ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec tpancrnopty. Bicauk J[HinporneTpoBchkoro
HAIlIOHAJILHOTO YHIBEPCHUTETY 3alli3HUYHOTO TpaHcnopty, 2015, Ne 5 (59)

MATEPIAJIO3HABCTBO

UDC 691.87:691.714

I. A. VAKULENKO", A. G. LISNYAK?, O. N. PERKOV?, XU XIAO HAI*

"Dep. «Technology of Materials», Dnipropetrovsk National University of Railway Transport named

after Academician V. Lazaryana, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 56,

e-mail dnuzt_texmat@ukr.net, ORCID 0000-0002-7353-1916

Dep. «Technology of Mining Machinery», Dnipropetrovsk National Mining University, K. Marks Av., 19, Dnipropetrovsk,
Ukraine, 49027, tel.+38 (0562) 46 99 81, e-mail aleklisn@gmail.com, ORCID 0000-0001-6701-5504

*Iron and Steel Institute named after Z. 1. Nekrasova, NAN Ukraine, Starodubov Sq., 1, Dnipropetrovsk, Ukraine, 49107,
+38 (056) 373 15 56, e-mail dnuzt_texmat@ukr.net, ORCID 0000-0002-8101-1654

4Chinese Machine-Building Investment Group of Ltd, Anli St., 60, Beijing, Chinese Folk Republic, 100101,

tel. 86 10 64827530, e-mail xxhai2004@163.com, ORCID 0000-0002-0338-5976

INFLUENCE OF SHOCK VOLTAGE FROM THE ELECTRIC
DISCHARGE ON THE FATIGUE ENDURANCE OF CARBON
STEEL IN WATER

Purpose. The research supposes the explanation of influence of stress impulses from an electrical discharge
in water on the level of the limited endurance at a cyclic loading of the thermally work-hardened carbon steel.
Methodology. Material for research was steel 45 (0,45 % carbon) with concentration of chemical elements within
the limits of steel composition. Specimens for tests are made as plates in 1 thick, width 15 and length 120-180 mm.
The structural state of steel corresponded to quenching on a martensite from the normal temperatures of annealing

and tempering at 300 ° C, duration of 1 h. Microstructure was investigated with the use of electronic microscopy, the
density of dislocations was estimated on the methods of X-ray analysis. Hardness was measured on the method of
Rockwell (scale of «C»). A cyclic loading was carried out in the conditions of symmetric bend on a tester «Saturn-

10» at a temperature +20 ° C. The treatment by shock voltage from the electrical discharge was carried out in water
on setting of bath type «Iskra-23», used for cleaning of castings manufactures. Electric impulses were formed at
15-18 kV with energy of 10-12 kJ and amplitude of 1-2 GPa. Findings. As a result of processing pulses of a pres-
sure wave of heat-strengthened steel 45 found the increase of endurance under the cyclic loading corresponds to an
increased amount of accumulated dislocations on the fracture surface. The use of Coffin—Manson Equation allowed
finding the decrease of deformation per cycle of loading as a result of arising stress from an electrical discharge in
water. On the fracture surface (after pulse exposure) was found the increased number of dislocations, located in dif-
ferent crystallographic systems, that is a testament to the rather complicated development of dislocation transforma-
tions in the structure of steel, which provide an increase of endurance at a fatigue. The increase of the limited endur-
ance became as a result of impulsive treatment largely related with the number change of mobile dislocations. For
the area of low-cyclic fatigue the growth of amplitude of loading is accompanied with the decrease of distinction in
the values of the limited endurance (before and after the treatment of shock voltage). Originality. For the field of
high-cycle fatigue, the result of shock voltage of carbon steel with the structure of the improvements, the increase of
limited endurance is accompanied with a decrease in deformation per cycle. As far as growth of amplitude of stress
cycle the effect of increase of endurance from treatment of metal by the shock voltage declines. Practical value.
Treatment of metal by the impulses of pressure waves from an electrical discharge in water can be used for the time
extending of exploitation details of the rolling stock, which are subjects of the cyclic loading.
Keywords: hardness; distribution; impulse of pressure; electric discharge; limited endurance
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Introduction

