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Purpose. The increase in the service life of the main types of mining machines and metallurgical equipment, reduction in
their metal consumption, reduction in the number of repair workers and improvement of manufacturing safety substantially
depend on a tribological problem, which includes the development of a lubricant, new processing and modification technolo-
gies of machine element working surfaces.

Methodology. Maintenance of gears, rolling contact bearings, skid bases, camshaft mechanisms, guide members, sealing
elements, junctures, locks and docking devices requires bringing geomodifiers of friction (GMF), special self-lubricating mate-
rials, friction modifiers, and methods of their treatment into the friction area.

Findings. For the first time, products of serpentine decomposition have been identified on the basis of fundamental struc-
tural research. These products form a protective ceramic-metal layer on the metallic surface. Results of industrial tests prove
the high effectiveness of the use of natural minerals as machine elements modifiers. They allowed making the service life of
mining and metallurgical equipment 2.5-5 times longer because of the reduction or elimination of repair works and increase in
functional properties of engineering products.

Originality. A new scientific direction in the triboenergetics field has been created. It is based on the fundamental re-
search into the mechanochemical influence of the complex of natural materials on the working areas of machine elements. For
the first time, it has been proved that in the process of friction, a protection layer with unique wear-resistant characteristics is
formed on the contact surfaces. The functional condition of the friction unit surface is recovered as a result of the initialization
of self-organizing processes during the plastic deformation.

Practical value. The application of friction modifiers makes it possible to increase the service life and reliability of essen-
tial parts of mining and metallurgical equipment, to reduce the quantity of maintenance work and to increase the safety of

mining and metallurgical equipment operation.
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Formulation of the problem. It is well-known fact
that the significant part of the expenses related to ma-
chinery includes the costs on its service and repair, while
the complete overhaul, due to its expensiveness, is often
comparable with the cost of a new mechanism. The in-
crease in the service life of the main types of mining ma-
chines and equipment and the reduction in their metal
consumption depend, among other things, on resolving a
tribological problem, i.e. a problem of friction, wear, lu-
brication, and new technologies of processing and modi-
fying surfaces.

Analysis of recent research. The operational condi-
tions as well as design patterns of tribological units are
so diverse and design requirements are so strict that it is
difficult to choose the adequate materials and technologi-
cal ways of enhancing their durability, which nearly al-
ways results in a compromising solution. International
tribological research is characterized by the tendency to
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develop functionally oriented methods, which are
checked and modified according to the data obtained in
the field conditions.

Methods of strengthening machine element surfaces
subjected to friction are based on various physical, chemical
and mechanical processes, resulting in the increase in wear-
resistance, strength, hardness and corrosion resistance,
which ensures a specified service life and minimization of
energy losses during the friction unit operation.

Ukrainian and foreign authors have outlined the re-
search guidelines and the ways of their practical realiza-
tion in the area of enhancing the endurance of different
types of mechanical equipment.

Since there is no universal way of strengthening
tribological units, it is important to consider the factors
specific for each single case: for example, the allowable
distortion of machine elements, the occurrence and type
of residual stresses, the impact of technological environ-
ment, ecological and financial parameters. Some
strengthening methods are widely known: chemical and
thermal treatment, diffusion, surfacing, chemical deposi-
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tion from gas medium, implantation, thermal vacuum
methods, ion-plasma methods and laser methods. A det-
onation method allows obtaining coatings with enhanced
operational properties. Each of the above methods has its
advantages, disadvantages and a particular field of appli-
cation.

The new direction in solving this problem is the
mechano-chemisty influence of tribotechnical powder
compositions — geomodifiers of friction (GMF) — on the
working surfaces of machine elements. GMF represents a
complex of grinded natural materials containing minerals
of ultrabasic rocks occurring on the boundaries of tecton-
ic plates, and used by nature as materials for a tribopro-
cess. The problem of achieving high-adsorptive potential,
which serves as a measure of mechanoactivation, was
solved by crushing the serpentine using a vibroimpact
method [1].

The total adsorptive potential obtained through this
crushing method is 2.5 times higher than that one after
grinding the serpentine by grinding balls in a drum-type
mill (compare: in the first case A,y = 1.52 kJ/mol, in the
second case Ay, = 0.6 kJ/mol).

