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ROLE OF INNOVATIVE APPROACHES IN SOLVING SOME
ENVIRONMENTAL PROTECTION PROBLEMS

S.A. Ostroumov?!, G.G. Matishov?, E.A. Kriksunov?, L. Jovanovic®, Xiang Cai*

Moscow State University, Moscow, Russia; 2South Federal University,
Rostov-na-Donu, Russia; SALPHA University, Belgrade, Serbia;
4Comenius University, Bratislava, Slovakia

The goals of environmental protection are closely connected to and integrated with the
goals of sustainable development. The goals of both environmental protection and
sustainable development are multiple and covers the multitude of modern challenges
and issues.

Here we would like to briefly consider and analyze the role of innovative technologies
in search of solutions to these issues: (1) protection, rehabilitation and sustainable use
of aquatic ecosystems; (2) studying and protection of biological factors that are
instrumental in protecting some parameters of the biosphere and climate; (3)
dissemination of environmental science knowledge.

Innovative technologies are key factors to solution of all of these issues. These are
some selected examples:

(1) Protection, rehabilitation and sustainable use of aquatic ecosystems. It is important
to use advanced innovative technologies that allow to restore the normal functioning of
aquatic ecosystems toward efficient water self-purification. To facilitate this, it is helpful
to apply innovative technologies on the basis of the innovative theory of biomachinery
of ecosystem-driven water self-purification which was presented in a series of papers
in the journals of Russian Academy of Sciences (“‘Ooknagbl akagemun Hayk’,
“Qkonornga”, and others) and in the book of Moscow State University, entitled: “Studying
Biotechnology of Biospheric Biomachinery“ (Moscow, 2024).

(2) Studying and protection of biological factors that are instrumental in modification
and/or regulation of some parameters of the biosphere and climate. The short list of
these vital biological factors was formulated and analyzed in the above-mentioned
book. Among these biological factors are some fundamental and vital biological
processes, e.g., photosynthesis. Globally, photosynthesis contributes to regulation and
formation of the current level of carbon dioxide (CO2) which is 417 ppm or 0.0417%
(April 2022). Carbon dioxide is among the most important greenhouse gases that
influence the temperature in the atmosphere. Modern biophysical studies of
photosynthesis are based on the most advanced technologies.

(3) Dissemination of environmental science knowledge, environmental education. This
includes the necessity of rapid analysis of the multiple environmental science papers
and books which are being published every month in large quantities. On the basis of
this analysis, it is highly needed to produce short easy-to-read digests of the content of
these publications. In this work of preparing the short digests, a useful contribution can
be made by the instruments of artificial intelligence (Al).

All in all, innovative technologies including Al and others are vital tools in achieving
goals of environmental protection and sustainable development.

Keywords: environmental protection, global change, biosphere, climate, artificial
intelligence (Al).
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RARE METALS, WITH SPECIAL REFERENCE TO RARE EARTHS
1Professor emeritus Larisa Jovanovié, 2Academician Slavko Mentus

!Alfa BK University, Belgrade, Serbia
2Serbian Academy of Sciences and Arts

Rare metals are the conventional name for a group of metals (over 50), highly
dispersed and, scarce finding in the earth's crust. Their production began to develop
especially after the 2nd World War. The application areas of rare metals in various
fields and countries are expanding rapidly. Rare metals are essential for new branches
of technology such as high-speed aviation, nuclear power, the production of supersonic
rockets, electric cars, batteries and electronics. Their separation from raw materials
and obtaining them in pure form is associated with great technological difficulties due
to the complexity of the process of obtaining a profitable ore concentrate.

During magmatic processes, lanthanides accumulate in granitoids and especially in
alkaline rocks. 33 cerium and 9 lanthanum minerals are known. The remaining
lanthanides are included as isomorphous impurities in the crystal lattices of other
minerals, mostly rare earths.

In many minerals, lanthanides isomorphously replace Ca, U, Th.

Rare earths (lanthanides) are a set of 17 nearly indistinguishable lustrous silvery-white
metals. Compounds with lantanides have applications in technological processes.
Lanthanides are divided into two subgroups: light rare earths (lanthanum La, cerium
Ce, praseodymium Pr, neodymium Nd, promethium Pm, samarium Sm), and heavy
rare earths (yttrium Y, europium Eu, gadolinium Gd, terbium Th, dysprosium Dy,
holmium Ho, erbium Er, thulium Tm, ytterbium Yb and lutetium Lu).

In natural minerals, lanthanides are found exclusively in the form of a mixture, which is
very difficult to separate due to the similarity of chemical properties, but there are
numerous applications for which separation is not necessary. However, in the past 50
years, efficient methods of separation and production of pure metals and compounds
have been developed.

Methods of separation of lanthanides are based on small differences in the properties
of their compounds. Previously, fractional crystallization of salts and fractional
precipitation (hydroxides, sulfates, oxalates, etc.) were used for this purpose. In
addition, separation schemes exploit the ability of some lanthanides to oxidize to the
tetravalent state or reduce to the divalent state (Sm, Eu, Yb).

Lanthanides (in the form of metals, alloys and chemical compounds) are used in
various branches of technology. Lanthanide additives improve the structure of alloys,
their mechanical properties, corrosion and heat resistance of steel, cast iron, aluminum
and other alloys.

Additions of oxides of various lanthanides give the glass special physical properties
and colors. Lanthanide oxides are used for coloring porcelain, glazes and enamels.
Borides of some lanthanides are used to make cathodes for high-power electronic
devices.

12
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Lanthanides are included in the composition of crystals for lasers (the addition of
lanthanide compounds to CaF: crystals).

In nuclear technology, lanthanides with a high thermal neutron capture cross-section
(Gd, Sm, Eu) are used for radiation protection and reactor control.

In the chemical and light industry, lanthanide compounds are used for the production
of varnishes and paints, luminescent compounds (phosphors), catalysts and
photoreagents.

Keywords: rare metals, rare earth, lanthanides,compounds,additives,mechanikal
properties, methods of separation
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ARTIFICIAL INTELLIGENCE (Al) AND HYDROGEN STRATEGY OF THE
REPUBLIC OF SERBIA

Dusan Vjestica!, llija Cosié?, Nikola Gradojevié®, Vladimir Dakovié?*

'Kosmos JSC Banja Luka, 2*“*University of Novi Sad,
Faculty of Technical Sciences, Novi Sad, Serbia
'dusan.vjestica@kosmos.ba, 2llijac@uns.ac.rs,

*hgradoje@uns.ac.rs, “v_djakovic@uns.ac.rs
Lorcid.org/0009-0003-0744-566X, 2orcid.org/0000-0001-9796-4452,
Sorcid.org/0000-0003-4001-3159, “orcid.org/0000-0002-3282-2899.

The global energy transition is becoming increasingly important due to the growing
challenges of climate change, dwindling fossil fuel supplies and the need for
sustainable development. Green energy, which encompasses renewable energy
sources such as solar, wind-generated, hydropower, geothermal, biomass and
hydrogen, is becoming a key factor in global efforts to reduce greenhouse gas
emissions and transition to a sustainable energy system. Green hydrogen is a
promising new technology with the potential to decarbonize a very wide range of
business sectors, with the primary task of reducing the carbon footprint, but also with
the secondary task of reducing the demand for natural gas and thus influencing the
market balance of these two energy sources. Hydrogen will be used in the future as an
energy source but also as a battery for energy storage. This makes it an important
option in supporting Integrated Energy Systems (IES) by effectively balancing
intermittent energy (RES) and uncertainty of energy demand and supply. It is planned
that hydrogen will be used in heavy transport (rail and sea), chemical industry
(production of ammonia, fertilizer and cement) as well as in the metal industry for
production (copper, iron and aluminum). In these applications, hydrogen is used
directly or converted into electricity by hydrogen fuel cells during maximum demand
and thus constitutes an energy vector. Due to its dual role and application in various
applications, hydrogen energy is taking precedence and is becoming more and more
recognized in a sustainable energy future, and due to the low energy density of
batteries, hydrogen will be important for the continued further development of electric
aviation. For these reasons, it is necessary to identify challenges, but also opportunities
for the development of green hydrogen projects in the Republic of Serbia. Atrtificial
intelligence (Al) and its applications such as machine learning (ML) and digital twin
(DT) are emerging as a powerful tool in bridging the gap between challenges and
opportunities. The most important role (Al) is reflected in forecasting analysis in order
to optimize processes based on pre-generated variables and through algorithms (ML)
to increase the efficiency of the system. The application (DT) provides the possibility of
a virtual modeling platform in the simulation and optimization of hydrogen systems
through modeling and testing in a virtual environment, as well as in the optimization of
fuel cell performance. Applications (Al) and (DT) integrated into energy grids can make
a significant contribution through real-time management of the production and
consumption process, through the management of smart grids and hydrogen
infrastructures. A review of the literature reveals a lack of scientific literature in the
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Serbian language written by authors from the Serbian scientific community that deals
with the challenges in the field of green hydrogen and the application of tools (Al) in
overcoming these challenges. This primarily refers to the application (Al) in the analysis
of existing infrastructure, markets (equipment, energy, supply and demand) and the
evaluation of all types of risks. The research should identify, explain and propose the
best solutions for overcoming the challenges faced by the green hydrogen sector in the
Republic of Serbia and thus contribute to the adoption of hydrogen strategies. This
paper finds its scientific and practical foundation and justification, emphasizing the
possibilities for continuous improvement of production technology, the development of
renewable sources as the most important resources for production, storage and
transport technologies, pricing policy, sources and methods of financing, financial
assistance and support for international projects, but also the development of own
financing policies. Summarizing all of the above, we conclude that the basis of the
research is the need of society, the scientific and professional community for a unique
concept that will enable the adoption of a national hydrogen strategy of the Republic of
Serbia with long-term benefits for society as a whole.

Keywords: artificial intelligence, hydrogen strategy, green hydrogen, machine
learning, digital twin.

Acknowledgements: This research is supported by the Ministry of Science,
Technological Development and Innovation and the Faculty of Technical Sciences,
Department of Industrial Engineering and Management, University of Novi Sad through
the project "Improving the Quality of Teaching in the Study Programs of the Department
through the Implementation of the Results of Scientific Research in the Field of
Industrial Engineering and Management".

VESTACKA INTELIGENCIJA (Al) | VODONICNA STRATEGIJA
REPUBLIKE SRBIJE

Dusan Vjestica!, llija Cosi¢?, Nikola Gradojevié®, Vladimir Dakovié?*

'Kosmos a.d., Banja Luka,
234Univerzitet u Novom Sadu, Fakultet tehnickih nauka, Srbija

Apstrakt: Globalna energetska tranzicija sve viSe dobija na znac€aju usled rastuéih
izazova povezanih sa klimatskim promenama, smanjenjem zaliha fosilnih goriva i
potrebom za odrZivim razvojem. Zelena energija, koja obuhvata obnovljive izvore
energije poput solarne, vetrogenerisane, hidroenergije, geotermalne, energije biomase
i vodoni¢ne energije, postaje klju¢ni faktor u globalnim naporima za smanjenje emisije
gasova sa efektom staklene baste i prelazak ka odrZzivom energetskom sistemu. Zeleni
vodonik je obeéavajuéa nova tehnologija sa potencijalom da dekarbonizuje veoma
Siroku lepezu poslovnih sektora, sa primarnim zadatkom da smanji karbonski otisak,
ali i sa sekundarnim zadatkom da umaniji potraznju za prirodnim gasom i na taj nacin
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utiCe na uspostavljanja trZiSne ravnoteze ova dva energenta. Vodonik ¢e se u
buduénosti koristi kao energent ali i kao baterija za skladiStenje energije. Ovo ga &ini
znacajnom opcijom u podrsci Integrisanih energetskih sistema (IES) kroz efikasno
balansiranje isprekidanosti (OIE) i neizvesnosti potraznje i ponude energije. U planu je
da se vodonik koristi u teSkom transportu (Zeljeznicki i pomorski), hemijskoj industriji
(proizvodnja amonijaka, veStackog dubriva i cementa) kao i u metalskoj industriji za
proizvodnju (bakra, gvozda i aluminijuma). U ovim aplikacijama vodonik se koristi
direktno ili pretvara u elektricnu energiju putem vodonik gorivih celija tokom
maksimalne potraznje i na taj nacin on predstavlja energetski vektor. Zbog dvojne
uloge i primene u razli¢itim aplikacijama energija vodonika zauzima primat i postaje
sve viSe priznata u odrzivoj energetskoj buducnosti, a zbog niske gustine energije
baterija, vodonik ¢e biti znaCajan za nastavak daljeg razvoja elektricne avijacije. Iz
navedenih razloga potrebno je identifikovati izazove, ali i moguénosti za razvoj
projekata zelenog vodonika u Republici Srbiji. Vestacka inteligencija (Al) i njene
aplikacije kao $to su masinsko u¢enje (ML) i digital twin (DT) se namec¢u kao moc¢ni alat
u prevazilazenju jaza izmedu izazova i moguénosti. Najznac&ajnija uloga (Al) se ogleda
u prognosti¢koj analizi u cilju optimizacije procesa na bazi unaprijed generisanih
varijabli i kroz algoritme (ML) na povecanju efikasnosti sistema. Aplikacija (DT) pruza
mogucnost virtuelne platforme za modeliranje u simulaciji i optimizaciji vodoni¢nih
sistema kroz modeliranje i testiranje u virtuelnom okruzenju, kao i pri optimizaciji
performansi gorivih Celija. Aplikacije (Al) i (DT) integrisane u energetske mreze mogu
dati svoj zna€ajan doprinos kroz upravljanje procesom proizvodnje i potrosSnje u
realnom vremenu, kroz upravljanje pametnih mreza (Smart Grid) i vodoni¢nih infra-
struktura. Pregledom literature, uo€ava se nedostatak nauéne literature na srpskom
jeziku pisane od strane autora iz srpske nau€ne zajednice koji se bavi izazovima u
oblasti zelenog vodonika i primjenom alata (Al) u prevazilaZzenju tih izazova. Tu se prije
svega misli na primjenu (Al) u analizi postojec¢e infrastrukture, trziSta (opreme, ener-
genta, ponude i potraznje) i evaluaciji svih vrsta rizika. Istrazivanja treba da identifikuju,
obrazloZe i predloZe najbolja reSenja za prevazilaZzenje izazova sa kojima se suoCava
sektor zelenog vodonika u Repubilici Srbiji i na taj nacin doprinesu donosenuju vodonic-
ne strategije. Ovaj rad nalazi svoje nau¢no i prakticno utemeljenje i opravdanost,
istiCu¢i moguénosti za kontinualno usavrSavanje tehnologije proizvodnje, razvoj
obnovljivih izvora kao najznac&ajnih resursa za proizvodnju, tehnologije skladistenja i
transporta, politiku cena, izvore i nacine finansiranja, finansijsku pomoc¢ i podrsku po
medunarodnim projektima, ali i razvoj sopstvenih politika finansiranja. Sumirajuci sve
navedeno zaklju¢ujemo da se u osnovi istraZivanja nalazi potreba drustva, naucne i
stru€ne zajednice za jedinstvenim konceptom koji ¢e omoguciti donoSenje nacionalne
vodoniéne strategije Rebublike Srbije sa dugoro¢nim benefitima po drustvo u celini.

