ISSN 1829-488X
ISSN online 1829-4898

st1suuahnr
pUMrar SsNLnahuuerp

N3BECTHUSA
BBICOKUX TEXHOJOI'UH

BULLETIN
OF HIGH TECHNOLOGY

1(25)/2023

USEPULUULPS - CTEMAHAKEPT — STEPANAKERT
2023



pUQraN seluNLNGhULENP SENEHUSHN
MU3BECTHS BBICOKMX TEXHOJIOTI' i1
BULLETIN OF HIGH TECHNOLOGY

cuvuuurena nr<nihr/a

Udtwpujwu Ywhwu (n.g.n., U), Pugjuu Mwpgle (n.g.n., <<), @nplwgwu <ndhwutbu (n.q.n., gifuwynp fudpwghp, UL), @npdwgjwt dwsk (n.g.n., <<),
Uwpynujwu Ugnun (ntwn.n., L), Uwpynuywu Uhbp (n.g.n., <& hwdwwpgnn funphpnh bwjuwguwh), Uhuwuwu Mnpbipn (Gnp.g.n., <€), Ywpnwiywu Upbpwn (ntwn.n.,
n):

KOOPIUHALIMOHHBI COBET

AserucsH Baan (n.1.H., PA), Bammuksn Ilapres (a.1.H., PA), Bapransn ApeBmaj (a.1.H., P®), MapkocstH Amot (1.9.H., PA), MapkocsiH Mrep (a.T.H., PA,
npeJicenaTeb KOopAMHalMaHHOro coBera), Munacsin Pobept (1.reoi.H., PA), Tokmamksn Baye (n.1.H., PA), Tokmapksan Oranec (JI.T.H., TJIaBHBII peaaKTop,
PA).

COORDINATION BOARD

Avetisyan Vahan (Doctor of Sciences (Engineering), RA), Baljyan Pargev (Doctor of Sciences (Engineering), RA), Markosyan Ashot (Doctor of Sciences
(Economics), RA), Markosyan Mher (Doctor of Sciences (Engineering), RA, Chairman of the Coordinating Council), Minasyan Robert (Doctor of Sciences
(Geology), RA), Tokmajyan Hovhannes (Doctor of Sciences (Engineering), Chief Editor, RA), Tokmajyan Vache (Doctor of Sciences (Engineering), RA),
Vartanyan Arevshad (Doctor of Sciences (Engineering), RF).

hUPUSrULUL luNrLNRMY

Ughqyu Lunt (n.q.pe., £<), Uipuwtywu Ywibiph (g.q.n., U<), Unwewtjwu Updbu (p.g.n., <€), Uytwhujwt Ywhwt (n.q.n., ££), Pwigjwt Muwnpgl (in.g.n., ££), Swgnohdb Swijw
(n.g.1., Ypwunwt), Swuwwpwu Uwphbnnw (6.1, <€), Swdwpnwdhih $hyh (n.g.n., Ypwunwt), Sniny Mndwu (ntuwn.n., Y, Sphgnpjut O$byw (in.g.., £<), Hwnwjwu
Shgpwti (in.q.n., L), Gnhwqupjwu Snipgkt (g.q.n., £<), fnydwujwt Uwpghu (6.n., <€), @nthniqyus Yhgbiu (p.g.n., ££), npdwgjwt Ywgh (in.q.n., UL), fdnpdwgjwt <nyhwitibu
(n.q.1., gifuwdnp fudpwghp, UL), dhywinlwnwlybul buw (in.g.f., Lhndw), iwswinpwt Unwydupn, ($d.g.n., <€), Yhpwynugw Lnipw (6.1, <€), Cwpnygnigwt <wdibn (n.g.n.,
<), <nynujwt Lnpwyn (wn.q.e., £<), TLwquipjw Ennuupn ($u.g.n., ££), Uwpgquipywu Uptipun (n.q.n., ££), Uwpynujwu Upnin (nbwn.n., £<), Uwpynuywt Uhtip (n.q.n., <€), Ubhpjwu
Uunpbwu (q.q.n., <£), Utijhpjwu Ydwaqgbit ($u.q.1., <), Ukupnuywt Unwwtiiw (wywinwufuwtwwnnt pupuninun, US), Uhtuwujwt Nnpbipun (Bpyp.g.n., <€), Uhpwtywu Upwd (p.g.f.,
<), Uhpwytiywu Uybp (.., UL), Undwyulh 3niph (g.g.n., PL), Lbpuhujwt Ywpbu (ntwn.e., UL), Nydw Unwd (in.q.., LEhwuwnwu), Mnnnujwt Uwuyb) (in.g.n., <€), Nwishly
Uwpltuw (n.g.n., Lbhwuwnwt), Mwshy Swpnujwy (n.q.n., Lihwuwnwt), Uwhwljwt Uwdydb) (4.g.n., <€), Uwhwlwu Yduwnhdhp (n.g.p., <<), Uwjwnuwt fuwshy (pdo.q.n,
Sbpdwupw), Uwpgqujwu Ukpdhy (p.g.n., <€), Uwpnituwtjwu Upbunwy (n.q.n., £<), Ywpnwtywu Uplgwn (nuwn.n., ), ewunujwt <ndhy (4.q.n., <)

PEJAKIIAOHHBIN COBET

AsetucsH Baan (1.1.H., PA), Arajmkanss ApmeH (1.X.H., PA), Asussn JleBoH (k.T.H., PA), Anexcaunsn Banepu (n.c/x.H., PA), Apytronss ['amer (1.1.H., PA), Banmxsn [apres
(n.1.H., PA), Bapransu ApeBman (1.3.H., P®), 'aBapnammswm ['uBu (1.1.H., I'py3us), larommaze Hlansa (n.1.H., ['py3us), [acnapsu Mapuerra (n.apx., PA), ['onoB Poman
(1.3.H., PO®), T'puropsu Odenus (k.1.H., PA), lanasu Turpan (1.1.H., PA), Ernasapsan I'ypren (a.c/x.H., PA), JKuBatkayckene Uua (k.T.H., JIuTea), Kasapsu Dayapa (1.¢-
M.H., PA), Kupakocsau Jlio6a (n.apx., PA), Maprapsia Ans6ept (a.1.H., PA), Mapkocss Amot (1.3.H., PA), Mapkocsa Mrep (a.1.H., PA), Menuksan Anapeac (1.c/X.H., PA),
Memuks Basren (a.¢-m.H., PA), Mecponsin CycanHa (0TBeTCTBeHHBIH cekpetapb, PA), Mukaensn Apam (k.X.H., PA), MuxaensH Heep (x.apx., PA), MunacsiH Po6ept
(n.reon.H., PA), Mosxaiicuii FOpwuit (a.c/x.H., Pb), Hepcucsn Kapen (k.2.H, PA), OBymsn Hopaiip (x.1.H., PA), Ilanocsu OBuk (1.6.H., PA), ITorocsH Mansen (1.1.H., PA),
Paitauk Mapiena (1.1.1., [Tonsa), Paitunk SIpocnas (x.1.1., [Tonsmma), Caaxss Biagumup (x.1.H., PA), Caaksa Camsen (1.6.H., PA), Capresn Cepixuk (1.X.H., PA), CapyxansH
ApecTak (x.1.H., PA), Casmsn Xaunk (a.mex.H., [epmanns), ToBmacsi Capruc (m.apx., PA), Tokmamksin Baue (1.1.1., PA), Tokmamksn Orasec (4.T.H., IIaBHbLT peJakTop,
PA), Tomyssu Buren (n.x.H., PA), Viima Anam (k.T.H., [Tonsia), Xauatps Arasapa (1.¢-M.H., PA).

EDITORIAL BOARD

Aghajanyan Armen (Doctor of Sciences (Chemistry), RA), Aleksanyan Valeri (Doctor of Sciences (Agriculture), RA), Avetisyan Vahan (Doctor of Sciences (Engineering),
RA), Azizyan Leon (Candidate of Sciences (Engineering), RA), Baljyan Pargev (Doctor of Sciences (Engineering), RA), Dadayan Tigran (Doctor of Sciences (Engineering),
RA), Gagoshidze Shalva (Doctor of Sciences (Engineering), Georgia), Gasparyan Marietta (Doctor of Sciences (Architecture), RA),Gavardashvili Givi (Doctor of Sciences
(Engineering), Georgia), Ghazaryan Eduard (Doctor of Sciences (Physics and Mathematics), RA), Golov Roman (Doctor of Sciences (Economics), RF), Grigoryan Ofelia
(Candidate of Sciences (Engineering), RA), Harutyunyan Hamlet (Doctor of Sciences (Engineering), RA), Hovumyan Norayr (Candidate of Sciences (Engineering), RA),
Khachatryan Aghavard (Doctor of Sciences (Physics and Mathematics), RA), Kirakosyan Lyuba (Doctor of Sciences (Architecture), RA), Margaryan Albert (Doctor of Sciences
(Engineering), RA), Markosyan Ashot (Doctor of Sciences (Economics), RA), Markosyan Mher (Doctor of Sciences (Engineering), RA), Melikyan Andreas (Doctor of Sciences
(Agriculture), RA), Melikyan Vazgen (Doctor of Sciences (Engineering), RA), Mesropyan Susanna (Executive Secretary, RA), Mikaelyan Aram (Candidate of Sciences
(Chemistry), RA), Mikayelyan Nver (Candidate of Sciences (Architecture), RA), Minasyan Robert (Doctor of Sciences (Geology), RA), Mozhaisky Yuri (Doctor of Sciences
(Agriculture), RB), Nersisyan Karen (Candidate of Sciences (Economics), RA), Panosyan Hovik (Doctor of Sciences (Biology), RA), Poghosyan Manvel (Doctor of Sciences
(Engineering), RA), Rajczyk Jaroslaw (Doctor of Sciences (Engineering), Poland), Rajczyk Marlena (Doctor of Sciences (Engineering), Poland), Sahakyan Samvel (Doctor of
Sciences (Biology), RA), Sahakyan Vladimir (Candidate of Sciences (Engineering), RA), Sargsyan Serzhik (Doctor of Sciences (Chemistry), RA), Sarukhanyan Arestak
(Doctor of Sciences (Engineering), RA), Sayadyan Khachik (Doctor of Sciences (Medical), Germany), Tokmajyan Hovhannes (Doctor of Sciences (Engineering), Chief editor,
RA), Tokmajyan Vache (Doctor of Sciences (Engineering), RA), Topuzyan Vigen (Doctor of Sciences (Chemistry), RA), Tovmasyan Sargis (Doctor of Sciences (Architecture),
RA), Ujma Adam (PhD (Engineering), Poland), Vartanyan Arevshad (Doctor of Sciences (Economics), RF), Yeghiazaryan Gurgen (Doctor of Sciences (Agriculture), RA),
Zivatkauskene Ina (Candidate of Sciences (Engineering), Lithuania).

Stintlwaghpp  hpwwwpwyynd £ UGwnbdhynu b.d.bnhwqupndh opwihtu  hhduwhwpgtiph b hhnpninbfuuhuih  huunhwnnunh,  <pnpuiyihulywu
hGwnwgnunigyniuutiph hwjlwywu wqquiht wunghwghwih, Gplwuh Ywwh dhongubiph ghnwhbwnwgnunwlywu huunhwnnunh U Snighh nbuuninghwlywu
hwdwuwpwuh Ynndhg: <pduwnpydb) | 2016p.: Lnyu £ nbutund nwpbwu 4 wugud:

Vi3BecTHs H3AI0T HHCTUTYT BOIHBIX IPOOJIeM U THAPOTEXHUKH UM. akagemuka 1.B. ErnazapoBa, ApMsHCKas HalJHOHATIBHAS ACCOLHALNS IO
THIPABIMYECKUM HCCIe0BaHUsIM, EpeBaHCKHII Hay4YHO-HCCIIEOBATEILCKUNH MHCTUTYT CPEACTB CBs3H WM IIIyMIMHCKMH TEXHOIOTHIECKHI
yuausepcuter. OcHoBaH B 2016r. M3naéres 4 pasa B roj.

Bulletin is published by Yerevan Institute of Water Problems and Hydro-Engineering Named After I.V. Yeghiazarov, National Association of
Hydraulic Research, Yerevan telecommunication research institute, Shushi university of technology. Established in 2016. Published 4 times a
year.

Stntwghpu pungpyywsé £ << PNY-h Ynndhg nnhuinpulwu b pluwdniwlywu wnbuwfununiygniuubph hwdwp punniubih hwunbuubiph
guiuynwd:

M3BecTrs BBICOKHMX TEXHOJIOTHI BKJIIOUYEHA B CIIMCOK XKypHaoB npuemiembix BAK PA 1i1st JOKTOPCKUX M KaHAWAATCKUX AUCCEPTALML.
Bulletin is included in the list of journals for doctoral and PhD dissertations adopted by SQC of the Republic of Armenia.

Spwugdwu Yyuwywlwuh hwdwpp' 211.171.05236 Cwugh' bpbuwu, Updbuwljwu 125
Swwpwuwy' 101 ophuwl: Anpec: Epesan, yn. Apmenaksana 125
Muwwybp ehy 29: Address: 125 Armenakyan street, Yerevan
Uwnnpwgpywsd k inywgpnyejut’ 02.05.2023p. Tel. (+37493) 001030

fanunep' odubip: Cwywp dwdny 14,75: Url: www.bulletin.am

e-mail: info@bulletin.am ISSN 1829-488X, ISSN online 1829-4898

© Pwpép whkfuuninghwubph wbntlYwghp, 2023
© W3BecTus BRICOKHUX TeXHOJOTHH, 2023
© Bulletin of High Technology, 2023



Bulletin Of High Technology N1(25) 2023.-pp. 3-16.  ARCHITECTURE AND CONSTRUCTION
M.K. Titanyan

UDC - 726.825.1/.4

NEWLY DISCOVERED COLLOSUS FROM SANCTUARY CALLED
«LUSAVORCHI SAR» NEAR SOS VILLAGE OF ARTSAKH

Manushak K. Titanyan

Shushi University of Technology

7 V.Vagharshyan, Stepanakert, AR
manush.titan@gmail.com

ORCID iD: 0000-0001-6251-1808
Artsakh Republic

https://doi.org/10.56243/18294898-2023.1-3

Abstract

Architectural-archaeological diggings were carried out in the sanctuary called
«Lusavorchi Sar» located in the vicinity of Sos village of Artsakh in 2019 as a result of
which fragments of early medieval memorial monuments as well as traces of other buildings
were discovered (archaeolog V.Saafaryan). The sanctuary is rich in many fragments that
speak of other, yet undiscovered structures. For the purpose of the study, metrical,
documentary, analytical and comparative works of the newly discovered material were carried
out, the historical memorials were observed related to the shrine, the period and the similar
historical-architectural material in the surrounding areas. As a result of the study and
combination of the fragments, the reconstruction drawings of the monumental colossus were
given. The territory of the sanctuary has not been fully explored and may new materials and
explorations may be revealed. It is necessary to study the found materials, to classify them
according to time and typology and to present them to the scientific community in order to
complete the existing database of studies on the cult and historical monuments of Artsakh.

Key words: early medieval colossuses, sanctuary, winged cross, stone colossus, cross
bearer, pillar.

Introduction

The Christian cultural heritage of Artsakh originates from the roots of the history of the
Christian period of Armenians. Early Christian architectural monuments are located in various
regions of the historical territory of Artsakh. Traces of the aforementioned heritage were
found in the vicinity of Sos, Chartar, Berdashen and Machkalashen villages of the historical
Haband province now called Martuni region[1], in Tigranakert [2] and, of course, in Amaras.
The Tomb of Grigoris is the best-preserved evidence of the latter. The newly opened group of
monuments is closely related to Grigoris in terms of historical, chronological and architectural
composition. The place was a shrine-pilgrimage place with a stone anchor placed in the center
as an object of worship (Fig.1). Candles were lit on the anchor for years, as a result of which
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the stone anchor was cracked and divided into two unequal parts. The latter became the
reason for the cleaning works.

Materials and methods

The monument is situated to the north of Sos village of Martuni region on the forest fill
at the altitude of 993 m above sea level. Chartar and Machkalashen villages are located
nearby.

“Aghjkaberd” is located in Berdashen where an early medieval stone crucifix, pillar
head of a monument and other fragments have been preserved [3]. Historically, the region has
been the center of preaching and spreading Christianity. The latter circumstance is confirmed
by the fact that the first Mashtots school in Artsakh was founded in this region. Bishop Makar
Barkhudaryan writes: «Mountain of Lusavorich is raised above the head of my village,
towards the east. Above it there are many fallen stones, house yards and a church ruin.
Traditionally it is told that St. Gregory Lusavorich climbed up to the mountain pray till dawn
while he was preaching and establishing churches. When the disciples brought the body of the
Catholicos St. Grigoris Aghvan from Dorbant to the mountain, the soldiers of the martyred
king, following the officers and soldiers who captured his body came here. However, the
disciples, relying on God and turning to the place where Saint Grigoris prayed, were freed
from the persecutors and then took the body to the Amaras monastery for burial and after fled
to Armenia» [4].

Fig. 1 Stone anchor in the middle of sanctuary as the
object of worship and the floor raised in the east

During the cleaning of the sanctuary, many pottery materials and fragments of lamps,
candlesticks and tiles were found. The discovered stone fragments and their belonging to the
monuments are of great interest to us. It should be first noted that after cleaning the sanctuary,
it was found that the area around the anchor was enclosed irregularly in a quadrangle with
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plan dimensions of 9.7x6.0m (Fig. 2). The three corners of the enclosed area are 97, 86, 103
degrees and the northeast is 65 degrees.
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Fig. 2 Floor plan of the sanctuary. Topography

The enclosed area has approximately east-western orientation on its length.
Archeologist Vardges Safaryan finds that the structure is a Christian church or chapel. But the
opinion remains doubtful [5]. The structure has no basement, the walls are simply built with
stones put on each other and even the walls are built with approximate angles. To the south-
east the floor is arisen by small amount of soil. Entrance edge stones in the western part of
enclosed area were put probably using old angle stones (Fig. 3).

Fig. 3 Entrance in the western part

A section of wall with rough stones passes through the eastern part of the described
area. It has a correct north-south orientation. Details of stone colossus were found in the area,
which suggest that the place was sanctified with cross colossuses and established as a
Christian environment [6]. Among the first finds outside the enclosure is a stone square
anchor. It has a cube-shaped surface where the opposite sides are not equal. The dimensions
of the anchor platform are equal to 49 and 52.5 cm in the floor plan, 42 and 46 cm in the
upper platform, respectively, with a cube height of 44 cm. Three of the facades are sculpted
with simple isosceles crosses (Fig. 4,35, 6).

5
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Fig. 6 111 facade of the first tetrahedral anchor Fig. 7 IV facade of the first tetrahedral anchor

Fig. 9 Upper platfrm of the first tetrahedral
anchor tetrahedral anchor

The fourth facade is simple (Fig. 7) and probably, it was the unobserved part of
the colossum. The upper surface of the stone becomes octagonal polygon in the floorplan with
uneven sides.
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Fig. 10 Anchor topography

There is a hole with a diameter of 90 mm and a depth of 170 mm (Fig. 8), on the platform
where the pillar stone was placed the purpose of which will be described below.

The anchor-table sides are inclined to the vertical plane (Fig. 10), as in the case of Avan
colossus [7, 8]. From the treatment of the surface of the lower platform of the anchor, it can

be seen that the latter sat on the limestone platform of the main anchor (Fig. 8), which served
as a pedestal for the anchor table [9].

Fig. 11 Tetrahedral pillar, general view

Another detail of the described monument is the tetrahedral pillar (Fig. 11). It was
found in a broken state, but all the parts are there and give an idea of what the monument was
like. The pillar has 30 cm sides at the base of the table and 17 cm sides at the top. The lower

part is tetrahedral. In the middle part, the part becomes octahedral, and in the main part it
becomes tetrahedral again (Fig. 12).
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Fig. 13 Chapiter of tetrahedral pillar

The chapiter is decorated with plant motives / bear grapes leaves/ which originate from
Greek-Roman influence [10]. A cavity with a depth of 180 mm and a plan size of 11 cm on
the sides is made inside, where probably the foot of the cross raised on it was placed (Fig. 13,
14). In the lower part of the pillar, at a height of 24.5 cm from the floor, there is a horizontal
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cavity with a diameter of 10.5 cm which descends at an angle of 90° in the longitudinal axis
of the pillar to the surface of the lower platform of the pillar (Fig. 15)

r‘;"
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Fig. 14 Nest of chapiter of tetrahedral pillar

Research results

Collecting the details and pieces we can imagine how the pillar of tetrahedral colossus
was (Fig. 15).

Sasade cut
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Fig. 15 General view of anchored tetrahedral pillar, reformation

As a result of excavations another stone detail was found which is very alike the chapiter of
stone colossus described above (Fig. 16, 17)
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Fig. 16 View of chapiter cavity Fig. 17 External view of chapiter

It repeats the composition of found chapiter of tetrahedral colossum with its sizes, slopes and
solutions (Fig.18).

fasade a-a fasade c-¢ fasade b-b

Fa )

|6l

g = Measered ™ M.titanyan
Fig. 18 Chapiter, topography (floor plans, facades, sections)

The fragment is broken by its central axis but the lower platform has mainly preserved its
primary view (Fig.19). Probably it was sloved with the pillar not by joint piece but by a
node[8].
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Fig. 19 External views of chapiter

It is noticeable that on the sole of chapiter a cross of equal wings and name of Jovanik are
engraved (probably Hovanik) (Fig. 20).

Fig. 20 Name engraved in the edge of the chapiter

As result of diggings in the ancient site other stone fragments were also found which
should be considered as early medieval according to their composition, scale, art of stone
recycling and engravings /crucifix (Fig. 21-22), wing cross stone fragments (Fig. 23-27),
engraved chapiters (Fig. 28-29), wall stones and other fragments/.

11
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Fig. 23-27 Pieces of winged cross stones
12
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Fig. 28, 29 Engraved chapiters

Conclusion

Cleaning works were carried out by the permission of the Ministry of Education,
Science, Culture and Sports of the Republic of Artsakh in the sanctuary of Lusavorchi Sar in
the vicinity of the village of Sos, Martuni region in 2019. In the area surrounded by walls of
irregular stones, a stone anchor was found which was an object of worship, had an early
medieval composition and belonged to the mentioned period according to historical traditions
taking into consideration the crosses and stone carvings [11]. The studies of the material show
that there were early medieval colossus in the sanctuary, which confirmed the Christian
belonging of the place. According to the found material, the reconstructed monument
probably had a four-part composition: the ground anchor, the anchor-table, the pillar and the
winged cross (fragments of the latter were found on the spot).

