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AGRICULTURAL SCIENCES

UD®G31:546.173:546: 26
RADI OBl OLOGI CAL CONSEQUENCES I N THE
EXCLUSI ON ZONE REGI ON

Chobot ko Hryh

Doct bi obbgi c®r ofesesn

|l nstitute of Agroecology anKyiEwnvi
Shvydenko I

Ph. Dgrioultural sciences

|l nstitute of Agroecology ankKyiEwnvi

Abst rTeheet :changes i n mheimat hrealaremwsi |
Chernobyl accident over 38 year s have
transformati ons, the 1 mpact of radi onu
have been identified. Changea deaecrpdame

synant hropic species populations and ar
The results are of significant | mportar

ecosystems and the necessity uecfncmesnitor

Keywo€dsrnobyl , radiation, ecosystem
Analyzing the trends of changes I n
affected by the Chernobyl di saster 0\

ecosystems canoibes iwietnHl ii vieesdth alvaelotunder
So, currently, the radiologicdiCssi(twiathi
haliffe of approxXBmateli ¢lhi3XGe ydadrfxdiyedr :
i sotopes of *®mutlotniiusn, pramjdect ed **4mt t
wi | | il ncrease ByYPlunmat iulr abr dkrkedm@ ®6 0 wi de
radi oactive 1 sotopes accumul ated withir
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to the majority =fCstheinrt or @lhea saet nmobseshi
(explosive) teempetrait ud ef hipdplases of t he

with "hofl particles

The significant dose of radiation re

o

eposi ti ornt iocfl e'sh*otonpa he surface of org
he radiobiological response of pl ant s
nown as thdheRepdeBemeset 'of high radiat.
eath not eomwmlug ofr eesnibfut al so of <certa

nd bl ack al der . Addi tionall vy, wi desp

nw 9 o x

uppression of growth processes were o0

-

esul ted from atbhiel iltoys st oofgroorwg annosr'mal | vy
stochastically di stributed cell s I n t
di vi sAdadist.i onal | vy, regul ar mor phoses

significant deviatioma iwhidiezeanaomtahap
structure. The appearance of such radi
ability of meristematic cells to recog!
mor phogenetd Cept agnhm, reldde atmoomnal ndwyc
species of flora and fauna. |l n areas w
t he most radi oresistant species remain
species were particularly prdrhienesnai.l |
hydrobionts in water bodies within the
Additionally, the mortality of certain

| n areas affected by radioacti ve C

radi oensuciln dmost phyt ocenoses is concen
| eaves and the surface | ayer of soil
of the soil cover experience el evated

environmamerbbliat groups of various faun
concentrated, experiencing tf3he greatest
The cessation of economi c activiti

rel ocation of r esitdtelnegmse nftrso mh aad nau nsbiegn i
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ccessive phases of vegetation change,
rest formations. | gne sa cicno rvdeagnectea twiotnh, t
dder base for her bivores, a new spe
rmimg. depopul ation of settlements wa
e population of synanthdepl ctcnanbmabkys®s
ant speci es. | nst ead, an increase 1in
owth in the population of species wlt
ma n economic activities, p aryteiaa wsl, a rtl
pul ation of previously rar[4 .pl ant anc
On the most heavily contaminated are
rface | ayers of soil were found. Nat
estroe ation of soi l fauna and microbi
mposition of new communities may dif
nce I nsect s I n their juvenil e devel
ni fi canatltyemwoirtei vreadtihan adul t i ndi v
ergone sigHowecvant cvhsawmglksobservati:
e al mani festations of i1 onizing radieé
cializedl readudbe ] o gviha & h det ect de
cesses at the cellul ar and subcel lu
rticularly prominent are cytogenetic
d pl ant5 organi s ms

Numeroesi mapts have demonstrated t h:
radiati on, organi s ms under go gradual
mage to the genetic apparatus of <cel
d a cumul ati eOyQaztsi aktdsdeodst | e ha kB Lt vy, S |

I mal organi sms accumul ate radionucl ic

and stronti um, i n the tissues of t heir

among the ultrasthecterh]|] tCtbepbnenesnal

them i s characterized by increased ef fe
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of damage to the genetic apparatus of

number of I rradi atedegmecives epdrpueclt st iwa
nextcade&sch negative =effetesm canhsggqui.
radiation exposur e, pose a danger to i
di versity. Therefoter mmpegoi denit ngcoof e
extremely important to prevent t hteem m n
consequences | i es I n DNA damage and r
common to al/|l | i ving organi smsi omo-afthb
term consequences has gener al bi ol ogi
radi obi ol o6fi c al effects |

LI TERATURE

1. 1 90OHYv®k! st ' o YytstedzsB d dz' ! € 5°
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Abstract. Agriculture in Ukraine is recognized as a priority area of the
economy and provides foddr a significant part of the country's population. In the
pre-war period, a lot of state resources and foreign investments were spent on reforms
and programs to support the development of agriculture. Fertile lands, a favorable
climate and investments noily ensured an increase in the production of agricultural
products, but also contributed to their export to Asia, Africa and the Middle East. As
a result, a complex structural dynamics of the Ukrainian agricultural sector was
formed: large agrarian bugiss competes with farms and snsaéle familytype
farms. The Russian invasion brought enormous destruction and problems to
agricultural production and rural areas.

Keywords: agriculture, investment, development, economy

Agriculture is the central compent of the Ukrainian economy and the main
source of livelihood for approximately one third of the population of Ukraine. A large
amount of fertile land, appropriate climatic conditions and a relatively favorable
investment climate allowed Ukraine not ortty feed itself, but also to provide food
for millions of people in Asia, Africa, the Middle East and other countries. Before the

war, the growth rate of agriculture in Ukraine was one of the highest among other
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sectors (with annual growth ot@%), the shae in GDP was 10.9%, by 2021 the
sector would provide 17% of domestic employment.

Russia's fuliscale invasion of Ukraine on February 24, 2022 seriously
disrupted food production and trade in Ukraine, endangering the food security of
Ukraine and the world.Targeted attacks by the Russian army on Ukrainian
agriculture, such as shelling of agricultural facilities and infrastructure throughout
Ukraine, mining and burning of agricultural land near active combat zones, a
five-month blockade of Black Sea portsidathe blowing up of the Kakhovskaya
HPP dam, have extremely complicated the functioning of the Ukrainian agricultural
sector. sector While expeoriented agribusiness suffered the greatest losses,
especially at the beginning of the war, family farms pnidate peasant farms were
able to adapt to extreme conditions and provide food for the Ukrainian army and
population.

The Ukrainian government and its international allies took a variety of
measures to support food production and trade during the was.ifdt¢ludes, in
particular, the reduction of certain taxes, tariffs and quotas, as well as the
development of new storage facilities and land routes for the export of Ukrainian
agricultural products.

As of mid2023, Russia's war in Ukraine has caused totses to Ukrainian
agriculture of US$8.72 billion, with cumulative losses of US$31.50 billiomralaty
to World Bank estimatesDamages include the partial or complete destruction of
machinery and equipment, warehouses, livestock and perennial cropgll ass
stolen material and technical means and products, agricultural land that requires
inspection, cleaning and restoration. Cumulative losses include production losses
such as missed harvests, reduced production volumes, higher production costs, and
lower selling prices for expedriented commaodities such as wheat, barley, corn, and
sunflower seeds. In addition, the Kakhov disaster caused direct agricultural losses of
US$25 million, leaving almost 600,000 hectares of agricultural land without access t
irrigation. In general, about 30% of agricultural land in Ukraine is currently not

cultivated due to the fact that it is located in temporarily occupied territories or is
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dangerous for agriculture.

In addition to the direct impact on agriculture, Russiaar against Ukraine has
a devastating impact on the environment, soils and water quality, which will have a
negative impact on the development of agriculture in the long term.

On June 23, 2022, Ukraine received the status of a candidate for membership
in the European Union. There were no special requirements in the field of agriculture
for obtaining and maintaining this status, except for the continuation of reforms in
accordance with the Association Agreement between Ukraine and the EU [1] (ratified
in 2014). As of the end of 2022, the overall progress in the implementation of the
Agreement in the field of agriculture is estimated at the level of 60% [1] (lower than
in other areas of the economy and social life) and includes policy adjustments in the
areaof product quality assurance and standardization of trade inrf@gdoproducts,
restrictions the use of genetically modified organisms and support for the
development of organic agriculture. These measures are welcomed by family
farmersentrepreneurs whwant to enter the EU markets. However, the introduced
standardization and registration may become an obstacle to the informal economy [2]
of food production by personal peasant farms and disincentivize some small
producers to engage in food production.

A large amount of arable land is now mined or unusable due to the effects of
massive bombing. There is no access to part of the land, the enemy is deliberately
destroying warehouses and agricultural machinery. All these factors will directly
affect the deva@pment of agriculture in the near future. In modern conditions, the
number one problem for farmers is the sale of grown products. Traditionally, in
Ukraine, most of the total grain harvest is exported, while the share of the harvest
needed for domestic née does not exceed a third of the volume. Money is needed
for cultivating the soil, buying seeds, fertilizers, protective equipment, fuel and
lubricants, paying taxes and salaries, but it is lacking due to the lack of opportunities
to sell products. In cdrast to the growing panic, the government of Ukraine and the
international community are making great efforts to preserve the logistical routes of

grain export.
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Today, Ukrainian agribusiness works in extremely difficult conditions and
demonstrates flexibty and efficiency. Due to the complex logistics of grains,
agriculture is being reoriented, farmers are increasingly betting on oil crops. It is
necessary to find sales options for the grown products.

Today's challenges have exposed the problem ofaWvematerial vector of
Ukraine's exports and allowed to increase the rate of reorientation of the agricultural
sector to products with a higher added value without resistance. One example is the
creation of new enterprises for the processing of agriculpwoalucts, it is about the
processing of grains into reattyade products, such as flour, pasta, cereals, alcohol,
animal feed, starch and other products.

At present, farmers are also faced with the challenge of shortages and a
significant increase in fugrices. Increasing the share of use of alternative renewable
energy sources will help reduce dependence on the fuel market.

Despite the difficult conditions, many agricultural producers continue to sow,
harvest, take care of the farm and make every effoensure the food security of

Ukraine and the world.
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CHLOROPHYLL SYNTHESIS AND ITS CHANGE DYNAMICS IN
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Abstract: This is one of the most importaetological factors of plant life,
depending on the intensity of illumination and the spectral composition of light; it is
not the same in different species. First of all, it does not have the same effect
depending on the angle of incidence of the light #re intensity of the light. If we
take into account the energetic sensitivity of chlorophyll, the quantum energy of light
rays - ultraviolet, violet, yellow, green, red, blue, infrared and green +ays will
discover the mechanism of influence of eacbnospectrum (ray). Light spectra are
of particular importance in plant life. However, since the influence of individual
monospectra green, red and blue spectrereates different energy effects depending
on the energy of the quanta, the growth and ldgweent of plants are not the same,
but are different depending on the biological affiliation of the plants. Considering all

that has been said, our research is devoted to the study of chlorophyll synthesis and
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the dynamics of its changes in plants ineliént spectra.

Key words: chlorophyll, synthesis, monospectrum, light, beam.

Introduction: Light is one of the important ecological factors in the life of
plants. The main source of light in nature is the sun. Sunlight is a physical factor, it is
white light. The white light beam has complex properties and consists of
monospectra. It is also clear that white light has 7 monospectrums. Each light wave,
that is, its monospectra, has its own quantum energy. We would like to briefly bring
to your attention som forms of environmental factof®, p. 3-7]. To solve the
problem, it is necessary to carry out certain experimental tests, to investigate the
morphological and biological changes of plants due to the influence of climatic
changes. For this purpose, irb¢aatory conditions, different monospectra of light
flood - blue, green, red, yellow, infrared, etc. the effect of radiation spectra on plants
Is investigated. Since the quantum energy is different, their effect on the growth and
development of plants isohthe same. Light and illumination are sources of energy
that are indispensable in the life of plants. As the energy affecting the plants changes,
the rate of their metabolism chand8sp. 23-25]. The sun's rays falling on the leaf
organs enter the chigplasts and excite the chlorophyll molecules there, and the
chlorophyll rises to an energetic level. During this period, as a result of the chemical
reactions between the carbon dioxide (CO2) entering from the nozzle of the leaf
organs and the water (H2@)olecule coming from the root system to the leaf, the
synthesis and accumulation of organic compounds (C6H1206), the possibility of
oxygen entering the atmospheric air in atomic form (O) increases, the atom in the air
the oxygens in the state combine ¢tomh an oxygen molecule suitable for breathing
( O+ O YIOW®e)take into account the energetic sensitivity of chlorophyll, the
guantum energy of light raysultraviolet, violet, yellow, green, red, blue, infrared
and green rays we will discover the meanism of the influence of each
monospectrum (ray).

Research object and method®#/hen setting up experimental tests, plants in

special chambers use light bulbs to be exposed to light flow. Light flux is expressed
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in lumens, and illuminance is expressedur. [Luminous flux characterizes the light
source. lllumination refers to the light falling on the surface. 1 Lm is the illuminance
falling on 1 m2 surface.The lamp characterizes the light temperature. N.N. Protosova
notes that if we add 25% blue light teetred spectrum, theegood result is obtained.

The volume of their fruits is much larg@fig 1.) Adding 14% of the blue spectrum

to red light expands the leaf surface, and fruits ripen faster than plants that received
green and blue light. Due to thefesdt of the green light spectrum, the productivity
decreases, the leaves are thin, and the chlorophylikss collected, the rate of
photosynthesis decreases. Chlorophyll decreases by 60% due to the influence of the

green spectrum, while it increaseshe blue spectrum.

