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This paper reports an analysis of the state of tribological support
in the aviation industry. The use of surface strengthening technolo-
gies to extend the resource of friction node parts has been prioritized.
Modern combined technologies of nitriding and laser treatment of
steel surfaces have been reviewed. The mechanism has been eluci-
dated that damages steel 30H2NVFA in the jackscrew actuator of
transport aircraft flaps, which occurs due to insufficient surface hard-
ness of the material after a generally accepted heat treatment. Auger
electron spectroscopy analysis revealed a high concentration of oxy-
gen on the surface: up to 41.4 at. %; the friction surface carbonation
has been detected, especially significant at the surface of the pitting
damage. A comprehensive technology of surface strengthening by
nitriding+laser selective hardening has been suggested. The radia-
tion power was 1 KW, the diameter of the focus spot was 2.5 mm,
and the pitch between the focus spot centers was 2.5 mm. The total
area of laser processing was 70 %. The steel temperature exceeded A3
and corresponded to the hardening temperature range. The depth of
the nitrided layer increased to 400 um, the maximum hardness on
the surface was 1,350—1,380 H V(5. The formation of a solid nitrided
layer with a thickness of 200-250 um was observed, as well as a
transition zone composed of column-shaped iron nitrides, which are
introduced into the matrix material. As a result, a sharp gradient in
the mechanical properties disappears. The tests confirmed that the
wear resistance of the comprehensively treated surface was 2.1 times
higher under dry friction conditions, and 4.5 times higher when lu-

bricated with the “Era” grease (RF), compared with the 30H2NVFA
steel nitrided by the conventional technology. In addition, there was
no fragile destruction of the surface; the interaction with oxygen
reduced significantly.

Keywords: tribomechanical systems, friction nodes, nitrided
steel, selective laser processing, wear resistance.
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Every year, the world economy suffers enormous losses due
to wear and corrosion of machine parts and equipment. With
targeted preventive protection against wear and tear, these losses
can be avoided. Along with the coating of new parts, this includes
the restoration of worn parts. An effective method is the surfac-
ing of materials with high performance properties. The quality of
hardened parts depends on the properties of deposited material,
so hardening material or alloy is selected taking into account the
working environment of the part and the coating method.

Today there are many self-fluxing surfacing powder alloys
based on nickel, copper and others, obtained by different methods.

The paper discusses the process of studying the gas-flame
application of powders to increase wear resistance and adhesion
strength. Experimental studies have been carried out to deter-
mine the optimal composition of the CrBy master alloy introduced
into the composition of the GP-Ir40 surfacing alloy. It has been
found that to obtain the hardness of the deposited metal in the
range of 450—600 HYV, it is necessary to introduce CrBj into the
coating composition, within 10 % of the total mass. Thus, the
strength of the alloy is increased by more than 54.41 HV. Tests
for corrosion resistance in aggressive environments of hydrogen
sulfide H»S, sulfuric acid H,SO4 were carried out. The wear re-
sistance of ground pumps was evaluated, and the service life of

wear-resistant ground pump parts made of the IChH28N2 alloy
was determined.

The new developed self-fluxing surfacing powder material
based on iron with a hardening additive will be used to restore
machine and equipment parts operating under conditions of
abrasive wear, corrosion and elevated temperatures or corrosive
environments.

Keywords: powders, flame, plasma coatings, adhesion,
strength, wear resistance, plasmatron, corrosion.
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Welding thermomechanically-strengthened materials is ac-
companied with certain difficulties in terms of loss of strength
characteristics in the zone of thermal influence. This issue can be
resolved by using the technological welding schemes that include
fusion of materials in a narrow contact area. One such technologi-
cal scheme is electron beam welding, which is currently widely
used to fabricate structures from refractory and chemically active
materials. One of the main advantages of the electron beam weld-
ing process is a small quantity of heat input, which leads to the
formation of narrow zones of melting and thermal influence and,
as a result, minor deformities in the structure of the material. The
welded joint can structurally be divided into several zones, which
differ in the morphological characteristics of the structure. The
most interesting, in terms of ensuring the quality of the joint, are
the boundaries between the zones. It has been shown that the use
of local heating sources, which is the case at electron beam weld-
ing, leads to the migration of the boundaries of grains. As a result,
clear intersections, fusion lines, form at the boundaries between
zones of the welded joint. The formation of the structural state
of a welded joint is predetermined by the simultaneous course of
several processes. First, a crystallization from the liquid state —
the formation of a welded joint structure, as well as the boundary
between a welded joint and the zone of thermal influence. Second,
the phase-structural transformations in the solid state — a thermal
impact zone, the boundary between a thermal impact zone and the
main metal. Given this, one should note that the geometry and
quality of joints at electron beam welding are more interrelated
than in other welding techniques. Thus, one of the main param-
eters that ensure the quality of a welded joint is the structural
state of the material that forms during welding.

