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Isaac Newton
Petro P. Trokhimchuck

Sir Isaac Newton FRS (25 December 1642- 20 March 1726/27) was an
English mathematician, physicist, astronomer, alchemist, theologian, and author who was
described in his time as a natural philosopher. He was a key figure in the Scientific Revolution and
the Enlightenment that followed. His pioneering book Philosophiee Naturalis Principia
Mathematica (Mathematical Principles of Natural Philosophy), first published in 1687,
consolidated many previous results and established classical mechanics. Newton also made
seminal contributions to optics, and shares credit with German mathematician Gottfried Wilhelm
Leibniz for developing infinitesimal calculus.’

In the Principia, Newton formulated the laws of motion and universal gravitation that formed
the dominant scientific viewpoint for centuries until it was superseded by the theory of relativity.
Newton used his mathematical description of gravity to derive Kepler's laws of planetary motion,
account for tides, the trajectories of comets, the precession of the equinoxesand other
phenomena, eradicating doubt about the Solar System's heliocentricity. He demonstrated that
the motion of objects on Earth and celestial bodies could be accounted for by the same principles.
Newton's inference that the Earth is an oblate spheroid was later confirmed by the geodetic
measurements of Maupertuis, La Condamine, and others, convincing most European scientists of
the superiority of Newtonian mechanics over earlier systems.

Newton built the first practical reflecting telescope and developed a sophisticated theory of
colour based on the observation that a prism separates white light into the colours of the visible
spectrum. His work on light was collected in his highly influential book Opticks, published in
1704. He also formulated an empirical law of cooling, made the first theoretical calculation of
the speed of sound, and introduced the notion of a Newtonian fluid. In addition to his work on
calculus, as a mathematician Newton contributed to the study of power series, generalised
the binomial theorem to non-integer exponents, developed a method for approximating the roots
of a function, and classified most of the cubic plane curves.

Newton built the first practical reflecting telescope and developed a sophisticated theory of
colour based on the observation that a prism separates white light into the colours of the visible
spectrum. His work on light was collected in his highly influential book Opticks, published in
1704. He also formulated an empirical law of cooling, made the first theoretical calculation of
the speed of sound, and introduced the notion of a Newtonian fluid. In addition to his work on
calculus, as a mathematician Newton contributed to the study of power series, generalised
the binomial theorem to non-integer exponents, developed a method for approximating the roots
of a function, and classified most of the cubic plane curves.

Newton was a fellow of Trinity College and the second Lucasian Professor of Mathematics at
the University of Cambridge. He was a devout but unorthodox Christian who privately rejected
the doctrine of the Trinity. He refused to take holy orders in the Church of England, unlike most
members of the Cambridge faculty of the day. Beyond his work on the mathematical sciences,
Newton dedicated much of his time to the study of alchemy and biblical chronology, but most of
his work in those areas remained unpublished until long after his death. Politically and personally
tied to the Whig party, Newton served two brief terms as Member of Parliament for the University
of Cambridge, in 1689-1690 and 1701-1702. He was knighted by Queen Anne in 1705 and spent
the last three decades of his life in London, serving as Warden (1696-1699) and Master (1699
1727) of the Royal Mint, as well as president of the Royal Society (1703-1727).
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Isaac Newton was born (according to the Julian calendar in use in England at the time) on
Christmas Day, 25 December 1642 (NS4 January 1643), "an hour or two after
midnight”, at Woolsthorpe Manor in Woolsthorpe-by-Colsterworth, a hamlet in the county of
Lincolnshire. His father, also named Isaac Newton, had died three months before. Born
prematurely, Newton was a small child; his mother Hannah Ayscough reportedly said that he
could have fit inside a quart mug.[ When Newton was three, his mother remarried and went to
live with her new husband, the Reverend Barnabas Smith, leaving her son in the care of his
maternal grandmother, Margery Ayscough (née Blythe). Newton disliked his stepfather and
maintained some enmity towards his mother for marrying him, as revealed by this entry in a list
of sins committed up to the age of 19: "Threatening my father and mother Smith to burn them and
the house over them.” Newton's mother had three children (Mary, Benjamin, and Hannah) from
her second marriage.

From the age of about twelve until he was seventeen, Newton was educated at The King's
School in Grantham, which taught Latin and Ancient Greek and probably imparted a significant
foundation of mathematics. He was removed from school and returned to Woolsthorpe-by-
Colsterworth by October 1659. His mother, widowed for the second time, attempted to make him
a farmer, an occupation he hated. Henry Stokes, master at The King's School, persuaded his
mother to send him back to school. Motivated partly by a desire for revenge against a schoolyard
bully, he became the top-ranked student, distinguishing himself mainly by building sundials and
models of windmills.

In June 1661, Newton was admitted to Trinity College at the University of Cambridge. His
uncle Reverend William Ayscough, who had studied at Cambridge, recommended him to the
university. At Cambridge, Newton started as a subsizar, paying his way by performing valet duties
until he was awarded a scholarship in 1664, which covered his university costs for four more years
until the completion of his MA. At the time, Cambridge's teachings were based on those
of Aristotle, whom Newton read along with then more modern philosophers,
including Descartes and astronomers such as Galileo Galilei and Thomas Street. He set down in
his notebook a series of "Quaestiones" about mechanical philosophy as he found it. In 1665, he
discovered the generalised binomial theorem and began to develop a mathematical theory that
later became calculus. Soon after Newton obtained his BA degree at Cambridge in August 1665,
the university temporarily closed as a precaution against the Great Plague. Although he had been
undistinguished as a Cambridge student, Newton's private studies at his home in Woolsthorpe over
the next two years saw the development of his theories on calculus, optics, and the law of
gravitation.”

In April 1667, Newton returned to the University of Cambridge, and in October he was elected
as a fellow of Trinity. Fellows were required to be ordained as priests, although this was not
enforced in the restoration years and an assertion of conformity to the Church of England was
sufficient. However, by 1675 the issue could not be avoided and by then his unconventional views
stood in the way. Nevertheless, Newton managed to avoid it by means of special permission
from Charles I1.

His academic work impressed the Lucasian professor Isaac Barrow, who was anxious to
develop his own religious and administrative potential (he became master of Trinity College two
years later); in 1669, Newton succeeded him, only one year after receiving his MA. Newton was
elected a Fellow of the Royal Society (FRS) in 1672.

Newton's work has been said "to distinctly advance every branch of mathematics then
studied"”. His work on the subject, usually referred to as fluxions or calculus, seen in a manuscript
of October 1666, is now published among Newton's mathematical papers.[*21 His work De analysi
per aequationes numero terminorum infinitas, sent by Isaac Barrow to John Collins in June 1669,
was identified by Barrow in a letter sent to Collins that August as the work "of an extraordinary
genius and proficiency in these things".[%l
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Newton later became involved in a dispute with Leibniz over priority in the development of
calculus (the Leibniz—Newton calculus controversy). Most modern historians believe that Newton
and Leibniz developed calculus independently, although with very different mathematical
notations. Occasionally it has been suggested that Newton published almost nothing about it until
1693, and did not give a full account until 1704, while Leibniz began publishing a full account of
his methods in 1684. Leibniz's notation and "differential Method", nowadays recognised as much
more convenient notations, were adopted by continental European mathematicians, and after 1820
or so, also by British mathematicians.

His work extensively uses calculus in geometric form based on limiting values of the ratios of
vanishingly small quantities: in the Principia itself, Newton gave demonstration of this under the
name of “"the method of first and last ratios" and explained why he put his expositions in this
form, remarking also that "hereby the same thing is performed as by the method of indivisibles."

Because of this, the Principia has been called "a book dense with the theory and application
of the infinitesimal calculus” in modern times and in Newton's time "nearly all of it is of this
calculus.” His use of methods involving "one or more orders of the infinitesimally small™ is present
in his De motu corporum in gyrum of 1684 and in his papers on motion "during the two decades
preceding 1684".

Newton had been reluctant to publish his calculus because he feared controversy and
criticism. He was close to the Swiss mathematician Nicolas Fatio de Duillier. In 1691, Duillier
started to write a new version of Newton's Principia, and corresponded with Leibniz. In 1693, the
relationship between Duillier and Newton deteriorated and the book was never completed.

Starting in 1699, other members of the Royal Society accused Leibniz of plagiarism. The
dispute then broke out in full force in 1711 when the Royal Society proclaimed in a study that it
was Newton who was the true discoverer and labelled Leibniz a fraud; it was later found that
Newton wrote the study's concluding remarks on Leibniz. Thus began the bitter controversy which
marred the lives of both Newton and Leibniz until the latter's death in 1716.

Newton is generally credited with the generalised binomial theorem, valid for any exponent.
He discovered Newton's identities, Newton's method, classified cubic plane
curves (polynomials of degree three in two variables), made substantial contributions to the theory
of finite differences, and was the first to use fractional indices and to employ coordinate
geometry to derive solutions to Diophantine equations. He approximated partial sums of
the harmonic series by logarithms (a precursor to Euler's summation formula) and was the first to
use power series with confidence and to revert power series. Newton's work on infinite series was
inspired by Simon Stevin's decimals.

When Newton received his MA and became a Fellow of the "College of the Holy and
Undivided Trinity" in 1667, he made the commitment that "I will either set Theology as the object
of my studies and will take holy orders when the time prescribed by these statutes [7 years] arrives,
or I will resign from the college.” Up until this point he had not thought much about religion and
had twice signed his agreement to the thirty-nine articles, the basis of Church of England doctrine.

He was appointed Lucasian Professor of Mathematics in 1669, on Barrow's recommendation.
During that time, any Fellow of a college at Cambridge or Oxford was required to take holy
orders and become an ordained Anglican priest. However, the terms of the Lucasian professorship
required that the holder not be active in the church — presumably, so as to have more time for
science. Newton argued that this should exempt him from the ordination requirement, and Charles
I, whose permission was needed, accepted this argument; thus, a conflict between Newton's
religious views and Anglican orthodoxy was averted.

In 1666, Newton observed that the spectrum of colours exiting a prismin the position
of minimum deviation is oblong, even when the light ray entering the prism is circular, which is
to say, the prism refracts different colours by different angles. This led him to conclude that colour
is a property intrinsic to light — a point which had, until then, been a matter of debate.
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From 1670 to 1672, Newton lectured on optics. During this period he investigated
the refraction of light, demonstrating that the multicoloured image produced by a prism, which he
named a spectrum, could be recomposed into white light by a lens and a second prism. Modern
scholarship has revealed that Newton's analysis and resynthesis of white light owes a debt
to corpuscular alchemy.

He showed that coloured light does not change its properties by separating out a coloured beam
and shining it on various objects, and that regardless of whether reflected, scattered, or transmitted,
the light remains the same colour. Thus, he observed that colour is the result of objects interacting
with already-coloured light rather than objects generating the colour themselves. This is known
as Newton's theory of colour.

From this work, he concluded that the lens of any refracting telescope would suffer from
the dispersion of light into colours (chromatic aberration). As a proof of the concept, he
constructed a telescope using reflective mirrors instead of lenses as the objective to bypass that
problem. Building the design, the first known functional reflecting telescope, today known as
a Newtonian telescope, involved solving the problem of a suitable mirror material and shaping
technique. Newton ground his own mirrors out of a custom composition of highly
reflective speculum metal, using Newton's rings to judge the quality of the optics for his
telescopes. In late 1668, he was able to produce this first reflecting telescope. It was about eight
inches long and it gave a clearer and larger image. In 1671, the Royal Society asked for a
demonstration of his reflecting telescope. Their interest encouraged him to publish his notes, Of
Colours,® which he later expanded into the work Opticks. When Robert Hooke criticised some
of Newton's ideas, Newton was so offended that he withdrew from public debate. Newton and
Hooke had brief exchanges in 1679-80, when Hooke, appointed to manage the Royal Society's
correspondence, opened up a correspondence intended to elicit contributions from Newton to
Royal Society transactions, which had the effect of stimulating Newton to work out a proof that
the elliptical form of planetary orbits would result from a centripetal force inversely proportional
to the square of the radius vector. But the two men remained generally on poor terms until Hooke's
death.

Newton argued that light is composed of particles or corpuscles, which were refracted by
accelerating into a denser medium. He verged on soundlike waves to explain the repeated pattern
of reflection and transmission by thin films (Opticks Bk.II, Props. 12), but still retained his theory
of 'fits' that disposed corpuscles to be reflected or transmitted (Props.13). However, later physicists
favoured a purely wavelike explanation of light to account for the interference patterns and the
general phenomenon of diffraction. Today's quantum mechanics, photons, and the idea of wave—
particle duality bear only a minor resemblance to Newton's understanding of light.

In his Hypothesis of Light of 1675, Newton posited the existence of the ether to transmit forces
between particles. The contact with the Cambridge Platonist philosopher Henry More revived his
interest in alchemy. He replaced the ether with occult forces based on Hermetic ideas of attraction
and repulsion between particles. John Maynard Keynes, who acquired many of Newton's writings
on alchemy, stated that "Newton was not the first of the age of reason: He was the last of the
magicians.” Newton's contributions to science cannot be isolated from his interest in
alchemy. This was at a time when there was no clear distinction between alchemy and science,
and had he not relied on the occult idea of action at a distance, across a vacuum, he might not have
developed his theory of gravity.

In 1704, Newton published Opticks, in which he expounded his corpuscular theory of light.
He considered light to be made up of extremely subtle corpuscles, that ordinary matter was made
of grosser corpuscles and speculated that through a kind of alchemical transmutation "Are not
gross Bodies and Light convertible into one another, ... and may not Bodies receive much of their
Activity from the Particles of Light which enter their Composition?" Newton also constructed a
primitive form of a frictional electrostatic generator, using a glass globe.
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In his book Opticks, Newton was the first to show a diagram using a prism as a beam expander,
and also the use of multiple-prism arrays. Some 278 years after Newton's discussion, multiple-
prism beam expanders became central to the development of narrow-linewidth tunable lasers.
Also, the use of these prismatic beam expanders led to the multiple-prism dispersion theory.

Subsequent to Newton, much has been amended. Young and Fresnel discarded Newton's
particle theory in favour of Huygens' wave theory to show that colour is the visible manifestation
of light's wavelength. Science also slowly came to realise the difference between perception of
colour and mathematisable optics. The German poet and scientist, Goethe, could not shake the
Newtonian foundation but "one hole Goethe did find in Newton's armour, ... Newton had
committed himself to the doctrine that refraction without colour was impossible. He, therefore,
thought that the object-glasses of telescopes must forever remain imperfect, achromatism and
refraction being incompatible. This inference was proved by Dollond to be wrong.

In 1679, Newton returned to his work on celestial mechanics by considering gravitation and
its effect on the orbits of planets with reference to Kepler's laws of planetary motion. This
followed stimulation by a brief exchange of letters in 1679-80 with Hooke, who had been
appointed to manage the Royal Society's correspondence, and who opened a correspondence
intended to elicit contributions from Newton to Royal Society transactions.®!] Newton's
reawakening interest in astronomical matters received further stimulus by the appearance of a
comet in the winter of 16801681, on which he corresponded with John Flamsteed.[%® After the
exchanges with Hooke, Newton worked out a proof that the elliptical form of planetary orbits
would result from a centripetal force inversely proportional to the square of the radius vector.
Newton communicated his results to Edmond Halley and to the Royal Society in De motu
corporum in gyrum, a tract written on about nine sheets which was copied into the Royal Society's
Register Book in December 1684. This tract contained the nucleus that Newton developed and
expanded to form the Principia.

The Principia was published on 5 July 1687 with encouragement and financial help from
Halley. In this work, Newton stated the three universal laws of motion. Together, these laws
describe the relationship between any object, the forces acting upon it and the resulting motion,
laying the foundation for classical mechanics. They contributed to many advances during
the Industrial Revolution which soon followed and were not improved upon for more than 200
years. Many of these advances continue to be the underpinnings of non-relativistic technologies
in the modern world. He used the Latin word gravitas (weight) for the effect that would become
known as gravity, and defined the law of universal gravitation.

In the same work, Newton presented a calculus-like method of geometrical analysis using ‘first
and last ratios', gave the first analytical determination (based on Boyle's law) of the speed of sound
in air, inferred the oblateness of Earth's spheroidal figure, accounted for the precession of the
equinoxes as a result of the Moon's gravitational attraction on the Earth's oblateness, initiated the
gravitational study of the irregularities in the motion of the Moon, provided a theory for the
determination of the orbits of comets, and much more.["Yl Newton's biographer David
Brewster reported that the complexity of applying his theory of gravity to the motion of the moon
was so great it affected Newton's health: "[H]e was deprived of his appetite and sleep” during his
work on the problem in 1692-3, and told the astronomer John Machin that "his head never ached
but when he was studying the subject”. According to Brewster Edmund Halley also told John
Conduitt that when pressed to complete his analysis Newton "always replied that it made his head
ache, and kept him awake so often, that he would think of it no more".

Newton made clear his heliocentric view of the Solar System—developed in a somewhat
modern way because already in the mid-1680s he recognised the “deviation of the Sun" from the
centre of gravity of the Solar System. For Newton, it was not precisely the centre of the Sun or
any other body that could be considered at rest, but rather "the common centre of gravity of the
Earth, the Sun and all the Planets is to be esteem'd the Centre of the World", and this centre of
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gravity "either is at rest or moves uniformly forward in a right line" (Newton adopted the "at rest"
alternative in view of common consent that the centre, wherever it was, was at rest).

Newton's postulate of an invisible force able to act over vast distances led to him being
criticised for introducing "occult agencies" into science. Later, in the second edition of
the Principia (1713), Newton firmly rejected such criticisms in a concluding General Scholium,
writing that it was enough that the phenomena implied a gravitational attraction, as they did; but
they did not so far indicate its cause, and it was both unnecessary and improper to frame
hypotheses of things that were not implied by the phenomena. (Here Newton used what became
his famous expression "hypotheses non-fingo™).

With the Principia, Newton became internationally recognised. He acquired a circle of
admirers, including the Swiss-born mathematician Nicolas Fatio de Duillier.

In 1710, Newton found 72 of the 78 "species™ of cubic curves and categorised them into four
types. In 1717, and probably with Newton's help, James Stirling proved that every cubic was one
of these four types. Newton also claimed that the four types could be obtained by plane
projection from one of them, and this was proved in 1731, four years after his death.!

In the 1690s, Newton wrote a number of religious tracts dealing with the literal and symbolic
interpretation of the Bible. A manuscript Newton sent to John Locke in which he disputed the
fidelity of 1 John 5:7 — the Johannine Comma — and its fidelity to the original manuscripts of the
New Testament, remained unpublished until 1785.

Newton was also a member of the Parliament of England for Cambridge University in 1689
and 1701, but according to some accounts his only comments were to complain about a cold
draught in the chamber and request that the window be closed. He was, however, noted by
Cambridge diarist Abraham de la Pryme to have rebuked students who were frightening locals by
claiming that a house was haunted.

Newton moved to London to take up the post of warden of the Royal Mint in 1696, a position
that he had obtained through the patronage of Charles Montagu, 1st Earl of Halifax,
then Chancellor of the Exchequer. He took charge of England's great recoining, trod on the toes
of Lord Lucas, Governor of the Tower, and secured the job of deputy comptroller of the temporary
Chester branch for Edmond Halley. Newton became perhaps the best-known Master of the
Mint upon the death of Thomas Neale in 1699, a position Newton held for the last 30 years of his
life. These appointments were intended as sinecures, but Newton took them seriously. He retired
from his Cambridge duties in 1701, and exercised his authority to reform the currency and
punish clippers and counterfeiters.

As Warden, and afterwards as Master, of the Royal Mint, Newton estimated that 20 percent of
the coins taken in during the Great Recoinage of 1696 were counterfeit. Counterfeiting was high
treason, punishable by the felon being hanged, drawn and quartered. Despite this, convicting even
the most flagrant criminals could be extremely difficult, but Newton proved equal to the task.

Disguised as a habitué of bars and taverns, he gathered much of that evidence himself. For all
the barriers placed to prosecution, and separating the branches of government, English law still
had ancient and formidable customs of authority. Newton had himself made a justice of the
peace in all the home counties. A draft letter regarding the matter is included in Newton's personal
first edition of Philosophia Naturalis Principia Mathematica, which he must have been amending
at the time. Then he conducted more than 100 cross-examinations of witnesses, informers, and
suspects between June 1698 and Christmas 1699. Newton successfully prosecuted 28 coiners.

Coat of arms of the Newton family of Great Gonerby, Lincolnshire, afterwards used by Sir
Isaac Newton was made president of the Royal Society in 1703 and an associate of the
French Académie des Sciences. In his position at the Royal Society, Newton made an enemy
of John Flamsteed, the Astronomer Royal, by prematurely publishing Flamsteed's Historia
Coelestis Britannica, which Newton had used in his studies.
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In April 1705, Queen Anne knighted Newton during a royal visit to Trinity College,
Cambridge. The knighthood is likely to have been motivated by political considerations connected
with the parliamentary election in May 1705, rather than any recognition of Newton's scientific
work or services as Master of the Mint. Newton was the second scientist to be knighted,
after Francis Bacon.

As a result of a report written by Newton on 21 September 1717 to the Lords Commissioners
of His Majesty's Treasury, the bimetallic relationship between gold coins and silver coins was
changed by royal proclamation on 22 December 1717, forbidding the exchange of gold guineas
for more than 21 silver shillings. This inadvertently resulted in a silver shortage as silver coins
were used to pay for imports, while exports were paid for in gold, effectively moving Britain from
the silver standard to its first gold standard. It is a matter of debate as to whether he intended to do
this or not. It has been argued that Newton conceived of his work at the Mint as a continuation of
his alchemical work.

Newton was invested in the South Sea Company and lost some £20,000 (£4.4 million in 2020)
when it collapsed in around 1720.

Toward the end of his life, Newton took up residence at Cranbury Park, near Winchester, with
his niece and her husband, until his death. His half-niece, Catherine Barton, served as his hostess
in social affairs at his house onJermyn Streetin London; he was her "very loving
Uncle", according to his letter to her when she was recovering from smallpox.

Newton died in his sleep in London on 20 March 1727 (OS 20 March 1726; NS 31 March
1727). He was given a ceremonial funeral, attended by nobles, scientists, and philosophers, and
was buried in Westminster Abbey among kings and queens. He is also the first scientist to be
buried in the abbey. Voltaire may have been present at his funeral. A bachelor, he had divested
much of his estate to relatives during his last years, and died intestate.[*%* His papers went to John
Conduitt and Catherine Barton.

After his death, Newton's hair was examined and found to contain mercury, probably resulting
from his alchemical pursuits. Mercury poisoning could explain Newton's eccentricity in late life.

A different way, but also from Descartes, was used by Isaac Newton. First, he approached the
problem of not building, but the calculation of tangent to the curves. So, the Newtonian version of
the mathematical analysis appeared: the method of fluxes and fluent. But unlike Leubniz, who used
Descartes' methodology, I. Newton (1643— 1727 years) created his own methodology, which is
practically a synthesis of methodology of Descartes and F. Bacon. Most clearly it is given in his
rules of reasoning in physics:

Rule 1. It is not necessary to require from nature other causes beyond those which are true and
sufficient to explain phenomena.

Rule 2. Therefore, as far as possible, we must attribute the same causes to the manifestations of
the nature of the same species.

Rule 3. Such properties of bodies that can neither be amplified nor weakenable and which are
in all bodies over which tests can be performed must be considered to be the properties of all bodies
in general.

Rule 4. In the experimental philosophy, propositions derived from phenomena by means of
general induction should be considered to be accurate or approximately correct, despite the
possibility of opposing hypotheses, until there are phenomena which they will either be more
precise or will be recognized as invalid.

The first two rules are a practically modified dedcort of Descartes; the last two rules are the
inductive principle of F. Bacon. By the way, Newton introduced the last rule in the third edition of
"The Mathematical Principles of Natural Philosophy," indicating how long he thought and worked
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on his method. In the manuscript there was also a fifth rule in which Newton contrasts with the
Cartesian deduction of Lokk's empiricism.

Later, thanks to Ch. Wolf, 1. Kant, L. Euler, this methodology was associated with measurement.
So the modern physics, mathematics and a number of other sciences arose. It was on the path of
optimal deductive synthesis that modern electrodynamics, thermodynamics, cybernetics, and
quantum theory were created.

Completed the creation of mechanics as a new synthesized science 1. Newton. It was precisely
in his laws that there was a clear separation between the rest and the change in the amount of
motion that was caused by forces, and that they were erected into a single system of celectiaand
earth mechanics. Newtonian mechanics, in contrast to purely mathematical synthesis of Descartes
(analytic geometry), is a natural science and applied science. Newton also belongs to the creation
of a law of universal gravitation, in which he synthesized the formula Ch. Huygens (1629 — 1695
years) and Kepler's third law. This law established the mechanism (nature) of gravity.

As a rule Newton is represented as a logically sober minded genius, who created the method
and style of modern science. But one of his biographers, Lord Caines, claims that Newton also
interpreted nature mystically: "Newton was not the first representative of the century of
rationalism. He was the last magician, the last of the Babylonians or Sumerians, the last great mind
who looked at the material and intellectual world, with the same eyes as the people who began to
create our intellectual wealth not less than 10,000 years ago’.

Newton said about himself the following: "If | saw farther than others, then only because | was
standing on the shoulders of giants."

Newton was the first representative of wave-corpuscular dualism in optics. He explained the
wave properties of light based on its corpuscular (quantum) nature. Newton correctly estimated the
density of the Earth (more than 5-6 times from the water).

In addition, the United Kingdom owes him a monetary reform. As the head of the Mint of
Protestant King William 11, who was invited to the throne of Holland, Newton, as a beautiful
chemist, invented more refractory alloys for money and added a pattern (inscription) on this side
to the French side.

Due to his chemical abilities, he created the first reflection telescope according to the scheme
of Gregory, through which he saw the rings of Saturn and for which he became a member of the
Royal Society of Great Britain.

It should be noted that Kepler and Newton's theories are the first examples of how to build
applied mathematical theories. Applied mathematics is characterized by the presence of
dimensional constants. Kepler's is the sector velocity and the ratio of the squares of the rotational
periods of the planets to the cubes of the large semiclasses of their orbits. In Newton, this is a
universal gravitational constant — one of the three fundamental constants of modern physics, the
numerical value of which was established for centuries later.

It is thanks to Halley's comet, whose appearance in the eighteenth century was predicted by

Halley, in European scince the philosophy era the "European philosophy" iz (r — the distance
r

between the two objects) has begun in European science. All phenomenological laws of
electromagnetism (Coulomb, Ampere, Biot-Savar-Laplace) have a mathematical form similar to
the law of universal gravitation. The same philosophy was created by the famous scientist and
philosopher of the eighteenth century, Ruzher Joseph Boskowicz (1711-1787 years).
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MODULATORS FOR THz RANGE: PRINCIPLES AND MATERIALS

A.S. Andrushchak, A.B. Danylov, O.V. Balaban, B.Ya. Venhryn

Lviv Polytechnic National University, 12 Bandery str., Lviv, 79013, Ukraine
E-mail: anatolii.s.andrushchak@Ipnu.ua

The THz (THz) frequency range from 0.1 to 10 THz has attracted much attention of
researchers due to its multiple uses in modern technology. The low photon energy of THz waves,
which causes little damage to living cells and materials, and good propagation properties enable
the use of THz waves for biomedical diagnostics and non-destructive imaging, as well as for
security imaging and sensing. The high spatial and temporal resolution has led to two key
technologies for THz waves, namely THz imaging and THz spectroscopy. THz waves are widely
used to study the properties of semiconductor and superconducting materials. The transmission
rates above 100 Gbit/s are high enough to consider the frequency range promising for wireless
data transmission in wireless communication [1]. The commercial application of the waves
requires the design and improvement of THz devices such as source, detector, filter, deflector,
modulator, etc.

Depending on the modulation parameter, electromagnetic wave modulation can be divided
into polarization, amplitude, and angular modulation. The latter can be divided into frequency and
phase modulation. Depending on how it works, it can be classified into passive (the signal
modulates itself) and active (the signal is modulated by another light beam) modulation. According
to the principle of operation, they can be classified into all-optical, electro-optical, thermo-optical,
magneto-optical, etc. Modulation depends not only on the response properties of the material, but
also on the modulation scheme. For modulators above 100 GHz, an all-optical modulation scheme
is preferred. All-optical modulation is a scheme in which a swit-ching light beam is used to control
a signal light beam, and light-light interaction is achieved through optical nonlinear effects in
nonlinear media. All-optical modulation can be divided into fiber and free space modulation.
According to the change in material properties during the light modulation, it can be classified into
absorption modulation (amplitude modulation based on absorption loss) and refractive
modulation, which mainly corresponds to changes in the imaginary and real parts of the refractive
index, respectively. Other all-optical modulation tech-niques include optical doping (the electrical
conductivity of materials can be tuned by modula-ting light), thermo-optical modulation (a type
of phase modulation that changes the phase of propagating light using a thermo-optical effect,
namely, the dependence of refraction index on temperature), and Kerr modulation (phase
modulation based on the optical Kerr effect).

The performance of THz modulators can be evaluated by modulation depth and speed,
modulation bandwidth, and insertion loss. The modulation depth is determined by the difference
in signal intensity between the OFF states and ON as [2] MD = (I,,4x(OFF) — I,,;n(ON)/
I;max (OFF) orindB scale: MD = 101og(l,,0x (OFF) /L,,in (ON)). Modulation of THz waves with
high speed and high modulation depth is a must for commercial applications. The main purpose
of THz modulators is to achieve significant modulation depth. For real THz communication
systems, a modulation depth greater than 7 dB is desirable, but 4-5 dB may also be acceptable for
specific applications. High carrier density, short lifetime, and high mobility of illuminated
materials are the main limitations for modulation depth and response speed. The parameters are
interrelated and often have different effects on the key parameters of the modulators. Namely, the
separation of electrons and holes can increase the modulation depth, but also leads to a decrease
in the speed of modulator operation. Similar to active devices in the infrared range, while THz
sources and detectors have recently seen rapid development, THz wave modulation still lacks
efficient devices. It is difficult to find natural broadband material with high-speed response to THz
wavebands, and traditional modulation methods are not quite applicable for THz wavebands. The
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modulation speed of an all-optical modulator usually depends on the material's intrinsic properties,
such as phonon relaxation and electron-phonon interaction, and physical properties such as
mechanical flexibility, nonlinear optical response, tunable band gap, etc.

Over the past two decades, THz modulators based on hybrid multiquantum well structures,
doped semiconductors, photonic and liquid crystals (LC), and metamaterials have been
continuously developed and their performance improved. The main materials are traditional
semiconductors (LT-GaAs, Si, Ge), two-dimensional solids, VO., LC, two-dimensional electron
gas metasurfaces, etc. The atomic thickness of 2D materials leads to a short light-matter interaction
length. Therefore, to increase the parameter, various structures with optical cavities, capacitors
and multiple reflections in resonators are proposed. One of the most promising materials for THz
applications is graphene. Graphene strongly interacts with the THz wave due to the intraband
transition, which makes it promising for the detection, generation, and modulation of THz waves.
The strong and broadband light—matter interaction as well as the optical and electrical conductivity
in graphene can be controlled by tuning the Fermi energy via electrical gating or optical pumping.
In addition to the linear optical response to a THz wave, graphene exhibits strong nonlinearity in
the visible and near-infrared spectral range, including saturated absorption, the Kerr effect, and
optical bistability. These excellent optical properties mentioned above make graphene a promising
material for optical modulation. The concen-tration of carriers in graphene can reach the level of
10 cm™. Due to the symmetrical conical band structure of graphene, this carrier characteristic is
appropriate for both holes and electrons.

Another type of THz electro-optical modulator can be implemented on semiconductor
heterostructures containing a 2D electron gas, where electrons can be depleted by an applied
voltage. A limiting factor for the material-based modulators is the low level of electron density,
which is less than 102 cm. This results in a low modulation depth of the order of a few percent.
Consequently, these devices can only modulate the THz wave with a low depth, which is typically
in the range of a few percent. To increase the modulation depth to 30%, combinations of
metamaterials or plasmonic structures are mandatory. LCs are good candidates for control
materials due to their high birefringence in both the visible and microwave ranges of the
electromagnetic spectrum, low operating voltage, short electro-optical response time, and wide
operating temperature range. However, such LC modulators have a number of disadvantages, such
as the need to use thick LC layers due to the long THz wavelength, which leads to high operating
voltages and long response times. This problem can be overcome by using a large birefringence
LC, modulation techniques, and by varying the angle of incidence of the THz radiation onto the
modulator at an oblique one.

Over the past 20 years, the performance of THz wave modulators has increased significantly.
The modulation speed in the amplitude modulator increased by a factor of 10° [3] and reached
more than one million Kbit/s with a modulation efficiency of up to 100% (the result was obtained
for GaN HEMT structures), and a phase modulation of 2.41 rad and up to 2x [4] was achieved for
the VO2-based phase modulator. But still the search for a better material and modulator design
continuous.
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The rare earth ternary silicide compounds are promising both from a fundamental point of
view and for their potential applications. The isothermal sections have been constructed for the
ternary system with La, Ce, Nd, Gd, Y, Dy, Ho and Er [1-7]. We synthesized the GdNisSi phase
and investigated the crystal structure using X-ray single crystal diffraction. The results of this
investigation are reported in this paper.

The starting materials for the preparation of the alloys were ingots of erbium, nickel, and
silicon with nominal purities Gd > 99.8 wt.%, Ni>99.99 wt.%, and Si>99.999 wt.%. The sample
was synthesized by arc-melting under a purified argon atmosphere, using Ti as a getter and a
tungsten electrode. To achieve high efficiency of the interaction between the components, the
sample was melted twice. The ingot was annealed at 870 K in an evacuated quartz ampoule for
720 h and subsequently quenched in cold water. The weight loss during the preparation of the
sample was less than 1 % of the total mass, which was 2 g.

The single crystals were selected by mechanical fragmentation from the sample with the
composition Gdie.7Niss.7Si1e.6. The composition of the investigated single crystal was analyzed by
EDS employing a scanning electron microscope (FEINovaNonoSEM 230) equipped with an
EDAX Genesis XM4 spectrometer. The experimentally determined composition of the grain
(17+2 at.% Er: 60+2 at.% Ni: 23+2 at.% Si) is rather close to the composition calculated from the
structure refinement. The photo of single crystal is shown in Fig. 1.

The crystal structure of the phase was investigated by X-ray single-crystal diffraction. X-ray
diffraction was performed at room temperature on an Oxford Diffraction X’calibur four-circle
diffractometer equipped with an Atlas CCD camera (graphite-monochromatized MoKa radiation).
Data collection and reduction were performed using CRYSALIS CCD and CRYSALIS RED programs
taking into account a numerical absorption correction. The structure was solved by Direct Methods
and refined by the SHELXL-2018/3 program package [8-9] with anisotropic atomic displacement
parameters.

Fig. 1. SEM photograph of GdNis.04Sio.06 Single crystal.

The structure of new phase was solved using the model of YNisSi-type structure [10] with one
crystallographic position occupied by a mixture of the Ni and Si atoms. The crystallographic data
and details on the data collection for the investigated single crystal are listed in Table 1. It should
be noted, that the final residual parameters are rather high due to the low single crystal quality.
The final atomic positional and displacement parameters of the compound are listed in Table 2.
The crystallographic positions 2c, 4e and 4j are fully occupied by Gd and Ni. However, the
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position 2a is occupied by the mixture of the Ni and Si atoms. Therefore, the refined composition
of the compound can be described as GdNia4.04Sio.9s.

Table 1: Crystal data and structure refinement details for GdNis.04Sio.96

Empirical formula

Formula weight

T, K

Space group

Pearson code

Unit cell dimensions, A
Volume, A3

No. formula units per unit cell
Calculated density, g-cm™
Absorption coefficient, mm*
F(000), e

Crystal size, mm

@ range for data collection
Index ranges

Measured reflections
Independent reflections / Rint
Reflections with I > 2 o(1) / R
Data / restraints / parameters
Goodness-of-fit on F?

Final R1/wR2 [l > 2 o(1)]
Final R1 / wR2 (all data)
Largest diff. peak / hole, e A2

GdNi4.04Si0.96
421.56

295(2)

Cmmm (No. 65)
0C12
a=>5.057(3), b =8.272(3), c = 3.964(2)
165.8(1)

2

8.443

42.313

381
0.128x0.091x0.024
4.6640-29.5650
+6, +10, +4
1997

108 /0.1517
99/0.0442
108/18/16
1.203

0.1166 / 0.2933
0.1216 / 2992
9.579/-3.819

Table 2: Atomic coordinates and thermal displacement parameters for GdNis.04Sio.96

Atom Wyckoff Site G X y z Ueq, A2
Gd 2C 1 0 1/2 1/2 0.026(2)
Nil 4] 1 0 0.1603(10) 172  0.022(3)
Ni2 4e 1 1/4 1/4 0 0.022(3)

M 2a 0.96Si + 0.04Ni 0 0 0 0.010(8)

Atom Unp Uz, Uss Uz =Uiz Uz

Gd  0039(3)  0.034(3)  0.004(3) 0 0

Nil  0.036(5)  0028(5)  0.002(5) 0 0

Ni2  0031(5)  0031(5)  0.011(5) -0.001(4) 0

M 0.013(9)  0.017(9)  0.002(9) 0 0

The interatomic distances (), the values of interatomic distances reductions from the sum of
atomic radii and coordination numbers of atoms for GdNias.04Sio.06 are listed in Table 3 (values of
the atomic radii were taken from [11]: r(Gd) = 1.802 A, r(Ni) = 1.240 A, r(Si) = 1.320 A). The
majority of interatomic distances are in good agreement with the sum of atomic sizes. The
projection of the crystal structure of GdNis.04Siogs Onto the ab-plane and the coordination
polyhedra of the atoms are shown in Fig. 2. The coordination polyhedra for the Gd atoms have 20
vertices. The coordination sphere of the rest of the atoms consists of twelve atoms of all types
each. The Nil and mixture atoms centre the icosahedra, while the anticuboctahedron is the
coordination polyhedral of the Ni2 atom. The GdNis04Sio.96 Structure can be considered as a
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packing of trigonal bipyramids [Ni12Ni2:M], which are connected through nickel atoms along the
c direction and mixture atoms in the ab plane. One unit cell contains two layers of such bipyramids.
Six such units build up ring units, which are similar to the corresponding hexagonal units in the
parent CaCus structure. The Er atoms fill the holes in the hexagonal rings (Fig. 2).

Table 3: Interatomic distances (), A4 values (A = 100(3 — >.r)/ >r, where Y r is the sum of the
respective atomic radii) and coordination numbers (CN) of GdNis.04Sioge compound (r(M) =
0.04ryi + 0.96rs;).

Atoms 5, A A% CN  Atoms 5, A A % CN
Gd  2Nil 2810(88) -76 20 Ni2 2Si 2.424(1) 52 12
4ANil 2.855(4) -6.1 ANil 2.465(3) -0.6
8Ni2 3.131(1) 29 2Ni2 2.529(2) 2.0
4Si 3.213(1) 3.0 4Gd 3.131(1) 3.0
2Gd 3.964(2) 10.0 Si 4Nil 2.385(5) -6.7
Nil 2Si 2.3855) -6.7 12 ANi2 2.424(1) -52 12
4Ni2 2.465(3) -0.6 4Gd  3.213(1) 3.0

1Nil 2.652(12) 6.9
1Gd 2.810(8) -7.6
2Gd 2.855(4) -6.1
2Nil 2.932(6) 18.2

 Gd
b &—H ONi
N Ni1 Ni2 ¢ SiNi
Fig. 2. A projection of the GdNia04Sio.96 unit cell on Fig. 3. The hexagonal rings of trigonal
ab-plane and the coordination polyhedra of the atoms. bipyramids [Ni12Ni2:M] in the

GdNis.04Sio.g6 Structure. The unit cell of the
CaCus structure is indicated by blue lines.

The GdNis.04Sioes compound belongs to the CaCus-related structures, which are frequently
observed in the ternary rare-earth systems containing transition metals and silicon.
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Phase equilibria in the Eu-Ag-Co-Si system were investigated at T = 670 K in the region 0O-
40 at. % of P, employing X-ray powder diffraction (Fig.1) [1, 2].

The samples were prepared by arc melting under high -purity argon on a water-cooled copper
hearth. The starting materials were high-purity elements: europium 98.8%, silver 99.9%, cobalt
99.99%, silicon 99.9999%. The alloys were annealed for 2 weeks in evacuated quartz ampoules at
670 K, and subsequently quenched in water.

The phase analysis was performed by X-ray powder diffraction. The lattice parameters were
determined using a powder diffractometer (DRON-2.0M, Fe Ka radiation or DRON-3.0, Cu Ka).
The crystal structures of the compounds were studied by X-ray powder diffraction (automatic
diffractometer HZG-4a, Cu Ka). More detail crystal structure investigation of some compounds
was performed by X-ray single crystal method. The reflections intensities were measured with
graphite-monochromatized Mo Ka radiation on an Oxford X'calibur Atlas. The structures were
solved by direct methods and refined by the SHEL X-2018/3 program package [3] with anisotropic
atomic displacement parameters. The microstructures of some alloys were studied visually using
MIMB8 and Neophot-30 microscopes. Electric resistance and thermoelectric power were measured
with an accuracyofnotworsethan5and10%, respectively. Magnetic susceptibility was measured by
the Faraday method with 3% accuracy.

Eu,Si,

Ag3Si3 CoSi, + Ag CoSi + Ag Co,,Si2
Fig. The isothermal section of the Eu-Ag-Co-Si systemat T =670 K
in the region 0-40 at.% Si.

It was confirmed that at 670 K the following ternary compounds exist: EuAg.Si> and
EuCo:Si», both are isotypical to the structure of CeGa,Al>-type. The lattice parameters determined
for EuAQ2Si; are a = 4.315(1) ¢ = 10.463(2) A.

For the first time, the crystal structure of the EuCo2Si. compound was investigated using the
single crystal X-ray method: the structural type CeGazAl, space group 14/mmm, a = 3,9217(1) ¢
=9,8378(5) A:; Pearsom code t110, R = 0.0139 Rw = 0.0323, 101 independent reflections; Eu 2a 0
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0 0 Ueq = 0.0049(2) A% Co 4d 0 1/2 1/4 Ueq = 0.0047(2) A% Si 4e 0 0 0.3721(1) Ueq = 0.0051(3) A2,
Analysis of interatomic distances (Eu-Co atoms = 3.1455(1), Eu-Si = 3.0454(6), Co-Co =
2.7731(1), Co-Si = 2.2993(7) and Si -Si = 2.518(3) A) showed that the Si-Si distance is slightly
smaller than the sum of the metallic radii of silicon atoms (r(Si) = 1.32 A), but larger than the sum
of the covalent radii (r(Si) = 1.11 A). Considering these results, it can be stated that the covalent
component is essential in the bonds between Si atoms in the structure of EuCo.Si> compound

(Fig.2).

Fig.2. Coordination polyhedra of Si atoms in the EuCo2Si> compound structure.

The existence of intermetallic EuAgosSii.2 with AlB2 structure type was also confirmed. In
the Eu-Ag-Si ternary system, this compound is characterized by the formation of the homogeneity
region EuAgo.92-050Si1.0s-1.50 (@ = 4.202(1)—4.150(1), ¢ = 4.463(2)—4.477(3) A). In the Eu-Ag-Co-
Si system the composition for this compound was determined as EuAgo.s-05C00-0.3Si1.2. The lattice
parameters in the homogeneity ranges of this quaternary compound are changes very slightly while
silver is replaced by cobalt. A continuous series of solid solutions based on the isostructural
compounds EuAg.Si. and EuCo2Si» at the research temperature has not been established. This can
be explained by the immiscibility of the components in the Co-Ag system, which significantly
affects the interaction of the components in the Eu-Ag-Co-Si system.

The temperature dependence of the electrical resistance of EuAg2Si> compound (Fig.3)
shows a typically metallic behavior, p/psook increasing monotonically with increasing
temperature. Temperature dependence of the thermoelectric power of EuAQ2Si, compounds is
typical for intermetallic compounds with silicon (Fig.4). The results of the magnetic
susceptibility measurements are displayed in Fig. 5. The temperature range applied captures the
paramagnetic state with the susceptibility following the Curie-Weiss law.
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There is enough literature information necessary for a complete study of the photo-elastic
properties of crystals of the langasite group [1-4]. It allows using experimental methods to fill
matrices of absolute piezo- and elasto-optic coefficients (respectively POC =nim and ELOC pin) and
calculate the acousto-optical figure-of-merit M>. In order to reveal the maximal possible values of
the photoelasticity of such crystals and to assess the possibility of their practical using, it is
necessary to study the anisotropy of the mentioned effects.

Using the method of extreme surfaces [5], the maximal achievable values of the piezo-optic
effect were determined in selected crystals of the langasite group. At that the maximum values of
changes of the path difference 5Ax were used as the studied optical parameters, reduced to unit
values of mechanical stress and sample thickness dx (POC by the path difference n°um):

%m = 28Ak /(om dk ) = Ttim N3 — mim % — 2A Nk Sk,

where n;, nj are the refraction indices for the light waves polarized in mutually perpendicular
directions, Ang is the birefringence in the direction of light propagation k, Skm are the elastic
compliance coefficients; the angles determining the directions of light propagation 6, ¢« and the
uniaxial pressure applying 6m, om Were used as parameters of optimization.

y[©

10 5

0 * | X Fig. 1. The example of wave vector

o g extreme surface of CasTaGasSi2O14
B, tm > BT X .. . .

e crystal (optlmlzatlon in accordance
N with experimental data).

The extreme surfaces are constructed according both to experimentally obtained parameters
and the ones calculated by the quantum mechanical method. The results are compared with the
ones for quartz crystals. The optimal geometry of the piezo-optic interaction in the studied crystals
is determined and the effective cuts of the crystal samples are given.
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Forecasting the climate and the consequences of its changes is a key task of climate science, in the
solution of which high technologies and, above all, physical and mathematical modeling have no
alternative. Climate is a global concept, and the problem of its changes is a global problem, the solution
of which requires the synthesis of diverse knowledge from various fields of the Earth Sciences and
Physics and Mathematics. The natural (planetary-cosmic) nature of warming, as a destabilizing factor,
excludes the effect on it, but it is extremely important that it does not reinforce it. The first impulse of
cooling is expected only around 2030 [1, 2]. It is difficult to imagine how the climate of the Earth
would have changed if we entered this stage of cooling, having already scattered in the atmosphere
sulfur compounds to combat warming. It is fair, at the same time, to base the development of mankind
on a strategy of adaptation to nature, including to a changing climate [3, 4, 5]. However, the climatic
component of environmental issues contributes significantly to anthropogenic factors. It may be that
the anthropological release of carbon dioxide into the atmosphere is relatively small compared with
the oceanic.

is well known that the composition of the atmosphere is largely regulated by the earth's biotope
and the negative effect of the disturbed eco-systems on the global carbon balance. In theory, the
greenhouse effect [1, 2, 6], in particular, suggests that small concentrations of greenhouse gases
practically do not affect the temperature of the air in the troposphere. This is due to the fact that after
the absorption of greenhouse gases in-fractional (thermal) radiation, the radiation itself disappears, and
its energy passes into the energy of the vibrational motions of air molecules. As a result, the irradiated
volume of air warms up, expands and quickly rises to the upper layers of the troposphere, where it is
cooled, and it changes the already cooled air down, and the air temperature in the troposphere again
falls to the level of the adiabatic distribution, that is, it does not change practically.

A similar situation should be observed with the heating of air when condensation in it moisture.
At significant concentrations of greenhouse gases there is developing - cold weather, not warming of
the climate. Thus, with the apparent replacement of the nitrogen-oxygen atmosphere of the Earth with
carbon dioxide, but with the same earth pressure of 1 atm, the average temperature of the earth's
troposphere decreases by 6-7 ° C, rather than rising, as is commonly believed. This is due to the fact
that due to a large guster of carbon dioxide, the carbon dioxide atmosphere appears to be more subtle
than that of nitrogen-oxygen. In addition, the heat capacity of carbon dioxide is noticeably lower than
the heat of nitrogen and oxygen. Therefore, the carbon dioxide atmosphere, like a thin blanket with a
lower heat capacity, keeps the heat of the Earth worse, the longer the nitrogen-oxygen atmosphere,
which has more and more heat capacity. This heat output from the troposphere is mainly due to
convection, which provides much more efficient heat transfer than radiation. Hence it becomes
apparent that with the increase in the concentration of carbon dioxide and the absorption of thermal
radiation by it, the convective mass transfer of air, which carries this heat outside the troposphere, is
growing even more. From the theory of the greenhouse effect [1], in particular, it follows that small
concentrations of greenhouse gases practically do not affect the temperature of the air in the
troposphere. This is due to the fact that after the absorption of greenhouse gases by the infrared
(thermal) radiation, the radiation itself disappears, and its energy passes into the energy of the
vibrational movements of air molecules. As a result, the irradiated volume of air warms up, expands
and quickly rises in the upper layers of the troposphere, where it is cooled, and it changes the already
cooled air down, and the temperature of the air in the troposphere. It is explained by this apparent
paradox that the heat transfer from the troposphere is mainly due to convection, which provides a much
more effective transfer of heat than radiation. From here it becomes clear that with the increase in the
concentration of carbon dioxide and the absorption of thermal radiation, the convective mass transfer
of air, which carries this heat outside the troposphere, increases even more. From this it is clear that
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modern warming has a pronounced natural origin and may soon be replaced by a new phase of cooling
[4-6]. Such variations of climate are clearly determined by periodic (pulsating) changes in the solar
luminosity [2, 3, 6], which, in turn, are probably related to fluctuations in the size and area of the Sun
depending on the intensity of nuclear reactions occurring in its bowels [ 2]. Inthis regard, it is necessary
to draw attention to the fact that the Kyoto Protocol, in addition to the fact that it does not have a
scientific substantiation, in its essence, also contradicts the physics of natural processes and completely
incorrectly explains the influence on the climate of anthropogenic actions. Thus, in proportion to the
increase of the partial pressure of carbon dioxide in the atmosphere, the efficiency of agriculture and
the speed of the restoration of forests, as well as the drought-tolerance of cereal crops, including wheat,
increases. The phenomena associated with various kinds of nonlinearities are far from single, and
sometimes they can be global in character. In this research way it makes sense to look for a solution
to the problem of how discrete structures arise when continuously changing parameters of the abiotic
medium [3 - 5].

It is worth emphasizing that the main aspirations of scientific knowledge in the field of ecology
and earth sciences should be oriented not only to find ways to transform and replace degenerating
natural environments, but also effective means of restoring natural systems [5] and existing methods
of compensation, but also adaptation to natural challenges, such as global warming, affecting all the
ecosystems of our planet Earth. The climate of the planet is determined by the process of heat and
mass transfer in the solar system - the atmosphere - the ocean - the cryosphere - the biosphere. The
main factors influencing this process are solar activity, the albedo of the Earth, the composition of the
atmosphere, the general circulation, the intensity of the processes in the biosphere. The climate change
outlook is even more challenging than the weather forecast for the coming days. Millennium
prediction, (in particular, the onset of a new glacial pteriod), is an extrapolation from the past
experience [1, 5]. Models still can not describe a combination of very weak but prolonged natural
factors. As for hundreds of years, then models have already learned to calculate the average
temperature. With their help, you can describe the course of the Earth's temperature from preindustrial
epoch to our days. Somewhat worse, models can describe the regional and seasonal trends of
temperature, even worse - changes in the rainfall regime. The basis of modern models of the Earth's
climate is the theory of the general circulation of the atmosphere and the ocean, with the central
direction of their development is an increasingly accurate description of all physical processes in the
atmosphere and oceans of the Earth, involved in the formation of the climate. Such a direction of
approach can guarantee the result of the correct description of the response of the climatic model to
small external influences, but it is also good to reproduce not only the climate itself, but also the
dynamics of the climate system . The equations of classical equilibrium thermodynamics are used to
describe the models. The Navier-Stokes equation for a compressible fluid is valid for describing the
dynamics of the atmosphere and the ocean.

Since the Reynolds equations are used in modern models because of the computational possibilities
- averaged over some spatial and temporal scales of the Navier-Stokes equation, it is assumed that
there is a fundamental possibility of their closure. The closure procedure assumes that the effects of
sub-scale scales (scales smaller than the scale of averaging) can be expressed through the
characteristics of processes of large scales. These processes include: - radiation transfer (short-wave
and long-wave radiation), phase transitions of moisture and the process of local precipitation,
convection, boundary and internal turbulent layers, small-scale orography, dissipation and diffusion,
processes in the surface layer, wave resistance (interaction of small-scale gravitational waves ) Thus,
even within the framework of the problem of research of the response of the climate system to small
disturbances it is necessary to recreate not only the internal climate variability, but also the average
state. This problem is devoted to a very interesting international program AMIP- a program
comparison of atmospheric models, which resulted in the discovery of many key physical mechanisms
responsible for the formation of the climate.

One of the main tasks of modeling a regional climate is the development of a high degree of detail
of its characteristics, the study of the features of the hydrographic cycle, the assessment of the
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possibility of extreme events, the study of the effects of regional climate change for the environment.
Naturally, the formulation of climate models requires conducting field experiments, the analysis of
which results allows formulate more and more accurate models of specific physical processes that
determine the dynamics of the climate system. However, such experiments do not solve the main task
- to determine the sensitivity of the real climate system to small external influences. At the same time,
the problem of constructing a real physical model of the climate can be considered as a program to
study the sensitivity of the "ideal" physical model of the atmosphere to the level of description of
various physical processes and the effects of climate change for the environment. Modelling for
numerical simulations with a three-dimensional coupled ocean—atmosphere climate model have been
performed to investigate the sensitivity of the climate system to both kinds of changes in the forcing.
Indeed, if climate changes due to the Sun were large and rapid, this would make it more difficult to
extract the anthropogenic effects from precise records of instrumental data over the past century.

What kind of reaction can be expected from biota in conditions of instability and catastrophes
caused by a global change in temperature and circulation in the atmosphere, or, for example, by an
ever-increasing artificial change in the flow of biogenes? These are only a part of the scientific
problems that require its decision in determining the limits of anthropogenic interference in the natural
system [2, 6]. Of great importance in understanding the truth of environmental processes is, for
example, the problem of non-linear dependencies of biological processes on the abiotic parameters of
the medium.

Such a forecast can be attempted to realize through the theory with consideration of the most
important quantitative data on the main links of the climate system of the atmosphere - the ocean -
land and the use of information about modern theoretical methods for their description. However,
further development of such processes is difficult to predict because of the uncertainty of the reaction
of the temperature of the surface layer to changes in the density of clouds, their height, humidity,
temperature, phase state and distribution of particles in sizes in different layers of the atmosphere, as
an environment where climatic modeling is implemented. This is one of the most important
uncertainties of modern climate models. Currently, climatic models are intensively developing thanks
to the improvement of computer technology. This “parallelism” in development is needed to
understand the mechanisms responsible for the reproduction of various climatic characteristics. More
detailed understanding relies on numerical models of the climate that integrate the basic dynamical
and physical equations describing the complete climate system. The processing of the results of
numerical experiments to create a model of the current climate in the framework of international
programs showed: the main characteristics, obtained by using different models and then averaged over
the whole set of models, are closer to the observer in real terms than the characteristics obtained with
the help of separate, even better models . The progress in the development of computer technology
makes it possible to build more accurate models of concrete physical processes [2], and thus not only
improve the model of climate and technology of weather forecasting, but also formulate new tasks and
new requirements for computing systems.

[1] S. Loschke, V. Méller, A. Okem, B. Rama (eds.)]. Climate Change 2022: Impacts, Adaptation and Vulnerability. Cambridge University
Press, Cambridge, USA, 3056 pp., d0i:10.1017/9781009325844.
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[6] ®ypman B.B., Mamuupkuii [1.B.. KoM totepre 3D-Moe iOBaHHs TEIIIOBOTO PEXUMY TEOJIOTTIHOrO i reodi3HuHOro cepenoBuma. 30ipHuK
HayKoBUX rpaib "Enextponika Ta iHdopmaniiini Texnonorii", 2021, Bunyck 15, ¢. 63-72
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SEMICONDUCTOR NANOSTRUCTURE WITH NON-CENTRAL DONOR
IMPURITY
O.M. Makhanets, I.P. Koziarskyi, 1.S. Hnidko, A.l. Kuchak

Yuriy Fedkovych Chernivtsi National University, Kotsyubynsky St. 2, Chernivtsi-58002, Ukraine
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Multilayer semiconductor nanostructures have been studied both theoretically and
experimentally for quite a long time. The unique properties of quasiparticles in such systems make
it possible to use them as basic elements in modern nanoelectronic devices: tunneling nanodiodes,
nanolasers, nanodetectors [1, 2].

Semiconductor quantum rings occupy a special place among various types of nanosystems.
As a rule, they have cylindrical symmetry, just like quantum wires. However, unlike quantum
wires, the height of quantum rings is finite and is on the order of several nanometers. Therefore,
the movement of charge carriers in such nanostructures is limited in all three dimensions.
Therefore, in this aspect, they are similar to cylindrical quantum dots. Modern experimental
capabilities make it possible to obtain nanoheterostructures with cylindrical quantum nanorings
[3, 4] and to study the spectra of quasiparticles in them.

Obviously, the presence of impurities in nanostructures with quantum dots and rings will
significantly change their physical properties. This will affect the physical characteristics of
nanodevices that will be created on their basis. At the same time, the study of the binding energy
of an electron with an impurity in nanostructures with cylindrical symmetry faces mathematical
difficulties associated with the need to coordinate the non-spherical symmetry of a nanosystem
with the spherical symmetry of the Coulomb potential energy of the interaction between the
electron and the impurity.

This paper will theoretically investigate the effect of a non-central donor impurity on the
energy spectrum and wave functions of an electron, as well as on the oscillator strengths of
intraband quantum transitions in a quantum dot-quantum ring semiconductor nanostructure.

Therefore, we study a nanostructure of height L, consisting of a cylindrical semiconductor
quantum dot (quantum well, GaAs medium), which is tunnel-linked through a finite potential
barrier (AlxGai-xAs medium) with a coaxial cylindrical nanoring (quantum well, GaAs medium).

A donor impurity with radius vector F; is randomly located in the nanostructure and creates an

attractive Coulomb potential for an electron with radius vector 1, which is expediently written in

a cylindrical coordinate system:

2
V(F-F[)=- ° (1)

—
s\/p2 +p7 = 2pp; Cos(9-y) + (5 ~2)°

Here ¢ is the permittivity of the nanostructure.

The stationary Schrodinger equation for an electron with potential energy (1) cannot be solved
analytically exactly. In order to solve it, the unknown wave functions of the electron are searched
in the form of a decomposition of the full set of its wave functions in the nanostructure without
impurities:

¥ (7)== XX T R, 0 fr, @™ @

Here, n, is radial, n; is axial, and m is magnetic quantum numbers that determine the state and
energy of the electron. The axial and radial wave functions have the form:
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where Jm, Nm are Bessel functions of integer order; Im, Kn are modified Bessel functions,
ko = 210E /7% 202 /12, kg =+2u(Uo—E)/n2 +72n2/12.
All unknown coefficients in (3), as well as the electron energy spectrum ( EnpmnZ ) are found

from the conditions of continuity of the radial wave functions and the corresponding probability
density fluxes at all heteroboundaries of the nanostructure:
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Substituting (2) into the Schrodinger equation leads to the secular equation:
=0 ()
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The task of finding the energy spectrum E, and the wave function ¥, (F) of an electron

interacting with an impurity are now reduced to the calculation of eigenvalues and eigenvectors of
the obtained matrix.

The found energy spectrum and wave functions also make it possible to estimate the oscillator
strengths of intraband optical quantum transitions of an electron using the well-known formula:

R~ (Ey —En|MI] ©)
where
=(n'|y/u(p) epcos(p)n) (7)

- transition dipole moment.
The paper analyzes the dependence of the energy spectrum of the electron and the strengths of
the oscillators of its quantum transitions on the geometric parameters of the nanostructure and the

location of the impurity in it.
1. Qian, F., Li, Y., Gradeak, S. et al. (2008). Nature Materials, 7, 701-706.
2. Zervos, M. (2014). Nanoscale Research Letters. 9, 509.
3. Kuroda, T. T., Mano, T., Ochiai, T. et al. (2005). Phys. Rev. B., 72(20), 205301.
4. Mano, T., Kuroda, T., Sanguinetti, S. et al. (2005). Nano Lett., 5(3), 425-428.
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Short analysis the electrodynamical aspects of nucleation and crystallization modelling is
analyzed. Necessary of creation this concept is discussed. Stafeef phasons model and cascade
models of saturation the excitation of proper chemical bonds are analysed. Main appliucations
thes methods are observed.

Main results and discussions

The nucleation process have significant value in modern material science. Main methods and
theories are thermodynamically. In whole, process nucleation have electrical chemical nature.
Therefore, we must have electrodynamic models too.

Therefore, the nucleation concept must be generalizing on other type processes, including
electromagnetic and pulses [1 — 7].

To expand the methods of obtaining nuclei of various crystallographic modifications, it is
advisable to use the methods of elionic technologies [6]. The use of different types of irradiation:
ion, electron, and especially laser allows forming nuclei of both structures with a smaller order of
symmetry and structures with a higher order of symmetry [1-76]. At the same time, a cascade of
structures can be formed as their order of symmetry decreases.

These nucleation theories and models must base on other physical and chemical aspects as
thermodynamical. The main role is played by the excitation saturation mode of the corresponding
radiation absorption centers and the mechanisms of their non-radiative relaxation, which lead to
the required phase transformations [1-5].

V. Stafeev phason model [3, 4] is represented electrostatic theory which takes into account the

existing and changing electrostatic state of the compound to form the nuclei of new phases or
aggregate states of matter (phases). One of the important parameter of any phase is electrochemical
potential. Therefore on its border with another phase junction difference of electrical potentials,
which is stipulated of difference of electrochemical potentials, must be generated. It may be
realized only in presence in each with contact phase’s electrical charges with opposite signs.
Cluster of bound molecules may be thermodynamically stable center of new phase after formation
of proper junction difference of potentials only.

Minimal size of phason is determined from condition, that unit electrical charge q in environment
with electrical constant € on its capacity ¢ is provided the generation of necessary junction
difference of potentials ¢ = g/ec. Center of new phase with minimal sizes was called phason [3,
4, 6]. These centers may be having various forms. For simplification of further analysis we allow
that center of new phase is spherical capacitor with diameter d, Therefore, we analyzed this theory
and its some applications. For this suggestion [200, 218, 232]:

size of phason — do = 3,6/e9, nu;

number molecules in phason — nt = 10% tpdo’/M;

mobility — u = e@/6rn = 5,3-107 gp/m, cm?/V s;

diffusive coefficient — D = 4,6-10* e@T/n, cm?/s,
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where ¢ in Volts; g in Coulomb; n viscosity in Poissons; N — Avogadro number; T —temperature;
M — molecular weight; p is density of phason substrate in g/cm®.

Diameter, mobility and diffusive coefficient of phasons are determined of electric constant of
surrounding environment and difference of electrochemical potentials. Sign of difference of
electrochemical potentials is determined the sign of charge of center of new phase.

Cascade model of step-on-step excitation of corresponding chemical bonds in the regime of
saturation the excitation allow to explain the processes of creation surface and volume laser-
induced structures in various solid: from amorphous to crystals, in both directions. At the same
time, it is possible to use both schemes of two-dimensional and three-dimensional crystal lattices
and their phase diagrams. Energy calculations can be carried out both for chemical bonds and for
the coordination numbers of an atom in a crystal lattice. Since we are talking about structural phase
changes of a substance, it is advisable to use physicochemical methods of calculation, not quantum
mechanical ones. There is no sense in Brillouin zones say, since when new phases are formed, it
is different for each phase.

Cascade models were creating for two-dimensional lattice of sphalerite [3] and for diamond
phase diagram [3]. The first model allows explaining the generation of laser-induced changes
(irradiation with ruby laser pulses with a duration of 20 ns) in indium antimonite and indium
arsenide (laser implantation). The saturated rupture of the first chemical bond leads to optical
pumping and laser radiation, two bonds — to the maximum formation of defects in the near-surface
region, all three to the reduction of defects in the near-surface region and the displacement of their
maximum distribution deep into the crystal. First model allows explaining results step-on-step
generation new crystal phases with decreasing of numbers the coordination numbers. At the same
time, the total energy of the coordination number 8 (diamond lattice) was equated to the Seitz
energy. From this, the energy corresponding to the coordination number 1 was determined. Based
on these considerations, the transition energies from one crystallographic modification to another
were calculated. These data correlate with the corresponding thermodynamic energies.

In this case, cascade processes of conversion of radiation energy into matter and, conversely,
matter into radiation are of great importance [3-6]. This makes it possible to control the modes of
nucleation of new phases both on the surface and in the volume of the irradiated material. In
contrast to continuous nucleation and crystallization, in this case we must have irradiation modes
with non-radiative relaxation. For ions and electrons, these can be both continuous and pulse
irradiation modes, which allow you to dial in the appropriate integral dose, and for laser irradiation,
only pulse. Therefore, we must build models and theories of these processes taking these features
into account.

Thus, electrodynamic methods complement thermodynamic methods of nucleation,
crystallization, and recrystallization, and it is advisable to develop and use them in the
development of nanotechnology.

[1] 1. V. Markov. Crystal Growth for Beginners: Fundamentals of Nucleation, Crystal Growth, and Epitaxy. Singapore: World
Scientific, 2017.

[2] E. F. Shtapenko. Kinetics of Structure Formation and Properties of Electrodeposited Metal Films. D. Sc. Thesis. — Dnipro: V.
Lazaryan Dnipro National University of Railway transport, 2016. (In Russian)

[3] P. P. Trokhimchuck. “Some Electrodynamics Problems of Modelling the Nucleation and Crystallization.” IJARPS, vol. 10, is.
3, pp. 19-34, 2023.

[4] V. L Stafeev,. “Elementary structural units of condenced phases and its proper electrical phenomena.” Applied physics, No.4,
pp. 31-38, 2005. (In Russian)’

[5] P. P. Trokhimchuck. Relaxed Optics: Realities and Perspectives. — Saarbrukken: Lambert Academic Publishing, 2016.

[6] P. P. Trokhimchuck, Relaxed Optics: Modelling and Discussions . Saarbrukken-Cisinau: Lambert Academic Publishing, 2020.
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CALCULATION FROM FIRST PRINCIPLES OF THE DEFECT
STRUCTURE AND KINETIC PROPERTIES OF CdSe,Te1-x(x=0.5) SOLID
SOLUTION
Malyk O.P, Syrotyuk S.V.

Semiconductor Electronics Department, Lviv Polytechnic National University. Bandera Street,
12, Lviv-79013, Ukraine. omalyk@ukr.net, svsnpe@gmail.com .

CdSexTe1x solid solution possesses unique physical properties necessary for photovoltaic
converters of solar energy and infrared detectors, namely, a required band gap width and needed
absorption coefficient value. It is known that the structure of defects of the crystal lattice largely
determines the optical and electrical properties of this material, in particular, the absorption
coefficient and the transport phenomena. Therefore, the study of the CdSexTe1-x defects structure
is an actual applied problem. In the proposed study the point defects in n-CdSeosTeos are
considered, namely: Cdre, Cdse, Tecd, Secd, VTe—Cdre, Vse—Cdse. A connection between the defect
structure and the kinetic properties of the crystal was established.
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The energy spectra of ideal CdsTeg and CdsSesg supercells in corresponding sublattices were
calculated based on the approach proposed in [1]. The calculation was carried out in such a way
as to ensure the coincidence of the theoretical band gap with the experimental value at 0 K and
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300 K. This was achieved by choosing a certain mixture of usual exchange-correlation GGA
potentials of Cd, Se and Te (pseudopotentials) and the Hartree-Fock exchange potential. A similar
procedure was used to calculate the energy spectra of the abovementioned defective supercells.
Having the energy spectra of ideal and defective supercells at 0 K and 300 K, it was possible to
determine the temperature dependences of the ionization energies of the corresponding donor
defects. Defects with the lowest ionization energy make the largest contribution to transport
phenomena, namely: Cdte—Ep1= 0.090 -2.367x10*T eV, Ep1 =0 at T = 380.2 K; Vse—Cdse—Ep2=
0.081-8.333x10° T eV. Using these dependencies, neutrality equations take the form:

I EDl 1 1 I ED2
 <380.2K:n-p=(-x)N 1+2exp +—=XNp + - xN 1+2exp
p ( ) D/{ [ KT j} 2 D 2 D/ ( kKT

T >380.2K :n-p=(I-x)Np +%XND +;XND/1+ 2exp(F_k|;D2j.

The calculation of the temperature dependences of the electron mobility was performed on the
basis of short-range scattering models [2-4] within the framework of the exact solution of the
Boltzmann’s kinetic equation. Fig. 1 presents a comparison of two competing approaches: short-
range scattering models and long-range scattering models (relaxation time approximation). The
dashed lines 2 and 3 represent the results of calculation of the dependence p(T) obtained in the
relaxation time approximation: curve 3 describes the high-temperature region (haw<<k T), curve 2
describes the low-temperature region (h@>>k T). As it can be seen, these curves demonstrate
significant qualitative and quantitative differences of the temperature dependences of the carrier’s
mobility throughout the studied range of defect concentrations and temperatures. For CdSexTe-
x(x=0.5) the Debye temperature is 6p=266 K. It means that the low-temperature region will be
determined by the condition T<26 K, and the high-temperature region will be determined by the
condition T >2660 K. From this point of view, the application of the relaxation time approximation
(elastic scattering) in the range of 26 K <T <2660 K is incorrect. At the same time, the short-range
scattering models allow to describe inelastic scattering. So, it can be argued that the short-range
models give a more adequate description of physical reality than the long-range models.

1,2 ———r
Fig. 2. Electron’s Hall factor versus
temperature in CdSexTe1x (x=0.3) solid
LA P solution. A-Np=1x10%cm;
= B-Np=1x10%cm3; C-Np=1x10'°cm’;
D-Np=1x10Ycm™; E-Np=1x10'8cm?;
1,0 |-
10
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Calculated on the basis of the proposed method the dependences of Hall factor on temperature
are presented on Fig. 2. It is seen that these dependencies have minimums, which are situated as
follows - the higher the concentration of donor defects, the higher the temperature of minimum.
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Graphene is an exceedingly promising material in application various fields. The unique
properties of graphene are due to the conical shape of the energy spectrum of its single-layer
hexagonal structure [1]. The high electrical conductivity of two-dimensional carbon material and
the high mobility of charge carriers are advantages to creating high-speed electronic devices [2].
In addition, the ambipolar conductivity of graphene can be easily controlled by an external electric
field [3, 4]. This property makes it possible to inject both positive and negative charge carriers into
graphene and can be used to create a new type of field-effect transistors that use graphene
monolayer as a conductive channel material. Besides, monolayer graphene can be used as a
transparent electrode in photoelectronics due to only the 2.3 % light absorption. Hybridization, i.e.
the combination of a photosensitive material generating charge carriers and graphene as a charge-
sensitive layer, is the basic strategy for improving the photosensitivity of graphene devices. In
particular, the silicon substrate of the graphene field-effect transistor can be used as a
photosensitive layer. In turn, the local electric field of the photogenerated carriers in the substrate
causes a change in the electrical conductivity of the graphene channel.

One of the promising and inexpensive methods for producing graphene nanosheets is via
chemical exfoliation and oxidations of graphite to obtain graphene oxide nanoparticles with a
subsequent reduction [5]. Reduced graphene oxide (rGO) is usually obtained by chemical
reactions with the use of hydrazine, hydrogen, or other reducing agents. The use of a film
containing rGO nanoparticles instead of the graphene monolayer in field-effect transistors can
simplify the technology of manufacturing graphene-based photodetectors.

In this work, the photosensitive field-effect transistor was created by depositing rGO film on
the surface of the silicon oxide layer on the silicon substrate. The source and drain of the transistor
were formed on the surface of the rGO film by the thermal deposition of silver contacts. The silicon
substrate served as the gate of the field-effect transistor.

The electrical and photoelectric properties of the rGO-based field-effect transistor were
studied in both DC and AC modes. It was established that the dependences of the drain current on
the gate voltage (i.e. switching characteristics) have linear sections, the position of which depends
on the bias voltage sign. In addition, a significant effect of irradiation by white light LED on the
switching characteristics of the rGO-based field-effect transistor was found. In particular, the
conductivity of the rGO film increased under the influence of the local field of photoinduced
charges. In the AC mode, a photoinduced decrease in field-effect transistor resistance was
observed for the electron branch of the ambipolar conductivity profile. Besides, irradiation of the
surface of the rGO-based field-effect device with white LED caused an increase in its capacitance.
The time of the photodetector response to a light pulse was about 1.5 ms. So, the rGO-based field-

effect transistor demonstrates the potential for application in photoelectronic.
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effect in atomically thin carbon films. Science. 306: 666—669 (2004).

4. Olenych 1.B., Boyko Ya.V. Field-effect transistor based on graphene — porous silicon hybrid structure. J. Phys. Studies.
27:1701 (2023).

5. Chua C.K., Pumera M. The reduction of graphene oxide with hydrazine: elucidating its reductive capability based on a
reaction-model approach. Chem. Commun. 52: 72-75 (2016).

31



Proceedings APFS-2023
Section 1. Fundamental problems of physics, chemistry and ecology
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PARAMETERS OF POTASSIUM SULPHATE CRYSTALS
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Potassium sulfate K,SO, (PS) crystals are typical representatives of dielectric crystals of ABSO,
group, which can be used in optoelectronics, crystal-optical sensor devices, for acousto-optic
modulation of ultraviolet radiation, etc. The task of modern science is targeted modification of specific
properties of such crystals. One of the simplest methods of changing the optical and dielectric
properties of crystals is the introduction of various substitutional impurities. This makes it possible to
establish the possibility of expanding the areas of practical application of crystals (for example,
expanding the temperature and spectral range of existence of isotropic states) as crystal-optical sensors.

It was previously established [1, 2] that the introduction of an admixture of Cu?" ions with a
concentration of 1.7 and 3.0% in the PS crystal leads to a gradual decrease in the absolute values of
the refractive indices without changing the nature of their dispersion, respective gradual changes in
birefringence and electronic characteristics. Thus, is interesting to elucidate the way impurities of other
metals affect the dielectric parameters of PS crystals. For this purpose, an admixture of another divalent
metal, manganese Mn, was chosen, and its influence on the structural and refractive parameters was
studied.

Samples of K,SO, with Mn admixture were obtained for research by growing from an aqueous
solution by the method of slow evaporation of the solvent under specified conditions. In order to
identify the structure and determine the concentration of impurities in PS crystals, X-ray diffraction
(XRPD) analysis was carried out on previously prepared samples in the form of powder. Phase analysis
of the samples using X-rays indicated their single phase and made it possible to identify the phase of
the K,SO, compound (own structural type, the arcanite mineral, B-modification, stable below ~ 840 K
(modification at room temperature).

The structure of the obtained crystal can be considered as the result of multiple heterovalent
substitution of 2 K* ions by Mn?" in the structure of the K,MnSO,4 compound and represented as
stacking of columns of SO4? tetrahedra along the [0 Y 0] direction. K atoms form zigzag chains in the
space between these columns. In this representation, the copper atoms are arranged in chains of the
metal component.

The study of the dispersion of refractive indices, the study by Obreimov's immersion method [3]
was carried out, which showed that the dispersion is normal in the spectral range of 300-700 nm and
increases sharply with approaching the absorption edge. The introduction of an admixture of Mn?* ions
leads to a general decrease in the values of the refractive indices n; for three crystal physical directions
in the crystal. The relations for refractive indices n, > ny > n, and dispersions dn,/dA > dn,/dx > dn,/dA
remain valid for impurity crystals, as for pure crystals. Based on experimental results using Sellmeier's
dispersion formula and the Lorentz-Lorentz formula describing electronic polarizability o; and the
molar refraction R;, the crystal-optical parameters change in a case of Mn?* ions doping is analyzed.

Acknowledgments: The study was performed within the framework of the project 2020.02/0211
of the National Research Foundation of Ukraine “Experimental and theoretical study and prediction
of the photoelastic properties of crystalline materials for devices of electromagnetic radiation control”.
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Short analysis of role similarity method in Nonlinear and Relaxed Optics is analyzed. Short
historical analysis of this problem is represented. Place similarity method in creation concept of
Nonlinear and Relaxed Optics is shown. Perspective of using of this method in the development of
tyhese chapters of modern physics is discussed too.

Main results and discussions

The problems and role of similarity and physical and mathematical constants in Nonlinear and
Relaxed Optics in past, present and future are discussed [1 — 11]. This problem is little research in
these sciences. Therefore, we represent short system analysis of this problem.

Nonlinear optics could have been developed much earlier along purely classical lines. Rayleigh was well
aware of the acoustical nonlinearities and had given an extensive discussion of this in his Theory of Sound
[1, 3, 4]. This nonlinearity was expanding on magnetic and electric processes in Nonlinear Optics
[1]. If Lorentz [1] had allowed for a slight anharmonicity in his description of the electron as a harmonically-
bound particle he could well have arrived at the theoretical derivation of a large variety of nonlinear optical
effects. Today with guided light waves it is possible to observe nonlinear optical effects with much lower powers
and perhaps in the future it will be possible even with incoherent light [1].

Electromagnetic nonlinearity as expansion of acoustic and electromagnetic nonlinearity was
included in the foundation of electromagnetic concept of Relaxed Optics, which is based on
Pointing tensors [6].

Problems of introduction new constants in Relaxed Optics are represented by using the method
of Feygenbaum dynamics foe explanation the phenomenon of doubling the surface laser-induced
structures (roughlyb speaking — generation of second relaxed optical harmonics) [11].

So, theory of hydrodynamic Thomson-Benard phenomenon as prevortex state was adapted and
used for the electron gas in semiconductors [7]. Thus, hydrodynamical convective-gravitational
Rayleygh theory may be represented as theory of transition from laminar to turbulent (vortex)
fluxes, including prevortex phase, in hydrodynamics it is Thomson-Benard cells. Only this
analogy allows creating theory of Thomson-Benard phenomena for electron gas in solid state [7,
9]. Thus, this concept may be used in Nonlinear and Relaxed Optics too for modeling the processes
of generation prevortex states with various nature.

So, Reynolds's similarity law, according to which two stationary flows of uncompressed
viscous fluid that flow around geometrically similar bodies in the absence of given forces are
similar if both flows are characterized by the same Reynolds number [4].

This principle was used for the creation theory of electromagnetic laser-induced optical
breakdown (modified Rayleygh theory) [6]. In whole the chain of focused pulsed laser optical
breakdown is including next stages: diffraction stratification, which may be modeling with help
Rayleygh rings [5]; generation conic Cherenkov radiation [7]; interference of low frequency part
of this Cherenkov radiation [7] and optical breakdown, including generation of nanovoids [7].

For modeling processes of laser-induced cavitation (generation of nanovoids) we used
modified Rayleygh model [2, 7, 12]. In our case it was electromagnetic model [7], in Lauteborn
case — acoustic model [12].

For the estimations of maximal radius of nanovoids we must use modified Rayleygh formula

[7]
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2R

Rinax = 0.9157 n‘rlrcE’ (D

where T¢ — the time of creation the nanovoid (bubble), R is radius of nanovoid, r — radius of
irradiated zone, E — Young module, E;,.— energy of one pulse; ;- — duration of pulse; c —
speed of light [7].
If we substitute value for the pulse laser irradiation of 4H-SiC r = 250 nm, R = 10 nm, E=600
GPa [7], Eir=300 nJ, 7ir = 130 ps, ¢=3-108 m/s, than have Rmax=11 nm (experimental data 8-10 nm).
Let us now estimate the maximum bubble radii for the acoustic case. For this, in formula (1),
you need to change the speed of light to the speed of sound (2).

(2)

2R
0.915r m’lrcsE

ac —
Rmax -

where ¢, is speed of sound.

As a result, we get R}, . sic = 1.7um. The shape of the voids does not change, they just
increase in size by 2-3 orders of magnitude.