Figure 1. Laboratory staff during the analysis

Although chlorophyll is active in the green spectra, absorption of CO2 gas is
normal. Due to the effect of blue light, the coloring of leaves and stems weakens, but
the photosynthesis coéffent is high, the amount of pigments is high, and the leaf
area is small, and the mass of fruits is reduced compared to red spectra. The number
of chloroplasts on 1 chsurface increases due to the influence of the blue spectrum. It
is much more than thed and green spectra. Productivity increases 3622 due to
the effect of white light, unlike blue and green spectra. As awave 8664® n O, t
red spectrum increases the development of the leaves, the coloring is accelerated, the
blue spectrum redaes the coloring of the stem and the leaf surface. It yields little.
Under the influence of 526 50 nO green | ight, the | ea
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chloroplasts is small, photosynthesis is weak, and productivity decreases. If the 3
main spectrums (b&) green, red) affect the plants separately, the effect will be less.
There is a need for experimental experiments to study the variability caused by
monospectra in plants. For this purpose, trees and shrubs of the same age were place«
in separate chamberand they were placed separately in a chamber with white light
and other monospectrums. Before placing the experimental plants in the chamber, the
length of the vegetative organs of the plants, the number of leaves, and the total
amount of chlorophyll inthe leaves- 5 mnf area were determined with a
chlorophyllometer. The plants were placed in the charer 116-117].

Analysis: We have studied the influence of individual monospectra on the
amount of chlorophylfiad andiibo in the leaf during the vegaion period in different
plant species. The energy absorption of protochlorophyll due to the effect of weak
illumination, depending on the quantum size, is poorly illuminated in the literature.
That is why during the reporting year, we tried to investigdie mechanism of
influence of blue, green, red and white light spectrums. In certain researches, while
the illumination source was taken as 1 Ik, in our experimental tests, the illumination
intensity was carried out by keeping the quantum energy of rpentsa constant for
8 hours[4, p. 138139. The main purpose of the experiments was to investigate the
dynamics of the synthesis of chlorophyll "a" and "b" from protochlorophyll due to the
effect of quantum energy in chloroplasts. In the subsequent draretfons of
pigments in plant leaves, low light is sufficient for the formation of protochlorophyll
chlorophyll "a", and less energy is spent at this time. When processed chlorophyll "a"
Is energetically affected, chlorophyll "b" is formed. If the dumatod illumination is
more than 2 hours, then the synthesis of chlorophyll "a" increé#esn plant leaves
are exposed to light white, blue, red and greént he synt hesi s of
accumul ates at a higher | ewngtbT. NrGodndve 6
and V. I. Raskin (1965), the formation of chlorophyll "a" from protochlorophyll
i ncreases when the il lumination is 650
decreases, chlorophyll "b" begins to accumul&ig 2.). From this, it ca be seen

that the amount of chlorophyll "a" and "b" reaches a maximum under the influence of
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red spectra (650 nO), and this amount i

Figure 2. Appearance of plants under different light intensity spectrums

As a result of the research, it became clear that protochlorophyll has an
important role in the biosynthesis of chlorophyll "a" and "b". Kaller V.L. that
protochlorophyll is the cause of chlorophyll and %hlA.A., Litvin F.F.,
KrasnovskiA.A. and RikhireyevG.T. (19591961, 1962) assumed in the research
works and Asadov H.H. and others (2019, 2020) was confirmed in their experimental
tests[1, p. 23-27]. It was observed in the green leaves of trees and shrubs, in the first
stages of vegetation. As a resultpsfotochemical reactions under the influence of
monospectra, a significant amount of protochlorophyll accumulation was found in
green leaves. In our experiments, after extracting the total amount of chlorophylls in
70% ethyl alcohol with a SPAB02 PLUS deice without separating the leaves from
the mother plant, the spectra of 426 0 n O wavel ength were
APEL AP-120 photometer and calculated according to a special equation for 1g of
green leaf. Shlyk A.A. and Nikolayeva G.N. (1962) notedt tvhen the light
intensity is high (670n0), the amount
and in such conditions, both chlorophyll "a" and chlorophyll "b" are collected at the
same level. It is assumed that the function of chlorophyll "a" ahth"the process of
photosynthesis is not the same. It became clear that the amount of chlorophyll "a" and
chlorophyll "b" in the leaves of differétevels in the trunks of trees and shrubs is not
t he same. That i s why the ratio of O0O/o»9
of chlorophyl | "b" increases, the indic«
chlorophyll "b" in the lower layeris more than the upper layer. In plants exposed to
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white light, the amount of chlorophyll "b" decreases significariiy.20 and 30 days
after the experiment, bio morphological determinations were made in different organs
of trees and shrubs. From thegmnning of the experiment to the present period, the
plants were constantly (for 8 hours) illuminated with monospectra, the relative
humidity of the chambers was kept stable betwee®330, the aerial parts were
consistently sprayed with water, and thé sothe pots was watere#ileasurements
were made 3 times a day (900, 1300 and 1700) to study the dynamics of chlorophyll
"a" and "b" changes during the researthe amount of pigments determined in the
5th leaves of the European oliv@léa europaed..) is consistent with the parameters
observed in the noble laurdlgurus nobilisL.). However, the amount of chlorophyll

"a" in stone oakQuercus ilex.) is relatively different at noof®, p. 24-29]. Thus, at

1300 hours, chlorophyll in the hard leavestiine oakQuercus ileX..) The amount

of "a" was 0.75 mg/l in the morning and about 1.0 mg/l in the evening. These
indicators prove that the stone odRugrcus ilexL.) can be included among the
highly resistant species adapted to the arid and hot dintainditions of the
Absheron peninsul@ab. 1.)

Table 1
The amount of chlorophyll in the leaves of some tree and shrub species
due to monospectra, in Ogl/l
Row | Light spectrum Plant species chlorop | chlorophyl O+b O/ b
hyllc O ¢ l¢be

1 White light Laurus nobilisL. 6,17 10.23 16,4 0,60

2 210880 nm Olea europaed. 75 11,76 19,26 0,63

3 Qu ®rilexLs 6,4 10,13 16,53 0,63

4 Seratonia siliqud.. 6,67 12,09 18,76 0,55

5 Liqustrum japonicunt. 4,86 9,13 13,99 0,53

6 White light Laurus nobilisL. 7,4 12,81 20,21 0,57

7 210-880 nm Olea europaed. 5,75 10,39 15,56 0,55

8 Qu ®rilexls 3,45 5,73 9,18 0,60

9 Seratonia siliqud.. 5,22 10,23 15,45 0,51

10 Liqustrum japonicunt. 6,76 11,18 17,94 0,60

11 Blue light Laurus nobilisL. 8,04 12,56 20,6 0,64

12 430490 nm Olea europaed. 4,48 8,06 12,54 0,55

13 Qu ®rilexls 4,99 9,02 14,01 0,55

14 Seratonia siliqud.. 3,8 6,85 10,65 0,55

15 Ligustrum japonicunt.. 4,53 7,53 12,06 0,60

16 Red light Laurus nobilisL. 8,99 13,9 22,89 0,64

17 570-600 nm Olea europaed.. 8,33 12,97 21,3 0,64

18 Qu ®rilexls 8,64 13,42 22,06 0,64

19 Seratonia siliqud.. 4,64 7,71 12,35 0,60

20 Ligustrum japonicunt.. 6,97 11,53 18,5 0,60
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A part of the energy of the light rays falling on the surface of the plants is

reflected, and a part is captured by the chloroplasts in the leaf organ and used for the
phobsynthesis process, chemical energy products are synthesized from the effect of
physical energy. The ability to absorb light rays in different types of trees and shrubs
Is not distributed equally depending on the height and layers of the lptant. the
graphs obtained during the research2(13;4; 5;6; 7), it is clear that the synthesis of
chlorophyll under different spectra in ligldving plants and in shadeving plants
has gone at a relatively moderate level. Due to the fact that during the stiaty pe
there were not completely optimal conditions for the plants, each series of the study
was partially shorterm, and 5 series of repetitions were carried out with the same
plant species. It is clear from the presented tables that the amount of chllotbph
synthesized in the leaves of plants under monospectra was higher than "a", which
indicates that the quantum energy falling on the surface is not enough. During the
reporting period, the green, yellow, blue, red and white spectra of the monospectra
were used in the experimental experiments conducted at the current staggaar3
old plants, and the intensity of the spectra was determined separately. Since white
light has a complex spectrum in the research, it was taken as a control. The green
spedrum has a positive effect on the formation of young leaves of individual shrubs

and trees, as well as the synthesis of chlorophyll in the leaves, the blue and red light
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spectra have a positive effect on the intensive growth of shoots, and the yellow
spectum has a positive effect on the growth of the width of the sathe same

time, it was found that the growth of the observed plants was not considered
satisfactory due to the low quantum energy of monospectral lamps. At the same time,
it is likely that if sources with high quantum energy are used to activate the
photosynthesis process in the leaves of plants, the energy effect of chlorophyll in the
leaves will increase and the growth and development of plants can be ensured
optimally.

Result: As a resul of the conducted studies, it became clear that the synthesis
of chlorophyll is much weaker due to the low quantum energy of monospectra (green
and red rays of 54 watt lamps and blue light lamp of 18 watts) under experimental
conditions. Synthesis of chimphyll fibo was higher than chlorophyfiiad under all 4
spectra.
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Abstract. Modern adhesive systems that interact with dentin either completely
remove the smear layer (total etch med€E) or retainit as a basis for bonding
(seltetch mode SE). Elemental analysis of the dentin sod after avabrasion with
powders based on sodium bicarbonate and wetgth carried out using
energydispersive spectroscopy, had revealed a significant increase in silica content
by 4.7 and 3.6 times respectively. The obtained data have indicatbd ordessity
ofconducting an additional study in order to identify certain patterns for clinical
practicein terms of application of both-aiorasive powders and adhesive systems.

Key words. Adhesive systems, total etch n@@d TE, bonding (seketch

mode- SE),dentin surface, aiabrasive powders

Adhesion to dentin remains one of the most difficult problems in restorative
dentistry due to its complex composition, including an organic matrix filled with a
mineral component, as well as moisture locatedhen dentinal tubule system and
flowing towards the enamel under the influence of pulpal pressure [1, 2].

Modern adhesive systems that interact with dentin either completely remove
the smear layer (total etch moddE) or retain it as a basis for bondingelf-etch
mode- SE) [3]. Unlike TE monomers, SE adhesives chemically modify and integrate

the smear layer into a hybrid layer [4].
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Application of SE adhesives is usually associated with minimal technical
sensitivity when applying the material to the tosthface. Also the occurrence of a
chemical bond between the functional monomer and dentin hydroxyapatite, as well as
no need in formation of a deep hybrid layer, help to significantly reduce the risk of
postoperative pain in the treatment of dental caaies create a practical basis for
popularizing the concept of sedfching of dentin among dentists &,

At the moment, there is a large number of studies indicating the same efficacy
of TE and SE adhesive systems in terms of adhesion strength to deatin.
However, only some of them indicate on the formation of a zone in the dentin
structure that has an adidse resistance (ABRZ). Despite the existing technical
di fficulties i n verification of ABRZ, r €
[7].

It was noted earlier, that the use of SE adhesive systems involves the
modification and incorporation of smear layer into a hybrid one. Taking into account
the peculiarities of the structure and composition of the smear layer, many
researchers began study the effect of various methods of mechanical processing of
tooth dentin, among which the most common ar@brasive methods [8].

Several studies have found that -tn@atment of dentin with an aabrasive
mixture based on aluminum oxide increades adhesive surface area and improves
the bond strength of composite to tooth dentiri[,

Other studies revealed no influence of air abrasion on the adhesion strength of
the composite material to tooth dentin, and its negative impact on the studied
parameter was noted in accordance with the results of another reseachers. [9, 10].
Thus, it was noted that despite the increase in the number, length and diameter of
adhesive tags in the hybrid layer after applying SE adhesive resins, the increase in
SBS vales did not reveal statistical significance, which was associated with an
increase in the number of microcracks in the dentin mass after sandblasting with
Al,O3 powder.

In this regard, powders with less abrasive ability were introduced into practical

dentidry. These include abrasive mixtures based on sodium bicarbonate, glycine,
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erythritol and some others.It is known that aerogels of amorphous silica are used in
the production of the listed powders. Aerogels are used to coat abrasive particles to
give themthe desired toughness [11, 12].

A few studies have found that the use ofabrasive mixtures containing
amorphous silica causes an increase in its content on the dentin surface [11, 12].
Based on this, it was assumed that the use of universattsbklfalhesive systems
would help to obtain a stronger adhesive connection between the composite material
and the dentin of the tooth.

Materials and methods. Powders based on sodium bicarbonate (NaHCO3)
(40em) (AIR-FIOW Classic Comfort, EMS, Nyon, Switzerland) and erythritol
(14em) (AIR-FLOW Plus, EMS, Nyon, Switzerland) were used for theahnasive
treatment of adhesive surfaces. Bonding steps were carried out with Single Bond
Universal (SBU) (3M ESPE, U§ and Bond Force 2 (BF2) (Toquyama, Japan). The
adhesion strength of composite to dentin was evaluated on 40 samples prepared in
accordance with the Ultradent Shear Bond Strength test. All samples were divided
into 2 groups depending on the method of mhesturface processing. In Group 1
(n=20) and Group 2 (n=20), samples were treated using powders based on sodium
bicarbonate and erythritol, respectively.

Each group was divided into 2 subgroups (Budnd SubB) depending on the
type of adhesive system a& Adhesive resin was applied and polymerized in
accordance with the manufacturerads 1ins
used for the samples of S#h and Bond Force 2 (BF2) (Toguyama, Japan) was used
for the samples of SuB. Scanning electromicroscopy and surface elemental
composition of samples were carried out on an SEXO MA 10 (Carl Zeiss) and
energy dispersive Xay spectrometer with EDS Aztec Energy AdvancedhcX
(Oxford Instruments).

Results. Elemental analysis of the dentin surfaafier airabrasion with
powders based on sodium bicarbonate and erythritol, carried out using -energy
dispersive spectroscopy, had revealed a significant increase in silica content by 4.7

and 3.6 times respectively (table 1).

