobon’ carbon, m'lg cm?/g cm®/ | cm/g cm’/g
% % g
1| "Shubarkol™: 69,5 48,47 21,03 | 507,29 0,308 0,19 | 0,074 0,039
KOH =1:0.5 9 5
2| "Shubarkol™: 52,7 43,93 8,77 | 698,299| 0,605 | 0,221| 0,273 0,111
KOH=1:1
3| "Shubarkol™: 64,9 56,05 8,85 23,210 | 0,055 0,00 | 0,022 0,025
NaOH = 8
1:0.5
4| "Shubarkol": 47,9 44,36 3,54 88,884 | 0,092 0,03 | 0,039 0,023
NaOH =1:1 0
5| "Shubarkol™: 70,2 60,62 9,58 676,88 0,318 0,27 | 0,036 0,006
K2C03= 9 6
1:.0.5
6| "Shubarkol™: 59,2 55,13 4,07 | 653,024 0,435 0,20 | 0,183 0,048
K.COs=1:1 5

Based on the results of adsorption characteristics, it can be concluded that adsorbents
impregnated with potassium hydroxide and potassium carbonate have a high specific pore volume
and micropores. In this connection, the resulting microporous adsorbent impregnated with
potassium carbonate in a ratio of 1/0.5 was used to study the storage of hydrogen in the micropores
of the sample. Sample analysis was carried out on a high-performance automatic physio and
chemisorption station Micromeritics 3Flex Chemi&TCD (USA). Adsorbate gas — hydrogen,
measurement temperature — 77 K, 273.15 K, 298 K; po values for all points were considered the
same and equal to 760 Torr. The specific surface area for hydrogen was Sprr = 1299.515 m?/g. The
amount of adsorbed H> gas was 1.53%, 0.019% and 0.008% at 77 K, 273.15 K, 298 K, respectively.
As the temperature decreases from 295 K to 9 K, an increase in hydrogen adsorption can be
observed. This tendency is typical at low temperatures, where gas molecules usually have lower
energy, which promotes their retention on the surface of the adsorbent.
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Conclusion: To summarize, we can say that carbon sorbents obtained by thermolysis of
Shubarkol coal impregnated with a solution of potassium hydroxide and potassium carbonate salt
have a developed specific surface area of 653,024 -698,299 m?%g and a specific pore volume of
0,318 - 0,605 cm®/g, due to the formation of carbon nanotubes (CNTs). These carbon materials can
find application for the effective purification of flue gases, liquid industrial discharges and drinking
water, also in the field of superconducting materials, capacitors, fuel cells and for hydrogen storage.
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MEIJUINHCKOE MATEPUAJIOBEJEHUE U BUOCOBMECTHUMBIE
KOMIIO3ULIMOHHBIE MATEPHUAJIBI B CTOMATOJIOI'U
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MeTaboIM3Ma, METa00IU3M KOCTHOM TKaHU, CTOMATOJIOTHYECKIE KOMIIO3HTEI

BBenenne. MenunuHcKoe MaTepHalOBEICHWE BKIIOYAeT pa3padOTKy U HCCIeIOBAaHUE
MaTepuasoB, KOTOpbIE MPUMEHSIOTCS B MEIULIMHE, CO3/IAl0TCSA C IIeJbI0 KOMIIEHCAI[MH YTpPaThbl
OpraHOB WJIM TKaHEW. B coBpeMeHHOM Mupe, TaHHOE HAMpPaBJIEHUE HAYyKU, UTPAET BaXKHYIO POJIb B
COBPEMEHHOM MHpE, T.K. OHO 3aHUMAETCAd HM3YYCHHEM CBOMCTB U CTPYKTYpbl MaTepUaliOB, UX
MPOU3BOJCTBOM U TPUMEHEHUEM, 4YTO TIO3BOJISIET pa3pabaTbiBaTh HOBBIE MaTepHalbl C
YIY4YIICHHBIMH CBOMCTBAMU M CO3/7]aBaTh MHHOBAIIMOHHBIE TEXHOJIOTHMH. HeoThemiieMol 4acThio
MePEeIOBBIX UCCIIEOBAHUM B 007aCTH METUIIMHCKOTO MaTepUaIOBEICHHS SBISIOTCS pa3paboTKU Ha
OCHOBE KOMITO3HIIMOHHBIX MaTepPHAJIOB OMOMEIUIIMHCKOTO HA3HAUYCHMsI, XapaKTePU3YIOIIUXCS
OBICTPBIM  pPAcTBOPEHHEM B OpraHu3Me€ H 3aMelIeHHs UMIUIaHTaTa KOCTHOW TKaHbIO
(buopezopbupyemoctb). Ilpuuém BaxXHYIO pOJIb HWIPAET AUCIEPCHOCTH KOMIIOHEHTOB TaKHX
MaTepuaioB. AHaNM3 OPUTHHAIBHBIX JIAHHBIX M PE3yJIbTATOB, IMPEACTABICHHBIX B OOIIMPHON
OMOMHHEPATIOTHYECKON JIUTEepaType, MO3BOJSET BBIACIUTH IENIBIA Pl CBOMCTB 3yOHON TKaHHU H
KOMIO3UITMOHHBIN MaTepHalioB, KapThl pacHpeeIeHUs KOTOPHIX Ha MTOBEPXHOCTH (00BEMY) ITPOOHI,
MPEJICTABIISIIOT HHTEPEC MPU PEeLICHUH OMOMEIUIIMHCKON MpoOIeMaTHKU B 00JIaCTH CTOMATOJIOTHH:

KapThl pacrpelieleHnsi B 3yOHOW TKaHHW, KOMIO3UIIMOHHBIX TIOMOMPOBOYHBIX MAaTEPHAJIOB,
THOPUIHBIX 30HaX, WMIUIAHTATaX COJEP)KAHUS PA3JIMYHBIX OPTraHWYECKUX MOJIEKYJT W
MOJIEKYJISIPHBIX TPYNIHPOBOK;

KapThl  pacmpeieNieHuss CTeMeHW KPUCTAUIMYHOCTH U CTENEHH  TMOJUMEPHU3aINH
KOMIIO3UIIMOHHBIX ~ MATE€pUAlOB, CTENEHW OTKIOHEHHMS OT CTEXHOMETPUM MHHEPAIbHBIX
COCTaBJISIIOLINX, a TAKXKe KapThl paclpe/iesieHns] CBOUCTB OPraHn4eCcKol MaTpHUIlbl, OCHOBaHHbIE Ha
TaHHBIX TokanbHONH MK-MukpocnekTpokonuu, (GoTo- KaToI0IFOMHHECTIeHITUH [1].
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CnenyerT OTMETHUTh, YTO KOMIIO3UTHI B CTOMATOJOIMM — 3TO COBPEMEHHBIE MaTEpUaJIbl,
HIMPOKO MCIIOJIb3yEMbIE JUIsI pecTaBpalliu 3yOOB, COCTOSILIME M3 JIBYX OCHOBHBIX KOMIIOHEHTOB:
OpPraHMYeCcKOil MaTpHllbl M HEOPraHW4ecKOoro HamosHuTens. Opranudeckas MaTpula OOBIYHO
COCTOUT M3 AKPHJIOBBIX CMOJ, KOTOpbIE CBSI3bIBAIOT HEOPraHUMYECKUIl HAIOJIHUTENb BMECTE,
oOecrnieunBasi yIpyrocTb U IMpoYyHOCTh Marepuaia. Heopranudeckuil HaloJIHUTENb B KOMIIO3UTAX,
KaK IpaBWJIO, COCTOUT W3 MEJbYaHIIMX YaCTHI] KBaplia, CTEKIa WM KEPaMUKH, H00aBISAIOIINE
TBEPAOCTh M H3HOCOCTOMKOCTh K KOMIIO3UTHOMY MaTepuaily, a TakXe IpUJAIOLIUE €My
3CTETUYECKU MPUATHBIN, €CTECTBEHHBIH OTTEHOK, KOTOPbII MMUTHPYET BHEIIHUIN BUJI HATYPaJIbHbBIX
3y00B. B cBsi3u ¢ TeM, 4TO pe3opOupyeMble KOMIIO3UIIMOHHBIE MaTepUaibl 3aMEIAI0TCs pacTylien
KOCTbBIO, T.K. SIBJIAFOTCSI HCTOYHMKOM HEOOXOAMMBIX Ul IOCTPOEHUS KOCTHON TKaHU 3JIEMEHTOB,
MOJTyYeHHE HOBBIX CTOMATOJIOTMYECKHX KOMIIO3UTOB, 00JIAAIONIUX BBICOKOH pe30pOUpyeMOCThIO,
SIBJISIETCSI BECbMa aKTyaJIbHOM 3a/1auyeil COBPEMEHHOI'0 MEAUIIMHCKOTO MaTepranioBeaeHus [2].

Meroabl. [l uU3yd4eHMS  KPUCTAUIMYECKOM CTPYKTYpbl U BBISBICHHS  COCTaBa
HEOPraHMYeCKOW KpUCTAJUINYECKON (ha3bl KOMITO3UTHBIX CTOMATOJOIMUYECKHX MaTepHalIOB ObLIO
IIPOBEJCHO UCCIIEJOBAaHUE KOMIIO3UIIMOHHBIX CTOMATOJIOTMYECKUX MAaTEpUaJIOB [0 TaKUM
KPUTEPHsIM, KaK XHUMHUYECKMH COCTaB, KOHCUCTEHLUH, BHUJY HAIOJHUTENs, I[OKa3aHUAM K
IPUMEHEHHUIO.

PesyabTaTbl. YuuthiBass TOT (hakT, YTO >KEBATENIbHbIE HArpy3KH CO3/al0T OoJiblIMe
HaIpsDKEHUs, OCOOEHHO Ha JKEeBaTEJIbHbIE IIOBEPXHOCTH OOKOBBIX 3y00B 10 70 KT,
CTOMATOJIOTMYECKUH IJIOMOMPOBOYHBIM MaTepuana JOJDKEH ObITh MEXaHMYECKH IPOYHBIM.
BricokuM Harpy3kam Takke MOJBEPKEHBI HEOHBIE MOBEPXHOCTH U PEXKYIIUE Kpasi MEPEeIHUX 3y00B
1o 30 kr. IIpoyHOCTh M TBEPAOCTh MaTepuaa 3aBUCAT OT COCTaBa MaTpPULbl, HO B OoJblIeH
CTENEHM OT THUIIA HAIOJIHUTENS U CTEHNEHH HAlOJIHEHHOCTH KOMIIO3UTa, T.€. YeéM B OOJjblIel
CTENEHU IJIOMOMPOBOYHBIM MaTepuall HACBHILICH HANOJHUTENIEM, TEM OH IPOYHEE U TBEPIKE.
PesynpraTel  nccienoBaHUs  BbIOpaHHBIX ~ KPUTEPUEB B OTHOIIEHWHM  KOMIIO3UMIMOHHBIX
IUIOMOHPOBOYHBIX MAaTEPUANIOB, T03BOJIMIIN BBIPA3UTh CIEAYIOLIUE JaHHbIE:

no xumuueckomy cocmasy. opauael Charisma Classic, Herculite XR, Arabesk Top, Filtek
Z250 — TpaauMuUMOHHAs TpyIna IUIOMOMPOBOYHBIX MAaTEpHUaloB, KOTOpas MMEET CTEKIJISHHBIN
HAIOJIHUTENb cO cpeAHuM pa3MepoM yacTtull 10-20 mxMm. OpHako, 3HAYUTENBHBIM HEJOCTATKOM
TaKUX KOMIIO3UTOB SIBJISIETCA HU3Kas MOJIMPYEMOCTh U COOTBETCTBEHHO TYCKJIBbIA BUA. OpMOKEpHI —
3TO OpraHUYecKH MOoIU(UIMPOBaHHAs KepaMHUKa, KOTOpas IMpeAcTaBiseT U3 ce0s KOMOMHAIUIO
LIENIOYEK U3 HEOPTaHWYECKOW JIBYOKHCH KPEMHMsI, METAKpUJIATOB M HAIIOJHUTENS U3 KEPaMHUKHU.
Takue KOMITO3UTHI MMEIOT BBICOKYIO HANOJHEHHOCTh, Oyiarojapsi KOTOPOMY HMEIOT XOPOIIYIO
IUIOTHOCTB U HEBBICOKYIO YCAJKy.

no koncucmenyuu: opauapr Tetric N-Flow, Sapphire Flow, Amaris Flow, Grandio Flow,
Filtek Flow, Revolution — oTHOcsATCS K TEKydyuM IJIOMOMPOBOYHBIM MaTepHaiaM, KOTOPbIC
pasfendloTCsT Ha CHIIBHO-, CpeJHe- M MajoTeKyuue. KOMMO3WTBI MaHHOM TIpyNIbl MOTYT
MCIIOJIb30BAThCS MPU MPOLeTypax ¢ MUHUMaIbHOM MHBAa3UBHOCTBIO. TeKyune KOMITO3UThI yI0OHBI
B IIPUMEHEHUH, 00J1a/1al0T 3CTETUYHOCTHIO M XOPOIIEH MOIUPYEMOCTBIO.

no 6udy HanoaHumesns: MaKpo(UIbHbIE KOMIIO3UTHI, COCTOSIIIUE U3 YaCTUI] HEOPraHUYECKOTO
HaMoJHUTENs OoJbIoro pasmepa (8-45 mxMm; nnoraa - 1o 100 mxm). HamonmHurensiMu B 1aHHOM
BUJIE KOMIIO3UTOB 4acTo SIBJISieTCSl KBapll, CTEKJIO, Kepamuka. [loka3aHo, 4TO Takue KOMIIO3HUTHI
00J1ajaloT JTOCTaTOYHOM MPOYHOCTBIO, PEHTTEHOKOHTPACTHOCTHIO M CPEJHHUMM ONTUYECKUMU
cBoMcTBamMH. ['pymma MakKpOHAIOJHEHHBIX KOMIIO3UTOB: Oombime 5 Mkm - Adaptic, Concise,
Nimetic; menbire 5 MM - Marathon, Prisma-Fil.

no nokazauusim k npumerenuro: opaaabpl 3M, S&C, Heraeus Kulzer, IVOCLAR, Dentsply,
Ultradent — npexacraBieHHbIE KOMIIO3MTHBIE MaTepUallbl JUIS PECTaBpallMM MEpeIHUX 3yOOoB
OTBEYAIOT CaMbIM BBICOKUM TPEOOBAHUSIM ICTETUKH, KPUTEPUSAM JJIs PEUIeHMs] TaKUX 3a/1ad, Kak
yCTpaHEHUe Kapueca, TpaBMbl 3y0a, MOTEMHEHHE YYacTKOB 3yOOB M JI0Oble M3MEHEHHs IIBETa
HMalid, BOCCTAHOBJIEHHE KPUBBIX, Pa3pyLICHHBIX 3y0OOB, YCTPAaHEHHE CKOJIOB U TPELINH, 3aKPbITHE
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MPOMEXKYTKOB MexAy 3yOamu. IlokazaHo, 4TO mNpUBEAEHHBIC IIOMOMPOBOYHBIC MAaTEPUAIIBI
MaKCHUMaJIbHO MPUOIMKEH K BUY €CTECTBEHHBIX 3yOOB 110 IIBETY, MIPO3PAYHOCTH U (aKType.
BeiBoabl. Ha ocHOBaHMM JTaHHBIX CYOBEKTHBHOW OILIEHKH MCCIEAOBAHUS KOMITO3HIIMOHHBIX
CTOMATOJIOTHYECKUX MaTepUaoB, MOXHO CJIeJaTh BBIBOJ O B MpOIlecCce BbIOOpA KOMIIO3UTA IS
KOHKPETHOTO MaIl[MeHTa CTOMATOJIOT JIOJKEH YUUTHIBATh TaKMe (PaKTOPHI, KAK THIT M PACTIONOKEHUE
3y0a, a TaKke JOJTOBEYHOCTh MaTepuaia. KoMIO3UThI ¢ MEIKMMH YacTHUIIAMHU HAINOJHUTEIS U
BBICOKMM YPOBHEM ITOJMPOBKHU MOAXOMIAT JUTS IEPEAHUX 3y0O0B, TOT/Ia KaK /ISl )KEBATEIIbHBIX 3y00B
MOTYT MOTPeOOBAThCS MaTepuaibl ¢ 00jee KPyMHBIMH YaCTHIIAMU HAITOJTHUTENS IS TTOBBIIICHUS
npoYHocTUu. B o0mmemM W menoMm, KOMIIO3WTHBIE MaTepuaibl B CTOMATOJIOTUHM — 3TO CJIOXHAs U
pazHooOpa3Has 001acTh, KOTOpas TpeOyeT TIIyOOKOro MOHWMAaHUs U TPO(EeCCHOHATLHBIX HABBIKOB
JUISL YCIIEIHOTO MPUMEHEHHUS.
Jlureparypa
1. BorskoB C.JI., Maugpa K.B. wu ap. MuHepanoruyeckas CTOMATOJIOTHS — Kak
MEXIUCIUIUIMHAPHAS 00JIaCTh HWCCIICIOBAHMI: HEKOTOPhIE WTOTH W IEPCIEKTHBBI Pa3BUTHS //
[TpoGsiembr cromatomnoruu. - 2017. — T.13. - Nel. — C. 3- 16.
2. Cysoposa U.B., benos B.M. HccnenoBanre KOMIIO3UIIMOHHBIX CTOMATOJIOTHYECKUX MaTEPHAIIOB
METOJIOM peHTreHoda3zoBoro ananu3a // [lonsynosckuit BecTHuK. — 2008. - Ne3. — C. 242 — 244,

MOJAEJIMPOBAHMUME TEIIJIOBBIX ITPOHECCOB AKTUBHBIX CUCTEMAX
COJIHEYHOTI'O OTOIIVIEHUA

Abnyxamumos /1. Y.
Ousnka—TeXHUIEeCKN MHCTUTYT AKajeMun HayK PecrryOmiku Y3b6ekucrtan, r. TamkeHT
Diydorbek77@ gmail.com

KiioueBble cjioBa: coHEYHAs SHEPTHUs, YJHEProd(h(HEeKTHBHOCTh, aKTUBHAS CHCTEMA.

BBenenue: Bo Bcem Mupe mpoBOISTCS HAyYHO-UCCIIEAOBATENbCKUE Pa0OThI, HAIIPABIECHHBIE
Ha TOBbIIeHNUE YP(PEKTUBHOCTH PAOOTHI COMTHEYHBIX TEIUIOBBIX U DHEPTeTUYECKUX YCTPOMCTB IS
[IMPOKOTO MPUMEHEHHS CUCTEM TEIIOCHA0KEHU S, OCHOBAHHBIX HA MTACCUBHBIX U aKTUBHBIX CUCTEM
conHeuHoro otorieHus (CCO).

B otpacnsx SKOHOMHKH PECIyOJIMKH PEATU3YIOTCS KOMIUIEKCHBIE MEPBI MO TMOBBIIICHHUIO
9Heprod(HPEeKTUBHOCTH, B TOM UHUCIIE 3a CYET HUCIOJIb30BAaHUS COJTHEUHOW JHEPTrUU B KauecTBE
WMCTOYHHMKA TeIJla TPH OTOIJICHUW KWIBIX 3/1aHUM, KOMMYHAJIBHO-OBITOBBIX M COIIMAIBHBIX
00BEKTOB, CHIKEHUIO MOTPEOJICHUS SHEPTUU B CETH U, B CBOIO OYEpE/b, COXPAHEHHIO 3aracoB
YTJIEBOJOPOAOB /I OYAYIIUX TOKOJIEHUM M CMSTYEHHUIO YKOJOTUYECKON CHUTYyalluu, JOCTUTAIOTCS
OIIPEIEIICHHBIE PE3YIIbTATHI.

MeToabl, OCHOBHAS YaCTh

[TocTaBneHbl BONMPOCH HMCCIIEIOBAaHUS TEIUIOTEXHUYECKUX MMApaMETPOB AKTUBHBIX CHUCTEM
conaeunoro otorieHus (CCO) B 3manusx ¢ akkymyssitopoM teria (AT).

Pa3zpaborana HectanmoHnapHas mMatematuyeckass moaens aktuBHo CCO ¢ AT. B nanHnoif
MOJICIIH, U OTIPEIeTICHUST TETUIOBBIX CBOMCTB 37aHUs OBLI MCIOJIB30BaH METOJ I'payco-4acoB. B
ATOM CiTy4ae oOIue TeTIONMOTEPH 3/1aHHUs ONIPEAETACIOTCS KaK:

QOTl‘I = KwHDH A06Lu.rm. (1)
rne HDH - KOIW4ecTBO TIpaayCc-4acoB OTOMMUTEIBHOIO MMEpHUOAA W OMNPEAENSeTCS C MOMOIIbIO
bopmyIIbL:

HDH(tOT) = Iivzl(tOT - Eoc)+ (2)
e t,,.- Tpedyemas TeMIeparypa BHYTPH OTIUIMBAEMOIO 3[aHUs; L,.- CpEIHEUacoBas TeMIeparypa
OKpyKatorie cpeibl; N- KOJTMYeCTBO 4acoB 3a paccMarpuBaeMslii epuon [1,3].

Pe3yabTaThl U BHIBOABI
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[To pesynbraTam pacuera, BBISBIEHO, YTO MpHU ucnoib3oBaHnuu aktuBHo CCO c¢ Gakom-
AKKyMYJISITOPOM, IOKa3ajld BO3MOXKHOCTh CHIDKEHHS YIENbHOTO Teruionorpedmenus Ha 33,4%,
39,79% u 44,7% cOOTBETCTBEHHO, IPU NIEPBOM, BTOPOM U TPETHEM YPOBHE TEILIO3AIIUTHI 3/1aHUM.
[2,4].

Jlurepartypa
1. Manssuna E.I'. Teronorepu 3qanus. * M.: 2011 r. — 105 ctp.

2. KMK 2.01.18-2000 HopmatuBbl pacxoja OSHEPrMd Ha OTOIUICHHE, BEHTWIALHUIO W
KOHJIMLIUOHUPOBAHUE 3JaHUN U COOPYKEHUM.

3. ABezoBa H.P., Paxumor OJ.10. [lammypagoBa H.H, Aoayxamumor [.Y. “JluHamMuka H3MCHEHUS
nokasareseii ['pamyco-CyToK OTOMUTEIBHOTO Tieproaa B Y30ekucrane 3a mocieanue 40 ner. // TpoGiemsr
9HEPro- u pecypcocoepexenue, 2022 iin, r. Tamkent, Nel., ctp. 108-119. (05.00.00; Ne21).

4. 1.Y.Ab6nyxamunoB “Ilact xapoparinu ¢aon KyE€ml HCUTHIN TU3UMIIAPHHU TaHJIAl, YJIapHUHT
CXEeMaJlJapUHU acoclialll Ba WCCUKJIUK IMapaMeTpiiapuHU ONTUMaiall’ TeXHHKa (aHinapu Oyinua
dancada noxropu (PhD) nmuccepranuscu aBropedeparu. ®aprona-2023ii.

O HAITPABJIEHUSX HAYYHBIX UCCJEIOBAHHUM 110 COJTHEYHOMY OBOI'PEBY
IJIABATEJBHBIX BACCEMHOB B YCJIOBUSX Y3BEKUCTAHA

Apsues 3. /1.
OU3NKO-TEeXHUUECKNH HHCTUTYT AKafemun Hayk PecrryOnmku Y30ekucraHs, r.TamkenT,
e-mail: zarziyev@mail.ru

BBenenne. 3a nocienHue rojasl B Y30€KHUCTaHE MPUHATHL s HOPMAaTHBHO — IPaBOBBIX
JOKYMEHTOB YCTaHOBJISIFOIIMECS TPUOPUTETHOE MECTO Ha IMPHMEHEHHE SHeprod(peKTHUBHBIX U
SHeprocOeperaroIux TEXHOJIOIHH, KOTOpblE COMYTCTBYET IUIABHOMY II€pEXOJly Ha 3eJICHYIO
HHEPreTHKY, HA OCHOBE KOTOPOH B OCHOBHOM JIEKUT UCIIOIb30BaHMs BO30OHOBIISIEMBIX HCTOUHUKOB
sHepruu. MHBECTUIIMM B 3€JI€HBIE TEXHOJIOTUH YXKE€ OKYNAarTCs B TE€YEHHH 6-8 JET, KOTOpbIE
IPUMEHEHBI JUIsl CUCTEM TEIUIa U 3JIEKTPOCHAOKEHUS 3[JaHUM U COOpPY>KEHUH, a TaKxkKe Ui APYTUx
OBITOBBIX HYX ] HaceneHus [1-2].

Metoasbl. B cBsi3M ¢ 3TUM NpEICTaBIsACT HAYYHbIN U MPAKTUYECKUN MHTEPEC UCCIIEJOBaHUE
IUIaBaTeNIbHBIX 0acCefHOB Ha BO3MOXHOCTH IOJOTPEBa HMX Ha OCHOBE SHEPrHMHM COJIHEYHOTO
U3ITyYEHUS.

bacceliHbl MOKHO HCIIOJIB30BAaTh KAaK CPENCTBO CIIOPTA, 0310POBJICHUS U oTAbIXa. [loaTomy
BaXHO UX HarpeBatb. [Ij1st X o0orpeBa UCHOIb3YyETCSI MHOTO IPUPOIHOM 3Hepruu. Mcnons3oBanue
COJIHEYHOM 2HEPIUU NO3BOJISET SKOHOMUTH NPUPOAHYIO SHEPru0. OTMETUM, YTO CYLIECTBYET ABa
TUINOB OAacCeHOB, OTKPBITBI M 3aKpbITHIi. B OCHOBHOM MbI MPOBOJUM HCCIEIOBAaHUS I10
OTKpBITBIM OacceiiHaM. OTKpbITble OacceifiHbl OOBIYHO MCIIOJB3YIOTCSI B JIETHHUH CE€30H, KOrja
TEMIIepaTypa Hapy>KHOro BoO3Ayxa Bbllle, 4yeM 22 — 24 °C M BBICOKOE 3HAYEHUE ITOKA3aTeJIst
CPEHECYTOUYHOM COJHEYHOM paJuanuy B 3aBUCHUMOCTHM OT peruoHa crpanbel [3]. B maHHBIX
YCIIOBUSIX MCIOJIb30BAaHUS SHEPTUU COJTHEUHOTO M3JTy4eHUs JJIsi KOMIIEHCALUU TETJIOBBIX MOTEPh B
OacceiiHe U Mojiep>)KaHle TeMIepaTypsl BobI B OacceliHe Ha (PMKCUPOBAHHOM JHarna3zoHe (~24 —
32 °C) [4] sBnseTcsa BecbMa aKTyaJIbHOM M BOCTPeOOBaHHOM.

BeiBoabl.  OOnacTb  MCHOJB30BaHHSA ~ BO30OOHOBIISIEMBIX ~ HMCTOYHUKOB  DHEPIUU
paccMaTpuBaeTcs Kak o0JIaCTh ¢ BBICOKMM IOTEHIIMAJIOM B Haiei pecryomnuke. Yka3 Ilpesuaenra
PecnyOmuku Y30ekucran Ne VII-60 ot 28 suBaps 2022 roma «O ctpareruu passutus Hosoro
V36ekucrana Ha 2022-2026 roas», a Takke noctaHoBieHuit [pesnaenta PecriyOnuku Y30ekucran
Ne III1-4779 «O ROMOMHUTENBHBIX MEPAX MO COKPALIEHUIO 3aBUCHMOCTH OTPACIEH S3KOHOMHMKH OT
TOTIJIMBHO-3HEPIreTUUECKON MPOAYKIMH, MyTEM MOBBIIIEHUS dHEProd((HEeKTUBHOCTH 3KOHOMUKH U
3anericTBoBaHus uMmeromuxcst pecypco» oT 10 utons 2020 romga u Ne T111-4422 «O6 ycKOpEeHHBIX
Mepax IO TOBBIIIEHUIO 3HEProd(p(EKTUBHOCTH OTpaciell PKOHOMHMKH M COLMAIbHOM cdepsl,
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BHE/IPCHUIO HJHEProcOeperaromux TEXHOJOTUH M Pa3BUTHUIO BO30OHOBISIEMBIX HCTOYHUKOB
sHeprum» oT 22 aprycra 2019 roga, B KOTOPOM YTBEPKACHBI JOJTOCPOUYHBIC 1IEJIEBBIC MAPAMETPHI
pazButuss BUD u mnaH opraHuM3allMOHHO-IIPAKTHMUYECKUX Mep JanbHelmero passutus BUD B
pecnyOnuke.
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2. [Toctanonennu Kabunera MunuctpoB Pecniyonuku Y36ekuctan Ne333 ot 3 mas 2018 rona.
3. Matteo Dongellini, Stefania Falcioni, Andrea Martelli, Gian Luca Morini. Dynamic simulation of
outdoor swimming pool solar heating // ScienceDirect, Energy Procedia 81 (2015) 1 - 10.
4. CaHuTapHble HOPMBI W TIpaBWJa IO MPOCKTUPOBAHUIO, YCTPOMCTBY M OIKCIUIyaTallUu
raBarenbHbIX O6acceitnoB CanlluH PY3 N 0221-07.

HADRONIZATION OF QUARK-GLUON PLASMAS

YTemiraliev A., 2Z. Mazhit
Institute of Physics and Technology, Satbaev University, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
“Correspondence: a.temiraliev@sci.kz

Keywords: quark-gluon plasma, nonlinear dynamics, bifurcations, mapping of Poincaré
sections

Introduction. Our days one of actual problems is phase transition research on RHIC, LHC,
FAIR and NICA accelerators as follows: confinement-deconfinement, chiral symmetry violation-
restoration. Computer simulation of renormalization-group nonlinear parton distribution functions
(PDF) flux perceives to study qualitatively phase transitions in the momentum space of QCD non-
perturbative region.

Methods. On the basis of developed methods of dynamical systems theory in the vicinity of
phase transition PDF nonlinear dynamics simulation has been carried out. The research is
performed within the framework of the nonlinear theory of discrete mappings of Poincaré sections.
Multiple hadron production is modeled by a cascade of period-doubling bifurcations [1, 2].

The quark-gluon cascade of bifurcations in momentum space spontaneously transforms into chaotic
dynamics [3, 4]. The Lyapunov exponents are used to measure the regularity and chaos of the
dynamics of partons (quarks and gluons).

The spontaneous emergence of chaotic dynamics corresponds to the confinement-deconfinement
phase transition. Parton initial impulse distribution is defined from experimental data on deep
inelastic lepton-nucleon scattering. The evolution equation has been given by discrete mappings in
the form of Markov process.

Results. Investigation of phase transition, quark-gluon plasmas hadronization’s final stage on
the base of non-linear dynamics of stable attractor structures formation is carried out. It is revealed,
that phase transition to quark-gluon plasma takes place by convergence of bifurcation cascade and
spontaneously occurring chaotic dynamic

Conclusion. Plasma hadronization is associated with spontaneous symmetry violation of
vacuum states — condensates — and occurs due to the nonlinear dynamics of the formation of
Poisson-stable quark-gluon structures.
The spontaneous emergence of chaotic dynamics is responsible for the thermalization of the quark-
gluon medium. A computer numerical solution shows that at the first stage of first-order phase
transition from quark-gluon plasmas to hadrons, the process occurs through a mixed phase of
quarks and stable clusters [4].
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RECENT ACHIEVEMENTS IN NANOSCIENCE & NANOTECHNOLOGY

L2Mansurov Z.A., “?Imash A.A.
Ynstitute of Combustion problems, Bogenbay batyr str.,172, Almaty, Kazakhstan
2Al-farabi Kazakh National University, al-Farabi Ave, 71, Almaty, Kazakhstan
E-mail: ZMansurov@kaznu.kz

Abstract

Ernst Herbertovich Boos, the Academician of NAS of the Republic of Kazakhstan, was a
prominent physicist and science organizer who made significant contributions to the development
of science and education in Kazakhstan, as well as to the strengthening of international scientific
cooperation. His passion for science was the driving force behind his work, and he always aimed
for new achievements. His perseverance, authority, responsiveness, and intelligence made him a
respected scientist, teacher, colleague, and public figure. Many will remember him as a great
contributor to science.

Nanotechnology is an interdisciplinary field that has emerged in the global science and
technology arena over the past 30 years. It focuses on the study of objects ranging in size from 0.1
to 100 nanometers, encompassing a wide range of interdisciplinary connections across physics,
chemistry, and biology.

Studying the current state and developmental trends of nanoindustry objects leads to the
conclusion that the most promising area of nanotechnology is the synthesis, research, and
application of carbon nanomaterials. Carbon nanomaterials are particularly intriguing due to their
exceptional physicochemical and mechanical properties, as well as their potential for diverse
applications.

In Kazakhstan, the research in the field of nanotechnologies and nanomaterials have been
conducted for more than 30 years at al-Farabi Kazakh national University as well as at the Institute
of Combustion Problems, Institute of Physics and Technology, and Nazarbayev University.

The original results on development of carbon nanomaterials of different functional
application which were obtained. This paper presents original results on the development of a
technology for producing carbon nanomaterials for various applications:

1) Preparation of aerogels based on nanostructured materials (CNTSs, graphene oxide, MWCNTS);
2) Supercapacitors based on carbon nanomaterials;

3) Synthesis and application of membrane technology for desalination of seawater;

4)  Synthesis and application of carbon nanofibers obtained by electrospinning;

5) Nanostructured carbon materials for biomedical use.

This thesis is intended to present the latest developments of the Institute of Combustion Problems in
the fields of combustion and producing nanomaterials for various applications.
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BIOMASS-DERIVED CARBONS FOR THE SORPTION OF RADIONUCLIDES

Kunarbekova M., Azat S.
Satbayev University, 22a Satpaev str., 050026, Almaty, Kazakhstan
M. Tatibayeva@stud.satbayev.university

Keywords: radioactive emissions, radioactive iodine, activated carbon, nuclear waste,
chemical activation

Introduction: The number of radioactive wastes increased dramatically in the last century due
to the growing population and energy demand. In this regard, radioactive waste management faces
new challenges and requires new methods to control and extract radioactive substances. In our
work, we synthesized activated caron from biomass waste (rice husk, buckwheat husk and walnut)
dopped with nitrogen groups and tried it for radioactive iodine removal.

