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A SYSTEM IMNE 9 AND METHOD OF PULSED PHOTON IRRADIATION WITH PHOTONS IN A WIDE
SPECTRAL RANGE FOR MODERN ELECTRONICS TECHNOLOGIES

Jibuti L.Z., Jibuti Z.V., Bibilashvili A.P. and Dolidze N.D.

LEPL Institute of Micro and Nanoelectronics, Thilisi, Georgia
Iv. Javakhishvili Thilisi State University, Georgia

Abstract: A system for pulsed photon irradiation in a wide spectral range and a tested method are proposed
and described. The setup allows direct irradiation of structures on both sides of the sample in a wide radiation
range (190 — 4100 nm) during operation. It also provides shorter wavelength (UV, VIS) irradiation in continuous
mode, as well as longer wavelength (VIS, IR) radiation in pulsed mode. The system provides for changing the
spectrum and intensity of light incident on the test sample. Photostimulated technologies can be carried out at
relatively low temperatures in air or in an environment of inert gases. Based on this setup, a method for low-
temperature photostimulated diffusion and activation of impurities in semiconductors was developed.
Keywords: Rapid thermal annealing (RTA); Rapid thermal processes (RTP); Flash lamp annealing (FLA); Pulsed
photon irradiation (PPI); Photostimulated diffusion; Photostimulated activation.

1. Introduction

As is known, the main methods for modifying physical properties of semiconductor materials,
for example, doping with impurities from a diffusant deposited on the surface of a semiconductor,
ion implantation, transformation, or annealing of structural and radiation defects, are diffusion-
activation processes. In traditional technologies, these processes are carried out by thermal exposure
in a furnace, that is, by long-term (hours) heating of the material at a high temperature (close to the
melting point). Accordingly, it becomes especially difficult to carry out controlled diffusion-activation
processes in thin (nano-sized) films. The above is extremely important for modern electronic
technologies when the thickness of films is reduced to nanosizes. For example, during ion
implantation, a large number of radiation defects are formed in the crystal, which greatly changes
the physical properties of the semiconductor. Solving this problem using high-temperature thermal
annealing in a furnace does not not always give the desired result. Heating with partial annealing of
defects leads to their transformation, and a significant part remains in the crystal up to high
temperatures. High temperatures, in turn, cause irreversible changes in the physical properties of the
starting material.

“Rapid thermal annealing” (RTA) or “rapid thermal processes” (RTP) have proven to be an
effective means of eliminating defects. It was found that short-term exposure of ion-implanted
semiconductor layers to electromagnetic waves was sufficient for more efficient annealing of
radiation defects than thermal annealing in a furnace. This method is also effective for
photostimulated diffusion of diffusants deposited on the surface of a semiconductor. Today this
process is realized through exposure to powerful radiation from lasers and various types of lamps.

2. Research aim and objective

It should be noted that, despite the efforts of researchers, one could not see and carefully
assess a number of other important factors, in addition to thermal heating during the absorption of
light in a semiconductor, such as the concentration of generated antibonding electron-hole pairs,
selective absorption of impurities and defects, change in their charge state, etc. These factors, in our
opinion, play an important role in the processes of photostimulated crystallization, annealing of
defects, activation or diffusion of introduced impurities [1-6]. Indeed, various “rapid thermal
annealing” sistems available today are “fast” furnaces that completely ignore the importance of the
emission spectrum of the lamps and the associated series of photostimulated athermal processes
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occurring in the materials. The transition to nanoscale dimensions in modern electronic technologies
has posed new challenges for diffusion methods and devices of material modification. It is not just
about obtaining films of strictly controlled nanometer size, but also about the introduction of
individual atoms into nanoobjects. Taking this into account, we created a completely new system for
pulsed photon irradiation, based on which we developed several diffusion activation methods, for
example removal of deformation fields in epitaxial films; effective relatively low-temperature
annealing of radiation or structural defects; formation of ohmic contacts and p-n junctions;
formation of heavily doped regions, low-resistance or insulating regions; original technology of fast
photostimulated solid-phase synthesis, etc. [5-9].

At present, RTP, RTA, and a number of other-purpose pulsed photon irradiation systems,
produced by various companies, are finding ever-increasing applications in electronic technologies
[10-33]. These systems are designed to perform thermal processing of semiconductor materials
faster than thermal furnaces. Processes are usually carried out in a vacuum or controlled gas
environment. The heaters are made based on halogen lamps. To achieve prolonged heating at high
(up to 1400 °C) temperatures, samples are placed in special chambers that require special cooling
(for example, with water). In such devices, the working volumes of the heater and the sample are
usually separated. Samples require special supports (e.g. graphite or quartz) for thermal equalization.

Of particular note is the process of flash lamp annealing (FLA) annealing with lamps. For its
implementation, an annealing system with a flash lamp has been created. In the system, which is a
device for pulsed lamp annealing, the thermal effect is carried out by pulsed lamps in addition to
halogen lamps, which reduces the time of thermal exposure on the samples to milliseconds [34-43].

In these systems, the energy accumulator is discharged by means of one or more flash lamps.
The generated photon pulse is absorbed by the plate or substrate and converted into heat. A photon
reflector maximizes the intensity of light incident on the front side of the substrate, and an additional
preheating system on the back side (mostly heating plates or halogen lamps) preheats the wafer to
900 °C. This allows one to obtain the highest possible temperatures in the irradiated object. All of
these devices are focused on heating the samples to the appropriate temperature and the main
focus is on how efficiently the photon energy is converted into heat. In these devices, samples are
placed in a working chamber with quartz windows, which reduces the intensity of light incident on
the film surface. Therefore, even in such systems, direct exposure of the lamp radiation to the
samples is not provided, which sharply reduces the significance of the lamp radiation spectrum in
technological processes and does not allow one to decrease the temperature of the thermal effect.

The system uses flash lamps with a short flash duration of 130 pys + 80 ms, which limits the
technological processes. The spectrum of pulsed lamp radiation includes mainly the visible range and
the A-UV range of ultraviolet radiation. The B-UV range is weakly expressed and the C-UV range is
completely absent, which limits the effectiveness of the system for materials and structures with
wide-band conductivity, as well as for several synthesis processes and chemical reactions. The lamps
are located only in the upper and lower parts. The single-row arrangement of halogen lamps in the
lower part cannot provide uniform illumination of the entire film surface. The system requires
preheating, and the radiation from the heating plates and halogen lamps serves to heat the film to
high temperatures with all the negative factors associated with thermal effects on semiconductors.
The operating principle of the system, one film - one pulse, limits the scope of its application in
technology (production), and the additivity factor in the processes cannot be realized.

The following factors can be considered a common disadvantage of all mentioned systems:
samples (wafers) are placed in the working chamber, and they are irradiated with electromagnetic
waves (EMW) not directly, but through the walls of the chamber (for example, quartz), which
reduces the spectrum and intensity of EMW incident on the wafer. Since the purpose of the device is
to obtain high temperatures (1000 — 1400 °C), it is necessary to create a vacuum or an inert gas
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environment. To reduce temperature inhomogeneity in the wafers a uniform temperature environ-
ment should be created, for example, using preheating systems, for which halogen lamps or any
other heat source are used. In this system, the radiation from the heating plates and halogen lamps
serves to heat the wafer to a high temperature, which entails all the negative factors associated with
thermal effects on semiconductors. Care should be taken to cool the walls of the structure using
special additional systems, for example, a flow of water or nitrogen gas. The high temperature in the
chamber does not allow, if necessary, to control the spectral composition of the light incident on the
sample using standard optical filters. The system is large in size and weight and is rather expensive.

All these factors limit the scope of application of these systems. The proposed system - a
“broad-spectrum photon pulsed irradiation setup” - will eliminate these shortcomings. The purpose
of the presented sistem and the proposed design are based on our theoretical model of
photostimulated processes in materials.

3. Theoretical model of pulsed irradiation with broad-spectrum photons.

We have proposed [5, 44-47] the following model of the electronic mechanism of melting of
semiconductors: conduction band electrons and valence band holes are antibonding quasiparticles
that “soften” the bonds in the crystal and contribute to its low-temperature melting.

In this case, there must be a certain critical value (n.) of the concentration of antibonding
quasiparticles, after which melting begins. The idea of the derivation of (ny) is as follows: an
antibonding quasiparticle weakens the bond not locally, at any lattice site, but throughout the entire
region of its delocalization, that is, in the region whose size is determined by the de Broglie

wavelength - A, =y = h (m — an effective mass of conductivity of quasiparticle,
P/ N3mKT

T — crystal temperature). Let us denote the sphere volume with a diameter Ap by Vp, then nVp=i, (i21)
corresponds to the concentration of quasiparticles when the quasiparticle (i) is present in the volume
Vp. This concentration of quasiparticles weakens the bonds of all atoms of the crystal. The crystal
seems to be one giant molecule, the bonds between all the atoms of which are weakened. But for
“melting by an electronic mechanism” to occur, the degree of weakening and isotropization of bonds
must reach certain critical values. Here we introduce a hypothesis: based on the experimental fact of
thermal melting at temperature T=Tn,. and proceeding from the fact that this means a softening of
the bonds between all atoms of the substance, we assume that the concentration of antibonding
quasiparticles, (n.), becomes critical when

nchD(Tmel)zi, VD(TmeI)zgﬂjs (Tmel ) , i>1 (1)

“Melting” begins at such a concentration of antibonding quasiparticles when at the
melting temperature of the crystal, in the spherical volume of the crystal with a diameter
corresponding to the de Broglie wavelength there is at least one quasiparticle. It should be
emphasized that Ap(Tme) and Vp(Tme) are taken as formally designated lengths and volumes
that have nothing to do with the actual temperature of the crystal during the process of
“melting by an electronic mechanism.”

From (1) we obtain the following expression for (n)

3
(Ner)e= 0.3iNcy, Nc,vz 4'82X1015(mc,vael )A (cm?3) (2)

where m. and m, are the effective masses of electron conductivity and holes in the free
electron mass units. If both types of carriers are present simultaneously, we are likely to obtain their
concentration in the equation for (n¢)
. N.N
Ny ~ 0.3 ——~

— v 3
N, +N, G)



8  bOISHNIILN bS06IN6AH(™) L0SEK'I60, GEORGIAN ENGINEERING NEWS, N2, 2024

We obtain (n.) calculated by this formula (at i =1+4) for Si - (0.8+3.2)-10%° cm. This range of
(ner) values are accepted in accordance with the presence of 4 bonds in covalent semiconductors.

Thus, we concluded that if in the process of pulsed photon irradiation (PPI) a critical
concentration of nonequilibrium charge carriers (n.) (antibonding quasiparticles) generated by light
is achieved, the melting of the surface layer of the semiconductor should occur already at T<Tpne with
subsequent recrystallization, leading to complete annealing of structural or radiation defects as well
as to accelerating the diffusion and activation processes.

These processes can be carried out in the solid-phase mode due to the selective absorption
of light by defects [47]. Moreover, the PPl process is very effective when carried out under
experimental conditions, such as the generation of antibonding quasiparticles by light (even at n<n),
which leads to a weakening of chemical bonds in the material, as well as selective absorption by
defects.

The above, using PPI, allows annealing of defects (both structural and radiation), crystalliza-
tion, activation of an implanted impurity, and obtaining results at relatively low temperatures that
are practically unachievable by high-temperature processes.

The PPl method can successfully replace most traditional (thermal) technological processes.
It also has a number of advantages: it significantly reduces the heating temperature and the duration
of technological processes (energy consumption), ensures a uniform distribution of parameters on
the wafer, and allows technological processes to be carried out in air rather than in a vacuum or inert
environment. At the same time, the treated surface remains mirror-smooth, whereas, after the
thermal melting of the contacts, traces of melting are observed on their surface in all studied
structures.

Accordingly, in modern nanoelectronics technologies, the replacement of traditional thermal
annealing with low-temperature photon irradiation opens up new, very interesting prospects.
Therefore, it is very important to create equipment that will ensure the implementation of the above
processes.

4. The System IMNE 9

Based on the mentioned theoretical model, we propose the following system of a device for
pulsed photon irradiation:

Fig. 1, 2 shows a diagram of the unit of our system

Fig. 1. Pulsed photon irradiation unit of the PPl system
1 —frame; 2 — ultra-high pressure mercury lamps; 3 — halogen lamps; 4 — sample holder; 5 —sample,
6 — optical filters, 7 — cooler.
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The unit is a N-shaped reflective frame made of ceramic or stainless steel with a front and
rear opening. The unit allows irradiation on both sides of the sample simultaneously or separately, if
necessary, with the light of a different spectrum. Ultra-high-pressure halogen and mercury lamps are
used as light sources, although the design allows the installation of any type of lamp, one or more. At
the top of the unit, there is an ultra-high pressure mercury lamp (for example, LMP-400D, power
density 93 W/cm?). The lamp operates in continuous mode, and the duration of irradiation is
determined by technological conditions. The lamp provides a radiation spectrum in the range A = 190
— 700 nm. In the lower and side parts of the unit, halogen lamps are arranged in two rows so that the
lamps of the second row fill the contact area of two adjacent lamps of the first row, which
significantly increases not only the intensity of photons incident on the surface of the sample, but
also the uniformity of their distribution

The two-row (rather than three-row or more) arrangement of lamps is due to the fact that it
is optimal for irradiating the entire surface of the sample with the most equal intensity, which, in
turn, ensures a uniform distribution of the concentration of antibonding particles formed as a result
of the absorption of electromagnetic waves along the entire surface of the sample. The presented
arrangement of halogen lamps is also optimal and is due to the U-shaped shape of the reflective
frame and the flat shape of the surface of the irradiated objects. The lamps operate in continuous or
pulsed mode (duration from 0.1 to 1000 s, in increments of 0.1 s). Halogen lamps provide radiation
with electromagnetic waves in the optical range A = 400 — 4100 nm, with a power density of up to
190 W/cm?. In general, the lamps ensure radiation in a wide electromagnetic wavelength range A =
190 — 4100 nm (Fig. 3, 4). The system provides a possibility to change the intensity of light incident
on the test sample: by turning off some of the lamps, changing the voltage supplied to the lamps as
well as the distance from the sample to the lamp. The system involves changing the spectral
composition of light incident on the test sample by using optical filters (Fig. 1). Since there is no
heating to temperatures above 300 °C in the photon irradiation area, all available optical filters can
be used [48-51].

Samples are placed on an optically transparent quartz holder. The system provides dynamic
control of the intensity, duration, spectral composition, and heating temperature of the irradiated
sample (for example, using a quick-response K-type thermocouple with a diameter of 0.1 mm). The
temperature of the sample can be controlled by selecting radiators, removing heated air with a
cooler, or flowing liquid nitrogen vapor (not shown in the drawing) from the rear wall. It is possible to
carry out the irradiation process in an inert gas environment (not shown) from the rear wall.

Photon irradiation unit

P ; UV power unit

Computer control and data logging

Fig. 2. PPl system block diagram
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Fig. 3. Emission spectrum of a halogen lamp at different tungsten filament temperatures
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Fig. 4. Emission spectrum of a high-pressure mercury lamp LMP-400D.

Irradiation of the upper (working) side and lower (substrate) side of the samples with
electromagnetic radiation of different wavelengths is due to their different thicknesses. In the case of
a thinner irradiated object (top side, for example, 0.1 — 3 micrometers thick), to ensure highly
efficient absorption, it is necessary to irradiate the samples with electromagnetic waves of such a
spectral range (for example, 190 — 700 nm), which provides high absorption efficiency (for example,
the absorption coefficient of about 107 — 10° cm®). To irradiate a thick (for example, 250 — 3000 pm)
bottom layer (substrate) with electromagnetic waves, longer wavelength radiation is required
compared to the above (for example, the spectral range of 400 — 4100 nm, the absorption coefficient
of about 10° — 10 cm™?) to ensure effective absorption to the entire depth [52].
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In the spectral range of electromagnetic waves 190 + 700 nm, the upper (working) side of the
samples is irradiated. The thickness of the surface layer is about 0.1 + 3 micrometers, and the
absorption coefficient is about 107 + 10° cm™. Irradiation in this spectral range ensures the
generation of antibonding electron-hole pairs in near-surface layers (for example, with a
concentration of the order of 10'® + 10 cm?3) and selective absorption by defects. Electromagnetic
waves with a spectral range of 400 + 4100 nm are absorbed by the lower (substrate) side of the
samples, where the absorption coefficient is about 10° = 10 cm™, and therefore this range of
electromagnetic waves provides antibonding of electron-hole pairs throughout the depth of the thick
(250 + 3000 um) sublayer for generation and selective absorption by defects [53]. This is due to the
overlapping of the general spectral range (400+700 nm) of these two types of lamps.

As a result, an excluded of negative factors arise, such as high-temperature heating of
samples during irradiation and the presence of accompanying stresses or thermal defects in the
wafers.

The lamp power units consist of a time relay and a triac device for regulating the voltage
supplied to the lamps (for example, by regulating the alternating voltage of the electrical network
from 220V to 50V with an accuracy of 1V). The lamp power units are connected to a computer, from
which the irradiation modes (duration, power, temperature) are controlled by regulating the
magnitude and duration of voltage supply to the lamps. The thermocouple of the thermostat is
connected to the computer and records the temperature variation with time.

The system is capable of controlling the irradiation process in a wide range of time and
irradiation energy, which significantly expands the scope of its application. It does not require an
energy storage device and is equipped with simple lamp power units, which significantly reduces the
dimensions, weight and hence the cost of the system.

5. Conclusion

Effective application areas of the device can be: various synthesis processes, diffusion, and
activation processes. for example, the formation of ohmic contacts, irradiation (post-implantation) or
annealing of structural defects; crystallization; post-implantation activation; activation of dopant
impurities, formation of ultrafine p-n junctions; formation of heavily doped regions; formation of
various types of silicides; solid synthesis of various materials, etc.

These results cannot be obtained using the RTA, RTP, or FLA devices for "fast thermal
annealing" available today. Therefore, the presented highly efficient device for pulsed irradiation
with wide-spectrum photons acquires great current relevance.

We believe that the practical application of the presented device will provide researchers
with new opportunities to expand the scope of their activity; to effectively carry out diffusion
processes at temperatures relative below the traditional ones; and to avoid negative factors
associated with technological processes involving high thermal exposure.
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ESTABLISHING A SYSTEM OF HAZARD IDENTIFICATION AND RISK ASSESSMENT,
AND EXISTING FLAWS

Darakhvelidze M.V., Ratiani N.G. and Razmadze N.A.
Georgian Technical University

Abstract. The work represents the role of the labor inspection supervision department in identifying hazards in
the labor process and assessing risks, along with the implementation of changes in legislation. The importance
of studying the international practice, including relevant services and parties concerned, analyzing their
experience, and applying it to Georgian reality is also emphasized. The importance of compiling a risk
assessment document, which enables employers to identify hazards in their business entities fully, is
highlighted. The work also analyzes the difficulties of risk identification and management, illustrating several
flaws accompanying the process of existing hazard identification and risk assessment and documentation in
Georgia nowadays.

Keywords: risk, hazard, risk assessment system, adopted technical regulations.

Introduction. According to the supreme law of Georgia — the Georgian constitution — the
state has an obligation to protect human rights to have safe working conditions. An obligation to
control the implementation of labor legislation appeared in the amendment to the Georgian Labor
Code in 1997 [1]. It was then that the focus of attention fell not only on passing the law but also on
implementing it. However, state labor inspection, responsible for the supervision of labor and health
safety in Georgia, was abolished in 2006. Along with the annulment of this institution, the legislation
connected with the labor conditions in the country was almost completely done away with. In 2015 a
Labor Inspection Service was created in the Ministry of Labor, Health and Social Affairs of Georgia. A
work on amendments to the existing legislative acts began in the same period. In 2018 the Georgian
Parliament passed the law “On Occupational Safety”, which was granted an organic law status on
February 19%, 2019 [2].

Identification of hazards and risks assessment. Up to January 2020, the Georgian law did not
specifically determine what information a document of hazard identification and risk assessment
should contain, nor the form it should be presented in [3]. The assessment was conducted in various
ways by business entities [4, 5]. Nevertheless, the general document depicting the information on
existing hazard identification and risk assessment contained the following: a description of the
hazard, the specified number of individuals who could be potentially affected, the type of injury, the
existing control precautions, additional control measures, the initial and the residual risk,
determining the person responsible, and the period of implementation of these measures [6].

The study of detected breaches during the inspection carried out by Labor Inspection
department in these years revealed that one of the major problems is undervaluing the risks, or
incomplete evaluation of ones based on the identified hazard. This fact caused the department to
work on the information regarding the necessary elements for the complete assessment of risks. As a
result, a decree Ne 01-15/n “On the Approval of the Procedure for Risk Assessment in the
Workplace,” was issued by the Minister of Internally Displaced Persons from the Occupied
Territories, Health, Labour and Social Affairs of Georgia on January 30%", 2020. According to this
decree, the aim of “the risk assessment rule in the workplace” (hereafter referred to as “the rule”) is
to determine the minimum requirements and procedures of occupational risk assessment in the
workplace, and to assist employers in carrying out preventive measures of labor health and safety
among the employees [7, 8].
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Risk assessment involves five stages:

a) Hazard identification.

b) Determining the group of individuals;

c) Risk assessment — determining and implementing the control measures;

d) Determining the person responsible for implementing the control measures, and deciding
on the terms of preventive measures.

e) Documenting and monitoring the outcomes.

The document also includes a risk assessment form, which contains the essential information
required by law to be presented by the entity in the document for identifying hazards and assessing
risks. This form is a recommendation. The employer has the opportunity to follow the form they
prefer. However, it is mandatory to fill in all the information specified in this appendix, namely:
hazard identification, photo/video materials for each hazard, identification of the individuals
concerned, the type of harm that may be caused by this hazard, existing control measures at the
facility during this period, the initial likelihood and consequences, any necessary additional control
measures, residual risk, actions to be taken, the person responsible for implementation, the time
required for completion, and the review date. It should also be noted, that the update of the
document for identifying hazards and assessing risks is defined by Resolution No. N80 of the
Government of Georgia dated February 6, 2020, "On the Approval of Methods for Defining Priority
Sectors of Economic Activity and the Procedure for Risk Assessment" [9].

As mentioned above, one of the important components of identifying hazards and assessing
risks at the facility is the presence of a competent person who has undergone training and is capable
of effectively carrying out this process. For this purpose, Decree No. 01-25/n was issued by the
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Minister of Internally Displaced Persons from the Occupied Territories, Labor, Health, and Social
Affairs of Georgia on October 31, 2018, "On the Approval of the Scope, Implementation Procedure,
and Conditions of the Accredited Program for Occupational Safety Specialists” [10].
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According to Georgian legislation and established practice, the identification of hazards and
assessment of risks at the facility is carried out by an accredited occupational safety specialist. In
Georgia, the lack of risk assessment remains a challenge, as well as the incomplete identification of
hazards at the facility and their inadequate evaluation. This is evidenced by the inspections
conducted by the Department of Labor Conditions Inspection and subsequently by the Legal Entity of
Public Law Labor Inspection Service from 2018 until September 2021 in the construction sector.
According to these inspections, despite the presence of accredited specialists at the facility and the
approval of procedures for risk assessment, there are still incorrectly assessed risks and poorly
planned control measures [11].

On September 13, 2021, Decree No. N01-81/n was issued by the Minister of Internally
Displaced Persons from the Occupied Territories, Labor, Health, and Social Affairs of Georgia "On the
Approval of the Scope, Implementation Procedure, and Conditions of the Accredited Program for
Occupational Safety Specialists," amending the Minister's Decree No. 01-25/n from October 13,
2018. This order aims to enhance the knowledge of occupational safety specialists and increase the
number of qualified personnel in the country [12].

Existing flaws. Since 2015, it has become necessary to take certain steps over time to ensure
compliance with the labor safety regulations provided by law and to protect employee safety in the
workplace. Alongside the establishment of the Department of Labor Inspection and the
implementation of certain legislative changes, the state recognized the need for improvements in the
area of hazard identification and risk assessment. For this reason, an examination and analysis of
international practices began in Georgia, with the involvement of relevant agencies and parties
concerned, to adapt these practices to the realities of Georgia. This effort aimed to create a
document that would enable employers to effectively carry out hazard identification at their
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facilities. As mentioned above, following the study of experiences from various countries, Decree No.
NO1-15/n was issued on January 30, 2020, "On the Approval of the Procedure for Risk Assessment in
the Workplace," which is accompanied by an appendix detailing the information that must be
included in the document for hazard identification and risk assessment [13].

Let's discuss a few important points. For example: When do we start creating the document
for hazard identification and risk assessment? Considering the existing practice and legislative
requirements in Georgia, the creation of this document begins either at the start of construction
work or during the first visit of the Labor Inspection Service. In the first case, the legislation does not
provide for a preparatory process before the start of the construction process. Risk assessment does
not take place in advance; it is not determined where and what hazards may exist before the
preparation and commencement of construction activities according to the planned works. If the
construction site begins risk assessment at the start of the works, certain tasks must be carried out
so that the occupational safety specialist can identify the hazards already present and then outline
the methods for elimination, mitigation, or substitution. However, before certain tasks are carried
out and the hazards associated with this process become clear, an accident may occur at the site.
Therefore, hazard identification should begin not after the start of the works, but before they
commence. Regarding the second case, which pertains to hazard identification after the first visit of
the Labor Inspection Service, in the absence of critical violations, the first visit serves as a warning.
Following this, the occupational safety specialist begins hazard identification and the creation of
documentation at the site. Under the current legislation, the facility is required to conduct risk
assessments at all stages of work; however, it is not obligated to maintain an updated risk document
every 10 days to present to the relevant supervisory authority, demonstrating that hazard
identification and risk assessment are indeed being carried out following the law since the start of
construction activities. According to the law, the Labor Inspection Service also has no additional
means to monitor whether a particular construction site is fully complying with the requirements set
forth by Georgian legislation [14,15].

Some of the facilities inspected by the Labor Inspection Service do not present a document
for hazard identification and risk assessment during the first visit, while others are flawed and
require additional guidance. In some cases, the hazards present at the facility are not fully identified,
or the document includes hazards that are not present at that facility at all [16]. Who identifies the
hazards at the facility and prepares the relevant document along with the implementation of the
necessary measures and compliance with all legislative requirements? An occupational safety
specialist who has completed a specialized accredited program, where one of the key topics is risk
assessment and document preparation. However, if we look at the reality, 99 % of the documents
submitted by facilities are flawed for various reasons. Let's consider an example. Based on the
documentation requested following the initial inspection by the Labor Inspection Service, a hazard
identification and risk assessment document was submitted for one of the construction sites,
consisting of only a single hazard [17].

Following the submission of the document, an interview was conducted with the
representatives of the facility regarding this issue, during which it became clear that this document
had been updated, but the hazards that the facility considered to have been addressed were no
longer included in the updated document. The occupational safety specialist only retained the
hazards that, in their assessment, remain and need to be corrected by the facility [18].

Another important issue to consider is the following: when we carry out the identification of
a specific hazard, it is accompanied by residual risk. Is it necessary to assess residual risk in the
construction sector? As you know, the construction sector involves particularly hazardous working
conditions, making each hazard in this sector especially noteworthy and requiring great caution [19,
20]. According to the legislation in Georgia, the process of hazard identification and risk assessment
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is completed before assessing residual risk [21]. This risk may not have a significant impact in sectors
with relatively low danger; however, when there is still residual risk in the construction sector, it
remains a threat to each employee whose workplace encounters this hazard. Therefore, residual risk
assessment should be conducted separately and receive appropriate attention [22, 23].
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Source: LEPL Labor Inspection Office

In summary, the above outlines several shortcomings that currently accompany hazard
identification and risk assessment process and documentation in Georgia [24]. These include:

e Starting the process of hazard identification and risk assessment before the
commencement of work, rather than afterwards;

e Preparation of hazard identification and risk assessment documentation and management
of the process after the first visit of the LEPL Labor Inspection Service;

e Despite completing training through an accredited program, in many cases, the hazard
identification and risk assessment document submitted by the facility is incomplete or improperly
compiled and assessed;

e Under the current legislation in Georgia, it is not mandatory to maintain an updated risk
document at all stages of construction work, and the supervisory authority has no monitoring
mechanism in this regard;

e According to the legislation in Georgia, there is no assessment of residual risk or analysis
of potential risks arising from it.

It can be said that the unresolved issues mentioned above allow us to conclude that the
current system of hazard identification and risk assessment in Georgia is not complete and requires




LSISANEIRIs bS06IN6H() LOSELI60, GEORGIAN ENGINEERING NEWS, N22, 2024 19

additional steps to ensure that people employed in the construction sector are protected from
accidents and have a safe working environment [25, 26].
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SUMMARY

MEASUREMENT ERRORS IN THE FULL CUBIC MODEL OF THREE-COMPONENT SHEFFE PLANS EXERCIAL POINTS
FOR THE FULL CUBIC MODEL

Beraia N.O., Tokadze L.Sh. and Shekunov A.A.

Georgian Technical University

Modern technologies and processes require constant improvement to achieve high results. Experimental design
methods effectively help to systematically approach problem-solving and research. The study and design of the
compositions of various mixtures require the use of mathematical experimental design methods. Widely known
Sheffé simplex lattice plans are often used to achieve goals and conduct research. The results of ideal plans may
not be completely reliable due to instrument errors. The assessment of the degree of deterioration and the
feasibility of implementing a specific plan is of utmost importance. This article discusses the principle of
overlaying simulation errors on ideal three-component third-order Sheffe designs. The simulation of the impact
of errors on ideal plans was conducted using the generation of random numbers according to a normal
distribution. Analysis with step-by-step calculations of plans at various error levels will allow researchers to
assess the impact of errors on the experiment's results.

Keywords: simplex experimental design, Scheffé plans
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PROBLEMS AND SOLUTIONS OF AUTOMATIC REGISTRATION OF HARMFUL SUBSTANCES EMITTED
FROM AIRCRAFT ENGINES

Khachidze R.M.
Georgian Aviation University

Abstract This article discusses the problems of automatic registration of harmful substances, including carbon
oxides (CO/C0O2), unburned hydrocarbons (CnHm), and nitrogen oxides (NOx), emitted from civil aviation
aircraft engines. Solutions are outlined using recommendations by the International Civil Aviation Organization
(ICAO). The discussion raises the issue of studying and assessing the ecological threat caused by air pollution
around airports. Attention is drawn to the requirements of the Carbon Offsetting and Reduction Scheme for
International Aviation (CORSIA) and the involvement of the Civil Aviation Agency of Georgia in this process.
Keywords: Emission of gases, air pollution, standard take-off cycle, engine operation mode, exhaust gases,
emission index.

During aircraft movement both on the territory of the airfield and during take-off and
landing, known as the take-off and landing cycle (LTO), as well as during horizontal flight at cruising
altitude, engines emit air-polluting chemical substances. These emissions are categorized as carbon
oxides (CO/CO,), unburned hydrocarbons (CnHm), nitrogen oxides (NOx), and suspended solid
particles in the form of smoke (SN).

Each of these pollutants, individually and collectively, has a negative impact on the
environment and climate. Carbon dioxide (CO;) has a long atmospheric lifetime (approximately 100
years) and contributes to the greenhouse effect by accumulating in the lower layers of the
atmosphere. Carbon monoxide (CO) is produced due to incomplete combustion of fuel and is
poisonous to humans and warm-blooded animals when inhaled. It also plays a role in the formation
of tropospheric ozone. Nitrogen oxides (NOx) from aircraft engine exhausts adversely affect human
respiratory health and have detrimental effects on plants and ecosystems. Suspended particles (SN),
emitted directly from the engine or formed through secondary processes, create complex mixtures
containing heavy metals, sulfates, nitrates, ammoniums, organic carbons, and other substances with
particle sizes of 2.5 micrometers or less. These particles harm human health by damaging the
respiratory system and blood vessels, increasing the risk of death and cancer, and also negatively
impacting plants and contaminating soil and groundwater.

In 2016, the International Civil Aviation Organization (ICAO) Committee on Environmental
Protection reached an agreement on the Carbon Offsetting and Reduction Scheme for International
Aviation (CORSIA). According to CORSIA, from 2020 onwards, global aviation should not increase
hydrocarbon gas emissions, and by 2050, these emissions should be reduced to half of the 2005
levels. Seventy-three countries, representing 88% of the world's aviation companies, have joined
CORSIA.

The Civil Aviation Agency of Georgia has reported that starting January 1, 2020, monitoring of
carbon dioxide emissions from airlines registered in Georgia has been implemented. From January 1,
2024, the "Rule of Carbon Emission Reduction and Compensation for International Aviation" came
into effect in Georgia.

Additional studies are needed to determine how these pollutants are distributed in the air,
soil, and groundwater of each airport and its surrounding environment. Emissions from aircraft
engines during the LTO cycle primarily pollute the environment around airports, which often includes
residential areas and agricultural fields. The three international civil airports in Georgia (Thilisi,
Kutaisi, and Batumi) have different climatic conditions and environments. Therefore, after
determining the emissions from aircraft engines, it is necessary to assess their distribution at each
airport, considering prevailing winds, groundwater directions, and other local factors. Numerous
studies have been conducted globally and in Georgia on this topic.

ICAO guidance documents state that air pollution from aviation emissions occurs during the
standard take-off-landing cycle (LTO), which includes operations up to 3000 feet (915 meters) above
the airfield surface. At higher altitudes, exhaust emissions do not affect the airport area.
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The concentration and spatial distribution of harmful aircraft exhaust components in the air
and on the airport territory depend largely on both local and global meteorological conditions. Wind
direction and speed are particularly influential, while other factors, such as air temperature, humidity,
and solar radiation, have a more complex and less pronounced impact.

According to ICAO, the standard take-off-landing cycle (LTO) of an aircraft includes the
following stages: Taxi-out, Take-off, Climb, and Approach.).

Fig. 1 presents the general flight stages of the aircraft as defined by ICAO, and Table 1 shows
the characteristics of the operations performed by the aircraft and its engine operating modes in the
airport area.
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Fig. 1 General stages of aircraft flight

Operations performed by the aircraft and Characteristics of its engine operating modes

Exploitation Mode | Duration of Phase Engine Power
Taxi-out 19 min 7%
Take-off 0,7 min 100%

Climb 2,2 min 85%
Approach 4,0 min 30%
Taxi-in 7 min 7%

Using the formulas and data provided in relevant ICAO documents, it is possible to calculate
aviation emissions during the standard take-off and landing cycle operations in airport areas, given
the types of aircraft operating, the types of engines, and the number of flights during the specified
period.

The mass of pollutants generated by aircraft engines and released into the atmosphere
depends on:

e Engine mode and operating time

e Emission index, which represents the rate of formation of the pollutant

e Operational mode corresponding to fuel consumption
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Fig. 2. Calculation scheme of the mass amount of harmful emissions
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The ICAO guidance document outlines methodologies for evaluating aviation engine
emissions. According to these guidelines, the amount of each pollutant emitted from the aircraft
engine during standard take-off and landing cycle operations can be calculated using either a simple,
improved, or detailed method.

The simple method calculates the mass A (in kg) of aircraft exhaust substances using the
following formula:

M; =Y El;-G;-T,

In contrast, the improved and detailed methods incorporate additional factors, such as
meteorological conditions during flight, air pressure and temperature at take-off or landing, airport
altitude above sea level, and detailed technical and operational data about the aircraft and its engine.

where i — denotes the pollutant number, j — denotes the engine operation mode number

during the standard take-off-landing cycle, EIij — the emission index of the i-th pollutant for the
engine during the j-th mode of operation, Gj — represents the amount of fuel consumed by the
engine (kg/s) during mode j, TJ- — the duration of engine operation during mode j.

In these calculations, the emission index El is a crucial parameter, representing the quantity
of each pollutant emitted per second per kilogram of fuel burned. The emission indices are specified
for each type of certified engine and are provided in the relevant ICAO guidance documents [8].

Utilizing the ICAO database of air emissions for various aircraft engines, and employing the
formula along with "Excel" spreadsheets, one can calculate both the individual and total mass of
exhaust pollutants from aircraft engines at any airport for any operational period, given the flight
schedule, number of flights performed (or to be performed), and types of aircraft and their engines.