46



Table 1.
Elemental composition of dentin surfaces

after processing with different methods

GROUPS Si

Bicarbonate 0.28 NO. 12
B/M abraded

P - value < 0,05

Machined 0.06 NO.O04

Erythritol abraded 0.18 NO.O07
E/M P - value < 0,05

Machined 0.05 NO.O4

Average values of adhesiotrength of composite material to tooth dentin
when using universal sedftch adhesive system and sati€thing system which is not
contain a silane coupling agent had significant differences depending on the

composition of the aiabrasive mixture applied.

Table 2.
Adhesion strength of composite to tooth dentin in groups (Ib).
Group/ Group 1 Group 2 Statistics
Subgroup
_ | F=1.6320
Subgroup A 20.54 N 21.11 N P=0.2014
_ N F=15.0697 P=0.000
Subgroup B 12.85 N 9.2 N | P1p-2g=0.0076
P- value <0.0001 < 0.0001

It was found that abrasion of the dentin surface with sodium bicarbonate and
erythritol powders did not cause significant changes in adhesion strength when using
the SBU universal sekftch adhesive system. However, a similar preparatioan
adhesive surface contributed to a significant reduction in the studied parameter in
case of using the BF2 adhesive system, particularly aftesba@tsion of dentin
surface with amixture water and erythritol.

The obtained data have indicated on mtiegessity ofconducting an additional
study in order to identify certain patterns for clinical practicein terms of application
of both airabrasive powders and adhesive systems.
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Introductions. Smoking is an actual medical problem. According to the WHO,
smoking is the second leading cause of premature death [6].

The composition of tobacco smoke and the mechanism of toxic action of its
components have been studied quite actiy@ly Tobacco smoke contains about
1,900 components that act (toxic, mutagenic, carcinogenic) on organs and tissues.
Lipid-soluble particles of cigarette smoke enter the blood when smoking through the
lungs.

Every year, smoking kills about 5 million peoplenese indicators are 2 times
higher than the indicator of deaths from alcohol and drug use taken together [5].
Smoking is a risk factor for the occurrence of more than 20 diseases, which accounts
for about 75% of all causes of death in the populatiomdging shortens life
expectancy by 5 years for a -§6arold female smker or by 7 years for a
35yearold male smoker [6]. The majority of tobaemslated deaths (70%) occur
among people aged &® [4]. Smoking cessation is an important component of
preventing disability from COPDJ].

Aim. To study and evaluate the effect of cigarette smoke of smokers on the
metabolism of lipids in blood serum.

Materials and methods.Serum lipid metabolism was assessed by fatty acid
(FA) composition. The composition oftfa acids of phospholipids in blood serum
was studied on a gdisjuid chromatography of the Cv80D0 series with a plasma
ionization detector in isothermal mode. Extraction of lipids from blood serum was
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carried out, phospholipids were isolated, methyledad the composition of fatty
acids was analyzed. The quantitative assessment of the spectrum of fatty acids of
lipids was carried out by the area normalization method and the proportion of fatty
acids was determined (in %) [3].

Results and discussion104 (74.4 %) healthy individuals who did not smoke
(I group) and 36 (25.80) healthy individuals who smoked (Il group) were examined.

The following fatty acids were determined in the blood serum of individuals of
the Il group: saturated (palmitic, stearic, nnstic, margaric) and unsaturated (oleic,
linoleic, arachidonic).

In individuals of the Il group, the amount ofhyristic FA (C14:0) was
(12.6N0.7) %, and margaric FA (C17:0)( 1. 2 9. Tieey & absent in the
blood serum of individuals of the | gnouThe appearance of myristic FA (C14:0) in
the blood serum of individuals of the Il group indicates endocrine changes in the
body, and the appearance of margarine FA (C17:0) is due to the presence of a
bacterial infection.

The amount of palmitic (416:0) and s
to (32.6 N 1.7) % and (8.8 N 0.9) %, r
(15.1 RN 1.1) %, respectivel vy, in the
unsaturation of th lipid complex of blood serum. A significant decrease in the level
of oleic FA (u418:1) to (13.5 N 1.1) %
p < 0.05) and a significant increase in the total content of polyunsaturated fatty acids
were revealed A ( PUFA) up to h(3al.morNm 1o.f5)( 198 .
p<0. 001. The amount of | id nsighifeantty toF A
(25. 5%Ncampaired to the norm (16.0 N 1.4

Conclusions.Smoking significantly affectdhe composition of fatty acid lipids
in the blood serum, which is manifested by the appearance of myristic and margaric
fatty acids, an increase in the conten
acids, a decrease in the level of palm{ti&t 1 6st0Odgr i ¢ (&18: 0) ar

fatty acids, due to the occurrence of inflammatory changes in the respiratory organs.
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Introductions. In the lumen of the large intestine, bacterial fermentation of
proteins (mucus, exfoliated epithelial cells) proési acetic and propionic acids, and
fatty acid (shordchain) [2]. Especially important is butyric acid, which supports
intestinal homeostasis. Butyric acid has a beneficial effect on the intestinal wall and
strengthens its barrier function to antigens.idportant component of this barrier is
the layer of mucus (covering the epithelium), and butyric acid increases the
production of mucus and restores the level of antwhied proteins [4], it has
antrinflammatory and amcarcinogenic effects. Butyric @cdeficiency contributes
to the development of inflammatory processes, ulcerative colitis and colon cancer [1].
Shortchain fatty acids affect the motility of the upper parts of the gastrointestinal
tract and appetite [5, 6].

The level of butyric acid iselated to the amount of lorghain fatty acids.
Fatty acids are structural elements of biomembranes and participate in reactions of
lipid peroxidation (LPO). Therefore, qualitative and quantitative changes in fatty
acids may indicate the presence of dpktgical process in the human body.

Aim - to evaluate the effectiveness of the use of zafacol (by the composition of
fatty acids in blood serum) in combination with surgical treatment in patients with
intestinal polyps.

Materials and methods.We examined35 (35.9% of 98) healthy individuals
and 63 (64.1% of 98) patients with intestinal polyps, in whom more than 2 polyps
were found. The first group (I, comparison) consisted of healthy individuals (n=35).

The second (Il) and third (1) groups consisted afignts with colon polyps. The I

53



group included 33 (33.6% of 98) persons; they were prescribed only traditional
surgical treatment (polypectomy). Group Il included 30 (30.5% of 98) people; they
were prescribed surgical treatment in combination with nagidic (zafakol). The age

of the examinees is 30 to 75 years.

The composition of fatty acids and lipids in blood serum (before and after the
completion of the Zafacol course) in patients with intestinal polyps was studied on a
gasliquid chromatograph of th"Cvet- 500" series with a plasma ionization detector
in isothermal mode. The composition of fatty acids of lipids in the blood was
estimated by the method of area normalization (by determining the peaks of methyl
esters of fatty acids and their fractjdm %) [3].

Zafakol (Italy) was prescribed 1 tablet 2 times a day after meals (without
chewing); the course of treatment is 30 days.

Results and discussionln patients with intestinal polyps, the spectrum of
lipid fatty acids is changeethe total corgnt of unsaturated fatty acids (including
polyunsaturated) increases and the total content of saturated fatty acids decreases.
This indicates impaired lipid metabolism in patients with intestinal polyps and
depends on the number of polyps (with an increagdbeir number, the changes are
more significant).

When zafacol was used in patients with intestinal polyps (lll group), the
parameters of fatty acids in blood serum improved faster (normalized the total
content of saturated and unsaturated fatty aciols)pared to patients who did not use
zafacol (Il group, normalization of the total content of saturated and unsaturated fatty
acids) there were no acids).

Before treatment, the fatty acids in the blood serum of patients with Il and I
groups of intestingbolyps did not differ significantly. In patients of Il and Ill groups,
the total content of unsaturated fatty acids (including polyunsaturated) increased and
the total content of saturated fatty acids decreased before treatment. In patients of Il
and Il groups, the content of unsaturated fatty acids increased before treatment (up to
(64.9 ° 1.6) % compared to (43.0 2.0) % in helhy individuals (I group),

p<0.001). The amount of saturated fatty acids before treatment significantly

54



decreased in patiendf Il and Il groups (by (35.1 1.6) % versus (57.0 2.0) % in
the comparison group, p < 0.001).

The increase in the content of polyunsaturated fatty acids before treatment in
individuals of the Il and III groups (up to (50°31.3) % compared to (1881.8) %
in healthy individuals, p < 0.001) occurred at increasing the level of linoleic (C18:2)
and arachidonic (C20:4) fatty acids.

Conclusions.

1. In patients with intestinal polyps, the fatty acid composition of lipids is
changed (the total content ahsaturated (including polyunsaturated) increases and
the total content of saturated fatty acids decreases) compared to healthy individuals.

2. Changes in the composition of fatty acids in the blood serum of patients with
intestinal polyps indicate a viation of lipid metabolism and the need to correct their
composition.

3. The use of Zafacol in combination with surgical treatment in patients with
multiple intestinal polyps is aimed at rapid correction of changes in the composition

of fatty acids and ligls in blood serum.
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Abstract. The relationship between changes in semen parameters in the
presence of sperm DNA fragmentation in men of reproductive age with impaired
reproductive function was invegated. It has been established that changes in semen
analysis indicate the presence of asthgnbgo- and teratozoospermia, dyskinesis,
and are dependent on the level of sperm DNA fragmentation. Thus, the more severe
the changes in the key parametershe spermogram, the greater the probability that
the frequency of sperm DNA fragmentation will be higher than normal.

Keywords: male infertility, sperm DNA fragmentation, semen analysis.

The increase in the share of the male factor in the structurdiloless
marriage necessitates a deeper and more detailed study of the existing problem.
Today it is known that at least 3D % of all cases of severe male infertility are
caused by genetic factors. [1, p. 24448; 2, p. 16d67]. Sperm DNA
fragmentatio is a relatively recently discovered cause of male infertility, and as the
name implies, that is breaks or damages sperm DNA strands, and the more such
damage, the lower the degree of integrity of the genetic material and the less chance
of pregnancy. [3p. 2427; 4, p. 8391].

Given the numerous data that anomalies of chromatin in sperms are often
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associated with reduced sperm indicators, and sperms evaluated as "morphologically
normal" (by light microscopy) may have a dan&gPNA, and vice versa
[4,p.8391; 5, p. 210], it was of interest to determine the relationship between
sperm DNA fragmentation level and the degree of impaired fertility of the ejaculate.

Aim: to assess changes in the main sperm indexes under the influence of sperm
DNA fragmentatbn in men of reproductive age

Material and methods

Totally 70 men aged from 22 to 43 years have been included in investigation
who underwent examination on planning childbirth. All men have presented an
agreement in written form for participation in theidies. The agreement has been
approved by Institutional Committee on Bioethics and corresponded to the bases of
Helsinki Declaration and corresponded to ethic, moral and legal requirements of the
Order No 281 of Ministry of Health of Ukraine from 01.11.200

Examined men have been divided into three groups. The first group (control)
included 20 men with a normal level of sperm DNA fragmentation, who Rad 1
children. The second group (comparison) consisted of 27 infertile patients with a
normal level of spen DNA fragmentation. The third group was composed of 23
infertile men with a high level of sperm DNA fragmentation.

All men underwent a comprehensive study that included the semen analysis
according to WHO recommendations [6] and determination of thd tdveperm
DNA fragmentation.

Semen analysis was performed over standard technique recommended by
WHO. During ejaculate analysis volume, color, consistency, pH, concentration of
spermatozoa in 1 ml ejaculate and their total amount, degree of motility and
microscopic investigation of stained specimen have been assessed.

To assess sperm DNA fragmentation level technique Sperm Chromatin
Dispertion test has been used. Sperm DNA fragmentation level up to 30 %
corresponded to standard values, higher valugban 30 % of calculated 500
spermatozoa.

Statistical analysis of obtained data was performed using computer programs
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set STATISTICA (StatSoft Statistic v.7.0.). Statistical significance of compared
indices with distribution different from standard, assesse#ddiynogorovSmirnov
test, has been established using Walolfowitz runs test at the significance level of
0.05.

Results

The first (control) group was characterized by ejaculate fertility preserved
accordingly to the standard values, recommended by WHO.

While examining native and stained specimen under microscope in Il group of
patients active spermatozoa decreased by 52 %, fixed forms and immotile sperm
increased by 130 % and 21 %, respectively, compared to control group values.
Concentration of spermatcaaon 1 ml and their total amount in ejaculate of Il group
patients has been decreased by 37 % on average and 24 % compared to the values c
control group. Pathologic forms increased by 60 % secondary to decreasing standard
forms of spermatozoa by 26 % cenaing values of control group; teratozoospermia
index was in conformity with admissible values.

Thus, the detected changes in spermograms in men of Il group indicate the
presence of a small astheraind teratozoospermia on the background of moderate
oligozoospermia, which, in turn, indicates a slight decrease in ejaculate fertility.

In the study of ejaculate indices in men of Ill group there was a decrease in the
number of active spermatozoa by 65 % and 48 % relative to the values of the control
and Il graups and an increase in the not motile spermatozoa by 26% relative to the
control indicators.

Significantly increased the number of fixed sperm forms by 188 % and 25 %
relative to control and Il groups, respectively, the appearance of dyskinetic forms.
The concentration of sperm in 1 ml decreased by 58 % and 33 %, and the total
number of sperm in the ejaculatdy 55 % and 40 % relative to the values of the
control and Il groups, respectively. There was also a decrease in the number of
normal sperm formsyb41 % and 21 % and an inase in pathological forms by 96
and 22 % relative to the values of control and Il groups, respectively.

In the analysis of spermograms of men in Il group, significant asthamh
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oligozoospermia, slight dyskinesis, markedatezoospermia were observed, which
obviously contributes to a significant decrease in ejaculate fertility in men of this
group.

As a result of the study of the level of sperm DNA fragmentation, it was found
that in men Il groups, although changes in sermealysis were observed, but the
number of fragmented sperms was on average 16%. In men of Il group, the level of
sperm DNA fragmentation exceeded the norm and averaged 38%.

