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Abstract.

The main objectives of improving the reliability of
roads and highways are to increase the durability of the
road pavement structure, as well as its wear resistance.
During design, it is important to determine the quality of
the road construction materials used to ensure the
required strength of the road pavement structure, which
are resistant to plastic deformation and wear. In terms of
operational reliability criteria, It is necessary to pay
attention to the bearing capacity in relation to the im-
pact of transport loads and the maintainability of road

structures. Depending on the quality of road construc-
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tion materials, it is recommended to use them selectively
in the structural layers of the road pavement, so as to
maximally take into account, on the one hand, the
requirements of strength and reliability, and on the other
hand, economic affordability.

Based on the above, the article presents the principles
for selecting optimal road pavement design methods that
provide the necessary operational characteristics and re-
liability over the service life under predetermined traffic

volume conditions at a minimum cost.

Keywords: Road Pavement; Service Life; Structural

layer; Structure.
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Introduction

Pavement design is essentially an empirical science
based on practical experience. The empirical-mecha-
nical and engineering design system provides a unified
pavement analysis procedure for evaluating existing
pavements and predicting deterioration. The design
procedure explained here is an empirical-mechanical
one, combining elements of modeling with performan-
ce observations in determining the required pavement
thickness for a set of design conditions. The empirical-
mechanical and engineering design system is based on
elementary physics and determines the stressed-defor-
med state of the pavement in terms of the normal and
shear strength indicators under the impact of wheel
loads. The empirical part of the design uses pavement
operational reliability criteria to predict service life
based on actual field performance observation. The
layer thickness obtained from the above procedures
should be considered as a minimum requirement and
should not take into account construction tolerances.
This is especially important in the case of layers of

modified material.

Main Part

Design of Road Materials

For existing road pavements, test pits represent one
of the common investigation methods to determine the
thickness and type of the various pavement layers and
to assess the condition of the sub-grade. Samples from
each layer of the pavement and sub-grade can be taken
for visual inspection and collected for subsequent labo-
ratory testing. As a guideline, it is recommended to ma-
ke two control pits every one KM, alternately on both
sides of the roadway.

The Dynamic Cone Penetrometer (DCP) test is
designed to provide the rapid in-situ measurement of
the structural properties of existing road pavements and
sub-grades. The DCP test results can be compared with
laboratory test results. The DCP testing frequency is
usually every 100 meters, but a testing interval of 200
meters can be sufficient.

Practitioners are encouraged to refer to the ,TRL’s
Overseas Road Note 8, A User’s Manual for A Program to
Analyse Dynamic Cone Penetrometer Data“, for a detailed
discussion of DCP data analysis obtained from testing.
Using data obtained from DCP and CBR tests, it is possible
to determine the pavement thickness and quality of road
construction materials. An example of dynamic cone

penetrometer analysis is shown below in Figure 1.
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Fig. 1: Dynamic Cone Penetrometer Analysis Sample
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In general, the use of improved sub-grade layers has
the following advantages: provides additional protection
during heavy axle loads; protects underlying earthworks;
provides a running surface for traffic; promotes compa-
ction of upper pavement layers; provides a homogenous
sub-grade strength; acts as a drainage filter layer and is
available for more economical use of materials.

Performance Characteristics of Road Pavement
Layers

The thickness of unbonded base, sub-base, capping
layer and sub-grade material specified in the design
shall provide sufficient normal and shear strength, as
shown in Figure 2, to support the expected load during

the design service life of the pavement.
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Surface design is based on providing a surfacing that
is adequately durable to deformation under traffic loads,
is resistant to atmospheric influences, has adequate skid
resistance, is adequately smooth and is sufficiently wear-
resistant during the design life of the pavement.

The optimal number of layers depends on the requi-
red stability, smoothness, and economy. Road pavements
can come in a multitude of configurations and variations.
For road design purposes, it is sufficient to consider some
of the generally accepted solutions used to provide major
all-weather access roads in the area. Roads can be catego-
rized according to the main construction materials used
in the pavement: earth; gravel or aggregate; bituminous

mixes; concrete, and stone or brick.
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Fig. 2: Normal and shear strength characteristics of pavement layers
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The main steps to be followed in carrying out a de-
sign for a road pavement include:

e Estimating the volume of traffic and the cumu-
lative number of standard axles that will use the
road during the selected design life;

e Estimating the strength of the sub-grade soil over
which the road is to be built;

e Selecting the most economical combination of pa-
vement materials and layer thicknesses that will
provide satisfactory service over the design life of
the pavement.

Vehicle classification is an important aspect of traf-
fic volume assessment (as well as equivalent axle load
assessment). Vehicle types are typically defined accor-
ding to the following breakdown (For reporting pur-
poses, the breakdown can be further simplified and
expressed in vehicle classes):

e Cars;

e (2) 4-Wheel Drive Vehicles;

e Small Buses;

e Medium and Large-size Buses;

e Small Trucks and Pickups;

e Medium Trucks; and

e Large, 2-Axle Truck.

Most often, traffic data will initially be available to
the designer in terms of volumes, i.e., Average Annual
Daily Traffic (AADT) for each vehicle class. It is noted
that motorcycles and small cars do not contribute
significantly to structural damage to roads. The AADT
is defined as the total annual traffic summed in both
directions and divided by 365. It is usually obtained by
recording actual traffic volumes over a shorter period,
from which the AADT is then estimated. Adjustments
are usually required between the AADT based on
recent traffic counts and the AADT during the first
year of service. These adjustments can be made using
growth factors. It is recommended that traffic counts to
establish an average annual traffic figure for a particular
site comply with the following practices:

The count is conducted over seven consecutive days.

Some days are counted for a full 24 hours, preferably

ISSN 1512-0996
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with at least one 24-hour count on a weekday and one
on a weekend. A sixteen-hour count should be sufficient
for the remaining days. Counting should be avoided
during periods when the intensity of travel for short
periods of time is abnormal due to wage payments,
public holidays, etc. If possible, the seven-day count
should be repeated several times throughout the year.

Future traffic volume is divided into the following
three categories: traffic that would pass along an exis-
ting road or route even if no pavement improvements
or rehabilitation works were provided; additional traf-
fic caused by road improvements; Traffic that is chan-
ged from another route (or mode of transportation) due
to improvements to the project road, but still travels
between the same origin and destination.

The cumulative traffic for each class of vehicle is
multiplied by the average number of equivalent stan-
dard axles of vehicles in that class to calculate the cu-
mulative total number of equivalent standard axles over
the life of the road. The Equivalence Factor (per axle) is
defined as the pavement damaging effect of an axle in
relation to the damage created by a standard axle which
has a load of 10 tonnes. ESA (equivalent standard axle)
is a standard axle load of 10 metric tons (or 100 kN). All
axle loads are converted to equivalent standard axle
loads (ESA) and pavement design is usually based on
the total combined ESA value that the pavement will
be expected to support over its design life.

The number of equivalent standard axles is related
to the axle load as follows:

ESA = (P/10000)n (for loads in kg) or ESA =
(P/100)n (for loads in kN) Where ESA = number of
equivalent standard axles;

P=axle load (in kg or kN) and n = damage exponent.

The accumulated ESAs for each class for the design
period are obtained by multiplying the cumulative traf-
fic. The total cumulative standard axle load of all vehicle
classes is obtained by adding the values for all classes.

Traffic on narrow roads is more channelized than on
wide two-lane roads. In such cases, the effective traffic

load is greater than for wide roads. Design traffic volume
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can also be a significant proportion of total traffic on
roads, sometimes 20 to 40% of total traffic, and should be
taken into account in the design of the wearing course.
For high-volume roads detailed traffic analysis is war-
ranted because environmental and traffic loading factors
generally determine the performance of roads.

The main steps that must be taken when imple-
menting a road pavement design include the following:

o estimating the amount of traffic and the cumu-
lative number of standard axles that will use the road
over the selected design life;

e assessing the strength of the sub-grade soil over
which the road is to be built;

o selecting the most economical option of pavement
materials and layer thicknesses that will provide satisfac-
tory service over the design life of the pavement, taking
into account local conditions of climate, traffic, available
local materials and other environmental factors.

Based on the above, the main objective is to design
an appropriate pavement structure with sufficient load-
bearing capacity to accommodate the expected traffic

during its design life at a given end-of-life service level.
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The suitability of road pavement design methods
can be assessed by taking into account the following
factors:
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of a number of durable construction materials that are
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properties of naturally occurring residual weathered
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field performance characteristics in relation to such
factors as traffic volume, sub-grade design class, pave-
ment design class and geo-climatic zone;

Depending on the quality of road construction ma-
terials, their selection should be made for optimal use
in the structural layers of the road pavement, in order
to maximally meet the requirements of durability and

reliability, while remaining economically affordable.
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Abstract. The most important link in the transfer of food products from manufacturer to consumer is
transportation. An examination of various types of vehicles shows that the main reason for the deterioration in the
quality of transported food products is their reloading from one type of transport to another, which violates optimal
storage conditions. In order to prevent deterioration in the quality of products during transportation, it is proposed
to place them in special transport containers equipped with individual refrigeration units. Regardless of the scheme
used and means of transportation in a particular case, the product loaded and closed into a container by the
manufacturer is constantly, during the entire transportation time, under the conditions of optimal storage parameters
established by the manufacturer. The container is opened by the consumer only after the complete completion of

the transportation cycle.
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Abstract. To maximize the preservation of the quality of plant raw materials during long-term storage, the best
way is freezing using modulated crystal technology, which involves exposure to acoustic waves in parallel with rapid
freezing. To implement this method, it becomes necessary to develop new equipment suitable for a specific type of
product due to the fact that agricultural products are quite diverse both in terms of biochemical composition and
physical state (weight, shape, quality of maturity, etc.). A schematic diagram of a new device for freezing with

modulated crystal technology is presented, which can be used for freezing elongated agricultural raw materials

Keywords: Acoustic waves; Freezing; Maintaining quality; Modulated crystal technology; Vegetable raw

materials.
856boengol mstowo 28.10.2024
G90emabzerol ovstoeo 12.02.2025
bgerdmfigtoemos osbsdg s 25.09.2025
b3¢m-ob 3Gm3gdo — Works of GTU ISSN 1512-0996
Ne3 (537), 2025 www.shromebi.gtu.ge
308


http://www.shromebi.gtu.ge/
mailto:givi.gugulashvili@gmail.com

b506g0b6M lioJdg — Engineering

UDC 2213
SCOPUS CODE 2213

https://doi.org/10.36073/1512-0996-2025-3-309-316

9H@IoL MbOGFOMObMIBOL B30 gB930 — bgermzbm®o 0bEgwgd@ ol 0bEgaMsEos Lsdmdsm

36H™Iob MBsBODBMGIOLS S LosbGdM FEYMTsMIYMOOL FoMH N30l Y350 EH>TIbE0,
LodoMmmM39wml  39d6o3MMo  Mboggmlbodgdo, Lods@mggwm, 0160, mdowrolo,

6oL MBsBODBMGIOLS S LosbGdM FEYMTsMIYMOOL FoH N30l Y350 EH>TIbE0,

LodoMmmM39wml  39d6o3MMo  Mboggmlbodgdo, Lods@mggwm, 0160, mdowolo,

96H™Iob MBsBODBMGIOLS o LosbGdM FEYMTsMIYMOOL FoMH N30l Y350 EH>TIbE0,

LodoMmmM39wml  39d603MMo  Mboggmlbodgdo, Lojs@mggwmm, 0160, mdogrolo,

39M9dmdo
Bozmem®
85396005830¢0
9. 3mbiGogsb 75
E-mail: nikoloz298@gmail.com
Bsbs MoBIsdg
9. 3mbEogL 75
E-mail: n.razmadze@gtu.ge
Bobm Gos@osbo
0. 3mbBOgz9L 75
E-mail: n.ratiani@gtu.ge
69396%9bGgd0:

0. 3963905, LE)-ob LEFNM-2INEWMZOWOHO B53IEIEHOL 3OMBILMMO

E-mail: t.kunchulia@gtu.ge

©. dvysb™030dY, LEHw-0L LoGMBLMOEM LolEYIgdOL s dgdsbogol 0bmobgHool Bs3MWEHIGHOL SbmEo-

6900 3OMRILMOO
E-mail: d.butskhrikidze@gtu.ge

3b6m@o309s. 330935 9B3969dL, MM bywrmzbm®o

06GHIgIHo 96> FomwmE Gdbmwmyor®o 0bmgzs-
305, 965390 9gbgx 963 0L LEHMIE IO 0BLE-
096 BH0@Es. 9399 LESGH05Go gobobowgds bg-
@m3bmo 0bGgmgd@ol (Al) Gmeo 3nd3s600L 0o-
65396 MAgems IOHMIoL MLOBOHMNbMGOOL Qomdxmdg-
1gdol J0TsMmYEgdom. FoMIMAI600s Msbsdg-
™39 $9gbmmyom®ho oymdgdo, Holiggdol 36my-

ISSN 1512-0996
www.shromebi.gtu.ge

BmBoMgdol 9gom@gdo, MHgowwe OHMAdo dmbodm-
60bgol LobiGYIgdo s 0ROMEO GHMYBobygdols Im-
©9g00. 3myz56000s §o9Yz560 LogOmMsTMGOLM 3ma-
3560700l Fog900mgd0.

15339630 LoGYzgd0: dmbozgdms sBse0Bo; MOb-
3900L  99Bgx096¢)0;  BHgdbmwmaonmo  3Omamglo;
d6H™Iob MLOxgOHMNbMYds; bgwmzbmmo 0b@gugddo.

Ly-ols IHMIGdO — Works of GTU
Ne3 (537), 2025

309


http://www.shromebi.gtu.ge/

b506g0b6M lioJdg — Engineering

9glss35¢€00

bgarmgbm®o 0b@gmagddo (obyen. Artificial Intel-
ligence, 990m3gdom Al) 560l &Hgdbmeomaos, Hmag-
o3 BodMoergdsl 533l 3MT30wEHIMJOLS s bbgs
9mfgmdomdgdl  dgolyemb obgmo  s8m3s6900,
H™IgoE 80Bbs olsbogl 580560l 0bEgwadEob
293900L o B39vagdM0g, Imombmgl 5@sdosbols 0b-
GILIIOL- ogo0m:

® 06365300l 2osbogrobgds s  ©sL33zbgdOL
PRGIOTOR AT

¢ 1L5dMOL 96 BHgJuBHOL 493905 @S IBIHOMYdY;

® 258mbsbyagdgdoL S9M36Md.;

* 39(g39(H0LBYO0L Joryds;

o LJogems  Godbero  298M(300 9000

»machine learning®).

0.6

bym36O0 06GHIgHOL (Al) 0©gs X9O 30093
39-20 Lo593MboL sLHYoldo AoRbs, TogMsd Al-ol
MBOE0SCNYMH0 ©d©Id0L s 1956 fgaro omg-
@qdo.

