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Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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SURFACE HARDENING OF THE ALUMINUM ALLOYS AL3
BY ELECTROLYTIC-PLASMA TREATMENT

Abstract. The article presents the research results of the effect of electrolytic-plasma processing on the struc-
tural-phase transformation of aluminum alloy samples. The discharge was ignited from the DC source. When the
voltage is switched on, ionization and boiling of the electrolyte occurs. When bubble boiling occurs around the active
electrode, large current pulsations are observed. Due to the formation of a gas-vapor jacket and the passage of
electric current through it, a low-temperature plasma is formed, which has the characteristic blue color of the glow of
the shell around the part. Electric micro-arc plasma is excited on the surface of the product, in which an intense
heating of the workpiece occurs from heat generation. After microarc oxidation, the microstructure of quenching and
artificial aging in the electrolyte flow is observed on the sample surface. As a result of quenching in the electrolyte
stream, solid copper solution in aluminum and pinpoint fine inclusions dissolve from the microplasma temperature,
the phases oxidize to form aluminum corundum. X-ray analysis of the samples after electrolytic-plasma processing
revealed an increase in the intensity and broadening of the diffraction lines relative to the initial state, which indicates
the residual surface stress, which during operation provides an increase in the wear resistance of the part. The
average microhardness, after electrolytic-plasma treatment, is 746 MPa, which is about 2.5 times higher than that of
the starting material.

Key words: aluminium, electrolyte-plasma treatment, micro-arc oxidization, microstructure.

1. Introduction. As it is known quenching is used for hardening aluminum alloys. Tempering is
heating alloy to a temperature at which excessive intermetallic phases completely or predominantly solub-
le in aluminum. Exposure at this temperature and rapidly cooled to normal temperature allows obtaining a
supersaturated solid solution. The heating temperature for quenching is selected depending on the nature
of the alloy satisfying the mechanical property requirements for the part. Temperature of quenching alloy
system Al-Cu (figure 1) defined by a line abs limiting solubility line passing above for alloys containing
less than 5,7% Cu, and below the eutectic line (548 °C) for alloys containing greater amounts of copper
[1].

High temperatures cause burnout (melting along the grain boundaries), which leads to cracking,
reduced corrosion resistance, mechanical properties and resistance to brittle fracture. Quenching is
followed by aging, where the alloy is kept at normal temperature for several days (natural aging) or for
10-24 hours at 150-200 °C elevated temperature (artificial aging) [2].

However, surface oxidized with aging after the quenching, it requires machining and as a result,
coatings do not provide high surface wear resistance.

2. Research method. Micro plasma coating is applied to a very narrow range of materials [3]. And
overwhelmingly is directed to obtaining a durable and wear resistant oxide layer on the anode surface of
aluminum and its alloys [4]. At the same time, the potential of this method has not yet been disclosed, due
to the poor knowledge of laws of formation of micro plasma discharges on the surface of the anode and
the cathode in different electrolytes and their impact on the structure and properties of the surface of the
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Figure 1 — The phase diagram of Al-Cu: dashed line is quenching temperature

electrodes. To develop the technology of applying various coatings on the surface of the work piece using
micro plasma discharges in electrolytes requires studying the patterns of their formation and effects on the
surface of the cathode [5]. It is known alternative device for micro-arc oxidation (MAO) wells gear pump
housing made of aluminum alloy. The strongest structural hardening of aluminum alloys is shown at
micro-arc oxidation [6].

To study the micro-arc oxidation samples measuring 10x10%20 mm (figure 2) was cut out of alumi-
num alloy A3 GOST2685-75, diamond disc, 1 mm thick, which is immersed in the coolant. At small cut-
ting speed n = 350 r / min, and low load, m = 250g, the sample does not undergo thermal deformation [7].

