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Abstract: The swrface laver of graphite consists of twao parts ] and RAT) The laver 8(1)
paralfel to the plawe x = a = b and perpendiculoe to this plane x = o iy equal to: B0, = 009 (3)
mm; Rl = 246 (3) mm, where the number in brackets means the number of graphite
moaedavers. If is nol difffcwlt to seporate two monalavers of graphife with fape fo obiain
graphene, The ROV laver is a warostruciore where size effects are collective-tipe effects. The
faver RN = 9 B) is o mesostruciwre, where size effects are effects of a different tvpe. The
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Abstract

The purpose of this article s o determine the thickness of the surface layer of carbon matenals and calowlate
the Peierls—Mabarra barrier in this layer. It is shown that for diamond the thickness of the surface layver is BE(l) =
0.58 nm and contains only (I} monolavers. It is shown that at a graphite deosity of 1.75 En'l.'n:ll' in the longitudinal
direction Eilj; = 1.17 {4)] nm, and in the transverse direction Rill: = 3.1% {41 nm. It was shown that for a-carbyne
Kilhy = 38.6 {(43) nm and R{ll; = 196.7 {128} nm, which is significantly more than 100 nm. It teroed cuat that
carbyne 1% the strongest of all known materials. For fullerenes, for Cep B(L} = 5.6 (600 nm, For Cap B{L} = 93.4 (64}
nm . We compare the B{I} monclayver with the Peierls—MNabarro karrier, which 1s egual to the force of interatomac
interaction. We comparned the thickness of the surface laver E(1) to the length of nanocracks Loy, which appears in
any salid during the formatien of its surface. [n this case, the surface layer R{l] is subjected toe internal stresses due
to relaxation or reconstraction of the surface. [t is shown that the height of the Peierls—-Mabarro barrier is maximuam:
carbineg — Uy — diamond. [f we want to increase strength and strengthen the material, then we need to increase
the height of the Peierls-MNabharme barrier for moving dislocatiens (nanocracks) in the crystal structure. It has been
shown that the height of the Pelerls—Mabarro barrier for graphite is 3 times less than for diamond. 11 is shown that
the Peierls—Nabarro siress ol = 4.3 GPa, which leads to warping of graphene. Also, the Stone -Wales deftect can
be considered as a dislocation dipale. The Peierls-Nabarro barrier is egual to F(l) = 1.29 107 W For a-carbine,
which is greater than that of diamond. This means dislocation inhibition fer g-carbyne and means its sirength.
has been shown that, in addition to carbymwe, O fullerene and diamond, most erystals, including steels, have Pei-
erls-Mubarre barriers that do not exceed 1 107 M, so they are not as strong as dizmand.

Keywards: Diamond., graphite, carbyne, fullerene, carbon, nanecrack, dislecation, strengih.

Imtreduction

Carbon exists in several allviropic modifications
and in various isemarphic states with wery diverse
phvsical properties [1-4]. There are three basic geome-
trics for the carbon atom: tetrahedral, trigonal, and di-
apanal. The tetrahedral geomeiry of the carbon atom
(sp* hybridization) corresponds to the allstropic madi-
fications of carbon: diamond and lonsdaleite. The trig-
onil modification is formed by mixing ome s and twi
peeleciron orbitals. The carbon atom has three eguivas
lent ax,y bonds located in the same plane at an angle of
1207 to each other. The p, orbital, which 15 not invalved
i hyhrndization and is located perpendicular e the

plane of a bonds, 15 used ta form a 1 bond with other
wloms. [t 1% this carbon geometry that 15 characteristac
of graphite {sp® hybridization} [5]. Carbon with diago-
mil atomic geometry forms a special allvtropic modifi-
cation - carbyne (sp-hybridization), however, in the
materials synthesized e dote, the length of siraight car-
byvne withowt hends and inferchain bonds s less than a
hundred atoms [6]. The work [7] depicts all known
farms of existence of free carbon i the form of a trian-
gle diagram [Fig. 1), at the vertices of which there are
chemical compounds characterized by ane tbype of hy-
bridization of the carbon atom {sp, sp’ or sp”).

e, Bipet]

Graphdne

Figure I. Schemalic represeniation af affotropic medifications af carbor (7]
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Abstract: a model of o surface laver of digmond s proposed, which ocours due fo the
recanstraction of ity surface. The sucface laver of dicgmond consists of two party - R0 and R0, At
fhe same time, R = QR and R depends on the mofar mass and densitv of the diogmond. The
fotal thickness of the surface laver of digmond g i from 3 nm for the plane (100} to 7 nm for the
plang (FIT1 and @5 @ nanostriciure in which dimensional effects of the collective hpe ocour.
Between the swrface laver and the rest of the crystal theve are forge fnternal stresses, leading fo
digmond-graphite hybrids with sp'~-hybridization. The surface energy of the Hawy laver is three
fimes fess than that of the rest of the volwme, the strength of the surface laver i three times less
fhan Bhat of the rest of the volume, This effect & used by jewelers, T polish diamond dicmonds. The
Jaret that in the surfoce faver of the diamond iv focated graphite follows from the foct that @t is o
“rast " o furn the diamond info grapihite wihen it iy feated fo temperatures of 2000-3 0080 °C withow
EUTVEEN QOCERS.

Key words: diamond. graphite, surfiace faver, nanostriciure, siface.

Introduction

There are two approaches to today: Gibbs approach [1], in which the surface layer is
conditionally considered as a peometric surface that does not have thickness; The approach of Van-
Der Vaals, Guuggenheim, Rusanov, in which the surface layer is considered as a laver of final
thickness [2]. According to modemn representations [3], a super thin film (surface layer), which is in
an equilibrium state with a crystalline base (substrate), the properties and structure of which are
different from volumetric properties, is understood as a superficial phase. However, the question of
the theoretical "thickness™ of this surface laver for various substances until 20018 remained open.
Only after our works [4, 5] became clear how theoretically could it determine the thickness of the
surface laver, which plays a large role in nanotechnology [6].

In the work [4, 5], for the first thickness of the R{I} of the surface laver, we received:

R{Dy=0,07-107" c-w (m). (1

Schematically this model is presented in Figo la [7]. Equation (1) shows that R(I) is
determined by one parameter - a molar (atomic) volume of the element (v = M/p, M - molar mass
(ke/mol), p - density [ls'.f_:r,-‘ml].: a = | molim?, in order to preserve the size of the values), which
periodically changes in line with the table DL Mendeleev (Fig. 1h) [T].

P “Mes pynapap s il w2 eo-eccne posame nsckiil yewrp “Endless Light in Bolenos™
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Abstract
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In the article, we companz a graphene monolayer with the Peserls—Nabarro barrier, which is egual o the force of
micratomic interaction. This barmser is calculated from the formation energy of monovacancies, divacancwes and other
structharal defects amd the length of the newly formed carhon bomd. 1t 15 shown that the Peierls—MNabarro barrier is maxi-
mum br a monovacancy and then decreases for complex detects.

Kevwards: graphene, monalayer, monovacancy, divacancy, defect, carbon, barmer, dislocation.

Introduction

Defects and impurities have a significant impact
on the mechanical, electrical, optical and other propers
tbes af solids, and, in particular, graphene, discoverzd
ul the beginning of the 215 century [1]. Graphene has
two types of defects: (i) matural defects known as intrin-
sic delbects in graphene, such as Stone-Wells defects,
single vacancy defects, multiple defects, linear defecis,
und carbon adatoms; and (1) physically introduced de-
fects, known as exirinsic defects in graphene, which are
foreign adatoms aml foreign impurities [2-4].

(b)

In this article, we will consider the effect of mon-
ovacancies and multivacancies on the physical propers
tees of graphene. Then we compare the energy of their
formation and migration with the Pelerls—Mabarro bars
rier in graphene.

Maonovacancy in graphene

A monovacancy [5Y ) or Schottky debect is the ab-
sence of an atom or ion at g site o orystal lodtice, A
manavacancy (5% was experimentally observed in
graphene in [4-7] and s image is shown in Figure 1.

Figure {. Monovecarcy i graphene: experimentel! TEM image faf; afomic strechire efdeined as a resull of celenies
rans asing dee DFT metihod thi f4)7.

Calcalations have shown that the local threefold
symmetry of graphene Dy is broken 1o the Ca syms
metry due 1o the Tahn-Teller distortion [B=11]. A maon-
ovacancy has a 5% structure, where a new band with
lengih brw arises between a pair of three atoms with
dangling bonds, forming a pentagoen with a displace-
ment dov of the thirnd atom from the graphene plane [2,
12-14]. This mament is depicted in Figure 2. The en-
ergy af formation of monovacancies 15 Epy = 7.6:7.8
e and the length of the newly formed bond s bey =

01K = {2 nm, the migration harrier is AEey = 1.3 2V at
100 = 24k *C amd put-pf-pline movement dey = 0L0LE
nm [4, B-10]. [f we take the average valwes of Ecy,
AEey and energy converted mte joules, we get Eoy =
124 1" Nim, AECY =21 10707 =21 10" X/m. The
force af fermation of monovacamcies 15 egual i Fey =
Ecvibov = 12.4 10F"° N/ms1.0 105" m = 6.5 107 M, The
farce of mavement of the migration barmer is equal b
AF = AEyidy = 2.1 107" N/mab 18 107" m= 11.7
10° M.
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Abxiract

fa thix article, we examined the W defect in graphene and, after a frief review of previous sindics, proposed
o medel for ity erigin. This moded s based or fhe diickness of the serfoce fayer 8700 of graphene, equal e ife
lengik of the nanocrack Ly Sased on this maodel, elastic parameters for graphite and graphene are calowlaied. It
i shown ihat farge infernal stresses between the graphene plane ard the air gap fead to warping of the graphene
sarface, delected experimentally and theoreically, These infernal stresses arive duwe do the relaxation af the grio-
phene surface. For the same reason, SW defects and ofher defects arise in graphere through the Fronk-Read
madel. We cansidered the 3W defect from the stondpoint o hirth — migration — anmnibietion — desiricdion af
a graphere sheeld. We kave already considered the birtk af the W defect. This dislocaifon {nanocrackl bas an
ariowave chraracter. The maximam speed of movemend fmigration) of g dislecalion (Rerocrack) for grapkene 15
Fous = 107 mis. The brake on the movemeni af dislocations in pare graphere can be ive Peieris—Nabarro barrier
ard irternal friction. The FPeierls-Naharro barrier is sigrificartly less thow e erergy of motion of the dislecaiion
Fillgpw L << m F‘"‘m-,.".?. The frake on the mevemend of SW disfocations ix teraberiz prcillatiors or plasmens
grophene. Annikitaiion of edge disteceiiors of opposiie sigas eoowrs with e dipale arm in the range > 115 -
16 A We bave presented all the parameters of graphene for calculasing the foree, deformalion and erergy criteria

for destruciin.

Kepwards: graphene, defect, surface foyer, rerocrack, disfecalion, birtk, migraiion, errifilalion, desfraciion

of a grapiene sheed.

fntrediction

In quast -alarm selids there are topological defects
that arise as o result of regrouping of intermediary ties
[1]. In (Grafen [2] - a crystal with a hexagonal grate - a
simple defiect of this tvpe s a detect of Stone -Wels
(5W 3] Itis formed when aone of the bonds of C-=C in
the plame of the monofry at an angle of W& (transfor-
mation of Stone =W els [1]), which leads to the appear-
ance of twa seven -angles and wo peniagons.