Kljuéne reci: vestacka inteligencija, vodoni¢na strategija, zeleni vodonik, maSinsko
ucenje, digitalni blizanac.

Zahvalnica: Ovo istraZivanje je podrzano od strane Ministarstva nauke, tehnoloSkog
razvoja i inovacija i Fakulteta tehni¢kih nauka, Departman za industrijsko inzenjerstvo
i menadzment, Univerziteta u Novom Sadu kroz projekat ,Unapredenje kvaliteta
nastave na studijskim programima Departmana kroz implementaciju rezultata nau¢no-
istraZivackog rada u oblasti Industrijskog inZenjerstva i menadZmenta“.
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USING ELEMENTS OF ARTIFICIAL INTELLIGENCE TO DETERMINE THE
RELATIONSHIP BETWEEN TRACE ELEMENTS IN THE SOIL-CROP SYSTEM

Dr. Marina Kapitalchuk
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Selenium is a conditionally essential element for plants, and a vital element for
animals and humans. The purpose of this work is to study the effect of its potential
antagonists Fe, Mn, Zn, Cu, Cd on selenium accumulation by plants. The empirical
material for the analysis was soil and plant samples collected during field expeditions
in the Dniester valley. The content of microelements in the samples was determined
using an atomic absorption spectrophotometer. Analysis of empirical data showed that
there is a linear relationship between the concentration of zinc (gzn) and selenium (gse)
in the soil: gse = 3.44qzn + 12.21. However, the dispersion of experimental points is
significant, the correlation coefficient at the significance level of 0.05, and is only
+0.570. The correlation of selenium with other elements in the soil also turned out to
be positive, but the closeness of this relationship is insignificant. Thus, the correlation
coefficient for copper was +0.488, for cadmium only +0.463, and for iron and
manganese - close to zero. In the above-ground part of sunflower plants, the correlation
of selenium with the other elements under consideration was negative in all cases, but
the partial correlation coefficients did not differ significantly from zero. The influence of
antagonist elements in the soil on the amount of selenium accumulation in the
aboveground part of sunflower also turned out to be statistically insignificant, with the
exception of cadmium, which shows signs of antagonism to selenium. In this case, the
dependence of the selenium concentration (gse) in plants on the cadmium content (qca)
in the soil is linear: gse = —49.89¢cq + 298.3. However, even in this case, the dispersion
of the experimental values is so great that the correlation coefficient is only —0.426. No
relationship was found between the content of gross forms of selenium in soils and its
accumulation by plants, which confirms previously obtained results. The picture of the
relationship between microelements changes if we consider not the absolute value of
selenium accumulation by plants, but the coefficient of biological accumulation (Qse),
defined as the ratio of the amount of an element in a plant to its total content in the soil.
In this case, the antagonism of Zn (gzn) in relation to the intensity of Se accumulation
by sunflower is manifested at a statistically significant level (correlation coefficient -
0.585 at a significance level of 0.05). This relationship can be presented as follows:
Qse = 423.60zn18. In relation to Qse a weak antagonism with cadmium is shown
(correlation coefficient -0.417). The closest relationship was found between the
coefficient of biological accumulation of selenium by plants (Qse) and the total content
of the same microelement in the soil (gse). This relationship is well approximated by a
power function: Qse = 163.82 gse2.The correlation coefficient was —0.720 (with a
significance level of at least 0.05). This indicates an increase in the intensity of Se
absorption by plants with its decrease in the soil. That is, the nature of the dependence
of Qse of selenium by sunflower on the content of the microelement in the soil
corresponds more to a vitally important than a conditionally necessary nutrient.

Key words: selenium, trace elements, interrelation, soil, plants.
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NCNOJNIb30OBAHME JJIEMEHTOB UCKYCCTBEHHOIO MHTENJEKTA Ond
ONMPEAENEHUA BSAUMOCBA3UN MUKPOJJIEMEHTOB B CUCTEME «MMOYBA-
CENbCKOXO3AUCTBEHHbLIE PACTEHUA»

Hou. MapuHa Kanutanb4yk
MpunagHecTpoBCKMin rocyaapcTBEHHLIN yHMBepcuTeT, Tupacnons, Mongosa

CeneH siBNsieTCH YCNOoBHO HEOBXOAUMbBIM 3fIEMEHTOM AN pacTeHURn, a AN XXUBOTHBIX U
YernoBeKa XXU3HEHHO He0bXoaMMbIM 3aneMeHTOM. Lienbto gaHHom paboTbl M3y4nTb BNUSHME
Ha akKyMynsauumio ceneHa pacTeHVsMu ero noTeHumnanbHbIMM aHTaroHuctamm Fe, Mn, Zn,
Cu, Cd. OMnupunyeckmM matepuanom Aansi aHanmsaa nocnyxunm obpasubl NoYB 1 pacTeHui,
cobpaHHble BO Bpemsa MnofeBbix 3kcneavuun B gonvHe [HecTtpa. CopgepxaHue
MUKpOanemMeHToB B obpasuax onpefensnocb C MOMOLBb aTOMHO-abcopOLMOHHOro
cnektpodoToMeTpa. AHann3 amMnMpuU4ecknx AaHHbIX Nokasarn, YTo Mexay KOHLUeHTpaumen
umHKa (qzn) M ceneHa (gse) B NoyYBe HabnogaeTcs NMHENHasn 3aBUCUMOCTb: Jse = 3,440z +
12,21. OpHako pucnepcusi 3KCNepUMEHTarnbHbIX TOYeK 3HauMTenbHas, ko3ddUUNEHT
Koppenauum Ha ypoBHe 3HauumocTtu 0,05, n coctaenset Bcero +0,570. Koppensauus
ceneHa c ApyrMMu arnemMeHTaMu B NOYBe Takke okasdanacb MofioXUTENbHON, HO TecHoTa
3TOWN B3aMMOCBS3UN He3HaumTenbHas. Tak, koadULMEHT Koppenaumm Ana Meau coctaBun
+0,488, ans kagmus Bcero +0,463, a onda >xenesa v mapraHua — 6nusku k Hymwo. B
Had3eMHOMW YacTW pacTeHUh MOACOMHEYHUKa Koppenduus ceneHa € ApYyruMmu
paccmaTpuBaembiMK 3rieMeHTaMn BO BCEX Cryyasx Obina oTpuuaTensHON, HO Npu 3TOM
YacTHble KO3(MULMEHTbI KOppensuum 3Ha4YMMO He OTnuyalTcs OT Hyns. Bnusaxue
3N1eMEHTOB-aHTaroHNCTOB B NOYBE HA BEMNWYUHY HaKOMMEHUs cereHa B Haa3eMHOMN YacTu
MOACOSTHEYHMKA TakXKe OKa3anocb CTaTUCTUYECKN HE3HAYMMbIM, 3a UCKITIOYEHMEM KaaMus,
ONA KOTOPOro NposiBNSATCHA NPU3HaKu aHTaroHnsma K cernery. Npu aToM 3aBUCUMOCTb
KOHUEHTpaumMKn ceneHa (gse) B pacTeHUsAX OT coaepXaHusa kagmus (qcd) B Noyse umeet
NVHEWHbIA XapakTep: gse = —49,89qca + 298,3. OgHako M B 3TOM Cryyae gucnepcus
3KCNepuUMeHTanbHbIX 3Ha4YeHW HaCcTOMbKO BenuKa, YTO KOo3dMUUMEHT Koppensauum
cocrtasnset Bcero —0,426. B3anmocssasn mexagy cogepXaHveM BarnoBbiX (hOpM cerneHa B
noyeBax U ero akkymynsumemn pacTeHusMu Takke He obHapyXeHo, 4TO MoATBepXxaaeT
paHee nosnyyeHHble pes3ynbTaTbl. KapTuHa B3aMMOCBA3W MeXOy MWUKpPO3fieMeHTaMu
N3MeHHAeTCs, ecnum paccmaTtpuBaTb He abCoOmMTHYI0 BENWYMHY akkyMynsauum ceneHa
pacTteHnsiMu, a KoadduUMeHT Buonormdyeckoro HakonneHus (Qse), onpeaensiemMbli Kak
OTHOLLUEHWE KONM4ecTBa 3fieMeHTa B pacTeHMUN K ero BanioBoMy cofepxaHuio B noyse. B
3TOM Ccry4ae nMposIBMSIETCA Ha CTaTUCTUYECKM 3HAYMMOM YpoBHEe (KoadpuumeHT
koppensauun —0,585 npu ypoBHe 3HauymmocTn 0,05) aHTaroHn3am Zn (gzn) NO OTHOLLEHUIO K
WHTEHCMBHOCTWN HaKonmneHus Se noAcoNHEeYHUKOM. Ty B3aMMOCBSA3b MOXHO NpeAcTaBUTb
B Buge: Qse = 423,60zn18. Mo oTHOWeEHMIO K Qse NposBNseTca crnabblii aHTAaroHUam c
kagMuem (koadhduumeHT koppensuum —0,417). Hanbonee TecHol 3aBMCMMOCTb OKasanach
mMexgy KoadpduuMeHTOM OMONornyeckoro HakomneHws ceneHa pacTteHusMu (Qse) ©
BarnoBbIM COAEepXXaHMeM 3TOr0 Xe MUKpO3fnemeHTa B noyse (gse). JTa B3aMMOCBS3b
XOPOLLO anpoKCUMUPYETCSA CTeneHHon dyHKumen: Qse = 163,82 gse?. KoaddumumeHT
Koppensauun npu atom coctasun —0,720 (¢ ypoBHeM 3HauyMmocTu He MeHee 0,05). 310
cBUOeTeNnbCTBYET 006 YyBENMUYEHUM MHTEHCUBHOCTU NOMMOLWEHUS Se pacTeHUsIMU NpU ero
YMeHbLUEHMM B NMo4vBe. TO ecTb XxapakTep 3aBUCUMOCTU Qse CeneHa NoACOSIHEYHUKOM OT
coOepXaHUs MUKPOSMIEMEHTa B MoyBe OOsblue COOTBETCTBYET XM3HEHHO BaXKHOMY,
HeXernu ycrnoBHO Heo6XoaAMMOMY 3NEMEHTY MUTaHUS.

KnroyeBble cnoBa: ceneH, MUKPO3J1IEMEHTbI, B3aMOCBA3b, NO4YBa, PpacTeHus.
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The application of Artificial Intelligence (Al) in environmental protection, particularly
within the ecosystem, is a rapidly evolving area with immense potential to improve the
health and sustainability of ecosystems worldwide. Ecosystems, which include forests,
oceans, wetlands, and grasslands, are under growing pressure from climate change,
pollution, habitat destruction, and unsustainable resource exploitation. Al technologies
offer innovative solutions to monitor, manage, and protect these vital ecosystems more
efficiently and effectively.