Figure 2 — Pieces for micro arc oxidation

Experimental studies and mechanical tests were carried out in the Regional university laboratory of
engineering profile "IRGETAS" D.Serikbaev EKSTU (Ust-Kamenogorsk), Science, and Technology Park
"Laboratory of engineering profile". K.I. Satpayev KazNTU (Almaty) [8]. The elemental composition of
the aluminum piece was examined in a scanning electron microscope JSM-6390LV - company JEOL
(Japan), prefixed energy dispersive microanalysis INCA Energy company «OXFORD Instruments» [9].
Defined elements from boron to uranium. The qualitative and quantitative phase analysis of the structure
of aluminium alloy piece was carried out on the X-ray diffractometric DRON-3 in the filtered radiation of
a copper anode, as «X'Pert PRO» company «PAN analytical», using Cu-Ka radiation [10].

3. Research results and discussion. The discharge was ignited by a constant current source. Sche-
me of constant current source (figure 3a), which consists of push-button station, the starter, the diode
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bridge, throttle, machine, ammeter, voltmeter, and other electrical appliances [11]. Cathode is a piece of
aluminum (AL 3: 1,5-3,0 Cu; 0,35-0,6 Mg; 4,5-5,5 Si; 0,6-0,9 Mn), submerged to a depth of 4-6 mm in
the electrolyte - 10% aqueous Na,CO; solution [12].

It should be noted that the quality of the surface layer, which was obtained using micro-arc oxidation,
depends on the process conditions largely. The power of the spark discharges and accordingly energy
impact on reinforcing surface are depending on them. When the voltage is turned on the surface of the
exciting electric micro-arc (figure 3b), in which heat comes from the intense heating of the work piece.

As the applied constant voltage smoothly increases the salt is electrolyzing, with this process,
according to Ohm’s law, amperage increases too (section 0-A, figure 4). For this section: with increasing
of the voltage, amperage increases proportionally. With this process electrolyte’s temperature is increasing
too, which is the consequence of the current passing through the electrolyte.

cm n 200V
—olo—r5 o}

oo w2207
w220 V i M —o

g

a)

Figure 3 — Scheme of a constant current source for micro arc oxidation of aluminum alloys:
a - electro scheme of constant current source; b - micro arc aluminum oxidation

.
A
s | \
A .
o] \
e -
a; \
/ \

01 97 176 178 186 191 199 205 218 231 248 260 271 282 2% U v
Figure 4 — Voltage-current characteristic of the electrolytum-plasma treatment

After reaching the particular value of voltage (100-180V) on the surface of detail’s cathode the
electrolyte starts boiling, blisters start actively appear on the surface (nucleate boiling). Nucleate boiling is
type of boiling, when detail’s temperature is close to the boiling point of water. When this process occurs,
the high ripple current around the active electrode is observed. Their amplitude is significantly reduces,
when detail heats up to 470°C. With further increasing of rectified voltage film boiling occurs (point A,
figure 4), for which it is significant that nucleate boiling is vanishing and quick amperage slump, because

—— 204 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 4. 2019

formed gas-steam envelope has higher resistance than liquid electrolyte (section A-B, figure 4). Since gas-
steam envelope is less electroconductive, main voltage drop occurs in the zone, where the most heat is
released. Because of the forming of gas-steam envelope and current passing through it, low temperature
plasma is formed, which has blue envelope glow around the detail. The brighter blue glowing is, the more
ions it has, including ion modifiers. With the further increasing of voltage the forming of anomalous
discharge is observed.

Experiments have established the optimal modes of micro-arc oxidation of aluminum: voltage
U =200 V, the current I = 10 A, the heating time t = 4 s., quenching time t = 4 sec., the total number
n =15 cycles [13].

An anode having a disk shape 50 mm diameter, 2 mm thick, with holes drilled @4 mm 12X18HI10T
made of stainless steel [14]. Micro arc occurs between the cathode and a liquid electrolyte [15]. Of
particular influence on the structural transformation has intermittent fever, when you connect the power
supply, which rises above the phase a — L-conversion (548 °C). After the power supply goes off micro-
arcs that provides access to the electrolyte reheat alloy and rapid cooling (quenching).

The aluminum alloy structure present in equilibrium grain which is a solid solution (figure 5 a),
which is composed of copper, manganese and magnesium, disperse the inclusion Mg, Si.

