TOPICAL ASPECTS OF
MODERN SCIENTIFIC
RESEARCH

il

i
2

1

u il il
gl

PROCEEDINGS OF XII INTERNATIONAL
SCIENTIFIC AND PRACTICAL CONFERENCE
AUGUST 8-10, 2024

TOKYO
2024




TOPICAL ASPECTS OF
MODERN SCIENTIFIC
RESEARCH

Proceedings of XII International Scientific and Practical Conference
Tokyo, Japan
8-10 August 2024

Tokyo, Japan
2024

2



UDC 001.1

The 12" International scientific and practical conference “Topical aspects of
modern scientific research” (August 8-10, 2024) CPN Publishing Group,
Tokyo, Japan. 2024. 376 p.

ISBN 978-4-9783419-2-1

The recommended citation for this publication is:

Ivanov I. Analysis of the phaunistic composition of Ukraine // Topical aspects of
modern scientific research. Proceedings of the 12th International scientific and
practical conference. CPN Publishing Group. Tokyo, Japan. 2024. Pp. 21-27. URL.:
https://sci-conf.com.ua/xii-mizhnarodna-naukovo-praktichna-konferentsiya-topical-
aspects-of-modern-scientific-research-8-10-08-2024-tokio-yaponiya-arhiv/.

Editor
Komarytskyy M.L.
Ph.D. in Economics, Associate Professor

Collection of scientific articles published is the scientific and practical publication,
which contains scientific articles of students, graduate students, Candidates and
Doctors of Sciences, research workers and practitioners from Europe, Ukraine and
from neighbouring countries and beyond. The articles contain the study, reflecting the
processes and changes in the structure of modern science. The collection of scientific
articles is for students, postgraduate students, doctoral candidates, teachers,
researchers, practitioners and people interested in the trends of modern science
development.

e-mail: tokyo@sci-conf.com.ua

homepage: https://sci-conf.com.ua

©2024 Scientific Publishing Center “Sci-conf.com.ua” ®
©2024 CPN Publishing Group ®
©2024 Authors of the articles


https://sci-conf.com.ua/xii-mizhnarodna-naukovo-praktichna-konferentsiya-topical-aspects-of-modern-scientific-research-8-10-08-2024-tokio-yaponiya-arhiv/
https://sci-conf.com.ua/xii-mizhnarodna-naukovo-praktichna-konferentsiya-topical-aspects-of-modern-scientific-research-8-10-08-2024-tokio-yaponiya-arhiv/
mailto:tokyo@sci-conf.com.ua
https://sci-conf.com.ua/

TABLE OF CONTENTS

AGRICULTURAL SCIENCES
Prokopenko E.
REQUIREMENTS OF OILY FLAX TO THE CONDITIONS OF
MINERAL FOOD

BIOLOGICAL SCIENCES
Panakhova Elmira Nuretdin, Abbasova Laman Polad, Veliyeva Goonel
Muslim
TEST "MULLER-LYER ILLUSION" FOR IDENTIFYING
INTERHEMISPHERIC AND INTEROCULAR ASYMMETRY IN
YOUNG AND OLDER AGES

MEDICAL SCIENCES
Avgaitis S. S.
DYNAMICS OF D-DIMER LEVEL IN PATIENTS WITH
COMMUNITY-ACQUIRED PNEUMONIA ASSOCIATED WITH
CORONAVIRUS INFECTION UNDER THE INFLUENCE OF
TREATMENT
Fedorova N. V.
ONCOLOGY
Lytvyn B. A., Sydorchuk L. P.
PREDICTORS OF SODIUM SENSITIVITY IN HYPERTENSIVE
PATIENTS: COHORT STUDY IN WESTERN UKRAINE RESIDENTS
binaun B. O., banopiscokuii IO. JI.
PE3VIIBTATU HUTOMOP®OMETPUYHOI'O JOCIIJDKEHHA VvV
BIMICHKOBOCJIYXBOBIIIB 3CY TP XPOHIYHOMY
KATAPAJIBHOMY T'THI'IBITI
bopoyu B. A.
MEJINKO-COUIAJIBHE 3HAUYEHHS TA BIUVIMB HA ®OPMYBAHHA
KOPUCHHMX 3BMYOK CEPEJl OCIb ANUTAYOI'O BIKY
Knazeea M. B.
BIOXIMIYHI OCOBJIMBOCTI MDKXPEBIIEBOI'O JHWCKY B
JIATHOCTUII TA CTPATEIl JIIKYBAHHSI 3AXBOPHOBAHb
XPEBTA

CHEMICAL SCIENCES
Kniwenko P., Kooeys C.
OCOBJIMBOCTI BYAOBM IIOBEPXHI BYI'TJIZISA  PIBHOI'O
CTVYIIEHA METAMOP®I3MY

9

14

21

27

29

34

40

44

50



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

TECHNICAL SCIENCES
Buzoveria N., Voznyi 1., Didushko V.
MAIL MESSAGE FILTERING SYSTEM BASED ON A NEURAL
NETWORK
Khachaturian K., Gegia N., Guruli T., Ukleba E.
MINERAL SORBENTS IN THE PROCESS OF CLEANING OF GRAPE
WINE
Pashchenko O., Allakhveranov R.
GENERAL INFORMATION ABOUT MECHATRONIC STRAIN
GAUGE SYSTEMS
Solntsev V., Bagliuk G., Nazarenko V., Petrash K., Solntseva T.
FEATURES OF PRODUCING DISPERSION-HARDENED
CHROMIUM-FREE  NICKEL SUPERALLOYS AND THEIR
PROPERTIES
Hagsenuax-/lanunrwk O. b.
CIIUDIBHA POBOTA BEB-JU3AMHY TA BEB-PO3POBKU JJI
CTBOPEHHS BEB-CAUTIB
@Dewenko C. 0., Mauieecokuii B. A., Hikimuyk T. M., Kopeniscvka O. JI.,
Boumwk O. B.
PO3POBKA BEB3ACTOCYHKY JUTA JOCJIJIP)KEHHA
PEOJIOI'TYHUX BJIACTMBOCTEU BIOJIOTTYHUX PIJIVH
Quanko H. M., /Tunsicoc P. B., lllepenkoeckuit 1O. B., Mepanoea H. O.
3AKOHOMEPHOCTH CTPYKTYPOOBPA30OBAHNA
HAHOKOMIIO3UTOB HA OCHOBE ITOJINMAMUJIA 6,
HAIIOJIHEHHOI'O HAHOYACTHUYKAMMU SiO,
Quanko H. M., /Tunscoc P. B., lllepenkoeckuit IO. B., Mepanoea H. O.
OK30TEPMbI KPUCTAJUIM3ALIMN HAHOKOMIIO3UTOB HA
OCHOBE TIIOJIMAMUJIA 6 IIPU  EI'O  HAIIOJIHEHUM
HAHOYACTULHAMU INOKCUIOA KPEMHUA
Xpyuvkuit A. O., @panyszo M. O.
OBI'PYHTYBAHHA PEXMMHHUX ITAPAMETPIB TIOBITPAHUX
BIILIEHTPOBUX CEITAPATOPIB

PHYSICAL AND MATHEMATICAL SCIENCES
Ilpucasxcuioxk M. B.
BUKOPUCTAHHS 3D PYUKH HA YPOKAX TEOMETPII

GEOLOGICAL AND MINERALOGICAL SCIENCES
Baranov V. A., Hrabovetskyi A. Ye., Hertsa P. D.
METHODOLOGY OF IDENTIFICATION OF GAS-TIGHT SCREENS IN
COAL BASINS

56

66

74

79

88

98

102

109

117

122

124



21.

22,

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

PEDAGOGICAL SCIENCES
Gerush 0., Greshko lu. I.
INDEPENDENT WORK OF STUDENTS AS A MEANS OF
INCREASING THE EFFICIENCY OF THE EDUCATIONAL PROCESS
Greshko lu. I.
FORMATION AND DEVELOPMENT OF "SOFT SKILLS" IN FUTURE
SPECIALISTS IN THE PHARMACY FIELD
Vovk O. I., Kryvoshyia D. Yu.
TECHNOLOGY IN ACADEMIC WRITING INSTRUCTION:
PRODUCING A COMPARE-AND-CONTRAST ESSAY
Zadoienko O. I.
FORMATION OF METHODOLOGICAL COMPETENCE IN FUTURE
TEACHERS OF FOREIGN LANGUAGES AND CULTURES IN THE
PROCESS OF INDEPENDENT WORK
Biuvko C. M., JIawenxo /. C.
HUIECIIPSIMOBAHA KOOPJUHAIIMHA [IIIATOTOBKA IOHUX
OYTBOJIICTIB
T'ipuax C. IL., Tapacwk 3. M.
OGOPMYBAHHJ ITOHATTA ITPO IMEHHUK AK YACTHUHY MOBU B
2-4 KJIIACAX TIOYATKOBOI LIKOJIN
3aooenko O. 1.
I'VMAHHICTG ITEJAT'OI'A: OCHOBHI HAITPSIMKHW BUXOBAHHSA
Ilpucaxncniok M. B., Anuyk JI. K.
EMOUIMHE BUT'OPAHHS BUUTEJIS
Pozo3a B. B.
ITEPCIIEKTUBHI METOAOJIOI'TYHI IIIAXOJM VYV KOHTEKCTI
JOCIJIJIPKEHB ITPOBJIEMATUKU STEM-OCBITHU
@Donkyan B. B., Mouanos O. O.
PO3BUTOK KPUTHUYHOI'O MUCJIEHHA VYHIB 5-X KJIACIB HA
YPOKAX  MATEMATHKU: TEOPETUKO-METOJOJIOTTYHUIA
ACIIEKT
Xyacaxkynos b. A.
CTPATEI'MYECKOE I[IJTAHUPOBAHUE B ITPOLECCAX
COBEPIIEHCTBOBAHN YIIPABJIEHU A
OBILIEOBPA3OBATEJILHOM CPEJTHEN IIKOJION
Illseus H. B., Illgeus O. B.
®OPMYBAHHSI TPAMATHUYHOI KOMIIETEHLII MAWBYTHIX
ITEPEKJIAJIAYIB

PSYCHOLOGICAL SCIENCES
Kravchuk S. L.
UNDERSTANDING REFUGEES AS AN EFFECT OF THE
INTERACTION OF COMMUNITY IDENTITIES

131

139

146

158

163

173

178

188

192

196

202

206

216



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Amineea A. P.

EMOIIII TA EMOIIMHA PEI'VJIALIA OCOBHMCTOCTI K
HEBII’€MHI EJIEMEHTU ®YHKIIOHYBAHHA YV COLIYMI
Kysnueuoe M. A., /loopockok K. B., Tamicecoka M. M.
CAMOOPI'AHIZALIA HABYAHHA v CTYJEHTIB 3
JIOMIHYBAHHS$IM PI3HMX KOIIIHI-CTPATEI'TIA

Tpouxo H. O.

B3AEMO3B’SI30K EMOIIMHOI'O ITHTEJEKTY TA ITPO®ECIMHOI
CITPAMOBAHOCTI OCOBUCTOCTI

Qupkosa T. I.

[ICUXOJIOITYHUIL  AHAJII3 IIPOBJIEMATUKM  B3AEMOJIII
CYYACHOI MOJIOJII TA COLIJAJIbBHUX MEPEX

SOCIOLOGICAL SCIENCES
Tukhashvili M., Lobzhanidze M., Tsibadze M.
THE ETHNIC AND REGIONAL SPECIFICS OF LABOR MIGRATION
IN POST-SOVIET GEORGIA
Hlepouna C. B.
IMPOI'HO3 PO3IIALY PD

LITERATURE
Bboiiko O. M., Illeeuenko T. M. 5
ITPOBIZIHI MOTHBMU 3BIPKU 1. JIVUYKA «JIITEPATYPHUU JIDKA3»

PHILOLOGICAL SCIENCES
3namoenacosa O. B., Kpueoa JI. P.
KPOC-KVJIbTYPHA B3AEMOAIA B IIPOLECI HABYAHHA
[HO3EMHIM MOBI: METOJWYHI IIIAXOAU TA IIPUKJIAJU
YCIIIIHOI IHTETPALIII

PHILOSOPHICAL SCIENCES
Casow I I1., Ecenin 0. C.
KOHIIEIIIILA TEOPII COLIAJIBHOI CIIPABEIJINBOCTI:
PIBHOMAHITHICTH PO3YMIHH/ TA IHTEPHPETAL[IPI

ECONOMIC SCIENCES
Huriev V., Vasyliev O., Uvarov I.
DEVELOPMENT OF REGIONAL INNOVATION STRATEGIES AS A
KEY ASPECT OF STIMULATING DEVELOPMENT AND
INCREASING THE COMPETITIVENESS OF REGIONS
Sokhan 1., Xie Fei
RESEARCH ON THE SUSTAINABLE DEVELOPMENT OF RURAL
TOURISM IN YUNNAN UNDER THE BACKGROUND OF RURAL
REVITALIZATION

219

226

234

237

244

249

262

268

272

280

285



45.

46.

47.

48.

49.

50.

ol.

52,

53.

54,

55.

56.

S7.

58.

59.

Vasyliev O., Huriev V., Uvarov I.

MODERN CLASSIFICATION OF CRISES BY SOME CRITERIA

babiu O. 0., Mapuyk C. B., Maxyxa T. O.

IHOOPMAIIIMHI TEXHOJIOT'TI I IX BIUIUB HA XUTTS JIKOJUHU
be3zoemko K. C.

BIUIMB MICBKOI 3ABYJIOBM HA EKOHOMIYHUI PO3BUTOK
METI'ATIOJIICIB

bozoan H. M., Cxknap b. E., Pe3niuenxo I. O.

AKTYAJIBHI ACIIEKTU AHTUKPU30BOI'O MEHEDKMEHTY
TI'OTEJIBHOI'O IIAITPUEMCTBA

bopooenko T. M., I'opoans M. I.

I'TIOBAJIBHI TPEHI IHHOBALIIMHOT'O ®IHAHCYBAHHS
Kykoecovkuii /]. M.

BI3BHEC MOJEJII IHTEPHET IIPOEKTIB TA IIOKA3HMKM IX
E®EKTUBHOCTI

Tepnuno /1. A.

[HOOPMAIIIMHA  BE3IIEKA 1 3AXUCT IH®OPMAIL Vv
CYHACHOMY CYCIIUJIBCTBI

LEGAL SCIENCES
TI'yneiixoeg 1. IO.
ITPABOBA TTPUPOJA BIJHOCHH I3 HUPPOBMMU AKTUBAMU
3inuenko C. O.
OCOBJIMBOCTI  OPTAHIBALUI  JAISJIBHOCTI  IIJAPO3/ILIIB
JIIBHAHHZI
Kozap P. A.
OIHAHCOBO-IIPABOBI ITPABOIIOPYIIEHHS: OCOBJIMBOCTI
PEI'YJIIOBAHHS B YKPAIHI
Kowuxos /1. O.
OIHAHCOBO-ITIPABOBI I[TPABOIIOPYILIEHHA CYB’EKTIB
TOCIIOJAPIOBAHHS B YKPAIHI
Muxkumun P. C.
MEJIATOP K OCHOBHUI YUYACHUK IIPOLIEAYPU MEIIALUT
ITPU BUPIILIEHHI T'OCITIOJJAPCBKHMX CITOPIB
Ilnexoe M. B.
OIHAHCOBO-TIPABOBA BIAITOBIJIAJIBHICTE 3A TIOHAATKOBI
[TIPABOITIOPYIIIEHHS: TEOPETUKO-ITPAKTUYHUI ACIIEKT
Peyn A. M.
IMIJDIEMEHTALS B YKPATHI IVTAHY BEPS TA ITPABUJI PILLAR 2
JUI1 OTPUMAHHSA TJOOATKOBUX ITIOJATKOBUX HAIXOIXKEHD
Hlepouna JI. I., Ma3zyp T. P.
S3MICT TA TIOHATTSA MDKHAPOIJHOI'O CIIIBPOBITHUIITBA III/]
YAC KPUMIHAJIBHOI'O ITPOBAJI’KEHHAI: TEOPETHUKO-
IIPABOBUI ACTIEKT

291

298

303

308

314

325

331

335

342

348

352

356

362

365

372



AGRICULTURAL SCIENCES

UDC 633.8:633.854:54
REQUIREMENTS OF OILY FLAX TO
THE CONDITIONS OF MINERAL FOOD

Prokopenko Eduard,

PhD of Agricultural Sciences,

Associate Professor

Uman National University of Horticulture
Uman, Ukraine

Abstract: The optimal dose of fertilizers during the growth and development
of linseed was analyzed. The need to ensure optimal levels of fertilization, in
particular to ensure a sufficient number of different nutrients during growth periods, a
good response to soil fertility and fertilization, has been established. It was found that
the dynamics of nitrogen use from the "tree" phase to the flowering period have the
greatest influence on the formation of the plant crop. The need for phosphorus is
sharply expressed from the first days of vegetation of oil flax until the end of
ripening. The need for potassium is about the same as for nitrogen.

Key words: linseed oil, features of fertilization, rates of fertilization.

Determining the optimal doses of fertilizers for the planned harvest of
agricultural crops is one of the most complex issues of agrochemistry, since their
effectiveness depends on many factors (the relationship between plants, fertilizers,
soil fertility, climate, the culture being grown, etc.) (V. A. Ostanin , 2002).

Flax is highly demanding of the content of mobile forms of nutrients in the
soil, as a feature of its root system is a reduced ability to assimilate nutrients from
hard-to-reach compounds, as well as a short period of their assimilation. To obtain a
high yield of linseed oil, it is necessary to provide a sufficient amount of easily

9



digestible nutrients during the entire growing season [1].

Imbalance of plant nutrition negatively affects their productivity
(N. N. Kuzmenko, 2001). It was established that for the formation of 1 ton of air-dry
mass of the crop (straw and seeds) of flax, it removes from the soil on average:
nitrogen — 13-15 kg; phosphorus —3.7-5.2; potassium - 6.2-13.7 kg. [2]. For the
formation of a unit of dry weight, flax oil consumes twice as much nutrients as grain
ears. For 1 ton of seeds, flax removes from the soil on average: nitrogen - 76 Kg;
phosphorus - 24; potassium - 55 kg (T. N. Yakovenko, 2005). The value of the need
for flax nutrients, according to L.I. Petrova (1992), with a total crop weight of
6.4 t/ha, it is: nitrogen — 77 kg, phosphorus — 35, potassium — 109 kg.

During the growing season, flax has two “critical” periods of maximum
assimilation of the main nutrients. The first period corresponds to the beginning of
the growth and development of the culture, when plants are quite picky about the
content of mobile forms of nutrients in the soil and are sensitive to their lack. The
next - "the period of maximum need for nutrients" - falls on the beginning of pouring
seeds. The level of providing nutrients to linseed plants during this period makes it
possible to predict the yield of this crop (V. D. Pannikov, 1971).

Flax oil responds well to soil fertility and fertilizers. However, the dynamics of
nitrogen use have the greatest influence on the formation of the plant crop. At the
beginning of the growing season, flax does not need additional nitrogen nutrition, but
from the "herringbone” phase, the need for nitrogen increases and reaches a
maximum during flowering (F. M. Karpunina, 1978, H. Fabian, 1929).

Nitrogen contributes to the accumulation of organic mass of plants, enhances
the synthesis of nitrogen-containing compounds. Before the onset of the flowering
phase, plants absorb 70-84% of nitrogen from the soil from the total amount used for
crop formation. At the end of the flowering phase, plants assimilate 97-98% of
nutrients. Therefore, with an insufficient amount of nitrogen in various fertilization
systems, one cannot count on obtaining a high yield of flax (T. N. Kulakovskaya,
1990, V. I. Nikitishen, 1990, O. O. Sozinov, 1999) [3]. It was established that during

the growing season, flax plants absorb 70-80% of nitrogen from the fertilizers
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applied to them (P. A. Holoborodko, 2001).

The need for phosphorus, in contrast to nitrogen, is sharply expressed from the
first days of vegetation of oil flax and continues until the end of ripening, but its
assimilation occurs most intensively from budding to seed formation. It stimulates the
formation of polysaccharides, the exchange of fats and proteins, participates in the
processes of photosynthesis and respiration, and increases the strength of the stem
and the quality of the fiber. Phosphorus also has a positive effect on increasing the
number of elementary fibers in stems (A. V. Noskova, 1935).

Flax consumes the maximum amount of phosphorus during the budding phase,
but the role of phosphorus nutrition is especially great during the period of emergence
of seedlings and during the Christmas tree phase. Before the flowering phase, plants
absorb 67-80% of phosphorus from the soil (O. O. Sozinov, 1999, V. I. Nikitishen,
1990, T. N. Kulakovskaya, 1990) [3]. According to P. A. Holoborodka (2001),
linseed from fertilizers applied under it, assimilates phosphorus by only 20-25%.

Flax is strongly suppressed due to a lack of phosphorus in a cold and wet
spring, when there are no water-soluble phosphates in the soil. This factor explains
the high efficiency of applying superphosphate to the rows during sowing. With the
harvest, flax removes a small amount of phosphorus from the soil, so it is not
recommended to apply high doses of phosphorus fertilizers. On soils moderately
supplied with mobile phosphorus compounds, the application of phosphorus
fertilizers in a dose of P30-60 ensures a full harvest.

The introduction of phosphorus also contributes to the faster passage of
vegetation phases, has a positive effect on the height and weight of plants.
Phosphorous fertilizers do not lead to large increases in productivity, but they have a
positive effect on product quality (L. L. Kosheleva, 1980, L. L. Kosheleva, 1980).
Therefore, the lack of phosphorus, especially in the first days of plant growth,
reduces the yield and quality of products. Phosphorus deficiency during this period
cannot be corrected by additional application of fertilizers.

Potassium also plays an important role in the nutrition of flax plants. It also

improves the quality of the harvest, increases the resistance of plants to cold, diseases

11



and dormancy. Also, this nutrient reduces the harmful effect of excess nitrogen
(L. I. Petrova, 1975).

The need for potassium is approximately the same as for nitrogen, but the soils
in the areas of industrial flax cultivation are quite rich in potassium, so the plants, as a
rule, do not feel its deficiency. Flax intensively absorbs potassium from seedlings to
flowering. Thus, before flowering, plants assimilate 71-96% of potassium from the
soil from the total amount used for crop formation (O. O. Sozinov, 1999,
V. I. Nikitishen, 1990, T. N. Kulakovskaya, 1990) [3 ].

Flax assimilates potassium by 60-70% from applied fertilizers
(P. A. Holoborodko 2001). Its assimilation increases with the introduction of high
doses of potash fertilizers and a high availability of exchangeable potassium in the
soil. Since there is no increase in yield, there is no need to apply high doses of
potassium under flax (I. A. Golub, 2007).

In the seedling phase (up to a plant height of 2-3 cm), to prevent calcium
chlorosis, on soils poorly supplied with microelements (boron, copper, zinc), and
with acidity with a pH value above 5.5, it is recommended to carry out foliar feeding
with complexonates of microelements (6 -8 I/ha) or trace elements (boric acid up to
0.5 kg/ha, zinc sulfate up to 1.0 kg/ha). The norm of the working solution is 200 I/ha.
This technological operation can be combined with the fight against the flax flea
(1. A. Golub, 2007).

In the absolute majority, the rate of fertilizer application on soils of different
types and granulometric composition was studied with the application of intensive
flax cultivation technology under conventional or semi-steam tillage with mandatory
plowing (V. G. Didora, 2000). Generalized data, which would specifically indicate
the norms of mineral fertilizers for oil flax in the relevant soil and climatic

conditions, were not found in the studied scientific literature.
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TEST "MULLER-LYER ILLUSION" FOR IDENTIFYING
INTERHEMISPHERIC AND INTEROCULAR ASYMMETRY
IN YOUNG AND OLDER AGES

Panakhova Elmira Nuretdin

Doctor of Biological Sciences,

Head of

"Physiology of Vision and Neurodegenerative Processes"” department
Abbasova Laman Polad

Junior researcher

Veliyeva Goonel Muslim

Senior Assistant

Academic Abdulla Garayev Institute of Physiology

Baku, Azerbaijan

Annotation. Functional interhemispheric brain asymmetry is a topical problem
studied not only in the field of psychology, but also in neurophysiology. The term
"Interhemispheric asymmetry" refers to one of the fundamental regularities of human
and animal brain organization.

The term was first mentioned in 1985 by the biologist Bianchi V. L. in his
book "Asymmetry of the animal brain". He distinguished two types asymmetry of the
brain asymmetry: 1) individual (characterizes the equal degree of predominance of
the right and left hemispheres in each species); 2) species (characterizes the
registration of species-specific dominance in one of the hemispheres). According to
Bianchi V. L., hemispheric dominance is a dynamic phenomenon. It is assumed that
there is a probability of temporary displacement of dominant functional activity from
the left hemisphere to the right hemisphere and vice versa. The predominance of one

hemisphere over the other is observed when performing tasks a difficulty of a certain
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degree.
Keywords: vision; interocular asymmetry; interhemispheric asymmetry; the

Miiller-Lyer illusion.

Tests developed to study the nature of interhemispheric asymmetry allow us to
penetrate more deeply into the mechanisms studies and degrees of asymmetry
formation [12]. Our data are aimed at studying and substantiating the
neurophysiologic mechanisms of the emergence and further development of
interhemispheric asymmetry in different age groups people. In order to study the
degree of interhemispheric asymmetry formation, we conducted studies using the

Miiller-Lyer optical illusion series ([11]).

The illusion is represented by two geometric figures - arrows and is based on
the estimation of the depicted lines and the sizes of the acute angles at their ends. For
most people, the lower straight line with arrows at its ends seemed longer than the
upper one. However, both straight lines have exactly the same length [5]. One of the
above method peculiarities is the fact that the illusion itself is not always and not all
people perceive it in the same way. Researchers have proved that representatives
from different cultures perceive the illusion differently [7]. There are people who do
not react to it at all [2], [4], [6], [9], [10].

For this reason, we tested visual perception by Miiller-Lyer illusion of young
volunteers (N;=5) and elderly volunteers (N,=5). The first group included 4th year
students (20-25 years old) of Sumgayit State University, the second group included
scientists, doctors of sciences (65-85 years old), employees of the Academic Abdulla
Garayev Institute of Physiology.

Each stage of the experiment was conducted on the basis of the laboratory
"Physiology of Vision and Neurodegenerative Processes" [1]. The study of
interocular asymmetry was conducted in a dark light-isolated room. VVolunteers were

placed in comfortable chairs at a distance of 60 — 65 cm from the computer screen.
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On the monitor, the lengths of two analyzed straight lines framed by arrows
facing "inside" and "outside" had to coincide as a result of the experiment 1:1. The
test subjects had to achieve the specified parameter by adjusting the value of the
lower straight line with the help of a computer "mouse”. As it turned out, only in rare
cases the result reached the desired figures.

The testing was conducted in three stages. At the first stage, the subjects had to
make a general estimation of two depicted straight lines lengths (both eyes should be
included in the process). In the second stage it was suggested to close the right eye.
The estimation of the lengths of the figures was performed with the left eye. At the
third stage, volunteers kept the left eye covered and the estimation process was
performed with the right eye only.

The results of the study (in %) were recorded in the presented tables (Tab.1,
Tab. 2).

On the basis of the analysis, graphs reflecting the illusory difference two were
plotted may have been due to the professional activities of the older participants as
they are scientists with a long record of research activities (Fig.1, Fig.2).

It should be noted that no significant difference was found between young and
old volunteers (Tab.1, Tab. 2, Fig.1, Fig. 2).

Probably, the mental activity of doctors of science is professionally connected
with experiments, formalization of the results obtained, writing monographs and
publishing scientific articles. It follows that the brain of scientists is constantly under
tension. Probably, this factor determines the absence of functional differences in the

brains of volunteers who agreed to participate in our experiment.

Widely known literature data on functional interhemispheric brain asymmetry
logically require a deep comparative analysis with the results obtained when studying
the retina perceptual function - the interocular asymmetry. In the future, a more
detailed analysis will make it possible to more clearly establish the above structures

priority functions when comparing them.
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Results
Table 1
Percentage of illusory perception with different deviations from the norm
(norm =100%) in young individuals. The table shows the results of both eyes, as

well as the left and right eyes separately

Individuals Difference (in %)
20-25 years old

(Ny) Right eye
Nel 95

No2 101

Ne3 110

Ne4 79

No5 94

Table 2

Percentage of illusory perception in old individuals with various deviations
from the norm (norm = 100%). The table shows the results of both eyes, as well

as the left and right eyes separately

Individuals Difference (in %)
65-85 years old

(N Right eye
Nel 95
No2 66
Ne3 -
No4 63
No5 98
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Ne2 Ne4

m Lefteye mBotheyes = Righteye

Fig. 1. Visual illusions in young individuals. Each group, consisting of three

columns, displays the illusory perception of an individual

No2 Ne4

m Lefteye mBotheyes = Righteye

Fig. 2. Visual illusions in old individuals. Each group, consisting of three
columns, displays the illusory perception of an individual
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MEDICAL SCIENCES

DYNAMICS OF D-DIMER LEVEL IN PATIENTS WITH COMMUNITY -
ACQUIRED PNEUMONIA ASSOCIATED WITH CORONAVIRUS
INFECTION UNDER THE INFLUENCE OF TREATMENT

Avgaitis S. S.
Zaporizhzhia State University Of Medicine And Pharmacy
Department of General Practice - Family Medicine and Psychiatry

Introduction. In December 2019, Chinese scientists first identified
SARS-CoV-2 as the cause of COVID-19. Initially, COVID-19 was considered only a
respiratory disease, with pneumonia being the most common and deadly
complication. However, studies have shown that SARS-CoV-2 causes an excessive
and uncontrolled immune response that leads to many complications. Therefore, it
should be understood that COVID-19 is not only a respiratory disease, but also a
multisystem disease (Kirtipal N., 2020; White-Dzuro G., 2021).

Understanding the course of COVID-19 is important for clinicians seeking to
Improve patient outcomes in this population. Studies since the beginning of the
pandemic have estimated the overall hospital mortality rate from COVID-19 to be
around 12.7% to 22.9%. This compares to an overall mortality rate of around 2.3%
for COVID-19. The pathophysiology of COVID-19 pneumonia involves various
pathways, such as immune-inflammatory activation, thrombogenic and direct viral
lung injury (Goel S., 2020; Wu Z., 2020; Malik P., 2021).

Biomarkers that can detect thrombus formation in the early stages can be used
to assess treatment response. Evidence shows that patients with severe COVID-19
often have clotting dysfunction and elevated levels of D-dimer. Abnormal clotting
function further complicates the treatment of these patients and increases mortality.

With the recent outbreak of the novel coronavirus infection worldwide, the risk of
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thrombosis is a cause for concern. D-dimer is a breakdown product of fibrin, and its
role as a potentially useful biomarker is currently being emphasised. However, the
relationship between changes in D-dimer and the course of COVID-19-associated
APE remains unclear (Tang N., 2020; Iba T., 2020).

Various markers are currently proposed to determine the treatment-responsive
course of community-acquired pneumonia (CAP) associated with coronavirus
infection. We decided to evaluate the levels of D-dimer and procalcitonin in patients
with community-acquired pneumonia associated with coronavirus infection under the
influence of treatment, which determined the aim of this study.

Objective. To evaluate the dynamics of D-dimer and procalcitonin levels in
patients with community-acquired pneumonia associated with coronavirus infection
under the influence of treatment.