Typically, such data are recorded in documents maintained by the relevant airport services.
However, obtaining legal permissions to use these documents, retrieving and processing them, and
performing calculations using specially developed software requires considerable time and resources.
Therefore, it would be advantageous to develop an automated electronic device that, simultaneously
with recording information about aircraft departures or arrivals, also receives coded data about these
records and calculates the mass of exhaust pollutants during the corresponding stages of the
standard take-off-landing cycle for the current flight (departure or arrival). This could be implemented
according to the following scheme (fig.2).

The implementation of this scheme necessitates the integration of engineering and
programming methods, which is feasible with current technological advancements.

Conclusion

The implementation of the automatic registration method for harmful substances emitted
from aircraft engines will enhance the following parameters:

Increased Efficiency and Accuracy: The method will improve the efficiency of determining the
mass of each harmful substance emitted from aircraft engines, as well as the accuracy of calculations
over any specified period.

Enhanced Environmental Assessment: It will enable each airport to better determine the area
and intensity of the spread of harmful substances and to conduct detailed ecological assessments for
any given period using appropriate simulation techniques.

Improved Compliance with CORSIA: The method will facilitate the creation of optimal
conditions for meeting the Carbon Offsetting and Reduction Scheme for International Aviation
(CORSIA) requirements by supporting the implementation of carbon emission reduction and
compensation rules.
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e  foal bonMdMEGJ35EMOS MB350 dagmaAsmgmodsdo: Cp = 0,78 3x/33 °K;
o b33s0 fool bod33M03g: 1, = 2700 33/0% 6
o ool 50sBs60b G83aMednmo: T =1276 °K
58 dmboEg8700b Bobg3nm foal sd5Bs6sdn ommal gMmongnmdn gedmymazngno Locdm
0,6-7(0,178)°
Q =

58537 @Mmb, 1273%K G9839Ms@mMmsdeg gogbamgdnm Howal Gobosmmds 87000876l

-0,25-0,78-2700-1273 ~10311, 3 3%

T%‘ =3-102m80 gosbMdNLm30L bsgofmm ©360:

| = /—10311'33 ~ 3,78 3o
0,24-3-10

sthomoombymo  dobogmgoal, H376L Bogm  d7x0mMmo35B30mm  3MabEsmaba@mmadn,
T =1273% &9839Mo&MMody 8obamagdymon goEsbsbmon mbgzso fowal Bobomgds
bogoms | =3,78 35. 030 @asbemmgdom 2 3s-000 6s3emMad0s 300M7 Fymom gogmomadal 1o
Lgdnob 8Jmbg 3MmabBosmobo@mmal dgdombsgzado [4].

58Mogaco, MmMEd 3MobBsmaBsGMMal Bgs sMobmdsn gJmad@&mmen sdbogdonmos
L3ngMybdalivgsb, MmMAgmoi aMmomExds Hymom s J33s sMmobmodsmon gmaddmmen 30 Hom-
dmsagbl 3mabBomabs@mmal Hymoom gogmomagdals bL3ngmgbdaol dofmbBy dmms3zbgdnm bobdo-
Mmobogob odbogdym @gomoboml. bmem, 3MobEGosmabs@mmol dno Lydgos donsbo
s3bogdoymons Gyd3gMmo@nmal goddemg 39Mad03ma Bsbomnliogsb, 35dnb ool goowbmodo-
Lom30bL LagnMm ybo 86033650Mmm3bs dnMgds, MO 3o8MH3TYMNS gosbmodals 3hmEgLdo
0009M0 ©obogaMmagdal dxdnMadnm s ©o359330M70m0s dx0mmo35B30ma 3MobEomaobo-
&mmab 8.7.3.-0b goBMEsLbosb.



36 LOISHNIILN LS0bIN6AH™) L0SE'I60, GEORGIAN ENGINEERING NEWS, N2, 2024

moBameGams

1. SnekTpownakoBbl nepensas. MaTepuanbl |V mexayHapoAHOro CMMMO3MyMa MO MPOL,ECccam 3/1eKTPo-
wnakosoro nepensaea (Toknob AnoHus). -Kues, Hayka gymka, 1975, 373 c.

2. QoMb domoddgmndg, 83030 3Jo3omMmady, osdsm 3JoxkyMmndznmon, mgemmy Bbogedy. 39@36@0
#P20197044B. “sfhsbmds gmad&mmegdnsbn 3mabEsmaobo@mmn moombgdol gmgd&mmfhoymo
895bmdalsm3nL”.

3. B.U. Megosop, B./1. Wesuos, I.C. MapaBckuii 1 gp. TennoBble NPOLECCHI MPU 3NEKTPOLLIAKOBOM
nepennase /Mog pea. 6.M.Megosapa. -Kues: Haykosa gymka, 1978, 304 c.

4. Lomogoadg b.M., Bn3Bn35dg M.d., oemoddgndy 8.8. PdMmazn 3MobGsmaBs@mMmal bjgdno cmoombgodals
qmad&mmHoenmo gosbmonbsl bognMmm ©abal gosbgsmndgds. //bsgomm3zgmmb bonbgnbmm Lnsbemgbo
N1 (97), 2023, 33.59-66.

5. B.B.Opsios, A.AYakanes, l0.B. Bmutpuee u gp. TexHonorua u obopyaoBaHWE KOHTAKTHOW CBapPKMU.
— MockBsa, MawunHocTpoeHue, 1986, 352 c.

6. Logogoadg L.M., Bo3bon3sdgy @n.d., doensddgMmandg 8.9. ooIMbgdal gangd&mmfHoEmo gosEbmonLsl
amad@Mmmeol gobymgosBy absmxnmo LomdmL gsblobmams. //badommzgmml Lsnbgobmm Losbmgbo,
N2 (96), 2022, 33.60-66.

SUMMARY

AN ELECTRO-SLAG REMELTING CRYSTALLIZER FOR THE DESTRUCTION OF HOUSEHOLD WASTES

Silagadze S.R., Zivzivadze L.B., Kakauridze A.J. and Shalamberidze M.Sh.

Akaki Tsereteli State University, Kutaisi

A new design of the crystallizer for electro-slag remelting of non-metallic materials was created, with which,
compared to traditional crystallizers, heat losses can be reduced. To do this, it has a water-cooled upper non-
consumable electrode having reduced contact with the slag bath and a lower electrode with a carbon cylinder
integrated with the water-cooled bottom. Between them, there is a middle section made of high-temperature-
resistant ceramic material.

Keywords: slag, electro-slag facing, unfusible electrode, crystallizer, Non-metallic inclusions.
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Mm3goE sbsbNsmgdL o@30Mn30l bomabbl, dmy3zsbomans bob.4-by.

% E000
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. LN
B, SIS E

f 1

Wk e

60b.4. 330000l ©SFyYx053g N 3030m700L MOMEIbMOOL EIIM30xdNMYOS pA B2IMI3mMBY:
1-4 - 03039, M3 65b.3,0-B9

60b.5-b7 HomImmaggbomos gmMammoggool /max ©8 Imin X981M0 (3390006 OIM3INEIOY-
@90300 pA BsdMO3B. NB’MM dgmomn Bobosbnomyxdmgdnl dobomgdsE sMIdNMO nym
8mMmammoagals s 3mbEmagmMammuagals xo8nMma 333000l 06E7bLN3MdYdN.

o1 30 300Lb)gMId0 ;M3mMab gmMammoaggdnl Hmbomo 3379000L gMmoznigdol daobg3znm,
5% gobMmoomgonls o 1590 835 §bg30LsL (Bsb.3), T cmooymbo 1Bbnd36gemme goblLb3s3mads X
a0ombologsb (08XM). 3ogMmod dobn §MBN30 339000 5MYFoEJOMES sbsmhgbn b0ndyndgdnls
0hxzn3 (3300006, Medsy godmafh3zns 77JL3gMNT76E AL I7HyY33B0L  OSNEOMIdEMMOS. SFSLMSD
d70603690ms  dsbogmols dgmogfo  3msbGngyMmo 3odmeg3bs 3mbBsd@al sMngsb, gL 3o,
373L3amMoB S0l 30Mmogddn, 0§333L LS33MbM ™M3mMgdal Jodgxdal L3gEoBNIYM EIBRIIAL —
Jndab §33E&0L HomdmJabasb.

LHmMgE I ENooMbals ssmeydmo 3mob@ngymmodol gsdm N Mogbzn doboznl PmM
0Ny, 3000Mg LB3d OEYMIONMO MNMbxd0LY. 35 HRC Labamals dJmby Lafgabim gmMmamams-
gob T oombmsb 3mbBod@nmgdolols (656.3,0) Lozfome odsmo 333000L 0b6BJbLN3MBY
50bLbg0s doon Lobagggxdols cogn L3smdno.

59Mmngoe, X o C aeymgdymo coombols bobosgmg 1860836gmmme smgda@gds cm3moab
Bmmsal Lobsggl. BsgMmsed, 9706036790 Gocmn GModmammgonmo ™30L70700L goMmizgnmo
Lb3oMdS, Mo godmH3gnmos, Mmamg Hsbl, dson BozmmbEGMmYIEGnMIdaL gobLb3zs3300m. X s C
dsboamgdnl Imin (3330006 06E&JbLO3MOYON SBenms pA = 60 Loenydeg (656.5,0). 03037 dg0daMgds
0017335L d03mmLoLaMyBg Byednmal sbemdmso.

656.5,0 o 65b,5,0-00b ASBL, MmM3 X oEIMIONMo moombol (33701807 1aMos M-

9650007 yx3Mm Yomaling, 30c0My M3maby, bmmm C esEMmldymo moombabs —33509L0. 0go-
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37 0106803g3Mmods 373060367908 MmamMmi 013amab, obg3g Mambol gmMammogqdol 3370000
dgLHo3amabol (nb. 6b.3). Jonbyozsm s80Ly, 53506 s YOS g3530dMYdNBML, MMB MysmyMaco
50 8oLagoal 300l Jo8gdnb 333010L Loogg sLg3] SbENmML 0gdbgds. sy, 6b.3,5-ob AsBL,
mmd 1 g &mmo fmbomn 33300 dnomfazs X oymxdymo coombals 4000 dmMYbals dg0cga,
bngnm C oymgdnmo cnnombaols — 20000-0b dgdga. gb byorxgmomao goblbb3e370s godm§33y-
a0d 308138537006 9Be367 33700L 06E76LN3MONLY s babgMmdmnzmdal bL3smdoo.
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65b.5. 3o4L0dsemM (3) s dnbndsgmym (d) 337000l M7 40830%B7 amMammagdgdol xs3Mo 333000
063 36L03Mmo0L pABSAMI3eMB] EIIM3INE)OYNYOS:
1-4 - 03033, M3 65b.3,5-Lo S 65b.4-B3.

933G SE00LOL JnBob Es@30Mm30l 3nMmdgdo 333900MoE 033eJ0s. sdn@&mad doMo-
05s© 3603369emmos 9936 N s Imax bonggol. 8603365mmds N = 1000 Mgsmymace dggLsds-
0705 3ol 1000 d6MNbUL, 561 dnsbenmgdnom 3 38 go3ma gbsl. 88 Mmool 3obdszemmodsdn m3s-
a0 gonb bb3ssbbzs Mooybinl AMYEIdL s sbMgdl, Mol godmE s@30Mm30l 30Mmdgdn
0(33e70s. 580&m3 N Logonnl MMy JMsEds goblbze3xdsd (b56.4) 830dmmgds godmahznmb Jodalb
3320700 0676L03MONL Lb3omod..

ho@ofmgdymds 33amg3700s Ladysmgds 8ma3Es 30xndMmo, MmI Jodgool snMydo-
boo30lb C 33009l (CB-08XM2CM®) godmygbgdnl dggase gmoemmymoe 373830Mds
Mmmgmhyg 03mydol Jodgool E37000L 06BJbLO3IMOS, sbg3] MImLol Bywsdnmals g3gmnomon
(33001563, 9353Mmymoc gl dg830MYxds 86033650mm3560 8xndengds nymb.
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000901mM0 970038900 sEILEYMEY LoG30Mhom 353Mmbdals CB-08XM2CM® LodxdnMmgo-
M 35307MN0 ESENMIONINN O EINENMIOIMO 3MaMmMsm3mgdnl dgsmydnma bogjudmys-
GoE0m godmEnbsl 0501730-057mb LM 3nbogbm BognbBMombBy s 33§7700L gmgmmam3zmgdals
390smonbsb gdb3mnsdegonl 3gmomedo.
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SUMMARY

Modeling the wear of deposited wheel flanges

Kipiani P.N., Geradze P.l., Mindadze S.O. and Tigishvili D.R.

Akaki Tsereteli State University, Kutaisi, Georgia

The paper presents a methodology for modeling the wear process of the wheel flanges of a freight car and a
crane. Criteria for assessing the quality of materials, deposited wheels, and rails are proposed. The technique
was used to study the quality of materials deposited on wheel flanges.

Keywords: wheel, flange, rail, surfacing, wear, modeling.
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&376mmmaonmo 333G mMgxdab gozmgbs aMadnmo moormbol bamolbbby 53Hols
3mammacn3mal go;3330000m0 Bgs30Mal EsEHNMIdNm smEag]bolol

yoznsb0 3.6., 306c0odg b.m., ggMmadg 3.0., BbS3Sd] 01.0., M0gnd30em0 .M.
93930 famgoanal Lobgyedfoxzm Nba3zxMLoEGIE 0, Jumnsabo

Lo8d7b670mMM AMxESbBY s LB3s LohomAmgodo sMligdnmo &3Jdbnznl 3370mobBy dMBNds3]
§y30omgool dgs3ms sbmoo  goMmi3gum  LNdbgmggdMobes o3e380MYdYMN, Moash o8
&37d6030L 80 %-by T9@0 Lobmasmgsmgomosbss dgdm@Esbomo s Lomosmogm bBofomgdals
dmdngos gomi3gnmm LndbgmMgg0MBbsy S35380M70YMN s ML nbNbn d3nMomoMmydymNs.

bb3osbb3zs Bn3nlb 83Hg700L gmammom3madn Mambo;sb NMmongmomodobsl 033000705
Mymbgdal 30Mmadnfmgdal, ¥30M]nbgdal s smolifmma Bysdnmgdal gozmab commb. smbnd-
6By 0mJdggodl sgMam3g gmm3nl Bgesdnmal sthamsbsdmmods, Gg83gmodnmnmo s&3nm-
035 o bb3s. gog3gcoman gmagmMsc3zmgonls ggmadg&monmo Bmagdnl EsEMIdnm SMEa]bs,
Lb3s (656.1) BgbmmMmanxdmMsb dgsmgdnm, 13309 333l ndemg3s, YRS (33700907 I30 O
7031R3IEM sEYMIOYM0 moombals 3omgds Moyyaos ndob godm, MmA 5397700l sdBogds
Lb3osLB3s Jombbaddn bgds &g7bnsnma 3nmMmdgdaL Bnbj3nm s nbnbo Lb3ssLB3S &30M-
0599gmdsBge goozmoamo. dgLodsdaboe, gmammom3madny Lb3ssbbzs Bmdols s Jodonmo
d7008760mMm0O0l BmEnsnbogsbss sdBagdnma.

63b.1. gmammacnzmal 339005%7 AmJdgn iz3ojGmMgdo:
5,0 - ML o0L 30Ma30MYdal sMmILFMMa gobanaggds; MLl SMIMIbsdMMOS

h3gbL dngf dx8mKAxdMo gmamMmem3mgdals ensdydmn 260 38-c0sb 630 80-0cogs
bobdomdscenl 0,30 % — 0,65 % 378337aNMO0L BMMOEOLIZSLSS EOTBIEIOYMN, MOE EOENMIONL
&396mmmmannl sd7ds37300LsL LoMPENJIOMSBs L 38380MgdMO.

39M3339m0 Lsdydomyon 53 dodsmopmydnm LESGNAL 33EMMIdoNL Bogm As@Eomydymo
oym bsbdnmoosnlb 0,65 % d70(339tmmonl 3mmonbogsd sdBagdnmo bo@&3znmom 353mbyoal
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3mammaomn3mob Jo8olb oENMIdnm smEagbabsl dgmhanman oym xnmgdal bgmbo s dgoimeon,
Lo3g0MadMM AmHymdammods, dgnmaoal §obs gobymadal s Fgnmadol dgdgmdn ogh-
0namo sd1ds3700l M3x00700 [1 — 3], 18R EIENMIONMO MNmbol bamobbo sdm3ngdY-
an0od sy BomEm Ao@omgdym bodndomgoty, sMmadg Lodgdymgdmm Bsbamgodby (Lodgdymgod-
anm 3530090, 3eMYLn), dgEmaodal MJx0070B7 (gbol dogms, M3sgmal dod3s, 3xEYmadal
Lohgomg) s LydgdENMaOMM M30L gobmMoggodsb] smbvgybo gmgmMmom3zmal Jodol dndsmon
Lb3s BoJBMMYOBY, MmIgMmms m3Endsemymo dgMmhg3zs YBMY633ymasl dgbsconman dggMmogodals
000y0sL 0BaMYdal, BMMYdNL, Asbagmgdal, foenma Asbsmmydal s Lb3s EIBIIGIONL oMydy.

omabmgmodno Lys@znMmom 358mbal goE3goomo Jodol EsEYMIdNm sMEa]boLsm30L
0ygb9076 Lodxdeymadamm do30mgol Ce-08M2C, CB-08XM s CB-08XM2CMd (bfM.1), Lodgo-
Ymadmm 3emnbgdl AH-348A, AH-60 o OCL-45 (3bM.2). A3gbn s330M3700m, H373019L 37038l
0dmg3s CB-08XM2CM® o370y madem ds30eal s AH-348A Lsd38NMgdmm 3aN1Linb
3908mygbgos [3,4].

3bMoamo 1. LH3gIENMIOMM 3300 Yd0

do3oamo 930936700 37833330mmdY, %
C Si Mn Cr Ni Ti Mo Y Ca S P
Cs-08XM 0,06— | 0,12- 0,35- | 0,92- | - - | 0,50- - - <0,025 | <0,030
0,09 0,25 0,55 1,15 0,65
CB-08r2c 0,06— | 0,70- 1,80- - - - - - - <0,025 | <0,030
0,11 0,95 2,10
Cs-08XMN2CM® | 0,06- | 0,4- 1,5- 0,9- - - | 05—~ | 0,2- | <0,05 | <0,025 | <0,030
0,10 0,7 1,8 1,2 0,7 0,35
3bMogmo 2. Ly3IJENMIdMM BMYLYO
3ma33mbyb@on 3m33mbyb@nl dgd3gammoy, %
AH-348A AH-60 OCII-45
SiO; 41-44 42,5-46,5 38-44
MnO 34-38 3641 38-44
CaO <6,5 3,0-11 <6,5
MgO 5,0-7.,5 0,5-3,0 <25
Al;03 4,0-5,5 <5,0 <50
CaF; <45 5,0-80 6,0-9
Fe20s <2,0 <15 <2,0
S <0,15 <0,15 <0,15
P <0,12 <0,12 <0,15

LoG3nmom 358MbJdOL goE33MNEM0 gMaMMamM3mgdal smbsagbs dgmhgymo oEy-
0900l Mm3@0dsamymo Mg308300 — lage - 320 — 340 5; UM - 30 — 32 3; Viye — 20 8/bon, Hobobfomo
3obMmaoal Gg833Ms&nms — 180 °C, symgdnl sfyqdnl @gd3ams&mms — 150 °C, 3bmnb3gm-
yma3ls symadnmo coombol 3omg mmdoMmgdsl s dgnfmg Bmaol dBaMmgdol &n3nl yxgd-
®700 87508~bgmes Abmanmee 3o gy dg8mmb3gx3703do0.

58§0b Bmagogmoo gmammom35m0 Es3BIOYMNS 018037 BMMSENLagsb, Mmammomss
0boEads LoGznmom 353mbals gmammom3smon, 0ndgs dobo BmABxd0l goblb3o37058 s, dgbs-
0530Lsco, d900Madal Mg100500L 33eNNMIdSE OENMIONM Mnombdn godmofzns bgamo dbs-
Mool HomBmJab..
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©31M10YmMO moombals BaMmobbby s gbgmo dBsmgoal Gomdmgadbal 3megLbby &gd-
bmaemgonho Bogd@mMmadol go3mgbol dgbobhozmo ho@omadnmon ogbs 7du3gMmndgb@gdo
bobdnMmosnl 0,65% 8703330MmM0O0lL BMESBY. JJu3gMNT76EJ00LsM30L 3o8mygbgdyma oym
B0MmB0EJ00 BmBoo 250x120x50 38, MmImMYdBIsE S0MMIdNmn 0J6s V-l Gsg3stn mamgdo 10
30 LoemMAgBy. EOENMI0s 39hoMdmgon AH-348A x3MYLOL Loxsmdn Bydmo Asdmm3zmmogn
Lodgdeymadamm 35300 gdom CB-08M2C, CB-08XM o CB-08XM2CM® d70cg8 Mgan070by —
lagee — 290 — 310 &; U3 — 28 — 30 3; Vage — 25 — 28 8/Lon, cogem - 3 88.

B0MB0EJO0ES0 samdhom y3gms 60ddby smdmhgbogo ngbs Lb3ssbbzs Bmdal gbg-
a0 0Bomn. BogMmod CB-08XM Lo378emadmm 353010 aENMIONM bnd1ndydby 0BaMmydo
oym naamm ccoen Bmdaobss (6s6.2,s), Bmmgnm Ce-08XMN2CMP bodgdemgdmm 353017900 Y-
Mmoo b0dndgxdty dbsmal Bmds gognmadom bs3mgdns (656.2,0). ©3bal dogmol gobMmeoom
330 s-8c0g 0BoMYOL HoMAMJAbsL 3MmEgLn oM dg3mams (bsb6.3). Jomgdnmads d7ga7008s g3oh-
37965, Mm3d babEn 3MabBsmaBsEnal 3MmiEgbdo Bomxn@sby V-b 3sg3sma mamal sbgdomoal
97006373590 6533M0L MNoIMBL dBsMgdAl goMyadg dnmads 8g1ndangdamO..

65b.2. Lb35ILB3S LOTJIEYWIOMM 53PN EIEYMIOYm cmoombdo Fomdmjadboamo gbgmmo
0BoMmgodo:
S — Lydg0EYMadMM do3mmoa CB-08XM; O — LydgdEYmydmm do3mymao Ce-08XM2CMd

60b.3. PIENMIOYM moombdo fomdm]dboeno gbgmo 0BaMmgxdn xbal dognal goBMmeolLal 330 »-dc)
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3MobBsmaBagoaol 3mmEgbol dgaLodLYdNdadmoE ©s gmgmMmacm3mgonl sENMxoal
MgomyMm 30Mm0o70mob Bobosbemmydmo dg0agma8dn MnmM353300 BoMBNEBY O39EYMIN
d9093 M330090%7:

lage — 290-310 ; Ug; — 27-29 3; Vage — 25 8/b0;

lage — 300-330 o; Ug; — 28-30 3; Vaye — 25 8/bo;

lage — 290-310 ; Ug, — 27-29 3; Vage— 30 8/Lon;

CB-08XM o CB-082C Lod700mgdmmm 3530179 J000 EsEYMIONM moombdo smdm-
hgbogmo 0gbs 0,5-2,0 38 Bmdob gbgmn d0Bomydn. CB-08XM2CME LoTd70MIdMM F530M1MO
iEYMIOYM mom3s3dn 3nM3gmo Mggn8ob dgdmb3g3sadn gbgmo 0BoMmgdo oM smImhbs
(656.4), Bmemm bl dogmabs s M3smalb dod30l gobmnm bgmo dBsMgdal Momgbmods s
Bmdxd0 gonbomes, d3emadal Lohdsmal gobmenm 30 30 8/Lo-8ceg o 830l 870006373580
0BoMg00 sdmADbS bydn3g 35930MYMNC ESENMIOYMO MNM353700L cmnombdo.

6ob.4. 30M370m0 M3x4000b 330006393530 CB-08XM L3733 ENMIOMM FS3MNYEN N0 EIENMIOYMO

mom3530 3bgeno 0BoMno (o) s CB-08XIM2CMP L3813 NMIOMM 35301YENN0Y EIENMIONMO
mom3530 0BaMmol goMmgdy

gbgmo dBsMmydal Homdmgadbals 3tmEglby dmddgn ghm-gmo gobabsbBm3mam BoJEGm-
Mo dgndamgds hsomzsmml godmygbgdnmo bLodxdymadmm BmMYLOL Tomzs. La@znmMmom
353mbal gmammMmom3mydnl sENMYdNLLL godmygbgdnma AH-60 s OCL-45 Lodj8enmadem
BYLId0 boLNVMEJONSD sENMIONMN Mombal 3omgn mMdomgdoo o oM d7ndhb73s
BmMydn, 9sgMad babnosogds bmagogmomon bszemm3sbgdom. OCL-45-do CaF.-ob dmdg@gdymo
d70(339emmoys (3bM.2) 0§333L M3amals Bmbsdn BEmMMalb dxbsgmmydal nb&gbbonm godmymasl,
Mo 0§393L M3smab §30L degMmomdnl dg8g0Mgdsl s aEIMadabsl 35 —40 88 gamad@mmenb
d39Mal LogMdobsl YoMmaligds Hoal AMAMMYOS ESENMIONMO MNIMBNESD. goMmms 330Ly,
0600369mm3b500 NoMaLiegds oENMIOdNMN Mnmbol smm3nMmgds. 13309L dgxal ndmg3s
Jmad@mmeanl d3gmol LogMmdol dgdgofmgds 30 00-0coy, 0ydis gL, oo30l dbMosg, 0§333L
Lagmad@mmeg o307 al bdom BoEYM]dsL La@nhabomsb.

AH-60 Ls878cnMgdmm Yol dmEymmmdncn 8sbs (0,7 — 1,0 gM/d%) ;momddols mfMxgm
Bogamgdns, 300Mmy AH-348A (1,3 — 1,8 gMm/Ld%) xw3mYLL o93L, Moy 8603365mMmm3bse vMsMaLigdlL
505B560L EaE35L dMEM MNEM353700L ESEYMIONLIL gMmamMmsm3zmal Jodol smeag)bol ommbs.

©31MJ10YMO mnombals bamabbo o sbgma dBsMmydal Homdmdadbols semdsoImods o
0600369mm30650058 3IM30IONMN 30M330M0 MON3530L EOENMIONL EsHYgd0l sgnmBy s
Lodg0EYMIdMM 53EGMTdENL M830L obNdggdsBg sMbsa]bn gmammom3mals Jodal dndsmon.
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Mmmagmmi hs@omadnmds bsdydomgods a3oh33bs, LodgdEYmMadmMmm 30 dobmoggdymo
16y aymb gmamMmomzmols 0MY630L LoHnbssmBgam dndsmomgdnom 15 — 20 38-000 gMmgmMmom-
30l 6360086 s sbMmamn Jodol s dMY630L Bysdnmal 8ndsfmm 30%-0s60 Jymboo (6sb.5).

bdnMm 87006373530 smboggbns sMo Bongmnsbo 530l gmgmMmsczmal babybby dmay-
do39 Bgs3nma, sMmodge dbmeme Jodo. 88 730006373500 Jndol BYdgbomsb sENMIdal sh-
yg0s 90063335 gmammom3mol y3gmabg shsbslymzgm Mosbl, bosE aEIMIdNM moombl
mmM3nMmgods Ybgds yximm bobE 30Mmdgodn, 300Mmg agmMm3al BymodnmbBy s LowsE ESEY-
90 moombdn dsgbodseyMmos domoomosn moombol Hoamo o Homdmnlddbyds GogLbnds-
anymo godgdndn dod3300.

65b.5. LydgFENMIdMM 33EMI>E 0L M330L gobmMogxods gmagmMmam3zmal smbaaabo Bas3oMmal
d0dsmaon

s1Mm100l M3x100700L o LOJxdEMadmMmm dsbaggdal mMm3GndsenyMmo 35M036ENL
70063735903 30 ESENMIONMO MNMbob o 3gnm b08ndgddn g3b3cg0s 3bgemo dBsMgodO.

h396L dngM oaybomo ngbs, Mmd oy 30M33ao MOE3530L EOENMIOSL ©s30fygom
10 — 12 88-0b sdMMyd00 BYJNESL 36y gmM3nl Byws3nMnsb, sEYMadnmo moombol
BmmM3nMgds doEomaodom 13gmaLb 30mmodgddo Ambegds. 58533 Mmmb, dgmMg mom3sznl
3YMIds Bgds B’3ndnesb yzgmoty shmobgmboymgm 30mmodgddn. dsgmsd ndol godm, Mmd
0sbd0 go0mMad0m bo3madns doMmomswn moombol foma (0,65%C), 860336g5emm3bace dgnm-
0905 363M0 dBMYO0L HomBmIabal sends0IMdS (656.6).
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65b6.6. gmgmMmom3smmobL Jodob smEagaboLalb 30M37c0 Mmom3530L ESEYMIONL EsFYgdal scanmo
3mm30L B7s307%B7 (0LMoo 65A3767000 gmM30L Bys30mB) IENMIONMN 30M37aM0 caan3530)

509830Mo, 3730dmgds o35L3365m, MMA s3Hab gmgmMmsmn3zmal goE3gonmo Bysdnmals
omEalbs  oEIMIdN ©s PEIBIIG™M Fbsymo  FaMIo0L  Boeyds  dgLoadangdgmons
CB-08XMN2CMa® Lodgdeynmgdmm ds30mabs s AH-348A Lod)dMadmm xzmMybol gosdmyg-
670000 ELEYM]dal 70898 MJ100370B7:

lagge — 290-310 o; Um; — 27-29 3; Ve — 25 8/L0; de — 3 83, §obsbfafn gobnMmyodnl
®9839Mms@nMo — 180°C cos Mmeqbog 30M33tmn o330l sENMId0l segnma gmammocmzmals
B3dnsb sdmmgyonmos 10-12 83-000 gmM3zal Bgs30mBby.
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SUMMARY

THE INFLUENCE OF TECHNOLOGICAL FACTORS ON THE QUALITY OF DEPOSITED METAL WHEN RESTORING
WORN SURFACES OF CRANE WHEELS BY SURFACING

Kipiani P.N., Mindadze S.0., Geradze P.l., Pkhakadze T.l. and Tigishvili D.R.

Akaki Tsereteli State University, Kutaisi

The work examines the influence of technological factors on the quality of the deposited metal and the process
of formation of hot cracks. When restoring the worn surface of a crane wheel by surfacing, the optimal
surfacing mode, welding materials and welding start point were selected, which ensure the production of
defect-free and wear-resistant deposited metal.

Keywords: wheels, flanges, rails, surfacing, surfacing modes, wear.
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3000353M31mMx05000 domom$3d3gmoGnana bLobmgbBal dg;mmeno domaxdnmo
630 MomMaBsEMM-33EsmaBaGmMal Jeng3x6@ 300l BMMNIbModL s 30Md3x&MYd0L
3ob6LoBM3MY

oma3nmos M.9., 633s30060 d.0., 0Mxdsdy 9.3., Bom 3smnsbo .3., 0Mgdad) .4.,
Jmhosdzomon 8.3., Bo3bo3sd) 3.38.

33930 fafmgoramol bLobyemdfozm Nb603gMLoGIG0, Jyosabo

dgLo3omaon

08 070mb333590, MmEs 33 bymbgds dMmogznl godmbosdmaemgsn sofmgdoals GmgLogyMo
BogMogoal 87830M70s LolyMm3zgm mbydg Lodndom 3MmEgLol LMYmymano, godmnygbgds
8o0mbsdmmg30 s0Mydal gofdgbonl gomeon.

8965Lb3537076 godMbsdmMmg30 soMmgdal gofdgbsl, abldgmLboyma bahomsizgdaliogsb,
Mmmdgmoi mMmgmmi Habo bmmEogmegds dxznm@Mmoszn gamgdgb@gonl Lodysmgdom, bmmm
50M0obdsg3smn bn3ongmgdnl godnbdymgdnbol gofdgbs LMMmegds: sdLbmMdENOL; byn@Mmomo-
Bo300L s SEbmMoEnal 3gomeaom.

890mbodmmg30 s0Mg00l bgn@momabognal go3mEgmydnm dgomel ;sbsdgemmsg 37-
Mmomedn §omBmaggbl — 3o@smabognnl 3MmEgLbo. 3o&smobBymn byo@Mmomabo@mmgodn gaLsby-
Mg0056 sMmobmymo §30L 3MmEIBg0nl (CH, CO) 51568356 o sBmME0L J56839mMad0lL (NO)
5Ma9065L. 51737 MbsdgemMm3g 30Mmdg0dn SMlgdMOL LoszGmamoomm Js@osmabBa@mm-bgnd)-
MmomaBa@Gmmadol mMmao BosnMmbobgmods: -mMm3imad3mbgbEnobn ©sd156533mm0, Mmdgmog 03330
890mbsdmag3 s0Mmyddn 8735350 CO s CH bn3mngMmgonl ogo6g3sL bobdnmmmgebgaco (CO,) s
Pyaol mfgmoc (H,0); Lad3MB3MbybENSbN-s8156337M-58mEa]6n, MmAgmog ghoMmymse
015650Md 575563531 CO s CH, smoaggbl sSBmEal 74568l (NOx) dmmgsnemni sbm@oc (N2).

doMmomscn bafoomo

mM3mad3mbgbBnsbon ad706333cm0  JoBdomobo@mm-byo@dmomabo@mmo doMmooss
890mygb30mm0s M30m3madal dgmby dMmo3gdda, sLg3g olgo dmMo3g0dn, Mmdgedol godmyg-
B670mmMNs OYbydMn3n soman LOH3930, Bmemm adymgdomo sbmgdal dJmby dMo3zg00 semgyM-
300m0o bBOA3MB3MBI6ENS60 Fo9b339-0maIbammn JoBomabyMm-bgo&Mmomatnmo GmgLogyMmmoal
LoHnbsomdgam Lnb&gdnon.

39@omnbBo@mm-bgo@MmomabBo@mmgdnl dg@om 0603369emm356 3oMedg@ml Homdmsco-
896L 5gB0MmMdS s bgmadaommods. sJ&0mmos — 3oBsmabos@mmmal dgbsdmademmods nbogo-
M0 0s 335 0 08 Jodoymo M]5J3000, Mmdgmog Boabnosogds dmMmasgnmg 3MA3mbyb@goal
8o sddbob bomabboo gobbsbmzmym &g83xMme@Gnmaby s ol godmnm3zmgdy
_AG

G,

bogsi 77, — Bgo®dMmsmobo@mMol gBgd@nMmdy; AG — gogndynsbydnm asmMadmdo 3mbgbGMs-
300l g3momyds; G — 3oF9Fynsbgdymo gomadmb Lohyolbn 3mBEgIbEMSENS. SLJ37 SmLLBNAbs3ny,
Mmmd 35@smabo@mm-bgodmomabo@mmmall J339&Mmods 860d365cmm3bo ool sdm3ngog-
oMo &30839M3@NMI00L Tmin ©S Tmax 860336790MmMOg0Bg. abnbo, 3o@smaBs@Gmmal Lodndom
®7039Mo& Mol HomBmoagbgb s nE3eMgd056 Bmamgddo 400 — 1200 °C. dogbndsenyfo &7033-
Mmool domomn 3603369cmmodnl dgbsmhnbadals d70cmb3g3e80 3oBsmoboGmal dmgmny
Mmoo goabgmgodnbsl 89850087069ma3s gangdgb@&g0ds oM dxndmgods olsmamb mo3znbn c30l3-
0900, 330&m3 Nbs njbal godmnygbgdnma demagf cdmAgegan dsbagmgdo.