In addition o graphene, graphan [4], graphin [5].
graphdin [§], diaman on the 5iC (D001, fluorine dia-
mond {(F-diaman] on the CulMI substrate {(L11] [B], as

well as quasi-alarmed were svothesized. Composite of

polvanilin and axide graphene [%]). Theoretically pro-

posed a number of stable twosdimensional allotles of

gl

pristine streuiure (a) S-W 1 defect

carbon: metal R-10 graphene [10]; carbon monoxide
I1Z3-ERY 2d-1 [11], two sp*tsp® hybridized structures
[12]: PHH-graphite [13]. Mast recently, theoretically
predicted thermasl ynamically stabkle single -layer struc-
tures = arurafial [1d4] and Stone - Wales graphene
(5WE) [15]. Stone - Wales graphene, in his twa-layer
muarlification, was cansidered in the work [16].

In this article, we will consider 8W - defect in gra-
phene, after a briel review of previoons studies, from the
standpomnt of the causes of 1ks origin.

Srruciare and properties SW - defect

In [I7]. twer bypes of 3W defects are proposed,

mamely %W | and 5-W 2, which are cansed by a rotation

of 90° C-C conmectons i different directions, as
shown in Fig. 1.
pristine strouiure S-W1 defect

Figure I. Two typer of defects af Store- Wales: faf Blve connectiorn OC rotatey 807 to tve dofect S-W1; fh) e
red hong CC ix rofaied 90 ° jo the defect af the 5-W2 1 7).

At the stress of deformation for the graphene sheet
£ o= 0425, the energy barmer for the 5-W 1 defect is
519 EY, which is slightly lower than for the 5-W2 61.1
EV defect (Fig. 21 In Fig. 3a shows a change in energy

barriers. For the formation of defects 5-W 1 and 5% 2

with an merease in mechanical deformation. Regard-
less af the level of deformation, the barrier for the 5-

W defect is constantly lower than for 5-W 2,
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AT THE MECHANISEM OF GRAPHITE SPLITTING BOUBY AQUECDUS SOLUTIONS
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& review of the methads of graphite by aqueous solutions 15 given. OF particular interest are experimental
results mdicating the intercalation of graphite microclaster water. A review af the structure of microclaster water

15 gpiven. Qur model 15 propesed by the splitting of graphite by aquecus solutiens. When the graphite breakdown
by agueous selutions, cracks were not faken into account, which are formed in any solid body. We received a

model of splitting graphite by agueous solutions, using only experimental data.
Keywards: graphite, carbon, splitting, crack, water, soluten, mifercalation, model, atom.

Imtroduction

Ciraphile 15 one of the most stable of all existing
forms afcarbon [ 1] and the best known example of sub
stances with a layered structare, in which layers formed
by covalently bonded carbon abems in sp” hybridization
(with a binding energy of = 524 k}mol} are connected
by Vun-forces. der-Waals {with binding energy = 7
kJ'mal) | Z]. In mature, the process of graphite formatian
can be divided inte three main slages: the transfor
mation of arganic material inta peat, then inte coal, and
finally imte graphite [3]. The process af artificially
faorming graphite iwvelves heating coal 10 very high
temperatares 0 special graphitizing mixtures, These
mixlures confain variows additives that promote the
transformation of coal inte praphite. This process,
known as graphitization, produces high-quality anl
uniform graphite used in many technical and scientific
fiehds [4, 5]. By splitting graphite, we abtain monoabomic
mamolayers, alberwise known as graphene, which bas
unigque physicochemical propertics. To oblain graphemse
from graphiie, there are several methods, o review of
which is given in [6:=K].

The purpose of this arficle 15 b propose 1 mecha
nism for the spliting of graphilte by aguesus salatioens
i arder Lo obtain graphene-like strociures.

M oethod of splitting graphite with agueows sola-
tions

In pure water, graphite practically does not react.
lts layered sirecture does not allow water molecules o
penetrate hetween the layers of graphite. Therefore,
graphite remains stuble and does not dissalve [9]. How
ever, if the waler contains other chemical compounids
such as acids or alkalis, then the graphite may be sus-
ceptible 1 corresion [ 1], Graphite can react with by-
draopen, which is produced by the electrolysis of water,
and form graphite, a single-laver carkon structure [L1.
During the electrolysis of water, in addition o hydro-
gen, axygen is frrmed, which leads to the formation of
carbon axides [12]. In [13], a labaratory technolegy fion
producing few-layer graphene particles in agueous 5o
lutions, in the presence of surfactants and arganic sub-
stances, was developed by direct exfoliation of natural
graphite under the influence of ulirasownd (Fig. 1).

1 um
Figure §. Reswlty of a TEM stvdy of graphene particles from ar agueons suspension {al and from sispensions
corbaining QD> FFAS (b), APAE il FVP {d), PEG (eb, napihthalene (), beazene (gl § afier six Bowrs of
wifrasonic treatmend f13]
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ABOUT THE MECHANISM OF MICA SFLITTING

Frrav V.,

Karaganda Technical Ueiversity, Condidate of phys. smal. sclerces, associale professor,

Kazakhsion, Karaganda
Ehangezin K.

TAK Fosmak LLP, Condidete of phyvs. smal scierces, associale professor,

ABSTRACT

Kazathstor, UstsKemenagarsk

The article provides an overview of experimental and theoretical methadds for splitting mica using muscovibe
as an example, siarting from the 30s of the last century. From a review of these works, it follows that when chopes

ping (splitting) cryvstals, the siructure of ils surface layer, which is different from the siructure of the main crysial,
1% nok laken inte account. [n 2005, we propesed an empirical model by which it is theoretically possible to calculate

the thickness of the surface laver of solids and its anisotropy. Subsequently, it turned sul that the thickness of the
surface laver 15 equal to the length of the nanocrack, which is formed in any solid body, obtained by any method

in mature ar artificially, and along which the crysial splits. The moscovite splitting model we propose inclodes:

determination of the melting temperature of muscovite mica; determination of adhesion energy using the obtained

equatiens; splitting of muscovite in the cleavage plane due to the creation of frictional forces in the mollers that

exceed the adhesion energy.

Keyvwaords: mica, muscovite, surface layer, cleavage, adhesion energy, cleavage plane, melting point.

Imtroduction

Micas are a group of aluminosilicate minerals with
a lavered structure, of which we will consider musco-
vibe = KALIAISD RO [1, 2], which is widely used
mnindustry and in evervday life [3-5]. GOET HH9E-ED
Mica [6] is a standard that applies 1o the main types of
mica [muscovite and phlogopite} and establishes types.
grades, hasic parameters and primary areas of applica-
tirn i the national economy. GOST 1{HI1R-EX. Mica
plates and parts [ 7] applies 1o mica plates of arbitrary
shape and rectangular mica parts without internal boles
{except for radio components, belevision mica and mus-
covile mica for “3HHF" devices), used as a dieleciric
maderial and warious types of insolation (electrical,
thermal, hydrothermal) GOST 26858 -E6. Electrical in-
sulating mica paper [8] covers electrical inswlating
mica paper made from muscovite and phlogopite withs
out o binder, wsed By the manufacture of electrical in-
sulating materials. GOST 2504581, Electrical insulat-
ing materials based on plucked mica [9] applies 1o elec-
trical insulating matenals made from plucked mica

a}

Figare 1.

This wark under equilibrium conditions must be
equal to the change in the surface energy of the system,
e, Iy dx. Taking into account the expression bor the
moment bending the plate M = Et%12{1-x%) FPgién®, we

from muscovite and phlogopite, intended for wse in
clectrical machines and apparatus. For the materials
listed above, it is necessary to split (exfoliate) mica,
which we will review below.

The purpose of dhis article is o review experi-
mental and theoretical methods for mica cleavage and
to propaose our new mode] for muscovite cleavage.

Method of splitting (stratification) of mica
{muscovite)

Obreimov [V, hack
method for determining the surface tension of muscas
vibe [ 1], The idea of this work 15 as follows. A plate
splits off from the crysial along the cleavage plane,
which, under the influence of the moment of forces aci-

1230, he proposed a

g against the forces ol surface tension, is partially
bint. This plate can be used as ad ynamometer b meass
ure the peeling force. Indeed, the work done by the mo-
ment M acting al the edge of a plate of thickness 1 (Fig-
ure 1), when the separation region 15 lengthened by an
amount fx, 1% egual o M = Sageics = & fix R

T’I"nﬂ-m-krkl

f/\]

£

Fasieaing

¥

« Scheme af defackment of a layer from @ crvsied J 107

can abtain an expressian for y:
2
El

= (1
24 - x”
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B pabote [1] enepeuie NONYYeHE MECOSPHMEHTANLHBIE PETYILTATE, CBHASTENLCTRYHMNE
00 HHTEPEATAUMH rpafmTa MukpoknacTeproi pogoii (MEB) B uentpodesmpos (piuc. 1) o
WIEKTPHYLCKOM NOMax (pic. 2} ¢ odpatoBaHies rpafeeHOBBI HAHOCTPYETY].

SEl 01KV WaOTmm

Prcynor 1. COM conmor rpafmra ¢ MEB nocne uentpugyruposaris [1].

Mockoneky B IHCTHIIHPOBAHHGI BOLE HHEAKHX HiMeHeHHH He HalmoJanocs, & patote [1]
AENASTCA  BRIBON, YTO  OpOHCKOOHT  HHTEPKATALMA  MUKPOKIRCTEPOB: B MeCIofiHoe
npocTpaHcTee rpadira, Be3kBag ero pacumpenne or 344 A g0 6 A u opu annrencHom
BOIIEHCTEHR YBETHYHBAR ITO PRCIUHPEHHE B HEKOTOPRIN MECTIX.

Ha pic. 20 31d #e cocydsl noche Bl MEHYT IKCOOIHIHH B NEPEMEHHOM MISKTPHYSCKOM
none 300 B (wactora 50 o). Temneparypa wosHare 22 °C. Bugdo, wto ypopeds MR
VMEHBLIIICA [COCY CHesa), npudes oiben YMeHbITEHHE, CONOCTARHM ¢ OheMon rpafuiTa, uro
FOBOPHT O ToM, 4T nponsonun sHeapedde MEB B aHauMTENEHYH) 4acTh MeCcNoiHOMo
MPOCTPAHCTES FpadiTa.
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Annomanns: (Togepruiocmiei cion spabuma cocmoum wd dave waemei B0 o R
Crot R napauieasyo naockocme £ © g @ O w neprend s Opso. ol eckocmy x5 o
e R, = 009 730wy Bl = 2406 (30 mw, sde wuean & CROOKEY OGO SUCD MOROCI0EE
epafuma. Hempydao cromaen omoernm Oga AOROCTOE 2pafian, wonng NoIVyIms Spoe.
Crog B0 npedemagmem cofol nanocmpvsamgpn, ode panepise adbgbeiomag Sannmces
sghibexmany wovtesmuenoce mong. Cron Ry = 9 Jfll, spedemaassem cofol
mesncmpykmy, soe paesepiee aobgherme puomes sifbecmonm dpvsoce muna. 8 cmamee
RORGIAHG, WO NOSSpXNOCmyQR anepwn coor RO 8 mpu posg Messne ROSepTHOCNON
SHEPSND OenOENoee Kpuemarta. Ymofe posdenwms coond R om somainnosg Kpucman,
HVFCHO JONAIMUENTS INEDSND, KOMOPIR Ranademed snepanel adeemug. B omamse suauciens
swepenn adeesun W, enympennue nanpaycenud oy, Oapeep FO o vanpascenus aff) Haieprea -
Hatappo spogeema w epagherna. Burmpeinie JanpRICeNER T V Sa@ena Roumn N Sopsdos
Goreeae, wen vospoiama, amo apedodum £ gopoiaenurn odnoecTomios . auema 2pier.
Hoxazano, wmo dapeep Mateprca — Habappo dwa wuemaozo spagena Fllgg = 0,26 10 H, a
i muniwnon omane Fillgg = 0.5 107 B Mowosakaucus oficadaem Goasumon Gapepom
Hafepaca — Hobappo, komopsill REIRemed MOpeson D8useenid ducioral o spagbete o
HURGI K E20 VRPOMHER I,

Kmowesste  chosa:  cpagbam,  spagen,  ROBSPOROCIHLG OG0, HOHOCTRPVEITRG,

aresncmpvsipa, poaesepis i agbdiesm, Gapeep Hatepaca — Habappo, anepews aoses

Abstract: The surface laver of graphite consisis of two parts Rl and Rill). The laver B
praradfed to the plane x = a = b and perpendicalar o this plane © © ¢ iy egqual to: Rills = 009 (3
mm; Rill. = 246 (3) mm, where the nmumber in brackets means the number of graphite
monolavers. Ji is nor difficalt o separate two monelavers of graphife with tape fo obitain
graphene. The R} laver is o nanostrociure where size effects are colleciive-type effects. The
faver Ryl = 9 B} is o mesostructare, where size effects are effecty of a different tvpe. The
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HAYYHAA MHULMATHUBA:
NPOB/IEMbI 1 NEPCNEKTUBLI BHEAPEHWA
MHHOBALINOHHbIX PELLEHWA

ChopHMK cTaTen
Mo HTOramM
MexayHapoaqHOH HAYYHO-NPAKTHYECKOH KOHDepeHLHH
03 anpena 2024 r.