Al's ability to process and analyze vast amounts of environmental data, often in real-
time, enables researchers, policymakers, and conservationists to understand and
respond to ecosystem dynamics in unprecedented ways. Machine learning algorithms,
data analytics, and neural networks are particularly useful in identifying patterns and
predicting changes in ecosystems, providing valuable insights into environmental
processes such as species migration, biodiversity shifts, and ecosystem service
depletion.

One of the primary ways Al is supporting ecosystem protection is through advanced
environmental monitoring. Al-powered sensors and satellite imagery, integrated with
machine learning models, are used to track deforestation, pollution levels, changes in
land use, and disruptions in biodiversity. For example, Al is instrumental in detecting
early signs of forest fires, illegal logging, or coral reef bleaching, allowing for quick and
targeted interventions. This real-time data processing reduces human error and
improves the speed of response, significantly enhancing conservation efforts.

In the field of biodiversity conservation, Al plays a key role in monitoring endangered
species and managing protected areas. Al algorithms can process camera trap images
and audio recordings to identify species presence or behavior patterns without
requiring constant human supervision. This reduces the labor intensity of fieldwork and
increases the accuracy of data collection. Additionally, Al can be used to predict the
effects of climate change on species distributions and ecosystem services, aiding in
the design of more resilient and adaptive conservation strategies.

Al is also transforming ecosystem management through its capacity to simulate
complex environmental scenarios and predict the outcomes of different conservation
strategies. By modeling various interventions, Al helps optimize ecosystem restoration
projects, ensuring that the chosen actions are both ecologically effective and cost-
efficient. Furthermore, Al-driven systems can enhance decision-making by supporting
sustainable agriculture, land-use planning, and water management, all of which directly
impact ecosystem health.
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However, despite the potential, the use of Al in ecosystem protection must address
certain challenges. The reliance on high-quality, diverse data, the need for
interdisciplinary collaboration, and the ethical implications of Al applications must be
considered. Additionally, the environmental impact of the energy required to run Al
models is a crucial factor that requires balancing with the positive outcomes of
ecosystem protection.

Al holds immense promise in safeguarding ecosystems through improved monitoring,
more effective conservation strategies, and predictive capabilities. Its integration into
ecosystem management could revolutionize the way we understand and protect the
natural world, leading to more sustainable and resilient ecosystems for future
generations. However, its development and application must be approached with
caution to ensure that it fosters environmental sustainability and supports the ethical
principles of conservation.

Keywords: Atrtificial Intelligence, Ecosystem Protection, Environmental Monitoring,
Machine Learning, Ecosystem Management, Climate Change, Sustainability, Data
Analytics, Conservation Ecosystem Restoration, Predictive Modeling and
Environmental Sustainability.
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ARTIFICIAL INTELLIGENCE IN AGRICULTURE: THE PATH TOWARDS A
GREEN ECONOMY AND SUSTAINABLE GROWTH

Suzana Balaban!, Jasmina Buraskovic?

1Alfa BK University, Faculty of Finance, Banking and Auditing, Belgrade, Serbia
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The agricultural sector, as a significant segment of the national economy, faces numerous
challenges. One of these is its transformation in line with the principles of the green
economy. Artificial Intelligence (Al) offers innovative tools that enable production
optimization, waste reduction, and more efficient use of natural resources, thereby
contributing to a more environmentally friendly and economically viable development of the
agricultural sector. The aim of this paper is to analyze the role and importance of Al in
modern agriculture, with a particular focus on its contribution to the green economy,
economic growth, and sustainable development. Global climate changes, rising demand for
food, and limited natural resources require new technologies that enable optimization of
agricultural production while simultaneously reducing the negative impact on the
environment. Al provides solutions that can improve efficiency and sustainability in
agriculture through precision analytics, automation, and predictive models. One of the most
important aspects of Al application in agriculture refers to precision farming, which uses
data collected via sensors, satellite imagery, and drones to make optimal decisions
regarding sowing, irrigation, and plant protection. These data allow farmers to reduce the
use of pesticides and fertilizers, directly contributing to environmental protection and soil
quality improvement. According to some research, the application of precision agriculture
can reduce carbon dioxide emissions by 15-25% and energy consumption by 10-20%. Al
also creates a demand for new skills and jobs. From an economic perspective, the
application of Al in agriculture fosters innovation and the development of new jobs,
especially in data analysis and software solutions for agricultural resource management.
The digitalization of agriculture contributes to increased productivity and competitiveness of
small and medium-sized agricultural enterprises, enabling sustainable economic growth
and poverty reduction in rural areas. Furthermore, improved market access through digital
platforms reduces intermediaries and increases profitability for producers. Nevertheless,
the challenges of implementing Al in agriculture include high initial costs, the digital divide
between developed and developing regions, as well as ethical dilemmas related to data
privacy and information ownership. Greater cooperation between government institutions,
the private sector, and the academic community is needed to ensure broader accessibility
to these technologies and equitable distribution of benefits. In conclusion, artificial
intelligence plays a key role in modernizing agriculture and aligning it with the principles of
the green economy and sustainable development. Resource optimization, increased
production efficiency, and reduced environmental impact are the main benefits of these
technologies. Although there are certain implementation challenges, the long-term
advantages of Al in agriculture indicate that its further application is necessary for a
sustainable future of the global agroecosystem.

Keywords: artificial intelligence, agriculture, green economy, sustainable growth.
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Artificial intelligence (Al) is certainly one of the greatest “inventions" of the modern age.
It facilitates and improves people's lives, has the potential to respond to social needs, but
also brings new challenges and risks. In order for us as individuals and as a society to
catch up with technological development and take advantage of that process, it is
important to inform ourselves and learn as much as possible about the different segments
of artificial intelligence. The increasing use of artificial intelligence in the 21st century is
influencing the social and economic shift towards increased automation, data-driven
decision-making and the integration of artificial intelligence systems into various
economic sectors and areas of life, affecting the labor market, healthcare, government,
industry, ecology and education. Although the field itself is extremely interesting, it is
necessary to be fully versed in the capabilities and limitations of artificial intelligence tools
and algorithms. The field is constantly developing and improving, so the level of progress
is beyond all expectations. The Sustainable Development Goals are still uncertain, as
they could either accelerate progress or hinder it. The aim of this work is to help
understand the implications of atrtificial intelligence for business in conditions of rapid
technological and social changes in the function of sustainable development. That is why
it is important to refresh current knowledge, consult with colleagues from the profession,
as well as consult recently published scientific works. Al must serve the moral good of
society for its use to be ethical. The dominant example of such essential moral goods are
the UN Sustainable Development Goals (SDGs) (United Nations, "The Sustainable
Development Goals", 2019). Although Al has a negative impact on some, as part of this
set of goals, those with the theme of environmental protection are those goals where Al
has the most positive impact, but they are also interesting from the ethical side of artificial
intelligence, because they can be understood as something closest to the consensus of
humanity in terms of moral goals.

Key words: artificial intelligence, sustainable development, challenges of the modern
age, new technologies, environmental protection.
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Vestacka inteligencija (Artificial Intelligence — Al), sigurno je jedan od najvecih ,izuma”
modernog doba. Ona olak$ava i unapreduje zivot ljudi, ima potencijal da odgovori na
drustvene potrebe, ali takode donosi i nove izazove i rizike. Kako bismo i kao pojedinci i
kao drustvo mogli da uhvatimo korak sa tehnoloSkim razvojem i iskoristimo prednosti tog
procesa, bitno je da se informiSemo i saznamo 5to vide o razli¢itim segmentima vestacke
inteligencije. Sve veca upotreba vestacke inteligencije u 21. veku uti¢e na drustveni i
ekonomski pomak ka povecCanju automatizacije, donoSenja odluka zasnovanih na
podacima i integraciji sistema vestacke inteligencije u razliCite ekonomske sektore i
oblasti zivota, utiCuci na trziSte rada, zdravstvo, vladu, industriju, ekologiju i obrazovanje.
lako je sama oblast izuzetno interesantna, potrebno je biti potpuno upu¢en u mogucnosti
i ograniCenja alata i algoritama vestaCke inteligencije. Oblast se konstantno razvija i
usavrSava, tako da je nivo progresa izvan svih o¢ekivanja. Ciljevi odrzivog razvoja su jos
uvek neizvesni, kao $to bi mogli ili ubrzati napredak ili ga ometati. Cilj ovog rada je da
pomogne kako bi se razumele implikacije vestacke inteligencije na poslovanje u uslovima
brzih tehnoloskih i drustvenih promena u funkciji odrzivog razvoja. Zato i jeste vazno
osveZiti trenutna znanja, posavetovati se sa kolegama iz struke kao i konsultovati
nedavno objavljene nau€ne radove. Al mora da sluZi za moralno dobro drustva da bi
njena upotreba bila eti€¢na. Dominantni primer takvih sustinskih moralnih dobara su ciljevi
odrZivog razvoja UN (SDG, Sustainable Development Goals) (United Nations, “The
Sustainable Development Goals”, 2019). lako Al ima negativan uticaj na neke, kao deo
ovog skupa ciljeva, oni sa temom zastite Zivotne sredine su oni cilievi gde Al ima
najpozitivniji uticaj, ali su i zanimljivi sa etiCke strane vestacke inteligencije, jer se mogu
shvatiti kao nesto najblize konsenzusu Covecanstva u smislu moralnih ciljeva.

Kljuéne reéi: vestaCka inteligencija, odrZivi razvoj, izazovi modernog doba, nove
tehnologije, zastita zivotne sredine.
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MODELLING OF THE GROUNDWATER FLOW USING KRIGING
INTERPOLATION WITHIN ArcGIS
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Groundwater is the main factor that affects the development and existence of forest sites
in lowland areas. A continuous layer of water that fills all soil pores and has a positive
pressure value is referred to as groundwater. This layer is located in the deeper parts of
the soil or in the rock, and its upper limit represents the level of the groundwater. The
water present in the soil plays a major role in the existence of oak forests, which are the
most dominant association at investigated area. The significant impact of groundwater
on the features of lowland sites is reflected in the fact that they lead to an increase in soil
moisture to an extent that cannot be compensated directly by rainfalls. Numerous
negative human activities have led to the disruption of the natural watering regime
(increased oscillations in the level of flood water and groundwater), which has reflected
on the stability and vitality of forest ecosystems in lowland areas. Due to global warming
and long dry periods, there is an increasingly present trend of groundwater level decline,
which has a very negative impact on the development and production characteristics of
forest associations in alluviums, especially bearing in mind that pedunculate oak, as a
dominant species, is primarily supplied with water from groundwater. Based on the
aforementioned facts, it should be noted that knowing of groundwater trend is of a huge
practical significance in terms of forest management. For that reason, it is necessary to
carry out the monitoring of groundwater fluctuations on piezometric stations, not only to
have an insight in current state, but also in order to predict their behaviour in the future.
In the paper was used Kriging method, which is one of the geostatistical methods with a
great significance for groundwater monitoring. Kriging includes geostatistical techniques
which serve to determine the unknown value of some variable based on available data
related to so-called control points, and based on structural characteristics of variogram,
as well. Kriging assessment is based on the use of existing measurements, whose impact
is expressed through appropriate weighting coefficients. The aforementioned
assessment must be as accurate as possible, and this is achieved by making the
variance of the difference between the real and estimated values at the selected points
as small as possible. This value is called the Kriging variance and us designated as an
interpolation quality control element. ArcGIS enables spatial analysis of hydrological
elements, creation of maps and modelling of groundwater flows. It is important to conduct
groundwater modelling in order to determine the proportion of available water between
groundwater and rainfalls, which is essential for the management of lowland forests. The
recommendation for some future research that will deal with the monitoring of
groundwater level fluctuations in forest ecosystems is to include, in addition to Kriging,
multi-criteria analysis methods, such as AHP, which are before all based on the
determination of weight criteria on the principle of defined priorities.