Material and Methods: An open, prospective, observational study was
conducted to achieve the aim and objectives. In the period from January 2021 to
February 2022, patients with community-acquired pneumonia associated with
SARS-CoV-2 aged 40 to 65 years were examined at the outpatient clinic of the
Kherson City Clinical Hospital named after Afanasii and Olga Tropin of the Kherson
City Council, 143 patients were admitted to the hospital. To participate in the study,
patients signed the Voluntary Informed Consent to Participate in the Study form.

Study inclusion criteria: male and female patients aged 40 to 65 years;
community-acquired pneumonia; informed consent to participate in the study.

Exclusion criteria for the study: Pregnant women; uncontrolled hypertension;
stage Il hypertension; decompensated diabetes mellitus; congenital and acquired
haemodynamically significant heart defects; stage Il B - Ill chronic heart failure;
oncological diseases; lung damage of more than 75% according to CT scan;
contraindications to the use of drugs and their components; alcohol dependence, drug
addiction, mental disorders; patient refusal to participate in the study.

All patients were carefully examined for compliance with the
inclusion/exclusion criteria. The diagnosis of community-acquired pneumonia was

verified on the basis of the adapted evidence-based clinical practice guideline
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Community-Acquired Pneumonia in Adults, 2019. COVID-19 was detected in
accordance with Order No. 722 of the Ministry of Health of Ukraine dated
28.03.2020 as amended by Order No. 2122 of the Ministry of Health of Ukraine
dated 17.09.2020.

Distribution of the examined persons into subgroups. After randomisation, 143
hospitalised patients with severe APE associated with COVID-19 were divided into
subgroups depending on the anticoagulant included in the treatment regimen:

- The first subgroup consisted of 71 patients who were prescribed standard
heparin infusions;

- the second subgroup included 72 patients receiving enoxaparin.

Definitions.

Plasma levels of D-dimer were measured using a Fiatest fluorescence
immunoassay analyzer. The instructions for use of the Fiatest AFR-100 fluorescent
immunoassay analyzer (Hangzhou AllTest Biotech Co., Ltd., China) were followed.
The detection level of the Fiatest D-dimer assay was 0.1 - 10 mg/L. Reference level:
< 0.5 mg/l.

The procalcitonin level was determined using a Fiatest cassette in blood plasma
using a Fiatest AFR-100 fluorescent immunoassay analyzer (Hangzhou AllTest
Biotech Co., Ltd., China). The linearity range of the Fiatest procalcitonin test is

0.1-50 ng/ml. Reference range: <0.1 ng/ml.

Drug treatment of patients. During inpatient treatment, all patients (n = 143)
received oxygen support. Systemic corticosteroids were prescribed: dexamethasone
(KRKA, Slovenia) at a dose of 6 mg once daily. Ibuprofen, a non-steroidal
anti-inflammatory drug, was prescribed at a dose of 400 mg twice daily
(Ibuprofen-Zdorovye, manufactured by Pharmaceutical Company Zdorovye,
Ukraine). In the hospital, remdesivir (Corovir, Bruck Pharma PVT, LTD) was also
prescribed on the first day in a single dose of 200 mg, and 100 mg per day
intravenously on the following days. The course of treatment lasted 5 days.

After randomisation, 71 patients were additionally prescribed infusions of

standard heparin (Heparin-Pharmex, Farmex Group LLC, Ukraine) at the rate of
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1000 IU/h for 10 days, and 72 patients received enoxaparin (Flenox, Farmak JSC,
Ukraine) at the rate of 100 IU anti-Xa/kg (1 mg/kg) twice daily for 10 days. The
study parameters were assessed on day 3 and 14 after randomisation.

Statistical processing of the data obtained during the study began with
descriptive statistics, including the calculation of the median and interquartile range
(Me [Q25; Q75]). When testing statistical hypotheses, the null hypothesis was
rejected at a level of p < 0.05.

Results and discussion. The first time the dynamics of D-dimer and
procalcitonin levels was assessed after 72 hours of treatment. At screening, the levels
of D-dimer were comparable between the first and second observation subgroups
(p > 0.05). After 72 hours, there was a significant increase in this indicator by
A1% =19.23% to 0.52 [0.28; 0.62] mg/] in the first subgroup and by A2% = 13.21%
to 0.50 [0.42; 0.56] mg/l in the second subgroup (p < 0.05). There were no
statistically significant differences between the subgroups in the level of D-dimer
after 72 hours of observation (p > 0.05).

Within 14 days, there were 10 deaths, and the number of patients in the
observation subgroups decreased. The second time the dynamics of D-dimer and
procalcitonin levels were assessed after 14 days of treatment.

Both treatment subgroups had comparable values at screening

D-dimer: 0.43 [0.21; 0.48] mg/l in the first subgroup and 0.45 [0.29; 0.48] pg/mi
in the second subgroup (p > 0.05). After 14 days of treatment in the hospital, the level
of this indicator significantly decreased, both in the first subgroup by A1% = -46.51%
to 0.18 [0.14; 0.24] pg/ml, (p < 0.05), and in the second subgroup by A2% = -32.84%
to 0.29 [0.18; 0.39] pg/ml, (p < 0.05). The value of D-dimer after 14 days
significantly differed between the first and second subgroups - 0.18 [0.14; 0.24] mg/I
versus 0.29 [0.18; 0.39] mg/l, respectively (p < 0.05).

D-dimer is a specific breakdown product formed during the hydrolysis of
fibrin. It may reflect the effect of infection on coagulation in infectious diseases. A
number of researchers confirm the importance of determining the dynamics of

D-dimer, as this laboratory marker is associated with a higher risk of thrombotic
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complications (Xu J., 2021; Long H., 2020). Our data support the idea that it is useful
to determine the dynamics of D-dimer levels to assess the state of the haemostatic
system during anticoagulant therapy. Heparin anticoagulation is apparently associated
with favourable outcomes among moderately ill hospitalised patients with COVID-19
(Vuimo T. S., 2022). Thus, the results of our study showed that changes in D-dimer
levels may be valuable in guiding an active surveillance strategy for the management
of patients with COVID-19-associated APE. Although the study has limitations, as it
includes a small number of patients and no patients with comorbidity, it is reasonable
to recommend the use of heparin for patients at low risk of bleeding, while others use
enoxaparin to prevent thrombotic complications. The open-label design of the trial
represents a potential limitation, and further research in this area of knowledge is
needed for routine clinical practice.

Conclusions.

1. In patients with community-acquired pneumonia associated with coronavirus
infection, the level of D-dimer increases in the first days of the disease.

2. After 14 days of inpatient treatment, the level of D-dimer significantly
decreased in both subgroups, but the median level of this indicator was lower in the
use of heparin.
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ONCOLOGY

Fedorova Natalya Valeriiana
Psychologist, oncologist
Kyiv, Ukraine

Abstract. Oncology is not a sentence, it is a disease that we ourselves have
allowed to enter our bodies and our lives. Everyone is looking for a cure for this to
save the body. And only a few realize that the Soul (the psychological state of a
person or a child) must be treated simultaneously with the body.

Key words: oncology, cancer, cell.

Our body has the ability to self-heal - we cut ourselves - the wound healed
quickly, we were hit and bruised - later they came off, fell and suffered a fracture - a
month in a cast and the bones grew together, the necessary surgical intervention took
place - a couple of weeks and the stitches healed...

This process is called MITOSIS.

And only in one case does our body refuse to treat itself - CANCER.

Mitosis in a healthy cell occurs in 4 phases:

. Prophase

. Metaphase

. Anaphase

. Telophase

So what is this disease?

The cause of cancer in a person or a child is a certain psychological
state - disappointment, sadness, prolonged depression.

The most important thing in this disease is to pay attention to your condition or
the condition of a loved one in time and to urgently consult a doctor.

P - reaction

A - atrophied

K - cells
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In the body of a healthy person, cells move clockwise, in the body of a person
with CANCER, diseased cells (CANCER) move against the arrow of time and divide
in a disordered position......

And what happens in a CANCER cell?

A healthy cell stops moving clockwise, receiving a certain pressure on itself,
and starts moving against the time arrow.

In the 4th period - Telophase, there are internal cellular mechanisms of quality
control - CHECK POINTS - the principle of their operation is quite simple - if all the
necessary processes were not completed in the previous period - CHECK POINTS
block the transition of the cell to the next period.

In each period of interphase, CHECK-POINTS check the integrity of DNA, in
case of detection of defective damage, the cell does not pass CHECK-POINT and
must self-destruct, or during mitosis, until all chromosomes are separated from each
other - cytokinesis is blocked.

In a CANCER cell, CHECKPOINTS do not detect faulty cell damage, cannot
check the integrity of DNA, do not block the transition of a damaged cell to the next
period, a damaged cell does not self-destruct, cytokinesis is not blocked........

Imagine such a situation - we think about one thing, wish for another and do
the third. CANCER is just such a human condition.

The Edelweiss technique effectively helps stop the growth of CANCER cells.
With its help, the polarity of sick human cells is restored and recovery is accelerated

Effective treatment of CANCER is SIMULTANEOUSLY drug treatment and
regular sessions with a psychotherapist......

Conclusion. Life constantly changes the movement and pace, sometimes
people forget about themselves in the race for illusory happiness. Sometimes Nature
reminds of itself in the form of illness.

CANCER, like any disease, requires a certain amount of time for treatment and
analysis of one's own life. (excerpt from the book "Integrations" - author Natalya

Valeriivna Fedorova)
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Abstract. Renal abnormality or multiple alterations in renal function in
individuals might be linked to sodium-sensitive hypertension and have a genetic
basis. The objective of the study was to evaluate some risk factors of sodium
sensitivity (SS) / sodium resistance (SR) in patients with essential arterial
hypertension (EAH) among the western Ukraine residents. The probability of SS in
EAH patients increases regardless sex: in women and men — 4.71 and 4.09 times
respectively; heredity for CVD and obesity also increase the SS risk in EAH - 5.43
and 4.90 times respectively. The presence of SS increases the risk of severe EAH
course more than 2 times, with a marginal probability of more frequent occurrence of
type 2 diabetes mellitus. BMI and WHR elevation enhance EAH probability in
general regardless of SS or SR, but only in women - in 3.50-41.0 times.
Epidemiological analysis proves that albuminuria, hypercystinemia-C in men,
hypovitaminosis D (<30 ng/ml), PTH level elevation (>65 pg/ml) in women, as well
as hyperglycemia and hypertriglyceridemia are predictors of SS development in EAH
patients.

Key words: arterial hypertension, chronic kidney disease, albuminuria, vitamin

D, parathyroid hormone, Cystatin-C, creatinine, lipids, hyperglycemia.

Introduction. Hypertension is a major risk factor for stroke, heart disease,

chronic kidney disease (CKD) and vascular disorders. Extensive evidence from
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numerous human studies suggests the presence of a renal abnormality or multiple
alterations in renal function in individuals with salt-sensitive hypertension.
Unfortunately, the multifaceted medical, social, and economic burden of CKD
(prevalence, morbidity, mortality, costs) is relentlessly growing, particularly in
low- and middle-income countries, which are the least prepared to handle its
consequences. Some researchers have proposed that a family history of hypertension
is linked to salt sensitivity that might influence blood pressure (BP), suggesting that
this condition may have a genetic basis [1-6]. The relationship between dietary salt
intake and the development of hypertension has been a topic of intense, ongoing
debate for decades. Despite numerous epidemiological, experimental, and
interventional studies showing a link between sodium and BP, skepticism persists.
Some skepticism arises from the observation that not everyone experiences
noticeable changes in blood pressure after consuming different amounts of sodium
chloride. Other researchers highlight the minimal effects on blood pressure after
altering sodium intake in normotensive or hypertensive groups. Additionally, some
acknowledge that reducing salt intake can lower blood pressure but argue that the
effect is modest and difficult to sustain due to the widespread preference for salty
foods in many cultures. This perspective has led to the therapeutic approach of using
pharmacological treatments, often with natriuretic agents, to reduce BP without
requiring significant dietary changes.

Therefore, we decided to investigate some risk factors on the sodium
sensitivity (SS) / sodium resistance (SR) in hypertensive patients.

Aim. To investigate some risk factors of SS / SR in patients with essential
arterial hypertension (EAH) among the western Ukraine residents.

Materials and methods. 100 EAH patients and 60 practically healthy
individuals participated in the study. All participant underwent a complex of clinical
and laboratory examinations. SS / SR was determined by Weinberger based method
[7]. Metabolism was analyzed by the lipid profile (total cholesterol (TC), high-, low
density lipoproteins (HDL-C, LDL-C), atherogenity index (Al), triacylglycerols

(TG)), blood glucose, creatinine, Cystatin-C, bilirubin, cholecalciferol, ionized
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calcium, total vitamin D metabolites (Vit D), parathyroid hormone (PTH) and
albuminuria values. Body mass index (BMI), waist circumference (WC), hip
circumference (HC) and waist to hip ratio (WHR) were also determined. CKD was
diagnosed in 43 EAH patients according to the US National Kidney Association
recommendations (KDIGO 2024) [8]. Glomerular filtration rate (GFR) was estimated
(eGFR) using the CKD-EPI equation based on Cystatin-C (cys) and creatinine (cr)
serum values (depending on gender) [9]. A decrease in GFR was defined as
<60 ml/min/1.73m2, for >3 months with or without other signs of kidney damage,
according to the KDIGO recommendations (2024) [8, 9].

Statistics processing was performed using Statistica® 7.0 (StatSoft Inc, USA)
software. Significance of differences were considered at p<0.05.

Results and discussion. SS women dominated among EAH patients — by
14.81% (X2:12-47? p<0.001), and in controls — SR men by 13.59% (X2:4-24?

p=0.039). The frequency of severe EAH with BP over >160/100 mm Hg prevails
among SS patients by 18.04% (46.30% vs. 28.26%, X2=3-43; p=0.049), as well as the

frequency of severe cardiovascular diseases (CVD) heredity by 7.40% (X2:15-39?
p<0.001), obesity by 24.07% (X2:3.45, p=0.049). The frequency of BMI elevation
(>25.0 kg/m2) and WHR in SS women (>0.85 U) was 100% (X2=7.75; p=0.005) and
was higher by 86.36% (X2:35.39, p<0.001), and in SR — by 60.0% (X2:5-25?
p=0.021) and 31.42% (X2:23.80; p< 0.001) respectively. The frequency of increased
WC in SR women with EAH prevailed by 42.86% (X2=22.06, p<0.001).

Epidemiological analysis confirmed an increase of the SS probability in EAH patients
regardless of gender: in women 4.71 times (OR 95%CI: 1.92-11.56; p<0.001), in
men — 4.09 times (OR 95%CI: 1.03-16.28; p=0.041) respectively. The presence of SS
increases the risk of severe EAH according to the BP elevation level more than 2
times (OR=2.19; OR 95%CI: 1.0-5.05; p=0.049), with a marginal probability of more
frequent occurrence of type 2 diabetes mellitus (OR=2.19; OR 95%CI: 0.92-5.21;
p=0.057). In addition, burdened heredity for CVD and obesity also increase the risk
of SS in EAH subjects 5.43 and 4.90 times (OR 95%Cl: 2.23-13.18; p<0.001 and OR
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95%CI: 1, 08-22.23; p=0.049) respectively. It should be noted that an increase of
BMI (>25.0 kg/m2), WC (>88 c¢cm in women) and WHR (>0.85 U) elevates the EAH
risk in general regardless of SS or SR status, but only in women — 3.50-41.0 times
(OR 95%CI: 1.17-298.1; p<0.05-0.001). In hypertensive men, the SS risk increases
6.75 times (OR 95%Cl. 0.92-49.23; p=0.063) in case of eGFR reduction
(£60ml/min/1.73m2).

In SS patients, albuminuria was more often registered by 18.68% (X2=3.86;

p=0.049), an increase in blood cystatin-C (>1.11 mg/1), but only in men — by 41.82%
(X2:7.77; p=0.005), a decrease in the blood of vitamin D total metabolites
(<30 ng/ml) — by 7.17% (X2:3-92; p=0.048), with PTH growth (PTH >65 pg/ml) — by
19.81% (y°=3.90; p=0.045), but only in women — by 20.20% (y°=3.60; p=0.048).

Predictors of the SS development in EAH patients were albuminuria
(OR=2.36; OR 95%CI: 1.0-5.61; p=0.039), hypercystinemia-C in men (OR=6.75; OR
95 %Cl: 1.66-27.51; p=0.006), hypovitaminosis D (OR=3.17; OR 95%CI: 1.0-10.48;
p=0.044), elevation of PTH level (OR=2.23; OR 95%ClI: 1.0-4.98; p=0.038), but only
in women (OR=2.17; OR 95%CI : 1.0-4.88; p=0.048).

Conclusion.

The probability of SS in EAH patients increases regardless sex: in women and
men — 4.71 and 4.09 times respectively; heredity for CVD and obesity also increase
the SS risk in EAH - 5.43 and 4.90 times respectively. The presence of SS increases
the risk of severe EAH course more than 2 times, with a marginal probability of more
frequent occurrence of type 2 diabetes mellitus. BMI and WHR elevation enhance
EAH probability in general regardless of SS or SR, but only in women - in 3.50-41.0
times. Epidemiological analysis proves that albuminuria, hypercystinemia-C in men,
hypovitaminosis D (<30 ng/ml), PTH level elevation (>65 pg/ml) in women, as well
as hyperglycemia and hypertriglyceridemia are predictors of SS development in EAH
patients.
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banapiscbkuit I0pii JIroooMupoBny

1. MeJl. H., mpodecop Kapeapu TUTSII0i CTOMATOIOT1L
TepHOMIBCHKUI HAllIOHATLHUN MEIUYHUN YHIBEPCUTET
imeHi 1. . TopGadeBchKoTO

M. TepHorminb, Ykpaina

AHoTamisi: Y  Hamiid  cTarTi MM TPEACTABISIEMO  PE3yJbTaTH
IUTOMOP(GOMETPUYHOTO JOCHIKEHHSI Yy MAlll€EHTIB-BliicbKOBOCTYk00B1IIB 3CY 3
XPOHIYHUM KaTapaJbHUM T1HT1BITOM.

[IpoanainizoBaHO 3MIHM B CTPYKTYpl KIITHH, 30KpeMa iX po3Mipu, popMy Ta
CHIBBIAHOILIEHHS PI3HUX TUMIB KIITUH. OTpUMaH1 AaHl MOXYTh CHPHUSITH po3poOiii
HOBHX ITIJIXO1B JIO JIarHOCTUKH Ta JIKyBaHHS IIbOTO 3aXBOPIOBAHHSI.

KurouoBi cioBa: XpoHIYHMM KaTapaidbHUI TIHTIBIT, I1HAEKC JECTPYKIIi,

3anajgbHO-AECTPYKTUBHUH 1HAEKC, BIICHKOBOCITY>KOO0BII1, IUTOTpama.

Beryn. [{utomopdomMeTpruHe AOCHTIIKEHHS € BAXKJIUBUM METOJIOM JIsl OI[IHKU
CTaHy TKaHWH TPU PI3HUX TMATOJOTIYHUX TIpollecax, BKIIOYAIOUM XPOHIUHUN
KaTapaJbHUM T1HTIBIT [1].

XpOHIYHMI KaTapaJdbHUI TIHTIBIT — 1€ 3amajbHE 3aXBOPIOBAHHS TKAHWH
MapOJIOHTY, SIKE XapaKTEePU3YEThCs HAOPSIKOM, MOYEPBOHIHHSAM Ta KPOBOTOUMBICTIO
SICEH.

He3Bakaroun Ha Te, 110 1€l CTaH HE MPU3BOAUTH JI0 BTPATH 3yOiB, BIH MOXKE
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nporpecyBatd A0 OUIbII Cepilo3HMX (OpPM MapOAOHTAJIBHUX 3axBOpioBaHb [2]. Y
3B’A3Ky 3 IIMM, CBO€YAacHa JiarHOCTUKA Ta €(EeKTUBHE JIIKyBaHHS JaHOTO
3aXBOPIOBaHHS € HaJ3BU4aiiHO BaxiuBuMH [3]. Lluromopdomerpis mo3Bossie
JeTaJIbHO aHai3yBaTH 3MiHU B KJIITHHAX Ta TKAHUHAX, IO BiIOYBAIOTHCS MPHU [IOMY
3axBoproBaHHi [4]. Lle qocaimkeHHs 1oromMarae BUsIBUTH KUIbKICHI Ta SIKICHI 3MI1HU B
emiTenii Ta CHOJYYHINM TKaHuUHI siceH [5]. Y Hamii craTrTi MU NpEACTaBISIEMO
pe3ynbTaTu ITUTOMOP(POMETPUIHOTO JIOCITIJKEHHS y TMaIi€HTIB-
BilicbKOBOCTYOOBIIIB 3CY 3 XpOHIYHUM KarapajibHUM TiHTiBiTOM. [IpoananizoBaHO
3MIHH B CTPYKTYpi KJIITHH, 30KpeMa iX po3mipu, (opMy Ta CIiBBITHOLICHHS Pi3HUX
TUMIB KITUH. OTpUMaHi JaHl MOXYTb CHPUSTH PO3pOOII HOBHUX MIAXOAIB [0
J1arHOCTHKY Ta JIIKYBaHHS 1[bOTO 3aXBOPIOBAHHS.

Meta. OUiHUTH CTaH JOKAJbHUX YMHHHUKIB 3aXHCTy TKAaHWH MAapOJOHTA Y
BilicbKkOBOCTY>k00BIIIB 3CY npu XpOHIYHOMY KaTapajdbHOMY T1HTIBITI 3@ JIOIOMOTOIO
HUTOMOP(HOMETPUYHOTO METOAY.

Marepianiu Ta MeToau aochaigxkeHHsi. (CTOMATOJIOTIYHE OOCTEKEHHS
BiICHKOBOCITY>K00BIIIB 30poitHux Cun Ykpainu Oyno mnpoBeieHo Ha 6a3i kadeapu
mutsiuoi cromarosorii THMY imeni 1. S Top6aueBchkoro. [[jist mpoBeeHHS AaHOTO
OJIOKYy JOCHiKeHb Oyino chopMoBaHO 3 Tpymu MAaIle€HTIB: 16 CTOMATOJIOTTYHO
3M0pOBUX OCI0 — KOHTpoJibHA rpymna, 11 mamieHTiB 3 XPOHIYHUM KaTapaJlbHUM
rinriBitoMm (XKI') — mopiBHsuibHa rpyna Ta 22 XBOpPUX BIMCBKOBOCIYXO00BLS 3
XKI' - ocHOBHa rpy1a.

[lamieHTH OCHOBHOI TPynu B CBOKO 4Yepry, Oyau MNOAUIEHI Ha MIATPYNH y
3aJIEKHOCTI BIJl iX IICUXOEMOLIIMHOTO CTaHy.

[{uTonoriune mociiakeHHs npoBoauiioch 3a Metoaukoro A.C. I'puropsH Ta
chiBaB. [6], sika 03BOJIsIE HAAATH OLIHKY CTaHy TKaHMH MapOJOHTa 1 MPOBECTU
paHHIO JIarHOCTUKY 3aXBOPIOBaHb TKaHUH 3yOOYTPHUMYIOUOTO KOMIUIEKCY Ha
JOKJIIHIYHOMY €TaIli.

3a 1onmoMorow MeToAy uuromMopdomeTpii BUpaXOBYBAJIU: 1HAEKC AECTPYKLIi
(II) — BimoOpakae BITHOCHHUM BMICT KIITHH 3 O3HAKaMH IIMTOIIATOJIOTII B

erniTesNialbHIN CyOrmonyJsiii Ta 3anajibHo-aecTpykTuBHUM 1HAeKCe (3/1]) — BimoOpaxae
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CHIBBIAHOIIEHHS  JICHKOIMTAPHUX, MOHOIMTAPHUX Ta  CHOJYYHOTKAHWHHHUX
€JIEMEHTIB, KUTbKICTb SKHX 301IbIIYEThCS MPH 3aalieHH] Y TKAaHWHAX MapoJ0HTA.

Pesynbratu gocaimxeHHs. Y pe3ynbTari MPOBEACHUX JOCHIKEHb OYyIlo
BCTAHOBIICHO, 1110 JIaHI IUTOTPAMH BIIOUTKIB CIIM30BOT OOOJOHKH MOPOKHUHH POTa Y
CTOMATOJIOTIYHO 370POBHX 0CI0 KOHTPOJIBHOI TPYNU ICTOTHO BIJPI3HSIUCS Bij
MOKa3HUKIB XBOPUX Ha XpoHIYHMM KarapainbHuii TiHTIBIT (XKI) ocHOBHOI Ta
MOPIBHSIILHOT TPYIL.

[IpuBeprasio yBary, 1o y ocid KOHTPOJIbHOI TPYNH CHOCTEpirajach HEBEJIUKa
KUIBKICTh ~ KJIITUHHMX KOMIIOHEHTIB, 3 TEpPEBaXaHHSIM SAPOBMICHUX KJIITHH
MOBEPXHEBUX LIAPIB EMITENIIO.

V¥ murorpamax xBopux Ha XKI' OCHOBHOT 1 MOPIBHSUIBHUX TPYI Yy OLIBIIOCTI
MaIll€EHTIB MNPOCTEXKYBAJIACh BEJIHMKA KUIBKICTh €MITEIIadIbHUX KOMILJIEKCIB, IO
MICTUJTM 3POTOBUI KIIITUHH, KIITUHU MOBEPXHEBUX IAPIB €MITEN1I0, MOJO/I IMIOCKI
erniTenianbHl KIITUHU MIUITYBATOrO Mapy 0a3alibHUX KIITHH. Y BIJOMTKAX CJIM30BOi
CIIOCTEpIrajyd HEBEIUKY KIJIbKICTh CErMEHTOSICPHUX JICMKOLMTIB, MOHOLIMTIB, a
TaKOXX MIKPOOH1 BKJIFOUEHHS.

Bceranosneno (puc. 1), mo HaliMenmn 3HadeHHs [J[ Bu3Havamuch y ocibd
KOHTpOJIbHOI rpynu — 158,20+9,24.

Bomnowac y xBopux Ha XKI' 3HaueHHsS mnapaMmeTpy, SKUM BHBYAIU
MEepEeBULLYBAIN AaHl y KOHTpodi: y 3,4 pa3u y xBopux Ha XKI' nuBuIbHUX npodeciit
(mopiBHsUIbHA TpyIa) Ta y 5,6 pasu y BifickkoBoCTyk00BIIIB 3 XKI' (0ocHOBHA Tpyma),
p<0,01.

[Ipu 1bOMy, y Hall€HTIB OCHOBHOI I'pynu 3HadyeHHs [/] Oyno y 1,6 pa3u Buiie
HIDXK y XBOPHX MOPIBHSUIBHOI rpymiu, p;<0,01.

3nauenHs 3JII y oci0 koHTpoapHOI Tpynu craHoBwio 3,82+0,19 Tta Oyno
BIPOT1IHO HUX4Ye MOPIBHSAHO 3 maHuUMHU y xBopux 3 XKI: y 3,0 pasu y maiiieHTiB
MOPIBHSJIBHOI Tpymiu Ta y 5,1 pa3u y XBopux ocHOBHOI rpynu, p<0,01.

BoaHowac, 3HaueHHsI apameTpy, KUl BUBYAJIM y MAIl€EHTIB OCHOBHOI I'PYyNH

MEPEBUIIYBAJIO aHAJIOTIYHE Y 0C10 MOpIBHsUIbHOI rpynu y 1,7 pazu, p;<0,01.
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158,2

KonTponpHa rpymna [NopiBHsubHA TpyMIa OcHoBHa rpymna

3ananbHO-AecTpyKTUBHUM 1HACKC (3/])

Inpexc nectpykuii (1)

Puc. 1. lani uutomopGoMeTPHYHOTIO TOCTi/I?KEHHS Y MALI€HTIB rpyn

AOCJIII7KeHHs NPU XPOHIYHOMY KaTapaJbHOMY TiHIIBITI

OTtpumaHi J1aHi cBiI4arh, 1o y xBopux Ha XKI' mpucyTHI 03HAKU XPOHIYHOTO
3aMajieHHsd IpH YoMy OUIbII IHTEHCUBHI Y MAIlEHTIB, IO MPOXOIATh CIIyXO0y Y JiaBax
3CV.

VY nauieHTiB OCHOBHOI rpynu Oyna BuBueHa nuHamika [J[ 1 31 y 3anexHocti
B1J1 X MCUXOEMOIIMHOTO CTaHy (puc. 2).

VY pesynprari MNpPOBEASHUX JOCTIKEHb BCTAaHOBJICHO, IO Yy TAIlIEHTIB-
BilicbkoBOCTYk00BIIB 3 XKI' 3HauenHsa [/ Oymno BIpOTiHO BUIIE HIK Yy XBOPHUX
nuBiibHUX mipodecii 3 XKI: y 1,3 pasu — y 1| miarpymi (mqyxke BHCOKa
CTPECOCTIHKICTh MPU HU3BKOMY pPIBHI PEaKTUBHOI TpuBOXKHOCTI) Ta y Il miarpymi
(BUCOKa CTYIIHb CTPECOCTIMKOCTI MPU HU3BKOMY PIBHI PEAKTUBHOI TPUBOKHOCTI), Y
1,6 pasu — y III miarpymi (moporoBuii piBeHb OMOPY 10 CTPYCY MPHU MOMIPHOMY PiBHI
pPEaKTUBHOI TPUBOXKHOCTI) Ta y 2,3 pasu y IV rpymi (HU3bKUH CTyIiHb
CTPECOCTIHKOCTI MPU BUCOKOMY P1BHI PEaKTUBHOI TPUBOXKHOCTI), p<0,01.

3Beprano ymary, mo y mamieHTiB [ i I miarpyn 3nauenns IJ] BiporigHo He
BIIPI3HSIIOCH Mk cobor0, p;>0,05, mpote Oynu, y cepenboMy HuXk4e y 1,3 pa3u ta'y

1,8 pa3u mixk y nartientis Il 1 IV miarpyn, BignosigHo, p;<0,01.
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I migrpyna II miarpymna III miarpyna IV migrpymna

[Haexe gectpykiii ®=3anajbHO-IeCTPYKTUBHUM 1HAEKC (3/1])

Puc. 2. Tani nuromopdomerpuuHoro xociaigkeHHst y xsopux 3 XKI' ocHoBHOI

rPyIH y 32JIKHOCTI BiJl IX ICUX0eMOLIHOTO CTaHY.

3nauenHs 1Haekcy 3/l y mnanieHTiB-BilicbkoBoCHyk00BIIB 3 XKI' Oyno
BIPOT1/IHO HMXKYE€ CTOCOBHO JaHUX Yy 0Ci0 MOpiBHsIBHOI rpynu: y 1,2 pazu — y I
niarpyni, y 1,6 pasu —y Il miarpymi, y 1,8 pasu — y IIl miarpym ta 'y 2,3 pazu —y IV
niarpymi, p<0,01. Ilpu pomy, crioctepiranu auHamiky 3poctanss nanux 31 y ocid
IT migrpymu — y 1,4 pasu, Il nigrpynu — y 1,5 pasu ta IV nigrpynu — y 1,9 pasu
CTOCOBHO JJaHMX Y XBOPHX 3 Jy)KE€ BUCOKHM OMOPOM JO CTpecy MpH HU3BKOMY PiBHI

peaktuBHOi TpuBOXkHOCTI (I miarpyma), p;<0,01.