Regardless of the circuit loading, the observed
changes of the internal structure of metal materials
are determined largely by the conditions of defor-
mation. At a constant temperature and the appear-
ance of the loading cycle, depending on the magni-
tude of amplitude exceeding the endurance limit,
the qualitatively different structural changes in me-
tallic materials are observed [2]. For the fields of
little or a high cycle fatigue the increase in the dis-
location density and their redistribution, the num-
ber keeping of dislocations in a non-blocking state
are among the major factors that determine stock
endurance metal [14]. On this basis, the use of ex-
ternal influences such as the introduction of addi-
tional harmonics in the loading cycle, or interme-
diate treatments, for example by passing an im-
pulse of electric current [6,10], can significantly
change the processes course of structure formation
development under the cyclic loading.

The state of the question

The technology of processing metal materials
using a shock wave, with relative ease of imple-
mentation, was widely adopted. [4]. This technol-
ogy allows to solve difficult tasks, such as defor-
mation in the manufacture of large-size products,
their hardening or welding of the individual ele-
ments construction. The achieved effect has an
explicit dependence on the threshold voltage with
the passage of the shock wave in the metal, de-
pending on the level of disposable energy input, or
pulse resulting voltage [7, 13], their amount, the
achieved effect has an explicit dependence on the
threshold voltage with the passage of the shock
wave in the metal. Moreover, as the experience of
use said the impulse treatment to harden metal, the
achieved result in several times may exceed the
effect of equivalent plastic strain [4, 12].

Known experimental results [4, 5] indicate that
the process of hydraulic shock encountered when
forming an electric discharge in the liquid the
achieved effect for most of metal materials is ade-
quate hardening. On this basis it is quite natural to
expect the increase in the number of crystalline
structure defects. The results of studies that indi-
cate a qualitatively different influence of the pa-
rameters of the specified impulsive loading have
a particular scientific and practical interest. Thus,
in [4] it is shown that the increase of the amplitude

of the emerging pressure wave largely determines
the increase in the number of dislocations and in-
crease the pulse duration at constant amplitude
mainly affects on the process of displacement.

There is almost no information on the influence
of energy and number of pulses on several proper-
ties, including enduring quality of metal under the
cyclic loading, except the known restrictions on the
use of the technology shock pulse processing in the
manufacture of certain products [5].

Purpose

Explanation of the effect of the resulting volt-
age pulses from electric discharge in water on the
magnitude of the limited endurance of thermally
hardened carbon steels under cyclic loading.

Methodology

The research material was steel 45 (0.45% of
carbon) with the concentration of chemical ele-
ments within the grade composition. The test
specimen produced in the form of plates thickness
1, width 15 and a length 120-180 mm. Structural
state of steel corresponded to quenching on mart-
ensite from the normal heating temperatures and
annealing at 300 C, with duration of 1 h. The mi-
crostructure was investigated using the electron
microscopy; the dislocation density was evaluated
by the methods of x-ray structural analysis [1]. The
hardness was measured with Rockwell method
(scale «Cy»). Cyclic loading was performed under
conditions of symmetrical bending on a testing
machine «Saturn-10» at a temperature of +20 C.
Treatment of shock voltage (SV) from the electric
discharge in water was performed with the installa-
tion of bath type «Iskra-23» used for cleaning of
foundry products. The electrical pulses formed at
a voltage of 15 to 18 kV with energy of 10-kJ and
the amplitude of 1-2GPa. Metal processing con-
sisted in the set of pulses number up to 15 thou-
sand, at a frequency of 2-3Hz.