Methods: Activated carbons have been obtained using the horizontal reactor (CVD) in inert
atmosphere (Ar) at 800°C for 2 h. Impregnation of N was performed by Hydrothermal method
(HTM) at 5SMpa and 180 °C for 24 h. KOH has been used as an activating agent. Obtained activated
carbons have been characterized using following techniques: SEM, SEM-EDX, Raman, IR, Water
contact angle, optical microscopy, BET. Sorption capacity has been determined by UV-Vis.

Results: Obtained activated carbon has shown high extraction capacity towards stable
iodine isotope 127. Extraction capacities in mg/g (with initial concentration of iodide ions 100
mg/l): 459 for WN (walnut derived activated carbon), 463 for RH (rice husk) and 457 for BH
(buckwheat husk) correspondingly. The SEM images bellow shows porous structure of activated
carbons with mainl contrby.t.gs_to the sorption.

o i, Y
EHT = 15.00 KV Signal A= SET Date 11 Oct 2023 ZEISS] 100 pm* EHT = 15.00 &V Signal A= SEi Date 11 Oct 2023
WD = 7.5mm Photo No. = 2131 Time :10:00.06 F WD = 8.0mm Photo o. = 2154 Time 10:36:02

% ABETTE

Figure 1 - SEKA image of RH and BH originated activated carbons

Conclusion: In summary, activated carbons originated from biowaste can be effectively
applied for treatment of contaminated by radioactive iodine water. Addition of N groups contributes
to micropore formation which furthermore contribute to absorption of target ion.

METO/ OITUMU3ALIUA PASMEPOB I1IOP B IIOPUCTOM YIJIEPOAE JJIA
XPAHEHMUS BOAOPOJA

12 Jlec6aes b., ?Ycraesa I'., 12C. Taynuxosa, Y?>)Kamanr A., Paxeivoxan H.
Uncturyt [Mpobnem openns, Anmarel, Kazaxcran
Kazaxckuii HanmonansHeiii Y HuBEpcUTeT MMeHH anb-Dapabu, Anmatel, Kazaxcran
E-mail: lesbayev@mail.ru

KuioueBble cjioBa: XpaHEeHHE, BOJOPO/I, aICOPOIIHSI, HAHOTIOPUCTOCTD, YTIEPOI.

BBeHEHHe. BO}IOpO)I B HACTOAMIEC BPEMA ABJIACTCA OOAHHUM H3 IICPCIICKTHBHBIX TOIIINWB,
KOTOPBI CIMOCOOEH pEIIUTh PacTylIMe MHUPOBbIE TOTPEOHOCTH B HSHEPruu 0e3 HaHeCceHUs
9KoJioThueckoro ymepba tiaHete. C  Apyrol CTOPOHBI, OJHHUM U3 KIIIOUYEBBIX MPOOIIEM,
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3aMEJIAIONINX IMPOKOE MCIOJIb30BAaHUE BOJOPOJa B KAa4YECTBE allbTEPHATUBHOIO TOIUIMBA,
SIBJISICTCSI OTCYTCTBHE O€30MaCHBIX, SKOHOMHUYHBIX M d()PEKTUBHBIX CHUCTEM XpaHEHHUs BOJOpOA.
[Ipensiaraemoe wuccie0BaHUE MOCBSILIEHO HM3YyYEHHUIO BO3MOXKHOCTEHW MPUMEHEHUS B KauecTBE
Marepualia Jijisi XpaHEeHHs BOJOPO/ia HAHOIIOPUCTOTO YIJIEPO/Ia, MOTYYEHHOTO U3 PUCOBOM IIETYXH.

Metoabl. IlpennoxeHn HOBBIM MOAXOA K YIPaBJICHHUIO IPOLECCOM MOPOOOpa30BaHUS B
HaHOIIOPHUCTOM YTJIEPOJIE TIPH €T0 MOJYYCHHH U3 PACTUTEILHOTO ChIPhS METOIaMU KapOOHHU3AINH U
XUMHUYECKOHU aKTHUBalluu, OTJIMYHUTEIbHON OCO6GHHOCTBIO, KOTOpPOro sBJACTCA MNPHUMCHCHUC
MPEBAPUTEIILHON MEXaHWYECKOM aKTHBALIMM MCXOJHOTO PACTUTEIBHOTO ChIPhS MEepe] MPOIECCOM
KapOOHU3AIIHH.

Pe3yabTaTbl. HaHOTIOPUCTHIN YTIiIepo, MOJYYSHHBIM U3 PACTHTEIBHOTO ChIPhs, 00amaer
BBICOKOW  YJENbHOW  TOBEPXHOCTHIO, CTAa0WIIBHONH  KapKacHOW  CTPYKTYpOW, = MaccOBOM
MIPOU3BOIUTEIIPHOCTEIO M OBICTPONM KHHETHUKOW Tporecca (Gpu3nueckor aacopOIuu/necopOmnmm.
CrpykTypa W pa3Mmepbl MOp B HAHONOPHCTOM YIJepojie HrpalT (yHIAMEHTAIbHYIO pOJIb B
MOBBIIICHHH 3(PGEKTUBHOCTH CHCTEM XpaHeHus Bojopona [1-4]. B cBs3u ¢ stum B pabote
MPEACTABICHBI U OOCYXKIEHBI Pe3yJbTaThl MUCCIECAOBAHUIN MO ONTUMHU3AIMU YCIOBUN TMOTYyYEHUS
HAaHONIOPUCTOTO yrjepofa C MAaKCUMalbHbIM COACPKAHUEM MHUKPOIOP U U3YYEHHUIO UX
COpPOLIMOHHBIX XapaKTEPUCTUKHU 10 BOJOPOY.

BeiBoABI. Y CTaHOBIIEHO, YTO B HAHOIIOPUCTOM YTIIEPOJE, OJIYYEHHOM U3 PUCOBOM LIETyXH
n O6pa6OTaHHOM IIpU BBIABJICHHBIX ONTUMAJIBHBIX YCJIOBUAX MeXaHH4YeCKOU aKTuBanuu, II0
CPaBHEHHMIO C HEoOpaOOTaHHON pPHCOBOI IMIETyXOM MPOUCXOAUT YBEIMUEHUE YIEIbHON
nosepxnoct o bIT ¢ 2386 10 2715 M?/r, yienbsHOH HOBEPXHOCTH MHKPOIOp, PACCIUTAHHOH MO
metony Jyoununa-Pagymkesuuya ¢ 2754 no 3099 M2/r U obmiero oobeMa Mop, PacCYUTAaHHOTO
metomoMm BJH ¢ 0,251 mo 1,625 cM®/T, 4TO MO3BOISET MOBBICHTD €r0 a7COpPOIIMOHHYIO EMKOCTh 10
Bojopoay Ha 29,7% 1o CpaBHEHHIO C HAHOIOPHUCTBIM YIJIEPOJOM, IMOJIYYEHHBIM W3 PHUCOBOU
MCIYyXHU U HE ITOABCPIrHYThIM MeXaHUYEeCKOU AKTUBaAIlUU.
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Carbon. — 2016. — Vol. 99. — P. 289-294.

2. Young-Jung Heo, Sun-Hwa Yeon, Soo-Jin Park, Defining contribution of micropore size to hydrogen
physisorption behaviors: A new approach based on DFT pore volumes // Carbon. — 2019. — Vol. 143. — P.
288-293.

3. Mohan, M., Sharma, V. K., Kumar, E. A., & Gayathri, V.. Hydrogen storage in carbon materials—A
review //Energy Storage. —2019. — T. 1. — Ne. 2. — C. €35.

4. Firlej, L., Pfeifer, P., Kuchta, B. Understanding universal adsorption limits for hydrogen storage in nano
porous systems // Advanced Materials. — 2023. — Vol. 25. — P. 5971-5974.

THE TESTING A MODEL SOLAR HYDROGEN POWER INSTALLATION SHPI

A. Serikbekov, D.V. Buhvalov*, K.Sh. Chokin, T,K, Idrisova, I. Nevmerzhitsky, B. Rakymetov, A.S.
Serikkanov+, A. Shongalova?, T. Turmagambetov?, K.B. Tynyshtykbayev™
Institute of Physics and Technology, Satbayev University, Almaty, Kazakhstan
+National Academy of Sciences under the President of the Republic of Kazakhstan, Almaty
* danil@njfu.edu.cn ** k.tnyshtykbayev@sci.kz

The results of the testing of a Solar-Hydrogen Power Installation SHPI are presented. The
Photovoltaic (PV) plant (P = 4 kW) installed at the Tien-Shan Alpine Scientific Station of the
Institute of Physics and Technology, Satbayev University, Almaty, at an altitude of 3336 meters in
the Zhusaly-Kezen, pass near Almaty, and on the territory of the IPT, Alatau, Almaty, 600 m above
sea level and the total generation electrical energy by the PV to industrial sets electricity for 2018-
2022ys more than 41,000 kWh. This photo-generated electric power can be used for the synthesis of
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gaseous hydrogen. The simplest route for the usage of gaseous hydrogen is the conversion into heat
by burning.

In this report, we present results on the optimization of a hydrogen-gas burner operating on
Brown gas by simulating the combustion process from the ratio of Brown gas (~60 MJ/kg) to pure
hydrogen gas (~120 MJ/kg) and experimental testing in search of maximum efficiency of the
heating installation. The objective of this study is to examine the SHPI working parameters for
scaling to other renewable energy sources in the country, such as wind and hydroelectric power

plants.
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The supplementary information is available at: https://disk.yandex.ru/i/lkHuLwvgwBCI-Ag

The work are funded by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan: BR18574141 "Comprehensive Multi-Purpose Program for Improving
Energy Efficiency and Resource Saving in the Energy Sector and Mechanical Engineering for the
Industry of Kazakhstan"

AHTHOTPAXAIOIIUE IMOKPBITHUA HA OCHOBE OKCHUJA OJIOBA

Hmurpuesa E.A., boumaps E.A, Jlebenes U.A., HypbaeB b.M., ®enocumosa A.I.
Institute of Physics and Technology, Ibragimov 11, Almaty, 050013, Kazakhstan
info@sci.kz

KuroueBble cjioBa: KpeMHUM, OKCHJT 0JIOBA, TOHKUE TJIEHKHU, 30JIb-T€Jlb, OTPAKEHHUE.

Beenenne Kpemuuessie (Si) coMHEUHbIE JIEMEHTHI IPOI0JDKAIOT JOMHUHUPOBATh HA PHIHKE
dotoanexkrpuueckux (PV) akkymynsTopoB Giarogapsi CBO€il JOATOCPOUYHON CTaOUIBLHOCTH, 3pEIon
HOJIYTIPOBOIHUKOBOM TEXHOJOTHMH M HETOKCHUHOCTH MatepHaia. Kpome toro, Si siBisieTcss BTOpsIM
[0 PacHpOCTPaHEHHOCTH 3JIEMEHTOM Ha 3emie. HecMoTps Ha 3TH mpeumylecTBa, KpeMHHUEBbIE
COJIHEYHBIE DJIEMEHTHI CTpajaloT OT cinaboro mnoromeHus. OIHOW W3 NPUYMH TOTEPU B
MOTJIOUICHUH, SIBJISIETCS] BBICOKMN KOHTPACT MOKa3aTeNell MpeloMIeHHs] Mexay 00beMHbIM Si (n =
3,94 npu 600 HM) 1 Bo3ayxoM (n = 1), 4yTO BBI3BIBAET (PEHENEBCKOE OTPaKEHHE Ha T'PAHUIIE
paszzmena Bo3ayx-Si [1,2]. VYMeHbleHUsT MOTEpPh HAa OTPAXKEHUHM MOXKHO JTOOUTHCA MOKPBITHEM
KPEMHHUEBBIX IUIACTHH MPO3pPayHbIM MaTepPHaJIOM C MPOMEKYTOUHBIM KO3 HuIreHToM. B nanHoi
paboTe mpencTaBiIeHbl PE3yJbTaThl 10 HAHECEHUIO OKCH/IA 0JIOBA C MTOKa3aTeIeM MpeIoMIIeHUS n =
2 [3].

Metoabl U 00beKkTHI McciaenoBaHusi [lenkooOpa3yromias cucTeMa M3roTaBiIMBallach U3
SnCl45H20 B sTanone ¢ koHmeHTpaiueir noHoB onoa 0,11 monb/n. HaHeceHne Ha KPEMHHUEBYIO
noJJIoKKy Obuto mpu naeneHun 1bap, temmeparypa nomnoxku 400°C. M3mepenue crnekTpoB
npomnyckanus npoBoauin Ha crnekTpodoromerpe UNICO 2800, crekTpsl OTpakeHHs — HpU
MOMOIIH JIep>KaTest JUIsl U3MEPEHUs OTpakaTeJIbHOW CIIOCOOHOCTH.
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PesyabraTrhl OTpa)keHHE OT MCXOJHOM KPEMHMEBOW IIJIACTUHBI YBEIMYMBAETCA C
yBenu4yeHueM JUIuHbI BOHBL. [Ipu nnune BosHbl 200HM coctasisieT nopsiaka 60%, a nmpu 1100HM —
80%. Ilpn HaHeceHUM OKcuJa 0JI0Ba OTpakeHUe yMeHbliaercd. C yBEIMYEHHEM TOJILIMHBI CIIOS
SnO; nabmo1aeTcs 3HAUUTEILHOE YMEHbIIIEHUE OTpaXkeHus (10 5%) npu ;uinHax BoiH 245-315aM.

HccnenoBanue npoBeaeHo npu GuHAHCOBOM moaaepkke Komurtera Hayku MunHCTEpCTBa
HayKHu U BbIciiero oopazoBanus Pecriyonuku Kazaxcran mporpamma BR21881954.

JIureparypa:

1. Chuchvaga N., Zholdybayev K., Aimaganbetov K., Zhantuarov S., Serikkanov A. Development
of Hetero-Junction Silicon Solar Cells with Intrinsic Thin Layer: A Review // Coatings. — 2023. —
Vol.13. — Iss.4. — No.796. DOI10.3390/coatings13040796

2. Murzalinov D., Kemelbekova A., Seredavina T., Spivak Y., Serikkanov A., Shongalova A.,
Zhantuarov S., Moshnikov V., Mukhamedshina D. Self-Organization Effects of Thin ZnO Layers
on the Surface of Porous Silicon by Formation of Energetically Stable Nanostructures // Materials.
—2023. —Vol.16. — Iss.2. — N0.838. DOI:10.3390/ma16020838

3. Dmitriyeva E.A., Lebedev I.A., Bondar E.A., Fedosimova A.l., Temiraliev A.T., Murzalinov
D.O., Ibraimova S.A., Nurbaev B.M., Elemessov K., Baitimbetova B.A. The Influence of
Lyophobicity and Lyophilicity of Film-Forming Systems on the Properties of Tin Oxide Films //
Coatings — 2023. — Vol.13. — Ne1990. https://doi.org/10.3390/coatings13121990

®OTOTEPMOBOJIbTAMUECKHUI D®®EKT B pSi—n(Si2)1-y(GaP)x(ZnSe)y (0 < x < 0.09,
0<y<0.88) CTPYKTYPE

Cannos A.C., Ycmonos III.H., Paxmonos ¥Y.X., Camapos /].B.
®uzuko-rexuuueckuil ”HCTUTYT HITO «®usuka—Connue» AH PVY3, r.Tamkent

fti_uz@mail.ru

KnioueBbie cioBa: TBepblil pacTBOp, poToTepMOBOIbTaNueCKHid 3(deKT, Bapu30HHBIN
TIOJTYPOBOJIHUK, (DOTOTCHEPAIHSI, TEIIIOTeHEepaIInsI.

Beenenune: ®ororepMoBoIbTanYeCKUil 3PPEKT - BOSHUKHOBEHHE JIEKTPOIBIKYILEH CHIIBI
(OAC) mpu coBMeCTHOM BO3JEHCTBUU (OTO- M TEIJIOBOM SHEPIMH Ha MOJIYNPOBOJHUKOBYIO
CTPYKTYPY C pPaBHOMEPHBIM (POTOHArPEBOM, MPEJCTABISIET HECOMHEHHBINH MPAaKTHUECKUI WHTEPeC
npu pa3zpaboTKe COMHEUHBIX 37eMeHTOB (CD), paboTaomuX B *KapKUX KIUMATHUYECKUX YCIOBHSIX.
B naHHOW pa0oTe mpHBEAEHBI HKCIEPUMEHTAIbHBIE PE3YNBTaThl MO OOHAPYKEHHIO JaHHOTO
s dexta B PSIi—N(Siz)1x-y(GaP)x(ZnSe)y (0 < x <0.09, 0 <y < 0.88) cTpykType.

Metoapi: VccnenoBaHHBIE CTPYKTYPBl M3TOTABIMBAJIKMCH BBIpAIIMBAHUEM W3 PacTBOpa-
pacruiaBa — Sn-Si-GaP-ZnSe tBepmoro pactBopa (TP) n(Si2)1-x-y(GaP)x(ZnSe)y na pSi mommoxkax
[1]. Tommumua nonoxku coctasisia 400 MKkM, a anuTakcHaabHOU TUIEHKH — 30 MKM. CTpYKTYypHI
OCBEIAIMCh COJIHEYHBIM CBETOM C TIIOCTOSSHHOW WHTEHCHBHOCTBIO (AMI1.5) co cTOpoHBI
AMUTAKCHATBHON TUICHKH. TemrepaTypa oOpasiia peryupoBajiach BpeMEHEM MOICBETKH.

Pesyabratei: VccnenoBanue XuMHYecKoro coctaBa TP mokaszano, 4Tro ero cocras
MIOCTENIEHHO MEHSETCSl B HallpaBJICHUU pOCTa IUIEHKHU OT yucToro Si k cioto TP, oborameHHOMY
(Si2)0.03(GaP)o.0o(ZnSe)o.8s, T.c. SNUTAKCHANbHAs IUICHKA TMPEICTABISET COOOW BapU3OHHBIN
HOJTYTPOBOJHUK. Pe3ysbTaThl aTOMHO-CHJIOBOIO MHKPOCKOIA IMOKAa3bIBAIOT, YTO B MPHUIIOBEPX-
HOCTHOU 00JIaCTH IJICHKH 00pa3yroTcs SIMbI BHICOTOU ~ 2,5 U mmpHuHOH ~ 25—46 HM. Bo3aMoxkHO,
TaKue sSMbl (POPMHUPYIOTCS U3 KOMIIOHEHTOB TP, MpOSIBISIONINX KBAHTOBO-pa3MepHbIe dPQEKTHI,
CO3JA0IIHE IOKATBHOE TIoMe HanpsikeHHoCcThIo 107-10° B/cM Ha paccTosuuu 10 ~ 150 HM.

Ha pucynke npencrasiens! 3aucumoctu DJIC, renepupoBanubie B PSi-nSi u pSi-n(Siz)ix-
y(ZnSe)x(GaP)y crpykTyp, oT TemmepaTypbl. Kak BHIHO W3 pHCyHKa, B TEMHOTE B JMama3oHE
temrepatyp 25-80 °C B crpyktype pSi-nSi D/IC He renepupyercs. [Ipu ocBemernn pSi-n(Siz)1x-
y(ZnSe)x(GaP)y cTpykrypsl coinHeuHbIM cBeToM Bo3HUKaromue B Heil DJIC npu 25°C cocraisier
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2.1 mB. Ilpu nossimenun temmneparypsl 1o 55°C DJIC mpakTUuecKH HE H3MEHsIETcs, a IpU
JlanbHEHIeM NoBbIIeHHH Temmneparypbl A0 80°C mpu HEM3MEHHOM 3HAYEHWH HWHTEHCHUBHOCTH
CBETOBOI'O TOTOKA HAOJIIOJIaeTCs yBEIWYeHHE ee 3HadeHus a0 5,8 mMB, T. e. B aBa pasza. D10
3HAYUTEIBHBIN BKIIaJ B TeHepanuio J/1C 1 MoxeT ObITh UCIIOJIb30BaH MpH pazpadotke CO.

© 4 Pucynok 1 - 3aBucumoctu 3/IC oT TeMneparypsl
= 4 3 crpykryp: pSi-nSi (1), pSi-n(Si2)1-xy(ZnSe)x(GaP)y 6e3
= ocBemeHus (2), cyMma YHCTOTO  TEPMO- H
= 2 2 (dotonanpspkeHus (3) U MpPU OCBEIIEHUU COJTHEYHBIM
0] voseewo . L 7 °C cBeroM (4).

40 60 80

BoiBoabi: OOHapyxeHHbIH  (QoTOTepMOBOIbTaHUECKUN 3IPGEeKT B  HCCIETOBAHHOM
CTPYKType, TO-BUIUMOMY, OOYCIIOBJICH BapU30HHOCTHIO  OIUTAKCHAIBHOH  IUICHKH U
HaHOKPHUCTAJJIUTOB, O6p&3y10H_lI/IX HaHOPa3MCPHLIC MBI B HpHHOBerHOCTHOﬁ 00J1aCTH IJICHKH.

Jlureparypa:

1. Saidov A.S., Razzakov A.Sh. et. all. Materials Chemistry and Physics. 2001. V. 68. P. 1-6.

N3YUEHUE OCOBEHHOCTEN TYHHEJIBHOI'O IIEPEHOCA 3APSIIA
YEPE3 HAHOMETPOBBIE CJIOU ®TOPUJIA KAJIbBLIWS HA KPEMHUU-(111)

'Banmukos A.I'., Bensxosa E.W., 'Bekcnep M.U., ?Grasser T., ‘Mnnapuonos 10.10.,
2Knobloch T., *Coxonos H.C., 'fOcynosa I11.A.
DOTU um. A.®. Uodpde, Cankr-IlerepOypr, Poccus, E-mail: sh.yusupova@mail.ioffe.ru
2IHCTUTYT MUKPOSIIEKTPOHUKH TIpu TexHuueckoM yHuBepcutere Bensl, ABcTpus

Karouessie cioBa: CaFz, MJID, ronkue mnéuku, M/II1-cTpykTypa, TyHHEIBHBIH dhdeKT

Beenenne.OnHOM M3 BaXHBIX 3aJa4 B MHKPODJIEKTPOHMKE Ha COBPEMEHHOM JTame
SIBJIIETCSL TIOUCK HOBBIX IMOJIYIIPOBOJAHUKOBBIX U JIUAJIEKTpUUYECKUX MaTepuasnos. JlaHHas paborta
MOCBSIIIICHA BBIPAIMBAHHUIO U U3YyYCHHIO HAHOMETPOBBIX MieHOK CaF2 Ha Si(111), koTopsie, Kak
IpeIoaraeTcs, CMOTyT HalTH MPUMEHEHHUE B POJIM MOJ[3aTBOPHOIO U30JISATOPa B TPAH3UCTOPaxX
pa3HBIX apXUTEKTYp, B TOM 4HcCle ¢ IByMepHbIM (2D) TokoHecymum KaHaloM U3 TUCyib(uaa
monubaena (MoSz) [1] wim rpadena. Hanexx sl Ha mporpecc B 3Toi cepe CBSI3aHbI ¢ TyUIIUMH,
4eM y TpaauiroHHoro uzoisitopa SiO2 u psiaa high-K-okcuaos, quanexTpruyeckumMu cBOCTBAMU
CaF2 (Egq=12.1 5B, mponuraemocts: 8.43, sddextuBHass Mmacca snektpoHa: 1.0mo [2]). s
YIOMSHYTBIX NpPUMEHEHHUH ToJIIMHA (TOpUAa TOJDKHA COCTaBIATh OT €JUHMIl JI0 OJHOrO-
MOJIyTOpa JIECATKOB HM.

MeTtonnl. [Tnenku CaF, ¢ HomuHanpHOU TONIUHOMN dn 0T 1-2 10 10—-20 HM BBIpAIIUBAINUCH
Ha MOBEPXHOCTH SI METOJOM MOJEKYJISApHO-Ty4eBoi snutakcud (MJID) npu OTHOCHTETHHO
Huskoit Temmeparype 250 °C. Penbed MOMydeHHOrO CIOS H3ydancs TPH MOMOIIM MHKPOCKOIA
aToMHbIX cwil. C T[OMOUIbIO CTaHJAPTHBIX AJNEKTPUYECKUX METOJIOB  HCCIIEOBAIUCH
BosibTamrepHbie (1-V) XapakTepUCTHKU CTPYKTYp METAI — JAUAIEKTPUK — IOJYHIPOBOJHHUK
(MAIT) Au/CaF2/n-Si co chopmupoBannbiMu miacHkamu CaFo. Teopernueckue |-V KpuBbie
pPacCUMTHIBAIUCH B NPEANONIOKEHUH TpeoliajaHus TYHHEIbHOTO MEXaHM3Ma TpaHCIopTa
351eKTpoHOB. CUMTaANOCh, YTO CTaHAAPTHASA JEBUAIMS Gd TOJNIIMHBI (PTOpUIA paBHA MapaMeTpy
IIEpPOXOBATOCTU IMS MOBEPXHOCTU BHIPALIEHHON TJICHKH.

PesyabTatsl. U3mepennsie ctatnyeckue |-V kpussie M/III-cTpykTyp XapakTepru30oBalInuch
SKCIIOHEHIIMAJIFHBIM HapacTaHWEM TOKa C HalpsDKeHHEeM Juis 00eux TOJSpHOCTEH, 4To
€CTECTBEHHO Ul TYHHEJIBHOTO nepeHoca. Takxke Obul 3aMeueH 3PPeKT HOTOUyBCTBUTEIBHOCTH

Anmamet, 15-16 pespans 2024, https://sci.kz/ 57


https://sci.kz/

ISBN 978-601-08-3798-0 Mamepuaner || Mescoynapoonoi kongpepenyuu namsmu axademuxa 2.1 5ooc

npu oOpaTHOM MOJSPHOCTH HANPSDKCHUS: HAJIMYKE TOJCBETKH IMOBBINIAJIO TOKH B 3-5 pa3. B
L[eJIOM, MOBeZeHHE 00Pa3OB HE MPOTUBOPEUMIIO MPECKA3aHUAM TeOpeTUYecKux Moaeneit. s
KOJIMYECTBEHHOI'O COIJIACOBAHUS YUYUTHIBAIACh KOHEYHOCTh Gd. [lapamerp rms yBeanuuBaics ¢
poctoMm On: ecitu 1st On ~ 2 HM OoH cocTaBisut okouto 0.15 um, To st dn ~ 10 HM npumepHo 1 HM.
Hecmotpss Ha HeKOTOpble HECTAaOMJIBHOCTH U 3aMeTHble (i1 TYHHEIBHOIO MEXaHU3Ma)
HEOAHOPOJHOCTH, IPOBEJAEHHBIE UCCIEAOBAHUS MTO3BOJIAIOT 3aKIOUNUTh, 4T0 M/III-cTpyKTYypHI €
BbIpameHHpIMu TUIeHKaMu CaF; Ha Si(111) obnmaganu HEMIOX0W BOCHPOM3BOAMMOCTBIO H
HAJIE)KHOCTHIO.

BeiBoabl. Pe3ynbTaThl CBUAETENBCTBYIOT O BO3MOYKHOCTH SIUTAKCHAIBHOIO IOJYYECHHS
ynpTpaToHKHUX miueHok CaFz mpubopHoro kauyectBa, a 3Ha4MT, 0 HaIW4uu y martepuana CaF»
MOTeHIMaNa JJis NPUMEHEHHUS B MUKPO3JIEKTPOHMKE. bimxkaiinias 1einb COCTOMT B CHUIKEHHUH
MacmTaba HeogHopoaHocTed TonmuHbl CaF2, XOTS W HpU JAOCTUTHYTOM YPOBHE TEXHOJOTHH
paboToCrnocOOHOCTh CTPYKTYP HE BBI3bIBAET COMHEHUH.

Pabora nonnepxana PODU (rpant 21-52-14007 AHD _a).

Jlureparypa:

1. Y.Y. lllarionov, T. Knobloch, M. Jech, M. Lanza, D. Akinwande, M.l. Vexler, T. Mueller,
M. Lemme, G. Fiori, F. Schwierz, T. Grasser, Nature Communications, 11, 3385 (2020).
2. W. Hayes. Crystals with the fluorite structure; Clarendon Press (1974).

TEPMUYECKOE PA3JIOKEHUE [TPOMBIIIJIEHHOI'O NH4VO3 10 V205 JJI51
NPUMEHEHUSA B BAHAJUEBBIX ITPOTOYHBIX BATAPESX

Yekuena A.C., Mepeke A.JL., Myparos J[.A., Ymup3zako A.T'.
TOO “®uznko-TexHUUEeCKUi HHCTUTYT , T. AnMaThl, Kazaxcran
E-mail: arugkz@gmail.com

KpynHomMaciitabHble BO300HOBJIsIEeMble HCTOUYHUKM SHEPrMH, OCOOEHHO COJIHEYHas U
BETPOBas, CTAHOBATCS OCHOBHBIM HCTOYHMKOM Ha MHMPOBOM DHHEPreTHUECKOM pBIHKE. ITO
OOBSICHAETCS HE TOJBKO OBICTPBIM DPa3BUTHEM TEXHOJIOTUH, HO U TJIOOAJIbHBIMH ONACCHHUSIMU
OTHOCHUTEIIBHO JOJTOCPOYHBIX W Pa3pyLINTEIbHBIX BO3JECHCTBUM MCKONAEMOro TOIUIMBA Ha
OKpY’Karollyto cpery. TakuM oOpa3oM, crUcTeMa HaKOIMJICHHUs SHEPruHM MrpaeT KIIYEBYIO POJb B
collecTBUU A(P(GEKTUBHOMY MPOJBWKEHUI0 U Pa3BUTHI0 HOBBIX OJHEPreTUYECKUX IPOEKTOB.
bnaronapss rubkoif KOHCTPYKIIMM U MOJYJBHOW MacIITaOMPYyEeMOCTH NMPOTOYHBIX aKKyMYJISTOPOB
OHM O0ECNEeUNBAIOT BO3MOXXHOCTh ABTOHOMHOI'O IMHUTAaHUS C BO3MOXHOCTBIO HACTPOWKH pa3MepoB
aKKyMYJISITOPHOM Oatapen M pesepByapa Jjsl JIEKTPOJIMTAa B COOTBETCTBUU C pa3IMYHBIMU
TpeOoBaHUSIMU U crneuudukanusiMu. BaHagueBas OKMCIUTENIbHO-BOCCTAHOBUTENbHAS MPOTOYHAS
Oarapes (VRFB) sBnsiercss Hambonee HIMPOKO HCCIEAyeMON MPOTOYHON OaTapeeit u3-3a ee
pPa3IUYHBIX NPEUMYIIECTB Mepel JPYyIrMMH XMMHUYECKMMHU COCTaBaMH IMPOTOYHBIX Oarapeil - oT
CTOMMOCTM M JOJITOBEYHOCTH [JO TEXHUYECKMX I1apaMEeTpOB, TaKUX KaK OIrPaHUYCHHOE
MIEPEKPECTHOE 3arps3HEHNE TI0 CPAaBHEHUIO C APYTHUMH MPOTOYHBIMU OaTapesmi [ 1, 2].

Ha ceropnsamumii nens mis nosydeHust V20s HCIONB3yeTCS MHOXKECTBO Pa3IMYHBIX
METO/IOB, TAKMX KAaK BAKYYMHOE€ HCHAapE€HHE, 30JIb-Telb IIPOILIECC, PACIBUICHHE, TEPMHUYECKOE
pas3lioKeHUEe M XMMHUYECKOoe OcCaxkJeHHe M3 mapoBoi (azpl. Cpeau 3TUX METOJIOB B HACTOsIIEe
BpeMsI KOMMEPUYECKU MPHUMEHSIETCS OOBIYHOE TEPMHMUECKOE Pa3sIoKeHHE MeTaBaHaJgaTa aMMOHUS
13-3a JOCTYITHOCTH IIpOLECCa.

[lenp paboOTHl 3aKirO4aeTcs B MOHCKE ONTUMAIbHBIX TEMIEPATYPHBIX W BPEMEHHBIX
napameTpoB i Tepmuueckoro pasznoxenuss NHsVOs no V20s npumenumoro B VRFB.

Bbutin  mpoBeNEHBI OMBITBI O MPOKAIMBAHUIO TPOMBIIUIEHHOTo mopomika NHsVOs.
Wcxonuplii npombinuieHHbId cbipbe NH4VO3 Obl1 mpenoctaBieH aoObIBaroliedl KoMIaHuen c
Kepimopaunckoii o6nactu Kazaxcrana. MccinenoBanus BEIIBUIIM ONTUMAILHOE BO3JICHCTBHE ABYX
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OCHOBHBIX IIapaMETPOB - TEMIEPATypbl U BPEMEHU IPOKAJIMBAHUS - HA CKOPOCTh MOTEPU Beca C
NPUMEHEHHEM  JUCIEPCHOHHOro  aHanu3a. Jlng  momydeHuss MSTUOKMCHM — BaHaigus B
MEJIKOAUCIIEPCHOM BHJ€ OBUIM MOJ00paHbl ONTHUMAalbHBIC YCIOBHSA, INPOBEACHA MOAPOOHAs
XapakTepU3alusl C HKCIOJIb30BAaHUEM METOJIOB PEHTICHOBCKOM (hasoBoii aHanmuza (PDA) u
CKaHUpYIOWIEeH 3JIeKTpoHHON Mukpockonuu (COM). OnrumanbHble YCJIOBHS CHHTE3a ObUIM
ycranosisieHsl ipu 10 1, 700 °C 1 2 yaca cOOTBETCTBEHHO. B 3THX yCIOBUSIX CKOPOCTh MOTEPHU Beca
cocTaBisIa (paKTHUECKUE IKCIIEPUMEHTaNbHbIe 3HaueHus 85,1%. JIudpakrorpamma moareepauia
COOTBETCTBUE IMOJIYYEHHOTO MPOJIyKTa CTPYKTYpe CTaHAAPTHOU MATHOKUCU BaHaaud. [lomyueHHbie
pe3yJIbTaThl MOTYT CIY’KUTh BaXKHBIM BKJIAJOM B IOHMMAHHE IIPOLIECCOB CUHTE3a U ONTUMU3ALUU
MaTepuajoB C MCIOJb30BaHUEM NsATHOKUCH BaHaaus. llomyuennsii V2Os B nampHeiimem Oyzaer
UCIIOJIb30BAaThCS B IIPUTOTOBJIEHUM pacTBOpA 3JEKTPOJIUTA JUIsl HCCIEJOBAHMSI BaHAJUEBBIX
MPOTOYHBIX OaTapei.