Figure 5 — The microstructure of aluminum alloy AL3:
a - in the initial state; b - after the micro arc oxidation

After the micro-arc oxidation observed microstructure of hardening and artificial aging of the
electrolyte stream (figure 5 b). As a result of quenching the solid a - a solution of copper in aluminum and
spot finely divided inclusions are dissolved by micro plasma temperatures, these phases are oxidized to
form alumina corundum [16]. The results of elemental analysis after the micro-arc oxidation (table 1)
indicate the appearance of oxygen and the inclusion of the relevant elements of the reinforcing aluminum
alloy. Inclusions were allocated from a-solid solution during artificial aging. After aging, the aluminum
surface layer is oxidized. Elements standing out in a dispersed form strengthens the alloy. It can be
detected CuAl, particles and magnesium particles.

Table 1 — The elemental composition of the aluminum after MAO (to figure 5 b)

Spectrum o Na Al Si Cu Total
Spectrum 1 2.58 - 97.42 - - 100.00
Spectrum 2 4.95 0.32 93.49 0.76 0.48 100.00
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To identify the structural and phase transformations of aluminum as a result of thermal effects micro-
arc oxidation held X-ray analysis [17]. X-ray diffraction analysis of samples of aluminum in the initial
state and after the delivery of micro-arc oxidation (figure 6) revealed the presence of lines o - phase based
on Al

(112) (Al) (200)| (220)
(200) (Al) (220)  (311)
>
2 Z (311)
£ :
ng’ < Al203
= (112) o (AI)(111)
10 20 30 40 50 60 70 80
20 (degrees) 10 20 30 40 50 60 70 80
20 (degrees)
a) b)

Figure 6 — X-ray diffraction pattern of an aluminum alloy:
a) in the initial state, b) after the micro arc oxidation

After the micro-arc oxidation observed increase in the intensity and broadening of diffraction lines
(figure 6 b) with respect to the initial state (figure 6 a), which indicates that the surface of the residual
voltage, which is in service enhances the quality of the details. To determine the phase composition of the
aluminum alloy sample treated with micro-arc oxidation implemented computerized statistical processing
of results [18]. X-ray diffraction analysis of the pieces showed the presence of aluminum oxide phases.
The values of the interplanar distances show that the angular position of the diffraction lines of samples
does not fully coincide, and their intensity are significantly different (table 2).

Table 2 — phase composition of the aluminum piece after mao

Ne 1, 20, 0, Sin 6 d/n, I, d/n, I, Hkl d/n, I, Hkl
mm | degree degree A % A % A %

1 680 38.64 19.32 0.3308 2.330 100 2.338 | 100.0 111 2.315 45 401
2 56 44.84 2242 0.3814 2.021 8.0 2.024 47.0 200 2.019 45 112

3 50 65.3 32.65 0.5395 1.429 7.0 1.431 22.0 220 1.426 10 710
4 11 78.42 39.21 0.6322 1.219 2.0 1.221 24.0 311

5 10 82.58 41.29 0.6599 1.168 1 1.169 7 222

6 112.2 56.1 0.8300 0.929 1 0.929 8 331

7 116.62 58.31 0.8509 0.906 1 0.905 8.0 420

Notes: I, mm — intensity of diffraction lines; 20 — angle according to diffractometer goniometer; 0 — angle of diffrac-

tion; sin O — 0 angle’s sine; d/n, A — distance between grids of direct diffraction grating hkl; I, % — intensity of diffraction
lines in percents; d — interplanar distance; n — order of reflections from the system of grids (hkl); hkl — indices of diffraction
lines (Miller Indices).

This may be due to the fact that internal stress arises in the processing of the high temperature of
plasma [19]. The sources of stress are the temperature gradients in the cross section; heterogeneity of the
chemical composition; structural imperfections; different crystal orientation in space; different specific
volume and different coefficients of linear expansion phases [20].