CTepnuTamar, PoccHidckan denepauma
ATEHTCTBD MEXQYHAPOOHEX MOCNSA0asswA
Agency of International research

2024
Hipoe B. M.
KSHAMAST ez, - MaT. Hayk, aoweHT, «TCK Bocmoke, Kaparanga, KasaxcraH
MoHwapeswo B. M.

ODETOD TEXHHUHETHHE HAYK, Npodeccop,

MOCHOBOKHA BEMAHOHHEIR MHCTUTYT, Mooxea, PocouA
Onewwo B. C.

E3HOMOAT TEXHMHEHHE HAYK, AOLUEHT,

MOCHOBIKHA ABMAMOHHEIA MHCTUTYT, Mooxea, PoccuA
M{anrozun K. H.

KaHOMAST M3, - M3T. HavK, AoueHT, « TCOK Boctox=, AcTesa, KazaxcmaH

NOBEPXHOCTHLIA CROR AWCY Nb®UA MOMMBAEHA

AHHOTAUMA.

B cTatee NpEQNaraeTcA MOgENs NOBSAXHOCTHOND CNoA AWCyNeGMGa Monsbnessa, ero
CEOQWCTEQ W E3H ONEepaTHMEHD ONDeEensTs NOBEQNHOCTHYID 3Heprdl. Mogenk mMooser
M WCNOMNL30EaHa SNA NHGLE KOHCTPYHUMOHHSD MaTepHanoe.
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MHTENNEKTYAJIbHbIA NOTEHLMAN
POCCWUM 2024

CHoOpHHK CTaTER
Mo HTOramM
BoepoCCHACKON HAYYHO-MIPAKTHYEOKOH KoHGEpEHLIMA
C MEMAYHAPOOHEBIM YYUACTHEM

06 anpena 2024 r.

CrepnuTaman, Poccwidckan Pegepauna
ArEHTCTBD MEMOYHAPOOHEX MOCNE0BaHEA
Apgency of international research
2024

WHTEMNEKTYAMGHEIR NOTEHLIMAN POCCHR 2024

Hopoe B. M.

EaHAMBAT (3. = MaT. Hayw, pouenT, «TCK Bocmoke, Kaparasga, Kazaxcmad
Fonqapexxo B. K.

[AOHTOP TEXHUYECHRY H2YK, Npodiecoop,

MocHoBCMi B8HAUMOHHEIR MHCTWTYT, Mooea, Paccia

Onewxo B. C.
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MockoBci 38HaUMOHHEIR MHCTWTYT, Mookea, Pocous

Hanrozun K. H.

KEHOMAT (hHE. - MaT. Hayk, AouyeHT, «TCK Boctowe, AcTasm, Kazawcmau

MOBEPXHOCTHBIA CNOH QUCENEHHAA MONHBAEHA

AHHOTAUMA.

Mpegno#Ess@ER HAMM MONEM: TDEHMA TESQAOMD TEnd, H3 NPHMEDS aKTYaNEHEX
BRlECTE = MoSe;, BHNHMEET, KPOME IHEQMMM 2OME3WM 0EYX TPYIWMNTR MaTepuanc,
TONUMHY NOSERNEHOCTHOND CNOR 3TOMD MaTapeana.

Knrouepsie cnoea.

Oucenexng monubineHa, MOKOCNDIR, HAHOCTPYRTYPA, NOBSPXHOCTE, HOAENb.

Turow V. M.

Candidate of Physics and Mathematics Sdences, Assodate Professor.
"TSK Vostok®, Karaganda, Kazakhstan

Goncharenko V. I.

Dictor of Technacal Sciences, Professar,

Moscow Aviation Institute, Moscow, Russia

Oleshko V. 5.

Candidate of Technical Scdences, Associate Professor,

Moscow Aviation Institute, Moscow, Russia

Zhangozin K. N.

Candidate of Physics and Mathematics Sciences, Associake Professor.
"TSK Vostok”, Astana, Kazakhstan

SURFACE LAYER OF MOLYBDENUM DISELEMNIDE

Annotation

The model we propose for fricion of a sobd body, using the example of adwal
substances - MaoSe, includes, in additon to the adhesion energy of two rubbing
materials, the thickness of the surface layer of this material.

Keywords

Molybdenum diselenide, monalayer, nanostructure, surface, model.
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HAYYHO-TEXHWYECKWM NPOrPECC:
MH®OPMALUWNA, TEXHOJTOINNHN,
MEXAHWU3M

CHopHHK cTaTel
No HTOramM
MeayHaAPOAHOH HAYYHO-NPAKTHYSCKOH KOHpepeHLHH
09 anpena 2024 r.

CrepnuTtamar, Poccuickan Degepauma
AFEHTCTED MEMIYHAPOIHEX HOCNENoaaHNH

Agency of nternational research
2024
Hipoe B. M.
K3HAWGAT iz, - HaT. Hayx, gouwsHT, «TCK Booroke, Kaparasna, Kesaxcras
HaHroand K. H.

KSHAMAAT e, - MAT. Hayk, aoweHT, «TOK BocTose, AcTaHa, Kasaxcras

O TEOPWH BASKOCTH PACTBOPOB

AHHOTILMA.

B cratee coenas OO30p N0 MOGENAM BREHOCTH BEAIHOCTEH, HIWHMHAR C MOAENeH
BAIKOCTH MPOWNG CTONETHA, Z3TEM MOAENM BRZKOCTH XX CTONETHA M, HEMOesll,
peanoneckke Mogend XX W XX ctonemwi. B obnactv peonorii MOHOCTER NOKa HE
CVWECTEYET  YODENETBODMTENEHOW — HOMMMECTEEHHOH — TEODMM,  (BRSLIB3HIWLEW
PEONOIHMECKME CBOWCTER CP] © NapaMETPEaMH MY CTPYKTYPeL. [peanarssTon HMogenk
BAMOCTH HMOKOCTER, B HOTOPON PaCCMaTPHBSSTCR  EMOKODCTE, HKAK  CHCTEMA

19
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PASPABOTKA U NPUMEHEHME
HAYKOEMKWX TEXHONOIMMA
B 3NOXY
rNOBANbHLIX TPAHC®OPMALIUIA

CHOpHMK CTaTRR
Mo HTOramM

MexayHapoaHoR HaYYHO-NPAKTHYSCKOR KoHbepeHy MK
12 anpena 2024 r.

CrepnuTamar, PoccMitckan Penspaumqa
AresiTCTEO MENTYHIPOOHE X MOCNE0EEHHA
Agency of intemational research
24

Yurow V. M.

Candidate of Pivwsics and Mathematics Soences, Associate Professar.
"TSK Viostok®, Karaganda, Kazakhstan

Zhangozin K. N.

Candidate of Physis and Mathematics Soences, Assodate Professor.
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SURFACE LAYER OF ALLOTROPIC MODIFICATIONS OF CARBON

Annotation

The purpose of this artide is to determine the thickness of the surface layer of carbon
materials and caloulate the Peieris-Mabarmo barrier in this layer, It i shown that for
diamond the thickness of the surface layer is R(I} = 0.58 nm and contairs only ()
manolayers. It i shown that at a grephite density of 175 g / am’ in the longitudinal
direction BT}, = 1.17 (%) nm, and in the transverse direction R{I). = 3.19 {4) nm. It was
shown that for a - carbyne R(I), = 38.6 (43} nm and R{I}, = 196.7 (128} nm, which is
significanty more than 100 nm. It wmed out that carbyne is the strongest of all known
materials. For fullerenes, for Ce R(I) = 85.6 (60} nm, for Crn R{I) = 93.4 (64) nm. We
compare the RB{I) monolayer with the Peierls—Mabarmo barrier, which is equal to the force
of interatomic interaction. We compared the thickress of the surface layer R(I) o the
kength of ranooracks L., which appears in any solid duning the formation of is swface.
In this case, the surface Eyer R(I) is subjected to intemal stresses due to relaxation or
reconstruction of the surfece. It is shown that the hexght of the Peieds-Mabarmo barrier is
maximum: carbing — C,, — diamond. If we want o increase srength and strengthen
the material, then we meed to increase the height of the Feserks - Mabamo bamier for
miving dislocations (nanocracks) in the orystal stucture. It has been shown that the
height of the Peiers-MNabarra barrier for graphite is 5 times less than for diamond. It is
shown that the Peieris-Mabamo stress @) = 4.3 GPa, which leads o warping of
graphene. Also, the Stone - Wales defedt can b= corsidered as a dislocation dipole. The
Peiers - Mabarmo barrier i equal to FI) = 1.29 10" N for a - carbine, which i greater
than that of diamond. This means diskomaton inhibiion for o - carbyne and means its
strength. It has been shown that, in addition to carbyne, C,, fullerens and diamond,
most arystaks, induding stecls, have Peierts - Nabamo barriers that do not exceed 1 10°°
M, so they are not as strong as diamond.

Keywords

Diamaond, graphite, carbyne, fllerene, carbon, nanocrack, dslocation, strength.
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.ETFFHTFPHAH MOOEPHM3ALMNA HAYKH
KAK OCHOBA
YCTOWYMBOIO PA3BMTUA OBLLECTBA

CHBOpHMK CTaTel
No HTOraM
MexayHapoaHon HAYYHO-NPaKTHYSCKOH KoHdepeHLHn
15 anpenna 2024 r.

Crepnutamai, Poccwidckan Pegepauma
AFEHTCTED MEXLYHIPOOHE X WOCME0E s

Agency of international research
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PACLLUENNEHME MPADHTA MUKPOKNACTEPHOW BOQOA

AHHOTALMA.

faH of30p METOAaM PaclUenNeHse MpadbuTa EOHLIMK PACTEOPaMK. Ooobeli WHTEpEC
NPEACTAAMAKT  IKTEQHMEHTENGHLIE — DESYMETaTh,  CEMAETenwCTEYIOUWMs:  ob
MHTEQKAMNAUMK  rpadwma  MukpoxnacTepsof sogod. fad of3op no  opykType
MUKpoKnacTepHod Bogel. MpagnoweHa Halla MOAEM: PACWENNEHWE MPafuTa BOAHEMHA
pacTecpaMd. [pe pacuennesssd rpadivTa EOAHbIMM DAcTEIPEMH HE YHHTRIBAMMh
TP2lMHEl, xoTopeie obpazyiorca 8 nwoboM TeepgoM Tene. Hamu nomyseHa HOgenk
paclenneqsn  rpadiMTa  BOJHEIMM  PACTBODEMM, WCNONESYR NPM 3T0M  TONLXKO

AKCTMEDMMEHTRNLHRIE JIHHEIE.
Kmroueesie cCNoOES.