1956 gewo — #g@dobols Fomdmdmds:

® 589-00, @M GHIMMOL MboggMLoE HT0 Bo@sMH@o
LodgbogMm Lsdwdsm bgdobos®o, Lowsg 30MHZgeo©
39Bbs  Bg®mdobo  “bgwmgzbymo  0bEgwgdBHo”
(Artificial Intelligence);

¢ 15HF0BSMOL MMHYBODBIGMOO 0ym K Mb 533500
(John McCarthy) — 3sb bdots “bgeomgbmeo ob-
399dGHob 850500 dookbgz9b.

XX -0l 50-60-0569%0:

¢ 3904365 306390 3Mmodo@orwo Al 36myMo-
0900 (059490009, WMYR03MOHO 59m(356900L 4505 3-

Mobo;mgzob);

b3¢m-ob 3Gm3gdo — Works of GTU
Ne3 (537), 2025

310

® 5q3b BHoMMobads dgdmy3zmazobs “GHomMobyol
AILBO”, OHMIWomsg dgodwgds dgnsbigl, ®59©g-
6o “0bBHgagdBHyee®os” 35bgsbs.

1997 fgwo:
¢ IBM-ob bm3g@zma3om@gmds Deep Blue-d Ldaros

Abergeomb Bgd3ombl 35065300 — oMo JoL3sMM3L.

XXI U-ob 10-056g900 — 00sbsdgedmgg Al-ob
sbggzgds:

* 00O dmbs399900UL (Big Data), derog®o 3md30vy)-
G9Mgool o 0> Lfjsgawol (Deep Learning) §go-
wmdoom Al-9 9339060 §oblgws 4sbogsws;

¢ Google, Facebook, Microsoft s bbgs 40356@900
53065 Poghmgbgb Al-ol a563000Mm9dsd0.

Al-0ol 819999090 9@s30 1956 gl sofiym,
033s dobo LYMOMBMEOo 298myabgds s JM3Mws-
605 dcaenm 10-15 §geb 296sbergdeends &gdbmanm-
209005 M550 Mo TgbodErgdgEr0 2obos.

doM0m50 bsfoewo

bomgbm®o 0bFgwmgddo (Al - Artificial Intel-
ligence) XXI bo193960L 960-gM0d 439eobHg 49653~
A9b BH9dbmemyom® dorfgzsw 0das. dolo s®lo sGob
ob, ®™3 LolEgdsl 89w9d0s 5@5F0sbOL 0bEYgdEvy-
5@ 53630900L — 565¢0Bob, Lffageol, yowsfy-
39G0wgdol domgdols s 3MMdEYIol  goFHOL
03035305, 809bgogz5 0doLy, GMI Al-ol doGo-

0500 3063983305 M58gbodg smfegl omzgEol,
dobo 3M5gdBH03o 258mygbgds s gogzwgbs g3mbm-
003599, LEE0SEME LEHMYYIBHYOIOLS S 5©ST0sbOL
X90IOMYMdsBg  4oBLIZMNMGOOM  MZoElshobm
239605 3™ Fargdol gobdogermdsdo.

ISSN 1512-0996

www.shromebi.gtu.ge


http://www.shromebi.gtu.ge/
https://ka.wikipedia.org/wiki/%E1%83%98%E1%83%9C%E1%83%92%E1%83%9A%E1%83%98%E1%83%A1%E1%83%A3%E1%83%A0%E1%83%98_%E1%83%94%E1%83%9C%E1%83%90
https://ka.wikipedia.org/w/index.php?title=%E1%83%90%E1%83%93%E1%83%90%E1%83%9B%E1%83%98%E1%83%90%E1%83%9C%E1%83%98%E1%83%A1_%E1%83%98%E1%83%9C%E1%83%A2%E1%83%94%E1%83%9A%E1%83%94%E1%83%A5%E1%83%A2%E1%83%98&action=edit&redlink=1

b506g0b6M lioJdg — Engineering

56599000039 bFo®dmm s ImALabMgdol Lyd-
GMMH3030 5053056wH0 MHYLOLOL MBBOHDHMGdS
X569M009MmdoL (335 JOM-gOHm (396GHMOG yo-
0mf39350 GRgds. BHgdbmemaom®o dGmyMglo, yo-
BLogmmmgdom bgywmgbmmo 0bdgwgd@ol (AI) ob-
39265309, 33€20L MBsBODHMYBOL - KbIO MY M-
0oL JoOm®M30L GHMoOE0Y ImEgeErgdl. Al-ob bodss-
@000 Ggl5dEgdg0 25bS MO e EM™MTo dmbo-
(39005 565¢0B0o, HoLIGOOL 3OMABMBOMGdS S POHM-
Mo MJoa0Mgds, o3 960d369wm3gbo  5830MgdL
MdgEIOHO  890;mbgqzqdol, 29RO mdol s
LEAHOIBYWO B5JBHMOJdoL HolggdL. 03 30MHMdYddo,
OmEo BodMsm QoMmgdmdo 5sd0sbmMs K obIOMYE™-
35%9 dmgdgo BoghmOgdo Ly YO 3mddwgd-
LOO bEgds, byrmgby®o obdgwgddo odss 9397
AMO0 FoOmz0Ls s 309396300l Idsgz® 0bLEMmvY-
996®s.

23905 530bLY, IOMIOL MbsROHPHMYdOL Lszombado
™330 06 F9dmoxgsmymgds dbmemo gobolzmemo
LoROMHYYO0m. FBsMPOs BLOJ03YMHO K 6IMMYEM-
0oL, 30Mmgmozols s 3gMlmbscmGmo Imbszqdgdol
©5330Lb Mol3gdOE, Mg 30I3 NBOM beOol Al-
Lodo 06GYMLL OO E ©sdLogdgdgems, olg bs-
bgdfogm obLEGo@wEgool dbGHoEsb. dgbsdsdols,
90 0gdsBY 33eg3s 905 TbMmEME 3M5JEH03LS,
5659900 300030105 5 LETIMNEGIM03505E o7~
AP0,

bgrmgbmmo 0bGHgwgd@ol ghm-ghmo deogho
dbomgs  Jobo  FMZ5¢IMYMBMOZ0 0BG Mo300L
6560. 0l 459m0ygg6gds MMM LsdMYY3gwm 3Mm-
39L9d80, oy LsBsMPEGOM0Z SBseoBdo, Fobsmeny-
0590 o Y39msbg 36093690Mm3560 — 50 5806%BYg MGO-
96@0MgdME ©MgdTo, HMYMMOEss IOmIol wbo-

ISSN 1512-0996
www.shromebi.gtu.ge

ROObMYds s XobIMMYIMdOL ;339 BHYJbmenm-
3000 BHOBLBMOTs300L 3Mmigbdo Al bmMEogm-
Q905 OMRMOG GIWIINLO 53OMHODIONO gy~
3963900b Loboo (FoRdWOMOE, HMBdMEHIOO Lofotdmm
bsBbY), 0y BMymOE 3033wwgdb@o bswo@Ho3Meo
9mgwgdo, OGMIgdoi 9bgbgbd ®olzgdol dMmy-
BBoMgdsLs o 5O FoBROMBOEGdSL [1].

50 LobBYdgdol dmgdggds 9xdbgds dmbo3909d-
b9 oy bmdow gmbJ30mboMgdsl — Moy MROM
Jo@oos 0bx3m®dszool batolbbo s dmEwermds,
o MBOHM BDYLEGH05 3OHMABMDBO 96 JowsfyzgdEowgds.
9l Bobsboomgdgro sblszMm®madom 960d3bqwmags-
605 9H™IoL MLoxMMbMYdOL LRgMMPo, Losa Jobvwy-
09393900 9mboGm®mobyo s OHMMEO MYoa0MHqds
2390LsBP3M3L  LogmEbeErols s  KIBIGMYEMdOL
3965686900l glodegdEMdsl. Fogo00s, Bobdo-
o Lfsgarol dmgegdo  9gdergdl  LagGmbol
LPOBI©O 0©IBEHORBOEFOMYINL s MJs0MmgdsL oby,
M0 90600v905000g ©50Y356mL  5@sd0sbMHo  g3od-
AMO0b 459mB0bsMg 9930003700 .

d6HMIoL  MLsgOmbmgds ymgzgumzgol FoMmdma-
396@> 9OM-9Hm 3609369wm356 3o9mfiggzst 30f39-
@mdobs s 3dodg IOmIolb bgydgbEgddo, Losg Ss-
90560L  %sbIOMgEMds s Logmabwyg 3003060
5M0L 9MI0IOE0 250 gdMl GHOL3IYODY. 5T 48mf)-
39300 Ladsbbme, msbs8gM™m3zg Ggdbmermyom®o
36MMaMmgbo s bgrmzbmMo 0bEgwgd@olb (Al) ob-
A92M5305 SOLYOOMI© (3300l MLIROMbMgdOL Tg-
B9x 9960l J0oamdgdlL. 0dolb Boggzers®, ™A Mbsg-
H0bMYdoL bBOMBlgwymas 9dgsmgdmoql dbmeme
500530560l ©533063005L5 S 2oTMEFEOWGISL, LIL
6956 dmdo dmddgo Al bobEgdgdo Jabol
39090mb, Lss3 LoxgMmby OMYWs© S0dmBgbo-

Ly-ols IHMIGdO — Works of GTU
Ne3 (537), 2025

311


http://www.shromebi.gtu.ge/

b506g0b6M lioJdg — Engineering

oo, 99835LgdmEos s dLsdErgdgeros dobo 3MY-
396(309.

AI-0b 3096 9HMToL MLogOHmMbMmgdol Fbs®MsFgeo
ofiggds  9mbo3gdgdol  TgaMmazgdom. 0sbsdgmmag
LYBLMMJdO s  30IMIBIEOGHOIMMO  LbobEgdgdo,
H0ImgdLsE JoMmegl FobdobmMo Lfogangds, 53306-
905 LEFM o A5MYIMU, 500g350L FMIMSMBOL FMS9]-
AMM0gdlL, 50Y6GHOR0EOMIOL  MBLHMG dmddgg-
090l 5 55JBHOMOIPOL oBOMbOEIGISL XIO 300093
05659, LBsd FmMbEYds MYoW MO IBOsBYds. gl dg-
Jobobdgdo  8608369crmgbs 59306093 Mgsjgool
©OML > YBOYB3gYmBL 08 FadGHowmgsh Ogsyo-
6903L, MoLOE 9s30sbol JMBbGHMMEO gmgzagwmgol
396 sbgMbadl. 59 3mbE9gduBdo 4blsgMmEmqdo dbo-
93600m35605 3930060 93GHMGH0DI305LS @O 5~
90566 3mbEHOMEL InMHob — LobEgds o6 (33¢0lb
5Q5305bL, 90589 gbBaMrgds oL, Moms dgBHo Lo-
bmbEGom 0dmgdgmb.

39600369 m3560 M30MsEuMmds Al-ob godmygby-
0oLl 9oL MOLZJdOL 3OMABMBOMYds s LGHsEHOL-
03160 Bsw0oHo. OO MIMEIHMBO® OLFHMOOWY-
o 9mbs39dgdol ©sdv)dsggdom, Al serym®momdgdo
05359996, Lo s BHMEOL sGOL VB YEMMO Tgdmb-
30300 939Dy OO 5EdImMds. gl FgLodergdganls
bool 309396300 §0ggdgdol sgadzel, dsys-
WOMOQE, 0LYMO 53MEBJIOL Foobsfowgdsls, G-
©ad0E 87065390 obm3oL  36Mmdoos MMM
050500 MHoLZOL 99(339¢0. gb BoEYMTs YoM Gds SMo
dbmemE Ggdbmemmaon® 0bmgsosl, sMedgo d@3o-
3900 gdIdBY BIBIdTE IgbgxbAL [1].

Al 5939 0993 9L GdI MBI Lofo@dmgddo

9904365 30530mwo GHMBobygdo s Lodwmwszogdo,

b3¢m-ob 3Gm3gdo — Works of GTU
Ne3 (537), 2025

312

L5OE 56588MMBgdo BHogermdgbh Mgseme 4569-
dmdo 3mgdggdol Falgdl, Mg s930M9dL dmdsgswo
39300009000 5¢EdsmMMdIL s BOIEOL MLsgHNbmy-
B0l 3MWGHMOL  MmMysbobogosdo. gl GH®gbobagdo
bdoto@ 450m0ygbgds 8dodg IMgfggwrmdol, 9bge-
390030L s WMYoLEBO30L bLygHmgddo, Losg 83oMy
39300m3oLoE 30 dgbaderms dm3gzqlb LyMombmero dg-
g0 [13].

bgrmzbmmo 0b6GgwgdBHol 0b@gatoeios IMmdol
MLOROMbMGOLy s XIBIGMYMdOL 33530 56
5oL dbmermE MgMOOoMwo dmEgeo — ob 9339
9o B9bd30mbomgdl  AbmREroml {jo8yz56
3M0356090d0.

Amazon-o 094gbgdl Al &gdbmermyogdl oladdy-
0MEmS B0DBOINOHO IGZ0OMZoL Fmbo@mmobyol-
0300L. b3gE0seremo bgbbmMmgdo s dmboggdoms sbs-
@oBol IMYgdo 98351gd96 MoMMgMwo sbsd8-
HMIwol  ym3zgEEowe  d,mdMHomdsls s dserol-
bd93oL, G300 FodMoMOEbmL gooFoMdIdMO G-
300035, M3 bdoMs ofj393L JOmbogmw @3oz0-
@gdLs s sH0sbgdgdL [1]. gb BHgdbmemyos 3m33s-
Boobmzgol olzmIBMOEOLs s ¥Imddgmdols 890-
GOMJOL, beewrm ©obogddgdreobmgol xsbdMmgem-
0ol d9bs®mBbgdsls 60bs3UL.

Soter Analutics bgermgbm® 0bEgwgd®HBg ©odys-
HPOYLO Z0IM-57IQOM bEFIGHZIWYIOI Jorfigemdo-
@mdoL 30335600l d9939mdom (39MLMbserMHo dmf)-
g4mdomdqdo + 45dmbobyegdol s65¢0b0o) 0sbs38-
6HM3gdo 5900569896 OSHA-L Fgligdol dgltrmang-
d5ls; 90-Bg Ig@o 3md35605 0g4gbgdl dom 2o0sfy39E L
(IKEA, Coca-Cola, DHL).

x9605330L LyJBMOToE 33O Fo®DoEgdmen

ISSN 1512-0996

www.shromebi.gtu.ge


http://www.shromebi.gtu.ge/

b506g0b6M lioJdg — Engineering

0535omgdL. 30b03zgddo, HmamGoiss Mayo Clinic
o Cleveland Clinic, Al 59m04g690s GMamGE 3ero-
603m6M0 3005Y39¢H0wwgdol bsMmdFgHo LolEgds.
0565390mIwgdol  xsbaMmmgEmdols  Bmbsgdgdby
©594MHEbMdOm, LoLEYTs 5g35Lgdl MOL3IGOL — Togono-
5@, 3790l 9330l b ©0sdgEHOL 296300560 9d0L
3B5MMOL O 10b5FIOMIGOL LkogzsBMBL Hobols-
096 Ls3g0E0bm 3MBlmEES3090L, 96 LsFoMmm Ls-
9dcmgdgom 49ad0L a3m®IoMgdsl [11].

