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Ukraine with the participation of the University of Tartu (Estonia), University of Turin 
(Italy) and Pierre and Marie Curie University -  Paris 6 (France).

NANO-2021 was the ninth conference in the series of NANO-conferences initiated 
by the Institute of Physics of NAS of Ukraine in 2012 in the framework of FP7 
Nanotwining project. From year to year, they attract more attention and participants. In 
2012, the first meeting was held in the format of International Summer School for young 
scientists «Nanotechnology: from fundamental research to innovations». The 2013 and 
2014 conferences were organized in conjunction with the International Summer Schools 
for young scientists under the same title. In 2013, this event was attended by more than 
300 scientists, in 2014-2016, 450 scientists took part and in 2017 it gathered above 650 
participants. In 2018 conference was attended by more than 700 scientists from Ukraine, 
Poland, Italy, Estonia, France, Austria, Germany, Greece, Turkey, USA, Romania, 
Moldova, Czech Republic, Taiwan, Lithuania, Egypt, Iran, India, Algeria, Indonesia and 
other countries. In 2019 the Organizer Committee has received more than 800 application 
forms from about 25 countries of the world. NANO-2020 conference was held in 
combine format: online and off-line in Lviv. The event was attended offline by about 
100 scientists, the first day of the broadcast on the Youtube channel has already been 
watched by more than 1,500 users from different countries of the world, and in total 
about 500 people have registered to participate in the conference.

The NANO-2021 conference brought together leading scientists and young 
researchers from many countries of the world. This year its topics were as follows: 
Nanobiotechnology for health-care; Nanochemistry and biotechnology; Nanocomposites 
and nanomaterials; Nanoobjects microscopy; Nanooptics and photonics; Nanoplasmonics 
and surface enhanced spectroscopy; Nanoscale physics; Nano structured surfaces; 
Physico-chemical nanomaterials science.
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Session 5. Nanostructured surfaces 341

Influence of the deformation mode on the formation 
of nanostructure, surface relief and wear 

resistance of steel 40kh

Kvrvliv Y. B.1. Maksymiv О. V?, Kytyliv V. I.2, Hurey / . Vs
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The most common method of forming nanocrystalline structures (NCS) is severe 
plastic deformation (SPD). Thus form volumetric and surface NCS. One of the 
methods of forming the surface NCS is mechanical pulse treatment (MPT), where 
the source of SPD is high-speed friction. Such nanostructure with a grain size of 
.2-60 nm increases wear resistance, resistance to fatigue and corrosion-fatigue 
fracture, serves as a barrier to penetration of hydrogen into the matrix material. 
Kinematically MPT is identical to the grinding process. Hardening occurs in the 
area of frictional contact (FC) of the tool and the workpiece. The working part of 
the tool has a width of 5-8 mm. The transformation of the microstructure due to 
SPD is strongly depended on the deformation mode. Therefore, tools have been 
developed that implement unidirectional and multidirectional deformation. Tools 
with a special profile of the working surface realizing multidirectional deformation 
improve the dispersion of the structure and, therefore, the physical and mechanical 
properties of the hardened surface layer, as well as reduce the components of the 
friction force in the FC zone during MPT by facilitating the conditions for the 
nucleation and generation of dislocations. Such deformation provides an effective 
mechanism for the dislocation multiplication by cross sliding, which leads to the 
formation of a dislocation line of great length, which passes from one parallel plane 
to another. This leads to an increase of microhardness and an improvement of the 
surface relief on steel 40X (0.4C-lCr). In particular, the surface of the core increases, 
±at is, the surface, with the exception of the hills and troughs protruding beyond 
die core, changes the character of the reference curves taken on the “Talyscanl50” 
profiler by “Taylor Hobson” in accordance with ISO 25178-2: 2012 Geometrical 
Product Specifikations (GPS) -  Surface texture: Profile method. The facilitation of 
the deformation process also leads to an increase of processing productivity. 
Simultaneously, the grain size decreases, the microhardness increases from 8.6 to 
9.0 GPa, and especially the depth of the hardened surface layer increases from 200 
TO 350 \im. This, accordingly, leads to a decrease in the dry friction coefficient and 
in increase in the wear resistance of the nanostructured surface.