MpadwT, yrnepa, pacuenneqne, TREWsHa, BOA3, PACTEOP, MHTEPKANALME, MOLSNE,

dTOM.
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DEVIATIONS FROM THE WIEDMAN-FRANZ LAW

Yuroy Viktor Mikhailovich
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Oleshko Viadimir Stanislavevich
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Ry, AU S ) SRR T SRR - e T
WE. R} EpeRcrmid REeh e T E RS ONSTEED e, 18R
FoHARE R AR AR s Erb R E.  RID 2 CRINTRE s
AEEECCE) ho o= 9 RO BHERTTRMEY. PR RRR R a R S R
[ERIECHRET, (EEIE L Ripp ST s Y. S HLAEA, e T Yk,
HIHE ML cPErRs ek B n ).

Foitin]: HEERE RN E . FEE. . AR SRR, e .

Abstract. Thiv article examines the deviasion from the Wiedemann-Franz laow
o the podal of view of the strciure of solids, including meralz, Size effecs in the
Ril) laver ave deterained by the entire colleciive of afoms fa the svsienr feolleciive
prrocesses). Sk size effects are observed only Dn raropaerticles and renrosiracioes.
Thee Ry laver, which we will call the mesosfruciure, extends fo approximately b
= & R, where the bk pliaze beging. The difference etween sesosiractivres amd
sanostreciures and the bull pivase is that licker roise i observed only in these
gvsfems. Br ix shown that the Loreniz mowber [n the ranolayer R decreases in a
steprwise mraner, faking Diro aocownt Tasmemian surface states,

Keywords: Wiedemann-Franz Jaw, surface laver, metad, size effect,
Hatasireciure, Loredis mieber.
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Foukin]. MERE, M. RO, WL RE, .

Abstract, The article propases a model of friciior of graphite, which iz a sfack
of graphiene sheers. The model (8 ased on the thickness of the suvface Taver,
which for grapkire is 3 sonedavers of graphene. Large infernal stresses arise in
the surface laver, leading o the oceurrenice of disfocations ard ranocracks. The
ffriction process can be described as o process of elestic-plastic deforaasion of
the sieface laver. For grapliene, wher fFetion ob graphite, an important role 13
aved by the nanolaver, which s @ quanium naposireciure. Graphene friction
OCCHFE (R oa stepwive mander. I I8 shown thar diediag frictior, oscilfatory and
diiszipernive procvesses aecur, o lurbulent fragment 15 formed, and seli-organization
in the form of Benard cells occurs. A forouda Is obigined thar can serve as a
Crierion for seleciing an antifriciion cogting made of grapliede oF 18 composifes.

Keywords: friction, graphire, graphene, surface, monolaver, deformation.
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D400 1024412/ 2T09-1201-2024-8-22-15
YK 53043
O MHPEKTE HOPE B IIOBEPXHOCTHOM CITOE

KOPOB BUKTOP MUXAHJIOBHY
KaHIuaaT pus.-mar. Hayk, Jouedt, TOO « TCK BocTok»,
Kaparanmga, Kasaxcran

FMOHYAPEHREO BJIATHMHAP HEAHOBHY
JokTop TexHHYeckix Haye, npodeccop, Mockoscknl apHAUMOHHBI HHCTHTYT,
Mockra, Poccia

OJEINED BIIAITHAMHAP CTAHHCJIABOBHY
KanmuaaT TexHH4eckiy Hayk, 1oueHT, MockoBCKHIl aBHAUHOHHE HHCTHTYT,
Mockea, Poccua

HAHMO3ZHH KAHAT HAKOLWIEBHY
KAHIHAAT fhia-sat, Hayk, aoueat, TOO « TCK socToks,
Anmarel, Kasaxcrad

Ansieviniriis. _-]:ﬁrl!.lem Hofie woxcem walinoddamsed moasicd 8 MOSCPOHOCMRON Ol
RIRERDOSD MET, paimen Romopose onpederelr & cmoampe. Jmom caon apedomaatien codoi
manacmpERvEy. patwepieee afidherannl & Komopon aeuendEn K VUEHBIHENII ROSERHOCINON
SHEPSNN, K CHUNCERWN MRONROCTIN, BOSRUKHOSERLD HQROMPEREN 8 RPOYEE. MLE. K RPORLISH LT
sghfrenna Hoge,

Kawrweaste cooga: sdvhesm Hogdahe, nogepreaocminsi coo, mawocmpysnivpa, maepdoe meio,
Hasampeuing, dedopaiis.

B 20-x rogax XX cronetns acagesmus Ay Hodube nposen pag sxcnepuMeHTOR © KPHCTAII0M
NaCl i on nonyuna paapeie 310i conu B pamvepe 0.4 kg/mm?® svecto 200 kg/mm® no Teopun M.
Bopua [1]. Ao, Hodupe cessan 97To ¢ cyIECcTROBAHHEM MHEPOTPEIIHH B NOBERXHOCTHOM CIO0E.
Jarem o kpuctann NaCl onycean B Body H HIMEPAN TREPAOCTE £r0 MOBSPXHOCTH, KOTOPLS
YREIHYIWIACE TP PACTROPSHHH NOBEPNHOCTH, NPHONIEBHAACE K TEOPeTHYECKOMY SHAYEHHIO. ZToT
IRCTEpHMEHT Grin Hatpad cfiperTom Hoddes [2]. Drromy sdiekTy G0 NOCBALIERD MEOTD padoT
{ow. obzop [3]). D10 cRATAHO, TPE#Ie BCEro, ¢ 0CoBeHHOCTRIO AefiopMaliil B NoBepRHOCTHOM CI0E,
Yamy NOCEAMEHE! padoTe [4, 5] 0 OpoQeI#atoTCA 10 CHX nop. Bee 3TH HeyJaui CRRIaHkL © TeM, 4To
OTCYTCTEYET MOHATHE O POIMEPAN TOIUHHE NOBEPXHOCTHODS ciod. Boolwe cywecrayior npa
noaxoda: noaxoen Mudbca [6], B koTopoM NOBEPXHOCTHEID CO0il VCIOBHO PACCMATPHBACTCH KK
reoMeTpHYSCKAN, HE MMEHIUAR TOOHEEL DOREPEHOCTE, Noaxo Ban-nep-Baneca, yrredrefiva,
Pycanosa, B KOTOPOM DOBEPXHOCTHRI CI0ll paccMaTpHBIeTCd Kak CH0H KoHeYHO Tonmmue | 7].
CoriacHo coBpeMerHeM npeicTasnesiay [E] non norepxHoctaoi datodi ¢ noHHMa T CBEPRTOHE VIO
MIEHEY (MOBSPXHOCTHRD COoi), HANOIAIYHCE B PABHOBECHOM COCTOAHHH C© KPHCTAIHYSCKOH
OCHOBOE [MOUI0KEeI), crolicTra B CTPYETYPA KOTOPOi OTIHYHE OT OOLEMHEIN CBORCTE ¥, OHAKD
BOLIPOC O TEOPETHYECKDH «TOMIHHES ITON0 NOBEPXHOCTHOND CIO0HA 104 pruIiqHeY Beects oo 2018
OCTABANCH OTEPBITEIM, JIHme nocne Hamms pabor [9, 10] crano AcHO Kak TeopeTHHeckKH MOWHD
ONPEIETHTE TONMHAY OBEPXHOCTHOND CII0K, KOTOPAA HEpaeT DoILIYH poils B HAHOTEXHOMOTHAX 1
METOMEXAHIHEE.

Henk HacTOAWEH cTaTse JAKMOYaCTed B ONHCAHMH MOASAH DOBEPNHOCTHONO CAOH W
pacitfiponka sduperta Hodupe.

[Mockoneky noBeprHocTHBL cooil ROI) teeproro tena opencrapiger codoil HAHOCTRYETYPY [,
0], B EoTOpOl OpOHCXOOAT NPOHECCH PEIAKCAUMH WIH PEEOHCTPYEIHH MOBEPRHOCTH [R], To
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TPHEOJIOTHYECKHE CBOHCTBA TPADHTA, TPADEHA
H ©TOPOIPATHTA, PTOPOTPAPEHA

"Hipoe B, "Aanroann K.H., ‘Tongapenko B, *0aemke B.C.
TN« TOK Boemons, Rapasanda, Ademana, e-malls exeifoniadiztm;

“Mincurernul SRR BRCSTIETT [HENUORQTERBUT BOCTSO08EME 60K ViliSepheLiment),

Maovwen, e-mail: (iesiko FSidaal ru

H uacrosmeil pafioTe Npeinaracrcs ISNEPANECKE SOIE (EPCIEBHIE TOOLIHNL TIREPEROCTHINTD LKA
masfurma wiprapomeduma. One cemesack passioll ang mpaifamn - R = 0% n, RO = 2460 wa; a0a fmoporparss-
- Rl = 2.2 wa, BT~ 6,41 ua, Te. onn npeseTannset cofofl nEnncrpysrypy ioms maeiaans woHoce
pannc: ¥ rpasfuima - 3.y iproporpagome - 4. Cxissl sodeni TREPEGIO TEN0 RWIIAINT COSIVIIG oipatosl Ha-
el e Raem? Al — ok camia -tm'u. Hlassns modi b s N ol OTIRIHITCR JPT OT OIS IpEposa il Plsie pHons
wpepekma. B ool geaoe pmvepiuil wfebest oToyTorrver. B passny se0geni DeCCeiTaikl VIYTHE Dipasic-
TP rpaifain, dooporpaders @ rpadens, proporpodons Bummee RHYTPeHENE RANPEECHHA B rpafens mpnRo-
DET K RopofiIEines 2ro noacpasocri. Manke auyTpamine neEnpessais § droporpafiess olyconum i ayumme
Tpisiauor iieonee canbcTan. [paden, concpaninid Genee 3 cnock, NPeARUIAETCS B MRAREIE, 0 o Ramme
4 caoen GroporpafeH OPEAPRIEETCR B froporpager. BRyTpamie HENDEKCHNE B ITades DIHHEINT -l
Sanuunedi penrmnL eogna e, somopaal noums o 3 peaa Soanie, v v scasdipesam. Y groparediemm @ mny-
TPEHIEE HONPEEeHHE, | otk Knra s 3 pang siesiane, ues y rpodiesa. ¥ dooporpagens a0cpris aare1ns ke
B T pan menkie, wes Yy rpadens.

