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Abstrarc— The work is intesded for disomzimg 2 problem
immrrm:iﬂl;ﬁlﬂmpmp-t
There are conddersd the procese of 5
hjl:gﬂfr-nnh-ﬂlmi_'g'nd l,.l.r_'l.’-s-u
Huhhﬁimﬂiﬂ‘mnﬂqmnﬂ
nanesmres o enhance properties of fricton
surfaces. There are the resplt of research and
developmest of a proces for proteciing sied produocs from
shrasive amd oiber of wear by spplving wear-resisinmi
coating:, made of smd wear-resiseamt medsls, o che
mﬂﬁnﬁﬂﬁmihmm-ﬂlﬂ“
thickness of increased hardmses areas. The coatings formed by
e ESA method in e 3 of =« Al — TISEE have the

mamimrey mcrokandmes: of the sorifce
:ﬂh:ﬂlﬂmﬁamﬂ.ﬁpﬂ%ﬁm M

Eeywordi— elecirpark IO M, Carbew,
S AT, W TSN, reupimers
I DINTRODUCTRON

Improving  relishility and demabdity of dvmamic
squipeient oparatng at high tpesds leads and wesparatures,
as well a3 ender conditioms of corresive, abmsive and othar
rypes of working eoviommsnt eEposEe remains an wgeat
problem and requites an ivtegTated approach.

Modem srungthening technologiss provide nemmerons
muthods for mproving sirocteres and proparties of part
surfacs byers, and sach of thess methods has optmal areas
of applicaticn, advantzges and disadvantagss.

PPE-1-7351-EEH0 -1 953100 3019 TEEE

The promizing metheds of strenpthening serfaces and
modifying thareof are the methods based oo processing
muiurials by comcentrated flows of energy and mbstince

(CFES).

The mesuits of amabyds of the CFES mffeence on the
formation of the micostuchres and the serface proparties,
as well a5 oo the course of processes ecrwming on conditions
of friction and wear of metals are represanted @ the wodks of
AD. Pogretayak [1-3], V.V. Lovinenko [3], .1 Eotrk
[3, 4] and others Stengibening metallic matarials by e
concanirated fows nfmurg;rmﬂ.mh‘tmml:l:'ﬂs:lmﬂmn’
varions combinatons makes it powible to ensify existing
techoological processes of sarface treatment zmd to chtaizn
results unataimable with taditiczal techaologie.

As for moplementdion haues amd challeges, recamtly,
multlayer enitcomponent and pancComposi
{nanostraciured) coatings have become the basis for oeatmg
serfaces baving verions fonctiomal porposes and imsproved
chamacteristics depended thareof, smch as hardmes, wwar,
corrosion and heat resistance, Gtgne streagth, stc. [7-10].

Tha development of techmelogical cvilization nitiates
both the developmant of mew high-eegy techzologien and
the optimEatom of aleady kmown oo Diended fox
procasiing medmaly Among the modam methods of mrface
meatmsent by concentrated fows of snergy and mwhbstance
{CFES), thars is slectrowpark alloying (ESA) methad, which
allows obfaming surface sractrss with unigme phvsical,
mechanical and wibological propesties 2t nanc leml

Dwespite the mndeniable advantiges of the EEA methed,
soch ax high adhesion strangth of alloyed bywr and base

HTFCII-
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material, the possihiliy of apphying 2y condnctnve materials
te 3 surface to be strempthensd, lowr snergy imtemsity of the
process, envircomental frissdlmess, sase of parformmg the
techoological oparaticm, wic., the mwethod bas  wome
drewbacks. They concerm such problem: as inowsing
surfacs reughmess, reducing fiigus srangth and lmiting the
thickness of the applied layer, which ofien revimin the
application of this method for 2 wider mnge of maching parts
and tools.