00659700Mmm3g LOB3MA3MBbyBENSE JoBdmMNBoGMM-bg0@MOmnBaGMMgddn GmgLbogyMmo
6030009M70700L LMYMOE 8156330l S sMEa]bnLbym3nl godmnygxbgods ,,d3znMmscmomydyma”
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39000, MmammMoEss 3as@nbol XgnB0sb: 3ms@nbs (Pt)-CO-b s156330LmM30lL; 3omon
(Pd)-CH c05156830L0030L; Mmenyndo (Rh)-NOx-0b smboggbaco.

h336 dngf bgoEMmomabos@mm-35&smabo@mmal dobomadoe godmygbadnmos M300as3-
MEymMgosn dsmom@gddgmadymnma Lnbogbal dgomen. gl Bgomeen fomdmoggbl 9bgMmgm-
95337 1M, 93mmmannmo bLyBRoms s dsMmEn3 GaJommmansl. smbndbymo dgomeanl godmyg-
6900 LoTYOEgOSL ndmg3zs gMmon LEsNsdn, Lohyolo 3MA3MbI6EYONL LHmMo dgmhg3znoc Bo-
m307mo 0gdbsl dsmommo BabBagyM-097o603nMo s JodoyMmo deegMmamonls dJmby bgo@mamo-
BodmM-359@omaBas@mman, Mmdgedog 0330500 oMb ld0 3eMo@nby, 3oemonndn s Mmgnyndn
BoHnemmdMN3 56 dogmnsbog hsbszmadnmoa ngdbgds abyomn, no30 S shagaBNEnEGYMO ooIm-
67000, MmamMmogss: L3ngngbdn, bozgmon, JMmdn s Lbb3s.

bob. 1-by dmEg8nmos 0300393MEIMIdS©N  Fomam@Egd3gMmodymymo Lobogboo,
aMM0sbo Fobogadal omadal &ggbmmmagoymo LJgds, Mmdgmos godmygbgds fomds@gdom
dgodmgos bb3ssbb3zs sbndbymadal (sofmgdnl, Lnmbggdolb s LB3.) LogznmEmmg dobsmadsco.
8obbosnoMmgdnmm 860336gmm3sb0s 53 dsbogmgdal godmygbgos s3@mMImodnmyddn byo@Mme-
m0BsGMM-33@smoba@mMmgodsco [1].

LobMYBoL domoomscen domgamo
}b360MId0EO,
5 ©35&70000 N §60beammBsdn
3m33mbgb@gdnl dgfgzs > balzymo ammdal
@ @mBoMIOs 6007900bL omyds
gobyMmgdnmo 6ndydals 600900 bLobogbo
39303900 <

6sb. 1. 03000353M(33mMd30 FomamB333gMmoGNMYmo LobnyBom, BMMNsbo Fsbogngdol dnmxdol
&33J6mmmaonmo bijgds

300893M33mMadsn  domam@d3gmodmymoa bLnbogbol Byomeoom bjyo@momabe-
AMM-35GsmnBa@mmadnl domadal mmb Lofyolo 35B3al JoBonma dgdsagydbmmodals Lm-
Mo dgmhg3s 8obLabBmamoszl Mgadinol LHEMMoE HomBomm3al, Moz gobsdnMmmogodl Lolbnm3ag-
ano Jodonmo 0785876mmodnl Losdmemm 3Mmend@olb domydsl. H3g6L dxdmbigssdo Jo-
donmo ggbmogMmdymo Mgodans dndnbomgmodl Ti — B o Ti — C-b dmMmoab, Lahyol bomy3do
0350570000 dgys3sbomons 3bmdomo Jo@omaotnmo moombydn: L3ogmgbdo (Cu), boggana (Ni),
dfmmado (Cr). gb moombgodn, dson Bsmomo ealdgmbonmmdnl gsdm (>100833), Myodinsdn oM
dmbsHomgmogb dMMmSL, bobdnMmdsmMSb s Jndoym bogmogol o HomAmJdbnsb. Ladmemm
3mmeyd@do obobo gobshomgdymas Mobosdmo, Moz gob3nmmodgdmons doma aldgmboym-
moal LEmMmo dgmhgzno [2-4].

3b6M.1-80 AmEx8mos Ti— B-obo o Ti — C-ab bobEGd0b §30L Gg83gMsBMs s LLdm-
anmm  3MmeEd@ol  3mmsbmods L3nggbdalb (Cu), bogganal (Ni), JMmdab (Cr) Loghorm Mom-
©96mdnl 30 %-0b 390333 MO0LSL CdbsrsMEmMdnm 2:1:1.
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3bMm.1. Ti— B-0bo o Ti— C-ab LobEgdab §30bL &1033MOGYMS S Ladmmmm 3MmEYJE ol BMMESBEMdS

Lofyobon 3oBB0nb dx8saabemmos | §30b  G7833Ms@EmMms, °C | mMosbmds, %
Ti—B (Cu, Ni,Cr) 2200 - 2500 15-75
Ti—C(Cu, Ni, Cr) 1800 - 2100 20-65

ho@omydnmds 3Jb3gMnd76E 7085 g30H376s, MMT M3000853MEIMYdsE0 BomamEga83gMe-
&afgmo Lobogbol Fgomeals gosdmygbgdol mmL Ladmmmm 3MmmeENIEoL BMMOSbMdS -
dm30a09mns LsHyYol baMgzdo 3oGomatymmo macmbgdol (Cu, Ni, Cr) ab3ghmlbonmmosls s
MomEabmodsty. aagbomans, MmMA o8 3oMsodg@Mmadal 3emooc  dgLbadmadgmos  Ladmemm
3mmed@olb mmsbmoal 33momyds o Ensdstmbdo (15— 75 %) [5,6].

gbMm. N 2-do dm@Eg0mns 03000853ME3mg0scen domom@a83gmodniyman bnbogbol
(008L) Lsdomenmm 3MmEYNIGHOL BMMNSEMONL sdM3INEgOYMIds Lofyol bsMmy3zdo T78s35am0
39@smabnmo cmoombgool (Cu, Ni, Cr) ccabdgmboynmmmosBy.

36M. 2. N3000393M3IMY0dE0 Fomom E7a3gMmad&nMmymo bLobmngbol (3dL) Ludomaenmm 3MmenIGol
BmM036Mos s Lofyol boMx3d0 Jgds35mm0 3oGomMaBNM0 MmoombldaL (Cu, Ni, Cr Jeab3gMLboymmos

N | bofyol 3063380 Cu, Ni, Cr cob3gmboymmos, (338) | 6s3goMOOl BMMNSOMBOS
1 < 40 20-30

2 40— 80 30-50

3 > 100 50— 80

36M. 3 -dn AmEg8nmos 3L Lsdmemm 3MmeEYJEal 3mmNsbmdal sdm3ngdnmMIds
39@smatnmno cmoombgool (Cu, Ni, Cr) Momgbmosby Lofyol 30B8dn.

3bMm. 3 3L Lodmmmm 3MmENIGOL BMMNIEMOS S 33BIMmaBNMo Mmocmbgdol (Cu, Ni, Cr)
Momlbmods Lafyol 306330

N | bofyol 3o0bB8do Cu, Ni, Cr Loghorm Lodmmmm 3MmeEnI&ol BmMosbmds %
Momeygbmos %
(3+3+3) 70— 80
(5+5+5) 50— 70
(10+10+10) 30-50

00090mMn 3700987000056 3bony, MM M300353MEIMIds0  Fomam@ga3gMmod&yim-
ano LnbogBal dgomenm dnmgdymMo 6n81ndxdal BMMNSEMOS sIM3nEIdYMNS Lofyal 306030
d70333em0 Jemg376@& 700l al3gmbnymmosby. sbsdsBo Jmgdgb@gdal, MmagmME ablgmbony-
anmonb sbg37 Mamgbmodnlb gobMmeoo dgnMmegds Ti — B o Ti — C-b H30L &7039MoGMmy, Mo
0530L AbMn3 go3mabsls sbgbl Ladmmmm 3MmEYgE&nl 3mmMnsbmdsB].

05350030690, 0l doMomsn 35MsdxEMYdn, MMBmMadoE goblobmzmMasl Lodmemmm 3Mmm-
©33&0b 3MmM0sbmdsL. glgboo:

1. §30L Bg083gMms@My;

2. ©5b585¢&0 3m33mbyb@qdal (Cu, Ni, Cr) cab3gmboymmmoy;

3. 365350 3M33mMbyb@gdnl 87083330MmmMoY;

4. boboyBadeg 6081dab Lofyolo BMMNSOEMDY;

sb939 3503007, MmMA Lvdmemm 3MmmeEYIEG0b BMMNSbMOSsYB) 360d3690MmM356 gos-
a9bsl sbgblL Luhyolbio bodndolb Lnd33Mn3], MoE Mo30L IBMN3 sdmnydnmMoNs §6330L dogmes-
By Mmdmomsg BB3bNMIOL L3gEnsmym, Hobsbfamo ohbgbzal §6gb BMMBsdn 3560ggdm
Labnmzgen BMMASL. As@oMmgdnmads gJdu3gMndgbBgods 330h336s, Mmd ;MmABL dgomeono dgbsd-
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@mydgans dn3znmmaor ammasbo dsbagngdn bgo@Mmomabos@mm-30@smabo@mmabsmzal bagnmm
JodoyMma d78500336MMd00 s BMmMNsbMO0m. Jomxdymo BmMMasba Jsbomgdn bobooscgds
0mJ000700L oo JRB3JGNMmd0m (dgbmyenmo 3sgMmE3mol 30Mmdgodn), domamn 037sbo-
390 s Jodoymo 37a3MoO0m s 300Ms3n0l dndomo Jofman dgMmocmoono [16,17].
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3o3moo, Mmdmgong LohdomMaoms 33malb EsMM3]x35L 0§37376. 98 MmL Homdmgdboma Loh-
Jofal nmsbodmmos bhal gbgmagnoll cabndsgnal nb@gbbnzmdsl, Mo3 Gomgm Mmog dgdomb-
393500 oMmLydnmo dmddgeadl absgosmal @37bnsnm-g3mbmangnfm 08oh37690madB] o
domnsbace Lodyndom 3MmmEglby. s8n@mad 3gMmBmMnmidnmo Gobmgdol Hobssmdgamdnl dgd-
30M70sL 5336 ccngn 3608367mMmMOdY. 3gMzmmamydnmo Gobmydol 3nceMozmagnmo Hobssmdmy-
amoal 97030M700L ghogMmom 83osd)33@ BoJGMML HomBmomagbl domon b3Mgmadal 3yofo
Rammnab LHmMo dgmhgzs, 567 yzgms B3mgmoab s Gobmydal omomdal Bsmomods [7].

073609M700L: oMLOL, 3MBgbal, 30MBobal s LB3gdal Ebmdomn BMMBNMIdNESH,
Mmmdmgdnz G0gdnmo ngbs bb3swslbzs gosbgemndgdnomn dgomegdnl d3d33mdnm, godmacon-
Bbofmgmodl MmA 3gmazmmomgdymo GobMmgdal 3nmozmasnmo  §obsomdggmos 13n3mm3mmMm-
3090y 8500 BMMNSObMOSLMBD Fndsmgdsdn. 8odsboasd], 3gmammnmydmo GobMmydal m-
M05bMdOL BMELESL ghos 3gnMmElds dsmn Hobssmdmagmds. smbndbymal goczsmalbfnby-
000, LB35OLB3S Bn3nL GobMmyxdal 3gmammomgdals cmmb domo 3nMmazmagyma Hobssmdy-
8moalb dnbndydsdceg dgdinmgonl dnBbnm, godmaygbgdgb dojLbndsmyMmom slod3gd mMmas-
bmool dJmbgy 3mbLEMYIE0g0L, Bomoma LNdG3INEOL s CMOMTJElIaMoal dmmbm3bydnsb
800macenbomy. 33sLmMobo3y, cgmmoymds s g7L39M0dxbE MBS 33eMx3708s oh3306s, MM by-
dmon sbsbgmgdnmo d7sbogmgdal dogm gobbomymo z3mm3ymgdo Lodsmorgosbos 3ghBm-
MmoMmgdnmao GobMmgdobo3zol dbmmme 3mMmsbmoal sdsmo 8603365mmdgdal C oMmmb. doms-
ano 360336eMmmodg00L Mmmb, 3ghazmmamgdnman GobMmiadnl MMosbmosBy sdm3ngdnmMxdsL
oJ3L 8obLbzo3zgdnmon bolinoomn, Mol godmabs@gdos ndsdn, Mmd 3ghammomydymo GobMmydal-
030l 5MLYOMOL BMMsbMdOL goM333mo Bmzmymo 8603365mmds, Mmdmal emmlb JoomGg3s
d0bndomno 3oMmazmoinma Hnbsomdgamods bogoal dsjubndsemymo bamy ol dgLsdsdoboco,
aMM0sbmonl d58cegmdn gobBMmes dojubndsemyMmse ©olod3gd 860d3bgcmmodsdg oM sMal
godsMmonmydymn, sdg0Mgol 3mbLEMyJsnol goddmamdsl s Bal 3ghxizmmamgdaol bofMmygodl,
M30aeb 58 pmmb §obssm8ygmdals st dgntyds.

5J7005b6 godmdcnbomg, Lodndoml dn0BsbL Homdmoaggbl m3Gndsmnman 3gMmazmmamy-
oMo GobMmgodnl ammsbmonl gobbobmsms, BnbndseyMma 3neMszmninma Hobssmdygmono.

ibsbymo sdmEsbs doomfa3zs ndnm, MME BMMSbMOY 3gMhazmmnmgdonmo GobMmydal-
030b dnbndsamnmo JoMmszmogymo HobsomBagmonm gonsbgsmndgds dydgan mMdymabl
0d903)mo00:

k-1
C " (1)

bosl C — BMMNSbMOs (Y3gms b3mamol 306033370006 XodMo BosMmmol BoMEMO
&obomal gobn3zn33zgonl 3oMSb).

C
k= C—P S0Mab 5nsdsEnl dsh3767309mo.
v
070mmo35b309m0o BmM3yms odeng3s 3ghxamMmomgdnmon GabMmgadol m3GndosmyMmo
BMM0sbMoONL goobgomndgool dgLbodmadmmosl dnbndsgmmma 3oMmozmosznmo Hobssmdg-
8monb bydoLdngmo shobsm3nl bgdaldngMmo 3oBosnmMo ;30lL70700L 8Jmbg soMmgxdalscmanl.
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BMM0sbMoOol Mm3GndsgnyMmo 36033b5mmos,MmABgmoE godmnsbagsmndgds z3mmM3moom
(1) Odomgadyamo 0gbs s0MmENbsdniol oBgMabinosmymn gobGmmgdsms BNbsdgbEyMo
LobBI00L SbsMmoBol LowndlzgmbBy, dmdmomodol gobEmmadsms LobEgdol 0b@gamomgdals
3b00. bBSEOMbsEYMN SMBMSDBSdSMN ENBJdNLIM30L Bnm]dmns d70¢g30 dodmbsbnaMgdy

p8_[G G oW ?
x  |G? 2G®] ox

(2)

Loois T— BJ83gMmodMos; S —gb@mm3ny; G — saMmal bafyn; W — Ladysanm dabyfo bohgomy.
C1 @5 C; ool Lohgomol 33mol P0vbsdMmModNL 3oMadgBMgdn, s GnbMmal godmbLobs-
angemBg 0bnbo gobolsBm3mxds MmagmmE BmMNsbmodnl i3nblingdn

cl=(1—1jc;2
C
1 1
c,=[2-1]1-2lc? 3
2 [c j(c j e

30yg635000 Mo G70839Mmo@&nmab 30380MmL snmab bLohgomaLs s 873bMNFgdNmo bogonl
96@&sm30350156 17, 30090MMdN

CpT =1 ngz (4)

Lofynbo gobGmmydal s8mbLbs ndemyss

S-S
C

0 =(1_c)|nTl (5)

p 0

Lo Co — s0Mmob LoMdMEJ39eMdSS B1ndn3n §6330L MMUL; So S To — ba3oNlL 3sMdxEmMxdals
LaHyobn 360d365mmdgd0.

96@Mm3nal &733Ms@nmolcb s Lohdomgbomsb 303dnMal goblabmzms dgbadmgdymns
09M3dmnbsdngnMmo godmbsbymadnsb
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SUMMARY

DETERMINATION OF THE POROSITY AND PARAMETERS OF THE NEUTRALIZER-CATALYST

ELEMENTS OBTAINED BY THE SELF-PROPAGATING HIGH-TEMPERATURE SYNTHESIS METHOD

Topuria R.M., Khvadagiani A.l., Iremadze M.E., Zalkaliani D.G., Iremadze D.M.,

Kochiashvili M.G. and Zivzivadze V.G.

Akaki Tsereteli State University, Kutaisi

Using the given method, it is possible to determine the optimal values of the flow parameters and the
geometric dimensions of the neutralizer-catalyst according to the engine type, displacement, used fuel, and
engine design.

Keywords: Exhaust gases, catalyst, porous material, ecology, self-propagating high-temperature synthesis
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INNOVATIVE TECHNOLOGIES IN FERROSILICONMANGANESE PRODUCTION
Kurdadze G.U.
Zestafoni Ferroalloys Plant JSC

Abstract. The introduction of innovative technologies at the Zestafoni Ferroalloy Plant: the use of perlite as a
substitute for quartzite, the melting of steel scrap in the liquid alloy, and the production of furnace hole sealing
paste significantly improved the technical, qualitative and quantitative indicators of the products, which led to
significant economic benefits and is perceived as a new word in the ferroalloy industry.
Keywords: silicomanganese, quartzite, perlite, scrap, paste, exothermic, heat capacity.

Introduction

Ferrosilicomanganese is considered one of the elite metallurgical products, even because its
production requires at least 5 times more electricity than the production of electrical steel.
Ferrosilicomanganese metallurgy is distinguished by a variety of raw materials (manganese ores,
concentrates, quartzites, restorative agents - coke and coal, limestone, lime, etc.) and other auxiliary
technological materials (refractory brick, electrode, coal block, hole paste, etc.).

The quality and price of these materials determine the prime cost of the final product -
ferroalloy. Unfortunately, the quality of raw materials brought to the market is constantly
deteriorating and the price is permanently increasing, which forces entrepreneurs in this field to look
for new and cheaper alternative technologies. From this point of view, the metallurgists of Zestafoni
Ferroalloy Plant are no exception.

Use of perlite as a replacement raw material for quartzite

Since 2021, the Zestafoni Ferroalloy Plant has begun replacing expensive Turkish quartzite
with relatively cheap local perlite, produced in the municipality of Tsalka, in the production of
ferrosilicomanganese, the chemical composition of which is given in Table 1

Table 1. Chemical composition of perlite %

SiO2 Al,03 Fe CaO H2.0 Na20+K20

70.10 12.00 0.60 0.70 12.60 7.20

The work serves two purposes:

e to reduce the cost of manufactured goods (SiMn) by partially replacing expensive imported
quartzite with cheap perlite, switching to pure SiO3;

e using perlite to increase the fluidity of silico-manganese slag and, as a result, to reduce the
losses of finished products in the accompanying slag.

The content of silica (SiO3) in imported quartzite reaches 97 %. As can be seen from Table 1,
its content in perlite is much lower (SiO, — 70 %). Nevertheless, the inclusion of perlite in a certain
ratio with imported quartzite in the charge has a positive effect on the overall economic indicators
and the prime cost of the products. As a result, the partial replacement of imported quartzite with
perlite brought significant economic benefits to the plant.
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Immersion of steel scrap in liquid melt

In the production of manganese ferroalloys, various types of iron-containing ores were
initially used as iron-containing raw materials, and later, the waste of the metalworking industry in
the form of steel slag and scrap. These materials were directly supplied to the furnace as the
reagents of the charge.

Fig.1. Placement of steel scrap in the ladle

Since 2017, scrap steel that is unsuitable for production has been used at the plant as an
iron-containing material to produce SiMn. Scrap in the amount of 100-600 kg, taking into account the
ordered chemical composition of the commercial product, is placed in the ladle with a volume of
2.13 m3 before each release (Fig. 1). After pouring the molten products from the furnace into the
ladle, the scrap smelts.

For more visibility, in Table 2, we present the chemical composition of the alloy (in mass %)
before and after smelting of the scrap steel:

Table 2. Chemical composition of the alloy (in mass %) before and after melting of the scrap steel

Alloy Mn Si P C Fe

Before melting of the scrap 74,0 18,4 0,34 1,8 4,9

After melting 67.5 16.6 0.31 1.6 13.9

The melting process in the first approximation can be considered as a heat exchange task
between two inert bodies in the case when one body is solid (scrap) and the other is liquid
(silicomanganese). Of course, the final, complete model of the process must take into account the
enthalpy of the formation of silicides, the thermal effects caused by the mutual solubility of the
reactants, and other thermochemical aspects.



LSISANEIRIs bS06IN6H() LOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2024 61

At the beginning, let's consider the process of heating of steel scrap, as an inert body, at the
expense of cooling the molten silicon manganese until the temperatures equalize. The heat balance
of the process can be written in the form of the following algorithm:

MG (=) +m.CF (T ~T,) +Q=0 "

Where: mg,,, and M., are the masses of the reactants (silicomanganese and iron)

participating in the process, CSiMn and Cge — their specific isobaric heat capacities, T1 is the
temperature of the molten silicomanganese at the moment of release from the furnace, TO is the
initial temperature of the scrap, and T is the final temperature of the process. Q — are heat losses
(heat dispersion in the environment, heating of the ladle. It is clear that these losses do not change
from casting to casting, are regular in nature and can be taken out of consideration as a constant

The whole process, i.e. the process of equalizing the temperature field in the system,
depends on two variables (parameters): the amount of iron scrap and its initial temperature. The
ordered composition of iron in the commercial product determines the weight of the scrap, which
under the conditions of the Zestafoni Plant (volume of ladle 2.15 m3, the mass of the molten silicon-
manganese 8200 kg) ranges from 100 to 800 kg;

The lower limit of the casting temperature on the casting machine is determined by the
liquidus regions indicated on the state diagrams of the ferro-silico-manganese system and prohibits
us from allowing the temperature of the ladle to fall below this temperature limit during the casting
process.

The thermochemical parameters of the reagents involved in the process are as follows:

Atomic heat capacity of molten manganese — 46.2 J/mol K from the melting temperature (T.)
in the temperature range of 1873% [3];

Atomic heat capacity of molten silicon — 25.7 J/mol K from the melting temperature (T.) in
the temperature range of 1873% [3];

According to the Neumann Kopp’s additivity rule, the molar heat capacity of molten
silicomanganese is determined to be 35.95 J/mol-K and accordingly, the specific heat capacity is
35.95/0.5Mmn+0.5Ms; = 860 J/kg-K, (M — molecular weight), the value of which was used by us during

the calculations. The average specific heat capacity of iron is taken as Cge =641 J/kg-K.

Taking into account these characteristics, under conditions of the fixed initial temperature of
the scrap (To=const), the total equilibrium temperature of the system (T) calculated by the formula
(1) decreases linearly with the increase of the mass of the scrap. This result can be presented in Table
3 form or graphically.

Table 3. The final equilibrium temperature of the smelting process T° C

Scrap, kg Equilibrium temperature T°C
To=25°C To=200 °C To=400 °C To=600 °C
200 1475 1479 1482 1485
400 1450 1456 1463 1470
600 1425 1435 1445 1456
800 1400 1414 1427 1441
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Graph 1. The final equilibrium temperature of the smelting process 7° C

It should be noted here that iron and silicon interact strongly and form several silicides (FesSi,
FesSis, FeSi, FeSi,) mixing, of which FeSi is congruent [1]. This fact is clearly reflected in the sign and
value of the mixing heat, in particular, it has been established [2] that the value of the first
dissolution heat of iron in silicon exceeds 100 kJ/g.atom and the integral value of the mixing heat is
DH=-38kJ/g.atom (Fig. 2). This indicates that the mixing of the molten components is a strongly
exothermic process, with the release of heat [3] and is likely to contribute to the fusion process of

the scrap metal with the molten silicon.
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Fig.2. The partial (AHi ) and integral (AH) values of the mixing heat of iron and silicon according to

This technology has provided us with significant economic benefits. This means that we
finally got a surplus of finished products, on which coke, coal and electricity were not spent, it was

obtained only by melting iron scrap in the ladle.

It should be noted that this technology, in addition to eliminating the cost of electricity
required for scrap melting and providing the factory with significant economic benefits, also
improved technical indicators: it reduced the phosphorus content in the commercial products and
increased the physical-mechanical strength of the products. As a result, the share of fractional
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products in the crushing process increased significantly and the amount of fines breeze (0-10 mm)
decreased accordingly.

Self-made paste for closing the furnace discharging hole

The process of opening and closing of the discharging hole of the metallurgical smelting
vessel has always been considered one of the most responsible operations in the metallurgical
industry. Until the twentieth century, this process was done by hand and required great skill from the
performer, who also had to prepare a paste-like mass on a base of refractory clay to cover the hole.

In the 20th century, the mechanization process of opening and closing the hole began, which
also required the industrial production of hole-closure paste. At the Zestafoni Ferroalloy Plant, a
machine for opening and closing the furnace hole was first installed in 2014 on furnace # 2 of
workshop # 1 of the plant, at which time the use of the paste started. Currently, two furnaces (# 2, #
6) of workshop # 1 and four furnaces (# 22, # 23, # 24, # 26) of workshop #4 are equipped with such
machines. Accordingly, the cost of the hole-closing paste has also increased.

The hole-closing paste in the factory was mainly imported from abroad (China), it took more
than two months to produce and transport the paste, and its service life in operation was 6 months,
which caused some inconvenience in the production process and often caused failures in the supply
of paste, especially during the period of the global pandemic. A deficiency of hole-closing paste
resulted in damage to the walls of the outlet hole. Taking into account all the above, in August 2021,
trial works were started using the secondary resources available in the factory (coke breeze,
electrode mass, clay soil, sand, tar pitch) for the on-site production of the hole closing mass.

Currently, appropriate technological recipes have been developed and the metallurgical
laboratory of the factory is equipped with appropriate equipment: a drying chamber, a mill, a dry
mixer, a runner, a mixer made in China, a sieve with two output belts, an electric balance, and
others.

Fig. 3. A kneading apparatus (Shimpo NVS-07) for making paste

By producing our own paste for the furnace hole, the quality of the commercial goods has
been significantly improved.
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$90030mo0 .3., bb3nBoMmadg M.3., mmaoadg 3.%6., Bojomsns 3.3., 3bsmazamegamn 6.6.,
Lb3nGoMndy o.M., 3nMali35d300Mma0 ».6.

LogoMmazgammb &g376039Mo Nba3zgxMbod G0

dgLo3omaon

&996035d0 o dM7H330mmodsdn BaMmome gsdmygbgdnmon s bb3sslbzs x3nbjgoyMmo
05603600l sMommgsblnmo gmmasbo Gsbagms dnnmgds goblibzszgxdnmao bobal bymgymo-
b o 5mbndbnmal gobLobmmEngmgdmsce dMo3smn goblbzo3zxdomon Gyjbmemmaganmao go-
©5§y33B0s 838985330mo0 [1-4].

LOdMH39mMm EsbndbEgdal AbNdYJo BmMNsbn dobogms — LECA (Lightweigt Expanded
Clay Aggregate), mMmgmts §abo, 800m7ds ;mnbm3sb0 Jobgdnl domom@gddgmo@ymymo sx3y3d00.
bganm36Mn gBno domgdmo sbgoo dsbagal bLEmMNIBGYMS — H3MomMBsMmE3TM3360 S Y-
Mymazmmosbns, MoE LNBLYONJoL gofms Aol sbogqdl Lo13gogbm MdOM- s dggMILsnBMMSENM
030b7070L. dmy3s60ma 030L70700 dobLoBM3Ms376 LECA-Ub 3oMmonm godmygbgdsl byddgbydemm
Logd3d0 (8LYOYJn s d78LYOYIadMa d7BMbYON, L3gEnomMNMa Logbom BoysMIdn S MOMES-
BoggoMmgodnl LonBmmogom BOLMBYMn ©IGSMIdN, bnosag]dnl gam@adbosntn godsgmads).
obg39 My3magbenmydnmns dson godmygbads gbal bLaxzsMmadal dgLeddbymao s sbx3] EOdNb-
dyMadymo Loobggdal 3odH37bccn 3nM3gmomn oM EMgodl EsLbydbBsgdme© s bbs. [5, 6].

LECA-b y3gamobg go3mEamadnm 3hmeyddl Homdmoagbl ,,39Mmsodbodolb” ©oboby-
my00m 36mdomon shomMasbymo gmmnsbo dobams, MmAgmog Bbmxaomb 8Mo3sem J37Yysbsdn
0§omdmgos s 3Mag@n3mo@ godmnygbgods. smbndbymoab Hobosdnmmodsl HomBmowaabl 3gMmsd-
BoBob dobomgdoe godmygbgdnma byemaymal dMmo35mbobgmos s 01bjdsdn go3mEgmgd..
30Ms3boGob dnLomyd bymgnmo doMmooose gsdmnyybgdgb os3nmebmos cnbgdl,
bmgnm 0930000 0l FBoEEgds Mnbagndomidnsb s LbB3s cmabymo BobgMmomadnsb. smbnd-
By Lobgmoob segnmmdmMn3zn byemanmMnEsb 39MedbBo@nl domgdals s dabn godmygbydom
39Ms803nmm0 o bB3s Lobal BoHomdnl dgLodmgdmmodsms dgbjozmsl dngdmsbs shmogmomn
33m33s [7-10].

3bmoonmos, Mmd LECA-U dobomgdo gsdmaygbgds s3nmebmodsn ;nbmssbo Jobgodn
(3amabBngnman, kB309MN, J30b3sg35M0): doMomvs  mabjdn, bmemm nd3nomoE mabsasngs-
00, sMgsmnmjdg0o0 s LB3s Lobol cobyMmo dnbymomgdn. LECA-L Bobomadn byomgymal
d703760mMmoOs Mygmsdgb@nmadymas dgbodsdaobn LESbsMEGnm [11]. byomgymdo sbodsg-
005 979730 Lobol cnbyMmo dnbgymomadon: B3BmnENMO MomEybmdnm (s Mdg@aLbo 30 %)
dmbBdmMmogmbo@n, bmemm dgnbmnwazse dnmmdmmmogdn, 3ommdombgdn o bB3. L3S
0065M737000056 d10bmneads ose30byBomo 335MEol Momeabmods (bogmmgdns 30 3sb. %),
Moaeb obm3nl Esdsbslinamgdgmos mmodol domamon Gg83gMo@nms, Mog bamb dgydmal
Bycomagnmol 0x317ds-80mgdal oled3qd G983gMo@nMgdbg (1100 — 1250 °C), Msbsg dmombm3ls
LECA-b &n3nnMo Lohomdmm Eggbmenmans [12, 13].

Mo 0996905 LECA-L dobomgd Lsbgmanma gsdmygbgdym oobmszsb Jobgol — dom
d7003360mmodsdn LalyM3zgmocss 8ohbynmo omignmo mjbogdals dgdeggn Momeybmdocm
38339@mds (8sb. %): 60 + 80 (SiO, +TiO, + AL,O,), 3 + 12 (FeO + Fe,0,) 10-8g (CuO+MgO),
1+6 (Na20+ KZO); 305L0Sb, sgMmmmae s MMasbym BozmngMmgdsms xo8Mma d73339MMMOS S
1600 sMg8s@70meogl 10 dsb. %-L [11].

5mbsbndbszns, MmA cnbymo Jobgdnwsb LECA-Ub domgds bgogds, Mmgmg Habo 1100 —
1250 °C-%3 10 — 20 §nonsbo sym3bgdom. Mg3mdgbnmadnmoas byemgnmal ssbemmadnm
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ghobsnfmo Bmdol gmobynmgonl (cnbjydal ognbes3xds) b ba@gbgoal (mobsxzndomadn
5.0.) ox3900L 3MmEgLbdn AsMmzs. 88537 commb godmamoEbgds 0 — 5 88-Bg bozmado BMJE30Y-
amonl bgemanmal godm§3s-0x3790s, bmemm Fomom@gad3gMmo@nmnmo sx31gdal 3MmEgbolb
boMobbnobo As@omads syEnmgdgmL ool dobogmoms 5 — 10, 10 — 20 s 20 — 40 33 Bm3dab
3MsbymMdal o6 BoBgbgdnl godmygbadst [11].

SMo3mbnznymo bymanmonesb (dnbgMmsmmmanym-Jodoynmno dyggboemmosms dgybe-
&yYy30Lmos) vmMmMnsbo dobagals Bomgdols NBMY6373mMbsymxs bdomow dndsmme3gb 3maddnbo-
M0 (0bm3s60 Tobagns — MMEsbmo Esbsdsdn) bomg330nl dxagbols. sbsds@o domo-
0155© 359mnygbg0g6 Gadbmaggbni mMagsbnma dnbydals bomhgbydl (J3sbsbdomals 3@39Mo SO
0§30 dsbn, bo81dg39Ma Byomn, babgbo s bb3.), Mg gomgdmb EsdNnbdnmMxdoal sds@&gd0m J3m-
3Mmmomgdsl Jabals [11, 14, 15].

00bm3sbn bgomgymal 0gmdmdmeoxnzomgdol Lo3nmbgdn o G0 Lownd3zgmby
amMnsbo sbomgdal domgoal &3dbmmmmans manbom3als domomsdn bmodnmons s 3Majg-
&03ymoe MasmabBgonmaoas [9, 12, 16]. 3sgMsd cmydmg sMmLydmMOL nbgoon Lyzncbydn, Mmdmg-
003 dmombmsl EsBYLEJOSL s MMAs daLHozmasl. 3gMmdme, mydeg snblbgmos cmobmszsbo
Jobgodol domom@gd3gmodninmon sx3700lL 3MmEgLbol Bobogym-Jodonmo sMbn, bymanmal
d7008760mMmM0O0lL s sbs3sEJ00L Momodal go3mgbs 3mmnsbn dobagmol domadals &gjbmenm-
301 30ModxBMmbg o Lydmmmm 3MmENIEL LobybBg. sd&omymas boznmbo — 3bmdoma Lo-
Bymynmm 0sBal sem@gmbs@oyma Lomozs@nmo 016500L Bsboamydnm/byemanmoo ~Asbe-
33m90sL, bmenm LognMmmgdol 870006393500 Bon30L 5BYJONL bamalbol dofMmgagnmomgdymo
s 93MmmMManyMmoE Nboxmmbm shommgsbymo d1bxoal sbsds®-dmmoxznis@mmal dgmhg3s
o bbs.