The speed of shock waves for femtosecond regime of irradiation is less as speed of sound.
However, we have two speeds of sound in elastic body: longitudinal v,s and transversal v, [7].
Its values are determined with next formulas

_ E(1-v) _ E
Vis = | peirva-z)’ andvs = o0y @)

where v — Poisson’s ratio [7]. The ratio between of these two speeds is equaled
_ Vs _ (1 2v)
o Vi 2(1-v) ( )
But this ratio must be true for shock waves too. Therefore, for silicon carbide for v = 0,45 [7]
a =0,33.
Thus, problem of similarity has and had decisive influence on the formation and formation of
both Nonlinear and Relaxed Optics.
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[HTepec 1o mocnimKeHHs pI3HUX BHUJIB BYIJIELEBUX MaTepiajiiB 3 KO)KHUM POKOM IOCTIHHO
3pocrae. lle 3ymMOBIEHO iX MIMPOKMM 3aCTOCYBAHHSIM B EJIEKTPOKATalli3l, E€JIEKTPOCHHTE3I,
rpadeHOBIi HAHOEJIEKTPOHIlll, B CTBOPEHHI 3aXUCHUX IOKPUTTIB Ta HaJJaHH1 0a30BUM MaTepianam
0COOJIMBUX BJIACTUBOCTEH MpU OCAHKEHHI HAa HUX BYTJIELEBUX IJIIBOK, 30KpeMa L€ CTOCYEThCS
MIPOCBITJICHH] COHSIYHUX EJIEMEHTIB, CTBOPEHHSI HAATBEpAOi ab0 TEPMOCTIMKOI MOBEPXHEBOI
obononku Ta iH. [1]. Ha cporomui 3anuinaerbcs akTyaJbHUM IHTAHHS OTPUMAHHS TOHKHX
HAaHOMETPOBHX BYIJICHIEBUX TUTIBOK HA PI3HUX MIAKIAIKaX 3 HAIEepe]] 3aJaHUMHU BJIACTUBOCTSMHU.
B 3anmexHocTi BiJ METOMIB OCAKEHHS, iX TEXHOJIOTTYHMX MapaMeTpiB Ta XapaKTepUCTHK
MIAKIAI0K MOXYTh (hOpMyBaTUCS BYIJIELEB1 IJIIBKH 3 PI3HOIO CTPYKTYPOIO, 30KpeMa IUTIBKH 3
aMOp(hHNM ByTJIeleM, IUTBKH i3 Sp 3B’I3KAMH Ta IUTiBKU 3 BUCOKHM BMIiCTOM aTOMIB BYTTIEIIIO i3
sp® 3B’A3KaMH, TaK 3BaHi anMa3onoi6Hi muisku (AIIIT). OcTanHi IHTEHCHBHO BUKOPHCTOBYIOThCS
SIK TIOKPUTTS PI3HUX MarepiajiiB, OCKUIBKH JJIsi HUX XapaKTepHE IMOETHAHHS TakKuX (HI3UKO-
XIMIYHUX BJIACTUBOCTEH, SIK BHCOKA TBEPJICTh, 3HOCOCTIHKICTh, XiMIYHA IHEPTHICTh, IIHPOKA
3a00poHEHa 30Ha, HU3bKHU KoeilieHT TepTs, 6iocymicHicTs Toro [1, 2].

ITicns BinkpurTs rpadeny [3] 3Ha4HO 3pic iHTEpeC O OTPUMAHHS BYIJIELEBHX ILTIBOK i3 Sp?
3B’SI3KaMU, OCKUIBKH BapilOI0YM KUTHKICTh BYTJICHIEBHUX IIapiB MOYKHA OTPUMATH SIK OJHO- TaK 1
OararomiapoBi rpad)eHOBI TTIBKH 3 PI3HUMHU BOKIMBUMH JJI 3aCTOCYBaHHS BJIACTUBOCTSAMU. SIK
B1IoMO, TpadeH sBIIsI€ COO0I0 TBOBUMIPHHM 1Iap, MOOYI0BaHMH 13 OCH30JIPHUX KUICIb, B IKOMY
aToMaM BYTJIELIO IIPUTaMaHHi sp>-38’s13KuU. ['paden npuBepHyB 10 cede BeIUKuii inTepec 3aBIsaKu
CBOIM OCOOJMBUM Ta HE3BUYHHMM BJIACTHBOCTSM, 30KpPEMa TaKHUM SK KBAHTOBO-EJIEKTPOHHHI
Tpancnopt [4], peryasoBana 3a60poHeHa 30Ha [5], HaA3BUYAHO BHCOKA PYXJIUBICTH [5] Ta iH.
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Puc. 1. PamaHiBChKi CIIEKTpH BYIJIeleBUX IUTBOK: (4) cOPMOBAHMX Ha MiJHHMX MIAKIAJKAX MPH TEMIepaTypax
ocamkenns: 1—350°C; 2-500°C; 3—385°C; (b) cdopmoBanmx Ha MimHiii, craneBiii Ta KpeMHI€BIH ImiAKIAaKax,
TeMIepaTypa SKUX IpU OcapKeHHI miiBok ckinanara 500°C. Yac ocamkeHHS Ui BCiX IUTBOK ckiamaB 10 cek. «*»
MIO3HAYEHO CMYT'Y 3yMOBJIEHY MOJIOIO JIa3epHOTO BHUITPOMiHIOBAaHHS.
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Bce Bumie3azHadeHe 3yMOBIIIOE CTBOPEHHSI HOBUX 200 BJIOCKOHAJICHHS BITOMHUX TEXHOJIOTIH
[0 OTPUMAHHIO BYTJICIIEBHIA TUTIBOK 3 HArepe] 3aJlaHMMH BIACTUBOCTAMHU. B Hamriii poOoTi st
dbopMyBaHHS TOHKHX BYIVICHIEBHX IUTIBOK OYyJ0 BHKOPHCTAHO BJIOCKOHAJICHUH METOJ
SJIIEKTPOHHOTO po3miieHHs Tpadiry. Meroro miei poOoTw Oyi0 BUBYCHHS XapaKTCPUCTHUK
chOpMOBaHUX HAJTOHKHX BYIJICIIEBUX IUTIBOK B 3QJIGKHOCTI BiJl TEXHOJIOTTYHUX IMapaMeTpiB ix
oTpuMaHHs. Byrienesi miiBku GpopMyBasucs Ha MiTHHX, HIKEJIEBUX, CTAJIEBHX Ta KPEMHIEBUX
MiIKIaaKax, Temreparypa skux Bapiroanacs Big 350 mo 600°C. CpopmoBaHi ByrieneBi IiBKA
XapakTepu3yBaiucs Meronamu PamaniBebkoi cnektpockomii, XPS, AFM ta EPR.

h=457nm 5 @

Intensity, arb. un.
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Puc. 2. PamMaHIBCBKI CIIEKTPH BYTJIELEBUX ILTIBOK chopmoBanux Ha migdii (1) ta Si (2)

nigknaakax npu temmneparypi S00°C ta Ha MiaHIHi migkiIaani, chopMoBaHiil npu
temneparypi 350°C (3) B 06s1acTi KOJIMBHUX MOJI IEPIIOTO Ta APYroro MOPSAKIB.
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Ha puc. 1 (a) naBeneno PamaHiBChKi CHEKTpU BYIJIEHEBUX IUTIBOK C(HOPMOBAHMX Ha MITHUX
nigknaakax. 31 COEKTPiB BUAHO, IO IUTIBKH, copmoBaHi mpu Temmnepatypax Hikde 500°C
BIJIMTOBIIAIOTH CTPYKTYPI, siKa XapakrepHa uist AL, BogHOYac criekTp TutiBKH, chopMOBaHOT TpH
500°C, BigmoBimae rpadirmiii cTpykTypi (Sp?-38’s3km). Ha puc. 1 (b) maBeneno PamaniBChKi
CIIEKTPH BYIJICHEBUX ITIBOK CPOPMOBAHUX HA MiJHIN, CTANIEBil Ta KPEMHIEBIN MiJKIaIKaX MPH
temnepatypi S00°C. 3i ciekTpiB BUAHO, IO HA CTPYKTYPY BYIJIEIIEBHUX IUTIBOK BILTMBAE HE TUTBKU
TemIeparypa, aje i cama minkinaaka. J{ificHO, CeKTpH IUTIBOK, O copMyBaIrcs Ha MiTHIA Ta
CTaJIeBii MiIKIAAKaX JOCUTH MMOIOH1 1 BOHH € XapaKTepPHUMHU I rpadiTHOI CTPYKTYpH, a CIIEKTP
BiJl IUTIBKH, 10 chopMmyBaiacst Ha S MiAKIAII, XapaKTepHHUH I aliMa30Mo1i0HO0T CTPYKTYPH.
Ha puc. 2 HaBeZieHO paMaHIBChKi CIIEKTPH BYIJICIICBHX IUTIBOK chopmoBanux Ha MinHiit (1) Ta Si
(2) minknaakax mnpu Temmneparypi 500°C Ta Ha MigHIM ninknaguni, chopmoBaHid TpH
temnepatypi 350°C (3) B o0iacTi KOJIMBHUX MOJ MEPUIOr0 Ta IPYyroro mopsakiB. BuaHo, m1o
TUIBKM B CHEKTpax BiJ BYIJIELEBOI IIIIBKH, copMoBaHoi npu S00°C Ha MiIHINA HiAKIAI YITKO
NPOSIBISIIOTECA CMyTrH Apyroro nopsinky: 2D, D+G, 2G ta D+T. OcranHe CcBiguuTh, MIO
copmyBanacs TpadiTHa TTiBKa i3 SP? 3B’A3KaMM, TPOTe B Hill HASBHI CTPYKTYpHi AedeKTH,
ockinbku D-cmyra nocuth iHTeHcuBHA. I1lo6 omiHMTH po3Mipu cPOpPMOBAHHUX BYIIJIELEBUX
KJIacTepiB CIEKTPH PO3KIATAIUCS HA OKPEeMi KOMITIOHEHTH, SIK IIe IMoka3zaHo Ha puc. 3. s Bcix
BUMAKIB PaMaHIBChbKi CIEKTpH PO3KJIaJaiucs Ha 5 okpeMux cMmyr: 1 — Tak 3BaHa T-cMmyra, sika
BIJINIOB1/Ia€ KOJMBAHHSIM OJICTHOBUX JIAHIIOXKKIB; 2 — D-cMyra, sika BiAMOBiAaE AUXAIOUUM
KOJIMBAaHHSM O€H30JIbHUX KUIElb, 32 Y4acTI0 B KOJMBHOMY Ipolieci Ae(eKTIB B KpUCTaTIuHIN
cTpykTypi rpadiry 3 Touku K 30uu Bpimntoena; 3 — cmyra, 110 BinoBigae amoppHOMY BYTJIEITIO,
AKHUIT MOYKe CKIIaIaTHCA 3 HEYTOPSAKOBAHHUX JIAHIIOKKIB Ta KiacTepi 3 Sp, sp? Ta sp° 3B’ a3kamu;
4 — G-cmyra, sika BIANOBIZAE PO3TATYIOUMM KOJIMBAHHSIM aTOMIB BYTJICIIO B CTPYKTYypax, IO
BiIMOBigalOTh LEHTpPy 30HU Bpimmoena; 5 — D'-cMyra, sika BiANOBigac KOJMBHHM MOJAM, IO
MPOSIBISIOTHCS TUTBKH TTPH HAIBHOCTI 1e(DEKTIB, ajie 3 1HIIO1 TOUKH 30HU bpiitoeHa B HOpIBHSIHHI
3 D-cmyror. BuxkopuctoByroun pe3yiabTaTH PO3KIaAy CHEKTPIiB OyJIo BHU3HAUEHO IHTETpabHI
iHTeHCHBHOCTI cMyr D Ta G I MOJaiabIIoro BHU3HAYEHHS CEPEIHIX PO3MIPIB BYTJICHEBHX

a
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Puc. 3. PamaHIBChKI CHEKTPH BYIJIELEBUX IUIIBOK C(HOPMOBAHMX HAa MIJHUX MIKIAJKaX MPH
temmeparypax 350°C (1) ta 500°C Ta ix po3Kkiaau Ha OKpeMi KOMIIOHEHTH.

HaHOKIacTepiB 3rizHo dopmymu [6]: La(nm)= [560/E* x (Ip/lc)™ ], ne La — cepenni posmipu
HAHOKpHUCTATiB B HM, E| — eHepris 30y/KYI0UOro JIa3epHOro BUIPOMIHIOBAHHS, sIKa B HALLIOMY
Bunanaky aopisuioe 2.71 eB, Ip/lg — BimHOIIEHHS iHTerpanbHUX iHTeHCHBHOCTEH cMyr D ta G. B
pe3ynbTaTi MpoBeaeHux po3paxyHkis s miaiBku AIIIT La ckinagae 5.4 uwm, a 115 rpagitonoaioHoi
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Bk La ckiagae 5.2 um. Cepenni po3Mipy BYTJI€LIEBUX KJIACTEPIB HE 3HAYHO BiIPI3HSIOTHCA,
1o oOyMOBJICHO HE 3HAYHOIO PI3HMLIEIO TEMIEparyp MiAKIAJO0K, MPH SKUX (opMyBamucs IIi
mwiiBky. Jljisl BU3HAYEHHS KUTbKOCTI SP? Ta SP° 3B A3KiB GyJI0 IPOBEIEHO BUMIPIOBAHHS CIIEKTPIB
XPS B o6macTi niky C1S 3 BUCOKOIO pO3AUTHHOIO 3/IaTHICTIO (3 eHepreTuyHuM BikHOM 11.75 eB
ta kpokoM 0,05 eB). Otpumani criektpu Oyiu po3KIaACHI Ha IT’SITh KOMIIOHEHT: OCHOBHHM TIK,
o Bianosinae sp2-38’sa3kam C=C (284.4 eB), nik 38’s3kiB C-C (sp®, 285.2 eB), mik 38 s13kiB C-
OH/C-0O-C (286.2+0.1 eB) ta C=0 (288.5+0.1 ¢B) Ha noBepxHi IUTIBKH, Ta MK 3yMOBJICHHI
IIa3MOHHUM 30ykeHHAM (n-n*-caremnit, 290.2+3 eB). BumicT ¢asn sp® BusHaueHuit 3 aHanizy
miky cknaB 9 % s 3pasky N1 ta 20 % muist 3pasky AT (N2), mo 1o0pe Kopernroe 31 3HaYeHHSIMH

N1 N2
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Puc. 4. XPS cnektpu ByrieneBux IiiBok chopmoBanmx npu temmeparypi S00°C (N1) Ta
TiBOK, copmoBanux mpu temieparypi 380°C (N2).

OTpUMaHUMH 3 PaMaHIBCBKUX CIIEKTPIB.
Bucnoexu

TakuM YMHOM BCTAHOBJICHO, II0 HAWOUIBII Ba)XJIMBUM TEXHOJOTTYHUM apaMeTpoM, SKHi
BU3HAYac (OPMYBaHHs BYIJIEUEBUX IUIBOK 3 MEPEBaKAIOUMM BMICTOM SP>-3B’S3KiB €
TeMreparypa MmiaKIaaok, ska ckianae S00°C ta pumie. butbin TOoro mokasaHo, o0 Ha MPUPOIY
(dbopMyBaHHS BYIJICLIEBHX 3B’S3KIB BIUIMBAIOTHh BJIACTHBOCTI MIAKIAN0K, a caMe, Ha METaJIeBUX
migkiaagkax gocratHbo temmeparypu S500°C, mo6 cdopmyBanucs ByIJeIeBl IUIBKH 3
IIepeBAKAIOYUM BMICTOM SP2-3B’SI3KiB, a IIPH MEHIIMX TeMIIepaTypax (OpPMYIOThCS BYIJIELEBi
IUTIBKK 13 TEePEBaKaIOUUM BMICTOM sp3-3B’ﬂ3KiB. Boanouac Oyno mokaszaHo, Ha MigKIaaKax
KPEMHIIO Ta IHIIUX HamiBOPOBITHUKIB mpu TemnepaTypax S00°C popmyroTbes Byrienesi miiBKU
i3 sp®-3B’A3KaMH.
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EKCIIEPUMEHTAJIbHA IIEPEBIPKA ITPOCTOPOBOI AHI3OTPOIII
e300 TUYHOI'O E®EKTY HA ITPUKJIAII KPUCTAJIIB LiNbO3:MgO

A. AHI{pyHlaKl, b. Mnumcz*, H. I[eM’mmumHZ,

YHayionanvnuii ynisepcumem «JIvgiscoka nonimexuixay, m. Jveis, Yxpaina
2Dizuxo-mexaniunuti incmumym im. I'.B. Kapnenxa HAH Yipainu, m. JTosis, mytsyk@ipm.lviv.ua

Hoci anizorpornito 11’ e3oontuyHoro edexry (IIOE) y pi3HuX kpucTtanax JOCIKyBalIu Me-
TOJOM MOOYA0BH BKa3iBHUX NoBepxoHb (BII) Ta ix aHanizy m070 eKCTpeMaabHUX 3HAYEHb IIUX
MOBEPXOHb (JIUB., HanpuKIiIag, podotu [1-3]). 11lo6 miaTBEpAUTH €PEKTUBHICTh MOIIYKY €KCTpe-
MabHUX 3HaueHb [IOE MeTo10M BKa31BHUX OBEPXOHb, CII1J1 IPOBECTH EKCIIEPUMEHTAJIbHY Iepe-
BipKy ekctpemymiB [IOE. IToxiOna poGoTta Oyna mpoBeaeHa 010 €IeKTPOOTITUUHOTO €(DEKTY
(EOE) nmnst kpucraniB Hiobaty nitiro LINDO3 [4]. B miii poOoti Bepine eKCrepuMeHTaIbHO
MIATBEP/HKEHO po3paxoBaHuil Ha ocHOB1 BII mpocTtoposuii posnoain diniitHoro EOE B kpucrtanax
HioOarty Jnitito. EkcriepumenTanbHi pe3ynbraty 110,10 makcumymis EOE oTprMano 3a fonomororo
ycTaHOBKH Ha 0a3i inTepdepomerpa Maiikenscona [4].

B naniit po6oTi ananorivsi pe3ynbratu oTpuMano s [IOE kpucraniB Hiobaty JiTito, Jiero-
BaHoro okcujoM mMarHiro LINDO3:MgO. li1st iiboro BurotoBiieHo 9 3paskiB X/ a-3pi3y, B IKUX BiCh
Z BinxwiieHa Bix Hopmaiti (Z' ) 1o rpasi Ha pi3Hi KyTH o (puc. 1), a came: 3pa3ok 1 — a = 0° (90°);
3pa3ok 2 — a = 25°; 3pa3ok 3 — a = 37.5°; 3pa3zok 4 — a = 65°; 3pa3ok 5 — o = 77.5°, 3pazok 6 — a
= —25° 3pa3ok 7 — o = —37.5°%; 3pazok 8 — a = —65° 1 3pa3ok 9 — o = —77.5°, 90°. 3oBHIMHIKA
BUTJISA] KUTBKOX 3pa3KiB MOKa3aHO Ha puC. 2.

\Z 7'

Puc. 1. Cxema 3pa3zxis 015 excnepumenmanvHoi nepesipku aHizomponii
IIOE ¢ kpucmanax LiNbO3:MgO.

Puc. 2. [Ipuxnaou 306Hiunb020 8U21s0Y 3pA3KI6.

Opienrartis 3pa3kiB X/ a-3pi3iB nepeBipeHa peHTreHIBCbKHM METOJIOM 1 YTOUYHEHa METOJIOM
HOJISIPU3AIIHHO-ONTHYHOT KOHOCKOIII. [IpHKIaan KOHOCKOMIYHMX KapTUH 3pa3kiB X/a-3pi3iB
nosaHo Ha puc. 3. Ilinkpecaumo, 1o nepeBipka opieHTallil 3pa3KiB KOHOCKONIIYHUM METOJIOM €
BAXJIMBOIO, OCKUIBKM BHUKOPUCTAHHS PEHTI€HIBCBKOTO METOAY JUIs TaKUX LUIeH € HaJITo
TPYAOMICTKHM.

3ayBaxkumo, 1o min yac pocnimkenHs [IOE Ha 3pa3kax (puc. 1), B akux Bich Z BigxuieHa
BiJl HanpsAMKy Z' (HOpMaJli 10 TpaHi, Ha SIKy AIITUME OJHOBICHUN THCK), CIiJl OJTHO3HAYHO
BKa3yBaTH JOJATHUH HampsMoOK Kpucranodizmynoi oci X (+X). Lle 3yMOBIHO THM, 1O 32
MIOBOPOTY 3pa3Ka, CXxeMa SIKOro MokaszaHa Ha puc. 1, Ha 180°HaBKkos0 HanpsAAMKY Z', KyT a Oyae Matu
BenuunHy 360°—a. Ile Moxe OyTH NPUUMHOIO HEOJHO3HAYHOTO BU3HAYEHHS KOMITIOHEHT
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OJTHOBICHOTO THUCKY Oim B310BX oceil Z Ta Y. Tomy six nedopmartis 3pas3ka, Tak i Benuunna [IOE
MOXYTh OyTH HEOJHO3HAYHHMHU B 3aJIKHOCTI BiJl BUOOpY 3HaKiB ocelt X, Y, Z mpaBoi cucreMu
KOOpAMHAT, B siKiil gocmimkyBarumemo [1OE Takux 3pa3kis.

(©)

Puc. 3. Ilpuxnaou xonockoniunux kapmun ons spaska X177.5°-3pizy: ceimno
nowupioemscsi 630064 oci Z () ma 630061 oci Y (0).

JIns ycyHeHHsT Takol HeoJHO3Ha4yHOCTi y Bumaaky kpucraniBa LINDO3:MgO nocrathbo
3adikcyBatu noaatHe 3HaueHHs oci X. Tozi npaBy cucteMy KOOpAUHAT MOKHA BUOpaTH, HaJJal0un
3HaK (+) oci X, a mojaTHI 3HaKU oceil Y Ta Z MarOTh BIAMOBIIATH O3HAYEHHIO TIPABOi CHCTEMH
koopauHat. JlomatHiii HampsaMok oci X MoKHa 3adiKCyBaTM Ha OCHOBI BEJIHMKOTO
1’ €30€TIeKTPUYHOT0 KoedirienTa di11. A came, JT0IaTHIM HAMPSMKOM OCi X CITiJ] BUOpaHO HApsM,
MEPIEeHIUKYIAPHUI 10 TpaHi, Ha SIKiil BUHUKAE TO3UTUBHUM (1) eJIeKTpUYHUN 3apsij, 3a J1i Ha L0
I'paHb JOJATHOTO MEXaHIYHOTO HAMPYKEHHS (HAMPY>KCHHS PO3TATY).

Ananimuunuii onuc INOE na 3pasxax X/a-3pizis. Binnosigai Bupaszu mis [IOE orpumano
METO/IOM MEePEeTUHY 30ypeHOi MeXaHIYHUM HANpPYKEHHSM Om ONTHYHOI IHAMKATPUCHU TPSAMOIO,
sIKa BIIMOBiNa€ HANpsSMKYy TOJISIpU3allii CBiTJia, 3 BpaxyBaHHSIM BHIJISIYy KOMIIOHEHT TEH30pa
MEXaHIYHUX HAIPY)KEHb [ om] Ha 3pa3y X/ a-3pi3y:

[om] = [04] = [o1, 02, 03, 04, 05, 06]-= 6-C0S% [0, tg?e, 1, tge, O, O]. 1)

Metoau 3amucy pobounx criBBimHomeHb Uit gociimpkeHHs [IOE Ha 3pa3kax ckiagHuX
3pi3iB 3 BpaxyBaHHsM MPYKHOI aedopmalrii 3pa3ka B HaIPsSIMKY MTOITUPEHHS CBITJIA Ta BUpa3y (1)
JeTanbHO omucani B poboti [5]. Tyr mogamo po6oui Bupa3u Uit Te€OMETpPil eKCIICPUMEHTY, sSKa
onucye no3nowxkHui [1OE (BekTop i mossipu3artii cBiTJIa Ta BEKTOp M i OJJHOBICHOTO THUCKY €
KOJIIHEapHUMHU: i || M). A came:

A
4 4 3 2
T4 =COS 0£|:7Z'11tg a—(7z14+27z41)tg a+(7z13+7131+27z44)tg a+7z33} T +
4Oy
n, -1 )
ny,

+2cos* 0:[813 (1+tg4 a)+Sl4 (tg3 a—tg a)+(811+833—844)tg2 a}

1€ 744 — 1€ He T1’€300NTUYHHUM Koe]illieHT, a BennunHa no3aosxkHboro [IOE a1s ymoB excnepu-
MeHTy | = m = 4, nanpsim 4’ Binnosinae Hanpamky Z' Ha puc. 1, oy, — NIBXBUIbOBE (Kepyroye)
HanpyXeHHs Skm — KOe(IiEHTH NMPYXHOT HOJATIUBOCTI.

P03i6’eMo piBHSIHHS (2) Ha JBI YaCTHHHU:

724,4,=COS4a[ﬁﬂtg4a—(7zl4+27z4l)tg3a+(7r13+7r31+27z44)tgza+7r33], (3)
A n,—1
Tya =—M+2 cos* & [813 (1+tg" & }+5,, (19° a—tg o (S, +553-S,,, )19 a} ‘r‘] - (4)
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3 sIKUX rnepma yactuna (3) po3Bosse pozpaxyBat Bennunny [IOE 7zy4 Ha ocHoBi matpuii IIOK
[7im], a npyra yactuna (4) mo3Bosisie BusHaunTu BeiauuuHy [IOE 744 Ha OCHOBI EKCIIEPUMEH-
TaIbHUX JaHKUX (HA OCHOBI KEPYIOUMX HANPYKEHD Oy ).

Pezynomamu. Ha puc. 4 monana 3aiexHICTh BeqmunHu mo370BxHOTO [TOE 7144 Bim KyTa
o, 1o0yoBaHa Ha ocHOBI Bupaszy (3) i marpui [TOK, BcranoBieHOT B [6] (CyliibHa JTiHIs), 8 TAKOK
MOCTaBJICHO eKcnepuMeHTanbHi 3HaueHHs (Kkpanku o) [IOE 744 mis 9 xyTiB ¢, BKa3aHUX BHUIIE
(mepen puc. 1). EkcnepuMeHTanbHi 3HAUCHHS 774'4° BU3HAUEH] IHTEPPEPOMETPUYHIM METOIOM 3
JIOTIOMOT'OF0 YCTaHOBKH, c(hopMOBaHO1 Ha OCHOBI 1HTepdepomeTpa Maxa-llenaepa.

[ — )
T, ¢.

Puc. 4. I'onosnuii nepemun nrowunoro 1.X1 exazienoi nosepxui maa no3008xcuvo2o IOE (8 00.
102 w2/H); cyyinona ninis — pospaxynok na ocnogi (3), kpanku () — suauenns ITOE, ompumani
HA OCHOGI eKCNepUMEeHMANbHUX OaHUxX (Kepyouux Hanpysjicewv oy,) i eupasy (4); mym xym 0

chepuyrnoi cucmemu KOOPOUHAM MOMONCHUU eKCNEPUMEHMAIbHOMY Kym) o (0us. puc. 1).
baunmo, mo pospaxoBani 1 ekcriepuMeHTanbHi 3HaueHs [IOE mns pisHHX KyTiB o BiAMIHHO (B
MEKax TOXHMOOK EKCIIEpUMEHTY) cmiBnaaaroTh. lle miaTBepKye, mo-mepiie, MpaBUIBHICTD
KOHIICTIii BUKOPUCTAHHS BKa3iBHUX IMOBEPXOHb it omnmcy aHizorpomii [IOE, a, mo-mpyre,
JEMOHCTPYE HAIIMHICTH (HOCTOBIpHICTB) iHTEephepomeTpruuHoro Merony nociimkernHs [TIOE 3a
CKJIAJJHUX T€OMETPIiil eKCIepUMEHTY. B mojanbsiomMy 3ariaHOBaHO TAaKOXK PETEIbHE BHBYCHHS
nornepeunoro ITOE Ha ocHOBI 3paskiB X/ a-3pi3y.

Moasika. s po6oTa miarpumana €sponeiickkuM Coro3zom (mporpama ['opuzont-2020 — mpoekT
Ne778156) Ta MinocBitu 1 Hayku Ykpainu (peectpauniinuii Homep npoekty 0123U101695).
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HOBI TETPAPHI CITIOJIYKH TA CKJIOYTBOPEHHSA Y CUCTEMAX
Cu(AQg)2S-Sh2S3—-Ge(Sn)S:

Bepesniok Opucsa'’, Asnpikik Moxammen?, T'ansin Bosogumup?, Isamenxo Inna®, T'ynaii
JIloﬁoanl, Mickau Jroavuiaal

! Bonuncvkuii nayionanvnuii ynieepcumem imeni Jleci Yxpainku, xagedpa ximii ma mexnonoziii, np. Bori,
13, Jlyyok, 43025, Vrpaina, * Berezniuk.Orysia@vnu.edu.ua
2 Bonuncoxuii nayionanoruii yuieepcumem imeni Jleci Yxpainku, xageopa excnepumenmanvroi gizuxu,
inpopmayitinux ma oceimuix mexwonoeit, np. Boni, 13, Jlyyok, 43025, Yrpaina

JHocmimpkeno $a3osi piBHOBaru B 4oTUphox cucremax CU(AQ)2S—Sh.Ss—Ge(Sn)S», ne Ha
oOMexyrounx cropoHax Bimomi croiykun Cu(Ag)sSbSs, Cu(Ag)SbSz, Cu(Ag)sGe(Sn)Ss,
Cu(Ag)2Ge(Sn)Ss, siki MarOTh BUCOKY IIPOBIIHICTh Ta €IEKTPOOITHYHI BIIACTHBOCTI, 1110 I03BOJISIE
BUKOPHUCTOBYBATH iX Y BUPOOHHIITBI €IEKTPOHHHUX MPUCTPOIB, TOHKUX ILTIBOK.

VY 1ux cucteMax yTBOPIOIOThCS JIBi HOBI TeTpapHi criosyku Ag11SbsGe(Sn)S12 ta e 3Hauna
KUTbKicTh ABOGa3Hux piBHOBAr: SbS3—Cu2Ge(Sn)Ss, ShaSz—Cu2SnsSe, Sh2Sz—Ag11ShaGeSio,
Sh2S3-AgeGeSs, ShoS3—Ag10GesSi1, ShaSs—Ag2GeSs; CuShS,—Cu2Ge(Sn)Ss; CusShSs—CusGeSe,
CusSbSz—CusGe(Sn)Ss, CusShSz—Cu.Ge(Sn)Sz; AgShbS,—ShoSnSs, AgSbS,-SnS,, AgSbhS>—
AgaSnsSg, AgSbS>—Ag2SnS3, AgSbS>—Ag11Shs(Ge)SnS12; AgsShSs— AgsGe(Sn)Ss, AgaSbSz—
Ag11Sh3(Ge)SnS12. Bei kBazibiHapHi mepepisy €BTEKTHYHOTO THIY 3 PO3YMHHICTIO HA OCHOBI
BHXITHUX CITOJIYK; HAHOLIBIII TBEP/Il PO3YHHHM € Ha OCHOBI Sb2S3 (B Mexkax 10-12 mour. %).

[Ipu 3araptyBansi Big 1173 K y nux cucremMax BCTaHOBJIEHO 00JACTi CKIOYTBOPEHHHS,
SIKi TPUIIATAI0Th 10 cTopiH ShS3—Ge(Sn)S, i wis repMaHiiBMICHUX CHCTEM MPOCTATAIOTHCS B
yChOMY KOHIIEHTpaniiHoMy iaTepBaii (GeS, — CKIOYyTBOpIOBad), a B CTaHyMOBMICHHX €
MePePUBYACTUMH 1 HE3HAUHUMM; TIPOTE OTpUMaTH SD>S3 3a HaBeleHHX YMOB HaM OTPHMAaTH HE
Braimocs. B cucremi Ag2S—ShySs;—GeS; 06macTh CKIOYTBOPEHHS HaWOLIbINa, MaKCHMaJIbHUI
BMICT AQ?2S, 1110 BXOJUTH JI0 CKJIaay CKJIa CTAaHOBHTH 55 MouL. %, a Sh2S3 — 97 moin. %.

BumipsiHi criekTpu MOTIMHAHHS CKJIONOA1I0HUX 3pa3KiB Mo i30koHIeHTparax 20, 50 mon.%
GeS; B o6macti hv 1,0-2,4 eB. 3a taHuMHU CIIEKTPATBLHOTO PO3MOALTY Koedilli€eHTa MOTJIMHAHHS B
00macTi Kparo TOIVIMHAHHSA OLHEHO WIMPHHY eHepreTwynoi mimmHn Eg (0=550 cm?). Ilpu
30ubIeHHI KoHIeHTparii AQ2S (3a cramoro Bmicty GeS2) Eg 3MeHIIyeThes.

Mopdomoris moBepxHi ckiaomomionoro 3paska 50 mor % Ag2S/44 moin. % GeS; /
2 Moi1.% NdS3/4 mon. % Er,Ss npeacrasiena Ha puc. 1.

wo:2070mm |00 VEGA3 TESCAN|

Der SE 20 pm

SEM HV: 25.0 KV WD 18.42 mm

View fieldt: 346 pm Det: BSE
SEM MAG: 800 x _ Date{midiy): 03122

8 ym
200 kx| Date{midfy): 632223 Ivan Franko National University of Lviv

Puc. 1. CEM-300paxeHHs noBepxHi ckia ckinany 50 mon. % Ag2S — 44 mon. % GeSz — 2 mon.
% Nd2S3 — 4 moit. % Er2Ss npu pisHomy 30unbmenni: a — x800, 6 —x1000, 6 — x2000.
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SIkicHU# Ta KUTbKICHHH CKJIAJ IBOTO 3pa3ka BU3HAUYEHO 3a JIOTIOMOTOI0 CIEKTPaTbHUX
metoaiB (CEM-EJIPC). PesynbraTtu qOCHiKEeHHs MPEACTaBIeHO Ha puc. 2. BcraHOoBIGHO, 110
3pa3ok € oaHo(a3HWM, SKICHWA Ta KUIBKICHHH CKIaad OJNM3BKI 10 BUXITHOT HABaXKKH 1
BiAmoBinaroTh Gopmyai Agz11Ge1,32Ndo,11Ero,13Ss.

EDS Layered Image 1

Electron Image 1

5 0
OESASME

100pm

. Map Sum Spectrum
Wit o

Ag 55.0 0.2

& 0.2

0.3

Er 5.4 0.2

0.2

o 2 4 6 8 keV/
Puc. 2. SIkicHMiA Ta KUTBKICHUM CKJIaJl CKIIOTIOIIOHOTO 3pa3Ka
50 mou1. % Ag2S/44 mon. % GeS; /2 moa. % Nd2S3/4 mon. % Er,Ss

Jns  nBoX CKIOMOMIOHMX 3pa3KiB 3 JA0JaBaHHIM P3M=Er**, Nd*" nmocmimxeni
¢doromominecuenTHi (PJI) BnactuBocti mpu 300 K. Cnektpu xapakTepu3yloTbcs JBOMa
MakcuMmyMmamu BunpomintoBans — 1070 1 1350 am ayst (AQ2S)so/(GeS2)as-/(Nd2S3)2/(Er2S3)x Ta
1075 1 1350 am s (Ag2S)20/(GeS2)s0/(Sh2S3)18-x/ (NU2S3)2/ (Er2S3)x, 1e x=1-4, siki BiINOBiqat0Th
nepexonaM “Fasp—*l112 Ta *Fap—*l132 B ionax Nd**. 36inbmenns Bmicty Er** mpussoauts 10
3MeHIIeHHs iHTeHcuBHOCTI cMyr DJI, siki mos’si3ani 3 ionamu Nd3*,
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IJIA3BMOHHI BJJACTUBOCTI HECOEPUYHUX HAHOYACTUHOK
MOHOCYJIb®ITY MIJI

Byaainenn Tersina, ipemuyk Ipuna, Meabnukos Cepriii, Craxipa I[1aBio

Kageopa enexmponnoi insicenepii, Hayionanvuuil yrisepcumem «JIvsiscoka nonimexuixay, ¢yn. C.bandepu, 12,
79013, Jlveis
e-mail: tetiana.o.bulavinets@Ipnu.ua

[1na3MoHHI IBMILla B HAHOYACTUHKAX OJIarOpoAHUX METaliB 100pe BUBUEHI 1 LIUPOKO
3aCTOCOBYETHCH [ 1], HA BiAMIHY B1J] HAMIBIIPOBIAHUKOBHX KPUCTANIB, J€ 1€ BIIITHOCHO HOBA
rajy3b AociaiypkeHb [2]. OIHUM 13 NepCneKTUBHUX HAMIBIPOBIIHUKOBUX MaTepiaiiB, 3AaTHUX JI0
JIOKaJI130BaHOTO MTOBEPXHEBOTO MJIA3MOHHOTO pe3oHaHcy € cyib(in miai (CuS). Ilpuyomy mik
MOro I1a3MOHHOTO MOTJIMHAHHS Npunaaae Ha OmwkHio [Y-061acTh, 1110 npuBepTae 0coOIUBY
yBary JOCJIIHUKIB JI0 I[LOr0 MaTepiaiy 1 BIIKpUBAE IikaBi MOKIMBOCTI 3acTocyBanHs [3]. Sk i
B OnaroponHux Mertaiax, B CuS cuiia ocuuisiTopa Ta MoJIOKEHHS IMIKY MJIa3MOHHOTO pEe30HAHCY
MOXKYTb 3MIHIOBATHCS B 3aJIKHOCTI B1l po3Mipy Ta pOPMH YaCTHHOK, a TAKOXK BiJ
JIETeKTPUYHUX BJIACTUBOCTEH HaBKOJIMIITHBOTO cepenoBuia. Ha puc.1 mpeacrabieno
pe3yNbTaTH MOJIEIIOBAaHHS 3aJIeXKHOCTI Nepepizy eKCTUHKIIIT HaHouyacTHHOK CusS Bix ix
r€OMETPUYHHUX MapaMeTpiB. 3HaUE€HHS MOKa3HUKa 3aJJOMJIEHHS! HABKOJIMIIHBOTO CEPEeI0BHUIIA
Bukopuctano 1 (mositps).

3,5x10™ —&—a=10 mv; b=c=10 um
—— a=30 um; b=c=10 um
3,0x107 —*—a=50 iy b=c=10 M
v—a=70 um; b=c=10 um

5
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Puc. 1. 3anesxcnicmo xoeghiyienma excmunkyii Hanouacmunox CuS 8i0 008xcuHu X8Ui
naoary020 BUNPOMIHIOBAHHS NPU PIZHUX 3HAYEHHSX 008ICUHU NIBOCI A eNincoioa npu cmaiux
snauennsx nieoceti b ma ¢ = 10 nm.

3 puc.] BUIHO, 110 BIAXUIIEHHS Bi chepudHOi (OPMH YACTUHKU IPU3BOAUTH HE JIHIIE JI0
3MIIIEHHSI MaKCUMYMY €KCTHHKIIII B JOBFTOXBHJIBOBY OOJIaCTh CIIEKTPY, a i 0 3pOCTAHHS
MaKCHUMaJIbHOTO 3Ha4eHHs Mepepi3y eKCTuHKIII. OTe, 3MiHa CIIIBBIIHOIIEHHS MIXK MIBOCSIMH
eJIICcoiga J03BOJISE JIETKO HAJAIITOBYBATH ONTHYHUI BiAryK HaHoyacTUHOK CuS y 6mmxkHii [4-
oOnacti 6e3 BTpaT y IHTEHCUBHOCTI MJIa3MOHHOTO NOrIMHaHHA. Lle Moxe OyTH ycminrHo
BUKOPUCTAHO PH BUPIIIEHHI 3a/1a4 K €JIeKTPOHIKM Y MEAMLIMHH, TakK 1 IpH po3poOsIeHH]
CHCTEM MOJBIHHOTO NMPU3HAUEHHS.
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JOCIIIZKEHHA KOMIVIEKCOYTBOPEHHSA TA JIIOMIHECHEHTHI
BJIACTUBOCTI KOMIUJIEKCIB Eu(ll1) 3 HOBUMM 1,2 4-
TPUA3ZOJBMICHUMMU JIITAHIAMMU - AHAJIOI'AMMU SALEN, ¥
PO3YHNHAX, TBEPIOMY CTAHI TA I'lbPUJIHUX MATEPIAJIAX HA
OCHOBI SIO2

Basepis Fanaymenko!?, Cepriii Cmounal, Onexcannp Koposin', Poman Jopouryx®*,
Jimutpo Xomenko>*, Harans Pycakonal

YDisuxo-ximiunuii incmumym im. O.B. Bozamcvkozo HAH Yrpainu, Jiocmoopgcvka dopoza, 86, 65080 Odeca,
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JocnipkeHHs JroMiHectieHiii kommuiekciB anTanigiB (l11) € akTyaapbHHM 3 mpUBOIY iX
MIPAKTUYIHOTO BUKOPHUCTAHHS 3aB/ISIKU BUCOKHM JIFOMIHECIICHTHUM XapaKTePUCTHKaM. TaKkoxX CIi
3a3HAYUTH JIETKICTh CHHTE3Yy ¥ MOXJIMBICTH OTpPUMaHHS TIOpHUIHUX KOMIIO3HIII Ha OCHOBI
JIAHTAHIIBMICHMX KOMIIJIEKCIB, SIKI MalOTh BHCOKI ONTHYHI W MEXaHI4HI XapaKTEPUCTHUKH M
3HAXOJATh IMPOKE 3aCTOCYBaHHS B MeIUIMHI ¥ 0i0Ximii. OnUH 3 HAWTIOMIMPEHININX METO/IIB
OTPUMaHHS TOPUIHUX MaTepialliB € 30J1b-Iellb MeTO 1. Bukopucranus giokcuay kpemHis SiO2 B
SIKOCT1 MaTpHIIl U1 CTBOPEHHS T1IOpUAHUX MaTepiaiaiB Ha OCHOBI JaHTaHIABMICHUX KOMILJIEKCIB
Ja€ psAN TepeBar, cepei SIKUX IHEPTHICTh HEOPraHidHO1 MaTpHIll, BUCOKAa XiMidHa, (OTO- 1
TEPMOCTaOUTbHICTh, MOXKJIUBICTh OTPUMAaHHS BOJIOKOH, TUTIBOK IMOPOIIKIB TOIIO. Tak, CTBOPEHHS
HOBHUX JIAaHTAHIIBMICHUX T1OpUAHUX MaTepiaiiB J1a€ MOXJIMBICTh OTPUMYBATH MaTepiaiu, sSKi 3a
XapaKTepUCTUKaMH MOXYThb MEPEeBEPUIYBATH BUX1IH1 KOMILJICKCH.

Y poboti omucaHo rigpokcudeHinTpuaszonbui iragaa:  2,2°-(1H,1°H-[3,3’-6i(1,2,4-
tpuazon)]-5,5’-min)aipenon (L') Ta #oro moximHi, MmO MiCTATH METOKCHUIPYIY B Opmo-
moJiokeHHi 0 rigpokcuny. KommutekcyrBopennst 3 iomamu EU(lll) mocmimkeno meromom
CHEKTPO()OTOMETPUYHOTO THUTPYBaHHS. B po3uMHaX BCTAHOBIEHO YTBOPEHHS KOMILICKCIB
pizHoro ckimany: Eu i L =1:1Tal: 2, ane y TBepaoMy CTaHi 3 PO3YMHIB BUAUICHO TUIbKH
koMmIuiekcu cknany 1 : 1. Inentudikaiiis KoopJuHALIHHUX CIOJIYK MPOBOAMIACH 33 JIOMOMOTOI0
(h1BUKO-XIMIYHMX METOJIB JOCHIDKeHHs (eneMeHTHUM aHamiz, Y-, SIMP-cnekrpockormis). Ha
OCHOB1 KOMIUIEKCY EuL!? OyJ70 CHUHTE30BaHO TiIOpUIHUIN MaTepian EuLY/SiO, 3a meromukoro
OTPUMAaHHS OPraHO-HEOPraHIYHUX MaTepialaiB Ha OCHOBI JMIOKCHUAY KPEMHII0 Ta KOMIUICKCIB
JAHTaHIIIB 30Jb-TeNib crocoOoM. CIOJIyKH BUSBISIOTH IHTEHCUBHY 4f-ITOMIHECHEHINIO TpU
30y/KkeHH1 Y dD-CBITJIOM, JOCTIPKEHO JIFOMIHECIIEHTHI XapaKTepUCTHKH PEYOBHH (KBAaHTOBUM
BHIXIJl, 9aC KUTTH).
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CTPYKTYPHI XAPAKTEPUCTHUKHU KATIOHIB TEPHAPHHUX I
TETPAPHUX XAJIBKOI'EHIAIB P3M
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BonuHchKmii HanioHanbHUN yHiBepcuTeT iMeHi Jleci Ykpainky,
kadezapa XiMii Ta TEXHOIOTIN
E-mail: gulay.lyubomyr@vnu.edu.ua

CTpyKTYpHI XapakTepUCTUKH KaTiOHIB TEPHAPHUX 1 TETPApHUX XaIbKOreHiliB cucreM P3M-
{Cu, Ag}-{Si, Ge, Sn, Pb, In}-{S, Se, Te} moxHa mosicHUTH, BUXO/stuu i3 mpaBui [lominra [1].
Koopaunanilinuii MHOTOTpaHHUK, SIKAH CKIQJa€ThCs 3 KaTiOHa, OTOYEHOr0 AaHIOHAMH, CTae
€JIEKTPOCTATUYHO HECTIHKHUM, SKIIO KaTiOH HACTUIBKU MAJIMi, 110 aHIOHU TOPKAIOTHCS OIWH OTHOTO.
TakuM 4YmHOM, IS KOXKHOTO KOOPIMHALIHHOIO MHOTOTPaHHHKA ICHYE KPUTHYHE BiJHOLICHHS
paziyciB KaTioHa 0 aHioHA: JUII TpUKyTHOro otoueHHs — 0,155, mis terpaenpuunoro — 0,215, mis
okraeapuuHoro — 0,414, 178 TeTparoHa’dbHO-aHTUIPU3MATHYHOrO (4M  Ae(opMoOBaHOTO
TpUTOHATBHO-TIpU3MaTHdHOro + 2 aromm) — 0,645, mns xyGiunoro — 0,732. Jlns Ttoro, mob
KOOpAMHAIIHHUI MHOTOTPaHHUK pealli3yBaBCsl B CTPYKTYpI, BITHOIICHHS pajiiyciB KaTioHa 1 aHioHa
MOBUHHO OyTH OUTBIIMM 3a KpHTUYHE 3HAYCHHS IS IIbOT'0 MHOTOrpaHHuKa [2]. Ha pucyHKy moka3aHno
ME3X1 CTIMKOCTI KOOpIMHALIHHIX MHOTOT'PaHHMKIB (KOOPAMHAILIS KaTi0HIB) B 3aJIE)KHOCTI BiJl BETMYNH
Nariona/Tx> (X = S, Se, Te). O6paxoBaHi HAMH 3a Pe3y/IbTATAMH CTPYKTYPHHX JOCIi/DKEHb 3HAYCHHS
ionamx pamiycis (temmi ¢irypku) mms Cul* (tetpaempmume orouenns), Ag'* (rerpaempmume
orouenns), Ag!" (okTaempuuHe OTOUEHHS) Kpamie KOPENIOIOTh i3 BiATIOBITHAME 3HAYEHHAMH
Fearional Tx>~ IS BIIMTOBIHOTO OTOYEHHS, HiXK 3HAYCHHSI, B3SITI i3 po6otu [3] (cBiTHi BIrypKH).
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Pucynok. Mexi CTIKOCTI KOOpAMHAIIIMHUX MHOTOTPAaHHUKIB (KOOPIMHAILIS KaTiOHIB) B 3aJIC)KHOCT1
BiJl BETHYHH larionalTx> (X =S, Se, Te).

Ha ocHOBi HaBeIeHUX JIJaHMX MOYKHA TOSICHUTH YTBOPEHHS CIIOJIYK 3 MEBHOK KOOPAMHAIIIEIO
KaTiOHIB. SIK MoKa3ye aHaii3 KOOPJMHAIIITHOrO OTOYEHHS, Y XaJbKOreHiax iTpieBoi miarpymnu i Sc
XapakTepHe, B OCHOBHOMY, OkTaeapuuHe oroueHHs a1 R (R = P3M), Toxi sik st crionyk nepieBoi
MIATPYIHU ICHY€E TUIbKM TPUTOHAIBHO-NIPU3MATUYHE OTOUEHHs uid R, ke, 1HOMI, iCHYe Takox A R
1TpieBOi minrpynu 6uisioro po3mipy (Gd, Tb, Dy, Ho, Y, Er). SIkiio cTpyKTypHHii TUIT peani3y€eThCst
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TUTBKY U1 R 1TpieBoi miArpymnu, To aToMu R MOXXYTh BXOJUTH B TPUTOHAJIbHI TPU3MHU TUIBKH B CKJIai
CTaTUCTUYHOI cymiti 3 aroMmamu Pb. PosriissHemMo okpemi BUIaaKH.

Cronyku 3 OKTaeIpuyHUM OTOUEHHM JUIs R iTpieBoi miarpynu icHytoTh B cucteMax RyXs-CuoX
(R=P3M, X =S, Se, Te). B Toii e 4ac, yTBOPEHHsI CIIOJIYK 3 TPUTOHATBHO-IPU3MATHIHOIO
KoopauHalliero atomiB R mepiesoi miarpymnu Ta Gd i Th mae mictie sutire st cucrem RpX;3-CuaX
(R=P3M, X =S, Se) i Bincyrue mis cucrem R;Tes-Cu,Te (R = P3M). Ile MokHA MOSICHUTH
HIDKYUMH 3HAUEHHAMH [R°*/I1e>, B HOPIBHAHHI i3 BixnmoBinHUMY 3HAYeHHAMH IR°/rs™ i IR%*/rse”
. TobTo TpUroHabHO-NPU3MaTHYHA KOOPAUHALIS I TETYPUIHUX CIIONYK HE peali3yeThes.
Cronyku 3 OKTaeJpUYHUM OTOYEHHSM aToMiB R Ta TpUTOHAIBHO-NPU3MATUYHUM OTOYCHHSIM
aromiB Pb uu atomis craructuunoi cymimi M (R+Pb) icayrots B cucremax RpX3-PbX ta RyXs-
CupX-PbX (R = P3M) i3 enementamu irpieBoi miarpymu mis X = S uu Se i BigcyrtHi y
BigmoBigHux cuctemax st X = Te. Ille MOXKHA HOSICHUTH HIDKYUMU 3HAYEHHSIM reo /11’ B
NOpIBHAHHI i3 BiANOBITHUME 3HAUYEHHAMH Ipy” /1s® 1 pp?*/rse”. 3HaueHHs Iy’ /r1e> BimmOBimac
OKTaeJPHUHIN KOOPAMHAIIIT 1 TPUTOHAJILHO-TIPU3MATHYHA KOOPANHALLISI HE peasi3yeThesl.
AHaniz KOOpJMHALIHHOIO OTOYCHHS KaTIOHIB Yy CTPYKTYPax CKJIAJHUX XaJIbKOI'€HIIIB CHCTEM
P3M-{Cu, Ag}-{Si, Ge, Sn, Pb, In}-{S, Se, Te} Bka3ye Ha 4iTKy 3aJCKHICTh KOOPAUHAIIHHOTO
qrcia Bij po3mipy KatioHa. [Ipu 1ipoMy iCHYe TeHACHIIS UI KOXKHOI 13 Tpyn KaTioHiB R (mepra
rpymna), Cu un Ag (apyra rpymna), Si, Ge, Sn, Pb uu In (Tpets rpyna) nposiBisTH pi3He, BIIMIHHE
BiJl IHIIIMX TPYH, KOOpAWHAIIIHE oToueHHA. Tak, y cucremax i3 ILimroMOymoM HaOuIbmMMu 3a
po3mipamu € xationu Pb?, siki, BimoBiaHO, MalOTh TPHTOHANLHO-MPU3MATHYHY KOO AHHALLIIO,
a MeHIIi 3a posMipamu kationu R®" MaroTh okTaenpuuHy koopauHanio. ToMy CHONTyKH CHCTEM
R-Pb-{S, Se} i R-Cu-Pb-{S, Se} icHyroTh 111 Masiux 3a po3mipamu P3M irpieBoi minrpymu. ¥
BHTIAJKy TETpapHUX cronyk cucteM R-Cu-Pb-{S, Se} mms Cu* xapakxrepma TerpacapudHa
KoopauHaIisa. B Toit e gac, g cnonyk cuctem i3 Cuitirtiem, I'epmaniem, Ctanymom ta [HIiem
HaHGUTBIIIMY 32 po3MipaMu € KaTionn R, ski, BiAMOBiTHO, MAlOTh TPUTOHABHO-TIPH3MATHUHY
KOOPJMHAIIII0, a MEHIII 3a po3mipamu kationn Si**, Ge**, Sn** ta In** maroTs oxTaenpuuny um
TeTpacapuyHy KoopauHaiiro. Tomy cnonyku cucrem R-{Cu, Ag}-{Si, Ge, Sn, In}-{S, Se}
icHytoTh uis Benmukux P3M mepieBoi migrpynu Ta Outemmx 3a po3mipamu P3M irpieBoi
miarpynmu. Y Bumaaky TerpapHuX crmonyk RsCuSi(Ge,Sn)S; mms Si*f, Ge**, Sn** icmye
TeTpaeapHdHa KoopaAuHaIis, Tomy s Cul* orouenns 6mm3pke 10 TpuKyTHOrO. Y chcTeMax R-
Cu-In-{S, Se} mna cnonyk R,CulnS(Se)s icHye okTaeapuuHe OTOYCHHS Ui OUTBIIMX 3a
posmipom In®" i Terpaeapiane oTouenns mia mermmx Cu*. B Toii xe yac, ionn AgHt Ginbmi 3a
iorn In®*, Tomy y cTpykTypi ciomyxn LagAgz1nsS13 mst AQ icHYe OKTaeapHdHe OTOUEHHS, a I
In, kxpiM OKTaePUIHOrO, ICHYE TAKOXK T€TpaeIPHUIHE OTOUYCHHS.

Jnst aHani3y BHKOPHCTAHO JIITEpAaTYpHI JaHi Ta pe3ylbTaTH BIACHUX JOCIIIKEHb, 3 SKUMHU

MOXHA O3HailoMuUTHCs Y po0oTi [4]. B miii po6oTi TakoX MOXHA 3HAWTH MOCHJIAHHS Ha OPUTIHATBHI
JTepaTypHi JpKepera.
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JUig ouiHKK eHeprii oNnTUYHOI 3a00POHEHOT 30HH JOCIIKEHO CHEKTpaIbHUI pPO3MOALT
Koe(ilieHTa MOTJIMHAHHA B 001acTi Kpaio (QyHAaMEHTaIbHOTO MOrIMHAaHHA. /[l BUMIproBaHb
Oynu TiAroToBieH! 3pa3ku ToBIMHOKO 0,06 MM 3 TMOBEPXHSIMH ONTHYHOI SKOCTL. K
CTeKTpasbHUH npuiana uist AianazoHy 360-1100 HM (cekrpanbHa po3niiebHa 31aTHICTE 0,2 HM)
BUKOpUCTaHO Ju(pakuiiinuii  MoHoxpomatop MJIP-206 3 kpemHieBUM  (DOTOJIOIOM.
TemmepaTypHi 3aJI€)KHOCTI TTPOBOJAMIIN 3a JOMOMOTOI0 a3oTHOro kpiocrara Utrex K41-3 mpwu
temnepatypax 100 Ta 300 K (tounicte +0,2 K). KoedimieHT BimOUTTS OCTIDKYBaIM TpU
TeMIepaTypl HaBKOJUITHROTO CEPEIOBHINA 3a JOMOMOTO crekrpodoromerpa Cary 5000 UV-
Vis-NIR (Agilent Technologies) y ciektpanbHomMy mianazoni 400-3300 M 3 TounicTio 0,1 HM.

s cnonyku TCdGesSes mocmimkeHo CrieKTpaabHy 3a1eKHICTh KoeDillieHTa MOTTHHAHHS
Ha Kparo o0nacTi pyH/IaMeHTalIbHOTO NOTJIMHAHHA B Jiana3oHi Temneparyp 100-300 K (puc. 1).

500

121416182022 24
E (eV)

Puc. 1. CrexrpanbHa 3anexHicTh Koedilienta nornuHanas it kpucramis TlLCdGesSes:
a) npu temmneparypax 100 K (o — uepsoni kBaapatu) Ta 300 K (o — cuni kona);
6) 3MiHa UpUHU 3a00poHeHoT 30HU Eq B nianmazoni remnepatyp 100-300 K

OnHuM 13 HaWOUIBII MOIIMPEHHX Ta €()EeKTUBHUX CHOCOOIB OLIHKK ONTUYHOI HIMPUHU
3abopoHeHoi 30HM € MeToA Tayna [1]. ¥V npoMy Bumaaky B 061acTi Kparo (pyHAaMEHTaJIbHOTO
nornunanns npu 0>10% cm ! cipaennuBuit Bupas 3 [2, 3]. Jns ouinku Eg HaniBnpoBinHuKiB
Tako’ BUKOPUCTOBYIOTHCS iHIIII METO/M, HANpPHUKIa, oiinka Eg npu a<10® cm™! 3pilicHioeThes
npu  (QikcoBaHOMYy 3Ha4yeHHI KkoedimieHta mornuHanHsa [4, 5]. Cmim 3a3HauUTH, U0 TpH
BHUMIpPIOBAHH1 CIIEKTPIiB HAM HE BJAJIOCS OTPUMATH I0CTaTHBO BEJTMKUH ISl 3aCTOCYBaHHS METOLY
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Tayna koediuieHT mnornunands, Tomy Eg Oyma omimena npu 6=500 cm?. Pizuunsg B

PO3paxyHKOBHX 3HAYCHHSIX C€HEprii 3a00pOHEHOT 30HM 000Ma METOJaMH, 3a JITepaTypHUMH
JaHUMU, CTAaHOBUTH 3-7% 3aiexHo Bin ckiany cnoiyku [6]. Pesympratn ouinku Eg Ha piBHI
o=500 cm ! opiBHIOOTH 2,34 €B mpu 300 K Ta 2,23 eB npu 100 K (puc. 1a).

BaxmBo0  XapakTepUCTHKOIO  HAIMIBIOPOBIAHWKIB, 10 BHU3HAYA€E iX MpaKTHYHE
3aCTOCYBaHHS, € 3MiHA MIMPUHH 3a00pOHEHOT 30HM 31 3MiHOIO TemmeparypH. llimBurieHHs
TEeMIepaTypy I'PaTKU CIIOTBOPIOE CHEPTETHYHHIA CIEKTP SIK (POHOHIB, TaK i e1eKTpoHiB [2]. 3miHa
eHeprii 3a00pOHEHOT 30HH 3 TEMIIEpPATypolO0 IMOB'3aHa 31 3MIHAMH YacTOTH (OHOHIB, SIKi
CTUMYJIOIOTh PI3H1 €(QEeKTH, TakKl SIK TEIJOBE PO3LIMPEHHS IPAaTKH, 30UIbIIEHHS EJIEKTPOH-
(OHOHHI B3a€EMOJII 1, OTXKE, B3a€EMHE BIIITOBXYBAaHHS BHYTPIIIHBO30HHHUX CTaHIB €JIEKTPOHIB.
JleTanbpHe 4YncenbHE MOJCIIOBAHHS TEMIIEPATYpHOI 3aJIeKHOCTI €Heprii 3a00pOHEHOI 30HU 3
ypaxyBaHHSIM TE€TUIOBOTO PO3UIMPEHHS EHEPTETUYHUX CTAHIB JI03BOJICHUX 30H HAIMIBIPOBITHUKIB
BUKOHaHO B [7]. BcraHOBi€HO, 1O 3 MIIBUILEHHSM TEMIEpaTypu Kpai 30HU IMPOBITHOCTI Ta
BAJICHTHOI 30HU NIOYUHAIOTh IOMITHO MPOHUKATH B IIMPUHY 3a00pOHEHOT 30HH, 1110 B KIHIEBOMY
MIACYMKY IPU3BOAUTSH JI0 il 3MeHIIeHHs. Pe3ynbTratu TemMnepaTtypHoi 3aj1e)KHOCTI 3MIHU ITUPUHU
3a00pOHEHOT 30HM TpeCTaBiIeH] Ha puc. 16. OTpumaHi pe3yabTaTi MOKa3yTh, IO IS [IOTO
TUITY CIIOJIYK IIAPHUHA 3a00pPOHEHOT 30HU JIIHIHHO 3MEHIIYETHCS 3 MIIBUIICHHSIM TEMIIEpaTypH.

Hesike BinxuneHHs: Eg(T) Bix JHIHOCTI NOSCHIOETHCS HASBHICTIO JOJATKOBHMX JIOKAII30BaHUX
€HepreTUYHUX JI0JaHKIB Y MEXaxX BHYTPIIIHBOTO 3a30PY 30HU MOOJIN3Y 103BOJIEHUX 30H [8, 9].
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KOMBIHALIHE PO3CIOBAHHSI CBITJIA HAHOKPUCTAJIIB
CVYJb®IIY KAJIMIIO OTPUMAHUX EJEKTPOJITUYHUM
METOJA0OM

J:xaran B.M.}, Mopo3s M.B.2, MucainaykrB.0.3, Heunnopyk B.J1.%, Pyaux B.I1.2,

IOxumuyk B.O.!
Uncturyr ¢isukn namisnposinaukie imeni B.C. Jlamkapesa HAH Vkpainu, nip. Hayku, m. Kuis, 41, 03028,
VYkpaina
?Haujonanshuit YHIBEPCHUTET BOJHOI'0O I'OCIIO/IapCTBa 1 NpupoiokopucTyBanHsl, Bya. CobopHa, 11, PiBue, 33000,
Ykpaina
3PiBHeHCHKNIA NepkaBHUIA rymMaHiTapHUii yHiBepcuTer, Byn. [Lnactoa, 31, M. PiBne, 33000, YVkpaina, bodya-
54@ukr.net

B Hamr yac oTpuMaHHS 1 TOCHIPKEHHS (DI3UYHUX BIACTUBOCTEN HAHOKPUCTAIIIB BUKIIMKAE
3HAYHUM IHTEPEC Yyepe3 MOXKIMBOCTI CTBOPEHHS Ha 1X OCHOB1 €(DEKTMBHUX HAIMIBIPOBIAHUKOBUX
CBITJIOBUIIPOMIHIOIOUMX [IOMIB 1 Jia3epiB, JIOTIUHUX €JIEMEHTIB, 3amam’sITOBYIOUHMX €JIEMEHTIB
MaJMX PO3MIpIB 1 3 BEJIMKUM 00’ €MOM IaM’sITi i HOBOTO MOKOIIHHA KoMl totepiB. Cynbdia
KaJIMIF0 BUCOKOIO MPOTYCKHOTO 37aTHICTIO B BUJIMMUM 001aCTi, BUCOKOIO BiJOMBHOIO 37aTHICTIO
B 1H(pauepBOHil 00JaCTi, BUCOKOIO €IEKTPOXIMIYHOIO CTaOUIbHICTIO. Bee 11e gae MOXIMBICTh
BUKOPHCTOBYBATH JIaHUH MaTepiall B XIMIYHMX CEHCOpaX, MOBEPXHEBUX aKyCTUYHUX TPUIIaax,
CBITJIOUYTJIMBUX IUTIBKAX COHSYHUX eleMeHTiB. Jlisg oTpumaHHs HaHokpuctamis CdS
BHUKOPHUCTOBYIOTHCS PI3HOMAHITHI METOJIA: BaKyyMHE HAMWJICHHS, XIMIYHE OCaKEHHS, TIpOJIi3,
30J1b-T€JIb METO I, TomIo [1-3].

Hanoxkpucranu cynbdiny kaamiro (CdS) Oynmu oTpuMaHi e1eKTPOJITHYHHM METOJIOM B
CKIITHOMY €JIKTPOJIi3epl 3 KaaMIEBUMHU €JIEKTPOJAaMH. EIEKTpoIITOM CIIyTyBaB pPO3YHMH
tiocynbdary Hatpito (NaxS:03 5H20) 3 konmentpamiero - 12,5 r/n. Ilpomec enexTpomizy
IIPOBOJIMBCS 33 TEMIIEPATypH EIEKTPOINITy, sKka 3MiHIoBamacs Bin kiMHaTHOI 10 100 °C Ha
MoCTiHOMY cTpyMmi. TpuBalicTh CHHTE3y cKiajana 3 Toj, 3a peBEpPCyBaHHS HaIpsMy CHIIU
ctpymy depes 30 xB. ['yctunu crpymy — 7,0 * 103 A/em?.

PentreniBchbki gocmimpkeHHs 3aiicHeHo Ha nudpakromerpi JJPOH-4 3 BUKOpUCTaHHIM
CuK, BumpomiHioBaHHS 3a KIMHaTHOI Temneparypu. CkanyBaHHs nudpakTorpaM BHKOHAHO 3a
cxemor bperra-bpentano (0-20). Anogna Hampyra i cuia ctpymy ckiaagamm 41 kB 1 21 MA
BianoBinHo. Kpok ckanyBanns nudpakrorpamu 0,05°, a yac excroswirii 5 c.

JocnimkenHs: crekTpiB komOiHamiiiHoro po3citoBanHa cBitia (KPC) mocnimkyBaHuX
3pa3KiB TPOBOJAMUIU B TeOMETpii 3BOPOTHOTO PO3CIIOBaHHS 3a KIMHATHOI TeMIIEpaTypHu.
ExcriepuMeHTaNbHI CrieKTpU peectpyBaiucs 3a gomomoro CCD kamepu (Andor). Sk mkeperno
30ymxeHHs crnekTpiB KPC BukoprcTOBYBanu BUIPOMIHIOBAHHS Jla3epa 3 JOBXXKUHOIO XBHII 532
HM.

B pesynpTari mpoBeNeHUX PEHTICHOCTPYKTYPHUX JOCTIIKEHb BCTAHOBJIEHO, IO
HAHOKPUCTAIN CyIb(}iny KaJMil0 KPHUCTAlI3YIOTBCS B CTPYKTypi cdanepury, a ix po3Mipu
BU3Ha4yeHi metoioM Jlebas-1lleppepa cxiianarots 3,0 HM U1 3pa3KiB OTPUMAHMX 3a TEMIIEPATYPH
98 °C i 1,6 um - 3a Temnepatypu 19 °C [4].

Ha Puc. 1 i 2 nokasani ciektpu KPC nBox 3paskiB HaHo4yacTHHOK CdS oTprMmanux 3a
temnepatypu 98 °C i 19 °C Bignosigno B mianaszoni wactot 150-450 (cm). Cmyru posciroBanHs
302 cm? s 060X 3paskiB MarOTh 3HAYHY MIiBHIMPUHY, ACMMETPUYHI i MAIOTh SBHO BUpAKeHE
HU3bKOUYAcTOTHE Tuiede. Takuil i BUTIAL Moxe OyTH OOYMOBJICHHH PO3MIPHUM €(EeKTOM,
HAsSBHICTIO MEXaHIYHOT HAMIPYTH, IPUCYTHICTIO CMYT PO3CIIOBAHHS HA TIOBEPXHEBHUX ONTUYHHX Ta
TO ¢ononax. Po3mipHuil epekT NpUBOAUTH JI0 3CYBY CMYI'H PO3CIIOBAaHHS B HU3BKOYACTOTHY
CTOPOHY 1 30UIbIIEHHS MIBIIMPUHU CMYTU. MeXaHIuHI Halpyru CTHUCKY HPUBOIATH 10 3CYBY
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CMYTH B BHCOKOYAaCTOTHY CTOPOHY, PO3TSTY — JIO 3CYBY B HHU3BKOYACTOTHY cTOpoHy. Cmyra
PO3CitOBaHHS Ha MOBEPXHEBUX ONTHYHUX (HOHOHAX JIeKUTh MK cmyramu 10 i LO. Mu nposenu
aHaii3 cMyru po3sciroBanss Ha LO ¢oHOHAX mepuioro nopsiaKy BpaxoByto4n po3citoBanns Ha TO
dononax, moepxHeBux SO ¢dononax, BmacHe Ha LO QoHOHaX 1 BHCOKOYACTOTHIH CMYy3i
po3scitoBanns (HFS), sika iiMoBipHO 00yMOBIIEHA PO3CIIOBaHHSIM Ha MMOBEPXHEBUX aTOMaX CIPKH.
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Puc. 1. Ciextp KPC 3paska cymbdiny xaamito oTpumanoro 3a Temmepatypu 98 °C
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Puc. 2. Cnextp KPC 3paska cynsdiny kaamiro oTpuMaHoro 3a Temrnepatypu 19 °C

Tomy excriepuMmeHTanbHy cMyry Oyio omucaHo yotupMma (yHkiismu JlopeHna Tak, sk
nokaszano Ha Puc. 1 12 mis qBox 3paskiB. B pe3ysibTari Oyno oTpuMaHO Taki 3HAYEHHS YacTOT:
IS 3pa3ka oTpuMaHoro 3a temneparypu 98 °C - vro = 240 cm?, vso = 267 em?, vio = 303 em?,
vrrs = 341 em; s 3paska orpumanoro 3a Temmneparypu 19 °C - vro = 238 em?, vso = 266 cm?,
vio =303 em?, virs = 329 eml. BuaHo, 1110 4acTOTHI HOJIOKEHHS cmyr po3ciroBanHg Ha LO 1 SO
(¢oHOHAxX mpakTU4yHO cmiBnagaoThk. [liBmupuau cmyr poscitoBanHs Ha LO 1 SO ¢ononax
BIJIOBIAHO JOPIBHIOIOTH: IS 3pa3ka OTPUMAHOTO 3a TeMrepaTypu 98 °C-26 cmti42 emt; s
3paska oTpumanoro 3a Temmepatrypu 19 °C - 28 cm™ i 48 cm™ Orpumani pesynbratu m06pe
KOPENTh pe3yabTaTamu poOoTH [5].

Jucriepcist IieneKTpUYHOT IPOHUKIMBOCTI PEYOBUHU 3 TOUKH 30pY MAaKPOCKOMIUHOI Teopii
ONUCYEThCA PIBHSAHHAM [6, 7]:

(€0— €00) W2 (WZ— w?
n?— k? =g, + E’w%_”wz)gi ~ > ) (1), ne

N — TOKAa3HMUK 3aJIOMJIEHHS CBITIIA;

K — koe(illieHT OTJIMHAHHS CBITJIA;

&p — BITHOCHA JIeTIEKTpUYHA IPOHUKIUBICTh CEPEIOBHUIIIA;

€ - BUCOKOUYACTOTHA JieTIEKTPUYHA IPOHUKIIUBICTh CEPEOBHINA;
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@ — Y9acToTa;
o - PE30HAHCHA YaCTOTa;
y — KoeQilieHT 3aTyXaHHS.
B cMy3i 3anMmKkoBHX IPOMEHIB (Bl ®To A0 ®LO) BIACYTHE IMPOMYCKaHHS Ta
IOTJTMHAHHS, a ToMy K = y = 0 Ta BpaxyBaBIIy, Mo & = N? OTPUMAEMO:

_ (€0~ €0) wtz)
s(w) = Ex t W (2)
Bukopucrasim chiBigHomenns Jlignana-Cakca-Temrepa [8]

2

O)LO _ &o
2 (3)9 Ac

wTO E0

(TO — YaCTOTa MOMEPEUHUX ONTHYHUX (POHOHIB;

WLO — YaCTOTA MO3/IOBXKHIX ONTUYHUX (POHOHIB

OTPUMAEMO:

2 2
Wro— w
Ew)=¢€0 54— 4
(@) = £ 27 (4
3 OCTaHHBOTO PIBHSAHHS BHUJIHO, IO JI€JIEKTPUYHA MPOHUKIUBICTH JOPIBHIOE HYIIO 3a
YMOBH: @ = L0 1 B Jlama3oHi 4acToT wTo < @ < wLo HabyBae€ Bil’€MHUX 3HAYEHB. 3 TOUKH 30pH

(bpbOJiXIBCHKOT €IEKTPOH-(POHOHHOT B3a€MO/IIi cepii MO 3a/1at0ThCs CIIBBITHOIIEHHSM [9]:
1+1
e(w) = — —= &n (5), ne
€m — JIETIEKTPUYHA IPOHUKIIUBICTh CEPEOBUINA;

1=1,2,3,..
[TincraBuBIIHM PIBHICTH (5) B piBHIHHSA (4) 0JIEP)KMMO YaCTOTY TTOBEPXHEBOTO ONTHUYHOTO

(dhoHoHa:
leg+(l+1) &
Wso = Wro ’%(G)
BukopucTapmy 3HaueHHs £,= 9,8, &, = 5,4, wto = 237 cm? [10] mna cyasdiny kammiro
(chasepuT) MH OTpPHMAIH YACTOTY IOBEPXHEBOTO (GOTOHA wso= 299 cM?, 10 mHepeBHIIye
eKCTICpUMCHTAIbHE 3HAYCHHS. Takui pe3ylbTaT MOXIIMBO OOYMOBIJICHHH THM (PAaKTOM, IO
3HAYCHHS  BIMHOCHUX  JICNCKTPUYHUX  NPOHUKIMBOCTCH  HAHOKPUCTAIIYHUX  3Pa3KiB

BIIPI3HAIOTHCS Bijl BIAMIOBIAHUX 3HAYCHh MOHOKPHUCTAIIYHUX 00’ €KTIB.
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[1ig eneKTpOTEXHIKOI PO3YMIIOTh 001acTh HAYKU 1 TEXHIKH, III0 BUKOPUCTOBYE €IEKTPUYHI 1
MAarHiTH1 SIBUILA JJI MPAaKTUYHUX 1i1el. [lepri kpoku Ta BUHax1j y i cepi Oynu 3po0IieHi e
y mpoMixkky Mix 200 1o Hamoi epu Ta 250 pokoM Hawioi epu. Y 11eil yac 6ys10 CTBOPEHO TaK 3BaHy
«barganceky OaTtapero», y Ky HaJUBalIM KUCIOTY a0o JIyr, Micig 4oro Oarapes Morjia BUAaBaTH
eJeKTpuuHy Hanpyry 1 BosbT. A e padimre ¢pitocod Panec MieTcbkuii TOMITUB 10 OypIITHH,
HATEePTHI BOBHOIO, 3/ITAaTHUI HEHA/IOBTO MPUTATYBATH JI0 ce0e METalIeBi IPEMETH.

[IpoTe HayKOBIIi BBaXKalOTh, 1110 OYATOK MEPIIOrO Mepioy PO3BUTKY €IEKTPOTEXHIKU, MPO
Ky MH roBopuMo cborofHi, TpuBaB 3 1800 mo 1831 poku Ta moB’s3aHHM 13 BIIKPUTTIM
Anecannpo Bonbra XiMiyHOro [kepena crpymy. lleil mepion BiA3HAYaeThCs HOBHUMH
BIIKPUTTSIMHU B 00JacTi €JIeKTPUKHU Ta BUBYEHHSM MOXJIMBOCTI MPAKTUYHOTO ii BUKOPUCTAHHS.
Tak y 1800 p. Kapneiins Ta HikonabCoH po3kiany 3a JOMIOMOTOI0 CTpYMY BOJY Ha BOJEHb Ta
kuceHb. L{poro x poky V. KpelikiieHk rmokasas, 110 1 COJI1 pi3HUX METaJIiB TaKOXK PO3KJIaAal0ThCs
ctpymoM. Y 1801 p. V.X.BynacteH exkcnepuMEHTaIbHO JOBIB 1IEHTUYHICTH CTPYMYy, IO
OJIEpXKYEThCS B1Jl BOJIBTOBOIO CTOBIA 3 TUMM 3apsiiaMu, 10 BUXOJATh MPHU SABUIIAX CTATUYHOI
CJIEKTPUKH.

VY 1802 p. B.B. [lerpoB ckoHCTpYIOBaB BEIUKY TaJIbBaHIYHY OaTapero, 1mo ckiaagaaerbes 3 2100
MITHO-IIMHKOBHX €JIEMEHTIB 3 €JIEKTPOPYIIIHHOI cuitoto 6iu3pko 1700 B. OmHuM 13 BUIaTHUX
YCHIXIB BYCHOTO CTAJIO BiIKpUTTA y 1802 porri sBUIIA €ISKTPUIHOI AYTH, SIKY BIH OTPUMAaB MK
BYTUIbHUMHU €JIEKTPOJaMU.

BaxnuBe 3HaueHHs mano Biakputtss X. Epcremom y 1819 p. emektpomarHetusmy. Y
nojanemoMy npociipkeHHss Epcrena mpojosxkwin Aparo, Ammep Ta iH., IO INPHUBEIH [0
CTBOPEHHS COJICHOi/1a, MYJIbTUILIIKATOPA, €JIEKTPOMArHiTy Ta rajibBaHomerpa. Excnepumenramu
bapnoy, ®@apazes Ta ['enpi Oyna nokasaHa MOXJIMBICTb IIEPETBOPEHHS €JIEKTPUYHOT Ta MarHITHOT
€Heprii Ha MeXaHIYHY, TOOTO MOYKJIMBICTh CTBOPEHHS €JIeKTpoABUTYHA. OIHAK rajibMoM OyIIo Te,
10 XIMiYH1 JpKepena cTpyMy Oyiu MpUAaTHI JIMIIe 10 TabopaTOpHUX BUIPOOYBaHb. BiikpuTTs y
1821 p. 3eeb6ekoM TepMOENIEKTPUKH TAKOXK He 3a0€311eUUII0 CTBOPEHHS NPUIATHUX IS IPAKTUKH
TeHEePaTopIB.

VY 1neit yvac Anape Mapi Amnep po3poOuB Oarato muTaHb B3a€MOJii CTPyMiB, MMOYaB CBOI
eKCIepUMEeHTH, B rany3i inaykimii Maiikn ®apaneit. XK. b. bio, @. Casap Ta I1. Jlannac nanu
MaTeMaTU4YHUN BHpa3 s CWIM B3a€eMOJIl MDK CTpyMaMM Ta MarHiramu, a Ammep Juis CHIU
B3aeMoiii Mk cTpyMamu. Y 1826 p. 'eopr OM ekcniepuMeHTaIbHUM LUIIXOM BIIKPUB OCHOBHUH
3aKOH €JIEKTPUYHOTO KOJIa Ta BBIB MOHATTS ONOPY Ta HABUMBCS OOUMCITIOBATH HOTO BEIMUYUHY.

Jpyruii nepioa po3BUTKY enekTpoTexHiku (1831-1867 p.) nounHaeTbes 3 MOMEHTY BIAKPUTTS
Maiiknom ®apajneem sBHUIIA edeKTpoMarHitHoi iHaykmii. Y 1828-1932 p. HlwiiHr cTBOpHUB
eJleKTpoMarHiTHui tenerpad. L{um BiH BiAKpUB HUIAX 6araTboM y4eHHM Y Iiil ramy3i, TaKUM K
Sxo061, Mop3e, YiTcToH Ta iH.

EnexkrpoMarHiTHMii  NPUHUMI ~ BUKOPHCTOBYBAIM  BHUHAXIJHUKH  JUIS  CTBOPEHHS
€JIEKTPOJBUTYHA, TepIli BapiaHTH SKUX Oynu 3 moctiiHumu Mar"itamu. Y 1834 p. B.C. Sxo6i
CTBOPIOE MEPIIMHA Yy CBITI €NEKTPOJABUIYH 13 Oe3rnocepesHiM oOepTaHHSAM poOOYoro Baiy, IO
BiZI0OyBasIOCs BHACHIJOK NMOTIEPEMIHHOTO NMPUTSTaHHA Ta BIIIITOBXYBaHHS €JIEKTPOMArHITIB.
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VY 1eif yac Benucs OCTIAM 1 B raly3i BUKOPUCTAHHS CTPYMY €NEKTPOTEPMIYHUX IMPOIIEcax.
JLIT. Txoyns (1818-1889) y 1841 p. Ta HezanexHo Big Hhoro y 1842 p. E.X. Jlenn Bimkpuau
3aKOH BHIUICHHS TETUIOTH IIiJ] 9ac MPOXODKEHHS cTpyMy — 3akoH J[xoymns — Jlenna. Bapro takox
Big3HaunTH BcTaHoBieHi P. I'. Kipxrohom 3aKoHM po3raimykeHOTO eJIeKTPHUYHOTO KOJa, a TAKOXK
pobotu Bebepa ta ['ayca B ramysi Teopii MarHeTusmy.

HaiiOinpmmii iHTEpEC y Ipyromy mepioAi pO3BUTKY EJIEKTPOTEXHIKH TMicis Tenerpadii
BUKITUKAJIO €JIEKTPUYHE OCBITICHHA. ToJi BxKe OylM CTBOPEHI OCHOBHI THUIHU JTYrOBHX JIAMII i
Oe3nmiu jmamn pozkaproBaHHS. IIOTY)KHMM JDKEpPEIOM J>KUBJICHHS CTa€ eJICKTPOMAIIMHHUIN
reHepaTop, MPUHIMI POOOTH SKOTO 3aCHOBAHUN Ha SBUIII €IEKTPOMArHITHOT 1HTYKIII].

Tperiii mepion po3BUTKY enekTpoTexHiku (1867-1891 p.) mouaBcst B TOM yac, KOJIU Ha OCHOBI
SIBUILA €JIEKTPOMArHITHOI IHAYKIII] Ta MPUHIMIY camo30y1KeHHs OyB M0OyAOBaHUI TeHepaTop
I'pama, mo naBaB jemieBy €IEKTPOCHEPrii0. Y I[bOMY MEpiojii BUKOPUCTOBYBABCS MEPEBAXKHO
MOCTIHHUN CTPYM, MPHU LBOMY B rajly3i €HEPreTUYHUX 3aCTOCYBaHb BiJOYBA€THCS MOCTYMOBHI
nepexiJi Bi JOCHTIIIB 10 TPAKTUKH.