Keywords: electron beam welding, structural state, low-
carbon micro-alloyed steels, welded joint zones.
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Nickel foam is widely used as a current lead/current col-
lector and the basis of nickel hydroxide electrodes for various
electrochemical devices — batteries, hybrid supercapacitors, de-
vices for electrocatalytic oxidation of organic substances. The
characteristics of commercial samples of nickel foam produced
by Novomet-Perm (Russian Federation) obtained by electroless
and then electrochemical nickel plating and Linyi Gelon LIB Co
Ltd (China) obtained by electroless nickel plating were studied.
The nature of passivity was determined by forming model samples
of electrochemical and electroless nickel on a steel base. For the
passive sample, activation was carried out by applying a layer of
electrochemical nickel from an impact nickel plating solution.
Activated, non-activated samples of nickel foam, as well as model
samples, were studied by the methods of cyclic voltammetry and
galvanostatic charge-discharge cycling in the supercapacitor
mode. Comparative analysis of Chinese-made and Russian-made
nickel foam samples showed significant passivity of the former
— in cyclic voltammetry, the activity was 4.8 times lower, with
galvanostatic charge-discharge cycling — 2.59 times lower. It was
suggested that high passivity was determined by the fact that
the sample consisted of Ni-P or Ni-B alloy. This assumption was
proved by the method of natural simulation. The electrochemical
activity of electroless nickel was 1.25 times lower than that of
electrochemical nickel (according to cyclic voltammetry data)
and 1.58 times lower (according to galvanostatic cycling data).
For the first time, Chinese-made nickel foam (electroless nickel)
was activated by applying a layer of electrochemical nickel from
an impact nickel electrolyte. The high activation efficiency was
shown as follows — on the cyclic curve, the specific current of
the anodic peak increased 8.71 times, and with galvanostatic
cycling, the increase in specific capacity was from 1.73 times (at
i=120 mA/cm?) to 4.84 times (at i=20 mA/cm?).

Keywords: nickel foam, electrochemical nickel, electroless nickel,
impact nickel, activation, current collector, supercapacitor.
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During electric arc spraying, during the transfer of molten
metal by air flow, there is a significant burnout of alloying ele-
ments with the formation of a large amount of oxides, which
negatively affects the adhesion of the coating to the base. A solu-
tion to the problem of increasing the adhesion strength by using
pulsation of the atomizing air flow is proposed. At the optimal
frequency of the pulsed flow shut-off, the time of formation of
liquid metal droplets at the ends of the electrodes coincides
with the frequency of pulses of the spraying flow. As a result, the
droplets acquire an optimal size, they are transported by an air
flow with conservation of energy, a lower mass of oxygen and, as
a consequence, a significant decrease in the oxidation of alloying
elements in the sprayed material. The existing test methods of
sprayed coatings for adhesion strength to the base are analyzed.
The design of a modernized device for determining the adhesion
strength is developed and described, which provides complex
loading of the coating with a combination of tear-off and shear.
The tests revealed a significant (up to two times) increase in the
adhesion strength of aluminum, zinc-aluminum and steel (SvO8A)
coatings applied with air pulsation. This is achieved by increas-

ing the number of fusion zones of the coating particles between
themselves and with the base. It is shown that the effect of the
pulsation frequency on the adhesion strength changes along a
curve with a maximum corresponding to a frequency of 70-80 Hz,
regardless of the coating material. It has been established that the
aluminum coating has an increased tendency to oxidation, as a
result of which it is 15-20 % inferior to the zinc-aluminum coat-
ing in adhesion strength. The data obtained substantiate the use
of the proposed spraying technology in production.

Keywords: electric arc spraying, coating, pulsating flow, oxi-
dation, particle, adhesion strength.
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It has been established that carbon plastics are increasingly
used in various industries as structural materials. By the set of their
properties, carbon plastics outperform steel, cast iron, alloys of non-
ferrous metals. However, the application of these materials for parts
of machine friction units is still limited due to the difficult operating
conditions of modern tribosystems. This work aims to conduct a com-
prehensive experimental study of the tribological properties of materi-
als in the tribosystem “carbon plastic-metal” taking into consideration
their structure, as well as the mechanical-thermal characteristics.
Comparative tests of the dependence of the friction coefficient on load
for metal and polymeric anti-friction materials have shown a decrease
in the friction coefficient for plastics by 3...4 times (textolite, carbotex-
tolite, and carbon-fiber plastics). The influence of the filler orientation
relative to the slip plane on the anti-friction properties of carbon-fiber
plastics was investigated; it was found that the direction of fiber re-
inforcement in parallel to the friction area ensures less carbon-fiber
plastic wear. A linear dependence of the wear intensity of carbon-fiber
plastics, reinforced with graphite fibers, on the heat capacity and en-
ergy intensity of the mated steel surface has been established. Based
on the microstructural analysis, a layered mechanism of the surface
destruction of carbon-fiber plastics was established caused by the
rupture of bonds between the fiber parts, taking into consideration
the direction of the fibers’ location to the friction surface. The results
reported here could provide practical recommendations in order to
select the composition and structure of materials for the tribosystem
“carbon-fiber plastic-metal” to be used in machine friction units based
on the criterion of improved wear resistance.

Keywords: polymeric composites, oriented carbon plastics, ther-
mal conductivity, wear intensity, friction coefficient.
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Polymeric materials that contain inorganic fillers demonstrate
a unique set of physical properties due to the combination of matrix
elasticity and filler strength. This paper reports determining the
effect of dispersed aluminum particles on the properties of polyvi-
nylidene fluoride-based materials. This study result is the fabrica-
tion of a series of composite materials using a piston extruder. Their
functional characteristics have been explored using the methods of
thermophysical and mechanical analysis, dilatometry, and acoustic
spectroscopy. It was established that the introduction of dispersed
aluminum particles leads to the loosening of the matrix, which may
indicate the transition of macro macromolecules from the crystal-
line phase to the boundary layer around the filler. This feature of
structure formation and the uniform distribution of filler particles
ensured the improvement of the functional characteristics of the
materials obtained. It has been shown that with an increase in
the content of filler in the system to 5 % the thermal conductivity
increases from 0.17 W/(m-K) to 1.55 W/(m-K). The introduction
of the filler leads to an improvement in the heat resistance of the
materials obtained, by 17 K. The increase in both melting point
and destructiveness is explained by the formation of a more perfect
polymer structure with a higher degree of crystallinity. An increase
in the speed of ultrasound propagation was identified, by 67 %, as



well as in the tensile strength, by 36 %, in the materials obtained,

which can be explained by contributions from the filler, which has

greater sound conductivity and mechanical strength than the poly-

mer matrix. Such systems show the reinforcing effect of aluminum

particles on the polymer matrix, so they could be used as structural

materials with improved functional characteristics.

