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The article gives aliterary review of the current state of research of ferrite-garnet films. The basic crystalline
and magnetic characteristics of thin films of iron-yttrium garnet are considered. We anadyzed the causes of the
appearance of the labyrinth, stripe and cylindrical domain structure. It is shown that the domain structure of the
yttrium iron garnet strongly depends on many parameters of the films, in particular on the thickness, structura
perfection of the surface and the sample as awhole. The article reviews the most common methods of synthesis,
ion implantation and post-growth treatment of ferrite-garnet films.

The study of dependencies between the conditions of obtaining, the chemical composition, the post-
treatment conditions, the defective structure and the magnetic properties of ferrite-garnet films have great
practical value for obtaining films with predetermined properties.
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I ntr oduction

Magnetic garnets are widely used in devices of
modern functiona e ectronics. The scope of their use as
an active medium traditionally includes devices on spin
waves in the region of ultrahigh frequencies, e ements of
solid-state lasers, magneto-optical devices, magnetic
recording devices, devices for weak magnetic fieds
[1, 2]. Great attention is given to epitaxia garnet films
used in magnon spintronics [3] and magnon-optic hybrid
systems [4]. The establishing of interconnections
between crystal, magnetic and domain microstructure of
magnetic garnet allows obtain materials with controlled
physical properties[5].

. Thecrystal structure

Ferrite-garnets are complex oxide compounds with
the genera formula {cs}[a](ds)O, Space group
O’ (la3d) . There are body-centered cubic structure

formed by oxygen anions and three types of cavities— 24
dodecahedral, 16 octahedral and 24 tetrahedral (marked
as {}, [] and (), respectively). Cavities are filled with
cations which form dodecahedral (c), octahedral (@) and
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tetrahedra (d) sublattices. The first complex
investigations of crystalline and magnetic properties of
ferrite-garnet were carried out on the structure of yttrium
iron garnet (Y1G) { Y3} [Fey](Fes)Ox [6]. The stability of
the garnet structure is a result of al cation position
filling. At the same time the garnet unit cdl has
comparatively large volume so it's quite mobile. The
presence of three types of cation positions provides great
opportunities for isomorphic substitution and new
materials formation with predicted structura and
magnetic properties. Y** and Fe** ions can be replaced
(partially or completely) by magnetic
(Mn*, Cr**, Co™, Ni** or non-magnetic
(A%, Ga*, Ge*, 9%, V¥, Cca®, La®") ions. The garnet
structure is characterized by free ordering of the
coordination tetrahedral and this factor determines
restrictions on the replacement cations sizes. The value
of the ionic radius is a limiting factor of cations
substitution which determines of its probability. The ion
radii in the dodecahedral positions should be within 90-
120 pm regardless of the electronic configuration.
Spherical symmetry of the electron ground state of
cationsisimportant for tetra- and octa- positionsfilling.
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Fig. 1. YIG crystal lattice.

Lattice constant of multi-component garnets can be
calculated using Vegard's law. The crystalline lattice of
YIG single crystal is about ¢ = 1.2374 nm and fluctuate
within + 2240 nm, depending on the growth method. [7].

II. Magnetic microstructure

Magnetic properties of oxides with a garnet structure
can be explained by the Nedl model antiferromagnetism
[8]. For {Y3}[Fe)](Fe)Op, ions in three different
positions form three magnetic sublattice. The indirect
exchange interaction between these sublattice are
redized through oxygen anions. The resulting
magnetization of ferrite-garnets films is a superposition
of three sublattices magnetization were two iron
sublattice are antiparallel. The value of the exchange
interaction is determined by the bonding angle. The
maximum interaction will be observed between the iron
ions that in the octahedrd and tetrahedral positions
Fe**(a) — O* —Fe*(d) where bonding angle is about
126.6°. For Fe*'(a) - O°—R(c¢) and Fe*(d)-O0*-R(c)
positions the bonding angles are 122.2° and 120°,
respectively . The exchange interaction between the same
ions is small and is realized through two intermediate
oxygen anions (Fe**(d) — O* — O* —Fe(d)) or additional
non-magnetic cation (Fe*'(d) - 0*—Ge*'~ O* — Fe(d)).
The magnitude and orientation of the resulting magnetic
moment depends on the type of rare-earth ions in
dodecahedral positions. The total magnetic moment of
YIGat 0K is5m[9].

