ISSN 1829-488X
ISSN online 1829-4898

st1suuahnr
pUurar ssuunLnghuuerh

HU3BECTUSA
BBICOKUX TEXHOJIOI'U

BULLETIN
OF HIGH TECHNOLOGY

J

<
P
2w

1(29)/2024

GM54UL - EPEBAH - YEREVAN
2024



furar sslobnNLNahuverph ssatuuahr
M3BECTHUSA BEICOKAX TEXHOJIOT A
BULLETIN OF HIGH TECHNOLOGY

<uvuuurena enrLnhee

Udbunhujwt Ywhw (n.q.n., <), Pugjwu Mwngl (un.¢.n., £<), (Fnpdwgjut <nghwuubu (n.q.n., glfluwynp fudpwghp, UL), (3npdwgwu Ywsh
(n.q.n., <€), Uwpynuywu Ugnin (nuun.n., <<), Uwpynywu Uhbp (n.g.n., <<, hwdwlwpgnn funphpnh twhiwgquh), Uhtwuwu Mnpbipn
(Gp.g-n., <), Hwpnwuywu Uplgwn (nuw.r., NHH):

KOOPIAHAIIMOHHBIIA COBET

AsetucsH Baan (1.1.H., PA), bBanksan [Mapres (a.1.H., PA), Bapransu Apesuwan (1.1.H., P®), Mapkocsn Awot (1.3.H., PA), Mapkocsin Mrep
(n.1.H., PA, npecenaTens KOOpIMHALMAHHOTO coBeTa), MuHacsiH Pobepr (1.reost.H., PA), TokmamksH Baue (n.1.H., PA), Tokmamksia Oranec
(n.1.H., TIIaBHBIA pegakrop, 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).

RUPUSGIULUL NPLNRD

Ughqyuits Lunt (n.q.e., <€), Uipuwtywt Ywybiph (g.g.n., <€), Unwowtywt Updbu (p.g.n., <€), Wbnhuwt dwhw (un.g.n., <€), Pwgiuit Mwpgle (n.g.n., £<), Swgnghab Swpdw
(n.g.n., Ypwunwi), Fwuywpuwt Uwphbunw @.n., <€), Swjwpnwayhh Shdh (n.g.n., Ypwunwi), Snnd Mndwt (wuwnen., (00, Spshwith 2nipwp (n.g.e., Ypwunw),
Qwnuwywu Shgpw (n.g.n., <<), Bnhwquipjwt 3nipgkt (¢.¢.1., £<€), Fnddwuywu Uwnpghu (6.1, <), Bntnguit Yhabt (p.g.n., <€), npdwgwt Hwsh (n.q.n., ££), [Fnpdwsjwiu
<nyhwiitbu (n.g.n., qfuwdnp fudpwghp, <€), dhjwnunwibul huw (n.q.p., Lhudw), uwswnpjuu Unwduwpn ($d.q.n., <€), Bhpwlnuywt Lnipuw @.n., <<), <wpnipgniujwt
Lwdjbn (n.q.n., &), <nynudjwis Lnpugp (n.q.p., <€), Twqupw Ennuupn ($d.q.n., <€), Uwpgqupjuu Wpbpa (n.q.1., <€), Uwplynuywu Upnin (.., <€), Uwplynuwt Uhtip
(n.q.1n., <L), Ukhpyw Wunpbwu (4.g.10., £<€), Uklhpuwt Ywagbt ($d.q.n., £€), Uhtwuywu Mnpkpn (Gphpag.n., <€), Uhpwhywu Upwd (p.g.p., £<€), Uhpwbywt Lybp @.p., £<),
Uhuwljwu Engup (n.q.p., <&, yuwnwuuwbwnne pwpuniwn), Undwjubh Sniph (4.9.0., Phjwnni), Lepuhujwt Ywpbu (ntn.e., <€), Nydw Unwd (n.q.p., Lihwuwnwt), Mnnnujwu
Uwitby (wn.g.n., <), MNrwyshly Uwpibtw (in.g.n., Lshwuwnuit), Mwgshly Swpnupwy (u.g.n., Lehwuanwt), Uwhwlywt Uudyb (4.q.10., <€), Ywhwljut Qunhdhp (un.g.p., £<), Uwjuywt
huwghy (pd2.q.n, Fpdwthw), Uwpqupwu Ukpdhl (p.g.n., £<), Uwpniuwwn Upbunwl (in.g.n., <€), Ywpnuaywi Uplpwn, (wuwn.n., (), Pwunuwu <ndhl (4.g.n., <L):

PEJAKIIMOHHBIA COBET

Asetucsn Baan (1.1.1., PA), Arapkansn ApmeH (1.X.H., PA), Asmssn JleBon (k.T.H., PA), Anexcansn Banepu (n1.c/x.H., PA), Apyrionsn I'amner (1.1.1., PA), Bammksn Iapres
(n.1.1., PA), BapTansu Apesuran (1.3.H., P®), 'aapnamsunm 'neu (1.1.1., Ipysns), 'arommnse ansa (a.1.1., I'py3us), lacnapsa Mapuerra (1.apx., PA), I'Bumnann 3ypa6
(x.1.H., [py3us), [onos Poman (1.5.1., P®), [lanasu Turpan (a.1.H., PA), Ernazapsian 'ypren (1.c/X.H., PA), )Kuarkayckene Wua (k.7.H., Jursa), Kazapsa Dayapa (1.¢-M.H.,
PA), Kupakocsu JIio6a (1.apx., PA), Maprapsu Ans6ept (1.1.1H., PA), Mapkocsn Amort (1.3.H., PA), Mapkocsu Mrep (1.1.1., PA), Menuksn Anzgpeac (1.¢/x.H., PA), Mennksn
Basren (1.¢-M.H., PA), MukaensiH Apam (k.X.H., PA), Mukaesnss Heep (k.apx., PA), Munacsz Po6ept (n.reon.H., PA), Mucaksu Darap (K.1.H., PA, 0TBeTCTBEHHBII CEKpeTaps),
Moxaiicuit FOpwmit (1.c/x.H., PB), Hepcucsu Kapen (k.3.H, PA), OBymsn Hopaiip (k.1.1., PA), Ilanocsn OBuk (1.6.1., PA), Ilorocsu Mausen (1.1.H., PA), Paiiunk Mapnena
(n.1.1., [Tonbmra), Paitunk Spocnas (1.1.H., [loxpima), Caaxss Bnagumup (k.1.H., PA), Caaksn CamBen (1.6.H., PA), Capresu Cepikuk (1.X.H., PA), CapyxaHsH ApecTax (I.T.H.,
PA), Casinsin Xaumk (n.me/1.H., I'epmannst), ToBmacsin Capruc (m.apx., PA), Tokmamksn Baue (.1.H., PA), Tokmamksit Orasec (1.T.H., I1aBHbIA penakrop, PA), Tomy3su
Buren (1.x.1., PA), Viima Anam (k.1.H., [Tonbma), Xavarpsu 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), Gvishiani Zurab (PhD (Engineering), Georgia), 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), Misakyan Edgar (Candidate of Sciences (Engineering), RA, Executive Secretary), 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).

Stintlwghpp hpwunwpwyynd £ UGwntdhynu b.JLbnhwqupnyh spwihu hhduwhwpgbiph b hhnpnnbfuuhwih htunhunnh, <pnpudihyuuwi hbnwgnuniegniuubph
hwjyulwu wqquiht wunghwghwih, plwth Ywwh dhengubiph ghnwhbnwgnunuwlwu hfuunhwunnunh b Sniphh nbluunnghwwu hwdwuwpwuh Ynndhg: <hduwnpdtg
£ 2016.: Lnyu b wbuund mwpblwt 4 wuquid:

V3BecTus M34a10T MHCTUTYT BOJHBIX IPOOIEM U IMPOTEXHUKU UM. akanemuka V.B. Eruasaposa, ApMsHCKas HallMOHAIbHAS ACCOLMALMA 110 IHAPABINYECKUM
uccnenoBanusiM, EpeBaHCKHi HayYHO-HCCIIEI0BATELCKII HHCTUTYT cpecTB cBsi3u u LlymuHekuii Texuonorndeckuii yuuepeurer. OcHoBan B 2016r. M3naéres
4 paza B roz.

Bulletin is published by Yerevan Institute of Water Problems and Hydro-Engineering Named After 1.V. Yeghiazarov, National Association of Hydraulic Research,
Yerevan telecommunication research institute, Shushi university of technology. Established in 2016. Published 4 times a year.

Stintlwghpu pungpywsd £ <L PNY-h Ynndhg nnunpuiwt b phluwdniwwy wnbuwununiggniuubph hwdwp punniubih hwunbutbph gwuynd:
V3BecTHs BBICOKMX TEXHOJIOTHIT BKIIIOUEHA B CIIMCOK »KypHanoB npuemiemMbix BAK PA 115 TOKTOPCKHUX M KaHAMJATCKHUX JUCCEPTAaLMM.
Bulletin is included in the list of journals for doctoral and PhD dissertations adopted by SQC of the Republic of Armenia.

Spwiugdwu Jyuywlwuh hwdwpp' 211.171.05236 Zwugh’ bpbwwu, 0011, Updbuwlywu . 125
Swwpwuwl' 101 ophuwl: Anpec: Epesan, 0011, yn. Apmenaxsna 125
Muunybip phy 33: Address: 125 Armenakyan Street, Yerevan
Uwnnpugnquwsd & tnwwigpnipjuit’ 25.03.2024. Tel. (+374) 44 20 46 06

faninep’ opubip: Swdwip dwdny 14,125: Url: www.bulletin.am

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

© Pwndp wbfuuninghwubnph wnbnblwghp, 2024
© H3BecTus BBICOKMX TeXHOJorui, 2024
© Bulletin of High Technology, 2024



Bulletin Of High Technology N 1 (29) 2024.-pp. 3-14. NATURAL SCIENCES

G.H. Nersisyan, M.A. Melkumyan, B.G. Babayan, A.M. Grigoryan, A.L. Grigoryan, A.R. Mikaelyan
ANTIMICROBIAL POTENTIAL OF "KAVALGINE" CLAY BASED NOVEL

PREPARATION FOR PROPHYLACTIC SKIN CARE

UDC - 615.33:615.32

ANTIMICROBIAL POTENTIAL OF "KAVALGINE" CLAY BASED
NOVEL PREPARATION FOR PROPHYLACTIC SKIN CARE

Gagik H. Nersisyan

Institute of Water Problems and Hydro-Engineerig
125 Armenakyan st, 0011, Yerevan

e-mail: gagik.ners51@gmail.com

ORCID iD: 0000-0002-7269-7973

Republic of Armenia

Marina A. Melkumyan

Scientific and Production Center (SPC) «Armbiotechnology»,
National Academy of Sciences of Republic of Armenia (NAS RA)
Gyurjan 14, 0056, Yerevan

e-mail: marmelk2109@gmail.com

ORCID iD: 0000-0003-3250-9891

Republic of Armenia

Bella G. Babayan

SPC «Armbiotechnology», NAS RA; Agrobiotechnology Scientific Center,
Branch of Armenian National Agrarian University (ANAU) Foundation,
Yerevan State University (YSU)

14 Gyurjan st., 0056, Yerevan

e-mail: bbg.15.04@mail.ru

ORCID iD: 0000-0002-3978-1209

Republic of Armenia

Anna M. Grigoryan

Russian-Armenian University (RAU); University of Traditional Medicine (UTM);
Agrobiotechnology Scientific Center, Branch of ANAU Foundation

123 Hovsep Emin st., 0051, Yerevan

e-mail: anna.grigoryan@rau.am

ORCID iD: 0000-0003-3345-7958

Republic of Armenia

Armen L. Grigoryan
Russian-Armenian University (RAU);
National Olympic Committee of Armenia
123 Hovsep Emin st., 0051, Yerevan
e-mail: armen.grigoryan@rau.am
ORCID iD: 0009-0000-2956-9127
Republic of Armenia



mailto:gagik.ners51@gmail.com
mailto:anna.grigoryan@rau.am
mailto:armen.grigoryan@rau.am

Bulletin Of High Technology N 1 (29) 2024.-pp. 3-14. NATURAL SCIENCES

G.H. Nersisyan, M.A. Melkumyan, B.G. Babayan, A.M. Grigoryan, A.L. Grigoryan, A.R. Mikaelyan
ANTIMICROBIAL POTENTIAL OF "KAVALGINE" CLAY BASED NOVEL

PREPARATION FOR PROPHYLACTIC SKIN CARE

Aram R. Mikaelyan

Agrobiotechnology Scientific Center, Branch of ANAU, Foundation,
1 Isi le Mulino st., 1101, Ejmiatsin

e-mail: aramrmik@yahoo.com

ORCID iD: 0000-0002-4668-3498

Republic of Armenia

https://doi.org/10.56243/18294898-2024.1-3

Abstract

The demand for novel antimicrobial preparations is high in medicine, veterinary,
agriculture, etc. However, numerous classical preparations derived from steroids, oligo-
/macro- cyclic lactones, and antibiotics possess notable disadvantages: adverse effects on
human health, the potential for ecological risks, etc. Moreover, the increase of antibiotic
concentrations in environment escalates the multi-drug resistance problem. Therefore, the
need of innovations in that scope, and particularly, the search for alternative new natural
preparations is very actual.

The current paper discusses "Kavalgine” new preparation, developed using natural
components: highly mineralized clay obtained during the table salt mining; propolis, laurel
essential oil and other bioactive additives. Its effect was successfully tested on model strains
of various opportunistic pathogens: Klebsiella pneumonia, Pseudomonas aeruginosa,
Salmonella enteritidis, and Staphylococcus aureus.

Keywords: highly mineralized clay sediments, propolis, antimicrobial effect, laurel
essential oil, opportunistic pathogenic bacteria, skin health prophylactics.

Introduction

The development of a new, improved antimicrobial and anti-inflammatory preparation
is a highly relevant topic in light of the current situation. This urgency arises due to the
multiple drawbacks associated with conventional antibiotics used in medicine and other
fields. Classical antibiotics often lead to various harmful side effects, reduced efficacy,
allergies, and other undesirable consequences [1,2]. In this regard, the elaboration of novel
safe skin care preparations and ointments, which are based on natural materials is especially
important. That is one of the prospective strategies for the development of treatment
preparations by the combination of inorganic mineral components from the natural sources
(clays and non-clay minerals, etc.) with some organic plant and animal sourced substances of
target effects, such as like propolis, plant essential oils, waxes and also fungi bioactive
components, etc. [3,4].

For centuries, natural clay has been utilized as a traditional remedy for its anti-
inflammatory properties. Its beneficial effects on the skin have been recognized and
documented throughout history. Ancient civilizations like the Egyptians employed clay for
treating wounds and addressing digestive issues [5]. The application of clay in medicinal
practices extends to various traditional systems such as Ayurveda, Traditional Persian and
Chinese medicine, etc. [6,7]. During the last decades, the use of clay in diverse fields of
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medicine, cosmetology, and healthcare has witnessed a steady increase. Different types of
clay with varying chemical compositions can be found depending on their geographical
origins. These mineral-rich substances have long been employed for the treatment of skin
infections, as evidenced by numerous studies conducted in recent decades [8]. Clay has the
ability to bind to certain metals, including toxic heavy metals, thereby preventing their
absorption by the body's organs such as the skin, stomach, and intestines [9]. French green
clay, rich in Fe-smectite, is renowned for its healing properties against conditions like Buruli
ulcer, a necrotizing fasciitis caused by Mycobacterium ulcerans [10]. Hence, clay is
recognized for its anti-inflammatory capabilities. Additionally, apart from its anti-
inflammatory effects, clay is known to improve digestion, enhance the immune system, and
promote skin health [11, 12].

Propolis is also known for its wide application in various branches of traditional
medicine in many countries. It is a resin-like substance produced by bees that has
antimicrobial properties and other valuable bioactivities. Bees initially use propolis to protect
their hives from pathogens. In human civilization propolis are being used for medicinal
purposes for centuries. It has some antibacterial, antifungal, and antiviral properties, making it
an effective natural remedy for fighting against infections [13, 14]. Propolis can be used to
treat a wide range of pathological conditions, including sore throat, colds, flu, and even cancer
[15]. It is also a natural source of antioxidants, which can help to protect the body from
oxidative stress and inflammation. The mechanisms of its effect are defined by the
interactions of phenolic and other compounds, including pinobanksin, pinocembrin, and
galangin with cells. Moreover, the antibacterial activity is attributed to its active compounds,
such as like the aromatic compounds, especially caffeic acid, lactones. and flavonoids. In
addition, propolis has a bactericidal activity which able to inhibit the cellular division such as
like to damage the cell walls of bacteria, and to suppress the protein synthesis. Pinocembrin is
the component of propolis that demonstrates the antibacterial activity against some strains of
Streptococcus spp. and other pathogenic bacteria [16-20]. Artepillin C, p-coumaric acid, 3-
phenyl-4-hydroxycinnamoyl cinnamic acid are bale to decrease the activity of bacterial
glycosyltransferase in some pathogenic bacteria, such as like Helicobacter pylori. Another one
important component of propolis is apigenin. Apigenin is one of the most common flavones
aglycones, a natural antioxidant with anti-inflammatory and anti-carcinogenic properties [21,
22]. Propolis also serves as a component of painkillers and preparations for the symptomatic
treatment and the supporting therapy medicines of various diseases such as like: neuritis,
neuralgia, osteochondrosis, radiculitis, arthropathy and other inflammatory diseases of the
musculoskeletal system [23, 24]. Based on the considered literature data about the positive
influence of clay and propolis on health in general, “Kavalgine” composition was elaborated
in our laboratory, as a combination of highly mineralized clay, propolis and essential oil of
laurel. In current paper the antimicrobial effect of “Kavalgine” ointment is studied.

Conflict Setting
Due to the decrease of efficiency of classical antibiotic therapy for the treatment of
various infections the actuality of usage of alternative antimicrobials, such as like plant oils
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and various natural extracts as well as inorganic salts and mineral compounds is being
increased. That is why the studies of natural mineral clay sediments-based preparations are
started to be more actual world around. And this is very important especially in scopes of
cosmetology, dermatology and preventive prophylactic therapy. In these regards, the main
purpose this research was to study the antimicrobial properties of new "Kavalgine"
preparation against the range opportunistic pathogens of human, including the test-cultures of
most dangerous opportunistic pathogens, such as like Pseudomonas aeruginosa and
Staphylococcus aureus, which are well-known by the multi-drug resistance.

Materials and Methods

The name of preparation is coming from Armenian word “kav”, what means “the
clay”. "Kavalgine" is elaborated as the combined effect ointment, consist of inorganic and
organic active components of absolutely natural source. Inorganic ingredient of it is the major
part and it is based on highly mineralized clay, which was obtained from the side product
sediments of table salt production process (from Avan rock salt mine of RA). The initially
isolated highly mineralized clay-sediments contain about 30 various micro- and macro-
elements [25]. The detailed description of Cavalgine includes the following: alcohol solution
of propolis, bay leaf esencial oil, clay Dimexidum in the following ration wt.%: 20% alcohol
solution - 7.5-9.5; bay leaf esential oil - 0.5-2.0; Dimexidum - 7.5-9.5 and clay - the rest [26].

The organic components of “Kavalgine” are essential oil of laurel and the natural bee
product propolis. Also, it contains Dimexide (dimethyl sulfoxide or DMSQO) which was used
as an additive to improve skin tissue permeability [27]. All these compounds are added to
enhance anti-inflammatory, pain-relieving and antimicrobial target effects of the ointment.

For qualitative evaluation of antibiotic-resistance of the selected microbial strains,
there were used the sterilized by autoclaving solid selective media, based on beef-extract agar
with addition of 50 mcg/mL content of appropriate antibiotic. The following antibiotics were
used in selective m In this research for in vitro microbiological experiments, 10 strains of
human Gram-negative and Gram-positive opportunistic pathogens from the National
Collection of Microorganisms of Microbial Depository Center (MDC), “Armbiotechnology”
Scientific and Production Center (SPC) of the National Academy of Sciences of the Republic
of Armenia (NAS RA) were used. The following bacterial strains were selected as objects for
tests: E. coli DH5a S. enteritidis 5170 K. pneumonia 5244 St. aureus 5233 P. aeruginosa
5249 P. aeruginosa 9056 S. maltophilia 9289 P. fluorescens 9134 P. putida 9235 P.
geniculate 9340. All the mentioned bacterial strains were cultivated on liquid Luria-Bertani
medium (LB) and solid nutrient L-agar cultural media (1.8%-agar) due to the generally
accepted methodologies, using 60 mm diameter Petri dishes [28].

edia:  Pcn/Penicillin;  Amp/ampicillin, ~ Amx/amoxicillin,  Amc/augmentin
(representatives of aminopenicillins of B-lactam antibiotics), Cfx/cefixime, Cro/ceftriaxone
(representatives of 1 and III generations cephalosporins of f-lactam antibiotics),
Kan/kanamycin, Stp/streptomycin, Cip/ciprofloxacin (representatives of aminoglycoside
antibiotics), Cam/chloramphenicol (of amphenicol antibiotics) and Azm/azithromycin (from
azalides of macrolides antibiotics), produced by “Asteria”. The cultivation on appropriate
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selective media was carried out by streaking technique, using 60 mm diameter Petri dishes, at
37 °C (in contribution to the optimum conditions of the studied bacterial strain), under aerobic
conditions [29]. For the assessment of antimicrobial activity of “Kavalgine” ointment, two
methods were used. The preliminary screening of “Kavalgine” effect was carried out by the
method of mixing ointment with the cultural media inappropriate concentrations. After the
solidifying of the obtained mixture, the microorganisms were cultivated on it by the stacking
method. Also, for the antimicrobial effect assessment the method of wells and was applied.
For that purpose, 1.8%-agar containing MPA (meat peptone agar) cultural media was poured
into Petri dishes (60 mm diameter). Then the sterile glass cylinders were placed in a center of
each of Petri dishes. Separately the mixtures of appropriate microbial strain overnight cultures
(~108 CFU) and the molten 0.7% agar containing MPA at 37 °C, were prepared in sterile test
tubes. On surface of solidified 1.8%-MPA cultivation media in each of Petri dishes, the
mentioned mixture was added as the second layer, around the placed glass cylinders. After the
solidifying of second layer, the glass cylinders were carefully taken off for the obtaining od
wells. In each of obtained well 1.2 mg of testing ointment was added.