Banmichikle CHME! MOSETL, Tpajs s rpadicil, qrroparpagire, @ e padicil., smenociod, IaIncTpyKTypL, RIreimEd

Al Mepioiied CROEThR  ORWERIMEENG 6 DEMKGET @hiieTHER  SPaRmOReT (R ai e posa e
s JO24- 2026 podee HPH N API2E88 258 aPoapodontin Mot Besrosd rofvesi® spaghes
I EpRRRRen Apadhaing Mukpekiacmepien ecdod i asedughocaiper snegbeson BTCTT sepawiokios

freccredosaiie guseecupvenca MOH PR,

TRIBOLOGICAL PROPERTIES OF GRAPHITE, GRAPHENE
AND FLUOROGRAPHITE, FLUDROGRAPHENE

“Yurov V.0, 'Ehangoxin K., *Goncharenko V.1, *Mleshko V.5,
TEC Fostod LLP Karaganda, Astons, e-mell exclioriliss

Mogeow Aviaron frestiiute (natione! research weiversing Moscow, e-mail! (Nlestio VSl ru

This papser proposes an empirical ncdel for delenuining the thickmess of the setface layer of graphile and
flunragraphive. 1t sursed out 1o be squal for grophite - BOI, = 09 nm, Bl = 246 nm: for fluosrographite - R, =
2.2 nm, Ril}, = &40 nm. i.c it is o sanostucture. The nunsber of ne menslayers is equal: for graphae - 3,
fior fluorcgraphite - 4. The diagram of the solid body necdel is os follows: nanoslayer = mesolayer = bualk phese.
The nanolayer amd mesolsver differ from sach other in the mature of the sine offect (s the bulk phese there & no
size effect. Within the framewark of the model, the elestic paranseiers of graphiie, fluorographice, grphese, and
flucrographens were cabculated. Large internal stresses in graphome lead oo warpieg of is seface Low intensal
stresses im fluorographes: lesd 1o hetier mibological properties. More than 3 lovers of graphene pems imo graphize,
and over 4 hycrsud[lﬁunmgmphmc 1irTis Jnlngﬂunmr“gruphim. Internal siresses in Hr.:?ﬁ.crf: anize due 1 ﬁu: large
vals: of Young's modulus, which is alnwet 5 dimes grester than thai of pegsien. Fluorngraphene bas bodh intensal
stresszs and Young's modulus three tinees less then graphese. Flunrographesse kas adhesion energy slmost 7 timmes

lesss them grophene.

Koeywnrds: masdel, graphife, graphenc, Husrographbte, fssrographene, monalayer, nassstructure, sdheson

This scientific arricle was pallishied within the framework of the graos finding for 20242026 1RN
Mo, ARIZIEEISE " Developaient of an Surevative techinodogy for oliaining graphens B intercaletion of
grapdite with sifcrochester water and modificarion of kgh-femperaiure supercomdiiciing ceranides witk
graphenes " fihe vesearel (5 funded by the Mindsiry of Educarion and Scierce of the Repallie of Kazaidizian).

Beegenne

[par  RENRSTCH  AANOTPOMEOH — MO-
,:l,mgmmu:{fit YITepoaa © o ATOMHONT  Maccoi
12,0007 rwons, miomHocTED 2,26 rios” osp'-
rufpranzneil mmomos ymepoda [1, c ;J;l]
Ecnn g ymepoausiy aromias rpafinTa npeco-
CAMHNTE ATOME §Topa, To sp'-rubpHaHIammss

MEHACTCH HA 5P -THOPHIHIAIMIK, HO COXpa-
HACTCA MCKCATOHANLHAR cHMMeTpHa [2, oo 84].
Crpysrypa nokazasa Ha pucyskax la s 19,
Ecan ommennms vy rpahera oamH oo,
o noryqaeres rpaped [3] (poe. Xa), o econ
DTUEENHTE OMH ciodl v droporpadimTa, To no-
nyuaeres fitoporpaden [, c. 84] (pne. 2@8).
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The article presents a model of the thickness of the surface layver of YBOO cryatals, from which its demain
atructure Follows It is shown that in the surface nanobayer, the temperature of the transition to the supercon dscting
state increases by 2 times compared to the bulk phase, Lamels in the monodomain are determined as Abrikosov
vortices, and there are |3 of them in the surface layer of YBC O

Keyvwords: Superconductivity, surface layer, nanostructure, crvstal.

Introduction
Ad the beginning of the 2 st century, in his work
[t], Y.L Ginzburg outlined

superconductivity research in theee perieds: “the day

before vesterday (1911-1941 ), vesterday | 1 942-1986],

the  history  of

and today { 1987-11". The present period is actively
developing at the present time, this is especially related
i high-temperature superconductivity { SO o foupraies
{Tahklz 1.

Tahlz 1.
Experimental values of the SC transition temperature in cuprates.
Chemical T. K Clhiemical T. K Chemical T. K
compound compaund compsund

L,;‘,ﬁf;:‘_:;“* ﬂg i ThBay Cul, 80 [5] HgBa,Cu0, | 7] L7
b 6 4] Tl BarCua{Calds) 108 [&] HeBa: CalCu: s 171

Biz5r Cuz{Calls) 108 [4] Tl:BazCus (Cazlio} 120 [6] | HgBazCws (Ca:s) 118
Bi: Se2Cus(Caslhne) 120 [5] Tl:Ba:Ca:Cuy (2 102 [3] 7]

The highest supercomductor is  achieved in
mercury cuprates — 138 K {Table 1) More recently [£]
Korean physicists Lee, Kim ef al. reported the
discovery of a superconductor at room temperatune
under ambient pressure: Phg o Cu (PO O with 09 < x
< L.1. They had previowsly named this material LE-99
after their initials and the year of the first synthesis. In
the same wear (2023), a number of articles [2-11]
appeancd that cast doubd on the results of [3]. We will
not delve into the listed works, but will consider the

classic example of Y Ba:CuOk.a, otherwise known as
YBCO material.

The alm ofthis article is to model the surface layer
of YBOO material and its properties.

Crystal structure of YBCO(O

Figure | a, b and ¢ show the structures of the unit
cells of YBCO in  three main  modificatons
corresponding to oxygen staichiometries witl indices
6,65 and T [12].
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Abstract
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Axtana, Kazekhizier
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A model of nanocracks in concrete 18 progosed. The length of a nanocrack is taken as the thickness of the
surface layer of a solid, which is from 1 106 non for metals and about G0 nm for siandard concrete, Le. it represents
a panostruciure. For standard conerete: L, = 60 nmg L. = 6 microns; L = 006 mm. These data are ypical without
cxtemal load, without changing the environment. The number of cracks in concrete in the nanostructure region [
is 107, in the mesoscopic region I is 107 and in the pre-destruction region 111 is about 107, Adding graphene and
graphens oxide to the cement mostar significantly strengthens (by 4-5 times) siandard concrete and reduces the

number of nanocracks.

Revwords: miodel, concarete, coment, nanocrack, namasinciure, graphenc,

Introduction

Cracks in conerete, which determine their durabil-
ity, have been studied for a very long time. Theoretical
amd expenimental methods for studying cracks in con-
crete can be found in recent disseriations, monographs
and reviews [1-9]. But none of them talk about nanoc-
racks, their length and their further development, up to
the destruction of concrete.

In minerals, the formation of nanocracks was re-
cently discovered in works [ 10, 11] using the fraciolu-
mineacence method. The essence of the method is that
when a mineral is destroyed, atomic bonds on the sur-
face are broken and a luminescence signal appears
within [ io 2 nanoseconds. In this case, surface disloca-
thons create primary nanccracks with a length of 10 to
30 nm. Inoworks [12, 13], we proposed a madel for the
formation of nanoscracks in metals and allovs. The es-
sence of this model is that the surface layer of a metal
(like all solids) is a nanelayer (1 to 6 om in size for a

metal), the properies of which differ from the proper-
tics of the bulk phage. The surface layer of a solid leads
o the formation of nanocracks and the destuction of
atructural materials.

The purpose of this article is 1o progose a model
for the formation of nanecracks in standard concrete,
the kinetics of their development g to its desfrwction.

Mane cracks In concrete

Conerete consists of cement paste, which is a po-
rous and hierarchical material with different phases.
When cerment powder is mixed with water, the hydra-
tion reaction resulis in the formation of the main chem-
ical products: calcium silicate hydraie (C-5-H), cal-
cium hydroxide (CH), etringite, and monosulfoalumi-
nates, C-5-H accounts for approximately 70% of the
fully hydeated producis and is the main contributor t
the meechanical strength of the material [14]. The sili-
cate phases react with water to form calcium hydroxide
and a rigid caleium silicate lydrate gel, the C-5-H gel
[15]:

2{3Ca0-Si0.)+ 6H.0 = 3Ca0 - 28i0, - 3H,0 + 3Ca(OH), (1)
2(2Ca0 - Si0_ )+ 4H,0 = 3Ca0 - 2Si0_ - 3H_0 + Ca(OH), (2)

The thicknesa of the surface layer of a solid RiI)
and the length of nanocracks L., are given by the for-
mila [ 14]:

R(h=L, =017-10" o v [m]. 4

In equation (3} it is necessary o know one param-
cler — the molar velume of the element, which is egqual
o v = Mg (M s the molar mass, pis its densitv), a = |
m” is a consiant te maintain the dimensionality (Ri1)
[m]). Considering that the rigid ealcium silicate gel of
the C—5-H hydrate is a homogeneous solid solution, it
is casy o estimate the molar mass ffom equations (1)
amd (2] - M, = 1070 g'meol; M; =922 gfol. The crystal
stmucture obtained from equation (2} is closer 1o the
minegal tobermvoriie [ 17], which is a layered crystalline

form of caleium silicate. The density of the C-5-H gel
is closely related to the water content in the pores of the
gel. Meutron and X-ray scattering methods wene used
1o determine with high accuracy [18] the density and
water content of saturated globules. The density is
2604 glem’,

The thickness of the surface layer of the C—5-H
el according to eguation (3) is equal 1o — L., = R{I) =
Gi.3 nim, and the number of layers is n= Ril)Va {a is the
interlayer distance, equal w a = L4 nm [15]). This
micans that the number of C—5-H layers s n = 43, Ac-
cording to our work [ 16], the diagram of the crystalline
form of calcium silicate will bsok like that shown in Fig
la, and the silicate chain (monclayver of calcium sili-
cate) is shown in Fig. [h.
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Abstract, This article discusses the thickness of the swrface Taver BT} of pure
aretals, which rages from 1o 6 B, Le. represents g manosieachiore. Ther comes
the laver Ry} = % Rel), called the mezolaver. Both of these lavers ave smaller
thar the zize § - the mean free patk of electrons In the meral, Tn the nanolaver Ril)
ard seesolaver R, the fows of Ofem, Wiedemann-Franz and others do mer work,
An anomiadous skin effect & observad, Teading o a stepwize dependence of all
electrical and wiagretic paranreters of the mefal, The relaxarion dme of electrons
tean e detersiined for the BRI laver, knowing the speed of sodord tn the metal
Thedr froguency falls into the rerahertz pange, wikich, wnrll recently, did ror have
sonrces and receivers of this radiation.

Keywords: skin effect, nanolaver, mesolaver, metal, size effect.

We will take as a basis our work [1], where an empirical equation was pro-
poaed for the thickness of the surface layer R(1) of a solid body:

Rl =R 0.17-10™w (m), (1)

where [} = where the coefficient i = | (kg/m”) at.%=m.
Equation (1) shows that the thickness of the surface layer of an atomically
amooth crystal {excluding surface roughness) Rl is determined by one funda-
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The article presents a medel of the thickness of the surface layver of water, from which 1s cluster structhure

NMows. The presence of vibrations or ultrasound leads 1o the stratfication of graphite inta thin plates or flakes. The
magnitude af these effects depends on their power and the surface lension of the ligeel. A model of the splitting

of graphite with water 15 constructed as a Stefan problem with a moving phase boundary.

Kevwaords: Graphite, graphene, surface layer, nanastructure, ultrasound, delamination, crystal.