Review of unresolved issues. High loads, extreme
speed, a wide temperature range and the presence of ag-
gressive media determine new requirements for the per-
formance and operation of friction units of modern min-
ing and metallurgical equipment. To ensure the efficient
work of gears, rolling contact bearings, skid bases, cam-
shaft mechanisms, guide members, sealing elements,
junctures, locks and docking devices, it is necessary to
create special self-lubricating materials and coatings,
friction modifiers, durable coatings with high chemical
resistance and new ways of friction unit treatment.

Statement of purpose. The result of the received
mechanoactivation effect became apparent at the follow-
ing stages of the technological process of friction geo-
modifier —manufacturing.  Fine-dispersed  powders
(0.5—1 pm) having been crushed in a special manner and
having passed the mechanoactivation stage, are brought
into a friction area with the lubricant, where they make
structural modifications in the friction surface in a fa-
vourable way for tribotechnics.

The principles of creating nanomaterials on the basis
of natural materials have been developed to enhance
wear resistance and tribological properties of heavily du-
ty units, in particular in a case of extreme conditions. The
article has investigated the technology of activationless
slip in the area of surface matching where dispersed mi-
cro- and nanoparticles of geomodifiers on the basis of
Si0,, Al,0; are involved. The perfect property of the roll-
ing of spherical nanoparticles with slipping has been
found out when there is a relative motion of the surfaces
of pairs elements on ceramics in the intermediate layer of
ceramic particles. The relevant feature of implementing
the effect of the activationless functioning of nanomodi-
fier particles in the area of moveable surface matching is
90% amorphization of components (SiO,, A41,0;). The
amorphization is formed at the stage of running-in the
surfaces, creating flat-topped microrelief in tribocoupling
and achieving sizes of inactivated particles in the process
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of dispersing nano-quantities. The content of ceramics in
nanoparticles in the lubricant comprises 7-10% of the to-
tal volume of oil and allows particles not only to pene-
trate into the dimples of microgeometry of mating pairs
surfaces (fig. 1, a), but also to continuously migrate in
suspension in oil (fig. 1, b), acting as bearing microballs.
It has been revealed that on the surface of tribocontact,
the microrelief with new properties is gradually formed.
These properties are completely coordinated with the fea-
tures of the self-organization of surface matching sys-
tems. In extreme conditions of uncontrolled workflow, a
quasi-protective layer of residual ceramic nanoparticles
contained in geomodifiers provide the short-term anti-
wear effect in case in case the lubrication is absent.
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Fig.1. Operation of mating pairs: 1 — mating surfaces; 2 —
lubricant; 3 — geomodifier of friction; 4 — wear re-
sistant film

It has been found out that transition silicide layers in
carbon steel and cast iron are formed in the process of diffu-
sion and mechanochemical synthesis of components of ge-
omodifier reaction mixture. Based on experimental results
and acquired practical experience in commercial operation,
it has been confirmed that, to obtain the corresponding coat-
ing layer on cast iron, used for the manufacture of heavy du-
ty precision parts, geomodifier reaction mixture should con-
tain at least 60% of components containing silicon.

We used scanning tunneling electron microscopy,
computer technology to measure the surface topography
of friction, wear, adhesion, the composition of modified
nanoscale layers, which made it possible to determine the
conditions that lead to extremely low friction and wear
values (fig. 2).

Basic material. While manufacturing and during the
subsequent work of the unit of friction, the defective lay-
er of metal is formed on the surfaces of friction. The par-
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ticles of GMF, brought into a zone of friction and having
weak abrasive properties, delete this layer, simultaneous-
ly getting grinded between mating surfaces, losing its
abrasiveness. Then during the friction, micro-hardening
of surfaces and further splitting of GMF particles on
cleavage planes occur. At this stage, in points of physical
contact, the micro-metallurgical processes take place.
When this happens, the free ions are allocated from the
structure of GMF, which diffuse into superficial layers of
substrate material and form there firm solutions. A layer
of metal ceramics is formed on the surface. It consists of
initial tribounit material and material of fine-dispersion
natural mineral. The process of self-organization consists
in a hereditary “memory” of material. Included in the
structure of a powder, 4/ and Fe are catalysts of pyrolyt-
ic carbon formation along the borders of grains up to a
subsurface layer, and the basic composition of GMF mod-
ifies the boundary layer with a high degree of available
bonds attaching the “lost” material from the dispersion
environment.
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Fig. 2 Micrograph of a cross-thin section of a friction
surface of the sample of gray cast iron run-in with
GMF, x 4000

The distinctive feature of the process is its ability for
self-regulation, which is conditioned by the fact that the
process occurs simultaneously in both contacting surfac-
es under the influence of the same load. Moreover, diffu-
sion of GMF into a firmer surface occurs more slowly,
that results in complete smoothing of microhardness of
the superficial layers of contacting elements. The chang-
es taking place lead to a significant increase in the linear
sizes of elements.