Thus, the data obtained by us confirm the assumption of a certain relationship
beween the basic parameters of sperm (their concentration, motility and
morphology) and the frequency of their nuclear DNA fragmentation. The less motile
and more morphologically anomalous sperms in the ejaculate were found, the greater
the likelihood of ircreased frequency of DNA fragmentation in them.

Conclusions

1. The revealed changes in the semen analysis in men with reproductive
function disorders indicate the presence of astheoligo- and teratozoospermia,
dyskinesis depending on the level of sp&NA fragmentation.

2. The degree of impaired spermatogenesis directly correlates with the level of
DNA fragmentation in male gametes. The heavier the pathoospermia, the greater the
probability that the frequency of DNA fragmentation in sperm will be alnoveal.

3. The index of sperm DNA fragmentation has significant diagnostic and
prognostic value in married couples with impaired reproduction, especially for men
with sperm counts that are close to normal, in who no obvious causes of infertility are

detet¢ed and in cases of failed attempts of IVF, ICSI or habitual miscarriages.
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dzj B dzOc tsff tod W Is dzts j otsLH]j2MIsad ] . Il sLHJj2MIss

dzd ydzstifigdidsts dzs e d ud M6 s gdzts ¢ dfnjdipSssidg,L f  dstste ¥ ts
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9 Cdzjs€OL. dzj SBlstster | dMMmdzj Hiso Olsj dzd MESBE
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JLdzzyjdedj, dMmatsuHwh jj C0OC s BsdplststcO, L

J fsmdzj Hdzd | Olstisdats ¢ d M istslslzlz] YO Is tc OL dzd 1
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Annotation: Based on the study of the pharmdeohnological paranters of
the dry extract, the composition was scientifically substantiated and a technology was
developed for obtaining a biologically active food supplement in the form of
capsules. Quality control was carried out and compliance of the qualitative and
guartitative indicators of the developed capsules with the requirements of the State
Pharmacopoeiaf the Republic of Uzbekistan and the StaktarmacopoeiXlV (RF)
was ascertained Using the natural storage method, the shelf life of the dietary
supplement iR years. The Technical Conditions and Technological Instructions for
the production of Chohlee ndbireanoa rbya sseudp pol ne nte
Samarkand immortelle have been approved.

Keywords: immortelle Samarkand, biologically active fosdpplenents dry
extract, capsules, excipients, technological indicators, selection of composition,

technology, quality assessment, shelf life.

Scientists at the Tashkent Pharmaceutical Institute have developed a

111



technology for obtaining a dry extract from Sakad immortelle flowers,
ascertainingts pronounced choleretic activity and the absence of acute toxicity.

The aim of this research was to select the composition and develop technology
for a biologically active food supplement in the form of capsulesdoase the
obtained dry extract.

Based on the results of studying the pharmachnological parameters of the
dry extract of Samarkand immortelle, the need to introduce a compkexcigients
and the use of the granulation method asesertaied to achievehe required degree
of flowability of the encapsulated mass. Based on the bulk density of the dry extract,
the size of gelatin capsules No. 1 was selected.

For a scientifically based approach to the selection of capsule composition,
more than 20 composiins were considered. The masses obtained from 7 of them
were analyzed according to such indicators as flowability, bulk density, angle of
repose, disintegration, fraction of size fractions of-@2 mm, residual moisture.
Based on the results of the resda the following composition was selected:

Dry extract of Samarkand immortelie 200 mg, lactosé 52 mg, calcium
carbonatég 10 mg, starch 35 mg, magnesium steardte8 mg. 70% ethyl alcohol
was used as a wetting agent.

Quality control of the capsulewas carried out. According to the results
obtained, the analyzed capsules No. 1 have light brown content, which give a positive
reaction to flavonoids (color reaction with magnesium powder atwhecentrated
HCI). The average weight of the capsules wa36®.g, with the norm being
03470. 403 g, and the deviation did not
average weight of the encapsulated mass was also within acceptable limits and
amounted to 0.294 g N2 %. The dmmutesnl0 e gr
seconds.

For dietary supplements, the quantitative content of biologically active
substances is not regulated, but we decided to conduct these studies. The amount of
flavonoids in terms of isosalipurposide was 26.67%, with a norm of at le@st 25

Thus, the developed food supplement in the form of capsules based on the dry extract
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of Samarkand immortelle meets the quality requirements of the State Pharmacopoeia
of the Republic of Uzbekistan and the State Pharmacopoeia X1V (RF) [1, 2].

In a separe series of experiments, the shelf life of the developed dietary
supplement was ascertained. The study was carried out using the natural storage
method [3]. Samples of capsules were packaged in coeo&dumpackaging in
accordance with BA 607491 from mlyvinyl chloride film in accordance with SSt
2525088 (container 1) and contoeuaell packaging in accordance with BA-64491
from printed aluminum foil, varnished in accordance with T248270-78 (package
2). Remonitoring of quality indicators was wc&ed out every 3 months of
experimental storage. According to the results obtained, the shelf life of the analyzed
capsules was ascertained to be 2 years in both types of packaging.

Based on the data obtained, together wilakro Farm Andijan LLC,
Techncal Conditions and Technological Instructions for the production of dietary
suppl eGCh@Iné n oiir mo based on dry extract
developed and approved by the Committee of Saniaigemiological Welfare and
Public Health of the Replib of Uzbekistan.

REFERENCES:
1. State Pharmacopoeia of the Republic of Uzbekistan, | ed., Vol. |, garts |
Tashkent (2021). [Electronic resource].
2. State Pharmacopoeia of the Russian Federation, XIV edition, Moscow
(2018); [Electronic resourcelJRL: https://femb.ru/record/pharmacopeal4
3. BPA.1.1.0009.1871 Stability and shelf life of medicines // State
Pharmacopoeia of the Russian Federation, XIV edition, Moscow (2018); [Electronic

resource].
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O Hisdeso 52 11, S ez B dsj( 2 )b S Eigakjsiddz <9 de d H
f sz Y @Hjlds sDdz! H s dzts o 2 ¥2-C § 45 dzedsizs o B Y IS d fy dzis |

114



MaJ B4 LSktcOw o CdMmMdzs?2 1GONHA Foisg @z®a lzy IsC
fpzh § Mise ze hzs o j dify dsts dz'indpti[Ug@®B @ tcdatizys,  dzj tsB
slsd3j sdls @z Hilzese " § Cdmdzsisr My smtse dz dz4
rdzOC Issdzso BE B-C zstdzygpP, ( dzs4 ISOC ) jJd&zO § Is tdstztdcoOts ¢
Ctsdz yQd€tlz) 5 1 bddyd) ks MO-Ottse-yd & dzf sl
Z Odz' Hisdetseo " n CdMdzsls B sdzzPpC EEMisEB Y EBRBEB &
dL Odzt Hsdetser 7 ¢ (-ip@B Il sdrB tc L sislsAn € tso f tod
UdzO ¢ Is s dz' .

sdzs Y or j DhpddsolOPDiNG cBldfisstes 5 PhE R dzts dztso OV
CdMmdzists @EOC Is B dpls O BY-A&ME ses Jdzeso OV C dMdzsls ©) .

sO¢C 9o HtwjH HE 1j6 MissBd@lzdd o Cdedcej |
lstste s " h dzj dzdz’ 2 i) chdzldntsLn sesfldsO dfdf dz@.dzj H 28 0 d 7

CHO CH,OH (|3H_.0H \ TH:{,‘H-‘ COOH
H=—=0H H——0H H OH Illl C=0 =)
HO=—H H,/Pd HO—1H 0] HO H | HO—-l—H jo HoTH
— — (180%) | = ‘ —— —
H——0H H——OH =0 HO H HO+-H
CH,OH CH,OH CH,OH CH,OH '.:.:H:OH
"ln..______- /_,.r 9. Lrv
2-reto-L-rynonoeas
D-rmoroza D-copbur L-copboza hChoTa
' GH.OH
Cxema 1. [onueni| co |« MEKTOHOBOS | ~p (parMenT eHIHOIA :
CHHTE? 1 EQJIBELIA I . \ . H——0OH
(=) S — (OOH
entamuna C i
| o 0 0 c
i | TAYTOMEPH3ALMA ( —OH | xema
—H:IT Ht- — = == -
dopuyna %”p‘.ma
HO-1-H HOH | K omm-Tomnerca Agyopca
CH:O‘H CH:OH HO OH

¥-NaKTOH-2-KeT0-L-TYIOHOBOH EMCIOTR  Y-NMakTod 2,3-neruapo-L-TynoHOoBoi EHCIOTEL
1=
\‘I euTamMuH C (L-ackopbuHoRas micnoTa)

DEedzs C8LO Byjdd hdqustts ©OmfeshsitOd da
MsCj oddsc©eOHO d Hikedi M&ZOHSHE § &ZSHESo .
f ts dzd f) © ReQjteSfyits L O dz' (Cdzj sy®LS¢O d CtOn kO
pjhjmots, MkzOBS tikOwBMNBLtcEcRlsdzdS So 8¢
Hdw §cdbadgdger wodvs kY SOl &Od ddd
Chs CBLO o fdhjos?2 food hjzgdizstsdlsEonls d

115



MO-Otc®, o wWwH] fttsdLotsHMmMises COC o tsMmmls Odzt
sO¢ odHdts dL Mmrj 3, dzodlfQdd iR s sty d
(cdzt ydils) tBteOL zjIlsmw 1-codzefifugjls, ofik. fr) §9080]dzt) ds
otsmMmMisOdztse d IsQWayd ¢ ff tisfsdBj dewjs Is o S Otktz®H ¢ v ff &
dzd € j dzw , O 9 ftmdzjHdd] cH™ Mis®EEMY tcf d3d
slsdzd yd j¢c dsl€ sDT (Odz HBBL T ) Wich SHEBPBD gdsts dz]
ftcdotsHdls ¢ sSBtcOL 5o Oded Heo zrn -fft el tods o
D-d30Odzdzd Is© ( S Blstster 2 Is-BO HafletsSif 43z 7tagO J Wisfifpzw jdla. fry Wi
COtcB sdzd dz! dzOwv ¢ toc 22 f WOt ASCtdis L O Is tHAd§Y j st dztso r 2
Otsdz ¢ OtcB HdO [IIs, offe.stcT?2 LipdEHsta JGabdel©f L &
fesdmrtHdl DESEBERHBPIS SCdMdzj dd § @3 Bdse ts
sBr ydzr 3 Sdmddlsj v d foH oddwdddj d3 ¢
ftod BN Yydsdz s¢dMmdzj dzdd ¢ sdzzy0Oj sy Mmd3d !
sSCdmdzj dzdd M Jj Misd Ogtselztfle @ dpfdddisi) iR DB o OL
L-czdzsL O:-L D] thoyOws ¢ dMmdzj dedw ,d q J tc AOdzjollsEs tedOt
Mudls cdzedydzj 281 CcBF2 M. ey EHBBMISa O MtcO
¢ dMmdz] dedgtisdets  BAz dzs L™ ) ftso j tcdplrlg@: dz@BOL B P /
MtcOo dzj dzd v  sC O @dBLMistczC Isztc® D

CH,OH CHO CHO : CHO
H=—g—0OH H=——4—0H HO=———H I H=—1—OH
HO =g (O] HO=———H u HO=——H He=—t—OH
H=—4—0H H=—1—0H H—4—OH | HO——H
H——OH H——oH  HO——H | H——oOH
CH,CH CH,OH CH,OH i CH,0OH
D-copbut D-rmroxosza L-rvnosa D-rymoza
ltod Ldat dBEOdyd Mot S&§0addiéd &6 rd
Cobffd {lstsd jets ftojdikzh jmsats. vOC,  da

sCqdMmdzj dedd ( [15 OustsiEo ou § tod Mk ls Kyrard)d A
DS dls O § hdgst@fslsfPy Ykt wodv jlshmesd o Oy
ftesHEZCIssd3 fted M dalg 3 1)ME IgERY dz®@ d H dzs  d L
plststes? MISOHJd § wl=oyiyShses d datealzs?) R-cXkixy fiydptsls

116



fsHo jtec OjIsMw dLBdtOIsj dz¢ des sz 3 Mitsticir dsts dzts
s OCOvw tj OCydw (COC o1 h jw, MECLEOMHEES] Isdz], &
~ddBduyui mMedrs CdMdzdlsj dzj 2) MisOdzO o tsL d3tsy dzt
Acetobacter Ctlstster j tCdMmdzwesls olststedydzr 2 Olstsdg
CHOH [ 4, . 133] d 9 nBBHWH 2 ) MsMmlsOo
D-t o StsEzl d G Ztc OnydjjdBd (20201 ssls ¥ B BdsdS dzliz IstOwW 2
stsydzz CtsdW JelzteOyds BteOLEZsh j2Mw Cjlka,
Z0 180A (Mdegj dzME j iizstsd s .L Of defnd sfiplstczC sz te?
L-mMtstcB st W stcdzlz dzj ftots] CSYRO. yngdinj tc»® Of 225
slsdzd sdIs , Mots2Mlso O dsdtsMOR Oted[B,thp. BAO]
M Hddzj dad dzd s dg'ddgts? cteclkzf f Jteseo Cs2 MY smtse
ColBf dzj SMr M Isdsdg sdpjdasR (CdMzslss?2. 1 0
yd s dzd ud ME2HA syafy  (,dz0@EdEs) @~ OdH s ) Sdats
B 5 tc dzts 2 Cdmdztsisr ) nlcsBBOsetecOWdd d 1 dzj
Coifdzj ¢ oL dd CBPEHY tzdsy J ef wddz dzts? ¢
COC HEepodaydzr dzj M tsmtsBdz tBtcOL §Hf).0 OF4 9 Jif &

| | [ L]
(|I OH N HO>B-—OH R HO (I3 __3[{_6_) (|3 O>B<O (’: -
—C—O0OH HO HO—C— 2 —C—0 0—C—
uuc!l ,2-auon l ) |60pa'er1ﬁ KOMHJ]CK{|:
27 1 Issets dz 8B~ tSHJ d3ts, YlstsB T fMtsmd Hdzd §
Yo m sdztsy j dzd J . v 0OC iz Istcj B 59 Odzd 2 HE
dzj S sIstster j dn ftesdL o sHdz |, Yybsts dmf tsdz

bedzjotsHtse. 1 stOlsdy j St&fdjSnr doOhdzd O
©OLHjd&j ddd MOROkss BjlssH OB t©OMf©jH
T esBEOsE Oy dd, O IOCYj {djSkes¥stjLO. I
Bj HH) Mdizzy dls HCOL Olsj dzy dhdgdrdsilss delz@isRy davts 20 o
Bsdzj Ckdj [4Bo30ndy &dC s dhdds ¥ B8dsMon Ok d H
fesdLosHdy 7 Bsckls oL O0ddsHj2Mlss so Ols!
ydSddujmSdj OvyjlsOodd, dOL'o90jd j OdS d d