The results of the further archeological and architectural studies planned in the
sanctuary will provide an opportunity to give scientifically and accurate answers about the
history of the region, the development of the early Christian school of architecture and
cultural affiliation.
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LNrUKU3S uneN1Ler ursukuh UNU 43Nkh
«LNkUUYLN/AP UUM» UNAYNT UPPUSETPPS

Shunwuyw U. .
Cniphh ppbfutininghwlwt hwdwuwnpuwt

2019p. Upgwfuh Unu gninh 29wluwjpnid gunuynn «Lnwwynpsh  uwp»  Ynsynn
uppwwnbinhnwd ppwywuwgyt] Gu Swprnwpwwbnw-htwghwnmwlwu hGunwgnuneginiuubn,
npph wpryntupnd h hwjnn o GYGp Jwn dhouwnwpwu  dGdnphw) hnpwpdwuubiph
pGYynpubp, huswbu twl wy o2hunieiniutbph htiwmpbp: Uppwywjpp hwpnwun £ pwgdwphy
pGynpubpny, npnup funund Gu wy, nbnbu  shwjnuwpbpjwd Ywnnygubph Jdwuhpt:
Nwnuuwuhpnipjwtu  hwdwp  ppwlywuwgyty G unpwhwjn  Unyeh  swhwgpwywu,
thwunwgpwywu, Jbpnodwlwu L hwdbdwnwlywu  wofjuwwnwuputp, nhunwpyybp £
uppwywiph htn uwywsd wwwndwlwu hhpwwnwynyeniuutipp, dwdwuwywopowup W
opowyw  nwpwdpubipnd  wnlw  Unyuwudwu  wywwndw-Swpunwpwwbunwlwu  uniep:
PtYnputiph nwnduwuppnipjwtu W hwdwnpniygywu  wpryniupnid npybp Gu Ynpnnwihu
hnpwnpéwuh YGpwywaqdniejwu qdwgptip: Uppwdwiph wwpwdpp nbinbu wdpnnontgjwdp
nunwWuwuppywd sk W Ywpnn £ h hwjn pbipbp unpwunp Unebp b wuwyuywubn:
Uuhpwdbtignn £ nwnwuwuppt quwdén  unebipp, nwuwlwpgb] pun dwdwuwyh L
whwywpwunipjwu, ubpluwjugub] ghnwlwu hwupnpjwup' |pwgubine hwdwp Upgwtup
wwi2unwdnlupwjhu L Ynennwyhu hniywpdwuubiph yGpwpbipjw wnlw
nwuniduwuhpni)niuubiph 2nbEdwpwup:

Pwbtwih pwnbp. Jwn dhouwnwnpwu Ynennubp, uppwywip, plwdnp fuws,
pwpwynenn, fuwswlwy, Ynpennh funjul:

HEJABHO OBHAPYKEHHBIE CTEJIbI U3
CBATUIULIA «JIYCABOPYU CAP» APIHAXCKOI'O CEJIA COC

Turanan ML.K.

L ywunckuii mexnono2uyeckull yHugepcumem

B 2019 r. B cBarunumie «JlycaBopuuu capy /«Iopa [IpocBeTuTens»/, pacronoKeHHOM B
OKpPECTHOCTSIX apuaxckoro cena Coc, ObUIM IPOBEJEHBI ApXUTEKTYPHO-apXEOJIOrHNYECKUE
HCCIIEZIOBAHUs, B PE3yJIbTaTe KOTOPBIX ObUTH 0OHApY>KEHBI (pparMeHTHl paHHECPEAHEBEKOBBIX
MEMOpHATbHBIX TAMITHUKOB, a TakXke Cleabl Jpyrux mnocTpoek. CBAThHS Oorara
MHOTOYHCIICHHBIMU (parMeHTaMHu, KOTOpble CBHJETEIbCTBYIOT O JpYIHX, €IIe He
0oOHapyXeHHBIX coopyxkeHusx. C 1enpl0 M3ydeHHs] HEJaBHO OOHAPY)KEHHOTO Marepuasa
ObLIH IMPOBCACHBI MCTPOJIOTUYCCKHUC, JOKYMCHTAJIbHEBIC, AHAJIUTUYCCKUC u
COMOCTaBUTENIbHBIE PA0OTHI, PACCMOTPEHBI HCTOPUYECKUE YIOMUHAHUS, CBS3aHHBIE CO
CBATBHIHEH, MEPUOJ U aHAJOTHYHBII UCTOPUKO-apXUTEKTYPHBIA MaTepual, UMEIOUIUIics Ha
MpWIEraloux TeppuUTopusix. B pesynbTare nM3ydeHHss U COBMEIIECHUS (parMeHTOB ObLIU
AaHbl YCPTCIKU PCKOHCTPYKIIMHU MOHYMCHTAJIbHOTO IMaMATHHKA. TCppI/ITOpI/Iﬂ CBATHUIIMIIA CIIIC
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MOJIHOCTBIO HE HCCIEOBaHa W TaM MOTyT ObITh OOHAapy>XeHbl HOBBIE MaTepuajbl U

cropripu3bl. Heobxoammo u3y4nTh HalJCHHBIE MaTepHalbl, KIACCU(UIMPOBATH HUX TIO
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The index of economic freedom is one of the key features of the system of
macroeconomic indicators used by nations with market economies. It should be noted that this
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index summarizes the key findings regarding the socioeconomic development of either this or
that nation, as well as the success or failure of progress.

The Republic of Armenia ranks 11th out of 165 countries in the "World Economic
Freedom 2022 Annual Report," which can be regarded as an appreciable achievement given
that it accurately reflects the overall evaluation of socio-economic reforms made by the
government of the country in recent years.

Key words: economic freedom, economic freedom components, government size, legal
system, property rights, freedom of international trade, tariff, regulations.

Introduction

Before considering the content of economic freedom and its essence, let's look at certain
definitions of liberalism and economic freedom. Thus, if we are to define liberalism in one
sentence, it can be formulated as follows: a person is a higher value than the state. This
provision is also defined by the Constitution of the Republic of Armenia, Article 3 of which
directly stipulates: "In the Republic of Armenia, a person is the highest value" [1]. It follows
from the nature of the idea of freedom that final truths are not expressed or fixed here. There
is not, and perhaps there will never be, such an end-to-end definition of liberalism that will be
common to all societies. The reason for this is not only that new questions constantly arise in
politics that require new liberal answers. The reason above all is that liberalism was not
"invented" in one fell swoop, but is a summation of the minds of many individuals. Each of
them contributed in their own way to the development of the idea of liberalism.

For example, the Scottish philosopher David Hume in one of his works (the Political
Discourses, 1752) wrote about his political thinking on the assumption that freedom and
justice are only the result of cultural development, which receives its dynamics in the
individual's pursuit of utility. This position was developed in the works of Ludwig von Mises,
an Austran School economist, who valued only the individual and his ability to make
economic calculations, completely rejecting the idea of pre-state natural law.

There are different paths to the same goal. That goal is an open and liberal society based
on the principles of individual freedom and the rule of law and free market economy.
Discussing the foundations of this development is always an urgent problem. Discussing the
foundations of this development is always an urgent problem. As noted by Friedrich August
von Hayek, the principle of freedom for an individual is the principle of freedom. It is the
only real power of the future, it remains as true today as it was. in the 19th and 20th centuries.

Adam Smith, the founder of classical economics, argued that individuals acting solely
in their own interests contribute to the greatest increase in the total wealth of a country. In
achieving these goals, the role of the state should be to allow private economic activity and
create a legal apparatus to ensure such activity.

This view was further developed by proponents of the new classical direction, who
included in the discussion field not only the freedom of production and accumulation, but also
the freedom of choice in consumption. The model of perfect competition provided additional
theoretical evidence that free competition and unrestricted disclosure of consumer preferences
maximizes society's economic welfare.

Ludwig von Mises saw every intervention of the state in economic life as a violation of
the normal process of economic development. The scientific refutation of socialism was based
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on the fact that the latter is incapable of rational calculation of costs. At a time when the ideas
of liberalism were almost completely forgotten in German-speaking countries, he made one of
the rare bold attempts to justify them with his book "Liberalism" (1927) [2].

Friedrich August von Hayek about the changes in the concept of "freedom" says "It is
necessary to pay particular attention to the imperceptible change in the meaning of the word
"liberty" so that our judgments sound credible. For the great apostles of political liberty, the
word meant the freedom of man from the violence and wilfulness of other men, the liberation
from the shackles that left the individual no choice but to submit to those in power. The new,
promised freedom is freedom from actions dictated by circumstances, which undoubtedly
limit the choice of each of us, though more for some and less for others. In order for a person
to become truly free, it is necessary to overcome the "physical dictate", to weaken the
"pressure of the economic system".

In this sense, freedom can be interpreted as another name for power or wealth. Such a
confusion of freedom and power occurs frequently, but it is too complex a problem for us to
discuss in detail within the scope of this work. It is noteworthy that one of the most obvious
advocates of confusing the mentioned concepts is the American liberal philosopher John
Dewey, who writes: “Freedom is the real power to do certain things. Therefore, the demand
for freedom is also a demand for power" [3].

It is often stated that political freedom is impossible without economic freedom. This is
a true statement, but not in the sense that the proponents of planning put it into the statement.
Economic freedom, which is a necessary precondition for any other manifestation of freedom,
cannot at the same time be freedom from all economic worries. Meanwhile, socialists promise
this kind of freedom, often forgetting to add that they will free people from freedom of choice
altogether. Economic freedom is the freedom of any activity, which includes the right to
choose and the risk and responsibility associated with that right [4].

As is well known, the demand for freedom of trade is the demand for unlimited division
of labor among the inhabitants of different states. Since the division of labor, this main source
of economic freedom, is particularly large when we are dealing with nations of different
productive capacities, it can be assumed that the whole world will understand the enormous
advantage of the division of labor among the inhabitants of different climates and places,
because that in consequence of the peculiarities of their manners, habits, and natural
inclinations, they have very different productivity. It can be assumed that the economic factor,
which unites peoples separated by state borders, should show everyone that the economic
community should not be confused with the state community. It should show that if the only
task of the state is to protect property and person and to oppose violence within its borders,
then the economic community should take under the protection of the state all those who,
regardless of the country of their residence, are capable of participating in the growth of the
needs of the national economy [5, 6].

Conflict Setting

After the collapse of the former Soviet Union, society had a great "deficit" of justice and
freedom, which was due to the drastic changes in public life and economic relations, for
which perhaps our society was not ready. In the scope of our research, the problem was firstly
to identify the priorities in the value ranking of the population of Armenia and Artsakh, then
to present the methodological foundations of understanding the term "economic freedom", as
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well as to make comparisons between certain countries.

Research Results

The importance of the ideas of "independence" and "freedom" is also evidenced by the
results of the survey, which was conducted between September 25 and November 20, 2019
and in which 667 citizens of the Republic of Armenia and the Republic of Artsakh, mostly
students of universities, participated. and professors. One of the purposes of the survey was,
in particular, to get an idea of the basis of the formation of the society's value system and the
role of freedom and justice in that process. Thus, the representatives of the universities of
Armenia and Azerbaijan ranked the versions of the question "Which of the mentioned values
are the most important?" in the first important position in the following proportion: 36% of all
participants who mentioned the most important value chose the answer "justice", 22% - "
freedom". Other options were chosen as the most important value by 8 percent or less of the
participants, namely, "patriotism" and "solidarity" options were considered the most important
value by 8 per cent of the respondents each, "kindness to people", "solidarity", "self-restraint
and sacrifice" - 7 per cent of the respondents, and "family traditions" are considered the most
important value by 5 per cent of the respondents [2] (Fig. 1).

Fig. 1 The relative weights of the options given primary importance to the question
""Which of the listed values do you consider the most important?"

It should be noted that among the tools for the implementation of inter-country
(international) combinations, various types of coefficients are used, which have been
especially widely used in the last 20-30 years.

Index of Economic Freedom. According to the data of 2020, Armenia was the 11th
among the countries and territories included in the 2022 Annual Report of World Economic
Freedom. It was published by the non-governmental organization "Political, Legal and
Economic Research and Forecasting", a co-author of the Economic Freedom Report, a full
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member of the Economic Freedom Network of the Republic of Armenia, in cooperation with
the Fraser Institute of Canada [7].

According to the data of 2019, Armenia was 17th in the ranking table. The point is that
when individual countries raise taxes and strengthen market regulation, people become less
economically free, which means slower economic growth and less investment.

Tab. 1 shows the list of 15 countries with the best economic freedom rating with the
economic freedom index.

Table 1
List of the 15 countries with the best economic freedom
ranking included in the 2022 World Report

World Ranking Country (oll:fg;tio)
1 Hong Kong 8,59
2 Singapore 848
3 Switzerland 837
4 New Zealand 827
5 Denmark 8.09
6 Australia 8.04
7 USA 7.97
8 Estonia 705
9 Mauritania 788
10 Ireland 786
11 Armenia 784
12 Japan 7.82
13 Lithuania 782
14 Canada 781
15 Georgia 778

The above Table was compiled by Economic Freedom of the World - According to 2022 Annual Report,
page 8, Reference to the electronic resource: www.fraserinstitute.org/economic-freedom.

Hong Kong and Singapore once again lead the economic freedom index, continuing to
hold their respective top spots, while Switzerland, New Zealand, Denmark, Australia, the
United States, Estonia, Mauritius and Ireland, Armenia, Japan, Lithuania, Canada and Georgia
are tied for the top spot. fifteen countries.

The report, which has been published since 1996, measures economic freedom - the
ability of individuals to make their own economic decisions - by analyzing a range of
indicators, including regulation, size of government, property rights, government spending
and taxation. The 2022 annual report, based on 2020 data (the most recent available), also
reflects the impact of restrictions related to the COVID-19 pandemic.

The 15 lowest ranked countries are: Ethiopia, Chad, Iraq, Lebanon, Central African
Republic, Democratic Republic of Congo, Algeria, Republic of Congo, Iran, Libya,
Argentina, Syrian Arab Republic, Zimbabwe, Sudan and Venezuela (Tab. 2). Due to a lack of
data, dictatorial countries such as North Korea and Cuba were not ranked in the report.

Other major country rankings include Japan (12th), Canada (14th), Germany (24th),
Italy (43rd), France (54th), Mexico (65th), India ( 90th), Russia (94th), Brazil (114th) and
China (116th).

From the given data, it becomes obvious that countries with large economies are
significantly inferior to countries with smaller sizes in terms of economic freedom. And this
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means that in countries with small sizes (Armenia is included in the list of such countries) the
achievement of economic freedom is much easier and in a short period of time it is possible to
achieve high indicators of economic freedom.

Table 2
List of the 15 countries with the worst data in the
2022 World Economic Freedom Report
World Ranking Country Points
(out of 10)
1 Ethiopia 5.58
2 Chad 5.55
3 Iraq 5.51
4 Lebanon 5.45
5 Central African Republic 5.40
6 Democratic Republic of Congo 5.36
7 Algeria 5.12
8 Republic of the Congo 5.08
9 Islamic Republic of Iran 4.96
10 Libya 4.95
11 Argentina 4.87
12 Syrian Arab Republic 4.63
13 Zimbabwe 4.48
14 Sudan 4.21
15 Venezuela 3.32

The above Table was compiled by Economic Freedom of the World - According to 2022 Annual Report
page 9, Reference to the electronic resource: www.fraserinstitute.org/economic-freedom.

According to research in top peer-reviewed academic journals, people living in
countries with high levels of economic freedom have higher standards of living, more
political and civil liberties, and live longer lives.

For example, in countries in the top quartile of economic freedom, the average GDP per
capita in 2020 was 48,251 USD, and in countries in the bottom quartile, it was 6,542 USD [7].

The poverty rate is lower for the population of countries in the top quartile, where
extreme poverty (incomes of US$1.90 per day) was recorded at 2.02 percent of the total
population). In the countries included in the lower quarter, it was 31.45 percent of the entire
population [7].

And finally, life expectancy in the top quartile of countries is 80.4 years, compared to
66.0 years in the bottom quartile.

The Fraser Institute produces the annual World Economic Freedom Report in
partnership with the Economic Freedom Network, a group of independent research and
education institutes that brings together organizations from around 100 countries and
territories. It is the world's primary measure of economic freedom, which measures and ranks
countries according to five areas: size of government, legal structure and security of property
rights, access to "sound" money, freedom of international trade, and regulation of credit, labor
and business. This year's report was prepared by Florida State University professor James
Gwartney, Robert Lawson and Ryan Murphy from Southern Methodist University, and
Joshua Hall from West Virginia University (they are all world-class economists, renowned
scientists).
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The main components of economic freedom of Armenia are evaluated (on a scale of 1
to 10 points, where a higher value indicates a higher level of economic freedom) as follows:
» The "Government size" component improved compared to last year's assessment, from
7.77 to 7.98;
Legal system and property rights: from 6.25 to 6.24;
Availability of “Sound” money increased from 9.52 to 9.55;
Freedom of international trade decreased from 8.53 to 7.69;
The overall credit, labor and business regulation rating decreased from 7.82 to 7.76.

YV V V V

Thus, the improvement of the index of economic freedom in the Republic of Armenia in
2020 compared to 2019 was mainly due to the improvement of two components of the
calculation of the index of economic freedom: the size of the government (in other words, the
state's expenses) and the indicators of access to money. The significant deterioration of the
index of international trade freedom can be considered justified, taking into account the
general and significant decline in commercial transactions, movement of goods due to the
restrictions of the COVID-19 pandemic in 2020, and the slight deterioration of the indicators
of the quality of regulations in RA due to both the epidemic and the war. The legal system
and the set of indicators characterizing the realization of property rights have remained almost
unchanged.

It should be noted that the index of economic freedom of countries is a synthetic,
macroeconomic indicator, which is a system of evaluating indicators and instruments related
to various aspects of the economy and management spheres. In essence, the index of
economic freedom represents a complete picture of the 5 most important structural sectors of
the economy, according to which the completeness of these indicators best characterizes the
degree of economic freedom. Bearing in mind that the concepts of the economic freedom
index both in the general society and in various professional platforms are not complete and
complete, we consider it appropriate to present the economic freedom and the set of indicators
and components included in that system (Tab. 3).

Table 3
Components of economic freedom index
100 Summary rating data
102 1. Size of Government
103 A. Government consumption
105 B. Transfers and Subsidies
107 C. Public investment
108 D. The maximum marginal tax rate
109 (i) Maximum marginal rate of income tax
110 (i) Maximum marginal rate of income tax and insurance contributions
111 E. State ownership of assets
200 2. Legal system and property rights
201 A. Judicial independence
202 B. Impartial Courts
203 C. Protection of Proprietary Rights
204 D. Military intervention in the rule of law and politics
205 E. Integrity of the Legal System
206 F. Lawful Enforcement of Contracts
207 G. Restrictions Governing the Sale of Real Estate
208 H. Reliability of the Police
210 Refinement of gender rights
300 3. “Sound” money
301 A. Growth in money supply
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303

B. Standard deviation of inflation

305

C. Inflation: most recent year

307

D. Freedom to hold foreign currency bank accounts

400

4. Freedom of international trade

401

A. Tariffs

402

(1) Revenues from trade taxes (in % of trade)

404

(i1) Average rate of tariff

406

(iii) Standard deviation of tariff rates

408

B. Regulatory Restrictions on Trade

409

(1) Non-tariff restraints on trade

410

(i1) Import and export compliance costs

412

C. Black Market Exchange Rates

413

D. Control of the Movement of Capital and People

414

(1) Financial openness

415

(ii) Capital controls

416

(iii) Freedom of Visits by Foreigners

500

5. Regulations

501

A. Credit Market Regulations

502

(i) Ownership of Banks

504

(i1) Loans to the private sector

505

(iii) Interest rate controls (negative real interest rates)

507

B. Labor Market Regulations

508

(1) Employment regulations and minimum wages

509

(i1) Hiring and Dismissal Regulations

510

(iii) Centralized collective agreements

511

(iv) Regulation of Hours of Operation

512

(v) Mandatory Employee Termination Expenses

513

(vi) Conscription

514

C. Business Regulations

516

(1) Administrative Requirements

517

(i1) Regulatory Burden

518

(iii) Availability to start a new business

519

(iv) Extra payments/bribery/favouritism

520

(v) Licensing Restrictions

521

(vi) Tax Compliance Costs

Source - Economic Freedom of the World: 2022 Annual Report:

Armenia IR 7,54

Belarus I G,53

Georgia I 7,78
Kyrgyz Rep. I G,07

Lithuania I 7,82

Russian Federation I 6,62

Ukraine I 6,11

Turkey I 6,43

Fig. 2 Brief rating data of the economic freedom index

of the Republics of the former Soviet Union, Iran, and Turkey in 2020
(compiled based on the data of the Economic Freedom of the World 2022 Annual Report)
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World Economic Freedom measures how countries' policies and institutions support
economic freedom. This year's edition ranks 165 countries and territories. The report also
updates the data reflected in previous years' reports, in cases where the data has been revised.

For comparison, Fig. 2 shows the economic freedom statistics for the Republic of
Armenia, the CIS, the Islamic Republic of Iran, and Turkey, which are included in the 2022
report, but refer to the results of 2020 (these are the most up-to-date data currently available).

Fig. 3 shows the estimates of individual components forming the coefficients of
economic freedom of the same countries. Moreover, the data refer to 2020 and represent the
results recorded in that year, although they are included in the 2022 report, so they are the
most current data currently available.
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Belarus 9,16
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Fig. 3 Estimation of separate components forming the economic freedom index of the
Republics of the former Soviet Union, Iran, and Turkey in 2020
(compiled based on the data of the Economic Freedom of the World 2022 Annual Report)

To find out Fig. 3 the rate of change in the coefficient of economic freedom in the
countries listed in previous figure, as well as the influence of individual components of this
coefficient on the said change, 2000-2020. the aggregated (enlarged) indicators of the
economic freedom index are given.

Tab. 4 shows the full indicators of economic freedom of the Republic of Armenia, the
Republic of Georgia and the Republic of Azerbaijan, as well as Iran and Turkey and the
member states of the Eurasian Economic Union.

From the data of Table 4, it can be seen that in 2000, the highest value of the index of
economic freedom was recorded in Iran (34.36), in 2005 - in Georgia (46.38), in 2010 - in
Armenia (45.99), in 2015, 2016, 2017, 2018, 2019 - in Georgia (48.97, 48.98, 49.11, 49.2,
48.97) and in 2020 in Armenia (47.06). Let's note an important circumstance that in 2020, the
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Republic of Armenia operated under exceptionally difficult conditions. We are referring to the
44-day Armenian-Azerbaijani war of 2020 and the continued impact of the Covid-19
epidemic on the economy.