mailto:yaroslav_kyryliv@ukr.net


Autor Index



578 NANOTECHNOLOGY AND NANOMATERIALS

KurtaS.A.....................................321
Kushch O.V. .............. 107,112,126
Kushlyk M................................... 410
Kushlyk M.O............................... 316
Kushnerov O.1............................. 127
Kusiak N. V. .................................59
Kusyak A.P. .......................... 58,60
Kutsevol N. . .  .164,225,226,276,462
Kutsevol N. V . ............ 165,228,403
Kutuzova A.S...............................138
Kuzema P.O................................... 82
Kuzenko S.V. .............................205
Kuziv Ia.B....................................256
KuzivY.1......................................228
Kuziv Yu......................164,276,462
Kuzmich H...................................244
Kuzminchuk A. V . ...................... 132
Kuznetsova L.S............................. 32
KuzykO.V......................... 128,428
Kychkyruk О.......................487, 489
Kyrii S .0 ....................... 85, 150, 193
Kyriienko P.1........................134,468
Kyryliv V.1...........................341,344
Kyryliv Y.B..................................341
Kyshkarova V. V ......................... 471
KysilDmytro ............................ 195
KytsyaA.R.......................... 118, 189
Копоріуик S.M........................... 422

L
Labbe CU ....................................536
LackovaV. ...................................46
Laguta 1........................................125
Laguta I.V. ...................................82
Laikhtman A................................ 537
LakhnikA.M......................... 38,463
Lamberti P . ...................................95
LamonovaK................................ 139
Langova S.5 ...............................482
Lapchuk 1.....................................268
Larina O .V ................. 114, 134,468
Laroze D...................................... 432

Latushka S.1.................................514
LatushkaT.V. .............................514
Lavrynenko O.M........................... 78
Lavs’ka V.O.................................305
LaweraZ..............................391, 461
Lazarenko M.M...........290, 304, 474
Lazarenko M.V. ................ 304, 474
Lazarenko O.A.................... 147, 485
Lazorenko Ya.P. ........................ 102
LebovkaN.1.........................101, 346
LegutD........................448,481,482
Lelyushok S.................................226
Lemishka I.A.......................283, 284
LenE.G................................181,455
LenT.A............................39,67, 148
Len T.S.........................................455
LenYe.G......................................215
Lepikh Ya.1.................................... 36
Lesiuk A.1.................................... 314
LesyukR........................................61
Levchenko G.G............... 87, 88, 167
Lewandowski W. . .. .168, 391, 392, 

393,394, 461,486,510,515, 550
Lewandowski Wiktor .............. 492
Li Q uanjun.............................86, 88
Liakh-Kaguy N.S................ 121,333
Liakhovetskyi V ......................... 379
Liard M........................................469
Liedienov N. A...........86, 87, 88, 167
Lienau С...................................... 216
Lin С....................................517,518
LinCao .....................................120
Lin D............................................406
Linnik 0 .......................................125
Lipatov O.Ye................................. 27
LisachukG.V............................. 286
Lisnyak V.V. ............ 165,255,262,

263,299, 300, 301,305, 306
Litvin P.M............................231,232
LitynskaM...................................140
LizunovV.V............................... 455



594 NANOTECHNOLOGY AND NANOMATERIALS

llllll
°<

^ J 632K#'HS IN'-

upmc
kifti SORBONNE UNIVERSITE

..^7£DSTAWICIELSTvv̂ -

PAN

Co-organizers of conference:
Institute of Physics of the NAS of Ukraine, 

Ukraine;
Lviv Polytechnic National University; 

University of Turin, Italy;
Pierre and Marie Curie University 

and CNRS, France;
University of Tartu, Estonia; 

Representative office of Polish Academy of 
Sciences in Kiev; 

EEN-Ukraine Consortium.

EEN-Ukralne
consortium

-
enterprise 

*  europe 
^network

Partners of Conference
Springer
Taylor & Francis Group, LLC

Organizing Committee Members of conference:
Chairman: NASU academician A. G. Naumovets, Vice-President of the NAS of Ukraine; 
Vice-Chairman: NASU academician L.P Yatsenko, Director of Institute of Physics of the 
NAS of Ukraine;
NASU corresponding member A.V. Ragulia, Problems of Material Sciences Institute, 
NAS of Ukraine;
NASU corresponding member V.N. Uvarov, Metallophysics Institute, NAS of Ukraine; 
NASU academician M.S. Brodyn, Institute of Physics, NAS of Ukraine;
NASU corresponding member A.M. Negriyko, Institute of Physics, NAS of Ukraine; 
Petro Fochuk Yuriy Fedkovych Chemivtsi National University, Ukraine;
Yuriy Khalavka Yuriy Fedkovych Chemivtsi National University, Ukraine;
Victor Martynyuk, Taras Shevchenko national University of Kyiv;
Oleksandr Bediukh, Taras Shevchenko national University of Kyiv.

