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Peculiarities of formation of microstructure in composites based
on chemically synthesized zirconium nanopowders obtained by the
method of decomposition from fluoride salts were considered. Hy-
drofluoric acid, concentrated nitric acid, aqueous ammonia solution,
metallic zirconium, and polyvinyl alcohol were used. It was established
that the reduction of porosity in nanopowders in the sintering process
is the main problem in the formation of high-density materials.

Analysis of various initial nanopowders, their morphology,
and features of sintering by the method of hot pressing with direct
transmission of electric current was made. Peculiarities of obtaining
the composites based on them with the addition of Al,O3 nanopow-
ders applying the electric sintering method were considered. It was
shown that the increase in the content of alumina nano additives
leads to an increase in strength and crack resistance of the samples
due to simultaneous inhibition of abnormal grain growth and forma-
tion of a finer structure with a high content of tetragonal phase.

The influence of sintering modes on the formation of the micro-
structure of zirconium nanopowders has been studied for different
contents of alumina additives. Electric current promotes the surface
activity of nanopowders and its variable value promotes partial
fragmentation of agglomerated grains thus affecting the composite
structure.

Physical-mechanical properties of the obtained samples, optimal
compositions of mixtures, and possibilities of improving some param-
eters were determined. It was found that nanopowders of zirconium
dioxide obtained by the method of decomposition from fluoride
salts are quite suitable for the production of composite materials
with high physical and mechanical properties. They can compete
with imported analogs and enable obtaining of crack resistance of
7.8 MPa'm'/? and strength of 820 MPa.

Keywords: zirconium dioxide, composite materials, consolida-
tion, microstructure, alumina, sintering, crack resistance.
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Currently, the availability of polypropylene, elastomer and sugar
palm fiber (Arenga pinnata) is very abundant, which has a good im-
pact on the potential for the development of new composite materials
that have good properties and characteristics. Composites are gener-

ally a new material composed of two or more different materials with
the aim of producing a new material that has better properties than
the constituent material. In this study, polypropylene (PP) plastic and
elastomer were used as a composite matrix reinforced with sugar palm
fiber (Arenga pinnata). The purpose of this study was to determine
the value of tensile strength, impact strength, and bending strength of
composites with a weight fraction of 20 % (80:20), 30 % (70:30), and
40 % (60:40). Based on the results of the research on hybrid compos-
ites of polypropylene and fiber-reinforced elastomers, composites with
a weight fraction of 20 % (80:20) got the lowest tensile strength value
of 1.153 MPa, while composites with a weight fraction of 40 % (60:40)
obtained the highest tensile strength value of 2.613 MPa. Composites
with a weight fraction of 20 % (80:20) got the lowest tensile strain
value of 0.0049 and the highest tensile strain value of 0.0067 was found
in composites with a weight fraction of 40 % (60:40). For the impact
strength, the 40 % (40:60) weight fraction composite got the lowest
value of 45248.234 kJ/mm?, while the 20 % (80:20) weight fraction
composite got the highest impact strength of 17649.97 k] /mm?. For
bending strength results, the composite with a weight fraction of 20 %
(80:20) obtained the lowest bending strength of 1.7778 MPa, while
the composite with a weight fraction of 30 % (70:30) obtained the
highest bending strength of 4.8867 MPa. The highest bending strain
was found in the composite with a weight fraction of 20 % (80:20),
which was 0.0207.

Keywords: hybrid composite, sugar palm fiber (Arenga pin-
nata), polypropylene, elastomer, mechanical properties.
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The paper presents the results of computer modeling and pre-

diction of the mechanical properties of composite materials with a

polycarbonate matrix filled with short glass inclusions. At the micro-

level, the influence of the volume of inclusions on the mechanical

properties of the designed composite based on polycarbonate matrix
is studied in the DIGIMAT (France) program. It was found that
with a ratio of the sizes of inclusions in the range of 468+60, the par-



ticles have a needle shape, and the material with such inclusions has
a higher stress limit and elastic modulus than with a shape coefficient
less than 50. The components of the fiber orientation tensor were al-
so determined, at which the values of computer modeling are in good
agreement with experimental data. The influence of the size of the fi-
nite element grid on the characteristics of the composite at the macro
level was studied, and recommendations were given for choosing the
size of the face of the finite element. The adequacy of computer mod-
els was confirmed by the results of field tests. The paper presents the
results of testing flat samples made by injection molding technology.
Mechanical tests were carried out for three variants of samples made
of composite material based on a polycarbonate matrix with 10 %,
20 % and 30 % inclusions. The discrepancy between the experimen-
tal and computer results for samples with 10 %, 20 % content of short
chopped fibers is explained by the influence of technological factors
on the properties of the material at the macro-level.

The conducted research allowed us to develop a computer mod-
eling technique used at the stage of development of polymer com-
posites based on thermoplastic matrices with short glass inclusions.

Keywords: composite material, polycarbonate, short glass fibers,
DIGIMAT, elastic modulus.
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The use of electrochromic elements in “smart” windows leads
to significant savings in electricity required for cooling premises.
However, the high cost of these devices does not allow the technol-
ogy to be widely used. Since the cost is determined by costly vacuum
deposition methods, the development of other cheaper methods of
deposition of electrochromic element layers is urgent.

Aspects of alternative to vacuum formation methods — cathode
template electrochemical deposition of composite electrochromic
Ni(OH),-PVA films were investigated.

The study is devoted to determining the effect of the duration
of deposition of the electrochromic layer on their physicochemical
characteristics, in particular, on the optical and electrochemical
properties. The deposition was carried out on fluorine-doped tin
oxide glasses (FTO glasses). The time of deposition was chosen equal
to 5, 10, 20, 40, 60, and 80 minutes.

As a result of the experiments, it was shown that the optimal
duration of deposition under the selected conditions of the elec-
trochromic layer formation was the interval from 5 to 20 minutes,
inclusive. The deposition time of 40 minutes did not improve the
optical characteristics of the film. At the same time, with the deposi-
tion duration of 60 and 80 minutes, the electrochemical and optical
parameters sharply decreased, the coloration depth and irrevers-
ibility during bleaching, as well as the specific capacitances of the
processes decreased.