BucnoBok. OTxe, MiJICYMOBYIOUU JaH1 JJaOOPATOPHUX JOCIIIKEHb MOMKIJIMBO
CTBEP/I)KYBaTH, IO Yy MAIIEHTIB BIACHKOBOCITYKOOBIIIB 3 XPOHIYHUM KaTapajlbHUM
TIHTIBITOM CIIOCTEPIratoThCS 3amajibHl 1 I[IOYaTOK JECTPYKTUBHHMX MPOLECIB Y
TKaHWHAX MapOJOHTY OOYMOBJIEHHX KUIbKICHUMH 1 SKICHUMH 3MiHAMHU MOKa3HHKIB
LUTOJOTIYHUX JAOCHiKeHb. [lpu 1pboMy, aucOanaHC IMTOJOTIYHUX TOKA3HUKIB
NOMHUOIIOBABCS 3 MOTIPIICHHSIM IICUXOEMOIIITHOIO CTaHy Mall€HTIB OCHOBHOI I'PYIIH.
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MEJUKO-COUIAJIBHE 3HAYEHHSA TA BIIJINB HA ®OPMYBAHHA
KOPUCHHUX 3BUUYOK CEPE/l OCIb IUTAYO0I'O BIKY

bopayn BajsienTnn AnapiiioBuny
AcmipaHt

JIbBIBCBHKHWI HAITIOHAIBHUN YHIBEPCUTET
iM. Jlaamna ["anuipkoro

M. JIbBIB, YKpaina

AKTyaJbHicTb: BuBueHHs TeMH mnpo(UIAKTUKKA HAWOUIBII MOIIMPEHUX
3aXBOpIOBaHb € npupioTeTHoro 1o BOO3. Ilepiog 3pocTaHHS IUTUHH €
MEePEJIOMHUM MOMEHTOM Y (pOopMyBaHHI NICUXIYHOTO Ta (DI3UYHOTO 37I0POB’SI Ta OJIHY
3 KJIFOYOBHX POJIEH y TapMOHIMHOMY PO3BUTKY O€pyTh KOPUCHI 3BUUKH.

3BUYKH, cOpMOBaHi B 1€l NEpioj, MAaIOTh BIUIMBAIOTh HA MOJAJBIIE >KUTTS
ocobu, Ta 370pOB'sA, piBeHb (PI3UYHOI aKTUBHOCTI, Xap4yOBY IMOBEIIHKY 1 COIIaJbHI
HAaBUYKH.

Menuyni Ta colliaibHI HACTIIKU 11€1 TEMU TaKOX BAXKJIMB1 3 MOMJISINY BIUITUBY
Ha CYCHIJIBCTBO. 3/0pPOBI 3BUYKK Y JIT€H MOXYTh 3HU3UTH 3aXBOPIOBAHICTH 1
CMEPTHICTh, MMOKPAIIUTH SKICTh JKUTTS Ta 3MCHIIIUTH BUTPATH Ha OXOPOHY 3JI0POB 4.
CorlanpHUM  acleKkT mependavyac PO3BUTOK COILIAIBHUX HABHUOK, TaKUX SIK
CaMOKOHTPOJIb, CAMOYITPABJIIHHS Ta CAaMOYIPABIIHHS, SIKI HEOOX1/IH1 IJisl IHTErpallii B
CYCHIJIBCTBO Ta JJOCATHEHHSI 0COOMCTO1 peati3aiiii.

PerenpHe BUBYEHHS MEAMKO-COIIANILHUX (AaKTOpPIiB Ta iX BIUIMBY Ha
dbopMyBaHHS CHOPUSATIMBUX 3BHUOK Y PAHHBROMY JIWUTHHCTBI Ma€ BUpIIIAIBbHE
3HAUEHHS JIJIsl PO3pOOKH e(heKTUBHUX MPODUIAKTUYHUX Ta MPOTrpaM, sIKl MOKpaIiaTh
3I0POB’S Ta SAKICTh KUTTS KOKHOI JIFOAUHU B KpaiHi.

Meta podoru: IlpoananizyBaTu Ta TOPIBHATH HasBHI JaHl JOCHIIKEHBb
BIUTMBY BBEJICHHSI KOPUCHUX 3BHUOK (peryJisipHi (pi3WyH1 HaBaHTa)KEHHS, TO3UTHBHA
adipMmallisg, BiIMOBa BiJl HAJAMIPHOTO CIOKUBAHHS IYKPY), 32 JAHUMHU CYO’ €KTUBHHMX
croctepexxedb 100 yJacHUKIB €KCIEPUMEHTY, IO BBEJM KOPUCHI 3BUYKH Y CBIH

cnoci6 xkutTs potarom 21 aus y JIBBIBCHKIM 00s1acTi, YKpaiHa.
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Kiro4oBi cjioBa: 3BUYKH, 370pPOB’s, XapuoBa MOBEIIHKA, PEryJsipHi (i3HuHI

HaBaHTaXXCHHAI.

OcCHOBHUII TEKCT CTATTI:

HaiiGinpm nommupenHi HeiHdekiiiHi 3axBoproBanHs (nanbiie HI3) Taki sik:
CEpPILIEBO-CYAMHHI 3aXBOPIOBaHHS, XPOHIYHI 3aXBOPIOBAHHS PECHIPATOPHOT CUCTEMHU,
3aXBOPIOBaHHS TIOB’fA3aHI 3 HEMPaBWJIBHUM XapuyBaHHSAM Ta [ia0eT 3rifHo 3
MDKHApPOJHUMHU JTaHUMH Ta gochijpkeHHsMu BOO3 nabpanu cBOro MOIIMUPEHHS Y
3B’SI3KY 31 3POCTAHHSAM TOIIMPEHOCTI IMIKIJUTMBUX 3BHYOK CEPEl HACEICHHS, B TOMY
YUCJI1 Ta 0CI0 IUTSYOrO BIKY.

OCHOBHUM €1IOCOOOM 3MEHIIIEHHS PiBHs NomupeHocTi ¢akTopiB puzuky HI3 €
NpOQUIAKTUKA NUIIXOM MiABUIIEHHS caMO OOI3HAHOCTI Cepell HACENEHHsS, OJTHUM 3
BapiaHTIB MIJBUINCHHS PIBHSA 0013HAHOCTI € HaBYAJIbHI JIEKITii. 3 METOIO i BUILICHHS
e(eKTUBHOCTI TMPOBEJEHHS HABUYaJIbHUX JIEKIii, Oylo mnpoBeaeHo MapadoH
KOPUCHUX 3BUYOK IpoTarom 21 nus, cepen 100 yyacHuUKIB.

[iyutr0 1aHoTO MOCHIKEHHS OyJI0 BCTAHOBUTH 3MIHU CaMOIIOYYTTS! YYaCHUKIB
710 Ta MICJiA BBEICHHS OJIHI€T 3 KOPUCHUX 3BUYOK. YYaCHUKHU OyJM PO3AUICHI HA TpU
rpynu, mepiia rpyna majiaa JOTPUMYBATUCh PETYJSIpHUX (I3MUYHMX HaBAaHTAXEHb, a
came, 10000 KpokiB MpOTSATOM MAHS, Ta MiHIMaiabHI (Di3UYHA AKTUBHICTH MICIIA
KOXKHMX 45 XBWIMH CHIAYOTO Crnoco0y poOoTu abo HaByaHHsA. [[pyra rpyma
VYaCHHUKIB MaJia [UIb MPOTITOM Yacy JOCIHIIKEHHS BIJIMOBUTUCH BiJl CIIOKWBAHHSI
HaJIMIPHOI KUJIBKOCTI TJIFOKO3W, HE Oulbilie 25 © Ha 100y, NUIIXOM BUKIIIOYEHHS 3
pallioHy COJIOJIKMX Ta30BaHUX HAIMOIB Ta COJIOJOINIIB 3 TJIKEMIYHUM 1HIAEKCOM BHIIE
80. YuacHUKM TPeThO1 TPYNH MaJHd BUAUIATHA HE MEHIE | TOIWHU KOXXHOTO JHS Ha
AKTUBHICTh, IO MOKpAIIy€ iXHIA MCUXOEMOIIIMHUN CTaH, MOMEPEeIHO OTPUMABILIN
iH(pOopMaIliiiHy JIEKIII0 PO T K caMe TaKli aKTUBHOCTI BIUIMBAIOTh HA HACTPIM.

Bix yuacHukiB OyB B mMexax Big 9 mo 47 pokiB, CepelHii BiK y4acHUKIB 19
pokiB. Bci ocobu 5o 18 pokiB Opanu ydacTh B €KCIIEPUMEHTI 3a 3rOJI0K0 iXHIX
OatpkiB. ['eorpadiyHo eKCIIEpUMEHT OXONUB JIbBIBCHBKUU paiiOH, a came,

MyCTOMUTIBCBKY TepuUTOpianbHy Trpomany (manbimie TI), 30504iBChKHI  paiioH,
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SIBOPIBCHKUI paiioH.

Po3monin ywyacHukiB 3a rpynamu OyB Takui: 71% mepmia rpyma (310poBe
xapuyBaHHs1), 19% gpyra rpyna (ncuxiude 310poB’si), 9% Tpers rpyma
(mpodinakTHKa cepleBO-CYAMHHUX 3aXBOPIOBAHD).

3a pe3ynbTaTaMu ONUTYBAaHHS MPOBEJACHUX OMMTYBAaHb B KIHII JOCIIIKEHHS
OTpUMaH1 Taki pe3yJIbTaTH:

[lepmia rpyna (9 yyacHUKIB) — BiJ3Haumia: nmokpameHus camonouytts 100%
YYaCHUKIB IPYIU, 3MeHIleHHs Baru Tijia 30%, 3MeHIIeHHs TPUBOXKHOCTI 44%.

Hpyra rpyna (71 ywacHMK) — Big3Haymia: 3MeHIIEeHHs Baru Tima 35,21%
VYACHUKIB TpPyNH, 3MEHIICHHS TATH JO CIOXHBaHHA cojojakoro 77,46%,
MOKpallleHHs] HacTporo 61,97%.

Tpetst rpyna (19 yuyacHuKIB) — BiA3Ha4MWIa: NOKpalleHHs HacTporo 63.15%,
MEHIIy KUIbKICTh TIEpenajay HacTporw mpoTsrom AHS  52.63%, Ouiblry
POAYKTUBHICTB 21.05% y4acHUKIB.

Cepen yyacHHKIB €KCIEpUMEHTY 55% BKazasid 1110 TOTOBI MIPOJIOBKYBATH JaH1
KOPHUCHI 3BHYKH 1 0€3 y4acTi B €KCIIEPUMEHTI.

BucHoBku:

JlocnimkeHHsT TIATBEPAWIO, 1O BIPOBAKEHHS KOPUCHUX 3BUUOK 3HAYHO
BIUTMBAE€ Ha TMOKPAIICHHS CAMOIOYYTTS, TMCHUXOEMOIIIWHOTO CTaHy Ta 3arajJbHOTO
3I0pOB'sl Y4acHUKIB. AHami3 pe3yJibTaTiB MOKa3aB, 10 HAWOUIbLIE MNOKpPAILEHHS
CaMOTIOUYTTS CIIOCTEPIrajocsi cepell Y4YaCHHUKIB, SIKI JOTPUMYBAIUCS 3I0POBOTO
XxapuyBaHHs Ta (I3UYHOI AaKTUBHOCTI. 3HIDKCHHS Bard Tija Ta 3MEHIICHHS
TPUBOXKHOCTI OyJlM TOMITHUMH CEpPeJ THX, XTO CKOPOTHB CIIOKHMBaHHS IYKpYy, a
MOKPAIICHHS HACTPOIO 1 3pOCTaHHS MPOAYKTHBHOCTI Oyiu 3adikcoBaHi cepen
YYaCHUKIB, SIK1 BUAUISIIA Yac JJIsl ICUXOEMOIIMHOTO I00pOo0yTYy.

i pe3ynpTaTy MIAKPECIIOITh BAXJIHUBICTh (POPMYBAHHS KOPHUCHUX 3BUYOK Y
JTUTSYOMY Billl, OCKUTBKM BOHM MAlOTh JOBTOCTPOKOBUY BILJIMB Ha 3/IOPOB'S 1 SIKICTh
KUTTSA. KpiM TOro, mo3uTHBHI 3MiHH, 3a(IKCOBaHI MiJ 4ac €KCIEPUMEHTY, CB1AYaTh
PO TOTOBHICTh 3HAYHOI YaCTUHU YYACHMKIB MPOJOBKYBAaTH MPAKTUKYBAaTU KOPHUCHI

3BUYKM TICIs 3aBepIleHHS HociipkeHHs. lle Bkazye Ha MOMIMBICTH YCIIIIHOTO
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BIIPOBA/DKEHHS MOAIOHMX TMporpaM Yy IIUPIIMX MacmTabax s TMOKpaIleHHS

3I0POB'S. HACEJICHHSI.
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YK 616-018.3+616.71/72-018.3
BIOXIMIYHI OCOBJUBOCTI MIZKXPEBIIEBOI'O IUCKY B
JIIATHOCTHIII TA CTPATETII JIIKYBAHHS 3AXBOPIOBAHb XPEBTA

KusizeBa Mapuna BiaaauciaBiBHa

1.6.H., mpodecop

XapkiBcbkHi HallioHAIBHUMN yHiIBepcuTeT iMeHi B. H. Kapasina
M. XapkiB, YkpaiHna

AHoTamif. 3riHO 3 KJIAaCHYHMMHU YABIEHHSAMHU KiHII XX CT. B HOpMI
MDKXpEOLIEBUIM JTUCK XapaKTEPU3YEThCS aHACPOOHUM TIIIKOMII30M, IO € O3HAKOIO
MPUCTOCYBAaHHA HOro 10 PO3MOAULY KHUCHA B oprasizmi. Jleski cyyacHi ¢axiBii
pO3MIAJAIOTh  JIETEHEpalilo  JUCKYy IpPU  OCTEOXOHAPO3l  SIK  IPOSBICHHS
eHeproAedIUTy B 11 TKAHUHI 1 IK MAaTOTCHETUIHUHN CIIOCi0 JIIKyBaHHS I1€1 XBOPOOH
MPOMAHYIOTh MEPEKIIoYaTh TKAaHWHY Ha aepoOHMid wnuisix. IcHyroumit cmnoci0
JKyBaHHS BOHU BBKAIOTh CUMIITOMATHUYHUM.

KuarouoBi cioBa: MiKXXpeOLEeBUM TUCK, MYJIbIO3HE s1Ipo, (iOpO3HE KIJIBIIE,

MPOTEOINMIKaHU, EHEProAe(ILUT, CHMIITOMATUYHE JIKyBaHHS OCTEOXOHIPO3Y.

Mixxpeb1ieBuil JUCK € KOMIIOHEHTOM MIXXpeOleBoro cuMdisy, B SIKOMY Ha
BIJIMIHY BiJl CHHOBIAJILHUX CYyIJIOOIB MIK TOBEPXHAMH XpeOIliB, IO TOKPHUTI
riaJiHOBUM XpSIIEM, 3HAaXOAUThCA HE CHHOBIadbHAa piauHa. B 1poMy wMicrl
3HAXOJUTHCS MIKXPEOLIEBUI JUCK- ClIelU(PIYHE YTBOPEHHS XPSIIOBOIO MOXOKEHHS,
SKE CKIIQJAEThCs 3 MYNIBIIO3HOTO sijipa Ta Giop3Horo Kubld [1]. Ilynsnosne saapo mae
XOpJIOBE TOXOKEHHs. XOopAa, SIK BiZIOMO, BUKOHYE TOJIOBHY (YHKIIIO B KICTSIKY
HUKYUX XOPJOBHUX, @ MOTIM 3aMINIYEThCA XPALIOBOK TKAHWHOIO. bioXiMiuHI Ta
OloMexaHIYHI XapaKTEPUCTHKU MYIHIIO3HOTO SIpa JTO3BOJSIOTH BIIHECTH WOTO JI0
XPALIOBOI TKAHWHMU.

[lynpmio3He sSApO MICTUTH MAaTpPUKC 1 Hebararo KmITHH. Marpukc —
HEOJIHOPIIHUM B IEHTpaJIbHIM Ta mepudepiuHii 4acTHMHAX MYJIbINO3HOIO sapa. B

LEHTpalIbHIA YaCTHHI BOJOKHUCTI KOMIIOHEHTH TPOSIBISIIOTHCS CIA0KO, KOJAareHoBa
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cTpoma mnepudepiyHoi YacCTHMHH CXiAHa 31 cTpoMoio B (iOpo3HOMY Kiibli. B
MDKXpeO1IeBOMY JUCKY Jopocioi moauau Mexa Mk [151 1 @K ne BuzHauaerscs [2].

B IIS nopocnoi moauau B 100 T cyxoi TKAaHUHHU MICTUTBCS 25 T KoJlareHy, 110 3
BIKOM MPAaKTUYHO HE 3MIHIOETHCS. Bimomo, mo ne konaren Il tumy. Bin xapakrepHuii
71 TianiHoBoro xpsia. Kpim Toro, B I151 Bu3HauaroThcst MiHOpHI Konarenu [1].

B IIS Takoxx ©Oarato mpOTEOINTiKaHIB, B SKUX BYIJIEBOJHA 4YacTHHA
(tmiko3aminormikaau- [Al') ckmamaroTh Ounbllle MOJOBUHM Cyxoi TKaHWHHU. Lle
BUKJIMKAE yTpuMaHHs B MaTpukci [ Bennkoi KibKOCTI BOMU, 3aBIAKU YoMy [15 mae
KOHCHUCTEHIIII0 CTyaeHucToi piauuu. I[Iporeormikanu [1S1 cxumpHi 10 yTBOpEHHs
arperariB, po3MIpH SKUX MEHIII, HXK B 1HIIMX XpAIOBUX TkaHuHax. B IIS Oarato
riaTypoHOBOi  KHCIOTH- Hecylb(aroBanoro ITAI' B TIISl Takox Oararo
[JIIKOMPOTETHIB,III0 HEOOXIAHO JJIg YTBOpPEHHs enactuHy. 3 BikoMm [IS crae
BOJIOKHHCTOIO CTPYKTYPOIO, 3MEHIIIyeThCs B po3mipi. Kimitunu I[151- rerepomopdHi-
Ha niepudepii- e xouapouutu [3].

[151 B HOpMi- L€ aBacKylsgpHa CTpykrypa. JKuBieHHA BinOyBaeTbcsl 3 OOKy
cynuH XpeOiB. [lopymeHHs apTepiaJbHOrO Ta BEHO3HOTO KPOBOOOITY IPHU3BOJIUTH
10 PI3bKUX IUCTPOPIUHUX 3MiH 1 ckiepo3yBaHHIo [15. Lle mopyurye ogHOpiaHICT
CTPYKTypH Ta BUKJIMKA€E BTpPATy BOJAM, 3HUKCHHS BHYTPIIIHHOJUCKOBOTO THCKY.
OMHOMOMEHTHO 3 O3HaKaMu JereHepailii B Xpsml BIAMIYAEThCS Tpoiideparis
XOHJIPOIIUTIB, [0 MOXKHA PO3MISIAATH K KOMIIEHCATOpHI Tpoiiecu. DyHKIIOHAIbHE
3HaueHHs [15] BU3HAYae€ThCsl BUCOKHMM TipaTOBaHUM CTaHOM MOro MaTpukcy. Bucoka
Harpyra TkanuHu [15 € npuunHOrO yTBOpEeHHS rpuk [3].

Marpukc @K cknagaeTbCs 3 UIIIBHOYMAKOBAHMX KOJIATEHOBUX BOJIOKOH.
Konarenosi ¢i6punu B @K 3HauHo ToBIue, HiX B [I. B Bucymeniit tkanuni M/ y
JIOAMHM KoJjlareH ckianae 1o 68% macu. B nactynuux mapax @K B HanpsiMKy Bif
[15 o mepudepii AMCKY MiABUIIYETHCS BMICT KojareHy | Tumy i 3MEHIIIyeThCsSl BMICT
konareny Il tumy. B @K mronuam Ha ocrtanHii npuxonutbes 60% Bij 3araiabHOTO
KoJlareHy. XpsIioBa TKaHMHA JHUCKIB BOJIOAIE 3HAYHOK  TEHJCHINEK 0
Kanmbiudikalii, sKa MOCHIIOETHCS TIPU OCTEOXOHIPO31, KOJIU B TKAHWHI TUCKIB 3HAYHO

3MEHIIYEThCST BMICT Tiiko3amiHonmikaHiB (I'Al'), ocoOnuBO XOHAPOITUHCYIB(ATIB
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(X-C) Ta 3pocTae KOHIIEHTpAIIisl HEKOJIareHOBUX O1IKiB. L1 3MiHEHHS PU3BOIATH 10
MOTIpIIeHHs O10MEXaHIYHUX MapaMeTpiB AUCKIB [4].

OyHKIIOHAIBHI MOXKIUBOCTI (PiOpo3HOT TKaHUHK MJ] 00yMOBII€HI HE TUIBKU
BJIACTUBOCTSIMU CaMOTO KOJIareHy, a # 0COOIMBOCTSIMHU MOTO B3a€MOpPO3TAITyBaHHS 1
B3a€EMOJIII 3 MOJIEKyJIaMH MPOTEOTNTIKAaHIB 1 HEKOJIareHOBHX OUIKIB. Sk mokazanu
nociipkeHHss, B M/l 1 @K Makpomoliekylid KoJjlareHy, €JIaCTUHY, MPOTEOITTiKaHIB,
rialypOHOBOI KHCJIOTH YITKO OpPIEHTOBAaHI BIJHOCHO onHe oxHoro. Koudopmarris
MaKpOMOJIEKYJT MAaTPHUKCY XpSIIOBOi TKAHWHH JHMCKY, BHU3HAuae€ MHOTO TOJIOBHI
¢dyHukiioHanbH1 BaacTuBocTi. [lopylieHHs OpieHTaliiHOT YIOPSIAHEHOCTI MOJISATae B
OCHOBI JIECCTPYKTUBHHX 3MIH B JIMCKY, III0 BU3HAYAETHCS MIPU OCTEOXOHAPO31 [S].

MetabomisM  XOHJPOLMUTIB, SK  BIJOMO, BIJIPI3HSETHCS ~ aHACPOOHUM
XapaKTepoM, 3a PaxyHOK IIIKOMI3Yy [6]. AKTUBHICTH IVIIKOJI3Y, IO BU3HAYAETHCS 3a
IPOAYKILIEI0 MOJIOYHOT KUCIIOTH, B IEPEPAXyHKY Ha OJIHY KJIITHHY, TPOXU HUXKYE, HIK
B KIITHHI HUPKU. AKTHUBHICTH K€ TMPOIECIB JUXaHHS (BUKOPUCTAHHS KHCHIO)
XOHAPOUUTIB NpuOmu3Ho B 50 pa3iB MeHblle, HDK B KiITHHI HuUpku. B 1A
BUKOPUCTAHHS KUCHIO CKJajaae nuie 1% Bix morpeOu BacKyIspU30BaHUX TKaHMH.
[lepeBaxkHO aHaepoOHUM XapaKTep EHEPreTUYHOro 3a0e3IMEeYeHHS XOHAPOIUTIB
MOXKHA PO3IISJATH SIK MEXaHI3M NPUCTOCYBaHHS O YMOB (DYHKIIIOHYBaHHS TMpHU
HU3BKMX KOHIIEHTpalisixX KHUCHIO. Lle XapakTepHO TOJIOBHUM YHHOM [UIsl 3pLIoi
XpAIoBoi TKaHUHU. KaraboniyHi mpomecu B XpsUIOBIM TKaHWHI 3a0€3MevyrOTh
pYWHYBaHHS Ta BUJAJICHHS MATPUKCYy 1 TAaKMM YHWHOM BPIBHOBAXKYIOTH IPOIIECH
O0locuHTe3y. B 3pioMy Xpsii, B SKOMY 3arajibHa 1HTEHCHUBHICTh METAOOIIYHUX
MPOLIECIB HEBEJIMKA, AKTUBHICTh KaTaOOMIYHMX (PEPMEHTIB TEX HEBUCOKA. bbbl
IHTEHCHUBHO TIPOIECH Jerpajaliii BiOyBalOThCS B XOJ1 XOHAPOTEHE3y, (OpMyBaHHS
MaTpukcy. Pi3ko MOCHIIOIOTBCS KaTaboJyHI peakiii Mpu JAeCTPYKIIi XpsSUIOBOi
TKAaHWHW B YMOBaX TAaToJOrii, HaMpUKIAal, OCTeoXoHApo3y xpedra (OX) [6].
PesynbraTi BIacHWUX JOCHIDKEHB MICIASONEpAIliiHOT TKAHWHHU JUCKY JIFOIUHU
MOKa3aJld MepexiJi TKAaHMHU Ha aepoOHUN OOMIH MpU JAereHepallii, 10 MU BBaKaJd
HACJIKOM MiABUINEHOT BacKymspuzarii aucky npu OX [7] 1 610XiMIYHUM KPUTEPIEM

BUHUKHEHHS IATOJION].
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3a NOyMKOIO JESKAX Cy4aCHUX aBTOPIB [8], TOJIOBHUM MOJEKYISIPHUM
MEXaHI3MOM IIbOTO 3aXBOPIOBAHHS € TIOCHJIEHHS KaTaboIiyHOTO MeTaboi3my,
Jierpecisi BHYTPITHBOKIITUHHOTO €HeprocuHure3y (cuHTesy ATd) B XOHIpOLMTaX
M/, n0 4doro mnpu3BOAUTH aHAepOOHUN TINIKONI3. ABTOPH MepeadadaroTh
NEPEeKIIOYCHHS] aHAaepoOHOr0 TIIKOMI3y Ha aepoOHUM MNUIAX BUKOPUCTAHHSIM
BA30aKTUBHUX 1 AHTUTIMOKCAHTHUX IMperapariB. BHYTPINIHbOKIITUHHA EHEPris
aepoOHOro TIIKOMI3Yy JOCTaTHA IS MOKpUTTA moTped kiituH. I[IporpecyBanHs
KaTa0oJIYHOro MeTabo113My Oyjie 3arajIbMOBaHO.

Craig oOroBOpUTH MHUTAaHHA MPO T€, MIO XIPYpridHi 1 KOHCEPBATHBHI METOIU
JIKyBaHHS, SKI MPOAOBXKYIOTh BHUKOPHUCTOBYBATH, € CHUMITOMATUYHUMH 1 TPOCTO
3HIMaIOTh OOJILOBUI CHUHIPOM. A METOAa Ha OCHOBI T'aJIbMyBaHHsI MPOTPECYBaHHS
010XIMIYHMX MEXaHI3MIB JJAHOTO 3aXBOPIOBaHHs J0cC1 He icHye [9]. Tomy HEOOX1THO
y3araJiIbHEHHS B HAyKOBii JiTeparypi iHpopmaiii mo O610XiMIYHO-MOJIEKYJISIPHUM
MexaHi3MaM po3BUTKY OX 1711 po3poOKM NATOr€HETUYHUX METOIB JIKYyBaHHS.
HaykoBi gocmikenHst nokasanu, mo B MJI npu OX BiaOyBaroTbesl JIer€HEpaTUBHI
IPOLECH 0 TUIY CTApiHHSA, AKe € nepeayacHuM. Jlisi HecnpuATIMBUX (aKTOpiB Ha
OpraHi3M JIOAWHU NOoCWIOeTheA. I[ligBuilieHnii piBeHb BiIbHUX pagukaiiB (BP)
BUKJIMKAE €HIIOTEMANBbHY NUCQPYHKIIIO CYIWH, IO XKUBJIATH CYMIXKHI Tiia XpeOliB.
Y TBOPIOIOTHCS JIIMONMPOTEIHW HU3BKOI MIIJTLHOCTI, IO BUKJIMKAIOTh CKIIEPO3 CYIHH.
Bunukae rinonepdysis. [locumoerbecst aHaepoOHMIA  TWIIKOJI3,  B1IOYBAa€ThCA
3MEHIIICHHS BHYTPIIIHBOKIITUHHOTO eHeprocuHTedy. YactuHa XoHIpouuTiB MJ]
THHE [UIIXOM afonTo3y, a YacTHHA BI)KHMBAE 32 PAXYHOK €K30TEPMIYHOI €Heprii, 1o
YTBOPIOETHCS TPHU PO3LICIUICHH] arpekaHiB MJ[ Ha Ounbmr apiOHI Monekynu. B
YMOBax TaJlbMyBaHHs BHYTPIUITHBOKJIITUHHOTO €HEPrOCUHTE3Y 3aBXK/U B1IMIYAETHCS
BUHUKHEHHSI OKHMCIIOBAJbHOTO crpecy. B 3pyihHoBanomy MJI B  yMoBax
eHeproedIUTy MOCHIIOIOTECSA JETeHEePAaTHUBHI MPOILECH. ATPEeKaH pPO3MIEIIIIOETHCS
Ha OUIOK, KMl MEPEeTBOPIOETHCS HAa ayTOAJEPreH, BUKIMKAE PEAKTUBHUN 3araibHUMI
npotiec, 1 AT, siki HaOyxatoTh 1 3MitytoTh pparmentu 115 B Tpimmny @K [10].

XoHapouutu 3pyiHOBaHOTO MJI yTBOPIOIOTH MPOCTATNIAHIWHU 1 ITUTOKIHU

npo3anaibHoro xapakrepy. [locHiitoeTbCcsi aKTUBHICT (PEPMEHTIB METAJIONPOTEIHA3,
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arpekiHasu-1, KaremcuHiB, 10 CHpUSAIOTh JereHepauii. He mocrymarooTts
aMIHOKHCIIOTH, TJIIOKO3a, KHCEHb, TaIbMy€ThCSl CHHTE3 arpekaniB. HaxomuueHHs
HipyBary 1 JaKkTary BUKJIMKAIOTh aruao3 [11].

SIKIO0  TOMOBHUM  MONIEKYAsipHMM  MexaHi3MoM OX €  eHepreTuyHa
HEJI0CTaTHICTh, 1110 PO3BUBAETHCS B PE3y/IbTaTl aHaepOOHOT0 TITIKOJII3Y, TO Tpeba Horo
NEPEKIIOUCHHS] Ha aepOOHUM NUIAX, 110 BiAOYBA€THCS 3a JIOMOMOIOI0 Ba30aKTHBHHX
(BimHOBIMIOETHCS  TIepdy3isi) Ta aHTUTINMOKCAHTHUX TpemapaTiB  (IMOCHUITIOETHCS
YTBOPEHHsI 3arajibHoi Ta BUIbHOI eHeprii) [12, 13]. Eneprii aepoOHOro mimikoizy
JNOCTaTHBO IS 3yIIMHKH JAETEHEPATUBHOTO npouecy B M/I.

Takum ywmHOM, OloximiuHi 3MiHM B MJI mpu OX mnepenyroTb pO3BUTKY
naToMop(OJIOTIYHUX €JIEMEHTIB 3aXBOPIOBaHHA. TOMy MEpEKIIOUEHHSI aHaepOOHOTO
IJIIKOJII3y Ha aepoOHUN Moxe OyTH MaTOoreHEeTUYHUM crnocoOoM JikyBaHHS OX y

3B’SI3KY 3 TUM, 110 MIPU3BOJUTH JI0 TAJIbMYBAHHIM KaTaboOJI14YHOrO MeTabomnizmy [ 14].
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CHEMICAL SCIENCES

YK 544.77:622.33+622.693
OCOBJIMBOCTI BYZ1IOBHU NOBEPXHI BYT'TJIJIA
PI3HOI'O CTYIIEHA METAMOP®I3MY

Kaimenko Poman,

KaHJ. XIM. HayK, CT. HayK. CIIIBpOO.

Kobeus Caitiiana

KaHJI. XIM. HayK, CT. HayK. CIiBpoO.