Key words: Kriging, groundwater, modelling, lowland forests.
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INTERPOLACIJE U OKVIRU ArcGIS paketa
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Podzemna voda je glavni faktor koji determiniSe razvoj i postojanje Sumskih stanista u
nizijskim podruc¢jima. Kontinuelni sloj vode koji ispunjava sve zemljiSne pore i ima
pozitivnu vrednost pritiska oznaava se kao podzemna voda. Ta;j sloj je lociran u dubljim
delovima zemljista ili u mati€nom supstratu, a njegova gornja granica predstavlja nivo
podzemne vode.Voda koja je prisutna u zemljiStu ima glavnu ulogu u egzistiranju Suma
hrasta luznjaka, koje predstavljaju dominantnu zajednicu na istraZivanom podrucju.
Znacajan uticaj podzemne vode na karakteristike nizijskih staniSta ogleda se u &injenici
da dovodi do povecanja vlaznosti zemljiSta u meri koju je nemoguce direktno nadoknaditi
putem padavina. Brojne negativne antropogene aktivnosti dovele su do poremecaja
prirodnog rezima vlazenja (povecane oscilacije nivoa podzemnih i plavnih voda), §to se
reflektovalo na stabilnost i vitalnost Sumskih ekosistema u nizijskim podrucjima. Usled
globalnog zagrevanja i duzih susnih perioda, sve je prisutniji trend opadanja nivoa
podzemnih voda, $to ima veoma negativan uticaj na razvojno-proizvodne karakteristike
Sumskih zajednica u aluvijumima, posebno imajuci u vidu da se hrast luZnjak, kao
dominantna vrsta, vodom prevashodno snabdeva iz podzemnih voda. Imajuci u vidu sve
pomenute €injenice, treba istac¢i da je poznavanje trenda podzemnih voda od velikog
prakticnog znafaja za gazdovanje Sumama. Iz tog razloga je neophodno sprovoditi
monitoring nivoa oscilovanja podzemnih voda na piezometarskim stanicama, ne samo
da bi se imao precizan uvid u sadasnje stanje, veC i radi pracenja trenda njihovog
ponasanja u buducnosti. U ovom radu je koriS¢éena metoda Kriginga, koja spada u
geostatisticke metode od velikog znaCaja za monitoring podzemnih voda. Kriging
obuhvata geostatistiCke tehnike koje sluze za odredivanje nepoznate vrednosti odredene
promenljive na osnovu raspolozivih podataka povezanih sa tzv. kontrolnim taCkama, kao
i na bazi strukturnih karakteristika variograma. Procena Krigingom bazirana je na
koriS¢enju postoje¢ih merenja €iji se uticaj izrazava preko odgovarajuéih teZinskih
koeficijenata. Pomenuta procena mora biti, 5to je moguce, tagnija, a to se postize tako
8to je varijansa razlike izmedu stvarnih i procenjenih vrednosti u odabranim tackama
najmanja moguc¢a. Ova vrednost se naziva varijansa Kriginga i ozna¢ava se kao element
provere kvaliteta interpolacijeArcGIS omoguéava prostornu analizu hidroloSkih
parametara, izradu mapa i modeliranje tokova podzemnih voda. Modeliranje podzemnih
voda je vazno sprovesti da bi se utvrdio udeo u dostupnoj koliini vode izmedu
podzemnih voda i padavina, a $to je od velikog prakti€nog znacaja za gazdovanje
nizijskim Sumama. Preporuka za neka buduca istrazivanja koja se budu bavila praéenjem
oscilovanja nivoa podzemnih voda u Sumskim ekosistemima je da se, pored Kriginga,
uklju€e i metode visekriterijumske analize, poput AHP-a, a koji se prevashodno baziraju
na odredivanju teZinskih kriterijuma po principu definisanih prioriteta.

Klju€ne re€i: Kriging, podzemne vode, modeliranje, nizijske Sume
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APPLICATION OF Al IN BIG DATA ANALYTICS IN THE GOAL OF
ENERGY TRANSITION: A COMPARATIVE COST-EFFECTIVENESS
ANALYSIS OF RENEWABLE ENERGY SOURCES VERSUS FOSSIL

FUELS

Larisa Jovanovi¢, Aleksandra Stojkov Pavlovic¢
Alfa BK University, Faculty of Finance, Banking and Auditing, Belgrade, Serbia

The analytical processing of big data and Al technologies plays a key role in the energy
transition, enabling more efficient utilization of renewable energy sources and the optimization
of power systems. The utilization of alternative and renewable energy sources represents the
only viable strategy that can ensure a successful energy transition, distancing us from
outdated and environmentally harmful energy supply systems based on fossil fuels and high
carbon emissions. With the support of artificial intelligence (Al) and big data technologies, this
transition becomes more predictable, measurable, and feasible, enabling the anticipation of
potential energy supply scenarios. This paper explores the application of Al and big data
technologies, while a comparative analysis is employed to examine the use of alternative,
renewable, and traditional energy sources within the context of the energy transition. Through
a comparative analysis, the study examines the advantages, challenges, and production costs
associated with alternative, renewable, and conventional energy sources. The findings
underscore the potential of data-driven approaches to accelerate the energy transition while
highlighting the economic and technological barriers that must be addressed to ensure a
sustainable energy future.

Keywords: Carbon footprint, Sustainable energy, Energy transition, Big data, Al.
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ICP-AES AND ICP-MS METHODS IN THE ANALYSIS OF THE ELEMENTAL
COMPOSITION OF SOILS AND PLANTS IN THE VICINITY OF THE UNAL
TAILING DUMP (NORTH OSSETIA)

Dr. Fedor Golubev, Irina Gromyak, Dr. Denis Dogadkin, Prof. Dr. Vladimir Kolotov

Vernadsky Institute of Geochemistry and Analytical Chemistry RAS
(GEOHI RAS), Moscow, Russia; f.v.golubev@mail.ru

As a result of the development of polymetallic ore deposits in mountainous Ossetia,
significant dispersion halos of a number of elements were formed and pollution of the
surrounding areas with lead, zinc, cadmium, indium, arsenic, nickel, copper, etc. was
observed. The accumulation of a number of elements in the soil-plant system exceeded
maximum permissible concentrations. This was especially characteristic of lead, cadmium,
arsenic, and zinc. In order to identify dispersion halos of heavy metals and a number of
other elements, plants capable of concentrating metals and metalloids were studied. The
main goal of the studies was to identify plants that could be recommended in the future for
phytoremediation of contaminated soils. We have studied 30 plant species growing in close
proximity to the Unal tailings dump and thirty soils samples taken from the root zone of each
plant the ICP-AES and ICP-MS methods. The determinations were made on ICAP-6500
Duo and XSeries 2 (Thermo Scientific) spectrometers. Soil samples (1-3 g) and plants (1-3
g) were dried to constant weight. Then they were homogenized in a vibratory mill HK40
(Breitlander) with a corundum set. As a result of the studies, it was established that the
contaminated areas near the Unal tailings dump contained significant amounts of indium
and lead. Therefore, the use of ¥°In as an internal standard was impossible. High lead
content (more than 10 thousand g/t in some soil samples) did not allow using '°Rh as an
internal standard, since there is an overlap of the signal from the 206th isotope of the
divalent lead ion. However, rhenium was almost completely absent in the studied samples,
so we replaced indium with rhenium as an internal standard. ®’Re, which has a signal
intensity close to ¥°In, was used to correct the mass spectra. Comparison of the results for
a number of standard samples, such as TR-1 (meadow grass mixture), SGHM-1 (loose
carbonate-silicate sediments), etc., showed that using ¥’Re instead of *'°In as an internal
standard gives quite comparable results. In addition, the analytical center of GEOKHI RAS
has developed methods for open acid decomposition for soils and microwave acid
decomposition of plant material in the Mars Express system (CEM Corp., USA) for plants.
The analyzed mass was 50 mg for soil and 250 mg for plant material. The calibration of the
device was carried out using certified aqueous solutions from High-Puritystandards, Merck.
The accuracy of the obtained results was confirmed by comparing the results of analysis
using ICP-AES and ICP-MS methods of standard samples Tr-1 meadow grass mixture and
carbonate-silicate loose deposits SGHM-1.

Keywords: North Ossetia, Unal tailing dump, elemental composition, heavy metals, plants,
soils, ICP-AES, ICP-MS, internal standard.

Acknowledgment: The work was carried out within the state assignment of the Vernadsky

Institute of Geochemistry and Analytical Chemistry of the Russian Academy of Sciences
(GEOHI RAS).
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VISUALIZATION AND MODELING OF PHYTOGEOCHEMICAL PROFILES
OF DONBASS WASTE HEAPS

Andrei Safonov?, Vitalii Nespirnyit~?

! Donetsk State University, Donetsk, Russia
2 Economic Research Institute, Donetsk, Russia

The system of quantification of natural environment objects under technogenesis conditions
involves the use of certain analytical procedures and methods of secondary synthesis if the
set of information on the state of a local ecosystem represents large arrays of quantitative
results. For most of the territory of Donbass, the introduction of methods for restoring
disturbed ecotopes is a priority environmental task due to significant transformations as a
result of increasing anthropogenic activity. The purpose of the work is to visualize a model
of several phytogeochemical profiles characteristic of the waste heaps of Donbass using
methods of mathematical statistics based on elemental analytical control data. Geophysical
and geochemical parameters in industrially developed regions are characterized by a
certain dynamism of variability if specific interventions are observed, which is relevant for
the territory of Donbass during military events. Some phytogeochemical features of coal
mine dumps in Donetsk and Makeyevka were determined. The results obtained are in the
stage of constant supplementation with new information, which determines the need for
their ordering. Phytogeochemical series of contrasting conditions of Donbass were formed
for different taxa and zones of ectopic confinement, for example, using indicator species of
bryophytes. For cases when the results of analytical control and structural-botanical
examination represent fragmentary information, a special method of restoration (imputation)
of missing information in a specific series (sequence) of features has been developed. The
presented work functionally combines methodological techniques for assessing the
ingredient composition of plants (using the established remediant Phleum pratense L. as
an example) as part of the programs for phytochemical assessment of raw materials, and
takes into account cenotic patterns using the example of successional processes of
vegetation formation under the impact of accumulated damage objects. The main objective
of the study was to visualize the data, the correct interpretation of which is possible with a
more detailed examination and accumulation of information. Based on the obtained primary
data, a close correlation was found between the elements, which means that a hypothesis
can be formulated and further investigated about their joint entry into the plant organism in
the following groups: 1) La-Ce-Sm-Tb-Pr-Nd-Gd; 2) Ho-Y-Dy; 3) Lu-Tm-Er-Yb; 4) Co-Eu; 5)
Zr-Hf; 6) Rb-TI; 7) Ca-Mo; 8) Cr-Ni. Technophile elements migrate according to individual
scenarios: Mn, Zn, Cu, Cd, Al. Coincidences of the profiles of waste heaps A and X2, B and
X4 are noted in addition to the previous descriptions. In new works, cumulative antagonism
of pollutants with Ba, Si, Sr and Sn was revealed. In targeted programs for the remediation
of damaged systems, it is fundamentally important to operate with the obtained data on the
involvement of toxic elements in biogeochemical processes, which allows freely migrating
pollutants to be converted into a bound state in the environment.

The study was carried out within the framework of the topic "Diagnostics and adaptation
mechanisms of natural and anthropogenically transformed ecosystems of Donbass", state
registration number of R&D 124051400023-4, Azov-Black Sea Mathematical Center,
agreement dated 02/27/2025 No. 075-02-2025-1608.

Keywords: Donbass, environmental assessment, mathematical statistics in ecology,
quality of the natural environment.
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ASPECTS OF ARTIFICIAL INTELLIGENCE IN ENVIRONMENTAL
SECURITY RISK MANAGEMENT

Milos Tosovic

University of Belgrade, Faculty of Security studies, Belgrade, Serbia

Environmental security risk management represents an increasingly important
segment of global politics and national development strategies, especially in the
context of prevention of various environmental disasters, climate change and
environmental pollution. In a contemporary approach to the improvement and
increasing application of artificial intelligence (Al), it offers highly innovative solutions
for the analysis, prediction and environmental security risk management. In particular,
advanced analytical methods, including machine learning and developed neural
networks, can be singled out, which enables more accurate recognition of analytical
patterns and decision-making based on initial environmental and security data, which
contributes to timely measures of environmental prevention and environmental
protection. In the analytical-research sense, the aspects of the application of Al in
environmental security risk management are particularly significant, with the
consideration of various technologies that can contribute to the reduction of negative
consequences for the ecosystems, human health, material, life and business
resources. Artificial intelligence initially provides a wider range of possibilities for
environmental security management of various risks, so that in the broadest analytical
approach, the following can be distinguished: (a) prediction models of environmental
pollution; (b) climate change analysis; (c) optimization of environmental aspects of
energy resources; and (d) drone and satellite monitoring. In doing so, it should be kept
in mind that the successful implementation of Al in environmental security risk
management and environmental security requires overcoming special challenges,
among which the following should be singled out: (a) availability and quality of data; (b)
technical and economic constraints; (c) high implementation costs; and (d) specific
ethical issues. The integration of new technologies in environmental security risk
management should be accompanied by a regulatory framework that will enable the
legally regulated, transparent and responsible use of Al in various aspects of
environmental security.