In the course of data processing, the film thickness was cal-
culated depending on the duration of deposition in several ways.
Comparison of the graphs obtained made it possible to determine
the approximate amount of polyvinyl alcohol in the electrochromic
composite coating, as well as to estimate the current efficiency of
the electrodeposition and oxidation-reduction process of the elec-

trochromic material. In this case, the volume of polyvinyl alcohol
in the composite was approximately equal to the volume of nickel
hydroxide, and the efficiency of Ni(OH);, deposition and coloration-
bleaching processes was approximately 100 %.

Keywords: electrochromism, electrodeposition, nickel hy-
droxide, polyvinyl alcohol, deposition duration, coating thickness,
adhesion.
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The procedure for the identification of white jewelry alloys
based on precious metals, in particular, silver, platinum and platinum
group metals with different contents of alloying components, by
testing on an assay stone and by the method of X-ray fluorescence
analysis has been considered. The methodology for assessing the
compliance of silver and platinum fineness in white jewelry alloys of
different component composition with the requirements of regula-
tory documents and the procedure for their identification has been
improved.

It has been established that the silver fineness in precious al-
loys of the AgCu, AgZnCu system, determined using the potassium
dichromate reagent on the test stone, depends on the manifestation
of the contrast of the qualitative reaction from the standard sample
(assay needle).

It has been proven that for testing silver alloys containing pal-
ladium, the “Acid reagent for gold 750" is effective, which works to
determine the qualitative and approximate content of silver in alloys.

It was determined that the reagent “Ferrous-cyanide potassium”
is very sensitive to changes in the alloy composition of silver alloys
and makes it possible to establish the silver content with an accuracy



of 5 %. The presence in silver alloys of such impurities as zinc, cad-

mium, nickel, gold, palladium and others increases the error in deter-
mining the fineness of silver and forms a different color and shade.

Tt has been proven that testing of silver alloys on an assay stone
with silver nitrate is effective only for the CpM system. The presence
of zinc in 925 sterling silver alloys visually increases the color inten-
sity of the sediment, which indicates a higher overestimated fineness.

It has been found that the identification of the content of pre-
cious alloys based on platinum for the presence of ligature compo-
nents is carried out with a potassium iodide reagent at =120 °C by
the color and shade of the sediment.

The procedure for using potassium iodide during testing of pre-
cious platinum-based alloys has been optimized.

Keywords: assay control, precious metals based on silver and
platinum, assay stone.
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This research is focused on increasing the reliability of Fe-
11Al-Mn by combining the properties of Mn and the superiority
of Fe-Al-C under cryogenic temperature. Three Fe-11Al-Mn al-
loys with compositions of 15 wt % Mn (F15), 20 wt % Mn (F20),
and 25 wt % Mn (F25) were investigated. The cryogenic process
uses liquid nitrogen in a temperature range of 0-196 °C. Hard-
ness testing using the Vickers method and SEM was used to
analyze the microstructure. X-ray diffraction (XRD) testing was
conducted to ensure the Fe-11Al-Mn alloy phase and corrosion
testing was carried out using the three-electrode cell polariza-
tion method. With the addition of Mn, the Vickers hardness of
the Fe-11Al-Mn alloy decreased from 331.50 VHN at 15 wt % to
297.91 VHN at 25 wt %. The value of tensile strength and frac-
ture elongation values were 742.21 MPa, 35.3 % EI; 789.03 MPa,
41.2 % EI; and 894.42 MPa, 50.2 % EI, for F15, F20, and F25,
respectively. An important factor for improving the performance
of cryogenic materials is the impact mechanism. The resulting
impact toughness increased by 2.85 J/mm? to 3.30 J/mm? for F.15
and F25, respectively. The addition of the element Mn increases



the corrosion resistance of the Fe-11Al-Mn alloy. The lowest cor-
rosion rate occurs at 25 % wt Mn to 0.016 mm/year. Based on the
results, the F25 alloy has the highest mechanical and corrosion
resistance of the three types of alloys equivalent to SS 304 stain-
less steel. The microstructure of Fe-11Al-Mn alloy was similar
between before and after cryogenic temperature treatment, this
condition showed that the microstructure did not change during
the process. From the overall results, the Fa-11Al-Mn alloy is a
promising candidate for material applications working at cryo-
genic temperatures by optimizing the Mn content.

Keywords: Fe-11Al-Mn, Microstructure, Mechanical character-
istics, Impact, Corrosion resistance, Cryogenic temperature.
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This paper considers a possibility to obtain high-quality butt
junctions of bimetallic sheets from steel clad with a layer of ti-
tanium, with the use of barrier layers. The task that was tackled
related to preventing the formation of Ti-Fe intermetallic phases

(IMPs) between the steel and titanium layer. The barrier layers
(height ~0.5 mm) of vanadium and copper alloys were surfaced by
arc techniques while minimizing the level of thermal influence on
the base metal. To this end, plasma surfacing with a current-driving
wire and pulsed MAG surfacing were used. The obtained samples
were examined by methods of metallography, X-ray spectral mi-
croanalysis, durometric analysis. Tt has been established that when
a layer of vanadium is plated on the surface of titanium, a defect-
free structure of variable composition (53.87-65.67) wt % Ti with
(33.93-45.54) wt % V is formed without IMPs. The subsequent
surfacing of steel on a layer of vanadium leads to the formation of
eutectics (hardness up to 5,523 MPa) in the fusion zone, as well as
to the evolution of cracks. To prevent the formation of IMPs, a layer
of bronze CuBey was deposited on the surface of vanadium. The
formed layer contributed to the formation of a grid of hot cracks. In
the titanium-vanadium-copper transition zones (0.1-0.2 mm wide),
a fragile phase was observed. To eliminate this drawback, the bronze
CuBe; was replaced with bronze CuSisMny; a defect-free junction
was obtained. When using a barrier layer with CuSi3Mn1, a defect-
free junction was obtained (10-30 % Ti; 18-50 % Fe; 5-25 % Cu).
The study reported here makes it possible to recommend CuSizMn;
as a barrier layer for welding bimetallic sheets “steel-titanium”. One
of the applications of the research results could be welding of lon-
gitudinally welded pipes of main oil and gas pipelines formed from
bimetallic sheets of steel clad with titanium.