Findings

In the present research when choosing a struc-
tural condition of carbon steel as a result of tem-
pering on martensite and annealing 300 C the au-
thors were guided primarily by the need to achieve
the simultaneously a high density of crystal struc-
ture defects and sufficient endurance under the cy-
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clic loading metal. The analysis of the microstruc-
ture showed that as a result of the treatment (Fig.1)
the signs of the initial stages of emission of finely
dispersed carbide particles on the dislocations,
situated in the middle of the martensite strips and
at their boundaries were found. Moreover, as it
shown in [9], the evidence of the dislocations re-
combination beginning, which can result in a de-
crease of the dislocations density and formation of
dislocation nonmonotonicity in the distribution, is
the reduction of the contrast image of the micro-
structure. The observed loss of contrast of an im-
age in separate places of the wide walls of disloca-
tions (Fig.1) with simultaneous decoration of car-
bon atoms can be regarded as evidence of the al-
most total absence of mobile dislocations. On this
basis, it can be assumed that the majority of dislo-
cations introduced into the metal during the forma-
tion of martensite crystal, after the following holi-
days are not able to move under cyclic loading.

. v >, . ':"'p.

Fig. 1. Structure of steel 45 after tempering

and annealing at 300° C.
Magnification is 14000 x 1,3.

To analyze the degree of compliance of the ob-
tained results with known experimental data of the
investigated steel after annealing and tempering
without cyclic loading was exposed by SV. In state
after annealing and tempering the steel 45 had
a hardness HRC of 46.6. The obtained values are
in fairly good agreement with the known data
[3, 11]. After treatment of SV it was found that the
hardness increase of 11% (to 51.8 HRC), that does
not contradict to data [10, 12]. Thus, the impact
impulse from the pressure wave by the nature of its
influence on the heat-treated carbon steel should be
attributed to the hardening effect.

In Fig. 2 the areas graphs of cyclic loading that
correspond to low cycle and the transition region to
high-cycle fatigue are shown.

G,, kg/mm2

140
120 4
100 +
80
60 +
40
20
0

0 0,5 1 1,5

N, x10° cycle.

Fig. 2. The diagrams of cyclic loading
steel 45 after tempering and annealing

at 300° C (1) and after treatment of SV (2).

Firstly, the curve of cyclic loading steel 45 after
tempering and annealing of 300 (curve 1, Fig. 2)
was received. Further, knowing the number of cy-
cles that a metal can withstand before failure at
a certain value of amplitude (o,), the samples

loading to about 0,6-0,65 limited endurance was
carried out, they were exposed by SV and after that
the samples were brought to failure. The value of
the limited endurance was estimated as the sum of
the number of cycles before the SV and after the
final decay at a particular amplitude (curve 2).
Comparative analysis of progress curves indicates
the possible qualitative differences in the internal
structure of the metal with different structural con-
dition under the cyclic loading. For example, for
a field of low-cycle fatigue the increases of the
loading amplitude is accompanied by a decrease of
differences in values of finite life (before and after

SV), when 6,=100 kg / mm* is practically absent.
Further extrapolation of the curves of cyclic load-
ing in the field of amplitudes exceeding
100 kg/ mm?® indicates the achieving of the oppo-
site effect: the impulse of the shock wave treatment
helps to reduce the limited endurance (Fig. 2). On
the other hand, the reduction o, regardless of pre-

vious processing, is accompanied by a correspond-
ing increase in the number of cycles before failure,
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and the observed more gently sloping curve run of
metal fatigue after SV indicates a fairly effective
impact on endurance. Indeed, exposing the carbon
steel to the action of pulses of a pressure wave in
water, the amplitude of the cyclic loading while
achieving the same endurance increases signifi-
cantly. This is especially noticeable for the transi-
tion curves of fatigue. On the other hand, for the
same amplitude of the cyclic loading, for example,
at 56 kg / mm® , the increase in endurance may ex-
ceed 30% (Fig. 2).

The analysis of changes in the dislocation den-
sity after reaching a certain level of limited endur-
ance of metal was conducted with the aim to ex-
plain the mechanism influencing the metal of the
voltage pulse from the passage of electrical dis-
charge in water. In Fig. 3 the change in the density
of dislocations depending on the number of load-
ing cycles and previous treatment is presented. Re-
gardless of the structural state of the metal (without
or after SV) a decrease in the amplitude of cyclic
loading is accompanied by increase of the accumu-
lated dislocation density in the studied interfer-
ences (py,)- Considering that the dislocation

density was determined on the fracture surface of
the samples, the nature of the change and absolute
values should correspond to flat deformed state of
the metal formed under the conditions of acceler-
ated fatigue crack growth [2].