39J6mmyomcmo 3OHMAMILO 56 5oL Msgz0LmS-
350 d0Bsbo, — ol sMol Igdsbobdo, Hmdgeog Mbos
90LsbmBgOMEIL 5@9F0sbol 30000 IMBL, VOM-
19gdOL o MLOROMBMYDSL.

890dgds 0md3sL, MM bgarmgby®mo 0bEgargd@o
6ol 96535dbGM0g  Fglodegdmdgdl  Hmam®3
3OHMAoL MLOxMbMgdOL, 0lg 5Esd0sbol xsbdM Y-
@mdoL s330L LEgMHmdo. Mgoe® OMIo dmbo-
399, 89aM™390s, LO®IOLYYO SBsEWODO, 53EM-
05BHIOH0  FoBOMHOEIGOGB0 s MHoLZJdoL 3MrMYbm-
DoMgds  A9bs30MMdGRL 0oL, MmId Al w339 odge
300599390 BJOMOo@ 35305 LogmEberols ©s
X 569M00gemdol d9bo@bmbgdsdo.

G350 byl ¢figemdl HOIBobydOL 3o¢)d-
XM0OgLGISL, 3Or3969d0L M3EHOTODEF0L s Ladwydom
3MGHMOOL 5T gdsl. HoMToGJdYwo JNOHIMMS-
G000 Fog90mgdol sbsrobo sboymal, Gmd Al
56 560l Ibmwmo GH9dbogmemo 0bmgsisos, ol Foo-
9m59bL 3033560980l FgbgxdgbEHOL LBHMOIE IR0
3033mb963).

33365
2396boos bgarmgbm®o 0b@gargd@ol 960d3-
Bogermds MMl MLogOHDbMGdSLe @O 5@sdosbol

ISSN 1512-0996
www.shromebi.gtu.ge

X563 gmdol ©s(335d0. Lbgssalbgs mgmMomwo,
365430390 @5 LN IOMH030 3o do5bs-
wobEs Al-0b 06@9gaMms300L GYoemMo 899900,
390L397dH039d0 o 3odmfjgg3900. 33wo3zed 9h39bs,
M3 3H9d6mEmaon®o 3GMmyMglo o6 GOl 05300~
05350 G0Dsbo — ol 5™l dgdsbobdo, MmIgwog Mbos
90LobYMHPOMPIL 5530560l 3JMOWPPYMBSL, VO6-
15gd5L 5 MLOBONLMYOSL.

390dgds 0mg3sL, HmA bgarmgbm®o 0b@gwgd@o
Jdbob 9535 abM0g gbodergdEmdsl MmAme 3 IO M-
9ol MLsgmmMbMgdol, 0l 50530560l K SBIGMYEMdOL
53300 bggOMTo. MYsG EOMTo dmbsigdoms dgy-
63905, LOYMIOLYMWO BB, 53EHMTsEHWOMO Yo~
BOHOLOWYdJO0 5 HOB3YOOL 3OHMABMBOMYdS 4obs-
30MMdgOL 0oL, G Al 339 0d3o 390590Y39® Bog-
AMO5 3MJozmo Logmabols s XsbIOMgEmdOL
996560hmb9gd580. 505L39b539, BH9dbmemaos byl wfj-
gmdl  GHM9bobgaqdol  omdxmdgligdsl, 3MHMmEgLlgdol
M3G000Do3E0sL s BodMBom 3MWEHWOOL 5T5MEGIS.
006353900 3NOM3MOOEGH0IX0 Fo39W0mJOoL sbs-
wobo 3bsymxl, O Al 56 6ol dbmermo @gdbo-
399600  0bmgogos, ol FoMdmoyqbl  d9bgxdgbEol
LEAHOGHIFOM 3M33MBIBEL. 0MFEs, BsdMHMTITs sbg3g
Q53QLEGHWMS, HMI bgermgby®o 0bEgamgdEol godm-
496905L b Lzl LHBOMBYEO J003WMO, LG -
WgdM030 s LMEOSWMMHO 300b39d0. bLLIMOEM]-
000 3M0GH030s 39OLMbBs MO Jmbs399900L W3-
39, 33LbobdagdMdOL odox3bs FHgdbogmeo Bga-
©™Jdgd0oL 8900bg93580 S 3gdbmEMy0sBy 0sbsdMO
f3c0mas Lbgaolibgs LgadgbGobmgol. mvy Al Lob@g-
9900 56 096905 2903306M35¢0g 5 LHTIOMNIIMH0ZS
39056200700, om0 3mGHI6E0swo Tglioderms 3os0d-

Ly-ols IHMIGdO — Works of GTU
Ne3 (537), 2025

313


http://www.shromebi.gtu.ge/

b506g0b6M lioJdg — Engineering

39L 965 ©O330L, M33gE JMbEBHOMEOLS s Bog3cmOl o [oM05Bgdmmo 3Mogd@ogs sb39bgdL, GMA Ggd-

0bLEOIgbES. Boarmaools 0b@ga®sEos Mdmswme 353006 -

o AI-0ob 5d3b 3m@9gbgoswo 860d36gwmgbso ao- dos 99b9x096EHOL by35Lmb, 056598GMMIgen-
53X MBIl IOMIOL MBBOPOBMGDS s X963- 05 Bo®9mdLmb o 9650 gdslsb.

MH0gEmdol 339, 053Msd dbmerm dodob, ¢ $996mm058 30 56 Mbs Bosbs33E ML so-

Hgs b 0B sbesgl 8355300 LsdsGOWIDEO- 90560, 565990 b gosdwrogmml dolbo dglisdeng-

dEMdJd0, gb SM0L 9939dGHWIOO0 MSBSFIOMIMBOL

30 Bo®bm 5 g03MM0 J0YMT>s.
dmgo.

@OoGIPAYOS

1.

Aldosari, B., Aldosari, H., & Alanazi, A. (2025). Challenges of artificial intelligence in medicine. In Building
the future of health intelligence (Vol. 308, pp. 230-237). IOS Press.
https://ebooks.iospress.nl/doi/10.3233/SHT1250039

Ausaf, H., & Khan, M. (2025). Threats by artificial intelligence to human health and human existence.
Human Rights Law Review. https://humanrightlawreview.in/wp-content/uploads/2025/03/Threats-by-
Artificial-Intelligence-to-Human-Health-and-Human-Existence.pdf

EBU PVSYST. (2025). Risk assessments in occupational health and safety for power substations. Conference
Proceedings. https://search.proquest.com/openview/69¢346020e7b7fde1c768d29a85be94d/17pq-
origsite=gscholar&cbl=1536338

FARMACEUTICE, S. (2025). Legal perspectives on Al and risk in public health. Stiinte Juridice si
Administrative. https://search.proquest.com/openview/18b1551adc487ccee747a2b15719767f/17pq-
origsite=gscholar&cbl=2026879

Gomase, V. S., Ghatule, A. P., & Sharma, R. (2025). Cybersecurity and compliance in clinical trials: The role
of artificial intelligence in secure healthcare management. PubMed.
https://pubmed.ncbi.nlm.nih.gov/40277117/

Klein, S., & Campisi, L. M. (2025). From over the pond: The European Union's comprehensive Al legislation
comes to America. 7he Brief
https://search.proquest.com/openview/feb08e459ba892b8936dd6c2b5e0fed1/17pq-
origsite=gscholar&cbl=17556

Pandas, S., Sasneha, S., & Nayak, P. (2025). Role of enhanced visual cryptography algorithm in
cybersecurity. In Machine learning and artificial intelligence (pp. 141-158). Springer.
https://books.google.com/books?hl=en&lr=&id=YY5ZEQAAQBAJ&oi=fnd&pg=PA141

Papasani, P. K., & Papasani, R. T. (2025). The use of artificial intelligence and data analytics in nutrition.

ResearchGate. https://www.researchgate.net/profile/Pavan-Kumar-

b3¢m-ob 3Gm3gdo — Works of GTU ISSN 1512-0996
Ne3 (537), 2025 www.shromebi.gtu.ge
314


http://www.shromebi.gtu.ge/
https://ebooks.iospress.nl/doi/10.3233/SHTI250039
https://humanrightlawreview.in/wp-content/uploads/2025/03/Threats-by-Artificial-Intelligence-to-Human-Health-and-Human-Existence.pdf
https://humanrightlawreview.in/wp-content/uploads/2025/03/Threats-by-Artificial-Intelligence-to-Human-Health-and-Human-Existence.pdf
https://search.proquest.com/openview/69c346020e7b7fde1c768d29a85be94d/1?pq-origsite=gscholar&cbl=1536338
https://search.proquest.com/openview/69c346020e7b7fde1c768d29a85be94d/1?pq-origsite=gscholar&cbl=1536338
https://search.proquest.com/openview/18b1551adc487ccee747a2b15719767f/1?pq-origsite=gscholar&cbl=2026879
https://search.proquest.com/openview/18b1551adc487ccee747a2b15719767f/1?pq-origsite=gscholar&cbl=2026879
https://pubmed.ncbi.nlm.nih.gov/40277117/
https://search.proquest.com/openview/feb08e459ba892b8936dd6c2b5e0fed1/1?pq-origsite=gscholar&cbl=17556
https://search.proquest.com/openview/feb08e459ba892b8936dd6c2b5e0fed1/1?pq-origsite=gscholar&cbl=17556
https://books.google.com/books?hl=en&lr=&id=YY5ZEQAAQBAJ&oi=fnd&pg=PA141
https://www.researchgate.net/profile/Pavan-Kumar-Papasani/publication/390907621_The_use_of_Artificial_Intelligence_and_data_analytics_in_nutrition/links/6802716ebfbe974b23ab3f6c/The-use-of-Artificial-Intelligence-and-data-analytics-in-nutrition.pdf

b506g0b6M lioJdg — Engineering

Papasani/publication/390907621_The_use_of Artificial Intelligence_and_data_analytics_in_nutrition/links/
6802716ebfbe974b23ab3f6c/The-use-of-Artificial-Intelligence-and-data-analytics-in-nutrition.pdf

9. Ren, P., Chen, Z., Chen, S,, Lu, Y., & Chen, Q. (2025). Integration of Raman spectroscopy and machine
learning for highly efficient identification of plastics. SSRN Electronic Journal.
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5194565

10. Singh, S., Kaur, P., Kaur, I, Singh, G., & Kaur, S. (2025). A predictive framework using advanced machine
learning approaches for measuring and analyzing the impact of synthetic agrochemicals on human health.
Scientific Reports. https://www.nature.com/articles/s41598-025-00509-1

11. Somireddy, S. (2025). Al-driven diagnostics: The role of machine learning in healthcare. nternational
Medical Research Journal Review. https://imrjr.com/wp-content/uploads/2025/04/IMR]JR.2025.020408.pdf

12. Tusconi, M., & Dursun, S. M. (2025). Violence and mental health. Focus on schizophrenia spectrum and
psychotic disorders. Frontiers in Psychiatry.
https://www .frontiersin.org/journals/psychiatry/articles/10.3389/fpsyt.2025.1618000/abstract

13.Zhong, X., She, J., & Wu, X. (2024). Tech for social good: Artificial intelligence and workplace safety.
Technology in Society. https://doi.org/10.1016/j.techsoc.2024.102745

ISSN 1512-0996 L&y-obs dHmIgd0 — Works of GTU
www.shromebi.gtu.ge Ne3 (537), 2025
315


http://www.shromebi.gtu.ge/
https://www.researchgate.net/profile/Pavan-Kumar-Papasani/publication/390907621_The_use_of_Artificial_Intelligence_and_data_analytics_in_nutrition/links/6802716ebfbe974b23ab3f6c/The-use-of-Artificial-Intelligence-and-data-analytics-in-nutrition.pdf
https://www.researchgate.net/profile/Pavan-Kumar-Papasani/publication/390907621_The_use_of_Artificial_Intelligence_and_data_analytics_in_nutrition/links/6802716ebfbe974b23ab3f6c/The-use-of-Artificial-Intelligence-and-data-analytics-in-nutrition.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5194565
https://www.nature.com/articles/s41598-025-00509-1
https://imrjr.com/wp-content/uploads/2025/04/IMRJR.2025.020408.pdf
https://www.frontiersin.org/journals/psychiatry/articles/10.3389/fpsyt.2025.1618000/abstract
https://doi.org/10.1016/j.techsoc.2024.102745

b506g0b6M lioJdg — Engineering

UDC 004 + 65.01
SCOPUS CODE 2213
https://doi.org/10.36073/1512-0996-2025-3-309-316

A New Stage of Occupational Safety: Integration of Artificial Intelligence in the Work
Environment

Nikoloz Shaverdashvili Department of Engineering Safty and Emerngency Management, Georgian Technical
University, Georgia, 0160, Tbilisi, 75, M. Kostava str.
E-mail: nikoloz298@gmail.com

Nana Razmadze Department of Engineering Safty and Emerngency Management, Georgian Technical
University, Georgia, 0160, Tbilisi, 75, M. Kostava str.
E-mail: n.razmadze@gtu.ge

Nino Ratiani Department of Engineering Safty and Emerngency Management, Georgian Technical
University, Georgia, 0160, Tbilisi, 75, M. Kostava str.

E-mail: n.ratiani@gtu.ge

Reviewers:

T. Kunchulia, Prof., Faculty of Mining and Geology, GTU

E-mail: t.kunchulia@gtu.ge

D. Butskhrikidze, Associate Professor, Faculty of Transport Systems and Mechanical Engineering, GTU
E-mail: d.butskhrikidze@gtu.ge

Abstract. This article discusses the role of Artificial Intelligence (AI) in improving occupational safety for
employees in companies. It explores modern technological approaches, risk prediction methods, real-time
monitoring systems, and digital training models. Examples from leading international companies are provided. The

study demonstrates that Al serves not only as a technological innovation but also as a strategic management tool.

Keywords:

Artificial intelligence; Data analysis; Occupational safety; Risk management; Technological advancement.