The numeroes papers of Ukrainian [11-13] and forwim
[14-18] scientsts are devoted to improving the teckmology
of elecospark alloyimg. Improving the mlabdity a=d
durability of machine and sjeipmant parts operating undar
difficals conditiens (zhrasve wear, gk tempemaros,
Az@esadve soviromment, wc.] is an actml techoical problem

of great impartance.

O. Prosl i FoRMIMATION. ANl ¥815 oF Manor
ACHIEVEMENTS AND PURLICATHNS

Possesing wide possdbilties for creatbing  cerizin
suchures, pRase and chamical compositdons o part srdces,
the clectrospark alloying method allows foproving their
operational propesties. Formation of swriace stedhares aad
propertes thereod, as well a5 mwstgation of laws of wurfscs
fricon. apnd wear afier processmpg swrdces by the ESA
muthed are meseach subjects by sech scientists as BN,
Zolotyikh [19], BE Lammenko and M. Lararenko [20],
GV, Samsomoy [21], AD. Vakhoterow [21], AF Giovich
[23]. LA Podchamyyena [24], V.V. Mikhadlewa [25] et al

Having semparized the shudies of the abow menbomed
awthars, & is possible to wangle out the following processes
omurng doring e electrospark alloying: the process of
transfarring material to the murface of a part froms the alloying
slecrods occurs through the fommation of mechanical
mixtores, solid soluticns aznd chemical compounds; whils
pecforming the process of &e surfecs eonchment with the
slameats of the dloyimg elecoods, thars booan aboermally
bigh diffnsion of the transfarred material undar the action of
kighty concentated soargy fows: the process of nloafat
quencking af shori-twm beating to 2 high teosparatore with a
discharge of slectic cument in followed by instestamcoms
cooling, the process of plestic deformatice occurs with a
lecal pelse preswams Impact oo the maternal, e procsss &
accompanisd Wih  Teatmg exmemsly  pom-squlirinm
structures. with fine graims, high hetoogemeity in
composition, structire, and the process oocurs whan the
material & subjectsd to localized pulse pressmores amd
temparaimes, as well 2u therzozl stresses; the processss of
mifratiom, carwrization a2md cxdatice feke place undar
anvironesant comditions [26].

Today the mvestizatons comducted by the specialists are
primarily focmed onto the development and Enprovemsent of
oew squpmant for the ESA method the guaticn of new
alectrode materials and the smdy of the struchmes and
properties of coatings. But now, thers is lack of information
on apphed teckmologiss for e mse of the ESA method
Therasfore, it should bs noted there is a probleoy which is
rathar rulevant in mnden conditions

In paper [17], to athact attention to the mse of the
alectrospark alloying methed for repair purposas, Shiere was
conadered the fact of mpplying a new process [IE] for
creating thick-bryer costings by the E5A methed to restore
worn parts operating mnder shiding fucticn conditicns. The

above said application s based om investigating the well-
imown prblicatdon: devoted to the comses of elecTospak
coetimg linwited thickmess [29] and the ==y to Dnoease
thoreof [30]. Testing the coatmgs was cared out oo the
sxample of restoring the womm parts of the powss cylindars
friction pairs with wear and local defects of mare than 300
micons depth. Thers has been woll sstebliched the
advantags of GpERn3-1 (BrEMt:3-1) bronze on applying o
called “hilly” relicd ing: Thars aas determuined the ramge
of the optizal slectical medes for the E5A method with the
palss enargy of 0.6 to 1.3 I, the pulss-repettion mate of 250
Hr a.u.dtﬂ:m specific time for the ESA methed of 42 1o
53 5l o™

It showld b noted that i the course of performing the
ESA method, & srengthensd swrfacs layer baving a modifed
stuotre and properties cam be formed both as a resalt of
diffisicn provided, for exampls, with the we of & graphite
alecirode as 2 too] to safumate the surface with carbon and to
parform & kind of carberization with the help of the ESA
method (CESA) [31] and alse at applying coatings of

wwar-renstant mefali or their comhinatiom with
woift antifriction maemls [3Z].