Keywords: polymeric composite materials, dispersed alumi-

num particles, thermal conductivity, tensile strength, sound speed.
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MNIABUIEHHSA 3HOCOCTIMKOCTI BAAKKOHABAHTAKEHUX JIETAJIEM TPUBOMEXAHIYHUX CUCTEM
METOA0M KOMBIHOBAHOTO JTIASEPHO-XIMIKO-TEPMIYHOT'O OBPOBJIEHHA (c. 6-13)

M. B. Kingpauyk, O. I. lyxora, O. B. Ticos, €. B. Kopoyrt, A. O. IOpuyk, B. B. Xapuenko, H. O. Haymenko

Bukonano awania cramy TpubGosoriunoro sabesredeHnst B apiaiiiiniii ramysi. BeraHOBIEHO TPIOPUTETHICTD BUKOPUCTAHHS TEXHOJIOTIH
MIOBEPXHEBOTO 3MIITHEHHST [UIS TH/IBUIIEHHS PECYPCY JeTalell By3JiB Tepts. [IpoBeeHo OrIsit cydacHIX KOMOIHOBAHIX TEXHOJIOTIN a30TyBAHHS
i sasepHoi 0OpoOKU TMOBEPXOHb cTaziell. Busnaueno mexanism momkomskenHs crami 30X2HBMA KyJbKOBO-TBUHTOBOIO MiAiHMaIbHOIO
MeXaHi3My 3aKPUJIKIB TPAHCIOPTHOTO JHTaKa, 0 PO3BUBAETHCS BHACTIIOK HEOCTATHHOI MOBEPXHEBOI TBEP/OCTI MaTepiary MicJs 3araTbHO-
npuitHATOI TepMiuHOT 06poOKH. OsKe-CIIeKTPAILHUM aHATI30M BCTAHOBJIEHO BUCOKY KOHIIEHTPAIIi0 KIUCHIO Ha TIoBepxHi: 110 41,4 % at. Busiieno
HaBYTJICIIOBAHHS TIOBEPXHi TepTsi, 0COOJMBO 3HAYHE Ha TOBEPXHi MITUHIOBOTO MOMIKOIKEHHS. 3AlPOINOHOBAHO KOMILIEKCHY TEXHOJIOTIIO
MMOBEPXHEBOTO 3MIITHEHHsT a30TyBaHHs+IazepHe Auckperre rapryBanis. [loryxkmicts BumpominioBannst ckiana 1 KBr, giamerp mismu
(dhokycyBaHHs — 2,5 MM 1 KPOK MIXK 1eHTpamu mism GokycyBanHs 2,5 MM. 3araibHa moma 06podku sasepom ckiana 70 %. Temmeparypa crasi
nepeBuIyBaia A3 iBiNOBiaa Aianasony temreparyp rapryBanHs. [JimGnuna a3otoBaHoro mapy 3pocrae 10 400 MKM, MaKCHMaIbHa TBEPIICTh
Ha nosepxHi 1350-1380 HVj,. CuocrepiraeTbcst yTBOPEHHsS CYLiTbHOTO a30ToBaHOro mapy tosmuuoio 200-250 MM, i mepexignoi 30HH,
0 CKJIaJIeHa 3 HITPU/IB 3aji3a CTOBIMYACTOI (DOPMH, SIKi MPOBAKYIOTHCS B MATPUUHUI MaTepial. YHACHTIOK IIbOTO3HNKAE PI3KHII IpaicHT
MeXaHIYHUX BJIacTHBOCTel. BUIpoOyBaHHAMU MATBEP/KEHO, 110 3HOCOCTIHKICTD KOMILIEKCHO 0Opo6IieHol oBepxHi B 2,1 pa3u Bullla B yMOBaX
CYXOTO TepTsl, 1 B 4,5 pa3u — B yMOBaX MallleHHsI KOHCUCTEHTHUM MacTiioM «Epas (PD) nipu mopiBHAHHI 3 A30TOBAHOIO 32 3ara/IbHOIPUIHSTOO
texnosorieio crammo 30X2HBMA. Kpim toro, BicyTHE KpUXKe pyitHyBaHHSI TIOBEPXHIi, 3HAYHO 3HUKYETHCS B3AEMO/LiST 3 KUCHEM.

