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Purpose. To explore the possibility of raising the physical and mechanical properties of electric-arc and plasma
sprayed coatings by electric pulse exposure (EPE) on high temperature heterophasic stream during deposition and
subsequent pre-recrystallization heat treatment (PHT).

Methodology. Study of porous electric arc and plasma sprayed coating was carried out using a computer metal-
lography. Vickers hardness was determined. The study of thermal properties of coatings was carried out by using a
dynamic calorimeter. The bond strength of the coating was determined by “pulling the pin” on the witness samples.
Determination of wear resistance of the resulting coatings was performed on the SMC-2 machine friction on a “roll-
er-shoe” in the boundary lubrication conditions. The definition of regions of coherent x-ray scattering to estimate the
size of the substructure of the coating material was carried out by X-ray analysis on a DRON-3.

Findings. The optimum amplitude and frequency parameters of EPE at electric arc spraying of Sv-08G2S wire
(pulse frequency — 6.5 kHz, the amplitude — 5 kV) and PG-19M-01 powder plasma spraying (frequency — 5 kHz, the
amplitude — 5 kV) were determined, which provide increased hardness (up to 35 %), density, bond strength (to 30 %)
and the wear resistance of the coatings (1.5...1.7) by grinding and accelerating sprayed particles. The optimum tem-
perature-time parameters of PHT that provide a further increase in the hardness of the coatings by grinding sub grain
size to nanoscale inclusive were defined. The possibility of thermal stabilization poligonization substructure of coat-
ings by plastic deformation was investigated.

Originality. The laws of EPE influence on the microstructure and mechanical properties (hardness, bond strength,
thermal conductivity, wear resistance) of electric arc and plasma coatings were determined. The technology PHT
sprayed coatings in the direction of increasing the exposure time due to subsequent plastic deformation was further
developed.

Practical value. The application of research results obtained in the work, namely the definition of the scheme of
the connection of high-voltage pulse, the optimal parameters of EPE during electric arc and plasma spraying and
subsequent heat treatment provide the opportunity to expand the range of cheaper sprayed materials for the coatings
of heavily loaded parts of mechanical engineering, electrical products and parts of the military-industrial complex.
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Introduction. The issue of improving the reliability of
equipment, ensuring its competitiveness, as well as ex-
tending the service life and renovation is an actual prob-
lem of modern production. One of the most fundamen-
tal and priority ways of solving these problems is to apply
coatings on the surface of parts and structures. Among
the various methods of developing them, one of the
most useful is the group of thermal spraying methods,
including electric arc and plasma, which have prolifer-
ated in recent years.
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Electric arc spraying is characterized by its simplicity
and adaptability, high material utilization, low cost and
high performance. Plasma method allows coverage of a
wide range of materials without their melting tempera-
ture limit, characterized by an effective control of coat-
ing formation process. But along with that, there are
inherent disadvantages of both methods, the main ones
include a high level of porosity, low bond strength,
which is an important characteristic of the coating.

Unsolved aspects of the problem. Analysis of the ef-
fectiveness of modern ways of improving physical and
mechanical properties of thermal coatings shows that
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the main result of their use is mainly to provide high-
energy parameters of the spray particles and reducing
their size. Methods that use pulsed effect on the deposi-
tion process, in particular mechanical, acoustic, elec-
tric, laser, etc. have been considered promising recently
[1, 2]. Among them is the use of electro effects, which is
characterized by low power consumption and low cost
of additional equipment [3].

Furthermore, one of the ways to increase the proper-
ties of the deposited coatings is the use of pre-recrystal-
lization heat treatment, the essence of which is to fix
poligonization substructure cooling the coating material
at the stage of subgrains to nanoscale size [4]. However,
the low velocity of the particles while using the conven-
tional deposition method does not always provide a suf-
ficient degree of deformation to exhibit “size effect”.

The objective of the article is to explore the possibility
of enhancing the physical and mechanical properties of
the electric pulse exposure of electric and plasma coat-
ings on high temperature heterophasic jet during spray-
ing and subsequent predrecrystallization heat treatment.