Keywords: ecology, environmental security, risk assessment, Al, security managers.
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ASPEKTI VESTACKE INTELIGENCIJE U UPRAVLJANJU EKOLOSKIM
BEZBEDNOSNIM RIZICIMA

Milo$ ToSovic
Univerzitet u Beogradu, Fakultet bezbednosti, Beograd, Srbija

Upravljanje ekoloskim bezbednosnim rizicima predstavlja sve znacajniji segment
globalne politike i nacionalnih strategija razvoja, posebno u kontekstu prevencije
razliCitih ekoloSkih katastrofa, klimatskih promena i zagadenja zivotne sredine. U
savremenom pristupu unapredenja i sve veée primene vestacke inteligencije (VI), ona
nudi veoma inovativha reSenja za analizu, predikciju i upravljanje ekoloSkim
bezbednosnim rizicima. Posebno se mogu izdvojiti napredne analititke metode,
uklju€ujucéi masinsko ucenje i razvijene neuronske mreze, sto omogucava preciznije
prepoznavanje analitickih obrazaca i dono3enje odluka zasnovanih na polaznim
ekoloskim i bezbednosnim podacima, $to doprinosi pravovremenim merama ekoloske
prevencije i ekolodke zastite. U analitiCko-istraZivatkom smislu posebno su znac&ajni
aspekti primene VI u upravljanju ekoloskim bezbednosnim rizicima, uz razmatranje
razliCitih tehnologija koje mogu doprineti smanjenju negativnih posledica po
ekosisteme, zdravlje ljudi, materijalne, Zzivotne i poslovne resurse. VesStacka
inteligencija polazno pruza Siri spektar mogucénosti za upravljanje razli€itim ekoloSkim
bezbednosnim rizicima, tako da se u najSirem analiti€kom pristupu mogu izdvojiti: (a)
modeli predikcije ekoloSkog zagadenja; (b) analiza klimatskih promena; (c) optimizacija
ekoloskih aspekata energetskih resursa; i (d) monitoring pomocu dronova i satelita. Pri
tome treba narocito imati u vidu da uspeSna implementacija VI u upravljanju ekoloSkim
bezbednosnim rizicima i ekolodkoj bezbednosti zahteva savladavanje posebnih
izazova, medu kojima treba posebno izdvojiti: (a) dostupnost i kvalitet podataka; (b)
tehni¢ka i ekonomska ogranicenja; (c) visoke troSkove implementacije; i (d) posebna
etiCka pitanja. Integracija novih tehnologija u upravljanju ekoloSkim bezbednosnim
rizicima treba da bude pracena regulatornim okvirom koji ¢ée omoguditi pravno
regulisanu, transparentnu i odgovornu upotrebu VI u razli€itim aspektima ekoloske
bezbednosti.

Kljuéne reéi: ekologija, ekolodka bezbednost, procena rizika, VI, menadZeri
bezbednosti.
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FORECAST OF THE FACTOR OF POLEMOSTERSS IN DONBASS FOR
2025-2026

Ekaterina Germonova?!, Andrei Safonov?

'Donetsk National Technical University, Donetsk, Russia
’Donetsk State University, Donetsk, Russia

Based on the identified stable trends in the change of phytoindication indicators in
2022-2024, associated with the factor of military events in Donbass, a spatial
cartographic model of the further development of the field-stress situation for the next
three vegetation seasons was constructed. An assumption was made about the diffuse
penetration of the neo-factor of anxiety deep into the monitoring network of the region.
In the current view, the territory of Donbass is a zone of protracted socio-political
conflict, the negative consequences of which are a profound transformation of natural
and historically formed natural-technogenic systems, requiring the introduction of
progressive restoration technologies: both the functional structure and the possibility of
full use of the resource potential of the region. Cartographic modeling of post-conflict
zones and (or) militarization processes is a popular scientific and applied task and is
implemented in several stages: in the development of a visualization technique with
subsequent quantification of risk and identification of sources of danger.

The purpose of the work is to propose a method for constructing a cartographic model
demonstrating the development of the field stress factor in the Central Donbass in a
short-term forecast, based on stable trends of the previous observation period.
Similar approaches from geoinformation monitoring of population morbidity foci,
hydrogeological surveys in the conditions of impact of technogenic objects, as well as
direct developments of botanical and ecological content in the region were used as a
methodological basis for performing GIS analysis of factors of adverse consequences
of anthropogenic interventions in natural balance processes. The analysis of the
identified specific factor of military events (controversy, political stress) involved the
characteristics of the morphological and functional status of 45 indicator plant species,
including representatives of bryophytes and angiosperms, exhibiting structural
plasticity of a phenotypic nature in new geopathogenic zones.

The expected specificity of the shift of militarization load fields on the region will be
characterized by a diffuse and uneven advancement deep into the monitoring network
from the contact line of the opposing camps, which in geopolitical constructs today
corresponds to the transect connecting the cities of Gorlovka, Yasinovataya, Avdeevka
and the northern regions of Donetsk. The highest information rhesus is characterized
by the signs in the structure of plants of the Asteraceae and Brassicaceae families,
however, due to the use of bryophytes in the autumn-winter period, a continuous
process of accumulation of new data is ensured, correcting the general conditionally
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phytotoxicological situation for the entire observation area. Among the signs of leading
importance, including in field diagnostics, the following are distinguished: terate
manifestations of vegetative and generative organs of plants: fasciation, dystopia,
oligomerization, petalization, hypoplasia, structural syn- and schizo-variations of
individual paired parts at different levels of asymmetry manifestation (leaf blade,
branching, architectonics of modular components of test organisms). Functional criteria
also included frequent cases of manifestations of different categories of chlorosis and
necrosis, which can also diagnose specific pollutants or groups of toxicants by their
pattern of manifestations.

The study was carried out within the framework of the topic “Diagnostics and adaptation
mechanisms of natural and anthropogenically transformed ecosystems of Donbass”.

Keywords: environmental monitoring, polemostress, Donbass, environmental
assessment, phytoindication, pollution forecast.
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APPLICATION OF Al IN ENVIRONMENTAL PROTECTION: CORROSION
AND BIOSORPTION

Milica Zdravkovi¢, Miljan Markovi¢, Marina Markovi¢, Vesna Grekulovi¢, Milan
Gorgievski, Nada Strbac, Kristina Bozinovi¢

University of Belgrade, Technical Faculty in Bor,
Vojske Jugoslavije 12, Bor, Serbia

Artificial intelligence (Al) plays an important role in the field of scientific research. This
paper aims to review the application of Al in corrosion and biosorption. The use of Al
can advance the research process in terms of prediction, environmental and cost
management, optimization and determination of the influence of parameters. Corrosion
is a highly complex process that depends on many factors. Studying the interaction of
these factors using Al enables better corrosion control. By applying Al, it is possible to
determine the diverse influence of factors under real conditions using the database of
numerous researches. In addition to the prevention and monitoring of corrosion and
biosorption processes, it is important to focus the application of Al on environmentally
friendly methods and chemicals. In this way, it is possible to identify compounds and
materials of natural origin that can serve as substitutes for toxic compounds for
corrosion protection or heavy metal removal. The importance of using non-destructive
methods and monitoring data in real time is particularly emphasized, in order to avoid
statistical errors. Optimization with the RSM method for corrosion and biosorption
processes is widely used, determining process parameters where the best effect of
corrosion protection and biosorption is achieved.

Keywords: Al, corrosion, biosorption, optimization
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support of the Ministry of Science, Technological Development and Innovation of the
Republic of Serbia, within the funding of the scientific research work at the University
of Belgrade - Technical Faculty in Bor, according to the contract with registration no.
451-03-137/2025-03/200131.

35



CONTRIBUTED LECTURES

PRIMENA VI U ZASTITI ZIVOTNE SREDINE: KOROZIJA | BIOSORPCIJA

Milica Zdravkovi¢, Miljan Markovi¢, Marina Markovi¢, Vesna Grekulovi¢, Milan
Gorgievski, Nada Strbac, Kristina Bozinovi¢

Univerzitet u Beogradu, TehnicCki fakultet u Boru,
Vojske Jugoslavije 12, Bor, Srbija

Vestacka inteligencija (VI) ima vaznu ulogu u oblasti nauénih istrazivanja. Cilj ovog
rada je pregled primene VI u oblasti korozije i biosorpcije. Primena VI moze unaprediti
proces istrazivanja u smislu predvidanja, upravljanja zivotnom sredinom i troSkovima,
optimizacije i odredivanja uticaja parametara. Korozija je veoma slozen proces koji
zavisi od mnogo faktora, ispitivanje interakcije ovih faktora primenom VI omogucava
bolju korozionu kontrolu. Primenom VI je mogucée utvrditi viSestruki uticaj faktora u
realnim uslovima prema bazi podataka mnogobrojnih istrazivanja. Pored prevencije i
pracenja procesa korozije i biosorpcije, vazno je usmeriti primenu VI na ekolo$ki
prihvatljive metode i hemikalije. Na ovaj nacin je moguce identifikovati jedinjenja i
materijale prirodnog porekla, koja mogu biti zamena za toksi¢na jedinjenja koja se
koriste za zastitu od korozije ili za uklanjanje teSkih metala. Posebno je naglasen
znacaj primene nedestruktivnih metoda i pracenja podataka u realnom vremenu, kako
bi se izbegle statisticke greSke. Optimizacija primenom RSM metode za procese
korozije i biosorpcije se €esto koristi, pri €emu se odreduju parametri procesa u kojima
se postize najbolji efekat zastite od korozije i biosorpcije.

Kljuéne reéi: VI, korozija, biosorpcija, optimizacija
Zahvalnica: IstraZivanje prikazano u ovom radu uradeno je uz finansijsku podrdku
Ministarstva za nauku, tehnoloSki razvoj i inovacije Republike Srbije, u okviru

finansiranja naucnoistrazivatkog rada na Univerzitetu u Beogradu — Tehni¢kom
fakultetu u Boru, po ugovoru sa mati¢nim br. 451-03-137/2025-03/200131.
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CHEMICAL ANALYSIS OF PLANTS AND SOILS OF THE NORTH
OSSETIA TERRITORIES ADJACENT TO THE POLYMETALLIC AREA BY
THE ICP-MS METHOD AND THE CHOICE OF AN INTERNAL STANDARD

Dr. Fedor Golubev, Dr. Denis Dogadkin, Prof. Dr. Vladimir Kolotov

Vernadsky Institute of Geochemistry and Analytical Chemistry RAS
(GEOHI RAS), Moscow, Russia; f.v.golubev@mail.ru

In North Ossetia, in the Ardon River basin, the Sadon group of lead-zinc polymetallic
deposits is concentrated, the extraction of which has had a negative impact on the
environment. The consequences of the activities of the Mizur Mining and Processing
Plant and the storage of waste in the Unal tailings dump, located near the Nizhny Unal
village, have led to environmental pollution with various pollutants.The study of the
elemental composition of soils and plants near the Unal tailings dump in North Ossetia,
which contains waste from the processing of polymetallic ores, is an important
environmental task for assessing their contamination with elements such as cadmium,
lead, zinc, etc.

Currently, inductively coupled plasma mass spectrometry (ICP-MS) is used for
elemental analysis of such samples. During the measurement process, to take into
account signal drift, a so-called internal standard is used, which is an isotope of an
element that is not present in the samples or whose content in them is negligible. Due
to its rare occurrence and the ability to fairly accurately correct the signal change for all
elements from lithium to uranium, 115In is used as an internal standard. In some cases,
103Rh is used instead of 115In, which is also quite rare in soil, plant and rock samples.
However, waste from the processing of polymetallic ores in North Ossetia contains
significant amounts of indium. Elemental analysis of plant and soil samples collected
in the vicinity of the Unal tailings dump showed the presence of indium in most cases.
As a result, it was not possible to use 115In as an internal standard. The high lead
content (in some soil samples more than 10 thousand g/t) did not allow the use of
103Rh as an internal standard, since there is an overlapping signal from the 206th
isotope of the divalent lead ion. However, the samples studied were almost completely
free of rhenium, so we replaced indium with rhenium as an internal standard. For mass
spectra correction we used 187Re, which has a signal intensity close to 115In. A
comparison of the results for a number of standard samples, such as TR-1 (meadow
grass mixture), SGHM-1 (loose carbonate-silicate deposits), etc., showed that the use
of 187Re instead of 115In as an internal standard gives quite comparable results. Thus,
rhenium can be used as an internal standard for ICP-MS analysis of soil and plant
samples in special cases.