HccnenoBanue npoBeaeHo npu GuHAHCOBOM moaaepkke Komurtera Hayku MunHCTEpCTBa
HAyKH U BbIciIero oopazoBanus PecnyOnuku Kazaxcran [T1{®d BR21881954
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®OTODJEKTPHUECKAS YCTAHOBKA JUISI OGECIIEYEHUS SQHEPTUEM
CEJIbCKHUX PETUOHOB

Axtamos T. 3., Hacumos Y. M., A6pues I11. A., XKa66opos I1I. A.
OU3NKO-TeXHHUECKU HHCTUTYT AKagemMun Hayk PecrryOnmku Y30ekucran
email: tohiraxtamov@gmail.com

KiaroueBblie ciioBa: poTtoanekrpuueckas Oatapes, poTorerioBas 6arapest, U3aydeHue.

Beenenue: B nocneaHee Bpemsi y HaceleHUs CENbCKUX PETHOHOB pecnyOIMKH BO3pPacTaeT
HOTPEOHOCTh B HMCIIOJIB30BAHUH MEPEIBIKHBIX (OTOdIEKTpUUecKuX yctaHoBok ([IDDY) [1]. Dro
CBA3aHO C YyA0OCTBOM HCIIOJI30BaHMSI TAKUX MCTOYHUKOB MHMTAaHUA Uil 3(P(PEKTUBHOTO
o0ecrieyeHns 3JIEKTPUUECKON 3HEepruei pa3iuyHbIX MOTpeOUTENIeH YHEPTUH, KaK X031HCTBEHHBIX,
Tak U OBITOBBIX, HCIOJB3YEMBIX HACEJICHHEM CEJIbCKMX pEeruoHoB pecnyonuku. B dusuko-
TexHnyeckomM uHCTUTyTe AH PVY3 Obuta paspaboraHa aBTOHOMHas MOOWJIbHAs YCTaHOBKAa Ha
JIBYXOCHOM TMipHIiene, MomHocTeio 2700BT [2] mis sHeproobecneveHus B SKCTpeMalibHbIX U (opc-
Ma>XOPHBIX CUTyallUsIX B PETUOHAX, YAAJIEHHBIX OT LEHTPAIN30BaHHBIX HICTOYHUKOB YHEPTUH.

Metoabi: OcHoBoWt mns  pazpaboranHont [IDDY  sBnsercs AByocHass — ObITOBas
YeTBIPEXKOTeCHas TmaThopMa (TeNekka) C TeoMETpUYecKMMH pazMepamu  1500x1000mm?,
rpy3onogbeMHOCTBbIO 1000kr. @oToanexktpuyeckas dyactb [IOIY coctout u3z 2 ®Ub cymmapHoi
motrHocThio 300BT [3].

PesyabTaThli: MOOMIBHOCT U BO3MOXKHOCTH ObIcTporo MaHeBpupoBaHus [IDODY moxHO
UCTOJIb30BaTh AJIS orpeneneHus: 3PPeKTUBHOCTH pabOThl pa3IUYHBIX TUIIOB (DOTORIEKTPUUECKHX
CTaHIIMI B YCIOBUAX pecnyOINKy, YJAIEHHBIX OT HEHTPAIN30BaHHBIX HCTOUHUKOB SHEPTUH.

BobiBoabI: B paboTe HaMu ObLITH POAHAIM3UPOBAHBI OTHOCUTENIbHBIE TOTEpHU 3Hepruu B ®Ob
B KJIMMAaTHYECKUX YCJIOBUSX pecrnyOnuKkyd Y30eKUCTaH U HEKOTOPbIe BO3MOKHOCTH YMEHbIIECHHUS
HHEPreTUUECKUX MOTEPh. DTU MOTEPU B OCHOBHOM CBSI3aHBI C BBICOKMMHM TEMIIEpaTypaMH B JIETHEE
BpeMsl I'0J1a, 3arpsiI3HEHHOCTHI0 aTMOoc(hephl U HEMOABUKHBIM pacrnoiiokeHneM @Ob oTHOcUTENbHO
Connua.
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IMPACT OF ULTRASONIC IRRADIATION ON THE PHOTOELECTRIC
CHARACTERISTICS OF THE HETEROSTRUCTURE BASED ON
NCdSxTeix — pZnyCdiyTe SOLID SOLUTIONS
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Keywords: ultrasonic irradiation (USI), heterostructure, solar cell, solid solution, efficiency.

Introduction. Cadmium telluride solar cells are one of the promising among varies type of
solar cells, because its bandgap width corresponds to the maximum of the solar radiation spectrum.
From the technological point of view, a CdTe thin films are also promising photovoltaic material
due to possibility of synthesizing high-quality CdTe polycrystalline films of a large area [1].

It’s known that solar cell based on n-CdS/p-CdTe heterostructure is less efficient than solar
cells based on GaAs and Si. To further improve the photovoltaic characteristics of thin film solar
cells based on the CdTe/CdS heterojunction is related to a number of unsolved problems concerned
with the quality of the heterojunction’s interface between the n-CdS and p-CdTe layers. To solve
this problem, ZnyCds.yTe solid solution films can be used instead of CdTe films, which smoothes
out the differences of the crystal lattice parameters in heteropairs of nCdS and ZnyCdiyTe.

To carry out the studies In-n*CdS-nCdSxTei1x-pZnyCdixTe—-Mo heterostructure were
fabricated as in [2]. The spectral photosensitivity of the heterostructure was measured using a ZMR-
3 optical monochromator, and the load current-voltage characteristics were measured using LG-75
laser source with 632.8 nm at different power P, ;,LW/cmZ: 20, 33.26, 66.5 and 110.86, respectively,
at 300 K before and after the USI. USI was performed at 1.2 MHz and 1 W/cm?.
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Figure 1 - Spectral photosensitivity of the hetero- Figure 2 - Dependence of efficiency of the heterostruc-
structure 1 before and 2 after USI at 300 K ture on the power of laser 1 before and 2 after USI

It has been shown in fig. 1 the spectral photosensitivity of the heterostructure in arbitrary units
under the short-circuit current mode before (1) and after (2) USI. It can be seen that the spectral
range of such heterostructure lies in the wavelength range A\ = 480-850 nm and covers the whole
visible range of the solar spectrum. The highly photosensitive range of the heterostructure
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corresponds to the range of 500—730 nm. From fig. 2, it can also be seen that there are several peaks
on the spectral distribution of the photosensitivity, which appear because of the compositional
inhomogeneity of the heterostructure basis. After USI, the photosensitivity of the heterostructure
increases, especially in the wavelength ranges of 510-540 nm and 625-680 nm, by 10-15%.
Dependence of the efficiency of the heterostructure on the power of incident light from a laser
1 before and 2 after USI is shown in fig. 2. From fig. 2 it can be seen that with an increase in the
power of laser radiation, the efficiency of the heterostructure increases from 6% to 15% before USI.
When the heterostructure is subjected to USI, the efficiency of the heterostructure decreases by 2%
compared to the initial.
References
1. Compaan, A., Gupta, A., Drayton, J., et al., Phys. Status Solidi B, 2004, vol. 779, p. 241.
2. Mirsagitov, Sh.A., Zaveryukhin, et al., Ukr. Fiz. Zh., 2013, vol. 58, no. 5, p. 465.

BECIMAPAMETPUYECKASI MOHTE-KAPJIO MOJIEJb JJISI IBYX KAHAJIOB
JIMCCOLMUALIMM PEJISITUBUCTCKUX SIAEP KUCJIOPOJA HA U30TOII N5
IMPOTOH U HA N'* U IEUTPOH d BO B3AUMOJENCTBUU C IPOTOHAMM ITPU
3,25 I'IB/C HA HYKJIOH

JIyrosoii B.B., OmumoB X K., I'ymamos K.I'., Onumos K., Cungapos b.A., Onmumos A K.
OU3HKO-TEXHUYECKUI HHCTUTYT AKaJleMun Hayk PecriyOnuku Y306ekucTaH, TamkeHT

KuroueBble cjioBa: s7po, ypoBHU BO30yXzeHus, pacnaj, ¢parmeHtsl, Monte-Kapio
MOJ1eIb.

B [1] mnpemnoxkena Oecnapamerpuueckass Monte-Kapino wMopenbs i omvcaHus
JUCCOLIMAIIMU PENATUBUCTCKUX SJEp KHUCIOpoAa Ha 4 « -4aCTHUIIBI BO B3aHMMOJCHCTBHUSX C
npoTtoHaMu Tipu ummyibee 3.25 I'9B/c Ha HykIoH siapa kucinoposa. Llens pabotsr [1] — BRIACHUTH
ABIISAIOTCS JIU HaOIrogaeMble 4 a-4aCTHIIBI PE3yJbTaTOM BBIOMBAHUS U3 siipa KUCIOPOJA UIU 3TO
pe3yapTaT 00pa3oBaHUS BO30YXKIEHHOTO COCTOSHHS KHCIOpPOAa B t —KaHAJEe C MOCIETYIOIUM
pacnianom Ha 4 a-vactuilbl. Memoo padoThl [1] — 310 mpemnoxkeHHas B [1] OGecnapameTrpudeckas
MoJIeNb pachaza Bo3OyxkaeHHoro sapa 0*1® u mpomesxyrounsix sngep C*12, Be*®. B monenu Het
napaMeTpoB. Bo-nepgvix, TOTOMY, YTO B aHcambOlie pacmagoB BEKTOp CIHHA sApa pacrpeneieH
u3zotporHo. [losToMy B cHcTeMe TOKOS pachajaromierocs sapa pasieT (parMeHTOB MOXKHO
TeHepUPOBaTh HM30TPOIMHO. Bo-6mopwix, B CUCTeME IMOKOS fAIpa, 3aKOH COXPaHEHHUs HMITYJbCca
BBITIONHSUICS OJIarojiapsi TOMY, 9TO BEKTOP HMITYJIbca 4-i -4acTUIIBI BHIOMPAJICS B HAIPABJICHUU,
MPOTUBOMOJIOKHOM CyMME UMMYIBCOB TPEX NPYTUX @-4acTULl. B—mpembux, 3HAUCHUE TapaMeTpa
3akoHa ["aycca, M0 KOTOpOMY F€HEPUPOBATUCH KOMIIOHEHTHI UMITYJIbCa -4aCTHI], HE BaXKHO, TaK KaK
B HCCIEIyeMOH peakIuu KOMIIOHEHTHl HWMIYJIbCOB ¢ -YacTHI[ 3aTe€M H3MEHSUIHCh
MPOTMOPLMOHAILHO JO BBIMOJHEHUS 3aKOHA COXPAaHEHHs] SHEPTUU-UMITYJIbCa C OTHOCHUTEIHHOMN
tounoctelo 10712 | koTopas coxpaHsnmach IIpM TpPEXMEPHBIX MOBOpoTax u JlopeHI-
npeoOpa3oBaHUsSX W3 CHCTEMBI TOKOS pacrajaromerocs sapa B JlabopatopHyro cucremy. B-
yemeepmulx, KaHaIl pacrajga BRIOUpANCS U3 YCIOBUS, YTO MPUPOJA UAET MO CaMOMY SKOHOMHOMY
MyTH, TO €CTh, MPH (HUKCUPOBAHHOIN Macce BO30YKICHHOTO spa, BEIOMpAETCs TOT U3 BO3MOYKHBIX
KaHaJOB, B KOTOPOM SHEPrOBBIACICHHEe MHUHUMAIbHO. Bece 3Tu onmucaHHble (pU3UYECKHE YCIOBHS
M30TPOITHOTO pacliaja TPUBEIM K XOpOIIeMy OIMCAaHHWIO JaHHBIX. M HAo0OpoT, BBeIeHUE
AHU3O0TPONHUH, TO €CTh BHIOMBaHHME (PAarMEHTOB W3 sApa MPUBOAUT K MPOTUBOpeUHio. Takum
0o0pa3oM, HMHBAapHAaHTHBIE MAacChl BO30YXKICHHOTO sapa MOXHO paccMaTpuBaTh KaK YPOBHHU
BO30YKIEHHS sipa KUCIopoaa. B mpenenax ommOOK 4acTh HaiJICHHBIX YPOBHEH COBIAIAIOT C
YPOBHSIMH, OIyOJIMKOBAaHHBIMHU B Ta0numax [2] apyrux aBTopoB. Ho HalimeHbl u Oojiee BBICOKHE
YpOBHH, paHee He OMyOIMKoBaHHbIE. Terneph Mbl HAYAIU PUMEHSITH ITOT METOJ JJIs IBYX JIPYTHX
KaHAIOB 3TOro e B3ammoneiicteus : 0 +p — 0%+ p' > N¥ +p,+p’, 0% +p-
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01+ p > N¥+d+p, e Py — 9TO NPOTOH-(PArMEHT, N u N15- 510 m3oTOmBI SiApa
azora, d —aeitpon. [IpenBapuTensHO HaWIEHO, YTO, B Mpeaenax OMMOOK, YPOBHU BO30YXKICHUS
Apa KUCIOpPOJa B ATHX pEaKLUUAX COBNAAAIOT C YpOBHSAMH, HalJeHHbIMU B [l], HO mpu 3TOM
MIPUCYTCTBYIOT YPOBHH OoJiee BbICOKHE, KOTOPBIX B [1] He Habmonanock. CTaTucTuka peakuui
obpazosanuem ( N1° +ps) m (N¥+d) cocraBmser 112 u 19, coorsercrBenHo. Hammume

m3BecTHBIX [2] ypoBHei siapa 01® nokaseiBaer, uto sapo 016 spnsercs KBaHTOBBIM OOBEKTOM,
KOTOpPBI pearupyer TOJIbKO Ha BHEIIHEE BO3JICUCTBUE, CTPOTO COOTBETCTBYIOIIEE YPOBHSAM €rO
B030yXkneHus. B Hameii padote [1] ObumH HaiineHsl Kak paHee n3BecTHbIe [2] ypoHH 018, Tak n
HOBBIC. B mpezcraBnseMoii 31ech paboTe HaleHBI Kak U3BecTHBIC [1]-[2], Tak ¥ TOTOTHUTEIbHBIC,
0oJiee BHICOKHE YPOBHH.
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Si/CdTe HETEROSTRUCTURE FABRICATED VIA VACUUM THERMAL
EVAPORATION: SYNTHESIS AND CHARACTERIZATION OF PROPERTIES
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In recent years, there has been a particular interest in the development of heterostructures
between CdTe and Si, as these materials offer the possibility of converting solar energy into
electrical energy through heterostructure-based alternative configurations. Such heterostructures
combine the advantages of silicon solar elements with the unique properties of cadmium telluride.
However, there are challenges in the technology used to elevate CdTe thin films, such as slow
growth rates, difficulty in controlling uniform layers and parameters, making the production of
high-quality CdTe thin films challenging. Additionally, systems utilizing such materials often
demand high material costs. This method is considered simple and cost-effective. The objective of
this research is to fabricate compositionally graded CdTe thin films on silicon substrates, determine
the composition of the layers based on their thickness, and characterize the heterostructure's
current-voltage (I-V) characteristics and spectral properties. All heterostructures were produced by
the thermal annealing of CdTe wafers. CdTe exhibits a slow annealing process [1].

The optimal pressure for quasi-high vacuum annealing of CdTe thin films was determined to
be 10 Pa [2]. Silicon wafers with (001) and (111) orientations and a thickness of 350-400 pm were
used in this study. Microstrain analysis indicated that the growth of thin films is dependent on
annealing time and substrate temperature. The surface of CdTe thin films was examined using M-
4 optical microscopy, revealing the presence of well-defined crystallites (grains) on the film surface
and chemical element distributions based on X-ray spectroscopy results.

Additionally, elemental concentration profiles with +2% accuracy were obtained using
energy-dispersive spectrometry along the CdTe film via the Jeol-JXA-8900 electron probe micro-
analysis (EPMA) system. The measurement conditions were as follows: V = 20 kV, | = 10 nA; Cd,
Te, and Si standards; synthetic FeS standard for S. The CdTe p-type semiconductor properties,
including concentration, mobility, and resistivity, were measured using the HMS 5500 Hall effect
measurement system, revealing values of 6-10% cm®, 130 cm?/(V-s), and 1.01-10° (Q-cm)?,
respectively.
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This study delves into the analysis of a heterostructure fabricated using Vacuum Thermal
Evaporation (VTE) methodology. The investigation revealed that the silicon-cadmium telluride
(nSi-pCdTe) heterojunction, grown on a silicon substrate, has an estimated thickness of
approximately 2-3 um. The study focused on exploring the I-V characteristics and spectral
properties of the nSi-pCdTe heterostructure.
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ON PEROVSKITES
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Introduction. Nowadays, perovskite metal halides are considered promising materials for
the development of various types of optoelectronic devices due to their high absorption coefficient,
low excitation energy, and ease of synthesis technology [1]. Photosensitive structures, that is,
photodetectors and light-emitting structures, have a similar structural architecture, each device
tuned to a specific energy range to perform a specific function. In this work, a photosensitive
structure based on perovskite was studied in the photovoltaic and electroluminescence modes.

Method. The studies were carried out on the photosensitive structure
ITO/PEDOT:PSS/Perovskite/PCBM/LIiF/AI in the photosensitive structure injection mode, in the
dark, as well as in the photovoltaic mode under illumination with a solar radiation simulator under
STC conditions. The injection mode corresponded to the LED mode, which is characterized by the
application of an external constant voltage significantly higher than the V.. It was discovered that
the structure can operate in both solar cell and LED mode, that is, the structure has luminescent
properties.

Result. The electroluminescent properties of the structure were previously studied by
applying a positive voltage of 2 V to it, while it emitted weak red electromagnetic radiation.
Afterwards, the structure was studied in the photovoltaic mode under illumination conditions with a
solar radiation simulator with a power of 100 mW/cm?. Next, its electroluminescent properties were
studied by applying a positive voltage of 2 V to the structure. When exposed to a positive voltage of
~2.0 V, the structure began to emit electromagnetic radiation of a brighter red color. Afterwards,
studies of the current-voltage characteristics were carried out in the photovoltaic mode, which
showed that there was an improvement in the output energy parameters of the photosensitive
structure, such as short-circuit current, open-circuit voltage and fill factors of the current-voltage
characteristic.

Conclusion. A study of a halide-perovskite optoelectronic device in photovoltaic and
electroluminescence modes showed that the injection mode of current-voltage characteristics affects
the output energy parameters of the photosensitive structure and improves the light-emitting ability
of the photosensitive structure, which may be due to the segregation of halide ions and the
improvement of the structure of the perovskite layer. [3].
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Introduction: It is well known that the heating of many semiconductor devices negatively
affects their performance, but using the photothermo electromotive force (EMF) generated in
homogeneously heated samples under the influence of light, it is possible to increase the efficiency
which decreases as a result of heating of semiconductor solar cells. In this regard, the
photothermovoltaic effect in the binary junction of single crystal nGaSb (111) was studied. The

concentration of the main charge carriers of the sample is 1,7-10% cm?, the mobility is 1,6-103

Cm2/(V-C)_1, the resistivity is 2,3-10° Om-cm, thickness 520 pm and surface area 1 cm?. An Ag+Ni
ohmic contact was made to this sample at a temperature of 460 °C under vacuum [1]. Experiments
were conducted in two stages. At the first stage, the thermo (EMF) formed in the ohmic contacts
obtained on the surface and back of the homogeneous flat heated sample [1] was measured at
different temperatures (Fig. 1, curve 1). In the second step, the sample was heated using Sunlight
(AM-1) without air convection, placed in a metal box with a Fresnel lens at the entrance [2]. In this
case, the photothermal EMF (Fig. 1, curve 2) and the EMF (Fig. 1, curve 3) formed when the
sunlight falling on the sample was blocked were measured.
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Figure 1 -Conductivity due to thermo and photothermovoltaic effect in nGaSb binary junction: 1)
under homogeneous heating in the dark in vacuum, 2) under heating under AM-1 sunlight
conditions, 3) when sunlight is blocked.

Conclusions: it can be seen from the results of the experiment that the EMF formed when the
sample is heated up to 90 °C in AM-1 condition is one degree higher than the EMF formed when the
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sample is heated homogeneously in the dark in a vacuum, also when AM-1 is heated in sunlight and
the sunlight is blocked at this temperature and it was found that the value of the generated EMF
increased by about twice as much up to 70 °C The results of the experiment show that the thermal
EMF and the photo EMF formed when the sample is heated under the influence of light are in
opposite directions.
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ANALYZING THE IMPACT OF BUFFER LAYER THICKNESS ON THE
PERFORMANCE OF Sb2Se3 SOLAR CELLS VIA SCAPS-1D SIMULATION

Razykov T.M., Ergashev B.A., Bobomuradov Sh.M.”
Physical-Technical Institute, Chingiz Aytmatov Street 2B, Tashkent 100084, Uzbekistan
email: *sherzodbobomuradov2@gmail.com

Antimony selenide (Sb2Ses) has been extensively researched in recent years as a promising
candidate among binary composite semiconductors, particularly for its role as an absorbing layer in
thin-film solar cells. This interest stems from its exceptional sunlight absorption coefficient (o >
10°) and an optimal band gap ranging between 1.1 to 1.3 eV, making it well-suited for deployment
in single-junction solar cells [1, 2]. Furthermore, the influence of the CdS buffer layer thickness on
the performance of Sh,Ses-based solar cells has been a focal point of investigation, contributing
significantly to the understanding and enhancement of their photovoltaic efficiency.

In this work, we present a numerical study of the thin film Sb,Ses-based solar cells with
SCAPS-1D software [3]. The research aims to assess the influence of varying the thickness of the
buffer layer on the performance of Glass/Mo/Sh,Ses/CdS/i-ZnO/AZO/Ni/Al structured solar cells.
The schematic representation of the cell is depicted in Figure 1.

Ni/Al —

-ZnO:Al
Cd

Glass

Figure 1 - The schematic representation of the Sh,Ses based thin film solar cell

Beginning with an optimal structural configuration, the investigation simulates the J-V
characteristics, elucidating the influences of buffer layer thicknesses, as well as defect density, on
critical parameters such as short-circuit current density (Jsc), open-circuit voltage (Voc), fill factor
(FF), and overall efficiency (n) of the solar cell. The optimized thickness of buffer layer with 70 nm
solar cell demonstrates a performance surpassing 16.2% efficiency under the AM1.5G spectrum at
one solar intensity.
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STUDY OF SPECTRAL CHARACTERISTICS OF THE CIGS SOLAR CELLS
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Introduction. One of the main characteristics that determine the efficiency of a solar cell is
its spectral sensitivity, or in other words, its spectral response to external influences. Spectral
response is the number of collected electrons per incident photon for a given wavelength:

Iph(l)
eNpr(D(1-Rpr (D))’

S = )

Where I,,(A) — magnitude of generated photocurrent, Ny, (1) — density of incident quanta, R, (1)
—solar cell material reflectance.

The spectral dependence of the structure and its photocurrent L,, () CIGS solar cells were
carried out on a ZMR-3 monochromator at a temperature of 25°C. The radiation source was a
DKSSH -1000-xenon lamp. This lamp has a wide continuous spectrum from ultraviolet to infrared.
The radiation lamp was calibrated using a thermoelement of the RTN-10 type.

To study the experimental spectral characteristics of a real solar cell, a Mo/p-CIGS/n-
CdS/SnO2/Ag/In - heterostructure was created using co-evaporation methods, the structure of which
is presented in Fig. 2, using relation (1) the spectral sensitivity of solar CIGS was calculated
element.
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Figure 1 -Spectral sensitivity of CIGS solar Figure 2 - Structure of a CIGS solar cell
cell

Fig. 1 shows the spectral dependence of the CIGS photocurrent of a solar cell. From the
experimental data it follows that the CIGS solar cell has a spectral sensitivity in the range from 450
nm to 1100 nm. The region of the spectral sensitivity of a CIGS solar cell in the long-wavelength
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part of the spectrum is limited by the bandgap of the CIGS layer, and the short-wavelength part of
the spectral sensitivity Eg of the frontal n-CdS layer. Based on the long-wavelength part of the
spectral sensitivity, the effective value of the band gap of the photoactive region of the CIGS layer
Egcies =1,30+0.05 eV was determined [1].
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CTPYKTYPHBIE CBOMCTBA OKCHJIA IMHKA, CHHTE3UPOBAHHOTI' O 30JIb-
I'EJIb METOAOM

Manrymesa X.V., 'I'punenko JI.B., 2Syritski V.
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2TalTech, Dctonus, Tammua
email: zhaniya.paltusheva@gmail.com

KuroueBbie cj10Ba: HaHOMAaTepUalbl, OKCHJ LIMHKA, HAaHOMATEPHUAJIbl, MOJYNPOBOAHUKH,
30J1b- I'eJlb

Beenenne: Oxcup nunka (ZnQO) - 3TO KIOYEBOM TEXHOJIOTHYECKHI MaTepua, KOTOPBIA B
NoCJeTHee JECSITUIIETHE CTaJl IPEJAMETOM TITyOOKMX MCCIIeOBAaHMM Oarojapsi CBOUM YHUKAJIbHBIM
(bYHKIIMOHATIBHBIM U HAaHOMOP(OIOTHYECKUM CBoMcTBaM. Kpome TOro, oH cuutaercs OAHHM M3
JUEPOB CPEAU IMOJIYIPOBOJHUKOB Ha OCHOBE OKCHJIOB METAJUIOB BBHJY €r0 YAMBHUTEIbHbBIX
busznueckux u XUMHUECKUX cBoucTB [1]. ZnO mnpezacraBnseT co0oOil MOJYHPOBOJIHHUKOBOE
HEOpraHnYecKkoe OMHApHOE COEAMHEHHUE C 3ampemeHHon 30Hou 3,37 3B B Ommkuelr Y®-o6nactu
criekTpa U OoJblIoil sHeprueil cBsa3u skcutoHa 60 M3B npu komHaTHOM Temmeparype. OKcup
[IMHKA MPU3HAH NEPCIIEKTUBHBIM MaTEPUAJIOM ISl IPUMEHEHHUS B JIEKTPOHUKE, ONTOIIEKTPOHUKE,
ONTUKE, COJHEYHBIX OaTapesx M ceHcopax Ojarojgaps €ro 3KOHOMHYECKOH >(PQPeKTUBHOCTH,
HETOKCHYHOCTH U XUMHYECKOH CTaOMUIIbHOCTH [2].

Metoabl: Okcua 1uHKa ObUT MOJYYEH 30JIb — Iellb METO0M, nyTeM pactBopenus 0,4 r
arerara ruaka Zn(CH3COO)2 B 10 Mt 3TaHONa MPHU KOMHATHOM TeMIIepaType MpH WHTEHCHBHOM
NEpEMENIMBAaHNU HA MarHUTHOM MEIIaJKe B TEUEHUE Yaca.

PesyabTarsl: Pe3ynbraTsl HccaeqoBaHUs IEKTPOHHON MUKPOCKOIIMH MOKa3aju, YTO OKCHJT
MHKa O00pa3yeT OIHOPOIHBIM CIIOH, cocTosmMii U3 3epeH amamerpoM 10 + 5 HM.
PeHTreHocTpyKTypHBII aHaIM3 MOATBEPINI 00pa30BaHUE KPUCTANIMYECKOro OKcuia LuHKaA. Bee
mudpakMoHHble MUKW mpu yrmax (20) 31,73°, 34,4°, 36,21°, 47,49°, 56,52°, 62,8° u 67,87°
XapaKTepU3yIOT OTpa)KeHHE OT KpucTauimueckux muiockocteit (100), (002), (101), (102), (110),
(103) u (112), COOTBETCTBYIOUIMX TI'€KCArOHAIBHOM CTpykType Biopuura. OTMEUYEHO, 4YTO
JIOCTUTHYTa BBICOKash KPHUCTAJUIMYHOCTb, MOCKOJIbKY Bce IU(paKUMOHHBIE MHKH COBHAAAIOT C
00pa3LoM CpaBHEHHs, TAPAMETPhl PENIETKH KOTOPOro COCTaBIA0T a = 3,2539 A, b=32539 A, c =
5,2098 A (xapta JCPDS Ne 01-080-0075).

CuHTEe3MpOBaHHbIE YaCTUIBl OKCHAA LUHKA Obutn moaBeprHyThl UK-Dypre-ananuzy amns
OOHapy»XeHHUsl Pa3IMYHBIX XapakTepHbIX (yHKUMOHaNbHBIX rpynn. UK-Oypse crnekTp okxcuaa
[IMHKa OBLT MPOBEJEH B JuarnazoHe BOMHOBBIX yucen oT 500 go 4000 cm 1 MMuku YKa3bIBalOT HA
XapaKTePUCTUKU (PYHKIMOHAIBHON TPYIIbI, MNPUCYTCTBYIOIIEH B CHHTE3MPOBAHHOM OKCHJIE
LIUHKA.

BoiBoabl: CuHTe3upoBaHHbIE 00pa31bl OKCH/IA [IMHKA OBLIN MOJIyYEHbI 30J1b-T€lb METOJIOM
0€3 UCMOIb30BaHUs JOPOrOCTOSIIEr0 000py10BaHMsl, ObljIa IPOIEMOHCTPUPOBAHA TeKcaroHaIbHAs
CTpyKTypa Bropuura oxcuga nuHka. HK-Dypse chnekTp mokasan IHKH, XapaKTepHbIE
(YHKIHMOHATIBHOM IpyIIe, NPUCYTCTBYIOLIEH B CHHTE3UPOBAHHOM OKCH/IE LINHKA.

Jluteparypa:
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DETERMINING AN EFFECTIVE TYPE OF BATTERIES FOR A SOLAR ENERGY
STORAGE SYSTEM

Avliyakulova S.
National Research University “Tashkent Institute of Irrigation and Agricultural Mechanization Engineers”, Uzbekistan
email: sanobaravliyakulova32@gmail.com

Keywords: Energy storage, batteries, energy capacity, charge, discharge.
Abstract. The effectiveness of using lithium-ion batteries LiFePO4 in energy storage
systems of solar power plants and the optimal operating conditions for this system are substantiated.
To ensure a stable year-round power supply to consumers, solar power plants use an energy
storage system. With the increase in the varieties of batteries produced by industry, the problem
arose of determining the most effective one for this system. Research using the method of
comparing technical characteristics has substantiated that lithium-ion batteries LiFePO4 are the most
suitable for these systems. These batteries have a high level of energy intensity, a low level of self-
discharge, a better energy-to-weight ratio (that is, they are lighter than others), and have the best
performance in terms of the number of charge-discharge cycles (8000) and service life (12 years).
In addition, it should be noted that the operating efficiency of LiFePO4 batteries is negatively
affected by the following factors:
- regular charge up to 100%, which leads to excessive changes in the chemical balance. It is
recommended to leave a slight undercharge;
- Frequent discharge to zero increases degradation (loss of capacity);
- Too high or low temperature during charging significantly affects the efficiency of the battery.
Charging the battery completely at an ambient temperature of 40 °C leads to a reduction in capacity over a
year of up to 35%. The optimal temperature is +25 °C. Based on the results of the study, the following
conclusions were drawn:
- LiFePO. is appropriate for the energy storage system of solar power plants;
- It is not recommended to bring the charge to 100%, discharge to 0%;
- It is recommended to ensure the required ambient temperature when charging the battery is +25°C.
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IMPROVING THE EFFICIENCY OF MICRO-HYDROELECTRIC PLANTS OPERATING
IN SMALL WATER STREAMS
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email: otajonoktamov0101@gmail.com
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Abstract: The demand for alternative energy sources, including micro hydropower plants, is
increasing in our country. In this work, in order to further increase the efficiency of micro
hydropower stations(MHPS) in small flow sources, a suitable cross flow turbine is installed instead
of an artificial barrier in the irrigation channel, a routing device further increases system efficiency.

In our current developing society, the need for electricity is increasing day by day,
especially due to the limited availability of electricity in the traditional way, the demand for
alternative energy sources is increasing. Especially in the territory of our country, we can see the
acceleration of work in this regard in MHPS. The degree of installation of MHPS can be different.

Since the majority of our territory consists of plains, the pressure is much lower than in
mountainous areas, therefore, taking into account the territory in the installation of MHPS
significantly improves the efficiency of the station. In this work, the efficiency of MHPS is
increased by using twin vertical cross flow turbines at small flow sources. The design of the power
plant for low water pressure uses twin vertical turbines with a maximum power output of 3 kW [1].

This device is installed by the farmers by replacing the artificial barrier placed in the
irrigation channel, by installing a diverter device, the flow rate in the system increases. Cross flow
turbines are cheaper due to their simple design, compared to Kaplan and Francis turbines, they do
not require the latest technology. The average cost is 1948 USD/kW.

Cross-flow turbines have an average efficiency of 78% in the range of 3-20 m. Research by
scientists shows that water turbines with an inlet angle of 24°, 25 blades and a diameter ratio of 0.68
gave the highest efficiency of 88%. A gearbox with a gear ratio of 1:15 by a direct connection
system causes the shaft to rotate even faster.

This causes the generator shaft to spin faster and allows for more power. In today's modern
technologies, processes such as laser and electron beam cutting and welding, pressure casting and
milling, and the use of stainless steel result in the least roughness of the surface. This increases the
efficiency of the turbine by 20 to 25% on average [2].
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BAX OBPATHO CMEHIEHHOI'O 4H-SiC p—n —n*- HEPEXO/JIA

12 Kypaes X.H., 12 Xaxues M.Y., *Kyriumpatos A., *Typaes @.111.
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*TamkeHTCKHI TOCY1apCTBEHHbIN TEXHMYECKUH yHUBEPCHUTET, I. TalkeHT, Y30eKucTan
E-mail: knjuraev@uzsci.net

Kiouessbie ciaoBa: 4H-SiC, BAX, p —n—n*- nepexoa, MeXaHU3M TOKOTIPOXOXKICHHUS.

