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TECHNOLOGY PARAMETER S OF OPENPIT COAL MINING OF F LAT
DIPPING DEPOSITS USING ROBOTIZATION OF R OAD TRANSPORT

AzevV.A! Gartman AAY shazhiev V.A.

!SUEK-Khakassia LLC, Chernogorsk, Russia
Research Institute of Efficiency and SafetyMifiing, Chelyabinsk, Russia

Abstract.Problem Statement (Relevance)The approach to the fourth industrial revolution has effect on all spheres of
human activity. Today, robotization gains an area for development in Russian and global practice. Thairgpai-mi

dustry in Russia is no exception, where robotization has begun to be used in road transport. The experience gained in
openpit coal mining of gently dipping deposits with the robotization of road transport at aKassia LLC allows

us to evaluaté¢he results and substantiate the rational parameters of this techr@hjggtives The study involves the
selection and substantiation of rational process parameters to increase the operational speed of robotic road transport in
openpit coal mining ofgently dipping depositdVlethods Applied. To carry out the study, the method of time studies,
analytical calculations, simulation modeling and a factor analysis is Gsegnality . Regarding the technology of

openpit coal mining of gently dipping depds;j five categories of the quality of the operating conditions of robotic road
transport are substantiated. The transition from the first category to the fifth one will increase the operating speed of
dump trucks up to 5 times and decrease cost of operayid.5 timesResult. Evaluation of the results of opgit coal

mining at a gently dipping deposit with robotization of road transport at SKikassia LLC made it possible te-r

veal that the values of efficiency indicators for the use of these madhthéeved during the pilot operation of robotic
vehicles were significantly lower than the target ones. The factor analysis has showed that the actual process operation
parameters of robotic road transport determined by foreign experience in miningtsieptissinking and mixed et
velopment systems do not achieve the target indicators for efficiency of using such machines for gently dipping depo
its. The justified parameters of the quality categories of the robotic road transport operating conditenslyalp-

ping deposits contribute to changes in the quality of operating conditions, an increase in the operational speed of such
road transport, and set the basis for achieving the values of all target indicators of efficiency of the technology being
madered.

Keywords:robotization, road transport, technology parameters, quality of operating conditions.
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Abstract It is well known that a crushing process is one of the most energy intensive technological processes in mineral
processing. The aim of this process is to achieve the required size of the processed raw material. The course of the
crushing process is characterized by the influence of a number of basic factors: multidimensionality, multigle conne
tions, nonlinearity, physal and mechanical properties of the mineral, shape and size of rock lumps, position of the
crushing material inside the crushing chamber, lumps movement speed, wear of a liner and elements of the crusher, as
well as design parameters of the crusher.cigfficy of the crushing process in the process flow of solid minepal pr
cessing is achieved by applying reasonable operation parameters of crushing equipment, ensuring the set performance
and particle size distribution of the crushed ore at minimum elggtdgonsumption. When processing minerals, the

size is often monitored between individual operati@isjective. The objective is to provide an innovative solution in
developing intelligent systems for automatic control, resulting in adaptive controhdiegen changes of the material

size distribution by making meas umMetmodsmAppdied.Metimodologyeo® t he
fuzzy logic theory and fuzzy sets was ugd@dginality. We made it possible to distinguish frame differences wideo

stream to detect defects and wear of a crusher IResult. The paper identifies an approach to monitoring tle di

charge slot width for crushing and milling complexes using intelligent control methods.
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stationary cone, movable crushing cone, mounted
on a shaft and supported by a spherical thrust
The technological steps in the processing obearing, drive mechanism. This type of crushers is
solid minerals have remained unchanged for-se used for materials with different physical an@é-m
eral decades. Crushing and grinding are energyhanical properties. Cone crushers do not need
intensive processes. According to UNESCQ@:; h feeders and eawork "under the hopper", i.e. with
manity spends up toi 3% of all energy generated the working space completely filled with orerae
on crushing and grinding [1]. For example, theing from the hopperKig. 1) [2, 3].
cost of crushing and grindingy the ore conae- When creating modern automatic controksy
trate cost reaches 40%. A large amount of ferus tems of cone crushers, one of the important factors
ing equipment is in operation in modern industrialin their development is the adoptionafeasonable
production. Cone crushers are the most commonlyfficiency criterion that reflects the objective laws of
used type of crushers for the medium (MCC) andhe crushing process. The application of reasonable
fine (FCC) crushing stages in the mining isthy.  criterion in realization of crushing process control
In scientific and technical literature the process ofnethod based on material particle size distribution
crushing rock in cone crushers, which takes placeontrol will provide increasdén productivity and
between stationary and rotating inner cone,és d reduction of energy consumption for crushingdh
scribed in detail and the main parts of these When considering this issue, the following-ci
crushers are: cylindrical body, mounted on a base&umstance should be taken into account. Crushing

Introduction
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equipment is operated in different branches,eher  The crushers are currently equipped with local
fore, in our opinion; there cannot bae generalized automated contradystems (ACS) for the main and
criterion of material crushing efficiency. So, for-e auxiliary drives. All of the automated controlssy
ample, the specific income E considering relativdems currently implemented in cone crushers can be
output of various commodity fractions of crusheddivided into two groups: throughput control systems
rock of various costs and most fully conforming toand gradient control systems. Grain size distribution
the enterprise purpose function aglole is accepp  control systems arbased on the Hydrocone dnus

ed for building branch as criterion of efficiency ofers from Sandvik Rock Processing. As an object of
process of crushing [7] automation a cone crusher can be represented as
follows (Fig. 2) [7].

The size of the crusher's discharge slot and the
rotation speed of the crushing cone are the most
common controlling influences in the ACS of the
: granulometric composition.

) In researches [7] the analysis of influence of
o speed of rotation of a cone on granulometric of
crushed product (crushed rock) is carried out. It is
established, that decrease in speedotdtion of a
: cone leads to decrease in productivity, and increase
s i slightly increases a output of fractiofiZ® mm
: ][ with simultaneous increase in a output of waste
(fraction @5 mm).
HD [ However, it should be noted that there is no-co

sensus about essentiafluence of the size ofn4
loading slot on granulometric composition.

Thus, the authors in [11] note that in cone
crushers of coarse crushing the possible deviations
Fig. 1. Medium cone crusher of the width of the discharge gap from the specified

o . lue, as rule, are ftimely elimied by the
Ldbs sdndOY HLse Jdt O M H %ﬁ;lir(%atésnan'*cg5 %é’r% n%qlc;muring preventive iospe

In [8i 10], in continuation of Z. Ganbaatars-r tjons. In addition, the change in the width of the-di
search, the author, after adjusting ahpting to charge gap on the grain size distribution duripg o
new conditions, especially the fine crushing proceseration is so small that its effect is negligible. This
in a closed cycle and reducing the size of thean be interpreted in different waysjnce the
crushed ore, adopted the "Productive grade yield" afaintenance and repair system (M&RS) has tnde
an efficiency criterion. gone significant changes in the plants.

Thickness Throughput Strength Cone abrasion

RN

Y1 5-10, mm
p——————
Y> 10-20, mm
Cone crusher p—————— ——
. - 2. . .
Discharge slot size, 4 L 2040 mmCrushing efficiency
criterion, £

Fig. 2. Cone crusher as an object of automatic control [7]
t dlssdzmMdz®@ dztt® ¢ OC Bl § &I @ lsidg ALY d JJ7M € ts
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The proportion of the crushed product fraction Materials and methods
changes due to a widening of the discharge gap
caused by abrasion of the liner mantle plates and ”t‘ﬁe
inside of the cones. Wear of the lindxas a signif

To dae, the particle size distribution control of
crushed product (hence the width of the crusher's

cant effect on the crusher's throughput capacit)gisfzharge sloy) i§ usually carried out more between
This ultimately determines the qualitative deteaior |nd|_V|duaI Operations on conveyors. A method of
tion of the granulometric composition of the crushe@Ptical control using optical analysers has been
rock. It should be noted that the labour and neaint KnOWn snce the miell960s. . )

nance costs of replacing the lindss costly. The In & number of publications the visiometric

analytical dependence which allows calculating th@&nalysis method for size distribution of crushing
width of the discharge sl@ o at a certain tim¢ Products is mentioned as a promising direction for

of the equipment operation is as follows [12]: the control of particle size distribution. In terms of
¢ ¢ technical implementation, visiom&tr monitoring
- T system includes illuminating device, video camera
AA(t) A ?(Al) dt 0‘(I’ﬁ) d and processor, etdzi@. 4) [16].