Keywords: North Ossetia, Unal depression, trace elements, internal standard, ICP-
MS, heavy metals, plants, soils.
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FORECAST OF THE TRANSFORMATION OF THE ECOSYSTEM
STRUCTURE OF THE DNIESTER-PRUT INTERFLUVE UNDER THE
INFLUENCE OF CLIMATE CHANGE

Dr. Ivan Kapitalchuk

Shevchenko State University of Pridnestrovie, Tiraspol, Moldova
orcid.org/0000-0003-2448-7493z

Forecasting the transformation of the ecosystem structure of a territory under the influence
of climate change is a complex task that can be solved using artificial intelligence. The
solution to this problem for the territory of the Dniester-Prut interfluve consisted of two
stages. At the first stage, a forecast of climate change in the region for a certain period of
time was carried out. At the second stage, an assessment of the transformation of the
spatial structure of ecosystems in the region as a result of changed climatic conditions was
carried out. Only zonal types of ecosystems were considered, which are mainly formed
depending on the provision of heat and moisture. The provision of heat was estimated using
the sum of temperatures during the vegetation period (3 T0), the provision of moisture — by
the moisture coefficient (Km), reflecting the ratio of the amount of precipitation and
evaporation. The initial data for the calculation were the results of modeling changes in
average monthly air temperatures and precipitation in the region for two time periods (2021—
2050 and 2071-2100) [1] and three Representative Concentration Pathways scenarios
(RCP2.6, RCP4.5 and PCP8.5) [2]. However, the obtained background values of the
parameters > TO and Km are differentiated under the influence of the relief, the height of
which in the region varies from 0 to 430 meters. To take this factor into account, the author
calculated the vertical distribution of the prognostic parameters 3 TO and Km depending on
the relief height and climate change options. The use of the obtained prognostic parameters
>TO0 and Km in the model of the altitudinal geoecosystem structure of the region made it
possible to obtain an idea of the change in altitudinal ranges favorable for the existence of
different types of geoecosystems during the implementation of different climate change
options. If the RCP 2.6 scenario is implemented, the ecological conditions for the existence
of all types of geoecosystems will be preserved, but the altitude of their boundaries will
increase by 10 m by 2050, and by 50 m by 2100 relative to the initial level. At the same
time, the altitude range with favorable ecological conditions for steppe geoecosystems
located at the lower stage will expand, and the altitude range of distribution of forest
geoecosystems with optimal moisture of the upper stage will narrow. If the situation
develops according to the RCP4.5 or RCP8.5 scenario, by the middle of the 21st century,
favorable conditions for the growth of beech forests will disappear on watersheds, and by
the end of the century, environmental parameters will become unfavorable for oak forests
with optimal moisture. The results of the modeling should be taken into account when
developing programs for the restoration of natural ecosystems and the selection of
agricultural crops at certain elevations.

Key words: artificial intelligence, climate change, ecosystem structure, forecast
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NMPOrHO3 TPAHC®OPMALIMXN SKOCUCTEMHOWU CTPYKTYPbI
TEPPUTOPUU OHECTPOBCKO-NPYTCKOIo MEXOYPE4bA NOA
BO3OAEUCTBUEM USMEHEHUA KITUMATA

Oou. MeaH Kanutanbuyk
lpudHecmposckuti eocydapcmeeHHbIl yHUsepcumem, Tupacrnosib, Mondosa

MporHosupoBaHWe TpaHcopMaLmn SKOCUCTEMHOWN CTPYKTYPbl TEPPUTOPUN NOS BO3AENCTBUEM
M3MEHEHMS KnMMaTa SIBISIETCA CMOXHON 3aadver, KoTopasi MOXET ObiTb peLleHa ¢ UCnonb-
30BaHMEM CpefCTB WCKYCCTBEHHOro WHTennekta. PelleHue aTon 3agjayv Ans Tepputopum
OHecTtpoBcko-TpyTckoro Mexaypeybs COCTosANo M3 AByX 3TanoB. Ha nepeom aTane ocyLuecT-
BMANCA NPOrHO3 M3MEHEeHUs KnnMaTta B pervoHe Ha onpefeneHHbI nepuop BpemeHun. Ha
BTOPOM 3Tane NpoBoAurach oueHKa TpaHcdopMauuy NPOCTPaHCTBEHHOW CTPYKTYPbl 3KOCK-
CTeM B pervioHe B pesyrnbTaTe M3MEHMBLUMXCA KMmaTU4ecKux ycrnosui. Paccmartpuanvch
TOMBbKO 30HasbHbIE TUMbl 9KOCUCTEM, KOTOPbIE B OCHOBHOM (hOPMMPYIOTCS B 3aBUCUMOCTU OT
obecneyveHHOCTU Tennom u Bnaro. ObecneyeHHOCTb TeNoM OLeHMBanach C MOMOLLbI0 CYMMb
TemnepaTyp 3a BeretaunoHHbiIi nepuog (3 T0), obecneyeHHOCTb Briaro — kK03 ULMEHTOM
yBrnaxHeHns (KY), oTpaxalolmm COOTHOLUEHUE Konu4ecTBa aTMocepHbIX OCagKoB U
ncnapsiemMocTu. MicxogHbIMU JaHHbIMK AN pacyeTa NociyKunu pesynbTaTbl MOAENUPOBaHUSA
N3MEeHeHU cpegHeMEeCaYHbIX TemnepaTyp Bo3dyxa 1 0CaaKoB B pervioHe Ans ABYX BpeMEeHHbIX
nepuopoB (2021-2050 romoB n 2071-2100 rogos) [1] u Tpex cueHapueB Representative
Concentration Pathways (RCP2.6, RCP4.5 n PCP8.5) [2]. OgHako nonyyeHHble ¢hoHOBbIE
3HaveHus napameTpoB Y 10 u KY guddepeHumpytotca nog BnusHUEM penbeda, BbiCOTa
KOTOPOro Ha TeppuTopumn pervoHa BapbupyeT oT 0 go 430 meTpa. [Ansa yyeTa atoro daktopa
ABTOPOM BbIMOSIHEH PacHeT BEPTMKANBLHOMO pacnpeenieHns NPorHOCTUYECKUX NapameTpoB
>TO 1 KY B 3aBMCUMOCTU OT BbICOThI pernbeda 1 BapuaHToB M3MEHEHWUsT Knumarta. Mcnonb-
30BaHMe NOSTyYEHHbIX NMPOrHOCTMYEeckMX napametpoB > T0 n KY B Mogenu BbICOTHOM reo3ako-
CUCTEMHOWN CTPYKTYPbl permoHa no3sonunna nofy4nts npeacraeneHme 06 M3amMeHeHUn BbICOTHbIX
Avana3soHoB, 6naronpusTHbIX AN CYLUEeCTBOBaHUS PasHbIX TUMOB Fe03KOCUCTEM NpU peanu-
3auUmMK pasHblX BapuMaHTOB M3MeHeHus knumvata. [Npu peanusaumm cueHapus RCP 2.6 akono-
rMyeckue ycrnosusi Ans CyLLEeCTBOBaHWUSA BCEX TWUMOB FEO3KOCUCTEM COXPaHSATCS, HO BbiCcOTa
pacnonoxeHuns ux rpaHuy, ysenmumntcsa kK 2050 rogy Ha 10 M, a k 2100 rogy — Ha 50 M oTHOCU-
TeNbHO UCXOQHOTO YPOBHSL. [py 3TOM BbICOTHBIV MHTEPBar ¢ 6raronpUATHLIMU 3KONOrMYECKUMMA
YCIOBUSIMM AN CTEMHbIX FTE03KOCMCTEM, PaCroraratoLLMXCA Ha HUXKHEN CTYMEHN, pacLUMPUTCS,
a BbICOTHbIN AManasoH PacnpoCTPaHEHWS NECHbIX re03KOCUCTEM C OMTUMAanbHbIM YBRaXKHe-
HVeM BepXxHen CTyrneHu cyauTcs. [Npu passutum cutyauum no cueHapuio RCP4.5 nnu RCP8.5 k
cepeamHe XXI Beka Ha Bogopasaenax ucHesHyT bnaronpustHble YCnoBums Ans npouspactaHus
OYKOBbIX J1ECOB, @ K KOHLY CTONETUS1 SKOMNOMMYECKUe napameTpbl CTaHyT HEGNaronpuATHLIMA 1
ansa gybpas ¢ onTvManbHbIM YBRaxXHeHeM. Pe3ynbTaTbl MOOenupoBaHus crnegyeT yuuTbiBaThb
npy paspaboTke NporpaMm MO BOCCTaHOBMEHWE ECTECTBEHHbIX 3KOCUCTEM U nogbope
CEeNbCKOXO3ANCTBEHHbIX KyNbTyp Ha onpeaerneHHbIX BICOTHbIX OTMETKaxX pernbeda.

KnioueBble croBa: WCKYCCTBEHHbIi WHTEMNEKT, U3MEHEHWe Knumarta, 3KocMcTemHas
CTPYKTypa, NPOorHoa.
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PRELIMINARY OVERVIEW OF PROJECTIONS OF THE FIELD OF
ARTIFICIAL INTELLIGENCE APPLICATION IN THE ECONOMIC
EVALUATION OF MINERAL RESERVES

prof. dr Radule ToSovi¢, dipl. ecc.
University of Belgrade, Faculty of Mining and Geology, Belgrade, Serbia

The contemporary specifics of applying the economic evaluation of mineral reserves in the
country's mineral sector are dictated by, among other things, complex conditions: (a) current
geopolitical events; (b) strategic realignment; (c) tactical positioning and (d) crisis management.
The market economic evaluation of economically increasingly important mineral resources is
followed by particularly specific aspects of the functioning of the mineral economy, namely: (a)
turbulence of the mineral market; (b) complexity of mineral production; (c) crisis conditions of
supply of mineral raw materials; (d) ecological protests of citizens in the local area; (e) growing
needs for critical mineral raw materials; and (f) the started race to secure the necessary rare
metals for economic activities. In the practical application of the economic evaluation of mineral
reserves, the evaluation methodology is constantly being improved according to changes in
conditions and the necessity of adapting to existing needs and trends in the mineral economy.
At the same time, as part of the economic evaluation methodology, the following can be
distinguished: (a) the classic economic evaluation methodology; (b) the application of existing
methods and tools in the collection, preparation and processing of data for economic evaluation;
and (c) the use of contemporary and latest tools in economic evaluation methodology. The
classical economic evaluation methodology includes the analysis of: (a) a set of nine factors of
economic evaluation; and (b) three sets of economic evaluation indicators, which include (b1) a
set of natural indicators; (b2) a set of value indicators; and (c) a set of synthetic indicators. A set
of nine factors individually in a complete view includes: (al) metallogenetic; (a2) geological; (a3)
technical-exploitational or mining; (a4) technological; (a5) marketable; (a6) regional; (a7) social-
political-economic-strategic; (a8) geoecological; and (a9) legislative-legal factors. At the same
time, each of the mentioned groups includes a large number of individually belonging factors,
which require a special geological-economic analysis and consideration. Among the most
important methods, the following can be distinguished: (i) the method of economic evaluation
without taking into account the time factor, as a classic method; and (ii) the economic evaluation
methods taking into account the time factor, which especially include DCF methods, namely
NPV and IRR method, as contemporary market evaluation methods. Among the contemporary
tools for application in the economic evaluation of mineral reserves, the application of the
increasingly present artificial intelligence (Al) is especially included. Considering the very large
amount of data and information, which is necessary to collect in the initial basis for the economic
evaluation, both by numerous factors and by even more indicators, and then to include them in
the method of economic evaluation, the application of Al is imposed as a necessity. This
projection of application includes the special designation of three important fields of application
of Al, namely: (1) the field of geological exploration; (2) the field of exploitation; and (3) the field
of immediate economic evaluation. Although the necessary data from the first two fields are
directly used in the third field, the application of Al in the immediate economic evaluation is
particularly important, which especially includes; (a) Al in collecting and preparing the necessary
data and information; (b) Al in their processing and interpretation; and especially (c) the inclusion
of Al in the immediate economic evaluation, which expresses the essence, efficiency and
reliability of geological-mining-technological-economic work in the mineral sector and mineral
economy of the country.

Key words: economic evaluation, mineral reserves, artificial intelligence, mineral economy.
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PRELIMINARNI OSVRT NA PROJEKCIJE POLJA PRIMENE VESTACKE
INTELIGENCIJE U EKONOMSKOJ OCENI MINERALNIH REZERVI

prof. dr Radule ToSovi¢, dipl. ecc.
Beogradski Univerzitet, Rudarsko-geolo$ki fakultet, Beograd, Srbija

