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INVESTIGATION OF THE MICROSTRUCTURE AND PHASE COMPOSITION OF THE FUSED BOARD
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JtGlSlSJdZH'. vOdzH Oz TESCAN VEGA 4 MCOdz tedzj ' 1 dzj ClstesdzgH’ BJCtets
Md3j 434 dz xTQs@lS(Ddz(ﬂztaHf. BOMsO MOHjjE ftesydm' Litllsjdi' @ §zO0fmisd
OfanOdzCIOdzdzOdz Ci2"dzg, BIbOd&zdz t6" dzH' dzjt6' U0t Isj B jtcOskzteOd 3
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Abstract.This study investigates the microstructure and phase composition of a fused SIM card board. Analysis was conducted using
a TESCAN VEGA 4 scanning el ec traydiffractometer. bhe ccoydiry paaess of SiM caxds Rasr t P |
examined: after removing the plastic base and microchips, the metal shavings underwésrnipigitature treatment, leading to melting
and alloy formation. Elemental mapping using EDS revealed thasah®le predominantly contains copper, with the presence of
palladium indicating rareearth elements. The obtained data may be useful for the developmentresisant electronic components.
Keywords:SIM card, plate, phase composition, scanning electron microscopy, etisggysive spectroscopy
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Abstract. The paper discusses tlieeoretical aspects of the formation of hightropy alloys (HEAS) in modern
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thermodynamic parameters influencing the formation of solgtisos and amorphous phases, including mixing entropy,
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plays a crucial role in stabilizing simple solid solutions. The possibilitiggexdicting the phase states of HEAs and their
physicochemical properties are discussed.
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EXPERIMENTAL CONFIRMATION OF THE EFFECT OF WAVE PACKETS IN A SOLID BARRIER DURING A HIGH

SPEED IMPACT

dOHOLI @2 OZOHO BBA&OIS "OtH"' 6 & M bOMYOMr &id &' §zomisddonr d
dzplsdy j dzjte' ISOdzHOdzOHT . MDDtz 8" P EmMidjtec dw HdMY jtemMdw i dz IsO
Br M § zOMisd dzOMr dzf 6 B O2 dZOdg" ) ddelsjteW j 2" dz2' 6 MOdzgHT™ 3 BsH Jjdz' 3Sute’ ©
Mdzh j dzopalzH '3t 3¢ " dzv " CIsjte' € Mtefp Is' dze j dz

O dzr dzdOdz 1+ €S MY J tod d3j A RS " HAGHIEPIET Iz 6 i B ¥ dzf MIsOter dg" 6 Y 060 WdL &«
cOMISO2HT , BUdHO &BjLBMEOdz HOYT HiWBtedzOydWw sOMmr 3O dzH OEh ' dZOter
sOB " dzOH T .

vt 2 dz MR j M3 0k dz, Mts33r btsdzer d' , YOt " ZHOBH™ 3T Mts3S

¢ dzdets s Oy dfyls Ols+ | OdzOdzdL ez jIsfmw L kzd IsOIsT or MEMEstesMisdese s Lk H
d d&3j Hdzts?2 § dzOfmlsdder . 1 tedojHjdgr Mdzdd3¢d wOmMbteseasets @BStesMSEtsyf O d
BsHj dz2 EZyomke OsCsdB@GH j 2 Misadw " OO d BjHds?2 §dOomsdd d § ¢ 0L
tOL i3j tsts® HdzW BOIj Oy MEsets OdzOdzdL O.

I sdzzyj dede” § €M jteddzd dz2lsOdz! dzr § HOdzdz § U sdzdesmls ¢ -offistsledissen jr 6y HY @ vddy
GHy dchdy tBdydd dO &BiLcBEWEPR iswddhdigmy saadBor j § OCjliIsr .

sdzt Yy 9" jdsfnizts,o Of toj 6B BuzEzs o lisy Otsdgts H § 2 Miso d J , OpdMMEEW.ME StesMisdes? 2+

Abstract.The article analyzes the results of a higdlocity impact of a steel balbainst obstacles made of copper tape and a copper
plate.. Scanning microscope images and energy dispersion analysis data are presented. A digital model of the arentd icmi@act
between a ball and a copper plate is constructed and the possghditbbtaining all the necessary dimensions for mathematical analysis
are shown.

The experimental data obtained fully confirm the new physical picture of shock wave phenomena, where interacting wave packets
are the carriers of deformation on the mesoscale

Keywords:copper, barrier, shock wave effect, higbeed impact, ablation.
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[3] ESOLT" 90, vyt fted or MsCdms HOOdzj ddwWwas dOB A& HOJ Is
BOIjtcdOdzse ftod dested3dOdz! dzf » EMmdzsedwr ~"ddBdyi MSdr Wwodz
Olsdider = Moes2MmMlse YtoLotdwjlk ftojHBNBERSL K JfHed detiC O ks
L d3j dzj dzdetsj] ftso jHjdzdj RBAzsedn L dzj d3j dzlstse  SH H Qo dzj dzd
HOYJ © MmMdzeyoOj vydmlsr 2 d&j sOdzdzte tj OCydqw d@GOIlsj tcd OdzO
dL Eyd &0, tsMmtsejdadzets ro. f jtejmatsHAZ 7 6] ) d BO

bolststcOdizd [ 5] detHfotdjvH disdjLi fla®j MC O s zts s 220 v & 2P tzded , G H
HWBted3Oydd dz0 iZj L sdBOMNIsOBj] wodzwes Isfqpw oL O disH j 2 Mlse iz

KJdz s OB sIsT weodzw jIsfpw 1 CMY j tod d3gj dzls Odz! dats § f sHIso j
ftoj O d3j H, Mtsf tow y j dedes?2 M dL d3j dgj ded j &3 d fmnm sSHdz" -
3OIs j tod O dzO.
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hmixer GeomagidControlsiX d Blender
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0O fsMmistets dzddPH jydddi tttodip. 2) o dHdzts, ylsts Hd O3] Istc H dal
Bsy dls Bris! Bl widzj dets CsdzlsOCIsdz" &3 9L OddstsH § 2 Mise d J
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{ Mk dzsCh Y tso OW BiSH | dz H § Bl Ok &Zs@BO o d OS2  § dC
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@O feddjtj ttjLddr fod BOdEZIMsdU)jMScd HOL]. ¢olsEis
MisOondwn ftotsded S detso jdzdv, O bOCQH fFdEOGjdQq. g QUdes s tak]
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ter f d&zOo dzj dedw ( pd3. tdfm. 2. 3) .

Nomn



1
/// \\\
/ Py \
| | |
5.\ - / 2
) Z ’D
= hk
¢ W/ 4
=7 el
4 W
~ | 3 -
e -—Z‘_‘___-
t dmMkzdetsCu "3] BO HJWBStedOydd od Hdes2 § dzOfmisfipz i oteogoff jieOigds, d G268 O
JICcdzmMstsBtcOL dz 2 of Mskf §f 87 § 6gey fzr NBfiflcPd @by ¢z 4 Csdzyld ki
] L CMmY j tod d3j dzls On ! d3j H dz" d3d f zOMmiIsd dzts 2 d dzj dzls ts 2
LOWdSMdtetse Odzts SBEOL 5o Odzdy yYddz€ ©, Ctlstster 2 L zOyOdz
edfm. 4) . wdzj Bk dOEEUddsyd SO0 YdSmdlk jBipYy lsasH §dgls ' dzd
BOC d BOdz! dz' = dzOf tewW 3 § ded 2 .

100p m Elect ron Image 1

tcffr]lzdztscutsnugq 4dz4tsG1Squr]thefr]cftsdzdztscts OOdzdL O f ¢

1itBAatHd®BS fsHYjteSdizls: , ol d o 9 OEmzazOtc sy judzSo (4 dd
dzj By jls B Is! tsBi Widsj dats fzz YO dets?2 ftsetejh desflss s . 1
Ctsdayj delsteOydw CdmdzstetsH O.

OB &Y L Edr Ok’ BISCtsOROE{L O EyOmlss o d&o

sch dtsH j tey Odad j = didsidjulfjiRlas, %

L d3j tod dz o) Al Fe Cu Zn
a4 jCh 0.68 1.73 2.12 95.48 0

e jCb 5.22 1.57 2.38 88.32 251

e jCb 12.28 1.72 1.43 81.99 2.16

e jCb 5.04 3.19 1.00 86.03 1.71

fstesh €O,
tcOMmisba€ic j v COL T 9 Oj Isfw,

dadzjHEjIs Blsdjlsdls! ,
1 CMstcOcdietse OdzdetsG s (L

ysts sOh jdeSts [ .1

BJ Hdzr 7

ftedojdz §to
L dzj CSIstetsHts®
usts feshpbdRj bOEE Sk Ml das




20

"HiOdBd K®O,jtedOdkO | djSlstesHtse, ftod {lstsd o MAEzyOj L C
BOt! jto® MdedBOjIsmw Htod bkuyjlkj MmMkh jinse)sGudupze "Zn+€ o OL d
[ Odedzr 2 tojLEzdz 5Ol MoadHjlIsjdz Miseakzjls o fdz Lz Mkh jMmise
ftoslstsdze ftodBdzdL dls! Mv dz20 tc REMIOE LRI WE. f mtctwH ¢ @ - S OIO]
J fMotss tyjtejH', o MkOl! | @GUOjzttcj z6GGcbBRY C bt
or Mol st dzj tecjIsdyud ME OV -HE BEUEPHSs PO OL dzj fF B StedR3d sz
Cddzj BOIdyj MS ks otdzdzz L OtV HBSe 52 T4 it ted@ydey 2 § fztzB dzty
tcOL elzh O] Isdz0 M ¢ IsADrZgOdREMHalzr © MistczC Isktolz B3O § tod OdzO.
lfsdzdzj BYyd odHdets, vyl tOBtlsr [ 5, 10] MLekydy d dzO
ftcd or MM stesMisdesdd EHOdzsd3 oatsLHj2AMlsoadd ftsH HJ2M
1 OC dz¢ ytagdojj. HJ dz EBJHdIs] dz dzr § 1t fYgded d3flsids Ouxdas dizlzty © "H,
EHOtcdzs otdzdzsotsds otsLHj2Mlsedd ftwdesuwls € dL g dzj dzd
sSBicOLtsoaOdad® detso'™ 7 "nddddy MSdr 1 dzj d3j delstse . 1 tsdzlz yj dadz
dso ts?2 Ctsdeyj fousfezs e H Dtodgt® dzj tlzff2 , H HY B BOGY © W tsdats da
odzdzsor 7 fOCjilstse dzO BBy L sdBBOMN IsOB J .

s IS ddlkj cokkztr

=

JoJdteydd emAdrdmisiv.C 59, AlrMe¢esM stesMisdes? EH Ot MlsOdz dz = Yo

B4 HAOFL/dE O @ stej dzd w50:4d (201eh). 11407 4D Combustion, Explosion and Shock Waves, 50:4

(2014), 498i 500

2. Dong, Xiao & Oganov, Artem & Cui, Haixu & Zhou, Xiang-Feng & Wang, Hui-Tian. (2022). Electronegativity and
chemical hardness of elements under pressure. Proceedings of the National Academy of Sciences of the United States
of America. 119. e2117416119. 10.1073/pnas.2117416119.