VYkpaina, KuiB, [HCTUTYT K0JI0iTHOT

ximii Ta ximii Boau im. A. B. Tymancekoro HAH Ykpainu

AHoTanisi: 3a J0moMOrorn 1H(PaYepBOHOI CIEKTPOMETPIi JOCIIIKEHO
KUIBKICHUHA Ta SKICHUM CKJIaJ [OBEPXHEBUX TIPYIN BYTUUIA PI3HOTO CTYIEHS
MetamopdizMy pojoBHIll YKpaiHU. BcTaHOBIEHO, MO KUIBKICTh OKCHUT€HBMICHUX
rpyn 3HUKyeTbes y psagy b>J>JAI>T>I1>A. Cxoxa 3aJIe)KHICTh CIIOCTEPIra€Thes 1
st amiparnaanx rpy CH?-, CH®-, ate TyT crocTepiracThesi CloyaTKy 3pOCTaHHs, a
noTiM 3HIKeHHS iX BMicTy b<I<I['<['>IT>A. KinbKicTh apoMaTH4YHUX TPYI 3pOCTAE
00epHEHO KIITbKOCTI okcureHBMICHUX Tpyn. b</[</II'<I'<II<A.

Kaw4yoBi  ciaoBa:  Byruuis, KOMIO3UIIMHE  BOJOBYTUIbHE  MaJUBO,

[Y-cniekTpomeTpisi, aHTPAIUT, TOBEPXHEBI TPYIIU.

Beryn. Ha choroiHi oHAM 3 NMEPCTICKTUBHUX BUJIIB AIbTEPHATHBHOTO ITAJTUBA
3 HEBHCOKOIO BapTICTh Ta BIAMOBIIHICTH IIJIBHINCHUM CKOJIOTIYHMM BHMOTaM €
kommnosuiiitne  ByruibHe manuBo (KBII). Bono 06a3yeTbcsi Ha  OCHOBI
BHCOKOKOHIICHTOBAHUX BOJIOBYTIJIBHUX JMUCIIEPCIN JIe TUCTIEPCiitHOI0 (ha3010 CIIyrye
BYT'ULJISL PI3HOTO CTyIEHI MeTaMopdi3My, a y SKOCTI JUCHEPCIHOrO cepeaoBHINA
BHCTYIa€ Boja abo BoHI po3unHU. Po3poOka Ta morinubaeHHs] HAyKOBHX OCHOB MpHU

BUBUYEHHI TaKUX CKIAJHUX CHCTEM IIOJIATa€ y TMOUIYKY 3aKOHOMIPHOCTEH Ta, y
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koHTeKcTl BuBueHHs! KBII, 3BoAUTHCS 10 OmpaiibOBYBaHHS SIKOMOTa OUIBIIIOTO YUCIIa
eKCIIepUMEHTAIbHUX NaHuX. OAHUM 3 CKJIAJHUX Ta BAKIMBUX KOMIIOHEHTIB IIOTO
NUTAHHS € PO3TJsJ Ta BUBUEHHS BYTUUIA, $K CKJIAJHOI B3a€MOIIOB’S3aHOI
KOHCTPYKIIIi 3 HEBU3HAYEHOIO KUTbKICHOIO, @ 1HO/I1 1 IKICHOIO XIMI4HOI0 0y10BO1O [1].
Byrimas MicTUTh XiMIYHI TpynmH pi3HOI MOBEPXHEBOI MPUPOIU, KOTPl BHU3HAYAIOTH
BJIACTUBOCTI YAaCTHMHOK JUCIEPCHOI ((a3d BYrUUIL Yy PIAKUX JUCIEPCIMHUX
cepenoBuiax. Po3yMiHHS XIMIYHOTO CKJaay MOBEPXHI BYTULIS Ta ii CTPYKTYpPHHX
XapaKTEPUCTUK MOXKE MPU3BECTH J0 CYTTEBUX MOKPAIICHb Y HOTO BUKOPUCTAHHI JJIs
KBII. Hanpuknazn, nobpe BiIOMO, IO OKCUTCHOBI (PYHKIIOHAJIbHI TPYNHU, TaKi SK
kapOokcwibHa Tpyna (COOH), BimirpatoTh 3HaA4HY pOJb Y CTPYKTYpl BYTruLis Ta
MalOTh 3HaYHUH BIUIUB Ha PI3HI peakilii Ta MpPOIECH NMEePETBOPEHHS BYT1UIS, YaCTKa
apOMaTHUYHOTO KapOOHY € BaXKIWBOIO [UIsl BHU3HAUEHHS KJIacy BYTUDIsS Ta
0COOJIMBOCTEM MOTO NEPepOOKU Ta BUKOPUCTAHHS.

Meta podoTu. [ocmiKeHHsI KUTbKICHOTO Ta SIKICHOTO CKJIaJly MOBEPXHEBUX
rpynl BYTUUISL PI3HOTO CTymeHs MeTamMop(di3My pOJOBHIL YKpaiHU METOJI0M
[Y-cnexrpomerpii.

Marepianu ta meroau. [ sSKiCHOTO, a 1HOAI 1 KUJIBKICHOIO BU3HAUYCHHS
MOBEPXHEBUX TPYIl 3acTOCOBYBajach 1H(ppadepBoHa crekTpoMerpis 3 Dyp’e
tpanchopmurrom [2]. IU curHanm Kopemare 31 3MiHAMH JTUIOJIBHOIO MOMEHTY
MOBEPXHEBOI I'PyIH, TOMY 100pe BU3HAYa€ came MOJSpHI rpynu. 30KpeMa, MOKHA
Bu3Havyatu pi3Hi rpynu 3 C=0O 3B’SI3KOM, Ta BIAPI3HATH KapOOKCHIIbHI TPYMH BiJl
(GbeHOMbHUX, €CTePHHX Ta JAKTOHHUX. [l 1bOr0 BHKOPHUCTOBYIOTH JOKJIAJIHUN
aHaJIi3 po3ropTok oKpemux AuIsHOK Y- ciekTpy [3].

B sikocTi 00’€KTIB AOCTIHKEHHS 3aCTOCOBYBAIMCS 3pa3Kd BYTULIS POJIOBHUIIL
VYkpainu pizHOoro cryneHs wMeramopdizMy. BuszHaueHHs XIMIYHOrO CKJIay
MOBEPXHEBUX  TIPYN  JOCIHI[PKYBaHUX  3pa3KiB ~ BHUKOHYBAJIOCS ~ METOJIOM
I9-criektpockomii Ha npuiaai "Avatar 370FT-IR, Thermo Nicolet" y miamasowi
4000-400cm™. 3paskn (~ 0,3-0,5 r koxkeH) micas BucyuryBanHs i 14 mammoro
aHamizyBaimucss Ha ZNn-Se ckmi. Jlna imeHTHdikaiii KOMIOHEHTIB MPOBOIUIOCS

MOPIBHSHHSA OTPUMAHUX CIEKTPIB 13 €TAIOHHUMU Ta CTAaHAAPTHUMHU CIEKTpaMu 0aszu
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naHux npuiaay (mporpama EZ Omnic v. 7.0).

Benuka KiIbKICTh PI3HOMAHITHUX MOBEPXHEBUX TPYI BYTULIS Ta KapOOHOBHX
MaTtepialliB YCKIIaIHIOIOTh KOPEKTHY 1HTEPIPETAIII0 OTPUMAHUX CIEKTPIB, TOMY JIJISI
YTOYHEHHSI JJAHUX BUKOPUCTOBYBAJIUCS MPOTPAMH PO3TOPTAHHS CIEKTPIB Ta MOLIYKY
CXOBaHMX MIKIB. 3a IOMOMOro10 mporpamHoro 3ade3neuenns PeakFit 4. 15 Ha ocHOBI
CTATHCTHYHUX PO3PAXYHKIB Ta BHILICHHS MiKiB Ha miamasoni 1000-1800 ¢ 6yio
BU3HAYCHO 32 METOAMKOI [3] KUTBKICTh (DYHKIIOHAIGHUX TPYIH Yy BYTUDISL Pi3HOTO
cTyneHs Metamopdizmy. Matemaruuna o6poOka npoBouiiacsa y nakeri Mariab 13.

Pe3yabTaTi i 00roBopennsi. Ha puic.] HaBeneHO CrieKTpH 3pa3KiB aHTPALIUTY
3 PI3HUM yYMICTOM 30J4. 3arajioM, (PyHKIIOHAIbHI TPYNH BYTULIS PO3MOAUISIOTHECS B
qoTUphOX cMyrax IU CHeKTpy: riZpoKCHiIbHI CTPYKTYpH B obmacti 3800~3000 cm™,
amdaruyni ctpykrypu B 3000~2800 cM, KucHeBMicHi (GyHKIIOHATBHI TPynu B

1800~1000 cm™. 1 Ta apomatiusi cTpykrypu B 900~700 cm™.

1 100
MponycKaHHa, %
A, 4,5%
A,12,7% 170
1 50
1 25
A,1,5% A,5,4%
L 1 1 1 1 1 1 1 O
4000 3500 3000 2500 2000 1500 1000 500 0

XBUAbOBE Yncno, ct

Puc. 1. IY-cnieKTpu aHTPALMTY 3 Pi3HOIO 30JILHICTIO

Byrumns mapku I1, xoua i knacu@ikyeTbes K OUIbII HAOIM)KEHE IO aHTPALUTY
Mae [Y cnextp BiAMIHHUMI BiJf HHOTO. BUIBII CXOKUMH Ha CHEKTPH MICHOTO BYTULIS €
cnektpu Byrumisi mapku [ (puc.2). AKTHBHICT, Ha WX CIEKTPax TMPOSBISIOTH

pisHOMaHiTHI Tpyrn. [Tik MOrTMHAHHS (QYHKIIOHATBHEX TPpym y 061acTil800~1000 cm™
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€ HaWOUIbLI T[OKAa30BMM, II0 BKazye Ha Te€, MO BMICT OKCUTE€HMICHHUX

(GYHKIIIOHANBHUX TPy Y aHTPALUTI 111€ JOCUTH BUCOKHIA.

7 100

MponycKaHHA, %
n,27,5%

1 75

1 50
T,55%

1 25

4000 3500 3000 2500 2000 1500 1000 500 0
XBU/IbOBE Yncno, ¢t

Puc.2. I9-cnexkrpu Byrisuis mapok I1 ta I' 3 pi3Ho10 30/1bHiCTIO

Ha cniektpax Byriuist mapok [I" ta /] Takox BUAUISIOTECS BC1 HasIBHI y BYT1UIS

CTpyKTYpH (puc.3)

7 100
MponyckaHHa, %
1 75

1 50

1 25

4000 3500 3000 2500 2000 1500 1000 500 0
XBUbOBE YnCNo, c*

Puc. 3. IY-cnekTpu Byrisuisa mapok JII' Ta /I 3 pizHOI0 30/1bHiCTIO

OckiIbKu Ha TOMJIMHAHHS BJIACHE OpraHiyHUX (parMeHTiB BYTULIA,
HAKJIAJA€ThCSA TOTJMHAHHSA MIHEPAIbHUX KOMIIOHEHTIB TO JIOCHUTh BaXKO 3a
CHEKTPaMH OJJHO3HAYHO BU3HAYUTHU BKJIAJ TOT UM 1HIIOIO TTOBEPXHEBOI'O KOMILIEKCY
y I4- ciexrp.

JInst 6111 AOKJIATHOTO BUBYEHHS KITbKICHUX Xapaktepuctuk FT-IY cnektpis
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6ymo mpoamnarizoBano moiocy 1000-1800 c¢'. ¥V mpomy pamsi nexars xapakrepHi
JiHII TOTJIMHAHHS HaWOUIBII BaXJIMBUX Ta I[IKABUX 3 TOYKA 30py HAIIOTO
JOCTIPKEHHSI aTOMHUX TPYI, KOTPi BU3HAYAIOTh XapaKTEPUCTHUKH MTOBEPXH.

3a pmomomororo mporpamHoro 3abesnedeHHs PeakFit 4. 15 Ha ocCHOBI
CTATHCTHYHUX PO3PAXYHKIB Ta BHILICHHS MiKiB Ha miamasoni 1000-1800 ¢ 6yio
BU3HAYCHO 32 METOAUKOIO [3] KIIBKICTh (PYHKIIIOHAIBHUX TPYIl y BYTULIS Pi3HOIO

cTymneHs: metamopdismy. PesynpraT npeacrasineHo Ha puc. 4, 5.

OH

523,5
— 011
— 1 28,6
—T10

C=0

C=C

CH2

Puc.4. Po3noain ocHoBuux rpyn Byrisisi mapok b, I, Al ta I’

Puc.5. Po3noainn ocHoBHUX pyHKIIOHAJBHUX Ipyn Byrijuisa mapok I1, A.
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BucHoBkwu.

Sx BUIIHO 3 HaBEJCHUX JAHUX KiJIbKICTh OKCUTEHBMICHUX TPYI 3HUKYETHCS Y
psany b>/1>AI'>T>I1>A. Cxoxa 3a1eXHICTh CIIOCTEPITAEThCS 1 IS amihaTUYHUX TPy
CH,-, CHs-, ame TyT crmocTepiraerbcsl Co4yaTKy 3pOCTaHHS, a MOTIM 3HIDKCHHS 1X
Bmicty B<JI<JII'<I'>II>A. KigbkicTh apoMaTHYHUX TPYI 3pOCTAE€ OOEPHEHO

KUIBKOCT1 OKCUTeHBMICHUX Ipym. b<I<JII'<I'<II<A.
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Abstract: The technical possibilities for creating this model were analyzed and
the optimal data set was selected, which was pre-translated and processed using the
NLTK library.

The model is developed using the Scikit-learn and Tensorflow libraries in
Python. The main approaches to the development and testing of selected algorithms
are described and demonstrated. The main goals and criteria for selecting the optimal
model are defined.

Keywords: artificial intelligence, machine learning, classifier, neural network.

Introduction. Recently, machine learning techniques have been extremely
successful in detecting and filtering spam. This paper provides an overview of
various spam filtering methods using existing artificial intelligence and compares
their strengths and weaknesses.

The purpose of the work is to create, train and test a neural network that can

filter messages and use this network in mail transfer agents.
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Filtering based on machine learning. Neural networks are a group of simple
processing units based on a biological neural network. Each unit is connected to its
neighbors by means of a specific weight. Each of them receives input from one
neighbor and transmits the modified output to another neighbor. In a more general
sense, a neural network is designed by connecting three layers, i.e. input, middle and
output layers.

Fuzzy logic is also a methodical approach to automatically classify emails as
spam or legitimate based on the content of the emails.

The program can automatically adapt to the content of letters and create its
own database. The classifier will be created from a training set of previously
classified letters.

The architecture of the email spam filtering system consists of three steps, i.e.,
preprocessing, training set generation, and classification.

Data pre-processing. This step involves cleaning up the texts by removing all
HTML tags and also getting rid of non-meaningful words like punctuation etc.
Stamping is then performed to finally reduce the sparsity of the final word matrix of
the form T = <¢1, 2 ... tN>, where N — is the total number of meaningful words
(tokens/tokens). Next, the number of times when each token was found in each
category is determined: ¢ => {spam, useful}.

This step is performed to build a model based on the characteristics of a
predefined training set of emails. The educational set is selected taking into account
the variety of content and topics. Now, after the preprocessing step, we can get (f;,c),
which denotes the frequency of any token t; in the category "c". Based on this data
set, a neural network can be constructed with the calculated weights of each token to
form a TxC matrix, and this fuzzy token-category relation is used to assign a relation
value, i.e., R: TxC—]O0, 1].

Where, uR(t;,c;) - is the degree of any marker t; in the category C;;

fi ¢; - frequency of occurrence of lexeme t; in a specific category;

C; fi, legitimate +f;, spam - occurrence frequency of the t; in all categories.

This algorithm is based on a fuzzy relationship between any received mail and
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the frequency of each token it contains. In order to determine the category of any

received mail, say d, the frequency of each token in d can be determined using:
fid
Ha(t) = —H4—
d\t maxtiEd{fi,d}
Then the fuzzy conjunction and fuzzy disjunction operators can be used to
measure the similarity ratio and the threshold value to calculate the fuzzy similarity

shown in Figure 1.

Test samples Jokana Spam token frequency Frequency of "useful" token

UR(tc)

The membership value of each token

Fig. 1. Block diagram of training set generation

Search and formation of a data set. On the Kaggle platform, a csv
(commaseparated values) dataset containing 5169 messages was selected, 87% of
which are useful messages, and the remaining 13% are spam.

Figure 2 shows an example of messages in tabular form, where the type of
message (spam or useful mail) is indicated in the first column, and the message itself

Is indicated in the second.

ham Go until jurong point, crazy.. Available only ...
ham Ok lar... Joking wif u oni...

spam Free entry in 2 a wkly comp to win FA Cup fina...

ham Nah | don't think he goes to usf, he lives aro...

4]
1
2
3 ham U dun say so early hor... U c already then say...
4
5 spam FreeMsg Hey there darling it's been 3 week's n...
6

ham Even my brother is not like to speak with me. ...

Fig. 2. An example of data in the form of a dataset

In addition, a text in Ukrainian was taken from the Internet [1] and with the
help of a special program written in C#, this text was divided into sentences, for each
sentence a spam/ham sign was randomly assigned, while the ratio was preserved:

87% of useful mail; 13% spam. Figure 3 shows the code of this program.
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This program reads text from the source file, breaks it into lines and removes
empty lines. Since the original dataset is in csv format, it is easier to format each line
of text according to the format of the dataset file. That's why the loop adds a
spam/not-spam flag and semi-colon delimiters for each line, so that the new lines are
compatible with the rest of the file. Then the received lines are written to a file with a

dataset.

Fig. 3. Program for processing and formatting Ukrainian-language text

Creation of a classifier model based on a machine learning algorithm. The
workflow implemented in Scikit-learn to use the classifier involves three steps.

1. Model creation, specifying hyperparameters.

2. Fitting the model with the training data and studying the parameters.

3. Applying the fitted model to the test data to obtain the predicted labels.

The pseudocode for these steps is as follows (Fig. 4).

model =classifier (hyper—-parameters = something)

model.fit(X_train, y_train)
y_test =model.predict(X_test)

Fig. 4. Pseudocode for using the classifier

Tensorflow is a good intermediate layer for building neural networks. When
creating the model, two algorithms were chosen: the Naive Bayesian classifier and
the support vector method.

Tokenization of messages was also used when creating the model. Verbal
tokenization is the most commonly used tokenization algorithm. It breaks a piece of
text into individual words based on a specific delimiter. Depending on the separators,
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different lexemes are formed at the word level. There are pre-trained built-in
tokenizers such as Word2Vec and GloVe. Subword tokenization breaks a piece of
text into subwords (or n-gram characters).

Natural language processing models rely on subword tokenization algorithms
to prepare a dictionary. For this, the method of encoding pairs of bytes is used.

The BPE algorithm is used for word segmentation, which iteratively combines
the most frequently occurring characters or sequences of characters.

Step-by-step BPE algorithm.

1. Dividing the word at the root into symbols, the symbol</w> is added at the

end

2. The vocabulary is initialized with unique root symbols

3. The frequency of a pair of symbols or sequences of symbols in the root is
calculated

4. The most frequent pairs are combined

5. The best pair to the vocabulary is saved

6. Steps 3 to 5 are repeated for a certain number of iterations

The method of encoding pairs of bytes and tokenization of subwords was used
to process the existing data set.

A numerical vectorizer was used to convert text into numerical data. Figure 5
shows an example of a code that can be used to extract redundant, "noise" words

from messages.

stop_words = frozenset([array of stop-words])

f = feature_extraction.text.CountVectorizer(stop_words = stop_words)
X = f.fit_transform(data["v2"])

np .shape(X)

Fig. 5. Using a vectorizer to remove ""noise'" words

As a result of vectorization of words, we get a matrix that sets 1 for each word
in those messages where the word is used, and 0 for those where it is not used.

After this processing, the data set is completely ready to be divided into test
and training sets. The division will be based on the principle of 67% for study, 33%
for the test.
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Figure 6 shows the code that divides the entire data set into training and testing

sets.

data["v1"]=data["v1"].map({ 'spam’' :1, "ham' :8})
X_train, X_test, y_train, y_test = model_selection
Ltrain,test,split(x, datal[ 'v1'], test_size=6.33, random_state=42)

Fig. 6. Division into training and testing sets

Creation of a model based on a neural network. Based on the tools of the
Tensorflow library, a neural network will be created that will be used to train and test

the model based on the selected dataset. Figure 7 shows the model creation code.

model = Sequential()

model.add(Embedding(1008, 26, input_length=max_len))

model.add(Dropout(8.2))
model.add(Conv1D(64, 5, padding="'valid', activation="relu’, strides=1))

model .add(GlobalMaxPoolingi1D())

model.add(Dense(128, activation="relu'))

model .add(Dropout(6.2))

model.add(Dense(1,activation="sigmoid"'))

model.summary ()
model.compile(loss="'binary_crossentropy',optimizer="'rmsprop’,metrics=[‘'acc'])

Fig. 7. Model creation listing

A sequential model will be used for this network. In this network, each
message is packed into a special packet of a fixed size, and each word is assigned a
special index. This package contains 100 positions for each word. Those positions for
which there is no word are filled with zeros. Further, this packet will be processed
directly in the network itself, changing from layer to layer, and the result will be
reduced to the final layer, where the output will be a packet with only one position,
where the index 1 or 0 will be indicated, corresponding to the values "spam™ or "not

spam ” respectively. The list of used layers is shown in Figure 8.

Layer (type) Output Shape Param #
embedding_1 (Embedding)  (Nome, 100, 20) 20000
dropout_1 (Dropout) (None, 100, 20) 0

convld_1 (ConvilD) (None, 96, 64) 6464
global_max_poolingld_1 (Glob (None, 64) o

dense_1 (Dense) (None, 128) 8320
dropout_2 (Dropout) (None, 128) 2]

dense_2 (Dense) (None, 1) 129

Total params: 34,913
Trainable params: 34,913
Non-trainable params: ©

Fig. 8. List of neural network layers
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Study of the effectiveness of the created model. Research was conducted on
3 models built in the previous section: a model based on the Bayesian classifier;
model based on the method of support vectors; a model based on a neural network.

A model based on a naive Bayesian classifier. Experiments with different
hyperparameter alpha were conducted for this model. The alpha parameter will be
randomly selected from 0.00001 to 20 in steps of 0.11. Figure 9 shows the code

template by which the model is trained and tested.

list_alpha = np.arange(1/1060660, 206, 6.11)
score_train = np.zeros(len(list_alpha))
score_test = np.zeros(len(list_alpha))
recall_test = np.zeros(len(list_alpha))
precision_test= np.zeros(len(list_alpha))
count = @
for alpha in list_alpha:
bayes = naive_bayes.MultinomialNB(alpha=alpha)
bayes.fit(X_train, y_train)
score_train[count] = bayes.score(X_train, y_train)
score_test[count]= bayes.score(X_test, y_test)
recall_test[count] = metrics.recall_score(y_test, bayes.predict(X_test))
precision_test[count] = metrics.precision_score(y_test, bayes.predict(X_test))
count = count + 1

Fig. 9. Listing of the code by which the model is trained and tested

As a result of training, a list of results was obtained, which is presented in

Figure 10.

alpha Train Accuracy Test Accuracy Test Recall Test Precision
0 0.00001 0.998124 0.966830 0.921488 0.841509
1 0.11001 0.996785 0.965198 0.962810 0.809028
2 0.22001 0.996517 0.967374 0.962810 0.820423
3 0.33001 0.995713 0.965742 0.962810 0.811847
4 0.44001 0.995445 0.968461 0.962810 0.826241
5 0.55001 0.994641 0.970092 0.962810 0.835125
6 0.66001 0.994373 0.970092 0.962810 0.835125
7 0.77001 0.993837 0.972268 0.962810 0.847273
8 0.88001 0.994105 0.973899 0.962810 0.856618
9 0.99001 0.993569 0.876074 0.962810 0.869403

Fig. 10. The result of training and testing the algorithm with different
hyperparameters
The selected model has an accuracy index of 0.989 and a recall value of 0.785.
As a result of model training based on the Bayesian algorithm, we have the following
results:
- True positive: 1592 useful letters are defined as useful
- False positives: 5 useful emails are identified as spam.

- True negative: 43 spam emails were identified as spam.
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- False negatives: 199 spam emails were determined not to be spam.

A model based on support vector methods. For this model, experiments were
conducted with different hyperparameter C. In this study, the parameter C will be
randomly selected from 500 to 1000 with a step of 100. Figure 11 shows the code

template for training and testing the model.

list_C = np.arange(500, 1008, 180) #780060
score_train = np.zeros(len(list_C))
score_test = np.zeros(len(list_C))
recall_test = np.zeros(len(list_C))
precision_test= np.zeros(len(list_C))
count = 0
for C in list_C:

svc = svm.SVC(C=C)

sve.fit(X_train, y_train)

score_train[count] = svc.score(X_train, y_train)
score_test[count]= svc.score(X_test, y_test)
recall_test[count] = metrics.recall_score(y_test, svc.predict(X_test))

precision_test[count] = metrics.precision_score(y_test, svc.predict(X_test))
count = count + 1

Fig. 11. Listing of model training and testing based on support vectors
As a result of training, a list of results was obtained, which is presented in

Figure 12.

matrix = np.matrix(np.c_[list_C, score_train, score_test, recall_test, precision_test])
models = pd.DataFrame(data = matrix, columns =

['C', 'Train Accuracy', 'Test Accuracy', 'Test Recall', 'Test Precision'])
models.head(n=100)

C Train Accuracy Test Accuracy TestRecall Test Precision

0 5000 1.0 0.974443 0.809917 0.994924
1 600.0 1.0 0.974443 0.809917 0.994924
2 700.0 1.0 0.974443 0.809917 0.994924
3 800.0 1.0 0.974443 0.809917 0.994924
4 900.0 1.0 0.974443 0.809917 0.594924

Fig. 12. Results of model training based on support vectors

The selected model has an accuracy index of 0.994 and a recall value of
0.8099. As a result of model training based on the support vector method, we have
the following results:

- True positive: 1,596 useful letters are defined as useful

- False positives: 1 useful email was identified as spam.

- True negative: 46 spam emails were identified as spam.

- False negatives: 196 spam emails were determined not to be spam.

A model based on a neural network. Figure 13 shows the learning process of
the created neural network. An epoch means training a neural network with the

training data of one packet in one cycle. In an epoch, we use all the data in a packet
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exactly once. In this study, the packet size was set to 32 units, so 10 epochs would be

required.[2]

>

history=model.fit(cnn_texts_mat, tags,batch_size=32,epochs=18, verbose=1,validation_split=08.2)

WARNING: tensorflow: From /opt/conda/lib/python3.6/site-packages/tensorflow/python/ops/math_ops.py:3066: to_int32 (from tensorflow.python.ops.math_op
s) is deprecated and will be removed in a future version.

Instructions for updating:

Use tf.cast instead.

WARNING: tensorflow: From /opt/conda/lib/python3.6/site-packages/tensorflow/python/ops/math_grad.py:102: div (from tensorflow.python.ops.math_ops) is
deprecated and will be removed in a future version.

Instructions for updating:

Deprecated in favor of operator or tf.math.divide.

Train on 4456 samples, validate on 1115 samples

iigé?azée[ 1 - 2s 359us/step - loss: ©.2869 - acc: ©.8988 - val_loss: ©.1097 - val acc: 0.9758
iz:;?aiéée[ 1 - 1s 248us/step - loss: ©.0774 - acc: 0.9789 - val_loss: ©.0602 - val_acc: 0.9848
iﬁ?é?aiéée[ 1 - 1s 247us/step - loss: ©.0569 - acc: 0.9838 - val _loss: ©.0580 - val_acc: 0.9865
Zﬁ?éméée[ 1 - 1s 252us/step - loss: ©.0475 - acc: ©.9863 - val_loss: 0.0585 - val_acc: 0.9865
5222342229[ 1 - 1s 252us/step - loss: ©.0385 - acc: 0.9899 - val loss: ©.0593 - val_acc: 0.9865
;Z:é?aiéég[ 1 - 1s 245us/step - loss: ©.0350 - acc: 0.9915 - val _loss: ©.0642 - val_acc: 0.9857
EZZEEAZEB[ 1 - 1s 249us/step - loss: ©.0314 - acc: 0.9921 - val _loss: ©.0649 - val_acc: 0.9865
iﬁgé?aiéée[ ] - 1s 243us/step - loss: ©.0294 - acc: 0.9928 - val _loss: ©.0733 - val acc: 0.9865
;E:é?aiééa[ 1 - 1s 253us/step - loss: ©.0268 - acc: ©.9942 - val _loss: ©.0762 - val_acc: 0.9857
iz:;?ulxgélﬁ 1 - 1s 245us/step - loss: ©.0263 - acc: 0.9937 - val _loss: ©.0808 - val_acc: 0.9857

Fig. 13. Model learning process
In the graph of Figure 14, you can see that the resulting model is sufficiently

trained.

import matplotlib.pyplot as plt
epochs = range(1, 11)

acc = history.history[ 'acc']

val_acc = history.history['val_acc']

plt.plot(epochs, acc, 'b+', label='Acc')
plt.plot(epochs, val_acc, 'bo', label='Val Acc')
plt.xlabel('Epochs’)

plt.ylabel('Accuracy')

plt.legend()

<matplotlib.legend.lLegend at @x7ff7ac505748>
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Fig. 14 Graph of fitting the model
So, a model based on a neural network using supervised learning was trained
and tested. This network was trained in the process of 10 training epochs, and
according to the obtained training schedule in Figure 13, it can be seen that the model
Is optimally trained. Also, according to the training results, the model has a precision
of 0.9937 and a recall of 0.9857.
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As a result of studying and testing three models based on different types of
machine learning algorithms and on the basis of the Ukrainian-language dataset, it
was determined that the most usable model is the model created on the basis of a
neural network, since it has the highest accuracy, the highest level of recall and high

speed, making it suitable for use on large data sets.
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Abstract: The clarifying ability of bentonite clay from the Churchuto-Chikheli
deposit and diatomite from the Kisatibi deposit relative to grape wine was studied.
All indicators required by the industry standard for use in winemaking have been
determined. The clarity, stability and quality of filtered wine were assessed under
laboratory conditions. The optimal dosage of bentonite has been established to ensure
maximum clarification of wine. It has been shown that after filtration through
diatomaceous earth, the wine initially comes out clear, but does not acquire stability
during aging. The studied zeolite and perlite turned out to be unsuitable for clarifying
wine.

Key words: bentonite; diatomite; grape wine; organoleptic evaluation; optimal

dosage; brightening ability; filtrate; excerpt.

Bentonites, significant reserves of which are concentrated in Georgia, are
widely used in various fields of industry; one of them is winemaking, where they are

used to clarify and stabilize wines and wine materials. Some of our research is
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devoted to this issue, the results of which are presented in [1-4], and this article is
their continuation. The purpose of the study was to establish the clarifying ability of
bentonite from the Churchuto-Chikheli deposit, diatomite from the Kisatibi deposit,
perlite from the Paravani deposit and clinoptilolite from the Dzegvi deposit relative to
grape wine; in the work, the object of comparison was Askangel “B”; young
homemade white and red wine was used for the experiments; The clarity, stability
and quality of the filtered wine were assessed. For the bentonite under study, almost
all indicators [1] required by the industry standard [5] were determined. The
organoleptic assessment of bentonite from the Churchuto-Chikheli deposit (sample
Gap), in contrast to all bentonites we have previously studied, indicates that in terms
of this indicator it fully meets the requirements of the standard; also, a significant part
of its established indicators meets these standards. Askangel “B” exhibits very high
brightening ability [1].