Rare-earth ions make a smal contribution to
exchange interaction between «- and d- sublattice
therefore the Curie temperature for garnets doesn't
depend of the type of rare earth ions and equal
(565+20) K. [9]. The temperature of the magnetization
disappearance for YIG is 559 K.

The temperature dependence of spontaneous
magnetization isin good agreement with the Neel model.
The N-type of 4pM; temperature dependence with
compensation point presence is typical for garnet
compounds. The replacement of Fe** ions with
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nonmagnetic ions causes the saturation magnetization
decreasing for d sublattice and increasing for a sublattice.
The replacement of Fe** ions with Ge*' is using for
saturation magnetization reduction. The non-magnetic
ions substitution into a- and d- sublattice violates inter-
sublattice interaction and leads to Curie temperature
decreasing.

[11. Magnetic anisotr opy

The orientation of magnetization vector is determined
by uniaxial, cubic and rhombohedral anisotropy. Thereis
also a growth-induced anisotropy as a result of two non-
equivalent dodecahedral position sdlective filling [10].
Magnetogtrictive anisotropy is a result of reverse
magnetostrictive effect at the he presence of mechanica
stresses [11]. The difference between film and substrate
lattice constant is the typical reason of the stresses
formation. The magneto-elastic anisotropy caused by ion
implantation is used for growth anisotropy compensation
and demagnetization energy reducing [12]. The maximal
values of the uniaxial anisotropy do not exceed 10* Jm=,
[13].

There are two types of magnetic anisotropy in
epitaxia ferrite-garnets films with orientation (111)
depending on the K, uniaxial anisotropy and M;
saturation magnetization [14]. For Ky/2zMZ >> 1
uniaxia anisotropy exceeds its own cubic anisotropy and
the axis of easy magnetization is directed along the
normal to the film (111) surface (films with cylindrica
magnetic domains, (Y SmLuUCa);(FeGeSi)s0y,). For
KJ2xMZ << 1 the magnetization deviates to a small
angle from the film plane due to cubic anisotropy
(YsFesO, and La - subgtituted YIG). For epitaxial
ferrite-garnetsfilms grown in (111) plane the easy axis of
magnetization is perpendicular to the plane of the film
but the angle between the magnetization vector and the
normal to the film surfaceis about 75-85° [15].
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V. Domain structure of ferrite-gar net
films

The dementary magnetic moments in the film are
oriented along the axis of easy magnetization which
leads to the demagnetization field appearance with the

energy which describesas W,, =M 2d S, , where M -
magnetization of separate domain, d — domain
thickness, S;—film area. The energy of domain wallsis

W, =sSN, S =Lh; Nz%— number  of

domains. The total energy of the film is
W(d):wm+wd, or W(d):dl\/l;\/ +ﬂ,where
h -~ d

V = L*h. The minimum of full energy is observed when

dz:IOh,where|0:%/I \E
h

There are three main types of the domain in YIG
films - drip, labyrinth and cylindrical. For the
experimental visual study of the domain structure the
magneto-optical methods typically based on Kerr and
Faraday's effects are used[16]. Strip and labyrinth
domain structure will be formed if the thickness of a
single crystal film with uniaxial anisotropy is lessthan g
(h<lp) (Fig. 2).

200 W=2yM?

0

Fig. 2. Image of the labyrinth domain structure of the
YIG films.

The main causes of the labyrinth sructures
formation — unfixed direction of the domain boundaries
in the film plane, the bends of the of the film surface,
accidental growth factors, effects associated with the
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lattice thermal motion. The labyrinth structure remains
energetically beneficial in asmall external magnetic field
applied perpendicular to the film surface. If the
equivalence of domain walls of different orientation is
violated the structure of domains can be ordered and strip
domain structure will form when the magnetization axis
is deflected from the norma to the film surface, the
rhombic anisotropy is presence or in the externd
magnetic field is applied (Fig. 3).

i

Fig. 3. Image of the strip domain structure of the YIG
films.