3. Mayer, A.E.; Lekanov, M.V.; Grachyova, N.A.; Fomin, E.V. Machine-Learning-Based Model of Elasticd Plastic
Deformation of Copper for Application to Shock Wave Problem. Metals 2022, 12, 402.
https://doi.org/10.3390/met12030402

4. Simpson G, Moreno J, Shaeffer M, Ramesh KT. First contact: Fine structure of the impact flash and ejecta during
hypervelocity impact. PNAS Nexus. 2023 Jul 11;2(7):pgad214. doi: 10.1093/pnasnexus/pgad214. PMID: 37441613;

PMCID: PMC10335349

5, mOdzglskzdzj 8@ wv. ¢. , [ihjwCtsea 5. R., stdzso Odzse 4 . 1. d Hte. 71 Jc
HiWtstedddtelz ] &3sD sdpdeg eH@QW S sdeyd f ydw B L tskztetseo dav/ / AdL dyud s ovw
https://doi 10.55652/1683-805X_2024_27_6_55-75

6. Anisimov A.G., Ahmed Soliman M.E. Simulation of the Impact of a Steel Ball on an Aluminum Plate D16 and
Comparison with the Experiment Journal of Machinery Manufacture and Reli abi | it y. 2024i72. V. 53.
DOI: 10.1134/S1052618824010035

7. Kaida, Dai & Liu, Han & Chen, Pengwan & Guo, Baogiao & Xiang, Dalin & Rong, Jili. (2019). Dynamic Response of

Copper Plates Subjected to Underwater Impulsive Loading. Applied Sciences. 9. 1927. 10.3390/app9091927

8. Zochowski, Pawel & Cegl a, Marcin & SzczurowskKki, Krzysztof
Ewa & Grygoruk, Roman & Magier, Mariusz & Pyka, Dariusz & Bocian, Miroslaw & Jamroziak, Krzysztof & Gieleta,
Roman & Prasuga, Piotr. (2023) . Experi ment al and numeri ca

projectile and hyperelastic target material during ballistic impact. Continuum Mechanics and Thermodynamics. 35.
10.1007/s00161-023-01210-2

9. Kashchenko, V.F. Balakirev, N.M. Kashchenko, M.B. Smirnov , Y.L. Chepelev, V.V. llyushin, N.V. Nikolaeva, V.G.
Pushin. The concept of quasineutrons and the synthesis of zinc from the extraction of a part of the material of copper
electrodes during electric current discharges in an aqueous solution of NaCl. Lett. Mater., 2020, 10(4) 486-490

https://doi.org/10.22226/2410-3535-2020-4-486-490

0. f . 6. rkSwoafMSCd2 jLdsmeS, 3. JOduddSnikk .uvjstjsdujmncdj sfhd
Wit Ckdrndsets d@fkzd Mdscts ddhicDS KOSdsd otz § t6 jupj tet@sigjtsdad 2 dzCugs
AzdzH Odsj dzls Ocz' dzr j ftetse dzj df Ttse toj dsg00Aatse s -TaPOAm). to BB 0 | H j dad W .


https://sciact.hydro.nsc.ru/public/article/2304
https://sciact.hydro.nsc.ru/public/article/2304
https://doi.org/10.1134/S1052618824010035
https://doi.org/10.22226/2410-3535-2020-4-486-490

21

ft1vrR 53.39.03
[ . tf.25 Od3Yshr. Qudz v to 2z dge .Gz dzj IsT: O dzts ©
]l sMls s PRtO-MisOdMS sets Isj ndzd ud MC S6 5 B dzd)ds Qudffyjddsty cls=tis fiffSdz 4 dadO L Q ~d

1 E-mail: muhamethan.m@edu.ektu.kz
2 E-mail: urkunbay@gmail.com
3 E-mail: EDauletkhanov@ektu.kz

GRUGL SOTIRTwWUWAI LU L W) W rREWsHUGs VL sfudf DULEL dusw) | wg
fovrtrOJrotranvEgl $ovof ot iR taufwagy ¢y wt [ U L3d3f r 3nop) ¢ 39 r o1 ¢B31
1rtuuguv

tor1t o1 fused R ¥ RC rri

Guotosemgndd 1L slevlcdurcA ot 3m fTovrtrRG
RU

r
devdlo vov It bpedRr o vrRuGLIR L UL P 1 [t R B Wil B IrILR.IrldaIt.Izs.IJ.IB
fruve/Jut4RR

DEVELOPMENT AND STUDY OF THE STRUCTURAL -PHASE STATE OF PERMEABLE MATERIALS BASED ON TITANIUM
CARBIDE NANOPOWDERS WITH A GRADIENT POROUS STRUCTURE USING POWDER METALLURGY METHODS
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Abstract The modern development of materials with unique structural characteristics represents one of the most significant
challenges in science and engineering. Particularly relevant is the study of gradients materials, which combine key properties
such as rachanical strength, thermal stability, and high permeability. This is especially important for applications in aggressive
environments. One promising direction is the use of titanium carbide (TiC) nanopowders, which are known for their higis,hardne
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oxidda i on resistance, and stability at temperatures u-grained 10 0 (
structure, which in turn enhances the mechanical properties and durability of the material. The formation of a gradisrstpatme,
where porosity varies from layer to layer, allows for a more efficient distribution of mechanical loadsploaegayers improve strength
and permeability, while smafiore layers provide effective filtration of fine particles. An additional adynia the reduction of
hydrodynamic resistance, which improves the transport of liquids and gases through the material. Powder metallurgy reethods ar
actively used to create such materials. In the initial stage, TiC powders are mixed with porogens dogfesesuch as ammonium
carbonate, iron, or nickel. This process takes place in a planetary ball mill, where the components are evenly distebhiedeta
porosity of 3050%. The mixture is then consolidated using the spark plasma sintering (SR&) atea temperature of approximately
1300AC, with a holding time 0ifl55 RICAmi @s Lohta ohéamigng i matee i
current, and pulse frequency ensures stable interparticle bonds and an optimr@dtmicture of the material. A comprehensive set of
analysis methods, including scanning electron microscopy (SEM) with edispgrsive spectroscopy (EDS) aneay diffraction
(XRD), allows for a detailed study of morphology, phase composition, anddgtribution, contributing to the improvement of
technological processes.

Keywords:Powder metallurgy, titanium carbide, mixing, porogen, space holder, planetary ball mill, spark plasma sintering (SPS).
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DEVELOPMENT OF SHAPE MEMORY ALLOYS USING HIGH ENERGY MILLING OF NiTiCu BASED POWDERS
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Abstract: The paper presents the results of studies on the development of alloys with shape memory effect (SME) based on the NiTiCt
system using the higgmergy powder milling method. The aim of the stidyoiobtain microstructured materials with improved
functional properties, such as high temperature stability, low phase transition hysteresis and increased cyclic dunelfiigjzehergy
milling method allows achieving a uniform distribution of comgida and the formation of a miesized structure, which contributes
to the optimization of phase transformations and improvement of the mechanical properties of the alloys. The infludimge of mil
parameters, such as processing time and impact energgheomicrostructure, phase composition and functional properties of the
obtained materials were studied. The results demonstrate the promise of ustiegéiigi milling to create NiTiCu alloys with improved
performance characteristics, which opens up pessibilities for their application.

Keywords Shape memory effect, powder metallurgy, mechanosynthesis, titanium nickelide, copper, intermetallic compounds
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EVALUTION OF THE RESISTANCE OF A WELDED JOINT OF DISSIMILAR STAIN LESS STEELS 12Cr18Nil10Ti AND AISI 316

TO INTERGRANULAR CORROSION

[JAr1s¢d wu[Bs[edUuRrR wld

‘_H_‘_.—r
o
—— v

06HO @ yud MisO 12m18110uv Npdaj AISI 316 &BOwLSOd pt
Hpdzj S jtodzj dec j dz 8" dzr M dz¥ 6 kT2 t6h ' COLOd 8 CtesL W IO Is|
Ok Ml fWddste g Is 3uter dzr o' &z 30d flsOMmIsT ek +h ' &z ER316L ROwS
CCMyjteddjdidsls' € IstteHj dsjlOdzdz Is' ¢' f' dzBj 7'0 04 tcjeqjsdz' ¥ OO @
vt2 th ' COLOd 8 CHEEELIYAO ISML' d&H' & cOlf’ #zO8 is G Ot 6d34zk B
Bid bjdvd 8 pHibcdbBO6 dwetizi dZO B 02 O Mis' CesL dW d¢
CMigfjlsls' . ¢d&zO2HO, AISI 316 BB®&OI'T 04r dHOdr BOd&akz 02
COttBdHIjtc' dz 6GdbMist ZP? &) dB OBwBSL Vv dzr 8 L 03" &3H Odzk ZOte Odz 3
12" dz fMyMeLlsily @dze O2 ST dz BSOSO, Hpdaj Cjtodzj dedj dz 3Mmr dr ), I

Ok fls Hidgdste  sls ' ¢ 3uter dzr ds.

O dedesls O M.Odedzts? OB Yo jnjdts dMfdjHse Oddj Mss2Csmlsd ¢
s HdiPddstesH dr & dzjtey 0o j ¢ " ASI3MEEO dzjy 2izv 1l A sleadlictse Ofizd W -4 § &5 ke F ¥ @ais Gzis 2
MstezClskter d3jlsOdk&ZO hoO dM{ists & ERIDEZON'C C HE( 30 hE gizOtz dis G tej H j
Wijtttedlsdzs?2 WOLT o BjlsOddj -8R MFfekls@dze WhntssdsOfo & sz ¥ 5€8OL Ocdzd , vyl
sjtedsd yj MStsets oadzdwdedw (1uvl) M Msttsdy MisOdd d2mdz®Fg A0 Ot
ROz idisteted IsO. [ HdzZOCts5 o L Sdaj MASHRAe6dz jtsdadirO tdipts] jfifls s @ de O yfr) gy d
fsoteiyHjddY, GBRfdzcodzj dzdz" | B OL 9 Odzdj 3 S OB dJHBO R tetsd3O

Sdzé uj or g Mezs@®f ¢ dj MisOdzd, Mo Owdetsy MisjHddzj dedd, dBjx ¢ edlsOdzdzd
WitttdlsdzOv MbikzSbiZzkOo.

Abstract. This study investigates the resistance to intergranular corrosion of a welded joint between dissimilar stainless
steels 12Cr18NilDhi and AISI 316. To form a duphase austenitiferritic structure in the weld metal, ER316L filler wire
was used. The ferrite phase content in the weld metal was experimentally determined té :h&@& 8ntergranular
corrosion tests showed that theldvenetal and heaaffected zone on the 12Cr18Nil0Ti steel side exhibited high corrosion
resi stance du e -ferite. Hoveeer, signiicane anrcosion dadmageé was detected in the fusion zone on the
AISI 316 steel side, caused by the formatibahwomium carbides along the grain boundaries.

Keywords:Stainless steels, welded joint, intergranular corrosion, ferrite phase, austfarititic structure.
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Abstract.In this study, intermetallic compounds based on thAINii system with various compent ratios were synthesized using
the mechanosynthesis method. The obtained materials were analyzed-tejndjfiaction, scanning electron microscopy (SEM), and
particle analysis to investigate their structure, morphology, and particle size. Spterian was given to studying the influence of
different Ni, Al, and Ti component ratios on the formation of intermetallic phases and their microstructural featuresulihshewed
that mechanosynthesis enables the production of complex intermetatiunds with a nanostructured architecture, and revealed the
patterns of solid solution formation and phase transformations depending on the system composition.
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Abstract Thi' s study presents the results of research on electr
comparative analysis of the phasedastructural changes occurring with the use of different electrolyte compositions was conducted.
Spectral analysis confirmed the active saturation of the sample surfaces with nitrogen and carborrashpbase analysis revealed
the formation of iron nifide and carbide phases, as well as oxide compounds. It was noted that the addition of glycerin to the electrolyte
composition enhances the formation of hard phases and increases wear resistance. The results indicate the high efecizalyyiof
plasma nitrocarburizing for improving the operational characteristics of steel.

Keywords:electrolytic plasma nitrocarburizing, structural steel, phase transformations, spectral analyaigpKase analysis.
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PHASE AND STRUCTURAL TRANSFORMATIONS IN METALS AND ALLOYS, MODIFICATION OF THE PHYSICAL AND

MECHANICAL PROPERTIES OF METALS AND ALLOYS

Abstract The main types of phase transformations, their causes, the effect of structural changes on mechanical properties, and the
role of temperature and pressure are analyzed. In addition, the modification of the physical and mechanical propert¢s aridnet
alloys, research results, and practical application possibilities are discussed.
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EFFECT OF DURATION OF HIGH -ENERGY MECHANICAL ALLOYING ON STRUCTURE AND PHASE COMPOSITION OF

HIGH -ENTROPY ALLOYS

Abstract. This study investigates the effect of mechanical synthesis duration on the productiorenitttigi alloys (HEAS) using
the mechanical alloying method. The experitaemere conducted with a powder mixture ofC8ICr-Fe-Ni subjected to higlenergy
mechanical alloying (HEMA) for 15, 30, 45, 60, and 120 minutes. The morphology and elemental composition of the powders were
examined using scanning electron microscopy (BBNM energydispersive spectroscopy (EDS). The studies revealed a uniform
distribution of elements without signs of macrosegregation both before and after mechanical alloying. XRD analysisowsdithah
the content of phases with a BCC crystal ¢attjradually decreased, while the fraction of FCC phases increased with milling time. The
findings also demonstrated that with an increase in synthesis duration, metallic phases evolved into more stable ahasdsred
such as B2 and Laves phases.