Savremene specificnosti primene ekonomske ocene mineralnih rezervi u mineralnom
sektoru zemlje diktirane su izmedu ostalog slozenim uslovima: (a) aktuelnih geopolitickih
dogadanja; (b) strategijskog prestrojavanja; (c) taktiCkog pozicioniranja i (d) kriznog
menadzmenta. TrziSnu ekonomsku ocenu ekonomski sve znacajnijih mineralnih resursa
prate posebno specificni aspekti funkcionisanja mineralne ekonomije i to narogito: (a)
turbulentnost mineralnog trzista; (b) slozenost mineralne proizvodnje; (c) krizni uslovi
snabdevanja mineralnim sirovinama; (d) ekolo$ki protesti gradana na lokalnom podrucju;
(e) rastuce potrebe za kriticnim mineralnim sirovinama; i (f) zapocCeta trka u obezbedenju
potrebnih retkih metala za privredne aktivnosti. U prakti¢noj primeni ekonomske ocene
mineralnih rezervi vrsi se stalno unapredenje metodike ocene shodno promenama uslova i
neophodnosti prilagodavanja postojecim potrebama i trendovima u mineralnoj ekonomiji.
Pri tome se u sklopu metodike ekonomske ocene mogu izdvojiti: (a) klasi€¢na metodika
ekonomske ocene; (b) primena postojeéih metoda i alata u prikupljanju, pripremi i obradi
podataka za ekonomsku ocenu; i (c) i koriS¢enje savremenih i najnovijih alata u metodici
ekonomske ocene. Klasi¢na metodika ekonomske ocene obuhvata analizu: (a) seta od
devet faktora ekonomske ocene; i (b) tri seta pokazatelja ekonomske ocene, koji obuhvataju
(b1) set naturalnih pokazatelja; (b2) set vrednosnih pokazatelja; i (b3) set sintetskih
pokazatelja. Set od devet faktora pojedinacno u kompletnom prikazu obuhvata: (a1)
metalogenetske; (a2) geoloske; (a3) tehni¢ko-eksploatacione ili rudarske; (a4) tehnoloske;
(ab) trzisne; (ab) regionalne; (a7) socijalno-politicko-ekonomsko-strategijske; (a8)
geoekoloske; i (a9) zakonodavno-pravne faktore. Pri tome svaka od navedenih grupa
obuhvata veci broj pojedinacno pripadaju¢ih faktora, koji zahtevaju posebnu geolosko-
ekonomsku analizu i razmatranje. Medu najvaznijim metodama se izdvajaju: (i) metoda
ekonomske ocene bez uzimanja u obzir vremenskog faktora, kao klasi¢na metoda; i (ii)
metode ekonomske ocene sa uzimanjem u obzir vremenskog faktora, u koje narocito
spadaju DCF metode, i to NPV i IRR metoda, kao savremene trZiSne metode ocene. Medu
savremene alate za primenu u ekonomskoj oceni mineralnih rezervi narocito spada primena
sve prisutnije vestacke inteligencije (VI). S obzirom na veoma veliki broj podataka i
informacija, koje je neophodno u polaznom bazisu prikupiti za ekonomsku ocenu, kako po
brojnim faktorima, tako i po jo$ brojnijim pokazateljima, a potom iste ukljuciti u metodu
ekonomske ocene, primena VI se namece kao neophodnost. Ova projekcija primene
obuhvata posebno naznaavanje tri znacajna polja primene VI, i to: (1) polje geoloSkih
istrazivanja; (2) polje eksploatacije; i (3) polje neposredne ekonomske ocene. lako se
potrebni podaci iz prva dva polja, direktno koriste u tre¢em polju, posebno je vazna primena
VI u neposrednoj ekonomskoj oceni, koja naro€ito obuhvata; (a) VI u prikupljanju i pripremi
potrebnih podataka i informacija; (b) VI u njihovoj obradi i interpretaciji; i narocito (c)
ukljuCivanje VI u neposrednu ekonomsku ocenu, koja izrazava sustinu, efikasnost i
pouzdanost geoloSko-rudarsko-tehnolosko-ekonomskog rada u mineralnom sektoru i
mineralnoj ekonomiji zemlje.

Kljuéne reci: ekonomska ocena, mineralne rezerve, vestaCka inteligencija, mineralna
ekonomija.
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APPLICATION OF ARTIFICIAL INTELLIGENCE IN CIRCULAR ECONOMY
Andjela Stijovic

Alfa BK University, Faculty of Finance, Banking and Auditing, Belgrade, Serbia,
andjelastijovicstud@gmail.com

The circular economy offers an alternative to the traditional linear model, aiming to
optimize resource use, reduce waste, and protect the environment. Artificial intelligence
(Al) plays a crucial role in this process by enabling advanced data analysis, enhancing
recycling processes, and improving supply chain efficiency. This paper examines the
application of Al in the circular economy through a review of scientific literature and
case studies, focusing on companies utilizing Al for waste sorting, logistics
optimization, and reducing environmental impact. Special attention is given to the
challenges and opportunities of implementing these technologies in Serbia,
considering regulatory frameworks and economic factors. The findings indicate that Al
can significantly contribute to sustainable development by improving resource
efficiency and waste reduction, but its broader application requires additional
investments, workforce education, and regulatory advancements.

Keywords: circular economy, artificial intelligence, recycling, resource optimization,
sustainable development.

PRIMENA VESTACKE INTELIGENCIJE U CIRKULARNOJ EKONOMIJI
Andela Stijovi¢
Alfa BK Univerzitet, Fakultet za finansije, bankarstvo i reviziju, Beograd, Srbija

Cirkularna ekonomija predstavlja alternativu tradicionalnom linearnom modelu, sa
ciliem optimizacije koriS¢enja resursa, smanjenja otpada i zastite Zivotne sredine.
Vestacka inteligencija (VI) ima kljuénu ulogu u ovom procesu jer omogucava analizu
podataka, optimizaciju reciklaze i efikasnije upravljanje lancima snabdevanja. Ovaj rad
analizira primenu VI u cirkularnoj ekonomiji kroz pregled naucnih izvora i studija
slucaja, uklju€ujuc¢i kompanije koje koriste VI za sortiranje otpada, optimizaciju logistike
i smanjenje ekoloSkog otiska. Poseban fokus je stavljen na izazove i moguénosti
implementacije ovih tehnologija u Srbiji, sa osvrtom na regulatorni okvir i ekonomske
aspekte. Istrazivanje pokazuje da VI moze znacajno doprineti odrzivom razvoju kroz
efikasnije koriSéenje resursa i smanjenje otpada, ali da je njena Sira primena uslovljena
dodatnim investicijama, edukacijom struénjaka i unapredenjem zakonodavstva.

Kljuéne reci: cirkularna ekonomija, vestacka inteligencija, reciklaza, optimizacija
resursa, odrzZivi razvoj.
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MANAGEMENT, MARKETING, ARTIFICIAL INTELLIGENCE AND
ASSESSMENT OF MINERAL RESOURCES

prof. dr Radule ToSovi¢, dipl. ecc.
University of Belgrade, Faculty of Mining and Geology, Belgrade, Serbia

The contemporary functioning conditions of the mineral economy and the mineral sector of
the country, especially in a complex national and international surroundings, require a
particularly complex professional and methodological approach in the assessment of
mineral resources and the perception of the conditions for their economic valorization. In
the various stages of treatment of mineral raw materials, it is necessary to apply processes
and methods to create the most favorable conditions for their sustainable use in accordance
with the country's mineral policy and mineral strategy, while taking into account market
opportunities and investors' interests. In this sense, in the mineral sector, it is necessary to
include several groups of activities, among which the application of can be included: (a)
management; (b) marketing; (c) artificial intelligence; and (d) assessment of mineral
resources. Management as a contemporary scientific and practical discipline, based on
certain principles of management, in the mineral sector has a number of specificities, but
also uniqueness of applicable branch management, namely: (a) management of geological
exploration and (b) management of mineral resources, but also specific aspects of classic
types of management, such as: (i) strategic management; (ii) operational management; (iii)
financial management; (iv) human resources management; (v) crisis management; (vi) time
management, (vii) agile management and others. In addition to all of the above, from the
aspect of management, it should be emphasized that the management of enterprises of the
mineral sector, as the basic economic subjects of the mineral economy, is of exceptional
practical importance The perception of the economic importance of mineral resources
through an economic evaluation, which is preceded by an assessment of mineral resources,
is particularly specific to distinguish managerial tasks, obligations and responsibilities, on
the one hand, business decisions at the enterprise level, on the other hand, and managerial,
economic and business success of work on mineral resources, on the third hand.
Considering the extent of required managerial data and information and the required degree
of processing in this segment, it is necessary to apply contemporary methods of artificial
intelligence (Al). Another important component is the application of marketing, as an
indispensable activity in the mineral sector and mineral economy. The specificity of mineral
production, the final mineral product, the market of mineral raw materials and various social-
ecological aspects of the treatment of mineral raw materials from geological exploration,
through exploitation, then preparation and processing, obtaining the mineral product and its
incorporation into concrete products, requires special preparation, planning and
implementation of accompanying marketing activities related to a specific mineral raw
material. Given the connection between management and marketing in this part the
application of modern methods of Al is also necessary. The application of Al in question is
the most prominent in the assessment of mineral resources by all major components, which
includes the application of machine learning, deep learning, and big data analytics. It is
particularly interesting to use algorithms in the economic assessment of mineral resources,
through neural networks, regression analyses, optimization algorithms, etc., in order to use
the advantages of Al compared to traditional methods of assessment of mineral resources.

Key words: management, marketing, artificial intelligence, mineral economy.
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MENADZMENT, MARKETING, VESTACKA INTELIGENCIJA | PROCENA
MINERALNIH RESURSA

prof. dr Radule ToSovi¢, dipl. ecc.
Beogradski Univerzitet, Rudarsko-geolo$ki fakultet, Beograd, Srbija

Savremeni uslovi funkcionisanja mineralne ekonomije i mineralnog sektora zemlje, narocito
u sloZzenom nacionalnom i medunarodnom okruzenju, zahteva posebno kompleksan struéni
i metodoloski pristup u proceni mineralnih resursa i sagledavanja uslova njihove ekonomske
valorizacije. U razliCitim fazama tretiranja mineralnih sirovina neophodna je primena
postupaka i metoda za stvaranje najpovoljnijih uslova njihovog odrzivog koriS¢enja u skladu
sa mineralnom politikom i mineralnom strategijom zemlje, a uz uzimanje u obzir trziSnih
prilika i interesa investitora. U tom smislu u mineralnom sektoru je neophodno ukljucivanje
viSe grupa aktivnosti, medu koje se mogu uvrstiti primena: (a) menadzmenta; (b)
marketinga; (c) vestacke inteligencije; i (d) procene mineralnih resursa. Menadzment kao
savremena nauc¢na i prakti¢na disciplina, bazirana na odredenim principima menadzmenta,
u mineralnom sektoru ima niz specificnosti, ali i posebnosti primenljivih granskih
menadzmenta, i to: (a) menadzment geoloskih istrazivanja i (b) menadzment mineralnih
resursa, ali i specificne aspekte klasi¢nih vrsta menadZzmenta, kao Sto su: (i) strategijski
menadzment; (ii) operativni menadzment; (iii) finansijski menadzment; (iv) menadzment
ljudskih resursa; (v) krizni menadzment; (vi) menadzment vremena, (vii) agilni menadzment
i dr. Na sve navedeno treba, sa aspekta menadzmenta, posebno istaci da izuzetan prakti¢ni
znaCaj ima menadZment preduzeca mineralnog sektora, kao osnovnih ekonomskih
subjekata mineralne ekonomije. U sagledavanju ekonomskog znac¢aja mineralnih resursa
kroz ekonomsku ocenu, kojoj prethodi procena mineralnih resursa, posebno je specificno
izdvajanje menadzerskih poslova, obaveza i odgovornosti, s jedne strane, poslovnih odluka
na nivou preduzeca, s druge strane, i menadzerske, ekonomske i poslovne uspesnosti rada
na mineralnim resursima, sa trece strane. S obzirom na obim potrebnih menadzerskih
podataka i informacija i potreban stepen obrade u ovom segmentu je neophodna primena
savremenih metoda vestacke inteligencije (VI). Druga zna¢ajna komponenta je primena
marketinga, kao nezaobilazne aktivnosti u mineralnom sektoru i mineralnoj ekonomiji.
Specificnost mineralne proizvodnje, konaénog mineralnog proizvoda, trzista mineralnih
sirovina i razli€itih druStveno-socijalno-ekolo$kih aspekata tretiranja mineralnih sirovina od
geoloskih istrazivanja, preko eksploatacije, zatim pripreme i prerade, dobijanja mineralnog
proizvoda i njegove ugradnje u konkretne proizvode, zahteva posebnu pripremu, planiranje
i realizaciju prate¢ih marketinskih aktivnosti vezanih za odredenu mineralnu sirovinu. S
obzirom na povezanost menadzmenta i marketinga i u ovom delu je neophodna primena
savremenih metoda VI. Predmetna primena VI najviSe dolazi do izrazaja kod procene
mineralnih resursa po svim glavnim komponentama, $to obuhvata primenu masinskog
ucenja, dubokog ucenja i analitiku velikog broja podataka. Pri tome je posebno interesantno
koris¢enje algoritama u ekonomskoj proceni mineralnih resursa, kroz neuronske mreze,
regresione analize, algoritme optimizacije i dr., kao bi se iskoristile prednosti VI u odnosu
na tradicionalne metode procene mineralnih resursa.

Kljuéne reci: menadZzment, marketing, vestacka inteligencija, mineralna ekonomija.
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University of Belgrade, Faculty of Security studies, Belgrade, Serbia

Contemporary security conditions in current geopolitical, strategic and economic
events include the influence of a large number of diverse factors, which are scientifically
and methodologically rounded through the Copenhagen School of Security studies. At
the same time, in accordance with contemporary security analytical actions, a
particularly interesting issue of environmental security is singled out. Its consideration,
as well as the consideration of a number of related factors within the Copenhagen
School of Security studies, can be significantly improved through the application of
artificial intelligence methods and actions. The Copenhagen complex research has its
initial scientific foothold directly in the Copenhagen School of Security studies, in the
part related to the sectoral approach to security studies, as one of the three theoretical
directions of security studies along with the Theory of securitization and the The
regional security complex theory. According to the Copenhagen sectoral approach to
security studies in question and a complete consideration, 5 characteristic areas, or
sectors, can be singled out, namely the following: (1) Military; (2) Political; (3)
Economic; (4) Social and (5) Environmental sector. Considering the current
environmental trend and the improvement of the application of the binding concept of
sustainable development in security analyses, a particularly interesting environmental
sector is singled out. In addition to the existence of a separate environmental sector, in
a complete approach the analysis of environmental security can be connected with at
least 3 mentioned sectors: (i) Economic; (i) Social; and (iii) Environmental sector.
Accordingly, the contemporary environmental security risk management in an
analytical basis scientifically and methodologically completely justified can be observed
as a multisectoral approach. The application of contemporary analytical methods,
among other things, includes innovative contemporary solutions that are enabled by
the application of artificial intelligence. It is interesting, both in the part of analysis,
prediction and environmental security management, as well as in the application of
machine learning, developed neural networks, in order to make appropriate
professional, managerial and business decisions on the basis of initial environmental
and security data, directed at measures of environmental prevention and environmental
protection, as well as the overall improvement of very important environmental security.