356bognzolb mstoeo 18.06.2025
G90cmbizemol osGowo 24.06.2025
bgerdmfigtoemos osbsdg s 25.09.2025

b3¢m-ob 3Gm3gdo — Works of GTU ISSN 1512-0996
Ne3 (537), 2025 www.shromebi.gtu.ge
316


http://www.shromebi.gtu.ge/
mailto:t.kunchulia@gtu.ge

35638 83mbgmds — Environmental Sciense

UDC 504
SCOPUS CODE 2301
https://doi.org/10.36073/1512-0996-2025-3-317-330

3°6500m9gds 8000 85O 3630mMYBOLSMZOL
L5gMm5dMAOLM 3MBEHIJUEHO ©s Logdos@mMZgE Ml 5MEFLOEYdS

00356 JmdErosbody 3ol a0 25630m5MGBOL B3N BHIH0,  Lao®mzgEml  F9dbogmeo
1B6039MLoE IGO0, LagdsHmggewm, 0160, MdOEOLO, 3. 3MBEZ9L 77
E-mail: tamar koblianidze@gtu.ge

69396%9bGgd0:

0. %960358300m0, LE¥-0b BsagdMdIOOL, L3gEoswMmo LobEYIGOOLs s Lsobgobm MBOHMBlgwymgol
0bLEoEGMGHOL 3OHMBgLOGO

E-mail: mikheiljanikashvili@gmail.com

9. 3065658300, LEw)-ob BOBbYLEYIbMEMY0gdOL BozaEgEOL SLMEOMYDO 3GMMABILMOO

E-mail: m.firanashvili@gtu.ge

bafMmobbnobn

-I ©9odnbnb
goboomado

93mbob@gdgdn

3NOMIO00 5B MHos  Jmgdol  BEYMOEMdOL

36m@H53095. dmgdL 5©30560L FBMZOIBT0 MEO-  IOMBEIT5EH035. ol FUFogesl goblsgMMMIdM@O
@©9Lo 3608369@mds 543L. mgdmb ©s35380Mgdmo  JExgMo Ggdobs Moo Fsbgomsmgdols Iobbgdds.
Bogzombgdols JqbFogems MB600369wm3569L0s. 58 do-  boBysldvymos gogMml 3gbgMoc@o sbsddengols 2022
356MMgd0m dMEM MM s0fiergedo 360336gwm- ol 14 ©9393060L HybmEwy0s, HMIgdoE dog-
365@os 2dBO@omo Fg3bogtms 0bEgMglo. asBlo- B0l MO A9630maMYdsl gbgds s HmIgwmbgwsg

ISSN 1512-0996 L&y-obs dHmIgd0 — Works of GTU
www.shromebi.gtu.ge Ne3 (537), 2025

317


http://www.shromebi.gtu.ge/

35638 83mbgmds — Environmental Sciense

35UvbobdygdMdsL Lobgadfogmgdo 0wgdL. dmosbo
A960GHMMH0900L 9yMo0 3MTs35¢0 99353006090
0500 256 ogddbsl 0bmzsomGmo s sdd0E0GmO Jog-
3MI900m. 256boEw Mo 0vbglizmL FsMBM 3HMAMSTs
ESD2030 256000905 90365000 395630m50900Lom-
30L 2030“ s 39650 gd0L FglsdegdeEmdgdo dmol
90050 33630150900l Z0L, HOLMZ0LSE osbowo-
Bg0m@0s BHogwrgdols Josdoro s wgbmmdo -
930 ds  25M9mbImEbymdol s dmol Lfjog-
@©9d0L J0ToMHMYgd0m. 5F5bmMbs3Y, sBseroBo dmo-
3936 OMME BMOTSYO, 0lg SOOGMOTSEYG Q5bs-
Mgl Lodo®mggerml dslid@odom. gsblsgmommg-
M0 45 MYdSs Ro85H30egdo LadoMmgzgerml

39db03mM0 MbozgMliodg@ol ool daMmso §sb-
300050Mg00L B539BHIEGHOL boJ00sbMdLS s dmddgo

Logobdobs0EgdEM 3MrMYM5B9dBY.

15533560 LOEY3900: Fo6smEgds; YOO ob-
300050930L JoHBbgd0; Logobdobmrgdwm 3MmyMsdg-
00; LYYOMITMOHOLM Q5T FLOEYDS.

dgbsgsero
00090l 5580560 (3bmzMmgdsdo mowglbo 360d3-

Bgemds 543b. doMEMY0MHO s JJMEIMAOMOHO 4ob-

153MYOMEMds,  IFBI6sM0  fFywol  Mgby®OLgdo,

096 3M0 F9sOHmgdol LoTIMHZWY S SHOEMDIGOZ0
0999000 39EGHNOHMEo IH35¢0RIMHM369ds dmosbo
A9H0GHMM0900L Mboow ™oL 96aLsBOZMYEOo.:
3w00d530b (3300 gdol, ool 2s0ma0@30Ls s ©9-
3055300l godm, Jo@owdmosbo Mga0mbgdo d+mbgd-
6030 3535LGHMmMxg00L LsggMmbol Fobsdg ol [1].

b3¢m-ob 3Gm3gdo — Works of GTU
Ne3 (537), 2025

318

500096500, 9GOB 53530000 Logombgdol
d9LHogws 19bodzbgerm3zsbglins. 58 d0dsMmEgdom
oMM M6 sofergredo 3609369 mgboos gobM-
oo 39360gMms 06F MgLo. 2obLsgMmMgdom -
GO MG05 300900l BEYMIEMOOL 3OMdErgds. ool
d9LHogEsl  oblogmmMgdmwo  gwagMo  dglidobs
9050 23630m3M9d0L JoBbgdds. obbgdol wdg-
GgLMBS 306306 353806MJds Ol 3OHMBEY-
0o3H03oU.

29960mb 296960 MMo sLeddgol 2022 fierol 14
©9399060L #77/172 GgBmemEos [2] Labgerdfonmg-
0L dmvYfimqdl doomb 4Mmdgergs0sbo bgwgs s
06393000900 doamdgd0, dmsbobmb dyMs-
O 45630560730l gMHMm3bme LBEHMBHYY0gddo dmob
G9IH0GMMH09d0L b3Y(3083032IM0 3OMAMTIOOL 0bGY-
0GOS, 3559e0gHMb doerolbdgzs LoWsMmOdOL M-
L553b3MIWSE Y39wWs FMEOHIom s J96BMIogdom,
90593560Mb 8000560 FgM0EMM0gd0L LabmMlsmm is-
ROEObMYOs, bgwo dgmhymb domIMmogswagmmzbgdols
©5(335L o FPMo 253MYgbgdsly 0bEYRMOMmYdMOo
bdsxzBol Joymdgdom (Qemadml dgbgxdgbdo,
3507 da0b Fgeobs s dofjol IgbgxdgbBo Fyowrasd-
94mx390d0 5 GYob IyMo© 356013580). babHyslidwyaos,
O 30000530L 330w gdoLudo FEAMIEMOOL Y-
DML 99wdwos 3060Hmd9d0 99ddbsls dmol IyMowo
396300000900LMZ0L,  9EHOWMIN0Z30 Tool  Tmbob-
@9mdOoL LOsMLYdM Fystreml Aowgdxmdgbgdobs s dool
MLyOLYdIOL  dEPMOO  458mYg6gdoLsMzoL. MHBM-
@3os 936 LobgEdfoxmgdl Mg3mdgbszogdl od-
@93L s LOgMMSTMMOLM MEMYBOBOGOYOLS s Lbgs
506¢)gMglgdmen dbsMnqdl 3M0 0ol dsb3z0me-
H905L09b 35380607000 LXOZ5HBMBL, Joowmb bm-

ISSN 1512-0996

www.shromebi.gtu.ge


http://www.shromebi.gtu.ge/

35638 83mbgmds — Environmental Sciense

3900 d0MIMZ5¢BIMM3bIdOL ©O33MR30L s dofjols
5 60550l IAMI300L F9bgergdol s s0ybols
dobbom, Gog byl Ggmhgmdl daMoo dsbgoms-
6900l oBbgdol dowljazsb.

M9Bmeom00l 27-g dmbaro Labgedfiogmgdl, y39-
S ©306FYMHILYdIME TFbatgl s LogMsdmMole bs-
Dmgomgdsll MmOl 250mobobmb dgBo  do-
@olbdggzs, Msmo:

e 390650PmbMmb B0l 93mbolEgdgdo s Qooma-

XMOLMb oL 5EROWMOM030 BMbsbergmdols
300 EEIND;

o fosboerobmb dmol 0bxg®mslid®d@®msdo ob-
393030900, OHMIWYO0E  ©35390MGOME0S
GOBL3MOEHLS o LOObZMOTo300/Ls3MIMbo-
35600 H9gbrmy0gdmab;

o oMo ©IMFoM™b A5650EYdOL, JMEWEHWMOU,
3Mm©boLy s Fglsdegdermdgdol 49b30m5609-
00l 3OHMyMsdgdL (Bosbo Ho0mbgdol sy0-
@MdM030 IMbobegmdols s bbgs s0b@gMg-
LgdmEo dbaMggdol 0bEIMHgbgdol Fomgzsol-
fiobgdom);

*  25D5OEMB Iol IEYMsO 35630006 gd0L do-
35O GO00 bdEIsBOEMOOL OO gobo-
0 gdol Jogdols s Labfsgerm dmdBogdol
09939mdo0.

doM0m50 bsfoewo

0000560 GgM0GMOH0gd0L YOO BMToZ35¢0 9 35-
3000900 0500 49MHoddball 0bmzsEovMmo s s3d0-
3000 doyMIgdom. §30mbM303wMO, bLrEosw MO S
2390900330000 IYMIEMBOL 3MIdOBs00m Fga-
30005 993065MHBFMbmo dmdsgerols dogdol wbogs-
OO0 o0gdm, 29639300050M™ sbowo 39ML39dEH0v)-

ISSN 1512-0996
www.shromebi.gtu.ge

o LgdBHMOmPPO s Fog39Ax MO ol Imbsb-
@@gmdol 3bmzMHgdol botolbo. gl 3o MBOwbggwym-
10O 1bs 0dbgl F003MHMdOL, 39Mdm bgdEm@ol s
L5BMPSOMIOOL  3MEIOMMHF00M, M3 290Y39G0-
9070l d0mgdolsl §ob Fodmbfogh 3oMmmgbman 3o-
LboLIRPIWMBL o IMP3399L  LEBMYIMGOOL
9MO@MB0L,  39009LMdOL3ZY6  Fgs3ro  sdm-

30QgOLBD.

2396300060g00Lom30L  A9BsmEgds

9M>©O0
M@0 2obg30maMgdol JoBBol domfiggol doo-
050 0bLEGHOMINBE0s. 608sbMdE0305, GMD  yo-
Boonegds 393500 MO 2963056 9d0l 8g-4 do-
Bobos, HMmIgwog gdbsbwyMgds ,,063w0bomE0o, 0sbs-
0560 5 baMolbosbo gsbsmergdols bembgawrymasts
5 80go LogmEbeols gsbdsgwmdsdo bfsgerols dg-
LodagdEMdgdoL  bgadgfymdsl  yzges  ssdosbo-
LomgzoL®. gobsmergds BEAMIO A3B30mMsMgdOLmZOL
(ESD) bsbmgamgdol 3:0mMo@g@o aobs. 0mbgligma
3900999535 BoMbm  3MmyMsds ESD2030 ,,06500¢090
9aMo@0  dobgomatmgdolomgol 2030“ [3] (vxzOH™
L58sMNosbo s Moo bsdystm 17 SDG-ob
o030l 4Bom*), MHMIgwos ©siwdbgdmeos 3 do-
HO0MO©  GHMbLEMMIsgoe 3mbE3gnE0sby: 1) dmd-
89090, 2) bAOXIHVONLWO FZLOWIOIOO ©d 3) HYg-
Bergomaom®o 9m8sgse0. 496500 gds IO 49b-
3000M900bsmz0L  (ESD)  0b@ga®otmgdmwmo  mbos
0gbL LB O, BJROMBICYH ©d JOMIENE M-
B9%y 996500 gdoLs s BEYMIO 2363005MdOL 3m-
@wo@030L bgggHmgddo.

50 Ls3o 39dEHmMol dgbsdsdobo, ESD2030 Rotbhm
296L5BZzM3L IMddggdol 5 3MoMmMoGgEwe LRY-
Omb: 3m0oG03sL, gobsmegdsl s GHMmgbobal, Tob-
§o30gd@gdl, SboERsBOEMBNL s 3gIgdL/LSBMYS-

Ly-ols IHMIGdO — Works of GTU
Ne3 (537), 2025

319


http://www.shromebi.gtu.ge/

35638 83mbgmds — Environmental Sciense

©MgOgOL, HMYMM3 IYMIO J9630M5MdOLMZOL dm-
J9900900b 50wb. 38304MMdM, 49650 gds BEAMIO
3963000060980Lsm30L Jofimgdmwo Mbos odbgl y3g-
@5 dgbodeErm sbs3MOMOZ0 X YBOLMZOL, FYgoomo
2396000900056  Logmabwol dmemdEy. o®Lobod-
65305 5QMIME0 53006 Lfogangdols gsbbogmomeg-
0o 360d369mmds, Mo dYMI©O 2sb3005MgdOL
3Mb6398300bs©do Fgabgdo 306HM36900L sOBOEs-
0o Pogdwo FoM335¢00 0469d0.

B396 doge dgLfogeroe 0dbs dyMao 4obzomamy-
00y s dool MO Fob30mMMGBOL FodoMmorm-
09000 45bsmgdol Gglsdergdermdqdo dbmgerom
0o19Bod0m. 8053500 sLvYMgbo ogm 2020 farol
69030byM Badgsbogm sdmEgdsdo sd9FOEO
6596mdo [4], HmIgedos 9333609085 godmagerobgls
900l Lfogamgdols dMsgeo 9gLodErgdemds, HMAMGE
2396500905 dmol Ao dsb30maMadols (Educa-
tion Sustainable Mountain Development ESMD) o5 ESD-
LZoL. 9bse0BO TMOEI3s 28 3HMYMTol dgEo
ALMi3E0omEsh. 9BsEroBds sh396s, MM gobsmergdols
30000l 9L53gdMdL YBOMBl9YMRL Mboga®-

LOAYBJOO0, 3ZWIZ0MNO MOYBOBIE0YOO/BLEOEGE -

00fmgds bgds  gob3oen39390mes 96 obsd-
IOHMIMd0m, berm Lffogangdobs s Lffogerol (TL)
35615993900 IM0353L MG 39MHVSEINIG Y-
J3090L, ™mbsob3m®mLgdl s 0b6EIBLomG wgdiogdl
L5399 LoFMomgdMsb gMmo. 833¢93¢Mgods  Lsb-
fogam 36Mma™M38900 ©sy39L 6 Go3s@ (EbMowo 1).