Keywords:high-entropy alloys, mechanical alloying, higimergy ball mill, phase and elemental analysis, particle size distribution.

Introduction. The history of higkentropy alloys (HEAS) is generally considered to have begun in 2004 when
Cantor synthaged these alloys. These alloys differ from conventional multicomponent alloys in that they
consist of several principal elements in equimolar or-egaimolar ratios, resulting in high configurational
entropy, which facilitates the stabilization of sadidlutions [1]. This type of alloy represents a new class of
metallic materials. They contain at least five principal elements, each with a concentration ranging from 5 to 35
atomic percent [:3]. Due to the higlentropy effect, their structure often forsimple solid solutions with either
a facecentered cubic (FCC) or bodentered cubic (BCC) crystal lattice. Currently, HEA research is attracting
significant attention in the field of metallic materials, and numerous new HEAs with exceptional properies
been developed {8]. These alloys are promising for industrial applications as-pégformance structural
materials and can be utilized in the aerospace industry, marine equipment, energy transportation, and other field
[6-7].

One of the most extsively studied HEAs is the CoCriWiased alloy, which typically exhibits a singibase
FCC structure [8.0]. However, the properties of such alloys are limited, significantly reducing their potential
for practical applications. To address this issue, relees are exploring the addition of various elements based
on 3d transition metals, which exhibit good ductility and high waakdening rates [215]. This enables the
formation of multtcomponent HEAs with multiple phases. These phases play a keyroprioving HEA
characteristics, making their study a relevant topic in materials science.

HEAs can be synthesized using the same methods as conventional alloys, including casting, rapid
solidification, mechanical alloying (MA), and thfilm deposition [B-17]. Each method has its advantages and
disadvantages. Among these, mechanical alloying is distinguished by its ability to form a stable microstructure
with a homogeneous chemical composition. Enhancing the homogeneity of solid solutionst@mpenadtre
processing conditions is a primary advantage of MA over casting, especially for HEAs with significant
differences in the melting temperatures of their constituent elements. Furthermore, mechanical alloying
promotes the formation of a nanocrystallineisture, thereby enhancing the mechanical properties of these
alloys.

Mechanical alloying (MA) is a widely used method for refining and alloying metallic powders, based on
intense plastic deformation and ldemperature synthesis of metallic compounds. Réeparameters of the
MA process include the balb-powder weight ratio, rotation speed, milling duration, and temperature
conditions, which significantly influence the final material structure. At high temperatures, recovery and
recrystallization procees facilitate the formation of stable phases, such as intermetallic compounds. In contrast,
low-temperature conditions lead to the formation of amorphous or nanocrystalline phases, where defect recovery
is limited [18].

One of the primary advantages ofahanical alloying is its ability to form stable microstructures with a high
degree of homogeneity in the powder state, which can later be consolidated into esimajples products [19
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20]. Solidstate reactions occurring during MA are particularly seresitiv defects created by mechanical
processing. However, the mechanical alloying process for multicomponent powders often takes considerable
time (over 60 hours), which limits its applicability for rapid phase transformation analys22]21

Despite activeresearch, many aspects of phase composition formation and microstructure evolution in
multicomponent systems remain insufficiently understood. In particular, the effect of short milling durations
(ranging from minutes to hours) on phase formation andostiercture has not been thoroughly investigated.
These time intervals are crucial for optimizing synthesis processes as they help identify critical parameters
influencing phase transformations and structural changes in the material. Previous studese[2Bptvn that
during MA of multicomponent metallic powders, a singlease thermodynamically stable substitutional solid
solution with a predominantly FCC or BCC structure can form. However, the mechanisms behind the formation
of such structures and thefluence of mechanical synthesis parameters on phase transformations in
multicomponent systems remain subjects of debate.

The objective of this study is to investigate the stages of phase composition and microstructure formation in
the AICoCrFeNi powder stem depending on milling time (from 15 to 120 minutes) using HEMA at
temperatures ranging from 23AC to 33AC. The resulf
on phase state formation mechanisms and the microstructure of multicempowders.

Materials and methods of researdrhe powder material with an equimolar composition of Al, Co, Cr, Fe,
and Ni powders was prepared using the mechanical alloying (MA) method. Mechanical alloying was carried out
in a highenergy ball millEmax (Retsch, Germany), using stainless steel grinding jars and balls. The alloying
process was conducted for durations ranging from
The starting materials consisted of metallic powders withraipg y of 99. 7% and parti cl
in equimolar proportions.

The mechanical alloying conditions included accelerating the milling balls to 1500 rpm with@ @ der
mass ratio of 10:1. Prior to alloying, the powders werengised ata jar rotation speed of 300 rpm for 15
minutes to ensure uniformity of the mixture.

Phase analysis of the synthesized powders was pé¢
radiation. The microstructure and elemental composition of the syrgkdegowders were examined using a
Tescan Vega scanning electron microscope (SEM) equipped with an -elisggysive spectroscopy (EDS)
system. The patrticle size distribution of the powders before and after mechanical alloying was analyzed using a
Winner 25 A Laser Particle Size Analyzer.

Results and discussiofhe equiatomic AICo-Cr-Fe-Ni powders synthesized by the mechanical alloying
(MA) method were milled at 1500 rpm for various time intervaldl @0 minutes). The initial powder particles
wereinthd orm of granules with sizes upCdaCoFellipowdenand T h e
the powders after higanergy mechanical alloying (HEMA) are presented in Figure 1. Repeated cycles of
fracturing and colevelding during milling in a higkenegy ball mill led to the gradual refinement of powder
composites into smaller particles. This process, in turn, is expected to accelerate the interdiffusion of metallic
elements and facilitate the alloying process between different components of the imixtale.

If the powders had a perfectly spherical shape, their size could be determined by measuring the particle
diameter using direct measurement techniques such as scanning electron microscopy (SEM). However, in
practice, mechanically alloyed powdersetg exhibit a perfect spherical form. At early milling stages, and
sometimes even at later stages, particles acquire a flaky morphology. During the initial milling stages (Figure
1a), distinct unconsolidated powder particles are observed. As mechagalgabrogresses, particles begin
to consolidate, adopting a characteristic flaky morphology (Figuife 1b

For irregularly shaped particles, the equivalent spherical diameter can be determined based on volume
measurements, surface area, projected aresewing methods. In this study, a Winner 2005 A Laser Particle
Size Analyzer was used to analyze the particle size distribution before and after HEMA. Measurements were
taken every 15 minutes, enabling reale monitoring of particle size evolution. Bhmethod also allows for
the calculation of the weight percentage of each particle fraction, which was used to construct histograms of the
particle size distribution. The results of the granulometric analysis confirmed the data obtained through electron
microscopy.

Figure 1 shows the sequential evolution of particle sizes during HEMA. Initially, the average particle size
was 23.865 Om. After 15 minutes of HEMA, an incre
the average size reaching 26.8 O m. By the 30th minute, the avera
exceeding the initial size by a factor of 3.5. However, at 45 minutes, the average particle size decreased to 32.29
Om. By 60 minutes, the avee&a ayne, swhziel & nactr ela2sOe dmisnl uit
was recorded, with the average particle size reac
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The particle size distribution after HEMA exhibited features ofrlogmal (or Gaussian) distribution,
forming a bellshaped curve wheasiotted on a logarithmic scale. This distribution reflects the complex processes
of particle fracturing and agglomeration occurring during mechanical alloying.

The results of the granulometric analysis revealed that in the early stages of HEMA, mechanical
fragmentation of particles occurs due to the impact of milling balls, accompanied by cold welding due to their
high plasticity. This process leads to the formation of larger agglomerates. In the later milling stages, due to
plastic deformation and work héening, the hardness of the particles increases, promoting their refinement to
more uniform sizes. Repeated cycles of fracturing andwelding result in the formation of equiaxed particles,
facilitating atomic diffusion and accelerating the synthesjsogfder components.
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Figure 1. Morphology and granulometric composition of the powders: (a) mixed powder, (b) after 15 minutes of
HEMA,
(c) 30 minutes, (d) 45 minutes, @) minutes, and (f) 120 minutes

The chemical composition of the powdmfore and after highnergy mechanical activation (HEMA) was
analyzed using energlispersive Xray spectroscopy (EDS), employing elemental mapping. The results of the
EDS mapping of AICoCrFeNi powders after HEMA demonstrated a uniform elemental distriladth no
signs of macrosegregation (see Figure 2 and Table 1). This indicates a high degree of compositional
homogeneity and a successful reaction between the initial powders, leading to the formation of BCC and FCC
phases during the mechanical alloyprgcess.

The formation mechanism of such structures can be explained by intense plastic deformation, particle
fracturing, and their subsequent cold welding during HEMA. These phenomena promote accelerated atomic
diffusion, which in turn leads to the foriian of a multicomponent solid solution. The high degree of elemental
distribution homogeneity confirms the effectiveness of the mechanical alloying method in creating uniform
multicomponent systems.
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Figure 2. SEM image combined with EDS mapping of AICoCrFeNi

Table 1.Nominal chemical composition of individual phases of powders

Processi Elements
ngregime

Al Co Cr Fe Ni

ime/ | peed
min rpm t.% t.% t.% t.% t.% t.% t.% t.% t.% t.%

5 500 2.84 5.51 1.37 6.01 4.15 5.19 9.23 2.18 7.42 1.11
0 500 0.09 0.74 0.09 3.46 0.11 0.73 0.07 2.22 9.64 2.85
5 500 2.26 .28 4.53 7.44 3.91 3.60 0.57 1.80 8.74 0.88
0 500 0.12 0.76 0.80 4.29 0.20 4.29 9.60 1.69 9.29 2.44

20 500 7.63 .29 0.94 4.09 0.21 0.52 0.50 2.35 0.73 3.76

Structural analysis was conducted usingaX diffraction (XRD), and the results are presented in Figure 3.
The diffraction peaks of the initial (mixed) powder primaigigrrespond to the pure elements present in the
mixture.

At the early stages of mechanical alloying (MA) using keglergy mechanical activation (HEMA), a
significant decrease in the intensity of diffraction peaks was observed. This indicates the irofidtien
disruption of the original crystalline structures and the formation of a solid solution.
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After 15 minutes of milling, the diffraction peaks corresponding to Al and Co completely disappeared,
signifying a high degree of interaction and dissolutibthese elements during alloying. This phenomenon can
be attributed to the high diffusivity of Al and Co, which actively interact with other elements, facilitating the
formation of BCC and FCC crystalline phases.
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Figure 3. Results of Xray diffraction aalysis of AICoCrFeNi alloy powders

X-ray diffraction (XRD) analysis of ACo-Cr-Fe-Ni samples, performed before and after HEMA at various milling
durations, revealed key phase transformations occurring during the mechanical synthesis process.

Across allsamples, starting from 15 minutes to 120 minutes of milling, the FCC phase was consistently detected,
indicating its stability throughout the synthesis process. At early milling stage3)biinutes), the FCC diffraction peaks
corresponding to the (111R00), and (220) planes were highly intense, suggesting a high degree of crystallinity. However,
with increased milling time, the intensity of these peaks gradually decreased. This decline can be attributed to partial
degradation of the crystalline strustwinder prolonged plastic deformation and material redistribution into other phases.

The formation of the BCC phase was observed at later synthesis stages. The first indications of BCC phase emergenc:
were detected betweeniZ® minutes, confirmed by theppearance of characteristic peaks such as (110) and (200). By
120 minutes, the intensity of these peaks significantly increased, indicating further development of the BCC phase. The
increased fraction of the BCC structure is likely associated with thaitican of material from the FCC phase into the more
thermodynamically stable BCC phase under prolonged mechanical alloying.