On the other hand, given the increasing role of
the static component with increase the degree of
overload under the cyclic loading (adequate growth
G,) [8], the number of dislocations on the fracture

surface should decrease. One explanation of given
position is increased with the increasec, in the

proportion of the metal under the conditions of
volumetric stress state near the surface of the frac-
ture. On the basis of this the greater extent enrich-
ment of near-surface dislocations of specified
amounts of metal should be occurring and, as
a consequence, there is a decrease in the disloca-
tion density determined on the fracture surface.
Given the dislocation propagation mechanism
of plastic deformation, the assessment of its value
during the loading cycle will provide the additional
evidence regarding the nature of structural changes
with increasing toughness of the metal as a result
of SV effect. The ratio of the magnitude of plastic
strain per cycle of loading (¢;) and the achieved

number of cycles to failure (;) is subject to the
famous Coffin—Manson Equation [2]:

g -(N)" =b, (1)

where a and b — are taken as constant and equal
to carbon steel of 0.5 and 1 respectively [2]. After
conversion of (1), it was received for the depend-
ence assessment of g :

& =1/\N, )

— 0. -2
a p(hkl),xlo sm
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Fig. 3. The change of dislocations density,
estimated on interferences (110), (211)
and (321) depending on amplitude of cyclic
loading and preliminary treatment:
without SV (a) and after SV (b).

Substituting in (2), for the same o, corre-

sponding values N,, it was found the decrease of
deformation per cycle of loading by approximately
20% as a result of processing metal by SV. On this

basis, it can be assumed that the process of intro-
ducing of additional dislocations in thermally
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hardened steel from pulse pressure wave is not ac-
companied by the annihilation events apparently.
Moreover, the implementation of the deformation
per cycle for the region of high-cycle fatigue is
possible and it is ensured by the participation of
a smaller number of dislocations. Thus, either the
process of SV has the vast number of dislocations
that remain mobile and able to interact only at the
subsequent cyclic loading, or there is an additional
unlock of previously immobile dislocations after
the heat strengthening. In general, the detected on
the fracture surface after pulsed effect the in-
creased number of dislocations, located in different
crystallographic systems can be regarded as evi-
dence of the development rather complicated dis-
location reactions, which has provided the increase
in endurance of the metal during the cyclic loading
process of thermally hardened carbon steel.

Originality and practical value

1. For the transition field to high-cycle fa-
tigue, the result of machining voltage pulses of
carbon steel with structure improve the limited en-
durance increase is accompanied by a decrease in
deformation per cycle.

2. With the increase of the amplitude of the
voltage cycle, the effect of metal endurance in-
crease from processing of SV reduced.

Metal working by pulses of pressure waves
from an electric discharge in water can be used to
extend the lifetime of rolling stock parts, which are
subjected to cyclic loading.

Conclusions

1. As a result of processing by pulses of the
pressure wave of heat-strengthened steel 45 it was
found the increase of endurance under cyclic load-
ing corresponds to the increased amount of accu-
mulated dislocations on the fracture surface.

2. The increase of steel endurance under the
cyclic loading after pulse treatment is largely asso-
ciated with the change in the number of mobile
dislocations.
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BIVINB IMITYJIBCY HANIPYKEHHS BIJI EJIEKTPUYHOI'O
PO3PsIY Y BOAI HA BUTPUBAJIICTD ITPH BTOMI
BYI'JIEHEBOI CTAJII

Merta. [locnimkeHHs nependavyae NOSCHEHHs BIUIMBY IMITYJIbCIB BUHMKAIOUYOTO HAIPY)KEHHS Bill €EKTPHYHOTO
pO3pAAY Y BOMI HAa BEJIMYMHY OOMEXKEHOI BUTPHUBAJIOCTI NMPH IUKIIYHOMY HABAHTAXCHHI TEPMIUHO 3MIIlHCHOT
ByrJeneBol ctaini. Meroauka. MatepiamoM st AoCiipkeHHst Oyna cranb 45 (0,45 % Byriemo) i3 KOHIEHTPAIIE0
XIMIYHUX €JIEMEHTIB y MEXaX MapoO4HOIr0 CKJIaay. 3pa3ku sl BUIIPOOyBaHb BUTOTOBIISUIM Y BUIVISAL TUIACTUH 3a-
BTOBIIKM |, mmpuHoo 15 i 3aBroBxku 120-180 Mm. CTpyKTypHMI cTaH cTaii BiANIOBiJaB rapTyBaHHIO Ha MapTe-