50 965¢0oBdo 396 IMbzgdMEs Logsbdsbosmergd-
wn 3OMyMs9900, bgbmbmHo Lzmwgdo ©s GHEY-
606y 3mMLgdo, OHmIwgdos 2020 Forol dgdamd d9-
9m3005 AbMBWom bogsbdsbsmrgdem dsBoMby, sLg-
39 ool 350HGHBoMOMdOL IMbs3gdms d5Bsdo sRod-
L0600 LogbTbsEGdM 3HMAM8gd0, HmBg-
003 2023 Herosb 3vbdgombomgdl [5].

159M5dMMOLM 458MEEO0MWId0ED sElsbodbsg0s
dosbols boggMLo@gdol UNIMONT-ob 33¢mggomo
396EH®0L LoBogoLEAEHMM LogsbTobmEgdEIM 3MHMYMsdo
"8000060  BH9HOEMMm0gdoL Fgg30Lgds  (39eMMOBG00)
©5 3AMI©O  36300Mgds"  [6], MmIgwoi 2023
fro@sb 8mddgegdl ©s beOEogrEgds g™l
309030 (396G MmO  sen3gd0L doosbo dmbogo-
35003 930). 3OMyMss 0baolvy® 9b5%Bgs, Imogagl

120 36900¢b ©d 0dg3s 3ZWOB0IEL »F9HYY-

00 96 565L0MOZOMBM MMABODHF0JOO. Fobomdgdols  3gMds o FoMmYIM™,
3bMowo 1
0070l 3¢ M¢0 33b3005MgdOL 310bom SMLYGIVIEO Logsbdsboremgdemem 3MmyMadols Godgdo dmgmomado
# 1559960560 gdme 3GHemyMsdols Godo 300 65000bmds
1 Lo063sbsmngdem  batolbol ddmby 36MmaMmsdgdo s L3gE0swoHE0YdO
Lo0635bsmgdm 3MMaM58980L RsMRWIdT0, MMIwgdoi BOMBlgwym-
B005 0600300 MMO MBO3gMLOEYEGIOOL/IMEIXJOOL J0gH Al 10
2 6MWOMo 063 blomGmo 399MLYd0, oo Fmeob boggwry 3033mbybdo,
OMYMOH0395 LIBIRLMM 56 DoTNOOL b3mems B1 6

b3¢m-ob 3Gm3gdo — Works of GTU
Ne3 (537), 2025

320

ISSN 1512-0996

www.shromebi.gtu.ge


http://www.shromebi.gtu.ge/

35638 83mbgmds — Environmental Sciense

239360390

3 900560 396GHO0, HMIGEOG 5ERBODIOL

) 8052507 590193569290 bs6obbgdl s (5996063 -34909L98L Cl1

8) bsgb8sbs0oc98¢mer bscolbols ddeabyg 36z GsG980, C2 3

63 gd0o3 JofimrdEos MbogzgmloEgEgdol X350l dogh
4 BEns0bLLY3Em  30MaM50900 96 Logabdsbsmwgderm  bstolbols dgmbg

36my™53900 D1 3
5 239099mb  3mbLYM35300L 96 Loggerg gobomagdols Lgmargdo, GMIgdos

M3560H90990005 905l Z3MMOM MEIYboBoE0gdOL JogM E1l 2
6 330930000 0BLAEOGMEJOO (56 MBLYMZoEGHMO09dO0) F1 4

X500 28

GbBogro Ggagbogros s3¢9eakol BogH erodIBAOL0 Figstieals [4] 8eabspgdyd by osytxobradoor

dosbols mboggliodg@ol UNIMONT-ob 33crg-
300 3960 Lfoggds 590005690l BGM35¢RGMHMZ6
30EbsL @s  MBsMdL, OMIWGOOE  9YEOYOII0S
9000l GgMoG™MMH0700L b3gE30B0IoL 355300 JobLEBO3-
HoLomM30L. GgbsdsTobs®, 3OLEITMIZMYdMl T9gqd-
@gds o300 H3eowo Fgo@sbml dmosbo Egho-
AMM0900L  3MHMEIGHJOol /56 LyMzobgdols gdd-
6580, ®MIwbsg 996905 93mbMBo3MMo @S LemEoswry-
60 0MHJOMEgds, Jmgdol b3gE0xR03MMO MgbOLY-
0036 (8500 Mol Fyol BbELYdOEB) Asdmdo-
Botrg. 9958096539, Bomo Lgdosbmdol dsBolio 0dbgds
0003M5MdOL 3MOBE039B0L (335 S FEMBSWIMHO
©5 WM3SIMH0 3OHM39gd0L RomM35wolFobIdS (Jaro-
ool (330 gds, ©EI3M3MWSG0s s Lbgs); GHEMBL-
©OoLEO3wobmGmo 3m©boms s MBMYPd0m s FmG-
3000 13g(309obGgdo byl Fgmfymdgb dmosbo
9950 g00L  3Mb3MHgEHWwo MHlMLYOOL TEAMI 4o-
dmygbgdoll o  4999xmdGLIOSL  930bmTozol  obgm
LEASGIROM BgIBHMOHFOTo, OHMAMOOEsS GHYMOBIO
(059, 33969 FoHIMMEBHJBOL s BOWO3JOOL oA)RTZo
Q5 3Mm3M0DHE0S, ROZMEIJOS QS J3MEOMAOVIBO

ISSN 1512-0996
www.shromebi.gtu.ge

390 gds aoMgdml Ggliobgd), gobobergdso gby®-
309%0L bgdEMMO, doMOGLMMLYdO s L SFOMBOM-
365350003960HM3690s, O0Mwo 93mbmdozs, GMowo-
BODO >QYOLMIO0Z0 dm3wry dofimEydol X3390
Q0 bibgo.

960336900356 dogrolbdgzsl s30006Mgdl The Gras-
sroots Institute, Moz A300935HMAL Lbgswsolibgs
Logebdsbsmgderm dm3wg s Ls8MsEMZoE00 go-
3LIBIIOY Lo s6BobsmEgdEM 3MMyMsdgdl (bo-
LgOGHO0R03530M 3YMOLYDL), LsBogbrem Ui3MeEgdl o
©@993090L [7]. The Grassroots Institute o@fgol 53o-
©930vIMH0 s 30573030 LOHMEYMBOEgdOLM30L
5 gMmIobgmmob 935380M90L  aermdogrny® Jdgog-
0gdLS S (33C0EYONVL. 3OMBL FoHM LoBMYs-
©MRL — 3OMRBILOMBOEgAL, sboysbes 3MML-
0500053090 gol, 3mLEHEMIBHMMBEBHIOL s ©I0B-
A9M9LgdME 306MHgdL Joshim@ml Lagsbdsbsoergdanm
3MHMAM50900, GHMIIdoEg ImoEegh 3MoBozme bs-
356x00mgol, Laggwy BInEEoEgdIRL, 3G™gie by
049d5md0LS S LGO70MgdOL dEogH 303MmbgbEHIOL.
603500 M0 Lo sbdsbsmegdenm 3HMyMsdgdo obmgs-

Ly-ols IHMIGdO — Works of GTU
Ne3 (537), 2025

321


http://www.shromebi.gtu.ge/

35638 83mbgmds — Environmental Sciense

3099605 5 309§MJOs Mbs0b b 30dM0EE Bgso-
39090. 50Lsb0dbsg05 Lodotmzgwml Fgdbozmmo wbo-
3960L0EIEHOL 39O EHBOMMMDS 50bodBME 3GMmgd@Edo.

0005000 296300050 gdol dobbYdOL Tobsmfigzom
Lodo®m39ema 103050 5JBHOMM© S0fYm FMTomds
X96 300093 2012 §erosb, HmEaLsg 3omgdmbosa-
30000 256500l Bo®bm 3MMA®Mmsdol 894dbol dob-
boo 3983303 »39MgIMbOSE300  gobsmegds
000500 396300000530l 30L: Logdo®mnggeml 2012-
2014 9. 96Om3zbmwo LEHOMGHIH0s ©o bsdmgdgm
303050 9ma300690000 99849853909 0dbs ,,goMgdMUL-
Q33000 35650 gds AMIO 3563005MdOLIMZOU:
299300 bEebastm@o® [8]. dsb d9dgy 0bEHIBLOMMo©
0000b5MgMdL  45bsmergdol  dofimgds  BmymO3
3®Ioor®o (formal) s 9OIRMOHSEMMO yobocmang-
00l dodstromagdom (non-formal), obyg goegdmbss-
3000 (36md0gMgdol Ubgs LsFswrgdgdoo (informal
education);

50 399boom 50Lb0BsZ30s LodsMmzgeMmls QoMmgdmls
©5330L5 s LRl JgmOEIMBdOL bsdobolEMML bs-
XOOM Lb5ISOHOWOL 0MOMOPONO 3000 MY~
533000 0683MmMTo300LS s FbsNEGdOL 39bGHGOL,
MmO Lobgedfogzgm obLEoEMEoolL Lagddosbmds [9].
00 3m0353L bbgasalbgs m3w9996EH0L 9908539090,
3b939 LogebdsbsmEgd™ LELYMEHOBOISGM FMOLYIOU,
Logob6dsbsmangdenm 3Mma™msdgool, wgdiogdol, 3mb-
39OLYdOL s BbZsslibgs gy 59GH03MBOL MMYS-
BoBgdsLs S gobbmM309wgdsl, gdudgMEms dmbaigdg-
0oL 539myMob.

Lobemyomgdol  36mdogMgdol sdsmegdols 390m-
boom 9mgddggdl 56ogMHmo mMmAsboboEos, HMIgEos
239093l 93MEMA0HO BEAMIMBOL 3Mmbom 9v-

b3¢m-ob 3Gm3gdo — Works of GTU
Ne3 (537), 2025

322

Fomdl: ,b9gbo*, ,3(3967 swEIMBsE03zs, ,Mgdobos,
»069030B9JHVOMIL - 396HOO", 35O ©d d6-
30050905 @5 bbgs. 585Lmebsgy, dmosbo EgModmMo-
900L 303sOmMgdom 33¢390L, Lbgoalibgs GMg-
Bobal, 9OHPMd03 BoBbrwol L3medL  5ESMGOL
39900920 mMQ360Do3E0gd0: ool MHgy0mbadols dyMs-
©O 39630050900l 35335L00L  Jugeo  (FYMo©O
39335009), 3933500L MHGAO0MBMEO FoMgBMLEE30000
39630 s Lsdggbogmm  Jugeo  39339B0ol  doob
M930060Lm300L.[10, 11, 12, 13].

50b0d360lL oMLOS LadosMmz9wmdo sbes@ hsdm-
450090vI0o BOgMHMSIMOMOLM 3EOEBHBMOTs ,,0YMo-
©MO0L  535009805°[14], Hmdols Jobsbos H3wowo
3903 9bBmb LodoMmgzgembo 8aMmamdols dg3bogoy-
00l 296300050905 @S A9I0gMHJd5d0, S1939 Mo~
©™d0L Jofg3580 3OO Fob30MsMGdOLIMZOL o-
Bsoremgdol (ESD) 89339md00m; <BGHbgganyml  bo-
DmasMgdol 36md0gMGOOL s8s0egds s 59 d0dst-
0 gd0m 3MbxgMgbEogdol, Lgdobstgdol, 3mbzm®-
LgdOLS O 09F5EMMO VMBOLIANGOJOOL BoGSMGDS. 535~
99050 339 obsbmGE0gws M8 bodg dmzergzs-
0060 LsbgMEH0x3035¢ M 3MEOLO.

M@0 396300005308 AobsmEgdOL JMmbom
960033690 mg5600 MBoweqlio asbsmergdol LobGgdol
15gd0sbmds. Bzab dogh gosbogroBs J394bol 5 Hody-
3560 60396L0GIGOL 3908300 IBDY 396MZLIRdYwo
063mMTo300 Q63BN EGOEM LsFogoLEHMM 3MMY-
659900L dgbobgd, GMIWdOE, 3830JOMIM, o339
393006305 Mo 39630000MgdsLS s ol Jomg-
dmbosb (ob. gbMowo 2). [15, 16, 17, 18, 19, 20, 21, 22].

L59MFMMOLM 3:m6E9JuEGHT0, LsdbMHYm Jo335L0sLS
@5 Joone bogebdsbomergdenm Loghmgdo wbogzs-

ISSN 1512-0996

www.shromebi.gtu.ge


http://www.shromebi.gtu.ge/

35638 83mbgmds — Environmental Sciense

6 3O0y05390L SBMEOE0gEIdL LagdsOmzgwml Ggd- ¢ 3oL MO GHMoDdo s sL3obAMdOL

BozmMo 1boggmlo@g@ob dmol dyMso obgoms- 9969x9960. doLsboFgdgwo bsmobbo Gmmob-
6900L 353w GHIGH0. 2020 Herosb Lodotmzggerml 9ol B535¢5360;

0005360Md0L FboMFJM00 4 Lods3oszMm Loasbdsbs- ¢ 90sbo BHYa0mbgdol MmGYbMwo 13gMIgHmEo
OEGOM  3OMAM53s  dmddggdl  (Lsgamgdol  9bs LoLEYIGOOL FoMmZs. FobsboFgdgeo botmolbo
JoOormo, 240 309000E0) s bobgwdforml IbHosb 9969% 39630 do35¢9360;

LEOMWOE IBOBIBLYDW/ZHOMOOGHIGWI 3OMYMo- o 396906030 LoxMmMbggdo, 9YMOO FoMgdm
390L HoMdmoabl : Q5 05339 BoLB0 FJBgE0 botolbo 0bgobgdools

e Jmol LmREOL gsMgdml dEAMIO yobzome- 053505360 go0gdml 0bobgMosdo.