At early synthesis stages {13 minutes), the HCP phase was detected, as evidenced by diffraction peaks corresponding
to the (100)and (002) planes. However, with increasing milling time, the fraction of the HCP phase gradually decreased.
This phenomenon is attributed to atomic redistribution and the transformation of the HCP structure into more stable FCC
or BCC phases. By 6020 mnutes, the HCP peaks became weakly expressed, indicating a significant reduction in its
fraction.

At later mechanical synthesis stages (420 minutes), an increase in the fraction of intermetallic compounds and oxides
was observed. Diffraction peaks capending to intermetallics (such as NiAl) and oxides (such B3pAbecame evident.

This could be attributed to chemical reactions between the powder mixture components during alloying, as well as
interactions with oxygen that occur under standard atnawgpbonditions.

The XRD results demonstrate that prolonged milling leads to the progressive formation and strengthening of FCC, BCC,
and HCP structures. At early synthesis stages, individual metallic phases dominate, which gradually transform into more
stable and ordered phases, such as B2 or Laves phases, with continued processing. This confirms the complex nature ¢
phase transformations and highlights the formation of multicomponent solid solutions and phase regions during mechanical
alloying.

ConclusimsThis study analyzed the effect of mechanical alloying time on the phase composition and
microstructure of the AICoCrFeNi system, synthesized via-biggrgy mechanical alloying (HEMA) at 23
33AC. The Al CoCr FeNi syst e mstwrergthandhaodsessnwithi HEMA énabkng h i ¢
rapid synthesis at room temperature. Key findings:

- Patrticle size increased due to agglomerati®®@min), then decreased (120 min) due to fracturing.

- Uniform elemental distribution was confirmed by EDS, withhmacrosegregation.
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- FCC phase was dominant at early stages3Q5nin), while BCC phase developed at later stages (45
120 min).

- HCP phase formed initially but diminished over time, indicating instability.

- Intermetallics (NiAl) and oxides (A&Df) appeareafter 45 min, driven by chemical reactions.

- B2 and Laves phases emerged at later stages, confirming complex phase transformations.

HEMA effectively promotes solid solution formation, stabilizing FCC and BCC phases while enabling B2
and Laves phase formatiomaking it a promising method for advanced material synthesis.
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Higher Education of the Republic of Kazakhstan (Grant No. AP22787411).

References

1. Cantor B., Chang I., Knight P., Vincent A. Microstructural development in equiatomic multicomponent alloys
/I Mater. Sci. Eng. A. T 2004.7 T. 3751 377.1 P. 213i 218.

2. Zhang O., Zhang S., Hou J,, Li K., Zhu M., Jie Z., Jian Z. Influence of interstitial carbon content on the
microstructure, mechanical, and electrochemical corrosion properties of CoFeNiMn multi-principal component alloys // J.
Mater. Res. Technol. i 2023.7 T.27.7 P.5291i 5304.

3. ShiY, LiB., HouX., LiC.,WuD., Gao Y., Liang C. Microstructure and mechanical properties of CoCrNiVAIx multi-
principal component alloy // J. Mater. Res. Technol. i 2024.7 T. 31.7 P. 35151 3525.

4. WeiY, LY., ZhulL., LiuY. Lei X.,, Wang G., Wu Y., Mi Z., Liu J., Wang H., Gao H. Evading the strength-ductility
trade-off dilemma in steel through gradient hierarchical nanotwins // Nat. Commun. i 2014.7 T. 5,1 P~ 3580.

5.  Shahmir H., Mehranpour M., Shams S., Langdon T. Twenty years of the CoCrFeNiMn high-entropy alloy: Achieving
exceptional mechanical properties through microstructure engineering // J. Mater. Res. Technol. 1 2023.7 T.23.1 P. 33621
423.

6. He B., Zu Y., Mei Y. Design of advanced electrocatalysts for high-entropy alloys: Principle, progress, and
perspective // J. Alloy. Compd. i 2023.7 170479.

7. ChenJ., Zhou X., Wang W., Liu B., Lv Y., Yang W., Xu D., Liu Y. A review on fundamentals of high-entropy alloys
with promising high-temperature properties // J. Alloy. Compd. i 2018.7 T. 760.1 P. 15i 30.

8. An N, Sun Y., Wu Y, Tian J.,, Li Z.,, Li Q., Chen J., Hui X. High-temperature strengthening via nanoscale
precipitation in wrought CoCrNi-based medium-entropy alloys // Mater. Sci. Eng. A. 1 2020.1 T.798.1 P. 140213.

9. Bai X, Fang W., Chang R., Yu H., Yan J., Zhang X., Yin F. Effect of Cr content on precipitation behavior of
(CoCrNi)94Ti3AI3 medium-entropy alloys // Intermetallics. i 2021.7 T. 132.7 P. 107125.

10. Zhang R., Zhao S., Ding J., Chong Y., Jia T., Ophus C., Asta M., Ritchie R., Minor A. Short-range order and its
impact on the CrCoNi medium-entropy alloy // Nature. 2020.71 T. 58 1, T P.2830287.

11. Feng M., Lin T., Lian G., Chen C., Huang X. Effects of Nb content on the microstructure and properties of
CoCrFeMnNiNbx high-entropy alloy coatings by laser cladding // J. Mater. Res. Technol. 7 2024.7 T. 28.1 P. 38351 3848.

12. Wang E., Li J,, Kang F., Jiang F., Lv L., Dai B., Cao Y., Jiang W. Balancing the mechanical properties of
Al0.45CoCrFeNiTix high-entropy alloys by tailoring titanium content / J. Mater. Res. Technol. i 2024.7 T.28.1 P. 967i 979.

13. Kalantari H., Khayati G., Adeli M. High-entropy alloys of AICrFeNiTiZn synthesized through mechanical alloying and
sintering // Intermetallics. T 2023.7 T. 161.7 P. 107981.

14. Chen F., Liu F., Tan Y., Shi W., Xiang S. Breaking the strength-ductility trade-off via heterogeneous structure in
FeCoCrNiMo0.2 high-entropy alloy // J. Mater. Res. Technol. 7 2024.7 T. 29.1 P. 265i 275.

15. Wang X., Huang B., Li T., Wu Y., Hong X., Zheng J., Zhu Y. Effect of heat treatment on microstructure and
properties of CrMnFeCoNiMo high-entropy alloy coatings // J. Mater. Res. Technol. 1 2024.1 T.29.7 P. 3117 322.

16. YehJ.W., ChenS.K., LinS.J,GanJ. Y, ChinT.S., ShunT. T., Tsau C. H., Chang S.-Y. Advanced engineering
materials // J. Adv. Eng. Mater. 7 2004.7 T.6.7 P.299.

17. Varalakshmi S., Rao G. A., Kamaraj M., Murty B. S. Development of high-entropy alloys through mechanical
alloying and sintering // J. Mater. Sci. i 2010.7 T. 19.7 P. 5158.

18. Romankov S., Park Y. C., Shchetinin I. V. Mechanical intermixing of elements and self-organization of (FeNi) and
(CoFeNi) nanostructured composite layers on a Ti sheet under ball collisions // J. Alloy. Compd. i 2015.7 T. 653.1 P. 175i
186.

19. Vaidya M., Prasad A., Parakh A., Murty B. Influence of sequence of elemental addition on phase evolution in
nanocrystalline AICoCrFeNi: Novel approach to alloy synthesis using mechanical alloying // Mater. Des. i 2017.71 T. 126.1
P. 37i 46.

20. MacDonald B., Fu Z., Wang X., Li Z., Chen W., Zhou Y., Raabe D., Schoenung J., Hahn H., Lavernia E.Influence
of phase decomposition on mechanical behavior of an equiatomic CoCuFeMnNi high-entropy alloy // Acta Mater. i 2019. i
T.181.7 P. 25i 35.

21. Weil,, Liu X,, Gao Y., Peng X., Hu N., Chen M. Phase, microstructure, and mechanical properties evaluation of
AlCoCrFeNi high-entropy alloy during mechanical ball milling // Intermetallics. i 2021.7 T. 138.1 P. 107310.

22. Shivam V., Shadangi Y., Basu J., Mukhopadhyay N. K. Evolution of phases, hardness, and magnetic properties of
AlCoCrFeNi high-entropy alloy processed by mechanical alloying // J. Alloy. Compd. i 2020.1 T. 832.1 P. 154826.

23. Kumar A, Singh A., Suhane A. Mechanically alloyed high-entropy alloys: Existing challenges and opportunities // J.
Mater. Res. Technol. 7 2022.7 T.17.7 P. 24311 2456.



74

mivs¢e¢ 55.22.23

[.Uu. D0OdzdOlf)y1Otetsto@OGH " D" BOtE

[. it ¢BOjo Ol dzHOD" z" D" DOL OV Mys.Odp Qa jChydiEsCO@Ezr ¥ Ik dzd o j
2E- mail: moldir091003@gmail.com

Yroqrf o130 Hrsvt.IIRvuwslﬁi;bsll?mmrvvttw, 1ot ofruovt cuptfrtw rcyrg
crwtfrmr v
Yo fervtfrsvtdfrRurRYy s 1 [sROYI1RIV LB Cul [Bouv)l, JJRCULRC 3 OLOf(

1JRUuRC vrmy ] J1RrRE
PLASMA ELECTROLYTI C OXI DATI ON (PE{J) : PROPERTI ES, PARAMETER E
DEVELOPMENT OVERVIEW

O dzH OSYdOL BOdzr @8 1 dzj Slstetsdzdlsls’ € Ikl Az (1 Cu) Ijndsdsedwi
MO6HjIzHEEOS IS t6° dz@ jdz ftetsyjf' dzaj daj @' LHjdzejdz 25tdOdz i) 3 OB ' da
kqlsOdz, Odzs g ded2 3 b dfite dsChEddedRls © 3 thidd ldstteidz o3 s O dzdz OIS j to d O czr
Aty Plzj ' Misr 330 IML' &H' & Cl' Ol ok th' d 3cdH Ody ZOH"'
‘st 330 kML d&H' dZ' € ypdzj ISLEYO ML d&H' d& § fd vl Ol dgH
O2k0Oted 802 Ofryf Iktmjl' dz 308’ ZHOLH' 80d flsOM’ LU0 &
BjROddL BHjte', d 6 O0B'd 30Mdjlljt' dzj pMmjte' pdzj ¢t
f OteOd3) Istcdzjldg ¢ N ij @iz 2 SO&z3™ dZOdZOH". S1jC6s QdzjeT dasidzts ¢ @[ty dzv O dzB O dzO
20Md kBEwWUGEZ Npdj x08MOLlkz th' dz yO60 &gt &' dzgH' Clsjten' Oh:

vt 2 dz fifMzOH j[BOdz) Sls to 5 GO D' 8 ©OL W H, {djClesddls, ksl

0 dzdzts Is Oy A dzts dzts & o w1 dz A0l telfy diafidts € ) Y tedstd Ol dzd { O & dzr 2 Bj IstsH
LOhNdldr 7 ftCtr sd2, hdse Oddz 2 20 Mo B j dzdes 3 § tetsyj My
1¢f dmfsd LiEzjlsmw Hdv LOhdkr t©OLddyd & ®&jksodedyj MSdan d
BOcdzd i tPor, s CswesLdd, dLdshMo d fserh jddY IsjttdBshlsts:
fsCter sdv, Cobtterj 5 OCdd S kzOsOydsdds &5 R O©LOSIsj ted f
bjteismss2Sshis! d dLdshehlst2 ¢ smnis! , di g0 Wdtstal! g . § @ o Hs@de
fsHicsB dzs w6OMMdBOIstcdo O sw MMdseoder §| & nOdedL d3r 1 ¢ [, dn 9
f OOk lster oy MMO, St Hj dypDdsdsk s s By OF 6o dasdlse d o
slsCter 90jls desoar j oL @3y detsmisd Hdzv L OMdlsr d Edzzyh iddw fmet

sdzs Yjor jf dyassapQizifsls esdzd s uj MSd2, o d&zOL o&j dedzr 2 ©OL W H, | dz

AbstractP| as ma el ect r ol)tedhnology & a unduwe metlod for CrBainfy protective coatings based on
a combined process of anodizing and plasma treatment o
as titanium, aluminum and magnesium alloys from corrosion,weard i ncr ease heat resistanc
the formation of coatings that significantly exceed traditional coatings in terms of performance characteristics such as
strength, corrosion resistance, heat resistance and wear resistance. This @digtaleses in detail the basic mechanisms
of PE/J, its effect on coating properties and the key p
technology continues to evolve, opening up new opportunities to protect and enhance theprojpmetals in a wide
range of applications.