Table 4
Complete indicators of economic freedom of the Republic of Armenia, the Republic of Georgia
and the Republic of Azerbaijan, as well as Iran and Turkey and member states of the Eurasian
Economic Union

Country 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
Armenia
Summary rating data 7.58 | 7.67 7.73 7.67 | 7.69 7.95 | 7.98 7.84
Size of government 8.12 | 8.73 8.59 | 7.87 7.59 | 7.5 7.97 | 1.77 7.98
The legal system and
property rights 5 5.59 5.46 5.57 5.63 5.7 6.13 6.25 6.24
“Sound” money 9.36 9 9.21 9.32 9.37 9.43 9.52 9.55
Freedom of international
trade 7.35 7.99 8.61 8.43 8.47 8.46 8.53 7.69
Regulations 6.9 7.28 7.38 7.38 7.39 7.74 7.82 7.76
Total 13.12 | 36.78 | 45.99 38.5| 3843 | 3093 | 39.71 | 32.12 | 39.22
Azerbaijan
Summary rating data 6.03 5.82 6.29 6.46 6.35 6.51 6.43 6.21
Size of government 7.4 6.58 4.44 5.34 5.53 5.46 5.1 5.01 4.55
The legal system and
property rights 4.78 4.93 4.93 4.99 5.27 5.29 5.21 5.24 5.24
“Sound” money 7.03 6.44 7.24 7.65 7 7.55 7.29 7.27
Freedom of international
trade 5.5 6.32 7.03 7.09 7.23 7.32 7.24 7.01
Regulations 4.3 6.09 6.98 6.88 6.73 6.77 7.36 7.37 6.96
Total 1648 | 36.16 | 3493 | 37.77 | 38.73 38.1 | 39.05| 38.58 | 37.24
Georgia
Summary rating data 6.86 7.73 7.6 8.16 8.16 8.19 8.2 8.16 7.78
Size of government 8.51 7.77 6.89 8.06 8.08 7.97 7.8 7.59 7.29
The legal system and
property rights 5.41 6 6.32 6.69 6.63 6.62 6.65 6.72 6.83
“Sound” money 8.6 8.57 8.94 9.03 8.92 9.3 9.22 9.06
Freedom of international
trade 7.91 8.33 8.25 8.97 8.86 9.07 9.05 9.12 8.28
Regulations 5.64 7.95 7.95 8.15 8.22 8.34 8.2 8.16 7.43
Total 3433 | 4638 | 45.58 | 4897 | 4898 | 49.11 49.2 | 48.97 | 46.67
Belarus
Summary rating data 6.08 6.47 6.34 6.48 6.83
Size of government 6.83 6.79 6.79 6.79 6.31 6.4 6.44 5.39 5.24
The legal system and
property rights 5.83 6.29 6.26 5.66 5.7 5.69 5.65 5.66 547
“Sound” money 4.96 7.13 7.5 9.01 9.16
Freedom of international
trade 7.21 6.12 6.06 6.18 7.3
Regulations 6.21 7 6.06 6.17 6.98
Total 12.66 | 13.08 | 13.05 ] 12.45| 36.47 | 38.81 | 38.05| 38.89 | 40.98
Kazakhstan
Summary rating data 6.6 6.79 7.2 7.09 7.28 7.42 7.6 7.35
Size of government 8.07 8.08 7.69 7.82 7.85 7.88 8 7.96 7.69
The legal system and
property rights 5.01 5.02 5.13 5.66 5.49 5.5 5.57 5.58 5.62
“Sound” money 6.7 8.38 8.69 8.33 8.83 8.96 9.28 9.23
Freedom of international
trade 5.74 5.26 6.09 6.24 6.76 6.61 7.2 6.52
Regulations 7.46 7.5 7.77 7.52 7.45 7.97 7.96 7.69
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Country 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 2019 | 2020
Total 13.08 39.6 | 40.75 | 43.23 | 42.52 43.7 | 44.53 | 45.58 44.1
Russian Federation
Summary rating data 5.08 6.02 6.4 6.59 6.71 6.81 6.85 6.83 6.62
Size of government 6.5 6.53 6.54 6.33 5.94 6.26 6.29 6.06 5.7
The legal system and
property rights 4.78 5 4.95 5.01 5.08 5.15 5.15 5.14 5.13
“Sound” money 3.11 6.63 8.24 8.26 9 9.27 9.3 9.31 9.09
Freedom of international
trade 5.97 5.75 5.9 6.87 7.04 7.1 6.93 6.82 6.53
Regulations 5.02 6.19 6.38 6.46 6.48 6.28 6.61 6.83 6.65
Total 30.46 | 36.12 | 3841 | 39.52 | 40.25 | 40.87 | 41.13 | 4099 | 39.72
Islamic Republic of
Iran
Summary rating data 5.73 6.07 5.75 548 5.58 5.74 5.19 5.02 4.96
Size of government 5.35 6.14 6.33 6.32 5.97 5.91 6.27 6.65 6.99
The legal system and
property rights 3.97 3.88 3.82 3.79 3.84 3.78 3.62 3.6 3.56
“Sound” money 8.3 8.61 8.61 7.58 7.83 7.79 7.46 5.94 6.17
Freedom of international
trade 5.73 5.99 5.17 4.52 4.51 5.65 3.09 3.41 2.58
Regulations 5.28 5.74 4.81 5.17 5.76 5.55 5.5 5.5 5.5
Total 3436 | 3643 | 3449 | 32.86 | 3349 | 3442 ] 31.13 | 30.12 | 29.76
Turkey
Summary rating data 5.61 6.35 6.97 6.99 6.97 6.7 6.66 6.49 6.48
Size of government 7.22 8.19 7.28 7.31 7.23 7.26 7.03 6.53 6.52
The legal system and
property rights 5.05 5.97 5.22 5 4.94 4.72 4.77 4.85 4.84
“Sound” money 3.57 4.94 8.8 9.08 9.02 8.84 8.35 8.26 8.27
Freedom of international
trade 6.62 6.97 7.24 7.12 7.1 7.16 7.17 6.98 6.92
Regulations 5.6 5.71 6.32 6.44 6.56 5.51 5.98 5.82 5.88
Total 33.67 | 38.13 | 41.83 | 4194 | 41.82 | 40.19 ] 3996 | 38.93 | 38091
Kyrgyzstan
Summary rating data 6.76 6.78 6.98 7.17 7.16 7.16 7.17 6.97
Size of government 7.24 7.66 7.48 7.42 7.48 7.38 7.33 7.23
The legal system and
property rights 4.12 4.19 4.33 4.8 4.86 4.86 4.83 491 4.87
“Sound” money 8.71 8.24 8.43 9.34 9.27 9.31 9.44 8.96
Freedom of international
trade 6.78 6.75 7.27 7.39 7.42 7.19 7.12 6.78
Regulations 6.89 6.91 6.9 6.81 6.74 7.07 7.03 6.99
Total 4.12 | 40.57 | 40.67 | 41.86 | 42.99 | 4293 | 42.94 | 43.00 41.8

The above Table was compiled by the World Economic Freedom - According
to 2022 Annual Report page 9.

In addition to the above-mentioned methodology, many other approaches are used in the
evaluation and calculation of the coefficient of economic freedom. among them, the 2022
Index of Economic Freedom studies are the most popular. However, when the coefficients of
economic freedom calculated by different methodologies are compared, this or that country
appears in different places in different studies. Thus, for example, according to the
methodology of the 2022 Index of Economic Freedom, the economic freedom index (EFI) is
compiled according to 12 criteria, which the authors call pillars. They show tax burden,
government spending, corruption, efficiency of justice, protection of property rights, business,
labor, monetary freedom, market openness - freedom of trade, protection of investors, etc. In
other words, the methodologies of calculating and evaluating the coefficient of economic
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freedom by different centers and authors are fundamentally incompatible and
incommensurate, therefore, making such comparisons is fundamentally unacceptable. In
addition, another error in the methodological nature of the organizations dealing with the
evaluation of freedoms is that very often their authors do not distinguish economic freedom
coefficients from freedoms in general, since the latter includes political, cultural and other
types of freedoms from the economic freedom coefticient.

Conclusion

As a conclusion, let us note that the index of economic freedom, both at the level of the
whole world and during cooperation between regional and individual states, has become a
priority compared to other macroeconomic indicators. The best example of what has been said
is the Republic of Armenia, whose high index of economic freedom (according to the
observed methodology) had its impact on the socio-economic development of the country. As
a result of the Russian-Ukrainian war, especially Russian and Ukrainian capital inflowed large
volumes into the RA economy. The high index of economic freedom was also one of the main
motivations for the investors of the mentioned countries to invest in RA.
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IJIA OIleHKH pedopM. DTOT IOKa3aTeJb PACCUUTHIBAETCA PA3TUIHBIMU OPTaHU3AIMAMU U
HcCIeoBaTeIbCKUMHU IeHTpaMu yke okoiso 30 ser. OH Hanbosee IMOTHO U BCECTOPOHHE
OTpaKaeT CTelleHb SKOHOMHUYECKOTO Pa3BUTUA CTPAHBL JTOT IIOKa3aTeslb BKJIIOYAET, II0
CyTH, BaXKHEHIINM WHCTPYMEHTapMi TOCYyJapCTBEHHOM SKOHOMHYECKOM IIOJIUTHKUA U
yIpaBleHHsd, a TakKXke II03BOJIAeT M3MepATh U CONOCTaBIATH COOTBETCTBYIOIIHE
ITOKa3aTesAMH JAPYyTHX CTPaH.

ABTOpaMM TIpOBe/IeHO CpaBHeHMe Pa3JIMYHBIX METOJUK pacdyeTa HHJeEKca
5KOHOMHUYECKOH CBOOOBI, COIIOCTAaBIeHNEe MX CHIBHBIX U CIa0BIX CTOPOH, YTO IO3BOJIMTIO

BBISIBUTH HamboJIee AOCTOBCPHYIO U3 IPUMECHACMBIX MCTOOUK.

KawueBble cimBa: 5>KOHOMHYECKas CBO0OJA, COCTABILIIOIINE 3KOHOMHUYECKOMH
CBOOOJIBI, pa3Mep IPaBUTENIbCTBA, IPAaBOBas CHUCTEMa, MPABO COOCTBEHHOCTH, CBOOOAA
MEKIyHApPOIHON TOPTOBIH, TapU(BI, pETyITHPOBAHHE.
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Abstract

On the global market, the development growth rates of various countries differ strongly
from one another. This results in a modification of their function and significance in terms of
regional development. The foundation is the rate at which intellectual capital is developing
and materializing as it is realized in the field of research and development.

The objective of this study is to investigate the problems related to the structure and
content of intellectual capital in Armenia, with the aim of forming the best balance of policy
and practical measures implemented in the mentioned field, which will provide an effective
development environment for the implementation of research and design works and their
results. A detailed explanation of the essential actions necessary to accomplish the stated
objective is provided. A substantive description of the priority steps aimed at achieving the
stated goal is presented.

Key words: high-tech, applied research, intellectual property, experimental
development, Human Development Index.

Introduction

While mankind was still in its infancy, the Greeks observed that everything is
constantly changing and evolving, including nature, social order and its laws, and human
relationships.

This phenomenon is characterized by the concept of "Pantarei" (Pantarhei is a
simplified version of the teachings of the famous Greek philosopher Heraclitus of the late 6th
century BC. He said “no man ever steps in the same river twice, for it's not the same river and
he's not the same man.” That is nothing stays still, 'everything flows': everything and
everywhere, like a river, is constantly in motion. There were views about the forces that
ensure development and everyone began to understand that this force is man. It is that person
who, through the use of his/her organizational abilities, transforms the environment and takes
the lead in advancing social relations and the means of production.

It should also be noted that society adopted this concept quite late. This was due to the
fact that the ways of development seemed to be obvious. One of them was called the
extensive path, when the physical capabilities of the state are expanded for public needs, for
example, the areas of pastures and arable lands, the number of livestock, etc. are increased.
The second way is the intensive development, in which case, not the physical sizes and
dimensions of the resources, but their qualitative characteristics are increased. In other words,
a unit of arable land produces, for example, more wheat, and a unit of animals produces more
milk, meat, wool, eggs, etc. In other words, in the case of intensive development, labor
productivity increases. Let's discuss a specific example: suppose the yield of wheat from any
land increases by X percent. How can this happen? It is clear that in such a case fertilizers,
different types of herbicides, chemical substances were used, that is, certain results of science
and scientific and technical activities were used. It should be noted that there are fewer
opportunities for the world's natural resources to grow with every passing day, and they are no
longer able to meet society's growing demand for consumer goods. In essence, there are no
longer any opportunities for the planet Earth to realistically increase its production resources.
Non-renewable resource extraction options have been drastically diminished. The enormous
scale of the production increase is what has led to this situation. Only during the last 25 years,
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the amount of raw iron consumed only in the last 25 years is comparable to the amount of
metal ore consumed over the course of human development. It is not a coincidence that
various nations are attempting to claim the resources of the Earth's poles in order to increase
their mineral reserves, as well as the implementation of fantastic programs like, for instance,
"Lithium importation from other planets or space objects," given that lithium is an efficient
raw material for electricity generation. The realization of all this requires a certain period of
time and greatly increases the cost of extraction and use of various types of raw materials.
Getting artificial materials and raw materials through scientific processing is the main way to
avoid all of this seemingly impossible task. Let's not forget that in terms of consumption and
quality attributes, the types of raw materials obtained through innovative programs can be
superior to the types of natural raw materials. Such an example is the production of natural
and artificial rubber. It should also be noted that in human history, scientific and scientific-
technical activity appeared when society was able to create additional output, that is, to create
and accumulate more than it consumed. At the expense of surplus value, a certain class of
people appeared who could engage in science and scientific and technical activities, as noted
by one of the classics, Karl Marx, the Egyptian pyramids could be built only when surplus
value was created in Egypt.

Scientific and scientific-technical activity is the driving force that can push the society
forward at an accelerated pace. An example of this is the steam engine created by James
White, which was interpreted by the same Karl Marx as: mankind benefited more in the year
after White's invention of the steam engine than it had spent on all scientific research put
together before White's invention of the steam engine.

Thus, discoveries and innovations have a vital importance and role in meeting the
demands of the society. White's steam engine, which was the centerpiece of the third
industrial revolution, was designed to meet seemingly impossible human demands. In
particular, the replacement of manual labor made it possible to significantly increase the
volume of products and services produced, which was the only way to meet the demands of
the growing population.

In a broad sense, scientific and scientific-technical activities fundamentally change the
economic and social environment of society, as well as have a significant impact on people
and society's activities. In particular, the population of planet Earth grew particularly rapidly
during the 19th century, a consequence of White's invention and use of the internal
combustion engine. The use of various technical means (tractor, harvester and other
agricultural means) significantly increased the agricultural sown area, which provided enough
food to feed people and thus increase the reproduction of the population by hundreds of
millions of people.

It is also known that the computer was recognized as the best technical tool of the 20th
century, it also made it possible to create the Internet, which makes both production and
socio-economic life incredibly easy and efficient. It can be said that through science and
scientific and technical activities, both real and virtual worlds are currently operating on
planet earth. Often the main developments and results of science and scientific and technical
activities are obtained not for the achievement of civil achievements but for military purposes.
In some states, although they are unable to develop and produce simple household goods, they
produce sophisticated missiles and types of armaments and weapons. According to the
calculations of some experts, it is possible to eliminate the planet Earth more than 2000 times
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with the weapons created on the planet Earth. That is, science and scientific and technical
activities contribute to the improvement of human life conditions on the one hand and become
a threat to the existence of the planet Earth on the other hand.

Based on socio-economic and military-political ideology, different ideologies and
practices regarding science and scientific-technical activities have been formed and are
operating in different countries. Each state, based on its capabilities, in order to survive and
develop, should be able to correctly assess its place and role in the given region (world) and
use the achievements of science to increase the well-being of the population and ensure
economic growth.

The best way to achieve this is the implementation of sufficient volume of expenses for
the implementation of scientific and technical developments and the introduction of
innovations.

Researchers are regarded as specialists whose work advances theories, develops
concepts, models new research tools, and creates computational techniques. Additionally,
master's degree candidates and students are included in the research. The Organization for
Economic Co-operation and Development (OECD) defines research as creative work
undertaken to increase the stock of knowledge, including knowledge about people, culture
and society, and the use of that knowledge to develop new applications. Research and
development (R&D) includes activities that organizations undertake to innovate and introduce
new products and services. It frequently marks the beginning of the development process.
Based on the findings of the first stage, mass production of new goods and services is
organized in the second stage. When the domestic market of the target nation is fully stocked
with the specified goods and services, the third stage of their development—their export to
other nations—begins. The fourth stage is the period of "death of the product or service" - it is
withdrawn from production and market. Depending on the quality of innovative product or
service developments, the marketing studies conducted and how they meet consumer needs,
"product life cycles" can be short-term or long-term (prospective). This circumstance
determines the profitability (or loss) of the creation and sale of the product or service.

Typically, the objective is to expand the company's revenue stream and introduce new
goods and services to the market. With no other options available to them, consumers are
forced to buy them at a high "additional" cost, which ensures the increase in profits of those
businesses that followed the path of innovations. This strategy is due to the dominant position
of a newly created product or service in the market of newly created products and services
(the principle of "picking the cream").This consists in taking the risk of realizing the
production of innovative products and services and spending on innovations in comparison
with "ordinary" companies, with the aim of increasing the share of innovative products and
services in the market.

You cannot separate how you feel about money from it. No matter how experienced or
inexperienced the decision-maker is in economics, he must make an effort to think irrationally
and predictably in order to make better investment decisions. Experimental development and
basic and applied research are both included in R&D [1].

1. Without any specific application or use, basic research is theoretical or experimental
work done primarily to learn more about the underlying causes of phenomena and
observable facts.

34



Bulletin Of High Technology N1(25) 2023.-pp. 31-47. ECONOMICS
A .Kh. Markosyan, V.G. Khachaturyan, A.K. Harutyunyan, M.A. Markosyan, V.G. Petrosyan

2. Applied research is undertaken in order to acquire new knowledge, which is mainly
carried out for a specific practical purpose.

3. Experimental development is systematic work based on knowledge gained from
research and (or) practical experience aimed at obtaining or improving new materials,
products or devices.

Given the pace of technological advancement, R&D is essential for organizations to
remain competitive. It will allow companies to create products that are difficult for their
competitors to duplicate. At the same time, R&D efforts can lead to improved organizational
productivity [1].

An intellectual capital-based consumption and production system is known as a
knowledge economy. It specifically refers to the capacity to profit from scientific
breakthroughs and applied research. Intellectual capital is the value of a company's
employees' knowledge, skills, business training, or any proprietary information that can
provide a company with a competitive advantage. Intellectual capital is considered an asset
and can be broadly defined as the collection of all information resources at a company's
disposal that can be used to generate profits, acquire new customers, create new products, or
otherwise improve the business. It is the sum of employee expertise, organizational processes
and other intangible values that contribute to the company's bottom line [2. 3]. Because of this,
in the modern world, intangible assets—which include research and development outcomes, which are
nothing more than the value of intellectual work (capital), or, in other words, scientific thought—have
a much larger share in the assets of organizations of this type. developed innovations and other studies
that have found use in the real world and are very profitable for the organization.

As an illustration, the assets of the well-known company Coca-Cola are estimated to be
worth about 160 billion dollars, with intangible assets accounting for the majority (more than
85%) of that total. In other words, the company's manufacturing equipment, transportation
infrastructure, warehouses, and physical structures are worth many times less than the market
value of the intangible assets used by the particular company.

Many people, for various reasons, are afraid of increasing the funding of innovative
products and services, because the market has its rules of the game, and the consumer has his
"whims", which can often change unexpectedly, thereby rejecting the consumption of this or
that innovative product in the market. Those risks are dangerous and misleading, they must be
overcome (to be demystified), turning finances into investments, savings and the ability to
manage economic opportunities through smart spending [2].

A developed nation with a comparatively high level of economic growth and security is
considered to have a developed economy. The amount of technological infrastructure,
industrialization, per capita income or gross domestic product, and population standard of
living are all common metrics for determining a nation's level of development. If the gross
domestic product per capita is high, but the state has poor infrastructure and income
inequality, it cannot be considered a developed country [4].

The Human Development Index (HDI) summarises a nation's health, education, and
literacy levels into a single figure. It can be used to evaluate the degree of development in a
nation. The Human Development Index (HDI) of the United Nations looks at three aspects of
living standards: literacy, educational attainment, and access to medical care. That
information is quantified from O to 1. The HDI index is greater than 0.8 in the majority of
developed nations [4, 5].
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Fig. 1 shows the Human Potential Development Index (HDI) for the Russian
Federation, Armenia, Georgia, and Azerbaijan for the period 2000-2021.

HDI

0,79
0,77
0,75
0,73

2000 2010 2015 2018 2019 2020 2021

Years

== Armenia =—@=Azerbaijan Georgia Russia

Fig. 1 Dynamics of Human Potential Development Index (HDI) of Armenia,
Georgia, Azerbaijan and the Russian Federation for 2000-2021

It is obvious that Armenia is inferior to the Russian Federation and Georgia in terms of
the Human Potential Development Index (HDI), but it is ahead of Azerbaijan, whose financial
capabilities are incomparably greater than those of Armenia.

The Human Development Index (HDI) is not the only metric used to evaluate the
economic health of a nation. Future research will be required to ascertain the effects of
investment programs on enhancing the effectiveness of research, design, and construction, as
well as on enhancing the institutional environment, developing infrastructure, stabilizing the
macroeconomic situation, and fostering organizational continual competitiveness [6].

A debate between GDP and HDI, as well as other measures characterizing people's
well-being (for example, Gross National Happiness concept is assumed that sustainable
development should take a holistic approach to the concepts of progress and give equal
importance in the debate between non-economic aspects of well-being), is not sufficiently
substantiated whether it is possible to shift the policy vector from the struggle of competing
paradigms to the field of obtaining information about well-being directly from the population

[7].

Contflict Setting

Analysis of the export situation for Armenia's results of applied research and
experimental development is required, as well as recommendations for improving the
effectiveness of the work being done in this direction.

Research Results
Let's present the 2020 figures for the use of intellectual property income in US dollars
for a few former Soviet Union nations (Tab. 1) [8].
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Table 1
Intellectual property in several nations of the former Soviet Union
for use in 2020 receipts in US §
Country RF Belarus Kazakhstan | Georgia | Moldova | Tajikistan | Azerbaijan | Armenia
Receipts | 6,809,070,000 | 3,211,793,000 | 146,184,000 | 54,890,640 | 26,640,000 22,670 0 0
(US $)

The Organization for Economic Co-operation and Development and Eurostat
collaborated to develop the high-tech export estimation method. It uses a "product approach"
based on R&D intensity for product groups from Germany, Italy, Japan, the Netherlands,
Sweden, and the United States rather than a "sector approach" (spending divided by total
sales). Examples of high-tech industries are airplanes, computers, pharmaceuticals, electrical
equipment, and most chemicals. Medium and low technologies include rubber, plastics, food
processing, textiles, clothing, footwear. Technology exports have grown rapidly in Eastern
European countries, although most of these countries, with the exception of Hungary and the
Czech Republic, continue to focus mainly on low- and medium-low technology exports.
Because industries that specialize in several high-tech industries can also produce low-tech
products. In this regard, it is more convenient to use a method that takes into account only
R&D intensity. However, it is very important to take into account such high-tech
characteristics as "know-how", the potential of the organization's scientific staff, and the
technologies recorded in invention patents [8].