The demagnetization field perpendicular to the film
plane has a great influence factor on the strip domain
structure formation.

Possibility of visual observation of the strip domain
gtructure, can be explained by the inclination of the
domain magnetization vectors to the epitaxia structure
plane. The inclination of the magnetization vector may
be related to the effect of the induced (growth) uniaxia
anisotropy which is perpendicular to the plane of the
film. The critical angle of inclination, which determines
the possibility of visual monitoring of the strip domain
structure, isclose 19.5° [17].

For films of ZIG oriented in the plane by
crystallographic indices (111) the appearance of normal
components of magnetization vectors in the strip domain
gtructure is due to the deviation of the axis of easy
magnetization to the plane of the epitaxia structure
(except for didocations of a crystal lattice and induced

Fig. 4. Domain width W, dependencies from the
thickness of the epitaxia film: (simulation results) [18].

Wi]en applied a sufficiently large external magnetic
fileld B, number of dgmains with a magnetic moment
M antipardld to Bdecrgas&. Domains that are
magnetized along the field B, are trying to reduce the
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energy of the sample and will increase in volume.
Domains with the opposite direction of magnetization
will be compressed in width and decrease in length until
they turn into isolated cylinders. These domains are
caled g;ylindrical Magnetic Domains (CMD) [7]. Thus,

when B reaches acertain critical level, the domain splits
into separate cylindrical domains, which, due to the
magnetic dipole interaction, are evenly distributed over
the film. A hexagona lattice is also formed. The density
of domains depends on the magnitude of the induction of
the externa magnetic field. The value of the magnetic
field By, in which stable CMDs are formed, is called the
field of dliptic ingtability of cylindrical magnetic
domains.

Fig. 5. The image of the cylindrical domain structure of
the YIG.

In the interval of the fields B; < B < B;, the energy of

the CMD W lattice is lower than the energy of the
[abyrinth domain structure and the homogeneous state.

In other words, in this interval there are stable CMD
(Fig. 5). When B = B, the energies of the CMD and the
homogeneous state become equal, however, in the film
there may be metastable CMD [19]. In this case, the
dependence curve W(d) has a local minimum at the

value of the diameter of the CMD dy. When value B
increases, the value of d, decreases. After reaching the
critical value dy (d), the CMD collapses (magnetic field
value B = By, ). When B = By, the CMD in the film is
absent [20.]

The CMD can be used to create non-volatile magnetic
memory elements where there are no moving parts. [11].
The problem with the practical application of CMD are
the so-caled "hard" domains [21]. A characteristic
feature of these elements is the large number of vertical
Bloch lines, which do not collapse at B > By, [22]. TO
prevent the occurrence of "hard® CMD specid
technological measures are applied. These measures are
aimed at creating a certain type of structure of the
domain walls. Among them, ion implantation [23],
growing of multilayered garnets structures, surface
coating of ferrite garnets with a thin layer of soft
magnetic material. Due to the bombardment of the film
with high energy ions alocking magnetic layer is formed
on its surface. Thickness of this layer is <1 ym. The
magnetization of this layer due to the above mechanica
stress is directed perpendicular to the magnetization of
the CMD and isin the plane of the film. The effect of ion
implantation on the dynamic characteristics of the CMD
may be different. It depends on the composition of the
ferrite-garnet film, and each specific case requires a
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separate study. A simple, but imperfect way of removing
"hard" CMD isthe annedling of ferrite-garnet filmsin an
inert medium at 1100 °C.