Keywords:plasmaelectrolytic, plasma discharge, electrolyte, oxidation.

s' 6. MdkQL iz0dzj EIstcsdzdlsls’ ¢ Issls" Ok ftetsyj M’ Is Iz tc O dz' dzd
YOdzr f sOmBBdz ftetsyd Mis ' 'd 20 dyspogeidzdlRd Is Cig@heg dz Yy s O OdzOOdzH O B
(sdzH ODOdz dzgj BI My MYNLHJGjd BdStesdzd ste) SCtedMmlsOdzHr ¢
CHYMzOL &3Oz ¥ t©OLKBYHISOtd3j dz Y lltejls’ dz + dzj Slstesdzdslsj toH §
EVHj G HJ dzG | dz, B"dz B 'tjGej2 MdiOklsOdizOdzOt” BOt ¢

fdf OlklsO&OHT . 1Cu ftsyjm d v dic' L¢' (O0LOR| stedjte
UdzjClste {dzjtecdwmr dz Bjtek tiydds (bkw0O, kddiDekhoT S Bd
KOB' &ZOH' . 1"z §OEOd)stedzj teH' BOY' Ok YOy jll' Edz

Y OB" dzH OteH" W Y OMdjlsjte' dz d30y MOIlsT ELGjtelskzei Il i3S dz
Y "twyOB ' dzjIs' dzj B O2 &zOdz fls B 'Oz dzp@B T dzh Dtelzj | dBjsSL IzteidD df,
V' LEH®OED OHT YO&SO®BOMr L jlsj O&OH' . [1].

[ OlsjtedOdzH Ote  d3j dz L1jjtetdsldslg jzz v W' fpEsfijiie© ) © dzGdz i I©O® & dzdisC
BOIsr tofr zDOdz | dzj SIstctsHIsOtHT W Bjls' dzH j G L dzj € Istetdds d dzd »
cOLWWH" dzf W CEt' dzgzdzj o' d3gd dz Md§f Olsls OdzOH ™ .


mailto:moldir091003@gmail.com

75

] d&zZOL BBOder W 1 dzj Slstetsdzdsls® € Isslsr Dzt Ldzj SlstesdzdL ff tots
Y BOOtr Ists¢ IsrOrLHFOr d&g@ "hrtcOf, 1 dzj Clstetsdzdlslsy f dzOL o3
Bsdzy C ZdzOdzOt" dz' W J HY ne@fzm ‘d3j deB Bztedsy SOdzH O tsEMdHIs® Y OB
JIsjH" . 00t IsjBfjtcOskztcO pfMmjte' dgj dz Cjdzim' dzjc' LG
1jlls' ¢ bilsrokz: 1 dzjSltesdzdlslsj ¢ 4 dzj € Islcl HdsjOdg) gk IslsOcfist
nh 4 Mmdwyls' tCMdHIE' ¢ WOLOROWGH' W kIlL" dzz' dz lskEH'™ OHT
Rsdz OdzdzOfmkz toj OC ydw dzOter : ftesyjmm CjL dHj Jto' Is®
yopdzgfj 6dHtesSCMdH YOBOIKOt dzZ W f O2HO Btsdzzr dzO " Y Odz
Cdzj Clstetsdzd Isls* € HdMMsydOydw: dgHojB ' dzdg) O Is tdssidzd Isizlz ¢
HdMMtsydoOoydw dzOdzlz NItedH' . I"dz LOBIsrw HJ{ tsddd]
slsrter f, YOWO ndd3dwdz vy ytmr dzf mMsOteH™ w st ' dzz' dz
FOYyr slsO 3 t00tr Isj d3fjjdgioipilz to0@®YON stels ™ ddftHO diz' QH &g L v
Mdf OsOBOZOKLT B Ot Y OB’ dzH OtcH' OdzzEDO N BS " dzH ' & B4
dz;lethsdchls Y "t O3’ By sOdzH™ W AddBBdwdz vy yY"tOd3 dz
Y Oz 'lsd@2 Isr dz 3 OB" dgdz" W IsliL " &z ftesyim dgnjg H jhiizh
1 dlslsjte ztcOdzr O2I0OIsr dz BsdZMHOY, d&Ote:
rdz 1 dzj ClstetsdzdIsisj te
1€ tels (Y8 M)Y'r dsteltsW smW ts(tcO /Yy r hfrydrwderlsr (= d dizsd W dzr Y
Y dz Aoy jStdsHgis dz@ dz" dzD Odz 4 OB' dzH Ote DH jIslsj x50
O EL '  d®BH' d&z' €€ dj BB CjdijH' . wjiBjB" V!
Zr 2O "y Odz jIsj OdzOHT' . [ jGjdedzgj dzg, 3" dzH O2
z' ¢ L dzj SstesdzdIsls | to
"tn;G)d3fy“tc;Od3r dzH © dOlted? cEdHteBEMdH' ( NaOH) , COdzd 2
m' dzls® dzf Jto' Is" dzH " dzj te. 1 "dz Y OB'" dzH Ot Y Odzr Wr OY BBz
Bsdzzr d3j dz Md§ OlslsOdz' f , tsdzCoale 'y Oty Coldsidstad@adz” VIl My pdezjy tsyda@T
3. ¢tOdzOfp (SBBIBLdYydwdz v)  dzj Slstesdzdslsj te
DN iEOR O ELOR dHO Y™ hY' dzH' Y yDdzj ' dzlsOydz' § t€ jsoggifdsdz dat
YydteSsded?2 dzj &3j My BOcdzd?2 Mdwylr Yo OdzOte B Ot C i L
Cdzj Sstctsdzf sl sfigH dzze 3E dzh j tedzj d3d " dz O2 s Ols™ B 0&as dfis@:Ols
HOter BOte jt'Is' dzH' dzjte DHJjIslsj YBdzH Odzr d&zOHT . wddzd €
q’; IsBs@ 2edz@igp Misr € sdzyd dOHOBH@IRE] 2 iz ER WY tedzH’ . ) O ds'tedzl
Cls' ¢ B3 &z IssSL DO Is-2 0 %d3H ‘dpdiZs ci3dadled Dicld 8™ tdkz 2106 df tsi
WOl 1 dzj Clstetsdzdls® Y d° §O2HOEZOdzr &zOHT™ [ 1] .
le tesdzdls Isj B3 j tOlskztcOmr , e 3 D dad sdzr W Y"teOdH O
IsHs' j @ Xotzfip j tc jIsj H ' .
dzr &3 dz Y OOte, 1 dzj Chtesdzdlsls' W Y"teOd3¥ X OB' dedzg' W Yy Of
tcsdzdslsj te' dz Yy tsdzH Odzlz CstetesL Y DO SEL" digH' dz' @ °
ddzd € OlslIsr Ldzj Sstesdzdlslsjtc " Y PR BOUS,EL B RBOKZS Ots,
Ols
Is

-_—r N

o,
Q—.

sOtc, Odzt® BB dzZOIIsOtc BOW jto'Is'" dzH' dzjteH] 1 Cuv {ftofs
Oofrflzj" ddgH * - Y Olslsr dz' v, ssLEZDO IseL ' igBH " dz' €, rfplsr
f OdzQusHiZH WD te ' B daRddrdt stetsa dd3d W dzr Y 3 D daj BJCtesf dzOL d
st dzH"™ D" dz X D dzgj sCMdHIs' Y sMr dz@ MlsOtec Isiite’ dzH J§ 3 OB
tostf ZOL d3Odz" ¥ tojyddBHj Y OBT dgH OteH"™ MmMddaelsjLHjEZ nh' dz
[ dGJded3i dzg, 1 Cuv Isjlsirdasotdsg ds fd HIOIsOROB OlslsOtcHT W B ' toH
BIBE dzH' € Bited BIG@EIRBH' OB te@der ddzlsj oW j 2 M dzj dz M
YOlslsr dzBy BS YW dzC*® IsOtcOdzkzr BOtG, B"dz 3" M CjL"  dHj Isn2
JIsjHCu DH'M' BOIjtedOdZHOLHT W CIh jRIsjls' dz EWHjE' dz2 3 OY

sOB'" dzZOH T sdzr W ftesyd M’ dzH J sCfMdH YOBOIL" d&z YOdz §fIsO
B3 ~ Odzd L d&3H § t&* B'to' ClIs' to" dzj H " . 1 Cu 3 OB dzrc@ s 'wdz' yus DA jod
Y Olls' dgOmzOd&zOH' . 1 "dz S&OteH' &jR0ddSOd v IstsLEHOdd )
NNGCIlsj dgj dzj to Y ODHO2" d&ZH O Isd " digH Jlsjn". [ DMlsil tcdz' o
Y OB'" dzH Ote’ OdegsHISOZOOdz 3 OB -THAHDO BB BGD MR OWEH@RE Isls dz 2
Hj2'dz YOIl dz YYO Njlk' IS dgf 1]. rrOBT dgdgr W Y Olsls

Ldzj Ctesdzdlsls' W Yy " teOd dz®, ftetsyjmm SjL' deHj VY sdzH Odz dzC
sjtodzgj 2 dzgjO"tocdzr s Y tsO O’ B YOS BIHEBY 'dz Isr OGOy tc@®¥Is Q p U



76

kjWwH' Sk' MOYkOk &GOWr LH'T Btd § CjdjH' , E2kCjd hOd
DC jdglreBS ' dz [ 3] .
[rMOd, 1Suv DH' M djdz EdgH' t6' G jdz IsdlsOdz » OB dgr s jv

B" dis dz' sjw' L EdgjtcSCpfMm B dgHj YDdgj Cjgjdzjte d3j dz Mk O
EdzH ' ERRHOEZOdZE nh' dz elsy YBS&O2d Y™ &zOHT [ 4] .

1Cu Y0OB" dzHOt" dzf W IsOQODT B'te BOWrLHT Otlsryhrdzr or
SOB" d&zOHT . 1 " dz XORiBdz APHEDECO I¥T"'dE Oulz" Y Odzr WH' DF dzgO B O2 dzOdz' !
sj B3 J cOskzteODO hr HOBH' B CjdiH' . 1"d& ¥ OB dzH O
yopdzj Yrdzrbkz yn2jm d'v y"tOdRRHOM BEM Clsjt' mMdwylsr

Nh'Cptolp dzggl &3¢ * dzn " €[ 5] .

rfmOdz Mddzd ¢ OIls  dzj SlstesdzdIslsjte’ dz § O2HOEZORZOOdz € J§
JElIsdeOdzZr Yy MOZOZOGGHO YBdEZHOMREZODO &I EBE dH' € Bj .k
BrdzHO BdtsnNddzjfm' &3BH' P, Ca bizpHj st dz Wtk d
JIsOIs" dgf w Btdzk"™ dzO B 02 d&zOdz' fylsr Bdzr f CJdzjH' . 1 Ols

<~ *

Yy OBI@@®ELH' W > OB’ dzH QD' Y "tOd d&z0 OL bpMjte jljH' . [2
J Hdyd dzOdz' Y spx " tedBJ HJ 1Cu 3 OB'" dzH Otg’ d &3 dzO dzls Oy
tc 0 @D dz0D Odz Y tsdzH Odze O dz sOf yOdz BB d&zOIST da. vdlsOdz o3
BT dzH Ote’ SOKBON O Bdtn2djf' BH' dz €Cj dj, B"dz SEOWLHT'
w

COF-FL OGe

S x <

YIs' i dzOdzlsOIslsOteH O Yy SdzH Odzz 0 O wgjlej dyCedz@Q 2Hdz"  fjdldf JOHIS' |
Hjdzej dz2 W YOB" dZHORBOLE " yYIsdBOdzH" OF dz OL O21Isk &Il B " dzgH " ¢
Ddzj YOdzf r dzO G jdzls' telz Ispy " tedBjMm' dzgHj HJ MsWwOr BEOYT’" k
OBr dzH Ote [ 5] Y D dzj Y ®els dam@Rtc §§ W Haj dids B 'sSUzH Odz" dzz H O.