HCHT BiJi HOPMaJbHUX TEMIIEPATYp HarpiBy i Biamycky nmpu 300° C, TpuBanictio 1 roa. MikpocTpykTypy Aocii-
JUKYBaJIM 3 BUKOPHCTaHHSIM €JIEKTPOHHOI MIKPOCKOMIi, TYCTHHY IUCIIOKAIil OI[IHIOBAIN 33 METOAMKAMH pPEHTIe-
HIBCBKOTO CTPYKTypHOro aHaji3y. TBepaicTe BUMiproBain 3a MeronoM Poxsemna (mkana «C»). LlukiiuHe HaBaH-
T@XKEHHS 3/IMCHIOBAJM B yMOBaXx CHMETPUYHOIO BUTHMHY Ha BUNpoOyBaibHIH MammHi «CartypH-10» mpum

temnepatypi +20° C. O6poOKy iMITyJIbcaMu Hanpy»kKeHb Bijl EEKTPMYHOTO PO3PSTy 3ifCHIOBAIM y BOJI Ha ycTa-
HOBII BaHHOTO THITYy «IcKpa-23», sSiKy BUKOPHCTOBYIOTh Ul OUMIIEHHS JIMBapHUX BUPoOiB. EnexTpuuni iMmynbcu
(hopMyBaucs MpU Hampy3i eneKTpudHoro cTpymy 15—18 xV, 3 enepriero 10—12 x/x ta ammiitynoro 1-2 I'Tla.
PesyabTaT. Y pe3ynbTaTi 0OpOOKH IMITyIbcaMH XBWJII THCKY TEPMIYHO 3MIITHEHOI cTami 45 BHUABIECHOMY 3017b-
IICHHIO BUTPHUBAJIOCTI MPH NUKIIYHOMY HAaBaHTaXXCHHI BiJIMOBIJIa€ MiBUIIEHA KUTBKICTh HAKOIMYCHUX JUCIOKAIIH
Ha MOBEpXHI pyHHyBaHHS. Bukopucrtanss piBHsSHHS Kodina—MeHCOHa JO3BONMIIO BUSIBUTH 3HIDKCHHS Iedopmarii
3a IMKJ HABAHTAXKECHHS B PE3y/IbTaTi BUHUKAIOUOTO HANPYXKEHHs Bifl €NIEKTPUYHOTO PO3psAdy y Boi. BusiBnena Ha
MOBEpPXHI pyHHYBaHHS (ITICJIA IMITYJIbCHOI [ii) MiZABHINEHA KUTBKICTh AWCIIOKAIlH, pPO3TAIOBAaHUX Yy Pi3HUX KpHC-
TanorpadiuHUX CUCTEMaX, € CBITUEHHIM PO3BUTKY OCTATHHO CKIAIHUX JUCIOKALIHHUX MEPETBOPEHD Y CTPYKTYPi
CTaji, sIKi 3a0e3Me4nIn NPUPICT BUTPUBAJIOCTI pHu BToMi. [IpupicT 0OMexkeHOi BUTPUBAJIOCTI CTalli B Pe3yJibTaTi
iMITyJIbCHOT 0OpOOKM B 3HA4HIN Mipi MOB’s3aHUN 31 3MIHOIO YMCla PyXOMHX auciiokauiit. s oOnacti mamonm-
KJIOBOI BTOMHM 3pOCTaHHS aMIUNTYI{ HaBaHTAKEHHS CYNPOBOKYETHCS 3HIDKEHHSM pI3HHUII B 3HAYEHHAX
oOMerxeHOoi BUTPUBAJIOCTI (10 1 micist 0OpoOKH iMImysbcamMu HarpyxkeHb). HaykoBa HoBu3Ha. /[y oGnacti Gara-
TOLMKIIOBOT BTOMH, B Pe3yJibTaTi 00poOKHM IMITyJIbCaMU Halpy)KeHb BYTJIENEBOI CTal 31 CTPYKTYPOIO HOJIIIIECHHS,
MPUPICT 0OMEXEHOT BUTPUBAIOCTI CYHPOBOKYETHCS 3HIKEHHAM Aedopmartii 3a muki. I1o Mipi 3pocTaHHs aMmIi-
JTYOW HaNpyKEHHS OUKITY e(eKT MpUPOCTY BUTPUBAIIOCTI BiJl 0OpOOKH METany IMIyJIbCaMu HANPYKEHb 3HIXKY-
erbes. [IpakTuuna 3HaunMicTb. OOpoOKa MeTaly IMITyJIbcaMH XBHJIb THCKY Bill €JIEKTPHYHOTO PO3PALY Y BOI
MOke OyTH BHKOPHCTaHA Ul NPOJIOBXKEHHS TEpMiHy eKCIUTyaTamii JeTaleidl pyXoMoro CKiamy, SIKl HiIaroThCs
LUKJITYHOMY HaBaHTAKEHHIO.
Kniouosi croea: TBepAiCcTh; AUCIOKAIIIS; IMITYIIEC TUCKY; €ICKTPUIHUHN pO3psia; 0OMekeHa BUTPHBAIICTD
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BJINAHUE UMITYJIbCA HANIPSKEHUSA OT QJIEKTPUYECKOI'O
PA3PAJA B BOJAE HA BBIHOCJIMBOCTD ITPH YCTAJIOCTH
YIJEPOAUCTOM CTAJIA