Imtroduction

To obtain graphene, graphite must be splhit. The
first successtul splitting of graphite by ulirasonic ireats
ment was achieved in the organic selvent M-methylpyr-
relidone [1]. It was also proposed 1o exfoliate graphite
by uliraspnic treatment in the presence of surface-ac-
tive subslances (surfactanis). This was first reported i
[2]. where dedecylbenzenesulfonate was used as a sur-
factant. In [ 3, 4], it was shown that graphene siructures
obtained by ultrasonie ireatment of graphite and s de-

T
I

The aim of this article is a theoretical maodel of
graphite intercalation with microcluster water in ultras
sound.

rivatives confain a lot of oxygen. In [5], multblayer gra-
phene was obtained by wlirasonie sphitting of graphite
micrapariicles it a surface-active solvenl, a mixiere af
nonane and water, a surface-active surfaclant was se-
lected that ensures dispersion of graphens m hyvdro-
philic systems. In [6], a technology was developed for
obtaining polymers moedificd with graphene structures
using ultrasonic dispersion (Fig. 1) A complete review
of methods for obtainimg graphene by splitting graphite
1% given o [T-10].

hl
Figwre {. Schematic fa) and external view (h) of the altrasonic weit of the seiup for quid-phese exfaligiion of
grophite (4]

Imtercalation of graphite with microecluster wa-
ter

We obtained graphene nanoflakes by intercalation
of graphite with microcloster water [(MEW) (Fig. 1}
[11-13].
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The article analyees the issue of warping of graphene sheets in a2 suspended state, Various mechanisms Foer
the formation of cormgations, wrinkles and Felds on graphene sheets bave been proposed. A new masdel of gra
phene warping has been proposed. Its essence lies in the fact thal graphene is ohlained, in most cases, from graph
ke, where significant internal stresses are present, and in the graphite nanolayer all physical {thermal, e and
chemical (wdsorption, e, ) parameters of graphene change.

Kevwords: graphile; graphene: nanaelayer; mesolayver: warping.

Imtroduction

Graphene, discovered 200 years apgp [1-I], 15 an
amazing material used in various fields of human activ
ity {Fig. 1] [3-5]. Today, the global graphene market is
only just Ferming (Figure 2a} and is represented by
cormpanes in various countnes (Figure 2b), where
China and the USA are leaders. The methods for ab
tuiming graphene are quite diverse. They are reviewed

1000 —

Electronics Composites

in [2=53]. In [7=9], an ariginal innavative method for ob
taiming graphene wsing microcluster water in combina
tion with ultrasound and an electric field s proposed.
Howewer, it ix not possible fo obtain large-sized
graphene due te the warping of graphene sheets.

m 209
B 2030

Energy Others

Figare 1. Graphene and ity applications [§].
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560,3

2024, 20257

20267 2027 1.

Gilafra! Graphene Marker Dynamics in Million USE
(Source: Graond Fiew Besearch)
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A AP TR o iRk AR S R . i RO T R
M, AR, RNy 3 TR SR, AR S
o R AT TR E =D R R A PR o Pt g BT S i i ey )
B R, R Ao O SRAR . dRsh. BIPTRE, Uy RIS, SR T
B b BRI A R, AT R TGRS PR h Ry
B CnJuL e i Acirl o M, FRLLE O s £

Xk f6E. M. . A

Abstract, The arficle propuoses a mode! of graphite exfolicion by microclusier
warrer i o seegnetie field. The model is based on e thickness of the susface layver,
wilricll fow graprhite iz 3 morolayvers of grapivene. The cluster strieture of water, like
all Mgulds, ix a physical pheromenon cansed by the difference in the Interaction of
atoms on e sarface and v the wlume. The ariicle obialns an egiceiion dhar shows
ecel ary fpact ou water felemical fnparintes, vilwation, wlrasownd, electric and
magetc felds, increased femperature, efe ) feading fo an norease (v the sarface
tension of water will confribuie fo the exfoliation of graphive. Using the equalions
obizined tn the article (11 is possible o obtain graphite exfoliation by water in a
magrenic field and obraln grapivere in an envirormentally friendly way.

Keywords: intercalation, graphile, magnetic Reld, water sronelayer.

112 |I Ingernational Comference
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W, AR TR B (G RS E AR (GO B SRR
. C-5-HSERE i e YR(D) = 60.3 nm < 100 nm) . ACleiterff a5 . &Y
3, GRIGOE A ] =Ela). FERITEC -5 - W i R B (G G0 3 B A R
TR TEA MR, <y T _EF A AR LT Sr T AL - 5 - W fr B
w7 [T AN e . Gorb I - CRRAE=J7 ) LBk, AR 23] B
. SbrAEE S, RODETRE, AL it Sk ek, o e,
fEAGERFRE N ICAGON] 5 F LR (1515 briE b Sni: BEEt. 58
i S hEL RO, 8.

Abstract. Ta this paper, o model of graphene (G and grapiene oxide (GO
refnforced concrete is propozed. The thickness of the surface laver of C-5-H gel
L Bl = o032 pwa < D00 menk, which is @ Glelter nanostractiore. It iz shown thar &
and G0 are emehedded fn the interlaver spece. G and GO confined in the inferlayver
reglon of C=S—H gel exkibiy differeny movphologies. Tn graphere, carlon atoms
owdered in the xv plane are disivibited for from the surfoce of C-5-H. No
expansion along the 2-direction s olserved, The C-C Bovids in GO are sivefched
In the z-direction, ard the graphene sheet (s damaged 1o sone extent. Compared
with standard comerete, the values of RiTF are halved and the elastic paramelers
of concrele change. The article shows thai adding G and GO 1o cement mortar
siguificantly strengrhens (4-5 dmes) standard concrere.

Keywords: concrele, graphene, manslaver, mesalaver, size effect, sivengih.
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. Db AN M I AR L - R A R . T
PREEHIT OBRP 9, (UEH] 1 POAGARERES COLDUR HLA ST 4. 553 REL. 108
Er o e B R TR IR SRATPER] R RS A HE. B REW, mR e R
W AR R R R, SRR, O8KP 59 + COLOUR + 448
HEHS s el T, il 22 1.

ol A ARE, PR e, . GRS R TEIE.

Abstract. Among the common methods of protecting metal stricitures from
cerradion i the application of pains ard varnizh costings. To apply the coaring o
sieel MEKP, acrilie paind COLOUR and graphiene powder were wsad. IF s shown
thal the corrosion rake of @ sulstance s deterained By the number of defects, the
work of exterial forces, temperature and Gihhs energy. It i thows thar graphiene
contlings are e meost reliable anti-corradion coatings on parts wher applied
correctly. It ix shows thar the reducrior in the corvasion rate for steel 8KP +
COLOUR + graphene s almasy 22 times,

Keywords: graphens, acrvlic paint, corresion rate, steel, defect, remperature,
rihhe energy.

To combat metal corrosion, Nobel Prize winner k.5, Novoselov proposed us-
ing graphene as a very effective anfi-corrosion coating due to its chemical inert-
niess and impermeability [1]. The excellent anti-corrosion propenics of graphene

136 || International Conference



27.

The scientific heritage No 143 (2024}

75
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Abstract

NAD "LN., Gumilvey Ewraxian Nafiora! University ™,
Astana, Kazakhsean
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The artaicle presents o madel for determining the number of menelavers in graphive, which turned out te be
equal to three monelayers. The presented model is universal and con determineg the number of layers of any solids
wmdl even liguids. The model requires knowing the malar mass and density of the material. For graphene, this madel
1% confirmed by the Raman method and other methads, which confirms the proposed model.

Keywards: graphite, graphene, surface laver, nanostructure, surface, delamination, crystal.

Introaduction

The exteliation (intercalation) of layered crysials
using mica [muscovite = KALS50:H) ax an example
was used by LV, Obreimov back s 1930 [1] to deter-
mine the surface energy and adhesion energy of mica
crystals. Thas method was implemented at a higher
level in [2] and by us theoretically in [3]. Extobiaton of
layered graphite crystals was carried out mechanically
using acdhesive tape in 2004 [4]. A single-loyer graphite
sheet was called graphene. However, it is impossible b
use graphene oblaimed mechamically on an indwsirial
scale. Therefore, vanows methods for oblaining gra-
phene have sppeared. a review of which is given in the
moenograph [5]. We alse proposed a method for exfoli-
uting layered graphate crystals with microcluster water

ajl
Figure I Grophife siractare [9) faj;

The E(1) layer is described by the methodd [14] by

the equation:
R(D=017-107 -@-v[m]. i

Im equation (1] we need to know ane parameter -
the molar volume of the clement, which 15 equal to w =

[6]. the theoretical justitication for which is given in |7,
&].

The parpose of this article 1% a theoretical madel
for determining the number of graphite layers and a
comparison of this model with the Raman speciroscopy
method.

Graphiie

Giraphite is a thermodynamically stable sp’-hy-
bridized allotropie modification of carbon. The crysial
struchure of graphite [9] has hexagonal symmetry ansd
consists of fat layers of corbon stoms located parallel
to each other {Fig. 1a). The structure of graphite layers
1% shown in Fig. 1b, constructed according to the meth-
odology ol our work [10].

vacuum

nanolayer

i
grapkite Ieyer stractare [0 (hi

Bp (M is the molar mass, p is ibs densaty), o= 1 m™ is
a oonstant o maintain the dimensionality (B{I} = [m]).
Using formuly (1), we calculale E{I} {Table 1) for
graphite parallel b the plane x = a = b and perpendicu-
lar to this plane x = c.

Tahble 1.
Parameters B{1) of graphite [11].
Ciraphite Structure M, pimol [8 g.'srn1 Ei{l, nm RBil}., nm
C Ca/mme-0e IZ AT 226 0.9 (3} 246 (3]
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Abstract

The "sessile drop™ methad for determining the surface energy of solids
graphene, this methed vielded average valoes of 32 = 536 4 2.1 and v,
method for graphite vielded an average value of yz = 3250 ml'm?®, which is 6 times higher than the y2 value
obtuwined by the "sessile drop” method. Analysis of both methods showed that the "sessile drop” methad for deter
mining the surface energy of solids cannot be used withoul modification. We propose new methods for determining
the surface energy of solids: 1) throegh the melting point of the selid; 2) through the size dependence of a physical
property on the thickness of the deposited coating; 3) throwgh the measured value of the conlact potential differ
ence. The following values were oblzined for graphene: vy = 947,15y, = 260 mJ/m?, which is an order of magnitude
higher than in the "sessile drop™ methed, The values of ¢l should be multiplied by 3 and we obtain the values for
graphibe = vz = 2R41; yz = 2922, 7 = 2ZBR0 mJ'm?*, which differs slighily from the crystal splifting methadl.

Kevwards: graphite, graphene, surface energy, sessile drop method, crystal cleavage, solid.