Keywords: steel-titanium bimetal, barrier layer, structure, inter-
metallic phases, interface boundary.
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This paper considers the technology of electrical discharge
machining of steel friction pairs and reports the results of experi-
mental studies. Analysis of the experimental studies has shown that
increasing the “anode-cathode” voltage leads to a sharp decrease in
the micro-hardness of the surface layer. The study has also made it
possible to determine the characteristic dimensions of the structural
elements, the height parameters of surface roughness. The elemental
composition of the resulting surface of a steel 15KHHGN2TA sample
differs from the composition of coatings and the surface layers of
samples modified by electrical discharge machining involving vari-
ous electrodes. Under the “anode-cathode” system operation mode,
a thin layer of coating with a stable modified structure forms on the
surface of the cathode due to dissipative processes. It is shown that
the height of surface irregularities on sections after friction is higher
than on the surface sections outside the friction flow, which is as-
sociated with the formation of a friction transfer film on the samples’
surface. It was established that the interaction of friction of steel

samples treated by electrical discharge machining forms a thin film
on the surface of friction of steel samples, which leads to a change
in the relief of surfaces with an increase in the height of the micro-
protrusions, as well as the structuring of the transfer film in the di-
rection of sliding. The effect of machining steel surfaces by electrical
discharge on the wear resistance of metal-polymer tribosystem was
established. The implementation of the devised technology could
provide a significant increase in the wear resistance of metal-polymer
tribojunctions.

Keywords: alloying electrode, wear resistance of metal polymers,
tribojunction, electrical discharge machining, steel modification.
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BUSABJIEHHS OCOBJIMBOCTEI ®OPMYBAHHS CTPYKTYPU KOMIIO3UTIB HA OCHOBI
CHUHTE30BAHIX HAHOIIOPOIIKIB JIOKCHUAY NIUPKOHIIO (c. 6-19)

E. C. l'esopksn, B. I1. HepyOauskuii, B. O. Ynmkana, O. M. Mopososa

PosriisityTo 0c06a1BOCTI GOPMYBAHHST MIKPOCTPYKTYPH KOMITO3HUTIB Ha OCHOBI CHHTE30BAHUX XIMIYHUM CIIOCOGOM METOIOM PO3KIIALY
3 hropuAHUX coJell HAHOMOPOIIKIB AiOKCHAY THPKOHio. [Ipi oMy 6y10 BUKOPICTAHO (DTOPOBOAHEBY KMCIOTY, KOHIIEHTPOBAHY a30THY
KHUCJIOTY, BOAHMII PO3UMH aMiaKy, MeTaJeBUil IUPKOHIH, 0JIiBiHIIOBUIT cIUPT. BeTaHOBIIEHO, 1110 3MEHIIIEHHS IIOPUCTOCTI HAHOIIOPOIIKIB B
IIpolieci CIiKaHHs € TOJOBHUM 3aB/IaHHSAM HA HIIAXY (OPMYBaHHS BUCOKOIIIJIBHUX MaTepiais.

[TpoBezieHo aHasi3 pisHUX BUXIAHUX HAHOMOPOIIKIB, iX MOPdOoJIorii Ta 0cOOIMBOCTEN CIIIKAHHST METOAOM Tapsidoro MpecyBaHHs 3 Tpsi-
MUM [POIYCKAHHIM €JeKTPUIHOrO cTPyMy. PO3IISHYTO 0COGIMBOCTI OTPUMAHHS KOMIIO3UTIB Ha IX OCHOBI 3 J0OaBKaMU HAHOTIOPOIIKIB
AlyO3 ipu BuKOpucTanHi MeToay ejekTpocnikanus. [Tokazano, 1o 36iblIeHHs BMICTY HAaHOZO0ABOK OKCHLY allOMIHII0 TIPU3BOAUTH 0
MIBUIIEHHS MIiI[HOCTI i TPIMIMHOCTIIKOCTI 3pa3KiB 3a PaxXyHOK OJIHOYACHOTO CTPUMYBAaHHS aHOMAJbHOTO POCTY 3epeH Ta (popMyBaHH:
GistbI APIOGHOT CTPYKTYPU 3 BUCOKUM BMiCTOM TETPAroHaIbHOI (hasu.

JlocaipkeHo BIIUB PEKUMIB CITIKaHHSA Ha (GOPMYBAHHSI MiKPOCTPYKTYPH HAHOIIOPOIIKIB AiOKCU/Y ITUPKOHIIO 3 PI3HUM BMICTOM J10-
6aBOK OKCH/IY ajioMiHiio. EJeKTpuyHmii CTpyM Cripusi€ MOBEPXHEBiil aKTHBHOCTI HAHOMOPOTITKIB, a HOr0 3MiHHE 3HAYECHHS — YaCTKOBOMY
JPOOJIEHHIO arJIOMEPOBAHUX 3€PEH, TAKUM YMHOM BILUIMBAKOYU HA CTPYKTYPOYTBOPEHHS KOMIIO3UTIB.

Busnaueno ¢isnko-mexaHiuni BJIACTUBOCTI OTPUMAHUX 3Pa3KiB, ONTUMAIbHI CKJIAJAN CyMillell Ta MOKJIMBOCTI TOJIMIIEHHS JAeTKUX
napaMeTpiB. BeTanoBieHo, Mo 711 OTPUMAHHS KOMIIO3UINITHIX MaTepiaiB 3 BUCOKNMNI (Hi3NKO-MEXaHIIHIMH BJIACTUBOCTSIMHU HAHOMO-
POMLIKY JIIOKCH/Y IUPKOHIIO, OTPUMaHI METOZOM PO3KJIaJaHHs 3 (GTOPUIHUX COJIEH, IIJIKOM MHiZIX0/ATh. BOHN KOHKYPEHTOCIIPOMOJXKHI 3
IMITOPTHUMU aHATOTAMU Ta [O3BOJISIIOTH OTPUMATH TPIIUHOCTIHKICTD 7,8 MTIIa-m!/2 ta minmicts 820 M11a.