5mb0dbnmosb godmdenbomy gobabobmszms 33ema3nmo LodNdomlb sdmEsbs: dgLHo-
3mo 0gbsl LECA-b omadol dgbadengdammods, godmygbgdnmao sb bozmayds godmygbydynmo
580mmoOMmn3n bomols@nma dsbsmal/bgomagnmaol Losazndzgmby: Gs0gsb Bomadnmn i3m-
Mm0sbo BsLbomabamznl LabyMm3zgm c30LgdsMs Fabobogdgdmoee s dsfmggymamgdgma sthomm-
8obymo 0Mbldols sbsdsd-dmeaxnlzs@mmmoms dgMmhg3s-dgxislgds, doomn 30bBbmodMnzs godm-
ygbgoab 39ML3gd&0mmdnl owggboo.

doMmomacen bafoamn

33930L 58m3567000006 o gMdgmszsnsb 3g9Mb3gdEn3s00 dMms3oemanbigoyma LECA-b
dobomgos dgmhgnmo 0gdbs Lodomozgemdo sMLYdPm0 s cmaabscmszal LodMIH3gmmm om-
8900L GngM Bo3MgdsE dodmygbiydymo s JMM3sbyoalogeb d1bjdnm goblbzszgdnman Ebmo
dobogy. Goomn dgmhg3nl 3n0M3gamo gB&s30 gobbmmEngmes Medmegbndy 60dbooc: dsboals
39M0gmal sMlLgdomos 6 dm3m3300l dgbodmgdmmos s dobofzemadmods, bLomoags@nm sMmado
domn godmygbgoal smlgdonma 3Mod@nls o6 33tMI330000 oagbnmmo 39ML3gJG0mMmmos/My-
3m076cs(3ng00. dgmmy 9@s3Bgy dgMmhgyma Jobogmydn onym mM Xanyse. 30M373m xanxrdo
d9y395600m0 0gbs Loamnzo@Mmo dsbomadn/Jobgon, MmBmMydLsE dggdemmor LECA-L &n3al dsbo-
@y0do goMmsgddbs @Mmowogoymo &gdbmmmannl — sx31g00L domfha3s BomamGgad3gms@nmyamo
58108537000, 9gmMy Xanx380 d3y3sbnam 0gbs abgoma sthommagsbyma dsbamgdn/bgyemgnma,
Mmdmgddog  Lomogs@ym B80bgMmomgdmsb gmomoe  HoMmdmemagbomos 39MOmbo@nmo,
bnomxzs@nmo 96/s mjbonmo bsgmogdn, Mmdgmamsg Nboma Igbhgzo sndosgmb Bomom
®7039Mo&MydBg (bgemo 871Hymb sx3gdalb 3MmEgLlb) o6 YBMPb33mMmymb dohomsn byomgy-
ol gomoomgdnl (3nmm3maobBoinm dgm8smamodsdn goslzmoal) @gd3gmodnmal sfhass.
dmy3sbomo 30mmodgbal gom3semalifnbgonm, Loadommn3zgmmlb Ggmo@mmasbg dgomhs 39MmL3gd-
&onamo 3J3bo dofmoomsn bgmanmao s Lsdn EsABBsMg/Bsdmenxzngnmadnma Lobgmdal
dobogmo:



R}0B0snMho gomabobonm-gmmdoo (Lb3osslbblzs Bmdal BoGgbgdn), obg3y BOBOIYMO
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doMmomscn bgemgyaon:

e 39mmoymo Gya0

(bagmMmdnmy; dogs Jomorgmn)

e mdLNNsbN

(Fodogmmy, bLydEbg-xo356700)

o mabosxzndomaon
(8. eyfyx0; 396300)
e SMgnmoon
(a@ym0; 3oty Jomomo)

e 39 3sbyMmo Bymxazmo

(0o0nsyMn; Jobgon)

o Mmojoon

(30bolydsbo; gnMons)

©53bdsmy dobagmgodo:

® 3oX0

(mfmbg30; mdomabol gofMmgndsbn)

® 33836&0bL Homdmgoal 8@33Mn
(30L30b 39976E0b Jombabs, Jofhorgnn)

e 356356100L d70330M0 39MOMBSEGNMN Fosbn
(FosoryMy; ndgMgon)

bo33eM35 MO dobogmgol dmMmab gobLb3s370s oxnjboMms, Mmgmmy Lofyalo
doam-
0oMgmodnm (853. MOLNENSbN — Bo30 3gMmals dBNb3sMg Bnbss, Bmem 3NM3IsbyMo ByMBmo —
Mmoo Mybo dgxugMommonl BoME3mgdamss fomdmeaggboman s ».3.).

sbMmogmo 1. LECA-L dnobomadn doMmnosn s adbdamg 6xcecmanmal Jodomo (gobodnsmadnma)

93033600mmoOS

N| Bycamgymol 63c0emMgnMob s sbadaBgdal Jodnymo gcaabnmmdy, 8ob. %

alobgamgdstt a

— N J & Q @] Q o™ N c
e 8 |3 ¢ |8 g8 g |29 |88

1 2 3 4 5 6 7 8 9 10 11 12 13 14

gammooymo | 12,87 | 62,58 13,24 | 1,76 2,75 1,06 | 0,11 392 | 131 | O 0,40 | 100,0
1] &y
2| modbonsbo 0,47 73,51 14,61 1,25 1,12 1,39 | 0,10 298 | 427 | 03 0 100,0
3| oobsgndsemo | 5,60 59,01 17,65 | 6,95 1,60 2,28 | 0,37 2,78 | 2,68 | 0,32 0,76 | 100,0
4| sMaganoomn 7,25 47,21 15,92 13,33 6,38 4,23 | 0,11 2,84 |1 133 | 140 0 100,0
5| 39m3s69Mo 6,03 65,12 13,23 5,46 1.05 0,25 | 0,10 0 864 (0 0,12 | 100,0

BIMBMOAO
6| &Msjodo 1,25 64,15 20,12 1,54 0,13 0 0,10 0,10 | 123 | O 0,31 | 100,0
7| 85x0 17,71 | 20,91 6,40 1,75 2513 | 082 |0 1,10 | 0,22 | 2596 | O 100,0
1 2 3 4 5 6 7 8 9 10 11 12 13 14

39026&0L 36,69 11.74 2,67 1,42 46,31 0,51 | 0,05 0,10 | 0,47 | 0,04 0 100,0
8| Homdmgdals

9&39M0

056356980L
9| 8903330 28,85 19,82 3,78 2,17 15,43 2,70 | 23,05 1,35 | 0,70 | 2,15 0 100,0

39MOMbs&ym

0 8o0sbo

d960d306s: (1) — doMmoooso byomgymo (Ne1-6) esdbdsfg dsbogngdo (Ne 7-9)
(2) - (FeO+ Fe,0;) (Fe,0,-1) ss635608339m0)

y3gms dsbomsl, gofmms 3nm3sbnma x3gmazenals, nabEMo Habslfomo sdndszgos
hoBoms. Bsbamoms bs33emg30 Y300 (dgdmEsbomn Lnbygdn) godmom degmadsmgmosdo
dfgdmes momsbals &3939MoGMmoby s dg8ccgmd Medmegbndy Loxgbymnsbn LB3MI3s YESM-
g0MES mMsdmMms@GmMmoym yodgonsb dlbamgyszsbodn. dbbzmyznl dmenm Loggbymby, dLbzMmy-
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3060 godmbozmgmao bB3Mmamal Logebg 10 80-L dgoagbs. Abb3My356080 OIFNEISEIONMN
dsboams (sbg3g BB3NgMO 3 s6Mn BIMBMN) nMadmes Ne 0,25-c0sb Nel10-dcg LoMmydnsb
d900goM bs3Mx0d0. BMOJ30705 EOYMBOMN S 35)MBY goddmomo Fobagmal d7bsbzs dmbos
0o3sbyMym &g300mogodn. 33emg30L dndnbsmy gBe3By godmoygbgomes NO,25 Laggmdo
aobymo s modmMms@mmonm Lsdmmddn (110 °C; 2 Lo) asdmBdMmomo s GO0
fobdzomdn oxrgnmon dsbogms, Mmdgmog 0bobgdmes 3gMIgBmeE mo3EsbymMnm dobals
Fomzdamado.

LECA-b O0obomgosce dgmhgnmo mMnzg Lsbgmoolb (doMooso s sdbdsfg) dnbymo-
anymo bgomanmab Jodonmo dgggboemogdn dmy3zsbognas 3bM.1-do.

domooscen byomanmoaob (dgeagbommdgdn 1 — 6) s sdbdomy dobamgonl (dgagbo-
amodg00 7 — 9) 83008360mmdsms dmMmals gojLbnMmgds 860d3650mm3560 s LabyMm3zgmao gobl-
6303700 LOI-0b (bM33000m0 ©Obs3sMmagdn) 860d36g9emmodsms dmmol obnbo sdbdsmg Bobo-
am0dn oo mElbmodnm sMnsb Homdmemaggbomoa. 3nmojnm, dbgmoEbmodsw sem1dnb-bogmags-

&nf 9785003969mms (Si02 + A|203) 9703390mmds LogMdbmdma 8g@ns Nel — 6 dgggbnmm-

0950d0 (doMmooson byemgnymo).

5mbndbnamo gomydmgds dmbasmmebyml bonl sdbdsmg dsbamsms JBad&NM homomy-
oMol dofmomoo bymanmob sx3bygoal 3MmmEgLbdn. Moy 9176908 LECA-L Bobomgds dgm-
Agyam 94360 Lobggdal dofmomos byemanmal — Gocn BmbasgmmeEbiyman 30ManLbnsbmody (3gMs0-
BoBob Lobols BMmMnsbo dsbosgmal Bomds) IgBRsLES 39MsdBaGal dnbomgd bymagnmoalb dndsm-
090580 sMLyoYmMo Bmnbm3bgdoal (GOST 32026 — 2012) o 3bMm.1-dno dmy3sbogn Ambsggdos
dgsafmgdno.

3bMogmo 2. LECA-L 3nobomadsc My3madgbamadnmo s Ly3zmI3sE smIdYmo
630mymab JodoMm 3xa360mmodsms dgesmyxdncmn dmbai3gdgon

mgdbogyM bagMooms xanBI00 s Gomo bnm3zgdooo
N d0bgMmamymo 50 X507M0 878333mmdy, Bob. %Y ©3b6535MaJ00
baemayma =) = S LOI, 85b.%
Lg QN —_ < —
S I g 3 | Q
) * o 6 X
c w +
5 2 3 S | <
g = o S N
5 % ) + 2
3 Q = Q =
© ~ 3
(%) S
bE 32026-2012 60-c056 80-8c0g 3-12 | <10 | 1-6 | 10-Bg Bozmgdal?
0 | fy3mdgbnMmydnmo 3.
1 3aMaMoymo GyBo 3. 76,2 1,8 3,9 5,2 12,7
2 mobnnsbo 50. 88,1 1,3 2,5 7,3 0,5
3 oabsxndsmao 3. 76,7 7,0 3,9 4,3 5,6
4 sthgmmomo 3. 63,9 13,3 10,7 4,2 7,3
5 | 39m3569M0 Bgmamo | 3M.00 78,4 5,5 1,5 8,6 6,0
6 &Mmododon 3. 84,6 15 0,2 13,3 1,3

d960d36s: (1) —dmboEgdgdn dmEgdymns = 0,1 8o, % LoBYLbE M
(2) — y3gms Lsbol (JommMo @GmMo, H20, CO2 SO: s ULB3.) sgMmmoydo XsdnMo
Momgbmody
(3) —30Mmmodnoo sbnd3byd0n: 3 — 3MabGsmyMmo; 58 — SAMMBYM0; 3M-50 — 3MoLEGSYM-
S0mMmazymo.
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3bM. 2-d0 dmy3zsbogno dsbagnsms 8xaabommogdnls dgafmgdno nfM3333s, Mmad bo3zmg-
350 3(309mn dobymocmnmo bymanmnEsb, LGsbosm@ol My3MBxboszngdl Lymo 83ds-
ymxzzomgdl oobogngdosma. sthgomoondo i3ogbofMmids RO(CaO + MgO + MnO) s (FeO + Fe;03)
&030l mgjboggdols LogsMmdy, bmanm amamooym Gyxdo Gomo Momelbmds My3mdgbnmydnm-
by 0gofg meEgbmdomss Homdmegibomon. mmo3zy dgdmbzgszsdo oxngdLboMmadnmo dgnbLo-
0530LMoY 39M Ahs0m3MIdS Bozma, MeEasb shagnmoamdn M30bal, bmmm gmmoonyM &nsdo —
G103 mjboos LogsMmdgd YOS aobsdnmmdml Bocmn 3om3mobGognm dgmdsmgmdsdo
8oalizams LabyMm3gm &83gMoGnMnm nbByM35mBn (1250 °C-8¢0)).

mdbLnnsbo s 3Pm3sbyMo BIMBmo, dgLsdsdnba Homdmsa)bgb sdmMxrymo o
S0mmBYm-3MmobBomymo 076700l Jobgol. dson Fgagabommdsms ,,6o3mem” dgodmyds hso-
n3smmb RO; + R,0, mjLogdal Mg3mdgboomydnmBby nxamm domsemo MomEabmods (ssb-
mmgo00 88 o 84%), Mo dmLasgmmebyml bool mMmo3zg dsbogmol 3omm3mab@ngnt da-
m3sMymodsdn gosboyzebo @&gd3gMmaodymab Lobym3zgmby N3mm domomm 8603d365mMmd7053)
of9335L. smbndbymoal d53mMA330bLoMydnm gomgdmgods dgndmads hsnm3zsmmb dson djagbo-
amodsdn Homdmeggbomo @n&gmgboeos dsmaman xsdMmo 878333mmos (7,3 % mobnnsbdn s
8,6 % 39mM35byM BIMBMJI0) S E35@JO0 ol Bog@n, Mmd mobonsbo - 3Msd@osnmao
01bgdMn3n dnboss, bmenm 3 3sbyMmo gmazmo — dogdnma HomBmAmodal 3nm3s6Mo obals s
3MobGsmyMo 06500l BnbgMmomgdol 3mbgenmaBymodng, 5Jgsb, dmbsmmebyman bgds dson
30Mm3msbiGngnm 8cogmdomamosdn YBMmM sdsmM &7339Mo@GNMIdBY gosy3sbs, 30y domn
d7008760MmmM0O70005b godmadnbamg smal dmbsemmebyaa.

&mogodab Jndoym dgggbommmosdn sxznjbnmMs (MOLnNsbal s 3m3sbyma 3gMmas-
ool 8baosbo) dbgmoebmodsn mJbnEgdals (SiO+TiO+A0s) LogsMdy Xo0nMoE ssb-
mmgo00 85%-L 37oa90bL, dogMmod s8s3Mmmymoce dsbdn, Lb3s Lozzmgzs dgmhgymm bjco-
mMIYmosb dgomydnm, RO &odolb mjLogdn oo mElbmdomss (13 %-By 9g&0) Hom-
dmeggbomaon. 535Lmsb, GMmogoBol 8gggboemosdn godmizgoomasce dgnmg MomEgbmdomss
M3060L mJjbngdn (1,5 %) s sbY3g sghmmon bagmmgdn (LOI = 1,3 %). 83ceggboammonl ;s30-
LgONMYOINS omM33eobfnbgdno dgndmgds 3035Meyeme, MmMA GMmodo@ol 3omm3masbiEninm
damBomgmosdn gooy3sbs o ox3Mg0s Mbs Homandsmoml LECA-L dobomads sMmbgdnm
Bad6mmmaonm 3MmEglyodo 8omadnmby y3mm dsmom Gg839Mo@nMmadby (T > 1300 °C) o
505Lsb L3gEosmyMo dghmhyymo sx3xdal NBMYPB3gMIYMBIM SBSFsE-Fm@oxznis@mMal
8o0mygbgdnon.

LECA-b Gomgds y3e3dnMmads goMmiszgaman Jodoym-dobymommagoynmo dgceaabommdals
BsbseMoms Bomam@983gMsEmmmm (= 1250 °C-8¢0q) 0889353700L. 019MBYmM0 ©s8NTs390s (&98-
39Ms@mMal BMs) 0§393L Lsds3nl byemgnmdn Homdmemggbom doMomomn s Mvbdbamgydn
0063Mamydals gBe3mdMmng goMmsdadbsol, Moi doo3zmmegds dsbomal 56 doln doMmooso bafo-
mob 9.§. 3oMHm3masbEoinm dgmdsmamdsdn goobzmosls (= 1100 — 1200 °C). 3sMmomamyMmoco
508537 7039Mo@&Mgdby dmdcenbomgmodl bymaymdn Homdmegiboma GnbgMmomgdals 6
mgboeyMo s bB3s Lobal abmEnMgdsn bagmmgdal sdms. mmn3y 3MmEgbol dgMmhyds gob-
LOBM3MO3L PXMIEM3560 SMbsgmdal s sbyMmammasbo LGMYIGYMalL baem3zbyma Tobo-
anol — LECA-b §omAmJabasl, 9.0. s39300L godmafh3g30 fysm 56 o300 byomgymdo nbs aymb
ob 9ab oboMgdsE Logamm BJds SFSEJONM 0L ESBSSG-IMENBNISGMMMS do8myqbgdy,
mmdgmog 06@gboyMa 0§yl sdmasb-snmfamdmgdbsls ssbemmgdam 750 °C — By8mon s b
3Mm@EgLo gMmdymegds YBmMm domam &gd3gMmoBnMmyxdby. d600365mm3560 bogds nls gamMmydmyody,
Mmmd dmy3sbom &7939MoGMnEsb sx3700L dogdbndsmmyMm Gg839Mms@GnMmodg sbzms dognby
dm3amg commal 3gMomedn belds s s0mfamdmddbol 3MmEgbol 0bBgbozmdol 3030 dofMo-
05©SE dxBJ00L  GJ939MoGm 0b@gm3zsmbBg Ameol. 3mMasbn dsboggdol domgdal
0mvdg bgMmbnsb, LECA-bL domgdol dmyszsboma @ggdbmemaoynmo 3Mmaglbo gMmom-gmo domo-
0o dgonmes smab dohbgyamo [12,13].
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Mo dggbgds Lyl sdbdsmg dobomasl (goxn, 8568563370333 JoMOMbsENE0 Fosbo
0 (33076@0bL HoMmImgdal d@33Mn), Boon JoBoyMmo d7cagbnmmogdn fomdmeagbomoas gbMm. 1-do
(Ne7 — 9). y3gms Bomasbo ( Si0; + Al,O,+Ti0;) ©s R0 &o3ol mJboegdal xs8nMo sdsmo,

bmgnm RO-mgLoegdol domomo dgdE3gmmodnom  bolbosongdnsb, Moy godmMmogbsslt doon
dmbm3oBa0lL 531700l s dglodsdobog LECA-U Gomgdsl. dso dgea)bnmmodsdn 360d36gmmodsl
0dgbl LOI-ob (sgmmomo ©obogaMmagdnl) Logomodg, Moy LB3s bndbgdol — doon dxd33g
6030m09MJdsMS Mamody, s0Mgod0l godmymazal &g03gMmo@Me s Momegbmods, dgbadmgdymb
gobonls doon 531700l 3MmgLol g dgdHymods Gomambobasb.

3mb3MmaBmo Lobgmdal mm Tobomobl (gox 0 o 33076@0bL fomdmgdal 8@33Mn) sgMmoo-
5b30L gMmoo 0030L709M70s — Bondn oo MEgbmdNMss Homdmeaggbomao 3ominydal mjbowo
(G9L00500L, 25 S 46 %). Bomgsb 3oblb3e37000, 356356983703333M0 39MOMBIENMN osbn
godmofhgs CaO-b Jgsmyxdnm sdsmo (= 15 %) dxdE3ganmdnm, Boghmsd dsbdo MnO-b d3;-
30mmodd 23 %-By 93@0s. 00y dby3gmmmodsdn 0dbs Bomgoymo dsbagmoms dgea)boemmods —
L3037 3o0aebn MBS goblbzszadmegl soMmHomdma]abgmn bogMmoals bobno.

39x0 dgodmyds fomdmeagbomo oymb domomsae mmo dobgmoamols — cnabols s ;ode-
domol 370339 Bobomoge [17]. oobsl Mbofmo dgLHasLt cgmB8nmo sdyds3zg00l 3MmEgLdo
o39MamLs 3MmobGsmoabognymn fysema (650 — 850°C) [16]. 88537 Mmml, d1630M030 MsdsBoMal
sdms dMms35mUboxgbnmnsbn 3MmEgLns [18]:

CasS0, -2H,0—=2° 5 Cas0, -0,5H,0+1,5H,0 T (1)
-0,5H,0

CasSo, -0,5H,0—212 ,Cas0, +0,5H,0 T (2)

CaSO, ——%—>Ca0+S0, T (3)

dmy3sbomo sdsmME7839Mmo@nmum (1) o (2) gommsddbgon nbGamabl oM GomOm-
503836L. sb3nMmn@nl sdms (3odmbobnmgos 3), domnsb domam @7939Mod&MmydBy 0fygdy,
Mo bl msdsdomymo dgdseag)bmal o330l 3MmEglol sdbdsmy Bobagmo godmygxbgodsb.

32026@0L HomBmadol 8@33M0 (3mnbighmal dobomgdn mY8gmol snMmagsdhdgbo z3om-
&m0 EsFaMmomn) — oo MomEabmdnm (46 %-bg 83@0) 8905538 Cal s 8olozal ajLom-
0900 LOI -0l dognBgy domomo boowg (36 %-bBg 33@0). smbndbymals Loxyyd3zgmby dgndangds
3035Msmo, Mmd B7dbmagbnmo Fsbams-8@33Mo doMmomsse 1b6s 8gopeswgl CaCo, -b.
domom &gd3gMmo@ngdbg nb nbE&gbbonmo ondmydes:

CaCO, —% Ca0+CO, (@)

03-4 3o0mLobymgdsdn Homdmeggboma Mmyogjnoo domadnmo ,,0smamBg03gMmody-
fyan” CO,-bom3zol Bmbsgnmebymo begds 8obo Bmbsfomgmdom  doMmomseo Byemgymal

o®;31700L 3MmEgLbol byamdghymods/gosd@onmgode.

byomanmms d7ca8360mmdnl s8Lsb3gm M. 1-do HomBmeaiabomns sdbdsfmyg dobe-
anol  (N9) 0s6a569089703333em0 30MOMBIGMO dobol JndoyMmo dxwggboemmos. 58 Gsbsmal
00300701M705L, Lb3s ByEMInMmsb dgesmgdom, GoMdmswmggblb 8sbdn Cal-b (15,4 %) s
MNnO - (23,05 %) 0obsofmlgdmds. smbndbymon 800603670l Bsbal  dgagbommdsdn
3930700l o 856356130l JoMOMbsEJoaL sMLydMdNL dgbadegdmmods®y [11]. mMo3zg dsbogns
— 39MOmMbo@ns s &g83xMmo@nmal Bgdmgdygdal dgggae ndmads: 30mE01dal 30MdMbs@n
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358mbobymds (4)-0b dobgeznm, bmanm MNCO;-0b Es3mol mMmo dgbsdanm s s8s30MMY-

MO 303 EJ33gMoG Mo 3MmEgLydal sdmal 30M0sb6E N dmy35bnmans Myadisns (5) s (6)
Loboo:

MNnCO, —2¢_; MnO +CO, (5)
3MnCO, —2C 5 Mn,0, +CO+2CO, (6)

579000506, 356856730L 87033730 39MOMBIGNMM dosbdn Homdmegyboma Jomdmbsdnmo
659M01700056, doMmomogen LbgymanmMm dobamoms sxBNIOSBY YINSMM BJge3mgbs dgndamons
dmobnbml  dbmenme  dsbdo  d7053sam  Joemnndol  3oMOMBLBL. BogMmod, Bobgsbydals
39MOMbs@ 0l sdsmME83gMaEnMnma (t<300 °C) sdmoabsl Gomdmagdbgds MNO , Mm3gmbog
dg9dmns dgobemmb doMmomaan dsbagmals gnemodol bgendgdhymoals Mmemo s 88 gbno Gobo
3omm3mobBonm dgmdamgmdsdn gosbzms, 300500050 Logozo@dnm b6obmogddn
3568561000 (I1) mjLon dommmdmals BYbJEnno HomMBmagzncggos [20].

33360

9Mmo30mxybisonmo sobndbnamagdol AbYoOyJo shomMmagsbymo ammesbn dsbogmgydol
(LECA) dnbsmadn Lsbgyemanmmm 0Bl goxrsmMomgdnl s Gsm GomadsLmMSb s393dnMgdNMN
93mmmanym-&gdbmmmanymao bsinmbgool LMymymaznmo gosHyzg@olb dobboom dgomhs sn-
&mbo®oymo Lobgmanmm 0sBs: sanmMmMoOmn3n LogmozsGyma dsboemgdnl d70333m0 Jobg-
00 s B33bmagbyma Bafmhgbado: gammoomon, modlboombn, cobsxngsmo, shgomooon, 3m-
39610 3gmazamn, GMmododon (dohoomsen byomagnmn) s goxn, 33976@ 0L §omdmgdal dE&33M0,
356856100l d78337am0  39MOMbsEGNMa Fosbn (0x3Mgdal 3MmEgLol byemdgdHymo-domagy-
0mydgmn Esbsds®-8menxgznis@mma dsbomgdn). dsmon Jodonmo 87ca360mdnL dgLHazmom
s dbs0B0oo Eoanbs d1bydMmnzn dobamydal s JBIIGIM0 SbSTsE-Gm@oBalsEGMMmy
Labgmos, Mmdmadnis 39ML3gJE0mos LECA-bL domadal Gggdbmenmagonm 3MmEgLbda gosdmbo-
yabgdmo.

33am93>  bmMmEojamgds dmos  MYLbos3zgaamol  9Mm36mamn  UL>393609Mm mMbol 30656LMmMo
db>msd9Mmno gMmsbBGo FR-23-15888 ,,LoamnisdmnMo b6janInannsbé LECA-U UL0nbo9HBdn, ©5635359-
dmEN3035@MMI00b Mmanol daLHs30m>“
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SUMMARY

SELECTION OF LOCAL SILICATE RAW MATERIALS AND EVALUATION OF TECHNOLOGICAL FEASIBILITY TO
EXPAND THE RAW BASE FOR OBTAINING LECA

Cheishvili T.Sh., Skhvitaridze R.E., Loladze G.Z, Zakaraia M.Sh., Mukhatgverdeli N.N.,

Skvitaridze A.R. and Guraspashvili A.N.

Georgian Technical University

Light expanded clay aggregates(LECA) for various functional purposes are obtained by high-temperature
fermenting of clay rocks of a certain chemical and mineralogical composition. In order to expand the
acceptable food base of various LECA materials and to solve the ecological and technological problems
associated with their acceptance, an alternative food base was selected-local silicate materials/rocks and
technogenic waste: zeolite-obsidian, shale, argillite, volcanic ash, trachyte (the main raw material) and plaster,
cement production dust, manganese carbonate ore(additives-modifying materials that promote and regulate
the fermenting process). Various natural materials and effective additives-modifiers have been identified that
are promising for use in the technological process of manufacturing LECA by studying and analyzing their
chemical composition.

Keywords: LECA, clay materials, silicate materials, additives, composition, transformations.
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0§ygds bgdabdogmo gengdgb@ol mjboal smeaggbs bobdnMmodswnm, dogmsd smea]bals nb@gb-
Lo3MOS domNob SdSMNY. MYIIMal MISJEoNM0 BMbal 133gMoB Mol BMslosb ghos
0BMgds AZco s 3gnMegds AZx. 9.0. 3¢0bodbymo Gmmmds goeseol y&mmmdsdo AZco >
AZx. 053 3305 3@Mmmonl bamabbn, oo 85@ 05 m3bngdal BobdoMmodsno smeaqbal 06&96-
Lo3mos. MNdymol Mgodgoma Bmbolb Gg83gModnms dndn3s oM 0BMEIds. dnomHa3l Mo
8933979 &383gMmodniye bn0dbymb, bogds obo gosbizens Hmbobhmmnem dgmdsmgmdsdo.
qb oMol @ndymal Lsdydom Mmgg000. Moy NBMM domomons MYdgmob Myojaomo Bmbal
Pmbabmmnmo Gg83gMms@nms, dnm Fg@ns sbndbymao PEmmmodnl bamobbn s, dgbsdsdnbac,
NBmMmm sJ@oyMmo begds boabdoMmodsom mjLbnwldal smEagbal 3MmEgLo. Mysdgonma Bmbal
Pmbsbmmnmo B3039Mo@Mol goblLobmzmazl Medgbndy BogJBMMn, 050aeb godm3ymazom
9hob, Mmdgmog gobbognomidom sd&oyna bgds 35dnb, MmEs LognnimB3sbasbndol Cbmodal
ommb 3mjbob bsgzmo sMmBmagbymoe 30ygbgdm Gyodymoab bobdoMmb. b oJGMMo sMals
ool gmmdnmyonls d3gmo@yMs. gb Bod&mMa degmdsmgmdl dgdwggdo:

LoE03M3sbasbYdol Ebmdal mml Mndgmmdo HomBmogdbgds Lomolzs®nma Hoo.
LomozsGIMma fows nbgon foss, basesg EM3nbbEn 3M33MbBy6Ens SiOs.

o1 bLoenoimMBsbagebndnl bmodnl cMmmlL sMdagibymo godm3nygbydo 3mdLL, 85006
Loaozo@dnm Hosl dxddbols 330Mm30d 0, MmAgmoi Homdmoaggbl 30Bdnb gho-gmo 3m33mbyb@L
©s babnomgds Al203—-al dogmnsb sdsma 898330MmMd00). 01 smMBg]bgmo godm30ygbgdm
GYyndmab Bobdoml, 35306 LomnsGm Fosb FomBmIdbal Bobdnmal BogaMmdn 8g8s350ema SiOo.
SiO2-0006 g bsgsmn dnsmas Al2Os-0m. SiO2-0b s Al203-0b Momybmds bagsMmdo
dgLsdsdnbs PMmob 50 s 30 %-U. 8Jgsb gedmdwnbafy Gyndnmol bobdomolb smdggbgmsco
308mygbgdal 83806393030 MY8gmdn 850486705 LomazsGamoa fos Al203-0b Bomoman 838339-
mmodno. foegdal bmdsmao g3310690s, Mmd Lomozodnm §owgddn Al203-0b 3MmmEgbdnmo
Momybmdal BMmslosb ghoma nbMmgds Hoals aenmmodob &gd3gMma&yme [2].

Logmoges@nmo Hool cmemmodal domamo @g03gMmod&Ms gobodnmmodgol 8obn 3mmdny-
00l 70373Mo&Mmal s8smmgosl. gl bgamb dgnHymol mn8ymal Myodaoma Bmbal Hmbslifm-
Mo &g339MmaGMmab gobmol, Mog oMol Hobodnmmds 8obgsbydolbs o Lognogoydol smea]-
bols 3mEgLbolb googd&oymgdobs. sbgomons Lognoimadsbaebndol 30HB00sb Fsbasb1dnLy s Logno-
30900L mjbnydal sMmEa]bal ;gMAmenbadninmn s 3067@03nMo byMoman, MmEs smdag)b)-
o 3mJbol Bagzmom godmygbgomymo aym Gyndymab bobdoMmo.
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SUMMARY

THERMODYNAMICS AND KINETICS OF REDUCTION OF MANGANESE AND SILICON OXIDES BY TKIBUL COAL
Kevkhisvili G.Sh., Julukhidze A.G., Chumbadze M.T. and Sigua L.R.

F. Tavadze Institute of Metallurgy and Materials Science

This paper examines how using Tkibuli coal as a reducing agent instead of coke affects the process of
manganese and silicon reduction during the smelting of silicomanganese.

Keywords: Free energy, Tkibuli coal, reaction zone, equilibrium temperature, silicate slag
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SUMMARY

THERMAL TREATMENT OF TKIBULI COAL AND ITS ENRICHMENT WASTES

Kevkhisvili G.Sh., Julukhidze A.G., Chumbadze M.T., Abesadze R.K. and Sigua L.R.

F. Tavadze Institute of Metallurgy and Materials Science

Tkibuli coal and its enrichment wastes are characterized by a high volatile content. In this work, the thermal
treatment of Tkibuli coal and its enrichment wastes was conducted from room temperature up to 800 °C for
degassing purposes. After heat treatment, the volatile content significantly decreased.

Keywords: volatile, enrichment wastes, furnace top, reaction zone, degassing.
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SUMMARY

SUSTAINABLE ALTERNATIVES FOR CIVIL ENGINEERING WATER SYSTEMS

Chitiashvili G.B. and Tsinadze Z.0.

Georgian Technical University

Water is an essential natural resource that is delivered from sources to places of consumption through various
types of pipelines. Water distribution is a critically important aspect of civil engineering that ensures access to
clean water for the population. However, traditional materials used in water distribution infrastructure, such as
concrete and steel, have their fair share of environmental problems. The extraction and production of these
materials contribute significantly to carbon emissions and environmental damage. Water losses on the network
due to leakage are also large. The consequences of a water main failure are varied. Some of them are: loss of
property, repair and restoration costs, deterioration of human health, damage to the environment and
customer dissatisfaction. Moreover, the failure of the water supply and distribution network and related
systems affects global economic conditions. To address this, civil engineers are turning to sustainable
alternatives that offer significant advantages.

Keywords: Sustainable materials, civil engineering, water losses, green construction.
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fyomm&nomL ;mgmInmao Hyanmolb 3nccMmmijndonmo 07Ybx0s s dobido dgdazasmo bmangMmon
JdozMmymydxbGo

0m31nho3s 6.3., ©7300MN60 b.3., 560 odg 3.6, gmbsd3znamn 6.3

Logofmmzgamb &336039Ma Nba3zgMbodydo

d0§0bd33ds Hymgoo goMmyzgnma Lobom s goMmizgnmo Jodoymo dyaglbommmodnm, 53s
01 00 L3gEnxNgYMo 3M33Mb]b6EJONMS s M30L7d7000, dgndmgds hsdmysmnd gl goM333nn
8ammmmanym s ggmgndoym 3oMmogddo.

Logdomm3gmmb 80fobg3gds dnbgmocmnmo Hymgool Bosmorm gozmMEImMIds gobsdnmmods
bgmboymamads ggmammagoymds smbogmodsd, 0sg8s@&0Bdnol 0b6EJbLOYMTs godm3mgbod s
5&Imbzgmymo bagmagdgdolb Loyb3zgd. J37y6al Gamo@mmosBy ma s;slBg dg@o BnbgmomyMma
fyamab godmbozamns Laghorm E1d0E 0, s dogmomb cno@mbg 83&0 ccmg modydo.

dnbgmoamymo  Hyamadol xzmmBnMmgdool 3mMmomgdol dgLbHozms ym3zgmom3ol Mmoos3L
Pyamadolb L3ganx03nMa 3MA3MbYbEJ0N0 godmnmgdals Loznmbl. d1nbydmozn Hymadnl god-
©nMg0s LB3swslbls gay876E 000 gobalsBmamads MmgmMy omn Loghorm Mommybmdom,
obg3g gmdg6@g0al dogMmosnaol bosMmoo, Mmdgmog Esdm3inEldYmMas dmEy8nmo ombal
B0B03znM-Jodoym 8ydnzsbs s gomadm 30mmogoty, Mmdgmdos bgds dogMsEns.

5800bso, dMbjydmn3zn Hymgdn sLMagol 8b0d365mm356 Mmnl gemgdgb@godnl dngMmo-
30sdo.

0gmdymm Hymaddo do3mmgmg8b@Eg0ool dgLbfozams HomBmomagbl o abEgmalb.
0mbo;3397900 dngmmgngdgb@Egoal dgaggbnammosby dgodmgds aymb 3609336anm3560 gobamgodn
0gm3nmo Hymgdolb ggbgbobol sLobLlbgmo, doomo Homdmdmodal ggmgjndonmo s 3oceMmmagm-
anmagonmo 30mMmodgoal godmboazmgbsco.

ombjdomnzn Hymgool do3mmgmg836E 0L 807319036900 dsbidn dgdsazsmao dg@oc dinMy
Mmomegbmdom (10! — 10° 8a/m) dMmozsmo Jodonmo gmadg6&ol ombo, sba3g 98 §Fymaddo
8obbbomo Lb3ssLb3s NnbonznYsMHMn MMagsbymo bnzmngMmyds s sofMgodo.

d0bgMmommmo fymgdnsb dMms3zsema ogmdnmos. dgmbhgnmos Hysam@EGyomb cgmdnmao
fysma dMms3senmobm3sbo fysmmaydam, Mmdgmog 0gosmMImodL Jnosnobnsb 12 38-dn, goMmdg-
dmMEydymos Jono — 3¢ 335Mabs s Mombal bgmdal LEmMbaBM356 Bohomdn, gedmymxzznmns
UyMsdolb nmgmBgbomoo.

Pyom@yomlb ogmdnmo fysmmo sdsmo dnbgmomabBoinol, Mombasbn, cgmdymao
fysmns, godmamhg3zs ombyMm-domommm3sbo d7a360mmodal 8ndn3mdno MmgmMy cmmdo,
ob339 oM 37 godmbLobzmamgddan. Jodoymo dgag)bommodal s3mmBnmasdn Lsdo dofhomsn
3bombo goblobBmaMagl 61690Ma30 Hymal Ga3l — HCO;, CI, SOi’ bmamm 35000mb7000050 gof3-
3990 Ca?* n30Ms@almds.