VY npyriit monoBuHi 1870-x p. 3aBasku podoram I[1.M. SI6moukoBa, 3’BUIIMCS Te€HEpATOPU
oHO(A3HOTO 3MIHHOTO CTpyMy. BOHM oOTpuMalii 3acTOCYBaHHS JIMIIE 3aBJSIKA CBIYIII
Sl6noukoBa. CBiuka SI6;moukoBa Jajla MOJKJIUBICT BCTAHOBUTHU €JIEKTPUYHE OCBITIEHHS Y
TPOMAJICEKUX TPHUMIMICHHSIX, BYJIHIPIX, Mapkax Tomo. Y 1879 p. Oymo BUHaWIEHO JaMITy
pozxaproBanHs T. Exicona. Y Tpertiii mepiol po3BUTKY €JIEKTPOTEXHIKM SCKPAaBO PO3KBITaE
tanant T.A. Enicona. V 1ieif yac BiH yZJ0CKOHaJIUB Tenerpad, renedoH, KiHoanapaTypy BUHAMIIIOB
¢donorpad. Exicon po3poOuB OIWH 3 MEPIIUX KOMEPIIHHO YCHIITHUX BapilaHTIB €ICKTPUIHOL
JIAMIIU PO3KAPIOBAHHS.

VY 1885 p. yropcbkumu imxeHepamu M. Jlepi, O. brarri Ta K. [luneproBchkuM 0yi10 CTBOPEHO
MPOMUCIIOBHH THI oAHO(a3zHoro TpaHchopmaropa. [louanocs OyAIBHUIITBO elIEKTpoIepeaad Ha
3MIHHOMY CTpyMi, OJHAaK oOAHO(A3HWK CTPYM HE TMIAXOAWB [UIS 3aCTOCYBaHHSA ¥
eNeKTPONpUBOIaX. ToMy JuIsl Ii€l METH 3aCTOCOBYBAJIMCS CTapi €JIEKTPOCTAHIll MOCTIHHOTO
CTpyMy Ta cCTapli TeHepaTopu y pexuMi IBUTyHIB. He3pydHicTh Bim ICHyBaHHS JBOX
eJIeKTPOMEpPEeK OyJIM TOJ10J1aH] 3 BIIKpUTTSIM DepapicoM sBHINA 00EPTArOYOr0 MarHiTHOTO OIS
Ta CTBOpPeHHs Ha Horo ocHoBi mBodasuoi (H. Tecma) ta Tpudasunoi (M.M. omiso-
J10O6pOBOJIBCHKUIA) CUCTEM.

UerBepTuii nepios; po3BUTKY €JIEKTPOTEXHIKH po3nodaBcs y 1891 p. 1 mpoaoBKyeThCs IOCI.
Moro moyaTok moB’si3aHuil i3 CTBOPEHHSM JiHil eleKkTporepenayu tpudasHoro crpymy Jlaybden
— @pankdypT gorxuHOW 175 kM. Tpudazuuii ctpym TpanchopmyBaBcs, a IPAIO0Yi HA HBOMY
CIEKTPOJBUTYHH Mald XOPOUIi IYCKOBI BJIACTUBOCTI Ta JOMYCKadld  MOXIIHUBICTh
nepeBaHTaXeHHs. Y Tomy ) 1891 p. 3’aBnsroTbes mapoBi TypOinu Ilapconca, mpuaathi amns
BCTAHOBJICHHSI Ha €JIEKTPOCTAHIIISX, 3aBJSKU IKUM €JIEKTPOCHEPris cTala Iie JOCTYMHIIIOH.

VY ueit mepion mwupoko mposiBiserbes TanaHT H. Tecna, skuii 3poOMB BEIMKHII BHECOK Yy
CTBOPEHHS PUCTPOIB, IO MPALIOIOTH HAa 3MIHHOMY CTpyMi, 0araroda3Hux CUCTEM, CHHXPOHHOTO
reHepaTopa Ta aCHHXPOHHOTO €JIeKTPOABUTYHA, IO T03BOJIHIIN 3pOOUTH TaK 3BaHUM qpyruii eTamn
MIPOMUCIIOBOT PEBOJIIOLLII.

Cporo/iHi €JIeKTPOTEXHIKA TEK PO3BUBAETHCSA, BIPOBA/DKYIOUUCH Y BC1 HAYKOBI raiysi, 1 Be
JIABHO CTaJla HEBiJ'€MHOI0 YaCTHHOIO Haioro *xurTs. Llei nporpec Hece y cobi HOBI BIIKPUTTS
Ta HOB1 MOYJIMBOCTI IS JTIIOJIEH.

Cnucox BUKOPHUCTAHUX JAKepes
1. Kepumm A. I'., HoBocag O. B., ®enocoB C. A. Enekrporexsika : HaB4aibHUi mocioxuk. Jlymek, 2021. 127 c.

2. KesumuA.T. Enexrporexnika : koHcnekT nekmii. JIynpk, Bexa-Ipyk, 2016. 69 c.
3. Muxaitnmmuenko O.B. Icropist Hayku i TexHiku: HaB4anbHuUM ocioHuk. Cymu : CymAITY, 2013. 346 ¢
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HEKPUCTAJITYHI MATEPIAJIA
HA OCHOBI CTEKOJI CUCTEMMU GeS;-As»S3

Kupuyenko Makcum MukoJiaiioBuy
Bonuncovkuii nayionanvnuiil ynieepcumem imeni Jleci Yrpainxu

Benukuii iHTEpec M0 HETIHIMHO-ONTHYHUX MAaTrepiajdiB MOTHBOBAaHUH iX IMOTEHI[IHHUM
BUKOPHUCTAHHSIM Y ITOBHICTIO ONITUYHUX MPUCTPOSAX. XaJIbKOTE€HIHI CTEKJIA IPUBEPTAIOTh 3HAUHY
yBary uepes iX BUCOKUI MOKa3HUK 3aJOMJIEHHS Ta MPO30PICTh Y CEpeHbOMY IH(PpauepBOHOMY
Jiana3oHl. 3BakKalouu Ha XIMIYHY IPHUPOAY €IEMEHTIB OYIKYETHCS, 110 IXH1 HEIIHIMHO-ONTHYHI
BJIACTHBOCTI OyIyTh MPUHANMHI Ha TIOPSIIOK BHII, HDK y OKCHAHUX cTekon [1, 2].

Tpucynpdin MULI’SIKY € [IKaBUM XaJIbKOT€HIIHUM CKJIOM 3aBJISIKM CBOIM CBITJIOYYTJIIMBUM
BIAcTUBOCTAM. Pazom 3 TM AS;S3 MOXXHa CHHTE3yBaTH KUTbKOMa IIISXaMH. [CHYIOTH MeTOoIH
CHUHTE3y, $KI CHpsIMOBaHI Ha OTpUMaHHS “00’€MHHMX’ MaTepianiB, HalpHUKIax KOPCTKE
rapTyBaHHs 13 pO3IUIaBy, a00 Ha OTPUMAHHS TOHKUX ILIIBOK, B IKUX BUKOPHUCTOBYIOTHCSI METOIH
TEPMIYHOTO BUIIAPOBYBaHHs a00 pO3MUIICHHS po3IUiaBy [2, 3].

B po6otax [4,5] mOBimOMIISIIOCH, IO XadbKOTEHIAHI CTEKJIa MAIOTh BUCOKY CITPUHHSATIUBICTD
TpeTthoro mopsaky. [Ipore iX HemonmikoM € CUJIbHE HeJNiHIMHE TOTJIMHAHHS Ha
TEJIeKOMYHIKallHHUX JIoBXkuHAX xBWwib (Big 1,3 go 1,55 Mxm), mo oOMexye iX NpakTU4HE
BUKOpHUCcTaHHS [6]. [lomonaTu 11i TPyAHOII MOKHA BBEICHHSIM B CTPYKTYPY MOAM(IKATOPIB 3
OUTBII TTUPOKOIO 3a00pOHEHOI0 30HOI0. [l BIOCKOHAneHHS i1H(PPAYEPBOHMX TEXHOJOTIN
BAKJIMBO CHHTE3YBAaTH Ta OXapaKTEepU3yBaTH HOBI Marepianu. BBeaenns P3M crumymnioBatume
BUHUKHEHHs iHTeHcHBHOT DJI B 3a3HaueHOMY Jiana3oHi, M0 € MePCHEKTUBHUM ISl 3aCTOCYBaHHS
CTEKOJI B ONTOETEKTPOHHUX Ipuiaaax. OJHUM 3 BaXJIMBHUX PO3MIMPEHB MONEPEIHIX MiAXO0/IB €
MOXJIMBICTh CTBOPEHHS HOBHMX XaJbKOTCHIIHMX MaTepiaiiB, Ha OCHOBI SKHX MOXYTh OyTH
oTpuMaHi OaraToyHKIIOHATBHI  (HOCHOPUCIIEHTHI MaTepiaii 3  HETIHINHO-ONTHYHUMH

BJIACTUBOCTIAMHU. 3 oIy Ha 1€ HaMU peani3OBaHa MO}KJ'II/IBiCTB CUHTEC3Y CTCKOJI CUCTCM ASZS3 —
GeSy ta AsySs — GeSy — ErSs.

Asis Ges Sp7 Asg> Ges Erz Sua7
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CHUHTE3 TA BJJACTUBOCTI HAHOITOPOLIKIB CITIOJIYK CBUHL IO
OTPUMAHUX EJIEKTPOJUTUYHUM METOJOM

Koaomuc O.®*, Mopos M.B.3, Heuunopyk B./1.2, Pyaqux B.IL3, Ctpeasuyk B.B.}, Tarapun
B.A.*

Ynemumym ¢hisuxu nanisnpoeiouuxis imeni B.€. Jlawxapesa HAH Ypainu, np. Hayxu, m. Kuis, 41, 03028,
Yrpaina
2Pisnencoruii Oepaicasnuti 2ymanimapnuil ynieepcumem, gyn. Inacmoea, 31, m. Piene, 33000, Yipaina
SHayionanvnuil ynieepcumem 6001020 2ocnodapcmsd i npupodokopucmyeanns, éyn. Cobopua, 11, Piene, 33000,
Yrpaina
*Bonuncokuii nayionansnuti ynisepcumem im. JleciYpainxku Bonuncvka o6n., m. JIyywx, npocnexm Boni, 13, 43010,
Yrpaina

Bnponosx tpuBasioro yacy PbO € BaxxnuBuM MaTepiajioM Npy BUPOOHUIITBI aKyMYJIATOPHHUX
Oartapeil, rymu, pajialiiiHO CTIHKMX COPTIB CKJIa Ta CUTAJIIB, KEPaMIKH, a TAKOX SIK MIrMEHT (ap0.
Oxcumu cBuHI® o—PbO (Eg=2,2 eB) i pPbO (Eg=2,3 eB) € doroakTuBHUMHU
HAIIBIPOBIIHUKOBUMH  MarepialaMd, 10 MAalTh  MEPCHEKTHBH  BUKOPUCTAHHSA Yy
HaMIBIPOBIIHUKOBUX MpPUIIaIaX.

Hanomopomiku croyiyk CBHHITIO OYyJIO OTPUMAHO €IEKTPOJITHYHUM METOJIOM B BIAKPUTOMY
CKJITHOMY €JICKTPOJIi3epl 3 CBUHIICBUMH €IIEKTPOJaMHU 3a PI3HUX Temmeparyp. Enexrpoir:
po3unH Xjaopuay Hatpiro (3 3pasku) i kapooHar Hatpito (1 3pa3ok). PeHTreHIBChKI TOCITIKEHHS
3niicieno Ha qudpakromerpi [IPOH-4 3 Bukopucranasm CuK, BUTIPOMIHIOBaHHS 32 KIMHATHOT
TEeMIIEpaTypHu.

G

d
M. 11 JL A A,
4

c
3.
24 b

0 M
10 20 30 40 5 60 70
20, degree
Puc. 1. XRD 3pa3skiB CHHTE30BaHHX EICKTPOJITHYHUM MeTomom: a— enekrpomit NaCl,
t=24°C; b - enmexrponair NaCl, t=60° C; ¢ — enexrpouir NaCl, t=98°C; d — enekrpoJir
Na2COs, t = 20° C.

Intensity, a.u.

XRD nocnimpkeHHs TOKa3au, 0 Y pe3yabTaTi CHHTE3y IIPU BUKOPUCTAHHI €JIEKTPOJIITY Ha
ocHoBi NaCl otpumyeTbest cyMim o Ta £ OKCUAIB CBUHIIO (puc. la-c). BuzHaueHHs po3mipiB
HaHokpuctanis PbO meronmom [lebas-Illepepa mokasyoTh, 10 MpH 30UIBIICHHI TEMIEPaTypH
CHHTE3y po3Mipu HaHo4acTUHOK D okcuay cBuHItO 3pocTatoth: mist o—PbO Bix 17 um (24° C) no
36 um (98°C), p-PbO Bim 20 um (24°C) mo 30 um (98° C) BimmosigHo. Takox HasBHA
IPUCYTHICTh Ha BCIX Au(pakTorpamax pediaekciB 3 KyTOBUM MOJOXKEHHIM 20 = 27,2°, sxi
inentudikyrorecst sk (002) kapOonaty cBuHIr0 PbCOs3. Posmipu nanokpuctamise PbhCOsz
CIOCTEPIraloTh TEHACHIIII0 IO 3MEHIIEHHS 3 POCTOM TeMmIeparypu cuHTesy: Big D = 34 um npu
24° C po 27um 98° C BiamoBigHO.
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OCHOBHI ITIIAXO0AU 10 OYUCTUKHU CTIYHUX BOJ

DOAPMAINEBTUYHUX BUPOGHUIITB
Kpumens I'.B.

Kagheopa mexnonozii neopeaniunux peuosur, 600004UWEHHA MA 3A2ANbHOL XIMIYHOT mexHoa02ii Ximiko-
mexnonoeiunoeo gaxyrememy KIII im. I. Cikopcokozo 03056, m. Kuis, np. Ilepemocu 37 xopnyc 4
E-mail: krimets@xtf.kpi.ua

OxHuM 13 HaNpsIMIB PO3BUTKY XIMIYHOI TEXHOJIOTii B Cy4acHOMY CBiTi € MakCHMaJlbHa
yHi(iKaIis BUPOOHUIITBA HAa PIBHI OOJagHAHHS Ta Ha PIBHI IHTErpaimii 1boro oOJagHAHHS B
TEXHOJIOTIUHUM JIaHIIOT. YHIidikaiis oO0JaJHaHHS 3HAYHO CIIPOIIYE PEMOHTHI pobOTH Ta
3/ICMIEBIIIOE TIPOJYKI[IFO, IO BUIYCKAETHCA HA TakoMmy oOJajaHaHHI. YHi(iKaiis TEeXHIYHHX
pillIeHb crpolnye poOOTY BCHOTO 3aBOJy Ta CIPOINYE HABYAHHSA MepcoHany. Kpim Toro,
yHiIKallig J03BOJII€ HAPOLIYBATH XIMIYHE BUPOOHUIITBO B O1K MiHiaTiopu3alii. Takum 4MHOM Ha
PUHOK BMMIUIM OOJIaJHAHHS, TOBapu Ta MOCIYTH, SIKI paHimie Oyld HEIOCTYHHI 3BUYAMHUM
JIIOJISIM, ajie BBAYKAIWCS MPUBUICHOBAHUMH JIMIIe A7 (paxiBIIB y ranxy3i XIMiYHOT TEXHOJIOTI] 4K
CYMDKHHUX creniaabHocTed. [Ipuknanom mMoxe OyTH cydacHa moOyToBa yCTaHOBKA OCTaTOYHOI
OYHCTKH BOJIH, KA BHKOPUCTOBYE MIPUHITUI 3BOPOTHOTO OCMOCY.

CydacHi ¢dapmareBTUUHI MANTPUEMCTBA YKpaiHH 37e0UIBIIIOT0 BUKOPUCTOBYIOTh TOTOBI
cyOcTaHI1ii, siKi a00 3aKyNOBYIOTh Ha IHIIKX BITYM3HAHUX pabpukax, abo iIMIOPTYIOTh BIANOBIIHO
no BinacHux notped. HacrpaBai MoBa iie mpo Tak 3BaHy «TiOpUAHY TEXHOJIOTiIO», a HE MPO
TTOBHMM UK. Takuii TiAXia MEBHOIO MIPOIO BILTUBAE HA SKICHUM 1 KUTBKICHUN CKJIaJ] CTIYHUX BOJI,
0 YTBOPIOIOTHCS Ha MIAMPUEMCTBAX (papManeBTUYHOI MPOMHUCIOBOCTI. ToMy HacTaB dHac
OHOBHUTH METO]I OUYMIIEHHS BOJU y (DapMalleBTUYHIM ITPOMHCIOBOCTI HAIIOT KpaiHu.
3po3yMizio, MO0 PI3HOMAHITHICTh CTIYHHUX BOJ 3a (pa30BUM PO3MOJALIOM, SKICHUM 1 KUTbKICHUM
CKJIaZIOM HE 3MEHINMJIAcs, a HaBMaKW, HaBiTh 30UTbIIMIACS B YMOBAaX PUHKOBOI €KOHOMIKH,
OCKUIbKH Cy4acHa MPOAYKIlis BUPOOHHUIITBA TOTOBOTO aCOPTUMEHTY 3Ha4HO OHOBJIeHa. O/IHaK 11ei
(akT He 000B'I3KOBO MPU3BOUTH JI0 JI0AATKOBUX YCKJIAJHEHb Y METOJaX OUUIIICHHS BOJIH.

CermeHT cTiUHUX BOJ (hapMalleBTUYHUX BHUPOOHUITB, IMOB'I3aHUN Oe3MOCepeHbO 3
BUPOOHUIITBOM JIIKAPCHKUX IpEnapaTiB Mae 3HAYHO OUTbIIE 3a0pyAHEHB 1 IOBUHEH 000B’I3KOBO
Oyru abo 3HEMIKO/PKEHHM, a00 THM, YM IHIIUM YUHOM YTHJII30BaHMM. Taki CTI4HI BOJHU
YTBOPIOIOTHCS TIPH MPOMHUBAHHI O0OJaJHaHHS, OCOOJMBO B pa3i BUKOPUCTAHHS MEPIOTUIHUX
XIMIKO-T€XHOJIOTIYHUX MpoIieciB. KpiM Toro, pkepenaMu CTIYHUX BOJ MOXKYTh OYTH Oyb-sKi
TEXHOJIOTIUH1 CTajii, BiJ HaJaHHSI OJHOPIIHOCTI B 3MillyBadyax, a00 TOMOT€Hi3aTopax 0
(dbopMyBaHHS 1 MaKyBaHHS FOTOBHX JIKapchkux Gopmy y Tapy. Bei mi cTiuHiI BoaM B Hall yac
YCIIIIHO MiAIal0ThCS MOPIBHSIHO HEBEIUKINA KUTBKOCTI TEXHOJOTTYHUX BapiaHTIB BOJAOOUHIIICHHS.
HeBenuka KiTbKIiCTh € HACIIAKOM TOTO, 110 CY4aCH1 TEXHOJIOTII 1 TEXHOJOTTYHE OO {HAHHS IS
ix peamizauii He BHUMarae B OUIBIIOCTI BHUMAJKIB BUKOPUCTAHHS MIAXOMIB, SKi 0a3yloThCs Ha
3HEIIKOP)KEHH1 OKPEMHUX CTOKIB.

Jlo TpagMIlifHUX METOJIB OYMIICHHS CTIYHOI BOAM Bil JIKapCHKUX TperapariB
BITHOCSTHCS: 010JIOTIYHI TpoLecH, PIUIbTpallis 1 Koarymsiis, aacopOIiiiHi, OKHCHI 1 MeMOpaHH1
nporiecu Touo. B npouecax koaryssmii 1 0capKeHHS] BUKOPUCTOBYIOTh XIMIYHI PEYOBHHHU, 11100
MIIBUILIIUTH CTYIIHb YTBOPEHHS TBEP/UX CIIOJIYK, IJIACTIBLIB, KOJOIAHUX YTBOPEHb, K1 OCIIAOTh.
[{i MmeToIM BUMararoTh MOJaNbII0i 0OpOOKH IS BUIATEHHS 3a0pyTHIOIOUNX PEYOBUH 13 CTIYHHUX
BOJ. 3a OCTaHHI JIECATh POKIB TPAaAUIIiHI METOAM MEPEeriffaoThes A OUThIl e(heKTUBHOTO
BUJIANIEHHS (apMalleBTUYHUX 3a0pyaHIOBayiB 31 cTiyHMX BoA [1]. binbmr egexTuBHI € MeToau
OilooriuHoi Ta OKHCHOiI 00poOKkM cTiuHOi Boau. Ilig Oi0XIMIYHHUM pPO3KIAIOM PO3YMIIOThH
BUJIAJICHHSI OPTaHIYHUX CIIOJIYK 3a PaxyHOK OJIHOYACHO MPOTIKAIOUUX MPOIECIB TUCHUMUIALIT 1
acUMUTALIL. J{ucuMUISALis mpeacTaBisie CO00I0 CYKYIHICTh €H3UMATUYHUX MPOLIECiB, B Pe3yNIbTaTi
SKUX OpPTraHidYHa PeYyOBHHA MOCIIOBHO MEPETBOPIOETHCS B OUIBII MPOCTY OPraHiuHY CHOJYKY,
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NPUYOMY KIHIIEBUMHU MPOAYKTaMHU SIBISIOTHCS BYTJIEKUCIMN Ta3, BOJA, aMiak, COJi a30THOI i
cynb(aTHOT KUCIOTH 1 IHIII HEOPraHIYHI KOMIIOHEHTH BHXimHOI pedoBuHU. Ilin acuminsimiero
PO3YyMIIOTh CYKYIHICTh peakilid, B pe3yiabTaTi SKUX OpraHidyHa pPEUYOBHWHA BUSBIISETHCS
nepepobieHor0 B Oiomacy. OpraHiuHi pEeYOBHHH PO3KIAJAIOTHCS B PE3YNbTaTi Ol0XIMIYHHX
MPOLIECIB 3 PI3HMMH MEXaHI3MaMH, [0 BHU3HAYAIOTHCS X CKIAIOM i CTpyKTyporo. Ilpomecu
010XIMIYHOTO PO3KJIaNy 3ajJekaTh Bil (i3MKO-XIMIYHHX, Oi0JOTIYHUX 1 XiMIYHHX (axTopiB. [0
TOJIOBHUX (PI3MKO-XIMIYHUX (PaKTOPIB HAJIEKATH TEMIIEPATYPa, POSUMHHICTH PEYOBHHU B CTIYHIN
Boi, pH BOH, a TakoX (y BUITAIKy aepOOHOTO PO3KIIAy) KOHIICHTPAIisl KUCHIO, 0 PO3YUHEHUN
B cTiuHid Boal. Jlo rojoBHMX Ol0JIOTTYHMX (DAKTOPIB CIiJ BIIHECTH BUOpAaHUN KOMILIEKC
MIKpOOPraHi3MIB 1 XapakTep iX ajanrauii A0 crneuu(pIYHUX PEYOBUH, CIIBBIAHOUICHHS MIK
KOHIICHTPAIIIEIO TaHOT PEYOBUHU 1 KOHIICHTPAIIIEI0 CyX0i YaCTHHU 010MacH, a TaKOX aKTHUBHICTb
MIKpOOPraHi3MiB, sIka BU3HAYA€THCS MEPII 3a BCE BIKOM KylIbTypu. [1o Mipi cTapiHHS aKTUBHOTO
MyJly 3MEHIIYETHCS A0JS aCUMUIbOBAHMX OpPraHIYHUX PEYOBHH 1 3pOCTA€ KUIBKICTh MPOAYKTIB
po3knany. I3 XiMIMHHUX (aKTOPIB BUPIIIYIOUUMU SIBISIOTHCSA CKIIAJ 1 CTPYKTypa AOCTIHKYBaHOT
CIIOJTYKH, TIPUCYTHICTh PEYOBHH, IO JIETKO MiIJIAIOTHCSA OIOXIMIYHOMY pO3KJIaay 1 OIOTeHHHX
eneMeHTiB [2]. OkucioBaui, 1110 BUKOPUCTOBYIOTHCS B MPAKTHUI[l MIATOTOBKU MUTHOI BOJU JJIS
3HE3apaX€HHS Ta IOKpAallleHHs ii OpraHOJENTHHMX MOoKa3HHKIB. [Ipore B ocTaHHiI poku, 3
MOCTYIMOBUM  3a0pYJHEHHSIM CTIYHMX BOJl XIMIYHMMH Ta OPTraHIYHUMHU CIOJIYKaMH
AQHTPOTIOTEHHOTO IMOXO/PKEHHS, 3HAYCHHS OKHCITIOBAYIB y TPAKTHII OYHUINECHHS CTIYHUX BOJI
3HAYHO 3POCII0, OCKUIBKH 0arato 3a0pyaHIOBAadiB, 110 MICTATHCS Y BOJI, i JI€F0 TIEBHOIO MIpOTO
PYWHYIOTBCSI B OKHCTIOBadax. OTpUMaHi TPOAYKTH MOXKYTh CYTTEBO BIIPI3HATHCS Bil BUXIAHOT
pPEYOBMHU 3a0pyAHIOBaYA HE JIUIIIE 33 XIMIYHOIO OYyZ0BOIO Ta (HI3UKO-XIMIYHUMHU BJIACTUBOCTSIMH,
a i1 32 TOKCUYHICTIO.

J1OoCBi TOKCHKOJIOTO-TIT€HIYHOT Ta TEXHOJOTTIHOT OIIHKH €(DEeKTUBHOCTI BUKOPUCTAHH I
OKHCHIOBAYiB MOKa3ye, M0 HAHOUTBIT BaXJIIMBUM € BUOIp OKMCHIOBAadYa /I OUYHWIIEHHS CTIYHOT
BOJIM BiJl XIMIYHHX 1 OPTaHIYHUX 3a0pYyTHEHB.

[Tpu nboMy HEOOXiTHO BPaXOBYBATH HE TUTLKH BETUYMHY OKMCHO-BITHOBHOTO ITOTEHITIATY
KO>KHOTO OKHCHIOBAYa, ajie TaKoX 1 1HII1 (pakTopH, 110 POOIATH ICTOTHUM BILTUB HA €PEKTUBHICTD
OUMIICHHS] BOJM: Ti CKJIAJ; CTYNIHb 1 XapakTep 3a0pyIHEHHs; HASBHICTh MPUPOJHUX CIOJIYK,
TaKuX SIK TYMIHOBI KUCJIOTH 1 CKIaaH1 ()EHOH, IO 3/1aTHI OKUCHIOBATHCS, BeMMUYuHY pH BOIM
tomo. [Ipy 1pOMy NOBHMHHA BpPAaxXxOBYBAaTUCS 3HATHICTh JESKUX OKHCHIOBAuUIB JI0 peakIlii
3aMIIIEHHS 13 BKJIFOUYEHHSIM MOJIEKYJl OKHCHIOBaua B yTBOPEHHI XIMIYHUX PEUYOBHH, B PE3yJIbTaTi
YOTO0 Y BOJIl MOXKYTb 3'IBUTUCS HEOAKaH1 1 HaBITh HeOe3euH1 CrIoJyKu. Tak, mpu 006pooOIIi XJI0pom
BOJM, IO MICTUTh (PEHOIHM, MOXYTh YTBOPIOBATHCS XJIOP(HEHONW, M0 AOJAIOTH il PI3KHA
HEMPUEMHUH 3amax. Y MpakTHUIll BOJOOYHIIEHHS B OCHOBHOMY 3aCTOCOBYIOTh TaKi OKMCHIOBAYl:
030H, TIEpMaHTaHar Kalito, XJop i oro noxinHi [3]. IIpu 1poMy TpaguIiiiHi METOAU OYUILIEHHS
CTIYHHMX BOJI HE 3aBXJ1 €(DEKTUBHI BITHOCHO (apMaIleBTUYHUX IIpenaparis [4].

OaHOI0 3 MOXJIMBHX CTaiil AJs MOJAEpHI3allli OUYMIIEHHS MUTHOI Ta CTIYHOI BOAM Ha
CTAHIISIX OYMILEHHS € 3aCTOCYBaHHS PO3IIMPEHHUX OKUCHUX ImpoueciB (Advanced oxidation
processes) [5-7].

Advanced oxidation process (AOPs) € okHCHIOBaIbLHUMU METOJAaMH, 1110 3aCHOBaHI Ha
re’epanii MpOMDKHUX TIJPOKCHIIBHUX pajuKaliB, 10 MarTh OUIbLIY peakliiiHy 3JaTHICTH 1
MEHIITY CEeJIeKTUBHICTh, HDK 1HIII1 OKUCHIOBAY1 (HAMPUKIIAI, XJI0pP, 030H TOIIIO). Horo CTaHAAPTHUM
okucmoBanbHUN notenmian E° = 2,8 B, mo € GiIbmiM, HDK B 3BHYANHUX OKHCHIOBAYAX, I
poOuTH iX Haa3BUYAHO e€(EKTUBHUMHU B OKHMCHIOBaHHI PI3HOMAHITHUX OPTaHIYHUX CIIOJIYK. Y
TaKUX TpoIecaxX, OUIKYEThCS, IO OPTraHivHi CIOTYKA OKHCHIOIOTHCS O MEHII TOKCHYHHX, SKi
3maTHi 10 Oioaerpazaiii abo minepanizywtbes g0 CO2 1 H20 [6].
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VYHiBepCcaNbHICTh PO3UIMPEHUX OKUCHHUX MPOIECIB BiIOOPaXKA€ThCs B PI3HUX BapiaHTaxX
TeHEepPYBaHHs TiAPOKCUIBHHUX pajuKaiiB. BoHU XapaKTepu3yIOThCs PI3HOMAHITHICTIO PEaKIliH,
MPOTIKAHHS SKUX BKIFOYa€ KOMOIHAIIIIO XIMIYHUX PEYOBHH (HAPUKIIA, 030H, IEPOKCH/] BOJIHIO,
nepexigHi MeTalu, OKCHIM TOIIO) 1 JOTOMDKHOTO JpKepena eHeprii (Hanpukian, YO-
BUIIPOMIHIOBAHHS, EJIEKTPUYHHUI CTPyM, Y-BUIPOMIHIOBAHHS, YABTPa3BYK Tom0). I[HmMMU
MIPUKIIAJIaMU PO3IMIMPEHUX OKUCHUX TpoIieciB € komOiHoBaHa aist HoO2 — Y@, cucrema dertoHa
(H202/Fe?*); doTto- i enextpo-DeHTOH CHCTEMH; XeMOYTBOPIOIOYi PEUOBMHH, IIO CIIPHSIOTH
npoTikaHHO (poTo-DEeHTOH MpoIEciB; reTeporeHHe (POTOOKUCHEHHS 3 BUKOPUCTAHHSIM JIIOKHIY
tutany (TiO2); vy-pamioni3 1 coHomi3. ['1IpOKCUIIBHI pajuKalu TpPEeACTaBIsAIOTH COO00
HaJ3BUYANHO PEaKIIMHO 37aTHI YAaCTUHKH 3 KOHCTAHTAMH IIBUIKOCTI Peakilii 3 OUIBIIICTIO
opradiuEMX Monekyn nopsaky 10° — 10° 1/Mc. BincyTHIiCTh ceneKTHBHOCTI B3aeMoOJii IHX
paauKaliB 3 pe4OBHHOIO, 1 B 1y’Ke 3a0pyJHEHUX BO/IAaX BBAXKAETHCA [IEPEBArolo.

3rigHO 3 JOCHIIKEHHSMU HalOUIbIl €(pEeKTUBHUMH € MPOLECH OKUCHEHHS OpraHidyHUX
CIOJIYK TEPOKCHAOM BOJHIO B MPUCYTHOCTI 10HIB MeTaiiB 3MiHHOI BajmeHTHocTi (Fe2+,Cu2+,
Mn2+, Co2+, Cr2+, Ag+). Jlo edheKkTUBHUX MPOLECIB OKUCHEHHS BIJHOCATHCS TAKOXK CUCTEMH
®entona (H202 / Fe2+) i Padda (H202 / Fe3+).

l'onoBHa nepeBara npoiieciB GOTOKATATITUYHOTO OKUCIIEHHS IPYHTY€ETHCS HA MPOTIKAHH1
peaxiiii OKHUCICHHS MpH KIMHATHIM Temmeparypi 1 MOKIJIMBOCTI €(EKTUBHOTO BHKOPUCTAHHS
€JIEKTPOMArHiTHOTO BUIIPOMIHIOBAaHHS B BUAMMINA a00 yabTpadiofeToBii YaCTUHU CHEKTpa, AKi
MOXXYTh MPUBECTH A0 3HAYHUX €KOHOMIYHMX 3a0LIa/KE€Hb sl BEJIMKOMACHITAOHUX OYMCHUX
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TEXHOJIOI'TSA BYOD Y HABYAJIBHOMY ITPOLECI
Kyuyaan C. B., KoBaiabuyk b. B., Hosocang O. B.

BonuHcbkuii HartioHanbHUH yHiBepcuteT iMeHi Jleci Ykpainku, nip. Bomi, 13, m. JIyiek, 43025,
e-mail: Novosad.Oleksiy@vnu.edu.ua

CyuacHa ocBiTa MTOBUHHA 30CEPEDKYBATHCS HA TEXHOJIOT 151X, SIK1 PO3BUBAIOTH B YUHIB HABUYKH
BUMTHCS, KepyBaTH iHQopMalli€ro, MpuiMaTH IBUJIKI pilleHHA. B ymoBax TpaauuiiHUX MeETONIB
HaBYaHHS y4H1 4acTO IACUBHO CIpUtMatOTh iH(OpMaIlito, IHKOJIN He BMIIOTh CAMOCTIHO OTPUMYBATH
iHopMalito Ta 3acrocyBaru HaOyTe. BukopucTaHHs MOOUIBHUX NPUCTPOIB Yy HaBYaHHI Jae
MOXIIUBICTh YYHSIM OTPHUMYBATH KOHTPOJIBOBAHMIA JJOCTYII JI0 HABYAJILHUX MaTepiajiiB, BUMTEISAM — 3
JIETKICTIO KepyBaTH MPOIECOM HaBYAHHA W BIICTIAKOBYBAaTH HOro eekTuBHICTh. OIHUM 13 MUISIXIB
3alpOBA/PKCHHS TAKOTO HaBYaHHs MOXKe OyTH BHKopHcTaHHs TexHosorii BYOD: Bring Your Own
Device. ToMy akTyallbHUM 3aBJQHHSM € aHAI3 0COOIMBOCTEN BIIPOBakeHHs TexHomorii BYOD y
HaBYaJILHUMN TPOLIEC.

VY cyuyacHuX yMOBax Mailke Bci 37100yBaui OCBITH MarOTh pH c0o01 cMapTHoHM a00 MIIAHILIETH
3 IOCTYIOM JI0 iHTepHeTy. L{i mpucTpoi 3HaxXoasAThCsl B KOPUCTYBAHHI YUHIB MPOTATOM yChOTO IHSA 1 iX
MO’KHA BUKOPHCTOBYBATH HE JIUILE JJIsl PO3BAr, ajie i Uik poOOTH Ha YpOKax Ta I 9Yac BUKOHAHHS
JIOMAINIHIX 3aBIaHb. Y TaKiid CUTYyaIlii TOIMIIEHUM € BUKOPUCTAHHSA BUUTENeM (YHKIIIH MOOLIBHHX
NPUCTPOIB JAJIs1 opraHizamii poOOTH Ha 3aHATTSIX Ta BKIIOYEHHS MOOUIBHMX MPUCTPOIB YYHIB JI0
OCBITHBOTO Tmporecy. TakuM YHHOM, cTae 3po3ymimuM, mo TexHomorii BYOD e omaum i3
HaBaXXIMBIIIMX HAMpPSIMKIB PO3BUTKY Cy4YacHHUX 1H(OpMAIiifHO-KOMYHIKALIHHUX TEXHOJIOTIH B
HaByaiabHOMY nponeci. Konnenist BY OD Bnepiie 3’Buack B KOPIOPaTHUBHIN KYIbTypi 3apyOKHUX
opraHizairii, aje 3 9acom OyJia MpUTHATA 10 BAKOPUCTAHHS B HaBUYAIbHOMY Tiporieci. Citiz BIIMITHTH,
mio Brepmie TepMid BYOD 0yB 3anpononoBanuii P. bemaracom me B 2005 pori [1].

CydacHi cMapTOHHU Ta TUIAHIIETH 3 IEBHUM HAOKEHHSIM MOYKHA BBKUTH MOOUTHHUMH
MePCOHATLHUMHU KoMI'toTepaMu. L{i mpucTpoi MoKHA 3acTOCYBATH ISl CHIUIKYBAHHS, UIsI OOMIHY
¢daitaMyn Ta JOKYMEHTaMH, Ui TIOMIYKy Ta 30epiranHs iHdopwmarii, st cTBOpeHHS (oTo- Ta
BiZleoMatepialiB, Jisi poOOTH 3 HABYAIBHUMHU MOOUTHHUMH JIOaTKaMU TOII0. MOOUTbHI TeXHOIOT11
CTalOTh HEBII'€MHUMH OCBITHIMH IHCTPYMEHTAMH, BOHH BiJKPHBAIOTh IMHPOKI MOXKIUBOCTI IS
BUKOPHCTaHHS 1HGOpMAaIifHO-KOMYHIKAI[IHHUX TEXHOJIOTli B HaBuaHHI. Y JaHmid 4ac cdepa
MOOUTHPHUX JOAATKIB JJISl HaBUAIBHHUX IIUJICH aKTHMBHO PO3BHUBAETHCSA, 1X KUIBKICTH 3pOCTa€, a BKE
ICHYI0U1 JTOMAaTKH TOCTIHHO BIOCKOHATIOIOTHCSA. BrpoBamkeHHS B OCBIiTHIM mporiec BYOD, nae
MOXJIUBICTh TIO-HOBOMY IPE3EHTYBAaTH HABUAIBHUH IMPOIEC 3 TOYKU 30py METOAWKH BHKJIQIAHHS,
(¢bopMyrOUr B y4HIB HOBI KOMIIETEHTHOCTI, SIKi € HEOOXITHUMU IS CYCHUTBHOI afanTailii B TupoBy
eroxy.

3rigHo 3 JaHUMH PoOOTH [2], TpHu po3poOIli HABYAIBHUX 3aHATH 3a JOMOMOI'OK0 MOOUTEHUX
JOJATKIB 3 BUKOpHCTaHHAM TexHonorii BYOD cmin 3BepraTté yBary Ha Taki BaXJIuBi (pakTopw:
MOTPIOHO MaTH Ha yBa3i, 0 MIEBHU JOAATOK MOXKE OYTH TIOCTYITHHI HA OJIHIN OlepaliiHii cucTemi
Ta HEJOCTYITHUW Ha IHIIINA; TEXHIYHI XapaKTePUCTHKU MOOUIBHUX MPHCTPOIB PI3HATHCSA, 1 BEITUKUN
00CST JTaHUX MOXKE OYTH TOCTYITHHH HE KOXKHOMY; ICHYE BEJTUKUAN BUOIP TOJATKIB OC3KOMITOBHUX JIJIS
IHCTAJIAIIi, OTHAK MOKJIMBOCTI BUKOPUCTAHHS TaKUX JOJATKIB MOXKYTh OYyTH OOMEXCHI; Ha MiJCTaBi
OILIIHOK KOPHUCTYBa4iB KOXKEH JOJAATOK Ma€ PEUTHHT 1 KOPOTKI BIATYKH, BIAMOBITHO BHKIIAAady
HEOOXIZHO 3a3/ajeriib O3HAWOMHUTHUCS 3 JIYMKOIO IHIIUX CHOXXKMBAYiB, a TaKOXX BMITH 3pOOUTH
BJIACHUH BHCHOBOK IIIO/I0 KOPHCTYBAHHS JIOIaTKOM; 3aBJaHHs B JOAATKY MOBUHHI OyTH 3p0O3yMLJIO
copMynbOBaHi, HE IEpPEeBaHTaKEHI 3aBUMH CHMBOJIAMH Ta TEKCTOM, Bi3yaJbHE Ta 3BYKOBE

oopMIICHHS HE TOBUHHO JPATyBaTH SCKPABUMHU KOJILOPAMHU 1 PI3KUMH 3BYKaMHU.
Cnucox nimepamypu
1. Bring your own device. URL: https://uk.wikipedia.org/wiki/Bring_your_own_device. (nara 3sepuenss: 26.04.2023)
2. Bbinssewka FO. Texnonorist BYOD, sik iHCTpyMeHT Smart ocBiTH. Smart-ocBita: pecypcH Ta MepCrieKTHBH | MaTepiaiu
III MixxHap. Hayk.-merox. koH}. Kuis, 7 rpynsst 2018 p. K. : Kuis. Ham. Topr.-exon. yu-T, 2018. C.12-14.
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TEOTEHHUI PAJIOHOBUIA MOTEHIIAJI SIK OJIUH 13 KPUTEPIIB
PAJJOHOHEBE3NEYHOCTI TEPUTOPIH

Jledennb Onexcanap OnexcanapoBuy,
KaHJ. TeX. HayK, TOIEeHT HarioHanpHOTo YHIBEpCHTETY BOAHOTO rOCIIONAPCTBA Ta
npupoaokopuctyBanss, lebed739@ukr.net
Mucainuyk Boiaoaumup OJiekcanapoBuy,
KaH[. TeJl. HayK, JOLIEHT PIBHEHCHKOIO JepKaBHOTO T'YMaHITapHOIO YHIBEPCUTETY,
mislya@ukr.net
Jledenn Cepriii Onexkcanaposuy,
nokTop ¢inocodii, ctapumuit Bukinagay K3BO « PiBHeHCbka MennyHa akaieMis»
PiBHeHCHKOT 001acHOT pasy, s.lebed2016@gmail.com

[Ipupoani paioaKTUBHI JXKepesia ONPOMIHEHHS HaceJIeHHS 32 CYYaCHUMM JOCITIIKEHHSIMU €
OCHOBHHUMH B OTPHUMaHHI JIOJUHOIO e(DEeKTUBHOI 103H. [IpoBeneH1 OIIHKU CEPEeTHbOPIYHUX 103
OTIPOMIHEHHSI HACEJICHHS Bil MPUPOTHHUX JDKEPENT Y CepelHbOMY IO TUTAHETI CTAaHOBIATH 2,4
m36/pix [1, 2]. llpubmuzno 76% manoro onpomiHEeHHs BiOyBa€eThCs 3a paxyHOK PanoHy Ta iioro
130TOMIB 1 MOUipHIX TPoaykTiB iX po3many (AI1P). Hocmimkenns nokazamwm, mo JITP Pagony i
Topony (i30Tomn PasioHy) € rOJJOBHUMYU YAHHUKAMU OTIPOMIHEHHS JIET€HIB IHTISAIIHHAM MIITXOM
MEPEBAYKHO 3a PaXyHOK ainb(ha-4yaCTHHOK, SIK1 BUIIPOMIHIOIOTECA Kibkoma JII1P, xoua npu 1ibomy
BOHHU BHUITYCKaIOTh TaKOXK OETa-4aCTUHKHU Ta TaMMa-BUIIPOMIHIOBaHHS [3].

Pamon B mpuMilieHHsI HaaXOIUTh 3 TPYHTIB, JIe¢ BiH YTBOPIOETHCSA MPHU PO3MaIl JOUIPHIX
npoaAyKTiB Ypany Ta Topiro, Kl 3aBXKIU MPUCYTHI B 3€MHIA KOpi, OymiBEeIbHUX MaTepiajiax Ta
BOJII 1 II€ HAAXOHKEHHS MAOUUIBHO XapakTepuzyBath 00’eMHOI0 akTuBHICTIO (OA). Cuin
HaroJIOCUTH, 110 HACIIAKOM PaJl0aKTUBHOCTI OYiBEIPHUX MaTepialiB MOXKe OyTH SIK 30BHIIIIHE,
TaK 1 BHYTpPIIIHE ONMPOMIHEHHS JIOACH. 30BHIIIHE OMPOMIHEHHS MEPIIOYEPrOBO 3aJICKHUTH BiJ
BEJIMYMHU aKTUBHOCTI OY/IBEIIbHOTO Martepiany (3IIHCHIOETBCS 3a PaxXyHOK OIPOMIHEHHS
pamioHyKIIiaMu pafniro-226, Topiro-232, kamiro-40, mo MICTATbCS B JaHUX MaTepianax).
BuyTpiiHe onpoMiHeHHs 3yMOBJIEHE MOTPAIUISIHHAM B OPraHi3M JIFOJMHU YepPe3 OPraHu AUXaHHS
PaZioaKTUBHOIO ra3y pajioHy-222 i NpoAyKTiB Horo po3naay). 3a mepiofoM nposBy, Bapiamii OA
pazoHy B OyIiBIIAX MOAUIAIOTH Ha: J0OOBI, CE30HHI Ta JJOBTOCTPOKOBI.

CBIiTOBI Ta €BpOMNEUCHKI IHCTUTYIIIT IPOTSITOM OCTaHHIX JECSATUIITH PO3POOISIOTH BCE HOBIIII1
YKOPCTKIII YMOBH CTOCOBHO OOMEXEHHsI pajialiiiHoro 3a0pyIHEeHHsS TEPUTOPIi MPOKUBAHHS B
€spori ta cBirti. 3o0kpema B Council Directive 2013/59/EURATOM [4] bopMyTrO0THCSI KOHKPETHI
BHMMOTH /IO HallIOHAJILHUX 3aKOHO/IaBCTB KpaiH-wieHiB €C 11010 BUPILIEHHS 3araibHOi MpoOaeMu
BBy PamoHy Ha rino0anbHUII cTaH 300pOB’S HaceleHHs €BpoNU (3HUKEHHS PIBHS
panoHoHeOe3neyHoCTi TepuTopiif). Jlana nupektusa noBuHHA Oyna OyTu BTUIeHa 70 toToro 2018
poKy. 3riiHo Hel, Bu3Ha4YeHO 6a30Buii MOpir cepeHbopiunoi O4 Panony Ha pisni 300 bx/m® s
KUTIOBUX TPUMIIIEHh Ta POOOYMX MICIb, 1 JepiKaBaM-djeHaM MPOMOHYETbCS PO3POOIATH
«mnanu aid monao Pagony». Cepen Takux il mepeadavaeTbes po3poOKa METOIIB Ta MOKA3HUKIB
JUIS BUMIPIOBaHHS, MOHITOPHHTY Ta OILIIHKM KOHIIeHTpalii Pagony.

3aranom, BMICT paJIOHY Y I'pYHTI1 1y OBITpi Oy/liB€Ib BU3HAYAETHCS I€0JIOTTUHOO CKJIAZI0BOIO
TEPUTOPIi, TIPCHBKUMHU MOPOJAAMHU, IPUTAMAHHUMH i, BMICTOM B HUX IPUPOJHMUX PATIOHYKIIAIB,
HasBHICTIO TEKTOHIYHMX 3pyLIeHb Ta IHIMMMHU YUHHUKaMu. Dakropu, SKi B KOMIUIEKCI
3YMOBIIIOIOTh CTYIIHb PaJIOHOHEOE3NEeYHOCTI TEPUTOPii Ta OKpeMux OyIiBenb, MOXYTb OyTH
BiJTHECEHI JI0 OJHIET 3 TPHOX BETTUKUX TPYI:

- T€OTeHHUH paJJOHOBUI TIOTEHITIAN;
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- KOHCTPYKTHBHI 0COOIMBOCTI Oy/IiBIi Ta XapaKTepUCTUKA OyIiBEITbHUX MaTepiau;

- PE&XKUM YTPUMaHHS MIPUMIIIEHb.

I'eoreHnmii palOHOBHI TIOTEHITIAJI OMKUCYE TEOJIOTTYHUHN MPOCTIP MMi OYIIBICIO SK JHKEPEIIO
Panony, maHe MOHATTS XapaKTepH3ye PAJOHOBHI BUXIJ 3 T€OJOTIYHOTO CEPEOBHIIA Ta YMOBH
ISl IepeHeceHHs PayioHy 3 rpyHTY B aTMocdepy.

B pobGoti [5] mpomonyerhcs emmipudyHa (OpMyNna OINHKK PaJOHOBOTO IMOTCHINATY
MaiiiaHunka, Rp, sika BpaxoBye OA pagoHy B IDyHTOBOMY ITOBITPi Ta MPOHUKHICTD IPYHTY:

» — _locsoil_l_ (1)
9g10(k)—10
ne Csoi — OA Panony B rpyHTOBOMY TOBITpi ( KbK / M ), k— MPOHHKHICTH I'PYHTY (M2 ).

Y CHIA mis AreHTCTBa 3 OXOPOHH HABKOJIMITHBOTO CEPEJIOBHINA PO3POOICHO MATPHUIIIO
panoHoHeOe3neku [6], sika BUKOPUCTOBYETHCS JUIsl BU3HAUYEHHS PaHTy paJOHOHEOE3MEeYHOCTI
OKpYriB. Y MaTpHIll BpPaxOBYIOThCS IT'ATh (DaKTOpIB: TeoJoTiyHA OynoBa TMIACTHIIAIOYUX
MIOBEPXOHb, JJaH1 aepo-raMmMa-3iOMKH Ta IHIINX BUMIPIOBAHb, IPOHUKHICTH Ta BOJIOTICTh IPYHTY,
pe3ynbraTé BuMiptoBanb OA Panony y npuminieHHsax Ta Tun 0yaiii. [lo koxxHoMy 3 ¢dakTopis
PaZIOHOHEOE3NEUHICTh OIIHIOETHCS 32 TPUOATHHOKO IIKAJIOK0, MEHIIOK J0 OUTBIIOI, MICIs YOTO
PO3paxoOBYEThCS 1HACKC PaJOHOHEOE3MEYHOCTI K cyma OaniB. BiamoBimHO 10 KpuTEpIiB,
npuiiaaTux y CILA, no panoHoHeOe3neYHNX OKPYTIB BiTHECEHO TEpUTOPii 3 iHAeKcoM 12-17, TyT
ouikyBaHa cepemusi OA pamony mepesuinye [48 Bx/m®. Jlo pamoHOGE3NEUHHX BigHECEHO
TEepUTOPIi 3 iHAeKCOM 3-8, Ha IKMX MOXHa OYiKyBaTH, o cepeans OA pagoHy He nepeBuIrye 74
Bx/m®. JInst iHIIMX OKpYriB BCTAHOBIICHO IOMIPHHMIT CTYITiHb PalOHOHEOE3IEKH.

Y Benukiii bpurtanii paoHOHEOE3MEUHICTh OIIHIOETHCS 32 WMOBIPHICTIO TIEPEBUIICHHS
HopMmaTuBy OA PanoHy y )KuTIax 3a pe3yabraramMu BUMiptoBanb [7]. Teputopis BenukoOputanii
NoJIUIeHa Ha TUTSHKA 1X [ k1. JI1st KOXKHOT JUTSTHKY 32 T€0JI0TT9HOI0 KapToro Macmtady 1:50 000
BH3HAYEHO KOPIHHI TOPOJM Ta TOBEPXHEBl BIAKIAACHHS 1 310paHO JaHl 3a pe3yiabTaTaMu
BuMmiptoBanb OA Panony B npumimenHasx. st OUITHOK, Ha SKUX HE MPOBEIEHO JOCTAaTHHOT
KUTBKOCT1 BUMIPIOBaHb, HMOBIPHICTh NiepeBUIlleHHs HOpMaTUBY OA Pamony B OyaMHKaxX OIliHEHA
3HaueHHIMU OA PajoHy Ha CyCITHIX IUISHKaX 31 CXOKWM I'€OT€HHUM PaJOHOBHM ITOTEHIIIATIOM.
3rimHo 3 KpuTepieMm, npuiHATEM y Benukiii bpurtanii, pagoHOHEOE3MEUYHUMH BBaKAIOTHCS
TepuTOpii, Ha AKUX Ginbm HiK 1% OymuHKiB 32 OA4 Pagony nepesumye 200 Kx/ve.

Y  UYecekit PecnyOmini Ta JgeskuX IHIIMX KpaiHaX B SIKOCTI XapaKTEPUCTUKH
pPaTOHOHEOE3MEYHOCTI BUKOPUCTOBYETHCS PAJOHOBUM iHAEKC Ri, 110 BH3HAYaEeThCS 32
pe3ynbTaTaMu OIIHKH PaJIOHOBOTO MOTEHITIaTy 3a (hopmyioro (2) [S]. Huzbpkuii pagoHOBHIA 1HIEKC
MIPHUCBOIOETHCA TepUTOPii, skimo Ri<10, cepenwiit, sikio /0 < Ri < 35, i Bucokwmii, koiu Ri>35.

c—Co
Ri =

_ G 2
ln(PO/P) ( )
. | - cbe)ar

ae — KOHIICHTpallsl paJoHy B I'PYHTOBOMY TIa3l ( ), P

rpyary (m?), Co i Po — KoHCTaHTH, 1 KBK/M3 i 110" a° , BLIMIOBIAHO.

JlaHuii METOJT 3aCTOCOBYETHCS TAaKOXK 3 METOIO OIIHKUA PaJOHOHEOE3MEeYHOCT] MUISHOK i
OyAIBHULTBO. SIKIIO yYMCeNbHE 3HAYEHHS NMPOHUKHOCTI I'PYHTY HEBIJIOME, BUKOPHCTOBYETHCS
SKICHA eKCIIepTHA OLlIHKA — BUCOKA, CEpeIHs YU HU3bKa MPOHUKHICTb. [licis 1poro pajoHOBHHA
1HIEKC OIIHIOEThCA 3a TMeBHOI0 Tabmuiero. Hapasi B Yeckkiii PecmyOmini ckmaneHO KapTy
PaloHOBOTO 1HAEKCY Ha OCHOBI reojioriyHoi kaptu Macmrtady 1:50 000.

B Vkpaini BumiproBanust OA PaioHy y IpyHTi i po3paxyHku Rp i Ri He nommpeHi, Tomy npu
OLIHI[I MOTEHLIHHOI paJOHOHEOE3NEeYHOCTI JaHi BEITUYMHU HE BpaxoByroThcsd. IIpore, Hamri
nocnipkeHHs [8] mokaszanu, o KOHLIEHTpALls paloHy B IPYHTOBOMY T'a3i i MPOHUKHICTh IPYHTY
€ IBOMa HalBaKIMBIIMMHU (pakTOpamH, sIKi BIUIMBAIOThH Ha MOTIK PaoHy 3 IpyHTY B MOBITPSI.

— Koe(iieEHT MPOHUKHOCTI
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BuchoBkmu.
[IpoBeneni B poOOTI eKCIEpUMEHTANbHI BHUMIPIOBAaHHS Ta OOYHMCICHHS JO3BOJIAIOTH

penpe3eHTyBaTH HACTYIIHI OTpUMaHi pe3ynbTaTi Juist 12 tect-nosirodiB M. PiBHe (Tabmmms 1).
Tabmung 1.
Konrnenrparist pagoHy B IpyHTOBOMY MOBITpPi, KOS(IIiEHT TPOHUKHOCTI I'pyHTY Ta Ri B 12
TECT - moJliroHax M. PiBue

Ne tect - | OA4 pagoHy B IpyHTOBOMY Ta3i, [IponukHiCTH Ri
TOJIIrOHY KBK/M3 x 10712m?
I 10 + 2(8 — 12) 31+4,2(0,2-107) 2,6
10 240 0,2+0,3(0,01-152) 0.2
il 16,2 + 4(12 — 20) 225+13,4(8,4-351) 10,2
W 3+0 0,8+0,8(0,02-1,61) 0.4
v 14,6 + 6(8 — 20) 6,8+83(12-218) 51
VI 9+ 1(8 - 10) 9,3+4,3(53-16) 34
VI 17,6 £ 5(12 — 23) 19,6+151(4,4—319) 10,2
VIl 7+1(6—8) 18+15(0,2-38) 1,5
IX 240 0,2+0,2(0,01-1,47) 0.2
X 6+1(5—-7) 34+15(2,2-57) 1,5
X 13,1+ 4(9 — 17) 19,0+131(5,2-3238) 7.3
XII 8 +2(6 — 10) 81+5,3(4,2-14,3) 2,8

JI71s1 KOKHOTO TECT - TIOJIITOHY IHAEKC Ri BU3HAYABCS 3a CEPEIHBOIO0 KOHIICHTPAIIEIO PAIOHy
B IPYHTI Ta CEPEAHBOIO MIPOHHUKHICTIO IPYHTY, BUMIPSHOIO Ha IIbOMY MICITI 32 PIBHIHHAM (2).
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BUKOPUCTAHHS SMART-TEXHOJIOI'TA HA YPOKAX ®I3UKHA

JlutBunenko C. C., Timogees 1. A., HoBocan O. B.
Bonuucbkuii HartioHanbHUH yHiBepcuTeT iMeHi Jleci Ykpainku, nip. Bomi, 13, m. JIyiek, 43025,
e-mail: Novosad.Oleksiy@vnu.edu.ua

B pobGoti mocnimkeno Bukopuctanus SMART-texHonorii Ha ypokax ¢i3uku gk 3acoly
MiBUIIEHHS SIKOCTI OCBiTH Ta BINIMBY SMART-TexHONOrii Ha METOAWKY BHUKIAJIAHHS (I3UKH.
Konnenuiss SMART B ocBiTi BUHMKIA Bifipa3y Miclisd MPOHUKHEHHS Y HAIE KUTTS PI3HOMaHITHUX
«PO3YMHHUX» MPHUCTPOIB, IO MOJETIIYIOTh IMpouec npodeciiHoi AisUIbHOCTI Ta MOOYTOBE KUTTS.
[Tepenecennst maHoi KOHIEMINl B OCBITY mepeOyBae Ha TOYATKOBIA CTajii, TEPMiHM Ta OCHOBHI
MOHSATTS MMPOXOATH Tporec GOPMyBaHHS, caMe 11e 00YMOBIIIOE aKTyalIbHICTh HAIIOT pOOOTH.

Merta nociipkeHHs Tondraga B MOLIYKY Ta aHai31 JITepaTypHHUX Ta IHTEPHET JDKEPEN, y SIKUX
posrisgaeTbest MOXUIMBiCTH BUKOpUcTaHHI SMART-TexHomnorii Ha ypokax (i3sMkH gK 3aco0y
MIBUINCHHST SKOCTI HaBuaHHs [1-6]. A Takok, aHami3i Ta BHUBYEHHI MOXIHBOCTEH CYY4aCHHX
eJIEKTPOHHO-1H(OpMaLIHHUX Ta MPOrPAaMHUX PECYpCIB, SIKI MOJKHA BUKOPUCTATH IIiJ] YaC BUBUCHHS
¢i3uku. Jocmimpkennio BBy TexHonorii BYOD, m-learning, e-learning ta iH. Ha HaBYaJIbHUI
IpoIiec.

J10 OCHOBHHX pe3yJIbTaTiB MOXKHA BIIHECTH T€, 1[0 HA CYYaCHOMY €TaIli PO3BUTKY BUKOPHCTAHHS
SMART-TexHOnOrii Ha ypokax ()i3MKM BHKJIMKA€E B YYHIB 3aIlIKaBJICHICTh 10 BHBUYEHHS (I3UKH.
Texuonorii BYOD, m-learning, e-learning, caiitu 3 xomm'toTepHuME cumyisitismu Ta android-
JNOJATKH 3 (PI3UKM MOXXKHA BUKOPHCTOBYBATH Ha YpoKax (Ii3UKM 3 METOI MiABHINEHHS SKOCTI
HaBuaHHs. Bukopucranus SMART-TexHOIOrH yCcydacHIO€ 3aHATTS 3 (Pi3UKH Ta pOOUTSH iX IIKaBUMHU.
BiptyanpHi maboparopii Ta KOMIT IOTEpHI CUMYJIAIIT MOKHA BUKOPHUCTOBYBAaTH HE TUTBKHA YpOKax
¢i3ukn, a ¥ B MO3aypoOYHWH dYac Ta B yMOBax AWCTaHIliiiHOro HaB4aHHsi. Momens BYOD wmae
MPAKTUYHO CTUTBKH K TUTFOCIB, CKUTBKHM 1 MiHYCIB. AJie B 3arajbHOMY IIsl TEXHOJIOTIS TIEPCIIEKTUBHA,
pe3yapTaT il 3aCTOCYBaHHS 3aJCKHUTh BiJ] TOTOBHOCTI YYacCHUKIB HaBUAIBHOTO TpOIeCy a0 il
BUKOPHCTAaHHS. Bin BYHTENS BUMAaraeTbCs BHCOKWH piBeHb I1H(QOpMAIIHOI KyJIbTYypH, 3HaHHS
TEXHIYHUX XapaKTEPUCTHUK MOOUTRHUX MPHUCTPOIB, MPOrPAMHOTO 3a0e3MeUeHHS Ta MEpPEKEBHX
cepBiciB. BukopucranHs MOOUTBHUX NMPHUCTPOIB Ha ypokaxX (hi3MKH PO3BUBAE TBOpUE Ta KPUTHUHE
MUCJICHHS, MOTHBYE Ha CaMOCTIHHI JOCIIDKCHHs, (OpMye HABHYKH BUKOPHUCTAHHS MOOLIBHHX
MPUCTPOiB Ta iH(OOPMAIIHHUX TEXHOJOTIA. Y pe3ysbTaTi MOXHA CTBEPIKYBATH PO MOKPALICHHS
3araJibHO1 YCITINTHOCTI y4YHIB BHACTIZIOK BHKOPHCTAHHS TaKOro HaB4aHHs. [laTumku, BOyIOBaHi B
cy4JacHi MOOUTBHI IPUCTPOT, JO3BOJISIFOTH MPOBOJUTH PO3PAXyYHKH Ta aHAI3yBaTH JlaHi, OTpUMaHi B
pe3yabTaTi peabHUX (I3MYHUX TOCTIKEHb y Mekax jJabopaTopHuX poOiT 3 (izuku. BimpmricTh
MporpaMHOro 3abe3NeveHHs, Ke ISl [bOr0 BHKOPUCTOBYETHCS, JOCTYIHE JUIS CKauyBaHHS BCiMa
KOPUCTYBauyaMH i, B OCHOBHOMY, O€3KOIITOBHE.

VY pe3ynbpTari mpoBEeIEHNX HAMH JOCIHIKEHb MOXKHA 3pOOMTH BHCHOBKH, IIO BHKOPHUCTaHHS
SMART-TexHOMOr# M 4ac BUBYCHHS (i3UKU MOXKE JIMIIE YACTKOBO JONOBHUTH peallbHE KIIACHYHE
oOJTaTHaHHS, IPUJIAIN Ta MaTepialbHO-TEXHIUHY 0a3y Ta Hi B IKOMY BUIAAKY HE MOXE 3aMIHUTH X

IIOBHICTIO.
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TEH30PE3UCTHUBHI E®OEKTHU B OJHOBICHO JTE®OPMOBAHUX
MOHOKPUCTAJIAX n-Ge

JlynsoB C.B., Hazapuyk I1.®., XBumyn M.B.
Jhybkutl HayionanbHUL MmexHiuHUL YHigepcumen,

Byn. Jlvsiscora 75, m. JIyyok, 43018, luniovser@ukr.net

[Ipn excneprMeHTalbHUX JOCHIPKEHHAX HANpyKEHOTO CTaHy KOHCTPYKIIIM, a TakoX B
SKOCTI TepeTBoproBauiB jAedopmaiii B pI3HUX BHUMIPIOBAJbHUX MpUJIafax MIMPOKO
BUKOPUCTOBYIOTHCSI TEH30pe3UCTOpU. HamiBOpoBITHMKOBI TEH30JATYMKUA Yy TMOPIBHSIHHI 3
JOPOTSHUMH 1 (OJIbFOBUMH MalOTh HabaraTo MeHIi po3mipu 1a y 50-60 pa3iB OuIbLIy Uy TIMBICTD.
OpHMM 3 IepCHEeKTUBHUX MaTepiajiB AJis HalIBIPOBIIHUKOBUX TEH30aTUMKIB € FepMaHiH, sSIKUI
TaKOX IIMPOKO BUKOPUCTOBYETHCS B MIKPOEJIEKTPOHILl s BUTOTOBJIEHHS MAIOAIB, TPIOJIB,
KPHUCTAIIYHKX JIETEKTOPIB 1 CHIOBUX BUIIPAMIISYIB [ 1-4].

B naniit poOoTi nociimKyBaBcsl TEH30PE3UCTUBHUN €(DEKT B MOHOKpHCTAIax TepMaHio n-
TUITY MPOBITHOCTI, JIETOBAaHUX JOMIMIKOK cypMu. OJTHOBICHMM THUCK B JIOCHITaX MPHUKIATABCS
B3710BX Kpuctajorpadiaaux Hanpsimkis [100], [110] Ta [111]. BumiproBaHHS TPOBOIUIUCH TIPH
KIMHATHI TeMIeparypi Ta TemmepaTypl piIkoro azoty. Jljis JocaiKeHHs! TEH30PE3UCTUBHOTO
edeKTy IOCHKYyBalIbHI 3pa3Kd BUTOTOBISUIMCH TraHTenenomioHoi ¢opmu Taka crenudivna
dbopma JOCTDKYBATLHUX 3pa3KiB 30UThITYE X MEXaHIYHY CTIMKICTh B TIOPIBHSHHI 13 3pa3KaMu
napanenernineaHoi ¢opmu. g BHUManKiB OAHOBICHOTO THCKY B3JI0BXK KpHCTaJIorpadiaHUX
HanpsMKiB [110] Ta [111], Ten3opesuctuBHUM edekt Oyae Bxe BincyTHim npu P>1,6 I'Tla, sk npu
TeMIepaTypi piAKOTo a30Ty, Tak 1 KiMHaTHIH (puc. 1 Ta puc. 2). [Ipu omHOBiICHOMY THCKOB1 P>1,5
I'Tla B310B) Kpuctamorpadiunoro HampsMky [100] mpu Temmepatypi pimkoro azorty (puc. 1,
KpuBa 2) BUSBJICHO 3HAYHUI TeH30pe3ucTHBHUUN edekT. [Ipn KiMHATHINA Temmeparypi B JaHUX
yMOBaxX MUTOMHUH OMip MOHOKpHCTadiB n-Ge MOHOTOHHO MOYMHAE 3POCTATH IMPH OJHOBICHUX
tuckax P>1 I'Tla i He BuXoAuTh HA HACMYEHHS (pHUC. 2, KpuBa 2).

Px

A

0,5 1 1,5 2 2.5 P I'lla

Puc. 1. TenzopesuctuBHuii edexkr n-Ge mnpu TeMmmeparypi PpiIKOro a3oTy Uil PI3HHUX
KpHUcTanorpadiuHuX HaIpPsSMKIB:

1 — oHOBiCHUI THCK B3/I0BXK KpHcTanorpadiyHoro Hanpsmky [111];

2 — OZIHOBICHUH THCK B3J0BX KpucTajorpagiunoro HanpsaMky [100];
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3 — OIHOBICHUH THCK B3I0BX KpucTajorpagianoro HanpsaMky [110].

Po 1
7
6
5
2
4
3
2
3
i
0,5 1 1,5 2 P ITa

Puc. 2. TenzopesuctuBuuii edext n-Ge mnpu KIMHATHIA Temmeparypl [uid pI3HHX
KpucTaJIorpadyHUX HAIPSIMKIB:
1 — ogHOBICHUH THCK B3/I0BX KpHcTajorpadiuHoro Hanpsmky [111];
2 — OJTHOBICHHI THCK B3/I0BX KpHcTajorpadigaoro Hanpsmky [100];
3 — OJTHOBICHMI THCK B3/I0BX KpHcTasorpadigaoro HanpsMmky [110].
KoedirieHT TeH309yTIMBOCTI B yMOBaX OJHOBICHOI neopmartii Oyne BU3HaYaTUCh BHPA30M

[5]:
e [P
Po
S= , 1
. @
e Lo _ BITHOIIIEHHSI TUTOMOTO OIOpPY JAedOopMOBaHOTO MOHOKpuctany n-Ge g0
Po

HeneOpMOBaHOTO (BENMYNHA TEH30pe3UCTUBHOTO edekty), E,, — momyns FOura

Ha ocHOBi onepkaHMX EKCIePUMEHTAIBHUX PE3YNbTaTIB OyJIO OOYHCICHO KOe]IieHTH
TEH30YYTJIMBOCTI IIPH OJTHOBICHOMY THCKY B37I0BX KpHucTanorpadiunux Hanpsmkis [100], [110]
ta [111]. IToka3zano, 110 MakcuMalbHe 3HaUeHHA KoedilieHTa TeH3049yTIuBOCTI (S=2325) MokHa
JNOCATHYTH Tpu oaHOBicHOMY nedopmyBanHi P~0,4 I'Tla monHokpuctamiB n-Ge B3IOBXK
Kkpuctanorpadiunoro Hanpsmky [111].

HasiBHicTh  3HAYHOrO  3pOCTaHHS  TEH30PE3UCTUBHOTO  edekTy Ta  KoedillieHTa
TeH304uyTIMBOCTI 11 n-Ge mpu oxHOBicHUX TuUckax P>1,6 I'Tla B3moBxk KpuctaizorpadiyHoro
HanpsMKy [100] 103BOIUTHE BUKOPUCTOBYBATH MOHOKPHUCTAIIM T€PMaHII0 N-TUIY MPOBIIHOCTI B
SKOCTI MaTepiajliB TeH30aTYMKIB /U1 BUMIPIOBAHHS 3HAUHUX OJHOBICHUX THUCKIB.
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OIITUYHI BJIACTUBOCTI AgGaGesSes JEI'OBAHUX
PITKO3EMEJIBHUMMHU METAJIAMH

Meabnauuyk Tapac Onerosuy, Muponuyk I'asmna JleoniniBHa

Melnychuk. Taras@vnu.edu.ua
Bonuncoekuil nayionanvuuil ynieepcumem imeni Jleci Ykpainxu

CucrteMaTH4Hi HayKOB1 JOCIHIPKEHHS XaJIbKOTEHIIB Ha MpeaMeT (i3MYHUX BIACTUBOCTEH
BKa3yIOTh Ha Te, 10 JIOBOJIi HEPCIEKTUBHUMHU JUIs1 ONTOCIEKTPOHIKH € (ha3u, SKi KpUCTATI3YIOThCS
B aCUMETPUYHHUX MPOCTOpoBHX rpymnax. JJo takux ¢a3 Hanexuts AgGaGesSes. Y kpucTamivHii
crpykrypi AgGaGesSeg atomn Ag JOCUTH PYXJIHBI, IO TPU3BOAUTH JI0 YTBOPEHHS Je(EKTHUX
no3uliii. ToMy BaJHMBUM € JOCHIKEHHsI BIUIMBY JOMIIIOK PIAKICHO3EMEIBbHUX MeETaliB. Y
Hamri poOoTi BUBYABCS BIUIMB Jerytounx jaoMimok Nd, Dy, Er Ha onTuuHI BIacTHBOCTI
AgGaGesSes.

OauH 3 HalBaXJIMBIIMX [apaMeTpiB HAMIBIOPOBIJHUKIB, SKAW BHU3HA4ae 00OJacThb
3aCTOCYBaHHS € IMUpUHA 3a00pOHEHOi 30HU. [ OIIHKM HIMPUHU 3a00pOHEHOT 30HH HaMH
MIPOBEJICHO JIOCHIPKEHHS CIIEKTPAIbHOIO PO3MOJILTY Koe(ilieHTa MOTJIMHAHHSA B 00JIacTl Kparo
CMYTH BJIACHOTO TOTJIMHAHHSA. /{151 mpoBeneHHs BUMIPIOBaHb BUKOPUCTOBYBAJIWUCH IUIACTHHU
toBimuHOW 0,06-0,1 MM 3 MIOCKOTIapaIeTbHUMHU TIOBEPXHAMH ONTHYHOI sSKOCTi. [lmacTian Oymm
BIJIIIOJIIPOBaH1 B KACTOPOBOMY Macii, 110 MICTUTh HaJATOHKI 100aBKM aOpa3suBy Ui OTPUMaHHS
BHCOKOSIKICHUX ONITHYHHX ITOBEPXOHb.

3 excriepuMeHTanbHEX pe3ynbtatis E, Busnauena sk E, = A(hv)/A(n a) cranosuts 95,

91, 98 meV mnsa AgGaGesSes:Nd; AgGaGesSes:Dy; AgGaGesSes:Er; Biamosiano. BcranosieHo,
o muprHa 3a00poHeHoi 30Hu ctaHOBUTH AgGaGesSes:Nd; AgGaGesSes:Dy; AgGaGesSes:Er
2,21 2,23 2,25 eV BIAIOBiIHO.

OcoOIUBICTIO CTPYKTYPH TOCTIKYBAaHUX KPUCTAJIIB € CTATUCTHYHHM PO3MOIUT KaTioHiB (Ag,
Nd/Dy/Er) mo By3max KpuCTalidHOi TpaTKd 1 HasBHiCTE B crooaymi  AgGaGesSes

HECTEeXIOMETPUYHUX BakKaHCiii aTtomiB A(g (VAg). 3MEHIICHHS IMMPUHA 3a00pOHEHOI 30HHU

JOCIHIDKYBAaHUX CIIOJIYK Ha HAIly JIyMKY IIOB’S3aHO 3 3HAKOM pI3HMIIL 10HHHUX paaiyciB
KOMIIOHEHT  CINONYKM Ta  3amimyroworo  ioa  (Nd*3(0.099 nm)—Ag*(0.113 nm);
Dy*3(0.088 nm)—Ag*(0.113 nm); Er*3(0.085 nm)—Ag*(0.113 nm).

JlonaTKOBUI BHECOK Y 3MIHY IIMPHHU 3a00POHEHOT 30HU MOXKYTh TaKO’K BHOCUTH TOYKOBI
nedeKTH BaKaHCIMHOTO Ta MDKBY3JIOBOTO THITIB. [Ipy BBEICHHI aTOMIB 13 MEHIIIMM 10HHUM
pajiiycoM KpHCTaJlidHa TpaTka CTUCKAETHCS, 0 BUKIMKAE 3MEHIIICHHS TTApaMeTpPIB PEIiTKH.
3MiHa mapaMeTpiB PEIIiTKA MPU3BOMTH JI0 3MIHU CTYIICHS MEPEKPUTTS EICKTPOHHUX 000JIOHOK
CYCIZIHIX aTOMIB, 1, IK HACT1I0K, IO 3MIHU IIUPUHU 3a00pOoHEHOT 30HH. JlaHe TBepaKeHHs Ao0pe
Y3TOKYETHCS 3 €KCIIEPUMEHTAMH TI0 T1JPOCTATUYHOMY CTUCKY KPUCTAIB, a came, 00’ eMHU I

TiAPOCTAaTUYHUHN TUCK MPU3BOIUTH O 3MEHIIICHHS MDKAaTOMHOI BiJicTaHi Ta 30UTbIICHHS Eg .
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AHAJII3 EKOJIOT'TYHOI'O CTAHY HOBEPXHEBHUX BO/l PIYKH

CTOXIJA 3A MAKPO®ITHUM THIEKCOM MIR
Mysuuenko O.C., bosipun M.B., Lisocs O.0.
BoumHcbknii HanioHaabHUH yHiBepcuTeT iMeHi Jleci Ykpainku
muzychenko.oksana@vnu.edu.ua, boyaryn.maria@vnu.edu.ua, oksana.tsos@vnu.edu.ua

Bumii BOJHI pOCIMHM € OJHHM 3 OCHOBHHX KOMIIOHEHTiB BOJHHMX €KOCHCTEM. IX
KUTTEMISUTBHICT, HAI3BHYAHHO TICHO TOB’si3aHA 3 a0lOTHYHUMHU (DAaKTOpaMH HABKOJMUITHHOTO
cepenoBUINA. bBynp-sike BIIXWICHHS IMOKAa3HHUKIB XIMIYHOTO CKJIQAy TIOBEPXHEBHX BOJ, iX
TEPMIYHOTO pEeXUMY, 3MIHa KIIMAaTUYHUX (PAKTOPIB MATUMYTh BiIOOpa)X€HHS Ha CTaHl
TiApOOIOHTIB, B TOMY YHCII BHIIMX BOJHUX POCIUH. MOHITOPUHT Ta IHIUKAIS SKOCTI
HABKOJIUIITHBOTO CEPEIOBHINA 3 BUKOPUCTAHHSM KHBHX OPTaHI3MiB, 30KpeMa, POCIIHH 32 OCTaHHI
JNECSITUIIITTS,, TIOMITHO BJOCKOHAIMJIUCh Ta HaOyau oQiliifHOro BH3HAHHA. 30Kpema,
GbiToIHAMKAIIMHI TOCTIIKEHHS BKIIIOUEHI O JEPKABHOI CUCTEMHU €KOJOTTYHOTO MOHITOPUHTY
MOBEPXHEBUX BOJI 0araThbOX KpaiH CBiTy, mepeadadeHi B paru¢ikoBaHii YkpaiHoro Boaniit
pamkoBiit aupektuBi €C.

Meta poOOTH: BH3HAUEHHS BHUJOBOTO CKJIATy BOJHHX Ta NPHOSPEIKHO-BOJHUX BHIIHX
CyIMHHUX pOCIMH Ta OIIHKa EKOJIOTITYHOro CTaHy moBepxHeBUX Boj piuku Croxig 3a
Makpodiraoro meronukoro MMOR [1].

JlocnipkeHHsT BUIIMX BOJHUX Ta MPUOEPEKHO-BOJAHUX POCiIuH piuku CTOX1A MPOBOIMIOCH
MpoTAroM Beretariiinoro nepiogy 2020-21 pp. 3riHo METOAUKH IJIs JOCTKEHHS Oynu oOpaHi
2 tectoBi ninsHkH. [lepma — c. JIuniBka, GOHOBHUIT CTBOp, CEpPEIHs YacTHHA pycia, Ipyra — M.
JIroGenriB, KOHTPOJIBHHI CTBOp, THUpJoBa yacTHHa pycna. OIliHKa SKOCTI MOBEPXHEBUX BOI
¢ditoinauKamniifHoro Metoaukoro MMOR 6a3yerbcsi Ha po3paxyHKy MakpoiTHOTO IHACKCY
(MIR). [Ins mporo HeoOXITHO BU3HAYWTH IHIAWKATHUBHI BUJIM BUIIUX BOJHUX Ta MPUOEPEKHO-
BOJIHUX POCIIMH JOCTIKYBAHOT PIYKK Ta iX MPOETUBHE MOKPUTTS HA PEMPE3CHTATUBHIN IISHII
BOJIOTOKY.

Ko>xHuii i1HAMKaTUBHUIN B OIIIHIOETHCS 3a JABOMA iHAeKkcaMu. [lepmmii inaexc — L, Bkasye
Ha cepeHiil TpodIuHMA piBeHB cepenoBHIna, Moxe Oytu Bin 1 mo 10. [pyruii inaekc — BaroBui
koedimieHT W, TMOKa3HUK EKOJIOTTYHO1 ToJIepaHTHOCTI BHUAIB. BaroBuii koedimienr W Mae
3HA4YEHHS Bix | JUIsl eBPUTOMMHUX BUAIB 110 3 711 CTEHOTOIMHUX BHIIB. Po3paxyHok MakpodiTHOTO
1HAEKCY IPOBOUBCS 32 (OPMYIIOIO:

MIR=2LEWEPD o 1,
Y (WixPi)

ne MIR — Maxkpoditauii innexc piuku; Li — HOMep 3HaYeHHS iHAEKCY ISl BUSIBICHOTO BHIY
(1); Wi — Barosuii koedimieHt Bumy (i); Pi — KoedillieHT MPOEKTUBHOTO MOKPUTTS By (i) 3a 9-
0aTBHOIO IIKAJIOIO.

SIKicHY OLIIHKY €KOJIOTIYHOIO cTaHy (KJIacy) MOBEPXHEBUX BOJ OTPUMYBAIHM 3a IIKAJOIO
Mmetonuku MMOR.

Croxin — npaBa nputoka piuku [Ipum’sate, nosxunoro 188 kM ta miomero Oaceitny — 3155
kM?. Piuka Gepe mouatok mo6musy c. CemepuHchke Bosomumupcbkoro (mo 2022 p. —
JIokauMHCBKOT0) paiioHy Ha miBJeHHOMY Kpai Ilosicbkoi HH30BHMHH, MpPOTIKAE B MeKax
BonuHcpkoi obnacTi Ta Ha miBaHi ¢. CBanosu4i PatHiBecbkoro (mo 2022 p. — JIro0OenriBchbKoro)
paifony, 110 po3ramnoBade y Mexax [loyicbkoi HU30BUHM, BHajae y piuky [Ipum’saTs.

3a pe3ynbTaTaMM IPOBEJEHOTO aHali3y (UIOPUCTUYHOTO CKJIaay BMIIUX BOJHUX 1
npubepeXxHO-BOJHUX pOCiuH piuku Ctoxia 0yso onucano 19 iHAMKaTUBHUX BUAIB, SIKI HAleXaTb
1o 15 ponun. Ponuna Potamogetonaceae npencrasiiena 3 Bumamu, Araceae, Hydrocharitaceae —
1o 2 BUJM, IHIII POJAMHU — [0 OJTHOMY BHLY.
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VY Giomopdonoriunomy crekrpi 3rigHo kiacudikanii I. I'. CepeOpsikoBa ¢iopa BHIIUX
BOJHUX 1 TPHOEPEKHO-BOAHUX POCIHH PIUKHU MPEICTaBIICHA BUKIIOUYHO MOTIKAPIIYHUMHU BUIAMHU.

3a cucremoro Paynkiepa HaiiOinpma yactka remikpuntodiris — 46,37%. Cepen wiei rpynu
JyacTKa TparvIsTHHS HaiOuibima i BuaiB: Mentha aquatica L., Lysimachia vulgaris L., Glyceria
maxima (Hartm.) Holmb. Inuri 6iomopdu ne — reodiru (10,53%), Boani reodiru (31,58%),
rigpoditu (21,05%). Jlo reodirie BigHocsathes Iris pseudacorus L., Acorus calamus L., Boani
reoditu npencraBieHi Takumu Bugamu sk Nuphar lutea (L.) Smith., Sagittaria sagittifolia L.,
Stratiotes aloides L. Ta in., rinpoditu — Ceratophyllum demersum L., Hydrocharis morsus-ranae
L., psacku.