For each strain the experiment was carried out in two ways: with UV-sterilized (4 min
upon the A = 254 nm UV light) ointment samples and without the UV-sterilization. As a
control in all the experiments, which were carried out, the sterile water and DMSO
appropriate quantities were added instead the testing “Kavalgine” ointment [30, 31]. for a
comparable quantification of a qualitative analyses of “Kavalgine” ointment effect on the
studied microorganisms the digital analysis of results was performed by ImageJ software [32].
The statistical assessment was based on the fact that all the experiments were carries out in 5
series of 3 repeats for each probe. MS Excel was used for data analysis of "Kavalgine"
antimicrobial effect evaluation. The data of growth inhibition zones are given in mm (table 1,
fig. 1-2), SEM (Standard Error of the Mean) were + 0.23-0.37. Significance was tested by
applying Student t-test and estimated as p-value less than 0.05.

Research Results

The results of antimicrobial resistance tests of bacteria which were used for this
research are presented in tab. 1 and fig. 1.

During all the experiments, it was noted non-significant inhibition of growth of all the
tested bacterial cultures. Only in case of K. pneumonia 5244, after 24 hours, a thin sterile rim
6 mm wide was formed around the well, which indicates a slight antibacterial effect. After 3-4
days of experiment in K. pneumoniae 5244 sample, the width of the sterile rim was reached 5
mm. In P. aeruginosa 5249 and P. aeruginosa 9056 samples, the rims were 1.5 mm and 1.2
respectively. For the rest of the samples: E. coli DH5a, S. enteritidis, St. aureus 5233, S.
maltophilia 9289, P. fluorescens 9134, P. putida 9235, P. geniculate 9340 the mean of the
measured width was 1 mm.

The obtained results indicate the lower intensity of “Kavalgine” ointment
antimicrobial effect on the mentioned bacteria growth. Throughout the experiment, in all the
cases of unsterilized ointment, the contamination with very small colonies of an undefined
contaminant microbes was observed. That indicates the absence of a significant antimicrobial
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effect not only in relation to the tested cultures, but also to the contaminant. In case of
sterilized ointment samples, contamination was not observed. All the control samples have
demonstrated the absence of notable antimicrobial effect of DMSO on the research strains of

bacteria.
Table1

Antibiotic-resistance of human opportunistic pathogenic bacterial strains.
S —sensitivity, R — resistance; C — control, “+” — growth of strain in full surface of petri dish (d =
60 mm) on nutrient agar cultural media with addition of appropriate quantity of sterile water;
antibiotics: Pcn - penicillin, Amx - amoxicillin, Amp- ampicillin, Amc - augmantine, Cfx -
cefixime, Cro - ceftriaxone, Cam - chloramphenicol, Cip - ciprofloxacin, Stp - strepromycin,
Kan- kanamycin
Antibiotics

Amx | Amp | Amc | Cfx | Cro | Cam

O

Bacterial strain
Kan

o
o
>
o

=]
w
—

=)

E. coli DH5a.
S. enterididis 5170
P. aeruginosa 5249
K. pneumonia 5244
St. aureus 5233
Rh. javanica 1002
B. thuringiensis 849
Br. laterosporus 200-4

[+ |+ ]+ |+ +

WD |D DN W,
WD |D DN W,
WD |D DN W”W
WO |D DN W»W
DDV [D|D|D|nN|W”W
WOV DN
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DD [T ND|NV W
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Fig. 1 Photography of “Kavalgine” antimicrobial activity observation
in vitro and digitizing of it
A — P. aeruginosa 5249; B — K. pneumonia 5244.

According to the presented data, the majority of them are multi-drug resistant or pan-
drug resistant. The results of antimicrobial activity of «Kavalgine» preparation against the ten
common opportunistic pathogens of human are presented in tab. 2 and fig. 2.

During the experiments with UV sterilization and with the sterilization by UV light, it
was found out that there is no differences between the collected data. Thus, the sterilization
has no impact on an influence of preparation. It can be assumed that in the absence of a
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pronounced antibacterial effect, the healing effect of the ointment may be caused by the effect
of organic components (wax, etc.) of propolis on the skin. It is also possible to assume a
regeneration-stimulating effect of clay and other mineral components on the skin. Probably,
the considered ointment beneficial effect is caused by all the natural additives combined
presence influence, due to their improving of antimicrobial properties of the clay basic
component. Thus, the beneficial effect of «Kavalgine» ointment on the skin is probably
prognosed [33].

Fig. 2 «Kavalgine» antimicrobial effect on opportunistic pathogens
A. “Kavalgine” (without UV sterilization) effect on microbes: 1 — E. coli DH5¢, 2 —S. enteritidis
5170, 3 — K. pneumonia 5244, 4 — St. aureus 5233, 5 — P. aeruginosa 5249, 6 — P. aeruginosa
9056, 7 — S. maltophilia 9289, 8 — P. fluorescens 9134, 9 — P. putida 9235, 10 — P. geniculate
9340; B — Results digitizing by thermal imaging.
Table 2

Antimicrobial activity of “Kavalgine” against the opportunistic pathogens
“+” —the presence of growth and the absence of antimicrobial effect on all the diameter of Petri dish (d = 60 mm); “C+”
— Positive control on nutrient agar cultural media without any antimicrobial compound; Cwater — control with sterile water;
Cobwmso — control with sterile DMSO.

Bacterial Effect of “Kavalgine”
Strain without UV steriligzation C+ | Cuaer | Cowso

E. coli DH5a. 1 mm + + +

S. enteritidis 5170 1 mm + + +
K. pneumonia 5244 5mm + + +
St. aureus 5233, 1 mm + + +
P. aeruginosa 5249 1.5 mm + + +
S. maltophilia 9289 1 mm + + +
P. fluorescens 9134 1 mm + + +
P. putida 9235 1mm + + +
P. geniculate 9340 1mm + + +
P. geniculate 9056 1.2mm + + +

For the comparison of propolis and its mixture in consistence of “Kavalgine”
preparation, the activity of it was separately tested upon the same conditions by the same
methods which were mentioned above on same ten bacterial strains. In case of application of
well method, to propolis on the first day, a sterile rim with 1 mm wide was formed around the
well on samples of K. pneumonia 5244. After 48 hours of experiment, in the samples of St.
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aureus 5233 1 mm wide rim was formed. In sample of K. pneumonia 5244 the rim was
enlarged up to 1.5 mm. In case of usage of method of adding the propolis in cultural media,
only in case of UV-sterilized samples the growth suppression of K. pneumonia 5244 (after 24
hours of experiment) and S. maltophilia 9289 (after 48 hours of experiment) were noted.
According to the literature data propolis containing preparations have a positive effect on
wound and sport trauma healing [34, 35].

Therefore, based on the obtained results, «Kavalgine» new preparation might be also
recommended as a preparation for increasing of wound healing processes intensity, especially
for usage in sport medicine.

Conclusion

The elaborated «Kavalgine» preparation, which is originally based on mineral-reach
clay sediments and the bee product propolis have demonstrated not so emphasized
antimicrobial activity. The maximal effect was noted for strains K. pneumonia 5244, S.
maltophilia 9289, P. aeruginosa 9056, P. aeruginosa 5249, St. aureus 5233. The experiments
with propolis have demonstrated the similar results. In general, the use of clay and propolis as
a natural anti-inflammatory treatment for overcoming antimicrobial resistance against
pathogens offers a safe and effective alternative to conventional medicine.

These natural remedies have been used for centuries and have been shown to have a
wide range of therapeutic properties. By incorporating clay and propolis into your daily
routine, you can help to reduce inflammation, boost your immune system, and promote
overall health and wellness. Probably, the main target of “Kavalgine” effect is cellular growth
of host-organism and the signification of general immune status of it.

Probably, the considered ointment beneficial effect is caused by all the natural
additives combined presence influence, due to their improving of antimicrobial properties of
the clay basic component. Thus, «Kavalgine» new anti-inflammatory preparation is
recommended for further in vivo experiments and the clinical research for deeper
understanding the mechanisms of its effect, which were demonstrated during the in vivo
experiments.
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TOTO, YBEJIMYEHHE KOHIIEHTPAllUd aHTUOMOTUKOB B OKpY’Kalolleil cpene ycyryomser
poGiieMy MyJIbTHPE3UCTeHTHOCTU. [103TOMY MOTpeOHOCTh B MHHOBALIMSIX B 3TOM 00JacTH U
B YAaCTHOCTH, IMOMCK aJIbTEPHATUBHBIX HOBBIX HATYPaJbHBIX MPENapaToB BeCbMa aKTyalbHBbI.

B nanHo# cTaThe paccMmaTpuBaeTcs HOBBIHM mpemnapatr «KaBanruny, pazpaboTaHHBIH C
UCIIOJIb30BAHMEM  HATypalbHBIX  KOMIIOHEHTOB:  BBICOKOMUHEPAJIU30BAHHOM  IJIMHBI,
MOJIyYeHHON Mpu J00bIYE MOBAPEHHOM COJM, Mporoyuca, d3PUPHOTO Macia jaBpa U Jp.
OMoakTUBHBIX J00aBOK. Ero neiictBue OBLIO yCHENIHO MPOTECTUPOBAHO HA MOJEIBHBIX
mTaMMax pasHbIX yciioBHbIX marorenoB: K. pneumonia, P. aeruginosa, S. enteritidis u S.
aureus.

Knrwueevle cnoea: BbICOKO-MUHEPAIM3UPOBAHHBIE OCAJKH TJIMHBI, IPOIIOJIHC,
AHTUMHUKPOOHBIA 2(QeKT, Maciao JaBpa, YCIOBHO-NIATOT€HHbIE OakTepuu, MpPOUIAKTHKA
3II0POBbSI KOXKH
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Abstract

The alpha-amylase gene from Bacillus amyloliquefaciens MDC1974 strain was
molecularly cloned into the E. coli/B. subtilis pBE-S shuttle vector and subsequently
expressed extracellularly by the recipient strain Bacillus subtilis RIK1285, which exhibited
low protease activity. As a result of optimizing fermentation conditions, a secretion of alpha-
amylase with an activity of 1400 units per mL was achieved.

Keywords: Bacillus amyloliquefaciens, a-amylase, extracellular expression, E. coli/B.
subtilis shuttle vector

Introduction

a -Amylases (E.C. 3.2.1.1.) are starch-degrading enzymes that hydrolyze the internal
a -1,4-O-glycosidic bonds of polysaccharides preserving the o -anomeric configuration of the
products. Most o -amylases are metalloenzymes that require calcium (Ca?*) ions for their
activity, structural integrity, and stability. They belong to the glycoside hydrolase enzyme
family 13 (GH-13) based on amino acid sequence similarity [1]. Amylases are one of the most
important industrial enzymes, which are widely used from the conversion of starch into sugar
syrups to the production of cyclodextran for the pharmaceutical industry. They account for
30% of the world production of enzymes [2].

The a-amylase GH-13 family is classified within the GH-H clan of glycoside
hydrolases, which also encompasses the GH-70 and GH-77 families. This clan constitutes the
largest family of transferases and isomerases, represented by more than 30 different enzyme

forms [3-5]. These enzymes include endoamylases, exoamylases, debranching
enzymes, and transferases [5].

In numerous studies, conservative sites of the primary structure of a-amylases, as well
as their domain and spatial structures, and catalytic mechanisms, have been extensively
investigated [6].

15


mailto:tigran.soghomonyan10@gmail.com

Bulletin Of High Technology N 1 (29) 2024.-pp. 15-24. NATURAL SCIENCES

T.M. Soghomonyan
EXTRACELLULAR EXPRESSION OF THE ALPHA-AMYLASE GENE FROM

BACILLUS AMYLOLIQUEFACIENS MDC1974 STRAIN USING BACILLUS SUBTILIS RIK1285 CELLS

a-Amylases are ubiquitous enzymes produced by plants, animals, and microbes, where
they play a significant role in carbohydrate metabolism. Amylases derived from plants and
microbes have been utilized as food additives for centuries. For instance, barley amylases are
crucial in beer production, while fungal amylases are commonly employed in various food
processing applications. Despite their wide distribution, microbial-origin amylases,
particularly from bacteria and fungi (such as B. subtilis, B. stearothermophilus, B.
licheniformis, and B. amyloliquefaciens), are predominantly used in industry due to their cost-
effectiveness, ease of production, and adaptability to modification and optimization of the
production processes [4, 7-8].

In the application processes of a-amylases, determining the optimal temperature and
pH for their activity, as well as assessing their heat stability, are crucial factors. Based on
these parameters, the search for and characterization of new a-amylases represent ongoing
biotechnological challenges [4, 9-10].

The impact of Ca?*, Mg?*, Mn?*, Zn?*, Fe?*, and other metal ions on the activity of a-
amylases has been investigated in numerous studies [4, 8].

The substrate specificities of amylases for soluble starch, amylose, amylopectin,
glycogen, maltodextrin, cyclodextrins, and other substrates have been investigated in many
modern studies [11-12]. The quest for new a-amylases capable of hydrolyzing raw starch (in
technologies utilizing them, the energy-intensive stage of starch gelatinization is bypassed) is
one of the pressing issues in modern biotechnology [13-15].

Conflict Setting

The demand for a-amylases with diverse physiological and biochemical characteristics
across different industries drives the purposeful search for enzymes with novel attributes
using recombinant technologies [16-19] and enzyme engineering [20-21]. For instance,
through point mutagenesis involving the deletion of amino acids arginine 179 and glycine 180
of the a-amylase from B. stearothermophilus, a recombinant enzyme with enhanced
properties (such as increased heat resistance, capacity to function at low pH, and reduced
calcium dependency) was successfully generated and characterized [22]. Furthermore, by
optimizing the signal peptide of the a-amylase from B. stearothermophilus and enhancing the
expression of the corresponding chaperone, it became feasible to achieve the overexpression
of the secreted enzyme (at a level of 9200 units/ml) [23].

Therefore, the acquisition and characterization of recombinant alpha-amylase-
producing strains and enzyme variants with novel, enhanced attributes are currently
significant issues. These enzymes find widespread use in the processing of starch-containing
raw materials, and ongoing efforts in this direction are essential to meet the demands of
biotechnological industries.

The objective of this study is to molecularly clone the a-amylase gene of the B.
amyloliquefaciens MDC1974 strain into the E. coli/B. subtilis pBE-S shuttle vector, express
the recombinant enzyme extracellularly, and characterize it. Previously, our working group
has achieved some success in researching this enzyme. Specifically, we were able to amplify
the amylase gene from the complete bacterial genome (selected based on the analogy of the
16S ribosomal RNA gene of both our and host strains) and characterize the corresponding
enzyme [24]. Additionally, a phylogenetic analysis of the B. amyloliquefaciens MDC1974
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strain was conducted based on the 16S ribosomal gene sequence, and the enzyme was further
characterized in detail [25].

Materials and Methods

The source of the a-amylase gene used in this study was B. amyloliquefaciens
MDC1974 strain, which was provided by the microbial depository center of SPC
"Armbiotechnology”. The B. subtilis RIK 1285 strain, known for its low protease activity,
was utilized as the host for expression vector. The E. coli Top10 strain from Invitrogen was
employed for the initial transformation and propagation of the expression vector. The pBE-S
shuttle vector from Takara Bio served as the vector for cloning and extracellular expression of
the recombinant a-amylase gene.

Bacterial strains were stored either on meat peptone broth agar plates at 4°C or in meat
peptone broth supplemented with 50% (v/v) glycerol at -45°C. E. coli or Bacillus strains were
cultured on a Sanyo rotary shaker at 150 rpm, maintained at 37°C for E. coli and 33°C for
Bacillus, respectively, in Luria-Bertani (LB) medium (composed of 1% peptone, 0.5% yeast
extract, and 0.5% NaCl). When necessary, LB medium was supplemented with ampicillin at
100 pg/ml for E. coli or kanamycin at 10 pg/ml for B. subtilis. Overnight bacterial cultures
were also grown in LB medium for DNA isolation purposes.

DNA from the B. amyloliquefaciens strain MDC1974 was purified using the Monarch
Genomic DNA Purification Kit following the manufacturer's instructions. For the Gibson
assembly method, the following primer pairs were utilized to clone variants of the target
alpha-amylase gene, with and without the signal peptide, into the shuttle pBE-S vector:

For the variant with the signal peptide:

. Forward primer: amy1974 pBE-S_Ndel F
GCCGGTGCACATatgattcaaaaacgaaagcggacag

. Reverse primer: amy1974 pBE-S_Xbal R
ATGGTGATGTCTAGAttatttctgaacataaatggagacggacc

For the variant without the signal peptide:

. Forward primer: amy1974 pBE-S_Ndel_sig F
GCCGGTGCACATATGgtaaatggcacgctgatgcagta
. Reverse primer: amy1974 pBE-S_Xbal R
ATGGTGATGTCTAGACttatttctgaacataaatggagacggacc

PCR amplification of the alpha-amylase gene was conducted under the following
conditions: Initial denaturation: 95°C for 2 min; Cycling: 30 cycles of denaturation at 95°C
for 30 sec, annealing at 57°C for 30 sec, extension at 72°C for 2 min; Final extension: 72°C
for 5 min.

DNA electrophoresis was conducted using a 0.8% agarose gel (Agarose ™, VWR®
tablets) in 40 mM Tris-Acetate-EDTA buffer, pH 8.0, with the gel run at 100 volts for 35
minutes. DNA bands were visualized using "Millipore” GelRed® nucleic acid stain. NEB's
TriDye™ 1 kb Plus DNA ladder was employed as a reference for agarose gel sizing.

Cloning was conducted using the Gibson ligation method [26]. Initially, the pBE-S
vector was double-digested with Ndel and Xhol restriction enzymes following the
manufacturer's instructions provided by NEB (New England Biolabs). In the subsequent step,
cells of E. coli Top 10 were transformed using the heat shock method with pBE-
S_amy1974sig and pBE-S_amy1974 vectors synthesized (directly from the cloning reaction
mixtures). Transformed colonies were selected from colonies growing on ampicillin in LB
medium using the colony PCR method. Plasmids were isolated using the QIlAprep Spin
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Miniprep kit from QIAGEN following the manufacturer's instructions and stored at -20°C
until further use. (Link to the QlAprep Spin Miniprep Kit:
https://www.giagen.com/us/products/discovery-and-translational-research/dna-rna-
purification/dna-purification/plasmid-dna/giaprep-spin-miniprep-kit)

B. subtilis RIK 1285 strain cells were transformed using the obtained pBE-
S_amy1974sig and pBE-S_amy1974 vectors, resulting in the generation of B. subtilis RIK
1285 amy1974sig and B. subtilis RIK 1285 amy1974 strains. Transformations were
conducted following the manufacturer's instructions
(https://www.takarabio.com/documents/User%20Manual/3380/3380_UM.pdf) provided by
"Takara Bio," with certain modifications. The method involves inducing bacterial cells to
enter the stage of sporulation through starvation, which coincides with the stage of
competence for cell transformation [27].

The selection of fermentation media for recombinant amylase strains was made from 5
fermentation media with the same synthetic composition but different organic nitrogen
sources. The synthetic composition of the environments had the following percentage
composition: glucose: 1, starch: 1, (NH4)2SOa: 0.3, NH4Cl: 0.2, KH2PO4: 0.5, MgSO4: 0.025.
The media also contained 40 mg/I of L-lysine and L-tryptophan and 10 mg/l of kanamycin. In
addition to the above composition, the T1 medium contained 1% peptone and corn extract
each, T5 medium - 1% peptone and yeast extract, T6 medium - 1% tryptone and yeast extract,
T7 medium - 1% soybean meal and yeast extract, and T8 medium contained 2 percent yeast
autolysate. In the experiments studying the effect of the presence of own signal peptide and
the intensity of aeration on amylase output, T9 medium was used, which differed from T8 in
that glucose was replaced by sucrose (in order to avoid possible catabolic repression). And in
experiments studying the effect of kanamycin on amylase output, T9 medium without starch
was used. An overnight culture was grown in LB medium at 33°C on a rotary shaker (140
rpm). The overnight culture (seed material) was introduced into the fermentation medium in a
volume of 5%. The fermentation was provided in cotton-stoppered 500 mL wide-mouthed
flat-bottomed flasks containing 20 mL each of growth medium (33°C, 220 rpm).

Enzyme activity secreted in the culture fluid was determined by estimating the number
of reducing groups formed during starch hydrolysis using Sumner's 3,5-dinitrosalicylic acid
(DNS) reagent method [28] with Miller's modification [29]. The reaction medium in the final
volume (0.2 mL) contained 1% (w/v) starch, 50 mM acetate buffer at pH 6.0, 1 mM CacCly,
and the required amount of enzyme preparation. After 10 minutes of incubation at 55°C, 1 mL
of DNS reagent was added, followed by 15 minutes of incubation in a boiling water bath.
Subsequently, 1 mL of 20% Segnet salt solution (sodium-potassium tartaric acid salt) was
added. The optical absorption of the solutions was measured at a wavelength of 546 nm.

One unit of enzyme activity was defined as the amount of enzyme that catalyzed the
formation of 1 umol of reducing groups in one minute under the specified conditions. The
amount of protein was estimated using the method of Groves and Davis [30].

Research Results
The pBE-S shuttle vector utilized in this study is depicted in Fig. 1a. It encompasses
the kanamycin and ampicillin resistance sites, the ColE1 and pUB origins, as well as the aprE
promoter and signal peptide of the subtilisin protease.
The results of the amplification of the amy1974sig and amy1974 variants of the a-amylase
gene of B. amyloliquefaciens MDC1974 strain are depicted in Fig. 1b. The process of cloning
the amy1974 version of the same gene is illustrated in Figure 1c. Cloning of target genes into
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the shuttle vector was accomplished using Gibson's assembly method. For this purpose, the
quantities of the linearized vector and the amplified gene introduced into the reaction mixture
were calculated: 0.03 and 0.06 picomoles per 10 ul of the reaction mixture. An alpha-amylase
gene cloning reaction was then conducted using NEBuilder® HiFi DNA Assembly Master
Mix at 50°C according to the manufacturer's instructions provided by NEB. The
manufacturer's recommended 15-minute incubation was extended to 40 minutes. As a result,
pBE-S_amy1974sig and pBE-S_amy1974 vectors with and without the signal site,
respectively, were obtained.
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Fig. 1 Molecular cloning process of a-amylase gene of B. amyloliquefaciens MDC1974 strain.