117



ey OCydds o fplafAyod jdOW 1 ¢z f Jteso C O, Its B
Oyl s Odzeh dighdiiD,dBs o ¥ &5 yd & dzs d3;-H (s dzlz Ug® B s  Jirdg O ¢
f sz yOr smw " | imisfdsdnOddas o [4 1, GBYY Is O dzd

H——0~ .~
——> H—1—0~-"™
H—/—OH
H——OH oW " )
H—1—O0OH + 0= Q ,3-TMOKCOJIAHOBLII LIMKJI
1 —H,O
H OH anbaerua ? H__O\ \
WU KETOH ——> H—T—O0OH C q
dbparMeHT H __O/
MOHOCaxapuaa

1,3-1MOKCAHOBBIIT LIMKT

J COyj misoe j ¢ OteB sdzd dz' dz" - Mtsd H ddzj dac
I sdz L k2% sMw Oy Is 8 .GHA] oB jfiphm jQudg' HS) (it r o
tj OCHEIddzdH j detso OV Gtekf § O, d@OEWHE Mt fydzt
ZOodetsdzj j "dusits ftodd dyj ds2 L O dlsdats?
Fcdzj o@His®l].l v Jjj ood@ksh! s shkh jMmlse dv jlsf
ddzseHO d YdIsr toj n GdHtetsC Md dz! dass RO -~ @ tisdzH] |
ddzC JdzdH jdesor j ftesLotsHdy j] bkfMmksts2yder o d
zjcCs ftoj otcOh O Isimqw o dMratHd j Misj HJdzj da
[BtcOL ts9 Odzd | Odz¢ ddzd H j detso T - ftosdL & SH dz
Msjtoj snddidj 2 Bsdshor @OFH @,0ted® H)B&dgjj ¢ tHzd Bzj
My sMsBdzO tj Ocdicso Ols! ) COtwBtsdeddz’ dgr &3 fts
ftod ©ftjH]djdddks? -dsfdpj ddghl<dscgf© s
s5C OL Ols! fmw dzO dzj sBatsHddBsdz tOMmMmistsw dzd d
CtsdaW ste 3Oy d d[4, tgSik] € z dzr

s mMisOIls d dzOd B sdzj | Mz dz" &3 wWo dzv j Isfyw
ftoejHY sylsdlsj dz’ detsfisd i dsdedc O P $ &G deqdzj dpdztsaits 1
Oyd lsOdzv . J ted OCyqwes M Oyjbsdsdtd yohj f
Yyqedztsas (ddzd yd<&azodd) , i @ Mnjufigiy sieite’ Qg , H § a
d dzdzs Mistedtelzj Isw Mdzj HEzE N dBd Hobkd®W ftoddkjts
o dzd B3O dzed j Dsdsdz® CBE® tcj Ocdlkzjls o Wz tc Odzts L
oY BIsy detsMmis! SBOL so OdzdW™W H[E, N3Oy J IsOdz! dz' -

118



CH,OH CHy O

O CH;y "0 0]
H,S0,
OH OH + 2(CH,),CO OH o
HO /
OH 1,2:5,6-11-0-n30MpOnMInacH- 0 CH3
D-rmoko3a o-D-rmokodypaHosa, 58% CH,

I ststets?2 ftod dBjte § t5C OLd HotedXg Clsfy dfipie! dekd > A AdzctigsiArIst
46 9 fosdDOodBHUSFEdOdSL ™ 9%y, SEzE®@EIO Y
ftesdmMAtHdl LHES € iPEES o @& tB1M4 d S d&zO

H

CH,0H OCH, / /CHE

0 / 0 C H 0
InCly, (CH.CH
OH +CHCHO — ° \ OH =
HO OCH, 0 0(:H3
OH
METII-0(-D-ITI0KOMMPAHO3H] metin-4,6-0- Gemmmel-l o-D-rmokomipanosua, 60%

) d2OW o N | o mdzits Mg jH 28 P | 65 46 C-fff g e W
oMMy GMOd dzr | ctoizdd iz 1 dutedifofdsd H j dats o
ftod yi-gstelB sL © toj OcdelzjIs o1 Wk tsq detisuf dftstdf H W
ftosdL o dHEzisd Mis(o dj &3 tOL dzd ydzr ~ sCdmdzd Is j dzj
COdzd v , ftcj otcOh O Ils o ftotsdL otsH,dzsg BEz] eBs«
1 sfdzj HEE ifdisisdz” d3 G dH tctsdzf | tsdg O dztsiar dz®y s 2
[1, . 6 7] J bds.gjlz.dzts2izts o (g3l ,C dn dzB F s lsBtc O o
Mtcj HJ sBtcOL [ jUsOMIOC s ddzs o iz & Cdmazts s iz, fr
J dzH d B dz} dzt$hpd3. W shghdgd 3O 2

1 Oy dzts tsils d3j IsdftisdsnO tadlsHO dzOd B sdzj | dzj ¢
f sdzlz Oy J IqOdirf €20 cHedzAWM O, f 1 Istsdslz  H dzw s¢d
CdHisC Md dzts o mMdzj Hizj Is dMZ sHdifs* 104 ] ¢ dgddgo
ftotsdL o tsHdz" A i L Oh dfh j dzdz’ df3 Odes 3 todz' i3
COBOdzdIsd yd MSE tsdidey JusC defdy‘dzdf s H® J tc 6 @RBHD Is ts
Cdzd S sLdHSO . ] L Istsds mModzkz yOyJ sSBteOL 28 Ismw

119



ClsBter A

f 5dzlz Yo Is

MOk Lotdss' j

tOo dzgso j Mdd Mt fijd sdikd WOZT s &z i3q

(peHIN-0-D-TITIOKO THPaHO3M

CH OH

m6

D- ITIOKYPOHOBas KHCIIOTa

()()ll

m6

(heHnn-o-D- rﬂIOKoanaHypOHuﬂ

[ MsOd dz j
B¢ dmadzj ded d

CdHtsS fd dz dz' n
ftotsdyr h dzj dedzse s f sdzkz yj ded v
i efdio § H§ dzO
fls OH d 'D-¢ dz9 %ty fPdAdEsadds]j) dzd Vs d I O

MisOH d 2
dLD-cdzt CtsL "
dZzOyoOdz! dztsc ts
e~ d i3]

¢ dMmdzd sQ@zd § te Qe dndete iz & lsiz]
SftejHj dj dedzs € 1
Colf .

HO

COOH
—H 0

D-1moKypoHo-6,3-1akToH

Ols s 5O

SOC ECOL Odts

f & dzdzOw

|CxeMa 2. TIpoMesKkyTOUHEIE CTa I CHHTE3a BUTAMITHA C|

CH,OH CH,OH 'CH,0H OH_
H——OH H——OH =0 —CH,0H
FHQ, 7H777 HO H HO——H »(CH.CO
. H OH | [O] H OH _ HO H _ H——OH )
 H=— 0l f—o  H——OH < “—0——H ’
| CH,0H y HO——H CH,0H
D-rmiowt (_cﬁﬁﬁm) CH,0H L-cop6osa CH,0H L-copGodypanosa
CH CH, COOH
1 CH 0
—* CH,0H ¥ A——cooH =0
[ - [0] O——H Ho  HO—H e
- —T10 - H—O0 - H OH —(5+°
_H><CH O__H><CH3 HO H H,0
@ ‘cH,0” CH an ‘cH,0” CH (111) CH,0H
JIAKTOHHOE €HINOJILHBIN
y KOJIbLIO (parMeHT
0=C O=(|3 CH,0H
C=0 H()—ﬁ H 0(1){
— = =
HO H _ (0]
H o HO—C
HO H H (0]
CH,0H HO H HO OH
CH,0H L-ackop6unosas kucnota
1l ZOEGBHOtY . OdzdL Oydd {1 Iss2 MmMaJ &3

9 Oy dzj 2N d~

9 B tdas ¢ dzts(p O W

1

¢ dMmdzts D )d3

20

¢ d fydzts |

md

e dzj tots
or hj
OmME steB d ¢

a4 B30

mnd

figfls ©



HihJorda oajhjimMsoasd3. Rdzlsjte Mdes BIsdzi sdls
Mlsjtoj sdL-@figg BtcB d dzets 0 sP-1 @dgsafstsdzj tf o HJOMls
MstekzCIlsktedzr §| OdzOdzise (), dets dzd ©HJ eded g Iz H ‘dzq
LOMR) Isdzets?2 o s Odzd dzdets1B3.OC Isd o detsmils 8 [ 4, M
s O¢ o dH dzts ftoedddipd dzb j Lg faislOdfz M s
2C jIstsOdz' Hisdzatse OW € d fny diislistD ¢ z dots dissteWpdzj j € dfil@aisd
>rdzOC Issdz sBMEYHOj @3 ftsdzzyjddy todzdedHtesS
Cdmdztsls) HE2lsj d3 ts¢ d fydzjHd{dets off G Chtafsip dztsdls- WO te ok

U-dzOC Is ts dz" . rj2Mmsedlsj d dzts, sCdMmdzj dedj
(Odz Hisdgso ' j ddzd MOZOtdy j) :
CHO COOH COOH
H——0H H——0H H——0H

HO——H Bry+H,0 HO——H [0] HO—+—H
H——qH (HBrO) H——0H HNO; jd

H=—+—0H H—t+—0H H—r—0H
CH,0H CH,0H COOH
D-rmoroza TIIECEOHOEAT EHUTOTA CAXApHAR KHOIO0TE

(sd t©JiO¢fydd fsdmMatsHvils ftod §todddd
sCdmdzdlsjdj2. 1 COyjfmbej 6SdMmdadlsjdy ftc
Btotzgo Olsdfmiskzs S dMmdsls' , §odzyjdd j Hj2Mls
2O o tsHA 2 tcOMBsortd® Gdz' HiBsL ' + HHRBr HOBr Y
CeH1.07+ HBr

[ BtoOL s h d2 Mmw CGOWizsG j dzgo SH tStotSH mMoweLr a0
BOtdWw.

I ¢dfmdr 7 w©OMlse stcOR disots QL KodCipdztigir Wi tejid
9 Mbtslse jlsflse s h dj Dez@E IS fsolz' oz O 2D iz Gfszs o 15
Cdmdslsr [ 3, f. 554].

bz Hsdzso " j] S dMmdzslsr i s dF dzOkjls slstsdr 5%
Codz yOdzsl ys) , dets lsOC % zO s ts dzts Sis eUCHRIGEEE)! . U
] sbdoduyd] 6l MOROts, k& GudsSsds' Rk d®dis Hst
Cdmdztsls BBdzjj] EMlsts2-g@O stgdz wp &V j Isifpw 515, 44]
Oz Hsdzso ' 7 S dMIZEAOC IEB®BOL s dyd £ 5 §tod

121



LzOC ssdz5 543, Bhkokd B§dhdkdls] & d & fj
M diolsco OV cokffO cjChtcdtsst? Cdhdsls’
1t Lt sz yOjlsmy Hokothdss ZOW MOT Otc
COte dz®, Yt J HRodsCOketdss oW ¢dhdslsc
ftaj dzv s s OLldzzé Cdmasisk. | MmekyOj $jlt
Bjflsk COwebddd dt2 ctkzffr M cbtObSs Odd.
rokosmdsedy j] MOZOmdy j 2 Sdhdsl: &j c¢ 6
BzOC S todW sdzs s § totsfls ts O dzf Isp ¥ lstgts dils GO 1S letath o
vsO¢, MmdzdL j 9 OW €  fifdes@sde0 C Isftss dziz y j A0S dddie d
Dt OF Ots dzOW ( Gz C Otetso OW)  DefsfigrtSids@," , 1 tisckbie
foj B j Mise j dzdzs  Bts dzts dzD-6508 tedzfs I OF © to d&®™ o (S 0
Cdmzcb&BMdabL ' ) &jcCt §jtojitHdls o HJ&OSCIS

COOH COOH O=C—n\
H—4—0H H=—t—0H HO—1—H &
HO—1+—H —H H
HO—+—H o H——0H o H
H—t—0H H——0H H—t—0H
COOH C=0 (=0
cmuzegan 3 6-masToE D-caxaprod OHTAETOH
KHCIOTA KHCTOTEL MAHHOCAXAPHOHR KHCTOTH

lted otMmmlsOdtse dzj dzdd MOROdz 7 S dMmdsls
COwBsCMdd dOv cukffoO, ColststdOw djcyj
SBLOLBSo O MW Od HjcEdH BEBEzs® dzf o ' Cjd e iy s
o s fls Odzts o Hzgz@ I S dfgd &z OF Ot dets?2 C dMdzsls’ O&O
cOMmso Ste] ©6@OCkEEiro OV 5% MdzsksO [ 3, f.

gl Rue[s JRuULT QUL 3
1.1 OcdtcL Ok-p MY stps d dzgtso OW CdmMzsls©O (9 dIsO
gz dzdIsjIs d B d&zOH O M OwW Odzls d 56§ ) JGidDvdelsddz" 3
ftotsd3’ h dzj dzgdzsfis o sdr D/ Proceedings of VI
practical conference ATopi cal aspl4Lts

2024, Tokyo, Japan).2024.i 4 . &7.