CtpykTypa BHIIMX BOJHUX Ta TMNPUOEPEKHO-BOJHUX POCIHH, 3TiIHO Kiacudikarii
B.I'. IlaniuenkoBa, BKIItOYAE I1’ATh €KOTUIIIB: TiApo¢iTH ab0 CrpaBXH1 BOJIHI POCINHH, renoditu
a00 MOBITPSIHO-BOJIHI POCIIMHH, TIrporenodity, rirpoditu Ta rirpome3o- i mesodiru [2].

J1o cripaBKHIX BOJHHX POCHH piuky HalexuTh 8 BUIB (42,11%), e — Hydrocharis morsus-
ranae L., precuukw, psicku; reodiris — 2 Buau abo 10,53%, a came: Sagittaria sagittifolia L. Ta
Glyceria maxima (Hartm.) Holmb. I'irporenodiru ta rirpoditu 3poctaroTh Oist ypi3y BOIHM 1 TX
YacTKa y 3arajJlbHOMy BHUJOBOMY CKJIaai CTaHOBHUTH 8 BuUIIB — mo 21,05% BigmosigHo. Tyt
3pocraroth Lysimachia vulgaris L., Myosotis palustris L., Jancus tenageia L., Carex nigra L.

B exonoriuHiii cTpykTypi riipoMop@d BUIUX BOJHUX Ta MPUOEPEKHO-BOJHUX POCIHH PIUKH
Croxin sapom BuUcTynawoTh Tiapoditu (52,63%). o rigpodirie namexars Ceratophyllum
demersum L., Nuphaea alba L., Myriophyllum verticillatum L., Hydrocharis morsus-ranae L.,
Stratiotes aloides L., paecHuKy, psACKH Ta iH. [HII IpyMy TaKOK MPUYPOUYCHi IO YMOB BHCOKOTO
piBHs 3BojioxkeHHS — rirpoditu (21,05%) ta wmesorirpoditun (26,32%). IlpeacraBHukamu
rirpoitie, 10 MOTPeOYIOTh BHCOKOTO PIBHS 3BOJIOKEHHsS cyOctpary €: Iris pseudacorus L.,
Glyceria maxima (Hartm.) Holmb., Mentha aquatica L. ITpubepexHi pocnuuu B OLIBIIOCTI
MPUYPOYCHI /10 YMOB CEpPEAHBOTO PIBHSA 3BOJIOXKEHHS CYOCTpaTy 1 TIPEACTaBJICHI SK
me3orirpodiru: Myosotis palustris L., Lysimachia vulgaris L., Rorippa amphibia (L.) Bess.

Po3nonin BUImUX BOJHMX Ta MPHOEPEKHO-BOJHHMX POCIHMH 3a TeilioMopdamu ToOKazaB
OJIHAKOBY KUIbKicTh MK remioditamu (47,37%) ta remiocuiodpiramu (47,37%). TunoBum
criogitom € oaun Bux — Mentha aquatica L.

Ananiz TpoiyHUX THIACKCIB IHIUKATUBHUX BUIIB pocivH p. CTOX1] BUSBUB, 1110 HalOUIbIIA
KiTbKicTh BUiB — 7 (36,84% Bin 3araibpHOT KUTbKOCTI) Mae 3Ha4eHHs Tpodidnoro inaekcy (Li) —
4, 1ie pocnuau eBTpodHHUX Ta Me3oTpoduux BomoiiM. Cepen uux Myosotis palustris L., Nuphar
lutea (L.) Smith., Sagittaria sagittafolia L. ta inmi. Tpu Buau (15,8%) MaroTh 3HAa4YEHHS
Tpodiunoro iHmekcy 2 ta 2 Buau (10,53%) — tpodiunmii iHgexe 3. Lle pocnuau eBTpodHHX
Bogoiim. Ile Taki Buam sik Rorippa amphibia (L.) Bess., Ceratophyllum demersum L., Lemna
minor L. JIo Me30TpodHHX BOJOIM MpuypoveHi BUaU 3 TpohiyHuMH iHaeKcaMu 5 1 6 (5,26% Ta
26,32% BinnoigHo). Tpodiunuii ingexc 10 mae Jancus tenageia L., skuii npuypodeHuit 10
3pOCTaHHS B YMOBaXx OJITOTPO(HUX BOJI.

OrniHka IHIUKATUBHUX pociiMH pidkn CTOXia 3a MOKAa3HMKOM TOJICPAHTHOCTI 3acBiT4mIia
3HAYHY YaCTKY BH/IIB 3 IIHPOKOIO €KOJIOTTIHOIO aMILTITY/I0t0 Ta BaroBUM Koedirieatom (Wi=1-2)
(84,21% Bin 3arampHOi KimbkocTi). JJo creHotomuux (Wi=3) BigHocstees Acorus calamus L.,
Ceratophyllum demersum L. Ta Potamogeton crispus L.

Maxkpodituuii ingexc piaku MIR mis Boau piuku Croxin Ha minsHii c. JIuHiBKa (cepeans
Tewis) craHoBUTH 28,4, mobnusy M. JlrobemniB (HkHs Teuist) — 29,3, mo Bianosigae 11 kmacy

SKOCTI BOJIM, KaTeropii — 3aJl0BUIbHA Ta 3a TPO(IYHUM CTaTyCOM «EBTPO(HaY.
Cnucok nimepamypu
1. Ciecierska H, Dynowska M. Biologiczne metody oceny stanu srodowiska. Tom 2. Ekosystemy wodne. Podrecznik
metodyczny. Olsztyn. 2013. 312 P.
2. Ipoce O., Mysuuenko O., Bospun M. ExonoriuHa oOLiHKAa ITOBEpPXHEBHX BOJA TNPHUTOK piuku IIpum’sTe Meromamu
¢itoinaukanii: Monorpadis. JIynek: Bexa-npyxk, 2022. 220 c.

69



Proceedings APFS-2023
Section 1. Fundamental problems of physics, chemistry and ecology

YACOBA NMOBEJIHKA JUJISHUX OJIIM OTPUMAHUX METOJ0OM
XOJIOJHOT'O ITPECYBAHHS

Msrkora C.B., lllepuyk P.C.}, Cykau O.M.!, Meaunchkmii B.€.},
®yasmec M.M.2, llymak A.C.>4, Mammii T.C.

Ulvsiscoruii nayionanvhuil yrisepcumem npupoooKopucnty6aHHs.
2 JTvgigcoruii HayioHanvHuil MeOuynuil yHieepcumem iveni Januna Ianuyvko2o
8Vkpaincora akademis opykapcmed,
4 /IvsicuKuil mop2o6enbHO-eKOHOMIYHULL YHIGepCUmem
SMIvsiscoruii nayionanvhuii ynieepcumem iveni Isana @panka

PocnuuHi onii 3aiimMaroTh ocoOiMBE Miclle B XapuyyBaHHI JIIOJUHH, OCKUIBKH MICTSTh
BHUCOKOKAJIOpiH1 >kupHu, Qocdominiayn, KapoTHHOIAM, NPUPOJHI AHTUOKCHUAAHTU Ta IHIII
¢diziosoriuno aktuBHI peuoBuHM [1]. KinbkicHHI Ta SKICHHM CKJIaJ POCIMHHUX OJIil € pI3HUMH.
Cepen Bcix pOCIMHHHMX OJIii ocoOyiMBe Micle 3aiimae JuisiHa ouig. OKpiM 3rajjaHoi Xxap4oBoi
IIHHOCTI, BOHA XapaKTEPU3YETHCS JIIKYBATBHUMU BIACTHBOCTSAMHU, SIKI IPYHTYIOTHCS Ha PEKOP,THO
BHCOKOMY BMICTI MOJIIHEHACHYEHHUX )KUPHHUX KHCJIOT, a caMe: JIIHOJACHOBOT (®-3), TiHO0IeBO1 (0-6)
Ta MOHOHEHacHu4eHol 0J1eiHoBOT (®-9) [2, 3]. 1li KHCIOTH BH3HAYAIOTH €IACTHYHI BIACTHBOCTI
KIITUHHUX MeMOpaH, 110 B CBOIO Yepry BH3HAua€e (YHKIIOHAIBHICTh Ta KUBYYICTh KIITHHHU.
[ToniHeHacM4eH1 KUCIOTH aKTUBHO BKJIIOYAIOTHCS B JKMPOBUI OOMIH JIIOJICBKOTO OpraHi3my,
OanmaHcyroTh Horo. HOBITHI JOCHIKEHHS TOBEU 3/1aTHICTD JUISHOI 0J1ii 00epiraT OpraHi3m Bij
OHKOJIOTYHHMX 3aXBOPIOBaHb Ta OUUIIIATH HOTO Bil TOKCHYHUX PEUOBHH 1 Mapa3uTiB [4].

JInstHa oJtist MICTHTH, SIK BKA3aHO BHIIE, IUIMA PSII CKJIAJIOBHX, KOTP1 € JIFOMIHECIIEHTHO
AKTUBHUMH CIIOJTyKaMH. Takumu € a-, B-, y- Ta 8- Toko(epom-KoTpi € pi3HOBUIaMHU BiTaMiHa E,
MOJIHEHACHYEH]1 JKUpHI KUCIOTH (JiHOJNEeHOBa (w-3), miHoyeBoi (m-6), apaximoHOBA),
MOHOHEHAcH4eHa osieiHoBa (w-9), Bitaminu B2, Be, E, monepennuk Bitaminy A- KapOTHH, a TAKOXK
nirmeHTd xymopodin ta deodernn [1-3]. Hasmani duyopodopu Moxyrs OyTH naBadaMu
iH(dOopMaIlii MPo MOKJIMBI 3MIHM XIMIYHOTO CKJIQy OJIii, @ 3HAYUTh 1 1i AKOCT1 y BUIAAKY JIii Ha
OJIII0 PI3HMX JCCTPYKTUBHUX (akTopiB (TpuBayMii yac 30epiraHHs ouii, (HoTO- Ta TEpMoO-
okucieHHs) [5-12].

OpnHak MoJiHEHACHYEH1 JKUPHI KUCIOTH JY)KE HECTIMKI 1 JIETKO PYHHYIOTHCS Bijl BIUIUBY
HaBKOJIMIIIHBOTO MOBITPS [ 5], OKUCITIOIOTHCS i J1€X0 COHSIIHOTO CBITIIA [6], BUCOKMX TEMIIEPATYP
[6-9] Ta 3a yMOBHM KOHTaKTy 3 MeTaJlaMH 3MIHHOT BaJICHTHOCTI (3aii3a, mimi) [10].

MeTor0 HamOro AOCTIDKEHHS Oylo BCTAHOBJICHHS HAsBHOCTI MPOAYKTIB OKHUCICHHS
CKJIQJIOBUX JUISHOT OJIii OTPUMaHOI METOJOM XOJIOJHOTO MPECYBAaHHS 3 BUKOPUCTAHHIM METOIIB
ONTUYHOI crieKTpocKomii. JloCTiKeHHs oJIArae y NpoBEACHHI CIIEKTPATbHO-IFOMIHECIIEHTHOTO
aHaN3y JUITHUX OJIif, OTPUMAaHUX B JTAOOPATOPHUX YMOBAaX METOJIOM XOJIOJHOTO IMPECYBaHHS
(TemmepaTtypa xomnogHoro npecyBanss t <46°C), 3 pi3HOIO MEPEIICTOPIEI0: MPOTEPMIHOBAHMIA Yac
30epiraHHsi 3aKpUTOIl MOCYAUHU 3 oJieio (OuIbIne 3 POKIB), OMPOMIHEHUX COHSIUHUM CBITJIIOM
npoTsarom 50 roguH. CoekTpanbHO-TIOMIHECHEHTHI XapaKTePUCTUKU JaHUX OJil MOPIBHIOBAIUCS
31 CHEKTPaIbHO-JIFOMIHECLIEHTHUMHU XapaKTePUCTUKAMU CBIKO OTPUMAHOI OJii.

Ha pucynky 1 mnpezacraBieHi cHekTpu (OTOMIOMIHECHEHIIi Ta CHEKTpH 30y/HKEHHS
JIOMIHECUEHIII1 JITHUX OJIi OTpPUMaHUX METOJIOM XOJIOTHOTO MPECYBAHHsI Ta PI3HOI MPeiCTOpii.
Bci ciekTpu JtoMiHeCHeHIIIT IPOHOPMOBAHI /IO 0JTHAKOBOT IHTEHCUBHOCTI CBIUEHHS. 3ayBakKUMO,
1110 IHTEHCUBHICTb JIFOMIHECLIEHII1] 31cTapeHO1 0J1ii € Y AeKUTbKa pa3iB HUKUOI0, HDK IHTEHCHUBHICTh
JIIOMIHECHLEHIIiI CBDKO OTPUMAHOI OJii Ta OJii, KOTpl MiJIaBaIUCA OMPOMIHEHHIO COHSYHUM
cBiTiioM npotsroM 50 roguH. B ycix Bumankax y cnekrpax (hOTOJIIOMIHECIEHIII peecTpyeThes
IyOneTHa cMyTa 3 Amaxi= 325 1 Amaxe= 335 HM Ta JIOBrOXBHJIbOBUH KOHTUHYYM B CIIEKTPaJIbHIN
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obmacti 375+525 uM. CriekTpaabHe MOJOKEHHS yOIeTHOT CMYTH 3 Amaxt= 325 1 Amaxe= 335 HM €
IIGHTHYHUM 711 BCIX 3paskiB JuIsHOI ouiii  pi3HOT mepenicropii (kpuBi 1-4), oxHak
B3a€MOIHTEHCHBHICTh KOPOTKOXBHIIBOBOI KOMIOHEHTH 3 Amax1= 325 HM Y BUIIQJIKY 3icTapeHo1 oil
(kpuBa 2) € CyTTEBO MEHIIOK. [IEHTUYHUMHY TS 3TaJaHO1 JyOJIETHOT CMYTH JTFOMIHECIICHITIT BCiX
3pa3kiB oJii (OKpiM 3icTapeHoi) € i iX BinmoBinHi criektpu 30ypxenHs (kpusi 1', 3', 4'). lns nannx
3pa3KiB OJIil CIIEKTP 30yKEHHS 3raJlaHoi TyOJeTHOT CMYTH JIFOMIHECIICHITIT 3 Amaxt= 325 1 Amax2=
335 HM mpexacraBisge co000 IyONETHY CMYTY 3 Assyuci= 285 1 soyx2= 300 HM 3
KOPOTKOXBHJIBOBUM CYITYTHUKOM B 00J1acTi 265 HM.

Intensity (arb. un.)

o

=t

0 ; ' , : : ;
200 250 300 350 400 450 500 550
Wavelength (nm)

Puc. 1. Puc. 1. Cniektpu (OTONOMIHECHCHIIT JUISSHUX OJII OTPUMaHKX METOJIOM XOJIOAHOIO MPECYBaHHS Ta Pi3HOT
niepeaicTopii y BUMaaKy 30YKCHHS CBITIIOM 3 Ay = 280 HM (kpuBi 1-4) Ta crieKTpu 30yDKCHHS CMYTH
dboromroMinecIeHii 3 Amax = 335 HM BKazaHux omiit (kpusi 1'- 4):
1, 1' — cBiO BUTHCHYTA OJIisl;
2, 2' - odisl, 3icTapeHa OKHUCIICHHSIM 32 YMOBH JIOCTYITY MOBITPSI Y HEILIILHO 3aKPUTY Tapy;
3, 3' - odisl, 3icTapeHa OKHUCIIEHHSIM, MiJ[ Ai€I0 COHSYHOT'O OMPOMIHEHHS MPOTAroM 50 romuH;
4, 4'- onmisi, OKHCIIEHa npecyBaHHM 3a Temmepatyp (60°C >t > 46°C).

OnepxkaHi  CHEKTPAIbHO-JFOMIHECIIEHTHI ~ XapaKTepPUCTUKU  JUITHOT ol jo0pe
CHIBNAAAIOTh 31 CHEKTPaJbHO-TIOMIHECIICHTHUMH XapaKTepUCTUKAMU CHOJYK (EeHony Ta o-
ToKo(epody. A came, KOPOTKOXBUIILOBI KOMIIOHEHTH y CIIEKTpax 30yKeHHs ynbTpadioneToBO1
TIOMIHECIEHI[IT HalleXaTh CIOJyKaM (EHOJy, a BIAMOBIOHI JOBTOXBUJIBOBI KOMIIOHEHTH-
TokodepoaaM, 30kpema, a-Tokodepoiny [5, 9, 13-15]. Buxoasuu 3 iI€HTUYHOCTI CIIEKTPAIbHO-
JIIOMIHECIICHTHUX XapaKTEPHUCTHK JUITHUX OJIIH Pi3HOI mepemicTopii (OKpiM 3icTapeHoi yacom),
MO)XHa CTBEp/PKYBAaTH, IO BHINE3rajaHi IECTPYKTUBHI (akTopu (ONMPOMIHEHHS COHSYHUM
cBiTIIOM IpoTsiroM 50 rojuH abo mpuUroTyBaHHs oJiii 3a Temneparyp 60°C > t > 46°C He npuBenu
70 BUJMMHMX 3MIH B XapakTepi B3aemonii ¢puyopodopiB 31 CBITJIOBUMM KBaHTaMH, a BiITaK 1 B
XIMIYHOMY CKJIa/Ii OJTii.

3a pe3yabTaTaMu CHEKTPAIbHO-TIOMIHECHEHTHUX JOCHIPKEHb JUISHUX OJIH OTpHUMaHHMX
METOJIOM XOJIOJTHOTO MIPECYBAaHHS Ta Pi3HOI MpeAicTOpii MOXKHA 3p0OUTH BUCHOBOK, III0:

1. TpuBanuii Tepmin 30epiranHs oiii (> 3 poKiB) MPUBOJIUTH O OKHMCJIEHHS Ta PO3May
¢deHoniB, TOKOQEpOTiB, TMONMIHEHACUYCHUX JKUPHUX KHCIOT (JTIHOJEBOI, JIHOJEHOBOI,
apaxijoHoBoi), BitamiHiB (B2, E, kapoTuHy), 1m0 CYNpOBOJIKYETHCS MOSIBOIO Y CHEKTpax
JTIOMIHECIEHITIT CMYT 3 MakCUMyMaMu Amax= 350, 370, 390, 425, 440, 470, 515 HM Ta 3MiHOKO
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CTPYKTypH CIHeKTpiB 30y/[KeHHs JoMiHecueHlii ¢uyopodopiB: ¢eHomiB, TOKO(EpoIIiB;
MOJTIHEHACUYCHUX JKHUPHUX KUCIOT (JIIHOJIEBOI, JIIHOJIEHOBO1, apaxioHOBO1) 1 BitamiHiB (B2, E,
KapOTHHY);

2. OnpoMiHeHHS JUISHOI OJii COHSYHUM CBIiTJIIOM mpoTsiroM 50 roauH Ta mepeOyBaHHS 3a

temrieparypu (60°C >t > 46°C) B npo1ieci BUTUCKAHHS OJIii HE MPUBOINTH J0 BUIAUMHUX 3MIH y
CTPYKTypax iXHiX CIIEKTPIB JIFOMIHECIIECHIIIi Ta CHEKTPIB 30y PKEHHS JIFOMIHECIICHIT11.

3. JlroMiHeCUEHTHHMI METOA MOKe OyTHM BHUKOPUCTaHMU /i iAeHTHdIKaIil mpouecis

OKHCIICHHS OJIii B pe3yibTaTi Aii Pi3HUX JeCTPYKTUBHUX (akTopiB (TpuBasie 30epiraHus,
OTIPOMIHEHHS COHSIYHUM CBITIIOM, 30€piraHHs 3a BUCOKOI TEMIIEpaTypH) Ta KOHTPOJIIO SIKOCTI OJI1i
B IIJIOMY.

10.

11.

12.
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TEPMOEJEKTPUYHA JOBPOTHICTHD MOHOKPUCTAJIIB

CulnsSs-CdlInaSs
HosBocag O. B.

Bonuncovkuil nayionanvuuii ynieepcumem imeni Jleci Yepainxu, np. Boni, 13, m. Jhyywvk, 43025,
e-mail: Novosad.Oleksiy@vnu.edu.ua

Teepai posunrn CulnsSg-CdIn,Ss Bimnosinanu kommoHentHoMy ckiany 0, 20, 40, 60, 80 i
100 mon.% CdInzSs. Meroauka BupoinyBaHHs TBepaux posurHiB CulnsSg-CdInaSs, cunres
MarepiajiB Ta JAesKkl ix KpuctajorpadiuHi napaMmerpH IpejactaBieHi B poooTi [1]. Pedynbratu
JOCITI/DKEHB JISSIKUX ETIeKTPUIHUX Ta TEPMOCIEKTPHYHHIX BIACTUBOCTE MOHOKpHCcTaniB CulnsSg-
CdInzSs mpeacrasneni B Hamiid po6oTi [2].

Jns pocmimkens TBepaux po3unHiB CulnsSg-CdInaSs BurotoBmsim 3pasku y  dopmi
MPaBUWJIbHUX TapaieNIeHine iB 31 3JIMTKIB, OTPUMaHUX Miciisa BUpoiryBaHHs. OOpoOKy MOBEPXOHb
3pa3kiB 'y (opMi mapanenemineAiB 3AIMCHIOBAIM MIJISXOM TOJIPYBaHHS Ta UUTIPyBaHHS
aIMa3HUMH TaCTaMHU PI3HOI 3epHUCTOCTI. Po3Mipu OoTpuMaHHX 3pa3kiB cTaHOBHIU (8—5)%(2—
1)x(2—1) mm®. I3 KOKHOTO 3TUTKA OJHOTO CKIALy [T JOCTiKEHb BUTOTOBIIANOCH IO 3-5 3pasKib.
Jlnst BU3HAUYeHHs KOoedili€eHTa TEIJIOMPOBITHOCTI BHUKOPUCTOBYBAJIACh YCTAHOBKA Ta METOJHKA
BHUMIPIOBaHb, aHAJIOT14HI, SIK B po0oTi [2].

Pe3ynbraTtu ekcriepuMeHTalIbHUX TOCIIKEHb MIPe/ICTaBIeH] B Ta0. 1.

Tabnuys 1
TepmoenexTpruni napamerpu TBepaux po3unHiB CulnsSg-CdInySs
Mo % *olqg, 107 Yo oty 7T
CdIn,S4 Br/mK? B1/K-M B1/K'M
0 0,63 0,017 0,93 0,02
20 0,69 0,019 0,88 0,024
40 0,95 0,050 1,36 0,021
60 1,44 0,070 1,22 0,035
80 1,41 0,042 1,12 0,038
100 1,27 0,125 0,82 0,046

* - nmaHi B34TI 3 poboTH 3.

Bizomo [4, 5], 10 TepMoeneKTpryHa JOOPOTHICTh MaTepialy BU3HAYAETHCSA (POPMYJIOI0:

2
z1=2"71, (1)

Xt
ne ZT — tepmoenekTpuuHa JOOpOTHICTb, o — KkoediuieHT 3eeOeka, ¢ — mHUTOMA
€JIEKTPOTIPOBIIHICTE, | — aOCoNIIOTHA TeMIeparypa, ot — KOEPIIEHT TEIUIONPOBIAHOCTI

Marepiany.
KoedimieHT TermonpoBiqHOCTI HAMIBIIPOBIAHUKOBOIO MaTepiany, B HAaHOUIbII 3aralibHOMY

BUIAJIKY, CKJIAIA€THCS 3 POHOHHOT TETUIONPOBIAHOCTI (Yph) Ta EIEKTPOHHOT TEILIOPOBITHOCTI (Ye)
[4, 5:

Xtot:th+Ze' (2)
I[J'Ifi OI_[iHKI/I YHUCJIOBOI'O 3HAYCHHS e BUKOPUCTOBYBAJIN 3aKOH BiI[eMaHa-d)paHua:
X.=LoT, (3)

ne L — uucno JlopeHua, 0 — MUTOMa eJIeKTPONPOBIIHICTD, 1 — aOCOMIOTHA TEMIIEPATYpa.
3rigHo 3 [4, 5], A1 BUPO/DKEHUX HAMIBIIPOBIIHUKIB Yncio JlopeHiia MoXKHa po3paxyBaTH,
BUKOPUCTOBYIOUH (OPMYITY
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L= %@ @

ne Kk — crana BosbliMana, € — elleMeHTapHHI 3apsi/l.
0,05 T T T T T T

ZT

T=300K

0’ 00 1 1 1 L 1 1
0 20 40 60 80 100

mou.% CdIn,Sy

Puc.1. 3anexHicTh TepMoeIeKTpudHOT 100poTHOCTI MOHOKpHUCcTaniB CulnsSg-CdIngSs
Big BmicTy CdInySs

OcoOIMBICTIO 3aJICKHOCTI e, 3HAUEHHS SIKOTO PO3paxoByBaJIOCh 3a dopmymnamu (3) Ta (4),
Big ckiaany MmoHoKprcTamiB CulnsSg-CdInaSs € piske 3MEHIIEHHS e A1 MOHOKPHUCTATIB 3 80 MOJL.
% CdInSs.

3 maBemeHux B Tabm. 1 mamux chigye, mo s MoHokpucrtamiB  CulnsSg-CdInaSs

Yo /Xt #10" =107, TOOTO 3 MEBHUM HAONMIKEHHAM MOKHA CTBEPUKYBATH, WO Yo % Ypn» TOOTO

OCHOBHHMIA BHECOK Y TETUIOTIPOBITHICTD JaBaTuMe (POHOHHA CKIIAI0BA.

Ha ocHOBi BiTOMHX 3Ha4YeHb TEPMOENEKTPUYHOI MOTYKHOCTI o’-¢ (Tabmn.1) Ta BUMIpSHHX
3HAa4YE€Hb ytot 3a (hopmynoro (1) pospaxoBano 3HaucHHs ZT moHokpuctanaiB CulnsSg-CdIn,Sa.
I'padiuno 3anexuicts ZT Bix ckiaaay moHokpuctamiB CulnsSg-CdIn,Ss mokazano na puc. 1. 3
MPEJCTAaBICHUX JTaHWUX BUIHO, IO 30UIBIICHHS BMICTY JPYroi KOMIIOHEHTH B MOHOKpHCTAJIaX
CulnsSg-CdIn,Ss mpusBoauTh 10 3poctanss ZT.
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3a0pyAHEHHS IJIACTMACaMU CTaJIO OJHIEIO 13 TTI00aTbHUX €KOJOTTYHUX 3arpo3 IS JTIOAUHU
Ta BCiel TuraneTd. MU HE MOXKEMO YHUKHYTH HOTO BHKOPHUCTAHHS, TaK CaMO SIK 1 HE MOXEMO
YHUKHYTH Horo BIJMBY. BupoOu 13 IiacTMacu HAacTUIbKM TJIMOOKO BKOPIHWIMCH y Halle
MOBCAKIACHHS JKUTTSA (XapuoBa CUCTeMa, JUTSIY1 Irpalliku, OyiBEIbHI MaTepiaiii, eIeKTPOHHE Ta
eJIeKTpUYHe 0OJaHaHHS 1HII1), 110 MU HE B CHJII KOHTPOJIIOBATH iX MOTPAIJISHHS IO OPraHi3My
JIIOJTMHY Ta Y HABKOJIUIITHE CEPEIOBUIIIC.

3aramoM y cBiTi 46% MIACTUKOBHX BIIXOJIB BIAMPaBISETHCA HAa CMITTE3Banuiia, a 22%
B3araJi He 0XOIJIEHI CHCTEMOIO TMTOBOKEHHS 13 BIZIX0JJaMHU Ta IMEPETBOPIOIOTHCS 3 YACOM Y CMITTS.
Ha BinMiHHY Bin IHIIMX MaTepiaiiB, MJACTHK HE PO3KIAAA€ThCSA 1 Ha HOTo pyHHYBaHHS, 3a
PI3HUMU €KCIIEPTHUMH OIIHKaMH, MOXe 3HanoouTuch 10 1000 poxkis [1].

Curyanis y cdepi MOBOKEHHS 3 BIIXOJaMU TUIacTMacu B YKpaiHi, 30kpema y cdepi
3a0e3MeucHHsT 30MpaHHs, IepepoOKM Ta yTWiII3amii BigXOJiB, a TaKOX BBEIACHHS IX B
rOCTOIAPChKUN O0Ir TakoX Oyma 1 3amuimaeThesi He3aaoBuibHOW! [l nmpuknany, y 2021 pori
Oyno mepepobiieHo Ta YTHITI30BaHO OJM3bKO 6,1% BimxomiB ymakoBkH, 3 HUX: 2% cmaneHo, 4,1%
BIJIXO/IIB YITAKOBKHU ONMMMHWJIACS B IYHKTax 300py BTOPUHHOI CHPOBHHHM Ta Ha CMITTENEPEPOOHIX
JIHISX, HE 3Ba)Kal0un Ha TOH (PaKT, 110 MIiC)I OYATKY HaHAeMil, KUIbKICTh CIIOKMBYOI YITAKOBKH,
srigHo ganux BOO3, 30umbmunacs Ha 30% [2]. KpiM 1poro, mopidyHO (IKCyeTbes YTBOPEHHS
0nu3pK0 27 THC. CTHXIMHHX CMITTE€3BANMIN, M0 3aiiMaroTh miomry 0,6 Tc. ra tepuropii [2],
OCHOBY SIKMX CKJIaJal0Th BIIXOJIU IJIACTMACH.

[Ilo6 kpare 3po3yMiTH, IO TaKe INIACTHKOBE 3a0pYyAHEHHS, OTPIOHO 3pO3yMITH, IO TaKe
miactMmacu. [limactmacu He ICHYIOTh O€3 XIMIKaTIB, K1 BXOAATH JI0 iX CKIIaay Ta BUAUISIOTHCS Ha
KO)KHOMY e€Talli iX JKHTTEBOIO IHMKIY — Big BHAOOYTKY HadTH 1 A0 BHPOOHMIITBA,
TPaHCIOPTYBaHHS, BUKOPHUCTAHHA Ta iX yTWJi3alii, 0COONMBO KOJHM BIIXOOM IUIACTMAcH He
YTUTI3YIOTHCS HAJICKHUM YHHOM, a CKJIAIyIOThCS M1 BIIKPUTHUM HEOOM Ha HE3aXUIIEHUX AUISTHKA
IPYHTY MOOJIM3Y BOIHUX 00’€KTiB. JlesKi TOKCHMYHI XIMIYHI PEYOBUHU € CTIMKUMH OpPraHIYHUMH
3abpyauukamu (CO3), axi 3a60poHeH1 y BCboMy CBIT1 CTOKIOJIbMCHKOIO0 KOHBEHIIIEIO TIPO CTIHK1
opraHiyHi 3a0pyaxioBadi [3], mpoTe Bce Ie MPUCYTHI B HABKOJMIIIHBOMY CEPEIOBHINI Ta
IJJACTUKOBHX BIJIX0JIaX, yepe3 iX JOBrOBIYHICTb.

3riJHO OCTAaHHIX JIOCHIKeHb, O0ym0 ineHTHdikoBaHOo moHa 13000 XiMIYHUX PEUOBUH, KOTPI
BUKOPUCTOBYIOTbCS Y BUPOOHHUITBI MmiiacTMac. JlecsaTh rpyn XiMiYHUX PEeUOBUH KiIacU(iKoBaHi
TaKMMH, 1110 BUKIUKAIOTh CEPHO3HE 3aHETIOKOEHHS 4epe3 iX BUCOKHUH CTyIiHb TOKCHMYHOCTI Ta
3/IaTHICTh MIrpyBaTu a00 BUAULATHCH 13 IJIacTMac, B T.4. CIEIialbHI aHTHUIIpeHH, neski YD-
ctaburizaTopu, nep- Ta nomidropankinsHi cnonyku (PFASS), dranatu, 6ichenonu, ankindenonu
Ta ankiUIEeHONEeTOKCUIATH, OIlOUMaN, MeTald Ta MEeTaJoiqu, MOJIMUKIIYHI apoMaTH4HI
BYTJIEBOHI Ta 6araTto iHIIMX HEHABMUCHO JOJaHUX PEYOBHH.

XiMi4HI pe4OBUHU B IUIACTMACi, KOTP1 BUKIUKAIOTh 3aHETIOKOEHHS, MOXYTh MaTH 3HAYHUN
HEraTUBHHUI BIUIMB HA HaIlle 3[I0POB’S Ta MOBKULIL. UMCIIEHHI HAyKOBi JaHi MPO MOTEHINIMHMIA
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HeratTuBHUK BIUHB Onm3bko 7000 pedoBWH, MOB’S3aHMX 13 MJIACTMAcaMH, JAEMOHCTPYIOTh, IO
noHaxa 3200 i3 HUX MarOTh OAHY a00 JEKUTbKa HEOE3MEeYHNX BIACTHBOCTEH, KOTPI BUKIMKAIOThH
3aHETIOKOEHHS. Bpa3mBi rpynu HAacelIeHHs, B T.4. )KIHKH Ta JiTH, OCOOIMBO YyTIUBI O BIUIUBY
WX XIMIKaTIB, OCKUTEKH MOKYTh MaTH JIOBTOTPHBAJII HECTIPHUSITINBI HACTIIKH SIK IIPOTSTOM YKHUTTS
KIHKH, TaK 1 11 MalOYTHIX TIOKOJIIHB. YOJIOBIKIB 1€ TAKOXK HE OMUHYJIO, OCKUTBKU KOMOIHOBAHHIA
BIUTUB XIMIKATIB 13 IJIACTHKY MPU3BOJUTH JIO0 HETATUBHOTO BIUIMBY Ha YOJIOBIYY (DEpPTHIILHICTH
[4].

3akon Ykpainu «IIpo oOMexeHHs 0OIr'y IIACTUKOBHMX IAKETIB Ha TepuTopil Ykpainu» [5]
CTaB IMEpIIUM KPOKOM Ha NUIIXy CTBOPEHHS B YKpaiHi cydacHOi cdepu 3abe3medeHHs 1
YIOpPaBIIHHS BIIXOJaMU IJIACTMACH, 3MEHIICHHS OOCSTY BUKOPUCTAHHS IUIACTUKOBHX TAKETIB,
O0OMEXEHHsI 1X PO3MOBCIOKEHHS 3 METOIO TOJIMIIEHHS CTaHy HaBKOJHUIITHBOTO CEpeoBHIIA 1
3I0POB’SI JTFOZICH 332 paXyHOK IMIUIEMEHTAIlll Cy4aCHUX IHCTPYMEHTIB 1 BAKOHAHHS MIKHAPOIHUX
3000B’43aHb KpaiHu y uid cdepi. Hactynmuum kpokom craB 3akoH Ykpainu «IIpo ynpaBiiHHS
Bizxoaamuy [6], sIKuit 3apoBapKye CydacHi maxoau y chepi yrnpaBiIiHHS BIAX0IaMH.

2 Oepesns 2022 poky, AcamoOies Opranizamnii O0’emnanux Hamiii 3 HaBKOJIUITHBOTO
cepenoBuma (FOHEA) npuiinsiia Pezonroriito mpo mpuUnuHEHHs 3a0py/AHEHHS 1iacTMacami [7].
Jlana Pesomrortist mependadae CTBOpEHHS TI00aIbHOI YroaM, sIKa MaTUME FOPUIUYHY CHUITY JJIS
kpain-wienie. OOH Ta 3aknumkae 10 koopauHamii 3 bazenbchkoro, Potrepmamchbkoro,
CTOKToIbMChKO KOHBEHIIME Ta CTpaTeriyHUM MMIX0JI0M O MDKHAPOJHOTO PEryTIOBaHHS
XIMIYHUMHU pedyoBUHaMH. JlOroBip MOBHHEH BPaXOBYBATH BIUIMB HEOE3MEUHUX XIMIUHUX PEUOBHH
Ta TOKCUYHUX BUKHJIB Ha 3JI0POB’Sl Ta HABKOJMILIHE CEPEIOBUIIE MPOTATOM BCHOTO KUTTEBOTO
LUKy TJIacTMac.

B Pesomromii Takok 3a3HAyaeThCs, IO IUIACTUKOBE 3a0pyOHEHHS BKIOYae B cebe it
Mikporiactuk. Lle cBimuuTh mpo Te, mo riaobagbHa MpolsieMa IUTACTHKOBOTO 3a0pyIHEHHS
Habarato mmpIIa, HDK Horo Oe3mocepenHid (Gi3MYHUN BIUIUB, CIPUYUHCHUH IUIACTHKOBHM
cMmitTsiM. [IpoGieMy MIKPOTUTACTHKY MPUHUIETHCS TAKOXK BHPINTYBaTH, BKIIIOYAIOYM XIMIYHI
nociimkeHus. Kpim toro, B Pesomomii 2/11HOHEA Bxe 3a3Hadamoch IMpo HEOOXiAHICTH
JOJTATKOBUX JIOCIHIIKEHb MOPCHKOTO TUIACTUKOBOTO CMITTS Ta MIKPOIUIACTUKY, B T.4. CYIIYTHIX
XIMIYHMX peyoBHH [8].

He nuBnsuuch Ha TOM (akT, mo0 mpodIeMu 3 SKUMH MU 3IITOBXYEMOCH € BEIUYE3HUMH,
poTe BOHM HE € HemepeOopHUMU. JOCHIDKYIOUM TOBHHM >KUTTEBHM LMK IJaCTMac Ta
MOB’SI3aHUX 3 HUMHU XIMIYHHX PEYOBHUH, MU MOXEMO BHOCHUTH 3MIHM B TEXHOJIOTIIO iX
BUPOOHHMIITBA, THM CaAMHUM POOJISTYH iX OLIBIN OC3IMEUHMMU JUIS JIFOAMHU Ta €KOJIOTTYHO APYKHIMHU
Ui ipupoau. BupimeHHs npoOiaemMu 3aKiHUeHHS TEPMIHY eKCITTyaTallii MiacTMac BaXIIUBO, aje,
10 BaXKJIMBIIIE, MU MMOBUHHI BUPIMIUTUA POOJIEMY «3amo0IraHHs» BIUIMBY TOKCHUYHUX XIMIYHUX

PCYOBHH HaA JIOAUHY II11 Yac BI/Ip06HI/ILITBa Ta BUKOPHUCTAHHJA IL1acTMac.
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AHI3OTPOIIIS TA BJACTUBOCTI KPUCTAJIIB AgAIS; ¥
TPUTOHAJBHIN ®A3I
M.A. Pynum'?, A.O. ®enopuyk’®, M. scenpbkuii’

YTvsiscoruii nayionanvnuii yuisepcumem imeni Ieana ®@panxa, Jlveis, eyn. Kupuna i Megoois 8,
79000, Yxpaina rudysh.myron@gmail.com
2Iymanimapro-npupoonuuuii yuisepcumem imeni Ana Jnyeowa 6 Yencmoxosi, Yencmoxosa, an.
Apwmii Kpatiosoi 13/15, 42-200, Ilonvwa
3 /Ivsiscoruii nayionanbruil yrisepcumem eemepunapHoi MeOuyuHu ma 6iomexnono2iii
imeni C.3. I'ocuywvkoeo, JIvsis, eyn. Ilekapcovka 50, 79010, Ykpaina

[ToTpiiiHi HaMiBOPOBITHUKOBI MaTepialy BOJOIIOTh PI3BHOMAHITHICTIO CTPYKTYpPHU Ta
¢13UYHUX BIAaCTUBOCTENW. BOHM BOJIOAIIOTH IIMPUHOIO 3a00pOHEHOT 30HH, 1110 € ONITUMAIbHOIO
U1l BUKOPUCTAHHS B PI3HUX MPUCTPOSAX €NeKTPOHIKU. [{uM 3ymMOBIIeHa X MpuBaOIMBICTD SIK
00’€eKTa AOCHiKEeHHs JUTs HaykoBIiB. Kpucranu, mo Hanexats jgo rpymnu [-111-VI2 (I = Cu, Ag,
IIT = Al, Ga, In, VI =S, Se, and Te) 3a HOpMaJIbHUX YMOB MalOTh CTPYKTYPY XaJIbKOIIPHUTY.
Kpucran AgAlS: € THIOBUM NpeACTaBHUKOM L€ TPYNH. 32 BUCOKUX TUCKIB KpUCTAI
MEPEXOUTh B TPUTOHAIBHY cuMeTpito P3m1 (mmpoctoposa rpyma Ne 156) 3 mapamerpamu rpaTku
a=35A b=35Ac=6.84A V=72564 A%[1].

VY po6oTi mpoBeneHO AOCTIKEHHs CTPYKTYPH Ta BlIacTUBOCTEH KpucTtana AgAIS, y dasiza
BHCOKOTO THCKY. [IpoBeieHo aHaii3 KpUCTANIYHOT CTPYKTYPH 3 TOUKH 30pYy APYroro
KOOPAMHAIIIMHOTO OTOYCHHS Ta 3’sICOBAHO 0COOJMBOCTI 1i TpaHchopmartii mpu ¢pazoBoMy
nepexoai. Po3paxoBaHO 30HHO-€HEPIeTUUHY CTPYKTYPY 13’COBAHO MOXOIKEHHS €IEKTPOHHUX
piBHiB. [loka3zaHo, mo kpuctan npu GazoBOMY MEPEX0/ii CTa€ HEMPAMO30HHUM. OTpUMaHO
3Ha4YeHHs €()eKTUBHOI MAacH Ta IMOKa3aHO il MPOCTOPOBY aHI30TpoIi0. BusBieHo, mo
po3paxoBaHi oNTUYHI QYHKIIIT € TOAIOHUMH 10 KpUCTaia B CTPYKTYP1 XaJIbKOIIPUTY Ta
IMOKAa3aHo IX BIAMIHHOCTI.

AgAIS2,t116,122 yex AgAIS2 hp,hP4,156

Puc. 1. Yknananss nosiesipiB 3 aTOMIB CIpKH HABKOJIO aTOMIB aJIIOMIHIIO Y CTPYKTYp1 CIIOJYK
AgAIS,,t116,122 Ta AgAlS2 hp,hP4,156.

IIpoBeneHo po3paxyHOK (POHOHHOTO CIIEKTPY JOCIIIKYBAHOTO KpUCTalia Ta HOKa3aHo HOTOo
TpaHchopmMartito rmpu (pazoomy nepexoii. OTpUMaHO YaCTOTH KOJIMBHOTO CHEKTPY Ta
MIPOBEACHO CUMETPIHY Kiacudikallilo KoJIMBHUX MoJI. Po3paxoBaHo iH(ppadepBOHi CIIEKTPHU Ta
CIEKTPH KOMOIHALITHOTO PO3CIIOBaHHS CBITIIA.

Cnucoxk nimepamypu
1. KJ. Range, A. Weiss, G. Engert, Zeitschrift fuer Naturforschung, Teil B. Anorganische Chemie. 9 (1974).
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NEPIIOITPUHIMIIHI PO3PAXYHKHU ®I3BUYHUX BJIACTUBOCTEM
KPUCTAJIA K2SO4 3 JOMIIIKOIO Mn
M.A. Pyqum™?, TILA. Illenancekuiil, P.C. Bpe3ssin?, B.H1. Cragnuk?
Ylveiscokuii nayionanonuii ynisepcumem imeni leana ®panxa, Jlveis, yn. Kupuna i Megoois 8
2Bonuncukutl Hayionanouutl ynisepcumem imeni Jleci Yxpainxu, np. Boni 13,
rudysh.myron@gmail.com

HeopraniuHi kpucTanyu 3aiiMarOTh BOKJIMBE MICIIE CEPe/] IHIIUX MaTepialiB, 0 3yMOBJICHO
HU3KOI0 XapaKTEPUCTHK K1 pOOJISITH iX IIKaBUMHU 00’ ekTamMu 1o ciaimkeHHs. Kpucranu rpynu
A:BX4, ne A =Li, K, Rb, Cs, NHs BX4 =S4, BeFs, ZnCls, mocnimkyroThest JOCUTh JTaBHO.
Binomo, 1o Hu3Ka MarepiaiiB Li€l rpynu Boioie (a30BUMH NEPEX0IaMU B HECYMIPHY,
CETHETOEJIEKTPUYHY Ta CerHeToeNacTUUHy Ga3u. OHUM 3 KJIIACHYHUX MPEICTaBHUKIB TPYIU
A2BX4 € xpuctamu cynbaty kariro (K2SOs). CTpykTypa Ta BIaCTHBOCTI IOTO MaTepiary
no0pe BUBYEHI, TOMY HOT0 4acTO BUKOPUCTOBYIOTh B SIKOCTI MOJIEIbHOTO KPUCTAITY.

Jlo edexTuBHMX MeTOIB MoK (DiKallii BIACTUBOCTEN MaTepiaiiB HAJIEKUTh BIPOBAHKEHHS
y IXHIO CTPYKTYpPY JAOMIIIOK pi3HUX TUIB [ 1]. PaHilie HaMu MpoOBOAUIUCH TOCITIKEHHS
ONTHUKO-EJIEKTPOHHUX BJIACTUBOCTEN KpHUCTATIB Cynbdary Kanito 3 gomimkoro NHys ta Cu [2,3].
VY po6oTi NpoBeIeHO TEOPETHUUHE BUBYEHHS CTPYKTYPHUX 0COOIMBOCTEH Ta (QI3UYHUX
BJIACTUBOCTEH KpHUCTATy CyJib(aTy KaIiio 3 TOMIIIKOI 10HIB MapraHifto. JJocmimpkeHHs
3MIIHCHIOBAJIOCH B paMKax Teopii pyHkuioHany ryctuau ta popmanismy Kona-Illema. s
PO3paxyHKy BUKOPHCTOBYBABCS 0a3HC Y BUTIIAI INIOCKUX XBUJIb 3 MAKCUMAJIbHOIO KIHETHYHOIO
eneprieto piBHOIO 400eB. EnexTporHa koH}Irypallis BAJIGHTHUX €JICKTPOHIB B3SITOO JIJIS
po3paxyHKiB 6yna Takoro: K 3s? 3p® 4st; S 3s? 3p*; O 2s? 2p*; Mn 3d° 4s. EnekTpoH-ioHHa
B3a€EMO/IiS ONKUCYBAJIACh YATPaAMSIKUM IIceBIOTIOTEeHITIaIoM Banaepouibra. OOMIHHO-
KOpeJsIiiiHa B3aEMO/Iis €JICKTPOHIB Oysla BpaxoBaHa y BUTJIAI y3aralbHEHOTO TPaIiEHTHOTO
naommwkerHs (GGA) 3 mapamerpmzartiero [leparo-bypke-Epnzeproda (PBE). InterpyBanns
MIPOBOIUIIOCH TIO TIepIii 30H1 bpunttoena mo k-citii Bubpaniit 3a cxemoro Mouxopcra-Ilaka.
Bxignumu 1aHuMU A71s1 pO3paxyHKy Oyiu pe3yinbTaTh X-IMPOMEHEBOIO JOCTIKEHHS
KPUCTAJIIYHOT CTPYKTYPU CHHTE30BaHUX HaMu 3pa3kiB. [lepen po3paxyHkaMu BIacTHBOCTEN
MIPOBOIMIIACH TEOMETPUYHA ONITUMI3aIlls KOMIpKH. BrpoBamkenHs qoMiniku Mn MoientoBaioch
METO/IOM CYNEPKOMIPKH.

OTtpumano 30HHO-eHepreTuuHy cTpykTypy E(K) kprcrany cynbdaTy Kamiro 3 TOMIIIKO0
Mapranio. [Tokazano, mio BBeieHHs JOMIIIKH MapraHilio IPUBOAUTH J0 MOSIBU B 3a00pOHEHI1I
30H1 10AaTKOBUX piBHIB Mo0iu3y nmo3nadyku 0 eB Ta 2,6 eB. Lli piBHi 3HaX0A4ThCs Ha BifCTaHi
npuosm3Ho 1 eB ta 3,8 eB Bule BepmmHan BajieHTHOT 30HU. Po3paxoBaHa muprHa 3a00pOHEHOT
30HU JOCITIKYBaHOTO KpucTasia oTpuMana 3 BukopuctanasiMm GGA — PBE merony craHOBUTH
Eg=5.92 eB. Otpumano noBHy Ta napuiajibHy I'yCTUHH €JI€KTPOHHUX CTaHIB. 3’5ICOBAHO
MOXO/PKEHHS JIEKTPOHHMX PIBHIB Ta 0COOIMBOCTI XIMIYHOTO 3B’SI3KY B KpHcTaii. Po3paxoBaHo
Ta MPOAHANI30BaHO BIUIMB JIOMIIIKHA HA ONITUYHI CIIEKTPU KPUCTaJa MOPIBHSIHO 3 YHCTUM
KPHUCTAJIOM.

Po6oTa BukoHaHa B pamkax mpoekty 2020.02/0211 «ExcnepuMeHTaIbHO-TEOPETUYHE
BHUBYEHHS 1 IPOTHO3YBaHHA (DOTONPYKHUX BIACTUBOCTEN KPUCTAIUHUX MaTepiaiiB JUIs
MPUCTPOIB KEPYBAHHS €IEKTPOMATHITHIM BUIIPOMIHIOBAHHSM» 32 TPAHTOBO1 MIITPUMKHI
HamionansHoro GoHmy A0CHIKEHb YKpaiHH.

Cnucox nimepamypu
1. J.-A. Chen, M. Piasecki, C.-C. Yang, M. Rudysh, and W.-R. Liu, Journal of Luminesce. 2021, 235. 117982.
2. P. Shchepanskyi, V. Stadnyk, R. Brezvin, M. Rudysh, Visnyk of the Lviv University. Series Physics. 2016, 52. 108-115.

3 R.B. Matviiv, M.Ya. Rudysh, V.Yo. Stadnyk, A.O. Fedorchuk, P.A. Shchepanskyi, R.S. Brezvin, O.Y. Khyzhun, Current
Applied Physics. 2021, 21, 80-88.
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BIIJINB BAKAHCIHN Zn HA TIAPAMETPH EJIEKTPOHHOI
EHEPTETUYHOI CTPYKTYPHU MATEPIAJTY ZnMnS
Cuportok C.B., Manauxk O.I1.

Hamionaneuuii yaiBepcuret “JIbBiBCbKa MOJIITEXHIKA™
stepan.v.syrotiuk@Ipnu.ua
orest.p.malyk@Ilpnu.ua

JleroBaHi mepexiIHUMU METaJIaMU XaJIbKOTeHiIHI Ja3epHi Marepianmu |1-VI BUABISAIOTH
YHIKaJIbHE MO€JHAHHS (QI3UYHUX, CIIEKTPOCKOMIYHUX Ta TEXHOJOTTYHUX MapaMeTpiB, 0 poOUTh
X BUT1IHUM HOCIEM 1010 BUOOPY /17151 EKOHOMIYHO BUTIAHOT, IIMPOKO PEryJIbOBAHO1 IeHepallii B
cepeIHbOMY iH(ppauepBOHOMY Jiana3oHi eHeprii GpoToHiB. Y mpari [1] cTpyKTypHi, eneKTpuuHi
Ta cepelHbO-IH(pauepBOHI ONTHYHI BIACTHBOCTI HAHOJAPOTIB ZnSe 3 pI3HUM pO3MNOJAUIOM
noMmimok Cr 1ociipKyBairch 3a JOMOMOTOI0 pO3paxyHKY 3 TEpIIUX MPUHIUIIIB Ha OCHOBI Teopii
¢ynkiionana mineHoCTi (DFT). [lane mociipkeHHs MPUCBsUYCHEe BUBUCHHIO BILTUBY BaKaHCIi ZN
Ha 3HAYEHHS MTapaMeTpiB eIEKTPOHHOI CTPYKTYypH Matepiaimy ZnS:Mn.

Po3paxyHkn BHKOHaHI 3a JIOTIOMOrO0 KOMIUIEKCy mporpam Abinit [2]. Hamxomipka
2x2x2, ska MicTUb 64 aromu, Oyna oOpaHa 3a MOJENb CTPYKTYpH Marepiany. Marpuis
e(eKTUBHOIO TaMiIbTOHIaHA PO3axOByBajach B 0a3uci oJHOYACTUHKOBUX (pyHKIIT PAW [3] —
MPOCKINHHO MpHeIHAHUX XBUIIb. OCTaHHI TeHEPYBAIMCH 3a JOMOMOTOF0 rporpamu AtomPAW [4,
5]. Po3mip matpuili ramizpToHiaHa Bu3HauyaBcs 43362 BKIIOUEHHX y 0a3HC MJIOCKUX XBHJIb.
OO6minHO-KOpensiiani ¢yHkiioHan PBE [6] He € anekBaTHUM U1 OMUCY MaTeplaiiB, y SKUX
MPUCYTHI CHUJILHO CKOPENIbOBaHI cTaHu, 30kpema 3d enektpoHu Mn. 3 ormsamy Ha Iie MU
3acTocyBaiu riopuanuii pyukionan PBEQ [7-9].

Ha pucynkax 1, 2 HaBeZieH1 pe3yabTaTH PO3PaXyHKY 3 IEPIINX MPUHIIUIIB TOJISIPU30BaHOT
3a CIIHOM €JIEKTPOHHOI CTPYKTYypH MaTepiany ZNnS:Mn 6e3 BakaHcii Vzn.

CniH Bropy

Puc. 1. Enexrpounnuii enepretnunmii ciextp marepiany ZN, MN S, 3i ciinom sropy.

3ayBaxkxyeMo, 10 Ui OOMIBOX 3HA4e€Hb CIIHOBOIO MOMEHTY Marepial €
HamiBMIpOBiMHUKOM. OJHAK HasBHICTh BakaHCii Vzn MOMITHO 3MIHIOE EJIEKTPOHHY OyIOBY
MaTepiaiy, Ha 110 BUpa3HO BKa3yIOTh BIJIOBIHI 3aKOHU JHcIiepcii, 300paxeHi Ha pUCyHKax 3, 4.
Tak, nns cnina Bropy (puc. 3) piBenb depmi nepeTnHae AUCHEPCiiiHI KPUB1 CTaHIB BaJICHTIOi
30HH, a B Cepe/IiHI 3a00pOHEHOT 30HH 3 SIBIISIOTHCS YK€ BY3bKi eHepreTHuHi 30HH 0 eIeKTpOHIB
Mn. OTxe, 1151 €IeKTPOHIB 31 CIIIHAMU Bropy peajizyerbesi MeTaieBuii ctad.  [lemo HIIA
KapTHHAa BUHMKAa€ s cTaHiB 31 cmiHoM yHU3 (puc. 4). PiBenp @Depmi JoKalmi3oBaHHH Y
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3a00pOHEHII 30Hi, ajJe JOCUTH OJIM3BKO BiJl BEPXY BaJICHTHOI 30HH. B cepeiHi 3a00poHEHOT 30HH
TAKOK MPUCYTHI 0 cTaHu enekTpoHiB Mn.

Puc. 2. Enexrponnuii enepretnunmii cnexrp marepiany ZN,Mn S, 3i ciinom ynms.

1732

Puc. 3. Enexrpounuii enepretnunmii cnexrp marepiany ZN,,Mn,S_, 3i cninom sropy.
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CNiH YHU3

Puc. 4. Enexrponnuii enepretnunmii cnexrp marepiany ZN,, Mn,S_, 3i ciinom ynms.

MarniTHuif MOMEHT HaJIKOMIpKH 0e€3 BakaHCii Vz,, 110 BIAMOBIZA€ pe3yiabTaTaM,
HABEJICHUM Ha PUCYHKaxX 1, 2, cTaHOBHTE 5 [/, a BHECOK aTOMHOi cepr Mn nopisnioe 3.82 1,

MaruiTHUif MOMEHT HAJKOMIPKH 3 BaKaHCIEl0 Vz,, IO BIAMOBIZAE pe3yabTaTaM,
HABEJICHUM Ha pUCyHKax 3, 4, cranoButs 0.73 L, , a BHECOK aTOMHOI cpepr Mn OPIBHIOE BCHOTO

v -0.006 £4;.

3 OoTpUMaHHMX pe3ylbTaTIB JOXOJAWMO BHCHOBKY IpO 3HAYHI 3MIHM TapameTpiB
€JIEKTPOHHOTO €HEPTeTUYHOTO CIIEKTPY, 3YMOBJICHUX JOMIIMKaMHU TepeximHux 3d eneMeHTiB Ta
KaTIOHHUMU BaKaHCISIMHU.
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I3BOBAJIEHTHE 3AMIIIEHHSA B CTPYKTYPI ErCusTes

Cwmitiox O.B., Mapuyk O.B.

BonuHchkmii HanioHanbHUK yHiBepcuTeT iMeHi Jleci Ykpainku, GakynabpreT ximii, exosorii Ta gpapmartii
Smitiukh.Oleksandr@vnu.edu.ua

Ximist TETypHIIB MA€ MIUPOKE 3aCTOCYBAHHS y TEPMOECIEKTPHUIIl. X04a TeHACHIIIT CydacHOTO
MaTepialo3HABCTBA CIPSIMOBAaHI Ha BUBYCHHS “NPYXKHIX’ 3a XIMIYHOIO MPHPOJOI0 CYIbQidiB,
IHTEepec 70 po3poOKH TEITypUIOBMICHUX MaTepiaiiB € akTUBHUM. OJTHUMH 13 TaKuX OO’€KTIB €
CHCTEMH Ha OCHOBI XajbKoreHiny BixTes, ockinbku BOHM J03BOJISIIOTH opMmyBatu N-p Ta p-n
nepexonu. [0 BracTUBICTh BUKOPUCTOBYIOTH Yy CYy4YaCHUX IepeTBoproBadax eHeprii [1].
[ixaBuMH, 3 TOUKH 30py HAMIBIPOBIIHUKOBUX TEXHOJIOTIH, € CUCTEMHU, 10 BKIIOYAIOTh B CBOIO
CTPYKTYPY PIIKICHO3EMEJbHI eIeMEHTH. 30KpeMa, aBTOpaMu poOOTH [2] IOCHIIKEHO CUCTEMY
BixTes — ErpTes. BecranoineHo, 1110 00u/1Bi BUXiIHI (ha3u € KOHTPYEHTHUMH i MOKYTh BUCTYIATH
SIK BUXIJIHI KOMIIOHEHTH JUTs CHHTE3Y CILIaBiB KBasimotpiiHoi cucremu Cu.Te — BixTes— EroTea.
Aprtopamu nocniypkenss [3] 3a3HadeHo, mo ¢aza CuzTe xapakTepu3yeTbesi aHOMaITbHO BUCOKOIO
€JIEKTPOTIPOBIAHICTIO Ta HU3bKUMU 3HaueHHsAMU KoedimieHTa 3eebeka. Lle mos’g3aHo 3 TuM, 110
38’513k CU — Te ¢ OUIBII KOBAJIEHTHUMH 1 CAMOKOMIIEHCAI[IST MK KAaTIOHHUMM Ta aHIOHHUMH
BaKaHCIIMH OUTBIN €eKTUBHA.

BuBdeHHs MaTepiaiiB Ha OCHOBI CIJIaBiB KBa3inoTpiiHOi cuctemu CuzTe — BixTes— EraTes e
MEePCIEKTUBHUM, OCKUIBKM BHUXIJTHI KOMIIOHEHTH XapaKTEPHU3YIOTHCA IIHPOKUM JIialla30HOM
BJIACTUBOCTEH, 1110 1a€ 3MOTY CHHTE3YBaTH TIEPCIEKTUBHI MaTepiai. Y poOOTi MpeACTaBICHO
OTPUMAaHHS TaKUX MaTepialiB NUIIXOM 130BAJICHTHOTO 3aMIIICHHSI.

ABtopamu pobotu [4] Oyna cuHTe3oBaHa ¢a3za ErCuzTes 1 Bu3HaueHi ii kpucramorpadiuni
XapaKTepUCTUKU: npocmoposa epyna Pmn2i; cumeon Ilipcona 0P28; mapameTpu eneMeHTapHO1
KoMmipku: a = 1.26784(6) um, b =0.76161(3) um, ¢ = 0.69016(3) am. IICT 4b (aromu Ep6iro), o
Ma€ OKTae[puU4yHE OTOYEHHS 3 aTroMiB TeIypy, € JAOCUTh CTaOUIbHOIO JUISI MOXJIMBOTO
130BaJICHTHOTO 3aMillleHHsT aTOMaMu OicMyTy (puc. 1).

Puc. 1. [Ipoexuis enemenTapHOi KOMipku Tenypuny ErogoBio.oiCusTes.
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Tenypun ErogoBiooiCusTes orpumano crutaBisiHasM mnpoctux pedoBuH (Er, Bi Cu ta Te)
BHCOKOTO CTYIICHSI YUCTOTH METOJIOM TBEpAO(ha3HUX peakiliid. MacHB eKCIIEepUMEHTAIBHUX TAHUX
(puc. 2), s ¢aszoBoro aHamizy, orpumano Ha audppaktomerpi BRUKER D8 CuKa-
Bunpominroanns (A = 1.5418 A, A20 = 0.05 °, 20 niamazon 10 — 100 °).
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Puc. 2. Teopetnunmii (-), eKCIIepuMEHTaIBHUH (-) Ta pi3HULIEBHH (-) TpodiTi
nudpakrorpamu tenypury ErogoBio.o1CusTes.

3a pe3ynbTaTaMH PEHTICHOCTPYKTYPHOTO aHAaJi3y PO3paxOoBaHO MapaMEeTpH KPUCTAIIYHOT
peritku Teypuay EroooBiooiCusTes: a = 1.2712(1) um, b = 0.75989(7) um, ¢ = 0.69276(7) um,
RBragg = 0.0974.

Po3paxyHok npoBoamuH 3 BUKOpUCTaHHSAM ITporpamHoro 3ade3neuenus GSAS Il. TTonxanpmri
JOCITI/DKEHHS CHHTE30BAaHOTO TENYypUAY OyAyTh 30CEpeKCHI Ha BH3HAYCHHI HOTO
TEPMOEJIEKTPHUYHKX TTapaMEeTPiB.
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OCOBJINBOCTI CUHTE3 HAHOYACTHUHOK CVYJIB®IAY KAJIMIIO
10. O. Xmapyk!
! Bonuncvkuii nayionansnuii ynieepcumem im. Jleci Yxpainku,
np. Boxi, 13, Jlyyvx, Bonunceka obracmo, Yxpaina, 43025
E-mail: HmarukUra@gmail.com

Hanoxkpucranu CdS MaroTe 10CTaTHRO pPi3HOMAHITHE BUKOPUCTAHHS. 3aBITIYIOUN XOPOIIIiif
doToTepmiuHiii crabutbHOCTI [1] pa3oM 3 BHCOKOIO (POHOHHOK aHTapMOHIYHICTIO [2-3] mmi
Marepiaii JAEMOHCTPYIOTh Xopolli (OTOMEXaHIuH1 XapakTepucTuku. Ha maHuit MOMEHT €
npo0sieMa OTpUMaHHS AUCIIEPCHUX 3pa3KiB MaJUX PO3MIpIB.

Binomo, mo y mporeci CHHTE3y HAaHOPO3MIPHUX YAaCTUHOK IIMPOKO BUKOPHCTOBYIOTHCS
BOJIOPO3YMHHI MOJIIMEpH ab0 1HIII MOBEPXHEBO-aKTHUBHI PEYOBUHM (MOIIBIHUIOBUMN CHI/IpT
MOJIIETUIICHOKCH/I, TOJIBIHUIMIPPOJIIOH, J>K€IaTWH, IOMETAKPUJIIOBY KHCIOTY TOIIO),
BIIUBAIOTh HA CTPYKTYPY, PO3MIPH i ONTUYHI BIACTUBOCTI HAHOYACTHHOK [4].

B Hamiit poOoTi cuHTe3 Kaamiil cynb(iny MPOBOAUTHCS ILISXOM EJIEKTPOJII3Y BOJHOTO
po3unHy HaTpiit xuopuny (58,44 r/m abo 1,0 M) 1 tiokapbaminy (15,22 r/n a6o 0,20 M) y
npucytHocTi nosiBiautoBoro criupty (IIBC, 10 r/im) (3pa3ku cepii A) abo Atlas G3300 (1,0 r/m)
(3pa3ku cepii D) 3 po3unHHUM KaaMieBUM aHojoM 3a 363,2 K Ta pi3HOi I'yCTHHH CTpyMmy.
AtlasG3300 — toproBa mMapka aHIOHHOI MMOBEPXHEBO-aKTUBHOI PEUOBHHH, SIKA € CYMIIIIIIO 2-
J0J1eII0eH3eHCYIb(OHOBOT KUCIIOTH 1 2-MIpoNaHaMiny y criBBiAHOLIEHH] 1:1. Bona mae XiM1yHy
dopmyy (C21HzgNO3S) i3 mosspHOro Macoro 384,596. Enektpouniz TpuBaB 20 XBWJIMH Yy BCiX
eKcriepuMenTax. Jlesiki OCHOBHI mapaMeTpH CHHTE3Y MpeACTaBiIeH] B Tadmuisix 1 ta 2.

Taomums 1
YMOBH €JIEKTPOXIMIYHOI0 CMHTE3Y J0CHiIKYBAHOI0 KaAMill cyJib(iny B MIPHUCYTHOCTI
MOJIiBIHIJIOBOTO CIMPTY

3pa3ok A0l A02 A03 A04
Cuna ctpymy, A 2,5 2,0 1,5 1,0
I'yctuna ctpymy, Alcm? 0,5 0,4 0,3 0,2
Hampyra, B 7,9 7,4 5,2 4.0
Taomuus 2
YMOBH €JIeKTPOXIMIYHOI0 CMHTE3Y J0CHiIKYBAHOI0 KaAMill CyJb(ixy B NIPUCYTHOCTI
AtlasG3300
3pa3ok D03 D05 D07 D09 D11
Cuna ctpymy, A 0,56 0,93 1,4 1,8 2,2
I'yctuna ctpymy, Alcm? 0,112 0,186 0,28 0,36 0,44
Hampyra, B 2,2 3,8 5,7 6,4 8,2

Xnopug HaTpito, TiokapOamin 1 [IBC/Atlas G3300 3BaxyBaiu Ta IEpPEHOCHUIIN B MIpHY KOJIOY
1 PO3YMHSIIN Y Taps4iil TUCTHIIbOBaHIN BoJIl. BMicT konOu TOBOAMIN A0 MITKH 3a TEMIEpATypH
excriepumenty (90 °C) B TepmocraTi. OTpUMaHHMIl pO34YMH NEPEHOCWIM B €JIEKTpoizep, a
IWTIHIPUYHI KaJMI€BUN 1 CTadbHUI eNekTpoau Oynu 3aHypeHi B PO3YMH Ta MIIKIIOYEHI J0
JoKepena >kuBlieHHs. Enextpoinizep 13 3aHypeHUMHU €NeKTPOJaMH Ta KOHTAaKTHUM 1 3BUYAHUM
TEPMOMETPOM MOMIIIaNK B TepMocTart. [licis HarpiBaHHs 10 MOTPiIOHOT TeMIepaTypy OJTHOYACHO
BMHKAQJIA JIKEpelo KHUBJICHHA Ta cekyHaoMmip. Ilicms po3unHEHHs aHOAa Bimpa3y movaiu
yTBOPIOBATUCS 1 OCiaTH Ha JHO CTakaHa MomapaH4eBi dacTuHkH. Konm yac cuHTe3y Oyio
BUYEPIIAHO, €JIEKTPOJI3ep PO3MOHTOBYBAIM, a CTaKaH 3 YTBOPEHOIO CYCIICH3IEI0 BUUMANH 3
TEPMOCTaTA 1 3aJTUIIANN OXOJIOKYBATUCS 0 TEMIIEPATypH HABKOJIHMIITHEOTO CEPEIOBHUIIIA.
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[Ticnst 0XOJOMKEHHST BMICT CTakaHa, B SIKOMY BiIOyBCS €NEKTpPOJIi3, BIJIMBAIM Yy OLIBIINI
CTaKaH 3 JUCTHJIBOBAHOIO BOJIOIO 1 3ajUINANM 1O TMOBHOTO OCiTaHHSA MOpomKy. OTpuMaHy
CYCIIEH31I0 3aJIMINAIMA JO0 HACTYMHOTO aHA. [lopomkomnomiOHMiA ocaj MPOIYKTY EIEKTPOIII3Y
npomuBaim O6utst 15 pasis. Ilicns nporo ocan nepenocwm B yamky [letpi i 3anummany ii Ha 700y
B cymmuibHIA madi 3a 50 °C. KagMieBi enekTpoay MpOMUBAIN TUCTHIHOBAHOIO BOJOKO TICIs 1X
CYLIIHHS Ha MOBITPi Ta 3BaKyBaj. [5].

CuHTe30BaH1 MOMapaH4eBi MOPOMIKH JOCTI/PKYBAIHU 32 IOTIOMOTOI0 CKaHYI04O01 €JIeKTPOHHOT
MIKpPOCKOMII Ta peHTreHiBcbkoi mopomkoBoi mudpakuii (audppakromerp DRON-4-13, Cu-Ka
BUIIPOMIHIOBaHHs). PeHTreHorpamu ycix 3paskiB mpejacrtasieHi Ha puc. 1 ta 2. Jludpakuiiina
KapTHHA BCIX 3pa3KiB MICTUTH BIAOWUTTS, IO BIAMOBIIAIOTh TEOPETUYHUM JllarpaMam JJis
poCcTOpoBOi rpymu P63MC (1mo3HaueHa CHHBOIO JiHi€0) 1 F43m xanmiit cynbdiny (momapaHdeBa
niHisA). TakuM 4MHOM, OJep KaHUN MOPOIIKONOIOHUM MPOAYKT € YUCTHUM KaaMIid Cynb(igoM 31
3MIIIAHO0 FeKCArOHAIBHOO Ta KyOIYHOIO CTPYKTYPOIO TUITY BIOPLIUTY Ta C(hajIepUTy BIAMOBIIHO.

Sample A_01

Sample D_03

Sample D_05
Sample A_02

Sample D_07

Sample A_03
Sample D_09

Sample D_11

Sample A_04

]

—[200]

e [220]

311

r[222]

- [400]
 200]
e p220]
" 311]
L [222]

i [400]

~[100]

—

[102]

—1{103]
[112]

1‘0 L 2‘0 ;0 L 4'0 . 40 ! 6‘(1 . _;'0 10 20 30 40 50 60 70
2o 20)
Puc. 1. EkcnepuMeHTaJIBHI Ta TeOpeTHYHI Puc. 2. EkciepuMeHTAJIbHI T TeopeTHYHi
NOPOLIKOrPaMu 3pa3sKiB KaaMii xaopuny, NOPOIIKOrPaMH 3pa3KiB cyabdiny kaamiro,
CHHTE30BaHMX 32 0lHAKOBOI TeMIlepaTypH CHMHTE30BaHUX 32 OHAKOBOI TeMIlepaTypu
(900C), yacy esextpodisy (20 xB), (90°C), uacy eaekrpoamisy (20 xB),
xonuenTpauii NaCl (1,0 mosn/i), konuentpauii NaCl (1,0 M), konuenTtpauii
KoHueHTpauii Tiokapbaminy (0,2 Mosb/i), Tiokap6aminy (0,2 M), BmicTy Atlas G3300
sumicty IIBC (10 r/x), ane pisHoi ryctunu (1,0 r/1), ante pi3Hoi rycrunu cTpymy (A/em? ):
cTpymy (A/em? ): a) A01 - 0,5; A02 - 0,4; D03 - 0,112; D05 — 0,186; D07 —0,280; D09 —
3pa3ok A03 —0,3; A04-0,2. 0,360:; D11 — 0,440.
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ETAJIOHHA TEOMETPOANHAMIKA I TIPOCTOPOBO-YACOBA
OJHOPIAHICTD. TPU TUIIN CTAIIOHAPHUX OBEPTOBHUX
BCECBITIB. PIBHAHHS ETAJIOHHOI TEOMETPOJJUHAMIKH

Xoposens Bonogumup €sresosny
e-mail: vkhorovets@gmail.com

O06'ennana ¢izmuna teopis (ODT) — me MailOyTHS (Pi3MKO-MaTEeMaTUYHA TEOPis, KA Mae
OTMCATH BJIACTUBOCTI €JIEMEHTAPHUX YACTUHOK MiJ 4ac pyHAaMEHTaIbHUX B3a€EMOJIM MK HUMU
B paMKax €IMHOTO TEOPETUYHOTro miaxoay. Ll Teopis moBuHHA OyTH KBAaHTOBOIO 1 OIMCYBaTH
MOBEAIHKY €JIEMEHTaApHUX YaCTUHOK 11 BIVIMBOM TeMHO1 MaTepii 1 TeMHOi eHeprii. ODT noBuHHa
MOSICHUTH CIIEKTPHU Mac, CITIHIB, €IEKTPUYHUX 3aps/IiB Ta IHITUX KBAHTOBUX YHCEI €IEMEHTAPHUX
4acTUHOK [1].

IcHyroTh reoMeTpuuHuii 1 kKaniOpyBaabHUil minxoau A0 nooynosu ODT.

B Mexax reomeTpudHoro minxoay nodynoBaHa 3araigbHa Teopis BigHocHOCTi (3TB) [2]. Bona
OTHCYE IpaBiTalliiiHy B3aeMoit0 Matepii. MaremaTnunuM anaparom 3TB € 4-BumipHa piMaHoBa
reoMeTpisd. AJjie rpaBiTallilo He MOYKHA MPOKBAHTYBATH.

B wmexax xkamiOpyBagpHOTO Miaxoay NOOyJoBaHA CTaHAApTHA MOJETh eJIeMEHTapHUX
gacTuHOK [1]. Lls Teopis onmmcye cinabky, €IEKTpOMAarHiTHY 1 CHIIBHY B3a€MO/Iii. Ajle BOHA HE
OTIMCYE TPaBITAIIiIO.

Pizui Bapiantu O®DT, 30kpema, reomerpoauHamMika [3, 4], meTiboBa KBaHTOBa I'paBiTaIlif,
Teopii cTpyH [1] 3anumaroThcs He3aBepIICHUMHU.

V cratTi aBTOpAa [5] BKazaHo Ha HanpsAMOK oOynoBu ODT B Mexax reoMETPUIHOTO TIAXO0TY
3 4-BUMIpDHOIO PIMaHOBOIO T€OMETpI€l0. Y HIid PO3IJISHYTO MOJEIbh OOEPTOBOTO BCECBITY 3
OJIHOPITHUM TPOCTOPOM-YAacOM 1 Jy)K€ BEITUKOIO 4acTOTOI oOepTaHHA. 3ayBaxxumo, 1o B 1949
p. K. I'vonens [6] omepxa Momens 066pTOBOTO BCECBITY 3 OJHOPIIHMM PO3IIOIJIOM MaTepii, sika
€ po3B’si3koM piBHSIHB 3TB 3 KOCMOJIOTIYHOO CTaJIOKO.

B wiii po6oti posrismaemo etanoHHy reomerponuHamiky (EI'JI) — BapianT 00’eqHaHO1
¢dbi3uanOi Teopii. B poboTi popmynroemo Taki moctynatu EI'/L.

1. EnemMeHTapHI YaCTHMHKH CIIOCTEPEKYyBaHOTO BcecBiTy € mposBoM 4-BUMIpHOI piMaHOBOL
TE€OMETPIii.

2. JInst BcecBiTy 6€3 elleMEHTapHUX YaCTUHOK BJIACTHBA MPOCTOPOBO-YacOBA OJAHOPITHICTD.
Takuit BcecBIT HA3BEMO €TaJJOHHUM BCECBITOM.

3. [cHyI0Th Taki cUCTEMU BIAJIKY 1 CHCTEMU KOOPMHAT, B SIKUX MIPOCTIP €TaIOHHOTO BCECBITY
“criocTepiraeThCs’” K 130 TPOITHHMA.

4. EtanoHHuil BCECBIT € BUIbHOIO KBAHTOBOIO YAaCTUHKOIO, IKY Ha3BeMo EtamoHom.

4. Jlns BCEeCBITY 3 elleMEHTapHUMM YacTHMHKaMH 1 CIIOCTEpeyBaHOro BcecBiTy BiacTuBa
MIPOCTOPOBO-YacOBa HEOAHOPIIHICTh. EleMeHTapHi yacTHHKY 3B s13aHi 3 ETanonom i Mk co6oto.

Jlns Mogneneil BCECBITIB BUKOPHUCTOBYEMO TEepMiH “BCecBIT” (3 MaJloi JiTepH), a Juid
crioctepexxyBaHoro BeecBity — Tepmin “BceecBiT” (3 BENUKOI TiTepH).

V3aranpHIOl04M BCeCBIT MIHKOBCBHKOIO, MPUXOJUMO JO CTalilOHApHUX 00epToBUX X-
BcecBiTiB. [[oBOAMMO, 110 AJIS LIUX BCECBITIB BIAcTHBAa MPOCTOPOBO-YacOBa OTHOPIAHICTH. B
arIiKaTHO OPIEHTOBAHUX A0COJIIOTHO IHEPIIMHUX CHCTEMaxX BUUIIKY 1 alIikaTHO OpiEHTOBaHIN
a0COJIIOTHO HEpI[IHINA cucTeMi KOOpAWHAT TeTpasa [2] npuiiMae BUTIIAA

a __ 1 0_
hy = [—pE‘xV 5[5‘]'
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Tyr pg = o1 ﬁ(p > 1€ p2 p — CJIEMEHTH CUMETPUYHOT MaTpuili (craii), <pﬁ g p % —

a
. . a _1a
€JIEMEHTH MaTpHIIi O6epTaHH$I i 00epHeHOT MaTpuIli 00epTanHs. Bennuunu ¢ % i ¢ 1 3B

MaTpU4HOMY BI/IFJISIIli

- cos¢p singp O cos¢p singp O
9% =|—sing cos¢p O0f, (p_laﬁ =|—sin¢p cos¢ Of.
0 0 1 0 0 1

B enemenTtax mux matpuup Qasa ¢ = Qt = Kx°, ne Q — kyrosa mBuaKicTh 06epTaHHs, t —
1 . . .
gac, x° (= ct) — yacoBa koopaunara. Crana K = =Q, e ¢ — MBUAKICTS CBiTIIa Y BaKyyMi.
C

PoGumo mpumymieHHs, 1o KyToBa MIBUAKICTE oOepTaHHs BcecBiry ayxe Benuka. A Tomy 1€
obepTaHHs He Oy/ie CIIOCTEPEKYyBaHE.

VY3aranpHIOI04H CTalloHapH1 00epTOB1 X-BCECBITH MPUXOIUMO JI0 CTAI[IOHAPHUX 00EPTOBHUX
BcecBITIB | Tumy 3 T€Tpamoio

a _[ 1 0
h = [—vayx” 65‘]

qer —1% n@ B @ _pa  Ip@  Ig@
B miit terpami Bemwumbu V% g =@ ;N 2P g e N B Pﬁ + 'K 51 K p — CIIEMEHTH
aHTUCUMETPUYHOIT MaTpulli (cTaii).

[TponoBxyroun y3arajabHEHHS MPUXOJUMO JIO CTAaI[lOHApHUX 00epTOBHMX BcecBITIB Il Tuy.

TeTrpana 1ux BCecBiTIB

a _ 1 0
hy = [—vayx” —a® 5;}]'

ne a® & @~ 6(A"‘ 1 A% — crani.

Terpana cramionapaux o6eproBux BeeciTiB I Tumy npuiimae Takuii BUTIISI:

=t -er )
b= |—=v9x" —a® a%[
Tyro% & ot AZ“ (p 5> 1€ DA 5 — cTalli.

JloBOAMMO, 11O JIJIsT CTaI_IIOHapHI/IX o6eproBux BcecBiTiB I, II 1 III TumiB BmacTuBa MpocTopoBO-
yacoBa OJHOPIAHICTH (2-i1 moctynat EI'J]).

CrarmionapHi 00epTOBi BceCcBITH MaroTh ‘“‘crioctepiratucs’ sk i30TponHi (3-i moctynar EI'J]).
JUiss 1MX BCECBITIB, 3IIMCHIOIOYM YCEpEIHEHHS 3a YacOBOK KOOPJMHATOK KOMIIOHEHT
METPUYHOTO TEH30pa, MPUXOANMO J0 LEHTPAIbHO-CUMETpUYHOT MeTpuKH [2]. Toxi oxepxkyemo
YMOBH IICEBJI0130 TPOIii.

Buxonsun 3 yMOB TICeBA0I30TPOIII, 3HAXOAUMO CTAIIOHAPHI MCEBIOI30TPOIHI X-BCECBITH 1
CTalllOHapHI MceBa0i30TponHi BececBity | Tumy. Terpajga mepmmx BcecBITIB Mae 4 He3alexHi
CTaJi, a TeTpaja ApYrux — 6 He3aleKHUX CTAIHX.