1 15 considered. For graphite and
dd 8 & 4.7 mlm?. The crystal cleavage

Imtreduction

The use of surface phenomena in human produc
tirn activities allows for the mtensification of existing
technological processes. Surface phenomena such as
lubricating friction and  wear, contact interactions,
structural changes in composite materials, as well as
electrical and electrochemical processes and phenom
ena on the surfaces of selids are imporant for technol
ogy. Knowledge of surface phenomena in living nature
allows for conscious influence on blogical processes
e arder b oincrease agricultural prsluctivity, develop
the microbislogical industry, and expand the capabili

1000 —

Electronics

Composites

ties of medicine and veterinary science. [n biology, sur

face phenomena play an smpartant rale, primarily at the
cellular and maelecular levels of organization of living
systems. YVarious biolegical membranes separate the
cell from the external enviremment and ensure its mi

croheterogeneity. Fundamenial processes for Llite occur
on cell membranes. Experimental determination of the
surface tension of selids is complicated by the Fact that
their molecules {atoms) are deprived of the ability to
muoeve freely. An exception is the plastic flow of metals
ul temperatures close o the melting poinl Grophene,
discovered 20 years age |1, 2], 15 an amazing material
used m varous ficlds of human actavity (Fig. 1) [3-5].

m 2019
W 2030

Energy Others

Figure I Graphene and ity gpplicadions 6]

Graphene i= a two-dimensienal allviropic madih
catien of carbon formed by a layer of carbon atems ane
atom thick (BAI} = a = {1,246 nm s the laftce conslant)

mn the sp2 bybridization state. Carbon atoms in gra
phene layers are in o threg-coondinated state, e, each
of them tforms covalent bonds with three neighbors, As
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MNOBEPXHOCTHLIE ABNEHWA B NTIPADMHTE W NONY4YEHWE W3
HEIMND rrA®EHA

AHHOTAUMA. B cTates npegnosked EﬁEIIEIFI HELWKWE MOCne0=9E TEOpETAYESCENY pE-

BOT No rpadUTY W rpadessy. Mpeaonoweda MoOenNs ONPEOENSHMA TONWMHED M-
BEQXHOCTHOMN CNOA TPAMWTE, OTEY0S MOEHD BEMHCIHTE NPOMHCCTE MRSRHTE W
rpedesia, ONpeOen|Ts ANy HAHOTPELWH B NOBSPXHOCTHOM CNOS STHX MATE-
peanoe. MpegnoHeHs MOOaNs MEXEHWIME DECLSNNEHWA MEEdMTa W NOMyeHRA
rpades:a. MNoKEIAHO YTO MIMKHO PACILENWTE NESdMT, HCNONL3YA GNA HAMPEEa -
NyNbCHbIA NMEDCERYHOHRIA nasep. Mpeqnosesa mogens MEXaHMIME pacilenne-
HIR TPAHTE BOOHEMKM PACTEODEMK,. B OCHOEY MOOENK NONOHEHA ODMMMHANEHER
HMHHOBALAOHHAR METOQMES NPUMEHEHWA ANA NONYYeHWA NOPOWKDBOD rpafeeHa
MHAKPOKNACTERH0A BOOb! B COMETAHMM C YNETPAIEYHOM W 3NEKTPHYECKHM NONEM.
MNpeanoseHa Mogene ouesk Sapeapa Nakepnca — HaSappo, npueogAweEro K
TOPMOHEHMK JHUCNOEUAA B NOBSPXHOCTHOM choe rpadesa. MNowkasang yto Ga-
peep Nadepnce — HaGappo B npadiess MasCHMAENSH [NA MOHOSAKAHCHH.

Knipyeasie cnosa: rpadnT, NpadieH. NOBEPXHOCTE, MOOENE, BEMerT, MEXaHnIM.

ok o

Tyhinpeme. Maxanaga rpaddT Ned rpadsed TYPaNs! COHFL TEOPMANEE, ByMaICk-
MEIZFE WONY youiHenags!. MpadeTTii Gt KadatsiHee KansMOBFEH BHRETaYFE
SQHAIMNFEH MOOENE YCRHBUNFAH, OHEIH, HEri3iHge rpadwT ned rpadhedHin Bepsmirid
SCENTEYTE XEHE OCkl METEPWANAEROEH GaTH KalaTeiHOar HaHOHADLIKLLENED-
AklH, YIEHORIFRIH BHEKTEYFE Bonanks. FpaderTi bany xeHe npaded any Mexs-
HAAMIHIH MOaeM YosiHENFEH KREORY VIS WY NLCTE NMEOC2KY HOTHE N33800s
wasserives: npaduTTl Gamyre BonaTteHm mepceTing. MpaduTTs cynel epiTiHginep-
seH BaniHy MexaHnaMiHiH mogem Geplnred Mogens MUEpOKNSCTERNIE Cyasl ¥k-
TpEAHGICTIK, MEHa NEadieH YHTEFLIH ANy YliH 3MekTp aplciMed yAnecTipe nadne-
NEHYOLIH TYNHYCKE WHHOSALWANEK TeXHWKACRIHE Henanenres padessasy GeTil
EafaTeiHOarel JUCNOKSUMAHE Texeyre akaneTiH MNedepnc-HaBappo TocxaysinsiH
Garanay ywiH mogens yoeHeinrad Mpadedaen Medapne-Habappo Tocxaysns-
HilH, MOHOBBEAHCMA YIUIH MaKcHMangel BonaTeiHel KepcaTinred

Tydind cesdep: rpadwT, rpadies, GeT, MOOEN:, SKEY, MEXEHHIM.
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Crampscaitneid macr rpaderra — rpadizn — o yreELTH LR serrepierr. Tomusmm neespenscmsam
o mpars YBOOD pansa 18 ma om oo conepessrr 15 ssomocnoen. [oaann, smo w
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ANEHMENTY NI TTOH CTPYKTYPS NPCICTULTEIOT KEUTORLE CHOPEMLL JOSC N KOS IHeE
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JECCHIRTHRNEME € epasmnecteie P Ory pepoamsocme oopenenmess oo sopens Ty -
Jamepa. Cxoeecmn rpupena © d - BOOHOELENE CESPRIPOMIHHEASEH TPHEOIET K Bncoem |
RITYTAHHOCTH [IEVE KBANTIELN CHETENM.
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m npeepe CHE @ OUK seeramnoe. Toscpomocmaadi cmoii B{1) openrmsmser  coboil
IRECTRYETYPY, ST SICREID NPSICTHNTL. HUIHPHCTHOEH, MUIAANEHHE ROTOpol RCCAHNTICND B
fonuuns wansuecee macer. [pegnmenemse 5 meocnoe Bil) nporcxoner  crynemmeamsg
CHOCCEHIML © VIETON TUMMODSCKHY NOBCpRmTrLs coctoarmi. Hanvenaii B{l) cymecmmemm
AIEEETCH aT pOReMBRG finm B ocmnm © penakcmpseii o PEESECTPVELINE  TIDBEPRHOCTIH
kpsicTanunm. Miewozait Rill) ormesseren or mamocnos BUL e ofnesamsii dins ped, o 5 nem
NPHHECRIKTAT PRstepense w|npesTal ApyTen TG, [THIHKTRELSE K IPEATUEIIEHHED [0 JRyTasy
sknny. [peanmenense mrnmsere o m@epcrpyerypiorn cooa BT, umes on npeaomsnencs s
sMEETPYETYPe cnoe B} o osorsmennieos mumemme obnesimnd firi npomxonEr mp
mocTomEn il resmeparype To Fla npomece mnanmemis o mpeiisanie iy okrLeeT B CEOpicTL
HELTIENA METLRIA

Kineennie comsa.

Mpenmnannensie, NOBPOECTHWIE OO0, MOTIULL,  OKBTUGEHINOCOTE.,  SEHDCT KTV,
HELEW IR THILA.
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DR 10 2402 2T09-12001 -2 02 4-8-2i3- 10
YK 5394
OB MPEKTE PEBHHIEPA B MOBEPXHOCTHOM CJIOE

HOPOB BHKTOP MHXAHJTOBHY
KaHIHAAT (s -par. Haye, Jouedt, TOO « TCK soctoks,
Kaparaxaa, Kasaxcras

FMOHYAPEHKO BIAJHMHAP HEAHOBHY
JOKTOP TEXHHYSCKHX HAyK, npodeccop, MoCKoBCKHA ABHALIHOHHBI HHCTHTYT,
Mockea, PoccHs

OUIEINKO BAAIRAMHAP CTAHHCITABOBHY
FananaaT TeXHHHECKHY HayK, N00eHT, MOoCKoBCKHI anHalMOHHE HHCTHTYT,
Mockra, Poccita

HAHIMOIHH KAHAT HAKOIIEBHY
KAHIHART (hird.-vaT. Haye, Joueat, TOOD « TCK soctos,
Amsatel, Kazaxcran

Assomanis. Onucarna Modein ROSEPXROCMNOA0 CRoR meepdose mea. Tokarane: chuscente
ROBEPXHOCIINOE IHEPIU IO CAGH RO CPAERENIND ¢ 00BEMOE, DOTBINE SHVMPERRIE HANPRNCEHIR
MO Spange Mexcdy cioen t ofhesmos; SOIMUKHOSERNE Nanompenl e cantano © shobexmon
Pefundepa.  Bauanue cpedsl 4 apuiodyCennne  Na2pyasn  VEemusaom  gre  apoyeccst
ROBEPXHOCIHOM CA0E, CRMMAPHoe OSIrmete Komopex U Hastsaemes shiexmon Pedusdepa,

Konwgeawe choga: sfehesan Pefundeps, nOgepoiocmusl (OO0, SOuOcmpycmypd, mdepdos
METO, Hauompeng, dedopaayie.

Axapesig TLA. Pebungep B 1956 rony CoBepllMl OTEPRITHE, NOCBALGHHOE NOHIEEHTIO
MPpOHHOCTH METANIOR N00 JeilcTeHeM paciuiaeos setanna [1], a & ganeHelimes aaresHoHHOMY
MOHHMEHHK MPOTHOCTH TBEPARIY TEN 38 CHET OKPYHAed cpens [2]. Boe %o OTEPRUID HOBOS
HANPABNEHHE B HAVKE — MHIHKO - XHMHYECKaA Mexannika [3, 4], Ohop no sdupexty Pedunnzpa no
METANIAM H TOPHBIM Topodas npeactaencHd B opaborTe [5], no nooasepasd - B opadore [6]. To
COBPEMEHHEIM NPEACTABNEHHAM ocHOBOH adupexta Pebnuagepa ABIACTCH pPasphle MEHATOMHBIX
CRAEH TREPARIX TEN OPH YYACTHH AKTHBHBIN KOMIOHEHT BHEIIHEN cpeis wiM nod Jeiicredem
MexaHnueckoll Harpyakn. Makpockonm4eckin HHINKATOPOM JTOr0 [POUeCca HRIRETCH CHHMEHHE
MOBEPRHOCTHON SHeprun. OOHAKO, 00 MHEHHH asTopoR padorel [5], OTCYTCTBHE IAMETHOID
CHHMEHIA NOBEPXHOCTHON MHEPrHE HEHATPYHREHHOMD TEEPIOCD TElA B KOHTAKTE Co Cpeaoil He
OTHAMAET HEBOIMOMHOCTH npofpieHdd adupexta Pebnunepa. Brnsane nedopMaliiny MesaTomMHel
cearell Ha paanmofeficTede afcopiUHOHHO-AKTHEHEX KOMIOHSHTOR CPEIEl ¢ ATOMAMH TREPLOTO
TENA MOEST NPHBOANTE K CHABHOMY CHH#EHHID padoThl muacrHyeckoll AsopMaitn 8 viesHoil
paforTs paspyiiendd B uenod. Mexawniy nposenedds sddiekta Pefnagepa 0CTasTed BONPOCOM
AHCEYCCHOHHEIM.

Henk HacToAwed crarTee 3ARMOYASTCH B ONHCAHHH MOJEIH DOBSPXHOCTHONO Chod M

paciundiposka sduperTa Peduuiepa.
B ocrose Hamel MoQenH TesHT TONUHHA NOBEPXHOCTHOTO CI08 TREPI0ND TENa, ONHCAHHOTO

ypapHeunent [T, §]:
R(I)=017-10" -cc-u[&]. (1
B pabore [B] mamm npegnosena qopsya:

il “Memcayrapoanl il w2 wme-rccne gom e nsckiit yerrp “Endless Light in Solenos™



38.

D00 1024412 2T09-12001 - 202 4-8-31-35
YK 6201791
Obh WPDEKTE POCKO B NOBEPXHOCTHOM CTOE

KOPOB BHKTOP MHXAHIOBHY
KAHAHIAT (pas.-mar. Hayk, Aoedt, TOO « TCK socTok:,
Kaparanga, Kasaxcran

FMOHYAPEHKOQ BJIATHMHP HBAHOBHY
HoKTOop TEXHHYECKHX HayK, npodeccop, MockoBCKHA apHaLROHHLI HHCTHTYT,
Mockea, Poccia

ONEINKO BTATHMHAP CTAHHCITABOBHY
KannnaaTr TexHieckiy Hayk, J1onenT, MockoRckHil aBHAIHOHHEI HHCTHTYT,
Mockea, Poccia

FHAHTMYIHH KAHAT HAKOIIEBHY
KauaaaT gua.-maT, Hayk, aoueHt, TOO « TCK socToks,
Anmatel, Kazaxcran

Annomanus. Hokasano, wmo Memdiist GauNo0eicmenion ¢ KUciopodon 1o pasHoy.,
Hevmpeerepy, ol aremaeoe Ag, Ao, Mo npo escwuodefiomatin © KucTopooo 08 He VIpouHenne, o
pecvaponienie. o aremaeos My, A, Cd — wdem yapousenne. Difafierm Pocka nalasodeemed o
ROBEPXROCIAON  CA0E,  KoSdd ROSEPNHOCIINGE 3PS ORCUODE  SHOWIMETRG  Ipeshilaem
ROSEPXROCIHING JHEPAUD HHCNOM HEOKHCIERHOI MERILLI.