In accordance with the technological instructions [6], a trial treatment of white
wine with the studied bentonite was carried out and the required dosage was
established to ensure maximum clarification [3, 4]. To assess the clarifying ability of
the studied mineral sorbents and establish optimal conditions, as in our previous
works [3, 4], we used different experimental options in which the following were
changed: fraction size; sample quantity and temperature conditions for its
preparation; volume of filtered wine. The filtered wine was assessed for clarity and
stability; were determined: color, smell and volume of filtrate, filtration speed; pH
value; chemical composition of the original and filtered wine; A comparison was also
made with the filtrates obtained after treatment with Askangel “B”. In most subsequent
experiments, the fine fraction of bentonite was mainly used (-0,08 + 0 mm); the
maximum aging time for filtered wine was 104,5 days. Table 1 shows the chemical
composition and pH of the wines used before and after filtration through bentonite
from the Churchuto-Chikheli deposit (sample Gg4;) and through diatomite from the
Kisatibi deposit; the results obtained indicate a change in the chemical composition
of the filtered wine; in addition, as a result of contact of bentonite with wine, its

chemical composition also changes (Table 2).
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Table 1
Chemical composition and pH of wine before and after treatment with

bentonite and diatomite */

Ne Option Content, (mg/l) pH of filtered wine
Ne cleaning of wine
Na* K* Fe¥* cr SO~

1 Original 0,6 40,0 1,12 19,52 24,12 3,56

White wine
2 Original red wine 0,6 50,0 - 35,145 - 2,8

Experience Ne 8 13,0 17,0 1,81 48,81 136,74 3,08
3 (bentonite)**/

Experience Ne 13 12,0 20,0 1,32 35,14 29,24 35
4 (bentonite) **/

Experience Ne 12 11,0 19,0 0,93 60,52 111,14 2,84
5 (bentonite) **/

Experience Ne 11 10,0 18,0 1,32 62,48 75,31 2,88
6 (bentonite) **/

Experience Ne 15 3,0 40,0 0,93 29,29 44,6 3,42
7 (bentonite) **/

Experience Ne 6 2,0 27,0 1,32 31,24 90,67 2,83
8 (diatomite)***/

Experience Ne 7 2,0 31,0 5,39 33,57 75,31 2,76
9 (diatomite)***/

*/ The readings given in the table were obtained after standing for more than
two months
filtrates and their repeated filtration;
**/ Bentonite from the Churchuto-Chikheli deposit (sample Ggy,);
***[ Diatomite from the Kisatibi deposit.
Table 2
Chemical composition of Churchuto-Chikheli bentonite before and

after wine filtration

Ne Content, (mg/l)

Ne benTonut SiO, Al,O3 Fe 05 FeO CaO MgO Na,O K,0O SO;
Churchuto-Chikheli

1 (sample Gap); 57,7 16,8 38 - 3,31 1,51 2,6 0,75 0,01
Churchuto-Chikheli

2 after 55,1 17,2 34 0,79 4,3 0,99 2,2 0,8 0,29
Filtering wine

(experience Ne 9)

When studying the clarifying ability of the bentonite under study studied

bentonite and diatomite, more than 15 wine processing options were carried out; the
results of the change in the degree of transparency of the filtered wine over time, as
well as the change in its pH value, for the last of these options are given in Table 3.
The filtered wine obtained in these experiments is initially mostly clear, very clear
and even crystal clear, but after almost every fixed period of time, in some
experiments, a precipitate of a different nature appeared: crystalline, gel-like, cloudy,

so the filtrate was subjected to repeated filtration each time; sometimes there was no
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sediment at all; at the same time, the color of the filtrate also changed: it acquired a
greenish, dark green, brown color, moreover, in some experiments a film formed on
the surface of the filtrate; In all test filtration of preliminary experiments, the filtered
wine was opague and a colloidal precipitate was observed [3, 4]. The data presented
in Table 3 indicate that when using Churchuto-Chikheli bentonite to clarify
homemade wine under the optimal conditions we established, quite satisfactory
positive results were obtained: The transparency of the wine was observed
immediately after filtration and for quite a long time. The diatomite of the Kisatibi
deposit studied in the work was subjected to preheat treated at 500 and 1000°C, as it
Is known [7] that the use of various diatomites for filtering wines is possible only
after they are fired; the chemical composition of the original and calcined diatomite is
presented in Table 4. The amount of diatomaceous earth required for wine filtration,
Is established in advance by trial filtrations; its dosage depends on the type and
composition of the wine, its degree of turbidity, pre-treatment, age, viscosity, etc. [7].
In the first experiments with diatomite, we used tablets prepared by us with a fraction
size of -5 + 4 mm, thermally treated at 105 - 110 and 500 °C; the S : L ratio was
respectively S : L =1 : 11 and 1 : 7. In these experiences, an opaque filtrate was
obtained, in which a weak colloid and a slight precipitate were observed; in the first
of them, swelling of the diatomite occurred, accompanied by its increase in volume,

and partial destruction of the tablets, and in the second, the tablets remained intact.

Table 3
Change in clarity of wine filtered through bentonite
and diatomaceous earth, after certain periods of time
Wine processing option; sample fraction and Holding time of Degree of transparency pH of filtered
Ne drying temperature filtered filtered guilt quilt
Ne guilt, (days) and the nature of the sediment
Bentonite from the Churchuto-Chikheli deposit (sample Gy,)
3 Transparent 6
(no sediment)
Opaque
Lump of air-dry; 11 (dark green color; gel-like sediment; there is film) 6
1 (22 g sample + 100 ml wine; S : L = 1: 4,5); Opague
(experience Neg) 28,5 (dark green color; gel-like sediment; there is film)
Opaque
53,5 (greenish color; a lot of sediment; there is film) 6
Transparent
103,5 (unspecified color) 3,08
3 Very transparent 6
Determining swelling in wine after 3 days; (weak cognac color)
- 0,08+0 mm; 105-110°C;
(2 g sample +100 ml wine; 1 Transparent
(no sediment)
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2 S:L=1:50); Transparent
(experience Ne13) 37 (good color; no plaque and no sediment) 6
87 Transparent 35
5 hours Very transparent 6
After determining swelling in wine through (weak cognac color)
2,5 hours; - 0,08+0 mm; 11 Transparent
105-110°C; (no sediment)
3 (2 g sample +100 ml wine; Transparent
S:L=1:50); 36 (crystalline precipitate; 4
(experience Nel2) there is film)
Transparent
86 (weak cognac color) 2,84
5 hours Very transparent 6
After determining swelling in white wine after (weak cognac color)
2,5 hours; - 0,08+0 mm; 11 Transparent
of air-dry; (no sediment)
4 (2 g sample +100 ml wine; Transparent
S:L = 1: 50); 36 (crystalline precipitate; 4
(experience Nell) there is film)
Transparent 2,88
86 (weak cognac color)
After determining swelling in red wine after | 1 Transparent 6
2,5 hours; - 0,08+0 mm; of air-dry; (dark pink)
5 (2 g sample +100 ml wine; Transparent
S:L=1:50); 23 (slight sediment; 6
(experience Nel5) there is a plaque)
73 Transparent 3,42
Diatomite from the Kisatibi deposit
5 hours Very transparent 4
(good color)
In a separating funnel; 13 ,\t‘t? L co_mple;t_ely tiansparent 4
6 ~1.0 + 0,4 mm; 500 °C; (there is sediment)
(S:L=1:8); 54,5 Not co_mplet_elytransparent 4
(experience Ne 6) (there is sediment)
104,5 Not completely transparent 2,83
(there is sediment)
5 hours Crystal clear -
3 Crystal clear 5
In a separating funnel; 125 Transparent 5
~1.0+ 0,4 mm: 1000 °C: e E\;he(;g is sediment)
7 (S:L=1:7); : uedy
(experience Ne 7) Darkened
53,5 (Brown color; 5
there is a brown residue)
103,5 Darkened 2,76
(Brown color)
Table 4
. .y . - . 0
Chemical composition of the original and heat-treated (at 500 and 1000°C)
diatomite from the Kisatibi deposit
Neo Diatomite from the Kisatibi Content, (%)
Ne deposit
Sio, Al,O3 Fe,03 FeO CaO MgO Na,O K0
1 Initial sample 71,5 52 14 0,14 1,36 0,66 1,2 0,5
2 -«- 83,5 59 1,6 0,14 1,53 0,86 1,2 0,5
t=500°C
3 -«- 88,3 7,0 1,6 0,11 1,64 1,0 1,2 0,5
t=1000°C

In experiments Ne 6 and Ne.7 (Table 3), a fraction of -1,0 + 0,4 mm was used,

the calcination temperature of diatomite was 500 and 1000 °C, respectively; the wine

was filtered the same day. In experience Ne 6, the ratio S : L = 1 : 8; filtrate volume

57,6 ml; pH = 4; initially the filtered wine was completely transparent and of good

color, but after 13 days of standing it became not entirely clear and sediment

appeared; subsequent filtration at certain intervals did not make the filtrate
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transparent; the of standing time in this experiment was 104,5 days.

In experience Ne7, the ratio S : L = 1 : 7; filtrate volume 69,6 ml; pH = 5;
although the initial contact time of the wine with diatomite was only 5 hours, an
increase in iron content was already observed in the filtered wine compared to the
original wine (Tablel); for diatomite, the best result was obtained here: the initially
filtered wine was crystal clear, but remained that way for only 3 days; already after
12,5 days, which was still transparent a precipitate appeared in the filtrate; after 28,5
days the filtrate became cloudy, and after 53,5 days it turned brown and a brown
precipitate formed; subsequent filtering did not correct the picture; the total holding
time in this experiment was 103,5 days.

Thus, despite the fact that in the experiences carried out, after filtration through
diatomite, the wine initially comes out transparent, but during aging it does not
acquire stability. As noted in [7], this is explained by the fact that wines filtered
through diatomites, but not treated with bentonite, become cloudy; filtration through
diatomaceous earth does not replace the operation of treating wine with bentonite,
gelatin or other fining materials, however, sometimes only filtration through
diatomaceous earth gives a good result; In addition, the filtering ability of various
diatomites depends on their origin, and also, to a greater extent, depends, as already
noted, on the composition of the wine being filtered.

We also assessed the brightening ability of clinoptilolite from the Dzegvi
deposit and perlite (expanded) from the Paravani deposit. In experiments with zeolite,
we used tablets prepared by us with a fraction size of -5 + 0 mm and thermally treated
at 300 °C. After adding wine, a violent reaction immediately began and everything
began to boil, with the zeolite tablets collapsing and the separating funnel heating up
from the heat generated. The wine was practically not filtered, since particles of
disintegrated zeolite, penetrating through the pores of the filter, stirred up the filtrate
and passed into the receiver along with the wine.

In experiments with perlite, a fraction of -1,0 + 0,4 mm was used; calcination
temperature was 500 °C; since here, after adding wine, perlite immediately floated to

its surface, the experiment had to be stopped. The following experiment was carried
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out in a Schott filter; for this purpose, a tablet measuring 23 x 6 mm was prepared.
After adding wine, a rapid release of bubbles immediately began, the tablet began to
gradually collapse; the filtered wine turned out clear, but darker than the original;
pH = 6; after 20 days the filtrate became cloudy and dark brown in color; pH = 6; a
brown precipitate formed. Thus, the tested zeolite and expanded perlite turned out to
be unsuitable for clarifying wine.

Based on all the results obtained from the study of mineral sorbents, we can
conclude that in laboratory conditions for small volumes of homemade wine, the
optimal clarification option has been established using only Churchuto-Chikheli
bentonite, in which a transparent filtrate is obtained, which exhibits stability during
aging and retains its transparency; since this bentonite largely meets the industry

standard requirements, it can be recommended for wine clarification.
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Introduction. Mechatronic strain gauge systems have been widely used for a
long time to measure deformations in scientific research and to ensure the functioning
of technical systems. Today, the fundamental problems of fundamental problems
regarding the principles of operation and practical issues regarding design,
manufacture, and use of strain gauges and and strain gauge measuring systems.

Mechatronic systems. A typical mechatronic system includes a mechanical
base structure, actuators, sensors, controllers, signal converters, digital computers,
and software [1]. It should be emphasized that a mechatronic system consists of
purely mechanical, electrical, and electronic components that interact with each other
in such a way that the entire system functions as a whole to provide the intended
functions in accordance with its purpose. Accordingly, a strain gauge system that
measures the deformation of an object by converting it into an analog electrical
signal, further analog-to-digital conversion, and processing the results on a computer
using mathematical models and software is a mechatronic system, since it contains all
the components inherent in a typical mechatronic system. The field of knowledge in
which mechatronic systems are considered is commonly called mechatronics [1], and
this field of knowledge is developing intensively today. Mechatronics encompasses
the results of physics, mechanics, electrical engineering, electronics, and makes
extensive use of mathematical methods based on the concepts and results of integral
and differential calculus, mathematical physics, and the theory of differential

equations. This greatly complicates the study of mechatronics, as it requires
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considerable theoretical training in areas of knowledge that are traditionally taught
separately at universities, such as mechanics separately from electrical engineering
and electronics and vice versa.

In contrast to mechanical and electromechanical systems, mechatronic systems
have significant advantages, as they can significantly expand the capabilities of the
products in which they are incorporated due to the presence of electronic
components. This expansion is possible due to the inherent properties of mechatronic
systems, which provide much greater capabilities for determining the current state by
processing sensor measurement results and generating control signals using complex
mathematical models.

Principle of operation, construction and connection of strain gauges. A
strain gauge is a device for measuring deformation, which is based on a change in the
electrical resistance of a conductor when it is deformed [2], which has the following

form:
_:SA_’ (1)

where AR and R - change in resistance and conductor resistance
corresponding to zero deformation;

S, — strain sensitivity coefficient;

Al and | — change in length and the length of the conductor corresponding to
zero deformation.

The strain sensitivity coefficient in dependence (1) depends on the geometric
dimensions of the conductor, but most of all on the material [2].

A typical strain gauge design is shown in Fig. 1 [3].
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1 —sensing element; 2 — substrate; 3 — binder; 4 — object under study;
5 — protective substance; 6 — soldering (welding) unit; 7 — lead wires

Fig. 1. Typical design of a strain gauge
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The sensing element of the strain gauge can be a metal ultra-thin wire or foil
that changes the resistance to deformation, which is transmitted from the object under
test through the binder and the substrate; the sensing element can be covered with a
protective substance. The choice of the size and material of the sensing element, the
material of the substrate and the method of fixing the sensing element on it, the
material and method of applying the binder and protective substance, the technology
of soldering and fixing the lead wires are well studied today [1, 3]. The characteristic

length of the strain gauge sensing element (Fig. 2) is called the base [4].

a)

Fig. 2. Connection of strain gauge to the measuring system

according to the potentiometric (a) and bridge (b) schemes

The strain gauge is connected to the measuring system with lead wires (Fig. 2).
The connection is made as follows, that the tension U, of the power supply is
converted into a measuring voltage U, depending on the change in resistance R'y load
cell. The advantage of the bridge circuit is that in the absence of deformation, the
measured voltage is zero.

Analog signal in the form of measured voltage U,, (Fig. 2) can be measured
with a conventional voltmeter, or it can be processed on a computer after analog-to-
digital conversion.

The use of strain gauges. The widespread use of strain gauges is based on the
fact that mechanical deformation can result from a variety of processes. Indeed, the
measured mechanical strain can be used to determine physical quantities that
characterize the processes that led to this strain. Due to this, strain gauge measuring
systems are used to measure various physical quantities, namely, to measure mass,
displacement, pressure of media, accelerations, vibration characteristics, and torques
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[5]. A prerequisite for the use of strain gauges to measure a certain physical quantity
Is the processing of measurement results in accordance with pre-known laws that
determine the effect of the measured quantity on the deformation of the sensitive

element.
As an example of the use of strain gauges, Fig. 3 shows a diagram of mass

measurement.

Y, ?;
\\ S

1 — measured load; 2 — load platform; 3 — guides;

7

4 — pusher; 5 — strain gauge housing
Fig. 3. Using load cells for mass measurement

In this scheme, the mass of the measured load (Fig. 3, 1) is transferred by
gravity through the load platform (Fig. 3, 2), which moves progressively along the
guides (Fig. 3, 3), to the pusher (Fig. 3, 4), which deforms the elastic element located
in the housing (Fig. 3, 5), on which the strain gauge is fixed. By measuring the
deformation of this strain gauge, we can determine the force that caused the
deformation of the elastic element based on the data on the stiffness of the elastic
element; this force will correspond to the weight of the measured load, from which
we can determine its mass.

Conclusions. The further development of strain gauge measuring devices and
systems today is carried out mainly through the improvement of their electronic
components, the use of digital converters and software processing of results on a
computer using mathematical models. Such an approach to improving strain gauge

systems requires considering such systems as mechatronic.
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Annotation: To obtain dispersion-hardened nickel alloys that do not contain
chromium, an unconventional technology of reaction sintering was used. VVolumetric
changes during sintering were studied and the influence of alloying components on
their nature was established. The technological plasticity of the compositions was
studied depending on the alloying components, and the physical and mechanical
properties and heat resistance were determined. A positive effect of aluminum on the
formation of all properties of dispersion-hardened nickel alloys was established.
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The basis of the technology for obtaining dispersion-hardened alloys is
mechanochemical synthesis. The disadvantages of this method, despite the uniform
distribution of the inert hardener, include an increased content of interstitial
Impurities, a decrease in plasticity and other physical and mechanical properties.
With solid-phase sintering, which is used to obtain dispersion-hardened materials, the
effect of heredity of the powder composition is preserved, which is typical for the
production of almost all powder compositions. This technology causes low impact
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toughness, fatigue strength and technological plasticity.

Reaction sintering, thanks to the development of new theoretical concepts
within the framework of the synergetic approach and the experimental study of the
thermokinetics of exothermic reactions [1, p. 28], has become a technology that, due
to the high rate of crystallization during reaction synthesis, makes it possible to
eliminate the heredity of the powder system.

High crystallization rate with temperature rise is provided by exothermic
reaction of intermetallic synthesis or any other compound under external isothermal
heating conditions. Crystallization rate can be indirectly determined by the rate of
temperature growth during exothermic flash, which is more than 20,000 K/s. In fact,
the material loses hereditary structural defects of the powder body, which leads to
increased plasticity, impact toughness and, above all, fatigue strength. This is a
consequence of irreversible processes during reaction interaction of components.
Both dispersion-hardened and conventional heat-resistant nickel materials were
created on the basis of chromium-containing alloys by additional alloying with
transition metals, but targeted scientific substantiation of the composition and
properties of such alloys is currently absent. In addition, the main solid-solution
hardener chromium reduces the heat resistance of the materials.

The aim of this work was to create a technology for producing, using reaction
sintering, dispersion-hardened nickel superalloys without chromium with an
increased content of elements that form nickel intermetallic compounds with an
increase in high-temperature strength and technological plasticity for thermal
protection of the surfaces of reusable spacecraft at temperatures up to 1200 °C.

Carbonyl nickel powder with a particle size of less than 10 um was chosen as
the basis for the alloys being developed, which made it possible to avoid using
mechanochemical synthesis of the alloy [2, p. 24]. In addition, the powders of the
main alloying components (niobium, molybdenum, titanium and aluminum) had a
size of less than 40 pum, which contributed to accelerated homogenization of the
alloy. Yttrium oxide was introduced by chemical precipitation onto carbonyl nickel

powder from aqueous solutions of yttrium salts.
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To obtain a more uniform yttrium nanopowder during co-precipitation, nickel
oxide was introduced into it (with this technology, Y,O; nanoparticles did not
coagulate and were evenly distributed on the surface of nickel particles).

After that, the remaining alloy components were introduced into the mixture:
aluminum and other metals that strengthen both the solid solution and those that form
intermetallics with nickel. Mixing was carried out in an eccentric mixer for 8 hours.

The compaction processes of powder metal mixtures in steel molds were
studied on real mixtures to establish acceptable compaction pressures and their effect
on the density of compacts. In this case, the compactibility of the mixtures was
determined.

The relative density and porosity (open, closed, total) were determined by the
hydrostatic method. It was found that due to the high plasticity of the nickel base and
alloying components, the mixtures are well compacted. The main alloying
components were introduced within the maximum content in the nickel solid
solution.

At a pressing pressure of 600 MPa, compaction samples with a relative density
of about 77-80% are obtained. Sintering of the compacts was carried out in a
resistance furnace with an inert gas atmosphere or in a vacuum. When studying
volumetric changes during sintering, it was found (Fig. 1) that growth of samples is
observed in the entire temperature range.

Moreover, with an increase in temperature, an increase in the volume of
samples to a certain value occurs, after which a tendency to a decrease in the growth
value is observed.

The increase in volume is due to the process of dissolution of refractory
components, including nickel, in liquid aluminum. As soon as liquid aluminum
appears, the reaction process begins almost instantly. The results of studying the
influence of the initiation and sintering temperature, as well as the composition on the
nature of volumetric changes, indicate the possibility of controlling the compaction

process during reaction sintering.
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Fig. 1. Volumetric changes during reaction sintering of compositions: Ni-
10AI-1Y,03-5Mo (1), Ni-10Al-1Y,05-5M0-2Ti (2), Ni-8Al-1Y,05-3Mo-2Ti (3)

To study the technological plasticity, four compositions were selected, which
are extremely saturated solid solutions based on nickel.

This is due to the need to determine the contribution to the strengthening of the
solid solution of each of the four alloying components: aluminum, niobium, titanium
and molybdenum, which in almost all cases are introduced into the composition of
the developed and developing nickel heat-resistant alloys. Since during sintering of
these compositions due to unipolar processes of diffusion and reaction dissolution it
Is impossible to achieve a density close to the theoretical one, cold rolling was used
for compaction.

It should be noted that compositions with aluminum and niobium allow high

degrees of compression (Fig. 2) without the use of intermediate annealing, which is
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especially important in the production of thin sheet metal and foils for honeycomb

heat-protective panels of hypersonic aircraft [3, p. 105].
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Fig. 2. Permissible degrees of cold rolling without intermediate annealing of
alloys: Ni-30Mo0-0.5Y,03 (1), Ni-15Nb-0.5Y,05 (2), Ni-11.60Ti-0.5Y,03(3),
Ni-2Nb-8Al-0 ,5Y,03 (4)

An example of thin sheet rolled products from the obtained alloys (Fig. 3)
without intermediate annealing was the production of tapes with a thickness of
500 um.

However, the possibilities of further reduction of thickness up to the production
of foil were not fully utilized.

The study of the physical and mechanical properties of the compositions
obtained on the basis of extremely saturated solid solutions of alloying traditional
metallic nickel hardeners (Table 1) made it possible to identify the most effective

components.
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b
Fig. 3. Blanks of rolled nickel alloys without annealing with a degree of
compression of more than 95%: Ni-2Nb-8Al-0.5Y,0; (a), Ni-15Nb-0.5Y,0; (b)

The obtained results indicate the highest efficiency of nickel strengthening with
aluminum both at low and at high temperatures. It should be especially noted that the
deformed alloy alloyed with aluminum after a high degree of deformation has high
plasticity. Elongation is 22.4%. In addition, at 1000 °C it has a fairly high short-term
strength. This is due to the fact that during reaction crystallization, yttrium oxide
nanoparticles do not have time to coagulate and are located throughout the entire
volume of the intermetallic compound, part of which disintegrates and passes into a

solid solution.
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Table 1

Physico-mechanical properties of nickel reaction-sintered alloys

Characteristics T, European Ni-Mo- | Ni-Nb- | Ni-Ti- Ni-Al-
°C analogue 0,5Y,0;5 | 0,5Y,05 | 0,5Y,04 0,5Y203)
Alr,
Working : 0 Air to 850 °C; CO+CO,
environment Alr to 1100 °C CO+CO, to 900 °C to 01200
C
Density, kg/m3 8300 8805 8612 7656 7495
20 738 947.,4 578 781 1980
Tensile strength, 800 231 i i )
o MPa 1100 45 - - - 304,8
1200 - 38 17,2 19,4 75,0
20 364 808 520 408 1137
Yield point, og,, 800 228 )
MPa 1100 40 i i 286
1200 - 19,44 11,8 18,41 12,2
20 36,5 7,3 17,3 3,2 22,4
Relative 800 36,7 - -
elongation,
0% 1100 32,8 - - 5,8
1200 - 11,9 36,6 2,92 440

During cold rolling, nano-dispersed inclusions of inert oxide located inside the
nickel solid solution line up along the direction of deformation and are the initiators
of strain aging. The study of cyclic heat resistance was carried out with 20 minutes of
isothermal exposure in an air environment and cooling to room temperatures (Fig. 4)
and showed the special role of aluminum in the formation of high heat resistance of

nickel-based materials compared to other alloying metals.
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Fig. 4. Cyclic heat resistance of nickel-based alloys at exposure for 20 minutes
per cycle: (1) Ni-8Al-8Nb-0.5 Y,03, (2) Ni-10Al-0.5 Y,0,

The introduction of niobium at an aluminum content of 8% does not affect the
heat resistance of the alloy even at a niobium content of up to 8%, while an alloy with
a low aluminum content loses heat resistance and peeling of the oxide film is
observed (Fig. 5).
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Fig. 5. Cyclic heat resistance of nickel-based alloys Ni-15 Nb -2 Al-0.5 Y,03 at
exposure for 20 minutes per cycle at temperatures (1) 1200 °C and (2) 1300 °C

Thus, it can be concluded that in nickel dispersion-strengthened alloys without
chromium, the main role in increasing technological plasticity, heat resistance and

heat resistance is played by aluminum. Maintaining high plasticity after deformation,
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alloys with aluminum have a sufficient reserve for increasing heat resistance, which
must be taken into account when designing thermal protection systems (TPS) of

reusable space systems currently being developed.
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VJIK 004.62
CINLJIbHA POBOTA BEB-JIU3AHY TA BEB-PO3POBKH IS
CTBOPEHHS BEB-CAWTIB

IMaBenuak-anuiaok Oubra boraaniBHa
K.T.H, CTaplIM{ BUKJIaAa4

YopTKiBChKHI HABYAIbHO-HAYKOBUN 1THCTUTYT
nianpueMHuITBa 1 013Hecy 3YHY

M. HopTtkiB, Ykpaina

AHoTamisi: Pi3HUIA MK BeO-Au3aitHOM 1 BEO-pO3pOOKOI0 € BaXKJIMBOIO, 11100
J03BOJIUTH TIpodecioHanaM Crelliani3yBaTucsa y BIAMOBITHUX cdepax 3HaHb. Ko
JIOJTA PO3YMIIOTh CBOi KOHKPETHI POJIi Ta 000B’A3KHU, BOHH MOXKYTh 30CEPEAUTH CBO1
3yCWIJISI Ha BJIOCKOHAJICHHI KOHKPETHUX HEOOXIJHUX HABUYOK, IO 3PEIITOI0
npu3Bene A0 OuTbil e(deKTUBHOTO Ta edexTuBHOro BeO-caiTy. KpiMm Toro, mojin
MIPOCKTYBaHHS Ta PO3pOOKH 3abe3nedye ONTUMI3alil0 poOOYoro Mporecy Ta
CHIBIpAIl0 MK eKclepraMd B OKpeMux obOnactsax. BeO-guzaliHepu MOXKYTb
30CEpPEAUTHCS Ha CTBOPEHHI BI3yaJbHO MPUTOJIOMIIUTMBUX 1HTEp(]EiciB KOpUCTyBaya,
HEe TypOyHYHCh TMpPO TEXHIYHI JeTalll, TOJl SIK BEO-PO3POOHUKU MOXKYTh
30CepeANTHCS Ha KOAYBaHHI Ta onTuMizaiii GyHKIIH, HE OOTSHKYIOUHUCHh acTieKTaMu
NV3aiHY.

Kuarw4yoBi ciaoBa: BeO-caiiT, BeO-mu3aiiH, BeO-po3poOKa, TEXHOJIOTII,

aJanTUBHUHN AU3aiiH, 4aT-00T, iHTEepdeHC.

Mu >xuBeMo B TOM vac je 6e3 TexHOJoTii He Oyno 6 iHTepHery. TexHomorii
CIIYTYIOTh JIJISl TIOKpAIIEHHS IIU(PPOBOTO CBITY 1 TOTO, SIK MU 3 HUMH B3a€EMOJIEMO.
CydacHl TeXHOJOTli € HaA3BMYalHO BaXJIMBUMHU Yy BeO-IM3aliHl, MPOMOHYIOUH
pPI3HOMaHITHI ~ IHCTPYMEHTH Ta  METOIW, SKI  BeO-IM3aliHEpH  MOXKYTh
BUKOPHCTOBYBATH IS CTBOPEHHS IIKaBUX Ta 3pYYHUX JJIs1 KOPUCTyBaya BeO-CaiTiB.
VY cydacHoMy 1upoBOMY CBITI BEO-CaiTH BIAITPAIOTh BUPIIIAIBHY POJIb Y 3B SI3KY

KOMITaHIM 13 IITbOBOIO ayautopiero. Koiam cmpaBa AOXOAWTh 1O CTBOPEHHS
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YCHIIIHOTO BeO-cailTy, HEOOXIAHO 3pO3YyMITH PI3HUIIO MDK BeO-AM3ailHOM 1
BE0-pO3pOOKOIO.

Mertoro gaHO1 CTaTTI € TEXHOJOTI K1 BIUIMBAIOTh Ha BEO-AM3aiH 1 PO3pOOKY
CalTiB, a TAKOX CTPYKTYpPH3AIlisl €TAlliB CTBOPEHHS CATy 3 TOUKU 30py MapKeToJora,
BUSIBJICHHS ~ HaWOUIbII BaXJIMBUX  XapaKTePUCTHK JUIsI  BUOOpY  I1abJIOHY,
IHCTPYMEHTIB CTBOPEHHS Ta ONTHUMI3allli CanTy.

3 MOSIBOI0O HOBHUX TEXHOJIOTIM 3MIHIOIOTHCS 1 TAKTUKH, SKI BUKOPHUCTOBYIOTH
BeO-M3aiiHEpH IS CTBOPEHHS HOBOTO PIiBHA JW3aiHy Ta (PYHKIIOHAJIBHOCTI
BeO-caTiB. SIK TeXHOJIOTii BIUIMBAaIOTh HAa BeO-AM3allH - aKTyaJdbHa TeMma I
BeO-M3aliHepiB, 1 BOHU MOBHHHI UTH B HOTY 3 HOBHMHM TEXHOJIOTiIMH, 100 iXHI1
BeO-CaliTH HE BUTIIAIATIU IPUMITUBHUMU MOPIBHSAHO 3 KOHKypeHTamu [1, c. 120].

AHani3 oOCTaHHIX JAOCHPKeHb Ta myoOmkauid. JlocaimkeHHsMu B cdepi
CTBOPEHHSI Ta ONTHUMI3allli CaliTy 3aiMaluCh BITUM3HSHI Ta 3apyO1XKH1 YU€Hi, Taki, sIK
C. M. Inmnsamenko, . Kokpywm, I. JI. JIutoBuenko, I'. B. Mo3srosa, O. M. My3uka,
O. H. Pomanencka, 1. B. Ycnencbkuil Ta iHmIl. 13 po3BUTKOM PUHKOBHUX BIJIHOCUH B
Mepexi [HTepHEeT, TosiBOI0 HOBHX 1H(MOPMAIIHHUX TEXHOJOTIH 3MIHIOIOTHCS 1
MOXJIMBOCTI CTBOPEHHS CaWTy Ta BUMOTH 10 Hboro. lle 3ymoBitoe HEOOXITHICTH
MONIYKY HOBMX IIJIXOJIB JJO CTBOPEHHS CalTy 3 ypaxXyBaHHSIM CYYaCHHX PHUHKOBUX
BUMOT Ta IHHOBAIITHUX MOXJIMBOCTEH 1HPOPMAIIMHUX TEXHOJIOTIH.