Simultaneously the process of mating surfaces mi-
crogrinding occurs, resulting in essential reduction in
their roughness. A typical grain-oriented microrelief is
formed on the surface of friction. This microrelief has
micro-dimples good at retaining oil.

Equal micro-hardness in combination with low
roughness of surfaces leads to unique antifriction effect.
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The following examples prove the efficiency in recu-
perating friction surfaces by geoactivators. Geoactivators
were used to treat roller bearings of the PS-150-1 rolling
mill at the Kryvorizhstal Metallurgical Plant, which re-
sulted in the growth of rolled metal quantity during the
bearing service time. The comparative analysis showed
that the service time became 2 ... 5 times longer after im-
plementation of geoactivators.

Grinder gearboxes were subjected to geoactivator
treatment at the Nikopol FerroAlloy Plant. As a result of
experiment, we could observe the significant reduction in
the noise accompanying gear operation, reduction in cur-
rent load by 12%, increase in contact area from 60 to
90%, disappearance of pitting on the surface of pinions,
decrease in bearing temperature from 45 to 24°C.

During long-term endurance testing of friction units
run-in with geoactivators, we observed further gradual
reduction in friction coefficient in time. This can be
explained by formation of the surface structure still going
on after the treatment is over. The total service life of
friction units treated by geoactivators increased 3—5-fold.

The putter open gearing transmission of the ESh-15/90
walking excavator was treated at Basanskyi Open-pit
Mine of Marganets Ore Mining and Processing Enter-
prise. The gauging of teeth after two months of pro-
cessing showed a gain of 0.14 mm tooth thickness (from
31.64 to 31.78 mm), whereas the two-month deterioration
of the teeth of untreated wheels was 0.4 mm.

The process of linear size increase is self-regulated as
it lasts until existing gaps are chosen. Self-regulation
ability gives wide opportunities in geomodifier applica-
tion. Its use allows recovering worn-out gearing trans-
missions, bearing and sliding rollers, pump elements.
The high antifriction properties of the formed surfaces
make it possible to lower considerably power consump-
tion, to raise the efficiency of machines and mechanisms.

Thus, the basic advantages of geomodifiers of friction
are the ability to create a dynamic protective film in the
friction area from fine-dispersion deterioration products
and GMF itself; to strengthen a surface of friction evenly
in the process of running-in a tribounit; to considerably
reduce a factor of friction (4-6-fold), and hence mechani-
cal losses; to repeatedly reduce the speed of wear process
of friction surfaces; to increase allowable load limit in a
tribounit.

Surface modification aimed at decreasing roughness
and increasing essentially operational characteristics of
machine elements has been achieved due to the simulta-
neous use of high-energy dimension ultrasonic element
treatment and geomodifiers of friction brought into su-
perficial layers of metal.

In the course of processing, the cold-hardening of the
surface and friction geomodifier particles being in the
dimples of surface microroughnesses takes place under
ultrasonic influence [2]. When the cold-hardening of firm
constituents of a friction geomodifier on the basis of ser-
pentine occurs, their partial disintegration takes place, as
a result of which the fine parts of new structural for-
mations are allocated, which, having hit a sliding surface,
block the evolution of destructions. It results in an essen-
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tial increase in disposition density, crushing crystals into
fragments and blocks, an increase in a degree of cold-
hardening and, as a consequence, in substantial growth of
surface hardness. Structural changes, which occur in the
near-surface layers of work-pieces treated in an offered
way, lead to a considerable increase in their operational
characteristics, such as contact stability, wear resistance,
durability, etc.

The measurements of the microstructure of the sur-
face taken with the “TAIYSURE-5” profilograph have
given the following results: the roughness of shaft area
after ultrasonic treatment has decreased 3.5-fold, after the
simultaneous treatment by ultrasound and geomodifier,
the roughness of the surface has decreased 6-fold.