Heas. MccnenoBanue npearnonaraeT oObsICHEHUE BIUSHUS UMITYJIECOB BOSHHKAIOIIETO HATIPSDKEHHS OT DJIEK-
TPHUYECKOTO pa3psAla B BOJE HAa BEIMYWHY OTPAHMYCHHON BBIHOCIMBOCTH TIPH MHUKIUYECKOM HATPyKEHHH TEPMHU-
YeCKH YIPOYHEHHOH yTiepomucToi cramm. Meroauka. MarepuaaoM [Uis HCCIEIOBAHUS SBISIACh CTab 45
(0,45 % yruepona) ¢ KOHIEHTpanuell XMMHYECKHX 3JIEMEHTOB B MIpeAesax MapodHoro cocrtaBa. OOpasisl s
WCTIBITAHWN W3TOTAaBIMBANIM B BHJE IUIACTHH TONMMWHOW 1, mmpuHOH 15 m mmuHo#t 120-180 mm. CtpykTypHOE
COCTOSIHME CTaJHM COOTBETCTBOBAJO 3aKaJKe HA MapTEHCHT OT HOPMAaJbHBIX TEMIIEpPATyp HarpeBa M OTIIyCKa MpPHU

300° C, mmTensHOCTRIO 1 9. MHEKPOCTPYKTYpPY MCCIENOBAIM C MCIOIB30BAHMEM JJIEKTPOHHOM MHMKDPOCKOIIHH,
IUIOTHOCTh [IMCIIOKAIlM{ OIIGHWBANIM C HCIOJH30BAHHEM METOIWK PEHTICHOCTPYKTYpHOIO aHayim3a. TBepHocTh
m3Mepsiii o Meronxy Poksemra (mkama «C»). lluxindeckoe Harpy)keHHE OCYIIECTBISUIM B YCIOBHSAX