In addiion, whik performing the EEA methoed, for
axzrople, with alemimmm, the sorfcs layer of the product,
depanding om the discharge eoargy (W), can b modified nod
by by diffnsicn (eoder ‘soft” alloying cooditions), but also
oming to the ocomrance of joint effoct mamaly, became of
forming a diffision loyer and alse creating a coatmg by
tramsfarring alnmimem to the werface. It has been fmnd that
with inceasing the anscent of carhon @ & alloyed surfacs and
alse with enhancing the discharge snergy in the course of the
procsss of abmmeration by e ESA method, them b raked
micrchardngss, contneity, thicknoss of ncreased hardnoes
zonge and roeghness of the obizined serfce layer [33]

In papars [34-34), thare are descrited the proceses for
moreasing the thickmess of =1 mrface layers of
LIIGHICT steel and SETEMEROT mickel alloy at applying
combingd coatings. (CEC) consisting of BEE
kard alloy and copper, 'n.']:.tchm:l'mnﬂ.mﬂ:ﬂ-mqum
of BEE—Ce—BEE and BEE—BEKE—Cn, respectvely. Tha
method: are msed to increass e wear resistance of the
working swirces of the pulie sod weal mmgn for the
frbopumsp wmits of the liguid rocket engines. and those
comsdst in that before applying the CEC, thers is prodnced the
procass ming the CESA method At $hie same tiowe, the
mereased hardness zone is anlarged by the thickness of the
CESA layer.

Tims, it shouold be noted thar the thickness of e
moreased hardness zome of the surface layer is eswential for
parts of foction pains af ooouming strasive and other types of
wear, and the probism of mowsing sach a thicknsss remains
ralenant.

The aim of the work is to nceess e oficiency of the
alectrospark alloving methed to protect stesl product Som
abrasive and othar fypes of wear by applying wear-redstamt
coatings fo the wear serfaces and enbwping e thickness of the
mowased hardoes: rone, dos to prelimiarly performing the
CESA mwihod and applying ahmmmmes by the ESA method.

IIl. RFSFARCH METHODE

To stndy secters and parform measurements of mrface
layer micrehardnigss, the &in sections made of 12X18H1OT

SITPCIL-2
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stesl and baving dimensioms of 10El0xE were wmeed after
processimg theps for 1.0 min. by the CESA method The
process of alloyimg ocowmed oo diffszent conditicos at the
Ammrpon-31A (Blitron-J21A) unit squipped with & manunal
vibrator and af the SHI-% mechamized unit at the
discharge snergy remge (W] of 0.5 to 6.8 I

The surface of a thin section was onented parpandicuiar
1o the surface being alloyed. To exchide edge efec m the
course of alloying, the wnd face of a specimen had beem
milled by the depth of at Least 2 mm before proparing the thin
section. thareof To prevent cimpling of the layer, the sdge
of the speciman was fastened with a countarbody in a damp.
To idemtify the stactare, the thin secton was wmbjgced o
chmn.'l-n:lr.'hmgl:ulrupmt
the wa of the Meofvt-2 optical miocmoope, where the byyer
of the undarlayer zomes, namaly the diffese zone and the beat-
affored zome, were ewleed At the waee tese, ther ams
camisd out 2 dorametnc apabyis o determing micrchardness
distributon &= e mrface layvar along the depth of the thin
section begmming from the mrfam thareef The micchardness
mnmmpn'ﬁmniumgmm-lmm&m

Frocesing proflograms with the wwe of e proSlograph-

measuring device of 201 modal, “Ealbe™ plant
prodection. To smdy the disrbotion of e clements and
carbn along @ depth of the lowr te ol oy
-qnct:umcpx-mal:.lmiupﬂ:ﬁ:mﬂnmghhﬂlﬂ!ﬂﬂﬂ

scamning electron mimoscope squippsd with the: mviooara byrer
of the I5I5 300 Cfird Instumsants.