(@) - Structural diagram of pBE-S vector. (b) - Flowchart for amy1974 (1) and amy1974sig (2) gene
amplification. (c) - Flowchart for amy1974 gene cloning: (1) - pBE-S vector, (2) - pBE-S vector cut
with Xbal restrictase, (3) - pBE-S_amy1974 vector, (4) - pBE-S_amy1974 vector cut with Xbal
restrictase. In images (b) and (c), DNA ladders are represented by (L).

Transformation of E. coli Top 10 cells was employed to select, propagate, and obtain
working quantities of the constructed targeting vectors. Transformed colonies were selected
from colonies growing on ampicillin in LB medium using the colony PCR method. The
transformation efficiency, defined as the total number of colonies per microgram of vector,
was found to be 1.5x10"7 and 2.1x10"7 for pBE-S_amyl1974sig and pBE-S_amyl1974
vectors, respectively.

To obtain an alpha-amylase-secreting strain-producer, B. subtilis RIK 1285 strain cells
were transformed with pBE-S_amy1974sig and pBE-S_amy1974 vectors propagated in E.
coli cells. Given that the B. subtilis RIK 1285 strain has auxotrophy towards lysine and
tryptophan amino acids, the casamino acids recommended by Takara Bio were replaced by L-
lysine and L-tryptophan at 40 mg/L each during the stage of obtaining competent cells of that
strain.

According to the method, circular plasmid is added to the competent cells and slowly
shaken for 90 minutes on a rotary pendulum. Many experiments conducted by us have
indicated that transformation occurs only after shaking for 90 minutes and leaving it in static
conditions for another 60 minutes. Under these conditions, the efficiency of natural
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transformation of the competent strain with pBE-S_amy1974sig and pBE-S_amy1974 vectors
was 2.5x1072 and 2.1x10"2, respectively.

Active transformants carrying pBE-S_amy1974 vectors lacking their own signal
peptide gene were utilized to select the composition of the fermentation medium. The media
utilized had a constant inorganic salt composition, including the carbon/nitrogen ratio, and
contained different sources of organic nitrogen at the same 2% concentration. Considering
that the target amylase gene is regulated by the subtilisin protease expression system (the
inducibility of this system has no available information), isolated sources of peptides were
tested in the study.

The obtained results are depicted in Fig. 2a. It is evident from the figure that T7 and T8
environments provide significantly higher enzyme activity compared to other environments.
The volumetric activity of amylase in T8 medium at 48 hours reaches an absolute value of
740 units/ml.
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Fig. 2 Dependence of a-amylase expression of B. amyloliquefaciens MDC1974 strain.
(a) — on the nature of the nitrogen source of the fermentation medium, (b) — on the presence of
its own signal peptide in the cloned gene, (c) — on the intensity of aeration of the fermentation

medium and (d) - on the concentration of kanamycin in the medium.

() — 100% activity corresponds to Amy1974 volumetric activity of 740 units/ml, (b) — 100%
activity corresponds to Amy1974 volumetric activity of 1100 units/ml, (c) — 100% activity
corresponds to Amy1974 volumetric activity of 1300 units/ml, (FM: fermentation medium) (d)
— 100% activity corresponds to a volumetric activity of Amy1974 of 1410 units/ml.

Additionally, it can be observed from the results that in all investigated environments,
the maximum enzyme activity is observed near the 48th hour, gradually decreasing later.
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Furthermore, it is evident from Fig. 2a that, under other equivalent conditions, the tryptone-
based medium (containing relatively larger peptides) has an advantage over the peptone-
based medium. In the subsequent parts of the study, the T8 medium based on yeast autolyzate,
which provides maximum expression of the enzyme, was selected as the basis.

Fig. 2b illustrates the expression of amylase depending on the presence of its own
signal peptide in the cloned gene. The results obtained demonstrate that in the presence of the
own signal peptide (where signal peptides from the vector and the amylase gene are
simultaneously present in the amplified gene), the expression of the enzyme decreases by
about two times. This decrease could be attributed either to the complexity of processing two
different signal peptides in the same secretion system, or to the activation of different
secretion systems by the host organism for different enzymes.

Fig. 2c illustrates the dependence of alpha-amylase expression on aeration intensity.
The obtained results indicate that the intensity of aeration substantially enhances the
expression of recombinant alpha-amylase of B. amyloliquefaciens MDC1974 strain, reaching
1300 units/ml at the 51st hour in the case of 10 ml fermentation medium in a 500 ml flask.

Fig. 2d depicts the dependence of alpha-amylase expression on kanamycin
concentration. In the presence of 10 mg/L kanamycin in the medium, 1410 units/ml of
amylase activity is observed at 48 hours. In the absence of kanamycin and with 30 mg/L

kanamycin, more than 75% of this activity is maintained, indicating the high segregation and
structural stability of the pBE-S vector-based expression system, as evidenced by Takara Bio.

Conclusion

Through cloning by Gibson's assambly method, a stable and high-activity secretory
alpha-amylase strain-producer of B. amyloliquefaciens MDC1974 strain was successfully
obtained utilizing the pBE-S vector from "Takara Bio", with some characteristics of the
enzyme synthesis studied. Moving forward, the plan involves introducing the 173 signal
peptides from "Takara Bio" into the resulting system and obtaining multiple more active
strains of amylase through the selection of active variants.
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The main geopolitical and regional phenomenon of the early 90s of the 20th century
and the first two decades of the 21% century was the transition from the socialist system
(socialism) to free market relations. The transition from socialism to free market relations
(capitalism) in about 30 countries of the world was carried out in conditions of greater
uncertainty, as a result of which several countries made this transition quite quickly and with
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small socio-economic costs, and some countries went through a rather difficult path, paying
for it high economic and social cost. In these countries, the situation in the labor market was
especially difficult, which was accompanied by a high degree of social vulnerability and
poverty of the population. The article examines the experience of the Republic of Armenia in
the transition from socialist to free market relations, the authors compare the growth rates of
the two most important macroeconomic indicators of the long socialist period with the
corresponding macroeconomic indicators of the period of independence of the republic.

Keywords: gross public product, national income, GDP, net national income,
economic policy, absolute growth rate, average annual growth rate.

Introduction
The transition from the socialist economic system to the market system, as evidenced
by the experience of the former socialist (communist) countries, significant economic, social,
and political changes, and the "cost" associated with this transition can vary from both
internal and external factors and circumstances. The starting point of the transition economy,
the pace of the transition and society's readiness to ensure this transition, the collective will of
the people to make political and legal decisions supporting it, the speed and intensity of
implementing reforms for the transition to new relations, the methods and means of external
support, etc., are important for this process.
This transition has some regularities, the main ones being:
= Economic disturbances. The transition from a centrally planned economy to a market
economy can lead to short-term economic disruptions. State enterprises need to be
privatized or restructured, which may lead to job losses and low efficiency in the short
term;

= New infrastructures and establishment of institutions. Building the necessary
infrastructure and institutions to support a market economy, such as financial markets,
legal frameworks, regulatory bodies, and protection of property rights, may require
substantial investment;

= Social security networks. The introduction of social safety nets to vulnerable groups, such
as the unemployed or people living in poverty, is necessary to mitigate the impact of the
transition and social tensions and to ensure social stability during the transition period

= Education and training. Investment in education and training programs to equip the
workforce with the skills needed for a market economy can be critical to long-term
success, but may require upfront investment.

Overall, while the transition from socialism to market relations may entail significant
costs and challenges, successful reforms can lead to long-term economic growth, increased
economic efficiency, and improved living standards. The specific costs and benefits of
transition will depend on the unique circumstances and choices of each country in the process.

Observing the new concept of the state, Nobel laureate in economics J. Tirole notes
that the choice of socio-economic formation is not the choice between the state and the
market, as both supporters of state intervention in the economy and its opponents often try to
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present. The state and the market are complementary to each other, not mutually exclusive.
The market needs regulation, government, competition, and incentives.

The state no longer provides large-scale jobs in the public sector, as it was before, and
is not engaged in the production of goods and services through state-owned enterprises. The
state has been transformed, first of all, into a regulator, whose new role is to define the rules
of the game, and the state's intervention is necessary to overcome market collapses, not to
replace market forces. The state takes responsibility where the market is insufficient: the state
ensures healthy competition, regulates the activities of monopolies, controls the financial
system, defines responsibility for environmental protection, protects people from health
threats and risks of accidents, ensures real equality of opportunities, redistributes income
through taxation [1].

Specialists studying economic reforms based on the example of transitional economies
(including the Republic of Armenia) note that the ideal model of the economic structure for
solving various problems of the society provides for the use of levers of state regulation,
which is carried out through several functions. Apart from the imperative of solving the
primary economic problems of the state (legal provision, protection of competition,
production of public goods, stabilization of the macroeconomic situation), the state today
directly manages the shares considered state property or commercial organizations considered
fully state property.

In all countries where a planned economy previously existed and which are currently
proceeding with the construction of market relations, the selection of the regulatory toolkit is
more complicated, as it is necessary to choose the most effective means for the given reality
from the range of existing levers.

Economic levers are important tools in the implementation of economic policy in any
country [2].

The study of the theoretical achievements of Soviet economics and its contribution to
mainstream economics has been widely discussed by economists to understand the
application of the laws and patterns of economics in various societies. D. Rodrik, in
particular, notes that economic principles (adequate leverage, property rights, sound monetary
system, non-deficit budget) are universally valid, but due to differences in the institutional
environment of different countries, their impact on economic policy is different in different
periods. Therefore, different policies implemented in different countries can be composed
(combined) of the same set of economic principles. Here, the idea of the universal application
of the principles of the basic teaching of economics and the idea that the types of policies
applied can differ significantly according to countries and periods are very successfully
substantiated. D. Rodrik emphasized how unacceptable it is, based on economic principles, to
draw similar conclusions about economic policies without taking into account the institutional
conditions and level of development of countries, which can decisively determine the success
or failure of a specific policy.

One of the first areas of Soviet experience in economic analysis was growth statistics.
In particular, both economists and the US government considered the officially published
statistical data to be too high, which was the reason for a deeper study of the issue and
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recalculation of the growth indicators. That work was started by K. Clark and continued by A.
Bergson and his students, among whom were also specialists of the US Central Intelligence
Service. The main task of the researchers was to develop data on the evaluation of the
economic growth of the USSR, which would be more reliable than those officially published.
The results of this research made a significant contribution not only to the economic history
of the USSR but also to the basic teaching of economics. In particular, it was revealed that
when calculating economic growth rates, differences can be observed between the Paasche
and Laspeyres indices.

In addition, researchers looked at the role of institutions in determining the rate of
economic growth. Although foreign economists long ago studied the role of institutions in
individual markets (monopoly) and on price formation and production volumes in those
markets, the role of national institutions and their impact on macroeconomic growth rates
were not emphasized. The work of A. Bergson and others, which emphasized the role of
national institutions in ensuring growth rates, later became one of the most important parts of
economic theory.

The study of such problems of Soviet economic policy as economic administration,
economics of property rights, economics of the informal sector, and economics of “famine™
also contributed to enriching the theory of modern economics with these solutions.

In general, Soviet economics was not only an anthropological study of developing
economies, dealing with countries on the "periphery™ of the world economic system, but these
studies made a significant contribution to the theory of economics. Due to the study of the
economies of the Soviet countries and based on the experience of transition economies, the
debate about the universal applicability of economic laws developed. In particular, it was
shown that in many cases (for example, in the case of indirect taxation, the rule of inverse
elasticity) there are types of economically efficient policies that are acceptable to all. In other
cases, the types of economically effective policies can vary dramatically across countries and
over time, depending on the institutional environment [3].

Market relations are characterized as relations of a special type of economic
organization when there are no intermediate managers, planners, or other administrative
institutions between producers and consumers, which are called to regulate the activities of
producers and consumers. The direct opposite of the market is the authoritarian system. It is
applied between the producers and the consumers themselves, dictates its terms to them, and
directs their activities with the help of administrative instructions and directives. These orders,
in the form of centralized product release plans, directly concern producers, who in turn
determine consumer behavior.

If in the conditions of the market economy, certain rules and regulations are
established automatically, without "outside" intervention, then the authoritarian economy
seeks to impose a strict order from above, thereby eliminating competition between producers
and consumers. Although competition leads to some undesirable phenomena, it is
nevertheless a sufficiently effective means of stimulation for increasing personal initiative,
entrepreneurship, and public work productivity. In any case, the market economy based on
competition has proven its advantages compared to alternative ways of organizing the public
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economy [4].

Currently, there are more than 200 states in the world, which differ from each other in
many features. And in the panorama of these differences, those states, whose economies and
state management systems were more effective, were more successful. Especially nowadays,
in increasing the longevity of the state and the well-being of the population, when the
globalization and economic integration of the world economy deepens and develops, more
than ever, the role and importance of both individual states and their economic and political
unions increases. In other words, the viability and efficiency of the modern state are based on
the development and implementation of both short-term and strategic plans and policies of the
country's economic policy [5].

Many new books have been and will be written on the state, its functions, and
especially on economic policy [6,7,8,9,10].

Ricardo Hausmann, Director of the Center for International Development, Kennedy
School of Government, Harvard University: The article “Economic Development and the
Accumulation of Know-how” states that economic development depends on the accumulation
of knowledge. In the course of economic development, societies gain the ability to produce
more and more complex goods. This means that the other side of the coin of individual
specialization is the fact that production requires teamwork and cooperation between more
and more people. Economic growth theory has long emphasized the importance of something
called technical progress, but what it is and how it grows is not well understood. Technical
progress is based on three separate aspects: tools, or embodied knowledge, recipes, or
blueprints, or codified knowledge, and know-how, or “tacit” knowledge. Transferring “tacit”
knowledge, or know-how, is more difficult and generally takes longer than transferring
“objective” knowledge. Such know-how can only grow at the societal level with increasing
specialization of individuals. Individuals have a limited capacity to acquire knowledge and
skills because life is limited and learning takes time. As knowledge and know-how expand,
each individual must have a smaller and smaller share of the total knowledge [11].

Tom Palmer, Deputy Director of the Cato Institute, "The Morality of Capitalism. In
the foreword of the Armenian translation of the book "What Your Professors Won't Tell You
About", he stated: "Like capitalism, socialism was based on motives, but instead of positive
motives that motivate people to create value through peaceful cooperation, socialism's
motives created a broken, inefficient, deficit-inharmonious, greedy, mutual-respect system
that eventually collapsed".

Socialism failed to "provide space” for human creativity and voluntary cooperation.
Free markets work because they are based on positive motivations that motivate people to
create value not only for themselves, but also for consumers, workers, investors, suppliers,
and society as a whole" [12].

Conflict Setting

The purpose of this article is to show the economic consequences of the transition
from socialist relations to a free market economy and the quantitative characteristics of the
policies implemented in the Republic of Armenia during that time. That problem was solved
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in 1994-2023 through the calculation of the economic growth (both absolute and average
annual growth) realized by different RA governments during the period. That indicator was
the basis for evaluating the effectiveness of the government's activities during the transition
period.

Research Methodology

The professional terms used in the article have the following content, which were used
and are used in the relevant periods. Thus, the gross social output is calculated as the
difference between gross output and intermediate consumption (when calculated at market
prices). According to another calculation formula, gross public product is the sum of gross
national product calculated at basic prices and net taxes on products (minus subsidies), as well
as net taxes on imports (minus subsidies). Among the gross domestic product (GDP)
estimation methods, the income calculation method was used, according to which the GDP
consists of wages of employees, net taxes on products (minus subsidies), net taxes on imports
(minus subsidies), gross profits, and gross revenues.

For the Soviet period, the index of produced national income was used. When
calculating the indicators of economic growth of the third republic of Armenia, both the GDP
and the net national income index were used, which is closer to the produced national income
index. The relationship between these used indicators is as follows: the domestic product
(gross, at market prices) is calculated as above and if to this amount of GDP is added the
initial incomes received "from abroad"” (including wages of workers, income from property)
the initial incomes transferred "from abroad” (-), including wages for hired workers and
income from property. As a result of the operation, the balance of initial incomes or the gross
national income is obtained, from which if we subtract the consumption of fixed capital, we
will get the net balance of initial incomes or the net national income. If we add to the latter the
current transfers received "from abroad” and subtract the current transfers transferred
"abroad”, we will get the net national disposable income. Currently, the mentioned
methodology is the basis of the system of national accounts.

Research Results

Regardless of the economic system of the society, the socioeconomic development of
the country is characterized by the help of many indicators, in which an important place is
allocated especially to the macroeconomic indicators. In turn, the main place among the
macroeconomic indicators belongs to the indicators of economic growth assessment and
calculation, because this indicator best characterizes both the socio-economic achievements of
the society and the shortcomings and omissions in the economic policy. The main
macroeconomic indicators characterizing the development progress in the socialist (Soviet)
society were mainly two: the gross social product and the national income. The latter had two
dimensions of measurement: produced and used. According to this the produced national
income most accurately characterizes the economic potential of the given republic and the
level of well-being of the population. The national income is the main indicator that was
divided into consumption and accumulation funds, and the consumption fund was mainly
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used for the payment of the population's work and public consumption funds (free education,
health care, organization of recreation, etc.). In other words, the consumption fund was used
for increasing the welfare and living standards of the population, and the accumulation fund
was mainly used for the expansion of production, modernization, and increase of fixed capital
as well as working capital. It is also important to note that both gross social output and
national income indicators were used not only to characterize and evaluate economic growth
but also to define the effectiveness of that development. If the gross social result included not
only the size of the national income but also the depreciation of the main funds, then the
national income indicator more objectively characterized the funds allocated to the population
for socio-economic development and their size. From this point of view, it is extremely
important that both in the short term and even in the long term, the indicators of the growth
and increase of the national income have a progressive growth and increase rate about the
growth and indicators of the gross social output. Such a requirement concerning the
mentioned macroeconomic indicators characterizes that the expenses realized within the state
are used more efficiently.

The data given in Tab.1 characterize the growth rates of the gross public product and
national income of the ASSR in 1965-1980, at comparable prices.

It follows from the data in Table 1 that in 1965-1980 The gross public product and the
produced national income of ASSR had high rates of both growth and surplus. Thus, in 1980,
compared to 1965, the growth rate of the gross social product was 317.6%, and that of the
produced national income was 328.2% (the progressive growth rate of the produced national
income compared to the gross social product was 1.03 which means that the unit expenditure
in the economy provided an increase of 1.03 units of national income). 1965-1980 The growth
rate of the gross public product of ASSR was 317.6% or 21.2% on average per year, and the
produced national income was 328.2%, and 21.9%, respectively. In the mentioned period
(1965-1980), the increase of the gross social output was 217.6% or the average annual
increase was 14.5%, and the national income was 228.2%, and 15.2% respectively. The
indicated indicators are not only impressive in the sense of their magnitudes but also seem
insurmountable in comparison with the indicators of the current period, which proves the
existence of the economic potential and huge capacities of the production base of Soviet
Armenia, as well as the high efficiency of the formation of those opportunities and the
management of their use.

Whatever made possible the country's opportunities for economic growth and
raising the standard of living of the population.

It should be noted that if in 1970, compared to 1965, the growth rate of the gross
public product of the ASSR was 161.7%, and that of the produced national income was
157.8%, then these indicators in 1975 compared to 1970 are 228.1% and 229.9%,
respectively, and in 1980 compared to 1975, 139.1% and 142.6%, respectively.

To have a more complete understanding of the socio-economic situation of the
country, it is also important to study the indicators of average annual growth of
macroeconomic indicators. It should be noted that according to the data in Table 1, the
average annual increase of the gross social output in 1980 compared to 1965 was 14.5%, the
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produced national income was 15.2%, compared to 1970, in 1980 respectively 9.7%, 10.8%,
in 1980 compared to 1975, respectively 7.8%, 8.5%, then in 1976-1980 respectively: 6.8%
and 7.6%. Although it is obvious that according to the chronological order, the indicators of
the average annual increase of both the gross social output and the produced national income
tend to decrease, they continued to remain high thereby ensuring the high growth and increase
rates of the economy of the Socialist Republic of Armenia.

Table 1

Growth rates of gross public product and national income
of ASSR 1965-1980, at comparable prices [13]

. National income

Years Gross public product (produced)

with percentages relative to 1965
1965 100 100
1970 161.7 157.8
1975 228.4 229.9
1976 244.8 247.1
1977 261.7 264.9
1978 281.1 289.3
1979 299.1 309.6
1980 317.6 328.2

with percentages relative to 1970
1970 100 100
1975 141.3 145.7
1976 151.4 156.6
1977 161.9 167.8
1978 173.9 183.2
1979 185.1 196.0
1980 196.6 207.8

with percentages relative to 1975
1975 100 100
1976 107.2 107.5
1977 114.6 115.2
1978 123.1 125.7
1979 131.0 134.5
1980 139.1 142.6

with percentages over the previous year

1976 107.2 107.5
1977 106.9 107.2
1978 107.4 109.2
1979 106.4 107.0
1980 106.2 106.0

For comparison, Tab. 2 shows the growth rates of the gross domestic product and net
national income of the Republic of Armenia in 2008-2022, at current prices.

From the data in Tab. 2, it follows that in 2022, compared to 2008, the GDP growth
index (calculated in Armenian drams) was 238.3%, 167.3% in US dollars, and the net national
income (2008-2021) 176.9% and 113.6%, respectively. The rate of progressive growth of net
national income about GDP in 2008-2021. was calculated in AMD 0.90 and expressed in
USD 0.95, respectively. From this, it becomes clear that one of the most important patterns of
the development of the economy of the Republic of Armenia, the progressive coefficient of
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the growth rate of the net national income has been violated by the growth rate of the GDP,
which is a significant loss compared to the corresponding indicators of Soviet Armenia. This
proves that both the economic potential of the Republic of Armenia, as well as the
opportunities to raise the standard of living of the population have become smaller and the
economy has been managed worse. As a result of all this, the effectiveness of the socio-
economic development of the republic has noticeably deteriorated.