Jlist crarioHapHUX MCEB0I30TPOITHUX X -BCECBITIB BBOAUMO 00epTanbHi ¢pyHkuii. Ll ¢pyHkmii
IIPU JIIHIHHUX MEPETBOPEHHIX KOOPAUHAT MEPETBOPIOIOTHCS MOI0HO 10 BEKTOPHUX XBUIBOBUX
¢GyHKIIH BUIBHOI YaCTMHKM KBaHTOBOi Teopii. CmiH Takoi YaCTUHKW PIBHUH 3BEJEHINA cTasiit
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[Tnanka, a6o 1 B omuanusax f [7]. O1xke, npuiiMiMo, IO CIiH CTalliOHAPHUX MCEBI0I30TPOITHUX
X-BcecairiB (knacu A, B, C) piBHuii 3BeeHiii cramiii [Inanka A.

st cranionapaux 06eproBux BeecitTiB 111 Triry 3Hax0aMMo0, 1110 KOMIOHEHTH TeH30pa Piuui
[2] Rzp mpuiiMarOTh TAKUN BHUIIIS:

RdAl; = WdB‘Pda‘PbE- 1
Tyr W4 (= W) — crai, a BenuduHu @ 3anaHi MaTpHIICIO
oo
0% = a |
b 0 Q B

Bupas (1) 6yaemo posrasaatu sk piBHSHHS. L1 pIBHAHHS 10AaMO TaKUM YHHOM:

(PdaRdE - Wg‘PbE =0. (2

Tenzopy Piuui 3 KoMnoHeHTaMH R% BianoBinae oneparop J’Anambepa @ kBaHTOBOI TEOPIi.
Enementn Matpuii oGepTaHHs ¢@% 3a BracTMBOCTAMH TONIOHI O XBUIBOBHX (DYHKIIiH 1.
Bennunan ng, sK1 BXOJATh B (2) € ctanumu. Toni piBHSHHS (2) noibHe 1o piBHsAHHSA Kielina-
l'opmona [7].

Otxe, mpuitmimo, 1o piBHIHHSA (1) € piBHsHHEIME EI'/T.

Jns Etanona 3 eneMeHTaMu MaTpHIll 00epTaHHS (pdE piBHsHHS (1), a6o (2) craroTh
TOTOXXHOCTAMH. ETanon Mae Macy, OMHUYHUHN CITiH, 1HIII1 KBAHTOB1 YUCIIA.

HaiinpocTimri po3s’si3ku piBHsSHE EI'J] MaioTh BiAMOBIAaTH eleMEHTApHUM dacTHHKaM. Ha
OCHOBI ITUX PO3B’s3KIB MOKHA Oy/1e 3HANTH CTaJll €TAJIOHHOTO BCECBITY.
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IIporpamMui 3aco0u 1151 MOAEJIIBAHHS i Bi3yasizanii MiHIMaJbHUX

NMOBEPXOHb

I'anna llaBaposa,* bornan MoJioko
Hasuanvno-nayrosuii ¢hizuko-mexnonoziunuii incmumym BHY imeni Jleci Ykpainku

*e-mail: shavarova.hanna@vnu.edu.ua

MiHiManabHa TOBEPXHS - 1€ MOBEPXHs, SIKa JOKAJIBHO MiHIMI3y€ CBOIO ILIONLY, TOOTO Mae
HYJIBOBY CEpPEIHIO KPUBU3HY B KOXKHIM Toulli. [HIIMMHU cloBamu, MiHIMalbHA TOBEPXHS Mae
HaWMEHIITy MOJKJIMBY TUIONIY TOBEPXHI I 3aJaH0i Mexi abo Habopy oOMexeHb. MiHIMaIbHI
MOBEPXHI MOXKYTh Ha0yBaTH PI3HOMAHITHUX (POPM: BiJ MPOCTUX, TAKUX, K IUIONIMHA, KATEHOI]
(o Haramye cimaymomoAiOHy MOBEPXHIO), Teiikoin (M0 Haraaye CKpydeHHU MaHIyc), 10 OUTbII
CKJIaIHUX KOH]Irypauii, Hanpukiaja, nosepxHs Kocra (puc.1)

MiHimManbH1 MOBEPXHI 3HAXOJATh 3aCTOCYBAHHSA Yy PI3HUX Taily3sx: MmMaTemaruii, (izuili,
MaTepiajJo3HaBCTBI, TMOKPUTTAX IOBEPXOHb, HAHOTEXHOJOTII,
KOMIT I0TEpHIH rpadilli Ta apXiTeKTypl.

[x BUBYAIOTH Ha MpeAMeT iX MaTeMaTH4HOi eIeraHTHOCTI,
iXHBOI POJIi B PO3YMIHHI MOBEPXHEBOIO HATATy Ta MiHIMI3alii
eHeprii y (i3uill, a TakoX iXHbOTO MOTEHIIATy B po3polIl Ta
OoNTHUMI3allii MaTepialiB 13 Oa)KaHUMH BJIACTUBOCTSIMH ITOBEPXHI.

MiHiManbHI TOBEPXHI MOXYTb BHHHUKATH MPUPOJHUM
NUIIXOM y (DI3MYHUX CHCTeMaX, SIK-OT MWJIbHI TUTIBKH, TTOBEPXHI,

YTBOPEHI KparuiiMH PIIWHA Ha TBEPJid OCHOBI, KIITUHHI
Puc.1. Ilosepxus Kocra, MeMOpaHu, rpanuili (a3 y rnojgimepax.
obmesxena cheporo [1] Tak, ximik Ensin JI. Tomac 3i cmiBpoGitHukamu [2],
JOCITIJDKYIOUH CTPYKTYPY MOJiMepa, 0 CKIAIaBCs 3 JBOX THITIB
MaKpOMOJIEKYJI, BHSBUB, IO Yy CTaHI PIBHOBAaru Marepiail pO3AUISEThCS Ha OKpemi (asu,
YTBOPIOIOUM CKJIQJIHI TPUBHUMIPHI CTPpYKTypH. Po3mmdpoBka 300pakeHb TpaHCMICIHHOT
€JIEKTPOHHOI MIKPOCKOMII 13 3aCTOCYBAaHHSIM KOMII'IOTEPHOTO MOJICTIOBAHHS MOKa3aia, II0
rpaHuil a3 € nepioJMIHUMH MIHIMAJIbBHUMU TTOBEPXHSIMH.

Y KpuCTaTiYHMX pEYOBHMHAX MIiHIMaJIbHI TIOBEPXHI MOJYKHAa BHKOPHCTOBYBATH IS
MOJICTIOBaHHS TOBEPXHI KpHUCTaJla YM OKPEMHUX HOTro IUISHOK IIISXOM MIHIMI3aIii ot
MOBEPXHI 3 BpaxXyBaHHSAM KpUCTAIIUHOI CTPYKTypu. Kpucramnu neosity ckianaiwTbes 3 Kilelb
TeTpaeapiB Si04*, AlO4>, MMOPOKHUHHM MDK SIKUMH 3’ €JHaHI KaHajIaMu 1 3amoBHEH1 Booro. ITix
Yyac HarpiBaHHs BOJia BUIIAPOBYETHCS 1 3aIUIIIA€ TOPUCTHH KapKac, SIKUH Ma€e BUTIIS MIHIMAJIbHOT
noBepxHi [lIBapua (puc. 2). Taki HOPUCTI CTPYKTypU BUKOPHCTOBYIOTH SIK aJCOPOEHTH,
MOJIEKYJISIpHI CUTa, KaTajai3aTopH, TOMIO.

e

Puc.2. MinimansHa nosepxas IlIapua [3] Puc. 3. Ctpykrypa neodmiry [4]
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HaBeneni mpukiiaau MOKa3ylOTh, Ky BaXIJIMBY pOJIb BIIIrparoTh MIiHIMajdbHI HMOBEpPXHI Y
BHUBUYCHHI IOBEPXHEBUX SBUII 1 MIKPOCTPYKTYPH PEUOBHH.

Jlnsi MOJenmoBaHHST MIHIMaJIbHHUX IIOBEPXOHb ICHYE MAEKiIbKa mporpamHux 3aco0iB. Lli
IHCTpYMEHTH HAJAlOTh CHelianbHi (yHKIOII Ta alropuTtMu, po3poOieHi aias pobotu 3
MIiHIMaJTbHIMH [TOBEPXHSIMHU.

Cepen HuMX mnporpaMHe 3a0e3mnedyeHHs aBToMaTu3oBaHoro mnpoektyBanHs (CAIIP). Lli
nporpamMHi  3aco0M  JO3BOJISIOTH BH3HAUaTH IAapaMETPUUHI PIBHSHHS, MAaHIMYyJIIOBaTH
napamMeTpamMu MOBEpXHi Ta Bi3yai3yBaTH OTpUMaHi MiHIMaIbHi moBepxHi. [Ipukinagamu nporpam
CAIIP, sixi 3a3BHYail BUKOPUCTOBYIOTHCS JJISI MOJIEIIOBaHHS TIOBEpXOHb, € Rhino, AutoCAD i
SolidWorks. Y noeananHi 3 inTepdeiicom BizyanpHoro nporpamysanis Grasshopper Rhino crae
MOTY)KHOTO IIaT(HOPMOFO IS MOJICITIOBAHHS MiHIMAJIBHUX TIOBEPXOHB (pHC.5).
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Puc. 3.Ckpinmot noOynosu ripoina y mporpami Rhino Grasshopper

[ToTykHMM TpOrpaMHUM IHCTPYMEHTOM Ui MOJIENIOBAaHHS Ta iMiTalii MIHIMaJbHUX
noBepxoHb € Surface Evolver. Bin nipononye po3iipeHi aropuTMu ONTUMI3aIlil Ta eHepreTHYHI
byHKIIOHATH AJIs1 PO3pOOKH Ta aHaNli3y MiHIMaIbHUX KOHQIrypariit noBepxui. Surface Evolver
0CO0JIMBO OOpE MITXOIUTh AJISi BUBUEHHS Ta Bi3yaiizallii HIMPOKOTO JAiana3oHy IMOBEPXHEBHUX
SIBUIIL.

TakuM YMHOM, MiHIMalIbHI MOBEPXHI JO3BOJISIOTH Kpalle 3pO3YyMITH CTPYKTYpy Ta
BIIACTHBOCTI PI3HOMAHITHUX IOBEPXOHb, IO 3yCTPIUAIOTHCS B MPUPOJIl, a TAaKOXK MOXKYTh
BUKOPHUCTOBYBATHUCH JJIs1 CTBOPEHHSI HAHOCTPYKTYP, SKi MatOTh IE€BHI ()i3U4H1 BJIACTUBOCTI.

Jlis MOJenoBaHHS MIHIMAJbHUX IOBEPXOHb ICHYIOTH DI3HI BapiaHTH HPOTPaMHOIO
3a0e3neueHHsl fAKi BIAPI3HAIOTHCS (DYHKIISIMM Ta MOXJIMBOCTAMM. Bubip mnporpamHoro
3a0e3leueHHs] 3aJeKUTh Bi Takux (akTopiB, SK CKIaJHICTh IOBEpXHI, OaxaHa
(GYHKIIOHATBHICTB, JOCTYIHI PECYPCH Ta KOHKPETHI BUMOTHU JI0 MOJIEII.

Jlireparypa:

Costa's Surface. Anders Sandberg https://www.flickr.com/photos/arenamontanus/8059864268

2. Thomas, E.L., Anderson, D.M., Martin, D.C., Hoffman, J.T., Hoffman, D. (1991). Periodic Area Minimizing Surfaces in
Microstructural Science. In: Concus, P., Finn, R., Hoffman, D.A. (eds) Geometric Analysis and Computer Graphics.
Mathematical Sciences Research Institute Publications, vol 17. Springer, New York, NY. https://doi.org/10.1007/978-1-
4613-9711-3 21] https://link.springer.com/chapter/10.1007/978-1-4613-9711-3 21#citeas

3. Han, S.C., Choi, J.M,, Liu, G. et al. A Microscopic Shell Structure with Schwarz’s D-Surface. Sci Rep 7, 13405 (2017).
https://doi.org/10.1038/s41598-017-13618-3

4.  Ueonitu. https://uk.wikipedia.org/wiki/Lleomitu#/media/®aiin:Zeolite-ZSM-5-3D-vdW.png
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BE33ITKHEBA KIHETUKA KOHAEHCOBAHOI'O BO3E-T'A3Y
Iuropin ILIL

Kadenpa teoperruHoi Ta koM’ roTepHOi (i3uku iMmeHi A.B. CBin3uHChKOT0, BONMHHCHKHI HalllOHATBHUH
yHiBepcuTeT imeHi Jleci Ykpainku, e-mail: Shygorin.Pavlio@vnu.edu.ua

BaxmBUM 3aBHaHHSAM CTaTUCTHMYHOI MEXAHIKH € JOCHIDKCHHS IUHAMIKA KOJEKTHBHUX
30y/DKeHb B 0araTo4acTUHKOBHX CHUCTEMaX, sIKi BHHUKAIOTh BHACTIIOK Y3TOKEHOTO PyXy BCi€i
CHCTEMHU 3aBJISIKM B3a€MO/Iii MDK YaCTHHKAMHM. Y BHIIQJIKY PiIMH Ta Ta3iB KOJIEKTUBHI MOJIU MAIOTh
TIpOIMHAMIYHY IPUPOAY 1 IPOSBIIAIOTHCS Y BUTJIAI 3BYKOBUX XBHIIb. OCOOIMBO pO3MAITUMHU €
TiIpoIMHAMIYH1 MOJIU y KBAaHTOBHX piIMHaX Ta razax. Hanpuknaz, y HaAIIMHHOMY reiii-4 kpim
3BUYAaWHUX 3BYKOBHUX XBWJIb (TIEpUIOTO 3BYKY) MOXKYTh MOIIHMPIOBATUCS TEMIIEpaTypH1 XBHII1
(npyruii 3yK) [1].

[losiBa B HagmIMHHOMY Trenii MOpAN 13 MEpIIMM 3BYKOM JApPYroro 3BYKY IOB’s3aHa 13
JTBOPIIMHHOIO CTPYKTYPOIO T1IPOJIUHAMIYHHUX PIBHSHB, III0 B CBOIO YEPry BiMOWBAE HASIBHICTH B
cucremi 003e-alfHIITAWHIBCHKOTO KOHJEHCAaTy. MOBOIO JBOPIAMHHOI MOJEN MEpIINi 3BYK
BiIMOBia€ CHH(A3HUM KOJHMBAHHSM HOPMaJbHOI Ta HAIIUIMHHOI KOMIIOHEHT, APYTHHA —
npoTr(azHUM.

[HImIMM npukiIagoM 6araTo4acTMHKOBOI CUCTEMH 33 HAsIBHOCTI KBAHTOBOT'O BMPOJUKEHHS 31
3JIaMOM CHUMETpIi € aTOMapHHUA KOHACHCOBaHMM 003€-ra3, M0 OXOJIOKCHHUHN 10 YIbTPaHU3bKOT
TeMmrneparyp (MOPSIKY AECITOK HAHOKEIbBIHIB) 1 YTPUMYETHCS B MarHiTHIN macTirl. Sk mokasye
TEOPETUYHHH PO3PaAXYHOK [2], Y TaKiii CUCTEMI1 MOXKYTh IMOIITUPIOBATUCS TIEPIITHI Ta APYTUH 3BYK,
a TaKOXX TEIUIOBAa peJlakcalliiHa Moja. Ha BimMiHY Bil HaAIUIMHHOTO TeENii0-4, y SKOTO 4epe3
CHJIbHY B3a€EMOJII0 MDK aToMaMM pO3AUIEHHS HOPMalbHOI Ta HAAIUIMHHOI KOMIIOHEHTH €
HEMOXJINBE, B KOHAEHCOBAHOMY 003€e-Ta31 MepIInii 3BYK aCOLIOETHCS 13 KOJUBAHHAMU I'yCTHHU
aTOMIB HaJIKOH/IEHCATY, a APYTUi 3BYK — KOJIMBAHHS T'YCTUHH KOHJICHCATHUX aTOMIB.

VY naHiit poOOTI MPOBOAUTHCS TEOPETHUYHE AOCIHIIKEHHS HYJIbOBOIO 3BYKY B aTOMapHOMY
KOHJICHCOBaHOMY 003e-ra3i.

JluHaMika KOHJIEHCOBAHOI'O 003e-Ta3y MpH BIAMIHHHUX Bl HYJs TeMIepaTypax ONMUCYETbCS
Ha OCHOBI PIBHSHb PyXy Ui JIBOX BEJIMYMH: BIFHEPIBCHKO1 ()YHKIII PO3MOALTY aTOMIB Haj

KOHZEHCATy f=1 (r, p,t) Ta MaKpOCKOIIYHOi XBHILOBOT (yHKIii KormeHncaty @ = CD(r,t) .

BiamosinHa cucrema piBHSHB M0OyI0BaHa B po6oTi [3]:

on
— +Vneve)=RIf],
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m(% + I)CV)DC =-Vu.,

%’”h%-w (0.1,t) = VW (r1)- V, f(p,1,t)=Cypp [ f ]+ Cip [, @],

e f=f(p,rt) f; = f(p;,rt) ne=|o(rt)>

Jlj1g onucy HyJlbOBOTO 3BYKY MA€MO PO3TJISTHYTH 0€331TKHEBY KIHETUKY. TakuM YHHOM MaeMoO
MOKJIACTH IHTETPpaJI 3ITKHEHb PIBHUMU HYJIEBI.

3BYKOBY XBWJIIO BBaXXAEMO IPOIIECOM MOUIMPEHHS MNEpPIOJUYHOro 30ypeHHS TYCTHUHHU.
Posrnsinatoun maini BiOXWJIEHHS Bil CTaHY PIBHOBAaru, sIKMl XapaKTepU3YeETbCs MapamMeTpaMu:

Neos ﬁo — piBHOBa&XHI I'yCTHHH KOHJCHCATY Ta TEIUIOBOI XMapuHH; Voo =0 — mBuakicts

fo =1/(e *HN0 _1)

KOHJICHCATY; — piBHOBakHa QyHKIIis po3noaity. [Toxmamemo

ne (r,t) = gy + o explikz —iawt) f(r,p,t) = fo + fo[l+ folng (p)exp(ikz —imt)

[Ipu boMy citii BBaXKaTH, IO BIAXWUJICHHS Bl PIBHOBaru € MaJIUMH, TOOTO BUKOHYIOTHCS
CIIBBiHOIIEHHS |§’]C| << Neg, |h0| << fy.

PiBHSIHHS NMUHAMIKK PO3PIHKEHOTO Ta3y 3a HAsBHOCTI 003€-KOHJIEHCATY Jal0Th HACTYITHE
PIBHSIHHS JUISI BA3HAYCHHS BIIXWICHHS (QYHKIIIT pO3MOILTY BiJl pIBHOBAKHO1

” 1
(C—lg - COS@jhO (C) = ZAW COS@I dCfo (1+ fO)hO (C)

Le piBHAHHS nOAI0HE A0 A0OpE BIAOMOrO AUCIEPCIHHOTO CIIBBIAHOMICHHS AJS HYJIbOBOTO
3ByKy B Teopii Jlanmay ¢epmi-piauau. Po3B’s30K 1bOro pIiBHSHHS BHU3HAYA€ TOMPABKY A0
JIOKAJIbHO-PIBHOBAXXHOT (DYHKIIi PO3MOILTY, a TAKOK IMIBHUJIKICTH MOMIKUPEHHS HYJIbOBOTO 3BYKY.
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J1O TEOPII EJJEKTPUYHOI HOJISIPU3AII HAAIIMHHOI'O TEJIIO
Iuropin ILIL

Kadenpa teoperruHoi Ta koM’ roTepHOi (i3uku iMmeHi A.B. CBin3uHChKOT0, BONMHHCHKHI HalllOHATBHUH
yHiBepcuTeT imeHi Jleci Ykpainku, e-mail: Shygorin.Pavlo@vnu.edu.ua

3 MOMEHTY eKCHepUMEHTAIbHOTO BiIKpuTTs HammimHHOCTI [letpom Kamumero i
HezanexHo Jxekom Anenom Ta Jlomom Maiizene mpoiinuio 70 pokiB, MpOTe HAYKOBI HE
MPUIHHSIIOTH €KCIIEPUMEHTANIbHI Ta TEOPETUYHI TOCIIPKEHHS LIbOTO SBUIIA.

Jlo TenepilHbOro yacy He ICHy€ MOCI10BHOT MIKPOCKOIIIYHOT T€Opii HAAIIIMHHOCTI, X04a
W BCTaHOBIIEHO (DYHIAMEHTAJbHUIA 3B’A30K MDK SIBUINEM HAIIUIMHHOCTI Ta sBUIIEM bo3e-
AlHmITaliHIBCbKOI KOHAeHcanii. HaTomicTh HE3BMYHI BJIACTUBOCTI HAAIIMHHOIO Treiio-4
(mpoTikaHHS renito Kpi3b By3bKI Kanuispu 0e3 onopy, TEpPMOMEXaHIUHUN Ta MEXaHOKaTOPUYHUN
e(heKTH) MOSCHIOIOTHCS HAMB(GEHOMEHOJIOTIYHOO IBOPIIMHHOI0 Moieutto Jlanaay-Ticcu. 3rigHo
3 L1€}0 MOJEIUTIO HA/IIUTMHHA PIAMHA CKIIQAA€THCSA 3 IBOX B3a€MONPOHUKHUX P1JIUH: «HOPMAaJIbHOT
piguHU» (HOpMaJIbHOT KOMIIOHEHTH), sIKa MOBOJUThL ce0e SK KIaCHYHA PIAUHA, Ta «HAPIIMHN
(HaAMIMHHOT KOMIIOHEHTH) 3 HYJIbOBOIO B’SI3KICTIO Ta HYJIOBOIO €HTPOIEIO.

CTOCOBHO €KCIEpPUMEHTAIBHUX TOCHTIKEHb BJIACTUBOCTEM HAAIUIMHHOTO Teifo-4 CIif
3ayBaXXUTH Te, 110 HAWBHMJATHINI BIOKPUTTS Oynu 3poOseHi B kiHUi 30-X poOKiB MioHEpaMu
HaAImIMHHOCTL. 30KpemMa: crnocrepekeHHss Kamuuero B 1938p. Ge3aucumaTuBHOrO MPOTIKAHHS
reiiro-4 Kpi3k TOHKI KaIlJISIpH [IPU TeMIepaTypax, Hwk4anux 1, =2.16 K ; Bigkpurrs AmieHoM Ta

Maiizene B 1938p. repmomexaniunoro edexty abo edekry dhoHTaHyBaHHS; BIIKpUTTA [[ayHTOM
Ta MengenbconoM B 1939p. MexaHOKalOpu4yHOrOo eQeKTy, SKUH € 3BOPOTHIM 1O
TEPMOMEXaHIYHOTO.

B 2004 p. ciBpo6iTHUK D13uko-Texuiunoro [Hcturyry Huspkux Temmepatyp (M. Xapkis,
Vkpaina) A. Pubajko TmOCTaBUB €KCIIEPUMEHT [JIi BHSBICHHS MOXJIMBOTO 3B’SI3KY
MaKpOCKOMIYHOr0 HAAIUIMHHOTO PyXy 3 eJeKTPUUHHMM BiacTuBocTsMu “He-II. Pesynpratom
EKCIIEPUMEHTY OYJI0 Te, 110 B HAAIUIMHHOMY T'ellii BUHUKA€E eIeKTPUYHA 1HIYKII1S IPU BIIHOCHOMY
pyci HaaIIMHHOT 1 HopMalibHOT KoMItoHeHT [1]. HactymHoro poky A. Pu6anko ta C. Pyben s
30yMKEHHS BIIHOCHOTO PyXy HAAIJIMHHOI 1 HOPMalbHOI KOMIIOHEHT BHUKOPHCTaIN METOJIUKY
TOPCIOHHOTO Te€HepaTopa, 1 3HOBY Oylla CriocTepe)keHa AMHaMiuHa mossgpu3aiis reiiro [2]. Le
SIBUIIIE OTPUMAJIO HAa3BY MEXaHOEJIEKTpHYHOro edekry. Uepe3 Kulbka poKiB OyB 3adikcoBaHMI
3BOPOTHUH e(eKT — pe30HAHCHE MOTJIMHAHHA MIKPOXBUJIb 3 OJJHOYACHOIO MOSBOIO APYrOroO 3BYKY.

VY naniii po60Ti 3aIIPOTNIOHOBAHO MOKIIMBUN MEXaHi13M BUHUKHEHHS MEXaHOEJIEKTPUYHOTO
edekTy. 3BaKkalouu Ha Te, 110 B 003e-KOHCHCATI HASBHUMN NajeKuil MOPSIOK, MOKHA BUCYHYTH
MPUITYIIEHHS PO MOXKIIUBICTh CIIOHTAHHOTO BIIOPSAJKYBAHHS JUIOJILHUX MOMEHTIB Y 3HAUHUX
Ipyn aToMiB (po3Mip TPyNH 3aJeKUTh BiJ TEMIEPATypH), OCKUIbKA TaKH CTaH € €HEePreTU4HO
BUTiIHIUH. O4YeBHIHO, 1[0 HA MEXI TPy 3 PI3HUMH HANpsSMKaMH BIOPSAKYBAaHHS, MOXYThb
BMHUKATH Ha0arato OiIbIII JUIOILHI MOMEHTH. IXHS BeJMYMHA, 3MiHA 3 YAacOM, Ta Peakilis Ha
30BHIIIHI BIJTUBU 3aJMINAIOTHCSA 10 KiHI He 3’sicoBaHUMH. LI BIacTMBOCTI MOXyTh OyTH
BHUBEJICHUMHU 3 TUHAMIKH MIKPOIPOIECIB B3a€MO/Ii TPyl aroMiB. BakimuBo, 110 11i MOMEHTH
CTBOPIOIOTHCSI HE OKPEMHUMH aTOMaMH, a iX I'pylaMu, TOMY € Habarato CTIMKIIIUMH HIK MUTTEBL
Ban nep BaanbciBebki. Konm sxuiice mpouiec 3a1ae BUAUIEHUH HANpsIMOK, TO iX Opi€HTallisd, He
3Ba)KAIOYM Ha iXHIO HECTIHKICTh, BIIOYBA€ThbCs 3 MEpPEeBa)kalodol0 HMOBIPHICTIO caMeé B LbOMY
HanpsaMKy. [Ipu 1ibomy cyTTeBO, 1100 B IIbOMY MPOLIECT JUHAMIKA €JIEKTPOHHUX 000JI0HOK Ta Jep
aTOMIB YMMOCH Bipi3HsIach. i BUMOTH 3a/10BOJIbHSIE€ NPUCKOPEHUH PyX OJHI€T 3 KOMIIOHEHT.
[lonpaBaa, 11e HE rapaHTye BEIMYMHHU PE3yIbTYIOUOi HANPYKEHOCTI MOJIsA, JHOCTaTHBOI s 1l
BUSIBJICHHSI Ha Jociiai. IMOBipHO, BUpIIaNbHY POJIb BUIIrpae pi3ka 3MiHa €HTPOIii, HAPHUKIA,
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IO CIIOCTEPIraeThCsi MPU MPOXOPKEHHI XBUIII APYroro 3BYKY. IIpu 11bOMy 3MIHIOETBCS PO3MIp
obrnacrteii, a OTKe 1 X KUIbKICTh, [0 CTaBUTHh Pi3HI YaCTUHU XBWJII B HEOJHAKOBI YMOBH IIOJIO
noJisipu3aiii iHepuidauM edexrom. Kpim Toro, unm BuIia TemMreparypa CHICTEMH TUM XaOTHUHIIIE
OPIEHTOBAHI AUITOJIbHI MOMEHTHU TPYIT ATOMIB.

[Ipu mommpeni XBWJII MEPIIOTO 3BYKY B PI3HMX YAaCTHHAX XBWII PiIMHA PYXa€ThCS 3
PIBHUMH 32 MOJIYJEM, aje NPOTWICKHUMH 32 HANpsMKaMH TPUCKOPEHHSIMH, a 3HAYUTH Ti
JIMTIOJIbHI MOMEHTH, 10 BUHUKHYTBH B Pe3yJbTaTi iHEpUiHHOTO ehekTy OyAyTh CKOMIIEHCOBaHI. Y
XBHJII IPYrOr0O 3BYKY, BHACHIJOK PI3HUX YMOB MOJSpU3alLlii 4epe3 pi3Hy TeMIepaTypy B Pi3HHX
YacTUHAX XBWJII, PE3YyIbTYIOUMH IUNOJBHUN MOMEHT OyJe BIAMIHHMM BiJ HYJS, 1 MOXE B
MPUHIMIIL OyTH 3apeecTpOBaHUM Ha JOCHTIJII.

KpiMm Toro, sxmo B HaAIUIMHHOMY Tedil CHpaBAl peani3yeTbCs OIKCAHE BUIIE
BIIOPSIIKYBaHHS, TO IOBUHEH CIIOCTEPIraTucs HOBUM eEeKT — BUCOKA JIICJIEKTPUYHA IPOHUKHICTh
NpH YK€ HU3BKUX HAIMPYKEHOCTAX 30BHINIHBOTO MO (TMOPSAKY THUX HampyKEHOCTEeH, sKi
CTBOpIOIOTHCS Ban nep BaanbCciBChbKMMM TUIIOJIBHUMU MOMEHTAMM OJHOTO aTOMa B 00JacTi e
3HAXOJUTHCS CYyCIIHINA aToM).

[IprumHa 11pOTO SIBUITA Ta caMa, IO W y CETHETOENEKTPUKIB, TUTBKH 111 TUTIOIHHI MOMEHTH
HECTIMKi, 1 HabaraTo MeHIIl 3a BEJIMYMHOI0, TOMY IpPU MOPIBHSHO BEIUKUX 3HAYCHHSX
30BHIIIHBOTO MOJIA Oy/e crocTepiraTucss HaCH4YeHHs, 00 BITHOCHUN BHECOK IIbOTO MEXaHI3MY 31
3pOCTaHHSM HANpPYKEHOCT1 CHaJaTUMe, OCKUIbKM 3pOCTaTHMe MpsMa MOJsSpu3allis OKpeMHX
aToMiB. Tako)X BHACIIIOK BEJIMKOTO pO3MIpY LMX TPYH, SKIIO iX PO3TIsgaTd B aTOMHHUX
Macitabax MOBHHHA CIIOCTEPIraTUCS 3aTPUMKa IepEoPiEHTAIll], TPYIMOBUX JUTIOJILHUX MOMEHTIB
MPU HAATO IMIBHUIKIA 3MiH1 TOJIS, 1 IPU TEBHIA YacTOTi, BOHU OyAyTh 3MIHIOBATHCS HAMOLIBIIT
Y3ro/PKeHO, BOJHOYAC MPU TakKii YacToTi Oyne CrocTepiratucs pe30HAHCHE TMOTJIWHAHHS
€JIEKTPOMArHITHUX XBHJIb, IPUYOMY YacTOTa OyJ/ie 3MEHIITYBATUCA 31 3pOCTAaHHSAM PO3MIPY TPYII,
10 BiIOYBA€ETHCSA MPHU 3HIKEHHI TEMITEPaTypH.
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IIVTIASMOHHI HAHOKOMITIO3UTHI MATEPIAJIM HA OCHOBI OKCHUY
TPA®EHY TA CPIBJIA JIJISI 3ACTOCYBAHHSA B OPTAHIYHIN EJJEKTPOHIIII

Spemuyk Ipuna, Bynagineun Tersina, Craxipa [IaBio, ®itbo Boroaumup,
I'enbxuncsknii Irop

Kadenpa enexrponnoi imxeHepii, HanionansHuii yaiBepcuter «JIbBiBCchbKa moitexHika», Bya. C.bannepu,12,
79013, JIsBiB
e-mail: iryna.y.yaremchuk@Ipnu.ua

OcTaHH1 A0CTIKEHHS TOKa3ajy, 110 KOMIIO3UTHI MaTepiald Ha OCHOBI I'paeHy Ta OKCUAY
rpadeHy 1 MeETalleBUX HAHOCTPYKTYp MAlOTh BHCOKHHA TOTEHIIAN Uil BHUKOPHCTAHHS B
€JIEKTPOHILll, oNTHUlll, eaekTpoxiMii Tomo [1]. Okcupn rpadeny He € MIa3MOHHUM MaTepiajioM,
OJTHAaK FOTO MOXHA MMOEHYBATH 3 INIA3MOHHUMH MaTepiallaMH, TAKUMH 5K 30J10TO abo cpibio [2].
Hamnpuknan, map rpadeny Ha TOHKUX TUTIBKaX 30J0Ta a00 cpibia Moke MPU3BECTH J0 3HAUYHUX
3MIH CHUTHaJly TOBEPXHEBOIO IJIa3MOHHOTO PE30HAHCY MOPIBHSAHO 3 METAJEBOIO ILIIBKOIO 0e3
MOKPHUTTSI, TOJIOBHIM YMHOM 4epe3 TIEPEeHECEHHs 3aps/Iy BiJ IOPUCTOTO TpadeHy A0 MeTalleBUX
MOBEpXOHb. B JaHMii dYac TpHUBae MOUIYK YHIBEPCAJIBHOIO pIIMIEHHS A MiABUIIEHHS
€(EeKTHBHOCTI EJEKTPOHHUX KOMMOHEHTIB. ToMmy CHHTE3 1 BIACTUBOCTI IIJITA3MOHHHUX
HAHOKOMIIO3HTIB € aKTUBHUMH HAIIPSIMaMHU JOCIIIKEHb, [0 MBUIKO PO3BUBAIOTHCSA [3].

VY 11iit poGOTI TOCTIKEHO XapaKTEPUCTUKH TJIA3MOHHUX HAHOKOMITO3UTHUX MaTepiaiB Ha
OCHOBI okcuay rpadeHy Ta cpibma. Po3paxoBano koedimieHT TOTJIMHAHHS Ta €(PEKTUBHY
TIEICKTPUYHY MPOHUKHICTh IOCTIDKYBAaHUX HAHOKOMITO3UTIB 3aJ€KHO Bil KOHIICHTpAIi Ta
pO3Mipy HaHOYACTHHOK. Pe3ynbTaT MOJENIOBaHHS TOKAa3yIOTh, MO 30UThIICHHS KoedilieHTa
3anoBHeHHs 110 0,1 He 3MiHIOE PopMy KpHBOi KoedillieHTa OTJIMHAHHS, a JHIIE 30UThIITYE HOTO
3HauyeHHs. OHAK, HA CIIEKTPI MPpH KoedilieHT1 3armoBHEHHS cpibna 0,2 CroCTepiraeThCst ACKPaBo
BUPOKECHUM TIK TIOTJMHAHHS Ha JOBXHHI XBWiIl Omm3bko 450 HM. [l miei koHueHTpartii
PO3paxoBaHO 3AJIEKHICTh KOoe]ilieHTa MOTJIMHAHHS HAHOKOMITO3UTHOTO MaTepiaily Bijl TOBXKHHUA
XBUWJI1 IIPH PI3HUX 3HAUYEHHAX pajlyca HAHOYACTHMHOK MeTany. Pajiyc HAaHOYaCTUHOK 3MIHIOBAaBCS
Bit 5 mo 20 HM 3 KpokOM 5 HM. MakcumanbHe TIOTJIMHAHHSA CIIOCTEPIraeThes s
HAaHOKOMIIO3UTHOTO MaTepialy 3 BKIIOYEHHSIMH pajilycoM 5 HM B 000X BHIIaJKax, SIK JUIs
rpadeny, TaK i it okcuay rpadeny. 31 30UIbIISHHIM PO3MIpY HAHOYACTHHOK aMILTITY/Ia CIIeKTpa
MOTJIMHAHHS 3MEHIIYETHCSI, a MK MOTJIMHAHHS 3MIIIY€EThCS B KOPOTKOXBHIIbOBY 00sacTh. Takum
YHHOM, MOXHa OTPUMATH MaKCUMaJIbHE TIOTJIMHAHHS Ha 33a[aHiil JOBXHMHI XBHII1 IIJITXOM BUOOPY
KOHIIEHTpAllli HAHOYACTUHOK Y HAHOKOMITO3UTHOMY Marepialii.

JocnimKyBaHi HAHOKOMITO3UTHI MaTepiald MOXKYTh OyTH YCIIITHO BUKOPUCTAH1 AJISl PI3HUX
3aCTOCYBaHb OpraHiqyHoi enekTpoHiku. CIij 3a3HA4YWTH, 110 HAHOYACTUHKH PI3HOTO PO3MIPY
BHKJIMKAIOTh Pi3HI MMOBEPXHEBI TUIA3MOHHI €PEKTH B OPraHiYHUX ONTOCICKTPOHHUX MPUCTPOSIX.
Tomy BapTo mam’siTaTH, IO PO3MIP IIA3MOHHHX HAHOYACTHUHOK, SIKI IEMOHCTPYIOTh BHCOKE
po3citoBaHHs, 3a3Buuail ctaHoBUTh BiX 30 10 70 HM. 31 30UIBIIEHHSM pO3MIPYy YacTHHOK
po3citoeThes OblIe CBITIA, a CBITIOBUH 3B 130K U1t OLED-npucTpoiB moKpaIyeThCes.
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BIIJIUB Er **-JIETYBAHHSI HA OIITUYHI BJIACTUBOCTI
NEPOBCKITHOI CKJIOKEPAMIKHU CsPbBr; HA OCHOBI
GeS,—-GaySs

T.K. SIluunok’, B.B. laasn!, LA. IBamenko’, A.I'. Kepmmn!, A. 3enincbkmii?, A.
Tapacenxo®, ®. Konep?®, I1. Jom6unncskuii’, K. MaTtpac-Iloctonex®
' Bonuncoruii nayionansnuii ynisepcumem imeni Jleci Yxpainxu, np. Boni 13, 43000, Jyysxk,
Ykpaina,
2 lTosigcoruii Hayionanbruii yuisepcumem imeni Jleci Yxpainku, eyi. Kupuna i Megodis 6,
79005, Jlvsis, Yrpaina;
Sdaxynemem ximiunoi inocenepii ma mexnonoeiti, Kpaxiecokuil ynisepcumem mexmono2it,
eyn. Bapwascvka 24, 31-155, Kpaxis, [lonvwa.
* Dakynemem @izuxu, acmponomii ma npuxnaonoi ingpopmamuxi, Hzenoncoxuil
yuigepcumem, Kpaxie, [lonvwa

lNanoreningni neposckitu CsPbX3, ne X = Cl, Br, I, BukimmkaoTh 3Ha4HUHN IHTEPEC Y HAYKOBIIIB
3aBJSKH CBOIM (POTOETIEKTPUYHUM BJIACTUBOCTSAM 13JaTHOCTI €EKTUBHO BUIIPOMIHIOBATH KBaHTH
cBiTiia y Bugumomy Ta IY nmianazonax. OjHak, yepe3 10HHY MPUPOIY MEPOBCKITHUX CTPYKTYP,
MIABUINEHHA I1X CTaOLIBHOCTI 3aJIMIIAETHCS BAXKIWBUM JOCHIAHHUIIBKUM 3aBIaHHAM [UIA
3aCTOCYBaHHS B PI3HUX 00JIaCTAX, TaKUX SIK CBiTJIOBUNpoMiHIOBaibHI aioau (LED), nazepu ta
cousuHi enemeHTH [1-3]. OmHUM 13 CIOCOOIB MIABHINEHHS CTAOUIBHOCTI TaJIOTEHITHOTO
MEepPOBCKITY € BOynoByBaHHs CckissHOiI matpuili [1]. Kpim Toro, icHye 6araTo YWHHHKIB, SIKi
HEOOXITHO BpaxoByBaTH, MO0 3a0e3MeYnTH BiATBOPIOBAHICTH (oTomoMinectieHTHHX (DJI)
BJIACTUBOCTEHN, 30KpeMa, BAOCKOHATICHHSI TEXHOJIOT1l OTPUMAaHHSI CKIIOKEPAMIKH.

Ha ocHoBi cxasHoi Matpuii GeSz-GapSs meroanoi Er¥* cuaTe30BaHO CKIOKepaMiKy, IO
Mmictuth Kpuctanmu CsPbBrs. Jlocmimkeno ®JI BIacTHBOCTI CKIOKEpAMiKHA 31 CHEKTPaIbHUM
MaKCHMYMOM TpH 530 HM, 06yMOBJIEHHM KpucTanamu neposckity CsPbBrs. Ilpu Beenenni Er?
iHTeHcuBHICTh  DJI  3MEHUIYEThCS  BHACHIAOK  BHMHUKHEHHS  KOHKYPYIOUOTO  KaHaly
BUIIPOMIHIOBAHHS, KMl 3yMOBIEHHUI mepexonamu B f-o6omnonui ionis Er®*. Kpim Ttoro, B IU-
nianazoHi 3’sBistoTbest cmyru DJI, 3 makcumymamu mpu 805, 985 1 1540 HM, MmO TaKOX
BiJMOBIi1a€ nepexoaaM y f-000J10HI11 10HIB Er*. [IpoanainizoBaHO MeXaHi13M BUHUKHEHHS Ta 3MIHY
iHTeHcuBHOCTEH cMyr DJI B mepoBckiTHiN ckiokepamini CsPbBr3 Ha ocHoBi GeS>—GarSa.
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OCOBJIMBOCTI E®EKTY II'€300110PY B JE®OPMOBAHOMY n-

Ge JIJISA BUIAJKY X//J//[110]

Slumucekuii JI.B.L, Koanas F0.B. Y, 3axapuyk JI.A. 1, lanaciok JL.I. 1, ®egocos C.A. 2
Yyywruii nayionansruii mexniunuil ynisepcumem, e-mail: y.koval@Intu.edu.ua
2Bonuncukutl Hayionanuutl ynisepcumem imeni Jleci Yxpainxu, e-mail:
fedosov.serhiy@eenu.edu.ua

Ipu nociimkenHi 1’ e3o0mopy A kpucranis n-Ge (n.=9,5-10" em) y Bunazgxy X//1//[110] 6ymno
BUSIBJICHO BIUIMB OJHOBICHOI IpPYKHOI Jedopmallii Ha po3CitoBaHHs HOCI{B 3apsiy, 110 NPUBOAUTH
3aJIOKHICTh TUTOMOI'O OIOPY BiJl TEMIEpaTypu JO BHIIALY, XapakKTEPHOTO Ui aKyCTHYHOTO

pO3CiroBaHHSI.
B cBoto "epry, BpaxoByrouH , 1110 KOMIIOHEHTH T€H30pa yacy pesiakcallii MatoTh BUTJISL
T 7
r =-0 r =20
S LS
0 1 (1)
ne
4
7#Ch

Ty =

=2 2
KTES,/2mime ; @)

2 2
SO=1+1,88-%+1,03-(%J sl=1+1,24.%+0,87-[ ]
=4 =g 1 =g d 3)
C=1,592-10"? mun/cM? — KOHCTAHTA, IO Bilirpae ok MPYXKHOI MOCTIHHOI.
PyXnuBICTh €7€KTPOHIB, BIAIMOBITHO, O0YHCITIOETHCS 3a (HOPMYIIOH0:

m
=g <Tu>+zm_i<fl>

[1]

[1] |

: (4)
[Tpu migcranosui Z,=16,5 eB 1 £4=-6,25 eB Ta Bumnieonucannx KoHCTaHT B (4) Oylio oxepkaHo
BHpa3 I pPyXJIUBOCTI n-Ge y BUTIISII:

7
ﬂzM,CMZ/(B-C). (5)
7
Jlorapudmyroun Bupa3s (5), onep>Xxumo:
lgu~ —21gT (6)
a0o iHaKIe

1 3
li—j ~—= 7)

Tomy, npencTaBUBIIN €KCIIEPUMEHTAIBHI PE3YIbTaTH Y BUIIIAII 3aJI€KHOCTI B KOOpAWHATAxX IgH
i 19T, mMoxkHa crocTepiraTd MOBEAIHKY PYXJIMBOCTI Yy BHILNE 3rafaHMX KPHUCTajdax 3 POCTOM
TeMIIepaTypHu.

BpaxoByroun, mo y BHIAAKY HAIIUX AOCTIIKEHb, JIETYIOUOK JOMilIKol Oyma Sb, To,
BIJIMIOBIIHO, PiBEHb, CTBOPEHUI HEIO, € MUTKAM 1 HaBITh MPU HAWHIWKYKX (3 JOCIIKYBaHOT 001acTi)
Temreparypax B Kpuctaii n-Ge € TMOBHICTIO 10HI30BaHUM. A TOMY HPUPOAHO OyJIO0 OTOTOXXHUTH
TEeMIIepaTypHi 3MiHH PYXJIMBOCTI 3 TEMIIEPATYPHUMH 3MiHAMH TUTOMOT'O OIOPY.

3 pucynka | BUaHO, 0 npsiMa 1, sika BiAMIOBiIA€ 3aJI€KHOCTI MUTOMOTO OTOPY Bij TEMIIEpaTypH
115t Hete(hOpMOBaHOTO KPUCTAITy, MAa€ HAXWII, IKUU BiIIOBIZJa€ CTEIIEHEBOMY 3aKOHY 3MIiHU IUTOMOTO
onopy p~T*® mo Toroxuo p~T-1%® (mynxTupHa ninis Bignosigae 3anexnocti p~T*).
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Ig p
1.4

0.8

0.4

Puc. 1. 3anexnocri p=p(T) o n-Ge B mozaiHOMY JtorapudmMigHOMYy MacmTa0i;
1—X=0; 2 — X//J//[110] mpu X=12000 kI /cm?.

B cBoto uepry, ans npyxHo aehpopmosanoro kpucrany n-Ge mpu X=12000 kI'/cm? ozepskano
npsimy 2 (puc. 1), naxun sikoi B koopaunatax lgp i 19T nae 3anexmnicts 3MiHM muTOMOro0 onopy p~T*°
(mmst X//J//[110]), mo Bixmosinae 3mini p~T™°. A oTxe, naHi, mpejcTapieHi Ha puc. 1, TepeKOHYIOTh
B TOMY, IO OIHOBIiCHa TipykHa nedopmartis ipu X//J//[110] B n-Ge ycyBae 10AaTKOBI MeXaHI3MHU
PO3CIIOBaHHS 1 MPUBOAUTH 3aJIEKHICTh MUTOMOTO OINMOPY KPUCTATY BiJl TEMIEpPaTypH 10 BaKIHBOI
XapaKTepPUCTUKU aKyCTHYHOTro poscitosanns p~T1° samicts p~T® B HeneopmoBanux kpucranax.

B Toii ke wac, MiOBHINEHHS TeMIepaTypH, NPH SKid MPOBOIMINCS TOCHIPKCHHS, OBUHHO
TIPU3BECTH JI0 TIOHWKCHHS 00JIaCTI HACHYCHHS 3aekHOCTEH Py/po=f(X) mpu 3HaueHHAX X— X0, MO
3a0e3medyBagy IMOBHE MDKMIHIMyMHE TIEpECEelIeHHS HOCIiB CTpyMy, BHUKJIMKAaHE OJHOBICHOIO
npyxHOI0 Aedopmarriero. Lle i cocTepiraeTbes 3 JaHUX PUCYHKA 2.

3pocTaHHsT 3HAYCHb X, (SKi 3a0€3MeUyIOTh BHXIA 3aIeKHOCTEH pyx/po=f(X) Ha HacuyeHH:) 3
pOCTOM TeMIepaTypu IS 3BHYAHHOTO MEXaHi3My I €30010pY, 3B’S3aHOTO 3 MDKMIHIMyMHUM
MIEPEePO3IOIIIOM HOCIIB 3apsiy, € MOBHICTIO MPUPOAHUM 1 JO0OpE MPOCITIIKOBYETHCS 1 B HAIIOMY
BUMAIKY (puc. 2). Ile cBimunTh Ha KOPUCTHh HE3MIHHOCTI MEXaHi13MY MIKMIHIMYMHOT'O TIEPEPO3IOILTY
HOCI1B 3apsily IPH OJHOYACHOMY BILJIMBI HA IT"€300ITip TAKOX 1 IHITMX MEXaHI13MIB pO3CIIOBaHHS.

Puc. 2. 3anexnocri px/po=f(X) s n-Ge;
T,K:1-78,2-120, 3140, 4 — 155, 5 - 205.

HeoOxigHO TakoX BIAMITUTH, IO XO04a €(eKT “TeMIepaTypHOro 3CyBY TI'pPaHUYHUX 3HAUYCHb
Ps/Po 1 HEBEUKUH (32 aOCONFOTHOIO BETMYMHOIO B 00sacTi Temiepatyp 78 — 250 K BiH ckiagae 6is
11%), ane 1o3BoJIsi€ MPAaBUIBHO OLIIHUTH BKJIaA y opMyBaHHS B n-Ge THX MEXaHI3MIB PO3CIIOBaHHS,
SIK1 BEJTUKOIO MIpOIO BIUIMBAIOTh HA BIIX1/1 TEMIIEpATYPHOI 3aJI€KHOCT1 PYXJIMBOCTI HOCIIB 3aps1y B n-
Ge Bin ouikysanoro (~T™?) 11 yMOB YHMCTO aKyCTHYHOrO PO3CiFOBAHHSL.
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SOME PROBLEMS OF THE CREATION UNIVERSAL THEORY OF
COMPUTER SCIENCE
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Short questions of the creation universal theory of computer science is analysed. Necessity of
creation united theory, which could be represent this science, is formulated. Necessary of creation
this concept is discussed. Short historical analysis of this problem and main rules for the creation
this theory are represented. Perspective of using of this method in other area of modern applied
physics is discussed too.

Main results and discussions
Main applications of this concept in modern science are discussed and analyzed in [1-10].

One of the main tasks of the Computer Science is the formalization of the thesis of the Canadian
philosopher Lur Hall "Everything that comes from the head is reasonable”, which is put in basis
of modern computer science according by A. Ershov [8].

According to modern representations [1, 5, 8, 9, 10], computer science is a theoretical and
applied (technical, technological) discipline that studies the structure and general properties of
information, as well as methods and means of its creation (including technical), transformation,
storage, transfer and use in various fields of human activity. In general, polymetric analysis is a
mathematical basis of knowledge and one of its main applications is the convergence of the exact
and humanitarian branches of knowledge and bringing them into one system. With the
development of modern computer science, one should not wait for some kind of system
optimization of the methods being created. An important role in the development of computer
science played and still plays mathematical logic, matrix analysis and number theory. When the
first one is used mainly for theoretical substantiation of certain computer theories or approaches
and in programming, the last two sections are used in the processors, which is today the basis of
real computer. However, it should be noted that in the computer sciences arose a number of
unresolved problems that should be solved for faster progress of both computer science and
computer technology.

Computer science may be representing as part or further development of Cybernetics.
Cybernetics studies the concepts of control and communication in living organisms, machines
and organizations including self-organization [9]. It focuses on how a (digital, mechanical or
biological) system processes information, responds to it and changes or being changing for better
functioning (including control and communication).

Cybernetics is an interdisciplinary science [3]. It including the mathematics, logic, semiotics,
physiology, biology and sociology. Among its inherent features, we mention analysis and
revelation of general principles and approaches in scientific cognition. Control theory,
communication theory, operations research and others represent most weighty theories within
cybernetics [9].

According to [3] cybernetics is synthesis of many sciences (mathematics, physics, biology,
psychology and other.
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Therefore, Computer science may be represented as synthetic theory too [7]. This theory must
satisfy the following criteria [2, 7, 8]:

1.1t must be open theory or theory with variable hierarchy.

2.This theory must be having minimal number of principles.

3.1t must base on nature of mathematics (analysis, synthesis and formalization all possible
knowledge).

4.We must create sign structure, which unite verbal and nonverbal knowledge (mathematical
and other) in one system.

5.We must have system, which is expert system of existing system of knowledge and may be
use for the creation new systems of knowledge.

6.Principle of continuity must be true for all science.

These conditions must be used for the creation any dynamic science.

A typical representative of this theory is polymetric analysis — theory of variable measure and
systems with variable hierarchy. The main elements of this theory are functional numbers
(generalized quadratic forms); generalized mathematical transformations (15 minimum types);
information lattices; theory of information calculations; polymetric theory of measures and
measurements and theory of hybrid systems.

The theory of informational computations made it possible to combine analog and numerical
calculations into a single system. Its main principle of optimal (minimum) computation is the
generalization of the principle of least action and the entropy laws of physics and information
theory into a single "dimensionless” principle, owing to the de Broglie ratio from the
thermodynamics of a point [8].

The hybrid theory of systems made it possible to combine all fields of knowledge, including

verbal and non-verbal, and to classify them by complexity. The basis of complexity is the concept
of completeness and the parameter of connectivity of the elements of the information construct [2,
7, 8]. It was shown that only 10 minimal types of hybrid systems (systems of formalization the
knowledge) are existed, but number these systems may be however large [2, 7, 8]. Thus Polymetric
Analysis may be represent as natural concept of foundations of mathematics (mathematics is
précised knowledge[1]) [7]; variant of resolution S. Beer centurial problem in Cybernetics
(problem of information complexity) [2] and variant of foundations of Computer Science
(realization of A. Ershov idea([2].
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3ACTOCYBAHHSA TPAHC®OPMEPIB VI BUABJIEHHSA OB’EKTIB
HA IIVIOCKHUX 30BbPA’KEHHAX
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JIvgigcoruii Hayionanvrull yHisepcumem imeni leana @panka
blagitko@gmail.com , myronyukdmytro@gmail.com

Berym.

OnHi€ro 13 OCHOBHUX 33J1a4 KOMIT FOTEPHHUX TEXHOJIOTIH € TOIIYK Ta BUAUICHHS 00’€KTIB Ha
300pakeHH1. JJOMIHYIOUYMMHU TYT BUCTYMAIOTh IIXOMHU, SKi 0a3yIOThCS Ha OCHOBI JIBO€TAITHOTO
METO/1y: CIIOYATKY BiZIOYBA€ETHCS BUUIEHHS OCHOBHUX BJIACTUBOCTEH 300pakeHHs, III0 € OCHOBOIO
U moAaneiioi poOoTu. [IpyruM eranom € perpeciiHuid, SKUil y CBOIO 4epry BIANOBiIae 3a
Kiacu@ikalilo BHUJUIEHUX BIJIACTUBOCTEM 300pa’keHHS Ta BUIUICHHS BIAMOBIJHOI 30HMU.
[lepeBaraMu Takoro THIy apXITEKTyp € iX TOUYHICTh Ha 00’€KTaxX PI3HUX PO3MIPIB, TOCTATHS
CTIMKICTh CUCTEMH Ta XOPOIIIa MIBHJKICTH, 5IKA, OJIHAK, € HEJIOCTATHBOIO ISl Cy4aCHUX CHUCTEM
netekTyBaHHa. OcoOMuBO 1€l HEJOJIK MPOSIBISETHCS MiJl Yac BUKOPHCTAHHS y CHUCTEMax Ha
OCHOB1 MOOUIBHMX Ta MEHII MOTY)KHUX MPHUCTPOsiX. Taki apXiTeKTypu HEHPOHHUX MEpEX He
JAIOTh 3MOTY peaji3yBaTH BUSBICHHS O0’€KTIB 3 JIOCTATHHOIO MIBUIKICTIO, IO BIUIMBAE Ha
3aralibHy IBUAKICTh anroputMiB. [Ipuknaam Takux apxitekryp, sk Fast-RCNN Tta Faster- RCNN,
HaBegeHi B [1].

Y I0CKOHAJIeHHSIM CHCTEM BHSIBICHHS OO0 €KTIB MOXKHA BBa)KaTH OJIHOETAIlHI CUCTEMH Ha
ocHOBI anroputmy nerektyBanHs YOLO [2], siki ocTaHHIMHA pOKaMH CTaJIH IIBUIKAM Ta JOCUTH
TOYHUM DIMIEHHSM JJIs1 pOOOTH Ha MEHIN MOTY)XHUX miatdgopmax. Ha BimMiHy Bix ABOETATHUX
CHUCTEM, IICH aITOPUTM BUKOPHUCTOBYE 30HYBAaHHSI 300pakeHb 3a OJMH MPOXif (MUITXOM MOJIUTy Ha
KBaJIpaTl Ta poOOTOIO 3 HUMH OKpeMo). BusHaueHHs 00’€kTa Ha 30HY MPOBOAUTHCS OLIHKOIO
BiJICTaH1 BiJl IIEHTpa KOKHOTO KBaJpaTra JIO 30HU 00’€KTa (SAKOps, KW HAKIAAA€ThCs Ha IIiIe
300paxkeHHs1). TakuM YMHOM MPOBOJIUTHCS BHOIpKa Ta OIIHKA HaWKpalIMX 30H Ui 3HAXOKEHb
00’extiB. Ctanom Ha 2022 pik apxirektypa YOLOV4 [2] nepexxuiia 7 MOKOJIIHB MOKPAIIEHb 1 €
OJIHIEIO 13 OCHOBHUX JIJISl ICTEKTYBaHHS 00’ €KTIB Ha MOOUTLHUX TUTaTGOpMaXx.

Hactymaum storivHuM KpokoMm Oyria cripo6a BUKOPUCTAaHHS apXiTEKTYp - TpaHChOpMeEpiB, K1
nyxe n1o0pe cede NposIBUIIN SIK OCHOBHUM IHCTPYMEHT cydacHOi 00poOku TekcTy. OJUH 13 TaKUX
MiAXOAIB — YacTKOBI TpaHchopmepu, siKi y CBOill CyTi € ABOPIBHEBUMH MeEpeKaMu, Jie Ha
nepuomMy piBHI BUOKPEMITIOIOTHCSI HEOOXiHI BIACTUBOCTI 300pakeHb, a HA HACTYITHOMY €Talli
pPO30MBAIOTECS HA 30HU Ta KOAYIOTHCS 3a JIONMOMOTOKO Mepexi - KoayBada. [[ns BU3HaueHHs
00’eKTa KOJIOBaHE 300pa)KEHHS MPOIYCKAETHCS Uepe3 MEPEkKY — PO3KOJI0BYBaU SIK BUKOHAHHS
3BopoTtHoi Aaii. [Ipuxmamom takoi mepexi € DETR (DEtection TRansformer) Big Facebook Al
research [3,4].

IIpunoun podoTu Mepexi — Tpancopmepa 1Jisi BUABJICHHA 00’ €KTIB.
[Migxin DETR, sikuii BUKOPUCTaHUN ISl JOCTHKEHHS y 1l poOOTi, MOKHa PO3ALUTUTH Ha
Taki OJIOKH:

1. BuokpemienHs kapt BiactuBocteii (Backbone). ITouatkoBum erammom 00poOKu € 3BUUHA 1S
6araTboX CX€M 3ropTKOBa HEHPOHHA Mepeka, L0 MEePETBOPIOE BXiJHE 300pa’keHHs HA KapTH
BIIACTHBOCTEHN 3 Ha0araTo MEHIIOK KiTbKICTIO 1H(OopMaIrii.
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2. Komysau mepexi — Tpancopmepa. Ha moyarkoBomy erari BifOyBaeThCsl IEPEMHOKEHHS 31
3ropTkor0 1x1 i 3MEHIIEHHS KOJbOPOBOI PO3MIPHOCTI Maml Ta MOAAJbINE 3TOPTaHHS [0
OJTHOKaHaNbHOT cxemHu. lle moTpiOHO Al CHHXpOHI3alii BXOMy 3 KOAYyBadeM, SIKHM OYIKye
MOCIIIOBHICTH SIK BXiAHI 1aHi. KokeH piBeHb KoJiepa Mae CTaHIapTHY apXiTEKTypY 1 CKIaIaeThCs
3 MOJYJISI CAMOKOHTPOJIIO 3 KUTBKOMA ToJIOBKaMH Ta Mepexi mpsimoro 3B 513Ky (FFN). Ockinbku
apxiTekTypa TpaHcdopMepa € IHBapiaHTHOIO JIO IEPECTAHOBOK, TO BOHA JIOTIOBHIOETHCS ii
(bikcoBaHMMH TO3ULIHHUMHU KOJTYBaHHSIMHU, SIKi TOJAFOTHCS 10 BXITHUX JaHUX KOKHOTO PiBHSL.

3. HexomyBau mepexi — TpaHcopmepa. [lexkonep AOTPUMYEThCS CTaHIAPTHOI apXiTEKTypH
Tpanchopmepa, mepeTBoproroun N BOymOBYBaHb po3Mipy d 3a JOMOMOrorw 0araToroJioBUX
MEXaHI3MI1B 3BE€pHEHHsI JI0 Kojep-aekoaep. Monaens nekoaye N 00’ €KTiB mapaieabHO Ha KOKHOMY
piBHI JeKOAEpa.

4. TloBHO3B’si3HAa Mepexa JUid NPOTHO3Y Kiacy Ta po3MimieHHd. OCTaTo4HMM MPOTrHO3
OOYMCIIIOETBCS 3@ JIONOMOTOI0 3-IIapoBOTO IepcenTpoHa 3 ¢yHKuiero aktuBanii ReLU ta
MIPUXOBAaHUM po3MIpoM d, a TakoX mIapy JiHiHHOIT npoekiii. [IOBHO3B’ s13Ha Mepeka MPOrHO3YeE
HOPMAaJi30BaHl KOOPAWHATH LIEHTPY, BHUCOTY Ta ILIUPUHY KOXHOro 3 N 0OMeXyBalbHHX
MPSIMOKYTHUKIB BXIJTHOTO 300paKeHHS.

5. JliHiifHUE map TpPOTHO3yE MITKY Kiacy 3a jaonoMoror ¢yHkiii softmax. Ockinmbku Mu
nepeabagaemo Habip dikcoBaHOTO po3Mipy 3 N oOMeKyBaIbHUX MPSIMOKYTHHUKIB, ¢ N 3a3BHUaid
HabaraTo Outblie, HOK (paKTHYHA KUIBKICTH I[IKaBUX 00’€KTIB Ha 300pa’keHH1, BUKOPUCTOBYETHCS
JOJIaTKOBA CIeliadbHa MiTKa Kiacy @, mo0 Toka3aTH, IO KOJCH 00 €KT He BHSABJICHO. Y
KJIACHYHHX 3TOPTKOBUX apXiTEKTypax TaKUH KJTac TO3HAYAETHCS SIK «(POH».

HaBuannst moaesi Tpancopmepa. Jani ona naguanns ma napamempu npoyecy.
Texnika BUsIBJICHHS 00’ €KTIB HA OCHOBI TNIMOMHHOTO HaBYaHHS Ma€ 0araTo 3aCTOCyBaHb y
MOBCAKACHHOMY KUTTI [5]. JIJ11 HaBYaHHS MOJIeNl HEMPOHHOT MEpeXkKi OyJI0 BUKOPHUCTAHO
BJIACHUM HAOIp naHuX, mo MicTUTh 300 300pakeHb 4 KaTeropi, ki Oyau HATPEHOBaHI IS
po3Mi3HaBaHHS 00’ €KTIB. 3arajbHi XapaKTEPUCTHKNA Ha0Opy HaBeAeHO y Tabmuii 1.

XapaKkTepuCTHKN HaBYAIBHOTO Habopy Aannx. Tadauns 1.

Ne XapakTepucTuka 3HayeHHs

300 + 30 (TpeHyBanbHUIA Ta BaigaIiitHUNA HaOIp
1 KinpKicTh HaBYAIBHHUX 300paKEHb  JTAHHX)
2 KinbkicTh Ki1aciB 4

Tak (moBopoTH, ahiHHI IEPETBOPEHHS,
3 AyrMeHTaIis MacITaOyBaHHs)
4 Po3mip 224x224 RGB

Jli1s HaBYaHHS BUKOPUCTOBYBAIMCH CTaHIApTHI MONEPEAHbO HATPEHOBaHI MO/1eN1 Ha Habopi
naHux “MaremaTHyHe Ta KOMII'IOTepHE MojentoBaHHs ImageNet” 13 makeTy CTaHAApTHUX
Moenel, Mo noctaBistoThes komanao FAIR paszom i3 cupueBum kogom minxony DETR ans
nporpamHoro kapkacy Pytorch. Ilpu TtectyBanHi Takoxx Oyno Bukopuctano ¢ororpadii
BaiiganiiiHoro HaOopy naaHuxX. BuKOHaHHS HaB4YaHHA OyJlO NPOBEAEHE 3a JIOIOMOTOI0
6araToniTboBOi IATGOPMH JUIS MAIIMHHOTO HaBuaHHS Anaconda Ha ocHOBI MoBH Python.
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Pe3yibTaTn HaBYaHHSL.
B pesynbrati poboTH peanizoBaHoi Mepexi — Tpancopmepa 0yino BusBieHO 59% 00’ €kTiB
Ha TIOCKHUX 300paxxeHHsX y BUIIIAl poTorpadiit 250%250 mikcemnis.
BucHosok.
Pe3ynpraTi TecTyBaHHs HAaBYCHHX MOJICIICH € 3aI0BUILHUMH, XOY 1 JaIEKUMH BiJ
PO3Ii3HAaBaHHS y PeaTbHOMY Yaci.
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AHAJXITHYHICTS I IHIII BJAaCTUBOCTI QyHKIiOHAIB

I(f,p) = [, If®)|Pdt, sx dynkuiii 3MinH0i p.

bywes JI.M.
BonuHcekuii HalioHanpHUM yHiBepcuTeT iMeHi Jleci Ykpainku, JIynpk

bushev-d@ukr.net

Bcranosneno, 1o st KoskHoi GyHKii f(t) HepiBHOT HyIT0, Maiike CKpi3b Ha
BuMipHil 3a JleGerom MuoxuHi Qpynkiionamn I(f,z) = [ 4 |f@)7dt, ax pynxuii
KOMIUIEKCHOT 3MIHHOI Z = p + iy — HemepepBHI Ha o00acTi BU3HAYEHHS 1
aHATITHYHI HA MHOKHHI BCIX BHYTPIIIHIX TOYOK i€l obnacti. @yukiii I(f, p), Ak
dbyHKIT aiiicHOT 3MIHHOI P, CTPOro ONYKJl JOHHU3Y, JIOTapU(MIYHO OMyKJl Ha
oOnacti Bu3HaueHHs. Lli BaacTUBOCTI HEOOXI1AHI JJI1 BCTAHOBJICHHS aHAJIOTTYHHX

1
1

u(a) fA |f(t)|pdt)p’ IK1

BUKOPHUCTOBYIOTHCS B 0araThOX po3/iiax MaTEMAaTUKH 1 HE TUIbKM B MatemaTuili. 111

TBEpPIKEHb IS byHKIIOHATIB n(f,p) = (

qynoBi BracTUBOCTI GyHKIii n(f, p) DagyTh MOKIMBICT BCTAHOBUTH IJIs (DYHKIIiH
1 KknaciB QyHKUiA 3 mpocTopy Lga), 0 < g < 00 HEMEPEPBHICTL 1 HE ClaJaHHs
OCHOBHHMX AalpOKCHMAIIMHUX XapakTepucTHMK Ha cermenti [0,q] i B mesxux
BUITAJIKaX 1X aHAJITUYHICTh, 1 YHUKHYTH BUKOPHUCTAHHS PUMITHBHOTO TaOJIUYHOTO
METO/y OIIIHKH ITUX XapaKTePUCTHK.

JloBeneHi TOMOMDKHI TBEPKEHHS MTPO aHATITUYHICTh IHTETPajliB 3aJIeKHUX BiJ
napameTpa, Kl MOXKyTh MaTH 1 CAMOCTIHHUM 1HTEpEC.

Jema 1. (npo ananimuynicms inmezpanis 3anexicHux 6i0 napamempa).

Hexait ¢ynkiis g(z,t) 1BOX KOMIUIEKCHUX 3MIHHUX Z it Maibke TpH BCiX
3HAYCHHSX t, Ki HAJIGKATh CIPAMIIIOBANBHII KpUBii AB, aHANITHYHA 10 3MiHHIH Z
B oGnacti G i iHTerpan Bix Moxyns GyHKii g(z,t) Mo kpuBiii AB 06MexeHHil Ha
JOBUIBHIA MPOCTIA CHPSAMIIIOBANIbHIN 3aMKHEHIM KpUBiA Y, ska MICTUThCS B @,
TOOTO
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il;)}/) log@ t)|dt < M,

Toni interpan [, g(z t)dt = F(z), sanexuuit Bin mnapamerpa z €
aHaMTUYHOIO (yHKIi€I0 B obmacti G 1 B KOXHIM Touwi zeG, A KOXHOIO
HATypaJbHOTO M MOXiJAHA -r0 MOPSAKY BIJ IHTETrpajia JOPIBHIOE IHTErpaly IO
KpuBiii AB Bif TOXigHOI Nn-ro MOPAAKY 1O 3MiHHINA z MigiHTerpanbHOi (yHKIIT
g(z,t), To6TO

(VneN)a(vzeG) = (F™(2) = [ g\ (z,t)dt).

Hacniook. (npo ananimuunicme inmezpana 3aj1e4#cH020 610 napamempa)

Hexaii ¢pynkiis g(z, t) Big KOMIUIEKCHOT 3MIiHHOT Z i Bij AifiCHOT 3MiHHOT t
MaiKe MpU BC1X 3HAUEHHSX t, 1110 HaJIe’KaTh BUMIpHIi 3a Jleberom MHOXUHI A
aHaJITUYHA 0 3MIHHINA Z B 06s1acTi G 1 iHTEerpas BiJl MOAYJs (QYHKIIIT IO MHOXKHHI1
A oOMexeHMi Ha TOBUIBHIN 3aMKHEHIH 00OMeKeH1M MHOKHHI F C G, ToOTO

Supjlg(z, t)|dt < Mp.
Y

uerF

Toni inTerpan 3anexuuii Bix mapamerpa z P (z) = [ 4 9(z,t)dt

€ aHamiTHIHOIO (QyHKITiEr0 B o6sacti G 1 11st KoxKHOTO NEN 1 KOXKHOTO ZEG

cnipaBemBa piBHicts @MW (z) = [ A gg) (z, t)dt.

1. D. M. BUSHEV AND I. V. KAL’CHUK. Methods of Functional Analysis and Topology
Vol. 25 (2019), no. 4, pp. 339-359

«Analyticity and other properties of functional I(f,p) = fA |f(t)|Pdt AND n(f,p) =

1
(ﬁ /s |f(t)|”dt)" , as functions of variable P ».
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JOCIIKEHHA 3MIH HS*-I'ICTOI'PAM KOJIBOPY IIPU

MACHITABYBAHHI TA OBEPTAHHI 305PA’KEHD

Beasrom C.P., Beabrom A.C., ®ypraaa F0.M.
JIvsiecorutl nayionanvhutl ynisepcumem imeni leana @panxa, Yipaina, e-mail: serhiy.velhosh@Inu.edu.ua

BusiBnennst 00'€KTiB Ha 300pakKeHHSX 3MIHCHIOETHCS 33 CYKYITHICTIO 1X 03HAK, XapaKTep SIKMX
Moke Oyt camuM pizHUM. Lli 0coOMMBOCTI 3a3BUYall MOAUISIOTHCSA HA TPH PIBHI: HWKHIN, SKUN
BKJIIOYA€ KOJIp 1 TEKCTypy, CepelHiid, M0 aHali3ye KOHTYpH 1 OOpuCH Ta BEpXHIiH, Ie
PO3IIIAJAI0TECS CEMAHTUYHI Ta CTATHUCTUYHI XapakTepucTuku [1-3]. IcHyroTh Takox MeTonw,
3aCHOBaHI Ha aHaJli31 TiCTOrpaM IHTEHCUBHOCTI OKPEMHX 00'€KTIB, IK B MOHOXPOMHOMY, TaK 1 B
KOJIbOPOBOMY TIpejcTaBiieHl. Y 1udpoBii 00poOili 300paxeHb HalyacTiie BUKOPUCTOBYIOTH
ricrorpamu konbopy y cucremi RGB. Opnak HaiOuThIn ONM3BKUMH IO CHEKTPaIHHOTO
npeacTaBicHHs Koipopy € cuctemu HSL, HSV i HSI (3aramphne mosnadenHs HS*), sxi
3IMCHIOIOTh ONHUC KOJBOPY Y UWIIHAPUYHIA CHUCTEMI KOOPJHMHAT, A€ KOJIp € KyTOBOIO
KOOPAWHATOIO.

[IpoaHani3oBaHO MOXJIMBICTE BHKOPUCTAHHS TICTOrpaM KOJbOPY, CTBOPEHHUX Yy MPOCTOP1
koapopiB HS*, misa 3amau ineHTrdikamii 00’ekTiB Ha 300paxkeHHi. J{OCIIPKEHHS TPOBOIUITHCS
s rpadigaux  popmatie *.bmp Ta *.jpg. AHami3z rictorpam 3IIHCHIOBAaBCS IMUITXOM 1X
MOPIBHSHHS Ha OCHOBI pO3paxyHKy KoedimieHTa B3aeMHOi Kopensamii R. JlocmimkeHHs
MIPOBOJIMIIACS JUTSI CTAHAAPTHHUX 3paskiB Habopy manux Caltech 101 Dataset [4], a Takox mist
Ha0Opy BIACHUX TECTOBHUX 300pa’KCHb.

VY 3amagax posmizHaBaHHs po3Mip 00’ €KTIB Ha 300paKEHHI YaCTO BIAPI3HAETHCS Bl pO3MIpY
mabsony. ToMy Mu cipoOyBaJii OLIHUTA MEXi BUKOpPUCTaHHS H-ricTorpaM sl OpIBHSHHS
300pakeHb 13 MIUPOKUMU BapialissMu iX po3mipiB. JlochimKkeHHs 3MIHU KOe(iIi€eHTa B3a€EMHOL
kopemsmii R mpu 3MenmreHHi po3mipy 300paxkends B 2" pasiB (N =1...9) mokasyioTs, 10
BUKOPHUCTaHHS H-TicTOorpam M03BOJISE€ YCIIIIHO PO3Mi3HABAaTH 300paKEHHS 3a KOJHOPOBUMH
03HaKaMH IPH 3MEHIIEHH] Horo po3mipy 1o 128 pasis.

TakoX JOCTIPKEHO 3aJeKHICTh KoedilieHTa B3aeMHOI Kopessmii H-rictorpam mpu
obepranHi TecToBHX 300paskeHh. Kyr moBopotry 3miHroBaBcs Bim 0° mo 180°. Hesmaune
BinxwieHHs R-koedimieHTa Big OAWHMIN Ui OLIBIIOCTI JOCIIKYBAaHUX 3pa3KiB JI03BOJISE
MPUITYCTUTH MOXJIMBICTh BUKOPUCTAHHS 3alIPONOHOBAHOTO METOAY HE TUIBKM JUIsl MOPIBHSHHS
CTHUCHYTHX 300paKeHb, ajie il MOBEPHYTHX.

Pesynbratu AOCHIKEHHS TOKa3ylOTh MOKJIMBICTb BHUKOPUCTaHHS H-rictorpamu Asis
MOPIBHSHHS KOJLOPOBHUX 300pake€Hb 1 MOJAJIBIIOTO PO3IMi3HABAHHS iX ()parMeHTIB i BIUTMBOM
(dakTopiB, 10 MOTIPUIYIOTH SAKICTH 300paKeHHS, 10 J103BOJIsIE BUKOPUCTOBYBATU LIEH MiIXia y
cucTeMax mouryky 300paxens Ha ocHoBi BMicTy (CBIR - Content Based Image Retrieval).

B mopanemomy mianyeTrbes moOynoBa JAECKPUINITOpA aHANI3Y KOJIbOPOBHX 300pakeHb Ha

OCHOBI1 H-TicTorpamu, siKuil iHBapiaHTHHUI 10 MaciTabyBaHHS Ta 0OepTaHHS.

1. Burger W. Principles of Digital image processing: Core Algorithms / [W. Burger, M. J. Burge]. - Springer, 2009. — 341 p.

2. Bakker E. Semantic video retrieval using audio analysis / E. Bakker, M. Lew // International Conference on Image and
Video Retrieval. Lecture Notes in Computer Science. — 2002. — Springer. - Vol. 2383. - P. 260-267.

3. Pycun b. I1. Cuctemu cunre3y, o0poOKu Ta po3mi3HaBaHHS CKIaIHO-CTPYKTypoBanux 300paxens / [b. I1. Pycun]. - JL.:
Bepruxans, 1997. - 264 c.

4. Fei-Fei L. Learning generative visual models from few training examples: an incremental Bayesian approach tested on
101 object categories / L. Fei-Fei, R. Fergus, P. Perona // IEEE 2004 Conference on Computer Vision and Pattern Recognition
Workshop.
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OJIHE Y3ATAJIbHEHHS TEOPEMM KOIII JJIAJUGEPEHIIAOBHUX
®YHKIINA HA BUITATOK KIJIBKOX 3MIHHHUX

Kypuenko Ouexcanap OJgekciiioBuy
Kuiscokuii nayionanvnuil ynieepcumem imeni Tapaca Illesuenxa, oleksandrkurchenko@knu.ua

Cunsscbka Oubra OJiekcanapiBHa
JIBH3 « Yarczopoocekuti nayionanwruil yHisepcumemy, olga.synyavska@uzhnu.edu.ua

Knacuuni teopemu mudepenmiansaoro yucienns depma, Pomrs, Jlarpamka, Kommi [1]
JIe)KaTh B OCHOBI MaTEeMaTHYHOTO aHaJi3y GYHKIIi 01Hi€T 3MIHHOT 1 IIMPOKO 3aCTOCOBYIOTHCS TIPU
JIOBE/IEHHI PI3HOMAaHITHUX TBEPIPKEHb, PO3B'I3yBaHHI NPUKIAIIB. Y AaHiii poOOTI HaBeaeH1
y3arajlbHEHHsl JIESKUX TaKUX TeopeM, 30kpema Teopem Posuis, Jlarpanxka, Komri Ha Bunmagok
nugepeHinoBHUX (QYHKIINH KUIbKOX 3MIHHUX. Panime nBa y3aranbHeHHs Teopemu Komni st
IuQepeHIHoBHUX YHKIIINA OHIET 3MIHHOT Oynu omyOiaikoBaH1 y ctati [2]. JlochiakeHHs 11010
y3arajibHeHHs1 TeopeM Jlarpanka Ta Komn ans audepeHuiioBHUX (QYHKIINA KUIBKOX 3MIHHUX
TaKO MPOBOIUIIOCH y poboTax [3-5].

Hexait t = (ty,ty,...,ty) €E R™ h = (hy, hy,...,hpy), h; >01<i<m; II=][t,t;+
hqil X [ty, t5 + hy] X... X [t ty + hyp] —m -BuMipHEE Tapanenernines y eBKIiI0BOMY POCTOPI
R™; f:II - R — giicHa ¢pyukuis m giicanx sminaux. Hexait, nani, s = (s4,S,,...,S,) € I1,d; >
0,1 <i<m i Hagamo 3MiHHIA S; mpupocTy mpupocty d; Tak, mwo s; +d; € [tj, ti + hj],j €
{1,2,...,m}.

Oszunavenns 1. Hexaii j € {1,2,...,m}. IIpupocrom ¢ynkuii f, o Bianosinae mpupocty d;
3MIHHO{ S}, y TOYIIl S HA3UBAETHCS BEJIUYMHA

€) —
Ad]_f(s) = f(sl,...,sj_l, sj +d;, sj+1,...,sm) —f(sl,...,sj_l,sj,sj+1,...,sm).
OsnavenHss 2. IloBauM mnpupocToM (m-npupoctoMm) QYHKII f HA M-BUMIPHOMY
napanenenineni I1 = [ty, t; + hq] X [ty, t5 + hy] X... X [t, tm + hyy] Ha3UBaeTHCS BeMMUMHA

Apf = ATAT D AV (b, b, ).
Hexaii IT = [a4, b,] X [ay, b,] X...X [a,,, b;,] — napaneneninen y m-pumipaomy npocropi
R™, dynkuis f: 11 = R. Ioknanemo t; = a;, h; = b; — a;,1 < i < m. Toxi napaneneninen I1 =

[t1, t; + hq] X [ty ty + Ayl X... X [t tm + Ry, @ OBHMI tpupicT GyHkuii f Ha [T Mae BULIIAA
Anf = A0 AVt b, t).

Teopema 1. Hexaii IT = [a,, b,] X [a,, b,] X...X [a,,, b,,| — napaneneninen y m-sumipaomy
npoctopi R™, dyukui f, g: [1 = R 3a10BOJIBHSIIOTH YMOBH:

1) f,g € C™UD);

2) Vx = (xl;xz,...,xm) € HM;& 0.