Kmo4oBi cioBa: TpuGoMexaHiyHi cucteMu, By3Jiu T€PTst, a30TOBAHA CTaJlb, IUCKPETHA JazepHa 00pOOKa, 3HOCOCTIIKICTb.
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PO3POBKA TEXHOJIOTTi TA3OIIOJIVM THOTO HATIMJIEHHS ITOPOIIKIB /1 NIABUIITEHHS
3HOCOCTIMKOCTI I AATE3IMHOI MIITHOCTI (c. 14-24)

Daulet Yermekov, Vitaly Povetkin, Zivile Rutkuniene, Alfiya Nurmukhanova, Amina Bukayeva

[opiuHo cBiTOBa €KOHOMIKA Hece BeJMYe3H] BTPATH yepes 3HOIIYBaHHs i KOPo3ilo jetaseil Manmm i obraananss. [lux Brpar MoxkHa
YHUKHYTH 32 JI0IIOMOTOIO I[1JIeCIIPIMOBAHOIO IIPEBEHTUBHOIO 3aXUCTY Bi/l 3HOIIYBaHH:A. [Iopsiz 3 MOKPUTTSM HOBUX JleTaslell, CIOU BXOIUTD
BiJIHOBJIEHHSI 3HOIIEHNX JeTtaseil. EQexTuBHUM MeTO/0M € HaIUlaBJIeHHs MarepiasiiB 3 BUCOKMMHU EKCILIYaTaI[iiiHUMI BJIACTUBOCTSIMHI.
SIxicTh 3arapToBanuX JeTajgeil 3aJesKUTh Bi/l BAACTUBOCTEH HAMJIABJIECHOTO MaTepiary, TOMY 3MIIHIOIUMiT MaTepias abo crjiaB BUOMPAIOTh 3
ypaxyBaHHSIM POOOUOTO CePeIoBUIIA eTasll i cioco0y HAaHECEHHST TIOKPUTTSL.

Ha cporoamimnmmiii genn icuye 6e3miv caMo(IIiociBHUX HATJIABOYHUX MOPONIKOBKX CIIJIABIB HA OCHOBI HIKEJII0, Mijli Ta IHIINX, OTPUMAHIX
PI3HUMM METO/laMU.

Y cTarTi po3IIISIAETHCS TIPOIeC JOCTI/KEHHST Ta301I0/IyM SIHOTO HAIWJIEHHS MTOPOIIKIB JIIsSI Ii/IBUIIIEHHST 3HOCOCTIHKOCTI 1 ajre3iinoi
minrocTi. [IpoBesieno excriepnMenTaIbHi OCTIPKEHHA 3 BUSHAYEHHS ONITUMAIBHOTO CKJIaLy JeroBanoro ciaBy CrBy, BBesieHoro 110 cxiamy
HaragouHoro cryasy GP-Ir40. BeraHoB/eHO, IO VISt OTPUMAHHST TBEPAOCTI HAILIABJIEHOTO MeTany B Aianasoni 450—600 HV HeoOXinHO
seectt CrBy 10 ckimaxy nokputtst B Meskax 10 % Bij saraimbpHol Macu. TaKMM YHHOM, OCSATAETHCST 301/IBITEHHST MIITHOCTI CIITaBy OLIbIN HizK
Ha 54,41 HV. ITposezneno BumpoOyBaHHs Ha KOPO3iiiHy CTIKICTh B arpecHMBHUX cepenoBuiax cipkoouuio H,yS, cipuanoi kucmoru HySOy.
ITpoBeeHo OIIIHKY 3HOCOCTIIKOCTI TPYHTOBUX HACOCIB Ta BUBHAYEHO PECYPC 3HOCOCTIHKUX JietTasieil rpyHToBuX Hacocis 3i cruraBy [ChH28N2.

Hosuil pospobiennii caModiociBHUN HAIIABOYHUI TOPONIKOBUII MarepiaJ Ha OCHOBI 3ajiza 3i 3MIIHIOUOI0 100aBKOIO Oyje
BUKOPHCTOBYBATHCS JIJIST BIIHOBJIEHHsS JeTajiell MalvH 1 oOJajHaHHsI, 1O MPAIoTh B yMOBaX abpasuBHOrO 3HOIIYBaHHS, KOPO3il i
MIIBUIIEHNX TeMIEPATyp a0 arpecHBHIX CEPEIOBHUIIL.

Kirto4osi c1oBa: Mopouky, mosryM'si, IJIa3MOBI TOKPUTTSL, a/ire3is, Mil[HiCTb, 3HOCOCTIHKICTB, I1JIa3MOTPOH, KOPO3isi.
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OCOBJIMBOCTI ®OPMYBAHHS{ CTPYKTYPHOTIO CTAHY HU3bKOBYTIJIEHEBIX MIKPOJIETOBAHUX
CTAJIEM IICJISA ETETPOHHO-IIPOMEHEBOT'O 3BAPIOBAHHH (c. 25-31)

. B. Jlayxin, B. [I. ITosusikos, B. A. Kocrin, O. B. Bekeros, H. O. Porr, 0. C. Cayncska, JI. M. [lagisepina, O. B. JlioGiMmoBa-3iHueHKO