Ha miif morisia, ogHUM 13 HallepeKTUBHIIIMX IHCTPYMEHTIB KOMYHIKAI[IH, SIKHUi
J03BOJISIE  JTISITH  TJI00anbHO, IIYKAaTH KITIE€HTIB, MapTHEPIB, MOCTAYAIbHHUKIB €
KOpIiopaTUBHMI caiiT (abo cuctema caiTi) [2, C. 230; 5, c. 75].

Jns posmupeHHsi KaHaimy 30yTy OyAb-fika KOMIIAHIS MOBHHHA HE TUIBKU
BikpuBaTH (Pimii, a 1 BUKOPUCTOBYBATH MICIIC PO3TAIIyBAaHHS SK OJWH 13 KaHaJiB
30yTy cBO€i npoaykiii. ToMy cailT € oAHUM 13 CIIOCOOIB OTPUMAHHS NMPUOYTKY JIsI
KOMITaHii. 3BUYAfHO, 116 MOXJMBO 32 YMOBU CHCTEMHOTO MIiAXOAY /10 CTBOPCHHS,
BU3HAYCHHS CTpaTerii PO3BUTKY Ta pallioHATHLHOTO BUKOPUCTAHHS BCiX HEOOX1THUX
eneMeHTIiB. Po3poOKy calTy ciiji Mo4YMHATH 3 BU3HAYEHHS IMAOJIOHY [JIs HOro
CTBOpPEHHsI. 3a pe3yJbTaTaMu MPOBEICHOTO JOCTIHKEHHS CHCTEMaTU30BaHO OCHOBHI

TUIIOB1 €Tany CTBOPEHHsI BeO-pecypcy kKoMmaHii (puc. 1).
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I etan

Bu3sHaueHHs 1iIeH Ta MO3UILIOHYBaHHS Yirke OaueHHs BUTIISLY MaliOyTHHOTO
Ha PHHKY cauty

I eTan

7

Bubip incTpymeHTa /Ui CTBOPEHHS Amnauni3 pusaky 110 ta BuOip
calTy HaKpamioro BapiaHTy

III eTan

7

BuGip ma6iony BusHadeHHs 111a0JI0HY 3 ypaxyBaHHSIM

e

HanoBHeHHs caﬁTy KOHTCHTOM Ta p060Ta 3 111a0JJ0HOM

=

SEO-ontuMizartist

| I

AHauni3 epeKTUBHOCTI CalTy

Puc. 1. ETanu cTBOpeHHd cailTy

Jlxepeno: po3po0sieHO aBTOpaMHu 3a Jxepenamu [5; 7]

[lepmr 3a Bce, HEOOXITHO BU3HAYUTHUCSA 3 IUISIMU CTBOPEHHS caity. OmHiero 3
MPUYHMH MOKe OyTH Bpa)K€HHs croxuBaya (1100 BOHO OyJ0 SICKpaBUM 1 HalIOBHEHUM
Oaratbma oOpa3zamMu) a00 CTBOPEHHS IMITKYy HAIIMHOCTI (TOMY TpHU CTBOPEHHI
JU3aliHy CalTy Kpaiie BHUKOPHUCTOBYBAaTH CTpUMaHI TOHH). BcTaHOBIEHHA
MPUHAJIEKHOCTI J0 TI€T UM IHILIOI TPYNH HAA3BUYANHO BAXKIMBO, OCKIJIBKUA JO3BOJISIE
c(opMyITIIOBaTH OCHOBHY KOHIIETILIIIO CANTY.

HactynHum eranom cTBOpeHHs BeO-cailTy € BuOip madiony. Benuka nomuka
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OaraTpox (axiBI[IB Ha JAHOMY €Talll IMOJIATAE B TOMY, III0 OCHOBHUM (aKTOPOM Yy
BHOOP1 € xoporri 300pakeHHs. B pamkax mocmimkeHHs Oyiau BHU3HAYEHI OCHOBHI
KpUTepii BUOOPY MOJCTI:

— mabioHHI pUGTH (SIKIO0 KOMITaHisl X0ue BUAUIMTHACS HA PUHKY, HEOOX1THO
BUOUpaTH He3BHYAKHI mpudTH, a He Times New Roman);

— 300pakeHHS B IIa0JIOHI 3pa3Ka HepeJieBaHTHI, OCKUIBKM iX HEMae B
npua0aHOMY IIa0JIOHi;

- KimrouoBi Hanpsmu 11 kommnasii (Hanpukian, ko e I'T-kommanis, BapTo
MOJMBUTHUCS, SK BUTIISAAE TOPTQOIIO, amKe IMe OAWH 13 KIIOYOBUX EJIEMEHTIB,
3aBASKUA IKOMY MAalOyTHIM KJIIEHT MOKe OyTH BIIEBHEHHIl, IO KOMIIaHII MOXe OyTH
YCHINIHOIO 3 YIIEBHEHICTIO Yy BAIlIOMY TIPOEKTI).

HactynHum kpokom Oyzae aHaii3 BeO-caiTiB-kOHKYypeHTiB. Komu Mapkerosior
Ipaloe Haja CaiToOM, MOro MOXJIMBOCTI MO CTBOPEHHIO (DYHKIIOHAJIBHOI YaCTHHHU
obmexeni. IIlo6 3po3ymiTH, SK 3poOHTH BeO-CaT NPUBAOIMBUM, HEOOXI1THO
MOPIBHATU CalTH-Iiiepu puHKY. lle 3aomanute yac i ckiajne npubInM3Hy KapTUHY
BJIaJIUX pIlIeHb JUIsi oOpaHoi cdepu MisUNIbHOCTI, a TaKoX MOXHa Oyae 3poOutu
BHCHOBOK TIPO T€, YOTO Kpalie He poOuTH.

[Ticnst TOoro sk BU CTBOPWIIM IIAOJIOH CalTy 1 HANMOBHUJIM HOTO KOHTEHTOM,
BOXJIMBUM KPOKOM € mepeBipka opdorpadii, OCKITbKM HaBITh HAMMEHII MTOMUJIKH
MOXYTh 3aJMIIUTH TOTaHE BPAXXEHHA MNpPO KommaHito. OcoOIMBO 1€ CTOCYETHCA
aHTJIOMOBHHUX BeO-CaiiTiB, CTBOpeHUX He HocisMH 11i€i MoBH. 1106 Bam BeOG-caiT
no0aYnIM MOTEHI[IHI KJIIEHTH, BIH MOBUHEH B10Opa)kaTHCs B MOUIYKOBIN cUCTEMI
Intepuery. g nporo BukopuctoByerbesi SEO-ontumizanis. HanamryBatu cait mia
MOIIYKOBI CUCTEMHU.

st Toro, mo6 cailT ctaB e(peKTUBHUM 1HCTPYMEHTOM IHTEPHET-MapKETUHTY,
HEOOXITHO TIOCTIMHO TIpaIloBaTH HaJ Woro Moaudikaiiero Ta KOHTPOIIOBATH
koHkypeHIito. I1lo6 caiitom Oyio 3pydHO KOPUCTYBATHCS, BiH TOBUHEH IMPAIIOBATH
IITBUIKO.

S0 BU IIyKaeTe HOBITHIO Ta HaWKpally TEXHOJIOTiI0 BeO-Iu3aiiHy, OCh

KUIbKa HamlpsIMKIB, Ha sIKI BapTO 3BEPHYTH YyBary. YoMy BaKJIMBO pPO3PI3HATU
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BeO-amn3aiiH 1 Be0-po3pooky? [lomymaiite npo 11e Tak:

Hanpukiang MokHa ysSIBUTH 3BUYAHUN B3yTTEBUN MarasuH, apXiTeKTypa i cam
IU3aiiH MarasvHy Bi3yaJbHO MPUTOJIOMIIUIMBHM, aje 4OMYCh IMOJHUII TOPOXKHI Ta
HeBrnopsaakoBaHi. Kiientu 6ynu 6 3aimydeHi IpUEMHOIO €CTETHKOIO, ajle 3aTUIIIINCS
pPO34apOBaHUMH 4Yepe3 BIACYTHICTh MpOIyKIlii. Takok MOXHa YSBUTH MarasuH 13
MOBHICTIO YKOMIUIEKTOBAHUMHU TOJIMIISIMU, ajie 30BHILIHINA BUIIIAN Oa)kae Kpamioro,
30BHIIIHS (papba oOMyIIyeThCs, BUBICKM 3acTapiia, a MakeT 3amurytanuil. [lTokymii
MOXYTh HaBiTh HE 3alTM B MarasWH, BBa)XKalO4yW, IO BiH 3acTapuivii abo
HenpodeciiHu.

Taki >k IpUHITUIIA MOXHA 3aCTOCYBaTH 1 0 B€O-CalTIB.

IcHye 4iTke pO3MEXyBaHHS MDK BeO-Iu3aiiHOM 1 BeO-po3poOkoro. B
MalOyTHbOMY 1€ TapaHTye, W10 BeO-callTh MOXyTh OyTH SK €CTETUYHO
MPUBAOJIMBUMHU, TaK 1 HYHKIIOHATHEHO €(PEKTUBHUMHU.

Konun HeoOXimHO CTBOpUTHU BeO-CalT, BAXKIMBO 3PO3YMITH PIZHUIIO MIXK
BeO-IM3aliHOM 1 BeO-po3poOKkoro. BeO-nuzaitH Hacammepea 30CepemXKyeTbesl Ha
BI3yaJIbHUX €JIEMEHTaX 1 B3aeMojii 3 KopucTyBauem BeO-caiity. lle mepenbauae
CTBOPEHHS TPUBAOIMBOTrO Ta IHTYITUBHO 3p03yMLIOTO IHTEp(ENCy, SKUl TpUBaOIIIOE
BIIBIIyBauiB 1 3a0e3medye TpPUEMHUN J0CBiA  meperisay. Beb-muzaiinep
BUKOPUCTOBYE PI3HI IHCTPYMEHTH Ta METOIM JJIsi ONTHMI3allii MakeTa, TUrnorpadiku
Ta rpadiku BeO-caliTy, 110 pOOUTH HOro Bi3yaJIbHO NPUBAOIUMBUM 1 MPOCTHUM Yy
Hapiraiii. ToOTo € TexHIYHA 1 Bi3yajbHa (MpuBabiMBa) CTOPOHU BEO-CaNTy.

3 iHImoro 60Ky, BeO-po3polKa B MepITy Yepry CTOCYEThCSI TEXHIYHOT peatizalii
Ta (yHKIIOHAIBHOCTI BeO-caiiTy. lle BKiIIO4Yae HamucaHHS KOJQy Ta MOB
porpaMyBaHHs, 1100 0KUBUTH IM3aiiH BeO-CaliTy Ta akKTUBYBAaTH HOTO 1HTEPAKTHUBHI
¢ynkuii. BeO-po3poOHUK BiANOBIIa€ 32 CTBOPEHHSI OCHOBU BEO-CailTy, rapaHTyIO4H,
mo BiH (YyHKIIOHATbHUM, aJalNTABHUA 1 CYMICHHUH 3 PI3HUMH MPUCTPOSIMHU Ta
Opay3epamu.

Poni BeO-au3aitHepiB 1 BEO-pO3pOOHUKIB y CTBOPEHHI BeO-CalTIB TICHO
MeperunTaroThesa. Beb-mu3aifHep CTBOpIOE 3aradbHUN BUTJSI BeO-CalTy, 4acTo

BUKOPUCTOBYIOUM MporpaMHe 3a0e3mnedeHHs sl po3poOku, Hampukiaa: Adobe
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Photoshop a6o Sketch. Bonu cmiBnpamiorore 13 BeO-po3poOHUKAMH, TI00
3a0e3neynT e(heKTUBHE BTUICHHS TXHIX KOHUEMNIIN MW3aifiHy B KOJ. 3 1HIIOTO OOKY,
BeO-pO3pOOHMKM  TMpalIoTh  HAJ ~ peadizamielo  Jau3aiHy, CTBOPEHUX
BeO-M3aiiHepaMu, BUKOPHCTOBYIOUM Taki MoBHM mporpamysanHs, sk HTML, CSS
abo JavaScript.

Bapro 3BepHyTM yBary Ha KUIbKa HalpsMKIB HalKpammx TEXHOIOT1H
BeO-M3aliHy:

1. ApanTuBHUN nu3ailH — 1€ BeO-po3poOKa, sSiKa BpPaxXOBYeE Ta pearye Ha
MOBE/IIHKY KOpHCTYBadiB 1 cepenonuiie. Lle o3navae, mo BeO-caiiTi MOBUHHI J00Ope
MpaloBaTl Ha pI3HUX po3Mipax ekpaHa Ta MmiaaTtdpopmax. Bu konu-HeOynb
B1JIBITyBaJiu BeO-cailT, akuil OyB axJIMBUM Ha TeJe(oHi, aje 4yJ0BO MpaIfoBaB Ha
HOYTOY11? SIKIIO TakK, TO 1€ XOPOIIMH MOKa3HUK TOrO, 110 BeO-CalT HE 1HTErpyBaB
aJanTUBHUHN NHU3aliH y mpoliec BeO-po3poOku. be3 TexHoorii afanTuBHOTO JU3aiHy
BaM JIOBeJOCsl O CTBOPIOBATH OKpeMi BeO-CalTh JUIsl pi13HUX IIAaTGOPM 1 pO3MipiB
MoOHITOpiB. OJHaK aJaNTUBHUM JU3ailH BUXOJWTh 32 pPaMKH POOOTH BaIIOrO
BeO-caliTy Ha eKpaHaxX pi3HUX po3MmipiB. HaromicTh amanTuBHUN au3aiiH — 11e
CTBOpPEHHS 3py4yHOro 1HTepdeiicy s Bciei ayauTopii. Y mporieci po3poOKu
MepeKoHanTecs, 10 I[I€ HE BIUIMBAE HA B3aEMOII0 KOPHCTyBaua 3 BeO-CaliTOM.
BinsimyBaui Bamoro BeO-caiiTy MOBHHHI MaTH MOYKJIUBICTH JIETKO TEPEMIIIATUCS 10
HbOMY Ha pi3HHX mpucTposx. lle Bumarae macmTaOyBaHHS Ta peopraHizaimii
BeO-CcalTy JIs pi3HUX TUIaTHOopM.

2. Yar-60Tu. 3aieXHO B1J METH Balloro BeO-CallTy BUKOPUCTAHHA 4aT-OOTIB
JUTSL TIOKpAIleHHS B3a€EMOJIi 3 KOPUCTYBadeM MOXE TPUHECTH BaM KOPHUCTh.
Yar-00TH — 11€ TUII MTYYHOTO 1HTEICKTY, SKUW BUKOPHUCTOBYE MAIIMHHE HABYAHHSI Ta
00poOKy TpUPOJHOI MOBH, 0O BIAMOBIJATA HA 3alUTH TaK Camo, SIK Yy JIFOJIUHH.
Yar-00Tu gomoMararoTh KOPHUCTyBayaM IEPEMIIATUCS MK PI3HUMH CTOpPIHKaMHU
BaIlIOTO BEO-CaiTy Ta BIAMOBIAATH HA TOMMPEHI 3amuTaHHA. [3 3pocTaHHAM
MOMYJISIPHOCTI MOOLIBHOTO [HTEpHETY cTaBcsd BUOYX Yy €NEKTpOHHIM KoMeplii Ta
udpoBomy Oi3HECI.

Yar-60T HE TUIBKM JIONIOMAararmTh BiJBiJyBauaMm BeO-caiiTy, ane #
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J0TIOMarar0Th KOMIIaH1SIM €KOHOMUTH rpoiiri. Yar-60Tu 3a0e3neuyoTh 3py4HICTh IS
cniBpoOiTHUKIB. Hampuknaa, y po3npiOHii TOpPTriBil CiIyXOu 0OCIyroByBaHHS
KJIIEHTIB MOXYTh OTPUMYBATH COTHI 3amuUTIB MmIOAHSA. YaT-00THM MOXYTh IIBHIKO
BIJINOBI/IATH HA TONIMPEHI 3alMTAaHHS, CIPSIMOBYIOUM KOPHUCTyBaya Ha CTOPIHKY 3
iH(popMalii€ro, Ky BiH IIyKae, 3BUIBHAIOYM KOMaHAy OOCIYyrOBYBaHHS KJII€HTIB
30CepeAUTHCS Ha OUTBII CKIaJHUX MUTAHHSX.

3. Imrepdeiicu mnpuknaanoro mnporpamyBanHs (API). APl - me wnabip
IPOTOKOJIB a00 TMpaBWil, SIKI BUKOPUCTOBYIOTHCS JUIsI CTBOPEHHSI MPOrPaMHUX
JOJATKIB, BeO-nu3aiiHy  Ta  BeO-pO3pOOKH. API BUKOPHUCTOBYIOTHCS
BE0-pPO3pOOHUKAMHU JJIsi OTPUMAHHS JIaHUX 3 1HIIUX TPOrPAMHUX CUCTEM, BeO-CalTIiB
1 mnatdopM. APl monermyroTh po3poOHHMKAM CTBOPEHHS CKJIAJHUX MpOrpaM s
cBOiX BeO-caiiTiB. Konu BeO-caliTy mOTpiOHO MpaifoBaTH 3 1HIIOK CHUCTEMOIO IS
J0CTyIy 10 foro nanux, APl 103BossitoTh 1BOM cepBepaM O€3MeUHO B3a€EMOJISTH Ta
OOMIHIOBATUCS JTAHUMHU.

Honarox API, skum mMu xopuctyemocs moaHs, € Sky Scanner. Sky Scanner
OTPUMYE JIaH1 BiJ] CUCTEM aBiaKOMIMaHii 1 OHOBIIOE 1HGOPMAIIIIO HA iXHIX calTax y
PEXKUMI pealIbHOTO Yacy.

CorrianpHl MEpEXi TaKOK BUKOPUCTOBYIOTH API 1 perynsipHOro oHOBJICHHS
CTOPIHOK KOPHCTYBauiB HOBOIO iH(opMalli€ro, Hampukiaa: B. HoBl myOmikarii,
OHOBJICHHSI CTaTyCy, TPYIH B COLIIATbHUX MEPEKax TOIIO.

4. KoHCTpyKTOp CaiTiB. 3 PO3BUTKOM TEXHOJOTIH BeO-pO3pOOKH HA PUHKY
3 ABIIIETHCS BCE OUIbILIE THCTPYMEHTIB, SIKI JOTMIOMAararoTh JIFOASM 1 KOMIIAHISIM JETKO
CTBOPIOBATU CBOI BeO-caiiTu. Beb-cailT 103BoIIsiE KOPUCTYBayaM CTBOPIOBATH BJIACHI
BeO-caiiTu Jerko Ta ©0e3 OyIb-sSKMX 3HaHb mporpamyBaHHsa. lle mo3Bosse
MIAIPUEMCTBAM PO3UIMPUTH CBOIO MPUCYTHICTH B [HTEpHETI, HE BKJIagatoun OaraTto
yacy Ta rpomieii. KoHcTpykTopu BeG-caiiTiB IPOMOHYIOTH TaKi 1HTYITUBHO 3pO3yMii
GyHKIIT, SIK eJIEeMEHTH KepyBaHHS TMEPETATYBAHHSIM 1 CKUJAHHAM, SKi JO3BOJISIIOTH
KOpHCTYBauaM JIETKO CTBOPIOBATHM BeO-CalTU BIAMOBIIHO JO CBOIX MOTPeEO,
HalpuKJIaj: TMpoJaBaTH  Kii€eHTaMm, a0o0 HagaBaTH  1H(POpPMAII0  HOBHUM

CIIBPOOITHUKAM.
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Po3poOHuku BeO-caliTiB pO3MIIIYIOTh Baill BeO-CalT HA BIACHOMY XOCTHHTY
abo J03BOJSIOTH BaM MIAKIIOYUTHCA O IXHBOTO cepBepa XocTuHry. I[Iporpamue
3a0€3IMeUeHHs ISl CTBOPEHHS BeO-CalTIB J1a€ 3MOT'y BUOpATH BJIACHUM 11a0JIOH, KU
BIJIMOBIa€ BaIlUM MOTpeOaM, a MOTIM EKCIIEPUMEHTYBAaTH 3 PI3HUMH (QYHKIISIMU
BeO-CaliTy Ta BHOMpATH Takl €JIEMEHTH JW3aiHy, K 300paKeHHs, pO3MIp 1 CTHJIb
mpudTy, KOJIPHI CXEMH TOIIIO.

YoMy chOTOAHI TaK BaXKJIMBO PO3PI3HATH BeO-AM3aiiH 1 BeO-po3poOKy?

Konu copaBa J0XOAWTh 10 CTBOPEHHS YCIIIIHOTO BEO-CATy, PO3YMIHHS
pi3HUIII MK BeO-AM3aitHOM 1 BeO-po3poOKOI0 Mae BHpIIIATbHE 3HAYCHHs. Xoua IIi
JB1 cpepH TICHO MOB’sI3aH1 Ta MPAIOIOTH Pa30M Yy MPOIECI CTBOPEHHS, BOHU MAlOTh
Pi3HI1 pouti Ta MOTPeOyIOTh MEBHUX HABUUOK.

BeO-gu3aiiH  30cepekyeTbcs  Ha  BI3yaJlbHOMY, €CTETHYHOMY  Ta
KOPHCTYBAIlbKOMY J0CBIJII BeO-caiiTy. Lle Bkitouae B cebe po3poOKy MakeTiB, BUOIP
KOJIIPHUX CXEM 1 CTBOPEHHsS MpuBabIuBOi rpadiku, sika npuBabItO€ KOPUCTYBaUiB.
BeO-nu3aiiHepu BIANOBIAAIOTH 3@ CTBOPEHHS IHTYITUBHO 3pO3YMLJIOr0 Ta Bi3yaJbHO
MpUBAOIMBOTO 1HTEpPEICyY, KUl 3aXO0ILTIOE IITLOBY AYIUTOPIIO.

3 iHmoro OOKy, BeO-po3poOKa CTOCYEThCA TEXHIYHOI peamizaiii au3aiiHy
BeO-caiiTy. lle BkiItOwae HamMcaHHS KOy, IHTETpaIlil0 PI3HUX TEXHOJOTIN 1
3a0e3nedeHHs (PyHKI[IOHATBHOCTI Ha BCIX MPUCTPOsX 1 Opaysepax. Bed-po3poOHuku
BTUTIOIOTh JIM3allH Yy JKUTTSA, CTBOPIOIOYM MOBHO(MYHKIIIOHAJIbHI BeO-CaTH 3
IHTEPAKTUBHUMH (PYHKITISIMH.

be3 1i€i BiAMIHHOCTI BEO-CalT MOXKE CTpaxaaTH BiJ HEee(hEKTUBHUX POOOUMX
MpOILIECiB, TMOTaHOro JAM3ailHy Ta moraHoi (yHKUiOHaIbHOCTI. [IpaBUiIBHO
PO3MOJUISIIOYM 3aBJaHHS Ha OCHOBI JIOCBIAY, BEO-NIPOEKTH MOXYThb BHUIpaTH BiJ
01111101 €(PeKTUBHOCTI, KpaIlloi SKOCTI Ta KPaIlloro JOCBIly KOPUCTyBaya.

KpiMm TOTO, BIMIHHICTH MIXK MPOEKTYBAHHSM 1 PO3POOKOIO 3a0e3Ieuye JiTKe
CHUIKYBaHHS MDXK 4ieHaMH KomaHau. Koimu KokeH po3ymie CBOIO YHIKAJIbHY POJIb Y
MPOEKTI, JUCKYCIi CTalOTh OIBII MPOAYKTHUBHUMH, a pIIIEHHS MOXKHA 3HAWTU
ebextuBHime. lle 3aoxouye cmiBmparto, 3ade3neuye OUTBIT TUIABHUNA pPOOOUYMiA

MpOIIEC 1 MIHIMI3Y€ HETIOPO3YMIHHS MIXK BeO-/TM3aliHepaMu Ta BEO-pO3pOOHUKAMU.
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ToMy po3yMiHHS BIIMIHHOCTEH MIX BeO-IM3aliHOM 1 BeO-po3poOKOI0 Mae
BUpINIAJIbHE 3HAUYECHHS I CTBOPEHHS YCIIITHOTO BeO-caiiTy. Po3yMiroun yHikanbHi
HABUYKH, POJII Ta 000B’SI3KHU KOKHOI TaTy31, mpodecioHaan MOXKYTh 30CEpEIUTUCS Ha
CBOIX CHJIbHUX CTOpPOHAX, CIPHATH Kpalliil CHiBIpali Ta, 3pEHITOI, CTBOPIOBATH
BUHATKOBI Be0-CalTH, K1 BUAUIATUMYThCS B Cy4aCHOMY ITU(PPOBOMY CEPEIOBHIIIL.

[TiIcyMOBYIOUH. Ay»K€ Ba)KJIMBO PO3YyMITH BIIMIHHOCTI MK BEO-AM3alHOM 1
Be0-PO3POOKOIO Ta BU3HABATH iX B3a€EMO3AJICKHICTD 1] 9ac CTBOPEHHS BEO-CalTIB.

I BeO-mu3aiiHepu, 1 BeO-pO3POOHUKM MalOTh YHIKQJIbHI HaBUYKH, SKi
BIJIITPalOTh BAXJIMBY pOJIb y CTBOPEHHI BUHSATKOBUX BeO-caiiTiB. BeO-nuzaiinepu
NOBHHHI OyTH 3HalOMi 3 TaKUMH IHCTpyMEHTaMu rpadiuHoro amsaiiny, sk Adobe
Photoshop, po3ymiTu mpuHIUIU po3poOku iHTEpdeicy KopucTyBaya Ta TIUOOKO
PO3YMITH TOBEMIHKY KOPHUCTYBadiB. 3 1HIIOTO OOKYy, BeO-po3poOHMKAM MOTPIOHI
3HaHHS MOB mnporpamyBanHs, Takux sk HTML, CSS i1 JavaScript, a Takox A0cBija
poOoTu 3 Takumu ppeiiMBopkamu, sik React abo Angular.

Jns TX, XTO pO3rsmae Kap’epy B Tramy3l BeO-au3ailHy abo po3poOku,
BXKJIMBO PO3YMITH MOKJIMBOCTI, SIKI MPOMOHYE KoxHa cdepa. OOuBa MPOMOHYIOThH
BUT1JIHI Kap €pHI IUIAXU 3 PI3HOMAHITHUMU MOXJIMBOCTSAMH 3POCTAHHSI Ta BUCOKUM
MOMUTOM Yy rany3i. BuOip mpaBHIBHOTO NUISIXY 3aJ€XKHTh Bij] BAIllMX OCOOUCTHUX
1HTEpeCiB, HABUYOK 1 Kap'epHUX ITUICH.

Ha 3aBepiuienss, npodecioHany y MOCTIHHO MIHJIMBOMY CBITI BEO-pO3pOOKH
MOXKYTh TTOOYAyBaTH YCHIIIHY Kap’€py, BU3HAIOUM YHIKaJIbHI poJi BeO-nu3aiiHy Ta
BeO-pOo3p0oOKM Ta BH3HAKOYM 1X  B3aemo3aliexHicTh.  CHIBIOpaiow0yd  Ta
BUKOPHUCTOBYIOUHM CHJIbHI CTOPOHM Ta HAaBUYKH OJWH OJHOTO, JHU3aiHEpU Ta
PO3POOHUKH MOXYTh CTBOPIOBATH MPHUTOJIOMIIUIMBI BEO-CalTH, SKI 3aXOILTIOIOTh

KOPHUCTYBAayiB 1 CIPUSIOTH yCIiXy Oi3HeCy.
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AHoTtanisi. B po0oTI po3risigaeTbCsi MOXKIMBICTE CTBOPEHHSI BE03aCTOCYHKY
JUIS TOCIIIJIPKEHHSI PEOJIOTIYHMX BIIACTMBOCTEH KpOBi. ABTOpH MPOIOHYIOTH 10
00roBopeHHs (yHKILIOHATIbHI MOXJIMBOCTI IPOEKTY, PO3KPUBAIOTH KIIFOUOB1 MUTAHHS
Ta OTOBOPIOIOTH TOIIYK PIIIeHb JUIsl peanmi3aiii Be03acTOCYHKY ISt JOCIHIKEHHS
PEOJIOTIUHUX BIACTUBOCTEH O10J0TTYHUX PIAMH.

KurouoBi cioBa: peosioriuHi BJIACTUBOCTI KPOBI, PEOJIOTIYHI BIACTUBOCTI

010JIOTIYHHX PIAUH, MOOUTEHHUN JOATOK, B SI3KICTh, aHAJII3 KPOBI.
9 9 9

Hapa3si y CBITI aKkTMBHO pO3BHBAIOTHCS MEIWYHI 1HQOpPMAlliiHI CUCTEMH,
iH(pOpMaIITHO-TeIEKOMYHIKAI[IfHI CUCTEMHU Ta TelleMenuyHi cuctemu. B Ykpaini
OOrOBOPIOETHCST  3aIPOBAKEHHS  1HPOpMaLIiHOI  TIaTGOPMHU  TPOMAJCHKOIO
3nopoB’s [1], [2].

CtBOpeHHsT Be03aCTOCYHKY HJisi JOCIHIJDKEHHS PEOJIOTIYHUX BIIACTHBOCTEH
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KpoBi [3] — 11e aMOITHHIA POEKT, KU TOEHYE B COO1 3HAHHS 3 MEIUITMHU, O10JI0T1i,
nporpaMyBaHHS Ta Au3aiiHy. Takuil 1HCTPYMEHT MOXKE 3HAuHO CIPOCTUTH Ta
aBTOMATU3yBaTU TIPOLIEC aHali3y KpOBi, 3pOOMBIIM MOT0 JOCTYIHIIIAM IS
IIMPOKOTO Koja (axiBIiB Ta CTaTH YaCTUHOIO OYyIb-AKOi MEIUYHOI 1H(pOpMAIiiTtHOT
CUCTEMHU.

OcHoOBHI (hyHKIIIOHAJEHI MOXKJIUBOCTI ITPOEKTY, SIK1 MPOMOHYIOTHCSI aBTOPAMM:

1. BBeeHHs TaHUX MOJKJIMBE B ICKIIHPKOX BapiaHTaX:

- 3aBaHTAXKEHHsI pe3ysbTaTiB JlaboparopHux anamziB (popmar CSV, Excel
TOIIO);

- py4HE BBEJECHHS JaHUX PO Mali€eHTa (BiK, CTaTh, 11arHO3 TOILO);

- iHTerpanis 3 JjabopatopHUMHU 1HGOPMAIITHUMU CHCTEMaMH, MEIUYHUMHU
1H(pOpMAaIITHUMU CUCTEMAMU.

2. O04uCIeHHs Ta Bi3yai3allis:

- pPO3paxyHOK PI3HUX PEOJIOTTYHHUX TMapameTpiB (B'SI3KICTh, MIBUIKICTh MOTOKY,
1HJIEKC TeUii TOIIO);

- BI3yaJizallisi pe3yJibTaTiB y BUMIIsIAL rpadikiB, AiarpaM Ta TabiIullb;

- IOPIBHSIHHS PE3yJIbTATIB PI3HUX MMalll€HTIB a00 TPyN MAIIEHTIB.