0x10%x3..0xXm
Toui icuye Taka Touka & = (&4,...,&,,) € 11, mo
0" (1,85, &m)
Apnf  0x10x;...0%p,
Apg  0mg(§1, 8- 8m)’
0x,0x5...0X,
Hexaii a > 0, m-Bumipauii mapaneneninen I1 = [0,a]™; x = (xq,%3,...,xy) € (0,a]™, m-
BuMipHuit napaneneninen 11, = [0,x,] X...X [0, x,,]; bynkuiif, g: [T - R.
Teopema 2. Hexait ¢pynxuii f, g: I — R 3a10BOJIbHAIOTH YMOBHU:
1) f,g € CO(D);

2) Vx = (x4, X5, .., X;) € II:

0™ g(x1,X2,m0Xm)
0x10x5..0xXm

#* 0;

3) icHye m-KpaTHa I'paHUL
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O™ f(X1,vvv, Xm)

0x4...0x
lim M __ —peRU{—o0, +oo}.
X120+, X =0+ 0™ g (X1, ..., Xpm) p t }
0x1...0x,,
Tomi i . A f
0J11 ICHYE M-KpaTHA TPaHUIlA lim — =

X120+, X >0+ 411, 9
Mpuxaan 1. 3HalTH TOABIHHY TPAHUIIIO

cos(x+y)—cosx—cosy+1 eXt+e ¥
(x+y) Y , ne coshx = ,x € R.
x—0+,y—0+ coshx+cosh y—cosh(x+y)-1 2

Po3p’szanns. Posrmsaemo ¢Qynkuii  f (s, t) = cos(s +t), g(s,t) = —cosh(s + t),s,t €
[0,1] i mokmanmemo IT,, = [0,x] x [0,y],x,y € (0,1]. Maemo:

Ap,,f = cos(x +y) —cosx —cosy + 1;4p,,g = coshx + coshy — cosh(x +y) — 1;

vx,y € [0,1]: Prey) _ —cos(x+7y), M —cosh(x+y) # 0,

axdy
02f (x,y)
lim —axay im —costr +) =1
x-0+y-0+ 02g(x,y) ~ x-0+y-0+ —cosh(x +y)
d0xdy

Mpuknan 2. 3HaliTH OTPIHHY TPAHUIIIO
sin(x +y + z) —sin(x + y) — sin(x + z) — sin(y + z) + sinx + siny + sin z

lim
X—=0+,y—0+,2-0+ XYtz — eXtY — eX*Z — oVFZ f eX f ¥V + 7 -1

Po3sp’sa3anns. Posrnanemo Qynkuii f(s,t,u) = sin(s +t +u), g(s, t,u) = eSttH%, s, t,u €
[0,1] i mokmanemo [T, = [0,x] x [0,y] x [0, z],x,y,z € (0,1). Maemo:

An,,,f =sin(x +y + z) — sin(x +y) — sin(x + z) — sin(y + z) + sinx + siny + sinz;

Anxyzg = eXtVHZ _ XY _ oXFZ _ o¥VHtZ 4 oX 4 oYV 4+ eZ —1,x,y,z € (0,1);

039(x,v,2)
Vx,y,z € [0,1]:————— = eX™V*Z £ ,

xy,z €101] dx0dydz ¢ *

03f(x,y,2)
0x0ydz ) —cos(x+y+2z)

im —_— = lim = —1.
x=0+,y-0+2-0+ 03g(x,V,2)  x-0+,y-0+2-0+ exty+z

0x0ydz

1. ToporosiieB A. 5. MaremaruuHuii aHami3: miapyqHuk. Y a8ox dacrunax. Yacruna 1. Kuis : JIuGins, 1993. 320 c.

2. Kypuenko O. O., Pabeup K. B. [IBa y3aranbuenns teopemu Ko st audepenmiioBanux QyHKIH y Kypci MaTeMaTHdHOTO
aHamizy. Haykoeuil uaconuc HayioHaibHo2o0 nedazoziunoeo yHigepcumemy im. M. Il [pacomanosa. Cepis 3: @izuxa i
Mmamemamuka y uwiil i cepeoniti wikoni. 2009. Bum. 5. C. 104-114.

3. Abian A. Generalizing the Generalized Mean-Value Theorem. The American Mathematical Monthly. 1981. VVolume 88, No. 7.
P. 528-530. https://doi.org/10.2307/2321759

4. Bailey D.F., Fix G.J. A generalization of the mean mean value theorem. Applied Mathematics Letters. 1988. VVolume 1, Issue 4.
P. 327-330. https://doi.org/10.1016/0893-9659(88)90143-7.

5. Matkowski J. Generalizations of lagrange and cauchy mean-value theorems. Demonstratio Mathematica. 2010. VVolume 43, No.
4. P. 765-774. https://doi.org/10.1515/dema-2010-0405
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OAUH MEXAHI3M CTOXACTHUYHOCTI B TEUYISAX CEPEJIOBUIILI 3
HAM’ATTIO
Maxapenko Ouexcanap CepriiioBu4

InctutyT mpuknagHoro cucremHoro anaiiza HTVYY im. I. Cukopckoro
makalex51@gmail.com

[MuTanus gocHiHKeHHS TYpOYJICHTHHUX SBHII MAalOTh 0araTto acleKTiB, JOCATHEHb Ta 3aCTOCYBaHb
[1, 2]. He3Bakaroun Ha BCi JTOCSATHEHHSI, II€ 3aJIMIIAIOTHCS HE 10 KIHIIS BUPIMICHHUMH ICSKi
MPUHIUNIOBI UTaHHA. OJHE 3 HUX 1€ MeXaH13M BUHUKHEHHS TypOyJIeHTHO1 OBEAIHKH. 3BUYalHO
0a30BUMH IIpU LIbOMY INpUiiMaloThcs cuctema piBHsAHb Has’e — Crokca (i riipouHaMI4HOL
TypOynentHocrti). PiBHsaHHs HaB’e — Crokca € piBHAHHAMM MapabOIIyHOTO TUIY (AWCUIIATIBHOT
npupoan). Aje Taki pIBHSHHS HE JIOMYCKalOTh MOTIK €HEprii BiJl BEIMKOMACHITAOHUX CTPYKTYp
70 MEHIIUX CTpYKTyp. Ilpu npbomy nomyckaeThcsi 3BOPOTHIN MpoleC — BiA MaUX /10 BEITUKUX
Macmta0iB. Hacpasai TypOyseHTHI Tedii € y’Ke HepIBHOBaXHUMH 1 BIIMOBIIHO NOTPEOYIOTh
OUTBII aJIeKBaTHO onucy, HIK piBHAHHSA HaB’e — Crokca. Taki piBHAHHS (TinepOoiyHe PIBHAHHS
TEIUIONPOBITHOCTI Ta TinepOoiyHa Moaudikanis piBHsAHb HaB’e — CTokca) onucani, HalpuKiaz,
B [3, 4]. Tam HaBeneHa BeIMKa KUTBKICTh PO3TIISTY KOHKPETHUX 3a/1a4.

Onna BaXxJIMBa OCOONHBICTB, 110 Oysia 3HalIeHa MPH 1bOMY € TIEBHA MMOPOTOBA MOBEIIHKA.
OCHOBHOIO BIIMIHHICTIO TaKMX PIBHSIHb € HasBHICTH OIlE€paTropa ApYyroro NOpsaKy, 10 BU3HAYAE
TUI PIBHSHB 3 MEBHOIO OOMEXKEHOI0 IIBUJKICTIO MOIIMPEHHS 30ypeHb. 3ayBakMMO, IO Taki
PIBHSIHHSL BIANOBIZAIOTh B'SI3KO-TIPY)KHIM TIOBEMIHIII cepeoBUIN. TakoX I1e BIANMOBITAE
BpaxyBaHHIO eeKTiB mam'sTi (penakcarlii) B moTomi meaia. Panime O6ymno mokaszano (aus. [3, 4]),
mo npu mBUAKOCTI moToky Uflow, Bummiii 3a mBuuakicte momupeHHs 30ypenns Vperturb,

BH3HAUYEHY TIMEepOOIIYHUM OIEepPaTOPOM JPYroro MOPSAKY, BHHHUKAIOTH CKIJIATHI KOJHBAJIbHI
pPO3B’SI3KM, SKUX HE MAarOTh KJIacuuHi mapabosniuyHi piBHSHHA Hae’e — Crokca. MoxkHa
MIPUITYCTUTH, 110 CaMe TaKa IMOBEIiHKa PO3B'SI3KIB MPU YMOBAX B 30HAX Tedii, 1[0 MPH MIBUIKOCTI
Teuii OUIbINE IIBUIKOCTI MOUIMPEHHS 30YpeHHs, € JDPKEPeIoOM YCKIIaJHEHHS PO3B'S3KIB MpH
30UTBIIIEHH] MBUAKOCTI Teuii. | 1ie mporec € 0JHUM 13 MOXKIJIMBUX MEXaHI13MIB TypOyJIEHTHOCTI.
3a3HauMMO, IO YCKJIATHEHHS PO3BMSI3KIB TAaKOTO THUIy MOXHA pPO3IJSAATH SK  aHAJIOT
BUNIPOMiHIOBaHHS BaButoBa-UepeHkoBa MpH BUCOKUX MIBHAKOCTAX PYXY €JIEMEHTApHUX
YaCTMHOK Yy CYIUIBHUX cepenoBuimiax. Takox B [3, 4] omucaHl TpHKIaAX PO3B'SA3KIB
rinepOoJIYHOrO y3arajabHeHHs piBHsAIHb HaB'e - CTOKca, KOJIM 3 MOYATKOBO 33JJaHUX MOYATKOBUX
YMOB BUXOPY BUXOPU MHOXKAThCSI 3 OJHOYACHUM 3MEHIICHHSIM iX po3MipiB. ToOToO 1€ omucye
mpolec nepenavi eHeprii Bij 6uUTpIoro Macimtady 10 MeHIoro. Takuii mpoiiec crnocTepiraeTbes
B peasibHiil TypOyJIEHTHOCTI 1 BIACYTHIN B Kilacu4HUX piBHAHHAX Hag'e - Crokca.

Onwucani y3aranbHEHHS TiIPOAMHAMIKH JO3BOJISIOTH MIMIATH A0 PO3YyMIHHS THSKHUX ACHEKTIB
TypOyJIEHTHOCTI, a caMe, MEXaHi3Ma BUHUKHEHHS TypOYJEHTHOI MOBEAIHKU. 3BICHO, Cy4YaCHUH
CTaH PO3BUTKY TEOPETHUYHOI (HI3MKM [O03BOJISIE B MPHUHIMII BUPILIUTH BCl MOpoOieMu
TypOyJIEHTHOCTI (3raflaeMo CTaTHMCTUYHY MEXaHIKy, CTaTHCTUYHY TEOpil0 HEpPIBHOBAKHUX
cucteM, Teopito (aykTyarliid). Ane He3Ba)KalOYM Ha 3arajbHi aJleKBaTHI1 MPHUHIIUIH, MOTPIOHI
MOCTAHOBKH KOHKPETHUX TMPHUKIANIB JUId JOCTIKEHHS TYypOYJIEHTHOCTI. Y3araibHEeHa
rizpoauHamika, 3ragaHa Buile, 3abe3mneuye Taki MOxIuBocTi. OHa 3 MpobIeM € BUHHUKHEHHS
CTOXaCTHUYHOCTI B TypOYJIEHTHHX Mpolecax. TyT OmuIeMo Kilbka MOKIHBOCTEH.

1. PosrmsHeMo crmpomieHnit mpukian. Hexail Maemo naMmiHapHy Tedil0 3 OJHAKOBOIO
mBuaKicTio Teuii U . Bimomo, 1o B rigpoArHaMivHUX CepeOBHIIAX MPUCYTHI QIyKTyarrii, ki
MaloTh CHeUu(pIiuHy CTPYKTYpy 1 JAeskuil posmoain ¢uykryarniif. Tyr mikaBi Outbln 3a Bce
¢bykTyanii mBUAKOCTI. SKimo 6a30BUMHU pPIBHAHHAMU NpuitMatoThes piBHAHHS Hap’e — Crokca,
TO SIK MPABHWJIO IIi PO3MOJUIN € CTallioHapHI. Y BUMAJKY y3arajlbHEHUX PIBHSHb CUTYaIlisl Jae
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OlIbIlIe MOXKITUBOCTEH. SIKIIO aMInIiTy1a IIBUAKOCTEN (pa3oM 3 (aykryanismu) meHme Hix U ,
TO TMOBEJIHKA TMOTOKA Ta X caMma, 10 y napaboniunux piBHsSHb Har’e — Crokca. Ane skiio
cepennst mBHIKICTh U + F (X, t) umoc durykryanii F(X,t) Outemre Vperturb, To Taxi paykryamii
F (X,t) mounHarOTh 3pOCTaTH, MPUIOMY 30UTBITYIOTHCS K aMILTITy/Ia TAKUX (DIYKTyalii, Tak 1 ix
gactoTa (TOOTO XapaKTepHa JOBXKWHA OCHWISIINA 3MEHIIYIOTHCS, a iX KUIBKICTh HA OJMHHUIIIO
TOBXXUHH 30UThIIYETHCs). ToMi TUThKM (UIyKTYyaIlii, 0 33 J0BOJIbHSAIOTH YMOBI

U + F(x,t) >Vperturb (1)

3pOCTalOTh 1 OTPUMYIOTH PO3MOAUT 32 aMIUTITY/I0I0 Ta po3MipoMm. Takum 4YHMHOM, B TeUifX, 11O
OMHCYIOTHCS PO3IJIIHYTOK MOJEIUIIO T1IPOJIMHAMIKY ICHYE ceUpIYHUI MEXaH13M M1ICUIICHHS
Gbykryarliil, sKuil Moke IPUBOAUTHU JI0 IPOSIBIB TypOYIEHTHOI MOBEAIHKH

2. bBimpmn ckiIagHAN BapiaHT, KOJM XapaKTepHa MIBUIAKICTH Vperturb(X,t) He € KOHCTaHTOO,
a € QyHKII€0 TMPOCTOPY Ta yacy, (abo ¥ IHIIMX mapaMeTpiB), € (PYHKIIIEI0 MPOCTOPY Ta B Pi3HI
MOMEHTH 4acy , yMOBH THIY (1) MOXyTb OyTH pI3HUMH 1, BIATIOBITHO, OyAYyTh HapOKYBAaTUCh
PI3H1 pO3NOALIM WMOBIPHOCTEH JUIsl MIBUAKOCTL. B 1IbOMY BHUMaIKy I0Ji€ MIBUAKOCTEN BUCTYIIA€
K TpaHchopMep BXITHUX MIKPOQIIYKTYyallii.
3. 3anponoHOBaHUI MeXaHI3M TaK0 MOK€ NMPU3BOJAUTU /10 BUHUKHEHHSI CTOXaCTUYHOCTI
IpU HE cToXacTHMYHUX (0e3 ¢uiykTyariif) moyarkoBux ymMoB. Lle MOXAMBO NpH MepeBUIIECHHI
nopora Vperturb=const (a Tum Oulbllle Yy BHIAJKY Vperturb(x,t)). Toxmi mpu
U + F(x,t) >Vperturb, 1 ocobmuso mpu U (X,t)—>infinity (mpu nmeBHUX yMoOBax) 4acToTa

OCHWJIALIM Ha OJMHUIIIO JOBXUHHU 3pOCTA€ 1 MPHU MEBHUX YMOBAX MPHU TPAHUYHOMY IEpPEXOAai
MO>K€ MMPOJIyKYBaTH 0arato3Ha4yHi po3B’s3Ki 3 BUMAJIKOBUMH BJIIACTUBOCTAMHU. 3ayBa>KUMO, 1110 B
TaKOMY BHITQJIKy MAa€eMO CIIPaBy 3 PeKHUMaMH 3 3aTOCTPEHHSM. 3 1HIIOr0 00Ky B PEalbHOCTI B
TypOYJICHTHOCT1 ICHYIOTh OOMEXYIO41 MEXaH13MHU, HAITPUKJIA]] HEJIOKAIbHICTD.

4, B mpuHiumni, Ha piBHI y3araJbHCHHX pIBHAHb TiAPOJAMHAMIKA KpIM mam’sITi Ta
HEJIOKaJbHOCTI MOYKHA BPaXOBYBATH 1€ i aHTUIIMIIALIIO (BUTIEPEDKECHHS ). TO/I1 TEX MpU MEBHUX
yMOBax MOJKHAa 4YeKaTh OaraTo3HAa4HMX pPO3B’SAKIB 1, BIIMOBITHO, MPOSBIB CTOXAaCTUYHOCTI.
3ayBakuMO, 110 0araTo3HAYHICTb, SIK MOKJIMBICTB JUIsl TYPOYJICHTHOCTI 3alponoHyBas 1ie B 30-x
pokax munysoro cropigus. XK. Jlepe

5. MexaHi3M, OnMCaHUN TYT MOKHA TaKOX 3aIPONOHYBATH I MOKJIMBOCTEH MOSICHEHHS
nepemeskaemocti (intermittency) nmpu nepexoi Bix gaminapHoi g0 TypOyaeHTHOT Teuii. J[o peui,
CIIiJ 3ayBaXKUTH, 110 CXOKE Ha Te, 110 MOBEIHKA CHUCTEM MPU MOJICTIOBAHHS IepeMekae MOCTI
Harajye (a MOKIIMBO 1 €) PO3B’sI3KAMU — XUMEpPaMH, TOOTO pO3B’si3KaMH SIKi IEBHUN yac BeaAyNb
cebe CyTTEBO MO-PI3HOMY B PI3HHUX YAaCTMHAX MPOCTOPY Ta Ha PI3HUX YaCOBUX MPOMDKKAX
(HampuKIaa JaMiHApHI Teuii 3 BKPAIUICHHAM XaOTUYHHUX CTPYKTYD).

1. https://en.wikipedia.org/wiki/Turbulence

2. U. Frish Torbulence.The legacy of A.N. Kolmogorov. Cambridge University Press.1996.296
p.

3. A. Makarenko S. Skurativskyi V. Vladimirov Hyperbolic hydrodynamics with memory. Mod-
els and solutions. Lambert Academic Publishing, 2021. 320 p ISBN 978-620-4-19961-0

4. A. Makarenko, M. Moskalkov, S. Levkov On blow-up solutions in turbulence. Phys. Lett. A,
1997. Vol. A235, pp. 391 — 397.
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XUMEPHU Y BUITAJIKY BA'ATO3HAYHUX PIINEHD.

Maxapenko Ouexcanap CepriiioBu4

InctutyT mpuknagHoro cucremHoro anaiiza HTVYY im. 1. Cukopckoro
makalex51@gmail.com

HeniniitHa Hayka Bxke OJM3BKO CTa POKIB CTPIMKO PO3BHBAETHCS. OIHUM 3 HOBUX HAIPSIMKIB €
JOCITIDKEHHST PO3B'S3KIB-XHUMeEp, TOOTO PO3B'A3KiB, SKI MAlOTh CYTTEBO BiAMIHHY MOBENIIHKY B
PI3HUX 00aCTAX MPOCTOPY abo yacy. JlochmipKkeHo JOCUTh 0araTo MPUKIAIiB TaKO1 MOBEIIHKU B
pi3HuX cucreMax. OJHAK y BCIX MPHUKIALaX 3 XUMEpaMU PO3IJISIAINC OJHO3HAUHI PO3B'SI3KHU.
Mo>kHa NpUIYCTUTH, 10 OJHUM 13 MOXKJIMBHUX HAMPSMKIB MOJATIBIINX JOCIIKEHb Y Haylll Ipo
XMMEpH € JOTMYIIEHHS 10 PO3risay OaraTo3HaqyHuX po3B'sa3kiB. CTaTTs MPUCBAYEHA ONUCY ESIKUX
MOXKJIMBUX JIOCHITHUIBKUX TOCTAHOBOK Yy i rany3i. OAHUM 3 NPHUKIAIIB € CUCTEMH 3 CUIbHUM
nepenoayeHHSIM.
1. BCTVYII
SIBuIa CKIIaAHOCTI Ta CHHXPOHI3a1lil B TEXHIYHUX 1 IPUPOIHUX CUCTEMaX OCTaHHIM YacOM CTalH
OJIHMMHU 3 KIIFOYOBHUX TeM I AOCIKEHHsS y dinocodii, (i3uill, rymaHiTapHuX 1 610J0TTYHUX
Haykax. Lle moB's3aHo 3 rio6anizami€ero npouecis, 6araTopiBHEBUMHU 1€pApXIYHUMU CTPYKTYPAMH,
B3a€MO3B'SI3KAMH MDK €JI€MEHTaMH, ICHYBaHHSIM OaraTbOX MIANPOIECIB 3 PI3HUMHU YaCOBUMH Ta
IIPOCTOPOBUMU MacIITaOaMH.
Teopis cuHXpoHI3aIii Mae ICTOPit0 OMU3BKO JMBOX CTOJITH 1 OUIBII-MEHII YITKO BHU3HAYCHUI
neperik TeM [1, 2]. 3a3Budvaii 00'ekTamMu JOCIIHKEHHSI CHHXPOHI3aIlii € CYKYITHOCT1 €JIEMEHTIB 3
BHYTPIIIHHOIO TUHAMIKOIO, 3 HAOOPOM TpaHUIlh MK €JIEMEHTaMH Ta TUTIAMU TOBEIIHKA B TaKHX
cUCTEeMax.
CydacHu# pO3BUTOK TEOPIl Ta MPAKTHUKU B Tally31 CHHXpOHI3aIlii Mae 0araTo pi3HUX HAMPSIMKIB.
3a3BU4aif, XapakTep KOHKPETHOI Tally3l MAOCHIDKEHHS CJiIye 3a KOHKPETHHUMH HOBHUMH
JOCIIITHUIIBKUMU TTPoOJIeMaMy 1 HOBUMH 00'€KTaMHU.
OpHMM 3 HOBHX HaIPSIMKIB HENIIHIHHOT HAyKH, IO IIBUJIKO PO3BUBAETHCS, € BABYCHHSI TaK 3BaHUX
XUMEDP 5K PO3B'SI3KIB HEMHIMHUX PIBHAHB. [ py0o KaKyd, 1€ PO3B'SA3KHA PO3MOJUICHHX CHCTEM 3
KOT'€pPEHTHOIO Ta HEKOI'€PEHTHOO MOBEAIHKOI0 PO3B'SI3KiB y pi3HUX 001acTsax mpoctopy [4-9].
B ycix Bumagkax JOCHIIKEHHS XuUMEp AOTEnep po3risaanucs 00'€eKTH 3 OJAHO3ZHAYHUMH
po3B'sI3KaMu (3.71.p., JTAHITIOKKH BiIOOPaKEeHb, JIAHIIIOKKH OCIUIATOPIB ToIo). Ile mos's3ano 3
TUM, 0 OUIBIIICTh MoOJenel mas Oaratbox pizHMX mporeciB MaroTh jume OJHO3HAYHI
po3B'sa3ku. OHAK 3apa3 cTae Bce OUIBII OYEBUIHHUM, IO CI1A TAKOXK PO3IIIAIATH BUMAAKH, KOJIU
MozenbHi po3B'sa3ku  mporeciB MaioTh BATATO3HAYHI poss'sizku. He pobnsum Tyt
CHEIiaIbHOTO OTJISIAY, 3rafaeMo Jesiki 001acTi, e BUBYCHHSI 0araTO3HAYHOCTI € BaKJIUBUM:
MEXaHIYHI CHCTEeMHU 3 TepTsM, iHTepmperanis EBeperra y KBaHTOBIil MeXaHilli, HEJOCTaTHHO
BH3HA4YEHI CUCTEMH, KEPOBaH1 CUCTEMHU, JAEAKI MOJIEI T1IAPOJMHAMIKH TOIIO. TaKoX Bi3HAYUMO
MO>KJIUBICTh 0araTO3HAuYHOCTI B CHUCTEMaxX 3 CHUJIbHOIO aHTUIMMAIEI0 (MependadyeHHsIM) - Tak
3BaHOIO rinepiHkypenTtHicTio [11-14].

2. 3ATAJIBHI PO3ITOAUIEHI CEPEJJOBUIIIA 3 BUITEPEJPKEHHAM
3ayBaXuMO s UTIOCTpallii, M0 y BUMAQAKY IUCKPETHUX YaCOBUX PIBHAHb 3 CHJIBHUM
nependadyeHHsIM BOHU MaroTh BUTIsd: (/. roOya [11]) "BusHaueHHS AMCKPETHOI CUCTEMH 3
CIIIbHUM TiepeA0ayeHHsSM: 1€ CHUCTeMa, sika OOYMCIIIOE MOTOYHUN CTaH B MOMEHT dacy U sk
GyHKLII0O MUHYIMX CTaHiB, t—3,t1—2,t-1..., TenepimHbOro craHy i CTaHy B MalHOyTHbOMY
t+1t+2,t+3,....
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x(E+1) = F(..,x(—2), x(t —1),

x(t), X(t +1), X(t + 2),...) (1)

Jie Bapiallis B MalOyTHhOMY Yaci 0OUUCITIOETHCS OTIOCEPEIKOBAHO 3 PIBHSIHHS.
3. 10 "XUMEPHUX" CTAHIB B AHTUILIMIALIMHNX CUCTEMAX

[lle omHi€r0 qye MEPCIEKTUBHOIO TEMOIO ISl JOCIIDKEHb y Taly3l CHHXpOHI3alii € aHaloTH
"XUMepHUX" CTaHIB Y BUMAJIKYy CUCTEM 3 BUlepemKeHHsIM. Haragaemo, mo cranu-"xumepn" - e
Jy’Ke HEOTHOPIAH1 Mepexi/iH1 PIIeHHs], KOJIM Pi3HI TUIIM NOBEAIHKU CHIBICHYIOTh y pocTopi [3-
9].

"XumepHi" cTaHU - 1€ PIllIEHHS B JIAHIIFO)KKAX €JIEMEHTIB a00 B PO3MOAUIEHUX CEPEIOBUIIAX, SK1
MaloTh Pi3HY MOBEIIHKY B pI3HUX 00jacTax npocropy. Hanpukiazn, Taki cucteMu MOXYTh MaTH
CHIBICHYIOU1 00JIaCT1 3 XaOTUYHOIO Ta "TJIaIKOI0" MOBEIHKOIO B PI3HUX MICIISIX MPOCTOPY.

HactynmHumu 3araJbHUMU NOpUKIaAaMu 3 "XUMEpHUMHU'" craHamu € HacTynHi: [lpuitHsto
BB)KATH, 1II0 OCHOBHUM JIXKEPEJIOM ICHYBaHHSA "XUMEPHUX" CTaHIB € HEJIOKAIbHICTh y PIBHSIHHSIX.
3ayBaXMMO, 10 HEJIOKaNbHICTh, omucaHa B [7-9, 10], CyTTeBO pO3LIMPIOE BUNAAKH 3
nependavyyBaHUM TOXO/DKEHHsIM  "xumep". Aje MOXIMBOCTI '"xumep" y cucremax 3
nependavyeHHsIM € aOCOJNIIOTHO HOBUMHM. SIK TNpPUKIAAM MOXKHA 3rafjaTh  MOKJIMBOCTI
"GaraTo3HayHUX XHUMep'", CIMIBICHYBaHHS pI3HHMX "XuMep' Ha PI3HUX TUIKax OaraTO3HA4YHUX
pO3B'A3KiB, cCHIBICHYBaHHA "xumep" 1 "rmaakoi" MOBEOIHKM Ha PI3HUX TUIKax pO3B'SI3KY.
HactynHuii npukian - JaHIIOKKHA BULIEPEAKAIBHUX OCLUIISITOPIB!
4. MOXXJIMBI ITPOBJIEMU 3 XUMEPAMMUM V BUITAIKY BATI'TATO3HAYHOCTI

Sk 3ragyBasiocs BUIIE, MPUKIIAIOM CUCTEM 3 OaraTo3HAYHUMU PO3B'SI3KAMH € CUCTEMU 3 CHUIbHUM
BHUIIEPEHKEHHAM. TOMY TyT MU MPOUTIOCTPYEMO JIESKi 3 MOXKJIMBUX IMOCTAHOBOK 3aJ1a4 y Tajy3i
JOCIIKEHHST XuMep. Taki CHCTeMH BUBYAIIMCS paHile JIsl MOJIEICH KIITHHHUX aBTOMATiB [12,
13], netfiponanx Mepex [12] Ta AMCKpEeTHUX TUHAMIYHUX cHCTeM [14].

3Bakarouud Ha MOXIJIUBY 0araTo3HaYHICTh pOSB'HSKiB, MOJXHa 3allpOIIOHYBATU HH3KY HOBHUX
IIOCTAHOBOK 3a/1a4 y rany:«;i ,I[OCJ'Ii,Z[)KeHHH XHUMEDP.

1. UucenbH1 TOCTDKEHHS Mojieliel 3 6araTo3HadYHUMH PO3B'SI3KaMU, JIe¢ MOKHA OYIKYBaTH
MOSIBY OJTHOBUMIpHHX aHajoriB. Ciia BBaKaTH, IO TaKi JOCTIHKEHHS € MEPITUMU HEOOX1THUMU
KpOKaMH y BHBYCHHI XUMep y OaraTo3HauHOMY BHIAAKy (Ha3BeMO ix OaraTo3HaYHUMH
XuMepamu). Ane 1 B IIbOMY BHIAJIKy BHHHUKae 0arato CKJIAIHUX MpoOJIeM, HaBiTh IS
OJIHOBUMIPHUX CHCTEM, 1, HANpUKIaA, IpHU Bizyamizalii pe3yibTariB oO4ucieHb. Tomy Ham
noTpiOHO Oyzae po3poOUTH  BIAMOBIAHI METOAM JUIA MEPUEHTHUBHOTO MPEICTaBICHHS
6arato3naunux ¢yukuii. llle cxiagHimmM € BUMagoK ABO- Ta TPUBUMIPHUX CUCTEM y MPOCTOPI.
Hanpuxknan, minkoM #MOBIpHO, 110 B MalOyTHROMY OYAYTh AOCITIMIKEHI OaraTo3HauHI aHAIOTH
CITUACTUX KUIEIb-XUMEp, HA0Opy MapalieTbHUX CTPYKTYp, TOlIOo. (Hampukiaa, OaraTo3HadHi
a”anoru cTpyktyp 3 [10]).

2. Teopernuno icHye mpoOieMa CTpOroro BU3HaueHHsI OaraTo3HayHHMX xumep. Lle Takox
nifiHIMae nMpoOsaeMy BBEACHHS I1HAEKCIB, 3a JOMOMOIO0 SIKUX 0araTo3Ha4yHi PO3B'SI3KH MOXKYTh
OyTu nepeBipeHi Ha HasBHICTh XuMmep. [HTepec Moxke MpeJCTaBIATH 1 3BOPOTHA 3ajaya, TOOTO
MOIIYK MoOJIesIel 1 MOYaTKOBUX YMOB, SIKI MOXYTh MOPOJDKYBaTH XUMeEpHU 31 cHenu(iaHUMHU
BJIACTUBOCTSIMU.

3. Hactynuuii 610k mpoOiieM BHMHUKAaE MpPU BUBYEHHI OCOOIMBOCTEH Oararo3HauHUX
PO3B'SI3KIB, a caMe iICHYBaHHS PI3HUX T'JIOK po3B's3Ky. OHI€I0 3 MEepIINX 1IKaBUX NPoOIIeM € Te,
Y1 MOKYTh BUHMKATHU Pi3HI XUMEPH Ha PI3HUX I'JIKax 6arato3HauyHOro po3B's3ky. Hanpuknan, e
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MPU3BOIUTH JI0 TUTAHHS MPO T€, Y MOXKYTh XUMEPH ICHYBaTH Ha OJHHX T'IKaxX 1 HE ICHYBaTH Ha
THIIHX.

4. MoxumBa 0araTO3HAYHICTP XHMEp MPHU3BOIUTH 1O HECHOIBAHUX MPOOJIIEM Ha CTUKY
HENTHIIHOT HayKH Ta 00UMCITIOBATILHOT TEOPii. A came, Ui MOXKYTh XUMEPU BUKOPHUCTOBYBATHCS B
00YHCITIOBANIBHIN TEOPIi [T eMYISIIT JIOTTYHUX OTIepaliid, TPUYOMY HE3aJIeKHO Ha PI3SHHUX TUIKaX.

5. "llepepuBdYacTicTh" B TiAPOJAMHAMIII € IHIIUM TPHUKIAJOM JUISL JIOCHIDKCHHS XHUMEp,
BKJIFOYArO4YM O0araTo3HayHUN BUIAIOK.

BUCHOBOK

Takum unHOM, B JaHii poOOTI MU MPOMOHYEMO PO3IVISIHYTH NMPOOJIEMy CKIIaJHOT MOBEIIHKU Ta
CHUHXPOHI3aIlll 11 HOBOTO KJIacy O0'€KTIB, a caMe JyIsl JIAHIIOTIB Ta MEPEXK 3 MepeadadyBaHOIo
0araTOo3HAYHICTIO (HampuKiIaA, Uil CHUCTEM 3 CWIbHUM oOuikyBaHHsAM). IlepenbauyBana
0araTo3Ha4HICTh PIllIEHb MPU3BOAUTH JI0 HOBUX I[IKABUX BJIACTUBOCTEN B paMKaX BiKE€ ICHYIOUUX
KOHLEMNIIH. AJle TakoX MOXYThb 3'SIBUTHUCS HOBI BJACTUBOCTI (HANpUKIAl, HEOJHOpIAHA
OaraTo3HauHa CHHXpOHI3allisl), AKI € JyXKe€ MEePCHEKTUBHUMHU ISl MOAAIBIIMX JOCIIIKEHb.
[cHyr0Th Takox J0Ka3u HEOOX1THOCT1 3aCTOCYBaHHS OaraTO3HauYHUX aHAJIOTB IPYIl, TeOMETpii Ta
cUMeTpiii OaraTo3HayHUX 00'€KTIB, BKIFOYAIOYHM OaraTo3Ha4H1 MOTOKH Ta HAIIBIIOTOKH, a TAaKOXK
METO/IB Teopii omeparopiB. TakoX HOBUM MOXe OyTH PpO3IJIST PO3AyBaHHS PO3B'SI3KIB Y
06araToOBUMIPHUX BHUIMA/IKaX, BKJIOYAIOUN PO3AYyBaHHS BUOPAHOT F'IIKH PO3B'SI3KY.

Mu omucanu nuiie nepuii pe3yabTaTH JOCTKEHb 1 JIMIIe AesiKi HOBI nepeadadyBaHi popMu
JNOCTIAHULBKUX 3a7a4d. OfHaK oueBHJHA MaTeMaTHUyHa HOBH3HA 3allPONIOHOBAHUX MpoOsieM 1
WMOBIpHA BeJIMKA BAXJIMBICTh y 3aCTOCYBaHHSX (HAMPHKIAMA, Yy COLIAJbHUX CHUCTEMax, Teopii
o0uncaeHb 1 0OpOOKH CHUTHAMIB, MOCHIHKEHHSAX CBIJIOMOCTI TOIIO) 3YMOBIIOIOTh HEOOXIAHICTH
MOAAJIBIIOTO PO3BUTKY AOCTIIKEHb.
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MAPAJTOKC BEJIUKUX MOXKJIAUBOCTEM

IMacrepuak Poman MuxaiijioBu4
Jlyyokuil nayionanvruti mexnivnutl ynisepcumem, e-mail: Roman__ @ukr.net

3aranbHONPUITHITO BBRKAETHCS, IO 30UIBIIEHHS KUTBKOCTI MOKIIMBOCTEH Belle 10 POCTY IMOBIPHOCTI
CKOPUCTATHCh SKOIOCh 3 HHX. lle TBEp/PKEHHS HACTUIBKM OYEBHJHE, IO HE MOTpeOye IOBEACHHS 1
BB@XXAEThCSI aKC1IOMOI0. AJie He TyT-TO OyJio!

Posrisinemo 3amadvy, B sIKiii MOXKJIMBICTH PaHAOMHO MPHUXOAMTH O OJHOIO 3 YYaCHHKIB HpOLECY,
MPUYOMY KUIBKICTh MOXJIMBOCTEH PiBHA KiJIBKOCTI YYaCHHKIB IPOIECY, a YCIIXOM Y4YaCHHUKA IMPOLECY
BB@XXAETHCSI HAJIXOKEHHSI X04ua 0 OZ1HOT MOXIIMBOCTI. [{yist Io0uTEiB BCe BiAiOpaTH 1 MOAUTUTH MOPIBHY
HAToJIOIYIO — 3aj71a4a c(hOpMyJIbOBaHa MO-1HIIOMY.

[epmmit mapamokc — e 100% maHCy Ha ycmix, KOJM YYacCHHUK TMpoIecy oiuH. BiH He Mae
KOHKYPEHTIB 1 MOXJIMBICTh 0€3aIbTepHATHBHO MPUXOAUTH JI0 HOTO. 30UIBIIEHHS K KUTBKOCTI YYACHHKIB
Jla€ MIAHC, IO JI0 KOTOCh IISI MOXKITUBICTh MOKE HEe TIPUHTH B3aralli.

OTxe, manc Ha ycmix (Tpuxig xoda O OIHOT MOKIIMBOCTI) JJISl Y4aCHHKA IMTPOIIECY, SKIIO B HHOMY
OepyTts yuacts N yuacHukiB, Oyze

. 1.4
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Pe3ynbrar 00unciIeHHS 3a JaHOI (OPMYJIO0 IMOKa3aHo Ha rpadiky
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Busno, 110 3011bIIEHHS KUTBKOCTI YYaCHUKIB MPOIIECy B 0 MaAiHHS MAHCY Ha YCIIX I KOKHOTO
3 HUX. Ma€eThes Ha yBa3i IMOBIPHICTh HAIXOKEHHS X04a O oiHOi MOKIHBOCTI. B rpanuti, komu N —» oo

,i—>1-e", 10610 63,212%. KOMGIHALs KLIbKOX MOMKIMBOCTE Ta ii WMOBIPHICTh € TEMOIO OKPEMOT'0
nociimkennas. lle OUTbIIe CTOCYETHCSI MOMIIMBOCTEH OCOOMCTICHOTO POCTY 3alie)KHO BiJl BEIHMYWHU
CHCTEMH.

Ha >xanp, X049 1151 3a/1a49a 1 € YUCTOIO TEOPi€r0, CHEPUIHIM KOHEM y BaKyyMi, BOHA Ma€ TAK0XK HACITIIKH
B peajbHOMY CBITi. JIfoan 3BUKIIM BBa)KaTH, IO BEJIHKI CHCTEMH JAar0Th OUTbIn MoxximmuBocTi. HacmpaBmi
K, KOJIH yCITiX (He3BaXKaroud Ha KOMITKY 1 HAITONIETIMBY MPAII0) Ma€ CBOIO JIOIIO BUTIAJKOBOCTI, IS 3a/1a4a
HOYMHAE TiSTH.

[llaHCc TO3WTHBHOI BiNMOBiAI TPHW TpaleBlalITyBaHHI (HABITh TOMPH BUCOKY KBami(ikaimioo) —
paHIOMHUI, 00 TakuxX mrykadiB Tex Oararo. IllaHc mpuxomy MOKYMIS 0 KOHKPETHOrO MPOAABIS —
pannonuii. IllaHc 3amyynTH 3aMOBHUKA — TEX PAHIOMHHH (BIH K€ Ma€ aHAIOTIYHI aJbTEPHATHBH Yy
BeNHKii cuctemi). HaBiTh MOXIHMBICTD AJI1 MOJIOZOT JIIOAWHM 3HAUTH CO01 Mapy — TEX Mala€ Y BEJIUKUX
CHCTEMax (a parToM € Kpallla albTepHATHBA).

HacnpaBai x peanpHicTh ripma, xo4a O TOMy, II0 YYaCHUK, SIKMH BXE JOCAT OZHOrO YCIIXy, Mae
OUIBLII IIAHCH Ha MOBTOPHHUM ycHiX (KOHKYpPEHTHY IepeBary), IO HOTipilye IMAaHCH Ha YCHiX 1HIIUX
yuyacHuKiB. [lepmnii crae nigepom 1 oTpuMye Oijiblie, 3aIUIIady Majlo IAHCIB ayTcaiepam.

Taxk 1 xuBemo.

114


mailto:Roman__@ukr.net

Proceedings APFS-2023
Section 2. Fundamental problems of mathematics, cybernetics and computer science

ITPOBJIEMH BIIPOBAJIKEHHSI BEPTUKAJIbHOI IHOOPMAIIMHOI
TEXHOJIOI'TI
PROBLEMS OF IMPLEMENTING VERTICAL
INFORMATION TECHNOLOGY

Herpumun Muxaiijo JlrodomupoBuy
Ipuxkapnamcovkuti Hayionanbruil yHieepcumem im. Bacuns Cmeghanuxka,
Kagheopa komn romepHux Hayk ma ingopmayiunux cucmem, m.Lpetryshyn@pnu.edu.ua
Petryshyn Lubomyr
AGH University of Krakow, dept. of Enterprise Management, Poland, Ipetr@agh.edu.pl

BnpoBamkenns 3aco0iB iHpopmaniiinoi TexHosnorii (IT) € edekTMBHUM YMHHUKOM
peoprasizaiii Ta BJAOCKOHAJEHHS HApOJHOIO TOCloAapcTBa YKpaiHu, 3abe3nedye eQeKTuBHE
VIOpaBIIHHSA pecypcamMu Ta J03BOJIE€ MOKPAIMTH KOMYHIKAIll0 MDK PI3HUMH CEKTOPaMH
eKOHOMIKU. ba3oBi momokeHHs 1H(opMaru3anii mnependadyeHi B 3akoHi Ykpaiam «IIpo
Hamionansny mnporpamy iHdopmatuzauii» [1]. Ilpu npomy BaxiauBor mnpoOiemMor €
BJIOCKOHAJICHHSI Teopii, MeToAIB Ta peamnizauii 3aco0iB (opMmyBaHHS, NMEPETBOPEHHS, PYXY,
uuppoBoi 0OpoOKM Ta apXiByBaHHS MHOBIAOMIIEHb [2, 3], BUpIIIEHHS SKOi I'PYHTYEThCS Ha
(dhopmMyBaHHI HOBUX BUMOT 710 KoMIToHeHTIB IT, Bkirouarouu:
peaizallito JaBadiB 3 MEpEKEBUM IHTECIICKTOM;

MIBUIIICHHS 3aBa/I03aXHINEHOCT] TOBIIOMJIEHD, IO (POPMYIOTHCS;

MIBUIICHHS MBUAKOA1T QYHKI[IOHATHUX KOMIIOHEHTIB CHCTEMHU;

3MEHIIIEHHS KUTBKOCTI TEPETBOPEHb MOBIOMIICHB Ta €JIEMEHTIB CepeI0BHINA
1H(}oOOMIHY;

® MIJIBUILEHHS PEryIsSPHOCTI CTPYKTYPH OOUMCIIOBAIIBHUX CEPEIOBUILI;

® TIJBUIICHHS TEXHOJIOTIYHOT Ta EKCIUTyaTariiHo1 HaaIHHOCTI;

® 3HIDKCHHS €HeproCroKMBAaHHS Ta BapTOCTI BUPOOHUIITBA.

SxicHi 3MiHU Y pO3BUTKY cydacHOi I'T 3yMOBIIeHI IEpeXx010M Bijl aHATOTOBHX JI0 ITU(PpOBHUX

cucTeM, SKi 3a0€3MeuyoTh 3HAYHO BUIIl TEXHIKO-EKOHOMIYHI IMOKa3HUKH [2]. BaxxnuBy poJsb y
TaKMX CUCTEMax BUKOHYIOTh Ipoleypu neperBopenns Gopmu iHdopmarii (I1IDI) Ta undposoi
00poOku moBigomiieHb [2-4]. CBITOBHI JOCBiA MOKa3ye, 110 NEPCIEKTUBHUM € BUKOPUCTAHHS
Ha BCiX PIBHAX iHQOPMAIIHHUX CHCTEM €IMHOrO 0a3uCy AMCKPETHUX MepeTBOpeHb [3, 4].
EdexTuBHUMHU, 30KpeMa, BUSBUIUCH TEOPETHKO-4ucioBi mepeTBopeHHs (TUII), mo Oimbin
MOBHO BPAaxoBYIOTh creuudiky nudpoBoro mpeacTaBieHHs curHairy. OCTaHHIM Yacom
marematuyHi moxeni TUII, moOymoBani 3 BuUKOpuCTaHHSAM amapaTy Teopii momniB [amya,
CKIHUEHHUX KIJelb Ta aOCTPaKTHUX alreOpaiyHuX CHUCTEM, HAOYTU PO3MOBCIOHKEHHS 3aBISIKU
psiny nepesar [3, 4]:
® HasABHICTh €IMHOTO METOJOJIOTIYHOTO MiAX0ay Ao peanizaiii IT;
e OULIBII MOBHE BpaxyBaHHS CTPYKTYPHU IU(POBOTO CUTHATY Ta TUCKPETHOT hopMu
MpeAcTaBlIeHHs 1HpopMaIlii;
®  CIPOIIEHHS MPOIEAYPH MOJICTIOBAHHS O0YNCITIOBATHHUMU CUCTEMaMHU Ta 3MEHIIIEHHS
amapaTHHUX 3aTpaT Ha pealizallio creliani3oBaHuX MPUCTPOIB;

e posrmsaanHs 3aga4u [1PI ta nudposoi 0OpoOKM CUTHATIB 3 €AMHOT MO3UIIIT pa3oM i3
3aJlayaMy MPOEKTYBAaHHS BIAMOBIIHUX CIIEIiaTi30BaHUX IUPPOBUX 3aCO0IB.
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[Ipu peanizanii cucremuux Qynkuiid [T akryansHuME € psia GyHIAMEHTAIbHUX 3334, SKi
OXOILTIOIOTh BUOIp KOAOBOI cucTeMu Ta ii 0a3MCHUX (PYHKIIH, BCTAHOBIEHHS (PYHKIIOHAIIB
B3a€EMOIIEPETBOPEHB Ta KOJYBaHHS HA eTanax (opMmyBaHHS, IEpETBOPEHHS, Iepeaadi, 00poOKu
Ta 30epiraHHs mHUPpoBUX HaHUX [2-4]. CBITOBOIO NPAKTHKOK IMOOYJOBH CYYaCHHX
iHpOpMAaIITHIX CHCTEM Ta pe3ylbTaTaMH HOBITHIX HAYKOBUX JOCTIIDKEHb IMOKA3aHO, IO
BHUKJIFOYHE 3aCTOCYBaHHS BiIOMUX 0a3uciB (Hampukian, HaWOUIeII mommpeHux Pamgemaxepa,
VYonma 4u iHIIMX) HE € ONTUMAJIBHUM 1 HE 3a/JI0BOJIbHSE€ OUIBIIOCTI BUMOT Yy 3B'S3KY 3
BHUPOJHKEHICTIO CUCTEMHHX BJIACTUBOCTEH Oazucy [3, 4]. Kpim TOoro, HemoBHOTa TEOPETUYHOTO
OOIpYHTYBaHHS B1IOMUX 0a3uCIB, iX MEPEeXiAHUX Ta MPOMDKHUX (OPM ICTOTHO OOMEXYIOThH
rajy3i iX IIMPOKOTO 3aCTOCYBaHHS Ta CHPUYMHSIOTH HEMPOAYKTHBHI HAUIMIIKOBI TPOIEAYpH
KOJyBaHHS Ta OOpOOKM JaHMX, L]0 B LIUIOMY HPU3BOAUTH 1O 3HUKEHHS WIBUJAKOJII, pIBHS
3aBa/I03aXUIIEHOCT] Ta 3HAYHOTO 3pOCTAaHHsI BapTOCTI peainizauii cucrem IT.

Takum uuHOM, mpobnema BuOOpy Ta peanizauii tuny IT B cxiangHux iHpopMamiiitHUX
cUCTeMax MOJIAra€e y MPUHIMIIOBOMY BHUPIIIEHH] 3aCTOCYBaHHSA HEOOX1AHOro 06a3ucy KOoJI0BOT
cuctremu [2,4]. Illupokoro 3acrocyBaHHs HaOyBalOTh METOJHM, IO TPYHTYIOThCS Ha
BUKOPUCTAaHHI MaTEMaTUYHOTO amapaTy TeopeTHKo-4yucioBux mneperBopeHs (TUII),
KOMYTaTHUBHO1 ainredpu, Teopii MaTpullb, IUKIIUHUX TPYI, CKIHYEHUX MOJIIB, Ta noui ["amya
[3, 4]. Texnika I1®PI B 6a3uci 'amya 10 choroaHi Oysa BeJIbMHU Jajieka BijJ 3aBEpHICHHS Ta i
CTPYKTYPH Cy4acHUX OOUMCIIOBAILHUX CUCTEM HEIOCTATHHO OPIEHTOBAHI HA BUKOHAHHS il B
komax [amya BHAcCHiIOK HEMOBHOI pO3pOOKM Teopii Ta y3aralbHEHHS MIDKOA3MCHHUX
MEepEeTBOPEHb, M0 3YMOBUJIO HEOOXITHICTH PO3POOKH B TEpIIy 4Yepry MaTeMaTHYHOTO
y3araqibHeHHs1 MeToniB MbkOasucHux TUII, a Ha iX OCHOBI peaii3aiii BUCOKOC(HEKTUBHHUX
3ac00iB B3aeMOIIEPETBOPEHb Ta 0OPOOKH MOBiAOMIIEHB B O6a3uci ["anya.

3niicaennst TUII y mossax ["anmya 3a6e3nedye psig ocoOauBuX BiaacTUBOCTeH KoaiB miis [1DI.
[Ipupona pekypCUBHOIO BHOPSAIKYBAaHHS €IEMEHTIB KOJOBUX MOCIIiTOBHOCTEH ["anya no3Bosie
nepeiTu A0 BepTukaibHO1 IT, 3MeHmuTH 00CcATH 1H(GOPMAILIHHUX MOTOKIB, IO ITUPKYIIOITH B
MEpeXi, Ta MIJBUIIUTH TEXHIKO-€KOHOMIUHY €(pEeKTHBHICTh 3aCTOCYBaHHSI OOUYMCIIOBAIbHHUX
cucteM |3, 4]. Pe3ynpTaTd OCHiDKEHb JO3BOJWIM BHU3HAYUTH IEPCIICKTUBHUM PO3BHTOK
HAyKOBOTO HAIPSIMKY, SKUH TMepefdavae y3arajdbHEHHS ICHYIOUMX Ta pO3POOKY HOBHUX
TeopeTuyHux mojoxeHb [Pl B xomoBux cuctemax [amya, Ha OCHOBI SIKHX pPeEaNi3ylOThCS
HAayKOBO OOIpYHTOBaHI METOAM Ta 3acobu TexHiuHO1 peamizanii BeptukanpHoi IT 3
3acTocyBaHHsAM KoJiB ["anya.

JlocnimpkeHHsT MpPOBEIEHO 3 METOI pO3BUTKY BepTUKanbHOI [T Ha OoCHOBI poO3poOKU
y3arajJbHeHOi Teopii, METOIB Ta TEXHIYHUX 3ac001B (OpPMYBaHHS, IEPETBOPEHHS Ta 0OPOOKHU
nupoBUX MNoBiAOMIEeHb B Oasuci [amya. Jlnsg nmocsrHeHHs i€l MeTH OyJio 3acTOCOBAaHO
CHUCTEMHHUH MiJIXiA Ta BUPINIEHO PsAJl OCHOBHMX 3aBJaHb HAyKOBOI'O JOCIUDKEHHsS. 30Kpema,
Oyso po3po0IeHO MaTeMaTUYHUI amapaT MDKOA3MCHUX MepeTBOpeHb (QYHKI[IH Ta MPOBEICHO
aHalli3 TEOPETHKO-YUCIOBUX OCHOB KOJOBUX cucTeM ['anmya; CTBOPEHO TEOPETHYHI OCHOBHU
ineHTudikamii IMOYJIbCHUX JDKEpea TMOBLIOMJIEHb, a TakoX 3aco0iB  (opMyBaHHS
nocnigoBHocTel ["amya; po3pobiaeHo MeTonu Ta 3acobu MoOyIOBM KOJOBHX mikan [amya Ta
aHaJIOTO-IIM(POBOTO MEPETBOPEHHA 3 BUXITHUMH KoJlamu [ anya; po3poOieHa TeopeTnyHa 6as3a
3aCTOCYBAaHHS KOJOBHMX TMociigoBHOcTel ['amya s peamizamii MepeXeBHX 3aXUIIECHHX
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MIPOTOKOJIIB, 3MEHIIEHHSI Ha/JTUIIKOBOCTI MOBITOMIICHB, IO (OPMYIOTHCA Ta apXiBYIOTHCS B
iHpOpMaIIfHUX cHCTeMax; CTPYKTYpHO 1 amapaTHO 3a0e3ned4eHo e(eKTHBHI MpoueaypH
KOJQyBaHHs, WM(POBOI MaHINyNAMii, VYIIUIBHEHHS Ta JICKOJYBAaHHS  IOBIJIOMJICHB,
QITOPUTMIYHOTO 1 CXEMOTEXHIYHOTO NPOEKTYBaHHA TexHIYHUX 3aco0iB IIDI i mudposoi
00poOKH TIOBIOMJICHB, CHCTEM Ta MEPEK Ha OCHOBI KojoBuUX cucteM [amya. Takox Oyio
CTBOPEHO KOMIUIEKCH TEXHIYHOTO 3a0e3mneueHHs iHpOopMaIiitHIX MEPEX PO3MOAITICHIX CUCTEM
VIPABJIIHHS MPOMHUCIOBHMH 00'€KTaMHU Ta TEXHOJOTITYHUMHU YCTAaHOBKAMH 1 BIIPOBAKEHO 1X B
MIPOMUCIIOBOCTI.

Bupimenss npo6iemMu 3A1CHIOBAIOCh 3 BPaXyBaHHSIM PO3BHUTKY TAaKHX TEPCHEKTUBHUX
HampsIMKIB, SIK 3aCTOCYBaHHs Ta mepexin 1o crBopeHoi BeprukanbHoi IT 1 TUII B konmoBux
cuctemax ['amya; posmapasientoBaHHs oOpoOku iH(popMaIlii; peryiaspusaiis Ta MiABUIIEHHS
OJIHOPIJTHOCTI OTIepaIlifHuX cepeaoBUI. BupimnieHHs: BKa3aHUX 3aBJaHb BUMArajo y3arajbHeHs,
Neperasay, po3BUTKY Ta BJOCKOHAJIEHHS TpaauliiHuX miaxoAiB no peanizauii [T. [Ipu upomy
3aCTOCOBAHO MaTeMAaTWYHUH amapar Teopii iH(popmallii, TMCKPETHUX OPTOrOHANBHUX (PYHKIIIH
Ta psAiB, abcTpakTHUX aireOpaiyHux cucreM, MikOazucHux TUIL, mMaTpuuHux omepauii Ta
Teopii KOJOBHUX cHcTeM. BUKOpHCTaHHSI MaTEMaTHYHOTO arapary Teopii KOyBaHHS JT03BOJIHIIO
PO3pOOUTH HOB1 METOJU Ta aIrOpUTMHU O0OpoOKM naHuX. /luckperHi opToroHanabHI QYHKIIT Ta
PO € BaXJIMBUMHU €JIeMEHTaMH OOpOOKM CHUTHaNliB, a aOCTpakTHI airedpaiuHi cUCTEeMU
J03BOJIAIOTE MOJIETIOBaTH CKiIaaHi mporecu. MibkOasucHi TUIl Ta marpuuni omeparii €
KJIIFOYOBUMHU e€JeMeHTaMu o0poOku maHux B cydacHux IT cucremax. BukopucranHs mux
METOJIIB Ta TEXHIK JO3BOJIIO PO3poOMTH HOB1 iH(OpMaIiitHi TexHosorii Ta 3abe3nmeunuTu
BHCOKY €()eKTUBHICTh Ta MPOAYKTUBHICTB [T cucrem.

Bkazani HanpsSMKH pPO3BUTKY € BaXKJIUBUMHU IS IABUIIEHHA €(QEKTUBHOCTI Ta
MPOAYKTUBHOCTI 00poOku iHdopMmarlii B cydacHux IT cucremax. 3acTocyBaHHS BEPTUKAIBHOT
IT 1 TUII B komoBux cuctemax ["anya m1o3Bosisie 3a6e3meunTn OUThI ePeKTUBHY 0OPOOKY TaHUX,
3HU3UTH HAJJIMIIKOBICTh IOBIIOMJIEHb Ta 3a0E€3MEeUuTH 3aXHCT BiJl MEpPEXEBUX 3aBal.
PosnapanentoBanHss o0poOku iHdopMarii A03BOJIIE TPUCKOPUTH OOpOOKY MJaHMX Ta
3a0€3MeUnTH PO3MOJAUICHY O0O0poOKy Benukux o0csariB iHdopMmamii. Perymsapusamis Ta
MIIBUIICHHS OJHOPIAHOCTI OIEpaIlifHUX CEepPEeOBUIL J03BOJISIE 3a0e3MeUuTH CTaOUIBbHY Ta
HaJiitHy poboty IT cucrem.

IIpu po3pobui 3aco6iB 1Pl Oynu BUKOpPHCTaHI METOAM MDKOA3UCHUX MEPETBOPEHb,
PO3PIIKEHOTO Ta KOJOBOTO (HhOpMYyBaHHS TMOBiIOMJIEHb, MOCTIIOBHUX Ta MapajielbHUX
PEKYPCUBHUX YIOPSAKYBaHb, TEOPil KIMOBIpHOCTEH Ta 3aBaJOCTIMKOTO KOAyBaHHs iH(OopMaIlii.
IIpu po3pobui 3acobiB iH(POOOMIHY, AeKOoAYBaHHS Ta HUPPOBOi 0OpoOKM JaHMX Oynu
BUKOPHCTaH1 TEOPisl CUTHAJIIB, AJITOPUTMIB, 3B’ SI3KY, CHEKTPAILHOTO Ta KOPEIALIHHOTO aHali3y,
OCHOBHI TIOJIOXKEHHsI Teopii po3Mi3HaBaHHS 00pa3iB, METOAM CTATUCTHKUA Ta OLIHKH
CTaTUCTUYHMUX 3B’SI3KiB, Teopis (YyHKIIOHATBHUX NEPETBOPEHb Ta LU(POBUX aBTOMATIB,
3MEHIIEHHS HaUIMIIKOBOCTI OB1IOMJIEHb.

HoBu3Ha mnpoBeaeHHX [OCHIKEHb ToJiArajga y CHCTEMHOMY WiAXOJi A0 peanizalrii
CYKymHOCTi mpoueayp ¢opmyBanHs, AL[ mepeTBopeHHs, nepenadi-npuiiomMy, IeKOIyBaHHS,
g poBoi 0OpoOKH, apXiByBaHHs, BioOpakeHHsS Ta oprasizaiii mpoiecy iHpopmaliifHoro
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oOMiHy, IO MiANOPSAKOBYIOTHCA €IMHUM BUMOTaM BepTHKanbHOI [T mpu peanizamii KOxHOT 3
MPOIEeIyp Y KOMIUIEKCI.

OtpuMaHi HAyKOBI pe3yJabTaTH JO3BOJWIN PO3poOMTH 3aco0u peanizaimii OCHOBHHX
cucteMHUX QpyHKIIH hopMyBaHHS, IEPETBOPEHHS (hopMHU Ta HUPPOBOT 0OPOOKH TaHUX y KOAAX
lanya, o 3a6e3meumii MOXKIIMBICTh KOHTPOJIIO B pEAIbHOMY Yaci IHTErpalbHUX TAa MUTTEBHX
XapaKTEepPUCTUK CTaHy JuKepen iH(opmarii, BUCOKY IMIBUIKOMII0 Ta TOYHICTh TEPETBOPEHHS,
BHUCOKHI CTYIIiHb 3aBaJI03aXHMCTy Ta JIOCTOBIPHICTH OOMiHY IaHMUMH, 3MEHIICHHS OOCSTiB
MOBIIOMJIEHb B MEPEK1 Ta BapTOCT1 CHUCTEM, Ha OCHOBI SKUX peasli30BaHO METOJM Ta 3aco0u
nooyznosu BepTukanbHoi ['T. Bukopucranusa po3pobienux 3aco6iB peanizaiii BepTukaabHoi [T
3a0e3nedyye MOXJIMBICTh MMOOYIOBM LHUPPOBUX CHUCTEM aBTOMATHU30BAHOTO KEpyBaHHS
CKJIAIHUMH PO3TOJUICHUMH TpollecaM, 00'€KTaMH Ta CHCTEMaMH, a TaKOX aBTOMAaTHU3aIlil0
HayKOBUX €KCIIEPUMEHTIB 3 BUCOKMMH MOKAa3HUKAMHU HAJIHHOCT1 Ta TOCTOBIPHOCTI PE3yJIbTATIB
JOCTI/DKEHHS 32 HU3bKUX BUTPAT Ha po3po0OKY, BIPOBAKEHHS Ta €KCIUTyaTalliio.
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CUCTEMH YIIPABJIHHSI KOHTEHTOM Y KOPIIOPATUBHIN C®EPI

Caxnwk I1.B., 3amypyeBa O.B., ®enoco C.A.

Bonuncexuii nayionanvnuii ynieepcumem imeni Jleci Yepainku,
Kkageopa meopemuunoi ma komn'tomeproi ¢izuxu imeni A.B. Ceidzuncobroeo,
np. Boni, 13, Jlyyvx, 43000, Ykpaina
e-mail: pavlosakhniuk8@gmail.com

BinbmricTe Kopriopaniii Ta ycTaHOB pPi3HOIO CHPSIMYBaHHS Ta MaclTa0y BUKOPHCTOBYIOTH BeO-
TEXHOJIOT11 TSI CTBOPEHHSI BIaCHUX BeO-mopTaiiB. OJJHUM 3 OCHOBHHX 3aBJaHb MIITPUMKH TAKHUX IIOPTAITIB
1 caliTiB € ynpaBiiHHSI KOHTEHTOM. [1J1st HOro peatizaiii BAKOPUCTOBYIOTh CIIelialIbHi CHCTEMH YIPABIIiHHS
KoHTeHTOM. [Ipu BHOOpPi Takoi cHCTEMH 4acTO OOMpAIOThCs HAUMOMYNSAPHINI BapiaHTH, IO HE 3aBXKIU
ONTHUMAJILHO MiXOAUTH Uil MOTped yCTaHOBU YW Oi3HECY y KOHTEKCTI crmenudiku ix pobortu, raiysi,
MaciTady Ta IHIIMX XapaKTepUCTUK. TakuM YMHOM € HEOOXINHICTh 3HAWTH THYYKI albTEepHATHBU JUIS
3a0e3nedyeHHs MoTped yCTaHOB Pi3HOro crnpsiMyBaHHs. OJHIEIO 3 TAKHX AJLTEPHATHB MOXE CIYTI'yBaTH
CHUCTEMa YIPaBJIIHHA KOHTEHTOM 3 BiAKpuTHUM Buximaum kogoM TYPO3 CMS, sky [IouiibHO
MpoaHaTi3yBaTH Ta TMOPIBHATH 3 IHIIOK IMOMYJSPHOIO aHAJIOTIYHOI CHUCTEMOI 3a TapameTpaMu
MONIMPEHHS Ta ONTUMAILHIMH BapiaHTaAMHU 3aCTOCYBaHHS IS 33JI0BOJICHHS MTOTPeO IHCTUTYIIIHN Ta Oi3Hec-
KJTIEHTIB PI3HOTO CIPSIMYBaHHS.IIBOTO 3aCTOCOBYEMO TTapaMeTPH3aIliio.

AHamni3z Ta JOCHIKEHHST MOXJIMBOCTEH PI3HUX CHCTEM YIPABIiHHSI KOHTEHTOM HPOBOASTHCS
OCTaHHIM YacoM 3 PI3HOI0 METOI0 — 30KpeMa pobora [1] mocmimkye TMUTaHHSA BHOOPY ONTHMAIBHOI
CHUCTEMH YIIPaBIIiHHA KOHTEHTOM I PETiOHAIBHOI Ta3eTH, y MOCTIHKEHHI KIIOYOBHMMH BapiaHTaMH
¢irypytots  Typo3 1 Drupal. YV [2] po3riasHyTi 0COOJIMBOCTI IOIIMPEHHS Ta BHKOPHCTAHHS
HaWTIOMYJISAPHIIIAX CHCTEM YIIPABIIIHHS KOHTEHTOM. BaXkJIIMBUM JOCIIDKECHHSM TaKOX € aHaII3 CyJacHUX
CMS, BuiIeHHS KIIIOYOBUX 3aBJIaHb Ta CJIEMEHTIB aKTyalbHUX BEO-ITOPTAJIB Y OCBITHIHN cdepi Ta aHaAII3
Ha 11iit ocHoBi Drupal ta Typo3 CMS i BUOOpY ONTHMAaJIBHOTO BapiaHTy JJIsl OCBITHIX 3akinafiB [3].

B nocnimkenHi IpoBeneHo aHali3 JaHuX M0JJ0 BUKOPHUCTAaHHS Ta MOMIUPEHHS CHCTEM yIIPaBIIHHSI
KOHTEHTOM Yy BeO-pecypci Similar Tech 3a ximrogoBumu cioBamu «Drupal», « TYPO3». Bunineno acrexkti
BUKOPHCTAaHHS TIOB’S3aHI 3 TMIOMUPEHICTIO, TPEHAaMH TOMYJISPHOCTi, Talxy3sSMH 3aCTOCYBaHHS,
reorpa¢iYHOI0 IPUB’A3KOI0 Ta MacIITabOM BeO-pecypciB, KOTPi BHKOPUCTOBYIOTH Bi/IITOBIIHI TEXHOJOTI].
Hocmimkeno ocHoBHi Moxym cucteM TYPO3 CMS ta Drupal y KOHTEKCTI CYyMICHOCTI 3 OCHOBHHMH
BHMOTaMH /10 BEO-TIPOMYKTIiB. 3iiiCHEHO MOPIBHAJIBHUHN aHaji3 OCHOBHHX (PYHKIIA CHCTEM, BUALIICHO
KIJTFOYOB1 OCOOJIMBOCTI Ta ONTHMAJIBbHI CIIeHApii BUKOPUCTAHHSL.

OO0uBi crcTeMu KepyBaHHS BMICTOM € MTOTY>KHUMH IHCTPYMEHTaMHU 3 TiepeBaraMu Ta HeJIOTIKaMHu.
Orxe, TOJIOBHE MUTAHHS [TOJIATAE B TOMY, 3 SIKOFO METOIO Oy/ie BHKOPHCTOBYBATHCH cucTeMa. Drupal kpare
MIIXOIUTH CIIEIialli30BaHUM BeO-caliTaM Ta caiiTaMm B oOmacTi comianbHuX crinsHOT. TYPO3 nepeBaxae
cepel cepemHiX i BEMWKHX KOMIIaHIH, sIKi MOTpeOYIOTh MOTYXHOI aJMiHICTPAaTUBHOI MaHeli, podoTh 3
OaraTbMa JIOMCHAMH Ta CaTaMHU.
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OYHKIIA PO3ITOALTY ITPOCTUX YHUCEJ

Cryanunbkuii MartBiii AnapiiioBu4
HauionaabHnuii yHiBepcutet imeni Tapaca LlleBuenka, cTyaeHT 2 Kypcy

MeXaHIK0-MeTeMaTUHYHOI0 (PaKyJIbTETy
e-mail: matviy.157@gmail.com

AKTyalbHicTh Aociimkennsi: 'inoreza PiMana e oaHiero i3 HaiBimoMimmx mpoOieMm
MaTeMAaTUKH, 10 HAJIEKHUTH 0 MPoOIeM THCAYOIITTsA. HaliBimomimoro BoHa € 3 IBOX MPUYUH —
no-mepiie, 6ararbMa HayKOBIIMH OyJi0 3p0o0JIeHO cripoOu oBecTH ado CIpOCTYBATH i, MPOTE
KOJIHE 13 BIIOMHUX HaM JIOBE/IEHb UM CIIPOCTYBaHb HE OyJIM BU3HAHI MATEMaTUYHOIO CIILUILHOTOIO
SK CIIpaBeIJIUBI, a MO-ApYyre, ICHye JOCUTh 0araro MareMaTHYHUX (PaKTiB, 1[0 BUIUIMBAIOTH 13
cnpaseyMBOCTI rinore3n Pimana. Kpim Toro, rimoresa Pimana TicHO moB’si3aHa 13 Garatbma
CKJIaJHUMHU (PI3BUYHUMU SBULIAMU (Cepell BIJOMMX HaM TAaKUX SIBUI — IOBEJIIHKAa TaK 3BaHOI
«CTanoi TOHKOI CTPYKTYpH», KBAaHTOBHUI Xa0C TOIIO).

MoxHa MPUUATH 10 BUCHOBKY MPO T€, IO JOCUTH IIKaBO OyJI0 O JAOCHITUTH TBEPIKEHHS
rinore3n PiMaHa Ha mpeaMeT HasBHOCTI €KBIBaJEHTHUX TBEPIKEHb, NepeBipKa JOBeleHHs (Uu
CTPOCTYBaHHS) SIKAX HE BUMaraTHMe HaJaToO OaraTo 4yacy Ta 3ycuib. Koxom Oyno joBeneHo, 1o
CIpaBeUIMBICTh TinmoTe3u PiMaHa eKBIBaJICHTHA CHPAaBEJIMBOCTI OMIHKH (YHKIlI PO3MOIUTY
MPOCTHX YUCENT HACTYITHUM YHHOM:

m(x) = Li(x) + 0((vx)Inx) mpu x > +o0

Tomy, oqHUM 13 MOXJIMBHUX NUISXIB JOCTIIKEHHS Tinmote3n PiMana € posrisg Ta aHami3
aCUMIITOTHYHUX (HopMyIT 171 GYHKIIIT PO3MOALTY MPOCTUX YHCET 3 METOIO X aHaJi3y Ha TPEeIMET
BUKOHAHHS a00 HEe BUKOHAHHS CIIBBiIHOIIEHHS BuBeAcHOro KoxomM. TakuM 4nMHOM, TOLUTBHUM
BHUJIA€THCA aHAJI3 ACHMITOTHYHUX CHIBBIIHOIIEHD, AT (PYHKIIIT pO3MOILTY TPOCTUX YUCE.

006’ exT goCaiTKeHHs - QYHKITIS PO3MOAUTY MPOCTUX YHCET.

IIpeaMeT pocaigskeHHsI - aHAIII3 Ta MOITYK alPOKCUMAIHHAX MOJene QyHKITIT po3moIiTy
IIPOCTHUX YHUCEIL.

Meta aoCJHisKeHHs1 - TIPOaHai3yBaTH ICHYIOYl MOJENI ampoKCHMallii 3Ha4eHb (PYHKITIT
PO3MOAUTY MPOCTUX YMCEJ, 3HAUTH HOBI CIOCOOM ampokcumarii GyHKIiT po3noauly MpOCTUX
qucel, 30KpeMa IIJIIXOM BUKOPHCTAHHSI HECKIHUEHHUX PAJIB Ta iXHIX YACTKOBUX CYM.

3aBIaHHSA NOCTiAKEeHHA:

= JloBecTH Te, 110 MHOKHHA IIPOCTUX YHCEJI € HECKIHYEHHOIO;

» TIpoanamizyBaTu moHATTA QyHKIIT 77(x) Ta pO3IIAHYTH MUATAHHS MOLIYKY (QYHKII, 10
JaBaTHMe 33JI0BUTbHO TOUHE HaOIMKeHHs (QYHKIIT pO3MOUTY MPOCTHX YHUCET;

* 3ailicHUTH [OCIIDKEHHS ICHYIOUMX ampoKCHUMalidHuX Mozenedl (QyHKuii po3moainy
IPOCTHUX YHUCEI;

* 3anponoHyBaTH BJAaCcHI alpOKCUMAIliiHI MOJeNi GYHKIIIT PO3NOIUTY MPOCTUX YUCEN Ha
ocHOBI ¢yHKIIT Jlexanapa 3araapbHOTO BUTIISLY, PO3KIAAy AeSIKUX (PYHKIIHA y psau, HA OCHOBI
psAl 13 BUKOPUCTAHHSM IHTErpalbHOTO Jlorapugma.

HaykoBa HOBH3HA: BHACIIJIOK 3/1IICHEHHS TOCITIIKEHHSI OyJI0 OTPUMAHO KiTbKa aOCOJIFOTHO
HOBHX PE3YJIbTaTiB y cpepi aCUMITOTUYHOTO HAOIMKEHHS Ta anpoKcuMarllii pyHKIi po3noaity
MPOCTHX YHUCET 3a JONOMOroro psiaiB. OTpuMaHi BHCHOBKHM OyJIO JOBEJEHO, CIIMPAIOYMCh Ha
CaMOCTIHHO po3poOIeHUN aTOPUTM JIOBECHHS PO3IJIAIyBaHUX TBEPKEHb.

ITincymoBy04H, TPUXOUMO IO BUCHOBKY ITPO Te, L0 B IPOLIEC] AOCHIIPKEHHS HaMH QYHKIIT
PO3IMOIiTY POCTUX YKCET MU 3IHCHIIM aHaTi3 GYHKIIIH, 10 anpoKCUMYIOTh 7(X), KOTpi Oyiu
3anpornioHoBaHi Jlexanapom, I'aycom Ta YeOuiieBuM, MOPIBHABIIM TOYHICTh ANpOKCHUMAIlii
(dbopMmynaMu 3arponOHOBAaHUMHU HUMHM 3Ha4YeHb 7T-(YHKUIT A1 BIAMOBIIHUX 3HAYEHb apryMEHTY.
B pesynbrati 3A1CHEHHS JOCTIKEHHS MU OTPUMANU JOCUTh OaraTo (yHKIiH, aCHMOTOTHYHO
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€KBIBJICHTHUX JI0 TT-(QYHKIIII, MOJaNIbIIE JOCTI/DKCHHS MOBEIIHKU SKUX JT03BOJIUTH 3IHCHUTH
nporpec y JIOBE/ICHHI (200 CIpOCTyBaHHI) aCUMITOTHYHOI PIBHOCTI 3anpon0H013aH01 Koxowm, a
Tomy 1 rimore3i Pimanma. Kpim Toro, 3a momomororo oTrpuMaHuX (YHKIIiH, 13 3aJ0BUIBHOIO
TOYHICTIO MOYKHA 3HAXOIUTH HAOIMKEHE 3HAYCHHS KUTHKOCTI MTPOCTUX YHCET MEHIINUX 200 PIBHUX
3a 3aJjaHe YHCIIO.
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CTPYKTYPA BACKEND ®PEMIMOPKIB
Cmynino A.I1.

Bonuncoxuii hayionanvnuil ynieepcumem imeni Jleci Yrpainku, dimedrovi23@gmail.com

Backend ¢peiimBopk - me Habip iHCTpyMeHTIB, OIiOMiOTEK Ta CTaHIApPTIB, SKi
BUKOPUCTOBYIOTBCSL JUISL PO3POOKM CepBEpHHMX JOJaTKiB. BiH 103BOJsie po3poOHUKAM
30cepeuTuCss Ha OI3Hec-JIOrill CBOIX JOJaTKIB, HE TypOYIOUHCh NPO HU3BKOPIBHEBI JETall,
NOB'sA3aH1 3 pOOOTOIO 3 0a3aMK JaHUX, MEPEKEBOIO B3aEMOIi€r0, 00pOOKOTO 3anmuTiB i To1o [1].

Backend ¢peiimBopku 3a3Buuaii MatoTh BOy10BaHy MiATPUMKY PI3HUX IIPOTOKOJIIB, TAKUX K
HTTP, WebSocket, TCP/IP, a Takox pomoMikHi (yHKIIi 11 0OpoOKM NaHMUX, Takl SK
cepiamizarlis Ta aecepianizaiis ganux y gopmarax JSON, XML Tormo.

Haiimommupenimi backend dpetimBopku: Flask, Django, Ruby on Rails, Express.js, Laravel,
Spring Framework ta Node.js. Bouu HagatoTh po3poOHHKaM MOKJIUBICT €(EKTUBHO PO3POOIATH
CEpBEPHI JOJATKH 3a JOTIOMOTOI0 BHCOKOPIBHEBUX aOCTpakIlii Ta CTaHAApPTIB, IO JO3BOJISIE
3MEHILUTH 3aTPaTy Ha pO3pOOKY Ta 3MEHIIUTH KUTbKICTh TOMIJIOK.

Bci ppeiimBopku 6epyTh 32 OCHOBY MEBHY apXITEKTYPHY MOJIC/Ib, HAUTIONTUPEHIIIA 3 HUX 11€
- MVC (Model-View-Controller), 1o sBase co00i0 apXiTeKTypHHH IaOJOH MPOrPaMHOTO
3a0e3nedYeHHs, SKUi BUKOPUCTOBYETHCS B 0arathox (hpeiiMBOpKax po3poOku BeO-monaTkis. Lleit
m1abJIOH PO3AUISE J0IaTOK Ha TP OCHOBHI KOMIIOHEHTH

1. monens (Model) - 1ie kmac abo CTpyKTypa JaHuX, sSiKa MPEJICTaBIIsAe 0azy JaHUX Ta
3abe3mnevye JOCTYN 10 JaHWX BIAMOBITHO JIO MpaBHJI 1 0OMEXEHb, BU3HAYECHUX B 0asi
nanux. Lls monens 3abe3neuye poOOTy 3 0a3010 JaHUX Ta JO3BOJSE PO3POOHUKAM
OTPUMYBATH JOCTYII JIO IaHUX BIIMOBIIHO 110 MOTPEO JT0AaTKA.

2. npencrasieHHs (View) - 116 KOMIIOHEHT, KU 3a0e3Ieuye BIIOOpaKeHHS JaHUX
Ha CTOpOHi cepBepa. Bonu MoxyTh Oyt BukopucTani mis reneparnii HTML cTopinok 3
JTAHUMU, K1 OyJIi OTpuMaHi 3 0a3u 1aHuX abo IHIIUX JHKEPEI.

3. xontponep (Controller) - e ocHoBHUIl map (pelMBOPKY, SKHH BiANOBiTae 3a
00poOKyY BXiJJHHUX 3aIUTIB Ta B3a€MO/Ii0 3 623010 naHuX [2].

Oxpim apxitektypHoi wmozaeni MVC, icHye Takox ©Oarato IHIIMX MOJeNeHd, sKi
BUKOPUCTOBYIOTBCS ISl PO3POOKH MPOTPaMHOTO 3a0€3IICYCHHSI.

1. MVVM (Model-View-ViewModel) - moxioro 1o MVC, MVVM po3aiise 101aTOK
Ha TPU OCHOBHI KOMIIOHEHTH: MOJENb, MPEJCTAaBIEHHS Ta MOJENb MPEICTaBICHHS.
Monenb npeacTaBleHHs CIYKUTh MOCEPEAHIUKOM MIXK MPEICTABICHHAM Ta MOJIEJUIIO, 110
103BOJIsIE OUIBIT e(hEeKTUBHO KEPYBaTH AaHHMH Ta CTAaHOM JoaaTKy[3].

2. MVP (Model-View-Presenter) - moaioro 10 MVC, MVP po3aisisie 101aTOK Ha TpU
OCHOBHI KOMITOHEHTH: MOJIeTb, MIPEACTaBICHHS Ta npe3eHTep. [Ipe3eHtep BucTymae sk
MOCEPETHUK MDK MOJEIUII0 Ta MPEACTAaBICHHSIM, IO JO3BOJIIE PO3JIUIMTU JIOTIKY
BiJJOOpaXeHHS JJAHUX BiJl JIOTiKH 00poOKH naHux[4].

3. Clean Architecture - 115t MoieTs pO3ILISE T0JATOK HA OKPEMI PiBHI 3aJI€)KHOCTI, 110
J03BOJIIE JOJATKy OYTH OLUTBIN THYYKUM Ta JIETKO 3MIHIOBATHUCH 3 4acoM. Lls monenb
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JI03BOJISIE PO3AUIMTH JOJATOK HA OKpPeMi piBHI, BKIIOYAIOYH MPEACTABJICHHS, TOMEH Ta
iH}pacTpyKTypy.

4. Hexagonal Architecture - s Mosiesb Takosx Bioma sik Ports and Adapters ado Ports
and Adapters Architecture. Bona opienToBaHa Ha TIOJIUT TOJATKY HA JIBi OCHOBHI YaCTHHHU:
SIPO TOJIATKY Ta 30BHIIIHI KOMIIOHEHTH. SIIpo T0aTKy MICTUTH Oi3HEC-JIOTIKYy Ta MOei
JIAHUX, a 30BHIIIHI KOMIIOHEHTH 3a0€3IeUyI0Th B3a€MO/III0 3 30BHILTHIMH cucTeMamu [5].

i moxeni, Tak camo sk 1 MVC, momomararoTh PO3IUIMTH JIOTIKY JOJATKy Ha OKpeMi
KOMITOHEHTH, 110 J103BOJIsI€ 3a0€31eUnTH OUThITY MaclITabOBaHICTh Ta MATPUMKY 104aTKIB. Kpim
TOTO, BOHM TaKOX JI03BOJISIFOTH OUThII €(DEKTUBHO KepyBaTH KOJOM Ta 3abe3nedyBaTH OUIbIIY
MEePEBUKOPUCTOBYBAHICTb.
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Hexaii Mu Maemo kpaiioBy 3aj1auy

Pt =0 1)

B 0AMHUYHOMY Kpy31 (0 < p < 1) 3a HaBHOCTI I'PaHUYHOI YMOBH
lim U (p, x) = f(x). (2)
Skmo t = —In(p), To mUdepeHIiabHe PIBHAHHSA APYroro MOPSAKY B YaCTHHHHUX MOXigHux (1)

MEPETBOPIOETHCS HA PIBHSAHHA TeIonpoBigHOCTI [1-3]. Mu Oynemo BBaXkatu, mo it QyHKIIIT
f(x) mae micue ymosa f(x + 2m) = f(x), BHaciigox 4oro (GopManbHUN PO3B’I30K KpaioBoi
3amaul (1) 13 rpaHWYHOIO YMOBOIO (2) MOKHa NOJATH y BUIJISAAI TaK 3BAHOTO IHTErpaa
Beiiepmtpacca

W(p;f;x)=%f f(y){%+2p"2 cosk(x—y)}dy 3)
- k=1

Mertoto maHoi pobotu € minmcymoByBaHHs psany Dyp’e y birypaux ayxkax dopmynau (3). s
IILOTO 3aCTOCOBYEMO TMapaMeTPU3aIliio

1 [t to
pkz cos k (x _ y) — Ej- dff eilfn pk(1+|7)|) Cos[k(x + E — y) — E] dT]

3 MeTOI0 TiepeTBopuTH hopmyiy (3) Ha popmymy

W(p; f;x) = f_ Oo;i_if_ ooeﬂfn{P(PH'”';f;x + &) cos(§) + P(p**1; £ x + &) sin(é) }dn,

y K1 QirypyroTh nmo3HadeHHs uis interpana [lyaccona

1-p* (" f(y)dy
Plosfix) = 21 f 1—2pcos(x —y) + p?
—TT
Ta crpsbkeHoro inrerpana Ilyaccona
— p (T f(t+x)sin(t)
P(p; fix) = —=

wJ)_,1—2pcos(t) + p?
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IIpasaa o COVID-19
Hoiui Apai
Hamionaneauit Mennaauii YaiBepcutet iMmeri O.0. boromoubis
yoichiarai@yahoo.de

To, uyTOo mpouCXOAUT cewuac, ABIAETCA TIIOOaNbHBIM mpectymieHueM. KoponaBupyc
nevcTBuTenpHO cymiectByer? Korga s oTmpaBisito OTKPBITBIM BONPOC B MUHHCTEPCTBO
3/paBOOXpPAHEHUS, TPYAA U COLIMATIBLHOU 3alllUThl HACEJIEHUS 110 ’TOMY ITOBOJY, OTBET BCEI/1a KHE
MOXET OBbITh MPOBEPEH» U «HE MOXKET MOJATBEPIUTh HAIMYKE KOpOoHaBHpyca». Korma oTkpsiTas
aHKeTa ObUIa pazociiaHa mpaBUTeNbcTBaM 47 npedexTyp AnoHuu, npaBuTenbcTBa 47 npedexTyp
OTBETUJIU OJTHUM U TEM K€ MpeaoxkeHueM: «Jloka3aTenbCcTB KOpOHABUPYCa HETY.