The laws studies of particle size distribution e, > 0 lc-=>| 10
formation in a closed cycle "crushingscreening" — [
have shown that an important factor in the process i 1 ! 2 A
the width of the crusher's discharge slot [13} | : :
creasing the discharge slot width naturally increase ; ,
the plus class output of the screening operatior | '
(Fig. 3). A

This conclusion is supported by other studies ] -
[14, 15], which point out that the granulomet  Q 5 OV
composition norcompliance of the crushed rock
with the required values is a determining indirect [ . :l
indicator of the need to stop the crusher for inspe

tion and repair.

Output of plus class, %
45

20 y = -0,0874x + 9,5495x - 65,387
RZ= 0,305
35 ®
30 o ° .
25 L4 ]
. hd ]
* . ° L4 o e *
15 e . ]
LI S ° . b L ]
10 o H 1 4 .
e 0
5 $ Fig. 4. Schematic diagram and general view of the
0 Granix visiometric analysis unit [16]:
3 85 9 95 10 10,5 1, 2 are crushers3, 4 arescreens;
Discharge slot width in mm 5 is a conveyor; 6 is a drum mill; 7, 8 are video
. _ _ imagers; 9 is a processor; 10 is a server
Fig. 3. Dependencéeetweertheyield of theoversize tduen jBO d BN Jd2 odH EkfMilsOdasse ¢
productsard the dischargeslot width MCtsets OdzOdzdL O ¢ i Het©sE( - drced ;[ 1
of the KMD -3000T2-DP crusheraccording 4ictetsn SiIsCri5dzo5] 3 g ®tc OB O dzdzO W
to the commondataarray[13] Bj dz2 ddi@MsEs28lsoa O Mmi-j BO od

. o)) sMis! " ABHO dOHK] " kl® 174 j ©
tOI’Rnisls ﬂfgctfsz’sdzfp tOL ezl Bydzts 2 %Jﬁq@%?ﬁ%%&%%mﬁfﬁbt@Sl
s[r3000Qu2 5 BN j B d&OMMJlB the development of furtheesearch, theer

HOdzdz' = [ 13] search team under the leadership of Professor
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V.V. Morozov (MISIS) created an improved system Findings and disussion
and methodology for assessing the grade of cepper
molybdenum ore based on the results of its opticadr
characteristics measurements using moddgo-a
rithms of colour image recognition.

The idea of assessing the condition of thettrus
liner mantle is based on research to establish
quality indicators of materials, products and stru
) _ L _ . tures in industrial safety [19], namely the quality
From our point of view, promising solutions in ;ccassment of concrete samples.
the area of unloading slot width monitoring are: Thus, we propse the following: continuous min
- the p055|plllty of using video endqscoplctoring the condition of the lining mantle using a video
equipment. The idea of using the endoscopiC SUNVeyLqascope; data consolidation about the strength cha
method is not new in prifge. The endosCOPI®F  ,cteristics of the mantle material and dynamic ahara
s_earch method Qf disintegration of intracircuitsma tgristics (change in continuity over time) accompan
sif of mine workings was offered by VNIMI at the jng the nantle destruction; visual analysis of mantle

beginning in 1970s of the XX century. Currently, jegtryction, using the results of video strearo- pr

Partner" explosiomrotected video redoscope. The
video endoscope together with other means of mi ideo
ing control allows optimisation of productiongpr endoscope
cesses and saves time for surveyors and geologists
Industrial video endoscopes are successfull
used to identify surface defects in lining mantl :l >
Visual monitoring of any point in the working area T e \
of a cone crusher is carried out through the proces

openingsig. 5);
- ultrasonicmethod In order to establish theca

tual values of the lining mantle, an ultrasonic khic
ness gauge can be used, whias an alphanumeric .
data logger and a colour transflective display,vedlo Fig. 6. CCTV monitoring of the crusher liner condition
ing the inspection results to be displayed as a cross d- B¢ = j 30 o dH j 5dz0B d*dyfglzd ™ L O
sectional view. The ultrasonic method also makes it ~ * 254 ©52 BUdE? sEEdd HBEB
possible to detect latent defectdhe presence of The camera is statically installed in the process
defective cracks thatun along the entire depth of opening.
the lining mantle [14, 17, 18]. First step: the camera takes a picture of the li
ing mantle when it is in perfect condition, i.e. hwit
out any damage. This picture will hereinafter be r
ferred toas Photo 0.

Second step: at certain time intervals, e.g. every
3 days, the camera takes pictures of the lining-ma
tle (Photo_1, Photo_2, etc.).

The third step: a program is created which:

1) converts the photos to black and white- fo
mat. This is necessartp highlight defects in the
photos;

2) compares the photos obtained later witb-Ph
to_0 and determines the differences between the
photos;

3) determines degree of differences between
photos by a percentage, i.e. 30%egree of diffe

cone
mantle

closed
position

open position

trajectory of the
unclamped piece

Fig. 5. Liner surfacedamageassessmenising ences is small; 50%differences are present; 75%
aVldeoengSCOD‘{ElZ] , . degree of differences is Eigh;_ W
td®Bf yd dt O ©OL B L0 o] n dzts i)%%e%%stfsogtdeaz% a file for further

Whklsjteso sydets?2 Btetsded f d
9odHj BBl dzHtsME s O [ 12] B]rgcessmg.
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Step four: a second programme is created whials carried out in several stages. To synthesize FR
reads the data from the file and, using a {ifugard let's define te main fuzzy variables, define their
and LEDs, sends a signal aatiog to the percentage. termmenu and set the membership functions for

In order to be able to realise an ACS for outpueach terrrmenu of fuzzy variables. There are two
slot control, information on the material flow both control signals on FR inputstate of lining mantle
into and out of the crusher is required. This info and output of class larger than required maximum
mation is usually contradictory and uncertainpiece, and width ofnloading slot on output acabr
Therefore from our point of view is reasonable to ingly.
apply fuzzy control methods. Since the basic prov  Experts were involved for phase identification.
sions of fuzzy sets and fuzzy logic theory are set olBy expert methods, the ternumbers and membe
in detail enough in the scientific and technical &ter ship functions of all linguistic variables are dete
ture, then let's turn directly to the practical use sidenined (Table).
of fuzzy control méhods for the developed ACS for Fig. 7 shows a graphical representation of the
crusher type FCQ750GkC [20-22]. In our case as membershigunctions MFs) of the input fuzzy va
a regulator of width of a discharge gap it is justifiedables using the MatLab environment of the Fuzzy
to apply the fuzzy regulator (FR). Adjustment of FRLogic package.

T able. Formalisation of fuzzy linguistic variables
vO0BdABOABOMdL OydYwy dzj uilsSdr dddzcodmisdyd MSdr ¢4 tej d3d deder n

Name - The area of the tern
of the fuzzy variable Definition area Term sets set definition
Input linguistic variables

<Normal>=N [120;8Q

<status of lining ma- [120:2] <Satisfactory>=S [85:4

tle>, mm ’ — '
<Critical>=C [45;2Q
<Normal> (plus class output)=NPCO [0;10]

< class output larger : '

than the required nxa [0:50 <Satisfactory>=SPCO [5;15]

imum piece>, (%) <Unsatisfactory>=No#CO [14:50]

Output linguistic variable
<Normal>=N (Discharge gap according to [10:17
. crusher manufacturer's product catalogue) '

<discharge slot [9:20] <Enhanced>=U

width>, mm ! - [15;20
<Critically increased>=CU [20:25

K u N‘ N 8 u
1 1
60 70 L“ I 1:‘::; 1 ;:: 1::; : 0 ‘ WIC. 15 0 5
input variable "armor__status” input variable "class___output”
a b
Fig. 7. Term set of input parameters: a is a liner condition; b is yield of the size coarser than a required maximum piece
t du j togelzts y j fhldsoHtslzr on O teiGrdsjindstdstsedzd jO W 2 15§ teitee’ tsmusiats 2¢ deQdnispia ; € @iz f

U
ktejBLj Bscts &OSHdEOd dscs Sizmo
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Fuzzy logic inference rules are also drawn from
experts, in our case they are of the following form:

R.: if the condition of the lining mantle 15"
and the class yield is larger than the requiredxma
imum piece N" then the width of the discharge slot
"N

R.: if the state of the lining mantle i§"and the
class yield is larger than the required maximum
piece 'N", and then the dischge slot width is én-
larged'. 5.