3. AHai3 gJa"Hux:

- CTAaTUCTUYHA OO0poOKa NaHux (CepelHe 3HAYCHHS, CTaHAApTHE BIJIXUIICHHS,
KOpEJISILIHUYN aHami3);

- MOJICTIIOBaHHSI PEOJIOTIYHUX TMPOIIECIB, MOJEIIOBAaHHS Ta TMPOTHO3YBaHHS
MOIaJIBIIOTO (YHKI[IOHATEHOTO CTaHy CEePIIeBO-CYAMHHOT CHCTEMU;

- BUSIBJICHHSI KOPEJSILI MDK pPEOJOriYHUMHU [apaMeTpaMyd Ta 1HIIUMHU
KJIIHIYHAMHU TTOKa3HUKAMH.

4. baza maHux: 30epeKeHHs JJaHUX TPO MAIIEHTIB Ta PE3yIbTaTU JOCIIIKECHb,
MOJIUBICTh TIONIYKY Ta (UIbTpallii JaHUX, 3aXUCT JAaHUX BIAMOBIAHO 10 BUMOT
KOH(]1ICHITIITHOCTI.

5. InTepdeiic kopuctyBava: 3po3yMinuil iHTepdenc s BBEACHHS JaHUX Ta
Meperiisiy pe3yJbTaTiB, MOXKIUBICTh HaJaIITyBaHHsS 1HTepdency Mg mnoTpedu

KOpPHCTYBaya, a TaKoX JOCTYM J0 J0JAaTKOBOI iH(opMallii mpo peoJiorito KpoBi Ta
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METOIY HOCHIIKEHHS.

Hapas3i aBTopu npairoroTh HaJ KIIFOUOBUMHU MMMTAHHSAMHE Ta MOITYKOM PIIlleHb, a

came:
1. TouHICTh JaHMX: BUKOPUCTAHHS MEPEBIPEHUX ANTOPUTMIB OOUMCICHHS 1
Bi3yauri3aliii;
2. besneka manux: 3a0e3nedeHHS KOH(IICHIIIMHOCTI JaHMX TAaIll€EHTIB

BIJIIIOBIIHO 10 3aKoHOJaBcTBa [4], [5];

3. MacmtaboBaHICTh: 3aTHICTh CUCTEMH OOPOOJIATH BEJMKI 00CATH JaHUX
1 TIpaIfOBaTH I1iJ] HABAHTAKEHHSIM;

4, [HTerpamiss 3 i1HmMMUMH cucTteMamu: cTBopeHHs APl nna B3aemonii 3
nabopaTopHUMHU 1HPOPMAIIHHUMH CUCTEMAMU;

S. KopucrtyBanpkuii  10CBiA:  CTBOPEHHS  IHTYITUBHO  3pO3yMIJIOTrO
iHTepdeicy, akuit Oye 3pydHUid ISl KOPUCTYBAYiB 3 PI3HUM PIBHEM ITiITOTOBKH.

JlomaTKkoB1 MOYKJIMBOCTI:

- BUKOPHCTAHHS METOMIB MAIIMHHOTO HABUYaHHS JUIsI MPOTHO3YBaHHS
PO3BUTKY 3aXBOPIOBaHb Ha OCHOBI PEOJIOTIUYHUX JIAHUX;

- po3poOKka MOOUIBHOTO JojaTka [Jjisi 300py JaHUX 1 BiJJaJICHOTO
MOHITOPUHTY TAIlIEHTIB.

- iHTerpamis 3 I1HIIUMH MEIWYHUMHM TIpWiIaJaMd, Hampukiam, 3
aHai3aTopaMH KpoBi.

[lepexin Bim MOCHIJKEHHS JHIIE KPOB1 JI0 3arajiIbHOTO aHAJ3y PEOJIOTIYHUX
BJIACTUBOCTEN O10JOTIYHUX PIAMH 3HAYHO PO3LIMPIOE CIEKTP 3aCTOCYBAaHHS TaKOIO
BeO3acTocyHky. lle BigkpuBa€ HOBI MOXKJIMBOCTI JUIS JOCHIIPKEHb B Talysi
MeuIMHU, 61070r1i, hapmMakosorii Ta IHIIMX: MIATPUMKA PI3HUX TUITIB 010J0TTIHUX
piavH (CiMHaA, ceya, CUpOBAaTKa, CTMHHOMO3KOBA PiJIMHA TOIIO), MOXKJIUBICTH BUOOPY
PI3HUX METO[IB BUMIPIOBAHHS B'S3KOCTI Ta 1HIIUX PEOJIOTIYHUX MapaMeETPIB 3aJICKHO
BiJl TUITy PIJIMHU, MIAKIIOYEHHS O PEOMETPIB, BICKOZUMETPIB Ta 1HIIMX IMPHUIAJIIB
JUISl aBTOMATHMYHOTO 3aBAHTAXKEHHSI JIaHUX, MOJIETIOBAHHS PI3HUX (PI1310J0TTYHUX
CTaHiB, HAINPUKJIAJ] MOJETIOBaHHS BIUTUBY pi3HUX ¢aktopiB (Temmneparypu, pH,

JI0JIaBaHHSI PEYOBMH) HA PEOJIOTIYHI BJIACTUBOCTI PIJMH, CTBOPEHHs O1010TEKH
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gaHux (30ip Ta cucTeMaTu3alis JaHUX @PO PEOJIOTIUHI BIACTUBOCTI PI3HUX

O10JIOTIYHUX PITUH A7 TOJANBIIOTO aHATI3Y Ta MOPIBHIHHS).
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YJIK 538.9:536.6
3AKOHOMEPHOCTH CTPYKTYPOOBPA3OBAHMSI
HAHOKOMITO3UTOB HA OCHOBE TTOJITUAMUJIA 6, HATIOJTHEHHOT O
HAHOYACTUYKAMM SiO,

®uanako Haraaus MuxaijioBHa,

JIOKT. TEXH. HayK, npodeccop, uwi.-kop. HAH Ykpaunsl, 3aB. otenom,
HNuctutyT TexHuueckoit Termnoduznku HAH Ykpannsl

Junkoc Poman Biaagumuposuu

JIOKT. T€XH. HayK, Mpodeccop, MPOPEKTOp MO HAy4YHOU paboTe
YepHOMOPCKOT0 HAMOHAIIBHOTO YHUBEpcUTeTa nMeHH [letpa Morvmm
IlepenxoBckuii FOnuii BiaaauciaaBouy

K.T.H., CT. HAyK. COTp., BEJI. HAyK. COTP.

MepanoBa Hataaus OJieropaa

K.T.H., CT. HayK. COTp., B€J. HayK. COTp.,

HNuctutyT Texunyeckoi Terodusuku HAH Yikpaunst

AnHoTanust C HCHOJIb30BAHUEM EKCIIEPUMEHTAIBHO MOJYYEHHBIX €K30TEepM
KpUCTAI3allli  MPOBEACHBI  TEOPETUYECKUE  HCCIECNOBAaHUS  MEXAHU3MOB
CTPYKTYpPOOOpa30BaHuUsl MOJMMEPHBIX HAHOKOMIIO3UTOB HA OCHOBE mojimamuia 6,
HAMNOJIHEHHOT0 HAHOYACTUYKAaMM JUOKCUIA KpemHus. MccinenoBanus BBIIIOJHEHBI B
IIAPOKOM  JWana3OoH€ MW3MEHEHUSA COJAEpKaHWS HAMOJHUTENSI U  CKOPOCTH
OXJIAKJICHUSI HAHOKOMITO3UTOB.

KiawueBble caoBa: noimamMua 6, TOJIUMMEpPHbIE  HAHOKOMIIO3UTHI,

CTPYKTYypOOOpa3zoBaHUe, TUOKCU KPEMHHUS, MEXaHU3M KPUCTAIIM3AIUH.

YHUKaIbHOCTD (bU3UKO-MEXaHUYECKUX CBOICTB MOJIMMEPHBIX
HAaHOKOMITO3UTOB, OOYCIaBIWBAET TEPCIEKTUBHOCTh WX  HCIOJIH30BAHUS B
pasnUYHBIX 00yacTax TexHUKU. OcCoObI WHTEpPEC MPEICTaBISIOT HCCICIOBAHMS
CBOMCTB JaHHBIX HAHOKOMIIO3UTOB M 3aKOHOMEPHOCTEH MX CTPYKTYpOOOpa3oBaHUSI.
BaxxHol TeHIEHIMEN UCCIIENOBAaHUS XapaKTEPUCTUK MOJIMMEPHUX HAHOKOMIIO3UTOB
U UX CTPYKTYpoOOpa3oBaHUs SBJISETCA pacUIMpeHHe HOMEHKJIATYpHOTO psija
MOJIMMEPHBIX MATPHUI] W WX HamojJHuTene. B manHON paboTe wucciaenoBainch
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HAaHOKOMITO3UTBl Ha OCHOBE monvamuaa 6. DTOT MaTepual XapaKTepU3yeTcs
BBICOKOM TPOYHOCTBIO W  HM3HOCOCTOMKOCTBIO, W OTHOCUTEIBHO IIMPOKHUM
JMana3oHOM pabouux TeMIeparyp.

HccnenoBaHuio MOpPOLECCOB  KPUCTALIM3ALMM — PA3IUYHBIX  [MOJIUMEPHBIX
HAHOKOMITO3UTOB TIOCBSAIICHO Ooubiioe KojwdecTBo pador [1-8]. Opmnako B
OOJIBIIIMHCTBE HUX HE PAaCCMATPHUBAIOTCS 3aBUCHUMOCTHU IPOlieca KPUCTAUIM3AIUU OT
OCHOBHBIX OMNpPEICISAIONMX (PAKTOPOB, TAKUX KaK KOHIEHTpAIUs HAIMOJHUTEICH B
NOJIMMEPE, CKOPOCTh MX OXJAXIAEHUA W3 paciuiaBa nojmmepa. OnpexneneHue
0COOEHHOCTEH CTPYKTYpOOOpa3oBaHUs MOJIMMEPHBIX HAaHOKOMIIO3UTHBIX
MaTepuajoB Ha OCHOBE MojuaMuja 6, HANOJHEHHOTO HAHOYACTULIAMM JIHOKCHA
KpEMHHUSI B ILIMPOKOM JHAala3oHEe W3MEHEHUs psla OINpeAesolnX (HakTopoB
ABJISUIOCH 1I€JIbI0 HacTosAlEed paboTel. IIpu pacueTHOM omnpeneneHuu MapaMeTpoB
CTPYKTYpOOOpa30BaHUs pacCMaTpUBAINCh JIBE CTaJHUM IMPOLECcCa KPUCTAIM3ALUN —
CTaaus HyKJIEAllMH, HadajabHasl CTAAUs KPUCTAIUIN3ALUK, U CTaIUsd KPUCTAIIU3ALNN
BO BCceM 00ObE€ME HAaHOKOMIO3uTa. PacueTHass MeToauka W ee oOuIue MOJIOKEHUS
onucansl B [9]. Ha mepBoil craguu KpuCTalUIM3alMU OIPEAEISIICS NPUBEACHHBIN
napamMeTp HyKJIealuu an W TMPUBEIEHHBIM TpaHCHOTHbIA Oapbep Ky i
ONpENENEHUs] ITUX MapaMeTPOB, HCIOJIb30BAJIOCh ypaBHEHHE Hykiueanuu. Ilpu
KpUCTAJJIM3allMd BO BCEM OOBEME KOMIIO3UTa, MCCIEA0BaHUS 0a3upoBajMCh Ha
MPEANOJIOKEHUN O HAJIMYUU JIBYX MEXaHU3MOB KpucTamuiooOpazoBanus. [lepBbiil u3
HUX CBSI3aH C KpUCTaJUIM3alMeil Ha (QIIyKTyaluusax IUIOTHOCTH MOJUMEpPA U Kacaercs
KPUCTAJUIN3allMAd HMMEHHO [MOJMMEPHOM MAarpulbl. BTopol #3 yIOMSAHYTBIX
MEXaHU3MOB  Kacaercs  KpUCTAIM3ALMM, LEHTpaMU  KOTOPOM  SIBJISIOTCA
HAaHOYACTHYKHM HanoJHuTens. g onrcaHus M aHalIu3a KUHETHKU KpUCTAJUIM3alun
UCIIONBb30BaJIOCh  MoAuduuMpoBaHHOEe  ypaBHeHue  KomomoropoBa-ABpamu.
[TapameTpsl CTPYKTYpOOOpa30BaHus JUTSI HaHOKOMITIO3UTOB, KOTOpbIE
paccMaTtpuBajinch B paboTe, ONpEACNsUINCh Ha OCHOBE BBIIIOJIHEHBIX paHHEE
HKCIIEPUMEHTAJILHBIX HCCIEIOBAHUN MO MOCTOPOCHUIO 3K30T€PM KPHUCTAILTU3ALMH.
JlaHHBIE SKCIIEPUMEHTOB IOJIYY€HBbI IPM U3MEHEHUN MAaCCOBOM JIOJIM HAITOJIHUTEIS

ot 0,2 % 10 4 %, a ckopoctu oxnaxaeHuss MeHsuch ot 0,5 K/mun o 20,0 K/mus.
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B tabnuue 1 mpencraBieHsl pe3ylbTaThl PACUETHBIX MCCIEAOBAHUMN TMEpBOU
CTaJAWM HYKJEAluu, IOJIYYEHHbIE HAa OCHOBE YpPaBHEHHUS HYKJICALMH ISl JBYX
3HaueHUil mapamerpa ¢opmel m (M=1, mMm=2). B Tab;. 1 NOpHUHATHI TaKHe
0003HAUYEHUS: d;, dp - MPUBEJICHHBIA NapaMmeTp Hykieauuu; Ki, K,- NpUBEICHHBIN
TpaHCIOPTHBIN Oapbep; R;, R, — koagdunmeHT koppesiiuyn eKCIepuMEeHTAIBHBIX U
PACUYETHBIX TaHHBIX.

Tao6auma 1
ITapameTpbl CTPYKTYPOOOPA30BAHUA HA HAYAJIBHON CTAIUK

KPUCTAJM3AIUY MOJUMEPHBIX KOMIIO3UTOB HA OCHOBE MOJMaMKa 6,

HANOJTHEHHBIX HAaHOYacTHYKAMH SiO,, IPU CKOPOCTH OXJIAXKACHHS M3 paciliaBa

V,=5 K/MUH U pa3iu4HbIX COAEP:KAHUIX HATIOJTHUTEJIS ()

0,% | a,K | Kyl ] R: [ a,, 10°K [ Kyl ] Ra
IToanamun 6
0 [ 0168 | 0425 [ 09991 ] 2,51 | 1,68 [ 0,999

Ionuamuz, 6, HaNOJIHEHWbII HaHOYacTHYKamMu Si0;
0,2 0,202 0,380 0,9920 2,96 1,66 0,7791

0,3 0,256 0,349 0,9912 3,24 1,61 0,7825
1,0 0,284 0,327 0,9956 3,51 1,57 0,7821
4,0 0,312 0,305 0,9955 3,79 0,24 0,7832
PucyHok 1 mokaspiBaeT xapakTep W3MEHEHHW IPUBEACHHBIX IapaMETPOB

HyKJICalun a; WU dp B 3aBUCHUMOCTH OT MacCOBOM JOJIM HAIIOJIHHUTCIIA OJIA

HUCCIICAYCMbIX HAHOKOMIIO3UTOB.

al, K a2,10-6 K
0,32 41

0,28 . =

0,24 - 3,5

/ 3,3

I
]
I

02 ',
| 31
]

0,16 2,9
0 1 2 3 4

w, %

Puc. 1. 3aBHCHMOCTB OT MACCOBOM 0JIM HATIOJHUTEJISI () PUBEICHHBIX
NapaMeTPOB HYKJICALUH @1 U dp I MOJTUMEPHBIX KOMIIO3UTOB HA OCHOBE
nojuaMuaa 6, HaNmoJHEeHHbIX HaHoYacTHYKkaMu SiO;:

1 — mapameTp HyKJIealluM a;; 2 — napaMeTp HYKJIealuu a,
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B  tabmuume 2  mpencraBlieHbl  JaHHBIE — pacuye€ToOB ISl CTAJIUU
CTPYKTYpOOOpa3oBaHus B 00bEME HAHOKOMITO3HTA.
Tabiamnuna 2
ITapaMeTpbl CTPYKTYPOOOPA30BAHUA HA CTAAMU KPUCTAINU3ALNU B 00bEéMe
MOJIMMEPHBIX KOMIIO3UTOB HA OCHOBE MOJIHAMU/IA 6, HATIOJTHEHHBIX
HaHo4acTH4YKamMu SiO,, 1J151 pa3IHYHBIX CKOPOCTEl oXJIaxaeHus U3 pacijiasa V;

pu CoACPKAHNH HANTOJIHHUTESA 0=4

Vi K/ YpasHenue Koamoroposa— ABpamu Momudunmpoantoe ypasHeHune Konmoroposa — ABpamu
MuH n [ K,10°K™ [ 4410° f ] n [ Kn10°K™ | 0" [ KW10°KY ] $10°

TTonuamuy 6, HaNOJIHEHHBIN HaHoYacTHUKaMu Si0;

05 3,12 56 32 0,78 3,12 90 5,2 85
2 3,14 60 43 0,77 3,14 79 53 90
5 321 25 50 0,77 321 62 55 75
20 3,24 20 45 0,75 3,24 50 55 65

g1[~N|o|©

Kak yxe oTMmedanoch, HCCIEJOBaHUS  NPOBOJWIMCH  HCXOAS W3
IPEINONIOKEHNH O HATWYMH JABYX MEXaHU3MOB KpucTauu3zanud. B Ttabm. 2
HAJICTPOYHBIE MHJEKCHI «'» U «'» OTHOCST BEJIWYUHBI K MIEPBOMY U BTOPOMY U3 3THUX
MexaHu3MoB. Benuunna f B Tabn. 2 o3Ha4aeT OTHOCHTEIBHYIO JOJIIO MEXaHHW3Ma
CTPYKTYpOOOpa30BaHUs, CBSI3aHHOTO C KpUCTAUIM3aLKMEd MMEHHO MOJMMEPHON
MATPHIIbI, BETMUNHA Y — IUCIICPCHIO.

HccnenoBanre 3aKOHOMEPHOCTEH CTPYKTYpoOOpa3oBaHUsS KOMIIO3UTOB Ha
MEepBOM  CTaguu KpUCTAUTM3AaMK  (HYKJ€allMiu) BbI3BIBAET HEOOXOJAMMOCTh
OMpeNeNeHUs] TAKMX XapaKTEPUCTUK, KaK MPUBEACHHBIN NapamMeTp HYKJICALHH dn U
MPUBEJCHHBIN TpaHCHOPTHBIN Oaprep K. Takke momnexaTr aHamu3y pa3MepHOCTH
KpUCTaUI000pa3oBaHus, CBs3aHHbIE ¢ mapameTpom M. IlpeacraBnennbie B Tadm. 1
pe3yNbTaThl CBUAETEICTBYIOT 00 YAOBIETBOPUTEIHHOM COTJIACOBAHUM PACUETHBIX U
OKCIIEPUMEHTANBHBIX  AaHHBIX. Kosddunment koppensuun R, mnpu m=2
CYILLIECTBEHHO MEHbIIIE, YeM COOTBETCTBYIOIUNA Kodpduuuent R; nmpu m=1. B
COOTBETCTBUM C MPEJACTaBICHHBIMH JaHHBIMM HMEIOTCS JIBA MEXaHU3Ma
CTPYKTYpPOOOpa30oBaHUsI Ha HA4YaJbHOW CTaAMM KPUCTALTU3AMNHM HCCIETyeMBbIX
KOMIIO3UTOB, KOTOPbIE HCCIEJOBAINCh — JABYMEpPHBbIN (TUIOCKOCTHOH) (M=1) wu
TpexMmepHbii (00béMHBIN) (M=2). [Ipu 3TOM TpeBbiieHne R; Haxg R; ykaspiBaeT Ha

HEKOTOpOoe IpeodiiagaHre IITOCKOCTHOTO MEXaHUu3Ma.

105



C pocToM KOIMYECTBA HAMOJHUTEISI ® B HAHOKOMITO3UTE, KAPTUHA NU3MEHEHUS
MIPUBEJCHHOTO TPAHCIIOPTHOTO Oaphepa Ky M MPHUBEACHHOTO MapaMeTpa HyKJICauu
am pu M=1 1 M=2 sBistoTcs NMoXoXKMMH. Kak BUAHO M3 Taba. 1 yBeaudeHUE
MPUBOJUT K YMEHBIICHUIO 3HAYEHUN BEIUMYUHBI K, U YBEIUYCHUIO 3HAUYCHUH dap,.
VYBeNIM4eHUE ap CBA3aHO C MOBBIIMIEHUEM CKOPOCTH KPUCTAILIM3AllMM HA HAaYaJlbHOMN
CTajauu, a CHUKeHue Ky, CBSI3aHO C YMEHBILICHUEM OTPaHUYECHUN 10 TPAHCTIOPTUPOBKE
CErMEHTOB MaTpPHI] Yepe3 MOBEPXHOCTh JIaMeIb-KpUCTALL. Takke ClaeayeT OTMETHUTD,
9TO B 00JIACTH OTHOCHTENIbHO HM3KMX 3HadueHul o Big 0,2 % mo 1 %, mapamerpsl
HYKJICALIUU d; U @y TPETEPIICBAIOT CYLICCTBCHHbIE M3MEHEHUd. JlanpHEUIMU pocT
KOJINYECTBAa HAIOJIHUTENS MPUBOJUT K CYIIECTBEHHO MEHBIIIEMY BJIMSHUIO Ha 3TH
[apaMeTphl.

[Ipu kpucrammzanuu B 00bEME KOMIIO3UTA (BTOpask CTaausl KpUCTAIUIM3ALNN),
aHamu3 pe3yJbTaTOB IPOBOAMIICS B IJIaHe JIBYX MEXaHU3MOB
KpucrauiooopazoBanus. [lepBblii  cBsi3aH C  KpucTaummM3anued  COOCTBEHHO
MOJIMMEPHON MaTpHUllbl U peanusyercs Ha (IIyKTyalnusx IMJIOTHOCTH MOJIUMEpPA, Ha
YTO yKa3blBaeT Iicepaomnapamerp Gopmel N'=3. Bropoil MexaHU3M Kacaercs
KpUCTAJUIU3AIUU, [IEHTPAMU KOTOPOM SIBJISIFOTCSI YACTUYKHU JTUOKCHIA KPEMHUS. DTOT
MEXaHH3M SBJISIETCS MEXAHU3MOM HANPSHKEHHON MaTPUIIBI.

HccnenoBanus mpeACTaBICHHbBIE B 3TOW CTaThE PACIIUPSIOT KPYT MOJTUMEPHBIX
HAaHOKOMIIO3UTOB,  JUJII  KOTOPBIX  YCTAHOBJICHbl ~ 3aKOHOMEPHOCTU  HUX
CTPYKTypoOOpa3oBaHusi. B  mpencTaBieHHBIX  HCCIAEAOBAHUSX  BBISIBICHBI
3aBUCHUMOCTH XapaKTEPUCTUK MpoIecca CTPYKTYpoOoOpa3oBaHUsI HAHOKOMIIO3UTHBIX
MaTepUalioB OT TaKUX (PAKTOPOB KaK CKOPOCTh OXJIAKICHUSI KOMIIO3UTA U MaccoBas

J0JIAA HAITOJTHUTCIIA.
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VK 538.9:536.6
3K30TEPMBI KPUCTAJJIM3ALIMA HAHOKOMITO3UTOB HA OCHOBE
IMOJIMAMMJIA 6 TIPM EI'O HATIOJJTHEHUA HAHOYACTHLAMU
JMOKCHUJIA KPEMHHUSA

®uaako Haraaus MuxaijioBHa,

JIOKT. TEXH. HayK, npodeccop, wi.-kop. HAH Ykpaunsl, 3aB. otenom,
NuctutyT Texuuueckoit terodusnkn HAH Ykpaunsr

Junkoc Poman BiaagumupoBuu

JIoKTOp TexHHYECKHX Hayk, mpodeccop, [IpopexTop nmo HayuHoii paboTe
YepHOMOpPCKMI HAIMOHAJIBHBIA YHUBEPCUTET UMEHU [leTpa Moruiib
HlepenxkoBckuii FOnui BaaguciaaBosuy,

MepanoBa Hataaus OJieropaa

KaHJ. TEXH. HayK, CTapILIUi HAay4. COTPYIHUK, BEAYIIUN HAY4Y. COTPYAHUK,
HNuctutyT Texunyeckoi terodusuku HAH Ykpauns

AHHOTanusi. B craTbe BBIOJIHEHBI 3KCIEPUMEHTAIBHBIE HCCIENOBAHUS I10
MOCTPOEHUIO AK30TEPM KPHUCTAILTU3ALMKN KOMIIO3UIIMOHHBIX MaTe€pUajioB HAa OCHOBE
noimamuza 6, HalOJHEHHOTO HAHOYACTHIIAMM JMOKCHIA KpPEeMHUs, TpU
BAPbUPOBAHUU B IIUPOKUX MpE/IeTax CKOPOCTH OXJIAXKICHHS KOMIIO3UTa U3 pacruiaBa
MOJIMMEPA ¥ MAaCCOBOM J0JIM HAIIOJIHUTEISL.

KuroueBnblie cioBa: 3K30T€pMbl KPUCTALIU3ALMHY, ITOIUaMU] 6, HAHOYACTHIIBI

AUOKCHAa KPEMHUA, CKOPOCTh OXJIAKACHUA, MAaCCOBas 10JIs1 HAITOJITHHUTCIIA.

BBenenne. Pa3Butne TexHUKM TpeOyeT HOBBIX MATEPHAJIOB, OTBEYAOIIUX
MOBBIIIIEHHBIM ~ TPEOOBaHUSAM U OOJIAAIOUIUX  HEOOXOJAUMBIMU  (DUBUKO-
MEXaHUYECKHMH XapakTepucTukamu. K TakuM matepuaniamM OTHOCSTCS, B YaCTHOCTH,
MOJIMMEPHBIE HAHOKOMIIO3UTHI, KOTOPBIE UCIIOIB3YIOTCS B Pa3HbIX 00JaCTAX
MPOMBIIIJIECHHOCTH, TaKUX KaK HAHOXJIEKTPOHMUKA, MAITMHOCTPOCHHE, DHEPreTUKa U
op. [1-15].

[lepcrieKTUBHBIMHU MOJUMEPHBIMUA KOMITIO3UTAMU SIBJISIFOTCS KOMITO3UITMOHHBIE

Marcpuajabl Ha OCHOBC IIOJIMaMHAA4 6. OI[HI/IM N3 TaKHX IIOJIMMCPOB ABJICTCA
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noymamMua 6. DTOT ToimMep oO0JagaeT TaKUMHU CBOWCTBAMHU, KaK BBICOKAS
AJIEKTPONPOBOJAHOCTh, TEPMHUUYECKAsI M KOPPO3UOHHAS CTOMKOCTbh, IIMPOKHM
Jyara3oH paboyux TemIieparyp, 4To oOecreyrBaeT MOBBIIICHHYIO JIOJTOBEYHOCTD,
HAJIe)KHOCTh M CHUIKAET MaccorabapuTHBIE XAPAaKTEPUCTUKHU JeTajedl W3 JaHHBIX
MaTepHuasoB.

B nanHoit paboTe 11 aHaiIM3a MPOIIECCOB KPHUCTAUIM3AIUM TPUMEHSIIACh
CTaHJapTHasl JKCIEpUMEHTAIbHAs METOAMKA. DKCIEPUMEHTAIbHBIE HUCCIEAOBAHUS
3aKJIIOYaJMCh B TIOCTPOECHUM  DOK30T€PM  KPUCTAUIM3AIMUA  HM3Y4aeMbIX
KOMITO3UIIMOHHBIX ~ MAaT€pUajgoB NPU  BaPbUPOBAHUM  PANAa  ONPEACIISIIOIINX
MapaMeTPOB.

Jns  nonydyeHMsT NOJMMEPHBIX HAHOKOMIIO3UTOB HCHOJIB30BAJICA METOL,
OCHOBAHHBIM Ha CMEIIMBAHUU KOMIIOHEHTOB B PAcCILIaBE MOJIUMEpPA C NMMPUMEHCHUEM
IUCKOBOrO 3kKcTpyaepa. [IpuHuunuanpHas cxemMa W ONMCAaHHWE JAaHHOTO METoJa
npuBoaAuTcA B [16].

[TocTpoeHune 3KCEPUMEHTATBHBIX 3K30TEPM KPUCTALIA3AINN HAHOKOMITO3UTA
MIPU UX OXJIAKJEHUHU U3 pacIlyiaBa MoJuMepa OCYIIECTBIISUIOCH CIAEAYIOIUM 00pa3oM.
OOpazen, MOMEILIEHHBIN B SYEHKy, HarpeBajcs 10 TEeMIEPATyphl, MPEBBIIIAIOIICH
TeMmreparypy IuiaBieHus mnoguMmepa Ha S50 K, BblaepkuBaics NOpu  JaHHOU
temneparype B TeueHue 180 ¢ u manmee oxyaxkaancs OpHU 3aJaHHOM CKOPOCTU €ro
OXJIAKJICHUS.

TemmoBoit motok Q,, OTBOAMMBIA OT HAHOKOMIIO3UTA, OIPEACIAICT C

npuMmenenrneM npudopa Ilepkuna-Onmepa DSC-2.

Pe3yibpTaThl AKCHEPUMEHTAIBHBIX HCCIICJOBAHUN TpUBEACHH B Ta0m. 1.
[peacraBiieHbl COOTBETCTBYIOIIME JaHHBIC OTHOCHTEIBHO TEMITEpaTyphl Hadana 7y,
KoHIA T KpUCTAUTM3AlMU, TEMIICPATYpPHOTO HHTepBana Kpuctawmusanmuu AT u
MaKCHMAIIbHOTO 3HAYEHHUs yIEIBHOro TemmoBoro noroka Q™ um temmeparypsl Ty,
IPU KOTOPOM TOCTUTaeTCs 3TO 3HAYEHHE MOTOKA.

Pucynok 1 wimocTpupyeT 3aBUCUMOCTh OT CKOPOCTH OXJaxaeHus Vi

YKa3aHHBIX XapaKTEPUCTHK Ipolecca Kpuctammmsanuu, a umenno Q™ Ty, Ty, Ty u
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AT s ucceyeMoi MaTpyLibl | HAHOKOMITO3UTOB.
Taoauna 1
XapaKkTepUCTUKH NMPOLECCa KPUCTAIM3ANUM NOJIUAMHUAA 6 u
MOJIMMEPHBIX KOMIIO3UTOB HA €ro OCHOBE, HANOJHEHHbIX HaHOYacTHIAMH SiOy,
NPH coJep:KaHUM HANIOJHUTESA ® = 4,0 % 1 pa3jnyHbIX cKopocTax V;

OXJUIAXKACHHUA U3 pacIiljiaBa MmoJuMepa

V,, K/mun Tn, K Tu, K Tk, K AT, K Q™ Br/kr
[Momuamug 6
0,5 4729 470,0 466,3 6,6 8,9
2,0 467,7 464,5 461,0 6,7 5,6
5,0 463,3 459,2 454,3 9,0 41
20,0 452,2 446,7 4379 14,3 2,6
: 437,9 ’ ’ ' :
[Tonmamuy 6, HanmonHeHHbI HaHoyactuuamu SiO,
0,5 469,6 465,4 461,2 8,4 6,6
2,0 463,0 458,1 4525 10,5 2,9
5,0 458,4 453,1 4478 10,6 2,4
20,0 449,6 4435 4355 14,1 1,8

[IpencraBnennsle Ha puc. 1 u B Tabn. 1, JaHHBIE HKCIIEPUMEHTOB MOJYYEHbI
npu MaccoBod jgoje HamoiaauTens o oT 0,2 mo 4% W M3MEHEHHH CKOPOCTH

oxnaxnenud ot 0,5 K/muu no 20,0 K/mus.