Kmouosi cioBa: jgiokcn/ MIPKOHi0, KOMIO3UIINHI MaTepiaan, KOHCOMiAIis, MIKPOCTPYKTYpPa, OKCHJ] aJIOMIHIIO, CIIIKaHHs, TPIln-
HOCTIHKICTD.
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AHAJII3 MEXAHIYHOI MIITHOCTI BOJIOKHA IIYKPOBOI ITAJIbMU PI3HOI MACOBOI YACTKU B
SIKOCTI APMYIOUYOT'O MATEPIAJIY IOJIIIPOIILJIEH-EJIACTOMEPHOI MATPUIII ITBPUTHOTO
KOMIIO3HUTY (c. 20-29)

I Gusti Ngurah Nitya Santhiarsa, I Gusti Ayu Agung Praharsini, I Gusti Agung Alit Suryawati, Pratikto

B nanwmii yac goctynHicTh mosinporiieny, exactomepy i Bosiokna 1mykposoi [laabmu (Arenga pinnata) pyske BeJMKa, IO ITiBUIIYE
MOTEHIAT PO3POOKH HOBUX KOMIIO3UIIHHIX MaTePiaiB, 10 BOJOAIIOTH XOPOMINMI BJIACTUBOCTSIMH i XapakTepuctukamu. Kommosuti,
SK TIPABUJIO, SIBJSAIOTH OO0 HOBUII Marepias, M0 CKIAAAEThes 3 ABOX abo Giblie pisHUX MaTepiajliB 3 METO OTPUMAHHS HOBOTO
Marepiasy, 0 BOJIO/i€ KPAIIUMU BJACTUBOCTSIMU, Hi3K CKJIAJ0BI MaTepiaau. Y boMy gociipkenti miactuk mosinporinen (I111) i erac-
TOMEP BUKOPUCTOBYBAJIU B SIKOCTI MATPUII KOMITO3UTY, apMOBAHOI BOJIOKHOM ITyKpoBoi maimbmu (Arenga pinnata). MeToio 1anoro mo-
calizKeHHs OYJI0 BU3HAYUTH 3HAYCHHSI MIITHOCTI Ha PO3PUB, YIaPHOI B'A3KOCTI i MIITHOCTI HA BUTHH KOMIIO3UTIB 3 MACOBOIO 4acTKoi0 20 %
(80:20), 30 % (70:30),1 40 % (60:40). 3a pesyabraTaMu KOCTIJKEHHS TIOPUAHIX KOMITO3UTIB 3 MOJITIPOTIJIEHY | apMOBAHUX BOJOKHAMU
eJIacTOMepiB, HaiiMeHIe 3HaYeH s MilHocTi Ha po3pus 1,153 MIla orpumann komnosuTu 3 macosoio yactkoio 20% (80:20), B Toii yac
sk HallGiabure 3HauenHs 2,613 MITa oTpumat KOMIIO3UTH 3 MacOBOI0 YacTkoio 40% (60:40). Halimenmie sHauenus gedopmarii npu pos-
tarysanti 0,0049 orpumany KOMIO3uTH 3 MacoBoto yactkoio 20% (80:20), naiibinbine snauennss 0,0067 6ys0 BUSBIEHO B KOMITO3UTAX
3 MacoBoio gacTkoto 40 % (60:40). 1o cTocyeThest yaapHoi B'A3K0CTi, HafiMene sHavenns 45248,234 k[ /MM? OTpHMaB KOMITO3UT 3
MacoBoto yacTkoto 40 % (40:60), B Toif yac sk HaitBuILy yaapHy B'askicTh 17649,97 k/lx/MM? 0OTpUMaB KOMIO3HUT 3 MaCOBOIO YaCTKOIO
20 % (80:20). 3a pesyabratamu MinHOCTi Ha BUrMH Haiimenine 3uadenns 1,7778 Mlla orpumas KOMIIO3UT 3 MacoBoio dacTkoio 20%
(80:20), B Toii uac sk HaiibGinbure 3navenns 4,8867 MITa orpuMas KOMIIO3UT 3 MacoBoIo yacTkoio 30 % (70:30). Haiibinbma gedopmartis
npu BUrKHI Gysia BUsBJIEHA Y KOMIIO3UTI 3 MacoBoi yacTkoio 20 % (80:20), sika cknamna 0,0207.

Kiouosi caoBa: riGpuiHuii KoMIosuT, BOJOKHO 1yKpoBoi [Tambmu (Arenga pinnata), OJIIIpoIiiies, efactoMep, MeXaHiqHi BJIaCcTHBOCTI.
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PO3POBKA I BEPUDIKAIIIA MEXAHIYHUX XAPAKTEPUCTUK KOMITIO3UIIIITHOTO MATEPIAJLY,
BUTOTOBJIEHOTO 3 TEPMOILJTACTUYHOT MATPHIII I KOPOTKOTO CKJIOBOJIOKHA (c. 30-38)

Madina Isametova, Gazel Abilezova, Nikolay Dishovsky, Petar Velev

Y poboTi mpeacTaBieHi pe3ysibraTh KOMII'IOTEDHOTO MOJEJIOBAHHS Ta MPOTHO3YBAHHS MEXAHIYHUX BJIACTUBOCTEN KOMIO3H-
IHHUX MaTepiagiB 3 MoJiKapOOHATHOIO MaTPUIEI0, 3allOBHEHOI0 KOPOTKMMHU CKJISHUMHU BKJIOYeHHAMEU. Ha MikpopiBHi B mporpami