Presentation of the main research. The object of the
study involved electric arc coatings made of Sv-08G2S
wire and PG-19M-01plasma coating powder. The elec-
tric arc coatings were applied to KDM-2 installation us-
ing EM-14M spray in the following mode: the arc volt-
age — 25V, the power of the arc current — 110 A, air
pressure — 0.6 MPa. The plasma coating was applied on
the “Kyiv-7” installation, which is equipped with a
PUN-1 plasma torch in the following mode: the arc
voltage — 180 V, the power of the arc current — 150 A,
spraying distance — 180 mm. Air was used as the plasma
and the transport gases. The hardness of the coatings
was measured on the Vickers machine with a load of
5 kg. Metallographic studies were performed with an
MMU-3optical microscope. The wear resistance of the
coatings was determined using the friction machine
SMC-2, bond strength of the coatings to the substrate
was defined using tensile machine UMM-5. The heat
treatment of the resulting coatings was carried out in a
laboratory electric furnace SNOL-1.6.2.0.08/9-M 1.

A high-power high-frequency electrical saw tooth
pulse source, which is connected to the dispensers in a
straight line pattern, was used for electric pulse exposure
to high temperature heterophasic jet.

Preliminary experiments showed that the use of fre-
quencies up to 4 kHz and voltages up to 5 kV does not
significantly affect mechanical properties of coatings

and porosity, so respective ranges of frequency (from 4
to 8 kHz) and voltage (5 to 10 kV) of electrical pulses
were selected while planning the experiment. To deter-
mine the EPE optimal parameters the method of full 2k
factorial type experiment was used. The hardness of the
coating was used as an optimization parameter. The fre-
quency and voltage were chosen as variable factors. Fac-
tors such as current, voltage, spraying distance etc. were
recorded on the above conditions. In each mode 5 sam-
ples were sprayed, whereupon they were ground to a
coating thickness of 0.6 mm and the hardness was mea-
sured. Based on the statistically processed experimental
data, regression coefficients were calculated, their rele-
vance and the adequacy of the obtained models were
verified regarding the actual process of spraying electric
arc and plasma coatings by known methods [5]; as a re-
sult, the following regression equations were obtained:
- for electric arc spraying

Y=2352+ 171X, + 45X, — 65X, X;
- for plasma spraying
Y=1342 - 62X, + 24X, — 16X, X,.

According to constructed models, the EPE parame-
ters were optimized by the method of steep ascent. For
electric arc spraying a maximum hardness value was ob-
tained at a frequency of 6.5 kHz, as for a plasma, the
frequency was 5 kHz. The value of the voltage was 5 kV.

Microstructure analysis (Fig. 1) indicates that the
use of EPE leads to breakage of structural elements of
the coating, as well as reduced porosity of 3 to 6 % for
electric arc coating and from 8 to 5 % for plasma coating
with improved hardness coatings by 35 and 24 %, re-
spectively.

To explain grinding of the resulting coating micro-
structure, we conducted studies of fractional composi-
tion of the spray particles, which is determined by the
metallographic method with samples collected during
spraying in water. The results showed that when using
EPE in the optimal mode, there occurred narrowing of
the fractional composition of the particles and a de-
crease in average size from 84 to 54 microns for electric
arc spraying, and from 50 to 42 microns for plasma, in-
dicating to their further crushing in a high temperature
jet. It is known [6] that the decrease in inertia of parti-
cles, which is associated with crushing, causes an in-
crease in their average speed and reduction of the stan-
dard deviation from the mean diameter leads to a reduc-

Fig. 1. The microstructure of the sprayed coatings by the conventional method (a — electric arc, ¢ — plasma) and using the
EPE (b — electric arc, d — plasma)
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tion of the velocity dispersion. This provides a more
uniform and dense packing of particles in the coating,
with its strength increasing and the porosity decreasing.