V. Obtaining ferrite-garnet films

Qualitative characteristics of epitaxia ferrite-garnet
films (which provide the possibility of their hunting as an
active medium of spintronics), depends first of all on the
magnetic  properties  (coercivity, = magnetization
saturation, magnetic permeability) of the surface layer.
They depend on the crystalline microstructure of the
films (homogeneity of the chemica and phase
composition, defect, morphological structure). Therefore,
the actual task is to obtain films with a predetermined
crystalline (and, accordingly, magnetic) structure of the
near-surface layer. Underganding the relationship
between the structura and magnetic parameters of the
films will be allowed to optimize methods of synthesis
and further processing of epitaxial films iron yttrium
garnet.

Today, the liquid-phase epitaxial method is
technologically the most exhausted and widely used
method of obtaining films of ferrite garnets. This method
includes the following main stages. 1) moving the
component of the solution to the edge of the diffusion
layer adjacent to the front of crystalization; 2)
independent diffusion of the component through the
diffusion layer; 3) ordering the component of growth
near the crystalization front; 4) desolvation of solvent
ions and diffusion of the component; 5) diffusion of
solvent ions through a diffusion layer in the melt
solution.[11] Theinitial phase of the growth of thefilmis
accompanied by the formation of a diffusion layer on the
boundary of substrate - the solution-melt. In the main
phase, the dependence of the thickness of the epitaxia
film from the time of growth islinear [24]. The course of
epitaxial growth from solution-melt is determined by the
diffusion of garnet-forming components through the
near-surface layer near the front crystallization. Another
fact is the kinetics of the reactions of the inclusion of
these components into the structure of the film at the
front crystallization and the transfer of the component of
the solution to the boundary of the diffusion layer. The
process of growth is determined by such technological
parameters as the degree of overcooling of the melt
solution and the speed of rotation of the substrate [25].
The processing of films includes mechanical grinding;
mechanical,  chemical-mechanical  and  chemicd
polishing. In order for epitaxial growth to occur, it is
necessary that the difference between the parameters of
the film & and substrate as grating was minimal. When
the difference between the film and substrate (4a = as—&)
lattice parameters is greater than 0.19 A at 950°C, the
epitaxial growth doesn’t occur [24]. With smdler 4a in
the epitaxia film, depending on its thickness, the
microdefects are formed (different types depending on
the sign Aa) [26]. Excessive dstretching of the film
(ar<as) leads to the formation of cracks, excessive
compression (& > &) leads to the formation of tubercles
and it contributes to the destruction of the surface. It has
been shown in [24] that for the growth of a defect-free
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films, the allowance values of 4a at room temperature
should be in the range from -0.012+-0.015A to
+0.018 A. The discrepancy between the parameters of
the film and substrate lattice leads to the occurrence of
didocations of discrepancies and mechanical stresses that
negatively affects to the characterigtics of the ferrite-
garnet film [27]. The choice of crystallographic
orientation of the substrate surface is quite important.
The substrate plane (111) is the most rough at the atomic
level, therefore the rate of epitaxial growth isthe greatest
(compared with planes (110), (100) and (112)) [28, 29].
In general, the kinetics of epitaxial growth from a melt-
solution is determined primarily by the diffusion of
garnet-forming components through the near-surface
layer near the front crystallization, the chemical reaction
of joining particles from the melt solution to the film at
the front crystallization, and the transfer of the
component of the solution to the boundary of the
diffusion layer [30, 31]. When using the method of liquid
phase epitaxy, transitional surface layers are formed:
film- substrate and film-air. The chemical composition of
these layers differs from the main volume, which change
the magnetic parameters of the film. The transition layers
have a particularly significant effect on the parameters of
submicron FGF.Methods of post-processing of ferrite-
garnets

lon implantation.

Application of ion irradiation to epitaxia films of

YIG, alows predictably change the crystalline and,
accordingly, magnetic structure of near-surface layers of
FGF. This can cause magnetostrictive changes in the
energy density of the magnetohydrogen anisotropy.
It also leads to a change in the effective magnetic
thickness of the film, the change in the dispersion and the
rate of propagation of the magnetostatic waves, and the
change in the magnetization of saturation. In the
manufacture of CMD materias, ion implantation is used
to eliminate "hard" domains (by creating a paralld to the
surface of the domain boundary) and the formation of
ways to promote them [7].The mode of ion implantation
is determined by such characteristics as type, dose and
energy of implanted ions. Also important are the
temperature of the target and the angle between the
direction of flux of flowing ions and normal to the
surface of the film [32].