A set of fuzzy logic inference rules is alguo-i
plemented using this software package.

3.

Directions for further research

Implementation of ACS for controlling thesdi g
charge slot width in cone crushers in MatLab using
the Simulinkapplication.

Conclusions 7

To date, the absence of automated grit size co
trol systems on cone crushers of fine crushing in
domestic production, in particular, crushers of PJSC
"Uralmashzavod", has a negative impact on their
competitiveness in comparison ttvitheir foreign
analogues. Therefore, the implementation of thg,
proposed approach will significantly increase the
consistency of particle size distribution at the outlet
of the crusher and reduce energy consumption for
crushing, which increases signifitgn when the
average particle size increases after crushing.

Among the supposed difficulties which cap-a
pear at realization of the offered approach is akwor
ing zone dustiness of a cone crusher and, acaprdin
ly, application necessity of either specialle® sg- ¢
tems, or techniques of dust suppression, for example
irrigation of crushed ore on an exit from the crusher.
It should also be noted that the use of hydraudic a
tuators for adjustment of the outlet slot, with all its
advantages, namely the accurad¢yregulation and

shopf. Magnitogorsk: Nosov Magnitogorsk State fiec
nical University, 201568 p. (In Russ.)

Klushantsev B.V., Kosarev A.l., Muizemnek Yu.A.
Drobilki. Konstruktsiya, raschet, osobennosti elspl
atatsi [Crushers. Design, calculation, operatiora-fe
tures]. Moscow: Mechanical engineering, 1990, 320 p.
(In Russ.)

4. Marinich L.A., Savitsky A.l. A distributed automatic

control system for ore preparation based on industrial
controllers. Vestnik IrGTU [Bulletin of Irkutsk State
Technical Universityy 2013, no. 4, pp. 229. (In Russ.)
Petrovich S.I., Mukusheva A.S., Stukalova N.Ga-+fe
tures of developingand implementing mathematical
models to control mining and processing of muitieo
ponent ores. Gorny informatsnnceanaliticheskiy
byulleten[Mining Informational and Analytical Bud+

tin], 2002, no. 3, pp. 22231. (In Russ.)

. Suetina T.A., Kochetkov A.V., Tolmachev A.G. et al.

Features of automatic control of primary crushiersr-
netzhurnal NaukovedenigNaukovelenie Internet jau
nal], 2015, vol. 7, no. 5, p@i 11. (In Russ.)

. llyukhin A.V., Kolbasin A.M., Marsov V.l. Ma-

tematicheskoe  opisanie  obektov  avtomatizatsii
stroitelnogo proizvodstva: uchebnoe posdiiemathe-
matical description of automation objects ohsinic-
tion: textbook]. Moscow:Moscow Automobile and
Road Construction State Technical Univer¢MADI ),
2016, 104 p. (In Russ.)

Ganbaatar Z., Delgerbat L. Results of the development
and implementation of an automatgenttechnological
control system fo the operation of crusher KMD
3000T2 DP. Novye resheniya v tekhnike i tekhnologii
dobychi i pererabotki rud: sb. dokl. Mezhdunar. nauch.
prakt. konf[New solutions in machinery and technology
applied for ore mining and processing: collection of the
repats presented at the International Scientific and-Pra
tical Conference], i® Oct. 2002, Erdenepp. 255 29.

(In Russ.)

Ganbaatar Z., Delgerbat L., Duda A.M. etGdntrolling
enrichment of coppemnolybdenum ores based on an i
tegrated radiometric analgsof ore.Materialy mezhd-
narodnoy konferentsii Plaksinskie chtenjifaoceedings

of the international conference Plaksin Readings]aYek
terinburg, 2011, pp. 11821. (In Russ.)

high developed forces, may cause contamination df:Ganbaatar Z., Zimin A.V., Solovyova L.M. et ain

hydraulic cylinders due to, again, the dustiness of
the crusher's working space. However, this problem
can be solved by the use of various protective ga
kets and by removing the hydrauligliaders from
the working area.
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OPTIMIZATION OF UNDE RGROUND GEOTECHNOLOGY
PARAMETERS FOR THE M INING OF UNDER -PIT RESERVES OF ORE
DEPOSITS BY THE METH OD OF ECONOMIC AND M ATHEMATICAL
MODELING

Antipin Yu.G., Baranovsky K.V., Rozhkov A.A., Nikitin I.V., Solomein Yu.M.
Institute of Mining Ural Branch of Russian Academy of &cies, Yekaterinburg, Russia

Abstract. The relevance of the researchSince the transition from opeqgit to underground mining is usually chara

terized by a significant decrease of mining enterprise efficiency, a very urgent scientific and technicab st and

justify an underground geotechnology for mining ungierreserves, which allows minimizing economic damage in the
transition periodObjectives. Substantiation of the parameters of underground geotechnology, taking into acasunt ge
logical andmining factors that affect the efficiency of the mining during the transition from-pjpenining in difficult
economic conditions and the tightening of environmental safety requirervegttsods. An economic and matheniat

cal modeling tool was used tamilate the process of mining the transitional zone of an ore deposit, to investigate the
functioning of individual technological processes and to predict the technical and economic indicators of underground
geotechnologyResults. The influence of the levédheight on the ore extraction indicators was studied for varipus o

tions for mining systems. In order to improve ore extraction and preserve the surface, a variantlefel spien stp-

ing with dry stowing and an ascending order of extraction of upileeserves has been developed. The dependences

of the influence of the level height in the transition zone, which varies in the range from 40 to 100 m, and the produ
tion capacity of the enterprise in the transition period, which varies from 0.8 toilkoh ions per year on the main
technical and economic indicators of the mining of uflereserves are establishégbnclusions.It has been dete

mined that the proposed technology, in comparison with the traditional one, is much more efficiens iof tersses,

dilution and the cost of ore extraction, despite the worse labor productivity in the main processes of mining. The best
technical and economic indicators are achieved with a level height of 40 m and a mine production capacity-of 1.6 mi
lion tons per year.

Keywords:underpit reserves, mining system, technical and economic indicators, level height, production capacity, cost
of ore mining.
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REDUCING THE EFFECT OF STOPING ON THE BUMP HAZARDOUS
MASSIF USING THE BLA ST-FREE TECHNOLOGY, WHE N DEVELOPING
THE NORTH URALS BAUX ITE DEPOSITS

Kholmskiy A.V., Fomin S.1.
Saint Petersburg Mining University, Saint Petersburg, Russia

Abstract. Relevance.The North Urals bauxite deposits are a main source of high quality aluminum raw materials in
Russia. These deposits are mined since the 1970s and now mining opératmneached the level deeper than 1 km.