] d&zOL 3O dzj EstesdzdIsls® € Istslsr ok ftesyifm' CJjL dgHy CeEfIsjc
' BHd3¢ " dz mMsdz 1" dz swlsO2dzr dzolsdyd OdzEHO f OttOd3j Is
B' dzOH T .

ltesyd Misjc' Hagdr] ce" v Otc@d3j C jtodzj 2 Btsdzr f IsOBT" dzOH T .
¥bpdej Snhis’ OB DO YBdZ Yjlk¢' Lkec] BEA&OHT, B' cOY ¢,
Btsdzzr BN B dz. [ r MOdzr , Odzt d3d dzd 2 4sGe0 Islf ,0 dd©dBlsCGoogprdy 'z &
50 0[7]J

vtsCIls" W IsT OFrLHTDrdz BOY" dzOkz HO dZOWT L HT B'tc BEM ¢,
OB dz MOYJ OfMr dzf w dzOh OtedzOkz" dzO D € j dzlz® o3l 3SE * dz.

] d&zOL 30 dzj £ stesdzd Isls* € ssisr ok ftetsyd ' dzH § L dzj € Istetsdzd
v B JcOskztcO IsM@B, ysBo@ey negdz v yr o Cjlskz' dzJ X D dad
a3 o3¢ ° dz, B"d EL GCjLjG dHy YOBTdzHO Isjm' Clsjten" w §0O2
SWisO2dzr 5] & Q OGO @O2HT [ 7] .

r sDOtsr Moy Odzr Y OB dgH ' Y Odzr sl fids'T ez O 11 3O W2z L HS' 5.y J dy'ls:
EOyrilsr 30OB" dz YOdzr WHrordzgr w yJib¢" dz' ¢€fp" L' 6" dagi D¢ J dzk
OYOkzd&zOteH™ W " YIsdd@3OdzH"™ DOF dz Otclsls™ tcOH T . CHyblsjy 1Cu
Mdf OlsOBOOt" dzO B OQdZOOZ Mtfdziz B Y O A3l 2 IsteOMESL ¥ dZOH T [ 8]

rOB" dzgH"r OdzZHO EWHjEZ EZOY'"Isr HO &BOW' LHT Btdzf IsOBT

A ormyo DO  d@p: "y O, YSDOt' Isr 0" LH'YISODT
A [ttlsOh O RIBYr IsBddA 5 Y Odzr WH' Y, ST ODFrLHT Y Ddzj ¢
I dzZcOdOH " .

A mLOoy EOYr OB 0SS eEdgd dzj ¢ ) : ¥OBrdz YOz v, B ' to
ryYylsdd3Odzur 0O Y S0D0Ote’r BEBA&ZOH' .

wtsdz d3j dz Y GHs@®tew d WilksL d W dz" ¥, N fmdflgfydzt Y f dp@udagOderdpj € Is t
ftosyjMlsjtc BOWr LHT twWEdZ OlsYy OtcO®E zH Pz U] MMy OBBU
ELGJ.t6j H'

uBLEDO ISEL " d3H "', CotetesL W DO ISEL " d&BH ", H! dzj Clstedz’ ¢
Y OB' dgH OtGH ' 0O dzlz a3l 3¢ ° dzH " G Ndlse' dzf CIs? Y BOOtG
YOtcOf O2 1 dzH 5 dztlgfzjBilsde s dzd Isls j teH ' W { CsdzsedwW dz" v IsOL Odzr O
Qo lstsdBBOISIsOdzH " .oz 3l AIB" dZzHY c B o3tpdz W Q dzj fiffJers™yd M' dz E dzj € D
Y 5dzOR @f ststcdzOtc Bsdzr f IsOB'" d&zOHT [ 9] .

] d&zOL dB3Odzr v L dzj Slstetsdzd Isls® € IsHds' T GO o jipedijfr}z ddgHted O E @ fiff jfjdf " J
WhkdC yd sdzOdzH 1 Y OB' dgH OteH ' ¥OMOE 1uh' d B"d DH' Mis' v
f OtcORj Istcdzj o g dz { dzj Clstctsdzdls Y"tcOR dz ELGJjtclslkz Oty d

XX N

UTQ—
[ORZ



77

Mdf Ol OBOEOE" B0\ @sls™ dzOAE 0XPO B 5 dZOIS' df dz, B" &z tsdkZOte
fitemtif j Clsdo OdzOtsr dgh OO Bj dz M OlslsOdzOHT [ 11] .

Il IS ttzOL BOdzr ¥ { dzj SlstesdzdIlsls® ¢ Isslsr ok bpH' " d3j IsOd
sd" &BH' DH Misjte' dz W B ' o' BB ROPck OB ROBIs' 61 Fu CHheBH
SEL" " BBH' dz' 6° Y pdzgj IsBLEZDO IseL " d3H' dz' ¢' B Ot X OBT' dzH OtcH !
sOfIsr edzOf JjIsjH' . sdtedzjz, 1 dzj Slstesdzdls y"tcOd N bpDdai E

YOy jsls' MJdfOllsOBOZOKBDO B O &ZOdZr MisT »OB' dz Y Ofdjlslsj ts
Ldzj Stesdzdlsls' ¢ IsslsT Dk B ' 6jE¢j2 yYOMdjlklsjte' BOW® OB

kOB' ZOH' . uvjndskscdVd W HO®REZ', y@{BLYyBHWWY y KIsH @GN Y
NOB' dZHOBGH' W Edg BH' d2 € MdfOklOBOkOE" dz 3 Oy NOEISEZDO Y
BjtojH' . 1Cu bkjrdsdkscdvmr Cjw Oky'r &' Y SdzH Odze O dzOteH

Nh 'yYRWO &Il S dzH ' Slsj HOM Ot H O.H O™ dz > OdzD
cHjedjbisy td

1. wkzdddztso R.J.,1jddd .., Cfjdze WjdzH o . 1 AM. 1[d2OH ol dzdzts 1
Ldzj Sbtesazdlsdyj Me sy dBsHdW Jydietses Odedj e jtendzsMmisd d3j sOdzdzse d MY o
2. t.41. AOwLtOate, [.1. (O jdsse, |hkdprddjzhehs®p Of L bzj § st @ B
Meos2AMmMlso-PsE &l Isdy d2O0 Yydtol sdedNjpd sBO0MPd&OI 1 . Br

3. 1rE¢me . 1., l dzdwv dzdjy MsmMsOea O d Mets2MmMlse Odz® zddedjor n MY
BfStesHEZGEsO T o3 5¢ MdHdtetse Odzed j d3, dzOdztE iPlesed S Hs jj ls@ dgjs € Y ts fipd®dB B is st Is mlssjpr
4, 4 sOBdkseo [.1. sbBwesLdwY ddd YdLdRV /1 0S¢0 d ydLd 20127 11.
5. ¢o9dOydvw. SCdydSasfjHdw. [.:1td howv {OfmMmMd2MeOvY 1 dydSdasfjHd
6. . 1. 1 OteW j dzse, [ . 1. 1 Ol j dzso O/ 1 ds B di3d Isd yi xS Gz f 5§ 6] IsY® G |
tsanq’Hc[tstss)Odzq’W d Wkd$ ydtsdeOdz! dzf = ttec Oded uj MSdr diBsdzj CzdzH dzv  d B3 dzO

7. [ jlapv.cpd da sClstgj.o stsE.Otcd .o zZPIlsteso AJoH j daso A dpdetscnj.j affl Z HRdz
1Jsmmqqqqo @4so¢msa d B STOdz&BE j 1 j dzeR54, MBG23 248
8. 1 ttklsdtss O . ., Jddz0je ¢.1. ) ZOL &) dedetsy 4 dzj Sktetsddlsduj M sy

LOhdIsdzr » fsCter lscf? dzO IsdlsOdzi Hdzv 1 dzj d3j dzlsGs1e3-1AE7 H so SEts | dzj kG BSB S

9. Dittrich K.-H., Krysmann W., Kurze P., Schneider H. G. Structure and properties of ANOF layers//Crystal Res. and
Technol. 1984.6 V.19.6 -~ 16. P. 930 99.

10. z Olsteeous.5C Ot j g S0 OW sjrndetscdztse dw ftotsdgr M dzj dzdzts ¢ s ftosdL o sHMIs
stz sf otso B3Ok OtfL Odz# 3dded j o = M zOetse M LOMNdlsder &3 € j teOR U4 f
l ifmMsdzd ¢ Oteds®DBL4b ((T D) .i508. 48

11. Akopyan T.K., Gamin Y.V., Galkin S.P., Prosviryakov A.S., Aleshchenko A.S., Noshin M.A., Koshmin A.N., Fomin
A.V. Radial-shear rolling of high-strength aluminum alloys: Finite element simulation and analysis of microstructure and
mechanical properties // Mater. Sci. Eng. A. 2020. V.7 8 6 . P. 139 424.



78

miv¢e¢ 55.22.19
. ¢ "ty Od3L d dzis 0@ ,Is Jdzts19.0

[ #jt’" €BOjo OIsr dzH OO zro'fp DOLOYMIs@Pdz BOL @y GO @tzy Ekdzdo j oy
E-mail: nurkamzinova0377@gmail.com

LRNCrfrveof [

supgruw o 1rtvuru

[ RYWELRG, WCf st 3URE
gsRIR [rulr¢fRr
>-NiCr AND CR3C,-NiCr

1orvfuvrtcfmo crwauvrtfrr ¢ Lo-ArpWC-NWE, WC-Ni, ALzOz-Ni Cr r ¢ |

St OSRGOS 3D rd1 31T 0t 31 3T IMALIRSP)] 3D Dour

Red[ [ f1o1RI AMROMBURY [ 85 RM gavl [ruof [ [s

Ni Cr, WC-Ni, AL,Os-Ni CrR CR3sC-NiCr, ¥ [Juoy[r113m J o1y Juort !

INVESTIGATION OF THE PHYSICO -MECHANICAL PROPERTIES OF METAL -CERAMIC COATINGS
OBTAINED BY GAS -THERMAL METHODS

[
3 l
gl rto
VY[ RY[
E CRsC

3

¢ 6H OIS s to et BEzE)BS MY s fkOJsdztc  Ods ©% § @difjlz dzS y J 5d@BczHdzH @B EH Odglz H T 6
Cj B Ot O s otz dzs ¢ d Bdz@tEH dzic By yj B O d3f j toOldsMa O Cgh tizj U Ots’j Y j 6Ol Z 6 OH G
fHT o OdsORIssHIDEE T 3 I Pt dzls O SfipdDHeplse Is T HEQH) Is QIS | te O OO B D EalslsdgT &3S ¢ dz

I % dgO 3 O AEHCEOCr, WGNi-Cr, WGNi, AI203Ni-Cr 3 p d&r3C2NiCr dzj ¢ * L @i '} dzt BtsuizH O daifs o 'OdzH '

bH' fls jsc e @lsfos ' d&zOs | kzs ZOyH* & BOfZOL Ok H Ol 5 OL slsj tc ek rS fi '
30w 0OMls o jdosd0 Yyt @B s j to e W figlk B t8'ts de® 't Miflz’ d3iy 't OO B © dgH Ozizd O

dt 35S ' BdgHIE. JoH ) O MIGCO-Cry b dyCNi-Crdzj ¢ ' Ly Q@@'j 20 Ot 0 LisfmLs I8 ©'daBis'tc d @DHils 0 3O L
jlsj ' Gz B OV HOls 'O dzCBIcsIdzIAs @D dz0 dzf %Ol L kMR ' dsH 'Tdf'] Offs jsc2@zO j L j CAIZ@BINj-Cr

% b dEI3C2NICrdzj ¢ ' Lds@sijjted © teis @ 5y [f tefiifls 1 SO ' atdii) d § Is ¢ jBlatstgizO thHy' ©fsjj Mind o Is

5 tc Is QHH@MRjts 9 Olisf i3 | to O B s @ DEBIACOREHS j.H OB Bz ls ‘de@ Az to | Is 1© AR tziz@@dzh j Cls j o dz'
' h dBiztieOtc O dzbs dzrtc iz 6 Mls tc Vs POJed@ | € j Isls jjfpds'lydb g j £j S 6] 2O Z@C WUzj todzj zh
Ldzj ClstatgfigHe s MC (B § BT B3] ¢8 Qi) QEBAITEOMT [p to s T HeTEIE 20 dzd,SBfgst 6 ezf b s dzOyd W dzr 2
B T te@tz3 ryd® fn © dgO®Bdz dzH OgHS tets 8 u to ks @tz ® BBds dzH O dz' dzOH '