The micro hardness increased in all modes of processing micro-arc oxidation of aluminum alloy. The
average micro hardness reached at micro-arc oxidation is 746 MPa (table 3), which is about 2.5 times
higher than that of the starting material (figure 7).
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Figure 7 — the average value of micro hardness

Table 3 — Results of micro hardness after MAO

Ne z1 z3 72 z4 zr zb z d H, MPA | L,mkm | Hgy, Hayrg-H (Hayrg -H)"2

1 250 | 408 | 172 | 325 | 158 | 153 | 155.5| 34.21 | 777.56 0 -32.06 1027.89

2 | 250 | 411 160 | 320 | 161 | 160 | 160.5| 35.31 | 729.87 100 15.63 244.33

3 | 250 | 412 | 161 | 320 | 162 |159|160.5| 35.31 | 729.87 200 15.63 244.33

4 | 250 | 407 | 164 | 322 | 157 | 158 | 157.5| 34.65 | 757.94 300 -12.44 154.71

5 | 250 | 405 | 163 | 325 | 155 |162|158.5| 34.87 | 748.41 400 -2.90 8.44

6 | 250 | 407 | 160 | 324 | 157 |164|160.5| 35.31 | 729.87 500 15.63 244.33

7 | 250 | 410 | 160 | 323 | 160 | 163 | 161.5| 35.53 | 720.86 600 24.64 607.21

8 | 250 | 410 | 163 | 320 | 160 | 157 | 158.5| 34.87 | 748.41 700 746 -2.90 8.44

9 | 250 | 409 | 164 | 318 | 159 |154|156.5| 34.43 | 767.66 800 -22.16 490.87

10 | 250 | 408 | 164 | 322 | 158 | 158 | 158 | 34.76 | 753.15 900 -7.65 58.51

11| 250 | 411 164 | 322 | 161 | 158 159.5| 35.09 | 739.05 1000 6.45 41.61

12 | 250 | 410 | 163 | 321 160 | 158 | 159 | 34.98 | 743.71 1100 1.79 3.22

13 | 250 | 407 | 161 | 320 | 157 |159| 158 | 34.76 | 753.15 1200 -7.65 58.51

14 | 250 | 409 | 162 | 324 | 159 |162|160.5 | 3531 | 729.87 1300 15.63 244.33

15| 250 | 408 | 163 | 321 158 | 158 | 158 | 34.76 | 753.15 1400 -7.65 58.51
Notes: zy, 73, 73, Z4, Z» Zy, Z — alculated parameters for determination of imprint’s diagonals; d — length of imprint’s

diagonal of diamond pyramid on the sample’s surface, mkm; h, MPa — microhardness value; L, mkm — distance between

imprints of diamond pyramid; H,., — average hardness value; H,,,-H — deviation from average microhardness value;

(Hayrg-H)"2 — standard deviation.

After the micro-arc oxidation observed increase in the micro hardness values (figure 7) with respect
to the initial state, which certainly improves the performance of aluminum alloy parts [21].

4. Conclusion.

1. Studies show that micro-arc oxidation under certain conditions leads to an increase in the strength
properties of aluminum alloys.

2. It is found that the structural phase transformation toughening of aluminum alloys at micro-arc
oxidation occurs at significantly lower energy consumption as compared to conventional heat treatment.

3. For hardening an aluminum alloy instead of traditional heat treatment, an alternative electrolytic-
plasma hardening technology was proposed. Samples of aluminum alloy AL3 GOST2685-75 were sub-
jected to cyclic heating from the temperature of microplasma and quenched in a stream of electrolyte.
Heating, to the temperature of structural phase transformations, occurs at a significantly lower energy
consumption compared with traditional heat treatment.
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4. Experimentally established the optimal modes of microarc aluminum oxidation: power supply
voltage U =200 V, current I = 10 A, heating time t = 2 sec., Hardening time t = 24 sec., The total number
of cycles n = 15. Pre-established the dependence of the heating temperature on the heating, cooling and
voltage times which is expressed by the formula: T = 4.5xt2 nag. + 4.8xU - 18xtxl. After microarc oxi-
dation, the microstructure of quenching and artificial aging in the electrolyte flow is observed.

5. As a result of quenching, solid a is a solution of copper in aluminum and dotted fine inclusions
dissolving from microplasma temperature, these phases, when oxidized, form aluminum corundum.