In most cases the bond strength is the main charac-
teristic of the coating. In order to determine it, a pin
method was used. Samples for adhesion were made of
carbon structural steel 45. The surface was degreased
and subjected to technical ethanol-blasting treatment.
The thickness of the deposited coatings was 0.6 mm.
Spraying was conducted on the above conditions. In the
course of experimental studies it was found that the
bond strength for the electric arc coatings of Sv-08G2S
wire deposited using electric pulse exposure increased
from 26 to 34 MPa; for those of plasma of PG-19M-01 —
from 17 to 22 MPa. The analysis of the samples showed
an increase in the number of regions of binding of
sprayed coating with the base that provides a reduction
of the resulting load per unit area of the sample. This is
explained by the effect of increasing speed of the spray
particles.

Coating wear was determined by the loss of mass of
the sample every 10 km of traveled distance. Analysis of
the results of the determination of wear resistance
(Fig. 2) showed that the electric arc coating, applied us-
ing EPE, has the wear 1.7 times as little as that of the
coating, deposited in a traditional way.

Plasma coating sprayed with EPE with the optimal
amplitude and frequency parameters, has the wear
1.5 times as little as that of the cover, deposited in a tra-
ditional way. Increased wear resistance occurs due to the
increase in the hardness of the coatings: arc at 35, 24 %
plasma.

The ratio of the thermal conductivity of coatings was
determined by measuring the thermal conductivity of
the I'T-A-400. The measurement results showed that by
using EPE a decrease in thermal conductivity of both
electric and plasma coatings on average by 10 % is ob-
served; it occurs due to increase in the number of
boundaries between particles.

To further improve the hardness of coatings depos-
ited using EPE, the optimal mode is determined for
their pre-recrystallization heat treatment (Fig. 3).
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Fig. 2. The results of the wear resistance of plasma (1.2)
and electric arc (3.4) coatings:
1, 3 — the traditional way, 2, 4 — using EPE; o — coating;
@ — counterface

According to the data it was found that the depen-
dence is of extreme nature with expressive peak, tem-
perature and holding time; thus, it can be considered
optimal. Reduction of hardness with increasing dura-
tion of exposure occurs due to the increasing sub-grains
size caused by increased mobility of sub-boundaries.
The hardness value of electric arc coating maximizes af-
ter PHT at 450 °C and 2 minutes’ holding time to a coat-
ing applied by the conventional method from 2 to
2.6 GPa. For the coating deposited using EPE, the opti-
mum holding time is 1 min at 400°C with hardness val-
ues increasing from 2.7 to 3 GPa (+12 %).

A similar relationship is observed with the hardness
of plasma coatings (Fig. 3, ). The optimum heat treat-
ment conditions for the plasma coating of
PG-19M-01 powder applied by the conventional meth-
od, include heating to a temperature of 350 °C and hold-
ing for 2 min, and enhance the hardness by 15 %. As for
the coating sprayed using EPE, the optimum heat treat-
ment mode also shifts to lower temperatures and is heat-
ed to 250 °C with holding for 2 min. At the same time
plasma coating hardness increases from 1.6 to 1.8 GPa
(+13 %).
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Fig. 3. Dependence of hardness of electric (a) and plasma coatings (b) on the holding time at pre-recrystallization heat

treatment:
m — the traditional way; A, « — EPE
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Thus, it can be concluded that, the optimum mode
of thermal processing shifts to lower temperatures and
lower exposures for the coatings deposited using EPE.
This is due to higher degree of deformation of the parti-
cles during the formation of coatings because of their
high speed.

To quantify the influence of PHT on the substruc-
ture of resulting coatings, regions of coherent scattering
(RCS) of X-rays were defined (Table).

According to the data presented in Table, while us-
ing EPE on high temperature heterophasic jet, a de-
crease of coherent X-ray scattering occurs in the pro-
cess of spraying, it is due to refinement of the coating
substructure as RCS size is identified with an average
crystallite size [7].

After further heat treatment above mentioned coat-
ings, the RCSs have significantly lower values compared
to the heat treated coatings obtained by the convention-
al method. Thus, the RCS of electric arc coating de-
creases from 106 to 87 nm, and it decreases from 345 to
218 nm for the plasma. Thus, the analysis of the data
suggests that conducting PHT produces a crushed sub-
grain structure of a nanoscale size, inclusive. The cause
is that after the heat treatment of coatings deposited
with EPE, smaller sub-grains are formed due to the
greater degree of deformation of the particles.