V. RESEARCH RESUILTS
Fig. 1 chows the miorosimecters {a, b) ad the distobmton
of the micchardngss in the wrdoe byer o, d) of
IZX18HIOT steal at processing by the CESA method writh

the discharge snergy (W ) of 3.4 1.
ks
MFa
Y
\
ey
b o
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-
| i
& | )
I|. ' 1
L& N T I
c d

Fig. 1.
nries brper of feel IIXIEHIOT af procmaing il by the (ESA, methed
with &, =14]

hcrstrecturs (m, b and moom bardeee datnbutson o, di of the

This layss is oot uniforns, and it is of 180 pes (2, <) to 90 pm
ib, d). Om averags, the depth of the moreased hardness byyer
i5~ 10 pza.

Fig. I ropresants the results of the elecrm migowoopic
windigs, that i the area of the mrisce layer of IZX18H1OT
siesl after procesuing it by the CESA methed with W= 1.4
I, as wull az the dvtibution of carben and other slements,
that is chropsiues, ron, pickel and ttanmmm, which ars the
parts of the steel, 2long the depth of the hoyer.
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Fig. 2. Thaiributon of the domenis m the arice byo of [IXIEHIOT
szl afier proceasing i by the CEEA method
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Frops the figare, it can bo seen et the moeased carbon
content m the srdce lomr v mainomed op to 100 pm,
which fact is condstent with the dwt of durameiric stedies
{Fig. 1}

Fig. 3 shoos the migoituctoe (2) and the discitmton of
the sorface layer migohardness (&) of IZX1BHIOT steal
after processing it by the CESA metiod and deing it with
alumimum by the ESA method with W, = 3.4 I. The layer is
mathar masnive, ot not mnifores. The teicknes: of the layer
benving a modified stochme is ~ 170 pm. At the ame tme,
on the nrivce, thare is an mneven woff, cumhbly and poroms
lzryar, the thickness of which is of 70 to 1{ pm m varoms
arwas, and the micckardness iz of 1000 to 2500 MPa, Undar
this lyer, thers & a byer of & higher migohardness {op to
7500 MPa) having a depth of B0 to 120 pm.

hacmogrechurs iwi and digributon of micvhanhes (B 1o the
the CFERA metbad

Fig. 1.
nrisce layer of 12ZX1EHIOT ool afier procesing =
wnd ferth doeng i wilk akumimes by the E3A

Fig. 4 shoun the area of the surface layer of 1IXIEHIOT
wiesl affer procesuing it by the CESA method and deing it
with ahuedmms by the EEA method with Wy = 3.4 1, as well
a3 the dsribubon of aluminwm, iron, chrommm, micksl,
carbon and tandom. The resmlis of the local z-my and
migoscopy microamalynis indicate that in the course of
processing by the ESA method, ahmmimm diffases into the
stes] wobstrats by the depth of 100 ue2 The content of the
alomants (Fe, Cr, M1, Ti) comprised into 12X 1EHIOT seal in
the surfice lxyer is minimal and at a divancs of B to 100
Hm siarihing memrement fom the werface, it coresponds fo
the steal grade composition.

With sequential alloying of the steal accomding to the
schame of © — Al — T1IJES a2t Wo= 3.4 J, the formaton of
a mmive yer boving a thickness of 330 to 3560 ym and a
maxinmm excchandness co the surfice of 2000 to 10000
MPa iz observed The mesulis of mwllogaphic stedies
indicate that a -ng;uaﬁmtmmdmhhmdnﬁ.n:
chemica]l compomds are formed I the coating, which
apparanty renlt i significant smengthening of the mrfce
lzoyar.