The North Urals bauxite deposits are characterized by difficult mining and geological conditions. It is particularly i
portant to mention the rock burst hazard, increasing with depth. Within 15 yealhod®GJralsBauxite Mine intends

to increase production capacity of mines, including by applying high performance mining process flows. The existing
mining processes do not provide for the required increase in production capacity without prejudicing safety of stoping
operations. One of the factors is the effect of stoping on the bump hazardous massif. Thse@fcnrag and providing

the rationale for process solutions on reducing the effect of stopitigedrump hazardous massif is currently relevant

for mining séence Methods Applied. When conducting the studies, we used such methods as a statistical analysis, a
comparative analysis, determination of the breakage parameters, influencing the bump hazardouSrigagify.
Originality is that the radically netechnology is proposed for mining the North Urals bauxite deposits. The daid tec
nology contributes to decreasing the effect of stoping on the bump hazardous massif and increasing performance of a
mining block.Results The paper describes the relatiomvieen the breakage parameters and abutment pressure on the
selvedge of the massif. It was concluded that breakage of chamber reserves with hydraulic breakidostat Wals

bauxite deposits reduced the effect of stoping on the bump hazardous Rrasgital RelevanceThe proposed blast

free technology of mining of the North Urals bauxite deposits provides for increased production capacity, decreased
mining cost and differs from the applicable process flows in having comparatively less effect amthédrzardous

massif.

Keywords:underground mining, difficult mining and geological conditions, biest technology, hydraulic breaker,
mechanical breakage.
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MATERIAL COMPOSITION OF SLAGS FROM THE FERROTUNGST EN
PRODUCTION PROCESS AT THE KLYUCHEVSKOY PLANT
(THE MIDDLE URALS)

Erokhin Yu.V., Ponomarev V.S.
Zavaritsky Institute of Geology and Geochemistry, Ural Branch of RAS, Yekaterinburg, Russia

Abstract. Problem Statement (Relevance)The Ural region isa metallurgical center of Russia more than 300 years,

and for such a long period a large amount of smeade waste (slag) has accumulated here. The study on the material
composition of the slags is a relevant task, since before you dispose of them you need to understand what kind of a mi
eral composition we are dealing with. Many slags are potential oresahéebe further processed; soofethemare
technologyrelated refractories, et@bjectives. The research is aimed at studying the material (mineral) composition of
slags from the Klyuchevskoy Ferroalloy Plant formed as a result of ferrotungsten pyodMethods Applied. The
chemical composition of roeforming and ore minerals of the slag was determined with a CAMECA SX 100 electron
probe microanalyzer with five wave spectrometers [tistitute of Geology and Geochemisttlge Ural Branch of the
Russan Academy of Sciences, Yekaterinburg). To analyze it, we used polished petrographic thin sections cut from
pieces of slagOriginality . The material composition of the slags was studied from the point of view of conventional
mineralogy, using the modemandatory nomenclature of the International Mineralogical Associdgesult. For the

first time, the mineralogy of ferrotungsten slags produced at the Klyuchevskoy Metallurgical Plant was studied. It has
been established that they are composed of anflapenitespinel aggregate with a significant content of fluorite and

the presence of cuspidine, fluorkyuygenite, and metaM(Faloy and F@N, intermetallic compound). These slags are
waste products of ferrotungsten production, and the temperatureirofotimeation is apparently estimated withinrna

row limits of 13601 4 6 OPkaCtical RelevanceThe slags under study can be used for additional processing, because
rock-forming spinel is a good abrasive material, and ferrotungsten aspeoyct (it is esily producedby magnetic
separation) can be further used as alloying additions to steels.

Keywords:fluormayenite, spinel, fluorite, cuspidine, mineralogy, slags, Klyuchevskoy Ferroalloy Plant.
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Fig. 1. Slag from the Klyuchevskoy Plant with large Fig. 2. Fluormayenite (Fmn), fluorkyuygenite (Fkg),
crystals of fluormayenite (Fmn) and spinel (Sp). spinel (Sp), and fluorite (FI) in a slag matrix.

Photoof thethin section without analyzer BSEimage CAMECA SX 100
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Fig. 3. Slag from a lower part of blocks with abundant Fig. 4. Ferrotungsten (Me), fluorkyuygenite (Fkg),
spinel (Sp) and rare fluormayenite (Fmn) grains. and cuspidine (Cus) in an aggregate
Photo of the thin section, without analyzer, of fluormayenite (Fm) and spinel (Sp).
field size of 1.5 m BSEimage CAMECA SX 100
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Table 1. Chemical composition of fluormayenite from slag from the Klyuchevskoy Plant, wt. %

édti(%‘zotf sio, | AL0, | Mgo | cao F cl | -0 F| -O0I GI| ukbkdkd
1 0,10 | 49,98 | 054 | 47,92 | 2,68 | 022 | 113 | -0,05 100,26
2 0,12 | 50,00 | 050 | 48,17 | 2,76 | 0,26 | -1,16 | -0,06 100,59
3 0,18 | 50,25 | 0,46 | 47,96 | 2,74 | 0,03 | 1,15 | -0,01 100,45
4 0,14 | 50,29 | 0,42 | 48,00 | 2,68 | 0,06 | -1,13 | -0,01 100,43
5 0,11 | 50,18 | 046 | 47,89 | 2,74 | 0,11 | -1,15 | -0,03 100,31

SEqhsOddsn dBdu) MC OV ¥ sedr 0 » ©OMuj k] d
(Cauz.00MI90.10)12.14Al 13.78i0.02)13.74052N 3.9 F1.96Clo.092.01
(Cau2.0MJo.1012.14Al 13.7:Si0.0913. 7052 N 3.64F20:Clo.102.1d
(Cau1.09M190.12)12.14(Al 13.85i0.00)13.8052N 3.94F2.0Clo.092.0d
(Cauz.0MJ0.1012.14A 13.855i0.09)13.8052N 2.00F1.9eClo.02)2.0d
(Cau1.08M190.12)12.1dAl 13.8:Si0.09)13.8052N 3.94F2.0LClo.092.0d
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AN EXAMPLE OF A MINI' -PLANT USING SECONDARY STEEL
AS A RAW MATERIAL

Ishmetev M.E., Nazarov D.A., Levandovskiy S.A., Moller A.B., Tulupov O.N.
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia

Abstract. Relevance Today, despite the slowdown in the consumption growth per year, the ideas of a metallurgical
mini-plant continue their developme@bjective. The research is aimed at developing the concept of the metallurgical
mini-plant using secondary steel asaavrmaterial Methods Applied. The paper presents an overview of the state of
mini-plants in the Russian Federation and in the world, as well as the classification of these factories. The r@search pr
vides for development of the idea for the mtént. Inthe course of the research, it was decided to choose used rails as
raw materials, and the products would include reinforcing steel and/or grinding balls. The manufacturing process under
consideration included the following operations: heating rails failieg, rerolling rails into a billet and rolling billets

into finished products. Several heating types were analyzed, and the most favorable one was selected subject to the cr
teria. A process flow chart was developed for such heating type, indicatispeittal features. Rerolling was cahsi

ered with a process of rail separation into 2 or 3 parts. There was a schedule of the rolling mill section, its composition
and technical characteristid?esult. The data were used to design a preliminary equipnagout at the industrial site

for the specified minplant. Practical RelevanceThe resulting production line is highly environmentally friendlg; b

cause electric current from hydroelectric power stations is used as a main source of energy, and tbgytedse!

ondary scrap remelting is not used. The developed technology has a favorable prospect of implementation in the current
economic conditions, especially for areas with many railroad tracks.

Keywords:reinforcing steel, secondary steel, inductioathr, grinding balls, minplant, rolling, rail steel, used rails.
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INFLUENCE OF THE STR ESSSTRAIN STATE OF AN ELASTIC -
DISSIPATIVE SUBSTRAT E ON IMPACT -ABRASIVE WEAR RESIST ANCE
OF HOT-STAMPED POWDER STRUCTURAL STEELS

Sirotin P.V., Gasanov B.G', Ismailov M.A.}, Drobyazko N.A?