The main disadvantage of the PHT is a small dura-
tion of exposure of a few minutes, so it is topical to study
the possibility of stabilizing shredded poligonization
substructure sprayed coating at a slow shutter speed in
the process of heat treatment by subsequent deforma-
tion, because it will create dislocation barriers and plex-
us that inhibit the movement of sub-boundaries. To in-
vestigate the matter, electric arc coating of 12Cr18N10T
was chosen wire since the preliminary experimental
studies showed that the thermal treatment provides a
greater increase in hardness. The amount of pre-strain
was 15 %. The resulting sprayed samples were heated in
a furnace to a primary recrystallization onset tempera-
ture of the material of the arc coating of 12Cr18N10T
wire which is 600 °C.

Optimum PHT parameters are determined accord-
ing to Vickers hardness (Fig. 4). The results of hardness
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Table

The size of regions of coherent scattering of electric
and plasma coatings

A method of spraying RCS
Coatin and the amount Heat size
& of deformation treatment nm7
of the particles, %
Without PHT | 225
Conventional method. -
Deformation 83 ;)HT: 450°C, | 106
min
Sv-08G2S -
Using EPE Without PHT | 205
sing . -
Deformation 87 PHT: 400°C, | 87
1 min
Without PHT | 599
Conventional method. -
Deformation 80 ]2)HT: 350°C, | 345
min
PG-19M-01 -
Usine EPE Without PHT | 534
sing . .
Deformation 83 PHT:250°C, | 218
2 min

measurement are shown in Fig. 4. The hardness of the
coating after spraying, according to the traditional
method was 2.4 GPa. When using EPE it is 2.8 GPa.

Analysis of the graphs shows that the use of subse-
quent deformation provides a less intensive decrease in
hardness with increasing duration of exposure to the
PHT coatings up to 20 minutes. This trend is observed
for both methods of applying arc coatings. For example,
the hardness of the coating, deposited by the conven-
tional method, by increasing the duration of exposure of
5 to 20 minutes without pre-deformation decreases from
3.2 t0 2.8 GPa (-13 %), and during the subsequent de-
formation — from 3.9 to 3.8 GPa (-3 %). However, using
EPE during deposition results in increase in hardness
after deformation and subsequent thermal treatment
(20 min exposure) by 83 %, and using the traditional
method — by 58 %. This effect is explained by an in-
crease in the magnitude of deformation of the particles
by increasing their speed.
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Fig. 4. Dependence of hardness of the electric arc coating of 12Cr1SN 10T wire sprayed by the conventional method (a)

and using EPE (b) on the holding time at PHT:
o — after spraying; m — after spraying and strain (15 %)
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Conclusions. The optimum amplitude and frequency
parameters of the EPE of the electric arc spraying of
Sv-08G2S wire (pulse frequency — 6.5 kHz, ampli-
tude — 5 kV) and a plasma PG-19M PG-01 powder (fre-
quency — 5 kHz, the amplitude — 5 kV) were deter-
mined, which provide increase in hardness by 35 and
24 %, the bond strength by 30 and 18 %, the wear resis-
tance 1.7 and 1.5 fold as well as decrease in porosity from
6 to 3 % and from 8 to 5 %, respectively. The optimum
temperature-time parameters of subsequent pre-recrys-
tallization heat treatment, which provides a further in-
crease in hardness by grinding poligonization substruc-
ture to nanoscale size, inclusive were obtained. The pos-
sibility of increasing the holding time due to subsequent
deformation of the coating with the PHT (15 %) was
defined. Prospects for further research are to conduct
similar experiments with flame and detonation coatings
and to optimize deformation and heat treatment for
thermal stabilization of poligonization substructure.
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Merta. IlinBuieHHs (hi3UKO-MEXaHiYHUX BIACTHU-
BOCTEl eJIEKTPOIYTOBUX i MJIa3MOBMX MOKPUTTIB €JIeK-
TpoimmnysibcHoo fnieo (EI) Ha BucokoTemIiepatyp-
HUi reTepoda3HUil CTpyMiHb IPU HAIIMJICHHI Ta MO-
JNabIIOK iX MepelpeKpUcTalizaliiiHOI TEePMiuHOMO
o6poodxkoio (ITTO).