Ho nmoueMy MOHO c03/1aTh BaKIIMHY IPOTUB TOTO, CYIIECTBOBAaHHME YEro HEJb3s J10Ka3aTh?
[IpuHATO cuMTaTh, YTO HEBO3MOXKHO CO3/aTh BAKIIMHY, €CJIH CYIIECTBOBAHUE BUPYCAa HE MOXKET
OBITh MOATBEPXKACHO. Tak W3 4ero cocTouT HeiHeNmHss BaknHa o COVID-19? On comepxut
HCKYCCTBEHHYIO HYKJIEHMHOBYIO KHCIIOTY, Ha3biBaemyto MPHK, u Oosnblioe konmuecTBo okcuaa
rpadeHa, aHATM3UPYEMOT0 KOMIIBIOTEPOM. ITO (DaKT U OH JOKa3aH.

Wtak, nouemy nronu BakuuHupyrorca? KakoB MOTUB? DTOT okcHJl rpadeHa OKa3bIBaeT KpanHe
BpEJHOE BO3/IEUCTBHE Ha OPraHU3M YesloBeKa. 3BecTHO, uTo oKcu rpadeHa B KpOBU pa3pylIaeT
KJIETKH KpOBHU. BOT mouemMy Tak MHOTO JIIOJICH, Y KOTOPBIX KPOBb T'YCTasl U TJIIMHUCTAs, KaK MO CIie
npuBuBkr 0T COVID-19. Taxxe Ob10 00HAPYKEHO, YTO MO3KE OH MPEBPAIIACTCS B KPOBIHOU
CI'yCTOK, Ha3bIBAEMBIW re-Ma-To-ma. [loyemy Mbl fenaeM NPUBHUBKHM, XOTS 3HAEM TAaK MHOTO
npuunH? KakoBa 1iens npaButenbcTBa? [loueMy nMpaBUTENBbCTBO TaK XOUYET, YTOOBI JIFOAW ObLIH
BAKLIMHHUPOBAHbI? 3adyeM [PABUTEIbCTBY 3aCTaBIsATh HACEJICHUE JieNaTb [PUBUBKH OT
HecymecTByromiero Bupyca? Koponasupyc 567, COVID-19, ve cymectByeT. CnemnoBarenbHo,
3TO HE MOKET OBITH JOKa3aHO. TeM He MeHee, MPaBUTENIbCTBO Yrposkaio oasaM. Kak Tel yrpoxan
MHe?

[IpaBuTenscTBO mpHuKazano HaceneHuto npoutd [IIP-tect. HanuoHanbHbIK TEHTP
nH(pEeKIMoHHOTO KOHTpoJis cKpbll 3HadyeHue KT storo tecra IILP u cooOmmn o6 3ToM
obmectBeHHocTu. Eciu crannaptHoe 3HaueHune KT nmoauars ¢ 25 1o 45 u nposectu I1L[P-TecTsl,
BCE JIIOJM OYAyT MONOXKUTEeNbHBIMU. Y BHeApuB 3TO0T noaaensHeid [1L[P-Tect, mpaBuTENnbCTBO
HEMEJJIEHHO OTIIPaBUJIO JIFOJICH Ha JABYXHEAE/IbHBIM KapaHTHH. Ha camMoM jerne, korna 4esoBek
KalyeTcs Ha CUMIITOMBI APYroro 3a00JieBaHus U MOTa1aeT B OOJIBHUILY, €T0 CHavaja 3acTaBIIsIOT
npoutu [IP-tect. Ortor II[P-TecT coBepiieHHO HE CMOCOOEH OTIUYUTH MPOCTYAY OT
KopoHaBupyca. IlomyuuB 31OoT coBepuieHHO Hepasinuumbid IILP-tect, nauueHT cuemno
MOYUHSETCS BJIACTSM TOCYJapCTBa U OKa3bIBAe€TCs HA JIBYXHEAEIbHOM KapaHTHHE B OOJIbHHIIC
WJIY TOCTUHULIEC U BBIHYXK/IEH OIUIAYMBAaTh JABYXHEAEIBHOE MIPOKUBAHHUE.

OpHako TMOCTENEHHO MaXWHAIMM TPaBUTENIbCTBA ObLTM pazobnadeHsl. [IpaBUTENbCTBO
pa3ociano yBeIOMIICHHS BpauaM IO BCEW CTpaHe, YTOOBI CKPBITH CBOM MPOCTYHKHU. Jpyrumu
CIIOBaMH, y MpaBUTEIbCTBA €CTh MPUKA3 HE MPOBOAMTH TecThl Ha rpunn. [louemy BbI He
nposepsieTech Ha rpuni? Ecte TecTsl Ha rpurni. Bmecto storo crout caenarts I1LP-tect u nath
MOJIOKUTETBHBIW pe3yabTaT. Takum 00pa3oM, MpUYMHA CMEPTHU BCEX MAllMEHTOB Obllla HAIHUCcaHa
B CBHUJIETEIBCTBE O CMEPTH, YTO OHU yMEpJIM OT KOpoHaBHpyca. [laxe y moaed, morudmmx B
aBTOMOOWJIBHBIX aBapHsiX, B CBHUAETENbCTBAX O CMEPTH MHUCAIH, YTO OHU YMEPIU OT
KOpoHaBUpyca. YTo MpaBUTENBCTBO XOUET ClIeTaTh, HABS3bIBAs Takue Belu? Teneps st BUKY, UTO
XOYET CeNIaTh TOCYJapCTBEHHAs BIIACTh.

[To3BoJIMB HaceneHUI0 BaKIIMHUPOBATHCS MPOTUB BHpPYyCa, KOTOPOTO HUKOT/A HE CYLIECTBOBAJIO,
rocy/iapCcTBeHHAs BIACTh BIOKUJIA B BAKIIMHY HACTOSIINHU BUpYC. [Ipu 5TOM B BakIIMHY 100aBUIH
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okcu rpadena. Tem caMblM Halusi OCO3HAJIA HEOOXOIUMOCTh BaKIMHALIMM CBOUX TPaKIaH.
OnHako HAMEpEHUs MPABUTEIBCTBA OBLIA MOTEPSHBI.

Ha grsax 190 venoBek 3apa3miinch KOpOHAaBHpYcOM B OonbHHIe Ha OkuHaBe. J[eBIHOCTO
MPOIEHTOB MH(MUITMPOBAHHBIX MOJIy4miIH aBe uiau Oojee BakuuHbl mpotuB COVID-19. Kakosa
Obuta 1enb BakMHAMH? BakKuWHBI HCTIONB3YIOTCA [UIS TPENOTBpPAIICHUS WH(EKIMOHHBIX
3a00JIeBaHUH, HO HH(UIIMPOBAHHBIX B JICBITH pa3 O0JIbIle, YeM HepUBHUTHIX. [Ipu 3TOM morubim
64 gyenoBeka. bosee Toro, rocyaapcTBO CKphIBAJIO, YTO CTAJIO0 MPUYMHOU THOETH 3TUX 64 YEIOBEK.
Bpauu rosopsr, uto 100% ymepiunx ObuIH JIFOABMH, KOTOPBIM crienanu npuBuBky ot COVID-19.
YMep TONBKO TOT, KOMY cAelalu yKoJI. st nroneid, KOTopsle HE TOIBEPrajuich WHBEKIUSM,
TaKOH OITACHOCTH HET.

Takune nedopmanmm, Kak AempTa-IITAMM M JAMOAA-IITaMM, BO3HUKAIOT, KOT/IAa BBl JIEaeTe
nabeknno. [lepen Onmumnurickumu UrpaMu B TOKHO OBIJIO CKa3aHO, YTO 3TH HITAMMBI B3OPBYT
nHoexuo. [ToueMy nMpaBUTETHCTBO MOXKET JIeNIaTh TaKue MPOTrHO3HI 3apanee? [IpaBuTenbCTBO,
KOTOpOE HE MOKET JJa’Ke JIOKA3aTh CYIECTBOBAHUE BUPYCa, MOXKET, KaK HU CTPAHHO, IPECcKa3aTh
BCIIBIIIKY IITaMMOB. Astra Zeneca paHee npoBOAniIa UCIIBITAHUS Ha JIIOJIX K 1ory oT JIonaoHa. B
X0JI€ SKCIEPUMEHTa Ha JIFO/AX MOTHO OJHMH YelloBeK. JlembTa-mramm cTaia NpUYHHOW CMEPTH.
[Tocne 3TOTO TaKOW K€ SKCIIEPUMEHT Ha JIFOJSIX HavyaJicsl B bpa3uiuu ¢ MCIoIb30BaHuEeM BaKIHHBI
npyrod koMmmaHuu. B To Bpems mosBuics mramMm JisaM6aa. Tam moru® oaus uernosek. [Ipu
MOTIAJTAHUN Ha BaKIWHY TOSIBIISTIOTCS TAaKKE IITAaMMBI. Tak 4To e TO 3a aKIuu?

Joxtop bxyau MukoBull u Buie-nipe3uneHT Pfizer puckoBany cBOUME XKH3HIMH, Oerast 1o
BCEMY MHUDY, Mpenynpexnaas JroAed He JenaTbh IPUBHUBKHM, HO OOIIECTBEHHOCTh HX
IpOUTHOpUpoBaJa. B pe3ynbrare WrHOPHPOBAaHUS MOCIEIOBATENBHO MOSIBISAIOTCS JI€NIbTa-
nedopmarus, JIaMoaa-aedopmanus U ciaeayomas 3a Hed aedopmanus. Ecau mpousBoauTens
BaKLIMHBI U3MEHUTCS, TUI IITAMMa U3MEHUTCS, Ja’Ke €CIIM BAKLIMHUPYETCS TOT e YETOBEUECKU U
OpraHU3M. YTO 3TO 3a aKMUHU? DTO CHAWKOBBIM OeJOK. S He MOTY IymMaTh HU O YE€M JIPYTOM.
JlpyrumMu CJI0OBaMH, JUIs TOTO, YTOOBI BHEAPUTH LIMITOBUAHBIM O€IOK B YEJIOBEUECKHH OpPraHUu3M
HAaCeJIeHUs, IPaBUTEIbCTBO JOJIOE€ BpeMs TEPPOPU3UPOBAIO HACEICHHE C LENbI0 €ro
BakuuHauu. Bor nouemy npembep-munuctp Ecuxupy Cyra 3asBui, 4To ero uenp —
BaKLMHUPOBaTh 60 MIILIMOHOB uesioBeK. [louemy Takast kBoTa Ha 3Ty BakUuHy? Eciiu BakIIMHbI
JIEWCTBUTENIBHO CIACAIOT KU3HU JIIOJIeH, TaKOM KBOTHI OBbITh HE MOXeT. Bce moimkHBI OBITh
BaKLIMHUPOBAHBI.

XO0Ts 3TOT IUTAaMM B3pBIBOOIIACHO 3apa)kaeéT MHOIMX JIIOJEH, OH HE TaK CMEpTENeH, Kak
[IEPBOHAYAIIBHO AYMAJIHM «TOJOBOPE3b». DTO ObUI UX mpocyer. byap To AenbTa-mtamMm HiId
nsMOa-1ITaMM, B cliyyae 3apakeHus OH o0iajan crnocoOHOCThIO yOMBaTh JroAeH. A ecnu Obl
moaun ymupanu oauH 3a apyrum, COVID-19 umen 6b1 Gonbmion ycmex. Ho daxruueckoe
KOJIMYECTBO cMepTeH,ux Masio-0.4%. OT npocTyasl ymupaeT 6osblie Jroed. Bo MHOTHX citydasx
JIOAW C THEBMOHHEW WIM Te, Y KOIO yXe ecTb COOCTBEHHbIE XpPOHHYECKUE 3a00JIeBaHUf,
CIPOBOLIMPOBAHBI BUPYCOM MPOCTY/Ibl U YMUPAIOT. XOTSI OHU FOBOPSIT, YTO UCCIEAYIOT IITAMM,
oTyeT 00 MccieI0BaHNY IITaMMa ellle He mpecTaBieH. [loaTomy Te, KTo MIaHupyeT yCTaHOBUTh
MHUPOBOE NPaBUTEIHCTBO MOCTE ACTOMYISAIMH, TyMalOT, YTO UM CIIEYET CO3/1aTh HOBYIO BaKLIUHY
U co371aTh 00Jiee cMepTOHOCHBIX IiTaMM. HeiHemaue mrammer Delta u Lambda ve moryt youBath
JII0ZIEH.

UYro kacaercsi TOTO, YTO 3HAYUT MOPA3UTh BAaKLIUHOU, MBI Y)K€ 3HaeM, UTO 3TO HE MOJABICHHE
MHOEKIMH. DTO CBS3aHO € TEM, UTO JIFOJH, KOTOpbIE ObUIN BaKIIMHUPOBAHBI, O0JIee 1M0ABEPIKEHBI
3apakeHuto. Yto Oyzaer aanbie? IMEHHO CTOJBKO KHUBET MPUBUTHIH YETIOBEK.

K takuMm >xe pe3ynpTaTaM NpHUILLIH HccaeaoBaTenu Becero Mupa. Meimm npuButsl o1 COVID-
19 u xuByT Bcero 20 aueil. Ecam mepeBecTu 3TO B 0KHUIAEMYIO MPOJODKUTENBHOCTD KU3HU
YeJoBeKa, TO MOJYYUTCS JBa rojaa. TpyaHO 3aMeTUTh, YTO MPOUCXOAUT BHYTPH Teia. ITO

126



Proceedings APFS-2023
Section 3. Fundamental problems of biology and medicine

CTpAILIHO, HO JIFOJIU HE 3HAIOT, YTO MPOUCXOIUT BHYTPHU UX Tell. [[pUBUBKa BBI3bIBAET T€MaTOMY B
MO3TY, U KOT/Ia 1 CMOTPIO Ha CHUMOK, 5 C Y’)KaCOM JyMaro, YTO TAKOE Y’KACHOE CIYYHIIOCHh C MOUM
MO3rOM H3-3a MpUBUBKH. [IpaBUTEIbCTBEHHBIE OIOPOKPATHI U MOJTUTHKH, 3aCTABJISIFOIIUNE CBOUX
TpaXIaH JejaTh NPUBHUBKH, PAIYIOTCS 3TOMY CTPAIIHOMY COOBITHIO. TpymHO TOHITH HX
nymeBHoe coctostHue. Ecnu uepes 100 jieT mosiBUTCS KPUMHUHAIBHBIA TICUXOJIOT ¢ T€HUAIbHBIM
MO3rOM, MpeBocxoamuM Dperfia, OH CMOKET OOBSICHUTh MEXaHU3MbI MX Mo3ra. OIHAKIBI S
Opasl UHTEpBBIO y YenoBeka, KoTopeid ObuT mpuBuT 0T COVID-19, m xorma s crpocuin ero:
«IToueMy BBI crienanu MPUBUBKY?», OH OTBETHII: «[loToMy 4TO 3TO BakumHa». «ITO HE BaKIMHA,
3TO OMOXMUMHUYECKOE OpYyKUe JIsl yourcTra. To, 4TO MPOUCXOAUT cerdac, sIBJISIETCS TJI00aTbHBIM
MPECTYIJICHUEM.

Tot ¢axkr, yto HropaObeprckuu mporecc cocTosics mocie Bropor MUpOBOU BOUHBI, MBI BCE
y3HaJIM Ha ypoKax HCTOPHUU. DTOT Mpoliecc, Kak U TOKUUCKUW, Mpoxoaus B ['epmanum mocine
OKOHYaHMSI BOWHBI, HO B 3TOM HOBOM Iporiecce npunsui ydactue 102,000 axBokatoB u 6,000
Bpayeu M UCCIE0BATEICH, KOTOPHIE Jalli MOKa3aHUsI O BAaKIIMHE. PEKOMEHOBAIA ATy BaKIIMHY
JIpYTUM, TIOJIMTHKAM, BpadaM, MEJICECTpaM, KOTOPBIE €€ CIAeNalid, U JAPYruM JUIaM, KOTOpbIe
MOTJIA OBITh MPHUBJIEYEHBI K OTBETCTBEHHOCTH. JTO TOJBKO BOTIPOC BPEMEHH, MPEK/E YEM ITOT
cyn cocroutcs. [Ipunayknenue k BakmuHe mpotuB COVID-19 sBisiercs BeIMYaniiuM THYCHBIM
MPECTYIJIEHUEM B UCTOPUH YEIIOBEUECTRA.

Bbl 0JDKHBI 3HATH, YTO MPOUCXOIUT B MUPE CaMOCTOATETbHO. UTO BBI BBIOEpeTEe ceudac?
ExxeromHoe umcino cmeprer ot BakimHanuu npotuB COVID-19 B SnmoHmu, kak moka3biBaeT
CTaTUCTUKA €CTECTBEHHOIO JBM)KEHHS HACEJICHUS, TPEBOKHO BelHMKOo. Uucino mnorudmux B
SIlnoHuu 3a mocneaHue TPH rojia COCTaBISET
2019 --- 1,100,000 Jjroxu morudJm
2020 --- 1,140,000 jroau morudJm
2021 --- 1,450,000 Jroau morudJm
2022 --- 3,140,000 Jroau moruo.m

OOBIYHO OCHOBHOW TMPUYMHOM CMEPTU SMOHUEB SBISETCA pak, 3a HUM CIEAYIOT OOJIe3HH
cepllia, CTapocTb U JOPOKHO-TPAHCIIOPTHBIE MPOMCHIECTBUS, B TpH pasza Ooibiie. OTHBIHE
0’KHMJIa€TCs, YTO YHUCIIO cMepTeH B 3TOM roay npeBbicuT 1,000,000. OOBIYHO YHCIIO YMEPIINX Ha
] MWITHOH YeloBEeK B 3TOM rojay cocrasisieT 3.14 MUIUIMOHA, a Yepe3 roJl OHO YBEJIUYHUTCS B
4eThIpe pasa, To ecTh Oyaer 12 muiuinoHoB. B necsats pa3 6onbiie cmepred. Koneuno, 3To He
OOBbIYHbIE MPUYMHBI CMEPTH, TaKWE KaK pak, O0JEe3HH cepjia U CTapocTb. YHCIO yMmMepIIuxX OT
KopoHaBupyca coctaBisier okojio 30,000 yenoBek. [IpaBUTENbCTBO €lll€ HE HA3BAJIO MPUUYUHY
CMEPTH, HO MAJIOBEPOATHO, YTO MPUYMHA CMEPTH TAKOTO OOJIBILIOTO YKCIia CMEpTeH Oblila BhI3BaHa
BaknuHanued npotuB COVID-19. Bo Bcem mupe cutyarus Obuia Ob1 Topa3ao Oosee y)KacHOU.
DT0 HeNb3s cOpachIBaTh CO CUETOB KaK TEOPHUIO 3ar0BOpa.

B xone skcnepumenta B Tokuiickom HayuyHoM yHuBepcuteTe 100% kppic ymepnu uepes 20
nHed nocie BakuumHanuu npotuB COVID-19. Taxke npu BakumHanuu komek or COVID-19
yepes aBa roja moruoio 100% xomiek. B 2013 roay Pfizer yxe Hadaga KIMHUYECKHE UCITBITAHUS
cBoeit BakiuHbl mpotuB COVID-19 na 200,000 uenosek. K aBrycry 2022 ropa, crycts AeBATh
MOJIHBIX JIET, B KUBBIX OCTAHETCS TOJBKO nATepo. [1o cocrosinuto Ha 3 mas 2023 rona, TO €CcTh 1O
MPOILIECTBUH JBYX MOJIHBIX JIET, KOJMYECTBO YMEPIIUX B SMMOHUM paBHO HACEJICHUIO IBYX U3 47
npedextyp. Takum o6pazom, k 2030 roay HaceneHne Mupa OyJIeT COCTAaBIATH MEHEE MOJIOBUHBI
HeiHemHero. Ceituac SmoHust BOT-BOT moruOHeT. OgHAKO HUKTO B SIMOHMM HE 3HAET JTOM
peanbHOCTH. DTO MOTOMY, YTO OHU KXl IEHb CMOTPSAT YCTPOMCTBO AJIs1 IPOMBIBAHHS MO3TOB,

HAa3bIBAEMOEC TCICBUJICHUCM.
1. https://www.nicovideo.jp/watch/sm41813511
2. https://www.nicovideo.jp/watch/sm40548425
3. https://www.nicovideo.jp/watch/sm405851
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BUITAIKHX BPOCJIOI'O HIT'TA, KOMIVIEKCHE JIIKYBAHHAA:
AHAJII3 KIITHIYHOTI'O JOCBIAY, ABTOPCBKI HHOI'JIAIN

Bepryn A.P., Mausax I0.M., Kaautoscska* M.B., Bepryn O.M., KpaBuyk L.B.,
Haasko I.B., JIuxoBua IL.B., Onekciok O.b., ®octak** A.€., Mokpenbka** H.M.

Jlvsiscokutl HayionanvHull MeOuunull yHigeepcumem imeni Januna I anuybkozo
*K3BO JIOP «JIvgiécoka meduuna axademis imeni Anopest Kpynuncokozo»
** Komynanvhe nHekomepyiiine nionpumcmeso “Jlosigcoke mepumopianivhe meouyne 06 eOHanms No2
“Kniniuna mikapus nianoeoeo nikyeauHs, peabinimayii ma naniamuenoi donomoazu”, BI1 “4-a nixapusa”

Sk BiZOMO Ta MIATBEP/DKEHO HAIIUMH TIONEPETHIMHU JOCIIDKEHHSIM OIepalliiiHe JIiKyBaHHS
Bpocsioro Hirta (BH), sk moBHOIiIHHE XipypridyHe BTpy4YaHHs, MMOBMHHO OYyTH IEKOMIIPECIHHUM
(WIsIXOM BUKOHAHHS pE3€KIii YW BUIAJIEHHS HIrTS JIKBiIyBaTH TNATOJOTIYHY KOMITPECiO
eMOHIXeaTbHUX TKAaHWH) Ta MICTUTH NPOQUIAKTUYHMUN (TIONepe/KyBaTl BUHUKHEHHS DPELUINBIB
BpOCTaHHS) KOMIIOHEHT. Pe3ekiis Ta BumaneHHs HirtboBoi mactuau (BHIT), eniminyroun Bpocmmit
cyOcTpaT (Kpail HIrTs), HE JIKBIAYIOTh €MOHIXEATbHUN BaMUK (CyOCTpaT Ui BPOCTAHHS); TOMY IIi
METOAM, SAK CaMOCTIHI oOmepamiiiHi BTPYYaHHS, BBAXAEMO MAaJIiaTHBHO-IEKOMIPECIHHIMHU.
JIBoxxommoHeHTHI MeTou (pe3ekilist HirrboBoi mactuau (PHIT), abo BumaneHHs HirTs (ekcTupnaris
Yy a0JIAIis HIFTHOBOT IVIACTHHH ), JTOIMOBHEHA BHCIYEHHSIM 3MIHEHOI'O €IOHIXIs;, TAKOXK, — JOITOBHEHA
MapIiaJbHOI0 MATPUKCEKTOMIEID) € TPOTHPCIUINBHUME, BHCIYCHHS TATOJOTIYHO 3MIHEHHX
eTMOHIXCATbHUX TKAaHWH €JIIMIHye CyOCTpaT IUIsi BpOCTaHHS (EMOHIXEATbHHWH BalHK), a 4acTKOBA
KpaifoBa excumsis Matpukcy BH 3Byxye HIrThOBY IJIaCTHHY, MONEPEIKYIOUH TOBTOPHE BPOCTAHHS,
10 JI03BOJISIE 3HAYHO 3MEHIUTH KUTHKICTh PEIUINBIB, TOMY TaKi omeparlii MU BBaKaEMO YMOBHO-
panuKaIbHUMHU 3 IPOTHPEIUIUBHIM KOMIIOHEHTOM.

Hamu nocmimkeno 414 BummaakiB BpOCTaHHS, 30KpeMa OHIXOKPHUIITO3Y SIK OCHOBHOTO BapiaHTy
HEYCKJIaJHCHOI Ta HEKOMOIHOBAHOI 1HKapHaIlii HIrTs Ta CTBEPIHKECHO, IO ICHYE NIEKiJIbKa BapiaHTIB
BPOCTaHHS: TPH OCHOBHI THUITH 3MiH €TIOHIXEaIbHIUX TKAaHWH, YOTUPU BapiaHTH BPOCTAHHS KPaKO HIrTs
Ta IHII YOTUPH BapiaHTH KJIIHIYHOrO repediry 3axBoproBaHHs. [laroreHe3 iHKapHaIlii € JOCTaTHHO
CKJIAZIHUM 1 MOXE MNPEACTaBIATH c0000 Bix 1 10 4 OZHOMOMEHTHO ICHYIOUHMX «ITOPOYHHX KiT»
(Circulus vitiosus), ¥*=27,41, p<0,01, koediniear CripmMeHa y mocmimkysanux rpymnax 0,552-0,617,
IO CTBOPIOE TIEBHI TPYOHOIIl /s TOBHOLIHHOIO KOMIUIEKCHOTO JIIKYBaHHS Ta BHMArae
IHIMBITyali30BaHOTO MIAXOAY U XIpypriuHoi KOPEKIlii Ta BEJACHHS IiCIsonepaliiHoro mepiomny.
OHIXOKpPUNTO3, HE ACOLIHOBAaHUN 3 MIKOTHYHOIO MATOJIOTIEI0, TPOCIIEKTUBHO BUsBIECHO y 148 ocil.
CtBeprkeHo, 1O 1H(GUIBTPATUBHO-CEPO3HA CTAJisi MPHU TMOAANBLIINA 1ii €TiONOriYHOr0 YMHHHKA
NEePeXOoIuTh y HEKPOTUYHO-THIKHY, B T.4. 3 (popMyBaHHsM rineprpanyisiii. Hamu ontumizoBano
KIHIYHY Kinacudikaniio BH; OykBeHHO-UMCIOBUM KOAYBaHHSIM MaKCUMAJIbHO OXOIUIEHO MOBHUMN

“cexTp” KiiHiuHUX BapianTiB BH. Yacrime nepBUHHO pO3BUBAETHCS €MOHIXEANbHUM abcuec, KUt
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MpOpUBAE HA30BHI, MPOTE MATOJOTIYHA KOMIIPECiS KPaeM HIIThOBOI IJIACTHHHU 3aJIMIIAETHCH,
3aXBOPIOBAHHS IMEPEXOJUTh Y XPOHIYHY HEKPOTUYHO-THIIHY CTallil0 3 yTBOPEHHSM BOTHHIICBHX
HEKpO3iB Ta rineprpanyisnii. XpoHiuHe HEKPOTUYHO-THINHE 3aMaNeHHs, y psAAl BUIaJIKIB, BHACTIIOK
Nii JONAaTKOBOTO UWHHWKA (HANpUKIA[ TpaBMH), MOXE TMEPEXOAUTH Yy CTaJil0 TOCTPOro
ernoHixeanpHoro abcuecy. HasBHICTP MHOXMHHHMX jAedopMaliif Kpar HITTBOBOI IUIACTHHHU:
3a3yOpeHocteld abo (ta) maTpomnomioHoi Aedopmarii HIrTda ado (Ta) AUISHOK po3lIapyBaHHS I
OHIXOJII3UCY, HA HALITy AYMKY, CBIIUMTh PO 3HAYHY HMOBIPHICTP BAHUKHEHHS peluauBy. Taki 3MiHU
€ IPSIMUM [TOKa30M JI0 BUKOHAHHS TIAPI[ialIbHOI MATPUKCEKTOMIT SIK JOAATKOBOI'O IIPOTUPEIIUANBHOTO
KOMIIOHEHTY Xipypriunoro nikyBaHHs. Y 53,86% crnocrepexeHb MPOCIEKTUBHOI CYBHOIPKH HaMU
KOHCTaTOBAaHO OHIXOMIKO3 Ta BpOCIMHM HIroTh. JlMCTambHO- Ta MPOKCHUMAJIBHO JaTepalbHUN
OHIXOMIKO3 y TaKWX BHITaJKaxX YacTillle HOCHB XapaKTep BTOPUHHOTO 3aXBOPIOBAaHHA, ¥2=27,18,
p<0,01, xoedinient Cripmena y nocmimkyBanux rpymax 0,588-0,617. [IpoTe Hepinko criocTepiranucs
BHITAJIKA TIaTOJIOTIYHOTO BPOCTAHHS MIKOTHYHO 3MIHEHOI HIrThOBOI IIJIACTUHHU, IO OCOOIMBO
XapakTepHO i TpuxoQitiii y moaei moxmioro Biky, ¥2=28,25, p<0,01, koedinient Cripmena y
nocimimkyBaaux — rpynax  0,552-0,612. Haiibinemn  e(eKTHBHMUMH  METOJAMH  CHCTEMHOI
AHTUMIKOTHYHOI Teparii BBA)KaEMO ITyIIbC-Tepartito (pIryKoHa30I0M, iTpaKkoHa307I0M Ta TepOiHadiHoM
(¢mykonazon 3acrocoBano y 16%, tepGinadin — y 17,95% Tta irpakonHazonm y cCTaHAApPTHUX
GYHrIUIHEX KOHIeHTpanisax — y iHmmux 20,24% cyOBuOipkn), mo 3ade3rnedye KIiHIYHEe BUAYKaAHHS
y 65-80% xBOpHX; cepel MICIIeBHX MperapariB ONTHMaIbHUM BBOKAEMO 3aCTOCYBaHHS TepOiHadiHy,
110 J03BOJISIE IOCATTH MPU KOMOIHOBaHii Teparii moHan 75% MOBHOTO BUIYKaHHS MPH OHIXOMIKO031
(x2=22,13, p<0,01), BKIIOYarOYM KOMOIHOBAaHI BWIAIKA 3 BUHUKHEHHSIM OHIXOKPHIITO3Y;
AHTUMIKOTUYHUMH JIakaMu (IIUKJIONIpoKe abo amoposidiH) CaHyeEMO 3aJIMIICH] TIJITHKA MIKOTHYHO
ypaXeHHUX HITTIB 3 METOIO PO UIAKTHKY peiH(eKIIii onepaiiiHuxX paH.

KoHncepBaTtuBHe J1iKyBaHHS IIOKa3aHe JIMINE TpW iHQUIbTpatuBHIA (a3i po3Butky BH —
BpPOCTaHHI 3 IH(QUIBTPATOM ENMOHIXCATHbHUX TKAHWH. YCIM XBOpUM OYyJ0 TPOBEICHO aJCKBaTHE
Xipypriune JIIKyBaHHS, SK€ KpIM CTaHIAPTHOTO JEKOMITpeciiiHoro eramy, — moBHoro BHII mpwu
HasBHOCT1 JIECTPYKTUBHOTO OHixoMiko3y abo PHII, wmicTuio mHpOTHpEHHIMBHUNA KOMITOHEHT.
OCHOBHMMH, MOUIMPEHUMH B KIIIHIYHINA MPAKTHUIl, METOJaMH omepaliiinoro Brpydanus € BHII Ta
PHII, naiivacrimie kpaiioBa pesekiris. [IpakTHKYEThCSI SIK JOMOBHEHHS 10 OCHOBHOTO BTPYYaHHS,
BUCIUYEHHS MATOJONYHO 3MIHEHUX EMOHIXEAIbHMX TKAaHMH Ta MaplialibHAa MapriHajbHa
MaTPUKCEKTOMisl — YacTKOBAa KpaioBa EKCIM3is MATPUKCy HIrTS B AUISHII BPOCTAHHS IIISIXOM
MeXaHI4HOTo BHCiueHHs a00 Koarynswii giatepmoxaytepom, CO? (kapOOHIMOKCHIHNM) Ta3epOM UK
(deHonoM. AJNTOPUTM ONTHUMAJIBHOTO JIIKYBaHHS MAI[IEHTIB y BUMAJKaX MMOEJHAHOTO YPaKCHHsS, —

oHixoMiko03y Ta BH nonsraB y BuaaneHHi ypakeHoi HIFThOBOI IJIACTUHU, JOMOBHEHOMY BUCIYEHHSIM
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MaTOJIOTYHO 3MIHEHUX ETOHIXeaJIbHUX TKAaHWH Ta MapiiajJbHOI0 MAPTiHAIBLHOK MAaTPUKCEKTOMIEIO B
JUISHII BpPOCTaHHS; 3aCTOCYBaHHI Yy TICIsONepaliiHOMY Tepiofi MICHEBUX Ta CHCTEMHHX
aHTUMIKOTUYHUX MpenapariB. 3 JI0XkKa ypakeHUX HIrTiB npu BTOopuHHOMY BH HaliGinem vacto
Buausin T. Rubrum (83%), C. Albicans (12%), pimme — T. mentagrophytes (5%). Y xBopux Ha
00JIiTepytoUul 3aXBOPIOBAHHS apTepili HMKHIX KIHI[IBOK HEpPIIKO MOXKHA BHSBUTH MATOJIOTIYHE
BPOCTaHHS MIKOTHYHO YypakeHoi HIrtboBoi MmactuH. Omepanito y BHUIAIKaX BUPAKEHUX
rinepKepaToiIHUX 3MiH CIIif] TOTOBHIOBATH IMPOTUPELUANBHUMH 3aXO0JaMH.

Hamu 3anpomoHoBaHO croci® XipypriyHoro JOCTymy JJIsi BHMKOHAHHSA pe3eKuii IpH
YCKJIQIHEHOMY OHIXOKPHNTO31 (MMaTeHT Ha KOPHCHY MOJENb), IO SBIsSE€ CO00K OJIOKOBUIHY
eMOHIXEKTOMIIO Ta 3aCTOCOBYETHCS SK EKCIJIOPATUBHUI JocTyn mnpHu yckinagHeHomy BH Ttak
KOMOIHOBAaHUX ypakeHHsX. [l XipypriuHOro JiKyBaHHS OHIXOKPHIITO3Y JOLUIBHO 3aCTOCOBYBATH
Yepe3eNoHIXebHU JOCTYI IO BPOCJIOr0 Kpar HIrThOBOI IIJIACTHHHU, €(EKTHBHICTH SKOTO
JIETePMIHY€ETHCSI €TIMIHAIIIE€I0 3MIHEHOTO EMOHIX1s 31 CTOPOHM BPOCTAHHS, CTBOPEHHSM MOKJIMBOCTI
s afgekBaTHoro BukoHaHHs PHII, diTkoro Bi3yamizaii€lo pOCTKOBOi 30HM Ta MaTpHUKCa s
BUKOHAHHS MAaTPHKCEKTOMIi, MOXIIMBICTIO PO3MIMPEHHS JOCTYNYy I peBi3ii CcyOOHIXeaTbHHX
CTPYKTYp, BKIIIOYAIOUHN TUCTATIBHUN KiHEellb HIrThoBO1 (hananru. [Ipu nepBUHHOMY €KCIIOPAaTUBHOMY
BHJIAJICHHI TIATOJIOTIYHO 3MIHEHUX CTOHIXEAThbHUX TKaHWH BI3yalli3yEThCS BPOCIHHA Kpall HIrThOBOT
IJTACTHHU, IO JI03BOJISIE IHTPAOIIEPAIIHHO MAaKPOCKOITIYHO OIIIHUTHA HOro MOpQOJOTiyHi 3MIHH Ta
BH3HAYMTH ONTHUMAIBLHUI 00CAT pesekinii Hirta. BizyamizyeMo BpormeHuit Kpaid HIrThOBOT TJIACTHHU
Ta 3AIMCHI0EMO HOT0 MOOLTI3allii0 Ta pe3eKIlito Mo BCii ioro moxuHi a6o moHe BHII. Bucikaemo ta
MPENH3IHHO IaTePMOKOAryJII0EMO MAaTPUKC HITTA B JUIAHI BPOCTaHHs. BiICOTOK penuauBy
BpocTaHHS (BiX 3arajbHOI BUOIpPKH) TPH KJIACHYHOMY BHKOHAHHI oIlepaiiiHoro JikyBanHs BH
KONUBAETbCA Y Mexax 3,7%-13,85%, mo BiamoBimae craHmapraM e(eKTUBHOCTI MPOBEICHHS
OlepaIlifHUX BTPYYaHb 3 MPUBOIY OHIXOKpUITO3Yy. [IpoBenennii aHai3 KIIiHIYHUX BUIIAIKIB TIOKa3aB,
0 KOMIUICKCHE JIiKyBaHHS TIIOBHHHO OyTH aJeKBAaTHUM, HPOTUPELUIUBHHUM, IHAWBIAYaJIBHO
MiAiIOpaHuM y BiIOBIMHOCTI 10 MOP(OIOTIYHUX XapaKTEPUCTUK BPOCTAHHS, YCKIIaIHEHb, HAsIBHOCTI

(OHOBHX 3aXBOPIOBAHb.
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JTECTPYKTUBHHUM YCKJIAJHEHW OHIXOMIKO3,
AHAJII3 OCHOBHUX IIPUYYH PEIIUJIUBIB TA HIOBTOPHUX

THKAPHAIIM: KJITHIYHUA JOCBIL

Bepryn A.P., Moumucska O.M., Bepryn O.M., Kpacuuii M.P., Ilapamyk b.M.,
Kir 3.M., laasko L.B., Yynoscbkuii* b.51., Onekciok O.b., Kyabuunbkuii** B.B.

Jlvsiscokutl HayionanvHul MeOuunull ynieepcumem imeni /Januna I anuyvkozo
*KomyHnanvre nexomepyitine nionpumcmeo «JIbsiecvke mepumopianvhe meouune 06 'conarnisi No2.
Kniniuna nixapus naanosoeo nikysauns, peabinimayii ma naniamusHoi 00nomozuy,
8I00KpeMaeHUl NiOpo30in «4-a nikapHsy
** Komynanvre nexomepyiline nionpumcmeso «JIbsiecoke mepumopianvhe meouure 06 eOnanms No2.
Kniniuna nikaps niano8o2o niKkysants, peabinimayii ma naiiamusHoi 00nomocuy,
gi0oKpemeHull nioposz0in ««Jlveiscoka 1-a micvrka kuiniuna nikapus im. Knsss Jlesay

e-mail: plagiamail@meta.ua, m. JIvsis, Yipaina

VY BITYM3HAHIA 1 3aKOpAOHHIN JjiTepaTypi HaMH BUSIBJICHO HEBEIUKY KUIbKICTh
KOMIUIEKCHUX JOCIIPKeHh MOP(OTEeHe3y Ta MPOTHO3Y XIPYpriuHoi oHixomaTtosorii. BuBdueHo
HO30JI0TTYHI (OpMHU, KITIHIYHI BapiaHTH, METOJW Tepallii, CIIocoOu OmeparlifHuX BTpPy4YaHb,
NPUYMHU PEIUANBIB 1HKapHalii HIrTS. OxapakTepU30BaHO [EsAKi MPOTHPEIUIMBHI 3aX0/U
KOMIUIEKCHOTO XIpyprivHOTO JIIKYBaHHS XIpYypTiuHOi OHIX0maToJorii. MeToro Hamoi po6oTtu 0yino
3'scyBaTH KIIHIYHI OCOOJHMBOCTI Ta BJOCKOHAIUTH KOMIUIEKCHE JIIKYBAaHHS OCHOBHHX
HO30JIOTTYHUX (DOPM XIpypriyHOi OHIXOIATOJIOT1i, TOTIEPEKEHHS YCKIaHCHb 1 pEIIU/IUBIB.

OmnpanpoBano 3a 10-piunmii nepiog MeauuHi kapta 919 xBopux: 503 4osoBikiB 1 416
KIHOK, BIKOM Biax 5-92 pokiB. HalOuIbIly KUIBKICTh CTAaHOBWUJIM OCOOM 3 JECTPYKTUBHHM
MOJIIOHIXOMIKOTHYHUM YPaKeHHSAM 1 MO€AHAHUM OHIXOMIKO30M. 3a HO30JIOTTYHUMHU (QopMamMu
HamMu Oyno BHOKpeMJieHO 5 cyOBuOipok. Po3moain Ha cyOBUOIpKH MPOBEACHUN 3 ypaXyBaHHSIM
JOMIHYIOYO1 aTOJIOT11, pelMIMBIB IHKapHAIliil HIF'ThOBUX IUIACTHH U ypaK€Hb HABKOJIIOHITTHOBUX
CTpykTyp. Po3monin 3a BIKOM JEMOHCTpyBaB MpeBaliOBaHHA (y 3araibHii KUIBKOCTI) 0cCi0
CepeIHbOTO 1 MOXHJIOTO BIKY, OCOONMBO y CyOBHOIpKax 3 MIKOTHUYHMM JepMaTo(piTHUM
(TpuxoditHuM) ypaskeHHAM. Hamu cTBepKEeHO, 10 3pOCTAaHHS YaCTOTH YCKJIaJHEHUX BUMAJKIB
XIpypriyHoi OHiX0MaToJorii 0yJI0 TBOXXBUIBOBUM Yy IpyIax ocid cepeHbOro Ta MOXUJIOro BIKY.
CTBep/UKEHO KOpEJALII0 YacTOTH pI3HUX HO30JOTYHUX (OPM MIKOTHUHUX YpPaKEHb:
nepmartoQiTii, KaHAUA03Y U OHIXOTPU(O3y y CyOBUOIpKaX 0Ci0 MOXHUIIOTO 1 CTAPEUoro BiKY, I10

Ha Hally JYMKY, CBITYUThH MPO 3POCTaHHS YacTOTH MIKOTMYHHUX THIMHUX OHIXIH, HMIITBEPKYE
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3pOCTaHHsS IMOBIPHOCTI PO3BUTKY KOMIIPECIHHMX YCKJIAQJHEHb — BTOPHHHOI Ta IOBTOPHOI
IHKapHaIii.

[Tpu mocnmipKeHHsT MHAMIKH 3MIHH KUTBKOCTI CIIOCTEPEIKEHb HAMYACTIINX HO30JIOTTYHUX
dbopMm — Bpocnoro (IHKQpHOBAHOTO) HITTA 1 AepMaTODITIHHOTO OHIXOMIKO3Yy 3 IIHIITHOBHM
rimepkepaTo3oM HaMH KOHCTaTOBaHO HasBHICTH kopemsmii (p<0,05) y cyOBubipkax ocid
MOXUJIOTO Ta CTAPEUOTro BiKY, IO MATBEPHKYE TIMOTE3y MPO MATOTCHETUIHY B3aEMO3ICKHICTh
JNECTPYKTUBHOTO OHIXOMIKO3Y Ta JIBOXCTOPOHHBOI BTOPUHHOI IHKapHaIlli HIrTs. JliarHOCTOBaHO
496 BuMaAKiB JECTPYKTUBHUX MIKOTHYHUX YypakeHb, B T.4. BTOPMHHY IHKapHallil0 HIITA
BHACJIIOK KOMIIpecii TilepKepaToinHUMU MacaMu 1 JaepMaro(iToMor0 (OHIXOMAaTPUKOMOIO)
LEHTPAJIbHOI YaCTMHM MIKOTHYHO 3MIHEHOTO HIITS, IO JETEpMIHYBajJO MHOro BTOPUHHY
Kiimenoiony aedopmanio. OntumManbHUM Oylio 3acTocyBaHHsS TepOiHadiHy W cUCTeMHE —
ITPaKOHA30Jy, IO J03BOJSIO JOCITTA Outbiie 85% MOBHOTO BUIY)KAaHHS TPU OHIXOMIKO3I,
BKJIIOYAIOYM KOMOIHOBAH1 BUMAJKHU 3 BUHUKHEHHSIM MMOBTOPHUX IHKapHAIlil; aHTUMIKOTUYHUMHU
JaKaMU CaHyBaJld 3aJUIICH] JUISHKKM MIKOTHYHO YpPa)kK€HHUX HITTIB 3 METOI0 NPOQLIaKTUKH
peindexIii onepamiiHux pad. BunaneHHs: iHKapHOBAaHUX HITTIB 3aCTOCOBAHO y BCIX BUIIAJKAX, 3
Hux y 12,90% cyOBuOipkuM 3acTOCOBaHO BHJANEHHA HIrTd Tumy Jlromtoitpena 6e3
MPOTUPEIUIUBHUX JOTIOBHEHB, PO3IIUPEHY a0MAIII0 3 BUCIUEHHSM AepMaTO(ITOMU — y IHIIUX
11,49%. ITamieHTaM BUKOHAHO TUIIOBI i aTUIIOB1 PE3€KIii HIrTiB, BUAAJICHHS HIrThOBHX IJIACTHH
MNylepoM Ta AaHTUPEUUJUBHI KOMIIOHEHTH 3TiIHO 31 CTaHJAPTHUMHU pPEKOMEHAALISMU.
CTBep/KeHO 3pOCTaHHS YacTOTH BUKOHAHHS €(QEKTHUBHUX JBOX- Ta TPHOXKOMIIOHEHTHUX
PE3EKIIHHUX BTPYYaHb B YMOBAaX MIKOTHYHO-ACOIIHOBAHO1 IHKapHAIlil y Tpynax 3 KOMOIHOBaHUM
3aCTOCYBaHHSM CHCTEMHHM — ITPaKOHA30Jly 1 JOKadbHUM — TepOiHadiny 3 moOpumu
(GYHKIIOHaJTbHUMU Ta KOCMETUYHUMHU Pe3yIbTaTaMH.

HasiBHicTh BOTHHMII] OHIXOMaJe3y / OHIXOMI3UCY 1 AUISHOK TilepKepaTro3y, BTOPUHHOIO
BiJIIApYBaHHSI YAaCTUHU HIrTHOBOI IJACTHHM, Ha HAIly JyMKY, OOTPYHTOBYE IOIUIBHICTh
BUKOHAHHS MAaJIOTPAaBMAaTUYHOI OHIXEKTOMIi Yepe3 OHIXOII30BaHi CTPYKTYpPH 3 OJJHOMOMEHTHUM
MOCIIOBHUM BUJAJICHHSIM JIepMaTo(hiTOMH Ta IUITHOK BPOCTAHHS 3 €MOHIXEATbHUMU BaJIMKaMHU.
CtBepkeno, mo omepauii 3a romtoirpeHoM, Emeprom-llIminenom, MenemeBuueMm myxe
TpaBMAaTU4HI, CIIOTBOPIOIOTh aHATOMIIO HIFThbOBOT IUTACTUHH Ta CyOOHIXeaTbHUX CTPYKTYp 1B 11-
20% BumaakiB (B 3aJIe)KHOCTI BiJ HASBHOCTI MIKOTHYHOI OHIXOJECTPYKIil W YCKIaIHEHb) —
NPU3BOJATH JI0 PELUMIMBIB, 30KpeMa J0 MOBTOPHOI IHKapHamii ypaxeHuX HIrTiB. ['py6i

MOTPIIIHOCTI XIPYPri4HOT TEXHIKM CTAHOBJIATH HAHOUIBIY YACTOTY cepell MPUYUH PELHIUBY
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iHKapHaIiii Ha (OHI OHIXOMIKOTHYHOTO Ypa)XCHHs, 30KpeMa BiIMOBA BiJ MPOBEICHHS
napmiaabHOT MaTpukcekToMii (36% penuauBHUX CIIOCTEPEIKEHb) Ta TPABMATUYHE BHKOHAHHS
onixekromii (iami 30% penuauBiB).

Takum unHOM, XipypridyHa OHIXOIATOJIOTISA BKIIIOYAE TPYNY HO30JIOTTYHUX (POPM THIHHO-
HEKPOTHYHHUX, a TAKOXX MIKOTUYHO-ACOI[IHOBAaHUX ypaK€Hb HITTHOBOI (payiaHTW, — HITTA Ta
HABKOJIOHIITHOBUX TKAaHWH, II0 BHUMAraloTh OIEPAIIHHOTO BTPyYaHHS B YPTEHTHOMY a0o
IUIAHOBOMY TMOPSAAKY [ JIKBiAalii BOTHMINA 1H(EKII], MONepeaKeHHs YCKIaJHEHb Ta
peruausiB. KitiHiyHa cX0K1CTh FPUOKOBHX 1 HETPUOKOBHUX ypa)kKeHb HII'TIB Ta HIFThOBUX BAJIMKIB
4acTo € MPUYMHOIO 3HAUYHUX JIarHOCTUYHUX TPYIAHOILIIB Ta MPU3BOJAUTH A0 MOMHIOK y BHOODI
METO/IIB 13aco0iB ix JikyBaHHs. CTBEPKEHO, III0 BUKOHAHHS OJIOKOTIOIIOHOT EMOHIXEKTOMII (TT11]
MPUKPUTTAM CHCTEMHOI MyJbC-Teparnii) € OCHOBHUM E€KCIJIOPATUBHUM JOCTYIIOM; BHJIAJCHHS
ypaxeHo1 HIrThOBOI TUIACTUHU Ta/a00 mapiiaibHa MaTPUKCEKTOMIis HEOOX1H1 y BCIX BUMAAKaX
YCKJIaIHEHOT IHKapHaIlil HIr'TS 13 PO UIaKTUKOIO MIKCT-1H(PIKyBaHHS aHTUMIKOTUYHUMU JIaKaMH,
SIK TIEPBUHHI MPEBEHTUBHI 3aX0JM II0J0 BPOCTaHHS 1 pelMIuBiB OHiXoMiko3y. Ilpu HasgBHOCTI
IHKapHaIlii / BpOCTaHHS HIr'Ts, MATOJOTTYHUX JeopmMarliii HIrThOBUX TUIACTHUH, TIEPTPaH YIS
Ta BOTHUINEBUX CyOYHTBATbHUX HEKPO31B OCHOBHUH €TaIl OTIEPAIiiHOTO JIKyBaHHS JOTIOBHIOEMO
AQHTUPEIUANBHUMHA KOMIOHEHTaMH. HasBHICTE (HOHOBOTO  OOJITEPYIOUOTO  CYAWHHOTO
3aXBOPIOBAHHS HEPIAKO TOTIPIIYyE Mepedir MmicasonepariiiHoro nepioay 1 mporHo3 Ta BUMarae

KOMIUICKCHOTI'O 3aCTOCYBAHHA HNIa/IHUX 1 MAaKCUMAJIbHO e(beKTI/IBHI/IX MCTOI[iB.
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[laTosioriyHi cTaHM BariHaJdbHOI YACTMHU IIMWKH MATKH y CTPYKTYpl T'1HEKOJOTTYHOI
3aXBOPIOBAHOCTI KIHOK PEMPOIYKTUBHOTO BIKY — MEPEMIIICHHS MIIIHIPUYHOTO EITENII0 Bi
MMOCTTPABMATUYHOTO MOXOKEHHS. YacToTa eKTOMmd MWITHAPUYHOTO EIMITENII0 CTAaHOBUTD 38,8-
42,2%. JIns ycHiurHOTO JIIKYBaHHS MATOJIOTI IIMHKKM MAaTKU BaKJIMBUM € BU3HAYEHHS BUIY Ta
MIPUYMH 3aXBOPIOBaHHSA. Y pe3ynbTari No0albHOTO MOTIPHICHHS] IMYHHOTO CTaTyCcy HaceleHHS
IJIAHETH Ha TepIIe Miclie BUXOIATh iH(EKIii BipyCHOT eTioJIorii. 3a JaHUMU PI3HUX JOCTIIHUKIB
PO3IMOBCIO/DKEHICTh BIpyCYy MamniJIOMHU JIIOJMHU CepeJl HaceleHHS y cBiri y Bimi 15-49 poki
ckianae Bix 5% no 20%. HaiiOuiblly yBary mpUBEpTaOTh TUIHM BIpyCy ManuIOMU JIIOJAWHU
BHCOKOTO OHKOTeHHOTO pu3uky (16, 18, 31, 33-ii), Ha yacTKy sikux npunaaae Outbiie HDK 50%
3arajibHOTO YKCJIA XKIHOK 13 IIEpBIKaJILHUMH IHTpaCITETiaIbHUMHU HEOTUIa31sIMU Ta paKOM ITUHKH
MaTku. HaiiOinpmn Bpa3nuBow AUSIHKOI A il Bipycy € 30Ha TpaHcdopmamii — AUISHKA
3aMilIeHHS [MUJIIHAPUYHOTO eMiTeNis TUIOCKUM. ToOMy HasBHICTh €KTOMII MIMIKK MAaTKH Ha (OHI
NaniioMaBipycHOTO 1H(IKYBaHHS € OOTSHKYBaJbHOIO OOCTaBMHOIO JUISI PO3BUTKY paky IIMHKH
MaTKH.

VY OaratboX HayKOBUX poOOTaxX CTBEP/KEHO, 110 BIPYC MANiUIOMH JIFOJUHU € HEOOX1THUM,
aJie He I0CTaTHIM (GakTopoM KaHleporeHesy. [lepeOir naninomaBipycHOT iHEKIIT 3aIeXKUTh Bif
ctany imyHHOI cuctemu. Kodakropamu KaHIEpOreHe3y € TOpYIIEHHS KIITHHHOTO Ta

TYMOPAJIBHOTO IMyHiTeTy. MICIeBUI KIITUHHUI IMYHITET (KepaTWHOLMTH, IHTpaemiTeniaibHi
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TiMQOUUTH) Biirpae KpUTHUHY poiib y po3BUTKy BIUI-iHdekuii. 3HayHa yacTMHA aHTHTLT /10
BipyCy HaITiIOMH JIFOAWHU TaKOX MPOAYKYETHCS IHTPaBariHAIBHO.

VY crarTi Ha OCHOBI aHaNmi3y MOaHUX JDKEpeNT HAayKOBOi JIiTeparypu Ta MEIU4HOl
HoKyMeHTanii (MarepiamiB 174 MeIWYHMX KapTH NAIi€HTOK, OOCTE)KEHMX Ta IMPOJIKOBAHUX
MPOTATOM OCTAHHIX IT'ATH POKIB Y JIIKYBaJIbHUX 3aKianax M. JIbBoBa) poaHa i3oBaHO KIIHIYHUN
JOCBIJ] TIarHOCTUKH Ta KOMIUIEKCHOTO JIIKYBaHHS JKIHOK PEMPOJTYKTHBHOTO BIKY.

[TaToreHEeTHYHOI0 OCHOBOIO OHKOT€HE3a, 1HIYKOBAHOTO BIPYCOM IMAIMUJIOMHU JIOJUHU, €
iTerpaunis BipycHoi JIHK y xpoMocomy 1H(IKOBaHUX KJIITUH 3 aKTUBHMM CHHTE30M BIPYCHUX
onkoOuIkiB E6 Ta E7, siki mopyuryioTb HOpMaJIbHUN TIPOLEC alloNTO3y Ta 3/1aTHI MPUTHIYYBaTH
TU(epeHLIIOBaHHs KIITUH. 3aXBOPIOBaHHS, sIKI 00yMOBJIEHI Ta acoI[iiioBaHi1 3 BIpyCOM ManiioMH
JIIOJIMHY 1 IEPCUCTYIOTh Y IIUANIII MaTKH, MOXYTh OYTH MPUYHHOIO TOPYIICHHS MEHCTPYAIBHOT
GyHKIII1, aHTe- 1 IHTpaHaTaJbHOTO 1H(IKYBaHHS TUIOAA.

Buacnigok iHQiKyBaHHS M mepcHCTEHLIi BIpyCy MNanuIOMU JIIOJUHH BiAOyBaeTbCs
IHTerpailisi reHoMy BIpycy B IeHOM Oa3albHHUX KIITHH 0araromapoBOro IUIOCKOTO EMiTeNiio
€K30IIEPBIKCY, 110 MPU3BOJUTH JIO MIABUINEHHS iX MposripepaTHBHOI aKTUBHOCTI M OHKOTE€HHO1
myTaniii. HaGyra mamisomMaBipyCHO acolliioBaHa €KTOIs HIMWKW MaTKu Oyiia TMpeacTaBiIeHa
OAJTIHAPUYHAM CIITENIEM Y PI3HUX TMOEJHAHHSAX 13 30HOI0 TpaHchopmamii y BHUTIISII
TPOHOTIONIOHUX CKYITYEHb OKPYIIIHX 200 JOBracTUX COCOYKIB YEPBOHOTO KOJIBOPY, SIK1 PI3HUIUCS
3a TUJIOMICIO TOIMMUPEHHS Ha MIXBOBIN YaCTHHI IMIMMKK MATKH, TIMEPEMI€I0 Ta 3HAYHUM HaAOPSIKOM
CIM30BOT OOOJIOHKM IMWWKKH MAaTKW. ['iCTONOTIYHE MOCHKEHs OlomnTaTiB BHUKOHYBAJIOCS 3a
nokazamiu. [lopsia 3 yMOBHO-IIATOT€HHOIO KOKOBOIO 1 OAIMIIAPHOIO MIKPO(IIOPOIO BUSBIISUIUCH Y
J1arHOCTHYHOMY TUTPI1 ATOTCHHI BUIM CTa(PUTOKOKIB, CTPENTOKOKIB, KMIIIKOBOT MTaJIMYKH.

IMyHOIIOTIYHE MOCHIHKEHHST KpOBi BKIIIOYATIO BH3HAUEHHS 3araibHOi KinbkocTi T- 1 B
KJIiTHH, a Takox cyonomyssimii T-mimdonitie (CD5, CD4, CD8, CD16). YciM marieHTKaMm,
BKJIFOYCHUM B JIOCHDKCGHHS, TPOBEJACHA  TpaHcaOJOMiHAIbHA 1  TpaHCBariHaJbHA
yabpTpacoHorpadis Ha amaparax 3 TexHosoriero 3D/4D, 3abe3nedeHux QYHKIE€ KOIbOPOBOTO
JOTLIEPIBCHKOTO KapTyBaHHS Ta IMITYJIbCHO-XBHIILOBOIO IOTLIEPOMETPIELO.

3aneXHOo BiJl METOUKH JIIKYBaHHS MAIlIEHTKY OyJIM paHI0Mi30BaHi Ha JIB1 KITIHIYHI TPYIIH.
J10 OCHOBHOI TpyIu BXOAWIN 87 MAIIEHTOK, IKUM Y CXEMY KOMIUIEKCHOTO JIIKYBaHHS SIKUX, OKPIM
caHaii mixBu, BkItovyanu JlaBomakc (TunopoH) mo 1 tabmerui (125mr) moansa y mepuri 2 1Hi
JKyBaHHSA, a TOTIM 1o 1 Tabrierwi yepe3 kKoxkHi 48 roja, Kypcosa jgo3a 2,5 r. XKiHkam rpynu

MOPIBHSHHS BITHOBJIEHHS CTaHY MIKpOOIOTH MiXBU MPOBOAWIM Oe3 iMyHOTeparii. IMyHoTeparmis,

135



Proceedings APFS-2023
Section 3. Fundamental problems of biology and medicine

MpoBeJieHa B OCHOBHIM TpyIli Mpu3Belia 1O HOpMami3allii MOKa3HUKIB 3arajbHOi KUThbKOCTI T-
TiOTHTIB.

[Ticnst mpoBeIeHOT0 KOMILIEKCHOTO JIKYBaHHS BJAJIOCS JOCATHYTH eJiMIiHAIli BIpyCy
naniuiomu Jroauan y 141 (81,03%) xBopux ocHOBHOT Ta 134 (77,01%) KIHOK rpyIu NOPIBHSHHSL.
TpancBariHanmpHe YIbTpa3ByKOBE JOCHIIPKEHHS MPOBEJICHE Ha CKaHepax 3 TexHoJjorieo 3D/4D
JI03BOJIMJIO HE TUTHKH BU3HAYATH PO3MIPH IIUHKKA MATKH, aJie 1 BUSBIIATH KICTH 3aJ103 €KTOIIil, y
TOMY YHCII1 TIIMOOKO PO3TAIIOBAHI, SIKI HEMOKJIMBO J1arHOCTYBATH 3a JIOTIOMOTOI0 KOJIBITIOCKOTTIT
a00 BI3yaJIbHO.

VY pesynbTaTi JIIKyBaHHS KOHCTATOBAHO PEAYKIIIIO MATOJIOTTYHOTO TPOIECY — EKTOIIl
muiikn Matku y 121 (69,54%) marieHToK ocHOBHOT 1 96(55,17%) y rpymi nopiBHsHHSA. be3s
BUKOPHUCTAHHS IMYHOKOPUTYBaJbHOI Tepamii mpoLecu emiTenizamii MHUUKH MaTKu MPOXOIUIN
MOBUIbHILIE, HUK Y XBOPHUX, SIKI OTPUMYBAJIU TUIOPOH Y CKJIaJ{l KOMILJIEKCHOTO JiKyBaHHA. Y 141
(81,03%) nanientok ocHoBHO1Ta 'y 134 (77,01%) rpynu nopiBHsAHHSA BiOyJacs eaiMiHallisg Bipycy
MaIUIOMH JTIOQUHH.

OTtpuMaHi pe3ynbTaTy JA03BOJSIOTH PEKOMEHAYBAaTH BKJIIOYATH Y KOMIUIEKC OOCTEKEHHS
XBOpUX 3 (POHOBUMHU ypaKEHHSIMH IIUHKU MAaTKU TPaHCBAriHaJIbHE YJIbTPa3BYKOBE JOCITIHKEHHS
3a JOMMOMOTOI0 CKaHepiB 3 TexHoJjoriero 3D/4D, ske ams MiarHOCTHUKU TIMOOKHX KICT 3a/103 Ta
€KTOITii Ma€ OUIBINY YYTJIUBICTh Ta CIICIU(IYHICTD 1 K1 TSHKKO / HEMOYKJIMBO BUSBHUTH BI3yaJIbHO
a0 3a JomomMororo KoJibrmockormii. IIpu BHOOpPI MeTody JIIKyBaHHS €KTOINK Ciix 0O0MpaTu
mudepeHIiioBaHN TiAXia (KOHCEpBAaTMBHUN a00 OMEpaTHBHUMN) 3aJIEKHO BiJl 0COOJMBOCTEH

KJITHIYHUX TPOSIBIB, MOPQOJIOTTYHOT KAPTUHHU Ta PENPOIYKTUBHUX TUIAHIB MAI[IEHTKH.
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POJIb CTAHY TIOJIOBOI CUCTEMM IIPU PO3BUTKY
IJTIAYKOMH B YMOBAX MOJYJIALIl EHAOTEHHOI'O CTAHY
I'TAPOI'EH CYJIb®IAY

MuxeiineBa .M., bonaapenko H.B., Konomiiiuyk C.I'., Cipomranenko T.I.,
Cropo:xxyk H.B., Ky3nenos M.K.

YV «Incmumym ounux xeopo6 i mxanunnoi mepanii im. B.I1. @inamosa HAMH Vkpainuy, Odeca,
Vxpaina, filatovbiochem@ukr.net

[lepBunna BinkpuTokyroBa riaykoma (IIBKI') 3a nmanumum Oaratbox 1HO3EMHHX Ta
BITYM3HSIHUX JIOCTKEHb 3aiiMae Ipyre MICIe CEpe/l 3aXBOPIOBAHb, 1110 TPU3BOIATE 10 CIIMOTH.
He3Bakaroun Ha JIIKyBaHHS ICHYIOUMMH 3aco0aMM, MpH TJayKOMi 3 YacoM 3HHKYEThCA
(GyHKIIOHAIBHUH cTaH oKa Ta Horo 30poBi ¢pyHkuiil. [IBKI', Takum unHOM, Ma€e CyTTEBE MEIUKO-
COLIAILHOTO 3HAYEHHS B cydacHoMy cBiTi [1-3]. He3Bakatoun Ha JOCSTHEHHS Yy BHBUCHHI SIK
natoreHeTHyHUX MexaHi3MIB [IBKI', Tak 1 po3poOGku HOBITHIX 3aco0iB Tepamii, mpoOiema
JMIKYBaHHS Ta 3amoOiraHHs YCKJIQJHEHHIO TMepediry IhOT0 3aXBOPIOBAHHS 3aJIHIIAETHCS
aKTyaJbHOIO 1 Ha choroAHi [1,3,4].

Ha croromHimHiii JeHb BeNWKa yBara HalaeThCs MOJIEKYISIPHHM MeXaHi3MaM PO3BHTKY
rI1ayKoMHO1 Heliponarii. [IpiopuTeToM 111010 aTOreHETUYHUX MEXaH13MIB TJIAayKOMHOT'O IPOLIECY
BB@)KAEThCS IHTEHCU(}IKAIll BUIBHO-PAJMKAIBHUX TpoOLECciB 3 (OpMyBaHHSIM pEaKTUBHUX
MeTa0OJIITIB, aKTHUBAIIEI0 TEPEKUCHOTO OKWUCIEHHS JIMIiAIB, 3HWKCHHSIM aHTHOKCHUIAHTHOTO
MoTeHIiany Ta (GOpMyBaHHSIM OKCUIATHUBHOIO CTPECY B HEHPOHAIBHUX Ta APECHAKHUX TKAHWHAX
OKa, IO TMPU3BOJWUTH JI0 TOPYIICHHS TIIPOJAMHAMIKA OKa Ta HEHpPOJCTCHEpAaTHBHHX 3MIH B
3aJHBOMY Horo Bimmimi [5-8].

3rifHO CyY4acHMM JIlaHUM TJIayKoMa BBAXAEThCS  XPOHIYHUM  0Oarato(akTopHUM
3aXBOPIOBAHHSM, SIKE€ XapaKTEPU3YETHCS AUCTPO(DIUHUMH Ta JETCHEPAaTHUBHUMH 3MIHAMHU Bif
CITKIBKHA JI0 KOPKOBOTO BIIILTy 30pOBOTO aHaji3aTopa i Ma€ B CBOill OCHOBI MeTaOOJIYHI Ta
¢dbysakuionansHi nopymenus [9,10]. Ha cboromHimHiil JeHb, 3 METOI BYACHOTO 3amoOiraHHs
PO3BUTKY HE3BOPOTHHMX IATOJIOTIYHMX 3MIH MPH TJIayKOMi, KpIM KOHTPOJIIO 3a 3MiHAMU
BHYTpilmHK004uHOTO THCKY (BOT), mociimkeHHs cTaHy CITKIBKH Ta 30pOBOTO HEPBY, HEOOX1AHO
CHpsAMyBaTH 3HA4YHI HAyKOBI 3yCWUI1 Ha BHBYEHHsA crenudiuHux  OlomapkepiB
HEHpOJIereHepaTUBHUX 3MIH TpPU I[IbOMY 3aXBOPIOBaHHI Ta JOCHIKEHHIO PEryIsTOPHUX
MexaHi3miB B matorenesi IIBKI [11-13].

OcTaHHIM YacoM y4acTh ra30BUX TPAHCMITTEPIB, TAKUX K OKCUJ] 30Ty Ta T1IPOTeH CYynb(ia
B IIATOr'CHE31 PI3HUX 3aXBOPIOBAHb [MOYMHAE aKTMBHO BUBYATHCH [14,15]. YuacTh okcuay a3oty B
CTaHOBIIEHHI Ta PO3BUTKY TVIAYKOMH JOCIIIKYEThCA AyKe aKTUBHO ocTaHH1 poku [16,17]. Toxi
SIK POJIb CIPKOBOJTHIO SIK CUTHAIBHOT MOJIEKYJIH B MATOTEHE31 TNIaAyKOMHOTO IIPOIECY 3ATHUIIAETHCS
e HE BHBYCHOIO. 3HIKEHHH pIBEHb IILOTO TPAHCMITTEPY BIA3HAYAETHCA MPH PIZHUX
HEWpOJCTeHEpAaTUBHUX 3aXBOPIOBAaHHAX - XBopoOa Aubnreiimepa, Ilapkincona Tomo [18].
3aciyroBye yBaru Takox 1 Te, 110 TiAPOreH Cynb(ia Mae peryiasiTOpHUN BIIMB Ha OOMIH pE4OBUH,
IUTOTIPOTEKTOPHI Ta aHTHOKCHIaHTHI BiactuBocTi [19,20].

BpaxoByroun, 110 TiOJIOBI CIOJYKH, OCOOJMBO OKMCHO-BIJHOBHA CHUCTeMa TIJIyTaTioHY,
3aiiMa€ 0JIHO 3 LIEHTPAIbHUX MiICIlb B aHTHOKCUJAHTHINA CHCTEMIOTaHa 30py, MU JOCHIHKYBaHl B
TKaHMHAX OKa KPOIIIB 3 €KCHEPUMEHTAIbHOI TJIayKOMOIO 33 YMOBH MOMYISALIl €HIOT€HHOTO
CTaHy T'iIporeH cyibQiay piBeHb CUCTEMHU IIIyTaTIOHY.

Mema. Bu3HaueHHS pIBHIO TIOJIOBUX CIOJIYK B TKaHWHAX OKa KpOJIB MpHU
eKCIIEPUMEHTAJBHINM II1ayKoOMi B yMOBaX MOV €HAOTEHHOTO CTaHy T1IpOoreH Cynbdimy.

Mamepian i memoou. I'naykoMmy MOAETIOBAIU 32 TOTIOMOTOIO BHYTPIITHHOBEHHUX 1H EKITIH
0,1 M po3unny anpenaniny (1:1000) uepes neHs npotarom 3 mMecsuiB. Y Apyriid rpymni TBApHHU
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MPOTSATOM MOJEIOBAaHHA aapeHaliH-iHaykoBaHoi miaykoMu (AIl') orpumyBamu inctumsmii 1 %
pO34MHY TiAPOCYIb(IAY HATPiO B SIKOCTI JOHOPA CipkoBoHIO. BOT BUMIpIOBaIM TOHOMETPOM
MaxakoBa (IIyHxkep 7,5 T) 3a YMOBH MICIICBOT aHECTe3ii, MpOBOAUIN OPTAIBEMOCKOIIUHI Ta
010MIKpOCKOMIIUHI JOCTiUKeHHs. B TKaHWHI ApeHaKHOI 30HU OKa, CITKIBIII Ta 30pOBOMY HEPBI
BH3HAYAJIM PIBEHb BITHOBJIICHOTO Ta OKUCJICHOTO TIIyTATIOHY.

Pe3ynomamu. OtpuMani JaHi IO BU3HAYCHHIO BMICTY TJIyTaTiOHY B CITKIBII OKa KPOJIB 3
AT’ cBim4aTh Mpo BUpa3HE 3HIKEHHS PIBHSI HOTO BIAHOBJICHOI (POPMHU Ta MiABUIIICHHS OKHCIICHOT
dbopMH BITHOCHO KOHTPOJIO0. B rpymi kpodi 3 AIl" 3 BBeIeHHSM JIOHOPY CIPKOBOJIHIO B CITKIBITI
BiJI3Ha4YaJIl HOpMaJi3allito piBHs riryTaTiony. [Ipu nopiBHAHHI JaHUX I[1€1 TPYIHU 3 BIANOBIIHUMU
3HAYEHHSMHU BMICTY TJIyTaTioHy KpouiiB TUibku 3 All" oTpumManu BupasHe TOCTOBIPHO 3HauylIe
3pOCTaHHS pIBHSA BIJHOBJIEHOT (OPMHU Ha Tii 3HWKEHHS OKHUCIEHOi (opmu. Momymsiis
€HJIOTEHHOTO CTaHy riaporeH cyabdiny y kpodiB 3 AIl' B 30poBoMy HEpBI BUKJIMKAIa TCHICHIIIO
710 HOpMaJlizallii MOKa3HUKIB Ti0J10BOTo cTtany. [Ipu nopiBHAHHI JaHUX 111€1 TPYIH 3 BIANOBIIHUMU
3HAUEHHSMHU BMICTY IJIyTaTiOHYy KpoiiB Tulbku 3 All' oTpumaHo B JOCTOBIpHO 3Hauylle
MIJBUIIECHHS BITHOBJIEHOT (OPMU TIIYTaTIOHY Ta 3HMKEHHS HOro okucieHoi popmu. B TkaHuHI
JpeHaxHoi 30HU oka KpoiiB 3 All" piBeHb BIJHOBJIEHOTO TNIyTaTIOHY OyB TaKOX 3HMUKEHHH, a
okucneHoi ¢opmu migsumenuit (p<0,05) nmpum TOpIBHAHHI 3 KOHTPOJBHOK Tpymoro. [lpu
3aCTOCYBaHHI MIOJCHHUX IHCTWIALIN Tiapocynbdiny HaTpito y kpouiB 3 AIl' Hamu oTpumaHo B
TKaHMHI JIPEHa)KHOI 30HM OKa JOCTOBIPHO 3HAUylle MiJBUIIEHHS PIBHSA BIIHOBJIEHOI (popmu
[JIyTaTiOHY Ta 3HWYKEHHS OKHCIeHOT (opMH TpH MOPIBHIHHI 3 Tpymnoto TBapuH 3 All'.

Or1iHKa TIOJIOBOTO CTaTycy (CITIBBIIHOIIEHHS BMICTY BiIHOBJIGHOTO TJyTaTiOHY 10 HOTO
okucieHoi ¢opMHu) B JOCHIKyBaHUX TKaHMHaX oka KpousiB 3 All' mokazana Horo 3Ha4HE
3HWKEHHS, & TIPYU MOIYJIAIIT €HJOTEHHOTO CTaHy TiAporeH cyabdimy y kpodis 3 All" BigzHavanoch
MIIBUIIEHHS IILOTO 1HJIEKCY.

Y3acanvnenna. Takum YMHOM, TOCTIDKEHHS PIBHS BIZHOBJICHOTO Ta OKUCIIEHOTO ITyTaTIOHY
B JIOCTIDKEHWX TKaHMHAX oka KpoJiiB 3 AlIl' cBiguaTh Mpo MOPYIICHHS TIOJOBOTO CTAaTyCy B
TKaHWUHAX JIPEHaKHOI 30HM, CITKIBIIl Ta 30poBOMY HepBi. [Ipu 1iboMy MOAYISIIS €HIOTEHHOTO
CTaHy T'IporeH cynbdiay B TKAaHUHAX OKa KpOJIiB Ha Ti1 MoaenmoBanHs All” cipusisia Hopmasizartii
TIOJIOBOT'O CTaTyCy.

Hami jgociipkeHHs MoKa3anu, IO i BIUIMBOM JOBIOTPUBAJIOrO MICLIEBOIO BBEICHHS
JIOHOpPY CIPKOBOJHIO B OYl TBapUH 3 IJIAayKOMOK OKHCHO-BIJIHOBHA CHCTE€Ma IJIyTaTIOHY
HOpMaJli3yBajlaCh 3HayHOIO Mipoto. Ile BinOyBanoch HIISAXOM 3HM)KEHHS B TKaHWHAX OKa, 110
BHUBYAIOTHCSA, OKUCHOI ()OpMHU TIIyTaTiOHY, MiABUILEHHS BIAHOBIEHOI (opMH, 1 SIK HACIITOK —
HOpMaJi3allii iHAeKCy TIOJOBOTO CTaTycy (BiIHOBJICHHM INIyTaTiOH / OKUCIIEHUH TIyTaTioH).

VY3aranbHIOIUM OTPUMaH1 pe3yJIbTaTH POBEACHUX HAMU JOCIIIKEHb, CII1J] 3a3HAUYUTH, 1110 Y
kpouiB 3 AIl' B TkKaHWHAX JpPeHa)KHOT 30HU, B CITKIBLI Ta 30pOBOMY HEpPBI CYTTEBO MOPYIIECHO
TIOJIOBUM CTaTyC, BHCHaXEHHS $KOTO PO3BUHYJIOCh Ha TJI OKCHJATUBHOTO CTpecy IpH
MIABUIIEHOMY 0()TaTbMOTOHYCI.

3aranoM, 3a3HadeHi MeTa0oJIIYH1 3MIHU B IOCIIIPKYBaHUX TKaHWHAX oka TBapuH 3 All" mpu
3HWKEHOMY €HJI0T€HHOMY CTaH1 I'IporeH cynb(iy MOXKYTh BUKITUKATH HNOIIKO/DKEHHS HEHPOHIB
CITKIBKH 130pOBOT0 HEPBY. 3aCTOCYBAHHS IIOACHHHUX IHCTUIIALIH T'1Ipocyib(iny HaTpito B AKOCTI
JIOHOpa CIpKOBOJIHIO Y KpoJiiB 3 All" cipusiio crabinizalii TioJIOBOTO CTAaTyCy, 10 MOXe CIPUATH
HOpMadizallii pyHKIIOHATBHUX TOKA3HUKIB 0Ka, 30kpema BOT y nocnigHux TBapuH, M0 CBITYUTH
Ipo 3allydeHIiCTh raszoTpaHcMitepa rigporeH cyiabdiny (H2S) B perymsamii mexaHi3MiB
OKCHJIATUBHOTO  CTpecy Ta TiIpoAMHAaMIKM oOKa Hpu (POpMyBaHHI EKCHEPUMEHTAIHLHOTIO
IJIAyKOMHOTO TIPOIIECy.
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KOMIIVIEKCHA ITPOTEOJITHUYHA AKTUBHICTD JEAKHUX
EH3UMHUX ITPEITAPATIB MIKPOBHOI'O MNOXO/’KEHHSA

Tonrtiko BanenTnn AnaroJiiiosny, Pomanoscbka Ipuna Iropisaa
Dizuxo-ximiunutl incmumym im. O. B. Boeamcvkoeo AH Yrpainu, v.a.toptikov@gmail.com

[IpoTeoniTH4HI €H3UMH MOIIUPEH] MTOBCIOJHO, OCKUIBKA BOHHM HE3aMiHHI U1l Oy/b-sIKOTO
’KHBOTO OpraHisMy. BoHu BUpoOISIOTECS BCiMa opraHisMamu, Oy/b TO MPOKAPIOTH YU
eykapioTu, ado Bipycu. BaxkIMBICTh X €H3UMIB BU3HAYAETHCS O€311UUI0 1X (DYHKIIIOHATBHUX
MOXJTMBOCTEH Ta PI3HOMAHITHICTIO MPOIIECIB, B IKUX BOHU BUKOHYIOTh MPOBLIHY poJib [1].

[IpenapaTi MIKpOOHOTO MOXOKEHHS, 1110 MAlOTh MPOTEOTITUYHY aKTUBHICTh, IIIMPOKO
3aCTOCOBYIOTHCS Y PI3HUX Tally3sX MMPOMUCIIOBOCTI, @ TAKOXK Y MEAHUIIMHI Ta KOCMETOJIOT11 [2].
Cepen HUX 0CO0OJIMBE MICIIE€ 3aliMalOTh MPEMapaTH 3 KoJareHa3Hoo Ta (PiIOPUHOIITHYHOIO
AKTUBHICTIO Y KOMOYCTI0JIOT11, OCKUIbKHU 3/1aTH1 PO3LIEIUIIOBATH HEPO3UHNHHI IPOTETHU
omikoBoro crpyny [3].

["anmy3i 3acTocyBaHHS Ta cmocoOW BUKOPHUCTAHHS MPOTEOJITUYHUX MTpenapaTiB 3ajeXaTh Bif
KOMIUIEKCY iX BIACTUBOCTEW. B 3B’sI3Ky 3 MM METOIO TOCIiHKEHHS 0YyII0 BU3HAUYCHHS
MIPOTEOJIITUYHOT aKTUBHOCTI1 IO PI3HUX CyOCTpaTiB ACSIKUX KOMEPIIHHUX €H3UMHUX MpenapaTiB
MIKpOOHOTO TTOXO/KCHHSI.

Marepiaau i MeToam.

JlocmiKyBaii HACTYITHI TIpenapaTi MIKpOOHOTO MOX0DKEHHS: CeppaTionenTuiasy 3
Serratia marcescens E15, npoteasy C i komarenasy 3 Acremonium chrysogenum (ENZIM
Biotech). CepparionenTtiaasy oTpuMyBaliv NUITXOM OYHINEHHS TabaeTok ceppatu (Kusum
Healthcare Pvt Ltd) [4].