Ut 21 Ma ] s & dzO Bt B8 ¢ dzes) s Oddrs O3 s Otg

¢ dzdzts s OE M sls j edsd Ui MS 5 SaOH dz@izj diad j M Qv ) 6 OMY etsMistcOdpy dzdzr = Isj R dat
WEdS ydsdzOd dzr 7 fsSter sd?2 dz0 Blascesydmdzj dede’ § 2 BOjtedOdzr . Clstsls
dMAtHdy 7 ®KOkjtdOdss, kOCHR O], ciss lsEsC O, o d@HsCYls do ' fifs S &2
©OL ZOCOs s ftod o' MsCdn IsjdifjeOlkeOr. | HOdEs?2 flsok! | oMMk
%O HjltskOydsddas) &Of" dj ddj, Sttt wodv, kinded s Hif W qls WEZOWE S
Co-Cr, WGNi-Cr, WGNi, Al203-Ni-Cr  Cr3C2-NiCr. [ j stsdzOyd sdzdztsj zOf ' dzj ded j, Wo dww ! 16C
BjlssHO, fsLotdvjls §sdzyOl' {(sCrlsdw f or MeCddd * CMYfdzOkoydsd
WGCoCr WGNi-Cr2 O 0S5 jtedL 28 kv o MsCts2 dL dshshlss2Csmis! ¢ B dkOCsH O™
LWWiClkdodzzy L ONdlk ©ls OBLOLJdo descE s (L dzA&IRPGNI-Cd d CRIB28NICT tslsudicfeyi B! Is fi) W3 @
Edlzyh j dzdzr B € stteshl stz idd te 3 ipemsOdd, ulsts Hj &Ojlk (R shtse | dad
OctjmMmdods » MEjHOR d fttd o' MSCdR Isj Y cOEOn. ) sdzyolk: Hjl
dmidzj Hs9 Ols! Wstedsz d ©WOMPtejHjdjdd] uGkHkeéy, {BLBOECR] G dklodEs
HiWjGChr dydts i) fsdsh s MCOddikzéh jots {djShbtesddsets BJCEsms s O
fsCter sd2, ML HOdd 7 ©OL dd yds 8 IjRddS OB O dzj dedw, o Istsd ud

Sdzs Yy o jH jnsidsde@yd sdzdats j dzOf ' dzj dzd j, ST v, BjlOddaduinsdi ft

Annotation. Gas thermal spraying (GTN) is one of the most common technologies for applying protective and functional coatings to
numerous materials. This process may involve the use of various raw materials such as wire, rods, and powders thatrezat highly
resistant and do not decompose at high temperatures. This article discusses the gas thermal spraying method with an emphasis on
detonation spraying, which is one of the most effective coating methods based @o-®/CNGNi-Cr, WGNi, AI203Ni-Cr and
Cr3C2NiCr. Detonation spraying, being a type of ghgrmal method, makes it possible to obtain coatings with high performance
characteristics. For example, coatings based on®@éCr and WGNiI-Cr are characterized by high wear resistance due to the presence
of carkide phases, which provides effective protection against abrasive wear. In turn, materials based eNiAT2@8d Cr3C2NiCr
are characterized by improved corrosion and hesistant properties, which makes them particularly suitable for use in aggressiv
environments and at high temperatures. It is possible to obtain detailed images of the coating surface, study the shajbeiton d
of powder particles, their interaction with the substrate, as well as evaluate porosity and defects using a stestromgmicroscope
(SEM). SEM is used to analyze the microstructure of coatings created by various spraying techniques, including detagatgn spr

Keywords:detonation spaying, coatings, metal powders.
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Abstract. High-entropy alloys (HES) are an innovative class of multicomponent materials characterized by a unique combination of
strength, ductility, corrosion resistance, and thermal stability. The article discusses the main characteristics of wsndhtsrm
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Nitrous oxide (NO) is a dangerous ga®mmonly used as an anesthetic in surgeries and released into the
atmosphere without any treatment [1]. Although it exists in low concentrations, it has a greenhouse warming
coefficient that is 300 times higher than ££]. While there have been limitetuslies on the development of
N2O gas sensors, there are none specifically for detecting it at room temperature do@tnacentrations
[3-5]. In this research, we created a highly sensitivesgasing device that operates at RT. The device is based
on CuO/TiQ nanointerfaces, which were produced using a scalable reactive magnetron sputtering technique
with glancing angle deposition.

The CuO/TiQ nanointerfaces exhibited 9% response t® Nas, which is two times higher than a 7iO
monclayer. Additionally, the device demonstrated exceptional performance with a detection limit of 50 parts
per billion (ppb) at room temperature and quick response/recovery times of approximately 36 seconds and 50
seconds, respectively. The sensitiiggiperature coefficient was evaluated over8ZAC t emper at ul
showing an i mpressive val ue of 0.014 ppm/ AC, C
sensitivity/room humidity coefficient was determined for a range af32% humidity, reslting in a coefficient
value 0f-0.019 ppm/RH, indicating remarkable stability even under varying humidity conditions. Thetong
stability test of CuO/Ti@ heterostructures was evaluated over a period of six months. The sensor exhibited
minimal fluctuations in response, which was less than 1.8%.

The outstanding sensitivity of the gas sensor was achieved by controlling the nanoarchitecture and ensuring
that the nanorodiike structure had a comparable size to double the Debye lengths, which rang& {méd
nanometers. This nanoarchitecture design offers a versatile platform for various gas sensing devices, utilizing
an efficient and technologically simple array eh fheterojunction nanorods. The statistical analysis of the
obtained data indicatesdreased confidence and reproducibility.
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Abstract Interest in the synthesis and study of nanoscale semiconductor particles, i.e.quantum dots (QDs), is caused
by the study of their energy spectra and future practical applications. Of particular interest to the researchers are
luminescenDs embedded in different matrices. Depending on the method of synthesis and the size of active QDs it is
possible to get a luminescent matrix with predetermined spectral characteristics. A key role in the optical properties of
guantum dots is played by aptumdimensional effects, which enable us to easily control absorption or luminescence
wavelengths by varying the size of quantum dots. The dependence of the energy spectrum of semiconductor nanocrysta
on their size gives a great potential for their ptigal application [1,2].

One of the ways of increasing the efficiency of solar cells is the use of colloidal quantum dots (CQD) directly in the
construction of photovoltaic cells (solar cells), which can lead to a significant widening of the total pasfdba solar
cell and thus to extend the spectral range of its effective electric conversion. These effects are achievedahy dpwn
shifts in the solar radiation spectrum in the region of the most efficient photoelectric conversion and concerittia¢ion
solar energy flux [3,4].

In this research, synthesized semiconductor quantum dots CdSeCGd8wl CdS€dS have been studied using
spectroscopic methods. We measured the absorption spectrum e€CGdff8antum dots. Based on the experimental data,
the diameter of quantum dots, band gap and concentration were calculated. Photoluminescence spectra were measured fo
five samples of quantum dots with different copper concentration 1, 3, 6, 10, 15%. It was shown experimentally that the
maximum luminesmce exciton emission band is observed in the @iSguantum dot with 1% impurity concentration.

We determined that a decrease in the intensity of the intrinsic luminescence is caused by the radiative recombination of
defects on copper impurities localiz@ear the surface. Accordingly, an increase in the daage radiation with a
maximum at 780 nm is caused by the radiative decay of excitons near surface defects.
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SIZE-DEPENDENT OPTICAL PROPERTIES AND SYNTHESIS PARAMETERS OF COLLOIDAL CDTE SEMICONDUCTOR

NANOPLATELETS

Abstract Colloidal two-dimensional (2D) semiconductor nanocrystals are an important research object due to their
outstanding optical and electronic properties. With a pronounced quantum thickness limitation, NPLs exhibit an electronic
structure similar to quantumeills, and their thickness, which determines these properties, can be precisely controlled at
the atomic level [1].

The high oscillator strength and short emission lifetime make these nanoplatelets promising for practical applications
in devices such asBDs, lasers, photodetectors, and figlffect transistors [2]. The objects of study are samples of
semiconductor nanoplatelets (NPLs) based on CdTe, synthesized using the colloidal method. Thibashdisynthesis
method provides access to colloid@ &tructures and offers several advantages. It is fast and allows for the production of
large quantities of material with controlled thickness, which, in some cases, can be achieved with atomic precision [3].
NPLs, in particular, are characterized by a kaof spectral tunability, as the band edge energy can change only discretely
with increasing thickness. Secondly, the photoluminescence (PL) of nanoplatelets consisting solely of a core remains
insufficiently high, at approximately 20%. These two issugsheattributed to the surface chemistry of NPLs. In the case
of the photoluminescence quantum yield (QY), this dependence is particularly evident, as it is known that the reduction in
luminescence is associated with partial surface passiviion

In this work, we investigate the optimal synthesis method for CdTe nanoplatelets using a cadmium precursor, aiming
to ensure higkguality growth at the initial stage. Additionally, we analyze their optoelectronic properties, as well as the
influence of temperate, concentration, and the chemical reactivity of the tellurium precursor on the CdTe nanoplatelet
formation process. Cadmium propionate is used as the cadmium precursor, and the synthesis temperature [5] is varied to
study its effect on nanoplatelet grtnwOptical characteristics, such as photoluminescence, were measured using a CM
2203 spectrofluorimeter, while absorption spectra were recorded with a Jagg0 $pectrophotometer. Hexane was used
as a solvent for sample measurements in quartz cuvettes.

The aim of this work is to study the optical properties of nanoplatelets, which are directly related to their thickness and
size. The increase in monolayer thickness, variation in precursor concentrations, and the influence of temperature on
growth play acrucial role in further research and applications.
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Abstract. This work is devoted to the study of polys@nded material obtained by processing plastic waste. Polyethylene
terephthalate (PET) and higbressure polyethylene (HDPE) were used as the initial components. The crushed plastic was mixed with
sifted sand and subjected to heat treatment to produce bricks made of pséyrded material. The paper also examines the main stages
of the technological mrcess and the features of plastic interaction with sand during heating. The results showed that thespolgetker
material has improved mechanical properties, which opens up new possibilities for its use in construction and in vasioies.itadu
addition, the work focuses on the urgent problem of environmental pollution by plastic and the importance of waste recycling.

Keywords:Polymer sand material, plastic recycling, microhardness, building materials, environmental safety, waste recycling.
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COLLOIDAL QUASI -TWO-DIMENSIONAL CDSE NANOPLATELETS: INFLUENCE OF SYNTHESIS AND POST-SYNTHETIC
PURIFICATION ON OPTICAL PROPERTIES

sdfJIrRrv3z sloéyrrswepfzrfrw CDSE 1¢111I¢HUR1¢I¢I3 BR1U[1 Z60t U
}{ovarRL U BRSO[ 3D vy dtvur3z1 [luvRrRsoJ 3D Dour (tdr certw
s{TTIRrRr1v 30 stlorrrlofrtr3ar 191L1J dvvrR1 3 CDSE: JI 1Rr vef [IRrRE

}JuouvdeRrRT U URY[HS B JYRHUSR 1 ¢ [lurRY[rusrR[ ul[Bsuuld
Keywords: CdSe nanoplatelets, colloidal synthesis, FTIR, spectroscopy

Colloidal semiconductor CdSe nanoplatelets have attracted great interest due to their unique optical and
electronic properties [1]. Tireatomically controlled thickness and significant lateral dimensions impart a quasi
two-dimensional structure [2]. This structure enhances absorption and emission properties, provides narrow
photoluminescence (PL) lines, and exhibits high oscillator gtienmaking them promising for optoelectronic
applications [3,4].

Controlling the concentration, temperature, and duration of the synthesis of CdSe nanoplatelets is crucial for
achieving the desired optical properties. A deep understanding of the dconrbletiveen synthesis conditions
and the final optical properties of materials enables the development of nanostructures with predictable and
tunable characteristics.

This study investigates the influence of synthesis conditions anesyutbietic purifiction of colloidal
solutions on the optical properties of synthesized CdSe nanoplatelets using-fFansierm infrared (FTIR)
spectroscopy, UWis spectroscopy, and photoluminescence spectroscopy.