Metomuka. JlocaigkeHHsI TTOPUCTOCTI OTPUMAHUX
€JIEKTPOAYTOBUX i MJIa3MOBUX MOKPUTTIB 3iliCHIOBAINA
3a JOIMOMOIoI0 KOMIT'I0TepHOoi MeTanorpadii. TBep-
JIiCTh BU3HAYAIM Ha Npuiani tuny Bikkepc. BuBueHHs
Ter10(i3MYHUX BIACTUBOCTEN MOKPUTTIB MPOBOAUIN
3a METOIOM AMHAMIYHOro Kajgopumerpa. MillHiCTh
34eTUICHHS TOKPUTTIB 3 OCHOBOIO BU3HAYAIU METOIOM
,»BUTSTYBaHHS IITUGTA. BUSHAYEHHSI 3HOCOCTIKOCTI
OTPUMAHUX TOKPUTTIB MPOBOAWIM HAa MAalIWHI TEPTS
CMII-2 3a cxeMo10 ,,pOJIMK-KOJIOAKA" B yMOBaX 0OMe-
JKEHOTO 3MalllyBaHHS. Bu3HaueHHsT obnacTeii Kore-
PEHTHOIO PO3CiFOBaHHSI PEHTI€HiBCHKOT0 BUITPOMiHIO-
BaHHS IS OLIHKKA pO3MipiB CyOCTPYKTYpU MaTepiany
TOKPUTTS 3MilICHIOBAIM METOIOM PEHTTEHOCTPYKTYp-
HOro aHajizy Ha ycraHoBui JIPOH-3.

Pe3ynbTaT. BrsHaueHi onTtuMaibHi aMIUTiTyIHO-
YaCTOTHI MapaMeTpu eJIEKTPOiIMITYIbCHOI [Tii MPU eieK-
TpomyroBoMy HamnujeHHi npoTy 3 CB-08I'2C (yactota
iMmIynbciB — 6,5 kI'11, amrutityna — 5kB ) i ruiasmoBomy
HanuiaeHHi nopouiky IMI-19M-01 (wacrora — 5 kI,
ammutityna — 5 kB), 10 3a6e3neuytoTh MigBUILIEHHS
tBeprocTi (10 35 %), WiIbHOCTI, MILIHOCTI 3UeIlJICHHS
(mo 30 %) i 3HococTiiikocTi mokputTiB (y 1,5...1,7 pa3u)
3a paxyHOK MOAPIOHEHHST 1 MPUCKOPEHHST HaWJII0Ba-
HMX YaCTUHOK. BcTaHOBJIEHI ONTUMAaIbHI TeMmepaTyp-
Ho-vyacoBi mapamerpu [1TO, mo 3abe3nevyyioTh TO-
JlaJibliie TiABUILIEHHS TBEPIOCTi MOKPUTTIB 3a paxyHOK
NoApiOHEHHS Cy03epeH 10 HAHOMACILITAOHOTO PO3Mipy
BKJIIOYHO. BcTaHOBIEHAa MOXKIMBICTh TEPMiYHOI CTa0i-
Jli3alii TOJiroHi3aliiiHOI CYOCTPYKTYpM MOKPUTTIB
1IISIXOM TUIaCTUYHOI Tehopmalliii.