Beenenne: Ilpumecu amomuHus v 60pa UCHONB3YIOTCS Uid (GOpMHpOBaHUs p-o0nacTeil B
CTpykTypax Ha ocHOBe 4H-SiC MeTosoM MOHHOW HMMIUIAHTAUM WIM TEPMUYECKON TU(Qy3HH.
Juddy3usa stux npumeceid B KapOue KpEeMHHUS OCYIIECTBIISETCS IO JOBOJIBHO CII0XKHOMY
MexaHu3My npu temieparypax cbiiie 2000°C. ITpumecn nepemeniaroTcst Kak no yriepoaHoM, Tak
U 110 KpEMHHMEBOH MojpenieTkax kpuctamia. [Ipuuem, pactBopumocts U k03hdunuent auddysuu
npuMeceii B PAa3NUYHBIX MOJPENIeTKax KPUCTaUla CYyMECTBEHHO ommyarTces. Crnocob
HU3KOTeMIlepaTypHoi quddy3un anoMuHus B KapOuie KpEMHHUS IO3BOJISIET CHU3UTh TeMIepaTypy
muddys3un 1o 1150-1300°C [1-4]. Onnako, HeCMOTpPS Ha OONBIION 00BEM HCCIIETOBAHUH B JaHHOU
001aCTH, MEXaHU3M TOKONPOXOXKAEHHUS Uil P — N JUOJHBIX CTPYKTYP, MOIYHYEHHBIX METOJOM
HU3KOTeMIiepatypHoi nud¢ysueir, He wucciaenoBan. [loaTomy naHHas paboTa IOCBSIIEHA
MOJYYEHHUIO W WCCIIENOBAHUIO MEXaHM3Ma TOKONPOXOXKIEHUS THOIAHBIX P — N — n*-4H-SiC-
CTPYKTYypax, U3rOTOBJICHHBIX IyTEM HU3KOTeMIlepaTypHo auddy3uu amromuuus B N-4H-SiC.

Metoabi: i moaydeHHs p-ciosi, Ha TOBEPXHOCTh wHcXoaHoW miactuabl 4H-SiC
TIPOBOAMIIOCH HaNbUIeHHe amoMuHus B Bakyyme (P = 10 Torr) u momyden cnoit amomunus. 3atem
MIPOU3BOAWICS OTXKHUI B OTKPBITOM Bo3ayxe npu temmeparype 650°C B teuenne 30 MuH, B
pesynbpTare ObuT oiy4yeH ToHKHH ciaoit Al2O3. [lanee npousBoamnacek Tepmudeckas quddysus Al B
4H-SIiC B otkperToii atmochepe mpu 1150-1300°C B teuerue 30 mun. [Tocie muddy3uu o6pasisl
MEJIEHHO OXJIQXJaJUCh JO0 KOMHATHOW Temmeparypbl ¢ rpaaueHtom 1 K/mun. 3atem
IPOTPABIUBAICSA OKCHAHBIA CIIOH C MOBEPXHOCTH 0OpasloB I[UIaBHKOBOM kuciotoir (HF).
OmuYeckrne KOHTAaKThl K CTPYKTypaM ObLIM IOJy4eHbl HambuieHHeM ciosi Ni B Bakyyme ¢
nociaeayomuM orxurom npu temneparype 950-1000°C B teuenue 1 muH. Ilnomanps KoHTakTa
cocTaBnsna 2 MM,

PesyabTatel: VccienoBansl oOpatHble BeTBu ctatiueckoir BAX 4H-SIiC p — n- mepexona,
u3MepeHHble B TeMrieparypHoM uHTepBasie oT 293 K mo 600 K no 50 B (Xapakrep npobos —
nonoruii). M3mepennl obparusie xapakrtepuctuku 4H-SiIC p — n — n*- nuona, W3roOTOBIEHHOTO
METOJIOM HM3KoTemnepaTypHol nuddysun. OOpatHyio BetBb BAX MoXkHO paznenuth Ha 3
yuacTka: 1o temmneparypsl 473 K, a ot 473 K go 573 K naGmonatorcst 2 ydactka. B obnactu
manbix HanpsbkeHud U < 1,0 B BAX Bo3pacraeT 1o H3BECTHOMY JUOJHOMY 3aKOHy [ =

qu
lyexp (W)'

BoiBoa: C moBbllIeHHEM TeMIIepaTypbl AMOJA YBEIMYMBAETCS OOpPATHBIM TOK YTEUKH. DTO
CBA3aHO C TYHHCJIbHBIM MPOXOXKJACHUCM 3JICKTPOHOB M3 n-obacTu B p-O6J’IaCTL p—n- nepexona,
00pa30BaHHBIX 32 CUET TEPMUUECKON MOHHU3AIUH.
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INVESTIGATION MECHANISM EROSION OF MOLYBDENUM EXPOSED TO
PLASMA FLOWS

Moldabekov Zh.M., Zhukeshov A.M., Gabdullina A.T., Amrenova A.U.
al-Farabi Kazakh National University, Almaty, Kazakhstan
email: Zhan.moldabek@gmail.com

Key words: plasma surface, cracks, droplet ejection, erosion, irradiation materials.

Introduction In recent decades, the world has been actively explored and widely used to
obtain new materials or to impart unusual properties to ordinary materials due to powerful pulsed
energy flows. Methods such as irradiation with ion, laser, and electron beams, as well as powerful
UV and X-ray sources, have been developed for these purposes. In the last decades, much attention
has been paid to the prospective research in the field of ion-plasma technologies for obtaining new
materials, as well as to methods for depositing metal coatings [1-3]. The features of these
technologies are the high quality of the materials produced in a vacuum, the low cost of raw
materials, and the high cost of the technology in the final product. This thesis presents the
experimental results formation of different types of erosion and surface of damaged molybdenum
materials when irradiated with pulsed plasma flows.

Methods The experimental irradiation process of molybdenum specimens was carried out
using a PF-4 device. To eliminate edge effects, sample sizes were chosen so that they completely
blocked the plasma flow. The thermal load Q in each sample was gradually increased from 50 to
230 J/cm?. To adjust the experiment after each impact the sample target was removed from the
working chamber setup for measurement of mass loss and analysis by atomic force microscopy
(AFM), x-ray analysis (RSA), and scanning electron microscopy (SEM).

Results and conclusion Results of SEM and AFM analysis showed that irradiated surface
defects consist of melting, pores, droplets, and spots of copper redeposited from the DPF anode.
Also, the irradiation surface of the specimens formed wave-like relief, resulting in process
remelting, and evaporation sputtering.

In conclusion may note that, the dominant mechanism of destruction of materials is a
macroscopic mechanism that causes the entrainment of matter by fragments and drops, the
accumulation of cracks in the material, changes in the surface relief and an increase in the rate of
evaporation and melting. Information on the macroscopic erosion of materials will be used in the
future to build computational models that allow predicting the erosion rate, as well as the amount
and composition of erosion products in a tokamak with reactor parameters.

References
1. S.H. Saw, V.Damideh, Jalil Ali, R.S. Rawat, P. Lee, S. Lee Damage Study of Irradiated Tungsten using
fast focus mode of a 2.2 kJ plasma focus. Vacuum 144 (2017) pp 14-20.

2. L.l.lvanov, V.N.Pimenov, S.A.Maslyaev et al. Influence of dense deuterium plasma pulses on materials
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3. Pimenov, V.N. et al. Damage and modification of materials produced by pulsed ion and plasma streams
in Dense Plasma Focus device. Nukleonika, 2008, 53 (3), pp 111-121.

UCCJIEJOBAHUE CBOUCTB HAHOHUTH, TOJYUYEHHBIX METOJIOM
MATI'HETPOHHOI'O HAIIBIVIEHUA

Keineip6ait I'., bafitumb6eToBa b.A., Camapanu b., Cancezbait A.
Satbayev University, Almaty, Kazakhstan

ToHkne yrinepoaHble IUIEHKHM WIPAOT KIKYEBYKD pPOJIb B COBPEMEHHOM TEXHHKE,
AIIEKTPOHUKE, 3JIEKTPOTEXHUKE W CTPOUTENBbHOW HHAYCTpUH. OHM IIMPOKO TNPUMEHSIOTCA B
KayeCcTBE CBETOPACCEUBAIOLIUX U MHTEP(PEPEHIIMOHHBIX (PUIBTPOB, 3AIIUTHBIX U AUIECKTPHUUECKUX
nokpeituit [1-2]. IloaTOMY 3TH IUIEHKH, KaK MEpCleKTUBHbIE MaTepHalibl, JOKHBI 00eCreunBaTh
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CTaOMJIBHOCTh CBOWCTB TpUM HMHTEHCHBHOM OKCIUTyaTallud, a TakXe OBITh OTHOCHUTEIHHO
JOCTYIHBIMU U TEXHOJOTMYHBIMH. B cBeTe 3TON mpoOiieMbl CTAaHOBUTCS aKTyaJbHBIM CO3/aHUE
TOHKOIUIGHOYHBIX MAaTE€pPHajJOB Ha OCHOBE YIJIEpoAa. YHHUKAIbHBIE CBOHCTBA YIJIEPOIHBIX
HAHOTPYOOK M HAHOHUTEH JIEMOHCTPUPYIOT MOTEHIMAI UX MPUMEHEHUS B Pa3IMYHBIX OOJACTIX,
BKJIIOYAs DJIEKTPOHUKY, MaTEpUATOBEJCHHWE M MHOTHE Jpyrue TexHuueckue cdepsl. OmHako
BBICOKAasi CTOMMOCTB IIPOM3BOJICTBA OIPAaHUYHMBACT WX HCIIOIb30BAHHUE.

CymectByeT MHO’KECTBO Croco0oB MOJIy4EHHUS YIIIEPOAHBIX HAaHOHUTEH,
MPEUMYIIECTBEHHO OCHOBAHHBIX HA KOHJICHCAIIMM YTrJepoAa U3 Ta30BOM (a3pl mpU HUKHUX
JABJICHUSIX C NPUMEHEHHEM KaTaJli3aTOpOB, Yalle BCET0 METAJJIOB IEPEXOJHOW TPYIIIbI, YTO
crocobcTByeT hopmupoBaHHUIO Oojiee YHOPSAOYEHHBIX CTPYKTyp. Kak mpaBumio, karaauzaTopamMu
BbICTYNatOT MeTayuibl VIII rpynmsl nmeproauyeckoil CUCTEMBI JJIEMEHTOB, TAaKME Kak IKeJeso,
KOOanbT, HUKENb U np. [1-2]. B manHo#t paboTe ObLIM MOTy4YEHBl TOHKHE YTJIEPOJHBIC TUICHKUA H
HAaHOHUTH HA PA3IUYHBIX IMOJJIOKKAX pazHO0Opa3zHOW MOP(OIOTHU C HCIOIB30BAaHHEM METOJa
MarHeTpOHHOTO HambUIeHus Ha yctaHoBke BYII-2, npomeameit MmoaepHu3anuio.

[lyreM mnpuMeHEHHsI pPa3IMYHBIX METOAOB CIEKTPOCKONHH, TAKUX KaK PEHTTCHOBCKAs
mudpakiusi, aTOMHO-CHIIOBasi MUKPOCKOIIHS M KOMOWHAIIMOHHOE PacCcessHUE CBETa, Obliia MOJydYeHa
uHpOpPMALUs O COCTaBe, CTPYKTYPE U HEKOTOPHIX XapaKTePHCTUKAX (B TOM UMCIe KOJIeOATEIbHBIX
U ONTHYECKUX) YIJIEPOJHBIX IUJICHOK M HaHoHUTed. Ha pucyHke 1 mnpencrtaBieHa cHekTp
KOMOWHAIIMOHHOTO PAcCesHUsl CBETa HMCCIelyeMbIX o0pasnoB. M3 3TOro pucyHka BHIHO, YTO B
crektpe Habmonatorcss (D-munus) nonoc B obmacty 1350 et u (G-nmuHMS) B 06IACTAX MONIOC
1580-1593 cml, a Taxxke xapakTepHble muKM TpadeHa ¢ KonedaTenbHOH Momoit (2D-30Ha) mpu
gactore ~2930cM ™, KoTopas COOTBETCTBYIOT XOPOLIO YIIOPSI0YEHHBIX YIIEPOAHBIX HAHOCTPYKTYP.
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Introduction: Currently, the share of environmentally friendly renewable energy sources in
relation to traditional energy sources is significantly increasing on a global scale. Developing
renewable energy generation and constructing new power systems are the key to build a modern
power system and continuously promote carbon emission reduction [1]. The optimal design and
operation of microgrids have recently been the subject of extensive research. This is supported by
an increasing trend of publications and research findings in this area. The capacity configuration of
the energy storage system plays a crucial role in enhancing the reliability of the power supply,
power quality, and renewable energy utilization in microgrids [2,3].

This research aims to develop a comprehensive framework for identifying the rational
configuration of a hybrid microgrid based on RES, considering both technical and economic
factors. The choice of options for efficient power supply for consumers of electricity in a microgrid
Is considered to be some of the more complex problems, since the disposal of the configuration of
the microgrid are primarily determined by the following factors: 1. Consumer composition and their
categories; 2. Availability of consumers requiring uninterruptible power supply; 3. The variety of
RES with microgrid electrical energy sources and the diversity of their potentials depending on the
region of their location (climatic conditions).

There are the following ways to determine the rational configuration of a RES based hybrid
microgrid:

Methods: To determine the rational configuration of a hybrid microgrid based on RES,
various methods can be used, such as: Resource assessment: Analyze the available RES potential at
the target site, including solar irradiance, wind speed, and hydropower potential. Load modeling:
Develop a realistic model of the microgrid's electricity demand profile. System design: Create
various hybrid microgrid configurations with different combinations of RES, storage, and
conventional generators. Homer software: A widely used tool for modeling and optimizing
microgrid systems, considering technical, economic. Techno-economic analysis: Assessing the cost
and profitability of various configuration options, the reliability of the system, and environmental
impact. Multi-objective optimization: optimization for several purposes at the same time, such as
minimizing costs, maximizing the share of RES in the microgrid and ensuring reliable power
supply.

Conclusions: If the optimal microgrid configuration defined for a given region changes if any
of the above factors are only slightly-of course this would necessitate a reanalysis of the microgrid
configuration. This is especially relevant for hybrid microgrids, which consist of several RES [4]. In
addition to technical and economic evaluation, hybrid microgrids also need to be evaluated
ecologically. Through this, it is necessary to develop necessary and quick measures to reduce
negative environmental impacts.
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KOI'EPEHTHASA TUHAMUKA JUITOJAPUTOHHOI'O OHITHYECKOI'O
MMAPAMETPUYECKOI'O OCHUJJIATOPA B IOJYITPOBOAHUKOBOM
MHUKPOPE3OHATOPE

O.®. Bacunsena, A.Il. 3unran, B.B. Bacunnes
IIpuaHecTpoBCcKUil rocy1apcTBeHHbIA yHUBepcUTeT UMeHH T.1'. IIleBueHkKo,
Tupacnons, M/ 3300, MongoBa
email: florina_of@mail.ru

KuroueBsie ci1oBa: pUMP-IUIIOJISIPUTOHBI, JUIIOJIIPUTOHBI CUTHAJIBHOW U XOJIOCTOW MOJBI,
NEPUOANYECKUN, alIEPUOINYECKUI PEKUM 3BOTIOLUN

Beenenne: [lepBoii MONBITKON KOHTPOJISI SKCUTOH-TIOJSPUTOHHBIX B3aMMOJEHCTBUM, ObLIO
WCIIOJIb30BAaHUE KOHLEMIMM IUIOJAPUTOHOB [l] myTeM BKIIIOUEHHUS ABOWHBIX aCUMMETPHYHBIX
KBaHTOBBIX SIM B JJIEKTPUYECKH CMELIEHHBI MUKPOPE30HATOP. JJHIIOISAPUTOH — 3TO KBa3U4acTULA,
KOTOpasl SABJISIETCS Cylepro3unueid (poToHa MHUKpOPE30HATOpa, MPSIMOTO U HENPsIMOIO 3KCUTOHA.
Ces3aHHOE cOCTOsIHHE (DOTOHA C HKCUTOHAMH TPHBOJUT K OOpa30BaHUIO COOCTBEHHBIX MOJI
CUCTEMBI C TpeMs BETBAMU 3aKOoHa paucnepcud. DOIOKE—KOHTPOIb JHUIIOJISIPUTOHOB B
IIOJIYIIPOBOJIHUKOBBIX KBAHTOBBIX SIMaxX, IPOKIAAbIBACT IIyTh JUIsI ONTHYECKOIO0 KOHTPOJIA
TEPareplUoBbIX YCTPOMCTB Ha OCHOBE JUIOIAPUTOHOB. [loKa3aHO, 4YTO BBICOKOYACTOTHOE
AJIEKTPOMAarHUTHOE I10JI€ MOXET OBITh HCIIOJIb30BAHO Ul KOHTPOJIA BCEX (PU3MUECKUX CBOMCTB
JUIIOJIIPUTOHOB B IOJYIPOBOJHUKOBBIX KBAHTOBBIX SIMax, BKJIIOUYasl UX DHEPreTUYECKUN CIIEKTP U
nuHaMuKy. [Ipenckasana reHepanus AUINOJISPUTOHOB B HCKYCCTBEHHBIX MOJIEKYJIaX B ONTHYECKOM
pe30HaTOpe, ¢ MOMOIIbI0 KOTOPOH BO3MOXKEH KOHTPOJIb Y(PPEKTUBHOIO M3IYUYEHUs KOT'€PEHTHBIX
SKCUTOH—TIOJIIPUTOHOB.

Mertonbl: TeopeTndecku uccienyeM AMHAMUKY JTUIOJISPUTOHHBIX BO30YXKIEHUH B pexuMe
apaMeTPUUECKOro HEITMHEHHOro0 OCUMJUIATOpA MPU HAaKauKe CpeJHEl BETBH B JBYX OJU3KHUX IO
HEpPIUU TOYKaxX 3akoHa jgucrnepcud. Cumraem, 4To o00a MydKa HAKAYKU pa3IMyarOTCs 110
aMIUIUTy/le (MHTEHCUBHOCTH), OJIHAKO SHEPrUu (POTOHOB paziauyaroTcs cinado. M3 ramunbToHHaHa
B3aUMOJCUCTBUS IIOIYy4YaeM CHUCTEMY HEIUHEHHBIX DBOJIIOLMOHHBIX YPAaBHEHHUH, ONMCBIBAOIINX
KOTEpPEHTHYIO JWHAMUKY CHCTEeMbl KBazudacTul. KorepeHTHas JuHaMuKa JUIOJISIPUTOHOB
oTpeieNsIeTcsl HauaJlbHBIMU MapaMeTpaMH CUCTEMBI U HaualbHOM pa3HOCThIO (a3. B psge yacTHbIX
CIy4aeB HaMHU IIOJy4YEHbl AHAIWTHYECKHE PEIICHUS CHCTEMbl HEJIMHEWHBIX OSBOJIOIHMOHHBIX
ypaBHEHMI dyepe3 srumnnTruueckue GyHKiun SAxoou.

Y
Pe3y.]'lI>TaTI>II B ClIydyac, KoOrjga Ha4dajJlbHas1 pa3HOCTb (1)33 paBHa E IMMOJIYUCHBI

nepnoanqecmxlﬁ u anepnonnquKm‘/'I PEKUMBI KOFepeHTHOﬁ JUHAMHUKHU OUTIIOIIAPUTOHOB, KOTOPEBIC
ONPENENSAIOTCS COOTHOLIEHUEM MEXAY HAdalbHBIMH IIJIOTHOCTAMM JUIOJSIPUOHOB HAKAYKH,
CUTHAJILHOHN U XOJIOCTOM MOJI.
BriBogbl: TpM Hakauke CpeaHEH MUIONSPUTOHHON BETBHM B JBYX OJM3KHX TOYKaX 3aKOHA
JAUCTICEPCHUU BO3MOXCH nepnogmqecxnﬁ u anepnogmquKHf/'I IMPOLCCChI KOFepeHTHOfI AJUHAMUKHU
napel PUMP-AUMNOISPUTOHOB B JIUMOJSPUTOHBI CHUTHAJBHOM M XOJOCTOM MO, KOTOpas
CYHICCTBCHHO 3aBUCHUT OT HAYAJIbHBIX IUIOTHOCTEN AUTIOJIAPUTOHOB.

Jlureparypa
1. Cristofolini P., Christmann G., Tsintzos S.I., Deligeorgis G., Konstantinidis G., Hatzopoulos Z., Savvidis
P.G., Baumberg J.J. Coupling quantum tunneling with cavity photons // Science. 2012. VVol. 336. P. 704.

Anmamet, 15-16 pespans 2024, https://sci.kz/ 74


https://sci.kz/
https://www.scopus.com/authid/detail.uri?authorId=57204554980
https://www.scopus.com/authid/detail.uri?authorId=58023345600
https://www.scopus.com/authid/detail.uri?authorId=57216844409
https://www.scopus.com/authid/detail.uri?authorId=35956444000
https://www.scopus.com/authid/detail.uri?authorId=58021837000
https://doi.org/10.1063/5.0119115

ISBN 978-601-08-3798-0 Mamepuaner || Mescoynapoonoi kongpepenyuu namsmu axademuxa 2.1 5ooc

U3YUEHUE CTPYKTYPHBIX CBOMCTB IIJIEHOK JJUOKCHJIA
TUTAHA, IIOJTYYEHHbBIX METOJ10OM MAI'HETPOHHOI'O
HAIIBIVIEHUA

Anedus H.H., Mamur A., Aiimaran6erosa K., XKanrtyapos C.P., Muts K.A, BaiitumbeToBa b.A.,
Kaxxeimypar A., O"enus bl., Cetitxanyisr H.
Satbayev University, Almaty, Kazakhstan

B nocnennue roapl ToHkue IuieHku auokcuia tutaHa (TiO2) mpuBnekaroT Bce Oosibliee
BHUMaHHE KaK MHOTrooOemaonmii (yHKIMOHAIBHBI Marepual B pPa3IMYHBIX 00JACTAX
COBpPEMEHHOM TexHosoruu. OKCUA TUTaHA UCIOIb3YETCs MPU pa3paboTKe HOBBIX OMOMATepHaios,
(OTOKATATUTUYECKUX TMOKPBITHH Ui CAMOOYHILAIOIIMXCS TIOBEPXHOCTEH U (POTOUYBCTBUTEIBHBIX
3JIEMEHTOB. DTHU IJICHKH OKCHJA TUTaHa, Oyarofapsi UX BBICOKOMY IOKa3aTelto MpeoMIIeHHs (n =
2,4), HU3KOMY ONTHYECKOMY MOTJIOIIEHUIO B BUJMMOM M OJIM)KHEM MH(paKpacHOM Jauana3oHax, a
TaKXe BBICOKOW TEPMUYECKONH W XMMHMUYECKOW CTaOMIBHOCTH, LIMPOKO HUCHOJB3YIOTCS B KayeCcTBE
AHTHOTPAXKAIOLINX NOKPBITHI U CII0€B MHOTOCJIONHBIX HHTEphEPEeHIIMOHHBIX (uabTpoB. B 0bmactu
MHUKPORJIEKTPOHUKH B TIOCJIEAHME TOJbl OKCHJ TUTaHAa PACCMATPUBAETCS KaK MEPCHEKTHUBHBIN
MaTepHall ¢ BBICOKUM KOd((UIIMEHTOM IudJekTpudeckoil mponumaemoctu (high-k) mms 3amens
okcuna kpemHuss B MOII-npubopax u co3gaHHs HOBOIO IIOKOJIEHUS YCTPOMCTB XpaHEHHUs
uHpopmanuu. llogaya OTpPULIATENFHOTO HANPSHKEHHWS CMEIICHUS Ha TOMJIOXKKY IT03BOJISIET
YIPaBIATh IPOLIECCOM POCTA MOKPHITHS IPU PEAKTUBHOM MarHeTPOHHOM HalbUICHUH.

Bre1bop ompeneneHHBIX TapamMeTpoB M PEXKHMOB HAIBUICHUS OKa3bIBaeT BIHMSHHE Ha
(dbopMHpOBaHUE MOKPBITUH JUOKCUA TUTAHA C ONPEAEICHHBIMUA CBOWCTBAMH.

B nanHoii paboTe ObUTM CHHTE3UPOBAHBI TUIEHKU TUOKCH/IA TUTAHA Ha MOJJIO0KKAX M3 CTEKIIa
METOZI0M MarHeTpOHHOI'O HAINbUICHHs M MCCIEI0BAaHbl CTPYKTypHbIe mapameTpbl. Ha pucynke
IPEICTaBIICHBI
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Pucynox 1 - PeHTreHOBCKUI CIIEKTP TUICHKH THOKCHU/IA TUTAHA Ha MOIOKKE U3 CTEKIIA, MTOITYUYECHHBIX
METOJIOM MAarHETPOHHOTO HAIIBIIIEHHUS

Metonom peHTreHodasoBoro aHainza OOHApy>KE€Hbl HEKOTOpble OCOOEHHOCTH IJICHKU
JMOKCHJa TUTaHa Ha TOJUIOKKE M3 cTekia. M3 pucyHka BHIHO, YTO a0CONIOTHAs 3HAYECHUS
MHTErpaIbHON MHTEHCHBHOCTH B oOnactu pasHO 100 B o6macTu yrios 20= 26,66°. D1oT dakr B
TOM NHMKE CBUJECTEIBCTBYET O COJAEPKAHUM OTJIOKEHUM IUOKCHJA THTAaHA HA MOMJIOXKKAX M3
CTEKJIa.
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MOBBIIEHUE Y3®P®EKTUBHOCTH ®OTOTEILIOBOI'O YCTPOMCTBA
HOBOI'O THUIIA 3A CYET YBEJIUYEHUA IIVIOTHOCTHU TIOTOKA
COJIHEYHOT O NU3JIYYEHUA

TypcynoB M. H., Cabupos X., Anukynos P. b., AxramoB T. 3.
DU3NKO-TEXHHYECKOTO HHCTUTYTa AKa/leMun HayK PecryOnukn Y30ekucTan
email: muhammadtursunov47@gmail.com

KaroueBble cjioBa: GoToanekrpuueckas 6atapesi, TEIUIOBOW KOJIJIEKTOP, MOLTHOCTb.

BBenenue: Ilpu HCIONB30BaHUM COJMHEUHBIX (POTORIEKTPUUECKUX OaTapeid BO MHOTUX
peruoHax Halled CTpaHbl BBICOKAsS TeMIepaTypa CHIBHO BIHseT Ha dS(Q(PEeKTHBHOCTH
dorosnekTpuueckux Oatapeit. I[Ipu TemmnepaType okpyxaromeii cpeabl 6omee 50°C kenareapbHO
npoananu3upoBath mporecc naaenus OUK dotosnekTpuueckux Oarapeit no 40% u u3yduTh
BO3MOKHOCTH MPEIOTBPAIEHUS ATOTO siBJIeHU [1].

Metoabl: JlanHas cTaThsl IOCBALICHA YBEJIWYEHUIO IUIOTHOCTH IIOTOKA COJHEYHOTO
U3ITyYEHUs Yyepe3 oTpaxkaresb U MpoBepke ero 3h(HeKTUBHOCTU B (POTOAIEKTPUIECKOM YCTPOHCTBE
C HOBBIM TUIIOM CHCTEMBbI OXJIAXKICHHUS.

BuiBoabi: brnarogaps HOBoI cucteme oxnaxaeHus, papadborannoit s OTh, gaxe B cioyuae
HEXBAaTKM BOJbl B YPE3BBIYANHO 3aCyIUIMBBIX PETMOHAX MOXHO MPEIOTBPATUTh CHIDKCHHE
s dextuBHOCTH DOb H3-3a TemmepaTyphl, a YHEPrUi0, KOTOPYI AOKeH obecrneunBath OOb,
MOXHO 3(QPEKTUBHO HCIIONIB30BaTh. (OXKHUIACTCSA, YTO O3TOT HOBBIM THII YCTPOWCTB Oyner
UCIIONIb30BAaThCS BO MHOTHUX peruoHax Hamed pecmyOnuku [2]. Llenpio JaHHOrO Hay4HOTO
UCCIIEIOBaHMS  SIBJIIETCS  yBEJIIMYEHHE IIJIOTHOCTH IOTOKA  COJIHEYHOI'O  M3IY4YeHHUs K
doroTrepmMuueckoii OaTapee ¢ TMOMOUIbIO OTpaxkaredass U MOBbIIIEHHE A(P(HEKTUBHOCTU
doToriekTpudecKoil OaTaper. ODKCIEPUMEHTHl OBLIM TPOBEACHBI. MOIIHOCTh (HOTOTEIIIOBOM
Oarapeun HOBOro Tuna 0e3 oTpaxatens coctaBuia 42 B, a MOITHOCTh (hOTOIIEKTpUUYECKOM OaTapen
— 43 Bt. Ha ¢ororepmuueckoii Oarapee HOBOTO THIAa ObUT YCTAHOBJIEH OTpakaTeilb, W
pe3yiabTaThl, MOJYYEHHBbIE IPU MAKCUMAJIbHOMW IUIOTHOCTHM TOTOKA COJIHEUHOTI'O U3IIy4YEeHHUS,
MOKa3ajh, YTO MOILIHOCTh (oToTepmuueckoi Oartapen coctaBuna 82 Br, a MomHocTh
dorornekrpudeckoii 6atapeu - 54 BT.

BeiBoa: Ilpyu yBenuueHMM IUIOTHOCTH IMOTOKAa COJHEYHOI'O M3JIyYEHMsI 4epe3 OTpa’kaTellb
OBLJIO 3aMEUYEeHO, YTO MOIIHOCTHh (PoTOTepMUUEecKOW OaTapen okazamack Ha 55% Oomblie, yem
MOIIIHOCTb OOBIYHOM (OTOIIEKTPUUECKOM OaTapen.

Jluteparypa
1. TypcynoB M.H., Cabupo X., Xono VY.P., DmmaroB M., - HccnenoBanue mnapameTpoB
(bOTORNIEKTPUYECKOM TETIOBOM OaTaper B HKCTPEMAalbHBIX MPUPOIHBIX ycrnoBusix // IlpuxiagHas
coJTHewHas dHepreTuka. 57, Ne 4, ¢. 272-277, 2021.

2. Typcyno M.H., Cabupo X., AnukynoB P.b. «3¢ddextuBHoe wncnompzoBanue
dotornekTpuyeckux Oatapeil B 3KCTpeMalbHO 3aCyLUIMBBIX pervoHax», «lIpobmemsl 3Hepro- u
pecypcocoepexenus», Ne2, c. 20-28.
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METO/Ibl UCTIBITAHU KOPPO3MOHHON CTOUNKOCTHU
MNOJIYIIPOBOJIHUKOBBIX IPUBOPOB

AoGait A.P., Imanramu XK. A., Kansikemosa A., bepik6on XK., Tnekrecona /., Kaqupoexona I'., Tocibek A.,
BaiitumberoBa B.A.
Satbayev University, Almaty, Kazakhstan

HccnenoBanre HOBBIX METOJIOB M YJIYYLICHHE CYHIECTBYIOIIMX CIIOCOOOB 3aIlMTHI OT
KOPpPO3UM MMEIOT BBICOKOE 3HAUEHHUE KaK JUIsl MPOMBIIUIEHHOCTH B LIEJIOM, TaK U Ul pa3BUTUS
TEXHUKH M TexHojoruil. Pa3zpaboTka, W3roroBieHMe U HSKCIUIyaTallMs BbICOKOHAJEKHON
PaIMO3IEKTPOHHOM amnmapaTypbl HEBO3MOXKHBI 03 00eCTieYeHHs COOTBETCTBYIOUICH YCTOHYUBOCTH
COEIMHEHUH 2JIEMEHTOB IOJYIPOBOJIHUKOBBIX U3JEIANA K BO3IEHCTBUIO KIMMATHYECKUX YCIIOBUH,
TaKUX Kak TeMIlepaTypa, BIaXHOCTh W T.A. [lox Bo3melcTBHEM 3TUX (PAKTOPOB MPOUCXOAUT
yCKOpeHHe (PU3MKO-XMMHUYECKHUX IPOLIECCOB B KOHTAKTaX, YTO MPUBOIUT K Jerpajanuu Mx
[apaMeTpoOB M AaKTHBAIIMM CKPBITHIX JepekToB. BHuUMaHMe Bcerga yensercs HCCIEI0BaHUIO
BIMSIHUSA KIMMAaTUYECKUX YCJIOBUH, OCOOCHHO IOBBIIICHHON BIQXHOCTH M TEeMIEpaTyphl, Ha
HAJIe)KHOCTh KOHTAKTHBIX COCJUHEHUH C 11eJIbI0 IPOrHO3UPOBAHUS UX OTKA30B IPH dKCILTyaTalluu
WIHM JUINTEIbHOM XpaHeHuH. IIpu pemeHun Bonpoca 0 HaJeKHOCTHM MUKPOCOEAMHEHMH IMOMHMMO
BbIOOpAa ONTHUMAJIbHBIX CHOCOOOB M pEXHMMOB MOHTa)Ka YUHUTBHIBAETCS KAuye€CTBO IUIEHOYHOMN
MeTaJUTM3alui KOHTAKTHBIX IUIOIIAI0K KpHCTaia U TpaBepc kopmycos [1-2]. B Hactosimiee Bpemst
MeTaJln3anus O0oNbIIMHCTBA HHTErpanbHbIX MUKpocxeM (UMC) BeimonHseTcs u3 antomunus. Ero
BbIOOp  OOYCIIOBJIEH  YJOBJIETBOPUTENBHBIMU  (DU3UKO-XUMMUYECKUMHM  XapaKTEPUCTUKAMU:
JIOCTAaTOYHO BBICOKOW AIIEKTPOMPOBOTHOCTBIO, XOPOIWIEH aare3ueld K KpeMHHIO (Si) U IHOKCUAY
kpemHus (Si02), IUIACTHYHOCTBIO, a TAaK)KE HAJIWYMEM COOCTBEHHOI'O €CTECTBEHHOI'O OKCHa
ATIOMUHUSA WK THApokcuaa amomuuus (AlpOs-H20) tommmuoii 50-100 A, koTopslii 3amumaet
METaJIJI OT BO3ICHCTBHS OKpPYXKaroLIeW Cpelbl, BKIKOYas KOPPO3UIO. YCTaHOBJIEHA 3aBUCHUMOCTb
KOPPO3HMOHHOM CTOWKOCTH QJIFOMHHHUEBOW METAJUIM3AalMM OT METOJAa HAHECEHUs, TeMIEPaTyphbl
OTXMHra, a TaKkXke OT €ro JETUPOBaHMS Pa3IMUHBIMU JOOaBKaMH. B 4acTHOCTH, BBICHEHO, YTO
aTIOMUHHUEBass MeTaulM3anusi, JerupoBaHHas 1% kpemHueM, oOnagaer Oojee BBICOKOMN
KOPPO3MOHHON CTOWKOCTBIO, a NPUMEHEHHME IOACIOS U3 amtoMuHUSA ¢ 1% HUKens MOBBILIACT
KOPPO3HMOHHYIO YCTOWYMBOCTH TMpuOOpoB. B pabore [3] mnpemnoxkeH NOAXOA K OIEHKE
BO3MOXKHOCTH npuMeHeHuss MC B ycClOBHAX NOBBILIEHHOW BJIAXHOCTU IPH HUX JIUTEIBHOM
XpaHEHUHU U HKCIUTyaTallMi. DTOT MOJXOJ] OCHOBAaH Ha aHAJIM3€ 3aKOHOMEPHOCTEH TeueHHUs mapoB
BOJBI 4epe3 Mukponopsl kopnycoB MC B mponecce MX XpaHEHHUs, a TaKK€ Ha MOJAEIUPOBAHUU
KOMIUIEKCHOTO BO3/JEHCTBUS TEMIIEPATypbl U BIAXKHOCTH B KOPIyCe€ HAa BpEMs SKCIUTyaTallUd J10
otkasza MIC, BbI3BaHHOTO MUTpalueil 3apsaa Ha moBepxHOCTH SiO2. [l OIIeHKH BIaXKHOCTH BHYTPHU
FEPMETUYHOIO KOpIlyca MHKPOCXEMBl MOTYT HCIIOJIb30BATbCS BCTPOEHHBIE JaTUUKU  [4].
Cy1iecTByeT HECKOJIBKO THUIIOB KOHCTPYKIIMH JaTYMKOB: TOHKAs aJIFOMUHHMEBAs IUIEHKA, JATYUKU Ha
ocHoBe Al;O3 m TOJCTast TUIEHKA, KOTOpas HAHOCHTCS HAa BHYTPEHHIOK TOBEPXHOCTH KPBIIIKA
KOpITyca MUKPOCXEMBI, TAK)KE MOKET IPUMEHATHCS MacCC-CIIEKTPOMETP.