Properties of the area affected by irradiation are
determined by the nature of the distribution of radiation
defects along the depth of the film. The broken layer can
be conventionally divided into three sublayers: 1) the
emission sublayer (thickness up to » 1 nm) is formed
when spraying particles from the surface of the film. In
this sublayer ion implantation stimulates electronic
emission, formation of oxygen vacancies, causes
electroneutrality violation and a number of superficial
effects (activation of chemical reactions, dissociation
processes); 2) broken sublayer (thickness is determined
by implantation conditions, usually <1 um). It undergoes
processes of primary and secondary radiation defect
formation, the establishment of distribution profiles of
rooted ions and displaced ion matrices, sdective
destruction of cation substrates, self-propagation by ion
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beam;3)excited sublayer (the thickness exceeds the ionic
mileage). Properties of this sublayer are determined by
processes occurring in the excited and, possibly,
emission layers. Here there are fidds of eastic
deformation and processes of radiation-stimulated
diffusion. The result of the ion implantation is a local
increase in the interplane distance d in the direction
normal to the surface of the film and the appearance of
-_E B where E -
1-n d
Young's module, n— Poisson's ratio (for YIG
E=220°Mpa, n=0,29 [7]). At doses of implantation
(which can be neglected by the interaction of individua
radiation defects and the formation of crystalline
disordered regions aong the ion track), we can assume
that the stresses are proportional to the density of
radiation defects. The compression sresses in the plane
of the film cause a magnetodtrictive change in the density
of the energy of the magnetohydrogen anisotropy by the

plane compression stresses. g

S

magnitude §|ms, where | 3153- magnetostriction
2 S
constant.
Annealing.

One of the ways for controlled change in the
properties of an ion-implanted layer is annealing. This
processis carried out to increase its thermal stability and
correction of physical parameters (degree of defect,
parameters of magnetic anisotropy). In the process of
annealing (due to diffusion processes) thereis a partia or
complete dimination of radiation defects formed as a
result of ion irradiation. Anneal is a multi-stage process,
the conditions of which are determined by the
implantation regimen and the parameters of the film.
Annesling, depending on specific technological tasks,
can take place both in the process of ion implantation (by
varying the ion current density) [33], and after it - in air
[34], in a vacuum or in a certain chemical atmosphere
[35]. According to [36], the thermal annedling of point
defects and their complexesis possible in three ways:

— by decomposing a complex defect on simple
components with their subsequent annihilation or
diffusion into the effluent;

— by moving the defect as a whol e to the wastewater
(surface, grain boundaries, disocations, €tc.).;

— by the interaction of mobile components (own
atoms, impurity atoms, vacancies) with subsequent
rearrangement and the formation of defects of a new
type.

The process can be carried out both in the classical
way - in the furnace, and with the help of loca
processing methods (laser radiation, eectron beam,
pulsed lamp).

Conclusions

Despite the extensive study of the properties of ferrite-
garnet films, modern micro and nanoelectronics require
new active media for magneto-optics and spintronics.
And this needs the search for interconnections between
the conditions of receipt, the chemical composition, the
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conditions of post-processing and the heterogeneity of
structural and magnetic properties in thickness.The
current scientific task is to find the physical regularities
of the formation of the crystalline, magnetic and domain

materials with the set of properties adapted to the specific
technological narrow field.

Kotsyubynsky 4.0. — Applicant at the Department of

structures of the FGF. These solutions will make it
possible to develop methods for obtaining functional

Solid State Physics Yuriy Fedkovych Chernivtsi National
University, research assistant.

[1] V.V.Randoshkin, A.Ya. Chervonenkis, Prikladnaya magnitooptika (Energoatomizdat, M.,1990).