Table 2
Growth rates of gross domestic product and net national income
of the Republic of Armenia in 2008-2022, at current prices [14,15,16]

Years Gross domestic product Net national income AMD/USD
(produced) exchange rate
with percentages compared to 2008
million million million million US
AMD US dollars AMD dollars

2008 100 100 100 100 100
2013 127.7 95.4 127.5 136.4 133.9
2018 168.6 106.8 159.9 174.2 157.9
2019 183.4 116.8 173.8 189.7 157.0
2020 173.2 108.4 158.3 172.9 159.8
2021 195.9 119.0 176.9 113.6 164.6
2022 238.3 167.3 - - 142.4

with percentages compared to 2013
2008 100 100 100 100 100
2013 127.7 95.4 127.5 136.4 133.9
2018 132.1 106.8 1255 127.7 117.9
2019 108.7 1225 136.3 139.1 117.3
2020 945 113.7 124.2 126.7 119.4
2021 1131 124.8 111.7 65.7 123.0
2022 121.6 1755 - - 106.4

with percentages compared to 2018
2018 100 100 100 100 100
2019 82.3 114.6 108.7 108.9 99.5
2020 715 106.4 99.0 99.2 101.2
2021 85.6 116.8 89.1 51.4 104.3
2022 92.1 164.3 90.2

in percentages compared to the previous year

2018 108.13 108.08 106.5 173.1 100.06
2019 108.75 109.32 108.7 108.9 99.47
2020 94.48 92.83 91.1 91.1 101.78
2021 121.59 109.78 111.7 65.7 103.02

Note: Tables 2, 3, and Figure 1 were compiled and calculated by the authors.
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Note that in 2008-2021 The average annual GDP growth rate was 6.9% expressed in
AMD, and 1.4% in dollars, and the national income was 5.5% and 2.6%, respectively.

If we were to compare the gross social output and GDP of Soviet Socialist Armenia
and the Republic of Armenia, as well as the corresponding indicators of the correspondingly
produced national income and net national income in the long-term segments, the picture is as
follows: 14.5%, 15.2% for the ASSR, and 6.9%, 5.5% for the RA, in other words, the average
annual increase of the GDP in the Republic of Armenia is the average of the gross social
output of the indicator of the Socialist Soviet Republic of Armenia 2.10 and 2.76 times the
annual rate. The study of the objective and subjective reasons for the low efficiency of
economic management should become the subject of interest not only of economists but also
of political scientists, as well as people with other professions. It is especially necessary to
understand the shortcomings and mistakes that were made during socio-economic
development, to eliminate them and not to make new mistakes.

Table 3
The main periods of the economic history of the Republic of Armenia in chronological
order (according to the current governments) 1994-2022

Absolute GDP growth per | Average annual growth
Stages of economic polic capita over the entire rate of GDP per capita
ges o policy Periods period, % during the period, %
according to chronology
million million million million USD
AMD uUsD AMD
12.02.1993-04.11.1996 1994-1996 260.1 158.9 86.7 52.9
01.03.1998-30.05.1999
01.03.1997-28.02.1998 1997-1999 23.2 12.8 7.7 4.3
01.11.1996-28.02.1997
01.06.1999-27.10.1999
01.11.1999-30.04.2000 1999-2000 4.7 3.9 2.4 1.9
12.05.2000-25.03.2007 2000-2006 157.5 234.2 22.5 335
04.04.2007-09.04.2008 2007 18.4 43.9 18.4 43.9
09.04.2008-12.04.2014 2008-2013 36.6 2.1 6.1 0.3
13.04.2014-08.09.2016 2014-2016 5.7 -8.5 1.9 -2.8
13.09.2016-17.04.2018 2017-2018 8.5 8.5 2.8 2.8
08.05.2018 2018-2022 41.3 56.6 8.3 11.3

According to Article 146 (Status and Functions of the Government) of the RA
Constitution: "The government is the highest body of the executive power. The government
develops and implements the internal and external policies of the state based on its plan. The
government carries out the general management of the bodies of the state administration
system. The powers of the government are defined by the Constitution and laws. All the
issues related to the executive power, which are not reserved for the state administration or
other local self-government bodies, are under the jurisdiction of the government™ [15].
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According to Article 147 (Composition and Structure of the Government) of the RA
Constitution: "The government consists of the prime minister, deputy prime ministers and
ministers. The list of ministries and the procedure of the Government's activities are defined
by the law on the Government's proposal. The number of deputy prime ministers cannot
exceed three, and the number of ministers - eighteen™.

The main periods of the economic policy of the Republic of Armenia in chronological
order from 1994-2022 are presented in Tab. 3, and in Fig. 1 the main periods of the economic
history of the Republic of Armenia are presented in chronological order in AMD from 1994-
2022.

Average annual growth rate of GDP per capita in AMD, %

100
90
80
70
60
50
40
30
20
10
0
© % o
SRR S . . AN S S N
VS & SRR N R N S
ARSI G I N I SR R O U
NNCUEC RS R A S RS
v S ) v v N N v N
o N QA & N ] & o O X 3
S S S 3 of S S A S
K o oS S S S S S SRS J
v v Y 0 > v v £ v
N N T @ Ny X Y >
; & N & ) ¢ > %"
e N/ Q Q Q Q Q N Q Q N

Fig. 1 The main periods of the economic history of the Republic of Armenia in
decreasing order of the average annual growth rate of the GDP according
to the AMD (according to the current governments) 1994-2022

It follows from the data in Tab. 1 that in 1994-2022 during the period, the absolute
increase of the GDP per capita of the population during the entire period of the given
government expressed in AMD was the highest in 1994-1996: 260.1%, the second place was
recorded in 2000-2006: 157.5%, and 3rd place: 2018-2022: 41.3%.

Fig. 1 shows the main periods of the economic history of the Republic of Armenia in
descending order of the average annual increase in GDP according to the AMD, in % from
1994-2022.

Conclusion

The transition from socialism to free market relations (capitalism) was carried out in
each country with the presence of complex and difficult socio-economic and political
conditions and circumstances. Accordingly, during that transition, the price of the transition
was not evaluated and taken into account until the end, which led to the delay of the transition
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period and the increase of uncertainty regarding the transition period. The criteria and
deadlines for the end of that transition are also not clear, which leads to social tension and
dissatisfaction in those countries, it is also obvious that the sign of the end of that transition in
each country can be the higher values of the main macro-economic and living standard
indicators of the population than they were at the end of the socialist society.

The transition of market relations in the Republic of Armenia was carried out in
difficult and contradictory conditions, which was due to various types of force majeure
circumstances (Karabakh 1st, 2nd wars, COVID-19, etc.). Accordingly, different governments
have implemented this transition with different speeds and success. The success of that
transition was evaluated and calculated by the absolute growth rate of economic growth and
the average annual growth rate, which is how the success and speed of evaluating the
activities of the RA governments in the period 1994-2022 was evaluated.

The RA government should clarify the transition to free market relations and its
completion and propose more concrete steps and socio-economic policy scenarios to complete
the transition successfully and without socio-economic upheavals.
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MEPEXO/I OT COIIMAJIN3MA K PBIHOYHOM YKOHOMUKE: OIIEHKA
3KOHOMMYECKHUX MOCJEACTBUN B PECITYBJIUKE APMEHUSA

A.X. Mapxkocsn', 9.H. MareBocsin’, M.A. Mapkocsin®, I'.A. Maptupocsin®

v AMBEP/]» Hayuno-uccredosamensckuti yenmp

2 Unemumym sxonomuru um. M. Komanana HAH PA

8 00 no noaumoaocudecKum, npacoeobim, IKOHOMUHECKUM UCCIeO0B8AHUIM U NPOCHO3UPOBAHUIO
4 Vuusepcumemckuii xonneoxuc Jlonoona (UCL)

OCHOBHBIM T'€OIMOJIUTUYECKMM M PErHOHAIbHBIM siBIeHHEM Hayana 90-x rogoB XX
CTOJIETUS U MEPBBIX IBYX AecaTriieTnid XXI Beka cTas nepexo/l OT COUUATUCTUYECKOTO CTPOs
(commanus3ma) K CBOOOJHBIM PBHIHOYHBIM OTHOIIEHUsIM. [lepexon oT commanusma K
CBOOO/JIHBIM pBIHOYHBIM OTHOIICHUAM (KamutaauzMy) npuMepHo B 30 crpaHax Mupa
OCYIIECTBIISIJICS. B YCIIOBUSX OOJIBIIEH HEONpEeIeIeHHOCTH, B PE3yJIbTaTe Yero psjl CTpaH
OCYIIECTBMJI 3TOT TEPeXOJ] JIOCTaTOYHO OBICTPO U ¢ HEOOJBIIUMHU COLHUAIBHO-
SKOHOMHYECKHMH H3JIEPKKAMH, & OTIENIbHBIE CTPAaHbl MPOLUIA JOBOJBHO CIOXHBIA IYTh,
3aIyIaTUB 3a 3TO BBICOKYIO IKOHOMHUYECKYIO U COLUaIbHYIO LIeHYy. B 3Tux cTpaHax ocoOeHHO
CIIO)KHOW Obljla CUTyallMsl Ha PbIHKE TPyJAa, KOTOpas COMPOBOXAAJIOCHh BBHICOKOW CTEMEHBIO
COLIMAJIbHOW HE3alIMIEHHOCTH M OeqHOCTH HaceneHus. B cTatbe paccMarpuBaeTcst OIBIT
PecniyOnuku ApmeHHsl B Jielie mepexoia OT COLMATUCTHYECKUX K CBOOOTHBIM PHIHOYHBIM
OTHOLLIEHHUSAM, aBTOPbl CPABHUBAIOT TEMIIbI POCTA JBYX BAXKHEUIINX MAKPO3KOHOMHMYECKHX
[OKa3aTesed  JUIMTEJIbHOIO  COLMAIMCTHYECKOrO  IEepUoAa €  COOTBETCTBYIOLIMMU
MaKpO3KOHOMHYECKUMH MOKa3aTesIMU MIepro/ia He3aBUCUMOCTH PecITyOIHKy.

KuroueBblie ci10Ba. BaIOBOW OOIIECTBEHHBINM MPOIYKT, HAIMOHAILHBIN 10X01, BBII,
YUCTBIM HAIMOHAIBHBIA JIOXOJl, SKOHOMHYECKAas IIOJUTHKA, AOCOIIOTHBIA TEMIT pPOCTa,
CPEIHEr0I0BOM TEMIT PUPOCTA.
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The article explores various aspects of the potential for ecotourism development
within Armenia's Specially Protected Nature Areas (SPNA’s). With growing global interest in
sustainable travel practices, ecotourism presents a promising avenue for promoting
conservation efforts while simultaneously providing socio-economic benefits to local
communities. Armenia's SPNAs, characterized by their rich biodiversity and unique
landscapes, offer an ideal setting for ecotourism initiatives, however, challenges such as
inadequate infrastructure, limited visitor facilities, insufficient marketing strategies and
absence of data analytics hinder the realization of ecotourism potential in SPNA’s.
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By capitalizing on the natural and cultural assets of SPNAs and adopting sustainable
tourism practices, Armenia has the opportunity to establish itself as a leading ecotourism
destination in the region, attracting environmentally conscious travelers and contributing to
the country's socio-economic development.

The primary objective of the article is to assess the existing situation of the recent 5
years by providing respective data analysis, as well as highlight the gaps and opportunities,
ultimately striving for a balanced and sustainable outcome both for affected communities and
natural ecosystems.

Keywords: ecotourism, data deficiency, social conditions, affected community,

stakeholders.

Introduction

Although certain state coordination units have been established in Armenia to oversee
the development of ecotourism in RA SPNA’s effective tools and methodologies have not yet
been developed through state funding. As early as 2015, units were created under the Ministry
of Environment of the Republic of Armenia with the aim of supporting ecotourism
development, including the Ecotourism Support and Development Department and the
Ecotourism Information Center. These units collaborate with both domestic and international
entities, facilitating the dissemination of information on tourism destinations throughout
Armenia. However, interdepartmental cooperation with the RA Tourism Committee,
subordinate to the Ministry of Economy remains insufficient. In some SPNA’s, tourist
registration mechanisms are insufficient or not conducted, posing significant obstacles to
obtaining quantitative data for measurement, analysis, and further strategy development.
Furthermore, the level of ecotourism utilization in RA remains relatively low due to
inadequate financial analysis of ecotourism revenue, which often presents greater financial
potential with minimal capital investment requirements. This issue is compounded by the lack
of data collection on ecotourism and, in many cases, insufficient consideration of
environmental impacts of the tourism sector. The absence of a cohesive state program or
strategy guiding the activities of tourist companies active in the regions further hinders the
development of ecotourism in communities. Establishing such a program would orient
tourism towards ecological principles, promote landscape recovery, preserve ethnic values,
historical and cultural heritage, and actively involve communities in all the processes.
Additionally, a well-developed and scientifically based ecotourism implementation system in
one region could serve as a model for others. Analysis reveals that IUCN Category | reserves
are more active in ecotourism development among the protected areas of Armenia compared
to national parks and sanctuaries. However, under current legislation, reserves have the
strictest conservation regulations, often lacking developed ecotourism routes and attractive
destinations. This oversight neglects the potential of ecotourism as an alternative income
source, leading to the continued exploitation of other ecosystem services and subsequent
ecosystem disruption paired with sustainable revenue loss. In recent years, respective
management plans have been established or updated in several protected areas of RA, mostly
due to international grant resources, incorporating ecotourism development programs,
creation of ecotourism routes and capacity building for SPNA management or community
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members. However, the potential of ecotourism remains largely untapped, yielding less than 1
USD per hectare annually, despite a consistent rise in tourist numbers in Armenia since 2019.

Conflict Setting

The purpose of this article is to underscore the significance of data based decision
making in the management process of Armenia's SPNA's with the aim of additional income
generation from ecotourism, as well as contribute insights to the discourse on ecotourism
development in protected areas. By emphasizing the importance of data-driven decision-
making, the article seeks to highlight the potential for leveraging data analytics and evidence-
based approaches to enhance the management and promotion of ecotourism in Armenia's
SPNA:s.

Overall, the article aspires to contribute valuable insights to the ongoing dialogue on
ecotourism development in protected areas, advocating for a data-driven approach to
decision-making that balances economic prosperity in communities with the preservation of
natural & cultural resources.

Materials and Methods:

The research method involves a multi-faceted approach, incorporating data analyzing
methods such as quantitative & comparable analysis. Initially, relevant data regarding the
ecological, cultural, and economic aspects of Armenia's SPNAs were collected from various
sources, including government agencies, non-governmental organizations, and academic
institutions. Quantitative analysis techniques were then applied to assess the current state of
ecotourism in SPNAs, including statistical analysis of visitor numbers, revenue generation,
and resource utilization.

Research Results

The specially protected natural areas (SPNAs) of the Republic of Armenia constitute
13% of the territory and serve as habitats for 60-70% of endangered plants and animals
registered in the Red Book of RA. Within Armenia, there are 3 state reserves, 4 national
parks, 27 state reserves, and 232 natural monuments. Despite the significance of these SPNAs
for biodiversity conservation and environmental education, there is currently no standardized
system for tracking ecotourism statistics under the purview of the Tourism Committee of the
Ministry of Economy. Instead, data collection is overseen by the Ministry of Environment of
the Republic of Armenia, though this system lacks comprehensive data due to the absence of
centralized entry/ticketing systems in many SPNAs, resulting in both accounting inaccuracies
and significant revenue loss.

Moreover, our study revealed that approximately 90% of SPNAs do not calculate
tourist loads or lack scientifically justified data regarding visitor numbers. This dearth of
information hampers the formulation of annual tourism plans and inhibits the implementation
of advance online ticket sales. Furthermore, many SPNAs lack developed websites or
effective channels of communication that could serve as a marketing tool.
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The collected data from SPNA’s on their financial income from ecotourism activities
for a period of 2019 -2022 was calculated, the results of which are detailed in the subsequent
Fig. 1.
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Fig. 1 The income of Armenia‘s SPNA's from ecotourism
for a period of 2019-2022 (in AMD)

The data depicted in Fig. 1 indicate a substantial increase in revenue, with some
instances of doubling or even tripling since 2019. This surge in revenue can be attributed to
various factors, including the revision of management plans in certain SPNAs, the
establishment of ecotourism routes, the implementation of access control measures, and the
availability of guide services. However, it is noteworthy that the figures for 2020 show a
decline, a trend likely influenced by the COVID-19 pandemic and concurrent military
operations.

Despite the apparent growth in revenue, it is important to acknowledge potential
limitations in the data's accuracy. Specifically, the high prices associated with ecotourism
excursions across Armenia may skew the revenue figures, with costs averaging at a minimum
of 35,000 Armenian Drams per person per day, including overnight stays. Moreover, while
Armenia possesses considerable ecotourism potential and experiences increasing demand for
eco-tours, the income generated from ecotourism within RA national parks remains notably
lower compared to that of developed countries.

For instance, revenue from activities within American national parks averages at $40
per hectare, a substantially higher figure than observed in Armenia. Authors make a note that
comparison of American & Armenian SPNA revenues is presented rather as an example of
effective management and is not based on a detailed analysis of all underlying factors
contributing to revenue generation.

To elucidate this discrepancy, a comparative analysis was conducted between the
ecotourism incomes of the two most frequently visited SPNAs in 2022, juxtaposed against
their respective areas. This comparison is aimed to assess the gross income generated per
hectare and offers useful insights into the economic dynamics of ecotourism within SPNA’s.
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Table 1.
The highest incomes received by the two frequently visited SPNA’s, 2022.
Name of SPNA SPNA area (ha) Generated income
N (in AMD)
1 Khosrov State Reserve 23,213 6,384,800
2
Dilijan National Park 33,765 7,309,102

Hence, through a straightforward calculation, it is determined that the Khosrov Forest
State Reserve yields AMD 275 per hectare, while the Dilijan National Park generates AMD
216 per hectare, a stark contrast to the revenues observed in the United States. Notably, in the
American context, ecotourism is concentrated on only 10% of protected area territories, yet
yields approximately $40 or roughly 16,000 AMD per hectare.

Despite this, given the critical role of protected areas in ecosystem preservation and
ecotourism development for each state, concerted attention from governmental entities is
imperative. Prompt responses to factors impeding the functioning of protected areas are
essential to ensure their sustained operation.

When comparing the influx of tourists to the Republic of Armenia (RA) between 2019
and 2022 with the visitation rates of SPNA’s during the same timeframe, it was discerned that
in average only 1% of tourists have visited the SPNA’s which is delineated in Tab. 1,
illustrating the comparative percentage of eco-tourists for the years 2019 through 2022,

2000000 1890000 W Tourists Ecotourists
1670 000
1 500 000
1 000 000 870 000
500 000 375 000
601 ls 715 4780 8808
0
2019 2020 2021 2022

Fig. 2 The comparative analysis of tourists & ecotourists
for a period of 2019-2022

Tab. 2 below provides a detailed comparison of tourists and eco-tourists visiting the
Republic of Armenia (RA) from 2019 to 2022, presenting the absolute numbers for each year.
This tabular representation offers a comprehensive overview of the proportions observed

during the specified timeframe.
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Table 2
The visiting dynamics of ecotourists during 2019-2022
Year Tourists Ecotourists Percent Relation
(in absolute number) (in absolute number)
2019 1,890,000 8,601 0,4%
2020 375,000 3,715 0,9%
2021 870,000 14,780 1,69%
2022 1,670,000 28,808 1,7%

As previously indicated, our analysis suggests that the actual number of eco-tourists
visiting SPNA’s is notably higher than the figures provided by state authorities. Over the past
four years, there has been a discernible rise in the visitation rates of eco-tourists to SPNA’s,
increasing from 0.4% to 1.7%. Despite constituting a relatively modest percentage, it is
noteworthy that a majority of eco-tourists allocate their time to exploring other natural and
historical-cultural sites across the marzes of the Republic of Armenia. In contrast to tourists
who tend to spend extended periods in Yerevan, the capital city, eco-tourists contribute
significantly more to local communities and expend greater financial resources in the regions.
Consequently, to foster community-based tourism initiatives, it is imperative to prioritize the
further advancement of ecotourism, including the development and management of
appropriate routes & capacity building.

It is obvious that the potential for ecotourism development is particularly promising in
mountainous regions. Notably, the national parks of RA offer numerous and diverse
ecotourism routes. For instance, the "Khosrov Forest" State Reserve features five main routes,
while the "Dilijan" National Park boasts sixteen routes, and the "Sevan” National Park has
four routes. However, it is notable that the majority of sanctuaries lack designated routes or
have none developed. The tabulated data below presents pertinent information regarding the
protected areas of the Republic of Armenia, underscoring that the ecotourism potential of
most protected areas in the country remains untapped.

Currently, the activities of SPNA’s require significant state attention, with the following
aspects being particularly emphasized as per our view:

= Formulation and implementation of an ecotourism strategy tailored to each SPNA.

= Establishment of a centralized control system for SPNA’s;

= Renovation and enhancement of infrastructures, equipment and accessories;

= |ntegration of trained ecotourism personnel into the workforce.

As previously mentioned, the establishment of well-designed eco-trails is a critical
prerequisite for fostering ecotourism, necessitating careful planning and construction
considerations, such as:
= Engagement of multidisciplinary specialists in the trail construction process, including

botanists, zoologists and ecologists;
= Conducting comprehensive territorial studies to identify key stops along the route;
= Minimizing environmental disturbances during any type of activity;
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Removal of obstacles along the trail, while avoiding extensive deforestation and grass
destruction/clearance;
Preferential construction of eco-trails with curved designs to enhance appeal and interest
for eco-tourists, while safeguarding vulnerable areas such as animal nesting sites and
water bodies.