Jlureparypa
1. TopnoB M.U., EmenssnoB B.A., Anydpue J.JI. TexHomormueckue OTOPaKOBOUHBIE U
JIMarHOCTH YECKHE MCIBITaHUS MTOTYTIPOBOAHUKOBBIX n3aennid. — MH.: ben. Hayka, 2006. - 367 c.

2. T'opsioB M.M. KoHTposb KauecTBa U3AENUI MOTYTIPOBOAHUKOBON 3JIEKTPOHHUKH: yued. mocodue.
— Boponex, 1998. — 144 ¢

3. 3enun B.B., Kaganues N.A., Cniupunonos b. A. HMccnenoBanne KOppo3MOHHON yCTONYMBOCTH
JBYXCJIOWHON aJlIOMUHHEBOM METAJUIM3al[Ml KOHTAKTHBIX IUIOMIAJOK KPUCTAJIIOB CHIIOBBIX
MOJTYTIPOBOTHUKOBEIX MprOOpoB. // BecTH. Boponex. roc. TexH. yu-ta. 2011. Nel. c. 164-166.

4. 3enun B.B., Kamanues UN.A., CroupumonoB b.A., UYwuctsakoB C.HO. Metonbl ucCHBITaHHIA
KOPPO3MOHHOM YCTOHYHMBOCTH IOJYTIPOBOIHUKOBBIX M3enuii // BectH. BopoHex. roc. TexH. yH-Ta.
2009. T. 5. Ne6. C. 4-6.
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W3YUEHUE CTPYKTYPHBIX CBOUCTB PA3JIMYHBIX BU10B
BYMAI'H

Kymamumnosa A., PcriaeB T., AGunnbaeB X., lyiicemOunoB A., Caitnaybexosa A., beficenos L1,
Hobpaesa XK.E., baittumberona b.A.
Satbayev University, Abai National Pedagogical University, Almaty, Kazakhstan

CoBpeMeHHbIE TIepeIOBbIE TEXHOJOTMHM B TIPOM3BOJACTBE M OOpabOTKE LEJUIIOIO03HO-
OyMa)XKHOM MPOJYKIMU HEPA3pPhIBHO CBSA3aHbl C MHHOBALIMOHHBIMM METOJIAMH KOHTPOJIS KauecTBa
MaTepHajiOB Ha PA3IMYHBIX ATarax MPOU3BOJCTBEHHOTO IPOILECCa, OCOOCHHO B OTHOIICHUH
XapaKTEepUCTUK KOHEYHOM MpONyKIMH. ODTO TakkKe KacaeTcs HocuTenedl uHQopManuu Ha
OyMa)xHOW OCHOBE. BhICTpoe pa3BUTHE COBPEMEHHBIX METOJOB II€YaTU NPUBOIUT K NOCTOSSHHOMY
YBEJIMYEHUIO TpeOOBaHMM K KadyecTBY MEJIOBAaHHOrO ciiosg Oymaru u kaptoHa. HawmGonee
aKTyaJIbHBIMU B IIOCJIEJTHEE BpeMs SIBJSIOTCS MCCIEAOBAaHUSA, HalpaBJIEHHbIE HAa BBICOKOTOYHOE
olpesielieHue mnapamMeTpoB OyMarn B HAHOMETPOBOM MaclTa0e C HCIOJIb30BAaHUEM METOJIOB
aTOMHO-cuJIoBOM Mukpockonuu (ACM), 4TO NO3BOJIIET BU3YaJIM3UPOBAaTh €€ CTPYKTYpY,
AHAIN3UPOBATh IIOKA3aTEJIM IIEPOXOBATOCTH M aAre3suu. Bompocsl BBICOKOTOYHOIO KOHTPOJIS
napaMeTpoB MPOU3BOAUMON OyMa)KHOW MPOAYKIMH CTAaHOBATCS Bce Oosiee BaXKHBIMH. MHOTHE
KOMITAHUU-TIPOU3BOAMUTENN  OCYIIECTBIIAIOT KOHTPOJb KadecTBa IPOU3BOAMMON OymaxkHOH
MPOAYKIUH C TIOMOIIBIO CKAaHUPYOIIEH AIIEKTPOHHONH MUKPOCKONUU U KOH(POKAIHHON ONTHYECKOM
MHUKpPOCKONIMU. B Hacrosiiee BpeMms YCTaHOBIIEHUE CBSI3M MEXIY CTPYKTYpOH M CBOMCTBaMU
MaTepHajioB MPEICTaBIseT COOOW 3HAUMMYIO OOJIACTh MCCIENOBAaHUM, MOCKOJIBKY paCIIUpPSETCs
chepa ux npumerenus [1-2].

Lenr maHHOrO WuCCIENOBaHMUSI COCTOUT B OLEHKE BO3MOXXHOCTH KOHTpOJII KadecTBa
[IapaMeTpPOB  LEJUIIOJIO3bl, IIOJYYEHHOM U3 PA3JIMYHBIX BHUIOB HEAPEBECHOIO OJHOJIETHETO
PacCTUTENIBLHOIO ChIpbsl (KOHOIUIS COpHasi, Kamblll, pHUCOBas LIellyXa), MPOU3PACTAIOLIETO Ha
tepputopuu PK, ¢ ucnons3oBannem Merogom ACM.
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Pucynok 1 — ACM u3o0paxeHus HOBEpXHOCTH OyMaru U3 Kampliia

13 PUCYHKaA 1 BHUJIHO, YTO BOJIOKHA COCTOAT M3 boiee MCIJIKUX, HO CXOIHBIX IIO q)opMe n
CTPYKTYype HAHOBOJIOKOH pPa3MEpOM TMOpsSAKa HECKOJIbKO. OTO TIMO3BOJIAET CHENaTh BBIBOJ O
IMMOBTOPACMOCTU (HOI[06HOCTI/I) CTPYKTYpPbI BOJIOKOH HCJUIFOJIO3BI IMPU HNECPEXOAC C MHUKPO Ha
HaHOYPOBCHbB. Anamm3 I/I306pa)KCHI/I$I IMoKasaj A0CTAaTOYHO I'IaAKYIO MOBECPXHOCTH, @ TUCTOIpaMMa
IIEPOXOBATOCTH MMOKa3aia HU3KUK pa3zopoc MexX 1y HIMpUHAMU TpOoQHIIei.

Jlureparypa
1. Baker A. A., Helbert W., Sugiyama J. New Insight into Cellulose Structure by Atomic Force
Microscopy Shows the 1_ Crystal Phase at Near-Atomic Resolution // Biophysical Journal. 2000.
V.79. P.1139-1145.
2. Zhukov M. Structure control for different types of paper by atomic force microscopy. Scientific
and technical journal of information technologies, mechanics and Optics 2014, Nel (89)

Anmamet, 15-16 pespans 2024, https://sci.kz/ 78


https://sci.kz/

ISBN 978-601-08-3798-0 Mamepuaner || Mescoynapoonoi kongpepenyuu namsmu axademuxa 2.1 5ooc

NCCIEAOBAHUE CUMMETPUYHbBIX CYIIEPKOHAEHCATOPOB HA
OCHOBE JIMTHOIEJLIIOJIO3HOM BUOMACCHI C OPTAHUYECKUMH
JJEKTPOJIUTAMHA

O6micarrap Omimep Oyecoekyisl, aynbdaes U.b.
Satbayev University, Almaty, Kazakhstan

HenaBHo  cokpamieHne  mOTpeOJieHHsT  MCKOMAeMOro  TOIJIMBA W Pa3BHUTHE
BO300HOBIISIEMON M YCTOWYHMBOW SHEPreTUKH ObUIM MpHU3HAHBI 3()(HEKTUBHBIMU CTPATETHAMHU
pEILIECHUsT KPU3UCOB, CBA3AHHBIX C 3arPA3HEHUEM OKPYKAIOIIEH Cpelbl U U3MEHEHUEM KIMMaTa.
Jns pemienus 3Tux npoOieM HeoOXoanMma pa3paboTka BBICOKOIPOU3BOIUTEIBHBIX, HETOPOTUX
U 3KOJOIMYECKH YUCTBIX YCTPOICTB XpaHEHMs SHEPruM (Hampumep, JUTUNH-UOHHBIX OaTapeil u
CYIIEpPKOHECHCATOPOB) MPHOOPENIO pelaroniee 3Ha4eHue.

Cynepkonnencaropsl (CK) kak THUIl cUCTeMbl XpaHEHHs SHEPTUM CUUTAIOTCS OJHUMHU U3
HauOosee MEePCHEKTUBHBIX HM3-32 UX IPEBOCXOJHOM yJIEIbHONW MOIIHOCTH, HAJEXKHOTO CpOKa
CIIy>KOBI, CBEpXOBICTPOI CKOPOCTH 3apsifa U IMIMPOKOro Juarna3oHa YCIOBUH 3KcIUTyaTauuu. 3a
NOCJeAHUE HEeCKoNbKo JecsaTwietudt CD MUPOKO HCHOJIb30BAINCH B  NOPTATUBHBIX
JJIEKTPOHHBIX  YCTPOMCTBAX, CUCTEMAax pPE3EPBHOIO IHUTAHUSA, TEJIEKOMMYHHMKALUAX U
THOPHITHBIX AIEKTPOMOOMIISX.

XOpoIIo HM3BECTHO, YTO KOHACHCATOPHI C JIBOWMHBIM 3jekTpuyeckum cinoeM (EDLC)
ABJIAIOTCS OJHOM M3 HauboJiee MPUBJIEKATEIbHBIX TEXHOJIOTUN AJIEKTPOXUMHUYECKOIO XpaHEHUs
SHEpPruM, AOCTYIHBIX CErofHsd Ha pbIHKE, Onarojaps UX IPEBOCXOAHBIM 3SHEPreTUYECKUM
xapakrepuctukaM. OnHol u3 Haubosee OTIMYUTENbHBIX Xapakrepuctuk EDLC sBnsgercs To,
YTO €ro JIEKTPOABI COCTOST U3 JABYX HOPHUCTBIX YIJIEPOJHBIX 3JIEKTPOAOB € OOJIBIION YeIbHON
wioniaapo  noBepxHocth (SSA), KOTOpble NOTpPYXKEHbl B JJEKTPOJUT U pas3zesieH
MOHOINPOBOJSAILEH, HO 3JIEKTPOHHO H30IMpYyrole MemOpaHoil. Korja Ha ofuH U3 371€KTPOJOB
MOJaeTCsl  IMOTEHIMAJ, KOJIMYECTBO HOHOB  IMPOTHBOIOJIOXKHOIO  CHTHala, KOTOpPbIE
HAKallJIMBAlOTCA Ha €ro IOBEPXHOCTH, NPONOPLUOHAIBHO IPHIOKEHHOMY HaIPSIKEHUIO,
CO3/71aBast «ABOMHOM DJIEKTPUUYECKHUN CIIOM».

ITockonbky uncteiit EDLC He siBisieTcst apaieeBCKUM, Ha TpaHUIEe pas3jiena dJIeKTPoa-
AIIEKTPOJIUT BO BpEMs 3apsiIKM U Pa3psJIKU HE NMPOMCXOJIUT MEpeHoca 3apsijia WU Macchl, a
HAakKOIUIGHHE  DHEPIUM  SBJISIETCA  TIOJHOCTBIO  AJIeKTpocTatndeckuM.  Ilockosbky
AIIEKTPOCTATUYECKOE B3aUMOJICHCTBUE O€3BPEIHO ISl LIEIOCTHOCTH U CTAOMIILHOCTH AJIEKTPO/A,
EDLC wmoxer Bpmonsats 100 000 mmxnoB 3apsa-paspsa co CKOpocTbro u3Hoca <10 % B
OpraHUYECKUX JIEKTPOIUTAX.

B kaudecTBe 2IJIEKTPOIHBIX MAaTEPHUAIOB MOXHO HCIOJIB30BaTh AKTUBUPOBAHHBIE YIUIH
(AY), yrneponusie BojokHa (YB), TeMiuiatHble yrim, yriaepoaHble a3poreiau, rpageHbl, OKCHIbI
rpadena (I'O), yrneponusie HaHOTpYOKH (YHT), kapOubl, a Takke pa3IndyHble BUbI yIiIepoa.
Kak TununyHblii  yriepojconepkaliuii  Marepual, AaKTUBUPOBAaHHBIM yroib o0jagaer
HAauOOJBIIMM TOTEHIIMAJIOM Onaromaps CBOeH HHU3KOM CTOMMOCTH, Oonbiiomy SSA,
MIPEBOCXOJHOM MOPUCTOCTH U CTAOMIBHBIM (U3UKO-XMMHYECKHM CBOWCTBaM, YTO JI€laeT HX
OTJIMYHBIMU 3JIEKTPOJHBIMU MaTepuanamu Juist CO B psiie IPUMEHEHUH.

B Hacrosmee  BpeMs  Bo3oOHOBIsiemas ~— OWomacca — pacCMaTpuUBaeTcs — Kak
NpUBJIEKATEIbHBIN MPEKypcop yrieponaa A pa3pabOTKH YCTOWYMBBIX MPOAYKTOB M IIMPOKO
uzyvaercsa. Jnsg moarotoBku AY BBIOMpalOTCS pa3iMuHbIE OTXOAbI OHMOMAcChl, TaKHe Kak
06aMOyK, KOpa JIepeBbeB, SUMEHHAs COJIOMa, MIIEHUYHAasi COJIoMa, CKOPJIyIla TPEelKoro opexa u
tak nainee. [lockonbky Omomacca MpUroAHa IJIsi BTOPUYHOW IepepadOTKH, 3KOJOTHYECKH
Oe3omacHa, ycToiuMBa, MpPOCTa, IUPOKO JOCTYMHA M MEHEee BpeIHa Ul JKUBBIX CYLIECTB U
OKpYy aroIien cpenibl, oHa siBisieTcs 3¢(HEeKTUBHBIM PEIIIECTBEHHUKOM AY.

YroObl ucronb30BaTh AY, MoydeHHbIE U3 PA3IUYHBIX OMOMace, B Ka4eCTBE AJIEKTPOI0B
st CO, Heo6XoAUMO IIyOOKO MOHMMAaTh MX XapakTtepucTuku. Kpome toro, 6momacca nMeer
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€CTECTBEHHYIO TOHKYIO CTPYKTYpPY, U COXPAaHEHUE €CTECTBEHHOW CTPYKTYpPBI IIPU NIEPEMEHHOM
TOKE€ TIIOJIE3HO JId HHPKYJIAOUH OJCKTPOJUTOB MW YIYUHICHHUA €€ XapaKTECPHUCTHUK Ha
DJIEKTPOXUMHUYECKOM YPOBHE.

Jlureparypa
1. L. Luo, Y. Lan, Q. Zhang, J. Deng, L. Luo, Q. Zeng, H. Gao, W. Zhao, A review on biomass-
derived activated carbon as electrode materials for energy storage supercapacitors, J. Energy
Storage 55 (2022) 105839. https://doi.org/10.1016/j.est.2022.105839.

TEXHOJIOI'UA ITIOJYYEHUA METAJITYPITHYECKOI'O KPEMHUA U3
MEJIKOJJUCIHEPCHBIX OTXOJ10B ®EPPOCIIJIABHOI'O
IMPOU3BOJACTBA MUKPOKPEMHUN3EMA

Basap6aes B., Tapakanosa C., Tapakanos IO., Paxum6aes b., Mykames b., Illonranosa A.”
1 TOO ®usuko-rexunueckuit uHCTUTYT, CaTOAEB YHUBEPCUTET
email: “a.shongalova@sci.kz

KiroueBble c¢JIOBa: METaUTyprUYeCKHi KPEeMHUH, papUHHpPOBAHHE, MUKPOKPEMHE3EM,
[UIAKOBAsi OYUCTKA, ATFOMUHOTEPMHUS

[Tpon3BOICTBO CONMHEYHBIX OaTapell OCHOBAHO HA CIIOKHOW XUMHKO-TEXHOJIOTHYECKOU
MOCJIEIOBATEIbHOCTH C HCIOJIB30BAHUEM KPEMHHUSI COJIHEUHOIO M 3JIEKTPOHHOI'O KauecTBa.
Bricokasi ce0eCTOMMOCTh KPEMHHSI SIBIIICTCS TJIABHBIM CACPKHUBAIOIMUM (AKTOPOM B Pa3BUTHH
COJTHEUHOH 3HepreTuku. Pa3paboTka sHeprocoeperarmux npoueccoB MoayuYeHUs] BBICOKOYHCTOTO
KpPEMHHUS TMPEACTABISIET HMHTEPEC, HO BBICOKOE COJIEPKAHHE MPUMECEH OrpaHUYMBAET €ro
MIPUMEHEHUE B IPOMBILIJIEHHOCTH.

B coBpeMEHHOM MPOM3BOACTBE COJHEUHBIX 3JIEMEHTOB OCHOBHBIM MaTEPHUAJIOM SIBJISIETCS
JIOPOrOCTOSILIMA KPEMHHUH IOJXYNPOBOJHUKOBOM YHUCTOTHI, IIOJYYEHHBIM 110 XJIOPCHUIIAHOBOU
TEXHOJIOTHH. TpagullMOHHBIM METOJIOM TMIOJIYUYEHUs KPEMHHUSI SBISIETCS KapOOTEPMUUYECKHM,
OCHOBAaHHBII Ha BOCCTAHOBJICHUM KpPEMHHUS yIJIEPOAOM TIPM  BBICOKOM  TEMIEpAType.
Mertamtypruueckuii KpeMHUN, TOJYYSHHBIA 3TUM METOJIOM, TIpeolpasyeTcss B TPUXJIOPCHUIIAH,

Pucynok 1 — Ilporecc mony4yeHre METaITypTUYECKOr0 KPEMHHS U3 KBapLIEBOM MEIOYH: a) B MHAYKIIMOHHON
reyn, 0) METAUTYPrUYeCKH KPEMHUH U3 MEIKOUCTIEPCHBIX OTXO0I0B (heppPOCIUIABHOTO TPOU3BOJICTBA
MHUKPOKPEMHU3EMA

Oxkomno 90% mpoun3BOACTBA KPEMHS COJTHEUHOI'O KaYECTBA OCYIIECTBIISIETCS 110 TEXHOJIOTHH,
paspaboTanHoii B 50-X romax koHiepHoMm CuMeHc.
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PecnyObnuka Kaszaxcran, obnamass GoraTbIMH KPEMHHEBBIMU pECypCcaMHU, MOXET CTaTh
KOHKYPEHTOCIIOCOOHBIM UT'POKOM Ha PhIHKE COJHEYHOH (POTOPHEPreTHKH, BHEAPSAS COBPEMEHHbIE
TEXHOJIOTMH Ha BCEX dTalax MPOU3BOJICTBA COJHEUHBIX JJIEMEHTOB.

B nanHoli pabore mpemiaraercs HCIOJIb30BaTh 0ojiee JELIEBbIE M KOJIOTMYECKH YHUCThIC
METOBI JUIsl IPOU3BOICTBA COJIHEYHOTO KPEMHUs, CHIDKasl 00IIe 3aTpaThl Ha MPOU3BOACTBO. bbi
pa3paboTaH Hpolecc, KOTOPbIM MOXeT ObITh HCHOJB30BAH JUIsl NPOU3BOJCTBA KPEMHHUS B
NPOMBIIIJICHHBIX MacIITabax ¥ KOTOPBIM, IyTeM HCIOJIb30BaHMUS KBApLEBOW MEJIOYH OTXO/0B
Kazaxcranckoro npomsBojcTBa METALUTyprUYecKOro KpEMHUS U MO3BOJISIFOIIUI M0JIy4aTh YUCTHIN
KPEeMHHUH JJIs1 COIHEUHBIX OaTapeil, n30erast BOBICUEHUS TOPOTOCTOSIIEH ra30Boi (a3bl.

ITponiecc ouucTku (EeppoCIUIaBHBIX OTXOJOB M KBapLEBOM MeIO4YM COCTOUT u3: 1.
[Tony4yeHne MeETAITypru4ecKoro KpEeMHHUS W3 MENKOAMCIEPCHBIX OTXOJ0B (heppOCIUIaBHOTO
IPOM3BOJICTBA M  KBapLUEBOW KpOLIKM METoAOM  amoMorepmuu. 2. PaduHupoBaHue
METAJITyPrUYeCKOro KpPEMHHUS OT TPYAHO YJAJIAEMbIX NpUMEced CHUHTETUYECKMMH IUIaKaMU Ha
OCHOBE LIIEJIOYHBIX METAJJIOB. Bee 3Tansl npoBOAMIINCE B MHIYKIIMOHHOM neur (puc.l). B kauecTBe
UCXOIHBIX MarepuayioB Obutn  ucnoib3oBanbl  CaO, SiOz, CaF;, Al wu «kBapuesas
MeJI0ub/(heppOCIUIaBHBIM OTXO0J. BBIJIO ompeneneH ONTUMaIbHBIA COCTaB INUXTHI, CoJepxKalieit
Ca0, SiO2 u CaF», nins popMupoBaHusi TOMOTEHHOM (ha3bl KPEMHUS.
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Kipicme MbIpbIi oKkcuai KenTereH pliagap O0ibl opTypil FBUIBIMU-TEXHUKAJBIK cajaiapia
KEeHIHEH KOJJAHBUIBIT KeJeni. HaHOTeXHONOTHUSHBIH JaMybIMEH MBIPBIII OKCHIIHE JeTeH
KbI3BIFYIIBUIBIKTBIH KYPT apTybl OailikanaJbl, OHBIH Heri3iHae Oipereil kacuerTtepi 0Oap >kaHa
HaHOMaTepHagap >kacaiaybl MyMKiH [1]. By MbIpbIll OKCHIIIHIH >KapThliail ©TKI3TII, MBE30 KIHE
HNUPOSJIEKTPIIK KacueTTepiHe OainaHbICcThl. KpHCTanaplK KYpbUIBIMHBIH €peKUIeTiKTepiH (Y
KBUIAAM ecy OarbIThl JKOHE €Kl MNOoJIApiblK OerT) maijalaHa OTBIPBIN, ©CII Kelle >KaTKaH
HaHOOBEKTIEpAIH MOpQOJOrHsIChIH THIMAI Oackapyra Oomansl [2]. Kazipri yaksiTTa Oy
TeHepaTopiapsl, ra3 JaTYUKTEPl, XKapPbIK MIBIFAPATHIH TUOTAP, KYPBUIFBLIAPABI KAMTHTHIH OpTYpPIi
TEXHUKAJBIK KOCBIMINAJAp YIIIH CHOUpajib, HAHOJUCK, HaHOOENJIeMIlle, HaHOOTKI3riITep,
HaHOpEaKkTopjap, HaHocdepamap, HAHOTYTIKIIENEP PETIHAE, aJblHFAaH MBIPBII OKCHJIIHIH
KYPBUIBIMIaphl KOJIJaHbI

3eprTey Juictepi MeH o00bekTijepi bysn JXKyMmbIcTa MBIPBIII OKCHJII HaHOTAJIIBIKTApbIH
CHHTE3JIey 9iCi €Ki Ke3€HHEH TYPJAbl: MOHOKPUCTAJAbI KPEMHUI TOCEHIlliHe >yKa KabaT eHrizy
KOHE THUIPOTEPMHUSIIBIK ©CIpy SICIMEH HAaHOTAJIIIBIKTAapAbl any. by perte npekypcopiap perinae
MbIpbI X10puai (ZnClz) jxoHe TeTpa’TOKCUCHUIIAH TaHIAIIbI, MBIPBIII XJIOPUIl MBIPBIII OKCUAIHIH
OoJmeKTepiHiH K31 OOJIIbI, al TEeTPadTOKCHUCWIAH  TOCEHIN O€TiHAE OChl OOJIIeKTePaiH
OekiTiTyiHe XaFaai »acay YIIiH KaXeT. Opi Kapail, 0Cbl TOCEHIIITE SKBUMOIISPIBI 6-CyJIbI MBIPBIII
autpatel (Zn(NOz))2 - 6H20) xone rexcamerunenterpamud (IMTA) epitinainepi Herisinzae
TepmoctatTa 85°C 2 carar ilmiH/e MBIPHII HAHOTAIIIBIKTAPHI OCIPiNIL

Hotmxenep  xoHe  ogapabl  Tajakbliay  bym  kymbIcTBIH — Makcatbl-N-ZnO
reTepOKYpPhUIBIMIApEIH KYpPY Ke3iHJe MarepuangapAblH Oipl peTiHAe maiifanaHy YIIiH MBIPBIII
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OKCHJIIHIH HaHOKYPBUIBIMJIAPbIHBIH MACCHUBTEpiH Kypy OO0ibIn TaObutazbl. MBIPBIT OKCHAIHIH
HAHOKYPBUIBIM/IbI Ka0ATTapblH ally HOTHIKENEpl YChIHbUIFaH. Heri3ri of1ic rupoTepMUSIIBIK CUHTE3
omici Gonnbl. AJBIHFaH KabaTTapIblH KYpPBUIBIMBI MEH MOP(OIOTHACHIH Oackapy MYMKIHMIr
KOPCETINreH.  AJIbBIHFaH  aiThIOYpBHINTHl  HaHONpU3Majap KyH OarTapesiapblH  OKCHJTI
reTepOKYpbUIBIMIApAa, ajl aJIOMHHUKAMEH JIETHPJICHICH MBIPBII OKCHUIIHIH KabaTTapblH
HIaFBUIBICYFa Kapchl KabaT YIIiH Kamblpak Topizzaec MOphOIOTUIMEH KaMTamMachl3 eTe/ll. AJIbIHFaH
YJITiIep UKEM/1 AIeKTPOHUKA CaJlaChIH/Ia YIIIECIMIl XKOHE KOJIJAHBIC asChl KEHEHTeHIH KOPCETTi.

KopbIThIHABI

Ocputaiitia, MBIPBIII  OKCHJIHE HEri3genreH Oip enmeMIl KpHUCTangsl Kyhenepni
KQJIBINTACTBIPY YIIIH Oip KabaTThl 30JIb—Telb KAOBIHIAPBIH aJIFaIllKbl KadaTTapbl pPETiHEC
naiiananraH Ke3ge, JkaHa OybIH KyH OJHEPTUsCHl 3JIEMEHTTEpiH jKacayFa KbI3bIFYIIBUIBIK
TyAbIPAaThIH HAHOTAJIIIBIKTH MACCUBTEPIH CUHTE3/Ieyre O0Iabl.

3eprrey Kazakcran PecmyOmmkacel FeimbiM JkoHE >KOFapbsl OUTIM MHHHCTPIIr: FhutbiM
KOMUTETIHIH Kap>KbUIbIK KomnaybiMeH BR21881954 «Tuimuai poTokaTamuTHKAIBIK 3JEKTPOATAPIBIL,
doTo KOHE Ta3Fa ce3iMTal CEHCOpJapIbl JKacay YVIIH HAaHOKYPBUIBIMIBI MaTepHaIapbl
CUHTE3/ICY TEXHOJIOTHSIIApbIH 931pIiey» OaraapiaamMachl asChIHIA KYPTi3Uiil.

[Tafinananeuiran ogeOueTTep Tizimi:
1. V.A. Moshnikov, I.E. Gracheva, V.V. Kuznezov, A.l. Maximov, S.S. Karpova, A.A.
Ponomareva. J. Non-Cryst. Sol., 356 (37-40), 2020 (2010).
2. Murzalinov D, Dmitriyeva E, Lebedev I, Bondar EA, Fedosimova Al, Kemelbekova A. The
Effect of pH Solution in the Sol-Gel Process on the Structure and Properties of Thin
SnO: Films. Processes. 2022; 10(6):1116. https://doi.org/10.3390/pr10061116
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CyuiecTByeT JABa THIIA CTAHIAPTU30BAHHBIX HEUTPOHHBIX MOHUTOPOB: 12-KaHaNbHBIN
Hertporasld MoHuTOp (HM) IGYS7, paspaborannsiii Cummnconom u NM64, pa3paOoTaHHBIHA
Kapwmaiikiom. 3a BCro ucTopuio HaOIIOEHUI OHM BHECIH OTPOMHBIM BKJIAJ B pa3BUTHE (PU3UKU
KOCMUYECKMX JIyded W  MpPOTHO3UMPOBAaHUS  KOcMHuYeckodM moroisl. Ha 6asze  atux
AKCIIEPUMEHTANIbHBIX YCTAHOBOK pa3BepHyTa MHUPOBAsi CETb HEHUTPOHHBIX MOHUTOpoB NMDB
(www.nmdb.eu). Monepuuzanus HM, a taxke Bkimtouenue ero B NMDB nmeert Gosbiiioe 3HaueHue
JUTSL K3yYEHUST MOJIYJIALIMOHHBIX 3(PPEKTOB M KOCMUYECKUX JTyded W pelieHre MPUKIAIHBIX 33134
KOCMHYECKOH ITOTOJIBI.

IGY-57 coctout u3 metpoBbix cueTdynkoB CHM-18, 3amonHeHHbIX ra30M %He. Baza JAHHBIX
NMDB paboraer kak €IWHBIH MHOTOKaHAJIBHBIA MPUOOpP, W C TOMOIIBID METO/Ia TI00aTbHON
CHEMKH JIaeT XapaKTePUCTHKU KOCMUYECKUX JIydei ¢ BBICOKOW TOYHOCThI0. Baxkno uro HM Oyner
paboTaTh B COCTaBe KPYIHOM KOMITJIEKCHOM Hay4HOHl YCTaHOBKHM MO HCCIIEJJOBAHHMIO IIHPOKHX
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aTMoc(epHBIX JHBHEH, TeOPU3NIECKOr0 | SACPHO-(PU3NYECKOrOo acleKTa HCCIeI0BaHUN
KocMuyeckux Jyuei[1,2].

Ha 2023 r. IGY-57 6wt nepeBesen u3 KazHY um. anp-®apabu Ha BeicoTe 897 M H.y.M. B
3nanue «mmHry Ha TIIBHC na BbicoTe 3340 M H.y.M., paclojoKeHHON B 28 KM OT T. AJIMAThI.
Hogeie xapakrepuctuku: 1 610k u3 12 cuerunkos, mmpota u poirora 43.14° N 76.60° E, BeicoTa
3340 M H.y.M., )XecTKOCTh oOpe3anus 5.9 I'B. MoaepHusupyercs nporpamMmHas 4acTh Ha 0Oase
linux, postgresql, python.