[2] Kh.L. Glass, Trudy ingitutainzhenerov po elektronike i radioglektronike 76(2), 64 (1988).

[3] A.V.Chumak, V. I. Vasyuchka, A. A. Serga, B. Hillebrands, Nature Physics 11(6), 453 (2015).

[4] C.Braggio, G. Carugno, M. Guarise, A. Ortolan, G. Ruoso, Physical Review Letters 118(10), 107 (2017).

[5] C.Tang, M. Aldosary, Z. Jiang, H. Chang, B. Madon, K. Chan, Applied Physics Letters 108 (10), 102 (2016).

[6] M.A. Gilleo, Ferromagnetic insulators: garnets— ferromagnetic materias, V. 2.Ed. (Nort— Holland Publishing
Company, 1980).

[7] N.N. Evtikheyeva, B. N. Naumova, Elementy i ustroystva na TsMD. Spravochnik (Radio i svyaz, M., 1987).

[8] E.E. Anderson, Physical Review 134(6A), A1581 (1964).

[9] S. Krupichka, Fizikaferritov i rodstvennykh im magnitnykh okislov (Mir, M., 1976).

[10] R.F. Pearson, J. Appl. Phys 33(3), 1236 (1962).

[11] E. Rezlescu, Journa of Magnetism and Magnetic Materials 193, 140 (1999).

[12] B.K. Ostafiichuk, V.O. Oliinyk, V.M. Pylypiv, O.M. Voronchak, P.Y. Vyslobodskyi, B.T. Semen, S.D.
Humeniuk, UFZh 39(7-8), 848 (1994).

[13] P. Hansen, J.P. Krumme Thin Solid Films 114(1-2), 69 (1984).

[14] S.B. Ubizskyi, Visnyk DU “Lvivska politekhnika’, seriia Elektronika 397, 78 (2000).

[15] B.K. Ostafiichuk, O.M. Tkachuk, V.M. Tkachuk, V.D. Fedoriv, Zhurnal fizychnykh doslidzhen. 3(1), 113
(1999).

[16] S.D., Bader, JL. Erskine, Magneto-Optical Effects in Ultrathin Magnetic Structures (Springer Berlin
Heidelberg, 1994).

[17] E. G. Lokk, M.P. Temiryazeva, V.l. Shcheglov, |zvestiya Rossi yskoy akademii nauk 74(10), 1413 (2010).

[18] A.L.Khvalin, Vestnik Tikhookeanskogo gos. universitetata. 1, 28 (2013).

[19] V. Zablotskii, V. Kirbitov, N. Mezin, E. Soika, J. Phys. D: Appl. Phys. 28(1), 1 (1995)

[20] V.G. Bariakhtar, B.N. Filippov, V.V. Gann, G.A. Smolenskiy, Yu. |. Gorobets, UFN 121(4), 593 (1977).

[21] H.Y. Sun, Zh. Q. Li, H. N. Hu, X. F. Nie, Journal of Magnetism and Magnetic Materials 199, 419 (1999).

[22] H. Nishida, T. Kobayashi, Y. Sugita, J. Phys. Soc. Jpn. 34, 833 (1973).

[23] C. P. Skrimshire, G. Longworth, G. Dearnaley, J. Phys. D: Appl. Phys. 12, 1951 (1979)

[24] S.L. Blank, JW. Nielsen, J.Cryst.Growth 17, 302 ( 1972).

[25] V. A. Timofeyeva, Rost kristallov iz rastvorov-rasplavov (Nauka, M., 1978).

[26] V.J. Fratello, S.J. Lich, C.D. Brandle, H.M. O’ Bryan, F.A. Baiocchi, J.Cryst. Growth 142, 93 (1994).

[27] S.I. Yushchuk, S.O. Yuryev, V.V. Moklyak, V.J. Nikolaychuk, O.M. Gorina, O.B. Bilenka, Fizykai khimiia
tverdoho tila 16(3), 491 (2015).

[28] W. Van Erk, B. Van der Hoek, H.J. Martens, G. Bartels, J. Crystal Growth. 48(4), 621 (1980).