3BapIOBaHHS TePMOMEXaHIYHO-3MIITHEHNX MaTepialiB Ma€ MeBHI TPYAHOII 3 TOYKH 30py BTPATH MII[HICHUX XapaKTEePUCTHK B 30Hi
TEPMIYHOTO BILIMBY. BupileHHs: naHoi mpobjeMu MOMKJINBE IIISIXOM 3aCTOCYBaHHsI TEXHOJOTTYHUX CXEM 3BapIOBaHHsI, sIKi BKIIOYAIOTH
CIJIABJICHHSI MatepiasiB y BY3bKiil 30HI KOHTaKTY. OZHIE€I0 3 TAKNX TEXHOJIOTIYHHMX CXEM € €JIEKTPOHHO-TIIPOMEHEBE 3BAPIOBAHHS, dKe, Ha
TenepiniHiii yac, MMPOKO 3aCTOCOBYETHCS MIPU BUPOOHUIITBI KOHCTPYKILIH 3 TYTOIIABKUX i XIMIYHO-aKTUBHUX MaTepianiB. OLHI€I0 3 TOJIOBHUX
repeBsar mpoliecy eJeKTPOHHO-IIPOMEHEBOTO 3BaPIOBAHHS € MaJla BeJIMYIMHA IIOTOHHOI eHeprii, sska MPU3BOANTH 10 (JOPMYBAHHS BY3bKHX 30H
PO3TUIABJIEHHS Ta TEPMIYHOTO BIUINBY i, SIK HACJIZOK, He3HAYHUM AedOpMaIlisIMI B CTPYKTYpPi Martepiaiy. 3BapHe 3'€HaHHS CTPYKTYPHO
MO’KHA PO3IOJIIJINTY HA [IEKIIbKA 30H, sIKi BIIPI3HAIOTHCS 32 MOPMOIOriYHIME 0COOMMBOCTAMU CTPYKTYpH. HaiiGinbin ikaBumu, 3 TOYKH
30py 3a0e3TeYeHHs IKOCTI 3’€IHaHHs, € TPaHuUIll MiK 30HamMu. [T0Ka3aHo, 110 3aCTOCYBaHHS JIOKAJTBHUX JKEPEJ HATPIBY, sIK€ M€ MicIle Ipu



€JIEKTPOHHO-TIPOMEHEBOMY 3BapIOBAHHI, IPU3BOUTD 10 Mirpartii rpaHuils 3epeH. SIK HaCIi/I0K, Ha TPAaHUIIX Mi’K 30HAMM 3BAPHOTO 3'€/IHAHHS
opmytoTbes YiTKi MeKi pospiay — Jainii crraBienns. MopMyBaHHsT CTPYKTYPHOTO CTaHy 3BAPHOTO 3'€IHAHHS 0OYMOBJIEHO OJHOYACHIM
MPOTIKAHHSM JIEKUIbKOX TipotteciB. [To-niepiire, kpucrasizaiiii i3 pizkoro ctany — OpMyBaHHS CTPYKTYPHU 3BAPHOTO IIBA Ta IPAHUII 3BAPHUIT
OB — 30Ha TepMiuHoro BIiuBY. [lo-ipyre, hazoBo-CcTPyKTYpHI MepeTBOPEHHS B TBEP/IOMY CTaHi — 30HA TEPMIUHOTO BILIMBY, TPAHUIIS 30HA
TEPMiYHOTO BILIMBY — OCHOBHUIT MeTasl. BUXozsaun 3 11boro, ¢ 3ayBakUTH, 110 TEOMETPis Ta AKICTD IIBIB IPU €JIeKTPOHHO-TIPOMEHEBOMY
3BapIOBaHHI B3aEMOIIOB s13aHI CHUJIbHIIIE, HIK NP IHIIMX Crmoco0aX 3BapOBaHHA. TAKUM YMHOM, OJHMM 3 TOJIOBHHMX MapaMeTpiB, sIKi
3a6e31e4yI0Th SIKICTh 3BAPHOTO 3'€IHAHHS, € CTPYKTYPHUI CTaH MaTepiasry, SKUil (hOPMYETHCS /] Yac 3BapIOBAHHSI.

Kmo4oBi cioBa: eseKTPOHHO-IIPOMEHEBE 3BapIOBAHHS, CTPYKTYPHUII CTaH, HM3bKOBYIVIMIEBI MiKpOJIErOBaHi CTasli, 30HM 3BApPHOTO
3'€/THaHHA.
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IMOPIBHAJVIBHE JOCJLZKEHHS PISHUX TUIIIB IITHOHIKEJIO AJIS1 BUKOPHUCTAHHAA B
CYHNEPKOHAEHCATOPAX TA IHIIUX EJEKTPOXIMIYHUX ITPUCTPOAX (c. 32-38)