Bapuauym kocMHYecKMX JIyded CBsI3aHbl, B OCHOBHOM, C M3MEHEHMSIMHU YCIOBUH
pacrnpoCcTpaHEHHUs YaCTHUL] KOCMUYECKHUX JIy4ed B OKOJIO3EMHOM M MEKIIJIAHETHOM NPOCTPAHCTBE B
pa3inyHble NEePUOAbl BPEMEHU. DTH U3MEHEHUS MOTYT OBbITh BbI3BaHbI PAa3IMYHBIMU (hAKTOPAMU,
TaKUMH KaK COJHEYHAas aKTUBHOCTb, MPUBOJMSIIAS K BBEIOPOCY KOPOHAIBHBIX BBIOPOCOB Macc U
BBICOKOCKOPOCTHBIX IOTOKOB COJTHEYHOT'O BETPA U3 KOPOHAIBHBIX JbIP, U3MEHEHUSI T€OMarHUTHOTO
noJs 3eMid, U Ipyrue Bo3aencTByronme Gpakropsl. Biimouenne HM B MEPOBYIO ceTh HEHTPOHHBIX
MOHUTOPOB MO3BOJIUT HMCIOJIb30BaTh MozaepHusupoBaHHbll 1GY-57, Hapsany c cerpto HM, kak
CIMHBIA MHOTOKAHAJIBHBIM MPUOOP, W C IOMOIIBI0 METOJa TJI00AThbHOW CHEMKH W3y4YaTh
XapaKTEPUCTUKH KOCMUYECKHUX JIy4el C BBICOKOH TOUHOCTBIO.

Jlureparypa
1. Chubenko A P, Shepetov A L, Babaev M K, et al. 2005 Bulletin of the Russian Academy of
Sciences: Physics 69 3 433-436.

2. Dalkarov O D, Zhukov V V , Nam R A, et al 2013 Book Series: Journal of Physics
Conference Series 409 012127.

WU3MEHEHHMSA MATHUTHBIX CBOMCTB B TIPOIIECCE
IHOCTPAAUALIMOHHBIX U30XPOHHBIX OTKUI'OB AYCTEHUTHbBIX
CTAJIEHA 12X18H10T 1 08X16H11M3, OGJIYYEHHBIX B PEAKTOPAX
BH-350 1 BBP-K.
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B mporuecce skcrutyaTanuy MeTacTaOUIBHBIX ayCTEHUTHBIX CTajei B HEHTPOHHBIX MOJSIX
BBICOKOM MHTEHCUBHOCTH B CTPYKTYypE MaTepuaia o0pa3yrorcs Ae(peKThl paaAuallMOHHOW NPUPOIBL,
MPOSIBJISIETCS. Cerperaluus XMMUYECKOTO COCTaBa, TPAHCMYyTalusl XUMUUYECKUX 3J1IeMeHTOB [1]. Bee
ATO MPHUBOJMUT K TaKUM HETAaTUBHBIM 3 (deKTam, KaKk paciyxaHue, YIPOUHEHHE U OXPYITYUBAHUE,
paaualoOHHO-CTUMYJIHMPOBAHHOE O0pa3oBaHHE HOBBIX (Pa3 B ayCTEHHUTHOW MaTpHIle, HalpuMep,
a-pepputa, odoramerroro Cr u Fe [2]. [lepcrieKTHBHBIM pelICHHEM JaHHOW TIPOOJIEMBI SIBIISICTCS
BOCCTAHOBUTEJBHBIM OTKUT, MPU KOTOPOM KOPIIYC peakTopa U BHYTPHUKOPITYCHBIE YCTpPOHCTBa
MOJIBEPTalOTCsl OTXKUTY MPU BBHICOKMX TEMIIEpAaTypax B TEUEHHE HECKOJIBbKUX CyTOK. B HacTosmeit
paboTe ObLTM HCCIIEJOBAHBI M3MEHEHHS] HAMAarHMUEHHOCTH ayCTEHUTHBIX CTajeil, 0OMyuYeHHBIX B
peakropax BBP-K u BH-350 (MakcumanpHas moBpexparomias mo3a 57,6 cHa), B Tporiecce
W30XPOHHBIX OT)KUTOB.

O6pa3us! craneit 08X16H11M3 u 12X18H10T Bripe3anu u3 HEOOTyUEHHBIX U 00JTyUEHHBIX
YEeXJIOBBIX IIECTUTPAHHBIX TPYO TEIUIOBBIACTSIONINX COOPOK peakTopa Ha OBICTPHIX HelTpoHax bH-
350, TOIBEpPrHYTHIX NPENBAPUTEITHLHON MEXaHUKO-TEPMHUYECKOM 00paboTKe — XOJOoJHas
nedopmarust 20% ¢ ormyckom mpu 800°C B Teuenue yaca. Ilepen HavanoM SKCIIEPUMEHTOB
00pas1pl MOJABEpPraii MEXaHWYECKOW HUTU(OBKE U AJICKTPOJUTHUYECKON TIOIUPOBKE C IIEJIBIO
yAaJIeHus] MPOAYKTOB Koppo3uu. [locTpanuanvoHHble M30XPOHHBIE OTKUTH BBINOIHSUIM B TEYH
Nabertherm B-130 B BakyymupoBaHnHO# TpyOke (Bakyym He xyxe 1 [1a) B quana3zone temmepaTyp
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150-850°C ¢ marom 50°C, Bpemsi BBIIEPKKH TIpu TeMmmepaTrype cocTaBisuio 30 MHHYT.
Oxnaxaenre o0pasloB MPOBOIMIN B BAKYYMUPOBAHHOM TpyOKe B BOJIe KOMHATHOM TeMIepaTyphl.
Ilocme KaXgoro OTKHUIa DJIEKTPOJIMTUYECKYH0 IOJMPOBKY IOBTOPSIM Ul yAAJICHUS
MOBEPXHOCTHOTO C€JI05, 0O0EHEHHOTO IO JIerHpyromuM sieMentaMm. KoiudectBo peppomarautHoit
a'-¢a3zel B obOpasnax m3Mmepsuin ¢ momonibio ¢eppo3onma «Feritscope MP-30», mpeaBaputenbHO
OTKaJIMOPOBAHHOTO IO 3aBOJICKUM 3TalloHaM. MITOroBbIil pe3yabTaT noiayyanu ycpennenuem 10-15
U3MEPECHUM.

B pesynbrare NpoOBENEHHBIX HKCIEPUMEHTOB OBUIM IMOCTPOEHBI TUArpaMMbl H3MEHEHUS
conepxkanusi ¢deppoMarHuTHOW a'-¢a3el B koopaumHatax «®DeppomarnutHas o-daza, 00. % —
Temmneparypa omxura, °Cy». YCTaHOBJIEHO, YTO OT)KUI MApTCHCUTHOW «'-(pa3bl HauYMHACTCS MPH
temneparype 450-500°C, B To Bpems kak a-eppura - mpu Temmeparype 600°C. OmpeneneHs
0COOCHHOCTH U3MEHEHUSI HAMarHWYeHHOCTH B 3aBUCUMOCTH OT XMMHUYECKOI'0 COCTaBa MaTepuaia u
napaMeTpoB OONydeHUs. OTH pe3yibTaThl HMEIOT 3HAYeHUE IS pa3paboTKU METOJIOB
BOCCTAaHOBUTEJIBHOTO OT)KUTA PEAKTOPOB U BHYTPUKOPIYCHBIX YCTPOUCTB.

Jlureparypa
1. Garner, F.A. 3.02 - Radiation-Induced Damage in Austenitic Structural Steels Used in Nuclear
Reactors // Comprehensive Nuclear Materials (Second Edition) / eds. R.J.M. Konings, R.E. Stoller.
— Oxford: Elsevier, 2020. — VVol. 3 - P. 57-168.

2. Merezhko, D.A. et al. Morphology and elemental composition of a new iron-rich ferrite phase
in highly irradiated austenitic steel // Scripta Materialia. — 2022. — Vol. 215 — P. 114690.

NCCJEJOBAHUE MEXAHUYECKHNX CBOMCTB 1 OCOBEHHOCTEM
PA3PYIIEHUS ®EPPUTO-MAPTEHCUTHOM CTAJIM DII-450,
OBJIYYEHHOU HEUTPOHAMMY B PEAKTOPE BH-350
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KuroueBblie cioBa: @epputo-MapTeHCUTHAs CTallb, OOJy4eHHE HEUTpOHAMH, IPOYHOCTh U
IJIACTUYHOCTb.

B kauecTBe MaTepuanoB aKTMBHOW 30HBI OBICTPHIX PEAKTOPOB TPEOYIOTCS CTalIM U CIUIABBI
CTOMKHE K MOTOKaM BBICOKOIHEPIeTUYECKUX HEUTPOHOB M CIOCOOHBIE COXPAHAThH JOCTATOYHYIO
cpenHeTeMneparypHyr npodHocTh. deppuro-maprencutHas crans OI1-450, comepxkamas 11—
13,5% xpoma wucmonb3yeTcs B KauecTBe IMPHEMJIEMOTO Marepuana Juis 000JO0YeK U YeXJIOB
terioBbaensonmx coopok (TBC) peakTopoB Ha OBICTpBIX HEHTpOHaX € HATPHEBBIM
TEIUIOHOCUTENEM. E€ KOHKYpPEHTHBIM IPEUMYIIECTBOM SIBJISIETCS BBICOKAs CTOMKOCTh K
paciyxaHHIo U MOJI3y4ecTH, OCOOCHHO MpH MOBBIILIEHHBIX TEMIIEPATypax aKTUBHOM 30HBI. B TO ke
BpeMs, OAHON M3 mpobieM (eppUTO-MAPTEHCUTHBIX CTaleil SBISETCS TO, YTO C POCTOM 03Bl
HEUTPOHHOTrO 00JTyueHHUs yBEIMYMBACTCS TEMIIEpaTypa XpYIKO-BSI3KOIr0 Iepexo/ia, YTo MPUBOIUT K
PE3KOMY CHMKEHMIO IJIJACTUYHOCTH IIPU OTHOCHUTEIBHO HEBBICOKMX TEMIIEPATypaxX, XapaKTEPHBIX
JUTSL OKCILTyaTalllu.

B nannoit pabote uccnenoBanu oopasubl uz cranu JI1-450 (1X13M2BbDP), Beipe3anHbie U3
mrecturpanHbix 4exsioB TBC peakropa BH-350 HeoOmy4eHHBIX M OOydeHHBIX HEHTPOHAMHU 0
50,4 cHa, mpeaBapUTENBHO TOJBEPTHYTHIX Tepmuueckor obpabotke — 1050°C B Teuenue 30
MHHYT ¢ niocieayromumM otnyckoM npu 720°C B teuenue 1 yaca. [y npoBeIeHUsT MEXaHUYECKUX
WCIIBITAHUN Ha OJHOOCHOE PACTSHKEHHE HCIIOJIB30Balu oOpasnbl B (OpMe NBOWHOW JIOMATKH C
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TeOMETPHUSCKUMH pa3Mepamu padoueit dactu 10%3,5%0,3 mM. McnbiTaHus TPOBOIWINA TIPH
KOMHATHOW TeMIieparype, ckopocTh pacTsukenuss 0,5 mm/MuH. OcCOOEHHOCTH CTPYKTYpBI
HCCJICIOBAIM C TOMOIIBI0 3JEKTPOHHOTO pactpoBoro mukpockoma Hitachi TM-4000 PLUS u
MPOCBEUHUBAIOIIETrOcs 3JIeKTpoHHOrOo MuKpockoma JEOL JEM-2100. MukpoTBepaocth 1O
Bukxkepcy onpenensiiu Ha MukpoTBepaomepe eVick-1A (narpyska na uazgestop 50 r).

B pesynbrare MarepuanoBeqUECKUX HCCIEAOBAHMI OBLJIO BBISBICHO, 4YTO OOJIydeHUE
OblcTpbiMU HeWTpoHaMu cTanu JI1-450 mpuUBOAMT K CHMXKEHHIO IUIACTUYHOCTU UM YBEIUUYEHHIO
MPOYHOCTH MaTepuaia, Ipu 3TOM paBHOMEpHas Aedopmaius ciuiaBa, oonydenHoro 1o 50,4 cHa,
yMeHbIIIaeTcs Karactpopuuecku — 10 1-2% BcienctBue sddexra HHU3KOTEMIIEPaTypHOTO
paavanMoHHOrO oxpymuuBaHus. Jlepopmaius, B TakoM ciy4yae, OTpaHHYMBAETCS B Mpeaenax
HECKOJIbKUX OJIarOMpHsITHO OPHEHTUPOBAHHBIX K OCH HarpyxkeHws 3epeH (eppura. CormacHo
dbpaxTorpaguueckuM HUCCIIEJOBAaHUSIM 30HBI HU3JIOMa, B HEOOIYYEHHON CTalu pa3pylIeHUE HOCUT
BSI3KHUI XapakTep, a B 00ay4deHHoi 10 50,4 cHa — XpYyNKO-BSI3KUH MM XPYIIKUN B 3aBHCUMOCTH OT
Temrneparypbl obinydeHus. B pabGore o0cyxmaercs BIHSHHE IapaMeTpOB OOJIy4YeHHs] Ha
IPOYHOCTH, INIACTUYHOCTD U XapakTep paspymienus cramu J11-450.
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"KACAHJIbI HEMPOHBIK KEJIIJIEP 9 JICIHIH MYMKIHIILJIIKTEPI
MEH O3EKTUJIII'L

Kapaiinaposa 3.b., balitumberoBa b.A.
Satbayev ynusepcurerti, Anmatsl, Kazakcran

Kazipri ke3ne, OipHelle >XKy37€H acCKaH HUKEIb HETI31HJE BICTBIKKA TO3IMIi KOpBITIIANAp
(bITK) »kacay vyumiiH ra3 TypOMHANBIK KO3FANTKBILITApAbIH OeJjIIeKTepiH »kacay YIIIH
naiiananplIaThiH, ChiHANFaH. JKaHa KOMITO3UIMSIIAp jKacay >KYMBICTaphl ©3apa albIpMaIlbUIbIFBIH
apTTeipyFa OarbiTTaiFad. OmnapablH MakcaThl - BICTBIKKA TO3IMIUIIK TIEH TEPMHSUIBIK
TYPaKTBUIBIKTBl KEHEWTy, ©HIMHIH MaccachlH a3aiiTy YIIiH TBIFBI3IBIKTEI KELIpy KOHE
KOPBITIIATAP/IbIH OarachlH TOMECHIETY.

bip KopeITIanapablH bICTBIKKA TO3IMALIIK KOPCETKIIITEPiHIH Oipi - y3aK OEpIKTIK ILIeri, OHbI
M30TEPMUSIIBIK TO3IMIUTIKTEH KEHiH 00JTy1H ChIHAY HOTHKECIHE aHBbIKTaiabI [1].

JKyMBICTBIH MaKcaThbl, TeMIEpaTypalblK-yaKbITThIK CBHIHAK JKaFJaijJapblHaH bICTHIKKA
TO3IMIUTIKTIH ©3repy MOJEeNl Heri3iHAe, KOPBbITIHAaHbIH XUMUSUIBIK KypaMblHa OalIaHBICTHI
napameTpJiep/ii aHBIKTay 9/IiCiH KepceTy OO0JIbIN TaOblIabl.

KopbITianapapiy  opTypsai  Mapkajapbl YIIIH XUMISUIBIK  KYpaMmbl MeEH KacueTTepi
apachIH/arbl OAMIaHBICTHI KAH-KAKThl KAMTHUTBIH TEOpHUsIap HeMece MoJenbjep Oenriai Oobin
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ta0bitanbl. bITK kypambeina 20-nan actam KockiHabuIanran snementrep kipeni (Cr, Co, Mo, W, Al,
Ti, Nb, B, Fe, Y, Zr, Ta, Re, Ru, V, Ce, La, Si, Mn, Mg, Hf, Cu, Bi, Pb, Ir), onap xeiibGip
alTapiBIKTall  epEeKIICNICHETIH IIeKTepJe KOHIICHTPAIMSUIAPBIH  ©3repTedl, Oy  OJIapabIH
KACHeTTEpIH Taljjay MEH MoJeibAeyAl KublHaatansl. byn Mocenenep, aram alTbuiFanja,
CTaTUCTHKAJIBIK Tajjay ojicTepiMeH miemineni. Amnaiina, Oy ToCcia NPOLECTI CHUNATTaWTBHIH
KeNTereH MmaniMerrep 0o0iybl MyMKiH Gonmaiiabl. bITK chiHakTapbhlHBIH Kypambl MEH IIapTTapbl
Typajbl CTaTUCTUKAIBIK MaHBI3Ibl aKMapaT MOJENbJCY YIIH MATEeMATHKAIBIK CTaTHCTUKAHBIH
3aMaHayH 9ICTEPIH COTTI KOIaHyFa MyMKIHIIK Oeperi [2-4].

Koiibutran mingertepai menry KypaibiH Hedpouablk xeniunep (OKHXK) omicin maiimanany
apKpUIbl  KacaWapl. by amaMaapAaelH - Kipic  JKOHE IIBIFBIC  MapaMeTpiiepi  apachIHIArbl
KOPPEJSIUSIHBl aHBIKTayFa HETI3NeNreH [S5] KoHe KOITEereH akmapaTTapibl IIemly YIIiH KeHiHEeH
KOJIJIaHBUIATBIH CHI3BIKTHIK EMEC CTATUCTUKAIIBIK 9JIICTEPTe JKaTabl.

Kympicta MamyHANBIK OKBITY O/IiCiH KOJJAAHY apKbUIbl CBIHAKTAPABIH TEMIICPATypabIK-
YaKbITTHIK MapaMeTpJIepiHeH HHUKENb HEri3iHAeri KOpBITIaJapblH BICTHIKKA TO3IMJILIITIH ©3repTy
MOJICJT1 AJTBIHIBI.

JKKMbICTa BICTHIKKA TO31MJII HUKENIb KOPBITIATAPBIHBIH (Da3alibIK TYPaKTBUIBIK MapaMeTpiH
AHBIKTAYIBIH KaHA SIC1 YCHIHBUIJIBI.
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HEPCHHEKTHUBbBI PASBUTHA PU3UKO-TEXHUYECKUX
KOCMMYECKUX HCCJIEJOBAHHUU U DKCITEPUMEHTOB HA
IMNJIOTHUPYEMBIX KOMIIVIEKCAX

I'pumienko B.®., Aiimaxanos M.P.
WuctutyT nonocdepst, Anmmatsel, Kazaxcran
*Email: labreab@mail.ru

KiroueBble cjioBa: MUIOTUPYEMbI KOMIUIEKC, OOPTOBask AJIEKTPOHHAs anmnaparypa,
KOCMHYECKHE MCCIIEJOBAaHU, OTKa3bl, KOCMOHABT, IIOJIE3HAs HAarpy3Ka

BBenenne.  Kazaxctan ojHa W3 HEMHOIMX CTpaH, KoTopas Ojarojmaps mojieram
KAa3aXCTAaHCKUX KOCMOHABTOB, IOJY4YWJIa YHUKAJIBHYK) BO3MOKHOCTH BBIMIOJHUTH KOCMHUYECKHE
HKCIEPUMEHTHI 110 Pa3JIMYHbIM HAyYHBIM HalpPaBICHUAM Ha MUIOTUPYEMBIX KOMIUIEKcaX. VMIMEeHHO
MIOJIETHl  Ka3aXCTAHCKMX KOCMOHABTOB M BBINOJHEHHE HAYYHBIX MCCIEIOBAHUA IO3BOJIWIN
Ka3aXCTaHCKUM YYEHBIM IIOJIyYUTh YHUKAJIbHBIE HAYYHBIE PE3YJBbTAThl, KOTOPHIE IOCIYKUIU
OCHOBOIl il (opMHUpOBaHMS HOBBIX HAay4YHBIX HAlpaBiICHWM, CTAHOBJIEHUS W pPa3BUTHUSA
KOCMHUYECKOW OTpAciId CTPaHbl, PEUICHUS COLMAIBHO-DKOHOMUYECKHMX 3a7a4 U B HHTEpecax
HaIlMOHAITHHOM 0€30MaCHOCTH CTPAHBI.

Copepxxanue u pe3yabrarbl padorbl. OCHOBHBIE PE3YJbTaThl, IOJYyYEHHBIE C
UCIOJIb30BaHMEM JIeTHbIX AaHHbIX (1991, 1994, 1998, 2001 r1r) M mpen- M MOCIENOJETHBIX
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UCCIICIOBAHMUAX, TPEACTABICHBl 10  CIEAYIOUIMM  HAalpaBlICHUSAM:  (QHU3UKO-TEXHUYECKHE
UCCIIeIOBaHMsl, TeOQU3NUECKU U MPUPOJHO-PECYPCHBIH KOCMHUUECKUH MOHUTOPUHT TEPPUTOPUU
Kazaxcrana, kocMuuecKkast OMOTEXHOJIOTHS M OMOMEIUIINHA.

B nanHoli paGoTe mpeacTaBieHbl pe3ysbTaThl W MEPCIEKTUBBI UCCIECJOBAaHUM B 00JIaCTH
OU3NKO-TEXHUYECKUX HCCIIECIOBAHUN C HMCIIONb30BAHUEM JAHHBIX, MIOJYUYEHHBIX Ka3aXCTaHCKUMU
KOCMOHABTAMH Ha MUJIOTUPYEMBIX KOMIUIEKCaX.

Kocmuueckoe marepuanoBeneHue u npudopocrpoenue. Bo Bpems mosnera T. MycabaeBa B
pamkax K3 «Temup -1,-2» B 1994, 1998 rr B uccienyeMbIx 00pas3iax o0HapyKEHO OJTHOBPEMEHHOE
pacciavBaHuWE METAUIMYECKUX PACIUIAaBOB, YCTAHOBJIEHBI 0COOBIE KaHAIbl, B KOTOPBIX
MOJBH>KHOCTh 4Y>KEPOJHBIX aTOMOB Ype3BbIYaliHO BbICOKA [1].

[TaccuBHas SKCMO3UIMS OOPa3lOB B OTKPBITOM KOCMHUYECKOM IMpOCTpaHCTBEe. Bo Bpems
rmoJieTa Ka3zaxcTaHckoro kocmonaBta T. MycabaeBa Ha OK «Mup» Obut BeimoHeH KD «/[pmemxk-
Kepamukay. Pesynpratei KO mokazanu, 4To B TMOJMMEPHBIX M KEpPaMHUYECKUX 0Opasiax
oOHapy»eHbl HOBbIE ()M3MUECKHE CBOWCTBA, B T.Y.. MOJHUMEPHl MOTYT OBITh HCIOJL30BaHBI B
KOCMOCE Ul pacyera HaKOIUIEHHOM KOCMOHABTaMHU J03bl pajualiid WM OLEHKU BIUSHUS
yinbTpaduoieTa 1 )KeCTKOro KOCMUYECKOI0 U3JIyUYeHUs Ha MOJIMMEpPHbIE MaTepuaibl. Y CTAHOBJICHO,
YTO (paKTOpbl KOCMUUYECKOI'O MPOCTPAHCTBA HE pa3pyLIalOT CBEPXIIPOBOSAIINX CBOMCTB UTTPUEBOM
Kepamuki [1].

Bo Bpewms nonera T. MycabaeBa Ha OK «Mup» (1998 r.) Bemonnusics KO «[lna3meHnnbiii
Kpucta». B monere ka3zaxcranckoro kocmoHaBTa A. AumberoBa Ha MKC (1915 r.) st
UCCIIEIOBaHUsI OBbUIM TPOJOJDKEHBI. [lomydeHbl HOBBIE yHHMKAJbHBIE PE3yJbTAaThl, B TOM YHCIIE:
MOJTyYeHbl pPa3JInyHble BHJIbI TBLJIEBOTO KpPUCTAUIa B 00BbEME Ta30BOr0 paspsia B YCIOBHIX
MUKpPOTpaBUTALIMH; BBISIBICHO AHOMAJIbHOE IIOBEJACHHME KYJIOHOBCKOTO KpHUCTaJa IPH pa3HBIX
COOTHOILIEHUSX JJIEKTPUYECKUX M MArHUTHBIX TONeH; oOHapyXeHbl d3(QexT paspyuieHus u
«KYJIOHOBCKHI B3pbIB» MOJIYUYEHHBIX CTPYKTYP.

Perucrpamnus c6oeB u otka3zoB Moayiei mamstu (3Y) OOpPTOBOIl ANIEKTPOHHOHN armaparypbl
BbinoiHsu1ack Ha OK «Mup» (KD «Otkasz-Ok3ex», 1994 r.). YcraHoBieHo, 4TO BO BpeMsi IoJieTa
3aperucTpupoBaHsl cOoM B paboTe ammaparypbl MOTYT ObITh HE TOJBKO B OOJIACTH FOKHOM
ATna"Tuuyeckoil anomanuu [ 1], HO U B IPUIKBATOPHAIILHOM MIIOCKOCTH, B KOTOPOW MPAKTHUECKU HE
3aperucCTpUPOBaHbl MOTOKM KOCMUYECKUX Jyded. OTO MNOATBEP)KIAET BBICKa3aHHOE aBTOPaMU
IPENIOJIOKEHNEe, YTO NpPU TMPOTHO3UPOBAHWU MHTEHCUBHOCTH CcOOEB OOpPTOBOM AIIEKTPOHHOMN
anmapatrypbl HEOOXOJUMO YUYUTHIBATh KOMILJIEKCHOE BO3JEHCTBHE (DAaKTOPOB KOCMHUYECKOIO
npocTtpanctsa [1].

Ha mnocnenoneTHOM »JTame ¢ HCHOJB30BAHMEM JIETHBIX JaHHBIX IIOJIY4YEHBI HOBBIE
dbyHIaMeHTalbHbIE W TPUKIAJAHBIE pPe3yNbTaThl, OONAJaroINe HOBU3HOW M MPAKTHUECKOM
3HAUUMOCTbIO.  BBINOJHEHO MPOTHO3MPOBAHUE  PACIPEAETCHUS HHTEHCHUBHOCTU  IOTOKOB
KOCMUYECKUX JIydeu U MHTEHCHBHOCTM OTKa30B MOXYyJIEH NaMATH 10 TPaeKTOpUHU
HU3KoopOuTabHbIX KA  pa3nuMyHOro  Ha3HAYeHHWs; CXEMOTEXHMUYECKOE  MOJEIMpPOBaHUE
BO3ACUCTBUS 3IeKTpocTaTnyeckoro paspsaa (OCP) u HaBeJeHHBIX 3JIEKTPOMAarHUTHBIX MOMEX Ha
AIIEMEHThl MHTETPajbHBIX MHKPOCXEM 3JEKTPOHHOM ammapatypsl. IlpennoxenHa cxema
MOMEXO03aIUIIIEHHOCTH 3JEeKTpOHHOM ammapatrypsl oT OCP. Pazpaborana HoBas ¢Qusnueckas
MoOJieJb MPOLECCOB, MPOMCXOMAIIMX B MaTepuaiax M 3JIEKTPOHHBIX MPHUOOpax Ha WX OCHOBE,
ONHUCHIBaOIIasi ~ 0COOGHHOCTH  (popMupoBaHMS  00JAaCTH  MOBPEXKIEHHMH B YCIOBHSX
MuKporpaBuTauuu [2]. PazpaboTanbl KpUTEpUU HAJEKHOCTH OOPTOBOM 3JEKTPOHHOW amnmapaTyphl,
BKJIIOYAIOIIME KPUTEPUHU BHEUIHEro Bo3zaewcTBus ¢aktopoB KII u kpurepun TeXHOIOTMUYECKOTO U
GbyHKIIMOHAIbHOTO Ha3HaueHus. [loiydeHbl pacdyeTHble 3HAYEHHsS] DHEPreTUYECKUX CIIEKTPOB
KocMHYeckHX Jyded. OOHapyxeH u3ioM B sHepretuueckoM crnektpe saep C, N, O B untepBane
sHepruii ot 10 MbB/Hykinon no 50 M»>B/HykinoH U ycTaHoBieHa Todka mnepecedeHus Ep,
COOTBETCTBYIOIIAsl IMKOBOMY 3HAUEHUIO STEP.

B nonere A. AumberoBa (2015 r) nmpoBelleHBI KOCMHYECKHE DKCIIEPUMEHTHI TI0 M3YYEHUIO HOBOTO
ONTUYECKOrO SIBJICHUS — CBEUECHHE B aTMoc(epe Bblllle 00JauHOro MOKPOBa HajJ PErHMOHAMU C I'PO30BOMH
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aktuBHOCThIO (KO  «Penakcauusa-Crnektpy). [lo pesynpraram 3-X YypOBHEBOI'O 3SKCIIEPHMEHTA,
BKJIIOYAIOIIET0 PErHCTPALMI0 M3MEHEHMH 3JIEKTPUYECKUX II0JIe BO BpeMsl TPO30BOM AaKTHMBHOCTU Ha
HazemHaoM monuroHe (TLLIIBHC), cuHXpoHHBIE CHEMKH BEpXHEH TpaHHIBI o0nadHoro mokpoBa ¢ KA
Terra/MODIS u MKC, BbizieNieH «IIONe3HBI» CUTHAll OT MOJHHUEBOTO paspsijia; CO3AaHbl «CHEKTpalibHBIE
0o0pa3b» BepxHEH TIpaHMIBl OOJIAYHOTO IIOKPOBa BO BpEMsl TI'PO30BOIl AKTHBHOCTH, HOBBIM HHAEKC
MOJIHHEBOM aKTHBHOCTH K, 3alIUIIeHHBIN HHHOBAIIMOHHLIM naTeHToM B PK.

[lepcnekTHBBI ~ JanbHEHIIET0  HMCIOJB30BAHUS  pPe3ylbTaroB. B obmacTh  KOCMHYECKOTO
MaTepHuajoBeieHus 1 npubopocTpoeHusi. [lonydeHHble TaHHBIE MO MACCUBHON 3KCIIO3UIMKA MaTEpPHajoB B
YCIOBUAX OTKPBITOIO KOCMHYECKOIO IMPOCTPAHCTBA MOTYT OBITH HCIIOIB30BAaHBI IIPH CO3JAHUM HOBBIX
KOHCTPYKLMOHHBIX U (DyHKIMOHAJIBHBIX MAaTEPHAIOB, CIIOCOOCTBYIOLIMX CHIKEHHIO Beca, IrabapuToB,
noTpeOJIeHHsI YHEPTUU U Ce0ECTOMMOCTH KOCMHUYECKHX CHUCTEM, pa3padOTKe HAayYHBIX OCHOB ISl pa3BUTHS
KOCMHYECKOTO HaHOpa3MmepHoro mpubopoctpoenus. OOHapyXKeHHbIe HOBBIE (H3MYECKHE CBOWCTBA B
MOJMMEPHBIX M KEPaMHUECKHX MaTepuanax MOIYT ObITh HCIIOJIB30BaHbl IPU CO3NAHUU JO3UMETPOB AJIS
PETUCTpalii HEUTPOHHOTO W TaMMa-MU3JTy4YeHUs Ha MIJIOTUPYEMbIX KOMIUIEKCAaX U B YCIOBHIX OTKPBITOTO
KOCMHYECKOTO ITPOCTPAHCTRA.

OOcyXaaroTcsl TMEPCHEKTHBbl PAa3BUTUS  (PU3MKO-TEXHUYECKUX KOCMHUYECKHX HCCIEIOBaHUI U
OKCIICPUMCHTOB Ha INHUJIOTUPYCMBIX KOMIIICKCAX C YUYCTOM HpO6H€M, BBIABJICHHBIX IIPWU BBIIIOJHCHUN
KOCMHYECKHX 3KCIIEPUMEHTOB, a TAKXKe MPH TIAHUPOBAHHH MUCCHU U MPOSKTHPOBAHUH Ka3axcTaHCKuX KA
Pa3InYHOr0 HA3HAUCHMS.
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YTO OMNPEJIEJSET ®OPMY BOJIbTAMIEPHON XAPAKTEPUCTUKHU
OPTAHMYECKUX COJIHEYHbBIX 9JIEMEHTOB?

Hypnan Toxmommuu®?, Jlutep Heep?, Cada Illoan™?
! UncruryT TBEpmOTENBLHOI nekTporuky um. [ons pyne, bepnun, lepmanus
2 Tloxcramckuii yausepeuter, [lorcnam-Tonem, [epmanus

KrnroueBoil  XapakTepUCTUKOM, ONpEAENsomell MepCleKTUBHOCTh TE€X WIM  HHBIX
(bOTORNIEKTPUYECKUX TEXHONOTUH, siBNsieTcss koddduuueHnt monesnoro neiicteus (KIIJ). B to
BpeMs KaK MCCIEAOBaHUs B 00JIaCTU KPEMHHUEBBIX COTHEUHBIX 31eMeHTOB (C3) B MOCIIETHUE TObI
Ha4aji OPUEHTHPOBATHCS HAa CO3/IaHUE M M3YYEHHE TaHAEMHBIX CTPYKTYpP C LIEIBI0 JalIbHEUIIEro
pocta KII/I, nepoBckutHble 1 oprannyeckue CO MpoAoKarT IEMOHCTPUPOBATH POCT HA OJHOM
nepexone. YuuteiBasg, urto KIIZI CD onpenenserca €ro CBETOBOM  BOJbTaMIEPHOMN
xapakrepuctukoi (BAX), BakHO nerampHOE MOHUMaHWE (PAKTOPOB, OKA3bIBAIOIIMX BIUSHHUE HA
dopmy BAX. Jlns psna adpdexkruBHbIx Heopranuueckux CO ¢dopma cetoBoit BAX ompenensercs
cynepno3uiieii TeMHoBoii BAX u ropusoHTambHOW mnpsiMoil QoroToka. i 3HAUMTEIHHOTO
KOJINYECTBA MepCreKTUBHBIX opranndeckux CO (OCI) 3To mpaBmiio He JIEHCTBYET, MPUYKMHA YETO
MOJKET 3aKJII0YaThCsl B MPHUHIIMIIE JEHCTBUS ATUX YCTPOWCTB, KOTOPBHIA OCHOBAaH Ha PACLICTNIEHUU
DKCUTOHOB M 3apsIONEPEXOAHBIX COCTOSHUM, HMMEIOIIMX HHEPIHI0 CBA3HM, IPEBBIIAIONIYI0
teruioByto sHepruto kT. B npeacraBneHHOM JT0KIa/ie paccMaTpUBaIOTCS TPOLECCHl (poToreHepanuu
U pekoMOMHaIuu cBOOOIHBIX HocuTenedt B OCD, a Takke Mpeiaraercsi MoJieNlb, 0O0BbACHSIOMAs
dopmy BAX nist 00bEMHBIX TeTEPONEPEXOI0B C MaJIbIMU IHEPTETUUECKUMHU CABUTAMHU.