122



2.1 0cdqteL OH ] | . ¢., skddddadwn. ¢uvyOidzddzd
s sctcOW V20238 L&, .

3.JteecOded yj MSOw S ddsdw/l seiygjegaded € [Hgzw atbsi
54 dLH.,  jieOcldslsjdciiEmE Od Aij2008.cGad4H , M.

4.l e Odzd ydi MSOY S ddRBdw: dzzygde. 2:dzvuathzyddo
If sH tjH. 1. ¢if . o t€cH@P]MES20.2 .

5/t Odzd yd M Ow o~ daozdv: Zugd B . Hdzw b lzL ts¢
fSH tojH. 1. ¢i2juedo e ¢ didsty Xp. jotisl RP03.71 6 4 0 1.

123



YJURI{R Awspdwwi1ld 1 {d 7RI ?28?2s ][] UV HUR[ w -
IT o 7RI ?28?2s [ W 1 wel w

vsCoOoy 1. |

Y Lo "d&@ 9. AJHICBS9C

vtste’ dzO0 1 .

14 dzyg dz2€ " oM CO 6" gz

JtesC s j Yy 1 .

s1 ¢J yi?leb’ g8 dzdy’ $5° [ Mo
l1dlsteemMw e u.

Sl CcvVYJjtd 9 j wSCakzg FLldeydzQ ¢

[MlsOdzdz &5 YOMBsd, H'Isd §shskzfsots ooy
fodosH ddydr dOkS. Aj fowihde Is! MW  towHt

WOCIsste' 9, BHdzddz "L wCdm dzj H sMC sdzOdz' M
HE kZydz o.

[Hdzd i3 R oL OMOY"' € Oo dzj dagdzw EZydz 9 ! ¢ ts°
BOIsj te* Odzz LOH" Wdzdz" & yftejHdBilsdzedr Lo

f°H BtOIsd & NYtejHdBJIsd" S de3oVLt€jdH d3g [s tigl3"
ftotsectdOdfd ¢ tcd teds@lsigddgsls d ydztse s, -c R @D Is O to dgdedigd
BdMmilsj y! Sses ydqeazz, o ¢ dzt yor yd BLrdskz, hHt
slzls ff sH OdzZ sted Htwods dzOHd Btedc' dzOdz' dzd
stc' " dzskzo Odzdmw dz20 Isdfd IsO &' 9o j dz < dzOH
L OH Odz 2 t' L& wbtaWaffnlz "5OEZO 1 tcOL Jdz' .
Edisscod L OHOY' LH' 2Mdzt “ Is! mMw yjtjL fJtj smc
Lstelz A" &3 ydzdr toj ysoddz OBt ftesydm' o, N
I Odz L OHOY' L Omdzs o Odz' dzO  \Gaigadps o
( ¢] BH s-aig.é . o ¢ dzlz, fn dz. 1 .4, 1 " de! " 2z
f 5Jfs’Omj dzdzgd €O 1 Okdzk wjL OO 1" dzt * 2661z, w ¢
f' ' Mde BRkdkt oM/ sets 13 s 9, HAZOS dzO2B
odJitsdzOkzO [ Ot L O ~ OO0 L[OAfrPeR.  BAtg O L s{HizlzGn ¢ €
Mmmnlssdz' Islsw :

124



~

Oh, tristeza, me desculpe!
Estou de malas prontas
Hoje a poesia
Veio ao meu encontro.
J8 raiou o dia,
Vamos viajar.
Vamos indo de carona,
Na garupa leve
Do vento macio,
Que vem caminhando
Desde muito longe
L § fidh@o mar.

Vamos visitar a estrela
Da manh« raiada,
Que pensei perdida,
Pela madrugada,
Mas que vai escondida
Querendo brincar.
Senta nessa nuvem clara,
Minha poesia,
Anda, se prepara,
Traz uma cantiga
Vamos espalhando

M¥si ca no ar

Olha quantas avdsancas,
Minha poesia,

Dan-am nossa val sa
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Pel o c®u, que o di a
Faz todo bordado
De raios de sol.
Oh, poesia, me ajude,
Vou colher avencas,
L2rios, rosas, d8li as
Pelos campos verdes,
Que voc° bati za

De Ajardins do c®uo.

Mas pode ficar tranquila,
Minha poefa,
Pois n-s wvoltaremos
Numa estrela guia
Num cl ar«o de | ua
Quando serenar.

OQu, talvez at® (gqguem sabe?
N-s s- voltaremos
No cavalo baio
No alaz«o da noite
Cujo o nome ® rai o,
Raio de luar.
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Annotation. Complex technical objects in modern society apdremely
important. We are talking primarily about various radiectronic systems for
military and special purposes, raddations, automated control systems (air traffic,
energy facilities, etc.). The state's defense capability, economic securithednas
of hundreds and thousands of people depend on the level of reliability of such
facilities.

The analysis and formalization of the process under study made in the article
allow, firstly, to better understand the logical content of the TOC proecess,
secondly, to use the introduced formalisms in the development of a simulation
statistical model.

Key words: complex technical objects, radar stations, automated control

systems
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The maintenance on condition (MCC) process is an integral part of a more
general processthe process of technical operation facility. Taking into account the
fact that we are considering objects in a state of intended use, foM@Qyprocess
will be described by the graph of states and transitions shown in figure 1.

Accordng to this formal description, MC@rocess of an object can take one of
following states:

O - object is operational and is used as intended,;

1 - object has failed and it is being restored (current repair);

2 - technical condition of object is monitored;

3 - maintenance of object is performed.

avih \a.-f 9
,.D.’-[Ij.-'f( SJ_,r ‘ I_/(I:] '\-.

™,
| | ‘lll.

'\L

@’ o e

Fig. 1 - Maintenance state and transition graph

Transitions between states occur at random times, controlled by the corresponding

transition intensities. Figure 1 uses the following notation:

S(t) ={t, (t); i :Jﬁ} - vector parameter characterizing the currerticle of
object. The element of the vectBris state parameter ofth element,s(t) =t (t),
where t, (t) - is the moment olast update of elemenE(- is the set of object

elements). It is obvious that after each failure (vecp) or maintenance there is a
change in the statg leading to an improvement in the reliability of object;

/ (t/'S) - rate of object failures;
m(t) - intensity of object restoration;

/.(t) - intensity ofthe object control;
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m(t/S) - intensity of monitoring events resulting in the decision that

maintenance is not required,

/. (t/'S) - intensity of monitoring events, ending with a decision on the need

for maintenance (intensitgf maintenance events);

m (t!'S) - intensity of transitions from the TO state to the operational state of

object.
Let us consider each of the transition intensities in more detail.
If the elements of object are connected in series in the sdn=liability and
the failures are independent, failure rate can be defined as the sum [1]:
It/S)=a/(t/t,), (1)

where /. (t/t,)- is the failure rate of-th element, provided that its last update

occurred at the moment of timg (i =]ﬁ).
The intensity/, (t/t,)through the distribution function of the operating time to
failure of an elemenkE (t/t,) can be expressed as follows-[3]:

Fit/t,)

/i(t/tm)zm-

(2)

As a digribution function F (t/t;), one of thedistributions related to the

WF-models of failures can be specified [2]. If by updating we mean replacing an
element with a new one, then the functiBift/t,) can be obtained by a simpleifs
along the time axis, that i (t/t,) =F(t- t,).

For simplicity, the recovery raten(t) will be assumed to be a constant,
m(t)=m=cons. This assumption will in no way affect the essence of the

developed model. The recayetime in this case obeys an exponential distribution

with a parametern whose value is equal tay =1/T,, T. - where is the average

recovery time of object.

An approximate value can be found by tberula [3]:
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AT, /T,

T=-"—7-),@3
° 'a;l/Tm; )

whereT, - is the average recovery timeieth element;

T, Is the mean time to failure oth element, which is
Ty = AL- F(D]dt. (4)
0

Taking into account the fact th#te control of technical condition object is

carried out periodicallyT, at deterministic points in time with frequency, the
intensity of control can be determined as follows:
[()=dt-T), (5)
where d(Q- is the delta function.
The frequency of contradl, , as we will see later, can be variable.

It is assumed that when monitoring an object, technical condition of all
controlled(potentially serviced) elements is sequentially checked. Wheokngi-

th element, determining paramete(t) is measured and a decision is made on the

need to replace it or adjust according to the criteridi)2 u®

. Taking this into
account, maintenance intensity (t/ S) can be defined as the product:
[.{t1S)=1.(OR.L/S), (6)
where P, (t/S)- is the probability that at timeit will be required to perform
maintenance for at least one of the elements.
The probabilityR, (t/S) is

R.(t/S)=1- O[1- R.(t/t,)]. (7)
where B, (t/t,)- is the probability that at time t it will need maintenance of
i-th element, provided that its last update occurred at thetfime
Ro(t/t,) =1 J{ts(t-t,)2 u°}. (8)

If, as a result of monitoringa decision is made that maintenance is not

required, then a transition from sta?eto state O occurs. The intensity of such
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transitions is
m(t/S)=/.(®)L- R(t/S)]. (9)

Expressions (6) and (9) are written taking into account the assumption that the
monitoring duration is 0. Such an assumption seems to be quite acceptable, since in
real systems, the monitoring duration is, as a rule, significantly shorter than the
maintenance duration and recovery time

The residence time in maintenanstate is determined by the following
expression:

t . (t/S) :z‘ggg} P.(t/t,) ., (10)

wheret - is the administrative time, meaning the time of object transfer from

the application mode to maintenance mode;

t . .- Is the aveage duration of the maintenance operationtbfelement.

Obviously, the valug _(t/S) is random, since the probabilities that depend on

a randompP, (t/t,) parametert, are random. It is not yet possibledetermine the

distribution law ofquantity ¢ (t/S), since this will require additional research. For

now, we will only accept the assumption of the existence of a distribution function

for the duration of maintenance, which we v (t/ S) designate. Knowledge of the
function F_ (t/ S)is necessary to obtain intensity(t/ S) . If the functionF_(t/S) is
known, then the intensityn (t/ S)is found from the expression:

Fj{t/S)

1-F s

m(t/S)=

So, we examined the possibilities of determining the intensities of transitions of
the process, the graph which is shown in figure 1. The analysis performed showed
that the determination of some them is associated with significaintutties, to
overcome which additional models and corresponding studies will be required.

If it was possible to obtain analytical expressions for the intensities of
transitions process under consideration, then it would be possible to formulate a

system o differential equations for the probabilities of the states process. In our case,
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such a system of equations has the following form:
Rit/S)=Rt/S)[-/t/S)- /(O] + Rt/ S)m+ Bt/ S)m(t) + Rt/ S)m {t/S);
Pit/S)=P(t/S)/ (t/S)- B(t/S)m;
Ri(t/ S) =Pt/ S)/(t)- P(t/S)ym(t)- P(t/S)/_(t/S);
Pt/ S)=- P (t/S)ym (t/S)+B,(t/S)/ (t/S);

4 P (t/S)=1, (12)
j=0

whereP (t/S) - are the probabilities aforresponding states procegs0,3).

The system of differential equations (12) is a mathematical model of the
object's MCC process. The model inputs are:

{ F(t), T, } T indicators of reliability and maintainability of elements;
{t.} 7 indicators of maintenance of elements;

T. T frequency of vehicle control of the object;

{u’?} 7 maintenane levels of elements.

The output information (solution to system of equations (12)) is the
probabilities {P,(t/S)}. Based on the probabilities fourfg(t/ S), we can obtain the

final indicators of interest to us: mean timevbetn failures of an object, availability
factor, technical utilization factor, etc.

It is easy to see that it is not possible to solve the system of equations (12) by
classical methods (for example, Rurigéatta method [3]). The main obstacle to this
(apartfrom the difficulties in obtaining expressions for the transition rate functions)
Is the presence of a tintiependent vector parameter

It is clear from simple physical considerations that the system of equations (12)
also does not have an asymptoti@&xsolution, since the parameters a random
vector. We can only assume that the elements of the random @mtar = are

subject to the distribution law, which is a mixture of distributidfx) and F_ (x)
F(x) - distribution of time intervals between object failurég(x) - distribution of

time intervals between maintenance). Wémote the asymptotic valués(t/ S) of the
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probabilitieslsj (§) :
P(S)=lm P (t/S), ¢ Hg=lm S(t).

Thus, in the problem under consideration, one can speak only about the

mathematical expectations of the corresponding probabilities, while variances
P =M{P (S)} can be quite large.

Considering all this, we can concluthat the analytical solution of problem is
not possible and for its solution it is necessary to look for other methods. The most
suitable and, apparently, the only method that will allow solving this problem is the
method of imitative statistical modelindy-3].

The analysis and formalization of the process under study made here allow,
firstly, to better understand the logical contenM&EC process, and, secondly, to use

the introduced formalisms in the development of a simulation statistical model.
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Plug-In Electric Car Sales Worldwide

(Jose Pontes /EV Volumes data)
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Summary: The new technical solution of a haatovery device designed to
heat the air for combustion of plants burning fuels from solid ¢looigd waste
installations to increase the efficiency of these plagt® the recovery of the heat of
spent waste gases is proposed. The results of calculation studies othbatiaig
heat exchanger are given and the regularities of changes in itshewtittechnical
indicators in different operating modes during the year in the practical range of
changes in the parameters of heat carriers at the entrance to thecbgaty unit are
established.

Keywords: efficiency improvement, heaecovery technolgy, airheating

heatrecovery unit, pipes with membranes, flow turbulators, dusty waste gases.