B. JI. KoBanenko, B. A. Korok

[Tinonikesb MUPOKO BUKOPUCTOBYETHCS SIK CTPYMOBI/IBIl/CTPYMOIIi/IBiZL T4 OCHOBA Ti[[POKCUIHOHIKETIEBUX €JIEKTPOMAIB [IJIsT Pi3HUX
€JIEKTPOXIMIYHUX MPUCTPOIB — aKyMYyJISATOPIB, MOPUAHUX CYTIEPKOHAEHCATOPIB, MPUCTPOIB €JEKTPOKATAMI THIHOTO OKUCHEHHS OPraHiuHUX
pedoBrH. BuBueri XapakTepUCTHKI KOMEPIIHHUX 3pa3KiB minoHikeso Bupoouuirsa « Hopomer-Ilepm» (Pociiicbra Meznepartist) (orpumanmit
XiMIYHIM, @ OTIM eJleKTpoXiMiuHnM HikemoBanHsMm) Ta «Linyi Gelon LIB Co Ltd» (Kuraii) (orpuManuii XiMiuHUM HikenoBaHHsIM ). Busna-
YEHHST IPUPO/IU TACUBHOCTI POBEEHO MIJITXOM (hOPMYBAHHS MOJIEJIBHIX 3Pa3KiB €J€KTPOXIMIYHOTO Ta XiMIUHOTO HiKeJIIO Ha CTaIeBiil OCHOBI.
JLJist TacuBHOTO 3paska 6yJI0 POBEIEHO AKTHBAIIIO IIISTXOM HAHECEHHS APy €TeKTPOXIMIYHOTO HIKETIO 13 PO3UNHY YIAPHOTO HiKETIOBAHHSI.
AKTHBOBaHI, HCAKTHBOBAHI 3PA3KM IIIHOHIKEJIIO TA MOJIEJIbHI 3PAa3KH BUBYEHI METO[aMU IIMKJIIYHOI BOJIBTAMIIEPOMETPII Ta Ta/lbBAHOCTATUYHOTO
3apSI/IHO-PO3PSITHOTO MIUKJIYBAHHS B PEXRIMI CynepKonencaropa. [lopiBHAIbHMIT aHAMi3 3pa3KiB MiHOHIKEIIO KUTAHCHKOTO i pocilichkoro
BUPOOHUIITBA MOKA3aB 3HAYHY TMACUBHICTH IMTHOHIKETIO KUTaChbKOTO BUPOOHUIITBA: B IUK/IIYHII BOJBTaMIEPOMETPii aKTUBHICTh HUKYE B
4,8 pasu, mpM raTbBaHOCTATHYHOMY 3apSIIHO-PO3PSITHOMY TMKJIyBaHHI — B 2,59 pasu. BucsoBieno npuyieHss, Mo BUCOKA MACHBHICTH
BUBHAYAETHCA THM, 10 3Pa3oK CKJIamacThes 3i cmaBy Ni-P a6o Ni-B. [lane npuiyiieHns A0BeIeHO METOIOM iMITAIiiHOTO HATYPHOTO
MoJieoBaHHs. EjlekTpoxXiMiuHa aKTHBHICTH XIMIYHOTO HIKEJIIO HUKYE aKTUBHOCTI eJeKTpoximiuHoro B 1,25 pasu (3a JaHUMM IUKJITYHOT
BoJsibTamIiepomMerpii) # i B 1,58 pasu (3a JlaHUMU TaJbBAHOCTATUYHOTO IUKJIYBaHHs ). Briepiine mpoBe/ieHo aKTUBAIIO MHOHIKEN0 KuTaii-
CHKOTO BUPOOHUIITBA (XIMIYHOTO HIKEJIIO) IIISIXOM HaHEeCEHHs Mapy eJIEKTPOXIMIYHOTO HIKeJIIo 3 eleKTPOIiTy yaapHoro Hikeso. [Tokazana
BUCOKA e(heKTUBHICTD aKTUBALT: HA IIMKJIYHIH KPUBIH THTOMUIT CTPYM aHOAHOTO 1KY 30iabinBest B 8,71 pasiB, a 1py ra/ibBaHOCTATHYHOMY
HUKJIyBaHHi T/IBUIEHHS TUTOMOT eMHOCTi ckano Bij 1,73 pasis (mpu i=120 MA /cm?) 110 4,84 pasis (11pu i=20 MA /cm?).

Kmou4oBi coBa: minoHiKe/b, eJeKTPOXIMITHIIT HiKeJTb, XIMHIKEb, yIAPHUN HiKeJhb, aKTUBAIlisl, CTPYMOBI/IBII, CyTIEPKOHEHCATOP.
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BU3HAYEHHA MIITHOCTI 3YEIVIEHHA IIOKPUTTA, OTPUMAHOTI'O EJIEKTPOAYTOBUM
HAIINJIEHHAM 3 ITYJIbCAIIIEIO PO3IINUJIIOBAJIBHOI'O IIOTOKY IOBITPA (c. 39-47)