The results of the roughness research are illustrated in
the table and in fig. 3.

Table
Results of the Study of Roughnesses
of 30 KhHSA Steel

Ne Type of treatment Surface roughness, pm
1 Turning 3.7
2 Ultrasonic treatment 0.97
3 U!trasqnif: treatment ?ombined 0.6
with friction geomodifier

Samples used for tests on the SMTs-2 friction machine
have been separately processed.
The following samples of 40Kh steel have been tested:
- normalized ground steel (HB 180)
- improved ground steel (HB 350)
- normalized steel (HB 180) treated by ultrasound, (HB 320)
- normalized steel (HB 180) treated by ultrasound together
with geomodifier (HB 360).
The results of wear resistance comparative tests, carried
out by the SMTs-2 friction machine are shown in fig. 4.
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Fig. 3. Profilogram of shaft surfaces (vertical magnification
is 1000, horizontal magnification is 50000): 1 — initial
profilogram (after turning); 2 — profilogram afier ultra-
sonic treatment; 3 — profilogram after cotreatment by ul-
trasound and geomodifier of friction
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The deterioration tests have been carried out according

to the scheme “roller-to-roller”’, N,=600000:
- deterioration of sample 1 made up 24.2 mg
- deterioration of sample 2 made up11.0 mg
- deterioration of sample 3 made up 8.9 mg
- deterioration of sample 4 made up 5.7 mg.

A new scientific trend in the field of tribology has been
developed, which is based on the fundamental research into
mechanical and chemical processes occurring in the area of
machine element working surfaces under the influence of
the complex of natural materials crushed in the contact point
into nanolevel particles — geomodifiers of friction. We have
pioneered to prove that in the process of friction, a specific
protecting layer is formed on the contact surfaces. This layer
is characterized by unique tribotechnical properties of anti-
friction, wear-resistance and scuff-resistance. Friction unit
performance is recovered due to initiating self-organizing
triboprocesses.
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Fig. 4. Comparative analysis of deterioration parameters
for different ways of treating samples of 40 Kh steel:
1— normalized ground steel (180 HB); 2 — improved
gro-und steel (350 HB); 3 — normalized steel (180 HB)
treated by ultrasound, (320 HB); 4 — normalized steel
(180HB) treated by ultrasound together with geomodi-
fier (360HB)

Conclusions and prospects for development. The
use of GMF as the compositions for worn-out friction
units’ recovery, without operating equipment being shut
down, allows essential reduction in maintenance costs re-
lated to machinery and equipment repair, reduction in
power consumption, an increase in a service life of ma-
chinery and mechanisms.

Combined dimensional final processing with the sim-
ultaneous use of ultrasound strong sources and friction
geomodificators brought into the processed surface, al-
lows modification of the working surface with high oper-
ational characteristics in local element areas (which is
very important).
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Mera. 36imbIIeHHS TEPMiHY CITYKOU OCHOBHUX BHJIIB
TIPCHPKUX MAaIIWH 1 METaIyprifHOTO yCTaTKyBaHHS, 3HU-
KEHHsI X METaJIOEMHOCTI, CKOPOUCHHS YUCEIBHOCTI po-
OITHUKIB, 3aHATUX PEMOHTOM, IMiIBUIICHHS MPOTyKTH-
BHOCTI Ta Oe3MeKH 3a1exaTb, 3HAYHOI MipOF0, BiJl TPH-
GosoriyHo1 nmpoOsiemMH, IO BKJIIOYAaE PO3POOKY MacTHiia
Ta HOBUX TEXHOJIOTii 00pOOKH ¥ MoaudikyBaHHS pPoOO-
YHUX MOBEPXOHb JCTaJCH MallHH.

Metoaunka. 3a0e3rneuYeHHs] HOPMAIBLHOI POOOTH 3y0-
YacTHX Tepeaad, ONop KOYEHHs Ta KOB3aHHS, KyJayKo-
BHX MEXaHI3MiB, HANIPSIMHUX, YIIUTFHIOIOYAX EJIEMEHTIB,
IIapHIpiB, 3aMKiB, CTUKYBaJbHHX BY3JiB HUIIXOM YBe-
JIEHHS B 00J1acTh TepTs reoMoaudikaTopis Tepts (IMT),
CIeTiaJbHAX CaMO3MaIlyBaJbHUX MaTepiamiB, MOIUdi-
KaTopiB BY3JIiB TEPTsI, CIOCOOIB X 00pOOKH.