Combustion of solid household waste and artificial fuels from them is one of
the ways to combat their accumulation and negative impact on the environment and
human health [1, 2]. The important problems of creating appropriate technological
installations are to ensure the efficient burning of the specified fuels and the deep
recovery of the generated heat. Recovery heat of the waste gases heat in such
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technologich installations is a rather difficult task due to the content in the
combustion products of these installations of chemically aggressive compounds in a
gaseous state, as well as solid removal of various chemical and fractional
compositions in the form ofust [35]

The purpose of the work is to develop a technical solution for a waste gas heat
exchanger characterized by high thermal efficiency, resistance of working surfaces to
the corrosive and erosive action of waste gases, the possibility of partieleseling
of these surfaces from dust deposits and, if necessary, their forced cleaning for plants
burning fuels from solid household waste (PBAW), as well as determination of its
thermal efficiency indicators

To increase the efficiency of PBEHW, a echnical solution of a heaécovery
unit (Fig. 1) is proposed, designed to heat the air for combustion of these installations
due to the recovery of the heat of the spent waste gases leaving after the turbine or
water heating boiler

The heat exchange rface of the heat exchanger consists of a package of steel
panels formed by pipes with membranes. The pipes used in the panels have annular
flow turbulators (Fig. 1b), which ensure the intensification of heat exchange on their
i nner sur f ac ess whhya mbderhte, Gomdare® to other methods of
intensification of heat exchange, increase in aerodynamic resistance.

The movement of hedtansfer agents (Fig. 1b) is crefsw, where air passes
in a horizontal plane inside the pipes, and flue gasesa vertical plane in the
inter-panel space, which ensures the process ofckshing from dust deposits on
the surface of the panels. For forced cleaning of these surfaces with compressed air,
special hatches are provided in the design of thereeavery unit.

Computational studies were performed on the thermal efficiency indicators of
the developed aineating heatecovery unit. The initial data (Table 1) for performing
calculation studies of the headcovery unit were taken in their practicahge of 1

t/h according to literature data [6, 7].

143



Hatches

for cleaning N> ﬁ Waste gas outlet
. o W/ﬂ o
Air " Air
. e PEFT T can
=i = : outle % il I I T “Tudet
outlet flintet  Twrbulators TR JF/ J.'r///
Membrane
TR T
i Pipe [
I Air [ Air
o — e (mm—
Support outlet inlet
frame
Waste ‘WasteI H
gas gas Waste gas inlet
inlet outlet
a) b)

Fig. 1. Schematic circuit of an airheated heatrecovery unit for PBF-SHW:
a) general view of the unit; B heat exchange surface and directions of movement

of heat carriers.

Table 1
Initial data

Characteristic name, dimension Value
Waste gas consumption, kg/s 1,8
Excess air factor 1.5 0
|l nl et temperature of 200 ©
|l nl et temperature of 20 0O
Inlet moisture content of waste gases, kg/kg 0 15 &
gases
Coefficient of dustiness of the heat excha 0 5 &
surface '

The analysis of the obtained results shows that the use of the proposed heat

exchanger during the year at different values of the coefficient of excess air in the

waste gases ensuresthein ol i ng to a temperature of
air to 131 8 151 Aw for t'"he200i Abal lf el
same conditions, the temperature oftffei s i ncreased to 300 .

air heatingisackived (up to a temperature of 19
out put temperature of waste gases with
According to the research results, for the considered conditions, the thermal
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productivity of theQ heatrecovery exchanger during the year varies in the range of
95 0 274 kW. QMalueanzreases ,with tam mcrease in the initial
temperature of waste gases and air flow and decreases with an increase in its
temperature,.

It was also establisheddt) under the considered conditions, the change in the
initial moisture content of waste gases does not affect their final moisture content.
That is, in the heat recovery process, deep cooling of these gases is not implemented,
which protects the workingusfaces of the heatcovery unit from the corrosive
action of the condensate during operation, in which the corrosive compounds
contained in the waste gases are usually dissolved

A study was also carried out on the temperature indicators of the hesdietran
medium of the heatecovery device in the presence of contamination on its heat
exchange surface. Researches were carried out in the range of values of the dustines:
coefficientk from 0.5 to 1. The valuk& = 0.5 corresponds to a reduction of the heat
transfer coefficient by half, other things being equal. The analysis of the obtained

results shows that the value of the final temperature of the heated air at values of

k= 0.5 decreases by 1.3 06 1.4 ti mes an
conditions, the final temperature of tF
maxi mum value of 245 AC, which indicat

and the need for forced removal of dust pollution from the surface of the heat
exchanger.

In Fig. 2, as an example, the results of research on the dependence of the
thermal efficiency Q of the heat exchanger on the dust level of the heat exchange
surfaces k at different values of the inlet temperatures of thetdamater agents
(wase gases and air) and the coefficient

The given data show that the value of the heat produc@tythe presence of
dust deposits on the heat exchange surface under the considered conditions varies in
therangeb 88 o6 216 kW, And this wvalue i s
surface dust, the lower the inlet temperature of the heated air and the higher the

temperature of the waste gases, the higher the coefficient of excess air. Calculations
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showed thatinhe case of U = 2. Bdurirgthe openationiomu m
the heatrecovery unit decreases to 72 kW. In order to increase the heat productivity

Q, it is necessary to periodically clean the heat exchanger.
Q kW] | Q, kW

150

200

100

150

50

I 09 08 07 06 kK 1 09 08 07 06
a) b)
Fig. 2. Dependence of the thermal productivityQ of the heatrecovery exchanger
on the contamination coefficientk of the heat exchange surface at different
values of the temperature of the waste gases and air at th@at and the
coefficient of excessaia= 2 .t'= @PO0 tyA=w ,3 BQAiItAx20 Aw;
2it,= 0 3Atg=z +20 Awu.

The maximum level of surface contamination, at which it is necessary to carry
out forced removal of dust deposits, is determined by the specific conditions of
opeation of the heatecovery exchanger, namely: the rate of dusting of the heating
surface, the required level of the final air temperature, the conditions for the technical
implementation of the cleaning process, etc.

Conclusions.

1. A new technical soluin of an aiwheated heatecovery unit for plants
burning household waste and synthetic fuels from them has been developed, which is
characterized by high thermal efficiency, resistance of working surfaces to corrosion
and the possibility of forced cleagof these surfaces from dust deposits.

2. It was established that the deposition of dust on the heat exchange surface
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|l eads to a decrease in the temperature
increase In the final temperature of the wastegagesh . 1 06 1. 2 t i me ¢

the heat transfer coefficient of the heat exchanger is reduced by half.
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Abstract: The use of the similarity theory in convective heat exchange is
considered. The determination of heat transfer coefficientsngusthe
calculationexperimental method and the regular thermal mode method is given. The
calculation of the experiment was performed using two methods, and the results of
the calculations were compared. It was determined that the RTR method makes it
possble to determine the intensity of heat exchange in unknown substances with an
errorof 307 40%

Keywords: similarity theory; heat transfer coefficient; calculation and

experimental method; regular thermal mode.

Introduction. Convective heat exchange ixamplex phenomenon described
by a system of differential equations. Considering the significant complexity of the
differential equations governing convective heat exchange and the uniqueness
conditions involving numerous variables, obtaining an analyscéltion for the
general case is not feasible. The solution to this problem is possible through the
application of similarity theory. Widely used in engineering, similarity theory aids in
solving problems related to heat exchange, hydrodynamics, madertrams other
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processes. It enables the extrapolation of results from measurements or studies in one
system to predict the behavior of analogous systems with different parameters or
conditions [1]. Similarity theory does not provide a solution but alldarsthe
generalization of experimental data. It is a theory of experimentation, making it
particularly valuable for scientific domains based on experimentation or digital
solutions. Convective heat exchange falls into such a domain. The purpose of this
work is to investigate the methodology for determining the regular thermal mode in
fluids.

Research results. Mathematical description of convective heat exchange
processes consists of a complete system of differential equations, supplemented by
uniqueness caltions and the addition of the differential equation of heat transfer.
The similarity theory is applied to determine the regular thermal regime (RER)
heat conduction process in which the excess temperature field remains similar during
changes in timeThe concept of a regular thermal regime is justified only for solid
bodies and systems of solid bodies 32, For liquids, sources of information where
the existence of a regular thermal regime in the process of unsteady heat exchange
has been identifiednd established are unknown.

The heat transfer research was conducted on a laboratory experimental stand.
The main elements of the stand are two metal cavities. In container 1, with a diameter
of d=200 mm and a height of H=143 mm, cold water at a temperaft=2 2 UC i
poured. In container 2, with a diameter of d=85 mm, a height of H=132 mm, and a
wal | thickness of U=0.3 mm, a ,=l6datUCt ri
pouredi a mixture of 500 grams composed of water and crushed sunflower husks.
Subseguently, container 2 with the cold heat transfer fluid is placed inside container
1. After a certain interval of time, temperature measurements are taken with
resistance thermometers equipped with an&begjgital converters at five points in
the cavity | and five points in Y. The experiment concludes when the average
temperatur e di fference et reaches 3 t
coefficients, two methods are considered. eThfirst method s

computationakexperimental, based on determining the heat transfer deetfigsing
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dimensionless equations. The accuracy in determining the flow regime, defining
temperature, linear size, and selecting the dimensionless equation within the
appropriate range is crucial in this method.

The heat tr anpisdiventytheforentild: i ci ent U

U= (-1/ 6 Niu/Ade))

where: Nu is the Nusselt numberi t he char acti ¢he thamal ¢ s
conductivity of the walilthe thitknessotthelwalloot e
t he heat e x cihhe expeeimestdteaf transfer coefbcient [4].

Now, considering the second method for detamg heat transfer
coefficientsst he met hod of regul ar trlsaetemanked r eg
through the temperature gradient (cooling or heating). The temperatuengra
represents the relative rate of temperature change within the substance.

-

The heat tr anpisthiemethadesgivehbyci ent U
U= (-inCp# )™

wher e: Yy 1 s t h-enifoomityeof tEmperatwrendtstribation, kis n
the area of theylindrical vessel, ni the temperature gradient (cooling or heating) of
the experi ment al i theihgal capacitynef dhe diquid mesditam,
J/ (kglLK).

The use of the regular thermal regime method simplifies the design of the
setup, enhances itsliability, and expands the possibilities for experimental research.

Conclusions.

The methods for determining heat transfer coefficients using the
computationakexperimental method and the regular thermal regime method have
been discussed. The applicatiohthe regular thermal regime methods enables the
prediction of heat transfer coefficients and the determination of equivalent thermal
conductivity coefficients in real heat exchange conditions, during heating and
cool ing, wi t-#0%aThis nethod provides hew Kfdrthation about heat
exchange mechanisms in viscous liquid mediums and improves the accuracy of

estimating heat exchange intensity.
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Abstracts: the paper proposes developments that complementapabilities
of the Autodesk Inventor package to reduce the tiore depicting parametric
threedimensional models of parts with elements such as stiffeners in orthogonal
projections and their axonometric images in the Autodesk Inventor package in
accorcince with the requirements of current standards.

Keywords: conventions and simplifications of images, projection views,

axonometry, parametric void area, toolkit, Autodesk Inventor package.

The most popular computarded design environment is the Autdklésventor
package [5], a product of the Autodesk company. The package has-faamiy
interface, a design support system, and an excellent multimedia assistance system,
and a large set of tools is used to develop parametric 3D models of structural
elements of parts, assemblies, mechanisms, and their working drawings.

However, when constructing working drawings based on 3D models, some
conventions and simplifications are not taken into account [1, 3], namely, the image
on orthogonal and axonometric otions of stiffeners, thin walls, lugs, etc.

The paper proposes a generalized algorithm for depicting elements of
stiffeners, thin walls, lugs, etc. on orthogonal and axonometric projections [2]. This
algorithm does not require knowledge of the bmltYyBA programming language
and the use of iLogic tools.

The essence of the algorithm is that wheuilding a parametric [4]

threedimensional model of a part, an additional thdgmensional hollow element
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(elements) is added (Fig. 1). The location, shapel dimensions of the element
(elements) are determined by the conditions of depicting sections of parts (the
presence of hatching) in the drawings (on orthogonal and axonometric projections of
stiffeners, thin walls, lugs, etc.)

For example, the dimensisrof the sides of stiffeners directed along the long
side, thin walls, lugs, etc. differ from their geometry by an infinitesimal amount (it
can be varied) (Fig. 2, b). The width of the element(s), on the contrary, is an
I nfinitesimal value @.

Since the psition of the hollow element(s) is related to the sectional plane, the
sectional plane must be located in the middle of the hollow element(s) to be depicted
on orthogonal projections of the part elements (Fig. 1, a). And for the image on
axonometric projewns, the sectional plane should be located in front of or outside
the hollow element(s) at an infinitesimal distance (Fig. 1, b). Then the error in the

location of the sectional plane will be infinitesimal. In this case, the error can be

varied.
sy ‘r 4
) j*"’“"f
— ,/f// il <i/;///: V
0] b

Fig. 1. Parametric threedimensional hollow element. The position of the
sectional plane relative to the parametric hollow element:

a - in orthogonal projections; b - in axonometry

Activating the view display toolHidden Line Removed" speeds up the design
of part drawings, since parametric thidimensional hollow elements are displayed
only on those views that have sections.

The generalized image algorithm can be used for any part element and for any
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position of thke sectional plane.

In Fig. 2, a shows a 3D model of a part with two stiffeners located in different
planes. Moreover, the rib located parallel to the frontal projection plane has a local
hole.

Using a generalized algorithm, additional thoeeensional hdbw elements
are added (Fig. 2, b). The location, shape, and dimensions of the parametric elements
are related to the geometry of the 3D model and are determined by the conditions of

the image of the sections in the drawing.

0] b

Fig. 2. Additional three-dimensional hollow elements

a - 3D model of the part; b- location and geometry

Next, to take into account some conventions and simplifications, namely, the
depiction of stiffeners thin walls, ears, etc. on orthogonal and axonometric
projections, you need to perform the following sequence of actions:

1. Taking into account the position of the hollow element(s) associated with the
sectional plane, draw sketches on views or planegravhconventions and
simplifications are taken into account (Fig. 3, a) using the "Start Sketch" tool and the
toolbar "Create";

2. Using the "Break Out" tool, remove the necessary part of the 3D model of
the part according to the sketch, taking into accdhbat position of the sectional
plane, which should be located within the hollow element;

3. To depict a 3D model of a part on an axonometric projection, the sectional

plane must be located in front of or outside the hollow element at an infinitesimal
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sectional plane will be infinitesimal.

distance (it can be varied) (Fig. 3, b). In this case, the error in the location of the

The result of using the generalized algorithm is shown in Fig. 4.