Lodomm3zgmmb ogmdymo fymgdon, dozmmamgdgb@adal dgbfozmal no abEmMmaal
d01b78350, sMobsidsmabog smal dglfazmamaon. bLb3sslbzs dnbymommmm Hysemdo Cu, Zn, Co,
Ni gobLobmamnmos g30BmeEynMma dmbsEgdgdn o8 gmgdxb@Eg0bg, sbY3g dobLaBm3Mal dgoim-
700 g3oblib3o3zgonmon..

003Mmgmyd36@&700L gobLbobmamal dgdynde3xdymds Ggoomeds Lodyemgds dma3Es
896339L5BM3MS Cu, Zn, Ni, Co, Mn, Cr 83c08960mm0y.

y3gmos gamyd36@n, Mmagmog sm8mhgbomos d1630M03 Hymgddo nymezs mMm XanBsco:

® ym3gmemoynmow dgodbzgmo — 80 %-c0sb 100 %-08¢og;

e bdnMo dg0b633Mn — 50 %-0sb 80 %-0¢];

e B6o30mg0sc0 dxadb3gemo — 20 %sb 50 %-0¢o];

e nd300mo d7db3gc0Mmn — 0-0sb 20 %-0coy;
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90§0bd33ds Hymgdn s mns Asbhdgmadn sm 0dymazgds dobnsbo sagnmagdsfgmonl
8mg89300l 9398, s8cqbsc, bnzgma 103, bL3ngabdn 102, ;s 107 8a/m d38333mmds Lb3s
50030 3x05MgMd0l dobydnl 3mgdggdnm nBMcgd..

ombydmnzn Hymgoal bb3ssbbzs Lobggddo Gozmmgmadgb&godol Lodnsemm 860d367-
anmdy, 83/ dmy3sbomos 3bM.1-d0.

3bMmoeno 1. 09670M030 fyamgddo dnzMmgmgdgxb@gool Lodnsmm 3603d365aMmodS

fyamob &n3o MmNy, b3ngmgbdo, | boggamon, | 3Mmdse@o, | Jhmado, 056856700,

Zn, 83/a | Cu,8a/am | Ni, 83/ | Co, 83/am | Cr, 83/an | Mn, 83/am
Bm30b §yomo 1-107 3-10° 2-10° 5-10* 510" 2:10°3
8nbamab fyomon 2:1072 5-10°3 5-10°3 1-10°3 - -
d0bgfmognyMmo 3,1-10? 3,2:10°3 3,1-10°3 3,6:10* 4.4-103 5,2-103
fyoamo

Pyoam@nomb ;mgmdnmo fysma gobbb3zsezgonmo Jodoynmma 09bg0abss, goshbns Bomomon
®7037Mo&Mms s bdnMm d700nb3g3500 o 3x0;303L BobdnMmmyobaL. Hysmo sdsmma dnbymomabe-
300L5S Mo, 70,85 30000Mb7000806 §o3Yy30605 3oeME0Ma0n, s60MbJIdNESL Ly xBsB-0mba, 3nccMmmsm-
0mbo®-ombo. pH 7,0 —7,1 gafmamgddos, gomydm bgo@momymos.

mobo dn3mmgangdgbBn Co, Ni, Cu, Zn, gobmogydnmos 3gMmomenmao LobEgdol 8gmmby
39M0omedn s 53:5Ms3690L AxLsdsdnlo®, ae dommmmaanm SJG0YMMASL.

0ombydMmnzn mdngd@nb Lobno 878135370MMNs JeMg376@700lL 3MbBEbEMSENol dgonmeon.
sbgons: 3mosm@n, bozgmon, M30bs, oons, L3ngmgbdn, 856356180, JMman. dgMmhgymoas Bofol-
d3908s 8nbgfognymao fymgdo.

Jomommao bgmos-0nbomg 8@33Mmabs s Maombal bgmool bsfomons. Logomm3zgmmb
bgmoolb dobgmommyMmo fymgdol Logmorm dobobnomgdgmans bobdnMmmysbgnl-CO, Mofmymazs.
d0bgmamnma Hyamgdal 3g@&gLbmds bgmodsdo ogMmdymoy.

Pyosam@yomlb ogmdne Hymgddo dgLbhozamomos dogmmamgdgb@dals 3ocommgodoyMmo
01bgds, MmImal dmbsEgdgdn Homdmeagabomons gbM. 2-da.

gbmommo 2. Gysen&G&ndmL g3y Gymgodo Bmaogmoro dnzmMmgaydgbGol 833(333eNMOS

fyom@ydoml 803Mmymn6& 00l 838330mmds 3/am

0ym3namo
fyoamo Zn Cu Ni Co Cr Mn
fyofm 1 5,9-10° | 1,7-10% | 5,9:10° | oM omOmAbEs | oM smBmAbS 3350
fiyotm 4 1,6:10° | 3,4:10°% | 9,9-10° | oM sBmABS | oM sAmMABE.S 4,4-10°
fysthm 6 1,7-10° | 3,36:10% | 9,1-10° | oM sBmABS 4,7-107 4,3-10°
fyofhm 9 1,0:10° | 2,3-10% | 1,3-10° | of sBmABES | oM smBmABEs | oM smBmABS

Gysm 14 1,2:10° | 2,0-10% | 6,9:10° | oM sBmABS 7,6-107 o smB3mAB oy

fyofm 27 3,5-10° | 6,45-10° | 4,1-10° 3,6:10° 6,7-10° 9,5-107

Pysm@EnombL cgmdym Hymgddo Bnl3mmamgdgbBadal gobLabmzms gobadnmmogdl dom-
B6gmmmagnym,LadMbsgm M30L7050L s Fsbdn dgdsazsm dnzmmamgdgb@adal 3oeMmmaggmenm-
301 sb3gd&dn dg8ceagma dgbfozmasb.
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SUMMARY

HYDROCHEMICAL PROPERTIES OF TSKALTUBO THERMAL WATERS AND THEIR MICROELEMENT
COMPOSITION

Bokuchava N.V., Devdariani N.G., Andghuladze Sh.N. and Gonashvili N.G.

Georgian Technical University

Georgia's geological conditions contribute to over two thousand mineral water sources. Tskaltubo thermal
water, near Kutaisi, has low mineralization, radon, and consistent ionic-saline composition, with key ions HCO3",
CL", SO4%, and Ca?*. Despite extensive research, trace elements like Cu, Zn, Co, and Ni are still under study. New
methods have identified these and other elements (Mn, Cr) in the water. Tskaltubo water has a neutral pH (7.0-
7.1) and significant biological activity. The study highlights the need for further research on the hydrochemical
and healing properties of these waters.

Keywords: Tskaltubo thermal water, hydrochemical properties, trace elements, mineral water, radon,
balneology, therapeutic properties, Georgia, low mineralization, ionic-saline composition.
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TENNTOPUSNYECKME XAPAKTEPUCTUKU MbIN

Cupapse M.I., bepaseHnwsunu WU.I., Kykynaase M.B., Measmapuawsunum H.l'., Yxanase E.T.,
Henapupase H.C., A3Henap3e C.OxX.

FPY3UHCKMI1 TEXHUUYECKUA YHUBEpCUTeT

BONbLWWHCTBO NPOAYKTOB nepepaboTKM BELeCTB MNPUPOAHOro MPOUCXOXKAEeHUA, noasep-
raemblx cylwke ( MblIO, CMHTETUYECKME MOIOLME CPeacTBa U T. 4.), ABAAITCA KONNOUAHbLIMU
KanuaiapHO-NOPUCTbIMUM TETaMM, CYXOM CKeneT KoTopbix 06/1agaeT iModuabHbiMKU cBoicTBamu [1].
Mo3aToMy Ha rpaHuue cMcTeMbl TBEPA0E TEO — KUAKOCTb MPOUCXOAAT ABNEHUSA, XapaKTepusyowme
dopmbl CBA3M BRarM c MaTepuanom, 3KCNEPUMEHTA/IbHOE MCCeAoBaHME KOTOPbIX NO3BOASET
onpeaenntb TEPMOANHAMUYECKUE XapPAKTEPUCTUKM (NOTEHUMAN BnaronepeHoca, yaenbHyl Ba-
rOEMKOCTb M Ap.). ITU XapaKTEPUCTUKU Hapsdy C TFUrPOCKOMUYECKMMM CBOWCTBAMMU ONpeaensor
TaK)Ke TeXHONI0rMYecKkrne napameTpbl matepuana.

TakMm 06pasom, TEXHONOIUA CYLKM HENOCPEACTBEHHO YBA3bIBAETCA C TEPMOANHAMMNYECKOM
macconepeHoca, a TeEopus U TEXHUKa 06e3BOXKUBaHMA Ba3UPYIOTCA Ha NPeACTaBAEHUAX O COCTOAHUMU
B/1arn B MaTepuanax u o ee B3aMMOLENCTBUM CO CKENETOM BELLECTBA.

Tennosas 06paboTKa MbIIbHOM OCHOBblI ABAAETCA OLHMM W3 BA*KHEMLWWX 3STanoB B
NPoOu3BOACTBE Mblaa. DKCNEPUMEHTA/IbHbIM UCC/NeA0BaHMEM CTAaTUKM U AMHAMUKU NPOLECccoB
NPUMEHUTE/ILHO K aBTOMAaTM3aUMM CYLIKU MbIA MOCBALLEHO MHOXecTBO paboT. bonblwon BKnag B
M3yyeHue Tenao- M MaccoobmeHa, NPOTEKaloWero nNpu ygaseHun BAarv M3 MblbHOW OCHOBBI,
BHecnau M. M. becnaTtos, [1. B. HaymeHKko, M. H. My4yHuK 1 apyrne nccnegosartenu.

OaHaKo, HeECMOTPA Ha MHOroobpasue GakTopOB OLLEHKW, BAUAHUA NapamMeTpoB Ha npouecc
CYWKN MblS, B iUTepaType He OBOHapy)KeHO TEOpPeTUUYECKUX UAU IMNUPUYECKUX GpMyna, NO3BO-
NAOLWMX YBA3aTb KOMIMIEKC TEXHO/IOTMYECKUX NapaMeTpoB B eAuHOe Lesoe.

OcHOBHbIMK haKTOpamM, KOTOpPble BO3AEWCTBYIOT Ha NPOLECC, NPOTEKAOWMUI CYLIKMU Mbi,
ABNAOTCA BJIBIOCOAEP’KaHME MbIIbHOW OCHOBbI M Mblf1a, BbIXOAALLErO M3 NefoTesbl, TemnepaTtypa
MbI/IbHOM OCHOBbI, NOCTYMNAlOWEN HA CYLWIKY, TOJIWMHA C/I0A Mbl/la B 30HE CYLIKU WU AaB/eHue B
CYLWMNbHOM Kamepe.

Ona npaBUAbHOTO BeAEHUS TEXHOJIOTMYECKMX MPOLECCOB, CBA3aHHbIX C NPOW3BOACTBOM
CYLWKN MbIN U LUMPOKOE MPUMEHEHME TENoBo 06paboTKM Mbl TpebyeT 3HaAHMA He TO/bKO Tep-
MOAMHAMUYECKUX XapPaKTEPUCTUK, HO U UX TENNODU3UYECKUX XapPaKTEPUCTUK, T. e. KOIPdULMEHTOB
TennonposogHoctM (A) u Tennoemkoct (C). TOYHbIA pacyeT Tenno- U MacCoOOBMEHHbIX MnpoLe-
CCOB MNPV HarpeBaHUM Mbl/IbHbIX PACTBOPOB, MOC/AEAYHOLWLEN CYLIKE U OXNa*KAEHUM HEeBO3MOXKEH
6e3 1cnonb3oBaHMA 3TUX KO3dPULMEHTOB.

YuuTbiBan OTCYTCTBUE B INTEPATypPe AaHHbIX O TeNA0PU3INYECKUX XapaKTEPUCTUKAX Mbl, B
CTaTbe MOCTaB/eHa Ue/lb CUCTEMATU3NPOBaTb U 060OWMTL AaHHble O Tenao0PpU3IMYECKUX XapaKTe-
PUCTUKAX MblJl.

Mbl NpoBenu M3IMepeHUa TenjaonpoBOAHOCTM U OBBEMHOM TEM/IOEMKOCTU NpU pasnud-
HbIX BNarocoAepXaHun n Temnepatype Mbii. MccnepoBaHue NPoOBOAMIOCH HA 3KCMEPUMEHTaNb-
HOM CTEHAE, CXema U MPUHUMN SENCTBUS KOTOPOro onucaHbl paHee [2, 3].

Hapagy c npombiwieHHbIMM 06pasuamu mcciesoBaHWUIO NOABEPrannM HaTpueBble U Kafb-
LUMeBble MblNa, MPUrOTOBJ/IEHHblIE B N1abOpPaTOPHbIX YCNOBUAX M3 HACbILEHHbIX KUPHbIX KUCNOT
(ot Cia po GCi).

B npouecce onbiToB 6blI0 YCTAHOB/NEHO, YTO MNPU OANHAKOBOM COAEPMKAHMU HKUPHbIX
KMCNOT MNpuMpoga Mbll M3-3a NOAABAAIOWEro BO3AEWCTBMA BOAbl HE OKas3blBaeT 3aMeTHOro
B/IMAHUA Ha UX TeNNoPU3NYECKME XapPaKTEPUCTUKM.
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B Tabnmue npueeaeHbl TENJONPOBOAHOCTb M OO6bEMHAA TENJI0EMKOCTb TOBAapHbIX Mbla B
3aBMCMMOCTM OT BAArocoAepXaHusa n TemnepaTtypbl.

TennonpoBoAHOCTb U 06beMHAA TENNOEMKOCTb TOBAaPHbLIX Mbll B 3aBUCMMOCTM OT B/arocogepiaHua u
TemnepaTypbl

o 30°C 60° C 80°C 95°C

:

% < Fi < F3 < F3 < X

< < < <

§ © s T s < s ¥ s T x
o g m\ ME < M‘ ME < M‘ ME < m\ ME
8 a ERS @ ERS @ g | & g <
] < aq < a < a < [}

= o o o o
[+2]

5,0 0,13 1,23 0,114 1,36 0,095 1,44 0,075 1,51
11,0 0,142 1,37 0,148 1,57 0,120 1,71 0,09 1,80
25,0 0,159 1,49 0,195 1,74 0,22 1,92 0,228 2,02
43,0 0,173 1,58 0,232 1,90 0,265 2,07 0,259 2,10
65,0 0,204 1,64 0,274 1,97 0,316 2,17 0,319 2,23
100,0 0,237 1,67 0,325 2,02 0,364 2,23 0,37 2,31

Kak BUAHO w3 AaaHHbIX Tabauubl, TENJIONPOBOAHOCTL Mblaa C BAarocoaepxaHmem no 5 %
NpWY MNOBbILEHUN TEMNEPaTypPbl HENPEPbIBHO YMEHbLUAETCA, MpPUYeM Hambosee WMHTEHCUBHO 3TO
npouncxoaut B gmanasoHe 60 — 90 °C, 4To xapaKTepHo Ans 6e3BOAHbIX BELeCTB MPOBOro Mpomc-
XOXKAOEeHUs.

C yBennyeHnem Bnarocogep:kaHma no 11 % BHayase OTMEYEeH HEKOTOpbIi PocT Tenso-
nposogHoctn (B npeaenax ot 30 go 60 °C) u 3atem 6bicTpoe cHUXeHue A. Mpu 25 %-Hom Bna-
rocogep»aHun TeNIONPOBOAHOCTb PACTET IMHENHO B COOTBETCTBUM C YBE/IMHEHMEM TEMMEpPaTypbl.

B cnyyae ganbHenwero noBbiWEHMA COoAep)KaHus BnarM (Bbiwe 25 %) TouyKa nnaBAeHMSA
MbI/1 HaXOAUTCA B M3y4aeMblX HaMu TemnepaTypHbIX npegenax, nostomy o¢yHKumo A=f(t)
MOXHO pa3buTb Ha [ABa Yy4acTKa: MNepuos NOCTOSAHHOW CKOPOCTM M3MeHeHUsa KoadduumeHTa
TEnNoNpPoBOAHOCTH, NPOAO/IKAIOWMIACA OT HayanbHON TemnepaTypbl 30 °C 40 TOUKM NaasBneHus —
KpuCTannmsaumm, u nepuvog ybbiBaloWEN CKOPOCTU, HabAogaemMblit Npu TemnepaType Bbilwe
TOYKW NNaBAeHUA.

M3 paHHbIX Tabanupbl cneayeT TakKe, YTO HamMbonblias MHTEHCMBHOCTb POCTa TENIOMNPOBO-
OHOCTU MbI/1 MPUXOAUTCA Ha HayanbHOE YBNAXKHEHWE, MpuyYem A 3aBUCUT OT TeMMepPaTypbl, Npu
KOTOPOI NpoBOAATCA MU3MEPEHUA TennoPU3NYECKUX XapaKTEPUCTUK.

Mpw BnarocogepskaHMM Mbin oT 25 % K Bblle o6bemHana TensoemKocTb (Cp) ¢ nosbl-
WweHMem TemnepaTypbl AMHENHO YBENMYMBAETCA A0 TOYKM MJIAaBNEHUA U 3aTeM CTPemMMUTCA K
NOCTOSHHOM BenuuyMHe. Ansa mbli, cogepxkawmux meHee 11 % Bnaru, ¢yHKuma Cp= f(t) nmHenHa.

BanaHue BnarocogepKaHuUA Mbll Ha OOBEMHYID TENJ0eMKOCTb HEe3aBUCMMO OT TeM-
nepaTypbl MMeeT OAMH U TOT XKe XapakTep. 3HayeHue Cp BO BCeX CAy4asxX MNIaBHO yMeHbLUAeTCs,
CTPEMACb MPU KaxK[oM TemnepaType K CBOeMYy MOCTOAHHOMY 3HAYEHWIO.

Takum obpasom, M3mepeHne TennoPU3NMYECKUX XapaKTEPUCTUK MOKA3ano, YTo npupoaa
MbI/1 HE OKa3bIBAeT peLualolero BO3AenCcTBMA HA TENNOMNPOBOAHOCTb U OOBEMHYIO TEM/IOEMKOCTb.
OcHOBHbIMKM aKTOpamM, BAUAIOWMMU HA TennopuanyecKne XapaKTEPUCTUKU Mbll, ABAAIOTCA
B/lArocogep’KaHve M TemnepaTtypa.
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SUMMARY

THERMOPHYSICAL CHARACTERISTICS OF SOAPS

Siradze M.G., Berdzenishvili I.G., Kukuladze M.V., Medzmariashvili N.G.,

Chkhaidze E.T., Nefaridze N.S. and Dzneladze S.J.

Georgian Technical University

The measurement of thermophysical characteristics in the paper showed, that the nature of soaps does not
have a decisive influence on thermal conductivity and volumetric heat capacity. The main factors affecting the
thermophysical characteristics of soaps are humidity and temperature.

Keywords: thermophysical characteristics, soaps, thermal conductivity, volumetric, heat capacity, humidity,
temperature.
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NPUMEHEHWE X/IONKOJIABCAHOBOW TKAHU NPU ®UNbTPOBAHUMU TMAPUPOBAHHbIX XXUPOB

Cupapgse M.T., Kykynaase M.B., Henapuase H.C., O3Henagse C.Ox., Measmapuawsunm H.T.,
bepaseHnwsunm WU.I., Yxanase E.T.

FPY3UHCKMI1 TEXHUUYECKUIA YHUBEpCUTeT

B nocnegHue roabl B pasfivyHbIX OTPACASAX MULLEBOIN MPOMbIWJIEHHOCTU LMPOKO MCMO/b-
3YIOTCA CUHTETUYECKME GUABbTPOBA/IbHbIE MaTepPMabl, YTO NO3BONAET MHTEHCUOULMPOBATb NpoLLecc
dnnbTpoBaHMA N 06aerYNTb YNCTKY GUAbTP-Npeccos [1]. B Macno-KMpPOBON NPOMbBILNEHHOCTM TaKKe
HaKoMN/JIEH HEKOTOPbIN OMNbIT UX NpUMeHeHua [2,3].

Hanbonee »kectkne TpeboBaHMA K GUAbTPOBA/IbHLIM MATepPUaNam A5 HKUPOBbIX CYCreH3ni
NpPeabABAAIOTCA HA CTaguMW OTAENEHUS TUAPUPOBAHHLIX MKMPOB OT KATa/IM3aTOPHbIX METANNOB,
ABNAIOLLENCA O4HOM U3 CaMbliX TPYAOEMKMX U OTBETCTBEHHbIX onepaunit. Ha Hee pacxoayeTtcsa 6onee
900 TbiC. M XN0N4YaTOBYMaXKHOro 6enbTUHra.

Ona aTolh ctagumn paspaboTaHbl U WMPOKO anpobupoBaHbl HA paae NPeanpUaTUn OTpacau
HOBble MapKuM OGUALTPOBaNbHbLIX MATEPMANOB, B KOTOPbIX /1laBCAaHOBble M X/I0MKOBble BOJIOKHA
COYETAOTCA B PA3/IMYHbIX COOTHOWeEHMUAX (0T 33:67 1o 67:33 %). TemnepaTypHbIi Npesen Ucnoab3o-
BaHWA mx coctasnsaetr 90 —170 °C.

XapaKTepuUCTMKa CMeLaHHOM XN0MNKO/1AaBCAHOBOM TKaHM NO CPaBHEHMIO C X/J0MN4YaTOByMaK-
HbIM 6e/1bTUHIOM NpuBeaeHa B Tabn. 1.

Tabnuua 1. XapaKTepuctmka CMeLlaHHOM X/1I0NKOaBCaHOBOM TKAaHM MO CPABHEHUIO € X/I0NYaTO6ymMaXKHbIM
6enbTUHrOm

CmellaHHas XnonuyatobymakHblii 6eNbTUHT MapoK
MNokasarenun TKaHb ¢ 33%
NaBcaHa o BP-B
mapku TOXN
MosepxHOCTHaA nAoTHocTb (macca 1 m? ) 900£30 910140 880150
TKaHW, r/m?
TonwmHa TKaHU, MM 2,010,1 2,0+0,2 2,010,2
Yucno Hutelh Ha 10 cm
no ocHose 98+2 98+2 98+2
no yTKy 54+2 58+2 58+2
Pa3pbIBHaA Harpyska MNoOJIOCKU TKaHU
pa3smepom 50x200 mm, H (Krc) (He meHee)
no ocHose 2746 (280) 2795 (285) 2157 (220)
no yTKy 1718 (165) 1667 (170) 1373 (140)
YaonvHeHve npu paspbiBe MNONOCKM TKaHMU
pasmepom 50x200 mm, % (He 6bonee)
no ocHoBe 50,0 4045 4245
no yTKy 16,0 10+2 1443
CTpyKTypa Xnonkonasca- Xnonkonasca- CypoBas npsax<ka
HOBaA NPAXKa HOBaA MpAXKa
no ocHoBe 50 TeKc x 84 TeKc x 6 84 Tekc x 6
x 105120 (11,9/6)
B
no yTKy nUnu
84 TeKc x
X 65120
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B HacToslEee Bpems Ha npeanpuaTMa oTpac/am Hapsay ¢ benbTmHrom mapku @ (FTOCT 332-69)
Hayan nocTynaTb HOBasi MapKa TKAHW XapaKTepu3yeTcA MOHWUMKEHHbIMU GU3UKO-MEXAaHUYECKMMM
nokasaTensimm, obycnoBNEHHbIMU U3MEHEHNEM TEXHONOTMM ee NPOM3BOACTBA.

B 4yacTHOCTU, CHUXKEHA NPOBEPXHOCTHAA MNOTHOCTb TKAHW, YXyALWeEH NOoKasaTeslb Pa3pblBHOM
HarpysKwu, 3aBbllleH NoKa3aTesb YA/IMHEHUA NPU Pa3pbiBe NONOCKM TKaHWU. ITO, KaK CBUAETENbCTBYET
ONbIT MNPOMbIWNEHHOCTM, OKA3blBaeT OTPULATENbHOE BAWAHME HAa YUCTOTY GUALTPALUM MKUPOBbLIX
CYCNEH3UIN, CPOK CAYKObl TKAaHW M NPUMBOAMT K 3HAYMTENbHOMY nepepacxody ¢uUNbTPOBASIbHOMO
maTtepwmana.

BeegeHWe B HUTb CMELIAHHOM TKAHM N1aBCAHOBOrO BOMOKHA Ha 20 — 30 % yBennumnBaeT pas-
pbIBHOE yCcuaMe U NoBbIWaeT GU3NKO-MEXaHUYECKME MOKa3aTeNnn HOBOro GpuAbTPOBAIbHOIO maTe-
puana.

YyyweHme aKcnayaTauMoHHbIX CBOMCTB MaTepuana fOCTUraeTca 3a cHeT OTNMMA/IbHOIO 3Ha-
YyeHuA 06BEMHOM NOPUCTOCTU TKaHM (B npeaenax 40 — 45%) 1 COOTHOLLEHUA MEXAY CYMMapPHOW njo-
LWaAblo MOBEPXHOCTHbLIX M CKBO3HbIX NOP B Npeaenax pannoprta nepenneteHna 4 — 6 npu 0,78 — 0,80
CTENeHW 3an0JIHEHMA OCHOBHbIX M YTOYHbIX HUTEWN, COCTOALWMX M3 KOMOMHMPOBaAHHOM nonuadup-
HOX/IONKOBOM NPAXKN C KO3GPULMEHTOM KPYTKKM 21 — 26.

TKaHb oTAnYaeTca 6onblielt TEPMUYECKOW MPOYHOCTLIO M MOBbILWEHHON KUCIOTOCTOMKOCTbHO.
Aaresuvsa ocaZika K TaKMm mMaTepmuanam HUMXKe, YeM K X10N4aToBymMaXKHbIM TKaHAM. Yae/ibHoe NoBepx-
HOCTHOE 3/IEKTPMYECKOE COMPOTMB/AEHWE CMELUAHHbIX TKAHeW 0OblYHO Kosebnetca B npepenax
13 - 10° — 18 - 10° Om npoTus 95 - 108 ana 6enbTUHra, YTo AONYCTUMO ANA pPaboTbl BO B3pblBOONa-
CHbIX Lexax npu cobaogeHnn ycnosumii, NpeasycMoTPEHHbIX NPaBUAAMK TEXHUKM Be3onacHoCTH.

McnbITaHWA cMeLwaHHOM X10NKOAaBCAHOBOM TKaHM NPOBOAMANCH Ha NPEANPUATUAX C Pe3KOo
OT/INYAIOLWMMUCA YCNOBUAMU PUABTPOBAHUA KUPOBbLIX CYCMEH3UI KakK Mo TUMy MCMOJib3yemoro
KaTanmM3aTopa, Tak U No TemnepaType npouecca.

Ta6auua 2. Ycnoeua GpUnbTPOBaHUA XUPOBbIX CYCNeH3ui No TUNY MCNONb3yeMoro KaTtanusaTopa

CopeprKaHue HUKensa, B NULL,EBOM casomace, B Mr/Kr, Npu
NPOAONXKUTENBHOCTU UCNbITAHUIA, C
®dunbTpoBasbHbLI MaTepuan poA VT
1-3 3-5 5-7 7-9
Karanusarop rM-3
XnonkonascaHoBas
TKaHb Mapku TOX/1 35-4,7 42-56 40-52 51-53
benbTUHr MmapoK
® 3,9-5,3
BO-B/1 5'7 7’0 4,7-6,0 6,2—6,8 -
! ! 6,8—9,4 - -
Karanusatop BHUNK - 1
XnonkonascaHoBaA
TKaHb MapKu TdXN 7;9 - 9;4 815 - 10/2 8/8 - 1110 912 - 11;4
benbTUHr mapok
¢ 8,0—10,0 8,9—-11,0 8,5—-10,5 -
bd-BA, 12,6 —13,8 14,1-15,6 - -

®unbTpoBaHME TMAPMPOBAHHDLIX KUPOB OT MOPOLIKOOOPA3HbIX HUKENEBbIX WMAU HUKeb-
MeZHbIX KaTaan3aTtopos ¢ paamepom vactuy, 0,05 — 0,30 MM OCyLLECTBAAIN HA PaMHbIX PUNLTP-Npe-
ccax Npwu ABYXCNOMHOWM 3anpaBKe UX ¢GMAbTPOBaNbHbIM MaTepuanom, gasaeHmn 100 — 200 kMa u
Temnepatype npouecca 130 — 160 °C gns nuwesbix 1 140 — 170 °C gna TexHuyeckux uenen. 06
3¢ EeKTUBHOCTU UCNOIb30BaHMA CMELIAHHOM TKAHW CYyAMM MO CKOPOCTU GUNLTPOBAHMUA, 3a4EPHKMU-
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BaloLEeN CNOCOBHOCTM, ANUTENbHOCTU 3KCNAyaTauMmn, Macno- U KaTaanmsaTopoemKocTu. KoHTponem
CNYXKWUNa ABYXC/IOMHAsA 3amnpaBKa npecca X10n4atobymarkHbim 6enbTUHIoM. Pe3yibTaTbl MCbITaHWUIM
npueeaeHbl B Taba. 2 n 3.

Ta6nuua 3. XapaKTepucTUKa XN0NKONaBCaHOBOW TKaHU

MacnoemKocCTb, Karanusatopoemkoctb, YaenbHbli
®dunbTpoBanbHbI MaTepuan Kr/m? r/m? pacxop, TKaHu,
m/T

XnonKosaBcaHOBAA TKaHb
Mapku TOX/1 0,7510,5 23010 0,315
benbTUHr mapok

(O] 0,910,1 240£10 0,417

bP-b/, 0,91 240110 0,490

Mpon3BoAcTBEHHbIE UCNbITAHMA NOKa3a/iu, YTO CMeLlaHHaA X/10MKo/aBCcaHOBasA TKaHb obe-
cneymbiBeT npeaycmoTpeHHyto OCT 18-262 — 81 n OCT 18-373 — 81 unctoTy PpuabTpaumm ruapu-
POBaHHbIX }KMPOB: OCTAaTOYHOE COAEPKaHMUE HUKeNs He NPeBbIWano

10 mr/Kr B canomacax nuwesoro U 15 mr/Kr TexHuyeckoro HasHavyeHus. CKopocTb GUNbT-
POBaHMA XUPOBbIX CYCMEH3MI Yepes CMeLlaHHY0 TKaHb HaxoAMTCA Ha YPOBHE XN10N4YaTobymMaxKHoro
6enbTuHra. [OANTenbHOCTb 3KCM/yaTaluMuM OMNbITHOM TKaHWM npu cobaogeHuM TemnepaTypHOro
pernma Ha 20 — 40% npeBbIWAET CPOK CAYXKObl KOHTPOJIbHbIX candeToK, UYTo onpeaensieT CoKpa-
LeHWe yaenbHOro pacxoja HOBOro GUALTPOBaAbHOIO MaTepuana. Macio- U KaTannM3aTopoeMKOoCTb
CMELLaHHOM TKaHW HUMKe MO CpaBHEHUIo ¢ BenbTUHrom, 6i1arogaps Yemy HECKONbKO COKpallatoTcA
notepu xupa (Ha 0,123 Kr/1) n KaTanmsatopa (Ha 0,02 Kr/T) B npouecce ¢UAbLTPOBAHUA. XIOMNKO-
NlaBCaHOBasA TKaHb XOPOLIO PeXKeTca M 3akpennsetca Ha nautax. OcagoK Nerko yaanaertca ¢ oTpa-
6oTasluei candeTkn mexaHU4eckMm cnocobom.
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SUMMARY

USING COTTON-LAVSAN CLOTH FOR FILTRATION OF HYDRATED OILS

Siradze M.G., Kukuladze M.V., Neparidze N.S., Dzneladze S. J., Medzmariashvili N.G.,

Berdzenishvili I.G. and Chkhaidze E.T.

Georgian Technical University

It is shown in the work that mixed cotton-lavsan cloth provides clearness of hydrated oils considered by
OCT 18-262—-81 and OCT 18-373 — 81: composition of nickel remnant does not exceed 10 mg/kg food and 15
mg/kg for fats and oils of technical purpose. The filtration speed of fatty suspension is cotton belting level in
case of test mixed cloths.

Keywords: Mixed, cotton-lavsan, cloth, hydrated oils, nickel remnant, food and fats, technical purpose,
filtration speed, suspension, cotton belting.
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XUMMUYECKAA YCTONYNBOCTb CTEK/IA MAPOIOMEPHbIX ®/IAKOHOB

Cupapse M.T., Kykynaase M.B., bepasennwsunu U.I., Henapupgse H.C., Megamapuawsunu H.T.,
Yxaunpse E.T., [3Henaase C.OxX.

FPY3UHCKMI1 TEXHUUYECKUIA YHUBEpCUTeT

[yxn 1 0feKoIoHbl COrNacHO CTaHAapTy NpeacTaBasloT coboli ogHopoAHble Npo3payHble
»}uakoctu [1].

Hannuve ocagkoB B napdomepHbIX KUAKOCTAX YXyAWaeT BHEWHWH BUA TOBApPHOM
npoaykumm. OQHOM M3 BO3MOXHbIX MPUUYNH NOABAEHUA OCAAKOB B AyXaX M OAEKO/IOHAxX ABNAETCA
XMMUYECKoe B3aummoaeicTene napdromepHbIX MUAKOCTEM CO CTekNom ¢nakoHOB. B npakTuke
JINKEPO-BOAOYHON MPOMbILLIEHHOCTU OOHapY*KMBANOCb BO3AENCTBME CTEKNOTapbl Ha MOSBAEHUE
0CaKOB B BbIMYyCKAeMOM NPoayKUUMN.

Uenbto Hawen paboTbl 6GbINO UCCAefOBAHUE BAUAHUA XMMWUYECKON YCTOMYMBOCTM CTEK/a
napgromepHbIX GaakoHax Ha NOSB/IeHWE OCaZKOB B AyXaX U 04eKa/loHax.

XMmMmUYecKkaa yCTOMYMBOCTb — 3TO COMPOTUBAAEMOCTb CTEK/Ja BO3AEWCTBUIO Pa3NMYHbIX
arpeccuBHbIx cped. OHa 3aBUCUT OT psAda paKTOPOB: CcocTaBa CTeKna, NPUpoabl BO3AencTByloLLei
cpefbl, TemnepaTtypbl, MEXaHWMYECKOro BO3eliCTBUA, COCTOAHMUA NOBepXHOCTU U Ap. [2].

Ctekno napdiomepHbIX ¢GAaKOHOB OTHOCUMTCA K CUAMKATHbIM UM B OCHOBHOM UMmeeT
cnepyrowmii xumunueckuii coctas: Na,O - CaO- 6Si0, . Kpome Toro, B cocTas cTek/1a MOTYT BXOAWTb

B Pa3/IMUHbIX COOTHOLLEHUAX OKUCAbI Kanua, bopa, »enesa, aNlOMUHMA, MarHua, MUKpoaobasKu
KobanbTa, cenexa.

XMMUYecKaa CTOMKOCTb CUM/IMKATHbIX CTEKOJ1 3aBUCUT rNaBHbIM 06pasom OT cogeprkaHus B
CTEKNe KpemHe3ema (SiOZ) M OKMCNOB LIEMIOYHbIX MEeTansioB. YCTOMUYMBOCTb CTEKNA KO BCEM

peareHTaM MOBbILWAETCA C POCTOM COAEpPXKaHWA KpemHe3emMa M CHUMXKAEeTCA C YBeJMYeHUem
KOZIMYEeCTBA OKMC/IOB LWLENOYHbIX MeTanN0B 3a cyeT Anddy3nm LWenouHbIX MOHOB U3 CTEKNA B PacTBOP.

MpaKkTMKa pPaboTbl CTEKOJIbHbIX 33aBOAOB MOKA3asa, YTO XMMMUYECKM YCTOMYMBOE CTEK/IO
OOJ/IKHO conepraTb He 6onee 16,5 % OKMCNOB LLEIOYHbIX METaAN0B. ITO NOATBEPKAEHO U HAMM Ha
OCHOBAHMM aHanM3a cTekna napodromepHbix GNAKOHOB, BbiNycKaembix Bo PpaHumm, TOP, Nonble,
bonrapumn, kotopoe cogepano ot 12 no 16 % okucnos.