!Platov SoutkRussian State Polytechnic University (NPI), Novocherkassk, Russia
?Bauman Moscow State Technical University, Moscow, Russia

Abstract. Problem Statement (Relevance)Due to the need to develop new weasidant structural materials, indu

ing by methods of powder metallurgy, resistant to impact and abrasive wear, and manufacturing technology for parts of
drilling pumps.Methods Applied. To prepare an analytical description of rheology of the mechanical mbtiting
structural materials for impact and abrasive wear resistance, the authors used the law of conservation of energy or work
balance and the principle of superposition based on the assessment of total deformation. Impact and abrasive wear r
sistane was evaluated on a specially designed installation with continuous supply of powdered electrocorundum. To
determine the experimental stretmin state, an elastdissipative substrate was deposited at a load of 300 N on a
stand designed for static teg of multilayer materials. The ANSYS Mechanical software suite was also used to study
the stressstrain state of the cylindrical samples with the eladissipative substrate. An-¥y microanalysis was ca

ried out in the Resource Sharing Center oftB&ussian State Polytechnic University (NPI), applying a Quanta 200
scanning electron microscope with a resolution of 5 nm with an EDAX GENES#y Xicroanalyzer equipped with a
computer and appropriate softwaResults and scientific importance It is established that during impaabrasive

testing of structural steel P40Kh produced by hot stamping of porous sintered blanks, using a rubbdissipatize
substrate, the amount of absorbed energy depends not only on the physical and mechanitat pbpe elastic
dissipative substrate, but also on its geometric parameters. It has been experimentally shown that at the same height of
the rubber elastidissipative substrate with a hole, the dissipation behaviour, and, respectively,-abesite wear
resistance of the tested material isi 2.5imes greater than when using the elagiésipative substrate without a hole.
Practical Relevance The paper proposes a method for determining the sitesis state of the rubber elastic
dissipative su$trate, when testing structural materials for impact and abrasive wear resistance, and shows the effect of
intensity of stresses and deformations on dissipation. The mechanism of destruction of the powder samplersurface du
ing impactabrasive wear is revisml. The paper shows the influence of a chemical composition of abrasive particles on
the destruction mechanism of the surface of powder steels at the initial stage of testing and in tretasteasdar

mode.

Keywords:stressstrain state, dissipative Isstrate, impaetbrasive wear resistance, fsthmped powder steel.
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elasticdissipativesubstrate layer: characteristics on the wear rate ofilstamped steel
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2 is the elastidlissipative substrate without a hole;
3 is the elastidlissipative substrate with a hole
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RESEARCH ON THE ADHE SION OF ANTIFRICTION COMPOSITE
DOUBLE-LAYER CORROSION -RESISTANT NICKEL -PHOSPHOROUS
COATINGS MODIFIED WI TH MoS;,

Shcherbakov I.N1, Gasanov B.G

'Don State Technical University, Roston-Don, Russia
2SouthRussian State Polytechnic University (NPI), Novocherkassk, Russia

Abstract.Relevance The paper provides the rationale for creating doidler composite antifriction modified nickel
phosphorus coatings produced by a chemical deposition on the samples from structunisatadde steeldMethods
Applied. Molybdenum disulfide was chas@as a modifier, which can be introduced into the coating matrix of both the
first and second layers. The paper describes technological features of the deposition ohddifiSd nicket
phosphorus coatings on products made of P40 and P40Kh powderastegispposes schemes for a possible distrib

tion of the modifier in the coating. To test the adhesion of nipkekphorus coatings, the authors used the methods
applied for antifriction coatings on products made of steels and alloys with a thickneseof 8r lessOriginality.

The paper shows the kinetic features of shaping the structure of-pludgbhorus coatings modified with molybdenum
disulfide and efficiency of applying a second layer based on aluminum and chromium phosphate onto them Hy chemica
deposition. It has been established that the modifier should be introduced into the solution for chemical desition 2
minutes after the start of nickel plating in order to increase adhesion to thé&kbastis. The experimental studies are
presentedo evaluate the adhesion of nickgiosphorus coatings modified with MoS he paper shows efficiency of

the proposed method of applying douldger composite coatings on products made of-treatable sintered and hot
stamped powder steelBractical Rdevance Based on the experimental studies, the authors proposed technological
options to produce composite coatings with different positions of the modifier, improving the functional properties of
structural powder steels, widely used in mechanical eagimgfor manufacturing parts of various configurations.

Keywords: composite coating, powder steel, adhesion, modifier, binder, mticdphorus, molybdenum disulfide,
corrosion resistance, friction coefficient.
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Fig. 1. Formation of NiP coatings modified with MgSa is after deposition in a solution containing MoS
B is after deposition in two solutions: without Md®r 55 min and further with MoSor 5 min;

9 is the saméor 5 and 55 minutessis after deposition at the beginning and at the end in a solution with MoS
for 5 min, and in a solution without Me$®r 50 min
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deposition in two solutions: without Mg®r 55 min and further with MoSor 5 min;e is the same for 5

and 55 minutesgis after deposition at the beginning and at the end in a solution with fdiosmin,
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PROMISING METHODS FO R LOCAL ION NITRIDIN G OF STEELS

Khusainov Yu.G.
Ufa State Aviation Technical University, Ufa, Russia

Abstract. The paper describes studies bree proposed prasing methods for local ion nitriding of steels of a wide

class: 16Kh3NVFMBSh, 38KhMYuA, R6M5, 12Kh18N10T and 13Kh11N2V2hgh, to create diffusion layers with
different thickness and mechanical properties on the treated surface in one vacuum cyctst ite¢hidd is based on
creating highdensity plasma on sections of parts, using the effect of a hollow cathode. The second method proposes the
creation of highly ionized glow discharge plasma, using crossed electric and magnetic fields on the localdfection
parts. Increase in diffusion layer thickness in local areas during ion nitriding is attributed to an increase in the conce
tration gradient of a saturating element in the chamber formed by a hollow cathode or crossed electric and magnetic
fields. Thethird method is implemented by refining a material structure by plastic deformation methods befare the n
triding process on the areas of higlear parts. As a result of such structure refinement, local areas of machine parts and
mechanisms show intensifiadiffusion processes and formed weasistant hardened layers. The paper presents r
search on microstructures of steels after local ion nitriding with the proposed methods, and microhardness measur
ments of the hardened layer on the various treated drdéms been found that during ion nitriding with a hollowheat

ode or in crossed electric and magnetic fields, using-tiégisity glow discharge plasma, the local area of the part
shows the formation of a diffusion layer, which i25 times larger thanuting classical ion nitriding. lon nitriding of

parts with a preliminary refinement of the material structure with plastic deformation methods before the diffusion sat
ration process contributes to forming in individual sections of the part diffusiors|aybich are ~ 2 times thicker than

the relevant indicator, achieved during nitriding of parts with an unchanged structure. The methods under study will
provide for processing healgaded parts of machines and mechanisms, operating under local weaposndit

Keywords:local ion nitriding, glow discharge, hollow cathode effect, crossed electric and magnetic fields, steel, stru
ture, microhardness, hardened layer.
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STUDY ON THE INFLUEN CE OF ACCELERATED CO OLING MODES ON
THE STRUCTURE FORMAT ION AND PROPERTIES OF COILS

Poletskov P.P., Alekseev D.Yu., Kuznetsova A.S., Gulin A.E., Emaleeva D.G.
Nosov Magnitogorsk State Technical University, Magnitogorsk, lBuss

Abstract. Problem Statement Relevance).The paper substantiates the relevance of studying the influence ofraccele

ated cooling modes on the structure formation and properties of@gettive. Study on the influence of end tempe

ature of acceleratedooling on the microstructure and properties of-lley steel coilsMethods Applied. The k-

boratory complex LLC Engineering Center TermodefeRiviISTU was used to carry out the physical modeling and

study on the processes of melting and thermomechanézment of steel of a chemical composition (DME5)CT
(0.10'0.50)Si7 (0.7i 1.65)Mn, alloyed with Cr, Ni, Cu and Mo. The authors applied 6 modes of thermomechanical
treatment of the laboratory samples, differing in the end temperatures of accetemiegl in the range of 456 5 0 A C .
Tensile tests were carried out, applying a universal testing machindCAGO0 by Shimadzu, as well as ZWICK

Z2000 series by Zwick GmbH & Co. A complex of metallographic studies was performed using a Meiji Techno optical
microscope, using a Thixomet PRO computer image analysis system. The microstructure was studied by scanning ele
tron microscopy, using JEOL JSB#90LV. Results.It is shown that relatively high temperatures at the end of aecele
ated cool i n dute(tosfEming@ struatuoenconsisting of globular bainite with a second phase of ferrite of
different morphology. Such a structure ensures the lowest yield strength of steel. Temperatures in the rafige of 550
600AC are opti mal f odling, tetseringethe dormation oé graine ¢f adicalar kathite @ndhan i

crease in strength, while maintaining the plastic characteristics of steel. A decrease in the temperature at the end of a
celerated cooling to 450AC niargas ith a martensitio peanponentdshdwimg it he f
creased hardness. This causes a further increase in strength with a simultaneous decrease in plasticity of the laboratory
samples of rolled products.