The synthesis method was adapted from [5]. Cd&@®oplatelets were synthesized at high temperatures
ranging from 160AC to 200AC by introducing a sele
The study of synthesis conditions revealed that increasing temperature and synthesis duratit;m lead
structural changes in the nanoplatelets, affecting their spectral characteristics. Additionally, the influence of the

purification process on the quality of the nanoplatelets was investigated. It was found that-stemulti
purification process involwg precipitation and rdispersion in a solvent minimizes residual organic
compounds and improves the optical properties of the material, as confirmed by FTIR spectroscopy data, as wel
as absorption and luminescence spectra in the UV and visible regions.
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MRIRC[ 39 uvUylr3ty CTWHWZ/@U5§ﬂ1$S|Z@JIIIT¢I§1f¢ /31191 CdS 191 3]
oMt 3/ 3fr3o erRIGUvUGL O Ot 3
dgutusuvUt1l 30 MOt sV RHURSR vov Pt LIy ds Cds 1 fJuvrii3am fruflrdif mRr{
strsdddf z2¢4] LISir Si O
STRUCTURAL CHARACTERISTICS OF CdS NANOWIRES PRODUCED BY CHEMICAL DEPOSITION IN A SiO  »/Si TRACK
TEMPLATE

06HOBIOEZ BO2OELOHO CdS ofdSd datds (d§H Odgj ddf dBji20s* dzH j OckH'™ 6 S d g™ dzr 3
SiO/Sih OB dzts dznldef s'n Si MEBMisEOlS’ dr 6 Bjls' dvj 30d 6H' dr 700 dad €t
HO2" dzHOdzHT , Xe 200 [1 ] Yr d&zHOd Okrte JtdeH Oter o3 dz Hnfpcgaisg di) lslzndz to Iz
ZOdES jjClsjte f§ OYH B QG | B1SI Okc j dz dzOdsC j 2 Clsjtn'  C OH ] 2
Eudgh' 6 pH' M Oward ytLjcj Offsr. mdddwd & budH' sbHOd Cj2°'
HptejyjMm' dz Ode 25Ok 1 1 Cdets ) QOB 6 dEHEMe'SMC 54  ( 4@ k) O L2OdeH Cogl ISty J. '
B gk lslsT 8 Sddsdwdr 2 IswdzgH' tkHOd Sj2°' d2 CdS g0 dzts Y OkH Bt '2dg jsd@ H 1S ts dyli
ZORSS jLjSlsjteH' 6 BlsONO HJOdjsts' 260 & I5j6. 1 Odsh &GHOGH' 6
fd k] stedw sEBils' SEEEEET &' B Ot CdS @OdSStedmisOdH Oter dg 6 st L' db"
Wil i dej Myj dzyd™ My jClte’ Mdh jdz §, StsOd 3O’ 2.53 11, 2.
5020’ Odr 2lsOdH " .
st 2 dg MMLdgfjdg:2 Isls'  APH G &5 20 Sudzi' tk; SdBdvwdr @ sud’ Gk

ZOdBC tedMisOdzdz CAS; tjdidscjdeH' & auter & GH' 3 lsOczn Ok .

0 dzdzsls Oy W Odzdzts 2 M Ols! | ©OMMBOsedo O sy d&jlssH ndRdujMEses &
h OB dztsdzj Iohe$ €O BOOAS iakzds S OJc sltso dzj dr flzlsj g bjteddyuj NSscts MOy
sdh qdzs? 700 dzds dzO 1 tsds ity Dzt lds's iz dizs S f jSiB " Mlster &g Iswy j dzr d3q «
f dzslsdasfls: ¢ 8ifdsls ®C O OBUzs dZOR B ' dzd MY tstc g3qiad 5 o GBIz GBS § tsB16OL SO P fdzds !
S/ Si, CdS HBhsdcOdksh! ojssHsd SdEdujNSses MOy HJddY. | shd
Ldzj Shtetsdzdzse s BICtesMCsf O (HCf) GftwjH b dd LOL &t G&GED] s 0d i ls
ndBRIU) MS et MO H  dadWw dOdes eso sdzsC CdS  f)kojofog, dz'O LA siddedj2dzdHv Chylts
fMshMsOodd 260 dads. sOC MdzjHkjls L ©jLkd kOss MbtkSblkzedscs diie
ZOBREdMsOddses CdS f) stbseskedyj MSs?2 MbtkSkkzes?2. wfjCht ¥olstsds
B dzd dHjdsd¥ dqydese Odr §tdsh’ dLdhzyjddy f yjdscodkd osddLd ! dzj

sdzs ujor jlsmafsaro? Isde SiO/fiEdidzls i 3 Wd ME 5y BMOYHJddj; dzj Clstetsn ddzdr
CdS toj delsc desmlstekClsztodes) dMmidzj Hise Odzed j

Annotation. This paper deals with the chemical deposition method for the preparation of CdS nanowires/8nti@ick template.
SiQ/Si templatesvere prepared by thermal deposition of a 700 nm thick silicon dioxide film on the surfacetyparSi substrate and
irradiating it with fast heavy Xe ions with an energy of 200 MeV and a flux densit§ @fiz0nanopores were formed in the templates
The filling of nanopores formed on the &, CdS surface was achieved by chemical deposition. After chemical deposition, the size of
nanopores and their filling degree were determined using scanning electron microscope (SEM). SEM analysis stedtee@@haiin
of chemical deposition of CdS nanowires, the filling degree was approximat@@f85and the average diameter of nanopores was 260
nm. According to the results of the structural study of the nanowires, the symmetry group indicated the pfeéSdS8manocrystals
with orthorhombic structure, with 59 Pmmn. The photoluminescence spectrum was measured at room temperature, and eraission band
with centres near 2.53 eV, 2.45 eV and 2.37 eV were identified.

Keywords:SiOy/Si tamplate synthesis; chesal deposition; electrochemical deposition; CdS nanocrystalsydiffraction study.

s tG‘Efr]Gn'LJ‘.tQG‘ SOWHO B'to Edh jdgH' dzOdeslslils' Clsjto, dzOdzts
WdLd¢ NHh' " dz 00dzO YGBdzHOdzZ § Y2 BO2, wnNBHz d3dzdz B Y 8dzy O df
[1-27 . rOtelsfdzO? ElSC "  Lg" N BOIj ted OdzH OtecH T W " h ' dzH J CC
sd " d&gH " dz' ¢ 3§ dz, Edz stcOC Il dzé ' dz D dzj CeEtc' dzgj Is' dz Istsdzy
Oy d&3H' Yy " & M) ‘Misjkej &I B Ol Y Edg EeRcly' dO2@Odrd:
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ZOdzts )’ BH Oter tsflstst dzj SlstesdgH Yt &0’ &ZOLBH O, WilES Ol
StcOdet d MisBtedzOter dzgH O Y tSdzH Odg’ dzlzH O.

CdS dzOdetsy "ter dzf dgH Oter dz OdzkH' W CEf Isjc-Fgedmd H DR, ®@
s dgH " tolz, "RddBdWdzr Y X Ddzj idzJletG:q’d:dedzf BHicMis PBH OB €
nNh'*d YyYdzHOdZ &zOHT . [r mMOdz , silsts ISIItGdZJdZH'tGG"hISJtG (
BOC fd BOdzH T B'tolsjCls' dz' ¢ d3®\UrLHr, Oz Mp@igdcdz'B J 5
OzHOdF 3jdz tjOCIkdol' &z ¢ &®OWILHT [3]. mdddwd y
BOIsj tcd OdzH OtcH ' Dtc Isll tcdz' h OB dztsdgH OteH O ( hr dz , Ctoj dzck
Bl dBE " dzH ' € B jtej Is' dz, Y" 380 jdBjf MOdw Mt edzOder4] Isi
Litlslsjkh" dzjtc CeEflsjcjidz Clidz BOOtej W dzOte" dz" W Isd' ogH ' dz'
jSijdsd dz ypdzgj B"&OWH' Sd®dWdr Y l"dH' &tk DH' M YyOBOkIS
[ 5] . [ OYOZOHO " dddWw dzSi@ / 8i" dzHs'tetg € dsH ‘o] ‘dafg j2 dz h OB dzts
dzOdztsy "te" dzf DO dj CdS ezCddts i) BH Qe 'Zdzi BRO ®B'ro.s shhweeam 5
BgCtosMisfr dz W CERIGC BBide NHdze' dzite uh*' dz waCf ¢cjime”
HAWtcOCIssd3j Iste’ " Otk el ' YCAStejySh jdz' Slsjte’ dz' W BsteW sdztse d
cds ZOdzsr d3H Ote" dz" Wy "ter dzf dQ3H ' Y, BsteW sdzse dw dz' v, t
OB OO &' L .

CdS dzOdetsfy” dBH Ote” dz" W Yy "tor dzf g v j teji@h faz'd I j ts'ls ' Yem @]
ZOdts 3@ d Odz S YOBOI" dzOdz 3y bpdzj CdS ¢a@aktH? fdm Pkl @3j wOE
S"tcOHT . DOdzr WHN O ~700 a3t Szip gB5i@6HR 1 Qs C HdOMmls § OO C
IS tcH § EfM" t6' dzv ' . pdzh j &BH j t6° h OdgOM dzll dad ‘5 dajregts. O iz 0!
Y OBOIs" dzH OD" Y Of" ter dz dsdgH " v st C IsSBifpaW 26 Q dedn€ i H gz o &
N dzH O3 dsdzH Oter 3y dz ( Xe) Mmplkdzj dzj dgz Oty r dzr Y OMOdzH T .
snted HJOdjlstedz CjMm' dzejdz Stz @EC iz | DRBODOML
vtej Clsj toH " 58 OIAHD To& O k& &', IStB@" B ' fylsr Y IsOL Otglsy r hr dzH
Edz stceOHT B MisT ¥ IsOL OdkzOEZ ylte' L " dzH ' . 1 OQtedz" ¥ 1l dzg " dzj t
fdg) izt odzHr .

‘ i YOBOIIlsr " @dSd depuazrmy dils OdzH ' tc ZID0@ Cigxidz HdrOfiEldy dg dis
j " Hj 2C OHdgfQfcis HECK M BtdsREHE 6 ¢/ dz; O d3dgd)dzd 2 6 7 dzts 1 dz
P 3(BHG/ dz. sj2"  dm pHy Slglwcie” dg dds @Qdsh m tdap© 3 8
ri@teldE 'y, Ispy " tedBj BOt' Mr dzH O jto' Is' dzy ‘O&" vz Is |
dZ jte'ls" dzH'H; h OB dzsdzgH Ote 20, 30, 40 dddz OteOdz y 5O
w Y H M jdz k" "dzH™ te" &ZzDOdz Cd S 2O dzts " d3H Ote " dz
'tedzgzlgfs'lstetsdzw BICtesMS sy (warf) CERj G Bjdz L
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martlLab HJWtOSIstdIstc' dzH j (S dts, r Of sdzd v )
j dzH ' s OulaFiTOOtéz j 40 dikG B"ter hlsOte HJOY OL tsdg" dgh$§H 0, O
L' dzH ' . uvite Is"tOYIsr dzOter E dzh j dzH * ypdzgj TOPAS 4.
PWIdH" d2' W oy "ter dzf dBHT Y H OtcOd3j Istedzj to° dzOY IsT dzOdzH T .
Istsdz¢ d3d dzj My g deydw My jSClstedzj t6° 240 -Hdpdz 8SO@Y rdaiz? ' wdze
QIstedztﬁdzm@dOG;’MDLZZOB ( SOLAR) M j SCtetW dzt sted d&3j Ists”
J dzH ’
d s’ Q Y"'"ter dzf d3HT Y Y Ddzj B lsdE&dosizr Y dzB @z O 3H Q@ Isdd v
d3tstewtsdztsGdesz Litelslsjlkz' dz' w deblsdy 4 dzj te° 1(a, b %, d)
h OB dztsdzH Otc™ dz" W Is" dgH " ez DO HJj2  dzc6' Y OODHO2r, 1 b, c ybD
S"dzH" cHOdz CJ2' &z wCf MmMktilbljtt' CetMmils' de] da
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