6. X-ray analysis of the samples after electrolytic-plasma processing revealed an increase in the
intensity and broadening of the diffraction lines relative to the initial state, which indicates the residual
surface stress, which during operation provides an increase in the wear resistance of the part.

7. The average microhardness, after electrolytic-plasma treatment, is 746 MPa, which is about 2.5
times higher than that of the starting material.

K. K. Kom6aes', M. B. I[y):ucnﬂl, ®@. U. Kum', M. Musiauax?, B. K. Paxaguios®

'T. CepuxGaes atsirnarst IIsreic KazakcTaH MEMIICKETTIK TeXHUKAIBIK VHABepcHTeTi, OckeMer, KasakcTan
9 9 9
2BpounaBCKHﬁ aTBIHJIAFbI FBUTBIM JKOHE TEXHOJIOTHSIIAp YHUBepcuTeTi, [lobiia,
3C. Amanxo0m10B atbiHxarsl [IIbFbIC KazakcTan MeMJIeKeTTiK yHHBepcuTeTi, OckeMeH, Kasakcran

SJIEKTPJII-IIJIAZMAJIBIK OHAEY KE3IHAETT
AL3 ATIOMUHHA KOPBITIIAJIAPBIH BETTIK BEPIKTEHIIPY

AnHoTamusl. Makanana 3JIEKTPONIUTTI-IUIA3MANBIK OHACYAIH QIIOMUHHN KOPBITIIACHIHBIH YiTUIEpiHE KYPBUIBIMABIK-
(hazanbIK e3repey SCepiHiH 3epTTey HoTHKeNepi KenTipiireH. Paspsa TypakTsl TOK KoperiHeH TyTaHsIpslFaH. KepHeyai Kockan
Ke3Jle DJICKTPOUTTIH KalHaybl KOHE MOHAATMYhI Ty3inemi. KemipimikTi KaiiHay Ke3iHjae OCNCEHIl 3JCKTPO aifHANAChIHAA YIKEH
MyJbCTI TOK KyiuTepi Oaiikananpl. ['a3-Oyiiblk epiciHiH naiaa 601y HOTHIKECIHIE KOHE TOK OTY HOTHIXKECIH/IE TOMEH TeMIepaTy-
pajbIK IIa3Ma TY3iIell, 07 KeK TYCTI CHUMaTKa We YITiHIH aifHamachlH/Aa jKaublHAalAbl. Benekrin O6eTiHae MeKTpiik MUKpPO-
IUTa3Ma TYBIHAANIBL, KbUTy OOJiHYy ocepiHeH maiibiHAamMa OesiceHl KpI3aabl. MUKPOMOFAIBIK TOTHIFyJaH KeHH YJTiHIH OeTiHae
IIBIHAJIFaH MUKPOKYPBUIbIM OaiiKasa/ibl KoHE 3JICKTPOJIMT aFbIMBIH/IA JKACAHIBI €CKIPY JKypeli. DICKTPOJIUT aFbIMBIHAA LIBIH-
JTaITy HOTHKECIH/IE MBICTHIH AJTFOMUHUACT] O, KATThI €pTifici KoHE YCaK TYHIPIIiKTI KOCBIHABLIAP IIa3Ma TeMIlepaTypacklHaH epimn
TOTBHIFA/IBI /13, ATIOMUHHAN KOPYHIBIH TY3€Il. DIEKTPOIUTTI IJIa3MajbIK OHICYACH KeHiHTi 0acTanKpl KaJBIMEH CalbICThIPFaHIa
PEHTTEHKYPBUIBIMJIBIK Taay JU(PAKIMAIBIK CHI3BIKTAPEIHBIH YIIFAilybIHBIH 5KOHE CO3BUIFAHbIH O0aiiKaTThl. beTki KabaThIHbIH imI-
Ki KepHEYIHIH HOTIDKECI HKCIUTyaTanuanay KesiHjue OeTKi Te3IMIUIINH KaMTaMachl3 eTefli. DIeKTPOIUTTI-INIa3MalIbIK OHICYACH
KeiliH opraia MUKpOKaTThUIbIFEL 746 MITa Kypaiinel, 6acTanKsl KajblbIHaH 2,5 ecere sKOrapsbl.