In the European scientific and educational community, the following classification of
science and technology fields is used [9]:

1. Natural sciences; 2. Engineering and technology; 3. Medical sciences; 4. Agricultural
sciences; 5. Social sciences; 6. Humanities.

This classification was adopted based on the recommendations of the Science and
Technology Sector Classification (FOS) created by the Organization for Economic Co-
operation and Development (OECD) Committee on Science and Technology Policy and the
UNESCO Recommendation on the International Standardization of Science and Technology
Statistics [10, 11]. In the Republic of Armenia, when announcing tenders on contractual
(thematic) and applied (experimental developments) topics, the authorized body of the
government issues the relevant regulations that govern the fields and professions of scientific
and scientific-technical activities.

Tab. 2 shows a comparison of the classification of the fields of science and technology
used in the European Scientific and Educational Area and in the Republic of Armenia.

Table 2 demonstrates some of the differences between the classification of scientific and
technological fields used in the Republic of Armenia and the European scientific and
educational community. Contrary to the Republic of Armenia, the classification used in
Europe's scientific and educational community specifically provides a section for "other
sciences" for each field because it is unable to fully cover all aspects of the field.
Additionally, the scientific directions that are part of the official classification documents used
in the European Scientific and Educational Area are defined for each department (for the
Department of Natural Sciences, for instance, the following scientific directions are defined:
Earth sciences and associated environmental disciplines: Geosciences, Multidisciplinary,
Mineralogy, Palaeontology , Geochemistry and Geophysics, Physical Geography, Geology,
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Volcanology, Environmental sciences, Meteorology and Atmospheric Sciences, Climatic
Research, Oceanography, Hydrology, Water Resources).

Table 2
Comparison of the classification of science and technology fields used in the European scientific
and educational area and in the Republic of Armenia

European Scientific and Educational Area | Republic of Armenia
1. NATURAL SCIENCES
1.1 Mathematics 1.1 Mathematics
1.2 Informatics and computer sciences 1.2 Informatics and computer sciences
1.3 Physics 1.3 Physics and Astronomy
1.4 Chemistry 1.4 Chemistry
1.5 Earth and related environmental sciences 1.5 Earth and related environmental sciences
1.6 Biological sciences 1.6 Biological Sciences

1.7 Other natural sciences

2.  ENGINEERING AND TECHNOLOGY

2.1 Urban planning and architecture 2.1 Urban planning and architecture

2.2 electrical engineering, electronics, information | 2.2 Electrical engineering, electronics, energy,
engineering computer and information technologies
2.3 Machine building 2.3 Mechanics

2.4 Chemical technologies 2.4 Machine science and machine building
2.5 Materials science 2.5 Chemical technologies

2.6 Medical device engineering 2.6 Materials science

2.7 Ecology 2.7 Medical device construction

2.8 Environmental biotechnology 2.8 Ecology

2.9 Industrial biotechnology 2.9 Biotechnology

2.10 Nanotechnology 2.10 Nanotechnology

2.11 Other techniques and technologies

3. MEDICAL SCIENCES

3.1 General medicine 3.1 General medicine
3.2 Clinical medicine 3.2 Clinical medicine
3.3 Health sciences 3.3 Medical biotechnology

3.4 Medical biotechnology
3.5 Other medical sciences

4. AGRICULTURAL SCIENCES

4.1 Agriculture, forestry, fish farming 4.1 Animal husbandry, veterinary medicine

4.2 Animal husbandry 4.2 Crop production

4.3 Veterinary medicine 4.3 Soil science, agrochemistry, plant protection
4.4 Agricultural biotechnology 4.4 Agricultural biotechnology

4.5 Other agricultural sciences

5. SOCIAL SCIENCES

5.1 Psychology 5.1 Psychology

5.2 Economics and business 5.2 Economics and business

5.3 Pedagogical sciences 5.3 Pedagogical sciences

5.4 Sociology 5.4 Sociology

5.5 Right 5.5 Right

5.6 Political sciences 5.6 Political sciences

5.7 Social and economic geography 5.7 Social and economic geography
5.8 Mass Media and Communications 5.8 Mass Media and Communications

5.9 Other social sciences

6. HUMANITIES

6.1 History, archaeology 6.1 History, archaeology

6.2 Linguistics, literary studies 6.2 Linguistics, literary studies
6.3 Philosophy, ethics, religion 6.3 Philosophy, ethics

6.5 Art 6.4 Theology, religious studies
6.5 Other humanities 6.5 Art
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This is not defined in the Republic of Armenia. The inclusion of the 2.3 Mechanics in
the "Engineering and Technology" classification applied in Armenia is also unacceptable (in
the process of contractual (thematic) financing, taking into account the current level of high
development of this direction in Armenia, it has a negative impact on the value-added sector
allocated to the "Engineering and Technology" sector on the process of allocating scarce
funds).

Payments and receipts for the use of intellectual property are exchanged between
residents and non-residents in exchange for license agreements and permission to use
proprietary rights (such as patents, trademarks, copyrights, industrial processes, and designs,
including trade secrets and patents).

The receipts for the use of intellectual property in the world are increasing dramatically over
the years (Fig. 2) [12].

...................................................

Fig. 2 Charges (revenues) for the use of intellectual property
in the world in 1960-2021 (billion USS$)

This most important indicator is zero in the Republic of Armenia (Table 1). The
maximum receipts for the use of intellectual property in Azerbaijan were in 2012 - 28.18
million US §, in Georgia - in 2021 - 61.629 million US §.

The reasons for the emergence of this situation are diverse and varied, from legislative
problems to inefficient management mechanisms of the sector.Only the fact that in 2016-2022
Value-added universities operating in Armenia have received as many invention patents as the
Shushi University of Technology operating in Artsakh, which shows the depth of the
deplorable situation [13].

2007-2021 share of high-tech in industrial products exported in the world in 2021 in
2020, it decreased by about 1.8 percent, reaching the level of 2008. level (Fig. 3) [14].
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Fig. 3 High technology share in exported industrial products
in the world in 2007-2021 (%)

In contrast, during the same period in 2021 compared with 2020, global exports of

goods and services increased by 24.4 percent, from 22.59 trillion US dollars to 28.11 trillion
US dollars (Fig. 4) [15].

P

e

Fig. 4 Export of goods and services in the world 1978-2021 (trillion USS$)

The high-tech sector among the industrial products exported from Armenia decreases
from 10 per cent in 2019 to 6 per cent in 2021 (Fig. 5) [16].
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Fig. 5 High technology share (%) in industrial products exported
from Armenia in 2007-2021

The volume of high technologies exported from Armenia, according to the UN analysis,
2007-2021. the average value for the period was 17.59 million US $§ (maximum: 2019: 45.57
million US $, minimum: 2010: 4.73 million US $). In 2021 that figure was 37.56 millio
dollars. Data for the comparison of indicators (million US dollars) for the average maximum,
minimum, and 2021 volumes of high technology exports are presented in Fig. 6 and come
from Armenia, Georgia, and Azerbaijan [17, 18, 19].
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Fig. 6 Benchmarks of maximum, average, and minimum volumes of exported high technologies
from Armenia, Georgia, and Azerbaijan in 2021 (million US dollars)
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Fig. 7 Comparative changes in the high-tech sector in yearly exported industrial products from
Armenia, Georgia and Azerbaijan in 2018-2021 (%) [16, 20, 21]

It can be seen from Figures 6 and 7 that the trend of decreasing high-tech share in
exported volumes of industrial products is present in all three Transcaucasian republics.
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Fig. 8 The dynamics of continuous yearly growth of expenditures on R&D
in the Republic of Armenia (million AMD) [22]

Analyzing the dynamics of continuous growth of expenditures on R&D in the Republic

of Armenia by years (Fig. 8), it can be concluded that the problem should be solved by
increasing the efficiency of management of the science field.
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Conclusion
A thorough investigation is required to determine the causes of the republic's ongoing

decline in applied research productivity over the past few years, which has occurred despite
an increase in the amount of state funding for science, technical research, and related fields.
The obvious actions listed below are advised until the study's findings are known:

1.

Sharply increase the share allocated to applied research in science and scientific and
technical programs in the country, setting clear output requirements.

. To ensure the transparency of the implementation of scientific and scientific-technical

program tenders and the availability of the decisions made. In the process of organizing
tenders, reduce the limit of the influence of the human factor to a maximum of seven
percent.

. Through legislative changes, create equal starting conditions for scientific organizations

to participate in basic funding programs, regardless of the structure of ownership.

. To exclude the application of restrictions to persons carrying out science and scientific

and technical activities, except for the cases when this is done by law.

. The fields and professions of scientific and scientific-technical activities with

appropriate classes should be defined by the government, specifying the scientific
directions included in them for each department. In the "Engineering and Technology"
field, the "2.3 Mechanics" section should be moved to the "Natural Sciences" field and
included in the "1.3 Physics and Astronomy" section. Set a minimum allocation
threshold for each direction.
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CUCTEMA TJIOBAJIbHBIX HHIUKATOPOB HAYKHU U TEXHOJIOTUH U
TEHAEHIOUHN CHUKEHUA DOPEKTUBHOCTHU NTPUKJIAJTHBIX
WCCJEJOBAHUM B PECITYBJIUKE APMEHUSA

Mapkocsin A.X.'2, Xauarypsin B.I'.!, ApyTionsin A.K.2,

Mapkocsan M.A.!, Ierpocsin B.I'.2

100 no norumonozuueckum, npagoevim, SKOHOMULECKUM UCCICO0EAHUSM U NPOSHOZUPOBAHUIO
2 HywiuncKutl mexHoN02UYecKull YHUGepCUment

TeMIibl pocTa pa3BUTHs pa3HbIX CTPAH HA MUPOBOM PBIHKE CHIIBHO OTJIMYAIOTCS APYT OT
apyra. C TOYKM 3pEHHs PETMOHAIBHOIO PA3BUTHUA 3TO NMPUBOAUT K M3MEHEHHIO UX POJIU U
3Ha4YeHMsI. B OCHOBE - CKOPOCTH M3MEHEHHMS TEMIIOB POCTAa MHTEIUIEKTYyaJIbHOI'O KallWTaja,
KOTOpas peanusyeTcs U MaTepuainsyercs B cepe uccienoBanuii. B nanHoi pabote aBTOpHI
HOMBITAIUCh HUCCIEN0BaTh MPOOJIEMBl, CBA3aHHBIE CO CTPYKTYpOH U COJAEp)KaHHEM
MHTEJUIEKTYyalIbHOTO KamuTajsa B ApPMEHUHM, C Lelbl0 (OPMHPOBAHUS HAWIY4YLIErO
COOTHOILIEHHUS TIOJIMTHUECKUX U MIPAKTUIECKUX MEPOTIPHUIATUH, peann3yeMbIX B JaHHOU cdepe,
4yT0ObI 00ecneuuTh YPPEKTUBHYIO Cpeny AJIs pa3BUTHs UCCIIEA0BATENBCKUX M MPOEKTHO-
KOHCTPYKTOPCKUX paboT a TakKe BHEIpPEHs MOIYy4YEHHBIX pe3ynbTaToB. CHopMyIMpOBaHBI
NEPBOOYEPEAHBIE 3a]a41, HEOOXOJUMBIE JUI JOCTHKEHS YKa3aHHOU 1IeIIN.
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The article presents the results of the studies on the changes in the quantity,
marketability and quality indicators of the potato crop under the influence of the application
of organic mineral fertilizers and growth promoters in the post-forest brown soils of the

Askeran region of the Artsakh Republic, in potato fields grown in arid conditions.
Two-year research has revealed that although the one-time application of equivalent
amounts of organic and mineral fertilizers equally affected the quantity, marketability and
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quality indicators of the potato crop, fractional or combined application of these fertilizers had
a more beneficial effect on the specified indicators of potatoes than their one-time application.

At the same time, the studies revealed that in the one-time and fractional applications of
organomix and mineral fertilizers, as well as bio-liquid application variants, compared to the
variant without fertilization, the content of nitrates increased by 45-115 mg/kg, but their
amount in the potato crop is within the limits of marginal permissible density. (MPD)

Due to the limitation and high cost of mineral fertilizers, fertilize the potato fields with
organomix at the rate of 8 t/ha, 60% of which is in sowing and 40% with nutrition, first soak
the potato planting material with a solution of bio-liquid (14 1/ha) 2-3 days before sowing and
as a result, a potato crop of 350-360 c/ha will be ensured, with a high content of starch and
ascorbic acid (vitamin C), which is proposed to be invested in agricultural production.

Key words: organomix, organic fertilizers, bio-liquid, potato arid condition, nitrates,
starch.

Introduction

The high level of chemicalization in modern agriculture has led to negative
environmental consequences. The growth of anthropogenic impact on the natural environment
has set serious tasks for agricultural science to develop and apply alternative methods of
farming.

Many researchers confirmed with their studies the high efficiency of separate and
combined use of mineral and organic fertilizers in increasing the yield of agricultural crops,
especially potatoes, and improving quality indicators. In the conditions of the inaccessibility
of the use of organic fertilizers, as well as the use of high-priced mineral fertilizers, great
importance is attached to the fertilizers of organic origin and growth regulators obtained by
the latest technologies, which provide high results with low costs, both in terms of increasing
the yield, improving quality and reducing the cost [1-6].

According to the data of the Statistical Service of the Republic of Artsakh and the
Ministry of Agriculture [7], on average for 2016-2022, the sown areas in potato-growing
regions of the republic amounted to 641.5 hectares, the average yield was only 69.4 c/ha.
24.8% of the potato acreage in Artsakh, or 156.6 hectares, belong to the Askeran district,
where the yield of this crop is almost equal to or lower than the average, low index of the
republic.

The requirement of potato plants for nutrients is carried out during the entire vegetation
period. However, the crop assimilates a larger amount of nitrogen and ash elements,
especially during the stages of cocooning and flowering, during which the growth of potato
bushes is more intense. It is noteworthy that in the mentioned stages, potato bushes absorb
2.5-4.9 times more potassium than nitrogen and 6-8 times more than phosphorus.

Potatoes are very demanding, especially to organic fertilizers, which, while providing
plants with nutrients, simultaneously improve the agro-physical properties of the soil, creating
favorable conditions for plant growth and tuber accumulation.

The foothill zone of Artsakh, being one of the most extensive zones of the republic, is
somewhat different from other agricultural zones with its physico-geographical conditions,
geological structure, climate, soil, water and vegetation characteristics [8,9]. The low amount
of precipitation during the vegetation period, the low content of organic matter in the soil, the
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plant residues accumulated under the influence of high air temperature are quickly
mineralized, a small amount of humus accumulates in the soil, and in such conditions, without
the use of scientifically based technologies, it is not possible to provide high and quality
harvest, even under conditions of ideal agro-technics. Therefore, the systematic and unified
solution of the mentioned problems is extremely important and up-to-date and derives from
the requirements of the strategy for the development of agriculture in the region and the
republic, and is considered one of the priorities of ensuring food security.

Conflict Setting

The aim of the work is to study and find out for the first time the effect of the equivalent
amounts and dates of application of organomix organic fertilizer, growth stimulating bio-
liquid and organo-mineral fertilizers obtained by the Armenian-Norwegian joint enterprise
(Orwako) from household and agricultural waste with the latest biotechnological methods, on
the yield of potatoes cultivated in the conditions of the foothills of the Republic of Artsakh on
the quality indicators of the crop and compare them with the results of the influence of the
ratio of mineral fertilizers used in the region. Based on the results of the research, to present
concrete suggestions to the agricultural production in order to maintain the level of soil
fertility in the region and obtain ecologically safe food through the gradual development of
organic agriculture.

The reaction of the soil environment of the testing ground, the pH ranges from 6.9 to
7.1, the amount of cations (Ca™", Mg"") absorbed in the soil layer is 24.2-29.8 mg/equ in 100
grams of soil. Humus content is 3.3-3.4%, with easily hydrolysable nitrogen (N 3.4mg) is
weakly provided, mobile phosphorus is medium (P>Os is 5.1 mg) with exchangeable
potassium-good (K>O in 100g of soil is 34 ,0-36 mg).

The field experiments were set up with 3 repetitions, the size of each version in the
repetition was 20m?, according to the following scheme:

1. Checker (without fertilization)
Organomix 8t/ha one time, in sowing
Organomix 10t/ha one-time, in sowing
Organomix 5t/ha (in sowing) + N30P40K4o (in sowing) + with N3o nutrition
Organomix 5t/ha in sowing + organomix 3t/ha (with nutrition) + bio-liquid 14l/ha
(nutrition)
6. Bio-liquid 14 l/ha by wetting the planting material + organomix 5 t/ha (in sowing) +
organomix 3 t/ha (nutrition)

Nk

7. NgoPsoKsgo (in sowing) + Nao (nutrition)

Studies were conducted on the Impala potato variety, the planting rate of which was
32.4 c/hain 2021, and 33.0 c/ha in 2020, further processing and harvesting were carried out in
accordance with the agricultural rules adopted in the region.

Agrochemical indicators of soils, plants and tubers were determined by universal
methods in the scientific center of Artsakh, given in the methodological manual on agro-
chemistry analysis, nitrates in tubers were determined using the nitrate meter -“Soeks”. The
yield data were subjected to mathematical analysis by the method of dispersion analysis, the
determination of the experimental error (Sx,%) and the most significant difference.
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Research Results

According to the average data of the two-year repetitions of the field experiments, the
equivalent doses and application periods of organo-mineral fertilizers, as well as the growth
stimulator bio-liquid had a certain effect on the germination, growth and development of
potatoes, the intensive formation of above-ground and underground organs, compared to the
version without fertilization, in the versions that received organomix and growth stimulator.
the weight increased by 130-150 grams, the leaves by 38-59 grams, and the number of stolons
by 3.4-6.4 pieces, and as a result, providing favorable conditions for the accumulation of
potato tubers and increasing the amount of harvest [10].

Although the patterns of effect of the tested fertilizers in the two years of the study were
repeated, the level of potato yield in 2022 was higher than in 2021. Thus, if in 2022 the potato
harvest in the version without fertilization was 150.0 c/ha, then in 2021 it was 142.4 c/ha, or
about 8.0 cents less.

This circumstance is explained by the fact that in 2022, both the amount of atmospheric
precipitation (562 mm) and the number of sunny days during tuber accumulation (38) were
more favorable for potato growth and development than relatively little precipitation (476
mm) and sunny days. (only 25 solar days during vegetation, especially during tuber
accumulation) in 2021.

This circumstance was also confirmed at the level of the Republic of Artsakh, in 2021,
as a result of relatively unfavorable climatic conditions, the yield of potatoes decreased
significantly, and this decrease was 13.7 c/ha per hectare on average.

Climatic conditions also had a certain impact on the efficiency of fertilizers: in
favorable year 2022, the efficiency of organomix, mineral fertilizers and growth promoter was
higher than in 2021 with unfavorable climatic conditions (Tab. 1).

Table 1
The effect of organic fertilizers and growth promoters on the amount of
potato harvest (2021-2022 average data)
Average yield of The
repetitions, by years, average Extra harvest
N Variants c/ha yield of
2021 202 | MOYHS | ma | %
c/ha
1 | Checker (without fertilization) 142,42 | 150,0+3 146,2+2,5 - -
2 | Organomix 8t/ha one-time, in sowing 290,06 | 301,0+4 295,5+£5,0 | 149,3 | 102,1
3 | Organomix 10t/ha one-time, in sowing 296,0+7 | 315,+5 305,5+6 159,3 | 109,0

Organomix 5t (in sowing) N3oP4oKaso(in

4 . . - 300,044 | 307,0+5 303,5+4,5 | 157,3 | 107,6
sowing)+) with N3 nutrition
Organomix 5t/ha in sowing + organomix 3t/ha
3 | (with nutrition) + bio-liquid 14/ha (nutrition) | -0 0> | 322056 ) 313,545,511 167.3 | 114.4
Bio-liquid 14 1/ha by wetting the planting
6 | material + organomix 5 t/ha (in sowing) + 342,0+£7 | 372,0£6,2| 357,0£6,6 | 210,8 | 144,2
organomix 3 t/ha (nutrition)
7 | NgoPgoKso (in sowing)+ Nyo (nutrition) 285,0+6 | 300,0+5,4| 292,5+5,7 | 146,3 | 100,1
Sx,% 1,5 1,3
MSD 0,95 g 5,4 4,8
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Thus, if compared to organomix 8 t/ha, organomix 5t/ha + organomix 3t/ha (before
wetting the planting material with bio-liquid) and NgoPsoKso+ Nao version, the additional
harvest of potatoes was 151.0 c/ha, 222.0 c/ha and 150.0 c/ha, in 2021, the additional harvest
of potatoes was 147.6 c/ha, 199.6 c/ha, and 142.6 c/ha, i.e., the efficiency of fertilizers in the
tested versions in 2022 was 3.7-8.0% was higher than in 2021 with unfavorable climatic
conditions.

At the same time, it can be seen from the data in the table that the equivalent doses of
organo-mineral fertilizers compared to the version without fertilization almost equally
affected the increase in potato yield, but when in the version of fractional application of
organomix, the potato planting material was soaked with a bio-liquid solution before sowing,
in that version, the average data of two years increased the yield compared to the version
without fertilization was the highest and was 210.8 c/ha or 144.2%, even compared to the
version where the bio-liquid was given as extra-root nutrition at the stage of potato cocooning,
where the crop addition was 167.3 c/ha ( 114.4%), or by changing the method of application
of bio-liquid by soaking the tubers before planting, the difference in yield compared to the
application of extra-root nutrition was 43.5 c/ha or 29.8%.

This circumstance once again confirms the fact that the bio-liquid contributed to the
sprouting of dormant buds in the base of the potato plant material, which resulted in the
formation of more above-ground (stems) and underground (stolons) organs, resulting in
increased potato yield.

According to the results of field experiments, it was proved that the fractional
application of organomix and mineral fertilizers and their combined equivalent doses had a
more beneficial effect on the increase in the number of potato crops compared to the one-time
application, if compared to the option without fertilization, if the one-time application of
organo-mineral fertilizers provided 146.3-149.3 c/ha crop addition (100.1-102.1%), then their
fractional and equivalent joint doses are 157.3-167.3 c/ha or 107.6-114.4%.

From the results of the studies, it can be seen that mineral and organic fertilizers, as well
as the use of bio-liquid that promotes growth, had a certain effect on the marketability of the
structure of the potato crop and the weight of the marketable tubers (Tab. 2).