PesyabTaTn. Yneprie Ha miacTtaBi (yHIaAMEHTANb-
HUX CTPYKTYPHHUX JOCIHIKCHb iIeHTH(IKOBaHI MPOIYK-
TH PO3KJIAJaHHs CEPIECHTHHY, 10 YTBOPIOIOTh 3aXMCHHUN
MeTaJoOKepaMiYHui 11ap Ha MeTalneBiil moBepxHi. Hase-
JIeHI pe3yJIbTaTh MPOMHUCIOBUX BUIPOOYBaHb, II0 MiJIT-
BEP/PKYIOTh BUCOKY €(DEKTHBHICTH 3aCTOCYBAaHHS MPUPO-
JHUX MIHEpaiB B SIKOCTI MO (]IKaTOPIB IIOBEPXOHB Jie-
Tayel MamuH, SKi JO3BONWIH B 2,5—5 pa3iB MiIBUIIUTH
pecypc TipHUYO-METAIYPTiHHOTO YCTaTKyBaHHS 3a paxy-
HOK 3HW)KEHHS, a 1HOJI BUKITFOUEHHSI, PEMOHTHHX POOIT i
MiIBUIICHHS (YHKIIOHAIBHNUX BIIACTHBOCTEH MaIIMHO-
OymiBHHUX BHPOOIB .

HaykoBa HoBu3Ha. CTBOpPEHO HOBHUIl HAYKOBHUH Ha-
IpsiM B 00J1acTi Te0TPiOOCHEPreTHKY, 10 3aCHOBAHUI Ha
(GyHIaMEHTaIbHUX ~ JIOCTIDKCHHSIX — MEXaHOXIMIYHOTO
BIUIMBY Ha po0OOYi OBEpXHI AeTaleil MallluH KOMILIEKCY
NPUPOJTHHUX MarepianiB. Ymepiue J0BeIeHO, 10 y Mpo-
Leci TepTsi Ha KOHTAKTHUX IMOBEPXHsIX (GopmyeThes 3a-
XHCHUH Iap, 0 Ma€ yHIKaJbHI IPOTH3HOIIYBAJBHI Xa-
pakTepucTukd. BinOyBaeTbcs BiTHOBICHHS (DyHKITIOHA-
JHFHOTO CTaHy IMOBEPXHI By3Jia TEPTS 3a paxXyHOK iHIIIifo-
BaHHS CaMOOPTraHI30BaHUX MPOLECIB y IIACTHYHIA Je-
(dopmartii.

IIpakTHyHa 3HaYMMicTh. 3aCTOCYBaHHS TeoMOAN]I-
KaTopa TepTs JI03BOJIE MiABUIINTH pecypc 1 HaJilHICTH
BIZIMIOBITATIEHUX JIETANICH TIPHUUO-METATypTiiHOTO yCTaT-
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KyBaHHS, 3HM3UTH KUTBKICTh PEMOHTIB 1 IiABUIINTH Oe3-
MeKy poOOTH TipHHIO-METATYPTriHHOTO YCTaTKyBaHHS.
KuarouoBi cioBa: eeomooughixamop mepms, napa mep-
msi, MOOUQDIKYBAHHS NOGEPXHI, 3HOCOCMIUKICMb

Lean. YBenuueHue cpoka cirykObl OCHOBHBIX BHIOB
TOPHBIX MAIIUH U METAUIypru4eckoro oO0OpyIOBaHUS,
CHIDKEHHE MX METalJIOEMKOCTH, COKpAIlleHHe YHCICHHO-
CTH PabounX, 3aHATBIX PEMOHTOM, IOBBIIICHHE MPOM3-
BOJUTEIBHOCTH M O€30MacCHOCTH 3aBHCAT, B 3HAUUTEIb-
HOW CTENeHH, OT TPHOOJOTHYECKON MpPOOIIEMBI, BKIO-
yaroiel pa3pabOTKy CMa3KH, HOBBIX TEXHOJOTHI o0pa-
00TKHM ¥ MOAN(PHUINPOBAHUS PAOOUMX MMOBEPXHOCTEH ae-
Tajeil MaluH.