I. B. 3axapoBa

[Ipu e1eKTPoAYTOBOMY HAIIMJICHHI TTiJ] Yac NepeHeceH st Po3IIaBJIeHOr0 MeTaly OTOKOM MOBITPsI BiOYBAa€ThCs 3HAUHE BUTOPAHHS JIery-
I0UNX €JIEMEHTIB 3 YTBOPEHHIM BEJIUKOI KIJIbKOCTI OKCH/IB, 1110 HETaTUBHO BILIMBAE HA MIIHICTb 3UEIJICHHS IOKPUTTS 3 OCHOBOIO. 3aIIPOIIOHO-
BaHO BUPIIIEHHsT IIPOOJIEMH THABUIIEHHS MIIHOCTI 3UEIJIEHHST IUIIXOM BUKOPUCTaHHsI IyJIbCallil PO3MIIIOBAILHOTO HOBITPSIHOTO TTOTOKY. [Tpn
ONTUMAJIBHII 4aCTOTI IMITYJIbCHOTO MEPEKPUTTsI IIOTOKY Yac YTBOPEHHS Kparie/ib PIIKOTO MeTaly Ha TOPIX eJeKTPOAIB 30iracThes 3 4aCTOTO0
IMITyJIbCIB POBIMITIOBAILHOTO TIOTOKY. B pesyJibrari kparuii #HabyBaloTh OMTUMAIBHOTO PO3MIPY, BOHH TPAHCIIOPTYIOTHCST OBITPSIHUM MOTOKOM
31 30epesKeHHsIM eHepril, MEHIIIOI0 MacOI0 KMCHIO 1, IK HACJI 0K, 3HAYHIM 3MEHIIEHHsIM OKUCTIOBAHHST JIENYIOYNX eJIEMEHTIB y MaTepiali, 1o Ha-
[MJIOETHCSL. TIPOAHATIB0BAHO ICHYIOUI METO/M BUIIPOOYBaHb HA MIllHICTb 34CIICHHS 3 OCHOBOIO HAIIMJICHHX IIOKPUTTIB. PO3p0o0JIeHO Ta orncato
KOHCTPYKI[I0 MOZIEPHIZ0BAHOTO TIPUCTPOIO [T BU3HAYEHHS MII[HOCTI 3YerieHHsl, IKnii 3abe3nevye KOMIIEKCHe HaBaHTaKeHHsT Ha TTIOKPUTTSI
i3 TIOEHAHHAM BiZpUBY 1 3pisy. [IpoBeseHHAM BUIPOOYBaHb BUSABJIECHO 3HAUHE (0 JBOX PasiB) 3POCTaHHsI MIllHOCTI 3UEILICHHS aIIOMIHIEBOTO,
IMHK-amoMinieBoro Ta cramzeBoro (CB08A) MOKpUTTIB, HaHeCEHNX TIPU 3aCTOCYBaHHI IyJsbcallil moBiTps. lle mocsraeTbest 3aBASKN MiABU-
MIEHHIO KiJIBKOCTI 30H CIUIABJIEHHS YaCTOK TIOKPUTTA Mizk co6010 i 3 0cHOBOI0. [ToKazaHo, 110 BILUIMB YaCTOTH T1yJIbCallii Ha MIil[HICTb 34€TIJICHHS
3MIHIOETBCS 32 KPHBOIO i3 MAKCMMYMOM, 1110 Bi/ioBigae yactoti B Mexxkax 70—80 Iy HesaexxHO Bij Tuity mMatepiany nmokpurtsi. BeranoBieno,
1[0 ATIOMiHI€BE TTOKPUTTSI MAE THABUIIEHY CXUIBHICTD 10 OKUCJIEHHS, BHACJI/IOK YOTO0 32 MIiIHICTIO 34erienHs BoHO Ha 15—20 % mocTymaernbest
[UHK-QTOMIHI€EBOMY TIOKpUTTIO. OTpUMaHi aHi 0GTPYHTOBYIOTh BUKOPUCTAHHST TPOTIOHOBAHOT TEXHOJIOTIT HAMTMJIEHHST Y BUPOOHUIITBI.

Kmo4oBi c0Ba: eeKTpoyroBe HAMIEHHS, TIOKPUTTS, IyIbCYIOUNI TTOTiK, OKMCJICHHS, YaCTKA, MIiIIHiCTh 3U€TIITeHH.

DOI: 10.15587/1729-4061.2021.233490

BILIUB CTPYKTYPHU I TEPMOMEXAHIYHHUX BJIACTUBOCTEI OPIEHTOBAHUX KAPBOILJIACTUKIB
HA IX TPUBOTEXHIYHI XAPAKTEPUCTUKU (c. 48-58)

0. B. [Tuxa, O. C. [Ipo6Gor, B. II. Onekcauapenxo, C. . IMiaraituyk, I1. M. SIpomenko, O. II. BaGak

BeranoBiieHo, 110 KapOOIIACTUKN K KOHCTPYKINIHI MaTepiain 3HAXOAATh BCe OLIbII IMMPOKE 3aCTOCYBAHHSI B PI3HUX Taly3siX
MPOMHCJIOBOCTI. 32 KOMILICKCOM BIACTUBOCTEI KapOOIIACTHKH [IEPEBEPILYIOTh CTaJ, YaBYHH, CILJIABU KOJLOPOBUX METaJIiB. AJle 3aCTOCY BaH-




HS IIUX MaTepiasiiB [UIs ieTasieil BysJIiB TePTst MAIIH € MOKH 1[0 0OMEKEHUM BHACIIZIOK CKJIAIHIX YMOB €KCILIYaTallii Cy4acHUX TPHOOCHCTEM.
MeTo10 poboTH € KOMIIJIEKCHI eKCIIePUMEHTaIbHI JJOCIIZKEeHHsT TPUOOTIOTTYHUX BJIACTUBOCTEH MaTepiasiB TpHOOCHCTEMU «KapOOTIIIacTHK-
MeTajl» 3 ypaXyBaHHSIM CTPYKTYPHOI OyI0BH, MeXaHIYHWMX Ta TemIoMi3nyHNX XapakTepucTuk. [1opiBHsUIbHI BUMPOOYBAHHS 3aJI€KHOCTI
KoeDIIlieHTy TepTsl Bijl HABAHTAKEHHS 7SI METAJIEBUX 1 TI0JIMEPHUX aHTH(PUKIIHHUX MaTepiasliB MOKa3a/u 3HIKEHHS KoedillieHTy TepTst
JUISL TIACTHKIB B 3.4 pa3u (TEKCTOJIT, KapOOTEKCTOMT i KapboBOIOKHIT). J[ociifkKeHo BIUIMB opieHTallil HATIOBHIOBAYA BIZIHOCHO MJIOIUHI
KOB3aHHS Ha aHTU(DPUKIINAHI BIACTUBOCTI KapOOBOJOKHITY Ta BUSBJEHO, 10 HATPSIMOK apMyBaHHS BOJOKOH MaPaJIeJbHO TLIOIL TepTs
3abesredye MeHIMH 3HOC KapOOBOJOKHITY. Beranosiena siHiliHa 3a1eKHICTh IHTEHCHBHOCTI 3HOTTYBaHHsI KapOOBOJIOKHITY, apMOBAHOTO
rpadiTOBAaHNMU BOJIOKHAMU BiJl TEIJIOEMKOCTI Ta €HEPrOEMHOCTI CHPsKEHOI cTaseBoi moBepxHi. Ha oCHOBI MiKpOCTPYKTYpHOTO aHAJIi3y
BCTAHOBJICHUI MOMAPOBUI MEXaHi3M OBEPXHEBOTO PYHHYBaHHS KapOOBOJIOKHITIB BHACIIOK PO3PUBY 3B'I3KIB MiXK YaCTHMHAMU BOJIOKHA 3
ypaxyBaHHAM HAIIPSMKY PO3TalllyBaHHS BOJIOKOH /10 TIOBepXHi TepTs. OTprMaHi pe3yJbraTi J03BOJISIOTh Ha/IaBaTH MPAKTHYHI PeKOMeH alil
JUIst BUOOPY CKJIALY i CTPYKTYpH MaTepianis TpHOOCHTEMH «KapOOBOJIOKHIT-MeTal» IS 3aCTOCYBAHHS y BY3JIaX TEPTsi MALIUH 32 KPUTEPIEM
TiIBUIIEHO] 3HOCOCTIHKOCTI.