MpoBefeHHbI HaMW aHanM3 pPeLenTypHOro cocTaBa CTekna napdromepHbix ¢GIaKOHOB,
NPOU3BOAUMBIX CTEKOJIbHbIMW 3aBOAAMM CTPaHbl, MOKAa3aa, YTO CyMMapHOEe CoAeprKaHMe OKUC/IOoB
HATPWA U KanuA B CTEK/IE PaBHO MaM NpesbliwaeT 16,5%.

[Onsa XapaKTepUCTUKM YCTOMUMBOCTU CTKNA NapdromepHbIX $NaKOHOB MOMKHO MCNOAb30BaTb
dopmyny

A =(Na,O + K,O + MgO) — (Fe, O, + Al,O,).

rae A — nokasartens ycronumsoctu; Na,O, K,O, MgO, Fe,0,, Al,O, — maccosas gons okucnos, %.
Crekno, umetowee 3HadeHne A<16,5, oTHOCUTCA K XMMUUECKM YCTOMUMBOMY; MNpM
sHavyenmn A >18,0 crekno TpyaHo ybepeub oT Bbiwenaumsanma [3].

PaccunTaHHble MO nNpuBeAeHHOW Bbiwe ¢GOpMy/se 3HAYEeHUA MoKasaTeNA YCTOMYMBOCTU
napdromepHbIX GJIAKOHOB COOTBETCTBOBAN MOJIYYEHHBIM HAaMM 3KCMEPUMEHTA/IbHbIM LAHHbIM.
HecTolMKMMM OKasanucb GpaakoHbl MOKasaTeNb YCTOMUMBOCTM KoTopbix coctasnano: (A =19,75),
(A=195), (A=19), (A=18,7)n (A=17,0).

ANnA n3y4eHUs BAMAHMA XMMWUYECKOM YCTOMUYMBOCTM CTekna ¢(G1aKOHOB Ha BO3MOMKHOCTb
NOsB/IEHUA OCaZKOB B MAapGIOMEpPHbIX XKUAKOCTAX Obln BblbpaHbl (G1AaKOHbI, U3rOTOB/IEHHbIE W3
CTEK/1a Pa3HOro XMMMWYECKOro COCTaBa. B HUX UCMbITbIBA/IMCh TE COPTA AYXOB, NPU XPAaHEHMU KOTOPbIX
OTMEYa/IMCb C/ly4an NosBaeHUsA ocagkos (0bpasubl 1—12).
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[na cpaBHeHUA Ayxu pa3nnBasM B KBapLeBylo nocyay (Keapuesoe cTekno cogeput 100%
Si0O,). O6pasubl xpaHWAM B TEMHOTE MpU KOMHATHOM Temnepatype. Mepuoanyeckn Kayectso
napdrOMepHbIX KUAKOCTEN NPOBEPAIM HA NPO3PAYHOCTb M onpeaensnu 3Hadenme PH . Pesynbratbl
HabogeHU NpuBeaeHbl B Tabanue.

KauecTso napgomepHbIX }KUAKOCTEN NPU XpaHEHUU

MaccoBasa gonsa 3HaueHuna 3HaueHua pH*
HanmeHoBaHue OKUC/IOB METaN/I0B B noKasartens
cTeKne napgpomepHbiX | yctoiiunsocTu (A) UcxoaHbIe yepes 6 mec.
dnakoHoB, % XpaHeHus
O6pasey, 1 15,5 141 5,75
O6pasel, 2 16,5 5,50 5,83
O6pasel 3 17,3 17,4 6,20
188
KsapueBasn 5,50
nocyaa o
O6paseu 4 16,5 5,70 5,96
O6paseun 5 17,3 17,4 6,36**
188
KeapueBasa _ 5,70
nocyaa
O6paseL 6 16,5 6,65 6,95
O6pasel, 7 17,3 17’3} 7,10%*
18,7
KeapueBasn 6,70
nocyaa _
O6paseL 8 16,5 174 5,50
O6paszey 9 17,3 ! 5,20 5,80
Ksapuesan 18,8} 5,35
nocyaa _
O6paseu 10 15,5 141 5,60
O6pasey, 11 16,5 ! 5,60 5,75
O6pasel, 12 17,3 17,4 6,18%*
KsapueBas 18,8 5,60
nocyaa

* CpedHue (u3 decamu ¢pnakoHoe) daHHbie 3HayeHuli pH u susyanvHbix HabawoeHull.
** B amux cayvasx e dyXax nosaeunucs ocadxu.

KaK BUAHO U3 AaHHbIX TabanLbl, NPU XPAaHEHUWN UCMBITAHHbIX AyXOB CTEKN0 GNAKOHOB BbILLe-
NauMBaeTca, 0 YeM CBMAETENbCTBYET yBenudeHue 3Hadennii PH  ayxos. Mpu atom Hanbonbluve
n3meHeHua 3HayeHnin PH oTmeueHbl Npu xpaHeHWM AyxoB BO dakOHaX C MNOBLIWEHHbIM COAEp-
YKAaHMEM OKUC/IOB LWEN0YHbIX METaNoB.

B c/lydae XxpaHeHMA Ayx0B B KBapLEBOM NocyAe BeMUMHbI MX 3HauyeHnin PH npaktuuecku He
M3MEHWNNCb. B OTAENbHbIX CAy4aax B3aMMOAENCTBME CTeKna GpaaKoOHOB C NapproMepHbIMU KUA-
KOCTAMM MPUBOANIO K NOABAEHUIO OCAAKOB B AyXaX.

[na BbIACHEHMA BO34ENCTBMA OTAENbHbIX KOMMOHEHTOB Map@OMEpHbIX XUAKOCTEN Ha
cTeKkno ¢p1akoHOB OblM NpoBeAEeHbl UCCNEL0BaHUA C UHANBUAYAbHBIMU AYLWINCTbIMU BELLECTBaMM,
3OMpPHBIMM MacnaMM, KOMNO3NLUAMKM — Bazamm, STUNOBLIM CNMPTOM, BOAON. [lylinCTble BelLecTBa B
Buae 1%- n 10%-Horo cnnpToBbLIX PAcCTBOPOB, STU/IOBLIN CAMPT KpenocTbto 96,2°, BOAONPOBOAHASA U
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ONCTUNANPOBAHHAA BOAA Pa3/IMBAIMCh B KBapLLEBYIO Nocyay M BO GpaKOHbI, CTEKIO KOTOPbLIX MMENO
Pa3IMYHbIA XMMUYECKUIN COCTaB.

Bblnn nposepeHbl cneaylowme 3dUpHble Macna M AylwucTble BelecTBa: b6epramoTHoOE,
anesbCMHOBOE, Mayy/IMEBOE, KOPUYHOE, WNAHT-UIaHTOBOE, BETUBEPOBOE, KOPMAHALPOBOE Mac/a;
CTUPAKC CMOJIa, UPanuA, KYMapUH, MyCKyC ambpoBbIi, N30aMUACaNNLMAAT, METUANOHOH, AU3TUNGD-
TanaT, AMHANMAALETAT, BAHUAWH, TMAPOOKCULIUTPOHENNANb.

Mog BAMAHMEM 3TUAOBOIO CNUpPTA NPOUCXOAWMAO BbllenaunBaHue ctekna ¢aakoHos. MNpu
3TOM 3Ha4vyeHuAa pH yseanumauce ot 7,0 go 9,6.

Mpy XxpaHeHWW BOAOMPOBOAHOW W AUCTUANMPOBAHHOW BOAblI B MapprOMepHbIX ¢akoHaX
NOABM/IUCb OCaZKM B BUAE XNOMbEB, YEWYEK W MAeHOK. 3HaYeHuA pH 3HauMTeNbHO BO3pOCAM, A
nocne noABAEHUA KONNOUAHbIX OCAAKOB CTa/IM YMEHbLUATLCA 33 cHeT 06pa3oBaHMA rens KpeMHeBOoW
KMCNOTbI, CHUMKAIOLLETO LLLE/IOYHOCTb PacTBOpa.

B KBapueBbix Kosbax B TeyeHMe BCEro BPEMEHM XpaHeHus 3HavyeHuA pH ocTaBanucb
61M3KMMU K UCXOL4HbBIM M OCafKWN HE BbiNaaanu.

Takum 06pasom, Kak AyxW, TaK U OTAENbHble MX KOMMOHEHTbl B TOM WAW WHOU mepe
B3aMMOAEMNCTBYIOT CO CTEKIOM (HJIAKOHOB, YTO MOXKET NPUBOAMUTbL K MOABIEHUIO 0CaAKOB B napdto-
MePHbIX }KNAKOCTSAX.

Mbl U3y4nIM TaKkKe BAMAHME TEMMEPATypPbl U MEXAHUYECKOrO BO3AENCTBUA HA XMMMYECKYHO
YCTOMYMBOCTb CTeKna napdromepHbix GNaKOHOB. M3BECTHO, YTO paspylleHMe CTeKkna AtobbiM peak-
TMBOM Npu TemnepaTtype Ao 100 °C yckopseTca B 1,5 — 2,5 pasa npu nosbiweHUU TemnepaTypbl Ha 10°.
Kpome Toro, ABMKYLLAACA *KUAKOCTb CU/IbHEE PA3PYLLAET CTEK/O, YEM B CMIOKOMHOM COCTOSIHUM [2].

Bo3geicTBue TemnepaTypbl Ha BbilefavymMBaHne CTekAa $paKoOHOB NPOBEPANOCh A5 AyXOB
(06pasubl 1 —3) npu 30, 40 u 50°C.

HabnoaeHua 3a obpasuamm 3Tux AyxoB nokasanu, 4to npu 30°C 3HayeHus pH nameHsatoTcs
yepe3 3 mec, a 3TO B ABa pas3a ObicTpee, YeM NpuM KOMHaTHOM Temnepatype. Mpun 40 °C atoT
nokasaTtesb M3MeHuACcA yxe Yepe3 1,5 — 2 mec. MexaHnyeckoe Bo3AencTBUE (BCTPAXMBaAHME) He
OKa3blBAeT 3aMETHOTO BAUAHMA HA U3SMEHEHNE XMMMUYECKOM YCTOMYMBOCTU CTEKNA (IaKOHOB.

Takum 06pasom, YCTAHOBNEHO, 4YTO XMMWYECKAs HEeyCTOMYMBOCTb CTeKna ¢GaKoHOB,
CBA3aHHasA C ero COCTaBOM, MOXET B/IMATb HA KayecTBO NappOMeEpPHbIX KUAKOCTEN NPU XPaHEHUN,
BbI3blBaA MOABAEHME B HUX 0CaAKOB. Kpome TOro, ¢ NoBbllEeHNMEM TeMMepaTypbl NpoLecc Bbilena-
UMBaAHMA CTeKNa GIAKOHOB 3HAYMTENbHO YCKopseTca. B cBA3M ¢ 3aTUM Heobxoammo paspaboTtaTtb
cnocobbl, NOBbIWAKLLNE XMMUYECKYIO YCTOMUYMBOCTb NAapprOMEPHOI CTEKIOTapbI.
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1. TOCT 17237 —71. «Ayxu». — M.: TocyaapcTBeHHbI KOMUTET cTaHaapToB CoseTa Munuctpos CCCP, 1974.
2. Cnpaso4Huk «Ctekno»/noa. pea. B.H. MasaywkuHa. — M.: Ctpoiusaar, 1973.
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SUMMARY

CHEMICAL STABILITY OF PERFUME TEST-TUBE GLASS

Siradze M.G., Kukuladze M.V., Berdzenishvili I.G., Neparidze N.S., Medzmariashvili N.G.,

Chkhaidze E.T. and Dzneladze S.J.

Georgian Technical University

Thus, it is determined that the chemical stability of test-tube glass depends on its composition which may affect
the quality of perfume solutions when stored, caused by their precipitation. Coming out of this it is necessary
to process the methods that will improve the chemical stability of perfume glass and containers.

Keywords: chemical stability, test-tube glass, parfume solutions, storing, precipitation, methods, parfume
glass, containers.
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dogoMmo y3zgamab ¢g3bmmmgans cmoxzmal sbsdosGom
om3gmay 9.9., byEnd3znmo M.s., dbgmady b.x., bmfMas J.3.
LajomozgammU &ajbn3nMma bagzgxmLoGgdn

Lodomm3zgmmmdn  y3gamb, 8maggblgbgdom, mbbm3zsmo @MMNESL  sHoMmImgdbyb.
omydeg dmmHaymoas y3gmob sdbsgdnl dMo3zsmo GMmonionmo @gdbmmmmans, Mog h3gbn
939460l IMo3oma3ghm3zsbn MgmMNInBNEsb s 3nmbggdnesb dmdnbofmgmol. dgbodsdnbog
y39ms 390bal y3gmo godmmhgymos s30L0 nghmbsboms s Laggdm3bm dsbslbosogdmgdoo.

h396 G0gf d70103537301Mm0 BogoMmo y3gmal Badbmmmgaons sbemmb cogols 3mamobnymo,
qLGmMbyMa, 3MLEGMMTYMO s o.9. ogoMmn y3zgaal bobymdgdmMsb. smbndbyma Asdmbsm3smal
dogn3aol x39MdgbBnon dogomn y3gmadal odbBogdol osmbo 8gmMg gogbymgdol odsmn
®97839Ms& Mmoo gobobobmsmgds [1,2].

0907905370110m0 dogomn y3gmol odBagdal Bgdbmmmmans moxrmMAl LbsdsE N
sbosmn LoBy3zs 0946505 Abmazmomlb dAmbLsbgmooboc3nl, MmAgmgdong sbasgmo bLoggdmszbm
030b70700L ds@omyxdgmMo 3Mmeni&godnl dncdn3 dnjdsdns.

3085M0 y33a0ol EsdBogdnl GaJbmmmansdn obsds@oc godmygbgdymos Ladgagmy-
anmb My30mbnsb dmHmemadnmo dnb3zmal ;msxmo.

ooxmab 3330000 M0oMgonmMgosbg o dab NbogomnMmosty 330 smofm go3s5dsb-
300M7000 YyyMmomadsl. ndmsmme 30@y300, Mmad dnb d705876emmosdn (Foybyazsc Lagmom
dogmal Bomamo 3hmEgbE&mo d70508306emmonLs,=80%) 300-0cg 9M3sb67000Ls856 dofgymsco
8obLb3o37301mMm0 3MA33mbyb&o dgnl. oo dmMmal godmszsmhgzcno 30@s30bg0L, BobgMmomnyMm
6030009M7070L, o30LbYBRSM 530bMBx5370L, F0EMMM3306 S sMoENMM356 Bogmmgol (doMmo-
05s© BRgMI7bE00L Lobnm) s 5.0. [3,4].

3o85M0 y3gmo H376 dmbals Mdobogeb o3s3bBoym. sdBagdabsl, 30M33em Mogdo,
d9390m{3g0n domadnma Mdabs s moxmal d7050g76mmmds (0mbsgdgdn dm@Esbomos gbm. 1
s 2-30):

3bMmogmo 1. dmbaol Mdob JodoMmo 313500376 MoOS

Mmdob 3785003360mmMdS MomegbmdMnzn 3sh3760my00
ddMmago bnzonngMydgodn, % 12,44
fyomn,% 87,56
30mMo,% 3,32
3b080,% 3,81
d0bgMmamyMmo bo3zmngmydgdo, % 0,72
Mdob dodomn,% 4,78

gbMmago 2. bLudgxamammmb Moombol dnb3zmol Mmoxzmabl Jodonmo d7x350376mMmMoS

0noxzmob 33050336emmos MmomybmdMo3zn dsh37690amd0
ddmsmo bn3zonnymyogon, % 82,88
Loghorm dogdofmn,% 82,15
30, % 0,31
30&058060 C (33 100 3-B7) 0,52
Pyomo,% 17,12
dobgmomymo bazonngmydgon, % 0,42




LSISANIIRN bS06IN63() LOSELI6N, GEORGIAN ENGINEERING NEWS, Ne2, 2024 95

MmmgmMy 36go300, Mdgd o CvBMTs Ess3doymxzoms domby Hoygbydnma bLESL-
MG 0o gom3smabfnbgdymn dmombm3bgydn s h396 873970 dogomo y3zgamol sdbBogdsl.

50535370000 AM3BogdYmMn  LB3S y3gamadobogob aoblLb3szgonm, hH336 cmoxmo
33LEgMnBgOYM s BmMIsmaBgdNm Mdgdn 8730E3670. 9737 MBS 5MNb0dbML ol goMmydmadsg,
MM 35LEIM0BIOS N3BMLSE As3nEMgm 70 °C-B7 o 8783 go3sgMmommgm 40 °C-8cog. y33moals
0m3Bogxdnbsl gme gsdm3nygbgo odosmoynmo oMol Calza Clemente 3dMmomn jEm
CLCDVTO1, bmmm 33300 ndsmoyma fomdmydol ggmdgb@o doghm3mgMmagn. Bsgsfmo y3gmab
®396mmmaonmo bJgds dm@sbomos bobsbby.

| ®dob doepds, A3BeaFasds |
v
35bA)HoDIDS w{sm@w

== aaaai.s prypep—r ]’—{ mWroooh |

{ CaCl:

v
Aok mm"@"“mm" | coapemob 2agboemds |

l

{34035a00b dob. ) 5 " BBogds - @O

By ggemob gmGdotnds
v

8390k B3I 330D

’

83063 @o abIemyds
(43445 °C)

!
QOGHRRI
(R3Lb3on)

'
®zomEifbybas
(30 )

.
@IFOEs (2 ben)
v

430emob S3Goemfyendo (bgSob SxHomo) Sexnghods
(345 @)
v

<

v
2600hgs. Fygn®3d. dndFouyds

®Iyem

~—— w/—

Ao

3535M0 y33mob sdBaxo0lL &gJbmmmans csxzmal sbsds@om
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3bMoamo 3. dogoMmo yzgaab dobabnogdmgdn msxzmal sbsds@&nom

Ne y330mob dobosbooogdgdn 930093300

1 0453050mos, pH 5,4

2 &26056moy, % 49,2

3 ddMmogno bodon, % 50,8

4 g0y, % 20,06

4 30390060 C (83 100 3-B63) 0,12

5 dogmnsbmoy, % 4,14

6 dsmomo, % 3.64

7 3608056moS % 22,96

8 &aJbBMs Mmoo, JemabiGoymo, Mdomo Jghdoo.
bobgmdmonzn dmahoxzgonl 3383 - 3&3Mg39000.

9 09Mbsby m0s dmyznomsmm, domdsthoanmbgdmo yznmymo

hobomongdom
10 Loagxdm3bm dobsbinomgdgdo y39m0obom30L EsdsbobNoMYdgMO S MdBmMOL Lobnsdm3bm
Stmads@n bo@omb goMmgdy

h396 8730379053900 Bogomn y3gmal sdBoldnl GaJbmmmgns MoBMOL Esbsds@om,
d03000900 baGyMmomymo 3mmenddn bamm3zbnmo ©sbsds@gdal gomady o dsbdn dogbnds-
MmOy 8760MANBIdmMO y3gmbs o moxmdn sMmLJdYmo 3089006500 o LB3s LobsM-
830mm bo3mngMmgadgdn (sbM.3). og3b BoMmdomaammbgdymo ngMmboby coxmal dmyszncmsmm
0533900l Asbsmmgdnm, mMmasbmmgd@nsnmoe Homdmomagbl ggdmogmm 3MmenddL Lbods-
omb gomgdyg, dogMmod 9706036708 ool Ldbnsdm3bm AbNdYJo shmBs@n. s3sLdb, Moxals
domomo sbE0mgbosbEmoal godm y3zgma nbsbgds 633Mms Yxi3mm oo 3ghomeam (5 300
030), 3007 sMLdPMN &3JbmemMagng000 E83BSIONE0 Fogsmn y3zgmaodon.
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SUMMARY

COOL CHEESE TECHNOLOGY WITH HONEY ADDITIVE

Bokeria A.Sh., Khutsishvili R.A., Dzneladze S.J. and Sordia E.K.

Georgian Technical University

We have developed a cool cheese-making technology with a natural honey additive. As a result, we got both a
healthy product and enriched it with organoleptic characteristics. However, due to the high antioxidant content
of honey, the cheese is stored for a longer period of time (five months longer) than cold cheeses made with
conventional technology.

Keywords: milk, cool cheese, honey, natural product, technology.
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dbasgmn Md334930 3Mmeyi@ 0 3-fmbo maxgzmom

om3gMmoy ».0.

LajomozgemmU &ajbn3nMma bagzgxmLoGgdn

mdol 3MmeEnd@gool ©odBogdal osbosma  Ggdbmanmagngdals dgdnde3xds  dg@oc
SJ&MomyMmn 0g8ss bmxzmamlb Bmbsbemgmdnbsm3al. 0ebsdgmmsy dmabasmydymmsm3anls
0600369am35605 3MmeEd@adal dogds sbosgmo bLoggdm3bm Tobsbnocgdmgydnm, MmImMmIdNs
01b70M030 s 3M LNBbMYBNMN EIBITEJONMY godnMmydnma.

3ohmbo Jomomymo Mdy8153s 3Mmeyd@ns, MmIgmog s6&039M0 Bsbnsb 3BsgdmM©s
Lagomm3zgammdn. 0gn 2020 Hemnsb sMmsds@ymosenymo 3ymEnmymo 8383300Mamdal dygmo
07465 sm0oMmgdyma LogoMmom3zgmmb Jam&ymymo 9383300MgMdNL o330l JMm3bymao bosgyb-
&mb dogbn [1].

3ohmbo Logdomm3zgmmb LsBM3MaOL goMmgmog 8g@o 3Mm3Ymamymons (33MM3s, 033Mbny
©s 6.0.), Mog BGobn bLoggdmszbm dobsbnoscgdmMadoms o 33300000 MOMYONM]ON; gobabo-
Bm3Myds. 858.: dMmbal Mdobogeb adBagxdymn 85H360L 33300000 aMIOYMIOS 54 335-00L
foMmOmacggbl, My gobdnmmodgdymas dsbdn 338535 30aMxd00, 360350000 (BoEEIdS 360a-
dmybgmo Mdom), bobdomfHymgdom, 30&s80b3000, B0bgmommyma BozmngMmgdgdom, mibsmo
dozmmmmasbnbdgdnom, MmMBmMgdnE sxdnmse B30mJdggol ssdnsbal mmasbnbdby [2].

Jomommao 9sfmbo domomoo dhmbol Mdobogeb dbsgds, dsgmsd Hh3gbn J33ybals
Ma0mb0d0 3oL 3003hal, bl s nd3nsmoce 363MaL Mdobgsbos s3Bogog6 [3].

0593606 ym3gmo sbagno 3oMmGns, mysbgodn, @Mmomogoymom Hobs 3smEoal 85§360L
890mygbgdnom, Mdyaxs3s dod&aMonmaon d@s87300Logsb dgdasmmn ymmn dbsgds cmydw),
M3 8968530MmM0707mM0 BadEMMs ¥o330L NHY373BMONLS Yd33Mabn Mmnsb [4].

35§360L AMIBaEgd0l GManEonmo dgomeo PE3mImo bybomos dg8mMmhgbogmo omyad-
©7: FnMmggmado 3015317096 ML (Essbanmgdnm 1/2 e Mdaby 1 A. 3m3bo 8ofmbn), sBo37096
X9 8gnMmy BmEnmmds Md7d0 s 87893 98537076 Mmdnm MdglL (35 °C), ¥MJ396 s Mv3IbY-
My Fymggmb domoE BNmMs336. bLoomdomdo d7gadal 3MmEaLll Modgbndy Loson FoMm-
0900. 9737 16s 3nbndbmb nb Bod@&nE, Mm3d Md781535 Mmool HomBsmmznbomzal (85H360L
d7eq300Lbom3al) d78cgshn gem dbmeme Jomorymao Gomdmamonl Mdydgs3s dogBIMomn
dBo0700Logsb YbS nymb Ammadmo [4].

h396L dogf Bofmbdn obodsdo godmygbydym 0gdbs LogoMmmszganmdo, LadgaMmgmmb
Mognmbdn bsohomAmgdn B0ob3zmaol moymon, Mmdgmog, dgodmgds 0mJ3sl, sh3momgdom
d330LHs3mgon.

3594300l (gen3mbs,LodotmBs, domEHmbs, mmogmbojsmngdn s o.9.) Bomoman d90-
3390mmo0b (75 — 85 %) 8o07bgs3s, Mmoo Nbnzsmmyma 3Mmendd&ns, Mebys 03@Y33madL dob
d9050876emmosdn 3705350, 3330560l ¥5b68MmMgmmosB) omidomse dmgjdywn 200-8)
6030009M70s. Moo densMmns 30&s30b5000, BnbgmaommyMmo BozmngMmydldom, 30eMJON0 S
5.0. Lodgaghgmmlb  Moombosb dmHmeEadnma moxzmal  dobobnocgdmgdn  dmEsbomons
gbMogndo.

33mM33900 AsBomgdnm 0gbs sgMmgmsy dmmbol Mdyby, Mmdmabasbsy dxdndszgdonmao
&3746mmmmannm sdbos 3sfmbo cmoxmab sds@godno.
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0oz ol Jodoymo 870s0g1banmods

J0doymo 3g0s0376eMmods Momabmodmo3zn doh376500mgd0
dogomo (bLogMhoim) 79,9%
&96056m0y 17,95 %
9dmomo bnzmngMyogdo 82,05%
3o 1,8%
sMaE3omMm3360 sBMEM3560 0,35%
bogMmmydn
Bmangmonn dnbymomyMmo 6030109Mxd700L LoByomm 3603365mmmd., 33/1005
35emondo 32
3060 778
3oamiomdo 14
om0 1,9
bo®Mmoydo 9,3
Bmbxzmmo 18
Lb3ngmybdo 51,3
Jonmfo 17,3
ds8b0m00 3
BEGHMMo 95
3089906900, 93/33
B1 0,38
Bs 0,92
B2 0,42
C 34,1
PP 0,98
Bmanghmoo ;s30byBsmMO 5306M34935L 373(3390mMmMdY, 33%
3mnbo 17,4
o0fgmbobo 43,0
omosbnbo 2,8
35aMm0b0 3,8
d7000mbnbo 7,2
mgognbo 1,9

tdglb xob6dmomgmmmonl ogom gmajbomb YHmegogb, Mmdgmdog LEMMoE sMmal ods-
blLydmn dobdn dgdszsmon bBozmngMadgdon: nmadon, babdoMmfymado (mod@mbs), 3bndgon,
30®0006700, nbgmomyMmo bo3zcnngmMyxdgdn, sbEnbbgymgdn s bb3s boghogdn. Mdob dohomo
3oLl 30 Hyoamo Homdmoagbl (85,5 — 89,5%). 5337 8306y smM36086mm, Mmd Mdol gogmob
d9690580 dmbofoamg 18 380b6mM315350056 M3 dgni3emamns (100 3 Mdgydo: engosnbo — 283 Jg,
anobBobo — 261 93, 30mnbo — 191 33, oBmgosnbo — 189 03, }Ibomomsbnbo — 175 Jg,
0fgmbnbo — 153 83, dgornmbobo — 83 33, BMma3@ma3sbn — 50 3g).

05930600 obodboadme gsdm3znygbgon dimbals Mdy gbndnsbmdno 3,80%.

059360l AMABogd0L Bajbmmmaanma LJgds Bl ESLsFsG N FMEsbamoas bobsb-
b9:
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Gdob Bopds, Aefagds

Gdob byStotie/
befHdammobyds
| / = 40+45 °C
dabdgoDgda
£=92:96 °C, AT =35 §m
\ 3mdnagbobomgds

t=60+63°C. P=15+17 dads

30G0I0S
t=40°C
l magemob SaldgHoByds
Adobs @> mogmob =70 °C, AT=3+5%d
G5 g6306 500 l
onaogrmnl adadgbs magemob izMommgds

1. Adols Aacapgbrbol 7% =40 *C
2. Bdol fargogBedol 10%

"
demfg3zs
AT=15Fm

l

Badembbds @s

0Bk GE0 B3NGB
t=45°C, T=4:5 Lo

|

s gogafido gagogs
t=2:4°C

35fmbo moxzmom - $3jbmaenmgonmo bjgds

09BmM0 7 ©s 10 %-0b MomEgbmdnm s335@s Mdal MamEgbmdslosb dndsmogdsdo.
mMmo3g 97006373590 05§360L LoEIOM ESOSMSBLYONMNS s dnlo dMmBAsMyds dgydmoscn
Lb3oILB3Y O35 700L dJmbg, docn dmMal ENBIBN B335 S80S0 70L, Moasb
0ox3mdn dg8s35emn BogdMmadn (domomon: gamnimbs, MNIEMBs) Lobbemdn dmbzgemalsl
doMmBn35 goMmmongddbgds 9bgMmans admal dxgase, dgbsdsdnlbo dogmol AmTs@gds o
s3Mm330s Lobbemdo oM dodabsMmgmol. coBmo oM 8703930 JmmabBgmmmb. csxrmdo
dg0s35m0 ghmdol dgnman Momegbmos 30 s0d&0MadL 3ndd33ds xnoMm335mb s sdanngfmgdl
obyamobob (G030l 0s0g@0L mml) dmgdgegosl. 9337 ¥6®s sMNbndbml Mmool domadal
benmdnMmgdnl Rogd@mmn, — dobo F0gds ENSOIGHNM ©S335JONMYONLIM30L ENd3707MONY
m3-msdaol gobdszmmodsdn 5 a-Bg (1 h.3) 93&0. 9381n3s330nma Bgdbmmmanoo 3s§mban
305®)7309mM0 B0 SMbndbnm bmMAgdL oM SMgds@gds, dno 1dgxdal, Mdgdo gobLbomo
0oxmao 35§mbdn sbgdymo Mdjd1035 d33&IM0go0l BadmJdgegdnm 30073 PBMM S3NMSE
7939007050705 sdmsL [5].
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d0mgodnmon 3mmeyddn dshmbo moxzmom Gjdbmemmans gsdmmhgnmas 0o, Mmd
005BMOL 3353708 dMo 3Bs Fsfmbby 808nbsmgmol, shmsdge sbsmo 3Mmeng@&ol dmbLod-
Bogoms Hnbobfom moxrmasthmgymono Mdy godmaygbgds, MoE OIONM do3emabsl sbgbl
Mmmgmmg dob Loggdmzbm BobobonsmgomydbBy (Fsfmbo godmazns Bmdngmo B300ma Msx3enals
LabNOdM3bm smds@nm), aby 093336 MoxMdn sMbgdYmMo 30&530b7300Ls 07 LB3S MoMmydymo
603009M70700L LMYMOE gosLzmsl s goblbsl dsHmbdn, Mdals s moxrmdn d78535e0
500b6m315390000 LoboyBaMmydnMo FoaMgdol BMo3omMa3smmodsl s dolbo 333000m0 MofMydy-
@00l gobMmasl. 53sLmMsb, Es3s@IONMN noxzmMab Sb6ENMILNnESbE M n30L7dg00lL bofmyby,
s3bBogomo ds§H360L 30Ma0LNSBMONL 35005 10 CMNo NBMEYO..

wodamsGnmo

1. LagoMmo3zammb JymEMnmo 9393300MIMdOL oE30L ghm3byma LosgdbE&mL gabaMmamyMmo omygd-
AmMal dMdsbyds Ne 02/49 2020 fanob 22 n3mobo, J9mEGnmymo 8783300Mgmonl ;m3smbsBMmabno mo-
M301Mm0 Mdn7xd&0Lm30L sMeds@gmascmymo 3ym@nmymo 373330MImMoal dygamal LGsGYLol dobagg-
00l dgbobgo.

2. o. bamobndznmo, ©. 330Mnzsd3znma. Mdobs s Mdal 3Mmeyd@&goal &gjbmemans. cdomabon, 2010.
322 33.

3. 0dy01535 3Mmnd&gdal fomadmadal 3gmdm &agbmmmans - Bofmba. sgmmboobenggdon, 22.06.2023.

4. 7. 393505d7. bogomozgmmdn godmymazngno MdJ81030 053&IMNgo0l domMAMs3seM3gMmM3bxdal, dom-
&3J6mmmanyMmo s 3Mmdnm@ognmo 3mEgbgnsmab dgbfozma-sbabnomgds, mdomobn, 2020, 143 33.

5. BbenaHuymkos HO. MoXHO 1 ecTb meg, Npu caxapHom anabete? XK. AnaYek, Mocksa, 18.11.2019, ct. 8-9.

SUMMARY

NEW FERMENTED MILK PRODUCT MATSONI WITH HONEY

Bokeria A.Sh.

Georgian Technical University

This article touches upon the issues of innovation in the production of dairy products with the addition of
biologically active additives of natural origin, in particular, field honey directly into milk before fermentation.
The article examines the technology of the fermented milk product Matsoni with the addition of field honey, in
which the amount of added honey regulates the composition and quality of the resulting new product.
Keywords: Matsoni, honey, technology, ferment.
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SUMMARY

OBTAINING A FOOD SUPPLEMENT FROM MANDARIN PEEL AND DETERMINING THE INDUSTRIAL DIRECTION
OF ITS USE

Grigorashvili G.Z., Kalatozishvili E.I., Khvedelidze N.Z. and Ichkitidze M.I.

Georgian Technical University — Institute of Food Industry

A food supplement is obtained from mandarin peel, which is characterized by a rich content of antioxidant
compounds (flavinoids, ascorbic acid) which determines its high antioxidant activity. Based on the above
product can be considered as a natural supplement for obtaining a functional food product for therapeutic and
preventive puroses, It can be used both in the production of bread and in the filed of confectionery, which will
lead to increase the nutritional value of the products.

Keywords: mandarin, fruit, antioxidants, flavonoids, ascorbic acid, function food product.
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A COMPARATIVE ANALYSIS OF DRYING EGGPLANTS IN A POLYETHYLENE-COATED SOLAR DRYER
AND NATURAL DRYING IN THE SUN

Archvadze K.T., Chachava I.R,, Liparteliani R.G., Khotenashvili N.Z. and Tabukashvili Z.Sh.
TSU Petre Melikishvili Institute of Physical and Organic Chemistry, Thilisi

Abstract. In this paper, the results of a study on the effectiveness of eggplant drying in a solar dryer with a
polyethylene coating are presented. The use of solar dryers (SD) is a promising direction for drying agricultural
products, as it allows for to reduction of drying time, preserves product quality, increases shelf life, and reduces
the negative impact on the environment. A solar dryer with a polyethylene coating has been developed and
tested, which provides effective drying of eggplants. It has been found that drying eggplants in a SD can reduce
drying time by 2-3 times compared to drying in the open air. Dried eggplants obtained in a SD have higher
quality compared to dried eggplants obtained in the open air: they retain their natural color, aroma, and taste,
and also contain more vitamins and minerals. SD is an energy-efficient and environmentally friendly way to dry
eggplants, as it does not require the use of fossil fuels and does not pollute the environment.

Keywords: solar drying plant, polyethylene coating, eggplant, drying, quality, efficiency, environmental
friendliness.

1. Introduction.

Currently, an urgent issue is the development of energy-efficient and environmentally
friendly methods for drying agricultural products. In this regard, the use of solar drying devices (SD)
with various coatings is a promising direction. Solar dryers are an effective means for drying
agricultural products (a/p) such as fruits, vegetables, and herbs using solar energy.

This paper presents the results of a study of the effectiveness of drying agricultural products -
eggplants in a solar drying device with a polyethylene coating.

Eggplants are known for their nutritious and healthy properties. They contain a variety of
vitamins such as B1, B6, and K, as well as minerals including magnesium, copper, and manganese.
Eggplant is also rich in dietary fiber, which contributes to the health of the digestive system and can
help regulate blood sugar levels [1].

One of the key components of eggplant is nasunin, a type of antioxidant found in the skin of
eggplants. Nasunin is a powerful antioxidant and demonstrates properties capable of protecting cell
membranes from damage. This makes eggplants useful for maintaining the health of the nervous
system. Nasunin is effective in the prevention of lifestyle-related diseases such as aging, cancer, and
atherosclerosis [2].