Thus, if in the version without fertilization, the marketability of the potato crop (50-100
and 100g and higher tubers) was 65.6%, and the weight of the marketable tubers was 62
grams, then with the effect of applied fertilizers and growth promoters, the marketability of
the crop was 80.2-87%, and the weight of marketable tubers 79.6-95.4 grams, or in the
options without fertilization, the marketability increased by 14.6-21.4%, and the weight of
marketable tubers 17.6-33 with 4 grams.

It is noteworthy that the equivalent doses of organomix and mineral fertilizers and their
one-time application equally affected both the quantity and product quality of the potato
harvest, as well as the weight of commercial tubers. From the data in tab. 2, it can be seen that
from the one-time application of the norm of 8t/ha of organomix and the equivalent doses of
mineral fertilizers (NgoPsoKsotNao), the marketability of potatoes provided 81.3 and 81.4%,
respectively, and the weight of commercial tubers was 80.4- 80.2 grams. Both in terms of
yield, marketability and the weight of marketable tubers, the potato planting material before
wetting the seed with bio-liquid and fractional application of organomix (organomix 5 t/ha in
sowing + organomix 3 t/ha with nutrition) is considered the best, where a potato harvest of
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357.0 c/ha was obtained. marketability 87.0%, and the weight of commercial tubers 95.4
grams.

The difference in climatic conditions during the years of the experimental works also
had a certain effect on the structure of the obtained crop.

Table 2
The effect of organic fertilizers and growth promoters on the structure
of the potato crop (2021-average data)
gﬁ
The yield Tubers by fractions,% B j’é
N Variants of tubers, Z - S
AN [SIES)
t/ha § < = g
t Z
100g | 50-100g| P | 28| FE
Vg | £E 128w
1 Checker (without fertilization) 146,2+2,5 | 31,4 342 34,4 65,6 62,0
2 Organomix 8t/ha one-time, in sowing 295,5+£5,0 | 43,2 38,1 18,7 81,3 80,4
3 Organomix 10t/ha one-time, in sowing 305,5+6 44,0 38,4 17,6 82,4 82,0

Organomix 5t (in sowing) N3oP4o

=+
Kao(in sowing)+) with N3 nutrition 3035545 | 43,2 37,0 19,8 80,2 7.6

Organomix 5t/ha in sowing +
5 organomix 3t/ha (with nutrition) + bio- | 313,5+5,5 | 43,9 41,4 14,7 85,3 83,5
liquid 141/ha (nutrition)

Bio-liquid 14 1/ha by wetting the
planting material + organomix 5 t/ha
(in sowing) + organomix 3 t/ha
(nutrition)

7 | NgoPgoKso (in sowing) + N4 (nutrition) | 292,5£5,7 | 42,4 39,0 18,6 81,4 80,2

357,0£6,6 | 45,2 41,8 13,0 87,0 95,4

In the favorable year of 2022, compared to the year 2021 with relatively unfavorable
climatic conditions, both in the non-fertilized version, the levels of mineral and organic
fertilizers and growth promoter effects in the structure of the potato crop are significantly
different. If in 2022, the marketability of potatoes in the version without fertilization was
68.2%, the weight of marketable tubers was 63.4 g, then in 2021, those same indicators were
63.0% and 60.6 g, respectively. Compared to 2021, the marketability of potato tubers
increased by 2.4-3.0%, and the average weight of commercial tubers increased by 1.9-2.9 g in
the favorable year of 2022 in the variants that received organics, mineral fertilizers and
growth stimulants. In general, the impact of this or that factor is evaluated not only by the
criteria of the wet mass of the crop, but also the index of its dry matter content is also
important.

The content of dry matter, starch and ascorbic acid (vitamin C) in potato tubers has an
important production and economic significance. In that regard, we paid special attention to
the study of the content of dry matter, starch, ascorbic acid (vitamin C) and nitrates in the
tubers. According to the research results, it was found that the applied soil conditioners had a
significant effect on the content of dry matter, starch, ascorbic acid and nitrates, as well as dry
matter and starch content in the tubers (Tab. 3).

According to two-year average data, compared to the version without fertilization, the
content of dry matter in potato tubers increased by 2.5-3.2%, the content of starch by 2.1-
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3.4%, under the influence of mineral, organic fertilizers and growth promoter and ascorbic
acid by 0.3-1.4%. It is noteworthy that the effect of the combined use of organomix and bio-
liquid, as well as organomix and mineral fertilizers, has a more beneficial effect on the
outcome of the mentioned indicators than the full combination of mineral fertilizers, which is
confirmed by literature data [11,12].

Table 3
The effect of organo-mineral fertilizers and growth stimulants on the content and effectiveness
of dry matter, starch and vitamin C in potato tubers (average data for 2021-2022)

o0 Outcome, c/ha en
X = =4
— o — g‘)
Q ° 8
N Variants g BN (é = o £
E) 5| & = 5| 88
2| 5| S B 5 £ g
a 2| ¥ a 7 Zz 3
1 | Checker (without fertilization) 20,3 | 15,8 9,6 29,7 23,1 75,0
Organomix 8t/ha one-time, in sowing 23,1 | 18,8 10,9 68,2 55,6 115,0
3 | Organomix 10t/ha one-time, in sowing 23,3 | 18,7 10,8 71,2 57,1 170,0

Organomix 5t(in sowing ) N3oPso K49 (in sowing)+)

4 . .. 229 | 184 11,0 69,5 55,8 140,0
N30 with nutrition
Organomix 5t/ha in sowing+ organomix 3t/ha

5 (with nutrition)+bio-liquid 141/ha (nutrition) 23,4 | 189 11,0 7341 59,3 135,0
Bio-liquid 14L/ha wetting the planting material +

6 | organomix 5t/ha (in sowing)+organomix 3t/ha 23,51 19,2 10,9 83,9 68,5 140,0
(nutrition)

7 | NsoPsoKsgo (in sowing)+ N 4 (nutrition) 22,8 | 17,9 9,9 66,7 | 52,4 190,0

At the same time, it can be seen from the data in the table that although the combined
use of organomix and bio-liquid did not have a significant effect on the content of dry matter,
starch and ascorbic acid, the content of the mentioned substances increased due to the high
yield. If the content of dry matter, starch and vitamin C in the version of one-time use of
organomix was 23.1 mg %, 18.8 mg % and 10.9 mg %, respectively, then in the versions of
organomix and bio-liquid, this indicator (version 6) was 23.5 %, 19.2% and 10.9%, but due to
the high yield, dry matter content per 1 ha increased by 15.7 centners, and starch content by
12.9 centners.

Determination of nitrate content is considered the main indicator of potato quality
assessment. It is known that the limit permissible concentration of nitrate content for potatoes
grown in the open field is 250 mg in 1 kg of potato tubers.

As shown by the data of the "Soex" nitrate meter, which are given in tab. 3, the potato
tubers obtained in our experiments with the use of organomix, mineral fertilizers and bio-
liquid despite the comparison with the version without fertilization, where the content of
nitrates is 75.0 mg/kg, of all options in the obtained harvest, the content of nitrates increased
by 45-115 mg/kg, but everywhere their amount is within the limits of permissible limit
concentration (PLC) (Fig. 1).
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Checker (without
fertilization)
75

NB8OP80K80(in sowingh N
40(nutrition)
150

Organomix 8t/ha one-
time, in sowing
115

Bio-liquid 14L/hawetting
the planting material +
organomix 5t/ha (in
sowing)+organomix 3t/ha
(nutrition)

140

Organemix 10t/haone-
time, in sowing
170

Organomix 5t/hain
sowing+organomix
3t/ha(with nutrition}+bio-
liquid 14l/ha (nutrition) N30 with nutrition
135 140

Organomix 5t(in sowing)
N30P40 K40 (in sowing)+)

Fig. 1 Nitrate content, mg/kg

In other words, the used fertilizers and growth promoter contributed to the rapid
germination of potato planting material, normal growth and development of plants,
significantly increased the amount of potato crop cultivated in drought conditions, improved
the marketability of tubers and ensured the production of ecologically safe food with high
quality characteristics.

Conclusion

In post-forest brown soils of the Askeran region of the Republic of Artsakh, the one-
time application of equivalent amounts of organic and mineral fertilizers to potato seedlings
grown in drought conditions equally affected the growth, development, yield and
marketability of potatoes, while the fractional or combined application of these fertilizers had
a more beneficial effect on the aforementioned indicators of potatoes, than their one-time use.

Bio-liquid, as a growth stimulator, contributes to the rapid germination of potato
seedlings, normal growth and development of plants. Soaking the tubers with bio-liquid of the
same rate before planting significantly increases the amount of potato harvest, improves the
marketability of the tubers, increases the content of dry matter and starch, and at the same
time ensures ecologically safe high-quality potatoes.

Although in the variants of one-time and fractional application of equivalent doses of
organomix and mineral fertilizers, compared to the variant without fertilization, the content of
nitrates increased by 45-115 mg/kg, but their amount in the potato crop is within the limits of
permissible limit density (PLD).

Due to the limitation and high cost of mineral fertilizers, in case of their absence,
fertilize the potato fields with an organomix at the rate of 8t/ha, 60% of which-in sowing and
40%-with nutrition, process the potato planting material in advance (2-3 days before sowing)
with a bio-liquid solution 14 l/ha and as a result, in drought conditions, a high-quality potato
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harvest of 350-360 c/ha will be provided, which is recommended to be invested in agricultural
production.
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gjninwnunbuwlwl wpwwnpniejnlunty:

Pwbwgh pwnbp. opqwundphpu, hwupwiht  wwpwpuwujnye, YGuuwhbinnw,
Ywpunndhy, snp Ujnie, oujw, Uhnpwwnubin:

OINPEJIEJEHUE XO3MHCTBEHHO-9KOJIOTHYECKOMN MPOAYKTUBHOCTH
OPI'AHO-MUHEPAJIBHBIX YIOBPEHU U TIPUMEHEHHUA CTUMYJIATOPOB
POCTA B IIOCEBAX BO3JIEJIBIBAEMOI'O KAPTO®EJIA B YCJIOBUAX
IPEJATOPHOM 30HBI

Anekcansin B.A.', Mupsosan ML.IILY, T'aacrsin C.B.!, Tagcrsin MLA.?
! ITywunckuti mexHono2udeckutl yHugepcument
’Hayunwlii yenmp 3emuedenus MUuHUCmepcmea 3KkoHomuxy PA

B cratee mpencraBieHBl pe3yNbTaThl HCCIEAOBAHUN MO HM3MEHEHHUIO KOJIMYECTBa,
KauecTBa MPOJIYKIMU M KAa4eCTBEHHBIX MOKa3aTelell ypokas KapTodens moj BIUSHUEM
MPUMEHEHUS OpPraHO-MUHEPAJIBHBIX YIOOpEHUN M CTUMYIJATOPOB POCTAa Ha TMOCTJIECHBIX
OypbIXx MouyBax ACKEpaHCKOro pailoHa B KapTO(eTabHbIE IMOJIS, BHIPAILIEHHBIE B 3aCYIIIMBBIX
YCIOBHSIX. JIByXJI€THUMH HCCIICOBAaHUSIMH YCTAHOBJICHO, YTO XOTS pPa30BOE BHECEHHE
HKBHUBAJICHTHBIX KOJIUYECTB OPTraHUYECKUX W MHUHEPATbHBIX YIOOPEHHI B PaBHOW CTENEHU
BIMSJIO HAa KOJUYECTBO, KAueCTBO MPOAYKIMM M KAayeCTBEHHBIE TIOKA3aTeNd YpoKas
Kaprodens, 1pooHoe WM KOMOMHMPOBAHHOE BHECEHHME ATHUX YAOOpPEHHH OKa3bIBajio Ooliee
0JIarOTBOPHOE BIMSHUE HA ypoxkai kapTodels, yKa3aHHBIX MoKa3aTeaeh kapToders, 4emM ux
pa3oBo€ MPUMEHEHHE.

BrisiBneHo, 4TO mMpU pa3oBOM M APOOHOM BHECEHUM OPTaHMUYECKUX U MUHEPATBHBIX
yAOOpEeHUIi, a TaK)KE BapUAHTOB BHECEHHS OMOXKHUIKOCTU MO CPAaBHEHHUIO C BapHMaHTOM 0e3
BHECCHHS yJIOOPEHHI COJEp)KaHWEe HHUTPATOB yBelMuuBaeTcs Ha 45-115 mr/cyr. kr, HO HX
KOJIMYECTBO B ypoxkae KapTodens HaxXOOUTCSs B paMKax OrPAaHUYECHHO JOITyCTUMOU
TUIOTHOCTH.

B cBsi3u ¢ OorpaHMYEHHOCTHIO M JAOPOTOBH3HOM MHHEpAIbHBIX yI0OpeHUil ynoOpuTh
KapTo(enbHbIe MO OPraHuYEeCKO CMEChI0 U3 pacueTa 8 T/ra, u3 KoTopbix 60% U3 ceMsH U
40% W3 TOAKOPMKH, ITOCAJOYHBIA MaTepuai KapTodens IpeIBapuTeIbHO 3aMOYHThH
pactBopoM Ouoxunkoctu (14 n/ra) 3a 2-3 aHs 10 MoceBa U B pesysbraTe Oyaer oOecneueH
ypoxait kaprodenst 350-360 1/ra ¢ BBICOKMM COJCpKAHHEM Kpaxmanga U acKOpOMHOBOM

KHCJIOTHI, KOTOpLIﬁ npeajaracTcs BKJIaJAbIBaTh B CEIIbCKOXO03SIMCTBEHHOE IMPOU3BOACTBO.

Knwoueewie cnoga: opraHoMUKC, MUHEPAJIbHOE YI00pEeHUE, OMOKHUIKOCTD, KapTO(heb,
CyXO€ BEILECTBO, HUTPATHI, Kpaxmall.

Submitted on 07.03.2023
Sent for review on 09.03.2023
Guaranteed for printing on 28.04.2023
58



INFORMATION AND COMMUNICATION TECHNOLOGIES
Bulletin Of High Technology N1(25) 2023.-pp. 59-66.

R.G. Hakobyan, T.V. Jamgharyan

UDC - 004.725:004.852

RESEARCH OF ALGORITHM FOR EXPANDING THE DATABASE OF
TRAINING DATASETS OF A GENERATIVE-ADVERSARIAL NETWORK

Robert G. Hakobyan

National Polytechnic University of Armenia
105 Teryan St. 0009, Yerevan
rob.hakonyan@polutechnic.am

ORCID iD: 0000-0002-6919-2106
Republic of Armenia

Timur V. Jamgharyan

National Polytechnic University of Armenia
105 Teryan St. 0009, Yerevan
t.jamgharvan@yvandex.ru

ORCID iD: 0000-0002-9661-1468
Republic of Armenia

https://doi.org/10.56243/18294898-2023.1-59

Abstract

The paper presents the results of calculations and tests of the developed dataset
expanding algorithm for training a generative-adversarial network. The research was
conducted on two types of malicious software: mimikatz and cring. The boosting method was
chosen as a method for expanding the database of datasets.

The process of expanding the database of datasets was carried out in a granular manner,
using timestamps. Simulation of the algorithm operation at different iterations and
visualization of the results have been carried out.

Key words: augmentation, boosting, training set, machine learning, weight coefficient,
datasets, classification feature, mimikatz.

Introduction

An important place is occupied by the construction of a multi-level complementary
security system to the operation of the network infrastructure. An important element of the
network and infrastructure security architecture is an intrusion detection system (IDS).Various
researchers and scientific communities are conducting research on the creation of an intrusion
detection system based on generative-adversarial networks [1-4].

Generative-Adversarial Network (GAN) is an algorithm based on a combination of two
neural networks one of which generates an object and the other tries to distinguish correct
(«real») objects from incorrect ones. The generating network G (generator) creates (generates)
objects of a specified structure, the discriminating network D (discriminator) draws
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conclusions about the similarity of the generated and true objects [5]. Concept of generative-
adversarial networks was invented by Ian Goodfellow in 2014.

The problems of using the generative adversarial network and the whole concept of
machine learning as a tool for detecting an attack on the Infrastructure are little explored.

It is necessary to distinguish that the generation of malicious software (software) using a
GAN is a difficult task, due to the fact that both malicious and non-malicious software are
implemented on the basis of a single software code base. Research is currently underway to
generate «synthetic» training datasets for a GAN. Various researchers are conducting
research on the research of methods and ways of preparing data, as well as creating methods
for training a GAN to generate «synthetic» datasets of malware and detect it. In particular,
ML researchers widely use the data augmentation method to create «synthetic» datasets
(augmentation - is an increase in the data sample for training through the modification of
existing data [6]).

The relevance of the research is due to the continuous improvement of the means and
methods of attacks on the network infrastructure (NI), including the use of ML. The
conditions for a successful attack on the Infrastructure using ML are considered in [7]. A
substantive research was done on the introduction of certain data sets of malicious traffic into
unencrypted VolP traffic ( Voice over IP, VoIP).

The choice of Internet telephony traffic as a transport for malware is due to several
factors:

» the semantic content of telephone traffic is a priori unknown, which makes it difficult to
analyze it even with «standard» IDS,
» traffic patterns allow an attacker to enter false data that is difficult to detect by IDS.

The scientific novelty of the research lies in the research of the possibility of creating
malware traffic datasets with granular control of the augmentation process. The boosting
method is used as a tool for increasing datasets.

Contflict Setting
It is necessary to carry out a quantitative change (expansion of the base) of training
datasets for a generative-adversarial network without changing their quality.

Research Results

The importance of the ideas of "independence" and "freedom" is also evidenced by the

It is necessary to develop and programmatically implement an algorithm that will
granularly expand training datasets for training GAN.

fulx)= f(x) (1)

where f (x]-original dataset, f, [x]-ﬁnal dataset.

Border conditions: N > &, (& -epoch number), sign > 0, parameters and attributes of
augmented datasets must be within the protocol.

For the correct operation of the algorithm and software, the following datasets are pre-
formed.
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. Initial dataset. It is formed on the basis of VoIP telephony traffic operating over the SIP (
Session Initiation Protocol, SIP) and RTP (Realtime Transport Protocol, RTP) protocols.
As a software for capturing network traffic, a modified low-level library based was used
the open source solution tcpdump.

. Training dataset. Generated on the basis of the initial dataset by injecting malicious
software obtained from open sources into it (was used mimikatz and cring malware from
sources [8,9]).

. Test dataset. Formed on the basis of a training dataset, but with a fixed value for both the
type of malware and its percentage. Checked on online resources [10].Those datasets with
embedded malware that are classified on the resources as malicious were not used in the
training of the GAN (since they were detected by standard protection tools).

. Validation dataset. It is formed on the basis of the initial and test, as well as on the basis
of the initial and training data sets, XOR addition of these data types.

For each dataset, a signature calculation procedure was carried out (by the hashing method).

The developed algorithm is shown in Fig.1.

Initial dataset Training dataset Test dataset

1
Input datasets /ET ransferring datasets
Conversion of dataset 3
to JSON format

F0)> £:(3) \

onversion of datasets
1,2
( to JSON format

F5)< 4

Validation dataset

Conversion of dataset 4
to JSON format

Tuning datsets

Input timestamps

10
Filtering a dataset from
«noise»

ata transmission to the input
of a trained
enerative-adversarial networ

Fig. 1 The algorithm of the software for granularly expanding training datasets for GAN
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Algorithm operation
step 1 splitting into blocks of input datasets,
step 2,3,4 conversions to JSON format (Java Script Object Notation, JSON), initial (dataset
1), training (dataset 2), test (dataset 3) and validation (dataset 4) datasets,
step 5 setting the boosting time interval,
step 6 dataset augmentation,
step 7 checking the conditions for executing the augmentation algorithm,
step 8,9 verification of the augmented data set and adjustment based on the validation dataset.
Implemented the ability to «track» the state of datasets at a given point in time based on
timestamps,
step 10 filtering the augmented data set from «noise».

Processing, transformation and augmentation of input datasets (block 6 of the
algorithm) is implemented on the basis of the «recurrent neural network with attention»
(RNN) mechanism. The scheme of augmentation of datasets based on a RNN is shown in Fig.
2. Visualized results of generating datasets are is shown in Fig. 3-4.

Initial dataset Training dataset
W
——¢
Timestamps
v
Dataset processor layer

a2 t 3|

Augmented dataset ) 4

@< >D< >D<
® l ‘
Test dataset

Fig. 2 Dataset augmentation mechanism based RNN

where: k...k, test dataset, x,...x, initial dataset, w,...w, training dataset, b...b, timestamp

hash values, «,...c, coefficients (weights) of the primary boosting algorithm, ¢ ....".

biased coefficients (weights) of the boosting algorithm.

«Quality datasets» - are augmented datasets with embedded malware that have been
tested on the virus total resource and not detected by the resource monitoring systems as
malicious software.

Recurrent neural network with attention (attention mechanism) - is a technique used in
recurrent neural networks and convolutional neural networks to search for relationships
between different parts of the input and output data.
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Fig. 3 Number of generated datasets and number of «quality» datasets (epoch 1)
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Fig. 4 Number of generated datasets and number of «quality» datasets (epoch 2)

Used software and hardware
The hash function was SHA-1 (Secure Hash Algorithm, SHA),
The calculations were performed on the Dell Power Edge T-330 server,
The open source platform asterisk was used as a VoIP telephony server,
The research was conducted in a virtual environment based on the Windows Server 2016
operating system with the preinstalled Hyper-V role,
. The developed software is implemented in the python programming language in the
PyCharm development environment.
An increase in boosting iterations and a timestamp value leads to an increase in the

number of generated data sets, but these datasets are of little use for training a generative
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adversarial network, as they are detected even by «standard» intrusion detection systems as
malware.

An increase in the number of training epochs has a positive effect on the «quality» of
the generated data sets, since with an increase in the training epoch, the number of generated
and «quality» data sets practically coincides. As a disadvantage, it should be noted that an
increase in the number of epochs, increasing the «quality» of the generated datasets, increases
their «noisiness».

An important requirement for training a neural network is to ensure that the training set
is balanced.

The use and input of a timestamp into the set of training datasets made it possible to
granularly detect the moment of «retraining» of the generative-adversarial network.

Only datasets that have been filtered from «noise» are suitable for practical use.

The developed algorithm and software allows, in the presence of the source code of
various malicious software, to create training data for an intrusion detection system based on
ML, increasing the protection of NI.

The initial data of the dataset 1, part of the source code of the developed software and
third-party libraries are presented in the repository to [11].

Conclusion

An increase in the number of training epochs has a positive effect on the «quality» of
augmented datasets, since with an increase in the training epoch, the number of generated and
«quality» datasets practically coincides. As a disadvantage, it should be noted that increasing
the number of epochs and increasing the «quality» of augmented data sets increase their
«noisiness». The use and input of a timestamp into the set of training datasets made it possible
to granularly detect the moment of «overfitting» of the generative-adversarial network. The
developed algorithm and software allow, in the presence of the source code of various
malicious software, to create training data for an intrusion detection system based on machine
learning by increasing the protection of the network infrastructure.
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Axonsu P.I'., i'kamrapsia T.B.