K040Bi ci10Ba: moJsiiMepHi KOMIIO3UTH, OPIEHTOBaHI KapOOILIIACTUKH, TEILIOTPOBIIHICTh, IHTEHCUBHICTh 3HOIIYBAHHST, KOCDIIIEHT TEPTSI.
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BU3HAYEHH BIVINBY JUCIIEPCHIX YACTHTHOK AJIIOMIHIIO HA ®YHKIIIOHAJIBHI BJIACTHBOCTI
IMOJIMEPHIX KOMITIO3UTIB HA OCHOBI HOJIIBIHIVIIAEH®TOPHUY (c. 59-66)

E. A. JIucenxkos, JI. II. Kainmenko

Ilomimepni MaTepiasnn, sKi MiCTSATh HEOPTaHiYHI HAMTOBHIOBAYI, 3aB/SKN MOECAHAHHIO €JACTUIHOCTI MATPHUIl Ta MIITHOCTI HATIOBHIOBAYa
JIEMOHCTPYIOTh YHIKaIbHUIT KoMIuteke (Gisudnux BaactiuBocreil. Po6oTa mprcBsueHa BUSHAYEHHIO BIUIMBY JUCIIEPCHUX YACTHHOK aTIOMIHI0
Ha BJIACTMBOCTI MarepiaiiB Ha OCHOBI mosiBinimigerdropuny. Y pesdysbrati mpoBenenoi podoTu GyJi0 BUTOTOBJIEHO CEPII0 KOMIIO3UTHUX
MaTepiaiB 3a ZOIOMOTOI0 TMOPITHEBOTO eKcTpyzepa. byso mocmijkeno ix ¢yHkiionasbHi XapaKTepHCTHKH, BUKOPUCTOBYIOYH METOIN
TerI0(i3MYHOTO Ta MEXaHIYHOTO aHaJi3y, ANJIaTOMeTPil Ta aKyCTHYHOI CIeKTPOCcKoIii. BeTaHoB e HO, 1110 BBEJICHHS /IMCIIEPCHUX YaCTHHOK
ITIOMIHIIO TIPUBO/IUTH IO POSIIYITYBAHHS MATPHUII, IO MOKE CBITIUTH TIPO MepeXisi MAaKPOMaKPOMOJIEKYJI i3 KPUCTATITHOI (a3n y TpPaHunIHNAN
map HaBKOJIO HaloBHIOBaYa. Taka OCOGJIUBICTH CTPYKTYPOYTBOPEHHSI Ta PIBHOMIDHUII PO3MOALN YACTUHOK HANOBHIOBAYaA 3a0e3Medniiu
MoKpareHHs (GyHKIHOHAIBHUX XapaKTepUCTUK oTpuManux Marepiasis. [Tokazano, 1o 3i 301/IbIIEHHSIM BMIiCTy HAIIOBHIOBAYA Y CHCTEMI /10
3 % remonposianicts 3pocrae 3 0,17 Br/(m-K) no 1,55 Br/(m-K). BBeziennst nanoBHioBaya HPUBOAUTH /IO HOJIMIIEHHST TePMOCTIHKOCTI
orpuManux Marepianis Ha 17 K. 3pocranHst sk TeMIlepaTypy ILUIABJIEHHs], TaK 1 AECTPYKILi, MOSCHIOETHCS YTBOPEHHAM OlIbIl JOCKOHATION
CTPYKTYPH TOJIIMEPY 3 BUIIIUM CTYIIEHEM KPUCTAIUYHOCTI. BUABIEHO 3pOCTaHHS MIBUIKOCTI MOIMPEHHS YJIBTPa3BYKy Ha 67 % Ta MilHOCTI Ha
po3puB Ha 36 % B OTPUMAHUX MaTepiajax, 0 MOKHA MOSICHUTI BHECKOM Bi/l HAIIOBHIOBAYA, SIKUIT Ma€ OiJIbITY 3BYKOIPOBIAHICTH Ta MEXaH Y-
HY MIIIHICTb, HI’K IOJTIMEPHA MATPUILI. Y TAaKUX CHCTEMaX IIPOSIBJISIETHCS. apMyBAJILHUN BIUTMB YACTHHOK QJIIOMIHIIO Ha ITOJIMEPHY MaTpPHUILIO,
TOMY BOHU MOKYTHb BUKOPHCTOBYBATHUCH SIK KOHCTPYKIIIHHI MaTepiasi i3 moinmeHnMu (pyHKIIOHATbHUMI XapaKTePUCTIKAMM.
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