The remlts of the =Ty migvecopy miooanalysis
indicate (Frg. &) that, as 2 remit of sequentia] processmg by
thoe CESA methed and forther doimg it with alumdnome and
the slectrode-tool of T1TES hard alley with the wse of the
EEA method at Wy = 3.4 1, aluminem diffases by the depth
of 320 um, but &s conbent decreases, fongsten an the main
alemant of T1IES hard alloy - by the depth of 270 pm, and
carbon dess @ by up to 270 pm. Processmg by the ESA
method accordmg to the descibed fechnology allewrs o
anlarge the diffuvion zones of carbon and ahmeinures and al

& 2l

o OB R W

[ 1

Fig. 4. Discbuiion of the diemmia in ke seface byer of 1IX1EH1OT
wizdl wfier procemding @ by ike CESA mothed end Swriber deing & with
wirenem by the FAA moibesd

a b

Fig. 5. MNicmefrooiore (6] and micolerdhcas Ssirdelion (B in e
IE!IFC-[II'.'IT sl murface beper afler procesdeg il by e CESA methed sl
Seriber Seing # with sluminus axd the dlestrede dood of T15KE haed alloy
witk the e ol the FiA methnd
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Fig & Disinbuison of e clemonis m e seriscs layer of 1ECIEHIOT
sioel afier il by the CERA mwibex] andd feriher il with
whusmimuen wred e clectrede dond of TI1SKS hund allry with the e f the
ES4 methd.

to inoease the hardness and thickness of the srengthened
laryar.

The results of the stodies thow that, when procsssmg ny
the EEA method mnder the schams of C — T15ES (withoat
the EEA by alemimem), it &= Impmsitle to achiews the
required pvicobardness velnes (Fig. 7). On the serface, it is
szl to 5000 MPa, and as despening, it gradually decrsases
it the migobardness vales of the sobsimaiu, that is albout of
I300 to 2600 MPa. The thickness of the mowved hardness
laymr is of 200 to 2230 pes, which is 100 pes loss thaxn that as a
resalt of processing by the ESA method in the sequemcs of

— Al — T13ES {Fig. 7). The continwity of the layver i ~
100%.
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Fig. 7. homsirociore o) and disinibeizn nl'mbh-l'h'l of tha
PR of | EXIEHIOT sicel afler by the CESA methed
wl Sariher doteg il with the cloctnde 4ol |5Eﬁ-hlﬂ.l"':!.|"'uluﬂ
o ol the ERA msthed.

Fiz. B repressnis the resmlts of the stedy for the
disiibation of the slements mcloded e the sobstrate
(LIXIEHICT stesl) 2nd alie those comprised indo the

TUIES bard alloy at Wy = 3.4 1. Tungsen diffuses by the
depth of 125 pm, and the layer with a highor carbom combent
5 e D20 pm.

sumezzrizsd in Tabls. 1. The shdies bave shoam that the
meatust thidmess we of the Doeased hardnen zome @
omerved m the surface layers formed in the seqoonce of

CESA+EEA Al+ESATITES.
TAHLEL RESULTE O METALLOGRE AFINC STUTHES OF THE
SFRCMERE MADE OF | 2X13HI0T STRFL
Electrr de-ieed Thike bersran off Friazimmum SuriscTa
merrased wel s, pm
hardmean niren prhened
‘ -h L]
- l'[l"-h.
[ [ il [0 PE
= Al Fal-120 500 5
C+al+T 15KA LT [[V00] 1.5
C=TI5K& 140-2300 o p 3]
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Fig & Doenbation of dements in the surface layer of seel 12ZX1SHIOT
sfiex precoweng # by Ge CF3A method and fisther doing # by the ESA
method with the cloctrodesool of T15KS bard slloy

V. Comciusion

lnnuwtonﬂy:nofﬁo&wupd
alloying methed, which inasases the relabidity =
md&wm::iﬁcnhmdnm

2. Thare is proposed a 2ew process for protecting steel
products om abrasive and oder fypes of wear by apply=s
the woar-resistnt coatings, made of the refractary wear-
resistant metals, to Do wear surBees by the slectospark
alloying method, having conducted the processes
by the CESA method and the ESA mothod with aleminam

3. The coatings formed = the sequence of CESA — ESA
C — Al — TISK6 have the greatest zome: of increased
Bardneus (of 320 to 360 pum), So maximum microhardness of
the =mxface laysr (10.000 MPa) and the wmallest surface

roughngss (7.5 um).