DIGIMAT (®pannisi) BUBYEHO BIUINB 00CATY BKJIIOYEHb HAa MEXaHIUHI BJIACTUBOCTI CTBOPIOBAHOTO KOMIIO3UTY Ha OCHOBI TOJiKap6o-
HaTHOI Marpuli. ByJio BcTaHOBIIEHO, 1110 IIPH CIIIBBIIHOIIEHH] PO3MipiB BKJIIOYEHD B liana3oHi 468+60 yacTuHku MalOTh rosr4acty hopmy,
MaTepias 3 TaKUMH BKJIIOUEHHSIMU Ma€ OiJIBIIT BUCOKY MEKY MIITHOCTI i MOJIYJIb IPY/KHOCTI, Hixk 1pu KoedinienTi popmu merre 50. Ta-
KOJK OyJin BU3HAUEHI KOMIIOHEHTH TEH30Pa OPIEHTAIli] BOJOKOH, 32 SIKHX 3HAYEHHST KOMII IOTEPHOTO MOJIEJTIOBAHHSI 100p€e Y3TOLKYIOThCS
3 JJAHUMU eKCIIePUMEHTIB. BUBUEHO BILIMB PO3MIpPY CITKM KiHIIEBUX €JIEMEHTIB Ha XapaKTePUCTUKU KOMIIO3UTY Ha MAaKPOPiBHi, HajlaHO
pekoMenIaiii moxo BUGOPY po3Mipy rpaHi KiHIEBOro ejemMenTa. BiAmoBigHicTs KOMIT'IOTEPHUX Mojeseil Y0 MiATBEPIIKEHO Pe3yJIb-
TaTaMM HaTYPHUX BUIPOOYBaHb. Y POGOTI MpEACTABIEH] pe3ysibraTn BUNPOOYBaHb IJIOCKUX 3Pa3KiB, BUTOTOBJIEHUX 34 TEXHOJOTIEW
JIUTTS 1111 THCKOM. MexaHiuHi BUIIpoOyBaHHs TPOBOAMINCI Ha TPHOX BapiaHTaX 3pa3KiB, BUTOTOBJIEHUX 3 KOMIIO3UIIITHOTO MaTepiay
Ha 0CHOBI mosrikapboratHoi Marpuil 3 Braodenusivu 10 %, 20% i 30 %. Po36ikHICTh MiK eKCIIePUMEHTATBHUMHI i KOMIT IOTEPHUMH pe-
3yJIBTATAMHY JIJIsI 3PAa3KiB 3 BMICTOM KOPOTKUX PyGaHuX BinpiskiB Bosokon 10 %, 20% 1MOSCHIOETHCS BINIMBOM TEXHOJIOTIYHUX (haKTOPiB
Ha BJIACTMBOCTI MaTepiajly Ha MaKPOPiBHi.

[IpoBeneni 1OCTiKEHHST TO3BOTMIN PO3POOUTH METOANKY KOMIT IOTEPHOTO MOJIETIOBAHHSI, 1[0 3aCTOCOBYETHCST HA €Talli CTBOPEHHSI
MOJIIMEPHUX KOMITO3UTIB HA OCHOBI TEPMOIIACTUYHIX MATPHUILb 3 KOPOTKUMHU CKJISTHUMU BKJIIOYEHHSIMU.

Kiio4oBi cioBa: koMosuiliiinuii Marepias, mosikapboHar, Koporke ckioBookHo, DIGIMAT, MoiyJib IpysKHOCTI.
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JOCIIIAKEHHA ®ISUKO-XIMIYHUX XAPAKTEPUCTHUK EJEKTPOXPOMHUX IIJIIBOK Ni(OH),-IIBC
HA FTO CKJII ITPU PI3HI TPUBAJIOCTI OCAJIZKEHHS (c. 39-46)

B. A. Kook, B. JI. Kopazenko, P. K. Hagees, B. B. Bepouupkuii, O. C. Meibnuk, 1. JI. Ilnakcienxo, /1. A. Cyxommn, C. B. Dironenko,
A. A. Kouepra, H. II. MakapueHko

Bukopucrants eJIeKTPOXPOMHUX €JIEMEHTIB B «PO3YMHKX» BIKHAX BeJle 0 3HAaYHOI €KOHOMIT eJleKTpoeHeprii HeoOXiAHoT 71t 0X0J10-
JUKEHHS TpuMimenb. [IpoTe, Bucoka BapTicTh IUX HPUCTPOIB HE A03BOJISE MNUPOKO BUKOPUCTOBYBATH TeXHOJIOTi0. OCKIiTbKHI BapTicTh
BU3HAUYAETHCST BUTPATHUMK BAaKyYMHUMU METOAMU HAHECEHHsI, PO3POOKaA IHIIMX OiJIbII AENIeBUX METO/IB HAHECEHHS NIAPIB €JIEKTPO-
XPOMHOTO €JIeMEHTY aKTyasbHa.

Bysio nocaiskeHo actiekTy aqbTepHATUBHOTO BAKYYMHUM MeTOaM (DOPMYBAHHSI — KATOAHOTO TEMILIATHOTO eJIEKTPOXIMIYHOTO Oca-
JUKEHHSI KOMIIO3UTHUX eslekTpoxpomHux 1isok Ni(OH),-IIBC.

[locmizkentss MPUCBSIYEHO BU3HAYEHHIO BIJIMBY TPUBAJOCTI OCAKEHHST eJeKTPOXPOMIOTO Mapy Ha iX (i3mKo-XiMiuHi XapakTte-
PHUCTHKU 30KpeMa Ha ONTUYHI i eJleKTpoximMiuHi BiacTiBoCTi. Oca/PKeHHs MPOBOMIIN HA CKJIO 3 HAHECEHUM OKCHIOM 0JI0Ba J0TIOBAHUM
dropom (FTO ckno). Tpusasicts ocamkenns Oyia obpana pisuoio 5, 10, 20, 40, 60 i 80 xBuaun.

B pesysbrati TpoBeeHHsI eKCIEePUMEHTIB OYJI0 TOKa3aHo, 10 ONTHMATBHOIO TPUBATICTIO OCAIKEHHS TPH BUOPAHUX YyMOBAX
¢opmMyBaHHS €eKTPOXPOMHOTO MIapy € iHTepBas B 5 0 20 XBUJIMH BKJIIOYHO. TpuBasicTs oca/pkenHs B 40 XBUJINH He jaBajia BU-
rpairy B ONTUYHUX XapPaKTEPUCTUKAX IJIIBKU. Y TOU e yac mpu TpuBasocTi ocampkers 60 i 80 XBUINH eeKTPOXiMiuHI Ta ONTHYHI
TapaMeTpr pi3Ko 3HIKYBAINCS — 3MEHIIyBaJgacs TINONHA 3aTeMHEHHs i HE3BOPOTHICTH TPH OCBITJIEHHI, a TAKOK MHTOMI EMHOCTI
TIPOIIECiB.