6905, IobsboFgdgwo boMolbo ascmgdmbidme-

Bymdol 3535¢093600;
gbGowo 2
0502¢0gl0 Bos635650EgdENM 36MYMTIBO Foegdml MO 3363005MGBOL 3rmbom Lsgstmggmmdo
# | ¢0s0erglo Lsgsh-
05650 gdEm BglsBygolo
f9lgdyeg- B30535¢0o36(M
do/3GmaMadols 30fi96H0@Mds 36023M505
Lobgaofimggds s
doLsboggdgmo
bstolbo
1 Logooggeml 360mModol Jobsbos: *+ 296Mg8mbs33000 067069000l FogaolBHMOL | sbmMEogwgdl

399603960 3m3bogds, MHMIgelsg 9d6gds M5, LoLEBYIMMO FM©BS FoMgIML | Fo0gdmbsszo-
6039MLoGg- 5330l 3M)MBEgIPOOL 250sFY39HOL sboro, mMoyobscmmo abgdol | o 0bgobgMool
Ao/yo- dogdol, A0Mmg3MLEsE30000 MobsdgEMm™M39 3Hgdbmemmyogdol 4sbbmM- | Ladsgswsgzmm
90mbsE30m0 309gd0bOsmM30L; * 00658gMM3g FOHMIOL  doBOOL  FMMNbM3BIdOL | 3HMYMSTolo3
0650696005 - | 8gLodsdolo 3m339E9bE0gd0L 3mbg LdgEOsEOLEOL BmMIboYds, HmIg-
2356M93mb wog MMm0963H0M9d9wo 046905 2oMg9ml 330l 396MbIEYdMdIBOL
0675069000l 5 3639630900, ME0MbsM®o dmbgdombatyIdMdOL Pmbolidog-
Bop0bGHo 8900b, 930 myM—93mbmdogOo  9BIIAHIOMIOL 330V, 5pMINZY

B56B9gBgd0L  Forn30ls o FMgdmMLisagomo  d9bgxdgbGHoL Lfm®o

0o685600300; * go670mMbs33000 065069000l LEgHmTo 36MdEgdg-

0oL s oo OMYPIMGBYOOLHET0 STMI0IOYIYdOL TgRlgds,

36939630 ©mbolidogdgddo 0obsdmbafioegmds, sbswo oMoy

@90900L  1I3Z0MFVWI©  BHMxk3s s Lomsbsm  Mbsdgdol

299m3dmTog900

ISSN 1512-0996 By29-0bs BaBgd0 — Works of GTU

www.shromebi.gtu.ge

Ne3 (537), 2025

323


http://www.shromebi.gtu.ge/

35638 83mbgmds — Environmental Sciense

2 lotileligelitell 153530LGHOM 3OMYESTs F9PIOS M0 TrEIEOLOYb: b 3099l
Lobgedfonm * 30DOINOO 29MAMG05, 605EIRMOO HYYMLYdO S FoMIBML dEYM- | 93 MAOOL
mboggMLoG - QO 956300056905; Lod530¢03MHM
$0/8obogmeo Hywol OHabm®lgdol, dgEIMOHMEMyMo 3G EgbYdOL s LEbs3oMMm | 3MMYMTobo3
39MAMB05 3 o= | Bebol 063980530 BoMr035;
690mb  9aMs0 | 3OHMYModol BoBbYdOos:

2496300006090 - | 9obEgL ogobEH®L MbsdgMm3zg dowfjgzs05 Ggbodsdolo Lbsgmdzwos-
239M3M5x300L 60 296500905 49MM9530580; godmmdrdoml Lodgbogm 33¢g30Ls s
0520LEHM0 Lb3oobbgs 390980 s 3MIIMLSE300 3MMBEGBI0S JOWOF-
6oL 3900mgdolL gs3mygbgdol MbsMmo s sdom bgwo Fgmfgml ggmy-
5830530 330930000 s 06M3530IM0 3mGIBE0EOL Q9b3000MYd;
bgo gyl LsBMYEMIIOLMZOL sJEHMOEYMO 3HMdEGIGOOL go-
5493939 - d9bgd0Ly O LsbMPSEMYBOL (MY0gR0, 3E0To@0, Bogs
09900, b0s@sgd0 s Lbgs) MOHm0gM 35380600l Tgi35L9dsL s gotg-
30l 8M00 A963005Mgd0L MBOMB3gEYmesls
3 | oqosls 360M530L F0bsb0s FmsdBoML Fo0on3Z5E0B0EOMO 333930900 | sbmME0gwgdl
Lobgedfonm 93M0Ma00L MRT0, HMIEGd0E 09690056 3mb3MMY6EHMBIGOs6BO Hm- | g3memaool
mb039MLoGIH0 /| 3O LFIGOOL dBMBY, 0l bogwol G9damad Loggbm®dbg: AbTg- | LodsosgMM
03MEIMPOD - Bgangdo GqLsdsdol batolbl 00gdgh vy bog3s¢EYdME™ Logbgdmsb | 3MMAMaTolss
3936096 900L 9O 5003019896 3BMZgMs 93MEIMYO0L, 3gbagms g3mermyool
0520LEHM0 5 800M500 3963005MYBOL dEM3IOOL F0BsMMNEYdOm, BobOToErv)-
930590 60 3090003JO0L 350339 MOMEIHMOL.  3YMLETNZMIOYGdO
890¢g09b  39659900M™m39 FTgoMmEIdoL  e0mygbgdom  33eg30L -
82130000 ©3J3FIL > FIBLOOFOIEYINL FdMZILWDS G-
200U, 939656090 93MEMPO0L 56 25M9dmbisE30m0 30T5M0EgdOm;
9891060 3m83796035305L 3OMBPILONE ©d 935©JF0YG LoBMYSOMY-
0510256; O SVFMNMZ00 0g698056 5BEOE0ZMNMO S P9WHY39GH0Wg-
0900l 3ogdol MbsIYd0m
4 | 53530 Hgtgomols 36065808 F0Db0s Fmsdbo™l 1565990MM3g HMI0L dsBOHOL Fmm- | sbmM309wgdL
Lobgedfonm bm3gbgd0lL Fglsdadobo 3md393Hgb0gdol dmby b3gEoswolEO FaMgdml | 93memaool
2160390L0GHIHO /| 5330 BHgbmarmyool bizg®™mdo, HrIEgdLsS L50535¢053MOM
2396M93mb ©o330L - 986900 ©MB> s LOLEBHIIMMO  FMEDS:  9)RdMYIMBELEIOMO | 3OMAMSToS
3996mma09d0 - | Hgdbmmmaool  Lbgoslbgs  bgg®mdo  (3s9M0L o33,  fywol
993bogMgdol 9969% 09960, BsGBYbgdOL BoMmzs, BH@AOL MLIBMmMbMgds ©s Lbgs),
05g0LG 60 )69l @©5330L 300303990-1505MmMgdM030 5
LsBMYsMadM030 MbolldogdgdoL Jglsbgd.

b3¢m-ob 3Gm3gdo — Works of GTU

Ne3 (537), 2025

324

ISSN 1512-0996

www.shromebi.gtu.ge


http://www.shromebi.gtu.ge/

35638 83mbgmds — Environmental Sciense

39619090 - 990a9d9b: 5)3033gdubmeo 3OHMBEYIGOOL FosFMols s OldY)-
06506960580 090990 1336900 AoTMEB, B)RsMgdmMLEs33000 Bgdbmemaoy-
0oL SboEro s MMOROBIWMMO 0Ol T981T53905L, 53 IMNSMO
360mx39b0Mwo  3nEBOL AsHBOIMIOL s bb3zgdol dHMmBglorm gob-

300000905H9 BOHMB3L
4 dmmo 30590l dobbgdo: SbMEE0gEgdL
OMboeggErol 1. 0635 s LELEBYINMO (32060L Fgdgbs AgMAMIROME FsOLAo J0dEO- | g3mEEMYOOL
Lobgarmdol Bog 9396900l Tglobgd, 3mbgdcMm03-39mMyMsx30w0  3MMEJLYIOL | LodSISWZOHM
05mw)dols LOZOEOMN-EOMOMO MO30LYOMEYOGOOL, dBIdMOZ Fotgdmdo Fodo- | 3MMAMTobo
Lobgardfonm Bty (330 gdIBOLS O SO0 AJMYIMEIMY0YIMHO 3GIBEGTGOOL

£160396060GHIG0 /| 3o3bmBOgHYRs; v MgmEmoreo 3mEbol bagendggmby, 3gamby 8w98sm-

1. 30%ozmeo dobsl 999degds 3bgdMog 4oMgdmdo 800@obsty RobogMEM-agmy-
239MMIBR0S ©d M5x0m 36M0m3gLdBY 3300390, baaLsfHymgdol asdmygbgds, dols-
2356M93mb ©900L Fg0M03905-499b5¢00Dgds, dYbIdMOZ FoMgdm by dmbo@mMobyo
00050 5 300900 Imbogdgdol Logwdzge by o336l 3539009, 5aMgo-
2496300056900 - 39 999gdL Boo@etMml 33¢93900 39wy, dsboengdol s3+9ds3gd0Lsls
300360 395535L0L  6ESBREHOL 3MFBHIbE0s0, FoMgamby SBPOM3MYgbm@o
390365800 b909mgdggdol boolbo s ©s9R0bml g3mmmyuommo IyMIEMds
85p0LEBH™O LoBMEdEMIdOL  25630msMgdOL M BOHMB3gELaygmis; v gmo3Mo

36063039001 3300 M 300YOsE Fdegdl Fgogsliml mogolo
5 bbggdol ©sdm30gdmgds Mo30MbseMo d+v9bgdsmlatIgdEM-
0oL 0050 36106303900l T3300MYBT0, s15939 F0WVYOYEO (3200~
Bob boggmdzgebg 3n3gduwy®o b 3MEEH0OLEO3WobMEO bsdmdom
39690mb FoMHMZsL s 3OMBILOME  2963000060905%Bg  3oLbolidygd-

@dOob 5©9dL
2. 930MYO0 -
93 ®F00L 2. v 56599060m39 930m@m0vIMH0 39650 gdol dmmbmgbgdol dqlsds-
8530LHO0 dobo O3> s LBORMIZW0sBo MYMOHOMWo 3MmELOL s 3MvdEBHozMwo
B393900l 89mbg 35006900l dmdbogds, MHmBgeos 8gdergdl, dowgdvy-
WO MYINMH0Mo 3ol 2sdmygbgdsls 3Mod@ogmw s Ludgsboghm-
3309300 Lg8056md580; v Bo@ao gm03rMHo WoMgdvyegdgdol djmby
139305 obEAHOL SQBOWS, GMIJEog Fgdwgdl 3wypgdM 9BIIEGHNO
056539OMIMB, MOMdBY, LME0SWO, 0bsLIHBMYSMIBIOOLS
Q5 303130900l 93MEMPOMEO 3OMOEGIGOOL 35sFMS0 LMo~
0 fizerowol 99@sbal; v msbsdgmmgg bGvemgslicmgsbo B3gEoswol-
GoL dmIBoYdL, MMdgoi 9gdwgdl bs33eg30 Lobx OOl s¢gdL,
ISSN 1512-0996 By29-0bs BaBgd0 — Works of GTU
www.shromebi.gtu.ge Ne3 (537), 2025

325


http://www.shromebi.gtu.ge/

35638 83mbgmds — Environmental Sciense

LosboEr0oBM© FMIBEYI, Lbgaslbgs dgmmeol 3sdmygbgdom sbo-
@0BYOOL BoBoMGOL s G0 OO FgEJRJO0L FbBMASIBL

GIPA %035 -
Lodo®omngganmls
Lobmysmyd®03
Loddgos
obbBo@mGo /
2396099mbOE30m0
0969%996¢0 s
3M0E03d -
2396M93mb ©o330L
Tog0LBHMOL
5350099060
bstolbo

360mM35 MBOMB3gYgmBL 5099l ©s330L IgbgxdgbGol Lagom-
H9%0b LobEYF® Lozl s FoMMNZ0L 0BLEHMTIHEHIOOL sSHZ0LYdL
3969%96019@00, LEBIOMEIGIOHOZ0 s 93MmbMT0ZMMO S139gEHYdOL FoM3s-
@obfobgdom; MbOHMB39wymazl LoeMmIolgmwo FmEboL, Mbsmgdol,
39Lv1bolidagdmdOLs s 93EMBMTOMMMBOL godmddoggdals oMMl
5330L5 5 3MBLYMZ53E00L, F9MYIMLE330m0 FoGM30L LoLEgdoLs s
dobo  0bBLEGHMMIIBGHIOL, T35y s FOMINWsH Mo  g3mbmTozol,
9969% 996 0Ls s 5B0boLEHMOMYdOL J0T>MHNIEIOOm.

3904365 2016 Fgwb 29035600l LogMHMSAMOHOLM  0sbsdIGMMBWMdOL
3096 55306561900 3MHMgdEob BotrragdTo bodsMmzgml Lsbmys-
©MgdMH0gZ Loddgms 0BLAHOGHWEL, FoMgdml oE30Ls s bmgwol dg-
©)MBgMB0L LodobolGMmMb ©s L3 AsMYIMLESE30m0 0bgmMTs300bs

o6 593L

5 39650 g00L 39bEGHOOL 05653dMIMBOM

BbBoeo 8yag60¢0s 53000l 809 39883963090 BY Beasm3989 0bZMIGEG0s b YVEIBO)

9000b 8MoO0 256300056M900L Bo3EIEHOL d6rM-
3659900 0bEHIMHOL3030bO BMOToEHOLSS S 5JO-
05690L  Lagergdsl Hmamea doobdgmobymdol s
00Mo0 396300009808 JMmbom, obgg dobsbog-
090 boMolbobmzol sv3owgdgwo 3md39¢9630gd0L

3035607 gd0m. Lfogargds 8moEogl Lagsergdem
5 9MB93000 Lobifogem 39MLgRL, Lobfjogerm-lsggary
39U3gBL, 3M5gBH03oL 3m33BIBEIOL. Lsbfogzwrm 3me-
LgdOL gBO BsfoEro FodFmeros s Medgbody dtMmy-
505D 0Lfogergds. swbsbodbsgos, MM BogMwEgEoL
LEAMEIBEHMS 3MBEHRIBEO FMToz5E FbsMIEO; SdO-
&IH0963IOL FMoL 496l53MMIOOT OO M3 IE0s-
MHMd00  LaMYGOEMBL  3GMMAMSTs: 0oL FEYMIO
GOH0Bdo s dsb30bdEwmdol Igbgx 6B .
3bosBMm©s B93MEIBHBY 06GHBLoYMo J00-
0656MOL 3wgdomds sboeo Loy sbBabsmergderm 3Mm-
3059900 8990s3905Dg; 19339 IIBIIOMWOs
bdzg-0ls BGeadgdo — Works of GTU
Ne3 (537), 2025

326

536900GH300L 9BH93Hgo bBogoLEHMM 3MMYMTd ,40-
699mb 8Mo©O 3ob3000MHgdoL dgbgxdgb@o* (Lfsg-
@wqdob gbs JoMormeo, 120 3M9EOG0), 3OHMAMSTol
90Bb0s FMmsdboml daMao dob30msMmgdol dob-
6300l Jobomfigz9 IMLYEMEO MYJMOHO0JIOLS S 0bm-
35309006 M3s, LOLEYIGHMMO, EOWIJBHOIMNMO S
063 9m0obE03wobmmo 3mobol dJmbg LEmMgbEo,
OHdgbsi 9909de0s dooml 06gmOIoMgdwyeo o-
5093930 qd900 s 08mddgml 3slmbolidygdarm-
B0 goMgdml BEAMmOEMBOL, 93mbmdozwmo Logmisb-
@0olv)65Mm056MIOLS O BToMINEOBO Lobrmysmgdols
OPON639LYmBI©E, OMIJOE  ©335gMBOIOL
935690 s 3Toz5¢0 M5MdJOOL LdFOMHMYdJOU.