Tyiiin ce3mep: arOMUHNI, 3JIEKTPOIUTTIK-TIIA3MAIIBIK OHIEY, MUKPOAPKTIK TOTBIKTHIPY, MUKPOKYPBUIBIM.
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IHOBEPXHOCTHAS 3AKAJIKA AIIOMUHHUEBBIX CIIVTABOB AL3
IPH DJIEKTPO-IJIASMEHHOM OBPABOTKE

AHHOTanus. B 1aHHOH cTaThe NPUBEICHBI Pe3yIbTAThl NCCIEAOBAHUN BIMSIHUS DJIEKTPOIUTHO-TIA3MEHHOI 00paboTky Ha
CTPYKTYpHO-(a30BO€ NpeBpalieHue 00pa3oB ATIOMUHUEBOTO CIIaBa. Pa3psj 3akurajics oT MCTOYHHKA IIOCTOSHHOTO ToKa. [Ipu
BKJIIOYEHHHN HAIPSDKEHUSI IPOUCXOANT MOHH3AIMS U KUIIEHHE IEKTPonTa. [Ipn BOBHHKHOBEHUH y3bIPEKOBOTO KUITCHUS] BOKPYT
AaKTUBHOTO 3JIEKTpoJa HabmromaroTcs Ooblliue MyJbCcallid CHJIBI TOKa. BceiencTBue o0pa3oBaHUs ra3omapoBoil pyOalikud u
HPOXOXKACHHUS Yepe3 Hee HIEKTPUUSCKOro ToKa o0pasyeTcss HU3KOTeMIepaTypHas I1a3Ma, KOTOpas HMeeT XapaKTepHbIH roiy0oi
LIBET CBEYCHHMS 000JIOYKH BOKPYT AeTanu. Ha moBepXHOCTH U31eius BO30YKAAeTCs 3JIEKTPUIEcKasi MUKPOLYroBas Iia3ma, B KO-
TOPOH OT TEIUIOBBIACICHHS IPOMCXOANUT HHTCHCUBHBII pa3orpeB 3aroToBku. I1ocie MUKpOIYroBOro OKCHIMPOBAHHUS Ha MOBEPX-
HOCTH 00pa3na HaOIrogaeTcs MHKPOCTPYKTypa 3aKaIKM M HCKYCCTBEHHOTO CTapeHHs B IOTOKE JJIEKTpOinTa. B pesymbrare
3aKaJKH B TIOTOKE JJIEKTPOJMTA, TBEPIbIH Ol pacTBOP MO B AIOMHHHU M TOYCYHBIC MEJIKOAMCIICPCHBIC BKIIOYCHHS PACTBO-
PSIIOTCS OT TEMIIepaTypbl MUKPOILIAa3Mbl, (pa3bl OKHCISISICH, 00pa3yloT KOPYH aTIOMHHHS. PeHTTeHOCTPYKTYpHBIH aHamn3 oopas-
I[OB OCJIC DJIEKTPOJIUTHO-IUIA3MEHHONH 00pabOTKH BBEISBIII YBEJINYCHHE WHTEHCUBHOCTH H YIIMPEHHE MU(PAKIMOHHBIX JIMHUH
OTHOCHTEJIBHO MCXOIHOTO COCTOSIHMSI, YTO CBHIETEILCTBYET 00 OCTaTOYHOM HAIPSHKEHUH ITOBEPXHOCTH, KOTOpast B IIPOIIECCE IKC-
IUTyaTaluy 00eCleYnBaeT MOBBIIICHUE H3HOCOCTOMKOCTH AeTanu. CpenHss MUKPOTBEPIOCTb, MOCIE IEKTPOIUTHO-IUIA3MEHHON
00paboTky, coctasisier 746 MlIla uro nmpumepHo B 2,5 pa3sa Bbllle, YeM Y HCXOAHOTO MaTepuaa.

KiioueBble cj10Ba: alFOMUHHUI, 3J1€KTPOJIMTHO-IUIa3MEHHAst 00paboTKa, MUKPOIYTOBOE OKHCICHHE, MUKPO-CTPYKTYpA.
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