B nporeci 06pobku ganux Oy/i po3paxoBaHi TOBIIMHU MJIBOK B 3aJeKHOCTI BiJl TPUBAIOCTI OCAJKEHHS JEKIIbKOMa BapiaHTaMu.
[MopiBusHHS OTpUMaHKX rpadiKiB A03BOINIO BUSHAYNTH TPUOIUIHY KIJTBKICTH MOMIBIHIIOBOTO CITUPTY B €JIEKTPOXPOMHOMY KOMITO3UT-
HOMY TIOKPHUTTI, & TAKOK OI[IHUTH BUXI/l 38 CTPYMOM TIPOIIECY €JEKTPOOCaKeHHsL. [Ipu 1iboMy 06’eM MOJIBIHIZIOBOTO CIUPTY Y KOMITO3UTI
npubIN3HO AOPIBHIOE 06’ €MY TiAPOKCHY HiKeI0, a e(heKTUBHOCTI POIleciB ocajKeH s Ta 3abapsiaenns-suebapsichus Ni(OH), Gynn
npubamusuo 100 %.

Kii040Bi ciioBa: eJIeKTPOXPOMi3M, eJIEKTPOOCAIKEHHSI, TIAPOKCH/L HiKeJII0, MO BiHIIOBUIT CIIUPT, TPUBAIICTH OCAKEHHS, TOBITHHA
TTOKPUTTSI, are3is.
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PO3POBKA NPOIEYPU ITIEHTU®IKAIII IOBEJIIPHUX CIIJIABIB BIJIOTO KOJIbOPY HA OCHOBI
CPIBJIA TA IJIATUHU JJA IIJIEA ITIPOBIPHOTO KOHTPOJIIO (c. 47-59)

T. M. Aptiox, 1. B. I'puropenko, A. C. Tepuosa, C. B. fAremoxk, O. M. Bepinikin, M. I. HepnaBka

PosrustnyTo 1ipornenypy ineHTudikamii 6iux 0BeTiPHUX CIJIABIB HA OCHOBI JOPOTOIIHHUX METAJIB, 30KpeMa cpibiia, IJIaTHHU Ta
MeTaJliB IJIATHHOBOI IPYIH i3 PI3HUM BMICTOM JIETYIOUMX KOMIIOHEHTIB IIJISIXOM BUIPOOYBaHHS Ha MPOGIPHOMY KaMeHi Ta MeTOAOM
PEHTTeHO(DTYOPEHIIEHTHOTO aHaTi3y. BIOCKOHANIEHO METOAMKY OIIHKM BiAMOBiAHOCTI mpobu cpib/a Ta MIaTMHU B IOBEJTIPHUX CIIJIaBax
61J10r0 KOJIbOPY PI3HOrO KOMIIOHEHTHOTO CKJIajly BUMOTaM HOPMATHBHOI JOKyMEHTAIlil Ta mpoteAypy ix ineHrudikari.

Beranosieno, mo Besndnia npobu cpibaa y gopororinaux criasis cucremu CpM, CpllM, BusHadena 3a J0MOMOTOI0 PeaKTHBY
«Bixpomar Kamio» Ha TpoOipHOMY KaMeHi, 3aJeKUTh B/l TPOSABY KOHTPACTHOCTI SIKICHOT Peaklii Bifl cTaHAapTHOTO 3paska (mpobipHoi
TOJIKM).

JloBeeno, 1o s BUpoOyBaHHs cpiOHUX craBiB 3 BMicToM naiaio epekruBanM € «Kuceaornuii peaktus Ha 3071010 750 1pobu»,
SKUIT IPAIioe /I BU3HAUEHHS IKICHOTO 1 OPIEHTOBHOTO BMICTYy cpibua y criaBax.

Busnaueno, 110 peakTus «3aai30CHHEPOAUCTUI Kasiii» € aysKe Uy TIAUBUM 10 3MiHU JITaTypHOTO CKJIaAy CpiOHUX CIJIaBiB i 103BOJISIE
BCTaHOBUTH BMiCT cpibJia 3 ToUHicTIO 10 5 %. IIpucyTHICTD ¥ CpiOHMX CIIJIaBaX TaKUX JAOMIIIOK, sIK IIUHK, KaJMiil, HIKeJIb, 30J10TO, HaJajiii
Ta i 36imbI1ye moxubKy BUSHAUEHHS IPOOH cpibaa Ta yTBOPIOE IHIIMI KOJIIp Ta BiATIHOK.



JloBeseHo, 1m0 BUIPOOYBaHH CPIOHIX CILTaBiB Ha TPOOIPHOMY KaMeHi a30THOKNCINM cpibiom edektusHe e 171st cucremu CpM.
HasBuicts nuuKy B cpibuux craBax 925 npodu BisyaibHO 30LIbIIYE IHTEHCHBHICTD KOILOPY OCALy, IO CBIAYUTL PO OLILIIT BUCOKY
3aBuIeny mpoby.

Bceranosieno, 1o izentudikailis BMiCTy IOPOTOIIHHUX CIJIaBiB HA OCHOBI IJIATUHU HA HASIBHICTH JIraTypPHUX KOMITOHEHTIB 3/1ili-
CHIOETBCS peakTuBoM «Moueruii kamiit» npu (=120 °C 3a KOIbOPOM Ta BiATIHKOM ocajy.

OnTHMi30BaHO TPOIEAYPY 3ACTOCYBAHHS HOAMCTOTO KATIIO i Yac OTPOGOBYBAHHSI TOPOTOIIHHUX CIITABIB HAa OCHOBI TIATHHL.