9330935005 %9530 CIF Log@eb@m @og30bsbligdols
Bo®BmBo 8498500l 30MmgdBHBY ,LodoMmzggermlb ¢adbo-
3996 996039MLOEJEHT0 LoTogoLEMM Lo sbsbsmEgd M
3600M53doL ,,8000560 GHYMOGHMMH0gOoL FEYMSWO A9b30-

ISSN 1512-0996

www.shromebi.gtu.ge


http://www.shromebi.gtu.ge/

35638 83mbgmds — Environmental Sciense

05Mds“ 8gddbs ol MBoggdLoEgEMb  (dowsbol
m6039MLOGHIGHOL 33030000 (395GM0) MbsTAGMIM-
0", H™IgEog 0baolvyHgbmgsbo 3MmyMmadol dma-
Bog0sHgs MMH0g6EH0MIOM0. 30MgdEol Botywgddo
059933005 30060 0950330 bogMmsTMMOLM Bo-
39360960 BMOHNMTOL MEI60DYdS "BolL BEYMIO ob-
3000560300L bogegds - 3O FabzomaMgdols Job-
B9%0bL dofgzol 0bmzs30w®mo BoEyMdgdo 935009006
L03M(3900" o LEgMMSAMMOLM bEIIBE MO b3meErol
"8000L 8MIO Zob30mMIMFOOL Lffogzegds" mMysbo-
Bgds. 58 ©Mbolidogdgdol AsbbmME0gwgds MBEHMBagw-
9453005 M0 4956300560 gd0L 30bEMOL 89Jdboom,
MobeErglio 9mEgErol EOHMbLY s FIMbsobrm®mTsgom
LolEg3q0bY §3Maol Fgledergdermdoo.

31939, LobgEdfomml 33907000 FMIBIEIdIOS
0030935000060  3MMxgLOMEO 45T IdOL  Jot-
09 g6m3560 3OMAMTs ,,BYob ©33s MJobxgMgddo®
9 ,39MB0BBMOTs30m LobEBHJIPOOL B3OS OLEHO™.

39399 EHOL boddosbmds IFoEOME SMOL oo~

X033wo fgowms dgm®mbgmdol bsdgzboghm-33ary-
30000 0bLGHOGMBHOL s  30EOHMIYAEHIMOMEMYool

0bLEHOGHMAEHOL  bodd0sbMdLMD.  Mobarmgls  bsbgddo
Fomnmb g5 Lomg@m®m 3HMAMm0L 90mdagg-
053 0392309905, 50bB0dBsg0s Bo3MEEgBHOL oG-
@©@MdS OHMLM3900l gMmzbmemo bsdgboghm gmb-
00U bogMeb@m 3:mb3mMLgdT0.

8603369 m3z569L05  QeMBIME s Mgaombo-
@6 mbggdHg Logsbdsbsmegderm s bsdgzboghm
51990 gdgdoL  056589MMTMBOL  godw0gMgds,
Momd 33e93900L 890092500L0 o 336900l osbs-
@©0Hgd0om 993dsgzql bodmgdgom 9499900 LogMos-
FmOHoLe, M9a0mbsm s gHmzbme mbggdby.

ISSN 1512-0996
www.shromebi.gtu.ge

2398MMIGOMo  9g0mMbIgdol  Bs@Bmdo  od-
A0  9bsdIOMIMBL  DryoLoysbdsbsmergd-
@ 13O, BMLFogerg-0boeasBMmEMdL 0fj393L
Lbgoalibgs 30637MLLS s 3MbxgMmgbEosty. 9:55050
3393990 GIGHOL  5©IobolGHMIGOM0 s 53509F0EO
3960bmbowo LEHMYBEJOMB ghmo fownzol dxbo-
3035¢0GHIGHOL 5008056 bmggen sboedgbols bo-
XM 1302580 SbMEEF0YEXYOL 3BIMgJBL: Lsdgbogd™m
330930000 3dol ,mdgmmbo  dgsboghgdo  dool
9M5@0 2563005M9dOLEMZ0L* MY, d3MMmgdEHo
55530656LS Tmms HMLmsggwol gMmazbreds bsdgs-
BogHm gmbeods.

R9MNWGHIGHOL 93509800 3gMLmbowo  Lodsge-
Ws3MH™Mm  3MMaM5dg00L  bEAMIBGHIOD ghmo d-
9omdL 8Mo0 29630056M9B0L 3OMOYTsbg. La®m-
390000l 36md0gMHYBOL sdowegdol JoBbom gfiymds
69200690 5gdobsMgdo. 36HMmRglmM-Bolfagugdergdo
5 bEAHMIDEHYOO BsOMNEO 50D LOlMBEM-L5TgmE)-
B9m 9dbGHIBE30gOLS s Lbgoalibgs gJudgMmodgb@do, Mog
3900Bb6M0os 0bmzgozoMo s 3odsdymbogimeo
A996mma0900l sbgtgz0L, HoMmdmgdol dmremdols
o 3063796096@Mb5Mm0sbMdOL  AsBMEOLy s doredo
3b™36MHg00L LsgHmM E®BOL 5350EgdOLIZOL.

539310AIH0 2024 §erosb 499MmmL LobwEOLsmM
mMA560Bs300L  FmboEroligmdMO30 5¢0sbloL ,,dmol
35MGHBoMOHMOOL“ 93605, M3 Bo3GIGL IM35¢-
59OM396  glodegdemdqdl  LegsBMAL.  s@Lsbod-
653009, ®MA 5¢05BLO 35OEDBOMMHYdOL gPhmsgdmo by-
05YMBLWMOOMNO  39gMH05bgdss, MHMIgwog doBbos
0bobogly Jmol dMLabgMdOL 3bmgMmgdOL AswdxMd]-
1gdsL s GOl AoMgdmb E39L Bmge AbmeBEomdo.
ool 35OGHBOMMOMdL Fg003539dwo 543l dmosbo

Ly-ols IHMIGdO — Works of GTU
Ne3 (537), 2025

327


http://www.shromebi.gtu.ge/

35638 83mbgmds — Environmental Sciense

65006700l IYMo©o 25630maMgdol @Ol FalMoyo
5 LsBmgdgm 390> 2030 Farsdyg 3gMH0MEOLEM3ZOL.

33365

900aM50 29630056 9ds  IMTs3¢ol  39dGHMMO0o,
O™IgElog dBsOL »FGOL LogOHmsdmMole Labmys-
©M9ds. 310560 BHIMHoGHMM0gd0L IMIO mdogs-
@0 99353060905 oo FoMmogddboll 0bmzso®o o
53%03019MH0  doMIgdom. 93mbmdo3MMo, Lemos-
@O0 S F9M0MLs330000 dYMIMOOL 30dd0-
Bogoom 8930005 8930650BMbma dmdsgerol dmg-
0L MBoZoMMo  4oM9dm, gob3zo30MaMMm™  sbogro
396039dBHoMwo  bgdBHMOmIBo s  JO35MIX MBI
dol ImLobErgmdol 3bemg®mgdol boGobbo.

900aM50 39630056Mg00LM30L  gsbscgds do-
305000 25630m0Mgd0l JoBbgdol domfigzol doMoms-
0 0bLEGHMMTGDEH0s. FobsmEgdols Fglsdergdermdgdo
9000l 350 39630056 gdOLMZOL RGOS odFEo-
WIOHO O 9MEOEGOIE0S. A5MgIMLIEM©bYMdOL s
domol  LHogugdol dodstmwegdoom b39b doghH go-
365w 0HgdMo JoMomwo ©s WEbmmeo godmoo-
@905 5QaLGHMMYOL, MHMA 3603369 ™m3z5605 BHMAMEMS
B0OHISM0, 0l SMRMMOTSMOO obsmengds. Lo-
JoOm390mdo  ZmEIsMo  gobsmergds  HBEHN6-
390YmBo0s 1MOZMHMdM MFygdgdol, 5Msledmeg-

@0BHIOSBHMOS

OMdm MORB0DOE0gdoLs s MBEsb3wsGHBMMIg-
d0L bodw)sEgdom. F9MgdmLIEMmEbymdol dodstomvy-
90000 FMMT>H 256500 gdSL MBOHWO39wymaL
850@gbo  LogsbobomEgdwm  ©shgligdwgdgdol
L59535030M 5 boTogoLEHMM 3OHMYM539d0. bogsbds-
Bongdeom  LogMgdo 490m®mBgMmo s Mbogs-
@905 LodoMmMZ39ML 39d603M0 MbogzamLOEIEHOL
9oL 8yM0 256305Mg00L Bs3MWEIGHDY Imd-
9900 b5d535wWszMHM 3MMYM8900, Loy Lsgas bo-
bgdfoxml dog O Bobsblgds. sdslmobs-
39 B3ILAHIO0 3JHOUME Jgafgmdl sGZmOIs-
0o 45650 gdol 3mbomsg. MEbmmMo godm-
©OgdoL  LoxgdzgwbY, Lodo®mgguml Labgardfo-
%MJOMH030 35O g39000B @S Labmysmgdols
239DMowo 0bFIMggd0b 250mIEobsMy, 73s3men-
G9HO FMTomBL oo Lo dbdsbomgdEM Lsdo0ld)-
02 3OMPE9900L 899v9ds39055 O 3OHMBIBOIEO 4o~
©53D5g80L/lbYMEGH0RB0ZG™  3MELYdOL  F9ddbsbyg
396M990L93MEbgMdOL  B0doMHMYEGdOm. OO
36033690 mds 9603905 emdogr® o MHJRombocr®
©Mb778BY Logsbdsbsomrgdenm s 153936096M™ ©F9-
19O gOIOOL 0565FIOMIMIOL JodWOYIHJO, oS
33¢93900L G99900Ls s ali33bgdoL gesbsgroby-
000 99899853009L Lodmddgom 2939900 LogMHomadm-
6HoLM, MHJR0MBsEMH s JOHM3EM Embygdby.

1. Elizbarashvili, N., Meeseni, H., Khoetsiani, A., & Meladze, G. (2018). Sustainable development and resource

management in mountain regions. Danik.

2. Environmental Information and Education Centre. (2015). Environmental education for sustainable

development: Cross-cutting standard.

https://eiec.gov.ge/Ge/Search?text=%E1%83%92%E1%83%90%E1%83%9B%E1%83%AD%E1%83%9D%E1

b3¢m-ob 3Gm3gdo — Works of GTU
Ne3 (537), 2025

328

ISSN 1512-0996

www.shromebi.gtu.ge


http://www.shromebi.gtu.ge/
https://eiec.gov.ge/Ge/Search?text=%E1%83%92%E1%83%90%E1%83%9B%E1%83%AD%E1%83%9D%E1%83%9A%E1%83%98+%E1%83%A1%E1%83%A2%E1%83%90%E1%83%9C%E1%83%93%E1%83%90%E1%83%A0%E1%83%A2%E1%83%98

35638 83mbgmds — Environmental Sciense

%83%9A%E1%83%98+%E1%83%A1%E1%83%A2%E1%83%90%E1%83%9C%E1%83%93%E1%83%90%
E1%83%A0%E1%83%A2%E1%83%98

3. Independent Institute for Environmental Issues (UfU e.V.). (2021). Civil space for participation in climate
policy in Georgia. https://rec-caucasus.org/publication/samoqalaqo-sivrtse-klimatis-politikashi-
monatsileobisthvis-saqarthveloshi/

4. UNESCO. (n.d.). Education for sustainable development 2030. https://www.unesco.org/en/sustainable-
development/education/toolbox

5. United Nations. (2022, December 14). Sustainable mountain development: Resolution adopted by the
General Assembly on 14 December 2022, 77/172. https://www.un.org/en/ga/77/resolutions.shtml

6. Ueno, K., Balsiger, J., & Price, M. F. (2020). Education for sustainable mountain development: Preliminary
insights from a web-based survey of opportunities. Mountain Research and Development, 40(4).
https://doi.org/10.1659/MRD-JOURNAL-D-20-00026.1

7. Food and Agriculture Organization. (n.d.). Mountain education database. https://www.fao.org/mountain-
partnership/our-work/capacity-development/mountain-education-database/en

8. UNIMONT. (n.d.). Master's degree course. https://www.unimontagna.it/en/education/masters-degree-
course/

9. Grassroots Institute. (n.d.). Homepage. https://grassrootsinstitute.ca/

10. Georgian Technical University. (n.d.). Bachelor's program — Geography.
https://gtu.ge/apply/bachelor/mtis/geo.php

11. Georgian Technical University. (n.d.). Master's program — Climate change and sustainable development.
https://gtu.ge/apply/masters/ctmf/geo.php

12. Thilisi State University. (n.d.). Faculty of Exact and Natural Sciences.
https://www.tsu.ge/ka/faculty/%E1%83%96%E1%83%A3%E1%83%A1%E1%83%A2%20%E1%83%93%E1
%83%90%20%E1%83%A1%E1%83%90%E1%83%91%E1%83%A3%E1%83%9C%E1%83%94%E1%83%91
%E1%83%98%E1%83%A 1%E1%83%9B%E 1%83%94%E1%83%97%E1%83%A7%E1%83%95%E1%83%94
%E1%83%9A%E1%83%9D%20%E1%83%9B%E1%83%94%E1%83%A A%E1%83%9C%E1%83%98%E1%
83%94%E1%83%A0%E1%83%94%E1%83%91%E1%83%90%E1%83%97%E1%83%90%20%E1%83%A4%
E1%83%90%E1%83%99%E1%83%A3%E1%83%9A%E1%83%A2%E1%83%94%E1%83%97%E1%83%98/
2:contentReference[oaicite:50]

13. Ilia State University. (n.d.). Ecology program.
https://iliauni.edu.ge/ge/iliauni/AcademicDepartments/sainjinro-fakulteti-270/programebi-
310/sabunebismetyvelo-fakultetis-samagistro-programebi/ekologia:contentReference[oaicite:53]

14. Batumi State University. (n.d.). Program: Environmental management and policy. https://bsu.edu.ge/sub-
11/program/3/index.html:contentReference[oaicite:56]

15. Georgian Institute of Public Affairs. (n.d.). Program: Environmental management and policy.

https://gipa.ge/geo/program/show/garemosdatsviti-menedjmenti-da-politika:contentReference[oaicite:59]