Keywords:steel, coils, controlled rolling, acceleratealiing, microstructure, mechanical properties.

The research was carried out at Nosov Magnitogorsk State Technical University and funded by the Ministry of
Education and Science of Russia as part of running an integrated project, aimed at developiteghhjgloduction,
together with a higher educational institution (Agreement No-1#3021-063 dated June 25, 2021). Adishchev P.G.,

a postgraduate student of grofipy @1-2 of NMSTU, took part in the research.
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FEATURES OF STRUCTURAL PHASE AND MORPHOL OGICAL
CHANGES OF THE SURFACE OF PTFE-BASED TOPOCOMPOSITES
EXPOSED TO ION-PLASMA AND LASER IMPACT

Teploukhov A.A.%, Poleshchenko K.N, Nesov S.N, Semenyuk N.A!, Seropyan G.M?, Sychev S.A,
Lasitsa A.M., Churankin V.G.*

'Omsk State Technical University, Omsk, Russia
“Siberian State Automobile and Highway University, Omsk, Russia
3Dostoevsky Omsk State Urrsity, Omsk, Russia

Abstract. Problem Statement (Relevance)The development of modern technologies sets new and highererequir
ments for physical and mechanical properties of polymer composite materials that are widely used in the nodes of tr
bosystemsThis determines relevance of the task of creating new tribotechnical polymer topocomposites with high
physical, mechanical and tribotechnical propertidswever, the production of metallized coatings on the surface of
polytetrafluoroethyleneequires thestudy of physical phenomena and processes, accompanying the energy effect on the
polymer material. The main aim is to study the features of structural phase transformations of the surface and near
surface layers, as well as the evolution of morphologythedomposition of nanostructured PFb&sed topocongp

sites under iofplasma and laser treatmektethods Applied.To solve this problem, a molybdenum layer was déposi

ed on the polymer surface by magnetron sputtering followed by laser trea®@rigimali ty. Structural phase and mo
phological aspects were originally studied in the formation of topocomposites based on polytetrafluoroethylene under
various conditions of laser exposulis established that laser exposure on the molybdenum film resultshange in

the ratio of concentrations of the surface elemental composition, entailing a lower ratio of the number of molybdenum
and oxygen atoms. The analysis of the chemical composition of the molybdenum film showed the presence of metallic
molybdenum, ralybdenum (1) oxide and molybdenum (lII) oxidéhas been found that with an increase in the energy
density of laser radiation, the fraction of higher molybdenum oxide MoChe surface increasd®esult. The evol-

tion of surface morphology and chasga the structural phase state of rgarface layers were studied. The effects of

laser exposure associated with the formation of crystalline particles were estal¥isdwittal Relevance.The fa-

mation of molybdenum oxides in the coating composit®a ipositive factor that improves the antifriction properties

and working capacity of the megablymer tribosystems.

Keywords: polytetrafluoroethylene, morphology, structural phase state, nanostructured topocomposidssnian
sputtering, laser implaation.
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IMPROVING THE TE CHNOLOGY OF THE LAYER -BY-LAYER
FORMATION OF NANOSTRUCTURED TOPOCOMPOSITES
BY ION-VACUUM TREATMENT METHODS BASED

ON A STRUCTURAL -THERMODYNAMIC APPROACH

Korotaev D.N.}, Tarasov E.E?, Poleshchenko K.N¢, Teploukhov A.A%, Semenyuk N.A?, Orlov P.V.2,
Churankin V.G.* Lasitsa A.M.*

Sergo OrdzhonikidzRussian State University for Geological Prospecting, Moscow, Russia
2Progress Federal Research and Production Center, Omsk, Russia

3Siberian State Automobile and Highway University, Omsk, Russia

*Omsk State &chnical University, Omsk, Russia

Abstract. Problem Statement (Relevance)The paper is relevant because it presents the development of a tirermod
namic approach to managing the processes of the structural modification of surface snafaeardayers durg the
formation of nanostructured topocomposites. The main problem is the need for developing theoretical apgroaches a
plied to get a target control over the laymrlayer ionvacuum modifying processing, when creating nanostructured
topocompositesMethods Applied The ideas of the structurtlermodynamic approach developed by the authors to

the analysis of plasma processes are a theoretical basis of the study. Experimental results were obtained using methods
of ion-plasma and iofbeam processing, asel as ion assistance with cascade cross effect. To apply an intermediate
oxidized layer, the authors used such surface chemical modification methods as oxidation and passivation. We also used
the methods of electron microscopy, probe microscopy, anccbdesting of the samples to study the morphology and
adhesive properties of the coatimgerfacebase system®riginality . We have developed a structural thermodynamic
model that reveals the nature of modification effects in the coaitegfacebase gstem at the micrg submicre and
nanostructural levels caused by -plasma flows. The connection between thermodynamic parameters and teehnolog
cal modes of iotvacuum treatment has been established to control the processes of the structural modifisatio

face and neasurface layers. The formation of quasave multimodal nanostructures was deteckekult The the-
modynamic analysis of the structural modification showed that the formation of the gradient structure of topocomp
sites was determindal activation structural processes and controlled by the density of the energy flow and the reaction
of the material to it, and dissipative ones by the intensity of energy and mass transfer in the modified surfawa-of the
terial. The defining charactetis of forming the type of structurglhase states and their extent (depth) in the-coa
ing-interfacebase system is energy imbalance between activation processes determined by a degrescafiion

effect and dissipative phenomena of structural relaxatfotihe base materiaPractical Relevance The results of

the structural and thermodynamic analysis of modification processes allow us to purposefully form various types of
gradient topocomposites with a given structure and composition of coatingsadetenid neasurface layers of the

base material.

Keywords:structuralthermodynamic approach, modification effects,-gasma treatment, coativigterfacebase sg-
tem, gradient topocomposites, degree ofvanuum effect.

For citation

Korotaev D.N., Tarsov E.E., Poleshchenko K.N., Teploukhov A.A., Semenyuk N.A., Orlov P.V., Churankin V.G.,
Lasitsa A.M. Improving the Technology of the LaymrLayer Formation of Nanostructured Topocomposites by lon
Vacuum Treatment Methods Based on a Strucflil@rmodynanic Approach Vestnik Magnitogorskogo Gosuda
stvennogo Tekhnicheskogo Universiteta im. G.I. Nofdeatnik of Nosov Magnitogorsk State Technical University].
2022, vol. 20, no. 2, pf.07i 119 https//doi.org/10.18503/1998732202220-2-107-119

R COMEEL 6O s8¢ d d fsdlzwu, dedw

o d Wd CLOH],) dsdy & O jAe]d.0dAKR s ( 55
I BLEOMSOs h ] Istej Bt Odadise B dzts ) pEBMbsd b ts L s s dzts ks
ZOHY 3 dzgsfisd Isj-dzd ud MC P~ disdifsls 3 MOdE] c @ada, o M j o
Bsydrs BcOdese Mmistetsdlsj dz/fddzlzrO Is Onyte[tsteizpzlz’n s fifpOS Affiglis de- L H
SBLOBOIS 505N j B d dzls to b dyjisdelrle] ©© ©6 15t trd i d ltsictir  j ez W &
flosedj BOSICL ©OBGIS, difodd O dafizsdgt iy fy dz Vo Ay @i 64 L L
SO & 8] d ftedC ZOH dz' e3d Isc MefyckmjisHitee @] W gD akOts | & d O dzO .