Hayuonanvnulii nonumexnuueckuti ynusepcumem Apmenuu

B crathe mnpencraBieHbl pe3yibTaThl MCCIEIOBAHMN alIrOpUTMa paclIMpeHus 0a3bl
HAaOOpOB JaHHBIX [UIsi OOydYeHUsi TeHepaTHUBHO-COCTs3aTeNbHOM ceTH. MccnenoBanue
MPOBOJWIIOCH HA JIBYX THUIAX 3JIOBPEAHOTO MPOrpaMMHOro obecrneyenuss mimikatz u cring. B
KayecTBE METOJa pacuIMpeHus 6a3pl HAOOPOB JAaHHBIX BbIOpaH MeToJ OyCTUHTa (npoyedypa
nocne008amenbH020 NOCMPOECHUsL KOMNOZUYUU ATIOPUMMOE MAUUHHO20 00VYeNUsl).

[Ipouecc pacmmpenuss HaOOPOB JAaHHBIX ObUT BBIMOJIHEH TPaHYJSPHBIM CIIOCOOOM C
UCTIOJIb30BaHUEM METOK BpeMeHH. lIpoBeneHO MoaenupoBaHue padOTHI ajIropuT™Ma Hpu
pa3HBIX UTEPALUAX U BU3YyaJIH3alUs PEe3yIbTaTOB.
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Multirotor unmanned aerial vehicles (UAVs) are widely used in military tasks, as well

as in various civilian areas such as agriculture, search and rescue operations, detection of
fires in forests, traffic monitoring, etc. In real flights of the UAVs some unexpected
situations may occur bringing to failures of various elements or devices of the UAV’s control
system. This, in turn, can lead to the crush and complete collapse of the entire vehicle. First
of all, it concerns the DC motors and propellers, which, as opposed to electronic devises and
sensors, cannot be duplicated. A method of analysis of robustness of UAV’s control systems
with respect to possible partial efficiency degradation of motors is proposed in the paper. The
ultimately allowable efficiency degradation is determined by a simple graphical procedure on
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the complex plane of the Nyquist hodographs of the system’s separate channels. A numerical
example illustrating the proposed method of analysis of the UAV’s control system robustness
is given.

Key words: multirotor UAV, motors efficiency degradation, multivariable control
system, additive uncertainty, robustness.

Introduction

Multicopters, or NV -rotor copters, also called multirotor unmanned aerial vehicles
(UAV), are widely used in various military, search and rescue, and other civilian fields
including: road traffic monitoring; detection of fires in forests; monitoring the technical
condition of buildings, railways and roads; technical support in agricultural works and
geological exploration, etc. [1-3].

In real flights of the UAVs some unexpected situations may occur bringing to failures
of various elements or devices of the UAV’s control system. This, in turn, can lead to the
crush and complete collapse of the aerial vehicle. Therefore, the safety and survivability of
UAVs are nowadays of paramount importance. Especially, it concerns the tasks carried out
in urban areas, since any failure or fault occurred in a UAV may not only bring to its crash,
but also cause damage in its surroundings and even expose human beings to injury risks.

That is why the so-called fault-tolerant control systems of UAVs have attracted much
interest among researchers in recent years [4, 5]. Many advanced control methodologies have
been proposed to overcome the problem of elements’ failures, including optimal control,
model predictive control, model reference and L, adaptive control [6], sliding mode control
and some others. Most of these methodologies bring to complicated technical solutions and
are very rarely used in practice.

Another widely used and effective approach to solving the problem is based on
methods of robust control [7, 8]. These methods allow engineers to develop systems that are
rather simple in practical realization but can tolerate, to a certain extent, efficiency
degradation (not complete failure) of some systems’ elements.

It should be noted here that the problem of failures of UAV’s control system elements
primarily concerns the direct current (DC) motors and propellers, which, as opposed to
electronic devises and sensors, cannot be duplicated.

A method of analysis of robustness of UAV’s control systems with respect to possible
partial efficiency degradation of motors is proposed in the paper. The ultimately allowable
efficiency degradation is determined by a simple graphical procedure on the complex plane
of the Nyquist hodographs of the system’s separate channels. A numerical example
illustrating the proposed method of analysis of the UAV’s control system robustness is given.

Rigid-Body Dynamics of UAVs.
In this section, we consider rigid-body dynamics equations of multirotor UAVs [6,9].

Let {I} denotes a right-hand inertial frame with axes Y12V 21 and {B}, a body-fixed frame

with axes *5>V52%5 aligned along principal axes of inertia (Fig. 1). The position of the center
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_ T
of mass of the UAV in the inertial frame {I} is given by the vector ¢=(x,y,2) €ilj , and
the orientation of frame {B} with respect to {I} is described by the orthogonal rotation matrix

[6]

cosy cos@ —singsiny sinf —cosgsiny cosy sinf + cos@sin gsiny
R =|cos@siny +cosysingsinf  cos@gcosy siny sin@ —cosy cossin @

—cos¢sin @ sin ¢ cos¢@cos b

(1)
The transition from {I} to {B} is done by the subsequent rotations by Z-X-Y Euler
angles denoted, respectively, ¥ (yaw), ¢ (roll), and 0 (pitch), which can be combined into a

_ T
pseudo-vector 7 = [¢.0.y] .
Let us denote ” the mass of the UAV, &, the gravitational constant, J | the constant

w=[o, 0, 0] {B}

inertia tensor of the UAV expressed in {B}, , the angular velocity of

{B} with respect to {I}, JR, the identical inertias of V rotors, (=12, ..N)

velocities of the rotors.

, the angular

Fig. 1 Schematic representation of the UAV (for N = 4)

Then the standard nonlinear equations of motion of the N-rotor UAV can be written in
the form [6], [9]:

2
md f =-mgz, + RF
dt ; 2)
Jd—a)+a)><(Ja)+ Y. Q)=7
dt , 3)
d
= P
d , 4)
where yg = [0 0 Jg]7, € denotes the total angular velocity of the rotors:
N .
Q=>(-)"Q,
, 5)
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and the matrix P(n) in the strapdown equation (4) is equal to

cosd 0 —sin@
P(n)=| sinf tgg 1 cosftgg
sin @/ cos ¢ 0 cosé/cos¢ ©)
The vectors ', 7 = [t,,7,, TZ]T € {B} in the equations (2), (3) combine the principal
non-conservative forces and moments applied to the UAV airframe by the aerodynamics of
the IV rotors (assuming, for simplicity, no external disturbances). Each I th rotor generates a
thrust T; which is proportional to the square of angular velocity Q; (i.e. T; = crQ?, cp > 0)
and acts along the body-fixed axis zgz. Denoting the total thrust at hover by Ty (Tyx =
YN T, and by T, the N-dimensional vector of thrusts Ti (T = [Ty, Ty, ... Ty]"), the mapping
of T to the vector [Ty, 7]7 can be written, generally, in matrix form

T, _
=D, A, T
T

, (7)
Ay = diag{A}'}

where the 4N full-rank numerical matrix Dy, (often called a control allocation matrix)

M M
depends on the UAV geometry, number of rotors &V, etc. [6], and 47 (0<A47 <) are the

motors’ (unknown, but constant) degradation parameters. For properly functioning motors,

the matrix Ay is equal to the identity matrix / (or Ly , to indicate the order V of the

M — .
matrix /). Note that we exclude here the case A7 =0 for any !, which corresponds to

complete failure of the ’-th motor.
Given the needed controls I and 7, the equation (7) allows computing the required
thrusts y (or, which is equivalent, the velocities Q") of rotors. For N =4 it can be done,

assuming Ay =1 , by inverting the matrix By , and the Moore-Penrose pseudoinverse should
be used for N =0 or N =8 [9].

Conventional Control System of UAVs

Irrespective of the number of rotors V , the flight altitude Z and the vector of rotations

_ T
n=[¢.0.y] are usually chosen as four control variables in the underactuated control
systems of the UAVs, where their motion of along the inertial axis z; is described, based on
(1), (2), and (7), by the following scalar equation:

2

m f{ﬁz = (cosgcos Q)u_ —mg,
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or (8)

d*z _ cosgcosd

dr’ m ) (uy =Ty).

The block diagram of the UAV’s nonlinear control system can schematically be
depicted in the form presented in Fig. 2, where we admit a slight abuse of notations
combining in the same block diagram the time-domain signals and the Laplace domain
transfer functions and matrices.

cosgcost

________________

diag{w®(s)} | 1

________________

Fig. 2 Matrix block diagram of the UAV control system

The scalar signals in the block diagram in Fig. 2 correspond to the vertical motion Z of
the UAV along the inertial axis z;, the double lines designate vectors of appropriate
dimensions (3 or N) and S is the Laplace operator. Note that in Fig. 2 we disregard, for
simplicity, the dynamics of DC motors.

The system in Fig. 2 belongs to multi-input multi-output (MIMO) feedback control
systems [10]. Structurally, the numerical control allocation matrix Dy, in (7) describes
kinematic cross-connections between separate channels of the MIMO system, or, more

correctly (if N> 4), the kinematic relations between N thrusts 7; and four control signals
I, 7, 7,7,
Commonly, the matrix regulator Kg4(S) in such systems is taken in the form

Ky (5) = K pdiag {w; (s)} ©)

_ -1 _ +
Ky =Dy forN:4,and Ky =Dy for N=06 or N:8,

where Dj; is the Moore-Penrose pseudoinverse of D, and wf(S) (i =29, 9"/’) are the scalar
transfer functions of the regulators in separate channels. In practice, the standard PID
regulators are often used as wi(S) in (9).

Let us denote Dy = {dlzj} the following matrix:

D; =Dy Ay K, :DMAMD;[_ (10)

A, =1 D,

. . =] .
In case of no motors’ degradations (i.e. NN we have +4 for any V| i.e.

the kinematic cross-connections between four separate channels of the system in Fig. 2 are
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compensated. For that reason, the regulator Kg.4(S) (9), which incorporates a matrix part
Kg = Dj, is usually called decoupling regulator [10].

In what follows, not to encumber the exposition with complex formulas, when
analyzing robustness of the control system we shall assume that the angles and angular
velocities of the UAV are so small that the nonlinear terms in the dynamics equations of
rotational motions (3) can be neglected, and the cosines of all angles are approximately equal
to unity. On these conditions, the dynamics equations (2)-(4) take on the following linearized
form

2
df=LE—g
dt= m 11
: (11)
do __
dt ; (12)

and the matrix block diagram of the UAV control system in Fig. 2 reduces to the simplified
form shown in Fig. 3.

Nzg diag{w ()}

Fig. 3 Matrix block diagram of the linearized control system of the UAV
It Ay =Ty and K, =D, , that is if D, = I4x4, then all kinematic cross-couplings
between separate channels of the linearized MIMO control system in Fig. 3 are compensated
and the system reduces to four independent single-input single-output (SISO) linear systems.
As an instance, the roll channel ¢ of the decoupled linear MIMO control system in Fig. 3 is
shown in Fig. 4 where I, is the moment of inertia around the xp axis. Note that the dynamics
of the plant in Fig. 4 is described by a double integrator (i.e., by two zero poles at the origin of
the complex plane).

¢Rcf 1 ‘?j
e

R
w, ()

Fig. 4 Block diagram of the decoupled linear control system (the roll channel ¢)

A, =1 D, #1,,

In case of motors’ partial degradations, i.e. for NxNand , the linear

MIMO system in Fig. 3 is cross-coupled and the dynamics of the system is described by four
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independent double integrators. This means that in the state-space, the multivariable plant has
eight zero eigenvalues.

Conflict Setting
To proceed in the analysis of the robust conditions, it is more appropriate to transform
the matrix block diagram in Fig. 4 to the equivalent four-dimensional case in Fig. 5, where the

vectors {(s)’ Pou(5) of size 4x1 and the 4x4 diagonal matrix M are given by the following

expressions:
m 0 0 0
0 71,00
M = '
Zrer () z(s) 00170
gls)= Pow =
M ()], n(s)], 0 00 L] (13)

in which the components of the three-dimensional vector 77 in the four-dimensional vector

_ T
Pou(s) are the roll (¢), pitch (9), and yaw (¥) angles, i.e. 7= [¢4.0.¥/] .

|
i
El — dagtw? B K, H ae H 0, B M i, —
I
I

Fig. S Transformed block diagram of the linear control system of the UAV

Research Results
Robust Analysis Control of the UAV’s Control System in case of Motors’ Partial
Degradations.

The transfer matrix of the open-loop MIMO system in Fig. 5 in case of Ay 1 has the
form:
P R
W(s)=—Ms Didiagiw; (s
() =MDy g{,<)}. "
;' (s)

In what follows, we shall admit for simplicity that all " regulators in (9) are

R _
identical, that is w; (8)=we(5) . Then, instead of (14), we can write down

W(s)=w(s)R, (15)

w(s) = wy(s)/ s> R =M;DZ'

where and

73



INFORMATION AND COMMUNICATION TECHNOLOGIES
Bulletin Of High Technology N1(25) 2023.-pp. 67-80.

O.N. Gasparyan, V.H. Ispiryan, G.A. Melkonyan, T.A. Simonyan
In the theory of multivariable control, such systems, that is MIMO systems with

identical transfer functions "(5) of separate channels and rigid cross-connections described

by square numerical matrix R, are called uniform MIMO systems [10].

The transfer matrix P(5) of the closed-loop control system of the UAV in Fig. 5 with
respect to output signals is equal to

D(s) = [[ + W(S)]_1 W(s)= w(s)R[I + W(S)R]_l ’ (16)

and the stability of the closed-loop system is determined by the locations of the roots of the
characteristic equation

det[1 + 1 (5)] = det [ + w(s)R] =0 (17)

Note, that in case of normally functioning motors, that is in case Ay =1 , the matrix R

-1
in (15) equals My and, instead of (16) and (17), we have

w(s)/m
1+£v()s)/m 0 0
w(s)/ 1, 0
1+w(s)/ 1,
Ps) = w(s)/ I,
0 I+w(s)/ 1,
0 0 w(s)/ 1,
i 1+ w(s)/ 1. | (18)
det[7+W ()] =[1+w(s)/m][1+w(s)/ 1] [1+w(s)/ 1, |[1+w(s)/1.]=0, (19)

that is the transfer matrix of the closed-loop system takes on a diagonal form, and the
characteristic equation reduces to the product of four characteristic equations of separate
channels.

In other words, in case of Ay =1 , the stability of the UAV's control system is

determined by stability of independent separate channels.
Let us discuss now the robustness of the UAV’s control system with respect to possible
losses of the motors’ partial degradations. In accordance with the general robust theory [7,8],

represent the matrix A in (10) as a sum of the ideal (unit) matrix / and the additive
uncertainty Ay , 1.e. in the form

AM=I+AM’ (20)
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M
where the diagonal elements of the diagonal matrix Ay are equal to 7 -1

Then the robustness condition of the UAV’s control system with respect to additive

uncertainty Ay can be written in the following form [7]:

e, <
181, 1)
where A | denotes the spectral norm of the matrix Ay which is equal to the largest of
modulus of the diagonal elements of the matrix Ay . The so-called Hardy norm 1Pl in

(21) is determined as the strict upper bound of the largest singular value (denoted as ) of the

transfer matrix P(/®) (18) of the ideal control system over the whole frequency range of

o (0Lw<L o) , and is equal to:

[PG) .= Slal)pa(q)(jw)) 22)

It is easy to notice that for the diagonal transfer matrix D(s) (18), the largest singular

value O at any frequency @ is determined as the largest of the absolute values of diagonal

elements of the matrix P(/®) _ This allows one to impart a simple geometrical interpretation
to the robust condition (21). Let us re-wright the condition (21), accounting for (18) and (22)
and the above remark, in the form

| w,(jo) |:| < 1

sup| max <
{ A |

o| 1 |[l+w(jo) 23)

w,(jo) (i=1.2.3.4

where ) denote the transfer functions of the separate channels of the open-

loop control system of  the UAV in case of Ay =1 (e.g.,

w(jo)=w(jo)/ m, w,(jo)=w(jo)/I,, etc.).

Then, to get the numerical estimates of allowable motors’ partial degradations based on
the condition (23), one can use the well-known in the classical feedback control graphical
procedure of determining the oscillation index (or peak gain) of the SISO control systems

[11]. It can be shown that on passing in (23) to the equality sign, that condition for any 7 is
reduced to the form

1Ay I

1 ’ 2
Refw.(j . I (] =
{ e{w.(jo)} + — ”2} + [Im{w,(jo)}] . ||2)2. o

Geometrically, this expression determines on the complex plane of the hodograph

. 2N .
w (jo) a circle with the center in the point C with the coordinates A=A 1), 703
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r=lAy /A ~]1A

2
and the radius el ). The allowable value 1A 1l for any ! is determined

by the radius of the circle which touches the hodograph w,(j a)), and for the whole control
system, the allowable motors’ degradation is equal, based on the condition (23), to the

1 ||AM ||1 (l:1,2:3:4)
[Ay |0

minimal value of al
Note that for , the circle (24) shrinks to the critical point =170} Note,

also, that, by definition, the norm 1Ay is always less than unity.

Numerical example

Consider a control system of a quadrotor with the following parameters: " = 2.5kg ,
_ — — 2 -1
Li=1,=1.=05kg-m . The matrices P» and X» =Pu are equal to
1.0 1.0 1.0 1.0 025 0 -2.5 -0.833
0 02 0 -02 K - 025 25 0 0.833
Y102 0 02 0 P71025 0 25 -0.833
-0.3 03 -03 03 , 025 -25 0 0.833 ’ 25)
and identical PID-regulators with the transfer function
W, (s) = 0.0928 + 0.0043 N 5.25
s 0.1834s +1 (26)

are chosen as regulators in separate channels. The transfer function (26) is obtained by using
the graphical interface pidTuner of the package Control System Toolbox in MATLAB. In Fig.

6, there are shown the Nyquist hodographs w(je) and "2 (jo) =w,(jo) = w,(jo) of the
separate channels of the UAV’s control system with PID-regulators (26) and the circle tangent

Wrs4 (jo)

to the hodographs is drawn.

3

(58]
T

|| A_u | =0.552

/ N

w,(j)

W =%

Imaginary Axis
:

w (j@)

Real Axis

Fig. 6 Robustness analysis of the UAV’ control system
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Based on (24), this circle determines the largest allowable value of the additive

1Ay H:O'SSZ. Correspondingly, the smallest allowable value of the

max(4") =0.448

uncertainty equal to

coefficient of motors partial degradation equals . Further loss of motors

M
effectiveness (i.e. the smaller values of 4 ) may result in loss of stability of the UAV’s

control system.
Altitude channel (flight height) transient responses of the ideal UAV’s control system

My _
and control system with motors’ efficiency degradation (for max(4, )_0'3) are shown in

Fig. 7 and Fig. 8. As can be seen from Fig. 8, the control system with motors’ efficiency
degradation is unstable.

1600 ' ' 7
1400 -
1200

,,_

*x =

= @

= e}
T T

Flight Height (m)

Time (s)

Fig. 7 Transient response of ideal control system

w« 10%

Flight Height (m)

-6 —

L
0 100 200 300 400 500 600 700 800 900 10
Time (s)

Fig. 8 Transient response in case of motors’ efficiency degradation
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] Mo - P —

2502 L9819

Fig. 9 Simulink model of the UAV’s control system

The transient responses in Fig. 7 and Fig. 8 were obtained by the UAV’s control system
Simulink model shown in Fig. 9.

Conclusion

A method of analysis of robustness of the UAV’s control system with respect to
possible loss of effectiveness of motors which is presented as an additive uncertainty, is
proposed in the paper. The largest allowable loss of effectiveness (or partial degradation) of
motors is determined by a simple graphical procedure on the complex plane of Nyquist
hodographs of separate channels of the UAV’s control system. A numerical example
illustrating the proposed method of robustness analysis is given.
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uLotuNk (NN UUrL6Mh YUNUJUMrUUL <UvUYUreGrn
NNPUUSNR(E-BUL Y6PLNRONR@EG3NRLLE CUMrdhLENP UUWLULUWUD
uePuLnhuLEMrr Y*6MNLNRYU

Qwuwwpjwu O.L., huyhpywt 4.<, UG pnuywu G.U., Uhdntjwu S.U.
Lwywuypwbp wqquiht wynipipbluthywlwt hwdwjuwpwi

Pwqdwnnunnpwihu wuonwsnt ensnn uwppbpp (UGU) jwjunpbu ogunwgnpdynwd Gu
nwqdwlwu wnwownpwupubipnwd, huswybu bwl twppbp pwnwpwghwywu ninpunubpnid,
huswhupp GU  gniqwunuwnbunyeintup,  npnunnuithplwpwpwywu  w2luwwmwupubipp,
wuwnwnubpnud  hpnbhubph  hwjnuwptbpnudp,  GpplubYnyejwu  dnupwnnphugp U wyu:
Wuonwsnt pnsnn uwppbph hpwlwu pnhspubpnid npn2  wuuwwubih  hpwypéwyubiph
hGwnpwupny Ywpnn Gu wnwowtw] Ywnwwpdwt hwdwywpgh wnwpptip wwpptiph Yud
uwnppbph juwthwunwutp: Uw, hp hbpphu, Ywpnn £ hwugbgutp wdpnng hwdwlwpgh
thiniqdwup L UfFU-ph  nguswgdwup:  Unwohtu  hbpphtu  funupp  YGpwpbpnud £ DC
owndhsubiphu W wunnwnwlubppu, npnup, h wwppbpnyenu EGYwnpnuwhu uwpptph L
wnyhsubiph, s&u Yupnn YpYuopptwyyb; Upfuwwnwupnid wnwownpyynid £ wuonwsnt pnsnn
uwppbph  Ywnwywpdwtu  hwdwywpgbph  nnpwuwnnwu  Ybpinwdnypjwu  dbenn,
owpdhsubph  huwpwynp  wpryniwwybnnygjwu dwutwyh  Ynpunph  nbwpnid:
Uprynibwybnnigjwtu  wnwybjugnyt  pnywwnpblh - Ynpnwinp npnpdnid - £ wwipg
ghwdpywlywu  Gnwuwyny, Yndyltpu hwppnpjwt  Ypw hwdwlwpgh wnwudhu
Ywwninhutiph Lwjpyhunh hnnngpwdubipny: LEpYwjwgywsd £ UMFU-h Yunwywpdwu
hwdwywpgh nnpwunnEywu  Ybpnwdnipjwu  wnwownpyjwsd dbpnnp  wwpqupwunn
eYwjht opptiwl:

Pwbtwih pwnbp. pwqiwnninnpwihu  UGU, owpdhsubiph  wpryniuwybuinniejw
Ynpnuw,  pwqdwswih  wnwywpdwt  hwdwlwpg,  wnhnhy  wunpnange)ntu,
nnpwuwniejnLu:

AHAJIN3 POBACTHOCTU CUCTEM YIIPABJIEHUA BIIVIA B CJIYUAE
YACTUYHOM NOTEPU D®P®EKTUBHOCTU JIBUTATEJEN

I'acnmapsin O.H., Ucnupsin B.I'., Mejkonsin I'.A., Cumonsin T.A.