Table 3

The area & routes of RA SPNA's

Payment for entry
[activity in AMD
i RA Foreign
SPNA name Location Area (ha) | N of routes Dl(sl;[?nr;ce citizen citizen
On
foot/on hOn foot/on
h orse
orse
RESERVES otk F3500 | F.5000
ghosrov State 232135 5 93 H.10000 H.15000
eserve
Shikahogh Syunik 12 137.1 11 278 F.3500 F. 5000
Erebuni Yerevan 89.0 N/A N/A N/A N/A
NATIONAL PARKS | Gegharkuni 147 4550 4 4.4 i i
Sevan k
Dilijan Tavush 33 765.0 16 200,69 F.3500 | F.5000
. Shirak F.3500 F 5000
Arpi Lake 21179.3 4 116,1 H.10000 H.12000
Arevick Syunik 34 401.8 N/A N/A N/A N/A
Akhnabad living Tavush 250 N/A N/A N/A N/A
park '
Arjatkhlenu Tavush 40.0 N/A N/A N/A N/A
Juniper thin forest (kBegharkunl 33120 N/A N/A N/A N/A
Gulagarak Lori 2576.0 N/A N/A N/A N/A
Herher sparse forest (\)/rayots_Dz 6 139.0 N/A N/A N/A N/A
Jermuk forest (\)/rayots_Dz 3865.0 N/A N/A N/A N/A
Sou grove Gegharkuni N/A N/A N/A N/A
K 64.2
Aragats Alpine Aragatsot 300.0 N/A N/A N/A N/A
Banksy Pine Kotayk 4.0 N/A N/A N/A N/A
Goravan dunes Avrarat 95.99 N/A N/A N/A N/A
Caucasian blackberry | Lori 1 000.0 N/A N/A N/A N/A
Arzakan-Meghradzor | Kotayk 13532.0 N/A N/A N/A N/A
Gandzakari Tavush 6 813.0 N/A N/A N/A N/A
Getiki Eegharkum 5728.0 N/A N/A N/A N/A
ljevani Tavush 5908.0 N/A N/A N/A N/A
Margahovti Lori 3368.0 N/A N/A N/A N/A
Yeghegnadzor (\)/rayots_Dz 42000 N/A N/A N/A N/A
Goris Syunik 1850.0 N/A N/A N/A N/A
Vordan the red Armavir 219.85 N/A N/A N/A N/A
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Boghakar Syunik 2728.0 N/A N/A N/A N/A
Sev lich Syunik 240.0 N/A N/A N/A N/A
Khor Virap Ararat 50.28 N/A N/A N/A N/A
Hydrological of Kotayk N/A N/A N/A N/A
Hankavan 5169.04

Jermuk hydrological ;/rayots_Dz 17 371.0 N/A N/A N/A N/A
Zangezur Syunik 25 870.64 - 97,2 - -
Zikatar Tavush 150.0 N/A N/A N/A N/A
Khustup Syunik 6946.74 1 44 - -

In the "Travel and Tourism Development Index 2021" ranking, published in 2022,
Armenia secured the 61st position among 117 countries. This index assesses tourism
competitiveness by aggregating various indicators across three sectors: tourism regulatory
environment, business environment and infrastructure, as well as human, cultural, and natural
tourism resources. The ranking occurs biennially and encompasses both tourism-related
datasets and survey responses. The findings concerning Armenia (RA) are deemed
commendable, with notable advancements observed across several domains, particularly in
price competitiveness, health and hygiene, and safety and security, where Armenia ranks
19th, 37th, and 19th, respectively. Progress is evident in visa acquisition and international
accessibility, with ranking of 45th. Moreover, strides have been made in Information
Communication Technology, with a ranking of 55th. However, indicators pertaining to air,
land, and cultural resources, as well as business trips, remain underdeveloped, with Armenia
positioned at 78th, 74th, and 85th, respectively. Despite possessing abundant natural
resources, inadequate evaluation and utilization practices have resulted in a low ranking of
105th in natural resource assessment. Consequently, the utilization of recreational resources
for tourism development is hindered, necessitating systematic approaches and comprehensive
assessments rooted in precise calculations and data analysis, which in its turn justifies the
findings of the authors in this article.

In conclusion, it is evident that ecotourism facilitates the redistribution of revenue to
regions and remote villages, fostering their equitable development. Additionally, it
contributes to the preservation of ethnic culinary traditions, cultural heritage, and employment
generation. Hence, effective regulation of the sector necessitates the acquisition and synthesis
of analytical data with proactive state involvement to enhance quantitative assessments for
better decision making at all state levels.

Conclusion

The analysis conducted in this study sheds light on various facets of ecotourism
potential within Armenia's Specially Protected Nature Areas (SPNASs). Despite the rich
biodiversity and unique landscapes offered by Armenia's SPNAs, challenges such as
inadequate infrastructure, limited visitor facilities, and insufficient marketing strategies hinder
the realization of ecotourism potential. However, there is substantial scope for leveraging the
natural and cultural assets of SPNAs to establish Armenia as a leading ecotourism destination
in the region.
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Key findings indicate a need for enhanced data collection and analysis to inform
ecotourism strategies and decision-making processes. Current data deficiencies, particularly in
tracking visitor numbers and revenue generation, underscore the importance of implementing
centralized entry/ticketing systems and improving communication channels within SPNAs.
Additionally, the disparity in revenue generation between Armenia and developed countries
highlights the need for targeted investments and strategic planning to maximize ecotourism's
economic benefits.

The study also reveals a growing interest in ecotourism among visitors, with a notable
increase in the proportion of eco-tourists visiting SPNAs over the past four years. However,
further efforts are required to capitalize on this trend and promote community-based tourism
initiatives. Developing well-designed eco-trails, integrating trained personnel, and fostering
interdepartmental cooperation are crucial steps towards realizing ecotourism's full potential in
Armenia.

Suggestions

1. Formulation of Ecotourism Strategies: Develop tailored ecotourism strategies for each
SPNA, focusing on sustainable tourism practices and community engagement.

2. Centralized Control Systems: Establish centralized control systems for SPNASs to
streamline data collection, visitor management, and revenue tracking.

3. Infrastructure Enhancement: Invest in infrastructure upgrades, equipment, and facilities
to improve visitor experiences and support ecotourism initiatives.

4. Capacity Building: Integrate trained ecotourism personnel into SPNA management
teams to enhance service quality and environmental stewardship.

5. Eco-Trail Development: Prioritize the development of well-designed eco-trails in
SPNAs, involving multidisciplinary specialists and minimizing environmental
disturbances.

6. Interdepartmental Cooperation: Foster collaboration between relevant government
agencies, including the Ministry of Environment and the Tourism Committee, to align
ecotourism policies and initiatives.

7. Data Collection and Analysis: Strengthen data collection efforts to accurately track
visitor numbers, revenue generation, and environmental impacts, enabling evidence-based
decision-making.

8. Promotion and Marketing: Implement targeted marketing strategies to raise awareness
of Armenia's ecotourism offerings and attract environmentally conscious travelers.

9. Policy and Regulatory Framework: Develop comprehensive policies and regulations to
guide ecotourism activities, ensuring the sustainable management of SPNAs and equitable
distribution of economic benefits.

10. Community Engagement: Engage local communities in ecotourism planning and
decision-making processes, emphasizing the importance of preserving cultural heritage
and natural resources for future generations.

By implementing these suggestions, Armenia can harness its ecotourism potential to
promote sustainable development, preserve biodiversity, and enhance the well-being of
local communities at large.
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WHTEPECOM K YCTOWYHMBBIM MPAKTUKAM IYTEIIECTBUU JKOTYpHU3M WPEICTABISIET COOOMH
MHOTOOOCIIAOIIMNIA MyTh JJS NPOABMKCHHS YCWIMH 10 COXPAaHCHHUIO TPUPOJIBI,
OJTHOBPEMEHHO OO0ECTICUnBasi COIMAIbHO-DKOHOMHYECKHE BBITOABI 1T MECTHBIX OOIIHH.
OOIIT Apmenum, XapaKTepU3YIONIHECs OOratbiM OHOpPa3HOOOpa3HeM W YHUKAIbHBIMH
napamadTamMyu, TPEAIAraloT HWACAbHBIC YCIOBHS JUISI Pa3BUTHS JKOTypHU3Ma, OJHAKO
BBI3OBbI, TaKWE KaK HEIOCTATOYHAs WHQPPACTPYKTYypa, OIPAHHYCHHBIC BO3MOXKHOCTH IS
MMOCETUTEJICH, HEIOCTATOYHBIE MAPKETHHTOBBIC CTPATETUN M OTCYTCTBHE aHAIUTUKU JIaHHBIX,
MEIIAIT peajan3alnu norexuana 3xorypusma B OOIIT.

[TyTem MakCHMaTbHOTO MUCTOJIB30BAHUS MPUPOTHBIX U KYJIBTYpHBIX pecypcoB OOIIT
W TPUHATHS  YCTOWYUBBIX TPAKTHK Typu3Ma ApMEHHS HMEET  BO3MOXHOCTh
MO3UIIMHUPOBATECS B KAa4eCTBE BEAYIIETO DKOTYPHCTUYECKOTO HAIPABICHUS B PETHOHE,
MIPUBJICKAs. JKOJIOTMYECKA OCO3HAHHBIX ITYTEIISCTBEHHUKOB M CIIOCOOCTBYS COIMATBHO-
SKOHOMHYECKOMY Pa3BUTHUIO OOIIMH CTpaHbl. OCHOBHOM IIENBIO SBISETCS OICHKA TEKYyIIeH
CUTYyAaIlMH! 32 TIOCJICHHUE 5 JIET IMMyTeM MPEIOCTaBICHUSI COOTBETCTBYIOIIETO aHAIN3A TaHHBIX,
a TaKkKe BBIABJICHHE MPOOCIIOB M BO3MOXKHOCTEH, CTpPeMsCh K COaJJaHCUPOBAHHOMY U
YCTOWYMBOMY UCXOAY KaK JUIsl 3aTPOHYTHIX OOIIMH, TaK M JUIS IPUPOIHBIX SKOCHUCTEM.

KiroueBble cjoBa: OKOTYPU3M, HEJOCTATOK JAHHBIX, COIMUAJIBHBIC YCIIOBUA, O6H_[I/IHa,
3aMHTCPCCOBAHHBIC CTOPOHBI.
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Abstract

The aim of the work is to develop a new effective design and material of the disc for
abrasive machining of granite. The task was undertaken in order to shorten the time of the
machining operation of surface grinding by ensuring a uniform post-machining surface
roughness for a given cycle , shortening the time for a given grain group of abrasive
segments. For the purpose of the task, an analysis of the effectiveness of the impact of the
working surface of the disc of known geometric solutions and a new solution of the disc
geometry was carried out. Recipes for material composition and technology for making
prototypes of discs with a new geometry of abrasive segments were developed, for which
laboratory tests were performed.

Keywords: grinding wheels, mineral surface treatment, impact effectiveness, diamond
wheels, surface roughness.

Introduction

Natural stone is a material with a large number of varieties characterized by individual
physical, mechanical and functional properties, as well as the richness of colors and possible
surface textures with diverse dynamics of utility patterns. Expectations are directed at new
technological solutions that increase efficiency, increase quality, increase work safety and
reduce machining costs. At present, according to publications [1, 2], there is a great interest in
the world economy and an increase in the production of tools manufactured on the basis of
synthetic diamond powders with synthetic binders. Historical use of diamond as an abrasive
material for processing basalt and granite was made as early as Ancient Egypt, as evidenced
by the traces of cuts in the stone on the buildings in Giza. Egyptian sources inform that 3000
BC in the kingdom of the pharaohs, grains of natural diamond called amodeus were used as
an abrasive , and powder obtained from grinding nut shells was used for polishing [3,4]. In
1953, Platen B in Sweden performed the first diamond synthesis, also in 1953 Generall Eletric
launched the industrial production of synthetic diamonds. In 1965, the production of synthetic
diamonds was mastered in Russia. Since the 90s, in its technical development, China has
become the largest producer of diamond powders in the world, which has contributed to the
reduction of their production costs and the price of the diamond powder itself. At present, the
dominant direction in the development of grinding wheel technology for surface finishing
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works in the processing of granite are directions related to the dynamically developing
research on the use of synthetic binders.

1. Granite surface treatment

Diamond tools for the surface treatment of stone slabs - granite, play a dominant role
in the mechanization of grinding processes and performing supporting operations [1, 9]. The
use of diamond tools for stone processing in Poland dates back to 1965. The beginnings of the
development of the stone processing industry were related to the import of diamond tools, the
leading role of which was played by Diamant Board from South Africa. At the end of the 70s
of the last century, an important step in the development of abrasive tools production
technology was the start of production of domestic diamond segments. The use of diamond
tools brings certain benefits, which include: high efficiency, high quality of the product after
machining. Optimum working parameters affect the efficiency, tool wear, and the quality of
the machined surface, which, with the minimum number of disc passes over the workpiece,
should ensure uniformity of the surface machining quality. The measure of the quality of
granite slabs is the uniformity of roughness or the degree of polishing on the entire treated
surface and the long-term preservation of the given texture features. The quality of diamond
grinding discs depends primarily on the parameters set by the manufacturer, such as: disc
diameter, dimensions and number of segments, their geometry, type, granulation and
concentration of diamond, type and hardness of the binder. The quality of the tool segment is
additionally expressed by the parameter of the holding force of the abrasive grain in the
binder [15]. The main factors influencing the efficiency of grinding include the configuration
of the arrangement of abrasive segments on the surface of the machining head. Material
parameters of diamond segments, i.e. diamond powder granulation, diamond concentration in
the abrasive segment, type of diamond powder, binder hardness and optimal kinematic
parameters of work, were also considered as the leading factor of abrasive efficiency.

2. Grinding wheels with diamond abrasive on synthetic binders

Discs equipped with abrasive segments are used for the stone surface treatment
process, examples of design solutions are presented in Tab. 1. In addition to the presented
solutions for the construction of grinding wheels with diamond segments on a metallic bond,
in the construction industry, when processing granite, solutions of discs with inserts of
diamond segments on synthetic bonds, mounted on the base disc, are used.

From the analysis of the literature [12, 13] regarding the assessment of factors
influencing the work of the abrasive wheel during surface treatment, a variety of relationships
for the effective surface treatment process are indicated. In the first stage of the work, the
need to check the behavior of the new geometries of the abrasive wheel was defined as the
initial task. The purpose of determining the effectiveness of the abrasive impact, depending on
the abrasive elements for the construction of the circular geometry of diamond disc segments
on synthetic bonds, was to carry out calculations of the influence of variables - dimensions
and arrangement of abrasive segments on the base surface of the disc. Based on the analysis
of the literature [12, 13], a preliminary hypothesis was put forward, according to which the
abrasive efficiency of the grinding wheel is expressed by the uniformity of the distribution of
grain cracks on the workpiece after passing the wheel on the square of the base surface with a
side equal to the diameter of the wheel (D).
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Table 1
Known design solutions for abrasive discs for surface treatment of stone slabs [2, 10, 14].
Diameter Diamond powder
Photography Name (mm) granulation

Plastic strips 100 #50
100 #50

Peel off
Velcro 100 #100
Type ZL-16K 100 #50

The segments arranged on the circular base surface of the disc may have various forms
and may be arranged in various ways. This indicates the legitimacy of seeking to increase the
abrasive efficiency in new constructions by rationalizing the parameters of the relationship
between the geometric form and the size of the abrasive elements of the segments. These
activities should be preceded by the calculation of the geometric effectiveness of the impact
of the new geometrical shapes of the friction elements of the discs with their assessment and
verification on the abrasive test stand, verified by the post-machining roughness distribution
on the machined surface, when assessing the disc's impact area across the width of its impact
diameter.

3. Modeling the geometry of a grinding wheel for processing granite

Modeling of the geometry of the grinding wheel for granite processing indicates a
variety of occurring phenomena and modeling methods, including the analysis of tools for an
effective surface treatment process. As the first research task, the need to calculate the
indicators of the geometric effectiveness of the impact on the machined surface of round
diamond segments was determined.

A useful tool for the geometrical analysis of the construction of discs with given
construction parameters is a computer program developed at the Czegstochowa University of
Technology [13, 16], which allows modeling of machining tools for specific parameters of the
disc operation. The starting point in the modeling of the disc structure according to the
method is to check the influence of the working geometry of the tool during the movement on
the effectiveness of the impact on the machined surface. The methodology is very useful in
determining the abrasive efficiency of grinding wheels.

The modeling program allows you to take into account all types of movement by
formulating the path of disc displacements. The characteristics of the disc motion path include
determining the position of the disc center and its kinematic parameters (speed of translational
and rotational motion) at the beginning and at the end of the next stage of motion. A detailed
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description of the computer program for analyzing the effectiveness of the geometric impact
of discs is described in publications [13, 16].

Conflict Setting
The aim of the work is to develop a new effective design and material of the disc

for abrasive machining of granite.

Research Results

For the purpose of assessing the effectiveness of the impact of different disc geometry
solutions, calculations were carried out and the effectiveness of the impact of the abrasive
segments was compared, determining the value of the geometric impact efficiency ( S o) of
the disc with a diameter of 100 mm, for 4 variants of the geometry of the rubbing segments as
in Fig. 1-4, for each variant a disc with a diameter of 100 mm with an internal hole d = 15
mm, where 4 variants of abrasive segments were arranged on the full ring, assuming a
kinematic load of @ = 960 rpm and a forward speed of V , = 0.01 m/s. In the calculations, the
effectiveness of the geometric impact S g was determined , presented on the charts, for which
the minimum, average and maximum geometric efficiency as well as the standard deviation
index and the relative deviation index were determined.
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Fig. 1 Graph of the effectiveness of teardrop-shaped
geometry on a 100 mm diameter disc

Graphs from the performed calculations of the geometric effectiveness of the impact
of the rubbing surface of the segments against the machined surface indicate that the most
effective solution in terms of the impact effectiveness has the variant as in Fig. 1, the graph S
g in relation to the sensor lines snows high efficiency of the interaction of the working surface
with the machined surface. It is intentional to point out that the round geometries of the
segments of the diamond grinding wheels have an influence on the uniform distribution of the
graph of the effectiveness of the action of round grinding wheels.
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Fig. 2 Graph of the impact effectiveness of the geometry
in the shape of circles arranged on a 100 mm diameter disc
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Fig. 3 Graph of the impact effectiveness of the geometry
in the shape of circles arranged on a 100 mm diameter disc
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Fig. 4 Graph of the impact effectiveness of the geometry
in the shape of circles arranged on a 100 mm diameter disc
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Taking into account the technological conditions and economic efficiency, it is also
advisable to conduct research in the field of shaping circular abrasive segments with their use
to find rational relationships to increase the efficiency of the grinding process.

Evaluation of granite surface roughness after impact with discs

In the tests, the abrasive efficiency of the disc was checked in terms of the distribution
of roughness after a trace left on the polished surface of a granite plate along the full diameter
of the disc at a length of 10+50 mm.

The measurement of the roughness distribution was determined from the center of the
disc in 5 sections of 8 mm on the full length of the radius of the grinding disc, as in Fig. 5.
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Fig. 5 Measurement of roughness distribution

After abrasive treatment were used in the assessment . Measurable parameters are used

to assess surface roughness , such as:

R a— mean authentic deviation of the profile from the mean line [ um ],

Rz - the average height of the profile roughness in 10 points for the 5 highest and 5 lowest
measuring points along the measuring length [ ym] ,

R max - the highest height of the measurement unevenness from the lowest point to the highest
measurement point [ um ],

The measurement of the profile after the work of the new disc design was carried out
with an electronic measuring tool from Mitutoyo , type JS-21. The results of measuring the
roughness of prototypes and known structures are summarized in Tab. 2 of the post-
machining trace of new design and material solutions for grinding wheels for granite
processing. The effect of the target was tested on 3 samples for each type of target. The
impact of the abrasive process was carried out without the use of coolant for each disc for 30 s
without the sliding motion.

The roughness measurements show that the original prototypes of grinding wheels
have an even distribution of roughness in relation to industrial structures. Due to the lack of
feed during the experimental tests of the impact of grinding wheels on the machined surface
of a polished granite plate with an initial roughness of Ra =0.21 um , the depression left after
the impact of the tested prototypes of the wheels was larger than industrial structures, which
results in a high parameter of Ra.
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Table. 2
Shield type Hardness [HLD] Sg[m] Ra[um ]
prototype of the shield
with a polyester resin 560 15.66 3.43 | 355 | 3.59 | 3.58 | 3.60
binder
prototype of the shield
with epoxy resin 550 15.66 3.56 | 3.59 | 3.61 | 3.61 | 3.62
binder
industrial construction
of the disc on a 630 13.55 3.28 | 233 | 225 | 2.29 | 1.07
polyester resin binder

The collective results of calculations of the average geometric effectiveness of the
impact of the shields (PR1+PR3 and AK) along with the characteristic parameters of the
geometric analysis are summarized in the Tab. 3.

Tab. 3

Collective results of calculations of the geometric mean effectiveness of the shields (PR1+PR3
and AKk) along with the characteristic parameters of the geometric analysis [own study]

Lo. |Surface structure |Impact effectiveness indicators The share of the geometry of the
working surface of the disc structure
? P x 2
£ 2 g 2 =
S = = = g =5
= 2 £ S S S
® & g B S T 3
g | |3 : 2 s 2
IS = g © D &5 T = -
g S~ = 2 o e S8 E
S sE | B g z = =& S
= - = T S
] 8 h o 2 <o g
PR1 660 11,310 0,305 0,221 58,20 19,51
PR2 660 11,867 0,319 0,253 59,15 18,56
PR3 | 660 13,560 0,253 0,153 59,71 18,00
Ak 660 15,655 0,338 0,245 41,76 33,60

Based on the results of the numerical tests and the collected key data on individual
disc designs, i.e. the active surface of the segments and the total area of channels for the
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removal of excavated material and the supply of coolant, it was found that the solution
proposed by the author of the shape and arrangement of segments on the working surface has
a higher geometric efficiency. impact by 13.38% from the PR3 shield, which has the highest
parameter (Sg) among the analyzed industrial shields. Moreover, it should be noted that the
mentioned shield (PR3) has the lowest standard deviation index (o = 0.253) among all the
analyzed cases. However, it is related to having the largest active surface of the segments,
Pass = 59.71 cm?. When analyzing the original solution (Ak), a slightly higher standard
deviation index was noticed (o = 0.338) in relation to the analyzed discs used in the stone
industry (PR1+PR3). This is correlated with having a lower active surface of the segments by
an average of 41.33% compared to industrial machining discs, and at the same time a larger
surface for removing the excavated material and supplying coolant during operation by an
average of 55.63%. It should be noted that the standard deviation indicator itself in the
analyzed case is not a key parameter for assessing the geometric effectiveness of the grinding
wheel. The presented results from the numerical tests confirm the rational selection of the
geometry of the working segments and their arrangement on the base surface of the abrasive
disc.

Conclusion

The performed calculations of the geometric effectiveness of the interaction indicate
the desirability of conducting further research for the geometry of the circular friction
segments that fit into the teardrop surface.