HaykoBa HoBu3HA. BCTaHOBJIEHI 3aKOHOMipHOCTI
BBy EIB Ha MikpocTpyKTypy Ta (piduKo-MexaHiuHi
BJIACTUBOCTI (TBEPHiCTh, IMIIBHICTH, MIIIHICTh 3Ye-
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IUICHHS, TEIIONPOBITHICTh, 3HOCOCTIMKICTB) eJIeK-
TPOMYTOBMX i IJIa3MOBMX ITOKPHUTTIB. OTpuMaB II0-
Janplnii po3ButoK mpouec INTO HamuieHMX I10-
KPUTTIB y HAIIpsIMi TepMidHOI cTabini3allii mojiroHisa-
LifHOI CYOCTPYKTYpU 3a paXyHOK TOJAJIbIIOI aehop-
Malii.

IIpakTiyHa 3HaYMMicTh. 3aCTOCYBaHHS pe3yJbTaTiB
JOCTiIKEeHb, OTPMMaHUX Y poOOTi, a caMe BU3BHAYEHHS
CXeMU TJIKIIOUEHHST JKepeja BUCOKOBOJBTHUX iM-
MyJbCiB, onTuManbHuX napametpis EIB mpu enexrpo-
JIyrOBOMY I TJIa3MOBOMY HaNuJ€HHi MOKPUTTIB Ta MO-
JaJIbIIIOT 1X TepMiYHOT OOPOOKM HAAalOTh MOXKJIUBICTD
PO3MMPUTH HOMEHKJIATYPY ACIICBINNX HAITIOBAHIX
MaTepiajiB sl HAHECEHHs MOKPUTTIB Ha BaXKKO Ha-
BaHTaXXEHi AeTajli MallMHOOYIyBaHHSI, €JIEKTPOTeX-
HIiYHUX BUPOOIB i AeTajeil BiliChbKOBO-TIPOMUCIOBOTO
KOMILJIEKCY.

Kmouosi cioBa: eazomepmiuni noxpumms, mepmiuna
06podKa, enekmpoimnyavcHa 0ist

Ienn. [ToBbilieHUE PU3UKO-MEXaHUYECKUX CBOMCTB
3JICKTPOOYTOBEIX M IIA3MEHHBIX ITOKPBITUI 3JICKTPO-
UMITYJIbCHBIM Bo3nelicteueM (DU B) Ha BbicOKOTEMIIE-
paTypHyIo rerepoda3Hylo CTPYIO IIPU HAITBICHUH U T10-
CIEYIOIEH X MPeAPEeKPUCTAIUTM3ALIMOHHON TepMITde-
ckoit oopabotkoii (ITTO).

Mertonuka. MccnenoBaHue mopucTOCTU IIOJIyUYEeH-
HBIX 2JICKTPOIYTOBBIX M TIA3MEHHBIX TTOKPBITUIA OCY-
ILIECTBJISUTM C TIOMOIIIbIO KOMITBIOTEPHOI MeTaJliorpa-
¢uu. TBepaocTh onpenensijii Ha pudope tumna Buk-
kepc. MzyyeHue Temnodu3nuyeckux CBOMCTB MOKPHI-
THI TIPOBOAMJIN IO METOAY AWHAMWYECKOTO KajJopu-
Metrpa. [IpoYHOCTh CleTUIeHUsT TTOKPBITUI ¢ OCHOBA-
HUEM OIPEIe/ISIIIA METOAOM ,,BHITATUBAHUS IITHU(TA™.
OnpeneneHre U3HOCOCTOMKOCTU MPOBOAWIM HA Ma-
mmHe TpeHuss CMII-2 mo cxeMe ,,pOJIMK-KOJIOAKa®“ B
YCIIOBHUSAX OTpaHUICHHOM cMa3ku. OmpeneeHne 0o1a-
CTEl KOTePEHTHOTO PacCesTHUSI PeHTTEHOBCKOTO U3IIY-
YEHMS UTSI OLIEHKU pa3MepOB CyOCTPYKTYPHI MaTepHa-
JIa TIOKPBITUSI OCYIICCTBIISUIM METOIOM PEHTTEHO-
CTPYKTYpHOTIO aHajnu3a Ha yctaHoBke JIPOH-3.