[29] S.I. Yushchuk, S.O. Yuriev, V.Y. Nikolaichuk, L.I. Osypyshyn, Visnyk Natsionalnoho universytetu “Lvivska
politekhnika”. Elektronika 430, 17 (2001).

[30] J.M. Robertson, J. Crystal Growth 45, 233 (1978).

[31] R. Chez, E.A. Giess, Liquid Mat. Res. Bull. 8, 31 (1973).

[32] Kh. Rissd, I. Ruge, lonnaya implantatsiya (Nauka, M., 1983).

[33] B.K. Ostafiychuk, V.M. Pylypiv, V.D. Fedoriv, Ya.G. Volzheskaya, V.E. Petrov, Metalofizika 9(4), 75
(1987).

[34] W.H. De Roode, H.A. Algra, J. Appl. Phys. 53(3), 2507 (1982).

[35] B. K. Ostafiychuk, V.A. Oleynik, V.M. Pylypiv, B.T. Semen, L.M. Smerklo, B.I. Yavorskiy, V.I. Kravets, 1.V.
Koval, AN USSR, Ingtitut metallofiziki 1, 91 (1991).

[36] L.S. Smirnova, Voprosy radiatsionnoy tekhnologii poluprovodnikov (Nauka, Novosibirsk, 1980).

280



Crystalline, magnetic and domain gructure of epitaxia ferrite-garnet films (review)

A.O. KorroOuucbkuii

B3aemo03B’ 130K KPUCTAJIYHOI, MATHITHOI TA IOMEHHOI CTPYKTYPH
eniTakciiHUX (pepUT-rpaHATOBUX IUTIBOK (OrJIsI)

Yepnigeyvkuil HayioHatvrull yHigepcumem im. FO. @edvkosuua, eyn. Koyrobuncovkozo 2, Yepnisyi,
58012, Vkpaina, office@chnu.edu.ua

3nificHeHni JliTepaTypHHH OIJISiI Cy4acHOrO CTaHy MAOCIiKEHb (epUT-TPAHATOBUX IUTIBOK.
Po3risiHyTi OCHOBHI KpHCTaiuHI Ta MarHiTHI XapaKTEepUCTHKH TOHKUX ILTIBOK 3alli30-iTPiEBOTO
rpanary. IlpoaHanizoBaHO NMpPUYMHM TOSIBH JaOipUHTHOI, TOJIOCOBOI Ta LMJIIHAPUYHOI JOMEHHOL
cTpykTypu. IlokazaHo, MO0 JOMEHHA CTPYKTypa 3alli30-iTPI€BOTO IPaHATY, CHIBHO 3aJICKHUTh BiJ
0araThOX MapaMeTpiB IUTIBOK, 30KpeMa BiJl TOBIIMHHU, CTPYKTYPHOI TOCKOHAIOCTI IIOBEPXHi Ta 3pa3Ka
B 1isiomy. [IpoBeneHo OIiHKY HaHOLIBII HOMMPEHNX METOJIB CHHTE3Y, I0HHOI IMILIaHTAllii Ta MMOCT-
POCTOBOI 0OPOOKH (hepUT-TPAaHATOBHX ILTIBOK.

JlocmimkeHHsT  3aJIeKHOCTEH MDK yYMOBaMHM OTPUMaHHsS, XIMIYHHM CKJIaJOM, yMOBaMH
MOCTOOpPOOKH, Ne(EeKTHOI0 CTPYKTYpOIO Ta MarHiTHUMH BIIACTUBOCTAX (DEpUT-TPAHATOBUX ILTIBOK
MAalOTh BaroMe MpaKkTUYHe 3HAYEHHS JIJIsi OTPUMAaHHS IUTIBOK 3 HaIepe/| 3aJaHUMH BIaCTUBOCTSIMHU.

Karwuosi cioBa: JlomeHHa CTpyKTypa, MarHiTHa MiKpOCTPYKTypa, eliTakCiiHa IUliBKa, 3aii30-
ITpi€BUIA TpaHaT.
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