Calculations of the effectiveness of the geometrical impact of discs with round
segments show a high impact value, which was confirmed by the measurement of post-
machining surface roughness, instrumental tests on five measurement sections, each 8 mm
long, on the length of the disc radius D = 50 mm, for which a homogeneous roughness
distribution was demonstrated, which is R = 3.61 um , with synthetic diamond powder grains
of grain size 40/45#, with 25% concentration of grain deposited in segments on a polyester
binder with a hardness of 460 HLD.

The new construction and material solution of the grinding wheel has a more even
distribution of post-machining roughness and has a higher effectiveness of impact compared
to the currently used construction and material solutions in industry.
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Abstract

In the context of museum communication with visitors, the primary goal is interactive
communication. Currently, the most relevant aspect is not the instrumental role of cutting-
edge technologies, but rather their potential for enhancing traditional museums. Moreover, it
is particularly intriguing to assess whether these technologies can fundamentally impact a
conservative museum institution, open new horizons in virtual space, and attempt to envision
the museum’s future—undoubtedly closely tied to the overall course of cultural evolution.
Introducing people to the museum, fostering their attachment, and making them regular
visitors and friends of the museum remain steadfast objectives for its successful existence.
The presence of a museum in a social network makes both its virtual and real existence visible
and tangible. Museums and their collections can be presented from a new perspective while
preserving their individuality and relevance for a new audience. The application of innovative
technologies and the implementation of automated systems significantly enhance the
efficiency of solving tasks that museums encounter throughout their existence.

Keywords: digital archive, digital copies, features of the museum database, paper document
fund, passport of the museum unit, survival strategy, relevance, network interaction.

Introduction

With the introduction of innovative technologies into our museum life, the creation of
museum databases solves the overarching task of the existence of an architecture museum.
The transformation of thinking, the entire modern way of life, a significant change in museum
mentality require an urgent solution to the priority issue for museums - their «digitalization».

Our goal is not just to create an electronic archive, but a complete database of the
museum. To create a database in a museum means to make it modern, competitive, relevant
for visitors, capable of communicating with museums around the world «on equal terms».
The museum’s database is an interactive automated system that includes: search algorithms,
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several catalogs (exhibition catalog, visitor reviews, inventory lists, etc.), the museum’s
website, pages on social networks, correspondence with partners, and so on [1]. The entire
history of life and plans for the future of the museum - in the electronic database, as a
guarantee of safe existence for many years.

There are various approaches to creating electronic museum archives and databases, as

well as their application in practical tasks of managing museum collections and popularizing
cultural heritage. It is no longer possible to ignore the fact that any museum must be
represented not only in the real world but also in the internet space. How, where, on which
platform, in what volume and sequence should this happen [2]?
Without a clear, universal survival guide or a definitive plan (specifying what modern
museums should and shouldn’t do), each museum has had to navigate this path independently.
The transition from extensive paper archives to digital formats has been a significant
undertaking. Museums have addressed old challenges, encountered new ones, and forged their
own paths. Our architectural museum, the National Museum-Institute of Architecture named
after A. Tamanyan, has developed a survival strategy and tactics through empirical methods.
The experience gained from creating an electronic archive allowed us to draw several
conclusions: Digitization Process: All information existing in paper form must be
meticulously reviewed (including authorship, dates, etc.) and gradually digitized as we read
and catalog paper files. To achieve this, we first need to establish a suitable Classifier for
describing each storage unit and create a tree-like schema for systematic organization
(structuring the distribution of objects into sections, subsections, etc.) [3]. Database
Considerations: The database is a separate entity. How should we store information that is not
suitable for public use on the internet? Should there be a separate online museum database? If
so, which platform and resource should host it? Challenges in Automation: When
implementing automated (or even simple electronic) systems for collection management,
storage, and research, challenges often arise related to information structuring, standardizing
terminology, and defining classification features. Transitioning to automated work does not
merely involve transferring manual tasks to computers; it represents a different level of work
with distinct tasks and objectives [4].

Conflict Setting

In every museum (and ours is no exception), there is a colossal volume of information
accumulated and systematized by each department or individual employee according to their
own understanding. The first step will be to compile a registry of all these disparate and
diverse databases, assessing their volume and quality. Since the same information about an
object (the same document) appears repeatedly at all stages and among all employees, or
conversely, different information about the same object (several documents on one topic,
etc.), it is quite evident that there is a desire to automate this process by creating a database.

Research Results

All information available in paper form must be verified and digitized step by step, as
it is read and paper folders are taken into account. For this purpose, a Museum Unit Passport
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has been developed — its identification card. This document contains all the necessary
information about a specific exhibit for integration into the electronic archive, thereby uniting
and regulating the work of all employees. Additionally, the passport contains and updates
information obtained throughout its entire life. Thus, with the introduction of mandatory
passportization for incoming and existing museum valuables, questions of identification,
indexing, and integration into the museum’s database, and consequently into the overall
system of museum connections, are resolved. Digitized information can be distributed across
files on each specific computer as needed [5, 6]. But how? Should jointly developed criteria
and standards for filling out electronic documents exist among all employees? Similarly, how
should the scheme for their storage and accounting in the common database be constructed
through collaborative efforts? What goal should be prioritized when creating our museum
archive’s database? What are the priorities when translating museum collections into digital
format [7]?

How is the archive filled?

photos
[ pointl ] / sketches
V7 Y
L point 2 ] -
p= — blueprints
’{- point 3 ] passpovis /
,/7?' = &
/" i point 4 ] documents
Y ‘; point15 ]
y A
A )
Database

Fig. 1 The museum’s digital archive administering algorithm.

In the first place, should we digitize what has already been identified? Or should we
digitize new materials as they arrive? Or perhaps prioritize digitizing the paper materials that
are in dangerously poor condition? Or focus on the most valuable ones? Who is the archive
primarily created for, and for what purpose? Is it for students and researchers? For the
museum’s needs? To preserve collections? For users? For future generations? Is it for record-
keeping or ease of searching for specific documents? Transparency and accessibility for a
wide audience in the online space? Should the operator responsible for their «digitization»
consider identifying new, unknown documents (i.e., research work), or should we refrain from
addressing global tasks during the construction of the museum archive database [8]?

These questions were addressed by the museum during its work. Additionally, it
became clear that when the structure of the museum archive database is clear, a tree is drawn,
and a well-defined order of working with paper carriers (documents) is established, but
without a carefully thought-out strategy for its filling, issues in future work cannot be
avoided.
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What is the archive filled with?

¢ digitized and ldentified

materials « digitized - not identified

materials

1020 || 3253
A
v

* not digitized but 4895 5678/. not digitized and not
identified materials identified materials
/

Fig. 2 Structure of the digital archive database of the museum.

o | B

- B

Considering the above, work can be organized in such a way that the data input section
from multiple operators is constructed like a large factory: each operator has their own
specialization, and each operator enters or verifies their field in the database. However, it is
crucial to organize everyone’s work as a unified team with the goal of introducing consistent
terminology, structuring information, and developing classification principles, among other
things. In this context, extensive discussion within the museum team about terminology,
description structures, and the acceptance of compromise decisions plays an important role—
essentially, the «rules of the game» without which one would be at an impasse. Since the
initial users of the automated accounting and storage system are museum employees, the
chosen strategy for populating the database plays a significant role in the successful
implementation of electronic document management.

Passport

—

Object fields
(building, etc.)

Fields of the museum ﬁ
search direction

unit

Figure 3. Passport of the museum unit.

Working within an automated system is based on the psychology of collective work.
Information enters the database through various paths during different museum operations.
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Consequently, it is sometimes impossible to determine who entered which information, where
they obtained it from, and whether there is a likelihood of another colleague reusing the same
material when adding it to the electronic archive.

Instead of scattered «individual» information, a shared information resource
emerges—one whose quality depends on the efforts of all involved. Creating this resource
requires increased responsibility from each person contributing information, but it also
becomes a powerful motivating factor for enhancing scientific work efficiency and enables a
greater number of researchers to engage in collection processing.

What fields are in the passport of a museum unit?

naming of the :
— . —{co-author's name
museum unit

— museum unit size
| condition of the [::::l
museum unit

—inventory number

—  object name

—— date of creation

— additions

Description of the museum
unit
[
Objects description

location (address)
of the object

I

owner or grantor —

Fig. 4 Archive Organization Scheme in Accordance with the digital passports.

It is necessary to note another aspect related to the human factor. Until the database is
more or less fully populated (the entire museum collection or at least a significant part of it), it
cannot be effectively utilized. Thus, during the database population, museum staff face an
additional burden, which is quite substantial, and the benefits of the new system are not
immediately apparent. Nevertheless, if from the very beginning, employees work with a
database-oriented mindset, and the entire team clearly understands that the conceptual
capabilities of any information array, collected and systematized by a specific staff member,
significantly increase when properly structured (and archived according to general standards)
and integrated into a comprehensive network of relationships, many problems and errors can
be avoided in the long term.

The uniqueness of a museum archive lies in its fleeting nature—it is as ephemeral as it
is unique. The only known method to safeguard an archive from disappearing is to digitize it.
In other words, a paper archive must inevitably have a digital, electronic alternative,
especially considering the typical errors that occur during the creation of a museum database.

An electronic archive is not merely an electronic exhibition, a digital museum, or a
repository of paper analogs. It represents an extension of possibilities—a modern approach to
problem-solving, including those specific to museums.

For instance, electronic exhibitions can be created, which minimally correlate with the
museum’s database and operate autonomously. These could include interactive games or
educational tests for children based on the museum’s collection, without directly relying on
the electronic archive. The scope of the electronic exposition depends on the specific goals set
for it.
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This endeavor is a long-term project that may span years, but it is essential. By
associating registration numbers (passport numbers) with museum artifacts in the existing
paper catalog and subsequently in the electronic catalog, we can predict that the application of
such a unified identifier will expand not only within the inter-museum context but also at the
national and international levels. This way, the museum won’t need a separate registry of
registration numbers for individual storage units.

For the second decade now, both national and international projects aimed at
expanding access to cultural heritage for the population and specialists have been successfully
emerging worldwide. There are numerous platforms, applications, projects, and similar
initiatives with growing content and possibilities.

Are museums compelled to change in the modern world? Undoubtedly, we are
evolving, but is it happening rapidly and strategically enough? Are all changes beneficial for
museums? Yes, if a museum has a well-thought-out strategy for modification and
modernization even before its inception [9].

At present, the most challenging task is not attracting visitors or gaining attention, but
retaining it. On one hand, we are inherently non-competitive because we are museums! On
the other hand, without representation in the online space, we become less competitive.
However, this presents a dilemma.

By providing the same opportunity as, let’s say, the film industry—enjoying our
product without leaving home, sitting on the couch, and munching popcorn—we deprive
ourselves of the chance to interact with visitors face-to-face.

Exaggerated expectations, consumer attitudes, and the widespread consumption of
intellectual fast food lead to a reluctance to work on ourselves. Yet, visiting a museum is also
a form of work—an overcoming of boundaries and stereotypes. Who willingly wants to labor
upon entering a museum, treating it as a place of «recreation»?

«It is necessary to immerse ourselves in the digital flow to remain relevant with each
generational shift» and not lose the existing audience while also capturing new ones. This
ensures that we keep up with the mentality of a modern successful brand—an informational
and cultural resource.

Any museum, even the smallest one open to visitors, should have a website—a
«business card» with promotional information. In recent years, the face of a museum directed
towards the open information space has become an increasingly significant factor. To
compete and thrive in the modern world, it is crucial for a museum to have such an ‘internet
face. After all, most people turn to the internet when seeking information, including
researching museums and exploring their collections.

In the future, the number of virtual museum guests will surpass the count of physical
visitors, and a central role in the museum’s public relations system may be occupied by
«Internet relations» [10].

Conclusion

When considering a museum website or a Facebook page as a means of communication
with the public, we address one of the most pressing museum challenges: the issue of «gallery
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congestion». Prioritizing the creation of a digital archive becomes a key aspect of a
contemporary museum’s strategy. However, it is essential to understand that building an
electronic archive is a long-term endeavor that requires time and effort. It is a minimum
program. Transitioning to a fully functional database can take years, but it ensures survival.

The virtual museum website represents the face of the physical museum. Most people
perceive us based on our online presence. Despite the experiences and practices of other
museums, each institution adapts to the «new era» in its unique way.

Once again, defining the ultimate goal, tasks, and future strategy within the context of
cutting-edge communication technologies is a top priority for modern museums. Now, a
museum represented in the online space can seamlessly integrate into global platforms, media
resources, virtual events, social networks, and mobile applications.

And importantly, the application of information technologies in creating a digital
archive at the National Museum-Institute of Architecture named after A. Tamanyan
undoubtedly strengthens the museum’s brand in the market and fosters partnerships with
online platforms and social networks. It makes architectural heritage more accessible and
comprehensible to a wide audience, popularizes and preserves it for future generations, and
contributes to education and research in this field.
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BHE/IPEHUE HOBEMIIINX TEXHOJIOTUI B MY3EE. CO3JJAHUE
IJIEKTPOHHOI'O APXUBA U BA3bI JAHHbIX

E.J. BapnaneroBa
Hayuonanvuweiii mysei-uncmumym apxumexmypsl umenu Anexcanopa Tamanana

B Bompoce KOMMYHHMKAalUMU My3ed C [OCETUTENSIMH OCHOBHAas LeJb — 3TO
MHTEpaKTHBHAs KOMMYHMKAllMs, WM  HA CErOJHAIIHUN JeHb Hauboyiee akTyajibHa He
MHCTPYMEHTAJIbHAs POJIb HOBEUIIMX TEXHOJOIMH, a BO3MOXKHOCTH MX HCIOJb30BAHUS VIS
yCUJIEHHs NMOTEHLMaNa TPaJuLMOHHOro My3es. boiee Toro, 0COGEHHO MHTEPECHO OLIEHUTb,
CMOCOOHBI JIM TEXHOJOIMH TNPUHIMIINAIBHO MOBIUATh HA KOHCEPBATUBHBIA MYy3eHHBIN
UHCTUTYT, OTKPBITh HOBBIE€ TOPU3OHTHI B BUPTYaJbHOM HPOCTPAHCTBE, IONBITATHCA
IpeJCTaBUTh OyJyliee My3esi, 0e3 COMHEHHs, TECHO CBSI3aHHOE ¢ OOIIMM XOJ0OM KYJIbTYpHOU
sBoyoLMU. [lo3HAKOMUTH JIOAEH € My3eeMm, co3[aThb y HMX IPUBSI3aHHOCTb, CIENATh UX
MOCTOSIHHBIMHU TIOCETUTENSIMU M JAPY3bsIMM My3€s - OJHAa M3 HEM3MEHHBIX LeJel ero
YCIIEIIHOTO CYIIECTBOBAHUS .

T.o. mpucyrcrBue My3ess B COLMAJBbHOM CETH JENaeT 3pUMONW M OIIyTUMOM Kak
BUPTYaJIbHYI0, TaK M pEaJbHYI0 €ro umocracb. My3ell M ero KOJUIEKIMH MOTYT OBITh
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IIPEACTABIIEHBl B HOBOW IEPCIEKTUBE, COXPAHMUB IIPU 3TOM CBOX HHIUBUIYAIBHOCTH M
aKTyaJIbHOCTb JUISI HOBOM ayauTopud. IIpuMeHeHHe WHHOBAIMOHHBIX TEXHOJIOIUH,
BHEJIPEHUE  aBTOMATHU3UPOBAHHBIX  CUCTEM  IO3BOJISIET  3HAYUTEIBHO  ITOBBICUTH
3pPEKTUBHOCTh pEIICHHs 337ad ¢ KOTOPHIMH CTaJKHBACTCS My3eld Ha MPOTSHKECHHH BCEU
KU3HU.

Kniouesvie cnosa: nudpoBoii apxuB, MUPPOBLIC KON, OCOOCHHOCTH MY3CHHOU 0a3bl
JMaHHBIX, (OHI OyMa)XHbIX JIOKYMEHTOB, IMACIOPT MY3€WHOTO TMOJpa3JeieHUs, CTpaTerus
BBDKMBAHMS, AKTYyaJIbHOCTh, CETEBOE B3aMMO/ICHCTBHE.
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Abstract

Monumental art can have various manifestations. The sculptor's creative work is
meant to give people an additional spiritual charge. Therefore, the responsibility of the artist
towards the people is great, which expects from the artist emotional intensity, communication
of high spiritual values. The high ideological and artistic qualities and the individual mastery
of the sculptor are the main criteria for the creation of lasting creative values. In the article, it
is justified that Sargis Baghdasaryan was able to successfully put the profile of the national
mentality formed during the centuries-long struggle for existence of the Armenian people into
the basis of his monumental sculptures and obtain works that do not lose their modernity
going into the future.

Keywords: sculpture, monumental art, national mentality, society, worldview

Introduction

In the second half of the 20th century, the processes leading to globalization in the
world, in terms of ensuring scientific and technical progress, although it provided noticeable
results, nevertheless led to the integration of different peoples. This process can have
particularly dangerous consequences for small nations, and the question arose in the direction
of developing a way to preserve the national identity of the Armenian people, its culture and
way of thinking. The mindset of the people is one of the main factors affecting the course of
historical processes and reforms, which is especially important for the Armenian society. This
issue was of particular importance for the Armenians living in the autonomous region of
Nagorno Karabakh, which was part of Azerbaijan.

To solve this problem, it was necessary to assess the features of spiritual values that
existed among Armenians living in the absence of political freedom, to find out how they
affect people's social and individual life. In order to influence the formation of mentality, it
was necessary to transfer from generation to generation and to consolidate the historically
established, spiritual, ideological and cultural values of the Armenian people, to enrich them
with universal values that fit into the moral perception.
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The understanding of thinking gives the Armenian people the opportunity to
understand their own essence, to learn their history and culture. The perception of thinking
with all the richness of its manifestation is based on a broad basis of integration of many types
of knowledge, and the sociological analysis of this phenomenon provides an opportunity to
predict the behavior of the people and its individual representatives in different situations.
Communicating the values of world culture is a necessary prerequisite for developing and
developing one's own art directions, while imposing them to lead to serious consequences. In
particular, they can affect an individual at a subconscious level, causing a change in
worldview and behavior, disrupting the manifestations of national spiritual characteristics.

Art acts as a way for a person to understand and appreciate the world in which they
live. In this area, a person’s ideas about the world are most comprehensively reflected, which
he perceives through his inherent systemic network of worldviews. Art provides a
comprehensive understanding of a person's spiritual values. Consequently, art as a subsystem
of culture occupies a key position in it, being its center, which captures the cumulative impact
on all aspects of a person's life. Art creates artistic models of the relationship between the
world and man, forms for the individual an image of a worldview that can preserve in cultural
memory the way of life of a person at different stages of the development of civilization.

He forms and aesthetically develops the socio-cultural values that are transferred to
the level of personal meanings of the individual, shapes his value orientations and encourages
him to choose an ideal or develop it [2, 3].

The ideals that manifest themselves in solving practical problems, while at the same
time regulating these processes, play the role of purposeful motivation in the activity of the
individual.

Conflict Setting

The subject of the study is the way of thinking of the Armenian people, the
characteristics of the influence of art on the formation of the Armenian worldview.
Considering art as a tool for the formation of the mentality of the Armenian man, the task was
to analyze the technologies used in the monumental works of the sculptor Sargis
Baghdasaryan, with the help of which the content structure of the mentality of the Armenians
living in Armenia and the Nagorno Karabakh Autonomous Region during the Soviet period
was refined, laying the basis for the conservation of national values and public behavior
within the expected geopolitical processes.

Research Results

The ideological possibilities of monumental sculpture are related to the visualization
of images used by state propaganda. In propaganda, images are more effective than logical
arguments. This is explained by the peculiarity of the individual's visual thinking. The
monumental sculpture is perfect in this respect: it is both visual and pictorial [7].

In expansion to picking up proficient instruction, the sculptor learns life lessons,
developing up to be a creative person. There can be no high-quality art without inventiveness;
subsequently, a conveyor of the Creator's tall culture can help within the advancement of
tremendous masterpieces. Standard thinking can diminish the impact of a monument that has
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been within the works for a long time and cannot be expelled from an exhibition, such as a
painting.

The study of mind originated in the twentieth century at the “Annals” Research
Center, where the focus was not on leader actions or event descriptions, but on identifying all
social links that have existed for as long as feasible. Proponents of this tendency investigate
the mass perception of people within a certain age, the evolution of value systems across time,
and the issue of historical memory [1].

Monumental sculpture is a type of fine art whose works, as a rule, are dedicated to
significant historical events or erected in honor of great people. The characteristic features of
monumental sculpture are large size (as a rule), unity of content, harmony with the
architectural and spatial environment. A monumental sculpture can be a monument, a
memorial, a statue, a bust or a rather large relief. Such works are usually created to be placed
in a specific location to complement the architectural appearance of a building, plaza, square,
street, etc. Monumental sculptures are integrated with the surrounding environment.

In this sense, Sargis Baghdasaryan departed from the generally accepted approach and
created the ideological work of the monumental sculpture "We Are Our Mountains” (1967) in
the belief that ordinary people create history (Fig. 1).

Fig. 1 Sargis Baghdasaryan's work "*"We Are Our Mountains"'

We are placing ordinary people at the epicenter. It should also be noted that
monumental sculpture has always been ideologically linked to dominant political forces [8].

Therefore, the installation of a monumental sculpture "We are our mountains" on the
territory of the NKAO, part of the Soviet Azerbaijan, can be seen as an unusual phenomenon
and even an achievement for the Armenian people.

In this sense, if we compare the sculpture “We are our mountains” with the
monumental work “Worker and a collective peasant” (Bela Mukhina) depicting the common
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people making history” (1937), we can see that there is an obvious ideological difference

(Fig.2).

TR , F ¥ 5
== |

1 —
Fig. 2 Vera Mukhina's work "*"Worker and a collective peasant™

Vera Mukhina's work "Worker and a collective peasant” was so powerful, swift and
possessed of extraordinary unity that it raised the monumental art of the world to
unprecedented heights, and she herself experienced true creative inspiration, like the ancient
"Icarus” and the joy of conquering heaven [10]. The sculptor, who depicted a young man and
a girl with a hammer and sickle in their hands, was thought to personify the owners of the
Soviet land - the working class and peasants. Until Mukhina, no one had ever achieved such
versatility in monumental and decorative sculpture in the first half of the 20th century.
Despite its monumentality, this composition is "light", actively penetrating the surrounding
space and creating a unique aura around itself. In contrast to the work "Worker and a
collective peasant” in which the talented Vera Mukhina disseminated the undeniable power of
the Soviet state through the image of the working class and the simple peasantry, which
underlies the ideological foundations of socialism. The monument reflects two people from
Artsakh, an elderly husband and wife, who, with their appearance and features, symbolize not
only the longevity of the people of Artsakh known all over the world, but also the longevity
and eternity of Karabakh itself.