International Committee:
Prof. Henryk Sobczuk, Representative office „Polish Academy of Sciences” in Kyiv; 
Prof. Gianmario Martra, University of Turin, Italy;
Prof. Dr. habil. Emmanuelle Lacaze, Pierre and Marie Curie University and CNRS, 
France;
Prof. Bouchta Sahraoui, University of Angers, UFR Sciences, Institute of Sciences and 
Molecular Technologies of Angers, France;
Prof. Bakolas Dimitris, European Profiles A.E., Greece;
Dr. L.A. Dolgov, University of Tartu, Estonia;



595

Prof. Mohamed Bououdina, University of Bahrain, Kingdom of Bahrain;
Prof. Dr. Annemarie Pucci, Kirchhoff Institute of Physics of the Ruprecht- 
Karls University of Heidelberg, Germany.

Local Organizing Committee 
of the Lviv Polytechnic National University

Sc.D., Prof. PI. Kalenyuk, director of Institute of Applied Mathematics and Fundamental 
Sciences;
Sc.D., Prof. I.N. Prudyus, director of Institute of Telecommunications, Radioelectronics 
and Electronic Engineering;
Sc.D., Prof. I.I. Grigorchak Institute of Applied Mathematics and Fundamental Sciences; 
Sc.D., Prof. B.A. Lukiyanets, Institute of Applied Mathematics and Fundamental 
Sciences;
Sc.D., Prof. M.Z. Mikityuk, Institute of Telecommunications, Radioelectronics and 
Electronic Engineering;
Sc.D., Prof. I.P. Ostrovsky, Institute of Telecommunications, Radioelectronics and 
Electronic Engineering;
Sc.D., Prof. V.M. Fitio, Institute of Telecommunications, Radioelectronics and Electronic 
Engineering;
Ass.Prof. I.Ya. Yaremchuk, Institute of Telecommunications, Radioelectronics and 
Electronic Engineering;
Sc.D, Prof. G.A. Ilchuk, Institute of Applied Mathematics and Fundamental Sciences; 
Sc.D., Prof. P.P. Kostrobii, Institute of Applied Mathematics and Fundamental Sciences

Chairman of Local Committee and Secretary of Conference:
Dr. O.M. Fesenko, Institute of Physics of the NAS of Ukraine.

Local Committee:
Dr. O. Budnyk, Mr. Y. Kifiuk, Mr. A. Yaremkevich, Mr. V. Tkachenko, Dr. T. Tsebrienko, 
Mr. P. Golub, Mrs. A. Klochek, Dr. N. Davydenko



Наукове видання

The International research and practice cinference 
“Nanotechnology and nanomaterials”

(NANO-2021)

Book of abstracts is published in authors9 edition without 
modifying by the Organizing Committee

Head of Organizing Committee:
Dr. Olena Fesenko, Institute of Physics of the NAS of Ukraine 

Design and layout: Volodymyr Havlo

Technical support in the course of the International conference (NANO-2021). 
Junior Researchers of the Institute of Physics of the NAS of Ukraine 
A. D. Yaremkevych (media assistance) and Y. S. Kifiuk (sound equipment and 
photo report), Leading Engineers of the Institute of Physics of the NAS of Ukraine 
М. V. Rallev (information and transportation support), O. P. Budnyk (registration 
of participants and excursions), A. V. Klochek (registration of participants and 
general questions), Т. V. Tsebrienko (registration support), N. V. Davydenko 
(general questions), P.V. Golub (technical support), V. S. Tkachenko (poster session 
support).

Здано в набір 24.07.2021. Підписано до друку 11.08.2021. 
Формат 60х90/16. Папір офсетний. Умовн. друк. арк. 37,25. Зам. № 208.

Publishing House -  LLC “Computer-publishing, information center”, Kiev, Ukraine.



Virtual NANO event -  In 2021 the NANO Conference was combined with a virtual platform for b2b and 
s2b communication for promotion international Research and Business Partnerships. The networking 
matchmaking event Virtual NAN02021 was organized by the Enterprise Europe Network - Ukraine 
Consortium. Virtual NANO-2021 brings together researchers, scientists, engineers, business, technical 
and policy professionals to promote research and industrial collaborations, identify priorities, and 
strengthen the innovation ecosystem.

O u r  p u b l ic a t io n s
A bstracts  Book of the 1st International S u m m e r S ch o o l (2 0 1 2 ) 
A bstracts  B ook of the 1st International S u m m e r S ch o o l 
and International C o n fe re n ce  N A N O -2 0 1 3  
A bstracts Book of the 2 -nd International S u m m e r S ch o o l 
and International C o n fe re n ce  N A N O -2 0 1 4
A bstracts  Book of the 3 -rd  International C o n fe re n ce  N A N O -2 0 1 5  
A bstracts  Book of the 4 -th  international C o n fe re n ce  N A N G -2 0 1 6  
A bstracts  Book of the 5-th  International C o n fe re n ce  N A N O -2 0 1 7  
A bstracts  B ook of the 6-th  International C o n fe re n ce  N A N O -2 0 1 8  