Kawraeane choea: sihewm Pocko, nogepuenocmindi coom, Hamoempvichyia, Meimaty, oricHa
ILIEHKL, VITPOHEN I,

Hecnenoparens Pocko Pooe 1936 rogy yeranosin [1], 9To OKHCHAA LIEHKD HO KPHCTANILX
KAZMHA NPHBOIAT K YBEIHYEHHK Hanpakesns caeura #a 50%. (M CYHTAN, 4T0 OKHCHAN [UIEHK
NPHEGIHT K VIPOUHEHHKD MOHOKPHCTAII0B. 20 YVOpOodHeHHe ObLI0 00HAPYHEEHD U8 MHOUHX
METANIOE B OOMyaine Haapanne sdupexta Pocka [2]. B ocHOBE CTPYETYPHOID YOPOUHEHHA
METAIHYECKHY M KePAMHYECKHN MATEPHANOR ¢ KPHCTAUIHYeCKOH  CTpyRTypoll  DemHT
aucnokandonHad Teopud [3]. Ddudext Pocko akTyaned npH MEEPOIYTOROM  OHCHIHPOBAHKN
METAUIOE H KEpaMHE [4], XOTA OKHCTIEHHE METANTE COOCODCTRYET &ro KOPPoTHE [5].

Hear HacToAmed craTse JARIOYAcTCA B ONHCAHMH MOJENH NOBSPXHOCTHOTO CO0H ©
pacimfiposka sfuperra Pocka.

B ocHope Hamel sofenH [OemeT ToNHHA nopepxHocTHOrO cnox R{D) teepooro Tena,
OTMHCAHHOTD VpasHeHes [6, 7):

R(D)=017-10"-ax-u[é]. iy
Jna paneHeimers Has noHadiTecH fopayna [B]:
y=07-107-T [Aé /& =1 /&],. (2)

roey — NOBEPXHOCTHAR Heprid, Ty — TeMnepaTypa LIARIEHEA TREPIOTO TN,
Cremariieckos npeacrasnedne qopayn (1) 1 (2) nokasaso \a puc. 1.

R “Mes pynapoaisiin g eo=eocne gosreasckii werrp " Endless Light in Boienos™
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O 2 = =Ty = i

h S E:
YIK: 620.179.142.6:544,72 )
NMOBEPXHOCTHBIA C10H A HAHOTPEINHHBLI B 'PADHTE

"O0pos Bukrop Muxailionny
Kanmuaar gua-smar, nayve, jgouedt, TOO « TCK pocTows,
Kaparanaa, Kasaxcran',
Kaurosnn Kanar Hakomenu«
Kanmuaar gua-smar, nayve, jouedt, TOO « TCK pocTows,
Verw-Kamenoropek, Kasaxceran®

Annomanin: B coame mped omeenis Junupu ook (iapoing, me somapatn onpede imeme
mongung  aegepaaecmacse cron B o dewnn wamompewgss Lee  maepcdoso e, Caa
RPIMEHRERTCR K apafmy, ofaad o igess ausonpoiien COeman CrEnERTi o,

Konwreerante caoaa: momyiing Resepinocinoss cIos, nasoniietgi, spoiiae, cmprkimp,
CIALERONTEAITIEA, MORENT G OOTEM, RAIHOCNT .

MpovbocTe  rpa@HTa  IHAMHTEIRHO  WIMEHAETCA B SABHCHMOCTH  OT METOOZ  €ro
HIFOTORIEHHA, NOITOMY FPAQHTEL C OOHHAKOBOH IIOTHOCTERY, HO PAIHBIY MAPOE, OTIHYRECE
CTPYETYPOME, MOTYT HMETE PAINTHYHYIO NPOUHOCTS [ 1], OGIHM NparkiosM SRT9eTed To, YTo Gonee
TOHKO  CTPYETYVPHPOBAHHEE rpadurobeli  koMnoant obDafgaer, Kak opasdno, Godsioeil
NPOUHCCTERY. [pafuT ARIASTCH TEPMOTHHAMIYECKH CTADHNEHOH anoTponHoll MommpHEaHei
wrnepoya [2]. TeopeTH4eckas NIOTHOCTL, papHad 2,26 riem’, JocTHracTea nHEL B MPHPOIHOM
rpafire. TINOTHOCTE e HCKYCCTBEHHOTD PpaiidTa HaxoduTed B npetenax 1.65-1,75 riem’ [3].
Hiikas nooTHOCTE HEKYCCTREHHOTO MpafiiTa CEATaHA ¢ ero MOPHCTOCTRED.

Tomuuea noeepXHOCTHOMO cood B o 1nHHa HAHOTPEIHH Lo A0eTed sanupHaecko
popseyniodi [4, 5]

Ril)=L _=0I17-10" -c-w[i]. (1

B wvpasHeHdl (1) BVEHO IHATE O0HH DAPAMETP — MOMAPHEIT 00BEM ANEMEHTA, KOTOPBIE
pasen v = M/ip (M — smonapHas macca, p — ee WIOTHOCTE), o = 1 M7 — nocTossHas, 4100k
colmganace paisepaocts (B(L = [w]) o gopayae (1) paccuntaes B(I) = Lo (Tabn. 1) ana
CpaduiTa IapanieisHe NIOCKEOCTH X = a = b 0 nepnesugyEpHo 1ol IockocTH X © .

Tabnuua 1. Mapanetpst B{I) = Loy rpadaima.

I'padmr Crpyerypa M, r/seone p. res’ Bl = Ly, 1M Rili.= Lo, v
226 ChE0H (3 246 (3)
C C'mme-1¥y, 120107 1,75 1.17 (4) 309 {4)
1,65 1.24 (5) 3.39(5)

Ha rafin. 1 suauo, 910 Tonmaa cnod R, (1 nnisa Hasorpeniid Lo ) ovesgerca or 0.9
Ao 124w B pepxdeil nooceoctd (pac. 1a), a ronumaa cnod BT (1 nmHa HaHoTpeiiid Lo )
naseHAerca o7 2.46 qo 339 B nepned HEvAApHe 9ol mockocth (prc. la). D1o ceazano ©
HIMEHEHHEM NOOTHOCTH rpafmra o ero cnonctodi crpyerypoil. Cnoii R(I) e HatoBewm
MOBEPXHOCTHRM CI0EM H MOBEPNHOCTHYIO FHEPTHID ¥TOM0 CIA0A ODOTHAYHM 1.

Paamepusie afufekts B cnoe R(I) onpeiengiTcs seeM KOUIEKTHROM ATOMOB B CHCTEME
(KOMIEKTHEHEE Tpolecck). TAKHE «KBATHENACCHYECKHE paiMepHble dQdekThl HAGIH0IaMTCA
TOIBKD B HAHOUACTHIAY H HAHOCTPYKTYpax [6].

B pafore [7] nokaado, 4To NOBEPXHOCTHAA SHEPTHA 0DBEMHOTD METALIA Y2 C TOUHOCTRI0
no 3% papHa:

v, =07-107-T, [Amii *].. (2)
rae Tm - TEMOEpATYpa NIABIEHRA MeTAL (1).




40.

INTERNATIONAL SCIENTIFIC JOURNAL 11
G LOBAL SCIENCE AND INNOVATIONS 2024: CENTRAL AXlAw

't"i-'[ 'L""'i'\. H\.:f.".h:][""l"'.\. LPFRIL 20024
20y o 2P, S, S e S
Eaefioet oot doe Ratifse Mo hdoe Rolidoe oy
YIK: 544.653.3

MOJETE PACILETLTEHHA N'PATHTA KJIACTEPHOH Bﬂ,ﬂ.{“_i

IOpoe BukTop Maxaiionnyg
KAHIHIAT (pH3.-Mar. Hayk, JoueHT, TOO « TCK BocToks,
Kaparanna, KasaxcraH,
WHanroann Kanar Hakomenn4
KaHIHIAT (hH3.-Mar. Hayk, Jousst, TOO « TCK socToks,
Yoru-Kamenoropok, Kasaxceran

J‘i!l"ﬂﬂ'lﬂ!{ﬂ'ﬂ'.' HPI'.'I‘J.HJ‘..HI'E'H{I Andea SR ETLTE N I ..'||'..'t|'I'|Ir.|'H.|'i|F|:'J SRR LA FRICTRSOALWN. H;.'ir
FRICTPE R A EHITE .?’M{;J!HH-LI' ol FrCREaie NE VIUTRIRELTIC Y IERETUR R, KOTOER b
-!'.I‘ﬁf.?i.l’.'ﬁ_l.'.l'l’.”ﬂ'{'ﬂ & AN irl'l'il'.-"l'!'.l'f}d.l.l-l' PITELNE. HI'J.'!_I."H‘II’LI’ MO T ICTERACHTIR .?JIII}I'.IH.'"H HO s
FAICTRSOINLWE, ROTHETRZVE R0 00N TROTBKD INCITELRTEH ITILLT b bl LR B,

Koirwrweane coowa: .:|".|'|:'J|'||'I.|'!|'|']'I, .'||'..'II|'|'|FJ~I'.'II', .'h'flf}fiTF.:, HPORCIETLTENNE, AT JRECTRECEE, RPN,
SRR TRCITE P O aarhr,

B pabore [1] snepesie OMy4eHb SRCOSPHMEHTANRHEE PETYIRTATE, CBHISTENLCTRYHOHE
0 HHTEPRATALHE rpafiTa MukpoknacTeproi eogol (MEB) B uentpobesmponm (pHc. 1) o
IMEKTPHYSCKOM TOAx (pic. 2) ¢ odpatopaHHeM rpafieHOBRIY HAHOCTPVETV].

Pucyaok 1. COM canmor rpaduta ¢ MEB nocne nestpadyruposanis [1].

MockonbEY B IHCTHTHPOBAHHOT BOOE HHEAEHK HIMeHeHrl Be Habnoganock, s paboTe [1]
ASNAETCH  BRIBOJL, YTO OPOHCKOAHT HHTEPKATALMA  «MHKPOKILCTEPOBS B MEMCIOHHOE
NPOCTPAHCTBO TpaduTa, BLAKBAA ero pacmHpedde oT 344 A 1o 6 A u npu anurensHoM
BOAMETICTRMH YBETHYHBAR ITO PACIIHPEHHE B HEKOTOPBIX MECTAX.

Ha puc. 20 a1H we cocydsl nocie B0 MEHYT IKCOOTHIHA B IEPEMEHHOM WISKTPHYECKDM
mone 500 B (sactora 30 Iu). Temmepatypa womHarel 22 °C. Buiso, 410 ypopeHe MEDB
VMEHBLIIUICH (COCV Cena), npHYesM ofheM YMEHBIIEHHS, CONOCTABHM ¢ 00BEMOnM rpaduira, 4To
FOBOPHT O TOM, WYTO Opodiouno sHegpeHde MKB B aHa4MTENLHYW 4acThs MemcloiHOro
NPOCTPAHCTEA FpaduTa.