The hill on which the sculpture is placed without a pedestal is nothing more than a
mountain that these two Artsakh citizens "grew up". They are also mountains, unshakable
mountains of Artsakh, because their history stretches back more than a millennium. The
human nature, which the sculptor conveyed in the views of these two Artsakh citizens, is also
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simple and simple, as simple as everything genius is. There is calmness, wisdom and an
unbreakable will to live in their own land. Broadly speaking, it is a look back at our own
history, which spans centuries and is filled with struggles for the homeland and indigenous
peoples [5]. According to Eleonora Nersisyan, the tufa work "We are our mountains” is a
static, pyramid-like image of an ancestor with national features, a monolithic, unshakable
figure of grandparents. Perhaps, it is the only monumental static work, conceived just like that
and not in motion, which suggests not only that the couple is native and long-lived, but also
that the rock-shaped people standing back-to-back like a mountain, symbolizing the
permanence of the people, cannot be moved, as it is impossible to dislodge the mountain and
the rock.

The complex monument "We are our mountains" became world famous. "Pravda”
newspaper wrote that it is "the first monument in the world built in honor of longevity",
because Artsakh is also considered the epicenter of the longevity of the planet Earth. Sargis
Baghdasaryan answered the question "Do these figures have no legs?" "They exist, and they
have put down deep roots in their land" [6].

Vera Mukhina is one of the few female sculptors in the history of monumental art who
possessed an ideal sense of harmony, polished craftsmanship and a refined sense of space.
Mukhina's talent is versatile. She mastered almost all genres of plastic art, from the
monumental sculpture "The Worker and the Mistress” to miniature decorative statues and
sculptural groups, sketches for theatrical productions, and art glass [10]. And can't the same
be said about Sargis Baghdasaryan's sculptures? The problem of familiarizing the population
with cultural values comes down to providing appropriate contact, if of course the individual
is interested in the content of the work of art and has the ability to perceive it. To solve the
problem of optimizing contacts of the cultural population, it is often necessary to apply a
system of differentiated services, taking into account the diversity of interests of different
groups of the population, as well as the level of their artistic training. In this respect,
sculpture, in contrast to painting, has an obvious advantage, because they are usually placed in
open spaces suitable for vision. Nature itself tells the sculptor what to do. opening our eyes in
a mountainous, rocky country, we see faces, images, talking, sounding stones looking at us
from the stones, mountains and rocks, we are enchanted by the natural creation, surrender to
its magic and express our inner world through the material riches given by nature: stone, clay,
copper, bronze, wakes up the emotions and ideas sleeping in the soul and mind. The
sculptures of Sargis Baghdasaryan are not only images that attract the viewer: they are in
movement, action, flight and running, with a deep revelation of character, biography, event.

The works of the sculptor are not only accurate, but also symbolic. Every work of
Sargis Baghdasaryan bears the stamp of his handwriting, at the same time being distinguished
in its type, expression, form and template, a template that has no boundary lines, is airy, as a
madman escaping from a mad world "Loretsi Sakon" (bronze, decorative sculpture, Tumanian
literary hero ), the historical figure of "David Beck" releasing the reins of the fiery steed
(rough copper), the decorative sculpture of "Meghedi" (aluminum, granite), the great poet and
thinker Isahakyan, thoughtful on the paths of life, holding an inseparable cane on his back and
walking without his help. the monument (bronze) in Yerevan. as if the master is one of those
walking in the park who went for an ordinary walk... The statue of Hunan Avetisyan installed
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in the city of Kapan is also in motion. the warrior goes with wide steps, unhesitatingly
towards heroism... Sargis Baghdasaryan's sculpture "The Thinker" is placed in Carrara, Italy,
where the sculptor's works have been exhibited and gained recognition, and the sandstone
monument dedicated to the friendship of peoples is in Sopron (Hungary). The works of the
famous Armenian sculptor are stored in the Tretyakov Gallery, the Museums of the Art of the
Peoples of the East (Moscow), Lithuania, Tajikistan, and the National Gallery of Armenia. It
IS not surprising that the Armenian people have great masters of creation, it is surprising, no,
it is astonishing and infuriating that such barbarians called Armenians raise their hands on
national values, like the "Loretsi" statue placed in Tumanyan's park. They tried to steal the
"Sakon™ compositional sculpture several times, and then they smashed, broke the fingers and
the harp of the harpist girl of the "Melody" sculpture, barbarism, which, unfortunately, is not a
unique and random phenomenon in Armenia [6].

Meanwhile, monumental sculptures, as a rule, are dismantled or destroyed during
global political changes, wars or revolutions. The "repression” of the monument is a ritual
necessary for the visual and visual thinking of the masses, aimed at the overthrow of the
heroes of the "unjust regime™ [7]. Many similar cases took place in Artsakh after the 44-day
war, when many sculptures were destroyed, particularly the statues of Vazgen Sargsyan and
Hovhannes Tevosyan in Shushi. Similar manifestations of vandalism are found in many
episodes of world history. In particular, the busts of the founders of the German Empire,
Emperor Wilhelm I and Chancellor Otto von Bismarck, were also dismantled in Russia at one
time [9]. Among Egyptian radical Islamists, calls are currently being made to destroy the
pyramids as monuments to paganism [7].

Since the problems of culture are interconnected with the problems of national
mentality, it is necessary to reveal the relationship between the concepts of "culture™ and
"mindset” for the Armenian person. From a sociological point of view, culture is a regulator
of human behavior, a system of norms and values that regulates the behavior of a given
human community. It is customary to distinguish two aspects of culture: semantic and
functional.

In particular, the following features are specific to culture [2, 4].

1. Culture is a process of active human activity aimed at world perception and transformation.
The reflection of the world in people's feelings, perceptions, ideas, in their individual and
social consciousness constitutes the epistemological aspect of culture.

2. Culture is a set of material and spiritual values.

3. Culture is an important factor in the development of human personality and creative
abilities (humanistic aspect of culture). Culture ensures the regulation of social relations of
society and people's daily life (normative aspect of culture).

Art in the system of social relations, at the level of interaction between ideology,
science, morality, politics, religion, gives an opportunity to reveal the features of the
formation of the consciousness of an individual and different social groups and the ways of
their possible change.

In the light of the systemic approach, art with its diversity of types and genres appears
as a complex system of interconnected subsystems that are in dialectical interaction, including
with different social systems.
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A work of art is created within a genre. It is formed by the influence of the art school,
the existence of which in turn is determined by the type of art. As levels of art function, it is
customary to distinguish: 1. universal art, 2. national art, 4. individual art, other [2].

Sargis Baghdasaryan's art is markedly national, where the process of shaping the style
by the sculptor goes from content to form with the preservation of the mentality of the
Armenian people, when the content of the national character acquires materiality, which bears
the emotional stamp of folk psychology. Sargis Baghdasaryan, bearing in himself the ethnic
characteristics of the collective consciousness of the Armenian people, left a lasting mark on
the cultural heritage of future generations with his monumental sculptures. Subjected to
emotional and figurative transformation, the sculptor's works have provided the aesthetic and
folklore traditions of the Armenian people, which in turn influence the consolidation of the
ethnic characteristics of the social psychology of the society and stimulate the formation of
nationalistic psychological reactions.

Difficulties in managing the processes of interaction of the population with cultural
values are due to the peculiarities of the perception of works of art, the educational
background of the individual, his competence in this type of art, as well as the qualitative
characteristics of the cultural value. Thus, art is a real non-violent means of forming the
national mentality and improving the inner world of people. Therefore, the use of art as a tool
for shaping the spirituality characteristic of the national culture and the way of thinking of an
individual is the most effective [2]. An individual who engages with art has a broader
emotional capacity. Therefore, the influence of art on such an individual in order to form a
way of thinking can be more effective.

Conclusion

Culture is a process of active human activity aimed at perceiving and changing the
world. Questions of purposeful formation and transformation of individual mentality are the
subject of continuous research. For the formation of the mental characteristics of the
individual, effective methods and means of intervention should be sought, with the
observance of moral standards and the unconditional supremacy of the rights of the individual
over his own way of thinking. It is important to focus on the background characteristics of the
environment in which the given society is located. Thus, it is possible not only to get
arguments that point to the fundamental possibility of actively influencing the way of
thinking, but also to reveal effective mechanisms of influence. Sargis Baghdasaryan was able
to successfully put the description of the national mentality formed during the centuries-long
struggle for existence of the Armenian people into the basis of his monumental sculptures and
obtain works that do not lose their modernity going into the future.
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HAIIUOHAJIbHBIV MEHTAJIUTET
B MOHYMEHTAJIBHBIX ITPOU3BEJIEHUAX CAPKUCA BATJJACAPSHA

A.A. Oransin

L Iywunckui mexHono2uueckutl yHygepcumem

TBOpquKaH pa60Ta CKYJIBIITOpa IpU3BaHa [JaTb  JIOIOAM JIOTIOTHUTEIIbHBIN
MMaTeTUYECKUI 3apsad, MO3TOMY BCJIHMKA €ro OTBCTCTBCHHOCTL IICPEA HAPOIAOM, KOTOpBIfI
OXHAACT OT C€ro HpOI/I3BCIICHI/II71 OMOIHWOHAJIBHOT'O Hakalid, BBbIPAXKCHUA BbIJAOININUXCA
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JYXOBHBIX JOCTHKEHUN. BbICOKME HIe0I0rnYecKre YCTOU U XYA0KECTBEHHBIN BKYC, a TAKXKE
WHIUBUAYAIbHOE MacTePCTBO CKYJIBIITOPA SIBJSIFOTCSI OCHOBHBIM KPUTEPUEM CO3JaHUS
HENpexoIsilIuX TBOpUeckux leHHocteil. Capkucy barpacapsiHy yaanoch yCHEIIHO OTpa3suTh
B CBOMX MOHYMEHTAJIbHBIX CKYJBIITypax Hal[MOHAIbHBIH MEHTAIUTET, C(HOPMUPOBABIIUIICS B
X0JI€ MHOT'OBEKOBOW OOpBOBI 32 BBIKMBAHME AapPMSIHCKOTO HApOJa, BOIJIOTUTH €r0 MOIIb U
nyx. OHU HE TEePSIOT CBOEH aKTyaJlbHOCTH U YBEPEHHO YCTPEMIICHBI B Oy TyIiee.

Knrouesvie cnosa:. CcxkynpnTypa, MOHYMEHTAJIBHOE HCKYCCTBO, HAIlMOHAJIbHBIN
MEHTAJIUTET, OOIIECTBO, MUPOBO33PECHHUE.
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Abstract

This article examines the challenges and strategies associated with collecting
critical information during different types of disasters. The use of technology and
specialized tools to collect data on various natural disasters, such as natural events,
industrial accidents, and health crises, is examined. It also emphasizes the importance of
cleaning this data to remove unnecessary information. It is shown that by mastering
these data collection techniques, more informed decisions can be made and disaster
management can be improved.

Keywords: emergency situation, man-made disaster, natural disaster.

Introduction

An important task for making decisions in a particular area is providing input
data. As research shows, the data collected varies depending on the subject of the study.
For example, they are different during man-made and natural disasters. A feature of
man-made disasters is that they can occur as a result of a combination of several events
or as a result of random accidents. The latter is difficult to predict. To eliminate them,
regulatory measures are provided to reduce the likelihood of these events occurring.

Applying machine learning techniques to data analysis will provide the
opportunity to identify patterns, trends and impacts of natural disasters (NDs) that may
influence future actions.

Improving decision readiness of systems through pre-security data storage and
processing is critical as it provides vital information for risk assessment, planning and
early warning systems.

During emergency situations (ES), to support and respond to emergency
situations, there is often a need for technologies for collecting and storing data in real
time.
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Post-security data analysis and long-term storage technology provides
stakeholders with the necessary tools to analyze important information. This includes
any emerging trends related to ES and by storing this information in a secure database
system, society can learn from the mistakes of the past.

The use of a particular data collection and processing technology depends on the
nature of the disaster.

As practice shows, the information received is accompanied by noise.
Therefore, it is important to consider special methods by which this information is
cleaned and only the part that is useful is retained.

The choice of hardware and software for organizing the receipt of information and
its processing is important, and in this regard, the article provides their classification by
purpose.

Let's consider the proposed technologies for collecting and storing the necessary
data before, during and after ES [1].

Conflict Setting

The goal of the task is to propose an integrated approach to the classification of
disasters for the simultaneous collection, purification and analysis of parameters
characteristic of disasters.

Research Results

To organize data collection before ES, it is proposed to use complex tools such as
sensor networks, which allow organizing constant monitoring of critical data.
Environmental, medical, seismic, and environmental sensors can be used as sensors.
Drones equipped with various types of sensors can be used to collect data. To organize
the storage and appropriate processing of data for decision-making, it is necessary to
select or develop software using elements of artificial intelligence, which will improve
the quality of informed decision-making and proactive measures. Among other things, it
is necessary to use software for remote sensing, environmental modeling and
geographic information systems (GIS).

We divide ES into the following: Technogenic or anthropogenic, natural
environmental disasters, Socio-economic crises compared to biomedical wars. Each type
of ES has its own unique characteristics, which take different forms and pose specific
challenges[2]. This means that it is necessary to have knowledge of how to properly
collect and separate information in order to effectively manage various Ess[3].

The proposed structure of the technology for collecting data before a disaster is
presented in Fig. 1.

Thanks to mobile apps, remote sensing tools, and Internet of Things (IoT)
gadgets, such information can be collected, analyzed, and stored faster, thereby
enhancing situational awareness for resource allocation as well as decision-making in
dynamic environments. Mobile apps are user-friendly designed for both first responders
and members of the public who would like to report cases or incidents, share
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information in real time or request assistance in times of crisis, facilitating rapid data
collection and transfer data.
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Fig 1 Pre-disaster technology structure

Remote sensing and imaging technologies are the application of high-resolution
imagery or video from satellites, drones, and aerial surveillance to aid in damage
assessment, resource allocation, or situational awareness [4].

The proposed structure of the technology for collecting data before a disaster is
presented in Fig. 2.

Therefore, after a disaster occurs, it is necessary to use real-time data collection
technologies, which leads to enhanced capabilities of emergency response services
based on the acquired data that they need to effectively manage situations. This
improves coordination among citizens who can exchange information among
themselves and also seek help when needed. It is critical that remote sensing solutions
provide visual evidence of resource destruction and deployment. In addition, these
remote information collection devices are always on, providing important information
about the environment and existing structures.
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Fig.2 During disaster technology structure
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In other words, through these techniques, awareness can be increased, thereby
encouraging timely response, ensuring efficient allocation of resources, ultimately
leading to improved disaster management and hence reducing its impact [5]. Archiving
and saving data is important here. To protect critical information on disaster-related
issues for subsequent research, it is important to use cloud-based redundant systems.

A structure for the technology for collecting data after a disaster has been
proposed, which is presented in Fig. 3.

Data Analytics and Machine Learning

2 v
Process and analyze collected data Data Archiving and Presentation
Y Y
Enable Insights into impacts, Establish secure and scalable data
paftterns and trends storage infrastructure

Y Y
Insure long-term preservation and

accessibility of critical disaster-
related data

Facilitate evidence-based decision-
making for future events

Y

Support research and policy-
making

Fig 3 Post-disaster technology structure

We are dealing with different classes of disasters and, therefore, information.

We divide disasters into: man-made, natural environmental, socio-economic,
biomedical and military disasters.

Disasters come in many forms, each with their own unique characteristics and
challenges. This requires knowledge of how to effectively collect and separate
information in order to manage the NDs that arise in all their diversity.

Technology, collection and processing equipment are given in Tab. 1.

Information collection focuses on tracking disease spread, hospital capacity,
vaccine distribution and public health data.

In the field of ND management, there is nothing more important than accurate
and reliable data. However, data collection sometimes suffers from what we call
“information noise,” which refers to irrelevant or incorrect information that can distort
the decision-making process. Given the importance of the task, various methods are
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used to clean data and are required to be clear, reliable and not distracting during
emergencies. For this purpose, the following classification of methods and mechanisms

APPROACHES BEFORE, DURING AND AFTER EMERGENCIES

for cleaning data from information garbage is proposed.

Collection and Processing Equipment

Table 1.

Cameras and

Class ES Technology Collection Processing software | Hardware and
Collection of information with Information software:
information ardware processing

information

Technogenic or | Sensor networks | Sensors DBMS in real time Geographic

anthropogenic - gas leaks Information

- chemical spill Systems (GIS)
- structural
integrity

Monitoring level
of pollution

- seismometers

- presence of radon
- water quality

- air quality

software systems
remote sensing,
software modelling
of the environment.
Forecasting the
spread of pollution.
Geospatial tools
that help map and
estimate ecological
destruction.

Drones sensors
Natural and Meteorological Sensors: requires real-time Satellite systems
ecological monitoring - level of liquid in data collection for Drones:
catastrophes data: wells early warning To assess the

impacts of ES

Biomedical and
military
catastrophes

Diagnostic
Devices, Remote
Patient
Monitoring,
Autonomous
Ground Vehicles

Medical sensors for
tracking trends in
vital signs and
spreading diseases.
Special equipment
for disease testing
and sample
analysis.

Electronic medical
record software
(EHR) for
monitoring patient
information.
Software
epidemiological
modeling

High-Performance
Computing (HPC)
Clusters, Field-
Deployable Servers,
Data Analytics
Platforms,
Cybersecurity
Solutions

Advanced filtering algorithms as data filtering algorithms help identify and
remove outliers and anomalies or small deviations that do not correspond to expected

values.

Follow strict validation as data verification and quality control’s processes to
combine high-quality data sets so that they meet predefined standards set by their

owners, such as variable range checking, variable type checking, consistency checking.
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When studying information, contextual analysis should always be understood in
its situation, otherwise known as contextual analysis, where differences may arise. By
taking into account the information around it, one can easily determine the existence or
non-existence if any inconsistencies within it, thus discarding any extraneous details.
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Fig 4 System'’s proposal structure from disaster state view point

In some cases, using crowdsourced data from various individuals or sources is
useful in verifying that individual pieces of data have been entered correctly into the
system. This is especially true for real-time data verification during natural disasters.

The use of machine learning algorithms in data analysis helps to identify patterns
in information, as well as distinguish between relevant and irrelevant. These algorithms
improve with use and become better at filtering out noise.
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The noise can be determined by an expert familiar with the subject. Thanks to
their knowledge in certain areas, they are able to distinguish between reliable and
erroneous figures.

To check consistency or inconsistency, compare recent data obtained from
current disaster management situations and historical records. Old records can serve as
a criterion for determining the reliability of incoming facts.

Analyze metadata associated with data sources to determine how reliable and
valid they are. Unreliable sources are always indicated by suspicious circumstances
surrounding them, indicating potential sources of noise.

User feedback mechanisms are necessary to ensure quality processing of any
form of data available on the Internet, either automatically or manually through human
intervention processes to ensure timely correction before the situation worsens.

Combine multiple sources of information together, cross-checking their content
using merging techniques; this will help check some information in different data sets if
they are consistent, thereby completely removing background noise.

Establish control systems that monitor data quality over an extended period of
time, thereby maintaining expected standards along the way to improve decision-
making purposes. This makes it possible to immediately identify as well as correct any
events leading to undesirable data quality in a given case where such problems arise
unexpectedly within a short period of time, leading to unpleasant consequences for the
desired results due to the incorrect definition of the time frame itself.

Below you can see Fig. 4, which presents the systematic proposal of the above
process sequences within this work.

Conclusion

1. Based on an analysis of information collection technologies, recommendations are
given for their use depending on the nature/class of the safety system and time (before, during
and after disasters).

2. Structures of information collection technologies are proposed that increase the
quality of decisions made.

3. The classification of filtering methods made it possible to organize the selection of
the necessary mechanisms for “garbage cleaning” in the collected data.

4. Recommendations are given on the use of types of sensors when collecting
information.
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Abstract

The problem of water pollution is becoming more and more urgent for the whole
world. Unfortunately, Georgia is not an exception, where water sources, despite their number,
are small and a significant part of them is polluted.

Unlike contamination of industrial wastewater treatment plants, which comes from
multiple diffuse sources, biological contamination results from the movement of precipitation
or snowmelt onto and into the soil. As runoff moves, it collects and transports natural and
anthropogenic pollutants and deposits them in rivers, groundwater, or lakes.

Special attention should be paid to the biological pollution of water sources, which
occurs as a result of washing or flushing of sources of anthropogenic biological pollution with
rain and melt water. After entering the water environment, under favorable conditions,
pathogenic organisms can multiply rapidly, which poses a threat to the environment.

Contamination of water sources is a major cause of water quality problems. The
impact of source water contaminants on specific waters varies and cannot always be fully
assessed. However, we know that these pollutants have harmful effects on drinking water
supplies and wildlife.

That is why it is necessary to find the source of biological pollution of water in order
to develop an effective method of its elimination.

Keywords: river, wastewater, Adjara region, water sources, pollution.

Introduction

Water pollution is one of the most important problems that people are trying to solve
these days in a variety of ways. Despite the measures taken to improve wastewater treatment
methods, the issue remains relevant. One of the most common is biological pollution, directly
related to the entry of pathogenic microorganisms, bacteria, viruses and protozoa into water

[1], [12].
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The main sources of contamination include wastewater [2]. Their bacterial
contamination is characterized by the coli titer value, that is, the volume of water in milliliters
that contains E. coli. This type of pollutant is most often found in domestic and wastewater
from factories, wool washers and hospitals.

Conflict Setting
The purpose of the research is to study the sources of surface water pollution, develop
recommendations for their identification and treatment methods.

Research Results

Organic compounds and microorganisms can enter both surface and groundwater,
causing serious damage to ecosystems. The danger is primarily caused by pathogens of
infections and diseases that negatively affect the health of people and animals. In the worst-
case scenario, they can lead to total or irreversible consequences [3].

Organic pollutants include substances of plant, animal and chemical origin. The first
category is the remains of vegetables, fruits, paper, the second is waste products of humans
and animals, as well as various fatty and muscle tissues. Chemical pollutants are a particularly
dangerous category, represented by petroleum products, pesticides and various industrial
wastes [4].