REFERENCES

[1} AD WA.MMLT Kanada, OV Kk, RY
“Sguctze wnd Physcd-Machezical
md--’l’l Obtened by Veauum-Arc

fHF Ix * J Nanc- Electron vl M4
- Dfmmo M. Fhys, 8

{2} AD MMWVVWMNXW
GV. K=k, SN. Dub, VS Rumkow,
Zhowski, YZ2h Tedembow, Mt Cu-v

u_rma-ugmm-dhm
Vacusm, vol 83, pp 235230, 2009

(%)) ADWAP“VHWOV Kok, ot ul,

corpostoe, and propeties of weperband

.m-ﬂ +HISIN costngs obtsned by depooition from

mlwq_nmhh’ Tach. Phys Lett vol 37, 5p

[4] AR Batracov, M| Bxzsleev, 3 E Donetx, V.F. A
Lytvynerko, YuF. lomn, AG Poomarer, V.V Uvaeew, VT
Uharov, “The Martculeritios of the High Carrent Relativistic Floctron

Beams infleence on Comstruction Materials Targets™, Probi AL Sei.
T-hi. vel & pp 225220 2013

i) Keoatnk, 85 Duobrotvarsky, VA Fadoev “Fffesve
YWMthndmﬁmem

!)-s; Vﬂnllnhoh%
&nnd’ﬂ’um 959 g 1164120, 2012

6] Gl Kostysk, “Eifoctive Costings and ModSad Srengthened Layers
o Quitting Tools. Hooe of the Intermstionsd of Scinces

and [zncvative Technologies, Kaev, 2012

l'l]A.DWVYnMdhudd “Nesctnuctired  and
nanccompoEie costng”, Fva. Mescrmochas., vol & pp
103.118, 2008

8] AD Pogreimpk, AP Shyek NA Aosrmkor, VM Bosmer,
“Stuctires snd propertios of hard ead wpohend sanccoaposite
comEng,” Fryx Usp, ol 52, pp. 2054, 2005,

M AD WAOWA.P MY&AM

55, pp 20300, 2012
0] AD Pogrebuysk, VM. Boremev, AA
( JF}' Korrarov, MV. Kxveris, NA.
FTT, vl 5409, pp. 17641771, 2012
[11] EV Kobet, BA Lysshemko, [ Podebernyseva, D V. Yerchesko,
ives of i Hedezng of Hed-Alloy Catting
Tacl® The Trocooes of Mecharionl Frocexeng in Muchine Bailding,
wol 12, pp 6780, 2012
[12] O8 Zavoikn, SN. Noviko, “Mechazizn for Proces of Elect
Alloyng with Gax Depoostion”, Fxplontson snd Developmest
and Ous Deposdte, vol 48, pp 119126, 2013
[13]) AV. Paudowds, YOG Tiachesko, RA Alfntevs o o,
“Oyerzation of the compodbon, srctirs, and popertios of
dcudcuu.-h-l oduv m
du.n?&
nll‘)pt-ll.ml)
(4] V.V Mathedor, AE Gilewch, AD Vekhotzov, o o,
“Floctrupark of Glarsum and itx woyx The phyncsl,
L and Fart [ The of the
g e ogrenb. ko oo o
wrfsce lwyern and ther wor snd heat reasance”, Sef FEngm
Agpl Eledrockem , vol 49, pp. 373.395, 2011,

(15 L Phka, N._Rudsk,

W2, MIT
16 H?,KcF ¥o-fa Tan Kowodong Wang, Ha Tan,
0 “Effects h Migoerxturs

Revotesce of TN DQ:-“QTCII Tl-n
27, pp 1767-1776, 2007
[m h&nwhf- Noezmn Y. Thou, Fhan T
C_-q Maodel  for hpd Sodifiotzon of Ne-