Keywords: Copenhagen school of security studies, environmental security, security
managers, business decisions, artificial intelligence.
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Savremeni bezbednosni uslovi u aktuelnim geopolitickim, strategijskim i ekonomskim
dogadanjima obuhvataju uticaj vec¢eg broja raznovrsnih faktora, koji su nauc¢no i
metodoloski zaokruzeni kroz Kopenhasku Skolu bezbednosti. Pritome se, u skladu sa
savremenim bezbednosnim analitiCkim postupcima, izdvaja posebno interesantno
pitanje ekoloske bezbednosti. Njeno razmatranje, kao i razmatranje niza pripadajucih
faktora u sklopu Kopenhaske $kole bezbednosti moze se u znacajnoj meri unaprediti
kroz primenu metoda i postupaka vestacke inteligencije. Kopenhasko bezbednosno
kompleksno istrazivanje ima polazno nau¢no uporiste direktno u Kopenhaskoj Skoli
bezbednosti, u delu koji se odnosi na sektorski pristup bezbednosti, kao jednog od tri
teorijska pravca bezbednosti uz Teoriju sekuritizacije i Teoriju regionalnih
bezbednosnih kompleksa. Prema Kopenhaskom predmetnom sektorskom pristupu
bezbednosti i kompletnom razmatranju mogu se izdvojiti 5 karakteristi¢nih oblasti,
odnosno sektora, i to sledeéi: (1) Vojni; (2) Politicki; (3) Ekonomski; (4) Drustveni
(Socijetalni) i (5) EkoloSki sektor. S obzirom na aktuelni ekoloski trend i unapredenje
primene obavezujuéeg koncepta odrZivog razvoja u bezbednosnim analizama se
posebno izdvaja naroéito interesantan ekoloski sektor. Pored egzistiranja zasebnog
ekoloskog sektora, u kompletnom pristupu analiza ekoloSke bezbednosti se mozZe
povezati sa najmanje 3 navedena sektora i to: (i) Ekonomskim; (ii) Drustvenim; i (iii)
Ekoloskim sektorom. Shodno tome savremeno upravljanje ekoloskim bezbednosnim
rizicima u analitickoj osnovi nau¢no i metodoloSki se potpuno opravdano moze
posmatrati kao multisektorski pristup. Primena savremenih analitickih metoda, izmedu
ostalog ukljuuje inovativna savremena reSenja koja omogucéuje primena vestacke
inteligencije. Ona je interesantna, kako u delu analize, predikcije i upravljanja
ekoloSkom bezbednodéu, tako i primene masinskog ucenja, razvijenih neuronskih
mreza, kako bi se na bazi polaznih ekoloSkih i bezbednosnih podataka, donosile
odgovarajuce struéne, menadzZerke i poslovne odluke usmere na mere ekolodke
prevencije i ekoloSke zastite, kao i celovito unapredenje veoma vazne ekoloske
bezbednosti.

Kljuéne reéi: Kopenhaska Skola bezbednosti, ekoloSska bezbednost, menadzeri
bezbednosti, poslovne odluke, vestacka inteligencija.
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The environment is most often viewed as a common resource. Consequently, the
function of environmental conservation and protection is usually assigned to the state.
The state fulfills this function by introducing regulations aimed at preserving and
protecting the environment. Investing in environmental conservation and protection is
costly and does not yield economic returns.

For the private sector, environmental resources are externalities that cost
entrepreneurs little or nothing and are generally a source of additional profit. The
private sector has no economic incentive to invest in environmental conservation and
protection. Therefore, the responsibility for financing environmental protection is
typically left to the state. The 1972 report of the Club of Rome (Limits to Growth) was
one of the first to warn about the ecological and economic challenges of global
development. Likewise, the 1987 Brundtland Report (Our Common Future) was crucial
in defining the concept of sustainable development. In 2015, the United Nations
established the Sustainable Development Goals (SDGs), a document signed by
numerous member states as part of the Agenda 2030. There are 17 goals covering key
areas such as poverty eradication, environmental protection, education and healthcare
improvement, and the promotion of sustainable development. Although ten years have
passed, progress in achieving these goals remains far below expectations. The results
of sustainable development financing indicate that the gap in financing and investment
ranges between $2.5 trillion and $4 trillion annually. It is clear that the public sector
lacks sufficient capital to fund sustainable development goals. The only way to bridge
this gap is to encourage the private sector to invest in these initiatives. In this regard,
new forms of motivation are being considered—alternatives that would effectively
replace profit as the ultimate goal of private entrepreneurship. Existing practices have
given rise to a possible model: a combination of financing from both public and private
sectors, known as blended financing. Blended financing primarily enables the
distribution of risk and high costs. Despite this, the level of risk and costs still exceeds
the limits that the private sector is willing to accept. New solutions are being sought in
changing incentives that would drive the private sector to invest in environmental
conservation and protection. New forms of such instruments are outcome-based
bonds.

Keywords: non-profit incentives for environmental financing, role of private sector in
environmental financing, environmental goals for private sector.
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Zivotna sredina najée$ée se posmatra kao zajednicki resurs. Shodno tome, funkcija
oCuvanja i zastite zivotne sredine obi¢no se se dodeljuje drzavi. Drzava svoju funkcije
obavlja uvodenjem regulative koja ima za cilj oCuvanje i zastitu zivotne sredine.
Ulaganje u oCuvanje i zastitu zivotne sredine je skupo i ne donosi ekonomski prinos.
Za privatan sektor, resursi zivotne sredine su eksternalije, koje preduzetnika malo
kostaju ili ga ne kostaju nista, i po pravilu su izvor dodatnog profita. Privatni sektor
nema ekonomskog interesa da ulaze u oCuvanje i zastitu Zivotne sredine. Zato se
funkcija finansiranja zivotne sredine po pravilu prepusta drzavi. Izvestaj Kluba Rima iz
1972. godine (,Granice rasta®) bio je jedan od prvih koji je upozorio na ekoloske i
ekonomske izazove globalnog razvoja. Takode, Brundtlandov izvestaj iz 1987. godine
(,Nasa zajednic¢ka buducnost®) bio je klju¢an za definisanje koncepta odrzivog razvoja.
Ujedinjene nacije utvrdile su 2015. godini dokument o cilievima odrzivog razvoja
(SDGs) kaiji je potpisao veliki broj zemalja ¢lanica, kao deo Agende 2030. Postoji 17
cilieva koji pokrivaju klju¢ne oblasti poput iskorenjavanja siromas$tva, zastite Zivotne
sredine, unapredenja obrazovanja i zdravstva, kao i promovisanja odrzZivog razvoja.
lako je proSlo ve¢ deset godina, napredak u njihovom postizanju daleko je od
oCekivanog. Rezultati dosadasnjeg finansiranja odrZivog razvoja pokazuju da jaz u
finansiranju i investicijama u odrZivom razvoju iznosi izmedu 2,5 biliona i 4 biliona
dolara godisnje. Jasno je da javni sektor nema dovoljno kapitala za finansiranje ciljeva
odrzivog razvoja. Jedini nacin na koji se jaz moze premostiti je podsticanje privatnog
sektora da ulaze u te namene. U tom smislu, razmatraju su novi vidovi motivacije, koji
bi dovoljno dobro zamenili profit kao neprikosnoveni cilj privatnog preduzetnistva.
Dosadasnja praksa iznedrila je, kao moguci model, kombinaciju finansiranja od strane
javnog i privatnog sektora, tzv. meSovito finansiranje. MeSovito finansiranje
prvenstveno omogucuje podelu rizika i visokih troSkova. | pored toga, visina rizika i
troSkova jo$ uvek premasuje granice koje je privatni sektor spreman da prihvati. Nova
reSenja traZze se u promeni podsticaja koji bi pokrenuli privatni sektor da ulaze u zastitu
i oCuvanje Zivotne sredine. Jedan od instrumenata takvih podsticaja su obveznice sa
definisanim ishodom.

Kljuéne reéi: neprofitni podsticaji za finansiranje Zivotne sredine, uloga privatnog
sektora u finansiranju zZivotne sredine, ciljevi zastite Zivotne sredine za privatni sektor.
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The first part of the paper will formulate the theory of Ecological Modernization as an
emergent form of neoliberal capitalism, through both its forms (weak and strong). The
second part of the work will be focused on the effectiveness of the concept itself in a
technical-technological sense, ie. will indicate the dual appearance of weak ecological
modernization, in an independent form, and as a model of global neoliberal greening
of economic processes. Using concrete examples, it will be shown to what extent this
practical part of contemporary environmental policy, reconciled with traditional
capitalist principles of profit creation, can be potent in solving the central environmental
challenges in the XXI century. In the form of a case study, the phenomenon of CO:
emissions as the dominant cause of climate change, will be presented. Ecological
modernization in this part of the work will be faced with the emission of the mentioned
gas, in the form of potency to reduce its emission. In this way, we will look at ecological
modernization through the only achieved format - the format of weak ecological
modernization, and conclude whether the third decade of the XXI century is the last
moment to put into practice the concept of strong ecological modernization.

Keywords: Ecological modernization, COz, climate change, environmental policy,
IPCC.

49



CONTRIBUTED LECTURES

PRESEK | PERSPEKTIVA EKOLOSKE MODERNIZACIJE U XXI VEKU
Doc. dr Marko M. Vuji¢t, Prof. dr Darko P. Nadi¢!, Prof. dr Olja Munitlak Ivanovi¢?

YUniverzitet u Beogradu, Fakultet politickih nauka, Jove llica 165, Beograd, Srbija
2Univerzitet u Novom Sadu, Prirodno-matematicki fakultet, Departman za
geografiju, turizam i ugostiteljstvo, Trg Dositeja Obradovica 3, Novi Sad, Srbija

Prvi deo rada formulisaée teoriju EkoloSke modernizacije kao pojavnu formu
neoliberalnog kapitalizma, kroz oba njena oblika (slabi i jaki). Drugi deo rada ce biti
fokusiran na ucinkovitost samog koncepta u tehni¢ko-tehnoloskom smislu, tj. ukazace
na dvojaku pojavnost slabe ekoloSke modernizacije, u samostalnoj formi, i kao modela
globalnog neoliberalnog ozelenjavanja privrednih procesa. Na konkretnim primerima,
bi¢e ukazano u kom obimu ovaj prakti¢ni deo savremene ekoloske politike, pomiren s
tradiconalnim kapitalistiCkim principima stvaranja profita, mozZe biti potentan u
reSavanju centralnih ekolo$kih izazova u XXI veku. U formi case study bi¢e prikazan
fenomen emisije CO2, kao dominantni uzroCnik klimatskih promena. EkoloSka
modernizacija u ovom delu rada bi¢e suoena s emisijom pomenutog gasa, u formi
potentnosti da njegovo emitovanje umanji. Na taj nacin sagledaéemo ekoloSku
modernizaciju kroz jedini ostvareni format — format slabe ekoloSke modernizacije, te
izvesti zakljuak da li je tre¢a decenija XXI veka poslednji trenutak da se u praksu
uvede koncept jake ekoloSke modernizacije.

Kljuéne reci: EkoloSka modernizacija, CO2, klimatske promene, ekoloSka politika,
IPCC
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Satellite observations of nighttime lights have been consistently collected over the last
three decades and represent valuable source of geospatial information for different
research studies related to human activity. Significant number of research results had
been focused on the relationships between economic growth in developing countries
and spatially aggregated information about nighttime lights at national and regional
levels. In this study we will explore the current landscape of available nighttime lights
measurements, and especially focus on recently made harmonized dataset consisting
of super-resolved DMSP-OLS (Defense Meteorological Satellite Program-Operational
Linescan System) images and NPP-VIIRS (Suomi National Polar-Orbiting Partnership-
Visible Infrared Imaging Radiometer Suite) luminosity measurements. Spatially
aggregated time series of nighttime lights over administrative regions in Serbia will be
analyzed for possible similarities in trend and dynamics over the time span of three
decades and their relationship to local economic activity. Presented results will highlight
the main characteristics of regional dynamics and indicate possible research directions
for further fine-grained spatial analysis of original nighttime lights measurements as
potential indicators of temporal and spatial changes in economic activity.

Keywords: satellite observations, harmonized nighttime lights, regional dynamics,
economic indicators.
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