11 Y A Y Y O O MO A 1 S o (o [ SIS (O 4 ¢ 2 S © 8 I O I



ststeslsOjo .1., uvOttOMmMBsO .., IBdjihjdis s.1., vifdkskzrts

[ dzv ML HOddY Ay [ f tod 3@ s tisdned e Istefhds o dz 7 i s
BjlssHT of MisCtsd dzj e jlsdui et , o it fiids o f Ot pWis d3y dzH
stsdg ydmdzj o tOL dzd ydz' 8- GO dzEzy ¢V Ak itz W@ d2 $ M dzi (
cdwakd bjtekdujMEt?2 tBtcOBisB®E dj dzlsads tQd3dRedste @US[jtc O & U s
AL thih j filse devejjls Mty O Ldedd ymisf ¢ ddy dets? filsj § j ded dzdde-j dzd t6 ts
sz lsdzr 7 d ftstetsh Ctsor Ay- dyQ loiisdefCiddtmts o o dzAstfistaty yujddzg 2 o f d
dzj bdksOdsse o, Ods B3] ds-j b BdasidVdtiatsod y j MCifES Mt j dz
fesydsy 7 MlsOdzj 2, O 50§y jsBLjedSddftj diztsd |sdijds, O dzuzhs s - dz0 dzts
OB UjMSda koyteH' 7 M dzObtsBf sL dls' MSLHOE sMw 5 Isd
{Mser 2 ddksjtifn fojHmMsOsY ssdgdH Odifsiudnsds Q@2 yjt
ftsorh jdedets?2 (L detsislstsd $ thfipledy dedz® , SO E § ts dfDitsdz’ | - Mozs d
fisr 7, dBizscethds d' 7, diz-dis§ g fdts 24dss £ dfodptcifidsdz’y 2 ddn dzts 2
H' R d kEd2 lsteOlsey teH' 7§ ts dylfj zfiydfysftsod@izz Bl ¢ d dhls § &g mis-j te dzlz ©
sz ydmdzj wOdsEOL &3] tcge- no, O dipz@fvh fiisslz! ls dstp O daif deteze 3D O L dzts 2
ssHse 1 dxf € defete@adals dzdz' B - Hsq jdisditeds j flgd j O3, Ed3j dz'jh-Os h dc
¢ d2i17.6 sy yYyomisdy §sSter Isd2 - &zOY te
1 Misslstew dzO Htsfisdc dazlshisd oY idsd HO dz8 s dgi I9tg 0 dzj ¢ 5
Jietseo Odzd d k¢ OL O dasdn 1§ O sciShlpjitefpt@ s, 52 Eflsts2 ydo tsfylss 8,
B dzj d3' sjrdsdzsedyd MS s f 8 106ct®O@LjkEO Mk sipfyd jdzgdets ff so '
90N dj tjhjdedj L OHOVY j+ St dittOIsjCdpdivs, dzdats ¢ ts s fits ay djffdzj o
ded" dLHjdd?2 di AQfs-omEdzsedRh jfidie p 6j zOdzd e d W
Gt o dzd W dzd iz M® HOcizfsImds Eila®EE LJdz08 I Oded d [ 197 .
Isjdz dzr 7 ftesyj Mise . t5-1 tods sl i3 s & ct® 0 das® § dmizd ts4 dz' dz'
Jd B2 Mmdedy J ded v skt Ode jide] J dzhB o HzD@dzd ¥ Isj rdesdzsedd
 MEteMO MOy sMw dzj ¢ Ols digls@sd do daidtw jodzdej © tddiszj iz jorgiRe RS B t6
ftowyjdd2 o LtsdOn §itsdidjdes tefouststs dod 2 dz@tstE ey o G-Is  d fi
2, oM tsdtsy j dzdzr 7, O z@asdE'sH {5 dsts © tots Gls dzis ¢ wWz@ HA O § tzls O
fisd ddasjteW j2m0O Mmddglsj kY jda)iff s G igMkzg i so Oded ¥ d § dz® dfty-fiplh)ts
sfdzso Oe. It Bhscttd 1+ Isfpscwa O dats Uiy jEfiststdz BzrHidE d ydtets
B Isjndsdsedyl Mefskdc s jsesfdt@fyidid? o ) d-if dak gsiety fj detfads @e |Is d
fse jtondeslsd Ghdtse ™ §rj-to @S oz dziizfy § tizff 5 §gH ff ldsoC jtelzdzt© - ©  dzO
sd2, daj dMmCdzs yor " d B3d o dfdtydzdzsg B tedgt§ tisly e dittsxctafiioltig ¢ dedzts i ls |
90dzdj HjWjChdsets fMdzs? - d)ORGE 50 Ot i fh R 55 O dddo yd W
estej dz j WO, vybt §todo tsHzls CCdzdss Brtc BLI odPigddes il By jlgtej B 2 j
stcOlststotse dzOf tew y j dzd 2 @ IstgfOUfijlfipCaddRo Of & o Bs Hidsfipls  fotsL o ts dzw
ssyder &3 2O vy j ded W dgW p2 ey dadsls z f @As Y s f tesy j-MiOdsd
VEOLOdedzr §j ftedydds s tcjeH@ G dsdgy?  daits Hafff Jeyf@ s h j 2
Ctodastesdzd tolz j B3 3 & ) dzts Od wighefl HIQjdfdddts sdsoediss inds ez E Bz tedz” 7 Is |
dzd Uj MSCseéts otLHj2Msodl; fsifdots sHz@BsBY & F2 & jo OEstplgr W
dsizseduimMedd sfjttoydd fhigjHdeiddotdetaidzdyjts olgj jtenddmsdidsiefd 4§ ts
jJtjH dzOdzj Mjdzdj d3 f 5C tor IlsodRded WS O Cu v sdzOd3 jolid E§ @ dis dfis - B dzdziB t
I HSOtGCfISJ dz dzs o3 Msdid WichAE@EE . | d2Q s s fydztsds j to dFtpls i EAOIsE t
Cozt ydls: dzOdzd ydj B € totsyf jtehigfOtistitds o st & jsta ROdzts 6 s dd ffydzj H t
j d3O ftotsB dzj BOIs d ydzts. MsttkzS btedzs?2 OCIkdoOydd ftso
ddz' Isj tedzOls d o dats 2 L Od3j dzts 2 h dzd W s O dzr A ,
00w k| n dse e A i R s ) SN 7o Qg d Mz
Hetslsso Cd ftsojtern dztsiigq tsfnd@fqdztsavrzadarj@zdzmmmﬁzaﬁwn f s dzt
1L tse Odzq § S jteOuydd- e vwdLifiosBesR] dd ® s s yd - i) © iz3d
L 3] dzdzteiRC dtsBatc O Y] Is Odedfidf C By s degle” Bcztso v 7 ¢ OME OH C
dMmisdtetse Oded j o5 d -0 @O} M3y ¥z § 630,  SEeflaBIzd L £ j Bse s dzO
fsCterIsd?2 o JjHdSE ydflsl@dtso Cj 111 M dmftsd: Ltss O
VEOL Odzgdzr 2 f SHRBH d P sodd oo 2@ B MK tc @ ttotglw HipiEd. 2H f &zOL os" C
ded d detse s s Isd§ Oc HOHMES Wiee e’ ndd)s {51 aldg dev4csp @ts +  f dzO