Studies show that eggplants can help reduce cholesterol levels and improve the
cardiovascular system, due to the content of phytonutrients that help improve blood flow and
reduce oxidative stress [3].

In addition, due to its low-calorie content and high fiber levels, eggplants are an excellent
choice for inclusion in the diet for those who seek to control their weight.

2. Research objectives

Development of affordable and energy-efficient solar drying plants

1. Energy efficiency and environmental friendliness: the use of a renewable energy source -
the sun, which makes SD environmentally friendly and reduces dependence on fossil fuels.

2. Cost reduction: a) Easy operation; b) Use of local materials; c) Since the main source of
energy is sunlight, the operating costs are significantly lower compared to other methods of dryers
that use gas or electricity.
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3. Product quality improvement: Obtaining high-quality dried products, including eggplant:
appearance, taste, aroma, vitamin composition, etc. Drying in SD helps to preserve the nutritional
value of products, including vitamins and minerals, which are often destroyed by high-temperature
processing or prolonged solar drying outdoors [6].

3. The main part

3.1 Research methods:

Experimental studies: Drying of various types of agricultural products in a solar drying plant
with a polyethylene coating.

Comparative analysis: Comparing the effectiveness of a solar dryer with other drying
methods, such as natural outdoor drying (n/d).

Based on the world-famous solar dryers, a solar drying plant designed for drying fruits,
vegetables, mushrooms, medicinal plants, etc. was developed and tested.

An original and simple design of a SD with different coatings for drying agricultural raw
materials capable of simultaneously producing a wide range of products is proposed (Fig.1).

The main elements of a solar air heater are as follows: a transparent coating absorbing solar
radiation, usually made of polycarbonate, glass, polyethylene, etc., providing maximum absorption of
solar radiation and a channel through which air passes. The transparent coating is usually made of
glass. Polyethylene was used in this installation. Polyethylene has good resistance to atmospheric
influences, is relatively inexpensive and has high transparency [2, 5].

In the proposed device, there is a single method operating on natural traction: air enters the
chamber from the open bottom (1) and is heated in the drying chamber, where the object to be
dried is placed on perforated pallets (2). The heated air moves in the drying chamber from the
bottom up through the material layer and is removed from the chamber through the exhaust pipe
(4). The walls of the drying chamber (3) are painted black. The front part of the SD is covered with
polyethylene. In the process of absorption, radiant energy is converted into thermal energy and
causes heating of this object [4, 7, 8].

Fig.1 Solar drying plant

More than 15 types of agricultural products were dried in the proposed SD. We offer the
results of eggplant drying in the SD and traditional drying — outdoors in the sun.
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1 day of drying
Table 1. Data table for drying the Eggplant product

timeofday relative Atmospheric | Windspeed, | air temperature | air temperature | notes
(hours) humidity, (%) | pressure, (kPa) (km/h) in the shade (°C) in the sun (°C)
10.00 48 101.7 26 25 28 partly
12.00 42 101.6 26 27 32 cloudy
14.00 38 101.5 26 29 40 during
16.00 36 101.4 24 30 36 the
18.00 35 101.4 22 28 31 day
20.00 34 101.4 22 26 26
22.00 33 101.4 22 22
1000
900 -
§ 800 - p—
£ 100 -
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500 -
400
3004
200
100 4
0- —
10 12 14 16 18 20 22

Time, day (hour)

Fig. 2. The change in the mass of raw materials "Eggplant” during the day:
1 —change in the mass of raw materials dried in the open air;
2 —change in the mass of raw materials dried in a solar dryer.

2 day of drying
Table 2. Data table for drying the Eggplant product

timeofday relative Atmospheric Windspeed, | air temperature | air temperature notes

(hours) humidity, (%) | pressure, (kPa) (km/h) in the shade (°C) in the sun (°C)

10.00 50 101.7 11 26 26

12.00 46 101.5 8 29 30 cloudy
14.00 46 101.3 6 26 29

16.00 50 101.5 6 27 27

18.00 62 101.6 12 28 28

20.00 80 101.7 13 20 20

21.00 85 101.7 13 18
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Fig. 3. The change in the mass of raw materials "Eggplant” during the day:
1 — change in the mass of raw materials dried in the open air;

Table 3. Analysis of experimental data

PRODUCT NAME
eggplant
SD N/D
initial weight (g) 780 780
final weight (g) 155 158
weight reduction (%) 80.1 79.8
drying time 12 35

The drying time in the SD took 2.92 times less time than n/d in the open air.

When drying vegetables in the sun, vitamin C losses are significant. This is due to the fact that
ascorbic acid/ vitamin C/ is sensitive to light, heat, and oxygen. Vitamin C is one of the most easily
degradable vitamins. However, if this vitamin has been preserved relatively well, then the probability
that other vitamins and nutrients have been destroyed to a lesser extent is high.

An analysis of the vitamin C content showed that with n/d, the loss of vitamin C was 64%,
and with the use of SD with a polyethylene coating, the loss of vitamin C was 46%.

3.2 Scientific novelty and discussion of the results.

Advantages of a solar dryer:

¢ Reduction of drying time: The use of a solar drying unit- SD- significantly reduces the drying
time compared to traditional methods such as outdoor drying, which leads to a reduction in the loss
of vitamins and other nutrients in the dried products.

¢ Maintaining quality: SD provides gentle drying, preserving the aroma, nutrients, and taste
qualities of the products. The resulting dried products do not contain preservatives and dyes and
have a high content of vitamins.

e Sterility: SD ensures the sterility of products, which increases their shelf life and safety for
the consumer.

¢ Convenience of storage: Products dried in SD are less susceptible to spoilage and can be
stored much longer than fresh ones.
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¢ Cost-effectiveness: The use of SD saves money and physical labor.

¢ Preservation of vitamins: Data analysis has shown that SD is the optimal drying method in
terms of preserving the vitamin composition of products.

¢ Reduction of physical labor: SD simplifies the drying process, which reduces physical stress
on workers.

¢ Environmental friendliness: SD does not pollute the environment, as there is no release of
heat and carbon dioxide. It is an environmentally friendly drying method.

e Simplicity: The SD is easy to use and does not require constant monitoring.

 Versatility: SD can be used for drying various types of agricultural products. Drying in the SD
takes place both during the day and at night, as well as in any weather: in wind, rain, or cloudy
weather.

Note the disadvantages of traditional drying methods, such as natural outdoor drying:

¢ Weather dependence: Outdoor solar-air drying depends on weather conditions, which
limits its application.

¢ Low quality: Outdoor drying often results in low-quality products.

¢ Duration: Outdoor drying may take 4-15 days.

e Complexity: Outdoor drying requires constant monitoring and protection of products from
insects, moisture, dust, and wind.

Let's outline the advantages of dried eggplant in a solar dryer over dried eggplant outdoors:

Faster drying time: Solar dryers use the heat of the sun to dry the eggplant, which
significantly reduces the drying time compared to outdoor drying. This helps to preserve the
nutrients and flavor of the eggplant. The longer the eggplant is dried, the more nutrients are
destroyed.

Better texture and appearance: Solar drying helps to preserve the natural texture and color
of the eggplant, making it more attractive to consumers. Drying outdoors can cause the eggplant to
become brittle and lose its natural appearance.

Reducing the risk of product contamination: Solar dryers provide a clean and controlled
environment, reducing the risk of eggplant contamination from dust, insects, or other external
factors. Outdoor drying can lead to contamination of the product.

Extending the shelf life: Observations have shown that eggplants dried in SD usually have a
longer shelf life than eggplants dried outdoors.

Better taste and aroma: SD helps to preserve the natural taste and aroma of eggplant while
drying outdoors can lead to loss of taste and aroma.

In general, using a solar dryer to dry eggplant can result in a higher quality product with
better texture, taste and nutritional properties compared to outdoor drying. The longer the eggplant
is dried and the higher the drying temperature, the more nutrients are destroyed [6].

Conclusion

The use of polyethylene-coated solar drying devices is a promising direction for drying
agricultural products. SD is an efficient, economical and environmentally friendly way of drying
agricultural products. SD allows you to reduce the drying time, preserve the aroma, taste, and useful
substances of products, ensure its sterility, facilitate storage, and preserve the vitamin composition,
as well as save money, reduce physical labor, and not harm the environment. The developed
polyethylene-coated solar drying unit is an affordable and effective solution for drying various
products, including eggplants, presented in this article. Dried eggplants, which can be stored for
approximately 12 months, are an ideal product for stockpiling. They occupy significantly less space
than fresh eggplants, making them easier to store and transport. Dried eggplants have a more
concentrated taste, and contain an increased amount of antioxidants, vitamins, and minerals
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compared to their fresh counterparts. They can be used in various dishes and are a good source of
fiber, vitamins and minerals such as potassium, magnesium, silicon, copper, molybdenum and iron
[5]. Thus, dried eggplants can be recommended as a healthy and practical alternative to fresh
eggplants, especially in conditions of limited access to fresh products or in the pursuit of long-term
food storage.
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SUMMARY

»AKHMETIS TSITELIS AGRICULTURAL AND TECHNOLOGICAL PROPERTIES

Batiashvili Sh.B., Kalandia A.G. and Buishvili G.T.

lakob Gogebashvili Telavi State University

Batumi Shota Rustaveli State University

The studi was comducted on the Akhmetis Tsiteli grape variety, its agricultural and technological properties:
whole grain, juice, wine. The determination of chemical compositions and quantitative data was carried out.
Keywords: Akhmetis Tsiteli, Kakheti, Grapes.
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INFLUENCE OF VARIOUS FACTORS ON THE DEVELOPMENT OF PLANT DISEASES
Kanchaveli Sh.S. and Pavliashvili K.M.

Scientific-Research Center of Agriculture - SRCA, Georgia
Georgian Technical University

Abstract: The role of various factors in the occurrence and development of plant diseases is discussed. It has
been established that the mentioned factors have the ability to change the natural susceptibility of the plant to
one or another disease. The impact of environmental factors on both the pathogen and the plant is
determined. They can be beneficial for one and harmful for another. Therefore, a strong and rapid deve-
lopment of the disease is expected if the environmental factors are unfavorable for the plant and favorable for
the pathogen. Otherwise, the disease develops weakly and requires maximum time for its development.
Keywords: pathogen, environmental factors, plant disease, plant receptivity.

The host plant-environment system is characterized by the speed and degree of disease
development. Each environmental factor, such as temperature, has a fully defined minimum,
optimum, and maximum for all pathogens, so that a plus or minus deviation from the optimum limit,
in which the growth of the pathogen does not noticeably slow down and does not increase, can be
considered the norm of development. But the plant is also affected by temperature and other factors
that have the ability to change its natural receptivity. The same factor has different effects on the
pathogen and the host plant: they can be beneficial for one, and harmful for another. Therefore, a
strong and rapid development of the disease is expected if the environmental conditions are not
favorable for the plant and favorable for the pathogen. Otherwise, the disease develops weakly and
requires maximum time for its development. So many factors affect both the pathogen and the
plant, hence the speed, degree, and harmfulness of the disease seem to be determined by the
algebraic sum of favorable and unfavorable factors for the development of the disease.

One of the main problems in determining the influence of environmental conditions on the
development of plant diseases is to determine their impact on both the pathogen and the plant [1,2].
Weather conditions can have a favorable effect on the pathogen, and have a negative effect on the
plant and increase its receptivity [3,4].

Experiments have shown that the damage caused by the disease is not always determined by
the receptivity of the host plant tissues. It is also determined by the host plant's resistance to disease
and its ability to recover. For example, two lines of corn may be equally affected by root rot, but the
line that can quickly produce secondary roots will recover from the damage more quickly. The fungus
Rhizoctonia solani can cause the death of potato roots and stems, but under favorable conditions for
the plant, new roots develop quite quickly and the crop can survive. In case of unfavorable
conditions, the ability of the plant to recover is reduced and the pathogen causes much more
damage. Ultimately, the speed of the process of decay and regeneration of plant organs determines
the damage and speed caused by the disease, and both processes depend on the influence of
environmental conditions. The host-plants ability to eliminate or compensate for the caused damage
depends on the type of exposure to the pathogen, its neutralization by the plant, or environmental
conditions favorable to the plant.

It was also found that host plant tolerance, that is, the ability to withstand the disease, can
also undergo changes depending on environmental conditions. The amount of rust damage to a
given wheat cultivar varies greatly with soil and weather conditions, especially after wheat flowering.
Hot, dry weather seems to increase rust damage, while cool weather seems to decrease it. When
using fertilizers with an unbalanced composition, there is more rust damage on the plot than on the
plot where mineral nutrients are used in an optimal combination. As a result of the disease, the



LSISANEIR I bS06IN6H() LOSELI60, GEORGIAN ENGINEERING NEWS, N22, 2024 113

amount of harvest can be significantly reduced in case of unfavorable environmental conditions for
the host plant, and on the contrary, in favorable conditions for the plant, the harmfulness of the
disease can be significantly neutralized.

There are cases when the disease develops within a wide range of environmental factors.
Fruit rot causes complete wilting regardless of where the fruit is on the tree or in storage. The speed
of rotting can vary, but the degree of its spread is determined only by the size of the fruit. If the
temperature or other important factor does not deviate beyond the limit, then it is considered
normal for the growth of the pathogen. Such an event occurs in the case of mutual dependence
between Sclerotinia fructicola and stone plants and many other pathogens.

The influence of soil and weather conditions on disease development may be known, but in
many cases, it is impossible to determine the relative importance of each factor and the mechanism
of action itself.

It has been found that for the maximum development of many diseases, it is necessary to
combine the favorable factors defined in the appropriate period of time. Hot and dry, cold and wet
weather - the combination of such conditions mostly leads to the development of the disease and
the increase in its harmfulness.

In some cases, environmental conditions affect inoculum formation, spread, and one or more
stages of germination. In other cases, this effect mainly affects the establishment of the pathogen in
the host-plant and its further development. Sometimes the plant is affected, both as a nutrient for
the pathogen, as well as its resistance, healing ability, and tolerance.

When studying the influence of environmental factors on the development of plant diseases,
the indirectly or directly acting conditions should be distinguished from each other, but these
conditions only determine the influence of such factors as temperature, humidity, light intensity, or
day length. Soil type and structure may be of some importance, but they have only an indirect effect
on disease development, as they affect the amount of moisture, access, aeration, acidity, or alkalinity
of the soil.

It is important to consider the difference between macro and microclimate, between the
general weather and the weather in a given place where the disease develops. It should also be
taken into account that there is a difference in the amount of water and moisture in the atmosphere
and the air layers near the leaves.

It was established that if the leaves of the plant develop a layer of dense tissues on the
surface, then they act on the development of diseases. In general, weather conditions during the
growing season can determine the spread and severity of a disease, but in many cases, weather
conditions are crucial in a critical period of time. Weather conditions can be hot and dry, or cold and
humid. At such times, the weather has a greater influence on the intensity of the disease than mild
weather. The total amount of precipitation has a greater influence on the development of many
diseases than the number of individual rainy days.

It is difficult to make a logical and satisfactory classification of the factors affecting the
development of the disease. Such groups can be named: meteorological, soil and biotic factors;
atmospheric, soil, and biotic factors; or physical, chemical, and biotic. It is impossible to exclude
individual groups in all classifications. When discussing this issue, attention should be paid to physical
factors, then chemical, nutritional factors, and finally biotic factors, attention should be paid to
ecological factors, both before the plant is infected and after the disease is detected.

Thus, both the plant disease and its development are complex processes, many factors affect
both the pathogen and the plant, therefore the intensity and change of the disease development is
determined by the algebraic sum of favorable and unfavorable factors for the development of the
disease.
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EFFECT OF ORGANIC-MINERAL PREPARATION WITH CHELATE ON RESISTANCE TO
TRACHEOMYCOSIS WILT OF FRUIT TREES

Kanchaveli Sh.S. and Pavliashvili K.M.

Scientific-Research Center of Agriculture - SRCA, Georgia
Georgian Technical University

Abstract: The article discusses the role of organic-mineral preparation with chelate in the resistance of peach
and apple seedlings to tracheomycosis wilt. It has been established that pathological processes in fed artificially
diseased plants take place with less intensity compared to unfed diseased plants. Physiological and biochemical
processes in them also change in the direction that helps to increase the resistance of the plant to
tracheomycosis disease.

Keywords: chelate, tracheomycosis, disease, disease intensity.

Tracheomycosis of fruit trees is widespread in Georgia and the fight against it is a great
difficulty due to the peculiarities of the disease. It is necessary to carry out complex combat
measures against wilting, one of which is important to increase plant resistance.

As it is known, resistance can be increased by feeding them with various substances, which
change the physiological and biochemical processes of the plant in the direction that the resistance
of the plant increases against diseases, including wilting [1,2].

It has been established that synthetic substances, as well as plant extracts, affect the
pectolytic enzymes of pathological fungi as one of the factors of pathogenicity, and they cause an
increase in plant resistance to wilting [3].

For a long time, organic-mineral preparation chelate has been widely used for plant
nutrition, it has been established that feeding with chelate leads to increased resistance of lemon to
Malseco. In fed plants, new tissue rapidly develops at the site of infection to cover the wound,
isolating the infected area and limiting the further spread of the disease [4].

We studied the effect of feeding with a 1 % chelate working mixture on resistance to
tracheomycosis wilt of fruit trees. Peaches were included from stone fruit trees and apples from seed
trees. The experiment was carried out with the fungus Verticillium dahliae in the background of
artificial humidification.

Microscopic analysis of the fed plants revealed that their cells are thickened, indicating
increased resistance.

The effect of chelate feeding on diseased plants is also great. Their pathological changes are
insignificant compared to malnutrition, and this process can be seen with external symptoms as well.

As a result of artificial disease, 94 % of diseased seedlings wilted from unfed peach seedlings,
and only 33 % from fed ones, 21 % of diseased plants from fed apple seedlings wilted, and 72% from
unfed ones.

It was found that in the case of V. dahliae disease of unnourished peach seedlings, the height
of necrotic tissues reaches 25cm 1 month after infection, while this indicator is 6.5 cm in chelate-fed
ones.

In diseased malnourished peaches 1 month after the disease, new tissues are weakly
developed at the wound site, the edges of which are necrotic. Wood disease spreads to the pith. In
diseased wood, the vessels are clogged by gum-like substances.

In fed peaches 1 month after the disease, new tissues at the site of the wound partially cover
the site of infection, the wood tissues are slightly darkened on the peripheral side of the wound; The
disease spreads weakly in the direction of plant pith.
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4 months after the disease of undernourished peaches, new tissues are weakly developed at
the wound site. Both the primary and secondary tissues of the bark are necrotic, and the disease of
the wood tissues reaches the pith of the plant. In these places, the vessels are massively clogged with
gum-like substances, and the mycelium hyphae of the fungus are spread in the vessels. A crack is
observed in the wood as a result of the breakdown of tissues.

In fed peach plants, 4 months after the disease, a strong callus is developed at the site of
infection, and the blockage of vessels in diseased wood tissues is not as massive as in unfed ones.

The length of necrosis in the tissues of a malnourished apple after 1 month after the disease
is 11 cm. New tissues are formed at the wound site. The wound has not yet healed.

The length of necrosis in chelated apple tissues 1 month after the disease is 3.5 cm. The
wound is completely healed and the spread of infection is limited.

In the tissues of malnourished apples 4 months after the disease the wood at the site of
infection is brown. New tissues are formed and the wound is healed.

In the tissues of the apple fed with chelate, it became diseased after 4 months, new tissues
are formed in the place of infection, the wound is healed, and the diseased wood is covered in depth
in the form of a small band.

Thus, as determined by pathanatomical research, feeding with chelate in both peaches and
apples reduces pathological changes and promotes the intensive formation of new tissues at the
infection site, thus limiting the further spread of infection.

It was established that, in addition to pathological changes, feeding with chelate affects the
course of physiological and biochemical processes in the plant.

As a result of feeding with chelate, the total amount of water in healthy plants does not
change much, both in peaches and apples. As a result of the disease, the total amount of water in
unfed peaches decreased by 20.5 %, and in chelate-fed peaches by only 6 %.

The amount of water in an unfed diseased apple will decrease by 10.6 %, in a chelate-fed
apple - by only 2.5 %.

As a result of feeding with chelate, the amount of bound water increases in both healthy and
diseased plants, which indicates an increase in plant resistance.

In an undernourished diseased peach, the intensity of transpiration decreases by 77.6%, in
the case of feeding with chelate, it decreased by only 28.4%.

The intensity of transpiration in diseased fed apples decreases less than in unfed apples. If
the intensity of transpiration is reduced by 67.2% in the malnourished, it will be reduced by 15% in
the chelated diet.

In an undernourished diseased peach, the intensity of photosynthesis will decrease by 62%,
in a chelate-fed peach it will decrease by only 25%.

The intensity of photosynthesis decreased by 46.2% in malnourished diseased apples, and by
only 18% in chelated apples.

In healthy plants, as well as in apples and peaches, feeding with chelate leads to a significant
increase in both chlorophylls (a and b), but as a result of disease, the concentration of both
chlorophylls decreases in both peaches and apples, but in diseased fed plants their amount
decreases less compared to feeding. As a result of feeding, the ratio between chlorophyll a and b also
changes.

The effect of feeding with chelate on the activity of enzymes involved in oxidation-reduction
processes has been studied. It was found that feeding with chelate increases the activity of enzyme
catalase, both in healthy and artificially diseased plants so that both peaches and apples by the
catalase activity of diseased fed plants approach the healthy plants (fed), which undoubtedly
indicates the positive effect of feeding with chelate.

A similar phenomenon occurs in the case of enzymes peroxidase and polyphenol oxidase.
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The variation of plant cell permeability during artificial disease and the effect of feeding with
chelate on this process have been studied.

It is established that as a result of the disease, cell permeability increases both in unfed
plants and in fed ones. The permeation process in fed diseased plants is less increased in both apple
and peach compared to the unfed one. Permeability increases more in peaches compared to apples.
Different results are obtained depending on the apple and peach varieties themselves. For example,
in the resistant apple variety Champagne Rennet, the amount of wilting did not change as a result of
the disease, while in the susceptible variety Kekhura, it increased by only 3.1 %. In general,
permeability increases less in plants affected by feeding, which indicates the positive side of feeding
with chelate.

The effect of feeding with chelate on the amount of phenolic compounds, one of the
nutrients of endurance, was also studied. The total amount of phenolic compounds in plants fed in all
variants increases, which is of great importance for increasing plant resistance.

As it was found out from the analysis of the conducted tests, anatomical, physiological, and
biochemical indicators of plant resistance change as a result of the disease, particularly pathological
changes in plants take place. The intensity of the total amount of water, transpiration, and
photosynthesis of plants is reduced. Reduction of the indicated indicators in the plants fed with
chelate is insignificant, thus the fed plants approach the control healthy plants. Changes in the
activity of enzymes participating in the oxidation-reduction process also flow similarly. Fluctuations
in enzyme activity in food-affected plants are negligible compared to healthy plants. In addition,
chelate feeding affects cell permeability and phenolic compounds in diseased plants. As a result of all
mentioned, the resistance of plants to tracheomicrotic wilt increases.
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A NEW APPROACH TO DEVELOPMENT AND STUDY OF ANTICANCER COMBINATIONS
Nadiradze I.V.
Georgian Technical University

Abstract. Non-small cell lung cancer (NSCLC) is the most common and deadly type of lung cancer. With this
disease, cancer cells originate in the lung tissues. Non-small cell lung cancer grows slowly compared to small
cell lung cancer — but it often spreads to other parts of the body by the time it’s diagnosed. So, early detection
and treatment are essential. One of the main reasons for the lag in clinical practice compared to scientific
advances and findings is the high cost and long lead times of developing, testing, and approving new drugs,
which is largely determined by the complexity and duration of the approval procedure. It is therefore desirable
to use combinations of already approved modalities and drugs with new putative anticancer drugs under
investigation to the maximum extent possible, by re-purposing widely used drugs and methods. Based on the
above considerations and the results of our studies, we selected the following compounds: two combinations
of drugs (gemcitabine plus cisplatin and carboplatin plus paclitaxel) approved by the FDA and recommended by
the National Cancer Institute (NCI) as highly effective modalities for the non-small cell cancer combination
therapy; DMSO, widely used as a highly effective medical solvent and considered to have anticancer impact
and the actively studied putative anticancer agents - copper oxide nanoparticle dispersions as components of a
combination anti-cancer drug for adjuvant therapy. Standard saline solution and distilled deionized water were
used as solvents. We developed and studied 16 combinations containing all selected components and 8
combinations containing only copper oxide nanoparticles dispersed in water and saline solution (“blank
nanoparticle dispersions”), in the nanoparticle concentration range of 0 - 100 mg/ml and 0-200 mg/ml.
Necrotic and Apoptotic effectiveness to cancer A549 cells and healthy NHDF cells was determined by MTT and
Annexin V-FITC/PI testing and selectivity to cancer cells in comparison with healthy cells was calculated. The
main finding of our research is that the developed and tested combinations have a recordable high additive
selectivity compared to all approved and widely used drugs and drug combinations. Another significant finding
is that the high impact of copper oxide nanoparticles into selectivity was the result of a synergistic super-
additive interaction of “blank” nanoparticles with other active components of the developed and tested
combinations, but not a specific direct additive contribution of nanoparticles.

Keywords: non-small cell lung cancer, highly localized multi-component combination cancer therapy, synergy,
nanoparticles, necrosis, apoptosis, selectivity

Introduction

Non-small cell lung cancer (NSCLC) is the most common and deadly type of lung cancer. With
this disease, cancer cells originate in the lung tissues. Non-small cell lung cancer grows slowly
compared to small cell lung cancer — but it often spreads to other parts of the body by the time it’s
diagnosed. So, early detection and treatment are essential. There are three main types of non-small
cell lung cancer. Adenocarcinoma forms in cells that secrete mucus and other substances. It usually
develops in the outer portions of your lungs. Adenocarcinoma of the lung mostly affects people who
currently smoke or those who used to smoke. But it can develop in people who’ve never smoked as
well. It’s also more likely to occur at a younger age compared to other types of lung cancer.
Squamous cell carcinoma starts in squamous cells (the flat cells that line the inside of your airways)
and usually forms in the central part of your lungs. It’s typically associated with a history of smoking.
Large cell carcinoma (also called undifferentiated carcinoma) can form in any portion of the lung. It’s
more difficult to treat because it grows and spreads quickly. There are also other types of non-small
cell lung cancer, including sarcomatoid carcinoma and adenosquamous carcinoma and these
subtypes are much less common. Currently, more than ninety anti-cancer drugs and only two drug
combinations (gemcitabine plus cisplatin and carboplatin plus paclitaxel) are approved for use
against NSCLC in clinical practice [1]. Highly localized synergistic multicomponent combination
therapy is the most effective and advanced modern modality of cancer therapy [2, 3]. Nanoparticles
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play a rapidly growing role as "smart" targeted delivery vehicles and active anticancer agents
synergistic with widely used anticancer drugs [4-7]. A revolutionary contribution to the success of the
concept was made by adding boron nanoparticle-provided boron-neutron capture and boron-proton
capture nuclear reactions which can substantially expand and greatly enhance the effectiveness of
the combined modalities developed within the framework of the concept, serving as effective and
safe adjuncts to proton therapy. The presented research reports the study of the new anticancer
composition containing fixed amounts of gemcitabine plus cisplatin and carboplatin plus paclitaxel,
glucose, and various amounts of copper oxide nanoparticle water dispersion, DMSO, and saline
solution. The reported study aimed to determine the type and magnitude of synergy of active
components of mixtures with copper oxide nanoparticles.

Materials

All chemicals, reagents, and drugs were obtained from Merck (India), HiMedia (India),
Invitrogen (India), SRL (India), and Sigma-Aldrich (USA). DCFDA (D6883) was purchased from Sigma-
Aldrich (India). Fetal bovine serum (FBS) (16000044) was obtained from GIBCO (USA); MEM sodium
pyruvate, MEM non-essential amino acids, L-glutamine, and DMSO (99.8%) were procured from Hi-
Media, India. Gemcitabine was procured from GPI (Georgia), and CuO nanoparticle water dispersion
(22 weight %, 20-50 nm) was obtained from “Nanografi Nanotechnologies” (Turkey). Human lung
cancer cell line A549 and human Primary Normal Human Dermal Fibroblasts line NHDF were
obtained from ATCC, USA.

Methods
MTT cell proliferation assay

In 96-well micro-titer culture plates cells were planted at a density of 0.5 x105 cells per well.
The medium was taken out and replaced with fresh medium containing no (control) or 5 nanograms
of the tested sample after overnight incubation. The cells were then incubated for 48 h. After the
incubation period, MTT (100 pl; 0.5 mg/ml) was added to each well and incubated in a humidified
incubator containing 5 % CO, at 37 °C for 4 hrs. After discarding the supernatant, the purple-colored
formazan crystals formed in the wells were dissolved with 100 uL DMSO per well and the absorbance
was estimated at 490 nm wavelength using a microplate reader. The percent cell viability of each
treatment group compared to the control group was calculated [8].

Annexin V-FITC/PI staining for apoptosis

Induction of apoptosis was quantified via flow cytometric analysis of control using the
Annexin V-FITC apoptosis detection kit according to the manufacturer’s protocol (BD Bioscience) [9].
Briefly, post-treatment cells were harvested with 1X Trypsin and washed in ice-cold 1 x PBS followed
by being re-suspended in 100uL of 1X binding buffer solution supplied within the kit. Finally, cells
were incubated with 5 pL of annexin V-FITC and 5 ulL of Pl for 15 min at room temperature in the
dark before acquiring data using BD FACS Verse flow cytometer (BD Biosciences, San Jose, CA).
Annexin V/FITC positive cells were regarded as apoptotic cells analyzed using Cell Quest Software (BD
Biosciences) [9].

Development of test combinations

Eight test samples 1-8, supposed to provide high anticancer efficacy and treatment safety,
contained gemcitabine plus cisplatin and 10, 20, 30, 40, 50, 60, 70, and 80 mg/ml of copper oxide
nanoparticles. Another eight test samples 9-16 contained carboplatin plus paclitaxel and 10, 20, 30,
40, 50, 60, 70, and 80 mg/ml of copper oxide nanoparticles. The rest (“blanc”) eight samples 17-24



120 bSISANEIR I bSO6IN6() LOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2024

contained only 10, 20, 30, 40, 50, 60, 70, and 80 mg/ml of copper oxide nanoparticles, emulsifier,
water, and standard (0.9%) saline solution. All test samples were prepared using standard equipment
for mechanical and ultrasonic mixing. Proportions of gemcitabine to cisplatin and carboplatin to
paclitaxel were as prescribed in [10], while the proportion of DMSO, saline, and water was calculated
as given in [11]

Characterization of the developed and tested combinations
One of the most informative characteristics of the anticancer combinations provided by MTT
assay and indicating their efficacy and safety is the selectivity to cancer cells, defined as the ratio Rsy
of the viability of treated healthy cells (in our case, NHDF cells) to the viability of treated cancer cells
(A549 cells). Likewise, a reliable characteristic of the efficacy and safety of anticancer combinations
provided by Annexin V-FITC/PI testing is the selectivity Rsa defined as the ratio of the proportion of
apoptotic cells induced in treated cancer cells to the proportion of apoptotic cells induced in treated
healthy cells:
Rsv=(V1-Vc) / (V2- Vc) (1)
where Vi is the viability of treated NHDF cells, V. is the viability of treated A549 cells and Vcis
the viability of control (untreated) cells.
Rsa= (P2- Pc) / (P1- Pc) (2)
where P, is the proportion of apoptotic cells induced in treated A549 cells, P; is the
proportion of apoptotic cells induced in treated NHDF cells and Pcis the proportion of apoptotic cells
of control (untreated) cells. To assess and compare the “averaged impact” of the necrotic and
apoptotic pathways we used a combined value (the “averaged impact index”), namely the geometric
mean of the measured indices, considering it an acceptable characteristic for assessing the joint
impact and safety of the tested drugs both through necrotic and apoptotic pathways of cancer and
healthy cells.

Assessment of the impact and synergy of metal oxide nanoparticles

One of the most important characteristics of drug combinations is the ability of their
components to have a strong super-additive interaction against tumor cells, in the absence or with a
very small super-additive interaction against the healthy tissue cells. Measuring the synergy of
multicomponent mixtures is a complex and time-consuming task, which can be attempted in many
ways. In the frame of this study the aimed not to quantitatively measure the synergy index, but to
determine whether the high impact of copper oxide nanoparticles into selectivity was the result of a
synergistic interaction of “blank” nanoparticles with other active components of the developed and
tested combinations, or it was a specific direct positive effect of nanoparticles. For this purpose,
combinations 17-24 were prepared and tested using the methods described above. The similarity or
significant difference in the dependence of selectivity on the concentration of nanoparticles in the
multicomponent combinations 1-16 and in the “blank” dispersions 17-24 should provide an answer
to the above question.

Results and discussion

The dependence of Rsy, Rsa, and (Rsv x Rsa)*? indices of the multicomponent combined
mixture samples 1-8 (containing gemcitabine plus cisplatin) on the concentration of CuO
nanoparticles in samples is given in Figurel. The dependence of Rsy, Rsa, and (Rsv X Rsa)¥? indices of
the multicomponent combined mixture samples 9-16 (containing carboplatin plus paclitaxel) on the
concentration of CuO nanoparticles in samples is given in Figure 2. The dependence of Rsy, Rsa and
(Rsv X (Rsa)¥? indices of the “blank” samples 17-24 on the concentration of CuO nanoparticles in
samples is given in Figure 3.
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Fig. 1. Dependence (up to down) of the Rsy, Rsa and (Rsv x Rsa)*/? indices of the multicomponent combined
mixture samples 1-8 (containing gemcitabine plus cisplatin) on the concentration of CuO nanoparticles

3 a0

3

o

>

E‘t 30

©

& |20

P

o

s |10 1 -

[« 4

0 : .
0 50 100

Concentration of CuO nanoparticles, mg/ml

Fig. 2. Dependence (up to down) of the Rsv, Rsa, and (Rsv x Rsa)/? indices of the multicomponent combined
mixture samples 9-16 (containing carboplatin plus paclitaxel) on the concentration of CuO nanoparticles

s 3
I
S | 2
3
2 1
©
<
o« 0 T )
& ) 100 200 300
1

Concentration of CuO nanoparticles, mg/ml

Figure 3. Dependence (up to down) of Rsv, Rsa and (Rsv x (Rsa)*/? indices of the “blank” samples 17-24 on the
concentration of CuO nanoparticles



122 bSISANEIR I bSO6IN6H() LOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2024

One of the main reasons for the lag in clinical practice compared to scientific advances and
findings is the high cost and long lead times of developing, testing, and approving new drugs, that is
largely determined by the complexity and duration of the approval procedure. It is therefore
desirable to use combinations of already approved modalities and drugs with new putative
anticancer drugs under investigation to the maximum extent possible, by re-purposing widely used
drugs and methods. Based on the above considerations and the results of our studies, we selected
the following compounds: two combinations of drugs (gemcitabine plus cisplatin and carboplatin
plus paclitaxel) approved by the FDA and recommended by the National Cancer Institute (NCI) as
highly effective modalities for the non-small cell cancer combination therapy; DMSO, widely used as
a highly effective medical solvent and considered to have anticancer impact and the actively studied
putative anticancer agents - copper oxide nanoparticle dispersions as components of a combination
anti-cancer drug for adjuvant therapy. Standard saline solution and distilled deionized water were
used as solvents. We developed and studied 16 combinations containing all selected components
and 8 combinations containing only copper oxide nanoparticles dispersed in water and saline
solution (“blank nanoparticle dispersions”), in the nanoparticle concentration range of 0 - 100 mg/ml
and 0-200 mg/ml. The widely used MTT cell proliferation assay and Annexin V-FITC/PI staining for
apoptosis assay were applied to the A549 and NHDF cell cultures. The selectivity of test combinations
to cancer A549 cells compared with healthy NHDF cells was taken as the informative characteristic of
the effectiveness and safety of the tested samples. Three selectivity indices were introduced based
on the viability and apoptotic activity of samples. In our opinion the ratios Rsy, Rsa and (Rsy X (Rsa)Y/?
characterize the anti-proliferative activity, apoptosis inducing activity, and safety (or the potential
therapeutic window) of the tested samples better than the most commonly used LD indices and are
simple, illustrative and accessible to a significant part of researchers than the integrated
computational-experimental methods specifically designed to search for combinations maximizing a
predefined therapeutic index (TI). The main finding of our research is that the developed and tested
combinations have a recordable super-additive selectivity compared to all approved and widely used
drugs and drug combinations. Another significant finding is that the high impact of copper oxide
nanoparticles into selectivity was the result of a synergistic super-additive interaction of “blank”
nanoparticles with other active components of the developed and tested combinations, but not a
specific direct positive effect of nanoparticles.