MeTtomuka. ObecrieueHre HOPMaTLHOU PabOThI 3yOUa-
TBIX TIepesay, OMop KAaueHHS M CKOJIBKEHHMS, KyJIauKOBBIX
MEXaHU3MOB, HANpPABIAIOMINX, YIUIOTHUTEIBHBIX 3JIEMEH-
TOB, IIAPHUPOB, 3aMKOB, CTBIKOBOYHBIX Y3JIOB ITyTE€M BBe-
JeHHsT B 00NacTh TPEHUs TeOMOAU(HKATOPOB TPEHUS
(I'MT), coenuaibHBIX CaMOCMa3bIBAIOIINX MAaTEepHaIOB,
MOAU(HUKATOPOB Y3JIOB TPEHIsI, CIIOCOOOB UX 00PaOOTKH.

PesyabTarsl. Briepeeie Ha ocHOBaHMM (DyHIaMEHTalIb-
HBIX CTPYKTYPHBIX HCCIICIOBAaHUI HWJICHTU(UIMPOBAHBI
HPOJIYKTHI PA3JIOKEHUsI CEPIICHTHHA, 00pa3yIoline 3alinT-
HBII METAJUIOKEPAMUYECKUN CIIOM HA METAUIMYECKOH IO-
BepXHOCTH. [IpuBeneHBI pe3ynbTaThl MPOMBIIUICHHBIX HC-
TIBITAHUH, TOATBEP)KAAIONINE BBICOKYIO 3()(HEKTHBHOCTH
TIPUMEHEHHS IPUPOIHBIX MUHEPAJIOB B KauecTBe MOIU(u-
KaTOpOB TTOBEPXHOCTEH JieTalneil MallliH, KOTOpbIE MO3BO-
T B 2,5-5 pa3 MOBBICUTH PECYPC T'OPHO-METAILTYp-
THYECKOTO 00OPYIOBAHNS 32 CUET CHIDKEHHS, a MHOT/IA HC-
KJIIOYCHHUs, PEMOHTHBIX PA0OT M TIOBBIMICHUS (YHKIHO-
HaJIbHBIX CBOMCTB MAaIlIUHOCTPOUTENIbHBIX U3CIIHN.

Hayunas HoBu3Ha. Co31aHO HOBOE HaydHOE HampaB-
JIEHWE B 00JIACTH TeOTPUOOIHEPTETUKH, KOTOPOE OCHOBAHO
Ha (QyH/IAMEHTAIBLHBIX MCCIIEIOBAHUSX MEXaHOXHUMHYECKO-
TO BO3JCHCTBHUS HA paboure MOBEPXHOCTH AeTalIeil MaIlnuH
KOMILJIEKCA TPUPOAHBIX MaTepualioB. BriepBble J10Ka3aHo,
YTO B TPOIECCe TPEHHS HAa KOHTAKTHBIX ITOBEPXHOCTSX
(hopMupyeTcs 3aIUTHBIHN CIIOH, 00J1aJatoIINi YHUKAIbHBI-
MH HPOTHBOM3HOCHBIMH XapakTepucTUKamH. IIpomcxomant
BOCCTaHOBJICHHE (DYyHKIIMOHAILHOTO COCTOSIHHS IOBEPXHO-
CTH y371a TPEHHS 3a CUeT WHHIMHMPOBAHMSA CAMOOPTaHU3Y-
FOILIMXCSI TIPOIIECCOB B IUIACTUYECKOH iepopMarini.

IIpakTHyeckasi 3HAYUMOCTB. [IprMeHEHHE TeoMo-
TU(UKATOPOB TPEHHS IO3BOJICT TOBBICHTH DPECypc H
HaJISKHOCTh OTBETCTBEHHBIX JETalel TOpHO-METaJLTyp-
THYECKOTO 000pYyIOBaHMSA, CHU3HTH KOJIMYECTBO PEMOH-
TOB M MOBBICUTH 0€30I1aCHOCTH PabOTHI FOPHO-METAILTYp-
THYECKOTO 000pyI0BaHMSI.

KaioueBsie ciioBa: ceomooupuxamop mpenus, napa
mpeHust, MOOUpUYUPoBanue NOBePXHOCMU, U3HOCOCMOIL-
KOCMb

Pexomenoosano 0o nybnixayii O0okm. mexH. HAYK
B.A. Ponaem. Jlama naoxoooicenns pyxkonucy 16.06.14.
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