CHMMETPUYHOTO H3ruba Ha wWcmbITatensHoM Mammue «CarypH-10» mpu temmepatype +20° C. OGpabotky
UMITyJIbCaMH HAIPSDKEHUS OT 3JIEKTPUUIECKOTO Paspsiia OCYIIECTBIISAIN B BOJE HA YCTAaHOBKE BaHHOTO THMa «lckpa-
23y, HCHONB3YeMOW JUIs OYHMCTKH JIMTEHHBIX W3JEAMH. DJIEKTPUYECKUE HMITYJIbChl (POPMHUPOBAINCH NPU
HanpspkeHud 15—18 kV, ¢ sneprueit 10-12 x/Ix n ammmurynoid 1-2 I'Tla. PesyabTaTsl. B pesynsrate o6paborku
HUMITYJIbCaMH BOJIHBI JaBJICHUSA TCPMUYCCKU prO‘lHeHHOﬁ cranu 45 OGHapy)KeHHOMy YBEJINYCHUIO BBIHOCIIUBOCTU
NpU [UKIAYECKOM Harpy>XeHHH COOTBETCTBYET IIOBBIIICHHOE KOJMYECTBO HAKOIUICHHBIX MAMCIIOKALMH Ha
MOBEPXHOCTH paspyuieHus. Mcronb3oBanue ypaBHeHus: Kopuna—MeHcoHa Mo3Boimio oOHApyX HTh CHIDKCHHE
nedopmanuy 3a MUK Harpy>KeHUsl B pe3ysibTaTe BO3HUKAIOIIETO HAIIPSHKEHUS OT AJIEKTPHUYECKOTO paspsja B BOJE.
OOHapyXeHHOE Ha MOBEPXHOCTH pa3pyIIeHUs (MOCIEe WMITYJIBCHOTO BO3ACUCTBHSI) TOBBIMICHHOE KOJIHYIECTBO
JIMCIOKAllMi, PpAacIlONOKEHHBIX B PA3IMYHBIX KPUCTALIOrpaQUUIecKUX CHCTEMax, SIBISAETCS CBHAETEIHCTBOM
PasBUTHS JOCTAaTOYHO CIIOKHBIX HCIOKalMOHHBIX NMPeoOpa3oBaHUH B CTPYKTYpE CTaldH, KOTOpPBIE OOECICUMIIN
MPUPOCT BBIHOCIUBOCTH HPH YCTAIOCTH. YBEIMUCHUE OTrPAHHYEHHONW BBIHOCIMBOCTH CTAall B PE3YJIbTATE
BO3HMKAIOIIETO HAMPSDKCHUS OT MMITYJIbCHOM 0OpabOTKH B 3HAYUTENBHON CTETNEHH CBA3aHO C U3MEHEHHEM 4HCIIa
MOJBIXHBIX AMCIOKauui. [lns oOnacTn MalONUKIOBOM YCTalOCTH BO3pacTaHWE AaMIUIMTYIbl Harpy>KeHUs
COINIPOBOXKJAETCS CHIDKEHHWEM pas3liuusl B 3HAYCHUSX OrPAaHMYEHHON BBIHOCIMBOCTH (0 M mociie 00paboTkh
uMITyibcaMu  HanpspbkeHus). Hayunas HoBm3na. [l o0iacTd MHOTOLMKIIOBOM yCTaJlOCTH, B pPe3yJibTare
00paboTKM MMIIYJIbCAMH HAIPSDKEHUS! YIIIEPOIUCTON CTall CO CTPYKTYPOH YJIydIleHHs, MPUPOCT OrpaHHMYCHHON
BBIHOCJIMBOCTH COIIPOBOXKIAETCSl CHIDKeHHMeM Jedopmanuu 3a I1mkiI. [lo Mepe Bo3pacTaHHs aMILIMTYIbI
HanpspkeHust 1ukiaa 3¢gdQexkt npupocra BBIHOCIMBOCTH OT O0pabOTKM MeTajula HMITYJIbCAMH HalpsDKeHUS
camxaercs. IlpakTnyeckas 3HaunMocTh. OOpaboTKa MeTa/ula UMITYyJIbCAMH BOJIH JABJICHHUS OT 3JIEKTPUYECKOTO
paspsiza B BOJE MOKET OBITh MCIIOJIB30BaHA Ul MPOUICHHS CPOKa SKCIUTyaTallMy AeTajlel MOABIKHOTO COCTaBa,
KOTOpBIE TTOJ[BEPTaloTCs [UKIMIECKOMY HATPY KEHHIO.

Kniouegvie cnosa: TBEpAOCTD; TUCIOKANNS; UMITYJIbC IaBICHUS; HIIEKTPUUECKUN paspsill; OTpaHWYIEHHAs: BEIHOC-
JIMBOCTh
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