ISSN 1512-0996 L&y-obs dHmIgd0 — Works of GTU
www.shromebi.gtu.ge Ne3 (537), 2025
329


http://www.shromebi.gtu.ge/
https://eiec.gov.ge/Ge/Search?text=%E1%83%92%E1%83%90%E1%83%9B%E1%83%AD%E1%83%9D%E1%83%9A%E1%83%98+%E1%83%A1%E1%83%A2%E1%83%90%E1%83%9C%E1%83%93%E1%83%90%E1%83%A0%E1%83%A2%E1%83%98
https://eiec.gov.ge/Ge/Search?text=%E1%83%92%E1%83%90%E1%83%9B%E1%83%AD%E1%83%9D%E1%83%9A%E1%83%98+%E1%83%A1%E1%83%A2%E1%83%90%E1%83%9C%E1%83%93%E1%83%90%E1%83%A0%E1%83%A2%E1%83%98
https://rec-caucasus.org/publication/samoqalaqo-sivrtse-klimatis-politikashi-monatsileobisthvis-saqarthveloshi/
https://rec-caucasus.org/publication/samoqalaqo-sivrtse-klimatis-politikashi-monatsileobisthvis-saqarthveloshi/
https://www.unesco.org/en/sustainable-development/education/toolbox
https://www.unesco.org/en/sustainable-development/education/toolbox
https://www.un.org/en/ga/77/resolutions.shtml
https://doi.org/10.1659/MRD-JOURNAL-D-20-00026.1
https://www.fao.org/mountain-partnership/our-work/capacity-development/mountain-education-database/en
https://www.fao.org/mountain-partnership/our-work/capacity-development/mountain-education-database/en
https://www.unimontagna.it/en/education/masters-degree-course/
https://www.unimontagna.it/en/education/masters-degree-course/
https://grassrootsinstitute.ca/
https://gtu.ge/apply/bachelor/mtis/geo.php
https://gtu.ge/apply/masters/ctmf/geo.php
https://www.tsu.ge/ka/faculty/%E1%83%96%E1%83%A3%E1%83%A1%E1%83%A2%20%E1%83%93%E1%83%90%20%E1%83%A1%E1%83%90%E1%83%91%E1%83%A3%E1%83%9C%E1%83%94%E1%83%91%E1%83%98%E1%83%A1%E1%83%9B%E1%83%94%E1%83%97%E1%83%A7%E1%83%95%E1%83%94%E1%83%9A%E1%83%9D%20%E1%83%9B%E1%83%94%E1%83%AA%E1%83%9C%E1%83%98%E1%83%94%E1%83%A0%E1%83%94%E1%83%91%E1%83%90%E1%83%97%E1%83%90%20%E1%83%A4%E1%83%90%E1%83%99%E1%83%A3%E1%83%9A%E1%83%A2%E1%83%94%E1%83%97%E1%83%98/2:contentReference%5Boaicite:50
https://www.tsu.ge/ka/faculty/%E1%83%96%E1%83%A3%E1%83%A1%E1%83%A2%20%E1%83%93%E1%83%90%20%E1%83%A1%E1%83%90%E1%83%91%E1%83%A3%E1%83%9C%E1%83%94%E1%83%91%E1%83%98%E1%83%A1%E1%83%9B%E1%83%94%E1%83%97%E1%83%A7%E1%83%95%E1%83%94%E1%83%9A%E1%83%9D%20%E1%83%9B%E1%83%94%E1%83%AA%E1%83%9C%E1%83%98%E1%83%94%E1%83%A0%E1%83%94%E1%83%91%E1%83%90%E1%83%97%E1%83%90%20%E1%83%A4%E1%83%90%E1%83%99%E1%83%A3%E1%83%9A%E1%83%A2%E1%83%94%E1%83%97%E1%83%98/2:contentReference%5Boaicite:50
https://www.tsu.ge/ka/faculty/%E1%83%96%E1%83%A3%E1%83%A1%E1%83%A2%20%E1%83%93%E1%83%90%20%E1%83%A1%E1%83%90%E1%83%91%E1%83%A3%E1%83%9C%E1%83%94%E1%83%91%E1%83%98%E1%83%A1%E1%83%9B%E1%83%94%E1%83%97%E1%83%A7%E1%83%95%E1%83%94%E1%83%9A%E1%83%9D%20%E1%83%9B%E1%83%94%E1%83%AA%E1%83%9C%E1%83%98%E1%83%94%E1%83%A0%E1%83%94%E1%83%91%E1%83%90%E1%83%97%E1%83%90%20%E1%83%A4%E1%83%90%E1%83%99%E1%83%A3%E1%83%9A%E1%83%A2%E1%83%94%E1%83%97%E1%83%98/2:contentReference%5Boaicite:50
https://www.tsu.ge/ka/faculty/%E1%83%96%E1%83%A3%E1%83%A1%E1%83%A2%20%E1%83%93%E1%83%90%20%E1%83%A1%E1%83%90%E1%83%91%E1%83%A3%E1%83%9C%E1%83%94%E1%83%91%E1%83%98%E1%83%A1%E1%83%9B%E1%83%94%E1%83%97%E1%83%A7%E1%83%95%E1%83%94%E1%83%9A%E1%83%9D%20%E1%83%9B%E1%83%94%E1%83%AA%E1%83%9C%E1%83%98%E1%83%94%E1%83%A0%E1%83%94%E1%83%91%E1%83%90%E1%83%97%E1%83%90%20%E1%83%A4%E1%83%90%E1%83%99%E1%83%A3%E1%83%9A%E1%83%A2%E1%83%94%E1%83%97%E1%83%98/2:contentReference%5Boaicite:50
https://www.tsu.ge/ka/faculty/%E1%83%96%E1%83%A3%E1%83%A1%E1%83%A2%20%E1%83%93%E1%83%90%20%E1%83%A1%E1%83%90%E1%83%91%E1%83%A3%E1%83%9C%E1%83%94%E1%83%91%E1%83%98%E1%83%A1%E1%83%9B%E1%83%94%E1%83%97%E1%83%A7%E1%83%95%E1%83%94%E1%83%9A%E1%83%9D%20%E1%83%9B%E1%83%94%E1%83%AA%E1%83%9C%E1%83%98%E1%83%94%E1%83%A0%E1%83%94%E1%83%91%E1%83%90%E1%83%97%E1%83%90%20%E1%83%A4%E1%83%90%E1%83%99%E1%83%A3%E1%83%9A%E1%83%A2%E1%83%94%E1%83%97%E1%83%98/2:contentReference%5Boaicite:50
https://www.tsu.ge/ka/faculty/%E1%83%96%E1%83%A3%E1%83%A1%E1%83%A2%20%E1%83%93%E1%83%90%20%E1%83%A1%E1%83%90%E1%83%91%E1%83%A3%E1%83%9C%E1%83%94%E1%83%91%E1%83%98%E1%83%A1%E1%83%9B%E1%83%94%E1%83%97%E1%83%A7%E1%83%95%E1%83%94%E1%83%9A%E1%83%9D%20%E1%83%9B%E1%83%94%E1%83%AA%E1%83%9C%E1%83%98%E1%83%94%E1%83%A0%E1%83%94%E1%83%91%E1%83%90%E1%83%97%E1%83%90%20%E1%83%A4%E1%83%90%E1%83%99%E1%83%A3%E1%83%9A%E1%83%A2%E1%83%94%E1%83%97%E1%83%98/2:contentReference%5Boaicite:50
https://www.tsu.ge/ka/faculty/%E1%83%96%E1%83%A3%E1%83%A1%E1%83%A2%20%E1%83%93%E1%83%90%20%E1%83%A1%E1%83%90%E1%83%91%E1%83%A3%E1%83%9C%E1%83%94%E1%83%91%E1%83%98%E1%83%A1%E1%83%9B%E1%83%94%E1%83%97%E1%83%A7%E1%83%95%E1%83%94%E1%83%9A%E1%83%9D%20%E1%83%9B%E1%83%94%E1%83%AA%E1%83%9C%E1%83%98%E1%83%94%E1%83%A0%E1%83%94%E1%83%91%E1%83%90%E1%83%97%E1%83%90%20%E1%83%A4%E1%83%90%E1%83%99%E1%83%A3%E1%83%9A%E1%83%A2%E1%83%94%E1%83%97%E1%83%98/2:contentReference%5Boaicite:50
https://iliauni.edu.ge/ge/iliauni/AcademicDepartments/sainjinro-fakulteti-270/programebi-310/sabunebismetyvelo-fakultetis-samagistro-programebi/ekologia:contentReference%5boaicite:53
https://iliauni.edu.ge/ge/iliauni/AcademicDepartments/sainjinro-fakulteti-270/programebi-310/sabunebismetyvelo-fakultetis-samagistro-programebi/ekologia:contentReference%5boaicite:53
https://bsu.edu.ge/sub-11/program/3/index.html:contentReference%5boaicite:56
https://bsu.edu.ge/sub-11/program/3/index.html:contentReference%5boaicite:56

35638 83mbgmds — Environmental Sciense

UDC 504
SCOPUS CODE 2301
https://doi.org/10.36073/1512-0996-2025-3-317-330

Education For Sustainable Mountain Development - International Context and Georgian
Experience

Tamar Koblianidze Faculty of Sustainable Mountain development, Georgian Technical University,
Georgia, 0160, Thilisi, 77, M. Kostava str.

E-mail: tamar.koblianidze@gtu.ge

Reviewers:
M. Janikashvili, Professor, Institute of Buildings, Special Systems and Engineering Support, CTU
E-mail: m.firanashvili@gtu.ge
M. Piranishvili, Associate Professor, Faculty of Business Technologies, GTU

E-mail: mikheiljanikashvili@gmail.com

Abstract. Mountains play a vital role in human life, and the study of mountain-related issues has become
increasingly important. Over the past two decades, scientific interest in this area has grown significantly, with
particular attention to the sustainability of mountain regions. The Sustainable Development Goals (SDGs) have
emphasized the importance of studying mountain areas, further highlighted by the UN General Assembly resolution
of December 14, 2022, which addresses the sustainable development of mountains and places responsibility on states.

A sustainable future for mountain regions is linked to their transformation through innovative and ambitious
approaches. This article explores the UNESCO Framework Programme "Education for Sustainable Development
2030" and examines educational opportunities that support the sustainable development of mountain areas. The
analysis includes Georgian and international teaching experiences in both environmental sciences and mountain
studies, covering both formal and non-formal education throughout Georgia.

Special attention is given to the activities and current educational programs of the Faculty of Sustainable

Mountain Development at Georgian Technical University.
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Abstract. Accelerating scientific and technical progress is a very urgent task in the field of building materials
production,

in the field, which includes the introduction of new technologies and promising materials, the widespread use of
local raw materials and production waste; the saving of thermal energy and material resources during the production
of building materials; and the increase in the cost of products.

Over the past few decades, in many countries around the world, refractory concretes have been widely used in
the operation of thermal aggregates instead of existing expensive and scarce refractory materials.

Heat-resistant concretes (for low and high-temperature thermal aggregates) were obtained, which are highly
efficient building materials, using local raw materials (slag) and industrial waste (glass cullet, chamotte cullet).

This makes it possible to save significant amounts of money on the transportation of materials. Volcanic slag was
used as an admixture in concrete, which resulted in a smaller component of the material, simplification of the

technology, and a reduction in the cost of the product.

Keywords: Refractory concrete; Silicate-stone; Silicon-sodium composite mortar.
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Abstract. The class of metal-polymer composite materials consists of thin aluminum sheets and epoxy composite
layers. One of the widely used types is fiber-reinforced metal-polymer composites, reinforced with fabrics such as
aramid and others. Compared to similar materials, these composites offer lower specific weight, improved anti-
corrosion properties, and enhanced resistance to fatigue and impact. Additionally, ongoing research aims to refine
and improve their properties further.

One of the methods currently under active investigation for enhancing the complex physical-mechanical
properties of these materials is the incorporation of functional metallic nanoparticles into their structure. Among
various metallic nanoparticle fillers, high-entropy nanoparticles are considered particularly promising.

This paper discusses the vacuum infusion technology used for producing metal-polymer composites based on
aluminum and epoxy resin, reinforced with aramid fibers and filled with FeWNiTiAl high-entropy powders.

Furthermore, it examines certain mechanical properties of the obtained samples.

Keywords: High-entropy powder; Impact resistance; Metal-polymer composite; Reinforcing fabric; Vacuum

infusion.
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Abstract. The paper studies the stationary problem of the flow generated by the rotation of a circular porous disk
in an electrically conductive fluid, taking into account a uniform magnetic field for a constant value of the suction
velocity of the same fluid in the disk.

To study the problem, the method of successive approximations, known as the Green's function and the small
parameter method, is used. In the considered case, the small parameter is the Reynolds number. The system of

nonlinear differential equations with partial derivatives of the Navier-Stokes equation of the motion of an electrically
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conductive fluid in a magnetic field is reduced to a system of ordinary nonlinear differential equations using
generalized Karman insertions, the solutions of which are sought in the form of infinite series for small values of the
Reynolds number.

The solution of the problem using the Green's function is reduced to the solution of integral-differential
equations. The Green's function of the corresponding problem is constructed and recurrent formulas are obtained,
by means of which it is possible to calculate solutions in any approximation. The first two approximations are
calculated explicitly.

The physical characteristics of the fluid flow are calculated and the expressions for the components of the fluid
velocity are obtained, as well as the expression for the pressure distribution on the disk. The moment of resistance

to the rotation of the plate is calculated.

Keywords: Differential equation; Electrical conductivity; Flow; Green's function; Karman insertions; Magnetic

field; Porosity; Suction velosity.
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Vazha Papaskiri Department of Georgian Philology and Media Technologies, Georgian Technical
University, Georgia, 0160, Tbilisi, 77, M. Kostava str.
E-mail: v.papaskiri@gtu.ge

Reviewers:

M. Shelegia, Associate Professor at the Faculty of Engineering Economics, Media Technologies and Social
Sciences, GTU

E-mail: mamukashelegia@yahoo.com

L. Katamadze, Associate Professor ,Faculty of Engineering Economics, Media Technologies and Social Sciences, GTU

E-mail: qatamadzelial2@gtu.ge

Abstract. There is nothing in the world so tempting as to show off our own oratorical abilities. After all, speech is
an external manifestation of spiritual pain and admiration for many, various reasons. That is why a person never "misses"
an opportunity (the occasion) for rhetorical "shining". In which, many nuances of speech artistry come together. The
shocking impact of the bare truth and the "open wounds" of the soul "greyed" by the pains. When we hear to the orator's
phrases, "overwhelmed by passions". It is as if we are forgetting the real environment and we resemble that bewildered
spectator, which is under the influence of the tragedy played out on the stage by the great artist.

Eloquent, or an eloquent speaker, this is an actor endowed with outstanding speech. Which presents itself in all its
inner and outer sophistication. The immense philosophical depth of human passions, desires, and aspirations and bliss
filled with magical colors. It is obvious that any orator determines the significance of positive or negative events by
imagining the strengthening and weakening of human emotions. At the same time, the orator, with his "supernatural"
speech, is a source of both uplift and extreme pessimism for humans. The orator must provide high accessibility to any
fact and event and with his incomparable art, he can shape the world he desires. To accomplish this goal, the orator
uses various traditional and innovative methods, which ultimately create the desired environment that he envisioned

to be embodied.

Keywords: Communication; Knowledge of yourself and others; Moral mentality; Morality and ethics;

Philosophy; Public responsibility; Rhetoric; sincerity; Subconscious and genetics.
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