Our study had several limitations caused by the wide range of issues covered, the short
period, and the restricted volume of funding for our research. To overcome the limitations the
following steps should be undertaken: the range of the nanosized copper oxide concentration should
be increased at least up to 3000 mg/l or even more to observe the saturation or any unexpected new
features in the dose-response relationship; the step of changing the concentration of copper oxide in
the samples under study should be reduced several times to detect the possible peaks of synergy;
new anticancer drugs should be tested in multicomponent the combinations; copper oxide
nanoparticles should be replaced by several other nanosized anticancer metal and metal oxide
substances; several of the various ionophores should be added to the combinations with aim to
potentiate their anticancer efficacy and selectivity.
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Sbano dngmds 36 0bndLN36Mo 3M3d06sS3ENJ00700L 833353700Ls s AgLfazemalodn

6ooMody 0.3.

Lajomm3zammb &g3603nMmo nbo3amboGaGo

BomB30lL  shofzmomyxmgomszsbo 3odm (NSCLC) xgom@3oL LNALO3bYMN VS35IOJJONL  Y37mobBY
393MEImMId7mMN s mMAs33c00b307mM0 LobgMOLY. 53 EBd35JIONL MmL 30dmML PYxYMIgd0 HomBmnlabgos
BomB30L Jum3znmgaddo. Bom@30L shofhzmomnxMaem3sbo 3odm byms 3Mmamyglbomgdl §3momyx-
Myem356 Boam@30l 300mLoSE dgsMmydoom, da3Med BdnMow 3MEImMEIds Lbyymob Lb3s bofoamyxdby
©05806mBoL EsliBsdg. s80@mA sPEnMI0IM0s dobn sceMgymo gosdm3mabs s 33Mbsmmds. 3emnbagyMm
3Mogd®ngedn 87360gMnam BomHI30b o G0gbgdg00sb dgsmadnm oo hAsdmMhgbol gho-ghoo
doozomo 30ByBos sbognn 8xn3s076@ 00l 87010853700L, GJaLEBNMIdNLY o 3G 3I0EI00L Bomaomo
moMadNMYds o bobgmdmonzn mm, Mo3 ofomoe goboLobmsmads Hobslfomo godmEgdols s
8390mygbgonls 63305M30L do3300L 3MmEgENMol LoMhorymoms s bosbgMmdmoazmdom. sdo@mad LabyM-
330M0s 3odm30ygbmo byamobamon sbndbymgdnm 1333 ©s9B303309m0 FmEsMmold0Ly s §odmadals
3mMm38006530900 sbagm LozsMonm 300mML LoHnbssmdwyam nbgo LodNsEgdIOMSL ghosce, MMIMId0E 1339
33am930L 3MmEgLbdns. BxdmMombndbymo dmLabBMYdJONESE godmdmnbomy o A3360 7337 hodomydnmo
330mM33700b 87937300506 godmacnbafyg, sbosgmn 3m3dnbssngdol sg@oym 3maB3mbyb@gosc h3gb dg3oMm-
hogor dgdgan Boghogdn: Hodmadal mMo 3m3d0bsgns (3g030ES0000 3amyl gob3modnbo s 3oMdOM3-
mdBnbo 3emylL 3o3mo@ogdbgmo), sd@303301mo dbmxamoml Losggb&ml (FDA) dngfm o Mg3magboog-
00 300mb ghm3bymo 0bbEGYE0L (NCI) dogh, Mmammy sMofzmomyxgem3sbo 300mb 3Mm3dnboMg-
00 0gMa3000L domomIBIIGIM0 dmsmmdgdn; DMSO - goamorme gosdmygbgonmaon, Mmammy domam-
3833&9M0 LsdgenEnbm godbLbgmmn s dgLbHozmoman, Mmagmmz LozsMmoym 300mL LohHobssmdgam
3336®0; L3nagbdol mJgLool BOEMBsHoms37300L fHymmssbo ab3gmbng, saMam3y dabshozamomoa, Mm-
ammE 3mB8d0bnMydnmo 300mb LsHobssmBgam o336@0. 3odbLbgmgds adedmygbadnmo aym saMmym3y
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LEIbEIMGNMN Babomammaoymo bLBsMo s gesdmbeomao lombabydmo fysmao. A336 dx30813s37,
s d330L%s3amgon 16 3mBd0bogns, Mmdgmoi dgoEs3Es yzgms dgmhgyam osj&onm 3md3mbybBl o
8o0bLbgamb, sgMmgom3g 8 3MBdNbsgns, Mmdgmog dgoEse3es dbmmme b3ngmgbdol mjLoal BsbmMbsHo-
™mo3300L Hysemmszsb ©olb3gmlngdl s woBommmaoym bLEsML (BobmbBsfomsazgdals ,zoMmogm” aldgm-
L0g0oab), BBMbsHams3300L 3MBEIBEMIEN0L NS35BmMbBAn 83/3em 0 - 100 s 0-200 83/ 3. b6y3MmmbBYMN
0 53m3GmINM0 gBIJENMMOS Jndmb A549 NxM]g0B] s Xobbom NHDF yxMggdBg gobobsbmazms MTT
5 3639L0bal V-FITC/PI &aLGoMmgdom. gsdmam3mom 0gbs 3maddabsgngdal Lamagd@onmmds 30dmL
9xMy]00L Bndsfmm xobdmmgm IxMIEI0msb dgsmidno. A3gbo 33ama30l dmozsmo dgcegan oMol ab,
Mmm3d 3701353701t s GgLENMIOYM 3MBdNBsEN70L dJ3L Mg3MmMYmMog domsma bymgd@oymmods yzgmos
bg00IMMYM S BWamomE 3oamygbgdnm Hodommsb o Hodmgdals 3m3dnbsEngdmsb djywsmgdno.
0gmfg 86038367cmm3060 smBmMAYbs ool ob, MM3 L3nmgbdol mJbnol BSO6MBsHoms3xd0lL 3MBEI6E)-
Mmogool 833300M0 go3angbs 3mMB00BsENg00L Lgmad&onmmodsty oMol ,goMmogmo” Bsbmbsfomsigdals
090905370790 o godm@Eamo 3m3d0bszngool LB3s sj&onm 3MA3mbyb@gdmsb LnbgMmaonmo Ly3gMm -
5@ 0yMa nyhongmogdgegdnl 8330, s sMo BabMBsHams 3700l B3gEnxNgYMo 3nMhsdnma JB3JG0.
Ls3396dm LoGy3g00: BomME30L sMeHzhomxMyEM3360 30dmM, 53030L700560 LNALON3bYxdNL demngmoc
m3s0Bgoymo IMe35m3md3mbyb&nsbo 3m3dnboMmgdymo ogMmadns, LobyMmogns, BsbMbsHomszgda,
693MmB0, 53m3EmBn, Lygmad@oyMmos.
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35(3036@ 0l sdYymmmos 3319MboenmodsB]: 3odm§ 333700 S gondxmoglLigdols
My3mdgbszngdo

095d0539300m0 6.3.

Logofmm3zgamb &336039Ma Nba3zgMbodyGo

0700035076 700LoA30n sMLvMsbsem sdymemos 353076@70dn 0§333L LodznmMbosemm
3Mm@EgLol bobgmdmozmosl s 33yMbosgnmodnl  LodyoEnbm bomygdal LTsBIdNm BMELU,
M3 90LobYOS XobsE30L LobEgdnl BNbsbLYM JBIIENSbMOSB]. EIIbmemmannmo nbm3s3ngxdals
d3Logdobgmo godmygbgdonmon Lonbgnbm dnagmdjdn bymlb NHymoL 3530306@700L oBym-
anmosl. ,,ambagma” 3mbEgnbgmadnl, Mmdmgdny Hodmoal Bomadal mmb sa30jb0Mgda0 o
d2&Yymonbydsl 1abe36056 3533076E )L, 56 Lb3ssLB3S Gn3nb Bymgdgeninbol 3ameGBMMIgdal
890mygbgds, MmAmadog ULsTYsEgOSL odmg3l LsdgEopnbm 3gMLmbomL  obELbENNMS©
055330Mbb d3nMbommodal 3MmEgLl, 8603369mm3bs s83nMgdoL 93MbmangyM sbs3sfmagdl
s 3obo3nmmodgol 83nmbosmmdals d7g8700L gondxmoglgdsl. doybgosszs ndals, Mmd o3
Lo30MbBg 330M73700 AMB3MOE sMab As@omgoymon, d33Mo Bomasbo sMmomobdndgg3zmnman 33-
0mEMMMgnna, balnsmgds, gb 30 Lodmmmm xs880, 3xJ8700L LOBbEMMOLL S sL336300L
3MoJ&n3nmmosl 3603367cmm3bace s3;30M70L. 830035876@700L Bomgdsby sdymemmods gnaoab-
6IMOUL, Modgbsce LmMmo dn3y330056 353076@700 SHNAbyMAN B3nMbsemdnl M]7400L. domo-
a0 sdymmmods bndbogb, MmMA 353036¢0 BLEBs 003y330s gJdndal Booc0070x0L, Bmenm
3050 — 8056036750L mMBgdal godMEM3305L o6 LOAINMbsEM  Lodysmadal sMsLHmM
(0MoBYLE) 3o0mygbxdsB]. 353076E0L SAYMMMOSBY go3tNgbsl sbgbl d70aa0 BoJEMMYdN:
bm@EoseymMo s 93mbmadngyMmo Bog&mMmMgdn, d3NMbsenmonl LoMmommg, 83n35876@700L
833Mnon dm3agbgdn, 3530760l 3b6MdNyMx0s S SIM3INEIOYMJdS 83nMbsemmdal dndsfmm,
93080 s 3530706 0L Csdm3ngdnmydy [1,2].

33ymemonl 33em33300L Bobobns gobobobmzmml, oy My mbyby nEo3L 33nMbo-
anmonlb M3700L 353076@)0, Mabo gondxmogLadss Lagomm dogbndsgmyMmo 87aa300L Bobo-
09350. 809335M0 33tM33700L hoBomgds 8603369mmMmM35600, 3060056 LEBVEGNLENINMOE ©I©E]-
Bboamons, Mmd 353096@700L 30 — 50% oM 0Eo3L ES6NAbn 3MBbsMMBSL, MaE gBIIGIMMOAL
d9030Madsl o xobdMmomgmmodonl gonsmalgdsl 0§333L. odymemdals domamon bamabbolb
33330b Asbo@smgdmo gobsmzsmabfnbiydgmos Medwybndy Jemgdgbdo:

A. 330m330L aB0bo: s30mMg0gmMns 30Bbgoal 830x30mE bLLB3Y, Lo33zmgzn dAmLLL-
angmodal bLHmMo goblLobmams, oagbomo 33mmy30L dgomegdol dmobm3bydals dzoEmo
daLbfyamyds

B. sdymmmool gobmazgodo:

o 35Bmad30L nbLEMNBI6EJO0 sTYMmmMMdNL gobLobmamMaboznl Nbs dgafmhgl LHm-
Mo s Logzmobomoo. 58 AbMmn3 dgladmgdgmons gosdm333gonmon:

i. 0300dgx8sLYdAL 0bLEMYTg6EGIO0, MmAgmog dmoEs3l 3nobzsmxdal Amdbogosl
© godm3nmb3gol, Mmdmgddong 3530906@700 003937 oBBLY0I6 A3nmMbsemmdal dndsmm
Lagyoom sdYymmmonl combal, Lodinmbsmm Lasdyomgdgdal domadal Myx08L. SMbadbnman
Jgoomen  3sMmB0305, gy ofs3emmyms  dyodmgds LPONxdBIMoE oymb, 30050056
353096 70L dgndmoason sfsbmmo nbxzmmaAsinal Bofmegds 333mg35Mmalicnznb.

i.  3M3SEI3&IMO hsbsHaMmgdn — Losxmnsgm hsbofamadals Bobgeznom dgbadmgdgymaos
30anbgl, Mygumomyms 0mgogb 0y oMo 35303063700 LST3NMbsMm LodamgdgdlL (3sa.,
Modgbs cmmmnmo ndgbgb Hodamb).

iii.  &o0myB00L om3mol dgoxmen gymobbAmol 353076@sb6 omhgboman  @sod-
ag&g00lL (06 Lb3s Hodmol BmMTolL ghogymgdol) Momegbmdol omm3msl ndol gobLyb-
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m3mobozolb, LHMmMs dn3y330056 oY oMo nbnbo Hodmadals Jnmgdal Myx00L. gb dgoxmen 39M
ox30gdboMgol Mysemnm degmdomymodsls (Fsgomoms, 00y 353076@0s fodsman dgndabs sx3omns-
Jogsb, 3ogMod, NOMOMME, goasgem). 353030@70L 33emg30L MmL cbm3gb, MmA dx8cgma
30608B7 sx3005gdn dnnGob Lobenda sMlgdymo Hodoma (3MbEJ0bgMa) s domBGn30 ELM3-
0o 537696 amhgboman Hodmals Mom@abmdsl s LydgMbasemm Ladyomadals godmygbgdals
LoLHmmYL.

iv. 9m3d@Mmmbymn dmbodmMmnbal sbmmEngmgdgb L3gsnomumo  AmHymodommdgdnl
Lodyomadom, MmAmMIdnE 93MbEGMMmMIOL, 35330767085 Mmeal donmgl 370035076 700. gL
®37bmmmmaonmace sabzghomao s BybEo dgomens, 53@mMTs@nMmo nfaml 3530760l y3zgmo
d07q00L, MoE BOJGMOMN35 godmMmnEbozl 353076@ 0L dbMnsb dgLbademm d73emadgdl ob
0obo AbMNESL sMsBYLEN 0bxzmmBsznols Bofmegdsl. Mebsdgmmsy &gdbmemmmangdn Lodns-
aqdsl nd@g3s godmygbgdnm ngdbsl 0da3sMma AmHymoommogdn, Mmdmadnis Gmbsigdgoal
AoPgmol 5370090L 3080b, MmEs 353096@0 bLBOL Lod3znMbsmm Ladnsmgdal dgmym3sL. gL
0700me0n, dsmmomons, BYLbE Imbogdgdl ndamgss, 0dEs bogdome d3nmoa.

e 0bLEHMNIF6EIONL 30eoEYMmMOs: 33Mbsgnmodnl sdymemodonl obaagbo godmyg-
B0 y3zgms 0bbGMYI6E0 Ybs nymb 39emoEyMo s bobem. nbLEGMNTgOEN 35emo-
Moy, Mmdgmog bBmdogl MaomyMmoe 0dol, Mobo gobBmazsg H3306L Tobobl HoM-
dmoaggbl, bmmmm Lsbms, 01y 8dn3s ndmg3s ghobs s 018537 dgaL. smbodbymo
0565L500170M700L gom35mabfnbgds 3608365em35608 BLEO 87313700l dnbvomgdsc.

o 3MOLOMObsM EaTYMmMMdNL Bm3zsma: 83030m PbS 07bsL gobLabmzMnma, Mo Nbs
hoom3smmb sMesdymammodse — ghamo emBob oy Medybody ombol godmEmagod..

C. 563oMnd3ag0s/9maG&Mmmbymoa dmbo@mMmobgn: oygomadgmos 33em3a30L  y3gmo
3&530L yESMMM0 s go8330M35mm7 86g5Mndz6s/Mg3mME0bgn, 08alm3anl, Mm3 Fgx3oL7ds S
dgeomgods yxi3m 8omEn3n aymb [3]

339Mbaemmodnl sdymemodal 33emg3300l dndofo sfbgdymo godmE333900 n39380M0]-
0o MmamE dgomeomemmannm, sbgzg Gagmdobmemagnynm 3Mmdmgdgol, 3gMmdme, aoblbze3x0Y-
o S sMabsbm dgommommmangdal gsdmygbgds 33emy37080 shomgdl dgcegggdnl dgcs-
Mmydoby s ggbgmomaBgdal 3MmEaLblb. sMLydmMOL 35MnsEngdn, Mmdgmoai 960d369mm3boc
ox3MbgoL 33emg30L bamobbal dgBebgdsl. 3700035876 700L sdymmmdals BnL@on gobmaszs bg-
MombBnam godm§3335L GoMmdmoagbl. 3mdy87dn 58 dndsmonnmgdno Bmagxam ©o393d0MydY-
a0ns 3533096E700L Bobbmzmmosbmsb, Medgbndg 83035376@ 0l Bomadabol Bson MJ700500L
©5330L LoMYMaLELD S bmEnsmNmM-53Mbmansnio BodEmmydal BxamJdygdslbomsb [4,5].

33ymmonl  33em73300L 3oLy dxmogLgdmo My3mdgbsisngdn dmogosl gobdsm-
&70900bL bGSbIMENBOENSL, LoLEITYMo s d353Mn dgomemmmmagdal godmygblxdsl 33emg30L
d7933300L LObEMMONL, bLyndgemmodnl, ELEILEYMIONLS s gowsgdal TBMYb3gMbLsymazs,
LoMSbsM gaBmMA3300l Fobsbnomgdagdal dgfhg3zslbs s Ma3mMmENbaol 3MmEglol goyndxm-
09LgdsL. 339Mbsenmdnl dndsfmon sdymemdal gobondxmodgbgdmoece d60d365mm3sb0s 35303-
6&0bm30lL 33nMbagmonl byednbsfzemdmds s 3MmEalbol godsm@Gnzgds, 8 dnbBbono 8gnd-
@900 hsdm3aysmndmo Bmascen LGmo@gangdn: 3533096@J00LM30L gobsomgdal 3MmgMsdgdals
0907953909, 3em33&MmMbm0 dmHymdnmmogdol 89mo35B90s, MmMmBmadog 3530706@L dgobligbydls
Dodmob domadsl, dMmszsmdmmazymo gnbooal (77J0dg00, BoMBSE]3GIO0N s BLOJmEmMagdn)
ghomomo3n dognolibdgss 393036@ 0L esdymemonb gobondxmogbydmsc [6,7].

50339Ma, 839Mbsemodnl sYymmmosLlosb s3e3d0Mxdnmn 3Mmomgdxdn Xobos-
30b gMmo-gMmon Gmo3zsmo godmf3g3ss, 8oblosncmMmadnm Jmmbognmo ss35070700L dsmm3zada.
3393300l dgommenmannino gondxmdgLgds, sbgsMmndagdals LEGsbomENBIENs o LHmMoc
dafmhgnmo obLEGmMmYIg6BIOn PBMN63gmymxzl 3330l bomobbol BMsL, gosbsozsmab-
§0bgdgmos 93mbmaBnsnm o LonbxnbMmm sL3gdGad0E, MmImMIdng YBMYPO3gMYMABL XobrsiE3nl
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LOLEI0L gBgIBNSOMONL SBsMEgdSL  353076@700L LOAiNMbosgm 3MmEgLbdn AsMonmmmodal
8990xmodgLgdal gboo.
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SUMMARY

MEDICATION ADHERENCE: CHALLENGES AND RECOMMENDATIONS FOR IMPROVEMENT

Shashiashvili N.V.

Georgian Technical University

The problem of treatment adherence is one of the most important challenges in the management of various
diseases, especially in chronic conditions. Many studies have been conducted with a focus on this issue,
however, they are often characterized by pronounced methodological deficiencies, which limits the ability to
generalize the results of the study and the effectiveness of their use in practice. The article is about an
overview of the main standards that have been developed to improve the quality of adherence research on
treatment with treatments. Aspects related to research design, adherence measurement, and reporting are
discussed, which contribute to the observance of methodological rigor and as a result, the credibility of the
research results. These approaches integrate economic and engineering aspects aimed at enhancing the
efficiency of the healthcare system and improving patient engagement in the treatment process.

Keywords: adherence, medication, patient, treatment.
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3mblLgbL1LYy oz 1dbgdnmo dgormegdnls dndmbam3zs Xobs30l LoliGgdgdal
9oMyanmomyogno Asmhmgool 3gd1ndszgoolonzol

953053300m0 6.3.

Lagomom3zgmmb &g3603nMo Nba3zgMbodgGo

X5060053330L LobEYTg00by s 3meoBn3nl d7390ds3300L bazgmmdo doMomomo gowsfhysg-
@&0m)dg00 Bmagxgh 0dag3oMm gomgdmdn dnnmgds, MmAgmUbsE sbsbnsmgdl goyMi3x3eNmMos O
oMmobMymn o6 d1bm3sbn 3B 303301MY0700. 38 gosHy33@0mgdg0L 30 dg0dmyds 3Jmbgm
dmfMl 800s35em0 970073300, Mog go3mgbsl dmobgbl dmLobmmgmosby. s0n@md, 06003-
Bbgamm3s60s, Mm3 sbgon gosHyzgdomgdgdn domgdnm 0gbglb godf3znMm3zsmam s  dsmamo
bm@Ensgymo 3sbnbobdgydmmonm, Moms PBMNb3gmMymxzzoman aymb 3mbBo@onmno 33ga700L
0omgds LobmaoEmgdMnzn XsbdMmmammdobmsznl. gmo-ghoo 3Modosnmo LEMsBIans o8
3mmEabobomzol ool Asthmgdnls s abLEGMYT7bEJ00lL 3x81d8s370s, Mmdgmog Loxwndlmoc
10336 3mmo@nzol gosfy3a@nmadgol s ¥sbsi3nl bLyMm3znbgdolb gobbmmEngmgdsl. 3mbLygb-
LbyLol domfHazol dgomegdn (Consensus Development Methods - CDMs) baemb nHymobL 3@ 3039-
0mM70300Ls s g7L39MEJ00L BMLsBM]ddAL YMoNyM35380ML/L0bogBL XobsE30l Lalidg-
07000 g333&9M0 homhAmgonls s 0bLEMYI]6EJ00L BgLogdbgme. ™obsdgmmmsg bonbynbfm
doeagmdgdn dmoEe3l Lblosslbzs 3MmgMmsdymo s @3Jbmemmagonma 3o Bmmdgdal dgdydo-
37905L AmMbs3g8ms od1Nds3700b, 3MBNbN3sENaL gondxmodgbgdal s gosHyszg@omadal domgdal
3mmEaLbol 93¢mMBo@nBognal nBMNO3g3mboymasm, Momsi 3609365mm3bs gonBMmgds 3mann-
&030L dgxBnds3900L o dobbmMmEngmaonl gxB3d&0sbmMos. CDM dofmomswo Mmmgdo dxdegan
Loboo AsAmysmMNdEIdS: XoboE30l LygMm3nbgdnl sbyMa3s, XobsE3nl gmm3bymo 3mmodn-
300L d70x35L700 S gMmosSMYM0 ¥5bs30L 0bnENsEN3700L godanngmads [1,2].

CDM-al dofmooogn dsbsbnoogdamgodns:

1. 30b6@gMmabgdyma dbosmggdol Ashoryammods: CDM-300 babl Pb3edgb Lb3ssbb3s
©506@7MaLgdymMa dbsmal, doo dmMmal xobsi3ol 3Mmagbombsmgdal, 3mmodonial dgdqo-
B6gm9dal, s LsBmasmgdnl HomMAmIswaggbmadal hAsmanznl 3603305MMmMOsL, Mooy YBMYb-
33eymb gosfy3g@omadol domgoal 3hmEgbdo dMmszsmazgmmasbo dgbgymadals gom3zsmab-
§0b70..

2. 8®303700@70700Ls o 3dL3gMmEGNbal 0bEgaMoEns: odmg3zs 3330l djagec
domgonmon 933033019Mg0700L go3Monsbgosl 9Ju3gMEJOlL T7byENMg010MSb s Fodmg-
0my05LmSb, My bgmb NHymolL dg@oce nbxammdnMmydymo gosHyzg@omadol domydsb.

3. LBMYIGIMoMIdYMN gosHyzaGomadol domads: CDM-g00 JbHMnbagmymasl Lob@g-
0 Goagmdsls goblb3ze3307M0 39M0bEJONL FgBsLgdNLs s 3MBbLgbLNLOL dnmHg3s80, MBS
dgodamgds gosdmoaghmmb 3mao@ ool 95879953300l 3MmgLydn s 8gomeegdnl s dggaldol
Lndgoismg.

4. 359%30M350mmo0l bgandgHymods: 3mblLgblnLbol dom§azol 3mEglbol comindyb@&omgdals
8b0m, CDM-30L dgydmosom bgmo dguhymb zodf3nMmzsammool, Moy Lodysmgodsl 8obsgydl
o0b@MmaLgdnm dbomygdl 3Jmbegom LMYYmo s EIBGIMIYMo nbmMAsENs  goshy3adon-
@000l domgdal dgbobgd, MoE gobadnmmodgol bomdals Asdmysmndgdsl dggagdol dodsmon.

3mbLgblnLol dnmHa3al 3MmEgLN, gobLsINMIdNm XobsE30L LobEJ81dLS s 3meo-
&030L dg0n8s3705d0, BmoEe3L gMoIMdMN30 goshy3a@0mgdogonl domgdsl. 3MmmagLbdo hom-
0mbo sM0sb L3gENoMOLEJON s SNbEIMaLgdnman AbsMgyxdn. gl dgomegdn gsdmnygbgds
dofmomss albgo dgdmbzgzsadn, Mmegbsg Lymo mongd&amo 3B303709MIdg00 oM SMbg-
0moOL b  goshy3a®nmgdals domads LoMMPMIJONMSS ES39300MIOYMN. 3MmEgbo dmoiast
Modcb0ndg 8603369mmM356 9@&o3L [1, 3,4] (bJgdys).
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d07bgo35 0dnls, Mmd CDM oMoy obLEmNIgbBal Homdmogiabl xsbgsEznl
LoLEIT700Ls s 3mmoBnglnl dx81n3s3700L30L, 3MmdMgds MAxdS godmE333700, MMBYdNS
1bs goongmols dgomemmmaonmo  Lndzssmobs s 35moEYMmodnl dgbobomhybgdmaco.
LagMmom godm§3933000:

1. Lomsbsem CDM-500L dgMmhg3s: 3mbLgbLyLoL dgboxzgmabin dgomeanl s8gMmhAg3s dgnd-
m0s Moo sdmhbgl. bb3ssbbzs 3gonmeadn goblbze3301ma demagmo s bybEn dbsmyg-
0000 godmamhg3s, Mol codmingdnmans 3Mmad@ob 80BbydBy s 3MbEIJLEBY;

2. 8830330MmMI070056 gjL3gMmEMS FMLsBMYOgO0L IdOSMIBLYdS: Bmgxghm Mommos
39L39M G0l AMLOBMYOIOLS o BB303307Eg0g0L dmMmal damLbLal sdysMmads, gobLsgyom-
Mydnom 35806, Mmegbsg snbEgMalgdym dbsmggol dmmal shbgomol PYosbbamgds. gos§-
Y33G0mI0300 EoxwYdbxoYmo Yoy ayml Bysm 8G303909mI07017 s Bmbrgl 3Maddozymo
398mEEomId0L gom35mabfnbyds;

3mbLbLYLOL dgormxdal godmygbgdno 33amg30l 3MmE3aLOL gBs3g00
4 N

* 50 9Ha3BY 0MRYzs 9JL3YBGHME s EsobGIHYLgdurno Bbahggdols gmbo, Amdgrrmsg sgzm
Lis3@atolio 30d3g@gbaos s godmiorrgds 3mb3MydEweo dnrro@ozol sb bobdgdols

396¢cenl 357365 Bofiyrgddo. 53 xpn5Bo BoMo Byosb dgrognbol, babepangdiogo X oboogzol,

Jermo@ogol sbagrool, g3mbadogol o Leygoar®o 893bogmgdgdol Laggoarrob@gdo.

\ S
' N
* 3ablglmbols Bomfinzsdog sBLgdreo 83303090 gdo Lfvres Mbos Bgobifagremb. g
sfbadnmo dmogegL 33ergagdol, sbpsthndgdoli s ibgs Gorg3sb@vito m3zmdgbdgdol sbarobl,
3@ 30828m33300b Hadegdog ©ogbdatgds gilagHdgdlLtneymaorro Lvmamols BgJdbsBo sGlgdyymo
80dmbomzs BEpMBatgmdol globgd.
\ J
P
" 21bo 9gHeMdrrn3a gobLaBrgmagl, M5 s6ol dodomswo 0Bsbo @s 3HoGIMomdgdo, o
30B60bs s 3M0@7honddal | ©BBOIBL oL pofu30dE0Egdol Borgdolsl. Boadroma, B po3enbol 0jmbogdl
396baBm3Ms 30m0G030 Smbabergmdol K sbBfmgrrmdsby s B 3HodMomdgdom wbos 8gaslicogl dolo
039O TOMDS.
. J

-

- 9L 930 gerobbdedl gbool §369dl Bmmol @olzrbool godatmzal o gablibgeggdneo
©abzgbno o Agbgergdgdol gobbocmgal. Xamnob §93Mdo sD0omdb Lisgmms® dabsbmgdgdl, Goms

dabaenmadadnb 3gxaMads. | Bosmfomb 3mbLglvgbl bbzswalibgs sb3gddgdosh @agegdomgdom. Bgledrres, GxBogbody

dgb39ms 5b Lsgmblvym@azom bglos pobogl LsFoom, Goms yzges Fogdob Bgbgomegds

\ 200035¢0bobmb.

4 N

* 30blglbiols doefigzols 88cgp, prbroo Jabols gumgragdlis s 0bLGMnmdghdgdl, Gmdcrgdog
dbotl o 3Ol derodogol BgdnBoggdolio o pobbamizogrrgdols 36eiEgLL. gl ngndgb@gdo
0BL&MFIBAIBb 839365 de03ogL popdoel, Hmdgrrog Gamygdneros slobyee Bobbgdls o yoblisbogine

AV VA VAV VY

3M0G9H03900).
\
-
drmemmmanafo * 36m3gLol y39ems 9Ga3bY Lo Fodms dgmanrengomto Loowbidobs b ge8330M35r mdol
bn¥pbGobs oo gbstRmbgds. 3mbligliliols gsbgocmamydso Ggmegogdols gadmygbgdolisl god}gofgacnmbds
32933nfM3zacmmdnl 593000 0BYE0Ss, BHoms LaBegsmgdsl 3jnbogl bomds 08580, Hed owngdeo
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SUMMARY

REVIEW OF CONSENSUS-BASED METHODS FOR DEVELOPING REGULATORY

FRAMEWORKS IN HEALTHCARE SYSTEMS

Shashiashvili N.V.

Georgian Technical University

In healthcare systems, critical policy decisions are often made amid uncertainty or limited evidence, demanding
transparency and accountability to optimize public health outcomes. Expert panels and stakeholders play a key
role in creating policy frameworks and establishing processes for policy formulation, implementation, and
service delivery. Consensus Development Methods (CDMs) support these efforts by blending existing evidence
with expert insights to guide complex decisions. This article explores methods for achieving consensus, their
application in national and international healthcare, and highlights the importance of transparency. Modern
engineering approaches include the development of various software and technological platforms to support
data processing, enhance communication, and automate decision-making processes, significantly increasing
the efficiency of policy formulation and implementation.

Keywords: Consensus Development Methods, Evidence, health systems, Stakeholders.
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SUMMARY

UTILIZING A COGNITIVE ENGINEERING TO CONDUCT A HIERARCHICAL TASK ANALYSIS TO UNDERSTAND
PATIENT DECISION MAKING

Shashiashvili N.V.

Georgian Technical University

Hierarchical Task Analysis (HTA) is a powerful tool for understanding complex solutions for patients. This is
especially true in scenarios where patients have to choose medications. Through HTA, researchers perform
tasks according to their constituent parts and examine the cognitive processes of decisions made by patients.
Studies provide important information on how patients make complex decisions and where the need for
interventions is highlighted. While the analysis of hierarchical tasks addresses certain challenges, such as time
spending and the need for special knowledge, it gives us an in-depth insight into patient behavior and decision-
making. This makes it an indispensable tool in pharmaceutical and health services research. Analysis of
hierarchical tasks using pharmacy practice studies helps healthcare and pharmaceutical specialists analyze
patient decision-making processes, and establish and develop targeted intervention mechanisms.

Keywords: Hierarchical Task Analysis, Cognitive Engineering.
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Kiladze M.T. — 2024,1.

Kipiani P.N. — 2024,2.



Kochiashvili M.G. — 2024,2.
Kukuladze M.V. — 2024,2(3).
Kuparadze L.P. — 2024,1(3).
Kurdadze G. — 2024,2.

L

Liparteliani G.G. — 2024,1.
Liparteliani R.G. — 2024,2.
Loladze G. — 2024,2.
Loladze N.T. — 2024,1.
LoriaJ.B. — 2024,1 (3).

M
Makhashvili K.A. — 2024,1.

Makhviladze M.G. — 2024,1.
Mamulashvili M.A. — 2024,1 (2).
Medzmariashvili N.G. — 2024,2(3).
Meskhishvili M.M. — 2024,1 .
Mindadze S.0. — 2024,2(2).
Mskhiladze N.G. — 2024,1.
Mukhatgverdeli N.N. — 2024,2.
Museridze R.R. — 2024,1.

N
Nabakahtiani G.N. — 2024,1.

Nadiradze 1.V. — 2024,2.
Namicheishvili T.G. — 2024,1 (3).
Neparidze N.S. — 2024,2(3).
Nikolaishvili 1.Z. — 2024,1.
Nizharadze N.S. — 2024,1.

(@)
Ormotsadze N.Sh. — 2024,1.

P
Papava L.Sh. — 2024,1.
Parulava L.P. — 2024,1.
Parunashvili G.A. — 2024,1(2) .
Pavliashvili K.M- 2024,2(2).
Pkhakadze T.l. — 2024,2.

R

Ramishvili V.N. — 2024,1(3).
Ratiani N.G. — 2024,2.
Rusadze M.T.— 2024,1(2).
Kipiani P.N. — 2024,2.
Razmadze N.A. — 2024,2.

IT

S
Samkharadze M.G. — 2024,1.

Sarajishvili K.G. — 2024,1.
Shatirishvili 1.Sh. — 2024,1.
Shatirishvili Sh.l. — 2024,1 (2).
Shustakashvili N.T. — 2024,1.
Sigua L.R. — 2024,1.

Siradze M.G. — 2024,1.
Sordia E.K. — 2024,1 (2).
Surmava A.A. — 2024,1.
Skhvitaridze A.R. — 2024,2.
Skhvitaridze R.E. — 2024,2.
Shalamberidze M.Sh. — 2024,2.
Shashiashvili N.V. — 2024,2(3).
Shekunov A.A. — 2024,2.
Sigua L.R. — 2024,2(2).
Silagadze S.R. — 2024,2.
Siradze M.G. — 2024,2(3).
Sordia E.K. — 2024,2.

T
Tabatadze M.G. — 2024,1.
Tananashvili L.A. — 2024,1.
Tserodze M.P.— 2024,1.
Tsikvadze V.G. — 2024,1.
Tsinadze Z.0. — 2024,1; 2.
Tsivadze M.A. — 2024,1.
Tigishvili D.R. — 2024,2(2).
Tabukashvili Z.Sh. — 2024,2.
Tcheishvili T.Sh. — 2024,2.
Tokadze L.Sh. — 2024,2.
Topuria R.M. — 2024,2.

Z

Zakaraia M.Sh. — 2024,2.
Zalkaliani D.G. — 2024,2.
Zivzivadze L.B — 2024,2.

Zivzivadze V.G. — 2024,2.
Zodelava G.G. — 2024,1.