PesynbTatel. OnpeneseHbl ONTUMAJIbHbIE aMILIU-
TyIHO-4acTOTHBIe mapameTpbl D B nipu anekTpomyro-
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BOM HambUIeHUH TIpoBojiokn CB-0812C (gacTtoTta MM-
yJbcoB — 6,5 k', ammuTyna — 5 kB) 1 rm1asMeHHOM
HanbuteHUH nopomka I1I-19M-01 (wactora — Skl
amrinuTyna — 5 KB), KoTopble 00ecrieYnBaoT MOBBIIIIE-
Hue TBepmocth (o 35 %), TUIOTHOCTH, TIPOYHOCTU
cuermieHus (10 30 %) ¥ U3HOCOCTOMKOCTU MOKPBITUIA
(B 1,5...1,7 paza) 3a cueT U3MeJbUCHUSI U YCKOPEHUS
HaIBUISIEMbIX YaCTHUIl. YCTaHOBJICHBI ONTHMAaJIbHbIC
TeMmrepaTypHo-BpeMeHHble mapameTpnsl [ITO, Korto-
pble 00ecTieunBaloT JabHEIIee MTOBBIIIIEHUE TBEPIO-
CTU TIOKPBITHIA 3a CUeT M3MeJIbUYeHUS Cy03epeH 0 Ha-
HOMAaCHITaOHOTO pa3Mepa BKIIOUNTEIBHO. Y CTaHOBIIE-
Ha BO3MOXHOCTh TCPMHIECKON CTAOMIM3AINN TIOJIH-
TOHU3ALIMOHHOM CYOCTPYKTYPHI ITOKPHITUMA ITyTeM TUTa-
CTUYECKO aedopmanum.

Hayynas HoBU3HA. YCTaHOBJIEHbBI 3aKOHOMEPHOCTU
BiussHUsT DU B Ha MUKpOCTPYKTYpY U (PU3HUKO-MeXa-
HUYECKHUE CBOMCTBAa (TBEPLOCTb, IUIOTHOCTb, INPOY-
HOCTb CILIEIJICHMS, TeIUIONPOBOIHOCTb, U3HOCOCTOM-
KOCTb) 3JICKTPOAYTOBBIX M IIJIA3MEHHBIX ITOKPBITHIA.
IMonyuyun panbHeimee pazputue npouecc ITTO HambI-
JICHHBIX ITOKPBITUI B HAIIPaBJICHUW TEPMHUIECKOM CTa-
OWIM3alMy TIOJIMTOHM3AIMOHHOM CYyOCTPYKTYphI 3a
CUET MoCcIIeAyIoei aedopmalium.

IIpakTHyecKas 3HauuMocTh. [IprMeHEHME pe3yiib-
TaTOB MCCJIEIOBAHUIA, TTIOJTYIeHHBIX B paboTe, a UMEH-
HO OIIpeAe/ieHue CXeMbl IONKIIOUEHUST WMCTOYHUKA
BBICOKOBOJIbTHBIX UMITYJIbCOB, ONTUMAIbHBIX ITapaMe-
TpoB DU B npu 37eKTpoayroBoM M Ijaa3MEHHOM Ha-
MBUIEHUU TOKPBITUMA U TIOCHEAYIOLIEN WX TepMUYE-
CKOIf 00pabOTKU TMPEAOCTaBISIOT BO3MOXHOCTb pac-
IIAPUTh HOMEHKJIATYpy 00Jjiee JIelIeBbIX HAbUISIEMbIX
MaTepualioB IJisT HAaHEeCEHUsI ITOKPHBITUIA Ha TSIKEJIO Ha-
TPYXEHHBIE JIETaJM MAIllMHOCTPOEHMUS, DJIEKTPOTEX-
HUYECKUX M3IEIUA U IeTajeii BOCHHO-IIPOMBIIIJICH-
HOTO KOMILIIEKCA.

KimoueBble ciioBa: eazomepmuyeckue NOKPbIMUsL,
mepmuyeckas obpabomia, 31eKmpouUmMnyabcHoe 8030eli-
cmaue

Pekomendosano 0o nybaikauii dokm. mexH. HayK
B. @. Keachuyvkum. Jama Haoxo0xcenHs pyKonucy
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