Hayuonanvnvuii nonumexnuueckuii yHueepcumem Apmenuu

MmuoropotopHsle  OecriuoTHble  jeTarenbHble  anmapaTtel  (BIIJIA)  mmpoko
HCIIOJIb3YIOTCA B BOCHHBIX LIEJISX, @ TAKXKE B PA3NMYHBIX TPAXKIAHCKUX OOJIACTAX, TAKUX KaK
CEJIbCKOE XO3SMCTBO, MOMCKOBO-CIIacaTeNbHbIe Pa0OThl, OOHApPYKEHUE JIECHBIX I0XKapOB,
MOHHUTOPHUHI JABW)XEHHA TpaHcmopra M T.A. B peansHbix mnonerax BIIJIA Bo3HuKaroT
HETpPEeBUCHHbBIE CUTYallMM MPUBOJAIIME K OTKa3aM Pa3JIMYHBIX 3JIEMEHTOB WM YCTPOMCTB
cuctembl ynpasienus BITJIA. DT1o, B CBOIO odYepeap, MOXKET NPUBECTH K KPYLICHUIO M
MOJIHOMY YHHMYTOXXEHHIO JIETAaTEJIbHOIO amnmapara. B mepBylo ouepeab 3TO Kacaercs
JBUTaTeNell MOCTOSIHHOTO TOKAa W MPONEJJIEPOB, KOTOPHIE, B OTJIUYHE OT 3JIEKTPOHHBIX
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Abstract
The healing and cosmetological properties of clays have been known since ancient
times. The clay's healing and cosmetic properties are used to treat various diseases and have
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medicinal uses for skin quality improvement. The objective of this paper is to study the
quantitative composition of highly mineralized clay, which is a bottom sediment separated
during the processing of the raw material extracted from Yerevan Avan Salt Mine, and to
identify the possibilities and scope of its application. The formulation of healing clays, anti-
inflammatory agents, pain-relieving balms, beauty products, and skin scrubs having
improved properties was developed using stable combinations of highly mineralized clay and
natural additives based on the experimental findings.

Key words: rock salt, mineralized clay, microelements, propolis, anti-inflammatory
agent.

Introduction

Clay is a universal remedy for strengthening the immune system and treating various
diseases, such as arthritis and polyarthritis, spinal diseases of non-tuberculosis origin,
inflammatory and post-traumatic diseases of bones, muscles, and tendons, digestive system
diseases, and diseases of female genital organs. Clay is used in creams, pastes, rubbings,
healing baths, aqueous suspensions, triturations, applied to painful points, etc. However, a
scientifically based assessment of the healing properties of clay is not yet sufficient. More
research is needed before scientists will know the true benefits and risks of clay in
humans. It is known that all clays have one unique property: they absorb toxins. Therefore,
clay, if used wisely, cannot be harmful or risky. Each group of clay, depending on the
impurities included in the composition, has its own function and use [1]. Analyses have
shown that clay contains high quantities of mineral salts and trace elements, which are vital
for humans. Mineralogical studies show that pharmaceutical clay is composed of bentonite
and organic substances. The variety of mineral composition in clay is not inferior to that of
fruits and vegetables. Various types of clay are known in Armenia. Proportions of mineral
substances in clay are universal, and combinations are unprecedented [2]. Natural clay has a
more heterogeneous composition. Natural clay is rich in U, V, Cd, Mo, T, Ag, Ni, Cu, Sb,
As, S, Se, and Br. Therefore, the oral use of clay can not be dangerous [3]. Armenia is rich in
deposits of various types of clay. There are known deposits of Noyemberyan bentonite clays
and zeolites, deposits of bentonite clays in Sarigyugh, etc. [4].

An excellent illustration of the origins of geophagy can be found in the legends related
to the therapeutic properties of the clay from Chimayo, New Mexico. X-ray diffraction
analysis of 22 samples from New Mexico, North America, and worldwide showed highly
variable clay mineral compositions. One could be a complicated mixture of illite,
kaolinite, smectite, chlorite, and vermiculite, while the other could be a monometallic
smectite or kaolinite. The quantities of elements (Al, Si, K, Na, Ca, Mg, Fe, Mn, Ti, P, S, Ba,
Sr, Pb, Zn, Cd, Co, Cu, Cr, Ni, V, Zr, Se, Mo, Be, Sb, and As) extracted by 0.12 M
hydrochloric acid varied from approximately 1.0 mg/g to the limit of detectability, 0.0001
mg/g. Potential long-term human health effects were evaluated with the Reference Dose Ratio
(RDR). It divides the quantity of the element extracted from 50 g of the total sample by the
recommended reference dose (RfD) reported in the Environmental Protection Agency’s (EPA,
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USA) IRIS (Integrated Risk Information System) database. For Na, Cr, Sb, and As, the
median RDR values were higher than 1.0, suggesting an abnormally high potential intake.
Given the variety of substances humans ingest, care should be taken when comparing the
findings of one clay study to those of another without considering the mineralogical and
chemical information [3].

With the worldwide rise of infectious diseases and the growing number of antibiotic-
resistant bacterial strains, the need for precise identification, prevention, and efficient
treatment is more vital than ever.

In recent decades, the misuse of common antibiotics has driven the need to discover
new inhibitory agents. Therefore, natural products such as clays exhibiting antibacterial
properties are prominent. By annihilating bacteria and absorbing harmful substances and
gases, clay cleanses the body of toxins, slags, and heavy metals. It has a strong antibacterial
and antitumor effect. It refers to benign (tumors like tresses, fibroids, mastopathy, etc.) and
malignant (cancerous) tumors. Supposedly, it is because the clay contains radium. Human
body needs it in small, limited doses. It is possible that clay, as a natural sterilizer, acquired its
bactericidal effect with the presence of radium [4].

The absorbing properties of clay minerals are well manifested for skin and
gastrointestinal disease treatment. However, the antibacterial properties of clay have attracted
less attention from scientists.

Recently, French green clay has been proven to cure Buruli ulcer, a necrotic or "meat-
eating" infection caused by Mycobacterium ulcerans. Evaluation of the antibacterial
properties of this clay can provide effective and affordable treatment of Buruli ulcers and
other skin infections [5].

Experiments involving the extraction of carbonate-hosted clay materials resulted in a
wide range of laboratory protocols (e.g., hydrochloric acid, acetic acid, formic acid or cation-
exchange resins). Refraction is emphasized as the main factor when studying the significance
of clay minerals for palacoenvironmental and diagenetic interpretations. Experiments show
that in the case of mixed carbonate-clastic facies, the relative increase in intensity peaks of
quartzeudolomite (where present) hides the further identification of non-carbonate minerals.
Today, the dimension is observed despite the effective dissolution of calcite in cases of higher
concentrations of acetic acid.

For calcite-dominated lithologies (oolitic limestone), the use of acetic acid at higher
concentrations resulted in the most efficient decarbonatation [6].

To determine the most promising natural types of clay in Armenia, some experts have
provided comparative analyses of their composition and usage suggestions [2].

* Clay from the Artik region: Color - white with a pinkish tint, odorless, consistency - dense.
Composition - sulfate-hydrocarbonate-sodium, pH - slightly alkaline. Mineralization -1.3
g/dm?; (SO4 - 70 mg/eq%; HCO3-23 mg/eq%; (Na + K) - 83 mg/eq%); pH 8.43. Emission
spectral analysis showed the presence of the following chemical elements (in%): Si- 3.5-4.5,
Ca- 0.1-0.25, Ni- 0.001, Al- 1.5-3.5, Fe- 2 ,5-3.5, Cr- 0.05-0.75, Mg- 0.32-3.0, Mn - 0.18-1.8,
Mo- traces, Ti- 0.016-0.56, Sr -0.0075-0.0085. Microbiological parameters are in normal
state. The presented composition enables one to attribute clay from the Artik region of the
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Republic of Armenia to the category of natural remedies and recommend its use in restorative
therapy.

= Clays from Voghjaberd area of Kotayk Marz:

Sample I. Colour - white, consistency - dense, composition - sulfate-calcium-sodium,
contains metasilicic and orthoboric acids, pH - slightly alkaline. Mineralization -4.8 g/dm?,
SOs - 2116.756 mg/dm?, Ca -521.04 mg/dm’, (Na+K) - 507.15 mg/dm’, H,SiOs - 47.0
mg/dm?, HBO; -11.0 mg/dm?, pH 7.8.

Sample II. Colour - white, consistency - dense, composition - sulfate-calcium-sodium,
contains metasilicic and orthoboric acids, pH - slightly alkaline. Mineralization -2.5 g/dm?>,
SO - 4131.46, Ca 569.136, (Na+K) - 2538.28 mg/dm’, H>SiO; - 43.0 mg/dm’, HBOs-11.0
mg/dm?, pH 8.19.

Microbiological parameters are in a normal state. The studied samples, in particular,
Sample I, can be recommended for the treatment of articular pathologies and metabolic
disorders in the form of clay-water baths and applications. The alkaline reaction and the
bioactive components in all samples provide a basis for a deep and more comprehensive study
of local origin clays before they could be recommended for use in clinical experience.

The effect of salt on the surface properties of clay minerals depends on the nature of the
mineral, the properties of the salt used, and its state (in solution or adsorbed). It has been
proven that the treatment of clay minerals with NaCl, MgCl,, Ca(CH3;COO);, and ZnCl;
solutions lead to an increase in their water-holding capacity: NaCl > MgCl> Ca(CH3COO), =
ZnCl [7].

It should be noted that in the Armenia there are still no technical regulations developed
for the natural resources of the crust, particularly the requirements for natural healing clays,
the order of use, conditions, and requirements of the raw materials classified and extracted.
The exploitation of these resources violates all the technical regulations adopted for the
operation of such mines. For this reason, it is necessary to register the results of studies of
therapeutic mud in resort (sanatorium-resort) zones [8].

Rock salt reserves in Armenia amount to several billion tons. The Avan salt mine is big.
It is located in the northeastern part of Yerevan. It has been known since 1949; industrial
exploitation began in 1967. The Miocene sedimentary layer included in the geological
structure of the Avan salt mine is expressed by the alternation of clay and rock layers and
forms steep flanks and meridian-spreading brachyanticlinal folds.

The thickness of the alluvial stratum is 700 m, and the thickness of the exploited salt
strata is 2-50 m.

In the geological structure, dolomite and andesite basalts of the Pliocene, with a
capacity of about 220 m and partly Pleistocene, are present [9]. In the Republican
Speleological Therapeutic center operating on the base of the Avan salt mine, bronchial,
pharyngitis, bronchitis, and other diseases are treated [10]. The rock salt for the cattle
breeding (no less than 93% of sodium chloride) and ground salt (no less than 90% of sodium
chloride) for technical purposes in the plant's mine at a depth of 300 m.
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Technical rock salt

Mass portion of sodium chloride, %, no less than 93,0
Mass portion of calcium-ion, %, no more than 0,8
Mass portion of magnesium-ion, %, no more than 0,8
Mass portion of sulphate-ion, %, no more than 2,0
Mass portion of substance which is insoluble in water, %, no more than 5,0
Mass portion of humidity, %, no more than 0,4

In the first stage of table salt production, the physical and mechanical mixture solution
formed by dissolving the rock salt in water is subjected to purification to remove the residue

of carbonate-sulfate-clay mineral origin, which is insoluble in water (Fig. 1).
1
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Fig. 1 Principal diagram of the purification technology cycle
from carbonate-sulfate-clay mineral residues
Material flows: 1. Initial physico-mechanical mixture-solution, 2. The mixture-solution cleaned from
coarse mixtures and sand, 3. Sand residue, 4. Solution purified from mechanical mixtures for further
processing, 5. Fine-grained clay sediment I - Apparatus for catching and separating coarse mixtures
and sand, II - Fine-grained clay mixture settling tank (open basin)

Conflict Setting

The study aimed to identify the possibilities of using the bottom sediment separated
during the extraction of table salt from the rock in the Avan salt plant as basis for the
composition of healing clays, skin care cosmetic products, skin scrubs, and anti-inflammatory
and pain-relieving balms, analgesic, anti-aging products. The task of the study is to expand
the list of physiotherapeutic clay therapy products containing a new mineralized clay
component and several supplements of natural origin.

Research Results
The study of bottom deposit clay separated during the production of table salt from rock
salt was carried out in the Laboratory of Natural Technologies at Shushi University of
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Technology. The Avan salt plant fine-grained clays were sampled to determine their physical
and chemical characteristics, as for the content analysis of microelements, it was done at the
Yerevan Hydrometeorology and Monitoring Center (Tab. 1).

The quantity of microelements in the sample was determined by inductively coupled
plasma mass spectrometry (ICP-MS), using the PerkinElmer ELAN 9000 device, in the
following operating mode: vacuum - 1.5-2.5*107 torr, argon plasma power - 1400 W, dust
sprayer gas flow - 0.76-0.8 1/min, plasma-generating gas flow - 20 1/min, ambient temperature
- 15-30 °C, cooling liquid flow - 13.5 1/min, cooling liquid pressure - 350 kPa, coolant
temperature - 15 °C, argon purity - >99.996%. The results of the examination are presented in
Tab. 2.

Table 1
Physical and chemical characteristics of bottom deposit
Ne | Measured indicator Measuring Measured value Applied method by
unit standard
1 | Dry residue (180 °C) % 61.44 ISO11923
2 | Dry residue (420 °C) % 60.31 I1SO11923
3 | Electroconductivity - in aqueous 483000
distillate uS/cm ISO7888
ISO11265
4 | Mineralization - in the aqueous mg/kg 314000
distillate
5 | pH - in the aqueous distillate - 7,46 1SO10523
1SO10390

According to the findings of laboratory studies of sedimentary clay, we used it in the
composition of anti-inflammatory, pain-relieving balms and creams (scrubs) for skin
scrubbing.

In order to improve the healing properties of clay, natural antibacterial and pain-
relieving additives were used in healing balms with a clay base: 20% alcohol solution of
prpolis and essential oil of laurel, and the ingredient "Dimexide" (dimethylsulfoxide) was
used to make skin tissues more permeable. Thus, the invention of Kavalgin balm was
developed and registered, which refers to an anti-inflammatory, pain-relieving agent analgesic
means, in particular, it is a new preparation for treating various joint disorders, neuritis,
neuralgia, osteochondrosis, sciatica and other inflammations and pains.

Skin care products are mentioned in the development of the scraper ointment with clay
component content. This natural ointment is a skin-cleansing, regenerating anti-inflammatory
agent that is especially designed for scraping and cleaning dead skin cells, curves, and is a
way to reduce the appearance of age wrinkles nourishing the skin and increasing elasticity.
The cream is a combination of only natural ingredients. It exhibits pronounced protective and
regenerating properties, it also has antioxidant, free radical neutralizing properties. The cream
includes clay sediment containing more than 30 microelements from the processing of the
Avan salt mine, lanolin, vaseline, glycerin, 20% sweet marjoram extract, grape and milk
thistle seed oils.
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Table 2

Composition of microelements in the bottom deposit

Ne Measured indicator Unit Measured value
1 Lithium mg/kg 6,03
2 Beryllium mg/kg 0,0502
3 Boron g/kg 0,204
4 Sodium g/kg 1,72
5 Magnesium g/kg 0,262
6 Aluminum g/kg 0,0150
7 Total Phosphorus g/kg 0,240
8 Potassium g/kg 7,27
9 Calcium g/kg 3,38
10 Titanium g/kg 1,37
11 Vanadium g/kg 0,0347
12 Chromium mg/kg 8,99
13 Iron g/kg 0,446
14 Manganese g/kg 0,251
15 Cobalt g/kg 0,0137
16 Nickel g/kg 0,11
17 Copper g/kg 0,0337
18 Zinc g/kg 0,0336
19 Arsenic mg/kg 4,08
20 Selene mg/kg 2,25
21 Strontium mg/kg 1,42
22 Molybdenum mg/kg 7,73
23 Cadmium mg/kg 0,184
24 Tin g/kg 4,47
25 Stibium g/kg 0,863
26 Barium g/kg 0,0976
27 Lead g/kg 0,0155

Based on the results of bottom deposit clay laboratory studies, we used it in the
composition of anti-inflammatory and pain-relieving balms and skin scraping cream (scrub).
To improve the healing properties of clay, a natural antibacterial and pain-relieving additives
were used in healing balms with clay bases: a 20% alcohol solution of propolis and laurel
essential oil was used, and the "Dimexide" (dimethylsulfoxide) ingredient was used to
activate the permeability of skin tissues. Thus, the invention of "Kavalgin" balm was
developed and registered, which refers to an anti-inflammatory pain reliever and is a new
preparation for treating arthropathy, neuritis, neuralgia, osteochondrosis, radiculitis, and other
inflammations and pains [11]. The invention of another preparation developed with clay, such
as scrub ointment, refers to skin care products. This natural ointment is a skin-cleansing,
regenerating, and anti-inflammatory agent, specifically for removing dead skin cells,
smoothing wrinkles, nourishing the skin, and increasing elasticity. The ointment contains only
natural ingredients and exhibits protective and regenerating properties. It also has antioxidant
and free radical-neutralizing properties. The ointment includes clay sediment containing more
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than 30 microelements from the processing of the Avan salt mine, lanolin, vaseline, glycerin,
a 20% alcoholic extract of Origanum, grapeseed and milk thistle seed oils [12].

Conclusion

The qualitative-quantitative characteristics of the bottom sedimentary clay of the Avan
salt mine, the effectiveness of the new healing balms developed with clay support allow us to
conclude that the separated clay bottom sediment has healing and cosmetological properties.
It is ecologically, toxicologically safe and can be used to create skin care products and
medicines. On the basis of the separated mineralized clay sediment, we also find it promising
for the creation of preventive toothpastes, gums, care for the teeth and oral cavity, in
particular, sanitation of the oral cavity, elimination of unpleasant odor from the mouth, teeth
whitening anti-inflammatory agents.

Based on the separated mineralized clay sediment, we also find it promising for the
creation of prophylactic toothpastes, gums, teeth and oral cavity care, particularly oral cavity
renewal, bad breath elimination, teeth whitening anti-inflammatory products.
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NEPCHEKTUBbLI IPUMEHEHUS BBICOKOMUHEPAJIU30BAHHOM I'/TMHbBI
JOHHBIX OTJIOKEHUH ABAHCKOM COJISTHOM IIIAXTHI B
JEKAPCTBEHHBIX I''TUHSX U KOCMETOJIOTUA

Hepcucsin I'.I'.!, @apcusin H.B.!, Akonsin I'.I'.2, Hapraasin I.I'.!, Mukaeasn A.P.}
! [Iywumckuii mexnono2uueckuil yHusepcumen

2 Pecnybnuxanckuii yenmp cneneomepanuu Apmenuu

SHayuonanvuviii azpapmslil ynusepcumem Apmenuu

JleueOHBIE W KOCMETOJIOTMUECKHE CBOICTBA TIJIMH HW3BECTHBI C JAPEBHUX BpPEMEH.
JleueOHBIE W KOCMETHYECKHE CBOWCTBA TJIMHBI HCHOJB3YIOTCSA JJIS JICUCHUS Pa3TMIHBIX
3200JIeBaHUN U B JICYCOHBIX IEIIAX JUIS YIIYUIICHUS KadecTBa KOXxH. L{epio JaHHO#M padoThI
SBIISETCA W3Y4YCHHE KOJMUYECTBEHHOTO COCTaBa BBICOKOMHHEPATM30BAHHOW  TIUHBI,
MpeAcTaBsiomeil co0oil MOHHBIA OCagoK, OTAENAEMbI Mpu TmepepaboTKe ChIPbS,
noosiBaeMoro Ha EpeBaHckol ABAHCKOW COJISTHOM IIaxTe, W BBIABICHHE BO3MOXKHOCTEH W
cdepbl ee mpumeHeHusi. Ha ocHOBE SKCIIEpUMEHTANIBHBIX NAaHHBIX pa3pabOTaHbl PEelenTyphI
Je4eOHbIX TJIMH, TPOTHBOBOCHAIUTENBHBIX CpPEACTB, 00e300IuBaromuX 0anb3amoB,
KOCMETHYECKHX CpPEICTB U CKpaOOB [isi KOXHM C YIyYIIEHHbIMA CBOMCTBAMH C
WCIIOJIb30BAHUEM  CTAaOWJIBHBIX KOMOMHAlMA  BBICOKOMUHEPATM30BAHHOM  TJIMHBI U
HaTypaJbHbBIX J0OOABOK.
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Abstract

In this paper the traction resistance of the layer tillage unit's combined work member
has been determined as that of a single whole of the frame, bore-chisel, and plane-cutting
blade. The analytically obtained results have been quite well grounded by laboratory
experiment. Based on this analysis, ways for lessening the work member's traction resistance
have been designed.

Key words: wedge, bore-chisel, frame, plane-cutting blade, operating depth, traction
resistance.
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Introduction

The land is cultivated to increase its fertility and create favorable conditions for the
development of cultural plants. Tillage also plays an important role in controlling weeds,
decay, pests and plant diseases.

Adaptation of agrotechnologies to the soil and climatic conditions of crop production
includes a large number of tillage options and, accordingly, tools for their implementation.
The latters are of wedge-type, which according to their working surface geometry are divided
into flat and curved ones. Wedges are also symmetrical (arrow-shaped blades), asymmetrical
(plough share body) and so on.

The layered soil cultivation technology, unlike others, is designed for layered loosening
of the soil, on top of which further cultivation and sowing are carried out. This technology is
usually applied once a year during fall or spring mulching. It is necessary to sow in the
cultivated layers in spring with precise sowing machines [1,2].

Currently, layer tillage technology is widely used in advanced agricultural economies
such as USA, Canada, Argentine, Germany, and many other countries [1,2,3].

The layered soil cultivation technology is most effectively applied in mountainous
agriculture, where in order to ensure the water resistance of the loosened layer and to prevent
soil erosion, combined layer tillage units are used, equipped with appropriate operating
organs.

Conflict Setting

The study of bottom deposit clay separated during the production of table salt from

In order to perform an effective layer tillage and cultivation of the soil, it is suggested a
combined working unit composed of frame (1), equipped with a chisel (2) and a plane-cutting
blade (3) (Fig. 1) The suggested unit can solve various technological problems due to its
structural features. The chisel is located in the lower part of the framework and is designed for
opening a deep crack in the soil, and the plane-cutting blade is fixed in the middle part of the
framework, and serves for widespread surface tillage and cultivation of the soil.

Applying well known scientific methods, as well as taking into account the structural
and operational features of the proposed cutting unit, the traction resistance of the combined
working unit is determined as the sum of the traction resistances of the framework, the chisel,
and the plane-cutting blade.