© O e
“—.3‘8

s dz
SH

s dz
740
i
ron

§ O

www.vestnikmagtu.ru 7 T T T T T T T T T T T MWW OTT TV VTN QOO T T v



1OV f oot RO 3 R VO Jovrmy ] J1IRR

OB tYdn HOo dzPezifod & HEBAgW HFEs® W dydtetseo Odzed j tsfmizh j Mise dzw «
dBf Edz' Mdzsets o i3 dzOdzls j t6 O f toc DO jsdzxizts J dalzr EOBYsdsHy [ 21] .
tcOL dzd ydzr &3 ke dzOdsd [ 21} . f§ Oddtiz®ts&dbOdtsns § @1 flatgmisd
osdzw jIs tMkh jMmlseo dwis! f+shdsDddn cREEesBRE 4 dj S stk sdz
ojtendesMisdey 7 MistekzClbkzte dAY Libdk@®duiztsd NAE® tsMEBSAY o EC
Ysteddtetso Dzl d A so fisOfrd sz s &2 d € tots i) 66 izt f € dgO BPIs
fd sk, Mo dkih j dds® BehHdBP; NTEGHEDAY . madHENT d
CgRgdtsd3 ydCdzj. stesdj’ SHEs. o &g &d wdi s Hdgs 8l AP dfctsdgtis™
dZsets Ytdmyf sMss dj ddW, O- offcigi iUt I jJtEdS CSEMB Tester MBT

Is j dz d h OB dzfs dg, HOY Is o sgMsopses s 6 jdzj cdtetso Ols!
folbsCd EMSttjddzr n dosdese d dodzdL d tetse Odzde m

CzOMmisj tetse fy jgzdde sf difstiBsizshinlisddL gl s Olsr  dMmMmdzj Hise Odzd ¥

dsflsd LO Muyl d&sSodkdL Oyd b BB Bir © 2 B s
(o hso qaqudger: qg IS QRIS ¢ fE G mans
tsq’tGJHszyt_jzdzf: tej )y dBOA, Jygdg g .dZIcf(%ﬁOQVH‘SP]:stO fi
Mis & d¢ dued e 21 ( ZOds Ml S s Edse s s ¢ &Y

L 20 shdkse,j BGBMNjddY tjLkd
COdaj j dhMdzj Hso® @G B0 ME s s

W dzd 2 My o, W steddtolzj & o
00Oz Bz 3 CtsdzB d dzd tots o Odzdes d3 o
21]. 1 dzjets?2 yOfd fmsE-j dgr

Zsedud mMedy d IsjtedssHddzOoBdy
q s daelz® S Iz Iz dzclats 2 f dzOL oBj dzdzts 2

(RIV[), f fodsh:is Cslsster o
Y4 oz dzOf tcOo dzj dzdzetsj Bk c©-o dzj ded
sdo Oyd § dafsthjds as = MdztsY o .

| 0o sRd MPHmBAL Odz’ MistekzC s

1L dzj d3zj dzls T fsdzlzyj dzdzr | 98 toj L
' 7 fesyj MmMses d MY sStedRddtetse O
Ptesodzv 7 dBsHdW JSCOyYydd s ¢ dkzkz
Lpojten) I kRZtesodzw 1 MO 2
Gz 5 MapSANG debtc] MEJ T § e
JtGJQIEYtS ?G%BJWW&&Q%%J dzd § (© 50 dzd
gzt 1s f P SoBMEY 5L ddedhis
Vsted@dtetso O n fted oL Oddisei zOMmlss d df teftsasaz] dadv + W W | C s
Y zOdzls j 6O d IEEOEDEEWE KA 1) " OwLOCKjtedLzjishv d
e o lhdsodrs (dEdLLd B, €4k Fcmndnse, schndd
3i ls j o dts dsj R Odzq yj Mmisesxs dyf szt m? B4 1 HEo
SlsHOUEE &ZBMis! COMCOHO MlEwdSBse jlzdd t6d S0 j tor disHPE dzts 3
Fig. 1. Diagramof the cascaderosseffect 1is aflow Misd dtsdedesets f jtoj d&3Jh do ©Oded W
of ionsandionizedclustersformedby the sdd (fmds2 4) cOMf sdzOgOs Ismw
interactionof theimplanter and reflector ions;
2 is a surface ion under the cross effect; czoydd (EOCOdzfr]q’q’ HqMdast o
3 is a thermomechanical pulse; 4 isarecoilatomH t6. ) . 1 jterded?2 MmMdzs?2 (6) MBH
5 is an area of the collision cascade tcOL tso Odzd W .

[B1 jSIsOdgdH shiPiged ¥ W o dzv dzd*inf® B Ud fiflo B e 3d teso Oded ™ | v U
dL koY teHGE#8, Mfsdz®de® sEGs- & %@%oﬁ) ¢ @O Mizstd fipf] s § WS szt
MdrHdz g8 fCter sdw s, @- ¥Ry Mrssdgior y~fcgBERby BBLOL "
HEEE M dz0e O M sSCMdHd BNERdaER s FEEPEFSFEc LSl b daBH
sdwdsd dL dedlstedHO Isdlsddzd B MBRd U rMfBESHREBA JHBOL dzd Ydats
ydtese Odzdj hkh jMmise dv tesfipMiddgj SSPGRF 57 Rgabgas e d ud ME ¢
o Odzd v dyd®mMmds@" d 20 §d EPEMYId HEESR, B BGHUE B ¢
Wdydiese Odedels g 5 Mdztsw iy ts ) 151D g~ dzv& 25 teftisugladief Ceh M) 1020dg ey § dzd 2

o 15 1L N O Y I Y (3 74 I O O = O S ORI 4 7 1= MO ST 22 | N I O



ststeslsOjo .1., uvOttOMmMBsO .., IBdjihjdis s.1., vifdkskzrts

ulstolz G Is iz to dgfodzO L dsjdat
BsHIW S OYyd©w

Vv
dpSIsdes Oydt tilstets dz rdmmdy Olsdo dz
ftetsyj MM 1 HU S dlstclzC iztcdz J
y ~ v
vdndetsdzsed | I,Ti,N S &zOMmlisitedz” i f
f OO&ils [U,U,
|
vjtessH d dzOd Pt G
f OteOkj std Gy 7

N
<

riwiclr

Cdzi e 5 RS d

tdBhelstesjdd) bEfsisdBftsL dlsO dO wOL ddd@le dj dpstdl CdstdzHaddsr q'.: Glmeqlscf
T d&zO k¢ O dGizargls] dzzdz€Qls! d i3y z did m@fQLsfnslslz(ﬂztsuf;(gl]’w’ fﬁ
UpT dzOff oW 3 § dad §  ddOi A usiigpysC gz0f e g g dedz] ff OW J dzdv f slstsCtso d's
PTH Oo dzjttids[jj BY § tc QistizdetOls dzts ) Is * g 11 ddgtstésaizfsdy Is B@Bsh desMmis d ;
tiotej dgv L dzgj e dIsdud fr]leﬁtnts ozf dzdz] 2 MBazE? ; ( BB dzOMIs+ 1+ W W J CIsC
21 fed f so j tn dats Mildgizic 2 -~ g ezth? ? Bdzs?2 ( tsB dzOfnlsJ dodzdzse 5 f j 6] C
4ifsCter Isdd (tsB &zOMmis W ELE dpl; jzasin & & 5 dzO tadzts DL O

Fig. 2. Thestructureof thetopocompositat variousstructurallevelsof ion-plasmamodification
| is currentof theion beam;T; is thepulse duration of the ion beaiN;is pulse frequency;
U, is voltage on the substratd;, is accelerating voltagéjis the angle of incidence of ion fluxes;
P is pressure; t is temperaturg;is energy densityg, is power densityf is energy depositin time;
1 is a hardened layer (a Idmgnge effect region); 2 is a ngaurface layer; 3 is a transition layer
(an ion mixing region); 4 is a coating (a condensed phase region); 5 is a cluster phase
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Fig. 3. Block diagram of producing nanostructured topocomposite coatings by vacuyoiagmma treatment.
Designations: DCVgis a DC voltage source; A¥$ an accelerating voltage source; QB displacement
potential source; WS is a wiang substance (gas); GD is glow discharge; AD is arc discharge; A is an anode
(the processed sample);,KK,, K; are cathodes; MSSMSS T metastable structures; A amorphoudike
structures; I IF,, IF; are ion flows generated by the correspogdiathodes; 1, 2, 3 is intensity of the eerr
sponding ionized plasma flows
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