Ko4oBi cioBa: npo6ipiuii KOHTPOJIb, JOPOTOLIHHI CITaBM Ha OCHOBI cpibya Ta IIaTHHM, TPOGIPHUN KaMiHb.
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PO3POBKA CIIJTABA CTAJII Fe-11Al-xMN 3A KPIOTEHHUX TEMITEPATYP (c. 60-68)

Ratna Kartikasari, Adi Subardi, Andy Erwin Wijaya

Jlare HocaipKerHs cupsMoBaHe Ha migBuiienns Haaiiinocri Fe-11Al-Mn 3a paxyHok noeaHaHms BaacTuBocteii Mn Ta nepesaru
Fe-Al-C mpu kpiorennux temmeparypax. bymo pocmimkeno tpu ciasu Fe-11Al-Mn i3 ckragamu 15 macosux % Mn (F15), 20 maco-
Bux % Mn (F20) ta 25 macoBux % Mn (F25). Y kpiorenromy mpoiieci BUKOPUCTOBYIOTH Pijikuii a3ot y aianasoni remieparyp 0—-196 °C.
Jlist aHami3y MiKPOCTPYKTYPH BUKOPHCTOBYBAIU BUMPOOYBAHHSI Ha TBEPICTh 3 BUKOPHCTAHHIM MeTOAy Bikkepca Ta eleKTPOHHOTO
CKaHy104oro Mikpockomna. Bunpobysannst audpaxitii peHTreHiBCbKIX MPOMEHIB Oy IpoBeeHi AJIst TiATBEP/KEeHHS HasBHOCTI (hasu
ciaBy Fe-11Al-Mn, a BunpobyBanHs Ha KOPO3it0 Oy/iu NPOBE/IEHI 3 BUKOPUCTAHHAM METO/Y MOJSAPU3AI] TPHUETEKTPOIHOTO OCEPe/-
ky. IIpu nomaBamui Mn tBepaicTs mo Bikkepe cmmaBy Fe-11Al-Mn suusnmacs 3 331,50 VHN npu 15 macosux % no 297,91 VHN npu
25 MacoBuX %. 3HAYEHHST MII[HOCTI HAa PO3PUB Ta BITHOCHOTO MOJXOBKEHHS MpU po3puBi ckiramn 742,21 MlIla, 35,3 % EI; 789,03 MI1a,
41,2 % EI; ta 894,42 MIla, 50,2 % EI, nist F15, F20 Ta F25 BignosigHo. Baskinsum hakTopoM NOKpalleHHs XapaKTePUCTUK KPIOT€eHHUX
MaTepianiB € ynapuuii Mexanism. B pesysbrari yaapna B’saskicts 36inpmimacs na 2,85 [lsx/Mm? 1o 3,30 [x/Mmm? F.15 1 F25 Bigmosigno.
HNonasanus exementa Mn mifBuinye xoposiitny criiikicts Metany Fe-11Al-Mn. Haitamkya mBuakicTs KOposil CIOCTEPIraeThCs Macoio
Bix 25 % Mn o 0,016 Mm/rox. 3rigHo 3 peadysabratamu, civiaB F25 Mae HailBUIy MeXaHiuHy Ta KOpPO3iiiHy cTiiiKicTb i3 TPHOX THIIIB
CIUIaBiB, eKBiBaJeHTHUX Hepskailouoi ctani SS 304. Mikpoctpykrypa cimaBy Fe-11Al-Mn 6yJia anasoriqnoio o Ta micjst KpioreHHol
TemrepaTypHoi 06poOKH, s yMOBa MOKa3aa, Mo MiKpOCTPYKTypa He 3MiHuaacs mix yac npoiecy. Cyasadn i3 3arajbHUX Pe3yJIbTaTis,
ciias Fa-11Al-Mn € nepcneKTUBHUM KaHAMIATOM [Jist 3aCTOCYBAHHS B MaTepiajiax, 10 MPAIOITh IPU KPIOTEHHUX TEMIIepaTypax, 3a
paxyHoK onTuMisaiii BMicTy Mn.

KiouoBi ciaoBa: Fe-11Al-Mn, MikpocTpyKTypa, MEXaHiqHi XapaKTepUCTUKH, yaap, KOPo3iiiHa CTiiiKicTh, KpioTeHHA TeMIIepaTypa.
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AHAJII3 METAJIYPTTIHOT B3BAEMO/IIi ITPU IVTOBOMY HAILTABJIEHHI BAP’€PHUX IIIAPIB HA TUTAH
JJIA 3AIIOBITAHHA YTBOPEHHSA IHTEPMETAJVIIZAIB B 3’€IHAHHAX «TUTAH-CTAJIb» (c. 69-82)

B. M. Kop:xuxk, B. 10. XackiH, A. A. I'puniok, O. B. I'anymaxk, B. O. lllepeupkuii, C. I. Ilexemenxo, O. B. Konopesa, O. I. /lem’siHo0B,
H. M. ®Dianxo, B. B. KBacuunpkuii