JUis McClIeayeMbIX HAHOKOMIIO3MTOB M MONMAaMHAAa 6 IPH IIOCTPOCHUH
SK30T€pM KPHCTAUIM3ALMU HUMEET MECTO IOHMKEHHE TeMIepaTypsl Hadana Iy |
xoHIa [y KPUCTALIM3alMK, TeMueparypsl I, a Takke TemIoBoro moroka Q™ ¢
pocToM ckopocTh oxyaxaeHus Vi (puc. 1, Tabm. 1).

HauGounblee OHMKEHHE PTHX 3HAYEHWH HaOMI0#aeTca B 00JIACTH MEHBLINX
sgauennii V. UYTo KacaeTcs IaHHBIX TEMIEPAaTyp B HCCIELYEMOM JHMala3oHe

HU3MCHCHUA Vt, TO OHO OTHOCHUTCJIBHO HCBCIUKO.

[ns remneparypsl Ty oHO cocTtasiisieT okoiio 20 K.
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Qmax, Wikg a) Tw K 6)
5

9, 470
465 —1
7 —1 460 2
5,5 —2 455
450
3.5 445
15 440
0 10 15 20 0 5 10 15 20
V, IEIMMH V,, K'mun
474 470
469 463 —
—1 2 5
464 456
459 449
454 442
449 435
0 5 10 15 20 0 5 10 15 20
V,, K/mun V,, K/mun

Puc. 1. 3aBUCMMOCTb XapaKTEPUCTHUK MPOIeCCa KPUCTALIUZAIUM MOJTUMEPHOM
MATPHUIbI 1 HAHOKOMIIO3UTA HA €€ OCHOBE 0T CKOPOCTH OXJIAKIEHUS U3
paciiiaBa nojquMepa V; pu cojep:kaHun HanoJHuTeasa ® = 4 %: 1 — maTpuna
mojauaMuj 6; 2 — HanmoJTHUTe b HaHOYacTHLBI SIO,: 4 — MaKCHMAaJIbHOE
3HAYeHHe TeII0Boro noroka Q"™; § — reMmeparypa, COOTBETCTBYOIIAsI IIOTOKY

Q™; 6 — TeMmepaTypa Ha4aJIa KPUCTALIN3ANUHE Ty 2 — TeMIIEPATYPa KOHIA

KPUCTAJLIH3AUM T

Jlpyrue 3aKOHOMEPHOCTH HaOMIONAIOTCSA [Jis BEJIMYMHBI TEIUIOBOTO MOTOKA
Q™ ¢ pocrom ckopoctu oxnaxuaenus Vi Ilpu ysenmuenum V, or 0,5 K/mun 1m0

20 K/muH, BenmumHa Q™

yMEHbIIIaeTcsl s mnojivamuaa 6 B 3,4 pasza
HAaHOKOMIIO3UTa Ha €ro ocHoBe B 3,7 pa3a. B paccmarpuBacMoM JaHamna3zoHe

W3MEHEHHSI CKOPOCTH OXJIKJIeHUsS Vi OONbIIMMU OKa3biBatoTCs 3HaueHust Ty, Tk, Ty
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u moroka Q™

JUTSL  TIOIMMEPHOW MAaTpPHIlbl, W HECKOJbKO MEHBIITUMHU IS
HAHOKOMITO3WUTOB, HAITOJIHCHHBIX HaHodacTHaMu SIO,. [Ipu 3TOM pa3inmdus MexIy
BBIIIICYKA3aHHBIMA ~ TeMIlepaTypaMu  JJIi ~ MaTpullbl M HAHOKOMIIO3UTA
He3HauntenbHbl. [Ipu Vi = 0,5 K/mun temneparypa Ty g noiaunamuia 6 mpeBbIaeT
COOTBETCTBYIOIIYIO TEMIIEpaTypy Il KOMIIO3UTA, HAMOJHEHHOTO HAaHOYACTHUIIAMH
nuokcuaa kpemHusi, Tonsko Ha 5,1 K. Uro kacaercs Temnosoro motoka Q™ To
UMEIOT MECTO OOJIBIIINE OTJIMYMS, pa3HUIIA B CPABHUBACMBIX 3HAUCHUSX COCTABIISET
26 %. BausHMe MaccoBOM J0JIM HAMOIHUTENA o Ha BenuuuHbl Ty, Tk, Ty, AT u Q™
AQHAJIOTUYHO 3aBUCUMOCTH 3THX BEITUYHH OT CKOPOCTH OXJIaxaeHH V; .

BbiBoabI. BBINTOTHEHHBIN KOMILUIEKC 3KCIEPUMEHTANIBHBIX HCCIEAOBAHUM I10
OTIPEJICIICHUIO K30TEPM KPHUCTAIUIM3AIIUU TTOJTMMEPHBIX HAHOKOMIIO3UTOB Ha OCHOBE
nmoymamMuaa 6, HAMOJHEHHOTO HAHOYACTHIIAMU KPEMHHUS, TII03BOJMI TOJYYHTh
3aBHCHUMOCTh XapaKTePUCTHK Mpoliecca KPUCTALIM3AIUN TOJMMEPHOU MaTpHUIbl U
HaHOKOMIIO3MTa Ha €€ OCHOBE OT CKOPOCTH OXJIaXJEHHUS C paciiiaBa nmojumepa Vi u
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YK 622.767.553
OBI'PYHTYBAHHSA PEXXUMHUX TAPAMETPIB IIOBITPAHUX
BIZIHEHTPOBUX CEITAPATOPIB

Xpyubkuiit AHapin OnexkcanapoBuy,
K.T.H., TOLICHT

®pany3o Makcum OuiekcaHaApoBuUY,
acmipast

KpuBopi3bkuii HallilOHAJIbHUIN YHIBEPCUTET
M. Kpusuii Pir, Ykpanna

AnHoTamisg: Ha ocHOBI mpoBeNEeHOro aHami3y BIJOMHX 3aJI€KHOCTEH s
BU3HAYEHHS CWJI, IO JIIOTh HAa YaCTUKW Marepialy y MOBITPSHUX BIILIEHTPOBUX
cemaparopax, BHU3HAYE€HO YMOBM BHJIUICHHS KPYINHUX Ta JpiOHUX (pakiii, 1o
MOXYTh OYTH BUKOpPUCTaHI JMJi1 OOIPYHTYBAaHHS pallOHAIBHUX PEKUMHUX
napameTpiB MOBITPSIHUX BIALIEGHTPOBUX CEMapaTopiB.

Kiro4oBi ciioBa: 30arayeHHs KOPUCHUX KOMAJIWH, THEBMATHYHA Cemapais,
MOBITPsIHA cenapariisi, THEBMAaTH4YHI BIALIEHTPOBI CEMapaToOpH, MOBITPSHI BIALICHTPOBI

cenapaTtopH, 00J1acTh BAKOPUCTAHHS MOBITPSIHUX CEMapaTopiB.

Beryn. IloBiTpsiHI cenapatopu € OCHOBHUM OOJIaJHAHHAM I CyXOTO TOJLTY
3a KPYIHICTIO TOHKOJIUCIIEPCHUX MaTepialiiB, 10 3aCTOCOBYIOTHCS y PI3HOMAaHITHUX
rajy3sx MPOMHUCIOBOCTI, TaKUX SK TpPHUYO-30aradyBalibHa, METANIypriiiHa, XiMI4Ha
TOLIO.

Cepen uporo kjgacy oOJiaJHAaHHS cCaMUMU €(PEKTUBHUMH BBAXKAIOTHCS CaMe
BIJILIGHTPOBI CENapaTopH, 1110 BUKOPUCTOBYIOTh BIJILIEHTPOBY CUJTY JIJISl IMiJIBUILICHHS
IHTEHCUBHOCTI Ta SIKOCTI MOy MaTepiany.

[Ipy  BuU3HAUeHI  MapaMeTpiB  TEXHOJOLIYHOTO  Mpouecy  MOAUTY
TOHKOJMCIIEPCHOTO MaTepiaiy y MOBITPSHUX BIAIIEHTPOBHUX CeMapaTropax Ba>KJIUBUM
€ OOTpYHTYBaHHS palliOHATBHUX CITIBBIJHOIIEHb M1 TOJIOBHUMHU CUJIAMH, IO AIIOTh

Ha YaCTUHKHU MaTtepiainy
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Mera po6otu. OOrpyHTyBaHHS pPEKMMHUX TMapaMeTpiB  TMOBITPSHUX
BIJIIIEHTPOBUX CEMapaTopiB Ha OCHOBI aHAJI3y CIIBBITHOLICHHS BiALEHTPOBOI CHIIH,
CWJIM aepOAMHAMIYHOIO MOPY Ta CHIIM TSKIHHS, 110 J1I0Th HA YaCTUKHU MaTepiany.

Bukiaa oOCHOBHOro wmarepiajgy. 3Ha4yeHHS BIJIEHTPOBOI CHJIM, CHIIU
aepOJMHAMIYHOTO TIOPY Ta CUJIU TSOKIHHS, IO JIIOTh Ha YACTUKU MaTepiaily 3aliekaTh
y Tepuly 4Yepry BiJ CHpSAMYBaHHS Ta BEJIMYMHU BEKTOPY IIBUJKOCTI
TPAHCIIOPTYIOYOTrO areHTy (TOBITPs), XapaKTEePUCTHUK YACTUHOK, a came iX po3Mipy Ta
MacH, 1 HapeIlTi BiJ pajlyCy pO3TalllyBaHHS CaMHX YaCTHMHOK y CEPEIHHI BUXOPY
TPAHCIIOPTYIOYOTO areHTY (TOBITPS).

CaMe moenHaHHS BEMUYHMH IIMX TPHOX TOJOBHHUX CHJI 1 BH3HAYAIOTh PEKUM
poOOTH MOBITPSIHOTO CemapaTopa.

BukopucroByroun Bimomi 3anexHOCTi [1-6], ki BH3HAYAIOTh 3HAYCHHS
BIJILIEHTPOBOI CUJIM, CHJIM Aa€pOAMHAMIYHOTO MOPY Ta CWIM TSDKIHHS, IO JA1I0Th Ha
YaCTUKH MaTepiaily, po3riiiHEMO PEXKUMU POOOTH cenaparopa.

ChiBBIAHOLIEHHS BiAUEHTPOBOI cui Fg, Ta cumu TsokinHeg G,, 0 A1I0Th Ha

YaCTUHKY MaTepiary
F.o, > G, , axmo v, >3,13-/r (1)

Ie L, - JOTUYHA CKJAJ0Ba BEKTOPY IIBHAKOCTI TOBITPs;, I — pajiiyc
PO3TallyBaHHS YACTUHKHU Y CEPEANHI BUXOPY TPAHCIOPTYIOUOTO areHrty (MmoBiTps).

Sk mo y cniBBigHOweHH! (1), 3HayeHHsA BiAUEHTpoBoi cuiu Fgy, Oyne
OipIMM 3a cuity TSDKiHHS G,, TO YaCTHHKHU MaTepiany OyAayTh pyXaTHCS BiJl LIEHTPY
HA30BHI, TTIOKA HE 3ITKHYTHCS 13 CTIHKOIO KOPIYCY cemaparopy 1, BIAMOBIJIHO, HE
BTPaTATh MIBUAKICTh PYXy Yepe3 JOJATKOBY MPOTHAIIO0 CHJIM TEPTS YaCTUHOK 00
MOBEPXHIO KOpMycy. SIKIIO HaBHmaku 3HA4YeHHS 3a cuiM TsokiHHA G, Oyne Oiiblie
BIALIEHTPOBOI cuiH Fy,, TO YaCTHHKM MaTepiady OyAyTh y BUXOp1 Bifpa3y pyXaTHCs
YHH3, HABITh HE JOCATIIN CTIHOK KOPIYCy cemaparopy. Taka cuTyailisi XapakTepHa
TS YaCTMHOK JOCTATHHO BEITUKOT Bard MPH BiIHOCHO HU3bKHUI MIBUIKOCTI MOBITPSI.

CriBBITHOIICHHS CUJTU aepoJHaMIYHOTO onopy F, Ta cumm Tsokinas G, , mo

Jli€ Ha YaCTUHKY MaTepiany
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F, >G,, axmo v >1,003-d, - s} —Z—r

(2)

ne d, - eKBiBaJCHTHWUH [diaMeTp 4YacTUHKU; 0, — UIUIBHICTH MaTepiaiy
YACTUHKH; Oy — IMIIBHICTh TPAHCHOPTYIOUOTO areHTy (MOBITps); V - KIHEMaTU4YHA
B’A3KICTh TPAHCHOPTYIOUOTO areHTy (MoBiTps); K, — KoedilieHT, Mo 3aIeXuTh Bij
(dhopMHU YaCTHUHKH.

ko y cniBBigHOMIEHHI (2) 3HAYEHHS CUJIM aepOuHAMIYHOTO omnopy F, Oyme
OlIpIIMM 3a culy TsDKIHHS G,, TO YaCTMHKU OyAyTh PyXaTHCS Y3JO0BXK JIHIA TOKY
noBiTps. Lle xapakTepHO A JETKMX YaCTHHOK, 1[0 PYXalOThCsl Ha PO3BAHTAKEHHS
TOHKOI (pakmii. SAkio y cmiBBigHOMmEHH] (2) 3Ha4YeHHA cwiH TsokiHHA G, Oyzde
OUTBIIMM CHJIM aepOJMHAMIYHOTO omopy F,, TO, SIK 1 y mHomepeaHbOMYy BHIIAJIKY,
YaCTUHKUA Marepiany OyayTh pyXaTUCS YHU3 Ha PO3BAHTAKEHHS KpyHHOI (pakuii.
Taka cutyanis xapakTepHa JJis YaCTUHOK JOCTATHBHO BEJIMKOI IIIJIBHOCTI Ta Majoro

PO3Mipy IIPH BIIHOCHO HU3BKHUH IIBUIKOCTI MOBITPSI.

CniBBIJHOLIEHHS CHJIM a€pOJUHAMIYHOIO onopy F, Ta BiALEeHTpoBOi cuin Fgy,

95,0625-r% v -k’

2
o P
F d3-p2 : . (3)

wioy > P SIKWIO 0, >

SIxmio y cmiBBiIHOWEHH] (3) 3HaYeHHs BIALEHTPOBOI cuH F, Oyne OuIbmmM
3a CWJIy aepoJuHaMidyHOro omopy F,, TO "YacTMHKH OyIyThb pyXaTHCS BijJ LEHTPY
HA30BHI, TOKM HE 3ITKHYThCS 13 CTIHKOIO KOPIYCY CEenapaTropy i po3BaHTAXKAThCA, 5K
KpYIHUN NPOAYKT. SIKII0 y CHIBBIAHOIICHHI (3) 3HAYEHHS CUJIM a€pOJAMHAMIYHOIO
onopy F, Oyne OuibIIMM 3a BIIUEHTPOBY cUily Fip,, TO YACTUHKM OYAYyTh pyXaTHCA
Y3JI0BX JIIHIM TOKY OBITPS 1 pO3BaHTaXXaThCsl, SIK TOHKA (DpaKiiis.

3 pO3rJISHYTUX CIIIBBIIHOIIEHb MOKHAa BHUBECTH HACTYNHI YMOBHU pPYyXYy
YaCTUHOK Yy TTOBITPSTHOMY BIILICHTPOBOMY CETapaTopi:

— YMOBA BUUIEHHS KPYITHUX (paKiini
95,0625-r*-v -k - oy,
d-p

(Foy >F,)=| 0, >

(4)
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— YMOBA BUAUICHHS APIOHUX (paKiii

(F, >Gq)/\(|:a >F

8i0Y
95,0625 r? -v-kfb - P4 (5)
i d?-p;

)=

0. >1,003-d, - 3

BucHoBku. Ha ocHOBI y3araiabHEHHsSI JOCBITY BIJOMHX JTOCIHIHDKEHb PI3HUX
MaTEeMaTHYHUX MOJEJeH, COpSIMOBAaHUX Ha JOCHIIKCHHS BiIUEHTPOBOI CHJIH, CHIIU
aepOJMHAMIYHOTO TMOPY Ta CHJIM TSDKIHHS, IO JIIIOTh HAa YacTHUKWA MaTepialy y
MOBITPSHUX BIJUEHTPOBHUX CEMapaTopax, BA3HAYEHO YMOBH BUIUICHHS KpyNHUX (4)
Ta ApiOHUX (5) (pakiiii, MO0 BpaxOBYIOTh PO3MIp Ta Bary 4acTHHOK, HIBUIKICTb
TPAHCIOPTYIOYOrO0 TMOBITPSI Ta MOTOYHOIO pajlyCy pO3TalllyBaHHS YaCTUHKU
ycepeauH1 KOpIyCy BIJLIEHTPOBOIO cemaparopa, siki MOXXYTh OyTH BUKOPHUCTaHI JIst

OOTPYHTYBaHHSI PEKUMHHUX MTapaMETPIB MOBITPSIHUX BIJIIIEHTPOBUX CEMAPATOPIB.
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PHYSICAL AND MATHEMATICAL
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BUKOPUCTAHHS 3D PYYKH HA YPOKAX TEOMETPII

IMpucsxxaiok Mapuna BikTopiBHa
BUHTEIIb MaTeMaTuku | kateropii
PiBHeHchkuit minent «Koneriym»
M.PiBHe, Ykpaina

Beryn. / Introductions. Ilporpama reoMetpii nepenbadae BUBUCHHS PO3ILTY
«CrepeomeTtpiss»y. YuHl OUTbII JETaNbHO 3HAMOMIISITECA 3 TaKUMU MOHATTIMH, SIK:
MapayieNbHICTh 1 MEePIEeHIUKYISPHICTh NpsAMUX 1 TiomuH y npoctopi (10 ki),
MHOTOTPaHHMKH, TiJIa o0epTaHHs, 00’€MH Ta IUIOII MOBEPXOHb F'€OMETPUYHUX TiJ
(11 k). Ha nboMy eTari BUBUEHHS € Iy»€ BaXKJIMBOIO TPOCTOPOBA ysIBA.

Meta poborn. / Aim. Ilorogsrech, s CydacHUX AITEH HEJOCTATHHO JOIIKHU
ta 3ommuTa. [1{o6 ypok OyB IliIKaBUM Ta MPOJYKTUBHUM MOTPIOHO BUKOPUCTOBYBATH
Cy4YacHI TEXHOJIOT1] Ta 1TH B HOTy 3 yacoM. ChoroHi /uist 1iporo € 3D pyuka, 3aBAsKd
K1 MOJKHA CTBOpIOBaTH 00 €MHI (Irypu B PEXKUMI PEaTbHOTO Yacy IPOCTO B
noBiTpl. llell MOTy>XKHUH 1 YHIBEpCAJbHUW IHCTPYMEHT CHpPHSIE PO3IMIMPEHHIO
JUTSYOr0 KPYro30py, PO3BUTKY MPOCTOPOBOTO MUCIEHHS 1 MOTOPUKHU PYK. (puc.l)

Marepiaian Ta Mmeroau./Materials and methods. Cyuachi ramkeru mis
TPUBHUMIPHOTO MOJICITIOBAHHS - I1¢ MAalOYTHE CHCTEMH OCBITH B JUTSYUX TBOPYHUX
o0'eTHAHHAX, 3araJlbHOOCBITHIX mIKomax 1 BY3ax. Mu moxemo abo OGopoTHCh 3
CyYaCHUMH TEXHOJIOT15IMH, 200 K BUKOPUCTOBYBATH iX 3 KOPUCTIO. (pHC.2)

PesyabTaTi Ta odrosopenns./Results and discussion. 3 BrnpoBamKeHHAM
3D-pyuku, yueHb Ma€ MOXJIMBICTh 300pakaT reOMeTpUYH1 (Pirypu, a ciijgom 3a TUM
poOutu BiacHi ckiaaHi popmu. CTBOPIOBATH apXITEKTYpPHI KPECIEHHS, 1110 MICTATH B
co0l MaremMaTH4Hi 3AI0HOCTI - 3HAHHSA TI€OMETpIii, MPOCTOPOBOi OpieHTAIli 1
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BHUMIPIOBaHb.

BucnoBku./Conclusions. Mwu mnparHemMo, a0u Halli BHUITYCKHUKH OyJH
0COOUCTOCTSIMHM, TMaTpioTaMH Ta 1HHOBatopamu. A 3D-pydyku - 1€ yHIKaJIbHI
OPUCTPOi, fAKI BIAKPUBAIOTH AOCOJIOTHO HOBUH CBIT MOXIIMBOCTEH, CBOOOIY

Kp€aTUuBHOI'O MHUCJICHHS 1 CaMOBHPaAXXCHH CEPCA y‘IHlB

Puc. 2. 3D pen «<Hamanwii cBo10 Mpiro»
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Annotation. The Donetsk coal basin (Donbass) has significant resources of gas
hydrocarbons, mainly methane. For its forecast and associated production, a method
for constructing gas-screening intervals has been developed, which allows identifying
promising zones of free methane accumulation in mined areas. This method takes
into account a set of factors that allow obtaining a positive result.

Key words: coal deposits, methane accumulations, method, gas-tight screen.

Ukraine does not produce enough natural gas, so some of it must be exported
from other countries. At the same time, the deposits of the Donetsk Basin contain a
significant amount of coal methane, which is practically no different from natural gas
[1, p. 70; 2, p. 59]. Coal methane, released from coal seams, enters mine workings
and significantly affects the safety of miners. Getting into the atmosphere, this gas

disrupts the existing balance and negatively affects the environment.
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Taking into account the experience of advanced countries in this area, it is
necessary to take measures to solve the complex problem of improving
environmental conditions; increasing the safety of miners; utilizing coal methane as
an additional energy source.

To solve the specific problem of gas exploration and production, a method for
identifying zones of free coal methane accumulation is needed, allowing us to
predict, extract and utilize this gas at an optimal level. This article is aimed at solving
the formulated urgent energy problem.

It is now known that any mineral deposit in general and coal and gas deposit in
particular has its own mining and geological conditions. Gas production in developed
and undeveloped areas also has its own differences.

To successfully solve the problem, we need to find gas traps, which are
distinguished by the presence of three main factors: a collector, a geological structure
and a gas-tight screen.

For the conditions of Donbass, the collector 1s formed in the zone of ancient
river beds (paleochannel), since this part is characterized by increased sizes of rock-
forming grains, increased porosity values and increased organic content in the cement
[3, p. 263].

The geological structure, for the conditions of coal deposits, can be represented
by various types, of which there are quite a lot for the conditions of the region under
consideration.

Researchers have not previously identified gas-tight screens, since Donbass
was not considered a gas field. In recent years, such a need has arisen due to a
number of reasons. At present, it is necessary to approach the extraction of coal
methane and its utilization taking into account the experience of developing typical
oil and gas basins, supplementing this with the features of the mining and geological
conditions of a particular region.

Unlike typical oil and gas basins, the region under consideration has undergone
significant tectonic changes as a result of the rock uplift that took place here. This has

led to the formation of relatively low porosity and low permeability of carbon
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deposits. In addition, they have increased density and strength [2, p. 60; 3, p. 263; 4,
p. 418].

According to scientists [5, p. 139; 6, p. 4], during the development of the coal
seam and the subsequent settlement of the main roof, the coal-rock massif above the
coal seam being developed is decompressed. In this case, four main zones are
formed, characterized by the following properties.

The first zone is located approximately in the interval up to 8.0 meters above
the coal seam and is characterized by complete destruction and crumpling of rocks.

The second zone from 8.0 to 30 m above the developed seam is characterized
by the formation of intensive vertical fracturing and partial destruction at the base of
the interval.

The third zone from 30 to 80 m above the developed seam is characterized by
the formation of intensive horizontal or so-called layered fracturing and rare vertical
fracturing.

The fourth zone from 80 to 130 m above the developed layer is characterized
by the formation of weakly expressed layered fracturing, which can extend
higher - up to 300 m above the developed layer.

Since all the Carboniferous rocks of the Donetsk Basin are gas-saturated to
varying degrees, methane is released from the decompressed rocks and drains into the
upper horizons. A significant amount of organic matter is concentrated in the rocks of
the Donbass, which under certain conditions can sublimate into hydrocarbon gases
[3, p. 268].

In the reservoir rocks located above and below the mined-out space, methane is
under excess pressure, which facilitates its filtration into the decompressed rocks.
Therefore, significant volumes of gas are concentrated in the decompressed zone and
if there are no natural barriers, the gas will gradually go up until it reaches the
daylight surface.

The covering located in zones 3 or 4 can have a significant impact on this
process. Such covering include a complex of limestone covered by argillite.

According to our data and literature [7, p. 22; 8, p. 5], limestone is
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characterized by increased strength. During the development of coal seams, the main
roof of the coal seam settles, and then there is a compensatory subsidence of the rock
massif lying above the worked coal seam. This subsidence occurs over a fairly long
period of time and, moreover, unevenly. In places where thick limestones lie, this
process slows down. Limestone seems to hold the overlying rocks. Over time, these
limestones also subside under the action of lithostatic stresses, but for some time a
disturbed zone, a kind of "gas pocket", is formed under them.

If argillite lies above limestone, a bistructural combination of the two rocks is
formed. Limestone, which has a dense and strong structure, provides strength, and
argillite, which has gas-screening properties, provides gas impermeability. The more
powerful the said bistructural combination, which we called a "gas-screening interval
or gas-tight screen", is, the longer the said "gas pocket" will be preserved and the less
gas will leave the interval under study over a certain period of time. Degassing wells,
all other things being equal, are more correctly laid in places where more powerful
gas-screening intervals are located, the re-drilling of which allows for more effective
degassing of the massif under study and the extraction of the so-called "technogenic"
gas.

To use the above-described gas-screening interval in technological degassing
processes, a method for constructing schematic maps of the capacity of this interval
has been developed. A brief method for constructing schematic maps is given below.

The construction of these schematic maps is performed as follows. In the roof
of a mined or mined coal seam, at a distance of at least 70—-80 m and no more than
300 m from it, the most powerful limestone is selected in combination with the
overlying argillite (gas-screening interval). It is not recommended to select the
specified interval closer to the coal seam being mined, due to the fact that it can be
significantly damaged by vertical cracks after the main roof has been set. In this case,
the selected interval will not perform the gas-shielding function. Further than 300 m
from the coal seam being mined, the effect of forming a gas pocket will be
significantly reduced, until it completely disappears. Therefore, the most optimal

location of the gas-shielding interval is selected in the range of 70 - 150 m above the
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coal seam being mined.

In addition to the above parameters, it is necessary to select the most powerful
limestone, if possible, in combination with the most powerful argillite, occurring in
the roof of the selected limestone. After the selection has been made, for all wells
drilled from the surface in the study area, the capacities of the selected gas shielding
interval (H g.s.i.) are determined using the formula:

Hgsi.=hlt +hta;wm

rae: h L.t. — limestone thickness;

h t.a. — thickness argillite.

The obtained values are taken out near each used well on a hypsometric plan
(or a mining plan) and equal values are connected by interpolation with an interval of
1 or several meters. The size of the interval does not play a significant role and can
change depending on the degree of change in the thickness of the gas-screening
interval. It is important for us to track the dynamics of the change in the thickness of
this interval, compare it with maps of the selected paleoflows and maps of local
structures, to determine zones of increased gas content and select locations for laying
degassing wells.

To achieve the goal of forecasting hydrocarbon accumulation zones, the most
favorable will be a combination of several factors. For this purpose, a method for
assessing the combination of factors favorable for forecasting is proposed using a set
of points. Thus, each of the factors is estimated at one point. A combination of
several factors increases the degree of hydrocarbon forecasting. The experience of the
work carried out in the Donbass in this direction allows us to draw the following
conclusions regarding gas-screening intervals.

If the limestone thickness in the gas-screening interval is less than one meter or
the total thickness is less than 5 meters, this interval will be ineffective and cannot be
considered as a sufficient independent factor performing the functions of a gas
screen. If the total thickness of the interval is from 5 to 10 m and the limestone
thickness is not less than 2 m, it has satisfactory efficiency, which is expressed by one

point.
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With a total interval thickness of more than 10 m and a limestone thickness of
more than 3 m, the gas-screening interval has good efficiency, which is expressed by
two points. Thus, the combination of the dynamic part of the paleoflow, increased
values of sandstone thickness, local anticlinal structure and gas-screening interval, for
example, 7 m thickness, with a limestone thickness of 2 m, allows us to estimate the
selected zone at 4 points. This is a fairly high probability indicator of the presence of
methane in the studied zone.

The most favorable combination will be the increased values of ancient river
flows - paleoflows, schemes of equal sandstone thicknesses - isopachs, local
structures - anticlines and a gas-screening interval with a total thickness of more than
10 m and a limestone thickness of more than 3 m. Such a combination of factors can
be estimated at 5 points and have the highest probability assessment when predicting
the presence of free methane. This method has undergone experimental tests in the
Donbass mines and has proven its effectiveness in industrial conditions.

The presented results allow the use of the method of determining the
gas-screening interval in the Donbass mines as one of the significant factors, with the
aim of a more complete study of changes in the degree of mining and geological
conditions, as well as to increase the reliability of determining zones of increased gas
content both separately and in combination with other methods (schematic maps of

paleoflows, local structures, isopachs).
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Abstract. Significant development of pharmaceutical science and practice
requires pharmacy specialists to develop abilities for constant learning, improvement,
and independent information analysis. It is independent work that provides an
opportunity for internal and external self-organization, and the formation of
self-development.
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Introduction. In the modern socio-cultural space, the upbringing of an active
citizen, a responsible, creative individual, capable of constant self-education and
self-development, able to realize his potential for the benefit of society, is of
particular importance. The National Doctrine of the Development of Education of
Ukraine in the 21st Century, the Law of Ukraine "On Higher Education", and the
Program for the Implementation of the Bologna Declaration in the System of Higher
Education and Science of Ukraine [1, 2] are aimed at solving these tasks. The modern

achievements of science and the wide implementation of scientific technologies in the
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production processes of all industries, including in the field of pharmaceutical
specialists serving the population, have radically changed not only the conditions of
the labor process but also raised the bar of requirements for graduates of higher
educational institutions (HEIs). The modern system of higher medical education is
designed to train young specialists with a high level of theoretical training, who can
quickly and effectively respond to the contemporary achievements of pharmaceutical
science, who possess a wide range of critical thinking and the skills to find optimal
ways to prevent and overcome problems, who are ready to introduce new
technologies into practical health care 'l

Solving this problem is impossible only by transferring knowledge in a ready
form from the teacher to the student. It is necessary to transfer the student from a
passive consumer of knowledge to an active creator of it, who can formulate a
problem and analyze ways to solve it. In this regard, self-study as an element of
students' independent work (SRS) is an important form and basis of the educational
process [4]. In the last decade, various innovative technologies have been widely
used to implement the educational process in higher educational institutions. In
particular, innovations in education are manifested in the trends of accumulation and
modification of initiatives and innovations in the educational space (new teaching
methods and methods), which cause changes in the field of education and the
transformation of its content and quality to a higher level [3]. Independent work is
one of the main components of the professional training of students at the university,
aimed at the self-development of the necessary abilities of the future graduate for
more complex, multifunctional types of activities and ensures the formation of
mobile, capable of competition, innovative and managerial activities of qualified
personnel.

It is well known that