Anmamet, 15-16 pespans 2024, https://sci.kz/ 38


https://sci.kz/
https://search.rsl.ru/ru/record/01001866577
https://doi.org/10.1016/j.asr.2016.05.030
https://doi.org/10.1016/j.asr.2016.05.030
https://www.scimagojr.com/journalsearch.php?q=12375&tip=sid&clean=0
https://www.scopus.com/sourceid/12375

ISBN 978-601-08-3798-0 Mamepuaner || Mescoynapoonoi kongpepenyuu namsmu axademuxa 2.1 5ooc

OIITO2JIEKTPOH/IbI K¥PBIUIFBIJIAP YIHIH KEPI KOHTAKTIJII
K¥PBUIBIMJIAP: KOJIIAHBIJIYBI MEH INTEPCIIEKTUBACHI

Toney6aii I'., lanenos E.O.
K.N. Corbaer ateigarsl Kasak YITTHIK TEXHUKANBIK 3€PTTEY YHUBEpCUTETI, AnMatel, KasakcTan

KypbUIFbIHBIH apTKbl KarblHAa OpPHAJAaCKaH Kapama-Kapchl HOJSAPIbl €Kl (yHKIMOHAIbI
MaTepHaiibl OipiKTipy apKbUIBI jKacalfaH Kapama-Kapcel Tydicmeni kepi kontaktiiep (IBC)
KYPBUIBIMIApbl ONTONIEKTPOHABIK KYPBUIFbLIAPIbI kK00aay Ke3iH/A€ YIKEH KbI3bIFYIIBUIBIK OATTHI.
Kazipri tanga, IBC nu3aliHbIHBIH Oy Typi (POTODIEKTPIIK cCalaga XOHE OHBIMEH OailslaHBICTHI
cajasiap/ia KoJJaHy MaKcaThlH/a KEHIHEH JKacaJbIHy1a.

IBC wHerizinzeri (GOTORIEKTPIIK KYpBUIFBUIAPABI, ocipece jKyKa ImieHKaibl K3 (Mblcaisl,
[IKD) ozipmey KO menmip eryre MyMmkiHmik Oepemi, Oyl FUMaparTapiarbl MHTETpalUsIaHFaH
(bOTO3IEKTPIIK KyHenep CHUAKTH (YHKIMOHAIIBI XKoHE Iu(depeHIHaNabl KOCBIMIIANAP YIIiH
aiftapiblKTail apThIKIIbUIBIKTap Oepeni. COHbIMEH KaTap, Oysl 9[eTTe €H akayJbl aiiMak OoJblI
TaOBUIATBIH AJIJBIHFBI OCTTI jk00aayFra KO JKeTKi3yre MYMKIHIIK Oepesli, COHIBIKTaH aKayJap.Ibl
a3aiTy YIIiH XUMHUSUIBIK TACCHBAIIUSHBI XKoHE Oacka eHIpiC oMiCTepiH KoimaHyra Oosaabl. c-Si
IBC KD ymriH, KOHIBIPFBI MEH 3KCIIEPUMEHTTEPre TO3IMAUIIK CHUAKTHI JKOFaphl TaJalTap KOSTHIH
ocipece Qoronutorpadus, gazepiaik abIsAus KOHE JETUPNEYAl KaKeT eTeTiH KypAeli eHIIpiCTiK
nporecrep Kaxer [1]. By coneiMen karap eHuipic KyHBIH apTThipansl skoHe IBC c-Si K3-ni
JKanmai eHaIpy YIIiH MaHbI3Ibl Macene Oonbin Tadbutagsl. IBC mepoBckuTTepine kenep Oolcak,
Ka3ipri THIMIUTIK 9Ji A€ CalbICTBIpMalbl TYpJe TeMeH aeHreine. [lepoBckuT ruieHkamapel c-Si
IUTACTMHACBIHA KaparaHJa 3apsj TachiMallJaylibulapblHbIH U (Qy3Usachl KbICKa, Oyl ekl ipreiec
KOHTAKTiJIep apachlH/1a KbICKa KAIIBIKTHIKTHI KakeT etefi (10 MxMm-zieH as3).

Cananblk >xocmapiapblH TanantapsiHa coiikec IBC HaHOKYpBUIBIMIAPBIH J1aMBbITY IbIH
HETI3r1 Macesenepine MbIHAIap *atazpl: 1) KapaMa-Kapchl apTKbl p, N aliMarbl )KOHE OFaH COMKeC
KEJETIH DHJIEKTPOA TOKTHIH KeTyiHe >koi OepMmey VIIiH OipHemie Macka J>XoHe JuTorpadus
nporecTepi apKbUIBI JIOJ OpHANACYbl OHE KAIBINTACYbl KEpeK, OYJl ©Te KHBIH TPOIEC MKOHE
KYPJENIUIiri MeH KYHbIHa OailaHbICThI HAaHOTEXHOJIOTHSJIBIK MPOLECTEep apKbUIbl KOJ JKETKI3UIel.
Heri3ri Macene HaHOKYpBUIFbUIAPIbI AalibIHAAY MPOLECIH JKEHIIAETY 00ibIn Tadblnansl; 2) KO-Hin
eKTiK Oerrepi eTe THIMJII MacCHBalMAIaHybl KEpeK, OChbUIalIIa (oTOreHepaluusIaHFaH 3aps
TachIMANIIAyIIbUIAp PEKOMOMHANNS Taiina OoyFaHFa JEHiH apTKbl pn aybICybIHAa TachIMAJIAHYBI
YILIiH, COHBIMEH KaTap TyHHENb apKblIbl 6Tyl MYMKIH OOJybI YIIIH apTKbl O€TTIH MacCUBALIUSIIBIK
Ka0aThl JKETKUIKTI JKyKa 0onysl Kepek [2]. MyHaaFbl HETi3ri Mocene - JAMAJIEKTPIIK KaOaTThIH
naccuBalUs peTiHer! TUIMAUIITIH pactay; 3) GoToreHepauusiaHFad TachIMallayIblUIapAblH eMip
cypy yaxpIThl onapabl IBC kemeriMeH miblFapbuiaTbiHAal y3aK Oosysl kepek. by macene xorapbl
KpHUcTanbl (azaza, acipece MEPOBCKUT KyH OaTapesiapbl HEeMece OpraHUKalbIK KYH OaTapesiapsl
JKarJanblHaa GOTOAKTUBTI KaOaTThl ©CIpYy HET131HE KY3€re achblpblUIabl.

OaeduerTep
1  Retraction Notice to: the Special Issue of Filomat no. 34:15 (2020). (2022). In Filomat (Vol. 36, Issue
7). https://doi.org/10.2298/FIL2207503E
2  Alsari, M., Bikondoa, O., Bishop, J., Abdi-Jalebi, M., Ozer, L. Y., Hampton, Snaith, H. J., Lidzey, D.
G., Stranks, S. D., Friend, R. H., & Lilliu, S. (2018). In situ simultaneous photovoltaic and structural
evolution of perovskite solar cells during film formation. Energy and Environmental Science, 11(2).
https://doi.org/10.1039/c7ee03013d
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KEPI KOHTAKTTBI IIEPOBCKUTTIK KYH 2JIEMEHTTEPIH CAHZBIK
OICIIEH 3EPTTEY

[lanenos E.O.?, Ceitrkoxanos E.C.}®, Banarmarnomynoc K.4, Hr 2.2, Jlxxymarynosa K.H.23,
Kymabekos A.H.?
K.M. Cor6aes ateinarsl Kaz¥YT3Y, Anvatel, Kazakcran
2Hazap6aeB YuusepcuteTi, Actana, Kazakcran
3n-®apabu areiparsl KasYV, Anvarel, Kasakcran
* A(MHBI TIOJUTEXHUKAIIBIK YHUBEPCHUTETI, Aduna, ['perus
e-mail: shalenov.erik@physics.kz

[TepoBCKUTKE HETI3JENTeH KYH OJJIEMEHTTEPIHIH TEXHOJOTHICHI COHFbI OH)KBUIJBIKTA
3epTTeyuIiepain  (OTOMIEKTPIIK HMHIYCTPUSAAFbl TMEPCHEKTUBTI HAPBIKTHIK MOTEHILIUAJIbIHA
0alIaHbICTBl YJKEH KBI3BIFYIIBUIBIK TyAbIpyaa. KypeUIFbLIapIbIH KOFaphl OHIMAUITT JKOHE
MIEPOBCKUT OHIPICIHIH TOMEH KYHBIMEH OaiJIaHBICTBI, COHBIMEH KaTap oJiapabl (OTOIIEKTPJIIK
HapbeIKTa Si Hemece GaAs yCTeMIIriMeH Kypecyre eneysi YMIT apTalbl )KoHE JKapThllail eTKi3Till
UHAYCTPUSIIaChIHIAa TOHKepiC »kacayFa MyMKiHIIK Oepeni. COHbIMEH Karap, MEpPOBCKHUT KYH
anementrepinin ([IKD) Tuimainirin apsl Kapail >KOFapbulaTy MaKCaThIHa Kepi KOHTAKTTHI
KYpbUIBIMAAP/bl €HI13y MEPCIEeKTHBTI >KOJIbI OOJNbIN TaObLIaabl, ce0e0l O JKapbIK LIBIFBIHIAPHIH
azaiiransi [1-2].

by sxymbicTa kBaszu OipikTipiiareH kepi KOHTakTThI epoBckUT (QIBC), jxa3bIK-OipikTipinreH
kepi koHTakTTH (FIBC) xone Gipikripinren kepi koHTakTThl (IBC) [IKD-Tepi yiIiH ®apbiK apKbLUIbI
3apsi[i TEHEePAlUsIChIH TYCIHIIPYre >KOHE op TYpJii PEKOMOMHAIMS KbUIAAMJIBIKTAPBIHBIH JKOHE
T Qy3uss Y3bIHIBIKTAPBIHBIH BOJBT-aMIICPIIK CHUMATTaMaapblHA OCEPIH JKOHE ONTHMAJIIBI
napaMmeTpliepiH aHbIKTayJla CaHIBIK MOJenblaey oaici xonmansuiabl. Hotmxecinme QIBC, FIBC
wone IBC IIKD-tepi ymin wmozenpaenreH J-V cumarramanapbl KedTipumreH. YOl Typii
KYPBUIFBIHBIH apXUTEKTYpachl YIIiH (OTOAIEKTPIIIK apaMeTpiep Kelleci )KyMbICTa [3] KeNTipiireH.
QIBC wmopeni ymin PCE wmoni 25.72% wue >xoHe Oyl apXWTekTypa 0Oacka apxuTepyTajiapra
Kaparanga eH sxkorapel MoHre TeH. FIBC mopeni ymin PCE moni 24.75% xypaiiasl, an IBC
KYpBUIFBICHI YIIiH 24.44% TeH.

Foutbimu  3eprrey skymbichl Kazakcran PecmyOnukacel Friisim sxoHe JXorapwl bBinim
Munuctpairidig Feumeim KomuteTi kapkputanasipasl (I'pant Hemepi AP19679049)

JjaeduerTep
1. Shalenov E.O. et. al., Sol. Energy 205 (2020): 102.

2. Shalenov E.O. et. al., ACS Appl. Energy Mater. 4 (2021): 1093.
3. Shalenov E.O. et. al., Sol. Energy Mater Sol. Cells 234 (2022): 111426.

MOJYYEHHUE 3AIIUTHBIX TOKPHITUM HA TIOBEPXHOCTH
AJMIOMHUHUEBBIX CINIABOB METOAOM IIVIASMEHHOI'O
IJEKTPOJIUTHUHYECKOI'O OKCUINPOBAHUA

I'. Emmanoga, [[. CmarysmoB
Satbayev University, yn. Carmaesa 22, 050013, Anmartsl, Kazaxcran

KuroueBble ciioBa: mia3MeHHOE 3JeKTpoiauTHueckoe okcuauposanue (I190), anoMuHueBbIN
crutas /{167, meno4nsie 37€KTPOIUTHI.

BBenenue. Ha mpoTsokeHUM OECATHIETUH IIA3MEHHO-3JIEKTPOJIMTUYECKOE OKCHIMPOBAHUE
(IT20) ycnemno nmpumMensieTcs st 00pabOTKU MOBEPXHOCTH pa3ivuHbIX cruiaBoB (Al, Mg, Ti u
ap.) [1]. B pesynapraTte Momudukanuu mMOBEPXHOCTH 00pa3yeTcsl 3alUTHOE OKCHUIHOE MOKPBITHE,
oOnajaroimye BBICOKOW TBEPJOCTbIO, NMPOYHOCTHIO, XOPOLIEH aAre3uel Mexy IOAJIOKKOW U
MMOKPBITHEM U BBICOKOW TEPMUUYECKON CTaOUIBLHOCTRIO [2]. BBII0 MOKa3aHo, 4TO CTPYKTypa, COCTaB

Anmamet, 15-16 pespans 2024, https://sci.kz/ 90


https://sci.kz/
mailto:shalenov.erik@physics.kz

ISBN 978-601-08-3798-0 Mamepuaner || Mescoynapoonoi kongpepenyuu namsmu axademuxa 2.1 5ooc

u cBoiictBa [190 MOKPHITUS TECHO CBSI3aHBI C COCTaBOM 3JIEKTPOIUTOB [3]. OCHOBHBIMU
anekTponmutaMu st [190-00paboTku aqlOMUHUSL ABISIOTCS KOJOTHYECKH YHCThIE IEJIOYHBIE
AIIEKTPOJIUTHI Ha AITIOMUHATHOM, CHIIMKaTHOW M (ocdaTHO OCHOBE, KOTOpPHIE CIIOCOOCTBYIOT
osictpomy pocty I1D0 mnokpeituii. Tak, posib pa3aIudyHBIX COCTABOB TPOWHBIX (THAPOKCHIOB,
CHIIMKATOB, (pocdaToB) 371eKTpoauToB B (popmupoBanuu [190-MOKPHITHS HA ATFOMUHUEBOM CILIaBE
NPEJICTaBIsIeT WHTEPEC C TOYKH 3PEHUS HHEPromnoTpeOseHHs MpH HCIOJb30BAHUU HHU3KOM
IUIOTHOCTH TOKa, a TAKXKE YIy4IIeHUs KayecTBa U 3pdexTuBHocTH hopmupoBanus [190-nmokpeiTus
Ha aJTFOMUHHM.

Matepuanbl U MeToabl. [IpsMoyronbHbie 00pa3ubl U3 amoMuHHEeBOro crutaa J[16T Obum
BBIOpaHbl pazMepamu 20%30x1,6 MM 1 HOMUHAJILHBIM cocTaBoM B Mac. %: Cu 3,8-4,9, Mg 1,2-1,8,
0,5 Fe, 0,5 Si, 0,3 Zn, 0,3 Mn u ocransHoe Al. [Iporecc MmIa3MeHHOTO 3JIEKTPOTUTHICCKOTO
OKCUJMPOBAHUS MMPOBOIIICSA C UCIOJIB30BAHUEM MCTOYHMKA MPSIMOTO TOKA C INIOTHOCTHIO TOKa 50
mA/cm2 npu MakcumanbHOM HanpsbkeHuun 500 B. DkcnepuMeHTHI MPOBOAMIINCH B CMEIIAHHBIX
curkatHbiX (NaxSi03) u pocdarubix (NazPO4) 351€KTpOIUTaX, KOTOPBIE OXJIAXKIATUCH C TIOMOIIBIO
CHUCTEMBI BOJISTHOTO OXJIaXICHHs TIpU nocTosiHHOM Temneparype 20 £ 1 °C. MeToasl ucciie1oBaHus:
COM (CBM, Tescan), DAC (eumeX, EDS), pentrenosckuii nuppakromerp (XRD, D8 Advance,
BrukerAXS), ontuueckuii mukpockon (OLYMPUS BX53M), tonmmuomep (MiniTest 2100).

PesyabTraTthl U ux o6cyxaenue. Mopdonorus momnepeuHoro cedenust [120-mokpeiTuii
00pa3IoB, MOJYYCHHBIX B 3JCKTPOJUTaX Ha ocHOBe TuapokcumoB (18K2Si2P), cumukaToB
(2K18Si2P) u docoaror (2K2Sil8P) mokasanu, 4TO CKOPOCTh POCTa HAWOOJbIIAs B MOKPHITUH
2K18Si2P (1,1 + 0,2 mxkm/mun). OmHako, HECMOTps Ha OoJiee TUIOTHBIM BHELIHWH CJIOH, Ha
BHYTPEHHEM CJIO€ MOKPBITHI Habmomaercs: mojoca mop. Jis mokpeituii 18K2Si2P u 2K2Si18P
ompezeneHa ckopoctb pocra okono 0,9 £ 0,2 mxm/mun 1 0,6 + 0,1 MKM/MHH, COOTBETCTBEHHO.
AHanu3 1onepeyHoro cedenums oOpasma 18K2Si2P  mokaspiBaeT, YTO IOKPBITHE HMEET
MHOTOYHUCIICHHBIC CTPYKTYpHBIC Ie(EeKTbl M B LIEJIOM HEOJHOpOaHOe NoKpbiTHe. B 2K2Sil8P
Ha0II01a10Ch 00JIee paBHOMEPHOE MOKPBITHE 110 CPABHEHUIO C IPYTHMH, XOTS HEKOTOPBIE MOJIOCTH
B IIPOMEXKYTOUHOM CJIO€ BCE e HAOII0Aat0TCSl.

Pesynpratel ananmuza DJ[C mokazamu, yTo Bbicokoe coxaepkanue Si (2K18Si2P) mpuseno k
YMEHBIIIEHNIO BKItOUeHUs! Al B MOKpBITUH K3-3a 00pa3zoBaHus (a3, oOoramieHHbIX kKpemMHueM. [1pu
BBICOKOM coziepxanun (ocaros B anekrponure (2K2Sil8P) coctaB mOBepXHOCTH BCE €Ille UMEET
Oostee BICOKHI ypoBeHb Si, ueM P. Kpome Toro, Beicokoe comeprkanue ruapokcuio B 18K2Si2P,
CHIDKAeT cojiepkaHue kak P, tak u Si B coctaBe mokpbITuid. Pa3Huna B xomuuectse Si u P B [120
CI0€ MOXET OBITh TAKKE PEe3yIbTATOM PA3MUMii B PEaKIHMOHHON criocobHOCTH uwacTHI SiO32 u
PO+ ¢ noHamu moanoxku [4].

B nienom, Bo Bpemst nporiecca [190 06pa3iioB MOTYT NPOUCXOANUTH CIEAYIOIINE peakuu: [S]:

Al — AP*+3¢ 1)
2A1F*+30% — AlO3 (2
2AP* + 60H™ — Al,O3 + 3H.0 3)
H20 + SiO3?>~ — SiO, + 20H" 4)
SiO2 + XAl203 — SiO2-x(Al203) (5)

Ha pentrenorpammax 18K2Si2P mokpertuii, crmoii [190 cocTOMT M3 KPHCTaUIMYECKUX
coeauHenuii, B ocHOBHOM Y-Al;O3 u Hebombioro komuuectBa o-Al203. 2K2Si18P mokpeitus
COCTOSIT M3 TeX K€ KpHucTauimdeckux (a3, uro u mokpeitue 18K2Si2P (y-Al203 u a-Al203), uro
yKa3bIBaeT Ha JOMUHHUPYIOIIYIO POJIb OKHUCIICHUS MOUIOKKH B MexaHuszMe (opmupoBanus [190-
nokpeITuil. YpaBHenus (2) u (3) — ocHoBHbIE nporiecchl hopmupoBanust [190-OKpeITHI 1715 THX
CHCTEM CO 3HAYHMTEIBHBIM PAacXOJOM AIIOMHUHHUS C MPEHMYIIECTBEHHO BHYTPEHHHM MEXaHU3MOM
pocta. OOpaboTka B 3JIEKTPOJIUTE Ha OCHOBe cuimkaroB (2K18Si2P) mpuBena k MOIy4eHHUIO
CMEIaHHOTO (ha30BOTO COCTaBa MOKPHITHSI, COACPIKAIIETO KaK KPUCTAUTHIECKUE, TaK U aMOppHBIE
cTpykTypbl. OCHOBHAs KpucTayuinueckas ¢asza ompenensiiach kak Mywut (3Al203-2Si02), 6bpun
BUAHBI HeOompime koamuectBa Y-AlO3 u  a-Al2Os.  JlanHBI pe3ynbraT JIeMOHCTPHPYET
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3HAYUTEJIbHBIN BKJIAJ COCAMHEHUI U3 2JIEKTPOJINTA HA OCHOBE CHIIMKATa B Ipolecc (POpMUPOBAHUS
NOKpbITUsI. [lOCKOJIBKY oOcaxkaeHue SiOs> u3 JJIEKTPOJIMTA CTUMYJIHUPYETCA paspsagaMy IIpU
BbicOKON Temmepatype (~7000 K) [6], Oosiee MHTEHCHUBHBIE pa3psiibl C BBICOKOW SHeprueu
IMPUBOJAT K MHTCHCHUBHOMY NEPEMEIINBAHNIO KOMIIOHCHTOB ITOJJIOXKHU U 3JICKTPOJIUTA U 6BICTp0My
o6pazoBanuio MyJuUTa (Temneparypa muasnenus 1850 °C), cormacuo peakuusam (4) u (5).
BoiBoabl. Pa3zHbie cOCTaBBI MICIIOYHBIX JIECKTPOJIUTOB (THAPOKCHIOB, CHIIMKATOB U (ocdaToB)
BIMSIOT Ha (opmupoBanue, mMopdosoruto u ¢aszobiii cocraB 190 mnokpeituii. Habmoganach
OTHOCHUTECIIBHO HHU3KasA CKOPOCTH pOCTa IIOKPBITUA C npeo6naz[aHI/IeM BHYTPCHHEI0 pocCTa CJIOCB B
QJIEKTPOJIUTAX HA OCHOBE THJApokcuaa W (ochaToB. DIEKTPOIUTHI HA OCHOBE CHIIMKATOB
CIOCOOCTBYIOT TPEMMYIIECTBEHHOMY pocTy [IDO-mokphITHil Hapyxky, TJi€ OIHOBPEMEHHO
MMPOUCXOOAT IPOLECCChl OCAXKIACHUA U3 OJBJICKTPOJIUTA KW OKHCICHHA aAJIHOMHHUA. YTOJIH_ICHI/IC
HOKpHTI/Iﬁ B OCHOBHOM 3aBHCUT OT 6bICTpOFO OCaXXaACHUA COG,Z[I/IHCHI/Iﬁ M3 DJICKTPOJIUTOB HAa OCHOBC
KpEeMHHUSL.
Jlureparypa
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Surfaces and Interfaces 21 (2020) 100677.
2. Y. Li,D. Zhang, C. Qi, Y. Xue, Y. Wan, H. Sun, Enhanced corrosion and tribocorrosion
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to silicate electrolyte, Journal of Alloys and Compounds 960 (2023) 170782.
3. G. Lv, W. Gu, H. Chen, W. Feng, M.L. Khosa, L. Li, E. Niu, G. Zhang, S.Z. Yang, Characteristic of
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Applied Surface Science 253 (2006) 2947—-2952.
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Development of anodic coatings on aluminium under sparking conditions in silicate electrolyte, Corros. Sci.
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SrTiOz HETT3IHAE /KACAJIFAH BIPOJILHIEM/I TAJIIBIKTAP/ABIH,
CUITATTAMAUJIAPBI

Cepik A.C., [laynbaes U.b.
K.H. CorbaeB atbinnarsl Kazak YATTHIK TEXHUKAIBIK 3epTTEy YHUBEpcUTeTi, AnMatel, KazakcTan

JKahaHAbIK PHEpreTHKAJbIK JaFiapbic — OyJl SHEPreTHUKAIBIK pecypcTap MEH KOpIIaraH OpTara
aliTapIbIKTall ayBIPTHAJBIK TYCIPETiH OYKI orieM OOMBIHINA WHITYCTPHUSIIAHABIPY/IBIH KAPKBIHIBI JaMybIMEH
HIMEJIEeHICKEH ©3eKTi Macene Oombin Tadbuansl [1]. Kasipri yakpITTa SHEpTUsHBIH HETi3ri Oeiiri MyHai, ra3
JKOHE KOMIp CHSKTHI Ka30a OTBIHIAPBIHBIH SPTYPJI TYPJIEPIH >Kary apKbuibl eHaipinexai. byn Genrim CO»
MApHUKTIK Ta3 IUIaHeTaJarbl KJIMMATThIH e3repyiHe biknan eredi [2]. OcbiFaH opail CyTeKTI SHEPreTHKaChl
aTaJifaH MOCeJINIEpiH IICNIy JKOJBbIHIAFbl ©Te THIMII IemiMaepAid Oipi Oosibin TaObLaambl. CyTeKTi
SHEPTeTHKACHIHBIH JaMybl asChIHAA KapacThIPbUIATBIH ©3€KTi MacenepliH Oipi — cyTeriH eHzipin
UIBIFAPYABIHTHIMII  9pi  DKOJOTHSIIBIK Kayinciz opmicrepin ketimaipy. OcblHmall ojicrepre CyTeKTi
(OTOKATANNTHKAIIBIK OHJIIPY XKOHE )KOFAphl THIMII (OTOKATATN3ATOPIAP/IBI 33ipJiey OOJIBINT Ta0BIIA b

bys 3eprreyne aIeKTPOCIMHHUHT 9Jici apKpUibl cuHTe3aenareH SrTiOs werizingeri 1D
HAaHOTAIIBIKTAPABI ally. DIEKTPOCITHHHUHT — Oys1 6acka ofiCTEPMEH CaNBICTBIPFaHa KYPBUIBIMBI
XKakcapTbUIFaH Oip ejmemMal HaHOTANIIBIKTAapAbl alyFa MYMKIiHAIK OeperiH omic. byn
HAHOTAIIIBIKTAP YJIKEH O€TTI ayJaaHbIMEH CHUIATTalajabl, OYJI KaphIKIEH COyJIENeHY Ke31HJIe
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(bOoTOKATATUTUKAIBIK ~ OCJICCHIUTIKTIH  JKOrapbiiayblHa  bIKman  eremi.  3eprrey  SrTiO3
HAHOTAIIBIKTAPBIHBIH CHITATTaMalapblHA OCEp €TETIH YII HEeTi3ri (aKkTOp/Abl aHBIKTaJbl, COHBIH
IIiHJe HAHOKYPBUIBIMIAPBIH MOP(OIOTHACKHL, >KapThUIAl OTKI3TIIITIH KPHCTAIIBUIBIFBI JKOHE
KYHIipy Temmeparypackl. byin mapamerpiep (orokaramu3aTOpAbIH OHIMIUIITIMEH THIFBI3
OaiimanbIcThl. SITIO3 KOCBUIFAH HAHOTAJIIBIKTAPABIH (U3NKA-XUMUSUIBIK KacHETTEpi, COHIai-aK
oJIapAbIH OeTKI MOPGOJIOTHACH 3epTTeail. Ty3UIreH HAaHOTAIIIBIKTAp/IbIH JTHAMETPIHIH OJIap/Ibl
AIIEKTPOCIMHHUHT KE3iHJIe epiTKIll CYHBIKTBIKTBIH PAN KOHIEHTpanuschliHa TOYJAUIITIH alTyFa
Oomanpl. OHTAMIAHABIPY KeJIeCi JIEKTPOCIIMHHUHT TapaMeTpliepiHe OaliIaHbICThI: KEpHEY, HHE MEH
KOJUIEKTOP apachIHAaFbl KAIIBIKTHIK JKOHE IIIPUI] COPFBICHIHBIH YKbLIIaMIbIFbL.

SrTiO3 mMatepuanbiaga Oip eJIIeM/Il TaIIIBIKTapAbIH OHIMILIIrIH jKaKcapTyFa OaiJaHbICThI
ymr Herisri dakrtop Oap. bipinmrigeHn, mopdonorus HaHochepa KOHE ONApABIH  OIIIeMIepi,
NEPOBCKUT  DJICKTPOJABIHIAFBI  3apsii  TaChIMAIJAYIIbUIAPABIH  TEHEPAIUsICHl  JKBLIIAMIBIKTHI
apTThIpyFa BbIKHan ereni. EkiHmmizeH, >XapThUIaMeOTKI3TIINTIH KPUCTAIABUIBIFEl KYPBUIFBIHBIH
cUMaTTamajiapblHa alTapibIKTall ocep eTelll JKOHE KYHipy TeMIlepaTypachl )KOFapblUlaFaH CaibIH
ocepi Kymieieni. AKbIpbIHAA, KYHIIpy TEeMIIepaTypachbiHbIH KOFapbhUIaybl KOJAK CAHBUIAYBIHBIH
TapbUTyblHa Kapal okemnenai, Oy o3 Ke3eriHie TachMalfaylIbUIapAblH OTKI3TIITIIT MEeH
KO3FaJIBICBIH apTThIpazsl. Ockl yiI (hakTOpAbIH OapiIbIFbl KYPBUIFBIHBIH OHIMAUTITIHE alTapiIbIKTal
ocep ereni. KopwIThiHObUIAH Keje, (DOTOKATATIU3ATOPABIH JKETICTIrT OOSFBIIITHIH aacopOIus
npoleciHe FaHa emec, COHbIMeH Karap SrTiOz HaHOOeNmeKTepIi KyHIipy TeMmIeparypachiH
OHTalIaHABIpybIHA OAIIAHBICTHI.

Oneduerrep
1 N. Skillen et al., “Photocatalytic Reforming of Biomass: What Role Will the Technology Play in
Future Energy Systems,” Top. Curr. Chem., vol. 380, no. 5, p. 33, Jun. 2022, doi: 10.1007/s41061-
022-00391-9.

2.H. Su et al., “Recent advances in quantum dot catalysts for hydrogen evolution: Synthesis,
characterization, and photocatalytic application,” Carbon Energy, vol. 5, no. 9, p. €280, 2023, doi:
10.1002/cey2.280.

NCCIEIJOBAHUE XAJIBKOI'EHUJIA CEJTEHUIA CYPBMbI METOAOM
KOJIEBATEJIbHON CIEKTPOCKOIIUA

[onranosa A., Koppest M., ®epnanaem 1., Canome I1.
Ou3NKO-TEXHUIECKUH HHCTHTYT, Satbayev yHuBepcureTi, AnMatel, Kasakcran

KaioueBble cj10Ba: CIEKTPOCKOMHUS KOMOWHAIIMOHHOTO —paccessHusl cBeTa, IN-Situ
OKHCJIEHUE, TOHKUE TUICHKH, CEJICHU]T CYPbMBI, KOJIeOaTeIbHBIE MOJIBI.

UccnenoBanune (a3oBoi CTPYKTypbl TOHKUX TIJICHOK XaldbKOTEHUJHBIX MaTEpHUaoB
MOATBEPKIAETCSI B IMPOLECCE, OCHOBAaHHOM Ha NPUMEHEHUHM METOJOB, HE HapylIaoIIHNX
[[EJIOCTHOCTh BHYTPEHHEH CTPYKTypbl 00pa3ioB. OCOOCHHO BaKHBIM SIBIISIETCS UCIOJIb30BaHUE
HEWHBA3WBHBIX METOJIOB, KOTOPHIC HE MPUBOJIAT K U3MEHEHUSIM BHYTPEHHEH CTPYKType 00pa3IioB B
npoiiecce skcnepumeHTa. OAMH M3 TEPCIEKTUBHBIX METOJ0OB HEWHBA3UBHOTO CTPYKTYPHOTO
aHaJgn3a — paMaHOBCKAasl CIEKTPOCKOMUsS (CIMEKTPOCKOMHUS KOMOWHAIIMOHHOTO PacCcesHUs CBETa -
KPC). Ee npumeHeHre mo3BOJIIET OBICTPO U 0€3 TOMOTHUTENBHBIX MOATOTOBUTENBHBIX OMeparuit
MOJIYYUTh MH(GOPMAIUIO O MOBEPXHOCTHHIX (hazax TIeHOK. CIEeKTPOCKONUsS KOMOWHAIMOHHOTO
paccesiHHsI CBEeTa MPEACTaBlseT Co00l MalloMCCIIeIOBAHHOE HANpaBlIE€HUE B ACHEKTE TOHKHX
MIJICHOK CEJICHHU/IAa CYPhbMBbI, 0OCOOCHHO B YaCTH KOPPEKTHOM MHTEPIIPETAIIUU KOJIeOaTeTbHBIX MO,

B nmanHO# paboTe MPUBOIUTCS UCCIICAOBAHUS OKUCICHUS IN-Situ BO BpEMs CHATHUS CIICKTPOB
B HAHOCTPYKTYypaX W OYE€Hb TOHKHX IUICHKaX CEJIEHUJa CYpbMbl TOJYYEHHbIE METOJIOM
MarHeTpOHHOTO pachbUieHUs] mpekypcopa Sb-Se ¢ mocneayrommMm OTXKHIOM B atMocdepe
ceneHBogopona. CTPyKTypHBIE XapaKTEPUCTHKU TUICHOK ObLIM wuccienoBanbl metogamu KPC,
PEHTTEHOCTPYKTYPHBIM aHAJIM30M, CKaHUPYIOLIEH 3JIEKTPOHHOM MUKPOCKOITHEH.
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B pesynbrare OBUTO BBISICHEHO, YTO BBICOKOE COOTHOIICHHE IOBEPXHOCTH/00BEM B
HAHOCTPYKTYpax M O4Y€Hb TOHKUX IJICHKAX OYEHb UyBCTBUTEIBHO K OKHCICHHUIO MOBEPXHOCTHU MO
BO3/ICHCTBUEM Jia3epa B YCIOBUAX Bo3ayxa. OKMCIIEHHE in-situ BO BpeMs Ja3epHOTO BO3JCHCTBUS
MOJKET MPUBECTU K HEMPaBUIBLHOM MHTEPHpPETALMH CIEKTpa KOMOMHAIIMOHHOTO paccesHusl CBETa,
OCOOCHHO €CH: MaJaloUIvil Ja3epHbI CBET CHJIBHO IOIJIOLIAETCS; MOBEPXHOCTh OKAHYMBAETCS
aTOMaMH 3JIEMEHTOB C BBICOKHMM JIaBJICHUEM MapOB; CTEXHUOMETPUS MaTepHalla elie He cTa0lIbHA U
NPUCYTCTBYIOT HEMPOPEArupoBaBIINe MPEAIICCTBEHHUKH.

bnarogapuoctu: UccnenoBanue nposeneHo npu ¢puHaHCOBOM noaaepxkke Komurera Hayku
MunucTepcTBa HayKH | Bbiciiero oopa3osanus Pecryonuku Kazaxcran nporpamma BR21881954

SYNTHESIS OF PLASMONICS STRUCTURES Me-PNP/por-Si

B. Zhumabay*, A. Abdullaev?, N. Chuchvaga, E. Dmitrieva, P. Kusherova, D. Muratov, B. Rakymetov, K.
Tynyshtykbayev, Zh.Utegulov?,
Institute of Physics and Technology Satbaev University, Almaty
§ Nazarbayev University, Department of Physics, School of Digital Science and Engineering, Astana
*Email: bzhumabay05@gmail.com

The report presents the results of a study of the Raman spectra and morphology of the surface
of porous silicon por-Si, consisting of an ensemble of oxidized wide-gap silicon nanocrystallites nc-
Si, with the aim of using such structures for efficient water splitting.