PO3IJISIHY TO MOJKJIMBICTD OTPUMAHHS SKICHUX CTHKOBHX 3'€/[HaHb GiMETAIEBUX JIUCTIB 31 CTaJ, IIJIAKOBAHOI IIAPOM TUTaHY, i3 3aCTOCYBaH-
HsAM Gap’epHUX Npolapkis. Bupintysaiacs sajgada sanobirants yrBopeHnio intepmeraniganx ¢as (IMD) Ti-Fe mixk craio i THTaHOBUM Iia-
pom. Harutassernns 6ap’epaux mpomapkis (BucoToio ~0.5 MM) 3 BAHAIIIO 1 MiIHUX CIIJTaBiB BUKOHYBAJIOCS JyTOBUMH CIIOCOOAMU 3 MiHiMizaItieio
PIiBHS TEepMIYHOIO BILIMBY Ha OCHOBHUII MeTall. J[JIt IbOrO 3aCTOCOBYBAJIN I1JIa3MOBE HAILTABJICHHS 31 CTPYMOIIPOBIIHIM JIPOTOM 1 IMITYJIbCHE
MAG wnannasnenns. OTpuMani 3pasku JOCTIDKYBJIN MeToAaMu MeTaynorpadii, peHTreHOCIeKTPAIbHOTO MiKpOaHaTi3y, MI0POMETPidecKoro
aHasti3y. BeTaHOBIIEHO, 110 TIPH HATTABJIEHHI APy BAHAMIIO Ha TTOBEPXHIO TUTAHY, YTBOPIOEThCs Ge3nedeKTHA CTPYKTypa 3MIHHOTO CKIIaLy
(53.87-65.67) mac. % Ti 3 (33.93-45.54) mac. % V 6e3 IMD. TMonasblne HAMIABIEHHST CTAl Ha MIAP BAHAAIO TPUBOAUTH 110 (hOpPMyBaHHS
eBTeKTHKK (TBepaicTio 70 5523 MIIa) B 30Hi CIIaBIeH s, a TaKOXK 0 yTBOpeHHs Tpiupn. [lis sanobiranus yreopernio IM® nposesero Ha-
rutassenst mapy oponsu CuBey na moBepxmio Bamazio. [Ilap, sikuit popMyBaBcst IpH [bOMY, CIPHSIB YTBOPEHHIO CITKHM TapsTanX TPIimmH. Y
30HaX TIePexojly TUTaH-BaHaAili-Minb (mupusoro 0,1-0,2 Mm) crioctepiranacst Kpuxka dasza. {1 yeyHeHHs 11boro Henomiky 6ponsy CuBey 3a-
Minniu 6ponsoio CuSisMny i orpumainu Gesnedextre 3'eanants. Y pasi Bukopucrains 6ap’eproro mapy 3 CuSisMny orpumaro 6esiedekrre
s'ennantst (10-30 %Ti, 18-50 %Fe, 5-25 %Cu). [Tposezeni aocmizkenHs 103B0s10Th pekomenyBat CuSisMny sik 6ap’epHIi POIITAPOK TSt
3BapIOBaHHsI OIMETAJIEBUX JIUCTIB «CTalb-TUTaH». OJHUM i3 32CTOCYBaHb PE3YJIBTATIB AOCIIIKEHb MOKE OYTH 3BAPIOBAHHS TIOB3I0BKHONIOBHIX
Tpy6 MaricTpasbHUX HahTO- i ra30IPOBO/IIB, chOPMOBAHUX 3 GiMETATIEBHX JIUCTIB CTaJl, IJIAKOBAHOI THTAHOM.

Kao4oBi cioBa: Gimerasn cranb-TutaH, 6ap €pHUIT IPOMIAPOK, CTPYKTYPa, iHTepMeTaniH (hasu, TPaHUIIS PO3/LLY.
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3AKOHOMIPHOCTI ®OPMYBAHHS 3HOCOCTIMKUX IIOKPUTTIB CTAJIEBUX 3PA3KIB 3A
JOIIOMOIOIO iX EJIEKTPOEPO3ITHOI OBPOBKMU (c. 83-90)

. 1. Mapuenxo, B. M. Kypeniu

PO3TJISTHYTO TEXHOJIOTIIO eJEKTPOEPO3iiiHOl 0OPOOKH CTANEBUX Map TEPTS Ta TMPEACTABIEHO PE3YJIBTATH €KCIEPHMEHTATBHIX 0-
CITKEHb., AHAM3 €KCIEPUMEHTATBHUX MOCTIIKEHb MOKA3aB, M0 30iIbIIEHHsT HATIPYTH «aHOJ-KAaTOA» TPHU3BOAUTD 10 PI3KOTO 3HU-



SKEHHS MIKPOTBEPAOCTI MoBepXHeBoTo mapy. JocmiKenHs TaKoK J03BOJN/I0 BU3HAYNTH XapaKTepHi PO3MIpH eIeMeHTiB KOHCTPYKIIii,
rnapamMeTpy BUCOTH IIOPCTKOCTI oBepxHi. EnementHuil ckiax Buxianoi mosepxui 3paska 3i crani 15XTH2TA BiapisusieTbest Bij cKIaLy
MOKPUTTIB Ta MOBEPXHEBUX IMIapiB 3pasKiB, MOAUDIKOBAHUX €JEKTPOEPO3IHHOI0 06POOKOI0 PIBHUMHU eJeKTPoAaMu. Y peskumi poboTn
CHCTEMU «aHOJI-KaTO/I» Ha MOBEPXHI KaTO/la BHACII/IOK AMCUTIATUBHUX TIPOIIECIB YTBOPIOETHCS TOHKHIT TIAP MOKPUTTS CTiITKOT Moz di-
KoBaHOI cTpyKTypu. IlokaszaHno, 110 BUcoTa HOBEPXHEBUX HEPIBHOCTEN Ha JIJISSHKAX I1iCJIg TEPT BUIIA, Hi)K HA JIJITHKAX [1IOBEPXHI 1103a
TeYiero TepTs, 0 OB’ A3aH0 3 YTBOPEHHAM Ha MMOBEPXHi 3pa3KiB ITiBKY MepeHecenns TepTs. BecTanosieno, Mo B3aeMOist TePTS 3pa3KiB
cTasi, 06po6IEHNX eTeKTPOEPO3IiHIM METOIOM, YTBOPIOE TOHKY TLIIBKY Ha MOBEPXHI TEPTs 3pasKiB CTaJi, M0 MPU3BOAUTH A0 3MiHU
pesbedy MOBEPXOHb 13 301JIbIUIEHHAM BUCOTH MIKPOBHCTYIIB Ta CTPYKTYPYBAHHsI [IEPEHOCHOI MIIBKY B HANPSIMKY KOB3aHHsI. BctaHOB-
JIEHO BIUIMB €JIEKTPOEPO3iiiHoT 06pOoOKH cTaleBUX TMOBEPXOHb Ha 3HOCOCTIHKICTH MeTasonoaiMeptol Tpubocucremu. BripoBamkeHms
PO3pO0IEHOT TEXHOJIOTIT 3a0€31eUnTh ICTOTHE MiZABUIIEHHS 3HOCOCTIIIKOCTI METATOTOMIMEPHUX TPUGOCTIPSKEHD.

Ki104o0Bi caoBa: jieryiounii eJeKTpojl, 3HOCOCTIHKICTD MeTajomoiMepiB, TPUOOCIPSIIKEH S, eJleKTpoeposiiina 06pobka, MoAUpiKy-
BaHHS CTaI.