Research Results

A. The traction resistance of the chisel.

Consider the chisel as a simple two-edged wedge, the flat surface of which serves as a
working surface, and the lower one serves as a support. The driving force can be applied to
the wedge at an arbitrary angle [3,4,5,6], at both front and rear of the wedge at that. The point
of application of the force is important only for the strength calculation, and the movement is
determined only by the sum of the directions and magnitudes of the forces.

Obviously, from the point of view of traction resistance, it is sufficient to consider only
the horizontal component in the direction of movement. The vertical component affects the
vertical displacement of the wedge (in our case, the chisel).
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The chisel affects the soil under cultivation in different ways, but the essence of its
work is that it does not cut with a blade (as is usually accepted), but first, compresses the soil
particles and slightly displaces them, and then opens a crack in the horizontal direction
[6,7,8].

V.P. Goryachkin offers the following formula for determining the resistance of a flat

wedge
p = Nsin(ate) (1)

cosQ

where N is the normal resistance on the working surface of the wedge (chisel), & is the angle
of the wedge location, ¢ is the friction angle.

In the case of soil-cultivating machines, the determination of normal resistance is quite
complicated, so for determination of the traction resistance of the chisel, let's use the simpler
expression widely accepted in practice [6, 9, 10]

Rl = qu (2)
where q is the factor volumetric rubbing of the soil, V is the volume of rubbed soil,

bm.cnh?t
V= m.ch zgam.ch, (3)

where b,, . is the width of the chisel, & is the path traveled by the chisel during soil
compaction, &, -, 1s the location angle of the chisel.

Therefore: Ry = 0,5qby, cnh?tgQm o : 4)
Let's decompose the force R; into two components (Fig. 1).

aY —\

QN I AN NN

Am.ch

»
>

hm,ch

Ol ch * z \ - > b meh
% X, «

Fig. 1 Calculation scheme for determining the layer tillage chisel's traction resistance
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horizontal: RY =<15qu£hh2tgam£himigiﬁﬁja (5)
vertical: RY = 0,5qby, cnh2tgaty, o~ et (6)

The following formula is recommended for determining 4 [6,10,11]

h = \/ Am.ch COSP (7)

9tg@m chsin2ycos(@m ch+Wctgy—tg(@mcntv)
where a,, -, 1s the depth of the chisel run (m).
In order to solve the problem, it is also necessary to know the angle y of inclination of

the crack formed in the soil pressed by the chisel.
For this, the following expression is proposed [7,8,11].

1
2

w=arcsin| 0,5+ 0,5 /;2 , (8)
1+(Z—1)
where a; and b; are coefficients characterizing the parameters of the chisel
a, = 2u — sina, ., (1 — 0,5tge), 9)
b, = sinay, (0,5 — tge), (10)
where u is the relative limit deformation of the soil

e®t99 cos(am cnte) (11)
cos@ ’

p=1-

From our justification of the parameters of the working organ of layer tillage, we have:
the width of the chisel by, .,=0.02m, chisel mounting angle @, ., = 34°, the maximum depth
of the chisel run a,, .= 0.45 m.

Let us take the friction angle ¢ = 35°, based on the results of scientific experiments of
various researchers [9,10,11].

Bearing in mind that the working organ of the layer tillage is intended for use in
ploughed land, let’s choose the volumetric rubbing coefficient determined for these soils of
this type, from the range of values in the range of 500-1000 kg/m>. Let's take g=750 kg/m”>.
Using Egs.1 to 10 and making appropriate calculations, we get: p =1, a;=1.59, b; = - 0.15,

w = 46° h=0.05 m, and the chisel traction resistance will be Ri=3.84 kN.
To find ways for lessening the chisel traction resistance let’s make some analyses.
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Traction resistance depends on a number of factors, considering soil and climatic factors
out of the scope of discussion, let's study the structural parameters of the working organ.
Taking into account that the main geometrical parameters were obtained by theoretical
justifications and adjusted by scientific and experimental studies, let's study the influence of
the chisel mounting angle a,, ., on the traction resistance. An optimal value for that
parameter was found 34°. However, this was done in the context of the general requirements
to the fluffers, that is, along with deep chiselling, loosening must also be done. There is
almost no loosening function on the chisel of the layer processing organ, surface tillage is
carried out with plane- cutting blade. In addition to this, the loosening along the chisel
movement is also favored by the frame of the layer processing organ. With these
considerations, an analysis was made to find out the effect of chisel location angle change on
the traction resistance of the chisel (Fig. 2).

It can be seen from the graph that decreasing the location angle of the chisel will
decrease the Ry component, which determines the traction resistance, and the R component
will increase. Taking into account the main requirement for the chisel of the working organ of
the layer tillage which is to open cracks for the infiltration of surface water.

RN

35 /
25 \
.
\ R
1.5

. N

AN

N

R:

0 10 20 30 40 50 Omch

Fig. 2 The effect of the chisel location angle change on the traction resistance

We can affirm that in this case we can deviate from the range of values assigned to the
parameters of the looseners and reduce the traction resistance by reducing the mounting angle
of the chisel. In particular, by reducing the angle a,, ., from the specified 34° to the minimum
allowable value of 9° (that is, make it almost a flat cutter), then the traction resistance of the
chisel will decrease by about 1kN or 26%.

B. The traction resistance of the flat cutter.

Let's also consider the plane-cutting blade of as a simple two-edge wedge. The simple
components of the soil resistance force on the working surface of the plane-cutting blade are
affected by the force R3?*, which is located on the longitudinal axis of symmetry (Fig. 3).
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Fig. 3 Calculation scheme of the traction resistance of the plane-cutting
blade of the working organ of the layer tillage unit

R%% projection of force R% characterizes the deepening ability of the flat cutter, and Ry
projection characterizes the traction resistance. The direction of the resultant force is
determined by the i angle of crack propagation, the point of application is determined by the
dimensions hrand €.

For flat cutters, hy = 0,2as [3,7], where ay is the depth of soil cultivation with a flat
cutter, we accept up to 10 cm. Therefore 4= 2 cm.

In order to keep the soil layer above the flat cutting blade intact as much as possible
during the determination of the parameters of the layer processing unit, we have chosen the
minimum value of the angle or of the blade crushing: o =9,

Therefore £ = L 12,6cm.
tgaf

The resultant R3% is proportional to the normal pressure and the friction forces of the
soil with the working surface, and the direction depends on the loosening angle ar and the
friction angle .

From Fig.3 we have the following calculation scheme y = g — (a5 + ¢). The friction angle

¢ depends on the condition of the soil and varies widely (from 14 to 35°).

While grounding the parameters of the working organ of layer processing, in order to
make it compatible, we stopped at the limit values of the parameters, including the friction
angle ¢ =35°. Therefore, w = g — (9 +35) = 46°.

R5 component of the force R3”? acting on the planer blade is determined by the
formula of which Ry = kay by, where k is the specific resistance of the soil, of which the
range of values is k=15-50 kN/m?, oy is the planer blade depth of cultivation, bs - coverage
width b= 36 cm.

Let's assume the optimal absolute moisture of the soil is 22% and the specific resistance
of the corresponding soil is 30 kN/m?.

The refore we get Ry = 1.08 kN.

In practical calculations, the traction resistance for stony soils is assumed to be: P =
(3 — 5)R7, in the case of ordinary cultivated soils, where hardened or superhardened traces,
clods, etc. can be encountered, which negatively affect the traction resistance P = 2R3 is
accepted.
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C. Traction resistance of the framework

Let's consider the framework of the working organ as a two-edge wedge arranged in a
vertical longitudinal plane, which has two symmetrical working surfaces. To calculate the
resistance of the framework, the following expression was used [4,5,11]

arbo

2d f
Rs =35 <p1 +pufetg s+ paf 0 - fg—%o> , (12)

where a, is the actual depth of the framework, b, is the thickness of the framework, f is the
angle of inclination of the framework with respect to the bottom of the furrow, p;and p, are
the specific pressure of the soil on the resistance part and side surface of the framework,
respectively, d is the width of the framework, £ is the coefficient of friction between the
soil and the steel, a is the angle of inclination of the pointed part of the framework, 7, is
the angle of the wedge expansion.

The actual depth of the framework run is

ar= Am.ch “Pmcn - hf’ (13)

where a,, -, 1s the actual maximum depth of the chisel - a,, . = 0.45m, h,y, .1, is the height
of the chisel
hmlch:Em.ch'Sinamlch, (14)

where £m.ch is the length of the chisel, hfis the thickness of the flat cutter. Therefore, you will
get
a, =30 cm.

From the justification of the parameters, we have: by = 0.02 U, B =90°, p; =70 kN/m?, p,=5
kN/m?, do=3by=0.06 m [ =0,4, y,=68 *, o=, cp=34°
After the appropriate calculations, we get R;=0,46 kN.

To lessen the traction resistance of the chisel, its location angle should be reduced from
34% to 9° and framework operating height will increase by about 7cm and traction resistance
0,09kN at that.

Thus, based on findings obtained by the theoretical study, the general traction resistance
of the layer tillage working unit will be

R=R{ + Ry + R =3.84 + 1.08 + 0.46 = 5,38 kN when a,, c,= 34°

R=2.84+1.08 + 0.55=4,47 kN when a,, .= 9°
To estimate engineering and operating parameters of the proposed working organ effectively
applicable in the layer tillage process, Natioal Agrarian University of Armenia carried out
laborator experiments with the result that the traction resistance was 5.06 kN
(when a,,, .,=34°). The deviation from the theoretically obtained value is about 6% (Fig. 4).
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Fig. 4 An episode from the laboratory tests of a layered processing worker's organ

Conclusion

1. The traction resistance of the layered processing tool, as determined by theoretical
research, is 5.38 kN, of which 3.84 kN is for the chisel, 1.08 kN is for the flat cutter,
and 0.46 kN is for the stand. The outcomes of laboratory tests support the
aforementioned information. The deviation is less than 6%.

2. The analysis of the traction resistance of the layer processing working member revealed
that the most practical method of reduction is thought to be the reduction of the chisel's
location angle.

We can assert that, in the case of the working member of the layered cultivation, we can
deviate and reduce the angle of the chisel bit to reduce the drag resistance because the
chisel of the working organ of layered cultivation needs to open a crack in the soil layer
for the removal of surface water. Additionally, in that scenario, the chiseling rig's angle
is maintained according to the main technological requirement @, ., < 90 - .

Our recommendation is to move the chisel's location angle from the set 34° to 9°, or
almost flat, which will reduce the chisel's traction resistance by 1.0 kN or 26%. It's true
that in that situation, the stand's working height will rise by about 7 cm to about 37 cm,
increasing its traction resistance by 0.09 kN as a result. This means that by lowering the
chisel's location angle to 9°, the working organ's overall drag resistance will actually
decrease by 0.91 kN, or 16.9%.
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methods, Experimental procedures, Discussion and others. The names of the sections
are written in 12 bold 10 mm Tab. The text of the section is given in 12 p.t. 10 mm Tab.
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Eoh $npdwnp’ A4, nuwugpubipp' 18 dd (wyg, dwfu, Ybpl, ubpply):

<nnwsdh |tignit’ wugbpbl, wwnwwnbuwlp' Times New Roman, wdihnhwgpbpp'
hwjtptu (Unicode/GHEA Grapalat), nniutiptti (Times New Roman): Uhgunnwjhu
hGnwynpnipniup® 1,15:
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WATER SYSTEMS.
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wbwp b nubuw hbnlyw) pwdhuubpp’® Introduction, Conflict setting, Research
results, Conclusion: <nnjwdp Ywpnn £ ubpwnb) twb wy) pwdhuubp, Jwutwynpuwtiu'
Materials and methods, Experimental procedures, Discussion, wj: Pwdhuubipph
wudwundubpp gpynwd Gu 12 bold nnwnwswihny' 10 Jd funpphg: <wgnpn winnhg, 10 dd
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wuyjwunudp, thwywgsdtiph dby hnnwédh hpwwnwpwydwu wnwppu: Uunthtn npynud §
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pwpgdwunypiniup, wuhpwdbonnpjwu  nbwpnd, hpwlwuwgund L wnbnblwagph
fudpwapnieiniup:  Udthnthwgph  hwjbptu  wwppbpwyp ubpyujwgynd £ 11, huy
nnwbipbu tnwppbpwyp' 12 nwnwswihny: Wdthnthwgphu, ubpluwjwgynn |Gqyny Ygynid
GU pwUwh pwnbipp:
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<nnywdubipp ubipluwjwgynid b info@bulletin.am hwugbiny:

Uugitiptu wwppbpwyhg pwgh, htnhuwyp ubpywjwgunw £ vwl hnnwédh hwjtptu
Ywd nnbpbu lwppbpwyp (pwgwnnipjwdp wpnbipyphg ubiplwjwgynn hnnwdubinh):
Udthnihngpnd, ybpuwgphg hbinn pbipdnd Gu hbnpuwy/ubp/p Uudwu, <wjpwudwu
ulygpuwwnwntipp b Uqqwuniu/ubp/p:

<nnywdubipp unnigynid GU gpwgnnniejwu nbd:
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Znnwdubipp nmwwgpnepjwu Bu Gpwotuwdnpdnd fudpwgpwlwu funphpnh Ynndhg'
fudpwgpulwt funphpnh - wunwdh Gpwfuwynpniejuwdp Ywd gpwfunudwu updhph
hhdwu Jpw: Ywpdhpp wbwnp £ wwpniwwlyh Ggpwlwgnientt ghnwywu unpnyeh
YGpwpbinjw:

Pwgwuwlwu tqpulwgnieiniu unwgwd hnnwdubipp nbnGlwgpnud hpwnwpwydwu
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VYTBepxkaeHo pemenuem Koopannanmonnoro cosera xxypHana BT ot 19.07.2021.
TPEBOBAHMUSA K O©POPMJIEHUIO CTATBHU

®opmMmar ctpanullsl - A4, nmosis - 18 mm (cpaBa, ciieBa, CBEpXy, CHU3Y).

S3pIk crateu - aHrauiickuid, mpudt: Times New Roman, anHOTanmu: apMsSHCKHHA -
(Unicode/GHEA Grapalat), pycckuii - (Times New Roman). MexaycTpouHsiit
uHTepnan - 1,15.

B mpaBoM BepxHEM yTily CTpaHHMIIBI, 3arJaBHBIME OykBamu, mpudTom 11 bold numercs
pyopuka. J[ns UsBectuit 310: AGRICULTURE, ARCHITECTURE AND
CONSTRUCTION, ECONOMICS, INFORMATION AND COMMUNICATION
TECHNOLOGIES, MACHINE INDUSTRY AND LOGISTICS, NATURAL
SCIENCES, WATER SYSTEMS.

B nesom yrimy crnenyromel cTpoku mpoctaBisiercas wuHuekc YK o (MuHEMYM
IIECTU3HAYHOE YHCII0), pazmep mpudTta 11.

B cepenune cnemyromieit CTpOKM 3ariiaBHBIMH OyKBaMU MHUIIETCS HAa3BaHHE CTATbH,
pasmep mpudTa - 14 bold.

JlBe cTpoku HIKe, cmpaBa, mpuptom 11 bold mumryrcs wmaunmansr Wmenn (nmpu
xesanuu - OryectBa) 1 @amMuiius aBTopa.

Ha cnenytoreii ctpoke, cripaBa, MUIIETCS HA3BaHWE OpraHU3aIMK, pa3Mep mpudTta - 11.
Ha cnenyromieii ctpoke, cripaBa, MUIIETCS aApec OpraHu3anuu, pasmep mpudra - 11.

B ciiydae npeacraBineHus cTaThi ABYMSI OpraHU3aLUAMU, yHKTHI 7 U § IOBTOPSIFOTCS CO
CJIEYIOLIENH CTPOKH.

Ha cnepyromeit crpoke, crpaBa, IMUIIETCS aApec AIEKTPOHHOM IOYTHI aBTOpa, pasMep
mpudra - 11.

Ha cnenyromeit crpoke, cripasa, mumrercst ORCID aBtopa, pazmep mpudra - 11.

Ha cnenyromeil crTpoke, cmpaBa MNHIIETCS Ha3BaHUE TOCYJapCTBa, TI'pakIaHUHOM
KOTOPOTO SIBJISIETCS aBTOP, pa3mep mpudra - 11.

JIBE CTPOKM HMIKE, B TOM K€ MOPSAJIKE, MUIIYTCS JaHHbBIE IPYTUX aBTOPOB, €CJIU OHU €CTb.
JIBe cTpoKHM HIDKE, MUIIeTCs aHHOTamus cratbu (Abstract), pasmep mpudra - 12. CiioBo
Abstract numeTtcs mpudtom 12 bold.

JIBe cTpoku HIDKE, ¢ pazMepoMm mpudra 12 mumyrtces kimodeBbie cioBa (Key words).
Crnoa «Key words» numytcest KypcuoM ([talic), pazmep mpudra - 12 bold.

JlBe cTpoku HIKe, ¢ pa3mepoMm mpudrTa 12, numercs TEKCT CTaTbd, KOTOPBIH
00s13aTeIbHO JIOJDKEH HMeTh cienyrommue pasnensl: Introduction, Conflict setting,
Research results, Conclusion. CraTesi MOXeT BKIIOYaTb W JpyrHe pasjenbl, B
yactHocTH, Materials and methods, Experimental procedures, Discussion u T.1.
Hassanus pasnenoB mumrytces mpudTtom 12 bold ¢ orctynom 10 mm. Co cnemyromeit
CTpPOKH, ¢ oTrcTynmoM 10 MM mUIIETCs TEKCT pasneia, pazmep mpudra - 12. Kaxmaprit
pazzien HaYMHAeTCs JByMs CTPOKaMU HHMKE TPEbITYILETO.

®opMmyisl peacTasiAoTes no nporpamme MathType, otaensHOM CTpOKOH, MOCEpeaUHE
U IPOHYMEPOBBIBAIOTCS B IIPABOM YaCTH, B CKOOKaX.

B tekcTe MoryT ObITh pUCYHKH, TpaduKu U TaOJuIbl. PUCYHKN U TpaduKu HyMEPYIOTCS
CKBO3HOHM HyMmepanueil o obpasny - "Puc." Mx Ha3Banus nuuryrtcs mpudrom 11 bold
nocepenHe, BHU3Y PHCYHKOB (IrpaduKoB), C yKa3aHHeM criepean Puc. u mopsakoBoro
HoMepa pucyHKa (rpaduka). Ilog HasBaHuem, mocepeluHe, MOTYT OBITh HalMCaHbI
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19.

20.

21.

22.

23.

24.

25.

26.

27.

COOTBETCTBYIOIINE 00BsiIcHeHUs, pazmep mpudra - 10. TaGnuiel HymMepyrOTCsI CKBO3HOU
HyMmepauuei mo obpasuy - "Tab.". HMx Ha3Banusa nuurytces mpudtom 11 bold,
nocepeInHe - HaJl TaOJuIlel, a HaJ Ha3BaHHWEM - crpaBa, mpudTom 11 bold mumercs
"Tabdauna u mopsaIKoBbIN HOMED Tabauibl". 3anucu B TaOIUIIE MPOU3BOIATCS pa3MEPOM
mpudra 10, (mprr HEOOXOAUMOCTH - pazmep mmpudTa 9).

B koHue cratbu, [BE CTPOKM HUXKE IPEACTABIAETCS CIHMCOK HCIOJb30BaHHOM
autepatypel  (References), mnpoHymMepoBaHHBIH 1O IOCIIEOBATEIBHOCTH CCBUIOK.
Hcrounuku mpuBogsaTcs mo o6pasiy [..]. Cchulkn Ha cTaThy BKIIOYAOT DamMuimio,
nnunmansl MMenn u OtyecTBa aBTOpa (-0B), Ha3BaHUE CTAThbU, FOJl M3/aHUS CTAThU B
ckoOkax. 3arem craBUTCA 3HAK "//' W TUIIETCS HA3BaHWE >KypHaja, TOPOJA, HOMEp
W3JaHMs, CTpaHHULbl. A B cly4yae KHUT U MOHorpaduii - oOriee KOJUYECTBO CTPAHMII.
Hcrounuky mpeAcTaBisiOTCS B OPUTMHAIBHONW BEPCUU U B MEPEBOJE HA AHTIIMHACKHIA
SI3bIK (TPEJCTABIIAIOTCS JABa CIHCKA JUTEPATyphl, 38 UCKIIOYCHHEM CIydaeB, KOr/a Bce
CCBUIKH JI€JIal0TCS Ha MaTepualbl, OIyOJIMKOBAaHHbBIE HA AHTJIMICKOM SI3BIKE).

Ha otnenbHOl cTpaHulle NPUBOJATCS AHHOTALMM CTaTbU HA apMSIHCKOM M PYCCKOM
a3blkax. [lepeBoj aHHOTaUMM cTaTeil, mpelncTaBIseMBIX U3-3a pyOexa, mpu
HEOOXOJMMOCTH OCYIIECTBISIET pelakuus >KypHajia. ApMSHCKHA BapuUaHT aHHOTALUU
npencrapnsiercs 11 mpudrom, pycckuit - 12 mpudrom. K anHoTanum npumararoTcs
KJIFOUEBBIE CJIOBA HA TOM K€ SI3bIKE.

Ha otnenbHO# cTpaHuile NMPUBOAATCS JaHHbIE 00 aBTOpe (-ax): JOJKHOCTb, Tele(oH,
ydeHas CTeNeHb, YIeHOE 3BaHue, aJIpeC PJICKTPOHHOU MOUTHI.

Cratbu npeacTaBisroTes 1o aapecy info@bulletin.am.

[IoMrMO aHIIMIICKOM BEpPCUM, ABTOP TAaKKE IPEICTABISACT apMAHCKUN WU PYCCKUH
BapUaHT CTAaThU (32 UCKIIIOYEHUEM CTaTell u3-3a pyOeska). B aHHOTanmu mociie Ha3BaHUs
CTaThbU NpUBOASTCS uHUIMAIBI IMenu aBTopa (-oB), OtuecTBa u @amunus (-un).

CraThu NpoBEPSIIOTCS Ha IJIaruar.

ABTOp HeceT TOJHYI0 OTBETCTBEHHOCTh 3a MMyONUKalWi0 KOH(GUICHIMAIBLHOM
uHpOpMaIUH.

CraTtbst pexkoMeHAyeTcsl K MyOIMKAalWu PEeAakIMOHHBIM COBETOM I0 PEKOMEHIAIUU
YWIEHAa PENAKIMOHHOIO COBETa WIM Ha OCHOBAaHUHU €r0 peleH3uH. PeneH3us nokHa
coJlep)KaTh 3aKIIIOUYEHUE O HAyYHOU HOBHU3HE.

CraTbu, MOJIyYMBIIME OTPULIATEIbHOE 3aKIIOYEHHE, HE MOoAJexarT NyOnuKauuu B
KypHae.
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