:1 zst.;p m.m Y T e s T

[1%) M Sebraliyas, F. Muick Chaci, M Firalemsm, “Effect of
H13 Sewel * Coat. Techsol , wol. 321, pp 8159, 2007

[19) BN Zdotykh “O= Phyecal Natire of Elatronic Procoasng of
Metals, ~Elsktreen, Moscow: Howse of

tblumwAd-v of Sciencex, 1957, pp Mwh

AR Ln-inl Lamrenko, “Carrent Level of Developeners of
P of Mctals " Flecton. Froc Mater., wol 3, pp.
12-16, 1977

[21] OV, Sammmov, AD Vakhotwov, G A Bovken, V3 Sychey,
w Alloying of Metal Surfaces Kiev: Naukows Dk,

f22) A.D Verkdotoow, TH Frdwow, LA Komevisov, “Beac Jde,
ParnEgrma, xnd Methodologmex of Maioriale Scence,” Thare. Founad.
Chem Fing . wel 41, pp 624628, 2007,

[23] AE. O#levich, Al Mikkalyuk, VV Mikimilow, “Procomes =t
m‘ﬂlﬂ-tr wf_fu—h-
Flectron. Froc. Matsr e 122

24] 1A, Fodchamysews, ON COrigor'ev, VLSanu-. * Wear-Rexi st

e fxyersd Bledrogark Costinge Bawd oo 7:5," Powder Meull
Metal Ceram, wel. 43, pp 391395, 2004,

AITROY LA



Sth Internatiomal Conference on Nanomaterials: Apphcaticns & Properties '2019

[25] LP. Komsexko, GP. Ch w VV. Mikhilov, AE Gitlevick,
“Ube of the method 1o incresse the cormeicn
“HWMMMME*M‘W vl
47, pp 9-17, 2011

[26] DN. Kcmy« “Teckneloged CapaiaBlics for Forming Wear-

Rematart Nancstructres by Floctrospark Alloying” Meaogngh

Oendke, SibaADI, 200
[ SAVﬂq’V Serzn, V.1 lvasov, P.V. Chussskov, “Formation
of thick lyer contings for redoring wors-cut parts of
power cyfinders,” Serf Eng. Appl Eloctrochem, wil 53,
7 L16-123, 2017

28] VI lvanoy, F Xh Buruskuloy, VA Dersaor,

[ I“ et - “Fletrogek Methol
&—P_QWMOIM)OII

[29] VI Tvency, Weeks of GOSNITE vl 113, pp 429434, 201,

[30] VI lvenov, Woeks of GOSNITE, vol 113, pp 450-456, 2013

(3] VB Tad'nk, AV Peotowskii, YOG Thachesho, o al,
“Electrospuek  Graphite Alloyng of Steel Sirfaces: Technology,

Propetien, and Applostion,” Surf Eng. Appl Fledtrockem., vol 54,
PP 147156, M 18,
B2 VE Tﬁk AV.MYD Thackerko, et o, “Flectrods
and Multhayer Flectroopuek -Depostod
fom Ni-Cr and WC-Co Al and Metale " Powder
Cerem, vol 55, 3p $85-995,

By av. Kirsk, O P. Cuposows, VB Tarelzyk, o al, “Quality Amiysis
A ey .

Llynw& X

Powder Metall Mt Cernm, vl $6, p 9%, 2018

[34) VB T-dli.\’&m&" Zhakov, “lrcrasse w the
Reladibty and Dumbility of Metal Irpelwe Sals. Part 27, Ches
Petol Eng, vl 53, pp. 266-272 2017

[35) VE Tared'mk, V5 Mectarkowkos, AN. Zhakov, “lacraue m the
Relubibty sad Dushility of Metal lrpulse Sals. Pt 1" Chem.
Petrol Fing, vl S35, pp. 114-120, 2017

[34] VE Tod'nk, VS Meterkowds, AN. Zhalov, “lscraase i the

sad Durshility of Metal Sals. Pat 3.° Chen.

RS Sl Ui e

QITFC2I-T