Of the 341 studied water sources in Adjara, 144 were contaminated with E-Coli
pollution (Tab. 1), 10 of them were marked by the presence of household waste, and in 2,
turbidity was periodically observed (Tab. 2) [5].

Table 1.
Number of rivers contaminated with E-Coli
Municipality Number of polluted sources Number of unpolluted Total
sources
Kobuleti 40 34 74
Khelvachauri 17 52 69
Keda 17 45 62
Shuakhevi 19 43 62
Khulo 23 23 46
all 144 197 341

Petroleum oils cause the greatest harm to water in open sources, as they are extremely
persistent pollutants and can spread over long distances [6]. The most dangerous are the light
fractions, which actually completely stop gas exchange between water and the atmosphere,
forming a film. Within one country, pollution with such substances can be local or regional

[71.
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Everyone knows the fact that on the territory of the city of Batumi there were oil
refineries and chemical plants, on the territory of which the depreciated old systems still
pollute the Baartskhanistskali and Kubistskali rivers (Fig. 1) [8].

Table 2.
Number of rivers with high turbidity
Municipality Number of polluted sources Number of unpolluted Total
sources
Kobuleti 44 30 74
Khelvachauri 37 32 69
Keda 45 17 62
Shuakhevi 32 30 62
Khulo 31 15 46
all 217 124 341

Fig. 1. Source of oil pollution in the Baartskhanistskali and Kubistskali rivers.

Water contamination with bacteria and pathogenic microorganisms can lead to
outbreaks of dangerous intestinal diseases. This is possible primarily if the quality of the
treatment systems is insufficient or if they are absent. For this reason, third world countries
are considered the main centers of such diseases. In this case, the danger may come not from
the drinking water itself, but from the organisms living in it and the compounds formed as a
result of various reactions.

Among them is hydrogen sulfide, a substance that can cause serious harm to the body
if formed outside the human body. In this case, it is extremely toxic and can affect various
organs, including the liver and stomach. Sometimes, to suffer from bacterial contamination, it
is enough to wet your hands or food, but the substance produces an unpleasant odor [9], [11].

According to the studies of the London School of Hygiene and Tropical Medicine, one
of the most common methods of cleaning water from microbiological contamination in the
household environment is boiling. It kills 85 to 99% of bacteria [12], that die at high
temperatures, but do not make the water suitable for drinking. Biological pollutants can also
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be removed using electrocoagulation and electroflotation in electrolyzers. During purification,
contaminants are absorbed by aluminum and iron hydroxides formed during the process and
are then removed through sedimentation, flotation or filtration [5].

N
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b ""‘f';
|

. shsdill

Fig. 2 Mobile station for water quality monitoring
and a sample of typical output of this station.

To identify biological contaminants in the age of modern technological boom, we can
use:

1. Traditional laboratory tests in accredited laboratories, which are time-consuming
and require on-site processing of samples (see process description below);

2. 2. Technological innovation "portable TLF sensors"” working on site 24/365, which
shows the change in the level of E. coli pollution in the swimming areas of the sea (Fig. 2)
[12];

3. DipTest method - in the sample taken from the water source, pre-prepared litmus-
like impregnated paper (with dimensions 70mm*5mm) is placed and observed which area of
the paper will be colored (Fig. 3). With this method, it is possible to determine the level of
pollution in 60-65 minutes [13];

4. On the banks of the rivers, it is possible to place a sensor device, the sensors of
which perceive e. coli content in water and records it, but it should be noted that this device is
new and its accuracy is still a subject of research.
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Among the listed methods, traditional laboratory studies stand out among the most
common ones, but its main disadvantage is still time-consuming, when field laboratory
studies range from 60 to 120 minutes. However, it should be noted that the laboratory analysis
compared to other types of research gave us 100% accuracy, which is a very important factor.

Rehabilitation measures should be carried out immediately after river pollution. These
measures vary depending on the type of pollutant.

e One of these measures is mechanical cleaning. For this purpose, disposal of solid
waste discharged into rivers is carried out using containment and collection devices/devices.

e Another most common practice is phytoremediation. Several species of plants are used
to effectively remove heavy metals from polluted rivers. For example, Eichhornia crassipes
(water lily) is used to absorb cadmium and copper. Similarly, the symbiosis of blue-green
algae Azolla-anabena and Azolaii is used for bioremediation of rivers polluted with arsenic
and other metalloids[9].

e Some types of bacteria and derivatives of some fungi are used to break down
pollutants in rivers (biodegradation). Acintobacter, Pseudomonas, Imycobacter species
destroy alkanes, monoaromatic and polyaromatic substances, respectively[10].

e The study of the state of water sources and the development of recommendations for
the treatment of waste water, taking into account the existing modern technologies, should
continue the research.

Conclusion

Based on all of the above, it is recommended to arrange periodical or permanent mode
research points on the rivers to monitor them to determine the level of pollution. The selection
of the mentioned points and the selection of the research type require additional studies,
which we will propose in future editions.

This research [N PHDF-22-2127] has been supported by Shota Rustaveli National Science
Foundation of Georgia (SRNSFG)
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NCTOYHUKU 3ATPASHEHUSA IOBEPXHOCTHBIX BO/I: PASBPABOTKA
PEKOMEHJIAITMH IO X OBHAPYKEHHWIO U METO/10OB ITIPO®HUJIAKTUKH

I'ypam Jdapunnze
I'pysunckuii Texnuueckuil ynusepcumem

[Ipobnema 3arpsi3HEHHS BOJBI CTAHOBUTCS BCE O0Jiee aKTyalbHOM A Bcero mupa. K
COXXaJeHUI0, ['py3ust He SABIAETCS MCKIIOYCHHEM, I/Ieé MCTOYHHKH BOJBI, HECMOTpPS Ha HMX
KOJIMYECTBO, HEBEJIMKH 1 3HAYUTENIbHASI X YacTh 3arpsi3HEHa.

B omnmmume OT 3arpsA3HEHMS TNPOMBIIUICHHBIX OYHCTHBIX COOPY)KEHHH, KOTOpOe
NPOMCXOAUT W3 HECKONBKUX AU(QY3HBIX HMCTOYHUKOB, OHMOJOTHMYECKOE 3arpsi3HCHHE
BO3HHMKAET B pe3yJbTaTe IEepeMEIleHHs OCaJKOB WIJIM TaJoro CHera Ha rmouysy u B Hee. Ilo
Mepe JBMKEHHSI CTOK COOMpAET M NEPEHOCUT MPUPOIHBIE U AHTPOIIOT€HHBIE 3arPsI3HUTENN U
OTKJIAJIbIBACT MX B PEKH, TPYHTOBBIE BOJIBI WIIU 03€pa.

Ocoboe BHHMaHHE CIEIYeT YACIUTh OHOJIOTMYECKOMY 3arps3HEHHIO BOJHBIX
HCTOYHHMKOB, KOTOPOE IPOUCXOJUT B PE3YJIbTATe MPOMBIBKH WJIM MPOMBIBKM HCTOYHHKOB
AHTPOIIOr€HHOTO OMOJOTHYECKOr0 3arpsA3HEHUs J0KAECBBIMU U TajdbIMH BojamH. Ilonmanas B
BOJIHYIO Cpey, IpU OJarONpHsTHBIX YCIOBUSX OOJIE3HETBOPHBIE OPraHU3MBbl MOTYT OBICTPO
Pa3MHOKAThCs, YTO MPEICTABISET YTPO3Y ULl OKPYKAIOIIEH Cpe/bl.

3arpsi3HeHUE UCTOUHUKOB BOJIbI ABJISICTCS OCHOBHON MPUUYMHOM MPOOJIeM ¢ Ka4yeCTBOM
BOJIbI. Bo3zelicTBue 3arpsi3HUTENEH HCXOMHON BOJBI HA KOHKPETHBIC BOJIBI BAPUPYETCS U HE
BCerja MOXKET OBbITh MOJHOCTBIO OlleHeHO. OJHAaKo, Mbl 3HaeM, YTO 3TU 3arpsA3HUTENN
OKa3bIBAIOT BPEIHOE BO3/ICHCTBUE HA 3aM1achl MMTHEBOM BOJIBI M IUKYIO IIPHPOTY.

BoTr mouemy HEOOXOIMMO HAWTH HCTOYHMK OMOJIOTMYECKOTO 3arpsi3HEHHs BO/IBI,
4T00BI pazpaboTaTh 3(h(HEeKTUBHBIA METO/ €r0 YCTPAaHEHHUS.

Knrouegvie cnoea: pexa, cTOUHbIE BOABI, AJDKapCKUIl PErvMOH, BOJHBIE MCTOYHHKHU,
3arpsi3HEHUE.
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Abstract

The Areni-Khachik pumping station raises the waters of the Arpa river from the 976 m
mark to the pressure basin located at the 2012 m mark of the upper mountain pass of the
Khachik village, from which the water was given to the Khachik community with a maximum
output of 415 I/s and to the Amaghu village with a maximum of 41 I/s. with output.

The pumping station has three stages, the engine rooms of which are located: First
stage, on the right bank of the Arpa river at the mark of 975 m, with a geodetic pumping
height of 318 m, pumping output of 582 I/s. Second stage: at the 1295 m mark of the site near
the Areni-Khachik highway, with a geodetic elevation of 370 m, pumping output of 456 I/s .
And the third stage: at the site of 1651 m near the Areni-Khachik highway, with a geodetic
elevation of 361 m, pumping output of 456 | /v .

All three stages of the pumping station belong to the class of high-pressure pumping
stations, with a relatively small discharge output and high pressure, the specific power
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consumption of which is significantly higher. Analyzing the technical condition of the
pumping station, a program is proposed to implement its reconstruction and reduce operating
costs.

Keywords: river, pump, cavitation, hydraulic shock, pipeline.

Introduction

The Areni pumping station was operated in 1974 to irrigate the lands of Areni,
Khachik, Amaghu and Rind border settlements of the Yeghegnadzor region with water from
the Arpa river.The building of the pumping station is located on the right bank of the Arpa
river. Formerly, 9 high-pressure pumping units and 2 low-pressure pumping units were
installed in the engine room to create excess pressure at the inlet of the propulsion pumps.

The Areni pumping station supplied irrigation water in opposite directions: the left-
hand branch for Areni, Amaghu, Khachik settlements, and the right-hand branch for irrigating
the lands of Areni and Rind settlements through two separate pipelines.The hydraulic system
of the left-hand branch of the pumping station is a three-stage pumping station, and the right-
hand one is a single-stage one.

After operation of the Hermon-Yelpin gravity two-line water pipeline (2007), the
lands of Areni and Rind settlements fell under the service of this (Hermon-Yelpin) water
pipeline, which eliminated the need to mechanically pump water through the right-hand
branch of the Areni pumping station.

At the same time, an opportunity was created and, without serious professional
justification, it was implemented from the end of the high-pressure line of the Hermon-Elpin
water pipeline, bypassing the pumping station and using the pumping pipelines on both sides
of the pumping station, to raise water by gravity to the 2nd stage pumping station of the left
branch. Irrigation of the land areas of the right-hand branches of the Areni pumping station in
full, and the left-hand branch, partially replaced by gravity mode, led to the following: The
Areni coastal pumping station was completely shut down , its maintenance costs were saved
(mainly by reducing the installed capacity of several thousand kilowatts of electricity). About
1,000 I/s of the output from the Arpa river previously taken by the pumping station is
currently flowing outside the borders of the Republic of Armenia.

Currently, the irrigation water supply of Khachik settlement lands is carried out by the
2nd and 3rd level pumping stations of the left side branch of the Areni pumping station. Many
years of operation of high-pressure branch water pipelines built in mountainous terrain show
that they do not produce their design output. The elevated land areas of Vernashen, Gladzor,
Aghavnadzor, Rind and Yelpin settlements are under the service of the Hermon-Yelpin high-
pressure highway complex pipeline. The water supply of Vernashen and Gladzor settlements
is carried out by throttling the remote control valves to closing in order to ensure the
necessary pressure. As a result, in the case of feeding the 2nd level of Areni from the end of
the water pipe, the problem of pressure increase occurs again, which is accompanied by a
decrease in the output given to other consumers. Therefore, the already overloaded line of the
water pipeline, by adding another high consumer, leads to a violation of the stability of the
water supply to the settlements of Arpi Aghavnadzor, Rind, Yelpin. The modified scheme of
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the Areni pumping station hydronode is shown in Fig.
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Fig. Scheme of Areni pumping station structures
(geometric and hydraulic design parameters)

Since the system of the left side branch of the Areni pumping station is provided only
for irrigation water supply of land areas of Khachik settlement, then the three-stage pumping
station should be renamed three-stage pumping station of Khachik, or Khachik pumping
station.

Conflict Setting

The task is to study technical condition of the Khachik three-stage pumping station
and develop a plan for its reconstruction.

Research Results

1. Description of the condition of the 1st stage structures of the Khachik pumping

station:
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Approaching canal: The intake of the head of the approaching canal is located on the
right bank of the embankment built on the Arpa river. The canal has a rectangular section, has
a length of 460 m and a drop of 4 m, the average slope of the bottom is 0.0087. The channel at
the lower end joins the receiving basin of the pumping station, from which the water is
delivered by a buried pipe to the outside collector on the north wall of the engine room. The
height of the wall of the approach channel is 1.1 m at the entrance section of the headland, the
width of the floor is 1.4 m. The technical condition of the approach canal is satisfactory, it is
necessary to carry out surface coating of the floor and walls in order to increase the degree of
unevenness to n=0.014, and to plan the implementation of measures to establish a type a2
curve of the free surface of the water current along the length of the canal.

An automatic metal grid should be installed in the cut at the end of the approach canal
for removing floating sediments. The technical condition of the receiving basin is very
unsatisfactory. It should be completely reconstructed and adapted to the hydraulic regime
above the approach canal and an appropriate damping measure should be implemented to
maintain a constant water level in it.

Engine room: All the power equipment was dismantled: 11 hydro turbine units,
suction and discharge pipes with their valves, reverse dampers and shaped parts, electrical
equipment, control and protection cabinets, hoist. Briefly, the engine room is empty.

Lifting pipeline: The pipeline is single-line, the length of which is 2215 m, the
diameter is 630 mm. Around 450 m of the pipeline's origin is buried. Previously, the
maximum output through the pipeline was 682 I/s. Currently, the pipeline is fed from the edge
of the Hermon-Elpin gravity aqueduct. According to the operator's information, a pipe burst
recently occurred in the buried section of the pipeline. The above-ground section of the
pipeline is equipped with compensators. A professional survey is required to determine the
technical condition of the pipeline.

Anchor and free supports The anchor and free supports (concrete, partly metal) of
the pipeline were destroyed and some free supports were deprived of their function of
creating countermeasures. All supports are rebuildable.

Pressure basin. The pressure basin has the necessary height in relation to the pump
shaft, which ensures the requirement to create an excess pressure at the inlet of the latter. The
basin has two departments. receiver and accumulator. The receiving section of the basin is
damaged in the bottom part, the accumulating section is filled with heavy rubbish. The pool
does not have a car ramp or a slope pad. The pressure tank needs repair.

2. Description of the condition of the structures of the 2nd stage of the Khachik
pumping station:

Receiving Basin: The 2nd stage intake basin is the 1st stage pressure basin. The
intake basin of the 2nd stage has the necessary height relative to the pump shaft, which
ensures the requirement of creating an excess pressure at the inlet of the latter. The technical
condition of the basin is mentioned above in the description of structures of the 1st degree.

Engine room and auxiliary buildings. The engine room and service building need
renovation. There are two parallel-connected pumping units with a capacity of 630 and 500
kW, each of which is in a single operating mode.
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Lifting pipeline: The pipeline is single-line, the length to the intermediate pressure
basin is 2770 m, with diameter 530 mm. The entire length of the pipeline is above ground.
Water from the intermediate basin is supplied by gravity to the duke site passing through the
deep gorge, at the end of which the receiving basin of the 3rd level pumping station is built.

A professional survey is required to determine the technical condition of the pipeline and
duker pipe. As a separate issue, it is necessary to study the expediency of the presence of a
large slope canal on the thrust tract.

Anchors and free supports: The anchor and free supports (concrete, partly metal) of
the pipeline were destroyed and some of the free supports were deprived of the function of
creating countermeasures. All supports are rebuildable.

Intermediate and edge pressure basins

Intermediate pressure basin and edge basin need repair. The pressure head basin,
which is the receiving basin of the stage 3 pumping station, does not have a perfect drainage
system to the nearby gorge. Short-term free discharge of water from a basin with a sloping
slope needs to be studied.

3 Description of the state of structures of the 3rd level of the Khachik pumping
station:

Receiving basin : The 3rd stage receiving basin has the necessary height relative to
the pump shaft, which provides the requirement to create an excess pressure at the inlet of the
latter. he technical condition is described above in the description of Tier 2 structures.

Engine room and auxiliary buildings . The engine room and utility building need
repair. Two 1000 kW parallel-connected pumping units are installed in the hall, each of which
is in single operation mode. There is a mismatch of the installed pumping unit (L[XC-300-
600) with the pressure front of the pumping station.

Lifting pipeline. The pipeline is two-line, 420 mm and 320 mm in diameter and has
an equal length of 2650 m. Except for a short length of origin, the pipelines are buried up to
the final pressure basin. The technical condition of the 2 pipeline lines is not sufficient for
reliable and safe operation.

Anchor and free supports. The anchor and free supports (concrete, partly metal) of
the short length of the pipeline were destroyed and some of the free supports were deprived of
the function of creating countermeasures. All supports are rebuildable.

Last pressure basin (bomb station): The pressure tank needs repair. In case of an
accident of the gravity aqueduct supplying water to the Khachik settlement, there is a drainage
pipeline in the basin.

For the reconstruction of the 3-level engine rooms and auxiliary buildings of the Khachik
pumping station, to obtain a conclusion on their seismic resistance.

It is recommended:

1. To determine the amount of water supply necessary for irrigation of the lands of Khachik
settlement, based on:

a. the possibilities of applying the latest irrigation technologies.

b. occupying the land with agricultural crops with high yield and relatively low water
demand (provide justifications for the effectiveness of the proposed crops);
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C. security reasons, to provide the border lands for the foundation of gardens instead of
wheat;

d. construction of water basins requiring relatively small anti-filtration measures in the
surrounding area of Khachik village, for the accumulation of water pumped by pumping
stations at night.

3. for the 1st stage pumping station of Khachik, to develop and implement a self-priming
method of pumps without the need for a charging pump system (two charging pumping units
were planned in the previously operating pumping station).

4. to select the diameters and wall thickness of the pumping pipelines of all three stages of the
Khachik pumping station according to the calculated output defined in point 1, taking into
account the magnitude of the pressure increase that occurs in the event of an emergency
power outage of the pumping station.

5. to maintain the current locations of pumping station engine halls and auxiliary buildings,
pressure basins, suction tract pipes and the coordinates of the pumping pipelines.

6. make a topographic survey of the pipelines of pumping stations of the 1st and 2nd levels,
10 m wide on both sides, marking the number of the support and the distance from the starting
point.

7. find out the geological, elemental, structural and operational reasons for the deterioration of
anchor and intermediate supports and develop the use of protection measures and measures
against them. To develop and implement structural arrangements for placing the pipe on the
intermediate support to ensure easy longitudinal movement of the pipe due to thermal
deformation. In areas with a large slope of the terrain, to reduce the distance between the
anchor supports.

8. in order to avoid the occurrence of cavitation phenomena, establish the largest possible
excess pressure in the suction tract of the pumps to obtain a cavitation reserve.

9. to provide comprehensive automatic protection measures against hydraulic shock and
extreme air emissions for the pumping pipelines of a three-stage pumping station and to
develop rules for their safe operation [1, 2, 3].

10.to increase the volume of the pressure basin of the 1st stage pumping station, so that in
case of an emergency power outage caused by the local nature of the electric motors of the
pumps, the possibility of short-term accumulation of water (provide the necessary
justification) is created.

11. to develop a software alarm system and carry out installation, testing and verification of
its devices in case of emergency power failure occurring due to local nature in any of the
stages of the pumping station.

12. to provide all stages of the pumping station with a small power source to meet their own
needs (especially at night). To find out the possibility of providing low voltage electric current
from another substation as such source.

Conclusion
Analyzing the technical condition of Khachik three-stage pumping station, it is
recommended to include in its reconstruction plan:
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1. To rebuild the former "Areni" 1st stage pumping station, renaming the "Areni"
three-stage pumping station to "Khachik" pumping station.

2. The "Khachik" pumping station includes the first reconstructed stage and the second
and third stages of the “Khachik” pumping station.

3. 180...200 I/s output should be set for the irrigation of land areas of Khachik
settlement, instead of the previous output of 451 I/s.

4. All stages of the "Khachik" three-stage pumping station will receive water
exclusively from the Arpa river through the existing approach canal.

5. To give 50 I/s output from the operating branch of the Hermon-Yelpi water pipeline
in gravity mode for irrigation of the high lands of Areni settlement.

6. When determining the size of the water intake from the Arpa river, take into
account the cooling water outputs necessary for the own needs of the 2nd and 3rd stages of
the pumping station.

7. To provide the 1st level of the pumping station with the left compartment of the first
level engine room of the former pumping station, in which to install 2 identical self-priming
pumping units without a charging pump (as before) with parallel connection. One of these
units is intended as a spare.

8. To carry out repair work in the 2nd and 3rd levels of the pumping station according
to the new project.

9.To equip clearly defined siphon sites on the Hermon-Yelpin water pipelines with
high-efficiency ventilation and automatic ventilation devices.

10. Development of pressure increase measures in the suction tract of the second stage
of the pumping station, based on the results of its hydraulic modeling.

11. In the Khachik three-level system reconstruction project, to include the
introduction of modern means of remote control in order to ensure safe management of the
system in conditions of power outages of pumping stations.

12. In terms of improving the work of the Hermon-Elpin water pipeline, to include the
issues of ensuring operational safety and increasing efficiency, including:

= ensuring the design capacity of the aqueduct;

= reduction of the maximum pressure of the aqueduct by 11 mtn;

= reconstruction of river crossings;

= development of measures for safe passage of water lines in Chiva village;

= furnishing of well-defined siphon sites of water lines with modern ventilation and
ventilation devices [4];

= model studies of complex junctions (siphon, duker sites, river crossings).
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