BwmicT npoteiny BuzHauanu 3a metoqom Jloypi y moaudikarii Xaptpi [5]. 3aransHy
MPOTEOJIITHYHY aKTUBHICTh BU3HAYAIIM 32 Ka3€THOM 3 KOpPOB’s14oro Mosoka (Sigma) (2 % po3unH
y Oydepi) 3a CXeMor0, 3alpOTIOHOBAHOIO Y [6] 3a TUpo3uHOM. JKeNaTHHOMITUYHY aKTUBHICTh
BCTaHOBIIIOBAIH, BUKOpHcTOBYI0un 0,5 % po3uun xenatuny (Serva). Konarenonituuny
AKTHBHICTh BU3HAYAJIH 3a KOJIArCHOM OMYadyoro aximoBoro cyxoxxuiuis (Sigma-Aldrich) (2 mr B
1HKyOAaIiiHi{A cyminii), 3a MetoaoM [7]. st Bu3HaueHHs (HiOPUHOIITHYHOT aKTUBHOCTI
3actocoByBaiu 1 mr pidpuny 3 riazmu mroauHu (Sigma-Aldrich). Ctymias ringpostizy npoTeiHiB
BUMIPIOBAJIM TaKOX 3a JCHIIMHOM. BUSBIEHHS TPUIICHHOTIONIOHOT aKTUBHOCTI 3/1IHCHIOBAJIH 32
npoaykty riaponizy BAITHA — n-nirpoanininy [8]. Tupo3un Buznayanm peakruBom Dosina,
JEHIUH — y peakilii 3 HIHriApuHOM. BMICT npoTeiny, BU3HaYSHHs aKTUBHOCTI IIpenaparis
nocnimkyBanu criektpodoromerpuyno (Cary 60, Agilent Technologies).

MatemaTuuHy Ta CTAaTUCTUYHY 0OpOOKY pe3ynbTariB npoBoauiu y nakeri Microsoft Exel.
PospaxoByBanu cepenni apudmernyni 3HaueHHsa (M) Ta ix ctanaapTHy noxuoky (£ SE).
JIoCTOBIpHICTH Pe3yJIbTATIB OILIHIOBAIIU 33 JOTIOMOTOI0 t-KpuTepito CThIO/IeHTa Ta
JHCTIepPCITHOTO aHami3y. 3a KpUTUYHUI piBEHb TOCTOBIPHOCTI MpUKHMaH 3HAaYE€HHS HYJIbOBOI
rimote3u P < 0,05.

Pe3yabTaTi Ta IX 00roBOpeHHs

Binomo, 1110 KoJ1areH Ta *elaTHH MICTATh BKpail Mano Tupo3uny (MeHm 1%). B 3B’s3ky 3
LIUM BH3HAUEHHS IPOTEOTITUYHOT aKTUBHOCTI, B TOMY YHMCJI1 3arajibHOi 1 (h10OpIHOMITHYHOT, KPIM
CTaHJAPTHOI METOAMKH, BIEpIIE 3/iiCHIOBAIM 3a JeinnHoM. Bubip neiuuny B AKoCTI
pedepeHCcHOT aMiHOKHCIIOTH Ha BIIMIHY BiJl BU3HAHUX OOYMOBJICHHI TUM, 1[0 T03BOJISIE
MOPIBHIOBATH piBeHb CHEIM(PIYHOT aKTUBHOCTI TOCTIKYBaHUX MPOTETHA3 70 PI3HUX CyOCTpaTiB.
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P0o361KHOCTI MK 3HAaUEHHSMH MMOKa3HUKIB aKTUBHOCTI O Ka3eiHy, 10 BU3HAYAIKICS 32
PI3HUMH aMIHOKHCIIOTaMH, MOYKHA MOSICHITH PI3HUMU NpUYMHAMU: 1) y aMIHOKHUCIIOTHOMY
CKJIaJli Ka3eiHy JISHIIMHY B IeKUTbKA pa3iB OUIbIle, HDK THPO3UHY; 2) HIHTIIPUHHUN PEaKTHB
BUSIBIISIE BC1 aMiHOKHUCIIOTH, 110 BUHUKAIOTH 32 TIAPOIII3Y MPOTEIHIB, TOI sIK peakTrB Doina
OuTbII cienuiYHUN came 10 TUPO3UHY; 3) METOIM BU3HAUCHHS aMiHOKHUCIOT MAlOTh
HEOJTHAKOBY Yy TJIMBICTh; 4) BU3HAUYEHHIO THPO3UHY peakTuBOM DoJliHa 3aBaXKaroTh Oarato
CTIOJTYK.

JlocmipKyBaHi penapaty IpOosIBISIIN aKTUBHICTD 70 BCIX 3aCTOCOBAHMX CyOCTpaTiB, ajie 3
pi3HuM piBHeM (Tabdi. 1). Tak, cepparionentuiaza noctymnanacs HIIUM IIperapaTam 3a
MMUTOMOTO 3arajbHOIO0 Ta )KEJIATUHOIITUYHO aKTUBHICTIO, ajie Ha MOPSI0K €PEeKTUBHIIIE
posmrerutoBana (GiopuH. [Iporeaza C 1 koareHasa BUSBIISIIA HAHOUIBIIY KOJTareHa3HY
AKTUBHICTb.

Tabmums 1
[TuToMa mpoTEOITHYHA aKTUBHICTD JOCTIKYBaHUX IpenapaTtis, (M:SE)

CvEeTpat En3umHi npenaparu
yoerp Konarenaza ITporeaza C CepparionenTuaasza
Kasin | 258,732 £ 4,183 130,001 + 3,152* 729 476 + 13,744*
288,920 + 5,630** | 156,380 + 1,570%** 39,940 + 0,961**
Kenatun | o5 105 1 0 g55** | 131,808 + 4,070%* 14,732 + 0,415**
Komaren |41 536 4 9 2g0*+ 10,033 + 0,265** 0,657 + 0,109**
PiOpHE | 506 + 0,001%* 0,021 + 0,003** 0,395 + 0,029%*
BAITHA | 8,170 + 0,100%** 10,451 + 0,469 3,513+ 0,407

[IpuMiTka: akTUBHICTh PO3PaxOBYBAIU: * - 32 TUPO3UHOM (HMOJIb aMIHOKHCIIOTH/MT
MPOTEIHY/XB), ** - 32 TEHITMHOM (MKMOJIb aMIHOKUCIIOTH/MT NIPOTEiHY/XB), *** - 3a BAITHA
(MKMOJIb n-HITPOAHUTIHY/MT MPOTEIHY/XB).

Oco06IMBOCTI TTPOSABY MPOTEOJTITUYHOT AKTUBHOCTI JJOCHIKYBAaHUX IIpernaparax g00pe
BUSIBJISIFOTBCS 32 aHAJI3Y CIIBBIAHOLIEHb CTYIEHS TAPOJIZY pi3HUX cyOcTpatiB (Tadm. 2).

Taomuus 2
YacTka MpoTeoIITUYHOT aKTUBHOCTI JI0 crienu(piyHUX cyOCTpaTiB
B 3arajibHii akTUBHOCTI (%)
JocaimkyBaHi IPOTEOIITHYHI ITpEIapaTh
Cyberpar Konarenasa l}'IIBpOTeaEa C ClpraI;ionenTHz[a:sa
Kazein* 100 100 100
Kenarun™ 22 84 37
Konaren™ 4 6 2
Di6pun* (x 10°) 2 13 989
BAITHA** 3 7 1

[TpumiTka: *BU3HAUCHHS aKTUBHOCTI MMPOBOIMIIH 3a JEHLIMHOM, **3a3HaueHe
CIIBBIIHOILIEHHS € YMOBHHMM, OCKUTHKH BUMIPIOBAaHHS MPOTEOJITUYHOT aKTUBHOCTI 3/11HCHIOBAIIN
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B PI3HUX OJMHHUIISX; I JaHI MOKHA BUKOPUCTOBYBATH JIUIIIC JUIS MOPIBHIILHOT OIIHKU
JOCIIDKYBaHUX Tpernaparis.

3 HaBeJCHUX JJAHWX BUIHO, 110 JOCITIDKYBaHI MIperapaTu pisHATHCS HE TUIBKU 32 TUTOMOIO
aKTHBHICTIO, aJie ¥ crieru@igHicTIO MO BITHOLICHHIO 0 pi3HUX cyOcTpariB. BincoTkoBuii BMicT
KOJIAr€Ha3HO1 aKTUBHOCTI B 3arajibHili akTUBHOCTI € HaiOutbmuM y nporeasu C 1 KonareHasm.
3a3HaueHi mpenapary TakoX MaroTh MOPIBHAHO 3 CEppaTiONENTHIa3010 3HAYHY CIICU(IYHICTh
1o cuarerrnaHoro cyocrpary BAITHA. Ilpu npomMy B 3aranpHiii akTuBHOCTI mpoteaszu C
BIIHOCHO IHIIIMX TIPeNapaTiB BUSABISIETHCS HAHOLIbINIA YACTKA KEJTAaTHHA3HOT Ta aM11a3HO1
aktuBHOCTI. CepparionenTyiasi BIaCTUBUN HAaWBUIIMKA BMICT (10OpUHOMITUYHOT aKTHBHOCTI.

TakuMm 4rHOM, 3alIPONIOHOBaHA MOU(IKaIlis] METO/1IB BU3HAUEHHS CIIEKTPY
MIPOTEOJIITHYHUX aKTUBHOCTEH (YHi(ikalis pedepeHCHOT aMIHOKHUCIIOTI 1 Yacy TPUBAJIOCT1
peaxiiii) 103BOJIMIIA aIeKBAaTHO OIIHIOBATH 1 MOPIBHIOBATH aKTUBHOCTI JI0 PI3HUX CyOCTpaTiB
PO3IIIIHYTUX Mpenaparis. B 3a1exHOCTI BiJf KOHKPETHUX NMPAKTUYHKUX 3aBJIaHb AOCTIKYBaH1
€H3MMHU MOKYTh MAaTH Pi3HE BUKOPUCTAHHS.
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MEXAHI3MMH EBOJIIOIII TEHOMA EYKAPIOTIB

IlleBuyk Tersina IropiBHa
Binnuyoexuii nayionanenuii meouunuil ynisepcumem imeni M. 1. Ilupocosa
e-mail: shevchukti77@gmail.com

BusHayeHHs eBONMIOLIMHMX MeXaHI3MIB (DYHKI[IOHYBaHHS TI'€HOMY JIO3BOJISIE MOSCHUTH
NOXO/PKEHHSI T€HEeTHUYHOTro IMoMiMop(i3My 1 O10JOrIYHOrO PI3HOMAHITTS, BCTAHOBUTH 3HAUCHHS
TOPU30HTAIBHOIO TEPEHECEHHSI T'eHIB, MPOCTIIAKYBaTH 3a TPUBAIICTIO (OPMYBaHHS KOMIUIEKCY
MIEeBHUX T'€HIB, a TAKOXX MOSICHUTH E€BOJIOLIIIO CIIAIKOBOI ITaTONOTI1 JIFOANHH.

I'eHoMika BUBYA€ CTPYKTYPHO-(DYHKI[IOHQJIBHI OCOOJMBOCTI T€HOMIB opraHi3miB. I'eHoMika
JIIOJMHU € OCHOBOIO MOJIEKYJIIPHOT METUIIMHH, SIKA CTABUTh 32 METY PO3POOKY METOIB J1arHOCTHKH,
JKYBaHHS 1 NpO(UIAKTUKK CHAJKOBUX 1 HECTAKOBMX 3aXBOPIOBaHb JIOAWHU. Baxiuee mennuHe
3HAYEeHHS TAaKO)X Ma€ BHMBUCHHS TI'€HOMIKM MIKpOOPTaHi3MiB 3 METOI0 3’SICYBaHHS IaTOreHe3y
1H(EKIIHHUX 3aXBOPIOBaHb 1 CTBOPEHHS JIKIB, sIKi O IisSUIM Ha MEBHI NaTOreHHi opra”i3Mu. Po3BUTOK
BUYCHHS IPO TEHOM JIO3BOJIMB BHUOKPEMHTH CTPYKTYpPHY T'€HOMIKY (BHBYAa€ HYKICOTHIHY
MOCITIIOBHICTh T€HOMIB), (DYHKII10HAJIbHY T€HOMIKY (BCTAHOBIIIOE (DYHKIII{ TIEBHUX €IEMEHTIB F€HOMA,
X B3a€MOJIIIO 1 peTyJIsLi0), MOPIBHAIBHY FT€HOMIKY (BUBYA€ MOAIOHICTh Ta BIAMIHHICTD B OpraHizaii
TEeHOMIB PI3HUX OpraHi3MiB), €BOIOLIHHY T€HOMIKY (BH3HAUYa€ NUISAXH Ta MEXaHI3MU EBOJFOIIT
TeHOMIB) Ta MEMYHY I'€HOMIKY (BHIIIYye MUTAHHS KIIHIYHOI 1 IPOQUIAKTUYHOT METUIIHH, BUBYAE
MyTalii 4y noaiMopdi3Mu reHis, K1 € IPUUUHOIO TIEBHUX XBOPOO).

B ocHOBI eBOMIOLT JIFOJMHY JIEKHUTH €BOJIOLIA i TeHOMA, OCKUIBKH BC1 €TaIN PO3BUTKY JIFOIUHH
¢ikcyBammcs B monekym JIHK mis miaTpuiMaHHS OCHOBHHX BIIACTUBOCTEH JKHTTS: CHAJKOBOCTI i
MIHJIUBOCTI.

Oco0yMBOCTI oprasizarlii CraJKoBOro mMarepiairy i MexaHi3MH WOTO KOAYBaHHS 1 peamizaiii y
MpO- Ta €yKapioTiB CBiMYaTh HA KOPHUCTH CILILHOTO TTOXO/HKEHHS 1 HASBHOCTI 3arajibHOTO TIPEIKa, Y
SIKOT'0 BKe Oynu cpOopMOBaHi TPOIIECH CAaMOBINTBOPEHHS 1 3aITUCYy TEHETUYHOI iHPOpMaIIil Ha OCHOBI
TaKUX MOJICKYJISIPHUX TIPOIIeCiB, K perurikarlis Mmonekymu JJHK 1 yHiBepcaapbHICTh TEHETHYHOTO KOITY.
Oco0yMBICTIO TEHOMA CITUTRHOTO TIpeKa € HaumuimKoBicTs Mosiekynu JIHK, sika i oOymoBmiia pizHi
HaIPSIMKH €BOJIOIi1 TEHOMIB IPO- Ta €yKapioTiB.

JIMOBIPHO, 1110 EBOTIOLLISI TPOKAPIOTHYHOr0 FeHOMa HIIUTa B HAIPSAMKY 3MEHIIIEHHS HOro po3MipiB
3a paxyHOK BTpaTH HEKOJYIOUHX AUITHOK. Lle mpu3Beno no Toro, mo maibke 95 % JIHK mpokapioris
excrpecyeTbesa. OQHOYACHO 31 3MEHIIEHHSM PO3MIpPIB TEHOMY Y MPOKApIOTUYHHX (HOPM IKUTTS
3’SBIIETHCS  BJIACTUBICTh IIBUIKO PO3MHOXKYBATHCS, IO OOYMOBIIIOE BHCOKHHA piBEHBb
MPUCTOCYBaHHS. [ arIoiqHICTh TEeHOMa MPOKapioTiB, MPOSB Y (EHOTUI Oyab-sSKOi MyTaIlii xou i
3a0e3redye BYODKMBAHHS 1 PI3HOMAHITHICTH ()OpM, ajie HE CIPHUS€E MPOTPECHBHIN E€BONIOIIT KUBHX
OpTaHi3MiB.

EBouroniis eykapioTHYHOTO reHoMa WIIUIa, HaBIaKy, B HANpsAMKY 30utbmeHHs Kutbkocti JIHK. V
moaunu ocHoBHa Maca JIHK (99,5 %) 3ocepemkena y xpomocomax. Y CKJIafi T€HIB 3HAXOIUTHCS
omu3pko 25-35 % JAHK 1 gume 10 % 3 HUX € KOAYIOUMMH YHIKQIbHUMH HYKJICOTUIHUMHU
nocaigoBHOCTSIMH 190 % - HekomyrounMu nitstHkaMu. [ToproproBani mociigoBaocti JIHK ctaHoBIATH
75-65 % 1 po3TamoBaHi 1o3a reHaMu.

30inbLIeHHS PO3MIpPiB FTEHOMA €yKapioTiB MOXIIMBE KiIbKoMa criocodamMu. OTHUM 13 MeXaHi3MiB
€ moJimioiau3ais, To0To 30uTbmeHHs KimbkocTi [IHK 1 xpomocom, kpaTHe ramioiqHoMy HaOopy
XpOMOCOM. AJie, SIK 3aCBiq4yIOTh BYCHI, 30UIBIICHHS JO3M I'€HIB B HACIIIOK IMONIIIIOiU3aIii He
3aBXKIU JIa€ TO3UTUBHUN OI10JIOTTYHUH €(EeKT, TOMY B XOJAl €BOJIOIII BIAMIYAETHCS IMEpPEXia 110
JMIIJIOIAHOTO CTaHy.

[Ile ogHMM Ba)JIMBUM MEXaHi3MOM 30uIbIlIeHHs 00’eMy TeHoMma € amrutidikamis JTHK, sxa
MoJIsira€ B YTBOPEHHI KOMid MEBHUX HYKICOTUAHHMX TOCIIIOBHOCTEH. Benmuka ykpaiHChka
CHIIMKJIONE/Iis ]a€ TaKe BU3HAYCHHS MOHSTTIO «amiutidikamis» - (3 mar. amplificatio) ue posmmpenHs,
30UIbILIEHHS, 1I€ TpoLec yTBOpeHHs noaatkoBux koniit JIHK. Ammuidikariis neBHUX NOCT1IOBHOCTEH
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JTHK € 3aKkOHOMipHUM MpPOLIECOM OHTOT€HE3y OUIBIIOCTI OpPraHi3MiB, SIKUU 3abe3rneuye YyTBOPEHHS
BEJIMKOT KUTBKOCTI Komii reHiB. OcHOBO npupoaHoi ammutidikanii € pertikamis JJHK, a B mryunux
yMOBax BIiATBOpUTH (aMIuTiiKyBaTH) JOCTATHIO KUIBKICTh KOMIM TMEBHUX HYKJICOTHIHUX
MOCITIIOBHOCTEH MOXHA 3a JIOIIOMOT OF0 IOJIiMepa3Hoi JIaHIIOrOBOI peakiii B crienialbHOMY MpHIIaji
— ammuti¢ikaropi [1].

[Ipornec ammuidikarii TeHiB JIEKUTh B OCHOBI 6araTb0X T€HHO-1HKEHEPHUX JOCHTIHKEHb, B TOMY
YHCIIl TEHOMHOT'O pe/laryBaHHsI, MOJICKYJISIPHOTO, TEPAEeBTUYHOTO 1 PENPOIYKTUBHOTO KIOHYBaHHS,
a TaKO)X CTBOPEHHS F'€HHO-MO/AM(DIKOBaHUX OpraHi3MiB, TeHHOI Tepamii [2].

3HauyeHHs amutidpikanii Ang  eBosolii  OpraHi3MiB  O4yeBHAHE. BUHHKHEHHS BEJIUKUX
MYJIbTUCIMEMCTB TE€HIB, IO BIANOBIIAIOTH 3a CHHTE3 OUIKIB-QEpPMEHTIB, OUIKIB-peryyisiTopiB
TPAHCKPHUIILIi], OUTKIB-IEpEHOCHHKIB T IHIIMX CUTHAJLHUX MOJICKYJI ITOB’A3aHe 3 aMIutiikamiero abo
JOYTUTIKAIIEF0 TIEBHUX HYKJICOTHIHUX TIIOCIIJOBHOCTEH 1 TMOAANBIIOK JUBEPTEHIICI0 TEHIB.
bararopa3ose kormitoBaHHs a00 1yOntOBaHHS IeHIB MoKpailye MopdodpyHKIIOHATbHY (HopMy OIIKIB
3a paXyHOK 30UIbIIEHHS JJ031 T'€HIB, OCKUIBKU YacTO TyOJIFO€THCS HE JIMIIE NEBHUN T€H, a i 0TOUyI0Ui
TUISHKY, SIKI MOXYTb MICTHUTH JI€CSTKM IHIIMX TEHIB. YTBOpPEHI aMIUIIKOHM MOTIM MiUISAraroTh
PEMO/IEITIOBAHHIO Y BUTIIAAL AeTIenii JesKUX MmociigoBHOCTeH [3].

JloCsiTHEHHsT B Tayly3l Cy4acHOT MOJICKYJISIPHOI MEIUIIUHH J03BOJSIOTH 3PO3YMITH 3HAUYCHHS
amruTidikamii reHiB y BHHUKHEHHI OHKOJIOTTYHHMX 3aXBOpPIOBaHb. Tak, amrutidikaris 1 rinepekcnpecis
neBHux reHiB (EGFR, ERBB2) Bu3HauaeTbcst pu paKy IUTYHKY Y JIOAWHU Ta JESIKUX ITyXJIMHHUX
ypaxeHHSX HmmMX opraHiB [4]. Ammutidikaris onkoreHa mo3zaxpomocomuoi JJHK mpusBoguts mo
arpeCUBHOTO POCTY MyXJIMH, BAHUKHEHHSI CTIKOCTI JI0 JIIKAPChKUX 3aCO0IB 1, BIAMOBIIHO, 3HUKCHHS
TPUBAIOCTI KUTTS [5].

Ha wmonexkymsapHOMy piBHI €BONIOISI TEHOMa €yKapioTiB MOXKE peaji3yBaTHCS KUTbKOMa
nuxamu: 3MiHa koxyrounx nurstHok JJHK ta ix mpoaykriB, ToOOTO BUHMKHEHHS HOBHX T'€HIB; BTpaTa
(GyHKIIT MEeBHUX TEHIB 1 Tepexia iX y IMOCIiIOBHOCTI, IO HE TPAHCKPHOYIOTHCH; MoIuGiKaIlis
MEXaHI3MIB pEryisiii reHiB Ha BCIX eTamax iX eKchpecii; BUHUKHEHHS MyTalliii, sKi 31aTHi
MIPUTHIYYBATH SKCIIPECIIO TeHIB a00 3MIHIOBATH iX ()YHKITIIO.

Bueni BusiBIiH, 1110, 10 TPUKIIAY, B X0/Ii €BOJIOIIIT JIFOIWHU BTpaveHo 0113bK0 80 TeHiB, yacTHHA
3 SIKUX KOHTPOIIOBaJIa HAsBHICTh HIOXOBUX PEIENTOpiB, 3MaTHUX BiMdyBaTH pi3HI Mojekymu. Kpim
[BOr0 JIIOJCHKHI T'€HOM BTPATHUB T'€H, HI0 KOAYE CHHTE3 KEPaTHHY BOJIOCCS, IIO NPHU3BEIO [0
CTOHIICHHS 1 3MEHIICHHS BOJOCSHOTO IOKPHUBY; iHaKkTHBaIlisl reHa miosumHy (MYH16) crpusuia
€BOJTIONIi HEPBOBOI CHCTEMH JIFOJIMHU B HAPSMKY 30UTBIIICHHS pO3MipiB MO3KY [6, 7].

Barome 3HaueHHS B X0l €BOJIONII €yKapiOTHYHOTO TEHOMa Maja He BTpaTa, a, HaBIIaKH,
Haj0aHHS HOBUX TeHiB. [CHye KilbKa MEXaHi3MIB ITOSBU HOBHX T'€HIB B TEHOMY eyKapioTiB. OqHUM i3
HUX € TOPU3OHTAIIbHE TEPEHECCHHS I'€HIB 3 T€HOMIB IHIIUX BUIIB OpPraHi3MiB, apryMEHTOM YOro €
HasBHICTh y TCHOMI JIFOJIMHU TEHIB JeSKUX OaKTepiil 1 BipyciB. Y JOACEKOMY OpTraHi3Mi 3HaXOIUTHCS
BEJMKa KUTBKICTh CHMOIOHTIB 1 TAaTOT€HHHX MIKPOOPTaHi3MiB, T'€HU SKUX, WMOBIPHO, MOXYTb
MEPEHOCUTHCH B TEHOM JIFOIMHU. X04a TOPU30HTAIbHE NIEPEHECEHHS TeHIB BBAXKAETHCS 3aBEPILICHIM
B TOMY BUNAJKY, KOJH YYKOPiHI I'€HH MPOHUKIM B TaMETH, BMOHTYBAJIUCS B XPOMOCOMH a0o
3HAXOMATHCS Y BUTISAAI MOOLIBHUX TE€HETHYHHX €IEMEHTIB, 1 3[aTHI NepeAaBaTHCS HACTYIHHM
nokoniHHsAM. [lepie ekcniepuMeHTanbHe TOCTIHKEHHS TOPU30HTAIBLHOT O IEPEHECEHHS TeHIB Y TeHOM
ToArHU OYyI10 MpoBeieHe Opa3HiIbChKUMH BYCHUMH, SIK1 BUSIBUIIM B TEHOMI 3/I0POBUX JIFOJICH, TPEAKH
SAKMX TIEPEXBOPUIM Ha AaMEPUKAHCHKUW TPUIIAHOCOMO3, T'€HHM TPUIIAHOCOM, SKi OynM 31aTHi
nepeaaBaTUCs HAIIAAKaM y BUTJISAI TPAHCIIO300HIB [8].

HoBi reHr MOXyTh BHHHMKATH IUIIXOM aMILTi(iKallii cTapux MOCIiZOBHOCTEH 3 MOJAIBITUMH
MyTalliiMA y HOBOCTBOPEHHMX KOITiSIX TEHIB. B OUIBIIOCTI BHIAIKIB 30UTBIICHHS YHUCIIA KOITIH
HYKJICOTHIHUX TIOCIIJJOBHOCTEH Ha OpPraHi3M BIUIMBAE HEUTpabHO. AJle y JIIOJWHHU BiaMideHHH
B32€MO3B 30K MIXK 30UIbIIEHHSAM YHCiIa KOMiN MEBHUX I'eHIB 1 BUHUKHEHHSIM TaKUX 3aXBOPIOBAHb SIK
mu30(ppeHis, ayTu3M, OHKOJIOT1YH1 XBOpooH [9].
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[le omHMM JKEpEIOM TMOSIBU HOBHX I'€HIB € HAsSBHICTh B TEHOMI IceBIOreHiB. [lceBmorenu — e
HYKJICOTH/IH1 ITOCJI1IOBHOCTI, SIK1 BTPATUJIM CBOIO (DYHKIIIIO 1 HE eKcIipecytoThes. [IceBanoreHn MoxyTh
BHHUKATH BHACIIIIOK 3BOPOTHOro KonitoBaHHs 3pinoi PHK 3a normomororo 3B0poTHOT TpaHCKpUNITa3H
a0o0 B HacHiIOK AyruIikamii (ammutigikarii) pyHKIIOHYIOUMX TeHIB.

[IceBnorenu MicTATh MyTallil, IKi BUKIMKAIOTh 3CYB PAMKH 3UUTYBAaHHS a00 MOSBY CTON-KOJIOHIB,
TPAHCKPUIILIS 3yMUHAETHCS 1 TeHU BTpadaroTh cBoi (yHkuii. [IpukinanoMm € BTpaTta ncepaoresa, 1o
BiamoBiznae 3a cuHre3 Bitamina C.

30umbmenHs kuibkocti JIHK cnpusino pisaum i1 momumdikamism. Ilpukimazom € mnosBa
TPAHCIO300HIB, AK1 KOIIIOIOTh HE JIMILIE BJIACHI MOCIIOBHOCTI HYKJICOTH/IB, @ MOXYTh 1 YaCTKOBO
3aXONUTH AUITHKH (PYHKI[IOHYIOUMX T'eHIB. B nojanbiomy Taki KoOMOIHOBaHI JUISHKA MOXYTh CTaTH
TNICEB/IOTCHAMH.

Sxmio panime TCeBJIOreHr BBaKaIM HE3HAUYIIUMH AUITHKAMHA B T€HOMI €yKapioTiB, TO TEmep
3’SIBISE€THCS BCE OUIBIIE JOCHIIKEHb, IKiI JOBOASTH, IO IICEBJIONCHHM BCE K BOJOMIIOTH IEBHHMU
¢ynkuismu. Jleski MCceBIOreHH 37aTHI CHHTE3YBaTH OUIKOBI MPOXYKTH, SIKI MOXYTh PEryiioBaTu
eKcrpecito GyHKIIOHATBHUX T'eHiB. [HO1 MyTallis IceBIoreHa MOXKe IPU3BECTH 0 BiTHOBIICHHS HOTO
¢yHKIiT a00 BUHUKHEHHS HOBOT'O T'eHa. TaKoX JesKi TCEBIOTeHH MOXYTh TPaHCKpHUOyBaTHCH,
BHUKOPHUCTOBYIOUYH IIPH IIbOMY ITPOMOTOPH HAHOMMKUMX (yHKIIOHAIBHUX T'€HIB, a 1HIII IICEBIOTECHH
YHEMOJJIUBIIIOIOTh EKCIPECiI0 aKTUBHUX TE€HIB, 3YNHHSIOUM iX EKCIPECiio, IO MPU3BOIUTH JI0
cnankoBux xBopoo [10].

OTXe, Ha CHOTONIHI ICHYE YiTKE PO3yMIHHS TOTO, IO HYKJICOTHIHA ITOCIIOBHICTh, IKa BUHUKIIA
B Hacnmiok amruridikamii 1 TpuUBaIMii Iepiox BBaXajgach «MOBYA3HOIO, HEIH()OPMATHUBHOIOM,
«EBOJIIOIIMHAM CMITTSIM», HACTpaBJli BUKOHYE BaXKJIMBY POJIb y (YHKIIIOHYBaHHI OpPTaH3MIB i
€BOJTIONIT TeHOMA €yKapioTiB.

3a paxynok amrutidikamii JJHK mMoxe BHHWKAaTH HAIJIMINIKOBICTH €K30HIB TMEBHUX T'eHIB, SKi
MOXYTh OYTH 3aTydeHi B €BONIOIIHII Tporiec. KpiM Toro yrBopeHHsI HOBHX IeHHUX KOMOIHAIIIi B
KO)KHOMY TIOKOJIIHHI CTBOPIOE MOJKIIMBOCTI TE€HETHYHOTO PI3HOMAHITTS, SIKE € MaTepiajioM IS
€BOJIIONIi 1 MIIIA€ThCS BIUIMBY TNPUPOAHOTO Bimbopy. OcoONMBICTIO TeHOMa €yKapioTiB, IO
chopMyBaBcsl B TIPOIIECi €BOIIOIIIL, € Te, IO BiH 3a0e3meuye He JINIIe aJanTHBHY, a i TPOrPEeCUBHY

€BOJIOLIIIO.
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VYTBOpEHHsSI MEJaHiHy B OpPraHi3Mi JIOAWHU BHKOHYE BaXJIMBY pOJIb y 3axucTi Big YD-
BHUIIPOMIHIOBAHHS, 1[0 MOXE CHPHUATH TSKKAM 3aXBOPIOBAHHSIM (3JIOSKICHUM HOBOYTBOPEHHSIM
IIKIpH), OJHAK HaJMIpHE HAKOMMYEHHS MIrMEHTY MPU3BOJUTh O HU3KH 3aXBOPIOBaHb 1
KOCMETOJIOTTYHHUX MPOo0JIeM (TOKCHUUHUX 1 JIKapChbKUX MEJNaHOAepMiii, MeIa3Mu, JIEHTIrO Ta iH.).
Jl1st 3MeHIIeHHsT 010CHHTE3y MeJIaHIHy BUKOPUCTOBYIOThH HT10ITOPH TUPO3WHA3H, EH3UMY KIIacy
okcunopenykras (K.®. 1.14.18.1). Ha cboroaniHiii 1eHb BIJOMO 0arato CroJIyK sik pUpo THOTO,
TaK i CHHTETUYHOTO TOXOJ/KEHHS, 10 3HIKYIOTh aKTHBHICTh TUPO3WHA3H, OJTHAK JIUIIE JIEKi 3
HUX BHUKOPHUCTOBYIOTBCA K €QEKTUBHI Ipemapatd Juid JIKyBaHHS JepMaTOJIOTTIYHHX
3axBOpIOBaHb [1].

Binomo, mo npu cymMiCHOMY 3acTOCYBaHHI1 JIIKIB MOK€ CIOCTEpIiraTHCsl CHHEPri3M, TOOTO
MEPEBUIICHHS €PEKTY, SIKUH BUKIMKAETHCS KOXXHHM OKPEMO, IO JIO3BOJISIE 3MEHIIUTH J03H
KOMOIHOBaHMX IIpernaparis 1 iX Tokcu4HicTh. KpiM Toro, npu cyMiCHOMY 3aCTOCYBaHHI PEUOBHH,
0 JIIOTh HA OJIMH 1 TOM caMUi perenTtop, KIHLEBHUIM ePeKT MoKe JOpIBHIOBATH CyMi e(peKTiB
OKPEMO 3aCTOCOBYBAaHHX TpeMapariB (aAUTUBHUN €(PEeKT) UM 3MEHIIUTUCS, QXK JI0 IOBHOTO
YCYHEHHS BIUIMBY OJIHOTO i3 mpemaparis (aHTaronism) [2].

Jlst iHT101TOPIB TUPO3MHA3H € OOMEXKEHA KUTBKICTh JITepaTypHHUX JAaHUX IIOJ0 CYMICHOTO
3aCTOCYBaHHS JICKUIHPKOX PEYOBHH, III0 MAIOTh 1HT10yt0uy 31atHicTh. Tak, Hseu Y.C. Ta iH. Oym0
MOKa3aHo, 110 JIHAEepaHOoiT B IposBIISsIB CHHEPTITUYHUN €PEeKT MPU CyMICHOMY 3aCTOCYBaHHI 13
KOMEBOIO KUCIIOTOIO, (PEHUITIOCEYOBUHOIO 1 apOyTHHOM, MaKCUMAIbHUI €(PEeKT CIOoCTepIraBcs y
cymimri Jiiraepanosriny B 1 apoyruny [3]. [Ipu oqHO9acHOMY 3acTOCyBaHH1 apOyTiHY 1 aJIO€3UHY
TaKoX OyB BUSBJICHHH CHHEPIi3M SK Y BUMNAJKY 1HT1OyBaHHS TUPO3WHA3W IPUOIB, TaK 1 JTIOJUHU
[4]. Bnaune 3menmenns ICso cioctepiranocs sk it 3-(2,4-1uriqpokcu(eHiI)IpomioHoBOT TakK i
JUIsl aCKOpOIHOBOT KHCJIOTH TPH I1X CyMiCHOMY IiHTIOyBaHHI THpo3uHasu [5]. KomOGiHOBaHe
JIKYBaHHS JEKUIbKOMA IHT10iTOpaMu THUPO3WHA3M PO3TISIAETHCS K MEPCHEKTUBHUHN MIAXIT 110
3MEHIICHHS MOOIYHUX €EeKTIB Ta 30UIbIICHHS TEPANIeBTUYHOT €()EKTUBHOCTI.

Jlyis BU3HAYEHHS BIUTUBY CYMICHOTO JI0/IaBaHHSI PEYOBHMH Ha aKTUBHICTh THUPO3UHA3U OYyiH
oOpaHi K CTaHJapTHiI IHTIOITOPH AaKTHUBHOCTI eH3uMy (KOoWeBa KHCJIOTa, apOyTiH,
(beninTioceyoBrHA) TaK i BUABIEHHH Hamu 3-(2-rigpokcudeninamino)-1,3- muriapo-ingoa-2-ox
(moxinHe 1HAOMTY).

B xon1 nocnimkeHHs CyMiCHOTO 1HT10yBaHHS TUPO3UHA3U OOpaHUMU CIIOTYKaMHU JJIs1 KOXKHO1
okpemo Oynu BusHaueHi 3HadeHHs [Cso 1 [C7s (koHIEHTpalist iHribiTopa Mpu sAKii aKTUBHICTH
eH3uMy 3HIKyeThes Ha 50 175 %, BiamosigHo (Tabm. 1).

Tabmums 1.
ICso 1 IC75 iHriGyBaHHs THPO3MHA3HU JOCTIKYBAHHMH CIIOTYKaMH
Ne Crnonyka Konnenrpauis iHriéiropa,
MKMOJTB/IM®

ICso ICts
1 | KoiieBa kucnora 60,8 148,4
2 | ApOyrin 180,0 451,8
3 | deninTioceyoBUHA 6,2 15,4
4 | 3-(2-T'inpokcudeninamino)-1,3-murigpo-inaomn-2-ox 8,8 22,1
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J171s1 BUBUEHHS BIUTMBY OTHOYACHOTO BUKOPUCTAHHS JIBOX IHTIOITOPIB €H3UMY, 00paHi CIIOIyKU
3MIITYBaJIM TOTIAPHO Y JEKUIBKOX KOHIEHTpaIisix. B3aemonito po3paxoByBasl 3 BUKOPHCTAHHIM
komoiHartiiHoro iHaekcy (CI) 3rimHo 3 [6]:

Cl = IC50/75a MiKc IC50/75b Mikc

ICs0/75a ICs50/75p

ne 1Csorsa 1 1Csor7sb — OTprMaHi 3HaYEHHST KOHIIEHTPAITIN U151 KOSKHOT CTIOTYKH OKpeMo, a [Csorzsa
wike. 1 1Cs0/75b mixe. — KOHIIGHTpAIli 1HIUBITyaTbHUX CHOJYK B cymimil, 1mo Bukiaukae 50% 1 75%
IHri0yBaHHsSI aKTMBHOCTI THpo3uHa3u. Otpumani 3HaueHHs CI < 0,9 BKa3ylOTh Ha CHHEpIi3M,
3HaueHHs MbK 0,9 1 1,1 cBiguath mpo amuTtuBHYy Aaito, toal sk CI > 1,1 xapakrepHe ans
AHTaroHI3MY.

JlocniykeHo BIUIMB BIIOMHX IHT10ITOPIB Ha aKTUBHICTh €H3UMY IpU CYMICHOMY BBEJEHI
KOM€BOI KHUCIOTH 3 apOyTiHOM, KOWEBOI KHUCIOTH 3 (EHILITIOCEUOBHMHOK 1 apOyTiHY 3
¢denurTioceuoBUHO0. OTprMaH1 pe3y/bTaTu MpeICTaBiIeH] B Ta0IuIi 2.

Tabmuns 2.
KoMmOinaniifauii iHAeKC 1 TUIT B3a€EMO/I1T 0OpaHUX CIOJIYK MIPU CYMICHOMY 1HI10yBaHHI1
AKTUBHOCT1 TUPO3WHA3HU

No Cymimm cnostyk 3nauenns CI Tun B3aemoii
ICso I1C7s
1 | KoiieBa kuciora + 1,02 1,03 N T—
+ apOyTiH g A
2 | KoiieBa kucaora + 1,01 0,96 .
.. AnuTtuBHA i
+ ¢enuITIOCEYOBHHA
3 | ApOyTiH + ¢eHbITIOCeUOBHHA 1,01 1,03 AnuTuBHA a1

Po3paxoBani 3HaueHHs KOMOIHAIIIMHOTO IHACKCY MJIs BCIX JOCIIDKEHUX CyMilien
CTaHJAPTHUX IHT101TOPIB TUPO3UHA3H OYIM OJU3BKUMH JI0 1, IO CBITYUTH PO aAUTHBHUN €PEKT
MIPH OJTHOYACHOMY 3aCTOCYBaHHI B YCIX BUBYCHUX BUIIAJIKAX.

VY po6orti [2] aBTOpH IOCTIKEHHS CTBEP/KYIOTh, 110 CUHEPTITHYHUA e(eKT IHT10yBaHHS
€H3UMY IIPH CYMICHOMY BUKOPHCTAHHI JIBOX CIIOJIYK IMPUCYTHIH, SKIIO 1HTIOITOPU MarOTh Pi3HUN
MEXaHI3M i, Hampukiaag apOyTiH — KOHKYPEHTHHH I1HTi0ITOp 1 ajJoe3uH — HEKOHKYpPEHTHHIA
iHridiTop. ToMy A7 MOANBIIOTO BUBYEHHS CYMICHOTO 3HM)KEHHSI aKTUBHOCTI TUPO3UHA3H OyIH
oOpaHi KOHKYpeHTHi1 1HTi0iTopu — Koili€Ba KHCIOTa, apOyTiH 1 (eHUITioOceYoBHHA, 1
HEKOHKYpeHTHHH — 3-(2-rimpokcudeninamino)-1,3-auriapo-inmgo-2-oH.

OTtpumaHi pe3yabTaTH MOKa3aiH, 0 OJHOYACHE 3aCTOCYBAHHS KOMEBOT KUCIOTH 1 apOyTiHY
13 MOX1THUM 1HJONy Ma€ CHHEepreTuyHuil edekt (komOiHaniiHi iHaekcu < 0,9), olHaK BUBYCHHS
cyMilni peHITIOCEYOBUHH 13 TOXITHUM 1HI0JTY BUSIBUJIO aJUTUBHY 10 (Tab1. 3).

Tabmus 3.
Komb6inaniifHuii iH1eKC 1 TUI B3ae€MO/IiT 0OpaHMX CIIOJIYK NPU CyMICHOMY iHT0yBaHHI1
AKTUBHOCTI TUPO3UHA3U

No Cywmimr crostyk 3nauenss CI Tun B3aemoii
ICs0 ICrs
1 | KoiteBa kuciora + mnoxigHe 0,83 0,75 .
. Cuneprizm
1HA0TY
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2 | ApOyriH + noxiznHe iHI07Ty 0,86 0,80 Cuneprizm
3 | ®enurrioceyoBrHA + MMOXITHE 1,0 1,02
THIA0TY

AnuTtuBHA Ois

Takum 4YMHOM, B XOJi MJOCITIDKEHHS BIUIUBY CYMICHOTO BHKOPHCTaHHS IHTiOITOpIB
aKTHBHOCTI  TUpO3WHa3M (KOWM€BOI KUCIOTH, apOyTiHy, ¢eHuiriocedoBuHn 1 3-(2-
rigpokcudeninamino)-1,3-aurinpo-ingon-2-ony) y pisHHX KoMOiHamisx Oynau BUSBICHI SK
QJIUTUBHHM, TaK 1 CHHEPTeTUYHUHN e(PEeKTH.

CunepretnyHuii eexkT npu OJAHOYACHOMY 3aCTOCYBaHHS JBOX IHTIOITOPIB THUPO3UHA3U
BIIKPMBAE LIMPOKI MOJKJIMBOCTI JUISi CTBOPEHHS MEHII TOKCHYHHUX, OUIbII €(QEKTUBHUX 1
€KOHOMIYHMX 3ac00iB JIKyBaHHs TiMEpIIrMEeHTallli, 4yepe3 3MEHIICHHS] KOHLEHTpalii KOKHOTO
iHT101TOpA.

Chnucoxk jgiteparypu:

1. J.Li, L. Fen, L. Liu, F. Wang, L. Ouyang, L. Zhang, X. Hu, G. Wang. Recent advances in
the design and discovery of synthetic tyrosinase inhibitors // Eur. J. Med. Chem. — 2021. — V. 224.
— 113744,

2. Z.You, Y. Li, M. Chen, V.K.W. Wong, K. Zhang, X. Zheng., W. Liu. Inhibition of plant
essential oils and their interaction in binary combinations against tyrosinase // Food. Nutr. Res. —
2022. — 66.

3. Hseu Y.-Ch., Cheng K.-C., Lin Y.-C., Chen C.-Y., Chou H.-Yu, Ma D.-L., Leung C.-H.,
Wen Z.-H., Wang H.-M.D. Synergistic Effects of Linderanolide B Combined with Arbutin, PTU
or Kojic Acid on Tyrosinase Inhibition // Curr. Pharm. Biotechnol. — 2015. — V. 16, Ne 13. — P.
1120-1126.

4. JinY.H., Lee S.J., Chung M.H., Park J.H., Park Y.I., Cho T.H., Lee S.K. Aloesin and arbutin
inhibit tyrosinase activity in a synergistic manner via a different action mechanism // Arch. Pharm.
Res. —1999. — V. 22. — P. 232-236.

5. Chen X., Haniu A., Kashiwagi T., Watanabe H., Watanabe T., Okamoto Yo., Suzuki M.,
Kim C-S. The evaluation of the synergistic effect of 3-(2,4-dihydroxyphenyl)propionic acid and
I-ascorbic acid on tyrosinase inhibition // Z. Naturforsch. C. J. Biosci. — 2017. — V. 72, Ne 12. —
P. 119-121.

6. Y. Wang, M-M. Hao, Y. Sun, L-F. Wan, H. Wang, Y-J. Zhang, H-Y. Li, P-W. Zhuang,
Z. Yang. Synergistic Promotion on Tyrosinase Inhibition by Antioxidants // Molecules. —
2018. — V. 23. — P. 106-1109.

148



Proceedings APFS-2023
Section 3. Fundamental problems of biology and medicine

KAPBOKCHJIECTEPA3A 1 HUTO30JI1O IEYIHKHU CBUHI
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Kap6okcunectepaszu (KE) (EC 3.1.1.1) - x11040BI 4iIeHH HAJIpOJUHU CEPUHOBUX TipoJia3
[1,2]. L1 eH3uMu MICTIAThCS B PI3HMX TKAHWHAX CCaBI[IB, TAKUX SIK TMEYiHKA, HUPKH, MO3OK,
LIEHTpaJbHA HEPBOBA CUCTEMA, JIET€H1, CEPIIE 1 JOKAJII30BaHl B €HI0IUIa3MaTUYHOMY PETUKYIYM1
1 [MTO30J1 Ta BIIPI3HAIOTBCA CYOCTpPaTHOIO CHEUU(DIYHICTIO, TKAaHUHHUM PO3MOJLIOM,
IMYHOJIOT1YHUMH BJIACTUBOCTSIMU, a TAKOX T€HHOIO PETYIISIIIETO.

KE cBuHI — eH3uM, sKHi MeTaboJi3ye MIUPOKUM psAa JIKapChKUX Mpenaparis, M0
BUKOPHCTOBYIOTHCSI B CBUHAPCTBI, SIK1 MICTSTh €cTepH1 abo aMiJHi IpynH, Taki sK HiTpouediH,
AMOKCHIIVITIH, aMITIIWJIIH, Q3UTPOMIITUH, EPUTPOMIIIMH Ta iH. [3, 4].

KE1 € xmouoBMM €H3UMOM, IO BIAMOBIZA€ 3a TIAPOJI3 €HJAOTEHHUX €CTEPIB 1 BiJirpae
LIEHTPAIBHY POJIb B eHEPTEeTHYHOMY METa00113M1, METa00JI13M JIITI/IIB 1 TOMEOCTa31 XOJIECTEPUHY
[5].

Mikpocomansuuii 3o¢gepmernT KE1 meuinku cBuHi OyB AeTalbHO BUBYEHHUH, BilomMa HOTO
MOJIEKYJIIpHA Maca Ta 3MojieinboBaHa cTpykTypa. KE mikpocomanbHoi (pakilii mediHKu CBUHI
IIUPOKO BHUKOPHUCTOBYETHCS SK OlOKaTaai3aTop B OPraHIYHOMY CHHTE31 3aBISKH BHCOKIH
€HaHTIOCEIICKTUBHOCTI [6].

Ha cporomni BimomocTed mpo (epMeHTaTHBHY AaKTUBHICTh, MOJICKYJISIpPHY Macy Ta
aMIHOKHCIIOTHY TIOCTiOBHICTh 1uTOo30dbHUX KE cBuHelr HemocratHpo. I[lokaszano, 110
MoJIeKyJIsipHa Maca 1uTo30JibHOT KE nedinku cBuHi cranoBwia 61,885 k/la 3riqHo 3 MaTpuyHOIO
naszepHoro necopOiiero Ta 61 x/la 3a mqanumu SDS-enexrpodopesy [7]. Kynep 1 Oncon mokasaiu,
mo KE muro3osto meuinku cBUHI MaB MojekyasapHy Mmacy 180 xlla, sk Oysno BHU3HAUEHO 3a
JIOTIOMOTOF0 Telb-(imbTpartii [8].

Takum ynHOM, MeTOIO JaHO1 poOOTH OyJI0 BUBYUTH MOJICKYISPHY Macy, aMiHOKHCIOTHY
MOCIIIOBHICTD 1 KiIHETHYH1 0c00aMBOCTI 130depmenTy KE1 11uT030110 IEYIHKK CBHHI.

Byno po3pobaeHo mpocTuil BiNTBOPIOBAaHUN METOJ JIIsl OTPUMAHHS TOMOT€HHOTO TIpernapary
KE 3 muro3omto neuinku cBuHi. Buainenns KE npoBoauau 3 1uTo301bHO1T Gpakiii, oTpuMaHoi
MICJST IPUTOTYBaHHS MiKpocoM. MeToa BKIIIOYaB (pakilioHyBaHHs Cyab(aToM aMOHiO, Tellb-
dinpTparito Ha Sephadex G-200 Ta ioHooOMiHHY xpomatorpadito Ha DEAE-Sepharose.

KE noxa3zasia MakcuMalibHy MUTOMY aKTUBHICTB IIpu 50-60 % HacuueHHi cylb(haToM aMOHILO.
Jlami eH3uM OuMINAIM JBOMA CTaJiIMH KOJIOHKOBOi Xpomatorpadii. dpakiiis, eqrondoBaHa 3
DEAE-Sepharose 0,15 M posunnom NaCl, mokaszana BHUCOKY ecTepa3Hy akTHUBHICTh. I[licns
ounteHHss KE nuroma aktuBHICTE gocsria 730 MkMousb/Mr OiIka 3a XBUWIIMHY, 1110 Oyio B 243
pasu Oinblie, HiK B TOMOTEHATI.

SDS-PAGE «kiHIIEBOTO OYHMIIIEHOTO €H3UMY MOKAa3allo, 110 MOJEKYIsIpHa Maca CyOOTuHUII
KE uurozonsHoi pakitii mediHKku CBUHI cTaHOBUTH 61,8 k/]a.

Ha croroanimHiii 1eHs gocTynmHa nuiie kpucranorpadivna crpykrypa KE1 nroguau. Enzum
ABJIsIE COO0I0 TPUMEP, 110 CKIAJaeThest 3 MOHOMepiB M.M. mpubnusno 60 k/la [9].

Binomo, 1110 MOJIEKYIISIpHY Macy OJIIrOMEpHUX OUTKIB MOKHA BU3HAYMTH 3a JIoroMororo Blue
Native-PAGE [10]. MonekynsipHa Maca TOCTIDKYBaHOTO €H3UMY OyJ1a OlliHeHa TpUOIHn3HO B 179
k/la, 110 y3ro/pKyeThes 3 TpuMepHoto cTpykrypoto KE.
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[MocnimoBHicTh amiHOKHCIOT (AA) BUaUIEHOTO (GepMeHTy Oyia BHU3HaueHa B Proteomics
Core Facility €Bpomneiicbkoi mabopatopii moisekymsipHoi Oionorii (EMBL), TIelinens0epr,
Himeuuunna.

SR I |y

o

L. Wl B

av.score p as
100

75
50
25
o

KinbKicTb iaeHTUdiKaLi

AMIHOKMCNOTA NOCANIAO0BHICTb

Puc. Aminokucinorsa nociigoBHicTs KE1 muT030110 IIEYIHKH CBUHI.

Monexynsapua maca cyooaunuiii KE1 Bu3Hadena 3a pe3ynbpTaTamMu MoCiIiIoBHOCTI AA ckiana
62,016 x/la, mo 36iraetncs 3 pesynbratamu SDS-PAGE Ta nanumu nirepatypu.

INpponiz 1-nadtunaneraty Tta 2-HadTunaneraty, skui katamidyerbcss KE1 1mTo3o0imr0
MEeYiHKA CBHHI, BIAMOBIIae THMOBIM KiHeTHIl Mixaemica-MeHnTeHa 0e3 03HaK IHTIOyBaHHS TIPU
BHCOKHUX KOHIIEHTpaIisiX cyocTpary. 3HaueHHS Km 1 Vmax Oyiin Bu3HaueHi 3a rpadikom XeitHca-
Byneda. 3naueHHsS Vmax kiHnmeBoro ouumieHoro KE1 cranoBmwmm 0,784+0,02 1 1,63+0,10
MMOJIb/(XB*MT OIKa), BIAMOBIAHO I 1- 1 2-HadTUIAIETATY.

3nadenHs Km nocmimkyBanoro ensumy ctaHoBuian 0,51+0,03 1 0,18+0,02 MM BiAmoBiaHO.
Ananiz Km moka3zaB OulbIly CHOpPIIHEHICTh €H3UMY A0 2-HadTuianeraty, HDK 10 1-
Ha(TUIALIETaTY.

OnTtumanshe 3HaueHHs pH, otpumane ais Oibiiocti KE cBUHEH, KOTUBAETHCS B TIPOMBKKY
pH 7,0-9,0 [40]. Byno Bctanosneno, mo pH-ontumym KE1 miuto3omto nevinku cBuHi ckias 8,0.
IToxa3zaHo, 1110 €H3UM BUSBJISIB MaKCUMaJibHY akTHUBHICTh Ipu 50 °C 1 OyB cTaOUIbHUN B Me)ax
temmeparypu 40-50 °C.

Takum umHOM, po3pobieHo crnocid BuauleHHs romoreHHoro npemnapaty KE1 murososnro
MEYIHKU CBHHI. JOCITIDKEHO 610XIMIYH1 XapaKTePUCTUKU, AaMIHOKUCIIOTHY MOCIIOBHICTh €H3UMY.
BuBueHHs KiHETUKH Tifpouizy 1- 1 2-HadTunaneraty B IpUCYTHOCTI €H3UMY, ITOKa3aHO OUIbLITY
cnopignenicte KE1 1o 2-nadtunaneraty, Hix 10 1-Hadrunanerary.
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Short analysis of Newtonian system of the world and its influence on development of science and culture are
analysed. Necessity of creation the united method, which could be resolve problem of creation universal method of
formalization the knowledge, is formulated. Short historical analysis of this problem and main rules for the creation
this theory are represented. Perspective of using of this method in other area of modern science is discussed too.

Main aspects of Newtonian system of the word, including history of its creation and influence
on the development of modern science are discussing and analyzing in [1-11].

Newton's system of the world was published in the third part of his Mathematical Principles
of Natural Philosophy [1]. According to B. Russell [9], this book was written on the analogy of
Euclid's "Elements™ [11]. However, “Elements” is classical mathematical book. According Arnold
“Mathematics is precised knowledge [6], while science is ordered knowledge [7, 8].

The merit of Newton and his system of the world is that he supplemented Descartes' synthetic
method [3] and formulated his four rules of inference in physics [1]. Thus, he showed how to
formalize the principle "Science is as much science as it has mathematics”, which was formulated
by R. Bacon [8]. This caused the fact that the Newtonian system of the world (its four rules) that
initiated the creation of theoretical natural science and other sciences [8].

Later, the foundations of modern systems theory were formulated [12], measurement theories
were developed [6], and it was shown that science is a polyphase system [4].

If we taking these factors into account, made it possible to create a universal theory of
formalization of knowledge — polymetric analysis [2, 7, 8]. Six criteria were also formulating, which
we should use when creating such systems. In other words, Newton's World System was expanding on
modern science and knowledge.

The Newtonian method was using by Newton himself in the creation of classical mechanics
(completion of the synthesis of terrestrial and celestial mechanics initiated by R. Descartes into a
single system([3]) [1]. This method was also using by B. Russell when creating his inductive theory of
logical types [10].
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ITPO BIHAPHY NPUPOLY CYCHIVIBCTBA TA JIIOJIUHHAU

Bbojgecra IBan MuxaijioBuu

JIvgiecokuil nayionanvhutl ynisepcumem imeni leana @panxa, ivanbolesta@gmail.com

VY 1989 poui Buenuii Jx. A. Yiiep nporojocus 3HaMEHUTHH BUCIIB: ”Bce MOXOAUTSH i3 OiTa:
KOXXHa CyTh, KO)KHAa YaCTHHKA, KOXHE I10JIe, HAaBiTh caM MPOCTOPOBO-YaCOBUH KOHTUHYYM, ... iXHI
¢yHKIi, 3HAUEHHsI, caMe ICHYBAaHHA ...I0X0AATh 13 O1TiB”. Lle 3HaunTs, 110 iHpOopMallisi, MIpOro K01
i cTyxuTh OiT, € IEPBUHHOIO, & BCE pelTa — HACHiaKu 3 Hel [1].

Taxe TBepuKeHHS Y3rouKyeThes 3 bibmiero. B €Banrenii Big loanHa cka3zaHo, o ”COKOHBIKY
oyJjo CiaoBo, a CioBo B bora 0yJio... ”. fkmo mix cioBom ”CiioB0” po3ymitu iH(hoOpMaIlito, TO 3
[HOTO BUILTUBAE, 110 iH(POPMAILis € IEPBUHHOIO.

B €sanremnii Bigx Marsis (5.37) mano Bu3HadeHHs oquHUII iHpoOpMarii - Gira: ”Baiie %k cJ0BO
Hexali Oyae: Tak-Tak, Hi-Hi. A Bce Mo Oinblie HajA ue, TO Bix JykaBoro ”. 3 IUX CIIB YITKO
BUILTMBAE BHOIp ONIHIET CUTYAIIIT 3 IBOX MOYKJIMBUX BapiaHTIB — TaK YH Hi, [0 CITIBIIAJA€ 3 KIACHYHUM
BHU3HAYEHHSM OiTa.

3 1pOr0 BWIUIMBAE, L0 NMPHUPOJA JIOAEH, 30KpeMa CBIIOMICTb, SK HMPOMYKT MHCICHHS, Mae
OiHapHMIT Xapakrtep.

[IpoananizyeMo KOpOTKO BiOMi JIFOACTBY (aKTH, JIereH 11 Ta MipH, siKi paKTUIHO CBIIYATH, 110
NMOHATTA OIHAPHOCTI JaBHO BUKOPUCTOBYBAJIOCS [IJISl ONUCY KUTTS JIIO/1eil.

V HalOLIBII BiIOMOMY 1aBHBO KUTalCbKOMY TpakTati «Im3un» - Kuusi 3miH, sika Oyina HanucaHa
y XII cTomiTTi 10 H.€., AIETATBHO MOSCHIOETECS B3Aa€EMO/isl IBOX MPOTHJIEKHUX CHJI: iHb Ta SIHb
(HeraTUBHUI — TIO3UTUBHUN, TEMHUN — SICHUH, )KIHOYHN — YOJIOBIYMH, MICAIIb — COHIIE, 3eMJIsl — He0O,
tomo). Ili cwim, SIK CTBEPIKYETHCS y TPaKTaTi, € KEPIBHUMH 3acaJiaMd BCIX aCIEKTIB KHUTTS, SKE
HEMepepBHO 3MIHIOETHCS.

Hyanicruuni pesirii, sSKi 3apoauncs OeKiabKa THCSY POKIB TOMY, BU3HAIOTHh ICHYBaHHS JIBOX
MIPOTHJICKHUX CHIT — 100pa i 371a. 3okpema, y yac mixk 1500 1 1000 pokom o H.e. B LlenTpanbHiit A3zii
TOSIBUBCS IPOPOK 3apoactp (3aparyctpa). Moro BUeHHS mepesaBatics 3 MOKOTIHHS 10 MOKOMIHHS,
BHACJIIIOK 9OT0 chopMyBasiacsi HAMOLTBII BiqoMa AyaTiCTHYHA PEIris — 3apoacTPU3M.

30pacTU3M CTaB OCHOBOIO MaHixeiicTBa — Teuil , sika BIpUTh B iCHyBaHHs bora sk pkepena
no0pa, ajie OJJHOYACHO BBKAETHCS ICHYBAHHS JDKepeia 371, sike IepcoHidikyeThes B 00pasi Jussona.
VY miii penirii cBiT GopMyBaBCs SK pe3yNbTaT Bce3arajabHOi OMTBH MK A00pUM 0orom Axypa-
Masno Ta 31uM 60orom Aarpa-MaiiHbioHOM [2].

MoHoTeicTuYHI pemirii, 30KpeMa, XpUCTUSHCTBO, CIPUHHSIIM B cede NesKi ITyalliCTHYHI
ysIBIIEHHS, 30KpeMa, IOHATTS Ipo 371010 bora npoHukiio y penirito y o0pa3si caTaHu, IPOTH SKOTO CJIi[
OopoTHcs.

MamnixeHiicTBO 3aCy/DKeHE XPUCTUSHCTBOM SIK €PECh, OHAK, OaraTo BIpyrOUnX y TIHOWHI aymri
CIpUUMAIOTh MaHIXEHCHKUH OIS Ha CBIT, pO3TIISAAAI0YH ICTOPiIO K 00poTh0y mo0pa 31 310M (bora
3 JlusiBosIOM, TIPO SIKOTO HE pa3 TOBOPUThCS y bioutii).

[Tapagokc maHixelicTBa OyB po3B’si3aHui ¢BATHM ABrycrunom (354-430 p.u.e.) [3]. s iioro
PO3YMIHHS HEOOXiTHO YSCHUTH, IO MOHATTS MAalOTh pI3HY MPHPOAY: CYOCTAHLIOHAJIBHY Ta
(denomeHoOriYHy. MK IIMMH TIOHATTSAMHU HEMae CHUMETpIi: HE BCE, IO iCHYE ()EHOMEHOJIOTIYHO,
icHye Takox cyOcramioHanbHO. HaBmaku, SKIIO TOHATTS ICHYe CyOCTalliOHaJbHO, TO BOHO
000B’513K0BO iCHYE (heHOMeHOMmoriuHo [4].

Jliis TirOOKOro pO3yMIHHS ITMX MOHSTHh HaBeIeMO Taki npukiaau. JloOpe BimomMuM y ¢isuili €
MOHSATTS ICHYBaHHS «IIpOK» B HaIliBIpoOBimHWKax. HacrpaBil HasBHICT AMPOK — II€ BIJICYTHICTh
enexTpoHiB. OqHaK, 11 (PEHOMEHOIOTTYHOTO OMUCY MPOIIECiB, 10 MPOTIKAIOTH B HAITIBIPOBITHUKAX
Ta IPUCTPOSX, CTBOPEHUX Ha iXHI OCHOB1, HEMOXJIMBO 001MTHCS 0€3 MOHATTA AIPKH, SKOi HACIpaBIi
He icHye !
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AHANOriyHO, KOJIM TOBOPUMO TEMPSIBY, TO BOHA 3yYMOBIIIOETHCSI BIACYTHICTIO CBiTJIa, a, OTXKE €
(eHOMEHOJIOTTYHUM TMOHATTSAM. [HIIMM MPUKIAZOM MOXKE CIyryBatu 0e3jiaj, SK BiJICYTHICTh
MOPAIKY.

3a cBATUM ABryCTHHOM, iCHYBaHHS 3J1a 3yMOBJIeHe BiICyTHicTIO 100pa [3]. [HimMu cioBamu
3J10 HE Ma€ JpKepeda 1 € IPOsIBOM CBITOBOTO HIIIlO, BOHO CIIPUIMAETHCS K «I110Ch» Ha PiBHI (peHOMEHY.
Came 3 UM ITYHKTOM I10B’s13aH1 OCHOBHI1 TPYAHOLII CIIPUMHATTS L€ 171e7 .

B naBubOrpenpkiit dpinocodii chopmysanocs mousitrst antuHomii ( [Lnaton , Apucrorens ) [5]..
Tomi x Oymum  cdopmoBaHI  JedKi CEMAaHTHYHI  aHTUHOMIi, HANpHUKIaL, « OpexyH »
( €BOymix 3 Minera). Y naitnpocrimomy BapianTi «bpexy» stoanHa BuMoBIisie: «51 operry», abo «Te,
1o s 3apa3 Kaxy, € OpexHeron, abo x «Lle BucmopmoBanHs xuOHEY. SKIIIO BUCTOBIIOBAHHS XHUOHE, TO
MIPOMOBEIIb CKa3aB MPaBy, 1 CKa3aHe iM He € OpexHero. SIKIo K BUCIOBIIOBAHHS HE € XUOHUM, a TOH,
XTO F'OBOPUTH, CTBEPKYE, 1110 BOHO XUOHE, TO I1e HOro BUCIIOBIIIOBaHHS XHOHE. TakuM 4nHOM, SKIIO
TOM, XTO TOBOpUTh, Opele, BiH TOBOpUTH NpaBay, 1 HaBmaku. [lapagoxc «bpexens» crpaBus
BEJIMYE3HE BPAXKEHHS Ha CydacHUKIB €BOynina. IcHye HaBiTh nerena, mo skuiice Oinit Kocebkuii ,
3HEBIPUBIINCH JJO3BOJIUTH Li€H MapajoKc, HakjIaB Ha ce0e pyKH, a BIJOMHHM JaBHbOTPELbKUNA
norik [lionop Kponoc, naBmm OOITHHIIO HE NMpUWMaTH DKy JOTH, NOKM HE 3HAine pilieHHS
«OpexyHay», moMep, Tak 1 He BUPIIUBIIA TPOOIEMY.

QopMyTIOBaHHIO Ta aHAI3y AHTHHOMIiI 0araro yBarm TPHUAUTUIA CXOMACTUYHI JIOTIKH.
PononavanpHuk HiMerpkoi kiacuuHoi ¢inocodii [.KanT Bnepme mnokazas, mo aHTHHOMII 3
HeOOXIIHICTI0O MOPOIKYIOTHCSI 0COOJIMBOCTSIMH TNpolecy Mi3HAHHSI, 30KpeMa IOCTIHHUMHU
cipodamMy po3yMy BUHTH 3a MeXi JOCBimy, HMi3HATH «pid y cobi», a ockiibku, 3a Kanrtom, 1e
HEMOXKJIMBO, Oy/Ib-SIKUil TaKUi BUXIA 1 TPU3BOAUTH 10 aHTHHOMII. [5]. [TomiOHMI minxXix BUpaXeHO
Takok y (imocodcbkoMy mpuHIumi, chopmoBanum JI. Deepbaxom: «EmHiCTE Ta OOpoThOa
MPOTUIIEKHOCTEN».

[IpuHIMIM aHTHHOMIT BHUPaXKAIOThCA TakoX y ¢imocopchkux mormsimax I'. CkoBopoan Ta y
tBOpuocTi [.dpanka [6].

BinapHmii XapakTep MpoCIiIKOBYEThCS TaKOXK Y OioJioriuniii mpupoai Jw0acTBa — iICHYBaHHS T.
3B. TEHJIEPHOI OIHAPHOCTI, TT. iICHYBaHHS MY)KUMH Ta JKIHOK. Y KHUTTI KOXKHOI JIIOJMHI TaKOX
BHIIUIAETHCS OIHApHA MPUPO/IA: AYXOBHE i MaTepiaibHe.

[TorsiTTs GIHAPHOCTI TPOCIITKOBYETHCSA y BCIX cdepax JKATTA CYCHUIbCTBA. Y TOJNITHYHINA
cUCTeMi — I1e a0COIOTH3M Ta aHapXis,

CBinoMicTh — SIK MPOAYKT TisSUTBHOCTI MO3KY, TaKOX Mae OiHapHMIA, TBIKOBUH XapakTep. JliiicHO,
3 OIHAPHOTO XapakTepy MisIbHOCTI MO3KY BHUIUIMBAIOTHh TaKi B3a€EMO3B’sI3aHI IMOHATTS SK iCTHMHA Ta
daabi, 100po i 3710, HaraTcTBO Ta OiHICTH Ta 1 6araTo IHIIMX, IKUMH KOPUCTYIOTHCS JIFOJIU B YCIX
KYJIBTYpax Ta MPH Pi3HUX ENOXax.

He nuBmnsiuuck Ha Te, M0 CyTh LMX MOHATH OyNa 1 € PI3HOI Yy PI3HUX HApOJax Ta MIHSETHCS 3
9acoM, OJJHAK, PO3MOILI Ha «I00pO» 1 «3110» 3anmIaeThes 3aBxkan! CaMe y CTIMKOCTI TaKUX B3a€EMHO
MPOTUJICIKHUX IMOHATH 3aKJIa/IeHa MOYJINBICTh CIUIKYBaHHS Ta B3aEMOPO3YMIHHS JIFOJIEH, CYCIILILCTBA
Ta HapOiB, JIep>KaB, TOIIO.

Ha cporopnimHboMy erami pO3BUTKY HayKH HEMae YITKOrO pPO3YMIHHS SK MO30K, SK
MaTepiaTbHUI HOCIH, TOPOIKYE CBIIOMICTb, sIKa TAKOXK Ma€ OiHapHY Mpupoay. 3 OiHApHOI IPUPOTY
CBIZIOMOCT1 BUIUIMBAE, 110 B3a€MHO MPOTHIIEKHI MOHATTS (100p0o — 3110, mpaBaa —OpexHs, TOILIO )
OJTHOYACHO TIPUTAMaHHI JIFOIUHI.

BuHukae muTaHHS: SK ONMUCATH CTaH, Y SIKOMY OJHOYACHO ICHYIOTH JIBa B3a€MHO MPOTHJICKHI
noHATTs. L{i B3a€MHO MPOTUJIEKHI  TOHATTA iICHYIOTh OAHOYACHO, TOOTO y IEBHOMY CTaH1 MICTAThCS
OZTHOYACHO B3a€MO MPOTUIICKHI pedi, «popMyroUn» HETepepBHUI P, Y IKOMY HEMa€e IpaHUIll MK
OUMH TOHATTAMU. MokHa Oyno O HPUIYCTHTH, MO ICHYIOTH OKPEMO IEBHI JUISHKHA MO3KY SKi
«BIAMOBIMAIOTHY» 3a BIAMOBIMHI A1l (Hanpukiaz, 1oopa ado 3a), sSiKi MpU MEBHUX JKUTTEBUX 00CTaBUHAX
HPOSABIIIOTECS caMe Tak. OJHAaK, cydacHi JOCIIIKEHHS MO3KY JIOJUMHU HE MiATBEPKYIOTh TaKOro
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BUCHOBKY. 3TiTHO Cy4YaCHHUX YSBJIEHb MO30K SIBJISIE COOOIO TIraHTChKy HEUPOHHY MEpexy, a
CIOPUMHATTS iHPOpMAaLi] pealli3y€eThCs Uepe3 BCTaHOBJICHHS 3aB’s13KiB Mk HelipoHamu [9,10].

Cynepno3uuiiHui cTaH. Jis onucy craHy, SKHM OJHOYaCHO MICTUTh B3a€EMHO
MPOTUJICIKHI TOHATTS, MOYXHA BUKOPUCTATH KOHIEIIIIIO CYNepHO3HLIHHOCTI, SKa BUKOPUCTOBYETHCS
IIPU OIUCI KBAHTOBO —MEXaHIYHUX CUCTEM.

CyTb 1i€i KOHIENIIiT MoNArae y HacTynmHoMy. Binomo, 1m0 y KBaHTOBiH MeXaHiIll CTaH CUCTEMU

OIUCYIOTh 3 JOIOMOIOH XBHJIBOBOI (DYHKIIIT l//(x,y,z,t ), KBaJpaT MOXYJ sKOI BKa3ye€ Ha
MMOBIPHICTh 3HAXOJKEHHS CUCTEMH Y TOUIII 3 KoOpauHartamMu X, V,Z y MoMmeHnT vacy { [7]. SIkmio
XBUIIbOBI (DYHKIIT §/; Ta |/, ONMCYIOTh CTaH NEBHOi KBAHTOBOI CHCTEMH, TO iXHS CyNEPHO3HUILIis

W =W, +C/, TakoK ONUCYBATUME CTaH LIEI X CUCTEMH, NPUYOMY KOHCTaHTH cl Ta 2

. .. 2 2 . N .. . .
3a/I0BUILHATH CIIIBBIAHOIIEHHS C; + C, =1, OCKLUIbKHA MMOBIPHICTh MIHAE€TbCS y Mexax Big 0 go 1.
[HIMMM CIIOBaMM, IPMHIIKII CYIIEPHIO3KIIT CTBEPKYE, IO CHCTEMA OTHOYACHO NepedyBace y cTani i/

iy crani I/ ,, 100TO peanisyerbes sorika I (AND), Ha BiiMiHy BiJl KIIACUYHOI CHCTEMH, 1€ JIi€ JIOTiKa
ABO (OR).
Jlns BU3HAYEHHS y SKOMY CTaHI nepeOyBae cHUCTeMa y KOHKpPETHHH dHac, Tpeba IMpoBecTH

. . . . . 2 .
BUMIPIOBAaHHS: IICJI BUMIPIOBaHHS CHCTEMa 3 MMOBIpHICTIO C; mnepeOyBatume y cTaHi ¥/; abo 3

HWMOBIPHICTIO 622 ycTani Y/, .

HarnsmHo mpoimocTpyBaTi MPUHITUTT CYIIEPIIO3UITIT MOYKHA Ha TPUKIIA/I, IKAH 3ampOIIOHyBaJId
Eitamrreiin, [Tomonscekuii Ta Posen (edexr EINP), anamizyroun ctan Tak 3BaHoro kora Illpexiarepa
[7]. Horo cyTs nonsrae y HacTynmHoMy. Y 3aKpUTOMY SIIMKY 3HAXOAUTBCA KiT, paioakTHBHHI aTOM
Ta TIPUCTPIH, TKUH po30MBAE aMIyITy 3 S0M, SKIIO JIYHIFHUK 3a(ikCyBaB po3maj pagaioakTHBHOTO
snpa. st cTOpOHHBOTO CIOCTepiradya 3TiIHO MPHHIMITY CYMEPIIO3WIlii cHcTeMa «aroM + KiT»
3HAXOJUTHCS y CYNEPITO3UITii TBOX CTAHIB: «aTOM, III0 HE PO3MABCS 1 )KUBHH KiT» | «aToM, 10 po3maBcst
1 MEpTBUH KiT».

Jlis BUSIBJICHHS CTaHY CHCTEMH CIIOCTEpirad IMOBHUHEH BIAKPUTH SNUK (TOOTO MPOBECTH
BHUMIPIOBaHHS CYIEPIIO3UIIHHOTO CTaHy), IICIs SKOTO BiH BUSBHUTBH: )KHBOTO KOTa 1 aTOM, IO HE
posmascsi, ABO mepTBoro xora i arom, mo posmaBcs. OTKe, OMUC CHCTEMHU 3aJCKUTh Bill TOTO,
BIIKPHUB UM Hi CIIOcTepirady sk, B 9omy i mossrae cytb edpekry EITP. B 6inbmr 3aranbHOMY BUTIAAKY
OITMC CHUCTEMH TIICJII BUMIPIOBaHHS 3aJICKUTh Bill TOTO, YCBIMOMHB (YW Hi) criocTepirad pe3ysbTar
BHMIPIOBaHHSI, 1110 CBITYHMTH POJIb CBiOMOCTi [7].

[ToHATTS Cymepno3WUIHHUX CTaHIB pa3oM 3 SBUIIEM MEpPEIUIYyTYBaHHA pIi3HUX CTaHIB
(HoOeniBcrka mpeMis 3 (izuku 3a 2022 pik) JIGKUTH B OCHOBI HOBITHBOT'O HAIPSMKY Cy4acHHX
KBAaHTOBUX TEXHOJOT1H. [IpuKiIamoM MoKy CIyKUTH TEXHOJIOTisI KBAHTOBUX 004HceHb. OCHOBHUM
MOHATTSIM € KBAHTOBHH OIT — KY0IT, KBaHTOBO-MEXaHIYHA CHCTEMa, M0 MOXE 3HaXOIUTHUCH
OJTHOYACHO Yy JBOX cTaHax: KyoOiT icmye I B crani «0», I B cTaHi «1». [luM BiH KapauHaJIBHO
BIIPI3HAETBCS BiJ KIIaCHYHOTO OiTa, sikuit Moxke 0yt ABO B crani «0», ABO B cTaHi «1»,

KBanToBa MexaHika Ta moBCSIK/JeHHE KUTTHA (IPOSIB cynepno3uuiiiHocTi y xutri). Bunukae
MUTAHHS: CYMEPIO3UIIMHAN CTaH € BJIACTUBUM TUIBKM KBAaHTOBHM CHUCTEMaM, i YU MOXE BiH
MPOSIBIISITUCS 1 HA MAKPOCKOMIYHOMY PiBHI?

3 aHaNizy JiTepaTypHUX JDKEPE, MOKHA 3pOOMTH BUCHOBOK, 1[0 B PEAIbHOMY JKUTTI, PEIirisx,
Mi(hoJIorii, TOIO, OMUCYIOTHCS CUTYAIlii, IKi TOOPE Y3ro/DKYIOTHCS 3 KOHIEHIIEI0 CYNEepIO3nIliiHOTO
crany. HaBexemo nesiki mpuKiIaam, sSiki MOYKHA TPAKTYBaTH Y TEPMiHAX CYNEPIO3UIIHHOTO CTaHy.

Hasenemo nurary 3 «€runerchkoi kuuru mepteux» (Budge E.A.W. The Egyptian Book of Dead.
(The Papirus if Art), 1967, 377 p.), sika XxapakTepu3ye YSIBICHHS PO MPUPOAY JHOJANHH 1 IKY MOXKHA
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iHTepnperyBaTH y paMKax CyNepHo3MUiHHOIO CTaHy: «..B yirtomy mwooduna ckradaemocsa 3
MamepianvbHo2o mina, 0yxo8H020 Mina, cepyst, O8IUHUKA , OYULi, MIHI MA HeBUOUMOT edhipHOT 000I0UKU
(abo oyxa), popmu ma imeni. Bei yi uvacmunu Hepo30inbHUM YUHOM ROB’A3AHI MidC c00010, | XOpOwUll
cman 00HO20 MA€ 6NAUG HA Xopouwluti cmaH iHuux» [8].

ITpu6muzno 4000 pokiB TOMYy BHHMK BiTOMHUIl akkajachkuil Mip — emnoc npo ['ineramemnia. Ile
OIOB1JIaHHSI MPO MOABUTH [ Librameria, skuii Ha JABi TpeTHHH OyB 00roM, a Ha OIHY TPeTHHY —
JI0AHHOI0. M0ro cTaH, TAKMM YMHOM, MOKHA PO3TIIAATH SK CYIEPIIO3HITIHHIH.

Inniiicekuit nucbMeHHUK A. Ilapracapari cTBepikye, IIO 1HAYi3M, HE € MOJITEICTUYHOO
pelniriero, xoua Hajlidye 3HauHe 4yuciio 6oris. [nayi3m rosoputs npo oguoro bora, a pi3Hi 6oru i 6oruxi
IHyICTCBKOTO IAHTEOHY € BigoOpaskeHHsIM cH/IM Ta (yHKUiil omaHoro HaiiBumoro bora vy
MaTepialbHOMY CBITI.

VY xpuctusiHcTBi BUeHHs npo Tpiiinto — bora orus, bora cuna ta Cesitoro nyxa, Icyca Xpucra —
gk borouosnoBika, Tako)X MOKHa TPAKTYBAaTH y TEPMIHAX CYNeEPNO3ULiIiHOIO CTaHY.

Icyc Xpucroc — sik borovosioBik. Take TBep/KEHHs TaKOX JIOTTYHO ONMUCYETHCS y KOHIIETII]
cynepro3uniiHoro crany. Illoenomoro boycozo 06’°senennsa e Icyc Xpucmoc, bozouonogik, y akomy
«8pas i3 100CLKOI0 RPUPOOOI0 ycuge éca nosnoma boxcecmean (Kn. 2, 9). Binmitumo, 110 32 )KUTTS
Icyca Xpucra 1oaei He cnpuiiManu Horo sk borodonoBika: «3Ho6 kaminui cxonuau iooei, uwjod
yramenysamu Hozo. Bionosie im Icyc: «Bio Omys noxazaé 5 éam 00bpux yuumxie 6azamo — 3a
Kompuil Jce 3 mux yuunkie xoueme Mene xamenysamu?» FOoei Homy eiokazanu: «He 3a 0obpuii
yuuHok xouemo Tebe sxamenysamu, a 3a 6ocoznesacy, - 60 Tu, oyswu nwounomw, 3a boza Cebe
euoacu» (€panremie Isana 10,31-33)

Haii6inpmr Bmanmo, Ha Mill TOTJISIN, iICI0 CYNMEPIIO3UIIHHOCTI Y JKUTTI Jroaed  chopMyitoBaB
¢bpanamy3skuii ¢pitocod Monters (1533 - 1592), sxuii cTBepIKYBaB, MO <«GKUTTH — K TakKe, aHi
0.1aro, aHi 3,10: BOHO BMicTu/MIe i 6J1ara, i 3712 3aJIeKHO BiJl TOro, Ha [0 BU caMi NepeTBOpHUTE
Horo» .

Bume 3a3Hauganocs, Mo B3aEMHO IPOTHJICKHI TIOHSATTSI YTBOPIOIOTH Y CBIiTOMOCT1 HETIEPEPBHUIMA
pAI, MK STKHMH HEMa€e MeXi. J{JIs TOBCAKIEHHOTO KUTTS JTFOACTBY HEOOX1THO BU3HAYUTH MEXKI MK
HUMH, HaIlpPUKIAT, MDK T0OpOM Ta 370M. Permiris BHU3HA4Yae IF0 MEXy dYepe3 TOHATTS rpixa,
KOHKPETHU3YIOUH TPIiX y IyMIIi, CJIOBaX Ta BUMHKAX. Y FOPUCIPYACHINI MeXa MK MPOTHICKHUMH
MOHATTSIMUA BU3HAYAETHCS Yepe3 3aKOH, KNI, TOJIOBHO, CTOCYETHCSI BUMHKIB Ta PilIe CIiB.
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