Display
@ Show Hidden Edges

n All Parts

Sectior
]

1\

3,15

/

b

Boundary

[z Profile

Depth

From Point

‘ 0,000

Display

@y Show Hidden Edges

oK Cancel

Fig. 3. Determining the conditions for depicting sectins on a drawing

a - projection views; b - axonometry

Fig. 4. The result of using parametric hollow elements
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The study of the limitations on the application of the generalized algorithm in
the constructiorof 3D models and the design of part drawings showed that it can be
used to construct any section and cross section without restrictions, namely:
regardless of the position of the sectional plane relative to the projection planes;
regardless of the positicof the sectional plane relative to the part; regardless of the
number of sectional planes; regardless of the position of local sections, taking into
account the conventions and simplifications in accordance with the requirements of
current standards.

To solve engineering problems (static, kinematic, dynamic, temperature, etc.),
the integrity of 3D part models can be easily restored by hiding a 3D hollow
element(s) with the "Suppress Features" tool in the construction tree "Model

Browser".
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Annotation Lead telluride (PbTe) is considered one of the most promising
materials in thermoelectrics due to its unique thermoelectric properties. Thi
semiconductor exhibits a high thermoelectric figure of merit (ZT) in certain
temperature ranges, making it highly effective for converting heat energy into
electricity. Additionally, PbTe is characterized by stability and low thermal
conductivity, which further enhances the efficiency of thermoelectric devices.
Another advantage of using PbTe is its relative affordability and high availability of
raw materials.

This makes it attractive for manufacturing mass thermoelectric devices such as
thermoelectricmodules for automobiles, industrial thermoelectric generators, heat
recirculators, and other§he paper provides a review of works and an analysis of
general approaches to semiconductor thermoelectric materials, including lead

telluride.
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Abstract Recent achievements in the field of thermoelectrics encompass a
wide range of directions, including the development of new thermoeleaaterials
with enhanced thermoelectric properties, optimization of manufacturing processes
and design of thermoelectric devices, as well as applications in renewable energy and
energyefficient technologies [1]. Some of the most significant achievemeaiisdie
the development of new nanostructured materials with a high thermoelectric figure of
merit (ZT), improvement of crystal growth and film synthesis methods, and the
implementation of thermoelectric devices in electronics and automotive industries.
Thermoelectrics is increasingly important in the search for new energy sources and
addressing energy efficiency issues, making it one of the most actively researched
fields in modern science and technology.

Lead chalcogenides and compounds based on thenwfoel application in
thermoelectrics. However, for the extensive utilization of lead telluride in
thermoelectric applications, researchers continue to improve its production
technology, optimize strengthening processes, and control its microstructure. This
effort is aimed at further increasing the ZT coefficient and enhancing the efficiency
of thermoelectric devices based on this material. All of this underscores the potential
and prospects of using lead telluride in thermoelectric applications, whichasaa pl
significant role in the development of enemgfficient technologies and addressing
energy efficiency issues. The article provides an overview of works and analysis of
general approaches to semiconductor thermoelectric materials, including lead
telluride.

Discussion

The development of new technologies with enesgying characteristics, the
creation of renewable energy sources that are efficient, the utilization of thermal
waste, autonomous energy sources, etc., are among the most significant atyd prior

directions of global scientific research and are highly relevant today. Therefore, at

273



present, the development of science and technology is undoubtedly linked to
successes and progress regarding the improvement of technologies for obtaining
traditional semiconductor materials, as well as issues related to the development and
research of new semiconductor structyes3].

The efficiency of using thermoelectric semiconductor materials primarily

depends on their thermoelectric figure of merit

2
Z:S_s,
c

whereSis the Seebeck coefficiend,is the specific electrical conductivitg,is
the thermal conductivity coefficient, as well as the possibility of this parameter
reaching high valuesJ.

The coefficient of thermoelectric efficiency or the coefficient of thermoelectric
conversionZT allows you to make a proper assessment of the efficiency of the

thermoelectric material at different temperaturgs]

2
z7=58T
C

When it comes to increasing the thermoelectric efficiency coefficient, it should
be understood that optimizing tleatire set of parameters cannot be achieved solely
by increasing or minimizing one of the variables. High Seebeck coefficient, as well as
significant electrical and thermal conductivity, are essential for highly efficient
thermoelectric materials. To oltaa material with the highest possible effective
electrical and thermal conductivity, it is necessary to optimize these parameters
independently of each other.

For thermoelectric materials, the value of the dimensionless thermoelectric
figure of merit is gually important. Therefore, when the param@®€a 1, it st
be noted that these materials will have considerable value for practical applications.
With a value ofZT & -3 the efficiency coefficient would be approximately 20,
which would naturally increase the demand for these materials (at T K)300
Moreover, with a dimensionless thermoelectric figure of méfit a -43

thermoelectric converters would have the potential to be competitive even with
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electric generators. With the help of the electronic subsystem (assuming

P=S%s - power coefficient), it is possible to determine the thermoelectric power
coefficient as well as electrical conductivity. As for thermal conductivity, this
parameter is determined by both the electronic and phonon subsystems, namely

C = Cq + Cpy, Wherea is the overall thermal conductivity coefficient, aagand G

are electronic and phonon thermal conductivity, respectively. However, the issue with
modern traditional thermoelectric materials such asd3j PbTe, PbSe, PbS, remains

their relatively bw thermoelectric efficiency coefficierdT ~ 0.6 [1]. Therefore,

many researchers and scientists are engaged in the search for new materials or
improving the properties of already known thermoelectric materials to obtain a high
ZT value.

Among the thermelectric materials already used for the manufacture of
electric power generators, lead telluride (PbTe) should be noted. PbTe is a promising
and effective semiconductor material for th@medium temperature region
(500-750)K[5]. For the creation of thermastronic energy converters,
photoreceiving devices, as well as emitting structures of the amd farinfrared
range of the optical spectrum, lead telluride is the basic and main material. Among
other thermoelectric materials, PbTe is distinguished dypribperties: the value of
the energy spectrumN(= 4); lattice thermal conductivity has a rather low value
(Gar=2 . 0 F WL BL c™)n the mobility of electron charge carriers is quite high
(ec& lcBrl VL'Y; the value okdG is one of the largest. At such values of these
guantities, the maximum value of the thermoelectric facgg,) tends to increse
[6, 7].

Many experimental studies of lead telluride and thin films based on it are given
in literary sourcesd-10], but there is no information about the entire complex of
thermoelectric characteristics of this material, only individual propertiestadeed.
Therefore, the next task should be to optimize the set of thermoelectric, structural and
micromechanical characteristics, properties and parameters of this semiconductor
material.

So, it is possible to formulate the main criteria that are baskudbly efficient
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thermoelectric materials:
32
- weighted value of ™M (m 1 effective mass of media);
c

- significant doping of the material (up to a concentration &t-10°° cm®), we
are talking about donor and acceptor impurities tieate the required solubility in
this material;

- a rather high effective mass of charge carriers, for the val@spfvhich is
characteristic for a broad plan of the energy spectrum;

- a weak decline in the mobility of charge carriers within the limits of medium
and high temperature indicators, which leads to the corresponding temperature
dependence &;

- the widthof the band gap is not very small, but it prevents the premature
appearance of effects associated with intrinsic conductivity (namely, bipolar
diffusion). This helps to maintain high values of the efficiency of the thermoelectric
material within high temgratures and expands its interval (in other words, as the
temperature i ncr e&pxaamsterwill dseinckeasé)ue of t he

Lead telluride and lead selenide (PbTe and PbSe) have these properties.

In addition to the already mentioned criteria, whask required for the study
of thermoelectric materials and thin films, in particular PbTe, it is possible to
determine the main technological conditions that are necessary for their effective use
and prospects for their use in various thermoelements, evieen these
thermoelements have a number of available favorable parameters.

Such technological conditions include:

- good mechanical properties of the material (raarad micrehardness) and
the ability to withstand temperature cycling processes (heatiy @oling),
corresponding to the real operating conditions of the thermoelectric generator;

- the nature of the materials should prevent irreversible phy$iemical
reactions. Specifically, attention should be paid to the melting temperature of the
themoelectric material, as irreversible phenomena often occur at temperatures close

to the material's melting point, making it unsuitable for use in such conditions.
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Therefore, the melting temperature should be-200 K higher than the temperature
of the hotjunction of the thermocouple, which includes the material;

- high radiation resistance of the selected thermoelectric materials in case
nuclear reactors are used as heat sources in thermogenerators.

It should be noted that the thermoelectric factor ofemait Z will mostly be
small, regardless of the optimal parameters of thermoelectric materials, such as the
concentration of electron charge carriers and temperature, with significant lattice
conductivity. In this case, the future research of scientistolwiously relate to the
search for thermoelectric materials that will have a low lattice thermal conductivity.

Conclusion

The provided review of works and analysis of general approaches to
semiconductor thermoelectric materials unequivocally indicigsfor the range of
so-called intermediate temperatures (5ED K), the most effective material is
undoped nosstoichiometric lead telluride. At the same time, important questions
arise concerning both the physical and chemical nature of the materidieastlidy

of all details of the technological process for manufacturing thermoelectric material.
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FINE-SCALE SAMPLING AND R APID DIGITAL IMAGE A NALYSIS OF
BEACH AND DUNE SANDS: OPAQUE FRACTION ME TRICS

Buynevich llya Val
PhD, Associate Professor
Temple University, Philadelphia, USA
T»ni sson Har
PhD, Senior Reearcher
Tallinn University, Tallinn, Estonia

Introduction: Opaque (noftiransparent) constituents, such as mafic and heavy
minerals, dark bioclastic fragments, and organic detritus occur in varying amounts
and combinations in beach and dune sands. Hemwgral concentrations (HMCs)
punctuate quartdominated siliciclastic lithosomes and provide important
information about sediment source, regional transport pathways, and-\paérgy
conditions, as well as produce prominent reflections in georadar smagen

concentrated [B].

Often comprising thin laminae 2 mm), HMCs present challenges for
sampling and quantitative parametrization needed for reconstructing energy regimes
(e.g., shear stress). We present examples of simple grapssad field ad
micrograph analyses using two sites along the Baltic Sea coast of Estonia (Fig. 1A)
[4-6]: a beach/dune trench wall at Lehtma strandplain (Fig. 1B) and a recent berm

accumulation at Vageranna Beach (Fig. 1C).

303



Figure 1. A) Location map of the studysites in Estonia. B) Eroded beach/dune
ridges, Lehtma strandplain, Hiilumaa Island. C) Berm fronting an uplifting dune

scarp, Valgeranna, P2rnu Bay

Methodology: Adhesive tape peels from trenches, cores, or beguamge
exposures presengrainthick layes that can be used to evaluate gross magnetic
properties (relative lovileld magnetic susceptibility [28, 9]) and to assess the
opaque fraction. Detailed mineralogical analyses and Regwyg separation are
extremely laboiintensive and timeonsuming Rather, to evaluate the relative
proportions of heavy minerals simplified imagecessing protocols can be applied
to trench walls and outcrops for higlsolution mapping of HM&&nriched horizons.
Macro-photographs of exposures (Fig. 2) and tape mdings 3) can be analyzed in
the field (macrdens attachment) and laboratory (refleeligtht microscopy),
respectively. Imag@rocessing freeware (e.g., Image J) can then be applied for very
rapid assessment and quantification of opaque fraction basetensity profiles and
spectra.

Results and Summary:Image J profiles of trench wall (Fig. 2) show that
inverse grayscale (G) values (white: G=0; black: G=255) correspond well to visible
stratigraphy, with opaque minerals (dominantly magnetite) havingaloaisly high
values (G>200; Fig. 2C), compared to backgrounartzose matrix (G <100;
Fig. 2B).

304



G G (>200
i e T

100

SRR EEEEE

| ',r’

pixels

HMC

30cm

Figure 2. Beach/dune ridge exposure: A) Photogph of the dune trench wall.
B) Inverted grayscale (G) plot represents a higitesolution intensity patterns,
which roughly correspond to the concentration of heavy minerals. C) Isolated
darkest anomalies correspond to thin HMCs in Fig. 2A (red arrow shows the
most prominent compound horizon). For location and context, see Fig. 1B.
Similarly, on strewn (handprirkled) tape mounts, magnetite grains are easily
discerned from those with mighnge hues (feldspars, epidote) and clear grains
(fractured almandine garnets, quartz), all on a white background (Fig. 3A). Both
traversed particle dimension and its intensitg altearly captured in a grayscale
profile (Fig. 3B). Standardized for magnification, lighting, and granulometrically
adjusted screen coverage, areal grayscale plots (histograms; Fig. 3C) allow
guantitative assessment of the lownt ensi t y A dtaquartarichfsand c t i «

yielding low average values (G~R0) compared to moderate HMCs (G>60).

A

b
(6~20)

E M J‘ A
A M G-250 Q

Figure 3. Microphotograph analysis of recent berm HMC: A) Section of a
microphoto shown in Fig. 1C. B) Inverted grayscale profile showing differences
between lidht (Q 1 quartz), mid-hue (AT almandine garnet; Ei epidote?) and
opaque heavy (Mi magnetite) grains on a white background (b). Key metrics
are summarized. C) Area grayscale plot fothe image segment in Fig. 3A.
For location and context, see Fig. 1C.
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As denser components typically occur in the finer sand fraction, such analysis
provides a conservative estimate of their relative contribution. The presented
approach has the potential to complement traditional sedimentological and
geophysical datasets witihdependent compositional parameters at high spatial

resolution [2].
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