The por-Si samples were formed by electrochemical (EC) and metal-assisted (MACE) etching
of n-type silicon in electrolytes: HF + H202 = 1:1 (1) HF+H202+AgNO3 = 1:1:0.1 (I1). Etching
modes: j= (1 - 10 ) Acm-2; tetch = (5 — 20) min.

The synthesis of Me-PNP/por-Si (Me-Ag, Cu, Al, Ni) plasmonic structures was carried out in
a one-step MACE process by deposition of plasmonic Ag-PNP nanoparticles on the nc-Si surface
during the formation of a periodic por-Si structure. The choice of plasmonic particles Ag, Cu, Al,
Ni-PNP is due to high plasmonic properties in the visible optical frequency range.

The periodic arrangement of Ag-PNP/por-Si structures can enhance or weaken the
transmission of light, Figure.
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These properties of Ag-PNP/por-Si can be used both for the effective splitting of water
molecules and the generation of hydrogen, and for increasing the efficiency of solar cells.

The report discusses possible mechanisms for the formation of Me-PNP/por-Si plasmonic
structures.

The work was funded by the Committee of Science of the Ministry of Education and Science
of the Republic of Kazakhstan BR21881954
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PLASTICS IN THE ECOSYSTEM AND ITS CONNECTION WITH THE
OZONE LAYER

Busquets Rosa, 2Nematollahi, Mohammad Javad
1School of Life Sciences, Pharmacy and Chemistry, Kingston University, Penrhyn road, Kingston upon
Thames, KT1 2EE, UK
2Department of EarthSciences, College of Sciences, ShirazUniversity, Shiraz Iran
*Email: R.Busquets@kingston.ac.uk

Keywords: microplastic, microfibre, fragments, UV-B, soil, water, sediment

Plastics are used in multitude of products in every corner of the world, that is why their
production has been increasing and was estimated at 400.3 million metric tonnes in 2022. They can
be prepared from a variety of polymers and additives that give them desirable properties. A fraction
of the plastic used is released to the environment.

Today, there are many questions regarding the longevity, transformation products and
ecotoxicity of the plastic degradation products released to the environment. The intensity of the UV
(B) radiation reaching the plastic will affect plastics’ stability and trigger their degradation into
particles and beyond. Such intensity is affected by the density of the ozone layer, that is safeguarded
by the Montreal Protocol [1]. A bench study to understand the effect of UV onto microplastic
(0.1um-<5mm); and monitoring plastics in different compartments of large water bodies in the
same region will demonstrate tendencies regarding plastic stability in the environment.

The degradation of nylon (NYL) microfibres (10 um) when exposed to UV (A and C, 8W),
including a photocatalyst TiO, in some of the tests, was investigated. In absence of photocatalyst,
UVC was the most effective degrading the microfibres, causing 83% mass loss, compared to a 6%
mass loss when exposed to UVA under the same conditions. TiO> concentration was critical as it
could block the light [2]. The characteristics of the microplastics exposed to sunlight in the natural
environment were investigated in a river (Arvand, 200Km length, crossing areas with different land
use) [3], a saline lake (Maharloo) [4] and coastal area [5], all are the region of the Persian Gulf. The
samples collected were surface sediment, lake salt (1kg, 0-20cm) and water (1-3L). Water and soil
samples were digested (30% H20-). Plastics were suspended by density separation with a saturated
solution of ZnClz,and sieved. Microplastics (including fibres) were counted with light microscopy
and characterized with microRaman. Fibres were the most abundant microplastic in every water
body, and color was not found to be a characteristic generally linked with their fate. Polyethylene
terephthalate (PET), polystyrene (PS), and NYL were the most abundant polymers in the
microplastics found in both sediment and water samples in the coastal samples and in the river
samples. In contrast, in the lake, PET, PS and polypropylene (PP) prevailed. In the river, the
abundance of MPs was affected by the land use nearby and their concentrations followed a marked
trend: urban > industrial > agricultural > and natural areas.

Most microplastics were 1000-250um and evidence of their transport with colloidal particles
was found. Here, the composition of the microplastics in sediment reflected their composition in the
water column. In the saline lake, the distribution of microplastics was across sediment (245
microplastics) > water (156) and salt (83), where the sediment had greater proportion of whiter
plastics; and most microplastics were 50-<250 um. In coastal sediment, the 250- 500 um of
microplastics prevailed, but they were bigger (>1000pum) in water. In both cases, they were mainly
of dark colours (black-grey) as opposed to white (or bleached) colours. This study has shown that
while there are some common features in microplastic pollution of a region, particle size and
colour, that can be related to their degradation with UV do not show a clear trend. Therefore,
greater understanding of the degradation of plastics in the environment is needed, with attention to
how changes in the UV radiation can affect such pollution and its ecotoxicity.
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FROM LOW MOLECULAR WEIGHT ORGANOGELATORS TO WEAK
INTERMOLECULAR INTERACTIONS

1*Joseph C Bear, Jeremy 2K. Cockcroft, *William J. Peveler and 2Jeffrey H. Williams
1School of Life Sciences, Pharmacy and Chemistry, Kingston University, Penrhyn Road,
Kingston—upon—Thames, Surrey, KT1 2EE, United Kingdom.
2Department of Chemistry, University College London, London, WC1H 0AJ,United Kingdom
3School of Chemistry, Joseph Black Building, University of Glasgow, United Kingdom.
*Email: j.bear@kingston.ac.uk

Keywords: Co-crystals; organogelators; organogels; soft materials; in situ diffraction; weak
intermolecular interactions

This talk details the synthesis and characterisation of a novel class of low molecular weight
organogelator (LMWO) molecules. Through examination of their crystal structures, we were able to
probe some of the intermolecular interactions, which shed light on their mechanism of gelation in
non-polar media. The aforementioned class of LMWO molecule are urea-based, and as such are
synthesised from the combination of reactive precursors. These rapid reactions can be used to form
LMWO molecules in situ, and gel non-polar media even in sub-zero temperatures.'?

The investigation of the crystal structures of LMWO molecules led to an investigation into
the weak intermolecular interactions between ferrocence and hexafluorobenzene.® These
interactions consist of quadrupolar forces between aromatic rings, with rings of opposite
quadrupolar forces forming a stacked crystal structure. Similar to the prototypical benzene:
hexafluorobenzene structure, the ferrocene: hexafluorobenzene structure exhibited temperature
dependent phase transitions, which have a pronounced effect on the crystal. These pphase
transitions can be followed with differential scanning calorimetry (DSC), powder X-ray diffraction
(pXRD) and single crystal X-ray diffraction (SCXRD). This work led us to examine other stacked
co-crystals, and develop a method by which co-crystals can be grown and analysed easily from the
melt in SCXRD.*
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TRANSVERSE MOMENTUM DISTRIBUTIONS OF THE CHARGED PARTICLES IN
p+Pb COLLISIONS AT THE LARGE HADRON COLLIDER

Khusniddin K. Olimov*2”, Igor A. Lebedev?, Anastasiya I. Fedosimova®#, Fu-Hu Liu®,

Azizjon Tokhirov?, Shokhida A. Khudoyberdieva?, Aziza N. Kakhorova®®
Physical-Technical Institute of Uzbekistan Academy of Sciences, Tashkent, Uzbekistan
*Kkhkolimov@gmail.com
2National University of Science and Technology MISIS (NUST MISIS), Uzbekistan
3Institute of Physics and Technology, Satbayev University, Almaty, Kazakhstan
4Institute of Nuclear Physics, Almaty, Kazakhstan,

SInstitute of Theoretical Physics & Collaborative Innovation Center of Extreme Optics & State Key Laboratory of
Quantum Optics and Quantum Optics Devices, Shanxi University, China
6Samarkand State University named after Sh. Rashidov, Samarkand, Uzbekistan

In present work, we study the transverse momentum distributions of the charged pions and
kaons, protons and antiprotons measured by ALICE Collaboration at midrapidity at seven centrality
intervals in p+Pb collisions at \/s_,m:S.OZ TeV. The simultaneous fits by both thermodynamically
consistent and non-consistent Tsallis distribution with embedded transverse flow describe well the
experimental pr spectra of the analyzed particle species in all considered centrality classes of p+Pb
collisions at M:S.OZ TeV. Non-extensivity parameter ¢ decreases consistently for all analyzed
particle species with an increase in centrality (with an increase in (N,q,¢)) of p+Pb collisions at

Mz5.02 TeV. It implies that the degree of the system thermalization and equilibrium increases
with a collision centrality, expressed by the fact that the non-extensivity parameter q approaches
more to unity (1) with an increase in collision centrality. We observe an inequality q (kaons) > g
(pions) > q ((anti)protons) with the non-extensivity parameter g (for kaons) being close to q (for
pions), and with significantly lower values of q (for (anti)protons). This finding agrees well with the
relation q(baryons) < g(mesons) observed earlier in high-energy nuclear collisions.

The results of the present work for p+Pb collisions at \/s_,m:5.02 TeV have been compared

with the corresponding results obtained recently for Xe+Xe collisions at ./s,,=5.44 TeV and

Pb+Pb collisions at ,/s,,,=5.02 TeV.

The work of the coauthors from Kazakhstan, Uzbekistan, and China has been supported by
the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan
(Grant No. AP14869032), Agency of Innovative Development of the Ministry of Higher Education,
Science and Innovation of Uzbekistan (Grant Ne F3-20200929146), and by the National Natural
Science Foundation of China (Grant Ne 11575103) and the Shanxi Provincial Natural Science
Foundation (Grant Ne 201901D111043), respectively.

Anmamet, 15-16 pespans 2024, https://sci.kz/ 97


https://sci.kz/
mailto:*khkolimov@gmail.com

ISBN 978-601-08-3798-0 Mamepuaner || Mescoynapoonoi kongpepenyuu namsmu axademuxa 2.1 5ooc

AVERAGE TRANSVERSE MOMENTA OF THE CHARGED PARTICLES IN Au+Au
COLLISIONS FROM THE BES PROGRAM AT THE RHIC

Khusniddin K. Olimov*2”, Igor A. Lebedev?, Anastasiya I. Fedosimova®4, Fu-Hu Liu®,
Azizjon Tokhirov?, Shokhida A. Khudoyberdieva?, Aziza N. Kakhorova®®
Physical-Technical Institute of Uzbekistan Academy of Sciences, Tashkent, Uzbekistan
2National University of Science and Technology MISIS (NUST MISIS), Uzbekistan
3Institute of Physics and Technology, Satbayev University, Almaty, Kazakhstan
4Institute of Nuclear Physics, Almaty, Kazakhstan,
SInstitute of Theoretical Physics & Collaborative Innovation Center of Extreme Optics & State Key Laboratory of
Quantum Optics and Quantum Optics Devices, Shanxi University, China
6Samarkand State University named after Sh. Rashidov, Samarkand, Uzbekistan

The experimental spectra of the average transverse momentum, <p:>, versus the average
number of participant nucleons, <Npat>, dependencies of the identified charged particles at
midrapidity in Au+Au collisions from the Beam Energy Scan (BES) program at the RHIC in
(snn)¥?= 7-39 GeV energy range have been described very well with the proposed simple power
model function. The degree of flattening of <ps> of the charged pions and kaons, protons and
antiprotons in the analyzed heavy-ion collisions in (smn)Y?=7-39 GeV energy range have been
investigated analyzing the dependencies of the obtained exponent parameter alpha of the simple
power function on the particle species and collision energy (smn)“?. On the whole, the exponent
parameter alpha for the charged kaons, protons and antiprotons decreases noticeably with
increasing collision energy of Au+Au collisions from (sn)Y?= 7 to 39 GeV. While for the charged
pions the power parameter alpha decreases weakly in range (snn)Y/?=7-20 GeV and practically does
not change in region (snn)*?=20-39 GeV. The significant gap between parameter alpha for the
protons and antiprotons has been observed in region (smn)Y?=7-20 GeV. The normalization fitting
constant C and power parameter alpha of the simple power function have been strongly
anticorrelated for all studied particle species. The differences observed between parameter alpha
versus collision energy dependencies of the particles and antiparticles have been related to the ratios
of antiparticle and particle yields and differences in the mechanisms of production of particles and
antiparticles. The observed dependencies of the evolution of the parameter alpha with changing
Au+Au collision energy for the particles and antiparticles could reflect the interplay between
associated particle production, which is dominant at the low energy range of BES at the RHIC, and
pair production mechanism, which becomes dominant at the high energy range of BES. It is
deduced that the parameter alpha can be sensitive to the particle production mechanism(s) and its
significant change could be related to the change in mechanisms of particle production or/and phase
transitions in a nuclear/hadronic matter.

The work of the coauthors from Kazakhstan, Uzbekistan, and China has been supported by

the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan
(Grant No. AP14869032), Agency of Innovative Development of the Ministry of Higher Education,
Science and Innovation of Uzbekistan (Grant Ne F3-20200929146), and by the National Natural
Science Foundation of China (Grant Ne 11575103) and the Shanxi Provincial Natural Science
Foundation (Grant Ne 201901D111043), respectively.
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ABTOHOMHAA NEPEABUKHAA OITPECHUTEJ/IbHAA YCTAHOBKA

TypcynoB M.H. Cabupos X., Axtamos T.3.
Ou3uko-TexHnueckuii HHCTUTYT AHPY3, Y30ekncran
muhammadtursunov47@gmail.com

B nanHoil paboTe mpHUBOAUTCS pe3yibTaThl MUCCIEAOBAHUS 1O Pa3pabOTKe aBTOHOMHOTO
NEPEBUKHOTO YCTPOWCTBA OIPECHEHHS BOJbl HA OCHOBE MCIIOJIb30BaHMSI YHEPIHMHM COJHEYHOI'O
U3NyuyeHus JUid HarpeBa BOAbl W MapaoOpa3oBaHUs, W MPHUBEACHBI SKCIEPUMEHTAIbHbBIE
pE3yJIbTaTHI.

KuloueBble cioBa: dortosnexTpuueckas OaTapes, aBTOHOMHOE MEpEABUKHOE yCTPOMCTBO,
OTIPECHEHUS BOJIbI, TEIUIOBOW KOJIJICKTOP, COTHEYHOE H3IIydeHHUE, pedaeKTop.

BBenenue: 3anacel mpecHOM BOAbI Ha 3emiie cocTaBisitoT 35 mutH. kM3. JlegHuku, aiicoepru,
IIOCTOSIHHBIA CHET cOCTaBIIIIOT 60% 3TOro 00beMa, Ioa3eMHBIE BOIBI COCTaBIIOT 30%. HaxXOoaUTCs
riry6oko moxa 3emueit [1]. O6beM mpecHoi Bonbl (03epa U peKu) cocTaBisieT Bcero 93 Teic. KM3.
HepaunonanbHoe UCIOIb30BaHUE BOJbI, CTPEMUTENILHOE YBEIMUEHUE HACETICHUS 3€MJIM B CKOPOM
BPEMEHHU IMIPUBEACT HEXBATKE MPECHOM BOJIBI [2].

Metoabl: B nanHoii paboTe npuBeIeHbl pe3yiIbTaThl pa3padOTKH aBTOHOMHOM MEpeIBUKHON
OTIPECHUTENIbHOI YCTAaHOBKH U MPEIBAPUTENbHBIE PE3YJIbTAThI €€ HATYPHBIX HCIIBITAHHM.

PesynbraTsl: HarypHble ncnibiTanus IPOBOAMINCH IIPU SICHOM MOrojie, TEMIIEpaType Bo3ayxa
20-25°C. O06bem comneHoit Boasl 4,25 1, KoHIeHTpalus conu 12 r/nutp. TemmnepaTypa B HUXKHEH
yacTH TEIUIOBOro Kosuiekropa coctaBisia 77°C, a B BepxHed 91°C, rpaaveHT TemiiepaTypbl
0.78rpan./cm. Cpennsisi TemnepaTrypa BHYTPEHHEH ThUIBHON MOBEPXHOCTU TEILIOBOTO KOJIJIEKTOpA
cocraBisietT ~ 82°C. nTeHcuBHOE mapooOpa3oBanue HaunmHaimoch depe3 30 MUHYT mocje Hadasa
JKCIIEPUMEHTA.

BbiBoabl. AHanu3 pe3yJabTaTOB IOKAa3bIBAE€T, 4YTO: 1) HHU3Kasg MPOU3BOJUTEIBHOCTh
MOJyYeHHUs] OYMIIEHHOW BOJBI CBS3aHO C MOTEpell MapoB BOJABI M3-3a OOpaTHOrO BO3BpaTa B
OCHOBHYIO MaccCy B KOJUIEKTOPE, 2) HE0OXOAMMO YBETUYUTH MPOIIecC MapooOpa3oBaHKe BBEICHUEM
B TEIUIOBOM KOJIJIEKTOp MaTepuaibl C BBICOKUM KOA((UIMEHTOM TMOTJIOMEHUS COJTHEYHOTO
U3ITy4eHUs, IPUBOASILEE K POCTY TEMIEPATyphl BOJbI B 00bEME,
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1. 3.A. AprykmeToB. BogHbie pecypchl U UCIIOJIb30BaHUE BOBI. TallIKEHTCKUM TOCYIapCTBEHHBIN
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2. B. Cokomnos. [11Th KOMIIOHEHTOB BOJIHOM 0€30MacHOCTH A3HMaTCKOTO OaHKa Pa3BUTHS: IICHHBII
MOJIXOJl K pa3pabOTKe BOJHOW MOJIUTUKH B cTpaHax lleHTpanbHOW A3uu. Y30€KHUCTaH Ha MyTH
JOCTHXKCHUS BOJHOW Oe3omacHocTu: cOopuuk crareit. Tamkent: RedGrey. 2019. C. 40-68.

EAN TRANSVERSE MOMENTA OF PARTICLES IN Au+Au AND Pb+Pb COLLISIONS
IN (snn)Y?=62-5020 GeV ENERGY INTERVAL AT THE RHIC AND LHC

Khusniddin K. Olimov**, Fu-Hu Liu?3#, Azizjon Tokhirov?,
Shokhida A. Khudoyberdieva?, Bekhzod S. Yuldashev*
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In present analysis, we investigate the experimental data on the average transverse momenta
of the charged pions and kaons, protons and antiprotons, extracted by STAR collaboration in Ref.
[1] at midrapidity (]y| < 0.1) for various centralities in Au+Au collisions at (snn)?= 62.4, 130, and
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200 GeV. The average number of participant protons and the average number of nucleon-nucleon
binary collisions corresponding to various centralities of Au+Au collisions at (sm)Y?= 62.4, 130,
and 200 GeV, used in present analysis, have been extracted by STAR collaboration in Ref. [1] from
the measured multiplicity distributions, applying the optical and Monte-Carlo Glauber model
calculations. We also employ the midrapidity (|y| < 0.5) experimental data on the average
transverse momenta of the charged pions and kaons, protons and antiprotons at various centralities
in Pb+Pb collisions at (san)Y?= 2.76 and 5.02 TeV, obtained by ALICE collaboration in Refs. [2]
and [3], respectively. The <Npat> and <Nco> corresponding to various centralities of Pb+Pb
collisions at (smn)Y?= 2.76 and 5.02 TeV, used in present work, were extracted by ALICE

collaboration in Ref. [4] using the Monte-Carlo Glauber model calculations. The < dg—;" > values
corresponding to various centralities of Au+Au collisions at (Sn)Y?= 62.4, 130, and 200 GeV have
been taken from Ref. [1], and those for Pb+Pb collisions at (Smn)Y?= 2.76 and 5.02 TeV have been

used from Refs. [5] and [6], respectively.
In present analysis we propose the simple power model function

<p>=C-< A>T (1)
<ps>=C-< N,y >% and 2
<pe >= C- < Npgrr >¢ (3)
to describe (parameterize) the experimental midrapidity < p, > versus < Wen b <p>

versus < Ngo;; >, and < p, > versus < N, > dependencies, respectively, of the charged pions
and kaons, protons and antiprotons in Au+Au collisions at (shn)Y?=62.4, 130 and 200 GeV, and in
Pb+Pb collisions at (Ssn)Y?=2.76 and 5.02 TeV. Here C is the fitting normalization coefficient, and «
is the power exponent parameter of the power model function. Both the normalization coefficient C
and the power exponent parameter o are different in Egs. (1), (2), and (3), though we use the same
symbols in these equations.

The collision energy (sm)Y? dependencies of the power exponent parameter a for the
charged pions and kaons, protons and antiprotons, obtained from the separate (independent)

minimum x2 fits of the experimental midrapidity < p, > versus < Wen (Table 2), < p, > versus
< Ngoy >, and < p; > versus < Ny, > dependencies of the charged pions and kaons, protons and
antiprotons in the analyzed Au+Au and Pb+Pb collisions in (sm)*?=62-5020 GeV energy range by
<p,>=C- < Weh a (Eq. (1)), <pr >=C-< Ngoy >% (Eq. (2)) and < py >= C- < Npgpe >
(Eq. (3)) functlon respectively, are demonstrated in Figs. 1(a), 1(b), and 1(c), respectively.

The experimental curves of <p> versus < d:—;" >, <Ncoi>, and <Npart> dependencies of the

identified charged particles at midrapidity in Au+Au collisions at (sn)Y?= 62.4, 130, and 200 GeV,
and in Pb+Pb collisions at (sn)?= 2.76 and 5.02 TeV have been parameterized well [7] with the
proposed simple power model function. The degree of flattening of the experimental < p, >

versus < 2en >, < Ngoy >, and < Npq,c > spectra of the charged pions and kaons, protons and

antlprotons |n the analyzed heavy-ion collisions at RHIC and LHC in (smn)Y?=62-5020 GeV energy
range has been studied [7] investigating the dependencies of the obtained power exponent
parameter « of the simple power model function on the particle species and collision energy (snn)*2.
The closer the parameter « to zero, the larger the degree of flattening of < p; > and the earlier this

flattening begins on horizontal axis (that is, at lower values of < ANen >, < Ny >, and <
Npart >)'
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Figure 1 - The collision energy (s.)Y2 dependencies of the power exponent parameter « for the charged
pions (e) and kaons (A), protons and antiprotons (m), extracted from separate (independent) minimum 2 fits

of the experimental midrapidity < p, > versus < d;V—;h > (a), < py > versus < N.,;; > (b), and < p; >

versus < Npq,¢ > (C) dependencies of the charged pions and kaons, protons and antiprotons (in Au+Au
collisions at (snn)1’2—62 4, 130 and 200 GeV, and in Pb+Pb collisions at (si)?=2.76 and 5.02 TeV) by <

pr >= C- < et >a(Eq (1)) <p:>= C-< Ncoll >4 (Eq (2)) and < pr >= C-< Npart > (Eq (3))
function, respectively

The moderate increase of < p; > of particles at lower values of < ;" > < N,y >, and <

Npqre > in the analyzed heavy-ion collisions has been attributed to collective flow. A clear mass

ordering of < p, >, the growth of the average transverse momentum with an increase in particle
mass, due to collective flow has been observed.
The degree of flattening of spectra for protons and antiprotons is significantly lower (and,

hence, the flattening begins at larger values of < dNen >, < Ngoy >, and < Npg, >) as compared

to those for pions and kaons. At lower collision energles (snn)*?, the degree of flattening is bigger
(and, hence, it begins at lower values of <dfiv—;"> < Neoy >, and < Npg,e >) for pions as
compared to those for kaons. Then, with an increase in (sn)Y?, the degree of flattening for kaons
approaches that for pions, with the degree of flattening (the o value) for kaons practically

coinciding with that for pions at the largest collision energy (snn)*?=5.02 TeV.
The coincidence of the power exponent parameter a for pions and kaons in Pb+Pb collisions

at (snn)'?=5.02 TeV, implying practically identical shapes of < p, > versus < HWen >, < Neou >,
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and < N4+ > spectra for pions and kaons in these collisions, has been obtained [7]. This result [7]
has been interpreted as due to creation of the highly thermalized QGP, where the difference

between u, d, and s flavors practically disappears, resulting in the similar mechanisms of production

of pions and kaons in Pb+Pb collisions at (Snn)*?=5.02 TeV.
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SPECTROSCOPIC ANALYSIS OF MATERIALS AT NITROGEN TEMPERATURE
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Introduction: in this paper we analyze ethanol at low temperature and difference between
two cooling methods. The processes of cooling ethanol are absolutely different in these methods.
Results of this thesis might be useful for hydrocarbon energetic sphere as fundamental research.
Methods: The first method was carried out by PVD (Physical Vapor deposition) inside
cryogenic vacuum chamber. Ethanol gas was injected inside the chamber and deposited in the form
of thin film on substrate cooled by Gifford-McMahon machine. The second one was carried out by
cooling ethanol from liquid phase using cryogenic capillary system with low-temperature cell
placed inside the diffuse reflect attachment for IR Fourier spectrometer. Then were obtained spectra

of both samples.
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Figure 1 - Spectra of ethanol at 150 K from two experiments
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Results: Main result is shown on the Fig. 1. In the experiment with designed low-temperature
cell, we can observe hypsochromic shift at 150 K relative to the experiment in vacuum. This is due
to the method of obtaining a solid sample, since the vacuum sample is obtained using PVD, and the
atmospheric sample is obtained by cooling the liquid phase ethanol. Presence of ethanol functional
groups characteristic peaks confirms working capability and efficiency of measurement technique
with our cryogenic capillary system and particularly the low-temperature cell.

Conclusion: This work proves the operability of this method and possibility of conducting
further researches of many hydrocarbons thermophysical properties.
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BOCIIOMMHAHMUMA Ob OPHCTE 'EPBEPTOBHUYE BOOC

Pay¢p AnramoBuny MyxameaimmH

A, Payd ApramoBnu MyxamMeamuH, IO OKOHYAHHUIO AaCHUPAHTYPhl MOCKOBCKOTO
rocyIapcTBeHHOro yHuBepcurera umeHn M.B. JlomoHocoBa pabGoTaro 1o Hacrosimee Bpems B
WNucturyre sinepuort ¢usukun PAH. Mom HayuyHble MHTEepechl — (U3UMKA KOCMHYECKHUX JTydeu
CBEPXBBICOKMX DJHEpPrud H  acTpodu3uka, (u3nKa dSJIEMEHTApHBIX YaCTHI, aJPOHHBIC
B3aUMOJICUCTBUS, MOJEIMPOBAHUE SACPHO-IIEKTPOMATHUTHBIX KAacKaJOB C HCIOJIb30BAHUEM
Meto10B MoHnTe-Kapio.

Ha nepBom sTane paboT B MHCTUTYTE SJEPHBIX UCCIEI0OBAaHUI MMEN 3a04HOE 3HAKOMCTBO C
komanjoi O.I'. booc mo Hay4HBIM TpyJaM B 00JacT (PU3MKH KOCMHYECKUX JIydeil ¥ MOJTyYeHHBIX
KaueCTBEHHO-HOBBIX pe3yibpTaToB. lIpu aHains3e B3aMMOIEWCTBHII B KOCMHUYECKHMX Jy4ax, O.I.
booc Obul pa3paboTaH HOBBIM METOJ OLIEHKM 3HEPIMM MEPBUYHOW YACTHUIBl B IPEANOJI0KEHUU
MIOCTOSIHCTBA IONEPEYHbIX HMMITYJIbCOB BTOPUYHBIX 3apsKEHHbIX 4YacThll. C MOMOIIBIO 3TOrO
METOJla YJAJOCh OLIEHWUTh JOJI0 NEPBUYHOM 3HEpruu, MepefaHHyl0 Ha oOpa3oBaHHE ME30HOB.
CrnenyeT OTMETUTb, YTO 3TU M MOCIEAYIOLIUE UCCIECIOBaHM OBLIM BHIMOJHEHBI B paMKaxX HOBOM
(GopMbI OpraHU3alUMy BBIIIOJHEHUS HAYYHBIX PA0OT - OObEIMHEHUS pa3IUYHbIX J1abopaTopuit
€IMHOM KOJIITabopaIuei.

HeoOxomumo Takxke oTMmeTuTh wuccinenoBanus .. Booc B cepum 3KcrepuMeHTOB Ha
MOIIIHOM YCKOPHUTEJIIBHOM KOMILJIEKCE YacTHUL BbICOKMX 3Hepruil B MHcturyre ®dusuku Bricokux
Ounepruii (U®BD) B IIporBrHO, nmog CepnyXxoBoM, KOTOpbIM Obul co3iaH B paMkax COBETCKO-
@paHIy3CKOrO0  COrJAlleHWs] [0  MHUPHOMY  MCIOJIb30BAaHUIO  aTOMHOW  JHEPruu U
MIUPOKOMACIITAOHOMY HW3y4eHUI0 (yHIaMEHTaIbHBIX NPOOIEM B3aUMOACUCTBUS MPOTOHOB U
AHTUIIPOTOHOB BbICOKMX 3Hepruil. Coerckuil Corw3 crnpoektupoBan U mnoctpoun B HMOBO-
[TpoTBHHO caMblil MOIIHBIA B MHMpPE Ha TO BpPEMs YCKOpPHUTENb HMPOTOHHBIX IMydkoB B 70 I1B.
@paHniry3ckas cTOpoHa B HayyHOM IieHTpe Cakie pa3paboTaia ¥ MOCTpOMIa KpyHHEHIIN B MHUpe
TPEKOBBIA TPUOOp IS MCCIIEOBAaHUS B3aUMOJICHCTBUN YACTHI] BBICOKMX IHEPrHil — OOJIBIIYIO
KHJIKOBOJIOPOJIHYIO ITy3BIPHKOBYIO KaMepy “Mupabens” ¢ pabouyuM 00beMOM B IIECTh KYOMUYECKUX
MeTpoB. B pamkax komtabopanuu “Mupabens” D I'. booc ObutH MOMTy4eHBI SKCIEPUMEHTATHHBIC
pesynbrathl B Buae DST (DataStoreTape), rae craTHCTHKa HAKOIUICHHBIX PE3yJIbTATOB U3MEPSIACh
COTHSIMH TBHICSTY B3aMMOJCHCTBHUH.

B pamkax kommabopamuu “ATLAS” Obul BHECEH BKJIaJ B BHAE METAJUIMYECKOM,
rpy3onepeMeniaronien miaT¢opMbl, UCIOIb3YEMON ISl TPOBEACHUS METOINYECKUX MCCIIEA0BAHUN
HJIEMEHTOB JIEKTPOMArHUTHOTO U aapoHHOro kajopumerpoB yctaHoBkM ATJIAC, a Takxke Obuia
omyonukoBana padora Higgs-bosonstudyathighmassattheLHC. // ATLASInternalNotePHY S-No-
068, 26 July 1995.

Berymienne (1994r.) B mMexayHapomHoe coTpyaHudectBo ¢ Hayunbim mentpom DESY
(HeMenKHuil ANIeKTPOHHBIN CHHXPOTPOH, ['amOypr, 'epmanus) MO3BONMIO M3ydaTh BHYTPEHHIONO
CTPYKTYpy HpPOTOHa B TIJIyOOKO HEYNPYIHX OJJIEKTPOH-IPOTOHHBIX B3aUMOJICHCTBUSAX TpU
s¢dextuHOl 3Heprun 300 I'3B B crucTeMe IEHTpa Macc, uTo 3KBHBajeHTHO sHepruu 10%5B B
7abopaToOpHON  CHUCTEME  KOOpAMHAT. 3aHMMasAch MpoljeMaMH  pa3BUTHS  IEPEOBBIX
UH(POPMALIMOHHBIX TEXHOJIOTUN U YUUTHIBas yAAIEHHOCTD 1abopaTopun Beicokux sHepruit ®TU ot
DESY, Opacr I'epbeproBud akTuBHO criocoOcTBoBayl monmydeHuto rpantoB MHTAC u HATO,
pe3yabTaToM KOTOpbIX B 1995 rony Obuta moctpoeHa nepsas B KazaxcraHe JMHHS CITyTHUKOBOU
cesizu Mexay DESY (TamOypr) m @TU (Anmater) yepe3 poccuiickuii cmyTHUK. [log HaydHBIM
pykoBoacTBoM O.I.booca 3amumiens! 13 kaHAUIATCKUX U 3 JTOKTOPCKUE JUCCEPTALUH. Y UEHUKU
OpHcTta ['epbepToBrYa yCHEMIHO TPYIATCS B MHCTUTYTaX U YHUBepcUTeTax PecnmyOnukmu.

ABTop 6ostee 460 Hay4HBIX TPYJOB, B TOM UucIie 3 MOHOTpaduH.

O.I'. booc mpekpacHO 3HAN AHTIWHUCKHUIN, HEMEIKMA W OCOOCHHO Ka3aXCKHH S3BIK, YTO
BBI3bIBAJIO HETIPEPEKAEMOE YBaKEHUE.
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