bstracts Book of the 7~th International C o n fe re n ce  N A N O -2 0 1 9
O . Fe se n ko , L ,Y a tse n k o  and M. B rodin et al. (e d s .), 
N an o m a te ria ls , Im aging te chn iq ues, Surface  Stud ie s, 
and A p p lica tio n s, S p rin g e r P ro ce e d in g s  in P hysics  146,
D O l; 1 0 .1 007/978-1 -4 6 1 4 -7 6 7 5 -7 , © S p rin g e r 
S c ie n c e + B u s in e s s , M e dia, N e w  York 2013
O . Fe se n k o , L. Y atse nko  (e d s .),  N a n o co m p o site s, 
N a n o p h o to n ics, N an o b io te ch n o lo gy, and A pplica tio ns,
S p rin g e r P ro ce e d in g s  in P h ys ics  156, D O l: 
1 0 .1 0 0 7 / 9 7 8 -3 -3 1 9 -0 6 6 1 -0 , © S p rin g e r International 
P ublish in g , S w itze rla n d  2014
O . Fe se n k o , L. Yatse nko , N a n o p la sm o n ics , N a n o -O p tic s , 
N a n o co m p o site s, and Surface  Stud ie s 187, D O l: 
1 0 .1 0 0 7 / 9 7 8 -3 -3 1 9 -1 8 5 4 3 -9 , © S p rin g e r International 
P ublish in g, S w itze rla n d  2015
O . Fe se n k o , L. Yatse nko , N a n o p h y s ics , N a n o p h o to n ics, 
Surface  S tud ie s, and A pplica tio ns 183, D O l: 
1 0 .1 0 0 7 / 9 7 8 -3 -3 1 9 -3 0 7 3 7 -4 , © S p rin g e r International 
P ublish in g , S w itze rla n d  2016
P articipants of International S u m m e r S ch o o ls  and 
International N A N O  C o n fe re n ce s  — published their articles in 
S p e cia l Issue of S p rin g e r O p e n  Jo u rn a l “N a n o sca le  R esearch  
Letters” (in 201 3, 2 01 4 and 2 0 1 5 ) de dicated to N A N O  
C o n fe re n ce s . Im pact Facto r of Jo u rn a l — 2 .7 7 9 .

w w w. sp rin ge r . com /m ateria/s/nanotechnotogy/journal/11 671

Our Partners:
T h e  Ente rp rise  E u ro p e  N etw o rk  is the w o rld ’s largest suppo rt 
netw ork for Sm all and M e d iu m -s ize d  Ente rp rise s (S M E s )  with 
international am bitions. C o -fu n d e d  by the E u ro p e a n  U n io n ’s 
C O S M E  and H o rizo n  202 0 p ro g ra m m e s, the N etw o rk ’s aim  is to 
help bu sin e sse s innovate and g ro w  internationally. T h e  
representative  E E N  in U k raine  -  E E N -U k ra in e  C o n so rtiu m . 

w w w . ec. auropa. eu
S p rin g e r S c ie n c e + B u s in e s s  M edia or S p rin g e r is a global 
p ub lishing co m p a n y  that p ub lishe s books, e -b o o k s  
and p e e r-re v ie w e d  jo urnals  in scie n ce , technical and m edical 
pub lishing.

w w w. springer, co m
Ta y lo r  & F ra n cis  G ro u p  is an international c o m p a n y  that 
pub lishe s books for all levels of a ca d e m ic  stud y and 
professional d e ve lo p m e n t, a cro ss a w ide range of subjects and 
disciplines and q uality p e e r-re v ie w e d  jo u rn a ls  u nd er the 
R o utledge and Ta y lo r  & Fra n cis  im prints.

www. taylora ndfrancis. com
“P olska A k a d e m ia  N au k" w  Kijow ie.
* W sp o ln e  konferencje w  r6Znych d z ie d zin a ch  nauki
* W sp o ln e  publikacje na uko w cdw  polskich і ukraihskich w 
w a tn y c h  cza s o p is m a ch
* W sp o ln e  o p ra co w a n ia , patenty, w dro £enia
* U d zia t w  projektach tra n sg ra n iczn ych  z  cz^scis* na uko w q  z  
r6±nych  d z ie d zin  nauki

ivivdty con fere nce  is suppo rted  by the Lviv C o nfe ren ce  B ureau and
council £1 is c o -fin a n c e d  u nd er the P rogram  "P ack age of suppo rt for the

d e ve lopm ent of the con fe re n ce  industry in Lviv"

і  enterprise 
* europe 
i network

Springer

О Taylor & Francis Group
art Morma

if 
LVIV


